


A Corporate Dedication to 
Quality and Reliability 

National Semiconductor is an industry leader in the 
manufacture of high quality, high reliability integrated 
circuits. We have been the leading proponent of driv­
ing down IC defects and extending product lifetimes. 
From raw material through product design, manufac­
turing and shipping, our quality and reliability is sec­
ond to none. 

We are proud of our success ... it sets a standard for 
others to achieve. Yet, our quest for perfection is on­
going so that you, our customer, can continue to rely 
on National Semiconductor Corporation to produce 
high quality products for your design systems. 

Charles E. Sporck 
President, Chief Executive Officer 
National Semiconductor Corporation 



Wir fuhlen uns zu Qualitat und 
Zuverlassigkeit verpflichtet 

National Semiconductor Corporation ist fOh­
rend bei der Harstellung von integrierten 
Schaltungen hoher Qualiti:it und hoher Zuver­
lassigkeit. National Semiconductor war schon 
immer Vorreiter, wenn es galt, die Zahl von IC 
Austallen zu verringern und die Lebensdauern 
von Produkten zu verbessern. Vom Rohma­
terial Uber Entwurf und Herstellung bis zur 
Auslieferung, die Qualitat und die Zuverlassig­
keit per Produkte von National Semiconductor 
sind unUbertroffen. 

Wir sind stolz auf unseren Erfolg, der Stand­
ards setzt, die fOr andere erstrebenswert sind. 
Auch ihre Anspruche steigen standig, Sie als 
unser Kunde konnen sich auch weiterhin auf 
National Semiconductor verlassen. 

La Qualite et La Fiabilite: 
Une Vocation Commune Chez National 
Semiconductor Corporation 

National Semiconduc~or Corporation c'est I'un 
des leaders industriels qui fabrique des circuits 
intE~grE~s d'une tres grande qualite et d'une fia­
bilite exceptionnelle. National a ete Ie premier a 
vouloir faire chuter .Ie nombre de circuits in­
tegres defectueux et a augmenter la duree de 
vie des produits. Depuis les matieres premieres, 
en pass ant par la conception du produit sa fabri­
cation et son expedition, partout la qualite et la 
fiabilite chez National sont sans equivalents. 

Nous sommes fiers de notre succes et Ie stand­
ard ainsi defini devrait devenir I'objectif a 
atteindre par les autres societes. Et nous con­
tinuons a vouloir faire progresser notre recher­
che de la perfection; iI. en resulte que vous, qui 
&tes notre client, pouvez toujours faire con­
fiance a National Semiconductor Corporation, 
en produisant des systemes d'une tres grande 
qualite standard. 

Charles E. Sporck 

Un Impegno Societario di Qualita e 
Affidabilita 

I 

National Semiconductor Corporation e un'indus­
tria al vertice nella costruzione di circuiti inte­
grati di alta qualita ed affidabilita. National e 
stata il principale promotore per I'abbattimento 
della difettosita dei circuiti integrati e per 
I'allungamento della vita dei prodotti. Dal 
materiale grezzo attraverso tutte Ie fasi di proget­
tazione, costruzione e spedizione, la qualita e 
affidabilita National non e second a a nessuno. 

Noi siamo orgogliosi del nostro successo che 
fissa per gli altri un traguardo da raggiungere. II 
nostro desiderio di perfezione e d'altra parte il­
limitato e pertanto tu, nostro cliente, puoi con­
tinuare ad affidarti a National Semiconductor 
Corporation per la produzione dei tuoi sistemi 
con elevati livelli di qualita. 

President, Chief Executive Officer 
National Semiconductor Corporation 
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TRADEMARKS 

Following is the most current list of National Semiconductor Corporation's trademarks and registered trademarks. 

Abuseable™ Macrobus™ 
Anadig™ Macrocomponent™ 
ANS·R·TRANTM Maxi·ROM<!J 
Auto·Chem Deflasher™ Meat,....Chek™ 
BI·FETlM Microbus™ data bus (adjective) 
BIPLANTM MICRO·DACTM 
BLC/BLXTM ~talkerTM 
CIMTM Microtalker™ 
CIMBUSTM MICROWIRETM 
Clock,....Chek™ MICROWIRE PLUSTM 
COPSTM microcontrollers MSTlM 
DATACHECKER<!J Nitride Plus™ 
DENSPAKTM Nitride Plus Oxide™ 
DIBTM NMLTM 

DIGITALKER<!J ' NSC800™ 
DISCERNTM NS16000™ 
DNRTM NSX·16™ 
DPVMTM NSCX·16™ 
E·Z·LlNKTM NURAMTM 
GENIXTM OXISSTM 
HEX 3000™ Perfect Watch™ 
INFOCHEXTM Pharma,....Chek™ 
Integral ISETM PLANTM 
IntelisplayTM PolycraftTM 

ISETM POSitalker™ 
ISEI16™ QUAD3000™ 

PAL <!J and PALASM<!J are registered trademarks of Monolithic Memories, Inc. 
DECTM, VAX<!J and Unibus™ are trademarks of Digital Equipment Corp. 
Intellec<!J, MULTIBUS<!J and MULTIMODULETM are trademarks of Intel Corp. 
Z80<!J is a trademark of Zilog Corp. 
UNIXTM is a trademark of AT&T Bell Laboratories. 

LIFE SUPPORT POLICY 

RATTM 

Script,....Chek™ 
Shelf·Chek™ 
SERIESI800™ 
SPIRETM 

Starlink™ 
STARPLEXTM 

STARPLEX WM 
SuperChipTM 

SYS·16™ 
TAPE·PAKTM 
TDSTM 

The National Anthem™ 
Time,....Chek™ 
Trapezoidal™ 
TRI·CODETM 
TRI·POLyTM 

TRI·SAFETM 
TRI·STATE@ 
XMOSTM 

XPU™ 
Z STARTM 

883BIRETS™ 
883S/RETSTM 

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES 
OR SYSTEMS WITHOUTTHE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR 
CORPORATION. As used herein: 

1. Life support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the 
body, or (b) support or sustain life, and whose failure to 
perform, when properly used in accordance with' in· 
structions for use provided in the labeling, can be rea· 
sonably expected to result in a significant Injury to the 
user. 

2. A critical component is any component of a life support 
device or system whose failure to perform can be rea· 
sonablyexpected to cause the failure of the life support 
device or system, or to affect its safety or effectiveness. 

National Semiconductor Corporation 2900 Semiconductor Drive, Santa Clara, California 95051 (408)721-5000 TWX (910)339·9240 
National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are Implied, and National reserves the right, at any time without notice, to change said circuitry or specificallons. 
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Introduction 
National Semiconductor Corporation's CMOS Databook 
contains the industry's most comprehensive collection of 
high-performance CMOS products available today. Our 
early commitment to microCMOS technology has made 
possible the development of a broad spectrum of ad­
vanced devices that will simplify your design and ensure 
state-of-the-art systems. 

microCMOS technology describes National's array of 
small-geometry, silicon-gate, oxide-isolated processes 
used to build the high-performance products found in this 
book. Using N- or P-well substrates and multiple-layer metal 
or polysilicon-interconnect structures, microCMOS proc­
esses produce feature sizes of 3.0, 2.0, or 1.5'mlcrons, with 
submicron feature sizes in development. (For more detailed 
information, specific device family introductions are pro­
vided at the beginning of each section.) microCMOS ac­
counts for nearly half of National's current research and 
development effort, and this commitment will increase 
through the '80s. 

New microCMOS products are being introduced con­
stantly. If you don't find what you need in this book, please 
contact your local National Semiconductor sales office or 
distributor. 

Einfiihrung 
Das, CMOS-Datenbuch von National Semiconductor 
enthalt In selner neuesten Ausgabe (1984) das 
umfangreichste Typenspektrum an Hochlelstu'ngs­
CMOS-Produkten, die derzelt in der Industrle erhl1lt1lch 
sind. Die frUhzeitige Entscheidung von National 
Semiconductor fUr die sogenannte " mlcroCMOS"­
Technologle ermogllchte die Entwicklung elnes brelten 
Spektrums fortschrittlicher Bauelemente, die den Entwurf 
moderner Systeme sehr erlelchtern. 

microCMOS-Technologle 1st eln Oxld-Isollerter Herstel­
lungs-prozei3 fUr Sillzlum-Gate-CMOS-Strukturen mit 
kleinen Geometrien, der die Produktion der 1m Datenbuch 
beschriebenen Hochlelstungs-Bauelememte ermogllcht. 

, Auf P- oder N-Wannen-Substraten erzeugt der mlcroCMOS­
Prozei3 Strukturen mit Abmessungen von 3,0, 2,0 oder 
1,5 Itm und mit Polyslllzium-oder Metallverblndungen. 
(Detaillnformationen enthalten die technlschen Angaben 
zu einer spezlellen Bauelemetefamille, die zu Reglnn elnes 
jeden Abschnlttes zu flnden sind.) Submlkrometer· 
Strukturen beflnden slch derzelt In Entwlcklung. 

FUr die mlcroCMOS-Technologle wendet National 
Semiconductor derzelt etwa die Halfte der Forschungs­
und Entwlcklungs-Mlttel auf. Dleser Antell wlrd In den 
nachsten Jahren noch zUnehmen. 

Neue mlcroCMOS-Produkte werden laufend auf den Markt 
gebracht. Sollten spezlelle Bauelementetypen, die noch 
nlcht 1m Katalog enthalten sind, benotlgt werden, ertellen 
der ortllche Distributor oder das nachstgelegene 
Verkaufsburo von National Semiconductor gerne Auskunft. 
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Introduction 
National Semiconductor Corporation a reunl dans son 
CMOS Databook la plus complete collection de l'lndustrie 
de circuits CMOS hautes performances actuellement 
disponible. National, en s'engageant depuis un certain 
temps dans la technologie mlcroCMOS, a rendu possible 
Ie developpement d'une large gam me de circuits perform­
ants qui simplifieront la conception de vos circuits tout en 
les faisant beneficier des meilleures performances. 

Les circuits performants decrits dans cet ouvrage mettent 
en oeuvre la technologie microCMOS National (cellules de 
falble geometrie MOS). Le procede mlcroCMOS, dispose 
de substrats N ou P, de structures multi-couches metal­
liques etinterconnexions multiples, il permet d'obtenir 
des canaux de 3,2 or 1,5 microns. National travaille ac­
tuellement sur des cellules inferieures au micron. (Pour 
une information plus detail1E3e, consulter au d~but de 
chaque chapitr@, les instructions particulieres a chaque 
fa.mille de circuits.) National consacre pratlquement la 
moitle de ses efforts en recherche et developpement a la 
technologle mlcroCMOS. Cet effort Ira sans cesse en 
s'accroissant au cours des annees 1980. 

De nouveaux produits microCMOS sortent sans cesse. SI 
vous ne trouvez pas dans cet ouvrage ce dont vous avez 
besoln, veuillez contacter votre ingenieur commercial ou 
votre distributeur National Semiconductor. 

Introduzione 
II databook sui dlspositivl CMOS Della National 
Semiconductor Corporation contiene una tra Ie piu vaste 
gamme dl prodottl CMOS ad alta tecnologia attualmente 
dlsponlblll per l'lndustrla. 

II nostro recente Impegno verso la tecnologia CMOS. Ha ' 
reso poslbille 10 sviluppo dl una vastlsslma gamma dl 
dlsposltlvl avanzatl che sempllflcheranno I vostrl progettl 
e garantlranno al vostri sistemi una tra Ie plu avanzate tec­
nologle. La tecnologla CMOS della National comprende 
gil array a canale stretto, I silicon gate ed I processl con 
Isolamento ad ossldo usatl per la fabbrlcazlone dl prodottl 
per appllcazlonl ad alto Ilvello che trovere In questo 
calalogo. 

Usando substratl drogatl n oppure p e stratlflcazlonl dl 
allumlnlo a diversilivelll, oppure connesslonl a polysiliclo, 
I process I CMOS hanno In produzlone canall dl dlmenslonl 
da 3.0-2.0-1,5 microns, con dlmenslonl di submlcron In 
svlluppo. (Per Informazlone plo dettagllate, Indlcazlone 
speclflche per ognl famlglla sono fornito all'lnlzlo dl 
clascun paragrafo). 

La National dedlca la meta del proprl sforzl per la rlcerca e 
10 svlluppo della tecnologla CMOS, e questo Impegno 
crescera senza dubblo nel corso degll annl 80. 

I nuovl dlsposltlvl CMOS vengono Introdottl constante­
mente; nel caso In cui non trovaste clo dl cui avete blsogno 
In questo catalogo, mettetevl In contatto con I'ufflclo dl 
zona della National oppure con II dlstrlbutore di zona. 
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MM54HC193/MM74HC193 Synchronous Binary Up/Down Counters ..................... . 
MM54HC194/MM74HC194 4·Bit Bidirectional Shift Register ........................... . 
MM54HC195/MM74HC195 4·Bit Parallel·ln Shift Register ............................. . 
MM54HC221A/MM74HC221A Dual Non·Retriggerable Monostable Multivibrator ........... . 
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MM54HC237/MM74HC237 3·to·8 Decoderwith Address Latches ....................... . 
MM54HC240/MM74HC240 Inverting Octal TRI·STATE Buffer ......... ' ................... . 
MM54HC241/MM74HC241 Octal TRI·STATE Buffer ................................... . 
MM54HC242/MM74HC242 Inverting Quad TRI·STATE Transceiver ....................... . 
MM54HC243/MM74HC243 Quad TRI·STATE Transceiver ............................ ' ... . 
MM54HC244/MM74HC244 Octal TRI·STATE Buffer ................................... . 
MM54HC245/MM74HC245 Octal TRI·STATE Transceiver ..................•.............. 
MM54HC251/MM74HC251 8·Channel TRI·STATE Multiplexer ................ , ......... . 
MM54HC253/MM74HC253 Dual4·Channel TRI·STATE Multiplexer ....................... . 
MM54HC257/MM74HC257 Quad 2·Channel TRI·STATE Multiplexer ...................... . 
MM54HC259/MM74HC259 8·Bit Addressable Latch/3-to·8 Line Decoder ................. . 
MM54HC266/MM74HC266Quad 2·lnput Exclusive NOR Gate ........................... . 
MM54HC273/MM74HC273 Octal D Flip·Flops with Clear ............................... . 
MM54HC280/MM74HC280 9·Bit Odd/Even Parity Generator/Checker ................... . 
MM54HC283/MM74HC283 4·Bit Binary Adderwith Fast Carry .......................... . 
MM54HC292/MM74HC292 Programmable Frequency DividerslDigital Timers ............ . 
MM54HC294/MM74HC294 Programmable Frequency DividerslDigital Timers ............. . 
MM54HC298/MM74HC298 Quad 2-lnput Multiplexers with Storage ...................... . 
MM54HC299/MM74HC299 8·Bit TRI·STATE Universal Shift Register ..................... . 
MM54HC354/MM74HC354 8·Channel TRI-STATE Multiplexers with Latches .............. . 
MM54HC356/MM74HC356 8·Channel TRI·STATE Multiplexers with Latches .............. . 

, MM54HC365/MM74HC365 Hex TRI·STATE Buffer ..................................... . 
MM54HC366/MM74HC366 Inverting HexTRI·STATE Buffer ............................. . 
MM54HC367/MM74HC367 HexTRI·STATE Buffer ..................................... . 
MM54HC368/MM74HC368 Inverting HexTRI·STATE Buffer ............................. . 
MM54HC373/MM74HC373 TRI·STATE Octal D·Type Latch .............................. . 
MM54HC374/MM74HC374 TRI·STATEOctal D-Type Flip·Flop ........................... . 
MM54HC390/MM74HC390 Dual4·Bit Decade Counter ....... , ......................... . 
MM54HC393/MM74HC393 Dual4·Bit Binary Counter .................................. . 
MM54HC423A/MM74HC423A Dual Retriggerable Monostable Multivibrator ............... . 
MM54HC521/MM74HC521 8·Bit Magnitude Comparator(Equality Detector) ........... : .. . 
MM54HC533/MM74HC533 TRI-STATE Octal D·Type Latch with Inverted Outputs ........... . 
MM54HC534/MM74HC534 TRI·STATE Octal D-Type Flip·Flop with Inverted Outputs ......... . 
MM54HC540/MM74HC540 Inverting Octal TRI-STATE Buffer ............................ . 
MM54HC541/MM74HC541 Octal TRI·STATE Buffer ................................... . 
MM54HC543/MM74HC543 Octal Registere.d Transceiver .............................. . 
MM54HC544/MM74HC544 Octal Registered Transceiver .............................. . 
M M54HC550/MM7 4HC550 Octal Reg istered Transceiver with Status Flags ................ . 
MM54HC5511MM74HC551 Octal Registered Inverting Transceiver with 

Status Flags ................................................... " ............. . 
MM54HC563/MM74HC563 TRI·STATE Octal D·Type Latch with Inverted Outputs ........... . 
MM54HC564/MM74HC564 TRI·STATEOctal D-Type Flip·Flopwith Inverted Outputs .... " ., .. 
MM54HC573/MM74HC573TRI·STATEOctal D-Type Latch ........... '" ..... '" .•....... 
MM54HC574/MM74HC574 TRI·STATEOctal D·Type Flip·Flop ........................... . 
MM54HC589/MM74HC589 8·Bit Shift Registers with Input Latches and TRI-STATE 

Serial Output ................................................................ . 

MM54HC590/MM74HC590 8·Bit Binary Counter with TRI·STATE Output Register .......... . 
MM54HC592/MM74HC592 8·Bit BinaryCounterwith Input Register ..................... , 
MM54HC593/MM74HC593 8·Bit Binary Counter with Bidirectional Input Registerl 

Counter Outputs ............................................................. . 
MM54HC595/MM74HC595 8·Bit Shift Registers with Output Latches .................... . 
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MM54HC597/MM74HC597 8·Bit Shift Registers with Input Latches ...................... 1·329 
MM54HC640/MM74HC640 Inverting Octal TRI·STATE Transceiver. . . . . . . . . . . . . . . . . . . . . . . . 1·334 
MM54HC643/MM74HC643 True·lnverting Octal TRI·STATETransceiver . . . . . . . . . . . . . . . . . . . . 1·334 
MM54HC646/MM74HC646 Non·lnverting Octal Bus Transceiver/Registers . . . . . . . . . . . . . . . . . 1·338 
MM54HC648/MM74HC648 Inverting Octal Bus Transceiver/Registers . . . . . . . . . . . . . . . . . . . . . 1·338 
MM54HC688/MM74HC688 8·Bit MagnitudeComparator(Equality Detector) . . . . . . . . . . . . . . . 1·345 
MM54HC4002/MM74HC4002 Dual4·lnput NOR Gate. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 1·348 
MM54HC4016/MM74HC4016 Quad Analog Switch .. , ........ " ........ " . . . . . . . . . . . . . . 1·351 
MM54HC4017/MM74HC4017 Decade Counter/Dividerwith 10 Decoqed Outputs. . . . . . . . . . . . 1·356 
MM54HC4020/MM74HC4020 14·Stage Binary Counter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·360 
MM54HC4024/MM74HC4024 7·Stage Binary Counter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·360 
MM54HC4040/MM74HC4040 12·Stage Binary Counter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·360 
MM54HC4046/MM74HC4046 CMOS Phase Lock Loop .......... v.... ....... ..... .. ... . . 1·365 
MM54HC4049/MM74HC4049 Hex Inverting Logic Level Down Converter. . . . . . . . . . . . . . . . . . . 1·374 
MM54HC4050/MM74HC4050 Hex Logic Level Down Converter. . . . . . . . . . . . . . . . . . . . . . . . . . . 1·374 
MM54HC4051/MM74HC4051 8·Channel Analog Multiplexer. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·377 
MM54HC4052/MM74HC4052 Dual4·Channel Analog Multiplexer. . . . . . . . . . . . .. . . . . . . . . . . . 1·377 
M M54HC4053/M M7 4HC4053 Triple 2·Channel Analog Multiplexer. . . . . . . . . . . . . . . . . . . . . . . . 1·377 
MM54HC4060/MM74HC4060 14·Stage BinaryCounter ....... , . . . . . . . . . .. . . .. . . . . . . . . . . 1·383 
MM54HC4066/MM74HC4066 Quad Analog Switch. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·387 
MM54HC4075/MM74HC4075Triple3·lnputORGate ............................ ;...... 1·392 
MM54HC4078/MM74HC4078 8·lnput NOR/ORGate ...... , .. , ...... " ..... ..... .. ... . . 1·395 
MM54HC4316/MM74HC4316 Quad Analog Switch with Level Translator. . . . . . . . . . . . . . . . . . . 1·398 
MM54HC4351/MM74HC4351 8·Channel Analog Multiplexerwith Latches ...... , . . . . . . . . . . 1·403 
MM54tiC4352/MM74HC4352 Dual4·Channel Analog Multiplexerwith Latches ............. 1·403 
MM54HC4353/MM74HC4353 Triple2·Channel Analog Multiplexerwith Latches ......... ',' . . 1·403 
MM54HC4511/MM74HC45.11 BCD·to·7 Segment LatchlDecoder/Driver ......... ~ . . . . . . . . . 8·59 
MM54HC4514/MM74HC4514 4·to·16 Line Decoderwith Latch ............. , . . . .. . . . . . . . . 1·410 
MM54HC4538/MM74HC4538 Dual Retriggerable Monostable Multivibrator . . . . . . . . . . . . . . . . 1·414 
MM54HC4543/MM74HC4543 BCD·to·7 Segment Latch/DecoderlDriver for 

Liquid Crystal Displays. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8·64 
MM74HC942 300 Baud Modem (+ 5, - 5 Volt Supply) " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3·38 
MM74HC943 300 Baud Modem (5 Volt Supply) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3·44 
MM54HCTOO/MM74HCTOO Quad 2·lnput NAND Gate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·420 
MM54HCT04/MM74HCT04 Hex Inverter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·423 
MM54HCT05/MM74HCT05 Hex Inverter(Open Drain) ................................... ' 1·426 
MM54HCT34/MM74HCT34 Non·lnverter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 1·428 
MM54HCT74/MM74HCT74 Dual 0 Flip·Flop with Preset and Clear. . . . . . . . . . . . . . . . . . . . . . . . 1·431 
MM54HCT76/MM74HCT76 Dual J·K Flip·Flops with Preset and Clear ..................... 1.434 
MM54HCT107/MM74HCT107.Dual J·K Flip·Flops with Clear ........................... " . 1·437 
MM54HCT109/MM74HCT109 Dual J.i( Flip·Flops with Preset and Clear. . . . . . . . . . . . . . . . . . . . 1·440 
MM54HCT112/MM74HCT112 Dual J·K Flip·Flops with Preset and Clear ................ '. . . . 1·434 
MM54HCT138/MM74HCT138 3·to·8 Line Decoder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·443 
MM54HCT139/MM74HCT139 DuaI2·to·4 Line Decoder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·446 
MM~4HCT149/MM74HCT149 8·Linet08·Line Priority Encoder. . . . . . . . . . . . . . . . . . . . . . . . . . 1·449 
MM54HCT155/MM74HCT155 DuaI2·to·4 Line DecoderlDemultiplexers. . . . . . . . . . . . . . . . . . . . 1·452 
MM54HCT157/MM74HCT157 Quad 2·lnput Multiplexer .......... " . . . . . . . . . . . . . . . . . . . . . 1·455 
MM54HCT158/MM74HCT158Quad 2·lnput Multiplexer(lnverted Output) .................. 1·455 
M M54HCT160/M M7 4HCT160 Synchronous Decade Counter with Asynchrbnous Clear. . . . . . . 1·459 
MM54HCT161/MM74HCT161 Synchronous BinaryCounterwith Asynchronous Clear. . . . . . . . 1·459 
M M54HCT162/M M7 4HCT162 Synchronous Decade Counter with Synchronous Clear. . . . . . . . 1·459 
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MM54HCT163/MM74HCT163 Synchronous Binary Counter with Synchronous Clear. . . . . . . . . 1·459 
MM54HCT164/MM74HCT164 8·Bit Serial·ln/Parallel·Out Shift Register .......... .' . . . . . . . . 1·462 
MM54HCT166/MM74HCT166 8·Bit Serial or Parallel Input/Serial Output Shift 

Registerwith Reset .......................................... : . . . . . . . . . . . . . . . . . 1·465 
MM54HCT169/MM74HCT169 4·Bit Up/Down Synchronous Binary Counter. . . . . . . . . . . . . . . . 1·470 

MM54HCT174/MM74HCT174 Hex D Flip·Flopswith Clear. " ......... , . " .. . . ... .... .. .. 1·472 
MM54HCT191/MM74HCT191 Synchronous Binary Up/Down Counters with 

Mode Control .............................................................. ',' . 1·475 
MM54HCT193/MM74HCT193Synchronous Binary Up/Down Counters. . . . . . . . . . . . . . . . . . . . 1·481 
MM54HCT240/MM74HCT240 Inverting Octal TRI·STATE Buffer .......................... 1·486 
MM54HCT241/MM74HCT241 Octal TRI·STATE Buffer. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . 1·486 
MM54HCT244/MM74HCT244 Octal TRI·STATE Buffer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·486 
MM54HCT245/MM74HCT245 Octal TRI·STATETransceiver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·490 
MM54HCT257/MM74HCT257 Quad 2·Channel TRI·STATE Multiplexer. . . . . . . . . . . . . . . . . . . . . 1·493 
MM54HCT273/MM74HCT273 Octal D Flip·Flop with Clear. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·496 
MM54HCT299/MM74HCT299 8·Bit TRI·STATE Universal ShiftRegister . . . . . . . . . . . . . . . . . . . . 1·499 
MM54HCT323/MM74HCT323 8·Bit TRI·STATE Universal Shift Register. . . . . . . . . . . . . . . . . . . . 1·501 
MM54HCT373/MM74HCT373TRI·STATEOctal D·Type Latch ............ " .... ...... . . .. . 1·503 
MM54HCT374/MM74HCT374 TRI·STATE Octal D·Type Flip·Flop . . . . . . . . . . . . . . . . . . . . . . . . . . 1·503 
MM54HCT521/MM74HCT521 8·Bit Magnitude Comparator(Equality Detector) . . . . . . . . . . . . . 1·508 
MM54HCT533/MM74HCT533TRI·STATEOctal D·Type Latch .. , ......... " .. . . ..... .. . .. . 1·511 
MM54HCT534/MM74HCT534 TRI·STATE Octal D·Type Flip·Flop . . . . . . . . . . . . . . . . . . . . . . . . . . 1·511 
MM54HCT540/MM74HCT540 Inverting Octal TRI·STATE Buffer .......................... 1·515 
MM54HCT541/MM74HCT541 Inverting Octal TRI·STATE Buffer .......................... 1·515 
MM54HCT543/MM74HCT543 Octal Registered Transceiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·519 
MM54HCT544/MM74HCT544 Octal Registered Inverting Transceiver.. . . . . . . . . . . . . . . . . . . . . 1·520 
MM54HCT550/MM74HCT550 Octal Registered Transceiver with Status Flags .............. 1·521 
MM54HCT551/MM74HCT551 Octal Registered Inverting Transceiver with 

Status Flags ...................... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·522 
MM54HCT563/MM74HCT563 TRI·STATEOctal D·Type Latch with Inverted Outputs ..... :. . . . 1~523 
MM54HCT564/MM74HCT564 TRI·STATE Octal O·Type Flip·Flop with Inverted Outputs ....... 1·526 
MM54HCT573/MM74HCT573TRI·STATEOctal D·Type Latch..... . .. . .. . . ... .. . . . . .... .. . 1·529 
MM54HCT574/MM74HCT574 TRI·STATEOctal D·Type Flip·Flop . . . . . . . . . . . . . . . . . . . . . . . . . . 1·532 
MM54HCT590/MM74HCT590 8·Bit Binary Counter with TRI·STATE Output Register. . . . . . . . . 1·535 
MM54HCT592/MM74HCT592 8·Bit Binary Counter with Input Register. . . . . . . . . . . . . . . . . . . . 1·537 
MM54HCT593/MM74HCT593 8·Bit Binary Counter with Bidirectional Input Registerl 

Counter Outputs .................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·537 
MM54HCT640/MM74HCT640 Inverting OctalTRI·STATETransceiver ......... " .... , . . . . . . 1·540 
M M54HCT643/M M7 4HCT643 True·lnverti ng Octal TRI·STATE Transceiver. . . . . . . . . . . . . . . . . . 1·540 
MM54HCT688/MM74HCT688 8·Bit Magnitude Comparator(Equality Detector) . . . . . . . . . . . . . 1·543 
MM54HCU04/MM74HCU04 Hex Inverter ................... ~ . . . . . . . . . . . . . . . . . . . . . . . . . 1·546 
MM82PC08 8·Bit Bidirectional Transceiver .... ,'..................................... 12·25 
MM82PC12 8·Bit Input/Output Port. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12·31 
MOLE ™ (Microcontroller On·Li ne Em ul~tor) Development System ....................... 13·11 
NMC6164 8192 x 8·Bit Static RAM ................ ;................................ 9·3 
NMC27C16 16,384·Bit (i048 x 8) UV Erasable CMOS PROM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10·3 
NMC27C32 32,768·Bit(4096x8)UVErasableCMOSPROM ................ :............. 10·10 
NSC800 High·Performance Low·Power Microprocessor. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 12·38 
NSC800 Emulator Package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13·17 
NSC810A RAM·I/O·Timer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 12·63 
NSC830 ROM·I/O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12·79 
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NSC831 I/O On Iy ............................................................... . 

NSC858 Universal Asynchronous Receiver/Transmitter ................................ . 

NSC888 NSC800 Evaluation Board ................................................ . 
PASCAL PASCAL High Level Language Compiler for STARPLEX II Development Systems .... . 
PLM80 PLIM High Level Language Compiler for STARPLEX Development Systems ......... . 

SCX Series of 2-Micron and 3-M icron CMOS Gate Arrays ................................ . 
SCX6324 microCMOS 2.4k Gate Array NSOOOU Option User's Note ....................... . 

SCX CMOS Gate Array Family Application Guide ............ : ......................... . 

STARPLEX II Development System ...................... ' .......................... . 
TP3020 Monolithic CODEC ....................................................... . 
TP3021 Monolithic CODEC ....................................................... . 

TP3040 PCM Monolithic Filter ...............................•..................... 

TP3040A PCM Monolithic Filter ................................................... . 
TP3051 Monolithic Parallel Data Interface CMOS CODEC/FILTER Family ................. . 
TP3052 Monolithic Serial Interface CMOS CODEC/FIL TER Family ......... ' .............. . 
TP3053 Monolithic Seriallnterfa'ce CMOS CODEC/FILTER Family ......... : ............. . 

TP3054 Monolithic Serial Interface CMOS CODEC/FILTER Family ....................... . 
TP3056 Monolithic Parallel Data Interface CMOS CODEC/FILTER Family ................. . 

TP3057 Monolithic Serial Interface CMOS CODEC/FILTER Family ....................... . 

TP3064 MonolithicSeriallnterface CMOS CODEC/FILTER Combos .................•.... 
TP3067 Monolithic Serial Interface CMOS CODEC/FILTER Combos ..................... . 
TP3155TimeSIotAssignmentCircuit .............................. : ............... . 

TP3310 Monolithic 1200·600/150-75-5 Bitls CMOS FSK Modem Family .................... . 
. TP3311 Monolithic 1200·600/150-75·5 Bitls CMOS FSK Modem Family .................... . 
TP3320 Monolithic 1200·600/150-75-5 Bitls CMOS FSK Modem Family .................... . 
TP3321 Monolithic 1200·600/150-75·5 Bitls CMOS FSK Modem Family .................... . 

TP5087 DTMF (TOUCH-TONE) Generator .......................................•.... 
TP5088 DTMFGeneratorfor Binary Data ............................................ . 

TP5089 DTMF(TOUCH-TONE) Generator ........................................... . 
TP5092 DTMF(TOUCH-TONE) Generator ........................................... . 
TP5094 DTMF (TOUCH-TONE) Generator ........................................... . 

TP5116A Monolithic COD£C ...................................................... . 
TP5156A Monolithic CODEC ............................................... ; ...... . 

TP5:380 DTM F (TOUCH-TON E) Generator ........................................... . 
TP5600Ten·Number Repertory Pulse Dialer ......................................... . 
TP5605 Ten-Number Repertory Pulse Dialer ......................................... . 

TP5610Ten·Number Repertory Pulse Dialer ......................................... . 
TP5615 Ten:Number Repertory Pulse Dialer ......................................... . 
TP5650Ten-Number Repertory DTMF Generator ...................................... . 

TP5660Ten·Number Repertory DTMF Generator ...................................... . 
, TP50981 Push Button Pulse Dialer Circuit ........................................... . 

TP50981A Push Button Pulse DialerCircuit .......................................... . 

TP50982 Push Button Pulse DialerCircuit ........................................... . 
TP50982A Push Button Pulse DialerCircuit .................... ' ...................... . 

TP50985 Push Button Pulse DialerCircuit ........................................... . 
TP50985A Push Button Pulse DialerCircuit .......................................... . 

TP53130 DTMF (TOUCH-TONE) Generatorwith Binary Dataand Keypad Interface .......... . 
TP53190 Push Button Pulse Dialer ................................................. . 
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Parts Listing 
National manufactures a complete lineof metal gate CMOS logic products (CD4000, 54C/74C, and 74PC). A list of these prod· 
ucts follows. Our 54HC/74HC products offer improved performance and appear in Section 1 in datasheet form for your infor· 
mation and convenience. 

METAL GATE CMOS 

CD4000 LOGIC 

Device Description Device Description 

CD4000 Dual 3·lnput NOR Gate CD4053 Triple 2·Channel Multiplexer 
CD4001 Buffered Quad 2·lnput NOR Gate CD4060 14·Stage Ripple·Carry Binary 
CD4002 Buffered Dual 4·lnput NOR Gate Counter 

CD4006 13·Bit Static Shift Register CD4066 Quad Bilateral Switch 

CD4007 Dual Complementary Pair Plus CD4069 Hex Inverter 
Inverter CD4070 Quad 2·lnput Exclusive OR Gate 

CD4008 4·Bit Full Adder CD4071 Buffered Quad 2·lnput OR Gate 
CD4009 Hex Buffer (Inverting) CD4072 Buffered Dual 4·lnput OR Gate 
CD4010 Hex Buffer (Non·lnverting) CD4073 Triple 3·lnput AND Gate 
CD4011 Buffered Quad 2·lnput NAND Gate CD4075 Triple 3·lnput OR Gate 
CD4012 Buffered Dual 4·lnput NAND Gate CD4076 TRI·STATE Quad D Flip·Flop 
CD4013 Dual D Flip·Flop CD4081 ,Buffered Quad 2·lnput AND Gate 
CD4014 8·Bit Static Shift Register CD4082 Buffered Dual 4·lnput AND Gate 
CD4015 Dual 4·Bit Static Shift Register CD4089 Binary Rate Multiplier 
CD4016 Quad Bilateral Switch CD4093 Quad 2·lnput NAND Schmitt 
CD4017 Decade CO,unterlDivider Trigger 

CD4018 Presettable Divide·by·N Counter CD4094 8·Bit Shift Register with Latch 

CD4019 Dual AND/OR Select Gate CD4099 8·Bit Addressable Latch 

CD4020 14·Stage Ripple·Carry Binary CD4503 TRI·STATE Hex Buffer 
CounterlDivider CD4507 Quad 2·lnput Exclusive OR Gate 

CD4021 8·Bit Static Shift Register CD4510 BCD Up/Down Counter 
CD4022 Divide·by·8 CounterlDivider with 8 CD4511 BCD·to·7 Segment Decoder Driver 

Decoded Outputs CD4512 8·Channel Data Selector 
CD4023 Buffered Triple 3·lnput NAND Gate CD4512/B 8·Channel Data Selector with 
CD4024 7·Stage Ripple·Carry Binary Buffer 

COUflter/Divider CD4514 4·Bit Latch 4·to·16 Line Decoder 
CD4025 Buffered Triple 3·lnput NOR.Gate CD4515 4·Bit Latch 4·to·16 Line Decoder 
CD4027 Dual J·K Flip·Flop CD4516 Binary UplDown Counter 
CD4028 BCD·to·Decimal Decoder CD4518 Dual Synchronous Up Counter 
CD4029 Presettable Binary/Decade CD4519 4·Bit AND/OR Selector 

Up/Down Counter CD4520 Dual Synchronous Up Counter 
CD4030 Quad Exclusive·OR Gate CD4522 Divide·by·N Counter (BCD) 
CD4031 64·Bit Static Shift Register CD4526 Divide·by·N Counter (Binary) 
CD4034 8·Bit Bi·Directional Shift Register CD4527 Binary Rate Multiplier 
CD4035 4·Bit Shift Register CD4528 Dual Monostable Multivibrator 
CD4040 12·Stage Ripple·Carry Binary CD4529 Dual 4·Channel or Single 8·Channel 

Counter Analog Data Selector 
CD4041 Quad True/Complement Buffer CD4538 Dual Monostable Multivibrator 
CD4042 Quad D Latch CD4541 Programmable Timer with 
CD4043 Quad TRI·STATE® NOR R/S Latch Osciliator 

- CD4044 Quad TRI·STATE NAND R/S Latch CD4543 BCD·to·7·Segment Decoder 
CD4046 Phase Locked Loop CD4584 Hex Schmitt Trigger 
CD4047 Monostable/Astable Multivibrator CD4723 Dual 4·Bit Addressable Latch 
CD4048 Expandable 8·lnput Gate CD4724 8·Bit Addressable Latch 
CD4049 Hex Inverting Buffer CD40106 Hex Schmitt Trigger 
CD4050 Hex Buffer CD40160 Synchronous Decade Counter 
CD4051 Single 8·Channel M'ultiplexer CD40161 Synchronous Binary Counter 
CD4052 Differential 4·Channel Multiplexer CD40162 Full Synchronous Decade Counter 
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METAL GATE CMOS (Continued) 

CD4000 LOGIC (Continued) 

Device Description Device Description 

CD40163 Full Synchronous Binary Counter MM54C/74C221 Dual Monostable MUltivibrator 

CD40174 Hex D Flip,Flop M M54C/74C240 TRI-STATE Octal Buffer (Inverting 

CD40175 Quad D Flip-Flop Outputs) 
& 

CD40192 Decade UplDown Counter M M54C/7 4C244 TRI-STATE Octal Buffer 

CD40193 Binary Up/Down Counter M M54C/74C373 Octal Flow-Thru Latch TRI-STATE 

CD40195 4-Bit Parallel Access Shift Register MM54C/74C374 Octal D Type Flip-Flop TRI-STATE 

M M54C/7 4C901 Hex Inverting Buffer (TTL Interface) 
MM54C174C LOGIC M M54C/7 4C902 Hex Non-Inverting Buffer 

(TTL Interface) 
MM54C/74COO Quad 2-lnput NAND Gate M M54C/74C903 Hex Inverting Buffer (TTL Interface) 
MM54C/74C02 Quad 2-lnput NOR Gate M M54C/74C904 Hex Non-Inverting Buffer 
MM54C/74C04 Hex Inverter (TTL Interface) 
MM54C/74C08 Quad 2-lnput AND Gate MM54C/74C905 12-Bit Successive Approximation 
MM54C/74C10 Triple 3-lnput NAND Gate Register 

MM54C/74C14 Hex Schmitt Trigger MM54C/74C906 Open Drain Buffer (Active Pull 

MM54C/74C20 Dual 4-lnput NAND Gate Down) 

MM54C/74C30 8-lnput AND Gate MM54C/74C907 Open Drain Buffer (Active Pull 

MM54C/74C32 Quad 2-lnput OR Gate Down) 

MM54C/74C42 BCD-to-Decimal Decoder MM54C/74C908 Dual High-Voltage Driver 

MM54C/74C48 BCD-to-7 Segment Decoder Driver M M54C/74C909 Quad Comparator 

MM54C/74C73 Dual J-K Flip-Flop with Clear MM54C/74C910 256-Bit (64 x 4) RAM TRI-STATE 

MM54C/74C74 Dual D Flip-Flop MM54C/74C911 4-Digit LED Display Controller 
'! 

MM54C/74C76 Dual J-K Flip-Flop with Clear and MM54C/74C912 6-Digit LED Display Controller 

Preset MM54C/74C914 Hex Schmitt Trigger with Extended 

MM54C/74C83 4-Bit Binary Full Adder Input Voltage 

MM54C/74C85 4-Bit Comparator MM54C/74C915 7-Segment-to-BCD Decoder 

MM54C/74C86 Quad 2-lnput Exclusive OR Gate MM54C/74C922 16-Key Keyboard Encoder 

MM54C/74C89 65-Bit (16 x 4) RAM TRI-STATE M M54C/7 4C923 16-Key Keyboard Encoder 

MM54C/74C90 4-Bit Decade Counter . MM54C/74C929/30 1024-Bit Static RAM 

MM54C/74C93 4-Bit Binary Counter M M54C/7 4C932 Phase Comparator 

MM54C/74C95 4-Bit Right-Shift/Left-Shift Register MM54C/74C933 Address Bus Comparator 

MM54C/74C107 Dual J-K Flip-Flop MM540/74C941 TRI-STATE Octal Buffer 

MM54C/74C150 1-of-16 Data Selector M M54C/7 4C945/47 4-Digit Up/Down 

MM54C/74C151 4-Bit Data Select/Multiplexer with 
Counter/LatchlDecoder Driver 

Strobe M M54C/7 4C946 4 1I2-Diglt Counter Decoder Driver 

MM54C/74C154 4-to-16 Line Decoder M M54C/74C949 8-Bit Microprocessor ComRatible . 

MM54C/74C157 Quad 2-lnput Multiplexer 
AID Converter 

MM54C/74C160 Decade Counter with 
MM54C/74C989 64-Bit (16 x 4) RAM TRI-STATE 5V 

Asynchronous Clear 
MM54C/74C161 Binary Counter with Asynchronous 

Clear 
MM54C/74C162 Synchronous Decade Counter 
MM54C/74C163 Synchronous Binary Counter 
MM54C/74C164 8-Bit Serial-ln/Paraliel-Out Shift microCMOS 

Register 

MM54C/74C165 8-Bit Paraliel-ln/Serial-Out Shift MM74PC LOGIC 
Register 

MM54C/74C173 TRI-STATE Quad Flip-Flop MM74PCOO Quad 2-lnput NAND Gate 
MM54C/74C174 Hex D Flip-Flop MM74PC02 NOR Gate 
MM54C/74C175 Quad D Flip-Flop MM74PC04 Hex Inverter 
MM54C/74C192 Decade UplDown Counter MM74PC08 AND Gate 
MM54C/74C193 Binary Up/Down Counter MM74PC32 OR Gate 
MM54C/74C195 4-Bit Parallel Access Shift Register MM74PC74 Dual D Flip-Flop 
MM54C/74C200 256-Blt RAM TRI-STATE MM74PC138 3-to-8 Decoder 
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Application Notes Listing 
AN·118 CMOS Oscillators AN·320 A 2.4k CMOS Gate Array 
AN·177 Designing with MM74C908, MM74C918 Dual AN·321 Gate Array and Custom VLSIC Fabrication 

High Voltage CMOS Drivers with the microCMOS Process 
AN·200 CMOS AID Converter Chips Easily Interface AN·322 A 2.4k microCMOS Gate Array, System 

to 8080A Microprocessor Systems Design Facility 
AN·247 Using ADC0808/ADC0809 8·Blt f'P AN·326 A User's Guide to COPSTM Oscillator 

Compatible AID Converters with 8·Channel Operation 
Analog Multiplexer AN·329 Implementing an 8·Blt Buffer in COPS 

AN·248 Electrostatic Discharge Prevention-Input AN·330 How to Use a COP420R/COP444LR 
Protection Circuits and Handling Guide for AN·331 SCX Family microCMOS Gate Array System 
CMOS Devices Cost Analysis 

AN·257 Simplified Multl·Dlglt LED Display Design AN·332 A 1.2k CMOS Gate Array 
Using MM74C911/MM74C912/MM74C917 

AN·333 On·Chip Memory and Test Functions for Display Controllers 
Gate Arrays 

AN·269 Circuit Applications of Multiplying CMOS 
AN·338 Designing with the NMC9306/COP494, A D to A Converters 

Versatile, Simple·to·Use E2PROM 
AN·271 Applying the New CMOS MICRO·DACsTM 

AN·339 National's Process Enhancements Eliminate 
AN·293 Control Applications of CMOS DACs the CMOS SCR Latch·Up Problem in 
AN·303 HC·CMOS Power Dissipation 54HC/74HC Logic 
AN·307 Introducing the MF10: A Versatile Monolithic AN·347 MM74HC942 and MM74HC943 Design Guide 

Active Filter Building Block AN·349 CMOS 300 Baud Modem 
AN·310 Hlgh·Speed CMOS (MM54HC/MM74HC) AN·350 Designing an LCD Dot Matrix Display 

Processing· Interface 
AN·313 DC Electrical Characteristics of AN·35S MCA2500 ECL 

MM54HC/MM74HC High·Speed CMOS Logic 
AN·357 MCA1500M ECL 10,000 Macrocell Array 

AN·314 Interfacing to MM54H~/MM74HC High· 
AN·358 High·Performance TTL·Compatible Speed CMOS Logic 

Macroceli Arrays 
AN·316 The Subscriber Line Card In a Distributed 

AN·359 The MM58174A Real Time Clock in a Battery Control Switching System 
Backed·Up Design Provides Reliable Clock 

AN·317 AC Characteristics of MM54HC/MM74HC and Calendar Functions 
Hlgh·Speed CMOS 

SPX·Ap·7 Using NSC800™ and 8085 ISE as Automatic 
AN·319 Comparison of MM54HC/MM74HC to Test Equipment 

54LS/74LS, 54S/74S and 54ALS/74ALS Logic 
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Section 1 
54HC/74HC 
High Speed CMOS 



Introduction 
National has been a supplier of CMOS logic since 1970, 
starting with the CD4000 family. National next introduced 
the 54/74C Series-replicating, in CMOS, the "footprints" 
(pinouts) and functions of the standard TTL bipolar 7400 
Logic Family. 

Until recently, however, high-speed CMOS systems had to 
Include some bipolar logic ICs as well because CMOS 
logic was not fast enough. The use of bipolar logic meant 
that system designers had interface and power dissipa­
tion problems. 

AN ADVANCED, HIGH·SPEED CMOS LOGIC FAMILY 

National has Introduced a new, hlgh·speed CMOS Logic 
Family-the 54/74HC Series. * Many industry watchers 
are calling it the most significant development In logic 
since TTL. 

This new series Is the first broad-based CMOS logic family 
to attain true bipolar (74LS) speed performance, while 
maintaining the many advantages of CMOS: high noise 
Immunity, wide power supply range, wide range of operat­
Ing temperature, and low power dissipation. In addition, 
this CMOS family offers 74LS equivalent pinouts and out­
put drive (4 mA sink and source). 

Metal 
Interconnect 

Metal 
Gate 

National Is also supplying some of the most popular 
CD4000 devices in this new high·speed technology. As an 
example, the CD4060 will be offered as the MM74HC4060. 
Some new functions not currently available in any logic 
family (MM74HC9XX parts) will also be offered and the 
MM74HCTXXX designation is used for a group of special 
TTL buffers. (The inputs of these buffers meet TTL logic 
voltage level specs.) 

HOW SPEED HAS BEEN IMPROVED 

National uses self·aligned silicon·gate CMOS with oxide 
isolation to obtain speed and density advantages in these 
logic circuits. 

To understand how this works, look at a cross·section of a 
logic inverter in metal·gate CMOS, as shown in Figure 1-1. 
Notice that all the key parasitics have been drawn on this 
diagram. The extra P+diffusion necessary around the 
N-channel device and the extra N + diffusion around the 
P-channel device are the guard rings (channel stoppers) 
that are necessary to prevent parasitic MOS transistors 
between devices. The length indicated for laying out a 
logic inverter (one N·channel and one P·channel device) is 
about 125 microns for a typical metal·gate process. 

Metal 
Gate 

N Type Substrate . 

1.,------------125I'm------------r I 

FIGURE 1·1. A Cross·Section of a Logic Inverter In·Metal·Gate CMOS 

*Thls MM54/74HC family Is alternately sourced by Motorola Inc. 
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Now, look at the SI-gate CMOS Inverter shown In Figure 1-2. 
The 125-mlcron distance noted previously for a simple 
logic Inverter is reduced to only 64 microns. 

With the oxide isolation performing the channel stop 
function: 

• The need for extra channel stop diffusions is eliminated. 

• The P + and N + diffusions can now butt directly against 
the oxide (no space is required). 

• The geometries and spacings overall can be made 
smaller because of shallower junction depths. 

Therefore, a 2:1 reduction in the paraSitic capacitances 
can be obtained with this new CMOS process. Since the 
gate is self-aligned to the source and drain (I.e., the gate 
actually defines the separation between the source and 
drain regions), the gate overlap capacitance is also 
significantly reduced. 

This decreased capacitance, combined with the 4:1 in­
crease in the gain of the Silicon-gate transistors (the 
silicon-gate devices have better gain due to the shorter 
channel length, thinner gate oxide, and lower threshold 
voltage), explains the speed improvement of eight to ten 
times over the earlier metal-gate CMOS logic. 

Metal 
Interconnect 

Polysllicon 
Interconnect 

SPECIFICATIONS FOR THE 54/74HC LOGIC FAMILY 

A 2V to 6V operating range was chosen for the new 
54/74HC family. The 6V maximum limit results because of 
transistor drain-to-source punchthrough with the short 
channel lengths (further reductions in channel length will 
bring about the new 2V to 3V power supply voltage stand­
ard for VLSI products). 

There are specifications on the maximum allowable DC 
output current for ail of the outputs as well as for the Vee 
and ground pins. These limits exist because of the poten­
tial for metal migration ... a phenomenon that occurs if DC 
current limits are exceeded for long time intervals. limit­
ing the maximum DC current flow increases the reliability 
of the circuit. 

The input logic levels forthis family are similar to standard 
CD4000 and 54/74C CMOS: 1.0V and 3.5V, using a 5V 
power supply. Over the complete supply voltage range the 
worst-case VIH and VIL input levels are typically 70% and 
20% of Vee, respectively. In addition, to facilitate intedac­
ing from TTL and TTL compatible circuits to 54/74HC, a 
sub-family of devices (deSignated MM54HCT/MM74HCT) 
is also offered. These devices are deSigned and specified 
for TTL input logic voltage levels. . 

Field 
Oxide 

N Type Substrate 

----------64f'm----------

FIGURE 1·2. A Cross·Section of a Lagle Inverter In microCMOS 
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COMPARING OUTPUT CURRENT SINK AND SOURCE 

These new 74HC products can drive capacitive loads with 
the same response times as the 74LS products. The rea· 
sons for this can be seen by looking at the comparisons of 
the output current sink and source capabilities of these 
logic families as shown in Figures 1·3 and 1·4. 

Here the new CMOS output stages can be seen to com· 
pare favorably with those of the 74LS bipolar logic family. 
It is these large output currents that provide the ability to 
rapidly drive load capacitance. This also requires the 
same attention as 74LS to PC board layouts and power 
supply bypass capacitors. 

For complete details and characteristics of the 54/74HC 
family, see National's 1983 High·Speed CMOS Databook, 
which also contains numerous application notes. 
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FIGURE 1-3. Comparing the Output Sink Current 
Capabilities of 74HC and 74LS 
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CMOS AND BIPOLAR DESIGN 

Bipolar designers who have never used CMOS must reo 
member one important rule: never leave an input pin float· 
ing. Unused inputs must be tied to Vee, ground, or an 
output. If left floating, an input can charge up (due to 
leakage current flow) to the threshold voltage level and 
turn ON both the N·channel and P·channel transistors at-­
the same time. This will cause the IC to draw potentially 
destructive DC currents from Vee to ground. This problem 
is aggravated by the large current capability of this new 
logic family. 

1-10 I---+---+--......,.~--+-~L.-..t 
~ -20 I----+--+--I---i-----,j~----t 
::I 
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Output Voltage (V) 

FIGURE 1-4. Comparing the Output Source Current 
Capabilities of 74HC and 74LS 



~NaHonal 
~ Semiconductor 

microCMOS 

MM54HCOO/MM74HCOO Quad 2-lnput NAND Gate 

General Description 
These NAND gates utilize microCMOS Technology, 3.5 mi­
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs. All devices have high noise immunity and the ability 
to drive 10 LS-TTL loads. The 54HC/74HC logic family is 
functionally as well as pin-out compatible with the standard 
54LS174LS logic family. All inputs are protected from dam­
age due to static discharge by internal diode clamps to Vee 
and ground. 

Connection Diagram 

Features 
C Typical propagation delay: 8 ns 
C Wide power supply range: 2-6V 
C Low quiescent current: 20 ,...A maximum (74HC series) 
C Low input current: 1 ,...A maximum 
C Fanout of 10 LS-TTL loads 

Dual-ln-L1ne Package 

A1 

Logic Diagram 

B1 Y1 A2 

TOP VIEW 

MM54HCOO/MM74HCOO 

54HCOO (J) 74HCOO (J,N) 

: =D---l>o--t>o- y 

TL/F/5292-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee> -0.5 to +7.0V Min Max Units 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Vec) 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A) 
DC Vee or GND Current, per pin (Ice> ±50mA MM74HC -40 +85 ·C 

Storage Temperature Range (T STG) - 65·C to + 150·C MM54HC -55 +125 ·C 

. Power Dissipation (Po) (Note 3) 500mW' Input Rise or Fall Times 

Lead Temperature (Tu (Soldering 10 seconds) 260·C (tr, tf) Vee=2V 1000 ns 

Vee=4.5V 500 ns 

Vec=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

TA= -40 to 85·C TA= -55to 125·C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1:5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 

Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI S::20 IlA 2.0V 2.0 1.9 1.9 . 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 

6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI S::4.0 rnA 4.5V ·4.2 3.98 3.84 3.7 V 

IIOUTI s:: 5.2 rnA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH 
Output Voltage IIOUTI S::20 IlA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 

6.0V 0 0.1 0.1 0.1 V 

VIN=VIH 
IIOUTI S::4.0 rnA 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTIS::5.2 rnA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 IlA 

Current 

Icc Maximum Quiescent VIN = Vee or GND 6.0V 2.0 20 40 ,.,.A 
Supply Current IOUT=O IlA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 

Note 4: For a power supply of SV ±10% the worst case output voltages (YOH. and Vou occur for HC at 4.SV. Thus the 4.SV values should'be used wh~n 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at 5.5V is 3.85V.) The worst case leakage current {liN. 
ICC. and loZ> occur for CMOS at the higher voltage and so the 6.0V values should be used. 

.-
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AC Electrical Characteristics 
Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ 

Maximum Propagation 
Delay 

AC Electrical Characteristics 

8 

Guaranteed 
Limit 

15 

VCC= 2.0V to 6.0V. CL = 50 pF. tr=tf=6 ns (unless otherwise specified) 

Units 

ns 

74HC 54HC 
TA=25°C 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C T A = - 55 to 125°C 

Typ Guaranteed L1mlt5 

tpHL. tpLH Maximum Propagation 2.0V 45 90 113 134 
Delay 4.5V 9 18 23 27 

6.0V 8 15 19 23 

tTLH. tTHL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

CPO Power Dissipation (per gate) 20 

Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 

Capacitance 

Units 

ns 

ns 
ns 

ns 

ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamiC power consumption. Po=Cpo Vee2 1+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee 1+lee· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

microCMOS 

MM54HC02/MM74HC02 Quad 2-lnput NOR Gate 

General Description 
These NOR gates utilize microCMOS Technology, 3.5 mi­
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TIL gates with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs, providing high noise immunity and the ability to 
drive 10 LS-TIL loads. The 54HC174HC logic family is func­
tionally as well as pin-out compatible with the standard 
54LS174LS logic family. All inputs are protected from dam­
age due to static discharge by internal diode clamps to Vee 
and ground. 

Connection Diagram 

Features 
• Typical propagation delay: 8 ns 
• Wide power supply range: 2-6V 
II Low quiescent supply current: 20 /-LA maximum (74HC 

series) 

• Low input current: 1 /-LA maximum 
• High output current: 4 mA minimum 

Dual-In-Llne Package 

Logic Diagram 

vee Y4 

Y1 A1 

84 A4 

81 Y2 

Y3 

A2 

83 A3 

82 GND 

TL/F/5294-1 

TOP VIEW 
MM54HC02/MM74HC02 

54HC02 (J) 74HC02 (J,N) 

:~Y 
TL/F/5294-2 
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3: 
Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 3: 
Supply Voltage (Vee) -0.5 to +7.0V Min Max Units 01 

~ 
DC Input Voltage (VIN) -1.5 to Vee+ 1.5V Supply Voltage(Ved 2 6 V 'J: 
DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V n 
Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) 0 
DC Output Current. per pin (lOUT) ±25mA Operating Temperature Range(T A) N 

........... 

DC Vee or GND Current. per pin (led ±50mA MM74HC -40 +85 °C ...... 
~ 

Storage Temperature Range (TSTG) - 65°C to + 150°C MM54HC -55 +125 ·C J: 
Power Dissipation (Po) (Note 3) 500mW Input Rise or Fall Times 0 
Lead Temperature (T U (Soldering 10 seconds) 260·C (tr. t,) Vee=2.0V 1000 ns 0 

Vee=4.5V 500 ns N 
Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85·C T A = - 55 to 125·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN=VIL 
Output Voltage IIOUTI ~20 ILA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN=VIL 
IIOUTI ~4.0 rnA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI ~ 5.2 rnA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH orVIL 
Output Voltage IIOUTI ~20 ILA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI~4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI ~ 5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 ILA 
~urrent 

Icc Maximum Quiescent VIN=VeeorGND 6.0V 2.0 20 40 JA-A 
Supply Current IOUT=O JA-A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 'I 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.5V values should be used when 
deSigning with this supply. Worst case VIH and VIL occur at Vcc= 5.5V and 4.5V respectively. (The VIH value at 5.5V is 3.85V.) The worst case leakage current (lIN .. 
ICC. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL=15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 

tpHL, tpLH Maximum Propagation 
Delay 

AC Electrical Characteristics 

8 

Guaranteed 
Limit 

15 

Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

Units 

ns 

74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C TA = -55 to 125°C 

tpHL, tpLH Maximum Propagation 
Delay 

tTLH, tTHL Maximum Output Rise 
and Fall Time 

CPO Power Dissipation 
Capacitance (Note 5) 

Maximum Input 
Capacitance 

(per gate) 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

45 90 
9 18 
8 15 

30' 75 
8 15 
7 13 

20 

5 10 

Guaranteed Limits 

113 
23 
19 

95 
19 
16 

10 

134 
27 
23 

110 
22 
19 

10 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 6: CPO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee 1+lce· 

Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

MM54HC03/MM74HC03 Quad 2-lnput 
Open Drain NAND Gate 

General Description Features 
• Typical propagation delay: 12 ns 
• Wide power supply range: 2-6V 

microCMOS 

These NAND gates utilize microCMOS Technology, 3.5 mI­
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs. All devices have high noise immunity and the ability 
to drive 10 LS-TTL loads. The 54HC/74HC logic family is 
functionally as well as pin-out compatible with the standard 
54LS174LS logic family. All inputs are protected from dam­
age due to static discharge by internal diode clamps to Vee 
and ground. 

iii 'Low quiescent current: 20 fJ-A maximum (74HC series) 

As with standard 54HC174HC push-pull outputs there are 
diodes to both Vee and ground. Therefore the output should 
not be pulled above Vee as it would be clamped to one 
diode voltage above Vee. This diode is added to enhance 
electrostatic protection. 

Connection Diagram 

• Low Input current: 1 fJ-A maximum 
• Fanout of 10 LS-TTL loads 

Dual-In-Llne Package 

Al .1 Y1 102 

TOP VIEW TL/F/5295-1 

MM54HC03/MM74HC03 

54HC03 (J) 74HC03 (J,N) 

Logic Diagram 

TL/F/5295-2 
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C") 
0 Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 0 
l: Supply Voltage(Vec) -0.5 to + 7.0V Min Ma?C Units 
~ DC Input Voltage(VIN) -1.5 to Vee + 1.5V Supply Voltage(Vec) 2 6 V 
r-- DC Output Voltage(VOUT) - 0.5 to Vee + 0.5V bc Input or Output Voltage 0 Vee V (;) Clamp Diode Current(lIK, 10K) ±20mA 
0 DC Output Current, per pin(lOUT) ±25mA (VIN,VOUT) 

0 DC Vee or GND Current, per pin(lec) ±50mA Operating Temperature Range(T A) 

l: Storage Temperature Range(T STG) - 65·C to + 150·C MM74HC -40 +85 ·C 
~ Power Dissipation(PD) (Note 3) 500mW MM54HC -55, +125 ·C 
Lt) 

Lead Temperature(Tu (Soldering 10 seconds) 260·C Input Rise or Fall Times :E 
(tr, tf) Vee=2.0V 1000 

. 
:E ns 

Vee=4.5V 500 ns 

Vee=6.0V 400 ' ns 

DC Electrical Characteristics (Note' 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85·C TA = -55 to 125·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 • 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
putput Voltage IIOUTI~20 IlA 2.0V 2.0 1.9 1.9 1.9 V 

/ RL=1kfl 4.5V 4.5 4.4, 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VOL Minimum Low Level VIN=VIH 
Output Voltage IIOUTI~20 IlA 2.0V 0 0.1 0.1 0.1 V 

RL = 00 4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN=VIH 
IIOUTI~4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI~5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

ILKG Maximum High Level VIN = VIH or VIL 6.0V 0.5 5 10 IlA 
Output Leakage Current VOUT=Vee 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 IlA 
Current 

Icc Maximum Quiescent VIN = Vee or GND 6.0V 2.0 20 40 IlA 
Supply Current IOUT=O IlA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground, 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 

Note 4: For a power supply of SV ± 10% theworst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values sh~uld be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S,SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (liN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol" Parameter 

Maximum Propagation 
Delay 

Conditions 

AC Electrical Characteristics 

Typ 

10 

Guaranteed 
Limit 

20 

Units 

ns 

Vcc=2.0V to 6.0V, CL =50 pF, tr=t,=6 ns (unless otherwise s~ecified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85°C TA= -55 to 125°C 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation RL =1 Kn 2.0V 63 125 158 186 
Delay 4.5V 13 25 32 37 

6.0V 11 21 27 32 

tTHL Maximum Output 2.0V 30 75 95 110 
Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

CpO Power Dissipation (per gate) 20 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption. Po= CPO Vee2 f+ ICC Vee. and the no load dynamic current consumption. 
Is = CPO Vee f + Icc. The power dissipated by RL Is not included. 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

microCMOS 

MM54HC04/MM74HC04 Helt Inverter 

General Description Features 
These Inverters utilize microCMOS Technology, 3.5 mictoH 
silicon gate P-well CMOS, to achieve operating speeds otl11l­
lar to LS-TTL gates with the low power consumption of stM­
dard CMOS integrated circuits. 

I) Typical propagation delay: 8 ns 

• Fan out of 10 LS-TTL loads 
• Quiescent power consumption: 10 p.W maximum at 

room temperature 
The MM54HC04/MM74HC04 is a triple buffered inverter. It 
has high noise immunity and the ability to drive 10 Ls·rtL 
loads. The 54HC/7 4HC logic family is functionally as weli as 
pin-out compatible with the standard 54LS/7 4LS logic fairll­
Iy. All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and grol.lnd. 

II Typical input current: 10-5 p.A 

Connection· Diagram 

Vee AB 

14 13 

A1 Y1 

Logic Diagram 

Dual-ln·Llne Package 

YB AS YS 

12 11 10 

4 

A2 Y2 A3 

TOP VIEW 

MM54HC04/MM74HC04 

54HC04 (J) 74HC04 (J,N) 

1 of G Inverters 

~-14 

A4 Y4 

8 

6 

Y3 GND 

TL/F/5069-2 

TL/F/5069-1 



3: 
Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions s: 
Supply Voltage (Ved -0.5 to + 7.0V Min Max Units U1 

~ 
DC Input Voltage (VIN) -1.5 to Vee+ 1.5V Supply Voltage(Ved 2 6 V J: 
DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 0 
Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) . 0 
DC Output Current, per pin (lOUT) ±25mA Oporating Temperature Range(T A) 

~ 
"-

DC Vee or GND Current, per pin (led ±50mA MM74HC -40 +85 ·C ....... 
~ 

Storage Temperature Range (TSTG) -65°C to + 150°C MM~4HC -55 +125 °C J: 
Power Dissipation (Po) (Note 3) 500mW Inpu' ~ise or Fall Times 0 
Lead Temperature (Tu (Soldering 10 seconds) 260·C (tn tl) Vee=2.0V 1000 ns 0 

Vee=4.5V 500 ns ~ 

Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=:;WC 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA = -40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V '.2 1.2 1.2 V 

VOH Minimum High Level VIN=VIL 
Output Voltago IIOUTI:$;20 J.LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5,9 5.9 5.9 V 

VIN=VIL 
IIOUTI :$; 4.0 mA 4.5V 4.2 :3.~8 3.84 3.7 V 

IIOUTI:$;5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH 
Output Voltage IIOUTI :$;20 J.LA 2.0V 0 0,1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 

6.0V 0 0.1 0.1 0.1 V 

VIN=VIH 
IIOUTI:$;4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI:$; 5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VCeorGND 6.0V to.1 ±1.0 ±1.0 J.LA 
Current 

Icc Maximum Quiescent VIN=VeeorGND 6.0V 2.0 20 40 J.LA 
Supply Current IOUT=OJ.LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the dovlce may occur. 

Note 2: Unless otherwise specified aU voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: "':12 mWrq from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 

Note 4: For a power supply of 5V ± 100/0 the worst case output voltages (VOH' and Vod occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc= 5.SV and 4.5V respectivflly, (The VIH value at S.SV is 3.85V.) The worst case leakage current (liN. 
IcC. and loZ> occur for CMOS at the higher voltage and so the 6.0V values should be ~seq. 
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AC Electrical Characteristics 
Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ 

Maximum Propagation 
Delay 

AC Electrical Characteristics 

8 

. Guaranteed 
Limit 

15 

Vcc=2.0V to 6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

Units 

ns 

74HC 54HC 
TA=25°C 

Symbol Parameter Conditions Vee 
TA = -40 to 85°C TA = -55 to 125°C 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation 2.0V 55 95 120 145 
Delay 4.5V 11 19 24 29 

6.0V 9 16 20 24 

tTLH. tTHL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 ,15 19 22 

6.0V 7 13 16 19 

CPO Power Dissipation (per gate) 20 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 
Capacitance 

I 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vee2 f+lee Vee, and the no load dynamic current consumption, 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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~National 
D Semiconductor 

microCMOS 

MM54HC08/MM74HC08 Quad 2-lnput AND Gate 

General Description Features 
These AND gates utilize microCMOS Technology, 3.5 mi­
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TIL gates with the low power consumption of 
standard CMOS integrated circuits. The HCOB has buffered 
outputs, providing high noise immunity and the ability to 
drive 10 LS-TIL loads. The 54HC174HC logic family is func­
tionally as well as pin-out compatible with the standard 
54LS174LS logic family. All Inputs are protected from dam­
age due to static discharge by internal diode clamps to Vee 
and ground. 

• Typical propagation delay: 7 ns (tPHU, 12 ns (tpLH) 

Connection Diagram 

• Fanout of 10 LS-TIL loads 
• Quiescent power consumption: 2 p.A maximum at 

room temperature 

• Typical input current: 10-5 p.A 

Dual-In-Llne Package 

vee B4 A4 Y4 B3 Y3 

3 

A1 B1 Y1 A2 B2 Y2 GND 

TOP VIEW 
MM54HC08/MM74HC08 

54HC08 (J) 74HC08 (J,N) 
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CC) 
C) Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 0 
:E: Supply Voltage(Vec) -0.5 to + 7.0V Min Max Units 
~ DC Input Voltage(VIN) -1.5 to Vee+1.5V Supply Voltage(Vec) 2 6 V 

" DC Output Voltage(VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V :E 
:E 

Clamp Diode Current(lIK. 10K) ±20mA (VIN.VOUT) 

......... DC Output Current. per pin(IOUT) ±25mA Operating Temperature Range(T A) 
CC) DC Vee or GND Current. per pin(lcc) ±50mA MM74HC -40 +85 ·C 
C) Storage Temperature Range(TSTG) - 65·C to + 150·C MM54HC -55 +125 ·C 
0 Power Dissipation(Po) (Note 3) 5DOmW Input Rise or Fall Times :E: 
~ Lead Temperature(Td (Soldering 10 seconds) 260·C (tr. tf) Vce~2.0V 1000 ns 
Ll) Vec=4.5V 500 ns 

:E Vee=6.0V 400 ns 

:E DC Electrical Characteristics (Note 4) _ 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA = -40 to 85·C TA= -55 to 125·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage· 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN=VIH 
Output Voltage IIOUTI~20 /LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN=VIH 
IIOUTI~4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI~5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI ~20 /LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN=VIH orVIL 
IIOUTI~4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI~5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 /LA 
Current 

Icc Maximum Quiescent VIN=VeeorGND 6.0V 2.0 20 40 /LA 
Supply Current IOUT=O /LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 rnwrC from 
100°C to 12SoC 

Note 4: For a power supply of SV ± 1 0% the worst case output voltages (YOH. and You occur for HC at .4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.SV and 4.5V respectively. (The VIH value at S.SV Is 3.8SV.) The worst case leakage current (lIN. 
IcC. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

/' 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions 

tpHL Maximum Propagation 
Delay, Output High to Low 

tpLH Maximum Propagation 
Delay, Output Low to High 

AC Electrical Characteristics 

Typ 
Guaranteed 

Units 
Limit 

12 20 ns 

7 15 ns 

Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA = -40 to 85°C T A = - 55 to 125°C 

Typ Guaranteed Limits 

tpHL Maximum Propagation 2.0V 77 121 151 175 
Delay Output High to Low 4.5V 15 24 30 35 

6.0V 13 20 25 30 

tpLH Maximum Propagation 2.0V 30 75 95 110 
Delay Output 4.5V 8 15 19 22 
Low to High 6.0V 7 13 16 19 

tTLH, tTHL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

CPO Power Dissipation (per gate) 38 
Capacitance (Note 5) 

CIN Maximum Input 4 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption, Po = Cpo vee2 I + lee vee, and the no load dynamic current consumption, 
Is=Cpo Vee 1+lee· 
Note 6: Refer to back of this section lor Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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~National -
D Semiconductor 

microCMOS 

MM54HC10/MM74HC10 Triple 3-lnput NAND Gate 

General Description 
These NAND gates utilize microCMOS Technology, 3.5 mi­
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs. All devices have high noise immunity and the ability 
to drive 10 LS-TTL loads. The 54H,Cn4HC logic family is 
functionally as well as pin-out compatible with the standard 
54LS174LS logic family. All inputs are protected fromdam­
age due to static discharge by internal diode chimps to Vee 
and ground. 

Connection Diagram 

Features 
• Typical propagation delay: 8 ns 
• Wide power supply range: 2-6V 
• Low quiescent current: 20 p.A maximum (74HC series) 
II Low input current: 1 p.A maximum 
• Fanout of 10 LS-TTL loads 

Dual-In-Llne Package 

A1 B1 

Logic Diagram 

12 

A2 

C3 

11 

B3 

C2 

MM54HC10/MM74HC10 

54HC10 (J) 74HC10 (J,N) 
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3: 
Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 3: 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units U1 

~ 
DC Input Voltage (VIN) -1.5 to Vee+ 1.5V Supply Voltage(Vcd 2 6 V ::r: 
DC Output Voltage (Vour) . -0.5 to Vee+O.5V DC Input or Output Voltage 0 Vee V 0 
Clamp Diode Current (11K, 10K) ±20mA (VIN,Vour) ..... 

0 
DC Output Current, per pin (lour) ±25mA Operating Temperature Range(T A) '" DC Vee or GND Current, per pin (led ±50mA MM74HC -40 +85 °C 3: 
Storage Temperature Range (T STG) - 65°C to + 150·C MM54HC -55 +125 °C 3: 
Power Dissipation (PD) (Note 3) 500mW Input Rise or Fall Times -..J 
Lead Temperature (Tu (Soldering 10 seconds) 260·C (tr,t,) Vee=2.0V 1000 ns ~ 

::r: Vee=4.5V 500 ns 
0 Vee=6.0V 400 ns ..... 

D.C Electrical Characteristics (Note 4) 0 

TA=25°C 
74HC 54HC [II 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C TA= -55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Iiourl ~20 /-LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
Iiourl ~4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 

Iiourl ~5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH 
Output Voltage Iiourl ~20 /-LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN=VIH 
Iiourl ~4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

lIourl ~5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 /-LA 
Current 

Icc Maximum Quiescent VIN = Vee or GND 6.0V 2.0 20 40 p.A 
Supply Current lour=O /-LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V Is 3.85V.) The worst case leakage current (liN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

I 
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AC Electrical Characteristics 
Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ 

Maximum Propagation 
Delay 

AC Electrical Characteristics 

8 

Guaranteed 
LImit 

15 

Units 

ns 

Vcc=2.0V to 6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

Symbol Parameter 

tpHL. tpLH Maximum Propagation 
Delay 

tTLH. tTHL Maximum Output Rise 
and Fall Time 

CPO Power Dissipation 
Capacitance (Note 5) 

Maximum Input 
Capacitance 

Conditions Vee 

(per gate) 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

48 
10 
8 

30 
8 
7 

20 

5 

90 
18 
15 

75 ' 
15 
13 

10 

74HC 54HC 
T A = - 40 to 85°C T A = - 55 to 125°C 

113 
23 
19 

95 
19 
16 

10 

Guaranteed LImits \ 

134 
27 
23 

110 
22 
19 

10 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption. Pb=Cpo Vce2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 

Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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~National 
D Semiconductor microCMOS 

MM54HC11/MM74HC11 Triple a-Input AND Gate 

General Description Features 
• Typicai propagation delay: 12 ns 
II Wide power supply range: 2-6V 

"These AND gates utilize microCMOS Technology, 3.5 mi­
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs, providing high noise immunity and the ability to 
drive 10 LS-TTL loads. The 54HC174HC logic family is func­
tionally as well" as pin-out compatible with the standard 
54LS174LS logiC family. All inputs are protected from dam­
age due to static discharge by internal diode clamps to Vee 
and ground. 

• Low quiescent current: 20 p.A maximum (74HC series) 
ell Low input current: 1 p.A maximum 

Connection Diagram 

Logic Diagram 

• Fanout of10 LS-TTL loads 

Dual-ln-L1ne Package 

Vce C1 Y1 C3 B3 
11 10 

1 2 3 4 5 

A1 B1 A2 B2 C2 Y2 

TOP VIEW 
MM54HC11/MM74HC11 

54HC11 (J) 74HC11 (J,N) 

A--~o---r~-__ 

B--~o---r~----:~ 

(1 OF 3 GATES) 
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.,.. .,.. 
Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 0 

:J: Supply Voltage (Vee> -'-0.5 to + 7.0V Min Max Units 
~ DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Ved 2 6 V 
I""-

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V :E 
:E Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) 

'" 
DC Output Current. per pin (lOUT) ±25mA Operating Temperature Range(TA) .,.. DC Vee or GND Current. per pin (IcC> ±50mA MM74HC -40 +85 , ·C .,.. 
Storage Temperature Range (T STG) -65·C to + 150·C MM54HC -55 +125 ·C 0 

:J: Power Dissipation (PD) (Note 3) 500mW Input Rise or Fall Times 

~ Lead Temperature (TtJ (Soldering 10 seconds) 260·C (tr.tl) Vee=2.0V 1000 ns 
it) Vee=4.5V 500 ns 
:E Vee=6.0V 400 ns 

:E DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC . 54HC 

Symbol Parameter Conditions Vee 
TA = -40 to 85·C T A = - 55 to 125·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 

Input Voltage 4.5V 3.15 3.15 3.15 ,V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 

Input Voltage 4.5V 0.9 0.9 0.9 V 
6.0V 1.2' 1.2 1.2 V 

VOH Minimum High Level VIN=VIH 
Output Voltage IIOUTI ::;; 20 IlA 2.0V 2~0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 

6.0V 6.0 5.9 5.9 5.9 V 

VIN=VIH 
IIOUTI::;;4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 

IIOUTI::;;5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH orVIL 
Output Voltage IIOUTI::;;20 p;A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 

6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI::;;4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI::;;5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN~VeeorGND 6.0V ±0.1 ±1.0 ±1.0 IlA 

Current 

Icc Maximum Quiescent VIN=VeeorGND 6.0V 2.0 . 20 40 JLA 
Supply Current IOUT=O IlA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified aI/ voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
deSigning with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (lIN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V,values should be used. 
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AC Electrical Characteristics 
VCC= 5V, TA=25°C, CL =15 pF, tr=tf=6 ns (Note 6) 

Symbol Parameter Conditions Typ 

Maximum Propagation 
Delay 

AC Electrical Characteristics 

12 

Guaranteed 

Limit 

20 

Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) (Note 6) 

Units 

ns 

74HC 54HC 
TA=25°C 

Symbol Parameter Conditions Vce 
TA = -40 to 85°C TA = -55 to 125°C 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation 2.0V 48 125 156 190 

Delay 4.5V 18 25 31 38 
6.0V 15 21 27 31 

tTLH, tTHL Maximum Output Rise 2.0V 30 75 95 110 

and Fall Time 4.5V 8 15 19 22 
6.0V 7 13 16 19 

CPO Power Dissipation (per gate) 35 

Capacitance (Note 5) 

CIN Maximum Input 5 10 1.0 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 

Note 6: Refer to back of this section for Typical MM54n4HC AC Switching W~veforms and Test Circuits. 
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~National 
D Semiconductor 

microCMOS 

MM54HC14/MM74HC14 Hex Inverting Schmitt Trigger 

General Description 
The MM54HC14/MM74HC14 utilizes microCMOS Technol­
ogy, 3.5 micron silicon gate P-well CMOS, to achieve the 
low power dissipation and high noise immunity of standard 
CMOS, as well as the capability to drive 10 LS-TIL loads. 
The 54HC174HC logic family is functionally and pinout com­
patible with the standard 54LS174LS logiC family. All inputs 
are protected from damage due to static discharge by inter­
nal diode clamps to Vee and ground. 

Connection Diagram 

Features 
• Typical propagation delay: 13 ns 
• Wide power supply range: 2-6V 
• Low quiescent current: 20 IlA maximum (74HC series) 
• Low input current: 1 IlA maximum 
• Fanout of 10 LS-TIL loads 
• Typical hysteresis voltage: 0.9V 

at Vee=4.5V 

Dual-In-Llne Package 

4 

A1 Y1 A2 Y2 A3 Y3 GND 

TOP VIEW 
TL/F/5105-1 

MM54HC14/MM74HC14 

54HC14(J) 74HC14{J,N) 

Schematic Diagram 

Vee 

A Y 

TL/F/51 05-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Ved 2 6 V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 
Clamp Diode Current (11K, 10K) ±20mA (VIN,Vour) 
DC Output Current, per pin (lour) ±25mA Operating Temperature Range(T A) 
DC Vee or GND Current, per pin (led ±50mA MM74HC -40 +85 ·C 

Storage Temperature Range (T srG) - 65·C to + 150·C MM54HC -55 +125 ·C 

Power Dissipation (Po) (Note 3) 500mW 

Lead Temperature (T d (Soldering 10 seconds) 260·C 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85·C TA = -55 to 125·C 

UnIts 
Typ Guaranteed LImIts 

Vr+ Maximum Positive 2.0V 1.2 1.5 1.5 1.5 V 
Going Threshold Voltage 4.5V 2.7 3.15 3.15 3.15 V 

6.0V 3.2 4.2 4.2 4.2 V 

Vr- Minimum Negative 2.0V 0.7 0.3. 0.3 0.3 V 
Going Threshold Voltage 4.5V 1.8 0.9 0.9 0.9 V 

6.0V 2.2 1.2 1.2 1.2 V 

VH Hysterisis Voltage Min 2.0V 0.5 0.2 0.2 0.2 V 
4.5V 0.9 0.4 0.4 0.4 V 
6.0V 1.0 0.6 0.6 0.6 V 

Max 2.0V 0.5 1.2 1.2 1.2 V 
4.5V 0.9 2.25 2.25 2.25 V 
6.0V 1.0 3.0 3.0 3.0 V 

VOH Minimum High Level VIN=VIL 
Output Voltage lIour\:>:20 J-LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN=VIL 
\IOUT\ :>: 4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
\IOUT\ :>:5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH 
Output Voltage \IOUT\:>:20 J-LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN=VIH 
\IOUT\ :>: 4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
\IOUT\:>:5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=Vee or GND 6.0V ±0.1 ±1.0 ±1.0 J-LA 
Current I 

lee Maximum Quiescent VIN = Vee or GND 6.0V 2.0 20 40 J-LA 
Supply Current IOUT=O J-LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6S"C to 6S"C; ceramic "J" package: -12 mWrC from 
100"C to 12S"C. 
Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.6SV.) The worst case leakage current (liN. 
Icc. and loz) occur for CMOS at the higher voltag~ and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr"';tf=6 ns 

Symbol I Parameter I ~ Conditions I Typ I Guaranteed Limit I Units 

tpHL, tpLH I Maximum Propagation Delay I I 12 I 22 I ns 

AC Electrical Characterjstics Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C TA= -55 to 125°C Units 
Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation 2.0V 60 125 156 188 ns 
Delay 4.5V 13 25 31 38 ns 

6.0V 11 21 26 32 ns 

tTLH, tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6~OV 7 13 16 19 ns 

CPO Power Dissipation (per gate) 27 pF 
Capacitance (Note 5) 

CIN Maximum Input Capacitance 5 10 10 10 pF 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vee2 f+lee Vee, and the no load dynamic current consumption, 
Is=Cpo Vee f+lce· 
Note 6: Refer to back of this section for Typical MM54n4HC AC SWitching Waveforms and Test Circuits. 

Typical Performance Characteristics 
Input Threshold, VT+, VT-, Propagation Delay vs Power 
vs Power Supply Voltage Supply 

4.0 40 
E 

L ~ 3.0 i 30 rc: ~ ~ ~ 
Q 
> 

Yr~ ~ ~ 
Q 

2.0 z 20 ::c , 
~ 

Q 

f' l3 /' i a: 
~ '-::c .... 1.0 .... "",-

Q 10 
~ IE 
:! 

0 0 
2.b 3.0 4.0 5.0 6.0 2.0 3.0 4.0 5.0 6.0 

POWER SUPPLY VOLTAGE (V) POWER SUPPLY VOLTAGE (V) 

TL/F/S10S-3 TL/F/S10S-4 

Typical Applications 
Low Power Oscillator. Vee 

R 

::/y~\ ~ v,N ~ V OUT 

0 MM54C14IMM74C14 
Y'N VI I 

-'-C 

-:r TL/F/S10S-S 

t1;:::RCln VT+ 
V-T 

'~Jjtfl t2;:::RC In Vee-VT- ~t2~ 

. Vee-VT+ 
~t,~ 

1 0 
f;::: VOUT YS I 

RC In VT+(Vee-VT-) TL/F/S10S-6 
VT-(Vce-VT+) 

Note: The equations assume t1 +t2»tpdO+ \pdl 
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~National 
~ Semiconductor 

microCMOS 

MM54HC20/MM74HC20 Dual 4-lnput NAND Gate 

General Description 
These NAND gates utilize microCMOS Technology, 3.5 mi­
cron silicon ga'te P-Well CMOS, to achieve operating 
speeds similar to LS-TTL gates with the low power consump­
tion of standard CMOS integrated circuits. All gates have 
buffered outputs. All devices have high noise immunity and 
the ability to drive 10 LS-TTL loads. The 54HC/74HC logic 
family is functionally as well as pin-out compatible with the 
standard 54LS174LS logic family. All inputs are protected 
from damage due to static discharge by internal diode 
clamps to Vee and ground. 

Connection Diagram 

Features 
• Typical propagation delay; 12 ns 
• Wide power supply range: 2-6V 
• Low quiescent current: 20 /-LA maximum (74HC series) 
• Low input current: 1 /-LA maximum 
• Fanout of 10 LS-TTL loads 

Dual-In-Llne Package 

Logic Diagram 

VCC D2 C2 NC B2 

14 13 12 

A1 B1 NC Cl D1 

TOP VIEW 

MM54HC20/MM74HC20 

A2 Y2 

8 

7 

Y1 UND 
TLIF/S299-1 

54HC20 (J) 74HC20 (J,N) 

TL/F/S299-2 
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C) 
N Absolute Maximum "Ratings (Notes 1 & 2) Operating Conditions 0 :r: Supply Voltage {VcC> -0.5to +7.0V MIn Max UnIts 
~ DC Input Voltage (VIN) -1.5 to Vee+1.5V ~upply Voltage{VcC> 2 6 V ,..... 

DC Output Voltage (Vour) -0.5 to Vcc+0.5V DC Input or Output Voltage 0 Vee V :i 
:i 

Clamp Diode Current (11K, 10K> ±20mA (VIN,VOUT) 

....... DC Output Current, per pin (lour) ±25mA Operating Temperature Range(T A> 
C) DC Vce or GND Current, per pin (IcC> ±50mA MM74HC -40 +85 °C 
N Storage Temperature Range (T STG) -65°C to +150°C MM54HC -55 +125 °C 
0 :r: Power Dissipation (Po) (Note 3) 500mW Input Rise or Fall Times 

~ Lead Temperature (Tu (Soldering 10 seconds) 260'C (tr, tt) Vcc=2.0V 1000 ns 
It) Vee=4.5V 500 ns 

:i Vee=6.0V 400 ns 

:i DC Electrical Characteristics (Note 4) 

TA=25'C 
74HC 54HC 

Symbol Parameter CondItIons Vee 
TA= -40 to 85'C TA= -55to 125°C 

UnIts 
Typ Guaranteed LImIts 

VIH Minimum High Level 2.0V 1.5 1.5 " 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Iiourl :::::20 p,A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
Iiourl :::::4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
IloUTI:::::5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level 'vIN=VIH 
Output Voltage IloUTI ::::: 20 p,A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V. 0 0.1 0.1 0.1 V 

VIN=VIH 
Iiourl :::::4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
Ilourl:::::5.2 mA 6.0V 0.2 0.26 0.33 . 0.4 V 

liN "Maximum Input VIN=Vce orGND 6.0V ±0.1 ±1.0 ±1.0 p,A 
Current 

Icc Maximum Quiescent VIN=Vec orGND 6.0V 2.0 20 40 p,A 
Supply Current lour~O p,A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwlsEl specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic UN" package: -12 mWI"C from 65°C to 85'C; ceramic "J" package: -12 mWI"C from 
100°C to 125°C. 
Note 4: For a power supply of 5V ± 1 0% the worst case output voltages (YOH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V Is 3.85V.) The worst case leakage current (liN. 
Icc. and loll occur for CMOS at the higher voltage and 'so the 6.0V values should be used. 
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AC Electrical Characteristics 
vcc=~v, TA=25°C, CL =15 pF, tr =tf=6 ns 

Symbol Parameter 

Maximum Propagation 
Delay 

Conditions 

AC Electrical Characteristics 

Typ 

8 

Guaranteed 
Limit 

15 

Units 

ns 

Vcc=2.OV to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C TA= -55 to 125°C 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation 2.OV 45 90 113 134 
Delay 4.5V 9 18 23 27 

6.0V 8 15 19 23 

tTLH, tTHL Maximum Output Rise 2.OV 30 75 95 110 
and Fall Time 4.5V B 15 19 22 

6.0V 7 13 16 19 

CPO Power Dissipation (per gate) 20 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vee2 f+lee Vee, and the no load' dynamic current consumption, 
Is=Cpo Vee f+lee· 
Note 6: Refer to back·of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits . 

• 
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~National 
D Semiconductor microCMOS 

MM54HC27/MM74HC27 Triple 3-lnput NOR Gate 

General Description 
These NOR gates utilize microCMOS Technology, 3.5 mi­
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs, providing high noise immunity and the ability to 
drive 10 LS-TTL loads. The 54HC174HC logic family is func­
tionally as well as pin-out compatible with the standard 
54LS174LS logiC; family. All inputs are protected from dam­
age due to static discharge by internal diode clamps to Vee 
and ground. 

Connection and Logic Diagrams 

Features 
• Typical Propagation Delay: 8 ns 
• Wide Operating Supply Voltage Range: 2-6V 
• Low Input Current: < 1 p,A . 
• Low Quiescent Supply Current: 20 p,A maximum (74HC 

series) 

• Fanout of 10 LS-TTL Loads 

Dual-In-Llne Package 

Vce C1 

14 

A1 B1 

Y1 

13 12 

2 3 

A2 

C3 

11 

4 

B2 

B3 

C2 
TOP VIEW 

MM54HC27/MM74HC27 

54HC27 (J) 74HC27 (J,N) 

Y=A+B+C 

, (1 of 3) 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vee> - 0.5 to + 7.0V 

DC Input Voltage (VIN) -1.5 to Vee+ 1.5V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V 

Clamp Diode Current (11K. 10K) ± 20 mA 

DC Output ~urrent. per pin (lOUT) 

DC Vee or GND Current. per pin (Icc> 

Storage Temperature Range (T STG) 

±25mA 

±50mA 

- 65·C to + 150·C 

Power Dissipation (Po) (Note 3) 

Lead Temperature (T tJ (Soldering 10 seconds) 

500mW 

260·C 

DC Electrical Characteristics (Note 4) 

Symbol 

VOH 

Parameter 

Minimum High Level 
Input Voltage 

Maximum Low Level 

Input Voltage 

Minimum High Level 

Output Voltage 

Conditions 

VIN=VIL 
IIOUTI ~20 p.A 

VIN=VIL 

Vee 

2.0V 
4.5V 

6.0V 

2.0V 

4.5V 
6.0V 

2.0V 
4.5V 

6.0V 

Typ 

2.0 

4.5 

6.0 

Operating Conditions 
Min 

Supply Voltage(VeC> 2 

DC Input or Output Voltage 0 

(VIN.VOUT) 

Operating Temperature Range(T A) 
MM74HC . -40 

MM54HC -55 

Input Rise or Fall Times 

(tr. tt) Vee = 2.0V 
Vee=4.5V 

Vee=6.0V 

1.5 
3.15 

4.2 

0.3 

0.9 
1.2 

1.9 
4.4 

5.9 

74HC 

Guaranteed Limits 

1.5 
3.15 

4.2 

0.3 

0.9 
1.2 

1.9 
4.4 

5.9 

IIOUTI ~ 4.0 mA 

IIOUTI ~5.2 mA 

4.5V 4.2 3.98 3.84 

5.34 

ICC 

Maximum Low Level 

Output Voltage 

Maximum Input 

Current 

Maximum Quiescent 

Supply Current 

VIN=VIH orVIL 
IIOUTI ~20 p.A 

VIN = VIH or VIL 
IIOUTI~4.0 mA 

IIOUTI ~ 5.2 mA 

VIN=VeeorGND 

IOUT=O ,...A 

6.0V 5.7 5.48 

2.0V 

4.5V 

6.0V 

o 
o 
o 

0.1 
0.1 

0.1 

4.5V 0.2 0.26 

6.0V 0.2 0.26 

6.0V ±O.1 

6.0V 2.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

0.1 

0.1 

0.1 

0.33· 

0.33 

±1.0 

20 

Max 
6 

Vee 

+85 
+125 

1000 

500 
400 

54HC 

1.5 
3.15 

4.2 

0.3 
0.9 
1.2 

1.9 
4.4 

5.9 

3.7 

5.2 

0.1 
0.1 

0.1 

0.4 
0.4 

±1.0 

40 

Units 
V 

V 

·C 
·C 

ns 

ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

p.A 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 

Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.l The worst case leakage current (liN. 
ICC. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ 

Maximum Propagation 
Delay 

AC Electrical Characteristics 

8 

Guaranteed 
Limit 

15 

Units 

ns 

VCC = 2.0V to 6.0V. CL = 50 pF. tr = tf = 6 ns (unless otherwise specified) 

Symbol Parameter 

tpHL. tpLH Maximum Propagation 
Delay 

tTLH. tTHL Maximum Output Rise 
and Fall Time 

CPO Power Dissipation 
Capacitance (Note 5) 

Maximum Input 
Capacitance 

Conditions Vee 

(per gate) 

2.0V 
4.5V 

6.0V 

2.0V 
4.5V 
6.0V 

Typ 

45 

9 
8 

30 
8 
7 

36 

5 

90 
18 
15 

75 
15 
13 

10 

74HC 54HC 
T A = - 40 to 85°C T A = - 55 to 125°C 

Guaranteed Limits 

113 
23 
19 

95 
19 
16 

10 

134 
27 
23 

110 
22 
19 

10 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
IS-CpO Vee f+lec· 

Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor microCMOS 

MM54HC30/MM74HC30 a-Input NAND Gate 

General Description Features 
• Typical propagation delay: 20 ns 
• Wide power supply range: 2-6V 

This NAND gate utilizes microCMOS Technology, 3.5 mi­
cron silicon gate P-well CMOS, to aChi.eve operating speeds 
similar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. This device has high 
noise immunity and the ability to drive 10 LS-TTL loads. The 
54HC17 4HC logic family is functionally as well as pin-out 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

• Low quiescent current: 20 /LA maximum (74HC series) 
• Low input current: 1 /LA maximum 
• Fanout of 10 LS-TIL loads 

Connection and Logic Diagrams 

A 

B 

C 

D 

Dual-In-Llne Package 

Vec NC H a NC NC y 

J 14 

1 

A 

113 . 12 11 110 19 8 

)0-

e; 
2 3 4 5 

BCD E 
TOP VIEW 

MM54HC30/MM74HC30 

/8 

54HC30 (J) 74HC30 (J,N) 

/7 
aND 

}o---o-o--- Y 

a --..-_ .. __ __ 

H 
TL/F/5133-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (VeC> -0.5 to + 7.0V MIn Max UnIts 
DC Input Voltage (VIN) -1.5 to Vee+1.5V DC Supply Voltage(VeC> 2 6 V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage ~ 

Clamp Diode Current (leo) ±20mA (VIN,Vour) 0 Vee V 

DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range (T A) 
DC Vee or GND Current, per pin (IcC> ±50mA MM74HC -40 +85 ·C 

Storage Temperature Range (TSTG) - 65·C to + 150·C MM54HC -55 +125 ·C 

Power Dissipation (Po) (Note 3) 500mW Input Rise/Fall Times 

Lead Temperature (Tt.> (Soldering, 10 seconds) 260·C (tr, tf) Vee=2.0V 1000 ns 
~ Vee=4.5V 500 ns 

Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85·C TA = -55 to 125·C 
Units 

Typ Guaranteed LimIts 

VIH Minimum High Level Input 2.0V 1.5 1.5 1.5 V 
Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level Output VIN = VIH or VIL 
Voltage Ilourl ::: 20 ,.,.A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
Ilourl :::4.0 mA 4.5V 4.2 ;3.98 3.84 3.7 V 
Ilourl:::5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level Output VIN=VIH 
Voltage Ilourl ::: 20 ,.,.A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN=VIH 
Ilourl:::4 mA 4.5V 0.2 0.26 0.33 0.4 V 

Ilourl ::: 5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input Current VIN=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 ,.,.A 

Icc Maximum Quiescent Supply VIN=VeeorGND 6.0V 2.0 20 40 ,.,.A 
Current lour=O ,.,.A 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic '"N'" package: -12 mWrC from 6S·C to 8S·C; ceramic '"J" packllge: -12 mWrC from 
100·C to 12S·C. 

Note 4: For a power supply of SV ± 1 0% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V is 3.85V.) The worst case leakage current (liN. 
Icc. and loZ> occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V. TA=25·C. CL =15 pF. tr=tt=6 ns 

Symbol Parameter Conditions Typ 

tpHL. tpLH Maximum Propagation Delay 20 

AC Electrical Characteristics 

Guaranteed 
Limit 

30 

Vcc=2.0V to 6.0V. CL =50 pF. tr=tt=6 ns (unless otherwise specified) 

Units 

ns 

74HC 54HC 
TA=25·C 

Symbol Parameter Conditions Vce 
T A = - 40 to 85·C TA = -55 to 125·C 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation 2.0V 66 160 190 220 
Delay 4.5V 23 35 42 49 

6.0V 18 30 36 . 42 

tTLH. tTHL Maximum Output 2.0V 30 75 95 110 
Rise and Fall 4.5V 8 15 19 22 
Time 6.0V 7 13 16 19 

CPD Power Dissipation 34 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lce· 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor microCMOS 

MM54HC32/MM74·HC32 Quad 2-lnput OR Gate 

General Description Features 
• Typical propagation delay: 10 ns 
• Wide power supply range: 2-6V 

These OR gates utilize microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS, to achieve operating speeds simi­
lar to LS-TTL gates with the low power consumption of stan­
dard CMOS integrated circuits. All gates have buffered out­
puts, providing high noise immunity and the ability to drive 
10 LS-TTL loads. The 54HC174HC logic family is functional­
ly as well as pin-out compatible with the standard 54LS/ 
74LS logic family. All inputs are protected from damage due 
to static discharge by internal diode clamps to Vee and 

• Low.quiescent current: 20 itA maximum (74HC series) 

. ground. 

Connection Diagram 

A1 81 

Logic Diagram 

A 

8 

• Low input current: 1 itA maximum 
• Fanout of 10 LS-TTL loads 

Dual-In-Llne Package 

83 

11 

3 

Y1 A2 82 
TOP VIEW 

M54HC32/MM74HC32 

54HC32 (J) 74HC32 (J,N) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) - 0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Ved 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage a Vee V 

Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) 

DC Output Current. per pin (lOUT) ±25mA Operating Temperature Range(T A) 
MM74HC -40 +85 °C 

DC Vee or GND Current. per pin (led ±50mA MM54HC -55 +125 °C 
. Storage Temperature Range (TSTG) -65°C to + 150°C Input Rise or Fall Times 

Power Dissipation (Po) (Note 3) 500mW (tr.tl) Vee=2.0V 1000 ns 

Lead Temperature (T d (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 
Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

TA = -40 to 85°C T A = - 55 to 125°C 
Symbol Parameter Conditions Vee Units 

Typ. Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V· 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

" 6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI~20 /LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI ~4.0 rnA 4.5V 4.7 3.98 3.84 3.7 V 

IIOUTI ~ 5.2 rnA 6.0V 5.2 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIL 
Output Voltage IIOUTI ~20 /LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN=VIL 
lIoUTI~4.0 rnA 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI ~ 5.2 rnA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 /LA 
Current 

lee Maximum Quiescent VIN = Vee or GND 6.0V 2.0 20 40 /LA 
Supply Current IOUT=O /LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.l The worst case leakage current (lIN. 
ICC. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

I 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns (Note 6) 

Symbol, Parameter Conditions Typ 

Maximum Propagation 
Delay 

AC Electrical Characteristics 

10 

Guaranteed 
Limit 

18 

VCC= 2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) (Note 6) 

Units 

ns 

74HC 54HC 
TA=25°C 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C T A = - 55 to 125°C 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation 2.0V 30 100 125 150 
Delay 4.5V 12 20 25 30 

6.0V 9 17 21 25 

tTLHr tTHL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

CPO Power Dissipation (per gate) 50 

Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 

Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note -5: CPO determines the no load dynamic power consumption. Po=Cpo Vcc2 f+lce Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54fl4HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor microCMOS 

MM54HC42/MM74HC42 BCD-to-Decimal Decoder 
General ~escription 
This decoder utilizes microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS. Data on the four input pins select 
one of the 10 outputs corresponding to the value of the BCD 
number on the inputs. An output will go low when selected, 
otherwise it remains high. If the input data is not a valid BCD 
number all outputs will remain high. The circuit has high 
noise immunity and low power consumption usually associ­
ated with CMOS circuitry, yet also has speeds comparable 
to low power Schottky TTL (LS-TTL) circuits, and is capable 
of driving 10 LS-TTL equivalent loads. 

All inputs are protected from damage due to static dis­
charge by diodes to Vee and ground. 

Connection Diagram 

Vce A 

116 1S 

r-< 

1 2 

Dual-in-line Package 

INPUTS 

B e o 

14 13 12 11 

;l 

3 4 5 6 

4 

OUTPUTS 
TOP ViEW 

MM54HC42/MM74HC42 

OUTPUTS 

10 I) 

p-

7 
1

8 

GND 

TL/F/5301-1 

54HC42(J) 74HC42(J,N) 

Logic Diagram 

Features 
II Typical propagation delay: 15 ns 
III Wide supply range: 2V-6V 
a Low quiescent current: 80 p.A (74HC) 

f.1 Fanout of 10 LS-TTL loads 

Truth Table 

No. 
Inputs Outputs 

D C B A 0 1 2 3 4 5 6 

0 L L L L L H H H H H H 
1 L L L H H L H H H H H 
2 L L H L H H L H H H H 
3 L L H H H H H L H H H 
4 L H L L H H H H L H H 

5 L H L H H H H H H L H 
6 L H H L H H H H H H L 
7 L H H H H H H H H H H 
8 H L L L H H H H H H H 
9 H L L H H H H H H H H 

H L H L H H H H H H H 
H L H H H H H H H H H 

INVALID 
H H L L H H H H H H H 
H H L H H H H H H H H 
H H H L H H H H H H H 
H H H H H H H H H H H 

H=Hlgh Level, L=Low Level 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vee> -0.5 to + 7.0V 

DC Input Voltage (VIN) -1.5 to Vee + 1.5V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V 

Clamp Diode Current (11K, 10K) i 20 mA 

DC Output Current, per pin (lOUT) i 25 mA 

DC Vee or GND Current, per pin (ICC> i 50 mA 

Storage J emperature Range (T STG) - 65·C to + 150·C 

Power Dissipation (Po) (Note 3) 500 mW 

Lead Temperature (T U (Soldering 10 seconds) 260·C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

~upply Voltage(VeC> 2 

DC Input or Output Voltage 0 

(VIN,VOUT) 

Operating Temperature Range(T A> 
MM74HC -40 
MM54HC 

Input Rise or Fall Times 

(tr, tt) Vee=2.QV 
Vee=4.5V 
Vee=6.0V 

-55 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C T A = - 55 to 125°C 

VIL 

liN 

ICC 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Minimum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

VIN = VIH or VIL 
IIOUTI :5: 20 /LA 

VIN = VIH or VIL 
IIOUTI :5:4.0 mA 
IIOUTI :5: 5.2 mA 

VIN = VIH or VIL 
IIOUTI :5:20 /LA 

VIN = VIH or VIL 
IIOUTI :5:4.0 mA 
IIOUTI :5: 5.2 mA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 
4.5V 
6.0V 

o 
o 
o 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

VIN=Vee or GND 6.0V iO.1 

VIN = Vec or GND 6.0V 8.0 

IOUT=O /LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

i1.0 

80 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

Units 
V 

V 

·C 
·C 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWI"C from 6S·C to 8SoC; ceramic "J" package: -12 mWI"C from 
100·C to 12SoC. . 

Note 4: For a power supply of SV ± 1 0% the worst case output voltages (VOH. and Vou occur for He at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc= S.SV and 4.SV respectively. (The VIH value at S.SV Is 3.8SV.l The worst case leakage current (liN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V. TA=25°C. CL=15 pF. tr=tf=6 ns 

Symbol Parameter 

Maximum Propagation 
Delay 

Conditions 

AC Electrical Characteristics 

Typ 

15 

Guaranteed 
Limit 

25 

Units 

ns 

Vcc=2.0V to 6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA = -40 to 85°C TA= -55to 125°C 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation 2.0V 75 150 189 224 
Delay 4.5V 17 30 38 45 

6.OV 15 26 32 38 

tTLH. tTHL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

CpO Power Dissipation (per package) 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption. Po= CPO Vcc2 f+ ICC Vcc. and the no load dynamic current consumption. 
Is=Cpo VCC f+lcc· 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor' 

PRELIMINARY 

microCMOS 

MM54HC51/MM74HC51 Dual AND-OR-Invert Gate 
MM54HC58/MM74HC58 Dual AND-OR Gate 

General Description 
These gates utilize microCMOS Technology, 3.5 micron sili­
con gate P-well CMOS, to achieve operating speeds similar, 
to LS-TIL gates with the low power consumption of stan­
dard CMOS integrated circuits. All gates have buffered out­
puts, providing high noise immunity and the ability to drive 
10 LS-TIL loads. The 54HC174HC logic family is functional­
ly as well as pin-out compatible with the standard 54LS/ 
74LS logic family. All inputs are protected from damage due 
to static discharge by internal diode clamps to Vee and 
ground. 

Connection Diagrams 

Dual-In-Llne Package 

Vee C1 81 F1 E1 

A1 A2 82 C2 02 Y2 GND 

TOP VIEW TL/F/S302-1 

MM54HC511MM74HC51 

54HC51 (J) 74HC51 (J,N) 

Features 
• Typical propagation delay: 10 ns 
• Wide power supply range: 2-6V 
• Low quiescent ,supply current: 20 p.A maximum 

(74 series) 
• Low input current: 1 p.A maximum 
• High output current: 4 rnA minimum 

Dual-In-Llne Package 

VCC C1 81 F1 01 Y1 

A1 A2 82 C2 02 Y2 GND 

TOP VIEW TL/F/5302-2 

MM54HC58/MM74HC58 

54HC58 (J) 74HC58 (J,N) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
S:S: 
S:S: 

Supply Voltage (Ved -0.5to +7.0V Min Max Units C11 C11 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Ved 2 6 V 

~~ 
J:J: 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V on 
Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) C11C11 
DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A) 

(X) ..... 
.................. 

DC Vee or GND Current. per pin (led ±50mA MM74HC -40 +85 ·C ~~ 
Storage Temperature Range (TSTG) -65·C to + 150·C MM54HC -55 +125 ·C J:J: 
Power Dissipation (PD) (Note 3) 500mW Input Rise or Fall Times on 
Lead Temperature (T d (Soldering 10 seconds) 260·C (tr,t/) Vee=2.0V 1000 ns C11C11 

Vee=4.5V 500 ns (X) ..... . 
Vee=6.0V 400 ns 

DC· Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85·C TA= -55 to 125·C Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 ' 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or 'IlL 
Output Voltage IIOUTI ~20 IlA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI ~4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI ~ 5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI ~ 20 IlA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI ~4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI~5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=Vee or GND 6.0V ±0.1 ±1.0 ±1.0 IlA 
Current 

ICC Maximum Quiescent VIN = Vee or GND 6.0V 2.0 20 40 IlA 
Supply Current IOUT=O IlA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 ·mWre from 6SoC to 6SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.6SV.l The worst case leakage current (lIN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 

Maximum Propagation 
Delay 

AC Electrical Characteristics 

10 

Guaranteed 
Limit 

20 

Units 

ns 

Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

. TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA = -55 to 125°C 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation 2.0V 63 125 158 186 
Delay 4.5V 13 25 32 37 

6.0V 11 21 27 32 

tTLH, tTHL Maximum Output Rise .. 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

CpO Power Dissipation (per AND-DR-Gate) 20 
Capacitance (Note 5) . 

CIN Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f;l-Iee· 

Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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~National 
D Semiconductor microCMOS 

MM54HC73/MM74HC73 Dual J-K Flip-Flops with Clear 

General Description 
These J-K Flip-Flops utilize microCMOS Technology, 3.5 
micron silicon gate P-well CMOS. They possess the high 
noise immunity and low power dissipation of standard 
CMOS integrated circuits. These devices can drive 10 LS­
TTL loads. 

These flip-flops are edge sensitive to the clock input and 
change state on the negative going transition of the clock 
pulse. Each one has independent, J, K, CLOCK, and 
CLEAR inputs and a and Q outputs. CLEAR is independent 
of the clock and accomplished by a low level on the input. . 

The 54HC17 4HC logic family is functionally as well as pin­
out compatible with the standard 54LS/74LS logic family. 

Connection Diagram 

Dual-ln-L1ne Package 

J1 Q1 GNO K2 Q2 

CLK 1 CLR 1 K1 VCC CLK 2 CLR 2 J2 

TOP VIEW TL/F/S072-1 

MM54HC73/MM74HC73 

54HC73 (J) 74HC73 (J,N) 

Logic Diagrams 

K 

CL CL 

CLOCK~ 

All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 16 ns 
• . Wide operating voltage range: 2-6V 
II Low input current: 1 p.A maximum 
• Low quiescent current: 40 p.A (74HC series) 
• High output drive: 10 LS-TTL loads 

Truth Table 

Inputs Outputs 

ClR ClK J K Q Q 

L X X X L H 
H J, L L 00 00 
H J, H L H L 
H J, L H L H 
H J, H H TOGGLE 
H H X X 00 00 

Q 

CltClt 
CL CL 
T T 

TL/F/S304-3 

TL/F/S304-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (VeC> -0.5 to + 7.0V 

DC Input Voltage (VIN) -1.5 to Vee + 1.5V 

DC Output Voltage (VOUT) - 0.5 to Vee + 0.5V 

Clamp Diode Current (11K, 10K) ± 20 mA 

DC Output Current, per pin (lOUT) ± 25 mA 

DC Vee or GND Current, per pin (ICC> ± 50 mA 

Storage Temperature Range (T STG) - 65·C to + 150·C 

Power Dissipation (Po) (Note 3) 500 mW 

Lead Temperature (Tu (Soldering 10 seconds) 260·C 

DC Electrical Characteristics (Note 4) 

'Operating Conditions 
Min 

Supply Voltage(Vee) 2 

DC Input or Output Voltage 0 

(VIN,VOUT) 

Operating Temperature Range(T A) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, t,) Vee=2.0V. 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85·C TA= -55 to 125·C 

ICC 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

VIN = VIH or VIL 
IIOUTI ~ 20 IlA 

VIN = VIH or VIL 
IIOUTI~4.0 mA 
IIOUTI~5.2 mA 

VIN = VIH or VIL 
IIOUTI ~20 IlA 

VIN = VIH or VIL 
IIOUTI~4.0 mA 
IIOUTI ~ 5.2 mA 

VIN=VeeorGND 

VIN = Vee or GND 
IOUT=O IlA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 
4.5V 
6.0V 

o 
o 
o 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 4.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
.3.15 

4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

40 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

80 

Units 
V 

V 

·C 
·C 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 650 C to 850 C; ceramic "J" package: -12 mWrC from 
1000 C to 1250 C. 

Note 4: For a power supply.of 5V ±10% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V is 3.85V.) The worst case leakage current (liN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

fMAX Maximum Operating 50 30 . MHz 

Frequency 

tpHL, tpLH Maximum Propagation 16 21 ns 
Delay Clock to Q or Q 

tpHL, tpLH Maximum Propagation 21 26 ns 
Delay Clear to Q or Q 

tREM Minimum Removal Time, 10 20 ns 
Clear to Clock 

ts Minimum Set Up Time, 14 20 ns 
J or K to Clock 

tH Minimum Hold Time -3 0 ns 
J or K to Clock 

tw Minimum Pulse Width, 10 16 ns 
Clock or Clear 

AC Electrical Characteristics CL = 50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=2SoC 74HC S4HC 

Symbol Parameter Conditions Vee T A = - 40 to 8Soc TA= -SSt012SoC 
Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 9 5 4 3 MHz 
Frequency 4.5V 45 27 21 18 MHz 

6.0V 53 32 25 21 MHz 

tpHL, tpLH Maximum Propagation 2.0V 70 126 160 185 ns 
Delay Clock to Q or Q 4.5V 18 25 32 37 ns 

6.0V 15 21 27 32 ns 

tpHL, tpLH Maximum Propagation 2.0V 126 155 194 250 ns 
Delay Clear to Q or Q 4.5V 25 31 39 47 ns 

6.0V 21 26 32 40 ns 

tREM Minimum Removal Time 2.0V 55 100 125 150 ns 
Clear to Clock 4.5V 11 20 25 30 ns 

6.0V 9 17 21 25 ns 

ts Minimum Set Up Time 2.0V 77 100 125 150 ns 
J or K to Clock 4.5V 15.4 20 25 30 ns 

6.0V 13 17 21 25 ns 

tH Minimum Hold Time 2.0V -3 0 0 0 ns 
I J or K from Clock 4.5V -3 0 0 0 ns 

6.0V -3 0 0 0 ns 

tw Minimum Pulse Width 2.0V 55 80 100 120 ns 
Clock or Clear 4.5V 11 16 20 24 ns 

6.0V 9 14 18 21 ns 

tTLH, tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
. and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tr, tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6 .. 0V 400 400 400 ns 

CPO Power Dissipation (per flip-flop) 80 pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption. PO=CPD Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=CPD Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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CW) 

£) Typical Applications 
::z::: 
~ N Bit binary ripple counter with enable and reset 

" :E COUNTER ENABLE 

:E 
'" CW) 

" o 
::z::: 
~ 
it) 

:E 
:E 

RESET 

r--Q 

••• 

C5 
TO 
NEXT BIT 

CLOCK 

BIT 3 

CLEAR 

DATA 

INPUT 
J 

"7 

""'""-- K 

CLOCK 

1 
CLEAR 

CLOCK 

Y 

1 
CLEAR Q 

CLOCK 0 

I 

I 
J f- ,.....Q CLEAR J~ ...-Q 

K~ C5 CLOCK K~ 0 

Y 

BIT 2 LSB 

N Bit shift register with clear . 

1 
J CLEAR Q J 

K CLOCK C5 K 

Y 

1-50 

l 
. CLEAR 

J l"-

CLOCK K l"-

I 
TL/F/5072-4 

1 
CLEAR QI---

••• 

CLOCK 01---

I 
TL/F/5072-5 



~National 
~ Semiconductor microCMOS 

MM54HC7 4/MM7 4HC7 4 
Dual D Flip-Flop with Preset and Clear 
General Description 
The MM54HC74/MM74HC74 utilizes microCMOS Technol­
ogy, 3.5 micron silicon gate P-well CMOS, to achieve oper­
ating speeds similar to the equivalent LS-TTL part. It pos­
sesses the high noise immunity and low power consumption 
of standard CMOS integrated circuits, along with the ability 
to drive 10 LS-TTL loads. 

This flip-flop has Independent data, preset, clear, and clock 
inputs and 0 and Q outputs. The logic level present at the 
data input is transferred to the output during the positive-go­
ing transition of the clock pulse. Preset and clear are inde­
pendent of the clock and accomplished by a low level at the 
appropriate input. 

Connection Diagram 
Dual-In-line Package 

Vee 

ClR1 

ClRZ 

D1 

DZ 

ClK1 

ClKZ 

PA1 

TOP VIEW 

PAZ 

01 

MM54HC7 4/MM7 4HC7 4 

54HC74 (J) 74HC74 (J,N) 

Logic Diagram 

DATA 

OZ 

GNO 

TL/F/5106-1 

The 54HC174HC logic family is functionally and pinout com­
patible with the standard 54LS/74LS logic family. All inputs 
are protected from damage due to static discharge by inter­
nal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 20 ns 
• Wide power supply range: 2-6V 
• Low quiescent current: 40 p.A maximum (74HC series) 
• Low input current: 1 p.A maximum 
• Fanout.of 10 LS-TTL loads 

Truth Table 
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Inputs Outputs 

PR ClR ClK 0 Q Q 

L H X X H L 
H L X 'X L H 
L L X X HO HO 

H H i H H L 
H H i L L 'H 

H t-i L X 00 00 

Note: aO=the level of a before the indicated input condi­
tions were established, 

• This configuration is nonstable; that is, it will not persist 
when preset and clear Inputs return to their inactive (high) 
level. 



IIII:t' 
ro- Absolute Maximum Ratings ('Notes 1 & 2) Operating Conditions 0 
l: Supply Voltage (Vee> -0.5 to + 7.0V Min Max Units 

IIII:t' DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(VeC> 2 6 V 

ro- DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

:E Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

:E DC Output Current, per pin (lOUT) ±25mA 
Operating Temperature Range(T N 

-...... MM74HC -40 +85 ·C 
IIII:t' DC Vee or GND Current, per pin (IcC> ±50mA MM54HC -55 +~25 ·C ro- Storage Temperature Range (TSTG) - 65·C to + 150·C Input Rise or Fall Times 0 
l: Power Dissipation (Pq) (Note 3) 500mW (tr, tf) Vee=2.0V 1000 ns 

IIII:t' Lead Temperature (TtJ (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 

Ln' Vee=6.0V 400 ns 

:E DC Electrical Characteristics (Note 4) - :E . 74HC 54HC 
TA=25·C 

TA= -40 to 85·C T A = - 55 to 125·C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 

Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 

Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI ~20 JlA 2.0V 2.0 1.9 1.9 . 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 

6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI ~4.0 mA 4.5V 4.3 3.98 3.84 3.7 V 

IIOUTI ~5.2 mA 6.0V 5.2 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI ~ 20 JlA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 

6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI~4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI~5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input 
Current 

VIN=Vee o;GND 6.0V ±0.1 ±1.0 ±1.0 JlA 

Icc Maximum Quiescent VIN=VeeorGND 6.0V 4.0 40 80 JlA 
Supply Current IOUT=O JlA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW/oC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 

Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and Vou occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (lIN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL=15 pF, tr=t,=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency 

tpHL, tpLH Maximum Propagation 16 30 ns 
Delay Clock to Q or Q 

tpHL, tpLH Maximum Propagation 25 40 ns 
Delay Preset or Clear to Q or 0 

tREM Minimum Removal Time, 5 ns 
Preset or Clear to Clock 

ts Minimum Set Up Time 20 ns 
Data to Clock 

tH Minimum Hold Time 0 ns 
Clock to Data 

tw Minimum Pulse Width 16 ns 
Clock, Preset or Clear 

AC Electrical Characteristics CL =50 pF, tr=t,=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85°C TA= -55 to 125°C 

Units 
Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 5 4 4 MHz 
Frequency 4.5V 27 21 18 MHz 

6.0V 32 25 21 MHz 

tpHL, tpLH Maximum Propagation 2.0V 88 175 221 261 ns 
Delay Clock to Q or Q 4.5V 18 35 44 52 ns 

6.0V 15 30 37 44 ns 

tpHL, tpLH Maximum Propagation 2.0V 98 230 290 343 ns 
Delay Preset or Clear 4.5V 30 46 58 69 ns 
ToQorO 6.0V 28 39 49 58' ns 

tREM Minimum Removal Time 2.0V 25 32 37 ns 
Preset or Clear 4.5V 5 6 7 ns 
To Clock 6.0V 4 5 6 ns 

ts Minimum Set Up Time 2.0V 100 126 149 ns 
Data to Clock 4.5V 20 25 30 ns 

6.0V 17 .21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
Clock to Data 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum, Pulse Width - 2.0V 30 80 101 119 ns 
Clock, Preset or Clear 4.5V 9 16 20 24 ns 

6.0V 8 14 17 20 ns 

tTLH, tTHL Maximum Output 2.0V 25 75 95 110 ns 
Rise and Fall Time 4.5V 7 15 19 22 ns 

6.0V 6 13 16 19 ns 

tr, t, Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CPO Power Dissipation (per flip-flop) 
80 

pF 
Capacitance (Note 5) 

. CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Nota 5: CPO determines the no load dynamic power consumption, PO=Cpo Vcc2 f+lce Vee, and the no load dynamic current consumption, 
Is=Cpo Vee f+lee, 

Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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~National ' 
~ Semiconductor 

MM54HC75/MM74HC75 ' 

microCMOS 

,4-Bit Bistable Latch with Q and Q Output 

General Description 
This 4-Bit Latch utilizes microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS. To achieve the high noise immu­
nity and low power consumption normally associated with 
standard CMOS integrated circuits. These devices can drive 
10 LS-TIL loads. 

This latch is ideally suited for use as temporary storage for 
binary information processing, input/output, and indicator 
units. Information present at the data (D) input is transferred 
to the 0 output when the enable (G) is high. The 0' output 
will follow the data input as long as the enable remains high. 
When the enable goes low, the information that was present 
at the data input at the time the transition occurred is re­
tained at the 0 output until the enable is permitted to, go 
high again. 

Connection Diagram 
Dual-In-Llne Package 

ENABLE 
10 20 2Q 1·2 GNO 30 30 40 

16 

10 20 ENABLE vee 3D 40 
3·4 

TOP VIEW 

MM54HC75/MM54HC75 

54HC75 (J) 74HC75 (J,N) 

Logic Diagram 

TL/F/S303-1 

The 54HC174HC logic family is functionally as well as pin­
out compatible with the standard 54LS174LS logic family. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. ' 

Features 
rI Typical operating frequency: 50 'MHz 
.. Typical propagation delay: 12 ns 
II Wide operating supply voltage range: 2-6V 
II!I Low input current: < 1 p,A 
D Low quiescent supply current: 80 p,A maximum 

(74HC series) 
III Fanout of 10 LS-TIL loads 

Truth Table 

Inputs Outputs 

D G Q 

L H L 
H H H 
X L 00 

H = High Level: L = Low Level 

X = Don't Care: 

Q 

H 
L 

00 

00 = The level of 0 before the transition of G 

D--------~r-~~---___ ---~--, 
o 

G 

TO OTHER 
LATCH 

(1 of 4 latches) 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (VIN) -1.5 to Vcc+ 1.5V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V 

Clamp Diode Current (11K, 10K) ± 20 mA 

DC Output Current, per pin (lOUT) ±25mA 

DC Vee or GND Current, per pin (lcd 

Storage Temperature Range (TSTG) 

Power Dissipation (Po) (Note 3) 

±50mA 

-65·C to + 150·C 

500mW 

260·C Lead Temperature (Tu (Soldering 10 seconds) 

DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions Vee 

VIH Minimum High Level 2.0V 
Input Voltage 4.5V 

6.0V 

VIL Maximum Low Level 2.0V 
Input Voltage 4.5V 

6.0V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI ~20 #-LA 2.0V 

4.5V 
6.0V 

VIN = VIH or VIL 
IIOUTI~4.0 mA 4.5V 
IIOUTI~5.2 mA 6.0V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI ~ 20 #-LA 2.0V 

4.5V 
6.0V 

VIN = VIH or VIL 
IIOUTI ~4.0 mA 4.5V 
IIOUTI~5.2 mA 6.0V 

liN Maximum Input VIN = Vee or GND 6.0V 
Current 

Icc Maximum Quiescent VIN=VceorGND 6.0V 
Supply Current IOUT=O #-LA 

Operating Conditions 
Min Max 

Supply Voltage(Vee) 2 6 

DC Input or Output Voltage 0 Vee 
(VIN,VOUT) 

Operating Temperature Range(T ~ 
MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr,t,) Vee=2.0V 1000 

Vee=4.5V 500 
Vee=6.0V 400 

TA=25·C 
74HC 54HC 

T A = - 40 to 85°C T A = - 55 to 125·C 

Typ Guaranteed Limits 

1.5 1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 

0.3 0.3 0.3 
0.9 0.9 0.9 
1.2 1.2 1.2 

2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 

4.2 3.98 3.84 3.7 
5.7 5.48 5.34 5.2 

0 0.1 0.1 0.1, 
0 0.1 0.1 0.1 
0 0.1 0.1 0.1, 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

4.0 40 80 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
V 

V 

·C 
·C 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

#-LA 

#-LA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: For a power supply of SV ± 1 0% the worst case output voltages (VOH. and Vou occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.5V and 4.5V respectively. (The VIH value at 5.5V is 3.85V.l The worst case leakage current (lIN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

~ 

\ 
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AC Electrical Characteristics Vcc=5V. TA = 25°C. CL =15 pF; tr=tf=6 ns I 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHLo tpLH Maximum Propagation 14 23 ns 
Delay. Data to Q 

tpHL; tpLH Maximum Propagation 
Delay. Data to Q 

10. 20 ns 

tpHL. tpLH Maximum Propagation 16 27 ns 
Delay. Enable to Q 

tpHL. tpLH Maximum Propa~tion 11 23 . ns 
Delay. Enable to a 

ts Minimum Set Up Time 20 ns 

tH Minimum Hold Time -2 0 ns 

tw Minimum Pulse Width 16 ns 

AC Electrical Characteristics CL =50 pF. tr=tf=6 ns (unless othe~ise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA = -40 to 85°C TA == -55 to 125°C Units 
Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation 2.0V 37 125 156 188 ns 
Delay. Data to Q 4.5V 15 25 32 38 ns 

6.0V. 14 24 27 32 ns 

tpHL. tpLH Maximum Propagation 2.0V 29 110 138 165 ns 
Delay. Data to Q 4.5V 12 22 28 33 ns 

6.0V 11 19 24 29 ns 

tpHL. tpLH Maximum Propagation 2.0V 40 145 181 218 ns 
Delay. Enable to Q 4.5V 18 29 36 44 ns 

6.0V 16 25 31 38 ns 

tpHL. tpLH Maximum propa~tion 2.0V 36 125 156 188 ns 
Delay. Enable to 4.5V 15 25 31 38 ns 

6.0V 14 22 28 33 ns , 

ts Minimum Set Up Time 2.0V 40 100. 125 150 ns 
Data to Enable 4.5V 10 20 25 30 ns 

6.0V 9 17 21 25 ns 

tH Minimum Hold Time 2.0V -10 0 0 0 ns 
Enable to Data 4.5V -2 0 0 0 ns 

6.0V -2 0 0 0 ns 

tw Minimum Enable Pulse Width 2.0V 40 80 100 120 ns 
4.5V 11 16 20 24 ns, 
6.0V 9 14 18 21 ns 

tTLH. tTHL Maximum Output 2.0V 25 75 95 110 ns 
Rise and Fall 4.5V 7 15 19 22 ns 
Time 6.0V 6 13 16 19 ns 

tr• tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400' ns 

CPO Power Dissipation (per flip-flop) 40 pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vec2 f+lce Vec. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back t;lf this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 

r 
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~National 
U Semiconductor 

microCMOS 

MM54HC76/M.M74HC76 Dual J-K Flip-Flops 
with Preset and Clear 

General Description 
These high speed (30 MHz minimum) J-K Flip-Flops utilize 
microCMOS Technology, 3.5 micron silicon P-well CMOS, 
to achieve, the low power consumption and high noise im­
munity of standard CMOS integrated circuits, along with the 
ability to drive 10 LS-TTL loads. . 

Each flip-flop has independent J, K, PRESET, CLEAR, and 
CLOCK inputs and a and a. outputs. These devices are 
edge sensitive to the clock input and change state on the 
negative going transition of the clock pulse. Clear and pre­
set are independent of the clock and accomplished by a low 
logic level on the corresponding input. 

Connection Diagram 
Dual-In-llne Package 

K1 01 01 GND K2 Q2 02 J2 

ClK 1 PR 1 ClR 1 J1 vcc ClK 2 PR 2 ClR 2 

TOP VIEW Tl/F/S074-1 

MM54HC76/MM74HC76 

54HC76 (J) 74HC76 (J,N) 

Logic Diagrams 

K 

CL CL "'- + r-... + PRESET 
CLOCK~ ~----------------~ 

MM54HC76/MM74HC76 
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The 54HC174HC logic family is functionally as well as pin­
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 16 ns 
• Wide operating voltage range 
• Low input current: 1 ,...A maximum 
• Low quiescent current: 40 ,...A maximum (74HC series) 
• High output drive: 10 LS-TTL loads 

Truth Table 
Inputs Outputs 

PR ClR ClK J l Q Q 

L H X X X H L 
H L X X X L H 
L L X X X L* L* 
H H J, L L 00 aD 
H H J, H L H L 
H H J, L H L H 
H H J, H H TOGGLE 
H H H X .X 00 aD 

·This is an unstable condition, and is not guaranteed 

mm 
CL ~L, 
T T 

Tl/F/S307-2 Tl/F/S307-3 



Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee> -0.5 to +7.0V Min Max Units 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(VeC> 2 6 V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

CI~mp Diode Current (11K. '0K) ±20mA (VIN.Vour) 
DC Output Current. per pin (lour) ±25mA Operating Temperature Range(T A) 
DC Vee or GND Current. per pin (Icc> ±50mA MM74HC -40 +85 ·C 

Storage Temperature Range (TsrG) -65·Cto +150·C MM54HC -55 +125 ·C 

Power Dissipation (Po) (Note 3) 500mW Input Rise or Fall Times 

Lead Temperature (TtJ (Soldering 10 seconds) 260·C (tr. tf) Vee=2.0V 1000 ns 
Vee=4.5V 500 ns 
Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA = -40 to 85·C T A = - 55 to 125·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Iiourl ~20 /LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 ,5.9 5.9 V 

VIN = VIH or VIL 
Ilourl~4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 

Ilourl~5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage Iiourl ~20 /LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
Iiourl ~4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

Ilourl~5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 /LA 
Current 

Icc Maximum Quiescent VIN = Vee or GND 6.0V 4 40 80 /LA 
Supply Current lour=O /LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package:-12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. . 
Note 4: For a power supply of 5V ± 1 0% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
deSigning with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V Is 3.85V.) The worst case leakage current (liN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

I 
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AC Electrical Characteristics Vcc=5V, TA = 25°C, CL =15 pF, tr=t,=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

fMAX Maximum Operating 50 30 MHz 
Frequel1cy 

tpHL, tpLH Maximum Propagation Delay Clock to Q or 0 16 21 ns 

tpHL, tpLH Maximum Propagation Delay Clear to Q or a 21 26 ns 

tpHL, tpLH Maximum Propagation Delay Preset to Q or Q 23 28 ns 

tREM Minimum Removal Time, 10 20 ns 

ts Minimum Set Up Time J or K to Clock 14 20 ns 

tH Minimum Hold Time J or K to Clock -3 0 ns 

tw Minimum Pulse Width Preset, Clear or Clock 10. 16 ns 

AC Electrical Characteristics CL =50 pF, tr=t,=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55to125°C 
Units 

Typ Guaranteed LImits 

fMAX Maximum Operating 2.0V 9 5 4 3 MHz 
Frequency 4.5V 45 27 21 18 MHz 

6.0V 53 31 24 20 MHz 

tpHL, tpLH Maximum, Propagation 2.0V 100 126 160 183 ns 
Delay Clock to Q or a 4.5V 20 25 31 37 ns 

6.0V 17 21 27 32 ns 

tpHL, tpLH Maximum Propagation 2.0V 126 155 191 250 ns 
Delay Clear to Q or a 4.5V 25 31 39 47 ns 

6.0V 21 26 33 40 ns 

tpHL, tpLH Maximum Propagation 2.0V 137 165 210 240 ns 
Delay, Preset to Q or a 4.5V 27 33 41 50 ns 

6.0V 23 28 35, 40 ns 

tREM Minimum Removal Time 2.0V 55 100 125 150 ns 
Preset or Clear 4.5V 11 20 25 30 ns 
to Clock 6.0V 9 17 21 25 ns 

ts Minimum Set Time 2.0V 77 100 125 150 ns 
J or K to Clock 4.5V 15 20 25 30 ns 

6.0V 13 17 21 25 ns 

tH Minimum Hold Time 2.0VI -3 0 0 0 ns 
J or K from Clock 4.5V -3 0 0 0 ns 

6.0V -3 0 0 0 ns 

tw Minimum, Pulse Width, 2.0V 55 80 100 120 ns 
Preset, Clear or Clock 4.5V 11 16 20 24 ns 

6.0V 9 14 18 21 ns 

tTLH, tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tr,t, Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CPO Power Dissipation (per flip-flop) 80 pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 . pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo vee2 f+lee Vee. and the no load dynamic current consumption. 
IS" cpo vec f+lee· 
Note 6: Rele~ to back 01 this section lor Typical MM54n4HC AC Switching Wavelorms and Test Circuits. 
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Typical Applications 

N Bit presettable ripple counter with enable and reset 

DATAC DATAB DATA A 

COUNTER ENABLE 

- Q 
PRESET 

J 1----4 ~ Q 
PRESET 

J ----4 r-- Q 
PRESET 

J 

e •• CLEAR b- CLEAR 0- CLEAR 0-

TO a a a NEXT BIT CLOCK K- I- CLOCK Kr.-~ CLOCK K 

Y 
CLOCK 

RESET 

BIT 3 BIT 2 LSB 
TL/F/5074-4 

N Bit parallel load/serlal load shift register with clear 

DATA A DATAB DATAC 

Q ..... ----fJ PRESET 
Q ..... ----fJ PRESET 

CLEAR 

at--...... ---IK CLOCK QI---t----tK CLOCK 

CLEAR 

TL/F/5074-5 
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~National 
~ Semiconductor 
MM54HC85/MM74HC854-Bit 
Magnitude Comparator 
General Description 
The MM54HC85/MM74HC85 is a 4-bit magnitude compara­
tor that utilizes microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS. It is designed for high speed comparison 
of two four bit words. This circuit has eight comparison in­
puts, 4 for each word; three cascade inputs (A < 8, A > 8, 
A = 8); and three decision outputs (A < 8, A > 8, A = 8). 
The result of a comparison is indicated by a high level on 
one of the decision outputs. Thus it may be determined 
whether one word is "greater than," "less than," or "equal 
to" the other word,' 8y connecting the outputs of the least 
significant stage to the cascade inputs of the next stage, 
words of greater than four bits can be compared. In addition 
the least significant stage must have a high level applied to 
the A = 8 input, and a low level to the A < 8, and A > 8 
inputs. 

~.\~ 

microCMOS 

The comparator's outputs can prive 10 low power Schottky 
TTL (LS-TTL) equivalent loads, and is functionally, and pin 
equivalent to the 54LS85174LS85. All inputs are protected 
from damage due to static discharge by diodes to Vee and 
ground .. 

Features 
• Typical propagation delay: 27 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 p..A maximum 
• Low quiescent current: 80 p..A maximum (74HC series) 
• Output drive capability: 10 LS-TTL loads 

Connection Diagram Dual-In-Llne Package 

DATA INPUTS 

Vee 
i 

A3 B2 A2 A1 B1 AO BO 
\ 

116 15 14 13 12 11 10 9 

A3 B2 A2 A1 B1 AO 

) r-- B3 BO f-

A<B A=B A>B A>B A=B A<B 
IN IN IN OUT OUT OUT 

• 
1 2 3 4 5 6 7 I B 

B3 
\ 

A<B A=B A>B 
I It 

A>B A=B A<B , GND 
DATA 
INPUT CASCADE INPUTS OUTPUTS 

TOP VIEW TL/F/5205-1 

MM54HC85/MM74HC85 

54HC85 (J) 74HC85 (J,N) 

Truth Table 
Comparing Cascading Outputs Inputs Inputs 

A3,B3 A2,B2 A1, B1 AO,BO A>B A<B A=B A>B A<B A=B 

A3> 83 X X X X X X H: L L 
A3 < 83 X X X X X X L H L 
A3 = 83 A2> 82 X X X X X H L L 
A3 = 83 A2 < 82 X X X X X L H L 
A3 = 83 A2 = 82 A1> 81 X X X X H L L 
A3 = 83 A2 = 82 A1 < 81 X X X X L H L 
A3 = 83 A2 = 82 A1 = 81 AO> 80 X X X H L L 
A3 = 83 A2 = 82 A1 = 81 AO < 80 X X X L H L 
A3 = 83 A2 = 82 A1 = 81 AO = 80 H L L H L L 
A3 = 83 A2 = 82 A1 = 81 AO = 80 L H L L H L 
A3 = 83 A2 = 82 A1 = 81 AO = 80 X X H L L H 
A3 = 83 A2 = 82 A1 = 81 AO = 80 H H L L L L 
A3 = 83 A2 = 82 A1 = 81 AO = 80 L L L H H L 
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an 
co Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 0 
J: Supply Voltage (VeC> -0.5 to +7.0V Min Max Units 

~ DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(VeC> 2 6 V 
r-- DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 
::E Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) 

::E DC Output Current. per pin (lOUT) ±25mA Operating Temperature Range(T A) 
....... MM74HC . -40 +85 ·C an DC Vee or GND Current. per pin (Icc> ±50mA' MM54HC -55 +125 ·C 
CO Storage Temperature Range (TSTG) -65·Cto + 150·C Input Rise or Fall Times 0 
::E: Power Dissipation (Po) (Note 3) 500mW (tr. t,) Vee=2.0V 1000 ns 

~ Lead Temperature (T"O (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 

an Vee=6.0V 400 ns 

::E DC Electrical Characteristics (Note 4) ::E 
TA=25·C 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85·C TA= -55 to 125·C 

Units 
1 Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3' 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN=VIH orVIL 
Output Voltage lioUTI ~20 p.A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
liOUTI~4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
.lIoUTI~5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage lioUTI~20 p.A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN=VIH orVIL 
lioUTI~4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI~5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 p.A 
Current 

Icc Maximum Quiescent VIN = Vee or GND 6.0V 8.0 80 160 p.A 
Supply Current lOUT=O p.A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic UN" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100·C to 12SoC. 
Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and Vou occur for HC at 4.SV. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.5V and 4.SV respectively. (The VIH value at S.SV is 3.85V.) The worst case leakage current (liN. 
Icc, and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ Limit Units 

tpHL, tpLH Maximum Propagation Delay Data Input to A < B or A> B 20 36 ns 

tpHL, tpLH Maximum Propagation Delay A = B Input to A = B Output 12 20 ns 

tpHL, tpLH Maximum Propagation Delay Cascade Input to Output 13 26 ns 

tpHL, tpLH Maximum Propagation Delay Data Input to A = B 20 30 ns 

AC Electrical Characteristics CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA = -40 to 85°C TA == -55 to 125°C 
Units 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation 2.0V 100 210 265 313 ns 
Delay Data Input to 4.5V 21 42 53 63 ns 
Output 6.0V 18 36 .45 53 ns 

tpHL, tpLH Maximum Propagation Delay 2.0V 88 175 221 261 ns 
Data Input to A= B Output 4.5V 18 35 44 52 ns 

6.0V 15 30 37 44 ns 

tpHL, tpLH Maximum Propagation Delay 2.0V 63 125 158 186 ns 
A = B Input to A = B Output 4.5V 13 25 32 37 ns 

6.0V 11 21 27 32 ns 

tpHL, tpLH Maximum Propagation 2.0V 70 155 195 231 ns 
Delay Cascade Input 4.5V 16 31 39 46 ns 
to Output (except A= B) 6.0V 13 26 33 39 ns 

tTLH, tTHL Maximum Output Rise 2.0V 25 75 95 110 ns 
and Fall Time 4.5V 7 15 19 22 ns 

6.0V 6 13 16 19 ns 

CIN Maximum Input Capacitance 5 10 10 10 pF 

CPO Power Dissipation Capacitance (Note 5) 80 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po = Cpo Vee2 f+lee Vee, and the no load dynamic current consumption, 
Is = CpO Vee f + Icc· 

Nole 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 

Typical Application 
GND- A>BIN Cascading Comparators 
vcc- A=BIN 
GND- A<BIN 

AO-
Al-

A2- 'He85 ~S.NlFI_[ A3-
4-BITWORDS BO-

Bl- A>BOUT - A>BIN 
B2- A=BOUT - A=BIN 
83- A<BOUT - A<BIN 

A4 
AS 

AS 
'HC8S 

A7 
B4 

B5 A> BOUT f-- A>BIN 
B6 A=BoUT f-- A=BIN 
B7 A<BoUT f-- A<BIN 

[ M 

A9 

Al0 
'HC8S 

MOST SIGNIFICANT A11 
4-Brr WORDS B8 

B9 A>BoUT ~}o~"", Bl0 A=BoUT 
B11 A<BoUT 

TL/F/5205-4 
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~ Logic Diagram 
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j 
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~National 
~ Semiconductor-

microCMOS 

MM54HC86/MM74HC86 Quad 2-lnput Exclusive OR Gate 

General Description 
This EXCLUSIVE OR gate utilizes microCMOS Technology, 
3.5 micron silicon gate P-well CMOS, to achieve operating 
speeds similar to equivalent LS-TIL gates while maintaining 
the low power consumption and high noise immunity char­
acteristic of standard CMOS integrated circuits. These 
gates are fully buffered and have a fanout of 10 LS~TIL 
loads. The MM54HC174HC logic family is functionally as 
well as pin out compatible with the standard 54LS174LS 
logic family. All inputs are protected from damage due to 
static discharge by internal diode clamps to Vee and 
ground. 

Connection Diagram 

Features 
• Typical propagation delay: 9 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 JLA maximum 
• Low quiescent current: 20 JLA maximum (74 series) 
• Output drive capability: 10 LS-TIL loads 

Dual-In-Llne Package 

Truth Table 

Vec 84 

A1 81 

A4 Y4 

11 

Y1 A2 82 

TOP VIEW 

MM54HC86/MM54HC86 

Y2 

54HC86 (J) 74HC86 (J,N) 

Inputs Outputs 

A B Y 

L L L 
L H H 
H L H 
H H L 

Y=A Ell B=AB + AS 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (VIN) -1.5 to Vee + 1.5V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V 

Clamp Diode Current (11K. 10K) 

DC Output Current. per pin (lOUT) 

DC Vee or GND Current. per pin (led 

Storage Temperature Range (T STG) 

Power Dissipation (Po) (Note 3) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

Lead Temperature (Tu (Soldering 10 seconds) 

500mW 

260°C 

DC' Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
(VIN.VOUT) 

Operating Temperature Range(T A) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. tf) Vee=2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA = ..:...40 to 85°C TA = -55 to 125°C 

VOL 

ICC 

Minimum High Level 
Input Voltage 

Maximum Low Level 

Input Voltage 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 

Current 

Maximum Quiescent 

Supply Current 

VIN = VIH or VIL 

IIOUTI :5: 20 J-LA 

VIN = VIH or VIL 
IIOUTI:5:4.0 mA 
IIOUTI:5:5.2 mA 

VIN = VIH or VIL 
, IIOUTI :5:20 J-LA 

VIN = VIH or VIL 
IIOUTI :5:4.0 mA 

IIOUTI :5: 5.2 mA 

VIN = Vee or GND 

IOUT=O J-LA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 

6.0V 

2.0V 

4.5V 
6.0V 

Typ 

2.0 
4.5 

6.0 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 

4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 

4.5V 
6.0V 

o 
o 
o 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 2.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur, 

Note 2: Unless otherwise specified all voltages are referenced to ground, 

Guaran'teed Limits 

1.5 
3.15 
4.2 

0.3 
0.9 

1.2 

1.9 

4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

20 

1.5 
3.15 
4.2 

0.3 
0.9 

1.2 

1.9 

4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

40 

Units 
V 
V 

ns 
ns 
ns 

Units 

V 
V 

V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

J-LA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C, ' 

Note 4: For a power supply of 5V ± 1 0% the worst case output voltages (VOH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply, Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V Is 3.85V.) The worst case leakage current (lIN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter 

Maximum Propagation 
Delay 

Conditions 

. AC Electrical Characteristics 

Typ 

12 

Guaranteed 
Limit 

20 

Units 

ns 

Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C TA= -55 to 125°C 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Pro~agation 2.OV 60 120 151 179 
Delay 4.5V 12 24 30 36 

6.0V 10 20 26 30 

tTLH, tTHL Maximum Output Rise 2.OV 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

" 

6.0V 7 13 16 19 

CPO Power Dissipation (per gate) 25 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee, 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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~National 
D Semiconductor 

MM54HC107/MM74HC107 
Dual J-K Flip-Flops with Clear 

General Description 
These J-K Flip-Flops utilize microCMOS Technology, 3.5 
micron silicon gate P-well CMOS, to achieve the high noise 
immunity and low power dissipation of standard CMOS inte­
grated circuits. These devices can drive 10 LS-TTL loads. 
These flip-flops are edge sensitive to the clock input and 
change state on the negative going transition of the clock 
pulse. Each one has independl3nt J, K, CLOCK, and CLEAR 
inputs and a and a outputs. CLEAR is independent of the 
clock and accomplished by a low level on the input. 

The 54HC174HC logic family is functionally as well as pin­
out compatible with the standard 54LS174LS logic family. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Connection Diagram 

Dual-ln-L1ne Package· 

VCC ClR 1 ClK 1 K2 ClR 2 ClK 2 J2 

J1 ch 01 K1 02 Q2 GND 

TOP VIEW TL/F/5304-1 

MM54HC1 07/MM7 4HC1 07 

54HC107 (J) 74HC107 (J,N) 

Logic Diagrams 

CL CL 

CLOCK--{>o-1-{:>o-t 

microCMOS 

Features 
• Typical propagation delay: 16 ns 
• Wide operating voltage range: 2-6V 
• Low input current:' 1 ,..,A maximum 
• Low quiescent current: 40 ,..,A (74HC series) 
• High output drive: 10 LS-TIL loads. 

Truth Table 

Inputs Outputs 

ClR ClK J K Q Q 

L X X X L H 
H ! L L 00 00 
H ! H L H L 
H ! L H L H 
H ! H H TOGGLE 
H H X X 00 00 

gg 
eE CL 
T T 

TL/F /5304-3 

TLIF/5304-2 
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Absolute Maximum Ratings Operating Conditions 
3: 

(Notes 1 & 2) 3: 
Supply Voltage (Ved -0.5 to +7.0V Min Max Units 0'1 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Ved 2 6 V ~ 

::I: 
DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V n 
Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

~ 

DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A) 0 
MM74HC -40 +85 °C ...... 

DC Vee or GND Current, per pin (led ±50mA MM54HC -55 +125 °C .......... ...... 
Storage Temperature Range (TSTG) -65°C to + 150°C Input Rise or Fall Times I ~ 
Power Dissipation (Po) (Note 3) SOOmW (tr,tf) Vee=2.0V 1000 ns ::I: 
Lead Temperature (TtJ (Soldering 10 seconds) 260°C Vee=4.SV SOO ns n 

Vee=6.0V 400 ns ~ 

0 
DC Electrical Characteristics (Note 4) 

...... 

TA=25°C 
74HC 54HC III Symbol Parameter Conditions Vee 

T A = -40 to 85'C TA = -55 to 125°C 
Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Volta'ge 4.SV 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 ~ V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI::;;20 p,A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI::;;4.0 mA 4.5V 3.98 3.84 3.7 V 
IIOUTI::;;5.2 mA 6.0V 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH orVIL 
Output Voltage IIOUTI::;;20 p,A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI ::;;4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI::;;5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=Vee or GND 6.0V ±0.1 ±1.0 ±1.0 p,A 
Current 

Icc Maximum Quiescent VIN=Vee or GND 6.0V 4.0 40 80 p,A 
Supply Current IOUT=O p,A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V Is 3.85V.) The worst case leakage current (lIN. 
ICC. and loz) occur for CMOS at the higher voltage and so the·6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V. TA=25°C. CL =15 pF. tr=~f=6 ns , 
Symbol Parameter Conditions Typ 

Guaranteed 
Units 

Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency 

tPHL. tpLH Maximum Propagation 16 21 ns 
Delay Clock to Q or Q 

tpHL. tpLH Maximum Propagation 21 26 ns 
Delay Clear to Q or Q 

tREM Minimum Removal Time. 10 20 ns 
Clear to Clock 

ts Minimum Set Up Time. 14 20 ns 
J or K to Clock 

tH Minimum Hold Time -3 0 ns 
J or K from Clock 

tw Minimum Pulse Width. 10 16 ns I 

Clock or Clear 

AC Electrical Characteristics CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=2SoC 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA = -40 to 8SoC TA = -55 to 12SoC . 

Units 
Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 9 5 4 3 MHz 
Frequency 4.5V 45 27 21 18 MHz 

6.0V 53 31 24 20 MHz 

tpHL. tpLH Maximum Propagation 2.0V 70 ,126 160 185 . ns 
. Delay Clock t6 Q or Q 4.5V 18 25 .32 37 ns 

6.0V 16 21 27 32 ns 

tpHL. tpLH Maximum Propagation 2.0V 126 155 194 250 ns 
Delay Clear to Q or a 4.5V 25 31 39 47 ns 

6.0V 21 26 32 40 ns 

tREM Minimum Removal Time 2.0V 55 100 125 150 ns 
Clear to Clock 4.5V 11 20 25 30 ns 

6.0V 9 17 21 25 ns 

t8 Minimum Set Up Time 2.0V 77 100 125 150 ns 
J or K to Clock 4.5V 15 20 25 30 ns 

6.0V 13 17 21 25 ns 

tH Minimum Hold Time 2.0V -3 0 0 0 ns 
J or K to Clock 4.5V -3 0 0 0 ns 

6.0V -3 0 0 0 ns 

tw Minimum Pulse Width 2.0V 55 80 100 120 ns 
Clear or Clock 4.5V 11 16 20 24 ns 

6.0V 10 14 18 21 ns 

tTLH. tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time . 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tr• tf Maximum Input Rise ~nd 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CPO Power Dissipation (per flip-flop) 80 pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vcc2 f+lce Vce. and the no load dynamic current. consumption. 
Is=Cpo Vce f+lec· ... 
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Typical Applications 

N Bit binary ripple counter with enable and reset 

COUNTER ENABLE 

RESET 

~ ~ ! 
-Q CLEAR 

J - r--Q CLEAR J- r--Q CLEAR 
J~ 

••• 
I 

Q 
CLOCK K- Q 

CLOCK K- Q 
CLOCK K-

TO 

1 Y 1 NEXT BIT 

CLOCK 

BIT 3 BIT 2 LSB 

TL/F/S072-4 

N bit shift register wit", clear 

CLEAR 

! ! ~ 
DATA 

INPUT 
J CLEAR Q J CLEAR Q J CLEAR Q-

~7 ••• 

----- K CLOCK Q K CLOCK Q K CLOCK a-

CLOCK Y 1 r 
TL/F/S072-S 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

microCMOS 

MM54HC1 09/MM7 4HC1 09 
Dual J-K Flip-Flops'with Preset and Clear 

General Description 
These J-K FLIP-FLOPS utilize microCMOS Technology, 3.5 
micron silicon gate P-Well CMOS to achieve the low power 
consumption and high noise immunity of standard CMOS 
integrated circuits, along with the ability to drive 10 LS-TIL 
loads. 

Each flip flop has independent J, K PRESET, CLEAR and 
CLOCK inputs and a and a outputs. These devices are 
edge sensitive to the clock input and change state on the 
positive going transition of the clock pulse. Clear and preset 
are independent of the clock and accomplished by a low 
logic level on the corresponding input. 

Connection Diagram 

The 54HC17 4HC logic family is functionally as well as pin­
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 20 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 /LA maximum 
• Low quiescent current: 40 /LA maximum (74HC series) 
• Output drive capability: 10 LS-TIL loads 

Dual-In-Llne Package 

Function Table 

VCC ClR 2 J2 K2 ClK 2 PR 2 02 02 

ClR 1 J1 K1 ClK 1 PR 1 01 01 GND 

PR 

L 
H 
L 
H 
H 
H 
H 

H 

TOP VIEW 

MM54HC109/MM74HC109 

54HC109 (J) 74HC109 (J,N) 

Inputs Outputs 

ClR ClK J K Q Q 

H X X X H L 
L X X X L H 
L X X X H* H* 
H t L L L H 
H t H L TOGGLE 
H t L H 00 00 
H t H H H L 
H L X X 00 00 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vee) ""'0.5 to + 7.0V 

DC Input Voltage (VIN) -1.5 to Vee + 1.5V 

DC Output Voltage (Vour) '-0.5 to Vee+0.5V 

Clamp Diode Current (11K, 10K) 

DC Output Current, per pin (lOUT) 

±20mA 

±25mA 

DC Vee or GND Current, per pin (led 

Storage Temperature Range (TSTG) 

Power Dissipation (Po) (Note 3) 

±50mA 

- 65·C to + 150·C 

Lead Temperature (T d (Soldering 10 seconds) 

500mW 

260·C 

DC Electrical Characteristics (Note 4) 

Symbol 

VOH 

Parameter 

Minimum High Level 

Input Voltage 

Maximum Low Level 

Input Voltage 

Minimum High Level 

Output Voltage 

Conditions 

VIN = VIH or VIL 

IIOUTI~20 p.A 

Vee 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 

VOL 

ICC 

Maximum Low Level 
Output Voltage 

Maximum Input 

Current 

Maximum Quiescent 

Supply Current 

VIN = VIH or VIL 
IIOUTI~4.0 mA 
IIOUTI~5.2 mA 

VIN = VIH or VIL 
IIOUTI~20 p.A 

VIN = VIH or VIL 
IIOUTI ~ 4.0 mA 

IIOUTI~5.2 mA 

VIN=Vee or GND 

IOUT=O /LA 

6.0V 6.0 

4.5V 
6.0V 

2.0V 
4.5V 

6.0V 

4.5V 
6.0V 

6.0V 

6.0V 

o 
o 
o 

Operating Conditions 
Min 

Supply Voltage (Vee) 2 

DC Input or Output Voltage 0 
(VIN,VOUT) 

Operating Temperature Range(T A) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, tf) Vee=2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC S4HC 

1.5 
3.15 
4.2 

0.3 

0.9 
1.2 

1.9 
4.4 
5.9 

3.98 

5.48 

0.1 
0.1 

0.1 

0.26 

0.26 

±0.1 

4.0 

T A = - 40 to 85·C T A = - 55 to 12S·C 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.3 

0.9 
1.2 

1.9 
4.4 

5.9 

3.84 
5.34 

,0.1 

0.1 
0.1 

0.33 

0.33 

±1.0 

40 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

80 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the d~vice may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
V 
V 

·C 
·C 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

Note 3: 'Power Dissipation temperature derating - plastic "N" package: -12 mwre from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. ' 

Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and VoLl occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc=S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (lIN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics· 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed 
Units 

LImit 

fMAX Maximum Operating 50 30 MHz 
Frequency 

tpHL, tpLH Maximum Propagati0J} 16 30 ns 
Delay, Clock to a or a 

tpHL, tpLH Maximum Propagation 
Delay, Preset or Clear to a or a 

21 42 . ns 

tREM Minimum Removal Time, Preset or Clear to Clock 5 ns 

ts Minimum Set Up Time, J or K to Clock 20 ns 

tH Minimum Hold Time, J or K to Clock 0 ns 

tw Minimum Pulse Width: Preset, Clear or Clock 9 16 ns 

AC Electrical Characteristics 
CL = 50 pF, tr = tf = 6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA = -55 to 125°C 
Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 5 4 4 MHz 
Frequency 4.5V 27 21 18 MHz 

6.0V 31 24 20 MHz 

tpHL, tpLH Maximum Propagation 2.0V 88 175 221 ' 261 ns 
Delay, Clock to a or a 4.5V 18 35 44 52 ns 

6.0V 15 30 37 44 ns 

tpHL, tpLH Maximum Propagation 2.0V 115 230 290 343 ns 
Delay, Preset or Clear 4.5V 23 46 58 69 ns 
toO ora 6.0V 20 39 49 58 ns 

tREM Minimum Removal Time 2.0V -10 25 32 37 ns 
Preset or Clear 4.5V 5 5 6 7 ns 
to Clock 6.0V 3 4 5 6 ns 

t5 Minimum Set Time 2.0V 100 126 119 ns 
J or K to Clock 4.5V 20 25 30 ns 

6.0V 17 21 20 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
Clock to J or K 4.5V 0 0 0 ns 

6.0V 0 O· 0 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
Clock, Preset or Clear 4.5V 9 16 20 24 ns 

6.0V 8 14 -18 20 ns 

tTLH, tTHL Output Rise and 2.0V 25 75 95 110 ns 
Fall Time 4.5V 7 15 19 22 ns 

6.0V 6 13 16 19 ns 

tr, tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CpO Power Dissipation (per flip-flop) 80 pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vcc2 f+lee Vee. and the no load dynamic current consumption. 
Is = CpO Vee f+ Icc· . 

Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 

1-74 



~National 
~ Semiconductor 

microCMOS 

MM54HC112/MM74HC112 
Dual J-K Flip-Flops with Preset and Clear 

General Description 
These high speed (30 MHz minimum) J-K Flip-Flops utilize 
microCMOS Technology, 3.5 micron silicon gate P-well 
CMOS, to achieve the low power consumption and high 
noise immunity of standard CMOS integrated circuits, along 
with the ability to drive 10 LS-TTL loads. . 

Each flip-flop has independent J, K, PRESET, CLEAR, and 
CLOCK inputs and a and a outputs. These devices are 
edge sensitive to the clock input and change state on the 
negative going transition of the clock pulse. Clear and pre­
set are independent of the clock and accomplished by a low 
logic level on the corresponding input. 

Connection Diagram 

Dual-ln-L1ne Package 

vee ClR 1 ClR 2 ClK 2 K2 J2 PR 2 02 

elK 1 K1 J1 PR 1 01 01 02. GND 

TOP VIEW TL/F/5307-1 

MM54HC112/MM74HC112 

54HC112 (J) 74HC112 (J,N) 

Logic Diagrams 

The 54HC/74HC logic family is functionally as well as pin­
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 16 ns 

• Wide operating voltage range 
• Low input current: 1 p.A maximum 
• Low quiescent current: 40 p.A (74HC series) 

• High output drive: 10 LS·TTL loads 

Truth Table 

Inputs Outputs 

PR ClR ClK J l Q Q 

L H X X X H L 
'H L X X X L H 

L L X X X L· L· 

H H J, L L 00 aD 
H H J, H L H L 
H H J, L H L H 
H H J, H H TOGGLE 
H H H X. X 00 00 

"This Is an unstable condition, and is not guaranteed 

~-----++---~I~-Q mm 
K CL CL 

T T 
TL/F/5307-3 

CL CL 
....... +....... + PRESET 

CLOCK~ L..-______________ ~ 

TL/F/5307-2 

MM54HC112/MM74HC112 
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N .... Absolute Maximum Ratings (Notes 1& 2) Operating Conditions .... 
0 Supply Voltage (Vee> -0.5 to +7.0V Min Max Units 
:I: DC Input Voltage (VIN) -1.5 toVcc+1.5V Supply Voltage(VeC> 2 6 V 
~ 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V I"-....... Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) 
N 

DC Output Current. per pin (lOUT) ±25mA Operating Temperature Range(T A) .... MM74HC -40 +85 ·C .... DC Vee or GND Current. per pin (Icc) ±50mA MM54HC -55 +125 ·C 0 
:I: Storage Temperature Range (TSTG) - 65·C to + 150·C Input Rise or Fall Times 

~ Power Dissipation (Po) (Note 3) 500rriW (tr. tf) Vee=2.0V 1000 ns 
LI) Lead Temperature (TtJ (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 

:!: Vee=6.0V 400 ns 

:!: 
DC Electrical Characteristics (Note 4) 

'TA= 25·C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA = -40 to 85·C TA = -55 to 125·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN=VIH orVIL 
Output Voltage IloUTI:S::20 p.A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI:S::4.0 rnA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI:S::5.2 rnA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI:S::20 p.A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN=VIH orVIL 
IIOUTI:S::4.0 rnA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI:S::5.2 rnA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 p.A 
Current 

ICC Maximum Quiescent VIN=VeeorGND 6.0V 4.0 40 80 p.A 
Supply Current IOUT=O p.A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic UN" package: -,12 mWrC from 65·C to 85·C; ceramic uJ" package: -12 mWrC from 
100·C to 125·C. 
Note 4: For a power supply of 5V ±10% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V is 3.85V.) The worst case leakage current (lIN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V ~alues should be used. 
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AC Electrical Characteristics Vcc=5V. TA=25°C. CL =15 pF. tr=t,=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

fMAX Maximum Operating 50 30 MHz 
Frequency 

tpHL. tpLH Maximum Propagatio~ 16 21 ns 
Delay. Clock to Q or Q 

tpHL. tpLH Maximum Propagation 21 26 ns 
Delay. Clear to Q or Q , 

tpHL. tpLH Maximum Propagation 23 28 ns 
Delay. Preset to Q or Q 

tREM Minimum Removal Time. 10 20 ns 
Preset or Clear to Clock 

ts Minimum Set Up Time 14 20 ns 
J or K to Clock 

tH Minimum Hold Time -3 0 ns 
J or K from Clock 

tw Minimum Pulse Width 10 16 ns 
Clock Preset or Clear 

AC Electrical Characteristics CL =50 pF. tr=t,=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA;; -40 to 85°C TA= -55 to 125°C 
Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 9 5 4 3 MHz 
Frequency 4.5V 45 27 21 18 MHz 

6.0V 53 31 24 20 MHz 

tpHL. tpLH Maximum Propagatio..!.:! 2.0V 100 126 160 183 ns 
Delay. Clock to Q or Q 4.5V 20 25 32 37 ns 

6.0V 17 21 27 32 ns 

tpHL. tpLH Maximum Propagation 2.0V 126 155 191 250 ns 
Delay. Clear to Q or Q 4.5V 25 31 39 47 ns 

6.0V 21 26 33 40 ns 

tPHL. tpLH Maximum Propagatio~ 2.0V 137 165 210 240 ns 
Delay. Preset to Q or Q 4.5V 27 33 41 50 ns 

6.0V 23 28 35 40 ns 

tREM Minimum Removal Time 2.0V 55 100 125 150 ns 
Preset or Clear 4.5V 11 20 25 30 ns 
to Clock 6.0V 9.4 17 21 25 ns 

ts Minimum Set Up Time 2.0V 77 100 125 150 ns 
J or K to Clock 4.5V 15 20 25 30 ns 

6.0V 13 17 21 25 ns 

tH Minimum Hold Time 2.0V -3 0 0 0 ns 
J or K from Clock 4.5V -3 0 0 0 ns 

6.0V -3 0 0 0 ns 

tw Minimum Pulse Width 2.0V 55 80 100 120 ns 
Preset. Clear or Clock 4.5V 11 16 20 24 ns 

6.0V 9 14 18 20 ns 

tTLH. tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tr.t, Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CPO Power Dissipation (per flip-flop) 80 pF 
Capacitance (Note 5) 

CIN Maximum Input Capacitance 5 10 10 10 pF 

Note 5: CPO determines the no load dynamic power consumption. PO=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption, 
. Is=Cpo Vee f+lee· 

Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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Typical Applications 

N Bit presettable ripple counter with enable and reset 

DATAC DATA B DATA A 
COUNTER ENABLE I J I 
, ! A ! 

r-- Q 
PRESET 

Jt-- ~ Q 
PRESET 

Jt-- ,.... Q 
PRESET 

J 

••• CLEAR P- CLEAR P- CLEAR l>-

TO 
a Q KI- a NEXT BIT CLOCK K~ .... CLOCK I- CLOCK K- 10-

Y y I CLOCK 

RESET 

BIT 3 BIT 2 LSB 
TL/F/5074-4 

N Bit parallel load/serlal load shift register with clear 

DATA A DATAB DATAC 

Q~------4 J PRESET 
Q 1-------4 J 

CLEAR 

al--+------4K CLOCK 

CLEAR 

TL/F/5074-5 
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~National 
~ Semiconductor 

microCMOS 

MM54HC113/MM74HC113 
Dual J-K Flip-Flops with Preset 
General Description 
These high speed J-K Flip-Flops utilize microCMOS Tech­
nology, 3.5 micron silicon gate P-well CMOS, to achieve the 
high noise immunity and low power dissipation of standard 
CMOS integrated circuits. These devices can drive 10 LS­
TIL loads. 

These flip-flops are edge sensitive to the clock input and 
change state on the negative going transition of the clock 
pulse. Each one has independent J, K, CLOCK, and PRE­
SET inputs and a and Q inputs. PRESET is independent of 
the clock and accomplished by a low level on the input. 

The 54HC17 4HC logic family is functionally as well as pin­
out compatible with the standard 54LS174LS logic family. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Connection Diagram and Truth Table 

Dual-In-llne Package 

vcc elK 2 K2 J2 PR2 

CK1 K1 J1 PR1 Q1 

TOP VIEW 

MM54HC113/MM74HC113 

54HC113 (J) 74HC113 (J,N) 

Logic Diagram 

Q2 Q2 

GND 

TL/F/S073-1 

Features 
• Typical propagation delay: 16 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 J.LA maximum 
• Low quiescent current: 40 J.LA (74HC series) 
• High output drive: 10 LS-TIL loads 

Inputs Outputs 

PR ClK J K 0 Q 

L X X X H L 
H J, L L 00 00 
H J, H L H L 
H J, L H L H 
H J, H H TOGGLE 
H H X X 00 00 

MM54HC113/MM74HC113 

TL/F/S073-2 
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M 
~ Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions ~ 

0 Supply Voltage (Vee> -0.5 to + 7.0V Min Max Units 
:J: DC Input Voltage (V,N) -1.5 to Vee+1.5V Supply Voltage(VeC> 2 6 V 

;:!: DC Output Voltage (Vour) -0.5 to Vec+0.5V DC Input or Output Voltage 0 Vee V 
........ Clamp Diode Current (1,K. 10K) ±20mA (V,N.Vour) 
M 
~ DC Output Current. per pin (lour) ±25mA Operating Temperature Range(T A) 
~ MM74HC -40 +85 ·C 

0 DC Vee or GND Current. per pin {IcC> ±50mA MM54HC "":55 +125 ·C 

:J: Storage Temperature Range (T srG) -65·C to + 150·C Input Rise or Fall Times 
~ Power Dissipation (Po) (Note 3) 500mW (tr. tf) Vee=2.0V 1000 ns 
it) Lead Temperature (Tu (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 
:E Vee=6.0V 400 ns 

:E DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85·C T A = - 55 to 125·C 

Units 
Typ Guaranteed Limits 

. V,H Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

V,L Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 ' V 

6.0V 1.2 1.2 ,1.2 V 

VOH Minimum High Level V,N=V,H orV,L 
Output Voltage Ilourl:S: 20 ILA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 . 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

Y,N = V,H or V,L 
Ilourl:S:4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
Ilourl:S:5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level Y,N = V,H or V,L 
Output Voltage Iiourl :s: 20 ILA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

Y,N = V,H or V,L 
Ilourl:S:4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
Iiourl:s: 5;2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input V,N=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 ILA 
Current 

Icc Maximum Quiescent Y,N = Vee or GND 6.0V 4.0 40 80 ILA 
Supply Current lour=O ILA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: For a power supply of SV ± 1 0% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.85V.l The worst case leakage current (lIN. 
Icc .. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL ":15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency 

tpHL, tpLH Maximum Propagation Delay, 16 21 ns 
Clock to Q or a 

tpHL, tpLH Maximum Propagation Delay, 23 28 ns 
Preset to Q or a 

tREM Minimum Removal Time, 10 20 ns 
Preset to Clock 

ts Minimum Set Up Time, 14 20 ns 
J or K to Clock 

tH Minimum Hold Time, -3 0 ns 
J or K from Clock 

tw Minimum Pulse Width, 10 16 ns 
Preset, Clear or Clock 

AC Electrical Characteristics CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C TA = -55 to 125°C 
Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 9 5 4 3 MHz 
Frequency 4.5V 45 27 21 18 MHz 

6.0V 53 31 24 20 MHz 

tpHL, tpLH Maximum Propagation 2.0V 100 125 160 183 ns 
Delay, Clock to Q or Q 4.5V 20 25 32 37 ns 

6.0V 17 33 27 32 ns 

tpHL, tpLH Maximum Propagation 2.0V 137 165 206 239 ns 
Delay, Preset to Q or Q 4.5V 27 33 41 47 ns 

6.0V 23 28 35 40 ns 

tREM Minimum Removal Time 2.0V 55 100 125 150 ns 
Preset to Clock 4.5V 11 20 25 30 ns 

6.0V 9 17 21 25 ns 

ts Minimum Set Up Time 2.0V 77 100 125 150 ns 
J or K to Clock 4.5V 15 20 25 30 ns 

6.0V 13 17 21 25 ns 

tH Minimum Hold Time 2.0V -3 0 0 0 ns 
J or K from Clock 4.5V -3 0 0 0 ns 

6.0V -3 0 0 0 ns 

tw Minimum Pulse Width, , 2.0V 55 80 100 120 ns 
Preset, Clear or Clock 4.5V 11 16 20 24 ns 

6.0V 9 14 18 20 ns 

tTLH, tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tr, tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CPO Power Dissipation (per flip-flop) 80 pF 
Capacitance (Note 5) 

CIN Maximum Input CapaCitance 5 10 10 10 pF 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vec2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 

Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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Typical Applications 

N Bit presettable binary ripple counter with enable 

DATAC DATAB DATA A 

COUNTER ENABLE I I I 
! ! ! 

r--Q PRESET 
J~ r--O 

PRESET PRESET 
J~ r--O J~ 

••• I . 
TO 

Q K I-- Q NEXT BIT CLOCK CLOCK K- a CLOCK K-- Y Y f CLOCK 

BIT 3 BIT 2 lSB 

TL/F/S073-3 

N Bit parallelload/serlalload shift register 

DATA A DATAB DATAC 

1 1 1 
DATA PRESET J 

PRESET· 
0 J 

PRESET Q-J 0 
INPUT 

~7 ••• 

I....- K a K a K 0-
CLOCK CLOCK CLOCK 

CLOCK r r r 
TL/F/S073-4 
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~National 
~ Semiconductor microCMOS 

MM54HC123A/MM74HC123A 
Dual Retriggerable Monostable Multivibrator 
General Description 
The MM54174HC123A high speed monostable multivibra· 
tors (one shots) utilize microCMOS Technology, 3.5 micron 
silicon gate P·well CMOS. They feature speeds comparable 
to low power Schottky TTL circuitry while retaining the low 
power and high noise immunity characteristic of CMOS cir· 
cuits. 

Each multivibrator features both a negative, A, and a posi· 
tive, 8, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The 'HC123 can be 
triggered on the positive transition of the clear while A is 
held low and 8 is held high. 

The 'HC123A is retriggerable. That is it may be triggered 
repeatedly while their outputs are generating a pulse and 
the pulse will be extended. 

Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out· 
put pulse equation is simply: PW = (REXT) (CEXT): where PW 
is in seconds, R is in ohms, and C is in farads. All inputs are 
protected from damage due to static discharge by diodes to 
Vee and ground. 

Connection Diagram 
Dual·ln-Llne Package 

02 Cooz Rooz liND 
CEXT 

TOP VIEW TL/F/5206-1 

MM54HC123A/MM74HC123A 

54HC123A (J) 74HC123A (J,N) 

Truth Table 
Inputs Outputs 

Clear A B Q Q 

L X X L H 
X H X L H 
X X L L H 
H L t J1. V 
H ! H J1. V 
t L H J1. V 

Features 
• Typical propagation delay: 40 ns 

• Wide power supply range: 2V-6V 
• Low quiescent current: 80 ,.,.A maximum (74HC series) 

• Low input current: 1 ,.,.A maximum 

• Fanout of 10 LS·TTL loads 
• Simple pulse width formula T = RC 
• Wide pulse range: 400 ns to ex> (typ) 

• Part to part variation: ± 5% (typ) 
• Schmitt Trigger A & 8 inputs enable int.inite 

signal input rise and fall times. 

Timing Component 

Vee 

r1;oo 

H = High Level 

L = Low Level 

TO CexT TO R I CEXT 
TERMINAL TERMINAL 

t = Transition from Low to High 

J, = Transition from High to Low 

J1. = One High Level Pulse 

V = One Low Level Pulse 

X = Irrelevant 

TL/F/5206-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Ved -O.5V to + 7.0V Min Max Units 
DC Input Voltage (VIN) -1.5V to Vee+1.5V Supply Voltage(Vec) 2 6 V 

DC Output Voltage (VOUT) -0.5V to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (lIK,IOK) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A) 
MM74HC -40 +85 "C 

DC Vee or GND Current, per pin (led ±50mA MM54HC -55 +125 "C 
Storage Temperature Range (TSTG) - 65"C to + 150"C Input Rise or Fall Times (Clear Input) 
Power Dissipation (Po) (Note 3) 500mW (tr, tf) Vee=2.0V 1000 ns 
Lead Temperature (TtJ (Soldering 10 seconds) 260"C Vee=4.5V --. 500 ns 

. Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25"C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85"C TA= -55 to 125"C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level Input 2.0V 1.5 1.5 1.5 V 
Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI~ 20/LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL V 
IIOUTI ~ 4.0 mA 4.5V 4.2 3.98 3.84 ·3.7 V 
IIOUTI ~ 5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI ~ 20 /LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL V 
IloUTI~4mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI~5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input Current VIN = Vee or GND 6.0V ±0.5 ±5.0 ±5.0 /LA 
(Pins 7,15) 

liN Maximum Input Current VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 /LA 
(All other pins) 

Icc Maximum Quiescent Supply VIN = Vee or GND 6.0V 8.0 80 160 /LA 
Current (Standby) IOUT=O /LA 

Icc Maximum Active Supply VIN = Vee or GND 2.0V 36 80 110 130 /LA 
Current (per R/CEXT = 0.5Vee 4.5V 0.33 1.0 1.3 1.6 mA 
monostable) 6.0V 0.7 2.0 2.6 3.2 mA 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation Temperature Derating: 

Plastic "N" Package: -12mWrC from 6SoC to 8SoC 
Ceramic "J" Package: -12mWrC from 100·C to 12SoC. 

Note 4: For a power supply of SV ± 10% the worst-case output voltages (VOH. VOU occur for HC at 4.SV. Thus the 4.SV values should be used when designing 
with this supply. Worst-case VIH and VIL occur at Vcc=5.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst-case leakage current (liN. Icc. and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ Limit Units 

tpLH Maximum Trigger Propagation Delay 22 33 ns 
A, 8 or Clear to Q 

tpHL Maximum Trigger Propagation Delay 25 42 ns 
A, 8 or Clear to Q 

tpHL Maximum Propagation Delay, Clear to Q 20 27 ns 

tpLH Maximum Propagation Delay, Clear to Q 22 33 ns 

tw Minimum Pulse Width, A, 8 or Clear 14 26 ns 

tREM Minimum Clear Removal Time 0 ns 

tWO(MIN) Minimum Output Pulse Width CEXT=28 pF 400 ns 

REXT=2 kfl 

two Output Pulse Width CEXT= 1000 pF 10 Ils 

REXT=10 kfl 

AC Electrical Characteristics CL =50 pF tr=tf=6 ns (unless otherwise specified) 

T =250 C 74HC 54HC 

Symbol Parameter Conditions Vee 
A T A = - 40 to 85°C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

tpLH Maximum Trigger Propagation 2.0V 77 169 194 210 ns 
Delay, A, 8 or Clear to Q 4.5V 26 42 51 57 ns 

6.0V 21 32 39 44 ns 

tpHL Maximum Trigger Propagation 2.0V 88 197 229 250 ns 
Delay, A, 8 or Clear to Q 4.5V 29 48 60 67 ns 

6.0V 24 38 46 51 ns 

tpHL Maximum Propagation Delay 2.0V 54 114 132 143 ns 
Clear to Q 4.5V 23 34 41 45 ns 

6.0V 19 28 33 36 ns 

tpLH Maximum Propagation Delay 2.0V 56 116 135 147 ns 
Clear to Q 4.5V 25 36 42 46 ns 

6.0V 20 29 34 37 ns 

tw Minimum Pulse Width 2.0V 57 123 144 157 ns 
A, 8, Clear 4.5V 17 30 37 42 ns 

6.0V 12 21 27 30 ns 

tREM Minimum Clear 2.0V 0 0 0 ns 
Removal Time 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tTLH, tTHL Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tWO(MIN) Minimum Output CEXT=28 pF 2.0V 1.5 Ils 
Pulse Width REXT=2 kfl 4.5V 450 ns 

REXT=6kfl (Vcc=2V) 6.0V 380 ns 

twa Output Pulse Width CEXT=0.1IlF Min 4.5V 1 0.9 ms 

REXT=10 kfl. 

Max 4.5V 1 1.1 ms 

CIN Maximum Input 12 20 20 20 pF 
Capacitance (Pins 7 & 15) 

CIN Maximum Input 6 10 10 10 pF 
Capacitance (Other Inputs) 

Note 5: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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Logic Diagram 

CLEAR 

Vee Vee 

t ..L'o---.----+-+-t---I----f-+-I 
'1: CEXT 

TLlF/5206-5 

Theory of Operation 

CD 0 CD 
A-1l~ __ ~~ ___ rtJl __ ~n~ ______ __ 

® u 
CLEAR 

R/CEXT 

LIl 
I-T-/ 

CD POSITIVE EDGE TRIGGER <!) POSITIVE EDGE RE· TRIGGER (PULSE LENGTHENING) 

a> NEGATIVE EDGE TRIGGER c» RESET PULSE SHORTENING 

Q) POSITIVE EDGE TRIGGER (I) CLEAR TRIGGER fHC123, 'HC221 ONLy) 

FIGURE 1 
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TRIGGER OPERATION 

As shown in Figure 1 and the logic diagram before an input 
trigger occurs, the one shot is in the quiescent state with the 
o output low, and the timing capacitor CEXT completely 
charged to Vee. When the trigger input A goes from Vee to 
GND (while inputs 8 and clear are held to Vee> a valid trig­
ger is recognized, which turns on comparator C1 and N­
Channel transistor N1 <D. At the same time the output latch 
is set. With transistor N1 on, the capacitor CEXT rapidly dis­
charges toward GND until VREF1 is reached. At this point 
the output of comparator C1 changes state and transistor 
N1 turns off. Comparator C1 then turns off while at the same 
time comparator C2 turns on. With transistor N1 off, the ca­
pacitor CEXT begins to charge through the timing resistor, 
REXT, toward Vee. When the voltage across CEXT equals 
VREF2, comparator C2 changes state causing the output 
latch to reset (0 goes low) while at the same time disabling 
comparator C2. This ends the timing cycle with the monosta­
ble in the quiescent state, waiting for the next trigger. 

A valid trigger is also recognized when trigger input 8 goes 
from GND to Vee (while input A is at GND and input clear is 
at Vee®.) The 'HC123 can also be triggered when clear 
goes from GND to Vee (while A is at GND and 8 is at 
Vee®.) 

It should be noted that in the quiescent state CEXT is fully 
charged to Vee causing the current through resistor REXT to 
be zero. 80th comparators are "off" with the total device 
current due only to reverse junction leakages. An added 
feature of the 'HC123 is that the output latch is set via 

the input trigger without regard to the capacitor voltage. 
Thus, propagation delay from trigger to 0 is independent of 
the value of CEXT, REXT, or the duty cycle of the input wave­
form. 

RETRIGGER OPERATION 

The 'HC123 is retriggered if a valid trigger occurs Q) fol­
lowed by another trigger @ before the 0 output has re­
turned to the quiescent (zero) state. Any retrigger, after the 
timing node voltage at pin or has begun to rise from VREF1, 
but has not yet reached VREF2, will cause an increase in 
output pulse width T. When a valid retrigger is initiated @, 

the voltage at the R/CEXT pin will again drop to VREF1 be­
fore progressing along the RC charging curve toward Vee. 
The 0 output will remain high until time T, after the last valid 
retrigger. 

RESET OPERATION 

These one shots may be reset during the generation of the 
output pulse. In the reset mode of operation, an input pulse 
on clear sets the reset latch and causes the capacitor to be 
fast charged to Vee by turning on transistor 01 ®. When 
the voltage on the capacitor reaches VREF2, the reset latch 
will clear and then be ready to accept another pulse. If the 
clear input is held'low, any trigger inputs that occur will be 
inhibited and the 0 and Q outputs of the output latch will 
not change. Since the 0 output is reset when an input low 
level is detected on the Clear input, the output pulse T can 
be made significantly shorter than the minimum pulse width 
specification. 

Typical Output Pulse Width VS. 

Timing Components 
Typical Distribution of Output 
Pulse Width, Part to Part 

,Typlcal1ms Pulse Width 
Variation VS. Supply " 

10m 

1000p 0.011' 0.11' 11' 
TIMING CAPACITOR (F) 

TL.lF/S206-7 

Minimum REXT VB. 

Supply Voltage 

~ 
I\: 

\WORST;CASE 

~ 
~, TY~CAL .......... -,--. --

~ 1.2 

11
.
0 

~ O.B 

>-
~ 0.6 

~ 0.4 

w 
=- 0.2 

~ 

Vee =SV 
TA =2S"C 
Rm=10 kll Ir\ CEXT =0.1I'F 

II \ 
r 

J 
II 1\ 

I~V ,,~ 

0.92 0.96 1.00 1.04 1.06 

OUTPUT PULSE WIDTH (ms) 

TL/F/S206-8 

1.0 

O.B 

§: 0.6 

~ 0.4 
~ 0.2 
(5 
~ -0.2 
z 
~ -0.4 
~ -0.6 

-O.B 

-1.0 

TA =25'C 
Rm = 10 kll 

~ Cm=O.lI'F 
z 
0 

~ 

~ .... -1 

i -2 
-3 

-
~ 

,,-

L . 
-4 
-5 

1 4 5 

POWER SUPPLY (V) 

TLlF/S206-9 

Typlcal1ms Pulse Width 
Variation VS. Temperature 

"" ~ 
~"'" 

........ 
r-.... 

1"""0 

3 4 5. -55 -15 25 65 105125 
POWER SUPPlY (V) TEMPERATURE ("C) 

TLlF/5206-10 TL/F/S206-11 

Note: Rand C are not subjected to temperature. The e is polypropolyne. 
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J?'A National . 
~ Semiconductor 

microCMOS 

MM54HC125/MM74HC125 
MM54HC126/MM74HC1.26 TRI-STATE® QUAD BUFFERS 

General Description 
These are general purpose TRI-STATE high speed non-in­
verting buffers utilizing microCMOS technology, 3.5 micron 
silicon gate P-well CMOS. They have high drive current out­
puts which enable high speed operation even when driving 
large bus capacitances. These circuits possess the low 
power dissipation of CMOS circuitry, yet have speeds com­
parable to low power Schottky TIL Circuits. Both circuits are 
capable of driving up to 15 low power Schottky inputs. 

The MM54HC125/MM74HC125 require the TRI-STATE 
control input C to be taken high to put the output into the 
high impedance condition, whereas the MM54HC1261 
MM74HC126 requires the control input to be low to put the 
output into high impedance. 

All inputs are protected from damage due to static dis­
charge by diodes to Vee and ground. 

Connection Diagrams 
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C4 
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2 

A1 

Dual-In-Line Package 

A4 
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3 

Y1 

Y4 

11 

4 

C2 
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TOP VIEW 

MM54HC125/MM74HC125 

A3 

9 

6 

Y2 

Y3 

8 

7 

GND 
TLIF/5308-1 

54HC125 (J) 54HC125 (J,N) 

Truth Tables 
Inputs Output 

A C Y 

H L H 
L L L 

X H Z 

Features 
• Typical propagation delay: 13 ns 

• Wide operating voltage range: 2-6V 

• Low input current: 1 ,.,.A maximum 
• Low quiescent current: 80 ,.,.A maximum (74HC) 

• Fanout of 15 LS-TIL loads 
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3:3: 
Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 3:3: 
Supply Voltage (VeC> -0.5 to +7.0V Min Max Units UlUl 
DC Input Voltage (VIN) -1.5 to Vee+ 1.5V Supply Voltage(VeC> 2 6 V ~~ 

:r::r: 
DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 00 
.Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) .......... 
DC Output Current. per pin (lOUT) ±25mA Operating Temperature Range(T A) NN 

MM74HC -40 +85 ·C C»Ul 
DC Vee or GND Current. per pin (ICC> ±50mA MM54HC -55 +125 ·C 

................ 
~~ 

Storage Temperature Range (TSTG) - 65·C to + 150·C Input Rise or Fall Times ~~ 
Power Dissipation (Po) (Note 3) 500mW (tr.tf) Vee=2.0V 1000 ns :r::r: 
Lead Temperature (T U (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 00· 

Vee=6.0V 400 ns .......... 
NN 

DC Electrical Characteristics (Note 4) 
C»Ul 

TA'72SoC 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA = -40 to 8S·C TA= -S5to12S·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN=VIHorVIL 
Output Voltage IIOUTI~20 ,...A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN=VIH orVIL 
IIOUTI~6.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI~7.8 mA 6.0V 5.7 5.74 5.48 5.2 V 

VOL Maximum Low Level VIN=VIHorVIL 
Output Voltage IIOUTI~20 ,...A 2.0V 0 0.1 0.1 . 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN=VIH orVIL 
IIOUTI~6.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI~7.8 mA 6.0V 0.2 0.26 0.33 0.4 V 

loz Maximum TRI-STATE VIN = VIH or VIL 6.0V ±0.5 ±5 ±10 ,...A 
Output Leakage VOUT=VeeorGND 
Current Cn = Disabled 

liN Maximum Input VIN = Vee or GND 6.0V ±O.l ±1.0 ±1.0 ,...A 
Current 

Icc Maximum Quiescent VIN=Vee or GND 6.0V 8.0 80 160 ,...A 
Supply Current 10UT=0 ,...A 

, 
Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 ~wrc from 6S'C to 8S'C; cer~mic "J" package: -12 mWrC from 
100'C to 12S'C. 
Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc= S.SV and 4.SV respectively. (The VIH value at S.5V is 3.8SV.) The worst case leakage current (lIN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

1-89 



AC Electrical Characteristics 
Vcc=5V. TA=25°C. CL =45 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL. tpLH Maximum 13 18 ns 
Propagation Delay Time 

tpZH Maximum RL =1 kn 13 25 ns 
Output Enable Time to High Level 

tpHZ Maximum RL =1 kn 17 25 ns 
Output Disable Time from High Level CL =5 pF 

tpZL Maximum RL =1 kn 18 25 ns 
Output Enable Time to Low Level 

tpLZ Maximum RL =1 kn 13 25 ns 
Output Disable Time from Low Level CL =5 pF 

AC Electrical Characteristics 
Vcc=2.0V to 6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

Temperature °C 

Symbol Parameter Conditions Vee 
54HC174HC 74HC 54HC 

Units 
TA=25°C -40to 85°C -55 to 125°C 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation 2.0V 30 100 125 150 ns 
Delay Time 4.5V 10 20 25 30 ns 

6.0V 8 17 21 25 ns 

tpLH. tpHL Maximum Propagation CL =150 pF 2.0V ·35 130 163 195 ns 
Delay Time 4.5V 14 26 33 39 ns 

6.0V 12 22 28 33 ns 

tPZH. tPZL Maximum Output RL =1 kn 2.0V 25 125 156 188 ns 
Enable Time 4.5V 14 25 31 38 ns 

6.0V 12 21 26 31 ns 

tpHZ. tpLZ Maximum Output RL =1kn 2.0V· 25 125 156 188 ns 
Disable Time 4.5V 14 25 31 38 ns 

6.0V 12 21 26 31 ns 

tPZL. tPZH Maximum Output CL =150 pF 2.0V 35 140 175 210 ns 
Enable Time RL =1 kn 4.5V 15 28 35 42 ns 

6.0V 13 24 30 36 ns 

tTLH. tTHL Maximum Output CL =50 pF 2.0V 30 60 75 90 ns 
Rise and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

CIN Input Capacitance 5 10 10 10 pF 

COUT Output Capacitance Outputs 15 20 20 20 pF 

CPO Power Dissipation (per gate) 
Capacitance (Note 5) Enabled 45 pF 

Disabled 6 pF 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vce2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee Hlee· 

Nole 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

MM54HC132/MM74HC132 Quad 2-lnput 
NAND Schmitt Trigger 
General Description Features 

microCMOS 

The MM54HC132/MM74HC132 utilizes microCMOS Tech­
nology, 3.5 micron silicon gate P-well CMOS, to achieve the 
low power dissipation and high noise immunity of standard 
CMOS, as well as the capability to drive 10 LS-TTL loads. 

.. Typical propagation delay: 12 ns 

.. Wide power supply range: 2V -6V 
a Low quiescent current: 20 p..A maximum (74HC series) 
• Low input current: 1 p..A maximum 

The 54HC17 4HC logic family is functionally and pinout com­
patible with the standard 54LS174LS logic family. All inputs 
are protected from damage due to static discharge by inter­
nal diode clamps to Vee and ground. 

a Fanout of 10 LS-TTL loads 

Connection Diagram 

Logic Diagram 

• Typical hysteresis voltage: 0.9V at Vee = 4.5V. 

Dual-tn-Line Package 

vee 04 A4 Y4 B3 A3 Y3 

A1 B1 Y1 A2 B2 Y2 GND 

TOPVtEW 
MM54HC132/MM74HC132 

54HC132 (J) 74HC132 (J,N) 

1-91 

TL/F/5309-' 

TLlF/5309-2 

01 



Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (VeC> -0.5 to + 7.0V Min Max Units 

DC Input Voltage (YIN) -1.5 to Vec+1.5V Supply Voltage(VcC> 2 6 V 

DC Output Voltage (VOUT) '-0.5 to Vce+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA 
Operating Temperature Range(T A) 

MM74HC -40 +85 ·C 
DC Vcc or GND Current, per pin (Icc) . ±50mA MM54HC -55 +125 ·C 
Storage Temperature Range (T STG) - 65·C to + 150·C 

Power Dissipation (Po) (Note 3) 500mW 

Lead Temperature (Tu (Soldering 10 seconds) 260·C 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85·C TA= -55 to 125·C 
Units 

Typ Guaranteed Limits 

VT+ Positive Min 2.0V 1.0 0.95 0.95 V 
GOing Threshold Voltage Max 1.5 1.5 1.5 V 

Min 4.5V 2.30 2.25 2.25 V 
Max 3.15 3.15 3.15 V 

Min 6.0V 3.0 2.95 2.95 V 
Max 4.2 4.2 4.2 V 

VT- Negative Min 2.0V 0.3 0.3 0.3 V 
Going Threshold Voltage Max 0.8 0.85 0.85 V 

Min 4.5V 0.9 0.9 0.9 V 
Max 2.0 2.05 2.05 V 

Min 6.0V 1.2 1.2 1.2 V 
Max 2.3 2.35 2.35 V 

VH HystereSis Voltage Min 2.0V 0.2 0.2 0.2 V 
Max 2.0V 1.2 1.2 1.2 V 

Min 4.5V 0.4 0.4 0.4 V 
Max 4.5V 2.25 2.25 2.25 V 

Min 6.0V 0.6 0.6 0.6 V 
Max 6.0V 3.0 3.0 3.0 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI :S:20 /LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI :S:4.0 rnA 4.5V 4.2 3.98 3.84 3.7 V 
lOUT :S:5.2mA 6:0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI :S:20 /LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI:S:4.0 rnA 4.5V 0.2 0.26 0.33 0.4 V 
lOUT :S:5.2 rnA 6.0V 0.2 0.26 0.33 0.4 V 

lIN Maximum Input VIN=VceorGND 6.0V ±0.1 ±1.0 ±1.0 /LA 
Current 

Icc Maximum Quiescent VIN=VCCorGND 6.0V 2.0 20 40 /LA 
Supply Current IOUT=O /LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case V,H and V,L occur at Vcc= 5.5V and 4.5V respectively. (The V,H value at 5.5V is 3.85V.) The worst case leakage current (liN. 
ICC. and loV occur for CMOS at the higher voltage and so the 6.0V values should be used. . 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 

Maximum Propagation 
Delay 

AC Electrical Characteristics 

12 

Guaranteed 
Limit 

20 

Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

Units 

ns 

74HC S4HC 
TA=2SoC 

Symbol Parameter Conditions Vee 
TA = ...;,40 to 8SoC TA = -S5 to 12SoC 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation 2.0V 63 125 158 186 
Delay 4.5V 13 25 32 37 

6.0V 11 21 27 32 

tTLH, tTHL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

CPO Power Dissipation (per gate) 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vcc2 I+lcc Vce, and the no load dynamic current consumption, 
Is=Cpo Vee I+lec· 

Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

microCMOS 

MM54HC133/MM74HC13~ 13-lnput NAND Gate 
General Description Features 

• Typical propagation delay: 20 ns This NAND gate utilizes microCMOS Technology, 3.5 mi­
cronsilicon gate P-well CMOS, to achieve qperating speeds 
similar to LS-TTL gates with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs. All devices have high noise imllJunity and the ability 
to drive 10 LS-TTL loads. The 54HCn4HC logic family is 
functionally as we" as pin-out compatible with the standard 
54LS174LS logic family. All inputs are protected from dam­
age due to static discharge by internal diode clamps to Vee 
and ground. 

• Wide power supply range: 2-6V 
• Low quiescent curre'nt: 20 IlA maximum (74HC series) 

• Low input current: 1 IlA maximum 

• Fanout of 10 LS-TTL loads 

Connection Diagram 
Dual·ln·Llne Package 

Vcc M L K H y 

/18 15 14 13 12 11 i 10 9 

L 
~ 

)0-

-; 
, 1 2 3 4 5 8 f 7 /8 

A B c D E F a aND 
TL/F/5134-1 

MM54HC133/MM74HC133 
54HC133 (J) 74HC133 (J,N) 

Logic Diagram 
A 

B 

c 

0 

E 

F 
Y 

a 

H 

TL/F/5134-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (VIN) -1.5 to Vee + 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+O.5V 

Clamp Diode Current (11K. 10K) ± 20 mA 

DC Output Current. per pin (lour) 

DC Vee or GND Current. per pin (led 

Storage Temperature Range (T srG) 

Power Dissipation (Po) (Note 3) 

±25mA 

±50mA 

- 65·C to + 150·C 

Lead Temperature (Tu (Soldering 10 seconds) 

500mW 

260·C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage(Ved 2 

DC Input or Output Voltage 0 
(VIN.VOUr) 

Operating Temperature Range(TA) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. ttl Vee = 2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

·+85 
+125 

1000 
500 
400 

74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C T A = - 55 to 125°C 

lee 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

VIN = VIH or VIL 
Iiourl ~20 p,A 

VIN = VIH or VIL 
Ilourl~4.0 mA 
Ilourl~5.2 mA 

VIN=VIH 
Iiourl ~20 p,A 

VIN=VIH 
Iiourl ~4.0 mA 
Ilourl~5.2 mA 

VIN = Vee or GND 

VIN = Vee or GND 
lour=O p,A 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

j.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 
4.5V 
6.0V 

o 
o 
o 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 2.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

20 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

40 

Units 
V 

V 

·C 
·C 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6S·C to 8S·C; ceramic "J" package: -12 mWrC from 
100·C to 12S·C. 

Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (liN. 
IcC. and loZ> occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 

tpHL, tpLH Maximum Propagation Delay 20 

AC Electrical Characteristics 

Guaranteed 
Limit 

30 

Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

Units 

ns 

74HC 54HC 
TA=25°C 

Symbol Parameter Conditions VCC 
TA= -40t085°C TA = -55 to 125°C 

Typ Guaranteed Limits 

tpHL, Maximum Propagation . 2.0V 66 160 190 220 
tpLH Delay 4.5V 23 35 42 49 

6.0V 18 30 36 42 

tTLH, Maximum 2.0V 25 75 95 110 

tTHL Output Rise and 4.5V 7 15 19 22 
Fall Time 6.0V 6 13 16 19 

CPO Power Dissipation 34 
Capacitance (Note 5) 

CIN Maximum Input Capacitance 5 10 10 10 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vce2 f+lee Vee, and the no load dynamic current consumption, 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

PRELIMINARY 

MM54HC137/MM74HC137 3-to-8 Line microCMOS 

Decoder With Address Latches (Inverted Output) 
General Description 
This device utilizes microCMOS Technology. 3.5 micron sili­
con gate P-well CMOS. to implement a three-to-eight line 
decoder with latches on the three address inputs. When GL 
goes from low to high. the address present at the select 
inputs (A. B and C) is stored in the latches. As long as GL 
remains high no address changes will be recognized. Out­
put enable controls. G1 and G2. control the state of the 
outputs independently of the select or latch-enable inputs. 
All of the outputs are high unless G1 is high and G2 is low. 
The HC137 is ideally suited for the implementation of glitch­
free decoders in stored-address applications in bus oriented 
systems. 

The 54HC174HC logic family is speed. function and pin-out 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
diodes to Vee and ground. 

Features 
• Typical propagation delay: 20 ns 

• Wide supply range: 2-6V 
• Latched inputs for easy interfacing. 

• Fanout of 10 LS-TTL loads. 

Connection Diagram 
Dual-In-Llne Package 

Functional Block Diagram 

DATA OUTPUTS 

Vcc YO Y1 Y2 Y3 Y4 Y5 Y6 

YO Y1 Y2 Y3 Y 4 Y5 

A YB 

G2 01 Y7 

4 

ABC if( G2 01 Y7 OND -.- -.-
SELECT ENABLE OUTPUT 

TOP VIEW TL/F/S310-1 

MM54HC137/MM74HC137 

54HC137 (J) 74HC137 (J,N) 

Truth Table 
Inputl 

OutPU.tl 
Enable Select 

en: G1 G2 C B A YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 

X X H X X X H H H H H H H H 
X L X X X X H H H H H H H H 

L H L L L L L H H H H H H H· 
L H L L L H H L H H H H H H 
L H L L H L H H L H H H H H 
L H L L H H H H H L H H H H 

L H L H L L H H H H L H H H 
L H L H L H H H H H H L H H 
L H L H H L H H H H H H L H 
L H L H H H H H H H H H H L 

H H L X X X Output corresponding to stored 
address L; all others, H 

H = high level, L = low level, X = irrelevant 
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,..... 
M Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions ,... 
0 Supply Voltage (VeC> -0.5to +7.0V Min Max Units 
J: DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Vec) 2 6 V 
~ 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V ,..... 
" Clamp Diode Current (IIK,IOK) ±20mA (VIN,VOUT) ,..... 
M DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A) ,... MM74HC -40 +85 °C 

0 DC Vee or GND Current, per pin (IcC> ±50mA MM54HC -55 +125 °C 

J: . Storage Temperature Range (T STG) - 65°C to + 150°C Input Rise or Fall Times 
~ Power Dissipation (Po) (Note 3) 500mW (tr,tf) Vee=2.0V 1000 ns 
II) Lead Temperature (Td (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 
:E Vee=6.0V 400 ns 

:E DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum. High Level VIN = VIH or VIL 
Output Voltage IIOUTI ~20 p,A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
·IIOUTI~4.0 mA 4.5V 3.98 3.84 3.7 V 
IIOUTI ~ 5.2 mA 6.0V 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI ~ 20 p,A 2.0V 0 0.1 0.1 0.1 V 

4~5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI ~4.0 mA 4.5V 0.26 0.33 0.4 V 

IIOUTI~5.2 rnA 6.0V 0.26 0.33 0.4 V 

liN Maximum Input, VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 p,A 
Current 

Icc Maximum Quiescent VIN=Vee or GND S.OV 8.0 80 160 p,A 
Supply Current IOUT=O p,A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 

Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and Vou occur for HC at 4.SV. Thus the 4.SV values should be used when 
deSigning with this supply. Worst case VIH and VIL occur at Vcc= S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (liN. 
Icc. and loV occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units Limit 

tpLH Maximum Propagation Delay, A, B or C to any Y Output 14 29 ns 

tpHL Maximum Propagation Delay, A, B or C to any Y Output 20 42 ns 

tpLH Maximum Propagation Delay G2 to any Y Output . 12 22 ns 

tpHL Maximum Propagation Delay G2 to any Y Output 15 34 ns 

tpLH Maximum Propagation Delay Gl to any Output 13 25 ns 

tpHL Maximum Propagation Delay GL to any Output 17 34 ns 

tpLH Maximum Propagation GL to Output 15 30 ns 

tpHL Maximum Propagation Delay GL to Output 22 34 ns 

ts Minimum Setup Time at A, Band C Inputs 20 ns 

tH Minimum Hold Time at A, Band C Inputs 0 ns 

tw Minimum Pulse Width of Enabling Pulse at GL 16 ns 

AC Electrical Characteristics CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA = -40 to 85°C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

tpLH Maximum Propagation Delay 2.0V 85 170 214 253 ns 
A, B or C to any Y Output 4.5V 17 34 43 51 ns 

6.0V 14 29 36 43 ns 

tpHL Maximum Propagation Delay 2.0V 120 240 302 358 ns 
A, B or C to any Y Output 4.5V 24 48 60 72 ns 

6.0V 20 41 51 61 ns 

tpLH Maximum Propagation Delay 2.0V 65 130 164 194 ns 
G2 to any Y Output 4.5V 13 26 33 39 ns 

6.0V 11 22 28 33 ns 

tpLH Maximum Propagation 2.0V 75 150 189 224 ns 
Delay Gl to Output 4.5V 15 30 38 45 ns 

6.0V 13 26 32 38 ns 

tpHL Maximum Propagation 2.0V 98 195 246 291 ns 
Delay Gl to Output 4.5V 20 39 49 58 ns 

6.0V 17 33 42 49 ns 

tpLH Maximum Propagation 2.0V 88 175 221 261 ns 
Delay GL to Output 4.5V 18 35 44 52 ns 

6.0V 15 30 37 44 ns 

tpHL Maximum Propagation 2.0V 125 250 315 373 ns 
Delay GL to Output 4.5V 25 50 63 75 ns 

6.0V 21 43 54 63 ns 

tpHL Maximum Propagation Delay 2.0V 98 195 246 291 ns 
G2, to any Y Output 4.5V 20 39 49 58 ns 

6.0V 17 33 42 49 ns 

ts Minimum Setup Time 2.0V 100 125 150 ns 
at A, Band C Inputs 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 50 63 75 ns 
at A. Band C Inputs 4.5V 10 13 15 ns 

6.0V 8 11 13 ns 

tTLH,. tTHL Output Rise and 2.0V 30 75 95 110 ns 
Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tw Minimum Pulse Width 2.0V 80 100 120 ns 
of Enabling Pulse at GL 4.5V 16 20 24 ns 

6.0V 14 18 21 ns 

CPO Power Dissipation 75 pF 
Capacitance (Note 5) 

CIN Maximum Input Capacitance 5 10 10 10 pF 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vee2 f+iee Vee, and the no load dynamic current consumption. 
Is=CPD Vee f+lee· 
Nole 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 

1-99 



Typical Application 

STROBE -~~----..... -------, 

DECODER ENABlE ---.,1--------+------, 

INPUT 
ADDRESS 

XD --~-----+------~ 
XI --~-----+--~ 
X2-~I__----_+--~ 

I ) 

:!::::!::::::::::1:::::::::::~:!:::!:::::::::::~::::~~::::: D&~~XS 
X5---+-~~~--+------'-+-+---+-----""'~~-~-~-

01234567 01234587 
v 

OUTPUTS 

01234567 

6-Llne to 64-L1ne Decoder with Input Address Storage 
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~National 
~ Semiconductor 

microCMOS 

MM54HC138/MM74HC138 3-to-8 Line Decoder 
General Description 
This decoder utilizes microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS, and is well suited to memory ad­
dress decoding or data routing applications. The circuit fea­
tures high noise immunity and low power consumption usu­
ally associated with CMOS circuitry, yet has speeds compa­
rable to low power Schottky TTL logic. 

The MM54HC138/MM74HC138 has 3 binary select inputs 
(A, 8, and C). If the device is enabled these inputs deter­
mine which one of the eight normally high outputs will go 
low. Two active low and one active high enables (G1, G2A 
and G28) are provided to ease the cascading of decoders. 

The decoder's outputs can drive 10 low power Schottky TTL 
equivalent loads, and are functionally and pin equivalent to 
the 54LS138174LS138. All inputs are protected from dam­
age due to static discharge by diodes to Vee and ground. 

Features 
• Typical propagation delay: 20 ns 
II Wide power supply range: 2V-6V 
• Low quiescent current: 80 J-LA maximum (74HC series) 
•. Low input current: 1 J-LA maximum 
a Fanout of 10 LS-TTL loads 

Connection Diagram Logic Diagram 
Dual-In-Llne Package 

DATA OUTPUTS 

Vee YO Yl Y2 Y3 14 Y5 Y6 \ 

116 15 ,. 13 12 

.--

I 2 3 4 5 

~-......--___ C, m m 
SELECT ENABlE 

TOP VIEW 

11 10 9 

P-

6 7 
1

8 

Gl Y7 GND 
OUTPUT 

TL/F/5120-1 Gl--'-S-----t.....Y--------' 

MM54HC138/MM74HC138 

54HC138 (J) 74HC138 (J,N) 

Truth Table 
Inputs 

Outputs 
Enable Select 

G1 G2· C B A YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 

X H X X X H H H H H H H H 
L X X X X H H H H H H H H 
H L L L L L H H H H H H H 
H L L L H ~ L H H H H H H 
H L L H L H H L H H H H H 
H L L H H H H H L H H H H 
H L H L L H H H H L H H H 
H L H L H H H H H H L H H 
H L H H L H H H H H H L H 
H L H H H H H H H H H H L. 

°G2=G2A+G28 

H=high level. L=low level. X=d(:>n't care 
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co 
M Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions ,... 
0 Supply Voltage (Ved -0.5 to + 7.0V Min' Max Units 

J: DC Input Voltage (VIN) -1.5 to Vee + 1.5V Supply Voltage(Vee) 2 6 V 
~ DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 
to-......... Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 
CO Operating Temperature Range(T N M DC Output Current, per pin (lOUT) ±25mA ,... MM74HC -40 +85 ·C 

(J DC Vee or GND Current, per pin (Icc> ±50mA MM54HC -55 +125 ·C 

J: Storage Temperature Range (T STG) -65·Cto + 150·C Input Rise or Fall Times 

~ Power Dissipation (Po) (Note 3) 500mW (tr, ttl Vec=2.0V 1000 ns 
it) Lead Temperature (Tu (Soldering 10 seconds) 260·C Vec=4.5V 500 ns 

:! Vec=6.0V 400 ns 

:! DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vcc 
TA= -40 to 85·C TA= -55 to 125·C 

Units 
Typ Guaranteed Umlts 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage lIoUTI~20 /LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
lIoUTI~4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 

IIOUTI~5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI~20 /LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
. IIOUTI~4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI~5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=Vee or GND 6.0V ±0.1 ±1.0 ±1.0 ILA 
Current 

Icc Maximum Quiescent VIN = Vee or GND 6.0V 8.0 80 160 ILA 
Supply Current IOUT=O /LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6S·C to 8S·C; ceramic "J" package: -12 mWrC from 
100·C to 12S·C. 

Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.S'I values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc=S.SV and 4.SV respectively. (The VIH value at S.SV Is 3.8SV.) The worst case leakage current (lIN. 
ICC. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

. . 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter' Conditions Typ 
Guaranteed 

Units 
Limit 

tpLH Maximum Propagation 18 25 ns 
Delay, Binary Select to any Output 

tpHL Maximum Propagation 28 35 ns 
Delay, Binary Select to any Output 

tpHL, tpLH Maximum Propagation 18 25 ns 
Delay, G1 to any Output 

tpHL Maximum Propagation 23 30 ns 
Delay G2A or G2B to 

Output 

tpLH Maximum Propagation 18 25 ns III 
Delay G2A or G2B to 
Output 

AC Electr~cal Characteristics CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

T A = - 40 to 85°C TA= -55 to 125°C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

tpLH Maximum Propagation 2.0V 75 150 189 224 ns 
Delay Binary Select to 4.5V 15 30 38 45 ns 
any Output Low to High 6.0V 13 26 32 38 ns 

tpHL Maximum Propagation 2.0V 100 200 252 298 ns 
Delay Binary Select to any 4.5V 20 40 40 60 ns 
Output High to Low 6.0V 17 34 43 51 ns 

tpHL, tpLH Maximum Propagation 2.0V 75 150 189 224 ns 
Delay G1 to any 4.5V 15 30 38 45 ns 
Output 6.0V 13 26 32 38 ns 

tpHL Maximum Propagation 2.0V 82 175 221 261 ns 
Delay G2A or G2B to 4.5V 28 35 44 52 ns 
Output 6.0V 22 30 37 44 ns 

tpLH Maximum Propagation 2.0V 75 150 189 224 ns 
Delay G2A or G2B to 4.5V 15 30 38 45 ns 
Output 6.0V 13 26 32 38 ns 

tTLH, tTHL Output Rise and 2.0V 30 75 95 110 ns 
Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

CIN Maximum Input 3 10 10 10 fLF 
Capacitance 

CPO Power Dissipation (Note 5) 75 fLF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption. Po'=Cpo Vce2 f+lee Vee. and the no load dynamic current consumption, 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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~National 
D Semiconductor 

MM54HC139/MM74HC139 DuaI2-To-4 Line Decoder 
General Description 
This decoder utilizes microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS, and is well suited to memory ad­
dress decoding or data routing applications. It possesses 
the high noise immunity and low power consumption usually 
associated with CMOS circuitry, yet has speeds comparable 
to low power Schottky TIL logic. 

The MM54HC139/MM74HC139 contain two independent 
one-of-four decoders each with a single active low enable 
input (G1, or G2). Data on the select inputs (A1, and 81 or 
A2, and 82) cause one of the four normally high outputs to 
go low. 

The decoder's outputs can drive 10 low power Schottky TIL 
equivalent loads, and are functionally as well. as pin equiva-

Connection Diagram 
Dual-In-Llne 

1 
ENABLE 

Q1 

SELECT 

OUTPUT 
SELECT OUTPUT BUFFER 

DATA OUTPUTS 

MM54HC139/MM74HC139 

54HC139 (J) 74HC139 (J,N) 

Logic Diagram 

TL/F/5311-1 

lent to the 54LS139174LS139. All inputs are protected from 
damage due to static discharge by diodes to Vee and 
ground. 

Features 
• Typical propagation d~lays -

Select to outputs (4 delays): 18 ns 
Select to output (5 delays): 28 ns 
Enable to output: 20 ns 

• Low power: 40 J1. W quiescent supply power 
• Fanout of 10 LS-TIL devices 
• Input current maximum 1 J1.A, typical 10 pA 

Truth Table 
'HC139 

Inputs 
Outputs 

Enable· Select 

G B A VO V1 V2 

H X X H H H 

L L L L H H 
L L H H L H 
L H L H H L 
L H H H H H 

H=high level. L=low level, X=don't care 

V3 

H 
H 
H 
H 
L 

"h MM54HC139/MM74HC139 

ENABLE G ---"" 

OUTPUTS 

TL/F/5311-2 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
LImit 

tpHL, tpLH Maximum Propagation 18 30 ns 
Delay, Binary Select to any Output 
4 levels of delay 

tpHL, tpLH Maximum Propagation 28 38 ns 
Delay, Binary Select to any Output 

5 leveis of delay 

tpHlo tpLH Maximum Propagation 19 30 ns 
Delay, Enable to any Output 

AC Electrical Characteristic~ CL =50 pF, tr=t,=6 ns (unless otherwise specified) 

TA = 25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85°C TA~ -55 to 125°C 

Units 
Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation 2.0V 110 175 219 254 ns 
Delay Binary Select to 4.5V 22 35 44 51 ns 
any Output 4 levels of delay 6.0V 18 30 38 44 ns 

tpHL, tpLH Maximum Propagation 2.0V 165 220 275 320 ns 
Delay Binary Select to any 4.5V 33 44 55 64 ns 
Output 5 levels of delay 6.0V 28 38 47 54 ns 

tpHL, tpLH Maximum Propagation 2.0V 115 175 219 254 ns 
Delay Enable to any 4.5V 23 35 44 51 ns 
Output 6.0V 19 30 38 44 ns 

tTLH, tTLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

CIN Maximum Input 3 • 10 10 10 ,."F 
Capacitance 

CpO Power Dissipation (Note 5) 75 ,."F 
Capacitance (Note 5) 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vee2 f+lee Vee, and the no load dynamic current consumption, 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

microCMOS 

MM54HC147/MM741:1C147 10-to-4 Line Priority Encoder 

General Description 
This high speed 10-to-4 Line Priority Encoder utilizes micro­
CMOS Technology, 3.5 micron silicon gate P-well CMOS. It 
possesses the high noise immunity and low power con­
sumption of standard CMOS integrated circuits. This device 
is fully buffered, giving it a fanout of 10 LS-TTL loads. 

The MM54HC147/MM74HC147 features priority encoding 
of the inputs to ensure that only the highest order data line 
is encoded. Nine input lines are encoded to a four line BCD 
output. The implied decimal zero condition requires no input 
condition as zero is encoded when all nine data lines are at 
a high logic level. All data inputs and outputs are active at 
the low logic level. 

Connection Diagram 

Dual-In-Llne Package 
1 

INPUTS 
OUTPUT OUTPUT 

vcc . NC 0 9 A 

(11) 

(12) 

10 9 2 

The 54HC/74HC logic family is functionally as well as pin­
out compatible with the standard 54LS174LS logiC family. 
All . inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Features 
• Low quiescent power consumption: 40 IJ-W maximum at 

25°C 

• High speed: 31 ns propagation delay (typical) 
• Very low input current: 10-5 IJ-A typical 
• Wide supply range: 2V to 6V 

Logic Diagram 

(9) 

A 

0 9 (13) 

A 

C B (1) 

4 

8 (7) 

"»---r:>o-- B 
8 C B GND (2) ----...---- --

INPUTS OUTPUTS 

TOP VIEW TL/F/5007-1 

MM54HC147/MM74HC147 
(3) 

54HC147 (J) 74HC147 (J,N) (II) 

(4) c 

Truth Table 
Inputs Outputs (5) 

1 2 3 4 5 6 7 8 9 D C B A 

H H H H H H H H H H H H H (14) 

X X X X X X X X L L H H L o 
X X X X X X X L H L H H·H 
X X X X X X L H H H L L L TL/F/5007-2 

X X X X X L H H H H L L H 
X X X. X L H H H H H L H L 
X X X L H H H H H H L H H 
X X L H H H H H H H H L L 
X L H H H H H H H H H L H 
L H H H H H H H H H H H L 

H = High Logic Level. L = Low Logic Level. X = Irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage {Vee> -0.5 to + 7.0V 

DC Input Voltage (VIN) -1.5 to Vee+1.5V 

DC Output Voltage (Vour) -0.5 to Vee + 0.5V 

Clamp Diode Current (11K. 10K) ± 20 rnA 

DC Output Current. per pin (lour) 

DC Vee or GND Current. per pin (ICC> 

Storage Temperature Range (TSTG) 

Power Dissipation (Po) (Note 3) 

±25mA 

±50mA 

-65·C.to +150·C 

Lead Temperature (T U (Solderil')g 10 seconds) 

500mW 

260·C 

DC Electrical Characteristics (Note 4) 

Operating Conditions. 
Min 

Supply Voltage(Vee) 2 

DC Input or Output Voltage 0 
(VIN.VOUT) 

Operating Temperature Range(T A> 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr. tf) Vce=2.0V 

Vce=4.5V 
Vce=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Symbol 

VIH 

VOH 

liN 

ICC 

Parameter 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

Conditions 

VIN = VIH or VIL 
IIOUTI ~ 20 IlA 

VIN=VIH orVIL 
IIOUTI ~ 4.0 rnA 
IIOUTI ~5.2mA 

VIN = VIH or VIL 
Ilourl~20 IlA 

VIN=VIH orVIL 
IIOUTI~4.0 rnA 
IIOUTI ~ 5.2 rnA 

VIN = Vee or GND 

VIN = Vee or GND 

IOUT=O IlA 

Vee 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

4.5V 4.7 3.98 
6.0V 5.2 5.48 

2.0V 
4.5V 
6.0V 

o 
o 
o 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 8.0 

TA = -40 to 85·C TA = -55 to 125·C 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

±1.0 

80 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

Note 1: Absolute Maximum ~atings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
V 

V 

·C 
·C 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

IlA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC;ceramic "J" package: -12mWrC from 
100°C to 12SoC. 

Note 4: For a power supply of SV ± 1 0% the worst case output voltages (VOH. and Vou occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (liN. 
ICC. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 

Maximum Propagation 
Delay 

AC Electrical Characteristics 

31 

Guaranteed 
Limit 

38 

Units 

ns 

Vcc=2.0V to 6.0V, CL =50 pF, tr =tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA = -40 to 85°C TA= -55to 125°C 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation 2.0V 181 220 275 319 
Delay 4.5V 36 44 .55 64 

6.0V 31 37 47 54 

tTLH, tTHL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

CPO Power Dissipation (per package) 180 
Capacitance (Note 5) 

CIN Maximum Input ,5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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~National a Semiconductor 
PRELIMINARY 

microCMOS 
MM54HC149/MM74HC149 
8 Line to 8 Line Priority Er:-coder 

General Description Features 
• Propagation delay: 15 ns typical 
• Wide power supply range: 2-6V 

This priority encoder utilizes microCMOS Technology, 
3.5 micron' silicon gate P-well CMOS. It has the high noise 
immunity and low power consumption typical of CMOS 
circuits, as well as the speeds and output drive similar to 
LS-TIL. 

• Low quiescent current: 60 p.A max (74HC series) 
• Wide input noise immunity 

This priority encoder accepts 8 input request lines, RI7 -RIO, 
and outputs 8 lines, R07-ROO. It is the logical combination 
of a '148 8-3 line priority encoder driving a '138 3-8 line 
decoder. Only one request output can be low at a time. The 
output that is low is dependent on the highest priority re­
quest that is low. The order of priority is RI7 highest and RIO 
lowest. Also provided is and enable input, RaE, which when 
high forces all outputs high. A request output is also provid­
ed, Rap, which goes low when any Rap is active. 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vee and Ground. 

Connection Diagram Dual-In-Line Package 

MM54HC149/MM74HC149 -

54HC149 (J) 74HC149 (J,N) 

Truth Table 
Inputs Outputs 

0 1 2 3 4 5 6 7 RQE 0 1 2 3 4 5 

X X X X X X X X H H H H H H H 
H H H H H H H H L H H H H H' H 
X X X X X X X L L H H H H H H 
X X X X X X L H L H H H H H H 
X X X X X L H H L H H H H H L 
X X X X L H H H L H H H H L H 
X X X L H H H H L H H H L H H 
X X L H H H H H L H H L H H H 
X L H H H H H H L H L H H H H 
L H H H H H H H L L H H H H H 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to +7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Vee) 2 6 V 

DC Output Voltage (Vour) 
, 

DC Input or Output Voltage 0 Vee V -0.5to Vee+0.5V 

Clamp Diode Current (11K. 10K) ±20mA (VIN.Vour) 

DC Output Current. per pin (lour) ±25mA Operating Temperature Range(T A) 
MM74HC -40 +85 ·C 

DC Vee or GND Current. per pin (Ice) ±50mA MM54HC -55 +125 ·C 
Storage Temperature Range (T STG) - 65·C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr. t,) Vee=2.0V 1000 ns 
Lead Temperature (T U (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 

Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions VCC 
T A = - 40 to 85·C TA= -55to 125·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Iiourl :::: 20 J.LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
4.5V Iiourl ::::4.0 rnA 4.2 3.98 3.84 3.7 V 

IloUTI :::: 5.2 rnA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IloUTI::::20 J.LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IloUTI::::4.0 rnA 4.5V 0.2 0.26 0.33 0.4 V 
IloUTI::::5.2 rnA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=Vee or GND 6.0V ±0.1 ±1.0 ±1.0 J.LA 
Current 

ICC Maximum Quiescent VIN = Vee or GND 6.0V 8.0 80 160 J.LA 
Supply Current IOUT=O J.LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH. and You occur· for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (lIN. 
'ec. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

AC Electrical Characteristics Vee=5V. TA=25°C. CL =15 pF. tr=t,=6 ns (Note 6) 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tpHL. tpLH Maximum Propagation Delay 
Rln to a Different Output 23 32 ns 

tpHL. tpLH Maximum ProJjagation Delay ROE to Any Output 16 28 ns 

tpHLo tpLH Maximum Propagation Delay 
Rln to ROn (same output) 22 30 ns 
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AC Electrical Characteristics 
Vcc=2.0V to 6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C T A = - 55 to 125°C 
Units 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation 2.0V 120 175 218 260 ns 
Delay Rln to Same 4.5V 22 35 44 53 ns 
ROn 6.0V 20 30 38 45 ns 

tpHL. tpLH Maximum Propagation 2.0V 160 200 290 ns 
Delay Rln to Different 4.5V 32 40 48 ns 
ROn Output 6.0V 27 34 40 ns 

tpLH. tpHL Maximum Propagation 2.0V 70 155 190 230 ns 
Delay ROE to· Any 4.5V 22 31 39 46 ns 
Output 6.0V 18 26 33 39 ns 

tTLH. tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

CPO Power Dissipation 70 pF 
Capacitance Note 5 

. CiN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption. Po=CPO Vcc2 f+ICC Vcc. and the no load dynamic current consumption. 
IS=Cpo VCC f+lcc· , 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 

ill-£> -
Simplified Logic Diagram ~ --L> Rii7 

:::1""'\.. iil6 - ilO6 
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~. 

--iiiS-t> -'3 ,. R05 

~ 
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~National 
U Semiconductor 

microCMOS 
MM54HC151/MM74HC151 a-Channel 
Digital Multiplexer 
General Description 
This high speed DIGITAL MULTIPLEXER 'utilizes micro­
CMOS Technology, 3.5 micron silicon gate P-well CMOS. 
Along with the high noise immunity and low power dissipa­
tion of standard CMOS integrated circuits, it possesses the 
ability to drive 10 LS-TIL loads. The MM54HC151/ 
MM74HC151 selects one of the 8 data sources, depending 
on the address presented on the A, B, and C inputs. It fea­
tures both true (Y) and complement (W) outputs. The 
STROBE input must be at a low logic level to enable this 
multiplexer. A high 'logic level at the STROBE forces the W 
output high and the Y output low. 

The 54HC174HC logic family is functionally as well as pin­
out comp~tible with the standard 54LS174LS logic family. 

All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay 

data select to output Y: 26 ns 

• Wide operating supply voltage range: 2-6V 

• Low input current: <1 J1-A maximum 
• Low quiescent supply current: 80 J1-A maximum (74HC) 
• High output drive current: 4 mA minimum 

Connection Diagram Truth Table 
Dual·ln-Llne 

DATA INPUTS DATA SELECT 

Vcc 4 5 6 7 ABC 

3 

16 15 14 13 12 11 10 9 

04 05 D6 07 A B 

03 C 

02 01 DO y w S 

o y 

8 

W STROBEGNO ----DATA INPUTS OUTPUTS TLlFf5313-1 

MM54HC151/MM74HC151 
54HC151 (J) 74HC151 (J,N) 

Logic Diagram 
DO----r=====+=~~~ 

D2---------+~~~, 

D6--------++-T~~; 

D7--------~====~J 

Inputs Outputs 

Select Strobe 

C B A S y 

X X X H L 
L L L L DO 
L L H L D1 
L H L L 02 
L H H L D3 
H L L L D4 
H L H L 05 
H H L t. 06 
H H H L 07 

H = High Level, L = Low Level, X = Don't Care 

DO. D1 ... D7 = the level of the respective D input 

W 

H 
DO 
D1 
02 
03 
D4 
05 
06 
D7 

STROBE -t.>o---f~>O-----------------JI TLfFf5313-2 
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,... 
In Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions ,... 
0 Supply Voltage (Vee> -0.5 to + 7.0V Min Max Units 
:J: DC Input Voltage (VIN) -1.5 to Vee+1.5V SupplyVoltage(VeC> 2 6 V 
~ 

t:: DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage.· 0 Vee V 

Clamp Diode Current (11K. 10K) ±20mA (VIN.Vour) ,... 
In DC Output Current. per pin (lour) ±25mA Operating Temperature Range(T A) ,... MM74HC -40 +85 ·C 

0 DC Vee or GND Current. per pin (ICC> ±50mA MM54HC -55 +125 ·C 

:J: Storage Temperature Range (T srG) - 65·C to + 150·C Input Rise or Fall Times 
~ Power Dissipation (Po) (Note 3) 500mW (tr. tf) Vee=2.0V 1000 ns 
In Lead Temperature (T U (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 
:E Vee=6.0V 400 ns 

:E 
DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85·C TA= -55to 125·C 

Units 
Typ Guaranteed Limits 

VIH Minimum 'High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 ·0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Iiourl :$; 20 p,A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
Iiourl:$; 4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
Iiourl :$; 5.2 mA 6.0V 5.7 5.48 5.34 5.2 V, 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage Iiourl :$; 20 p,A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
Iiourl:$; 4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
Iiourl :$; 5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 p,A 
Current 

Icc Maximum Quiescent VIN = Vee orGND 6.0V 8.0 80 160 p,A 
Supply Current lour=O p,A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ±100/0 the worst case output voltages (VOH. and Vou occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (lIN. 
ICC. and lov occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL. tpLH Maximum Propagation Delay 26 35 ns 
A. B orCto Y 

.tpHL. tpLH Maximum Propagation Delay 27 35 ns 
A. B orCtoW 

tpHL. tpLH Maximum Propagation Delay 22 29 ns 
Any DtoY 

tPHL. tpLH Maximum Propagation Delay 24 32 ns 
any DtoW 

tpHL. tpLH Maximum Propagation Delay 17 23 ns 
Strobe to Y III 

tpHL. tpLH Maximum Propagation Delay 16 21 ns 
Strobe to W 

AC Electrical Characteristics CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C TA = -55 to 125°C 
Units 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation Delay 2.0V 90 205 256 300 ns 
A. BorCtoY 4.5V 31 41 51 60 ns 

6.0V 26 35 44 51 ns 

tpHL. tpLH Maximum Propagation Delay 2.0V 95 205 256 300 ns 
A. BorCtoW 4.5V 32 41 51 60 ns 

6.0V 27 35 44 51 ns 

tpHL. tpLH Maximum Propagation Delay 2.0V 70 195 244 283 ns 
any Dto Y 4.5V 27 39 49 57 ns 

6.0V 23 33 41 48 ns 

tPHL. tpLH Maximum Propagation Delay 2.0V 75 185 231 268 ns 
any DtoW 4.5V 29 37 46 54 ns 

6.0V 25 32 40 46 ns 

tpHL. tpLH Maximum Propagation Delay 2.0V 50 140 175 203 ns 
Strobe to Y 4.5V 21 28 35 41 ns 

6.0V 18 24 30 35 ns 

tpHL. tpLH Maximum Propagation Delay 2.0V 45 127 159 185 ns 
Strobe toW 4.5V 20 25 32 37 ns 

6.0V 17 22 28 32 ns 

tTLH. tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

CPO Power Dissipation (per package) 110 pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption, Po = Cpo vee2 f + IcC Vee, and the no load dynamic current consumption, 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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~National 
D Semiconductor 

microCMOS 

MM54HC153/MM74HC153 Dual4-lnput Multiplexer 
General Description Features 
This 4-to-1 line multiplexer utilizes microCMOS Technology, 
3.5 micron silicon gate P-well CMOS. It has the low power 
consumption and high noise immunity of standard CMOS 
integrated circuits. This device is fully buffered, allowing it to 
drive 10 LS-TTL loads. Information on the data inputs of 
each multiplexer is selected by the address on the A and 8 
inputs, and is presented on the Y outputs. Each multiplexer 
possesses a strobe input which enables it when taken to a 
low logic level. When a high logic level is applied to a strobe 
input, the output of its associated multiplexer is taken low. 

• Typical propagation delay: 24 ns 
• Wide power supply range: 2V -6V 
• Low quiescent current: 80 #LA maximum (74HC series) 

• Low input current: 1 #LA maximum 
• Fanout of 10 LS-TTL loads 

The 54HC174HC logic family is functionally and pinout com­
patible with the standard 54LS174LS logic family. All inputs 
are protected from damage due to static discharge by inter­
nal diode clamps to Vee and ground. 

Connection Diagram 
Dual-In-tlne Package 

DATA INPUTS 

TOP VIEW 
MM54HC153/MM74HC153 

Truth Table 

54HC153 (J) 74HC153 (J,N) 

Select Data Inputs Strobe 
Inputs 

B A CO C1 C2 C3 G 

X X X X X X H 
L L L X X X L 
L L H X X X L 
L H X L X X L 
L H X H X X L 
H L X X L X L 
H L X X H X L 
H H X X X L L 
H H ·X X X H L 

Select inputs A and B are common to ~th sections. 

H = high level, L = low level, X = don't care. 
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3: 
Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 3: 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units CJ1 
DC Input Voltage (VIN) "':"'1.5 to Vee+ 1.5V Supply Voltage(Vec) 2 6 V ~ 

J: 
DC Output Voltage (Vour) -0.5 to Vee + 0.5V DC Input or Output Voltage 0 Vee V 0 
Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) . 

~ 

DC Output Current. per pin (lOUT) ±25mA Operating Temperature Range(T A) CJ1 
MM74HC -40 +85 °C W 

DC Vee or GND Current. per pin (led ±50mA MM54HC -55 +125 °C 
.......... 
...... 

Storage Temperature Range (T STG) -65·Cto +150·C Input Rise or Fall Times ~ 
Power Diss'ipation (Po) (Note 3) 500mW (tr.t,) Vee=2.0V 1000 ns J: 
Lead Temperature (TLl (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 0 

Vee=6.0V 400 ns ~ 

CJ1 
W 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC m 

Symbol Parameter Conditions Vee 
TA = -40 to 85°C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI~20 p,A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN=VIH orVIL 
IIOUTI~4.0 rnA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI ~ 5.2 rnA 6.0V 5.3 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI ~ 20 p,A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI~4.0 rnA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI ~ 5.2 rnA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 p,A 
Current 

Icc Maximum Quiescent VIN=Vee or GND 6.0V 8.0 80 160 p,A 
Supply Current IOUT=O p,A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground, 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SDC to 8SDe; ceramic "J" package: -12 mWrC from 
100·C to 12SDC. 
Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and Vou occur for HC at 4,SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S,SV is 3.8SV.l The worst case leakage current (liN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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M 
~ AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

o 
::J: 
~ 

t:: 
M 
II) 
~ o 
::J: 
~ 
II) 

:E 
:E 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tpHL, tpLH Maximum Propagation Delay, Select A or B to Y 26 30 ns 

tpHL, tpLH Maximum Propagation Delay, Any Data to Y 20 23 ns 

tpHL, tpLH Maximum Propagation Delay, Strobe to Y 8 15 ns 

AC Electrical Characteristics ·CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

74HC 54HC 
TA=25°C 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA~ -55 to 125°C 
Units 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation 2.0V 131 158 198 237 ns 
Delay, Select A or B to Y 4.5V 29 35 44 52 ns 

6.0V 25 30 38 45 ns 

tpHL, tpLH Maximum Propagation 2.0V 99 126 158 189 ns 
Delay, Any Data to Y 4.5V 22 28 35 42 ns 

6.0V 19 23 29 35 ns 

tpHL, tpLH Maximum Propagation 2.0V 50 86 108 129 ns 
Delay, Strobe to Y 4.5V 12 19 24 29 ns 

6.0V 10 16 20 24 ns 

tTLH, tTHL Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fall 4.5V 8 15 19 22 ns 
Time 6.0V 7 13 16 19 ns 

CIN Maximum Input Capacitance 5 10 10 10 pF 

CpO Power Dissipation (Note 5)(per package) 
Capacitance Outputs Enabled 90 pF 

Outputs Disabled 25 pF 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 

Logic Diagram 
STROBE 

lC3---------=t-i-r" 
-

DATAl 
lC2----r===t=t:~..I-[) 

o--Yl 
-

lCl----+----+-+~-t--r-"'\ 

-
lCD---tE===t=t:~-[) -
2C3 ---...... +----+-+t:t-t.-r-"'\ 

2C2 ---,'t====I:=1==I-r-"") .. 
DATA 2 - -2Cl---++----+-+H~-~' Y2 

2CO ---t*====t=t:~-[) -
STROBE 

SELECT { A -1>0-~ 
B-I>o-~ TL/F/5107-2 
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microCMOS 

~National 
~ Semiconductor 
MM54HC154/MM74HC154 4-to-16 Line Decoder 
General Description 
This decoder utilizes microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS, and is well suited to memory ad­
dress decoding or data routing applications. It possesses 
high noise immunity, and low power consumption of CMOS 
with speeds similar to low power Schottky TTL circuits. 

The MM54HC154/MM74HC154 have 4 binary select inputs 
(A, B, C, and D). If the device is enabled these inputs deter­
mine which one of the 16 normally high outputs will go low. 
Two active low enables (G1 and G2) are provided to ease 
cascading of decoders with little or no external logic. 

Connection Diagram 

Each output can drive 10 low power Schottky TTL equiva- . 
lent loads, and is functionally and pin equivalent to the 
54LS154174LS154. All inputs are protected from damage 
due to static discharge by diodes to Vee and ground. 

Features 
• Typical propagation delay: 21 ns 
• Power supply quiescent current: 80 p.A (74HC) 
• Wide power supply voltage range: 2-6V 
II Low input current: 1 IlA maximum 

Dual-In-Llne Package 

INPUTS , OUTPUTS 

vce i ABe D G2 G1 \ 15 14 13 12 11 

1~4 23 22 21 20 19 18 17 16 15 14 13 

1 2 3 4 5 6 7 8 9 10 11,t2 

0 1 2 3 4 5 6 7 8 9 10 GND . 
OUTPUTS 

TLlF/5122-1 
TOP VIEW 

MM54HC154/MM74HC154 

54HC154 (J) 74HC154 (J,N) 

Truth Table 
Inputs Low 

G1 G2 D C B A Output· 

L L L L L L 0 
L L L L L H 1 
L L L L H L 2 
L L L L H H 3 
L L L H L L 4 
L L L H L H 5 
L L L H H L 6 
L L L H H H 7 
L L H L L L 8 
L L H L L H 9 
L L H L H L 10 
L L H L H H 11 
L L H H L L \12 
L L H H L H 13 
L L H H H L 14 
L L H H H H 15 
L H X X X X -
H L X X X X -
H H X X X X -

• All others high 
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Lt) ,... 
0 
J: 
~ 
...... ........ 
~ 
Lt) ,... 
0 
J: 
~ 
Lt) 

:E 
:E 

Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (VeC> -0.5 to + 7.0V Min Max 

DC Input Voltage (VIN) -1.5 to Vee+ 1.5V Supply Voltage(VeC> 2 6 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

Operating Temperature Range(T A) 
DC Output Current, per pin (lOUT) ±25mA 

MM74HC -40 +85 
DC Vee or GND Current, per pin (Icc> ±50mA MM54HC -55 +125 
Storage Temperature Range (T STG), - 65°C to + 150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr, tf) Vee=2.0V 1000 

Lead Temperature (T J '(SOldering 10 seconds) 260·C Vee=4.5V 500 
Vee=6.0V 400 

DC Electrical Characteristics (Note 4) 

- 74HC 54HC 
TA=25°C 

T A = - 40 to 85°C T A = - 55 to 125°C 
Symbol Parameter Conditions Vee 

Typ 

VIH Minimum High 2.0V 1.5 

Level Input 4.5V 3.15 

Voltage 6.0V 4.2 

VIL Maximum Low 2.0V 0.3 

Level Input 4.5V 0.9 
Voltage 6.0V 1.2 

VOH Minimum High VIN = VIH or VIL 
Level Output !IOUT! ::;;20 /LA 2.0V 2.0 1.9 

Voltage 4.5V 4.5 4.4 

6.0V 6.0 5.9 

VIN = VIH or VIL 
!IOUT! ::;;4.0 mA 4.5V 4.2 3.98 

!IOUT! ::;; 5.2 mA 6.0V 5.7 . 5.48 

VOL Maximum Low VIN = VIH or VIL 
Level Output !IOUT! ::;; 20 /LA 2.0V 0 0.1 
Voltage 4.5V 0 0.1 

6.0V 0 0.1 

VIN = VIH or VIL 
!IOUT! ::;;4.0 mA 4.5V 0.2 0.26 

!IOUT! ::;; 5.2 mA 6.0V 0.2 0.26 

liN Maximum VIN = Vee or GND 6.0V ±0.1 

Input Current 

IcC Maximum VIN = Vee or GND 6.0V 8.0 
Quiescent IOUT=O /LA 
Supply Current 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 1.5 
3.15 3.15 
4.2 4.2 

0.3 0.3 
0.9 0.9 
1.2 1.2 

1.9 1.9 
4.4 4.4 
5.9 5.9 

3.84 3.7 
5.34 5.2 

0.1 0.1 
.0.1 0.1 
.0.1 0.1 

0.33 0.4 

0.33 0.4 

±1.0 ±, 1.0 . 

80 160 

Units 
V 

V 

°C 
°C 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

/LA 

/LA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mwre from 65°C to 85°C; ceramic "J" package: -12 mW/oC from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc=5.5V and 4.5V respectively. (The VIH value at 5.5V is 3.85V.l The worst case leakage current (liN. 
Icc. and lozl occur for CMOS at the. higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol I Parameter I Conditions I Typ I Guaranteed Limit I Units 

tPHL. tpLH I Maximum Propagation Delay. G1. G2 or A. B. C. D I I 21 I 32 I ns 

AC Electrical Characteristics Vcc=2.0V to 6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA = -40 to 85°C TA = -55 to 125°C 

. Units 
Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation 2.0V 63 160 190 220 ns 
Delay. ill or G2 4.5V 24 36 42 46 ns 
orA.B.C.D 6.0V 20 30 35 39 ns 

tTLH. tTHL Maximum Output 2.0V 25 75 95 110 ns 
Rise and Fall Time 4.5V 7 15 19 22 ns 

6.0V 6 13 16 19 ns 

CpO Power Dissipation 90 pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption. Po= CPO Vee2 ft lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Nole 6: Refer to back of this section for Typical MM54fl4HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor ~\~ 

microCMOS 

MM54HC157/MM74HC157 Quad 2-lnput Multiplexer 
MM54HC158/MM74HC158 Quad 2-lnput Multiplexer 
(Inverted Output) 

General Description 
These high speed QUAD 2-to-1 LINE DATA SELECTOR/ 
MULTIPLEXERS utilize microCMOS Technology, 3.5 micro!') 
silicon gate P-well CMOS. They possess the high noise im­
munity and low power consumption of standard CMOS inte­
grated circuits, as well as the ability to drive 10 LS-TIL 
loads. 

These devices each consist of four 2-input digital multiplex­
ers with common select and STROBE inputs. On the 
MM54HC157/MM74HC157, when the STROBE input is at 
logical "0" the four outputs assume the values as selected 
from the inputs. When the STROBE input is at a logical "1" 
the outputs assume logical "0". The MM54HC158/ 
MM74HC158 operates in the same manner, except that its 
outputs are inverted. Select decoding is done internally re­
sulting in a single select input only. If enabled, the select 
input determines whether the A or B inputs get routed to 
their corresponding Y outputs. 

Connection Diagrams 
Dual·ln·Llne Package 

INPUTS OUTPUT INPUTS OUTPUT -- --VCC STROBE 4A 4B 4Y 3A 3B 3Y 

r 16 15 14 13 12 11 10 9 

G 4A 4B 4Y 3A 3B 

r-- S 3Y ~ 

lA lB lY 2A 2B 2Y 

1 2 3 4 5 6 7 

's SELECT lA lB lY 2A 2B 2Y GND -- --INPUTS OUTPUT INPUTS OUTPUT 

TOP VIEW TL/F/5314-1 
MM54HC157/MM74HC157 

54HC157 (J) 74HC157 (J,N) 

Function Table 
Inputs 

Strobe Select A 

H X X 
L L L 
L L H 
L H X 
L H X 

The 54HC174HC logic family is functionally as well as pin­
out compatible with the standard 54LS174LS logic family. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 14 ns data to any output 
• Wide power supply range: 2-6V 
a Low power supply quiescent current: 80 p.A maximum 

(74HC series) 
.• Fan-out of 10 LS-TIL loads 
a Low input current: 1 p.A maximum 

Dual·ln·Llne Package 

INPUTS OUTPUT INPUTS OUTPUT -- --VCC STROBE 4A 4B 4Y 3A 3B 3Y 

116 15 14 13 12 11 10 9 

G 4A 4B 4Y 3A 3B 

r--S 3Y 0-

lA lB lY 2A 2B 2Y . 
1 2 3 4 5 6 's SELECT lA lB lY 2A 2D 2Y GND -- --INPUTS OUTPUT INPUTS OUTPUT 

TOP VIEW TL/F/5314-2 
MM54HC158/MM74HC158 

54HC158 (J) 74HC158 (J,N) 

Output Y 

B HC157 HC158 

X 
X 
X 
L 
H 

L 
L 
H 

• L 
H 

H 
H 
L 
H 
L 

H = High Level. L = Low Level. X = Irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions ~~ 

00 Supply Voltage (VeC> -0.5to +7.0V Min Max Units 
J:J: DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(VeC> 2 6 V 
~~ 

DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V .............. 
(VIN.VOUT) 

) ................ Clamp Diode Current (11K. 10K) ±20mA ....... CO 
lI)lt) ,?C Output Current. per pin (iOUT) ±25mA Operating Temperature Range(T A) 

~~ MM74HC -40 +85 °C 

00 DC Vee or GND Current. per pin (Icc> ±50mA MM54HC -55 +125 °C 

J:J: Storage Temperature Range (TSTG) - 65°C to + 150°C Input Rise or Fall Times 
~~ Power Dissipation (Po) (Note 3) 500mW (tr. tt) Vee=2.0V 1000 ns 
lI)lI) Lead Temperature (Tu (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 
:E:E Vee=6.0V 400 ns 

:E:E DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Pa .. ameter Conditions Vee 
TA= -40 to 85°C TA= -55to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2. 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V. 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI ~ 20 p,A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI~4.0 rnA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI ~ 5.2 rnA 6.0V 5.7 . 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH orVIL 
Output Voltage IIOUTI ~20 p,A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI ~4.0 rnA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI ~5.2 rnA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=Vee or GND 6.0V ±0.1 ±1.0 ±1.0 p,A 
Current 

Icc Maximum Quiescent VIN=VeeorGND 6.0V 8.0 80 160 p,A 
Supply Current IOUT=O p,A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. -
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J~' package: -12 mWrC from 
1 QOoC to 12SoC. 
Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (lIN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
LImit 

tpHL, tpLH Maximum Propagation 14 20 ns 
Delay, Data to Output 

tPHL, tpLH Maximum Propagation 14 20 ns 
Delay, Select to Output 

tpHL, tpLH Maximum Propagation 12 18 ns 
Delay, Strobe to Output 

AC Electrical Characteristics CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

~ 

TA = -40 to 85°C TA = -55 to 125°C 
Symbol Parameter Conditions Vee UnIts 

III 
Typ Guaranteed LImIts 

tpHL, tpLH Maximum Propagation 2.0V 63 125 158 186 ns 
Delay, Data to Output 4.5V 13 25 32 37 ns 

6.0V 11 21 27 32 ns 

tpHL, tpLH Maximum Propagation 2.0V 63 125 158 186 ns 
Delay, Select to Output 4.5V 13 25 32 37 ns 

6.0V 11 21 27 32 ns 

tpHL, tpLH Maximum Propagation 2.0V 58 115 145 171 ns 
Delay, Strobe to Output 4.5V 12 23 29 34 ns 

6.0V 10 20 25 29 ns 

tTLH, tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

CIN Maximum Input 5 10 10 10 pF 

Capacitance 

CPO Power Dissipation pF 
Capacitance (Note 5) 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
IS=Cpo Vce f+lee· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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Logic Diagrams 
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~National 
~ Semiconductor 
MM54HC160/MM74HC160 microCMOS 

Synchronous Decade Counter with Asynchronous Clear 
MM54HC161 IMM7 4HC161 
Synchronous Binary Counter with Asynchronous Clear 
MM54HC162/MM74HC162 
Synchronous Decade Counter with Synchronous Clear 
MM54HC163/MM74HC163 
Synchronous Binary Counter with Synchronous Clear 
General Description 
The MM54HC160/MM74HC160, MM54HC1611 
MM74HC161, MM54HC162/MM74HC162, and 
MM54HC163/MM74HC163 synchronous presettable coun­
ters utilize microCMOS Technology, 3.5 micron silicon gato 
P-well CMOS, and internal look-ahead carry logic for use in 
high speed counting applications. They offer the high noise 
immunity and low power consumption inherent to CMOS 
with speeds similar to low power Schottky TTL. The 'HC160 
and the 'HC162 are 4 bit decade counters, and the 'HC161 
and the 'HC163 are 4 bit binary counters. All flip-flops are 
clocked simultaneously on the low to high to transition (pos­
itive edge) of the CLOCK input waveform. 

. These counters may be preset using the LOAD input. Pre­
setting of all four flip-flops is synchronous to the rising edge 
of CLOCK. When LOAD is held low counting is disabled and 
the data on the A, B, C, and D inputs is loaded into the 
counter on the rising edge of CLOCK. If the load input is 
taken high before the positive edge of CLOCK the count 
operation will be unaffected. 

All of these counters may be cleared by utilizing the CLEAR 
input. The clear function on the MM54HC162/MM74HC162 
and MM54HC163/MM74HC163 counters are synchronous 
to the clock. That is, the counters are cleared on the posi­
tive edge of CLOCK while the clear input is held low. 

Connection Diagram 
RIPPLE OUTPUTS 
CARRY ENABLE 

vcc OUTPUT OA 0B Oc 00 T LOAD 

10 9 

RIPPLE OA OB Oc 00 ENABLE 
CARRY T 

OUTPUT 
CLEAR LOAD 

8 

CLEAR CLOCK ABC o ENABLE GND 
P 

DATA INPUTS 

54HC160 (J) 
54HC161 (J) 
54HC162 (J) 
54HC163 (J) 

74HC160 (J,N) 
74HC161 (J,N) 
74HC162 (J,N) 
74HC163 (J,N) 

TL/F/5008-1 

The MM54HC160iMM74HC160 and MM54HC1611 
MM74HC161 counters are cleared asynchronously. When 
the CLEAR is taken low the counter is cleared immediately 
regardless of tho CLOCK. 

Two active high enable inputs (ENP and ENT) an'd a RIP­
PLE CARRY (RC) output are provided to enable easy cas­
cading of counters. Both ENABLE inputs must be high to 
count. The ENT input also enables the RC output. When 
enabled, the RC outputs a positive pulse when the counter 
overflows. This pulse is approximately equal in duration to 
the high level portion of the QA output. The RC output is fed 
to successive cascaded stages to facilitate easy implemen­
tation of N-bit counters . 

All inputs are protected from damage due to static dis­
charg!3 by diodes to Vee and ground. 

Features 
m Typical operating frequency: 40 MHz 

• Typical propagation delay; clock to Q: 18 ns 

• Low quiescent current: 80 ""A maximum (74HC series) 

II Low input current: 1 ""A maximum 
m Wide power supply range: 2-6V 

Truth Tables 
'HC160/HC161 

ClK ClR ENP ENT load Function 

X L X X X Clear 
X H H L H Count & RC disabled 
X H L H H Count disabled 
X H L L H Count & RC disabled 
i H X X L Load 
i H H H H Increment Counter 

H = high level. L = low level 
X = don't care. i = low to high transition 

'HC162/HC163 
ClK ClR ENP ENT load Function 

i L X X X Clear 
X H H L H Count & RC disabled 
X H L H H Count disabled 
X H L l H Count & RC disabled 
i H X X L Load 
i H H H H Increment Counter 
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or- (W) 
(0(0 

Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions .or- or-

ON Supply Voltage (VeC> -0.5 to + 7.0V Min Max Units 
(0(0 DC Input Voltage (VIN) -1.5 to Vee + 1.5V Supply Voltage(VeC> 2 6 V or- ,... 
00 DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

J:::I: Clamp Diode Current (11K. '0K) ±20mA (VIN.VOUT) 

~~ DC Output Current. per pin (lOUT) ±25mA Operating Temperature Range(T A) 
.............. DC Vee or GND Current. per pin (IcC> ±50mA MM74HC -40 +85 ·C 

~~ Storage Temperature Range (TSTG) -65·C to + 150·C 
MM54HC -55 +125 ·C 

anan Input Rise or Fall Times 
:E:E Power Dissipation (Po) (Note 3) 500mW 

(tr. tf) Vee=2.0V 1000 ns 

:E:E ' Lead Temperature (T U (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 
Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85·C TA = -55 to 125·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI::5:20 /-LA 2:0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI::5:4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
HOUTI ::5: 5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI::5:20 /-LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI::5:4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI::5: 5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 /-LA 
Current 

Icc Maximum Quiescent VIN = Vee or GND 6.0V 8.0 80 160 /-LA 
Supply Current IOUT=O /-LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWre from 65°C to 85°C; ceramic "J" package: -12 mWrC from 

, 100°C to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH. and You occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc=5.5V and 4.5V respectively. (The VIH value at 5.5V is 3.85V.) The worst ca~e leakage current (liN. 
Icc. and lov occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed LImit Units 

fMAX Maximum Operating Frequency 43 30 MHz 

tpHL. tpLH Maximum Propagation Delay. Clock to RC 30 35 ns 

tpHL. tpLH Maximum Propagation Delay. Clock to Q 29 34 ns 

tpHL. tpLH Maximum Propagation Delay. ENT to RC 18 32 ns 

tpHL Maximum Propagation Delay. Clear to Q or RC 27 38 ns 

tREM Minimum Removal Time. Clear to Clock 10 20 ns 

ts Minimum Set Up Time Clear. Load. 30 ns 
Enable or Data to Clock 

tH Minimum Hold Time. Data from Clock 5 ns 

tw Minimum Pulse Width Clock. 16 ns 
Clear. or Load 

AC Electrical Characteristics CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions . Vee T A = - 40 to 85°C T A = - 55 to 125°C 
Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 10 5 4 4 MHz 
Frequency 4.5V 40 27 21 18 MHz 

6.0V 45 32 25 21 MHz 

tpHL Maximum Propagation 2.0V 100 215 271 320 ns 
Delay. Clock to RC 4.5V 32 43 54 64 ns 

6.0V 28 37 "- 46 54 ns 

tpLH Maximum Propagation 2.0V 88 175 220 260 ns 
Delay. Clock to RC 4.5V 18 35 44 52 ns 

6.0V 15 30 37 44 ns 

tpHL Maximum Propagation 2.0V 95 205 258 305 ns 
Delay. Clock to Q 4.5V 30 41 52 61 ns 

6.0V 26 35 44 52 ns 

tpLH Maximum Propagation 2.0V 85 170 214 253 ns 
Delay. Clock to Q 4.5V 17 34 43 51 ns 

6.0V 14 29 36 43 ns 

tpHL Maximum Propagation 2.0V 90 195 246 291 ns 
Delay. ENT to RC 4.5V 28 39 49 58 ns 

6.0V 24 33 42 49 ns 

tpLH Maximum Propagation 2.0V 80 160 202 238 ns 
Delay. ENT to RC 4.5V 16 32 40 48 ns 

6.0V 14 27 34 41 ns 

tpHL Maximum Propagation 2.0V 100 220 277 328 ns 
Delay. Clear to Q or RC 4.5V 32 44 55 66 ns 

6.0V 28 37 47 55 ns 

tREM Minimum Removal Time 2.0V 125 158 186 ns 
Clear to Clock 4.5V 25 32 37 ns 

6.0V 21 27 32 ns 

ts Minimum Set Up Time 2.0V 150 190 225 ns 
Clear. Load. Enable 4.5V 30 38 45 ns 
or Data to Clock 6.0V 26 32 38 ns 

tH Minimum Hold Time 2.0V 50 63 75 ns 
Data from Clock 4.5V 10 13 15 ns 

6.0V 9 11 13 ns 

tw Minimum Pulse Width 2.0V 80 100 120 ns 
Clock. Clear. or 4.5V 16 20 24 ns 
Load 6.0V 14 17 20 ns 

tTLH. tTHL Maximum 2.0V 40 75 95 110 ns 
Output Rise and 4.5V 8 15 19 22 ns 
Fall Time 6.0V 7 13 16 19 ns 

tr• tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 
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AC Electrical Characteristics (Continued) CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA = 25°C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C TA = -55 to 125°C Units 
Typ Guaranteed Limits 

CPO Power Dissipation (per package) 90 pF 
Capacitance (Note 5) 

CIN Maximum Input Capacitance 5 10 10 10 pF 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vce f+lee· 
Note 6: Refer to Section 1 for Typical MM54/74 HC AC Switching Waveforms and Test Circuits: 

Logic Diagrams 

LOAD~L 

ENP 
(7) 

ENT 
(10) 

CLOCK 0-:,;(2.:...) .f>c>--l--"'-~ 

MM54HC160/MM74HC160 or MM54HC162/MM74HC162 

CK 

CIR 

14 

(3) 

MM54HC161/MM74HC161 or MM54HC163/MM74HC163 

T· if 

CK 

CLR 
CK 

CLR 

LOAD~L 

ENP 
(7) 

ENT 
(10) 

(3) 
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Logic Waveforms 

160,162 Synchronous Decade Counters Typical Clear, Preset! Count and Inhibit Sequences 

CLEAR 
160 

CLEAR 
162 

LOAD 

..... --+----. --------------

r---+---, --- - ------ - - --
INPUTS .---+--..., --------------

C 

OATA{: 

r--------------O ___ +-_~ 

CLOCK---t--1 
160 

CLOCK 
162 

ENABLE P---+-~f-I 

ENABLE T ___ +--+I 

OUTPUTS{::~ ~ ac __ 

aD = = -l"---+--f 

Sequence: CLEAR PRESET 

(1) Clear outputs to zero 
(2) Preset to BCD seven 
(3) Count to eight. nine. zero. one. two. and three 
(4) Inhibit 

--_f-4--INHIBIT-

TL/F/500B-4 

161,163 Synchronous Binary Counters Typical Clear, Preset, Count and Inhibit Sequences 

CLEAR 
161 

CLEAR 
163 
LOAO---;-' 

,.--------------

{

A ,. _____________ _ 

DATA B-+----'-___ - - ------- --

INPUTS C r---+--rl. = = = = = = = = = = = = = = 
""--+--"T--- - - ---------o 

CLOCK ---t-, 
161 

CLOCK 
163 

ENABLE P ___ +_I-' 

ENABLE T ___ +_I-' 

. {aA== 
aB = = -t--+--r-.... OUTPUTS __ 
ac __ 

ao== 
RIPPLE CARRY ---+--I-:-:::--+'~=-=-~ 

OUTPUT 

Sequence: CLEAR PRESET 

(1) Clear outputs to zero 
(2) Preset to binary twelve 

--....... --INHIBIT-

(3) Count to thirteen. fourteen. fif1een. zero. one and two 
(4) Inhibit 
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~National ' 
~ Semiconductor microCMOS 

MM54HC164/MM74HC164 
8-Bit Serial-in/Paraliel-out Shift Register 
General Description 
The MM54HC164/MM74HC164 utilizes microCMOS Tech­
nology, 3.5 micron silicon gate P-well CMOS. It has the high 
noise immunity and low consumption of standard CMOS in­
tegrated circuits. It also offers speeds comparable to low 
power Schottky devices. 

This 8-BIT SHIFT REGISTER has gated serial inputs and 
CLEAR. Each register bit is a D-type master/slave flip flop. 
Inputs A & B permit complete control over the incoming 
data. A low at either or both inputs inhibits entry of new data 
and resets the first flip flop to the low level at the next clock 
pulse. A high level on one input enables the other input 
which will then determine the state of the first flip .flOp. Data 
at the serial inputs may be changed while the clock is high 
or low, but only information meeting the setup and hold time 
requirements will be entered. Data is serially shifted in and 
out of the 8-BIT REGISTER during the positive going tran-
sition of the clock pulse. Clear is independent of the clock 
and accomplished by a low level at the CLEAR input. 

Connection Diagram 
Dual-In-Llne Package 

OUTPUTS 

VCC DH OG OF OE CLEAR CLOCK 

114 13 12 11 10 9 8 

r- <-

1 2 3 4 5 8 17 
~~AOsOC 00 GND 

SERIAL INPUTS OUTPUTS 
TL/F/5315-1 

MM54HC164/MM74HC164 

54HC164 (J) 74HC164 (J,N) 

Logic Diagram 

CLOCK 

SERIAL I A 0---,-"" 
INPUTS SO---L~ 

CLEAR 

Os 

The 54HC17 4HC logic family is functionally as well as pin­
out compatible with the standard 54LS174LS logic family. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Features 
• Typical operating frequency: 50 MHz 
• Typical propagation delay: 19 ns (Clock to a) 
• Wide operating supply voltage range: 2-6V 
• Low input current: <1 IlA 
• Low quiescent supply current: 80 ILA maximum (74HC 

series) 

• Fanout of 10 LS-TIL loads 

Truth Table 

Inputs Outputs 

Clear Clock A B QA Qs ... 
L X X X L L 
H L X X aAO aBO 
H i H H H aAn 
H i L X L aAn 
H i X L L aAn 

H = High Level (steady state). L = Low Level (steady state) 
X = Irrelevant (any input. Including transitions) 

t = Transition from low to high level. 

QH 

L 

aHO 

aGn 

aGn 
aGn 

OAO. Oeo. OHO = the level of 0A.Oe. or 0H. respectively. before the 
indicated steady state input conditions were established. 

0An. OGn = The level of OA or OG before the most recent t transition of 
the clock; indicated a one-bit shift. 

Oc 00 OE OF OG 

TLlF/5315-2 
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3: 
Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 3: 
Supply Voltage (Vee) -0.5to +7.0V Min Max Units 01 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Vee) 2 6 V ~ 

:I: 
DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V n 
Clamp Diode Current (11K, 10K) ±20 mA (VIN,VOUT) ~ 

DC Output Current, per pin (lOUT) ±25 mA Operating Temperature Range(T A) 0') 
MM74HC -40 +85 ·C ~ 

DC Vee or GND Current, per pin (Ice) ±50 mA MM54HC -55 +125 ·C 
........... 
....... 

Storage Temperature Range (T STG) - 65·C to + 150·C Input Rise or Fall Times ~ 
Power Dissipation (Po) (Note 3) 500mW (tr,tl) Vee=2.0V 1000 ns :I: 
Lead Temperature (T d (Soldering 10 seconds) 260·C Vee=4.5V 500 ns n 

Vee=6.0V 400 ns ~ 

0') 
~ 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC • Symbol Parameter Conditions Vee 

TA = -40 to 85·C T A = - 55 to 125·C 
Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1,5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 Y 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI ~ 20 ,...A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI ~4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 

!louTI ~ 5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH orVIL 
Output Voltage !louTI~20 ,...A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI ~ 4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI ~5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1,0 ,...A 
Current 

IcC Maximum Quiescent VIN = Vee or GND 6.0V 8.0 80 160 ,...A 
Supply Current IOUT=O ,...A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified ali voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; 'ceramic "J" package: -12 mW/oC from 
100°C to 125°C. 
Note 4: For a power supply of 5V ±10% the worst case output voltages (VOH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V is 3.65V.l The worst case leakage current (lIN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed 
Units Limit 

fMAX Maximum Operating 30 MHz 
Frequency 

tpHL. tpLH Maximum Propagation 19 30 ns 
.Delay, Clock to Output 

tpHL, tpLH Maximum Propagation 23 35 ns 
D~lay. Clear to Output 

tREM Minimum Removal Time. -2 0 ns 
Clear to Clock 

ts Minimum Set Up Time 12 20 ns 
Data to Clock 

tH Minimum Hold Time 1 5 ns 
Clock to Data 

tw Minimum Pulse Width 10 16 ns 
Clear or Clock 

AC Electrical Characteristics CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C T A = - 55 to 125°C Units 
Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 5 4 3 MHz 
Frequency 4.5V 27 21 18 MHz 

6.0V 31 24 20 MHz 

tpHL. tpLH Maximum Propagation 2.0V 115 175 . 218 254 ns . 
'Delay. Clock to Output 4.5V 13 35· 44 51 ns 

6.0V 20 30 38 44 ns 

tpHL. tpLH Maximum Propagation 2.0V 140 205 256 297 ns 
Delay, Clear to Output 4.5V 28 41 51 59 ns 

6.0V 24 35 44 51 ns 

tREM Minimum Removal Time 2.0V -7 0 0 0 ns 
Clear to Clock 4.5V -3 0 0 0 ns 

6.0V -2 0 0 0 ns 

ts Minimum Set Up Time 2.0V 25 100 125 150 ns 
Data to Clock 4.5V 14 20 25 30 ns 

6.0V 12 17 21 25 ns 

tH Minimum Hold Time 2.0V -2 5 5 5 ns 
Clock to Data 4.5V 0 5 5 5 ns 

6.0V 1 5 5 5 ns 

tw Minimum Pulse Width 2.0V 22 80 100 120 ns 
Clear or Clock 4.5V 11 16 20 24 ns 

6.0V 10 14 18 20 ns 

tTHL, tTLH Maximum Output 2.0V 75 95 110 ns 
Rise and Fall Time 4.5V 15 19 22 ns 

6.0V 13 16 19 ns 

tr• tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

GpD Power Dissipation (per package) 5.0V 150 pF 
Capacitance (Note 5) 

GIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vcc2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

PRELIMINARY 
Jl...bo. ,,' It, -~ F 

~ \~ 
microCMOS 

MM54HC165/MM74HC165 
Paraliel-in/Serial .. out 8 ... Bit Shift Register 

General Description 
The MM54HC165/MM74HC165 high speed PARALLEL-IN/ 
SERIAL-OUT SHIFT REGISTER utilizes microCMOS Tech­
nology, 3.5 micron silicon gate P-well CMOS. It has the low 
power consumption and high noise immunity of standard 
CMOS integrated circuits, along with the ability to drive 10 
LS-TTL loads. 

This 8·bit serial shift register shifts data from QA to QH when 
clocked. Parallel inputs to each stage are enabled by a low 
level at the SHIFT/LOAD input. Also included is a gated 
CLOCK input and a complementary output from the eighth 
bit. 

Clocking is accomplished through a 2-input NOR gate per· 
mitting one input to be used as a CLOCK INHIBIT function. 
Holding either of the CLOCK inputs high inhibits clocking, 
and holding either CLOCK input low with the SHIFT/LOAD 
input high enables the' other CLOCK input. Data transfer 
occurs on the positive going edge of the clock. Parallel load-

Con~ection Diagram 
Dual-ln-L1ne Package 

PARALLEL INPUTS 

CLOCK SERIAL OUTPUT 

T6
INHi:: It4 It3 in itt INPI~: a: 
! I I I I I 

CLOCK 0 C B 
INHIBIT 

SHIFT. 
LOAD 

A SERIAL 
IN 

C:E FG HOt. 

I I I I I I 

PARALLEL INPUTS 

MM54HC165/MM74HC165 

54HC165 (J) 74HC165 (J,N) 

TLlF/5316-1 

ing is inhibited as long as the SHIFT/LOAD input is high. 
When taken low, data at the parallel inputs is loaded directly 
into the register independent of the state of the clock. 

The 54HC/74HC logic family is functionally as well as pin­
out compatible with the standard 54LS/74LS logic family. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 20 ns (Clock to Q) 
III Wide operating supply voltage range: 2-6V 
g Low input current: < 1 p.A 
III Low quiescent supply current: 80 p.A maximum. 

(74HC series) 
iii Fanout of 10 LS-TTL loads 

-Function Table 
Inputs Internal 

Shift! Clock Parallel Outputs 
Clock Serial 

Load Inhibit A ... H QA QB 

L X X X a ... h a b 
H L L X X OAO QBO 
H L i H X H aAN 
H L i L X L QAN 
H H X X X OAO aBO 

H = High Level (steady state). L = Low Level (steady state) 

X = Irrelevant (any input. including tranSitions) 

i = Transition from low to high level 

Output 
QH 

h 
aHO 

OGN 
QGN 

QHO 

0AO. aBO. OHO = The level of 0A. 0B. or 0H. respectively. before the 
indicated steady-state input conditions were established. 

OAN. OGN = The level of OA or OG before the most recent i transition of 
the ciock; indicates a one-bit shift. 
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an 
CD Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions .,... 
U Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units 
:I: DC Input Voltage (VIN) -1.5 to Vee + 1.5V Supply Voltage (Vee) 2 6 V 
~ 

DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V to-
""- Clamp Diode Current (11K, 10K) ±20mA (VIN,Vour) an 
CD DC Output Current, per pin (lour) ±25mA 

Operating Temperature Range(T A) 
> .,... MM74HC -40 +85 °C 

U DC Vee or GND Current, per pin (Icc> ±50mA M~54HC -55 +125 °C 

:I: Storage Temperature Range (T 8TG) - 65°C to + 150°C Input Rise or Fall Times 

~ Power Dissipation (Po) (Note 3) 500mW (tr, tf) Vee=2.0V 1000 ns 
an Lead Temperature (Tu (Soldering 10 seconds) 260°C Vee=4.5V 500 ns :e Vee=6.0V 400 ns 

:e DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee. 
T A = - 40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Iiourl ~ 20 JLA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
Ilourl~4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 

Iiourl ~ 5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage Iiourl ~ 20 JLA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
Ilourl~4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

Ilourl~5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 "- JLA 
Current Vee=2-6V 

Icc Maximum Quiescent VIN = Vee or GND 6.0V 8.0 80 160 JLA 
Supply Current lour=O JLA 

Vee=2-6V 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 

Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and Vou occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc= S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (liN. 
IcC. and 10Z> occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

fMAX Maximum Operating Frequency 50 30 MHz 

tpHL, tpLH Maximum Propagation Delay H to QH or QH 15 25 ns 

tPHL, tpLH Maximum Propagation Delay 13 25 ns 
Serial ShiftlParaliel Load to QH 

tPHL, tpLH Maximum Propagation Delay 15 25 ns 
Clock to Output 

ts Minimum Set Up Time Serial Input 10 20 ns 
to Clock, Parallel or Data to ShiftlLoad 

ts Minimum Set Up Time Shift/Load to Clock 11 20 ns 

ts Minimum Set Up Time Clock Inhibit to Clock 10 20 ns 

tH Minimum Hold Time Serial 0 ns 
Input to Clock or 
Parallel Data to ShiftlLoad 

tw Minimum Pulse Width Clock ' 16 ns 

AC Electrical Characteristics GL =50 pF, tr=tf=6'~S (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 10 5 4 4 MHz 
Frequency 4.5V 45 27 21 18 MHz 

6.0V 50 32 25 21 MHz 

tpHL, tpLH Maximum propag~tion 2.0V 70 150 189 225 ns 
Delay H to 'QH or QH 4.5V 21 30 38 45 ns 

6.0V 18 26 33 39 ns 

tpHL, tpLH Maximum Propagation 2.0V 70 175 220 260 ns 
Delay Serial Shiftl 4.5V 21 35 44 52 ns 
Parallel Load to QH 6.0V 18 30 37 44 ns 

tpHL, tpLH Maximum Propagation 2.0V 70 150 189 225 ns 
Delay Clock to Output 4.5V 21 30 38 45 ns 

6.0V 18 26 33 39 ns 

ts Minimum Set Up Time 2.0V 35 100 125 150 ns 
Serial Input to Clock, 4.5V 11 20 25 30 ns 
or Parallel Data to Shift/Load 6.0V 9 17 21 25 ns 

ts Minimum Set Up Time 2.0V 38 100 125 150 ns 
ShiftlLoad to Clock 4.5V 12 20 25 30 ns 

6.0V 9 17 21 25 ns 

ts Minimum Set Up Time 2.0V 35 100 125 150 ns 
Clock Inhibit to Clock 4.5V 11 20 25 30 ns 

6.0V 9 17 21 25 ns 

tH Minimum Hold Time Serial 2.0V 0 0 0 ns 
Input to Clock or 4.5V 0 0 0 ns 
Parallel Data to Shift/Load 6.0V 0 0 0 ns 

tw Minimum Pulse Width, 2.0V 30 80 . 100 120 ns 
Clock 4.5V 9 16 20 24 ns 

6.0V 8 14 18 20 ns 

tTHL, tTLH Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fall Time 4.5V 9 15 19 22 ns 

6.0V 8 13 16 19 ns 

tr,tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CPO Power Dissipation (per package) 100 pF 
Capacitance (Note 5) 

GIN Maximum Input Capacitance 5 10 10 10 pF 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vee2 f+lee Vee, and the no load dynamic current consumption, 
Is=Cpo Vee f+lce· 
Note 6: Refer to back of this section for Typical MM54fi4HC AC Switching Waveforms and Test Circuits. 
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It) 
CD Block Diagram ,.. 
0 
:E: 
-.::t 
t:: CLOCK 

It) CLOCK i_Hi'" <I> 

CD ,.. ;b 

0 
:E: S'L 

-.::t 
It) sii 

:E Tl/F/5316-2 

:E SlL 

" 
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microCMOS 

MM54HC166/MM74HC166 a-Bit Serial or Parallel 
Input/Serial Output Shift Register with Reset 
General Description 
These shift registers utilize microCMOS technology, The 54HC/74HC logic family is functionally as well as 
3.5 micron silicon gate P·well CMOS. The MM54HC166/ pinout compatible with the standard 54LS/74LS logic 
MM74HC166 are 8-bit shift registers with an output from family. All Inputs are protected from damage due to static 
the last stage. Data may be loaded Into the register In discharge by Internal diode clamps to Vce and ground. 
either parallel or serial form. 

When the shift/load input is low, the data is loaded asyn- Features 
chronously in parallel. When the shiftlload input is high, 
the data is loaded serially on the rising edge of either • Wide power supply range: 2V-6V 
Clock 1 or Clock 2 (see the Function Table). Reset is asyn- • Low Input current: 1 p.A maximum 
chronous and active low. • Low quiescent current: 80 p.A max (74HC series) 
The 2-input NOR clock"may be used either by combining • Fanout of 10 LS-TTL loads 
two independent clock sources or by designating one of 
the clock Inputs to act as a clock inhibit. 

Function Table and Connection Diagram 
Inputs Internal Output 

Shlftl Serial Stages Operation 
Reset 

Load 
Clock 1 Clock 2 

Input A-H QA Qs QH 
H L X X X a ... h a b h Asynchronous Parallel Load 
H H .r L L X L QAn QGn Serial Shift via Clock 1 
H H' ..r L H X H QAn QGn 

H H L J L X L QAn QGn Serial Shift via Clock 2 
H H L ..r H X H QAn QGn 

H H X H X X 
no change Inhibited Clock 

H H H X X X 
H H L L X X no change No Clock 

L X X X X X L L L Asynchronous Reset 

x = don't care 

J = transition from low to high 

QAn-QGn = data shifted from the preceding stage 

" Dual-In-Llne Package 

PARALLEL PARALLEL INPUTS 
SHIFT / INPUT OUTUPT 

T LOAD H QH 'G F E' RESET 

16 15 14 13 12 11 1D 9 

SHIFT/ H QH G F E 
LDAO 

_ SERIAL 
RESET p-

INPUT 

A B C D 
CKl CK2 

1 2 3 4 5 6 7 
1
8 

SERIAL ,A B C 0, CLOCK CLOCK GNO 
INPUT 

PARALLEL INPUTS 
1 2 

TlIFI5770"' 
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Absolute Maximum Ratings(Notes 1 and 2) Operating Conditions 
Min Max Units 

Supply Voltage (V cC> - 0.5V to + 7.0V Supply Voltage (VcC> 2 6 V 
DC Input Voltage (VIN) '- 1.5V to V cc + 1.5V DC Input or Output Voltage 
DC Output Voltage (V OUT) - 0.5V to V cc + O.QV (VIN' VOUT) 0 Vcc V 

Clamp Diode Current (11K, 10K) ±20mA Operating Temperature Range 

DC Output Current, per Pin (lOUT) ±25mA (TA) 

DCVccorGND Current, per Pin {IcC> 
MM74HC -40 +85 °C 

±50mA MM54HC -55 + 125 °C 
Storage Temperature Range (T 810) -65°Cto + 150°C Input Ri~e or Fall Times (t r, tf) 
Power Dissipation (Po) (Note 3) 500mW Vcc=2.0V 1000 ns 
Lead Temperature (T d (Soldering, 10 seconds) 260°C Vcc =4.5V 500 ns 

Vcc =6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee fA = - 40°C to 85°C TA = - 55°C to 125°C Units 

Typ Guaranteed Limits 

VIH Minimum High 2.0V 1.5 1.5 1.5 V 
Level Input 4.5V 3.15 3.15 3.15 V 
Voltage 6.0V 4.2 4.2 4.2 V 

VIL Maximum Low 2.0V 0.3 0.3 0.3 V 
Level Input 4.5V 0.9 0.9 0.9 V 
Voltage 6.0V 1.2 1.2 1.2 V 

VOH Minimum High VIN = VIH or VIL 
Level Output PouTI :520 /-IA 2.0V 2.0 1.9 1.9 1.9 V 
Voltage 4.5V 4.5 4.4 4.4 4.4 V 

6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI :5 4.0 rnA 4.5V 4.2 3.98 3.84 3.7 V 
IlouTI :5 5.2 rnA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low VIN = VIH or VIL 
Level Output IlouTI :5 20 /-IA 2.0V 0 0.1 0.1 0.1 V 
Voltage 4.5V 0 0.1 0.1 0.1 V 

6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IloUTI :54.0 rnA 4.5V 0.2 0.26 0.33 0.4 V 
IlouTI :5 5.2 rnA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum VIN = Vcc or GND 6.0V ±0.1 ± 1.0 " ± 1.0 /-IA 
Input Current 

Icc Maximum VIN=VccorGND 6.0V 8.0 80 160 /-IA 
Quiescent lOUT =0 /-IA 
Supply 
Current 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground .. 
Note 3: Power dissipation temperature derating-plastic UN" package: -12 mW/·C from 65·C to 85·C; ceramic uJ" package: -·12 mW/·C from 100·C to 
125·C. 

\ 
Note 4: For a power supply of 5V ± 10%, the worst·case output voltages (VOH and VOU occur for HC at 4.5V. Thus, the 4.5V values should be used when 
designing with this supply. Worst·case VIH and VIL occur at VCC = 5.5V and 4.5V, respectively. (The VIH value at 5.5V Is3.85V.) The worst·case leakage currents 
(liN, ICC, and IOV occur for CMOS at the higher voltage, so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc =5V, TA=25°C, CL= 15 pF, tr::=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limits Units 

fMAX Maximum Operating Frequency 50 30 MHz .. 
tpHL,tpLH Maximum Propagation Delay H to QH or QH 15 25 ns 

tpHL, tpLH, Maximm Propagation Delay Serial 13 25 ns 
Shift/Parallel Load to QH 

tpHL,tpLH Maximum Propagation Delay 15 25 ns 
Clock to Output 

tpHL, tpLH Maximum Propagation Delay Reset to QH ns 

ts Minimum Set·Up Time Serial Input to Clock, 10 20 ns 
Parallel or Data to Shift/Load 

ts Minimum Set·Up Time Shift/Load to Clock 11 20 ns 

ts Minimum Set·Up Time Clock Inhibit 10 20 ns 
to Clock 

tH Minimum Hold Time Serial Input to Clock 0 ns 
or Parallel Data to Shift/Load 

tw Minimum Pulse Width Clock 16 ns 

AC Electrical Characteristics cL =50 pF, tr= tf=6 ns unless otherwise specifie~ 

TA = 25°C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40°C to 85°C TA= -55°C to 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum 2.0V 10 5 4 4 MHz 
Operating 4.5V 45 27 21 18 MHz 
Frequency 6.0V 50 32 25 21 MHz 

tpHL, tpLH Maximum 2.0V 70 150 189 225 ns 
Propagation 4.5V 21 30 38 45 ns 
Delay H to QH 6.0V 18 26 33 39 ns 
orQH 

tpHL, tpLH Maximum 2.0V 70 150 189 225 ns 
Propagation 4.5V 21 30 38 45 ns 
Delay Serial 6.0V 18 26 33 39 ns 
Shift/Parallel 
Load to QH 

tpHL, tpLH Maximum 2.0V 70 150 189 225 ns 
Propagation 4.5V 21 30 38 45 ns 
Delay Clock to 6.0V 18 26 33 39 ns 
Output 

. tpHL. tpLH Maximum 2.0V 88 175 220 260 ns 
Propagation 4.5V 23 35 44 52 ns 
Delay. Reset 6.0V 20 30 38 45 ns 
to QH 

ts Minimum 2.0V 35 100 125 150 ns 
Set·UpTime 4.5V 11 20 25 30 ns 
Serial Input to 6.0V 9 17 21 25 ns 
Clock or 
Parallel Data 
to Shift/Load 

1-141 



AC Electrical Characteristics (Continued) CL = 50 pF, tr = tl = 6 ns unless otherwise specified 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vce T A = - 40°C to 85°C TA= -55°C to 125°C Units 

'Typ Guaranteed LImits 

ts Minimum 2.0V 38 100 125 150 ns 
Set-UpTime 4.5V 12 20 25 30 ns 
Shift/Load to 6.0V 9 17 21 25 ns 
Clock 

ts rv'Iinimum 2.0V 35 100 125 150 ns 
Set-UpTime 4.5V 11 20 25 30 ns 
Clock Inhibit 6.0V 9 17 21 25 ns 
to Clock 

tH Minimum Hold 2.0V 0 0 0 ns 
Time Serial 4.5V 0 0 0 ns 
Input to Clock 6.0V 0 0 0 ns 
or Parallel 
Data to Shift/ 
Load 

tw Minimum 2.0V 30 80 100 120 ns 
Pulse Width, 4.5V 9 16 20 24 ns 
Clock 6.0V 8 14 18 20 ns 

tTLH, tTHL Maximum 2.0V 30 75 95 110 ns 
Output Rise 4.5V 9 15 19 22 ns 
and Fall Time 6.0V 8 13 16 19 ns 

tr,tl Maximum 2.0V 1000 1000 1000 ns 
Input Rise and 4.5V 500 500 500 ns 
Fall Time 6.0V 400 400 400 ns 

CPO Power (Per Package) 100 pF 
Dissipation 
Capacitance 
(Note 5) 

CIN Maximum 5 10 10 10 pF 
Input 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption, Po = CpO vcc2 I + ICC VCC, and the no load dynamic current 
consumption, IS = CPO VCC f + ICC. . 
Note 6: ReIer to back 01 this section lor Typical MM54174HC AC Switching Wavelorms and Test Circuits . 

. 
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~National 
~ Semiconductor 

PRELIMINARY 

microCMOS 

MM54HC169/MM74HC169 4-Bit Up/Down Synchronous, 
Binary Counter 

General Description 
These counters are implemented using an advanced 
3.0 micron silicon gate N·well microCMOS process to 
achieve high performance. These devices retain the low 
power and high noise immunity of CMOS logie, while 
offering the high speed operation and large output drive 
typically associated with bipolar circuits. 

These counters are incremented or decremented on the 
rising edge of the ClK, clock, input if ENT andENP are 
held low. The counters increment when the UfO input is at 
a logic "1", and will decrement when UfO is low. The ENT 
input Is fed forward to enable the carry output. RCO, ripple 
carry output, once enabled, will produce a low level pulse 
while the count is 0 (down count mode) or when the count 
is all 1 s (up mode). 

These counters are presettable, that is, they may be loaded 

Connection Diagram 

when lOAD is taken low and a rising edge appears on the 
ClK input. 

The MM54HC169fMM74HC169 are functional, speed and 
pin equivalent to the equivalent lS-TIl circuit. Its inputs 
are protected from damage due to electrostatic discharge 
by diodes from Vee to ground. 

Features 
• Wide power supply range: 2.0V to 6.0V 
• High input noise immunity 
• Wide operating frequency range: 30 MHz 
• High output current drive: 6.0 rnA min 
• low quiescent power consumption: 80 p.A (74HC) 

Dual-In·llne Package 

Uti) vee 

ClK RCo 

A OA 

B OB 

C Oe 

11 OD 

ENP ENT 

GND lOAD 

TOP VIEW 

TLlF/5771·1 
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Logic Diagram 
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~National 
~ Semiconductor 
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~ \~ 
microCMOS 

MM54HC173/MM74HC173 
TRI-STATE® Quad D Flip-Flop 

General Description 
The MM54HC173/MM74HC173 is a high speed TAl-STATE 
QUAD DTYPE FLIP-FLOP that utilizes microCMOS Tech­
nology, 3.5 micron silicon gate P-well CMOS. It possesses 
the low power consumption and high noise immunity of 
standard CMOS integrated circuits, and can operate at 
speeds comparable to the equivalent low power Schottky 
device. The outputs are buffered, allowing this circuit to 
drive 15 LS-TTL loads. The large output drive capability and 
TAl-STATE feature make this part ideally suited for interfac­
ing with bus lines in a bus oriented system. 

The four D TYPE FLIP-FLOPS operate synchronously from 
a common clock. The TAl-STATE outputs allow the device 
to be used in bus organized systems. The outputs are 
placed in the TAl-STATE mode when either of the two out­
put disable pins are in the logic "1" level .. The'input disable 
allows the flip flops to remain in their present states without 
having to disrupt the clock. If either of the 2 input disables 
are taken to a logic "1" level, the Q outputs are fed back to 

Connection Diagram 
Dual-ln-L1ne Package 

VCC CLEAR 1D 

116 15 14 

CLEAR 10 

OUTPUT 
CONTROL 10 

11 2 

III N --
3 

10 

DATA INPUTS 

20 3D 

13 12 

20 3D 

20 30 

4 5 

20 30 

OUTPUT CONTROL OUTPUTS 

DATA ENABLE 
INPUTS --40 G2 G1 

11 10 19 

tr 
40 DATA 

ENABLE 

40 
CK 

6 7 18 
40 CLOCK GND 

TOP VIEW 
MM54HC173/MM74HC173 

TL/F/5317-1 

54HC173 (J) 74HC173 (J,N) 

the inputs, forcing the flip flops to remain in the same state. 
Clearing is enabled by taking the CLEAA input to a logic "1" 

. level. The data outputs change state on the positive going 
edge of the clock: 

The 54HC17 4HC logic family is functionally as well as pin­
out compatible with the standard 54LS174LS logic family. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 18 ns 
• Wide operating supply voltage range: 2-6V 

• TAl-STATE outputs 
• Low input current: < 1 /-LA maximum 
• Low quiescent supply current: 80 /-LA maximum (74HC) 
• High output drive current: 6 mA minimum 

Truth Table 

. Inputs 

Data Enable Data 
Output 

Clear Clock 
G1 G2 0 Q 

H X X X X L 
L L X X X Qo 
L t H X X Qo 
L t X H X Qo 
L t L L L L 
L t L L H H 

When either M or N (or both) is (are) high the 
output is disabled to the high-impedance 
state: however, seqLiential operation of the 
flip-flops is not affected. 

H = high level (steady state) 

L = low level (steady state) 

f = low-ta-high level transition 

X = don't care (any input including transitions) 

00 = the level of 0 before the indicated steady state input condi­
tions were established 
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3: 
Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions s:: 
Supply Voltage (Vee> -0.5 to + 7.0V Min Max Units CJ1 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(VeC> 2 6 V .&::-

:I: DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V n Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) ...&. 
DC Output Current. per pin (lOUT) ±35mA Operating Temperature Range(T A) ....... 
DC Vee or GND Current. per pin (IcC> ±70mA MM74HC -40 +85 ·C (".) 

Storage Temperature Range (TSTG) - 65·C to + 150·C MM54HC -55 +125 ·C :::::. 
Power Dissipation (Po) (Note 3) 500mW Input Rise or Fall Times .&::-
Lead Temperature (Tu (Soldering 10 seconds) 260·C (tr.t,) Vee=2.0V 1000 ns :I: 

Vee=4.5V 500 ns n 
Vee=6.0V 400 ns .... 

....... 
DC Electrical Characteristics (Note 4) 

(".) 

TA=2S·C 
74HC S4HC [II Symbol Parameter Conditions· Vcc 

TA = -40 to 8SoC TA= -55 to 12SoC 
Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI~20 ,.,.A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI ~ 6.0 mA 4.5V 3.98 3.84 3.7 V 
IIOUTI~7.8 mA 6.0V 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI~20 ,.,.A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN=VIH orVIL 
IIOUTI ~6.0 mA 4.5V 0.26 0.33 0.4 V 
IIOUTI ~7.8 mA 6.0V 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 ,.,.A 
Current 

loz Maximum TRI·STATE VOUT = Vee orGND 6.0V ±0.5 ±5.0 ±10 ,.,.A 
Output Leakage Enable=VIH 

Icc Maximum Quiescent VIN=VeeorGND 6.0V 8.0 80 160 ,.,.A 
Supply Current 10UT=0 ,.,.A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and VOU occur for HC at 4.SV. Thus the 4.SV values should be used when 
deSigning with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV Is 3.8SV.) The worst case leakage current (liN. 
Icc. and loV occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V. TA = 25°C. CL =45 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

fMAX Maximum Operating Frequency 45 30 MHz 

tpHL. tpLH Maximum Propagation 31 ns 
Delay: Clock to Q 

tp-HL Maximum Propagation 18 27 . ns 
Delay: Clear to Q 

tPZH. tpZL Maximum Output Enable RL =1 kn 18 28 ns 
Time 

tpHZ. tpLZ Maxim~m Output Disable RL =1 kn 16 25 ns 
Time CL =5pF 

ts Minimum Data Set Up Time 20 ns 

ts Minimum Data Enable Set Up Time 20 ns 

tH Minimum Data Hold Time 0 ns 

tH Minimum Data Enable Hold Time 0 ns 

tw Minimum Clock Pulse Width 16 ns 

AC Electrical Characteristics Vcc=2.0V to 6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=:,25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C T A = - 55 to 125°C 
Units 

Typ Guaranteed Limits 

fMAX Maximum Operating CL =50pF 2.0V 10 5 4 4 MHz 
Frequency 4.5V 45 27 21 18 MHz 

6.0V 55 32 25 21 MHz 

tpHL. tpLH Maximum Propagation CL =50pF 2.0V 80 175 220 262 ns 
Delay from CL =150 pF 2.0V 110 225 280 338 ns 
Clock to Q CL =50 pF 4.5V 23 35 44 53 ns 

CL =150 pF 4.5V 28 45 56 68 ns 

CL =50pF 6.0V 21 30 38 45 ns 
CL =150 pF 6.0V 26 38 48 57 ns 

tpHL Maximum Propagation CL =50 pF 2.0V 70 150 189 224 ns 
Delay from Clear to Q CL =150 pF 2.0V 100 200 252 298 ns 

CL =50pF 4.5V 20 30 38 45 ns 
CL =150 pF 4.5V 25 40 50 60 ns 

CL =50 pF 6.0V 17 26 32 38 ns 
CL =150 pF 6.0V 22 34 43 51 ns 

tpZH. tpZL Maximum Output RL =1 kn 
Enable Time CL =50pF 2.0V 70 150 189 224 ns 

CL =150 pF 2.0V 100 200 252 298 ns 
'CL =50 pF 4.5V 20 30 38 45 ns 
-CL =:=150 pF 4.5V 25 40 50 60 ns 
CL=50pF 6.0V 17 26 32 38 ns 
CL =150 pF 6.0V 22 34 43 51 ns 

tpHZ. tpLZ Maximum Output Disable RL=1 kn 2.0V 70 150 189 224 ns 
ThTle CL =50pF 4.5V 20 30 38 45 ns 

6.0V 17 26 32 38 ns 

ts Minimum Data or Data 2.0V 100 125 150 ns 
Enable Set Up Time 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tREM Minimum Removal 2.0V 90 112 135 ns 
Time 4,5V 18 22 26 ns 

6.0V 15 19 22 ns 

tH Minimum Data or Data Enable 2.0V 0 0 0 ns 
Hold Time 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum Clear or Clock 2.0V 30 80 100 120 ns 
Pulse Width 4.5V 9 16 20 24 ns 

6.0V 8 14 17 20 ns 
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AC Electrical Characteristics (Continued) 

VCC = 2.0V to 6.0V. CL = 50 pF •. tr = t, = 6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

T A = - 40 to 85°C TA = -55 to 125°C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

tTHL. tTLH Maximum Output 2.0V 25 60 75 90 ns 
Rise and Fall Time 4.5V 7 12 15 18 ns 

6.0V 5 10 13 15 ns 

tr.t, Maximum Input Rise and 2.0V 1000 1000 1000 ns 

Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CPO Power Dissipation Capacitance (per flop) 80 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

COUT Maximum Output 10 20 20 20 pF III 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption, PO=CPD Vee2 1+lee Vee, and the no load dynamic current consumption, 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 

I 
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microCMOS 

MM54HC174/MM74HC174 Hex D Flip .. Flops With Clear 

General Description 
These edge triggered flip-flops utilize microCMOS Technol­
ogy, 3.5 micron· silicon gate P-well CMOS, to implement D­
type flip~flops. They possess high noise immunity, low pow­
er, and speeds comparable to low power Schottky TTL cir­
cuits. This device contains 6 master-slave flip-flops with a 
common clock and common clear. Data on the D input hav­
ing the specified setup and hold times is transferred to the Q 
output on the low to high transition of the CLOCK input. The 
CLEAR input when low, sets all outputs to a low state. 

Each output can drive 10 low power Schottky TTL equiva­
lent loads. The MM54HC174/MM74HC174 is functionally as 
well as pin compatible to the 54LS174/74LS174. All inputs 
are protected from damage due to static discharge by· di­
odes to Vee and ground. 

Connection Diagram 
Dual-In-Llne Package 

TOP VIEW 
MM54HC17 4/MM7 4HC17 4 

54HC174 (J) 74HC174 (J,N) 

Truth Table 
(Each Flip-Flop) 

Inputs 

Clear Clock 

L X 
H t 
H t 
H L 

H = High level (steady state) 
L = Low level (steady state) 
X = Don't Care 

D 

X 
H 
L 
X 

i = Transition from low to high level 

Outputs, 

Q 

L 
H 
L 

Qo 

00 = The level of 0 before the Indicated steady-state 
input conditions were established. 

TLlF/5318-1 

Features 
III Typical propagation delay: 16 ns 
l'I Wide operating voltage range: 2-6V 
• Low input current: 1 p.A maximum 
a Low quiescent current: 80 p.A (74HC series) 
II Output drive: 10 LSTTL loads 

Logic Diagram 

D10------I 

D2o---t-t-1 

D4 O-----if-t-1 

D5 o----1I--~ 

D6 o----1I--~ 

CLOCK 

CLEAR 

02 

03 

04 

05 

TL/F/5318-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vee> -0.5 to + 7.0V 

DC Input Voltage (VIN) -1.5 to Vee+ 1.5V 

DC Output Voltage (Vour) 

Clamp Diode Current (11K. 10K) 

DC Output Current. per pin (lour) 

DC Vee or GND Current. per pin (leC> 

Storage Temperature Range (T STG) 

Power Dissipation (Po) (Note 3) 

-0.5 to Vee+0.5V 

±20mA 

±25mA 

±50mA 

-65°C to +150°C 

Lead Temperature (T U (Soldering 10 seconds) 

500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage(Ved 2 

DC Input or Output Voltage 0 
(VIN.Vour) . 

Operating Temperature Range(T A) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr• tf) Vee=2.0V 

Vee=4.5V 
Vee==6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85·C TA = -55 to 125°C 

lee 

Minimum High Level 

Input Voltage 

Maximum Low Level 

Input Voltage 

Minimum High Level 

Output Voltage 

Maximum Low Level 

Output Voltage 

Maximum Input 

Current 

Maximum Quiescent 

Supply Current 

VIN= VIH or VIL 

Iiourl 5:20 Jl-A 

VIN = VIH or VIL 

Iiourl 5:4.0 mA 

Iiourl 5: 5.2 mA 

VIN = VIH or VIL 

Iiourl 5:20 Jl-A 

VIN=VIHorVIL 

Ilourl5:4.0 mA 

Iiourl 5:5.2 mA 

VIN = Vee or GND 

VIN = Vee or GND 

lour=O Jl-A 

2.0V 

4.5V 

6.0V 

2.0V 

4.5V 

6.0V 

2.0V 

Typ 

2.0 

4.5V 4.5 

6.0V 6.0 

1.5 

3.15 

4.2 

·0.3 

0.9 
1.2 

1.9 
4.4 

5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 

4.5V 

6.0V 

o 
o 
o 

0.1 

0.1 

0.1 

4.5V 0.2 0.26 

6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 

3.15 

4.2 

0.3 

0.9 
1.2 

1.9 
4.4 

5.9 

3.84 
5.34 

0.1 

0.1 

0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 

4.2 

0.3 

0.9 
1.2 

1.9 
4.4 

5.9 

3.7 

5.2 

0.1 

0.1 

0.1 

0.4 

0.4 

±1.0 

160 

Units 
V 
V 

·C 
·C 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 

V 
V 

V 
V 

Jl-A 

Jl-A 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 

Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and VoL> occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc= S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (liN. 
ICC. and loz) occur for eMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency 

tpHL, tp~H Maximum Propagation 16 30 ns 
Delay, Clock or Clear to Output 

tREM Minimum Removal Time, -2 5 ns 
Clear to Clock 

ts Minimum Set Up Time 10 20 ns 
Data to Clock 

tH Minimum Hold Time 0 5 ns 
Clock to Data 

tw Minimum Pulse Width 10 16 ns 
Clock or Clear 

AC Electrical Characteristics CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC· 

Symbol Parameter Conditions Vee TA = -40 to 85°C TA = -55 to 125°C 
Units 

Typ Guaranteed Limits 

'fMAX Maximum Operating 2.0V 5 4 3 MHz 
Frequency - 4.5V 27 21 18 MHz 

6.0V 31 24 20 MHz 

tpHL, tpLH Maximum Propagation 2.0V 55 165 206 248 ns 
Delay Clock or Clear to Output 4.5V 18 33 41 49 ns 

6.0V 16 28 35 42 ns 

tREM Minimum Removal Time 2.0V 1 5 5 5 ns 
Clear to Clock 4.5V 1 5 5 5 ns 

6.0V 1 5 5 5 ns 

ts Minimum Set Up Time 2.0V 42 100 125 150 ns 
Data to Clock 4.5V 12 20 25 30 ns 

6.0V 10 17 .21 25 ns 

tH Minimum Hold Time 2.0V 1 5 5 5 ns 
Clock to Data 4.5V 1 5 5 5 ns 

6.0V 1 5 5 5 ns 

tw Minimum Pulse Width 2.0V 35 80 106 120 ns 
Clock or Clear 4.5V 10 16 20 24 ns 

6.0V 8 14 18 20 ns 

tTLH, tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tt, tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CPO Power Dissipation (per package) 136 pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vee2 f+lee Vee, and the no load dynamic current consumption, 
Is=Cpo Vee f+lec· 
Note 6: Refer to back of this section for Typical MM54!74HC AC Switching Waveforms and Test Circuits. 
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microCMOS 

MM54HC175/MM74HC175 
Quad D-Type Flip-Flop With Clear 

General Description 
This high speed OoTYPE FLIP-FLOP with complementary 
outputs utilizes microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS, to achieve the high noise immunity and 
low power consumption of standard CMOS integrated cir­
cuits, along with the ability to drive 10 LS-TTL loads. 

The 54HC174HC logic family is functionally as well as pin­
out compatible with the standard 54LS/7 4LS logic family. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Features Information at the 0 inputs of the MM54HC1751 
MM74HC175 is transferred to the Q and Q outputs on the 
positive going edge of the clock pulse. Both true and com­
plement outputs from each flip flop are externally available. 
All four flip flops are controlled by a common clock and a 
common CLEAR. Clearing is accomplished by a negative 
pulse at the CLEAR input. All four Q outputs are cleared to a 
logical "0" and all four Q outputs to a logical "1." 

• Typical propagation delay: 15 ns 
• Wide operating supply voltage range: 2-6V 
• Low input current: < 1 fJ-A maximum 
• Low quiescent supply current: 80 fJ-A maximum (74HC) 
• High output drive current: 4 mA minimum (74HC) 

Connection Diagram 
Dual-In-Line Package 

VCC 40 30 CLOCK 

CLEAR 10 10 10 20 20 20 GNO 

Truth Table 
(Each Flip-Flop) 

TOP VIEW TLlF/5319-1 

MM54HC175/MM74HC175 

54HC175 (J) 74HC175 (J,N) 

Inputs 

Clear Clock D 

L X X 
H i H 
H i L 
H L 'X 

H = high level (steady state) 
L = low level (steady state) 

X = irrelevant 

Outputs 

Q Q 

L H 
H L 
L H 

00 00 

i = transition from low to high level 

00 = the level of 0 before the indicated 
steady-state input conditions were established 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (VeC> - 0.5 to + 7.0V 

DC Input Voltage (VIN) -1.5 to Vee+1.5V 

DC Output Voltage (VOUT) -0.5 to Vee + 0.5V 

Clamp Diode Current (11K, 10K) 

DC Output Current, per pin (lOUT) 

DC Vee or GND Current, per pin (Icc> 

Storage Temperature Range (T sm) 
Power Dissipation (Po) (Note 3) 

±20mA 

±25mA 

±50mA 

-65"C to + 150"C 

500mW 

.Lead Temperature (Tu (Soldering 10 seconds) 260"C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage(Vec) 2 

DC Input or Output Voltage 0 

(VIN,VOUT) 

Operating Temperature Range(T A) 
MM74HC -40 
MM54HC 

Input Rise or FaU Times 

(tr, tf) Vee=2.0V 
Vee=4.5V 
Vee=6.0V 

-55 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA = -40 to 85"C TA = -55 to 125"C 

VIL 

VOL 

ICC 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

VIN = VIH or VIL 
IIOUTI :5: 20 /-LA 

VIN=VIH orVIL 
IIOUTI:5:4.0 mA 
IIOUTI:5:5.2 mA 

VIN = VIH or VIL 
IIOUTI :5:20 /-LA 

VIN = VIH or VIL 
IIOUTI:5:4.0 mA 
IIOUTI:5:5.2 mA 

VIN = Vee or GND 
IOUT=O /-LA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 
4.5V 
6.0V 

o 
o 
o 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 8 

Note 1: Absolute Maximum Ratings are those values beYO~d which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

Units 
V 

V 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

/-LA 

/-LA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65DC to 85DC; ceramic "J" package: -12 mWrC from 
100DC to 125DC. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc=5.5V and 4.5V respectively. (The VIH value at 5.5Vis 3.85V.l The worst case leakage current (lIN. 
ICC. and lozl occur for CMOS·at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL=15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
limit 

fMAX Maximum Operating 60 35 MHz 
Frequency 

tpHL, tpLH Maximum Propagation 15 25 ns 
Delay, Clock to Q or Q 

tpHL, tpLH Maximum Propagation 13 21 ns 
Delay, Reset to Q or Q 

tREC Minimum Removal 20 ns 
Time, Clear to Clock 

Minimum Set Up Time, Data to Clock 
I 

ts 20 ns 

tH Minimum Hold Time, Data from Clock 0 ns 

tw Minimum Pulse Width, Clock or Clear 10 16 ns 

AC Electrical Characteristics 
v cc = 2.0V to 6.0V, CL = 50 pF, tr = tf ~ 6 ns (unless otherwise specified) 

TA = 25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA = -40 to 05°C T A = - 55 to 125°C 
Units 

Typ Guaranteed limits 

fMAX Maximum Operating 2.0V 12 6 5 4 MHz 
Frequency 4.5V 60 30 24 20 MHz 

6.0V 70 35 28 24 MHz 

tpHL, tpLH Maximum Propagation 2.0V 80 150 190 225 ns 
Delay, Clock to Q or Q 4.5V 15 30 38 . 45 ns 

6.0V 13 26 32 38 ns 

tPHL, tpLH Maximum Propagation 2.0V 64 125 158 186 ns 
Delay, Reset to Q or Q 4.5V 14 25 32 37 ns 

6.0V 12 21 27 32 ns 

tREM Minimum Removal Time 2.0V 100 125 150 ns 
Clear to Clock 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

ts Minimum Set Up Time 2.0V 100 125 150 ns 
Data to Clock 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 a ns 
Data from Clock 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
Clear or Clock 4.5V 9 16 20 24 ns 

6.0V 8 14 17 20 ns 

tr,tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

tTLH, tTHL Maximum 2.0V 30 75 95 110 ns 
Output Rise and 

I 
4.5V 9 15 19 22 ns 

Fall Time 6.0V 8 13 16 19 ns 

CPD Power Dissipation (per 150 pF 
Capacitance (Note 5) package) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption, Po = Cpo V cc2 f + Icc V cc, and the. no load dynamic current consumption, 
Is=Cpo Vce f+lec· 
Note 6; Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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~ Semiconductor 

PRELIMINARY 

~\~ 
MM54HC181/MM74HC181 microCMOS 

Arithmetic Logic Units/Function Generators 
General Description 
These arithmetic logic units (ALU)/function generators uti­
lize microCMOS Technology, 3.5 micron silicon gate P-well 
CMOS. They possess the high noise immunity and low pow­
er consumption of standard CMOS integrated circuits, as 
well as the ability to drive 10 LS-TTL loads. 

The MM54HC181/MM74HC181 are arithmetic logic unit 
(ALU)/function generators that have a complexity of 75 
equivalent gates on a monolithic chip. These circuits per­
form 16 binary arithmetic operations on two 4-bit words as 
shown in Tables 1 and 2. These operations are selected by 
the four function-select lines (SO, S1, S2, 83) and include 
addition, subtraction, decrement, and straight transfer. 
When performing arithmetic manipulations, the internal car­
ries must be enabled by applying a low-level voltage to the 
mode control input (M). A full carry look-ahead scheme is 
made available in these devices for fast, simultaneous carry 
generation by means of two cascade-outputs (pins 15 and 
17) for the four bits in the package. When used in conjunc­
tion with the MM54HC1B2 or MM74HC182, full carry look­
ahead circuits, high-speed arithmetic operations can be per­
formed. The method of cascading HC182 circuits with these 
ALU's to provide multi-level full carry look-ahead is illustrat­
ed unde'r typical applications data for the MM54HC1821 
MM74HC1B2. 

Connection Diagram 
Dual-In-Llne Package 

INPUTS OUTPUTS 
I , ,. , 

VCC A1 81 A2 82 A3 83 G Cn+4 P A=8 F3 

r 24 23 22 21 20 19 18 17 16 15 14 13 

( OOc>( ( ( 

c 

1 2 3 4 5 6 7 8 9 10 11 112 

80 AO S3 S2 Sl SO Cn M FO F1 F2 GND 
\ , \ I 

INPUTS OUTPUTS 

TL/F/5320-1 
TOP VIEW 

MM54HC181/MM74HC181 

54HC181 (J) 74HC181 (J,N) 

If high speed is not of importance, a ripple-carry input (Cn) 
and a ripple-carry output (Cn + 4) are available. However, 
the ripple-carry delay has also been minimized so that arith­
metic manipulations for small word lengths can be per-
formed without external circuitry. . 

Features 
• Full look-ahead for high-speed operations on 

long words 
• Arithmetic operating modes: 

Addition 

Subtraction 
Shift operand a one position magnitude comparison 
Plus Twelve other arithmetic operations 

• Logic function modes: 
Exclusive-OR 
Comparator 
AND,NAND,OR,NOR 
Plus ten other logic operations 

• Wide operating voltage range: 2V-6V 
• Low input current: 1 /-LA maximum 
• Low quiescent current: 80 /-LA maximum 

Pin Designations 
Designation Pin Nos. Function 

A3, A2, Al, AO 19,21,23,2 Word A Inputs 

83, B2, Bl, BO lB, 20, 22,1 Word B Inputs 

53, 52, Sl, SO 3,4,5,6 Function·Select 
Inputs 

Cn 7 Inv, Carry Input 

M B Mode Control 
Input 

F3, F2, Fl, FO 13,11,10,9 Function Outputs 

A=8 14 Comparator Outputs 

P 15 Carry Propagate 
Output 

Cn+4 16 Inv. Carry Output 

G 17 
Carry Generate 

Output 

Vee 24 Supply Voltage 

GND 12 Ground 
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General Description (Continued) 

These circuits will accommodate active-high or active-low 
data, if the pin designations are interpreted as shown below. 

Subtraction is accomplished by 1's complement addition 
where the 1 's complement of the subtrahend is generated 
internally. The resultant output is A-B-1, which requires 
an end-around or forced carry to produce A-B. 

The 181 can also be utilized as a comparator. The A=B 
output is internally decoded from the function outputs (FO, 
F1, F2, F3) so that when two words of equal magnitude are 
applied at the A and B inputs, it will assume a high level to 
indicate equality (A = B). The ALU should be in the subtract 
mode with Cn = H when performing this comparison. The 
A = B output is open-drain so that it can be wire-AND con­
nected to give a comparison for more than four bits. The 
carry output (Cn + 4) can also be used to supply relative 
magnitude information. Again, the ALU should be placed in 
the subtract mode by placing the function select inputs S3, 
S2, S1, SO at L, H, H, L, respectively. 

These circuits have been designed to not only incorporate 
all of the designer's requirements for arithmetic operations, 

but also to provide 16 possible functions of two Boolean 
variables without the use of external circuitry. These logic 
functions are selected by use of the four function-select in­
puts (SO, S1, S2, 53) with the mode-control inpu (M) at a 
high level to disable the internal carry. The 16 logic func­
tions are detailed in Tables 1 and 2 and include exclusive­
OR, NAND, AND, NOR, and OR functions. 

ALU SIGNAL DESIGNATIONS 

The MM54HC181/MM74HC181 can bij used with the signal 
designations of either Figure 1 or Figure 2. 

The logic functions and arithmetic operations obtained with 
signal designations as in Figure 1 are given in lable 1; those 
obtained with the signal designations of Figure 2 are given 
in Table 2. 

The 54HC17 4HC logic family is speed, function, and pinout 
compatible with the standard 54LS174L5 logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Pin Number 2 1 23 22 21 20 19 18 9 10 11 13 7 16 15 17 

Active-High Data (Table 1) AO BO A1 B1 A2 B2 A3 B3 

Active-Low Data (Table 1) AO BO A1 B1 A2 B2 A3 B3 

Input Output Active-High Data 
Cn Cn+4 (Figure 1) 

H H A:::;;:B 
H L A>B· 
L H A<B 
L L A;;::B 

(2) (1) (23)(22) (21)(20) (19) (18) 

I I I I I I I I Selection 
AO BO AlB 1 A2 B2 A3 B3 

'(7)-t-< Cn 

M=H 
Logic 

S3 S2 S1 SO Functions HC181 A = B I-- (14) 

(8)- r- M L L L L F=A 
FO Fl F2 F3 Cn+4 V x 

L L L H F=A + B (t I I I (X) I,"~"" L L H L F=AB 
(10) (11) (13) 

L L H H F=O 

I'" I'" 'i' T 
L H L L F=AB 

T)(Y' TT L H L H F=B 
L H H L F=A e B 

vo XO VI XI V2 X2 V3 X3 L H H H F=AB 
X 1--(7) 

H L L L F=A + B 

(1~ Cn HC182 H L L H F=A e B 
yl--(10) H L H L F=B 

Cn+. Cn+ y Cn+ z H L H H F=AB 

(X) (X) J, H H L L F=1 
H H L H F=A + B 

TL/F/5320-2 H H H L F=A+ B 
Figure 1 H H H H F=A 

FO F1 F2 F3 en (;n+4 x y 

FO F1 F2 F3 Cn Cn+4 p G 

Active-Low Data 
(Figure 2) 

A;;::B 
A<B 
A>e 
~:::;;:B 

Table 1 

Active High Data 

M = L; Arithmetic Operations 

Cn = H (no carry) Cn = L (with carry) 

F=A F=A Plus 1 
F=A+ B F = (A + B) Plus 1 
F=A + B F= (A '+ B) Plus 1 
F= Minus 1 (2's Compl) F=Zero 
F=A PlusAB F = A Plus AB Plus 1 
F=(A + B) PlusAB F= (A + B) Plus As Plus 1 
F = A Minus B Minus 1 F=A Minus B 
F=AB Minus 1 F=AB 
F=A PlusAB F=.A Plus AB Plus 1 
F=APlus B F= A Plus B Plus 1 
F= (A + B) Plus AB F= (A + B) Plus AB Plus 1 
F=AB Minus 1 F=AB 
F=APlusN F=A Plus A Plus 1 
F=(A + B) Plus A F= (A + B) Plus A Plus 1 
F = (A + B) Plus A F= (A + B) Plus A Plus 1 
F=A Minus 1 F=A 

·Each bit is shifted to the next more significant position. 
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(7) 

(8) 

(13) 

(2) (1) (23) (22) (21) (20) (19) (18) 

AO 80 A 1 81 A2 B2 A3 B3 
Cn 

M 

( 12) 

HC181 A = B (14) 

(11) 

Figure 2 

Number 
of 

(7) 

(10) 

(9) 

TL/F/5320-3 

Typical 

Table 2 

Active Low Data 
Selection M=H M = L; Arithmetic Operations 

Logic 
S3 S2 S1 SO Functions Cn = L (no carry) Cn = H (with carry) 

L L L L F=A F=A Minus 1 F=A 
L L L H F =AB F=AB Minus 1 F=AB 
L L H L F=A + B F=As Minus 1 F=(AB) 
L L H H F=1 F = Minus 1 (2's Campi) F=Zero 
L H L L F=A + B F=A Plus (A + S) F=A Plus (A + B) Plus 1 
L H L H F=B F=AB Plus (A + B) F=AB Plus (A + B) Plus 1 
L H H L F=A + B F = A Minus B Minus 1 F=A Minus B 
L H H H F=A + B F=A + B F = (A + B Plus 1 
H L L L F=AB F=A Plus (A + B) F=A Plus (A + B) Plus 1 
H L L H F=A + B F=A Plus B F=A Plus B Plus 1 
H L H L F=B F=AB Plus (A -+- B) F= AB Plus (A + B) Plus 1 
H L H H F=A + B F=A + B F=(A + B) Plus 1 
H H L L F=O F=A Plus A* F=A PlusA Plus 1 
H H L H F=AB F=AB PlusA F=AB Plus A Plus 1 
H H H L F=AB F=AB PlusA F=AB Plus A Plus 1 
H H H H F=A F=A F=A Plus 1 

"Each bit is shifted to the next more significant position. 

Package Count Carry Method 
Between 

Addition Times Arlthmetlcl Look Ahead 
Bits ALU's Logic Units Carry Generators 

1 t04 20 ns 1 0 None 
5t08 30 ns 2 0 Ripple 
9 to 16 30 ns 3 or4 1 Full Look-Ahead 

17 to 64 '50 ns 5 to 16 2t05 Full Look-Ahead 
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Absolute Maximum Ratings (Not~s 1 & 2) 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC InputVoltage (VIN) -1.5 to Vee + 1.5V 

DC Output Voltage (VOUT) 

Clamp Diode Current (11K, 10K) 

DC Output Current, per pin (lOUT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (T STG) 

Power Dissipation (Po) (Note 3) 

-0.5 to Vee+0.5V 

±20mA 

±25mA 

±50mA 

-65°C to + 150°C 

Lead Temperature (T L> (Soldering 10 seconds) 

500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage(Vee) 2 

DC Input or Output Voltage' 0 
(VIN,VOUT) 

Operating Temperature Range(T A) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, tf) Vee=2.0V 

Vee=4.5V 
Vee=6.0V 

74HC 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400. 

54HC 

Units 
V 

V 

°C 
°C 

ns 
ns 
ns 

Symbol Parameter Conditions Vee 
Typ 

TA=-40to85°C TA=-55to125°C Units 

Guaranteed Limits 

ICC 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 
(any output except 
A=B) 

VIN=VIH orVIL 
IIOUTI:5:20 p.A 

VIN = VIH or VIL 
IIOUTI:5:4.0 rnA 
IIOUTI :5: 5.2 rnA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

2.0V 2.0 1.9 
4.5V 4.5 4.4 
6.0V 6.0 5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

Maximum Leakage VIN = VIH or VIL 6.0V 0.5 
Open Drain Output Current VOUT=Vee 
(A = B Output) 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

VIN = VIH or VIL 
IIOUTI :5: 20 p.A 2.0V 0 

4.5V 0 
6.0V 0 

0.1 
0.1 
0.1 

VIN = VIH or VIL 
IIOUTI:5:4.0 rnA 
IIOUTI :5: 5.2 rnA 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

VIN=vee or GND 6.0V 

VIN = Vee or GND 6.0V 
IOUT=O p.A 

±0.1 

8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.84 
5.34· 

5.0 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3:15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 

.5.9 

3.7 
5.2 

10 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6S'C to 85'C; ceramic "J" package: -12 mWrC from 
100'C to 125'C. I 

Note 4: For a power supply of SV ± 1 0% the worst case output voltages (VOH. and Vou occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.5V and 4.5V respectively. (The VIH value at S.SV is 3.85V.) The worst case leakage current (lIN. 
IcC. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V. TA=25°C. CL =15 pF. tr =tf=6 ns 

Symbol Parameter Conditions 

tpHL. tpLH Maximum Propagation 
Delay From Cn to Cn + 4 

Typ 

13 

tpHL. tpLH Maximum Propagation M=OV. SO=S3=Vcc 30 . 

Delay From any S1=SO=OV 
AorB to CN+4 (Sum mode) 

tpHL. tpLH Maximum Propagation M = OV.SO = S3 = OV 35 
Delay From any S1=S2=Vcc 
AorB to CN+4 (Ditt. mode) 

tpHL. tpLH Maximum Propagation M=OV 13 
Delay From Cn to any F (Sum or 

Diff. mode) 

tpHL. tpLH Maximum Propagation M=OV. SO= 14 
Delay From any S3=Vcc 
AorB to G S1 =S2=OV 

(Sum mode) 

tpHL. tpLH Maximum Propagation M=OV.SO= 18 
Delay From any S3=OV 
A or B to G S1=S2=Vcc 

(Ditt mode) 

tpHL. tpLH Maximum Propagation M=OV. SO= 17 
Delay From any S3=Vcc 

r A or B to P S1=S2=OV 
(Sum mode) 

tpHL. tpLH Maximum Propagation M=OV. SO= 17 
Delay From any S3=OV 
AorBto P S1=S2=VcC 

(Ditt mode) 

tPHL. tpLH Maximum Propagation M=OV.SO= 28 
Delay From AI or BI to FI S3=VCC 

S1=S2=OV 
(Sum mode) 

tpHL. tpLH Maximum Propagation M=OV.SO= 32 
Delay From AI or BI to FI S3=OV 

S1=S2=Vcc 
(Ditt mode) 

tpHL. tpLH Maximum Propagation M=Vcc 32 
Delay From AI or BI to FI (logic mode) 

tpHL. tpLH Maximum Propagation M=OV. SO= 36 
Delay From any S3=OV 
AorB toA=B S1=S2=Vcc 

(Ditt mode) 
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Guaranteed 
Units 

LImit 

20 ns 

45 ns 

50 ns 

20 ns 

20 ns 

25 ns 

25 ns 

25 ns 

42 ns 

48 ns 

48 ns 

50 ns 



AC Electrical Characteristics CL =50 pF, tr=tf=6 ns -,unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA = -40 to 85°C T A = - 55 to 125°C 
Units 

Typ Guaranteed LImits 

tpHL, tpLH Maximum Propagation 2.0V 55 120 160 200 ns 
Delay From Cn to Cn + 4 4.5V 17 24 30 36 ns 

6.0V 14 20 25 30 ns 

tpHL, tpLH Maximum Propagation M=OV,SO= 2.0V 110 250 325 375 ns 
Delay From any S3=Vcc 4.5V 35 50 63 75 ns 
Aor B to Cn+4 S1 =S2=OV 6.0V 30 43 53 65 ns 

(Sum mode) \ 

tpHL, tpLH Maximum Propagation M=OV, SO= 2.0V 120 280 350 420 ns 
Delay From any S3=OV 4.5V 40 56 70 84 ns 
Aor B to Cn+4 S1=S2=Vcc 6.0V 35 48 60 72 ns 

(Diff mode) 

tpHL, tpLH Maximum Propagation M=OV 2.0V 55 . 120 160 200 ns 
Delay From Cn to any F (Sum or 4.5V 17 24 30 36 ns 

Diff mode) 6.0V 14 20 25 30 ns 

tpHL, tpLH Maximum Propagation M=OV, SO= 2.0V 55 120 160 
,. 

200 ns 
Delay From any S3=Vcc, 4.5V 17 24 30 36 ns 
Aor B to G S1 =S2=OV 6.0V 14 20 25 30 ns 

(Sum mode) 

tpHL, tpLH Maximum Propagation M=OV,SO= 2.0V 70 150 189 224 ns 
Delay From any S3=OV 4.5V 20 30 38 45 ns 
AorB to G S1=S2 6.0V 17 26 32 38 ns 

(Diff mode) 

tpHL, tpLH Maximum Propagation M=OV,SO= 2.0V 70 150 189 224 ns 
Delay From any S3=Vcc 4.5V 20 30 38 45 ns 
Aor Bto P S1=S2=OV 6.0V 17 26 32 38 ns 

(Sum mode) 

tpHL, tpLH Maximum Propagation M=OV,SO= 2.0V 70 150 189 224 ns 
Delay From any S3=OV 4.5V 20 30 38 . 45 ns 
A or B to P S1 =S2=Vcc 6.0V 17 26 32 38 ns 

(Diff mode) 

tpHL, tpLH Maximum Propagation M=OV, SO= 2.0V 115 240 300 360 ns 
Delay From AI or BI to FI S3=Vcc 4.5V 35 48 60 72 ns 

S1=S2=OV 6.0V 30 . 41 51 61 ns 
(Sum mode) 

tpHL, tpLH Maximum Propagation M=OV, SO= 2.0V 120 275 344 344 ns 
Delay From AI or BI to FI S3=OV 4.5V 40 55 69 83 ns 

S1 =S2=Vcc 6.0V 34 47 59 69 ns 
(Diff mode) 

tpHL, tpLH Maximum Propagation M=VCC 2.0V 120 275 344 344 ns 
Delay From AI or BI to FI (logic mode) 4.5V 40 55 60 I 83 ns 

6.0V 34 47 59 69 ns 

tpHL, tpLH Maximum Propagation M=OV, SO= 2.0V 120 280 350 420 ns 
Delay From any S3=OV 4.5V 40 56 70 84 ns 
Aor B toA=B S1 =S2=Vcc 6.0V 35 48 60 72 ns 

(Diff mode) 

tTLH, tTHL Maximum Output Rise 2.0V 30 7.5 95 110 ns 
and Fall 4.5V 8 15 19 22 ns 
Time 6.0V 7 13 16 19 ns 

CPO Power Dissipation pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance I 

Note 5: CPO determines the no load dynamic power consumption, Po = Cpo vcc2 f + Icc Vcc, and the no load dynamic current. consumption, 
Is=Cpo Vcc f+lcc· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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Parameter Measurement Information 

Logic Mode Test Table 
Function Inputs: 51 = 52 = M = Vee. 50 = 53 = 0 V 

Other Input 
Other Data Inputa 

Input Same Bit 
Parameter Under Apply Apply Apply Apply 

Teat Vee aND Vee aND 

tpHL. tpLH AI BI None None 
Remaining 
Aand B.Cn 

tpHL. tpLH BI AI None None 
Remaining 

A and B.Cn 

5UM Mode Test Table 
Function Inputs: 50 = 53 = Vee 51 = 52 = M = 0 V 

Other Input 
Other Data Inputa 

Input Same Bit 
Parameter Under Apply Apply Apply Apply 

Teat Vee aND Vee aND 

tpHL. tpLH AI BI None 
Remaining 

Cn AandB 

tpHL. tpLH BI AI None 
Remaining 

Cn AandB 

tpHL. tpLH AI BI None None 
Remaining 
Aand B. Cn 

tpHL. tpLH BI AI None None 
Remaining 
Aand B. Cn 

tpHL. tpLH AI None BI 
Remaining Remaining 

B A.Cn 

tpHL. tpLH BI None AI 
Remaining Remaining 

B A.Cn 

tpHL. tpLH Cn None None 
All All 
A B 

tpHL. tpLH AI None BI 
Remaining Remaining 

B A.Cn 

tpHL. tpLH BI None AI 
Remaining Remaining 

B A.Cn 

Dlff Mode Test Table 
Function Inputs:'51 = 52 = Vee. 50 = 53 = M = 0 V 

Other Input 
Other Data Inputa 

Input Same Bit 
Parameter Under 

Teat 
Apply Apply Apply Apply 
Vee aND Vee aND 

tpHL. tpLH AI None BI 
Remaining Remaining 

A B.Cn 

tpHL. tpLH BI AI None 
Remaining Remaining 

A B.Cn 

tpHL. tpLH AI None BI None 
Remaining 
Aand B. Cn 

tPHL. tpLH BI AI None None 
Remaining 
Aand B. Cn 

tpHL. tpLH AI BI None None 
Remaining 
A and B. Cn 

tpHL. tpLH BI None AI None 
Remaining 
A and B. Cn 

tpHL. tpLH AI None BI 
Remaining Remaining 

A B.Cn 

tpHL. tpLH BI AI None 
Remaining Remaining 

A B.Cn 

tpHL. tpLH Cn None None 
'All 

None 
A and B 

tpHL. tpLH AI BI None None 
Remaining 
A.B.Cn 

tpHL. tpLH BI' None AI None 
Remaining 
A.B.Cn 
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~National 
~ Semiconductor 

PRELIMINARY 

microCMOS 
MM54HC182/MM74HC182 
Look-Ahead Carry Generator 

General Description 
The MM54HC182/MM74HC182 is a high speed LOOK­
AHEAD CARRY GENERATOR utilize microCMOS Technol­
ogy, 3.5 micron silicon gate P-well CMOS. It has the low 
power consumption and high noise immunity of standard 
CMOS integrated circuits, along with the ability to drive 10 
LS-TTL loads. 

These circuits Ilre capable of anticipating a carry across four 
binary adders or groups of adders. They are cascadable to 
perform full look-ahead across n-bit adders. Carry, gener­
ate-carry, and propagate-carry functions are provided as 
shown in the pin designation table. 

When used in conjunction with the HC181 arithmetic logic 
unit, these generators provide high-speed carry look-ahead 
capability for any word length. Each HC182 generates the 
look-ahead (anticipated carry) across a group of four ALU's 
and, in addition, other carry look-ahead circuits may be em­
ployed to anticipate carry across sections of four look­
ahead packages up to n-bits. The method of cascading cir­
cuits to perform multi-level look-ahead is illustrated under 
typical application data. 

Connection Diagram 

Dual-In-Line Package 

INPUTS OUTPUTS 

Vcc P2 G2 Cn Cn+ x cn+y G Cn+z 

/16 15 14 13 12 11 10 9 
fl 

OJ 

rC -
Pi 

Gi 

1 2 3 4 5 6 7 /a 
G1 Pi GO PO G3 P3 Ii GND 

'-------..-------" OUTPUT 
IltPUTS 

TOP VIEW TL/F/5321-1 

MM54HC182/MM74HC182 

54HC182 (J) 74HC182 (J,N) 

Carry input and output of the ALU's are in their true form, 
and the carry propagate (P) and carry generate (G) are in 
negated form; therefore, the carry functions (inputs, outputs, 
generate, and propagate) of the look-ahead generators are 
implemented in the compatible forms for direct connection 
to the ALU. Reinterpretations of carry functions as ex­
plained on the HC181 data sheet are also applicable to and 
compatible with the look-ahead generator. 

Features 
• TTL pinout .compatible 
II Typical propagation delay: 18 ns (Clock to Q) 
II Wide Operating Supply Voltage Range: 2-6V 
tI Low Input Current: < 1 J-tA 
tI Low Quiescent Supply Current: 80 J-tA maximum (74HC 

Series) 
tI Fanout of 10 LS-TTL Loads 

Logic Diagram 

en + l 

Cn ... w 

c, .....{»-------------' 
TLlF/5321-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Ved -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN~ -1.5 to Vee+1.5V Supply Voltage(Ved 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee+O.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(TA) 
MM74HC -40 +85 °C 

DC Vee or GND Current, per pin (led ±50mA MM54HC -55 +125 °C 
Storage Temperature Range (T STG) - 65°C to + 150°C Input Rise or Fall Times 
Pc;>wer Dissipation (Po) (Note 3) 500mW (tr, tf) Vee=2.0V 1000 ns 
Lead Temperature (T U (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 

Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

T=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T= -40 to 85°C T= -55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage !IouTI:O:20 ,..,A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI:O:4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
!IouTl:o: 5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage '!IouTI:O:20 ,..,A 2.0V 0 0.1 0.1 0.1 V 

- 4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

" 

VIN = VIH or VIL 
. IIOUTI:O:4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI:O:5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±O.1 ±1.0 ±1.0 ,..,A 
Current 

Icc Maximum Quiescent VIN=Vee or GND 6.0V 8.0 80 160 ,..,A 
Supply Current IOUT=O ,..,A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and VoL> occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL OCCUi at Vee = S.SV and 4.SV respectively. (The VIH value at S.5V is 3.85V.) The worst case leakage current (lIN. 
Icc. and lozl occur for CMOS at the higher voltago and so the 6.0V values should be used. 

AC Electrical Characteristics Vce=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tpHL, tpLH Maximum Propagation Delay - Pn to P 16 24 ns 

tpHL, tpLH Maximum Propagation Delay - Cn to any output 18 27 ns 

tpHL, tpLH Maximum Propagation Delay - Pn or Gn to any output 23 35 ns 

.' 
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AC Electrical Characteristics Vcc=2.0V to 6.0V, CL =50 pF, tr =tf=6 ns (unless otherwise specified) 

T=2S'C 74HC 54HC 

Symbol Parameter Conditions Vee 
T= -40 to 8S'C T= -55to12S'C' 

Unit. 
Typ Guaranteed Urnlts 

tPHL. tPLH Maximum Propagation 2.0V 45 112 140 162 ns 
Delay 4.5V 18 28 35 40 ns 
PntoP 6.0V 15 22 27 32 ns 

tPHL. tpLH Maximum Propagation 2.0V 50 125 156 182 ns 
Delay 4.5V 20 30 37, 44 ns 
Cn to any output 6.0V 16 24 30 35 ns 

tPHL. tpLH Maximum Propagation 2.0V 62 155 194 225 ns 
Delay 4.5V 25 37 46 54 ns 
Pn or Gn to any output 6.0V 22 33 42 48 ns 

tTLH. tTHL Maximum Output Rise 2.0V 25 75 95 110 ns 
and Fall Time 4.5V 7 15 19 22 ns 

6.0V 6 13 16 ·19 ns 

Cpo Power Dissipation Capacitance 90 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vcc2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lcc· 
Note 6: Refer to back of this section .for Typical MM54174HC AC Switching Waveforms and Test Circuits. 

Logic Equations 
Cn+x=GO+PO Cn 

Cn + x =YO (XO+Cn) 

Cn + y =G1+P1 GO+P1 POCn 
cn + y - Y1 [X1 + YO (XO+Cn)] 

Cn + z = G2+ P2 G1 + P2 P1 PO C n or 
cn+ z =Y2{X2+Y1 [X1 +YO (XO+ Cn)] I 

G -G3+P3 G2+ P3 P2 G1 +P3 P2 P1 GO 
Y =Y3 (X3+Y2) (X3+X2+Y1) (X3+X2+X1 + YO) 

is =P3 P2 P1 PO 
X =X3+X2+X1 +XO 

FUNCTION TABLE FUNCTION TABLE 

FUNCTION TABLE FOR G OUTPUT FORPOUTPUT FOR Cn + x OUTPUT 

INPUTS OUTPUT INPUTS OUTPUT INPUTS OUTPUT 

G3 G2 G1 GO P3 P2 P1 G P3 P2 P1 PO P GO PO Cn Cn+x 
L X X X X X X L L L L L L L X X H 
X L X X L X X L All other 

H X L H H 
X X L X L L X L combinations All other. 
X X X L L L L L combinations L 

All other combinations H 

FUNCTION TABLE 

FUNCTION TABLE FOR C n+ z OUTPUT FOR Cn+yOUTPUT 

INPUTS OUTPUT INPUTS OUTPUT 

G2 G1 GO P2 P1 PO Cn Cn+ z G1 GO P1 PO Cn Cn+ y 

L X X X X X X H L X X X X H 
X L X L X X X H X L L X X H 
X X L L L X X H X X L L H H 
X X X L L L H H All other 

L All other combinations L combinations 

H = high level L=low level X = irrelevant 
Any inputs not shown in a given table are irrelevant with respect to that output. 

Typical Application 
64·BIT ALU, FULL·CARRY LOOK AHEAD IN THREE LEVELS 

. 
181 

-£tf ft1 fttftf ~ ftf fH ftf ~ -1':: ~ .. :,:, ~" :,: ~ .. ~ ~ -1':: ' ... :,:, '0" .::. '0" : ~I :~~ .. 
Cn 5182 Cn 5112 Cn S182 

o POP 

I I 
JOO PO c"h Gl PI cn+, 
,Cn 8182 

TL/F/5321-3 

A and B Inputs, and F outputs of 181 are not shown. 
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~National 
D Semiconductor 

PRELIMINARY 

microCMOS 

MM54HC190/MM74HC190 Synchronous Decade 
Up/Down Counters with Mode Control 
MM54HC191/MM74HC191 Synchronous Binary 
Up/Down Counters with Mode Control 
General Description 
These high speed synchronous counters utilize micro­
CMOS Technology, 3.5 micron silicon gate P-well CMOS. 
They possess the high noise immunity and low power con­
sumption of CMOS technology, along with the speeds of 
low power Schottky TIL. 

These circuits are synchronous, reversible, up/down coun­
ters. The MM54HC191/MM74HC191 are 4-bit binary coun­
ters and the MM54HC190/MM74HC190 are BCD counters. 
Synchronous operation is provided by having all flip-flops 
clocked simultaneously, so that the outputs change simulta­
neously when so instructed by the steering logic. This mode 
of operation eliminates the output counting spikes normally 
associated with asynchronous (ripple clock) counters. 

The outputs of the four master-slave flip-flops are triggered 
on a low-to-high level transition of the clock input, if the 
enable input is low. A high at the enable input inhibits 
counting. The direction of the count is determined by the 
level of the down/up input. When low, the counter counts up 
and when high, it counts down. 

These counters are fully programmable; that is, the outputs 
may be preset to either level by placing a low on the load 
input and entering the desired data at the data inputs. The 
output will change independent of the level of the clock in-

Connection Diagram 
Dual-In-Line Package 

DATA RIPPLE MAXI DATA DATA 
Vee A CLOCK CLOCK MIN LOAD C 0 

DATA 
B 

Oa flA ENABLE DOWNI Oe 
G UP 

TOP VIEW 

aD GND 

TL/F/5322 

put. This feature allows the counters to be used as modulo­
N dividers by simply modifying the count length with the 
preset inputs. 

Two outputs have been made available to perform the cas­
cading function: ripple clock and maximum/minimum count. 
The latter output produces a high-level output pulse with a 
duration approximately equal to one complete cycle of the 
clock when the counter overflows or underflows. The ripple 
clock output produces a low-level output pulse equal in 
width to the low-level portion of the clock input when an 
overflow or underflow condition exists. The counters can be 
easily cascaded by feeding the ripple clock output to the 
enable input of the succeeding counter if parallel clocking is 
used, or to the clock input if parallel enabling is used. The 
maximum/minimum count output can be used to accom­
plish look-ahead for high-speed operation. 

Features 
• Typical propagation delay 

Clock to output: 24 ns 

• Typical operating frequency: 50 MHz 

• Wide power supply range: 2-6V 
• ,Low quiescent supply current: 80 p.A maximum (74HC 

series) . 

• Low input current: 1 p.A maximum 

Load 
Enable Down/ 

Clock FunctIon 
G Up 

H L L t Count Up 
H L H t CountDown 
L X X X Load 
H H X X No Change 

Asynchronous Inputs Low input to load sets OA = A. 

Os = B. Oc = C, and 00 = 0 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Ved -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Ved 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (111(, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A) 
MM74HC -40 +85 °C 

DC Vee or GND Current, per pin (led ±50mA MM54HC -55 +125 °C 
Storage Temperature Range (TSTG) - 65°C to + 150°C Input Rise or Fall Times • Power Dissipation (Po) (Note 3) 500mW (tr, tf) Vee=2.0V 1000 ns 

Lead Temperature (TtJ (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 
Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to.85°C TA= -55to 125°C 

Units' 
Typ Guaranteed LImits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage !IOUT!::;:20 /LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
!IOUT! ::;:4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
!IOUT! ::;:5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage !IOUT!::;:20 /LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
!IOUT! ::;:4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

!IOUT!::;:5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 /LA 
Current 

Icc Maximum Quiescent VIN=VecorGND 6.0V 8.0 80 160 /LA 
Supply Current IOUT=O /LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "~ .. package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -'-12 mWrC from 
100°C to 12SoC. . 
Note 4: For a power .supply of SV ± 10% the worst case output voltages (VOH. and Vou occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.l The worst case leakage current (liN. 
Icc. and lozl occur for CMOS at ttie higher v?ltage and so the 6.0V values should be used. 
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AC Electrical Characteristics T A = 25°C. Vee = 5.0V. tr= tf= 6 nSf CL = 15 pF (unless otherwise specified) 

Symbol Parameter 
From To 

Conditions Typ 
Guaranteed 

Units 
(Input) (Output) Limit 

fMAX Maximum Clock 40 25 MHz 
Frequency 

tpLH. tpHL Propagation Delay Time Load OA.Oe ' 30 50 ns 
Oe.Oo 

tpLH. tpHL Propagation Delay Time DataA. OA.Oe 27 40 ns 
B.C.D Oe.Oo 

tpLH. tpHL Propagation Delay Time Clock Ripple 16 24 ns 
I Clock 

tpLH. tpHL Propagation Delay Time Clock OA.Oe 24 36 ns 
Oe.Oo 

tpLH. tpHL Propagation Delay Time Clock Max/Min 30 50 ns 

tpLH. tpHL Propagation Delay Time Down/Up Ripple 29 45 ns 
Clock 

tpLH. tpHL Propagation Delay Time Down/Up Max/Min 22 33 ns 

tpHL. tpLH Propagation Delay Time Enable Ripple Clock 22 33 ns 

tW(eLOeK) Width of Clock. Clear or Load Input Pulse 10 20 ns 

tSETUP Data Setup Time 20 ns 

tHOLO Data Hold Time 0 ns 

AC Electrical Characteristics Vee=2.0V to 6.0V. CL = 50 pF tr=tf=6 ns (unless otherwise specified) 

Symbol Parameter From To TA=25°C 
74HC 54HC 

(Input) (Output) 
Conditions Vee T A = - 40 to 85°C T A = - 55 to 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Clock 2.0V 10 4 3 2 MHz. 
Frequency 4.5V 38 20 15 13 MHz 

6.0V 40 23 18 15 MHz 

tpLH. tpHL Propagation Delay Time Load OA.Oe 2.0V 106 290 360 435 ns 
Oe.Oo 4.5V 32 58 72 87 ns 

6.0V 29 49 61 73 ns 

tpLH. tpHL Propagation Delay Time DataA. OA.Oe 2.0V 93 230 290 345 ns 
B.C.D Oe.Oo 4.5V 28 46 57 69 ns 

6.0V 25 39 49 58 ns 

tpLH. tpHL Propagation Delay Time Clock Ripple 2.0V 62 150 190 225 ns 
Clock 4.5V 18 30 37 45 ns 

6.0V 16 26 32 37 ns 

tpLH. tpHL Propagation Delay Time Clock OA.Oe 2.0V 90 220 275 330 ns 
Oe.Oo 4.5V 27 44 55 66 ns 

6.0V 24 37 46 56 ns 

tpLH. tpHL Propagation Delay Time Clock Max/Min 2.0V 108 290 360 435 ns 
4.5V 33 58 72 87 ns 
6.0V 30 49 61 73 ns 

tpLH. tpHL Propagation Delay Time Down/Up Ripple 2.0V 98 265 330 398 ns 
Clock 4.5V 30 53 66 80 ns 

6.0V 28 45 56 68 ns 

tpLH. tpHL Propagation Delay Time Down/Up Max/Min 2.0V 85 200 250 300 ns 
4.5V 25 40 50 60 ns 
6.0V 23 54 42 51 ns 

tpHL. tpLH Propagation Delay Time Enable Ripple 2.0V 85 200 250 300 ns 
Clock 4.5V 25 40 50 60 ns 

6.0V 23 34 42 51 ns 

tw Width of Clock. Load 2.0V 100 125 150 ns 
or Clear Input Pulse 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tSETUP Data Setup Time 2.0V 20 100 125 150 ns 
4.5V 10 20 25 30 ns 
6.0V 8 17 21 25 ns 
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AC Electrical Characteristics Vcc=2.0V to 6.0V. CL =50 pF tr=tf=6 ns (unless otherwise specified) 

Symbol Parameter From To TA=25°C 
74HC 54HC 

(Input) (Output) 
Conditions Vee TA= -40 to 85°C TA= -55 to 125°C Units 

Typ Guaranteed Limits 

tH Data Hold Time 2.0V 0 0 0 ns 
4.5V 0 0 0 ns 
6.0V 0 0 0 ns 

tTHL. tTLH Maximum Output 2.0V 75 95 110 s 
Rise and Fall Time 4.5V 15 19 22 ns 

6.0V 13 16 19 ns 

tr.tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CIN Input Capacitance 5 10 10 10 pF 

CPO Power Dissipation 100 pF 
Capacitance (Note 5) 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee 1+lee· 
Note 6: ReIer to back of this section lor Typical MM54/74HC AC Switching Waveforms and Test Circuits. 

Logic Diagrams 

(14) 
CLOCK 

DOWNI 
UP 

(5) 

11) 
DATA (15) I 

~:"'!=v-
~ 

INPUT 

ENAB 

DATA (1) 
INPUT B 

DATA (10) 
INPUT C 

DATA (II) 
INPUT D 

LOAD (11) 

Pin (16) = Vee. Pin (8) = GND 

'HC190 Decade Counters 

-~ ~ - (12) 

r-- H 

I 

~ ~-;~~ CLOCK 

'-- KCLEARQA 

-~r-~ 
~-[ ~CLOCK 

-'Y"l po 

---I 

f-IJPRE~~c _~ 
~--[ ~ CLOCK 

.... r-. r¥l ]) 

-

-~~~e-~ --O~ClOCK 

-~ -n "Y""1 

RIPPLE 
CLOCK 
MAX/IilN 
OUTPUT 

OUTPUTOB 

OUTPUTOc 

OUTPUT 00 

TL/F/5322-2 
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enen ,... ,... 
00 
J:J: 

~~ 
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enen ,... ,... 
00 
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:E:E 
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Logic Diagrams (Continued) 

1141 

151 DOWNI 
UP 

r4:r 
~TA'151 I 

AI4I~ 
Q~ 

~TA 111 

• 

~TA'1OJ 
c 

~TA~I 
D 

LOAD 1111 

'HC191 Binary Counters 

P ~ r--
1121 

r-

J 
r-db-

~ ~JPRE~A~~' 
~ CLOCK 

- ..... ,Kay
iSA1 -

- ~' J ,JRJ. ~.!!! 
~H= ~ CLOCK r-·,...,"1 

I 

..... ~t--<~I 
~~ r-< CLOCK ..... ¥1 
- ~ 

~~~ }-~'- .. ~~i 
L....c CLOCK 

-=t- _ ¥1 
TLlF/5322-3 

Pin (16) = Vee. Pin (8) = GND 
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Timing Diag~ams 
'HC190 Synchronous Decade Counters 

Typical Load, Count, and Inhibit Sequences 

LOAD~ 

. 1 A DATA B 

INPUTS : 

CLOCK 

DOWN/UP 

ENABLE 

RIPPLE CLOCK - _;.-1 -+t---, 
_-A 

1718 9 012 221 09 8 7 

!Jt-COUNT up-I INHIBIT It-COUNT DOWN-I 

LOAD TL/F/5322-4 

Sequence: 
(1) Load (preset) to BCD seven 
(2) Count up to eight, nine, zero, one and two 
(3) Inhibit 
(4) Count down to one, zero, nine, eight, and seven 

'HC191 Synchronous Binary Counters 
Typical Load, Count, and Inhibit Sequence 

LOAD-U 

DATA I: 
INPUTS : 

CLOCK 

DOWN/UP 

ENABLE 

RIPPLE CLOCK - _;.-1 -+i---, 
_-A 

113 14 15 0 1 2 2 2 1 0 15 14 13 
lJl--COUNT UP-I INHIBIT I r-COUNT DOWN--I 

LOAD TLlF/5322-5 

Sequence: 
(1) Load (preset) to binary thirteen 
(2) Count up to fourteen, fifteen, zero, one, and two 
(3) Inhibit 
(4) Count down to one, zero, fifteen, fourteen, and thirteen 

1-173 



~National a Semiconductor microCMOS 

MM54HC192/MM74HC192 
Synchronous Decade Up/Down Counters 
MM54HC193/MM74·HC193 
Synchronous Binary Up/Down Counters 
General Description 
These high speed synchronous counters utilize micro­
CMOS Technology, 3.5 micron silicon gate P-well CMOS, to 
achieve the high noise immunity and low power consump­
tion of CMOS technology, along with the speeds of low 
power Schottky TIL. The MM54HC192/MM74HC192 is a 
decade counter, and the MM54HC193/MM74HC193 is a bi­
nary counter. Both counters have two separate clock inputs, 
an UP COUNT input and a DOWN COUNT input. All outputs 
of the flip-flops are simultaneously triggered on the low to 
high transition of either clock while the other input is held 
high. The direction of counting is determined by which input 
is clocked. 

These counters may be preset by entering the desired data 
on the DATA A, DATA B, DATA C, and DATA D inputs. 
When the LOAD input is taken low the data is loaded inde­
pendently of either clock input. This feature allows the coun­
ters to be used as divide-by-n counters by modifying the 
count length with the preset inputs. 

In addition both counters can also be cleared. This is ac­
complished by inputting a high on the CLEAR input. All 4 
internal stages are set to a low level independently of either 
COUNT input., 

Connection Diagram 

Vee 

DATA 
B 

Dual-In-Llne Package 
DATA DATA 

A CLEAR BORROW CARRY LOAD C 
DATA 
o 

08 OA COUNT COUNT Oc OD GND 
DOWN UP 

Both a BORROW and CARRY output are provided to en­
able cascading of both up and down counting functions. The 
BORROW output produces a negative going pulse when the 
counter underflows and the CARRY outputs a pulse when 
the counter overflows. The counters can be cascaded by 
connecting the CARRY and BORROW outputs of one de­
vice "to the COUNT UP and COUNT DOWN inputs, respec­
tively, of the next device. 

All inputs are protected from damage due to static dis­
charge by diodes to Vee and ground. 

Features 
• Typical propagation delay, 

Clock to output: 20 ns 
" Typical operating frequency: 27 MHz 
• Wide power supply range: 2-6V 
• Low quiescent supply current: 80 itA maximum (74HC 

series) 

• Low input current: 1 itA maximum 
• 4 mA output drive 

Truth Table 

Count 

Up Down 

i H 
H f 
X X 
X X 

H = High level 

L = Low level 

Clear 

L 
L 
H 
L 

"t = Transition from low·ta-high 

X = Don't care 

Load 

H 
H 
X 
L 

MM54HC192/MM74HC192 
MM54HC193/MM74HC193 

Functron 

Count Up 
CountDown 
Clear 
Load 

Tl/F/5011-1 

54HC192 (J) 74HC192 (J,N) 
54HC193 (J) 74HC193 (J,N) 
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3:3: 
Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 3:3: 
Supply Voltage (Veel -0.5 to + 7.0V Min Max Units 0101 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Veel 2 6 V ~~ 

J:J: 
DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 00 
Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) -" -" 
DC Output Current. per pin (lOUT) ±25mA Operating Temperature Range(T Al CD CD 

MM74HC -40 +85 °C WI\) 
DC Vee or GND Current. per pin (Ieel ±50mA MM54HC -55 +125 °C 

.................. 
~~ 

Storage Temperature Range (TSTG) -65°C to +150°C Input Rise or Fall Times ~~ 
Power Dissipation (Po) (Note 3) 500mW (tr. tt) Vee=2V 1000 ns J:J: 
Lead Temperature (Tu (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 00 

Vee=6.0V 400 ns -" -" 
CD CD 
WI\) 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High ~evel VIN = VIH or VIL 
Output Voltage !IOUT!:5:20 /J-A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 . V 

VIN=VIH orVIL 
!IOUTI:5:4.0 rnA 4.5V 4'.2 3.98 3.84 3.7 V 

!IOUT! :5: 5.2 rnA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage !IOUT! :5: 20 /J-A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
!IOUT! :5:4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
!IOUT!:5:5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 /J-A 
Current 

Icc Maximum Quiescent VIN=VeeorGND 6.0V B.O 80 160 /J-A 
Supply Current IOUT=O /J-A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 

Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (liN. 
ICC. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
TA=25°C, Vee = 5.0V, tr=tf=6 ns CL =15 pF (unless otherwise specified) (Note 6) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units . Limit 

fMAX Maximum Clock Frequency 
Count Up 27 20 MHz 

CountDown 31 24 MHz 

tpLH Maximum Propagation Delay 17 26 ns 
Low to High 

Count Up to Carry 
tpHL Maximum Propagation Delay 18 24 ns 

High to Low 

tpLH Maximum Propagation Delay 16 24 ns 
Low to High Count Down to 

tpHL Maximum Propagation Delay Borrow 15 24 ns 
High to Low 

tpLH Maximum Propagation Delay 28 40 ns 
Low to High 

CountUpOr 
tpHL Maximum Propagation Delay DowntoQ 36 52 ns 

High to Low 

tpLH Maximum Propagation Delay 30 42 ns 
Low to High 

Data or 
Load to Q 

tpHL Maximum Propagation Delay 40 55 ns 
High to Low 

tpHL Maximum Propagation Delay 
CleartoQ 

35 47 ns 
High to Low 

Clear I 'HC192 40 52 ns 

·tw Minimum Pulse Width 
'HC193 20 26 ns 

Load 10 20 ns 

Count Up/Down 15 22 ns 

tso Minimum Setup time 
Data to Load 

10 20 ns 

tHO Minimum Hold Time -3 0 . ns 

tREM Minimum Removal Time 
Clear Inactive 
to Clock 

10 ns 

AC Electrical Characteristics Vee = 2.0V to 6.0V, CL = 50 pF, tr=tf=6 ns (Note 6) 

TA=25°C 
74HC 54HC 

TA= -40 to 85°C TA= -55to125°C . Symbol Parameter Conditions Vee Units 
Typ. Guaranteed Limits 

2.0V 5 3 2.5 2 MHz 
Count Up 4.5V 25 18 . 14 12 MHz 

fMAX Maximum Clock Frequency 
6.0V 29 20 16 13 MHz 

2.0V 5 4 3 2 MHz 
CountDown 4.5V 27 20 16 11 MHz 

6.0V 31 23 18 12 MHz 

tpLH Maximum Propagation Delay 2.0V 30 140 175 210 ns 
Low to High 4.5V 13 28 35 . 42 ns 

Count Up 6.0V 11 24 30 36 ns 

tpHL Maximum Propagation Delay to Carry 2.0V 39 130 163 195 ns 
High to Low 4.5V 16 26 33 39 ns 

6.0V 14 22 28 33 ns 
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AC Electrical Characteristics Vcc = 2.0V to 6.0V, CL = 50 pF, tr=tf=6 ns (Continued) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA = -40 to 85°C TA = -55 to 125°C 
Units 

Typ Guaranteed Limits 

tpLH, tpHL Maximum Propagation Delay CountDown 2.0V 39 130 163 195 ns 
to Borrow 4.5V 16 26 33 39 ns 

6.0V 14 22 28 33 ns 

tTLH, tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tpLH Maximum Propagation Delay 2.0V 77 215 269 323 ns 
Low to High 4.5V 35 43 54 I 65 ns 

Count UpOr 6.0V 30 37 46 55 ns 

tpHL Maximum Propagation Delay DowntoO 2.0V 95 275 344 413 ns 
High to Low 4.5V 45 55 69 83 ns 

6.0V 38 47 59 71 ns 

tpLH Maximum Propagation Delay 2.0V 85 230 288 345 ns 
(II 

Low to High 4.5V 37 46 58 69 ns 
Data or 6.0V 30 39 49 59 ns 

tpHL Maximum Propagation Delay Load toO 2.0V 102 290 363 435 ns 
High to Low 4.5V 47 58 73 87 ns 

6.0V 39 49 .61 74 ns 

tpHL Maximum Propagation Delay 2.0V 85 265 331 398 ns 
High to Low Clear to a 4.5V 42 53 66 80 ns 

6.0V 38 45 56 68 ns 

Clear I 'HC192 
2.0V 119 260 325 390 ns 
4.5V 42 52 65 78 ns 
6.0V 38 45 56 68 ns 

2.0V 31 100 125 150 ns 
Load 4.5V 10 20 25 30 ns 

tw Minimum Pulse Width 6.0V 9 17 21 26 ns 

2.0V 43 110 138 165 ns 
Count Up/Down 4.5V 17 22 28 33 ns 

6.0V 15 19 24 29 ns' 

Clear I 'HC193 
2.0V 70 130 163 195 ns 
4.5V 21 26 33 39 ns 
6.0V 19 22 28 33 ns 

2.0V 30 100 125 150 ns 
tso Minimum Setup Time Data 4.5V 10 20 25 30 ns 

To 
6.0V 9 17 22 25 ns 

Load 2.0V -30 0 0 0 ns 
tHO Minimum Hold Time 4.5V -3 0 0 0 ns 

6.0V -'-3 0 0 0 ns 

tREM Minimum Removal Time Clear Inactive 2.0V -20 10 10 10 ns 
to Clock 4.5V -3 10 10 10 ns 

6.0V -2 10 10 10 ns 

2.0V 500 500 500 ns 
tr, tf Maximum Input Rise & Fall Time 4.5V 300 300 300 ns 

6.0V 200 200 200 ns 

CIN Input Capacitance 5 10 10 10 pF 

CpO Power Dissipation Capacitance (Note 5) 100 pF 

Note 5: Cpo determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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Logic Diagrams' 

MM54HC192 Synchronous 4-Blt Up/Down Decade Counter 

CIN Oc 

COUNT S 

coo~;~·-1~::::~jj~t:~-r~ 
DOWN ,. 

CLUR o-..... -o.o-J 

vcc~ • rCND 

MM54HC193 Synchronous 4-Blt Up/Down Binary Counter 

"IN a" BIN Oa 

IS 3 2 

Vee 6,.......j • rCND 
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Logic Waveforms 

'HC192 Synchronous Decade Counters 
Typical Clear, Load, and Count Sequences 

CLEAR --IlL _____________________ _ 

LOAD 

DATA 

r-++---+-;-------------------
~-----------------­

r-+-+--t-;I - - - - - - - - - - - - - - - - - --

~------------------.-+-+--+-;1 __________________ _ 

~------------------1 

~------------------
-+-1--+--01 - --- -- ------ - - -- - --

COUNT --+-+--+-+----, 
UP 

COUNT --t-+---1H--t---------+---. 
DOWN 

OUTPUTS 1:: ~ =: 
Cc 

1 

CD : _ '-1r---+-t--t-' 

CARRY 

BORROW 

Sequences: 

. 101 171 
,...--/' . ;-A __ , 

CLEAR PRESET 

(1) Clear outputs to zero 
(2) Load (preset) to BCD seven. 

1 8 9 0 1 2 1 r-- COUNT UP ~ 

(3) Count up to eight, nine, carry, zero, one and two. 
(4) Count down to one, zero, borrow, nine, eight, and seven. 

1 1 0 9 8 71 r-- COUNT DOWN ~ 

TL/F/5011-4 

'HC193 Synchronous Binary Counters 
Typical Clear, Load, and Count Sequences 

CLEAR -1l!-______________________ _ 

LOAD 

1 
r-+-+---t...,-------------------

A r-----------------­
~------------------

DATA B~ -- - - -- - - - - - ---- ----
·C r-+-i--;-;-------------------

~-----------------­
o r-+-i--t-i

l
-------- -----------

COUNT -++---1H-., 
UP 

COUNT --t-+----tH--t---------+----, 
DOWN 

OUTPUTS 1: ~ = : 
Cc 

- -I co: _ 
CARRY 

BORROW 

Sequence: 

101 fl31 1 14 15 0 1 2 1 
,.-/'--.~ t+-- COUNT UP -'1 
CLEAR PRESET 

(1) Clear outputs to zero. 
(2) Load (preset) to binary thirteen 
(3)' Count up to fourteen, fifteen, carry, zero, one, and two. 
(4) Count down to one, zero, borrow, fifteen, fourteen, and thirteen. 
Note A: Clear overrides load data, and count inputs. 

1 1 0 15 14 131 r-- COUNT DOWN -4 

TL/F/5011-5 

Note B: When counting up, count-down input must be high; when counting down, count-up input must be high. 
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~National 
D Semiconductor 
MM54HC194/MM74HC194 

microCMOS 

4-Bit Bidirectional Universal Shift Register 
~eneral Description 
This 4-bit high speed BIDIRECTIONAL SHIFT REGISTER 
utilizes microCMOS Technology,.3.5 micron silicon gate 
P-well CMOS, to achieve the low power consumption and 
high noise immunity of standard CMOS integrated circuits, 
along with the ability to drive 10 LS-TTL loads. This device 
operates at speeds similar to the !3quivalent low power 
Schottky part. 

This BIDIRECTIONAL SHIFT REGISTER is designed to in-. 
corporate virtually all of the features a system designer may 
want in a shift register. lt features parallel inputs, parallel 
outputs, right shift and left shift serial inputs, operating 
mode control inputs, and a direct overriding clear line. The 
register has four distinct modes of operation: PARALLEL 
(broadside) LOAD; SHIFT RIGHT (in the direction aA 
toward aD); SHIFT LEFT; INHIBIT CLOCK (do nothing). 

Synchronous parallel loading is accomplished by applying 
the four bits of data and taking both mode control inputs, SO 
and S1, high. The data are loaded into their respective flip 
flops and appear at the outputs after the positive transition 
of the CLOCK input. During loading, serial data flow is inhib­
ited. Shift right is accomplished synchronously with the ris­
ing edge of the clock pulse when SO is high and S1 is·low. 

Connection Diagram Dual-ln-L1ne Package 

Serial data for this mode is entered at the SHIFT RIGHT 
data input. When SO is low and S1 is high, data shifts left 
synchronously and new data is entered at the SHIFT LEFT 
serial input. Clocking of the flip flops is inhibited when both 
mode control inputs are low. The mode control inputs 
should be changed only when the CLOCK input is high. 

The 54HC174HC logic family is functionally as well as pin­
out compatible with the standard 54LS174LS logic family. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vcc and ground. 

Features 
• Typical operating frequency: 45 MHz 
• Typical propagation delay: ns (Clock to a) 
• Wide operating supply voltage range: 2-6V 
• Low input current: 1 p.A maximum 
• Low quiescent supply current: 160 p.A maximum 

(74HC series) 
• Fanout of 10 LS-TTL loads 

vcc OA oa 0c' 00 CLOCK S1 SO 

Function Table 
Inputs 

Mode Serial 
Clear ~ Clock 

S1 S2 Left Right 

L X X X X X 
H X X L X X 
H H H t X X 
H L H t X H 
H L H t X, L 
H H L t H X 
H H L t L X 
H L L X X X 

10 9 

OA Oa Oc 00 CLOCK 
S1 

CLEAR SO 

R A a C 0 

8 

CLEAR SHIFT A B C 0 SHIFT GNO 

Parallel 

ABCD 

XXXX 
XXXX 
abc d 
XXXX 
XXXX 
XXXX 
XXX X 
XXX X 

RIGHT LEFT 
SERIAL PARALLEL INPUTS SERIAL 
INPUT INPUT TL/F/5323-1 

MM54HC194/MM74HC194 

54HC194 (J) 74HC194 (J,N) 

Outputs 

QA QBQe QD 

L L L L 
aAO aSO aeo aoo 

a b c d 
H aAn asn QCn 
L aAn asn QCn 

asn acn aon H 
asn acn aon L 
aAO aSO aCO aDO 
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H = high level (steady state) 

L = low level (steady state) 

X = irrelevant (any Input. including transitions) 

t = transition from low to high level 

a. b. c. d = the level of steady-state Input at inputs A. B. e. or D. 
respectively. 

0AO. 0BO. Oeo. 000 = the level of 0A. OB. Oe. or 00. respectively. 
before the !ndicated steady-state Input conditions were established. 

0An. 0Bn. Oen. OOn = the level of 0A. OB. Oe. respectively. before 
the most-recent t transition of the clock. 



Operating Conditions 
3: 

Absolute Maximum Ratings (Notes 1 & 2) 3: 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units CJ1 
DC Input V,!ltage (VIN) -1.5.toVee+ 1.5V Supply Voltage (Vee) 2 6 V ~ 

:I: 
DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 0 
Clamp Diode Current (11K, 10K) ±20mA (VIN,VOur) ..... 
DC Output Current, per pin (lour) ±25mA Operating Temperature Range(T A) CD 

MM74HC -40 +85 ·C ~ 
DC Vee or GND Current, per pin (led ±50mA MM54HC -55 +125 ·C ~ 
Storage Temperature Range (TSTG) - 65·C to + 150·C Input Rise or Fall Times ~ 
Power Dissipation (Po) (Note 3) 500mW (tr, tf) Vee=2.0V 1000 ns :I: 
Lead Temperature (Tu (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 0 

Vee=6.0V 400 ns ..... 
CD 

DC Electrical Characteristics (Note 4) 
~ 

TA=25°C 
74HC 54HC III Symbol Parameter Conditions Vee 

TA= -40 to 85·C TA= -55 to 125·C 
Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Ilourl=:;:20 ,.,.A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
Ilourl=:;:4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
Ilourl=:;:5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH orVIL 
Output Voltage Iiourl =:;: 20 ,.,.A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
Ilourl=:;:4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

Ilourl=:;:5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 ,.,.A 
Current 

Icc Maximum Quiescent VIN = Vee or GND 6.0V 8.0 80 160 ,.,.A 
Supply Current lour=O ,.,.A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ±100/0 the worst case output voltages (VOH. and VoLl occur for HC at 4.SV: Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV Is 3.8SV.) The worst C8Seleakage current (liN. 
IcC. and loZ> occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
LImit 

fMAX Maximum Operating 50 35 MHz 
Frequency 

tpHL. tpLH Maximum Propagation 17 24 ns 
Delay. Clock to Q 

tpHL Maximum Propagation 19 25 ns 
Delay. Reset to Q 

tREM Minimum Removal Time. 5 ns 
Reset Inactive to Clock 

ts Minimum Set Up Time 20 ns 
(A. B. C. D to Clock) 

ts Minimum Set Up Time 20 ns 
Mode Controls to Clock 

tw Minimum Pulse Width 9 16 ns 
Clock or Reset 

tH Minimum Hold Time -3 0 ns 
Any Input 

AC Electrical Characteristics CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40t085°C T A = - 55 to 125°C 
Units 

Typ Guaranteed LImits 

fMAX Maximum Operating 2.0V 10 6 5 4 
Frequency 4.5V 45 30 24 20 MHz 

6.0V 50 35 28 24 MHz 

tpHL. tpLH Maximum Propagation 2.0V 70 145 183 216 ns 
Delay. Clock to Q 4.5V 15 29 37 45 ns 

6.0V 12 25 31 37 ns 

tpHL Maximum Propagation 2.0V 80 150 189 ,216 ns 
Delay. Resetto Q 4.5V 15 30 37 45 ns 

6.0V 12 26 31 37 ns 

tTHL. tTLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tREM Minimum Removal Time 2.0V 5 5 5 ns 
Reset Inactive to Clock 4.5V 5 5 5 ns 

6.0V 5 5 5 ns 

ts Minimum Set Up Time 2.0V 100 125 150 ns 
, (A. B. C. or D to Clock) 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

ts Minimum Set Time 2.0V 100 125 150 ns 
Mode Controls to Clock 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V -10 0 0 0 ns 
Any Input 4.5V -3 0 0 0 ns 

6.0V -3 0 0 0 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
Clock or Reset 4.5V 89 16 20 24 ns 

6.0V 8 14 18 20 ns 

tr• tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CpO Power Dissipation pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vce f+lee· 
Note 6: Refer to back of this section for Typical MM54n4HC Ac Switching Waveforms and Test Circuits. 
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~National 
U Semiconductor microCMOS 

MM54HC195/MM74HC195 4~Bit Parallel Shift Register 

General Description 
The MM54HC195/MM74HC195 is a high speed 4-bit SHIFT 
REGISTER utilizes microCMOS Technology, 3.5 micron sili­
con gate P-well CMOS, to achieve the low power consump­
tion and high noise immunity of standard CMOS 'integrated 
circuits, along with the ability to drive 10 LS-TTL loads at LS 
type speeds. 

This shift register features parallel inputs, parallel outputs, J­
R serial inputs, SHIFT/LOAD control input, and a direct 
overriding CLEAR. This shift register can operate in two 
modes: Parallel Load; Shift from aA towards aD. 
Parallel loading is accomplished by applying the four bits of 
data, and taking the SHIFT ILOAD control input low. The 
data is loaded into the associated flip flops and appears at 
the outputs after the positive transition of the clock input. 
During parallel loading, serial data flow is inhibited. Serial 
shifting occurs synchronously when the SHIFT/LOAD con­
trol input is high. Serial data for this mode is entered at the 
J-R inputs. These inputs allow the first stage to perform as a 
J-R or TOGGLE flip flop as shown in the truth table. 

Connection Diagram 
Dual-In-Llne Package. 

OUTPUTS 
SHIFT I 

The 54HC174HC logic family is functionally as well as pin­
out compatible with the standard 54LS17 4LS logic family. 
All inputs are protected from· damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Features 
• Typical operating frequency: 45 MHz 
• Typical propagation delay: 16 ns (Clock to a) 
• Wide operating supply voltage range: 2-6V 

• Low input current: 1 p.A maximum 
• Low quiescent current: 80 p.A maximum (74HC series) 

• Fanout of 10 LS-TTL loads 

Logic Diagram 

C:LOCK 

VCC OA Os Oc OD OD CLOCK LOAD it 

J A B C 

2 3 5 . 8 

CLEAR J A B C 

10 

CK 

SHIFTI 
LOAD 

D 

7 

9 

8 

D GND --SERIAL INPUTS PARALLEL INPUTS 

TUF/5324-1 

MM54HC195/MM74HC195 

54HC195 (J) 74HC195 (J,N) 

Function Table 
Inputs OUtputs 

Shlftl Serfal Parallel 
Clear Load Clock 

R OA OD Oc 
J ABC D 

L X X X X X X X X L L L 
H L t X X a b c d a b c 
H H L X X X X X X QAO QBO Qco 
H H 

f 
L H X X X X QAO QAO QBn 

'H H L L X X X X L QAn QBn 
H H H H X X X X H QAn QBn 
H H H L X X X X OAn QAn QBn 

OD ~D 

L H 
d a 

Qoo 000 
Qen Oen 
Qen Oen 
Qen ~ Qen 
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H = high level (steady state) 
L = low level (steady state) 

Oc: D 

X = irrelevant (any Input Including transitions) 
t = transition from low to high level 

TUF/5324-2 

a. b. c. d = the level of steady-state input at Inputs A. B. C. 
or D. respectively, 
QAO. QBO. Qeo. Qoo = the level of QA. QB. Qe. or QD. 
respectively. before the indicated steady-state input condi­
tions were established. 
QAn. QBn. Qen = the level of QA. OB. Qe. respectively. 
before the most-recent transition of the clock. 



Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (VeC> -0.5 to + 7.0V 

DC Input Voltage (VIN) -1.5 to Vee + 1.5V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V 

Clamp Diode Current (11K, 10K) ± 20 rnA 
DC Output Current, per pin (lOUT) ± 25 rnA 

DC Vee or GND Current, per pin (ICC> ± 50 rnA 
Storage Temperature Range (TSTG) 

Power Dissipation (Po) (Note 3) 

-65·C to + 150·C 

500mW 

Lead Temperature (Tu (Soldering 10 seconds) 260·C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage(VeC> 2 

DC Input or Output Voltage 0 
(VIN,VOUT) 

Operating Temperature Range(T N 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, tf) Vee = 2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 8S·C TA= -S5 to 12S·C 

VOH 

VOL 

ICC 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

VIN = VIH or VIL 
IIOUTI:5:20 ).LA 

VIN = VIH or VIL 
IIOUTI :5:4.0 rnA 
IIOUTI:5:5.2 rnA 

VIN = VIH or VIL 
IIOUTI:5:20 ).LA 

VIN = VIH or VIL 
IIOUTI:5:4.0 rnA 
IIOUTI:5:5.2 rnA 

VIN = Vee or GND 
IOUT=O ).LA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 
4.5V 
6.0V 

o 
o 
o 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 

4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

Units 
V 
V 

·C 
·C 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

).LA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J.' package: -12 mWrC from 
100°C to 12SoC. 

Note 4: For a power supply of SV ± 10% the worst case output voltages (YOH. and VoJ occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.SV respectively. (The VIH value at S.SV Is 3.8SV.) The worst case leakage current (liN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed LImit Units 

fMAX Maximum Operating Frequency 45 30 MHz 

tpHL, tpLH Maximum Propagation Delay, Clock to Q 14 24 ns 

tpHL Maximum Propagation Delay, Reset to Q 16 25 ns 

tREM Minimum Removal Time, Shift/Load to Clock 0 ns 

tREM Minimum Removal Time, Reset Inactive to Clock 5 ns 

ts Minimum Set Up Time, (A, B, C, 0, J, K to Clock) . 20 ns 

ts Minimum Set Up Time, Shift/Load to Clock 20 ns 

tw Minimum Pulse Width Clock or Reset 16 ns 

tH Minimum Hold Time, any Input except Shift/Load 0 ns 

.AC Electrical Characteristics CL ";50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C T A = - 55 to 125°C 
Units 

Typ Guaranteed LImits 

fMAX Maximum Operating 2.0V 10 -6 5 4 MHz 
Frequency 4.5V 45 30 24 20 MHz 

6.0V 50 35 28 24 MHz 

tpHL Maximum Propagation 2.0V 70 150 189 224 ns 
Delay, Reset to Q 4.5V 15 30 38 45 ns 

6.0V 12 26 32 38 ns 

tPHL, tpLH Maximum Propagation 2.0V 70 145 183 216 ns 
Delay, Clock to Q 4.5V 15 29 37 43 ns 

6.0V 12 25· 31 37 ns 

tTHL, tTLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tREM Minimum Removal Time, 2.0V -2 0 0 0 ns 
Shift Load to Clock 4.5V -2 0 0 0 ns 

6.0V -2 0 0 0 ns 

tREM Minimum Removal Time, 2.0V 5 5 5 ns 
Reset Inactive to Clock 4.5V 5 5 5 ns 

6.0V 5 5 5 ns 

ts Minimum Set Up Time, 2.0V 100 125 150 ns 
(A, B, C, 0, J, R to Clock) 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

ts Minimum Set Up Time, 2.0V 100 ' 125 150 ns 
Shift/Load to Clock 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V -10 0 0 0 ns 
Any Input except Shift/Load 4.5V -2 0 0 0 ns 

6.0V -2 0 0 0 ns 

tw Minimum Pulse Width, 2.0V 30 80 100 120 ns 
Clock or Reset 4.5V 10 16 20 24 ns 

6.0V 9 14 18 20 ns 

tr, t, Maximum Input Rise 2.0V 1000 1000 1000 ns 
and Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CPO Power Dissipation 100 pF 
Capacitance (Note 5) 

CIN Maximum Input Capacitance 5 10 10 10 pF 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vcc2 f+lee Vee. and the no load dynamic current consumption. 
15= Cpo Vee f+lce· 
Note 6: Refer to back 0' this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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Timing Diagram 
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~National 
~ Semiconductor microCMOS 

MM54HC221 A/MM7 4HC221 A 
Dual Non-Retriggerable Monostable Multivibrator 

General Description 
The MM54174HC221A high speed monostable multivibra­
tors (one shots) utilize microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS. ThEiy feature speeds comparable 
to low power Schottky TTL circuitry while retaining the low 
power and high noise immunity characteristic of CMOS cir­
cuits. 

Each multivibrator features both a negative, A, and a posi­
tive, B, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The 'HC221A can be 
triggered on the positive transition of the clear while A is 
held low and B is held high. 

The 'HC221A is a non-retriggerable, and therefore cannot 
be retriggered until the output pulse times out. 

Pulse width stability OVer a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out­
put pulse equation is simply: PW = (REXT) (CEXT); where PW 

Connection Diagram 

A1 

Dual-ln-L1ne Package 

B1 CLR 1 Q2 CEm REm GHD 
Coo 

TOP VIEW 
MM54HC221A/MM74HC221A 

54HC221A (J) 74HC221A (J,N) 

TUF/5206-1 

Truth Table 

Inputs Outputs 

Clear A B Q Q 

L X X L H 
X H X L H 
X X L L H 
H L i J1. "1.f" 

H J. H J1. "1.f" 

t L H J1. "1.f" 

is in seconds, R is in ohms, and C is in farads. All inputs are 
protected from damage due to static discharge by diodes to 
Vee and ground. 

Features 
• Typical propagation delay: 40 ns 
• Wide power supply range: 2V -6V 
• ~ow quiescent current: 80 ,.,.A maximum (74HC series) 
• Low input current: 1 ,.,.A maximum 
• Fanout of 10 LS-TTL loads 
• Simple pulse width formula T = RC 
• Wide pulse range: 400 ns to 00 (typ) 
• Part to part variation: ± 5% (typ) 
• Schmitt Trigger A & B inputs enable infinite signal input 

rise or fall times 

Timing Component 

Vee 

. J ~ 
~ 

H = High Level 

L = Low Level 

TO CEXT TO R/CEXT 
TERMINAL TERMINAL 

. t = Transition from Low to High 

J. = Transition from High to Low 

J1. = One High Level Pulse 

"1.f" = One Low Level Pulse 

X = Irrelevant 

TL/F/5206-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Condiljpns 
Supply Voltage (Ved -0.5V to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5V to Vee+ 1.5V Supply Voltage(Ved 2 6 V 

DC Output Voltage (Vour) -0.5Vto Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,Vour) 

DC Output Current, per pin (lour) ±25mA Operating Temperature Range(T A) 
MM74HC -40 +85 °C 

DC Vee or GND Current, per pin (led ±50mA MM54HC -55 +125 tG 
Storage Temperature Range (T STG) - 65°C to + 150°C Maximum Input Rise and Fall 
Power Dissipation (PD) (Note 3) 500mW Time (Clear Input) 

Lead Temperature (TtJ (Soldering 10 seconds) 260°C Vee=2.0V 1000 ns 
Vee=4.5V 500 ns 
Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C TA = -55 to 125°C 

Units 01 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Iiourl :s:: 20 p.A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN=VIH orVIL 
Iiourl :s:: 4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
lIourl:S::5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage Iiourl :S::20 p.A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN=VIH orVIL 
Iiourl:s:: 4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
Ilourl:S::5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input Current VIN=VeeorGND 6.0V ±O.5 ±5.0 ±5.0 p.A 
(Pins 7,15) 

liN Maximum Input Current VIN=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 p.A 
(All other pins) 

Icc Maximum Quiescent Supply VIN=VeeorGND 6.0V 8.0 80 160 p.A 
Current (Standby) lour=O p.A 

Icc Maximum Active Supply VIN=VeeorGND 2.0V 36 80 110 130 p.A 
Current (per R/CEXT = 0.5Vee 4.5V 0.33 1.0 1.3 1.6 mA 
monostable 6.0V 0.7 2.0 2.6 3.2 mA 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW/oC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ± 1 0% the worst-case output voltages (VOH. and Vou occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst·case VIH and VIL occur at Vcc=S.sv and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst·case leakage current 
(lIN. Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpLH Maximum Trigger Propagation 22 36 ns 
Delay A. B or Clear to Q 

tpHL Maximum Trigger Propagation 25 42 ns 
Delay A. B or Clear to a 

tpHL Maximum Propagation Delay Clear to Q 20 31 ns 

tpLH Maximum Propagation Delay Clear to a 22 33 ns 

tw Minimum Pulse Width A. B or Clear 14 26 ns 

tREM' Minimum Clear Removal Time 0 ns 

twa(MIN) Minimum Output Pulse Width CEXT=28 pF 400 ns 

REXT=2 kn 

, twa Output Pulse Width CEXT=1000 pF 10 p's 

REXT=10 kn 

AC Electrical Characteristics CL =50 pF tr=tf=6 ns(unless otherwise specified) 

T =250 C 74HC 54HC 

Symbol Parameter Conditions Vee 
A TA = -40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

tpLH Maximum Trigger Propagation 2.0V 77 169 194 210 ns 
Delay A. B or Clear to Q 4.5V 26 42 51 57 ns 

6.0V 21 32 39 44 ns 

tpHL Maximum Trigger Propagation 2.0V 88 197 229 250 ns 
Delay A. B or Clear to a 4.5V 29 48 60 67 ns 

6.0V 24 38 46 51 ns 

tpHL Maximum Propagation 2.0V 54 114 132 143 ns 
Delay Clear to Q 4.5V 23 34 41 45 ns 

6.0V 19 28 33 36 ns 

tpLH Maximum Propagation 2.0V 56 116 135 147 ns 
Delay Clear to a 4.5V 25 36 42 46 ns 

6.0V 20 29 34 37 ns 

tw Minimum Pulse Width 2.0V 57 123 144 157 ns 
A. B. Clear 4.5V 17 30 37 42 ns 

6.0V 12 21 27 30 ns 

tREM Minimum Clear 2.0\) 0 0 0 ns 
Removal Time 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tTLH. tTHL Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fa" Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

twa(MIN) Minimum Output CEXT=28pF 2.0V 1.5 p.s 
Pulse Width REXT=2kn 4.5V 450 ns 

REXT= 6 kn (Vee = 2V) 6.0V 380 ns 

twa Output Pulse Width CEXT=0.1 p.F Min 4.5V 1 0.9 ms 
REXT=10 kn 

Max 4.5 1 1.1 ms 

CIN Maximum Input 12 20 20 20 pF 
Capacitance (Pins 7 & 15) 

CIN Maximum Input 6 10 10 10 pF 
Capacitance (Other Inputs) 
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Logic Diagram 
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FIGURE 1 
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TRIGGER OPERATION 

As shown in Figure 1 and the logic diagram before an input 
trigger occurs, the monostable is in the quiescent state with 
the 0 output low, and the timing capacitor CEXT completely 
charged to Vee. When the trigger input A goes from Vee to 
GND (while inputs 8 and clear are held to Vee> a valid trig­
ger is recognized, which turns on comparator C1 and N­
Channel transistor N1 <D. At the same time 'the output latch 
is set. With transistor N1 on, the capacitor CEXT rapidly dis­
charges toward GND until VREF1 is reached. At this point 
the output of comparator C1 changes state and transistor 
N1 turns off. Comparator C1 then turns off while at the same 
time comparator C2 turns on. With transistor N1 off, the ca­
pacitor CEXT begins to charge through the timing resistor, 
REXT, toward Vee. When the voltage across CEXT equals 
VREF2, comparator C2 changes state causing the output 
latch to reset (0 goes low) while at'the same time disabling 
comparator C2. This ends the timing cycle with the monosta­
ble in the quiescent state, waiting for the next trigger. 

A valid trigger is also recognized when trigger input 8 goes 
from GND to Vee (while input A is at GND and input clear is 
at Vee®. The 'HC221 can also be triggered when clear 
goes from GND to Vee (while A is at Gnd and 8 is at 
Vee®·) , 

It should be not.ed that in the quiescent state CEXT is fully 
charged to Vee causing the current through resistor REXT 

to be zero. 80th comparators are "off" with the total 
device current due only to reverse junction leakages. An 
added feature of the 'HC221 is that the output latch is set 
via the input trigger without regard to the capacitor volt­
age. Thus, propagation delay from trigger to 0 is indepen­
dent of the value of CEXT, REXT, or the duty cycle of the 
input waveform. 

The 'HC221 is non-retriggerable and will ignore input tran­
sitions on A and 8 until it has timed out ® and @. 

RESET OPERATION 

These one shots may be reset during the generation of the 
output pulse. In the reset mode of operation, an input pulse 
on clear sets the reset latch and causes the capacitor to be 
fast charged to Vee by turning on transistor 01 ~. When 
the voltage on the capacitor reaches VREF2. the reset latch 
will clear and then be ready to accept another pulse. If the 
clear input is held low, any trigger inputs that occur will be 
inhibited and the 0 and Q outputs of the output latch will 
not change. Since the 0 output is reset when an input low 
level is detected on the Clear input, the output pulse T can 
be made significantly shorter than the minimum pulse width 
specification. 

Typical Output Pulse Width vs. 
Timing Components 

Typical Distribution of Output 
Pul~e Width, Part to Part 

Typlcal1ms Pulse Width 
Variation vs. Supply 
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OUTPUT PULSE WIDTH (ms) POWER SUPPLY (V) TIMING CAPACITOR (F) 
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Minimum REXT vs. 
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1\ 
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Note: Rand C are not subjected to temperature. The C is polypropolyne. 
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~National 
~ Semiconductor 

microCMOS 
MM54HC237/MM74HC237 
3-to-8 Line Decoder With Address Latches 
General Description 
These devices utilize microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS, to implement a three-to-eight line 
decoder with latches on the three address inputs. When G[ 
goes from low to high, the address present at the select 
inputs CA, Band C) is stored in the latches. As long as G[ 
remains high no address changes will be recognized. Out­
put enable controls, G1 and G2, control the state of the 
outputs independently of the select or latch-enable inputs. 
All of the outputs are low unless G1 is high and G2 is low. 
The 'HC237 is ideally suited for the implementation of glitch­
free decoders in stored-address applications in bus oriented 
systems. 

The 54HC174HC logic family is speed, function and pin-out 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
diodes to Vee and ground. 

Connection Diagram 
Dual-In-Line' Package 

DATA OUTPUTS 

A ya 

c iit 02 01 Y7 

1 4 5 6 7 a 
A c ilL G2 01 Y7 GND -.-- -.--

SELECT ENABLE OUTPUT 

TOP VIEW TLlF/5326-1 

MM54HC237/MM74HC237 

54HC237 (J) 74HC237(J,N) 

Truth Table 
INPUTS 

ENABLE SELECT 

GL G1 G2 C B A 

X X H X X X 
X L X X X X 

L H L L L L 
L H L L L H 
L H L L H L 
L H L L H H 

L H L H L L 
L H L H L H 
L H L H H L 
L H L H H H 

H H L X X X 

YO 

L 
L 

H 
L 
L 
L 

L 
L 
L 
L 

Features 
• Typical propagation delay: 20 ns 
• Wide supply range: 2-6V 
• Latched inputs for easy interfacing. 
• Fanout of 10 LS-TTL loads. 

Functional Block Diagram 

SELICT 
INPUTS 

OUTPUTS 

Y1 Y2 Y3 Y4 Y5 Y6 Y7 

L L L L L L L 
L L L L L L L 

L L L L L L L 
H L L L' L L L 
L H L L L L L 
L L H L L L L 

L L L H L L L 
L L L L H L L 
L L L L ·L H L 
L L L L L L H 

Output corresponding to stored 
address, L; all others, H 

H = high level, L = low level, X = irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vee) - 0.5 to + 7.0V 

DC Input Voltage (VIN) -1.5 to Vee+1.5V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V 

Clamp Diode Current (11K, 10K) 

DC Output Current, per pin (lOUT) 

DC Vee or GND Current, per pin (Ice) 

Storage Temperature Range (TSTG) 

Power Dissipation (Po) (Note 3) 

±20mA 

±25mA 

±50mA 

-65°C to + 150°C 

Lead Temperature (Tu (Soldering 10 seconds) 

500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage(Vee) 2 

DC Input or Output Voltage 0 
(VIN,VOUT) . 

Operating Temperature Range(T A> 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, tf) Vee=2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Symbol 

VOH 

ICC 

Parameter 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

Conditions 

VIN = VIH or VIL 
IIOUTI ~20 JJ-A 

VIN = VIH or VIL 
IIOUTI~4.0 rnA 
IIOUTI ~ 5.2 rnA 

VIN = VIH or VIL 
IIOUTI~20 JJ-A 

VIN = VIH or VIL 
IIOUTI ~4.0 rnA 
IIOUTI ~ 5.2 rnA 

VIN=VeeorGND 
IOUT=O JJ-A 

Vee 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 
4.5V 
6.0V 

o 
o 
o 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 8.0 

TA= -40 to 85°C TA= -55 to 125°C 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.84 
5.34 

, 0.1 
0.1 
0.1 

0.33 
0.33 

±.1.0 

80 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
V 
V 

·C 
·C 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

Note 3: Power Dissipation temperature derating - plastic UN" package: -12 mWrC from 6S·C to 85°C; ceramic uJ" package: -12 mWrC from 
100·C to 125°C. 

Note 4: For a power supply of SV ± 1 0% the worst case output voltages (VOH. and VOl) occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.l The worst case leakage current (lIN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpLH Maximum Propagation Delay A, B or C to any Y Output 20 41 ns 

tpLH Maximum Propagation Delay A, B or C to any Y Output 16 32 ns 

tpLH Maximum Propagation GL to any Y Output 22 44 ns 

tpHL Maximum Propagation Delay GL to any Y Output 17 33 ns 

tpLH Maximum Propagation Delay G1 or G2 to Output 16 35 ns 

tpHL Maximum Propagation Delay G1 or G2 to Output 14 25 ns 

ts Minimum Set Up Time at A, Band C inputs 10 20 ns 

tH Minimum Hold Time at A, Band C inputs -3 0 ns 

tw Minimum Pulse Width of Enabling Pulse at GL 9 16 ns 
I 

: AC Electrical Characteristics CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

I TA=25°C 
74HC 54HC 

T A = - 40 to 85°C T A = - 55 to 125°C 
I Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

~PLH Maximum Propagation 2.0V 100 235 296 350 ns 
Delay, A, B or C to any Y Output· 4.5V 24 47 59 70 ns 

6.0V 20 40 50 60 ns 

tpLH Maximum Propagation 2.0V 80 185 233 276 ns 
Delay, A, B or C to any Y Output 4.5V 19 37 47 55 ns 

6.0V 17 31 40 47 ns 

tpLH Maximum Propagation 2.0V 125 250 315 373 ns 
G L to any Y Output 4.5V 25 50 63 75 ns 

6.0V 20 43 54 63 ns 

tpHL Maximum Propagation Delay 2.0V 95 190 239 283 ns 
GL to any Y Output 4.5V 19 38 48 75 ns 

6.0V 16 32 41 48 ns 

tpLH Maximum Propagation 2.0V 100 200 252 298 ns 
Delay, Gl or G2 to Output 4.5V 20 40 50 60 ns 

6.0V 17 34 43 51 ns 

tpHL Maximum Propagation 2.0V 73 145 183 216 ns 
Delay Gl or G2 to Output 4.5V 15 29 37 43 ns 

6.0V 12 25 31 37 ns 

ts Minimum Set Up Time 2.0V 100 125 150 ns 
at A, Band C Inputs 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
at A, Band C Inputs 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
of Enabling Pulse at GL 4.5V 10 16 20 24 ns 

6.0V 9 14 18 20 ns 

tTU .. j, tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

CPO Power Dissipation 75 pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption. Po = Cpo vee2 f+ Icc Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lcc· 
Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 

1-195 



Typical Application 

STROBE 

DECODER ENABLE 

INPUT 
ADDRESS 

XO 
X1 
X2 

X3 
X4 
XS 

, 

GL 

YO Y1 

r 
T I 
J I I 

GL C B A GZ G1 

HCm 

YO Y1 Y2 Y3 Y4 Y5 VI Y7 

Jtlllill 

I I I 
C 8 A GZ G1 

tlC237 

yz Y3 Y4 Y5 YI Y7 

~ . . . ., 
III 
I 

r 
T I 

I I I I 
GL C B A GZ G1 

HC237 

YD Y1 Y2 Y3 Y4 Y5 VI Y7 

I 11l 1~ 1~ 1l ! 1\ 

y 
OUTPUTS 

.. I 
- T I -I I I I 
GL C B A GZ G1 

HC237 

YD Y1 yz Y3 Y4 Y5 'I Y7 

1l 1~ 1l 1~ 1 ! ~ l 

6-Llne to 64-Llne Decoder with Input Address Storage 
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~National 
~ semiconductor microCMOS 

MM54HC240/MM74HC240 
Inverting Octal TRI-STATE® Buffer 
MM54HC241/MM74HC241 Octal TRI-STATE Buffer 

General Description 
These TRI-STATE buffers utilize microCMOS Technology, 3.5 
micron silicon gate P-well CMOS. They possess high drive 
current outputs which enable high speed operation even 
when driving large bus capacitances. These circuits achieve 
speeds comparable to low power Schottky devices, while 
retaining the advantage of CMOS circuitry, Le., high noise 
immunity, and low power consumption. Each have a fanout 
of 15 LS-TTL equivalent inputs. 

The MM54HC240/MM74HC240 is an inverting buffer and 
has two active low enables (18 and 2(3), Each enable inde­
pendently controls 4 buffers. MM54HC241/MM74HC241 is 
a non-inverting buffer that has one active low enable and 
one active high enable, each again controlling 4 buffers. 
Neither device has Schmitt trigger inputs. 

All inputs are protected from damage due to static dis­
charge by diodes to Vee and ground. 

Connection Diagrams Dual-In-Line Packages 

vee 2G 1Y1 2A4 1Y2 2A3 

1G 1A 1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND 

TOP VIEW TLIL/S020-1 

MM54HC240/MM74HC240 

54HC240 (J) 74HC240 (J,N) 

Truth Tables 
(,HC240) 

1G 1A 1Y 2G 2A 2Y 

L L H L L H 
L H L L H L 
H L Z H L Z 
H H Z H H Z 

H = high level. L = low level, Z = high impedance 

, Features . I 

• Typical propagation delay: 12 ns 
• TRI-STATE outputs for connection to system buses 
• Wide power supply range: 2-6V 
• Low quiescent supply current: 80 p.A (74 series) 
• Output current: 6 mA 

vee 2G 1Y1 2M 1Y2 2A3 1Y3 2A2 1Y4 2A1 

1G 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND 

TOP VIEW TL/LlS020-2 

MM54HC241/MM74HC241 

54HC241 (J) 74HC241 (J,N) 

('HC241) 

1G 1A 1Y 2G 2A 2Y 

L L L L L Z 
L H H L H Z 
H L Z H L L 
H H Z H H H 
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o~ 
~~ . Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions NN 
00 Supply Voltage (VeC> -0.5 to + 7.0V Min Max Units 
J:J: DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage (V cd 2 6 V 
~~ DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

t::t: Clamp Diode Current (11K, 10K) ±20mA (VIN,Vour) 
0 .... DC Output Current, per pin (lOUT) ±35mA Operating Temperature Range(T pJ 
~~ DC Vee or GND Current, per pin (IcC> ±70mA MM74HC -40 +85 °C NN 
00 Storage Temperature Range (TsrG) - 65°C to + 150°C MM54HC -55 +125 °C 

l::t: Power Dissipation (Po) (Note 3) 500mW Input Rise or Fall Times 

~~ Lead Temperature (T U (Soldering 10 seconds) 260°C (tr, td Vee=2.0V 1000 ns 

It)Lt) Vee=4.5V 500 ns 

:E:E Vee = 6.0V 400 ns 

:E:E DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85°C TA= -55to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage , Iiourl ::;: 20 itA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
Ilourl::;:6 .. 0 rnA 4.5V 4.2 3.98 3.84 3.7 V 
Ilourl::;:7.8 rnA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage Iiourl ::;:20 itA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
Ilourl::;:6.0 rnA . 4.5V 0.2 0.26 0.33 0.4 V 
Ilourl::;:7.8 rnA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input' VIN=Vee or'GND 6.0V ±0.1 ±1.0 ±1.0 itA 
Current 

loz Maximum TRI- VIN = VIH or VIL 6.0V ±0.5 ±5 ±10 itA 
STATE Output Vour=Vec or GND 
Leakage Current G=VIH,'G=VIL 

ICC Maximum Quiescent VIN=VeeorGND 6.0V 8.0 80 160 itA 
Supply Current lour=O itA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 

~ 

Note 4: Fora power supply of 5V ±10% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc=5.5V and 4.5V respectively. (The VIH value at 5.5Vis 3.85V.) The worst case leakage current (liN. 
Icc. and IOZ> occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics MM54HC240/MM74HC240 

Vcc=5V, TA=25°C, tr=tf=6 ns 

Symbol " Parameter Conditions Typ Guaranteed Limit Units 

tpHL, tpLH Maximum Propagation Delay CL"=45 pF 12 18 ns 

tpZH, tpZL Maximum Enable Delay RL =1 kfl 14 28 ns 
to Active Output CL =45 pF . 

tpHZ, tpLZ Maximum Disable Delay RL =1 kfl 13 25 ns 
from Active Output CL =5 pF 

AC Electrical Characteristics MM54HC240/MM74HC240 

Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

TA= -40 to 85°C TA= -55 to 125°C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation CL =50pF 2.0V 55 100 126 149 ns 
Delay CL =150 pF 2.0V 80 150 190 224 ns 

CL =50 pF 4.5V 12 20 25 30 ns 

CL =150 pF 4.5V 22 30 38 45 ns 

CL =50 pF 6.0V 11 17 21 25 ns 
CL =150 pF 6.0V 28 26 32 38 ns 

tpZH, tpZL Maximum Output Enable RL =1 kfl 
Time CL =50 pF 2.0V 75 150 189 224 ns 

CL =150 pF 2.0V 100 200 252 298 ns 

CL =50 pF 4.5V 15 30 38 45 ns 
CL =150 pF 4.5V 20 40 50 60 ns 

CL =50 pF 6.0V 13 26 32 38 ns 
CL =150 pF 6.0V 17 34 43 51 ns 

tpHZ, tpLZ Maximum Output Disable RL =1 kfl 2.0V 75 150 189 224 ns 
Time CL =50 pF 4.5V 15 30 38 45 ns 

6.0V 13 26 32 38 ns 

tTLH, tTHL Maximum Output 2.0V 60 75 90 ns 
Rise and Fall Time 4.5V 12 15 18 ns 

6.0V 10 13 15 ns 

CPO Power Dissipation (per buffer) 
Capacitance (Note 5) G=VIH, G=VIL 12 pF 

G=VIL, G=VIH 50 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

COUT Maximum Output Capacitance 10 20 20 20 pF 

\ 
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AC Electrical Characteristics MM54HC241/MM74HC241 

Vcc=5V. TA=25°C. tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed Umlt . Units 

tpHL. tpLH Maximum Propagation Delay CL =45pF 13 20 ns 

tPZH. tPZL Maximum Enable Delay to RL =1 kO fG 17 28 ns 
Active Output CL =45pF 2G 17 28 ns 

tpHZ. tpLZ Maximum Disable Delay RL =1 kO 1G 15 25 ns 
from Active Input CL =5 pF 2G 13 25 ns 

AC Electrical Characteristics MM54HC241/MM74HC241 

Vcc=2.0V to 6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=2SoC 
74HC S4HC 

Symbol Parameter Conditions Vee 
TA= -40 to 8SoC TA= -SSto12SoC 

Units 
Typ Guaranteed Umlts 

tpHL. tpLH Maximum Propagation CL =50pF 2.0V 58 115 145 171 ns 
Delay CL =150 pF 2.0V 83 165 208 246 ns 

CL =50pF 4.5V 14 23 29 34 ns 

CL =150 pF 4.5V 17 33 42 49 ns 

CL =50pF 6.0V 19 20 25 29 ns 
CL =150 pF 6.0V 14 28 35 42 ns 

tpZH. tPZL Maximum Output Enable RL =1 kO 
Time CL =50pF 2.0V 75 150 189 224 ns 

CL =150 pF 2.0V 100 200 252 298 ns 

CL =50 pF 4.5V 15 30 38 45 ns 

CL =150 pF 4.5V 20 40 50 60 ns 

CL =50pF 6.0V 13 26 32 38 ns 

CL =150pF 6.0V 17 34 43 51 ns 

tpHZ. tpLZ Maximum Output Disable RL =1 kO 2.0V 75 150 189 224 ns . Time CL =50pF 4.5V 15 30 38 45 ns 
6.0V 13 26 32 38 ns 

tTLH. tTHL Maximum Output 2.0V 60 75 90 ns 
Rise and Fall Time 4.5V 12 15 18 ns 

6.0V 10 13 15 ns 

CPO Power Dissipation (per buffer) 

Capacitance (Note 5) G=VIH. G=VIL 12 pF 

G=VIL. G=VIH 50 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

COUT Maximum Output Capacitance 10 20 20 20 pF 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 

: 

1-200 



;HC240 

2A4 o-----t ~ 2Y4 

2A3 o----i I-- 2Y3 

2A2 o----f L-- 2Y2 

2Al o----f i-- 2Yl 

2G~ 

lA4 0--1 J---o lY4 

I 
f\) 

~ 
lA3 0----1 l----o lY3 

lA2 0----1 '----n lV2 

Vee 

lAla I~ • 01Vl 

-= 

lG Tl/U5020-4 

'HC241 

2A4 a 

2A3 a 

2A2 a 

2Al a 

2G 

lA4 a 

lAJ a 

lA2 0 

lAl a Ie I 

lG 

iii 

r-
0 

t----o IY8 CO n-
O 

t----o IY7 
Ai" 

CO ., 
D) 

3 
'---<> IY6 

(I) 

t---<> lY5 

f---O lY4 

~'V3 

t---<> lY2 

Vee 

• a lYI 

Tl/U5020-3 

l.tJ~:>HtJU1.tJ~:>HtJSWW 
OtJ~:>HtJ UOtJ~:>HtJSWW 



J?'JI National 
~ Semiconductor 

microCMOS 

MM54HC242/MM74HC242 
Inverting Quad TRI-STATE® Transceiver 
MM54HC243/MM74HC243 Quad TRI-STATE Transceiver 

General Description 
These TRI-ST ATE bi-directional inverting and non-inverting 
buffers utilize microCMOS Technology, 3.5 micron .silicon 
gate P-well CMOS, and are intended for two-way asynchro­
nous communication between data buses. They have high 
drive current outputs which enable high speed operation 
when driving large bus capacitances. These circuits pos­
sess the low power dissipation and high noise immunity as­
sociated with CMOS circuits, but speeds comparable to low 
power Schottky TTL circuits. They can also drive 15 LS-TTL 
loads. . 

The MM54HC242/MM74HC242 is a non-inverting buffer 
and the MM54HC243/MM74HC243 is an inverting buffer. 
Each device has one active high enable (GBA), and one 
active low enable (GAB). GBA enables the A outputs and ' 

Connection Diagrams 
Dual-In-Llne Package 

Vee GSA He 1B 3B 4B 

GAB He 1A 2A 3A 4A GND 

TOP VIEW 
TLIL/S019-1 

MM54HC242/MM74HC242 

54HC242 (J) 74HC242 (J,N) 

Truth Tables 
Control Inputs ' Data Port Status 

GAB GBA A B 
H H OUTPUT Input 
L H Isolated Isolated 
H L Isolated Isolated 
L L Input OUTPUT 

GAB enables the B outputs. This device does not have 
Schmitt trigger inputs. 

All inputs are protected from damage due to static dis­
charge by diodes to Vee and ground. 

Features 
• Typical propagation delay: 12 ns 
• TRI-STATE outputs 
• Two way asynchronous communication 
• High output current: 6 mA (74HC) 
• Wide power supply range: 2-6V 
• Low quiescent supply current: 80 IJ-A (74HC) 

Dual-ln-L1ne Package 

Vee GBA NC 18 2B 38 48 

GAB He 1A 2A 3A 4A GND 

TOP VIEW 
TL/L/S019-2 

MM54HC243/MM74HC243 

54HC243 (J) 74HC243 (J,N) , 

Control Inputs Data Port Status 

GAB GBA A B 
H H OUTPUT Input 
L H Isolated Isolated 
H L Isolated Isolated 
L L Input OUTPUT 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Vee) 2 6 V 
DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 
Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) 
DC Output Current. per pin (lOUT) ±35mA Operating Temperature Range(T A) 
DC Vee or GND Current. per pin (Ice) ±70mA MM74HC -40 +85 ·C 
Storage Temperature Range (T STG) -65·C to + 150·C MM54HC -55 +125 ·C 
Power Dissipation (Po) (Note 3) 500mW Input Rise or Fall Times 
Lead Temperature (Tu (Soldering 10 seconds) 260·C (tr. tf) Vee=2.0V 1000 ns 

Vee=4.5V 500 ns 
Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 8S·C T A = - 55 to 12S·C 

Units 
Typ Guaranteed LImits III 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V , 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI~20 p.A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI~6.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI~7.8 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI ~20 p.A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI~6.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI~7.8 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=Vee or GND 6.0V ±0.1 ±1.0 ±1.0 p.A 
Current 

10Z Maximum TRI- VOUT=Vee or GND 6.0V ±0.5 ±5.0 ±10 p.A 
STATE Output GAB = VIH. GBA = VIL 
Leakage Current (GAB and GBA only) 

Icc Maximum Quiescent VIN = Vee or GND 6.0V 8.0 80 160 p.A 
Supply Current IOUT=O p.A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "'N"' package: -12 mWrC from 6SoC to 8SoC; ceramic "'J"' package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and Vou occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at 5.5V is 3.85V.l The worst case leakage current (liN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics (MM54HC242/MM74HC242) 

Vcc=5V, TA=25"C, tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tpHL, tpLH Maximum Propagation Delay CL =45pF 12 18 ns 

tpZH, tPZL Maximum Output Enable RL= kO 17 28 ns 
Time to Active Output CL =45 pF 

tPHZ',tpHL Maximum Output Disable RL=kO 15 25 ns 
Time froin Active Output CL =5pF 

AC Electrical Characteristics MM54HC242/MM74HC242 

Vcc=2.0V to 6.0V, CL=50 pF, tr=tf=6 ns (unless otherwise specified) 

TA.=25"C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85"C TA= -55 to 125"C 

Units 
Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation CL =50pF 2.0V 55 100 126 149 ns 
Delay CL =150 pF 2.0V 80 150 190 224 ns 

CL =50pF 4.5V 12 20 25 30 ns 
CL =150 pF 4.5V 22 30 38 45 ns 

CL =50pF 6.0V 11 17 21 25 ns 
CL =150 pF 6.0V 18 26 32 38 ns 

tpZH, tpZL Maximum Output Enable RL =1 kn 
Time to Active Output CL =50pF 2.0V 75 150 189 224 ns 

CL=150pF 2.0V 100 200 252 298 ns 

CL =50pF 4.5V 15 30 38 45 ns 
CL =150 pF 4.5V 30 40 50 60 ns 

CL =50pF 6.0V 13 26 32 38 ns 
CL =150 pF 6.0V 17 34 43 51 ns 

tpHZ, tpLZ Maximum Output Disable RL =1 kO 2.0V 75 150 189 224 ns 
Time from Active Output CL =50pF 4.5V 15, 30 38 45 ns 

6.0V 13 26 32 38 ns 

tTLH, tTHL Maximum Output 2.0V 60 75 90 ns 
Rise and Fall 4.5V 12 15 i 18 ns 
Time 6.0V 10 13 15 ~ ns 

CPO Power Dissipation (per buffer) 
Capacitance (Note 5) G=VIH' G=VIL 12 pF 

G=VIL, G=VIH 50 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

COUT Maximum Output Capacitance 10 20 20 20 pF 

1-204 



AC Electrical Characteristics (MM54HC243/MM74HC243) 

Vcc=5V. TA=25°C. tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tpHL. tpLH Maximum Propagation Delay CL =45 pF 13 20 ns 

tPZH. tpZL Maximum Output Enable RL=kO 17 28 ns 

Time to Active Output CL =45 pF 

tpHZ. tpLZ Maximum Output Disable RL=kO 15 25 ns 
Time from Active Output CL =5 pF 

AC Electrical Characteristics MM54HC243/MM74HC243 

Vcc=2.0V to 6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

TA = -40 to 85°C TA = -55 to 125°C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation CL =50 pF 2.0V 58 115 145 171 ns 

Delay CL =150 pF 2.0V 88 165 208 246 ns 

\ CL =50 pF 4.5V 14 23 29 34 ns 

CL =150 pF 4.5V 17 33 42 49 ns 

CL:=50 pF 6.0V 10 20 25 29 ns 

CL =150 pF 6.0V 14 28 35 42 ns 

tPZH. tPZL Maximum Output Enable RL =1 kfi 
Time to Active Output CL =50 pF 2.0V 75 150 189 224 ns 

CL =150 pF 2.0V 100 200 252 298 ns 

CL =50 pF 4.5V 15 30 38 45 ns 

CL =150 pF 4.5V 20 40 50 60 ns 

CL =50 pF 6.0V 13 26 32 38 n~ 

CL =150 pF 6.0V . 17 34 43 51 ns 

tpHZ. tpLZ Maximum Output Disable RL=1kfi 2.0V 75 150 189 224 ns 
Time from Active Output CL =50 pF 4.5V 15 30 38 45 ns 

6.0V 13 26 32 38 ns 

tTLH. tTHL Maximum Output 2.0V 60 75 90 ns 

Rise and Fall 4.5V 12 15 18 ns 

Time 6.0V 10 13 15 ns 

CPO Power Dissipation (per buffer) 

Capacitance (Note 5) G=VIH. G=VIL 12 pF 

G=VIL. G=VIH 50 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

COUT Maximum Output Capacitance 10 20 20 20 pF 

Note 5: CPO determines the no load dynamic power consumption. Po= CpO Vee2 f+ Icc Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54!74HC AC Switching Waveforms and Test Circuits. 
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Logic Diagrams 

MM54HC242/MM74HC242 MM54HC243/MM74HC243 

4A 

3A 

2A 

TL/L/S019-3 TL/L/S019-4 
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~National . 
D Semiconductor microCMOS 

MM54HC244/MM74HC244 Octal TRI-STATE® Buffer 

General Description 
These TRI-STATE buffers utilize microCMOS Technology, 
3.5 micron silicon gate P-well CMOS, and are general pur­
pose high speed non-inverting buffers. They possess high 
drive current outputs which enable high speed operation 
even when driving large bus capacitances. These circuits. 
achieve speeds comparable to low power Schottky devices, 
while retaining the advantage of CMOS circuitry, i.e., high 
noise immunity, and low power consumption. All three de­
vices have a fanout of 15 LS-TIL equivalent inputs. 

The MM54HC244/MM74HC244 is a non-inverting buffer 
and has two active low enables (1 G and 2G). Each enable 
independently controls 4 buffers. This device does not have 
Schmitt trigger inputs. 

All inputs are protected from damage due to static dis­
charge by diodes to Vee and ground. 

Connection Diagram 

Features 
B 'Typical propagation delay: 12 ns 
• TRI-STATE outputs for connection to system buses 
• Wide power supply range: 2-6V 
• Low quiescent supply current: 80 JlA (74 series) 
• Output current: 6 mA 

Dual-In-Llne Package 

Vee 20 1Y1 2A4 1Y2 2A3 1Y3 2A2 1Y4 2A1 

1G 1A 1 2Y4 1A2 2Y3 1A3 2Y2 1M 2Y 1 GND 
TOP VIEW TL/F/5327-1 

MM54HC244/MM74HC244 

54HC244 (J) 74HC244 (J,N) 

Truth Table 
('HC244) 

1G 1A 1Y 2G 2A 2Y 

L L L L L L 
L H H L H H 
H L Z H L Z 
H' H Z H H Z 

H = high level, L = low level, Z = high impedance 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Vec) 2 ·6 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±35mA Operating Temperature Range(T N 
MM74HC -40 +85 ·C 

DC Vee or GND Current, per pin (Icc) ±70mA MM54HC -55 +125 °C 
Storage Temperature Range (T STG) - 65°C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr, tf) Vee=2.0V 1000 ns 

Lead Temperature (T U (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 
Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

TA= -40t085·C TA= -55 to 125·C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V ;3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level, VIN=VIH orVIL 
Output Voltage IIOUTI ~20 /-LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL V 
IIOUTI~6.0 mA_ 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI~7.8 rnA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IloUTI~20 /-LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V . 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IloUTI~6.0mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI~7.8 rnA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0· ±1.0 /-LA 
Current 

loz Maximum TRI- VIN = VIH, or VIL 6.0V ±0.5 ±5 ±10 p.A 
STATE Output VOUT=VeeorGND 
Leakage Current G=VIH 

lee Maximum Quiescent VIN = Vee or GND 6.0V 8.0 80 160 p.A 
Supply Current lour=O p.A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100"C to 125°C. 
Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and You occUr for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc = S.SV and 4.SV respectively. (The VIH value at 5.5V is 3.85V.) The worst case leakage current (liN. 
Icc. and IOV occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics MM54HC244/MM74HC244 

Vcc=5V. TA=25°C. tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
I Limit 

tpHL. tpLH Maximum Propagation CL = 45 pF 14 20 ns 
Delay 

tPZH. tpZL Maximum Enable Delay RL=1 kn 17 28 ns 
to Active Output CL = 45 pF 

tpHZ. tpLZ Maximum Disable Delay RL =nn 15 25 ns 
From Active Output CL=5pF 

AC Electrical Characteristics 
VCC = 2.0V-6.0V. CL = 50 pF. tr = tf = 6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85°C TA= -55 to 125°C 

Units 
Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation CL =50pF 2.0V 58 115 145 171 ns 
Delay CL =150 pF 2.0V 83 165 208 246 ns 

CL =50 pF 4.5V 14 23 29 34 ns 

CL =150 pF 4.5V 17 33 42 49 ns 

CL=50pF 6.0V 10 20 25 29 ns 
CL =150 pF 6.0V 14 28 35 42 ns 

tPZH. tpZL Maximum Output Enable RL =1 kn 
Time. CL =50 pF 2.0V 75 750 189 224 ns 

CL=150pF 2.0V 100 200 252 298 ns 

CL =50 pF 4.5V 15 30 38 45 ns 
CL =150 pF 4.5V 30 40 50 60 ns 

CL =50 pF 6.0V 13 26 32 38 ns 
CL =150 pF 6.0V 17 34 43 51 ns 

tpHZ. tpLZ Maximum Output Disable RL =1 kn 2.0V .75 150 189 224 ns 
Time CL =50 pF 4.5V 15 30 38 45 ns 

6.0V 13 26 32 38 ns 

tTLH. tTHL Maximum Output 2.0V 60 75 90 ns 
Rise and Fall Time 4.5V 12 15 18 ns 

6.0V 10 13 15 ns 

CPO Power Dissipation (per buffer) 
Capacitance (Note 5) G=VIH 12 pF 

G=VIL 50 pF 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

CO~T Maximum Output 10 20 20 20 pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, PO=CPD Vee2 I+lec Vee, and the no load dynamic current consumption, 
Is=CPD Vee 1+lee· 
Note 6:. Refer to back of this section for Typical MM54fi4HC AC Switching Waveforms and Test Circuits. 
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-.::t 
-.::t Logic Diagram N 
0 
::t 

'HC244 -.::t 
t:: 
-.::t 
~ 2A4 2Y4 N 
0 
::t 
-.::t 
U) 

:E 
2A3 2Y3 

:E 
2A2 2Y2 

2A1 .2Y1 

2G 

1A4 1Y4 

1A3 1Y3 

1A2 1Y2 

Vee 

1A1 .----+--0() 1Y1 

1G 

TLlF/5327-2 
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J?;I National 
U Semiconductor microCMOS 

MM54HC245/MM74HC245 Octal TRI-STATE® Transceiver 

General Description 
These TAl-STATE bi-directional buffers utilize micro­
CMOS Technology, 3.5 micron silicon gate P-well CMOS, 
and are intended for two-way asynchronous communication 
between data buses. They have high drive current outputs 
which enable high speed operation even when driving large 
bus capacitances. This circuit possesses the low power 
consumption and high noise immunity usually associated 
with CMOS circuitry, yet have speeds comparable to low 
power Schottky TIL circuits. 

This device has an active low enable input G and a direction 
control input, DIA. When DIA is high, data flows from the A 
inputs to the B outputs. When DIA is low, data flows from 
the B inputs to the A outputs. The· MM54HC245! 
MM74HC245 transfers true data from one bus to the other. 

Connection Diagram 

This device can drive up to 15 LS-TIL Loads, and does not 
have Schmitt trigger inputs. All inputs are protected from 
damage due to static discharge by diodes to Vee and 
ground. 

Features 
• Typical propagation delay: 14 ns 
• Wide power supply range: 2-6V 
• Low quiescent current: 80 /-LA maximum (74 HC) 
• TRI-ST ATE outputs for connection to bus oriented 

systems 
• High output drive: 6 mA (minimum) 

• Same as the '645 

Dual-ln-L1ne Package 

ENABLE 

Vee G 81 82 83 84 85 B6 87 

OIR A1 A2 A3 A4 A5 A6 A7. A8 

TOP VIEW 

MM54HC245/MM74HC245 

54HC245 (J) 74HC245 (J,N) 

Truth Table 
Control 
Inputs 

Operation 
G DIR 

L L B data to A bus 
,L H. A data to B bus 
H X Isolation 

H = high level. L = low level. X = Irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to +7.0V Min Max Units 
DC Input Voltage DIR and G pins (VIN) -1.5 to Vee+1.5V Supply Voltage (Vee> 2 6 V 

DC Input/Output Voltage (VIN, VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 

Clamp Diode Current (leo) ±20mA (VIN,VOUT) 0 Vee V 

DC Output Current, per pin (lOUT) ±35mA Operating Temperature Range (T A> 
MM74HC -40 +85 ·C 

DC Vee or GND Current, per pin (ICC) ±70mA MM54HC -55 +125 ·C 
Storage Temperature Range (T STG) - 65·C to + 150·C Input Rise/Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr, tf) Vee=2.0V 1000 ns 
Lead Temperature (TO (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 

\ 
Vee=6.0V t;;; 400 ns 

DC Electrical Characteristics (Note 4) 

TA=2S·C 
74HC S4HC 

Symbol Parameter Conditions Vee TA= -40 to 8S·C TA= -SS to 12S·C 
Units 

Typ . Guaranteed LImits 

VIH Minimum.High Level Input 2.0V 1.5 1.5 1.5 V 
Voltage 4.5V 3.15 3.15 . 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0.9 0.99 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level Output VIN = VIH or VIL 
Voltage IIOUTI s: 20 ,...A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTIS:6.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTIS:7.8 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level Output VIN = VIH or VIL 
Voltage IIOUTI S:20 ,...A 2.0V 0 0.1 0.1 0~1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 

\ 
V 

VIN = VIti or VIL 
IIOUTIS:6.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
116uTIS:7.8 mA 6.0V 0.2 0.26 0.33 0.4 V 

lIN Input Leakage VIN = Vee to GND 6.0V ±0.1 ±1.0 ±1.0 ,...A 
Current (G and DIR) 

loz Maximum TRI-STATE VOUT = V~c or GND 6.0V- ±0.5 ±5.0 ±10 ,...A 
Output Leakage Current Enables = VIH 

ICC Maximum Quiescent Supply VIN = Vee or GND 6.0V 8.0 80 160 ,...A 
Current IOUT=O ,...A 

Note 1: Maximum Ratings are those values' beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6S·C to 8S·C; ceramic "J" package: -12 mWrC from 
100·C to 12S·C. 
Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc- S.SV and 4.SV respectively. (The VIH value at S.SV Is 3.8SV.) The worst case leakage current (liN. 
Icc. and lov occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics I 

,;/cc=5V, TA=25°C, tr=tf=6 ns (Note 6) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tPHL, tpLH Maximum Propagation Delay CL = 45 pF 13 17 ns 

tpZH, tpZL Maximum Output Enable Time RL = 1 kn 33 42 ns 
CL = 45 pF 

tPHZ, tpLZ Maximum Output Disable Time RL = 1 kn 32 42 ns 
CL = 5 pF 

AC Electrical Characteristics 
Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) (Note 6) 

TA=25°C 
74HC 54HC 

TA= -40 to 85°C T A = - 55 to 125°C 
Symbol Parameter Conditions Vee Units 

01 
Typ Guaranteed Limits 

tpHL, Maximum Propagation Delay CL = 50 pF 2.0V 29 72 88 96 ns 

tpLH CL = 150 pF 2.0V 38 96 116 128 ns 

CL = 50 pF 4.5V 14 18 22 24 ns 
CL = 150 pF 4.5V 18 24 29 32 ns 

CL = 50 pF 6.0V 14 18 22 24 ns 

CL = 150 pF 6.0V 18 24 29 32 ns 

tpZH, Maximum Output Enable RL = 1 kn 
tPZL Time CL = 50 pF 2.0V 70 184 224 240 ns 

CL = 150pF 2.0V 80 216 260 284 ns 

CL = 50 pF 4.5V 35 46 56 60 ns 
CL = 150 pF 4.5V 41 54 65 71 ns 

CL = 50 pF 6.0V 31 41 50 54 ns 
CL = 150pF 6.0V 36 47 57 62 ns 

tPHZ, Maximum Output Disable RL = 1 kn 2.0V 47 172 208 224 ns 

tpLZ Time CL = 50 pF 4.5V 33 43 52 56 ns 
6.0V 31 41 50 54 ns 

tTLH, tTHL Output Rise and Fall Time CL =50 pF 2.0V 20 60 75 90 ns 
·4.5V 6 12 15 18 ns 
6.0V 5 10 13 15 ns 

CPO Power Dissipation G = VIL 100 pF 

Capacitance (Note 5) G= VIH 12 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

CIN/OUT Maximum Input/Output 15 20 20 20 pF 
Capacitance, A or B 

Note 5: CPO determines the no load dynamic power consumption. PO=CPD Vee2 f+lee Vee, and the no load dynamic current consumption, 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54!74HC AC Switching Waveforms and Test Circuits. 
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~National 
U Semiconductor 

microCMOS 
MM54HC251/MM74HC251 
8-Channel TRI-STATE® Multiplexer 
General Description, 
This 8-CHANNEL DIGITAL MULTIPLEXER with TRI-STATE 
outputs utilizes microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS. Along with the high noise immunity and 
low power consumption of standard CMOS integrated cir­
cuits, it possesses the ability to drive 10 LS-TIL loads. The 
large output drive capability and TRI-STATE feature make 
this part ideally suited for interfacing with bus lines in a bus 
oriented system. 

This multiplexer features both true (V) and complement (W) 
outputs as well as a STROBE input. The STROBE must be 
at a low logic level to enable this device. When the STROBE 
input is high, both outputs are in the high impedance state. 
When enabled, address information on the data select in­
puts determines which data input is routed to the V and W 

Connection Diagram 
Dual-In-Line Package 

DATA INPUTS DATA SELECT 

VCC 4 5 6 7 A B C 

10 9 

D4 05 D6 07 A B 

03 C 

02 01 DO Y W S 

3 2 o Y W STROBE GND ---DATA INPUTS OUTPUTS 
TOP VIEW TLIF/5328-1 

MM54HC251/MM74HC251 

54HC251 (J) 74HC251 (J,N) 

Logic Diagram 
00 ---;::==::;:::::::::::r""\ 

A --[>0-...-:>0-..... 
02 -----+-r--..J,-.I.~ .... 

03 -----i:±:I:±:I:=r'" 

01 -----H--f=;;;;a..J 

07 -----====t...-J 

outputs. The 54HC174HC logic family is speed, function, as 
well as pinout compatible with the standard 54LS17 4LS log­
ic family. All inputs are protected from damage due to static 
discharge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay 

Data Select to V: 26 ns 

• Wide supply range: 2-6V 
• Low power supply quiescent current: 80 IJ-A maximum 

(74HC) 

• TRI-STATE outputs for interface to bus oriented 
systems 

Truth Table 

Inputs Outputs 

Select 
Strobe Y W 

C B A S 

X X X H Z Z 
L L L L DO DO 
L L H L 01 01 
L H L L 02 02 
L H H L 03 03 
H L L L 04 04 
H L H L 05 05 
H H L L 06 06 
H H H L 07 07 

H = high logic level. L = logic level 

X = irrelevant. Z = high impedance (off) 

DO. D1 ... D7 = the level of the respective D input 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vee) '-0.5 to + 7.0V 

DC Input Voltage (VIN) -1.5 to Vee + 1.5V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V 

Clamp Diode Current (11K. 10K) ± 20 mA 

DC Output Current. per pin (lour) ± 25 mA 

DC Vee or GND Current. per pin (IcC> ± 50 mA 

Storage Temperature Range (T STG) - 65°C to + 150°C 

Power Dissipation (Po) (Note 3) 500 mW 

Lead Temperature (Tu (Soldering 10 seconds) 260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage(Vec) 2 

DC Input or Output Voltage 0 
(VIN.VOUT) 

Operating Temperature Range(T N 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr• tf) Vee=2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Symbol 

VIH 

liN 

10Z 

lee 

Parameter 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current .. 

Maximum TRI­
STATE~ Leakage 
Current 

Maximum Quiescent 
Supply Current 

Conditions 

VIN = VIH or VIL 
IIOUTI~20 JLA 

VIN=VIHorVIL 
IIOUTI ~ 4.0 mA 
IIOUTI ~ 5.2 mA 

VIN=VIH orVIL 
IIOUTI ~ 20 JLA 

VIN = VIH or VIL 
IIOUTI~4.0 mA 
IIOUTI ~5.2 mA 

" 

VIN = Vee or GND 

Strobe = Vee 
Vour= Vee or GND 

VIN=VeeorGND 
10UT=0 JLA 

TA = -40 to 85°C TA = -55 to 125°C 
Vee ~--~----~~----------~~-----------4 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 
6.0V 6.0 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 
4.5V 
6.0V 

o 
o 
o 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V ±O.5 

6.0V 8.0 

Guaranteed Limits 

(5 

3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

±5 

80 

1.5 
3.15 
4.2! 

0.3 
'0.9 
1.2 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

±10 

160 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
V 

V 

°C 
·C 

ns 
ns 
ns 

Units 

V 
V 

V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

JLA 

Note 3: Power DISSipation temperature derating - plastic "N" package: -12 mWI"C from 65·C to 85dC; ceramic "J" package: -12 mWrC from 
1oo·e to 125·C. ' 

Note 4: For a power supply of 5V ±10% the worst case o~ut voltages (VOH. and You occur for HC at 4.5V. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc=5.5V and 4.5V respectively. (The VIH value at S.5V Is 3.85V.) The worst case leakage current (lIN. 
Icc. and IOV occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions . Typ Guaranteed Units Limit 

tpHL. tpLH Maximum Propagation Delay 26 35 ns 
A. B orCto Y 

. tpHL. tpLH Maximum Propagation 27 35 ns 
Delay. A. B or C to W 

tpHL. tpLH Maximum Propagation 22 29 ns 
Delay. Any D to Y 

tpHL. tpLH Maximum Propagation 24 32 ns 
Delay. Any D to W 

tpZH. tpZL Maximum Output Enable RL =1k 19 27 ns 
Time. W Output CL=50pF 

, 

tpZH. tpZL Maximum Output Enable RL =1k 19 26 ns 
Time. Y Output CL =50pF 

tpHZ. tpLZ Maximum Output Disable Time RL=1k 26 40 ns 
WOutput CL =5pF 

tpHZ. tpLZ Maximum Output Disable Time RL =1k 27 35 ns 
Y Output CL =5pF 

AC Electrical Characteristics CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55 to 125°C Units 
Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation Delay 2.0V 90 205 256 300 ns 
A. B orCtoY 4.5V 31 41 51 60 ns 

6.0V 26 35 44 51 ns 

tpHL. tpLH Maximum Propagation 2.0V 95 205 256 300 ns 
Delay. A. B or C to W 4.5V 32 41 51 60 ns 

6.0V 27 35 44 51 ns 

tpHL. tPLH Maximum Propagation 2.0V 70 195 244 283 ns 
Delay. Any D to Y 4.5V 27 39 49 57 ns 

6.0V 23 33 41 48 ns 

tpHL. tpLH Maximum Propagation 2.0V 75 185 231 268 ns 
Delay. Any D to W 4.5V 29 37 46 54 ns 

6.0V 25 32 40 46 ns 

tPZH. tPZL Maximum Output Enable Time RL =1k 2.0V 45 150 I 188 218 ns 
WOutput 4.5V 21 30 38 44 ns 

6.0V 18 26 33 38 ns 

tpZH. tpZL Maximum Output Enable Time RL=1k 2.0V 45 145 181 210 ns 
Y Output 4.5V 21 29 36 42 ns 

6.0V 18 25 31 36 ns 

tpHZ. tpLZ Maximum Output Disable Time RL =1k 2.0V 60 220 275 319 ns 
WOutpu~ 4.5V 29 44 55 64 ns 

6.0V 25 37 46 54 ns 

tpHZ. tpLZ Maximum Output Disable Time RL =1k 2.0V 60 195 244 283 ns 
YOutput 4.5V 30 39 49 57 ns 

6.0V 26 33 41 48 ns 

tTHL. tTLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

CPO Power Dissipation (per package) 110 pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Veri 1+lee Vee. and the no load dynamiC current consumption. 
IS" cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

microCMOS 

MM54HC253/MM74HC253 
Dual 4-Channel TRI-STATE® Multiplexer 
General Description 
The MM54HC253/MM74HC253 utilizes microCMOS Tech­
nology, 3.5 micron silicon gate P-well CMOS, to achieve the 
low power consumption and high noise immunity of stan­
dard CMOS integrated circuits, along with the capability to 
drive 10 LS-TTL loads. The large output drive and TAl­
STATE features of this device make it ideally suited for in­
terfacing with bus lines in bus organized systems. When the 
output control input is taken high, the multiplexer outputs 
are sent into a high impedance state. 

The 54HC174HC logic family is functionally and pinout com­
patible with the standard 54LS174LSIogic family. All inputs 
are protected from damage due to static discharge by inter­
nal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 24 ns 
• Wide power supply range: 2V-6V 

When the output control is held low, the associated mUlti­
plexer chooses the correct output channel for the given in­
put signals determined by the select A and B inputs. 

• Low quiescent current: 80 ,.,.A maximum (74HC series) 
• Low input current: 1 ,.,.A maximum 
• Fanout of 10 LS-TTL loads 

Connection Diagram 
Dual·ln·Llne Package 

DATA INPUTS 

OUTPUT B lC3 lC2 lCl lCO OUTPUT GND 
CONTROL SELECT \ / 1Y 

10 DATA INPUTS 
TOP VIEW TL/F/5108-1 

MM54HC253/MM74HC253 

54HC253 (J) 74HC~53 (J,N) '.' 

Truth Table 
Select Data Inputs Output Output· 
Inputs Control 

B A CO C1 C2 C3 G Y 
X X X XI X X H Z 
L L L X X X L L 
L L H X· X X L H 
L H X L X X L L 
L H X H X X L H 
H L X X L X L L 
H L X X H X L H 
H H X X X L L L 
H H X X X H L H 

Select Inputs A and B are common to both sections. 

H = high level, L = low level, X = Irrelevant, Z = high Impedance (off). 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
3: 
3: 

Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units CJ1 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Ved 2 6 V ~ 

::I: 
DC Output Voltage (VOUT) -0.5 to Vee+ 0.5V DC Input or Output Voltage 0 Vee V 0 
Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) N 
DC Output Current. per pin (lOUT) ±25mA Operating Temperature Range(T A) CJ1 

MM74HC -40 +85 ·C CN 
DC Vee or GND Current. per pin (led ±50mA MM54HC -55 +125 ·C ........ 

....... 
Storage Temperature Range (TSTG) - 65·C to + 150·C Input Rise or Fall Times ~ 
Power Dissipation (Po) (Note 3) 500mW (tr. tf) Vee=2.0V 1000 ns ::I: 
Lead Temperature (Tt) (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 0 

Vee=6.0V 400 ns N 
CJ1 

DC Electrical Characteristics (Note 4) CN 

TA=25·C 
74HC 54HC III Symbol Parameter Conditions Vee 

T A = - 40 to 85°C TA = -55 to 125·C 
Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V· 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI ~20 /-LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI ~4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI ~ 5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI~20 /-LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI~4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI~5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 /-LA 
Current 

loz Maximum TRI-STATE Strobe = Vee 6.0V ±0.5 ±5.0 ±10 /-LA 
Output Leakage Vour=Vee or GND 
Current 

IcC Maximum Quiescent VIN=Vee or GND 6.0V 8.0 80 160 /-LA 
Supply Current IOUT=O /-LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. "-

Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWre from 
100°C to 125°C. 
Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and YOU occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc= S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (liN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V. TA=25°C. tr=tf=6 ns. CL =15 pF 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tpHL. tpLH Maximum Propagation 24 30 ns 
Delay. Select A or B to Y ',: 

tpHL. tpLH Maximum Propagation 18 23 ns 
Delay. any Data to Y : 

tpZH. tPZL Maximum Output Enable Time RL=1k 13 18 ns 
Y Output to a Logic Level 

tpHZ. tpLZ Maximum Output Disable Time RL=1k 18 27 ns 
Y Output to High Impedance State 

:E :E AC Electrical Characteristics CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C TA= -55 to 125°C 
Units 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation 2.0V 131 158 198 237 ns 
Delay. SelectA or B to Y 4.5V 29 35 44 53 ns 

6.0V 24 30 38 45 ns 

tpHL. tpLH Maximum Propagation 2.0V 99 126 158 189 ns 
Delay. any Data to Y 4.5V 22 28 35 42 ns 

6.0V 19 23 29 35 ns 

tPZH. tPZL Maximum Output Enable Time RL =1 kn 2.0V 63 90 113 135 ns 
4.5V 14 20 25 30 ns 
6.0V 12 17 21 26 ns 

tpHZ, tpLZ Maximum Output Disable Time RL =1 kn 2.0V 90 135 169 203 ns 
4.5V 20 30 38 45 ns 
6.0V 17 25 31 38 ns, 

tTHL, tTLH Maximum Output Rise' 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8' 15 19 22 ns 

6.0V 7 13 16 19 ns 

CIN Maximum Input Capacitance 5 10 10 10 pF 

CPO Power Dissipation (per package) 
Capacitance (Note 5) Outputs Enabled 90 pF 

Outputs Disabled 25 pF 

Note 5: Cpo determines the no load dynamic power consumption. Po= CPO Vee2 f+ Icc Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee, 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 

I 

Logic Diagram 
'HC253 

OUTPU~~ CONTROL 
IS 

DATAl! ::---;::::=:::t::-~[~t" 
lCO __ "tf==:$*~:[) -
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~National 
D Semiconductor 

f! 

MM54HC257/MM74HC257 

microCMOS 

Quad 2-Channel TRI-STATE® Multiplexer 

General Description 
This QUAD 2-TO-1 LINE DATA SELECTOR/MULTIPLEXER 
utilizes microCMOS Technology, 3.5 micron silicon gate 
P-well CMOS. Along with the high noise immunity and low 
power dissipation of standard CMOS integrated circuits, it 
possesses the ability to drive LS-TTL loads. The large out­
put drive capability coupled with the TRI-STATE feature 

, make this device ideal for interfacing with bus lines in a bus 
organized system. When the OUTPUT CONTROL input line 
is taken high, the outputs of all four multiplexers are sent 
into a high impedance state. When the OUTPUT CONTROL 
line is low, the SELECT input chooses whether the A or B 
input is used. 

Connection and Logic Diagrams 
Dual-In-Llne PaCkage 

INPUTS INPUTS 
OUTPUT __ OUTPUT OUTPUT 

Vee CONTROL 4A 4B 4Y 3A 3B 3Y 

16 15 14 13 12 11 1D 

4A 4B 4Y 3A 3B 

SELECT 1A 18 

INPUTS 

3Y 

1Y 2A 2B 2Y GNO 
OUTPUT __ OUTPUT 

INPUTS 
TOP VIEW TLIF/5329-1 

MM54HC257/MM74HC257 

54HC257 (J) 74HC257 (J,N) 

Truth Table 

Inputs 

Output 
Select 

Control 

H X 
L L 
L L 
L H 
L H 

The 54HC174HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 12 ns 
• Wide power supply range: 2V -6V 
• Low quiescent current: 80 ,...A maximum (74HC series) 
• TRI-STATE outputs for connection to system buses. 

OUTPUT(15) 

CONTROL(2) 
1A 

1B 
(3) 

2A 
(5) 

2B 
(6) 

3.\ (11) 

3B 
(10) 

4A 
(14) 

4B 
(13) 

TLIF/5329-2 

A B OutputY 

X X Z 
L X L 
H X H 
X L L 
X H H 

H = high level, L = low level, X = Irrelevant, Z = high impedance, (off) 
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Absolute Maximum Ratings (Notes 1 & ?) Operating Conditions 
Supply Voltage (Vee> -0.5 to + 7.0V ' Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee + 1.5V Supply Voltage(Vee) 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vec+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) , 

DC Output Current. per pin (lOUT) ±35mA Operating Temperature Range(T A> 
MM74HC -40 +85 ·C 

DC Vee or GND Current. per pin (Ice> ±70mA MM54HC -55 +125 ·C 
Storage Temperature Range (TSTG) - 65·C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr• tt> Vcc=2.0V 1000 ns 
Lead Temperature (Tu (Soldering 10 seconds) 260·C Vce=4.5V 500 ns 

Vcc=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85·C TA= -55 to 125·C Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V \ 1.5 1.5 ,1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL . 
Output Voltage IIOUTI!5:20 IlA 2.0V 2.0 1.9 1.9 ' 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

- VIN = VIH or VIL 
IIOUTI !5: 6.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI!5:7.8 mA 6.0V 5.7 5.48 J 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI !5:20 IlA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI !5:6.0 mA 4.5V 0.2 0.26 0.33 0.4, V 
IIOUTI !5:7.S mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 JLA 
Current 

loz MaximumTRI-STATE VOUT=VecorGND 6.0V ±0.5 ±5.0 ±10 JLA 
Output Leakage OC=VIH 

Icc Maximum Quiescent VIN = Vee or GND 6.0V S.O SO 160 ,.,.A 
Supply Current IOUT=O IlA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified ali voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6Soe to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ± 1 0% the worst case output voltages (YOH. and You occur for He at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vec = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (liN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6,OV values should be used. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL, tpLH Maximum Propagation CL =45 pF 12 18 ns 
Delay, Select to any Y Output 

tpHL, tpLH . Maximum Propagation CL =50 pF 13 21 ns 
Delay, A or B to any Y Output 

tpZH, tpZL Maximum Output Enable RL =1 kfl 17 28 ns 
Time, any Y Output to a Logic Level CL =45 pF 

tpHZ, tpLZ Maximum Output Disable RL =1 kfl 15 25 ns 
Time, any Y Output to a High Impedance State CL =5 pF 

AC Electrical Characteristics 
VCC = 2.0V to 6.0V, CL = 50 pF, tr = tf = 6 ns (unless otherwise specified) 

TA=25°C 
74HC 54~C 

Symbol Parameter Conditions Vee TA = -40 to 85°C TA = -55 to 125°C Units 

Typ Guaranteed Limits 

tpHL, tPLH Maximum Propagation CL =50 pF 2.0V 50 100 125 150 ns 
Delay, Select to any CL =150 pF 2.0V 70 150 189 224 ns 
YOutput CL =50 pF 4.5V 10 20 25 30 ns 

CL =150 pF 4.5V 15 30 38 45 ns 

CL =50 pF 6.0V 9 17 21 25 ns 
CL =150 pF 6.0V 13 26 32 38 ns 

tpHL, tpLH Maximum Propagation CL =50 pF 2.0V 50 100 125 150 ns 
Delay, A or B to any CL =150 pF 2.0V 70 150 190 221 ns 
Y Output CL =50 pF 4.5V 10 20 29 30 ns 

CL =150 pF 4.5V 15 30 38 45 ns 

CL =50 pF 6.0V 10 17 21 25 ns 
CL =150 pF 6.0V 17 26 32 38 ns 

tpZH, tpZL Maximum Output RL ~1 kfl 
Enable Time CL =50 pF 2.0V 75 150 189 224 ns 
Any Y Output to a Logic Level CL =150 pF 2.0V 100 200 252 298 ns 

CL =50 pF 4.5V 15 30 38 45 ns 
CL =150 pF 4.5V 20 40 50 60 ns 

CL =50 pF 6.0V 13 26 32 38 ns 
CL =150 pF 6.0V 17 34 43 51 ns 

tpHZ, tpLZ Maximum Output Disable RL =1 kfl 2.0V 75 150 189 224 ns 
Time, any Y Output to a CL =50 pF 4.5V 15 30 38 45 ns 
High Impedance State 6.0V 13 26 32 38 ns 

tTHlo tTLH Maximum Output Rise CL =50 pF 2.0V 60 75 90 ns 
and Fall Time 4.5V 12 15 18 ns 

6.0V 10 13 15 ns 

CPO Power Dissipation (permux) 
Capacitance (Note' 5) Enable 30 pF 

Disabled 8 pF 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vee2"f+lec Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lec· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

microCMOS 

MM54HC259/MM74HC259 
a-Bit Addressable Latch/3-to-8 Li'ne Decoder 

General Description 
This device utilizes microCMOS Technology, 3.5 micron sili­
con gate P-well CMOS, to implement an 8-bit addressable 
latch, designed for general purpose storage applications in 
digital systems. 

The MM54HC259/MM74HC259 has a single data input (D), 
8 latch outputs (01-08), 3 address inputs (A, B, and C), 'a 
common enable input (E), and a common CLEAR input. To 
operate this device as an addressable latch, data is held on 
the 0 input, and the address of the latch into which the data 
is to be entered is held on the A, B, and C inputs. When 
ENABLE is taken low the data flows through to the ad­
dressed output. The data is stored when ENABLE tran­
sitions from low to high. All unaddressed latches will remain 
unaffected. With enable in the high state the device is dese­
lected, and all latches remain in their previous state, unaf­
fected by changes on the data or address inputs. To elimi­
nate the possibility of entering erroneous data into the latch­
es, the enable should be held high (inactive) while the ad­
dress lines are changing. 

Connection Diagram 
Dual-ln-L1ne Package 

OUTPUTS 
EN- DATA 

vCC CL~AR ABLE IN 07 06 05 04 

ABC 00 01 02 03 GND 

LATCH SELECT OUTPUTS 

TL/F/S006-1 

MM54HC259/MM74HC259 

54HC259 (J) 74HC259 (J,N) 

Truth Table 

Inputs Outputs of Each 
Addressed Other Function 

Clear G Latch Output 

H .L 0 QiO Addressable Latch 
H H °iO OiO Memory 
L L 0 L 8-Line Decoder 
L H L L Clear 

If enable is held high and CLEAR is taken low all eight latch­
es are cleared to a low 'state. If enable is low all latches 
except the addressed latch will be cleared. The addressed 
latch will instead follow the 0 input, effectively implementing 
a 3-to-8 line decoder. 

All inputs are protected from damage due to static dis­
charge by diodes to Vee and ground. 

Features 
• Typical propagation delay: 18 ns 
• Wide supply rarige: 2-6V 
• Low input current: 1 /LA maximum 
• Low quiescent current: 80 /LA maximum (74HC series) 

Latch Selection Table 

Select Inputs Latch 

C B A Addressed 

L L L 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 

H = high level. L = low level 

D = the level at the data input 

0 
' 1 

2 
3 
4 
5 
6 
7 

QjO the level of Qj (i = 0.1 .. ,7. as appro­
piate) before the indicated steady-state in­
put conditions were established, 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
3: 
s: 

Supply Voltage (VcC> -0.5 to + 7.0V Min Max Units U1 
DC Input Voltage (VIN) -1.5 to Vcc+1.5V Supply Voltage(Vcc) 2 6 V ~ 

::t 
DC Output Voltage (Vour) -0.5 to Vcc+0.5V DC Input or Output Voltage 0 Vee V 0 (VIN,Vour) . 
Clamp Diode Current (11K, 10K) ±20mA N 

. DC Output C~rrent, per pin (lour) ±25mA Operating Temperature Range (T A) U1 
MM74HC -40 +85 ·C CD 

DC Vcc or GND Current, per pin (ICC> ±50mA MM54HC -55 +125 ·C ""'" ~ 
Storage Temperature Range (TSTG) - 65·C to + 150·C Input Rise or Fall Times II ~ 
Power Dissipation (Po) (Note 3) 500mW (tr, tf) Vcc=2.0V 1000 ns ::t 
Lead Temperature (Tu (Soldering 10 seconds) 260·C Vcc=4.5V 500 ns 0 

Vcc=6.0V 400 ns N 
U1 

DC Electrical Characteristics (Note 4) CD 

TA=25·C 
74HC 54HC III Symbol Parameter Conditions Vcc 

TA = -40 to 85·C TA= -55 to 125·C 
Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Ilourl=:;:20 ~A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN ~ VIH or VIL 
Iiourl =:;: 4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
Iiourl =:;: 5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage l!ourl=:;:20 ,...A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 . V 

VIN = VIH or VIL 
Iiourl =:;: 4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
Ilourl=:;:5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VCC or GND 6.0V ±0.1 ±1.0 ±1.0 ,...A 
Current 

Icc Maximum Quiescent VIN=VCC or GND 6.0V 8.0 80 160 ,...A 
Supply Current lour=O ,...A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic uN" package: -12 mWrC from 65°C to 85°C; ceramic UJ" package: -12 mWrC from 
100°C to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.SV and 4.SV respectively. (The VIH value at S.5V Is 3.65V.) The worst case leakage current (liN. 
IcC. and loz) oc~ur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
(Vcc=5.0V, TA=25°C, tr=tf=6 ns, CL =15 pF unless otherwise specified.) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL, tpLH Maximum Propagation Delay 18 32 ns 
Data to Output 

tpHL, tpLH Maximum Propagation Delay 20 38 ns 
Select to Output 

tpHL, tpLH Maximum Propagation Delay 20 35 ns 
Enable to Output 

tpHL Maximum Propagation Delay 17 27 ns 
Clear to Output 

tw Minimum Enable Pulse Width 10 16 ns 

tw Minimum Clear Pulse Width 10 16 ns 

tr, tf Maximum Input Rise and Fall Time 500 ns 

ts Minimum Setup Time Select or 15 20 ns 
Data to Enable 

tH Minimum Hold Time Data or -2 0 ns 
Address to Enable 

AC Electrical Characteristics tr=tf=6 ns, CL =50 pF, VCc=2.0V-6.0V 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C T A = - 55 to 125°C 
Units 

\ 
Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation Delay 2.0V 60 180 225 250 ns 
Data to Output 4.5V 19 37 46 52 ns 

6.0V 17 32 40 45 ns 

tpHU tpLH Maximum Propagation Delay 2.0V 72 220 275 310 ns 
Select to Output 4.5V 21 43 54 60 ns 

6.0V 18 37 46 52 ns 

tpHL, tpLH Maximum Propagation Delay 2.0V 65 200 250 280 ns 
Enable to Output 4.5V 27 40 50 58 ns 

6.0V 23 35 44 50 ns 

tpHL Maximum Propagation Delay 2.0V 50 150 190 210 ns 
Clear to Output 4.5V 18 31 39 44 ns 

6.0V 16 26 32 37 ns 

tw Minimum Pulse Width 2.0V 80 100 120 ns 
Clear or Enable 4.5V 16 20 24 ns 

6.0V 14 18 20 ns 

ts Minimum Setup Time Address 2.0V 100 125 150 ns 
or Data to Enable 4.5V 20 25 28 ns 

6.0V 15 19 25 ns 

tH Minimum Hold Time Address or 2.0V -10 0 0 0 ns 
Data to Enable 4.5V -2 0 0 0 ns 

6.0V -2 0 0 0 ns 

tTLH, tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

CIN Input Capacitance, 5 1'0 10 10 pF 

CPO Power Dissipation (per package) 80 pF 
Capacitance (Note 5) 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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Logic Diagram 

MM54HC259/MM74HC259 
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~National 
~ Semiconductor 

MM54HC266/MM74HC266 Quad 2-lnput 
Exclusive NOR Gate 

General Description . Features 
• Typical propagation delay: 9 ns 

microCMOS 

. This exclusive NOR gate utilizies microCMOS Technology, 
3.5 micron silicon gate P·well CMOS, to achieve operating 
speeds similar to equivalent LS-TTL gates while maintaining 
the low power consumption and high noise immunity char­
acteristic of standard CMOS integrated circuits. These 
gates are fully buffered and have a fanout of 10 LS-TTL 
loads. The MM54HC/MM74HC logic family is functionally as 
well as pin out compatible with the standard 54LS174LS 
logic family. However, unlike the 'LS266 which is an open 
collector gate the 'HC266 has standard CMOS push-pull 
outputs. All inputs are protected from damage due to static 
discharge by internal diode clamps to Vee and ground. 

• Wide operating voltage range: 2-6V 

Connection Diagram 

vee 

A1 

Truth Table 

• Low input current: 1 p.A maximum 
• Low quiescent current: 20 p.A maximum (74 series) 
• Output drive capability: 10 LS-TTL loads 
• posh-pull output 

Dual-In-Llne Package 

B4 A4 Y4 Y3 83 

B1 Y1 Y2 A2 82 

TOP VIEW 
MM54HC266/MM74HC266 

54HC266 (J) 74HC266 (J,N) 

~ Inputs Outputs 

A B Y 

L L H 
L H L 
H L L 
H H H 

Y=A'i""'B=AB + AS 
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3: 
Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 3: 
Supply Voltage (Vee) - 0.5 to + 7.0V Min Max Units c.n 
DC Input Voltage (VIN) -1.5 to Vee+ 1.5V Supply Voltage (Vee) 2 6 V oI::a 

::J: 
DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 0 
Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) N 
DC Output Current. per pin (lOUT) ±25mA Operating Temperature Range (T A) en 

MM74HC -40 +65 ·C en 
DC Vee or GND Current. per pin (ICe) ±50mA MM54HC -55 +125 ·C ~ 
Storage Temperature Range (TSTG) - 65·C to + 150·C Input Rise or Fall Times oI::a 
Power Dissipation (Po) (Note 3) 500mW (tr.tl) Vee=2.0V 1000 ns ::J: 
Lead Temperature (T d (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 0 

Vee=6.0V 400 ns N en 
DC Electrical Characteristics (Note 4) 

en 

TA=2SoC 
74HC S4HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 8S·C T A = - S5 to 12S·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI~20 ,..,A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI ~4.0 mA 4.5V 4.2 3.96 3.64 3.7 I V 
IIOUTI ~5.2 mA 6.0V 5.7 5.46 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI~20 ,..,A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI ~4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI~5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 ,..,A 
Current 

Icc Maximum Quiescent VIN = Vee or GND 6.0V 2.0 20 40 ,..,A 
Supply Current IOUT=O ,..,A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and You occur lor HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (liN. 
ICC. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 

Maximum Propagation 

Delay 

Ac Electrical Characteristics 

12 

Guaranteed 
Limit 

20 

Units 

ns 

Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

Symbol Parameter 

tPHL, tpLH Maximum Propagation 

Delay 

tTHL, tTLH Maximum Output Rise 
and Fall Time 

CPO Power Dissipation 

Capacitance (Note 5) 

Maximum Input 

Capacitance 

Conditions Vee 

(per gate) 

2.0V 

4.5V 
6.0V 

2.0V 

4.5V 
6.0V 

Typ 

60 

12 

10 

30 

8 
7 

25 

5 

120 

24 
20 

75 
15 
13 

10 

74HC 54HC 

T A = - 40 to 85°C T A = - 55 to 125°C 

Guaranteed Limits 

151 
30' 

26 

95 
19 
16 

10 

1.19 
36 

30 

110 
22 
19 

10 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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~National 
PRELIMINARY 

U Semiconductor 

MM54HC273/MM74HC273 Octal D 
Flip-Flops With Clear 

microCMOS 

General Description 
These edge triggered flip-flops utilize microCMOS Technol­
ogy, 3.5 micron silicon gate P-well CMOS, to implement D­
type flip-flops. They possess high noise immunity, low pow­
er, and speeds comparable to low power Schottky TTL cir- . 
cuits. This device contains 8 master-slave flip-flops with a 
common clock and common clear. Data on the D input hav­
ing the specified setup and hold times is transferred to the Q 
output on the low to high transition of the CLOCK input. The 
CLEAR input when low, sets all outputs to a low state. 

Each output can drive 10 low power Schottky TTL equiva­
lent loads. The MM54HC273/MM74HC273 is functionally 
as well as pin compatible to the 54LS273174LS273. All in­
puts are protected from damage due to static discharge by 
diodes to Vee and ground. 

Connection Diagram 
Dual-In-Llne Package 

IItc as os 07 07 06 06 05 as CLOCK 

CLEAR 01 01 02 02 03 03 04 04 GNO 

TOP VIEW 
TL/F/5331-1 

MM54HC273/MM74HC273 

54HC273 (J) 74HC273 (J,N) 

Truth Table 
(Each Flip-Flop) 

Clear 

L 
H 
H 
H 

Inputs 

Clock D 

X X 

i H 

i L 
L X 

H = High level (steady state) 

L = Low level (steady state) 

X = Don·t Care 

Outputs 

Q 

L 
H 
L 

Qo 

t = Transition from low to high level 

00 = The level of 0 before the indicated steady­

state input conditions were established 

Features 
• Typical propagation delay: 18 ns 
Ii Wide operating voltage range 
.. Low input current: 1 p.A maximum 
II Low quiescent current: 80 p.A (74 series) 
• Output drive: 10 LSTTL loads 

Logic Diagram 
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Absolute Maximum Ratings (Notes 1 and 2) 

Supply Voltage (Ved . -0.5 to + 7.0V 

DC Input Voltage (VIN) -1.5 to Vee + 1.5V 

DC Output Voltage (VOUT) -0.5 to Vee + 0.5V 

Clamp Diode Current (11K; 10K) ± 20 mA 

DC Output Current, per pin (lOUT) ± 25 mA 

DC Vee or GND Current, per pin (led ± 50 mA 

Storage Temperature Range (T STG) - 65°C to + 150°C 

Power Dissipation (Po) (Note 3) 500 mW 

Lead Temperature (Td (Soldering 19 seconds) 260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 

Supply Voltage (Ved 

DC Input or Output Voltage 
(VIN,VOUT) 

Min· 
2 

o 

Operating Temperature Range (T A) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, t,) Vee = 2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C T A = - 55 to 125°C 

,ICC 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Maximum Low Level 

Output Voltage 

Maximum Input 

Current 

Maximum Quiescent 

Supply Current 

VIN = VIH or VIL 

IIOUTI~20 fJ-A 

VIN = VIH or VIL 
IIOUTI~4.0 mA 
IIOUTI ~.5.2 mA 

VIN = VIH or VIL 

IIOUTI~20 fJ-A 

VIN = VIH or VIL 

IIOUTI~4 mA 
IIOUTI ~5.2 mA 

VIN=vee orGND 

IOUT=O fJ-A 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 

6.0V 6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 
6.0V 

o 
o 
o 

1.5 
3.15 
4.2 

0.3 

0.9 
1.2 

1.9 
4.4 

5.9 

3.98 
5.48 

0.1 
0.1 

0.1 

4.5V 0.2 0.26 

6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 8 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 

5.9. 
", 

3.84· .... 
5.34 .. ". 

0.1 

0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 

0.4 

.±1.0 

160 

Units 
V 

V 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

jJ.A 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 

Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH. and You occur for He at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V is 3.S5V.) The worst case leakage current (liN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V. TA=25°C. CL=15,pF. tr=tf=6 ns (Note 6) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency 

tpHL. tPLH Maximum Propagation 18 27 ns 
Delay. Clock to Output 

tpHL Maximum Propagation 18 27 ns 
Delay. Clear to Output 

tREM Minimum Removal Time. 10 20 ns 
Clear to Clock 

ts Minimum Set Up Time 10 20 ns 
Data to Clock 

tH Minimum Hold Time -2 0 ns 
Clock to Data III 

tw Minimum Pulse Width 10 16 ns 
Clock or Clear 

AC Electrical Characteristics CL =50 pF. tr=tf=6 ns (unless otherwise specified) (Note 6) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA = -40 to 85°C TA = -55 to 125°C 
Units 

Typ Guaranteed Limits 

fMAX Maximum Operating I- 2.0V 5 4 3 MHz 
~requency 4.5V 27 21 18 MHz 

6.0V 31 24 20 MHz 

tpHL. tpLH Maximum Propagation, 2.0V 50 160 200 240 ns 
Delay. Clock to Output 4.5V 21 32 40 48' ns 

6.0V 19 27 33 40 ns 

tpHL Maximum Propagation 2.0V 50 160 200 240 ns 
Delay. Clear to Output 4.5V 21 32 40 48 ns 

6.0V 19 27 33 40 ns 

tREM Minimum Removal Time 2.0V 30 100 125 150 ns 
Clear to Clock 4.5V 10 20 25 30 ns 

6.0V 9 17 21 25 ns 

ts Minimum Set Up Time 2.0V 30 100 125 150 ns 
Data to Clock 4.5V 10 20 25 30 ns 

6.0V 9 17 21 25 ns 

tH Minimum Hold Time 2.0V -10 0 0 0 ns 
Clock to Data 4.5V -2 0 0 0 ns 

6.0V -2 0 0 0 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
Clock or Clear 4.5V 10 16 20 24 ns 

6.0V 8 14 18 20 ns 

tr• tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

tTHL. tTLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V ,8 15 19 22 ns 

6.0V 7 13 16 19 ns 

CpO Power Dissipation (per package) 175 pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption. Po= CPO Vee2 f+ ICC Vee. and the no load dynamic current consumption. 
Is=Cpo Vee 1+lee· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits, 
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J?;I National . 
D Semiconductor 

MM54HC280/MM74HC280 
9·Bit Odd/Even Parity Generator/Checker 

General Description Features 

_ A.A " '" 

~ \~ 
microCMOS 

The MM54HC280/MM74HC280 utilizes microCMOS Tech­
nology, 3.5 micron silicon gate P-well CMOS, to achieve the 
high noise immunity and .low power consumption of stan­
dard CMOS integrated circuits. It possesses the ability to 
drive 10 LS-TIL loads. 

• Typical propagation delay: 28 ns 

This parity generator/checker features odd/even outputs to 
facilitate operation of either odd or even parity applications. 
The word length capability is easily expanded by cascading 
devices. The 54HC/74HC logic family is speed, function, 
and pinout compatible with the standard 54LS/74LS family. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Connection Diagram 

• Wide power supply range: 2V -6V 
• Low quiescent current: 80 p.A maximum (74HC) 
• Low input current: 1 p.A maximum 
• Fanout of 10 LS-TIL loads 

. Dual-In-Llne Package 

Function Table 

~c 
114 13 

1 2 

G H, 

INPUTS 

12 

INPUTS 

11 10 

4 5 6 

11:1: 
INPUT EVEN ODD '-' ___ -" 

OUTPUTS 
TOP VIEW 

TL/F/5121-1 

MM54HC280/M M7 4HC280 

54HC280 (J) 74HC280 (J,N) 

Numbers of Inputs A 
thru 1 that are High 

0,2,4,6,8 
1,3,5,7,9 

H = high level, L= low level 

'-234 

Outputs 

l: Even 

H 
L 

l:Odd 

L 
H 



3: 
Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 3: 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units CJ1 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage (Vee) 2 6 V ~ 

J: 
DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 0 
Clamp Diode Current (11K, 10K) ±20mA (VIN,Vour) N 
DC Output Current, per pin (lour) ±25mA 

Operating Temperature Range (T A) CO 
MM74HC -40 +85 ·C 0 

DC Vee or GND Current, per pin (Ice) ±50mA MM54HC -55 +125 ·C ......... 

- 65·C to + 150·C " 
....... 

Storage Temperature Range (TSTG) Input Rise or Fall Times ~ 
Power Dissipation (Po) (Note 3) 500mW (tr, t,) Vee=2.0V 1000 ns J: 
Lead Temperature (T0 (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 0 

Vee=6.0V 400 ns N 
CO 

DC Electrical Characteristics (Note 4) 
0 

TA=2S·C 
74HC 54HC 01 Symbol Parameter Conditions Vee 

T A = - 40 to 85·C TA = -55 to 125·C 
Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

\ 

6.0V 1.2 1.2 1':? V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Houri ::::20,....A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
Houri ::::4.0 rnA 4.5V 4.2 3.98 3.84 3.7 V 
Ilourl::::5.2 rnA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage Hourl::::20 ,....A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.bv 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
Iiourl:::: 4.0 rnA 4.5V 0.2 0.26 0.33 0.4 V 
Ilourl::::5.2 rnA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=Vee or GND 6.0V ±0.1 ±1.0 ±1.0 ,....A 
Current 

Icc Maximum Quiescent VIN=Vee or GND 6.0V 8.0 80 160 ,....A 
Supply Current lour=O ,....A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 65°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vce = 5.5V and 4.5V respectively. (The VIH value at S.SV is 3.BSV.l The worst case leakage current (lIN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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o 
~ AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

o 
:I: 

~ 
co 
N o 
:I: 

Symbol 

tpHL, tpLH 

tpHL, tpLH 

Parameter 

Maximum Propagation 
Delay, Data to ~ Even 

Maximum Propagation 
Delay, Data to ~ Odd 

Conditions Typ 
Guaranteed 

Units 
LImit 

28 35 ns 

28 35 ns 

~ AC Electrical Characteristics Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

:E 
:E 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C T A = - 55 to 125°C 
Units 

Typ Guaranteed LImits 

tpHL, tpLH Maximum Propagation 2.0V 103 205 258 305 ns 
Delay, Data to ~ Even 4.5V 21 41 52 61 ns 

6.0V 17 35 44 52 ns 

tpHL, tpLH Maximum Propagation 2.0V· 103 205 258 305 ns 
Delay, Data to ~ Odd 4.5V 21 41 52 61 ns 

6.0V 17 35 44 52 ns 

tTLH, tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

CPO Power Dissipation pF 
Capacitance (Note 5) 

CIN Maximum Input Capacitance 5 10 10 10 pF 

Note 5: CPO determines the no load dynamic power consumption, Po= CPO Vee2 f+ Icc Vee. and the no load dynamic current consumption, 
IS = Cpo Vee f+ Icc· 
Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 

Logic Diagram 

I' 

c 10 

D11 

FlI 

'HC280 
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~National 
~ Semiconductor 

PRELIMINARY 

MM54HC283/MM74HC283 
4-Bit Binary Adder with Fast Carry 
General Description., Features 
This full adder performs the addition of two 4-bit binary num­
bers utilizing microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS. The sum (l:) outputs are provided for 
each bit and the resultant carry (C4) is obtained from the 
fourth bit. These adders feature full internal look ahead 
across all four bits. This provides the system designer with 
partial look-ahead performance at the economy and re­
duced package count of a ripple-carry implementation. 

• Full-carry look-ahead across the four bits 
• Systems achieve partial look-ahead performance 

with the economy of ripple carry 

• Wide supply range: 2V to 6V 
• Low quiescent power consumption: 8 /-LA' at 25°C 

The adder logic, including the carry, is implemented in its 
true form meaning that the end-around carry can be accom­
plished without the need for logic or level inversion. All in­
puts are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

• Low input current: < 1 p.A 

Typical Add Times 
Two Two 
8-Blt 16-Blt 

Words 
·25 ns 

Words 
45 ns 

Conneqtion Diagram Dual-ln-L1ne Package 

1 

~2 

Truth Table 

Input 

A1 I A3 81 I 83 A2 A4 

L L L 
H L L 
L H L 
H H L 
L L H 
H L H 
L H H 
H H H 
L L L 
H L L 
L H L 
H H L 
L L H 
H L H 
L H H 
H H H 

H = High Level. L = Low Level 

83 

15 

2 

82 

A3 

14 

3 

A2 

~3 A4 

13 12 

4 5 

~1 A1 

84 ~4 C4 

11 10 9 

6 7 18 

81 CO GND 

TLlF/5332-1 
MM54HC283/MM74HC283 

54HC283(J) 74HC283 (J,N) 

Output 

When When 
co= L CO = H 

When 
C2 = L 

82184 III I3 I21 I4 c21 C4 I1 I3 I2JI4 

L L L L H L 
L H L L L H 
L H L L L H 
L L H L H H 
L L H L H H 
L H H L L L 
L H H L L L 
L L L H H L 
H L H L H H 
H H H L L L 
H H H L L L 
H L L H H L 
H L L H H L 
H H L H L H 
H H' L H L H 
H L H H H H 

When 
C2 = H 

c21 C4 

L 
L 
L 
L 
L 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 

Note Input conditions at AI. 81. A2. 82. and CO are used to determine outputs II and I2 and the value of the 
internal carry C2. The values at C2. A3. 83. A4. and 84 are then used to determine outputs I3. I4. and C4 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Ved -0.5 to + 7.0V 

DC Input Voltage (VIN) -1.5 to Vee + 1.5V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V 

Clamp Diode Current (11K, 10K) 

DC Output Current, per pin (lOUT) 

DC Vee or GND Current, per pin (led 

Storage Temperature Range (TSTG) 

Power Dissipation (Po) (Note 3) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

Lead Temperature (Tu (Soldering 10 seconds) 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage{Vec) 2 

DC Input or Output Voltage 0 
(VIN,VOUT) 

Operating Temperature Range(T A) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, tf) Vee=2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA= "-40 to 85°C TA= -55 to 125°C 

VOH 

ICC 

Minimum High Level 
I nput Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Maximum Low Level 

Output Voltage 

Maximum Input 

Current 

Maximum Quiescent 

Supply Current 

VIN = VIH or VIL 

IIOUTI::;;20 ,..,A 

VIN = VIH or VIL 
IIOUTI ::;;4.0 rnA 
IIOUTI ::;;5.2 rnA 

VIN = VIH or VIL 

IIOUTI ::;;20 ~A 

VIN = VIH or VIL 
IIOUTI ::;; 4.0 rnA 
IIOUTI ::;; 5.2 rnA 

VIN = Vee or GND 

IOUT=O /-LA 

2.0V 
4.5V 

6.0V 

2.0V 
4.5V 

6.0V 

2.0V 

Typ 

2.0 

4.5V 4.5 

6.0V 6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 

6.0V 

o 
o 
o 

1.5 
3.15 

4.2 

0.3 

0.9 
1.2 

1.9 
4.4 

5.9 

3.98 
5.48 

0.1 
0.1 

0.1 

4.5V 0.2 0.26 

6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 

4.2 

0.3 

0.9 
1.2 

1.9 
4.4 

5.9 

3.84 
5.34 

0.1 

0.1 
0.1 

0.33 
0.33 . 

±1.0 

80 

1.5 
3.15 

4.2 

0.3 

0.9 
1.2 

1.9 
4.4 

5.9 

3.7 

5.2 

0.1 
0.1 

0.1 

0.4 

0.4 

±1.0 

160 

Units 
V 

V 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 

Note 4: For a power supply of SV ± 1 0% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at V cc = S.~V and 4.5V respectively. (The VIH value at S.SV is 3.85V.) The worst case leakage current (liN. 
ICC; and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit .. 

tpHL. tPLH Maximum Propagation 16 24 ns 
Delay From CO to Il or I2 

tpHL. tpLH Maximum Propagation 16 24 ns 
Delay From CO to I3 

tpHL. tpLH Maximum Propagation 16 24 ns 

Delay From CO to I4 

tpHL. tpLH Maximum Propagation 15 24 ns 
Delay From AI or BI to II 

tpHL. tpLH Maximum Propagation 11 17 ns 
Delay From CO to C4 01 

tpHL. tpLH Maximum Propagation 12 17 ns 

Delay From AI or BI to C4 
\ 

AC Electrical Characteristics CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

TA = -40 to 85°C T A = - 55 to 125°C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation 2.0V 60 150 188 225 ns 

Delay From CO to Il or I2 4.5V 21 30 37 45 ns 

.6.0V 18 26 32 39 ns 

tpHL. tpLH Maximum Propagation 2.0V 60 150 188 225 ns 

Delay From CO to I3 4.5V 21 30 37 45 ns 

6.0V 18 26 32 39 ns 

tpHL. tpLH Maximum Propagation 2.0V 60 150 188 225 ns 

Delay From CO to I4 4.5V 21 30 37 45 ns 

6.0V 18 26 32 39 ns 

tpHL. tpLH Maximum Propagation 2.0V 60 150 188 225 ns 

Delay From AI or BI to II 4.5V 21 30 37 45 ns 

6.0V 18 26 32 39 ns 

tpHL. tpLH Maximum Propagation 2.0V 52 125 156 188 ns 

Delay From CO to C4 4.5V 17 25 31 38 ns 

6.0V 14 21 26 31 ns 

tpHL. tpLH Maximum Propagation 2.0V 56 130 162 195 ns 

Delay From AI or BI to C4 4.5V 18 26 32 39 ns 

6.0V 14 22 27 33 ns 

tTHL. tTLH Maximum Output 2.0V 28 75 95 110 ns 

Rise and Fall Time 4.5V 8 15 19 22 ns 

6.bv 7 13 16 19 ns 

CIN Maxim~m Input 5 10 10 10 ,...F 

Capacitance 

CPO Power Dissipation ,...F 
Capacitance (Note 5) 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vcc2 f+lee Vee, and the no load dynamic current consumption, 
Is=Cpo Vee f+lce· 
Note 6: Refer to back of this section for Typical MM54R4HC AC Switching Waveforms and Test Circuits. 
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~ 

Si 
co 
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TL/F/5332-2 

'HC283 
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J?;I National 
~ Semiconductor 

PRELIMINARY 

microCMOS 

M M54HC292/MM7 4HC292, M M54HC294/MM7 4HC294 
Programmable Frequency Dividers/Digital Timers 
General Description 
These high speed dividers/timers utilize microCMOS Tech­
nology, 3.5 micron silicon gate P-well CMOS. They possess 
the high noise immunity and low power consumption of 
standard CMOS integrated circuits, as well as the ability to 
drive 10 LS-TTL loads. 

These programmable frequency dividers/digital timers con­
tain 31 flip-flops (,HC292) or 15 flip,-flops (,HC294) plus 30 
gates on a single chip. The count modulo is under digital 
control of the inputs provided. 

Both types feature an active-low clear input to initialize the 
state of all flip-flops. To facilitate incoming inspection, test 
points are provided (TP1, TP2, and TP3 on the 'HC292 and 
TP on the 'HC294). These test points are not intended to 
drive system loads. Both types feature two clock inputs; ei­
ther one may be used for clock gating. (See the truth table 
below.) 

Connection Diagrams 

Dual-ln-L1ne Package 

TOP VIEW 

MM54HC292/MM74HC292 

54HC292 (J) 74HC292 (J,N) 

Truth Table 

TL/F/S333-1 

The 54HC17 4HC logic family is speed, function, and pinout 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Features 
• Count divider chain 
• Digitally programmable from 22 to 2n 

(n = 31 for 'HC292, n = 15 for 'HC294) 

• Usable frequency range from DC to 30 MHz 
• Wide operating voltage range: 2V-6V 

• Low input current: 1 ,..,A maximum 
• Low quiescent current: 80 ,..,A maximum 

• Easily cascadable 
• Output drive capability: 10 LS-TTL loads 

Dual-In-Llne Package 

TOP VIEW 

MM54HC294/MM74HC294 

54HC294 (J) 74HC294 (J,N) 

TL/F/S333-2 

CLEAR CLK1 CLK2 Q OUTPUT MODE 

L X X Cleared to L 

H t L Count 
H L t Count 

H H X Inhibit 

H X H Inhibit 
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Abso·lute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Ved -0.5 to +7.0V 

DC Input Voltage (VIN) -1.5 to Vee+1.5V 

DC Output Voltage (Your) -0.5 to Vee+0.5V 

Clamp Diode Current (11K, '0K) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (led 

Storage Temperature Range (T SrG) 

Power Dissipation (Po) (Note 3) 

±20mA 

±25mA 

±50mA 

- 65·C to + 150·C 

500mW 

Lead Temperature (Tu (Soldering 10 seconds) 260·C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage(Vec) 2 

DC Input or Output Voltage 0 
(YIN,Vour) 

Operating Temperature Range(T A) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, tf) Vee = 2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85·C TA= -55 to 125·C 

VIH 

liN 

ICC 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

VIN = VIH or VIL 
Iiourl :5: 20 IJ-A 

VIN = VIH or VIL 
Ilourl:5:4.0 mA 
Ilourl:5:5.2 mA 

VIN = VIH or VIL 
Iiourl :5: 20 IJ-A 

VIN = VIH or VIL 
Iiourl :5: 4.0 mA 
Ilourl:5:5.2 mA 

VIN = Vee or GND 

VIN = Vee or GND 
lour=O IJ-A 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2.0V 
4.5V 
6.0V 

o 
o 
o 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V B.O 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

Units 
V 

V 

·C 
·C 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mwrc from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (YOH. and VoL> occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V Is 3.85V.l The worst case leakage current (lIN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency 

tpHL, tpLH Maximum Propagation 80 120 ns 
Delay, CLK1, CLK2 to a Output 

tPHL, tpLH Maximum Propagation 80 ns 
Delay, CLK1, CLK2 to TP Output 

tpHL Maximum Propagation 80 ns 
Delay, CLR to a Output 

tpHL Maximum Propagation CLRto 80 ns 
Delay, ern to TP Output TPOutput 

tREM Minimum Removal Time, CLRto 10 20 ns \ 

CLR to CLK1, CLK2 CLK1, CLK2 

tw Minimum Pulse Width 10 16 ns 
CLR to CLK1, CLK2 CLK1, CLK2 

AC Electrical Characteristics CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C T A = - 55 to 125°C 
Units 

Typ Guaranteed LImits 

fMAX Maximum Operating 2.0V 10 5 4 3 .MHz 
Frequency 4.5V 45 27 21 18 MHz 

6.0V 50 32 25 21 MHz 

tpHL, tpLH Maximum Propagation 2.0V 300 600 750 900 ns 
Delay, CLK1, CLK2 to 4.5V 80 120 150 180 ns 
a Output 6.0V 70 100 125 150 ns 

tPHL, tpLH Maximum Propagation 2.0V 380 ns 
Delay, CLK1, CLK2 to 4.5V 80 ns 
TPOutput 6.0V 70 ns 

tpHL Maximum Propagation 2.0V 380 ns 
Delay, CLR to 4.5V 80 ns 
a Output 6.0V 70 ns 

tpHL Maximum Propagation 2.0V 380 ns 
Delay, CLR to TP 4.5V 80 ns 
Output 6.0V 70 ns 

tREM Minimum Removal Time 2.0V 100 125 150 ns 
CLR to CLK1, CLK2 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tTHL, tTLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 
(a Output) 6.0V 7 13 16 19 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
CLR, CLK1, CLK2 4.5V 10 16 20 24 ns 

6.0V 9 14 18 20 ns 

tr, tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CpO Power Dissipation pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption. Po=CpO Vce2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 

, 
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Operation 

PARALLEL CLOCK---+-

A brief look at the digital timing capabilities will show that 
with a 1-MHz input frequency, programming for 210 will give 
a period of 1.024 ms, and 220 will give a period of tOSs, 226 . 
will give a period of 1.12 min, and 231 will give a period of 
35.79 min. 

----ACTIVE·LOW CLEAR 

The functional block diagram shows that the count modulo 
is controlled by an X/Y decoder connected to the mode­
control inputs of several flip-flops. These flip flops with 
mode controls each have a "0" input connected to the par­
allel clock line and a "T" input driven by the preceding 
stage. The parallel clock frequency is always the input fre­
quency divided by four. 

The X/Y decoder output selected by the programming in­
puts goes low. While a mode control is low, the "0" input of 
the flip-flop is enabled, and the signal from the parallel clock 
line (fiN + 4) is passed to the "T" input of the following 
stage. All the other mode controls are high enabling the "T" 
inputs and causing each flip-flop in turn to divide by two. 

Functional Block Diagram (Positive Logic) 
'HC292 

CUi I ) 

CLKI 

11 _ .... 

~,... 1 
vtof R 

(5) ~ T T 

r-- I~ 
X/Y 

CLK2 

OUTPUT OF 
PRECEDING ~~::c> 2T 

STAGE 
FROM X/Y CODER M2 

oW 'T ~f 1-j: I>- 2T T . 

··C~ +(~+ ~ 21 
2S 
Z4 

1 I 1 I 

I b b 

lfrRf· .," ~~ + + " 2Z 
ZO Cl~ c t I "" IS) 

!1!L 
11 >rr-I. 

a!!L. I-- 2 

c!!!l.. 
I I 

~4 1 A A 
0!!!L ~ a 

4;,"'Trc> + c> + r" E!!L I- I. ·14 

12 .... (13) TP3 
10 C ~ZT 

a !W J~ 

I 1 I 

lS !~, I 
O~ZT T 

M· CI> + 20 R S 
8 

Z CI>ZT C 30 
4 ~3T 

.t-.. (7/ Q 
2 .!!- .... , 

-" M3 .... -

TPI 

TP2 

TLIF/S333-6 

1-244 

TO TOGGLE 
INPUT OF 
NEXT STAGE 

TL/F/S333-3 



'HC292 Function Table 

Programming Frequency Division 

Inputs Q TP1 TP2 TP3 

E D C B A Binary Decimal Binary Decimal Binary Decimal Binary Decimal 

L L L L L Inhibit Inhibit Inhibit Inhibit Inhibit Inhibit Inhibit Inhibit 
L L L L H Inhibit Inhibit Inhibit Inhibit Inhibit Inhibit Inhibit Inhibit 
L L L H L 22 4 29 512 217 131,072 224 16,777,216 
L L L H H 23 8 29 512 217 131,072 224 16,777,216 

L L H L L 24 16 29 512 217 131,072 224 16,777,216 
L L H L H 25 32 29 512 217 131,072 224 16,777,216 
L L H H L 26 64 29 512 217 131,072 224 16,777,216 
L L H H H 27 128 29 512 217 131,072 224 16,777,216 

L H L L L 2B 256 29 512 217 131,072 22 4 
L H L L H 29 512 29 512 217 131,072 22 4 
L H L H L 210 1,024 29 512 217 131,072 24 16 III 
L H L H H 211 2,048 29 512 217 131,072 24 16 

L H H L L 212 4,096 29 512 217 131,072 26 64 
L H H L H 213 8,192 29 512 217 131,072 26 64 
L H H H L 214 16,384 29 512 Disabled Low 2B 256 
L H H H H 215 32,768 29 512 "Disabled Low 2B 256 

H L L L L 216 65,536 29 '512 23 8 210 1,024 
H L L L H 217 131,072 29 512 23 8 210 1,024 
H L L H L 21B 262,144 29 512 25 • 32 212 4,096 
H L L H H 219 524,288 29 512 25 32 212 4,096 

H L H L L 220 1,048,576 29 512 27 128 214 16,384 
H L H L H 221 2,097,152 29 512 27 128 214 16,384 
H L H H L 222 4,194,304 Disabled Low 29 512 216 65,536 
H L H H H 223 8,388,608 Disabled Low 29 512 216 65,536 

H H L L L 224 16,777,216 23 8 211 2,048 21B 262,144 
H H L L H 225 33,554,432 23 8 211 2,048 21B 262,144 
H H L H L 226 67,108,864 25 32 213 8,192 220 1,048,576 
H H L H H 227 134,217,728 25 32 213 8,192 220 1,048,576 

H H H L L 22B 268,435,456 27 128 215 32,768 222 4,194,304 
H H H L H 229 536,870,912 27 128 215 32,768 222 4,194,304 
H H H H L 230 1,073,741,824 29 512 217 131,072 224 16,777,216 
H H H H H 231 2,147,483,648 29 512 217 131,072 224 16,777,216 

, 
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Functional Block Diagram (Positive'Logic) 

CUi .;.,(11..;..) ---01 

ClKl 

ClK2 

(15) 

(14) 

Programming Inputs 

D C B 

L L L 
L L L 
L L H 
L L H 

L H L 
L H L 
L H H 
L H H 

H L L 
H L L 
H L H 
H L H 

H H L 
H H L 
H H H 
H H H 

'HC294 

,61)--------4 

5~-----------~ 

'HC294 Function Table 

Frequency Division 

Q TP 

A Binary Decimal Binary Decimal 

L Inhibit Inhibit Inhibit Inhibit 
H Inhibit Inhibit Inhibit Inhibit 
L 22 4 29 512 
H 23 8 29 512 

L 24 16 29 512 
H 25 32' 29 512 
L 26 64 29 512 
H 27 128 Disabled Low 

L 2B 256 22 4 
H 29 512 23 8 
L 210 1,024 24 16 
H 211 2,048 25 32 

L 212 4,096 26 64 
H 213 8,192 27 128 
L 214 16,384 2B 256 
H 215 32,768 29 512 

TP 

" 
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~National 
~ Semiconductor 

microCMOS 

MM54HC298/MM74HC298 
Quad 2-Multiplexers With Storage 

General Description' 
These high speed quad two input multiplexers with storage 
utilize microCMOS Technology, 3.5 micron silicon gate 
P-well CMOS. 80th circuits feature high noise immunity and 
low power consumption associated with CMOS circuitry, 
along with speeds comparable to low power Schottky TTL 
logic. 

These circuits are controlled by the signals WORD SELECT 
and CLOCK. When the WORD SELECT input is taken low 
Word 1 (A1, 81, C1 and 01) is presented to the inputs of the 
flip-flops, and when WORD SELECT is high Word 2 (A2, 82, 
C2 and D2) is presented to the inputs of the flip-flops. The 
selected word is clocked to the output terminals on the neg­
ative edge of the clock pulse. 

Connection and Logic Diagrams 
Dual-ln-L1ne Package 

OUTPUTS 

OB Cc 

116 15 14 13 

r--

1 2 3 4 

B2 A2 A1 B1 

DATA 
WORD INPUT 

CD CLOCK SELECT C1 

12 11 10 9 

) 

foo-

5 6 7 Ie 
C2 02 01 GNO 

DATA INPUTS 
TOP VIEW 

MM54HC298/MM74HC298 
TL/F/5334-2 

54HC298 (J) 74HC298 (J,N) 

Truth Table 

Inputs Outputs 

Word 
Clock QA QB Qc Qo 

Select 

L J, a1 b1 c1 d1 
H J, a2 b2 c2 d2 
X H QAO QBO Qeo Qoo 

All inputs are protected from damage due to static dis­
charge by diodes to Vcc and ground. 

Features 
Ell Typical propagation delay, 

Clock to output: 20 ns 
~ Wide power supply range: 2V -6V 
IJ Low quiescent current: 

80 itA maximum (74HC series) 
• Low input current: 1 itA maximum 

H = High Level (steady state) 
L = Low Level (steady state) 
X = Don't Care (any input, Including transitions) 
.J, = Transition from high to low level 

al. al. etc. = The level of steady-state input at 
Al. A2. etc. 

CAO. aBO. etc. = The level of 0A. 0B. etc. en­
tered on the most recent .J, transition of the 
clock input. 

TL/F/5334-1 

1-247 

III 



Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vee) -0.5 to + 7.0V 

DC Input Voltage (V,N) -1.5 to Vee + 1.5V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V 

Clamp Diode Current (1,K, '0K) 

DC Output Current, per pin (lOUT) 

±20mA 

±25mA 

DC Vee or GND Current, per pin (IcC> 

Storag~ Temperature Range (T sm) 
Power Dissipation (Po) (Note 3) 

±50mA 

- 65·C to + 150·C 

Lead Temperature (T U (Soldering 10 seconds) 

500mW 

260·C 

DC Electrical Characteristics (Note 4) 

Symbol 

V,H 

Parameter 

Minimum High Level 
Input Voltage' 

Maximum Low Level' 

Input Voltage 

Minimum High Level 

Output Voltage 

Conditions 

Y,N = V,H or V,L 

IIOUTI~20 /LA 

Vee 

2.0V 

4.5V 
6.0V 

2.0V 
4.5V 

6.0V 

2.0V 
4.5V 

6.0V 

Typ 

2.0 
4.5 

6.0 

Operating Conditions 

Supply Voltage(VeC> 

bc Input or Output Voltage 
(V,N,VOUT) 

Min 
2 

o 

Operating Temperature Range(T A) 

Max 
6 

Vee 

MM74HC -40 +85 
MM54HC -55 +125 

Input Rise or Fall Times 
(tr, tf) Vee = 2.0V 1000 

1.5 

3.15 
4.2 

0.3 

0.9 
1.2 

1.9 
4.4 
5.9 

Vee = 4.5V 500 
Vee=6.0V 400 

. 

74HC 54HC 
TA= -40 to 85·C TA= -55 to 125·C 

Guaranteed Limits 

1.5 

3.15 
4.2 

0.3 

0.9 
1.2 

1.9 
4.4 
5.9 

1.5 
3.15 
4.2 

0.3 

0.9 
1.2 

1.9 

4.4 
5.9 

Y,N = V,H or V,L 

IIOUTI ~4.0 mA 

IIOUTI~5.2 mA 

4.5V 4.2 3.98 3.84 

5.34 

3.7 

5.2 

VOL 

liN 

ICC 

Maximum Low Level 

Output Vo~tage 

Maximum Input 

Current 

Maximum Quiescent 

Supply Current 

Y,N = V,H or V,L 

IIOUTI~20 /LA 

VIN=VIHorV,L 

IloUTI~4mA 
IIOUTI~5.2 mA 

V,N=VeeorGND 

Y,N = Vee or GND 

IOUT=O /LA 

6.0V 5.7 5.48 

2.0V 
4.5V 

6.0V 

o 
o 
o 

0.1 

0.1 

0.1 

4.5V 0.2 0.26 

6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

NO.te 2: Unless otherwise specified all voltages are referenced to ground. 

0.1 
0.1 

0.1 

0.33 

0.33 

±1.0 

80 

0.1 

0.1 

0.1 

0.4 
0.4 

±1.0 

160 

Units 
V 

V 

·C 
·C 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

p.A 

p.A 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 

Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH, and Vot.> .occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (liN. 
Icc. and lov occur for CMOS at the higher voltage and so the 6.0V values should be used. 

Note 5: CpO determines the no load dynamic power consumption. PD=CpD VCC2 f+ICC Vce. and the no load dynamic current consumption, 

Is=epD Vee f+lcd 

Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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AC Electrical Characteristics 
Vcc=5V. TA=25°C. CL =15 pF. t,=t,=6 ns 

Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpLH Propagation Delay Time, 21 ·32 ns 
Low-ta-High Level Ouput 

tpHL Propagation Delay Time, 15 32 ns 
High-to-Low Level Output 

tw Width of Clock Pulse, 10 16 ns 
High or Low Level 

tSETUP Setup Time Data 5 20 ns 

Word Select 10 20 

tHOLO Hold Time Data -2 0 ns 

Word Select -2 0 

AC Electrical Characteristics 
CL =50 pF, tr=tf=6 ns 

54HC174HC 74HC 54HC 

Symbol Parameter Conditions Vee 
TA=25"C TA= -40t085°C TA= -55 to 125°C 

Units 
Typ Guaranteed LimIts 

tpLH Propagation Delay Time 2.0V 75 185 231 278 ns 
Low-ta-High Level 4.5V 25 37 46 56 ns 
Output 6.0V 20 31 39 47 ns 

tpHL Propagation Delay Time 2.0V 75 185 231 278 ns 
High-to-Low Level 4.5V 25 37 46 56 ns 
Output 6.0V 20 31 39 47 ns 

tw Width of Clock Pulse 2.0V 35 80 100 120 ns 
High or Low Level 4.5V 10 16 20 24 ns 

6.0V 9 14 18 21 ns 

tTHL, tTLH Maximum Output Rise 2.0V 90 75 95 110 ns 
and Fall Time 

. 
4.5V 8 15 19 22 ns 
6.0V 7 13 16 19 ns 

tSETUP Set-upTime Data 2.0V 35 100 125 150 ns 
4.5V 5 20 25 30 ns 
6.0V 4 17 21 25 ns 

Word 
Select 2.0V 40 100 125 150 ns 

4.5V 10 20 25 30 ns 
6.0V 9 17 21 25 ns 

tHOLO Hold Time Data 2.0V -10 0 0 0 ns 
4.5V -3 0 0 0 . ns 

6.0V -2 0 0 0 ns 

Word 
Select 2.0V -10 0 0 0 ns 

4.5V -:-3 0 0 0 ns 
6.0V -2 0 0 0 ns 

CPO Power Dissipation 
pF 

Capacitance (Note 5) 

CIN Maximum Input 
5 10 10 10 pF 

Capacitance 
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Typical Applications 
Figure· 1 illustrates a BCD shift register that will shift an en­
tire 4-bit BCD digit in one Clock pulse. 

When the word select input is high and the registers are 
clocked, the contents of register 1 is transferred (shifted) to 
register 2, etc. In effect, the BCD digits are shifted one posi­
tion. In addition, this application retains a parallel-load capa­
bility which means that new BCD data can be entered into 
the entire register with one clock pulse. This arrangement 
can be modified to perform the shifting of binary data for any 
number of bit locations. 

PARALLEL LOAD 

I 
I L At At 

WI 

A2 QA A2 
~ 8t i- 8t 

T 
WI 

Another function that can be implemented with the 
MM54HC298/MM74HC298 is a register that can be de­
signed specifically for supporting multiplier or division opera- . 
tions. Figure 2 is an example of a one place/two place shift 
register. 

When word select is low and the register is clocked, the 
outputs of the arithmeticlJogic units (ALU's) are shifted one 
place. When word select is· high and the registers are 
clocked, the data is shifted two places. 

I 
LAt 

QA A2 
i- 8t 

I 
WI 

QA 

WORD 
SELECT 

82 HC298 Os 
Ct REG t 

82 HC298 Os 
Ct REG 2 

82 HcalOs 
Ct REG 2 

CLOCK 

'---
C2 Oc 
Dt 

D2 CLOCK 00 

)' 

----­DIGIT t 

'-
C2 Oc 
Dt 

D2 CLOCK 00 

r 

FIGURE 1 

-- ... - -- -- --
F,O 

I I I 

ALU 
181 

F1 F2 

A1 A2 81 82 C1 C2 D1 D2 

F3 

- C2 Oc 
Dt 

D2 CLOCK 00 

y 

----­DIGIT 3 

TL/F/5334-3 

--~-------

FO 

-. 

I 

F1 

ALU 
181 

F2 

A1 A2 81 82 C1 C2 D1 D2 

F3 

~ .. >_C_LOC~Q ... : __ : ... C_29_8~Qcr-.....,~r-S ... V .. >_C_LOCK_QpiiA __ :p.C_29_8_Qcr-_:~S ... ~ 
CLOCK--~------+---+---~--~----' 

WORD 
SELECT 

TL/F/5334-4 

FIGURE 2 
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~National 
D Semiconductor 

~\~ 
microCMOS 

MM54HC299/MM74HC299 
8-Bit TRI-STATE® Universal Shift Register 
General Description 
This 8-bit TRI-STATE shift/storage register utilizes micro­
CMOS Technology, 3.5 micron silicon gate P-well CMOS. 
Along with the low power consumption and high noise im­
munity of standard CMOS integrated circuits, it has the abili­
ty to drive 15 LS-TTL loads. This circuit also features operat­
ing speeds comparable to the equivalent low power 
Schottky device. 

permits data applied to the input/output lines to be clocked 
into the register. Reading out of the register can be done 
while the outputs are enabled in any mode. A direct overrid­
ing CLEAR input is provided to clear the register whether 
the outputs ar~ enabled or disabled. 

The MM54HC299/MM74HC299 features multiplexed in­
puts/outputs to achieve full 8-bit data handling in a single 
20-pin package. Due to the large output drive capability and 
TRI-STATE feature, this device is ideally suited for interfac­
ing with bus lines in a bus oriented system. 

The 54HC17 4HC logic family is functionally as well as pinout 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 

.1 internal diode clamps to Vee and ground. 

Features 
a Typical operating frequency 40 MHz 
a Typical propagation delay: 20 ns Two function select inputs and two output control inputs are 

used to choose the mode of operation as listed in the func­
tion table. Synchronous parallel loading is accomplished by 
taking both function select lines SO and S1 high. This places 
the TRI-STATE outputs in a high impedance state, which 

a Low quiescent current: 80 ,.,.A maximum (74HC) 
a High output drive for bus applications 
a Low quiescent current: 1 ,.,.A maximum 

Connection Diagram 
Dual-ln-L1ne Package 

SHIFT SHIFT 
Lm RIGHT 

Vee SI SL OH' H/OH F/OF DIOn BIOs CLOCK SR 

Iw 19 18 17 16 15 14 13 12 11 

SI SL llH H/OH F/OF DIOn B/Oa CK 

)~ SO SR ~ 
G G/IlG E/OE CIOe AIDA l!A CLEAR 

TOP VIEW 

MM54HC299/MM74HC299 

Function Table 
54HC299 (J) 74HC299 (J,N) 

Inputs Inputs/Outputs 

Function Output 
Mode Clear Select Control Clock Serial 

SL SR 
AlOA B/Oo C/Oc 

Clear 

Hold 

Shift Right 

Shift Left 

Load 

H 
H 

H 
H 

H 
H 

H 

~----~~----~ 
S1 

X 
L 

L 
X 

H 
H 

H 

SO 

L 
X 

L 
X 

H 
H 

L 
L 

H 

rut G2t 
L L 
L L 

L 
L 

X 

L 
L 

X 

x 
X 

X X 
X X 

X X X 
LorH X X 

i X H 
i X H 

i H X 
i L X 
i X X 

H 
L 

OBn 
OBn 

a 

L 
L 

aBO Oeo 
aBO Oeo 

OCn Oon 
OCn Oon 

b c 

L 
L 

L 
L 

L 
L 

L 
L 

000 OEO OFO aGO 
000 OEO OFO aGO 

OCn Oon OEn OFn 
Ocn Oon OEn OFn 

OEn OFn OGn OHn 
OEn OFn OGn OHn 

d e f g 

L 
L 

Outputs 

L 
L 

L 
L 

0HO OAO OHO 
OHO OAO OHO 

H OBn H 
H OBn L 

h a h 

tWhen one or both controls are high the eight input/output terminals are disabled to the high-impedance state; however, sequenUal operation or clearing of 
the register Is not affected. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (VeC> -0.5to +7.0V Min Max Units 

DC InputVoltage (VIN) -1.5 to Vee+'.5V Supply Voltage(VeC> 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vcc+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (leo) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ± 25 mA (OA', OH') 
Operating Temperature Range(T A> 

MM74HC -40 +85 ·C 
± 35 mA (others) MM54HC -55 +125 ·C 

DC Vee or GND Current, per pin (IcC> ±70mA Input Rise or Fall Times 
Storage Temperature Range (T STG) -65·Cto +150·C (tr, ttl. Vee=2.0V 1000 ns 
Power Dissipation (Po) (Note 3) 500mW Vee=4.5V 500 ns 

Lead Temperature (Tu (Soldering 10 seconds) 260·C Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85·C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level Input 2.0V 1.5 1.5 1.5 V 
Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI ~20 ,...A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

OA' & OH' Outputs VIN = VIH or VIL V 
IIOUTI ~4.0 rnA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI~5.2 rnA 6.0V 5.7 5.48 5.34 5.2 V 

A/OA thru H/OH Outputs VIN = VIH or VIL V 
IIOUTI~6.0 rnA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI~7.8 rnA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI~20 ,...A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

OA' and OH' Outputs VIN=VIH orVIL V 
IloUTI~4mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI ~ 5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

A/OA thru H/OH Outputs VIN = VIH or VIL V 
IloUTI~6mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI~7.8 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input Current VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 ,...A 

loz Maximum TAl-STATE VOUT=Vee or 6.0V ±0.5 ±0.5 ±1.0 ,...A 
Output Leakage GND 
Current G=VIH 

Icc Maximum Ouiescent Supply VIN = Vee or GND 6.0V 8.0 80 160 ,...A 
Current 10UT=0 ,...A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -:12 mWrC from 6S·C to 8S·C; ceramic "J" package: -12 mWrC from 
100·C to 12S·C. 
Note 4: For a power supply of SV ±10% the worst-case output voltages (VOH. and Vou occur for He at 4.SV. Thus the 4.SV values should be used when 
deSigning with this supply. Worst-case VIH and VIL occur at Vcc=S.SV and 4.SV respectively. (The VIH value at S.SV Is 3.8SV.) The worst-case leakage current 
(liN. Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC 'Electrical Characteristics Vcc=5V, TA=25°C, tr=tf=6 ns, CL =45 pF 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 40 25 MHz 
Frequency 

tpHL, tpLH Maximum Propagation 25 35 ns 
Delay, Clock to QA' or QH' 

tpHL Maximum Propagation 39 40 ns 
Delay, Clear to QA' or QH' 

tpHL, tpLH Maximum Propagation CL =45 pF 25 35 ns 
Delay Clock to QA -QH 

tpHL Maximum Propagation CL =45 pF 28 40 ns 
Delay, Clear to QA-QH 

tpZL, tPZH Maximum Enable Time CL =45 pF 10 35 ns III 
RL =1 kn 

tpHZ, tpLZ Maximum Disable Time CL =5 pF 18 25 ns 
RL =1 kn 

ts Minimum Set-Up Select 20 ns 
Time Data 20 

tH Minimum Hold Select 0 ns 
Time Data 0 

tw Minimum Pulse Width 12 20 ns 

tREM Clear Removal Time 10 ns 

AC Electrical Characteristics CL =50 pF, tr=tf=6 ns unless otherwise specified 

TA=25°C 
74HC 54HC 

T A = - 40 to 85°C TA = -55 to 125°C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

fMAX Maximum Operating Frequency 2.0V 5 4 3.5 MHz 
4.5V 25 20 18 MHz 
6.0V 29 23 20 MHz 

tpHL, tpLH Maximum Propagation 2.0V 15 170 210 240 ns 

Delay Clock to QA' orCH' 4.5V 27 38 48 54 ns 
6.0V 25 35 44 49 ns 

tpHL Maximum Propagation 2.0V 70 200 250 280 ns 
Delay Clear to QA' orCH' 4.5V 30 44 55 62 ns 

6.0V 26 38 46 52 ns 

tpHL, tpLH Maximum Propagation CL =50pF 2.0V 65 170 210 240 ns 
Delay Clock to QA -QH CL =150 pF 2.0V 100 206 260 295 ns 

CL =50pF 4.5V 27 38 48 54 ns 
CL =150 pF 4.5V 34 46 57 66 ns 

CL =50 pF 6.0V 25 35 44 49 ns 
CL =150 pF 6.0V 31 39 49 55 ns 

tpHL Maximum Propagation CL =50 pF 2.0V 70 200 250 280 ns 

Delay Clear to QA-QH CL =150 pF 2.0V 110 236 295 325 ns 

CL =50 pF 4.5V 30 44 55 62 ns 

CL =150 pF 4.5V 37 52 65 75 ns 

CL =50pF 6.0V 26 38 46 52 ns 

CL =150 pF 6.0V 32 46 57 64 ns 
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AC Electrical Characteristic (Continued) 
, . 

CL = 50 pF ns unless otherwise specified 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C TA= -55 to 125°C 

Units 
Typ Guaranteed Limits 

tpZH. tPZL Maximum Output Enable RL =1 kn 

CL =50pF 2.0V 70 1S0 200 225 ns 

CL =150 pF 2.0V 90 220 275 310 nS' 

CL =50pF 4.5V 22 32 40 45 ns 

CL =150 pF 4.5V 30 44 55 62 ns 

CL =50pF S.OV 19 28 34 38 ns 

CL =150 pF 6.0V 24 47 47 51 ns 

tpHZ. tpLZ Maximum Output Disable Time RL =1 kn 2.0V 70 1S0 200 225 ns 

CL =50pF 4.5V 22 32 40 45 ns 

6.0V 19 28 34 38 ns 

ts Minimum Set Up Time. 2.0V 100 125 140 ns 

Data Select SL or SA 4.5V 20 25 28 ns 
6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 

Data Select. SL or SA 4.5V 0 O. 0 ns 
6.0V 0 0 0 ns 

tAEM Minimum Clear Removal Time 2.0V 10 10 10 ns 
4.5V 10 10 10 ns 

6.0V 10 10 10 ns 

tw Minimum Pulse Width. 2.0V 100 125 140 ns 
Clock and Clear 4.5V 20 25 28 ns 

6.0V 17 21 25 ns 

tr• tf Maximum Input Rise and Fall Time 500 500 500 ns 

tTHL. tTLH Maximum Output Rise 2.0V SO 75 90 ns 

and Fall Time 4.5V 12 15 18 ns 

6.0V 10 13 15 ns 

CPO Power Dissipation Outputs Enabled 240 pF 
Capacitance Outputs Disabled 110 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 
Capacitance 

COUT Maximum TRI-STATE 15 20 20 20 pF 
Output Capacitance 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current. consumption. 
15= Cpo Vee f+lec· 
Note 6: Refer to Section 1 for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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Logic Diagram 
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~National ' 
D Semiconductor 

microCMOS 

MM54HC354/MM74HC354, MM54HC356/MM74HC356 
8-Channel TRI-STATE® Multiplexers with Latches 

General Description 
The MM54HC354/MM74HC354 and MM54HC356/ 
MM74HC356 utilize microCMOS Technology, 3.5 micron sil­
icon gate P-well CMOS. They exhibit the high noise immuni­
ty and low power dissipation of standard CMOS integrated 
circuits, along with the ability to drive 15 lS-TTl loads. Due 
to the large output drive capability and the TRI-STATE fea~ 
ture, these devices are ideally suited for interfacing with bus 
lines in a bus organized system. 

These data selectors/multiplexers contain full on-chip bina­
ry decoding to select one of ~ighf data sources. The data 
select address is stored in transparent latches that are en­
abled by a low level address on pin 11, SC. Data on the 8 
input lines is stored in a parallel input/output register which 
in the MM54HC354/MM74HC354 is composed of 8 trans­
parent latches enabled by a low level on pin 9, DC, and in 
the MM54HC356/MM74HC356 is composed of 8 edge-trig­
gered flip-flops, clocked by a low to high transition on pin 9, 
ClK. 80th true (V) and complementary eN) TRI-STATE out­
puts are available on both devices. 

Connection Diagram 
Dual-In-Llne Package 

OUTPUT 
OUTPUTS ENABLES SELECT {SCI 

SELECT 
Vee W G3 G2 G1 SO S1 S2 CONTROL 

11 

10 

07 06 05 04 03 02 D1 DO DATA GNO 
-------------- CONTROL! 

DATA CLOCK 
INPUTS (DC/ClK) 

TOP VIEW 
TL/F/5208-1 

MM54HC354/MM74HC354, MM54HC356/MM74HC356 

54HC354 (J) 
54HC356 (J) 

74HC354 (J,N) 
74HC356 (J,N) 

The 54HC17 4HC logic family is functionally as well as pinout 
compatible with the standard 54lS174lS-TTl logic family. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Features 
• Transparent latches on data select inputs 

• Choice of data registers: 
Transparent ('354) 
Edge-triggered ('356) 

• TRI-STATE complementary outputs with fan-out of 15 
lS-TTL loads 

• Typical propagation delay: 
Oata to output ('354): 32 ns 
Clock to output ('346): 35 ns 

• Wide power supply range: 2V -6V 
• low quiescent supply current: 80 JJ-A maximum 
• low input current: 1 JJ-A maximum 

Function Table 
Inputs 

Data 
Selectt Control Clock ,Output 

'HC354 'HC356 Enables 

S1 S2 SO DC 

X X X X 
x X X X 
X X X X 
l L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
l H H L 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 
H H H H 

H = high level (steady state) 

L = low level (steady state) 

ClK G1 

X H 
X X 
X X 
t L 

HorL L 
t L 

HorL L 
t L 

HorL L 
t L 

HorL L 
t L 

HorL L 
t L 

HorL L 
t L 

HorL L 
t L 

HorL L 

X = irrelevant (any input. including transitions) 

Z = high-impedance state (off state) 

t = transition from low to high level 

G2 

X 
H 
X 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

Outputs 

G3 W Y 

X Z Z 
X Z Z 
l Z Z 
H DO DO 
H DOn DOn 
H 01 01 
H D1n 01n 
H 02 02 
H 02n 02n 
H 03 03 
H 03n 03n 
H 04 04 
H 04n 04n 
H 05 05 
H 05n 05n 
H 06 06 
H 06n 06n 
H 07 07 
H 07n 07n 

~O ... 07 = the level steady-state inputs at inputs DO through 07, respec­
tively, at the time of the low-to-high clock transition in the case of 'HC356 ' 

DOn ... 07 n = the level of steady state inputs at inputs DO through 07, 
respectively, before the most recent low-to-high transition of data control or 
clock. 

tThis column shows the input address set-up with SC low. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (VeC> -0.5V to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5V to Vee+1.5V Supply Voltage(VeC> 2 6 V 

DC Output Voltage (VOUT) -0.5V to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (leo) ±20mA (VIN.VOUT) 

DC Output Current. per pin (lOUT) ±35mA Operating Temperature Range(T A> 
MM74HC -40 +85 ·C 

DC Vee or GND Current. per pin (IcC> ±70mA MM54HC -55 +125 ·C 
Storage Temperature Range (TSTG) - 65·C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr. tf) Vee=2.OV 1000 ns 
Lead Temperature (Tu (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 

Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85·C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level Input 2.OV 1.5 1.5 1.5 V 
Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level Output VIN = VIH or VIL 
Voltage IIOUTI~20 /-LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI~6.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
lIoUTI~7.8 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level Output VIN = VIH or VIL 
Voltage IIOUTI <20 /-LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI ~6.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI~7.8 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input Current VIN=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 /-LA 

loz Maximum TRI·STATE Output VOUT= Vee or GND 
Leakage Current G1=Vee 6.0V ±0.5 ±5.0 ±10 /-LA 

lee Maximum Quiescent Supply VIN = Vee or GND 6.0V 8.0 ~O 160 /-LA 
Current IOUT=O /-LA 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6S·C to 8S·C; ceramic "J" package: -12 mWrC from 
100·C to 12S·C. 
Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
deSigning with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (liN. 
Icc. and lov occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=2~OC, tr=tf=6 ns (Note 6) 

MM54HC354/MM74HC354 

Symbol Parameter Conditions Typ 
Guaranteed 

Limit 

tpHL, tpLH Maximum Propagation CL =45 pF 32 46 
Delay DO-D7 to either Output 

tpHL, tpLH Maximum Propagation CL =45 pF 38 53 
Delay DC to either Output 

tpHL, tpLH Maximum Propagation CL =45 pF 40 56 
Delay SO-S2 to either Output 

tpHL, tpLH Maximum Propagation CL =45 pF_ 42 58 
Delay SC to either Output 

tpZH, tPZL Maximum Output Enable Time RL =1 kn 17 24 

CL =45 pF 

tpHZ, tpLZ Maximum Output Disable Time RL =1 kn 23 32 
CL =5 pF 

ts Minimum Set-Up Time 3 10 
DO-D7 to DC, SO-S2 to SC 

tH Minimum Hold Time 0 5 
DO-D7 to DC, SO-S2 to SC 

tw Minimum Pulse Width, SC or DC 10 15 

MM54HC356/MM74HC356 

Symbol Parameter Conditions Typ 
Guaranteed 

Limit 

tpHL, tpLH Maximum Propagation CL =45 pF 35 50 
Delay ClK to either Output 

tpHL, tpLH Maximum Propagation- CL ~45 pF 40 56 
Delay SO-S2 to either Output 

tpHL, tpLH Maximum Propagation CL =45 pF 42 58 
Delay SC to either Output 

tpZH, tPZL Maximum Output Enable Time RL =1 kn 17 24 
CL =45 pF 

tpHZ, tpLZ Maximum Output Disable Time RL =1 kn 23 32 
CL =5 pF 

ts Minimum Set-Up Time 3 10 
00-07 to ClK, SO-S2 to SC 

tH Minimum Hold Time 0 5 
00-D7 to ClK, SO-S2 to SC 

tw Minimum Pulse Width, SC or ClK 10 15 
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AC Electrical Characteristics 
Vcc=2.0-6.0V, CL =50 pF, t r =tf=6 ns (unless otherwise specified) (Note 6) 

MM54HC354/MM74HC354 

TA=2S'C 
74HC S4HC 

Symbol Parameter Conditions Vee 
TA= -40 to 8S'C TA= -55to125'C 

Units 
Typ Guaranteed Umlts 

tpHl, tplH Maximum Propagation Cl ~50 pF 2.0V 90 235 294 352 ns 
Delay 00-07 to either Output CL =150 pF 2.0V 100 275 344 412 ns 

CL =50 pF 4.5V 35 47 59 70 ns 
CL=150pF 4.5V 40 55 68 83 ns 

CL =50pF 6.0V 26 40 50 60 ns 
CL =150pF 6.0V 32 46 58 69 ns 

tpHL, tpLH Maximum Propagation CL =50 pF 2.0V 115 270 337 405 ns 
Delay 00 to either Output CL =150 pF 2.0V 125 310 387 465 ns 

CL =50pF 4.5V 40 54 68 82 ns 
CL =150 pF 4.5V 46 62 78 93 ns 

CL =50 pF 6.0V 32 46 58 69 ns 
CL=150pF 6.0V 38 52 66 78 ns 

tpHL, tpLH Maximum Propagation CL =50 pF 2.0V 120 265 356 427 ns 
Delay SO-S2 to either Output Cl =150 pF 2.0V 130 325 406 488 ns 

CL=50pF 4.5V 42 57 7J 86 ns 
CL =150pF 4.5V 50 65 81 97 ns 

CL =5Q pF 6.0V 34 48 60 72 ns 
CL =150 pF 6.0V 40 55 69 82 ns 

tpHL, tpLH Maximum Propagation CL =50 pF 2.0V 120 300 375 450 ns 
Delay SC to either Output CL =150 pF 2.0V 110 340 425 510 ns 

CL =50pF 4.5V 45 60 75 90 ns 
CL =150pF. 4.5V 52 68 85 102 ns 

CL =50 pF 6.0V 36 51 64 77 ns 
CL =150 pF 6.0V 42 58 72 87 ns 

tpZH, tpZL Maximum Output Enable Time RL =1 kO 
CL=50 pF 2.0V 50 125 156 188 ns 
Cl=150pF 2.0V 60 165 206 248 ns 

CL =50 pF 4.5V 18 25 31 38 ns 
CL =150pF 4.5V 25 33 41 49 ns 

CL=50 pF 6.0V 15 21 26 32 ns 
CL=150pF 6.0V 21 28 35 42 ns 

tpHZ, tpLZ Maximum Output Disable Time RL =1 kO 2.0V 68 165 206 248 ns 
CL =50 pF 4.5V 24 33 40 46 ns 

6.0V 20 28 35 42 ns 

ts Minimum Set-Up Time 2.0V 6 50 60 75 ns 
00-07 to l)C, SO-52 to SC 4.5V 3 10 13 15 ns 

6.0V 3 10 13 15 ns 

IH Minimum Hold Time 2.0V 0 5 5 5 ns 
00-07 to 00, SO-52 to SC 4.5V 0 5 5 5 ns 

6.0V 0 5 5 5 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
SCorOO 4.5V 10 16 20 27 ns 

6.0V 10 15 18 20 ns 

tr,tf Maximum Input Rise and Fall Time 2.0V 1000 1000 1000 ns 
4.5V 500 500 500 ns 
6.0V 400 400 400 ns 

trLH, tTHL Maximum Output Rise CL=50pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

CPO Power Dissipation Capacitance (per package) 
(Note 5) Active 150 pF 

TRI-STATE 50 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

GoUT Maximum Output Capacitance 15 20 20 20 pF 

Nota 5: CpO determines the no load dynamic power consumption, Po=CPO Vee2 f+lee Vce, and the no load dynamic current consumption, 
Is=Cpo Vce f+lce· 

Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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AC Electrical Characteristics 
Vcc=2.0-6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) (Note 6) 

MM54HC356/MM74HC356 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C TA= -55 to 125°C 
Units 

Typ Guaranteed Limits 

tPHL. tpLH Maximum Propagation CL =50pF 2.0V 100 225 318 338 ns 
Delay CLK to either Output CL =150 pF 2.0V 110 295 369 442 ns 

CL =50pF 4.5V 36 51 63 76 ns 
CL =150 pF 4.5V 42 59 73 90 ns 

CL =50pF 6.0V 28 43 53 64 ns 
CL =150 pF 6.0V 34 50 63 ·75 ns 

tpHL. tpLH Maximum Propagation CL =50pF 2.0V 120 285 356 427 ns 
Delay SO-S2 to either Output CL =150 pF 2.0V 130 325 406 488 ns 

CL =50pF 4.5V 42 57 71 86 ns 
CL =150 pF 4.5V 50 65 81 97 ns 

CL =50pF 6.0V 34 ~48 60 72 ns 
CL =150 pF 6.0V 40 55 69 82 ns 

tpHL, tpLH Maximum Propagation CL =50pF 2.0V 120 300 375 450 ns 
Delay'SC to either Output CL =150 pF 2.0V 110 340 425 510 ns 

CL =50pF 4.5V 45 60 75 90 ns 
CL=150 pF 4.5V 52 68 85 102 ns 

CL =50pF 6.0V 36 51 64 77 ns 
CL =150 pF 6.0V 42 58 72 87 ns 

tpZH, tpZL Maximum Output Enable Time RL"=1 kO 
CL =50pF 2.0V 50 125 156 188 ns 
CL =150 pF 2.0V 60 165 206 248 ns 

CL =50pF 4.5V 18 25 31 38 ns 
CL =150 pF 4.5V 25 33 41 49 ns 

CL=50pF 6.0V 15 21 26 32 ns 
CL =150 pF 6.0V 21 28 35 42 ns 

tpHZ. tpLZ Maximum Output Disable Time RL=1 kO 2.0V 68 165 206 248 ns 
CL =50pF 4.5V 24 33 41 49 ns 

6.0V 20 28 35 42 ns 

ts Minimum Set-Up Time 2.0V 6 50 50 50 ns 
00-07 t6 CLK. SO-S2 to'SC 4.5V 3 10 10 10 ns 

6.0V 3 10 10 10 ns 

tH Minimum Hold Time 2.0V 0 5 5 5 ns 
00-07 to CLK, SO-S2 to ~ 4.5V 0 5 5 5 ns 

6.0V 0 5 5 5 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
SCtoCLK 4.5V 10 16 20 24 ns 

6.0V 10 ' 15 18 20 ns 

tr, tf Maximum Input Rise and Fall Time 2.0V 1000 1000 1000 ns 
4.5V 500 500 500 ns 
6.0V 400 400 400 ns 

tTLH, tTHL Maximum Output Rise CL=50pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 " 18 ns 

6.0V 6 10 13 15 ns 

CPO Power Dissipation Capacitance (per package) 
(Note 5) Active 150 pF 

TRI-STATE 50 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

CaUT Maximum Output Capacitance 15 20 20 20 pF 

Note 5: Cpo determines the no load dynamic power consumption. Po-Cpo Vee2 Hlce Vce. and the no load dynamic current consumption. 
Is=Cpo Vee f+lce· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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Logic Diagram 
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Logic Diagram 
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~National 
~ SemiCOnductor 

microCMOS 

MM54HC365/MM74HC365 Hex TRI-STATE® Buffer 
MM54HC366/MM74HC366 Inverting Hex TRI-STATE Buffer 
MM54HC367/MM74HC367 Hex TRI-STATE Buffer 
MM54HC368/MM74HC368 Inverting Hex TRI-STATE Buffer 
General Description 
These TAl-STATE buffers are general purpose high speed 
inverting . and non-inverting buffers that utilize micro­
CMOS Technology, 3.5 micron silicon gate P-well CMOS. 
They have high drive current outputs which enable high 
speed operation even when driving large bus capacitances. 
These circuits possess the low power dissipation of CMOS 
circuitry, yet have speeds comparable to low power 
Schottky TIL circuits. All 4 circuits are capable of driving up 
to 15 low power Schottky inputs. 

The MM54/74HC366 and the MM54174HC368 are inverting 
buffers, where as the MM54174HC365 and the MM541 
74HC367 are non-inverting buffers. The MM5417 4HC365 
and the MM54/MM74HC366 have two TRI-ST ATE control in­
puts (G1 and G2) which are NORed together to control all six 

Connection Diagrams Dual-In-Llne Package 

16 15 14 13 12 11 10 

In A1 Y1 A2 Y2 A3 Y3 GNO 

MM54HC365/MM74HC365 
TL/F/5209-1 

54HC365 (J) 74HC365 (J,N) 

Vee ~ AS Y6 AS Y5 At Y4 

16 15 14 13 12 11 10 

~ A1 Y1 A2 Y2 A3 Y3 GNO 

MM54HC367/MM74HC367 
TLlF/5209-3 

54HC367 (J) 74HC367 (J,N) 

gates. The MM54/74HC367 and the MM54174HC368 also 
have two output enables, but one eQable (G1) controls 4 
gates and the other (<32) controls the remaining 2 gates. 

All inputs are protected from damage due to static dis­
charge by diodes to Vee and ground. 

Features 
• Typical propagation delay: 15 ns 
• Wide operating voltage range: 2V-6V 
a Low input curront: 1 IlA maximum 

• Low quiescent current: 80 IlA maximum (74 series) 
• Output drive capability: 15 LS-TIL loads 

b ~ M ~ AS Y5 At " 

16 15 14 13 12 11 10 

ifl A1 Y1 A2 Y2 A3 Y3 &NO 

MM54HC3,66/MM74HC366 
TLlF/5209-2 

54HC366 (J) 74HC366 (J,N) 

Ytc IU AS Y6 AS Y5 A4 Y4 

16 15 n 13 12 11 10 

MM54HC368/MM74HC368 
TLlF/5209-4 

54HC368 (J) 74HC368 (J,N) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vcc) -0.5 to +7.0V Min Max Units 
DC Input Voltage (VIN) -:1.5 to Vcc+1.5V Supply Voltage(Vcc) 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vcc+0.5V DC Input or Output Voltage 0 Vcc V 

Clamp Diode Current (11K, 10K> ±20mA (VIN,Vour) 

DC Output Current, per pin (lour) ±35mA Operating Temperature Range(T N 
MM74HC -40 +85 °C 

DC Vcc or GND Current, per pin (Icc) ±70mA MM54HC -55 +125 °C 
Storage Temperature Range (TSTG) - 65°C to + 150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (t" tf) Vcc=2.0V 1000 ns 
Lead Temperature (Tu (Soldering 10 seconds) 260°C Vcc=4.5V 500 ns 

Vcc=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54kc 

Symbol Parameter Conditions Vee 
TA= -40 to 8SOC TA= -55to 12SOC 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level Input 2.0V 1.5 1.5 1.5 V 
Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level Output VIN = VIH or VIL 
Voltage Ilourl:S:20 ,..,A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.6 5.9 5.9 5.9 V 

VIN = VIH or VIL 
Iiourl :S:6.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI :S:7.8 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level Output VIN = VIH or VIL 
Voltage IIOUTI :S: 20 ,..,A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI :S:6.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI:S:7.8 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input Current VIN=VccorGND 6.0V ±0.1 ±1.0 ±1.0 ,..,A 

IOZ Maximum TRI-ST ATE Output VOUT=VccorGND 6.0V ±0.5 ±5.0 ±10 ,..,A 
Leakage Current G=VIH 

Icc Maximum Quiescent Supply VIN=VccorGND 6.0V 8.0 80 160 ,..,A 
Current lour=O,..,A 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specffied all voltages are referenced to ground. 

Note 3: Power DIssipation t~perature derating - plastic "N" package: -12 mWrC from 6S·C to 8S·C; ceramic "J" package: -12 mWrC from 
100·C to 12S·C. 

Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee - S.SV and 4.SV respectively. (The VIH value at S.SV Is 3.8SV.) The worst case leakage Current (liN. 
Icc. and IOZ> occur for CMOS at the higher voltage and so the 6.DV values should be used. 
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AC Electrical Characteristics MM54HC365/MM74HC365 

Vcc=5V. TA=25°C. tr=tf=6 ns 

Symbol Parameter Conditions Typ· 
Guaranteed 

Units Umlt 

tpHL. tpLH MaXimum Propagation CL =45 pF 15 22 ns 
Delay 

tPZH. tpzL Maximum OutPl,lt Enable RL =1 kn 29 40 ns 
Time CL =45 pF 

tpHZ. tpLZ Maximum Output Disable RL =1 kn 25 36 ns 
Time CL=5 pF 

AC Electrical Characteristics MM54HC365/MM74HC365 

Vcc=2.0-6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) I 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C TA= -55 to 125°C 
Units 

Typ Guaranteed Umlts 

tpHL. tpLH Maximum Propagation CL =50pF 2.0V 35 105 130 150 ns 
Delay CL =150 pF 2.0V 45 135 168 205 ns 

CL =50pF 4.5V 14 24 30 36 ns 
CL =150 pF 4.5V 17 29 36 45 ns 
CL =50pF 6.0V 11 19 24 28 ns 
CL =150 pF 6.0V 15 24 30 36 ns 

tpZH. tPZL Maximum Output Enable RL =1 kn 
Time CL=50 pF 2.0V 90 230 287 345 ns 

CL =150 pF 2.0V 98 245 306 367 ns 
CL =50pF 4.5V 31 44 55 66 ns 
CL =150 pF 4.5V 38 53 66 80 ns 
CL ;=50 pF 6.0V 25 35 43 52 ns 
CL =150 pF 6.0V 29 41 51 62 ns 

tpHZ. tpLZ Maximum Output Disable RL =1 kn 2.0V. 58 175 218 260 ns 
Time CL=50pF 4.5V 26 44 55 66 ns 

6.0V 22 37 46 55 ns 

tTHL. tTLH Maximum Output Rise CL =50pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V '1 12 15 18 ns 

6.0V 6 10 13 15 ns 

CPO Power Dissipation Any Enabled 45 pF 
Capacitance (Note 5) A Input 

Any Disabled 8 pF 
A Input 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

COUT Maximum Output 10 20 20 20 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 

Truth Table 
Inputs Output 

G1 G2 A Y 

H X X Z 
X H X Z 
L L H H 
L L L L 

-
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AC Electrical Characteristics MM54HC366/MM74HC366 

Vcc=5V. TA=25°C. tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units Limit 

tpHL. tpLH Maximum Propagation CL =45pF 12 18 ns 
Delay 

tPZL. tpZH Maximum Output Enable RL =1 kn 29 40 ns 
Time CL =45 pF 

tpHZ. tpLZ Maximum Output Disable RL =1 kn 25 36 ns 
Time CL =5 pF 

AC Electrical Characteristics MM54HC366/MM74HC366 

Vcc=2.0-6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=2SoC 74HC S4HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C TA = -55 to 12SoC 
Units 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation CL =50 pF 2.0V 33 82 102 125 ns 
Delay CL =150 pF 2.0V 43 107 134 160 ns 

CL =50 pF 4.5V 12 19 24 30 ns 
CL =150pF 4.5V 16 26 32 39 ns 
CL =50 pF 6.0V 10 16 20 24 ns 
CL =150 pF 6.0V 14 22 27 33 ns 

tPZH. tPZL Maximum Output Enable RL =1 kn ns 
Time CL =5q pF 2.0V 90 230 287 345 ns 

CL =150 pF 2.0V 98 245 306 367 ns 
CL~50 pF 4.5V 31 44 55 66 ns 
CL =150 pF 4.5V 38 53 66 80 ns 
CL =50 pF 6.0V 25 35 43 52 ns 
CL=150pF 6.0V 29 41 ~ 51 62 ns 

tpHZ. tpLZ Maximum Output Disable RL =1 kn 2.0V ,58 175 218 260 ns 
Time CL =50 pF 4.5V 26 44 55 66 ns 

6.0V 22 37 46 55 ns " 

tTHL. tTLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

CPO Power Dissipation Any Enabled 45 pF 
Capacitance (Note 5) A Input 

Any Disabled 6 pF 
A Input 

CIN , Maximum Input 5 10 10 10 pF 
Capacitance 

COUT Maximum Output 10 20 20 20 pF 
Capacitance 

Note 6: CpO determines the no load dynamic power consumption. Po=Cpo Vce2 f+lce Vec. and the nO,load dynamic current consumption. 
IS=Cpo Vce f+lec· . 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 

Truth Table 
- Inputs Output 

G1 G2 A Y 

H X X Z 
X H X Z 
L L H L 
L L L H 
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AC Electrical Characteristics MM54HC367/MM74HC367 

Vcc=5V. TA=25°C. tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL. tpLH Maximum Propagation CL =45 pF 13 22 ns 
Delay 

tPZL. tPZH Maximum Output Enable RL =1 kn 23 37 ns 
Time CL =45 pF 

tpHZ. tpLZ Maximum Output Disable RL =1kn 25 33 ns 
Time CL =5 pF 

AC Electrical Characteristics MM54HC3671MM74HC367 

Vcc=2.0-6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C T A = - 55 to 125°C 
Units 

01 
Typ Guaranteed Limits 

tPHL. tpLH Maximum Propagation CL=50 pF 2.0V 35 105 130 150 ns 
Delay CL =150 pF 2.0V 45 135 168 205 ns 

CL =50 pF 4.5V 14 24 30 36 ns 
CL =150 pF 4.5V 17 29 36 45 ns 
CL =50 pF 6.0V 11 19 24 28 ns 
CL =150 pF 6.0V 15 24 30 36 ns 

tpZH. tpZL Maximum Output Enable RL =1 kn ns 
Time CL =50 pF 2.0V 69 172 216 250 ns 

CL =150 pF 2.0V 75 187 233 280 ns 
CL =50pF 4.5V 24 38 47 57 ns 
CL =150 pF 4.5V 29 46 57 69 ns 
CL =50 pF 6.0V 22 35 43 52 ns 
CL=150 pF 6.0V 26 42 52 63 ns 

tpHZ. tpLZ Maximum Output Disable RL =1 kn 2.0V 47 117 146 220 ns 
Time CL =50pF 4.5V 22 35 44 52 ns 

: 6.0V 19 31 39 46 ns 

tTHL. tTLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 . ns 

6.0V 6 10 13 15 ns 

CPO Power Dissipation Any Enabled 45 pF 
Capacitance (Note 5) A Input 

Any Disabled 8 pF 
A Input 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

COUT Maximum Output 10 20 20 20 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vee2 f+lee Vee, and the no load dynamic current consumption, 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54fl4HC AC Switching Waveforms and Test Circuits. 

Truth Table 
Inputs Output 

G A Y 

H X Z 
L H H 
L L L 
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AC Electrical Characteristics MM54HC368/MM74HC368 

Vcc=5V, TA=25°C, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL, tpLH Maximum Propagation CL =45 pF 11 18 ns 
Delay 

tpZL, tPZH Maximum Output Enable RL =1 kG , 23 37 ns 
Time CL =45pF 

tpHZ, tpLZ Maximum Output Disable RL =1 kG 19 33 ns 
Time CL =5 pF 

AC Electrical Characteristics MM54HC368/MM74HC368 

Vcc=2.0-6.0V, CL=50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= -55 to 125°C 
Units 

Typ Guaranteed Limits 

tPHL, tpLH Maximum Propagation CL =50pF 2.0V 33, 82 102 125 ns 
Delay CL =150 pF 2.0V 43 107 134 160 ns 

CL =50 pF 4.5V 12 19 24 30 ns 
CL =150 pF 4.5V 16 26 32 39 ns 
CL =50pF 6.0V 10 16 20 24 ns 
CL =150 pF 6.0V 14 22 27 33 ns 

tpZH, tpZL Maximum Output Enable RL =1 kG ns 
Time CL =50pF 2.0V 69 172 216 250 ns 

CL =150 pF 2.0V 75 187 233 280 ns 
CL =50pF 4.5V 24 38 47 57 ns 
CL =150 pF 4.5V 29 46 57 69 ns 
CL =50pF 6.0V 22 35 43 52 ns 
CL =150 pF 6.0V 26 42 52 63 ns 

tpHZ, tpLZ Maximum Output Disable RL =1 kG 2.0V 47 117 146 220 ns 
Time CL =50pF 4.5V 22 35 44 52 ns 

6.0V 19 31 39 46 ns 

tTHL, tTLH Maximum Output Rise CL =50pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

CPO Power Dissipation Any Enabled 45 I pF 
Capacitance (Note 5) A Input 

Any Disabled 6 pF 
A Input 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

COUT Maximum Input 10 20 20 20 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vee? f+1ee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+1ee· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 

Truth Table 
Inputs Output 

G A Y 

H X Z 
L H L 
L L H 
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Logic Diagrams 
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~National 
D Semiconductor microCMOS 

MM54HC373/MM74HC373 TRI-STATE® Octal· 
D-Type .Latch 
General· Description 
These high speed OCTAL O-TYPE LATCHES utilize 
microCMOS Technology, 3.5 micron silicon gate P-well 
CMOS. They possess the high noise immunity and low pow­
er consumption of standard CMOS integrated circuits, as 
well as the ability to drive 15 LS-TTL loads. Due to the large 
output drive capability and the TAl-STATE feature, these 
devices are ideally suited for interfacing with bus lines in a 
bus organized system. 

When the LATCH ENABLE input is high, the 0 outputs will 
follow the 0 inputs. When the LATCH ENABLE goes low, 
data at the 0 inputs will be retained at the outputs until 
LATCH ENABLE returns high again. When a high logic level 
is applied to the OUTPUT CONTAOL input, all outputs go to 
a high impedance state, regardless of what Signals are pres-

Connection Diagram 

ent at the other inputs and the state of the storage ele­
ments. 

The 54HC174HC logic family is speed, function, and pinout 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vpc and ground. 

Features 
• Typical propagation delay: 18 ns 
• Wide operating voltage range: 2 to S volts 
• Low input current: 1 p,A maximum 
• Low quiescent current: 80 p,A maximum (74 series) 
II Output drive capability: 15 LS-TTL loads 

Dual-In-Llne Package 

80 80 

OUTPUT 10 10 
CONTROL 

Truth Table 

Output Latch 
Control Enable 

L H 
L H 
L L 
H X 

70 

20 

7Q so 60 

20 30 3D 

TOP VIEW 

MM54HC373/MM74HC373 

50 50 

40 40 

LATCH 
ENABLE 

6 

GNO 

TL/F/5335-1 

54HC373 (J) 74HC373 (J,N) 

Data 
373 

Output 

H H 
L H 
X 00 
X Z 

H f' high level, L = low level 

00 = level of output before steady-state input condi­
tions were established. 

Z - high impedance 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage (Vee) 2 6 V 

DC Output Voltage (Vour) -0.5 to Vec+0.5V DC Input or Output Voltage 0 Vcc V 

Clamp Diode Current (IIK,'loK) ±20mA (VIN,Vour) 

DC Output Current, per pin (lour) ±35mA Operating Temperature Range (TN 
MM74HC -40 +85 ·C 

DC Vee or GND Current, per pin (Icc) ±.70mA MM54HC -55 +125 ·C 
Storage Temperature Range (T STG) -65·Cto + 150·C Input Rise or Fall Times 
Power Dissipation (Po) 500mW (tr, tf) Vee=2.0V 1000 ns 
Lead Temperature (T U (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 

Vcc=6.0V 400 ns 

DC Electrical Characteristics 

TA=2S0C 
74HC 54HC 

T A = - 40 to 8Soc TA= -55 to 125"C 
Sym.bol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1 .. 5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN=VIH orVIL 
Output Voltage Ilourl:5:20 JLA 2.0V 2.0 1.9 1.9" 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
liourl:5:6.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
Ilourl:5:7.8 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage Iiourl :5:20 JLA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
Ilourl:5:6.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
Ilourl:5:7.8 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VccorGND 6.0V ±0.1 ±1.0 ±1.0 JLA 
Current 

loz Maximum TRI- VIN = VIH or VIL, OC = VIH 6.0V ±0.5 ±5 ±10 JLA 
STATE Output Vour=VccorGND 
Leakage Current 

Icc Maximum Quiescent VIN=VccorGND 6.0V 8.0 80 160 JLA 
Supply Current lour=O JLA 

Note t: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6S·C to 8S·C; ceramic "J" package: -12 mWrC from 
100·C to 12S·C. 
Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and Vat> occur for HC at 4.SV. Thus the 4.SV values should be used when , 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV Is 3.8SV.) The worst case leakage current (liN. 
Icc. and IOz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V. TA=25'C. tr=tf=6 ns (Note 6) 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tpHL. tpLH Maximum Propagation Delay. Data to Q CL =45 pF 18 25 ns 

tpHL. tpLH Maximum Propagation Delay. Clock to Q CL =45 pF 21 30 ns 

tPZH. tpZL Maximum Output Enable RL =1 k!l 20 28 ns 
Time CL =45 pF 

tpHZ. tpLZ Maximum Output Disable RL =1 k!l 18 25 ns 
Time CL =5pF 

ts Minimum Set Up Time 5 ns 

tH Minimum Hold Time 10 ns 

tw Minimum Pulse Width 9 16 ns 

AC Electrical Characteristics Vcc=2.0-6.0V. CL =50 pF; tr=tf=6 ns (unle,ss otherwise specified) (Note 6) 

TA=25'C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85'C T A = - 55 to 125'C 
Units 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation CL =50pF 2.0V 50 150 188 225 ns 
Delay. Data to Q CL =150 pF 2.0V 80 200 250 300 ns 

CL =50 pF 4.5V 22 30 37 45 ns 
CL =150pF 4.5V 30 40 50 60 ns 

CL =50 pF 6.0V 19 26 31 39 ns 
CL =150 pF 6.0V 26 35 44 53 ns 

tpHL. tpLH Maximum Propagation CL =50 pF 2.0V 63 175 220 263 ns 
Delay. Clock to Q CL =150 pF 2.0V 110 225 280 338 ns 

CL =50pF 4.5V 25 35 44 52 ns 
CL =150 pF 4.5V 35 45 56 68 ns 

CL =50pF 6.0V 21 30 37 45 ns 
CL =150 pF 6.0V 28 39 49 59 ns 

tpZH. tpZL Maximum Output Enable RL =1 k!l 
Time CL =50pF 2.0V 50 150 188 225 ns 

CL =150 pF 2.0V 80 200 250 300 ns 

CL =50pF 4.5V 21 30 37 45 ns 
CL =150 pF 4.5V 30 40 50 60 ns 

CL =50pF 6.0V 19 26 31 39 ns 
CL =150 pF 6.0V 26 35 44 53 ns 

tpHZ. tpLZ Maximum Output Disable RL =1 k!l 2.0V 50 150 188 225 ns 
Time CL =50pF 4.5V 21 30 37 45 ns 

6.0V 19 26 31 39 ns 

ts Minimum Set Up Time 2.0V 5 25 31 38 ns 
4.5V 2 5 6 8 ns 
6.0V 2 5 6 8 ns 

tH Miryimum Hold Time 2.0V 20 50 60 75 ns 
4.5V 6 10 13 20 ns 
6.0V 6 10 13 20 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
4.5V 10 16 20 24 ns 
6.0V 9 14 18 20 ns 

tTHL. tTLH Maximum Output Rise CL =50pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

CPO Power Dissipation (per latch) 
Capacitance (Note 5) OC=VCC 30 pF 

OC=GND 50 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

COUT Maximum Output Capacitance 15 20 20 20 pF 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vce2 f+lee Vce. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to b?Ck of this section for Typical,MM54n4HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor microCMOS 

MM54HC37 4/MM7 4HC37 4 
TRI-STATE® Octal O-Type Flip-Flop 

General Description 
These high speed Octal D-Type Flip-Flops utilize micro­
CMOS Technology, 3.5 micron silicon gate P-well CMOS. 
They possess the high noise immunity and low power con­
sumption of standard CMOS integrated circuits, as well as 
the ability to drive 15 LS-TTL loads. Due to the large output 
drive capability and the TRI-STATE feature, these devices 
are ideally suited for interfacing with bus lines in a bus organ­
ized system. 

The 54HC174HC logic family is speed, function, and pinout 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

These devices are positive edge triggered flip-flops. Data at 
the 0 inputs, meeting the setup and hold time requirements, 
are transferred to the 0 outputs on positive going transitions 
of the CLOCK (CK) input. When a high logic level is applied 
to the OUTPUT CONTROL (OC) input, all outputs go to a 
high inlPedance state, regardless of what signals are present 
at the other inputs and the state of the storage elements. 

Features 
• Typical propagation delay: 20 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 p,A maximum 
• Low quiescent current: 80 p,A maximum 
• Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TTL loads 

Connection Diagram Dual-ln-L1ne Package 

Truth Table 

VCC so 

OUTPUT 10 
CONTROL 

Output 
Clock 

Control 

L t 
L t 
L L 
H X 

so 

10 

70 70 60 60 

20 20 30 3D 

TOP VIEW 

MM54HC374/MM74HC374 

50 50 CLOCK 

40 40 GND 

54HC374 (J) 74HC374 (J,N) 

Data 

H 
L 
X 
X 

Output 

H = High Level, L = Low Level 

X = Don't Care 

H 
L 

00 
Z 

t = Transition from low-ta-hlgh 

Z = High impedance state 

00 = The level of the output before steacly state input 
conditions were established 
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~ 
to- Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions M 
0 Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units 
::r: DC Input Voltage (VIN) -1.5 to Vee + 1.5V Supply Voltage (Vee) 2 6 V 
~ 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V to-......... 
Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

~ 
to- DC Output Current, per pin (lOUT) ±35mA 

Operating Temperature Range (T A) 

M MM74HC -40 +85 °C 

0 DC Vee or GND Current, per pin (led ±70mA MM54HC -55 +125 °C 

::r: Storage Temperature Range (T STG) - 65°C to + 150°C Input Rise or Fall Times 
~ Power Dissipation (Po) 500mW (tr, tf) Vee=2.0V 1000 ns 
LI) 

Lead Temperature (TO (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 
~ Vee=6.0V 400 ns 

~ DC Electrical Characteristics 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C TA= -55to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High'Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTIs20 /LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI s6.0 mA 4.5V 4.2 3.98 3.84 3.7 V 

IIOUTI s7.8 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage. IIOUTI s 20 /LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTls6.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTls7.8 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 /LA 
Current 

10Z Maximum TRI- VIN=VIH,OC=VIH 6.0V ±0.5 ±5 ±10 /LA 
STATE Output VouT=VeeorGND 
Leakage Current 

Icc Maximum Quiescent VIN=VeeorGND 6.0V 8.0 80 160 /LA 
Supply Current 10UT=0 /LA I 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWI"C from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 

Note 4: For a power supply of 5V ± 1 0% the worst case output voltages (VOH. and You occur for HC at 4,5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V is 3.85V.l The worst case leakage current (liN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, tr=tf=6 ns (Note 6) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 35 MHz 
Frequency 

tpHL, tpLH Maximum Propagation CL =45 pF 20 32 ns 
Delay Clock to Q 

tpZH' tPZL Maximum Output Enable RL= k!l. 
Time CL =45 pF 19 28 ns 

tpHZ, tpLZ Maximum Output Disable RL= k!l. 17 25 ns 
Time CL =5 pF 

ts Minimum Set Up Time 20 ns 

tH Minimum Hold Time 5 ns 

tw Minimum Pulse Width 9 16 ns 

AC Electrical Characteristics Vcc = 2.0-6.0V, CL = 50 pF, tr= tf = 6 ns (unless otherwise specified) (Note 6) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C TA = -55 to 125°C 
Units 

Typ Guaranteed LImits 

fMAX Maximum Operating CL =50 pF 2.0V 6 5 4 MHz 
Frequency 4.5V 30 24 20 MHz 

6.0V 35 28 23 MHz 

tPHL, tpLH Maximum Propagation CL =50 pF 2.0V 68 1BO 225 270 ns 
Delay, Clock to Q CL=150pF 2.0V 110 230 2BB 345 ns 

CL=50pF 4.5V 22 36 45 48 ns 
CL =150 pF 4.5V 30 46 57 69 ns 

CL =50 pF 6.0V 20 31 39 46 ns 
CL=150pF 6.0V 28 40 50 _ 60 ns 

tpZH, tpZL Maximum Output Enable RL =1 k!l. 
Time CL =50 pF 2.0V 50 150 189 225 ns 

CL =150 pF 2.0V BO 200 250 300 ns 

CL =50 pF 4.5V 21 30 37- 45 ns 
CL =150 pF 4.5V 30 40 50 60 ns 

CL=50 pF 6.0V 19 26 31 39 ns 
CL =150 pF 6.0V 26 35 44 53 ns 

tpHZ, tpLZ Maximum Output Disable RL =1 k!l. 2.0V 50 150 1B9 225 ns 
Time CL=50 pF 4.5V 21 30 37 45 ns 

6.0V 19 26 31 39 ns 

ts Minimum Set Up Time 2.0V 100 125 150 ns 
4.5V 20 25 30 ns 
6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 25 31 38 ns 
4.5V 5 5 5 ns 
6.0V 5 5 5 ns 

tw Minimum Pulse Width 2.0V 30 BO 100 120 ns 
4.5V 9 16 20 24 ns 
6.0V 8 14 1B 20 ns 

tTHL, tTLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90- ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

tr, tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400" 400 -ns 

CPO Power Dissipation (per flip-flop) 
Capacitance (Note 5) OC=Vcc 30 pF 

OC=GND 50 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vcc2 I+lce Vee. and the no load dynamic current consumption. 
Is=Cpo Vee 1+ Icc. 
Note 6: Refer to back of this section for Typical MM54fl4HC AC Switching Waveforms and Test Circuits. 
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~National . 
D Semiconductor 

microCMOS 

MM54HC390/MM74HC390 Dual 4-Bit Decade Counter 
MM54HC393/MM74HC393 Dual4-Bit Binary Counter 

General Description 
These counter circuits contain independent ripple carry 
counters and utilize microCMOS Technology, 3.5 micron sil­
icon gate P-well CMOS. The MM54HC390/MM74HC390 in­
corporate dual decade counters, each composed of a di­
vide-by-two and a divide-by-five counter. The divide-by-two 
and divide-by-five counters can be cascaded to form dual 
decade, dual bi-quinary, or various combinations up to a 
single divide-bY-100 counter. The MM54HC393/M74HC393 
contain two 4-bit ripple carry binary counters, which can be 
cascaded to create a singledivide-by-256 counter. 

Each of the two 4-bit counters is incremented on the high to 
low transition (negative ed!ile) of the clock input, and each 
has an independent clear input When clear is ·set high all 
four bits of each counter are set to a low level. This enables 
count truncation and allows the implementation of divide-by­
N counter configurations. 

Each of the counters outputs can drive 10 low power 
Schottky TTL equivalent loads. These counters are function-

Connection Diagrams 

Duat-tn-Llne Package 

2 OUTPUT 
OUTPUTS 

VCC 2A CLEAR 20A 2S 20S 20C 2Qo 

16 

1A. 

15 

1 10A 1S 
CLEAR OUTPUT 

8 

10a 1QC 1Qo GNo 

OUTPUTS 
TLlF/5337-1 

MM54HC390/MM74HC390 

54HC390 (J) 74HC390 (J,N) 

aly as well as pin equivalent to the 54LS390174LS390 and 
the 54LS393174LS393, respectively. All inputs are protect­
ed from damage due to static discharge by diodes to Vc and 
ground. 

Features 
• Typical operating frequency: 50 MHz 
• Typical propagation delay: 13 ns (Ck to QA) 
• Wide operating supply voltage range: 2-6V 
• . Low input current: <1 p,A 
• Low quiescent supply current: 80 p,A maximum 

(74HC series) 

• Fanout of 10 LS-TTL loads 

Duat-tn-Llne Package 

OUTPUTS 

2 
VCC 2A CLEAR 20A 20S 20C 200 

14 13 

CLEAR A 
OA Os Oc 00 

2 

1A 1 

7 

10A 10S 10C 100 GNo 
CLEAR ---__ ---

OUTPUTS 

MM54HC393/MM74HC393 

54HC393 (J) 74HC393 (J,N) 

TL/F/5337 -2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to +7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Vee) 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) 

DC Output Current. per pin (lOUT) ±25mA 
Operating Temperature Range(T Al 

MM74HC -40 +85 ·C 
DC Vee or GND Current. per pin (Ice) ±50mA MM54HC -55 +125 ·C 
Storage Temperature Range (T STG) - 65·C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr. tf) Vee=2.0V 1000 ns 

Lead Temperature (T U (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 
Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC , 

Symbol Parameter Conditions Vee 
T A = - 40 to 85·C TA = -55 to 125"C 

Units 
Typ Guaranteed Umlts 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Vol~age 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI ~ 20 p.A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI ~4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 

IIOUTI ~ 5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH orVIL 
Output Voltage IIOUTI~20 p.A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI ~4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI ~5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 p.A 
Current 

Icc Maximum Quiescent VIN=VeeorGND 6.0V 8.0 80 160 p.A 
Supply Current IOUT=O p.A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the devioo may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic UN" package: -12 mWrC from 65·C to 85·C; ceramic uJ" package: -12 mWrC from 
1 CO·C to 125·C. 

Note 4: For a power supply of SV ±10% the worst case output voltages (YOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used When 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at 5.SV is 3.85V.) The worst case leakage current (liN. 
IcC. and loZ> occur for CMOS at the higher voltage and so the 6.0V values should be used. 

\ 
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AC Electrical Characteristics MM54HC390/MM74HC390 

Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

fMAX Maximum Operating Frequency. Clock A or 8 50 30 MHz 

tpHL. tpLH Maximum Propagation Delay. Clock A to QA Output 12 20 ns 

tpHL. tpLH Maximum Propagation Delay. Clock A to Qc 32 50 ns 
(QA connected to Clock 8) 

tpHL. tpLH Maximum Propagation Delay. Clock 8 to Qs or Qo 15 21 ns 

tpHL. tpLH 'Maximum Propagation Delay. Clock 8 to Qc 20 32 ns 

tpHL Maximum Propagation Delay. Clear to any Output ,15 28 ns 

tREM Minimum Removal Time. Clear to Clock -2 5 ns 

tw Minimum Pulse Width. Clear or Clock 10 16 ns 

AC Electrical Characteristics CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vcc 
TA = -40 to 85°C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 5 4 3 MHz 
Frequency 4.5V 27 21 18 MHz 

6.0V 31 24 20 MHz 

tPHL. t~LH Maximum Propagation 2.0V 45 120 150 180 ns. 
Delay. Clock A to QA 4.5V 15 24 30 35 ns 

6.0V 13 21 26 31 ns 

tpHL. tpLH Maximum Propagation 2.0V 100 290 360 430 ns 
Delay. Clock A to Qc 4.5V 35 58 72 87 ns 

. (QA connected to Clock 8) 6.0V 30 50 62 75 ns 

tpHL. tpLH Maximum Propagation 2.0V 50 130 160 195 ns 
Delay. Clock 8 to Qs or 4.5V 16 26 33 39 ns 
Qo 6.0V 13 22 28 33 ns 

tpHL. tpLH Maximum Propagation 2.0V 60 185 230 280 ns 
Delay. Clock 8 to Qc 4.5V 20 37 46 55 ns 

6.0V 17 32 40 48 ns 

tpHL Maximum Propagation 2.0V 55 165 210 250 ns 
Delay. Clear to any Q 4.5V 17 33 41 49 ns 

6.0V 15 28 35 42 ns 

tREM Minimum Removal Time 2.0V 25 25 25 ns 
Clear to Clock 4.5V 5 5 5 ns 

6.0V 5 5 5 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
Clear or Clock 4.5V 10 16 20 24 ns 

6.0V 9 14 18 20 ns 

tTHL. tTLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tr• tf Maximum Input Rise 2.0V 1000 1000 1000 ns 
and Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CpO Power Dissipation (per counter) 55 pF 
Capacitance (Note 5) 

CIN . Maximum Input Capacitance 5 10 10 10 pF 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vce2 f+lec Vec. and the no load dynamic current consumption. 
IS=Cpo Vce f+ICC· 

Nole 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
'I 
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AC Electric~1 Characteristics MM54HC393/MM74HC393 

Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

fMAX Maximum Operating Frequency 50 30 MHz 

tpHL. tpLH Maximum Propagation Delay. Clock A to OA 13 20 ns 

tpHL. tPLH Maximum Propagation Delay. Clock A to Os 19 35 ns 

tpHL. tpLH Maximum Propagation Delay. Clock A to Oc 23 42 ns 

tpHL. tpLH Maximum Propagation Delay. Clock A to 00 27 50 ns 

tpHL Maximum Propagation Delay. Clear to any 0 15 28 ns 

tREM Minimum Removal Time -2 5 ns 

tw Minimum Pulse Width Clear or Clock 10 16 ns 

AC Electrical Characteristics CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85°C TA= -55 to 125°C 

Units \ 
Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 5 4 3 
Frequency 4.5V 27 21 18 MHz 

6.0V 31 24 20 MHz 

tpHL. tpLH Maximum Propagation 2.0V 45 120 150 180 ns 
Delay Clock A to OA 4.5V 15 24 30 35 ns 

6.0V 13 21 26 31 ns 

tpHL. tpLH Maximum Propagation 2.0V 68 190 240 285 ns 
Delay Clock A to Os 4.5V 23 38 47 57 ns 

6.0V 20 32 40 48 ns 

tPHL. tpLH Maximum Propagation 2.0V 90 240 300 360 ns 
Delay Clock A to Dc 4.5V 30 48 60 72 ns 

6.0V 26 41 51 61 ns 

tpHL. tpLH Maximum Propagation Delay 2.0V 100 290 360 430 ns 
Clock to 00 4.5V 35 58 72 87 .ns 

6.0V 30 50 62 75 ns 

tpHL Maximum Propagation 2.0V 54 165 210 250 ns 
Delay Clear to any 0 4.5V 18 33 41 49 ns 

6.0V 15 28 35 42 ns 

tREM Minimum Clear Removal 2.0V 25 25 25 ns 
Time 4.5V 5 5 5 ns 

6.0V 5 5 5 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
Clear or Clock 4.5V 10 16 20 24 ns 

6.0V 9 14 18 20 ns 

tTHL. tTLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tr• tf Maximum Input Rise 1000 1000 1000 ns 
and Fall Time 500 500 500 ns 

400 400 400 ns 

CPO Power Dissipation (per counter) 42 pF 
Capacitance (Note 5) 

CIN Maximum Input Capacitance 5 10 10 10 pF 

Note 5: CPO determines the no load dynamic power consulJlption. Po=Cpo Vec2 f+lec Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lec· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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, Logic Timing Waveforms 
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~National 
~ Semiconductor microCMOS 

MM54HC423A1MM74HC423A 
Dual Retriggera~le Monostable Multivibrator . 

General Description 
The MM54fi4HC423A high speed monostable multivibrators 
(one shots) utilize microCMOS Technology, 3.5 micron sili­
con gate P-well CMOS. They feature speeds comparable to 
low power Schottky TIL circuitry while retaining the low 
power and high noise immunity characteristic of CMOS cir­
cuits. 

Each multivibrator features both a negative, A, and a posi­
tive, B, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The 'HC423 cannot be 
triggered from clear. 

The 'HC423A is retriggerable. That is it may be triggered re­
peatedly while its outputs are generating a pulse and the 
pulse will be extended. 
Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques; The out­
put pulse equation is simply: PW = (A EXT) (CEXT); where PW 

• is in seconds, A is in ohms, and C is in farads. All inputs are 
protected from damage due to static discharge by diodes to 
Vee and ground. 

Features 
• Typical propagation delay: 40 ns 

• Wide power supply range: 2V -6V 
• Low quiescent current: 80 IlA maximum (74HC series) 

• Low input current: 1 IlA maximum 
• Fanout of 10 LS-TIL loads 
I!I Simple pulse width formula T = RC 
• Wide pulse range: 400 ns to 00 (typ) 

• Part to part variation: ± 5% (typ) 
• Schmitt Trigger A & B inputs allow infinite rise and faU 

times on these inputs 

Connection Diagram Dual-In-Line Package 

A1 81 CLR 1 Q2 CEXn ROO2 liND 
Coo 

TOP VIEW 

MM54HC423A1MM74HC423A 

54HC423 (J) 74HC423 (J,N) 

TLIF/5206-1 

Truth Table 
Inputs Outputs 

Clear A B Q Q 

L X X L H 
X H X L H 
X X L L H 
H L i ..n. '1J" 
H ! H ..n. '1J" 
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Timing Component 

Vee 

~~ 

H = High Level 

L =' Low Level 

TO CEXT TO R/CEXT 
TERMINAL TERMINAL 

i = Transition from Low to High 

! = Transition from High to Low 

..n. = One High Level Pulse 

'1J" = One Low Level Pulse 

X = Irrelevant 

TL/F/5:06-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage(Vcc) -0.5V to + 7.0V Min Max Units 

DC Input Voltage(VIN) -1.5V to Vcc+1.5V Supply Voltage(Vcc) 2 6 V 

DC Output Voltage(VOUT) -0.5V to Vcc+0.5V DC Input or Output Voltage 0 Vcc V 

Clamp Diode Current(IIK. 10K) ±20mA 
(VIN.VOUT) 

DC Output Current. per pin(IOUT) ±25 mA 
Operating Temperature Range(T A) 

MM74HC . ""';40 +85 ·C 
DC VCC or GND Current. per pin(lcc) ±50 mA MM54HC -55 +125 ·C 
Storage Temperature Range(T STG) . - 65·C to + 150·C Maximum Input Rise and Fall Time 
Power Dissipation(Po) (Note 3) 500mW (Glear Input) 
Lead TemperatuJe(T U (Soldering 10 seconds) 260·C Vcc=2.0V 1000 ns 

Vcc=4.5V 500 ns 
Vcc=6.0V 400 ns 

DC Electrical Characteristics (Note 4) . 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85·C TA = -55 to 125·C Units 
Typ Guaranteed Limits 

VIH Minimum High Level Input 2.0V 1.5 1.5 1.5, V 
Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0.9 . 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI ~ 20 p,A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL V 
IIOUTI ~ 4.0 mA 4.5V 3.96 3.84 3.7 V 
IIOUTI ~ 5.2 mA 6.0V 5.46 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH orVIL 
Output Voltage IIOUTI ~20 p,A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL V 
IlouTI~4mA 4.5V 0.26 0.33 0.4 V 
IIOUTI~5.2 mA 6.0V 0.26 0.33 0.4 V 

liN Maximum Input Current VIN=VCC or GND 5.0V 0.5 5.0 5.0 p,A 
(Pins 7. 15) 

liN Maximum Input Current VIN=VCCorGND 6.0V ±0.1 ±1.0 ±1.0 p,A 
(All other pins) 

ICC Maximum Quiescent Supply VIN=VCC or GND 6.0V 8.0 80 160 p,A 
Current (Standby) IOUT=Op,A 

Icc Maximum Active Supply VIN=VCC or GND 2.0V 36 80 110 130 p,A 
Current (per R/CEXT=0.5Vcc 4.5V 0.33 1.0 1.3 1.6 mA 
monostable) 6.0V 0.7 2.0 2.6 3.2 mA 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground . 

. Note 3: Power Dissipation Temperature Derating: Plastic "N" Package: -12mWrC from 6SoC to 8SoC Ceramic ','J" Package: -12mWrC from 100°C to 12SoC 
Note 4: For a power supply of SV ± 10% the worst-case output voltages (VOH' Vau occur for HC at 4.SV. Thus the 4.SV values should be used when designing 
with this supply. Worst-case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst·case leakage current (liN, Icc, and 
lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL=15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ Limit Units 

tpLH Maximum Trigger Propagation 22 33 ns 
Delay, A, B to Q 

tpHL Maximum Trigger Propagation 25 42 ns 
Delay, A, B to Q 

tpHL Maximum Propagation Delay, 
CleartoQ 20 27 ns 

tpLH Maximu~Propagation Delay, 
CleartoQ 22 33 ns 

tw Minimum Pulse Width, A, B or 
Clear 14 26 ns 

tREM Minimum Clear Removal Time 0 ns 

tWO(MI 
Minimum Output Pulse Width CEXT=28 pF 400 N) ns 

REXT=2 kn 

two Output Pulse Width CEXT = 1000 pF 10 f-Ls 
REXT=10 kH 

AC Electrical Characteristics CL =50 pF tr=tf=6 ns (Unless otherwise specified)· . 

_ ° 74HC 54HC 

Symbol Parameter Conditions Vee T A - 25 C T A = - 40 to 85°C TA = -55 to 125°C UnIts 

Typ Guaranteed Limits 

tpLH Maximum Trigger Propagation 2.0V 77 169 194 210 ns 
Delay, A, B or Clear to Q 4.5V 26 42 ·51 57 ns 

6.0V 21 32 39 44 ns 

tpHL Maximum Trigger Propagation 2.0V 88 197 229 250 ns 
Delay, A, B or Clear to Q 4.5V 29 48 60 67 ns 

6.0V 24 38 46 51 ns 

tpHL Maximum Propagation 2.0V 54 114 132 143 ns 
Delay, Clear to Q 4.5V 23 34 41 45 ns 

6.0V 19 28 33 36 ns 

tpLH Maximum Propagation 2.0V 56 116 135 147 ns 
Delay, Clear to Q 4.5V 25 36 42 46 ns 

6.0V 20 29 34 37 ns 

tw Minimum Pulse Width 2.0V 57 123 144 157 ns 
A, B, Clear 4.5V 17 30 37. 42 ns 

6.0V 12 21 27 30 ns 

tREM Minimum Clear 2.0V 0 0 0 0 .ns 
Removal Time 4.5V 0 0 0 0 ns 

6.0V 0 0 0 0 ns 

tWO(MIN) Minimum Output CEXT=28 pF 2.0V 1.5 f-Ls 
Pulse Width REXT=2 kn 4.5V 450 ns 

REXT=6 kn (Vcc=2V) 6.0V 380 ns 

two Output Pulse Width CEXT=0.1 f-LF Min 4.5V 1 0.9 ms 
REXT=10 kH 

Max 4.5V 1 1.1 ms 

tTLH, tTHL Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5Y 8 15 19 22 ns 

6.0Y 7 13 16 19 ns 

CIN Maximum Input 12 20 20 20 pF 
Capacitance (Pins 7 & 15) 

CIN Maximum Input 6 10 10 10 pF 
Capacitance (Other Inputs) 
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Logic Diagram 

A 

CLEAR ----~--}()O ..... ---... ----.....J 

Vee 

TL/F/5206-5 

Theory of Operation 

CD CD CD 
A--Il~ __ ~~ __ ~rtJl~ ___ rl~ ________ __ 

® u 
CLEAR 

VREF2 VREF2 __ -"t-'-~~_--

VREF1-~ VREF1-V::Fl-V 
R/Cm 

Lll I I 
-~-----!---

I-T~ ~T~ 
TL/F/5206-6 

CD POSITIVE EDGE TRI.GGEI3 «> POSITIVE EDGE RE· TRIGGER (PULSE LENGTHENING) 

CJ) NEGATIVE EDGE TRIGGER CJ) RESET PULSE SHORTENING 

CJ) POSmVE EDGE TRIGGER 

FIGURE 1 
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TRIGGER OPERATION 

As shown in A"gure 1 and the logic diagram before an input 
trigger occurs, the one-shot is in the quiescent state with the 
o output low, and the timing capacitor CEXT completely 
charged to Vee. When the trigger input A goes from Vee to 
GND (while inputs B and clear are held to Vee> a valid trig­
ger is recognized, which turns on comparator C1 and N­
Channel transistor N1 <D. At the same time the output latch 
is set. With transistor N1 on, the capacitor CEXT rapidly dis­
charges toward GND until VREFl is reached. At this point 
the output of comparator C1 changes state and transistor 
N1 turns off. Comparator C1 then turns off while at the same 
time comparator C2 turns on. With transistor N1 off, the ca­
pacitor CEXT begins to charge through the timing resistor, 
REXT, toward Vee. When the voltage across CEXT equals 
VREF2, comparator C2 changes state causing the output 
latch to reset (0 goes low) while at the same time disabling 
comparator C2. This ends the timing cycle with the one-shot 
in the quiescent state, waiting for the next trigger. 

A valid trigger is also recognized when trigger input B goes 
from GND to Vee (while input A is at GND and input clear is 
at Vee®.) 

It should be noted that in the quiescent state CEXT is fully 
charged to Vee causing the current through resistor REXT to 
be zero. Both comparators are "off" with the total device 
current due only to reverse junction leakages. An added 
feature of the 'HC423 is that the output latch is set via 
the input trigger without regard to the capacitor voltage. 
Thus, propagation delay from trigger to 0 is independent of 
the value of CEXT, REXT, or the duty cycle of the input wave­
form. 

RETRIGGER OPERATION 

The 'HC423A is retriggered if a valid trigger occurs @ fol­
lowed by another trigger @ before the a output has re­
turned to the quiescent (zero) state. Any retrigger, after the 
timing node voltage at pin or has begun to rise from VREF1, 
but has not yet reached VREF2, will cause an increase in 
output pulse width T. When a valid retrigger is initiated @, 

the voltage at the R/CEXT pin will again drop to VREF1 be­
fore progressing along the RC charging curve toward Vee. 
The 0 output will remain'high until time T, after the last valid 
retrigger. 

RESET OPERATION 

These one shots may be reset during the generation of the 
output pulse. In the reset mode of operation, an input pulse 
on clear sets the reset latch and causes the capacitor to be 
fast charged to Vee by turning on transistor 01 ®. When 
the voltage on the capacitor reaches VREF2, the reset latch 
will clear and then be ready to accept another pulse. If the 
clear input is held low, any trigger inputs that occur will be 
inhibited and the 0 and Q outputs of the output latch will not 
change. Since the 0 output is reset when an input low level 
is detected on the Clear input, the output pulse T can be 
made significantly shorter than the minimum pulse width 
specification. 

Typical Output Pulse Width vs. 
Timing Components 

Typical Distribution of Output 
Pulse Width, Part to Part 

Typical 1 ms Pulse Width 
Variation vs. Supply 
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~National 
D Semiconductor 

microCMOS 

MM54HC521 IMM7 4HC521 
a-Bit Magnitude Comparator (Equality Detector) 

General Description 
T~is equality detector utilizes microCMOS Technology, 3.5 
micron silicon gate P-well CMOS, to compare bit for bit two 
8-bit words and indicates whether or not they are equal. The 
P = Q output indicates equality when it is low. A single active 
low enable is provided to facilitate cascading of several 
packages and enable comparison of words greater than 8 
bits. 

This device is useful in memory block decoding applica­
tions, where memory block enable signals must be generat­
ed from computer address information. 

The comparator's output can drive 10 low power Schottky 
equivalent loads. This comparator is functionally and pin 

Connection and Logic Diagrams 

Dual-In-Llne Package 

Vcc P = 0 07 P7 06 P6 05 PS 04 P4 

11 

10 

G PO 00 P1 01 P2 02 P3 GNO 

TOP VIEW TLlF/5018-1 

MM54HC521/MM74HC521 

54HC521 (J) 74HC521 (J,N) 

Truth Table 
Inputs 

Data 
Enable 

P,Q G P=Q 

P=Q L L 
P>Q L H 
P<Q L H 

X H H 

compatible to the 54LS68817 4LS688; All inputs are protect­
ed from damage due to static discharge by diodes to Vee 
and ground. 

Features 
• Typical propagation delay: 20 ns 
• Wide power supply range: 2-6V 
• Low quiescent current: 80 /-LA (74 series) 
• Large output current: 4 mA (74 series) 

G (1) 

TL/F/S018-2 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Conditions 
Supply Voltage (VeC> -0.5 to + 7.0V Min Max Units 
DC Input Voltage (VIN) -1.5 to Vee + 1.5V Supply Voltage (VeC> 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) 

DC Output Current. per pin (lOUT) ±25mA Operating Temperature Range (T A) 
MM74HC -40 +85 °C 

DC Vee or GND Current. per pin (IcC> ±50mA MM54HC -55 +125 °C 
Storage Temperature Range (T STG) -65°C to + 150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr. tf) Vee=2.0V 1000 ns 
Lead Temperature (TV (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 

Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 ,V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI :::: 20 /LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI :::: 4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI :::: 5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH orVIL 
Output Voltage IIOUTI :::: 20 /LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI ::::4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI :::: 5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

.lIN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 /LA 
Current 

Icc Maximum Quiescent VIN=VccorGND 6.0V B.O 80 160 /LA 
Supply Current IOUT=O /LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125'C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vce = 5.5V and 4.5V respectively. (The VIH value at 5.5V is 3.85V.) The worst case leakage current (lIN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6,QV values should be used. 

!J 
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C\I 
II) 
(J 
J: 
III::t' 
t:: ,.... 
C\I 
II) 
(J 
J: 
III::t' 
II) 

:E 
:E 

AC Electrical Characteristics 
'Vcc'=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 

tpHL, tpLH Maximum Propagation 
Delay, Any P or Q to Output 

tpLH, tpHL Maximum Propagation 
Delay, Enable to any Output 

AC Electrical Characteristics 

21 

14 

Guaranteed 
Limit 

30 

20 

Units 

ns 

ns 

Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

Symbol Parameter 

tpHL, tpLH Maximum Propagation 
Delay 

tpHL, tpLH Maximum Propagation 
Delay . 

tTHL, tTLH Maximum Output Rise 
and Fall Time 

CPO Power Dissipation 
Capacitance (Note 5) 

Maximum Input 
Capacitance 

Conditions Vee 

2.0V 
4.5V 
6.0V 

.2.0V 
4.5V 

6.0V 

2.0V 
4.5V 

6.0V 

Typ 

60 
22 
19 

45 

15 
13 

30 
8 
7 

45 

5 

175 
35 
30 

120 
24 
20 

75 
15 
13 

10 

74HC 54HC 
TA= -40 to 85°C TA= -55 to 125°C 

Guaranteed Limits 

220 
44 

38 

150 
30 
25 

95 
19 
16 

10 

263 
53 
45 

180 
36 
30 

110 
22 
19 

10 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vec. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee. . 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 

1-288 



~National 
D Semiconductor 

microCMOS 

MM54HC533/MM74HC533 TRI-STATE® Octal D-Type Latch 
with Inverted Outputs 

General Description 
These high speed OCTAL O-TYPE LATCHES utilize 
microCMOS Technology, 3.5 micron silicon gate P-well 
CMOS. They possess the high noise immunity and low pow­
er consumption of standard CMOS integrated circuits, as 
well as the ability to drive 15 LS-TTL loads. Due to the large 
output drive capability and the TAl-STATE feature, these 
devices are ideally suited for interfacing with bus lines in a 
bus organized system. 

When the LATCH ENABLE input is high, the a outputs will 
follow the inversion of the 0 inputs. When the LATCH EN­
ABLE goes low, data at the 0 inputs will be retained at the 
outputs until LATCH ENABLE returns high again. When a 
high logic level is applied to the OUTPUT CONTAOL input, 
all outputs go to a high impedance state, regardless of what 
signals are present at the other inputs and the state of the 
storage elements. 

Connection Diagram 

The 54HC17 4HC logic family is speed, function, and pinout 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 13 ns 
• Wide operating voltage range: 2 to 6 volts 
• Low input current: 1 ,.,.A maximum 
• Low quiescent current: 80 ,.,.A. maximum (74HC series) 
• Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TTL loads 

Dual-In-Llne Package 

vee eo 

Truth Table 

OUTPUT 
CONTROL 

Output 
Control 

L 
L 
L 
H 

Latch 
Enable 

G 

H 
H 
L 
X 

60 70 60 

MM54HC533/MM74HC533 

50 

LATCH 
ENABLE sa G 

TL/F/5339-1 

54HC533 (J) 74HC533 (J,N) 

Data 

H 
L 
X 
X 

Output 

L 
H 
00 
Z 

H = high level, L = low level 

00 = level 01 output before steady-state input conditions 
were established. 

Z = high impedance 
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C') 
C') Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions It) 

0 Supply Voltage (Vee) -0.5 to + 7.0V Min . Max . Units 

:r: DC Input Voltage (VIN) -1.5 to Vee+ 1.5V Supply Voltage (Vee) 2 6 V 
~ DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V r-.. (VIN,VOUT) ....... Clamp Diode Current (11K, 10K) ±20mA 
C') 

DC Output Current, per pin (lOUT) ±35mA 
Operating Temperature Range (T A) 

C') MM74HC -40 +85 °C 
It) DC Vee or GND Current, per pin (Ice) ±70mA MM54HC -55 +125 °C 
0 Storage Temperature Range (T STG) - 65°C to + 150°C Input Rise or Fall Times :r: Power Dissipation (Po) 500mW (tr,tf) Vee=2.0V 1000 ns 
~ 
It) Lead Temperature (T LJ (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 

:E Vee=6.0V 400 ns 

:E DC Electrical. Characteri'stics 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C T A';" - 55 to 125°C 

Units 
Typ Guaranteed limits 

VIH Minimum High Leitel 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI::::20 p.A 2.0V .2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN=VIH orVIL 
IIOUTI ::::6.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI::::7.8 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH orVIL 
Output Voltage IIOUTI:::::20 p.A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
!louTI ::::6.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
!louTI::::7.8 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 p.A 
Current 

loz Maximum TRI-
. , 

VIN = VIH or VIL, OC = VIH 6.0V ±0.5 ±5 ±10 p.A 
STATE Output VOUT=Vee or GND 
Leakage Current 

ICC Maximum Quiescent VIN=Vee or GND 6.0V 8.0 80 160 p.A 
Supply Current IOUT=O p.A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is.3.8SV.l The worst case leakage current (lIN. 
ICC. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Chara~teristics Vcc=5V, TA=25°C, tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tpHL, tpLH Maximum Propagation Delay, Data to Q CL =45 pF 18 25 ns 

tpHL, tpLH Maximum Propagation Delay, Enable to Q CL =45 pF 21 30 ns 

tpZH, tPZL Maximum Output Enable RL =1 kn 20 28 ns 
Time CL =45 pF 

tpHZ, tpLZ Maximum Output Disable RL =1 kn 18 25 ns 
Time CL =5 pF 

ts Minimum Set Up Time 5 ns 

tH Minimum Hold Time 10 ns 

tw Minimum Pulse Width 16 ns 

AC Electrical Gharacteristics Vcc=2.0V-6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

TA=-40to85°C TA= -55 to 125°C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Prop~gation CL =50 pF 2.0V 50 150 188 225 ns 
Delay, Data to Q CL =150 pF 2.0V 80 200 250 300 ns 

CL =50pF 4.5V 22 30 37 45 ns 
CL =150 pF 4.5V 30 40 50 60 ns 

CL =50 pF 6.0V 19 26 31 39 ns 
CL =150 pF 6.0V 26 35 44 53 ns 

tPHL, tpLH Maximum Propagation CL =50 pF 2.0V 63 175 220 263 ns 
Delay, Enable to Q CL =150 pF 2.0V 110 225 280 338 ns 

CL =50 pF 4.5V 25 35 44 52 ns 
CL =150pF 4.5V 35 45 56 68 ns 

Ct:.=50 pF 6.0V 21 30 37 45 ns 
CL =150 pF 6.0V 28 39 49 59 ns 

tpZH, tpZL Maximum Output Enable Time RL =1 kn 

CL =50 pF 2.0V 50 150 188 225 ns 
CL =150 pF 2.0V 80 200 250 300 ns 

CL =50 pF 4.5V 21 30 37 45 ns 
CL =150 pF 4.5V 30 40 50 60 ns 

CL =50 pF 6.0V 19 26 31 39 ns 
CL =150 pF 6.0V 26 35 44 53 ns 

tpHZ, tpLZ Maximum Output Disable RL =1 kn 2.0V 50 150 188 225 ns 
Time CL =50 pF 4.5V 21 30 37 45 ns 

6.0V 19 26 31 39 ns 

ts Minimum Set Up Time 2.0V 5 25 31 38 ns 
4.5V 2 5 6 8 ns 
6.0V 2 5 6 8 ns 

tH Minimum Hold Time 2.0V 20 50 60 75 ns 
4.5V 6 10 13 20 ns 
6.0V 6 10 13 20 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
4.5V 10 16 20 24 ns 
6.0V 9 14 18 20 ns 

tTHL, tTLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

CPO Power Dissipation Capacitance (Note 5) (per latch) 
OC=VCC 30 pF 
OC=Gnd 50 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

COUT Maximum Output Capacitance 15 20 20 20 pF 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vce2 f+lee Vee, and the no load dynamic current consumption, 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

microCMOS 

MM54HC534/MM74HC534 
TRI-STATE® OctalD-Type Flip-Flop with Inverted Outputs 

/ 

General Description 
These high speed Octal OoType Flip-Flops utilize micro­
CMOS Technology, 3.5 micron silicon gate P-well CMOS. 
They possess the high noise immunity and low power con­
sumption of standard CMOS integrated circuits, as well as 
the ability to drive 15 LS-TTL loads. Due to the large output 
drive capability and the TRI-STATE feature,these devices 
are ideally suited for interfacing with bus lines in a bus orga­
nized system. 

These devices are positive edge triggered flip-flops. Data at 
the 0 inputs, meeting the setup and hold time requirements, 
are transferred to the a outputs on positive going transi­
tions of the CLOCK (CK) input. When a high logic level is 
applied to the OUTPUT CONTROL (OG) input, all outputs go 
to a high impedance state, regardless of what signals are 
present at the other inputs and the state of the storage 
elements. 

Connection Diagram 

The 54HC17 4HC logic family is speed, function, and pinout 
compatible with the standard 54LS17 4LS logic family., All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 15 ns 
• Wide operating voltage range: 2-6V 
• Low input current: 1 ,...A maximum 
• Low quiescent currenl: 80 ,...A maximum 
• Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TTL loads 

Dual-ln-L1ne Package 

Truth Table 

Vee iii eD 7D 7ti iii ID 5D 50 CLe~K 

lD ZD n ~ 3D C~ in GHD 

TOP VIEW TL/F/5340-1 

MM54HC534/MM74HC534 

54HC534 (J) 74HC534 (J,N) 

Output 
Clock Oa'i:a Outpu1 

Controi 

L i H 
L i L 
L L X 
H X X 

H = High Level, L = Low Level 

X = Don't Care 

t = Transition from low-te-high 

Z = High impedance state 

L 
H· 

00 
Z 

00 = The level of the output before totGady state 
input c()nditions were estab!i;;hoj 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee> . -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+ 1.5V Supply Voltage (Vee> . 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) 

DC Output Current. per pin (lOUT) ±35mA Operating Temperature Range (T A) 
MM74HC -40 +85 ·C 

DC Vee or GND Current. per pin (Icc> ±70mA MM54HC -55 +125 ·C 
Storage Temperature Range (TSTG) - 65·C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr• tf) Vee=2.0V 1000 ns 

Lead Temperature (Tu (Soldering 10 seconds) 260·C Vee=.4·5V 500 ns 
Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40to85·C TA= -55 to 125"C 

Units III 
Typ Guaranteed Umlts 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI:::20 p.A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 

IIOUTI :::6.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
.. IIOUTI::;:7.8 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI:::20 p.A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI:::6.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI:::7.8 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 p.A 
Current 

loz Maximum TRI·STATE VIN = VIH or VIL. OC = VIH 6.0V ±0.5 ±5 ±10 p.A 
Output Leakage VOUT=VCcorGND 
Current 

Icc Maximum Quiescent VIN=VCC orGND 6.0V 8.0 80 160 p.A 
Supply Current 10UT=0 p.A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6S·C to 8S·C; ceramic "J" package: -12 mWrC from 
1OQ°C to 12SoC. 

Note 4: For a power supply of 5V ± 1 0% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
deSigning with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.5V respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (liN. 
Icc. and lov occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25°C, tr=tl=6 ns 

Symbol Parameter Conditions Typ Guaranteed LImit Units 

fMAX Maximum Operating Frequency 35 MHz 

tpHL, tpLH Maximum Propagation Delay Clock to Q CL =45 pF 23 32 ns 

tpZH. tPZL Maximum Output Enable RL=1 kO 21 28 ns 
Time CL =45 pF 

tpHZ, tpLZ Maximum Output Disable RL =1 kO 19 25 ns 
Time CL =5pF 

ts Minimum Set Up Time 10 20 ns 

tH Minimum Hold Time 0 5 ns 

tw Minimum Pulse Width 9 16 ns . 
AC Electrical Characteristics Vcc=2.0-6.0V, CL =50 pF, tr=tl=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C TA= -55 to 125°C 
Units 

Typ Guaranteed LImits 

fMAX Maximum Operating CL =50 pF 2.0V 6 5 4 MHz 
Frequency 4.5V 30 24 20 MHz 

6.0V 35 28 23 MHz 

. tpHL, tpLH . Maximum Propagation CL =50 pF 2.0V 68 180 225 270 ns 
Delay, Clock to-o CL =150 pF 2.0V 110 230 288 345 ns 

CL =50 pF 4.5V 22 36 45 48 ns 
CL =150 pF 4.5V 30 46 57 69 ns 

CL =50 pF 6.0V 20 31 39 46 ns 
CL =150 pF 6.0V 28 40 50 60 ns 

tpZH, tpZL Maximum Output Enable Time RL=1kO 

CL =50 pF 2.0V 50 150 189 225 ns 
CL =150 pF 2.0V 80 200 250 300 ns 

CL =50 pF 4.5V 21 30 37 45 ns 
CL =150 pF 4.5V 29 40 50 60 ' ns 

- CL =50 pF 6.0V -19 26 31 39 ns 
CL =150 pF 6.0V 25 35 44 53 ns 

tpHZ, tpLZ Maximum Output Disable RL =1 kO 2.0V 50 150 189 225 ns 
Time CL =50 pF 4.5V 21 30 37 45 ns 

6.0V 19 26 31 39 ns 

ts Minimum Set Up Time 2.0V 100 125 150 ns 
4.5V 20 25 30 ns 
6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 5 5 5 ns 
4.5V 5 5 5 ns 
6.0V 5 5 5 ns 

tw Minimum Pulse Width 2.0V 80 100 120 ns 
4.5V 16 20 24 ns 
6.0V 14 18 20 ns 

tTHL, tTLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

tr,tl Maximum Input Rise and Fall Time 1000 1000 1000 ns 
500 500 500 ns 
400 400 400 ns 

CPO Power Dissipation (per flip-flop) pF 
Capacitance (Note 5) OC=VCC 30 

OC=Gnd 50 

CIN Maximum Input Capacitance 5 10 10 10 pF 

COUT Maximum Output Capacitance 15 20 20 20 pF 

. Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vee2 f+lee Vee, and the no load dynamic current consumption, 
Is=9po Vee f+lee· 
Note 6: Refer to back o,f this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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MM54HC540/MM74HC540 
Inverting Octal TRI-STATE® Buffer 
MM54HC541/MM74HC541 
Octal TRI-STATE Buffer 

General Description 
These TRI-STATE buffers utilize microCMOS Technology, 
3.5 micron silicon gate P-well CMOS. They possess high 
drive current outputs which enable high speed operation 
even when driving large bus capacitances. These circuits 
achieve speeds comparable to low power Schottky devices, 
while retaining the advantage of CMOS circuitry, i.e., high 
noise immunity, and low power consumption. Both devices 
have a fanout of 15 LS-TTL equivalent inputs. 

The MM54HC540/MM74HC540 is an inverting buffer and 
the MM54HC5411MM74HC541 is a non-inverting buffer. 
The TRI-STATE control gate operates as a two-input NOR 
such that if either G1 or G2 are high, all eight outputs are in 
the high-impedance state. 

Connection Diagrams 

In order to enhance PC board layout, the 'HC540 and 
'HC541 offers a pinout having inputs and outputs on oppo­
site sides of the package. All inputs are protected from dam­
age due to static discharge by diodes to Vee and ground. 

Features 
• Typical propagation delay: 12 ns . 
iii TRI-ST ATE outputs for connection to system buses 
iii Wide power supply range: 2-6V 
II Low quiescent current: 80 JlA maximum (74HC series) 
a Output current: 6 rnA 

Dual·ln·Llne Package 

Vee iff Yl Y2 YJ Y4 Y5 Y6 Y7 Y8 

iii Al A2 AJ A4 AS A6 A7 AS GND 

TL/F/5341,-1 

MM54HC540/MM74HC540 

54HC540 (J) 74HC540 (J,N) 
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Vee iff Yl Y2 YJ Y4 YS Y6 Y7 va 

ii1 Al A2 AJ A4 AS A6 A7 A8 GND 

TL/F/5341-2 

MM54HC541/MM74HC541 

54HC541 (J) 74HC541 (J,N) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions I.t)I.t) 

00 Supply Voltage (VeC> -0.5 to + 7.0V Min Max Units 
J:J: DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(VeC> 2 6 V 
~~ 

~~ DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

O~ Clamp Diode Current (leo) ±20mA (VIN,VOUT) 

~~ DC Output Current, per pin (lOUT) ±35mA Operating Temperature Range(T A) 
I.t)I.t) MM74HC -40 +85 °C 
00 DC Vee or GND Current, per pin (Icc> ±70mA MM54HC -55 +125 °C 

J:J: Storage Temperature Range (T STG) -65°C to + 150°C Input Rise or Fall Times 
~~ Power Dissipation (Po) (Note 3) 500mW (tr, tt) Vee=2.0V 1000 ns 
I.t)I.t) 

Lead Temperature (TO (Soldering 10 seconds) 260°C Vee=4.5V 500 ns :E:E Vee=6.0V 400 ns 

:E:E 
DC Electrical Characteristics (Note 4) 

TA = 25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40to85°C T A = -: 55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum l:Iigh Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI ~ 20 ,..,A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI ~ 6.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI ~7.8 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI ~20 ,..,A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI~6.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI ~7.8 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 ,..,A 
Current 

loz Maximum TRI- VIN = VIH or VIL, G = VIH 6.0V ±0.5 ±5 ±10 ,..,A 
STATE Output VOUT=Vee or GND 
Leakage Current 

ICC Maximum Quiescent VIN=VeCorGND 6.0V 8.0 80 160 ,..,A 
Supply Current 10UT=0 ,..,A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -1.2 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee =S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (lIN. 
ICC. and loZ> occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL, tpLH Maximum Propagation CL=45pF 12 18 ns 
Delay (540) 

tpHL, tpLH Maximum Propagation CL=45 pF 14 20 ns 
Delay (541) 

tpZH, tPZL Maximum Output Enable RL= kn 17 28 ns 

Time CL =45 pF 

tpHZ, tpLZ Maximum Output Disable RL= kn 15 25 ns 
Time CL =5 pF 

AC Electrical Characteristics 
Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

TA = -40 to 85°C TA = -55 to 125°C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation CL =50 pF 2.0V 55 100 126 149 ns 

Delay (540) CL =150 pF 2.0V 83 150 190 224 ns 

CL =50 pF 4.5V 12 20 25 30 ns 
CL =150 pF 4.5V 22 30 38 45 ns 

CL =50 pF 6.0V 11 17 21 25 ns 

CL =150 pF 6.0V 18 26 32 38 ns 

tpHL, tpLH Maximum Propagation CL =50 pF 2.0V 58 1'15 145 171 ns 
Delay (541) CL =150 pF 2.0V 83 165 208 246 ns 

CL =50 pF 4.5V 14 23 29 34 ns 

CL =150 pF 4.5V 17 33 42 49 ns 

. CL =50pF 6.0V 11 20 25 29 ns 

CL =150 pF 6.0V 14 28 35 42 ns 

tpZH, tpZL Maximum Output Enable RL =1 kn 
Time CL =50 pF 2.0V 75 150 189 224 ns 

\ 

CL =150 pF 2.0V 100 200 252 298 ns 

) CL =50 pF 4.5V 15 30 38 45 ns 

CL=150 pF 4.5V 30 40 50 60 ns 

CL =50 pF 6.0V 13 26 32 38 ns 

CL =150 pF 6.0V 17 34 43 51 ns 

tpHZ, tpLZ Maximum Output Disable RL=l kn 2.0V 75 150 189 224 ns 
Time CL =50pF 4.5V 15 30 38 45 ns 

6.0V 13 26 32 38 ns 

tTHL, tTLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

CPO Power Dissipation OC=Vcc 10 pF 

Capacitance (Note 5) OC=GND 50 pF 

CIN Maximum Input 5 10 10 10 pF 

Capacitance 

COUT Maximum Output Capacitance 15. 20 20 20 pF 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee, 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits, 
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MM54HC543/MM74HC543 
Octal Registered Transceiver 

General Description 
This octal transceiver utilizes microCMOS technology, 
3.0 micron silicon gate N-well CMOS, and is intended for 
two-way asynchronous communication between data 
buses. These devices possess the low power consump­
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. They are output compatible 
with LS-TTL, and can drive up to 15 LS-TTL loads. All inputs 
are protected from damage due to static discharge by 
diodes to Vee an9 ground. 

The HC543 contains two sets of D·type latches for tem­
porary storage of data flowing in either direction. Separate 
latch enable and output enable inputs are provided for 
each register to permit independent control of inputting 
and outputting in either direction of data flow. 

For data flow from A to B, for example, the A-to-B enable 
(EAB) input must be 'low' in order to enter data from AO-A7 
or take data from BO-B7, as indicated in the I/O Control 
Table. With EAB low, a low Signal on A-to-B latch enable 
(LE'AB) input makes the A-to-B latches transparent; a sub­
sequent low-to·high transition of the LEAB Signal puts the 
A latches in the storage mode and their outputs no longer 
change with the A inputs. With EAB and OEAB both low, 
the TRI-STATE® B output buffers are active and reflect the 
data present at the output of the A latches. Control of data 
flowfrom Bto A is similar, but uses the EBA, LEBA and OEBA 
inputs. 

Logic Diagram 

AD 

A1 

A2 
A3 

A4 

AS 

A6 

A7 

DEBA 

EBA 

LEBA 

r--------------.., 
I DETAIL A I I D a 

I : 
I I 
I I 
I I L_____ _J 

BO 

B1 

B2 
B3 

B4 

B5 

B6 

B7 

OEAB 

EAB 

LEAB 

TLlF16129·1 

"" PRELIMINARY 

microCMOS 

Features 
• Octal TRI-STATE outputs for I'P bus applications 
• Output drive capability: 15 LS-TTL loads 

• Large output curren"t: 6 mA 
• Back-to-back registers for storage 
• Separate controls for data flow in each direction 

1/0 Control Table 

Inputs Latch Status 
EAB LEAB OEAB A-to·B 

H X X Storing 
X H Storing 
X H 
L L L Transparent 
L H L Storing 

• Sefore LEAS low-to-hlgh transition 

H = high voltage level 

L = low voltage level 

X = Don't care 

Output Buffers 

BO-B7 

Hi-Z 

Hi-Z 
Current A Inputs 

Previous A Inputs· 

tA-to-S data flow shown: S-to-A flow control is the same, except uses 
EM, ITSA and OEBA 

Connection Diagram 

Dual-In-Line Package 

Al A2 

A4 23 A1 

AS AD 

A6 21 OEAB 

A7 20 LEBA 

Vee 19 EBA 

B7 18 GNO 

17 EAB 

B5 16 LEAB 

B4 10 15 OE8A 

83 11 14 80 

82 12 13 81 

TOP VIEW 

TLlF16129"2 
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PRELIMINARY 

MM54HC544/MM74HC544 microCMOS 

Octal Registered Inverting Transceiver 

General Description 
This octal transceiver utilizes microCMOS technology, 
3.0 micron silicon gate N-well CMOS, and is intended for 
two-way asynchronous communicativ~ between data 
buses. These devices possess the low pO.'Ier consump­
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TILcircuits. They are output compatible 
with LS-TIL, and can drive up to 15 LS-TIL loads. All inputs 
are protected from damage due to static discharge by 
diodes to Vee and ground. 

The HC544 contains two sets of D-type latches for tem­
porary storage of data flowing in either direction. Separate 
latch enable and output enable inputs are provided for 
each register to permit independent control of inputting 
and outputting in either direction of data flow. 

For data flow from A to B, for example, the A-to-B enable 
(EAB) input must be 'low' in order to enter data from AO-A7 
or take data from BO-B7, as indicated in the 1/0 Control 
Table. With EAB low, a low signal on A-to-B latch enable 
(LEA B) input makes the A-to-B latches transparent; a sub­
sequent low-to-high transition of the LEAB signal puts the 
A latches in the storage mode and their outputs no longer 
change with the A inputs. With EAB and OEAB both low, 
the TRI-STATE® B output buffers are active and reflect the 
data present at the output of the A latches. Control of data 
flow from B to A is similar, but uses the EBA, LEBA and OEBA 
inputs. 

Logic Diagram 

r-----------~--..., 
I . DETAIL A I 
I D Q 

I : 
BO 

I I 
I I 

AD 

I I L_____ _J 

Al Bl 

A2 B2 
A3 B3 

A4 DETAIL Ax7 B4 

A5 B5 

A6 B6 

A7 B7 

OEBA DEAB 

EBA EAB 

LEBA LEAB 

TLlF16130·1 

Features 
• Inverting outputs 
• Octal TRI-STATE outputs for lIP bus applications 

• Output drive capabjlity: 15 LS-TIL loads 

• Large output current: 6 mA 
• Back-to-back registers for storage 

• Separate controls for data flow in each direction 

110 Control Table 

Inputs Latch Status 
EAB LEAB OEAB A-to-B 

H X X Storing 
X H - Storing 

X - H' -
L L L Transparent 
L H L Storing 

* Before LEAB low-to-high transition 

H = high voltage level 

L= low voltage level 

x = don't care 

Output Buffers 

BO-B7 

Hi-Z 

-
Hi-Z 

Current A Inputs 

Previous A Inputs· 

tA-to-B data flow shown: B-to-A flow control is the same, except uses 
EBA, LEBA and OEBA 

Connection Diagram 

Dual-In-Line Package 

A3 24 A2 

A4 23 Al 

A5 22 AD 

A6 21 DEAB 

A7 20 LEBA 

Vee 19 EBA 

B7 18 GND 

B6 17 EAB 

B5 16 LEAB 

B4 10 15 DEBA 

B3 11 14 BO 

B2 12 13 Bl 

TDPVIEW 

TLlF16130·2 
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PRELIMINARY 

MM54HC550/MM74HC550 Octal Registered 
Transceiver with Status Flags 

microCMOS 

General Description 
This octal transceiver utilizes microCMOS technology, 
3.0 micron silicon gate N-weII.CMOS, and'is intended for 
two-way asynchronous communication between data 
buses. These devices possess the low power consump­
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TIL circuits. They are output compatible 
with LS·TIL; and can drive up to 15 LS-TIL loads. All inputs 
are protected from damage due to static discharge by 
diodes to Vee and ground. 

The MM54HC550/MM74HC550 contain two B-bit registers 
for temporary storage of data flowing in either direction. 
Each register has its own clock pulse and clock enable in­
puts, as well as a flag flip-flop that is set automatically as 
the register is loaded. Each flag flip-flop is provided with a 
clear input, and each register has a separate output 
enable control for its TRI·STATE® buffers. The separate 
clocks, flags and enables provide considerable flexibility 
as I/O ports for demand-response data transfer. 

Data applied to the A inputs is entered and stored-on the 
rising edge ofthe A clock pulse (CPA), provided that the A 
clock enable (CEA) is low; simultaneously, the status flip­
flop is set and the A-to-B flag (FAB) output goes high. Data 

Logic Diagram 

AD 

AI 
A2 

A3 
A4 

AS 
AS 

A7 

thus entered from the A Inputs Is present at the Inputs to 
the B output buffers, but appears only on the B I/O pins 
when the B output enable (OEB) signal Is made low. After 
the B output data Is assimilated, the receiving system 
clears the A-to-B flag flip-flop by applying a low·to-high 
transition to the CFAB Input. Optionally, the OEA and 
CFAB pins can be tied together and operated by one func­
tion from the receiving system. 

Data flow from B·to-A proceeds In the same manner de­
scribed for A-to-B flow. Inputs CEB and CPB enter the Bin­
put data and set the B-to-A flag (FBA) output high. A low 
Signal on OEA enables the A output buffers and a low-to­
high transition on CFBA clears the FBA flag. 

Features 
• Output drive: 15 LS-TIL loads 
• Large output current: 6 mA 
• Back-to-back registers for storage 
• Register status flag flip-flops 
• Separate edge·detecting clears for flag 

Connection Diagram 

Dual·ln·Llne Package 

A3 A2 

BO A4 AI 

AS AD 

CFBA liEA 

Bl FBA CPB 

B2 AS 
B3 
B4 A7 GNO 

B5 Vee w: 
B6 
B7 B7 CPA 

B6 1iE8 

FAa 80 

CFA8 81 

85 82 

84 14 15 B3 

TOP VIEW 
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PRELIMINARY 

MM54HC551/MM74HC551 Octal Registered 
Inverting Transceiver with Status Flags 

microCMOS 

General Description 
This octal transceiver utilizes microCMOS technology, 
3.0 micron silicon gate N-well CMOS, and is intended for 
two-way asynchronous communication between data 
buses. These devices possess the low power consump­
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. They are output compatible 
with LS-TTL, and can drive up to 15 LS-TTL loads. All inputs 
are protected from damage due to static discharge by 
diodes to Vee and ground. 

The MM54HC551/MM74HC551 contain two 8-bit registers 
for temporary storage of data flowing in either direction. 
Each register has its own clock pulse and clock enable in­
puts, as well as a flag flip-flop that is set automatically as 
the register is loaded. Each flag flip-flop is provided with a 
clear input, and each register has a separate output 
enable control for its TRI-STATE@ buffers. The separate 
clocks, flags and enables provide considerable flexibility 
as I/O ports for demand·response data transfer. 

Data applied to the A inputs is entered and stored on the 
riSing edge of the A clock pulse (CPA), provided that the A 
clock enable (CEA) is low; simultaneously, the status flip­
flop is set and the A-to-B flag (FAB) output goes high. Data 
thus entered from the A inputs is present at the inputs to 

Logic Diagram 

AO 

r----------- ., 
DllLA I 

I I 
I 
I 
I 
I 

the B output buffers, but appears only on the B I/O pins 
when the B output enable (OEB) signal is made low. After 
the B output data is assimilated, the receiving system 
clears the A·to-B flag flip-flop by applying a low-to·high 
transition to the CFAB input. Optionally, the OEA and 
CFAB pins can be tied together and operated by one func­
tion from the receiving system. 

Data flow from B-to-A proceeds in the same manner de­
scribed for A-to-B flow. Inputs CEB and CPB enter the Bin­
put data and set the B-to~A flag (FBA) output high. A low 
signal on OEA enables the A output buffers and a low-to­
high transition on CFBA clears the FBA flag. 

Features 
• Inverting outputs 
• Output drive: 15 LS-TTL loads 
• Large output current: 6 mA 
• Back-to·back registers for storage 
• Register status flag flip-flops 
• Separate edge-detecting clears for flag 

Connection Diagram 

Dual·ln-Llne Package 

A3 28 A2 

A4 27 A1 

~+-t--t-DO A5 26 AO 

A1 
A2 

A3 
A4 

A5 
A6 
A7 

DETAIL Ax7 
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FBA 

A6 

A7 

Vee 
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GND 
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CPA 

DEB 
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TOP VIEW 
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microCMOS 

MM54HC563/M M7 4HC563 
TRI-STATE® Octal D-Type Latch with Inverted Outputs 
General Description 
These high speed OCTAL D-TYPE LATCHES utilize 
microCMOS Technology, 3.5 micron silicon gate P-well 
CMOS. They possess the high noise immunity and low pow­
er consumption of standard CMOS integrated circuits, as 
well as the ability to drive 15 LS-TIL loads. Due to the large 
output drive capability and the TRI-STATE feature, these 
devices are ideally suited for interfacing with bus lines in a 
bus or~anized system. 

When the LATCH ENABLE (LE) input is high, the Q outputs 
will follow the inversion of the D inputs. When the LATCH 
ENABLE goes low, data at the D inputs will be retained at 
the outputs until LATCH ENABLE returns high again. When 
a high logic I~vel is applied to the OUTPUT CONTROL (OC) 
input, all outputs go to a high impedance state, regardless 
of what signals are present at the other inputs and the state 
of the storage elements. 

Connection Diagram 

The 54HC/74HC logic family is speed, function and pin-out 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Features 
a Typical propagation delay: 13 ns 
II Wide operating voltage range: 2 to 6 volts 

• Low input current: 1 ILA maximum 
• Low quiescent current: 80 ILA maximum (74 series) 
• Compatible with bus-oriented systems 
.. Output drive capability: 15 LS-TIL loads 
.. Same as 580 

Dual-In-Llne Package 

Truth Table 

LATCH· 
Vee 10 20 30 40 50 60 70 BO ENABLE 

OUTPUT 10 20 30 40 50 60 70 BO GNO 
CONTROL 

TOP VIEW 

MM54HC563/MM74HC563 

54HC563 (J) 74HC563 (J,N) 

Output Latch Data Output 
Control Enable 

L H H L 
L H L H 
L L X 00 
H X X Z 

H = high level, L = low level 

00 = level of output before steady-state input 
conditions were established 

Z = high impedance 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vce) -0.5 to + 7.0V Min Max Units 
DC Input Voltage (VIN) -1.5 to Vcc+1.5V Supply Voltage(Vce) 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vcc+0.5V DC Input or Output Voltage 0 Vcc V 

Clamp Diode Current (Icd ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±35mA Operating Temperature Range(T A) 
MM74HC -40 +85 ·C 

DC Vee or GND Current, per pin (Icd ±70mA MM54HC -55 +125 ·C 
Storage Temperature Range (TSTG) - 65·C to + 150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (t~, tf) Vcc=2.0V 1000 ns 
Lead Temperature (T U (Soldering 10 seconds) 260°C Vcc=4.5V 500 ns 

. Vcc=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI :::;: 20 p.A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI :::;: 6.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI :::;:7.8 rnA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI :::;:20 p.A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI :::;:6.0 rnA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI :::;: 7.8 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input Current VIN=VCC or GND 6.0V ±0.1 ±1.0 ±1.0 ,...A 

loz Maximum TRI-STATE Output VOUT=VCcorGND 6.0V ±0.5 ±5.0 ±10 /-LA 
Leakage Current OC=VIH 

Icc Maximum Quiescent Supply VIN=VccorGND 8.0 80 160 ,...A 
Current IOUT=O /-LA 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V is 3.85V.) The worst case leakage current (liN. 
Icc, and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

, 
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AC Electrical Characteristics Vcc=5V, TA=25°C, tr=tf=6 ns (Note 6) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL, tPLH Maximum Propagation Delay, Data to Q CL =45 pF 12 19 ns 

tpHl, tpu-i Maximum Propagation Delay, Clock to Q CL =45 pF 12 20 ns 

tpZH, tPZL Maximum Output Enable Time RL =1 kn 13 25 ns 
CL =45 pF 

tpHZ, tpLZ Maximum Output Disable Time RL =1 kn 11 20 ns 
CL =5 pF 

ts Minimum Set Up Time 10 15 ns 

tH Minimum Hold Time 2 5 ns 

tw Minimum Pulse Width 10 16 ns 

AC Electrical Characteristics Vcc=2.0-6.0V, tr=tf=6 ns (Note 6) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions VC~ 
TA= -40 to 85°C TA= -55 to 125°C 

Units 
Typ Guaranteed Limits 

tpHL, tpLH Maximum Prop~gation CL =50 pF 2.0V 45 110 138 165 ns 
Delay, Data to Q CL =150 pF 2.0V 58 150 188 225 ns 

CL =50 pF 4.5V 14 22 28 33 ns 
CL =150 pF 4.5V 21 30 38 40 ns 

CL =50 pF 6.0V 12 19 24 29 ns 
CL =150 pF 6.0V 19 26 33 39 ns 

tpHL, tpLH Maximum ProP<!9ation CL =50pF 2.0V 46 115 143 173 ns 
Delay, Clock to Q CL =150 pF 2.0V 60 155 194 233 ns 

CL =50 pF 4.5V 14 23 29 35 ns 
CL =150 pF 4.5V 21 31 47 47 ns 

CL =50pF 6.0V 12 20 25 30 ns 
CL =150 pF 6.0V 19 27 34 41 ns 

tpZH, tPZL Maximum Output Enable Rl =1 kn 
Time CL =50 pF 2.0V 55 140 175 210 ns 

CL =150pF 2.0V 67 180 225 270 ns 

CL =50pF 4.5V 15 28 35 42 ns 
Cl =150 pF 4.5V 24 36 45 54 ns 

CL=50pF 6.0V 14 . 24 30 36 ns 
CL =150 pF 6.0V 22 31 39 47 ns 

tpHZ. tpLZ Maximum Output Disable RL =1 kn 2.0V 40 125 156 188 ns 
Time CL =50pF 4.5V 13 25 31 38 ns 

6.0V 12 21 27 32 ns 

ts Minimum Set Up Time 2.0V 30 75 95 110 ns 
Data to LE 4.5V 10, 15 19 22 ns 

6.0V 9 13 16 19 ns 

tH Minimum Hold Time 2.0V 25 31 38 ns 
LEto Data 4.5V 5 6 7 ns 

6.0V 4 5 6 ns 

tw Minimum Pulse Width, LE 2.0V 30 80 100 120 ns 
Do 4.5V 9 16 20 24 ns 

6.0V 8 14 18 20 ns 

tr, tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

tTLH, tTHL Maximum Output Rise CL =50pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

CPO Power Dissipation Capacitance OE=Vcc 30 pF 
(Note 5) (per latch) OE=GND 50 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

COUT Maximum Output Capacitance 15 20 20 20 pF 

Note 5: CpO determines the no load dynamic power consumption, Po=Cpo Vee2 Hlce Vee, and the no load dynamic current consumption, 
Is=Cpo Vee Hlce· 
Note 6: Refer to back of this section for Typical MM54n4HC AC SWitching Waveforms and Test Circuits. 
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~National 
~ Semiconductor microCMOS 

MM54HC564/MM74HC564 
TRI-STATE® Octal O-Type Flip-Flop with Inverted Outputs 
General Description 
These octal Ootype flip-flops utilize microCMOS Technol­
ogy, 3.5 micron silicon gate P-well CMOS. They possess the 
high noise immunity and low power consumption of stan­
dard ~MOS integrated circuits as well as the ability to drive 
15 LS-TTL loads. Due to the large output drive capability 
and the TRI-STATE feature, these devices are ideally suited 
for interfacing with bus lines In a bus organized system. 

These devices are positive edge triggered flip-flops. Data at 
the 0 inputs, meeting the set-up and hold time require­
ments, are transferred to the 0 outputs on positive going 
transitions of the CLOCK (CK) input. When a high logic level 
is applied to the OUTPUT CONTROL (OC) input, all outputs 
go to a high impedance state, regardless of what signals are 
present at the other inputs and the state of the storage 
elements. 

The 54HC174HC logic family is speed, function, and pinout 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 15 ns 
• Wide operating voltage range: 2V-6V 
• Low input current: 1 IJ-A maximum 
• Low quiescent current: 80 IJ-A maximum (74HC Series) 
• Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TTL loads 

• Same as 576 

Connection Diagram 
Dual-In-Llne Package 

Truth Table 

LATCH 
Vee 10 20 30 40 50 60 70 80 ENABLE 

OUTPUT 10 20 30 40 50 60 70 80 GNO 
CONTROL 

TOP VIEW 

MM54HC564/MM74HC564 

54HC564 (J) 74HC564 (J,N) 

Output Clock Data Control 

L t H 
L t L 
L L X 
H X X 

H = High Level. L = Low Level 
X = Don't Care 
t = Transition from low-to-high 
Z = High Impedance State 

Output 

L 
H 
00 
Z 

TL/F/5211-1 

00 = The level of the output before steady state 
Input conditions were established 

1-305 



Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee> -0.5 to + 7.0V Min Max Units 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(VeC> 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) . ±20mA' (VIN,VOUT) 

DC Output Current, per pin (lOUT) 
j 

±35mA Operating Temperature Range(T A) 
MM74HC -40 +85 °C 

_DC Vee or GND Current, per pin (IcC> ±70mA MM54HC -55. +125 °C 
Storage Temperature Range (TSTG) - 65°C to + 150·C Input Rise or Fall Times 
Power Dissipation (~D) (Note 3) 500mW (tr, tt) Vee=2.0V 1006 ns 
Lead Temperature (T L> (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 

Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C T A = - 55 to 125·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level Input 2.0V 1.5 1.5 1.5 V 
Voltage' 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 .1.2 1.2 V 

VOH Minimum High Level Output VIN '7' VIH or VIL 
Voltage Iiourl :5:20 #A-A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
Iiourl :5:6.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI :5:7.8 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level Output VIN = VIH or VIL 
Voltage IIOUTI :5:20 #A-A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI :5:6.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI :5:7.8 mA 6.0V 0.2 0.26 0.33 0.4 V 

lIN Maximum Input Current VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 #A-A 

10Z Maximum TRI·STATE Output VouT=VeeorGND 6.0V ±0.5 ±5.0 ±10 #A-A 
Leakage Current Oe=VIH 

Icc Maximum Quiescent Supply VIN=Vee or GND 6.0V 8.0 80 160 #A-A 
Current 10UT=0 #A-A 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6S·C to 8S·C; ceramic "J" package: -12 mWrC from 
100·C to 12S·C. 
Note 4: For a power supply of SV ± 1 0% the worst-case output voltages (VOH. and VeLl occur for HC at 4.5V. Thus the 4.SV values should be used when 
d,bsigning with this supply. Worst-case VIH and VIL occur at Vcc=5.5V and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst-case leakage current 
(liN. Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V. TA=25°C. tr=tf=6 ns (Note 6) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating Frequency 50 35 MHz 

tpHL. tpLH ' Maximum Propagation Delay. Clock to a CL =45 pF 12 20 ns 

tpZH. tPZL Maximum OutP.ut Enable Time RL =1 kn 
CL =45 pF 

13 25 ns 

tpHZ. tpLZ Maximum Output Disable Time RL =1 kn 11 20 ns 
CL =5 pF 

ts Minimum Set-Up Time 20 ns 

tH Minimum Hold Time 0 ns 

tw Minimum Pulse Width 16 ns 

AC Electrical Characteristics Vcc=2.0-6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) 
(Note 6) 01 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C TA= -55 to 125°C 
Units 

T1P Guaranteed Limits 

fMAX Maximum Operating Frequency CL =50 pF 2.0V 6 5 4 MHz 
4.5V 30 24 20 MHz 
6.0V 35 28 23 MHz 

tPHL. tpLH Maximum Prop~ation CL =50 pF 2.0\; 40 115 143 173 ns 
Delay. Clock to a CL =150 pF 2.0V 51 155 194 233 ns 

CL =50pF 4.5V 13 23 29 35 ns 
CL =150 pF 4.5V 19 31 47 47 ' ns 

CL=50 pF 6.0V 12 20 25 30 ns 
CL =150 pF 6.0V 18 27 34 41 ns 

tpZH. tPZL Maximum Output Enable RL =1 kn 
Time CL =50 pF 2.0V 45 140 175 210 ns 

CL =150 pF 2.0V 59 180 225 270 ns 

CL =50 pF 4.5V 14 28 35 42 ns 
CL =150 pF 4.5V 20 36 45 54 ns 

CL =50 pF 6.0V 12 24 30 36 ns 
CL =150 pF 6.0V 18 31 39 47 ns 

tpHZ. tpLZ Maximum Output Disable Time RL =1 kn 2.0V 35 125 156 188 ns 
CL =50 pF 4.5V 12 25 31 38 ns 

6.0V 10 21 27 32 ns 

ts Minimum Set-Up Time 2.0V 100 125 . 150 ns 
Data to Clock 4.5V 20" 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
Clock to Data 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tTHL. tTLH Maximum Output Rise CL =50 pF 2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

tw Minimum Clock Pulse Width 2.0V 30 80 100 120 ns 
4.5V 8 16 20 24 ns 

6.0VO 7 14 18 20 ns 

tr• tf Maximum Input Rise and Fall Time 2.0V 1000 1000 1000 ns 
4.5V 500 500 500 ns 
6.0V 400 400 400 ns 

CPO Power Dissipation Capacitance OC=VCC 30 pF 
(Note 5) (per latch) OC=GND 50 pF 

CIN Maximum Input Capacitance 5 10 10 10' pF 

COUT Maximum Output Capacitance 15 20 20 20 pF 

Note 5: CPO determines the no load dynamic power consumption. Po= CPO Vcc2 f+ IcC Vee. and the no load dynamic current consumption. 
Is=Cpo Vee 1+lee· 
Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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~National . 
D Semiconductor 
MM54HC57'3/MM74HC573 
TRI-STATE® Octal D-Type Latch 
General Description 

microCMOS 

These high speed octal Ootype latches utilize microCMOS 
Technology, 3.5 micron silicon gate P-well CMOS. They 
possess the high noise immunity and low power consump­
tion of standard CMOS integrated circuits, as well as the 
ability to drive 15 LS-TIL loads. Due to the large output 
drive capability and the TRI-STATE feature, these devices 
are ideally suited for interfacing with bus lines in a bus orga­
nized system. 

The 54HC17 4HC logic family is speed, function and pinout 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 13 ns 

When the LATCH ENABLE(LE) input is high, the 0 outputs 
will follow the D inputs. When the LATCH ENABLE goes 
low, data at the D inputs will be retained at the outputs until 
LATCH ENABLE returns high again. When a high logic level 
is applied to the OUTPUT CONTROL OC input, all outputs 
go to a high impedance state, regardless of what signals are 
present at the other inputs and the state of the storage 
elements. 

• Wide operating voltage range: 2 to 6 volts 
• Low input current: 1 p,A maximum 
• Low quiescent current: 80 p,A maximum (74HC series) 
• Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TIL loads 

Connection Diagram 
Dual-In-Llne Package 

Truth Table 

LATCH 
Vee 10 20 30 4050 60 70 80 ENABLE 

OUTPUT 10 20 3D 40 50 60 70 80 GNO 
CONTROL 

TOP VIEW 

MM54HC573/MM74HC573 

54HC573 (J) 74HC573 (J,N) 

Output Latch Data Output Control Enable 

L H H H 
L H L L 
L L X 00 
H X X Z 

H = high level. L = low level 
00 = level of output before steady-state input 
conditions were established, 
Z = high impedance 
X = Don't care 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (VeC> -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee + 1.5V Supply Voltage(VeC> 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) 

DC Output Current. per pin (lOUT) ±35mA Operating Temperature Range(T A) 
MM74HC -40 +85 ·C 

DC Vee or GND Current. per pin (Icc> ±70mA MM54HC -55 +125 ·C 
Storage Temperature Range (TSTG) - 65·C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr.tl) Vee=2.0V 1000 ns 
Lead Temperature (Td (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 

Vee=6.0V 400 ns. 

DC Electrical Characteristics (Note 4) 

TA=2S·C 
74HC S4HC 

TA= -40 to 8S·C TA= -55 to 12S·C 
Symbol Parameter Conditions Vee Units 

(II 
Typ Guaranteed Limits 

VIH Minimum High Level Input 2.0V 1.5 1.5 1.5 V 
Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level Output VIN = VIH or VIL 
Voltage IIOUTI$;20 ,...A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
" IIOUTI $;6.0 rnA 4.5V 4.2 3.98 3.84 3.7 V 

IIOUTI $; 7.8 rnA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level Output VIN = VIH or VIL 
Voltage IIOUTI $; 20 ,...A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN=VIH orVIL 
IIOUTI $; 6.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI $;7.8 rnA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input Current VIN=Vee or GND 6.0V iO.1 i1.0 i1.0 ,...A 

10Z Maximum TRI-STATE Output VOUT=VeeorGND 
Leakage Current Oe=VIH 6.0V iO.S i5.0 il0 J!A 

Icc Maximum Quiescent Supply VIN=Vee or GND 
Current 10UT=0 ,...A 6.0V 8.0 80 160 ,...A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC Irom 6S·C to 8S·C; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ± 1 0% the worst-case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst-case VIH and VIL occur at Vcc=S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst-case leakage current 
(lIN. Icc. and lov occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V. TA=25°C. tr=tf=6 ns (Note 6) 

Symbol Parameter Conditions Typ Guaranteed 
Units 

Limit 

tpHL. tpLH Maximum Propagation Delay. Data to Q CL =45pF 12 19 ns 

tpHL. tpLH Maximum Propagation Delay. Clock to Q CL =45pF 12 20 ns 

tpZH. tPZL Maximum Output Enable Time RL =1 kn 13 25 ns 
CL =45 pF 

tpHZ. tpLZ Maximum Output Disable Time RL =1 kn 11 20 ns 
CL =5 pF 

ts Minimum Set Up Time 10 15 ns 

tH Minimum Hold Time 2 5 ns 

tw Minimum Pulse Width 10 16 ns 

AC Electrical Characteristics (Note 6) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA= ~55to 125°C 
Units 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation CL =50 pF 2.0V 45 110 138 165 ns 
Delay Data to Q CL =150 pF 2.0V 58 150 188 225 ns 

CL =50pF 4.5V 14 22 28 33 ns 
CL =150 pF 4.5V 21 30 38 40 ns 

CL =50 pF 6.0V 12 19 24 29 ns 
CL=150pF 6.0V 19 26 33 39 ns 

tpHL. tpLH Maximum Propagation CL =50 pF 2.0V 46 115 143 173 ns 
Delay. Clock to Q CL =150 pF 2.0V 60 155 194 233 ns 

CL =50 pF 4.5V 14 23 29 35 ns 
CL=150pF 4.5V 21 31 47 47 ns 

CL=50pF 6.0V 12 20 25 30 ns 
CL =150 pF 6.0V 19 27 34 41 ns 

tpZH. tPZL Maximum Output Enable RL =1 kn 
Time CL =50pF 2.0V 55 140 175 210 ns 

CL=150pF 2.0V 67 180 225 270 ns 

CL =50pF 4.5V 15 28 35 42 ns 
CL =150 pF 4.5V 24 36 45 54 ns 

CL =50 pF 6.0V 14 24 30 36 ns 
CL =150 pF 6.0V 22 31 39 47 ns 

tpHZ. tpLZ Maximum Output Disable RL =1 kn 2.0V 40 125 156 188 ns 
Time CL =50pF 4.5V 13 25 31 38 ns 

6.0V 12 21 27 32 ns 

ts Minimum Set Up Time 2.0V 30 75 95 110 ns 
Data to LE 4.5V 10 15 19 22 ns 

6.0V 9 13 16 19 ns 

tH Minimum Hold Time 2.0V 25 31 38 ns 
LEto Data 4.5V 5 6 7 ns 

6.0V 4 5 6 ns 

tw Minimum Pulse Width LE 2.0V 30 80 100 120 ns 
4.5V 9 16 20 24 ns 
6.0V 8 14 18 20 ns 

tTLH. tTHL Maximum Output Rise CL =50 pF ·2.0V 25 60 75 90 ns 
and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

CPO Power Dissipation Capacitance OE=Vcc 30 : pF 
(Note 5) (per latch) OE=GND 50 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

COUT Maximum Output 15 20 ·20 20 pF 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor microCMOS 

MM54HC574/MM74HC574 
TRI-STATE® Octal D-Type Flip-Flop 

General Description 
These high speed octal D-type flip-flops utilize micro­
CMOS Technology, 3.5 micron silicon gate P-well CMOS. 
They possess the high noise immunity and low power con­
sumption of standard CMOS integrated circuits, as well as 
the ability to drive 15 LS-TTL loads. Due to the large output 
drive capability and the TRI-STATE feature, these devices 
are ideally suited for interfacing with bus lines in a bus orga­
nized system. 

These devices are positive edge triggered flip-flops. Data at 
the D inputs, meeting the set-up and hold time require­
ments, are transferred to the 0 outputs on positive going 
transitions of the CLOCK (CK) input. When a high logiC level 
is applied to the OUTPUT CONTROL (OC) input, all outputs 
go to a high impedance state, regardless of what signals are 
present at the other inputs and the state of the storage 
elements. 

Connection Diagrams 

The 54HC174HC logic family is speed, function, and pinout 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps tq Vee and ground. 

Features 
• Typical propagation delay: 13 ns 
• Wide operating voltage range: 2V-6V 
• Low input current: 1 ,..,A maximum 
• Low quiescent current: 80 ,..,A maximum 
• Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TTL loads 

Dual-ln-L1ne Package 

Truth Table 

Output 
Control 

L 
L 
L 
H 

LATCH 
Vee 10 20 30 40 50 60 70 80 ENABLE 

OUTPUT 10 20 3D 40 50 60 70 80 GNO 
CONTROL 

Clock 

i 
i 
L 
X 

TOP VIEW 

MM54HC~7 4/MM7 4HC57 4 

TL/F/5213-1 

54HC574 (J) 74HC574 (J,N) 

Data Output 

H H 
L L 
X 00 
X Z ' 
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H = High Level, L ~; Low Level 

X = Don't Care 

i = Transition from low-to-high 

Z = High impedance state 

00 = The level of the output before steady state 
input conditions were established 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units 
DC Input Voltage (V,N) -1.5 to Vee+ 1.5V Supply Voltage(Ved 2 6 V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V. DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (1,K, 10K) ±20mA (V,N,Vour) 

DC Output Current, per pin (lour) ±35mA Operating Temperature Range(T A) 
MM74HC- -40 +85 °C 

DC Vee or GND Current, per pin (Ice) ±70mA MM54HC -55 +125 °C 
Storage Temperature Range (TsrG) -65°C to + 150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr, tf) Vee=2.0V 1000 ns 
Lead Temperature (TtJ (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 

Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA = 25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA = -40 to 85°C TA= -55 to 125°C 

Units 
Typ Guaranteed Li!11lts 

V,H Minimum High Level Input 2.0V 1.5 1.5 1.5 V 
Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

V,L 
, 

Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level Output V'N=V'H orV,L 
Voltage Ilourl~20 p..A 2.0V 2.0 1.9 1.9 .1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

Y,N = V,H or V,L 
Ilourl~6.0 mA 4.5V 4~2 3.98 3.84 3.7 V 
Ilourl~7.8 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level Output Y,N = V,H or V,L 
Voltage Ilourl~20 p..A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

Y,N = V,H or V,L 
Ilourl::;;6.0 mA 4.5V 0.2 0.26 .0.33 0.4 V 
Iiourl ~7.8 rnA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input Current Y,N = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 p..A 

IOZ Maximum TRI-STATE Output Vour= Vee or GND 
Leakage Current Oe=V'H 6.0V ±0.5 ±5.0 ±10 p..A 

Icc Maximum Quiescent Supply VIN=Vee orGND 
Current lour=O p..A 6.0V 8.0 80 160 p..A 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW rc from 6SoC to 8SoC; ceramic "J" package: -12· mW rc from 
100°C to 12SoC. 
Note 4: For a power supply of SV ± 1 0·'" the worst-case output voltages (VOH. and VOU occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst-case VIH and VIL occur at Vee = S.SV and 4.SV respectively.· (The VIH value at S.SV is 3.8SV.) The worst-case leakage current 
(liN. Icc. and lov occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V. TA=25°C. tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating Frequency 50 35 MHz 

tpHL. tpLH Maximum Propagation Delay. Clock to Q CL =45 pF 12 20 ns 

tpZH. tPZL Maximum Output Enable Time RL =1 kfl 13 25 ns 
CL =45 pF 

tPHZ. tpLZ Maximum Output Disable Time RL =1 kfl 11 20 ns 
CL =5 pF -

ts Minimum Set-Up Time 20 ns 

tH Minimum Hold Time 0 ns 

tw Minimum Pulse Width 16 ns 

AC Electrical Characteristics Vcc=2.0-6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) III 
TA=25°C 

74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C TA = -55 to 125°C UnIt:; 
Typ Guaranteed Limits 

fMAX Maximum Operating Frequency CL =50 pF 2.0V 6 5 4 MHz 
4.5V 30 24 20 MHz 
6.0V 35 28 23 MHz 

tpHL. tpLH Maximum Propagation CL =50 pF 2.0V 40 115 143 173 ns 
Delay. Clock to Q CL =150 pF 2.0V 51 155 194 233 ns 

CL =50 pF 4.5V 13 23 29 35 ns 
CL =150 pF 4.5V 19 31 47 47 ns 

CL =50 pF 6.0V 12 20 25 30 ns 
CL=150 pF 6.0V 18 27 34 41 ns 

-
tPZH. tpZL Maximum Output Enable RL =1 kfl 

Time CL=50 pF 2.0V 45 140 175 210 ns 
CL =150 pF 2.0V 59 180 225 270 ns 

CL =50 pF 4.5V 14 28 35 42 ns 
CL=150pF 4.5V 20 36 45 54 ns 

CL =50 pF 6.0V 12 24 30 36 ns 
CL =150pF 6.0V 18 31 39 47 ns 

tpHZ. tpLZ Maximum Output Disable Time RL =1 kfl 2.0V 35 125 156 188 ns 
CL =50 pF 4.5V 12 25 31 38 ns 

6.0V 10 21 27 32 ns 

ts Minimum Set-Up Time 2.0V 100 125 150 ns 
Data to Clock 4.5V 20 25 30 nc 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
Clock to Data 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tTHL. tTLH Maximum Output Rise CL =50pF 2.0V 25 60 75 90 ns 
and Fall TIme 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

tw Minimum Clock Pulse Width 2.0V 30 80 100 120 ns 
4.5V 9 16 20 24 ns 
6.0V 8 14 18 20 ns 

tr.tf Maximum Output Rise 2.0V 1000 1000 1000 ns 
and Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CPO Power Dissipation Capacitance OC=VCC 30 pF 
(Note 5) (per latch) OC=GND 50 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

COUT Maximum Output Capacitance 15 20 20 20 pF 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumptipn. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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PRELIMINARY 
~National 
D Semiconductor ~\~ 

microCMOS 
MM54HC589/MM74HC589 
8-Bit Shift Registers with Input Latches 
and TRI-STATE® Serial Output 

General Description 
This high speed shift register utilizes microCMOS Technolo­
gy, 3.5 micron silicon gate P-well CMOS, to achieve the high 
noise immunity and low power consumption of standard 
CMOS integrated circuits, as well as the ability to drive 15 
LS-TIL loads. 

The 'HC589 comes in a 16-pin package and consists of an 
8-bit storage latch feeding a parallel-in, serial-out 8-bit shift 
register. Data is serially entered on the SER pin. Both the 
storage register and shift register have positive-edge triggered 
clocks. The shift register also has direct load (from storage) 
and a TRI-STATE output to enable the wire-DRing of 
multiple devices on a serial bus. 

The 54HC/74HC logic family is speed, function, and pin-out 
compatible with the standard 54LS/74LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Connection Diagram 

Dual-In-Llne Package 

B...!.. V ~vcc 

c2.. ~A 

o..l. J!. SER 

E...!.. E.. SLOAO 

F2.. r1l- RCK 

G-L ~SCK 

H..2.. ~OE 

GNO ...!. ~QH' 

TL/F/536B-1 

MM54HC589/MM74HC589 

54HC589 (J) 74HC589 (J,N) 

Features 
II 8-Bit parallel storage register inputs 
II Wide operating voltage range: 2V-6V 

• Shift register has direct overriding load 
• Guaranteed shift frequency ... DC to 30 MHz 
• Low quiescent current: 80 J-LA maximum (74HC Series) 
• TRI-STATE output for 'Wire-OR' 

Truth Table 

RCK SCK SLOAD OE Function , X X X Data loaded to input latches 

" X L H Data loaded from inputs to 
shift register 

No Data transferred from 
clock X L H input latches to shift 
edge register 

X X X L Serial output in high 
impedance state 

X i H H Shift register clocked 

QM=Qn-1' Qo=SER 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vee) 

DC Input Voltage (VIN) 

DC Output Voltage (VOUT) 

Clamp Diode Current (11K, 10K) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (led 

Storage Temperature Range (T STG) 

Power Dissipation (PD) (Note 3) 

-0.5to +7.0V 

-1.5 to Vee+ 1.5V 

-0.5 to Vee+0.5V 

t20mA 
~ 

t25mA 

t50mA 

- 65'C to + 150'C 

Lead Temperature (T d (Soldering 10 seconds) 

500mW 

260'C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage(Ved 2 

DC Input or Output Voltage 0 
(VIN,VOUT) 

Operating Temperature Range(T A) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, tf) Vee = 2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Units 
V 
V 

'C 
'C 

ns 
ns 
ns 

Symbol Parameter Conditions Vee T A = - 40 to 8S'C T A = - 55 to 125'C Units 

Ice 

Minimum High Level 
Input Voltage 

Maximum Low Level 

Input VoltaQe 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

VIN = VIH or VIL 
IIOUTI:O::20 J.LA 

VIN = VIH or VIL 

!louTI :0::4.0 rnA 
!louTI :0:: 5.2 rnA 

VIN = VIH or VIL 

!louTI:O::20 J.LA 

VIN = VIH or VIL 
IIOUTI:O::4.0 mA 

!louTI :0:: 5.2 rnA 

VIN = Vee or GND 

VIN = Vee or GND 

IOUT=O J.LA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 

Typ 

2.0 
4.5V 4.5 
6.0V 6.0 

4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

4.5V 
6.0V 

6.0V 

6.0V 

o 
o 
o 

1.5 
3.15 
4.2 

0.3 

0.9 
1.2 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 

0.1 

0.1 

0.26 
0.26 

to.1 

8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified ali voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.3 

0.9 
1.2 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 

0.1 

0.33 

0.33 

t1.0 

80 

1.5 
3.15 
4.2 

0.3 

0.9 
1.2 

1.9 
4.4 

5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

t1.0 

160 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

J.LA 

Note 3: Power Dissipation temperature.derating - plastic "N" package: -12 mWre from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc = 5.5V and 4.5V respectively. (The VIH value at 5.5V is 3.85V.) The worst case leakage current (liN. 
ICC. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

1-315 



AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, t r=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed Umlt Units 

'MAX Maximum Operating Frequency for SCK 50 30 MHz 

tpHL. tpLH Maximum Propagation Delay From SCK to 0H' 30 ns 

tpHlo tpLH Maximum Propagation Delay From SI:OAI5 to 0H; 30 ns 

tpHL. tpLH Maximum Propagation Delay From RCK to 0H' srnAl5 = logic '0' 25 45 ns 

tpZH. tPZL Output Enable Time RL=1 kn 18 28 ns 

tpHZ. tpLZ Output Disable Time RL = 1 kn CL = 5 pF 19 25 ns 

ts Minimum Set Up Time From RCK to SCK 10 20 ns 

ts Minimum Set Up Time From SER to SCK 10 20 ns 

ts Minimum Set Up Time From Inputs A thru H to RCK 10 20 ns 

tH Minimum Hold Time 0 5 ns 

tw Minimum Pulse Width SCK. RCK. srnAl5 8 16 ns 

AC Electrical Characteristics Vcc=2.0-6V, CL =50 pF, t r=tf=6 ns (unless otherwise specified) 

TA=25·C 
74HC 54HC 

TA= -40 to 85"C TA= -55to 125"C 
Symbol Parameter Conditions Vee Unit. 

Typ Guaranteed Umlt. 

'MAX Maximum Operating 2.0V 5 4 4 MHz 
Frequency for SCK 4.5V 27 21 18 MHz 

6.0V 32 25 21 MHz 

tpHL. tpLH Maximum Propagation 2.0V 62 175 220 266 ns 
Delay From SCK or ~ 4.5V 20 35 43 52 ns 
toOH' 6.0V 18 30 37 45 ns 

tpHL. tpLH Maximum Propagat~ 2.0V 120 225 284 335 ns 
Delay fro":l SCK or SRLOAD CL =150 pF 4.5V 31 45 57 67 ns 
toOH 6.0V 28 38 48 57 ns 

tpHL. tpLH Maximum Propagation 2.0V 80 210 265 313 ns 
Delay From RCK to 0H' 4.5V 25 42 53 63 ns 

6.0V 21 36 45 53 ns 

tpHL. tpLH Maximum Propagation 2.0V 80 210 265 313 ns 
Delay RCK to 0H' CL =150 pF 4.5V 25 52 66 77 ns 

6.0V 21 44 56 66 ns 

tPZH. tpZL Output Enable Time . RL=1 kn 2.0V 70 150 189 224 ns 
4.5V 22 30 38 45 ns 
6.0V 20 26 32 38 ns 

tpHZ. tpLZ Output Disable Time RL =1 kn 2.0V 70 I 150 189 224 ns 
4.5V 22 30 38 45 ns 
6.0V 20 26 32 38 ns 

Is Minimum Set Up Time 2.0V 100 125 150 ns 
From RCK to SCK 4.5V 20 25 30 ns 

6.0V 17 22 25 ns 

ts Minimum Set Up Time 2.0V 100 125 150 ns 
• From SER to SCK 4.5V 20 25 30 ns 

6.0V 17 22 25 ns 

ts Minimum Set Time 2.0V 100 125 150 ns 
From Inputs A thru H 4.5V 20 25 30 ns 
toRCK 6.0V 17 22 25 ns 

tH Minimum Hold Time 2.0V -5 5 5 5 ns 
4.5V 0 5 5 5 ns 
6.0V 1 5 5 5 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
SCK. RCK. ~. SI:OAI5 4.5V 9 16 20 24 ns 

6.0V 8 14 17 20 ns 

tr.tl Maximum Input Rise and 2.0V 1500 1500 1500 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

trHL. tTLH Maximum Output 2.0V 25 60 75 90 ns 
Rise and Fall Time 4.5V 6 12 15 18 ns 

6.0V 5 10 12 15 ns 

Cpo Power Dissipation pF 
Capacitance (Note 5) 

C1N Maximum Input Capacitance 5 10 10 10 pF 

CoUT Maximum Output Capacitance 15 20 20 20 pF 

Note 5: Cpo determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 

Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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Functional Block Diagram (positive logic) 

MM54HC589/MM74HC589 

OUTPUT ENABLE 

PARALLEL 
OATA 

INPUTS 

SEn .;.;...------------------, 

SRCK 

RCK 

c 2 --- ------ ---~ ..;.-.----.... L ______ ~:::. ____ -_ ~ 
0 3 L ______ ~~ ______ ~ 

L ______ ~E~_~----~ 
..;.-.-----fL ______ ~~ ______ ~ 

STAGE G* 

I. --- --STAGEH-- ---1 
---------++-4 1 

1 
1 
1 
1 
I 1 L ______________ ~ 
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Logic Timing Diagram 
, 

MM54HC589/MM74HC589 

DC --' ... __ ... 

SRCK 

RCK 
________ ~fll.-_____________________________________ ~---

SER 

@ DON'T CARe'@ 

1M DON'T CARE ?hi 
* DON'T CARE @ 

% DON'T CARE M 
% DON'T CARE M 
@DON'T CARE%) 

W DON'T CARE M 
H WDON'T CAR~'@ 

ow 

~DON'TCARE~ 

~DON'TCARE_ 

~DON'TCARE~ 

~DON'TCARE_ 

~DON'TCARE_ 

~DON'TCARE~ 

~DON'i~AkE_ 

~D9N'TCA~E_ 

TL/F/S368-3 



~National 
U Semiconductor 

PRELIMINARY 

microCMOS 

MM54HC590/MM74HC590 a·Bit Binary 
Counter with TRI·STATE@ Output Register 

General Description 
These counters are implemented using an advanced 
3.0 micron silicon gate N-well microCMOS process to 
achieve high performance. These devices retain the low 
power and high noise immunity of CMOS logic, while 
offering the high speed operation and large output drive 
typically associated with bipolar circuits. 

The MM54HC590/MM74HC590 contain an 8-bit binary 
counter which feeds an 8-bit register. The counter is in­
cremented on the rising edge of the CCK input, provided that 
clock enable, CCKEN, is low. When the counter increments 
to the all ones condition, ripple carry out, RCa, will go low. 
This enables either synchronous cascading of the counters 
by connecting the RCa of the first stage to the CCKEN of the 
second, or clocking both circuits in parallel. Ripple cascading 
is accomplished by connecting the RCa of the first to the 
CCK of the ~econd stage. A clear input is also provided which· 
will reset the counter to the all zeros state. 

Connection Diagram 

The output register is loaded with the contents of the 
counter on the rising edge of the register clock, RCK. The 
outputs of this register feed TRI-STATE outputs which are 
enabled when the enable input, G, is taken low. This 
enables connection of this part to a system bus. 

The MM54HC590/MM74HC590 are functional, speed and 
pin equivalent to the equivalent LS-TIL circuit. Its inputs 
are protected from damage due to the electrostatic 
discharge by diodes from Vee to ground. 

Features 
iii Wide power supply range: 2.0V to 6.0V 

II High input noise immunity 
1:3 Wide operating frequency range: 30 MHz 

• High output current drive: 6.0 mA min 
g Low quiescent power consumption: 80 p.A (74HC) 

Dual-In-Line Package 

OB Vee 

Oe 2 OA 

00 3 G 

OE 4 RCK 

OF 5 CCKEN 

OG 6 11 CCK 

OH 7 CCLR 

GND 8 RCO 

TOP VIEW TLlF/5772·' 
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Logic Diagram 
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~National 
~ Semiconductor 

microCMOS 

MM54HC592/MM74HC592 a·Bit Binary Counter 
with I nput Register 
MM54HC593/MM74HC593 a·Bit Binary Counter 
wi~h Bidirectional Input Register/Counter Outputs 

General Description 
These counters are Implemented using an advanced 
3.0 micron silicon gate N-well microCMOS process to 
achieve high performance. These devices retain the low 
power and high noise Immunity of CMOS logic, while 
offering the high speed operation and large output drive 
typically associated with bipolar circuits. 

The MM54HC592/MM74HC592 and the MM54HC5931 
MM74HC593 contain an 8-bit register which feeds an 8-bit 
binary counter. The counter is incremented on the rising edge 
of the CCK input, provided that clock enable, 'C'C'K'EFJ, is low. 
When the counter increments to the all ones condition, ripple 
carry out, RCO, will go low. This enables either synchronous 
cascading of the counters by connecting the RCO of the first 
stage to the C'C'R"EN of the second, or clocking both circuits 
in parallel. Ripple cascading is accomplished by connecting 
the RC'6 of the first to the CCK of the second stage. A clear 
input is also provided which will reset the cour'lier to the all 
zeros state. 

The input register is loaded on the rising edge of the register 
clock, RCK. The outputs of this register feed the counter. The 
counter is loaded with the register's contents when the clock 
load, CLOAD, input is taken low. 

Connection Diagrams 

Dual-In-Line Package 
MM54HC592/MM74HC592 

16 Vee 

15 A 

14 ClOAD 

RCK 

5 ' CCKEN' 

CCK 

CClR 

GND RCO 

TOP VIEW 

TLlF/5773·1 

The 'HC592 differs from the 'HC593 in that the latter device 
has bidirectional input/output pins. The TRI-STATE® outputs 
of the counter can be enabled and are active when enable 
input, G, is taken low and input G is taken high. The outputs 
of the counter then appear on the register inputs. This 
enables connection of this part to a system bus. The 'HC593 
also has a second clock enable pin, CCKEN, which is active 
high and it also has an active low register clock enable, 
RCKEN. . 

The MM54HC592/MM74HC592 and the MM54HC5931 
MM74HC593 are functional, speed and pin equivalent to the 
equivalent LS-TTL circuit. Their inputs are protected from 
damage due to electrostatic discharge by diodes from Vee 
to ground. 

Features 
• Wide power supply range: 2.0V to 6.0V 

• High Input noise Immunity 

.' Wide operating frequency range: 30 MHz 

• High output current drive: 6.0 mA min 

• Low quiescent power consumption: 80 p.A (74HC) 

Dual-In-Line Package 
MM54HC593/MM74HC593 

AlQA Vee 

BIOs 

C/Oe G 

D/Qo RCKEN 

E/OE RCK 

F/QF CCKEN 

G/OG CCKEN 

H/OH CCK 

ClOAD CClR 

GND 10 11 RCO 

TOP VIEW 

TLlF/5773·2 
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Logic Diagrams 
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Logic Diagrams (Continued) 
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~National ' 
D Semiconductor 

PRELIMINARY 

\~ 
microCMOS 

MM54HC595/MM74HC595 
a-Bit Shift Registers with Output Latches 

General Description 
This high,speed shift register utilizes microCMOS Technolo­
gy, 3.5 micron silicon gate P-well CMOS. This device POS­
sesses the high noise immunity and low power consumption 
of standard CMOS integrated circuits, as well as the ability 
to drive 15 LS-TTL loads. 

This device contains an 8-bit serial-in, parallel-out shift reg­
ister that feeds an 8-bit Ootype storage register. The storage 
register has 8 TRI-STATEIft> outputs. Separate' clocks are 
provided for both the shift register and the storage register. 
The shift register has a direct-overriding clear, serial input, 
and serial output (standard) pins for cascading. Both the 
shift register and storage register use positive-edge trig­
gered clocks. If both clocks are connected together, the 
shift register state will always be one clock pulse ahead of 
the storage register. 

The 54HC/7 4HC logic family is speed, function, and pinout 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Connection Diagram 

Dual-In-Llne Package 

Do ..L V t!!vcc 

Oc .l. .!!OA 

Co .!. .!i SER 

Oe ..!. .!!ii 

OF .1. .ll.RCK 

QG ..!. llSCK 

OH~ .l!!. SCLR 

GNO.!. .!.OH' 

TOP ViEV; TL/i=/G342-1 

MM54HC5951i'~Ulil74l-1C595 

54HC595 (J) 7l;HC595 (J,N) 

Features 
• Low quiescent current: 80 ILA maximum (74HC Series) 
• Low input current: 1 ILA maximum 
• 8-Bit Serial-In, Parallel-Out Shift Register 

With Storage 
• Wide operating voltage range: 2V -6V 

• Cascadable 
• Shift Register Has Direct Clear 
• Guaranteed Shift Frequency: DC to 30 MHz 

Truth Table 

RCK SCK SCLR G Function 

X X X 1 QA thru QH = Tri-State 

X X L X Shift Register cleared 

QH'=O 

X t H X Shift Register clocked 

QN=Qn-1' Qo=SER 

t X H X Contents of Shift 
Register transferred 
to output latches 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (VeC> -0.5 to + 7.0V Min Max Units 
DC Input Voltage (VIN) -1.5 to Vee + 1.5V Supply Voltage (VeC> 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) 

DC Output Current. per pin (lOUT) ±35mA Operating Temperature Range (T A) 
MM74HC -40 +85 ·C 

DC Vee or GND Current. per pin (led ±70mA MM54HC -55 +125 ·C 
Storage Temperature Range (TSTG) - 65·C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr. tl) Vee=2.0V 1000 ns 
Lead Temperature (T U (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 

Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85·C TA = -55 to 125·C 
Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI ::::: 20 JJ.A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

QH' VIN = VIH or VIL 
IIOUTI :::::4.0 rnA 4.5V 4.2 3.98 3.84 3.7 V 
lOUT :::::5.2 rnA 6.0V 5.2 5.48 5.34 5.2 V 

QA thru QH VIN = VIH or VIL 
IIOUTI ::::: 6.0 rnA 4.5V 4.2 3.98 3.84 3.7 V 
lOUT :::::7.8 rnA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL I 

Output Voltage IIOUTI ::::: 20 JJ.A 2.0V 0 0.1 0.1 0.1 V 
4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

QH' VIN = VIH or VIL 
IIOUTI::;;4 rnA 4.5V 0.2 0.26 0.33 0.4 V 
lOUT :::::5.2 rnA 6.0V 0.2 0.26 0.33, 0.4 V 

QA thru QH VIN = VIH or VIL 
IIOUTI ::::: 6.0 rnA 4.5V 0.2 0.26 0.33 0.4 V 
lOUT :::::7.8 rnA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 JJ.A 
Current 

loz MaximumTRI-STATE VOUT=Vee or GNp 6.0V ±0.5 ±5.0 ±10 JJ.A 
Output Leakage Enable=VIH 

Icc Maximum Quiescent VIN=VeeorGND 6.0V 8.0 80 160 JJ.A 
Supply Current 10UT=O JJ.A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation' temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The YIH value at 5.5V is 3.85V.l The worst case leakage current (lIN. 
ICC. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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Lt) 

fR AC Electrical Characteristics 
U Vcc=5V, TA=25°C, tr=tf=6 ns 

J: 
-.:::t 
t: 
Lt) 
0) 
Lt) 

U 
J: 
-.:::t 
Lt) 

:E 
:E 

Symbol 

fMAX 

tPHL, tpLH 

tpHL, tpLH 

tpZH, tPZL 

tpHZ, tpLZ 

ts 

ts 

ts 

tH 

tw 

Parameter 

Maximum Operating 
Frequency of SCK 

Maximum Propagation 

Delay, SCK to QH' 

Maximum Propagation 

Delay, RCK to QA thru QH 

Maximum Output Enable 
Time From G to QA thru QH 

Maximum Output Disable 

Time From G to QA thru QH 

Minimum Set Up Time 

From SER to SCK 

Minimum Set Up Time 
From SCLR to SCK 

Minimum Set Up Time 
From SCK to RCK 
(See Note 5) 

Minimum Hold Time 
From SER to SCK 

Minimum Pulse Width 

of SCK or RCK 

Conditions 

CL =45 pF 

CL =45pF 

RL =1 kO 
CL =45 pF 

RL = kO 
CL =5pF 

Typ 
Guaranteed 

Units 
Limit 

50 30 MHz 

12 20 ns 

18 30 ns 

17 28 ns 

15 25 ns 

20 ns 

20 ns 

40 ns 

0 ns 

16 ns 

Note 5: This setup time ensures the register will see stable data from the shift-register outputs. The clocks may be connected together in which case the storage 
register state will be one clock pulse behind the shift register. 

1-326 



AC Electrical Characteristics Vcc"'-~2.0-6.0V, CL ~50 pF, tr=t,'=6 ns (unless other.vise specified) 
-,--

- ~'"dlt~:: -: r A "~;'C I~:" -?:~::oJ TA ,:-_55~Ht~ '2S'C 
Symbol Parameter Units G. I~. CC .--- ---- -------

'uyp GU:lrantccd Limit:; 
---.. ----------_.-.-------.---- --'- -.--!---,---.. ---------r-- . 

fMAX Maximum Operating CL c , 50 pF 2.0V iO 5 4 4 MHz 
Frequency 4.5V 45 27 21 18 MHz 

6.0V 50 32 25 21 MHz -
tpHL, tpLH Maximum Propagation CL =50 pF 2.0V 58 115 145 171 ns 

Delay From SCK to QH' CL =150 pF 2.0V 83 165 208 246 ns 

CL =50 pF 4.5V 14 23 29 34 ns 
CL =150 pF 4.5V 17 33 42 49 ns 

CL =50 pF 6.0V '10 20 25 29 ns 
CL =150 pF 6.0V 14 28 35 42 ns 

tpHL, tpLH Maximum Propagation CL =50 pF 2.0V 70 150 188 225 ns 
Delay From RCK to QA thru QH CL =150 pF 2.0V 105 200 225 250 ns 

CL =50 pF 4.5V 21 30 38 45 ns III 
CL =150 pF 4.5V 28 40 50 60 ns 

CL =50 pF 6.0V 18 26 33 39 ns 
CL =150 pF 6.0V 26 34 43 51 ns -

tpZH, tPZL Maximum Output Enable RL =1 kn 
From G to QA thru QH CL =50 pF 2.0V 75 • 150 189 224 ns 

CL =150 pF 2.0V 100 200 252 298 ns 
r---=-----1-- _._------- 1--

CL =50 pF 4.5V 15 30 38 45 ns 
CL =150 pF 4.5V 20 40 50 60 ns 

CL =50 pF 6.0V 13 26 32 38 ns 
CL =150 pF 6.0V 17 34 43 . 51 ns 

tpHZ, tpLZ Maximum Output Disable RL =1 kn 2.0V 75 150 189 224 ns 
Time From G to QA thru QH CL =50 pF 4.5V 15 30 38 45 ns 

6.0V 13 26 32 38 ns 

ts Minimum Set Up Time 2.0V 100 125 150 ns 
From SER to SCK 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

ts Minimum Set Up Time \ 2.0V 100 125 150 ns 
From SCLR to SCK 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

ts Minimum Set Up Time 2.0V 200 250 300 ns 
From SCK to RCK 4.5V 40 50 60 ns 

6.0V 34 42 50 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
SER toSCK 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
of SCK or RCLK 4.5V 9 16 20 24 ns 

6.0V 8 14 .- 18 22 ns 

tr,t, Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V • 400 400 400 ns 

tTHL, tTLH Maximum Output 2.0V 25 60 75 90 ns 
Rise and Fall Time 4.5V 7 12 15 18 ns 

6.0V 6 10 13 15 ns 

CPD Power Dissipation G=Vcc 90 pF 
Capacitance, Outputs G=GND 150 pF 
Enabled (Note 6) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

COUT Maximum Output 15 20 20 20 pF 
Capacitance 

Noto G: CPD datermines tho no load dynamic power consumption, PD~CPD Vee2 f+lee Vee, and the no load dynamic current consumption, 
Is=CPD Vee f+lee· 
Note 7: Refer to back 0' this section '~r Typical MM54!74HC AC Switching Waveforms and Test Circuits. 
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Logic Diagram (positive logic) 
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~National 
~ Semiconductor 

MM54HC597 IMM7 4HC597 

PRELIMINARY 

~.\~ 

microCMOS 

a-Bit Shift Registers with Input Latches 

General Description 
This high speed shift register utilize microCMOS Technolo­
gy, 3.5 micron silicon gate P-well CMOS. It has the high 
noise immunity and low power consumption of standard 
CMOS integrated circuits, as well as the ability to drive 10 
LS-TTL loads. 

The 'HC597 comes in a 16-pin package and consists of an 
8-bit storage latch feeding a parallel-in, serial-out 8-bit shift 
register. Both the storage register and shift register have 
positive-edge triggered clocks. The shift register also has 
direct load (from storagel and clear inputs. 

The 54HC/74HC logic family is speed, function, and pin-out 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Connection Diagram 

Dual-ln-L1ne Package 

B....l.. \..J t12. Vee 

c.l. foll: A 

o..l. ~ SER 

E-!. ~ SLOAO 

F2.. t1t RCK 

G..!. ~ SCK 

H.1.. ~ SCLR 

GNO ..!.. ..!.. QH' 

TOP VIEW TL/F/5343-1 

MM54HC597/MM74HC597 

54HC597 (J) 74HC597 (J,N) 

Features 
• 8-Bit Parallel Storage Register Inputs 
• Wide operating voltage range: 2V -6V 
• Shift Register has Direct Overriding Load and Clear 
• Guaranteed Shift Frequency ... DC to 30 MHz 
• Low quiescent current: 80 IlA maximum 

Truth Table 

RCK SCK SLOAD SCLR Function 

i X X X Data loaded to input latches 

i X L H Data loaded from inputs to 
shift register 

No Data transferred from 
clock X L H input latches to shift 
edge register 

X X L L Invalid logic, state of 
shift register indeterminate 
when signals removed 

X X H L Shift register cleared 

X i H H Shift register clocked 

On=On-1,Oo=SER 
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Absolute. Maximum Ratings (Not~s 1 & 2) 

Supply Voltage (Vce) -0.5 to + 7.0V 

DC Input Voltage (VIN) -1.5 to Vee + 1.5V 

DC Output Voltage (VOUT) -0.5 to Vee + 0.5V 

Clamp Diode Current (11K, 10K) 

DC Output Current, per pin (lour) 

DC Vee or GND Current, per pin (led 

Storage Temperature Range (TSTG) 

Power Dissipation (Po) (Note 3) 

±20mA 

±25mA 

±50mA 

- 65·C to + 150"C 

Lead Temperature (T d (Soldering 10 seconds) 

500mW 

260·C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Ved 2 

DC Input or Output Voltage 0 
(VIN,Vour) 

Operating Temperature Range (T A) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, tf) Vee=2.0V 

Vee=4.5V 
Vee=6.0V 

74HC 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

54HC 

Symbol Parameter Conditions Vee 
TA =-40 to 85°C T A = - 55 to 125°C 

ICC 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

VIN = VIH or VIL 
Ilourl:5:20'fLA 

VIN = VIH or VIL 
Iiourl :5: 4.0 mA 
IloUTI :5: 5.2 mA 

VIN = VIH or VIL 
Iiourl :5: 20 fLA 

VIN = VIH or VIL 
Iiourl :5: 4.0 mA 
Iiourl :5: 5.2 mA 

VIN=VeeorGND 
IOUT=O fLA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 
6.0V 

o 
o 
o 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.98 
5.48 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 8.0 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1:9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

80 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

160 

Units 
V 

V 

·C 
·C 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

v 
V 
V 

V 
V 

V 
V 
V 

V 
V 

fLA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6S·C to 8S·C; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 

Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and Vou occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current (liN. 
ICC. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency for SCK 

tpHL. tpLH Maximum Propagation 20 30 ns 
Delay From SCK to OH' 

tpHL. tpLH Maximum Propagation 20 30 ns 
Delay From SLOAD to OH' 

tPHL. tpLH Maximum Propagation 25 45 ns 
Delay From RCK to OH' SLOAD = 10gic'0' 

tpHL Maximum Propagation 20 30 ns 
Delay From SCLR to OH' 

tREM Minimum Removal Time. 10 20 ns 01 
SCLR toSCK 

ts Minimum Set Up Time 30 40 ns 
From RCK to SCK 

ts Minimum Set Up Time 10 20 ns 
From SER to SCK 

ts Minimum Set Up Time 10 20 ns 
From Inputs A thru H 
toRCK 

tH Minimum Hold Time -2 0 ns 

tw Minimum Pulse Width 10 16 ns 
SCK. RCK. SCLR SLOAD 

AC Electrical Characteristics 
Vcc=2.0-6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise, specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 10 5 4 4 MHz 
Frequency for SCK 4.5V 45 27 21 18 MHz 

6.0V 50 32 25 21 MHz 

tpHL. tpLH Maximum Propagation 2.0V 62 175 220 263 ns 
Delay From SCK to OH' 4.5V 20 35 44 53 ns 

6.0V 18 30 38 45 ns 

tpHL. tpLH Maximum Propagation 2.0V 65 175 220 263 ns 
Delay From SLOAD to OH' 4.5V 20 35 44 53 ns 

6.0V 18 30 38 45 ns 

tpHL. tpLH Maximum Propagation 2.0V 120 250 312 375 ns 
Delay From RCK to OH' SLOAD = Logic '0' 4.5V 30 50 65 75 ns 

6.0V 28 43 53 65 ns 

tpHL Maximum Propagation 2.0V 66 175 220 263 ns 
Delay From SCLR to OH' 4.5V 20 35 44 53 ns 

6.0V 18 30 38 45 ns 

tREM Minimum Removal Time 2.0V 100 125 150 ns 
SCLR toSCK 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

ts Minimum Set Up Time 2.0V 200 250 300 ns 
From RCK to SCK 4.5V 40 50 60 ns 

6.0V 34 42 50 ns 

ts Minimum Set Up Time 2.0V 100 125 150 ns 
From SER to SCK 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 
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AC Electrical Characteristics CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=2SoC 
74HC· 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 8SoC TA.= -SSto 12SoC 

Units 
Typ Guaranteed Limits 

ts Minimum Set Up Time 2.0V 100 125 150 ns 
From Inputs A thru H 4.5V 20 25 30 ns 
toRCK 6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V I 0 0 0 ns 
4.5V 0 0 0 ns 
6.0V 0 0 0 ns 

tw Minimum Pulse Width 2.0V 30 80 100 120 ns 
SCK, RCK, SCCR, SCOAf5 4.5V 9 16 20 24 ns 

6.0V 8 14 18 20 ns 

tr, t, Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

tTHL, tTLH Maximum"Output 2.0V 30 75 95 110 ns 
Rise and Fall Time 4.5V 10 15 19 22 ns 

6.0V 8 13 16 19 ns 

CPO Power Dissipation pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

COUT Maximum O,utput 15 20 20 20 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption, Po-Cpo vee2 '+Iee Vee, and the no load dynamic current consumption, 
Is~Cpo Vee '+Iee· 

Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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Functional Block Diagram (Positive logic) 

SERIAL DATA ..;..;....-------___________ ---., 

PARALLEL DATA 
INPUTS 

B..;..1 _____ ,....f..~ 

c .;;.2 ____ ~1 STAGE C* 

---I 
I 
I 
I 
I 
I 
I 
I 

----1 
I 
I 
I 
I 
I 
I 
I 

-----1 
----------------1 o .;;.3 ____ ~1 . STAGE 0* 

E 4 ,- - - - - - - ;;GEE*- - - - -- --, 
F 5 I------~G~----:----_, 

G 6 I-------;;G;;*-------, 
--- --SrAGEH* -- ----, 

H .;..7 ____ --+-+--1 

I 
I 
I 

I 
I 

I I 
I I L _______________ ~ 
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~National 
~ Semiconductor microCMOS 

MM54HC640/MM74HC640 
Inverting Octal TRI .. STATE® Transceiver 
MM54HC643/MM74HC643 
True-Inverting Octal TRI,-STATE Transceiver 

General Description 
These TRI-STATE bi-directional buffers utilize micro­
CMOS Technology, 3.5 micron silicon gate P-well CMOS, 
and are intended for two-way asynchronous communication 
between data buses. They have high drive current outputs 
which enable high speed operation even when driving large 
bus capacitances. These circuits possess the low power 
consumption and high noise immunity usually associated 
with CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. 

Each device has an active enable G and a direction control 
input, DIR. When DIR is high, data flows from the A inputs to 
the B outputs. When DIR is low, data flows from the B inputs 
to the A outputs. The MM54HC640/MM74HC640 transfers 
inverted data from one bus to other and the MM54HC643/ 
MM74HC643 transfers inverted data from the A bus to the B 
bus and true data from the B bus to the A bus. 

Connection Diagrams 

Dual-In-Line Package 
ENABLE 

Vee G B2 B3 84 85 B6 B1 B8 

DIR AI A3 AS A6 A1 Aft GND 

TOP VIEW 
MM54HC640/MM74HC640 

54HC640 (J) 74HC640 (J,N) 

Truth Table 
Control 
Inputs 

G DlR 

TL/F/5344-1 

640 

These devices can drive up to 15 LS-TTL Loads, and all 
inputs are protected from damage due to static discharge by 
diodes to Vee and ground. ' 

Features 
IJ Typical propagation delay: 14 ns 
II Wide power supply range: 2-6V 

• Low quiescent current: 80 ,..,A maximum (74 HC) 

• TRI-STATE outputs for connection to bus oriented 
systems 

• High Output Drive: 6 mA (min) 

Dual-In-Llne Package 
ENABLE 

Vee G B2 Bl B4 85 86 81 B8 

DIR AI A2 A3 A4 AS AS A1 Aft GND 

Operation 

TOP VIEW 
MM54HC643/MM74HC643 

54HC643 (J) 74HC643 (J,N) 

643 

TL/F/5344-2 

L L B data to A bus B data to A bus 

L H A data to B bus A data to B bus 

H X Isolation Isolation 

H = high level. L = low level. X = irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vecl -0.5 to + 7.0V Min Max Units 

DC Input Voltage DIR and G pins (VIN) -1.5 to Vee+1.5V Supply Voltage(Vecl 2 6 V 

DC Output Voltage (VIN' VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 

Clamp Diode Current (leo) ±20mA (VIN,VOUT) 0 Vee V 

DC Output Current, per pin (lOUT) ±35mA Operating Temperature Range(T A) 
MM74HC -40 +85 °C 

DC Vee or GND Current, per pin (Ieel ±70mA MM54HC -55 +125 °C 
Storage Temperature Range (TSTG) -65°C to +150°C Input Rise/Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr,tf) Vee=2.0V 1000 ns 
Lead Temperature (T0 (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 

Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions· Vee 
T A = - 40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed limits 

VIH Minimum High Level Input 2.0V 1.5 1.5 1.5 V 
Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level Output VIN = VIH or VIL 
Voltage !IOUT! :0:20 J.LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or V\L 
!IOUT! :0:6.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
!IOUT!:O:7.8 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level Output VIN = VIH or VIL 
Voltage IiOUT!:O:20 J.LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
!IOUT!:O:6.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
!IOUT!:O:7.8 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Input Leakage VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 J.LA 
Current (G and DIR) 

IOZ Maximum TRI-STATE VOUT=VeeorGND 6.0V ±0.5 ±5.0 ±10 J.LA 
Output Leakage Current EnableG = VIH 

lee Maximum Quiescent Supply VIN = Vee or GND 6.0V 8.0 80 160 J.LA 
Current· IOUT=O J.LA 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6Soe to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and Vou occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.l The worst case leakage current (liN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, tr=tf=6 ns (Note 6) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL, tpLH Maximum Propagation Delay CL =45 pF 13 17 ns 

tpHZ, tpLZ Maximum Output Enable Time RL =1 kn 33 42 ns 

CL =45 pF 

tpZH, tpZL 
Maximum Output Disable Time RL =1 kn 32 42 ns 

CL =5pF 

AC Electrical Characteristics 
Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) (Note 6) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

tpHL, Maximum Propagation Delay CL =50 pF 2.0V 29 72 88 96 ns 

tpLH CL =150 pF 2.0V 38 96 116 128 ns 

CL =50 pF 4.5V 14 18 22 24 ns 

CL =150 pF 4.5V 18 24 29 32 ns 

CL =50 pF 6.0V 14 '18 22 24 ns 

CL =150 pF 6.0V 18 24 29 32 ns 

tpZH, Maximum Output Enable RL =1 kn 

tPZL CL =50 pF 2.0V 70 184 224 240 ns 

CL =150 pF 2.0V 80 216 260 284 ns 

CL =50 pF 4.5V 35 46 56 60 ns 

CL =150 pF 4.5V 41 54 65 71 ns 

CL =50 pF 6.0V 31 41 50 54 ns 

CL =150 pF 6.0V 36 47 57 62 ns 

tpHZ, Maximum Output Disable RL =1 kn 2.0V 47 172 208 224 ns 

tpLZ Time' CL =50 pF 4.5V 33 43 52 56 ns 

6.0V 31 41 50 54 ns 

tTHL, tTLH Output Rise and Fall Time 2.0V 20 60 75 90 ns 

4.5V '6 12 15 18 ns 

6.0V 5 10 13 15 ns 

CPO Power Dissipation 643 B-A G = VIL 100 pF 

Capacitance (Note 5) 640(643 A-B) G = V IL 120 pF 

643 G=VIH 12 pF 

640(643 A-B) G = VIH 6 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

CIN/OUT Maximum Input/Output 15 20 20 20 pF 

Capacitance, A or B 

Note 5: CpO determines the no load dynamic power consumption. PO=CPD Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=CPD Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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Logic Diagrams 3:3: 
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~National 
~ Semiconductor 

microCMOS 
MM54HC646/MM74HC646 
Non-Inverting Octal Bus Transceiver/Registers 
MM54HC648/MM74HC648 
Inverting Octal Bus Transceiver/Registers 
General Description 
These transceivers utilize microCMOS Technology, 3.5 mi­
cron silicon gate P-well CMOS, and contain two sets of TRI­
STATE® outputs, two sets of D-type flip-flops, and control 
circuitry designed for high speed multiplexed transmission 

-- of data. 

Six control inputs enable this device to be used as a latched 
transceiver, unlatched transceiver, or a combination of both. 
As a latched transceiver, data from one bus is stored for 
later retrieval by the other bus. Alternately real time bus 
data (unlatched) may be directly transferred from one bus to 
another. 

Circuit operation is determined by the G, DIR, CAB, CBA, 
SAB, SBA control inputs. The enable input, G, controls 
whether any bus outputs are enabled. The direction control, 
DIR, determines which bus is enabled, and hence the direc­
tion data flows: The SAB, SBA inputs control whether the 
latched .data (stored in 0 type flip flops), or the bus data 
(from other bus input pins). is tra~sferred. Each set of flip-

flops has its own clock CAB, and CBA, for' storing data. Data 
is latched on the rising edge of the clock. 

Each output can drive up to 15 low power Schottky TTL 
loads. These devices are functionally and pin compatible to 
their LS-TTL counterparts .. All inputs are protected from 
damage due to static discharge by diodes to Vee and 
ground. 

Features 
• T~pical propagation delay: 14 ns 
• TRI-STATE outputs 
• Bi-directional communication· 
• Wide power supply range:2-6V 
• Low quiescent supply current: 160J.LA 

maximum (74HC) 

• High output current: 6 mA (74HC) 

Connection Diagrams 
Dual-In-Llne Packag.e 

131 (211 (11 123) 
0111 C tAl CU 
L L I X 

Real-Time Transfer 
Bus B to Bus A 

SELECT 
CLOCK BA ENABLE 

VCC BA GRA B1 B2 B3 B4 B5 BB B7 B8 

13 

12 

CLOCK orR A1 A2 A3 A4 A5 All A7 A8 GNO 
AB 

SELECT 
AB TLIF/5345-2 

Real-Time Transfer 
BusA to Bus B 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Ved -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5toVee+1.5V Supply Voltage(Ved 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee+ 0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 
Operating Temperature Range(T A) 

DC Output Current, per pin (lOUT) ±35mA MM74HC -40 +85 °C 
DC Vee or GND Current, per. pin (led ±70mA MM54HC -55 +125 °C 
Storage Temperature Range (T STG) - 65°C to + 150°C Input Rise or Fall Times 
Power Dissipation (PD) (Note 3) 500mW (tr, tf) Vee=2.0V 1000 ns 

Lead Temperature (Td (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 
Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

T A = - 40 to 85°C TA= -55 to 125°C Symbol Parameter Conditions Vee Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IloUTI s: 20 J-LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
!IOUT!S:6.0 mA 4.5V 4.2 3.96 3.84 3.7 V 
lOUT s: 7.8 mA 6.0V 5.7 5.46 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage HOUTI s: 20 J-LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
!IOUTI s:6.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
lOUT s: 7.8 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input Current VIN=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 J-LA 

loz Maximum TRI·STATE ~ouT=VeeorGND 
Output Leakage G=VIH 6.0V ±0.5 ±5.0 ±10 J-LA 

Icc Maximum Quiescent VIN=VeeorGND 6.0V 8.0 80 160 J-LA 
Supply Current IOUT=O J-LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6Soe to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and VoL> occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.1 The worst case leakage current (lIN. 
Icc. and lozl occur for.CMOS at the higher voltage and so the 6.0V values should be used. 

Truth Table 
Inputs Data I/O Operation or Function 

G DIR CAB CBA SAB SBA A1 Thru A8 B1 Thru B8 646 648 

H X . H orL H orL X X Input Input 
Isolation Isolation 

H X i i X X Store A and B Data Store A and B Data 

L L X X X L 
Output Input 

Real Time B Data to A Bus Real Time B Data to A Bus 
L L X X X H Stored B Data to A Bus Stored B Data to A Bus 

L H X X L X Input Input 
Real Time A Data to B Bus Real Time A Data to B Bus 

L H H orL X H X Stored A Data to B Bus Stored A Data to.B Bus 

H = High Level L = Low Level X = Irrelevant f = low·to-high level transition 
The data output functions i.e .• data at the bus pins may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always 
enabled. 
The data output functions I.e .. data at the bus pins will be stored on every low-to-high transition on the clock inputs. 
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AC Electrical Characteristics MM54HC646/MM74HC646 

Vcc=5V. TA=25°C. tr=t(=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 45 30 MHz 
Frequency 

tpHL. tpLH Maximum Propagation CL =45 pF 14 25 ns 
Delay. A or B Input 
to B or A Output 

tpHL. tpLH Maximum Propagation CL =45 pF 31 40 ns 
Delay. CBA or CAB 
Input to A or B Output 

tpHL. tpLH Maximum Propagation CL =45 pF 35 50 ns 
Delay. SBA or SAB Input to A 
or B Output. with A or B high 

tpHL. tpLH Maximum Propagation CL =45 pF 35 50 ns 
Delay. SBA or SAB Input to A 
or B Output. with A or Blow 

tpZH. tpZL Maximum Enable RL =1 kn 18 33 ns 
Time G or DIR Input to CL =45pF 
AorB Output 

<., 

tpHZ. tpLZ Maximum Disable RL =1 kn 17 30 ns 
Time. G or DIR Input to CL =5pF 
Aor B Output 

AC Electrical Characteristics MM54HC646/MM74HC646 

Vcc=2.0-6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symb~l. Parameter Conditions Vee T A = - 40 to 85°C TA = -55 to 125°C 
Units 

Typ Guaranteed Limits 

fMAX Maximum Operating CL =50 pF 2.0V 5 4 3 MHz 
Frequency 4.5V 27 21 18 MHz 

6.0V 31 24 20 MHz 

tPHL. tPLH Maximum Propagation CL =50 pF 2.0V 60 180 189 225 ns 
Delay. A or B Input CL =150 pF 2.0V 80 200 250 300 ns 
to B or A Output CL =50pF 4.5V 21 30 37 45 ns 

CL =150 pF 4.5V 30 40 50 60 ns 

CL =50pF 6.0V 18 26 31 39 ns 
CL =150 pF 6.0V 22 35 44 53 ns 

tpHL.tpLH Maximum Propagation CL =50pF 2.0V 110 220 275 330 ns 
Delay. CBA or CAB CL =150 pF 2.0V 150 270 338 405 ns 
Input to A or B Output CL =50pF 4.5V 31 44 55 66 ns 

CL =150 pF 4.5V 40 54 68 81 ns 

CL =50 pF 6.0V 28 38 47 57 ns 
CL =150 pF 6.0V 34 47 59 71 ns 

tpHL. tpLH Maximum Propagation CL =50pF 2.0V 180 290 363 435 ns 
Delay. SBA or SAB CL =150 pF 2.0V 210 340 425 510 ns 
Input to A or B Output. CL =50pF 4:5V 39 58 72 87 ns 
with A or B high CL =150 pF 4.5V 47 68 85 102 ns 

CL=50pF 6.0V 34 50 63 75 ns 
CL =150 pF 6.0V 39 58 72 87 ns 
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AC Electrical Characteristics MM54HC646/MM74HC646 (Continued) 

Vee = 2.0-6.0V, CL = 50 pF, tr = t, = 6 ns (unless otherwise specified) . 
TA=25°C 

74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C TA= -55 to 125°C 
Units 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation CL=50 pF 2.0V 180 290 363 435 ns 
Delay, SBA or SAB CL=150pF 2.0V 210 340 425 510 ns 
Input to A or B Output, CL =50 pF 4.5V 39 58 72 87 ns 
with A or Blow CL=150 pF 4.5V 47 68 85 102 ns 

CL =50 pF 6.0V 34 50 63 75 ns 
CL=150pF 6.0V 39 58 72 87 ns 

tpZH' tPZH Maximum Output Enable RL =1 kfl 
Time, G Input or DIR to A or B CL =50 pF 2.0V 80 175 219 263 ns 
Output CL =150 pF 2.0V 120 225 281 338 ns 

CL =50 pF 4.5V 23 35 44 53 ns III 
CL=150 pF 4.5V 31 45 56 68 ns 

CL =50 pF 6.0V 21 30 37 45 ns 
CL =150 pF 6.0V 27 38 48 57 ns 

tPHZ, tpLZ Maximum Output Disable RL =1 kfl 2.0V 85 175 219 263 ns 
Time, G Input to A or B CL =50 pF 4.5V 23 35 44 53 ns 
Output 6.0V 21 30 37 45 ns 

tTHL, tTLH Maximum Output Rise CL =50 pF 2.0V 60 75 90 ns 
and Fall Time 4.5V 12 15 18 ns 

6.0V 10 13 15 ns 

ts Minimum Set Up Time 2.0V 100 125 150 ns 
4.5V 20 25 30 ns 
6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
4.5V 0 0 0 ns 
6.0V 0 0 0 ns 

tw Minimum Pulse Width 2.0V 80 100 120 ns 
of Clock 4.5V 16 20 24 ns 

6.0V 14 18 21 ns 

tr,t, Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5 500 500 500 ns 

6.0V 400 400 400 ns 

CPD Power Dissipation pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

, COUT Maximum Input 15 20 20 20 pF 
Capacitance 

1-341 



AC Electrical Char~cteristics MM54HC648/MM74HC648 

Vee=5V, TA=25°C, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 44 30 MHz 
Frequency ----

tpHL, tpLH Maximum Propagation CL =50 pF 14 25 ns 
Delay, A or B Input 
to B or A Output 

tPHL, tpLH Maximum Propagation CL~o50 pF 31 40 ns 
Delay, CBA or CAB 
Input to A or B Output 

tpHL, tpLH Maximum Propagation CL =50 pF 35 50 ns 
Delay, SBA or SAB Input to A 
or B Output, with A or B high 

tPHL, tpLH Maximum Propagation CL =50 pF 35 50 ns 
Delay, SBA or SAB Input to A 
or B Output, with A or Blow 

tpzH, tpZL Maximum Enable RL =1 kO 18 33 ns 
Time G Input to CL =45 pF 
A or B Output 

tpHZ, tpLZ Maximum Disable RL =1 kO 17 30 ns 
Time, G Input to CL =5 pF 
A or B Output 

, 

AC Electrical Characteristics MM54HC648/MM74HC648 

Vee = 2.0-6.0V, CL = 50 pF, tr = tf = 6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C T A = - 55 to 125°C 
Units 

Typ Guaranteed Limits 

fMAX. Maximum Operating CL =50 pF 2.0V 5 4 3 MHz 
Frequency 4.5V 27 21 18 MHz 

6.0V 31 24 20 MHz 

tpHL, tpLH Maximum Propagation CL =50 pF 2.0V 60 180 189 225 ns 
Delay, A or B Input CL =150 pF 2.0V 80 200 250 300 ns 
to B or A Output CL =50 pF 4.5V 21 30 37 45 ns 

CL =150 pF 4.5V 30 40 50 60 ns 

CL =50 pF 6.0V 18 26 31 39 ns 
CL =150 pF 6.0V 22 35 44 53 ns 

tpHL, tpLH Maximum Propagation CL =50 pF 2.0V 110 220 275 330 ns 
Delay, CBA or CAB CL =150 pF 2.0V 150 270 338 405 ns 
input to A or B Output CL=50 pF 4".5V 31 44 55 66 ns 

CL =150 pF 4.5V 40 54 68 81 ns 

CL =50 pF 6.0V 28 38 47 57 ns 
CL =150pF 6.0V 34 47 59 71 ns 

tpHL, tpLH Maximum Propagation CL =50 pF 2.0V 180 290 363 435 ns 
Delay, SBA or SAB CL =150 pF 2.0V 210 340 425 510 ns 
Input to A or B Output, CL =50 pF 4.5V 39 58 72 87 ns 
with A or B high CL =150 pF 4.5V 47 68 85 '102 ns 

CL =50 pF 6.0V 34 50 63 75 ns 
CL =150 pF 6.0V 39 58 72 87 ns 
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AC Electrical Characteristics MM54HC648/MM74HC648 (Continued) 

VCC = 2.0-6.0V, CL = 50 pF, tr = tf = 6 ns (unless otherwise s'pecified) 
.. 

TA=25°C 
74HC 54HC 

T A = - 40 to 85°C T A = - 55 to 125°C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation CL =50 pF 2.0V 180 290 363 435 ns 
Delay, SBA or SAB CL =150 pF 2.0V 210 340 425 510 ns 
Input to A or B Output, CL =50 pF 4.5V 39 58 72 87 ns 
with A or Blow CL =150 pF 4.5V 47 68 85 102 ns 

CL =50 pF 6.0V 34 50 63 75 ns 

CL=150pF 6.0V 39 58 72 87 ns 

tpZL' tpZL Maximum Output Enable RL =1 kn 
Time, IT Input or DIR to A or B CL =50 pF 2.0V 80 175 219 263 ns 
Output CL =150 pF 2.0V 120 225 281 338 ns 

CL =50 pF' 4.5V 23 35 44 53 ns 
CL =150 pF 4.5V 31 45 56 68 ns 

CL =50 pF 6.0V 21 30 37 45 ns 

CL =150 pF 6.0V 27 38 48 57 ns 

tpHZ, tpLZ Maximum Output Disable RL =1 kn 2.0V 85 175 219 263 ns 
Time, IT Input to A or B CL=50 pF 4.5V 23 35 44 53 ns 
Output 6.0V 21 30 37 45 ns 

tTHL, tTLH Maximum Output Rise 2.0V 60 75 90 ns 
and Fall Time CL =50 pF 4.5V 12 15 18 ns 

6.0V 10 13 15 ns 

ts Minimum Set Up Time 2.0V 100 125 150 ns 
4.5V 20 25 30 ns 
6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum Pulse Width 2.0V 80 100 120 ns 
of Clock 4.5V 16 20 24 ns 

6.0V 14 18 21 ns 

tr,tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CPO Power Dissipation pF 
Capacitance (Note 5) 

CIN Maximum Input Capacitance 5 10 10 10 pF 

COUT Maximum Output 15 20 20 20 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption. PO=CPD Vcc2 f+lee Vee. and the no load dynamic current consumption. 
IS = Cpo Vee f+lee· 
Note 6: Refer to back of this section f?: Typical MM54!74HC AC Switching Waveforms and Test Circuits, 
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~National 
~ Semiconductor microCMOS 

MM54HC688/MM74HC688 
8-Bit Magnitude Comparator (EquaUty Detector) 

General Description 
This equality detector utilizes microCMOS Technology, 3.5 
micron silicon gate P-well CMOS, to compare bit for bit two 
8-bit words and indicates whether or not they are equal. The 
P=Q output indicates equality when it is low. A single active 
low enable is provided to facilitate cascading of several 
packages and enable comparison of words greater than 8 
bits. 

This device is useful in memory block decoding applica­
tions, where memory block enable signals must be generat­
ed from computer address information. 

The comparator's output can drive 10 low power Schottky 
equivalent loads. This comparator is functionally and pin 

Connection and Logic Diagrams 
Dual-ln-L1ne Package 

vcc P = a 07 P7 06 PG as P5 04 "4 

11 

10 

G PO 00 P1 01 P2 02 P3 03 GND 

TOP VIEW TLiF/S018-1 

MM54HC688/MM74HC688 

54HC688 (J) 74HC688 (J,N) 

Truth Table 
Inputs 

Data 
Enable 

P,Q G P=Q 

P = Q L L 
P> Q L H 
P<Q L H 

X H H 

compatible to the 54LS688/74LS688. All inputs are protect­
ed from damage due to static discharge by diodes to Vee 
and ground. 

Features 
• Typical propagation delay: 20 ns 
II! Wide power supply range: 2-6V 
II Low quiescent current: 80 /-LA (74 series) 
• Large output current: 4 rnA (74 series) 

• Same as 'HC521 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions 

tpHL, tpLH Maximum Propagation 
Delay, Any P or Q to Output 

tpLH, tpHL Maximum Propagation 
Delay, Enable to any Output 

AC Electrical Characteristics 

Typ 
Guaranteed 

Units 
LImit 

21 30 ns 

14 20 ns 

VCC = 2.0V to 6.0V, CL = 50 pF, tr = tf = 6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C TA= -55 to 125°C 

Typ Guaranteed Limits 

. tpHL, tpLH Maximum Propagation 2.0V 60 175 220 263 
Delay 4.5V 22 35 44 53 

6.0V 19 30 38 45 

tpHL,tpLH Maximum Propagation 2.0V 45 120 150 180 
Delay 4.5V 15 24 30 36 

6.0V 13 20 25 30 

tTHL,tTLH Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

CPO. Power Dissipation 45 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vee2 f+lee Vee, and the no load dynamic current consumption, 
Is = CPO Vee f+ Icc· 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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~National 
a Semiconductor 

microCMOS 

MM54HC4002/MM74HC4002 Dual4-lnput NOR Gate 

General Description Features 
These NOR gates utilize microCMOS Technology, 3.5 mi­
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TIL gates with the low power consumption of 
standard CMOS integrated circuits. All gates have buffered 
outputs, providing high noise immunity and the ability to 
drive 10 LS-TIL loads. The 54HC174HC logic family is func­
tionally as well as pin-out compatible with the standard 

• Typical propagation delay: 8 ns 
• Wide power supply range: 2V -6V 
• Low quiescent current: 20 #LA maximum (74HC series) 
• Low input current: 1 #LA maximum 
• Fanout of 10 LS-TIL loads 

. 54LS174LS logic family. The 54HC4002174HC4002 is func- . 
tionally equivalent and pin-out compatible with the 
CD4002B. All inputs are protected from damage due to stat­
ic discharge by internal diode clamps to Vee and ground. 

Connection Diagrams 
Dual-In-Llne Package 

Vee 

14 

Y1 

Y2 

13 

A2 

12 

82 

11 

4 

C1 

TOP VIEW 

C2 

5 

D1 

MM54HC4002/MM74HC4002 

54HC4002 (J) 74HC4002 (J,N) 

Y=A+B+C+D 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Veel -0.5 to + 7.0V 

DC Input Voltage (VIN) 

DC Output Voltage (Vour) 

Clamp Diode Current (11K. 10K) 

DC Output Current. per'pin (lour) 

DC Vee or GND Current. per pin (Ieel 

Storage Temperature Range (TsrG) 

Power Dissipation (Po) (Note 3) 

-1.5 to Vee+ 1.5V 

-0.5 to Vee+0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

Lead Temperature (Td (Soldering 10 seconds) 

500mW 

260°C 

DC Electrical Characteristics (Note 4) 

Symbol 

VOH 

Parameter 

Minimum High Level 

Input Voltage 

Maximum Low Level 

Input Voltage 

Minimum High Level 

Output Voltage 

Conditions 

VIN = VIH or VIL 

Iiourl ~ 20 JLA 

Vee 

2.0V 

4.5V 

6.0V 

2.0V 

4.5V 

6.0V 

2.0V 

4.5V 

6.0V 

Typ 

2.0 

4.5 

6.0 

VIN = VIH or VIL 

Iiourl ~4.0 mA 

Iiourl ~ 5.2 mA 

4.5V 4.2 

VOL 

ICC 

Maximum Low Level 

Output Voltage 

Maximum Input 

Current 

Maximum Quiescent 

Supply Current 

VIN = VIH or VIL 

Iiourl ~20 JLA 

VIN = VIH or VIL 

Ilourl~4 mA 

Iiourl ~5.2 mA 

VIN = Vee or GND 

VIN = Vee or GND 

lour=O JLA 

6.0V 5.7 

2.0V 

4.5V 

6.0V 

o 
o 
o 

4.5V 0.2 

6.0V 0.2 

6.0V 

6.0 

Operating Conditions 
Min 

Supply Voltage(Veel 2 

DC Input or Output Voltage 0 

(VIN.Vour) 

Operating Temperature Range(T A) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr• t,) Vee=2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

1.5 

3.15 

4.2 

0.3 

0.9 
1.2 

1.9 
4.4 
5.9 

3.98 

5.48 

0.1 

0.1 

0.1 

0.26 

0.26 

±0.1 

2.0 

T A = - 40 to 85°C T A = - 55 to 125°C 

Guaranteed Limits 

1.5 

3.15 

4.2 

0.3 

0.9 
1.2 

1.9 
4.4 
5.9 

3.84 

5.34 

0.1 

0.1 

0.1 

0.33 

0.33 

±1.0 

20 

1.5 
3.15 

4.2 

0.3 

0.9 
1.2 

1.9 
4.4 
5.9 

3.7 

5.2 

0.1 

0.1 

0.1 

0.4 
0.4 

±1.0 

40 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device, may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
V 

V 

°C 
°C 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
·V 
V 

V 
V 
V 

JLA 

JLA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J"'package: -12 mWrC from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (VOH. and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vec = 5.5V and 4,5V respectively, (The VIH value at 5,5V is 3,85V,l The worst case leakage current (lIN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6,OV values should be used, 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions 

Maximum Propagation 
Delay 

AC Electrical Characteristics 
Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns 

Symbol Parameter Conditions 

tpHL, tpLH Maximum Propagation 
Delay 

tTLH, tTHL Maximum Output 
Rise and Fall 
Time 

CPO Power Dissipation (per gate) 
Capacitance (Note 5) 

CjN Maximum Input 
Capacitance 

Vee 

2.0V 
'4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

11 

TA=25°C 

Typ 

40 120 
12 24 
10 20 

30 75 
10 15 
9 13 

25 

5 10 

Guaranteed 
Limit 

20 

74HC 

Units 

ns 

54HC 
T A = - 40 to 85°C T A = - 55 'to 125°C 

Guaranteed Limits 

151 179 
30 36 
26 30 

95 110 
19 22 
16 19 

10 ' 10 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power consumption. Po= CPO Vee2 f+ lee Vee. and the no, 10aS! dynamic current consumption. 
Is=Cpo Vee f+lee, 

Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits, 

1-350 



~National 
~ Semiconductor 

MM54HC4016/MM74HC4016 
Quad Analog Switch 

General Description 
These devices are digitally controlled analog switches im­
plemented in microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS. These switches have low '·on' resistance 
and low 'off' leakages. They are bidirectional switches, thus 
any analog input may be used as an output and vice-versa. 
The '4016 devices allow control of up to 12V (peak) analog 
signals with digital control signals of the same range. Each 
switch has its own control input which disables each switch 
when low. All analog inputs and outputs and digital inputs 
are protected from electrostatic damage by diodes to Vee 
and ground. 

Connection Diagram 

Dual-In-Line Package 

Vee 1cn 4Cn 41/0 40/1 30/1 31/0 

1110 10/1 20/1 21/0 2Cn 3Cn GND 

TOP VIEW 
MM54HC4016/MM74HC4016 

54HC4016 (J) 74HC4016 (J,N) 

Schematic Diagram 

TLIF/5350-1 

PRELIMINARY 

microCMOS 

Features 
• Typical switch enable time: 15 ns 
• Wide analog input voltage range: 0-12V 

• Low 'on' resistance: son typical 
• Low quiescent current: 80 JlA maximum (74HC) 
• Matched switch characteristics 
• Individual switch controls 

Truth Table 

Input Switch 

CTL 1/0-0/1 

L "OFF" 
H "ON" 

TL/F/5350-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage {Vee> -0.5to +15V Min Max Units 

DC Control Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(VeC> 2 12 V 

DC Switch 1/0 Voltage (VIO) - 0.5 to Vee + 0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA 
Operating Temperature Range(T A) 

MM74HC -40 +85 ·C 
DC Vee or GND Current, per pin (Icc> ±50mA MM54HC -55 +125 ·C 
Storage Temperature Range (T STG) -65·Cto +150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr,tl) Vee=2.0V 1000 ns 

Lead Temperature (T d (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 
Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

T A = - 40 to 85·C TA= -55 to 125·C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

9.0V 6.3 6.3 6.3 V 
12.0V 8.4 8.4 8.4 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

9.0V 1.8 1.8 1.8 V 
12.0V 2.4 2.4 2.4 V 

RON Maximum 'ON' Resistance VeTL=VIH.ls=1.0mA 4.5V 100 n 
(See Note 5) Vls=Vee to GND 9.0V 50 n 

(Figure 1) 12.0V 30 n 
2.0V 120 n 

VeTL=VIH.ls=1.0mA 4.5V 50 n 
Vls=Vee or GND 9.0V 35 n 
(Figure 1) 12.0V 20 n 

RON Maximum 'ON' Resistance VeTL =VIH 4.5V 10 n 
Matching Vls=Vee to GND 9.0V 5 n 

12.V 5 n 
liN Maximum Control VIN=VeeorGND ±0.1 ±1.0 ±1.0 J.lA 

Input Current Vee=2-6V 

liz Maximum Switch 'OFF' Vos=VecorGND 5.5V 10 nA 
Leakage Current VIS= GND or Vee 9.0V 15 nA 

VeTL = VIL (Figure 2) 12.0V 20 nA 

liZ Maximum Switch 'ON' Vos=VecorGND 5.5V 10 nA 
Leakage Current VeTL =VIH 9.0V 15 nA 

(Figure 3) 12.0V 20 nA 

Icc Maximum Quiescent VIN=VeeorGND 5.5V 2.0 20 40 J.lA 
Supply Current IOUT=O JJ-A 9.0V 8.0 80 160 J.lA 

12.0V 16.0 160 320 J.lA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW rc from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: For a power supply of SV ± 1 0% the worst case on resistances (RON) occurs for HC at 4.5V. Thus the 4.SV values should be used when designing with 
this supply. Worst case VIH and Vil occur at Vee = 5.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current occur for CMOS 
at the higher voltage and so these values should be used. 
Note 5: At supply voltages (Vee~VEE) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 
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AC Electrical Characteristics 
Vcc=2.0V-6.0V VEE=OV to 6V, CL =15 pF (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation 2.0V 25 ns 
Delay Switch In to 4.5V 5 ns 
Out 9.0V 4 ns 

12.0V 3 ns 

tpZL, tpZH Maximum Switch Turn RL =1kn 2.0V 32 ns 
"ON" Delay 4.5V 8 ns 

9.0V 6 ns 
12.0V 5 ns 

tpHZ, tpLZ Maximum Switch Turn RL = 1 kH 2.0V 45 ns 
"OFF" Delay 4.5V 15 ns 

9.0V 10 ns 
12.0V 8 ns 

fMAX Maximum Switch 4.5V 100 MHz 
Frequency Response 9.0V 120 MHz 
20 log (V1/Vo }=-3 dB 

Cross Talk Control (Figure 7) 4.5V 180 mVp_p 

to Switch 

Cross Talk Between (Figure 8) 4.5V MHz 
Any Two Switches 
(Frequency at -50 dB) 

Crosstalk. Switch MHz 
Input to Output 
(Frequency at -50 dB) 

CIN Maximum Control 5 10 10 10 pF 
Input Capacitance 

CIN Maximum Switch 15 pF 
Input Capacitance 

CIN Maximum Feedthrough VCLT=GND 5 pF 
Capacitance 

Typical Performance Characteristics 

Typical "On" Resistance 
Versus Input Voltages (,4016) 

1BO 

150 
~ ~ ~ 120 z V \ Vcc=4.5V ;! 
en 90 ~ J II: 

6D J \ . 
~t~t'IV 

--z 
? ......... _ .... 

3D 
1-'"",- ! ..,...." --Vcc=12.0V 

0 
0 2 4 6 8 10 12 

INPUT VOLTAGE (VOLTS) 

TL/F/5350-17 
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AC Test Circuits and Switching Time Waveforms 

Ven = Vee -----, 
Vee 

CONTROL Vee 

VIS r---.... --II/O 1 OF 4 
SWITCHES 

GND 

VelL = ov -----, 
Vee 

011 t-..... -- Vos 

AMMETER CONTROL Vee 

1 OF 4 . 
SWITCHES 0/11----- Vos=VeeORGND VIS = GND OR Vee 1/0 

L-__ --{..- t----.... 

TL/F/53S0-3 

FIGURE 1. "ON" Resistance 

Ven = VIH -----. 

GND 

FIGURE 2. "OFF" Channel Leakage Current 

Vee 

AMMETER CONTROL Vee 

CONTROL 

1/0 

Vec 

Vls=Vec 
TO GND 

I/O 1 OF 4 
SWITCHES 

GND 

OIl 1----- Vos IOPEN) 

TL/F/S3S0-S 

FIGURE 3. "ON" Channel Leakage Current 

Vee----+-.J~~-""!IL 

t-.... -----Vos 
OV---'l 

Voo-----+_--... 
Vos 

OV----J 

TL/F/5350-4 

TL/F/S350-6 TL/F/5350-7 

FIGURE 4. tpHL, tpLH Propagation Delay Time Signal Input to Signal Output 

VCTl---....... Vec 
tPZL 

vee~. IpZL 
50% 

OV~PZL 
VOD 90% 

VOL 

I--.... -Vos 

TL/F/S3S0-8 TL/F/S3S0-9 

FIGURE 5. tpZL, tpLZ Propagation Delay Time Control to Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 

VCTl----
Vec 

CONTROL 

........ --~ ..... -VOS 

TL/F/5350-10 

IpZH 

vcc~ 50,}, • 
OV 

VOH -..j IpZH r-~ 
OV~· 

V Voo 

"~ 
v::~r:,. 
ov ~ 

TL/F/5350-11 

FIGURE 6. tPZH. tPHZ Propagation Delay Time Control to Signal Output 

Vcn ------. t,= ns 

CONTROL Vcc Vc 
ov---...... r 

Vos ------~.v:----~F== • CROSSTALK 

t 
TLIF/5350-12 

FIGURE 7. Crosstalk: Control Input to Signal Output 

VCTl(I)" vce -----. 

600n CONTROL Vec 

_...J\ofV\.,......---t IN/OUT S~I~~~ES OUT liN .... ~I)-- VOS(I) 

TL/F/5350-14 

Vec 
VCTl(2)" OV ------. 

Vcc 

IN/OUT S~I~~~ES OUT/IN .... ---1It--VOS(2) 

GND 

TL/F/5350-16 

VIS(1) 

FIGURE 8: Crosstalk Between Any Two Switches 
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~National 
D SemicOnductor 

microCMOS 

MM54HC4017/MM74HC4017 
Decade Counter/Divider with 10 Decoded Outputs 
General Description 
The MM54HC40171MM74HC4017 is a 5-stage Johnson 
counter with 10 decoded outputs that utilizes micro-CMOS 
Technology, 3.5 micron silicon gate P-well CMOS. Each of 
the decoded outputs is normally low and sequentially goes 
high on the low to high transition of the clock input. Each 
output stays high for one clock period of the 10 clock period 
cycle. The CARRY output transitions low to high after OUT­
PUT 10 goes low, and can be used in conjunction with the 
CLOCK ENABLE to cascade several stages. The CLOCK 
ENABLE input disables counting when in the high state. A 
RESET input is also provided which when taken high sets all 
the decoded outputs low. 

The MM54HC40171MM74HC4017 is functionally and pinout 
equivalent to the CD4017BM/CD4017BC. It can drive 

Connection Diagram 

up to 10 low power Schottky equivalent loads. All inputs are 
protected from damage due to static discharge by diodes 
from Vee and ground. 

Features 
iii Wide power supply range: 2-6V 
Iiii Typical operating frequency: 30 MHz 
III Fanout of 10 LS-TTL loads. 
Il low quiescent current: 80 flA (74HC series) 
IiiiI Low input current: 1.0 flA 

Dual-ln-L1na Package 

DECODED OUTPUT "5" 
15 

Vee 

DECODED OUTPUT "I" RESET 

DECODED OUTPUT. "0" CLOCK 

DECODED OUTPUT "2" ClOCt{ ENAGLE 

DECODE!) OUTPU~ "S. CARRY·OUT 

DECODED OUTPUT "7" DECD'DED OUTPUT "9" 

DECDDED OUTPUT "3 H DECODED OUTPUT "4" 

GND DECODED D UTPUT "8" 

TDI'VIEri 

TLIF/5351-1 

MM54HC40171MM74HC4017 

54HC4017 (J) 74HC4017 (J,N) 
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! 3: 
Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 3: 
Supply Voltage (Veel -0.5 to + 7.0V Min Max Units 01 
DC Input Voltage (VIN) -1.5 to Vee+ 1.5V Supply Voltage(Veel 2 6 V ,&::I. 

........... 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V, ....... 
(VIN,VOUT) 

,&::I. 
Clamp Diode Current (11K, 10K) ±20mA J: 
DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A) (') 

MM74HC -40 +85 °C 
DC Vee or GND Current, per pin (Ieel ±EiOmA MM54HC -55 +125 °C 

,&::I. 
0 

Storage Temperature Range (T STG) - 65°C to + 150°C Input Rise or Fall Times ...... 
Power Dissipation (Po) (Note 3) 500mW (tr,tl) Vee=2.0V 1000 ns ....... 
Lead Temperature (T Ll (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 

Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI S:20 /LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI S:4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 

l!ouTI s: 5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI s: 20 /LA 2.0V 0 0.1 0.1 0.1 V 

4.5V' 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI S:4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI S:5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vec or GND 6.0V ±0.1 ±1.0 ±1.0 /LA 
Current 

Icc Maximum Quiescent VIN = Vce or GND 6.0V 8.0 80 160 /LA 
Supply Current IOUT=O /LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless olherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWI"C from 65°C to 85°C; ceramic "J" package: -12 mWI"C from 
100°C to 125°C. 
Note 4: For a power supply of 5V ± 1 0% the worst case output voltages (VOH. and Vou occur for HC at 4,5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee ='5.5V and 4,5V respectively. (The VIH value at 5.5V is 3,85V.1 The worst case leakage current {lIN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6,OV values should be used. 
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AC Electrical Characteristics Vcc=5V. TA=25°C. CL =15 pF tr=tf=6 ns 

Symbol Parameter Ccinditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Clock Frequency Measured with 50 30 MHz 
resp_oct to carry line 

tpHL, tpLH Maximum Propagation 26 44 ns 
Delay, Enable to Carry-Out Line 

tpHL, tpLH Maximum Propagation 27 44 ns 
Delay Enable Decode-Out Lines 

tpHL, tpLH Maximum Propagation 23 40 ns 
Delay, Reset or Clock to Decode Out 

tpHL, tpLH Maximum Propagation 23 40 ns 
Delay, Reset or Clock to Carry Out 

ts Minimum Clock Inhibit 12 20 ns 
Data Set-Up Time 

tw Minimum Clock or Reset Pulse Width 8 16 ns -

tREM Minimum Reset Removal Time 10 20 ns 

AC Electrical Characteristics Vcc=2.0-6.0V, CL50 pF tr=tf=6 ns (unless otherwise specified) 

_ ° 74HC 54HC 

Symbol Parameter Conditions Vee 
TA-25C TA=-40to850C TA=-55to1250C 

Units 
Typ Guaranteed Limits 

fMAX Maximum Clock Frequency Measured with 2.0V 4 3 3 MHz 
respect to carry line 4.5V 20 16 13 MHz 

6.0V 23 18 15 MHz 

tpHL, tpLH Maximum Propagation 2.0V 89 250 312 375 ns 
Delay, Enable to Carry-Out Line 4.5V 25 50 63 75 ns 

6.0V 20 43 54 65 ns 

tpHL, tpLH Maximum Propagation 2.0V 90 250 312 375 ns 
Delay, Enable to Decode Out Line 4.5V 25 50 63 75 ns 

6.0V 20 43 54 65 ns 

tpHL, tpLH Maximum Propagation 2.0V 82 230 288 345 ns 
Delay, Reset or Clock to Decode Out 4.5V 22 46 58 69 ns 

6.0V 18 39 49 59 ns 

tPHL. tpLH Maximum Propagation 2.0V 82 230 288 345 ns 
Delay, Reset or Clock to Carry Out 4.5V 22 46 58 69 ns 

6.0V 18 39 49 59 ns 

tw Minimum Reset or Clock Pulse 2.0V 30 80 100 120 ns 
Width 4.5V 9 .16 20 24 ns 

6.0V 8 14 18 21 ns 

tREM Minimum Reset Removal 2.0V 100 125 150 ns 
Time 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tTHL, tTLH Maximum Output Rise 2.0V 30 75 95 110 ns 
and Fall Time 4.5V 8 15 19 22 ns 

6.0V 7 13 16 19 ns 

tr, tf Minimum Input Rise and Fall Time 2.0V 1000 1000 1000 ns 
4.5V 500 500 500 ns 
6.0V 400 400 400 ns 

CPD Power Dissipation (per package) pF 
Capacitance (Note 5) 

CIN Maximum Input Capacitance 5 10 10 10 pF 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vee2 f+lec Vee, and the no load dynamic current consumption, 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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Logic and Timing Diagrams 
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~National 
~ Semiconductor ~\~ 

microCMOS 

MM54HC4020/MM74HC4020 14 Stage Binary Counter 
MM54HC4024/MM74HC4024 7 Stage Binary Counter 
MM54HC4040/MM74HC4040 12 Stage Binary Counter 
General Description 
The MM54HC4020174HC4020. MM54HC4024/74HC4024. 
MM54HC4040/7 4HC4040. are high speed binary ripple carry 
counters. These counters are implemented utilizing micro­
CMOS Technology. 3.5 micron silicon gate P-well CMOS. to 
achieve speed performance similar to LS-TTL logic while 
retaining the low power and high noise immunity of CMOS. 

The 'HC4020 is a 14 stage counter, the 'HC4040 is a 12 
stage counter, and the 'HC4024 is a 7 stage counter. All 
these devices are incremented on the falling edge (negative 
transition) of the input clock, and all their outputs are reset 
to a low level by applying a logical high on their reset input. 

Connection Diagrams 
Dual-In-Llne Packages 
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These devices are pin equivalent to the CD4020, CD4024 
and CD4040 respectively. All inputs are protected from 
damage due to static discharge by protection diodes to Vee 
and ground. 

Features 
Ell Typical propagation delay: 16 ns 
II Wide operating voltage range: 2-6V 
113 Low input current: 1 p..A maximum 
E3 Low quiescent current: 80 p..A maximum (74HC series) 
a Output drive capability: 10 LS-TTL loads 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to + 7.0V MIn Max Units 
DC Input Voltage (VIN) -1.5 to Vee+ 1.5V Supply Voltage (Vee) 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee + 0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (leo) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A) 
MM74HC -40 +85 °C 

DC Vee or GND Current, per pin (led ±50mA MM54HC -55 +125 °C 
Storage Temperature Range (T STG) - 65°C to + 150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr,t,) Vee=2.0V 1000 ns 
Lead Temperature (T d (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 

Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC ' 54HC 

Symbol Parameter CondItions Vee T A = - 40 to 85°C T A = - 55 to 125°C 
Units 

Typ Guaranteed Limits 

VIH Minimum High Level Input 2.0V 1.5 1.5 1.5 V 
Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level Output VIN=VIH orVIL 
Voltage HOUTI ::;: 20 IlA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI ::;: 4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI ::;: 5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level Output VIN = VIH or VIL 
Voltage IIOUTI ::;:20 IlA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI::;:4.0 mA 4.5V 0.2 .26 0.33 0.4 V 
IIOUTI::;:5.2 mA 6.0V 0.2 .26 0.33 0.4 V 

liN Maximum Input Current VIN=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 IlA 

Icc Maximum Quiescent Supply VIN = Vee or GND 6.0V 8.0 80 160 IlA 
Current IOUT=O IlA 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derat}ng - plastic "N" package: -12 mWrC from 6SoC to SSoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ± 1 0% the worst case output voltages (VOH. and Vou occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc= S.SV and 4.SV respectively. (The VIH value at S.SV is 3.SSV.) The worst case leakage current (liN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating Frequency 50 25 MHz 

tpHL, tpLH Maximum Propagation (Note 5) 17 35 ns 
Delay Clock to 0 

tpHL Maximum Propagation 16 40 ns 
Delay Reset to Any 0 

tREM Minimum Reset 10 20 ns 
Removal Time 

tw Minimum Pulse Width 10 16 ns 

AC Electrical Characteristics Vcc=2.0V to ,6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C T A = - 55 to 125°C Units 

Typ Guaranteed LImits 

fMAX Maximum Operating 2.0V 10 4 3 3 MHz 
Frequency 4.5V 40 20 16 13 MHz 
(,4020 and '4040) 6.0V 50 24 19 16 MHz 

fMAX Maximum Operating 2.0V 10 5 4 ·3 MHz 
Frequency (,4024) 4.5V 50 25 20 17 MHz 

6.0V 60 29 23 20 MHz 

tpHL, tpLH Maximum Propagation 2.0V 80 210 265 313 ns 
Delay Clock to 01 4.5V 21 42 53 63 ns 

6.0V 18 36 45 53 ns 

tpHL Maximum Propagation 2.0V 80 210 265 313 ns 
Delay Reset to 0 4.5V 21 42 53 63 ns 
(,4024 only) 6.0V 18 36 45 53 ns 

tpHL Maximum Propagation 2.0V 72 240 302 358 ns 
Delay Reset to Any 0 4.5V 24 40 60 72 ns 
(,4020 and '4040) 6.0V 20 41 51 61 ns 

tREM Minimum Reset 2.0V 100 126 149 ns 
Removal Time 4.5V 20 25 50 ns 

6.0V 16 21 25 ns 

tw Minimum Pulse Width 2.0V 90 100 120 ns 
4.5V 16 20 24 ns 
6.0V 14 18 20 ns 

tTLH. tTHL . Maximum 2.0V 30 75 95 110 ns 
Output Rise 4.5V 10 15 19 22 ns 
and Fall Time 6.0V 9' 13 16 19 ns 

tr, tf Maximum Input Rise and 1000 1000 1000 ns 
Fall Time 500 500 500 ns 

400 400 400 ns 

CPO Power Dissipation (per package) 55 pF 
Capacitance (Note 6) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Typical Propagation delay time to any output can be calculated using: tp = 17 + 12(N-1) ns; where N is the number of the output. OW. at Vee = 5V. 
Note 6: CpO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 7: Refer to back of·this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 

. , 
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Logic Diagrams 
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~National 
~ Semiconductor 
M M 54HC4046/M M7 4HC4046 
CMOS Phase Lock Loop 
General Description 
The MM54HC4046/MM74HC4046 is a low power phase 
lock loop utilizing 3.5/t silicon-gate P-well microCMOS 
Technology to obtain high frequency operation both in the 
phase comparator and VCO sections. This device contains 
a low power linear voltage controlled oscillator (VCO), a 
source follower, and three phase comparators. The three 
phase comparators have a common signal input and a 
common comparator input. The signal input has a self 
biasing amplifier allowing signals to be either capacitively 
coupled to the phase comparators with a small signal or 
directly coupled with standard input logic levels. This 
device is similar to the CD4046 except that the Zener diode 
of the metal gate CMOS device has been replaced with a 
third phase comparator. 

Phase comparator I is an exclusive OR (XOR) gate. It pro­
vides a digital error signal that maintains a 90 phase shift 
between the VCO's center frequency and the input signal 
(50% duty cycle input) waveforms. This phase detector is 
more susceptible to locking onto harmonics of the input 
frequency than phase comparator I, but provides better 
noise rejection. 

Phase comparator III is an SR flip-flop gate. It can be used 
to provide the phase comparator functions and is similar to 
the first comparator in performance. 

Phase comparator II is an edge sensitive digital sequential 
network. Two signal outputs are provided, a comparator 
output and a phase pulse output. The comparator output 
is a TRI-STATE® output that provides a signal that locks 
the VCO output signal to the input signal with a phase shift 

Block and Connection Diagrams 
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microCMOS 

between them. This comparator is more susceptible to 
noise throwing the loop out of lock, but is less likely to lock 
onto harmonics than the other two comparators. 

In a typical application all three comparators feed an exter­
nal filter network which in turn feeds the VCO input. This 
input is a very high impedance CMOS input which also 
drives the source follower. The VCO's operating frequency 
is set by three external components connected to the C1A, 
C1 B, R1 and R2 pins. An inhibit pin is provided to disable the 
VCO and the source follower, providing a method of putting 
the IC in a low power state. 

The source follower is a MaS transistor whose gate is con­
nected to the VCO input and whose drain connects the De­
modulator output. This output normally is used by tying a 
resistor from pin 10 to ground, and provides a means of ' 
looking at the VCO input without loading down modifying the 
characteristics of the PLL filter. 

Features 
II Low dynamic power consumption: 

(Vcc=4.5V) 
a Maximum VCO operating frequency: 20 MHz 

(Vee=4.5V) 
rI Fast comparator res'ponse time (Vee = 4.5V) 

Comparator I: 20 ns 

Comparator II: 25 ns 

Comparator III: 20 ns 

iii VCO has high linearity and high temperature 
stability 

Dual-In-Llne Package 
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COMPARATOR IN SIGNAL IN 
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Absolute Maxmum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee> -0.5 to +'7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee +1.5V Supply Voltage (Vee> 2 6 V 

DC Output Voltage (Vour) -0.5 to Vee + 0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN, Your) 

DC Output Current per pin (lour) ±25mA 
Operating Temperature Range (T A) 

MM74HC -40 +85 ·C 
DC Vee or GND Current, per pin (Ice> ±50mA MM54HC -55 +125 ·C 
Storage Temperature Range (T STG) - 65°C to + 150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr,t,) Vee =2.0V 1000 ns 
Lead Temperature (T U (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 

Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA = -40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level Input 2.0V 1.5 1.5 1.5 V 
Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level Output VIN = VIH or VIL 
Voltage Iiourl S 20 p,A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN=VIH orVIL 
I 

Ilourls4.0 rnA 4.5V 4.2 3.98 3.84 3.7 V 
Ilourls8.2 rnA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level Output VIN = VIH or VIL 
Voltage Iiourls20 p,A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
Iiourl s 4.0 rnA 4.5V 0.2 0.26 0.33 0.4 V 

Ilourls5.2 rnA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input Current (Pins 3,5,9) VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 p,A 

liN Maximum Input Current (Pin 14) VIN = Vee or GND 6.0V 2 3 4 p,A 

loz Maximum TRI-STATE Output Vour=VeeorGND 6.0V ±0.5 ±5.0 ±10 p,A 
Leakage Current G=VIH 

Icc Maximum Quiescent Supply VIN = Vee or GND 6.0V 8.0 80 160 p,A 
Current lour=O p,A 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are refQrenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -t2 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: For a power supply of 5V ± 10% the worst case output voltages (VOH, and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V is 3.85V.) The worst case leakage current (lIN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

\ 
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AC Electrical Characteristics 
Vee = 2.0 to 6.0V, CL = 50 pF, tr = t, = 6 ns (unless otherwise specified). 

Symbol Parameters Conditions Vee 
T=25°C 74HC 54HC 

Units 
Typ Guaranteed Limits 

ACCoupled C (series) = 100 pF 2.0V 100 200 225 250 mV 
Input Sensitiv- f1N=500 kHz 4.5V 200 400 450 500 mV 
ity, Signal In 6.0V 300 600 650 700 mV 

tr,t, Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fall 4.5V 9 15 19 22 ns 
Time 6.0V 8 12 15 19 ns 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Phase Comparator I 

tpHL, tpLH Maximum Prop- 2.0V 58 165 206 250 ns 
agation Delay 4.5V 20 35 44 52 ns 

6.0V 18 30 38 45 ns 

CPO Maximum Power pF 
Dissipation 
Capacitance 

Phase Comparator II 

tpHL, tpLH Maximum Prop- 2.0V 60 150 190 225 ns 
agation Delay 4.5V 20 30 38 45 ns 
Compo Output 6.0V 18 25 32 38 ns 

tpZL Maximum TRI- 2.0V 60 150 190 225 ns 
STATE Enable 4.5V 20 30 38 45 ns 
Time 6.0V 18 25 32 38 ns 

tpZH Maximum TRI- 2.0V 72 200 250 300 ns 
STATE Enable 4.5V 22 40 50 60 ns 
Time 6.0V 19 34 42 51 ns 

tpLZ Maximum TRI- 2.0V 72 200 250 300 ns 
STATE Disable 4.5V 22 40 50 60 ns 
Time 6.0V 19 34 42 51 ns 

tpHZ Maximum TRI- 2.0V 72 200 250 300 ns 
STATE Disable 4.5V 22 40 50 60 ns 
Time 6.0V 19 34 42 51 ns 

tPHL Maximum Prop- 2.0V 72 200 250 300 ns 
agation Delay 4.5V 22 40 50 60 ns 
High to Low 6.0V 19 34 42 51 ns 
to Phase Pulses 

tpLH Maximum Prop- 2.0V 72 200 250 300 ns 
agation Delay 4.5V 22 40 50 60 ns 
Low to High 6.0V 19 34 42 51 ns 
to Phase Pulses 

Cpo Maximum Power pF 
Dissipation 
Capacitance 

Phase Comparator III 

tPHL, tpLH Maximum Prop- 2.0V ns 
agation Delay 4.5V ns 

6.0V ns 

CPO Maximum Power pF 
Dissipation 
Capacitance 

1-367 



AC Electrical Characteristics (Continued) 

Vee = 2.0 to 6.0V, CL = 50 pF, tr = tf = 6 ns (unless otherwise specified). 

Symbol Parameters Conditions Vee 
T=25°C 74HC 54HC 

Units 
Typ Guaranteed Limits 

Voltage Controlled Oscillator (Specified to operate from Vee = 3.0V to 6.0V 

fMAX Maximum C1 =10 pF, 
Operating R1 =100, 4.5V 20 18 15 MHz 
Frequency R2=00 6.0V 25 23 20 MHz 

VCOin = Vee 

Linearity 
VCOin = 2.25 ± 1 V 4.5V 1.0 % 
VCOin=3±1.5V 6.0V 1.0 % 

Temperature· No 
Frequency Frequency 4.5V %/C 
Stability Offset 6.0V %/C 

Temperature· Frequency 
Frequency Offset 4.5V %/C 
Stability 6.0V %/C 

Duty Cycle 50 % 

Demodulator Output 

Offset Voltage Rs= 1 kn 1.5 2.2 2.7 3.2 V 
VCOin-Vdem 

Linearity Rs= 5 kn 2.0V 0.1 0.2 0.3 % 

Detailed Circuit Description 
, 

VOLTAGE CONTROLLED OSCILLATOR/SOURCE 
FOLLOWER 

The VCO requires two or three external components to curves. By increasi~g the value of R2 the lock range of the 
operate. These are R1, R2, C1. Resistor 1 and capacitor PLL is decreased and the gain (volts/Hz) is increased. 
C1 are selected to determine the center frequency of the Thus, for a narrow lock range, large swings on the VCO 
veo (see typical performance curves). R2 can be used to input will cause less frequency variation. 
set the offset frequency with OV at VCO input. If .R2 is omit- Internally, the resistors set a current in a current mirror, as 
ted the VCO range is from 0 Hz; as R2 is decreased, the shown in Figure 1. The mirrored current drives one side of -
offset frequency is increased. The effect of R2 is shown in 
the design information table and typical performance 
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FIGURE 1. Logic Diagram for VCO 
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Detailed Circuit Description (Continued) 

the capacitor; once the capacitor charges up to the thresh­
old of the Schmitt Trigger the oscillator logic flips the 
capacitor over and causes the mirror to charge the oppo­
site side of the capacitor. The output from the internal logic 
is then taken to pin 4. 

The input to the VCO is a very high impedance CMOS 
input and thus will not load down the loop filter, easing the 
filters design. In order to make signals at the VCO input 
accessible without degrading the loop performance, a 
source follower transistor is provided. This transistor can 
be used by connecting a resistor to ground and its drain 
output will follow the VCO input signal. 
An inhibit signal is provided to allow disabling of the VCO 
and the source follower. This is useful if the internal VCO is 
not being used, but an external one is. A logic high on inhibit 
disables the VCO and source follower. 

The output of the VCO is a standard high speed CMOS 
output with an equivalent LS-TIL fanout of 10. The VCO 

output is approximately a square wave. This output can 
either directly feed the comparator input of the phase com­
parators or feed external prescalers (counters) to enable 
frequency synthesis. 

PHASE COMPARATORS 

All three phase comparators have two inputs, Signal In and 
Comparator In. The Signal In has a special DC bias network 
that enables AC coupling of input signals. If the signals are 
not AC coupled then this input requires logic levels the 
same as standard 54HC/74HC. The comparator input is a 
standard digital input. Both input structures are shown in 
Figure 3. 

The outputs of these comparators are essentially standard 
54HC174HC voltage outputs (comparator II is TAl-STATE). 

r------------. 
Vee 

I .L I 
I I I 
I ':' I 

SIGNAL ..;.(1.....;4) .......... 
IN 

COMPARATOR 
IN~-~ ~>-------.... ...--. TO OTHER COMPARATORS 0 

INPUT CIRCUITRY COMMON TO ALL L _ ~ ___ C~~'!!... ____ ...J 

(2) PHASE COMPARATOR I 
OUTPUT 

TLlF/5352-4 

FIGURE 3. Logic Diagram for Phase Comparator I and the Common Input Circuit for All Three Comparators 

SIGNAL IN 

COMPARATOR 
IN 

PHASE 'COMPARATOR I 
OUTPUT 

VCO IN 

FIGURE 4. Typical Phase Comparator I Waveforms 
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Comparator I 

-Given: fo -Given: fo and fL 
-Use fo with -Calculate fmin 
Figure5a 
to determine 
R1 and C1 

from the equation 

fmin=fo-fL 
- Use f min with Figure 5b 
to det~rmine R2 and C1 

100 

10 

-Calculate fmax/fmin 
from the equation 

fmax/fmin= 
fo+fL/fo-fL 

-Use fmax/f~in 
with Figure 5c 
to determine 
ratio R2/R1 
to obtain R1 

VCO Center Frequency 
VSC1 (R2 = 00) 

o .................................. 
o 10p 100p 1000p 0.011' 

C1 IF) 

(a) 

Comparator II 

-Given: fmax -Given: fmin and fmax 
-Calculate fo from -Use fmin with 
the equation 
fo=fmax/2 

-Use fowith 
Figure5ato 
determine 
R1 and C1 

Figure 5b to 
determine R2 and C1 

-Calculate fmax/fmin 
-Use fmaxlfmin 
with Figure 5c 
to determine ratio R2/R1 
to obtain R1 

(b) 

VCC Frequency Offset 
vsC1 

100 

10 

10p 100p 1000p 0.011' 
C1 IF) 
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Comparator III 

Typical fmax/fmln 
vs R2/R1 

10_~ 
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FIGURE 2. VCO Characteristics: a) Idealized Transfer Function 

b) Determining External Components 
c), d), e) Typical Frequency Characteristics versus Component Values 
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Detailed Circuit Description (Continued) 

Thus in normal operation Vee and ground voltage levels 
are fed to the loop filter. This differs from some phase 
detectors which supply a current output to the loop filter 
and this should be considered in the design. (The CD4046 
also provides a voltage.) . 

Figure 5 shows the state tables for all three comparators. 

PHASE COMPARATOR I 

This comparator is a simple XOR gate similar to the 54/ 
74HC86, and its operation is similar to an'overdriven bal· 
anced modulator. To maximize lock range the input 
frequencies must have a 50% duty cycle. Typical input 
and output waveforms are shown in Figure 4. The output of 
the phase detector feeds the loop filter which averages the 
output voltage. The frequency range upon which the PLL 
will lock onto if initially out of lock is defined as the capture 
range. The capture range for phase detector I is depen· 
dent on the loop filter employed. The capture range can be 
as large as the lock range, which is equal to the VCO fre· 
quency range. 

To see how the detector operates, refer to Figure 4. When 
two square wave inputs are applied to this comparator, an 
output waveform whose duty cycle is dependent on the 
phase difference between the two signals results. As the 
phase difference increases, the output duty cycle 
increases and the voltage after the loop filter increases. 
Thus, in order to achieve lock when the PLL input fre· 
quency increases the VCO input, voltage must increase 

Phase Comparator State Diagrams 

and the phase difference between comparator in and sig· 
nal in will increase. At an input frequency equal to fm1n , the 
veo input is at OV. This requires the phase detector output 
to be grounded; hence, the two input signals must be in 
phase. When the input frequency is fmax, the VCO input 
must be Vee and the phase detector inputs must be 1800 

out of phase. 

The XOR is more susceptible to locking onto harmonics of 
the signal input than the digital phase detector II. For 
instance, a signal 2 times the VCO frequency results in the _ 
same output duty cycle as a signal equal to the VCO fre· 
quency. The difference is that the output frequency of the 
2f example is twice that of the other example. The loop 
filter and the VCO range should be designed to prevent 
locking on to harmonics. . 

PHASE COMPARATOR II 

This detector is a digital memory network. It consists of 
four flip·flops and some gating logic, a three state output 
and a phase pulse output as shown in Figure 6. This com· 
parator acts only on the positive edges of the input signals 
and is thus independent of signal duty cycle. 

Phase comparator II operates in such a way as to force the 
PLL into lock with 0 phase difference between the VCO 
output and the signal input positive waveform edges. Figure 
1 shows some typical loop waveforms. First assume that 
the signal input phase is leading the comparator input. This 

PHASE COMPARATOR I 

INPUT STATE . I 
COMPARATOR I 

IN 

~ ¢ 
SIGNAL 11 10 

IN I 
. i ' 

PHASE COMP lOUT 0 I 1 

PHASE COMPARATOR II 

INPUT STATE 

COMPARATOR 
IN 

¢ 
SIGNAL 

IN 

PHASE COMP II OUT TRI-STATE 

PHASE PULSES 

PHASE COMPARATOR III 

COMPARATOR 
IN 

¢ 
SIGNAL 

IN 

PHASE COMP III OUT TL/F/5352-10 

FIGURE 5. 
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Detailed Circuit Description (Continued) 

means that the veo's frequency must be increased to 
bring its leading edge into proper phase alignment. Thus 
the phase detector II output is set high. This will cause the 
loop filter to charge up the veo input, increasing the veo 
frequency. Once the leading edge of the comparator input 
is detected, the output goes TAl-STATE holding the veo 
input at the loop filter voltage. If the veo still lags the sig­
nal then the phase detector will again charge up to veo 
input for the time between the leading edges of both wave­
forms. 

If the veo leads the signal then when the leading edge of 
the veo is seen, the output of the phase comparator goes 
low. This discharges the loop filter until the leading edge of 
the signal is detected at which time the output disables 
itself again. This has the effect of slowing down the veo to 
again make the rising edges of both waveforms coinciden­
tal: 

When the PLL is out of lock, the veo will be running either 
slower or faster than the signal input. If it is running slower 
the phase detector will see more signal rising edges and 
so the output of the phase comparator will be high a major­
ity of the time, raising the veo's frequency. Conversely, if 
the veo is running faster than the signal, the output of the 
detector will be low most of the time and the veo's output 
frequency will be decreased. 

As one can see, when the PLL is locked the output of 
phase comparator II will be almost always disabled except 
for minor corrections at the leading edge of the waveforms. 
When the detector is TAl-STATE the phase pulse output is 
high. This output can be used to determine when the PLL 
is in the locked condition. 

This detector has several interesting characteristics. Over 
the entire veo frequency range there is no phase differ­
ence between the comparator input and the signal input. 
The lock range of the PLL is the same as the capture 

range. Minimal power is consumed in the loop filter since 
in lock the detector output is a high impedance. Also, 
when no signal is present, the detector will see only veo 
leading edges, so the comparator output will stay low, forc­
ing the V90 to fmin operating frequency. . 

Phase comparator II is more susceptible to noise, causing 
the phase lock loop to unlock. If a noise pulse is seen on 
the signal input, the comparator treats it as another posi­
tive edge of the signal and will cause the output to go high 
until the veo leading edge is seen, potentially for a whole 
signal input period. This would cause the veo to speed up 
during that time. When using the phase comparator I, the 
output of that phase detector would be disturbed for only 
the short duration of the noise spike and would cause less 
upset. 

PHASE COMPARATOR III 

This comparator is a simple SA flip-flop which can function 
as a phase comparator as shown in Figure 8. It has some 
similar characteristics to the edge sensitive comparator. To 
see how this detector works, assume input pulses are 
applied to the signal and comparator inputs as shown in 
Figure 9. When the signal input leads the comparator 
input, the flop is set. This will charge up the loop filter and 
cause the veo to speed up, bringing the comparator into 
phase with the signal input. When using short pulses as 
input, this comparator behaves very similarly to the second 
comparator. But one can see that if the signal input is a 
long pulse, the output of the comparator will be forced to a 
one no matter how many comparator input pulses are 
received. Also, if the veo input is a square wave (as it is) 
and the signal input is pulse, then the veo will force the 
comparator output low much of the time. Therefore, it is 
ideal to condition the signal and comparator input to short 
pulses. This is most easily done by using a series 
capacitor. 

FROM INPUT CIRCUIT@_---Ir--_ 
(FIGURE 3) JO-.... _L>o--t.><>-... (1..;.5)O PHASE COMPARATOR 

III OUTPUT 

TL/F/5352-11 

FIGURE 8. Phase Comparator III Logic Diagram 

SIGNALIN~ n n 
COMPARATOR IN n n rL 
COMPARATOR III--.J 

OUT I 
VCO IN 

TLIF/5352-12 

FIGURE 9. Typical Waveforms for Phase Comparator III 
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o FIGURE 6. Logic Diagram for Phase Comparator II 
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IN 
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microCMOS 

MM54HC4049/MM74HC4049 
Hex Inverting Logic Level Down Converter 
MM54HC4050/MM74HG4050 
Hex Logic Level Down Converter 

General Description 
The MM54HC4049/MM74HC4049 and the MM54HC40501 
MM74HC4050 utilize microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS, and have a modified input protec­
tion structure that enables these parts to be used as logic 
level translators which will convert high level logic to a low 
level logic while operating from the low logic supply. For 
example, 0-15V CMOS logic can be converted to 0-5V log­
ic when using a 5V supply. The modified input protection 
has no diode connected to Vee thus allowing the input volt­
age to exceed the supply. The lower zener diode protects 
the input from both positive and negative static voltages. In 
addition each part can be used as a simple buffer or inverter 
without level translation. The MM54HC4049/MM74HC4049 

Connection Diagrams . 

Dual-ln-L1ne Package 

NC NC J = ii o 

16 15 14 13 12 11 10 

A H=B 1= C GNO 

TOP VIEW 

TLIF/5214-1 

MM54HC4049/MM74HC4049 

54HC4049 (J) 74HC4049 (J,N) 

is pin and functionally compatible to the CD4049BMI 
CD4049BC and the MM54HC4050/MM74HC4050 is com­
patible to the CD4050BM/CD4050BC 

Features 
II Typical propagation delay: 8 ns 
• Wide power supply range: 2V -6V 
• Low quiescent supply current: 20 IlA maximum (74HC) 
• Fanout of 10 LS-TTL loads 

Dual-In-Llne Package 

-NC l = F NC K=E J = 0 o 

16 15 14 13 12 11 10 

VOO G = A A H=B 1= C GNO 

TOP VIEW 

TL/F/S214-2 

MM54HC4050/MM74HC4050 

54HC4050 (J) 74HC4050 (J,N) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee> -0.5 to + 7.0V Min Max Units 
DC Input Voltage (VIN) -1.5 to Vee+ 18V Supply Voltage(VeC> 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input Voltage 0 15 V 
Clamp Diode Current (IZK' 10K) ±20mA (VIN) 

\ Vee V 
DC Output Current, per pin (lOUT) ±25mA DC Output Voltag~ 0 Vee V 
DC Vee or GND Current, per pin (IcC> ±50mA (VOUT) 
Storage Temperature Range (T STG) - 65°C to + 150°C Operating Temperature Range(T A) 
Power Dissipation (Po) (Note 3) 500mW MM74HC -40 +85 °C 
Lead Temperature (T0 (Soldering 10 seconds) 260°C MM54HC -55 +125 °C 

Input Rise or Fall Times 
(tr,tl) Vee~2.0V 1000 ns 

Vee=4.5V 500 ns 
Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 
01 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40°C to 85°C T A = - 55°C to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level Input 2.0V 1.5 1.5 1.5 V 
Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Volta~e 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI ~20 p.A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI~4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 

IIOUTI~5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH orVIL 
Output Voltage IIOUTI~20 p.A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V O· 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI~4 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI~5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input Current VIN=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 p.A 
VIN=15V 6.0V ±0.5 ±5 ±5 p.A 

Icc Maximum Quiescent Supply VIN=Vee or GND 6.0V 2.0 20 40 p.A 
Current IOUT=O p.A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to B5°C; ceramic "J" package: -12 mWr,C from 
100°C to 125°C. 
Note 4: For a power supply of 5V ± 1 0% the worst case output voltages (VOH and You occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (T)1e VIH value at 5.5V is 3.B5V,) The worst case leakage current (liN. 
Icc. lov occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions 

tpHL. tpLH Maximum Propagation Delay 

AC Electrical Characteristics 

Typ 

8 

Guaranteed 
limit 

15 

Units 

ns 

Vcc=2.0V to 6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40° to 85°C T A = - 55° to 125°C 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation 2.0V 30 76 92 106 
Delay 4.5V 10 17 20 26 

6.0V 9 15 18 20 

tTHL. tTLH Maximum Output 2.0V 25 75 95 110 
Rise and Fall 4.5V 7 15 19 22 
TIme 6.0V 6 13 16 19 

CPD Power Dissipation (per gate) 25 
Capacitance (Note 5) 

C'N Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption, 
Is=Cpo Vee f+lee· 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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~National 
U Semiconductor 

MM54HC4051/MM74HC4051 
8 Channel Analog Multiplexer 
MM54HC4052/MM74HC4052 

PRELIMINARY 

microCMOS 

Dual 4 Channel Analog Multiplexer 
MM54HC4053/MM74HC4053 
Triple 2 Channel Analog Multiplexer 

General Description 
These multiplexers are digitally controlled analog switches 
implemented in microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS. These switches have low "on" resist­
ance and low "off" leakages. They are bidirectional 
switches, thus any analog input may be used as an output 
and vice-versa. Also these switches contain linearization cir­
cuitry which lowers the on resistance and increases switch 
linearity. These devices allow control of up to ± 6V (peak) 
analog signals with digital control signals of 0 to 6V. Three 
supply pins are provided for Vee, Ground, and VEE. This 
enables the connection of 0-5V logic signals when 
Vee = 5V and an analog inpl;lt range of ± 5V when 
VEe=5V. All three devices also have an inhibit control 
which when high will disable all switches to their off state. 
All analog inputs and outputs and digital inputs are pfotect­
ed from electrostatic damage by diodes to Vee and ground. 

MM54HC4051/MM74HC4051: This device connects togeth­
er the outputs of 8 switches, thus achieving an 8 Channel 
Multiplexer. The binary code placed on the A, 8, and C se­
lect lines determines which one of the eight switches is "on". 
and connects one of the eight inputs to the common output. 

MM54HC4052/MM74HC4052: This device connects to-
o gether the outputs of 4 switches in two sets, thus achieving 

Connection Diagrams 
Dual-In-Llne Package 

a pair of 4 channel multiplexers. The binary code placed on 
the A, and 8 select lines determine which switch in each 4 
channel section is "on", connecting one of the four inputs in 
each section to its common output. This enables the imple­
mentation of a 4 channel differential multiplexer. 

MM54HC4053/MM74HC4053: This device contains 6 
switches whose outputs are connected together in pairs, 
thus implementing a triple 2 channel multiplexer, or the 
equivalent of 3 single-pole-double throw configuration. Each 
of the A, 8, or C select lines independently controls one pair 
of switches, selecting one of the two switches to be "on". 

Features 
• Wide analog input voltage range: ± 6V 
• Low "on II resistance: 50 typo (Vee-VEe=4.5V) 

30 typo (Vee-Vee=9V) 
• Logic level translation to enable 5V logic with ± 5V 

analog signals 
• Low quiescent current: 80 /-LA maximum (74HC) 
CI Matched Switch characteristic 

IN/OUT ~OUT/IN~ 
Vee 2X IX X OX lX A 

Vee yz YI YO YJ A 

1 5 
Y4 YB OUT/IN Y7 Y5 INH VEl 
INiOiiT '"iNiOiiT 

TOP VIEW TL/F/5353-1 

MM54HC4051/MM74HC4051 

54HC4051 (J) 74HC4051 (J, N) 

5 
OY 2Y Y lY IY INH VEE 
\NiOij'j'"' 0 U T /1 N ""iNiiiiiT 

TOP VIEW TLlF/5353-2 

MM54HC4052/MM74HC4052 

54HC4052 (J) 74HC4052 (J, N) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (VeC> -0.5 to + 7.5V Min Max Units 

Supply Voltage (VEE) +0.5 to -7.5V Supply Voltage(VeC> 2 6 V 

Control Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(VEE) 0 -6 V 

Switch 1/0 Voltage (VIa) VEE-0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A) 
MM74HC' -40 +85 ·C 

Vee or GND Current, per pin (Icc> ±50mA MM54HC -55 +125 ·C 
Storage Temperature Range (T STG) - 65·C to + 150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr,tf) Vee=2.0V 1000 ns 

Lead Temperature (TLl (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 
Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

° 74HC 54HC 

Symbol Parameter Conditions VEE Vee 
T A = 25 C T A = - 40 to 85°C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum HighLevel 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level. 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

RON Maximum "ON" Resistance VCTL=VIH.ls=1.0 rnA GND 4.5V 40 n 
(See Note 5) VIS=Vee to VEE -4.5V 4.5V 30 n 

I (Figure 1) -6.0V 6.0V 20 n 
GND 2.0V 100 n 

V eTL =VIH. Is=1.0 rnA GND 4.5V 40 n 
Vls=Vee or VEE -4.5V 4.5V 20 n 
(Figure 1) -6.0V 6.0V 15 n 

RON Maximum "ON"Resistance VeTL =VIH GND 4.5V 10 n 
Matching VIS = Vee to GND -4.5V 4.5V 5 n 

-6.0V 6.0V 5 n 

liN Maximum Control VIN = Vee or GND ±0.1 ±1.0 ±1.0 p,A 
Input Current Vee=2-6V 

liZ Maximum Switch "OFF" Vas = Vee or GND GND 6.0V 10 nA 
Leakage Current Vls=GND or Vee -6.0V 6.0V 20 nA 

VeTL = VIL (Figure 2) 

liZ Maximum Switch "ON" Vos=Vee or GND GND 6.0V 20 nA 
Leakage Current VeTL =VIH -6.0V 6.0V 40 nA 

(Figure ;3) 

Icc Maximum Quiescent VIN = Vee or GND GND 6.0V 8 80 160 p,A 
Supply Current lour=O p,A -6.0V 6.0V 16 160 320 p,A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ± 1 0% the worst case on resistances (RON) occurs for HC at 4.SV. Thus the 4.SV values should be used when designing with 
this supply. Worst case VIH and VIL occur at Vee=S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current occur for CMOS 
at the higher voltage and so the S.SV values should be used. 
Note 5: At supply voltages (Vee-VEE) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 
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AC Electrical Characteristics 
Vcc=2.0V-6.0V VEE = OV-6V, CL =50 pF (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions VEE Vee 
T A = - 40 to 85°C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation GND 2.0V 25 ns 
Delay Switch In to GND 4.5V 5 ns 

Out -4.5V 4.5V 4 ns 
-6.0V 6.0V 3 ns 

tpZL, tPZH Maximum Switch Turn RL =1 kn GND 2.0V 92 ns 

"ON" Delay GND 4.5V 18 ns 
-4.5V 4.5V 16 ns 
-6.0V 6.0V 15 ns 

tpHZ, tpLz Maximum Switch Turn GND 2.0V 65 ns 

"OFF" Delay GND 4.5V 28 ns 
-4.5V 4.5V 18 ns 
-6.0V 6.0V 16 

fMAX Minimum Switch GND 4.5V 100 MHz 

Frequency Response -4.5V 4.5V 120 MHz 

2010g(VIIVO) = 3 dB 

Cross Talk Control (Figure 7) -4.5V 4.5V 180 mVp.p 

to Switch 

Cross Talk Between (Figure 8) -4.5V 4.5V MHz 
Any Two Switches 
(Frequency at - 50 dB) 

Crosstalk, Switch MHz 
Input to Output 
(Frequency at -50 dB 

CIN Maximum Control 5 10 10 10 pF 
Input Capacitance 

CIN Maximum Switch Input 15 pF 
Input Capacitance 4051 Common 90 

4052 Common 45 
4053 Common 30 

CIN Maximum Feedthrough 5 pF 
Capacitance 

Truth Tables 

'4051 '4052 '4053 

Input "ON" Inputs "ON" Channels Input "ON" Channell 

Inh C B A Channel Inh B A X Y Inh C B A C b a 

H X X X None H X X None None H X X X None None None 
L L L L YO L L L OX OY L L L L ex BX AX 
L L L H Yl L L H lX 1Y L L L H CX BX AY 
L L H L Y2 L H L 2X 2Y L L H L CX BY AY 
L L H H Y3 L H H 3X 3Y L L H H CX BY AY 
L H L L Y4 L H L L CY BX AY 
L H L H Y5 L H L H CY BX AY 
L H H L Y6 L H H L CY BY AY 
L H H H Y7 L H H H CY BY AY 

I 
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AC Test Circuits and Switching Time Waveforms 

Ven =VIH ___ --, 
(Int.mall 

Vee 

Vee CONTROL Vee VeTl-Vll 
(lnt.m.11 -----, 

VIS --+---4 y S~~1H 011 ......... -- VOS 

VEE AMMETER CONTROL Vee 

VIS = GND DR Vee y TEST 
SWITCH 

VEE 

011 t----- Vos"VeeORGND 

TL/F/5353-5 

TLlF/5353-4 

I;IGURE 1. "ON" Resistance FIGURE 2. "OFF" Channel Leakage Current 

VCTl-VI" 

VIS Y 

Vu 

Ven = Vll 
"ntarnlll ----.., 

VIS = Vee 
TO GND 

, AMMETER 

y 

CONTROL 

TEST 
SWITCH 

VEE 

Vee 

Vee 

- 011 t----- VOS 

TLlF/5353-6 

FIGURE 3. "ON" Channel Leakage Current 

vee 
VIS 

vos OV 

VOD 
vos 

OV 

TL/F/5353-7 

FIGURE 4. tpHL. tpLH Propagation Delay Time Signal Input to Signal Output 

tPZL 

VCC----i::-lrzL 
50°;' 

OV~rn 
VDO 90% 
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........ -VOI ~O% . 

OV~' Iru 
VDO 

10% . 
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TL/F/5353-8 

FIGURE 5. tPZL. tpLZ Propagation Delay Time Control to Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 

Vcn 

vcn----""'II 

60011 

IpZH 
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VOH 

OV 10"1. 
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FIGURE 6. tpZH. tpHZ Propagation Delay Time Control to Signal Output 

1,- nl 
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vos 

ov 
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60011 
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FIGURE 7. Crosstalk: Control Input to Signal Output 

CONTROL Vee 

TEST 
y SWITCH OUTIINI--..... - VOSI1l 

y 

VEE 

Vee 

Vee 

TEST OUTlINI--...... -VOI(ll 
SWITCH 

V 

-~ /\ ( wq;av 
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TL/F/5353-11 

FIGURE 8. Crosstalk Between Any T\'IO Switches 

Typical Performance Characteristics 

Typical "On" Resistance 
90 vs Input Voltage 

75 II 
L",oioo' 

Vcci4.~V 

,,~ ~II 
-I- ... .-.0 ~i9.0V 

.. ' ...... --vffr~ 

60 

45 

30 

15 

-6 -4 -2 O. 2 4 
INPUT VOLTAGE (VOLTS) 

Vee = -VEE TLIF/5353-1B 
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Logic Diagrams 

INH 

INH 

LOGIC 
LEVEL 

CONVERSION 

GND 

lOGIC 
lEVEL 

CONVERSION 

Vee 

Vee 

VEE 

BINARY 
TO 

1 OF 8 
OECOOER 

WITH 
INHIBIT 

BINARY 
TO 

1 OF 4 
DECODER 

WITH 
INHIBIT 

MM54HC4051/MM74HC4051 

CHANNEL IN/OUT 

Y1 Y6 Y5 Y4 Y3 Y2 YI YO 

MM54HC4052/MM74HC4052 

X CHANNELS IN/OUT 
I 

Xl Xl XI XD ' 

YO VI Y2 Y3 

Y CHANNELS IN/OUT 

MM54HC4053/MM64HC4053 

IN/OUT 
I \ 
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~National 
~ Semiconductor 

microCMOS 

MM54HC4060/MM74HC4060 
14 Stage Binary Counter 
General Description 
The MM54HC4060/MM74HC4060 is a high speed binary 
ripple carry counter. These counters are implemented utiliz­
ing microCMOS technology, 3.5 micron silicon gate P-well 
CMOS, to achieve speed performance similar to LS-TIL 
logic while retaining the low power and high noise immunity 
of CMOS. 

This device is pin equivalent to the CD4060. All inputs are 
protected from damage due to static discharge by protec­
tion diodes to Vee and ground. 

Features 
• Typical propagation delay: 16 ns 

• Wide operating voltage range: 2-6V 
• Low input current: 1 p.A maximum 

The 'HC4060 is a 14-stage counter which increments on the 
falling edge (negative transition) of the input clock, and all 
their outputs are reset to a.low level by applyi[lg a logical high 
on their reset input. The 'HC4060 also has two additional 
inputs to enable easy connection of either an RC or crystal 
oscillator. 

• Low quiescent current,: 80 p.A maximum (74 series) 

Connection Diagram 

Logic Diagram 

CLOCK 2------.... 
CLOCK1----. 

CLOCK 

014 013 

• Output drive capability: 10 LS-TIL loads 

Dual-In-Line Package 

Vee 010 08 09 RESET CLOCK 1 CLOCK CLOCK 

116 15 14 13 12 11 10 9 

I 

Dr- t-

1 2 3 4 5 6 7 
1
8 

012 013 014 06 05 07 04 GNO 

012 

TOP VIEW 
TLlF/5216-4 

MM54HC4060/MM74HC4060 

54HC4060 (J) 74HC4060 (J, N) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage(VeC> -0.5 to + 7.0V Min Max Units 

DC Input Voltage(VIN) -1.5 to Vee+1.5V Supply Voltage(VeC> 2 6 V 

DC Output Voltage(VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current(leo) ±20mA 
(VIN,VOUT) 

DC Output Current, per pin(IOUT) ±25mA 
Operating Temperature Range(T A) 

MM74HC. -40 +85 ·C 
DC Vcc or GND Current, per pin(leC> ±50mA MM54HC -55 +125· ·C 
Storage Temperature Range(TSTG) -65·C to + 150·C Input Rise or Fall Times 
Power Dissipation(Po) (Note 3) 500mW (tr, tf) Vee=2.0V 1000 ns 

Lead Temperature(TL> (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 
Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee TA = -40 to 85·C T A = - 55 to 125·C Units 

Typ Guaranteed Limits 

VIH Minimum High Level Input 2.0V 1.5 1.5 1.5 V 
Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level Output VIN = VIH or VIL 
Voltage IIOUTI ::::: 20 /l-A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI:::::4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 

(except pins 11 and 121 ltouTI::::: 5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low ~evel Output VIN = VIH orVIL 
Voltage ltouTI:::::20 /l-A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
ltouTI::::: 4 mA 4.5V 0.2 0.26 0.33 0.4 V 

(except pins 11 and 121 
IiOUTI::::: 5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input Current VIN=Vee or GND 6.0V ±0.1 ±1.0 ±1.0 /l-A 

IcC Maximum Quiescent Supply VIN = Vee or GND 
Current IOUT=O /l-A 6.0V 8.0 80 160 /l-A 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating: plastic "N" package: -12 mWrC from 6SoC to 8SoC ceramic "J" package: -12 mWrC from 100"C to 12SoC 
Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and Vou occur for HC at 4.SV .. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current 
(liN. Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used . 

• 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating Frequency 40 20 MHz 

tpHL, tpLH Maximum Propagation (Note 5) 40 55 ns 
Delay Clock to 04 

tpHL, tpLH Maximum Propagation 16 40 ns 
Delay Reset to Any 0 

tREM Minimum Reset 10 20 ns 
Removal Time 

tw Minimum Pulse Width 10 16 ns 

AC Electrical Characteristics Vcc=2.0V to 6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
TA74HC TA54HC 

Symbol Parameter Conditions Vee TA = -40 to 85°C TA = -55 to 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 2.0V 10 4 3 3 MHz 

Frequency 4.5V 40 20 16 13 MHz 

6.0V 50 24 19 16 MHz 

tpHL, tpLH Maximum Propagation 2.0V 120 300 375 450 ns 

Delay Clock to 04. 4.5V 42 60 75 90 ns 

6.0V 35 47 59 62 ns 

tpHL Maximum Propagation 2.0V 72 240 302 358 ns 

Delay Reset to Any 0 4.5V 24 48 60 72 ns 

6.0V 20 41 51 61 ns 

tREM Minimum Reset 2.0V 100 125 150 ns 

Removal Time 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tw Minimum Pulse Width 2.0V 80 100 120 ns 

4.5V 16 20 24 ns 

6.0V 14 17 20 ns 

tr, tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

tTHL, tTLH Maximum Output Rise 2.0V 30 75 95 110 ns 

and Fall Time 4.5V 10 15 19 22 ns 

6.0V 9 13 16 19 ns 

CPO Power Dissipation (per package) 55 pF 

Capacitance (Note 6) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: Typical Propagation delay time to any output can be calculated using: tp 17 + 12(N-1) ns; where N is the number of the output. Ow. at Vee = 5V. 
Note 6: CpO determines the no load dynamic power consumption. Po = Cpo Vee2 f+ Icc Vee. and the no load dynamic current consumption. 
Is = CPO Vee f + Icc· 
Note 7: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 

1-385 



988-~ 

:>:I .... 

c c c c ~ b := c:; ~ ~ C fg ~ ~ ~ 5: ~ e 2 g!!l ~ 

[ ~. 

[[ ~. 

[[ [ ~~ 
[[ ['[ ~~ 

[[ [[r ~~ 
[[ [[[ [ ~~ 

[[ [[ [[ [ ~~ 
[[ [[ [[ [[ ~~ 

[ [ [ rr r r r[ . ~~ , · [ r r [ [ r r [ [[ ~~ 
[ [ [ r [ [ r r [ [r ~~ 

r [ [ [ r [ [ r [ r r r ~~ 
r r r r r r r r r· r r r r ~~ 

s: 
s: 
(J1 
~ 

~ 
~ 
:I: n 
~ 

weJ6elC 6UIWIl ~ 
o 



~National 
~ Semiconductor 

PRELIMINARY 

microCMOS 

MM54HC4066/MM74HC4066 Quad Analog Switch 

General Description 
These devices are digitally controlled analog switches utiliz­
ing microCMOS Technology, 3.5 micron silicon gate P-well 
CMOS. These switches have low "on" resistance and low 
"off" leakages. They are bidirectional switches, thus any 
analog input may be used as an output and visa-versa. Also 
the '4066 switches contain linearization circuitry which low­
ers the "on" resistance and increases switch linearity. The 
'4066 devices allow control of up to 12V (peak) analog sig­
nals with digital control signals of the same range. Each 
switch has its own control input which disables each switch 
when low. All analog inputs and outputs and digital inputs 
are protected from electrostatic damage by diodes to Vee 
and ground. 

Connection Diagram 0 I I L' 
ua - n- me Package 

vee lcn 4cn 41/0 40/1 30/1 31/0 

11/0 10/1 20/1 21/0 2ClL 3ClL GND 

TOP VIEW TL/F/5350-1 

MM54HC4066/MM74HC4066 

54HC4066 (J) 74HC4066 (J,N) 

Schematic Diagram 

CONTROL 

Features 
• Typical switch enable time: 15 ns 
• Wide analog input voltage range: 0-12V 
• Low "on" resistance: 30 typo ('4066) 
• Low quiescent current: 80 }J-A maximum (74HC) 
• Matched switch characteristics 
• Individual switch controls 

Truth Table 

Input Switch 

CTl 1/0-0/1 

L "OFF" 
H "ON" 

0/1 

TLIF/5355-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee> -0.5 to +15V Min Max Units 

DC Control Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage (Vee) 2 12 V 

DC Switch I/O Voltage (VIO) VEE-0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A) 
MM74HC -40 +85 °C 

DC Vee or GND Current, per pin (Icc> ±50mA MM54HC -55 +125 °C 
Storage Temperature Range (T STG) - 65°C to + 150°C Input Rise or Fall Times' 
Power Dissipation (Po) (Note 3) 500mW (tr, t,) Vee=2.0V 1000 ns 
Lead Temperature (TL> (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 

Vee=9.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA = -55 to 125°C 
Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V . 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

9.0V 6.3 5.3 6.3 V 
12.0V 8.4 8.4 8.4 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V· 

9.0V 1.8 1.8 1.8 V 
12.0V 2.4 2.4 2.4 V 

RON Maximum "ON" Resistance VeTL=VIH.ls=1.0 mA 4.5V 100 n 
(See Note 5) Vls=VeetoGND 9.0V 50 n 

(Figure 1) 12.0 30 n 
2.0V 120 n 

VeTL=VIH.ls=1.0 mA 4.5V 50 n 
VIS = Vee or GND 9.0V 35 n 
(Figure 1) 12.0V 20 n 

RON Maximum "ON" Resistance VeTL =VIH 4.5V 10 n 
Matching Vls=VeetoGND 9.0V 5 n 

12.0V 5 n 
liN Maximum Control VIN = Vee or GND ±0.1 ·±1.0 ±1.0 IJ-A 

Input Current Vee=2-6V 

liZ Maximum Switch "OFF" Vos=VeeorGND 5.5V 10 nA 
Leakage Current Vls=GNDorVee 9.0V 15 nA 

VeTL =VIL (Figure 2) 12.0V 20 nA 

liZ Maximum Switch "ON" Vos=VeeorGND 5.5V 10 nA 
Leakage Current VeTL =VIH 9.0V 15 nA 

(Figure 3) 12.0V 20 nA 

ICC Maximum Quiescent VIN=Vec or GND 5.5V 2.0 20 40 IJ-A 
Supply Current IOUT=O IJ-A 9.0V 8.0 80 160 IJ-A 

12.0V 16.0 160 320 IJ-A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic UN" package: -12 mWrC from 65°C to 85°C; ceramic uJ" package: -12 mWrC from 
100°C to 125°C. 
Note 4: For a power supply of SV ± 1 0% the worst case on resistance (RON) occurs for HC at 4.SV. Thus the 4.SV values should be used when designing with this 
supply. Worst case VIH and VIL occur at Vee = S.SV and 4.5V respectively. (The VIH value at 5.5V is 3.85V.) The worst case leakage current occurs for CMOS at 
the higher voltage and so the 5.SV values should be used. 
Note 5: At supply voltages (Vee-VEE) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 
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AC Electrical Characteristics 
Vcc=2.0V-6.0V VEE=OV-6V, CL =50 pF (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

tPHL, tpLH Maximum Propagation 2.0V 25 50 ns 
Delay Switch In to 4.5V 5 10 13 15 ns 
Out 9.0V 4 8 10 12 ns 

12.0V 3 7 9 11 ns 

tpZL, tPZH Maximum Switch Turn RL =1 kn 2.0V 32 80 100 120 ns 
"ON" Delay 4.5V 8 16 20 24 ns 

9.0V 6 14 18 21 ns 
12.0V 5 12 15 18 ns 

tpHZ, tpLZ Maximum Switch Turn RL = ~ kn 2.0V 45 150 187 225 ns 
"OFF" Delay 4.5V 15 30 38 45 ns 

9.0V 10 20 25 30 ns 
12.0V 8 16 20 24 

fMAX Minimum Switch 4.5V 100 MHz 
Frequency Response 9.0V 120 MHz 
2010g(VllVo)=3 dB 

Cross Talk Control (Figure 7) 4.5V 180 mVp_p 
to Switch 

Cross Talk Between (Figure 8) 4.5V MHz 
Any Two Switches 
(Frequency at - 50 dB) 

Crosstalk. Switch MHz 

Input to Switch Output 
(Frequency at -50 dB) 

CIN Maximum Control 5 10 10 10 pF 
Input Capacitance 

CIN Maximum Switch Input 15 pF 

Input Capacitance 

CIN Maximum Feedthrough VCTL =GND 5 pF 

Capacitance 

I 

If 
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AC Test Circuits and Switchi~g Time Waveforms 

Vee 
VCTL=VIH ---......, 

CONTROL Vee 

VIS --.... --1 110 S~I~~H4ES 011 ......... -- Vos 

GND 

L..-__ .......,..-)-___ .... 

Vcn-VIl---""'" 

AMMETER CONTROL Yee: 

I/O 1 OF C 
SWITCHES 

GND 

011 ..... --- VOI-Yee: OR GNO 

TLIF/5369-4 

TL/F/5355-3 

FIGURE 1. "ON" Resistance FIGURE 2. "OFF" Channel Leakage Current 

Ven"VIH 
Vee 

CONTROL 

VIS 1/0 

Ven ='VIH ---""I Vee 

AMMETER CONTROL Vee 

Vls=Vee 
TO GND 

1/0 1 OF 4 
SWITCHES 

GND 

011 1----- Vos 

TL/F/5369-5 

FIGURE 3. "ON" Channel Leakage Current 

Vee 
VIS 

Vos OV 

Voo 
Vos 

OV 

TL/F/5355-6 

FIGURE 4. tpHL. tpLH Propagation Delay Time Signal Input to Signal Output 

Ven----, Vee 

......... -Vos 

tPZL 
IpZL 

Vee ~ 

OV ----"" -.I IPZL j.- , 

,oo~ 
VOL . , 

tpLZ 

IPLZ 

" }.~f . 
Voo 

, 10% 
VOL 

TL/F/5355-7 

FIGURE 5. tPZL. tpLZ Propagation Delay Time Control to Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 

Vell tpZH 

~-O----O-Vos 

TL/F/5355-6 

FIGURE 6. tpZH, tpHZ Propagation Delay Time Control to Signal Output 

VCTl----... 
It= nS--1 C 

Vc K90% 

OV 10% 
Vos 

Vec 

IN/OUT S~I~~H4ESoUTlIN I-~t----"--

RL CL 
600n J50

PF 

~ Vos 
':" 

FIGURE 7. Crosstalk: Control Input to Signal Output 

600n 

vlSIII 

':" 

Vee 

CONTROL Vee 

IN/OUT S~I~~:ES OUT liN 

":' 

t-..... -VOSI1I 

R( 
600n 

"t["-""' 
F + CROSSTALK 

t 
TLIF/5355-9 

Vee 
VeTlIZI-OV "1~ 

1/1 

CONTROL Vee 

VII(ZI-OV IN/OUT S~I~~:ES OUT liN 

6000 

FIGURE 8: Crosstalk Between Any Two Switches 

Typical Performance Characteristics 

90 

c: 75 
w 
~ 60 
< 
lii 
~ 45 

k: 3D 
~ 

15 

Typical "On" Resistance 
vs. Input Voltage ('4066) 

II 
-~ 

Vcc .. 4.5V 

"" 11 
,.,,</ ~ I I 

~ .... """- vcc .. 9.OV 

~- ~l .. ~ .... ,..,. I-~ .... ~ Vcc=12.0V~ 

T II 
-6 -4 -2 0 2 4 

INPUT VOLTAGE (VOLTS) 
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~National 
D Semiconductor 

microCMOS 

MM54HC4075/MM74HC4075 Triple a-Input OR Gate 

General Description Features 
These OR gates utilize microCMOS Technology, 3.5 micron 
silicon gate P-well CMOS, to achieve operating speeds simi­
lar to LS-TIL gates with the low power consumption of stan­
dard CMOS integrated circuits. All gates have buffered out­
puts, providing high noise immunity and the ability to drive 
10 LS-TTL loads. The 54HC174HC logic family is functional­
ly as well· as pin-out compatible with the standard 54LSI 
74LS logic family. The 54HC4075174HC4075 is functionally 
equivalent and pin-out compatible with the CD4075B and 
MC14075B metal gate CMOS devices. All inputs are pro­
tected from damage due to static discharge by internal 
diode clamps to Vee and around. 

• Typical propagation delay: 11 ns 

Connection Diagram 

Y=A+B+C 

• Wide power supply range: 2V -6V 
• Low quiescent current: 20 IJ-A maximum (74HC series) 
• Low input current: llJ-A maximum 
• Fanout of 10 LS-TIL loads 

Dual-In-Llne Package 

3C 38 3A 3Y 2Y 2C 

10 

2A 28 IA 18 IC IY GND 

TOP VIEW 

MM54HC4075/MM74HC4075 

54HC4075 (J) 74HC4075 (J,N) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
s: 
s: 

Supply Voltage (VeC> -0.5to +7.0V Min Max Units (J1 

DC Input Voltage (VIN) -1.5 to Vee + 1.5V Supply Voltage (Vee) 2 6 V ~ 
.......... 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V ""-J 
(VIN.VOUT) ~ 

Clamp Diode Current (11K. 10K) ±20mA J: 
DC Output Current. per pin (lOUT) ±25mA Operating Temperature Range (T A) 0 MM74HC -40 +85 °C 
DC Vee or GND Current. per pin (IcC> ±50mA MM54HC -55 +125 °C ~ 

0 
Storage Temperature Range (T STG) -65°C to + 150'C Input Rise or Fall Times ""-J 
Power Dissipation (Po) (Note 3) 500mW (tr. tl) Vee=2.0V 1000 ns CJ1 

Lead Temperature cru (Soldering 10 seconds) 260'C Vee=4.5V 500 ns 
Vce=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC III Symbol Parameter Conditions Vee 

TA = -40 to 85°C TA= ~55t0125°C Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN=VIH orVIL 
Output Voltage IIOUTI::::20 ,...A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI::::4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI::::5.2 mA 6.0V 5.7 5.48' 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI::::20 ,...A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI:::: 4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI :::: 5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VcCorGND 6.0V ±0.1 ±1.0 ±1.0 JLA 
Current 

Icc Maximum Quiescent VIN = Vee or GND 6.0V 2.0 20 40 JLA 
Supply Current IOUT=O ,...A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65'C to 65°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: For a power supply of 5V ± 1 0% the worst case output voltages {VOH. and Vou occur for He at 4.5V. Thus the 4.5V values should be used when 
deSigning with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. {The VIH value at 5.5V is 3.65V.} The worst case leakage current {liN. 
Icc. and loz} occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter 

Maximum Propagation 
Delay 

Conditions 

AC Electrical Characteristics 

Typ 

11 

Guaranteed 
Limit 

20 

Units 

ns 

Vcc=2.0V to 6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C TA = -55 to 125°C 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation 2.0V 40 115 145 171 
Delay 4.5V 12 23 29 34 

6.0V 10 20 25 29 

tTLH. tTHL Maximum Output 2.0V 30 75 95 110 
Rise arid Fall 4.5V 10 15 19 22 
Time 6.0V 9 13 16 19 

CPO Power Dissipation (per gate) 30 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption. Po:",Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor microCMOS 

MM54HC4078/MM74HC4078 8-lnput NOR/OR Gate 

General Description 
These NOR gates utilize microCMOS Technology, 3.5 mi­
cron silicon gate P-well CMOS, to achieve operating speeds 
similar to LS-TIL gates with the low power consumption of 
standard CMOS integrated circuits. Both outputs are buff­
ered, providing high noise immunity and the ability to drive 
10 LS-TIL loads. The 54HC4078174HC4078 is functionally 
equivalent and pin-out compatible with the CD4078B. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Connect.ion Diagram 

Features 
• Typical propagation delay: 15 ns 
• Wide power supply range: 2-6V 
• .Low quiescent current: 20 IlA maximum (74HC series) 
• Low input current: 1 IlA maximum 
• Fanout of 10 LS-TIL loads 

Dual-ln-L1ne Package 

Logic Diagram 

A 

B 

e 
D 

E 

Q 

H , 

vce Y H G NC 

12 11 10 

K ABC D NC GND 

TOP VIEW TLlF/5135-1 

MM54HC4078/MM74HC4078 

54HC4078 (J) 74HC4078 (J,N) 

Y=A+B+C+D+E+F+Q+H 
K=Y 

k>-..... ~o---Y 

TL/F/5135-2 
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.Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vee) -0.5 to + 7.0V 
DC Input Voltage (VIN) -1.5 to Vee+1.5V 

DC Output Voltage (VOUT) • -0.5toVee+0.5V 
Clamp Diode Current (11K, 10K) ± 20 mA 

DC Output Current, per pin (lOUT) 

DC Vee or GND Current, per pin (ICe> 

Storage Temperature Range (TSTG) 

Power Dissipation (Po) (Note 3) 

±25mA 

±50mA 

- 65·C to + 150·C 

Lead Temperature (Tu (Soldering 10 seconds) 

500mW 

260·C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage (Vee> 2 
DC Input or Output Voltage 0 

(VIN,VOUT) 
Operating Temperature Range (T A) 

MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 
(tr, tt) Vee=2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85·C T A = - 55 to 125·C 

VOH 

ICC 

Minimum High Level 
Input Voltage . 

Maximum Low Level 
Input Voltage 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

VIN = VIH or VIL 
IIOUTI ~20 p.A 

VIN = VIH or VIL 
IIOUTI ~ 4.0 rnA 
IIOUTI ~ 5.2 rnA 

VIN = VIH or VIL 
IIOUTI ~20 p.A 

VIN = VIH or VIL 
IIOUTI~4 rnA 
IIOUTI~5.2 rnA 

VIN = Vee or GND 

VIN=VeeorGND 
IOUT=O p.A 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

4.5V 4.2 3.98 
6.0V 5.7 5.48 

2;OV 
4.5V 
6.0V 

o 
o 
o 

0.1 
0.1 
0.1 

4.5V 0.2 0.26 
6.0V 0.2 0.26 

6.0V ±0.1 

6.0V 2.0 

Note 1: Absolute Maximum Ratings are Ithose values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±1.0 

20 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±1.0 

40 

Units 
V 
V 

·C 
·C 

ns 
ns 
ns 

Units 

V 
V 

V 

V 

V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

p.A 

p.A 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6S·C to 8S·C; ceramic "J" package: -12 mWrC from 
100·C to 12S·C. 

Note 4: For a power supply of SV ± 1 0% the worst case output voltages (VOH. and Vou occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vcc=S.SV and 4.SV respectively: (The VIH value at S.SV is 3.8SV.l The worst case leakage current (liN. 
ICC. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics MM54HC4078/MM74HC4078 

Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns (Note 6) 

Symbol Parameter Conditions Typ 
Guaranteed 

Limit 

tpHL. tpLH Maximum Propagation 14 22 
Delay. Y to Output 

tpHL. tpLH Maximum Propagation 16 24 
Delay. K to Output 

AC Electrical Characteristics 
Vcc=2.0V to 6.0V. CL =50 pF. tr=tf=6 ns (unless otherwise specified) (Note 6) 

Units 

ns 

ns 

74HC 54HC 
TA=25°C 

Symbol Parameter Conditions T A = -40 to 85°C TA= -55 to 125°C 
Vee 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation 2.0V 47 130 160 195 

Delay. Y to Output 4.5V 17 26 33 39 
6.0V 14 22 28 33 

tPHL. tpLH Maximum Propagation 2.0V 50 140 175 210 

Delay. K to Output 4.5V 20 28 35 42 

6.0V 17 24 30 36 

tTLH. tTHL Maximum Output 2.0V 30 75 95 110 

Rise and Fall 4.5V 10 15 19 22 
Time 6.0V 9 13 16 19 

CPO Power Dissipation (per package) 100 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 

Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPO determines the no load dynamiC power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor' 

PRELIMINARY 

microCMOS 
MM54HC4316/MM74HC4316 
Quad Analog Switch ~ith Level Translator 

General Description 
These devices are digitally controlled analog switches im­
plemented in microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS. These switches have low "on" resist­
ance and low "off" leakages. They are bidirectional 
switches, thus any al)alog input may be used as an output 
and vice-versa. Three supply pins are provided on the '4316 
tQ implement a level translator which enables this circuit to 
operate with 0-6V logic levels and up to ± 6V analog switch 
levels. The '4316 also has a common enable input in addi­
tion to each switch's control which when low will disable all 

. switches to their off state. All analog inputs and outputs and 
digital inputs are protected from electrostatic damage by 
diodes to Vee and ground. 

Connection Diagram 
Dual-In-Llne Package 

lCTL 4CTL 41/0 40/1 30/1 31/0 

3 

11/0 10/1 20/1 21/0 2CTL 3CTL Eii GNO 

TOP VIEW TL/F/5369-1 

MM54HC4316/MM74HC4316 

54HC4316 (J) 74HC4316 (J,N) 

Logic Diagram 

CTL 0------1 

En 

Features 

• Typical switch enable time: 20 ns 
• Wide analog input voltage range: ± 6V 
• Low "on" resistance: 50 typo (Vee-VEE=4.5V) 

30 typo (Vee-VEE=9V) 
• Low quiescent current: 80 J-LA maximum (74HC) 
• Matched switch characteristics 
• Individual switch controls plus a common enable 

Truth Table 

Inputs Switch 

En CTL 1/0-0/1 

H X "OFF" 
L L "0 1= F" 
L H "ON" 

6-----f-oQ 0/1 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Ved -0.5to +7.5V Min Max Units 

Supply Voltage (VEE) +0.5to -7.5V Supply Voltage(Ved 2 6 V 

DC Control Input Voltage (VIN) -1.5 to Vee+ 1.5V Supply Voltage(VEE) 0 -6 V 

DC Switch I/O Voltage (VIO) VEE-0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) 

DC Output Current. per pin (lOUT) ±25mA Operating Temperature Range(T tJ 
MM74HC -40 +85 ·C 

DC Vee or GND Current. per pin (led ±50mA MM54HC -55 +125 ·C 
Storage Temperature Range (TSTG) - 65·C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr.tl) Vee=2.0V 1000 ns 

Lead Temperature (T L> (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 
Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

T A = - 40 to 85·C T A = - 55 to 125·C 
Symbol Parameter Conditions VEE Vee Units 

III 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

RON Minimum "ON" Resistance VeTL =VIH• Is=1.0 mA GND 4.5V 100 0 
(See Note 5) Vls=Vee to VEE -4.5V 4.5V 40 ·0 

(Figure 1) -6.0V 6.0V 30 0 

GND 2.0V 200 0 
VeTL=VIH. Is=1.0 mA GND 4.5V 50 0 
Vls=Vee to VEE -4.5V 4.5V 20 n 
(Figure 1 ) -6.0V 6.0V 15 0 

RON Maximum "ON" Resistance VeTL =VIH GND 4.5V 10 0 
Matching VIS = Vee to GND -4.5V 4.5V 5 0 

-6.0V 6.0V 5 0 

liN Maximum Control VIN=Vee or GND 6.0V ±0.1 ±1.0 ±1.0 p.A 
Input Current 

liZ Maximum Switch "OFF" Vos=Vee or GND GND 5.5V 10 nA 
Leakage Current Vls=GNDorVee -6.0V 6.0V 10 nA 

VeTL = VIL (Fig 2) 

liZ Maximum Switch "ON" VOS = Vcc or GND GND 5.5V 15 nA 
Leakage Current VeTL =VIH -6.0V 6.0V 20 nA 

(Figure 3) 

icc Maximum Quiescent VIN=VeeorGND GND 6.0V 2.0 20 
I 

40 p.A 
Supply Current IOUT=O p.A -6.0V 6.0V 8.0 80 160 p.A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 12S·C. 
Note 4: For a power supply of SV ± 1 0% the worst case on resistances (RON) occurs for HC at 4.SV. Thus the 4.SV values should be used when designing with 
this supply. Worst case VIH and VIL occur at Vce = S.SV and 4.SV respectively. (The VIH value at 5.SV is 3.8SV.) The worst case leakage current occurs for CMOS 
at the higher voltage and so the S.SV values should be used. 
Note 5: At supply voltages (Vee-VEE) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 
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AC Eiectrical Characteristics. 
Vcc=2.0V-S.OV. VEE=OV-SV CL =50 pF (unless otherwise specified) 

TA=25°C 
74HC 54HC 

T A = - 40 to 85°C T A = - 55 to 125°C 
Symbol Parameter Conditions VEE Vee Units 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation GND 2.0V 25 50 38 75 ns 
Delay Switch In to GND 4.5V • 5 10 13 15 ns 
Out -4.5V 4.5V 4 8 10 12 ns 

-S.OV S.OV 3 7 9 10 ns 

tPZL. tPZH Maximum Switch Turn RL =1 kn GND 2.0V 32 165 206 250 ns 
"ON" Delay 'GND 4.5V 8 35 43 53 ns 

-4.5V 4.5V S 30 37 45 ns 
-S.OV S.OV 5 28 35. 42 ns 

tpHZ. tpLZ Maximum Switch Turn GND 2.0V 45 1S5 20S 250 ns 
"OFF" Delay GND 4.5V 15 35 43 53 ns 

-4.5V 4.5V 10 30 37 45 ns 
-S.OV S.Ov. 8 28 35 42 

fMAX Minimum Switch GND 4.5V 100 MHz 
Frequency Response -4.5V 4.5V 120 MHz 
20Iog(VIIVO) = 3 dB 

Cross Talk Control (Figure 7) -4.5V 4.5V 180 mVp_p 

to Switch 

Cross Talk Between (Figure 8) -4.5V 4.5V MHz 
Any Two Switches 
(Frequency at - 50 dB) 

Crosstalk, Switch MHz 

Input to Switch Output 
(Frequency at -50 dB) 

CIN Maximum Control 5 10 10 10 pF 
Input Capacitance 

CIN Maximum Switch Input 15 pF 
Input Capacitance 

CIN Maximum Feedthrough VCTL =GND 5 pF 
Capacitance 

" 
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AC Test Circuits and Switching Time Waveforms 

CONTROL Vee 

1..-__ --( ~ .-, ___ -1 

Vm- V .. -----, 

AMMETER CONTROL Vec 

I/O 
1 OF 4 

SWITCHES 

VEE 

0/11---- VOI-VecORGNO 

TL/F/5369-4 

TL/F/5369-3 

FIGURE 1. "ON" Resistance FIGURE 2. "OFF" Channel Leakage Current 

Vcn - VIH -----, 
Vee 

AMMETER CONTROL Vee 

I/O 1 OF 4 
SWITCHES 

VEE 

011 1----- Ves 

TL/F/5369-5 

FIGURE 3. "ON" Channel Leakage Current 

VelL-VIH 
Vee 

Vee 
CONTROL VIS 

VIS I/O vos OV 

Vee 
Vos 

VEE 
OV 

TLlF/5355-6 

FIGURE 4. tpHL, tpLH Propagation Delay Time Signal Input to Signal Output 

Vee vee tPZL tpLZ 
VelL 

IpZL trLZ 
RL 

V"~ CONTROL Vee 1K 50% . ~ VIS-OV 1/0 S~I~~:ES 011 Vos DV~ ov~ VEE 
Vee 90"1. Vee 

. 10% 

VEE 
VOL VOL . 

':' 

TL/F/5355-7 

FIGURE 5. tpZL, tpLZ Propagation Delay Time Control to Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 

VeTl tPZH 

vee~ 50% 

OV~ZH 
VOH 

OV 10% . 

t-.... --.... -Vos 

TL/F/5355-8 

FIGURE 6. tpZH. tpHZ Propagation Delay Time Control to Signal Output 

Vcn----.., Ir= ns 

Ve 
1 OF 4 OV 

IN/OUT SWITCHESOUTIIN Vas 

VEE RL Cl 
600n J50

PF F • Vas ~ CROSSTALK 
"::" VEE "::" t 

TLIF/5355-9 

FIGURE 7. Crosstalk: Control Input to Signal Output 

Vee 

600n 
CONTROL Vee 

IN/OUTS~I~~:ESOUT/IN VOSIl) 

VEE RL 
VISll) SOOn 

VEE ':' 

-~ /\ "::" 
VIS(!) 

vee 
VeTL(z)-ov "~~9~ 

1/1 

CONTROL Vee 

VIS(Z)-OV IN/OUT S~I~~:ES OUT /IN VOS(Z) 

600n 
VEE RL 

600n 

FIGURE 8: Crosstalk Between Any Two Switches 

Typical Performance Characteristics 

Typical "ON" Resistance 
Vs. Input Voltage 

90 
I 

75 

-~ 
~~ , 60 

--~~~ 
... 1-"" 

~ .... -~ ~:,... .... ~r--

45 

30 

15 

-6 -4 -2 0 2 4 
INPUT VOLTAGE (VOLTS) 

VCC--VEE 

1-402 

TL/F /5369-17 

TLIF/5355-10 



~National 
~ Semiconductor 

PRELIMINARY 

microCMOS 
MM54HC4351/MM74HC4351 
8 Channel Analog Multiplexer with Latches 
MM54HC4352/MM74HC4352 
Dual 4 Channel Analog Multiplexer with Latches 
MM54HC4353/MM74HC4353 
Triple 2 Channel Analog Multiplexer with Latches 

General Description 
These multiplexers are digitally controlled analog switches 
implemented in microCMOSTechnology, 3.5 micron silicon 
gate P-well CMOS. These switches have low "on" resist­
ance and low "off" leakages. They are bidirectional 
switches, thus any analog input may be used as an output 
and vice-versa. Also these switches contain linearization cir­
cuitry which lowers the .ion" resistance and increases 
switch linearity. These devices allow control of up to ± 6V 
(peak) analog signals with digital control signals of 0 to 6V. 
The analog channel select lines are latched to enable stor­
age of the selected channel. This storage register is com­
posed of flow through latches that follow the data when LE 
is high and latch the data when LE is taken low. 

Three supply pins are provided for Vee. Ground, and VEE. 
This enables the connection of 0-5V logic signals when 
Vee = 5V and an analog input range of ± 5V when 
VEE= -5V. All three devices also have an inhibit control 
which when high will disable all switches to their off state. 
All analog inputs and outputs and digital inputs are protect­
ed from electrostatic damage by diodes to Vee and ground. 
MM54HC4351/MM74HC4351: This device connects together 
the outputs of 8 switches, thus achieving an 8 channel multi­
plexer. The binary code placed on the A, B, and C select lines 
determine which one of the eight switches is "on", and 
connects one of the eight inputs to the common output. 
MM54HC4352/MM74HC4352: This device connects to­
gether the outputs of 4 switches in two sets, thus achieving 

a pair of 4 channel multiplexers. The binary code placed on 
the A, and B select lines determine which switch in each 4 
channel section is "on", connecting one of the four inputs in 
each section to its common output. This enables the imple­
mentation of a 4 channel differential multiplexer. 

MM54HC4353/MM74HC4353: This device contains 6 
switches whose outputs are connected together in pairs, 
thus implementing a triple 2 channel multiplexer, or the 
equivalent of a single-pole-double throw configuration. Each 
of the A, B, or C select lines independently controls one pair 
of switches, selecting one of the two switches to be "on". 

Features 
• Typical Switch Enable Time: 18 ns 
• Wide analog input voltage range: ± 6V 
• Low "on" resistance: 50 typo (Vce-VEE=4.5V) 

30 typo (Vce-VEE=9V) 
• Logic level translation to enable 5V logic with ± 5 ana-

log signals 
CII Low quiescent current: 80 ,...A max. (74HC) 
III Matched Switch characteristics. 
• Latched Select Lines to enable interface to multiplexed 

data buses. 

Connection Diagrams Dual-In-Line Package 

IX COMX ox 3X . I IT Vee COMB COMA AY AX 

Y4 Y6 COM Y5 Y7 INH iNti V£E GND 

TL/F/5372-1 

MM54HC4351/MM74HC4351 . 

54HC4351 (J) 74HC4351 (J,N) 

2Y COMY 3Y IY INH iNti v[[ GNO 

TL/F/5372-2 

MM54HC4352/MM74HC4352 

54HC4352 (J) 74HC4352 (J,N) 
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IY IX CY COM C CX INH iNti V[[ GND 

TL/F/5372-3 

MM54HC4353/MM74HC4353 

54HC4353 (J) 74HC4353 (J,N) 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Conditions 
Supply Voltage (Vce> -0.5 to + 7.5V Min Max Units 

Supply Voltage (VEE) + 0.5 to -7.5V Supply Voltage(VcC> '. 2 6 V 

DC Control Input Voltage (VIN) -1.5 to Vcc+ 1.5V Supply Voltage(VEE) 0 -6 V 

DC Switch I/O Voltage (VIO) VEE-0.5 to Vcc+0.5V DC Input or Output Voltage 0 Vcc V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A> 
MM74HC -40 +85 ·C 

DC Vec or GND Current, per pin (IcC> ±50mA MM54HC -55 +125 ·C 
Storage Temperature Range (TSTG) - 65°C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr,tf) VcC=2.0V 1000 ns 
Lead Temperature (TL> (Soldering 10 seconds) 260·C Vcc=4.5V 500 ns 

Vcc=6.0V 400 ns 

DC Electrical. Characteristics (Note 4) 

T=25·C 
74HC 5,4HC 

Symbol Parameter Conditions VEE Vee 
T= -40 to 85·C T= -55 to 125·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

Vil Maximum Low Level 2.0V '0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

RON Maximum "ON" Resistance VCTl=VIH' Is=1.0 mA GND 4.5V 40 n 
(See Note 5) ~IS=VCC to VEE -4.5V 4.5V 30 n 

(Figure 1) -6.0V 6.0 20 n 
GND 2.0V 100 n 

VCTL =VIH, Is==1.0 mA GND 4.5V 40 n 
VIS==VCC to VEE -4.5V 4.5V 20 n 
(Figure 1) -6.0V 6.0V 15 n 

RON Maximum "ON" Resistance VCTl =VIH' GND 4.5V 10 n 
Matching Vls=VcctoGND -4.5V 4.5V 5 n 

-6.0V 6.0V 5 n 
liN Maximum Control VIN=VccorGND 6.0V ±0.1 ±1.0 ±1.0 IJ-A 

Input Current 

liZ Maximum Switch "OFF" Vos=VccorGND GND 6.0V 15 nA 
Leakage Current VIS=GNDorVcc -6.0V 6.0V 20 nA 

VCTl = Vil (Fig. 2) . 
liZ Maximum Switch "ON" VOs=VCcorGND GND 6.0'1 15 nA 

Leakage Current VCIl = VIH -6.0V 6.0V 20 nA 
(Figure 3) 

Icc Maximum Quiescent VIN=VcCorGND GND 6.0V 8.0 80 160 IJ-A 
Supply Current IOUT=O IJ-A -6.0V 6.0V 16 160 320 IJ-A 

Nole 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ± 10% the worst case on resistances (RON) occurs for HC at 4.SV. Thus the 4.SV values should be used when designing with 
this supply. worst case VIH and VIL occur at Vee=S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.) The worst case leakage current occur for CMOS 
at the higher voltage and so the S.SV values should be used. 
Note 5: At supply voltages (Vee-VEE) approaching 2V the analog.switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 
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AC Electrical 'Characteristics 
Vee = 2.0V -6.0V, VEE = OV to - 6V, CL = 50 pF, (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions VEE Vee 
T A = - 40 to 85°C TA= -55 to 125°C 

Units 
Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation GND 2.0V 25 ns 
Delay Switch In to GND 4.5V 5 ns 
Out -4.5V 4.5V 4 ns 

-6.0V 6.0V 3 ns 

tpZL, tPZH Maximum Switch Turn RL =1 kO GND 2.0V 92 ns 
"ON" Delay GND 4.5V 18 ns 

-4.5V 4.5V 16 ns 
-6.0V 6.0V 15 ns 

tpHZ, tpLz Maximum Switch Turn GND 2.0V 65 ns 
"OFF" Delay GND 4.5V 20 ns 

III 
-4.5V 4.5V 18 ns 
-6.0V 6.0V 16 

ts Maximum Setup Time, 2.0V 100 125 150 ns 
Data to LE 4.5V 20 24 28 ns 

6.0V 17 21 24 ns 

tH Maximum Hold Time, 2.0V 0 0 0 ns 
LE to Data 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

fMAX Minimum Switch (Figure 6) GND 4.5V 100 MHz 
Frequency Response -4.5V 4.5V 120 MHz 
2010g(VIIVO) = -3 dB 

Cross Talk Control (Figure 7) -4.5V 4.5V 180 mVpp 
to Switch 

Cross Talk Between (Figure 8) -4.5V 4.5V MHz 
Any Two Switches 

(Frequency at - 50 dB) 

Crosstalk, Switch MHz 
Input to Output 
(Frequency at -50 dB I 

CIN Maximum Control 5 10 10 10 pF 
Input Capacitance 

CIN Maximum Switch Input 15 pF 
Input Capacitance '4351 Common 90 

'4352 Common 45 
'4353 Common 30 

CIN Maximum Feedthrough 5 pF 
Capacitance 
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Logic Diagrams 

LATCH ENABLE 

A 

INHIBIT 

LATCH ENABLE 
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Logic Diagrams (Continued) 

'HC4351 'HC4352 

Inh Inh LE C B A "On" Channel 
Inh Inh LE B A 

H X X X X X None 
X L X X X X None 
L H H L L L YO 
L H H L L H Y1 

H X X X X 
X L X X X 

L H H L H L Y2 L H H 0 0 
L H H L H H- Y3 L H H 0 1 

L H H H L L Y4 L H H 1 0 
L H H H L H Y5 L H H 1 1 
L H H H H L Y6 L H L X X 
L H H H H H Y7 X X ! X X 
L H L X X X Last Selected Channel "On" 
X X ! X X X Selected Channel Latched 

'HC4353 

Inh Inh LE C B A 
"On" Channels 

C B A 

H X X X X X None 
X L X X X X None 

L H H L L L CX BX AX 
L H H L L H CX BX AY 
L H H L H L' CX BY AX 
L H H L H H CX BY AY 
L H H H L L CY BX AX 
L H H H L H CY BX AY 
L H H H H L CY BY AX 
L H H H H H CY BY AY 

L H L X X X Last Selected Channels "On" 
X X ! X X X Selected Channels Latched 

Typical Performance Characteristics 

90 

75 
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AC Test Circuits and Switching Time Waveforms 

Ven =VIH ___ _ 

(lnt.mall 
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VEE 

ven=VIL 
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VIS=GNO OR Vee I/O TEST 
SWITCH 011 1---- vas = Vee OR GND 

VEE 

TL/F/5372-9 

TLlF/5372-B 

FIGURE 1. "ON" Resistance FIGURE 2. "OFF" Channel Leakage Current 
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FIGURE 3. "ON" Channel Leakage Current 
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FIGURE 4. tpHL. tpLH Propagation Delay Time Signal Input to Signal Output 
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FIGURE 5. tpZL. tpLZ Propagation Delay Time Control to Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 

VCTL tPZH 
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FIGURE 6. tpZH. tpHZ Propagation Delay Time Control to Signal Output 
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FIGURE 7. Crosstalk: Control Input to Signal Output 
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~National 
~ Semiconductor 

PRELIMINARY 

~\~ 
microCMOS 

MM54HC4514/MM74HC4514 
4-to-16 Line Decoder with Latch 

General Description 
This utilizes microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS decoder, which is well suited to memory 
address decoding or data routing application. It possesses 
high noise immunity and low power dissipation usually asso­
ciated with CMOS circuitry, yet speeds comparable to low 
power Schottky TTL circuits. It can drive up to 10 LS-TTL 
loads. 

The MM54HC4514/MM74HC4514 contain a 4-to-16 line de­
coder and a 4-bit latch. The latch can store the data on the 
select inputs, thus allowing a selected output to remain high 
even though the select data has changed. When the LATCH 
ENABLE input to the latches is high the outputs will change 
with the inputs. When LATCH ENABLE goes low the data 
on the select inputs is stored in the latches. The four select 
inputs determine which output will go high provided the 

Connection Diagram 
Dual·ln·Llne Package 

INPUTS OUTPUTS , \ , 

T 
INTIT IND IN C S10 Sll S8 S9 S14 S15 

24 23 22 21 20 19 18 17 16 15 

• 
r. ~ .~ ~ .~ ~ .~ .~ 

~ .. 
r" 

r+ LATCH 
.. 

4·TO·16 DECODER ... .. 
... .. 
~ 

~~ ~~ 

~Ir ~, ~,. ~ .. ~~ ~ .. ~ .. 

INHIBIT input is low. If the INHIBIT input is high all outputs 
are held low thus disabling the decoder. 

The MM54HC4514/MM74HC4514 is functionally and pinout 
equivalent to the CD4514BM/CD4514BC and the MC1451 BAI 
MC1451 BC. All inputs are protected against damage due to 
static discharge diodes from Vee and ground. 

Features 
• Typical propagation delay: 18 ns 
• Low quiescent power: 80 p.A maximum (74HC series) 
• Low input current: 1 p.A maximum 
• Fanout of 10 LS-TTL loads (74HC series) 

Truth Table 

Data Inputs 

Selected 

S13 
\ 

S12 Output 
LE Inhibit D C B A High 

14 13 H L L L L L SO 
H L . L L L H S1 

.~ Il> H L L L H L S2 
H L L L H H S3 

~ 
H L L H L L S4 
H L L H L H S5 
H L L H H L S6 . 

H L L H H H S7 

H L H L L L S8 
H L H L L H S9 
H L H L H L S10 

. ' .. H L H L H H S11 

H L H H L L S12 

1 2 9 10 11 H L H H L H S13 
H· L H H H L S14 

STROBE IN A IN B S7 S6 S5 S4 S3 Sl S2 SO H L H H H H S15 
'~\ .......... --..... --' \~------------------.......... --..... --' INPUTS OUTPUTS 

TOP VIEW 

MM54HC4514/MM74HC4514 

I 54HC4514 (J) 74HC4514 (J,N) 

TLIF/S21S-1 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5toVee+ 1.5V Supply Voltage(Vee) 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee+ 0.5V DC Input or Output Voltage 0 Vee V 

. Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A) 
MM74HC -40 +85 ·C 

DC Vee or GND Current, per pin (led ±50mA MM54HC -55 +125 ·C 
Storage Temperature Range (T STG) - 65°C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr,tl) Vee=2.0V 1000 ns 
Lead Temperature (Td (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 

Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 
, 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85·C TA = -55 to 125·C 

Units 
III 

Typ Guaranteed Limits 

VIH Minimum High Level Input 2.0V 1.5 1.5 1.5 V 
Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level Output VIN = VIH or VIL 
Voltage IloUTI :0::20 jJ.A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI :0::4.0 rnA 4.5V 4.2 3.98 3.84 3.7 V 
liouTI :0:: 5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level Output VIN = VIH or VIL 
Voltage lioUTI :0::20 jJ.A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
lioUTI:O::4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI:O::5.2 rnA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum input Current VIN = Vee or GND 6.0V ±0.1 ±1.0 ±1.0 jJ.A 

lee Maximum Quiescent Supply VIN = Vee or GND 6.0V 8.0 80 160 jJ.A 
Current IOUT=O jJ.A 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic UN" package: -12 mW/oC from 6SoC to 6SoC; ceramic "J" package: -12 mWrC from 
100°C to 12SoC. 
Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and VoLl occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.6SV.l The worst case leakage current (lIN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

I 
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AC Electrical Characteristics Vcc=5V, TA=25·C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL, tpLH Maximum Propagation Delay Data to Output 18 30 ns 

tpHL Maximum Propagation Delay LE to Output 18 30 ns 

tpLH Maximum Propagation Delay LE to Output 24 40 ns 

tpHL Maximum Propagation Delay Inhibit to Output 16 30 ns 

tpLH Maximum Propagation Delay Inhibit to Output 24 40 ns 

ts Minimum Set Up Time, Date to LE 20 ns 

tH Minimum Hold Time, LE to Data 5 ns' 

tH Minimum Pulse Width. Latch Enable 16 ns 
\ 

AC Electrical ,Characteristics Vcc=2.0V-6.0V, CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85·C T A = - 55 to 125·C 

Units 
Typ Guaranteed Limits 

tpHL. Maximum Propagation 2.0V 80 175 220 263 ns 

tpLH Delay Data to Output 4.5V 18 35 44 53 ns 
6.0V 16 30 38 45 ns 

tpHL Maximum Propagation 2.0V 80 175 220 263 ns 
Delay LE to Output 4.5V 19 35 44 53 ns 

6.0V 17 30 38 45 ns 

tpLH Maximum Propagation 2.0V 120 230 290 343 ns 
Delay LE to Output 4.5V 27 46 58 69 ns 

6.0V 22 39 49 58 ns 

tpHL Maximum Propagation 2.0V 70 175 220 263 ns 
Delay Inhibit to Output 4.5V 18 35 44 53 ns 

6.0V 16 30 38 45 ns 

tpLH Maximum Propagation 2.0V 120 230 290 343 ns 
Delay Inhibit to Output 4.5V 27 46 58 69 ns 

6.0V 22 39 49 58 ns 

ts Minimum Set Up Time, 2.0V 100 125 150 ns 
Data to LE 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time, 2.0V 5 , 5 5 ns 
LEto Data 4.5V 5 5 5 ns 

6.0V 5 5 5 ns 

tw Minimum Pulse Width, 2.0V 80 100 120 ns 
Latch Enab.le 4.5V 16 20 24 ns 

6.0V 14 17 20 ns 

CPO Power Dissipation pF 
Capacitance 

GIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54!74HC AC Switching Waveforms and Test Circuits. 
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Logic Diagram 
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~National 
~ Semiconductor 

microCMOS 

MM54HC4538/MM74HC4538 Dual 
Retriggerable Monostable Multivibrator 

General Description 
The MM54HC4538/MM74HC4538 high speed monostable 
multivibrators (one shots) are implemented in micro­
CMOS Technology, 3.5 micron silicon gate P-well CMOS. 
They feature speeds comparable to low power Schottky 
TTL circuitry while retaining the low power and high noise 
immunity characteristic of CMOS circuits. 

Each multivibrator features both a negative, A, and a posi­
tive, S, transition triggered input, either of which can be 
used as an inhibit input. Also included. is a clear input that 
when taken low resets the one shot. The'HC4538 is re- . 
triggerable. That is, it may be triggered repeatedly while 
their outputs are generating a pulse and the pulse will be 
extended. . 

Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out-

Connection Diagram Dual-In-Line Package 

As Bs Os as 
Voo T1 B T28 COB INPUT INPUT OUT OUT 

'--------tCo 

T1A T2A COA AA BA QA OA Vss 
INPUT INPUT OUT OUT 

TOP VIEW 
TL/F/5217-1 

MM54HC4538/MM74HC4538 

54HC4538 (J) 74HC4538 (J,N) 

Truth Table 

Clear 
L 
X 
X 
H 
H 

H = High Level 

L = Low Level 

Inputs 

A 
X 
H 
X 
L 
t 

i = Transistion from Low to High 

!. = Transistion from High to Low 

S 
X 
X 
L 
! 
H 

Outputs 

Q Q 

L H 
L H 
L H 

J1. -U-
J1. -U-

J1. = One High Level Pulse 

-U- = One Low Level Pulse 

X = Irrelevant 

put pulse equation is simply: PW = 0.7(R) (C) where PW is in 
seconds, R is in Ohms, and C is in Farads. This device is pin 
compatible with the CD4528, and the CD4538 one shots. All 
inputs are protected from damage due to static discharge by 
diodes to Vcc and ground. 

Features 
• Schmitt trigger on A and S inputs 
• Wide power supply range: 2-6V 
• Typical Trigger Propagation Delay: 32 ns 
a Fanout of 10 LS-TTL loads (i4HC) 

• Low Input current: 1 p..A max 

Block Diagram 
Cx RX 

,.......-U-.-.J\iV\.- VOO 

Co 

Cx RX 
,.......-, t-.--'V'f',,- VOO 

14 

10 
12 _..z--. 
11 

CD 

13------" 

RX AND Cx ARE EXTERNAL COMPONENTS 

TL/F/5217-2 
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Absolute Maximum Ratings (Notes 1 and 2) 
Supply Voltage(Vecl -0.5 to + 7.0V 
DC Input Voltage(VIN) -1.5 to Vee + 1.5V 
DC Output Voltage(VOUT) - 0.5 to Vee + 0.5V 
Clamp Diode Current(lIK, 10K) ± 20 mA 
DC Output Current, per pin(IOUT) ± 25 mA 
DC Vee or GND Current, per pin(lecl ± 50 mA 
Storage Temperature Range(TSTG) -65°C to + 150°C 
Power Dissipation(Po) (Note 3) 500 mW 
Lead Temperature(TLl (Soldering 10 seconds) 260°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage(Vecl 
DC Input or Output Voltage 

(VIN,VOUT) 

2 
o 

Operating Temperature Range(T A) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times (Reset only) 
(tr, tt) Vee=2.0V 

Vee=4.5V 
Vee=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

Units 
V 
V. 

°C 
°C 

ns 
ns 
ns 

Symbol Parameter Conditions Vee 

74HC 54HC 
T A = 25°C T A = - 40 to 85°C T A = - 55 to 125°C Units 

VIH 

VIL 

liN 

liN 

ICC 

Minimum High Level Input 
Voltage 

Maximum Low Level Input 
Voltage 

Minimum High Level Output 
Voltage 

Maximum Low Level Output 
Voltage 

Maximum Input Current 
(Pins 2,14) 

Maximum Input Current 
(All other pins) 

Maximum Quiescent Supply 
Current 

VIN=VIH orVIL 
IIOUTI s: 20 p.A 

VIN=VIH orVIL 
IIOUTI s: 4.0 mA 
IIOUTI s: 5.2 mA. 

VIN=VIH orVIL 
IIOUTIS:20 p.A 

VIN=VIH orVIL 
IIOUTI s: 4 mA 
IIOUTI s: 5.2 mA 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

Typ 

2.0V 2.0 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.5V 4.5 4.4 
6.0V 6.0 5.9 

4.5V 
6.0V 

2.0V 0 
4.5V 0 
6.0V 0 

4.5V 
6.0V 

3.98 
5.48 

0.1 
0.1 
0.1 

0.26 
0.26 

VIN = Vec or GND 6.0V ± 0.5 

VIN = Vee or GND 6.0V ±0.1 

VIN=Vec or GND 
IOUT=O p.A 6.0V 100 150 
Pins 2 and 14=O.5Vcc 

Note 1: Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

,Guaranteed Limits 

1.5 
3.15 
4.2 

0.3 
0.9 
1.2 

1.9 

4.4 
5.9 

3.84 
5.34 

0.1 
0.1 
0.1 

0.33 
0.33 

±5.0 

±1.0 

250 

1.5 

3.15 
4.2 

0.3 
0.9 
1.2 

1.9 
4.4 
5.9 

3.7 
5.2 

0.1 
0.1 
0.1 

0.4 
0.4 

±10 

±1.0 

400 

V 
V 

V 

V 
V 
V 

V 
V 
V 

V 
V 

V 
V 
V 

V 
V 

p.A 

Note 3: Power Dissipation Temperature Derating: Plastic uN" Package: -12mWrC from 6SoC to 8SoC Ceramic "J" Package: -12mW I'C from 100°C to 12SoC 

Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and Vou occur for HC at 4.5V. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.l The worst case leakage current 
(liN. Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V, TA=25° C, CL =15 pF,tr=tf=6 ns 

Symbol Parameter Conditions Typ Limit Units 

tpLH Maximum Propagation Delay A, or B to a 23 45 ns 

tpHL Maximum Propagation Delay A, or B to a 26 50 ns 

tpHL Maximum Propagation Delay Clear to a 23 45 ns 

tpLH Maximum Propagation Delay Clear to a 26 45 ns 

'tw Minimum Pulse Width A, B or Clear 10 16 ns 

AC Electrical Characteristics CL =50 pF tr=tf=6 ns (Unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee T A = - 40 to 85°C T A = - 55 to 125°C Units 
Typ Guaranteed Limits 

tpLH Maximum Propagation 2.0V 100 250 315 373 ns 
Delay A, or B to a 4.5V 25 50 63 75 ns 

6.0V 21 43 54 63 ns 

tpHL Maximum Propagation 2.0V 110 275 347 410 ns 
Delay A, or B to Q 4.5V 28 55 69 82 ns 

6.0V 23 47 59 70 ns 

tpHL Maximum Propagation 2.0V 100 250 315 373 ns 
Delay Clear to Q 4.5V 25 50 63 75 ns 

6.0V 21 43 54 63 ns 

tpLH Maximum Propagation 2.0V 110 275 347 410 ns 
Delay Clear to Q 4.5V 28 55 69 82 ns 

6.0V 23 47 59 70 ns 

tTLHI tTHL Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fall 4.5V 10 15 19 22 ns 
Time 6.0V 8 13 16 19 ns 

trl tf Maximum Input 2.0V 1000 1000 1000 ns 
Rise and Fall 4.5V 500 500 500 ns 
Time (Reset only) 6.0V 400 400 400 ns 

tw Minimum Pluse Width 2.0V 80 101 119 ns 
A, B, Clear 4.5V 16 20 24 ns 

6.0V 14 17 20 ns 

twa Output Pulse Width Cx=12 pF Min 3.0V 283 190 - ns 
RX=1 kn 5.0V 147 120 ns 

Max 3.0V 283 400 ns 
5.0V 147 185 ns 

twa Output Pulse Width Cx=100 pF Min 3.0V 1.2 J-ts 
Rx=10 kn 5.0V 1.0 J-ts 

Max 3.0V 1.2 J-ts 
5.0V 1.0 J-ts 

twa Output Pulse Width Cx=1000 pF Min 3.0V 10.5 9.4 J-ts 
Rx=10 kn 5.0V 10.0 9.3 J-ts 

Max 3.0V 10.5 11.6 J-ts 
5.0V 10.0 11.7 J-ts 

CIN Maximum Input \ 25 pF 
Capacitance (Pins 2 & 14) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance (Other Inputs) 

CPO Power Dissipation (per one shot) 150 pF 
Capacitance (Note 5) 

~tWQ Pulse Width Match 
Between Circuits in ±1 % 
Same Package 

Note 5: CPO determines the no load dynamic consumption. Po = Cpo Vee2f+ lee Vee. and the no load dynamic current consumption, Is = Vee f + lee. 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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Logic Diagram 

r -O;'PIIT--' 
LATCH 

_ R~ LA~H _ _ _ _ .J 
TL/F/5217-3 

Circuit Operation 
The 'HC4538 operates as follows (refer to logic diagram). In 
the quiescent state, the external timing capacitor, Cx, is 
charged to Vee. When a trigger occurs, the a output goes 
high and Cx discharges quickly to the lower reference volt­
age (VAEF Lower = % Ved. Cx then charges, through Rx, 
back up to the upper reference voltage (VAEF Upper = % 
Ved, at which ppint the one-shot has timed out and the Q 
output goes low. 

The following, more detailed description of the circuit opera­
tion refers to both the logic diagram and the timing diagram. 

QUIESCENT STATE 
In the quiescent state, before an input trigger appears, the 
output latch is high and the reset latch is high (# 1 in logic 
diagram). 

Thus the Q output (pin 6 or 10) of the monostable multivibra­
tor is low (# 2, timing diagram). 

1-417 

The output of the trigger-control circuit is low (# 3), and tran­
sistors M1, M2, and M3 are turned off. The external timing 
capacitor, Cx, is charged to Vee (#4), and the upper refer­
ence circuit has a low output (# 5). Transistor M4 is turned 
on and transmission gate T1 is turned off. Thus the lower 
reference circuit has Vee at the noninverting input and a 
resulting low output (# 6). 

In addition, the output of the trigger-control reset circuit is 
low. 

TRIGGER OPERATION 
The 'HC4538 is triggered by either a rising-edge signal at 
input A (# 7) or a falling-edge signal at input B (# 8), with the 
unused trigger input and the Reset input held at the voltage 
levels shown in the Function Table. Either trigger signal will 
cause the output of the trigger-control circuit to go high 
(#9). 



Timing Diagram 

rOUIESCENJT TRIGGER CYCLE 
STATE - (A INPUT) -

0 ......... 
TRIGGER INPUT A i-----.., 

(PlN40R12) ___ .. 

TRIGGER INPUT B -------------®~8"""1iLJ 
(PIN 50R 11) 

TRIGGER-CONTROL f3\ 
CIRCUIT OUTPUT __ \V";"'_01 ~ ________ ~rl~ ________ ~ ~----~~---------

Rx/Cx INPUT 
(PIN 2 OR 14) 

CD 
@-- ~ 

VREF LOWER,;(@ @ VREF UPPER 

UPPER REFERENCE 
CIRCUIT 

® n@ Il ____ n .... __ 
LOWER REFERENCE 

CIRCUIT 

@ 
CD n@ n n ___ w __ _ 

RESnINPUT---------------------------------~~20..,ur------------------

(PIN 3 OR 13) \B' 

REsn LATCH @U 
(PlNO~~~~~ ___ ®;""'......I!1 ~1@;;;;.9 _______ ... ...I ____ ~!LJ L 

I-T-J I-T-J I-T+trr-l 

Circuit Operation (Continued) 

The trigger-control circuit going high simultaneously initiates 
three events. First, the output latch goes low, thus taking 
the Q output of the 'HC4538 to a high state (#10). Second, 
transistor M3 is turned on, which allows the external timing 
capacitor, Cx, to rapidly discharge toward ground (#11). 
(Note that the voltage across Cx appears at the input of the 
upper reference circuit comparator). Third, transistor M4 is 
turned off and transmission gate T1 is turned on, thus allow­
ing the voltage across Cx to also appear at the input of the 
lower reference circuit comparator. 

When Cx discharges to the reference voltage of the lower 
reference circuit (# 12), the outputs of both reference cir­
cuits will be high (# 13). The trigger-control reset circuit goes 
high, resetting the trigger-control circuit flip-flop to a low 
state (#14). This turns transistor M3 off again, allowing Cx 
to begin to charge back up toward Vee, with a time constant 
t = RxCx (#15). In addition, transistor M4 is turned on and 
transmission gate T1 is turned off. Thus a high voltage level 
is applied to the input of the lower reference circuit compar­
ator, causing its output to go low (# 16). The monostabl.e 
multivibrator may be retriggered at any time after the trigger­
control circuit goes low. 

When ex charges up to the reference voltage of the upper 
reference circuit· (# 17), the output of the upper reference 
circuit goes low (#18). This causes the output latc.h to tog-
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gle, taking the Q output of the 'HC4538 to a low state (#19), 
and completing the time-out cycle. 

RESET OPERATION 

A low voltage applied to the Reset pin always forces the Q 
output of the 'HC4538 to a low state. 

The timing diagram illustrates the case in which reset oc­
curs (# 20) while Cx is charging up toward the reference 
voltage of the upper reference circuit (# 21). When a reset 
occurs, the output of the reset latch goes low ( # 22), turning 
on transistor M1. Thus Cx is allowed to quickly charge up to 
Vee (# 23) to await the next trigger signal. 

RETRIGGER OPERATION 

In the retriggerable mode, the 'HC4538 may be retriggered 
during timing out of the output pulse at any time after the 
trigger-control circuit flip-flop has been reset (#24). Be­
cause the trigger-control circuit flip-flop resets shortly after 
Cx has discharged to the reference voltage of the lower 
reference circuit (# 25), the minimum retrigger time, trr is a 
function of internal propagation delays and the dischar~e 
time of Cx: 

Vee(volts)· Cx(pF) 
trr(ns) ~ 72 + 30.5 ' at room temperature 



POWER-DOWN CONSIDERATIONS 

Large values of Cx may cause problems when powering 
down the HC4538 because of the amount of energy stored 
in the capacitor. When a system containing this device is 
powered down, the capacitor may discharge from Vcc 
through the input protection diodes at pin 2 or pin 14. Cur­
rent through the protection diodes must be limited to 30 mA; 
therefore, the turn-off time of the Vcc power supply must 
not be faster than t = VcceCx/(30 mA). For example, if 
Vec = 5V and Cx = 15 JJ.F, the Vee supply must turn off no 
faster than t = (15V)e(15 p.F)/30 mA = 2.5 ms. This is 
usually not a problem because power supplies are heavily 
filtered and cannot discharge at this rate. 

When a more rapid decrease of Vce to zero volts occurs, 
the HC4538 may sustain damage. To avoid this possibility, . 
use an external clamping diode, Dx, connected from Vce to 
the Cx pin. 
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'?;I National 
D Semiconductor 

MM54HCTOO/MM74HCTOO 
Quad 2 Input -NAND Gate 

General Description 
The MM54HCTOO/MM74HCTOO are NAND gates fabricated 
using microCMOS Technology, -3~0 micron silicon gate N­
well CMOS, which provides the inherent benefits of 
CMOS-low quiescent power and wide power supply range. 
These devices are input and output characteristic and pin­
out compatible with standard DM54LS174LS logic families. 
All inputs are protected from static discharge damage by 
internal diodes to Vee and ground. 

MM54HCT IMM7 4HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS-

Connection Diagram 

PRELIMINARY 

microCM.OS 

TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• TTL, LS pin-out and threshold compatible 

• Fast switching: tpLH, tpHL = 14 ns (typ) 
• Low power: 10 p.Wat DC, 2.5 mW at > 5 MHz 

• High fan-out, 10 LS-TTL loads 

Dual-In-Llne Package 

A1 

Logic Diagram 

81 Y1 A2 82 Y2 
TOP VIEW 

MM54HCTOO/MM74HCTOO 

54HCTOO (J) 74HCTOO (J,N) 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (VeC> 
DC Input Voltage (VIN) 
DC Output Voltage (VOUT) 
Clamp Diode Current (11K. 10K) 
DC Output Current. per pin (lOUT) 
DC Vee or GND Current. per pin (Icc> 
Storage Temperature Range (T STG) 
Power Dissipation (Po) (Note 3) 

-0.5 to + 7.0V 
-1.5 toVee+1.5V 
-0.5 to Vee+0.5V 

±20mA 
±25mA 
±50mA 

- 65·C to + 150·C 

Lead Temperature (T L> (Soldering 10 seconds) 
500mW 

260·C 

Operating Conditions 
Min 

Supply Voltage (VeC> 4.5 

DC Input or Output Voltage 0 

(VIN.VOUT) 

Operating Temperature Range (T A) 
MM74HCT -40 
MM54HCT 

Input Rise or Fall Times 

(tr.t,) 

-55 

DC Electrical Characteristics Vee=5V ±10% (unless otherwise.specified) 

74HCT 

Max 
5.5 

Vee 

+85 
+125 

500 

54HCT 
TA=25·C 

Symbol Parameter Conditions 
TA = -40 to 05·C TA= -55t0125°C 

Typ 

VIH Minimum High Level 2.0 
Input Voltage 

VIL Maximum Low Level 0.8 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI ~ 20 ~A Vee Vee- 0.1 

lOUT =4.0 rnA. Vee=4.5V 4.2 3.98 
lOUT =4.8 rnA. Vee=5.5V 5.7 4.98 

VOL Maximum Low Level VIN=VIH 
Voltage IIOUTI ~ 20 ~A 0 0.1 

lOUT =4.0 rnA. Vee=4.5V 0.2 0.26 
lOUT =4.8 rnA. Vee=5.5V 0.2 0.26 

liN Maximum Input VIN = Vee or GND. ±0.1 
Current VIH orVIL 

Icc Maximum Quiescent VIN = Vee or GND. 2.0 
Supply Current IOUT=O /-LA 

VIN = 2.4V or 0.5V (Note 4) 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

2.0 2.0 

0.8 0.8 

Vee- O.1 Vee- O.1 
3.84 3.7 
4.84 4.7 

0.1 0.1 
0.33 0.4 
0.33 0.4 

±1.0 ± 1.0 

20 40 

Units 
V 

V 

·C 
·C 

ns 

Units 

V 

V 

V 
V 
V 

V 
V 
V 

/-LA 

/-LA 

rnA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWI'C from 65°C to 85°C; ceramic "J" package: -12 mWI'C from 
100°C to 125°C. 

Note: 4: This is measured per input with all other inputs held at Vee or ground. 
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AC Electrical Characteristics Vcc=5.0V. tr=tf=6 nSf CL =15 pF. TA=25°C. (unless otherwise noted) 

Symbol I Parameter I Conditions I Typ I Guaranteed Limit I Units 

Maximum Propagation Delay I I 12 I 18 I ns 

AC Electrical Characteristics Vcc=5.0V±10%. tr=tf=6 nSf CL =50 pF. (unless otherwise noted) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter i Conditions 
T A = - 40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed limits 

tpLH. tpHL Maximum Propagation Delay 14 20 25 30 ns 

tTHL. tTLH Maximum Output Rise & Fall Time 8 15 19 22 ns 

CPO Power Dissipation Capacitance (Note 5) 20 pF 

CIN Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 

Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

PRELIMINARY 

microCMOS 
MM54HCT04/74HCT04 Hex Inverter 

General Description Features 
The MM54HCT04174HCT04 are logic functions fabricated 
using microCMOS Technology, 3.0 micron silicon gate N­
well CMOS, which provides the inherent benefits of CMOS -
low quiescent power and wide power supply range, but are 
input and output characteristic as well as pin-out compatible 
with standard DM54LS174LS devices. The MM54HCT041 
MM74HCT04, triple buffered, inverting hex inverters, feature 
low power dissipation and fast switching times. All inputs 
are protected from static discharge by internal diodes to 
Vee and ground. 

• TTL, LS pin-out and threshold compatible 

MM54HCT IMM7 4HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

Connection Diagram 

Vee AS va 

14 13 12 

AI YI A2 

• Fast switching: tpLH, tpHL = 12 ns (typ) 
.. Low power: 10 JJ.W at DC, 2.5 mW at 5 MHz 
• High fan-out: ~ 10 LS loads 
• Inverting, triple buffered 

A5 Y5 A4 Y4 

11 10 

Y2 A3 Y3 

TOP VIEW 
MM54HCT04/MM74HCT04 

GND 

TL/F/5296-1 

54HCT04 (J) 74HCT04 (J,N) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (VeC> -0.5 to + 7.0V Min Max Units 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage (Vee> 4.5 5.5 V 
DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 
Clamp Diode Current (11K, 10K) ±20mA (VIN,Vour) 
DC Output Current, per pin (lour) ±25mA 

Operating Temperature Range (T A) 
DC Vee or GND Current, per pin (IcC> ±50mA 

MM74HCT -40 +85 ·C 
Storage Temperature Range (TSTG) - 65·C to + 150·C 

MM54HCT -55 +125 ·C 
Power Dissipation (Po) (Note 3) 500mW 
Lead Temperature (Tu (Soldering 10 seconds) 260·C Input Rise or Fall Times 

(tr, tf) 500 ns 

J 

DC Electrical Characteristics 
Vee=5V ±10% (unless otherwise specified) I 

TA=25°C 
74HCT 54HCT 

T A = - 40 to 85·C T A = - 55 to 125·C 
Symbol Parameter Conditions Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN=VIL 
Output Voltage Ilou·d = 20 ILA Vee Vee- O.1 Vee- 0.1 Vee- 0.1 V 

Iiourl = 4.0 rnA, Vee = 4.5V 4.2 3.98 ' 3.84 3.7 V 
Ilourl=4.8 rnA, Vee=5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN=VIH 
Voltage Iiourl = 20 ILA 0 0.1 0.1 0.1 V 

Iiourl = 4.0 rnA, Vee = 4.5V 0.2 0.26 0.33 0.4 V 
Ilourl=4.8 rnA, Vcc=5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=Vee or GND, ±0.1 ±1.0 ±1.0 ILA 
Current VIH orVIL 

Icc Maximum Quiescent VIN=VCC or GND 2.0 20 40 ILA 
Supply Current lour=O ILA 

VIN = 2.4V or 0.5V (Note 4) rnA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic UN" package: -12 mWrC from 65°C to 85°C; ceramic uJ" package: -12 mWrC from 
100°C to 125°C. 
Note: 4: This is measured per input with all other inputs held at Vee or ground. 
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AC Electrical Characteristics 
Vcc=5.0V. tr=tf=6 ns. CL =15 pF. TA=25°C. (unless otherwise noted) 

Symbol Parameter 

tpLH. tpHL Maximum Propagation 
Delay 

Conditions 

AC Electrical Characteristics 

Typ 

10 

Guaranteed 
Limit 

18 

VCC = 5.0V ± 10%. tr = tf = 6 ns. CL = 50 pF. (unless otherwise noted) 

Units 

ns 

74HCT 54HCT 

Symbol Parameter Conditions 
TA= -40 to 85°C T A = - 55 to 125°C 

Typ Guaranteed Limits 

tpLH. tpHL Maximum Propagation Delay 14 20 25 30 

tTHL. tTLH Maximum Output Rise & Fall Time 8 15 19 22 

CpD Power Dissipation Capacitance (Note 5) 20 

CIN Input CapaCitance 5 10 10 10 

Units 

ns 

ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power comsumption, Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption, IS=Cpo Vee f 
+Iee· 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Te~t Circuits. 
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~National. 
~ Semiconductor 
MM54HCT05/MM74HCT05 
Hex Inverter (Open Drain) 
General Description 

PRELIMINARY 

microCMOS 

Features 
The MM54HCT05/MM74HCT05 are logic functions fabri­
cated using microCMOS Technology, 3.0 micron silicon 
gate N-well CMOS, which provides the inherent benefits of 
CMOS-low quiescent power and wide power supply range. 
These devices are also input-output characteristically and 
pin-out compatible with standard DM54LS/DM74LS logic 
families. The MM54HCT05/MM74HCT05 open drain Hex 
Inverter requires the addition of an external resistor to per­
form a wire-NOR function. 

• Open drain for wire-NOR function 
• LS-TIL pinout and threshold compatible 
• Fan-out of 10 LS-TIL loads 
• Typical propagation delays: 

tpLH (with 1 k!l resistor) 10 ns 
tpHL (with 1 k!l resistor) 8 ns 

All inputs are protected from static discharge damage by 
internal diodes to Vee and ground. 

MM54HCT/MM74HCT devices are intended to interface be­
tween TIL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TIL devices and can be used to reduce power consumption 
in existing designs. 

Connection Diagram Dual-In-Line Package 

Vec A6 V6 AS VS 

14 13 12 11 10 

A4 

5 6 

A1 V1 A2 V2 A3 V3 

TOP VIEW 
MM54HCT05/MM74HCT05 

54HCT05 (J) 74HCT05 (J,N) 

V4 

GND 

Logic Diagram Typical Application 

Vee 

- .. - ~II:::" 
.~. 

":' TLIF/5358-3 
TLIF/5358-2 

MM54HCT05/MM74HCT05 

TLIF/S069-1 

Note: Can be extended to more than 2 inputs. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vce) -0.5 to + 7.0V Min Max Units 
DC Input Voltage' (VIN) -1.5 to Vcc+ 1.5V Supply Voltage(Vcd 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vcc+0.5V DC Input or Output Voltage 0 Vcc V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A) 
MM74HCT -40 +85 °C 

DC Vcc or GND Current, per pin (Icd ±50mA MM54HCT -55 +125 °C 
Storage Temperature Range (TSTG) - 65°C to + 150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr,tf) 500 ns 

Lead Temperature (T d (Soldering 10 seconds) 260°C 

DC Electrical Characteristics (Vcc=5V ± 10%, unless otherwise specified) 

TA=25'C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA= -40to 85'C TA= -55 to 125'C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V III 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL. RL = 1 k,... 
Output Voltage Ilourl=20,..A Vcc Vcc O.1 Vcc O.1 Vcc O.1 V 

VOL Maximum Low Level VIN=VIH 
Voltage Iiourl = 20 ,...A 0 0.1 0.1 0.1 V 

Iiourl =4.0 mA, Vcc=4.SV 0.2 0.26 0.33 0.4 V 
Ilourl=4.8 mA, VCC=S.SV 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vcc or GND, ±0.1 ±1.0 il.0 ,...A 
Current VIH orVIL 

ILKG Minimum High Level VIN=VIHorVIL, Vour=Vcc 0.5 5.0 10 ,...A 
Output Leakage 
Current 

Ice Maximum Quiescent VIN = Vec or GND 2.0 20 40 ,..A 
Supply Current lour=O,...A 

VIN=2.4Vor 0.5V rnA 
(Note 4) 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 

Note 4: This is l1)easured per input with all other inputs held at Vee or ground. 

AC Electrical Characteristics Vcc= 5V, TA=25°C, CL =15 pF, tr =tf=6 ns unless otherwise noted. 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL Maximum Propagation Delay RL =1 kCl B 15 ns 

tpLH Maximum Propagation Delay RL =1 kCl 9 16 ns 

AC Electrical Characteristics Vcc=5V ±10%, CL =50 pF, t r=tf=6 ns unless otherwise specified 

TA=25'C 
74HCT 54HCT 

T A = - 40 to 85'C TA= -55to 125'C 
Symbol Parameter Conditions Units 

Typ Guaranteed Limits 

tpHL Maximum Propagation RL =1 kCl 10 22 28 33 ns 
Delay 

tpLH Maximum Propagation RL =1kCl 12 20 25 30 ns 
Delay 

trHL Maximum Output 10 15 19 22 ns 
Fall Time 

CPD Power Dissipation (per gate) 20 pF 
Capacitance (Note 5) RL = 00 

CIN Maximum Input 5 10 10 pF 
Capacitance 

Note 5: CPD determines the no load dynamic power consumption, PD=CPD Vee2 f+lce Vee. and the no load dynamic current consumption. 
IS=CPD Vec f+lcc· 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

P'RELIMINARY 

microCMOS 
MM54HCT34/74HCT34 Non-Inverter 

General Description Features 
The MM54HCT34/74HCT34 are logic functions fabricated 
using microCMOS Technology, 3.0 micron silicon gate N­
well CMOS, which provides the inherent benefits of CMOS -
low quiescent power and wide power supply range, but are 
input and output characteristic as well as pin-out compatible 
with standard DM54LS/74LS devices. The MM54HCT341 
MM74HCT34, triple buffered, inverting hex inverters, feature 
low power dissipation and fast switching times. All inputs 
are protected from static discharge by internal diodes to 
Vee and ground. 

• TTL, LS pin-out and threshold compatible 

• Fast switching: T PLH, T PHL = 8 ns (typ) 
• Low power: 10 IJ-Wat DC, 2.5 mWat 5 MHz 

• High fan-out: ~ 10 LS loads 
• Inverting, triple buffered 

MM54HCT IMM74HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

Connection Diagram 
Dual-In-Line Package 

Vee 

14 

A1 

AS va AS Y5 

13 12 11 10 

Y1 A2 Y2 A3 

TOP VIEW 
MM54HCT34/MM74HCT34 

A4 

Y3 

54HCT34 (J) 74HCT34 (J,N) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Ved -0.5 to +7.0V Min Max 
DC Input Voltage (VIN) -1.5 to Vee + 1.5V Supply Voltage (Ved 4.5 5.5 
DC Output Voltage (VOUT) -0.5 to Vce+0.5V DC Input or Output Voltage 0 Vee 
Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 
DC Output Current, per pin (lOUT) ±25mA 

Operating Temperature Range (T A) 
DC Vee or GND Current, per pin (led ±50mA 
Storage Temperature Range (T STG) - 65·C to + 150·C 

MM74HCT -40 +85 
MM54HCT -55 +125 

Power Dissipation (Po) (Note 3) 500mW 

Lead Temperature (T Ll (Soldering 10 seconds) 260·C Input Rise or Fall Times 
.' 

(tr,tl) 500 

DC Electrical Characteristics 
Vee = 5V ± 10% (unless otherwise specified) 

74HCT 54HCT 
TA=25·C 

Symbol Parameter Conditions 
T A = - 40 to 85·C TA = -55 to 125·C 

Typ 

VIH Minimum High Level 2.0 

Input Voltage 

VIL Maximum Low Level 0.8 
Input Voltage 

VOH Minimum High Level VIN=VIL 
Output Voltage !louTI=20 !J.A Vee Vee-O.1 

!louTI = 4.0 mA, Vee = 4.5V 4.2 3.98. 

IIOUTI = 4.8 mA, Vee = 5.5V 5.7 4.98 

VOL Maximum Low Level VIN=VIH 
Voltage !louTI=20 !J.A 0 0.1 

!louTI =4.0 mA, Vee=4.5V 0.2 0.26 

!louTI =4.8 mA, Vee=5.5V 10.2 0.26 

liN Maximum Input VIN = Vee or GND, ±0.1 
Current VIH orVIL 

Icc Maximum Quiescent VIN = Vee or GND, 2.0 
Supply Current IOUT=O JJ-A 

VIN = 2.4V or 0.5V (Note 4) 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

2.0 2.0 

0.8 0.8 

Vee- 0.1 Vee- O.1 
3.84 3.7 
4.84 4.7 

0.1 0.1 

0.33 0.4 
0.33 0.4 

±1.0 ±1.0 

20 40 

Units 
V 

V 

·C 
·C 

ns 

Units 

V 

V 

V 
V 
V 

V 
V 
V 

JJ-A 

JJ-A 

mA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWre from 65°C to 65°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C.' ", 

Note: 4: This is measured per input with all other inputs held at Vee or ground. 
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AC Electrical Characteristics 
Vcc=5.0V, tr=tf=6 ns, CL =15 pF, TA = 25°C, (unless otherwise noted) 

Symbol Parameter 

Maximum Propagation 
Delay 

Conditions Typ 

10 

AC Electrical Characteristics 

Guaranteed 
Limit 

15 

Vcc=5.0V±10%, tr=tf=6 ns, CL =50 pF, (unless otherwise noted) 

Units 

ns 

74HCT 54HCT 

Symbol Parameter Conditions 
TA= -40to85°C TA= -55 to 125°C 

Typ Guaranteed Limits 

tpLH, tpHL Maximum Propagation Delay 10 18 24 27 

tTHL, tTLH Maximum Output Rise & Fall Time 8 15 19 22 

CPO Power Dissipation Capacitance (Note 5) 20 

CIN Input Capacitance 5 10 10 10 

Units 

ns 

ns 

pF 

pF 

Note 5: CPO determines the no load dynamic power comsumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumptio·n.ls=Cpo Vee f 
+ lee· 
Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

PRELIMINARY 

MM54HCT7 4/MM7 4HCT7 4 microCMOS 
Dual D Flip-Flop with Preset and Clear 
General Description 
The MM54HCT74/MM74HCT74 utilizes microCMOS Tech­
nology, 3.0 micron silicon gate N-well CMOS, to achieve 
operation speeds similar to the equivalent LS-TTL part. It 
possesses the high noise immunity and low power con­
sumption of standard CMOS integrated circuits, along with 
the ability to drive 10 LS-TTL loads. 

This flip-flop has independent data, preset, clear, and clock 
inputs and a and a outputs. The logic level present at the 
data input is transferred to the output during the positiye-go­
ing transition of the clock pulse. Preset and clear are inde­
pendent of the clock and accomplished by a low level at the 
appropriate input. 

The 54HCT174HCT logic family is functionally and pinout 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Connection Diagram· 
Dual-ln-L1ne Package 

Vee ClRZ OZ ClKZ PRZ OZ ilz 

MM54HCT IMM7 4HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• Typical propagation delay: 20 ns 
• Low quiescent current: 40 /-LA maximum (74HCT series) 
II Low input current: 1 /-LA maximum 
II Fanout of 10 LS-TTL loads 

Truth Table 

Inputs Outputs 

PR ClR ClK D Q a 
L H X X H L 
H L X X L H 
L L X X H· H· 
H H i H H L 
H H i L L H 
H H L X ao 00 

Note: 00 = the level of 0 before the indicated input condi­
tions were established. 

"This configuration is nonstable; that is. it will not persist when 
preset and clear inputs return to their inactive (high) level. 

01 ClKl PRl Ql ill 
TOP VIEW 

ClRl GND 
TL/F/5106-1 

MM54HCT74/MM74HCT74 
54HCT74 (J) 74HCT74 (J,N) 

Logic Diagram 

Cl 

CLK.~a: ...... ------111------..... --1 

TLIF/51 06-2 ., 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee> -0.5to +7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee + 1.5V Supply Voltage(VeC> 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vee+O.5V DC Input or Output Voltage 0 Vee V 
(VIN.Vour) Clamp Diode Current (11K. 10K) ±20mA 

Operating Temperature Range(T A) DC Output Current. per pin (lour) ·±25 mA 
MM74HCT -40 +85 °C 

DC Vee or GND Current. per pin (IcC> ±50mA MM54HCT -55 +125 °C 
Storage Temperature Range (T STG) -65°C to +150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr. ttl 500 ns 
Lead Temperature (TJJ (Soldering 10 seconds) 260°C 

DC Electrical Characteristics 
Vee=5V ±10% (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA= -40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 ~ V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Iiourl = 20 /-LA Vee Vee- 0.1 Vee- O.1 Vee-0.1 V 

Ilourl=4.0 mAo Vee=4.5V 4.2 3.98 3.84 3.7 V 
Ilourl=4.8 mAo Vee=5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage IloUTI=20 /-LA 0 0.1 0.1 0.1 V 

Iiourl =4.0 mAo Vee=4.5V 0.2 0.26 0.33 0.4 V 
Ilourl=4.8 mAo Vee=5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND. ±0.1 ±1.0 ±1.0 /-LA, 
Current VIH orVIL 

Icc Maximum Quiescent VIN=VeeorGND 
Supply Curren,t lour=O /-LA 4.0 40 80 /-LA 

VIN = 2.4V or 0.5V (Note 4) mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. , 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 

Note 4: This Is measured per pin. All other inputs are held at Vee Ground. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns (Note 6) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency from Clock 
toOorQ 

tpHL, tpLH Maximum Propagation 18 30 ns 
Delay Clock to 0 or a 

tpHL, tpLH Maximum Propagation 18 30 ns 
Delay From Preset or 
Clear to 0 or a 

tREM Minimum Removal Time, 20 ns 
Preset or Clear to Clock 

ts Minimum Set Up Time 20 ns 
Data to Clock 

III 
tH Minimum Hold Time -3 0 ns 

Clock to Data 

tw Minimum Pulse Width 8 16 ns 
Clock, Preset or Clear 

AC Electrical Characteristics 
Vcc=5.0V±10% CL=50 pF, tr=tf=6 ns (unless otherwise specified) (Note 6) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
T A = - 40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

fMAX Maximum Operating 27 21 18 MHz 
Frequency 

tpHL, tpLH Maximum Propagation 21 35 44 52 ns 
Delay From Clock to 
QorO 

tpHL, tpLH Maximum Propagation 21 35 44 52 ns 
Delay From Preset or 
Clear to 0 or a 

tREM Minimum Removal Time 20 25 30 ns 
Preset or Clear to Clock 

ts Minimum Set Up Time 20 25 30 ns 
Data to Clock 

tH Minimum Hold Time -3 0 0 0 ns 
Clock to Data 

tw Minimum Pulse Width 9 16 20 24 ns 
Clock, Preset or Clear 

tr, tf Maximum Input Rise and 500 500 500 ns 
Fall Time 

tTHL, tTLH Maximum Output 15 19 22 ns 
Rise and Fall Time 

CPO Power Dissipation (per flip-flop) pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vce2 f+lce Vee. and the no load dynamic current consumption. 
Is=CPD Vcc f+lce· 
Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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~ ~ ~ National . o 0 ~ Semiconductor 
l:l: 
~~ 

S S MM54HCT76/MM74HCT76 

PRELIMINARY 

microCMOS 

Lt) Lt) MM54HCT112/MM74HCT112 
~ ~ Dual J-K Flip-Flops with Preset and Clear 

General Description 
These flip-flops utilize silicon gate CMOS technology. 
They have input threshold and output drive similar to ' 
LS-TIL with the low standby power of CMOS. 

These flip-flops have independent J, K, preset, clear and 
clock inputs and 0 and Q outputs. The flip-flops are edge­
triggered and change state on the negative-going transi­
tion of the clock pulse. Preset and clear are independent 
of the clock and accomplished by a low logic level on the 
corresponding input. 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vee and ground. 

Connection Diagram 

Dual·ln·Line Package 

Vee CLR 1 CLR 2 CLK 2 K2 J2 PR 2 02 

CLK 1 K1 J1 PR 1 01 02 GND, 

TOP VIEW 
TL/F/5762·1 

MM54HCT/MM74HCT devices are intended to interface 
TIL and NMOS' components to CMOS components. When 
there is a LS-TIL equivalent, these parts can be used as 
plug-in replacements to reduce system power consump­
tion in existing designs. 

Features 
• Typical propagation delay: 20 ns 
• Low quiescent current: 80 p.A maximum (74HCT series) 

• Fanout of 10 LS-TIL loads 

Truth Table 

Inputs . Outputs 

PR ClR ClK J K Q Q 

L H X X X H L 
H L X X X L H 
L L X X X H* H* 

H H 1 L L 00 00 
H H 1 H L H L 
H H 1 L H L H 
H H 1 H H Toggle 
H H H X X 00 00 

Note: 00 = the level of 0 before the Indicated input 
conditions were established. 

*Thls configuration is nonstable; that is, it will not per­
sist when preset and clear Inputs return to their Inac· 
tlve (high) level. 
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Absolute Maximum·Ratings(Notes1 and2) Operating Conditions 
Supply Voltage (V ce) - O.SV to + 7.0V Min Max Units 
DC Input Voltage (VIN) -1.SVto Vcc + 1.SV 

Supply Voltage (Vce) 4.5 S.S V 
DC Output Voltage (VOUT) - o.SV to V cc + O.SV 

DC Input or Output Voltage 
Clamp Diode Current (11K, 10K) ±20mA 

(VIN, VOUT) 0 Vcc V 
DC Output Current, per Pin (lOUT) ±2SmA Operating Temperature Range (TA) 
DC VccorGND Current, per Pin(lcd ±SOmA MM74HCT -40 +85 ·C 
Storage Temperature Range (T STG) -6S·Cto + 150·C MMS4HCT -S5 + 12S ·C 

Power Dissipation (Po) (Note 3) SOOmW Input Rise or Fall Times 

Lead Temperature (T d (Soldering, 10 seconds) 260·C (tr, tf) SOO ns 

DC Electrical Characteristics Vcc = SV ± 10% unless otherwise specified 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40°C to 85°C T A = - 55°C to 125°C Units 
III 

Typ Guaranteed Limits 

VIH Minimum High 2.0 2.0 2.0 V 

Level Input 
Voltage 

VIL Maximum Low 0.8 0.8 0.8 V 

Level Input 
Voltage 

VOH Minimum High VIN = VIH or VIL 
Level Output II OUT I = 20 p.A Vcc Vcc- 0.1 Vcc -0.1 Vec- 0.1 V 

Voltage IloUTI =4.0 mA, Vcc= 4.SV 4.2 3.98 3.84 3.7 V 

IIOUTI =4.8mA, Vcc=S.SV 5.7 4.98 4.84 4.7 V 

VOL Maximum Low VIN = VIH or VIL 
Level Voltage II OUT I = 20 p.A 0 0.1 0.1 0.1 V 

IloUTI =4.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 V 

II OUT I =4.8mA, Vcc=S.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vce or GND, ±0.1 ± 1.0 ~ ± 1.0 p.A 
Current VIH or VIL 

Icc Maximum VIN = Vce or GND 4.0 40 80 p.A 
Quiescent IOUT=O p.A 
Supply Current VIN = 2.4V or 0.5V (Note 4) mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power dissipation temperature derating-plastic "N" package: -12 mW/'C from 6S'C to 8S'C; ceramic "J" package: -12 mW/'C from 100'C 
to 12S'C. 
Note 4: Measured per pin, all other Inputs held at VCC or GND. 

AC Electrical Characteristics Vcc=5V, TA=25·C, CL= 15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating Frequency 50 30 MHz 

tpHL,tpLH Maximum Propagation Delay from Clock to Q or Q 18 30 ns 

tpHL, tpLH Maximum Propagation Delay from Preset or Clear 18 30 ns 
to Q or Q 

tREM Minimum Removal Time, Preset or Clear to Clock 20 ns 

ts Minimum Set·Up Time J or K Clock 10 20 ns 

tH Minimum Hold Time Clock to J or K -3 0 ns 

tw Minimum Pulse Width Clock, Preset or Clear 8 16 ns 
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AC Electrical Characteristics Vee =5V ± 10%, C L = 50 pF, tr = t I = 6 ns unless otherwise specified (Note 6) 

TA =25°C 
74HCT 54HCT 

Symbol Parameter Conditions T A = - 40°C to 85°C T A = - 55°C to 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 27 22 18 MHz 
! 

Frequency 

tpHL, tpLH Maximum Propagation 22 35 44 52 ns 

Delay from Clock to Q 

ora 

tpHL, tpLH Maximum Propagation 22 35 44 52 ns 
Delay from Preset or 
Clear to Q or Q 

tREM Minimum Removal 20 25 30 ns 

Time Preset or Clear to 

Clock 

ts Minimum Set-Up Time 10 20 25 30 ns 

J or K to Clock 

tH Minimum Hold Time -3 0 0 0 ns 

Clock to J or K 

tw Minimum Pulse Width 16 20 24 ns 

Clock, Preset or Clear 

t r, tl Maximum Input Rise 500 500 500 ns . 

and Fall Time I 

tTHL, tTLH Maximum Output Rise 15 19 22 ns 

and Fall Time 

Cpo Power Dissipation (Per Flip-Flop) pF 

Capacitance (Note 5) 

C IN Maximum Input 5 10 10 10 pF 

Capacitance 

Nole 5: epO determines the no load dynamic power consumption. Po = epO Vee2 I + lee Vee. and the no load dynamic current consumption. 
IS = CpO Vee I + lee· . 
Nole 6: Refer to back of this section for Typical MM54/74He AC Switching Waveforms and Test Circuits. 

Logic Diagram 
a 
1 . 

J{> 0- .. ~ o-{>o-a 
CL 

T~C>T~ - 1 
-~ 0, 1 i " 

'{>i>Q "'~ lEKJ:- T 
C[ 

C[ 

. T 1 
a 0, i' 

CL C[ T 

CLK {>o-[>o 1 C>J CL 

r o-{>o-ti 

TLlF15762-2 
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~National 
~ Semiconductor 
MM54HCT107/MM74HCT107 
Dual J-K Flip-Flops with Clear 
General Description 
The MM54HCT107/MM74HCT107 utilize silicon gate 
CMOS technology. They have input threshold and output 
drive similar to LS·TIL with the low standby power of 
CMOS. 

These flip·flops have independent J, K, clear and clock in· 
puts and a and Q outputs. The flip·flops are edge·trig· 
gered and change state on the negative·going transition of 
the clock pulse. Clear is independent of the clock and ac· 
complished by a low level on the input. 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vee and ground. 

Connection Diagram 
Dual·ln·Line Package 

Vee ClR 1 ClK 1 K2 ClR 2 ClK 2 J2 

J1 01 K1 ·02 GND 
TOP VIEW 

TLIF15761·1 

Logic Diagram 
o 
1 

T 
a 
Cl C[ 

ClK-t>{>O----+-t -[>J 

CLR--(::>o-t:>o-------------+--I 

PRELIMINARY 

microCMOS 

MM54HCT/MM74HCT devices are intended to interface 
TIL and NMOS components to CMOS components. When 
there is a LS·TIL equivalent, these parts can be used as 
plug·in replacements to reduce system power consump· 
tion in existing designs. 

Features 
• Typical propagation delay: 20 ns 
• Low quiescent current 8 J.lA maximum (74HCT Series) 

• Fanout of 10 LS·TIL loads 

Truth Table 

Inputs 

ClR ClK J K 

L X X X 
H 1 L L 
H 1 H L 
H 1 L H 
H 1 H H 
H H X X 

Outputs 
Q Q 

l H 

00 00 
H L 

l H 

Toggle 

00 00 

o 0 
CL 
1 

Vee -0-
T 
C[ 
n 
1 

-0-
T 

{>~ 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Conditions 
Supply Voltage (V cd - 0.5Vto + 7.0V Min Max 
DC Input Voltage (VIN) - 1.5V to Vee + 1.5V 

Supply Voltage (Ved 4.5 5.5 
DC Output Voltage (Vour) - 0.5V to Vee + 0.5V 

DC Input or Output Voltage 
Clamp Diode Current (11K, 10K) ±20mA (VIN, Your) 0 Vee 
DC Output Current, per Pin (lour) ±25mA Operating Temperature Range (T A) 
DC VeeorGND Current, per Pin (led ±50mA MM74HCT -40 +85 
Storage Temperature Range (T STG) -65°Cto + 150°C" MM54HCT -55 +125 
Power Dissipation (Po)(Note 3) 500mW Input Rise or Fall Times 
Lead Temperature (T d (Soldering, 10 seconds) 260°C (tr, tf) 500 

DC Electrical Characteristics Vee = 5V ± 10% unless otherwise specified 

74HCT 54HCT 

Symbol Parameter Conditions 
TA = 25°C 

TA = - 40°C to 85°C T A = - 55°C to 125°C 

Typ Guarar'!teed Limits 

VIH Minimum High Level 2.0 2.0 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Pourl =20~ Vee Vee- 0.1 Vec- 0.1 

Pourl =4.0 rnA, Vce=4.5V 4.2 3.98 3.84 
Iiourl = 4.8 rnA, Vee = 5.5V 5.7 4.98· 4.84 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage Pourl =20~ 0 0.1 0.1 

Iiourl =4.0 rnA, Vce=4.5V 0.2 0.26 0.33 
Pourl =4:8 rnA, Vee = 5.5V 0.2 0.26 0.33 

liN Maximum Input VIN = Vec or GND, ±0.1 ± 1.0 
Current VIH orVIL 

lec Maximum Quiescent VIN = Vec or GND 4.0 40 
Supply Current 10ur=0~ 

VIN = 2.4V or 0.5V (Note 4) 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

2.0 

0.8 

Vec- 0.1 
3.7 
4.7 

0.1 
0.4 
0.4 

±1.0 

80 

Units 

V 

V 

°c 
°c 

ns 

Units 

V 

V 

V 
V 
V 

V 
V 
V 

~ 

~ 

rnA 

Note 3: Power dissipation temperature derating-plastic "N" package: -12 mwre from 65·C to 85·C; ceramic "J" package: - 12 mW/·C from 1OO·C 
to 125·C. 

Note 4: Measured per pin, all other Inputs held at Vee or GNO. 

AC Electrical Characteristics Vee =5V, TA= 25°C,'cL= 15 pF, tr=tf =6 ns (Note 6) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limits 

fMAX Maximum Operating Frequency 50 30 MHz 

tpHL, tpLH Maximum Propagation Delay from Clock to Q or Q 18 30 ns 

tpHL, tpLH Maximum Propagation Delay from Clear to Q or Q 18 30 ns 

tREM Minimum Removal Time, qlear to Clock 20 ns 

ts Minimum Set·Up Time J or K Clock 10 20 ns 

tH Minimum Hold Time Clock to J or K -3 0 ns 

tw Minimum Pulse Width Clock, Clear 8 16 ns 
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AC Electrical Characteristics VCC = 5V ± 10%, CL = 50 pF, tr = tl = 6 ns unless otherwise specified 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40°C to 85°C TA = - 55°C to 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 27 22 18 MHz 
Frequency 

tpHL, tpLH Maximum Propagation 22 35 44 52 ns 
Delay from Clock to Q 

ora 

tpHL, tpLH Maximum Propagation 22 35 44 52 ns 
Delay from Clear to Q 

orO 

tREM Minimum Removal 20 25 30 ns 
Time Clear to Clock 

ts Minimum Set-Up Time 10 20 25 30 ns 
J or K to Clock 

, tH Minimum Hold Time -3 0 0 0 ns 
Clock to J or K 

tw Minimum Pulse Width 16 20 24 ns 
Clock or Clear 

t r, tf Maximum Input Rise 500 500 500 ns 
and Fall Time 

tTHL, tTLH Maximum Output Rise 15 19 22 ns 
and Fall Time 

Cpo Power Dissipation (Per Flip-Flop) pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption, Po = CPO VCc2 I + ICC VCC, and the no load dynamic current consumption, 
IS = CpO VCC I + ICC. 
Note 6: Reier to back 01 this section lor Typical MM54fl4HC AC Switching Wavelorms and Test Circuits. 

I 
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~National ' 
D Semiconductor 

, PRELIMINARY 

MM54HCT1 09/MM7 4HCT1 09 microCMOS 
Dual J-K Flip-Flops with Preset and Clear 
General Description 
These high speed J-K FLIP-FLOPS utilize microCMOS 
Technology, 3.0 micron silicon gate N-well CMOS. They 
possess the low power consumption and high noise immuni­
ty of standard CMOS integrated circuits, along with the abili­
ty to drive 10 LS-TIL loads. 

Each flip flop has independent J, K. PRESET, CLEAR, and 
CLOCK inputs and a and a outputs. These devices are 
edge sensitive to the clock input and change state on the 
positive going transition of.the clock pulse. Clear and preset 
are independent of the clock and accomplished by a low 
logic level on the corresponding input. 

The 54HCT 17 4HCT logic family is functionally as well as 
pin-out compatible with the standard 54LS174LS logic fami­
ly. All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Connection Diagram 
Dual-In-Llne Package 

vee ClR 2 J2 K2 elK 2 PR 2 02 02 

MM54HCT/MM74HCT devices are intended to interface be­
tween TIL and NMOS components and standard CMOS 
devices. These parts are also plug in 'replacements for LS~ 
TIL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• Typical propagation delay: 20 ns 
• Low input current: 1 /LA maximum 
• Low quiescent current: 40 /LA maximum (74HCT series) 
• Output drive capability: 10 LS-TIL loads 

Function Table 

Inputs Outputs 

PR ClR ClK J K Q Q 

L H x' X X H L 
H L X X X L H 
L L X X X H* H* 
H H f L ~ L H 
H H f H L TOGGLE. 
H H f L H 00 00 
H I:l f H H 'H L 
H H L X X 00 00 

ClR 1 J1 K1 ClK 1 PR 1 01 01 GND TL/F/5306-1 

MM54HCT1 09/MM7 4HCT1 09 
54HCT109 (J) 74HCT109 (J,N) 

Logic Diagram 
a 

-2.. 

CL 

ClK~C;: ...... -----f f t------It__-f 
TLiF/5306-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to +7.0V Min Max 

DC Input Voltage (VIN) -1.5 to Vee+ 1.5V Supply Voltage(Vee) 4.5 5.5 

DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee 
(YIN,Vour) Clamp Diode Current (11K, 10K) ±20mA 

DC Output Current, per pin (lour) ±25mA Operating Temperature Range(T N 
MM74HCT -40 +85 

DC Vee or GND Current, per pin (led ±50mA MM54HCT -55 +125 
Storage Temperature Range (TsrG) - 65·C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr, tt) 500 
Lead Temperature (Tu (Soldering 10 seconds) 260·C 

DC Electrical Characteristics 
Vee= 5V ± 10% (unless otherwise specified) 

74HCT 54HCT 

Conditions 
TA=2S·C 

T A = - 40 to 8S·C TA= -55 to 12S·C 
Symbol Parameter 

Typ 

YIH Minimum High Level 2.0 
Input Voltage 

VIL Maximum Low Level 0.8 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Iiourl = 20 }.LA Vee Vee-0.1 

Iiourl =4.0 rnA, Vee=4.5V 4.2 3.98 

Iiourl = 4.8 rnA, Vee = 5.5V 5.7 4.98 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage Iiourl = 20 }.LA 0 0.1 

Iiourl = 4.0 rnA, Vee = 4.5V 0.2 0.26 
IloUTI = 4.8 rnA, Vee = 5.5V 0.2 0.26 

liN Maximum Input VIN = Vee or GND, ±0.1 
Current VIH orVIL 

lee Maximum Quiescent VIN=VeeorGND 4.0 
Supply Current IOUT=O }.LA 

VIN = 2.4V or 0.5V (Note 4) 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

2.0 2.0 

0.8 0.8 

Vee-OJ Vee-OJ 
3.84 3.7 
4.84 4.7 

0.1 0.1 
0.33 0.4 
0.33 0.4 

±1.0 ±1.0 

40 80 

Units 
V 

V 

·C 
·C 

ns 

Units 

V 

V 

V 
V 
V 

V 
V 
V 

}.LA 

}.LA 

rnA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
10QoC to 125°C. 

Note 4: Measured per pin, all other inputs held at Vee or GND. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operating 50 .30 MHz 
Frequency 

tpHL, tpLH Maximum Propagation 18 30 ns 
Delay From Clock to a or 0 

tPHL, tpLH Maximum Propagation 18 30 ns 
Delay From Preset or Clear to a or 0 

tREM Minimum Removal Time, 20 ns 
Preset or Clear to Clock 

ts Minimum Set Up Time 10 20 ns 
J orR Clock 

tH Minimum Hold Time -3 0 ns 
Clock to J or R 

tw Minimum Pulse Width 8 16 _ ns 
Clock, Preset or Clear 

AC Electrical Characteristics 
Vcc=5.0V ±10% CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA =2SoC 
74HCT S4HCT 

Symbol Parameter Conditions 
TA= -40 to 8SoC TA = "":5S to 12SoC 

Units 
Typ Guaranteed Limits 

fMAX Maximum Operating 27 22 18 MHz 
Frequency 

tPHL, tpLH Maximum Propagation 22 35 44 52 ns 
Delay From Clock to 
aorO 

tpHL, tpLH Maximum Propagation 22 35 44 52 ns 
Delay From Preset 
or Clear to a or 0 

tREM Minimum Removal Time 20 25 30 ns 
P~eset or Clear to Clock 

ts Minimum Set Up Time 10 20 25 30 ns 
J or R to Clock 

tH Minimum Hold Time -3 0 0 0 ns 
Clock to J or R 

tw Minimum Pulse Width 16 20 24 ns 
Clock, Preset or Clear 

tr, tf Maximum Input Rise and 500 500 500 ns 
Fall Time 

tTHL, tTLH Maximum Output 15 19 22 ns 
Rise and Fall Time 

CPO Power Dissipation (per flip-flop) pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vce 1+lee· 
Nole 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 
MM54HCT138/MM74HCT138 
3-to-8 Line Decoder 
General Description 
This decoder utilizes microCMOS Technology, 3.0 micron 
silicon gate N-well CMOS, and are well suited to memory 
address decoding or data routing applications. Both circuits 
feature high noise immunity and low power consumption 
usually associated with CMOS circuitry, yet have speeds 
comparable to low power Schottky TIL logic. 

The MM54HCT138/MM74HCT138 have 3 binary select in­
puts (A, B, and C). If the device is enabled these inputs 
determine which one of the eight normally high outputs will 
go low. Two active low and one active high enables (G1, 
G2A and G2B) are provided to ease the· cascading de­
coders. 

The decoders' output can drive 10 low power Schottky TIL 
equivalent loads and are functionally and pin equivalent to 
the 54LS138174LS138. All inputs are protected from dam­
age due to static discharge by diodes to Vee and ground. 

PRELIMINARY 

microCMOS 

MM54HCT IMM74HCT devices are intended to interface be­
tween TIL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TIL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• TIL Input Compatible 
• Typical propagation delay: 20 ns 
• Low quiescent current: 80 fLA maximum (74HCT series) 
• Low input current: 1 fLA maximum 
• Fanout of 10 LS-TIL loads 

Connection Diagram 
Dual-ln-L1ne Package 

Logic Diagram 

DATA OUTPUTS 

Vee YO Yl Y2 Y3 Y. Y5 Y6 
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TDPVIEW TL/F/5120-1 

MM54HCT138/MM74HCT138 

54HCT138 (J) 74HCT138 (J,N) 

Truth Table 
Inputs 

Enable Select 

G1 G2· C B A 

X H X X X 
L X X X X 
H L L L L 
H L L L H 
H L L H ·L 
H L L H H 
H L H L L 
H L H L H 
H L H H L 
H L H H H 

'G2=G2A+G2B 

YO Y1 Y2 

H H H 
H H H 
L H H 
H L H 
H H L 
H H H 
H H H 
H H H 
H H H 
H .H H 

H = high level L = low level X = dont'! care 
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Outputs 

Y3 Y4 Y5 Y6 Y7 

H H H H H 
H H H H H 
H H H H H 
H H H H H 
H H H H H 
L H H H H 
H L H H H 
H H L H H 
H H H L H 
H H H H L 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee> -0.5 to + 7.0V Min Max Units 
DC Input Voltage (YIN) -1.5 to Vee + 1:5V Supply Voltage(Vee> 4.5 5.5 V 

DC Output Voltage (YOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, '0K) ±20mA (YIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(TA) 
MM74HCT -40 +85 °C 

DC Vee or GND Current, per pin (Icc) ±50mA MM54HCT -55 +125 °C 
Storage Temperature Range (T STG) - 65°C to + 150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr,tf) 500 ns 
Lead Temperature (TU (Soldering 10 seconds) 260°C 

DC Electrical Characteristics 
Vee=5V ±10% (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
T A = - 40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V. 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI = 20 p.A Vee Vee-OJ Vee- 0.1 Vee-OJ V 

IIOUTI =4.0 mA, Vee=4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI = 4.8 mA, Vee = 5.5V 5.7 4.98 4.84 4.7 V 

.VOL Maximum Low Level VIN = VIH or VIL 
Voltage !louTI = 20 p.A 0 0.1 0.1 0.1 V 

IIOUTI =4.0 mA, Vee=4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI = 4.8 mA, Vee = 5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND, ±0.1 ±1.0 ±1.0 p.A 
Current VIH orVIL 

Icc Maximum Quiescent VIN=VCcorGND B.O 80 160 p.A 
Supply Current IOUT=O p.A 

VIN = 2.4V or 0.5V (Note 4) mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 

Note 4: This Is measured per input pin. All other inputs are held at Vee or ground. 
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AC Electrical Characteristics TA = 25°C, VCC= 5.0V, tr= tf= 6 ns CL = 15 pF (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL Maximum Propagation Delay, A, B, or C to Output 20 35 ns 

tpLH Maximum Propagation Delay, A, 8, or C to Output 13 25 ns 

tpHL Maximum Propagation Delay, G1 to Y Output 14 25 ns 

tpLH Maximum Propagation Delay, G1 to Y Output 13 25 ns 

tpHL Maximum Propagation Delay, G2A or G28 to Y Output 17 30 ns 

tpLH Maximum Propagation Delay, G2A or G28 to Y Output 13 25 ns 

AC Electrical Characteristics 
Vcc=5V ±10% CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA = -40 to 85°C T= -55 to 125°C 

Units 

01 
Typ Guaranteed Limits 

tpHL Maximum Propagation Delay 24 40 50 60 ns 
A, 8, or C to Output 

tpLH Maximum Propagation Delay 18 30 38 45 ns 
A, B, or C to Output 

tpHL Maximum Propagation Delay 17 30 38 45 ns 
G1 to Y Output 

tpLH Maximum Propagation Delay 20 30 38 45 ns 

G 1 to Y Output 

tpHL Maximum Propagation Delay 23 35 43 52 ns 
G2A or G28 to Y Output 

tpLH Maximum Propagation Delay 18 30 38 45 ns 

G2A or G28 to Y Output 

tTHL, tTLH Maximum Output 15 19 22 ns 

Rise and Fall Time 

CIN Input Capacitance 5 10 10 pF 

CPO Power Dissipation pF 

Capacitance (Note 5) 

Note 5: CPO determines the ~o load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is = CPO Vee f+ Icc· 
Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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~National 
D Semiconductor 

PRELIMINARY 

MM54HCT139/MM74HCT139 Dual 
2-To-4 Line Decoder 

microCMOS 

General Description 
The MM54HCT139/MM74HCT139 is a high speed silicon­
gate CMOS decoder that is well suited to memory address 
decoding or data routing applications. It possesses an input 
threshold and output drive similar to LS-TTL and the low 
standby ot CMOS logic. 

The device is comprised ot two independent one-ot-four de­
coders each with a single active low enable input (G1. or 
G2). Data on the select inputs (A1, 81 or A2, 82) cause one 
of the four normally high outputs to go low. 

All inputs to the decoder are protected from damage due to 
electrostatic discharge by diodes to Vee and Ground. The 

Connection Diagram Dual-In-Line Package 

ENABLE 
Q1 

SELECT DATA OUTPUTS 
ENABLE ~ 

Q2 A2 B2 2YO 2Y1 2Y2 

OUTPUT 
SELECT 

OUTPUT BUFFER 

TOP VIEW 
MM54HCT139/MM74HCT139 

54HCT139 (J) 74HCT139 (J,N) 

10 

TL/F/5311-1 

Logic Diagram 

device is capable of driving 10 low power Schottky TTL 
equivalent loads. 

The MM54HCT139/MM74HCT139 is functionally and pin 
equivalent to the 54LS139174LS139 and can be used as a 
plug in replacement to reduce system power consumption in 
existing systems. 

Features 
• Typical propagation delays: 20 ns 

II Low quiescent curren.t: 40 p.A maximum (74HCT series) 
• Fanout of 10 LS-TTL loads 

Truth Table 
'HCT139 

Inputs 
Outputs 

Enable Select 

G B A VO V1 V2 V3 

H X X H H H H 
L L L L H H H 
L L H H L H H 
L H L H H L H 
L H H H H H L 

H=high level, L=low level, X=don't care 

Yz MM54HCT139/MM74HCT139 

ENABLE G ----I ;;::~r=;:==S[J 

.{B 
SELECT A-"""'t' ....... 

OUTPUTS. 

TLlF/5311-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Ved 

DC Input Voltage (VIN) 

DC Output Voltage (Vour) 

Clamp Diode Current (11K, 10K) 

DC Output Current, per Pin (lour) 

DC Vee or GND Current, per Pin (led 

Storage Temperature Range (T STG) 

Power Dissipation (Po) (Note 3) 

- 0.5 to + 7.0V 

-1.5 to Vee+1.5V 

-0.5 to Vee+0.5V 

20mA 

25mA 

50mA 

- 65°C to + 150°C 

Lead Temperature (T U (Soldering 10 seconds) 

500mW 

300°C 

DC Electrical Characteristics (Note 4) 

Operating Conditions 
Min 

Supply Voltage(Ved 4.5 

DC Input or Output Voltage 0 
(VIN,Vour) 

Operating Temperature Range(T A) 
MM74HCT -40 
MM54HCT -55 

Input Rise/Fall Time 
(tr,tf) 

Typ Guaranteed Limits 

Max 
5.5 

Vee 

+85 
+125 

500 

Units 
V 
V 

C 
C 

ns 

Symbol Conditions Vee 74HCT 54HCT Units 
T= 25°C T= 25°C T= -40 to 85°C T= -55 to 125°C 

Parameter 

VOL 

ICC 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage 

Minimum High Level VIN = VIH or VIL 
Output Voltage Houri = 20 fJoA 

Houri = 4.0 mA, Vee = 4.5V 
Iiourl =4.8 mA, Vee=5.5V 

Maximum Low Level VIN = VIH or VIL 
Output Voltage Iiourl = 20 fJoA 

Maximum Input 
Current 

Ilourl=4.0 rnA, Vee=4.5V 
Iiourl =4.8 rnA, Vee=5.5V 

VIN = Vee or GND 

VIN = VIH or VIL 

Maximum Quiescent VIN=Vee or GND 

2.0 

0.8 

Vee Vee-·1 
3.98 
4.98 

0.10 
0.26 
0.26 

±0.1 

2.0 

0.8 

Vee-·1 
3.84 
4.84· 

0.10 
0.33 
0.33 

±1.0 

2.0 

0.8 

Vee-·1 
3.7 
4.7 

0.1 
0.4 
0.4 

±1.0 

V 
V 

V 
V 

V 
V 
V 

V 
V 
V 

fJoA 

Supply Current r.1,..;::o...:::U-'-T-::-=0-:-:-:J.L_A_(-::-N...."ot::-:e_4_l __ -t-_-t-___ +-_4_-+ ___ 4_0 __ -t-___ 8O ___ -+-'fJo~A_ 
VIN=2.4V or 0.5V 
lour=O J.LA (Note 4 l 300 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

400 440 fJoA 

Note 3: Power Dissipation temperature derating: plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 100°C to 125°C. 

Note 4: Measured per input, other inputs at Vcc or GND. 
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AC Electrical Characteristics 
(Vcc, Temperature and loading of LS-TTL) 

Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions 

tpLH, PHL Maximum Propagation 
delay, Binary Select 
to any output 

tpLH, PHL Maximum Propagation 
delay, Enable to any 
output 

AC Electrical Characteristics 

Typ 
Guaranteed 

Units 
Limits 

18 30 ns 

18 30 ns 

(Full Range of Vcc and Temperature) Vcc=5V ±10%, CL =50 pF (Unless Otherwise Specified) 

Typ Guaranteed Limits 
Symbol Parameter Condition 74HCT 54HCT 

TA= -40 to 85C TA= -55to125 

tpLH, PHL Maximum Propagation Delay, 20 35 44 51 
Binary Select to any Output 

tpLH, PHL Maximum Propagation Delay, 21 35 44 51 
Enable to any Output 

tTLH, THL Maximum Output Rise 9 15 19 22 
and Fall Time 

CPO Power Dissipation Note 5 
Capacitance 

CIN Minimum Input Capacitance 5 10 10 10 

Units 

ns 

ns 

ns 

pF 

pF 

Note 5: Cpo determines the no load dynamic power consumption. Po= (CPO Vee 2) f+ lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching WC1veforms and Test Circuits. 
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~National 
~ Semiconductor 

PRELIMINARY 

microCMOS 
MM54HCT,149/MM74HCT149 
8 Line to 8 Line Priority Encoder 

General Description 
This priority encoder is implemented in microCMOS Tech­
nology, 3.0 micron silicon gate N-well CMOS. It has the high 
noise immunity and low power consumption typical of 
CMOS circuits, as well as the speeds and output drive simi­
lar to LS-TTL. 

This priority, encoder accepts 8 input request lines, RI?­
RIO, and outputs 8 lines, RO?-ROO. It is the logical combi­
nation of a '148 8-3 line priority encoder driving a '1383-8 
line decoder. Only one request output can be low at a time. 
The output that is low is dependent on the highest priority 
request input that is low. The order of priority is RI? highest 
and RIO lowest. Also provided is and enable input, ROE; 
which when high forces all outputs high. A request output 
is also provided, Rap, which goes low when any AT is 
active. 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vee and Ground. 

MM54HCT IMM? 4HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• Typical propagation delay: 20 ns 
• Low quiescent current: 80 fJ-A maximum (?4HCT series) 
• Low input current: 1 p.A maximum 
• Fanout of 10 LS-TTL loads 
• Internal switched pull up resistors provided to reduce 

power consumption 

Connection Diagram 
Dual·ln·Llne Package 

TL/F/5312-1 

MM54HCT149/MM74HCT149 

54HCT149 (J) 74HCT149 (J,N) 

Truth Table 
Inputs Outputs 

o 1 2 3 4 5 6 7 RQE 0 1 234 567 RQP 

X X X X X X X X H H H H H H H H H H 
H H H H H H H H L H H H H H H H H H 
X X X X X X X L L H H H H H H H L L 
X X X X X X L H L H H H H H H L H L 
X X X X X L H H L H H H H H L H H L 
X X X X'L H H H L H H H H L H H H l. 
X X X L H H H H L H H H L H H H H L 
X X L H H H H H L H H L H H H H H L 
X L H H H H H H L H L H H H H H H L 
L H H H H H H H L L H H H H H H H L 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5to +7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage (Vee) 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) 

DC Output Current. per pin (lOUT) ±35mA Operating Temperature Range (T A) 
MM74HCT -40 +85 ·C 

DC Vee or GND Current. per pin (led ±70mA MM54HCT -55 +125 ·C 
Storage Temperature Range (T STG) - 65·C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr. tf) 500 ·ns 
Lead Temperature (TtJ (Soldering 10 seconds) 260°C 

DC Electrical Characteristics Vee=5V ±10% (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

TA = -40 to 85°C TA= -55 to 125°C 
Symbol Parameter Conditions Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN=VIH orVIL 
Output Voltage ., 

!louTI = 20 JLA Vee Vee- 0.1 Vee- 0.1 Vee- 0.1 V 

!louTI=4.0 mA, Vee=4.5V 4.2 3.98 3.84 3.7 VI 

!lOUT I =4.8 mAo Vee=5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage !louTI = 20 JLA 0 0.1 0.1 0.1 V 

!louTI=4.0 mAo Vee=4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI = 4.8 mAo Vee = 5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input Current VIN = Vee or GND. ±0.1 ±1.0 ±1.0 JLA 
VIH orVIL 

Icc Maximum Quiescent VIN = Vee or GND 8.0 80 160 JLA 
Supply Current IOUT=O JLA 

VIN = 2.4V or 0.5V (Note 4) rnA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mwrc from 
100°C to 125°C. 

Note 4: Measured per input. other inputs held at Vee or GND. 
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AC Electrical Characteristics Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tpHL tPLH Maximum Propagation Delay ROE to any Output 16 28 ns 

tpLH tPHL Maximum Propagation Delay Rln to ROn (same Output I 23 32 ns 

tpHL. tpLH Maximum Propagation Delay Rln to a different Output 22 30 ns 

AC Electrical Characteristics Vcc=5V±10%. CL =50 pf tr=tf=6 ns (unless otherwise specified) 

_ ° 74HCT 54HCT 

Symbol Param'eter Conditions 
T A - 25 C T A = - 40 to 85°C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation Delay ROE to any Output 17 31 39 46 ns 

tpLH. tpHL Maximum Propagation Delay Rln to ROn(same Output, 18 32 40 48 ns 

tpHL. tpLH Maximum Propagation Delay Rln to a different Output 20 35 44 53 ns 

tTHL. tTLH Maximum Output Rise and Fall Time 10 15 19 22 ns 

CPD Power Dissipation Capacitance (Note 5) 50 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

Note 5: CPD determines the no load dynamic power consumption. PD= CPD Vee2 f+ Icc Vee. and the no load dynamic current consumption. 
Is=CPD Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 

Simplified Logic Diagram 

RTf ....... - "' ~ 
iiQ1 ....... 
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L 

Rfi-[::: -~ =1 "' iiQ4 
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~. 

-~ =1 "'. RQ3 
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1 
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~National 
~ Semiconductor 

PRELIMINARY 

MM54HCT155/MM74HCT155 Dual 2-to-4 Line 
Decoder/Demultiplexers 

microCMOS 

General Description 
The MM54HCT155/MM74HCT155 is a high speed silicon 
gate CMOS decoder/demultiplexer. It features dual 1-to-4 
line demultiplexers with independent strobes and common 
binary address inputs. When both sections are enabled by 
the strobes, the common address inputs sequentially 
select and route associated input data to the appropriate 
output of each section. The Individual strobes permit ac­
tivating or inhibiting each of the 4·bit sections as desired. 
Data applied to input C1 is inverted at its outputs and data 
applied to C2 is true through its outputs. The inverter follow­
ing the C1 data input permits use as a 3-to-8Iine decoder, or 
1-10-8 line demultiplexer, without gating. 

All inputs to the decoder are protected from damage due 
to electrostatic discharge by diodes to Vee and ground. 
The device is capable of driving 10 low power Schottky TTL 
equivalent loads. 

Connection Diagram 

Dual·ln-Line Package 

SELECT 
INPUT 

A 

OUTPUTS 

D~~A ST~~BE ~~~~;T , .... 1Y_3 __ 1_Y_2 -..-_1_Y1 __ 1Y-,O I GND 

B OUTPUTS 
TLlFJ5759·1 

The MM54HCT155/MM74HCT155 is functionally and pin 
equivalent to the 54LS155/74LS155 and can be used as a 
plug-in replacement to reduce system power consumption 
in existing systems. 

Features 
• Applications: 

Dual 2-to-4 line decoder 
DuaI1-to-4 line demultiplexer 
3-to-8 line decoder 
1-10-8 line demultiplexer 

• Typical propagation delay: 22 ns 

• Low Quiescent current: 8 f.lA maximum (74HC Series) 

Truth Tables 

2·TO·4 LINE DECODER OR 1·TO·4 LINE DEMULTIPLEXER 

Inputs 
Outputs 

Select Strobe Data. 
B A G1 C1 1YO 1Y1 1Y2 1Y3 

X X H X H H H H 
L L L H L H H H 
L H L H H L H H 
H L L H H H L H 
H H L H H H H L 
X X X L H H H H 

Inputs 
Outputs 

Select Strobe Data 
B A G2 C2 2YO 2Y1 2Y2 2Y3 

X X H X H H H H 
L L L L L H H H 
L H L L H L H H 
H L L L H H L H 
H H L L H H H L 
X X X H H H H H 

3·TO·8 LINE DECODER OR 1·TO·8 LINE DEMULTIPLEXER 

Inputs Outputs 

Select 
Strobe 

(0) (1) (2) (3) (4) (5) (6) (7) 
or Data 

Ie B A IG 2YO 2Y1 2Y2 2Y3 1YO 1Y1 1Y2 1Y3 

X X X H H H H 
L L L L L H H 
L L H L H L H 
L H L L H H L 
L H H L H H H 
H L L L H H H 
H L H L H H H 
H H L L H H H 
H H H L H H H 

Ie = inputs C1 and C2 connected together 

GI = inputs G1 and G2 connected together 

H = high level 

L= low level 

X = don't care 

H H H H H 
H H H H H 
H H H H H 
H H H H H 
L H H H H 
H L H H H 
H H L H H 
H H H L H 
H H H H L 
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Absolute Maximum Ratings(Notes 1 and 2) 

Supply Voltage (V ed 

DC Input Voltage(VIN) 

DC Output Voltage (V our) 
Clamp Diode Current (1 1K• 10K) 

DC Output Current, per Pin (lour) 
DC Vec or GND Current, per Pin (led 
Storage Temperature Range (T srG) 
Power Dissipation (Po) (Note 3) 

- 0.5V to + 7.0V 

-1.5Vto Vee + 1.5V 
-0.5VtoVec +0.5V 

±20mA 

±25mA 
50mA 

Lead Temperature (T d (Soldering, 10 seconds) 

500mW 
300·C 

Operating Conditions 
Min Max Units 

Supply Voltage (V cd 4.5 5.5 V 

DC Input or Output Voltage ( 
(VIN' Vour) 0 . Vcc V 

Operating Temperature Range (TA) 

MM74HCT - 40 + 85 ·C 
MM54HCT - 55 + 125 ·C 

Input Rise/Fail Time 
(t r, tf) 500 ns 

DC Electrical Characteristics Vcc = 5V ± 10% unless otherwise specified 

Typ Guaranteed Limits 

Symbol Parameter 

VIH Minimum High 
Level Input 
Voltage 

VIL Maximum High 
Level Input 
Voltage 

Conditions 

VOH Minimum High VIN = VIH or VIL 
Level Output Iiourl = 20 p.A 
Voltage i'ourl = 4.0 mA, Vec = 4.5V 

Iiourl =4.8 mA, Vcc=5.5V 

VOL Maximum Low VIN = VIH or VIL 
Level Output Iiourl = 20 p.A 
Voltage i'ourl =4.0 mA, Vec =4.5V 

i'ourl =4.8 mA, Vcc =5.5V 

Maximum 
Input Current 

VIN = Vcc or GND 
VIN = VIH or VIL 

Icc Maximum VIN = Vcc or GND 
Quiescent lour = 0.0 p.A (Note 4) 
Supply Current VIN = 2.4V or 0.5V 

lOUT = 0.0 p.A (Note 4) 

Vee 

2.0 

0.8 

Vec Vcc - 0.1 
3.98 
4.98 

0.10 
0.26 
0.26 

±0.1 

8 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: ~nless otherwise specified. all voltages are referenced to ground. 

2.0 

0.8 

Vcc- 0.1 
3.84 
4.84 

0.10 
0.33 
0.33 

± 1.0 

80 

2.0 

0.8 

Vcc- 0.1 
3.7 
4.7 

0.1 
0.4 
0.4 

± 1.0 

160 

Units 

V 

V 

V 
V 
V 

V 
V 
V 

p.A 

p.A 

mA 

Note 3: Power dissipation temperature deratlngs: plastic N package: -12 mW/'C from 65'C to 85'C; ceramic J package: -12 mW/'C from 100'C to 125'C. 

Note 4: Measured per Input. other Inputs at Vee or GND. 
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AC Electrical Characteristics Vee, temperature and loading of LS·nL; Vee = 5V, TA = 25°C, CL = 15 pF. 
tr=tf=6ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
limits 

tpLH, tpHL Maximum Propagation Delay from Inputs A, B, or C2 to any Output 19 30 ns 

tpLH, tpHL Maximum Propagation Delay from Inputs G1 or G2 to any Output 24 35 ns 

tpLH, tpHL Maximum Propagation Delay from Input C1 to any Output 25 35 ns 

AC Electrical Characteristics 
Full range of Vee and temperature; Vee = 5V ± 10%, CL = 50 pF unless otherwise specified 

Typ Guaranteed Limits 

Symbol Parameter Conditions 74HCT 54HCT Units 
T=25°C T=25°C T = - 40°C to 85°C T = - 55°C to 125°C 

tpLH. tpHL Maximum Propagation Delay 21 35 44 51 ns 
from Inputs A, B, or C2'to 
any Output 

tpLH, tpHL Maximum Propagation Delay 26 40 50 60 ns 
from Inputs G1 or G2 to any 
Output 

tpLH, tpHL Maximum Propagation Delay 27 40 50 60 ns 
from Input C1 to any Output 

tTLH, tTHL Maximum Output Rise and 15 19 22 ns 
Fall Time 

Cpo Power Dissipation NoteS pF 
Capacitance 

CIN Minimum Input Capacitance 5 10 10 10 pF 
, 

Note 5: CpO determines the no load dynamic power consumption, Po = epo vee2 f+ lee Vee. and the no load dynamic current consumption. 
IS= epo Vee f+ lee. 

I 

LogiC Diagram 

STROBE (2) ~OUTPUT G1 ::n lYD 

~~OUTPUT OATA (1) --
Cl lYl 

1 ~OUTPUT --
SELECT (3) lY2 

B 
~OUTPUT 

lY3 

1 ~OUTPUT 
SELECT (13) t>- 2YO 

A 
~OUTPUT -

2Y1 

DATA (15) - ~OUTPUT C2 I .- 2Y2 

:::J 
, 
.J 

""'--~ OUTPUT STROBE (14) --
G2 2Y3 

TUF/5759,2 

1-454 



~Nation'al 
~ Semiconductor' 

PRELIMINARY ~ /I. ..J'\. 

~\~ 
microCMOS 

MM54HCT157/MM74HCT157 Quad 2-lnput Multiplexer 
MM54HCT158/MM74HCT158 Quad 2-lnput Multiplexer 
(I nverted Output) 

General Description 
These high speed QUAD 2-to-1 LINE DATA SELECTOR/ 
MULTIPLEXERS utilize microCMOS Technology, 3.0 micron 
silicon gate N-well CMOS. They possess the high noise im­
munity and low power consumption of standard CMOS inte­
grated circuits, as well as the ability to drive 10 LS-TTL 
loads. 

These devices each consist of four 2-input digital multiplex­
ers with common select and STROBE inputs. On the 
MM54HCT1571MM74HCT157, when the STROBE input is 
at logical "0" the four outputs assume the values as select­
ed from the inputs. When the STROBE input is at a logical 
"1" the outputs assume logical "0". The MM54HCT158/ 
MM74HCT158 operates in the same manner, except that its 
outputs are inverted. Select decoding is done internally re­
sulting in a single select input only. If enabled, the select 
input determines whether the A or B inputs get routed to 
their corresponding Y outputs. 

Connection Diagrams 
Dual-In-Line Package 

INPUTS OUTPUT INPUTS OUTPUT --vee STROBE 4A 4B 

l16 15 14 13 

4Y 

12 

--3A 3B 

11 10 

G 4A 4B 4Y 3A 3B 

3Y 

9 

r-- S 3Y -

1A 1B 1Y 2A 2B 2Y 

1 2 3 4 5 6 7 /s 
SELECT 1A 1B 1Y 2A 2D 2Y GND - -INPUTS OUTPUT INPUTS OUTPUT 

TOP VIEW TL/F/5314-1 
MM54HCT157/MM74HCT157 

54HCT157 (J) 74HCT157 (J,N) 

Function Table 
Inputs 

Strobe Select A 

H X X 
L L L 
L L H 
L H X 
L H X 

The 54HCT174HCT logic family is functionally as well as 
pin-out compatible with the standard 54LS174LS logic fami­
ly. All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Features 
II Typical propagation delay: 14 ns data to any output 
• Power supply range: 5V ± 10% 
II Low power supply quiescent current: 80 J.LA maximum 

(74HCT series) 
.. Fan-out of 10 LS-TTL loads 
III Low input current: 1 J.LA maximum 
II Completely TTL compatible 

B 

X 
X 
X 
L 
H 

Dual-In-Line Package 

INPUTS OUTPUT INPUTS OUTPUT --vec STROBE 4A 4B 

l15 15 14 13 

4Y 

12 

--3A 3B 

11 10 

G 4A 4B 4 Y 3A 3B 

3Y 

9 

r--S 3Y b-

1A 1B 1Y 2A 2B 2Y 

1 2 4 5 6 Is 
SELECT 1A 1B 1Y 2A 2B 2Y GND - -INPUTS OUTPUT INPUTS OUTPUT 

TOP VIEW TL/F/5314-2 
MM54HCT158/MM74HCT158 

54HCT158 (J) 74HCT158 (J,N) 

Output Y 

HCT157 HCT158 

L H 
L H 
H L 
L H 
H L 

H = High Level, L = Low ~evel, X = Irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vee) -0.5 to + 7.0V I 

DC Input Voltage (VIN) 

DC Output Voltage (VqUT) 

Clamp Diode Current (11K, 10K) 

DC Output Current, per pin (lOUT) 

-1.5 to Vee+1.5V 

-0.5 to Vee+0.5V 
±20mA 

±25mA 

DC Vee or GND Current, per pin (ICC> 

Storage Temperature Range (T STG) 

Power Dissipation (Po) (Note 3) 

±50mA 

- 65°C to + 150·C 

500mW 

260·C Lead Temperature (Tu (Soldering, 10 seconds) 

'DC Electrical Characteristics (Note 4) 

Symbol Parameter Conditions Vee 

VIH Minimum High Level 
Input Voltage 

VIL Maximum Low Level 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI:::::20 /-LA 4.5V 

VIN = VIH or VIL 
IIOUTI~.O mA 4.5V 
IIOUTI~.8 mA 5.5V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage IIOUTI ::::: 20 /-LA 

VIN=VIH or VIL 
IIOUTI~.O mA 4.5V 
IIOUTI~.8 mA 5.5V 

liN Maximum Input VIN=VeeorGND 6.0V 
Current 

Icc Maximum Quiescent VIN=VeeorGND 6.0V 
Supply Current lour=O /-LA 

Operating Conditions 
Min Max 

Supply Voltage(VeC> 4.5 5.5 

DC Input or Output Voltage 0 Vee 
(VIN,VOUT) 

Operating Temperature Range(TA> 
MM74HCT -40 +85 
MM54HCT -55 +125 

\ 

Input Rise or Fall Times 
(tr, tf) 500 

TA=25·C 
74HCT 54HCT 

TA= -40 to 85·C TA = -55 to 125·C 

Typ Guaranteed Lhnlts 

2.0 2.0 2.0 

.. 
0.8 0.8 0.8 

4.4 4.4 4.4 

4.2 3.98 3.84 3.7 
5.7 4.98 4.84 4.7 

0 0.1 0.1 0.1 

0.2 0.26 0.33 0.4 
0.2 0.26 0.33 0.4 

±0.1 ±1.0 ±1.0 

8.0 80 160 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
V 

V 

·C 
·C 

ns 

Units 

V 

V 

V 

V 
V 

V 

V 
V 

/-LA 

/-LA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100·C to 12S·C. 
Note 4: For a power supply of SV ± 1 0% the worst case output voltages (VOH. and VoL> occur for HCT at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and Vil occur at Vcc = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.85V.) The worst case leakage current (liN. 
Icc. and IOz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL, tpLH Maximum Propagation 14 20 ns 
Delay, Data to Output 

tpHL, tpLH Maximum Propagation 14 20 ns 
Delay, Select to Output 

tpHL, tpLH Maximum Propagation 12 16 ns . 
Delay, Strobe to Output 

AC Electrical Characteristics Vcc=5V±10%, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions Vee 
TA = -40 to 85°C TA = -55 to 125°C 

Units 
III 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation 
, Delay, Data to Output 13 25 32 37 ns 

tpHL, tpLH Maximum Propagation 
Delay, Select to Output 13 25 32 37 ns 

tPHL, tpLH Maximum Propagation 
Delay, Strobe to Output 12 23 29 34 ns 

tTLH, tTHL Maximum Output Rise 

and Fall Time 6 15 19 22 'ns 

CIN Maximum Input 

Capacitance 5 10 10 10 pF 

CPO Power Dissipation pF 
Capacitance (Note 5) 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vee2 f+ ICC Vee. and the no load dynamic current consumption. 
Is=CPD Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 

J 

.' 

. 
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Logic Diagrams 

A1 (2) 

81_(3_) ------+---r-~ 

A2 (5) 

82 (6) 

A3 (11) 

A4 (4) 

84 (13) 

(15) 
STR08E~--""'<lI"'~ 

SELECT-(1_) ..... --+--OI.....J 

'HCT157 

A1 (2) 

81 
(3) 

A2 (5) 

82 (6) 

A3 
(11) 

83 (10) 

A4 (14) 

84 (13) 

STR08E 
(15) 

SELECT (1) 

'HCT158 
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~National 
~ Semiconductor ~\~ 
MM54HCT160/MM74HCT160 microCMOS 

Synchronous Decade Counter with Asynchronous Clear 
MM54HCT161/MM74HCT161 
Synchronous Binary Counter with Asynchronous Clear 
MM54HCT162/MM74HCT162 
Synchronous Decade Counter with Synchronous Clear 
MM54HCT163/MM74HCT163 
Synchronous Binary Counter with Synchronous Clear 
General Description 
The MM54HCT160/74HCT160, MM54HCT161/74HCT161, 
MM54HCT16217 4HCT162, MM54HCT16317 4HCT163 syn­
chronous presettable counters utilize microCMOS Tech­
nology, 3.0 micron silicon gate N-well CMOS, and internal 
look-ahead carry logic for use in high speed counting 
applications. They offer the high noise immunity and low 
power consumption inherent to CMOS with speeds similarto 
low power Schottky TTL. The 'HCT160 and the 'HCT162 are 
4-bit decade counters, and the 'HCT161 and the 'HCT163 are 
4-bit binary counters. All flip-flops are clocked simultaneously 
on the low to high to transition (positive edge) of the CLOCK 
input waveform. 
These counters may be preset using the LOAD input. Pre­
setting of all four flip-flops is synchronous to the rising edge 
of CLOCK. When LOAD is held low counting is disabled and 
the. data on the A, B, C, and D inputs is loaded into the 
counter on the rising edge of CLOCK. If the load input is 
taken high before the positive edge of CLOCK the count 

The MM54HCT160/MM74HCT160 and MM54HCT1611 
MM74HCT161 counters are cleared asynchronously. When 
the CLEAR is taken low the counter is cleared immediately 
regardless of the CLOCK. 

Two active high enable inputs (ENP and ENT) and a RIP­
PLE CARRY (RC) output are provided to enable easy cas­
cading of counters. Both ENABLE inputs must be high to 
count. The ENT input also enables the RC output. When 
enabled, the RC outputs a positive pulse when the counter 
overflows. This pulse is approximately equal in duration to 
the high level portion of the QA output. The RC output is fed 
to successive cascaded stages to facilitate easy implemen­
tation of N-bit counters.· 

These circuits are TTL input and output compatible and are 
plug in replaceable for 'LS16X Series counters. 

All inputs are protected from damage due to static dis­
charge by diodes to Vee and ground. 

operation will be unaffected. Features 
All of these counters may be cleared by utilizing the CLEAR 
input. The clear function on the MM54HCT1621 
MM74HCT162 and MM54HCT163/MM74HCT163 counters 
are synchronous to the clock. That is, the counters are 
cleared on the positive edge of CLOCK while the clear input 
is held low. 

Connection Diagram 
RIPPLE OUTPUTS 
CARRY ENABLE 

VCC OUTPUT aA Os ac 00 T LOAD 

118 115 114 113 112 111 110 g 

I I I I I I 
RIPPUE aA aB ac aD ENABLE 
CARRY " T 

OUTPUT 
r<: CLEAR LOAD 0-

~ ABC DENAB~E 

I I I I I I 
1 12 13 I" Is 18 17 18 

CLEAR CLOCK ABC D ENABLE GND 
p 

DATA INPUTS 

54HCT160 (J) 
54HCT161 (J) 
54HCT162 (J) 
54HCT163 (J) 

74HCT160 (J,N) 
74HCT161 (J,N) 
74HCT162 (J,N) 
74HCT163 (J,N) 

TL/F/SOO8-1 

• Typical operating frequency: 40 MHz 
• Typical propagation delay: clock to Q: 18 ns 
• Low quiescent current: 80 J.l.A maximum (74HCT series) 
• Low input current: 1 p,A maximum . 
• Wide power supply range: 2-6V 
• TTL Input Compatible Inputs 

Truth Tables 
'HCT160/HCT161 

ClK ClR ENP ENT load Function 

x. L X X X Clear 
X H H L H Count & RC disabled 
X H L H H Count disabled 
X H L L H Count & RC disabled 

t H X X L Load 
H H H H Increment Counter 

H = high level, L = low level 
X = don't care, t = low to high transition 

'HCT162/HCT163 
CLK ClR ENP ENT load Function 

i L X X X Clear 
X H H L H Count & RC disabled 
X H L H H Count disabled 
X H L L H Count & RC disabled 

t H X X L Load 
H H H H Increment Counter 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -o.s to + 7.0V Min Max Units 
DC Input Voltage (VIN) -1.S to Vee+1.SV Supply Voltage (Vee) 4.S S.S V 
DC Output Voltage (VOUT) -o.S to Vee+O.SV DC Input or Output Voltage 0 . Vee V 
Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 
DC Output Current, per pin (lOUT) ±2SmA I' 

DC Vee or GND Current,per pin (led ±SOmA 
Operating Temperature Range (T A) 

MM74HCT -40 +8S ~C 
Storage Temperature Range (T STG) - 6S·C to + 150·C 

MM54HCT -55 +125 ·C 
Power Dissipation (Po) (Note 3) .' 500mW 
Lead Temperature (Tu (Soldering 10 seconds) 260·C Input Rise or Fall Times 

(tr, tl) SOO ns 

DC Electrical Characteristics Vee=5V ±10% (unless ~therwise specified) 

TA=25·C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA= -40 to 85·C T A = - 55 to 125·C Units 

Typ Guaranteed Limits 

VIH Minimum High Level ·2.0 2.0. 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Iiourl ~ 20 ,.A Vee Vee- O.1 Vee- 0.1 Vee- O.1 V 

lOUT =4.0 mA, Vee=4.SV 4.2 3.98 3.84 3.7 V 
lOUT =4.8 mA, Vee=5.SV 5.7 4.98 4.84 4.7 V· 

VOL Maximum Low Level VIN=VIH 
Voltage IIOUTI ~ 20 ,.A 0 0.1 0.1 0.1 V 

. , lo.UT =4.0 mA, Vee=4.SV 0.2 0.26 0.33 0.4 V 
lOUT =4.8 mA, Vee=5.SV 0~2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND, VIH or ±0.1 ±1.0 ±1.0 p.A 
Current VIL 

Icc Maximum Quiescent VIN = Vee or GND 2.0 20 40 p.A 
Supply Current IOUT=O p.A 

VIN = 2.4V or O.SV (Note 4) 300 SOO J.LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. . 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from. 65°C to 85°C; ceramic uJ" package: -12 mWrc from 
100°C to 125°C. 
Note: 4: This Is measured per Input with all other Inputs held at VCC or ground. 

I 
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AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

fMAX Maximum Operating Frequency 43 30 MHz 

tpHL Maximum Propagation Delay, Clock to RC 24 36 ns 

tpLH Maximum Propagation Delay, Clock to RC 20 30 ns 

tpHL Maximum Propagation Delay, Clock to a 29 34 ns 

tpLH Maximum Propagation Delay, Clock to a 21 28 . ns 

tpHL Maximum Propagation Delay, ENT to RC 18 32 ns 

tpLH Maximum Propagation Delay, ENT to RC 15 26 ns 

tpHL Maximum Propagation Delay, Clear to a or RC 29 38 ns 

tREM Minimum Removal Time, Clear to Clock 10 20 ns 

ts Minimum Set Up Time Clear, Load, 30 ns 
Enable or Data to Clock 

tH Minimum Hold Time, Data from Clock 5 ns 

tw Minimum Pulse Width Clock, 16 ns 
III 

Clear, or Load ,', 

AC Electrical Characteristics Vcc=5V±10%, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
T A = - 40 to 85°C TA= -55 to 125°C 

Units 
Typ Guaranteed LImits 

fMAX Maximum Operating 
Frequency 40 27 21 18 MHz 

tpHL Maximum Propagation 
Delay, Clock to RC 22 43 54 64 ns 

tpLH Maximum Propagation 
Delay, Clock to RC 18 35 44 52 ns 

tpHL Maximum Propagation I 

Delay, Clock to a 21 41 52 61 ns 

tpLH Maximum Propagation 
Delay, Clock to a 17 34 43 51 ns 

tpHL Maximum Propagation 
Delay, ENT to RC 20 39 49 58 ns 

tpLH Maximum Propagation 
Delay, ENT to RC 16 32 40 48 ns 

tpHL Maximum Propagation 
Delay, Clear to a or RC 32 44 55 66 ns 

tREM Minimum Removal Time 
Clear to Clock 25 32 37 ns 

ts Minimum Set Up Time 
Clear, Load, Enable 30 38 45 ns 
or Data to Clock 

tH Minimum Hold Time 
Data from Clock 10 13 15 ns 

tw Minimum Pulse Width 
Clock, Clear, or 16 20 24 ns 
Load 

tTLH, tTHL Maximum 
Output Rise and 8 15 19 22 ns 
Fall Time 

tr, tf Maximum Input R,ise and 
Fall Time 500 500 500 ns 

CPO Power Dissipation (per package) 90 pF 
Capacitance (Note 5) 

CIN Maximum Input Capacitance 5 10 10 10 pF 

Note 5: CpD determines the no load dynamic power consumption. PD=CPD Vce2 f+lee Vee. and the no load dynamic current consumption. 
Is=CPD Vee 1+lec· 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor microCMOS 

MM54HCT164/MM74HCT164 
8~·BitSerial-in/Paraliel-out. Shift Register 
General Description-
The MM54HCT164/MM74HCT164 utilize microCMOS Tech­
nology, 3.0 micron silicon gate N-well CMOS. It has the high 
noise immunity and low consumption of standard CMOS in­
tegrated circuits. It also offers speeds comparable to low 

. power Schottky devices. 

This 8-BIT SHIFT REGISTER has gated serial inputs and 
CLEAR. Each register bit is a D-type master/slave flip flop. 
Inputs A & B permit complete control over the incoming 
data. A~ow at either or both inputs inhibits entry of new data 
and resets the first flip flop to the low level at the next clock 
pulse. A high level on one input enables the other input 
which will then determine the state of the first flip flop. Data 
at the serial inputs'may be changed while the clock is high 
or low, but only information meeting the setup and hold time 
requirements will be entered. 'Data is serially shifted in and 
out of the 8-BIT REGISTER during the positive going tran~ 
sition of the clock pulse. Clear is independent of the clock 
and accomplished by a low level at the CLEAR input. 

Connection Diagram 
Dual·ln·Llne Package 

OUTPUTS 

VCC OH Oa 0,: Oe CLEAR CLOCK 

114 13 12 11 10 9 e 

r-- <-

,1 2 3 4 5 6 17 
~OAOaOc 00 aND 

SERIAL INPUTS OUTPUTS 
TL/F/5315-1 

TOP VIEW MM54HCT164/MM74HCT164 

54HCT164 (J) 74HCT164 (J,N) 

Logic Diagram 

CLOCK 

SERIAL f A 00' --.....-~ 
INPUTS B 00--~-1 

CLEAR 

as 

The 54HCT 17 4HCT logic family is functionally as well as 
pin-out compatible with the standard 54LS174LS logic fami­
ly. All inputs are protected from damage due to static dis-

, charge by internal diode clamps to Vee and ground. 

MM54HCT /MM7 4HCT devices are intended to interface be­
tween TIL and NMOS components and standard CMOS , 
devices. These parts are also plug in replacements for LS­
TIL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• Typical propagation delay: 20 ns 
• Low quiescent current: 40 IlA maximum (74HCT series) 
• Low input current: 1 IlA maximum 
• Fanout of 10 LS-TIL loads 
• TIL Input compatible 

Truth Table 

Inputs Outputs 

Clear Clock A B QA QB ... 
L X X X L L 
H L X X OAO Oao 
H i H H H OAn 
H i L X L OAn 
H i X L L OAn 

H = High Level (steady state). L = Low Level (steady state) 
X = Irrelevant (any input. including transitions) 

i = Transition from low to high level. 

QH 

L 

OHO 

qGn 
OGn 

OGn 

0AO. 0BO. OHO = the level of 0A. 0B. or OH. respectively. before the 
indicated steady state input conditions were established. 

0An. OGn = The level of OAor OG before the most recent i transition of 
the clock; Indicated a one-bit shift. 

Oc 00 OE Oa 

TL/F/5315-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee> -0..5 to +7.QV Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Vee> 4.5 5.5 V 

DC Output Voltage (VOUT) -0..5 to Vee+Q.5V DC Input or Output Voltage 0. Vee' V 

Clamp Diode Current (11K, 10K) i2QmA (VIN,VOUT) 

DC Output Current, per pin (lOUT) i25mA 
Operating Temperature Range(T A) 

MM74HCT -40. +85 ·C 
DC Vee or GND Current, per pin (led i5QmA MM54HCT -55 +125 ·C 
Storage Temperature Range (TSTG) - 65·C to + 15Q·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 5QQmW (tr,tl) .50.0. ns 

Lead Temperature (T u (Soldering 10. seconds) 26Q·C 

DC Electrical Characteristics 
Vee=5V i10% (unless otherwise specified) .. 

TA=25·C 
74HCT 54HCT 

Symbol Parameter Conditions 
T A = - 40 to 85·C TA = -55 to 125·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0. 2.0. 2.0. V 
Input Voltage 

VIL Maximum Low Level 0..8 0..8 0..8 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI = 20. ,.,.A Vee. Vee- Q.1 Vee- Q.1 Vee- Q.1 V 

IIOUTI=4.Q rnA, Vee=4.5V 4.2 3.98 3.84 3.7 V 

IIOUTI=4.8 rnA, Vee=5.5V 5.7 4.98 4.84 4.7 V 
. . 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage IIOUTI = 20. ,.,.A 0. 0..1 0..1 0..1 V 

IIOUTI=4.Q rnA, Vee~4.5V 0..2 0..26 0..33 0..4 V 

IIOUTI=4.8 rnA, Vee=5.5V 0..2 0..26 0..33 0..4 V 

liN Maximum Input VIN=VeeorGND iQ.1 i1.Q i1.Q ,.,.A 
Current 

lee Maximum Quiescent VIN = Vee or GND 
Supply Current IOUT=Q ,.,.A 4.0. 40. 80. ,.,.A 

VIN = 2.4V or Q.4V (Note 4) rnA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to ,125°C. 

Note 4: This is measured per pin. All other inputs are held at Vee Ground, 
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AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol' Parameter Conditions Typ Guaranteed Units 
Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency From Clock 
toQorQ 

tpHL, tpLH Maximum Propagation 20 32 ns 
Delay Clock to Q or a 

tpHL, tpLH Maximum Propagation 24 36 ns , Delay From Clear to Q 

tREM Minimum Removal Time, 20 ns 
Preset or Clear to Clock 

ts Minimum Set Up Time 20 ns 
Data to Clock 

tH Minimum Hold Time 0 5 ns 
Clock to Data 

tw 
I 

Minimum Pulse Width 10 18 ns 
Clock, Preset or Clear 

AC Electrical Characteristics 
Vcc=5.0V±10%CL =50 pF, tr=t,=6 ns (unless otherwis~ specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions TA = -40 to 85°C TA = -55 to 125°C 
Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 27 21 18 MHz 
Frequency 

,tpHL, tpLH Maximum Propagation 23 37 46 54 ns 
Delay From Clock to 
Q 

tpHL, tpLH Maximum Propagation 27 41 51 61 ns 
Delay From Clear to Q 

tREM Minimum Removal Time 20 25 30 ns 
Clear to Clock 

ts Minimum Set Up Time 20 25 30 ns 
Data to Clock 

tH Minimum Hold Time 0 5 0 0 ns 
Clock to Data 

tw Minimum Pulse Width 10 18 22 27 ns 
Clock, or Clear 

tr, tf Maximum Input Rise and 500 500 500 ns 
Fall Time 

tTHL, tTLH Maximum Output 15 19 22 ns 
Rise and Fall Time 

Cpo Power Dissipation (per flip-flop) -. pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vee2 f+lee Vee, and the no load dynamic current consumption, 
Is=Cpo Vee f+lee- . 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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MM54HCT166/MM74HCT166 a-Bit Serial or Parallel 
Input/Serial Output Shift Register with Reset 
General Description 
These shift registers utilize microCMOS technology, tween TIL and NMOS components and standard CMOS 
3.0 micron silicon gate N-well CMOS. The MM54HCT1661 devices. These parts are also plug-In replacements for 
MM74HCT166 are S-blt shift registers with an output from LS-TIL devices and can be used to reduce power con-
the last stage. Data may be loaded Into the register In sumptlon In existing designs. 
either parallel or serial form. 

All Inputs are protected from damage due to static dis-
When the shlftlload Input Is low, the data Is loaded asyn- ,charge by Internal diode clamps to Vee and ground. 
chronously In parallel. When the shift/load Input Is high, 

III 
the data Is loaded serially on the riSing edge of either 
Clock 1 or Clock 2 (see the Function Table). Reset is asyn-

Features chronous and active low. 

The 2-lnput NOR clock may be used either by combining 
• Wide power supply range: 2V-6V two independent clock sources or by designating one of 

the clock inputs to act as a clock Inhibit. • Low input current: 1 p.A maximum 

These devices are input and output characteristic and • Low quiescent current: SO p.A max (74HCT series) 

pinout compatible with standard 54LS/74LS logic fam· • Fanout of 10 LS-TIL loads 
Illes. 54HCT/74HCT devices are intended to interface be- iii TIL-compatible inputs 

Function Table and Connection Diagram 
Inputs Internal 

Output 
Shift/ Serial Stages Operation 

Reset 
Load Clock 1 Clock 2 

Input A-H QA OB OH 

H L X X X a ... h a b h Asynchronous Parallel Load 
H H f L L X L OAn QGn Serial Shift via Clock 1 
H H ..r L H X H OAn QGn 

H H L f L X L OAn QGn Serial Shift via Clock 2 
H H L ..r H X H OAn QGn 

H H X H X X 
no change Inhibited Clock 

H H H X X X 
H H L L X X no change No Clock 

L X X X X X L L L Asynchronous Reset 

X=don't care 

J = transition from low to high 

OAn-OGn = data shifted from the preceding stage Dual-ln·L1ne Package 

PARALLEL PARALLEL INPUTS 
SHIFT I INPUT OUTUPT 

vr LOAO H DH 'G F E' RESET 

16 15 14 13 12 11 10 9 

SHIFTI H DH G F E 
LOAD 

r--
SERIAL 

RESET 0-INPUT 

A B C 0 
CK1 CK2 

1 2 3 4 5 6 7 IB 
SERIAL ,A B C 0, CLOCK CLOCK GND 
INPUT 

PARALLEL INPUTS 
1 2 

TLlF/5751·1 
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Absolute Maximum Ratings(Notes 1 and~) Operating Conditions 
Min Max 

Supply Voltage (V cd - 0.5V to + 7.0V Supply Voltage (Vcd 4.5 5.5 . 

. DC Input Voltage (VIN) - 1.5V to V cc + 1.5V DC Input or Output Voltage 

DC Output Voltage (VOUT) - 0.5V to V cc + 0.5V (VIN, VOUT) 0 Vcc 

Clamp Diode Current (1 1K, 10K) ±20mA Operating Temperature Range (TA) 

DC Output Current, per Pin (lOUT) ±25mA • MM74HCT -40 +85 

DCVccorGNDCurrent, per Pin(lcd ±50mA MM54HCT -55 +125 

Storage Temperature Range (T sm) - 65°Cto + 150°C Input Rise or Fall Times 

Power Dissipation (Po) (Note 3) 500mW 
(t r, tf) 500 

Lead Temperature (T d (Soldering, 10 seconds) 260°C . 
DC Electrical Characteristics Vcc= 5V ± 10% unless otherwise specified 

74HCT 54HCT 

Symbol Parameter Conditions 
TA = 25°C 

T A = - 40°C to 85°C TA= -55°C to 125°C 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage ilOUTI =20p.A Vcc Vcc - 0.1 Vcc- 0.1 

IloUTI =4.0 mA, Vcc=4.5V 4.2 3.98 3.84 
ilOUTI =4.8 mA, Vcc =5.5V 5.7 4.98 4.84 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage ilOUTI =20p.A 0 0.1 0.1 

IloUTI =4.0 mA, Vcc= 4.5V 0.2 0.26 0.33 
IloUTI =4.8 mA, Vcc= 5.5V 0.2 0.26 0.33 

liN Maximum Input VIN = Vcc or GND, ±0.1 \± 1.0 
Current VIH orVIL 

Icc Maximum Quiescent VIN = Vcc or GND 8 80 
Supply Current IOUT=Op.A 

VIN = 2.4V or 0.5V (Note 4) 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

2.0 

0.8 

Vcc- O.1 
3.7 
4.7 

0.1 
0.4 
0.4 

±1.0 

160 

Units 

V 

V 

°C 
°C 

ns 

Units 

V 

V 

V 
V 
V 

V 
V 
V 

p.A 

p.A 

mA 

Note 3: Power dissipation temperature derating-plastic UN" package: -12 mW/·C from 6S"C to 8S·C; ceramic uJ" package: -12 mW,.C from 100·C 
to 12S·C. 

Note 4: Measured per pin, all other Inputs held at VCC or GNO. 
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AC Electrical Characteristics Vee =5V, TA=25°C, CL= 15 pF, t r=t,=6 ns (Note 6) 

Symbol Parameter Conditions Typ Guaranteed Limits Units 

fMAX Maximum Operating Frequency 50 30 MHz 

tpHL, tpLH Maximum Propagation Delay H to QH or QH 15 25 ns 

tpHL, tpLH Maxlmm Propagation Delay Serial 13 25 ns 
Shift/Parallel Load to QH 

tpHL, tpLH Maximum Propagation Delay 15 25 ns 
Clock to Output 

tpHL, tpLH Maximum Propagation Delay Reset to QH 21 30 ns 

ts Minimum Set-Up Time Serial Input to Clock, 10 20 ns 
Parallel or Data to Shift/Load 

ts Minimum Set-Up Time Shift/Load to Clock 11 20 ns 

ts Minimum Set-Up Time Clock Inhibit 10 20 ns III 
to Clock 

tH Minimum Hold Time Serial Input to Clock 0 ns 
or Parallel Data to Shift/Load 

tw Minimum Pulse Width Clock 16 ns 

~ 

AC Electrical Characteristics Vee = 5V ± 10%, CL = 50 pF, tr = t,= 6 ns unless otherwise specified 

TA = 25°C 
74HCT 54HCT 

Symbol Parameter Conditions T A = - 40°C .to 85°C T A = - 55°C to 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum 45 27 21 18 MHz 
Operating 

I 

Frequency 

tpHL, tpLH Maximum 21 30 38 45 ns 
Propagation 
Delay H to QH 
orQH 

tpHL, tpLH Maximum 21 30 38 45 ns 
Propagation 
Delay Serial 
Shift/Parallel 
Load to QH 

tpHL, tpLH Maximum 21 30 38 45 ns 
Propagation 
Delay Clock to 
Output 

tpHL, tpLH Maximum 24 35 44 52 ns 
Propagation 
Delay, Reset 
toQH 

ts Minimum 11 20 25 30 ns 
Set-Up Time 
Serial Input to 
Clock or 
Parallel Data 
to Shift/Load 

ts Minimum 12 20 25 30 ns 
Set-Up Time 
Shift/Load to 
Clock 
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AC Electrical Characteristics (Continued) 

Vcc=5V± 10%, C L=50 pF, tr=tf=6 ns unless otherwise specified 

TA = 25°C 
74HCT 54HCT 

Symbol Parameter Conditions T A = - 40°C to 85°C TA = ...: 55°C to 125°C Units 

Typ Guaranteed Limits 

ts Minimum 11 20 25 30 ns 
Set-UpTime 
Clock Inhibit 
to Clock 

tH Minimum Hold 0 0 0 ns 
Time Serial 
Input to Clock 
or Parallel 
Data to Shlftl 
Load 

tw Minimum 9 16 20 24 ns 
Pulse Width, 
Clock 

tTLH, tTHL Maximum 9 15 19 22 ns 
Output Rise 
and Fall Time 

tpt, Maximum 500 500 500 ns 
, Input Rise and 

Fall Time 

Cpo Power (Per Package) 100 pF 
Dissipation , 
Capacitance 
(Note 5) 

C IN Maximum 5 10 10 10 pF 
\ 

Input 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption, Po = Cp~ VCc2 f + ICC VCC, and the no load dynamic current 
consumption, IS=CpO VCC f+ ICC· 
Note 6: ReIer to back 01 this section for Typical MM54!74HC AC Switching Waveforms and Test Circuits, 

. , 

~ 
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microCMOS 

~ MM54HCT169/MM74HCT169 4·Bit Up/Down Synchronous 
~ - Binary Counter . 

General Description 
These counters are implemented using an advanced 
3.0 micron silicon gate N-well microCMOS process to 
achieve high performance. These devices retain the low 
power of CMOS logic while offering the high speed opera­
tion and large output drive typically associated with 
bipolar circuits. This device is input compatible with the 
54LS/74LS and other TIL output compatible circuits, and 
may be used as a lower power direct replacement for the 
LS equivalent device. 

These counters are incremented or decremented on the 
rising edge of the CLK, clock, input if ENT and ENP are 
held low. The counters increment when the U/Dinput is at 
a logic "1", and will decrement when ui5 is low. The ENT 
input is fed forward to enable the carry output. ReO, ripple 
carry output, once enabled, will produce a low level pulse 
while the count is 0 (down count mode) or when the count 
is all1s (up mode). . 

These counters are presettable, that is, they may be loaded 
when LOAD is taken low and a rising edge appears on the 
CLK input. 

Connection Diagram 

The MM54HCT169/MM74HCT169 are functional, speed and 
pin equivalent to the equivalent LS-TIL circuit, and may be 
used as a direct replacement for the equivalent LS-TIL IC. 
Its inputs are protected from damage due to electrostatic 
discharge by diodes from Vee to ground. 

Features 
• Wide power supply range: 4.5V to 5.5V 
• Guaranteed TIL compatible input logic levels: 2.0V 

and O.8V 

• Wide operating frequency range: 30 MHz 

• High output current drive: 6.0 mA min 
• Low quiescent power consumption: 80 p.A (74HCT) 

Dual-In-Line Package 

UfO 16 Vee 

CLK RCO 

A aA 

as 

ae 

11 aD 

ENP 10 ENT 

GND LOAD 

TOP VIEW 

TLlFi5766-1 
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Logic Diagram 

(9) 

ufii (1) 

rl> 
~ I. r 

(10) C>J 
00 
ENP 

ClK 

(7) 
(2)'"l -

1; 
A 

(3) 

(4) 

(5) 

D (6) 

... 
~ 

... -

~ 

~ 
:=:f'~ 
~ -I r--

.rt: ~ ''- r-~ 
~ 

~~ 
I - ---I - r--- ........... 
~ 

j--........... 

~. I 

-- / --I r--
rt: 

~ 

'- - r-~ ........... 

~-
I --.-/ -I j--- --/c:: - ~ ............ 

1-471 

.... 1-

-
~ >C1 

1D 

"""'--

~ 

~ ~C1 

1D 
L....-.-

~ 

4....-c ~C1 

1D 
L-.-

~ 

~ I> C1 

1D 
a.....-

:::J --

~ 

r-' ~"'" 
~ 
V-QA 

~ 

-

-

~ 

-

~ 
V-Q8 

~ 
V-QC 

~ 
V-QO 

TLlF/5766·2 

III 



~National 
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P~ELlMINARY 

microCMOS 

MM54HCT174/MM74HCT174 Hex D Flip-Flops with Clear 

General Description 
The MM54HCT174/MM74HCT174 utilize 3.0 micron N-well 
microCMOS technology, They have input threshold and 
output drive similar to LS-TTL with the low standby power of 
CMOS. 

Thes,e positive edge-triggered flip-flops have a common 
clock and clear and independent Q outputs. Data on a D 
input, having the specified set-up and hold time, is trans­
ferred to the corresponding Q output on the positive-going 
transition of the clock pulse. The asynchronous ,clear 
forces all outputs low when it is low. 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vee arid ground. 

Connection Diagram 

Oual-ln·Llne Package' 

Vee a6 06 05 a5 04 a4 CLOCK 

CLEAR a1 01 02 a2 03 a3 

, TOP VIEW 

Truth Table (Each Flip-Flop) 

Inputs 

Clear" Clock 0 

L X X 
H f H 
H f L 
H L X 

H = high level (steady·state) 

L = low level (steady·state) 

x = don't care 

Outputs 
Q 

L 
H 
L 

QO 

I = transition from low to high level 

ao = the level of a before the Indi­
cated steady·state Input conditions 
were established. 

GNO 

TL/FI5763·1 

MM54HCT/MM74HCT devices are intended to interface 
TIL and NMOS components to CMOS components. When 
there is a LS-TIL equivalent, these parts can be used as 
plug-in replacements to reduce system power consump­
tion in existing designs. 

Features 
• Typical propagation delay: 20 ns 
• Low quiescent current: 80 p.A maximum (74HCT series) 

• Fanout of 10 LS~TIL loads 

Logic Diagram 

01--£>o-----~~ . a1 

02--£> a2 

ClR~ 

03'--£> a3 

ClK--£> 

04--£> a4 

a5 

a6 

TLIF15763·2 
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Absolute Maximum Ratings(Notes1 and2) Operating Conditions 
Supply Voltage (V cd - 0.5V to + 7.0V Min Max Units 
DC Input Voltage(VIN) -1.5V to Vee + 1.5V 

Supply Voltage (Ved 4.5 5.5 V 
DC Output Voltage (Vour) - 0.5V to Vee + 0.5V 

DC Input or Output Voltage 
Clamp DlodeCurrent (11K, 10K) ±20mA 

(VIN' Vour) 0 Vee V 
DC Output Current, per Pin (lour) ±25mA Operating Temperature Range (TA) 
DCVee orGNDCurr7nt, per Pin (Icc) ±50mA MM74HCT -40 +85 °C 
Storage Temperature Range (T srG) -65°Cto + 150°C MM54HCT -55 + 125 °C 

Power Dissipation (Po) (Note 3) / 500mW Input Rise or Fall Times 

Lead Temperature (T d (Soldering, 10 seconds) 260°C (t r, tf) 500 ns 

DC Electrical Characteristics Vee = 5V ± 10% unless otherwise specified 

i 
74HCT 54HCT 

Symbol Parameter Conditions 
TA=25°C 

TA = -40°C to 85°C TA = - 55°C to 125°C Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 .V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage lIourl =20/LA Vee Vee - 0.1 Vee- O.1 Vee- 0.1 V 

Iiourl =4.0 rnA, Vee =4.5V 4.2 3.98 3.84 3.7 V 

Iiourl =4.8 rnA, Vee =5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage Iiourl =20/LA 0 0.1 0.1 0.1 V 

Iiourl =4.0 rnA, Vee = 4.5V 0.2 0.26 0.33 0.4 V 

Iiourl =4.8 rnA, Vee =5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND. ±0.1 ± 1.0 ± 1.0 /LA 
Current VIH or VIL 

lee Maximum Quiescent VIN = Vee or GND 8 80 160 /LA 
Supply Current lour=O /LA 

VIN = 2.4V or 0.5V (Note 4) rnA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power dissipation temperature derating-plastic "N" package: -12 mW/oe from 65°C to 85°C; ceramic "J" package: - 12 mW/oe from 100°C 
to 125°e. 

Note 4: Measured per pin. all other Inputs held at Vee or GNO. 

AC Electrical Characteristics Vee =5V, TA= 25°C, CL= 15 pF, tr=tf=6 ns(Note 6)' 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limits 

f MAX Maximum Operating Frequency 50 3u MHz 

tpHL. tpLH Maximum Propagation Delay from Clock to Q 18 30 ns 

tpHL, tpLH Maximum Propagation Delay from Clear to Q 18 30 ns 

tREM Minimum Removal Time, Clear to Clock 20 ns 

ts Minimum Set·Up Time D to Clock 10 20 ns 

tH Minimum Hold Time Clock to Q -3 0 ns 

tw Minimum Pulse Width Clock or Clear 8 16 ns 
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AC Electrical Characteristics Vcc = 5.0V ± 10%, CL = 50 pF, tr = t, = 6 ns unless otherwise specified 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Con~ltlons T A = - 40°C to 85°C TA = - 55°C to 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Operating 27 22 18 MHz 
Frequency 

tpHL, tpLH Maximum Propagation 22 35 44 52 ns 
Delay from Clock to Q 

tpHL, tpLH Maximum Propagation 22 35 44 52 ns 
Delay from Clear to Q 

tREM Minimum Removal 20 25 30 ns 
Time Clear to Clock 

ts Minimum Set-Up Time 10 20 25 30 ns 
Oto Clock 

tH Minimum Hold Time -3 0 0 0 
-! 

ns 
Clock to D 

tw Minimum Pulse Width 16 20 24 ns 
Clock or Clear 

tr, t, Maximum Input Rise 500 500 500 ns 
and Fall Time 

tTHL, tTLH Maximum Output Rise 15 19 22 ns 
and Fall Time 

Cpo Power Dissipation (Per Flip-Flop) pF 
Capacitance (Note 5) 

C'N Maximum Input 5 10 ' 10 10 pF 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption, Po=C'PO VCC2 1+ ICC VCC, and the' no load dynamic current consumctlon, 
IS = CPO VCC 1 + ICC· 
Note 6: Refer to back of this section for Typical MM54174HCT AC Switching Waveforms and Test Circuits, 

" 
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microCMOS 

MM54HCT191/MM74HCT191 Synchronous Binary 
Up/Down Counters with Mode Control 
General Description 
These high speed synchronous counters utilize microCMOS 
technology. 3.0 micron silicon gate N-well CMOS. They 
possess the hig h noise immunity and low power consumption 
of CMOS technology. along with the speeds of low power 
Schottky TTL. 

These circuits are synchronous, reversible,. up/down 
counters. The MM54HCT191/MM74HCT191 are 4·bit binary 
counters. 

Synchronous operation Is provided by having all flip-flops 
clocked simultaneously so that the outputs change simul­
taneously when so instructed by the steering logic. This 
mode of operajion eliminates the output counting spikes 
normally associated with asynchronous (ripple clock) 
counters. 

The outputs of the four master-slave flip-flops are trig­
gered on a low-to·high level transition of the clock input, if 
the enable input is low. A high at the enable input Inhibits 
counting. Level changes at either the enable input or the 
down/up input should be made only when the clock input 
is high. The direction of the count is determined by the 
level of the down/up input. When low, the counter counts 
up and when high, it counts down. 

These counters are fully programmable; that is, the out­
puts may be preset to either level by placing a low on the 
load input and entering the desired data at the data inputs. 
The output will change independent of the level of the 
clock input. This feature allows the.counters to be used as 
divide by N dividers by simply modifying the count length 
with the preset inputs. 

Connection Diagram 
Dual-In-Line Package 

DATA RIPPLE MAX/ 
A CLDCK CLDCK . MIN LOAD 

5 
ENABLE DOWN/ Oc 

DATA 
C 

Do 

DATA 
D 

GND 

Two outputs have been made available to perform 'the 
cascading function; ripple clock and maximum/minimum 
count. The latter output produces a high level output pulse 
with a duration approximately equal to one complete 
cycle of the clock when the counter overflows or under­
flows. The ripple clock output produces a low level output 
pulse equal in width to the low level portion of the clock in­
put when an overflow or underflow condition exists, The 
counters can be easily cascaded by feeding the ripple 
clock output to the enable input of the succeeding counter 
If parallel clocking is used, or to the clock Input If parallel 
enabling is used. The maximum/minimum count output 
can be used to accomplish look·ahead for high speed 
operation. 

MM54HCT/MM74HCT devices are intended to interface 
between TTL and NMOS components and standard CMOS 
devices. These parts are also plug-in replacements for 
LS-TTL devices and can be used to reduce power con­
sumption in existing designs. 

Features 
• Typical propagation delay, clock to output: 24 ns 

• Typical operating frequency: 50 MHz 

• Wide power supply range: 2V-6V 

• Low quiescent supply current: 80 p.A maximum (74HCT 
series) 

a Low input current: 1 p.A maximum 

• TTL compatible inputs 

Truth Table 

Load 
Enable Down/ 

Clock G Up 

H .L L t 
H L H t 
L X X X 
H H X X 

Function 

Count Up 

Count Down 

Load 

No Change 

1 
DATA 

B G UP TLIFI5744·, 
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Absolute Maximum Ratings(Notes1 and2) Operating Conditions 

Min Max 

Supply Voltage (V cel -0.5Vto + 7.0V Supply Voltage (Vcel 4.5 5.5 

DC Input Voltage (VIN) -1.5Vto Vcc + 1.5V DC Input or Output Voltage 

DC Output Voltage (V OUT) - 0.5Vto Vcc + 0.5V (VIN' VOUTl' 0 Vcc 

Clamp Diode Current (1 1K, 10K) ±20mA Operating Temperature Range (T A) 

DC Output Current, per Pin (lOUT) ±25mA MM74HCT -40 +85 

DCVccorGNDCurrent, per Pin (Icel ±50mA MM54HCT -55 +125 

Storage Temperature Range (T STG) -65·Cto + 150·C Input Rise or Fall Times 
(t r, tf) SOO 

Power Dissipation (Po) (Note 3) 500mW 

Lead Temperature (T Ll (Soldering, 10 seconds) 260·C 

DC Electrical Characteristics Vce= S\; ± 10% unless oth~rwise specified 

74HCT 54HCT ,. 

Symbol Parameter Conditions 
TA =25°C 

T A = - 40°C to 85°C TA = - 55°C to ,125°C 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 
Input Voltage 

VIL Maximum Low Level ' 0.8 0.8 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOl1TI = 20 p.A Vcc Vcc- 0.1 Vcc- O.1 

PouTI =4.0 mA, Vcc=4.SV 4.2 3.98 3.84 
IloUTI = 4.8 mA, Vcc = 5.SV 5.7 4.98 4.84 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage PouTI =20 p.A 0 0.1 0.1 

PouTI = 4.0 mA, Vcc = 4.SV 0.2 0.26 0.33 

PouTI =4.8mA, Vcc =5.SV 0.2 0.26 0.33 

liN Maximum Input VIN = Vcc or GND, ±0.1 ± 1.0 
Current VIH or VIL 

Icc Maximum Quiescent VIN = Vcc or GND 8 80 
Supply Current IOUT= 0 p.A 

VIN = 2.~V or 0.5V (Note 4) 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

2.0 

0.8 

Vcc- O.1 
3.7 
4.7 

0.1 
0.4 
0.4 

± 1.0 

160 

Units 

V 

V 

·C 

·C 

ns 

Units 

V 

V 

V 
V 
V 

V 
V 
V 

p.A 

p.A 

,. 
mA 

Note 3: Power dissipation temperature derating-plastic "N" package: -12 mW/'C from 6S'C to 8S'C; ceramic "J" package: -12 mW/'C from 100'C 
to 12S·C. 

Note 4: Measured per pin, all other· Inputs held at VCC or GNO. 
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AC Electrical Characteristics TA = 25°C, Vcc = 5.0V, tr = tf = 6 ns, CL = 15 pF unless otherwise specified (Note 6) 

Symbol Parameter 
From To 

Conditions Typ 
Guaranteed 

Units 
Input Output Limits 

fMAX Maximum Clock Frequency 40 25 MHz 

tpLH,tpHL Propagation Delay Time Load OA,OB 30 50 ns 

OC,OD 

tpLH, tpHL Propagation Delay Time Data A, OA,OB 27 40 ns 

B,C,D OC,OD 

tpLH,tpHL Propagation Delay Time Clock Ripple 16 24 ns 

Clock 

tpLH, tpHL Propagation Delay Time Clock OA,OB 24 36 ns 

OC,OD 

tpLH, tpHL Propagation Delay Time Clock Max/Min 
,-

30 50 ns 

t pLH , tpHL Propagation Delay Time Down/Up Ripple 29 45 ns 

Clock 

tpLH, tpHL Propagation Delay Time Down/Up Max/Min 22 33 ns 

tpHL,tpLH Propagation Delay Time Enable Ripple Clock 22 33 ns 

tW(CLOCK) Width of Clock Load Input Pulse 10 20 ns 

tSET.UP Data Set-Up Time 20 ns 

tHOLD Data Hold Time 0 ns 

AC Electrical Characteristics VCC = 5V ± 10%, CL = 50 pF, tr = tf = 6 ns unless otherwise specified (Note 6) 

TA= 25°C 
74HCT 54HCT 

Symbol Parameter 
From To 

Conditions T A = - 40°C to 85°C TA = - 55°C to 125°C Units 
Input Output 

Typ Guaranteed Limits 

f MAX Maximum Clock 38 20 15 13 MHz 
Frequency 

tpLH,tpHL Propagation Delay Load OA,OB 32 58 72 87 ns 
Time OC,OD 

tpLH,tpHL Propagation Delay Data A, OA,OB 28 46 57 69 ns 
Time B,C,D OC,OD 

tPLH, tpHL Propagation Delay Clock Ripple 18 30 37 45 ns 
Time Clock 

tpLH, tpHL Propagation Delay Clock OA,OB 27 44 55 66 ns 
Time .oC,OD 

tpLH, tpHL Propagation Delay Clock Max/Min 33 58 72 87 ns 
Time 

tpLH,tpHL Propagation Delay Down/Up Ripple 30 53 66 80 ns 
Time Clock 

tpLH, tpHL Propagation Delay Down/Up Max/Min 25 40 '50 60 ns 
Time 

tpHL, tpLH Propagation ~elay Enable Ripple 25 40 50 60 ns 
Time Clock 

tw Width of Clock, 20 25 30 ns 

Load Input Pulse 

tSET·UP Data Set-Up Time 10 20 25 30 ns 

tH Data Hold Time 0 0 0 ns 

tTHL, tTLH Maximum Output 15 19 22 ns 
Rise and Fall 
Time 
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AC Electrical Characteristics . 
(Continued) Vcc = 5V ± 10%, C L = 50 pF, tr= tf = 6 ns unless otherwise specified (Note 6) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter 
From To 

Conditions TA = -40°C to 85°C TA = - 55°C to 125°C Units 
Input Output 

Typ Guaranteed Limits 

t r, tf Maximum Input 500 500 500 ns 
Rise and Fall 
Time 

CIN Input Capacitance 5 10 10 10 pF 

CpO Power Dissipation , 100 pF 
Capacitance 

-1 

(Note 5) 

Note 5: CpO determines the no load dynamic power consumption, Po = CPO VCc2 f + ICC VCC, and the no load dynamic current consumption, 
IS = CpO VCC f + ICC· 
Note 6: Refer to back of this section for Typidal MM54/74HC AC Switching Waveforms and Test Circuits. 

Timing Diagram 
HCT191 Synchronous Binary Counter Typical Load, Count, and Inhibit Sequence 

LOAO~ 

DATA 
INPUTS 

CLOCK 

DOWN/UP 

ENABLE 

r--+---+.,- - - - - - - ---- - - - -- - - -- - - --
~-----------~~-~----~---

--~~-,...------------------------
--+--0+-.-- - - - - - - - - - - - - - - - - - - - - --L ______________________ _ 

r--+---+.,------------------------
L __ ~ _________ ~~---------

Dc _--I 
I 

Co 

RIPPLE CLOCK _ -oJ 

13 I 13 
15 14 

~----COUNT uP----~'~I-INHIBIT 

15 14 

I~-----COUNTDOWN-----~,~I 

LOAD . TLlF15744·2 

Sequence: 
(1) Load (preset) to binary thirteen. (3) Inhibit. 

(2) Count up to fourteen, fifteen, zero, one, and two. (4) Count down to one, zero, fifteen, fourteen, and thirteen. 
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Logic Di~grams 
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Logic Diagrams (Continued) 

CLOCK 

DOWNI 
UP 

DATA 
INPUT A 

ENABLE G 

DATA 
INPUT B 

DATA 
INPUT C 

DATA 
INPUT D 

lOAD 

(14) 

(5) -

(15) 

~ 
(4) 

b 
(1) 

(10) 

(9) 

',' 

(11) 

, Pin 16=VCC, pin 8=GND 

HCT191 Binary Counters 
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PRELIMINARY 
~ /I.. J'\-~National . 

~ Semiconductor ~/\~ 

MM54HCT193/MM74HCT193 
Synchronous BinaryUp/Down Counters 

microCMOS 

General Description 
These high speed synchronous counters utilize microCMOS 
technology, 3.0 micron silicon gate N-well CMOS to achieve 
the high noise immunity and low power consumption of 
CMOS technology, along with the' speeds of low power 
Schottky TTL. The MM54HCT193/MM74HCT193Is a binary 
counter having two separate clock Inputs, an UP COUNT in­
put and a DOWN COUNT input. All outputs of the flip-flops 
are simultaneously triggered on the low-to-high transition 
of either clock while the other Input Is held high. The direc­
tion of counting is determined by which input is clocked. 

This device has TTL compatible inputs. It can drive 
15 LS-TTL loads. 

This counter may be preset by entering the desired data on 
the DATA A, DATA B, DATA C, and DATA D Inputs. When 
the LOAD input Is taken low, the data is loaded independ­
ently of either clock input. This feature allows the counter 
to be used as a divide-by-n counter by modifying the count 
length with the preset inputs. 

In addition, the HCT191 can also be cleared. This Is ac­
complished by inputting a high on the CLEAR input. All 4 
internal stages are set to a low level independently of 
either COUNT input. 

Connection Diagram 

Both a BORROW and CARRY output are provided to 
enable cascading of both up and down counting func­
tions. The BORROW output produces a negative-going 
pulse when the counter underflows and the CARRY out­
puts a pulse when the counter overflows. The counter can 
be cascaded by connecting the CARRY and BORROW out­
puts of one device to the COUNT UP and COUNT DOWN 
Inputs, respectively, of the next device. 

All Inputs are protected from damage due to static 
discharge by diodes to Vee and ground_ 

Features 
• Typical propagation delay, clock to output: 18 ns 
• Typical operating frequency: 27 MHz 

• Wide power supply range: 2V-6V 
• Low quiescent supply current: 80 p.A maximum (74HCT 

series) 
II Low input current: 1 p.A maximum 

• TTL compatible Inputs 

Dual-In-Line Package 
INPUTS INPUTS 

i \ OUTPUTS i \ 
DATA 

i \ 
DATA DATA 

Vee A CLi~~ BORr~: CAi~~ LOAO C D 
116 115 111 i 10 9 

I ~ ~ ! I 
A CLEAR BORROW CARRY LOAD C 

r-- B D-
COUNT COUNT 

as aA D0X'N ~ ae aD 

I I I I I 
1 J2 J3 CO~~T CO~~T 16 J7 G~~ DATA as aA De aD 

B ---".......... DOWN UP • '-.,....---.I 

INPUT OUTPUTS \ i OUTPUTS 
INPUTS TlIF/5742·' 

Truth Table 

Count 
Clear Load Function 

Up Down 

t H L H Count Up 
H t L H Count Down 

X X H X Clear 

X X L L Load 

H = high level 

L=lowlevel 

I = transition from low-to-high 

X = don't care 
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Absolute Maximum Ratings(Notes1 and2) Operating Conditions 
Min Max 

Supply Voltage (Vcd - 0.5Vto + 7.0V Supply Voltage (Vce) 4.5 5.5 

DC Input Voltage(VIN) -1.5Vto Vcc + 1:5V DC Input or Output Voltage 

DC Output Voltage (V our) - 0.5V to V cc + 0.5V (VIN' Vour) 0 Vcc 

Clamp Diode Current (11K, 10K) ±20mA Operating Temperature Range (TA) 
MM74HCT -40 +85 DC Output Current, per Pin (lour) ±25mA 

DC Vcc or GND Current, per Pin (Icd ±50mA MM54HCT -55 + 125 

Storage Temperature Range (T srG) . -65·Cto + 150·C Input Rise or Fall Times 

Power Dissipation (Po) (Note 3) 500mW 
(tr,tf) 500 

Lead Temperature (T d1Soldering, 10 seconds) 260·C 

DC Electrical Characteristics Vcc = 5V ± 10% unless otherwise specified 

74HCT 54HCT 

Symbol Parameter Conditions 
TA = 25°C 

TA= -40°C to 85°C TA = - 55°C to 125°C 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0 
\ 

2.0 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Iiourl = 20 p.A Vcc Vcc- 0.1 Vcc- 0.1 

lIour I = 4.0 mA, V cc = 4.5V 4.2 3.98 3.84 

Iiourl =4.8 mA, Vcc=5.5V 5.7 4.98 4.84 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage lIourl =20 p.A 0 0.1 0.1 

lIourl =4.0 mA, Vcc=4.5V 0.2 0.26 0.33 

Iiourl =4.8 mA, Vcc= 5.5V 0.2 0.26 0.33 

liN Maximum Input VIN = Vcc or GND, ±0.1 ±1.0 
Current . VIH or VIL 

Icc Maximum Quiescent VIN = Vcc or GND 4.0 40 
Supply Current lour'=Op.A 

VIN = 2.4V or 0.5V (Note 4) 100 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

2.0 

0.8 

Vcc- 0.1 
3.7 
4.7 

0.1 

0.4 
0.4 

±1.0 

80 

Units 

V 

V 

·C 

·C 

ns 

Units 

V 

V 

V 
V 
V 

V 
V 
V 

p.A 

p.A 

p.A 

Note 3: Power dissipation temperature derating-plastic "N" package: -12 mW/·C from 65·C to 85·C; ceramic "J" package: -12 mW/·C from 100·C 
to 125·C. 
Note 4: Measured per pin, ali other inputs held at VCC or GNO. 
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AC Electrical Characteristics T A = 25°C, Vee = 5.0V, tr = tf = 6 ns, CL = 15 pF unless otherwise specified (Note 6) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limits 

f MAX Maximum Clock Frequency Count Up 25 MHz 

Count Down 25 MHz 

tpLH Maximum Propagation Delay Low to High Count Up to CARRY 17 26 ns 

tpHL Maximum Propagation Delay High to Low Count Up to CARRY 18 24 ns 

tpLH Maximum Propagation Delay Low to High Count Down to BORROW 16 24 ns 

tpHL Maximum Propagation Delay High to Low Count Down to BORROW 15 24 ns 

t pLH Maximum Propagation Delay Low to High Count Up or Down to Q 28 40 ns 

tpHL Maximum Propagation Delay High to Low Count Up or Down to Q 36 52 ns 

tpLH Maximum Propagation Delay Low to High Load to Q 30 42 ns 

tpHL Maximum Propagation Delay High to Low Load to Q 40 55 ns 

tpHL Maximum Propagation Delay High to Low Clear to Q 35 47 ns 

tw Minimum Pulse Width Clear 16 ns 

Load 16 ns 

Count UplDown 16 ns 

tso MinImum Set-Up Time Data to Load 10 20 ns 

tHO Minimum Hold Time Data to Load -3 0 ns 

tREM Minimum Removal Time Clear Inactive to Clock 10 ns 

AC Electrical Characteristics Vee=5V± 10%, CL=50 pF, tr=tf=6 ns {Note 6) 

TA = 25°C 
74HCT 54HCT 

Symbol Parameter Conditions T A = - 40°C to 85°C TA = - 55°C to 125°C Units 

Typ Guaranteed Limits 

fMAX Maximum Clock Frequency Count Up 25 20 16 12 MHz 

Count Down 27 20 16 12 MHz 

tpLH Maximum Propagation Count Up 13 28 35 42 ns 
Delay Low to High to CARRY 

tpHL Maximum Propagation Count Up 16 26 33 39 ns 
Delay High to Low to CARRY 

tpLH, tpHL Maximum Propagation Count Down 16 26 33 39 ns 
Delay to BORROW 

tTLH, tTHL Maximum Output Rise and 8 15 19 22 ns 

Fall Time 19 ns 

tpLH Maximum Propagation Count Up or 35 43 54 65 ns 
Delay Low to High Down to Q 

tpHL Maximum Propagation Count Up or 35 43 54 65 ns 
Delay' High to Low Down to Q 

. 
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AC Electrical Characteristics (Continued) Vcc=5V ± 10%, CL= 50 pF, tr= tl=6 ns (Note 6) 

TA = 25°C 
74HCT 54HCT 

Symbol Parameter Conditions T A = - 40°C to 85°C TA= -55°C to 125°C Units 

Typ Guaranteed Limits 

tpLH Maximum Propagation Load to Q 30 40 50 60 ns 
Delay Low to High 

tpHL Maximum Propagation Load to Q 30 40 50 60 ns 
Delay High to Low : 

tpHL Maximum Propagation Clear to Q 30 40 50 60 ns 
Delay High to Low 

tw Minimum Pulse Width Clear 42 16 20 24 ns 

Load 10 16 20 24 ns 

Count UplDown 17 16 20 24 ns 

Clear I 'HC193 21 16 20 24 ns 

tso Minimum Set-Up Time Data to Load 10 ' 20 25 30 ns 

tHO Minimum Hold Time Data to Load -3 0 0 0 ns 

'tREM Minimum Removal Time Clear Inactive -3 10 10 10 ns 
to. Clock 

tr,tl Maximum Input Rise and 300 300 300 ns 
Fall Time 

CIN Input Capacitance '. 5 10 10 10 pF 

Cpo Power Dissipation 100 pF 

Capacitance (Note 5) 

Note. 5: CpO determines the no load dynamic power consumption, Po = CPD VCc2 I + ICC VCC, and, the no load dynamic current 
consumption, IS = CPD VCC I + ICC. 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Wavelorms and Test Circuits. 

, -
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~National . 
~ Semiconductor 

PRELIMINARY 

MM54HCT240/MM74HCT240 microCMOS 

Inverting Octal TRI-STATE® Buffer 
MM54HCT241/MM74HCT241 Octal TRI-STATE Buffer 
MM54HCT244/MM74HCT244 Octal TRI-STATE Buffer 
General Description 
These TRI-STATE buffers utilize microCMOS Technology, 
3.0 micron silicon gate N-well CMOS, and are general pur­
pose high speed inverting and non-inverting buffers. They 
possess high drive current outputs which enable high speed 
operation even when driving large bus capacitances. These 
circuits achieve speeds comparable to low power Schottky 
devices, while retaining the low power consumption of 
CMOS. All three devices are TTL input compatible and have 
a fanout of 15 LS-TTL equivalent inputs. 

M M54HCT IMM7 4HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TIL devices and can be used to reduce powe(consumption 
in existing designs. 

The MM54HCT240/MM74HCT240 is an inverting buffer 
and the MM54HCT244/MM74HCT244 is non-inverting buff-

er. Each device has two active low enables (1 G and 2G), 
and each enable independently controls 4 buffers. 
MM54HCT241/MM74HCT241 is also a non-inverting buffer 
like the 244 except that the 241 has one active high enable, 
each again controlling 4 buffers. 

All inputs are protected from damage due to static dis­
charge by diodes to Vee and Ground. 

Features 
• TTL input compatible 
.. Typical propagation delay: 12 ns 
II TRI-STATE outputs for connection to system buses 

• Low quiescent current: 80 ,...A 
• Output current: 6 mA 

Connection Diagrams 
Dual-In-Llne Packages 

Vee 2G lYl 2A4 lY2 2A3 lY3 2A2 lY4 2Al Vec 2G lYl 2A4 lY2 2A3 lY3 2A2 lY4 2Al 

lG lAl 2Y4 lA2 2Y3 lA3' 2Y2 lA4 2Yl GND 

TOP VIEW TlIL/5020-1 
MM54HCT240/MM74HCT240 

lG lAl 2Y4 lA2 2Y3 lA3 2Y2 lA4 2Yl GND 

TOP ,VIEW TL/1I5020-2 

MM54HCT241 IMM7 4HCT241 
54HCT240 (J) 74HCT240 (J,N) 54HCT241 (J) 74HCT241 (J,N) 

Vee 2G lYl 2A4 lY2 2A3 lY3 2A2 lY4 2Al 

10 lAl 2Y4 lA2 2Y3 lA3 2Y2 lA4 2Yl GND 

TOP VIEW TL/F/5327-1 
MM54HCT244/MM74HCT244 

54HCT244 (J) 74HCT244 (J,N) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee> -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee + 1.5V Supply Voltage(Ved 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±35mA Operating Temperature Range(T A) 
MM74HCT -40 +85 °C 

DC Vee or GND Current, per pin (led ±70mA MM54HCT -55 +125 °C 
Storage Temperature Range (T STG) -65°C to + 150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr,tf) 500 ns 

Lead Temperature (Td (Soldering 10 seconds) 260°C· 

DC Electrical Characteristics 
Vee=5V ±10% (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

T A = - 40 to 85°C TA = -55 to 125°C 
Symbol Parameter Conditions Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI = 20 }-LA Vee Vee-O.1 Vee-O.1 Vee- O.1 V 

IIOUTI=6.0 rnA, Vee=4.5V 4.2 3.98 3.84 3.7 V 

IIOUTI=7.2 rnA, Vee=5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage IIOUTI = 20 }-LA 0 0.1 0.1 0.1 V 

IIOUTI =6.0 rnA, Vee=4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI=7.2 rnA, Vee=5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=Vee or GND, ±0.1 ±1.0 ±1.0 /LA 
Current VIH orVIL 

loz Maximum TRI-STATE VOUT= Vee or GND ±0.5 ±5.0 ±10 /LA 
Output Leakage G=VIH 
Current G=VIL 

Icc Maximum Quiescent VIN=VeeorGND 8.0 80 160 /LA 
Supply Current 10UT=0 /LA 

VIN = 2.4V or 0.5V (Note 4) 0.6 1.0 1.3 1.5 rnA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 65°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: Measured per input. All other inputs at Vee or GND. 

Truth Tables 
'HCT240 'HCT241 , HCT244 

1G 1A 1Y 2G 2A 2Y 1G 1A 1Y 2G 2A 2Y 1G 1A 1Y 2G 2A 2Y 

L L H L L H L L L L L Z L L L L L L 
L H L L H L L H H L H Z L H H ·L H H 
H L Z H L Z H L Z H L L H L Z H L Z 
H H Z H H Z H H Z H H H H H Z H H Z 

H = high level. L = low level. Z = high impedance 
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AC Electrical Characteristics'MM54HcT240/MM74HcT240 
Vee = 5.0V, tr = tf = 6 ns T A = 25°C, (unless otherwise specified) (Note 6) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limits 

tpHL, tpLH Maximum Output CL =45 pF 14 18 ns 
Propagation Delay 

tpZL, tPZH Maximum Output CL =45 pF 20 30 ns 
Enable Time RL =1 kfl . 

tpLZ. tpHZ Maximum Output CL ,:,"5 pF 16 25 ns 
Disable Time RL =1 kfl 

AC Electrical Characteristics MM54HCT240/MM74HCT240 

Vcc=5.0V ±10%. tr=tf=6 ns (unless otherwise specified) (Note 6) 

TA=25°C 
74HCT 54HCT 

TA = -40 to 85°C TA = -55 to 125°C 
. Symbol Parameter Conditions Units 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Output CL =50 pF 14 20 25 30' ns 
Propagation Delay CL =150 pF 20 28 35 42 ns 

tpZH, tPZL Maximum Output RL =1 kfl I CL =50 pF 15 30 38 45 ns 
Enable Time I CL =150 pF 26 42 53 63 ns 

tpHZ, tpLZ Maximum Ol.iput RL =1 kfl 16 25 32 38 ns 
Disable Time CL =50 pF 

tTHL. tTLH Maximum Output CL =50 pF 6 12 15 18 ns 
Rise and Fall Time 

CIN Maximum Input 10 15 15 15 pF 
Capacitance 

COUT Maximum Output 15 20 20 20 . pF 

Capacitance 

Cpo Power Dissipation (per output) G=Vcc 5 pF 
Capacitance (Note 5) G=GND 90 pF 

AC Electrical Characteristics MM54HCT241/MM74HCT241. MM54HCT244/MM74HCT244 

Vee = 5.0V. tr = tf = 6 ns T A = 25°C. (unless otherwise specified) (Note 6) 

Symbol Parameter Conditions Typ. 
Guaranteed 

Units 
Limits 

tpHL, tpLH Maximum Output CL =45 pF 14 18 ns 
Propagation Delay 

tPZL. tPZH Maximum Output CL =45 pF 20 30 ns 
Enable Time RL =1 kfl 

tpLZ. tpHZ Maximum Output CL =5pF 16 25 ns 
Disable Time RL=1 kfl 

, 
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AC Electrical Characteristics MM54HCT241/MM74HCT241. MM54HCT244/MM74HCT244 

Vcc=5.0V ±10%. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA= -40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

tpHL. tpLH Maximum Output CL =50 pF 14 20 25 30 ns 

Propagation Delay CL =150 pF 20 28 35 42 ns 

tPZH. tpZL Maximum Output RL =1 kO I CL =50 pF 21 30 38 45 ns 

Enable Time I CL =150 pF 26 42 53 63 ns 

tpHZ. tpLZ Maximum Output RL =1 kO 16 25 32 38 ns 

Disable Time CL =50pF 

tTHL. tTLH Maximum Output CL =50 pF 6 12 15 18 ns 

Rise and Fall Time III 
CIN Maximum Input 10 15 15 15 pF 

Capacitance 

COUT Maximum Output 15 20 20 20 pF 

Capacitance 

CPO Power Dissipation (per output) G=Vcc 5 pF 

Capacitance (Note 5) G=GND 90 pF 

Note 5: CPO determines the no load dynamic power consumption, PO=CPO Vcc2 f + ICC VCe,and the no load dynamic current consumption, Is = CPO Vee 1+ Icc. 
Note 6: Refer to back of this section for Typical MM54n4HC AC Swi'tching Waveforms and Test Circuits. 

Logic Diagrams 
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~National 
~ Semiconductor 

PRELIMINARY 

microCMOS 
MM54HCT245/MM74HCT245 
Octal TRI-STATE® Transceiver 

General Description 
This TAl-STATE bi-directional buffer utilizes microCMOS 
Technology, 3.0 micron silicon gate N-well CMOS, and is 
intended for two-way asynchronous communication be­
tween data buses. It has high drive current outputs which 
enable high speed operation even when driving large bus 
capacitances. This circuit possess the low power consump­
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. 

This device is TTL input compatible and can drive up to 15 
LS-TTL loads, and all inputs are protected from damage due 
to static discharge by diodes to Vee and ground. 

MM54HCT245/MM74HCT245 has one active low enable in­
put (<3), and a direction control (OIA). When the OIA input is 
high, data flows from the A input~ to the B outputs. When 
OIA is low, data flows from B to A. 
MM54HCT/MM74HCT devices are intended to interface be­
tween TTL and NMOS' components and standard CMOS 

Connection Diagram 
Dual-In-Line Package 

ENABLE 

Vee G S1 B2 B3 B4 Bs B6 B7 BS 

DIR AI A2 A3 A4 AS A6 A7 AS GND 

TOP VIEW TL/F/SI65-1 

MM54HCT245/MM74HCT245 

54HCT245 (J) 74HCT245 (J,N) 

devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• TTL Input Compatible 
• Octal TAl-STATE outputs for ,...p bus applications: 

6 mA, typo 

• High speed: 16 ns typical propagation delay 
• Low Power: 80 ,...A (74 Series) 

Truth Table 

Control 
Operation Inputs 

G DIR 245 

L L B data to A bus 

L H A data to B bus 

H X isolation 

H = high level L = low level, X = irrelevant 
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3: 
Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 3: 
Supply Voltage (Ved - 0.5 to + 7.0V Min Max Units en 
DC Input Voltage (VIN) -1.5 to Vee+ 1.5V Supply Voltage(Ved 4.5 5.5 V ~ 

.......... 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V ...... 
~ 

Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) J: 
DC Output Cu,rrent. per pin (lOUT) ±35mA 

Operating Temperature Range(T A) 0 MM74HCT -40 +85 °c -I DC Vee or GND Current. per pin (led ±70mA MM54HCT -55 +125 °c I\) 
Storage Temperature Range (TSTG) - 65°C to + 150°C Input Rise or Fall Times ~ 
Power Dissipation (Po) (Note 3) 500mW (tr.tl) 500 ns en 
Lead Temperature (TU (Soldering 10 seconds) 260°C 

DC Electrical Characteristics 

III (Vee=5V±10%. unless otherwise specified.) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
T A = - 40 to 85°C TA= -55 to 125°C 

Units 
Typ Guaranteed Limits 

ViH Minimum High Level 2.0 2.0 2.0 V 

fnput Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN=VIH orVIL 
Output Voltage IIOUTI = 20 JLA Vee Vee- 0.1 Vee-0.1 Vee- 0.1 V 

IIOUTI=6.0 mAt Vee=4.5V 4.2 3.98 3.84 3.7 V 

IIOUTI=7.2 mAt Vee=5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage IIOUTI = 20 JLA 0 0.1 0.1 0.1 V 

IIOUTI = 6.0 mA. Vee= 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI = 7.2 mAt Vee = 5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND. ±0.1 ±1.0 ±1.0 JLA 
Current VIH orVIL 

loz Maximum TRI- VOUT=VeeorGND ±0.5 ±5.0 ±10 JLA 
STATE Output G=VIH 
Leakage Current 

Icc Maximum Quiescent VIN = Vee or GND 8 80 160 JLA 
Supply Current 10UT=0 JLA 

VIN = 2.4V or 0.5V (Note 4) 0.6 1.0 1.3 1.5 mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85&C; ceramic "J" package: -12 mWrC from 
1 QQoC to 125°C. 
Note 4: Measured per input. All other inputs at Vcc or ground. 
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AC Electrical Characteristics MM54HCT245/MM74HCT245 

Vee=5.0V, tr=tf=6 ns, TA=25°C, (unless otherwise specified) (Note 6) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL, tpLH Maximum Output CL =45 pF 16 20 ns 
Propagation Delay 

tpZL, tPZH Maximum Output CL =45 pF 29 40 ns 

Enable Time RL =1 kO 

tpLZ, tpHZ Maximum Output CL =5 pF 20 25 ns 

Disable Time RL =1 kO 

AC Electrical Characteristics MM54HCT245174HCT245 

Vee=5.0V ±10%, tr=tf=6 ns (unless otherwise specified) (Note 6) 

TA=25°C 
74HCT 54HCT 

T A = - 40 to 85°C TA= -55 to 125°C 
Symbol Parameter Conditions Units 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Output CL =50 pF 14 23 29 34 ns 

Propagation Delay CL =150 pF 17 30 38 45 ns 

tpZH, tPZL Maximum Output RL =1 kO I CL =50pF 31 42 53 63 ns 

Enable Time I CL =150 pF 35 49 62 74 ns 

tpHZ, tpLZ Maximum Output RL =1 kO 18 30 38 45 ns 

Disable Time CL =50 pF 

tTHL, tTLH Maximum Output CL =50 pF 8 12 15 18 ns 

Rise and Fall Time 

CIN Maximum Input 10 15 15 15 pF 
Capacitance 

COUT Maximum Output 15 20 20 20 pF 

Capacitance 

CPO Power Dissipation . (Note 5) G = Vee 7 pF 

Capacitance G= GND 100 pF 

Note 5: CPO determines the no load power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption.ls=Cpo Vee f+ Icc. 

Nole 6: Refer to back of this section for Typical MM54n4He AC Switching Waveforms and Test Circuits. 

Logic. Diagram 
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~National 
~ Semiconductor microCMOS 

MM54HCT257 IMM7 4HCT257 
Quad 2-Channel TRI-STATE®' Multiplexer 

General Description 
This QUAD 2·TO·1 LINE DATA SELECTOR/MULTIPLEXER 
utilizes microCMOS Technology, 3.0 micron silicon gate N· 
well CMOS. Along with the high noise immunity and low 
power dissipation of standard CMOS integrated circuits, it 
possesses the ability to drive LS·TTL loads. The large out· 
put drive capability coupled with the TRI·ST ATE feature 
make this device ideal for interfacing with bus lines in a bus 
organized system. When the OUTPUT CONTROL input line 
is taken high, the outputs of all four multiplexers are sent 
into a high impedance state. When the OUTPUT CONTROL 
line is low, the SELECT input chooses whether the A or B 
input is used. 

Connection and Logic Diagrams 

Dual·ln-Llne Package 

INPUTS INPUTS 
OUTPUT ____ OUTPUT OUTPUT 

Vee CONTROL 4A 48 4Y 3A 38 3Y 

11 10 

4A 48 4Y 3A 38 

3Y 

SELECT 1A 18 1Y 2A 28 2Y GND 
OUTPUT OUTPUT 

INPUTS INPUTS 
TOP VIEW TL/F/5329-1 

MM54HCT257/MM74HCT257 

54HCT257 (J) 74HCT257 (J,N) 

Truth Table 
Inputs 

Output 
Select 

Control 

H X 
L L 
L L 
L H 
L H 

The 54HCT174HCT logic family is speed, function, and pin· 
out compatible with the standard 54LS174LS logic family. 
All inputs are protected from damage due to static dis· 
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 12 ns 
• Wide power supply range: 2V-6V 
• Low quiescent current: 80 p.A maximum (74HCT series) 
• TRI·STATE outputs for connection to system buses. 
• Completely TTL compatible 

OUTPUT(lS) 

CONTROL(2) 
lA 

lB 
(3) 

2A 
(5) 

2B 
(6) 

3A 
(11) 

3B 
(10) 

4A 
(14) 

4B 
(13) 

TL/F/5329-2 

A B Output V 

X X Z 
L X L 
H X H 
X L L 
X H H 

H = high level, L = low level, X = irrelevant, Z = high impedance, (off) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (VeC> -0.5 to + 7.0V Min Max Units 

DC Input Voltag~ (VIN) -1.5 to Vee+1.5V Supply Voltage(VeC> 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (IIK,IOK) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±35mA Operating Temperature Range(T A) 
MM74HCT -40 +85 °C 

DC Vee or GND Current, per pin (IcC> ±70mA MM54HCT -55 +125 °C 
Storage Temperature Range (TSTG) - 65°C to + 150°C Input Rise or Fall Times 
Power Dissipation (p'o) (Note 3) 500mW (tr,tf) Vee=4.5V 500 ns 
Lead Temperature (Tu (Soldering 10 seconds) 260°C 

DC Electric~1 Characteristics (Note. 4) Vee = 5V ± 10% 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
T A = - 40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 
Input Voltage 3.15 3.15 3.15 V 

VIL Maximum Low Level 
Input Voltage 0.9 0.9 0.9 V 

VOH Minimum High Level . VIN = VIH or VIL 
Output Voltage IIOUTI:5:20 /LA 4.5 4.4 4.4 4.4 V 

VIN=VIH or VIL 
IIOUT I:56.0 mA Vee=4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI9.8 mA Vee=5.5V 4.9~ 4.84 4.7 

VOL . Maximum Low Level VIN ~ VIH or VIL 
Output Voltage IIOUTI :5:20 /LA 0 0.1 0.1 0.1 V 

VIN=VIH or VIL 
1I0UT~:56.0 mA Vee=4.5V 0.2 0.26 0.33 0.4 V 
lIouTl9.8 mA Vee=5.5V 0.2 0.26 0.33 0.4 

liN Maximum Input VIN = Vee or GND ±0.1 ±1.0 ±1.0 /LA 
Current 

loz Maximum TR I-STATE VOUT=VeeorGND ±0.5 ±5.0 ±10 /LA 
Output Leakage OC=VIH 

Icc Maximum Quiescent VIN=Vee or GND 8.0 80 160 /LA 
Supply Current IOUT=O /LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWI"C from 6SoC to 8SoC; ceramic "J" package: -12 mWI"C from 
1 oooe to 12SoC. 
Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at 5.SV is 3.8SV.l The worst c~se leakage current (lIN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics Vcc=5V. T A =25° C. CL =45 pF. tr=tf=6 ns (unless otherwise noted.) 

Guaranteed 
Symbol Parameter Condition Typ Limit Units 

iPHL. tpLH Maximum Propagation 19 30 ns 
Select to any Output 

-------_. 

tpHL. tpLH Maximum Propagation Delay 24 38 ns 
A or B to any Output 

tpZH. tpZL Maximum Enable Time RL == 1 kfl 20 30 ns 

tpHZ' tpLZ Maximum 1 RL = 1 k!l 15 25 ns 
CL = 5 pF 

AC Electrical Characteristics Vcc=5V ± 10%. tr=tf=6 ns. CL = 50 pF (unless otherwise noted.) 

74HCT 54HCT 
TA = 25°C TA =--40°C to 85°C TA = -55 to 125°C 

Symbol Parameter Condition Typ Guaranteed limits 

tpHL' tpLH Maximum Propagation 12 20 25 30 
Delay. Select to any CL =150pF 
Output 12 30 38 45 

. tpHL• tpLH Maximum 'Propagation 20 25 30 
Delay. A or B to any CL =150pF 
Output 15 30 38 45 

tpZH. tpZL Maximum Enable to 21 30 38 35 
any Output 

tpHz. tpLZ Maximum Disable Time 15 30 38 45 

tTHL' tTLH Maximum Output Rise 9 15 19 22 
and Fall Time 

CPD Power Dissipation 
Capacitance (Note 5) 

, 

CIN Maximum Input 5 10 10 10 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption. Po = CpO Vec2 t+lec Vee. and the no load dynamic current consumption. 

IS == CpO Vee I+lee· 

Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 
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M 

~ ~ National, 
~ ~ Semiconductor 
:I: 
~ MM54HCT273/MM74HCT273 
~ Octal D Flip-Flop with Clear 
.~ 
~ General Description 

The MM54HCT273/MM74HCT273 utilizes 3.0 micron N-well 
microCMOS technology. It has input threshold and output 
drive similar to LS-TTL with the low standby power of CMOS. 

These positive edge-triggered flip-flops have a common 
clock and clear and independent Q outputs. Data on a Din­
put, having the specified set-up and hold time is trans­
ferred to the corresponding Q output on the positive-going 
transition of the clock pulse. The asynchronous clear 
forces all outputs low when it is low. 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vee and ground. 

Connection Diagram 

Dual·ln·Line Package 

TOP VIEW 

Truth Table (Each Flip-Flop) 

Inputs 

Clear Clock D 

L X X 
H t H 
H f L 

H L X 

H = high level (steady·state) 

L = low level (steady·state) 

x = don't care 

Outputs 

Q 

L 
H 
L 

QO 

t = transition from low to high level 

aD = the level' of a before the indio 
cated steady·state input conditions 
were established. 

PRELIMINARY 

microCMOS 

MM54HCT IMM74HCT devices are intended to interface TTL 
and NMOS components to CMOS components. These parts 
can be used as plug-in replacements to reduce system power 
consumption in existing designs. ' 

Features 
• Typical propagation delay: 20 ns 
• Low quiescent current: 80 p.A maximum (74HCT series) 

• Fanout of 10 LS-TTL loads 

Logic Diagram 

01 

02 02 

CLR 

03 03 

CLK 

04 04 

TlIF/576().1 

05 05 

06 06 

07 07 

08 08 

TUF1576().2 
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Absolute Maximum RatingS(Notes 1 and 2) Operating Conditions 
Min Max 

Supply Voltage (V cc) - 0.5V to + 7.0V Supply Voltage (Vcd 4.5 5.5 

DC Input Voltage(VIN) -1.5VtoVcc + 1.5V DC Input or Output Voltage 

DC Output Voltage (V OUT) - 0.5V to V cc + 0.5V (VIN' VOUT) 0 Vcc 

Clamp Diode Current (11K, 10K) ±20mA Operating Temperature Range (T A) 

DC Output Current, per Pin (louT) ±25mA MM74HCT -40 +85 

DC Vccor GND Current, per Pin (Icd ±50mA MM54HCT -55 + 125 

Storage Temperature Range (T STG) -65°Cto + 150°C Input Rise or Fall Times 

Power Dissipation (Po) (Note 3) 500mW 
(tr,tf) 500 

Lead Temperature (T d (Soldering, 10 seconds) 260°C 

DC Electrical Characteristics Vcc = 5V ± 10% unless otherwise specified 

74HCT 54HCT 

Symbol Parameter Conditions 
TA=25°C 

T A = - 40°C to 85°C TA = - 55°C to 125°C 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 

Input Voltage 

VIL Maximum Low Level 0.8 0.8 

Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IloUTI = 20 J1.A Vcc Vcc- 0.1 Vcc - 0.1 

IIOUTI =4.0 mA, Vcc=4.5V 4.2 3.98 3.84 

IloUTI = 4.8 mA, Vcc = 5.5V 5.7 4.98 4.84 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage IloUTI = 20 J1.A 0 0.1 0.1 

IloUTI = 4.0 mA, Vcc = 4.5V 0.2 0.26 0.33 

\louTI =4.8 mA, Vcc =5.5V 0.2 0.26 0.33 

liN Maximum Input VIN = Vcc or GND, ±0.1 ± 1.0 

Current VIH or VIL 

Icc Maximum Quiescent VIN = Vcc or GND 8 .80 

Supply Current IOUT= 0 J1.A 

VIN = 2.4V or 0.5V (Note 4) . 

Note1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

2.0 

0.8 

Vcc- 0.1 

3.7 

4.7 

0.1 
0.4 
0.4 

±1.0 

160 

Units 

V 

V 

°C 

°C 

ns 

Units 

V 

V 

V 
V 
V 

V 
V 
V 

J1.A 

J1.A 

rnA 

Note 3: Power dissipation temperature derating-plastic "N" package: -12 mW/'C from65'C to 85'C; ceramic "J" package: -12 mW/'C from 100'C 
to 125·C. 
Note 4: Measured per pin, all other Inputs held at VCC or GNO. 
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M 

~ AC Electrical Characteristics Vee = 5V, T A = 25°C, CL = 15 pF, tr = ti = 6 ns (Note 6) 

I­
U 
J: 
~ 
....... 
......... 
~ 
I.t) 

2 
2' 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limits 

f MAX Maximum Operating Frequency 50 30 MHz 

t pHL, tpLH Maximum Propagation Delay from Clock to Q 18 30 ns 

t pHL, tpLH Maximum Propagation Delay from Clear to Q 18 30 ns 

tREM Minimum Removal Time, Clear to Clock 20 ns 

ts Minimur:n Set-Up Time D to Clock 10 20 ns 

tH Minimum Hold Time Clock to D -3 0 ns 

tw Minimum Pulse Width Clock or Clear 8 16 ns 

AC Electrical Characteristics Vee=5_0V± 10%, CL=50 pF, tr=tf=6 ns unless otherwise specified (Note 6) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions T A = - 40°C to 85°C T A = - 55°C to 125°C Units 

Typ Guaranteed Limits 

f MAX Maximum Operating 27 22 18 MHz 

Frequency 

tpHL, tpLH Maximum Propagation 22 35 44 52 ns 
Delay from Clock to Q 

tpHL,tpLH Maximum Propagation 22 35 44 52 ns 
Delay from Clear to Q 

tREM Minimum Removal 20 25 30 ns 

Time Clear to Clock 

ts Minimum Set-Up Time 10 20 25 30 ns 
D to Clock 

tH Minimum Hold Time -3 0 0 0 ns 

Clock to D 

tw Minimum Pulse Width 16 20 24 ns 
Clock or Clear 

tr,tf Maximum Input Rise 500 500 500 ns 

and Fall Time 

tTHL, tTLH Maximum Output Rise 15 19 22 ns 
and Fall Time 

Cpo Power Dissipation (Per Flip-Flop) pF 

Capacitance (Note 5) 

C IN Maximum Input 5 10 10 10 pF 

Capacitance 

Note 5: CpO determines the no load dynamic power consumption, Po = CPO vec2 f + ICC VCC, and ;he no load dynamic current consumption, 
IS = CPO Vec f + ICC· 
Note 6: Refer to back of this section for Typical MM54/74He AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

PRELIMINARY 

microCMOS 

MM54HCT299/MM74HCT299 
a·Bit TRI·STATE® Universal Shift Register 
General Description 
This 8-bit TRI-STATE shift/storage register utilizes 
microCMOS technology, 3.0 micron silicon gate N-well 
CMOS. Along with the low power consumption and high 
noise immunity of standard CMOS integrated circuits, it 
has the ability to drive 15 LS-TTL loads. This circuit also 
features operating speeds comparable to the equivalent 
low power Schottky device. 

The MM54HCT299/MM74HCT299 is TTL input compatible. 
It features multiplexed inputs/outputs to achieve full8-bit 
data handling in a single 20-pin package. Due to the large 
output drive capability and TRI-STATE feature, this device 
is ideally suited for interfacing with bus lines in a bus 
oriented system. 

Two function select inputs and two output control inputs 
are used to choose the mude of operation as listed in the 
function table. Synchronous parallel loading is accom­
plished by taking both function select lines, SO and S1, high. 
This places the TRI-STATE outputs in a high impedance 
state, which permits data applied to the input/output lines 

Connection Diagram 

to be clocked into the register. Reading out of the register 
can be done while the outputs are enabled in any mode. A 
direct overriding CLEAR input is provided to clear the 
register whether the outputs are enabled or disabled. 

The MM54HCT/MM74HCT devices are intended to inter­
face between TTL and NMOS components and standard 
CMOS devices. These devices are also plug-in replace­
ments for LS-TTL devices and can be used to reduce power 
consumption in existing designs. 

All inputs are protected from damage due to static dis­
charge by diodes to Vee and ground. 

Features 
a TRI-STATEable I/O 

• Output drive capability: 15 LS-TTL loads 

• Cascadable for n-bit word lengths 

II Clock-independent clear 

Dual-In-Line Package 

Vee 

120 

-

• 
1 

SO 

SHIFT 
LEFT 

Sl SL OH' 
19 18 17 

Sl SL OH 

SO 

G G/OG 

A 
12 4 13 

G2 BIOs 
'----" 

OUTPUT 
CONTROLS 

TAl-STATE" is a registered trademark of National Semiconductor Corp_ 

0/00 

16 15 14 

H/OH F/OF 0/00 

E/OE C/Oe A/OA 

5 6 7 
E/OE C/Qe A/OA 
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SHIFT 
RIGHT 

BIOs CLOCK SR 
13 12 11 

BIOs 
CK 

SR -

QA CLEAR 

8 9 110 
OA' CLEAR GND 

TlIF15746·1 
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Function Table 

Inputs Inputs/Outputs Outputs 

Mode Function Output 
Clear Select Control Clock Serial A/QA B/Q B C/Qc D/Qo E/Q E F/QF G/QG H/QH QA' QH' 

S1 SO G'1t Q2t SL SR 

Clear L X L L L X X X L L L L L L L L L L 
L L X L L X X X L L L L L L L L L L 

Hold H L L L L X X X QAO QBO Qco Qoo QEO QFO QGO QHO QAO QHO 
H X X L L Lor H X X QAO QBO Qco Qoo QEO QFO QGO QHO QAO QHO 

Shift Right H L H L L t X H H QAn QBn QCn QOn QEn QFn QGn H QGN 
H L H L L t X H L QAn QBn QCn QOn QEn QFn QGn L QGN 

Shift Lett H H L L L t H X QBn QCn QOn QEn QFn QGn QHn H QBn H 
H H L L L t L X QBn QCn QOn QEn QFn QGn QHn H QBn L 

Load H H H X X t X X a b c d e' t g h a h 

tWhen one or both controls are high, the eight input/output terminals are disabled to the high Impedancestat~; however, sequential operation or clearing 
of the register Is not affected. 
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~National 
~ Semiconductor 

PRELIMINARY 

microCMOS 
MM54HCT323/MM74HCT323 
a·Bit TRI·STATE® Universal Shift Register 

General Description 
This 8·bit TAI·STATE shift/storage register utilizes 
microCMOS technology, 3.0 micron silicon gate N·well 
CMOS. Along with the low power consumption and high 
noise immunity of standard CMOS integrated circuits, it 
has the ability to drive 15 LS·TTL loads. This circuit also 
features operating speeds comparable to the equivalent 
low power Schottky device. 

The MM54HCT323/MM74HCT323 is TTL input compatible. 
It features multiplexed inputs/outputs to achieve full8·bit 
data handling in a Single 20'pin package. Due to the large 
output drive capability and TAI·STATE feature, this device 
is ideally suited for interfacing with bus lines in a bus 
oriented system. 

Two function select inputs and two output control inputs 
are used to choose the mode of operation as listed in the 
function table. Synchronous parallel loading is accom· 
plished by taking both functi,on select lines, SO and S1, high. 
This places the TAI·STATE outputs in a high impedance 
state, which permits data applied to the input/output lines 

Connection Diagram 

to be clocked into the register. Aeading out of the register 
can be done while the outputs are enabled in any mode. A 
synchronous CLEAA input is provided to clear the register 
whether the outputs are enabled or disabled. 

The MM54HCT/MM74HCT devices are intended to inter· 
face between TTL and NMOS components and standard 
CMOS devices. These devices are also plug·in replace· 
ments for LS·TTL devices and can be used to reduce power 
consumption in existing designs. 

All inputs are protected from damage due to static dis· 
charge by diodes to Vee and ground. 

Features 
iii TAI·STATEable I/O 
• Output drive capability: 15 LS·TTL loads 

C Cascadable for n·bit word lengths 
• Synchronous clear 

Dual·ln·Line Package 

Vee 
ho 

r--- SO 

• 
1 

SO 

SHIFT 
LEFT 

51 SL OH 
19 18 17 

Sl SL OH 

G G/QG 

A 
4 12 13 

G1 G2 B/08 

OUTPUT 
CONTROLS 

TRI·STATE· is a regislered trademark of National Semiconductor Corp. 

SHIFT 
RIGHT 

H/OH FIOF 0/00 B/08 CLOCK SR 
16 15 14 13 12 11 

H/OH FIOF 0/00 B/08 
CK 

SR -
E/OE CIOe AIOA QA CLEAR 

5 6 7 8 9 110 
E/OE C/Oe AIOA OA' CLEAR GNO 

TLlF15745·' 
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('I) 

~ Function Table 
l­
t) 
J: 
~ ,..... 
.......... 
~ a.n 
:E 
:E 

Inputs Inputs/Outputs Outputs 

. Mode Function Output 

Clear Select Control Clock Serial A/QA BlOe C/Qc D/Q D E/Q E F/Q F G/Q G H/Q H Q A' Q H' 

S1 SO G"1t G2t SL SR 

Clear L X L L L t X X L L L L L L L L L L 
L L X L L t X X L L L L L L L L L L 

Hold H L L L L X X X QAO Q so Q co QDO QEO QFO QGO QHO QAO QHO 
H X X L L Lor H X X QAO Qso Qco QDO QEO QFO QGO QHO QAO QHO 

Shift Right H L H L L t X H H QAn Q Sn Q Cn QDn QEn QFn QGn H Q GN 
H L H L L t X H L QAn QSn QCn QDn QEn QFn QGn L Q GN 

Shift Left H H L L L t H X QSn QCn QDn QEn QFn QGn QHn H Q Sn H 
H H L· L L t L X Q Sn Q Cn QDn QEn QFn Q Gn QHn H QSn L 

Load H H H X X t X X a b c d e f g h a h 

tWhen one or both c~ntrols are high, the·elght inputloutput terminals are disabled to the high Impedance state; however, sequential operation or clearing 
of the register Is not affected. 
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~National a Semiconductor 
PRELIMINARY 

microCMOS 
MM54HCT373/MM74HCT373 
TRI-STATE® Octal D-Type Latch 
MM54HCT37 4/MM7 4HCT37 4 
TRI-STATE Octal D-Type Flip-Flop 

General Description 
The MM54HCT373/MM74HCT373 Octal O-TYPE LATCH­
ES and MM54HCT374/MM74HCT374 Octal O-TYPE FLIP 
FLOPS utilize microCMOS Technology, 3.0 micron silicon 
gate N-well CMOS, which provides the inherent benefits of 
low power consumption and wide power supply range, but 
are LS-TIL input and output characteristic & pinout compat­
ible.The.TRI-STATE outputs are capable of driving 15 LS 
TIL loads. All inputs are protected from damage due to 
static discharge by internal diodes to Vee and ground. 

When the MM54HCT373/MM74HCT373 LATCH ENABLE 
input is high, the Q outputs will follow the 0 inputs. When 
the LATCH ENABLE goes low, data at the 0 inputs will be 
retained at the outputs until LATCH ENABLE returns high 
again. When a high logic level is applied to the OUTPUT 
CONTROL input, all outputs go to a high impedance state, 
regardless of what signals are present at the other inputs 
and the state of the storage elements. 

The MM54HCT374/MM74HCT374 are positive edge trig­
gered flip-flops. Data at the 0 inputs, meeting the setup and 
hold time requirements, are transferred to the Q outputs on 
positive going transitions of the CLOCK (CK) input. When a 
high logic level is applied to the OUTPUT CONTROL (OC) 
input, all outputs go to a high impedance state, regardless of 

Connection Diagrams 
Dual·ln·Llne Package 

vee BQ BO 70 7Q 6Q 60 50 5Q LE 

1Q 10 20 2Q 40 4Q 

TL/F/5367-1 

MM54HCT373/MM74HCT373 

54HCT373 (J) 74HCT373 (J,N) 

what signals are present at. the other inputs and the state of 
thE! storage elements. 

MM54HCT IMM7 4HCT devices are intended to interface be­
tween TIL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TIL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• TIL input characteristic compatible 

a Typical propagation delay: 20 ns 
IS Low input current: 1 p,A maximum 
II Low quiescent current: 80 p,A maximum 
a Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TIL loads 

Dual·ln·Llne Package 

~ ro w ro ro ro ~ ro ~ .~ 

oc 10 20 2Q 3Q 3D 40 

MM54HCT374/MM14HCT374 

54HCT374 (J) 74HCT374 (J,N) 

11 

10 

GND 

TLlF/5367-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Vec) 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±35mA 
Operating Temperature Range(T A) 

MM74HCT -40 +85 °C 
DC Vee or GND Current, per pin (Icc) ±70mA MM54HCT -55 +125 °G 
Storage Temperature Range (T STG) -65°C to + 150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr,t,) 500 ns 

Lead Temperature (T d (Soldering 10 seconds) 260°C 

DC Electrical Characteristics 
Vee = 5V ±10% (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA = -40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 

Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 

Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI = 20 p.A Vee Vee- 0.1 Vee-0.1 Vee- O.1 V 

IIOUTI = 6.0 mA, Vee = 4.5V 4.2 3.98 3.84 3.7 V 

IIOUTI=7.2 mA, Vee=5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN=VIHorVIL 
Voltage IIOUTI = 20 p.A 0 0.1 0.1 0.1 V 

IIOUTI = 6.0 mA, Vee = 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI = 7.2 mA, Vee = 5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND, ±0.1 ±1.0 ±1.0 p.A 

Current VIH orVIL , 

loz Maximum TRI·STATE VOUT=Vee or GND ±0.5 ±5.0 ±10 p.A 

Output Leakage Enable = VIH or VI L 
Current 

Icc Maximum Quiescent VIN=VeeorGND 8.0 80 160 p.A 
Supply Current 10UT=0 p.A 

VIN = 2.4V or 0.5V (Note 4) 1.0 1.3 1.5 mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastiC "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: Measured per pin. All others tied to Vee or ground. 
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AC Electrical Characteristics MM54HCT373/MM74HCT373 

Vee = 5.0V, tr = t, = 6 ns T A = 25°C (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL, tpLH Maximum Propagation Delay CL =45 pF 18 25 ns 
Data to Output 

tpHL, tpLH Maximum Propagation Delay , CL =45 pF 21 30 ns 
Latch Enable to Output 

tpZH, tpZL Maximum Enable Propagation Delay' CL =45 pF 20 28 ns 
Control to Output RL =1 kn 

tpHZ, tpLZ Maximum Disable Propagation Delay CL =5 pF 18 25 ns 
Control to Output RL =1 kn 

tw Minimum Clock Pulse Width 16 ns 

ts Minimum Setup Time Data to Clock 5 ns 

tH Minimum Hold Time Clock to Data 10 ns 

AC Electrical Characteristics MM54HCT373/MM74HCT373 

Vee=5.0V ±10%, tr =t,=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
T A = - 40 to 85°C TA= -55 to 125°C 

Units 
Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation CL =50 pF 22 30 37 45 ns 
Delay Data to Qutput CL =150 pF 30 40 50 60 ns 

tPHL, tpLH Maximum Propagation Delay CL =50 pF 25 35 44 53 ns 
Latch Enable to Output CL =150 pF 32 45 56 68 ns 

tpZH, tPZL Maximum Enable Propagation CL =50 pF 21 30 37 45 ns 
Delay Control to Output CL =150 pF 30 40 50 60 ns 

RL =1 kn 

tpHZ, tpLZ Maximum Disable Propagation CL =50 pF 21 30 37 45 ns 
Delay Control to Output RL =1 kn 

tw Minimum Clock Pulse Width 16 20 24 ns 

ts Minimum Setup Time Data to Clock 5 6 8 ns 

tH Minimum Hold Time Clock to Data 10 13 20 ns 

CIN Maximum Input Capacitance 10 10 10 pF 

COUT Maximum Output Capacitance 20 20 20 pF 

CPO Power Dissipation Capacitance (Note 5) G=Vee pF 
G=GND pF 

Truth Tables 
'373 '374 

Output LE Data 
373 573 Output 

Clock Data 
Output Output 

Control Output Output Control (374) (534) 

L H H H L L t H H L 
L H L L H L t L L H 
L L X 00 00 L L X 00 00 
H X X Z Z H X X Z Z 

H = high level. L = low level H = High Level, L = Low Level 
00 = level of output before steady-state input conditions X = Don't Care 
were established. f = Transition from low-to-high' 
Z = high impedance Z = High impedance state 

00 = The level of the output before steady state input condi-
tions were established. 
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AC Electrical Characteristics MM54HCT374/MM74HCT374 

Vcc=5.0V. tr=tf=6 ns TA=25°C (unless otherwise specified) 

Symbol Parameter Conditions Typ' 
Guaranteed 

Units 
Limit 

fMAX Maximum Clock Frequency 50 30 MHz 

tpHL. tpLH Maximum Propagation Delay CL =45 pF 20 32 ns 

to Output 

tpZH. tpZL Maximum Enable Propagation Delay CL =45 pF 19 28 ns 

Control to Output RL';"1 k!l 

tpHZ. tpLZ Maximum Disable Propagation Delax CL =5 pF 17 25 ns 

Control to Output RL =1 k!l 

tw Minimum Clock Pulse Width 20 ns 

ts Minimum Setup Time Data to Clock 5 ns 

tH . Minimum Hold Time Clock to Data 16 ns 

AC Electrical Characteristics MM54HCT374/MM74HCT374 

Vcc=5.0V ±10%. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

I T A = - 40 to 85°C TA= -55 to 125°C 
Symbol Parameter Conditions Units 

Typ Guaranteed Limits 

fMAX Maximum Clock 30 24 20 MHz 

Frequency 

tpHL. tpLH Maximum Propagation Delay CL =50 pF 22 36 45 48 ns 

to Output CL =150 pF 30 46 57 69 ns 

tPZH. tpZL Maximum Enable Propagation CL =50 pF 21 30 37 45 ns 

Delay Control to Output CL =150 pF 30 40 50 60 ns 

RL =1 k!l 

tpHZ. tpLZ Maximum Disable Propagation CL =50 pF 21 30 37 45 ns 

Delay Control to Output RL =1 k!l 

tw Minimum Clock Pulse Width 16 20 24 ns 

ts Minimum Setup Time Data to Clock 20 25 30 ns 

tH Minimum Hold Time Clock to Data 5 5 5 ns 

CIN Maximum Input Capacitance 10 10 10 pF 

COUT Maximum Output Capacitance 20 20 20 pF 

CpD Power Dissipation Capacitance (Note 5) G=VCC pF 

G=GND pF 

Note 5: CPO determines the no load power consumption. Po= CPO Vce2 f+ Icc Vee. and the no load dynamic current consumption. Is=Cpo Vce f+ Icc. 

Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits, 
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Logic Diagrams 

LATCH 
ENABLE 
(LE) 

OUTPUT 
CONTROL 
(OC) 

CLOCK 
(CK) 

OUTPUT 
CONTROL 

(OC) 

10 

10 

20 3D 

10 20 

20 

10 20 

MM54HCT373/MM74HCT373 

40 50 

30 40 

MM54HCT374/MM74HCT374 

3D 40 50 

30 40 
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~National 
D Semiconductor 

PRELIMINARY 

microCMOS' 
MM54HCT521/M M7 4HCT521 
a-Bit Magnitude Comparator (Equality Detector) 

General Description 
This equality detector utilizes microCMOS Technology, 3.0 
micron silicon gate N-well CMOS to compare bit for bit two 
a-bit words and indicate whether or not they are equal. The 
P = Q output indicates equality when it is low. A single active 
low enable is provided to facilitate cascading of several 
packages and enable comparison of words greater than 8 
bits. 

This device is useful in memory block decoding applica­
tions, where memory block enable signals must be generat­
ed from computer address information. 

The comparator 'combines the low power consumption of 
CMOS, but inputs are compatible with TTL logic levels, and 
the output can drive 10 low power Schottky equivalent 
loads. 

Connection and Logic Diagrams 

Dual-ln-L1ne Package 

MM54HCT IMM7 4HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing de~igns. 

All inputs are protected from damage due to static dis­
charge by diodes to Vee and ground. 

Features 
• TTL Input Compatible 
• Typical propagation delay: 20 ns 
• Low quiescent current: 80 JLA maximum (74HCT series) 

• Large output current: 4 mA 

Vce P = 0 07 P7 06 P6 OS PS 04 P4 07 

G' PO 00 P1 01 P2· 02 P3 
TOP VIEW 

MM54HCT521/MM74HCT521 

54HCT521 (J) 74HCT521 (J,N) 

Truth Table 
Inputs 

Data 
Enable P=Q 

P,Q G 

P=Q L L 
P>Q L H 
P<Q L H 

X H H 

11 

10 

03 GND' 

TLIF/5018-1 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max 

DC Input Voltage (VIN) -1.5 to Vee+ 1.5V Supply Voltage(Vee) 4.5 5.5 

DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee 

Clamp Diode Current (11K, 10K) ±20mA (VIN,Vour) 

DC Output Current, per pin (lour) ±25mA 
Operating Temperature Range(T A) 

MM74HCT688 -40 +85 
DC Vee or GND Current, per pin (Ice) ±50mA MM54HCT6B8 -55 +125 
Storage Temperature Range (TsrG) - 65·C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr,tl) 500 

Lead Temperature (Tu (Soldering 10 seconds) 260·C 

DC Electrical Characteristics 
(Vee=5V ±10% unless otherwise specified) 

74HCT 54HCT 
TA=25·C 

TA = -40 to 85·C TA = -55 to 125·C 
Symbol Parameter Conditions 

Typ 

VIH Minimum High Level 2.0 
Input Voltage 

VIL Maximum Low Level 0.8 
Input Voltage 

VOH Minimum High Level VIN = O.BV or 2.0V 
Output Voltage Iiourl = 20 p.A Vee Vee-·1 

Ilourl=4.0 mA, Vee=4.5V 4.2 3.98 

!lourl=4.8 mA, Vee=5.5V 5.7 4.98 

VOL MaximUm Low Level VIN = VO.8V or 2.0V 
Voltage Iiourl = 20 p.A 0 0.1 

Iiourl = 4.0 mA, Vee = 4.5V 0.2 0.26 

Ilourl=4.8 mA, Vee=5.5V 0.2 0.26 

liN Maximum Input VIN=Vee or GND ±0.1 
Current 

ICC Maximum Quiescent VIN = Vee or GND 8.0 
Supply Current lour=O p.A 

VIN = 2.4V or O.4V (Note 4) 0.5 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

2.0 2.0 

0.8 0.8 

Vee-·1 Vce-·1 
3.84 3.7 
4.84 4.7 

0.1 0.1 
0.33 0.4 
0.33 0.4 

±1.0 ±1.0 

80 160 

Units 
V 

V 

·C 
·C 

ns 

Units 

V 

V 

V 
V 
V 

"v 
V 
V 

p.A 

p.A 

mA 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
10QoC to 125°C. ~ . 

Note 4: Measured per pin. All other inputs held at Vce or ground. 
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AC Electrical Characteristics VCC = 5V, TA = 25°C, CL = 1~ pF, tr = tF = 6 ns (unless otherwise noted.) 

Guaranteed 
Symbol Parameter Conditions Typ Limit Units 

tpHL Maximum Propagation 19 30 ns 
Delay - P or Q to Output 

tpLH Maximum Propagation 13 22 ns 
Delay - P or Q to Output 

tpHL Maximum Propagation 13 20 ns 
Delay - Enable to Output 

tpHL Maximum Propagation 10 18 ns· 

Delay - Enable to Output 

AC Electrical Characteristics Vcc = 5V ± 10%, CL = 50 pF, tr = tf = 6 ns, (unless otherwise specified. I 

74HCT 54HCT 
TA = 25°C TA = -40°C to 85°C TA = -55 to 125°C 

Symbol Parameter Condition Typ Guaranteed Limits Units 

tpHL Maximum Propagation 23 35 44 53 ns 
Delay - P or Q to Output 

tpLH Maximum Propagation 16 24 30 36 ns 
Delay - P or Q to Output 

tpHL Maximum Propagation 16 24 30 36 ns 
Delay - Enable to Output 

tpLH Maximum Propagation 11 20 25 30 ns 
Delay - Enable to Output 

tTHL' tTLH Maximum Output Rise 8 15 19 22 ns 
and Fall Time 

CpO Power Dissipation 45 I pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption, Po = Cpo vee2 f;l-Iee Vee. and the no load dynamic current consumption. 

IS = Cpo Vee f+lee· 

Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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J?;I National 
~ Semiconductor 

PRELIMINARY 

M M54HCT 533/ M M7 4HCT533 
TRI-STATE® Octal D-Type Latch 
MM54HCT534/MM74HCT534 
TRI-STATE Octal D-Type Flip-Flop 

microCMOS 

General Description 
The MM54HCT533/MM74HCT533 Octal D-TYPE LATCH­
ES and MM54HCT534/MM74HCT534 Octal D-TYPE FLIP 
FLOPS utilize microCMOS Technology, 3.0 micron silicon 
gate N-well CMOS, which provides the inherent benefits of 
low power consumption and wide power supply range, but 
are LS-TTL input and output characteristic & pinout compat­
ible. The TRI-ST ATE outputs are capable of driving 15 LS 
TTL loads. All inputs are protected from damage due to 
static discharge by internal diodes to Vee and ground. 

When the MM54HCT533/MM74HCT533 LATCH ENABLE 
input is high, the a outputs will follow the D inputs. When 
the LATCH ENABLE goes low, data at the D inputs will be 
retained at the outputs until LATCH ENABLE returns high 
again. When a high logic level is applied to the OUTPUT 
CONTROL input, all outputs go to a high impedance state, 
regardless of what signals are present at the other inputs 
and the state of the storage elements. 

. The MM54HCT534/MM74HCT534 are positive edge trig­
gered flip-flops. Data at the D inputs, meeting the setup and 
hold time requirements, are transferred to the a outputs on 

Connection Diagrams 
DUpl-ln-Line Package 

LATCH 
ENABLE 

Vec iiO 80 70 10 6Q 60 50 50 G 

MM54HCT533/MM74HCT533 

Truth Tables . 
'HCT533 

Latch 

TL/F/S339-1 

Output 
Enable Data Output 

Control 
G 

L H H L 
L H L H 
L L X 00 
H X X Z 

positive going transitions of the CLOCK (CK) input. When a 
high logic level is applied to the OUTPUT CONTROL (OC) 
input, all outputs go to a high impedance state, regardless 
of what signals are present at the other inputs and the state 
of the storage elements. 

MM54HCT IMM74HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• TTL input characteristic compatible 
II Typical propagation delay: 18 ns 

• Low input current: 1 fJ-A maximum 
• Low quiescent current: 80 fJ-A maximum 
II Compatible with bus-oriented systems 
a Output drive capability: 15 LS-TTL loads 

Dual-In-Line Package 

Vee 80 70 7ii 6ii 60 50 CLOCK 

10 20 2Q 1l! 30 40 ~ GNo 

TOP VIEW 

MM54HCT534/MM74HCT534 

'HCT534 

Output 
Clock Data 

Control 

L i H 
L i L 
L L X 
H X X 

H = High Level, L = Low Level 
X = Don't Care 
i = Transition from low-lo-high 
Z = High impedance stale 

Output 

L 
H 
00 
Z 

00 = The level of the output before steady state 
Input conditions were established 

TL/F/S340-1 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee> -0.5 to +7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(VeC> ' 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±35mA Operating Temperature Range(T A) 
MM74HCT -40 +85 ·C 

DC Vee or GND Current, per pin (ICC> ±70mA MM54HCT -55 +125 ·C 
Storage Temperature Range (TSTG) - 65·C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr, tt) 500 ns 
Lead Temperature (TtJ (Soldering 10 seconds) 260·C 

DC Electrical Characteristics 
Vee = 5V ±10% (unless otherwise specified) 

TA=25·C 
74HCT 54HCT 

Symbol Parameter Conditions 
' T A = - 40 to 85·C TA= -55 to 125·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Iiourl = 20 p.A Vee Vee- O.1 Vee- O.1 Vee- 0.1 V 

IIOUTI=6.0 mA, Vee=4.5V 4.2 3.98 3.84 3.7 V 

IIOUTI = 7.2 mA, Vee = 5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN=VIH orVIL 
Voltage IIOUTI = 20 p.A 0 0.1 0.1 0.1 V 

IIOUTI =6.0 mA, Vee=4.5V .0.2 0.26 0.33 0.4 V 
IIOUTI=7.2 mA, Vee=5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND, ±0.1 ±1.0 ±1.0 p.A 
Current VIH orVIL 

loz Maximum TRI-STATE VOUT=Vee or GND ±0.5 ±5.0 ±10 p.A 
Output Leakage Enable=VIH 
Current 

Icc Maximum Quiescent VIN=VeeorGND 8.0 80 160 p.A 
Supply Current 10UT=O p.A 

VIN = 2.4V or 0.5V (Note 4) mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground, 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C, 

Note 4: Measured per pin, All others tied to Vcc or ground. 
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AC Electrical Characteristics MM54HCT533/MM74HCT533 

Vee = 5.0V. tr = t, = 6 ns T A = 25°C (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL. tpLH Maximum Propagation Delay CL =45 pF 18 25 ns 
Data to Output 

tpHL. tpLH Maximum Propagation Delay CL =45 pF 21 30 ns 
Latch Enable to Output 

tPZH. tPZL Maximum Enable Propagation Delay CL =45 pF 20 28 ns 
Control to Output RL =1 kn 

tpHZ. tpLZ Maximum Disable Propagation Delay CL =5 pF 18 25 ns 
Control to Output RL =1 kn 

tw Minimum Clock Pulse Width 16 ns 

ts Minimum Setup Time Data to Clock 5 ns 

tH Minimum Hold Time Clock to Data 10 ns 

AC Electrical Characteristics MM54HCT533/MM74HCT533 

Vee = 5.0V ± 10 %. tr = t, = 6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
T A = - 40 to 85°C TA= -55 to 125°C 

Units 
Typ Guaranteed limits 

tPHL. tpLH Maximum Propagation CL =50 pF 22 30 37 45 ns 
Delay Data to Output CL =150 pF 30 40 50 60 ns 

tPHL. tpLH Maximum Propagation Delay CL =50 pF 25 35 44 53 ns 
Latch Enable to Output CL =150 pF 32 45 56 68 ns 

tpZH. tPZL Maximum Enable Propagation CL =50 pF 21 30 37 45 ns 
Delay Control to Output CL=150pF 30 40 50 60 ns 

RL =1 kn 

tpHZ. tpLZ Maximum Disable Propagation CL =50 pF 21 30 37 45 ns 
Delay Control to Output RL =1 kn 

tw Minimum Clock Pulse Width 16 20 24 ns 

ts Minimum Setup Time Data to Clock 5 6 8 ns 

tH Minimum Hold Time Clock to Data 10 13 20 ns 

CIN Maximum Input Capacitance 10 10 10 pF 

COUT Maximum Output Capacitance 20 20 20 pF 

CPO. Power Dissipation Capacitance (Note 5) G=Vee pF 
G=GND pF 

J 
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AC Electrical Characteristics MM54HCT534/MM74HCT534 

v CC = 5.0V. tr = tf = 6 ns T A = 25°C (unless otherwise speCified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Clock Frequency 50 30 MHz 

tpHL. tpLH Maximum Propagation Delay CL =45 pF 20 32 
I 

ns 
to Output 

tPZH. tpZL Maximum Enable Propagation Delay CL =45 pF 19 28 ns 
Control to Output RL =1 k!l 

tpHZ. tpLZ Maximum Disable Propagation Delay CL =5 pF 17 25 ns 
Control to Output RL =1 k!l 

tw Minimum Clock Pulse Width 20 ns 

ts Minimum Setup Time Data to Clock 5 ns 

tH Minimum Hold Time Clock to Data 16 ns 

AC Electrical Characteristics MM54HCT534/MM74HCT534 

Vcc=5.0V ±10%. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
T A = - 40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

fMAX Maximum Clock 30 24 20 MHz 
Frequency 

tpHL. tpLH Maximum Propagation Delay CL =50 pF 22 36 45 48 ns 
to Output CL =150 pF 30 46 ?7 69 ns 

tPZH. tPZL Maximum Enable Propagation CL =50 pF 21 30 37 45 ns 
Delay Control to Output CL =150 pF 30 40 50 60 ns 

RL =.1 k!l 

tpHZ. tpLZ Maximum Disable Propagation CL =50 pF 21 30 37 45 ns 
Delay Control to Output RL =1 k!l 

tw Minimum Clock Pulse Width 16 20 24 ns 

ts Minimum Setup Time Data to Clock 20 25 30 ns 

tH Minimum Hold Time Clock to Data 5 5 5 ns 

CIN Maximum Input Capacitance 10 10 10 pF 

COUT Maximum Output Capacitance 20 20 20 pF 

CPO Power Dissipation Capacitance (Note 5) G=Vcc pF 
G=GND pF 

Note 5: CPO determines the no load power consumption, Po=Cpo Vee2 f+lee Vee, and the no load dynamic current consumption,ls=Cpo Vee f+ Icc. 

Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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PRELIMINARY 

microCMOS 

MM54HCT540/MM74HCT540 
Inverting Octal TRI-STATE® Buffer 
MM54HCT541/MM74HCT541 
Octal TRI-STATE Buffer 

General Description 
These TRI-STATE buffers utilize microCMOS Technology, 
3.0 micron silicon gate N-well CMOS, and are general pur­
pose high speed inverting and non-inverting buffers. They 
possess high drive current outputs which enable high speed 
operation even when driving large bus capacitances. These 
circuits achieve speeds comparable to low power Schottky 
devices, while retaining the low power consumption of 
CMOS. Both devices are TTL input compatible and have a 
fanout of 15 LS-TTL equivalent inputs. 

MM54HCT/MM74HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

The MM54HCT540/MM74HCT540 is an. inverting buffer 
and the MM54HCT541/MM74HCT541 is a non-inverting 

,buffer. The TRI-STATE control gate operates as a two-input 

Connection Diagrams 

NOR such that if either G1 or G2 are high, all eight outputs 
are in the high-impedance state. 

In order to enhance PC board layout, the 'HCT540 and 
'HCT541 offers a pinout having inputs and outputs on oppo­
site sides of the package. All inputs are protected from dam­
age due to static discharge by diodes to Vee and ground. 

Features 
• TTL input compatible 

• Typical propagation delay: 12 ns 

g TRI-ST ATE outputs for connection to system buses 
C Low quiescent current: 80 J.tA 
C Output current: 6 rnA 

Dual-In-Llne Package 

Vee G2 Yl Y2 Y3 Y4 Y5 Y6 Y7 YB Vee G2 Yl Y2 Y3 Y4 Y5 Y6 Y7 YB 

Gi Al A2 A3 A4 A5 A6 A7 AB GND iii Al A2 A3 A4 A5 A6 A7 AS GND 

TOP VIEW TLlF/5341-1 TOP VIEW TLlF/5341-2 

MM54HCT540/MM74HCT540 MM54HCT541/MM74HCT541 

54HCT540 (J) 74HCT540 (J,N) 54HCT541 (J) 74HCT541 (J,N) 

1-515 



Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (VeC> -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Vec> 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) 

DC Output Current. per pin (lOUT) ±35mA 
Operating Temperature Range(T A) 

MM74HCT -40 +85 ·C 
DC Vee or GND Current. per pin (IcC> ±70mA MM54HCT -55 +125 ·C 
Storage Temperature Range (TSTG) - 65·C to + 150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr• tf) 500 ns 

Lead Temperature (T U (Soldering 10 seconds) 260°C 

DC Electrical Characteristics 
Vee= 5V ± 10% (unless otherwise specified) 

TA = 25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA= -40 to 85·C TA= -55to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI = 20 p,A Vee Vce- 0.1 Vee- 0.1 Vee-O.1 V 

IIOUTI=6.0 mAo Vee=4.5V 4.2 3.98 3.84 3.7 V 

IIOUTI=7.2 mAo Vee=5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN=VIH orVIL 
Voltage IIOUTI = 20 p,A 0 0.1 0.1 0.1 V 

IIOUTI=6.0 mAo Vee=4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI=7.2 mA, Vee=5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=Vee or GND ±0.1 ±1.0 ±1.0 p,A 
Current \ 

loz Maximum TRI-STATE VouT=VeeorGND ±p.5 ±5.0 ±10 p,A 
Output Leakage G=VIH 
Current 

Icc Maximum Quiescent VIN = Vee or GND 8.0 80 160 p,A 
Supply Current IOUT=O p,A 

, 
VIN = 2.4V or 0.4V (Note 4) 0.6 1.0 1.3 1.5 mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastiC "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
1 aaoc to 125°C. 

Note 4: Measured per input. All other inputs at Vee or GND. 

~ 
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AC Electrical Characteristics MM54HCT540/MM74HCT540 

Vcc=5.0V. tr=t,=6 ns TA=25°C. (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limits 

tpHL. tpLH Maximum Output CL =45 pF 12 18 ns 
Propagation Delay 

tpZL. tpzH Maximum Output CL =45 pF 14 28 ns 
Enable Time RL=1 kn 

tPLZ. tpHZ Maximum Output CL =5 pF 13 25 ns 
Disable Time RL =1 kn 

AC Electrical Characteristics MM54HCT540/MM74HCT540 

Vcc=5.0V ±10%. tr=t,=6 ns (unless otherwise specified) 

, 
TA=25°C 

74HCT 54HCT 

Symbol Parameter Conditions 
TA= -40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

tpHL. tpLH Maximum Output CL =50 pF 12 20 25 30 ns 
Propagation Delay CL =150 pF 22 30 38 45 ns 

tpZH. tpZL Maximum Output RL =1 kn I CL =50 pF 15 30 38 45 ns 
Enable Time I CL=150 pF 20 40 50 60 ns 

tpHZ. tpLZ Maximum Output RL =1 kn . 15 30 38 45 ns 
Disable Time CL =50 pF 

tTHL. tTLH Maximum Output CL =50 pF 6 12 15 18 ns 
Rise and Fall Time 

CIN Maximum Input 5 10 10 10 pF 

Capacitance 

COUT Maximum Output 15 20 20 20 pF 
Capacitance 

Cpo Power Dissipation (per output) G=Vcc 12 pF 

Capacitance (Note 5) G=GND 50 pF 

AC Electrical Characteristics MM54HCT541/MM74HCT541 

Vcc=5.0V. tr=t,=6 ·ns TA =25°C. (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limits 

tpHL. tpLH Maximum Output CL =45 pF 13 20 ns 
Propagation Delay 

tpZL. tPZH Maximum Output CL =45 pF 17 28 ns 
Enable Time RL =1 kn 

tpLZ. tpHZ Maximum Output CL =5 pF 15 25 ns 
Disable Time RL =1 kn 
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AC Electrical Characteristics MM54HCT541/MM74HCT541 

Vcc=5.0V ±10%. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA = -40 to 85°C TA=: -55 to 125°C 

Units 
Typ Guaranteed LImits 

tpHL. tpLH Maximum Output CL =50 pF 14 23 29 34 ns 
Propagation Delay CL =150 pF 17 33 42 49 ns 

tPZH. tpZL Maximum Output RL =1 kfl I CL =50pF 17 30 38 45 ns 
Enable Time I CL =150 pF 22 40 50 60 ns 

tpHZ. tpLZ Maximum Output RL =1 kfl 17 30 38 45 ns 
DisableTime CL =50 pF 

tTHL. tTLH Maximum Output CL =50 pF 6 12 15 18 ns 
Rise and Fall Time 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

COUT Maximum Output 15 20 20 20 pF 
Capacitance 

Cpo Power Dissipation (per output) G=Vcc 12 pF 
Capacitance (Note 5) G=GND 45 pF 

Note 5: Cpo determines the no load dynamic power consumption, Po = Cpo Vcc2 f + ICC V CC.and the no load dynamic current consumption, IS = Cpo Vee f + IcC. 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 

\ 
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~ Semiconductor 
MM54HCT543/MM74HCT543 
Octal Registered Transceiver 

General Description 
This octal transceiver utilizes microCMOS technology, 
3.0 micron silicon gate N-well CMOS, and is intended for 
two-way asynchronous communication between data 
buses. These devices possess the low power consump­
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. They are also Input and out­
put compatible with LS-TTL, and can drive up to 15 LS-TTL 
loads. All inputs are protected from damage due to static 
discharge by diodes to Vee and ground. 

The HCT543 contains two sets of Ootype latches for tem­
porary storage of data flowing in either direction. Separate 
latch enable and output enable inputs are provided for 
each register to permit Independent control of inputting 
aod outputting in either direction of data flow. 

PRELIMINARY 

microCMOS 

Features 
• TTL Input compatible 
• Octal TRI-STATE outputs for IlP bus applications 
• Output drive capability: 15 LS-TTL loads 
• Large output current: 6 mA 
• Back-to·back registers for storage 
II Separate controls for data flow in each direction 

1/0 Control Table 

Inputs Latch Status Output Buffers 

EAB LEAB OEAB A·to·B BO-B7 

H X X Storing Hi-Z 
X H Storing 
X H Hi-Z 
L L L Transparent Current A Inputs 
L H L Storing Previous A Inputs * 

For data flow from A to B, for example, the A-to·B enable 
(EAB) input must be 'low' in order to enter data from AO-A7 
or take data from BO-B7, as indicated in the I/O Control 
Table. With EAB low, a low signal on A-to·B latch enable 
(LEAB) input makes the A-to-B latches transparent; a sub­
sequent low-to-high transition of the LEAB signal puts the 
A latches in the storage mode and their outputs no longer 
change with the A inputs. With EAB and OEAB both low, 
the TRI-STATE@ B output buffers are active and reflect the 
data present at the output of the A latches. Control of data 
flow from B to A is similar, but uses the EBA, LEBA and OEBA 
inputs. 

* Before 'i:EA'B low-to-hlgh transition 

H = high voltage level 

Logic Diagram 

.--------------.., 
I DETAIL A I I D a 

I : 
I I 
I I 

AD 

I I 
_J 

A1 

A2 
A3 

A4 DETAIL Ax7 

A5 

A6 
A7 

EBA 

BO 

B1 

B2 
B3 

B4 

B5 

B6 

B7 

DEAB 

EAB 

LEBA ------------~ 
L-___________ LEAB 

TLIF15750·1 

L= low voltage level 

X = don't care 

tA-to-S data flow shown: B-to-A flow control is the same, except uses 
EM, ITBA and 'C5"EBA 

Connection Diagram 

Dual·ln·Line Package 

A3 , 24 A2 

A4 23 A1 

A5 22 AD 

A6 21 DEAB 

A7 20 LEBA 

Vee 19 ill 

B7 18 GND 

B6 17 EAR 

B5 16 LEAB 

B4 1D 15 DEBA 

B3 11 14 BD 

B2 12 B1 

TOP VIEW 

TLlFIS7S0·2 
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PRELIMINARY 

MM54HCT544/MM74HCT544 microCMOS 
Octal Registered Inverting Transceiver 

General Description 
This octal transceiver utilizes microCMOS technology, 
3.0 micron silicon gate N-well CMOS, and is intended for 
two-way asynchronous communication between data 
buses. These devices possess the low power consump­
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. They are also input and out­
put compatible with LS-TTL, and can drive up to 15 LS-TTL 
loads. All inputs are protected from damage due to static 
discharge by diodes to Vce and ground. 

The HCT544 contains two sets of D-type latches for tem­
porary storage of data flowing in either direction. Separate 
latch enable and output enable inputs are provided for 
each register to permit independent control of inputting 
and outputting in either direction of data flow. 

For data flow from A to B, for example, the A-to-B enable 
(EAB) input must be 'low' in orderto enter data from AO-A7 
or take data from BO-B7, as indicated in the 110 Control 
Table. With EABlow, a low signal on A-to-B latch enable 
(LEAB) input makes the A-to-B latches transparent; a sub­
sequent low-to-high transition of the LEAB signal puts the 
A latches in the storage mode and their outputs no longer 
change with the A inputs. With EAB and OEAB both low, 
the TRI-STATE® B output buffers are active and reflect the 
data present at the output of the A latches. Control of data 
flow from B to A is similar, but uses the EBA, LEBA and OEBA 
inputs. 

Logic Diagram 
,..-------------., 
I D a DETAIL A I 
I ~ I 
I I 

BO 

I I 
I I 

AD 

I I L_____ _J 

A1 B1 

A2 B2 

A3 B3 

A4 DETAIL Ax7 B4 

AS B5 

A6 B6 

A7 B7 

OEBA DEAB 

EBA EAB 

LEBA LEAB 

TLlF/5749·' 

Features 
• Inverting outputs 
• TTL input compatible 
• Octal TRI-STATE outputs for /LP bus applications 
• Output drive capability: 15 LS-TTL loads 
• Large output current: 6 mA . 
• Back-to-back registers for storage 
• Separate controls for data flow in each direction 

1/0 Control Table 
Inputs Latch Status 

EAB LEAB OEAB A-to-B 

H X X Storing 
X H Storing 
X H 
L L L Transparent 

L H L Storing 

* Before LEAB low·to·high transition 

H = high voltage level 

L = low voltage level 

X = don't care 

Output Buffers 

BO-B7 

Hi-Z 

Hi-Z 

Current A Inputs 
Previous A Inputs * 

tA-to B data flow shown: B-to-A flow control is the same, except uses 
EBA, LEBA and 0E8A 

Connection Diagram 

Dual-In-Line Package 

A3 A2 

A4 A1 

AS Ail 

A6 21 DEAB 

A7 20 LEBA 

Vee 19 EBA 

B7 18 GND 

B6 17 EAB 

B5 16 LEAB· 

84 10 15 OE8A 

83 11 ·14 80 

82 12 13 81 

TDPVIEW 

TLlF15749·2 
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PRELIMINARY 

MM54HCT550/MM74HCT550 Octal Registered '-----m_ic_ro_C_M_OS---J 

Tran'sceiver with Status Flags 
General Description 
This octal transceiver utilizes microCMOS technology, 
3.0 micron silicon gate N-well CMOS, and is intended for 
two-way asynchronous communication between data 
buses. These devices possess the low power consump­
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. They are also input and out­
put compatible with LS-TTL, and can drive up to 15 LS-TTL 
loads. All inputs are protected from damage due to static 
discharge by diodes to Vee and ground. 

The MM54HCT550/MM74HCT550 contain two 8-bit regis­
ters for temporary storage of data flowing in either direc­
tion. Each register has its own clock pulse and clock 
enable inputs, as well as a flag flip-flop that is set 
automatically as the register is loaded. Each flag flip-flop 
is provided with a clear input, and each register has a 
separate output enable control for its TRI-STATE" buffers. 
The separate clocks, flags and enables provide consider­
?-ble flexibility as 1/0 ports for demand-response data 
transfer. 

Data applied to the A inputs is entered and stored on the 
rising edge of the A clock pulse (CPA), provided that the A 
clock enable (CEA) is low; simultaneously, the status flip­
flop is set and the A-to-B fiag (FAB) output goes high. Data 

Logic Diagram 

AO 

r----------- -, 
DETAIL A I 

I I 
I 
I 
I 
I 

F+-t--t-BO 

Al Bl 

A2 B2 

A3 B3 
A4 DETAIL Ax7 B4 

AS B5 

A6 B6 

A7 87 

thus entered from the A inputs is present at the inputs to 
the B output buffers, but appears only on the B 1/0 pins 
when the B output enable (OEB) signal is made low. After 
the B output data is assimilated, the receiving system 
clears the A-to-B flag flip-flop by applying a low-to-high 
transition to the CFAB input. Optionally, the OEA and 
CFAB pins can be tied together and operated by one func­
tion from the receiving system. 

Data flow from B-to·A proceeds in the same manner de­
scribed for A-to-B flow. Inputs CEB and CPB enter the Bin­
put data and set the B-to-A flag (FBA) output high. A low 
signal on OEA enables the A output buffers and a low-to­
high transition on CFBA clears the FBA flag. 

Features 
C TTL compatible inputs 

[] Output drive: 15 LS-TTL loads 

[] Large output current: 6 mA 

tI Back-to-back registers for storage 

[] Register status flag flip-flops 
1:1 Separate edge-detecting clears for flags 

Connection I?iagram 

Dual·ln·Line Package 

A3 28 A2 

A4 27 Al 

AS 26 AO 

CF8A 25 jill 

F8A 24 CPB 

A6 23 ill 

A7 22 GND 

Vee 21 ill 

87 20 CPA 

B6 10 19 0Iii 

FAB 11 18 BG 

CFAB 12 17 Bl 

85 13 16 B2 

84 14 15 83 

TDPVIEW 
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PRELIMINARY 

MM54HCT551/MM74HCT551 Octal Registered 
Inver~ing Transceiver with Status Flags 

microCMOS 

General Description 
This octal transceiver utilizes microCMOS technology, 
3.0 micron silicon gate N-well CMOS, and is intended for 
two-way asynchronous communication between data 
buses. These devices possess the low power consump­
tion of CMOS circuitry, yet have speeds comparable to low 
power Schottky TTL circuits. They are also input and out­
put compatible with LS-TTL, and can drive up to 15 LS-TTL 
loads. All inputs are protected from damage due to static 
discharge by diodes to Vee and ground. 

The MM54HCT551/MM74HCT551 contain two 8-bit regis­
ters for tempo,rary storage of data flowing in either direc­
tion. Each register has its own clock pulse and clock 
enable inputs, as well as a flag flip-flop that is set 
automatically as the register is loaded. Each flag flip-flop 
is provided with a clear input, and each register has a 
separate output enable control for its TRI-STATE® buffers. 
The separate clocks, flags and enables provide consider­
able flexibility as 1/0 ports for demand-response data 
transfer. 

Data applied to the A inputs is entered and stored on the 
rising edgeof the A, clock pulse (CPA), provided that the A 
clock enable (CEA) is low; simultaneously, the status flip­
flop is set and the A-to-S flag (FAS) output goes high. Data 

Logic Di~gram I 

ro:I::--:---------l 
I CP I 

AO a I 
I 
I 
I 

thus entered from the A inputs is present at the inputs to 
the B output buffers, but appears only on the B 1/0 pins 
when the B output enable (OEB) signal is made low. After 
the B output data is assimilated, the receiving system 
clears the A-to-B flag flip-flop by applying a low-to-high 
transition to the CFAB input. Optionally, the OEA and 
CFAB pins can be tied together and operated by one func­
tion from the receiving system. 

Data flow from B-to-A proceeds in the same manner de­
scribed for A-to-B flow. Inputs CES and CPB enter the B in­
put data and set the B-to-A flag (FBA) output high. A low 
signal on OEA enables the A output buffers and a low-to­
high transition on CFBA clears the FBA flag. 

Features 
• Inverting outputs 

• TTL compatible inputs 

• Output drive: 15 LS-TTL loads 

• Large output current: 6 mA 

• Back-to-back registers for storage 

• Register status flag flip-flops 

• Separate edge-detecting clears for flags 

Connection Diagram 

Dual·ln-Line Package 

A3 28 A2 

A4 27 A1 
>-~--+-BO 

, AS 26 AO 

CF8A 25 ilEA 

FBA 24 CPB 

A1 A6 23 ill 
A2 

A3 A7 22 GNO 

A4 DETAIL Ax7 

AS 
Vee 21 Wi 

A6 87 20 CPA 
A7 

86 19 DEB 

FAB 18 BO 

CFAB 17 81 

85 16 82 

84 15 B3 

TOP VIEW 

TlIF15747·2 

TlIFIS747·1 
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~ Semiconductor microCMOS 

M M 54HCT563/M M7 4HCT563 
TRI-STATE® Octal D-Type Latch with Inverted Outputs 
General Description 
These high speed OCTAL O-TYPE LATCHES utilize 
microCMOS Technology, 3.0 micron silicon gate N-well 
CMOS. They possess the high noise immunity and low pow­
er consumption of standard CMOS integrated circuits, as 
well as the ability to drive 15 LS-TTL loads. Due to the large 
output drive capability and the TRI-STATE feature, these 
devices are ideally suited for interfacing with bus lines in a 
bus or~anized system. . 

When the LATCH ENABLE (LE) input is high, the Q outputs 
will follow the inversion of the 0 inputs. When the LATCH 
ENABLE goes low, data at the 0 inputs will be retained at 
the outputs until LATCH ENABLE returns high again. When 
a high logic level is applied to the OUTPUT CONTROL in­
put, all outputs go to a high impedance state, regardless of 
what signals are present at the other inputs and the state of 
the storage elements. 

Connection Diagram 

The 54HCT174HCT logic family is speed, function and pin­
out compatible with the standard 54LSli4LS logic family. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Features 
• Typical propagation delay: 13 ns 
• Low input current: 1 /LA maximum 
• Low quiescent current: 80 /LA maximum (74 series) 
• Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TTL loads 
• TTL input characteristic compatible 

Dual-In-Llne Package 

Truth Table 

LATCH 
Vee 1 G 2G 311 cG 5a 6lJ 711 aa ENABLE 

OUTPUT 1 D 20 30 CD 50 60 70 ao GNO 
CONTROL 

TOP VIEW 

MM54HCT563/MM74HCT563 

54HCT563 (J) 74HCT563 (J,N) 

Output Latch Data Output Control Enable 

,L H H L 
L H L H 
L L X aD 
H X X Z 

H = high level, L = low level 

00 = level of output before steady-state input 
conditions were established 

Z = high impedance 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+ 1.5V Supply Voltage(Vee) 4.5 5.5 V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage a Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,Vour) 

DC Output Current, per pin (lour) ±35mA Operating Temperature Range(T A) 
MM74HCT -40 +85 °C 

DC Vee or GND Current, per pin (ICe) ±70mA MM54HCT -55 +125 °C 
Storage Temperature Range (TSTG) - 65°C to + 150°C Input Rise or Fall Times 
Power Dissipation (PD) (Note 3) 500mW' (tr, tf) 500 ns 
Lead Temperature (T d (Soldering 10 seconds) 260°C 

DC Electrical Characteristics 
Vee = 5V ± 10% (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA = -40 to 85°C TA= -55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH- Minimum High Level VIN = VIH or VIL 
Output Voltage Iiourl = 20 }.LA Vee Vee- 0.1 Vee- O.1 Vee- 0.1 V 

Ilourl=6.0 mA, Vee=4.5V 4.2 3.98 3.84 3.7 V 
[lourl = 7.2 mA, Vee = 5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage [lourl=20 }.LA a 0.1 0.1 0.1 V 

IloUTI =6.0 mA, Vee=4.5V 0.2 0.26 0.33 0.4 V 
Iiourl = 7.2 mA, Vee= 5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=Vee orbND. ±0.1 ±1.0 ±1.0 }.LA 
Current VIH or VIL 

loz Maximum TRI-STATE Vour=Vee or GND ±0.5 ±5.0 ±10 }.LA 
Output Leakage Enable=VIH or VIL 

. 
Current 

Ic;:e Maximum Quiescent VIN=Vee or GND 8.0 80 160 }.LA 
Supply Current lour=O }.LA 

VIN = 2.4V or O.4V (Note 4) mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified \3.11 voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWre from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: Measured per pin. All others tied to Vee or ground. 
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AC Electrical Characteristics MM54HCT563/MM74HCT563 

Vcc=5.0V. tr=tf=6 ns TA=25°C (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL. tpLH Maximum Propagation Delay CL =45 pF 18 25 ns 
Data to Output 

tpHL. tpLH Maximum Propagation Delay CL =45 pF 21 30 ns 
Latch Enable to Output 

tPZH. tpZL Maximum Enable Propagation Delay CL =45 pF 20 28 ns 
Control to Output RL =1 kn 

tpHZ. tpLZ Maximum Disable Propagation Delay CL =5 pF 18 25 ns 
Control to Output RL=1 kn 

tw Minimum Clock Pulse Width 16 ns 

ts Minimum Setup Time Data to Clock 5 ns 

tH Minimum Hold Time Clock to Data 10 ns 

AC Electrical Characteristics MM54HCT563/MM74HCT563 

Vcc=5.0V ±10%. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
T A = - 40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation CL =50 pF 22 30 37 45 ns 
Delay Data to Output CL =150 pF 30. 40 50 60 ns 

tPHL. tpLH Maximum Propagation Delay CL =50 pF 25 35 44 53 ns 
Latch Enable to Output CL =150 pF 32 45 56 68 ns 

tpZH. tPZL Maximum Enable Propagation CL =50 pF 21 30 37 45 ns 
Delay Control to Output CL =150 pF 30 40 50 60 ns . RL =1 k.o. 

tpHZ. tpLZ Maximum Disable Propagation CL =50 pF 21 30 37 45 ns 
Delay Control to Output RL =1 k.o. 

tw Minimum Clock Pulse Width 16 20 24 ns 

ts Minimum Setup Time Data to Clock 5 6 8 ns 

tH Minimum Hold Time Clock to Data 10 13 20 ns 

CIN Maximum Input Capacitance 10 10 10 pF 

COUT Maximum Output Capacitance 20 20 20 pF 

CPO Power Dissipation Capacitance (Note 5) G=Vcc pF 
G=GND pF 

-
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~National 
D Semiconductor 

microCMOS 

MM54HCT564/MM74HCT564 
TRI-STATE® Octal D-Type Flip-Flop with Inverted Outputs 
General Description 
These octal D-type flip-flops utilize microCMOS Technol­
ogy, 3.0 micron silicon gate N-well CMOS. They possess the 
high noise immunity and low power consumption of stan­
dard CMOS integrated circuits as well as the ability to drive 
15 LS-TTL loads. Due to the large output drive capability 
and the TRI-STATE feature, these devices are ideally suited 
for interfacing with bus lines in a bus organized system. 

These devices are positive edge triggered flip-flops. Data at 
the D inputs, meeting the set-up and nold time require­
ments, are transferred to the Q outputs on positive going 
transitions of the CLOCK (CK) input. When a high logic level 
is applied to the OUTPUT CONTROL (OC) input, all outputs 
go to a high impedance state, regardless of what signals are 
present at the other inputs and the state of the storage 
elements. 

Connection Diagram 

The 54HCT174HCT logic family is speed, function, and pin­
out compatible with the'standard 54LS174LS logic family. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to Vee and ground. 

Features 
II Typical propagation delay: 15 ns 

• Low input current: 1 p.A maximum 
• Low quiescent current: 80 p.A maximum (74 Series) 
• Compatible with bus-oriented systems 
II Output drive capability: 15 LS-TTL loads 
• TTL input characteristic compatible 

, Dual-In-Llne Package 

Truth Table 

OUTPUT 10 20 30 40 50 60 70 80 GNO 
CONTROL 

TDPVlEW 

MM54HCT564/MM74HCT564 

54HCT564 (J) 74HCT564 (J,N) 

Output Clock Data Control 

L i H 
L i L 
L L X 
H X X 

H = High Level, L = Low Level 
X = Don't Care 
i = Transition from low· to-high 
Z = High Impedance State 

Output 

L 
H 

00 
Z 

TL/F/5211-1 

00 = The level of the output before steady state 
Input conditions were established 
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Absolute Maxim.um Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee + 1.5V Supply Voltage(Vee) 4.5 5.5 V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,Vour) 

DC Output Current, per pin (lour) ±35mA 
Operating Temperature Range(T A) 

MM74HCT -40 +85 °C 
DC Vee or GND Current, per pin (led ±70mA MM54HCT -55 +125 °C 
Storage Temperature Range (T STG) - 65·C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr, t,) 500 ns 

Lead Temperature (Td (Soldering 10 seconds) 260·C 

DC Electrical Characteristics 
Vee=5V ±10% (unless otherwise specified) 

TA=25·C 
74HCT 54HCT 

T A = - 40 to 85·C T A = - 55 to 125·C 
Symbol Parameter Conditions Units 

01 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 

Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 

Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI = 20 p.A Vee Vee- 0.1 Vee- 0.1 Vee- 0.1 V 

IIOUTI = 6.0 rnA, Vee = 4.5V 4.2 3.98 3.84 3.7 V 

IIOUTI = 7.2 rnA, Vee = 5.5V 5.7 4.98 4.84 . 4.7 V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage IIOUTI = 20 p.A 0 0.1 0.1 0.1 V 

IIOUTI=6.0 rnA, Vee=4.5V 0.2 0.26 0.33 0.4 V 

Ilourl=7.2mA, Vee=5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=Vee or GND, ±0.1 ±1.0 ±1.0 p.A 
Current VIH or VIL 

loz Maximum TRI-STATE VOUT=Vee or GND ±0.5 ±5.0 ±10 p.A 
Output Leakage Enable = VIH or VIL 
Current 

Icc Maximum Quiescent VIN = Vee or GND 8.0 80 160 p.A 
Supply Current lour=O p.A 

VIN=2.4V or 0.5V (Note 41 rnA 

Noto 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Noto 2: Unless otherwise specified all voltages are referenced to ground. 

Noto 3: Power Dissipation temperature derating - plastic UN" package: -12 mWrC from 65°C to B5°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 

Noto 4: Measured per pin. All others tied to Vce or ground. 

t 
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AC Electrical Characteristics MM54HCT564/MM74HCT564 

VCC = 5.0V. tr = tf = 6 ns T A = 25°C (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
LImit 

fMAX Maximum Clock Frequency 50 30 MHz 

tpHL. tpLH Maximum Propagation Delay CL =45 pF 20 32 ns 
to Output 

tPZH. tPZL Maximum Enable Propagation Delay CL =45 pF 19 28 ns 
Control to Output RL =1 kn 

tpHZ. tpLZ Maximum Disable Propagation Delay CL =5pF 17 25 ns 
Control to Output RL =1 kn 

tw Minimum Clock Pulse Width 20 ns 

ts Minimum Setup Time Data to Clock 5 ns 

tH Minimum Hold Time Clock to Data 16 ns 

AC Electrical Characteristics MM54HCT564/MM74HCT564 -
Vcc=5.0V ±10%. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA = -40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

fMAX Maximum Clock 30 24 20 MHz 
Frequency 

tpHL. tpLH Maximum Propagation Delay CL =50 pF 22 36 45 48 ns 
to Output CL =150 pF 30 46 57 69 ns 

tpZH. tPZL . Maximum Enable Propagation CL =50 pF 21 30 37 45 ns 
Delay Control to Output CL =150 pF 30 40 50 60 . ns 

RL =1 kn· 

tPHZ. tpLZ Maximum Disable Propagation YL =50 pF 21 30 37 45 ns 
Delay Control to Output RL =1 kn 

tw Minimum Clock Pulse Width 16 20 24 ns 

ts Minimum Setup Time Data to Clock 20 25 30 ns 

tH Minimum Hold Ti'me Clock to Data 5 5 5 ns 

CIN Maximum Input Capacitance 10 10 10 pF 

COUT Maximum Output Capacitance 20 20 20 pF 

CPO Power Di,ssi·pation Capacitance (Note 5) G=Vcc pF 

G=GND pF 

Note 5: CPO determines the no load power consumption. Po=Cpo Vce2 f+lee Vcc. and the no load dynamic current consumption.ls=Cpo Vee f+ Icc. 
Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits. 

I 
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~National 
~ Semiconductor 
MM54HCT573/MM74HCT573 
TRI-STATE® Octal D-Type Latch 
General Description 

microCMOS 

These high speed octal Ootype latches utilize microCMOS 
Technology, 3.0 micron silicon gate N-well CMOS. They 
possess the high noise immunity and low power consump­
tion of standard CMOS integrated circuits, as well as the 
ability to drive 15 LS-TIL loads. Due to the large output 
drive capability and the TRI-STATE feature, these devices 
are ideally suited for interfacing with bus lines in a bus orga­
nized system. 

devices. These parts are also plug in replacements for LS­
TIL devices and can be used to reduce power consumption 
in existing designs. 

When the LATCH ENABLE(LE) input is high, the Q outputs 
will follow the 0 inputs. When the LATCH ENABLE goes 
low, data at the 0 inputs will be retained at the outputs until 
LATCH ENABLE returns high again. When a high logic level 
is applied to the OUTPUT CONTROL input, all outputs go to 
a high impedance state, regardless of what signals are pres­
ent at the other inputs and the state of the storage ele­
ments. 

MM54HCT IMM7 4HCT devices are intended to interface be­
tween TIL and NMOS components and standard CMOS 

All inputs are protected from damage due to static dis­
charge by diodes to Vee and Ground. 

Features 
1:1 TIL input characteristic compatible 
1:1 Typical propagation delay: 14 ns 
1:1 Low input current: 1 iJoA maximum 
1:1 Low quiescent current: 80 iJoA maximum 
c Compatible with bus-oriented systems 
c Output drive capability: 15 LS-TIL loads 

Connection Diagram 
Dual-In-Line Package 

Truth Table 

LATCH 
Vee 10 2Q 3Q 4Q 50 50 70 eo ENABLE 

OUTPUT 10 20 3D 40 50 60 70 80 GNo 
CONTROL 

TOP VIEW 

MM54HCT573/MM74HCT573 

54HCT573 (J) 74HCT573 (J,N) 

Output Latch 
Data Output Control Enable 

L H H H 
L H L L 
L L X Qo 
H X X Z 

H = high level. L = low level 
00 = level of output before .steady-state input 
conditions were established. 
Z = high impedance 
X = Don't care 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units 

DC Input Voltage (YIN) -1.5 to Vee + 1.5V Supply Voltage(Ved 4.5 5.5 V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,Vour) 

DC Output Current, per pin (lour) ±35mA Operating Temperature Range(T A) 
MM74HCT -40 +85 °C 

DC Vee or GND Current, per pin (led ±70mA MM54HCT -55 +125 °C 
Storage Temperature Range (TsrG) - 65°C to + 150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr, tf) 500 ns 
Lead Temperature (Tu (Soldering 10 seconds) 260°C 

DC Electrical Characteristics 
Vee=5V ±10% (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA = -40 to 85°C TA= -55 to 125"C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 . V 
Input Voltage 

VOH Minimum High Level VIN=VIH orVIL 
Output Voltage Iiourl = 20 /LA Vee Vee-O.1 Vee- 0.1 Vee- O.1 V 

Ilourl=6.0 rnA, Vee=4.5V 4.2 3.98 3.84 3.7 V 
Ilourl=7.2 rnA, Vee=5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage Iiourl =20 /LA 0 0.1 0.1 0.1 V 

Iiourl =6.0 rnA, Vee=4.5V 0.2 0.26 0.33 0.4 V 
Iiourl = 7.2 rnA, Vee = 5.5V 0.2 0.26 '0.33 0.4 V 

liN Maximum Input VIN=VeeorGND, ±0.1 ±1.0 ±1.0 /LA 
Current VIH orVIL 

loz Maximum TRI-STATE Vour=Vee or GND ±0.5 ±5.0 ±10 /LA 
Output Leakage Enable=VIH orVIL 
Current 

Icc Maximum Quiescent VIN=VeeorGND 8.0 80 160 /LA 
Supply Current 10ur=0 /LA 

VIN = 2.4V or 0.5V (Note 4) rnA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. -Note 4: Measured per pin. All others tied to Vee or ground. 

-
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AC Electrical Characteristics Vcc=5V, TA=25°C, tr=tf=6 ~s 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL, tpLH Maximum Propagation Delay, Data to a CL =45 pF 12 19 ns 

tpHL, tpLH Maximum Propagation Delay, Clock to a CL =45 pF 12 20 ns 

tpZH, tpZL Maximum Output Enable Time RL =1 kO 13 25 ns 

CL =45 pF 

tpHZ, tpLZ Maximum Output Disable Time RL =1 kO 11 20 ns 

CL =5 pF 

ts Minimum Set Up Time 10 15 ns 

tH Minimum Hold Time 2 5 ns 

tw Minimum Pulse Width 10 16 ns 

AC Electrical Characteristics Vcc=5V±10%, tr=tf=6 ns, CL =50 pf (unless otherwise noted.) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
T A = - 40 to 85°C T A = - 55 to 125°C 

Units 
Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation CL =50 pF 14 22 28 33 ns 
Delay Data to Q CL =150 pF 21 30 38 40 ns 

tPHL, tpLH Maximum Propagation CL =50 pF 14 23 29 35 ns 
Delay, Clock to Q CL =150 pF 21 31 47 47 ns 

tpZH, tPZL Maximum Output Enable RL =1 kO 
Time CL=50 pF 15 28 35 42 ns 

CL =150 pF 24 36 45 54 ns 

tpHZ, tpLZ Maximum Output Disable RL =1 kO 
Time CL =50 pF 13 25 31 38 ns 

ts Minimum Set Up Time 10 15 19 22 ns 

tH Minimum Hold Time 5 5 5 ns 

tw Minimum Pulse Width 9 16 20 24 ns 

tTLH, tTHL Maximum Output Rise CL=50 pF 
and Fall Time 7 12 15 18 ns 

CPO Power Dissipation Capacitance OE=Vcc 30 pF 
(Note 5) OE=GND 50 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

COUT Maximum Output 15 20 20 20 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vee2 f+lee Vee, and the no load dynamic current consumption, 
Is=Cpo Vee f+lee· 

Note 6: Refer to back of this section for Typical MM54n4HC AC Switching Waveforms and Test Circuits . 

• 
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~National . 
~ Semiconductor microCMOS 

MM54HCT57 4/MM7 4HCT57 4 
TRI-STATE® Octal O-Type Flip-Flop 

General Description 
These high speed octal D-type flip-flops utilize micro­
CMOS Technology, 3.0 micron silicon gate N-well CMOS. 
They possess the high noise immunity and low power con­
sumption of standard CMOS integrated circuits, as well as 
the ability to drive 15 LS-TTL loads. Due to the large output 
drive capability and the TRI-ST ATE feature, these devices 
are ideally suited for interfacing with bus lines in a bus orga­
nized system. 

These devices are positive edge triggered flip-flops. Data at 
the 0 inputs, meeting the set-up and hold time require­
ments, are transferred to the Q outputs on positive going 
transitions of the CLOCK (CK) input. When a high logic level 
is applied to the OUTPUT CONTROL (OC) input, all outputs 
go to a high impedance state, regardless of what signals are 
present at the other inputs and the state of the storage 
elements. 

Connection Diagrams 

MM54HCT IMM7 4HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vee and Ground. 

Features 
• TTL input characteristic compatible 
• Typical propagation delay: 15 ns 
• Low input current: 1 ,.,.A maximum 

• Low quiescent current: 80 ,.,.A maximum 
.. Compatible with bus-oriented systems 
.. Output drive capabflity: 15 LS-TTL loads 

Dual·ln·Lin~ Package 

Truth Table 

Output 
Control 

L 
L 
L 
H 

LATCH 
Vee 1a 2a 3a 4a 5a 6a 7a 8a ENABLE 

OUTPUT 10 20 30 40 50 60 , 70 80 GNO 
CONTROL 

Clock· 

i 
i 
L 
X 

TOP VIEW 

MM54HCT57 4/MM7 4HCT57 4 

TL/F/5213-1 

54HCT574 (J) 74HCT574 (J,N) 

Data Output 

H H 
L L 
X Qo 
X Z 

1-532 

H = High Level. L = Low Level 

x = Don't Care 

i = Transition from low-to-high 

Z = High impedance state 

00 = The level of the output before steady state 
input conditions were established 



Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee> -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Ved 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±35mA 
Operating Temperature Range(T N 

MM74HCT -40 +85 ·C 
DC Vee or GND Current, per pin (Icc> ±70mA MM54HCT -55 +125 ·C 
Storage Temperature Range (T STG) -65·Cto +150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr, tf) 500 ns 

Lead Temperature (T U (Soldering 10 seconds) 260·C 

DC Electrical Characteristics 
Vee=5V ±100/0 (unless otherwise specified) 

TA=25·C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA = -40 to 85·C TA = -55 to 125·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI = 20 fJ-A Vee Vee-0.1 Vee- 0.1 Vee- 0.1 V 

lIouTI=6.0mA, Vee=4.5V 4.2 3.98 3.84 3.7 V 

IIOUTI = 7.2 mA, Vee = 5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage IIOUTI = 20 fJ-A 0 0.1 0.1 0.1 V 

IIOUTI =6.0 mA, Vee=4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI=7.2mA, Vee=5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND, ±0.1 ±1.0 ±1.0 fJ-A 
Current VIH orVIL 

loz Maximum TRI·STATE VOUT = Vee or GND ±0.5 ±5.0 ±10 p.A 
Output Leakage Enable = VIH or VIL 
Current 

lee Maximum Quiescent VIN = Vee or GND 8.0 80 160 /LA 
Supply Current 10UT=0 p.A 

VIN = 2.4V or 0.5V (Note 4) mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mW/oC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 

Note 4: Measured per pin. All others tied to Vee or ground. 
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AC Electrical Characteristics Vcc=5V, TA=25"C, tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed Units 
Limit 

fMAX Maximum Operating Frequency 50 r 35 MHz 

tpHL, tpLH Maximum Propagation Delay, Clock to Q CL =45 pF 12 20 ns 

tpZH, tpZL Maximum Output Enable Time RL =1 kn 13 25 ns 
CL =45 pF 

tPHZ, tpLZ Maximum Output Disable Time RL =1 kn 11 20 ns 
CL =5pF 

ts Minimum Set-Up Time ·20 ns 

tH Minimum Hold Time 0 ns 

tw Minimum Pulse Width 16 ns 

AC Electrical Characteristics Vcc=5V±10%, CL =?O pF, tr=tf=6 ns (unless otherwise specified) 

TA=2S"C 
74HCT S4HCT 

Symbol Parameter Conditions 
TA= -40t085"C TA= -55 to 125"C 

Units 
Typ Guaranteed Limits 

fMAX Maximum Operating Frequency 30 24 20 MHz 

tpHL, tpLH Maximum Prop~ation CL =50 pF 13 23 29 35 ns 
Delay, Clock to Q CL =150 pF 19 31 47 47 ns 

tpZH, tpZL Maximum Output Enable Time RL =1 kn 

CL =50pF 14 28 35 42 ns 
CL =150 pF 20 36 45 54 ns 

tpHZ, tpLZ Maximum Output Disable Time RL =1 kn 
CL =50pF 12 25 31 38 ns 

ts Minimum Set-Up Time 20 25 30 ns 

tH Minimum Hold Time 0 0 0 ns 

tTHL, tTLH Maximum Output Rise CL =50 pF 7 12 15 18 ns 
and Fall Time 

tw Minimum Pulse Width 9 16 20 24 ns 

tr,tf . Maximum Output Rise 500 500 500 ns 
and Fall Time 

CPO Power Dissipation Capacitance OC=VCC· 30 pF 
(Note 5) OC=GND 50 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

COUT Maximum Output Capacitance 15 20 20 20 pF 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54174HC AC Switching Waveforms and Test Circuits . 

. 
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~National 
~ Semiconductor 

microCMOS 

MM54HCT590/MM74HCT590 a-Bit Binary Counter with 
TRI-STATE® Output Register 

General Description 
These counters are implemented using an advanced 
3.0 micron silicon gate N-well microCMOS process to 
achieve high performance. These devices retain the low 
power of CMOS logic, while offering the high speed opera­
tion and large output drive typically associated with 
bipolar circuits. This device is input compatible with 
54LS/74LS and other TIL output compatible circuits, and 
may be used as a 10llfer power direct replacement for the 
LS equivalent device. 

The MM54HCT590/MM74HCT590 contain an 8-bit binary 
counter which feeds an 8-bit register. The counter is incre­
mented on the rising edge of the CCK input, provided that 
clock enable, CCKEN, is low. When the counter increments 
to the all ones condition ripple carry out, RCO, wili go low. 
This enables either synchronous cascading of the counters 
by connecting the RCO of the first stage to the CCKEN of the 
second, or clocking both circuits in paraliel. Ripple cascading 
is accomplished by connecting the RCO of the first to the 
CCK of the second stage. A clear input is also provided which 
will reset the counter to the all zeros state. 

Connection Diagram 

The output register is loaded with the contents of the 
counter on the rising edge of the register clock, RCK. The 
outputs of this register feed TRI-STATE outputs which are 
enabled when the enable input, G, is taken low. This 
enables connection of this part to a system bus. 

The MM54HCT590/MM74HCT590 are functional, speed 
and pin equivalent to the equivalent LS-TIL circuit, and 
may be used as a direct replacement for the equivalent 
LS-TIL IC. Its inputs are protected from damage due to 
electrostatic discharge by diodes from Vee to ground. 

Features 
iii Wide power supply range: 4.5V to 5.5V 
EI Guaranteed TIL compatible input logic levels: 2.0V and 

0.8V ' 

I!J Wide operating frequency range: 30 MHz 
• High output current drive: 6.0 mA min 
II Low quiescent power consumption: 80 p.A (74HCT) 

Dual-ln-L1ne Package 

OB 16 Vee 

Oe 15 OA 

OD G 

Oe 4 13 

OF 12 CCKEN 

OG 11 CCK 

OH CCLR 

GND RCO 

TOP VIEW 

TUF/5768-1 
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Logic Diagram 
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~National 
~ Semiconductor 

microCMOS 

MM54HCT592/MM74HCT592 a·Bit Binary Counter 
with Input Register . 
MM54HCT593/MM74HCT593 a·Bit Binary Counter 
with Bidirectional Input Register/Counter Outputs 

General Description 
These counters are implemented using an advanced 
3.0 micron silicon gate N-well microCMOS process to 
achieve high performance. These devices retain the low 
power of CMOS logic, while offering the high speed opera­
tion and large output drive typically associated with 
bipolar circuits. This device is input compatible with 
54LS/74LS and other TIL output compatible circuits, and 
may be used as a lower power direct replacement for the 
LS equivalent device. 

The MM54HCT592/MM74HCT592 and the MM54HCT5931 
MM74HCT593 contain an 8-bit register which feeds an 8-bit 

. binary counter. The counter is incremented on the rising 
edge of the CCK input, provided that clock enable, CCKEN, 
is low. When the counter increments to the all ones condition, 
ripple carry out, RCO, will go low. This enables either 
synchronous cascading of the counters by connecting the 
RCO of the first stage to the C'CK'EN of the second, or 
clocking both circuits in parallel. Ripple cascading is accom­
plished by connecting the RCO of the first to the CCK of the 
second stage. A clear input is also provided which will reset 
the counter to the all zeros state. 

The input register is loaded on the rising edge of the 
register clock) RCK. The outputs of this register feed the 
counter. The counter is loaded with the register's contents 
when the clock load, CD5'Ao, input is taken low. 

Connection Diagrams 

Dual-In-Line Package 
MM54HCT592/MM74HCT592 

H. 

GND 

TOP VIEW 

Vee 

CLOAO 

RCK 

CCKEN 

11 CCK 

10 CCLR 

RCO 

TLlF15769·1 

The 'HCT592 differs from the 'HCT593 in that the latter 
device has bidirectional input/output pins. The TRI-STATE@ 
outputs of the counter can be enabled and are active when 
enable input, G, is taken low and input G is taken high. The 
outputs of the counter then appear on the register inputs. 
This enables connection of this part to a system bus. The 
'HCT593 also has a second clock enable pin, CKEN, which 
is active high and it also has an active low register clock 
enable, RCKEN. 

The MM54HCT592/MM74HCT592 and the MM54HCT5931 
MM74HCT593 are functional, speed and pin equivalent to 
the'equivalent LS-TIL circuit and may be used as a direct 
replacement for the equivalent LS-TIL IC. Their inputs are 
protected from damage due to electrostatic discharge by 
diodes from Vee to ground. 

Features 
CI Wide power supply range: 4.5V to 5.5V 

1II Guaranteed TIL compatible input logic levels: 2.0V and 
0.8V 

[J Wide operating frequency range: 30 MHz 

[J High output current drive: 6.0 mA min 

(l Low quiescent power consumption: 80 I(A (74HCn 

Dual-In-Line Package 
MM54HCT593/MM74HCT593 

A/OA 20 Vee 

BlOB 19 

C/Oe 1B 

D/Oo 17 RCKEN 

E/OE 16 RCK 

F/OF 15 CCKEN 

G/OG 14 CCKEN 

H/OH 13 CCK 

CLOAD 12 CCLR 

GND 10 11 RCO 

TOP VIEW 
TLlF/5769·2 
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Logic Diagrams (Continued) 
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~Nationa~ , 
ztJ Semiconductor 

PRELIMINARY 

microCMOS 
MM54HCT640/MM74HCT640 
Inverting Octal TRI-STATE·® Transceiver 
MM54HCT643/MM74HCT643 
True-Inverting Octai TRI-STATE Transceiver 

General Description 
These TRI-STATE bi-directional buffers utilize micro­
CMOS Technology, 3.0 micron silicon gate N-well CMOS, 
and are intended for two-way asynchronous communication 
between data buses. They have high drive current outputs 
which enable high speed operation even when driving large 
bus capacitances. These circuits possess the low power 
consumption of CMOS circuitry, yet have speeds compara­
ble to low power Schottky TTL circuits. 

All devices are TTL input compatible and can drive up to 15 
LS-TTL loads, and all inputs are protected from damage due 
to static discharge by diodes to Vee and ground.-

Both the MM54HCT640174HCT640 and the MM54HCT6431 
74HCT643 have one active low enable input I G), and a direc­
tion control (DIR). When the DIR input is high, data flows 
from the A inputs to the B outputs. When DIR is low, data 
flows from B to A. The MM54HCT640174HCT640 transfers 

inverted data from one bus to the other. The MM54HCT6431 
74HCT643 transfers inverted data from the A bus to the B bus 
and non-inverted data from the B bus to the A bus. 

MM54HCT IMM74HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
C TTL Input Compatible 

C Octal TRI-STATE outputs for J-LP bus applications: 
6 mA, typical. 

C High Speed: 12 ns typical propagation delay 

C Low power: 80 J-LA maximum (74HCn 

Connection Diagrams Dual-In-Line Package 
ENABLE ENABLE 

Vee G B 1 B2 B3 B4 B5 B6 B7 Vee G B 1 82 B3 84 85 86 87 88 

OIA "" A3 1.7 A8 GNO OIR A1 ,t,3 "'. A6 A8 GND 

TOP VIEW TL/F/5344-1 TOP VIEW TL/F/5344-2 

MM54HCT640/MM74HCT640 MM54HCT643/MM74HCT643 

54HCT640 (J) 74HCT640 (J,N) 54HCT643 (J) 74HCT643 (J,N) 

Truth Table 
Control 

Operation 
Inputs 

G DIR 640 643 

L L B data to A bus B data to A bus 

L H A data to B bus A data to B bus 

H X Isolation Isolation 

H=high level, L=low level, X = irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Vec) 4.5 5.5 V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,Vour) 

DC Output Current, per pin (lour) ±35mA Operating Temperature' Range(T A> 
MM74HCT -40 +85 ·C 

DC Vee or GND Current, per pin (Icc) ±70mA MM54HCT -55 +125 ·C 
Storage Temperature Range (TSTG) - 65·C to + 150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr,t,) 500 ns 

Lead Temperature (T U (Soldering 10 seconds) 260°C 

DC Electrical Characteristics (Vee=5V ±10%, unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
T A = - 40 to 85°C T A = - 55 to 125·C 

Units III 
Typ Guaranteed LImits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IloUTI = 20 p.A Vee Vee-O.1 Vee-O.1 Vee-O.1 V 

Ilourl=6.0mA, Vee=4.5V 4.2 3.98 3.84 3.7 V 
IloUTI=7.2mA, Vee=5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage IloUTI = 20 p.A 0 0.1 0.1 0.1 V 

Iiourl = 6.0mA, Vee= 4.5V 0.2 0.26 0.33 0.4 V 
Ilourl=7.2mA, Vee=5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND, ±0.1 .±1.0 ±1.0 p.A 
Current VIH orVIL 

IOZ Maximum TRI- Vour=VeeorGND ±0.5 ±5.0 ±10 p.A 
STATE Output EnableG = VIH or VIL 
Leakage Current 

Icc Maximum Quiescent VIN=VeeorGND 8 80 160 p.A 
Supply Current IOUT=Op.A 

VIN = 2.4V or 0.5V 0.6 1.0 1.3 1.5 p.A 
(Note 4) 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 
Note 4: Measured per input. All other inputs held at Vee or ground. 

I 

AC Electrical Characteristics MM54HCT640/MM74HCT640 

Vee=5.0V, tr=tf=6 ns, TA=25°C (unless otherwise specified) (Note 6) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limits 

tpHL, tpLH Maximum Output CL =45pF 13 20 ns 
Propagation Delay 

tpZL, tpZH Maximum Output . CL=45pF 29 40 ns 
Enable Time RL =1 kn 

tpLZ, tpHZ Maximum Output CL =5pF 20 25 ns 
Disable Time RL =1 kn 
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AC Electrical Characteristics MM54HCT640/MM74HCT640 
Vcc=5.0V ± 10%.tr=tf=6 ns (unless otherwise specified) 

TA=25·C 
,74HCT 54HCT 

Symbol Parameter Conditions 
T A = - 40 to 85·C TA = -55 to 125·C 

Units 
Typ Guaranteed Limits 

tPHL. tpLH Maximum Output CL =50 pF 17 23 29 34 ns 
Propagation Delay CL =150 pF 17 30 38 45 ns 

tpZH. tPZL Maximum Output RL =1kn I CL =50 pF 31 42 53 63 ns 
Enable Time I CL =150 pF 35 49 62 74 ns 

tpHZ. tpLZ Maximum Output RL =1kn ~ 21 30 I 38 45 ns 
Disable Time CL =50 pF 

tTHL. tTLH Maximum Output 6 12 15 18 ns 
Rise and Fall Time 

CIN Maximum Input 10 15 15 15 pF 
Capacitance 

COUT Maximum Output 15 20 20 20 pF 
Capacitance 

CPD Power Dissipation (per output) §=VCC 7 pF 
Capacitance (Note 5) G=GND 100 pF 

AC Electrical Characteristics MM54HCT643/MM74HCT643 

Vcc=5.0V. tr "",tf=6 ns. TA=25·C (unless otherwise specified) (Note 6) 

Symbol Parameter Conditions Typ Guaranteed Units Limits 

tpHL. tpLH Maximum Output CL =45 pF 13 20 ns 
Propagation Delay 

tpZL. tpZH Maximum Output CL =45 pF . 29 40 ns 
Enable Time RL=1 kn 

tpLZ. tpHZ Maximum Output CL =5 pF 20 25 ns 
Disable Time RL =1 kn 

AC Electrical Characteristics MM54HCT643/MM74HCT643 

Vcc=5.0V ± 10%. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions T A = - 40 to 85°C TA = -55 to 125·C Units 
Typ Guaranteed Limits 

tpHL. tpLH Maximum Output CL =50 pF 17 23 29 34 ns 
Propagation Delay CL =150 pF 17 30 38 45 ns 

tpZH. tpZL Maximum Output RL =1kn 1 CL =50 pF 31 42 53 63 ns 
Enable Time . I CL =150 pF 35 49 62 74 ns 

tpHZ. tpLZ Maximum Output RL= kn 21 30 38 45 ns 
Disable Time CL =50 pF ns 

tTHL. tTLH Maximum Output 6 12 15 18 ns 
Rise and Fall Time 

CIN Maximum Input 10 15 15 '15 pF 
Capacitance 

COUT Maximum Output 15 20 20 20 pF 
Capacitance 

CPD Power Dissipation (per output) §=VCC 7 pF 
Capacitance (Note 5) G=GND 100 pF 

Note.S: cpo determines the no load power consumption. Po=CpOVCC2f +lccVcc. The no load dynamic current consumption,ls=CpoVcc +lcC. 
Note 6: Refer to back of this section for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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~National 
. ~ Semiconductor microCMOS 

MM54HCT688/MM74HCT688 
8-Bit Magnitude Comparator (Equality Detector) 

General Description 
This equality detector utilizes microCMOS Technology, 3.0 
micron silicon gate N-well CMOS to compare bit for bit two 
8-bit words and indicate whether or not they are equal. The 
P = Q output indicates equality when it is low. A single active 
low enable is provided to facilitate cascading of several 
packages and enable comparison of words greater than 8 
bits. 

This device is useful in memory block decoding applica­
tions, where memory block enable signals must be generat­
ed from computer address information. 

The comparator combines the low power consumption of 
CMOS, but inputs are compatible with TIL logic levels, and 
the output can drive 10 low power Schottky equivalent 
loads. 

Connection and Logic Diagrams 

Dual-ln-L1ne Package 

MM54HCT IMM74HCT devices are intended to interface be­
tween TIL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TIL devices and can be used to reduce power consumption 
in existing designs. 

All inputs are protected from damage due to static dis­
charge by diodes to Vee and ground. 

Features 
• TIL Input Compatible 
a Typical propagation delay: 20 ns 
a Low quiescent current: 80 /LA maximum (74HCT series) 
r.II Large output current: 4 mA 
• Same as HCT521 

Vcc P = a 07 P7 06 P6 as PS 04 P4 07 

11 

06 

05 

04 

10 

G PO 00 PIal P2 02 P3 03 GND 

TOP VIEW TL/F/S018-1 

MM54HCT688/MM74HCT688 

54HCT688 (J) 74HCT688 (J,N) 

Truth Table 
Inputs 

Data 
Enable P=Q 

P,Q G G (1) 

P=Q L L 
P>Q L H TLlF/5018-2 

P<Q L H 
X H H 

1-543 

III 



Absolute Maximum Ratings (Notes 1 & 2) o.perating Conditions 
Supply Voltage (Vee) -0.5 to + 7.0V Min ' Max Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage{Vec> 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A) 
MM74HCT688 -40 +85 °C 

DC Vee or GND Current, per pin (IcC> ±50mA MM54HCT688 "":55 +125 °C 
Storage Temperature Range (TSTG) - 65°C to + 150°C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr, tt) 500 ns 
Lead Temperature (T U (Soldering 10 seconds) 260°C 

DC Electrical Characteristics 
(Vcc=5V ±10% unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA= -40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 " V 
Input Voltage 

VOH Minimum High Level VIN = 0.8V or 2.0V 
Output Voltage IIOUTI = 20 /-LA Vcc Vcc-·1 Vee-·1 Vcc-·1 V 

IIOUTI=4.0 mA, Vce=4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI=4.8mA, Vce=5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN = VO.8V or 2.0V 
Voltage IIOUTI =20 /-LA 0 0.1 0.1 0.1 V 

IIOUTI =4.0 mA, Vce=4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI=4.8 mA, Vee=5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VCCorGND ±0.1 ±1.0 ±1.0 /-LA 
Current 

Icc Maximum Quiescent VIN = Vec or GND 8.0 80 160 /-LA -
Supply Current IOUT=O /-LA 

VIN = 2.4V or O.4V (Note 4) mA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC trom 65°C to 85°C; ceramic "J" package: ~12 mWrC trom 
100°C to 125°C. 
Note 4: Measured per pin. All other inputs held at Vee or ground. 
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AC Electrical Characteristics VCC = 5V, T A 0= 25° C, CL = 15 pF, tr '-= tf 0-= 6 ns (unless otherwise specified I 

Guaranteed 

Symbol Parameter Conditions Typ Limit Units 

tpHL Maximum Propagation 19 30 ns 

Delay - P or Q to Output 

tpLH Maximum Propagation 13 22 ns 

Delay - P or Q to Output 

tpHL Maximum Propagation 13 20 ns 

Delay - Enable to Output 

tpHL Maximum Propagation 10 18 ns 

Delay - Enable to Output 

AC Electrical Characteristics Vcc = 5V ± 10%, CL = 50 pF, tr == t f = 6 ns (unless otherwise specified.) 

74HCT 54HCT 

TA = 25°C TA = -40°C to 85°C TA = -55 to 125°C 

Symbol Parameter Condition Typ Guaranteed Limits Units 

tpHL Maximum Propagation 23 35 44 53 ns 
Delay - P or Q to Output 

tpLH Maximum Propagation 16 24 30 36 ns 
Delay - P or Q to Output 

tpHL Maximum Propagation 16 24 30 36 ns 
Delay - Enable to Output 

tpLH Maximum Propagation 11 20 25 30 ns 
Delay - Enable to Output 

-

tTHL' tTLH Maximum Output Rise 8 15 19 22 ns 
and Fall Time 

CPD Power Dissipation 45 pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption. Po = Cpo vee2 f+lee and the no load dynamic current consumption. 
IS = Cpo Vee f+lee· 
Note 6: Refer to back of this section for Typical MM54/74HCT AC Switching Waveforms and Test Circuits. 

\ 

./ 

" 
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~National 
~ Semiconductor microCMOS 

MM54HCU04/MM74HCU04 Hex Inverter 

General Description Features 
• Typical propagation delay:? ns 

• Fan out of 15 LS-TTL loads 

These inverters utilize microCMOS Technology, 3.5 micro 
silicon gate P-well CMOS, to achieve operating speeds simi­
lar to LS-TTL gates with the low power consumption of stan­
dard CMOS integrated circuits. 

• Quiescent power consumption: 10. p.A maximum 
at room temperature 

The MM54HCU04/MM?4HCU04 is an unbuffered inverter. 
It has high noise immunity and the ability to drive 15 LS-TTL 
loads. The 54HC174HC logic family is functi<;mally as well as 
pin-out compatible with the standard 54LS174LS logic fami­
ly. All inputs are protected from damage due to static dis­
charge, by internal diode clamps to Vee and ground. 

• Typical input current: 10-5 p.A 

Connection and Schematic Diagrams 

Vee 

14 

Al 

Dual-In-Llne Package 

AS Y8 AS Y5 

13 12 11 10 • 

Yl A2 Y2 A3 

TOP VIEW 
MM54HCU04/MM74HCU04 

A4 

Y3 

54HCU04 (J) 74HCU04 (J,N) 

Vee 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Ved 

DC Input Voltage (VIN) 

DC Output Voltage (VOUT) 

Clamp Diode Current (11K. 10K) 

DC Output Current. per pin (lOUT) 

-0.5 to + 7.0V 

-1.5 to Vee+1.5V 

-0.5 to Vee+0.5V 

DC Vee or GND Current. per pin (led 

Storage Temperature Range (TSTG) 

±20mA 

±25mA 

±50mA 

- 65·C to + 150·C 

Power Dissipation (Po) (Note 3) 

Lead Temperature (T U (Soldering 10 seconds) 

500mW 

260·C 

DC Electrical Characteristics (Note 4) 

Symbol 

VOH 

VOL 

ICC 

Parameter 

Minimum High Level 
Input Voltage 

Maximum Low Level 
Input Voltage . 

Minimum High Level 
Output Voltage 

Maximum Low Level 
Output Voltage 

Maximum Input 
Current 

Maximum Quiescent 
Supply Current 

Conditions 

VIN=VIL 
IIOUTI :::20 JJ-A 

VIN =GND 

IIOUTI ::: 4.0 mA 
IIOUTI ::: 5.2 mA 

VIN=VIH 
IIOUTI :::20 JJ-A 

VIN = Vee 
IIOUTI :::6.0 mA 
IIOUTI :::7.8 mA 

VIN=Vee or GND 

VIN = Vee or GND 

IOUT=O JJ-A 

Vee 

2.0V 
4.5V 
6.0V 

2.0V 
4.5V 
6.0V 

2.0\1 

Typ 

2.0 
4.5V 4.5 
6.0V 6.0 

4.5V 4.2 
6.0V 5.7 

2.0V 
4.5V 
6.0V 

o 
o 
o 

4.5V 0.2 
6.0V 0.2 

6.0V 

6.0V 

Operating Conditions 
Min 

Supply Voltage(Ved 2 

DC Input or Output Voltage 0 

(VIN.VOUT) 

Operating Temperature Range(T A) 
MM74HC -40 
MM54HC -55 

Input Rise or Fall Times 

(tr• tf) VCC=2V 
Vee=4.5V 
Vce=6.0V 

Max 
6 

Vee 

+85 
+125 

1000 
500 
400 

74HC 54HC 

1.7 
3.6 
4.8 

0.3 
0.8 
1.1 

1.8 
4.0 
5.5 

3.98 
5.48 

0.2 
0.5 
0.5 

0.26 
0.26 

±0.1 

2.0 

T A = - 40 to 85·C T A = - 55 to 125·C 

Guaranteed Limits 

1.7 
3.6 
4.8 

0.3 
0.8 
1.1 

1.8 
4.0 
5.5 

3.84 
5.34 

0.2 
0.5 
0.5 

0.33 
0.33 

±1.0 

20 

1.7 
3.6 
4.8 

0.3 
0.8 
1.1 

1.8 
4.0 
5.5 

3.7 
5.2 

0.2 
0.5 
0.5 

0.4 
0.4 

i1.0 

40 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
V 

V 

·C 
·C 

ns 
ns 
ns 

Units 

V 
V 
V 

V 
V 
V 

V 
V 
Vi 

V 
V 

V 
V 
V 

V 
V 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 125°C. 

Note 4: For a power supply of 5V ±10% the worst case output voltages (VOH. and You occur forHC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V is 3.85V.) The worst case leakage current (lIN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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AC Electrical Characteristics 
Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter 

Maximum Propagation 
Delay 

Conditions 

AC Electrical Characteristics 

Typ 

7 

Guaranteed 
Limit 

13 

Units 

ns 

Vee = 2.0V to 6.0V. CL = 50 pF. tr = tf = 6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Cond"itions Vee T A = - 40 to 85°C T A = - 55 to 125°C 

Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation 2.0V 49 82 103 120 
Delay 4.5V 9.9 16 21 24 

6.0V 8.4 14 18 20 

tTLH. tTHL Maximum Output Rise 2.0V 30 75 95 110 
and Fall Time 4.5V 8 15 19 22 

6.0V 7 13 16 19 

CPD Power Dissipation (per gate) 90 
Capacitance (Note 5) 

CIN Maximum Input 8 . 15 15 15 
Capacitance 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

Note 5: CPD determines the no load dynamic powe; consumption. PD = CPD V cc2 f + Icc V cc. and the no load dynamic current consumption. 
Is = CPD Vce f+ Icc. . 

Note 6: Refer to Section 1 for Typical MM54/74 HC AC Switching Waveforms and Test Circuits. 

Typical Applications 

FIGURE 1. Crystal Oscillator 

'­
TL/F/5296-3 

rl>-I>-rl>~VOUT 

TL/F/5296-4 

FIGURE 2. Stable RC Oscillator 

>C~+--VOUT 

TL/F/5296-5 

FIGURE 3. Schmitt Trigger 
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INPUT 

INPUT 

INPUT 

TRUE 
OUTPUT 

INVERTED 
OUTPUT 

MM54HC/MM74HC AC Switching Test 
Circuits and Timing Waveforms 

Vee 

DEVICE 
UNDER 
TEST 

T ~L (NDTE '1) 

':' 

TL/F/5376-1 

Teat Circuit for Push Pull Outputs 

Vee 

DEVICE 
UNDER 
TEST 

r CL (NOTE 1) 

TL/F/5376-3 

Test Circuit for Open Drain Outputs 

"------ GND 

TL/F/5376-4 

Propagation Delay Waveforms 

VOL 

VOH 
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Vee SI (NOTE 2) 

DEVICE 
INPUT UNDER 

TEST 

Jecl"T") 
':' 

Tl/F/5376-2 

Telt Circuit for TRI-STATE Output Telts 

Not. 1: CL includes load and test jig capacitance. 

Not. 2: S 1 = Vee for tpZL. and tpLZ measurements. 
S 1 = Gnd for tpZH. and tpHZ measurements. 

POSITIVE 
INPUT 
PULSE 

NEGATIVE 
INPUT 
PULSE 

,----GND 

I----Vee 

TlIF/5376-5 

Input Pulle Width Waveforms 

l>:I: 
Oil· 
C:T 
_. (J) 
I»-c 
~CD 
I» CD 
30. 
00 

3: 
0 
(J) 
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MM54HC/MM74HC AC Switching-Test 
Circuits and Timing Waveforms (Continued) 

Ir-___ -----VCC 

CLOCK OR LATCH 
ENABLE INPUT 

(NOTE 3) 

POSITIVE 
DATA 
INPUT 

NEGATIVE 
DATA 
INPUT 

"----VOL 

---- ,.....--- VOH 

\-

15- IH) 

: 50' 

TL/F/5376-6 

Setup and Hold Time Waveforms 

OUTPUT 
CONTROL 

(LOW ENABLING) 

OUTPUT 

OUTPUT 

VOL 

Ir------vcc 

CLOCK 
INPUT --------..I .. +----~--- GND 

(NOTE 3) 

ACTIVE LOW 
CLEAR OR 

ENABLE 

ACTIVE 
HIGH CLEAR OR 

ENABLE 

._----+------- VOH 

-------- VOL 

-------- VOH 

1'----------- VOL 

TLlF/5376-7 

Removal Time Waveforms 

"-----------GND 

------VOH 

TL/F/5376-8 
TRI-STATE Output Enable and Disable Waveforms 

Note 3: Waveform for negative edge sensitive circuits will be inverted 
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INPUT 

INPUT 

INPUT 

TRUE 
OUTPUT 

INVERTED 
OUTPUT 

MM54HCT/MM74HCT AC Switching Test 
Circuits and Timing Waveforms 

Vee 

DEVICE 
UNDER 
TEST 

T CL(NOTE 1) 

TL/F/5376-1 

Test Circuit for Push Pull Outputs 

Vee 

DEVICE 
UNDER 
TEST 

TCl(NOTE 1) 

TL/F/5376-3 

Test Circuit for Open Drain Outputs 

TL/F/537~-9 / 

Propagation Delay Waveforms 
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INPUT 

Vee 

DEVICE 
. UNDER 

TEST 

J"'N"" 1 

TLlF/5376-2 

Test Circuit for TRI-STATE Output Teats 

Note 1: CL includes load and test jig capacitance. 

Note 2: 51 ~ Vee for tpZL. and tpLZ measurements. 
S 1 = Gnd for tpZH. and tpHZ measurements. 

POSITIVE 
INPUT 
PULSE 

NEGATIVE 
INPUT 
PULSE 

1'---- GND 

[I----3.DV 

TL/F/5376-10 

Input Pulse Width Waveforms 
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C::T 
_I (J) 
I»"'C 
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00 

3: 
o 
(J) 



MM54HCT/MM74HCT AC Switching Test 
Circuits and Timing Waveforms (Continued) 

w--------3.0V 

CLOCK OR LATCH 
ENABlE INPUT 

(NOTE 3) 

POSITIVE 
DATA 
INPUT 

'-----VOL 

NEGATIVE 
DATA 
INPUT 

-----.. ---- VOH 

'tIS- IH) 
~ U. 

TL/F/5376-11 

Setup and Hold Time Waveforms 

OUTPUT 
CONTROL 

(LOW ENABLING) 

OUTPUT 

OUTPUT 

VOL 

~~----3.0V 

CLOCK 
INPUT --------1'-+-------- GND 

(NOTE 3) 

ACTIVE LOW 
CLEAR OR 

ENABLE 

ACTIVE 
HIGH CLEAR OR 

ENABLE 

,_----+-------VOH 

-------- VOL 

--------VOH 

1'----------- VOL 

TL/F 15376-12 

Removal Time Waveforms 

90"1. • :Kf!..----------3.0V 

1.3V 

"'------------GND 

'------VOL 

,,-----VOH 

TLlF/5376-13 

TRI-STATE Output Enable and Disable Wav,forms 

Note 3: Waveform for negative edge sensitive circuits will be Inverted 
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Section 2 

Semi-Custom Circuits 



Introduction 
Gate arrays are very popular semi-custom IC products. 
They can be thought of as the next step in the evolution of 
complex chips. 

In brief, a gate array is a geometric pattern of basic gates . 
contained on one chip. It is possible to selectively inter­
connect these gates to form a complex function for cus­
tomer-specific logic applications. 

This concept originated a number of years ago in many 
computer houses. The more recent appearance of gate ar­
rays in major new computer systems has attracted atten­
tion to this technique of providing digital circuits. 

PRODUCING THE SYSTEM·ON·A·CHIP 

Gate arrays take the industry one step closer to the com­
plete system on a single silicon chip. The objective is to 
combine the logic of a large number of 551 and MSI pack­
ages (which would occupy a large part of a PC board) and 
squeeze all this logic onto a single gate array chip. Sys­
tems designers will therefore exchange logic chip cata­
logs for macrocell libraries, and PC board layouts for 
placement and routing of interconnects on a silicon wafer. 
Circuit design is finally returning to the systems houses. 

Through the modern miracle of software, systems de­
signers will convert their logic diagrams into the detailed 
information that is needed to make IC interconnection 
masks. The semiconductor manufacturer will then make 
these masks and pattern some existing, nearly finished 
wafers with this custom interconnect pattern .. 

Software-generated test tapes will verify product func­
tionality, and these ICs will then be shipped to the 
customer-a cycle that is not much different from photo­
graphic film processing: a roll of film is sent in, and prints 
are returned. 

There are many benefits that result from the use of gate 
arrays. One of the more important is the reduction in the 
time required to design a new system. Performance 

advantages also result because of higher levels of inte­
gration, yielding higher speed for the same power dissipa­
tion, or a reduction in power consumption. The smaller 
total number of external connections between compo­
nents also increases system reliability. 

DESIGNING GATE ARRAY PRODUCTS 

The major events involved in designing a gate array are 
shown in Figure 2-1. 

Taken in sequence, the steps are: 

1. The entry (by the customer) of the logic design into a 
computer system via a graphic capture or a netlist (an 
alphanumeric format). 

2. A logic simulation then ensures the proper functioning. 
During this phase, test programs are generated and 
fault-graded to ensure adequate detection of bad chips. 
The sol ution·to this testing problem is a major part of the 
gate array design and often requires additional logic. To 
help solve this problem, special circuitry has been in­
cluded in the base array design of National's larger array 
chips. 

3. With a proper logic diagram (which also solves the 
testing requirements), the next step is the placement or 
location of the specific macrocells. This is followed by 
a routing program that interconnects the macros: Tran­
sient analysis programs can then show the timing to 
expect since the added capacitance loading of the ac­
tual interconnect lines is used. 

4. From here, pattern generator (PG) tapes are made 
which allow the fabrication of the masks: 1st·layer 
metal, 2nd-layer metal, and the via mask for connection 
between the metal layers. These masks are then used 
to pattern your custom logic onto existing silicon 
wafers. 

5. Finished parts are final tested and shipped, completing 
the design cycle. 

FIGURE 2·1. The Development System for Gate Arrays 
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PROVIDING NEW GATE ARRAY TECHNOLOGIES, 

National continues to develop new technologies for high­
performance gate arrays and offers a dual-metal silicon­
gate CMOS family, as well as a high-speed bipolar ECl 
family. The SCX series CMOS gate arrays have been in pro­
duction in both 3-micron and 2-micron drawn geometries 
and provide typical gate delays of 2 ns and 1 ns, respec­
tively. For applications demanding sub-nanosecond 
delays, the MCA series of ECl gate arrays is available and 
provides the ultimate in high-speed performance. 

DESIGN AUTOMATION IS THE KEY TO SUCCESS 

National's design automation tools start with a full com­
plement of hardware 'macros, the basic building blocks 
from which a user can select functions to implement his 
logic. From these logic blocks come an ever increasing list 
of software macros. These are made up of hardware 
macros that have been pre-arranged and verified for 7400 
series logic implementation. 

All hardware and software macros are supported by a fully 
integrated CAE/CAD system that includes graphic work­
station data entry, timing verification, logic simulation, 
fault grading, design verification, and 100% auto-place­
and-route. 

Device 2-lnput 
(Technology) Eq. Gates 

SCX6306 (3 ~m) 648 

SCX6312 (3 ~m) 1260 

SCX6324 (3 ~m) 2385 

SCX6348 (3 ~m) 4860 
SCX6360 (3 ~m) 6090· 

SCX6206 (2 ~m) 648 
SCX6212 (2 ~m) 1260 

SCX6224 (2 ~m) 2385 

SCX6248 (2 ~m) 4860 
SCX6260 (2 ~m) 6090· 

The present product offerings in CMOS gate arrays are 
listed in Figure 2-2. 

Notice that the new 2 ~m products have internal prop­
agation delays of only 1 ns and can be operated at up to 
110 MHz toggle frequencies. The largest array size con­
tains 6090 equivalent 2-input gates. 

THE USE OF NEWER PACKAGES 

These new gate array products have large numbers of 
potential inputs and outputs to accommodate' different 
design architectures. National has developed new pack­
ages for these devices such as the 124-pin grid array (PGA) 
shown in Figure 2,-3. 

Specific array designs, however, can be done in a wide 
variety of package options, including leaded chip carriers, 
plastic and 'ceramic leadless chip carriers, and standard 
DIPs. lead counts range from 28 to 172 pins. 

The customer offerings in semi-custom will be expanded 
to include cell arrays and functional block arrays. This is a 
very dynamic market-please contact your National sales 
representative for the current status of our semi-custom 
circuit capability. 

Internal Toggle 
tpD (ns) Frequency (MHz) 

2.0 70 

2.0 70 

2.0 70 

2.0 70 

2.0 70 

1.0 110 
1.0 110 

1.0 110 

1.0 110 

1.0 110 

• Plus 2500 additional gates for on-Chip self test. 

FIGURE 2·2. Current CMOS Gate Arrays 

\ . . \ 

\ \ 

, r , 
\ I 

i 'I 1 

" 
i I 

I • 

f ' 

FIGURE 2·3. A 124·Pin Grid Array Package for the 2.4k Array 
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SCX Series of 2·Micron and 3·Micron CMOS Gate Arrays 

Technology Device 2·lnput Gate 
Eq. Gates Delay (ns)t 

3p. 6306 648 2 
6312 1260 2 
6324 2385 2 
6325 2430 2 
6348 4860 2 
6360· 6090 2 

2p. 6212 1260 1 
6224 2385 1 
6225 2430 1 
6248 4860 1 
6260· 6090 1 

• advanced gate array architecture with on-chip test facility 

ttypical 2-lnput gates 

*assumes fanout of 3 for typical 0 fliplflop 

Features 

Toggle 
Freq. (MHz)* Input Pads 

70 -
70 17 

70 55 

70 12 
70 53 

70 66 

110 17 

110 55 
110 12 
110 53 
110 66 

110 Pads 

37 

42 

56 

76 
54 

88 

42 

56 
76 

54 
88 

• Latch·up proof, state·of·the-art 3p./2/J. dual·metal silicon-gate microCMOS technology 

• Ultra·high perforr'f!ance-2 ns/1 ns typical gate delays 
• High density-to the equivalent of 6000 2·input gates 

• Self·test capability-available on 6000·gate devices 

• Advanced high-density packages-up to 172 pins 
• Complete hardware/software macrocell libraries 
• 100% auto-place-and-route-supported by a fully Integrated design automation 

system 

• Full 8838 screening over military temperature range 
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~National 
~ Semiconductor 

microCMOS 

sex 6324 microCMOS 2.4k Gate Array 
NSOOOU Option User's Note 

Introduction 
The SCX 6324 CMOS 2.!'1k Gate Array is fabricated on a 
3-micron, dual metal, N- Well, 5V microCMOS Process 
which typically provides internai propagation delay of 2ns 
for a 2-input NAND gate. 

The Test Chip Option of the SCX 6324A (NSOOOU option) 
contains all macro cells currently available for design 
(as of October, 1982). It is intended for engineering eval­
uation and as a sampling part for AC performance dem-
onstration. . 

A schematic drawing follows and a test setup scheme is 
shown on page 2-9. 

Test Set Up 
The Test Chip option of the SCX6324 contains circuitry 
for engineering evaluation of macro functions that are 
currently available. Some circuits may have unprotected 
Inputs/outputs, thus evaluations should be done under a 
controlled environment. Users are advised to use only 
those circuits that are mentioned in this note. Connec­
tions to any other pins may cause damage to the device. 

A test set-up scheme is suggested in Figure 4 for refer­
ence, together with a selection table for each macro 
given in Table 1. 

Input Pull·Up: All inputs (except pins 87 and 88) are 
provided with internal pull-up; grounded inputs will 
source approximately 8/AA each at 25°C and VDD = 5V. 

AC Performance of a Macro: The outputs of all macros 
are fed to the external pins via a MUX and an output buf­
fer, so their exact AC performance should be found by 
subtracting the delay due to these MUXs and buffers. 
Pins 59 and 55 (labelled as "input signal reference") can 
be used to determine this extra delay. 

Internal TRI·STATE® Macro: S9 and S10 are TRI-STATE 
buffers intended for use within the array. They are 
brought out to the external pin in this Test Chip option. A 
scope probe with low loading should be used to give 
better approximation of their performance. A low capaci­
tance FET probe. is recommended. It is unlikely that 
much less than 8-10pF of parasitic loading can be 
achieved. (See Note 2.) 

Unprotected I/O Pins: There are I/O pins in this option 
that are not protected. Extreme care should be exercised 
in using them to avoid latch-up, oxide rupture, etc. 
NOTE: This document also applies to the 2-micron sex 6224 test chip in 

terms of circuit configuration and pin arrangement. 
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Metal Loading Evaluation: Three strings of inverters are 
included in this Test Chip for the metal loading evalua­
tion. One is without any extra metal loading except for 
interconnect; the other two are loaded with 200-mil run 
of either metal 1 or metal 2 at each inverter stage_ Refer 
to the schematic drawing for details. (See Note 1_) 

Notes: 
1. Other than on these gate strings (see "Metal Loading Evaluation" 

above), no additional loading capacitance Is added. All other macros 
are generally connected with a minimal amount of Interconnect-the 
amount of parasitic capacitance incurred is not shown. 

2. All macros intended for internal array use, but brought directly to 
output pins, are not protected against latch-up. (All true output buffer 
options of the I/O are fully protected.) 

On·Chip Test Circuit 
All options of the SCX6324 are provided with on-chip 
test circuitry, at the cost of a single input pin, to create 
TEST MODE. With this pin active (LOW), two additional 
pre-defined inputs are jointly employed to force all out­
puts to HIGH, LOW or Hi-Z states and thus reduce test 
time in gathering output parametrics. These two pins 
further function as conventional inputs (either TTL or 
CMOS when in TEST MODE, HIGH) with no performance 
penalty apparent to the user. 

TEST MODE CONTROL (TMC): A LOW at this input will 
activate the test circuitry. All output buffers are to be 
driven by TEST DATA (DT) and TRI-STATE TEST 
CONTROL (TSTC) pins. 

TRI·STATE TEST CONTROL (TSTC): A HIGH at this input, 
together with TMC low, puts all TRI-STATE output buf­
fers to Hi-Z state. 

TEST DATA (DT): Input to this pin, with TMC low, forces 
all outputs to either HIGH or LOW. 

TEST CIRCUITRY 
TEST DATA (DT) 

ARRAY (A) 
DATA >---l-O 

TRI-STATE (TSTC) 

TRI-STATE (8) 
(ARRAY) >-~!"-O 

TMC 

FIGURE 1 

OUTPUT 
PIN 

See Table 2 
for Operation 

TUUS113-, 

ocn 
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00') 
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Table 1. Macro Selection 
(See Test Setup) 

,--------
Macro Macro Macro SEL Output 
Type Function Output "S" Input Signal Pin Number 

----- -.. ---------------
S1 2 liP NAND 0 ON A == DO, B:;:.; D1 60 
S2 3 liP NAND 0 ON A:.;: DO, B = D1, C 0--= 02 58 

S3 2 liP NAND w/OB 0 ON A== DO, B == D1 54 for C 
S3 2 liP NAND w/O8 1 OFF A == DO, B = D1 54 for D 

S4 2 liP NOR 0· ON A= DO, B = D1 107 
S5 3 liP NOR ° ON A = DO, B = D1, C == D2 109 

S6 2 liP NORw/OB ° ON A=DO, B =D1 115 forC 
S6 2 lIP NOR w/OB 1 OFF A== DO, B== D1 115 for D 

-.---
S7 Clock Buffer 0 ON A:::: DO 31 
S8 Inverter 0 ON A=DO 33 

S9 TRI-STATE Buffer N/A A= DO, EB == D1 36 
S10 TRI-STATE Buffer N/A A== DO, E == D1 35 

S11 2 lIP Exclusive-OR 1 OFF A= DO, B = D1 108 
S12 NAND RS Latch 0 ON SB = DO, RB == D1 37 for 0 

S12 NAND RS Latch 1 OFF SB == DO, RB == D1 37 for OB 
S13 NOR RS Latch 0 ON R = DO, S = D1 39 for 0 

S13 NOR RS Latch 1 OFF R == DO, S =: D1 39 for OB 
S14 2-2 OR-NAND 0 ON A == DO, B = 01, C = D2, D = D3 47 for E 

S14 2-2 OR-NAND 1 OFF A = DO, B = D1, C = D2, D == D3 47 for F 
S15 2-2 AND-NOR 0 ON A:::; DO, B = D1, C == D2, D = D3 120 for E 

S15 2-2 AND-NOR 1 OFF A = DO, B == D1, C = D2, D :::: D3 120 for F 
S16 2:1 MUX 0 ON A=DO 59 

S16 2:1 MUX 1 OFF B=DO 55 
D1 41/P NAND 0 ON A = DO, B = D1, C = D2, D = D3 56 

D2 51/P NAND 0 ON A = DO, B = D1, C = D2, D = D3, E = D4 57 
D3 3 lIP NAND w/O8 0 ON A:::; DO, B == D1, C = D2 52 for D 

D3 31/P NAND w/O8 1 OFF A = DO, B = D1, C = D2 52 for E 
D4 4 liP NOR 0 ON A = DO, B = D1, C = D2, D = D3 113 

D5 5 liP NOR 0 ON A = DO, B = D1, C == D2, D = D3, E = D4 112 
D6 3 lIP NOR w/OB 0 ON A == DO, B;;: D1, C = D2 117 for D 

06 3 liP NORw/OB 1 OFF A = DO, B:::; D1, C = D2 117 for E 

D9 D Flip-Flop 0 ON CK=DO, D=Dl 43 for 0 
D9 D Flip-Flop 1 OFF CK= DO, D= D1 43 for OB 

T1 D Flip-Flop w/S,R 0 ON CK= DO, D= D1, SB= D2, RB= D3 42 forO 
T1 D Flip-Flop w/S,R 1 OFF CK= DO, D= D1, SB= D2, RB= D3 42 forOB 

Table 2. 
On·Chip Test Circuit Operation 

TMC TSTC DT OUTPUT 

H X X Normal Operation 
L H X Hi-Z (TRI-STATE Buffers Only) 
L L H L 
L L L H 
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1.0 GENERAL DESCRIPTION 

National Semiconductor's'CMOS gate array families uti­
lize a dual layer metal technology (microCMOS) to achieve 
operating speeds similar to Schottky-TTL with the in­
herent lower power consumption of standard CMOS inte­
grated circuits. The families are available In 3-micron (as 
drawn) and 2-micron process technology. The range of 
complexity is currently from 600 to 6000 gates. The gates 
are arranged In cells. Each cell has the equivalent of three 
2-lnput NAND or NOR gates. All outputs have the ability to 
drive 10 LSTTL loads. All Inputs have high noise immunity 
and are protected from static discharge. 

National Semiconductor supports gate array designs with 
a variety of user/vendor interfaces. This ranges from pro­
ducing arrays from the user's schematic to accepting 
databases for mask generation. A large dedicated staff of 
gate array professionals is available to help the user deter­
mine the most efficient and cost effective way to interface 
on any given design. 

The design automation tools include workstation or text 
file entry (for schematic capture), logic and timing verifiers 
to substantiate the actual design, fault grading analysis 
to gauge testability and a large selection of macros (hard­
ware and soUware) to speed and simplify the design. 

2.0 PRODUCT FEATURES 

• 2.0 ns internal propagation delay (3-mlcron) 
• 1.0 ns internal propagation delay (2-mlcron) 

• CMOS power dissipation 
• All Inputs and 1I0s protected from over-voltage and 

latch-up 

• LSTTL drive capability 
• TTL/CMOS Inputs and 1I0s (programmable) 
• Internal test circuitry 
• Full design automation support 

-Schematic capture 
-Logic simulator with timing information 
-Fault grading 
->80% cell utilization . 
-100% automatic placement and routing 

• Extensive hardware and sO,ftware macro library 
• Multiple power rail pin connections 

N-CHANNEL 

• Multiple packaging options in ceramic, plastic, leaded 
and leadless 

• Pin counts to 124 
• Full military specifications 

• Alternately sourced 

2.1 microCMOS Process and Circuit Personalization 

The microCMOS process developed by, National is based 
on P-type starting material, N-well technology and oxide 
Isolation. After the basic transistors are formed (in their 
respective cells), two separate layers of metalizatlon (M1 
and M2) are placed on the wafers. 

The processing steps and tooling requirements for all the 
wafers up to the metal layers are common and fixed. Cir­
cuit patterns-called "options"-are defined by the two 
metal layers and the VIAs. In this way, the user's design (or 
circuit personality) is Imposed on the wafer. 

All SCX gate arrays in the family use the same basic Inter­
nal cell. There are eight pairs of Nand P-type MOS tran­
sistors In each cell (see Figure 2). The power and ground 
lines (Voo and Vss buses, respectively) run up and down 
the cell. This cell is repeated in all four directions to form 
columns and rows In the core of the array. The structure of 
the Internal core Is optimized to the size of each family 
member. 

National Semiconductor maintains an Inventory of gate 
array wafers fabricated up to but before metalization. As 
the customer's options are designed and the last three 
patterns finalized, wafers are taken out of Inventory and 
the fabrication process completed for the metal layers. 

In this way, National Semiconductor can provide gate ar· 
ray users with quick turn-around cost effective designs 
while maintaining the quality, reliability and production 
control of an In-house (5-inch) wafer fab line. 

2.2' Gate Array Basic Cell 

Figure 1 and Figure 2 show a microCMOS cross section 
and the basic internal cell respectively. The geometries 
are not drawn to scale and the exact topology has been 
modified for illustration purposes. 

P-CHANNEL 

FIGURE 1. Cross Section 
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FIGURE 2. Cell 

2.3 Power Dissipation 

An outstanding feature of microCMOS circuits is their low 
power dissipation. CMOS circuits draw electrical curren~ 
for basically two reasons: 

(1) During transition from a logic "0" to a logic "1" or vice 
versa, there exists a finite time when the P·channel and 
N·channel devices associated with the logic element are 
both conducting. The CMOS circuit consumes power dur~ 
ing this transition. 

(2) When signals change state, the distributed capaci· 
tancein the circuit (and its load) need to be either charged 
or discharged. The electrical current required for this pur· 
pose increases power consumption. 

Thus, power dissipation is dependent on operating volt· 
age, nodal capacitance and the frequency of circuit opera· 
tion. Mathematically speaking: 

Po = CV2F 

For estimation purposes, the value of: 

35 /-IW/gate/MHz per gate equivalent can be used for ele· 
ments within the array. 

700 /-IW/MHz/output buffer at 15 pF load or 1500 /-IVY/MHz/ 
output at 50 pF load, can be used for the output buffers. 
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Power dissipation in a CMOS array is typically dominated 
by output buffers driving large capacitive loads. 

Figure 3 will help in estimating power consumption in a 
particular design. 

3k 
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FIGURE 3. Power Consumption vs Frequency 



2.4 Absolute Maximum Ratings 

Exceeding the following absolute maximum ratings may 
result in permanent damage to the device. 

Supply Voltage -0.5Vt07V 

Input or Output Voltage - 0.5V to Voo + 0.5V 
Storage Temperature 

Power Dissipation (Package Dependent) 

Lead Temperature (Soldering, 10 seconds) 

2.6 DC Electrical Characteristics 

-65°Ct0150°C 

1W 
300·C 

2.5 Recommended Operating Conditions 

Min Max 

Voo,Supply Voltage 2 6 

VI. Vo, Input or Output Voltage Vss Voo 
10 , High or Low Level Output 

Current 0 ±25 

100, Voo orVss Current per Pad 0 ±25 

T A, Ambient Operating 
Temperature -40 +85 

Voo = 5V ± 10%, minImax limits apply over recommended operating temperature range unless otherwise specified. 

Symbol Parameter Min Max 

VIH High Level Input Voltage at Vo=0.1Vor Voo-O.1V, 10=20 p.A 0.7 Voo 

VIL Low Level Input Voltage at Vo = 0.5V or Voo - 0.1V, 10 = 20 p.A 0.2 Voo 

VOH High Level Output Voltage at VI = Voo or GND, 10 = 20 p.A Voo-0.05 

VOL Low Level Output Voltage at VI = Voo or GND, 10 = 20 p.A 0.05 

10H High Level Output Current at VI = Voo or GND, Vo=Voo-0.8V -4 

10L Low Level Output Current at VI = Voo or GND, Vo = O.4V 4 

VIHTIL Minimum High Level TIL Input Voltage (for TIL Input Option) at 2 
Vo=0.5VorVoo-0.1V,lo=20p.A 

VILTIL Maximum Low Level TIL Input Voltage (for TIL Input Option) at 0.8 
Vo=0.5V or Voo-0.1V, 10=20 p.A 

II Input Current (Without Pull-Up Resistor) at VI = Voo or GND ±1 

Icc Supply Current at VI = Voo or GND, T A = 25°C 100 

2.7 AC Electrical Characteristics Voo = 5V, T A = 25°C, 3p. process. 

Symbol Parameter Min Max 

t pLH Output Buffer 2.6 6.1 
t pHL (Non-Inverting, non-TRI-STATE®) 2.4 5.7 

tr= tf= 5 ns, OV-5V 
CL=15pF 

tpLH Input Buffer 2.0 4.78 
tpHL (TIL Type, Non-Inverting) 2.5 5.94 

at t r=t,=5 ns, OV-3V 
CL = 1 pF· 

tpLH Input Buffer 1.3 3.0 
tpHL (CMOS Type, Inverting) 0.85 2.0 

at t r=t,=5 ns, OV-5V 
CL = 1 pF 

tpLH Output TRI-STATE 4.5 10.4 
tpHL (Non-Inverting) 4.7 10.9 
tpzL at t r=t,=5 ns 4.6 10.7 
tpZH OV-5V 4.2 9.8 
tpLZ CL=50pF 3.5 8.1 
tpHZ RL = 1 kn 3.5 8.1 

Delays Measured at 50% 
Point Between Start and 
Target Voltage 

t pLH Internal 2-lnput NAND 1.4 3.3 
tpHL at tr = t, = 5 ns, OV-5V 1.8 4.1 
tpHL Load Equivalent to Fan-Out of 1.5 1.2 
tpLH 3 and 100 mils of Interconnect 1.5 1.2 

! 
As Above with CL = 0 pF 
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Units 
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3.0 TOPOLOGY AND ROUTING RESOURCE 
DISTRIBUTION 

The specific topology and routing resource distribution 
have been tailored for each family member. Architectural 
considerations include the ratio of inputs and II0s to total 
cell count, power consumption and package inductance 
to power pins (for simultaneous switching outputs) and 
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routing resources consistent with automatic place and 
route software. Ir.ternal cell utilizations of greater than 
80% can be expected. 

Individual topologies and a family summary follow. 
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4.0 ON·CHIP TEST CIRCUITRY 

Each of the SCX gate arrays is provided with dedicated on· 
chip test circuitry. This circuitry forces all the outputs to 
specific states to facilitate output parametric testing.' 
These parametric tests include leakage and current sourc­
ing/sinking measurements on all output pins. 

The on-chip test circuitry is enabled by a dedicated test 
mode control (TMC) pin. This pin is set aside for testing 
and cannot be used for any other purpose. A low at this in­
put will activate the on-chip test crrcuitry. When the on­
chip tesfcircuitry is activated, the states of all outputs are 
determined by two other inputs; these are TAl-STATE test 
control (TSTC) and data test (Dn. The TSTC and DT can 
share input pins with the user's design. They are only ac­
tive when the TMC is enabled. The TSTC input has prece­
dence over the DT input. 

The TMC input is active for the following discussion. 

When the TSTC input is active, all the output buffers are 
put into a high impedance mode. When TSTC is not active, 
the states of the output buffers are determined by the DT 
input. These two inputs can be assigned to any of the input· 
pins. However, depending on the type of the input macro 
used for these two inputs, the outputs can have quite dif­
ferent states. This is because macros may have inverting 
or non-inverting inputs. 

ON·CHIP TEST CIRCUITRY TRUTH TABLE 

TMC DT TSTC Output 

0 X Active TAl-STATE 
0 Non-Active Non-Active 1 

0 Active Non-Active 0 

DEFINITION OF TEST INPUT STATES 

Non-Active 
Active 

Non-I nverting 
Macros 

o 
.1 

Inverting 
Macros 

1 
o 
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Array Internal 
Input 

I/O 
Total 

Vee Vss Cells Pins 
Name Cells 

(Note 2) 
Cells 

(Note 1) 
Pins Pins 

SCX6306 216 0 37 41 2 2 
SCX6312 420 17 42 68 4 4 

SeX6324 795 55 56 124 6 6 
SeX6325 810 12 76 100 6 6 
SeX6348 1620 53 54 124 8 8 

Note 1: One of the pins is permanently set aside for testing purposes. 

Note 2: Input and itO cells are not considered part of the internal cell 
count. 

5.0 MACROS 

, Three types of macros are available for designers to 
use: hardware macros, software macros (National 
Semiconductor standard library), and user generated soft­
ware macros. 

5_1 Hardware Macros 

The sex family of gate arrays offers an extensive library of 
hardware macros. Each macro has been fully character­
ized and functionally proven. The designer can select 
those macros that most efficiently implement the design. 
The electrical performance of the macros is characterized 
at two sets of conditions: best and worst-case. Under each 
set of conditions, the output loading is specified at 0 pF 
and 1.0 pF. The 1.0 pF load is equivalent to a fan-out of 3 
and includes 100 mils length of metal interconnect. A 
single input load is equivalent to 0.17 pF and is defined as 
a load factor of 1. 

National Semiconductor has very tight wafer fabrication 
guidelines. However, process parameters still do vary 
from wafer-to-wafer, lot-to-Iot. The electrical specifica­
tions of the macros take into account such variations. 

The logic macros are categorized by the number of array 
cells that each occupies. The prefix of the macro identifies 
the category. 

Prefix No. of Cells Occupied 

S 1 

D 2 

T 3 
Q 4 

F 5 
H 6 



Category Description Category Description 

C001 (51) Triple 2-lnput NAND Gate C051 (T3) D-Type Flip-Flop with Set/Reset Master 
C002 (52) Dual 3-lnput NAND Gate Slave 

C003 (53) Dual 2-lnput NAND/AND C028 (T4) 4-to-1 Multiplexer with Inverted Enable 

COO4 (54) Triple 2-lnput NOR Gate Input 

C005 (55) Dual 3-lnput NOR Gate C029 (T5) 4-to-1 Multiplexer with Complement 
Output 

C006 (56) Dual 2-lnput NOR/OR 
C030 (T6) 4-Bit Parity Checker with Even-Odd Input 

C007 (57) Triple Inverter/Clock Buffer 
C032 (T7) 1-Bit Full Adder 

C008(S8) Ouad Inverter 
C063 (01) Multiplexed 0 Flip-Flop with Master-

C009 (59) Dual TRI-STATE Inverting Buffer 
Slave Clocks 

C010 (510) Single Non-Inverting TRI-STATE Buffer 
C050(02) JK Flip-Flop with Set/Reset Master Slave 

C011 (511) Single 2-lnput Exclusive-OR 
C033 (03) 1-of-4 Decoder with Active Low Outputs 

C012 (512) NAND R/S Latch with 2-lnput NAND and Enable Input 
Gate 

C034 (04) D-Type Flip-Flop with Inverted 
C013 (513) NOR R/S Latch with 2-lnput NOR Gate Reset/Preset and Parallel Load 
C014 (514) 2-lnput 2-Wide OR-NAND with C070 (05) Multiplexed D-Type Flip-Flop with Reset 

Complement Input 
C015 (515) 2-lnput 2-Wide AND-NOR with C036 (06) Toggle Enable Flip-Flop with Inverted 

Complement Reset 
C016 (516) 2-to-1 Multiplexer with Single Control C071 (07) JK Flip-Flop with Set/Reset 

Input C039 (F1) 2-Bit Serial In/Out and Paralleled Out 
C049 (518) 2-2 Buffer Shift Register 
C044 (519) Triple Inverter Buffer C038 (F2) Single Bit. Up-Down Counter 
C043 (520) Ouadruple Inverter Buffer C052 (H1) JK Flip-Flop with Set/Reset 
C048 (S21) Single 2-lnput Exclusive NOR C040 (H2) 1-Bit Arithmetic Unit with 7 Functions 
C045 (522) 1-3 Buffer C041 (H3) 2-Bit Magnitude Comparator 
C061 (523) 3-1 Buffer C042 (H4) 2-Bit Serial/Parallel Shift Register 
C025 (524) Schmitt Trigger C066 8x4 RAM 

. C017 (D1) Triple 4-lnput NAND C067 8x8 RAM 
C018 (D2) Single 5-lnput NAND C068 8x12RAM 
C019 (D3) Triple 3-lnput NAND/AND Complement C069 4-Bit Latch 
C020(D4) Triple 4-lnput NOR C053 2-lnput XOR Buffer 
C021 (05) Single 5-lnput NOR C054 2-lnput 2-Wide OR-AND with Invert 
C022 (D6) Triple 3-lnput NOR with Complement C055 2-lnput 2-Wide AND-OR with Invert 
C027 (D7) Triple NAND Latch C056 2-to-1 Multiplexer Buffer 
C031 (D8) Triple NOR Latch C057 5-lnput NAND-AND 
C023 (D9) D Flip-Flop C058 5-lnput NOR-OR 
C047 (D10) 3-lnput. Exclusive OR G059 Buffered D Flip-Flop 
C062 (D11) D-Latch with Set/Reset C060 Buffered D Flip-Flop with Set/Reset 
C026 (D12) 1-Bit Transparent D-Latch with Reset and C037 JK Flip-Flop with Set/Reset 

Enable C064 D Flip-Flop with Reset (Q Output Only) 
C024 (T1) D-Type Flip-Flop with Inverted Set/Reset 

C065 D Flip-Flop with Set/Reset 
Inputs 

C035 Multiplexed D Flip-Flop with Reset 
C046 (T2) 4-lnput Exclusive OR 

Note: The 'COOO' designator Is a common reference used between National Semiconductor and Its alternate source forthe purpose of consistency with users. 

5.2 Software Macros 

In addition to the pre-designed hardware macros, National 
Semiconductor offers a library of software macros. These 
software macros emulate the functions of the popular 
7400 and 4000 logic families. From the designer's vantage 
point, these software macros are utilized as though they 
were hardware macros. The actual Implementation of 
these higher order functions is handled by the design 
automation tools in a process that virtually expands the 
software macro Into Its hardware macro primitives. 

Since the software macros reside in the design automa­
tion system, a designer may copy a software macro into 
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his design, modify it to meet some special consideration, 
rename it, then reference it as a special or new software 
macro. This procedure is coordinated with NS gate array 
group. 

National Semiconductor adds popular software macros 
to the existing library as required to meet user needs. 

A representative list is shown in Table I. The cell count is a 
'will not exceed' number, unused portions of ceils are 
available for use in unrelated portions of the design. 

fJI 



PADevice Cell Count 

7400 1.3 
7402 1.3 
7404 1.5 
7408 2.0 
7410 1.5 
7411 2.0 
7420 1.3 
7427 1.5 
7430 2.6 
7442 9.3 
7475 5.0 
7483 19.0 
7485 26.7 
7490 13.8 
7492 13.6 
7493 13.0 
7495 18.5 
7496 14.6 
7498 11.0 
74133 6.33 
74138 8.3 
74139 6.5 
74147 16.3 
74148 11.6 
74150 20.0 
74151 10.2 
74153 9.0 
74155 7.0 
74157 5.0 
74158 7.6 
74160 26.2 
74161 ,26.3 
74162 26.0 

5.3 Software Macros (User Generated) 

The user always has the option of generating higher order 
software macros. This is true regardless of where the user 
decides to interface with the design automation system. 

At the workstation level, the user simply creates the 
desired function from existing hardware macros, stores 
the function under a unique identifier name, then recalls it 
as a block of logic as required. 

In the text file mode of schematic capture the user defines 
the higher order function in terms of the basic hardware 
macros. These higher order (custom) functions are then 
'called' in the same manner as any other software macro. 

TABLE I 
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PA Device Cell Count 

. 74163 24.0 
74164 28.5 
74165 31.5 
74166 33.7 
74168 26.6 
74169 26.6 
74170 38.6 
74173 20.0 
74174 19.0 
74181 41.7 
74182 10.0 
74191 31.0 
74192 28.2 
74193 28.0 
74194 24.7 
74195 20.0 
74241 9.0 
74244 8.7 
74245 16.7 
74251 10.0 
74253 9.0 
74257 7.0 
74259 17.6 
74273 24.9 
74280 19.1 
74283 21.7 
74299 62.6 
74356 33.3 
74373 13.0 
74374 21.0 
74390, 14.2 
74393 14.0 

6.0 PERIPHERAL MACROS 

Interfacing to the sex gate arrays is done through the 
peripheral buffers. There are two types of peripheral cells; 
input only and bi-directional' 1/0 cells. The peripheral 
macros are not included in the count of internally avail­
able cells. 

The buffers are located around the peripheryof the die and 
the exact configuration is dependent on the particular 
family member under consideration. Reference section 3 
for specific locations of input an~ 1/0 cells. . 



7.0 PACKAGING 

The SCX family of microCMOS gate arrays is offered in a 
very wide variety of packages. The user is provided with 
many choices in terms of both package type and lead 
count. The package types offered include ceramic pin grid 
arrays, leaded ceramic chip carriers (LDCC), lead less 
ceramic chip carriers (LCC), plastic leaded chip carriers 
(PCC), ceramic DIPs, ~nd plastic DIPs. 

The availability of such a large variety of packages gives 
the user flexibility in making the following choices: 

-Ceramic versus plastic 
- Through-hole mount versus surface mount 
-Variety of lead counts 

The specific packages offered are listed in Table lIa. 

Surface mounting of multi-lead components is rapidly 
gaining popularity. To provide the user flexibility, National 
Semiconductor offers its CMOS gate arrays in several sur­
face mount package options: leaded and lead less ceramic 
chip carrier and the plastic chip carrier. 

Surface mounting refers to component attachment, 
whereby the component leads or pads rest on the surface 
of the PCB instead of the traditional approach of inserting 
the leads into through-holes which go through the board. 
With surface mounting there are solder pads on the PCB 
which align with the leads or pads on the component. The 
resulting solder joint forms both the mechanical and elec­
trical connections. 

The primary reason for surface mounting is to allow leads 
to be placed closer together than the 0.100 inch standard 
for DIPs with through-hole mounting. Through-hole 
mounting on smaller than 0.100 inch space is difficult to 
achieve in production and is generally avoided. The move 
to 0.050 inch lead spacing offered with the current genera· 
tion of surface mounted components, along with a switch 
from a dual-in·line format to a quad format, has achieved a 
threefold increase in component mounting density. A 
need to achieve greater density is a major driving force in 
today's marketplace. 

Learning how to surface mount components to printed cir· 
cuit boards requires the user to implement an assembly 
process not typically associated with through·hole inser· 
tion/wave soldering assembly methods. 

Surface mounting involves three basic process steps: 

1) Application of solder or solder paste to the printed cir· 
cuit board 

2) Positioning of the component onto the printed circuit 
3) Reflowing of the solder or solder paste. 

Table lib lists the manufacturers currently offering sockets 
for each of the advanced package options listed in this 
data sheet. A matrix of which manufacturers to contact for 
each socket option is provided. The listing is divided into 
test/burn-in and production categories. There may be 
some individual sockets that will cover both requirements. 

TABLE lIa. GATE ARRAY PACKAGE OPTIONS 

CMOS SCX Series 
Package Type Pins 6312/6324/6325/6348/63601 

6306 6212 6224 6225 6248 6260 

Plastic DIP, N 28 II • 
40 a a a a 
48 a a a 

Ceramic DIP, 28 II II 

(Side Braze), D 40 II a II a 
48 a a a 

Ceramic DIP, 28 D D 

(Cerdip), J 40 a a a a 

Plastic Leaded 28 • a 
Chip Carrier, PCC 44 D a a a 

68 • a • • 
84 g II g 

124 • • • 
Ceramic Leaded 124 • • • • 
Chip Carrier, 
LDCC 

Ceramic Leadless 28 • • 
Chip Carrier, LCC 44 a • .. • 

68 • II II • 
84 • • • 
124 • • • • 

Ceramic Pin Grid 68 • • • 
Array, PGA 84 • • • 

120/124 • • • iii 

149 
172 • • 
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TABLE lib. SOCKET VENDORS 

Package Type Test/Burn·ln 

Ceramic Pin Grid Array Amp, Textool, 
Yamaichi, Thomas 
& Betts 

Leaded Ceramic Chip Carrier Yamaichi 

Leadless Ceramic Chip Carrier Amp, Plastronics, 
Textool 

Plastic Chip' Carrier Textool 

8.0 PROPAGATION DELAYS 

Propagation delays in CMOS arrays are a function of 
several factors: 

• Supply voltage 

• Junction temperature 

• Process tolerance 

• Fan-out loading 

• Interconnection routing 

• Input signal direction 

To assist the designer in evaluating circuit performance 
under all operating conditions, National Semiconductor 
guarantees DC and AC parametrics over the full voltage 
and temperature range, as well as best-case and worst­
case propagation delays. Process tolerance is included in 
the specifications. 

Delays other than three for fan-out loading may be ex­
trapolated for loads other than shown. 

For example: a 2-input NAND (S1) drives six loads. What is 
the worst-case LO to HI delay? 

From Table III 
tpLH for 0 pF = 1.82 ns (0 loads) 
t PLH for 1 pF = 4.95 ns (3 loads) 

The delay per load = (4.95 - 1.82)/3 = 1.05 ns 

Total delay = base delay (0 load) + six loads 

8.12 ns = 1.82 ns + 6(1.05 ns) 

What is the delay if the power supply is maintained at 5V 
and junction temperature is 80·C (approximately 65· 
ambient)? 
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FIGURE 4. CMOS Propagation Delays 
as a Function of Temperature 

Vendor Location and Telephone 

Production Amp Inc. 
Harrisburg, PA 
(715) 564·0100 

Textool 
Irving, TX 

Amp, Yamaichi, (214) 259-2678 
Thomas & Betts Plastronics 

Irving, TX 
Thomas & Betts 
Raritan, NJ 
(201) 469·4000 Yamaichi (214) 258·1906 

Amp, Plastronics 
Robinson/Nugent 
New Albany, IN 
(812) 945·0211 

Yamaichi 
c/o Napenthe Dlst. 
Palo Alto, CA 

Amp, Burndy, Burndy (415) 856·9332 

Robinson/Nugent Norwalk, CT 
(203) 838·4444 
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From scaling factors (Table III note): 

Worst-case junction temperature = 100·C 

New junction temperature = 80·C 

Improvement factor = 0';6'0 (100·C - 80·C) = 6% 

Worst-case voltage = 4.5V 

New voltage = 5.0V 

2% 
Improvement factor = Q.'iV (5.0V - 4.5V) = 10% 

Derating factor = (1 - 0.06)(1 - 0.1) = 0.846 

Total delay (scaled) = 8.12(0.846) = 6.86 ns 

This form of calculation Is handy for making estimates of 
critical paths during the Initial design phase and can be 
used as a guide to determine which technology to use (i.e., 
31'0r21')' The actual AC performance prediction will be pro­
vided by the design automation system after the designer 
has functionally verified his design in the logic simulator. 

Propagation delays as a function of temperature and sup­
ply voltage are shown in Figures 4 and 5 respectively. 
Utilization of these curves will speed the estimation of per­
formance at other then specified values. 

Representative macro types for the 31' (Table III) and 
21' process (Table IV) are presented for comparison. 
Reference SCX family macro library book for complete 
specifications. 

W 
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~ 
CI 0.85/ z 
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~ 
.." 

0.80 if 
0 

IE 
4.5 4.75 5.0 5.25 5.5 

Voo 
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FIGURE 5. CMOS Propagation Delays 
as 8 Function of Supply Voltage 



Best·Case Worst·Case 

Temperature = - 40°C Temperature = 100°C 

Supply Voltage = 5.5V Supply Voltage = 4.5V 

Extreme Process Parameters Extreme Process Parameters 

TABLE III. 31£ 

Symbol Function 

S1 2·NAND 

S2 3·NAND 

S4 2·NOR 

S5 3·NOR 

S7 Clock Buffer 

S8 Inverter 

S11 2·XOR 

D9 D Flip·Flop 

ClK to a 

ClK to as 

S9 TRI·STATE Inverter 

S10 TRI·STATE Buffer 

14 Inverting Input Buffer 

11 Input Buffer 

16 ' Short Circuit Input 

101 Input 

Output· 

102 Input (Inverting) 

Output· 

103 Short Circuit Input 

Output· 

104 Output 

Note: All delays in nanoseconds. 

*TRI·STATE active mode. 

tr = tf = 5 ns for 3·micron. 

tr = tf = 2 ns for 2·micron. 

Voltage Derate = 2.0%/100 mV from 4.5V. 

Temperature Derate = 0.3%I·C from 100·C. 

LF = Load Factor. 

1 LF = 0.17 pF. 

LF 

1 

1 

1 

1 

2 

1 

2 

1 

3 

1 

2 

CMOS 

TIL 

CMOS 

TIL 

7 

CMOS 

7 

CMOS 

7 

2·21 

Best·Case Worst·Case 
tpLH t pHL t PLH tpHL 

0.32 0.36 1.82 1.82 
0.81 1.04 4.95 6.2 

0.36 0.54 2.3 3.3 
0.85 1.55 5.45 9.4 

0.43 0.32 2.6 1.98 
1.26 0.81 8.25 4.62 

0.54 0.32 3.95 2.3 
1.76 0.81 12.6 4.95 

0.25 0.24 1.16 1.05 
0.53 0.53 3.08 2.80 

0.3 0.3 1.54 1.48 
0.78 0.76 4.73 4.24 

0.34 0.29 5.2 5.3 
1.12 1.0 10.8 9.7 

1.55 1.39 10.1 8.5 
2.07 1.94 13.5 11.6 

0.85 1.04 5.1 6.8 
1.44 1.66 9.8 11.6 

0.45 0.45 2.75 1.95 
1.35 1.2 8.45 6.9 

0.7 0.66 3.7 3.85 
1.2 1.05 6.9 6.25 

0.44 0.29 1.85 1.2 
0.83 0.6 4.5 3.1 

0.75 0.81 3.6 5.5 
1.22 1.41 7.15 9.25 

0.05 0.05 0.10 0.10 
0.20 0.20 0.65 0.65 

0.75 0.81 3.6 5.5 
1.22 1.41 7.15 9.25 

1.35 1.62 9.6 10.7 
2.4 2.7 15.8 16.5 

0.43 0.3 1.87 1.24 
0.83 0.61 4.5 3.03 

1.35 1.62 9.6 10.7 
2.4 2.7 15.8 16.5 

0.43 0.30 1.87 1.24 
0.83 0.61 4.50 3.03 

1.35 1.62 9.6 10.7 
2.4 2.7 15.8 16.5 

1.4 1.33 9.2 8.6 
2.34 2.38 15.2 14.1 

CLOAD (pF) 

0 
1 

0 
1 

0 
1 

0 
1 

0 
1 f.I 
0 
1 

0 
1 

0 
1 

.0 
1 

0 
1 

0 
1 

0 
1 

0 
1 

0 
1 

0 
1 

15 
50 

0 
1 

15 
50 

0 
1 

15 
50 

15 
50 



TABLE IV. 2J1. 

Symbol Function 

81 2·NAND 

S2 3·NAND 

S4 2·NOA 

S5 3·NOA 

S7 Clock Buffer 

S8 Inverter 

811 2·XOA 

09 o Flip·Flop 

ClK to a 

ClK to as 

S9 TAI·STATE Inverter 

S10 TAI·STATE Buffer . 
14 Inverting Input Buffer 

I, Input Buffer 

'6 I Short Circuit Input 

'0, Input 

Output' 

'°2 Input (Inverting) 

Output' 

103 Short Circuit Input 

Output' 

104 Output 

Note: All delays in nanoseconds. 

*TRI·STATE active mode. 

tr = tf = 5 ns for 3·micron. 

tr = tf = 2 ns for 2·mlcron. 

Voltage Derate =2.9%/100 mV from 4.5V. 

Temperature Derate = 0.3%I·C from 100·C. 

LF = Load Factor. 

1LF=0.13 pF. 

9.0 DESIGN AUTOMATION SYSTEM 

IF 

1 

1 

1 

1 

2 

1 

2 

1 

3 

1 

2 

CMOS 

TTL 

CMOS 

TTL 

7 

CMOS 

7 

CMOS 

7 

The design automation system offers the end user a vari· 
ety of interface points and techniques. 

Figure 6 shows the standard gate array development flow 
and responsibilities. Alternative flows are available and 
are presented in Section 11. 

The standard flow consists of four major quadrants. 
They are the user's site, user's responsibilities, 
National Semiconductor's technology center, National 
Semiconductor's responsibility. These represent the 
'where' and 'who' aspects of task responsibility and 
location. . 
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Best·Case Worst·Case 
C LOAD (pF) 

tpLH tpHL 
. --

tpLH tpHl 

0.095 0.19 0.75 0.95 0 
0.39 0.67 2.40 4.05 1 

0.09 0.27 0.95 1.65 0 
0.37 0.92 2.(;5 5.75 1 

0.16 0.15 1.1 0.95 0 
0.62 0.51 4.15 2.85 1 

0.23 0.16 1.65 1.13 0 
0.85 0.52 6.1 3.05 1 -------
0.07 0.13 0.45 0.55 0 
0.24 0.33 1.45 1.65 1 

0.095 0.16 0.6 
~ 

0.75 0 
0.36 0.52 2.35 2.6 1 

0.11 0.16 2.6 2.5 0 
0.54 0.53 5.8 5.65 1 

0.71 0.59 5.12 4.38 0 
1.02 0.94 7.0 6.25 1 

0.35 0.54 2.38 3.3 0 
0.64 0.98 5.37 6.62 1 

0.18 0.18 1.2 1.35 0 
0.60 0.70 4.25 4.15 1 

0.30 0.27 1.9 1.8 0 
0.53 0.53 3.4 3:4 1 

0.23 0.19 0.85 0.70 0 
0.45 0.39 2.30 1.80 1 

0.33 0.39 2.0 2.45 0 
0.60 0.78 3.70 4.80 1 

0.04 0.04 0.07 0.07 0 
0.15 0.15 0.50 0.50 1 

0.33 0.39 2.0 2.45 0 
0.60 0.78 3.7 4.8 1 

0.62 0.78 4.4 5.75 15 
1.15 1.55 7.0 9.75 50 

0.23 0.19 0.85 0.70 0 
0.45 0.39 2.30 1.80 1 

0.62 0.78 4.40 5.75 15 
1.15 1.55 7.0 9.75 50 

0.04 0.04 0.07 0.07 0 
0.15 0.15 0.50 0.50 1 

0.62 0.78 4.40 5.75 15 
1.15 1.55 7.0 9.75 50 

0.65 0.63 4.75 4.5 15 
1.17 1.45 8.25 8.25 50 

User Site 

Logic de~ign and definition are the user's responsibility 
and are completed at his/her site. 

The design file consists of the nellist (wiring diagram) and 
the test vectors (pattern file). Each can be generated in a 
text file or as the output fro{l1 a 'workstation'. The syntax of 
these files is in the 'hardware design language'. 

The evaluation and acceptance of the completed proto­
types are done by the user at his/her facilities. National 
Semiconductor offers technical assistance if necessary. 



USEH'S SITE ~------+--- .. --~ NSC TECHNOLOGY CENTER 

USER'S 
RESPONSIBILITY 

ACCEPTANCE 

NETLIST ANO TEST VECTORS 

PROTOTYPES 

NSC's 
RESPONSIBILITY 

FIGURE 6. Standard Gate Array Development Process and Responsibilities 

National Semiconductor Technology Center 

Tl/UI5725·10 

Training includes actual interaction with the design 
automation system and, depending on the level of user ex· 
perience, requires from three to five days to complete. All 
of the considerations necessary for the successful com­
pletion of the,design are covered during the training. 
Topics such as,'hardware (Le., speed, power, pinouts) and 
software considerations (Le., logic simulation, fault 
grading, critical path analysis) are tailored to meet the 
user's needs. Tratning is provided at the closest tech­
nology center. Contact the local sales representative fOr 
the location nearest you. 

Functional verification bf the logic is accomplished by 
submitting the netlist and pattern files to the logic simu­
lator. The simulator will predict the output results of the 
specified logic for the applied vectors. The designer can 
then determine if the specified logic meets the design 

2-23 

objectives. Simulation under actual 'loaded' conditions 
occurs after functional verification and fault grading. 
Functional verification is the responsibility of the user. 

Fault grading is a measure of the ability of the supplied 
vectors to detect induced logic errors (Le., on-chip shorts). 
The vectors supplied eventually become the functional 
portion of the final production test tape. It is important 
that the fault grading figure of merit reach 85%. Fault 
grading is the responsibility of the user. 

Performance estimation is the prediction that the logic 
simulator makes by considering actual macro loading and 
a projection of the interconnect lengths. This projection is 
based on an algorithm which. relates fan-out to probable 
trace length. Performance estimation is the responsibility 
of the user. 



Place and route are the actual implementation of the 
user's design file. Two pieces of design automation soft­
ware are used to complete the routing. 

Automatic place and route software completes the major­
ity of interconnects and in most cases completes the en­
tire array. 

Interactive graphics software is used to complete any 
unrouted interconnects. 

Place and route are the responsibility of National 
Semiconductor. 

Performance verification is the rerunning of the 'perform­
ance estimation' software with the actual cell placements 
and associated trace lengths. Performance verification is 
the responsibility of the user. 

Mask generation, assembly and test are completed by 
National Semiconductor. 

Prototype evaluation and acceptance are the responsibil­
ity of the user. 

National Semiconductor has a large staff of applications 
and consulting engineers available to assist users at any 
point in the array development process. 

10.0 DESIGN EXAMPLE 

The two most popular ways of interfacing to the design 
automation system are 1) alphanumeric text entry and 
2) workstation output. A different example will be given for 
each .. In either case the design automation system re­
quires two basics files to operate. 

Network (File): The network file is the 'wiring diagram' of 
the design. It represents how the array is to be 'wired'. 
More specifically, it is the manner in which the hardware 
macros are interconnected. The syntax of the network file 
is specified by a hardware design language (HDL). 

Pattern (File): The pattern file represents the stimuli or se­
quence of signals used to exercise the design specified by 
the network file. The pattern file ultimately becomes the 
functional portion of the final test tape used to screen pro­
duction devices. 

The logic simulator operates on the network and pattern 
files and predicts the logic output as a function of the pat­
tern file. 

NETWORK FILE· 

CONTAINS CIRCUT 
DESCRIPTION IN HDL 

Data Entry 

PREDICTED OUTPUT 

PATTERN FILE 

CONTAINS INPUT 
STIMULI FOR 

CIRCUIT SIMULATION 

TLlUI5725·11 

The simulator has two modes of operation. The first mode 
is used to verifythe logical integrity of the design. The sec­
ond mode considers capacitive circuit loading and anti­

. cipated wire lengths. The result of the second mode is the 
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performance that can be expected after the circuit has 
been placed and routed. 

The basic form of a network file is as follows. 

$NETWORK (*, BEGIN A NETWORK FilE *) 
$ INP INA INB ETC. (* LIST ALL INPUT NAMES *) 
$ OUT OUTA OUTB ETC. (* LIST ALL OUTPUT NAMES *) 

MACRO CALLS (* SPECIFY MACROS AND. 
INTERCONNECTS *) 

$$* COMMENTS (* MAKE COMMENTS *) 

The macro call syntax for the following circuit fragment is 
as specified. 

r ., 
OG ----1>0---- OGB 

CLEAR ----------I>0~--- CLRB 
..I 

CLOCK ____ I>O--C-LK-B--iI>O---- CLK 

L ~ 

TLlUI5725·12 

$SUBU S8 

L: (* SPECIFIES A PARTICULAR 
MACRO TYPE *) 

(* SPECIFIES A HARDWARE MACRO *) 

$$ANO (* CIRCUIT NAME ASSOCIATED WITH 
I~-----------ABOVEMACRO*) 

1(* DELIMITER *) 

ClKB ClLK CL~( ~~NBp~:~~:K MC~~:OC~:;: :N~S .) 
(* OUTPUTS FROM MACRO ELEMENTS *) 

If the designer were using the alphanumeric text mode of 
data entry, each unique macro and macro type would be 
specified in the above manner until the entire network had 
been specified. 

In the workstation mode of schematic capture the de­
signer would call and name each desired macro, then 
graphically interconnect each macro in the required 
fashion. The workstation would then 'compile' the sche­
matic into the network file . 



10.1 Text Mode 

The design of a four·blt latch with TRI·STATE output Is presented. 

INA 

L 

INB 

INC 

IND -+-+-+-+-...-""""1 

ID1 ----,~:--"'o>O-~;......,j 
ID2 ------1....-1' 

-----
DBB 

o--Lt> 

_S1!J 
CON1 

~~~ I Do lOG r ~o"'_O.;..;;G.;;...B -----1-+-----------' 

L ~ I I 
CLEAR _______ -lI~t>o-~C;.;;;.lR;.;;.B ----_+__' 

I ClK . 

CLOCK --~L---f .><:>-----1 ~~------
~ 

AND 

FIGURE 7 
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o--DUTA 

I 
o-+0UTB 

~ 

I 
o--OUTC 

I 
.o--f- OUTD 

TLiU/5725·13 



Listing 1 

$$******************************* 
$NETWORK 
$INPUT INA INB INC IND ID1 ID2 OD1 OD2 CLOCK CLEAR 
$OUTPUT OUTA OUTB OUTC OUTD 
$$* OM74173 MACRO 
$SUBU S8 . 
$$ANO ' 
ClKB ClK ClRB OGB I CLOCK ClKB CLEAR OG 
$SUBU S4 
$$AN1 
IG 1GB OG I ID1 ID2 IG CONO OD1 OD2 
$SUBU S15 
$$AN2 
DAB DA I INA IG 1GB OA 
$SUBU S15 
$$AN3 
DBB OB I INB IG iGB OB 
$SUBU S15 
$$AN4 
DCB DC I INC IG 1GB OC 
$SUBU I S15 
$$AN5 
DDB DD IND IG 1GB OD 
$SUBU T1 
$$AN6 
OA OAB I CON1 DA ClK ClRB 
$SUBU T1 
$$AN7 
OB OBB CON1 DB ClK ClRB 
$SUBU T1 
$$AN8 
OC OCB CON1 DC ClK ClRB 
$SUBU T1 
$$AN9 
OD ODB CON1 DO ClK ClRB 
$SUBU S9 
$$AN10 
OUTA OUTB OAB OGB OBB OGB 
$SUBU S9 
$$AN11 
OUTC OUTO OCB OGB OOB OGB 

"***.**************************** 
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10.2 Workstat' Ion Mode 

FIGURE 8 
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Listing 2 

$NETWORK 
$INPUT CLEAR CLOCK 101 102 INA INB INC INO 001 002 
$OUTPUT OUTA OUTB OUTC OUTO 
$$* 
$SUBU S4 
$$XCMP 1 
XSIG29 XSIG27 XSIG18 I XSIG27 GNO 101 102 001 002 
$$* 
$SUBU T1 
$$XCMP 10 
XSIG33 XSIG41 I VCC XSIG34 XSIG20 XSIG21 
$$* " 
$SUBU S9 
$$XCMP 11 
OUTA OUTB I XSIG41 XSIG22 XSIG40 XSIG22 

, $$* 
$SUBU S9 
$$XCMP 12 
OUTC . OUTO I XSIG39 XSIG22 XSIG38 XSIG22 
$$* 
$SUBU S8 
$$XCMP 2 
XSIG22 XSIG20 XSIG21 XSIG19 I XSIG18 XSIG19 CLEAR CLOCK 
$$* 

'$SUBU S15 
$$XCMP 3 
OPEN·1 XSIG37 I XSIG30 XSIG29 INO XSIG27 
$$* 
$SUBU S15 
$$XCMP 4 
OPEN·2 XSIG36 I XSIG31 XSIG29 INC XSIG27 
$$* 
$SUBU S15 
$$XCMP 5 
OPEN·3 XSIG35 I XSIG32 XSIG29 INB XSIG27 
$$* 
$SUBU S15 
$$XCMP 6 
OPEN·4 XSIG34 I XSIG33 XSIG29 INA XSIG27 
$$* ' 
$SUBU T1 
$$XCMP 7 
XSIG30 XSIG38 I VCC XSIG37 XSIG20 XSIG21 
$$* 
$SUBU T1 
$$XCMP 8 

';',' 

XSIG31 XSIG39 I VCC XSIG36 XSIG20 XSIG21 
$$* 
$SUBU T1 
$$XCMP9 
XSIG32 XSIG40 
$$* 

VCC XSIG35 XSIG20 XSIG21 
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10.3 Pattern File 

$CYCLE::: 1000 1000 REPRESENTS THE NUMBER OF INTERVALS PER CYCLE 1 INTERVAL::: 100 PICOSECONDS 

"*********************** 
$$* PATTERN FILE CODING FOLLOWS 

"*********************** 
$$ * PATTERN FILE FOR TESTING DM74173 
$$ * TEST SHOULD SWEEP 16 CYCLES 
CLEAR HI 1-2 
INA HI 1 3 5 7 11-12 
INB HI 3 5 7 11-12 
INC HI 3 5 7 11-12 
IND HI 3 5 7 11-12 INPUT SIGNALS USED TO SIMULATE THE NETWORK 
ID1 HI 3 5-6 
102 LO 1 3 7-8 
001 HI 5-6 13-14 
002 HI 7-8 15-16 
CLOCK LO RPT (01: 1-16) SINGLE CLOCK REPEATING 01 THROUGH CYCLE 16 

CIRCUIT INPUTS HI AT SPECIFIED CYCLE. LOW AT ALL OTHER CYCLES 

CIRCUIT INPUT LO AT SPECIFIED CYCLE. HI AT ALL OTHER CYCLES 

10.4 Simulator Output 11.0 ALTERNATIVE INTERFACES 
OUTPUTS 

INPUTS AS SPECIFIED AS SPECIFIED 
BY PATTERN FILE BY PATTERN FILE 

'ill I 
J. Q II 00 C C' 

NNNN DD DD L L UUUU 
ABCD 12 12 E 0 TTTT 

A C ABCD 
R K 

1 1 1 1 1 10 00 0 XXXX 
"157 1 1 1 1 10 00 1 0 0000 

2 0000 01 00 1 1 0000 
3 1 1 1 1 10 00 0 0 0000 
4 0000 01 00 a 1 0000 
5 11 1 1 1 1 10 0 0 0000 

""134 1 1 1 1 11 10 a a zzzz 
6 0000 11 10 0 1 ZZZZ 
7 1 1 1 1 00 01 0 a zzzz 
8 0000 00 01 a 1 ZZZZ 
9 0000 01 00 a a zzzz 

**140 0000 01 00 a a 1 1 1 1 
10 0000 01 00 a 1 1 1 1 1 
11 1 1 1 1 01 00 a 0 1 1 1 1 
12 1 1 1 1 01 00 a 1 1 11 1 
13 0000 01 10 a 0 1 1 1 1 

""129 0000 01 10 a a zzzz 
14 0000 01 10 a 1 ZZZZ 
15 0000 01 01 0 0 ZZZZ 
16 0000 01 01 a 1 ZZZZ 

LSEOUENTIAL NUMBERS REPRESENT TIME CYCLES 

llll::: HIGH IMPEDANCE STATE 
1111::: HIGH STATE 
0000::: LOW STATE 

"Intermittent numbers represent settling time in hundred-picoseconds 
that occur between time cycles. 

2-29 

Flexibility in the design automation system allows a vari­
ety of user/vendor interfaces. Options include: 

• User supplies schematic, timing diagrams and 
parametric specifications. National Semiconductor im­
plements the array. 

• User 'captures' the design at his facility or at a 
National Semiconductor technology center. National 
Semiconductor supports a wide range of communica­
tion protocols for interfacing to industrial (mainframe) 
or personal computers. These are available with or with­
out error control and communication rates of 300 to 
9600 baud. 

• User follows basic array development flow specified in 
Figure 6. 

• User generates logic simulator compatible files from 
his workstation. Completes the array using National 
Semiconductor's design automation system. 

• User generates compatible design files and logic verifi­
cation in his/her simulator, then interfaces to design 
automation system at either fault grading, performance 
estimation, or 'place and route'. 

• User supplies completed design files from National 
Semiconductor's alternate source, effectively entering 
design automation system just prior to digitizing. 

• User provides all design files necessary for mask 
generation, essentially a 'customer owned tooling' 
(COT) approach. 





Section 3 

LSI/VLSI CMOS 



Introduction 
The new microCMOS technologies are also being used to 
provide functional-specific standard products. These LSII 
VLSI circuits are of relatively large complexity and repre­
sent additional uses for the advanced CMOS processes. 

A special group of LSIIVLSI circuitry exists within the 
popular MM54/74HC microCMOS logic family. These prod­
ucts make use of the product designation MM54/74HC9XX. 
An example of this 900 series is the MM74HC942-a high 
performance, low power, Bell 103 compatible single-chip 
modem. This product combines both digital and linear cir­
cuitry to bring the benefits of system level integration to 
modem and systems designers. 

When considering a new design, it is important to keep In 
mind the wide range of standard products that are avail­
able. In addition to memories and microprocessors, the 
products in this section also enjoy high volume usage and 
can provide cost savings as well as reduce the complexity 
and amount of semi-custom or custom circuitry required 
to implement a new system. ~ 
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~National 
~ Semiconductor 
MM5368 CMOS Oscillator Divider Circuit 
General Description 
The MM5368 is a CMOS integrated circuit generating 
50 or pO Hz, 10 Hz, and 1 Hz outputs from a 32 kHz 
crystal (32,768 Hz). For the 60 Hz selected output the 
input time base is divided by 546.133, for the 50 Hz 
mode it is divided by 655.36. The 50/60 Hz output is 
then divided by 5 or 6 to obtain a 10Hz output which 
is further divided to obtain a 1 Hz output. The 50/60 Hz 
select input can be floated for a counter reset. 

Block Diagram 

OSC 6 
IN 

tM 

OSC 5 
tOOk 

OUT 

r 8PF 

Connection Diagram 

DECODE 
& 

SELECT 
LOGIC 

COUNTER RESET 
(ON·CHIP) 

Features 
• 50/60 Hz output 

• 1 Hz output 

• 10 Hz output 

• Low power dis'sipation 

• Fully static operation 

• Counter reset 

• 3V-15V supply range 

• On·chip oscillator - tuning and load capacitors 
are the only required external components besides 
the crystal. (For operation below 5V it may be 
necessary to use an ~ 1 MD pullup on the oscillator 
output to insure start·up.) 

--2ca vss 

~VDD 

.+ ________ -0 _____ 1 .. 50/60 Hz 
OUTPUT 

FIGURE 1 

3 to Hz 
OUTPUT 

1 Hz 
OUTPUT 

TLlF16133-1 

Dual-In-Line Package 

VDO 

7 50/60 Hz SELECT 

OSC IN 

5 OSC OUT 

TOP VIEW 

TLlF/6133·2 

FIGURE 2. Pin-Out 
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Order Number MM5366N 
See NS Package N06E 



Absolute Maximum Ratings 

Voltage at Any Pin 
Operating Temperature 
Storage Temperature 
Maximum VOO Voltage 
Operating VOO Range 
Lead Temperature (Soldering, 10 seconds) 

-0.3V to VOO + 0.3V 
O°C to +70°C 

-u5°C to +150°C 
16V 

3V::;VOO::;15V 
300°C 

I 

Electrical Characteristics 
T A within operating'range, VSS = OV 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Quiescent Current Orain VOO = 15V; 50/60 Select Floating 10 J.lA 

Operating Current Orain fiN = 32 kHz, VOO = 3V 

fiN = 32 kHz, VOO = 15V 

Maximum Input Frequency VOO = 3V 

VOO'= 15V 

Output Current Levels VOO = 5V 

, Logical "1", Source VOH = VSS + 2.7V 

Logical "0", Sink VOL = VSS + O.4V 

VOO = 9V 

Logical "1", Source VOH = VSS + 6.7V 

Logical "0", Sink VOL = VSS + O.4V 

Input Current Levels 50/60 Select Input 

Logical "1" (IIH) VOO = 3V, VIN ;?0.9VOO 

Logical "1" (IIH) VOO = 15V, VIN ?0.9VOO 

Logical "0" (II U VOO = 3V, VIN::; O.lVOO 

Logical "0" (II L) VOO = 15V, VIN::; O.lVOO 

Functional Description (Figure 1) 

The MM5368 initially divides the input time base by 
256. From the resulting frequency (128 Hz for' 32 kHz 
crystal) 8 clock periods are dropped or eliminated during 
60 Hz operation and 28 clock periods are eliminated 
during 50 Hz operati.on. This frequency is then divided 
by 2 to obtain a 50 or 60 Hz output. This output is not 
periodic from cycle to cycle; however, the waveform 
repeats itself every second. Straight divide by 5 or 6 and 
10 are used to obtain the 10Hz output and the 1 Hz 
outputs. 

The 60 Hz mode is obtained by tying pin 7 to VOO. The 
60 Hz output waveform can be seen in Figure 3. The 10 
Hz and 1 Hz outputs have an approximate 50% duty 
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50 J.lA 

1500 J.lA 

64 kHz 

500 kHz 

' -400 J.lA 

400 J.lA 

-1500 J.lA 

1500 J.lA 

50 J.lA 

3 mA 

20 J.lA 

1 mA 

cycle. In the 50 Hz mode the 50/60 select input is tied 
to VSS. The 50 Hz output waveform can be seen in 
Figure 3. The 10 Hz output has an approximate 40% 
duty cycle and the 1 Hz output has an approximate 50% 
duty cycle. 

For the 50/60 Hz select input floating, the counter chain 
is held reset, except for the initial toggle flip-flop which 
is needed for the reset function. A reset may also occur 
when the input is switched (Figure 4). ,To insure the 
floating state, current sourced from the input must be 
limited to 1.0 J.l,A and current sunk by the input must 
be limited to 1.0J.l,A for VOO = 3V. 
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~ ~National 
~ ~ Semiconductor 
~ 

MM5369 Series 17 Stage 
Osci Ilator/Divider 

General Description 
The MM5369 is a CMOS integrated circuit with 17 
binary divider stages that can be used to generate a 
precise reference from commonly available high fre­
quency quartz crystals. An internal pulse is generated 
by mask programming the combinations of stages 1 
through 4, 16 and 17 to set or reset the individual stages. 
The MM5369 is advanced one count on the positive 
transition of each clock pulse. Two buffered outputs 
are available: the crystal frequency for tuning purposes 
and the 17th stage output. The MM5369 is available 
in an 8·lead dual-in·line epoxy package. ' 

Options 

• MM5369AA 3.58 MHz to 60 Hz 
• MM5369EYR 3.58 MHz to 50 Hz 
• MM5369EST 3.58 MHz to 100 Hz 

Features 
• Crystal oscillator 
• Two buffer,ed outputs 

Output 1 crystal frequency 
Output 2 full division 

• High speed (4 MHz at VDD = 10V) 
• Wide supply range 3-15V 
• Low power 
• Fully static operation 
• 8 lead dual-in·linepackage 
• Low current 

Connection Diagram Block Diagram 

Dual-In-Line Package 

TUNER 
VOD OUTPUT OSC OUT OSC IN 

18 7 6 5 

.-- I-

1 2 3 14 
OIVIDER VSS NC NC 
OUTPUT 

TOPVIEW 

TLlF/6134·1 

Order Number MM5369AA/N, 
MM5369EYR/N, MM5369E'ST/N 

See NS Package N08E 

FIGURE 1 

OSC IN 

TUNER 
OUTPUT 

OSC OUT 

FIGURE 2 
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DIVIDER 
OUTPUT 
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Absolute Maximum Ratings 

Voltage at Any Pin 

Operating Temperature 
Storage Temperature 

Package Dissipation 

Maximum VCC Voltage 
Operating VCC Range 
Lead Temperature (Soldering, 10 seconds) 

-Q.3V to VDD +0.3V 
O°C to +70°C 

-65°C to +150°C 

500mW 

16V 
3V to 15V 

300°C 

Electrical Characteristics 
TA within operating temperature range, VSS = GND, 3V::;; VDD::;; 15V unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Quiescent Current Drain VDD = 15V 10 pA 

Operating Current Drain VDD = 10V, fiN = 4.19 MHz 1.2 2.5 mA 

Frequency of Oscillation VDD = 10V 

VDD = 6V 

Output Current Levels VDD = 10V 

VO= 5V 

Logical "1" Source 

Logical "0" Sink 

Output Voltage Levels VDD = 10V 

10 = 10 pA 

Logical "1" 

Logical "0" 

Note: For 3.58 MHz operation, VDD must be 2: 10V. 

Functional Description 

A connection diagram for the MM5369 is shown in 

Figure 1 and a block diagram is shown in Figure 2. 

TIME BASE 

A precision time base is provided by the interconnection 
of a 3,579,545 Hz quartz crystal and the RC network 
shown in Figure 3 together with the CMOS inverter/ 
amplifier provided between the OSC IN and the OSC 
OUT terminals. Resistor R 1 is necessary to bias the 
inverter for class A amplifier operation. Capacitors C1 
and C2 in series provide the parallel load capacitance 
required for precise tuning of the quartz crystal. 

The network shown provides> 100 ppm tuning range 
when used with standard crystals trimmed for CL = 
12 pF. Tuning to better than ±2 ppm is easily ob-
tainable. . 
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DC 4.5 MHz 

DC 2 MHz 

500 pA 

500 pA 

9.0 V 

1.0 V 

DIVIDER 

A pulse is generated when divider stages 1 through 4, 16 
and 17 are in the correct state. By mask options, this 
pulse is used to set or reset individual stages of the 
counter. Figure 4 shows the relationship between the 
duty cycle and the programmed modulus. 

OUTPUTS 

The Tuner Output is a buffered output at the crystal 
oscillator frequency. This output is provided so that the 
crystal frequency can be obtained without disturbing the 
crystal oscillator. The Divide Output is the input fre­
quency divided by the mask programmed number. Both 
outputs are push-pull outputs. 
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~Nalional 
~ Semiconductor 

M M 53107 Series 17 -Stage Osci II atorl Divider 

General Description 
The MM53107 is a low threshold voltage CMOS 
integrated circuit with 17 binary divider stages that can 
be used to generate a precise reference from a 2.097152 
MHz quartz crystal. An internal pulse is generated by the • 
combinations of stages 1-4. 16 and 17 to set or reset 
the individual stages. The MM53107 is advanced one 
count on the positive transition of each clock pulse. One 
buffered output is available: the 17th stage 60 Hz out· 
put. The MM53107 is available in an 8·lead dual·in·line 
epoxy package. 

Features 
., Input frequency-2.097152 MHz 

• Output frequency-60Hz 

• Crystal oscillator 

.• High speed (2 MHz at VDD = 2.5V) 

• Wide supply range 2.5V-6V 

• Low power (0.5 mW @ 2 MHz/2.5V) 

• Fully static operation 

• 8·lead dual-in-line package 

Block and Connection Diagrams Dual-ln·Line Package 

FIGURE 1 

Typical Performance Characteristics 

..., 

Typical Current Drain vs 
Oscillator Frequency 
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400 1---+--+-+-->'"-+-+---.1<-+----1 
:.: 350 I---+--+-+-+'I'-¥--i't---I 

~ 300 1---+--+-+F+t--+-tT--ft---I 
g 250 I---+--+-~->'~l-->I''-+---I 

200 

150 I---+--+---h~'-h~ 

100 
50 ~~~~~~-~~~ 

VOO(V) 
TLlF16142·3 
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OIVIDER 
OUTPUT 

i 
VOO 

TlIF16142·1 

voo NC OSC OUT OSC IN 

MM53107 

DlVIOER VSS NC 
OUTPUT 

TOP VIEW 

FIGURE 2 

NC 

TlIF/61-42-2 

Order Number MM53107N 
See NS Package N08E 



Absolute Maximum Ratings 
Voltage at Any Pin 
Operating Temperature 
Storage Temperature 
Package Oissipation 
Maximum VCC Voltage 
Operating VCC Range 
Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics 

-o.3V to V CC + 0.3V 
O°C to +70°C 

-65°C to +150°C 
500mW 

7V 
2.5V to 6V 

300°C 

TA within operating temperature range, "-SS = Gnd, 2.5V.s; VOo.s; 6V unless otherwise specified. 

PARAMETER 

Quiescent Current Orai n 

Operating Current Orain 

Frequency of Oscillation 

Output Current Levels 

Logical "1 " Source 

Logical "0" Sink 

Output Voltage Levels 

Logical "1" 

Logical "0" 

Functional Description 

CONOITIONS 

VOO=6V 

VOO= 2.5V, fiN = 2.1 MHz 

VOO=2.4V 

VOO=6V 

VOO = 4V, 

VOUT= 2V 

VOO= 6V ' loSource = 10J1.A 

loSink = -10J1.A 

MIN 

dc 

dc 

100 

100 

5.0 

TYP MAX 

10 

200 

2.1 

4.0 

1.0 

UNITS 

J1.A 

J1.A 

MHz 

MHz 

J1.A 

J1.A 

V 

V 

A connection diagram for the MM53107 is shown in 
Figure 2 and a block diagram is shown in Figure 1. 

The network shown provides> 100 ppm tuning range 
when used with standard crystals trimmed for CL = 
12 pF. Tuning to better than ±2 ppm is easily obtainable. 

TIME BASE 

A"precision time base is provided by the interconnection 
of a 2,097,152 Hz quartz crystal and the RC network 
shown in Figure 3 together with the CMOS inverter/ 
ampl ifier provided between the Osc I n and the Osc Out 
terminals. Resistor R 1 is necessary to bias the inverter 
for class A amplifier operation. Capacitors C1 and C2 
in series provide the parallel load capacitance required 
for precise tuning of the quartz crystal. 

.~ 

DIVIDER 

A pulse is generated when divider stages 1-4, 16 and 17 
are in the correct state. This pulse is used to set or reset 
individual stages of the counter, the modulus of the 
counter is 34,952 to provide 60 Hz. 

OUTPUT 

The Oivide Output is the input frequency divided by 
34,952. The output is a push-pull output. 

OSCIN- - - - - - - - - -~ -OSCOUT 

~: .~ 1k 

~ __ --tl 0 11--__ .... 
-[t C1 2.0~7.152IHZ _i.- C2 
fr- 5-36 pF CL = 12 pF _T 30 pF 

VOOORVSS~--------------------------~ 

*To be selected based on the crystal used 

FIGURE 3. Crystal Oscillator Network 

TLlF16142·4 
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FIGURE 4. Duty Cycle for MM53107 



~National 
~ Semiconductor 
MM58167A Microprocessor Real Time Clock 
General Description 
The MM58167A is a low threshold metal gate CMOS circuit 
that functions as a real time clock in bus oriented micro­
processor systems. The device includes an addressable 
real time counter, 56 bits of RAM, and two interrupt out­
puts. A POWER DOWN input allows the chip to be disa­
bled from the rest of the system for standby low power 
operation. The time base is a 32,768 Hz crystal oscillator. 

Features 
• Microprocessor compatible (8·bit data bus) 
II Milliseconds through month counters 
II 56 bits of RAM with comparator to compare the real 

time counter to the RAM data 
• 2 INTERRUPT OUTPUTS with 8 possible interrupt 

signals 
III POWER DOWN input that disables all inputs and out-

puts except for one of the interrupts 
C Status bit to indicate rollover during a read 
III 32,768 Hz crystal oscillator 
m Four-year calendar (no leap year) 
L'I 24·hour clock 

Functional Description 
Real Time Counter 

Interrupts and Comparator 

There are two interrupt outputs. The first and most flexible 
is the INTERRUPT OUTPUT (a true high signal). This out­
put can be programmed to provide 8 different output 
signals. They are: 10 Hz, 1 Hz, once per minute, once per 
hour, once a day, once a week, once a month, and when a 
RAM/real time counter comparison occurs. To enable the 
output a one is written into the interrupt control register at 
the bit location corresponding to the desired output 
frequency (Figure 1). Once one or more bits have been set 
in the interrupt control register, the corresponding 
counter's rollover to its reset state will clock the interrupt 
status register and cause the interrupt output togo high. 
To reset the interrupt and to identify which frequency 
caused the interrupt, the interrupt status register is read . 
Reading this register places the contents of the status 
register on the data bus. The interrupting frequency will be 
identified by a one in the respective bit position. Removing 
the read will reset the interrupt. 

The second interrupt is the STANDBY INTERRUPT (open 
drain output, active low). This interrupt occurs when 
enabled and when a RAM/real time counter comparison 
occurs. The STANDBY INTERRUPT is enabled by writing a 
one on the DO line at address 16H or disabled by writing a 
zero on the DO line. This interrupt is not triggered by the 
edge of the compare signal, but rather by the level. Thus if 
the compare is enabled when the STANDBY INTERRUPT 
is enabled, the interrupt will turn on immediately. The real time counter is divided into 4·bit digits with 2 

digits being accessed during any read or write cycle. Each 
digit represents a BCD number and is defined in Table I. 
Any unused bits are held at a logical zero during a read and 
ignored during a write. An unused bit is any bit not neces­
sary to provide a full BCD number. For example tens of 
hours cannot legally exceed the number 2, thus only 2 bits 
are necessary to define the tens of hours. The other 2 bits 
in the tens of hours digit are unused. The unused bits are 
designated in Table I as dashes. 

Connection Dipgram 

The addressable portion of the counter is from millisec­
onds to months. The counter itself is a ripple counter. The 
ripple delay is less than 60~s above 4.0V and 300 p's at 2.0V. 

RAM 

56 bits of RAM are contained on-chip. These can be used 
for any necessary power down storage or as an alarm 
latch for comparison to the real time counter. The data in 
the RAM can be compared to the real time counter on a 
digit basis. The only digits that are not compared are the 
unit ten thousandths of seconds and tens of days of the 
week (these are unused in the real time counter). If the two 
most significant bits of any RAM digit are ones, then this 
RAM location will always compare. 

The RAM is formatted the same as the real time counter, 4 
bits per digit, 14 digits, however there are no unused bits. 
The unused bits in the real time counter will compare only 
to zeros in the RAM. 
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Absolute Maximum Ratings 
Voltage at All Pins Vss - 0.3V to Voo + 0.3V 

Operating Temperature - 40·C to 85·C 

Storage Temperature - 65·C to 150·C 

Voo-Vss 6.0V 

Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics Vss= OV, -40·C:5TA:585°C 

Parameter Conditions Min Max Units 

Supply Voltage 

Voo Outputs Enabled 4.0 5.5 V 

Voo POWER OOWN Mode 2.0 5.5 V 

Supply Current 

'00 , Static Outputs TRI-STATE® 

fiN = ~C, Voo = 5.5V 10 I1A , 
100, Oynamic Outputs TRI-STATE 

fiN = 32 kHz, Voo = 5.5V 
VIH ~ Voo - 0.3V 
VIL:5 Vss + 0.3V 20 I1A 

' 00 , Oynamic Outputs TRI-STATE 

fiN = 32 kHz, Voo = 5.5V 
VIH = 2.0V, VIL = O.BV 5 mA 

Input Voltage 

Logical Low 0.0 0.8 V 

Logical High 2.0 Voo V 

Input Leakage Current VSS:5VIN:5VOO -1 1 I1A 

Output Impedance 1/0 and INTERRUPT OUT 
Logical Low Voo = 4.5V, IOL = 1.6 mA 0.4 V 

Logical High Voo = 4.5V, IOH = - 400 p.A 2.4 V 

IOH= -10p.A 0.8 Voo V 

TRI·STATE VSS :5VOUT:5Voo -1 1 I1A 

Output Impedance ROY and STANOBY INTERRUPT 
I 

(Open Orain Oevices) 
"Logical Low, Sink Voo = 4.5V, IOL = 1.6 mA 0.4 V 

Logical High, Leakage VOUT:5VOO 10 I1A 

Functional Description (Continued) 

TABLE I. REAL TIME COUNTER FORMAT 

Units 
Max 

Tens 
Max 

Counter Addressed 
'00 01 02 03 

BCD 
04 05 06 07 

BCD 
Code Code 

1/10,000 of Seconds (OOH) - - - - ·0 04 05 06 07 9 

Hundredths and Tenths Sec (01H) 00 01 02 03 9 04 05 06 07 9 

Seconds (02H) 00 01 02 03 9 04 05 D6 - 5 

Minutes (03H) 00 01 02 03 9 04 05 D6 - 5 

Hours (04H) 00 01 02 03 9 04 05 - - 2 

DayoftheWeek (05H) DO D1 D2 - 7 - - - - '0 

Day of the Month (06H) 00 D1 02 03 9 04 05 - - 3 

Month (07H) DO 01 02· 03 9 D4 - - - 1 

(-) Indicates unused bits 
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Functional Description (Continued) 

TABLE II. ADDRESS CODES AND FUNCTIONS 

A4 A3 A2 A1 AO Function 

0 0 0 0 0 Counter-Ten Thousandths of Seconds 

0 0 0 0 1 Counter - Hundredths and Tenths of Seconds 

0 0 0 1 0 Counter - Seconds 

0 0 0 1 1 Counter- Minutes 

0 0 1 0 0 Counter- Hours 

0 0 1 0 1 Counter-Day of Week 

0 0 1 1 0 Counter- Day of Month 

0 0 1 1 1 Counter- Month 

0 1 0 0 0 RAM-Ten Thousandths of Seconds 

0 1 0 0 1 RAM - Hundredths and Tenths of Seconds 

0 1 0 1 0 RAM-Seconds 

0 1 0 1 1 RAM-Minutes 

0 1 1 0 0 RAM-Hours 

0 1 1 0 1 RAM - Day of Week 

0 1 1 1 0 RAM - Day of Month 

0 1 1 1 1 RAM-Months 

1 0 0 0 0 Interrupt Status Register 

1 0 0 0 1 Interrupt Control Register 

1 0 ,0 1 0 Counters Reset 

1 0 0 1 1 RAM Reset 

1 0 1 0 0 Status Bit 

1 0 1 0 1 GO Command 

1 0 1 1 0 STANDBY INTERRUPT 

1 1 1 1 1 Test Mode 

All others unused 

, 
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Functional Description (Continued) 

The comparator is a cascaded exclusive NOR. Its output is 
latched 61 JLs after the rising edge of the 1 kHz clock signal 
(input to the ten thousandths of seconds counter). This 
allows the counter to ripple through before looking at the 
comparator. For operation at less than 4.0V, the thousand-· 
ths of seconds counter should not be included in a com­
pare because of the possibility of having a ripple delay 
greater than 61 its. (For output timing see Interrupt 
Timing.) . 

Power Down Mode 

The POWER DOWN input is essentially a second chip 
select. It disables all inputs and outputs except for the 
STANDBY INTERRUPT. When this input is at a logical 
zero, the device will not respond to any external signals. It 
will, however, maintain timekeeping and turn on the 
STANDBY INTERRUPT if progra(T1med to do~The 
programming must be done before the POWER DOWN in­
put goes to a logical zero.) When switchin~to the 
standby or power down mode, the POWER DOWN input 
should go to a logical zero at least 1 JLS before Voo is 
switched. When switching Voo all other inputs must re­
main between Vss - 0.3V and Voo + 0.3V. When restoring 
Vootothe normal operating mode, it is necessary to insure 
that all other inputs are at valid levels before switching the 
POWER DOWN input back to a logical one. These precau­
tions are necessary to insure that no data is lost or altered 
when changing to or from the power down mode. 

Counter and RAM Resets; GO Command 

Thecounters and RAM can be reset by writing all 1's(FF) at 
address 12H or 13H respectively. 

A write pulse at address 15H ·will reset the thousandths, 
hundredths, tenths, units, and tens of seconds counters. 
This GO command is used for precise starting of the clock. 
The data on the data bus is ignored during the write. If the 
seconds counter is at a value greater than 39 when the GO 
is issued, the minute counter will increment; otherwise the 
minute counter is unaffected. This command is not neces­
sary to start the clock, but merely a convenient way to 
start precisely at a given minute. 

Status Bit 

The status bit is provided to inform the user that the clock 
is in the process of rolling over when a counter is read. The 
status bit is set if this 1 kHz clock occurs during or after 
any counter read. This tells the user that the clock is rip­
pling through the real time counter. Because the clock is 
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rippling, invalid data may be read from the.counter. If the 
status bit is set following a counter read, the counter 
should be reread. 

The status bit appears on DO when address 14H is read. All 
the other data lines will be zero. The bit is set when a 
logical one appears. This bit should be read every time a 
counter read or after a series of counter reads are done. 
The trailing edge of the read at address 14H will reset the 
status bit. 

Oscillator 

The oscillator used is the standard Pierce parallel reso­
nant oscillator. Externally, 2 capacitors, a 20 MO resistor 
and the crystal are required. The 20 MO resistor is con­
nected between OSC IN and OSC OUTto bias the internal 
inverter in the linear region. For micropower crystals a 
resistor in series with the oscillator output may be 
necessary to insure the crystal is not overdriven. This 
resistor should be approximately 200 kO. The capacitor 
values should be typically 20 pF-25 pF. The crystal fre­
quency is 32,768 Hz. 

The oscillator input can be externally driven, if desired. In 
this case the output should be left floating and the input 
levels should be within 0.3V of the supplies. 

A grou~d line or ground plane between pins 9 and 10 may 
be necessary to prevent interference of the oscillator by 
the A4 address. 

Control Lines 

The READ, WRITE, and CHIP SELECT signals are active 
low inputs.The READY signal is an open drain output. At 
the start of each read or write cycle the READY line (open 
drain) will pull low and will remain low until valid data 
from a chip read appears on the bus or data on the bus is 
latched in during a write. READ and WRITE must be 
accompanied by a CHIP SELECT (see Figures 3·and 4 for 
read and write cycle timing). 
During a read or write, address bits must not change while 
chip select and control strobes are 'low. 

Test Mode 

The te~t mode is merely a mode for production testing. It 
allows the counters to count at a higher than normal rate. 
In this· mode the 32 kHz oscillator input is connected 
directly to the ten thousandths of seconds counter. The 
chip select and write lines must be low and the address 
must be held at 1FH. 



Functional Description (Continued) 

DO 01 02 03 04 05 06 07 

I I I I L I I I 

~~iil "" I "" I "" I "" I "" I "" I "" I "" INTERRUPT 
CONTROL 
REGISTER 
AODRESS' 11 H 
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FIGURE 1. Interrupt Register Format 

Interrupt Timing -40°C~TA~B5°C, 4.5V~VDD~5.5V, VSs=OV 

Parameter 

tiNTON Status Register Clock to INTERRUPT 
OUTPUT (Pin 13) High (Note 1) 

tSBYON Compare Valid to STANDBY INTERRUPT 
(Pin 14) Low (Note 1) 

tlNTOFF Trailing Edge of Status Register 
Read to INTERRUPT OUTPUT Low 

tSBYOFF Trailing Edge of Write Cycle 
(00=0; Address = 16H) to STANDBY 
INTERRUPT Off (High Impedance State) 

TLIF16148·2 

Min 

V 

Von (V) TLIF16148·4 

FIGURE 2. Typical Supply 
Current vs Supply Voltage 
During Power Down 

Max Units 

5 ~s 

5 ~s 

5 ~s 

5 ~s 

Note1: The status register clocks are: the corresponding counter's rollover to its reset state or the compare becoming valid. The compare becomes valid 61 P.s 
after the 1/10,000 of a second counter is clocked, if the real time counter data matches the RAM data. 

Read Cycle Timing -40°C~TA~B5°C, 4.5V~VDD~5.5V, Vss=OV 

Parameter Min Max Units 

tAR Address Bus Valid to Read Strobe 100 ns 

tCSR Chip Select to Read Strobe 0 ns 

tRRY Read Strobe to Ready Strobe 150 ns 

tRYD Ready Strobe to Data Valid BOO ns 

tAD Address Bus Valid to Data Valid 1050 ns 

tRH Data Hold Time From Trailing Edge of Read Strobe 0 ns 

tHZ Trailing Edge of Read Strobe to TRI·STATE Mode 250 ns 

tRYH Read Hold Time after Ready Strobe a ns 

tRA Address Bus Hold Time from Trailing Edge of Read Strobe 50 ns 

tRYDV Rising Edge of Ready to Data Valid 100 ns 

Note 2: If tAR = 0 and Chip Select, Address Valid or Read are coincident then they must exist for 1050 ns. 
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Write Cycle Timing -40°C::5TA::585°C,4.5V::5Voo::55.5V, Vss=OV 

Parameter Min Max Units 

-tAW Address Valid to Write Strobe 100 ns 

tcsw Chip Select to Write Strobe 0 ns 

tow Data Valid before Write Strobe 100 ns 

tWRY Write Strobe to Ready Strobe 150 ns 

tRY Ready Strobe Width 800 ns 

tRYH Write Hold Time after Ready Strobe 0 ns 

two Data Hold Time after Write Strobe 110 ns 

tWA Address Hold Time after Write Strobe 50 ns 

Note 3: If data changes while CS and WR are low, then they must remain coincident for 1050 ns after the data change to ensure a valid write. 
Oata bus loading Is 100 pF. 
Ready output loading Is 50 pF and 3 kn pull·up. 
Input and output AC timing levels: 

Logical one = 2.0V 
Logical zero = O.BV 

Read and Write Cycle Timing Diagrams 

AO-A4 .==x- ADDRESS VALID x== 
tAR 

cs 
!---tCSR----tRRY-- I--tRA-

Rii \ I I 

r--tRYH--

ROY \ j _ tRYDV 

tRYD _tRH_ 

00-07 DATA VALID 
, , f 

tAD !-tHZ_ 

TlIF/6148-5 

FIGURE 3. Read Cycle Timing 

AO-A4 ==>< ADDRESS VALID X 
I tAW 

-twA-I 

cs 
I--tcsw---twRY- _tRYH_ 

Wi'! \ J ~twD--
---tRY---

1iiiV \ il 
1---tDW---

00-07 f OATAVALIO , j 

TlIF/6148-6 

FIGURE 4. Write Cycle Timing 
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Typical Applications 
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FIGURE 5. Typical Connection Diagram 

WAIT 

8080 

01 

02 

RESET 

SYNC 

READY 

23 

WR 

OBIN 

HOLA 

00-07 

INT 

14 

SYSTEM 
ADDRESS BUS 

13 
HOLD 

16 
INTE 

18 

17 

21 HOLA 

3-10 
00-07 

pP 
DATA 
8US 

22 
BUSEN 

23 
INTA 

5-9 

5 
SYSTEM 15-22 

DATA BUS 

8238 

INTERRUPT 

5V 

24 

VOO' 5V 

AO-A4 OSC IN 
10 

00-07 

MM58167A 

OSC OUT 
11 

14 
NC 

12 

~ ____________________________ ~RE~A~0~Y __________ -4~~20~k~VOO 

+ STANDBY 

lOOk -=- BATTERY 

~3V 

T
20PF 

TLIFI6148·8 

Note 5: Must use 8238 or equivalent logic to Insure advanced I/OW pulse; so that the ready output of the MM58167A is valid by the end of <1>2 during the T2 
mlcrocycle. 

Nole 6: t<l>2 <?: IRS8080 + t0L8238 + tWRY58167 A· 

FIGURE 6. 8080 System Interface with Battery Backup 
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Block Diagram 

OSC IN 

OSC OUT 

R~:±::::l 
WR~I~ r---=-........ ~..., 
DO~ 
Dl~ 
D2+l4 
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D4.,...!.4 
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~National 
~ Semiconductor 

MM58174A Microprocessor-Compatible Real-Time Clock 

General Description 
The MM58174A Is a low-threshold metal-gate CMOS cir­
cuit that functions as a real-time clock and calendar in 
bus-oriented microprocessor systems. The device in­
cludes an interrupt timer which may be programmed to 
one of three times. Time-keeping is maintained down to 
2.2V to allow low power standby battery operation. The 
tlmebase is generated from a 32768Hz crystal-controlled 
oscillator. 

Features 
• Microprocessor compatible 

• Tenths of seconds, seconds, tens of seconds, 
minutes, tens of minutes, day of week, days, tens of 
days, months, tens of months, Independent registers 

• Automatic leap year calculation 

II Internal pull-ups to safeguard data 

I!I Protection for read during data changing 

• Independent interrupt system with open drain output 

II TTL compatible 

• Low power standbx operation (2.2V, 10f.lA) 

• Low cost internally biased oscillator 

• Low cost 16-pin dual·in-line package 

a Available for commercial and military 
temperature ranges 

Applications 
II Point-of-sale terminals 

II Word processors . 

13 Teller terminals . 

13 Event recorders 

12 Microprocessor-controlled instrumentation 

12 Microprocessor time clock 

12 TVNCR reprogramming 

a Intelligent telephone 

CONTROL 
BUS 

ADDRESS 
BUS INTERRUPT DATA BUS 

Figure 1. Block Diagram 
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Absolute Maximum Ratings 
Voltage at All Inputs and Outputs Voo + 0.3 to Vss - 0.3 
Operating Temperature 

MM58174AN -40°Cto +85°C 
Storage Temperature -65°C to +150°C 
Voo - Vss 6.5V 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics TA = - 40°C to + 85°C, Vss = OV 

Symbol Parameter Conditions Min. Typ. Max. Units 

Voo Supply Voltage Standby mode 2.2 5.5 V 
(no READ or WRITE 
instructions) 

Operational mode 4 5.5 V 

100 Supply Current . Voo = 2.2V (Standby) 
MM58174AN 10 I1A 

Voo = 5V (Operating) 1 mA 

Input Logic Levels Voo=5V 
For Signals: 

ADo - AD3, DBa - DB3, 
WR, RD,CS 

Logic "1" 2 V 
Logic "0" 0.8 V 

Input Capacitance 10 pF 

Input Current Levels Voo=5V. 

Current to Vss 
For Signals: 

ADo - AD3, DBo - DB3, 
RD V'N=VOO 30 !1A 

Internal Resistor to Voo 
For Signals: 

WR 30 100 kQ 
CS 30 . 100 kQ 

Output Logic Levels Voo=5V 
For Signals: 

DBo- DB3 
Logic "1" IOH =0.1 mA 2.4 V 
Logic "O~' IOL=1.6mA 0.4 V 

INTERRUPT (Open Drain) 
Logic ''OJ, For los= -1.6 rnA 0.4 V 
Off Leakage Vour =5V 5 !1A 
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Functional Description 
The MM58174 is a microprocessor bus-oriented real·time 
clock. The circuit includes addressable real-time coun­
ters for tenths of seconds through months and a write 
only register for leap year calculation. The counters are 
arranged as bytes of four bits each. When addressed a 
byte will appear on the data 1/0 bus so that each word 
can be accessed independently. If any byte does not 
contain four bits (e.g. days of the week uses only 3 bits), 
the unused bits will be unrecognized during a write oper· 
ation and tied to Vss during a read operation. 

The addressable reset latch causes the pre-scaler, tenths 
of seconds, seconds, and tens of seconds to be held in a 
reset condition. If a register is updated during a read 
operation the 1/0 data Is prevented from updating and a 
subsequent read will return the illegal b.c.d. code '1111'. 
The interrupt timer may be programmed for intervals of 
0.5 second, 5 seconds, or 60 seconds and may be coded 
as a single or repeated operation. The open drain inter· 
rupt output is pulled to Vss when the timer times out and 
reading the interrupt register proyides the internal se­
lected information. 

Circuit Description 
The block diagram shown in Figure 1 shows the structure 
of the CMOS clock chip. A 16·pin DIL package is used. 

Crystal Oscillator 
This consists of a CMOS inverterlamplifier with on-chip 
bias resistor and capaCitors. A single 6-36 pF trimmer is 
all that is required to fine tune the crystal (see Figure 2). 
However, for improved stability, some crystals may 
require a capaCitor of typical value 20pF to be added 
between pin 14 and ground. The output of the oscillator 
is blocked by the start/stop F/F. 

Non·lnteger Divider 
This counter divides the incoming 32,768 Hz frequency 
by 15/16 down to 30,720Hz. 

Fixed Divider (512) 
This is a standard 9·stage binary ripple counter. Output 
frequency is 60Hz. This counter is reset to zero by startl 
stop F/F. 

Fixed Divider (6) 
This is a 3-stage Johnson counter with a 10Hz output 
signal. This counter is reset to zero state by the 
startlstop F/F. 

Synchronization Stage 
Both 10Hz and 32,768Hz clocks are fed into this sec· 
tion. It is used to generate a pulse of 15.25!ls width on 
the rising edge of each 10 Hz pulse. 

This pulse is used to increment all the seconds, minutes, 
hours, days, months, and year counter and also to set the 
data changed F/F. 

Data Changed F/F 
This is set by the rising edge of each 10Hz pulse to indi­
cate that the clock value has changed since the last read 
operation. It is reset by any clock read command. 
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Connection Diagram 

CS-1 16 I- VOO 

Rii-2 15 ~ CRYSTALIN 

Wii-3 14 I- CRYSTAL OUT 

OB3 - 4 13 ~ INTERRUPT 

OB2- 5 12 f-- ADO 

OB1- 6 11 ~ A01 

OBO- 7 10 f-- AD2 

VSS - 8 9 f-- A03 

Top View 

Order Number MM58174AN 
See NS Package N16E 

The flip-flop sets all data bus bits to a "1" during RD 
time indicating that a register has been updated. This 
transient condition may occur at the end of the Read 
Data strobe. Hence, invalid data may still be read from 
the clock, if the strobe width was less than 3!ls. 

The possibility may be overcome by implementing a fur· 
ther read of the tenths of seconds register at the end of 
every series of reads (starting with a read at the tenths of 
seconds register) and checking for unchanged data. 

Seconds Counters 
There are three counters for Seconds: 

a) tenths of seconds 

b) units of seconds 

c) tens of seconds 

The outputs of all three counters can be separately multi· 
plexed on to the command 4-bit output bus. Table 1 
shows the address decoding for each counter. All three 
counters are reset to zero by the startlstop F/F. 

Minutes Counters 
There are two Minutes counters: 

a) units of minutes 

b) tens of minutes 

Both counters are parallel loaded with data from the 4-bit 
input bus when addressed by the microprocessor and a 
Write Data Strobe pulse given. Similarly, the output of 
both counters can be read separately onto the common 
4-bit output bus (Table 1). 

Hours Counters 
There are two Hours counters which will count in a 24-
hour mode: 

a) units of hours 

b) tens of hours 

Both counters have identical parallel load and read multi· 
plex features to the Minutes counters. 

Seven Day Counter 

There is a 7-state counter which Increments every 24 
hours. It will have identical parallel load and read mul· 
tiplex capabilities to the Minutes and Hours counters. 
The counter counts cyclically from 1-7. 



20M 

200k 

15 14 

~----~D~----~ 
J-20 pF 

Figure 2. Crystal Oscillator 

Days Counter 
There are two Days counters: 

a) units of days 

b) tens of days 

The Days counters will count up to 28, 29, 30, or 31 days 
depending on the state of the Months counters and the 
Years Status Register. Days counters have parallel load 
and read multiplex capabilities. 

Months Counters 
There are two Months counters: 

a) units of months 

b) tens of months 

The Months counters have parallel load and read multi· 
plex capabilities. 

Years Status Register 
The Years Status register is a shift register of 4 bits. It 
will be shifted every year on December 31st. The status 
register must be set In accordance with Table 3. No 
readout capability is provided. 

Chip Select (CS) 
An external chip select is provided. The chip enable is 
active low. 

Counter and Register Selection 
Table 1 shows the coding on the address lines ADo-AD3 
which select the registers in the circuit to be either par· 
allel loaded or read on to the output bus. 

XTAL OUT 
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Figure 3. Test Mode Organization 

Start/Stop (~eset) Latch 
A logic "1" on DBa at chip address 14 (E) wi II start the 
clock running, a logic "0" will stop the clock. This func: 
tion allows the loading of time data into the clock and 
its precise starting. The clock starts at 0.1 seconds. 

Test Mode 
This mode is incorporated to facilitate production testing 
of the circuit. In this mode, the 32,768Hz clock is fed 
forward as shown in Figure 3. For normal operation, the 
circuit must be set to the non·test mode as part of the 
system initialization. This is accomplished by writing a 
logic "0" to DB3 at ADo. 

Table 1. Address Decoding for Internal Registers 

Selected Counter 
Address Bits 

Mode 
AD3 AD2 AD1 ADo 

o Test Only 0 0 0 0 Write Only 
1 Tenths of secs. 0 0 0 1 Read Only 
2 Units of secs. 0 0 1 0 Read Only 
3 Tens of secs. 0 0 1 1 Read Only 
4 Units of mins. 0 1 0 0 Read or Write 
5 Tens of mins. 0 1 0 1 Read or Write 
6 Units of hours 0 1 1 0 Read or Write 
7 Tens of hours 0 1 1 1 Read or Write 
8 Units of days 1 0 0 0 Read orWrlte 
9 Tens of days 1 0 0 1 Read orWrite 

10 Day of week 1 0 1 0 Read or Write 
11 Units of months 1 0 1 1 Read or Write 
12 Tens of months 1 1 0 0 Read or Write 
13 Years 1 1 0 1 Write Only 
14 Stop/Start 1 1 1 0 Write Only 
15 Interrupt 1 1 1 1 Read or Write 



Table 2a. Interrupt Selection Data 

Mode: Address 15, Write Mode 

Function DB3 DB2 DB1 DBo 

No Interrrupt X a a a 
Int. at 60 sec. intervals· 0/1 1 a a 
Int. at 5.0 sec. intervals· 0/1 a 1 a 
Int. at 0.5 sec. intervals· 0/1 a a 1 

·+16.6ms 

.083 = 0, single interrupt DB3 = 1, repeated interrupt 

Table 2b. Interrupt Read Back (Status) 

Mode: Address 15, Read Mode 

Interrupt Status DB3 DB2 DB1 DBo 

Reset X a a a 
60 sec. signal X 1 a a 
5.0 sec. signal X a 1 a 
0.5 sec. signal X a a 1 

X == don't care state 

Table 3. Years Status Register 

Mode: Address 13, Write Mode 

DB3 DB2 DB1 DBo 

Leap year 1 a a a 
Leap year-1 a 1 a a 
Leap year- 2 a a 1 a 
Leap year- 3 a a a 1 

Note: Leap year counter rolls over on Dec. 31 @23:59:59 

Interrupt System 
The interrupt output and its frequency of operation is 
enabled by writing to address 15 (see Table 2a). To 
ensure correct operation, the interrupt should be servo 
iced within 16.6 ms. 

The interrupt is initialized by writing "0" to address 15 
and reading the interrupt, i.e., reading at address 15 three 
times. Initialization must be performed at power on and 
also if the interrupt is not serviced correctly within 16.6 ms. 

Servicing the Interrupt 
In a typical system the open drain interrupt output is 
wired to the processor interrupt system. Hence, when the 
interrupt timer times out, the interrupt output is pulled 
low and the processor is interrupted. 

The processor may then reset the interrupt by utilizing 
the following procedure: 

Read Address 15 three times. 

This resets the interrupt output and restarts the inter· 
rupt timer when in the repeat mode. 

It is recommended that the interrupt output is connected 
to a unique processor port. 

Crystal Parameters 
Figure 4 is an electrical representation of the crystal 
along with some typical values. The 32.768 kHz crystal is 
an NT CUT (tuning fork type) or XY BAR for use in a paral· 
lei resonant Pierce oscillator. 
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CF::O.003pF 
Co::::3.0pF RS::::35kQ 

Figure 4. Typical Crystal Parameters 

Device Initialization and Oscillator Setting 

When first installed or if the battery back·up has failed, the 
MM58174A will require to be properly initialized. The 
following sequence is a suggested flow of operations to 
achieve this. 

Action 

1) Apply power. 
2) Write 'a' to address 15. 

3) Read 3 times from 
address 15. 

4) Write 'a' on DB3 to 
address O. 

5) Write 'a' on DBa to 
address 14. 

6) Set up time·keeping 
registers. 

7) Write '1' on DBa to 
address 14. 

8) Program and start 
interrupts. 

Oscillator Setting 

Result 

Clears interrupt timer 
chain. 
Clears interrupt output 
logic. 
Clears test mode. 

Stops clock running. 

Load real·time into device 
time registers, minutes to 
leap years. • 
Starts time·keeping 
synchronized to an 
external time source. 
Commence interrupt 
timing, if so required. 

Directly connecting a frequency meter to the Crystal Out 
pin (14) will not allow correct frequency setting because of 
the extra capacitive loading of the meter. One possibility for 
setting is to use a high impedance probe or a CMOS buffer 
to keep the loading as low as possible(e.g., 100 x 2 pF probe). 
Alternatively, a buffered output of 16.384 kHz (OSC/2) can be 
produced on DBa by applying the following procedure: 

Action 

1) Write a '1' on DB3 to 
address O. 

2) Write a '1' on DBa to 
address 14. 

3) Read at address 1 
(tenths of secs). 

4) Read at address 1 and 
HOLD the strobe Law. 

5) Adjust trimmer capacitor. 

Result 

Selects test mode. 

Starts clock timing. 

'Data Changed' signal is 
read. 
16.384 kHz appears on DBa. 

There must be no extra activity on the RD line between 
steps 3 and 4 or only the normal 'Data Changed' signal will 
be observed on the data bus. Thus if the normal host proc· 
essor system is being used to generate the chip wave· 
forms, proper care must be taken. 



Timing Waveforms 

Read Mode 

Figure 6 gives detailed timing for the transfer of data from peripheral to microprocessor. See Table 4. 

All times are measured from (or to) valid logic "0" level = O.BV or valid logic "1" level = 2.0V. 

Write Mode 

Figure 7 gives detailed timing for the transfer of data from Microprocessor to peripheral. See Table 5. 
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Figure 5. Typical Microprocessor Interface 
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Operating Conditions 
MM58174AN TA= -40°Cto +85°C 

VOO = 5V 

Table 4. Timing: Data from Peripheral to Microprocessor 

Symbol Parameter 
MM58174AN 

Min Max 
Typ Units Comments 

tAeso Address Bus Valid to Chip Select 0 ns 
'ON (CS=O) 

tCSR Chip Select ON to Read Strobe 0 ns 

tRO Read Cycle Access Time from 900 450 ns CL= 100 pF 
Read Strobe to Data Bus Valid 

tRH Data Hold Time from Trailing 0 330 ns 
Edge of Read Strobe 

tRA Address Bus Hold Time from 70 500 ns 
Trailing Edge of Read Strobe 

tACS1 Address Change to Chip Select 0 40 ns 
OFF 

tAD Address Bus Valid to Data Valid 1850 850 ns CL= 100 pF 

tHz Time from Trailing Edge of Read 0 330 ns 
Strobe until Interface Device Bus 
Drivers are in TRI·STATE@ Mode 

tRW Read Strobe Width 14 itS 

tAR Address Bus Valid to Read Strobe 500 ns 

Nole 1: In order nOI to degrade timekeeping accuracy, the number of Read strobes in anyone second should be less than 10,000. 

Table 5. Timing: Data from Microprocessor to Peripheral 

Symbol Parameter 
MM58174AN 

Min Max 
Typ Units Comments 

tACSO Address Bus Valid to Chip Select 0 ns 
. ON (CS=O) 

tcsw Chip Select ON to Write Strobe 0 450 ns 

tAW Address Bus Valid to Write Strobe 725 ns 

tww Write Strobe Width 670 ns 

tDW Data Bus Valid Before Write 70 ns 
Strobe 

tWA Address Bus Hold Time Following 165 ns 
Write Strobe 

tWD Data Bus Hold Time Following 185 ns 
Write Strobe 

tACS1 Address Change to Chip Select 0 ns 
OFF(CS= 1) 

Note 1: If address and write occur simultaneously, then they must exit for tAW and tWW. 
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~ ~National 
. ffl ~ Semiconductor 
~ 
~ MM58274 Microprocessor Compatible Real Time Clock 

General Description 
The MM58274 is fabricated using low threshold metal gate 
CMOS technology and is designed to operate In bus ori­
ented microprocessor systems where a real time clock and 
calendar function are required_ The on-chip 32_768 kHz 
crystal controlled oscillator will maintain timekeeping 
·down to 2.2V to allow low power sta.ndby battery operation. 
This device is pin compatible with the MM58174 but con­
tinues timekeeping up to tens of years. Faster access times 
are also offered. 

Applications 
• Point of sale terminals 

• Teller terminals 
• Word processors 

• Data logging 
• Industrial process control 

Block Diagram 

Features 
• Same pin-out as MM58174A 
• Timekeeping from tenths of seconds to tens of years in 

independently accessible registers 

• Hours counter programmable for 12 or 24-hour operation 
II Buffered crystal frequency output in test mode for easy 

oscillator setting 

• Data-changed flag allows simple testing fortime rollover 
• Independent interrupting timer with open drain output 

• Fully TTL compatible 
• Low power standby operation (10 p.A at 2.2V) 

• Low cost 16-pin DIP 

FIGURE 1 
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Absolute Maximum Ratings 
Voltage at All Inputs and Outputs Voo + 0.3V to Vss - 0.3V 
Operating Temperature - 40°C to + 85°C 
Storage Temperature - 65°Cto + 150°C 

Voo-Vss 6.5V 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics T A = - 40°C to + 85°C, Voo = 5V ± 0.5V unless otherwise stated 

Parameter Conditions Min Typ Max Units 

Voo, Supply Voltage (Voltage at Voo Pin) Standby Mode 2.2 V 
I (No Read or Write Instructions) 

Operational Mode' 4.5 5.5 V 

100 , Supply Current Standby Mode (Voo = 2.2V) 4 10 /LA 
Operational Mode (Voo = 5V) 1 mA 

INPUT LOGIC LEVELS 

All Inputs (Except XTAL IN) VIH (Logic 1) 2.0 V 
VIL (Logic 0) 0.8 V 
Input Capacitance 10 pF 

INPUT CURRENT LEVELS (ACTIVE PULL·UPS TO Vee) 

ADO to AD3 

I 
VIN = Vss 

I I I 
20 

I 
/LA 

DBO to DB3 Voo=5V 

INTERNAL RESISTOR TO Vee 

WR 

I I 

30 

I 

100 

I I 

kG 

AD 30 100 kG 

CS 10 40 kG 

OUTPUT LOGIC LEVELS 

DBO to DB3 Logic 1 (IOH = 0.2 mAl 2.4 V 
Logic 0 (loL = 3.2 mAl 0.4 V 

Interrupt Logic 0 (IOL = 3.2 mAl 0.4 V 
Off Leakage 2 /LA 

Connection Diagram Functional Description 

Dual·ln·Line Package 
The MM58274 is a bus oriented microprocessor real time 
clock. It has the same pin-out as the MM58174A while 

'-/ offering extended timekeeping up to units and tens of 

CS-1 16 ~VDD years. To enhance the device further, a number of other 

iiii-2 
features have been added including: 12 or 24 hours count· 

15 ~ XTAL IN ing, a testable data·changed flag giving easy error-free 

WR- 3 14 ~ XTAL OUT time reading and simplified interrupt control. 

OB3- 4 131--INT A bufferea oscillator signal appears on the interrupt out· 

OB2- 5 12 r- ADO put when the device is in test mode. This allows for easy 
oscillator s~tting when the device is initially powered up in 

DB1- 6 11 r-AD1 a system. 

DBO- 7 10 I- AD2 
The counters are arranged as 4-bit words and can be ran-

Vss- 8 9 r-AD3 domly accessed for time reading and setting. The count· 
ers output in BCD (binary coded decimal) 4-bit numbers. 

TOP VIEW TLlB/5602·2 
Any register which has less than 4 bits (e.g., days of week 
uses only 3 bits) will return a logic 0 on any unused bits. 

FIGURE 2 When written to, the unused inputs will be ignored. 
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Functional Description (Continued) 

Writing a logic 1 to the clock start/stop control bit resets 
the internal oscillator divider chain and the tenths of 
seconds counter. Writing a logic 0 will start the clock tim­
ing from the nearest second. The time then updates every 
100 ms with all counters changing synchronously. Time 
changing during a read is detected by testing the data­
changed bit of the control register after completing a 
string of clock register reads. 

Interrupt delay times of 0.1s, 0.5s, 1s, 5s, 10s, 30s or 60s 
can be selected with single or repeated interrupt outputs. 
The open drain output is pulled low whenever the interrupt 
timer times out and is cleared by reading the control 
register. 

CIRCUIT DESCRIPTION 

The block diagram in Figure 1 shows the internal structure 
of the chip. The 16-pin package outline is shown in Figure 2. 

Crystal Oscillator 

This consists of a CMOS inverter/amplifier with an on-chip 
bias resistor. Externally a 20 pF capacitor, a 6 pF-36 pF 
trimmer capacitor and a crystal are required to complete 
the 32.768 kHz timekeeping oscillator circuit. 

The 6 pF-36 pF trimmer fine tunes the crystal load imped­
ance, optimizing the oscillator stability. When properly 
adjusted (I.e., to the crystal frequency of 32.768 kHz), the 
circuit will display a frequency variation with voltage of 
less than 3 ppmIV. 

When the chip is enabled into test mode, the oscillator is 
gated onto the interrupt output pin giving a buffered oscil­
lator output that can be used to set the crystal frequency 
when the device is installed in a system. For further infor­
mation see the section on Test Mode. 

Divider Chain 

The crystal oscillator is divided down in three stages to pro­
duce a 10 Hz frequency setting pulse. The first stage is a 
non·integer divider which reduces the 32.768 kHz input to 
30.720 kHz. This is further divided by a g-stage binary ripple 
counter giving an output frequency of 60 Hz. A 3-stage 
Johnson counter divides this by six, generating a 10 Hz out­
put. The 10 Hz clock is gated with the 32.768 kHz crystal fre­
quency to provide clock setting pulses of 15.26 p'S duration. 
The setting pulse drives all the time registers on the device 
which are synchronously clocked by this signal. All time 
data and the data-changed flag change on the falling edge 
of the clock setting pulse. 

Data·Changed Flag 

The data-changed flag is set by the clock setting pulse to 
indicate that the time data has been altered since the 
clock was last read. This flag occupies bit 3 of the control. 
register where it can be tested by the processor to sense 
data-changed. It will be reset by a read of the control 
register. See the section, "Methods of Device Operation", 
for suggested clock reading techniques using this flag. 

(SEE APPLICATION NOTES) ~--------------------~~--~'-~~---'----~5V 

DB3 

DB2 

DB1 

DBO 

AD3 

AD2 

AD1 

ADO 

R1 
3.3k 

* Resistor Is only used with NI~CAD cells. Omit for lithium, 
sliver or other primary cells. 

FIGURE 3. Typical System Connection Diagram 

3-28 

100 nF 
DISK 

TLIB15602·3 



Functional Description (Continued) 

Seconds Counters 

There are three counters for seconds: 

a) tenths of seconds 

b) units of seconds 

c) tens of seconds. 

The registers are accessed at the addresses shown In 
Table I. The tenths of seconds register is reset to 0 when 
the clock start/stop bit (bit 2 of the control register) Is set 
to logic 1. The units and tens of seconds are set up by the 
processor, giving time setting to the nearest second. Ail 
three registers can be read by the processor for time 
output. 

Minutes Counters 

There are two minutes counters: 

a) units of minutes 

b) tens of minutes. 

Both registers may be read to or written from as required. 

, Hours Counters 

There are two hours counters: 

a) units of hours 

b) tens of hours. 

Both counters may be accessed for read or write opera· 
tlons as desired. 

In 12-hour mode, the tens of hours register has only one ac­
tive bit and the top three bits are set to logic O. Data bit 1 of 
the clock setting register Is the AM/PM Indicator; logic 0 
indicating AM, logic 1 for PM. 

When 24-hour mode Is programmed, the tens of hours reg· 
Ister reads out two bits of data and the two most slgnlfl· 
cant bits are set to logic O. There Is no AM/PM Indication 
and bit 1 of the clock setting register will read out a logic O. 

In both 12/24-hour modes, the units of hours will read out 
four active data bits. 12 or 24-hour mode Is selected by bit 0 
of the clock setting register; 10gicO for 12-hour mode,logic 1 
for 24-hour mode. 

Days Counters 

There are two days counters: 

a) units of days 

b) tens of days. 

The days counters will count up to 28, 29,30 or 31 depend· 
Ing on the state of the months counters and the leap year 
counter. The microprocessor has full read/write access to 
these registers. 

Months Counters 

There are two months counters: 

a) units of months 

b) tens of months. 

Both these counters have full read/write access. 

Years Counters 

There are two years counters: 

a) units of years 

b) tens of years. 

Both these counters have full read/write access. The 
years will count up to 99 and roll over to 00. 

TABLE I. ADDRESS DECODING OF REAL-TIME CLOCK INTERNAL REGISTERS 

Register Selected 
Address (Binary) 

(Hex) Access 
AD3 AD2 AD1 ADO 

0 Control Register 0 0 0 0 0 Split Read and Write 

1 Tenths of Seconds 0 0 0 1 1 Read Only 

2 Units Seconds 0 0 1 0 2 R/W 

3 Tens Seconds 0 0 1 \. 1 , 3 R/W 

4 Units Minutes 0 1 0 0 4 R/W 

5 Tens Minutes 0 1 0 1 5 R/W 

6 Units Hours 0 1 1 0 6 R/W 
7 Tens Hours 0 1 1 1 7 R/W 

8 Units Days 1 0 ,0 0 8 R/W 

9 Tens Days 1 0 0 1 9 R/W 

10 Units Months. 1 0 1 0 A R/W 

11 Tens Months 1 0 1 1 ' B R/W 

12 Units Years 1 1 0 0 C R/W 

13 Tens Years 1 1 0 1 D R/W 

14 Day of Week 1 1 1 0 E R/W 

15 Clock Setting/ 1 1 1 1 F R/W 
Interrupt Registers 
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Functional Description (Continued) 

Day of Week Counter 

The day of week counter increments as the time rolls from 
23:59 to 00:00 (11:59 PM to 12:00 AM in 12-hour mode). It 
counts from 1 to 7 and rolls back to 1. Any day of the week 
may be specified as day 1. 

Clock Setting Registerllnterrupt Register 

The interrupt select bit in the control register determines 
which of these two registers is accessible to the proces­
sor at address 15. Normal clock and interrupt timing 
operations will always continue regardless of which regis­
ter is selected onto the bus. The layout of these registers 
is shown in Table II. 

The clock setting register is comprised of three separate 
functions: 

a) leap year counter: bits 2 and 3 

b) AM/PM indicator: bit 1 

c) 12/24-hour mode set: bit 0 (see Table IIA). 

The leap year counter is a 2-stage binary counter which is 
clocked by the months counter. It changes state as the 
time rolls over from 11 :59 on December 31 to 00:00 on 
January 1. 

The AM/PM indicator returns a logic 0 for AM and a logic 1 
for PM. It is clocked when the hours counter rolls from 
11 :59 to 12:00 in 12-hour mode. In 24-hour mode this bit is 
set to logic O. 

The 12/24-hour mode set determines whether the hours 
counter counts from 1 to 12 or from 0 to 23. It also controls 
the AM/PM indicator, enabling it for 12-hour mode and 
forcing it to logic 0 for the 12-hour mode. The 12/24-hour 
mode bit is set to logic 0 for 12-hour mode and it is set to 
logic 1 for 24-hour mode. 

IMPORTANT NOTE: Hours mode and AM/PM bits cannot 
be set in the same write operation. See the section on 
Initialization (Methods of Device Operation) for a sug­
gested setting routine. 

All bits in the clock setting register may be read by the 
processor. 

The interrupt register controls the operation of the timer 
for interrupt output. The processor programs this register 
for single or repeated interrupts at the selected time 
intervals. 

The lower three bits of this register set the time delay 
period that will occur between interrupts_ The time delays 
that can be programmed and the data words that select 
these are outlined in Table liB. 

Data bit 3 of the interrupt register sets for either single or 
repeated interrupts; logic 0 gives single mode, logic 1 sets 

The counter should be loaded with the 'number of years 
since last leap year' e.g., if 1980 was the last leap year, a 
clock programmed in 1983 should have 3 stored in the leap 
year counter. If the clock is programmed during a leap 
year, then the leap year counter should be set to O. The con­
tents of the leap year counter can be read by the J!P. 

. for repeated mode. 

Using the interrupt is described in the Device Operation 
section. 

TABLE IIA_ CLOCK SETIING REGISTER LAYOUT 

Function 
Data Bits Used 

Comments Access 
DB3 DB2 DB1 DBD 

Leap Year Counter X X o Indicates a Leap Year R/W 

AM/PM Indicator (12-Hour Mode) X O=AM 1 =PM R/W 
o in 24-Hour Mode 

12/24-Hour Select Bit X 0= 12-Hour Mode R/W 
1 = 24-Hour Mode 

TABLE IIB_ INTERRUPT CONTROL REGISTER 

Function Comments 
Control Word 

DB3 DB2 DB1 DBD 

No Interrupt Interrupt output cleared, X 0 0 0 
start/stop bit set to 1. 

0.1 Second 0/1 0 0 1 
0.5 Second 0/1 0 1 0 
1 Second 

DB3 = 0 for single interrupt 
0/1 0 1 1 

5 Seconds 0/1 1 0 0 
10 Seconds 

DB3 = 1 for repeated interr,upt 
0/1 1 0 1 

30 Seconds 0/1 1 1 0 
60 Seconds 0/1 1 1 1 
Timing Accuracy: single interrupt mode (all time delays): ± 1 ms 
Repeated Mode: ± 1 ms on initial timeout, thereafter synchronous 
with first interrupt (i.e., timing errors do not accumulate): 
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Functional Description (Continued) 

Control Register 

There are three registers which control different opera­
tions of the clock: 

a) the clock setting register 

b) the interrupt register 

c) the control register. 

The clock setting and interrupt registers both reside at 
address 15, access to one or the other being controlled by 
the interrupt select bit; data bit 1 of the control register. 

The clock setting register programs the timekeeping of 
the clock. The 12/24-hour mode select and the AM/PM in­
dicator for 12-hour mode occupy bitsO and 1, respectively. 
Data bits 2 and 3 set the leap year counter. 

The interrupt register controls the operation of the inter­
rupt timer, selecting the required delay period and either 
single or repeated interrupt. 

The control register is responsible for controlling the 
operations of the clock and supplying status information 
to the processor. It appears as two different registers; one 
with write only access and one with read only access. 

The write only register consists of a bank of four latches 
which control the internal processes of the clock. ' 

The read only register contains two output data latches 
which will supply status information for the processor. 
Table III shows the mapping of the various control latches 
and status flags in the control register. The control 
register is located at address O. 

The write only portion of the control register contains four 
latches: 

A logic 1 written into the test bit puts the device into test 
mode. This allows setting of the oscillator frequency as well 
as rapid testing of the device registers, if required. A more 
complete description is given in the Test Mode section. For 
normal operation the test bit is loaded with logic O. 

The clock start/stop bit stops the timekeeping of the clock 
and resets to a the tenths of seconds counter. The time of 
day may then be written into the various clock registers 
and the clock restarted synchronously with an external 
time source. Timekeeping is maintained thereafter. 

A logic 1 written to the start/stop bit halts clock timing. 
Timing is restarted when the start/stop bit is written with a 
logic O. 

The interrupt select bit determines which of the two 
registers mapped onto address 15 will be accessed when 
this address is selected. 

A logic a In the Interrupt select bit makes the clock setting 
register available to the processor. A logiC 1 selects the in­
terrupt register. 

The interrupt start/stop bit controls the running of the in­
terrupt timer. it Is programmed In the same way as the 
clock start/stop bit; logic 1 to halt the interrupt and reset 
the timer, logic a to start interrupt timing. 

When no interrupt is programmed (interrupt control regis­
ter set to 0), the interrupt start/stop bit Is automatically set 
to a logic 1. When any new Interrupt Is subsequently pro­
grammed, timing will not commence until the start/stop 
bit is loaded with O. 

In the single interrupt mode, interrupt timing stops when a 
timeout occurs. The processor restarts timing by writing 
logic 0 into the start/stop bit. 

In repeated interrupt mode the interrupt timer continues to 
count with no intervention by the processor necessary. 

Interrupt timing may be stopped in either mode by writing 
a logic 1 into the interrupt start/stop bit. The timer is reset 
and can be restarted in the normal way, giving a full time 
delay period before the next interrupt. 

In general, the control register is set up such that writing 
a's into it will start anything that is stopped, pull the clock 
out of test mode and select the clock setting register onto 
the bus. In other words, writing a will maintain normal 
clock operation and restart interrupt timing, etc. 

The read only portion of the control register has two status 
outputs: 

Since the MM58274 keeps real time, the time data 
changes asynchronously with the processor and this may 
occur while the processor is reading time data out of the 
clock. : 

Some method of warning the processor when the time 
data has changed must thus be included. This is provided 
for by the data-changed flag located in bit 3 of the control 
register. This flag is set by the clock setting pulse which 
also clocks the time registers. Testing this bit can tell the 
processor whether or not the time has changed. The flag is 
cleared by a read of the control register but not by any 
write operations. No other register read has any effect on 
the state of the data-changed flag. 

Data bit a is the interrupt flag. This flag is set whenever the 
interrupt timer times out, pulling the interrupt output low. 
In a polled interrupt routine the processor can test this 
flag to determine if the MM58274 was the interrupting 
device. This interrupt flag and the interrupt output are both 
cleared by a read of the control register. 

TABLE 1\1. THE CONTROL REGISTER LAYOUT 

Access (addrO) DB3 DB2 DB1 DBO 

Read From: Data-Changed Flag 0 a Interrupt Flag 

Write To: Test Clock Start/Stop Interrupt Select Interrupt Start/Stop 
0= Normal O=Clock Run a = Clock Setting Register 0= Interrupt Run 

1 = Test Mode 1 = Clock Stop 1 = Interrupt Register 1 = Interrupt Stop 
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Functional Description (Continued) 

Both of the flags and the interrupt output are reset by the 
trailing edge of the read strobe. The flag information is 
held latched during a control register read, guaranteeing 
that stable status information will always be read out by 
the processor. 

Interrupt timeout is detected and stored internally if it 
occurs during a read of the control register, the interrupt 
output will then go low only after the read has been 
completed. 

A clock setting pulse occurring during a control register 
read will not affect the data-changed flag since time data 
read out before or after the control read will not be af­
fected by the time change. 

METHODS OF DEVICE OPERATION 

Test Mode 

National Semiconductor uses test mode for functionally 
testing the MM58274 after fabrication and again after 
packaging. Test mode can also be used to set up the 
oscillator frequency when the part is first commissioned. 

Figure 4 shows the internal clock connections when the 
device is written into test mode. The 32.768 kHz oscillator 
is gated onto the interrupt output to provide a buffered out­
put for initial frequency setting. This signal is driven from 
a TRI-STATE® output buffer, enabling easy oscillator set­
ting in systems where Interrupt is not normally used and 
there is no external resistor on the pin. 

If an interrupt is programmed, the 32.768 kHz output is 
switched off to allow high speed testing of the interrupt 
timer. The interrupt output will then function as normal. 

The clock startlstop bit can be used to control the fast 
clocking of the time registers as shown in Figure 4. 

MM58274 Initialization 

When it is first installed and power is applied, the device 
will need to be properly initialized. The following operation 

XTAL OUT ---..... 

INT OUT 

steps are recommended when the device is set up (all 
numbers are decimal): 

1) Disable interrupt on the processor to allow oscillator 
setting. Write 15 into the control register: The clock and in­
terrupt start/stop bits are set to 1, ensuring that the clock 
and interrupt timers are both halted. Test mode and the in­
terrupt register are selected. 

2) Write 0 to the interrupt register: Ensure. that there are no 
interrupts programmed and that the oscillator will be 
gated onto the interrupt output. 

3) Set oscillator frequency: All timing has been halted and 
the oscillator is buffered out onto the interrupt line. 

4) Write 5 to the control register: The clock is now out of 
test mode but is still halted. The clock setting register is 
now selected by the interrupt select bit. 

5) Set 12/24 Hours Mode: Write to the clock setting 
register to select the hours counting mode required. 

6) Load Real-Time Registers: All time registers (including 
Leap Years and AM/PM bit) may now be loaded in any 
order. Note that when writing to the clock setting register 
to set up Leap Years and AM/PM, the Hours Mode bit must 
not be altered from the value programmed in step 5. 

7) Write 0 to the control register: This operation finishes 
the clock initialization by starting the time. The final con­
trol register write should be synchronized with an external 
time source. 

In general, timekeeping should be halted before the time 
data is altered in the clock. The data can, however, be 
altered at any time if so desired. Such may be the case if 
the user wishes to keep the clock corrected without hav­
ing to stop and restart it; i.e., winterlsummer time chang­
ing can be accomplished without halting the clock. This 
can be done in software by sensing the state of the data­
changed flag and only altering time data just after the time 
has rolled over (datalchanged flag set). 

FIGURE 4. Test Mode Organization 

3-32 

.----( 



Functional Description (Continued) 

Reading the Time, Registers 

Using the data-changed flag technique supports micro­
processors with block move facilities, as all the necessary 
time data may be read sequentially and then tested for va­
lidity as shown below. 

1) Read the control register, address 0: This is a dummy 
read to reset the data-changed flag (DCF) prior to reading 
the time registers. 

2) Read time registers: All desired time registers are read 
out in a block. 

3) Read the control register and test DCF: If DCF is cleared 
(logic 0), then no clock setting pulses have occurred since 
step 1. All time data is guaranteed good and time reading is 
complete. 

If DCF is set (logic 1), then a time change has occurred 
since step 1 and time data may not be consistent. Repeat ;.' 
steps 2 and 3 until DCF is clear. The control read of step 3 
will have reset DCF, automatically repeating the step 1 
action. 

Interrupt Programming 

The interrupt timer generates interrupts at time intervals 
which are programmed into the interrupt register. A single 
interrupt after delay or repeated interrupts may be pro­
grammed. Table liB lists the different time delays and the 
data words that select them in the interrupt register. 

Once the interrupt register has been used to set up the de­
lay time and to select for single or repeat, it takes no further 
part in the workings of the interrupt system. All activity by 
the processor then takes place in the control register. 

Initializing: 

1) Write 3 to the control register (ADO): Clock timing con­
tinues, interrupt register selected and interrupt timing 
stopped. 

2) Write interrupt control word to address 15: The inter­
rupt register is loaded with the correct word (chosen from 
Table liB) for the time delay required and for single or 
repeated interrupts. 

3) Write 0 or 2 to the control register: Interrupt timing com­
mences. Writing 0 selects the clock setting register onto 
the data bus; writing 2 leaves the interrupt register 
selected. Normal timekeeping remains unaffected. 

On Interrupt: 

Read the control register and test for Interrupt Flag (bit 0). 

If the flag is cleared (logic 0), then the device is not the 
source of the interrupt. 

If the flag is set (logic 1), then the clock did generate an inter­
rupt. The flag is reset and the interrupt output is cleared by 
the control register read that was used to test for interrupt. 
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Single Interrupt Mode: 

When appropriate, write 0 or 2 to the control register to 
re,start the interrupt timer. 

Repeated Interrupt Mode: 

Timing continues, synchronized with the control register 
write which originally started interrupt timing. No further 
intervention is necessary from the processor to maintain 
timing. 

In either mode interrupt timing can be stopped by writing 1 
into the control register (interrupt startlstop set to 1). Tim­
ing for the full delay period recommences when the inter­
rupt start/stop bit is again loaded with 0 as normal. 

IMPORTANT NOTE: Using the interrupt timer places a 
constraint on the maximum Read Strobe width which may 
be applied to the clock. Normally all registers may be read 
from with a tRW down to DC (I.e., CS and RD held con­
tinuously low). When the interrupt timer is active however, 
the maximum read strobe width that can be applied to the 
control register (Addr 0) is 30 ms. 

This .restriction is to allow the interrupt timer to properly 
reset when it times out. Note that it only affects reading of 
the control register-all other addresses in the clock may " 
be accessed with DC read strobes, regardless of the state 
of the interrupt timer. Writes to any address are unaffected. 

NOTES ON AC TIMING REQUIREMENTS 

Although Figures 5 and 6 show MICROBUS control signals 
used for clock access, this does not preclude the use of the 
MM58274 in other non-MICROBUS systems. Figure 7 is a 
simplified logic diagram showing how the control signals 
are gated internally to control access to the clock registers. 
From this diagram it is clear that CS could be used to 
generate the internal data transfer strobes, with RD and WR 
inputs set up first. This situation is illustrated in Figure 8. 

The internal data busses of the MM58274 are fully CMOS, 
contributing to the flexibility of the control inputs. When 
determining the suitability of any given control signal pat­
tern forthe MM58274, the timing specifications in Tables IV 
and V should be examined. As long as these timings are 
met (or exceeded) the MM58274 will function correctly. 

When the MM58274 is connected to the system via a pe­
ripheral port, the freedom from timing constraints allows 
for very simple control signal generation, as in Figure 9. 
For reading (Figure 9a), Address, CS and RD may be ac­
tivated simultaneously and the data will be available at 
the port after tAD-max (700 ns). For writing (Figure 9b), the 
Address and data may be applied Simultaneously and CS 
and WR strobed together. 



Functional Description (Continued) 
TABLE IV. READ TIMING: DATA FROM PERIPHERAL TO MICROPROCESSOR VDD = 5V ± 0.5V, C L = 100 pF 

Commercial Military 

Symbol Parameter 
Specification Specification 

Units 
TA = - 40°C to + 85°C TA - 55°C to + 125°C 

Min Typ Max Min Typ Max 

tAD Address Bus Valid to Data 550 700 550 775 ns 
I Valid 

tCSD Chip Select On to Data 250 375 250 425 ns 
Valid 

tRD Read Strobe On to Data 250 375 250 425 ns 
Valid 

tRw Read Strobe Width (Note 1) DC DC 

tRA Address Bus Hold Time 0 0 ns 
from Trailing Edge of 
Read Strobe 

tCSH Chip Select Hold Time 0 0- ns 
from Trailing Edge of 

~ 

Read Strobe 

tRH Data Hold Time from 50 80 150 50 80 200 ns 
Trailing Edge of Read 
Strobe 

tHZ Time from Trailing Edge of 50 80 200 50 80 250 ns 
Read Strobe Until alP 
Drivers are TRI-STATE 

TABLE V. WRITE TIMING: DATA FROM MICROPROCESSOR TO PERIPHERAL VDD = 5V ± 0.5V 

Commercial Military 

Symbol Parameter 
Specification Specification 

Units 
T A = - 40°C to + 85°C TA - 55°C to + 125°C 

Min Typ Max Min Typ Max 

tAw Address Bus Valid to Write 650 750 ns 
Strobef(Note 2) 

tcsw Chip Select On to Write 350 450 ns 
Strobef 

tow Data Bus Valid to Write 350 450 ns 
Strobef 

tww Write Strobe Width 350 450 ns 

/ 
twcs Chip Select Hold Time 0 0 ns 

Following Write Strobe f 
tWA Address Bus Hold Time 50 80 ns 

Following Write Strobe f 
two Data Bus Hold Time 50 80 ns 

Following Write Strobe f 

Note 1: Except for special case restriction: with interrupts programmed, max read strobe width of control register(ADDR 0) is 30 ms. 
See section on Interrupt Programming. 

Note 2: All timings measured to the trailing edge of write strobe (data latched by the trailing edge of WR). 

A3-AO=:) ADDRESS VALID 

Icso I -IRA-I 

-IRW ICSH 
CS 

-IRo-

RO \ J 
"'IRH~ 

03-00 DATA VA~ID 
'k. .., 

lAD I-IHZ~ TLfB/5602·5 

FIGURE 5. Read Cycle Timing 
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Functional Description (Continued) 

A3-AO ADDRESS VALID 

i------tcsw------f 

I----tow---~.two 

03-00 ---+-------{I DATA VALID 

i--------~w------~ 

FIGURE 6. Wrlt'e Cycle Timing 

110 BUFFERS 
WRITE DATA BUS 

LATCH X>--------+I DATA 

ADDRESS B~ -.---.~ ADDRESS 
DECODER 

STROBE 

) 

ADDRESS ENABLE 

ADDRESS 
ENABLES 
TO OTHER 
COUNTERS 

ACCESS 
ENABLE 

MM58274 

FIGURE 7. MM58274 Microprocessor Interface Diagram 

TlIB/56026 

TLiB/S602-7 

ADDR:~~ ==>< __ R_EA_D_A_C_CE_SS_C_Y_CL_E_JX WRITE ACCESS CYCLE c= 
cs 

iiii 

Wii 

DATA 
BUS 

LJ LJ 
\ / 

\ 
@ ( WRITE 

DATA DATA 

FIGURE 8. Valid MM58274 Control Signals 
Using Chip Select Generated Access Strobes 
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~ 
~ Functional Description (Continued) 

CO 
Lt) 

:E 
:E 

ADDR:~~ ___ rJX", ___ A_DD_R_ES_S_1 __ ..JX", ___ A_DD_R_ES_S_2 __ ..."X", __ _ 

~J~-------~~~~~~~~~~~~C!C .. _V_A_lI_D_DA_~_1~~~~~.w~_~_l_ID_D_A_~_2_~~ 
TLlF/5602·11 

a. Port Generated Read Access-2 Addresses Read Out 

ADDRESS X· ADDRESS 1 X ADDRESS 2 X BUS 

ts '---I '---I. 
WR '---I '---I 

( X ) DATA WRITE DATA 1 WRITE DATA 2 BUS 

TL/F/5602·12 

b. Port Generated Write Access-2 Addresses Written To 

FIGURE 9 •. Simple Port Generated Control Signal~ 
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Functional Description (Continued) , 

APPLICATION NOTES 

Time Reading Using Interrupt 

in systems such as point of sale terminals and data log­
gers, time reading is usually only required on a random de­
mand basis. Using the data-changed flag as outlined in 
the section on methods of operation is ideal for this type 
of system. Some systems, however, need to sense a 
'change in real time; e.g., industrial timers/process con­
trollers, TVNCR clocks, any system where real time is 
displayed. 

The interrupt timer on the MM58274 can generate inter­
rupts synchronously with the time registers changing, 
using software to provide the initial synchronization. 

In single interrupt mode the processor is responsible for 
initiating each timing cycle and the timed period is ac­
curate to ± 1 ms. 

In repeated interrupt mode the period from the initial proces­
sor start to the first timeout is also only accurate to ± 1 ms. 
The following interrupts maintain accurate delay periods 
relative to the first timeout. Thus, to utilize interrupt to con­
trol time reading, we will use repeated interrupt mode. 

In repeated mode the time period between interrupts is ex­
act, which means that timeouts will always occur at the 
same point relative to the internal clock setting pulses. The 
case for 0.1s interrupts is shown in Figure A-1. The same is 
true for other delay periods, only there will be more clock 
setting pulses between each interrupt timeout. If we set up 
the interrupt timer so that interrupt always times out just 
after the clock setting pulse occurs (Figure A-2), then there 
is no need to test the data-changed flag as we know that the 
time data has just changed and will not alter again for 
another 100 ms. 

This can be achieved as outlined below: 

1) Follow steps 1 and 2 of the section on interrupt pro­
gramming. In step 2 set up for repeated interrupt. 

-100ms-

INTERNAL ~ I 
CLOCK 

SETTING 
PULSES 

2) Read control register ADO: This Is a dummy read to 
reset the data-changed flag. 

3) Read control register ADO until data-changed flag is 
set. 

4) Write 0 or 2 to cont.rol register. Interrupt timing 
commences. 

Time Reading with Very Slow Read Cycles 

If a system takes longer than 100 ms to complete reading 
of all the necessary time registers (e.g., when CMOS proc­
essors are used or where high level interpreted language 
routines are used, then the data-changed flag will always 
be set when tested and is of no value. In this case, the time 
registers themselves must be tested to ensure data 
accuracy. 

The technique below will detect both time changing 
between read strobes (i.e., between reading tens of 
minutes and units of hours) and also time changing during 
read, which can produce invalid data. 

1) Read and store the value of the lowest order time 
register required. 

2) Read out all the time registers required. The registers 
may be read out in any order, simplifying software 
requirements. 

3) Read the lowest order register and compare it with the 
value stored previously in step 1. If it is still the same, then 
all time data Is good. If it has changed, then store the new 
value and go back to step 2. 

In general, the rule is that the first and last reads must both 
be of the lowest order time register. These two values can 
then be compared to ensure that no change has occurred. 
This technique works because for any higher order time 
register to change, all the lower order registers must also 
change. If the lowest order register does not change, then 
no higher order register has changed either. 

-I 1_16 
p's n PULSES 

-tOELAY --j -tOELAY-j 

INTERRUPT 
DIP U U 

I INTERRUPT I 
SERVICED 

INTERRUPT 
SERVICED 

TLlB15602·7 

FIGURE A-1. Time Delay from Clock Setting Pulses to Interrupt is Constant 

L 
u 

TLlB15602·8 

FIGURE A·2. Interrupt Timer Synchronized with Clock Setting Pulses 
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PRELIMINARY 

microCMOS 

~ MM74HC942 30,0 Baud Modem 

General Description 
The MM74HC942 is a full duplex low speed modem. It pro­
vides a 300 baud bidirectional series interface for data com­
munication over telephone lines and other narrow band­
width channels. It is Bell 103 compatible. 

The MM74HC942 utilizes microCMOS Technology, 2 layers 
of polysilicon and 1 layer of metal P-well CMOS. Switched 
capacitor techniques are used to perform analog signal 
processing. 

MODULATOR SECTION 

The modulator contains a frequency synthesizer and a sine 
wave synthesizer. It produces 'a phase coherent frequency 
shift keyed (FSK) output. 

LINE DRIVER AND HYBRID SECTION 

The line driver and hybrid are designed to facilitate connec­
tion to a 600 n phone line. They can perform two to four 
wire conversion and drive the line at 0 dBm. 

DEMODULATOR SECTION 

The demodulator incorporates anti-aliasing filters, a receive 
filter, limiter, discriminator, and carrier detect circuit. The 
nine pole receive filter provides 60 dB of transmitted tone 
rejection. The discriminator is fully balanced for stable 
operation. 

Connection Diagram 

Dual-In-Lln~ Package 

OSI TLA 

ALB GNO 

CD EXI 

COT TXA 

RXO RXA1 

vce RXA2 

eOA SQT 

XTALD O/A 

XTALS Vaa 

FTLe 10 TXO 

TOP VIEW TL/F/5348-1 

MM74HC942 

Features 
• Drives 600n at 0 dBm 
.• All filters on chip 
• Transmit level adjustment compatible with universal 

service order code 
• TTL and CMOS compatible logic 
• All inputs protected against static damage 

• ± 5V supplies 
• Low power consumption 
• Full duplex answer or originate operation 
• Analog loopback for self test 
• Power down mode 

Applications 
• Built-in low speed modems 
• Remote data collection 
• Radio telemetry 
• Credit verification 
• Stand-alone modems 
• Point-of-sale terminals 
• Tone signalling systems 
• Remote process control 

Block Diagram 
Ytc GND Vas XTALS XTALO 

TLA 

O~-+-----'~~-----, 

TU-+--..... < 

EXl-+-:;;;.=;.;.;;;;..----

Order Number MM74HC942J or MM74HC942N 1lXA1-+-----1 

See NS Package J20 or N20A 

CD. COT FTlC 

TL/F/5348-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Ved 

Supply Voltage (Vee) 

-0.5 to + 7.0V 

+ 0.5 to -7.0V 

DC Input Voltage (VIN) 

DC Output Voltage (Vour) 

Clamp Diode Current (11K, 10K) 

DC Output Current, per pin (lour) 

Vee -1.5 to Vee + 1.5V 

Vee-0.5 to Vee+0.5V 

DC Vee or GND Current, per pin (led 

Storage Temperature Range (TsrG) 

Power Dissipation (Po) (Note 3) 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

500mW 

Lead Temperature (TLl (Soldering 10 seconds) 260°C 

DC Electrical Characteristics 

Symbol Parameter Conditions 

Operating Conditions 
Min Max 

Supply Voltage(Ved 4.5 5.5 

Supply Voltage(Vee) -4.5 -5.5 

DC Input or Output Voltage a Vee 
(VIN,Vour) 

Operating Temperature Range(T A) 
MM74HC -40 +85 

Input Rise or Fall Times 
(tr,tl) 500 

Crystal frequency 3.579 

T=25°C 
74HC 

T= -40 to 85°C 

Typ Guaranteed Limits 

VIH Minimum High Level 3.15 3.15 
Input Voltage 

VIL Maximum Low Level 1.1 1.1 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Iiourl = 20 ,.,.A Vee Vee- 0.1 Vee- O.1 

Houri =4.0 mA, Vee=4.5V 3.98 3.7 

VOL Maximum Low Level VIN=VIH orVIL 
Voltage Iiourl = 20 ,.,.A 0.1 0.1 

Iiourl =4.0 mA, Vee=4.5V 0.26 0.4 

liN Maximum Input VIN = Vee or GND ±0.1 ±1.0 
Current 

Icc Maximum Quiescent VIN = Vee, VIL = GND 8.0 
Supply Current ALB orSQT=GND 

Transmit Level = - 9 dBm 

Icc Power Down Supply Current ALB=SQT=Vee 250 

VIH = Vee, VIL = GND 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

, Note 2: Unless otherwise specified all voltages are referenced to ground. 

Units 
V 

V 

V 

°C 

ns 

MHz 

Units 

V 

V 

V 
V 

V 
V 

,.,.A 

mA 

,.,.A 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC lrom 
100°C to 125°C. 

'The demodulator specifications apply to the MM74HC942 operating with a modulator having frequency accuracy. phase jitter and harmonic content equal to or 
better than the MM74HC942 modulator. 
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AC Electrical Characteristics 
Unless otherwise specified all specifications apply to the MM74HC942 over the range -40·C to +8S·C using a Vcc = +SV 
±10%, a Vss = -SV ±10% and a 3.S79MHz ±0.1% crystal.· 

Symbol Parameter Conditions Min Typ Max Units 

TRANSMITTER 

FCE Carrier Frequency Error 4 Hz 

Power Output Vcc=S.OV RTLA = 0 0 dBm 
RL =1.2 kO RTLA = ex> -12 dBm 

2nd Harmonic Energy -S6 dBm 

RECEIVE FILTER AND HYBRID 

Hybrid Input Impedance SO kn 
(Pins 1S and 16) 

FTLC Output Impedance 10 SO kO 

Adjacent Channel Rejection RXA2=GNO TXA=GNOorVcc 60 dB 
Input to RXA1 

DEMODULATOR (INCORPORATING HYBRID, RECEIVE FILTER AND DISCRIMINATOR) 

Carrier Amplitude -48 -12 dBm 

Dynamic Range 36 dB 

Bit Jitter SNR ~ 30dB } 100 ,...S 
Input = -38 dBm 
Baud Rate = 300 Baud 

Bit Bias S % 

Carrier Detect Trip Points COA = 1.2V Off to On -44 dBm 
On to Off -47 dBm 

AC Specification Circuit 

SUPPLIES Vee= +5V 
3.5795 MHz ± 0.1 % 

VBB= -5V ~O~ -
RTLA 

Vee AA ... TLA ... ". 

roo-- TXA 

4~ RXA2 
TXD .-DATA INPUT 

:= 600 
~. MM74HC942 

TEST 
f OUTPUT RXD ~ DATA OUTPUT 

600 ......... 
RXA1 ...... 

TEST~ COT CDA FTLC 
INPUT ,~ 

-LIp/' 1-01 F 1-0.1 /J.F 

J r' P J±10% 
TL/F/5348-3 
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Description of Pin Functions 

Pin 
Name Function No. 

DSI Driver Summing Input: This may be used to 
transmit externally generated tones such as 
dual tone multifrequency (DTMF) dialing sig-
nals. 

2 ALB Analog Loop Back: A logic high on this pin. 
causes the modulator output to be connect-
ed to the demodulator input so that data is 
looped back through the entire chip. This is 
used as a chip self test. If ALB and SaT are 
simultaneously held high the chip powers 
down. 

3 CD Carrier Detect: This pin goes to a logic low 
when carrier is sensed by the carrier detect 
circuit. 

4 COT Carrier Detect Timing: A capacitor on this 
pin sets the time interval that the carrier 
must be present before the CD goes low. 

5 RXD Received Data: This is the data outpin pin. 

6 Vee Positive Supply Pin: A + 5V supply is recom-
mended. 

7 CDA Carrier Detect Adjust: This is used for ad-
justment of the carrier detect threshold. Car-
rier detect hysteresis is set at 3 dB. 

8 XTALD Crystal Drive: XT ALD and XT ALS connect 
to a 3.5795 MHz crystal to generate a crys-
tal locked clock for the chip. If an external 
circuit requires this clock XT ALD should be 
sensed. If a suitable clock is already avail-
able in the system. XT ALD can be driven. 

9 XTALS Crystal Sense: Refer to pin 8 for details. 

10 FTLC Filter Test/Limiter Capacitor: This is con-
nected to a high impedance output of the 
receive filter. It may thus be used to evalu-

Functional Description 
INTRODUCTION 

A modem is a device for transmitting and receiving serial 
data over a narrow bandwidth communication channel. The 
MM74HC942 uses frequency shift keying (FSK) of an audio 
frequency tone. The tone may be transmitted over the 
switched telephone network and other voice grade chan­
nels. The MM74HC942 is also capable of demodulating 
FSK signals. By suitable tone allocation' and considerable 
Signal processing the MM74HC942 is capable of transmit­
ting and receiving data Simultaneously. 

The tone allocation by the MM74HC942 and other Bell 103 
compatible modems is shown in Table I. The terms "origi­
nate" and "answer" which define the frequency allocation 
come from use with telephones. The modem on the end of 
the line which initiates the call is called the originate' mo­
dem. The other modem is the answer modem. 

TABLE I BELL 103 ALLOCATION 

Data 
Originate Modem Answer Modem 

Transmit Receive Transmit Receive 

Space 1070Hz 2025Hz 2025Hz 1070Hz 

Mark 1270Hz 2225Hz 2225Hz 1270Hz 
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11 TXD 

12 Vee 

13 alA 

14 saT 

15 

16 

17 

18 

RXA2 

RXA1 

TXA 

EXI 

19 GND 

20 TLA 

ate filter performance. This pin may also be 
driven to evaluate the demodulator. RXA1 
and RXA2 must be grounded during this 
test. 

For normal modem operation FTLC is AC 
grounded via a 0.1 JLF bypass capacitor. 

Transmitted Data: This is the data input. 

Negative Supply: The recommended supply 
is -5V. 

Originate/ Answer mode select: When logic 
high this pin selects the originate mode of 
operation. 

Squelch Transmitter: This disables the mod­
ulator when held high. The EXI input re­
mains active. If SaT and ALB are simulta­
neously held high the chip powers down. 

Receive Analog #2: RXA2 and RXA1 are 
analog inputs. When connected as recom­
mended they produce a 600n hybrid. 

Receive Analog # 1: See RXA2 for details. 

Transmit Analog: This is the output of the 
line driver. 

External Input: This is a high impedance in­
put to the line driver. This input may be used 
to transmit externally generated tones. 
When not used for this purpose it should be 
grounded. 

Ground: This defines the chip OV. 
Transmit Level Adjust: A resistor from this 
pin to Vee sets the transmit level. 

THE LINE INTERFACE 

The line interface section performs two to four wire conver­
sion and provides impedance matching between the mo­
dem and the phone line. 

THE LINE DRIVER 

The line driver is a power amplifier for driving the line. If the 
modem is operating as an originate modem. the second har­
monics of the transmitted tones fall close to the frequencies 
of the received tones and degrade the received signal to 
noise ratio (SNR). The line driver must thus produce low 
second harmonic distortion. 

THE HYBRID 

The voltage on the telephone line is the sum of the transmit­
ted and received signals. The hybrid subtracts the transmit­
ted voltage from the voltage on the telephone line. If the 
telephone line was matched to the hybrjd impedance. the 
output of the hybrid would be only the received signal. This 
rarely happens because telephone line characteristic im- • 
pedances vary considerably. The hybrid output is thus a 
mixture of transmitted and received signals. 



Functional Description (Continued) 

THE DEMODULATOR SECTION 

The Receive Filter 

The demodulator recovers the data from the received sig­
nals. The signal from the hybrid is a mixture of transmitted 
signal, received signals and noise. The first stage of the 
receive filter is an anti-alias filter which attenuates high fre­
quency noise before sampling occurs. The signal then goes 
to the second stage of the receive filter where the transmit­
ted tones and other noise are filtered from the received sig­
nal. This is a switched capacitor nine pole filter providing at 
least 60 dB of transmitted tone rejection. This also provides 
high attenuation at 60 Hz, a common noise component. 

The Discriminator 

The first stage of the discriminator is a hard limiter. The hard 
limiter removes from the received signal any amplitude 
modulation which may bias the demodulator toward a mark 
or a space. It compares the output of the receive filter to the 
voltage on the 0.1 IlF capacitor on the FTLC pin. 

The hard limiter output connects to two parallel bandpass 
filters in the discriminator. One filter is tuned to the mark 
frequency and the other to the space frequency. The out­
puts of these filters are rectified, filtered and compared. If 
the output of the mark path exceeds the output of the space 
path the RXD output goes high. The opposite case sends 
RXD low. 

The demodulator is implemented using precision switched 
capacitor techniques. The highly critical comparators in the 
limiter and discriminator are auto-zeroed for low offset. 

Carrier Detector 

The output of the discriminator is meaningful only if there is 
sufficient carrier being received. This is established in the 
carrier detection circuit which measures the signal on the 
line. If this exceeds a certain level for a preset period (ad­
justable by the CDT pin) the CD output goes low indicating 
that carrier is present. Then the carrier detect threshold is 
lowered by 3 dB. This provides hysteresis ensuring the CD 
output remains stable. If carrier, is lost CD goes high after 
the preset delay and the threshold is increased by 3 dB. 

MODULATOR SECTION 

The modulator consists of a frequency synthesizer and a 
sine wave synthesizer. The frequency produces\one of four 
tones depending on the a/A and TXD pins. The frequencies 
are synthesized to high precision using a crystal oscillator 
and variable dual modulus counter. The counters used re­
spond quickly to data changes, introducing negligible bit jit­
ter while maintaining phase coherence. 

The sine wave synthesizer uses switched capacitors to 
"look up" the voltages of the sine wave. This sampled sig­
nal is then further processed by switched capacitor and 
continuous filters to ensure the high spectral purity required 
by FCC regulations. 

Applications Information 
TRANSMIT LEVEL ADJUSTMENT 

The transmitted power levels of Table II refer to the power 
delivered to a 600n load from the external 600n source 
impedance. The voltage on the load is half the TXA voltage. 
This should be kept in mind when designing interface cir­
cuits which do not match the load and source impedances. 

The transmit level is programmable by placing a resistor 
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from TLA to VCC. With a 5.5k resistor the line driver trans­
mits a maximum of - 9 dBm. Since most lines from a phone 
installation to the exchange provide 3 dB of attenuation the 
maximum level reaching the exchange will be -12 dBm. 
This is the maximum level permitted by most telephone 
companies. Thus with this programming the MM74HC942 
will interface to most telephones. This arrangement is called 
the "permissive arrangement". The disadvantage with the 
permissive arrangement is that when the loss from a phone 
to the exchange axceeds 3 dB, no compensation is made 
and SNR may be unnecessarily degraded. 

SNR can be maximized by adjusting the transmit level until 
the lavel at the exchange reaches -12 dBm. This must be 
done with the cooperation of the telephone company. The 
programming resistor used is specific for a given installa.tion 
and is often included in the telephone jack at the installa­
tion. The modem is thus programmable and can be used 
with any jack correctly wired. This arrangement is called the 
universal registered jack arrangement and is possible with 
the MM74HC942. The values of resistors required to pro­
gram the MM74HC942 follow the most common code in 
use; the universal service order code. The required resistors 
are given in Table II. 

TABLE" Universal Service Order Code Resistor Values 

Line Transmit Programming 
Loss Level Resistor (RTLA) 
(dB) (dBm) (Ohms) 

0 -12 Open 
1 -11 19,800 
2 -10 9,200 
3 -9 5,490 
4 -8 3,610 
5 -7 2,520 
6 -6 1,780 
7 -5 1,240 
8 -4 866 
9 -3 562 
10 -2 336 
11 -1 150 
12 0 0 

CARRIER DETECT THRESHOLD ADJUSTMENT 

The carrier detect threshold is directly proportional to the 
voltage on CDA. This pin is connected internally to a high 
impedance source. This source has' a nominal Thevenin 
equivalent voltage of 1.2V and output impedance of 100 kn. 

By forcing the voltage on CDA the carrier detect threshold 
may be adjusted. To find the voltago required for a given 
threshold the following equation may be used; 

VCDA = 244 X VON 

VCDA = 345 X VOFF 

CARRIER DETECT TIMING ADJUSTMENT 

CDT: A capacitor on pin 4 sets the time interval that the 
carrier must be present before CD goes low. It also 
sets the time interval that carrier must be removed 
before CD returns high. The relevant timing equa­
tions are: 

T CDL ~ 6.4 X CCDT for CD going low 

T CDH ~ 0.54 X CCDT for CD going high 

Where TCOL & T CDH are in seconds, and CCDT is in IlF. 



Applications Information (Continued) 

DESIGN PRECAUTIONS 

Power supplies to. digital systems may contain high ampli­
tude spikes and other noise. To optimize performance of the 
MM74HC942 operating in close proximity to digital systems, 
supply and ground noise should be minimized. This involves 
attention to power supply design and circuit board layout. 

Power supply decoupling close to the device is recommend­
ed. Ground loops should be avoided. For further discussion 
of these subjects see the Audio/Radio Handbook published 
by National Semiconductor Corporation. 

Interface Circuits for MM74HC942 300 Baud Modem 
2 WIRE CONNECTION 4 WIRE CONNECTION 

Vee Vee 

r ., RTlA r- -., 
I TLII I D" 

6G0 
TXA TXA 

I I 
COMMUNICATION RXAZ 

CHANNEL I 
OR 6GO 

PltONELINE I DATA I 
':' 

INPUT 6GO 

0" 
RXAI MM74HCII42 0'" 

RXAI MM74HC9U 

"" I DATA "\.. I 600 
OUTPUT 

RXA2 
':' 

COMMUNICATION 

I I CHANNEL 
";' 

OR 

L .J L :NE: .J 

TO.I"FTO.I.F 

':' ";' TL/F/S348-4 

CCDT and RTLA should be chosen to suit the application. See the Applications Information for more details. 

Complete Acoustically Coupled 300 Baud Modem 

150k 
O.l.F 

MODE SELECT 

ALB 
Rl EXI 

ORIGINATE +5V 
RXA2 OIA 

ANSWER 

~ ':' 
MM74HC~2 

RXAI 

TRANSMITTED 
DATA 

RECEIVED 
DATA 

330 LEO 

'Cii +5V 

CARRIER 
DETECT 

INDICATION 
FTLC 

TLlF/S348-S 

Note: The efficiency of the acoustic coupling will set the valves of R1 and R2. 
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PRELIMINARY 

-..:t r-... microCMOS 

~ MM74HC943 300 Baud Modem 

General Description 
The MM74HC943 is a full duplex low speed modem. It pro­
vides a 300 baud bidirectional serial interface for data com­
munication over telephone lines and other narrow band­
width channels. It is Bell 103 compatible. 

The MM74HC943 utilizes microCMOS Technology, 2 layers 
of polysilicon and 1 layer metal P-well CMOS. Switched ca­
pacitor techniques are used to peform analog signal proc­
essing. 

MODULATOR SECTION 

The modulator contains a frequency synthesizer and a sine 
wave synthesizer. It produces a phase coherent frequency 
shift keyed (FSK) output. -

LINE DRIVER AND HYBRID SECTION 

The line driver and hybrid are designed to facilitate connec­
tion to a 600n phone line. They can perform two to four wire 
conversion and drive the line at -9 dBm. 

DEMODULATOR SECTION 

The demodulator incorporates anti-aliasing filters, a receive 
filter, limiter, discriminator, and carrier detect circuit. The 
nine pole receive filter provides 60 dB of transmitted tone 
rejection. The discriminator is· fully balanced for stable 
operation. 

Connection Diagram 

Dual-In-Llne Package 

TlA 

GNOA 

EXI 

TLA 

TXA 

RXAl 

Features 
• 5V supply 
• Drives 600n at - 9 dBm 
• All filters on chip 
• Transmit level adjustment compatible with universal 

service order code 

• TIL and CMOS compatible logic 
• All inputs protected against static damage 
• Low power consumption 
• Full duplex answer or originate operation 
• Analog loopback for self test 
• Power down mode 

Applications 
• Built-in low speed modems 
• Remote data collection 
• Radio telemetry 
II Credit verification 

• Stand-alone modems 
• Point-of-sale terminals 
• Tone signaling systems 
• Remote process control 

Block Diagram 
Vee GND GNDA XTALS XTALD 

RXA2 
DSI-+---+-t-------, 

TOP VIEW 

MM74HC943. 

saT 

o/K 

GNO 

TXO' 

TL/F/5349-1 

Order Number MM74HC943J or MM74HC943N 
See NS Package J20A or N20A 

TXA-+--..... -<. 

EXI-+-"";';;";O;---___ _ 

RXAl -+----1 

CDA CDT FTLC 

TLlF/5349-2 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (Vee) 

DC Input Voltage (VIN) 

DC Output Voltage (VOUT) 

Clamp Diode Current (11K, 10K) 

DC Output Current, per pin (lOUT) 

DC Vee or GND Current, per pin (ICe) 

Storage Temperature Range (T STG) 

Power Dissipation (PD) (Note 3) 

-0.5 to + 7.0V 

-1.5 to Vee:t 1.5V 

-0.5 to Vee + 0.5V 

±20mA 

±25mA 

±50mA 

- 65°C to + 150°C 

Lead Temperature (Tu (Soldering 10 seconds) 

500mW 

260°C 

DC Electrical Characteristics 
Vee=5V ±10% (unless otherwise specified) 

Operating Conditions 
Min Max 

Supply Voltage(Vee) 4.5 5.5 

DC Input or Output Voltage 0 Vee 
(VIN,VOUT) 

Operating Temperature Range(T A) 
MM74HC -40 +85' 

Input Rise or Fall Times 
(tr,tf) 500 

Crystal frequency 3.579 

74HC 
TA=25°C 

Symbol Parameter Conditions 
TA = -40 to 85°C 

Typ 

VIH Minimum High Level 
Input Voltage 

VIL Maximum Low Level 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI = 20 ,."A Vee 

IIOUTI =4.0 mA, Vee=4.5V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage IIOUTI = 20 ,."A 

IIOUTI =4.0 mA, Vee=4.5V 

liN Maximum Input VIN = Vee or GND 
Current 

Icc Maximum Quiescent VIH = Vee, \tIL =GND 8.0 
Supply Current ALB orSQT=GND 

Transmit Level = -9 dBm 

Icc Power Down Supply Current ALB=SQT=Vee 

VIH = Vee, VIL =GND 

Note 1: Absolute Maximum Ratings are those values beyond v.:hiCh damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Guaranteed Limits 

3.15 3.15 

1.1 1.1 

Vee- O.1 Vee- 0.1 
3.84 3.7 

0.1 0.1 
0.33 0.4 

±0.1 ±1.0 

250 

Units 
V 

V 

°C 

ns 

MHz 

Units 

V 

V 

V 
V 

V 
V 

,."A 

mA 

,."A 

Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
1 eeoc to 125°C. 

·The demodulator specifications apply to the MM74HC943 operating with a modulator having frequency accuracy. phase jitter and harmonic content equal to or 
better than the MM74HC943 modulator. 
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AC Electrical Characteristics 
Unless otherwise specified all specifications apply to the MM74HC943 over the range -40°C to +85°C using a Vee of +5V 
±10%, and a 3.579 MHz ±0.1% crystal.· 

Symbol Parameter Conditions Min Typ Max Units 

TRANSMITTER 

FeE' Carrier Frequency Error 1 4 Hz 

Power Output Vee=5.0V 

I 
RTLA = 5490 -9 dBm 

RL =1.2 k!l. RTLA = 00 -12 dBm 

2nd Harmonic Energy -56 dBm 

RECEIVE FILTER AND HYBRID 

Hybrid Input Impedance 50 k!l. 
(Pins 15 and 16) 

FTLC Output Impedance 10 50 k!l. 

Adjacent Channel Rejection RXA2=GNDA, TXD=GNDorVee 60 dB 
Input to RXA1 

DEMODULATOR (INCORPORATING HYBRID, RECEIVE FILTER AND DISCRIMINATOR) 

Carrier Amplitude -48 -12 dBm 

Dynamic Range 36 dB 

Bit Jitter SNR = 30dB ' } 100 ,.,.S 
Input = -38 dBm 
Baud Rate = 'SOO Baud 

Bit Bias 5 % 

Carrier Detect Trip Points CDA=1.2V 

I 
Off to On -44 dBm 
On to Off -47 dBm 

, 

AC Specification Circuit· 
3.5795 MHz ± 0.1% 

SUPPLIES Vee = + 5V 

~D~ 
RTLA 2.2k 

Vee -'11..&.& TlA GNOA - &&.& +5V ... 1.. 1.. ... 
~ TXA 

4: 2 2k ~~ RXA2 :.. fOO.Ff-l.F 
~ 

:: 600 MM74HC943 : - -4 - - -
TEST TXD +-- DATA INPUT 

OUTPUT 

ri~ RXA1 RXD ........ DATA OUTPUT 

TEST . . I COT CDA FTLC 
INPUT ~ 

J..1•F J..O:l.F· J..O.l,.F ±10% 
J J LGNDA 

TLlF/5349-3 
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Description of Pin Functions 

Pin 
Name Function No. 

1 DSI Driver Summing Input: This input may be 
used to transmit externally generated tones 
such as dual tone multifrequency (DTMF) di-
aling signals. 

2 ALB Analog Loop Back: A logic high on this pin 
causes the modulatpr output to be connect-
ed to the demodulator input so that data is 
looped back through the entire chip. This is 
used as a chip self test. If ALB and SOT are 
simultaneously held high the chip powers 
down. 

3 CD Carrier Detect: This pin goes to a logic low 
when carrier is sensed by the carrier detect 
circuit. 

4 COT Carrier Detect Timing: A capacitor on this 
pin sets the time interval that the carrier 
must be present before the CD goes low. 

5 RXD Received Data: This is the data output pin. 

6 Vee PositivoSupply Pin: A + 5V supply is recom-
mended. 

7 CDA Carrier Detect Adjust: This is used for ad-
justment of the carrier detect threshold. Car-
rier detect hysteresis is set at 3 dB. 

8 XTALD Crystal Drive: XT ALD and XT ALS connect 
to a 3.5795 MHz crystal to generate a crys-
tal locked clock for the chip. If an external 
circuit requires this clock XT ALD should be 
sensed. If a suitable clock is already avail-
able in the system. XT ALD can be driven. 

9 XTALS Crystal Sense: Refer to pin 8 for details. 

10 FTLC Filter Test/Limiter Capacitor: This is con-
nected to a high impedance output of the 
receiver filter. It may thus be used to evalu-

Functional Description 
INTRODUCTION 

A modem is a device fQr transmitting and ·receiving serial 
data over a narrow bandwidth communication channel. The 
MM74HC943 uses frequency shift keying (FSK) of audio fre­
quency tone. The tone may be transmitted over the 
switched telephone network and other voice grade chan­
nels. The MM74HC943 is also capable of demodulating 
FSK signals. By suitable tone allocation and considerable 
signal processing the MM74HC943 is capable of transmit­
ting and receivi'ng data simultaneously. 

The tone allocation used by the MM74HC943 and other Bell 
103 compatible modems is shown in Table I. The terms 
"originate" and "answer" which define the frequency allo­
cation come from use with telephones. The modem on the 
end of the line which initiates the call is called the originate 
modem. The other modem is the answer modem. 

TABLE I. Bell 103 Tone Allocation 

Data 
Originate Modem Answer Modem 

Transmit Receive Transmit Rcccive 

Space 1070Hz 2025Hz 2025Hz 1070Hz 

Mark 1270Hz 2225Hz 2225Hz 1270Hz 
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ate filter performance. This pin may also be 
driven to evaluate the demodulator. RXA1 
and RXA2 must be grounded during this 
test. 

For normal modem operation FTLC is AC 
grounded via a 0.1 J.l.F bypass capacitor. 

11 TXD Transmitted Data: This is the data input. 

12 GND Ground: This defines the chip OV. 

13 O/A Originate/ Answer mode select: When logic 
high this pin selects the originate modo of 
operation. 

14 SOT Squelch Transmitter: This disables the mod-
ulator when held high. The EXI input re-
mains active. If SOT and ALB are simulta-
neously held high the chip powers down. 

15 RXA2 Receive Analog # 2: RXA2 and RXA 1 are 
analog inputs. When connected as recom-
mended they produce a 600n hybrid. 

16 RXA1 Receive Analog #1: See RXA2 for details. 

17 TXA Transmit Analog: This is the output of the 
line driver. 

18 EXI External Input: This is a high impedance in-
put to the line driver. This input may be used 
to transmit externally generated tones. 
When ~ot used for this purpose it should be 
grounded to GNDA. 

19 GNDA Analog Ground: Analog signals within the 
chip are referred to this pin. 

20 TLA Transmit Level Adjust: A resistor from this 
pin to Vee sets the transmit level. 

THE LINE INTERFACE 
The line interface section performs two to four wire conver­
sion and provides impedance matching between the mo­
dem and the phone line. 

THE LINE DRIVER 
The line driver .is a power amplifier for driving the line. If the 
modem is operating as an originate modem, the second har­
monics of the transmitted tones fall close to the frequencies 
of the received tones and degrade the received signal to 
noise ratio (SNR). The line driver must thus produce low 
second harmonic distortion .. 

THE HYBRID 

The voltage on the telephone line is the sum of the transmit­
ted and received signals. The hybrid subtracts the transmit­
ted voltage from the voltage on the telephone line. If the 
telephone line was matched to the hybrid impedance, the 
output of the hybrid would be only the received signal. This 
rflrely happens because telephone line characteristic im­
pedances vary considerably. The hybrid output is thus a 
mixture of transmitted and received signals. 



Functional Description (Continued) 

THE DEMODULATOR SECTION 

The Receive Filter 

The demodulator recovers the data from the received sig­
nals. The signal from the hybrid is a mixture of transmitted 
signal, received signals and noise. The first stage of the 
receive filter is an anti-alias filter which attenuates high fre­
quency noise before sampling occurs. The signal then goes 
to the second stage of the receive filter where the transmit­
ted tones and other noise are filtered from the received sig­
nal. This is a switch capacitor nine pole filter providing at 
least 60 dB of transmitted tone rejection. This also provides 
high atten,uation at 60Hz, a common noise component. 

The Discriminator 

The first stage of the discriminator is a hard limiter. The hard 
limiter removes from the received signal any amplitude 
modulation which may bias the demodulator toward a mark 
or a space. It compares the output of the receive filter to the 
voltage on the 0.1 ,...F capacitor on the FTLC pin. 

The hard limiter output connects to two parallel bandpass 
filters in the discriminator. One filter is tuned to the mark 
frequency and the other to the space frequency. The out­
puts of these filters are rectified, filtered and compared. If 
the output of the mark path exceeds the output of the space 
path the RXO output goes high. The opposite case sends 
RXO low. 

The demodulator is implemented using precision switched 
capacitor techniques The highly critical comparators in the 
limiter and discriminator are auto-zeroed for low offset. 

Carrier Detector 

The output of the discriminator is meaningful only if there is 
sufficient carrier being received. This is established in the 
carrier detection circuit which measures the signal on the 
line. If this exceeds a certain level for a preset period (ad­
justable by the COT pin) the CD output goes low indicating 
that carrier is present. Then the carrier detect threshold is 
lowered by 3 dB. This provides hysteresis ensuring the CD 
output remains stable. If carrier is lost CD goes high after 
the preset delay and the threshold is increased by 3 dB. 

MODULATOR SECTION 

The modulator consists of a frequency synthesizer and a 
sine wave synthesizer. The frequency synthesizer produces 
one of four tones depending on the O/A and TXO pins. The 
frequencies are synthesized to high precision using a crystal 
oscillator and variable dual modulus counter. 

The counters used respond quickly to data changes, introduc­
ing negligible bit jitter while maintaining phase coherence. 

The sine wave synthesizer uses switched capacitors to 
"look up" the voltages of the sine wave. This sampled sig­
nal is then further processed by switched capacitor and 
continuous filters to ensure the high spectral purity required 
by FCC regulations. 

Applications Information 
TRANSMIT LEVEL ADJUSTMENT 

The transmitted power levels of Table" refer to the power 
delivered to a 6000 load from the external 6000 source 
impedance. The voltage on the load is half the TXA voltage. 
This should be kept in mind when designing interface cir­
cuits which do not match the load and source inpedances. 

The transmit level is programmable by placing a resistor 
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from TLA to Vee. With a 5.5k resistor the line driver trans­
mits a maximum of -9 dBm. Since most lines from a phone 
installation to the exchange provide 3 dB of attenuation the 
maximum level reaching the exchange will be -12 dBm. 
This is the maximum level permitted by most telephone 
companies. Thus with this programming the MM74HC943 
will interface to most telephones. This arrangement is called 
the "permissive arrangement". The disadvantage with the 
permissive arrangement is that when the loss from a phone 
to the exchange exceeds 3 dB, no compensation is made 
and SNR may be unnecessarily degraded. 

TABLE II. Universal Service Order Code Resistor Values 

Line Transmit Programming 
Loss Level Resistor (RTLA) 
(dB) (dBm) (0) 

0 -12 OPen 
1 -11 19,800 
2 -10 9,200 
3 -9 5,490 

CARRIER DETECT THRESHOLD ADJUSTMENT 

The carrier detect threshold is directly proportional to the 
voltage on COA. This pin is connected internally to a high 
impedance source. This source has a nominal Thevenin 
equivalent voltage of 1.2V and output impedance of 100 kO. 

By forcing the voltage on COA the carrier detect threshold 
may be adjusted. To find the voltage required for a given 
threshold the following equation may be used; 

VeDA = 244 X VON 

VeDA = 345 X VOFF 

CARRIER DETECT TIMING ADJUSTMENT 

COT: A capacitor on pin 4 sets the time interval that the 
carrier must be present before CD goes low. It also 
sets the time interval that carrier must be removed 
before CD returns high. The relevant timing equa­
tions are: 

TeOL ~ 6.4 x CeOT for CD going low 

TCOH ~ 0.54 X CeOT for CD going high 

Where T COL & TCDFi are in secon~s, and CeoT is in ,...~. 

DESIGN PRECAUTIONS 

Power supplies to digital systems may contain high ampli­
tude spikes and other noise. To optimize performance of the 
MM74HC943 operating in close proximity to digital systems, 
supply and ground noise should be minimized. This involves 
attention to power supply design and circuit board layout. 
Power supply decoupling close to the device is recommend­
ed. Ground loops should be avoided. For further discussion 
of these subjects see the Audio/Radio Handbook published 
by National Semiconductor Corporation. 
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Complete Acoustically Coupled 300 Baud Modem 

TLA 

DSI saT 
lS0k 

O.II'F 

ALB 
Rl EXI 

ORIGINATE +5V 

RXA2 O/A 
ANSWER 

~ MM74HC943 
RXAI 

TXD 
TRANSMITTED 
DATA 

RXD RECEIVED 
DATA 

FTLC 

330 LED 

O.II'F C!! +5V 

CARRIER 
GNDA DETECT 

INDICATION 
COT CDA 

2.2K 

T 1.01'F T O.II'F / 

-=- "':" TLlF/5349-6 

Note: The efficiency of the acoustic coupling will set the values of Rl and R2. 
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Section 4 
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Introduction 
One of the most exciting new linear IC product families is 
the switched·capacitor filter building block circuits. These 
are examples of the use of switches to solve the filter prob· 
lem-a departure from the traditional continuous analog 
solution (the RC active filter) to a new sampled-data 
approach. ( 

Various realization schemes have used the interconnec­
tion of three op amps to form a basic resonator for a filter 
as shown in Figure 4-1. 

These are called biquad and state variable RC active filters. 
This relatively large number of op amps reduces the de­
pendency of the filter characteristics on the performance 
tolerances of both the active and the passive components. 

PERFORMANCE OF THE TRADITIONAL RC INTEGRATOR 

The performance of the traditional RC integrator-basic to 
this active filter (Figure 4-2a)-depends on both initial 
tolerances and the temperature drifts of the Rand C values. 

The idea of the switched·capacitor filter is to replace the R 
with a small-valued capacitor that repeatedly picks up an 
input charge and then dumps this charge into the sum­
ming junction of the op amp, as shown in Figure 4·2b. 

The significant result is that labor·intensive tuning, or ad­
justment, of the component values that was needed with 
the RC active filter is no longer needed to obtain a desired 
filter characteristic. Performance now depends only on a 
well-controlled on-chip capacitor ratio and the frequency 
of an external clock. The repeatability and predictability of 
this low-cost, switched-capacitor CMOS filter is a key 
advantage. 

FIGURE 4·1_ The Basic Three Op Amp Resonator Loop 

c 

R 

a) The RC Integrator 

C2 

b) The SWitched·Capacitor Integrator 

FIGURE 4·2_ The Basic Idea of the Switched-Capacitor Filter 
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A GENERAL PURPOSE SWITCHED·CAPACITOR 
BUILDING BLOCK 

A block diagram of the MF10 switched·capacitor building 
block that uses these concepts is shown in Figure 4·3. Two 
independent, second·order filter sections are available in 
this duallC product. This particular basic interconnection 
is very flexible and allows all of the standard filter types 
(high pass, low pass, bandpass, notch, and all pass) to be 
easily realized. 

A newer product, the MF5, that consists of one-half of the 
MF10, is also available. A spare CMOS op amp is part of 
the MF5, and fits in a standard a·pin miniDIP package. 

SPECIAL PRODUCTS FOR THE LOW PASS FUNCTION 

In addition to the general purpose building block filters, ac­
tive simulations of Butterworth low pass ladder filters 
(Figure 4·4a) are available, as well as 6th·order (Figure 4-4b) 
and 4th-order versions. . 

FIGURE 4·3. The Functional Diagram of the MF10 Switched·Capacitor Filter Building Block IC 

GIIJ+ VIN VOUT, 

a) The Basic Low Pass Ladder 

~-'--~{X~--~--~Xl~--1---~.X}~~VOUT 

xv, 

b) Active Simulation 

FIGURE 4·4. The Classic Low Pass Ladder Filter and the Electronic Simulation 
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~National 
~ Semiconductor 

PRELIMINARY 

MF4 4th Order Switched Capacitor Butterworth 
Lowpass Filter 

General Description 
The MF4 is a versatile, easy to use, precision 4th order 
Butterworth lowpass active filter. Switched capacitor tech­
niques eliminate external component requirements and al" 
Iowa clock tunable cutoff frequency. The ratio of the clock 
frequency to the lowpass cutoff frequency is internally set to 
50 to 1 (MF4-50) or 100 to 1 (MF4-100). A Schmitt trigger 
clock input stage allows two clocking options, either self­
clocking (via an external resistor and capacitor) for stand­
alone applications, or for tighter cutoff frequency control, a 
TTL or CMOS logic compatible clock can be directly ap­
plied. The maximally flat passband frequency response to­
gether with a DC gain of 1 V IV allows cascading MF4 sec­
tions for higher order filtering. 

Block and Connection Diagrams 

FilTER 
IN 

AGND 

ClK 
IN 

4TH ORDER 
BUTTERWORTH 

lOWPASS FI LTER 

FILTER 
OUT 

ClK R l. Sh 

Features 
• Low Cost 
• Easy to use 
• No external components 
• a-pin mini-DIP 
• Cutoff frequency accuracy of ± 0.3% 
• Cutoff frequency range of 0.1 Hz to 20 kHz 
• 5V to 14V operation 
• Cutoff frequency set by external or internal clock 

Dual-In-Llne Package 

y. 

ClK IN FilTER 
IN y-

CLK R y. 

MF4CN 

L. Sh AGNO 

V- FilTER 
OUT 

TOP VIEW 

TL/H/S064-2 

Order Number MF4CN 
See NS Package NOSE 

TLIH/S064-1 
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Absolute Maximum Ratings 
Supply Voltage 14V Storage Temperature 1S0°C 

Power Dissipation SOOmW Lead Temperature (Soldering. 10 seconds) 300°C 

Operating Temperature O°C to 70°C(MF4CN) \ 

Electrical Characteristics (Note 7) 

Parameter Conditions Typ 
Tested Design Units 
Limits limits (limits), 

V+=5V,V-=-5V .. 
Cutoff Frequency Range (fC) MF4-S0 0.1 Hz (min) 
(Note 1) 20k Hz (max) 

MF4-100 0.1 Hz (min) 
10k Hz (max) 

Supply Current fCLK = 2S0 kHz 2.S 3.S rnA (max) 

Clock Feedthrough TA=2SoC 2S mV 

(Peak-to-Peak) Filter Output 

fCLK:5: 250 kHz (Note 3) 

DC Gain (Ha) RsaURCE:5:2 kn 0.0 ±0.1S dB (max) 

Clock to Cutoff Frequency TA=2SoC 

Ratio (fCLK/fc) MF4-S0 49.98±0.3% 49.98±0.8% 49.98±0.6% (max) 

MF4-100 (max) 

fCLK/fc Temperature MF4-S0 ±15 ppmrC 

Coefficient MF4-100 ppmrC 

Stopband Attenuation At2fc -2S.0 -24.0 dB (min) 

DC Offset Voltage MF4-S0 -200 mV 

MF4-100 -400 mV 

Output Swing RL =S kn +4.0 +3.S V (min) 
-4.S -4.0 V (min) 

Output Short Circuit TA=2SoC 

Current (Note 6) Source SO rnA 
Sink 1.S rnA 

Dynamic Range (Note 2) TA = 2SoC 
MF4-S0 80 dB 
MF4-100 78 dB 

Additional Magnitude TA=2SoC 

Response Test Points . fCLK= 2S0 kHz 
(Note 4) 

MF4-S0 (fc=S kHz) 
Magnitude at f= 6000 Hz -7.S7 -7.57±0.27 - dB (max) 

f=4500 Hz -1.44 -1.44±0.12 dB (max) 

MF4-100 Ifc = 2S kHz! f=3000 Hz ±0.2 dB (max) 
Magnitude at f= 2250 Hz ±0.1 dB (max) 
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Electrical Characteristics (Note 7) 

Parameter Conditions Typ 
Tested Design Units 
Limits Limits (limits) 

V+ =2.5V, V- = -2.5V . 
Cutoff Frequency Range (fc) MF4-S0 0.1 Hz (min) 
(Note 1) 10k Hz (max) 

MF4-100 0.1 Hz (min) 
Sk Hz (max) 

Supply Current fCLK = 2S0 kHz 1.S 2.2S rnA (max) 

Clock Feedthrough TA=2SoC 1S mV 
(Peak-to-Peak) Filter Output 

felK ~ 250 kHz (Note 3) 

DC Gain (Ho) RSOURCE::; 2 kll 0.0 ±0.1S dB (max) 

Clock to Cutoff Frequency TA=2SoC 

Ratio (fCLK/fc) MF4-S0 SO.07±0.3% SO.07±1.6% SO.07±0.6% (max) 
MF4-100 (max) 

fCLK/fc Temperature MF4-S0 ±2S ppml"C 
Coefficient MF4-100 ppml"C 

Stopband Attenuation At2fc -2S.0 -24.0 dB (min) 

DC Offset Voltage MF4-S0 -1SO mV 
MF4-100 -300 mV 

Output Swing RL = S kfl 1.S 1.0 V (min) 
-2.2 -1.7 V (min) 

Output Short Circuit TA=2SoC 

Current (Note 6) Source 28 rnA 
Sink O.S rnA 

Dynami~ Range (Note 2) TA == 25°C 
MF4-50 80 dB 
MF4-100 78 dB 

Additional Magnitude TA=2SoC 

Response Test Points fCLK = 2S0 kHz 
(Note 4) 

MF4-S0 (fc= S kHz) 

Magnitud~ at f=6000 Hz -7.S7 -7.S7±0.S4 dB (max) 
f=4S00 Hz -1.46 -1.46±0.24 dB (max) 

MF4-100 (fc=2.S kHz) 
Magnitude at f=3000 Hz ±0.2 dB (max) 

f=22S0 Hz ±0.1 dB (max) 

, 
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Logic Input-Output Characteristics (Note 7) (V- =OV. Note 5) 

Parameter Conditions Typ 
Tested Design Units 
Limits limits (Limits) 

SCHMITT TRIGGER ',. 

VT + Positive Going Threshold Voltage V+ =10V 7.0 6.1 V (rnin) 
( 

8.9 V (rnax) 
V+=5V 3.5 3.1 V (rnin) 

4.4 V (rnax) 

VT - Negative Going Threshold Voltage V+ =10V 3.0 1.3 V (rnin) 
3.8 V (rnax) 

V+~5V 1.5 0.6 V (rnin) 
1.9 V (rnax) 

Hysteresis (VT + - VT -) V+ = 10V· 4.0 2.3 V (rnin) 
7.6 V (rnax) 

V+ =5V 2.0 1.2 V (rnin) 
3.8 V (rnax) 

Logical "1" Output Voltage V+ = 10V 9.0 V (rnin) 

(10 = -10 IlA) (Pin 2) V+=5V 4.5 V (rnin) 
, 

Logical "0" Output Voltage V+ = 10V 1.0 V (rnax) 

(10 = 10 IlA) (Pin 2) V+=5V 0.5 V (rnax) 

Output Source Current CLK R Shorted to Ground 
V+ =10V 6.0 3.0 rnA (rnin) 
V+=5V 1.5 0.75 rnA (rnin) 

Output Sink Current CLK R Shorted to V + 
V+ = 10V 5.0 2.5 rnA (rnin) 
V-=5V 1.3 0.65 mA(min) 

TTL CLOCK INPUT (ClK R PIN) (Note 8) 

V,L (Logical "0" Input Voltage) 0.8 V (max) 

V,H (Logical "1" Input Voltage) 2.0 V (min) 

Leakage Current at CLK R Pin T A = 25°C. l. Sh Pin Tied 2.0 IlA (max) 
to Mid-Supply 

Note 1: The cutoff frequency of the filter is defined as the frequency where the magnitude response is 3.01 dB less than the DC gain of the filter. 

Note 2: For i5V supplies the dynamic range is referenced to 2.82 Vrms (4V peak) where the wide band noise over a 20 kHz bandwidth is typically f1Vrms for the 
MF4-50 and f1Vrms for the MF4·100. For i2.5V supplies the dynamic range is referenced to 1.06 Vrms (1.5V peak) where the wideband noise over a 20 kHz 
bandwidth is typically f1Vrms for both the MF4·50 and the MF4-100. 

Note 3: The specifications for the MF4 have been given for a clock frequency (fCLK) of 250 kHz and less. Above this clock frequency the cutoff frequency begins to 
deviate from the specified error band of iO.6% but the filter still maintains its magnitude characteristics. See Application Hints. 

Note 4: Besides checking the cutoff frequency (Ie) and the stopband at1enuation at 2 fc. two additional frequencies are used to check the magnitude response of 
the filter. The magnitudes are referenced to a'DC gain of 0.0 dB. For a further discussion see Applications Hints. 

Note 5: For simplicity all the logic levels have been referenced to V - = OV (except for the TTL input logic levels). The logic levels will scale accordingly for i 5V and 
i2.5V supplies. 

Note 6: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage swing and then shorting 
that output to the poSitive supply. These are the worst-case conditions. 

Note 7: Unless otherwise stated. these specifications apply over the commercial temperature range of O'C ~ T A ~ lO·C. 

Note 8: The MF4 is operating with symmetrical split supplies and L. Sh is tied to ground. 

Missing Values and "Application Hints" section will be added on final data sheet. 

\ 
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Pin Description 
FILTER 
OUT 

FILTER 
IN 

AGND 

V+, V-

CLKIN 

l. Sh 

This is the output of the lowpass filter. It will 
typically sink 0.90 mA and source 3 mA. 
Typically, the output will swing to within 1 V 
of each supply rail. 

This is t~e input to the lowpass filter. To 
minimize gain errors, the source impedance 
should be less than 2 k!1. For more details 
see Application Hints section. Note that for 
single supply operation the input signal must 
be biased to mid-supply or AC coupled. 

This is the analog ground pin. This pin 
should be connected to the system ground 
for dual supply operation or biased to mid­
supply for single supply operation, see 
Figure 4. For a further discussion on mid­
supply biasing techniques see the 
Application Hints. For optimum filter 
performance a "clean" ground must be 
provided. 

These are the positive and negative supply 
pins. The MF4 will operate over a supply 
range of 5V to 14V. Decoupling the supply 
pins with 0.1 J.lF capacitors is highly 
recommended. 

This is the input of a CMOS Schmitt trigger. 
If an external CMOS logic level clock is to be 
used, it is applied to this pin. 

The level shift pin serves two purposes. 
One, the voltage at this pin sets the input 

CLKR 

switching threshold of an internal level shift 
stage. The level shift stage converts either 
TIL or CMOS logic levels to full V+ to V- . 
clock levels that are required by the internal 
non-overlapping clock generator. The 
threshold is approximately 2V above the 
voltage at the level shift pin. 

Second, the voltage at this pin enables or 
disables an internal TRI-ST ATE buffer 
between the Schmitt trigger and the level 
shift stage. When tied to V-, this buffer is 
enabled and the Schmitt trigger drives the 
level shift stage. When tied to mid-supply 
(ground where the MF4 is operating from 
symmetrical split supplies) or above, the 
buffer is disabled and is placed in a high 
impedance state. This allows an external 
TIL (if l. Sh is connected to ground) or 
CMOS logic level to be applied to the level 
shift stage via the CLK R pin. 

This pin serves as the input for a TIL logic 
level clock if the l. Sh pin is tied to ground 
and the MF4 is operating with dual supplies. 

In the self-clocking mode an external 
resistor is tied from this pin to the CLK IN pin 
and an external capacitor is tied from the 
CLK IN pin to ground. This creates a Schmitt 
trigger oscillator. When using the self­
clocking mode the l. Sh pin must be tied to 
V-. 

DUAL SUPPLY OPERATION 

5Y- . 

-5y=nR ClK 
. IN 

ClK 
R 

L. Sh 

Y­
_ 5y -o----f4. 

MF4 

FILTER 
IN 

y+ 
5Y 

AGND 

FILTER 
OUT 

TL/H/5064-3 

FIGURE 1. MF4 Driven with CMOS Level Clock 
(VIH::::O.8 Vee· and VIL~O.2 Vee) 

'Vcc=V+ -v-
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ClK 

5Y'Jl.Jl. IN 

~ C~ 

L. Sh 
MF4 

FilTER 
IN 

y+ 
5Y 

AGND 

FilTER 
OUT 

TL/H/5064-4 

FIGURE 2. MF4 Driven with TTL Level Clock 



Pin Description (Continued) 

DUAL SUPPLY OPERATION 

. 1 
fCLK 

RC in [(Vcc-Vr-) (Vr+)] 
Vcc-Vr+ Vr-

Typically for VCC= 10V 
l. Sh 

v-
_5V ... ----t 

MF4 

1 
fCLK = 1.69 RC 

TLIH/5064-5 

FIGURE 3. MF4 Driven with Schmitt Trigger Oscillator 

SINGLE SUPPLY OPERATION 

II an external clock is used, it has to be 01 CMOS level because the clock is input to a CMOS Schmitt trigger. 

The AGND pin must be biased· to mid·supply. 

The input signal should be DC biased to mid·supply or AC coupled to the input pin. 

10V"nrL 

OV C~~ 

CLK 
R 

l. Sh 

V-

MF4 

FILTER~5V 
IN~DC 

1---..... l-l0V 

10k. 
AGNO 

FILTER 
OUT 

FIGURE 4a. MF4 Driven with an External Clock 

FILTER 
IN 

TL/H/5064-6 

V+ 
10V 

fCLK 
RC in [(Vcc-vr-) (Vr+)] 

Vcc-Vr+ Vr-
MF4 

l. Sh AGNO 
5V BIAS 

FIlTER 
OUT 

Typically for Vcc= 10V 

TLIH/5064-7 

An external Rand C can be used to generate an on· board clock; il so, 
the L. Sh pin should remain at ground. 

FIGURE 4b. MF4 Driven with the Schmitt Trigger Oscillator 

4-10 



Pin Description (Continued) \ 

OFFSET ADJUST 

,CLKIN 
1 U 8 f- ~~lTER , 

CL~ _ 2 7 
Y+ 
5Y 

MF4 
L. Sh AGND 
-3 6 10k 

O.I/lF..L' 

Y-
4 ,,.....-flLTER L 

5V OUT 

TLIH/5064-6 
; 

FIGURE 5, Typical Circuit for Adjusting the DC Offset of the Filter 
(See Application Hints on mid-supply bias generation) 
Filter Out should be referenced to AGND. 

\ 
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~National 
~ Semiconductor 

PRELIMINARY 

MF5 Universal Monolithic Switched Capacitor Filter 

General Description 
The MF5 consists of an extremely easy to use, general pur­
pose CMOS active filter building block and an uncommitted 
op amp. The filter building block, together with an external 
clock and a few resistors, can produce various second order 
functions. The filter building block has 3 output pins. One of 
the output pins can be configured to perform highpass, all­
pass or notch functions and the remaining 2 output pins 
perform bandpass and lowpass functions. The center fre­
quency of the filter can be directly dependent on the clock 
frequency or it can depend on both clock frequency and 
external resistor ratios. The uncommitted op amp can be 
used for cascading purposes, or for obtaining additional all­
pass and notch functions or for various other applications. 
Higher order filter functions can be obtained by cascading 
several MF5s or by using the MF5 in conjuction with the 
MF10 (dual switched capacitor filter building block). The 
MF5 is functionally compatible with the MF10. Any of the 
classical filter configurations (such as Butterworth, Bessel, 
Cauer and Chebyshev) can be formed. 

System Block Diagram 

Y-

INY1 

AGND 

elK 

50/100 

LSh 

Connection Diagram 

Features 
• Low cost 
• 14-pin DIP 
• Easy to use 
• Clock to center frequency ratio accuracy ±0.6% 
• Filter cutoff frequency stability directly dependent on 

external clock quality 
• Low sensitivity to external component variations 
• Separate highpass (or notch or allpass), bandpass, low-

pass outputs 

• fo X a range up to 200 kHz 
• Operation up to 30 kHz 
• Uncommitted op amp available 

8P LP 

14 

INY2 . -~
2 13 

AGND + A2 YOI 

TL/H/S066-1 

Dual-In-Line Package 

BP lP 

N/AP/HP Y02 

INY1 INY2 Order Number MF5 

S1 MFS AGNO 
See NS Packages J14A, N14A 

SA Y-

Y+ 50/100 

l Sh elK 

TOP VIEW 
TL/H/S066-2 
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~National 
~ Semiconductor 

PRELIMINARY 

MF6 6th Order Switched Capacitor Butterworth Lowpass 
Filter 

General Description 
The MF6 is a versatile easy to use, precision 6th order But­
terworth lowpass active filter. Switched capacitor tech­
niques eliminate external component requirements and al­
Iowa clock tunable cutoff frequency. The ratio of the clock 
frequency to the lowpass cutoff frequency is internally set to 
50 to 1 (MFB-50) or 100 to 1 (MF6-100). A Schmitt trigger 
clock input stage allows two clocking options, either self­
clocking (via an external resistor and capacitor) for stand­
alone applications, or for tighter cutoff frequency control, a 
TTL or CMOS logic compatible clock can be directly ap­
plied. The maximally flat passband frequency response to­
gether with a DC gain of 1 V IV allows cascading MF6 sec­
tions for higher order filtering. In addition to the filter, two 
independent CMOS op amps are included on the die and 
are useful for any general signal conditioning applications. 

Blocl( and Connection Diagrams 

FIlTER 
IN 

Vas 
ADJ 

ClK 
IN 

ClK R L.Sh y+ Y-
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Features 
• Low cost 
• Easy to use 
• No external components 

• 14-pin DIP 
• Cutoff frequency accuracy of ± 0.3% 
• Cutoff frequency range of 0.1 Hz to 20 kHz 
• Two uncommitted op amps available 

• 5V to 14V operation 
• Cutoff frequency set by external internal clock 

Dual-In-Llne Package 

N.INY2 INY2 

YOl INY1 

FilTER l Sh 
OUT 

VOl MF6CN 11 ClK R 

AGND AGND V-

V+ ClK 
Y02 IN 

Vas ADJ FilTER 
IN 

INY2 

TOP VIEW 

TL/H/S06S-2 

Order Number MF6 
N,INY2 See NS Package N 14A 

TL/H/S06S-1 



Absolute Maximum Ratings 
Supply Voltage 14V Storage Temperature 150°C 

Power Dissipation -500mW Lead Temperature (Soldering, 10 seconds) 300°C 

Operating Temperature O°C to 70°C (MF6CN) 

Electrical Characteristics (Filter) (Note 7) \ 

Parameter Conditions Typ 
Tested Design Units 
Limits Limits (Limits) 

V+ =5V, V- = -5V 

Cutoff Frequency Range (fc) MF6-50 0.1 Hz (min) 
(Note 1) 20k Hz (max) 

MF6-100 0.1 Hz (min) 
10k Hz (max) 

Supply Current fCLK = 250 kHz 4.0 6.0 mA(max) 

Clock Feedthrough TA=25°C 
(Peak-to-Peak) Filter Output 30 mV 

Op Amp # 1 Output 25 mV 
Op Amp # 2 Output 20 mV 

fCLK$;250 kHz (Note 3) 

DC Gain (Ho) RSOURCE=:;:2 k!l 0.0 ±0.15 dB (max) 

Clock to Cutoff Frequency TA=25°C 

Ratio. (fCLK/fc) MF6-50 49.27±0.3% 49.27±0.6% (max) 
MF6-100 98.97±0.3% 98.97±0.6% (max) 

fCLK/fc Temperature MF6-50 25 ppmrC 

Coefficient MF6-100 25 ppmrC 

Stopband Attenuation At2 fc -37.5 -36 dB (min) 

DC Offset Voltage MF6-50 -200 mV 

MF6-100 -300 mV 

Output Swing RL =5 k!l +4.0 +3.5 V (min) 
-4.1 -3.8 V (min) 

Output Short Circuit TA=25°C 
Current (Note 6) Source 50 mA 

Sink 1.5 mA 

Dynamic Range (Note 2) TA=25°C 
MF6-50 83 dB 
MF6-100 81 dB 

Additional Magnitude TA=25°C 
Response Test Points fCLK = 250 kHz 
(Note 4) 

MF6-50 (fc = 5 kHz) 
Magnitude at f=6000 Hz -9.47 -9.47±0.3 dB (max) 

f=4500 Hz -0.92 -0.92±0.1 dB (max) 

MF6-100 (fc=2.5 kHz) 
Magnitude at f=3000 Hz -9,48 -9.48±0.3 dB (max) 

f=2250 Hz -0.97 -0.97±0.1 dB (max) 
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Electrical Characteristics (Continued) (Filter) (Note 7) 

Parameter Conditions Typ 
Tested Design Units 
Limits Limits (Limits) 

V+ =2.5V, V- = -2.5V 

Cutoff Frequency Range (fc) MF6·50 0.1 Hz (min) 
(Note 1) 10k Hz (max) 

MF6·100 ' 0.1 Hz (min) 
5k Hz (max) 

Supply Current fClK = 250 kHz 2.5 4.0 mA(max) 

Clock Feedthrough TA=25°C 
(Peak·to·Peak) Filter Output 20 mV 

Op Amp # 1 Output 10 mV 
9p Amp # 2 Output 10 mV 

felK ~ 250 kHz (Note 3) 

DC Gain (Ha) RsaURCE ~ 2 kn 0.0 ±0.15 dB (max) 

Clock to Cutoff Frequency TA=;25°C 
Ratio (fClK/fc) MF6·50 49.45±0.3% 49.45±0.6% (max) 

MF6·100 99.35±0.3% 99.35±0.6% (max) 

fClK/fc Temperature MF6·50 -15 ppml"C 
Coefficient MF6·100 90 ppml"C 

Stopband Attenuation At2 fc -37.5 -36 dB (min) 

DC Offset Voltage MF6·50 -150 • mV 
MF~100 -300 mV 

Output Swing Rl =5 kn 1.5 1.0 V (min) 
-2.2 -1.7 V (min) 

Output Short Circuit TA=25°C 
, 

Current (Note 6) Source 28 mA 
Sink 0.5 mA 

Dynamic Range (Note 2) TA=25°C 
MF6·50 77 dB 
MF6·100 77 dB 

Additional Magnitude TA=25°C 
Response Test Points fClK = 250 kHz 
(Note 4) 

·MF6·50 (fc=5 kHz) 
Magnitude at f=6000 Hz -9.54 -9.54±0.3 dB (max) 

f=4500 Hz -0.96 -0.96±0.1 dB (max) 

MF6·100 (fc=2.5 kHz) 
Magnitude at f=3000 Hz ~9.67 -9.67±0.3 dB-(max) 

f=2250 Hz -1.01 -1.01 ±0.1 dB (max) 

I 
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CD u. 
:E Electrical Characteristics (Both Op Amps) (Note 7) 

Parameter Conditions 

V+ =5V, V- = -5V 

DC Open Loop Gain TA=25°C 

Gain Bandwidth Product TA=25°C 

Input Offset Voltage 

Output Swing RL =2.5 kn ' 

Output Short Circuit Current (Note 6) TA=25°C 
Source 
Sink 

Common-Mode Range (Op Amp # 2 Only) 

CMR(3 (Op Amp # 2 Only) 

Input Bias Current TA=25°C 

Slew Rate TA=25°C 

V+ =2.5V, V- = -2.5V 

DC Open Loop Gain TA=25°C 

Gain Bandwidth Product TA=25°C 

Input Offset Voltage 

Output Swing RL =2.5 kn 

Output Short Circuit Current (Note 6) TA=25°C 
Source 
Sink 

Common-Mode Range (Op Amp # 2 Only) 

CMRR (Op Amp # 2 Only) 

Input Bias Current TA=25°C 

Slew Rate TA=25°C 

\ 
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Typ 

72 

2.5 

8.0 

4.0 
-4.5 

54 
3 

±3.9 

60 

10 

7.0 

67 

2.0 

8.0 

1.5 
-2.2 

29 
1.0 

1.4 
-1.5 

60 

10 

6 

Tested Design Units 
Limits Limits (Limits) 

67 dB (min) 

1.5 MHz (min) 

20 mV(max) 

3.8 V (min) 
-4.0 V (min) 

rnA 
rnA 

±3.8 V (min) 

dB (min) 

pA 

V/p.s 

62 dB (min) 

1.2 MHz (min) 

20 mV(max) 

-·1.3 V (min) 
-1.7 V (min) 

rnA 
rnA 

1.3 V (min) 
-1.4 V (min) 

dB (min) 

pA 

V/p.s 

I 



Logic Input-Output Characteristics (Note 7) (V- =OV, Note 5) 

Parameter Conditions Typical 
Tested Design Units 

Limits Limits (Limits) 

SCHMITT TRIGGER 

Vr + Positive Going Threshold Voltage V+ = 10V 7.0 6.1 V (min) 

8.9 V (max) 

V+ =5V 3.5 3.1 V (min) 

4.4 V (max) 

VT - Negative Going Threshold Voltage V+ = 10V 3.0 1.3 V (min) 

3.8 V (max) 

V+ =5V 1.5 0.6 V (min) 

1.9 V (max) 

Hyste~esis (VT + - VT -) V+ = 10V 4.0 2.3 V (min) 

7.6 V (max) 

V+=5V 2.0 1.3 V (min) 

3.8 V (max) 

logical "1" Output Voltage V+ = 10V 9.0 V (min) 

(10= -10 /-tAl (Pin 11) V+ =5V 4.5 V (min) 

logical "0" Output Voltage V+ = 10V 1.0 V (max) I 

(10= 10 /-tAl (Pin 11) V+=5V 0.5 V (max) 

Output Source Current (Pin 11) ClK R Shorted to Ground 

V+ = 10V 6.0 3.0 mA(min) 

V+=5V 1.5 0.75 mA(min) 

Output Sink Current (Pin 11) ClK R Shorted to V+ 

V+ =10V 5.0 2.5 mA(min) 

V-=5V 1.3 0.65 mA(min) 

TTL CLOCK INPUT (ClK R PIN) (NOTE 8) 

VIL (logical "a" Input Voltage) 0.8 V (max) 

VIH (logical "1" Input Voltage) 2.0 V (min) 

leakage Current at ClK R Pin T A = 25°C, L. Sh Pin Tied 2.0 /-tA(max) 

to Mid·Supply 

Note 1: The cutoff frequency of the filter is defined as the frequency where the magnitude response is 3.01 dB less than the DC gain of the filter. 

Note 2: For ± 5V supplies the dynamic range is referenced to 2.82 Vrms (4V peak) where the wide band noise over a 20 kHz bandwidth is typically 200 ,...Vrms for 
the MF6·50 and 250 ,...Vrms for tf\e MF6·1 00. For ± 2.5V supplies the dynamic range is referenced to 1.06 Vrms (1.5V peak) where the wideband noise over a 20 
kHz bandwith is typically 140 /LVrms for both the MF6·50 and the MF6-100. 

Note 3: The speCifications for the MF6 have been given for a clock frequency (fClK) of 250 kHz and less. Above this clock frequency the cutoff frequency begins to 
deviate from the specified error band of ±O.S% but the filter still maintains its magnitude characteristics. See Application Hints. 

Note 4: Besides checking the cutoff frequency (fel and the stopband attenuation at 2 fc, two additional frequencies are used to check the magnitude response of 
the filter. The magnitudes are referenced to a DC gain of 0.0 dB. For a further discussion see Application Hints .. 

Note 5: For simplicity all the logic levels have been referenced to V- = OV (except for the TTL input logic levels). The logiC levels will scale accordingly for ± 5V and 
± 2.5V supplies. 

Note 6: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing .and then shorting that output to 
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage swing and then shorting 
that output to the positive supply. These are the worst-case conditions. 

Note 7: Unless otherwise stated, these speCifications apply over the commercial temperature range of O'C:S; T A ~ 70'C. 

Note 8: The MF6 is operating with symmetrical split supplies and L. Sh is tied to ground. 

"Application Hints", section will be added on final data sheet. 

, 
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CD 
~ Pin Description 

FilTER 
OUT 

VOSADJ 

FilTER 
IN 

V02,INV2, 
N.INV2 

~ V01,INV1 

AGND 

This is the output of the lowpass filter. It will 
typically sink 0.90 mA and source 3 mAo 
Typically, the output will swing to within 1 V 
of each supply rail. 
If needed, this pin is used to adjust the DC 
offset of the lowpass filter. A typical circuit is 
shown in Figure 5, where a 50 kn pot is 
connected between V + and V - and the 
wiper is connected to the Vos ADJ pin. If the 
Ves ADJ pin is not used it must be tied to 
AGND. The DC gain from the Ves ADJ pin 
to the output of the filter is 2.5 to 3.0. 
This is the input to the lowpass filter. To 
minimize gain errors, the source impedance 
should be less than 2 kn. For more details 
see Application Hints section. Note that for 
single supply operation the input signal must 
be biased to mid-supply or AC coupled. 

. V02 is the output of op amp # 2. INV2 and N. 
INV2 are the inverting and non-inverting 
inputs of op amp # 2, respectively. These 
are very high impedance inputs. 
V01 is the output and INV1 is the inverting 
input of op amp # 1. INV1 is also a high 
impedance input. The non-inverting input is 
connected to AGND (analog ground) 
internally Both op amp # 1 and op amp # 2 
will typically sink 1.8 mA and source 3 mA 
and will swing to within 1 V of each supply 
rail. 
This is the analog ground pin. This pin 
should be connected to the system ground 
for dual supply operation or biased to mid­
supply for single supply operation, see 
Figure 4. For a further discussion on mid­
supply biasing techniques see the 
Application Hints. For optimum filter 
performance a "clean" ground must be 
provided. 

V+, V-

ClKIN 

L. Sh 

ClKR 

These are the positive and negative 'supply 
pins. The MF6 will operate over a supply 
range of 5V to 14V. Decoupling the supply 
pins with 0.1 fLF capacitors is highly 
recommended. 
This is the input of a CMOS Schmitt trigger. 
If an external CMOS logic level clock is to be 
used, it is applied to this pin. 
The level shift pin serves two purposes. 
One, the voltage at this pin sets the input 
switching threshold of an internal level shift 
stage. The level shift stage converts either 
TTL or CMOS logiC levels to full V+ to V­
clock levels that are required by the internal 
non-overlapping clock generator. The 
threshold is approximately 2V above the 

, voltage at the level shift pin. 
Second, the voltage at this pin enables or 
disables an internal TRI-STATE buffer 
between the Schmitt trigger and the level 
shift stage. When tied to V-, this buffer is 
enabled and the Schmitt trigger drives the 
level shift stage. When tied to mid-supply 
(ground where the MF6 is operating from 
symmetrical split supplies) or above, the 
buffer is disabled and is placed in a high 
impedance state. This allows an external 
TTL (if L. Sh is connected to ground) or 
CMOS logic level to be applied to the level 
shift stage via the ClK R pin. 
. This pin serves as the input for a TTL logic 
level clock if the L. Sh pin is tied to ground 
and the MF6 is operating with dual supplies. 
In the self-clocking mode an external 
resistor is tied from this pin to t.he elK IN pin 
and an external capacitor is tied from the 
ClK IN pin to ground. This creates a Schmitt 
trigger oscillator. When using the self­
clocking mode the L. Sh pin must be tied to 
V_. 

Dual Supply Operation 

F--.... --sv 
t-:-..;.:;;..;.;.:.--' Jlf[' sv 

, -sv 

TOP VIEW 
TLIH/S06S-3 

FIGURE 1. MF6 Driven with CMOS Logic Level Clock 
(VIH~O.8 Vee· and VIL:5:0.2 Vee) 

·vcc=V+ -v-
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j1JI
-SV 

ov 

TL/H/S06S-4 

FIGURE 2. MF6 Driven with TTL Logic Level Clock 



lOV 

DUAL SUPPLY OPERATION 

Tl/H/S065-5 

IClK 

[ (~~~=~~:) (~~:) ] 
Typically lor VCC= 10V 

1 
IClK= 1.69 RC 

FIGURE 3. MF6 Driven with Schmitt Trigger Oscillator 

TOP YIEW 

SINGLE SUPPLY OPERATION 

The AGND pin must be biased to mid-supply. 

The input signal should be DC biased to 

mid-supply or AC coupled to the input pin 

lOY 

TO AGNO 

Jlf[
lOY 

OV 

A V SYOC 

II an external clock is used, it has to be 01 CMOS logic 

levels because the clock is input to a CMOS Schmitt trigger. 

FIGURE 4a. MF6 Driven with an External Clock 

• or buffer with op amp #2, 

then apply to AGND 

TLIH/5065-6 

IClK 

[ (~~~=~~:) (~~:) ] 

~c 
TL/H/5065-7 

An external Rand C can be used to generate an on-

board clock, il so the L. Sh pin should remain at ground 

Typically for Vee * = 10V 
1 

IClK= 1.69 RC 

*Vcc=V+ -V-

FIGURE 4b. MF6 Driven with the Schmitt Trigger OSCillator 
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OFFSET ADJUST 

N.INY2....! • 
U ~INY2 

Y02..! ~INYI 
FI~~~.1 12 L.Sh 

YOt"'! ~ClKR . 

AGND 5 10 Y-
-5Y 

5Y 
y+ 6 9 ClK 

--IN 

50k 
Yos ADJ 7 LFllTER 

IN 

TLlH/5065-B 

FIGURE 5. Typical Circuit for Adjusting Filter DC Offset 
If not used, connect Vos ADJ pin to AGND) 
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~National 
~ Semiconductor 

MF10 Univ~rsal Monolithic Dual Switched Capacitor Filter 

General Description 
The MF1 0 consists of 2 independent and extremely easy to 
use, general purpose CMOS active filter building blocks. 
Each block, together with an external clock and 3 to 4 resis­
tors, can produce various 2nd order functions. Each building 
block has 3 output pins. One of the outputs can be config­
ured to perform either an allpass, highpass or a notch func­
tion; the remaining 2 output pins perform lowpass and band­
pass functions. The center frequency of t~e lowpass and 
bandpass 2nd order functions can be either directly depen­
dent on the clock frequency, or they can depend on both 
clock frequency and external resistor ratios. The center fre­
quency of the notch and all pass functions is directly depen­
dent on the clock frequency, while the high pass center fre­
quency depends on both resistor ratio and clock. Up to 4th 
order functions can be performed by cascading the two 2nd 
order building blocks of the MF10; higher than 4th order 
functions can be obtained by cascading MF10 packages. 
Any of the classical filter configurations (such as Butter­
worth, Bessel, Cauer and Chebyshev) can be formed. 

System Block Diagram 

AGND 

ClKA 

50/100/CL 

l5h 

ClKa 

Features 
• Low cost 
• 20-pin 0.3" wide package 

• Easy to use 
• Clock to center frequency ratio accuracy ±0.6% 
• Filter cutoff frequency stability directly dependent on 

external clock quality 
• Low sensitivity to external component variation 
• Separate high pass (or notch or all pass), bandpass, low­

pass outputs 

• fo x Q range up to 200 kHz 
• Operation up to 30 kHz 

TO AGND +-----.... ----~ 

INVa 

2D 

Vo Vi N/AP/HPa 51a BPa lPa 
TLlH/5645-1 
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Absolute Maximum Ratings 
Supply Voltage 14V Storage Temperature 

Power Dissipation SOOmW Lead Temperature (Soldering, 10 seconds) 

Operating Temperature O°Cto 70°C 

Electrical Characteristics (Complete Filter) Vs = ± SV, T A = 2SoC 

Parameter Conditions Min Typ Max 

Frequency Range foxd<200 kHz 20 . 30 

Clock to Center Frequency 

Ratio, fCLKlfo 
MF10BN Pin 12 High, Q= 10 49.94±0.2% ±0.6% 
MF10CN foxQ<SO kHz, Mode 1 49.94±0.2% ±1.S% 

MF10BN . Pin 12 at Mid Supplies 99.3S±O.2% ±O.6% 

MF10CN Q= 10, foxQ<SO kHz, Mode 1 99.3S±0.2% ±1.S% 

Q Accuracy (Q Deviation 
from an Ideal Continuous 
Filter) 

MF10BN Pin 12 High, Mode 1 ±2% ±4% 

MF10CN foxQ<100 kHz, fo<S kHz ±2% ±6% 

MF10BN Pin 12 at Mid Supplies ±2% ±3% 

MF10CN foxQ<100 kHz ±2% ±6% 

fo < S kHz, Mode 1 

fo Temperature Coefficient Pin 12 High (-50:1) ±10 

Pin 12 Mid Supplies ( - 100: 1) ± 100 
foxQ< 100 kHz, Mode 1 
External Clock Temperature 
Independent 

Q Temperature Coefficient fo x Q < 100 kHz, Q Setting ±SOO 
Resistors Temperature 
Independent 

DC Low Pass Gain Accuracy Mode 1, R 1 = R2 = 10k ±2 

Crosstalk 50 

Clock Feedthrough 10 

Maximum Clock Frequency 1 1.S 

-Power Supply Current 8 10 

Electrical Characteristics (Internal Op Amps) 2SoC 

Parameter Conditions Min Typ Max 

Supply Voltage ±4 ±S 

Voltage Swing (Pins 1, 2,19,20) Vs= ±SV, RL =Sk 
MF10BN ±3.8 ±4 
MF10CN ±3.2 ±3.7 

Voltage Swing (Pins 3 and 18) Vs= ±SV, RL =3.Sk 
MF10BN ±3.8 ±4 
MF10CN ±3.2 ±3.7 

Output short Circuit Current Vs= ±SV 
Source 3 
Sink 1.S 

Op Amp Gain BW'Product 2.5 

Op Amp Slew Rate 7 
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1S0°C 

300'C 

Units 

kHz 

ppmrC 
ppmrC 

ppmrC 

% 

dB 

mV 

MHz 

mA 

Units 

V 

V 
V 

V 
V 

mA 

MHz 

V//J-S 



Definition of Terms 
felK: the switched capacitor filter external clock frequency. 

fo: center of frequency of the second order function com· 
plex pole pair. fa is measured at the bandpass output of 
each % MF1 0, and it is the frequency of the bandpass peak 
occurrence (Figure 1). 

0: quality factor of the 2nd order function complex pole pair. 
o is also measured at the bandpass output of each Y2 MF10 
and it is the ratio of fa over the - 3 dB bandwidth of the 2nd 
order bandpass filter, Figure 1. The value of 0 is not mea· 
sured at the lowpass or highpass outputs of the filter, but its 
value relates to the possible amplitude peaking at the above 
outputs. 

HOI;lP: the gain in (V IV) of the bandpass output at f = fa. 

HOlP: the gain in (V IV) of the lowpass output of each % 
MF10 at f ~ 0 Hz, Figure 2. 

> Hasp 

;; 0.701 Hasp 

~ 

BANDPASS OUTPUT 

/~ 

Il 10 IH 
I (LOG SCALE) 

HOHP: the gain in (V IV) of the highpass output of each % 
MF10 as f ~ fCLK/2, Figure 3. 

Oz: the quality factor of the 2nd order function complex zero 
pair, if any. (Oz is a parameter used when an all pass output 
is sought and unlike 0 it cannot be directly measured). 

fz: the center frequency of the 2nd order function complex 
zero pair, if any. If fz is different from fo, and if the Oz is quite 
high it can be observed as a notch frequency at the all pass 
output. 

fnotch: the notch frequency observed at the notch output(s) . 
of the MF-10. 

HON1: the notch output gain as f ~ 0 Hz. 

HON2: the notch output gain as f ~ fCLK/2. 

FIGURE 1 

LOWPASS OUTPUT 
:> Hop 
;;: HOLP- ',," 
;; 0.701 HOLP t------t---'I.. 

~ r 
~-----~~.------

Ip Ie 

I (LOG SCALE) 

Ie Ip 
I (LOG SCALE) 

IC = IOX~ ( 1 - 2~2) + ~(1 - ~) 2 + 1 

Ip = IO~1 _ 1 
, 2Q2 

HOp = HOlP x _~1 __ 

1r1 
O"\j1-4'Q2 

FIGURE 2 

TL/H/5645-2 

IC = 10 x [ ~ ( 1 - 2~2) + ~ ( 1 - ~ ) 2 + 1 ] 

-1 

Ip = 10 X [ ~ 1 - 2~2 ] 
1 

HOp = HOHP X -----

lr1 
O"\jl - 4'Q2 

FIGURE 3 
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Connection Diagram 

Dual-In-Line Package 

1 20 
LPA- • -lPa 

2 
BPA-

19 
-BPa 

N/AP/HPA 2 .!!. N/AP/HPe 

INVA.! ~INV. 

S1A 2 16 
r-S1• 

SAIl..! ~AGND 

vt .2. ~VA 

v: ..1. ..!!.Vo 

l Sh...! ~ SO/100/.Cl 

ClKA..!.!!. ~ClKa 
TOP VIEW 

Order Number MF10BN or MF10CN 
See NS Package N20A 

TLlH/5645-3 

Pin Description 
LP, BP, N/AP/HR 

INV 

S1 

These are the lowpass, bandpass, 
notch or all pass or highpass outputs 
of each 2nd order section. The LP 
and BP outputs can sink typically 1 
mA and source 3 mAo The N/AP/HP 
output can typically sink and sourcE! 
1.5 mA and 3 mA, respectively. 

This is the inverting input of the sum­
ming op amp of each filter. The pin 
has static discharge protection. 

S1 is a signal input pin used in the 
allpass filter configurations (see 
modes of operation 4 and 5). The pin 
should be driven with a source im­
pedance of less than 1 kn. 

It activates a switch connecting one 
of the inputs of the filter's 2nd sum­
mer either to analog ground (SAIB 
low to VA) or to the lowpass output of 
the circuit (SAIB high to V"J,). This al­
lows flexibility in the various modes 
of operation of the IC. SAIB is pro­
tected against static discharge. 

Analog positive supply and digital 
positive supply. These pins are inter­
nally connected through the IC sub­
strate and therefore V t and V ri 
should be derived from the same 
power supply source. They have 
been brought out separately so they 
can be bypassed by separate capaci­
tors, if desired. They can be external­
ly tied together and bypassed by a 
single capacitor. 

v"A.vo 

LSh 

CLK (A or B) 

504100/CL 

AGND 
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Analog and digital negative supply re­
spectively. The same comments as 
for V t and V ri apply here. 

Level shift pin; it accommodates vari­
ous clock levels with dual or single 
supply operation. With dual ± 5V sup­
plies, the MF10 can be driven with 
CMOS clock levels (± 5V) and the L 
Sh pin should be tied either to the 
system ground or to the negative 
supply pin. If the same supplies as 
above are used but T2L clock levels, 
derived from OV to 5V supply, ,are 
only available, the L Sh pin should be 
tied to the system ground. For single 
supply operation (OV and 10V) the 
VD' VA pins should be connected to 
the system ground, the AGND pin 
should be biased at 5V and the L Sh 
pin should also be tied to the system 
ground. This will accommodate both 
CMOS and T2L clock levels. 

Clock inputs for each switched ca­
pacitor filter building block. They 
should both be of the same level 
(T2L or CMOS). The level shift (L Sh) 
pin description discusses how to ac­
commodate their levels. The duty cy­
cle of the clock should preferably be 
close to 50% especially when clock 
frequencies above 200 kHz are used. 
This allows the maximum time for the 
op amps to seUle which yields opti­
mum filter operation. 

By tying the pin high a 50: 1 clock to 
filter center frequency operation is 
obtained. Tying the pin at mid sup­
plies (Le., analog ground with dual 
supplies) allows the filter to operate 
at a 100:1 clock to center frequency 
ratio. When the pin is tied low, a sim­
ple current limiting circuitry is trig­
gered to limit the overall supply cur­

. rent down to about 2.5 mA. The filter­
ing action is then aborted. 

Analog ground pin; it should De con­
nected to the system ground for dual 
supply operation or biased at mid 
supply for single supply operation. 
The positive inputs of the filter op 
amps are connected to the AGND 
pin so "clean" ground is mandatory. 
The AGND pin is protected against 
static discharge. 



Modes of Operation 
The MF10 is a switched capacitor (sampled data) filter. To 
fully describe its transfer functions, a time domain approach 
will be appropriate. Since this may appear cumbersome 
and, since the MF10 closely approximates continuous fil­
ters, the following discussion is based on the well known 
frequency domain. The following illustrations refer to % of 
the MF10; the other % is identical. Each MF10 can produce 
a full 2nd order function, so up to 4th order functions can be 
performed by using cascading techniques. 

MODE 1: Notch 1, Bandpass, Lowpass Outputs: fnotch 
= fo (See Figure 4) 

fo = center frequency of the complex pole pair 

= fClK or fClK 
100 50 

fnotch = center frequency of the imaginary zero pair=fo. 

H L . ( R2 OlP "= owpass gain as f -+ 0) = -R'1 

Hosp = Bandpass gain (at f = fo) = _ R3 
R1 

= Notch output gain as} f -+ 0 _ R2 
R1 

f -+ fClK/2 

Q =~=R3 
BW R2 

= quality factor of the com"plex pole pair. 

BW = the - 3 dB bandwidth of the bandpass output. 

Circuit dynamics: 

Hosp 
HOlP = --a or Hosp = HOlP X Q = HON X Q. 

HOlP (peak) ~ a x HOlP (for high a's) 

The above expressions are important. They de­
termine the swing at each output as a function 
of the desired Q of the 2nd order function. 

MODE 1a: Non-Inverting BP, LP (See Figure 5) 

= fClK or fClK 
100 50 

a R3 

R2 

HOlP = -1; HOlP (peak) ~ a x HOlP (for high a's) 

R3 
Hosp , = -R2 

HOSP2 = 1 (non-inverting) 

Circuit dynamics: Hosp, = a 

FIGURE 4. MODE 1 

TL/H/5645-4 

FIGURE 5. MODE 1a 
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Modes of Operation (Continued) 

MODE 2: Notch 2, Bandpass, Lowpass: fnotch<fo 
(See FIgure 6) 

fo = center frequency 

fClK ~ fClK ~ =lOOV'R4+ ,or50ViM+ 1 

fClK fClK 
fnotch = 100 or 50 
a = quality factor of the complex pole pair 

R2/R4+1 

R2/R3 

HOlP = Lowpass output gain (as f -+ 0) 

R2/R1 

R2/R4+1 

Hosp = Bandpass output gain (at f = fo) - R3/R 1 

HON1 = Notch output gain (as f -+ 0) 

R2/R1 

R2/R4+1 

MODE 3: Highpass, Bandpass, Lowpass Outputs 

(See FIgure 7) 

fo = fClKx fR2 or fClKx fR2 
100 V'R4 50 V'R4 

Q = quality factor of the complex pole pair 

= fR2xR3 
ViM R2 

HOHP H' , ( f fClK) R2 = Ighpass gain as -+ -- =--
2 R1 

HOSp 
, R3 

= Bandpass gain (at f=fo)= - R1 

, R4 
HOlP = Lowpass gain (as f -+ 0) = - R1 

Circuit dynamics: RR2 = HOHP; Hosp = JHOHP X HQLp X a 
4 HOlP . 

HOlP (peak) afaX HOlP (for high a's) 

HOHP (peak) afaX HOHP (for high a's) 

HON2 = Notch output gain ( as f -+ fC~K) = - R2/R1 

Filter dynamics: Hosp = O\fHOlP HON2 - O\fHON1 HON2 

VIN 

SAIl 

?& 
y+ 

Cc• 

r ~~ -, 
R4 

HP. 

R4 

R1 

S1. 

FIGURE 6. MODE 2 

FIGURE 7. MODE 3 
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In Mode 3, the feedback loop is closed around the input sum­
ming amplifier; the finite GBW product of this op amp causes a 
slight a enhancement. If this is a problem, connect a small ca­
paCitor (10 pF -1 00 pF) across R4 to provide some phase lead, 

TL/H/5645-5 



Modes of Operation (Continued) 

MODE 3a: HP, BP, LP and Notch with External Op Amp 

(See Figure 8) 

o 

HOHP 

HOBP 

HOlP 

HON 

Hn1 

Hn2 

= fClK X (R2 or fClK x fR2 
100 \}"R4 50 \}"R4 

= fR2xR3 
\}"R4 R2 

R2 

R1 

R3 

R1 

R4 

R1 

= notch frequency= fClK fRh or fClK fRh 
100-VR; 50 \}R; 

=gainof notch atf=fo= II O(~HOlP - ~HOHP) II 

= gain of notch (as f ~ 0) = ~ X HOlP 
, RI 

. ( fClK) ~ = gain of notch as f ~ -- = - X HOHP 
2 Rh 

MODE 4: Allpass, Bandpass, Lowpass Outputs 

(See Figure 9) 

o 

= center frequency 

= fClK or fCLK. 
100 50 ' 

f; = center frequency of the complex zero pair::::; fo 

fo R3 
=BW=R2: 

R3 
Oz = quality factor of complex zero pair = R 1 

For AP output make R 1 = R2 

. ( fClK) R2 HOAP =Allpass gain at 0<f<2 = -R'1=-1 

HOlP = Lowpass gain (as f ~ 0) 

=_(R2+1)=_2 
, R1 

HOBP = Bandpass gain (at f = fo) 

= _ R3 (1 + R2) = -2 (R3) 
R2 R1 R2 

Circuit dynamics: HOBP = (HOlP) x 0 = (HOAP + 1)0 
• Due to the sampled data nature of the filter, a slight mismatch of fz and fo 

occurs causing a 0.4 dB peaking around fo of the all pass filter amplitude 
response (which theoretically should be a straight line). If this is unaccept­
able, Mode 5 is recommended. 

Rg 

NOTCH 
OUT 

FIGURE 8. MODE 3a 

R1 

~' 
V+ 

TL/H/5645-6 

FIGURE 9. MODE 4 
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Modes of Operation (Continued) 

MODE 5: Numerator Complex Zeros, BP, LP 

(See Figure 10) 

o 

Oz 

~2 fCLK ~R2 fCLK = 1+-X-or +-X-
R4 100 R4 50 

!":FIT fCLK' !":FIT fCLK 
=V1-R"4x1OO0rV1-R"4Xw 

R3 
=~1 +R2/R4X

R2 

R3 
=~1-R2/R4XR1 

R2(R4-R1) 
Hoz1 · = gain at C.z output (as f --. 0 Hz) R1 (R2 + R4) 

( 
fCLK) R2 = gain at C.z output as f --. -2- = R 1 

HOBP = (:~ +.1) X:~ 
HOLP = (R2+R1) xR4 

R2+R4 R1 R4 

MODE 6a: Single Pole, Hp, LP Filter (See Figure 11) 

fe = cutoff frequency of LP or HP output 

HOLP 

HOHP 

= R2 fCLK or R2 fCLK 
R3100 R3 50 

R3 

R1 

R2 

R1 

MODE 6b: Single Pole LP Filter (Inverting and Non- . 
Inverting) (See Figure 12) 

fe = cutoff frequency of LP outputs 

~ R2 fCLK or R2 fCLK 
R3100 R3 50 

HOLP1 = 1 (non-inverting) 

R3 
HOLP2 = - R2 

FIGURE 10. MODE 5 

FIGURE 11. MODE 6a 
LPA (N.INV.) VIN LPA (lNV) 

TLIH/5645-7 

FIGURE 12. MODE 6b 
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Applications Information 1.0 _"'111111 
HOW TO USE THE fCLKlfo RATIO SPECIFICATION - fClK = 49.94 .......... 
The MF10 is a switched capacitor filter designed to approxi- - fa - ~ mate the response of a 2nd order state variable filter. When 0.0 
the sampling frequency is much larger than the frequency 
band of interest, the sampled data filter is a good approxi- ~ 
mation to its continuous time equivalent. In the case of the z 
MF10, this ratio is about 50:1 or 100:1. Nevertheless the 0 -1.0 I 

~ filter's response must be examined in the z-domain in order :; I 
to obtain the actual response. It can be shown that the w 

I c 
clock frequency to center frequency ratio, fClKlfo and the I 
quality factor, 0, deviate from their ideal values determined -2.0 

, 
in the continuous time domain. These deviations are shown 
graphically in Figures 13 and 14. The ratio, fClKlfo, is a 
function of the ideal 0 and the largest errors occur for the 
lowest values of O. 

-3.0 
The curve for the fClK/fo ratio versus the ideal 0 has been 0.1 
normalized for a 0 of 10 which is the 0 value used for the 

1.0 10 100 

fClKlfo ratio testing of the MF10. At this point the felK/fo IDEAL Q 
ratio is 49.94 in the 50:1 mode and 99.35 in the 100:1 mode. TLlH/5645-08 

These values are within a maximum tolerance of ±0.6% FIGURE 14 
(MF10B) and ± 1.5% (MF10C). The above tolerances hold 

A SIMPLE AND INFORMATIVE FILTER DESIGN USING 
for the entire range of O's; in other words, at 50:1, an 

THE MF10 
MF10B has a ratio of 49.94 ± 0.6% (0 = 10) and this ratio 
becomes (49A4±0.6%) at 0=2.1. If these small errors Example 1: Design a 4th order 2 kHz lowpass maximally 

cannot be tolerated, the clock frequency or the resistor's flat (Butterworth filter). The overall gain of the 
ratiO, in Mode 3 and Mode 2, can be adjusted accordingly. filter is desired to be equal to lVIV. 

0.5 The 4th order filter can be built by cascading two 2nd order 
111111 sections of (fo, 0) equal to: 0=0.541, fo=2 kHz, 0= 1.306, 

- fCLK = 99.35" fo= 2 kHz. 

- fa Due to the low 0 values of the filter, the dynamics of the 

" circuit are very good. Any of the modes of operation can be 

0.0 V used but Mode 1 a is the most simple: 

~ 
IN-1 ·H ~OUT z 0=0.541 0=1.306 

0 '0=2 kHz '0=2 kHz 
~ 
:; 'f 112 MF10 1/2 MFIO 
w MODE I. MODE I. e II -0.5 R3/R2=0.541 R3/R2 = 1.306 TLlH/5645-10 

FIGURE 15 
I Since for the first section the smallest resistor is R3, choose 

I R3> 5k. Assume R3 = 1 Ok then R2 = 18A8k. For the sec-, 
ond section choose R2 = 10k and then R3 = 13.06k. Both 

--: 1.0 clock input pins (10, 11) can be tied together and then driv-

0.1 1.0 10 100 en with a single external clock. If the approximate ratio 
fClk/l00 is chosen (pin 12 is grounded), then with a 200 

IDEAL Q kHz clock, the cuftoff frequency, fc, will be at 2 kHz with a 

Tl/H/5645-9 1.5% maximum error. 

FIGURE 13 The filter schematic is shown in Figure 16. 

n y- n .~ , ~R2 VOUT-

~2D 
::R3 

IS H13 r:-19 18 17 16 12 
lPs BPs N/API INVs SIs AGND Vi Vii 50/1001 CU(s 

HPs Cl 
MFIO 

N/API 
vi' vo+ lP. BP. HP. INV. 51. SAIS L Sh ClK. 

~' 2 3 4 

I' 6 r 1
8 

~ ~ ~ R3 ~R2 . • J+ VIN r2L ClK 
200 kHz TLlH/5645-11 

FIGURE 16. 4th Order, 2 kHZ Lowpass Butterworth Filter 
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Applications Information (Continued) 

With a ± 5V supply, each output node of the IC (pins 1, 2, 3, 
18,19,20) will swing to ±3.8V (MF10B) or ±3.2V (MF10C). 
The maximum gain of 1.306 occurs at pin 19 at fo::::; 2 kHz. 
The input voltage amplitude should be limited to less than 
7.6 Vp-p/1.306=5.8 Vp-p. If the a of 1.306 section of the 
MF10 precedes the a of 0.541 section, the maximum gain is 
at pin 1. This gain can be calculated from the expression for 
Hop given in Definition of Terms, and equals 1.41. 

Getting Optimum Cutoff Frequency, fe, Accuracy (if 
needed): 

In the'~previous example, an approximate 100:1 ratio was 
assumed. The true fClK/fo ratio should. be read from the 
curves, Figures 13 and 14. At 100:1 the normalized ratio to 
a= 10 is: fClK/fo=99.35. For a's of 0.541 and 1.306 this 
ratio becomes 99.35-0.75% = 98.6. For a 2 kHz fc, the 
clock frequency should be 2 kHz x 98.6= 197.2 kHz. 

With an MF10B and a 197.2 kHz clock, the maximum error 
on the 2 kHz cutoff frequency is ± 0.6% as indicated in the 
specs. 

If only a 200 kHz is available in Mode 1a, the true value of fc 
and its maximum error is: 200 kHz/(98.6±0.6%)= 
2028+ 0.6%. 

If only a 200 kHz is available and there is need for a tight 
tolerance cutoff frequency, then Mode 3 should be used 
instead of Mode 1 a. The resistor ratios are: 

1 st Section, Q = 0.541 2nd Section, Q = 1.306 
R2/R4 = 0.972 R2/R4 = 0.972 
R3/R2 = 0.548 

R4/R1 =1 

4(17) 

R3/R2 = 1.324 
R4/R1 = 1 

MF10 OFFSETS 

The switched capacitor integrators of the MF10 have higher 
equivalent input offset than the typical R, C integrator of a 
discrete active filter. These offsets are created by a parasit­
ic charge injection from the switches into the integrating ca­
pacitors; they are temperature and clock frequency inde­
pendent and their sign is shown to be consistent from part 
to part. The input offsets of the CMOS op amps also add to 
the overall offset, but their contribution is very small. Figure 
17 shows an equivalent circuit from where output DC offsets 
can be calculated. 

VOS1 =0 mV to ± 10 mV 

VOS2 = charge injected offset plus op amp offset 
~ -120 mV to -170 mV (at 50:1) 

VOS3 = charge injected offset plus op amp offset 
~ 100 mV to 150 mV (at 50:1) 

The VOS2 and VOS3 numbers approximately double at 
100:1. 

Output Offsets 

The DC offset at the BP output(s) of the MF10 is equal to 
the input offset ot. the lowpass switched capacitor integra~ 
tor, VOS3. . 

The DC offsets at the remaining outputs .are roughly depen­
dent upon the mode of operation and resistor ratios. 

Mode 1 and Mode 4 

VOS(N) = VOS1 (6+ 1 + iiHolPii) - V~S3 
VOS(BP) =VOS3 

VOS(lP) =VOS(N)-VOS2 

TLlH/5645-12 

. FIGURE 17 
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Applications Information (Continued) 

Mode 2 and Mode 5 

VOS(N) = (:: ± 1 ) VOS1 X 1 + R12/R4 

+V 1 VOS3. 
OS2 1 + R41R2 QJ1 + R2/R4· 

Rp = R1 I IR2I IR4 

VOS(BP) = VOS3 

VOS(lP) = VOS(N) - VOS2 

Mode3 

VOS(HP) 

VOS(BP) 

VOS(lP) 

Mode1a 

=VOS2 

=VOS3 

R4 (R2 ) = -- -VOS3+ VOS2 + 
R2 R3 

R4( R2) - 1 +- VOS1; Rp=R1//R3//R4 
R2 Rp 

VOS(N.INV.BP) ( 
1) VOS3 = 1+0 VOS1-a 

VOS(INV.BP) 

Vos(LP) 

=VOS3 

= Vos(N.INV.BP) - VOS2 

5V SUPPLY 

Comments on output DC offsets: For most applications, 
the outputs are AC coupled and the DC offsets are not both­
ersome unless large input voltage signals are applied to the 
filter. For instance, if the BP output is used and it is AC 
coupled, the remaining two outputs should not be allowed to 
saturate. If so, gain nonlinearities and fa, Q errors will occur. 
For Mode 3 of operation a word of caution is necessary: by 
allowing small R2/R4 ratios and high Q, the LP output will 
exhibit a couple of volts of DC offset and an offset adjust­
ment should be made. 

An extreme example: Design a 1.76 kHz BP filter with a Q 
of 21 and a gain equal to unity. The MF10 will be driven with 
a 250 kHz clock, and it will be switched 50:1. 

Resistor values: [R2RR2 = -f fox 50 = 0.352; R2 = 0.124 'iR4 elK R4 

R3 1 R3 
R2 = 21 X 0.353 = 59.63; R1 = 1 

Since R3/R2 is the highest resistor ratio, start with 
R2 = 1 Ok, the~ R3 ~ 600k, R 1 ~ 600k, R4 = 80k. Assuming 
VOS1=2 mV, VOS2=-150 mV, VOS3=150 mV, the DC 
offset at the LP output is VOS(lP) = + 1.2V. The offset ad­
justment will be done by injecting a small amount of current 
into the inverting input of the first op amp, Figure 18. This 
will change the effect VOS1, but the output DC offset of the 
HP and BP will remain unchanged. 

R3 

TL/H/5645-13 

FIGURE 18. Vos Adjust Scheme 
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Section 5 

Telecommuni~ations 



Introduction 
Telecommunications is a rapidly maturing field and has 
become an important new area for the application of 
semiconductor products. 

With the advent of low-cost silicon electronics, major 
changes in telephone systems have been taking place. 
Just a few years ago, telecommunication circuits con­
sisted of only a few products: pulse dialers and tone 
dialers. Today, with the emphasis on expanding the capac­
ity of ex'isting equipment, digital data is being transmitted 
across telephone lines. New telecommunications prod­
ucts such as filters, encoders/decoders (CODECs) and 
combined CODEClfilter chips (COMBOs) have been devel­
oped to-meet these needs. 

The new COMBO chips combine, on a single chip, the 
complete functions of both the PCM filter and the CODEC. 
In addition, they consume as little as 50 mW, and can also 
be put into a 1 mW standby mode. 

Since all telephone systems must have auxiliary power 
sources in the event of loss of electrical power, the new cir­
cuits in these more complex systems must be especially 
geared toward power conservation. To meet this need, 
National chose microCMOS (a double poly CMOS process). 

The resulting circuits not only consume very little power, 
but also exhibit greatly improved performance. The use of 
microCMOS has also produced smaller and more cost­
effective die for telecommunications chips-not an easy 
thing to do, considering that these chips combine analog 
signal processing with digital circuitry. 

National's early use of switched-capacitor filters and a 
microCMOS technology to meet the unique needs of the 
telecommunications industry has received industry-wide 
recognition. The company's technological leadership is . 
acknowledged as having made major contributions to the 
development of the telecommunications field. 
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~National 
~ Semiconductor 
TP3020/TP3021 Monolithic CODECs 

General Description Features 
• Low operation power-45 mW typical 
• Low standby power-1 mW typical 
• ± 5V operation 
II TTL compatible digital interface 

The TP3020 and TP3021 are monolithic PCM CODECs im­
plemented with double-poly CMOS technology. The TP3020 
is intended for JL-Iaw applications and contains logic for J-l­
law signaling insertion and extraction. The TP3021 is intend­
ed for A-law applications. 

Each device contains separate Di A and AID circuitry, all 
necessary sample and hold capacitors, a preciSion voltage 
reference and internal auto-zero circuit. A serial control port 
allows an external controller to individually assign the PCM 
input and output ports to one of up to 32 time slots or to 
place the CODEC into a power-down mode. Alternately, the 
TP3020/TP3021 may be operated in a fixed time slot mode. 
Both devices are intended to be used with the TP3040 
monolithic PCM filter which provides the input anti-aliasing 
function for the encoder and smoothes the output of the 
decoder and corrects for the sin xix distortion introduced by 
the decoder sample and hold output. 

• Time slot assignment or alternate fixed time slot modes 
• Internal preCision reference 
• Internal sample and hold capacitors 
• Internal auto-zero circuit 
• TP302Q-J-l-law coding with signaling capabilities· 
• TP3021-A-law coding 
a Synchronous or asynchronous operation 

Simplified Block Diagram 

5V 

~vcc 

r-;;';-l---I-+~ 
~ __ ~~~I'--------~ Ox 

SC2 

SCl t---__. 

COMPARATOR 

VFR .--t---------< 

GNOA 
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-5V 

ClKX 

FSx 

ClKC 

PON 

SIGR (TP3020 ONl VI 
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Absolute Maximum Ratings 
Operating Temperature - 25°C to + 125°C VSS with Respect to GNDD -7V 

Storage Temperature - 65°C to + 150°C Voltage at Any An'alog 

Vee with Respect to GNDD 7V Input or Output Vss-O,3V to Vee+O,3V 
Voltage at Any Digital 

Input or Output GNDD-0.3V to Vee+0.3V 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics Unless otherwise noted T A = O°C to 70°C, Vee = 5.0V ± 5%, 
VBS= -5.0V±5%. Typical characteristics are specified at Vee=5.0V, VSS= -5.0V and TA = 25°C. All digital signals are 
referenced to GNDD. All analog signals are referenced to GNDA. 

Symbol Parameter Conditions Min Typ Max Units 

DIGITAL INTERFACE 

II Input Current O<VIN<Vee -10 10 IlA 

VIL Input Low Voltage 0.6 V 

VIH Input High Voltage 2.2 V 

VOL Output Low Voltage' Dx, 'IOL = 4.0 mA 0.4 V 

SIGA, 10L = 0.5 mA 0.4 V 
.. TSx, IOL = 3.2 mA, Open Drain 0.4 V 

PDN, 10L = 1.6 mA 0.4 V 

VOH Output High Voltage Dx, IOH=6 mA 2.4 V 

SIGA,IOH=0.6 mA 2.4 V 

ANALOG INTERFACE 

ZI VFx Input Impedance when Resistance in Series with 2.0 k!l 
Sampling Approximately 70 pF 

Zo Output Impedance at VFA -3.1V<VFA<3.1V 10 20 !l 

Vos Output Offset Voltage at VFR DA = PCM Zero Code (TP3020) -25 25 mV 

or Alternating ± 1 Code (TP3021) 

liN Analog Input Bias Current VIN=OV -0.1 0.1 IlA 

R1 x C1 DC Blocking Time Constant 4.0 ms 

C1 DC Blocking Capacitor 0.1 IlF 

R1 Input Bias Resistor 160 k!l 

POWER DISSIPATION 

leeo Standby Current, Vcc 0.1 0.4 mA 

ISBa Standby Current, Vss 0.03 0.1 mA 

ICC1 Operating Current, Vcc 4.5 8.0 mA 

ISB1 Operating Current, VBB 4 .. 5 8.0 mA 

" 
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" 
AC Electrical Characteristics Unless otherwise noted, the analog input is a 0 dBmO, 1.02 kHz sine wav~. 
The digital input is a PCM bit stream generated by passing a 0 dBmO, 1.02 kHz sine wave through an ideal encoder. All output 
levels are sin xIx corrected. 

Symbol Parameter Conditions Min Typ Max Units 

Absolute Level The nominal 0 dBmO levels for 
the TP3020 and TP3021 are 
1.520 Vrms and 1.525 Vrms 
respectively. The resulting 
nominal overload level is 3.096V 
peak for both devices. All gain 
measurements for the encode 
and decode portions of the 
TP3020/TP3021 are based on 
these nominal levels after the 
necessary sin xIx corrections are 
made. 

GRA Receive Gain, Absolute T=25°C, Vee = 5V, Vss= -5V 
TP3020, TP3021 -0.125 0.125 dB 
TP3020-1, TP3021-1 -0.175 0.175 dB 

GRAT Absolute Receive Gain T = O°C to 70°C -0.05 0.05 dB 
Variation with Temperature 

GRAV Absolute Receive Gain Vee=5V ±5%, -0.07 0.07 dB 
Variation with Supply Voltage Vss= -5V ±5% 

GXA Transmit Gain, Absolute T=25°C, Vee =5V, Vss= -5V 
TP3020, TP3021 -0.325 - 0.075 dB 
TP3020-1, TP3021-1 -0.375 - 0.025 dB 

GXAT Absolute Transmit Gain T = O°C to 70°C -0.05 0.05 dB 
Variation with Temperature 

GXAV Absolute Transmit Gain Vee=5V ±5%, -0.07 0.07 dB 
Variation with Supply Voltage Vss =-5V ±5% 

GRAL Absolute Receive Gain CCITT Method 2 Relative 
Variation with Level to -10 dBmO 

o dBmO to 3 dBmO -0.3 0.3 dB 
- 40 dBmO to 0 dBmO -0:2 0.2 dB 
- 50 dBmO to - 40 dBmO -0.4 0.4 dB 
- 55 dBmO to - 50 dBmO -1.0 1.0 dB 

GXAL Absolute Transmit Gain CCITT Method 2 Relative 
Variation with Level to -10 dBmO 

o dBmO to 3 dBmO -0.3 0.3 dB 
- 40 dBmO to 0 dBmO -0.2 0.2 dB 
- 50 dBmO to - 40 dBmO -0.4 0.4 dB 
- 55 dBmO to - 50 dBmO -1.0 1.0 dB 

S/DR Receive Signal to Distortion Sinusoidal Test Method Input 
Ratio Level 

- 30 dBmO to 0 dBmO 35 dBc 
-40 dBmO 29 dBc 
-45 dBmO 25 dBc 

S/Dx Transmit Signal to Distortion Sinusoidal Test Method Input 
Ratio Level 

- 30 dBmO to 0 dBmO 35 dBc 
-40 dBmO 29 dBc 
-45 dBmO 25 dBc 

NR Receive Idle Channel Noise DR = Steady State PCM Code 6 dBrncO 

Nx Transmit Idle Channel Noise TP3020, VFx = OV (No Signaling) 13 dBrncO 
TP3021, VFx = OV -66" dBrnOp 

HDR Receive Harmonic Distortion 2nd or 3rd Harmonic -47 dB 

HDx Transmit Harmonic Distortion 2nd or 3rd Harmonic -47 dB 
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AC Electrical Characteristics (Continued) Unless otherwise noted, the analog input is a 0 dBmO, 1.02 kHz 
sine wave. The digital input is a PCM bit stream generated by passing a 0 dBmO, 1.02 kHz sine wave through an ideal encoder. 
All output levels are sin xIx corrected. 

Symbol 

PPSRx 

NPSRX 

CTXR 

Parameter 

Positive Power Supply 
Rejection, Transmit 

Positive Power Supply 
Rejection, Receive 

Negative Power Supply 
• Rejection, Transmit 

Negative Power Supply 
Rejection, Receive 

Transmit to Receive Crosstalk 

Receive to Transmit Crosstalk 

Conditions 

Input Level=OV, VCC=5.0 VDC 
+200 mVrms, f= 1.02 kHz 

DR = Steady PCM Code, 

VCC= 5.0 VDC + 200 mVrms, 
F= 1.02 kHz 

Input Level=OV, Vss= -5.0 \lOC 
+ 200 mVrms, f = 1.02 kHz 

DR = Steady PCM Code, 

Vss = - 5.0 VOC + 200 mVrms, 
f= = 1.02 kHz 

DR = Steady PCM Code 

Transmit Input Level = OV 
TP3020 
TP3021 

'Theoretical worst-case for a perfectly zeroed encoder with alternating sign bit. due to the decoding law. 

Min Typ Max 

50 

40 

50 

45 

-75 

-70 
-65* 

Timing Specification Unless otherwise noted, TA=O°C to 70°C, Vcc=5.0±5%, Vss= -5.0±5%. All digital 
signals are referenced to GNDD and measured at VIL and VIH levels as indicated in the Timing Waveforms. 

Units 

dB 

dB 

dB 

dB 

dB 

dB 
dB 

Symbol Parameter Conditions Min Typ Max Units 

tpc 

tRC, tFC 

tWCH 

tWCL 
tAlD 

tO/A 

tsoc 
tHOC 

tSFC 
tHFX 

tozx 

toox 
toxz 

torsL 
torsH 
tssx 

tHSX 
tSFR 

tHFR 

tSOR 
tHOR 

tOSR 

Period of Clock 

Rise and Fall Time of Clock 
Width of Clock High 
Width of Clock Low 
AID Conversion Time 

DI A Conversion Time 

Set-Up Time, Dc to CLKC 
Hold Time, CLKc to DC 

Set-Up Time, FSx or CLKx 
Hold Time, CLKx to FSx 
Delay Time to Enable Dx on 
TS Entry 

Delay Time, CLKx to Dx 
Delay Time, Dx to High 

Impedance State on TS Exit 
Delay to TSX Low 

Delay to TSx Off 
Set-Up Time, SIGx to CLKx 
Hold Time, CLKx to SIGx 
Set-Up Time, FSR to CLKR 

Hold Time, CLKR to FSR" 

Set-Up Time, DR to CLKR 
Hold Time, CLKR to DR 

Delay Time, CLKR to SIGR 

CLKC,CLKR,CLKx 
CLKC, CLKR, CLKx 
CLKc, CLKR, CLKx 

CLKc,CLKR,CLKx 
From End of Encoder Time 

Slot to Completion of 
Conversion 
From End of Decoder Time 

Slot to Transition of VFR 

i, CL =150 pF 

CL =150 pF 
CL =OpF 

O~CL ~ 150 pF 

CL =OpF 

5-6 

485 

165 
165 

100 
100 

100 
100 
25 

50 

30 
30 
100 

100 
100 
100 

40 
30 

30 

16 

2 

125 

125 
165 

185 
185 

300 

ns 
ns 
ns 
ns 

Time 

Slots 

Time 

Slots 
ns 
ns 

ns 
ns 

ns 

ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 



Timing Waveforms 

DC 

CLKX 

FSx 

SIGX 

SIGR 
(1P3020 ONL Y) 

- {_tHPX 

- --- \ SIGNALING FRAME (TP3020 ONLY) 

____________________________________________________ ~~~ ~ ~tH~S~X~----tssx~ 
________________________________________ ~~~:~~~~i %k~~~~~:t~, __ _ 

TLlH/553B-2 
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S Connection Diagrams 
('I) Dual-In-Llne Package 
Q. t- SCI 

"'-o SC2 

N o ~ 
('I) 
Q. NC 

t-
GNDA 

Order Number SIGR 

TP3020J, TP3020J-1 TPJ02D 

See NS Package J24A NC 

DR 

PDN 

VFR 

NC 

NC 
12 13 GNDD 

TOP VIEW 

TlIH/5538-3 

Description of Pin Functions 
TP3020 ' 

Pin No. 
1 

2 

3 

4 
5 

6 

7 
8 

9 

Name 
SC1 

SC2 

VFX 

NC 
GNDA 

PDN 

Function 

Internally connected to GNDA. 
Connects VFx to an external sample! 
hold capacitor if fitted for use with pin­

compatible NMOS CODECs. Endures 

gain compatibility. 
Analog input to the encoder. This 
signal will be sampled at the end of the 

encoder time slot and the resulting 
PCM code will be shifted out during 

the subsequent encode time slot. 

Unused 
Analog ground. All analog signals are 
referenced to this pin. 

Receive signaling bit output. During 

receive signaling frames the least sig­

nificant (last) bit shifted into DR is in­
ternally latched and appears at this 
output-SIGR will then remain valid 

until changed during a subsequent 
receive signaling frame or reset by a 

power-down command. 

Unused 
Serial PCM data input to the decoder. 

During the decoder time slot"PCM 
data is shifted into DR, most signifi­
cant bit first, on the falling edge of 

CLKR· 
TTL output level which goes high when 
the CODEC is in the power-down 
mode. May be used to power-down 

other circuits associated with the 
PCM channel. Can be wire ANDed with 

other PDN outputs. 

5-8 

Dual-In-Llne Package 

SCI ClKC 

SC2 DC 

VFX Vas 

NC FSx 

GNDA 

Order Number 
NC FSR TP3021J, TP3021J-1 

DR 
See NS Package J22A 

ClKR 

PDN 

VFR 

Ox 

TOP VIEW 

TL/H/5538-4 

TP3020 , (Continued) 
Pin No., Name Function 

10 VFR 

11 
12 
13 

14 

15 

16 

17 

18 

NC 
NC 
GNDD 

DX 

TSx 

Analog output from the decoder. The 
detoder sample and hold amplifier is 

updated approximately 15 J.LS after the 

end of the decode time slot. 

Unused 
Unused 
Digital ground. All digital levels are ref­

erenced to this pin. 
Serial CM TRI-ST ATE@ output from 

the encoder. During the encoder time 

slot, the PCM code for the previous 
sample of VFx is shifted out, most 
significant bit first, on the rising edge 

ofCLKx· 
Time slot output. This TTL compatible 
open-drain output pulses low during 

the encoder time slot. May be used to 
enable external TRI-STATE@ bus driv­

ers if highly capacitive loads must be 

driven. Can be wire ANDed with other 

TSx outputs. 
5V (±5'%) input. 

Master decoder clock input used to 
shift in the PCM data on DR and to 
operate the decoder sequencer. May 

operate at 1.536 MHz, 1.544 MHz or 
2048 MHz. May be asynchronous with 

CLKx or CLKc. 
Decoder frame sync pulse. Normally 
occurring at an 8 kHz rate, this pulse is 

nominally one CLKR cycle wide. 

Extending the width of FSR to two or 
more cycles of CLKR signifies a 

receive signaling frame. 



-t 
Description of Pin Functions (Continued) '"'0 

TP3021 (Continued) CI.) TP3020 (Continued) 
0 Pin No. Name Function Pin No. Name Function N 

19 CLKx . Master encoder clock input used to 9 VFR Analog output from the decoder. The 0 
"'-shift out the PCM data on Dx and to decoder sample and hold amplifier is -t operate the encoder sequencer. May updated approximately 15 ,...S after the '"'0 operate at 1.536 MHz, 1.544 MHz or end of the decode time slot. CI.) 

2.048 MHz. May be asynchronous with 10 NC Unused 0 
CLKR or CLKe. 11 NC Unused N ...... 20 FSx Encoder frame sync pulse. Normally 

12 GNDD Digital ground. All digital levels are 
occurring at an 8 kHz rate, this pulse is 

referenced to this pin. 
nominally one CLKx cycle wide. Ex-

13 Dx Serial PCM TRI-STATE® output from 
tending the width of FSx to two or 

the encoder. During the encoder time more cycles of CLKx signifies a 
slot, the PCM code for the previous transmit signaling frame. 
sample of VFx is shifted out, most 21 SIGx Transmit signaling input. During a 
significant bit first, on the rising edge transmit signaling frame, the signal at 

SIGx is shifted out of Dx in place of the ofCLKx· 

least significant (last) bit of PCM data. 14 TSx Time slot output. This TIL compatible 

22 Vss -5V (±5%) input. open-drain output pulses low during 

23 De Serial control data input. Serial data the encoder time slot. May be used to 
on De is shifted into the CODEC on the enable external TRI-STATE® bus 
falling edge of CLKc. In the fixed time drivers if highly capacitive loads must 
slot mode, De doubles as a power- be driven. Can be wire ANDed with 
down input. other TSx outputs. 

24 CLKe Control clock input used to shift serial 15 Vee (5V ± 5%) input. 
control data into De. CLKe must pulse 16 CLKR Master decoder clock input used to 
8 times during a period of time less shift in the PCM data on DR and to 
than or equal to one frame time, 

operate the decoder sequencer. May 

~ 
although the 8 pulses may overlap a 

operate at 1.536 MHz, 1.544 MHz or 
frame boundary. CLKe need not be 

2.048 MHz. May be asynchronous with 
synchronous with CLKx or CLKR. 

CLKx 'or CLKC. Connecting CLKe continuously high 
17 FSR Decoder frame sync pulse. Normally places the TP3020/TP3021 into the 

occurring at an 8 kHz rate, this pulse is fixed time slot mode. 
nominally one CLKR cycle wide. 

TP3021 18 CLKx Master encoder clock input used to 
Pin No. Name Function shift out the PCM data on Dx and to 

1 SC1 Internally connected to GNDA. 
operate the encoder sequencer. May 

2 SC2 Connects VFx to an external samplel 
operate at 1.536 MHz 1.544 MHz, or 

hold capacitor if fitted for use with pin-
2.048 MHz. May be async~ronous with 

compatible NMOS CODECs. Ensures 
CLKR or CLKe. 

gain compatibility. 
19 FSx Encoder frame sync pulse. Normally 

3 VFx Analog input to the encoder. This occurring at an 8 kHz rate, this pulse is 
signal will be sampled at the end of the 

nominally one CLKx cycle wide. 
encoder time slot and the resulting 

20 Vss -5V (±5%) input. 
PCM code will be shifted out during 

21 Dc Serial control data input. Serial data 
the subsequent encode time slot. on De is shifted into the CODEC on the 

4 NC Unused falling edge of CLKc. In the fixed time 
5 GNDA Analog ground. All analog signals are slot mode, Dc doubles as a power-

referenced "to this pin. 
down input. 

6 NC Unused 22 CLKc Control clock input used to shift serial 
7 DR Serial PCM data input to the encoder. control data into De. CLKc must pulse 

During the decoder time slot, PCM 8 times during a period of time less 
data is shifted into DR, most signifi- than or equal to one frame time, 
cant bit first, on the falling edge of although the 8 pulses may overlap a . 
CLKR· frame boundary. CLKc need not be 

8 PDN Open drain output which turns off synchronous with CLKx or CLKR. 
when the CODEC is in the power-down Connecting CLKc continuously high 
mode. May be used to power-down places the TP3020/TP3021 into the 
other circuits associated with the fixed time slot mode. 
PCM channel. Can be wire ANDed with 
other PDN outputs. 

5-9 



,... 
N o 
C") 
a. 
I­...... o 
N o 
C") 
a. 
I-

Functional Description 
Power-Up 

Upon application of power, internal circuitry initializes the 
CODEC and places it into the power-down mode. No se­
quencing of 5V or -5V is required. In the power-down 
mode, all non-essential circuits are deactivated, the TRI­
STATE@ PCM data output Dx is placed in the high imped­
ance state and the receive signaling output of the TP3020, 
SIGA, is reset to logical zero. Once in the power-down 
mode, the method of activating the TP3020/TP3021 de­
pends on the chosen mode of operation, time slot assign­
ment or fixed time slot. 

Time. Slot Assignment Mode ' 

The time slot assignment mode of operation is selected by 
maintaining CLKe in a normally low state. The state of the 
CODEC is updated by pulsing CLKe eight times within a 
period of 125 J-LS or less. The falling edge of each clock 
pulse shifts the data on the De input into the CODEC. The 
first two control bits determine if the subsequent control bits 
83 - 88 are to specify the time slot for the encoder (81 = 0), 
the decoder (82 = 0) or both (81 and 82 = 0) or if the CO­
DEC is to be placed into the power-down mode (81 and 
82 = 1). The desired action wi" take place upon the occur­
rence of the second frame sync pulse following the first 
pulse of CLKe. Assigning a time slot to either the encoder or 
decoder wi" automatically power-up the entire CODEC cir­
cuit. The Dx output and DA input, however, will be inhibited 
for one additional frame to allow the analog circuitry time to" 
stabilize. If separate time slots are to be assigned to the 
encoder and the decoder, the encoder time slot should be 
assigned first. This is necessary because 'up to four frames 
are required to assign both time slots separately, but only 
three frames are necessary to activate the Dx output. If the 
encode time slot has not been updated the PCM data wi" be 
outputted during the previously assigned time slot which 
may now be assigned to another CODEC. 

Fixed Time Slot Mode 

There are several ways in which the TP3020/TP3021 may 
operate in the fixed time slot mode. The first and easiest -
method is to leaveCLKe disconnected or to connect CLKe 
to Vee. In this situation, De behaves as a power-down input. 
When De goes low, both encode and decode time slots are 
set to one on the second subsequent frame sync pulse. 
Time slot one corresponds to the eight CLKx or CLKA cy­
cles starting one cycle from the nominal leading edge of 
FSx or FSA respectively. As in the time slot assignment 
mode, the Dx output is inhibited for one additional frame 
after the circuit is powered up. A logical "1" on De powers 
the CODEC down on the second subsequent FSx pulse. 

A second fixed time slot method is to operate CLKe continu­
ously. Placing a "1" on De will then cause the serial control 
register to fill up with ones. With 8 1 and 82 equal to "1 " the 
CODEC wi" power-down. Placing a "0" on De wi" cause the 
serial control register to fill up with zeroes, assigning time 
slot one to both the encoder and decoder and powering up 
the device. One important restriction with this method of 
operation is that the rising transition of De must occur at 
least 8 cycles of CLKc prior to FSx. If this restriction is not fol­
lowed, it is possible that on the frame prior to power-down, the 
encoder could be assigned to an incorrect time slot (e.g., 
1, 3, 7, 15 or 31), resulting in a possible PCM bus conflict. 

Serial Control Port 

When the TP3020/TP3021 is operated in tne time slot as­
signment mode or the fixed time slot mode with continuous 
clock, the dc:Ua on De is shifted into the serial control regis­
ter, bit 1 first. In the time slot assignment mode, depending 
on 81 and 82, the data' in the RCV or XMT time slot regis­
ters is updated at the second FSA or FSx pulse after the 
first CLKe pulse, or the CODEC is powered down. In the 
continuous clock fixed time slot mode, the CODEC is pow­
ered up or down at every second FSA or FSx pulse. The 
control register data is interpreted as follows: 

B1 B2 Action 

0 0 Assign time slot to encoder and decoder 
0 1 Assign time slot to encoder 
1 0 Assign time slot to decoder 
1 1 Power-down CODEC 

B3 B4 B5 B6 B7 B8 Time Slot 

0 0 0 0 0 0 1 
0 0 0 0 0 1 2 
0 0 0 0 1 0 3 
0 0 0 0 1 1 4 

1 1 1 1 1 0 63 
1 1 1 1 1 1 64 

During the power-down command, bits 3 through 8 are ig­
nored. Note that with 64 possible time slot assignments it is 
frequently possible to assign a time slot which does not 
exist. This can be useful to disable an encoder or decoder 
without powering down the CODEC. 

Signaling 

The TP3020 J-L-Iaw CODEC contains circuitry to insert and 
extract signaling information for the PCM data. The transmit 
signaling frame is signified by widening the FSx pulse from 
one cycle of CLKx to two or more cycles. 

When this occurs, the data present on the SIGx input at the 
eighth clock pulse of the encode time slot is inserted into 
the last bit of the PCM data stream. A receive signaling 
frame is indicated in a similar fashion by widening the FSA 
pulse to two or more cycles of CLKA. 

During a receive signaling frame, the last PCM bit shifted in 
is latched into a flip-flop and appears at the SIGR output. 
This output will remain unchanged until the next signaling 
frame, until a power-down is executed or until power is re­
moved from the device. Since the least significant bit of the 
PCM data is lost during a signaling frame, the decoder inter-

. prets the, bit as a U%" (i.e., half way between a "0" 
and a "1"). This minimizes the noise and distortion due to 
the signaling. 
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Functional Description (Continued) 

Encoding Delay 

The encoding process begins immediately at the end of the 
encode time slot and is concluded no later than 17 time 
slots later. In normal applications, this PCM data is not shift­
ed out until the next time slot 125 p.S later, resulting in an 
encoding delay of 125 p.S. In some applications it is possi­
ble to operate the CODEC at a higher frame rate to reduce 
this delay. With a 2.048 MHz clock, the FS rate could be 
increased to 15 kHz reducing the delay from 125 p.S to 67 
p.S. 

Decoding Delay 

The decoding process begins immediately after the end of 
the decoder time slot. The output of the decoder sample 
and hold amplifier is updated 28· CLKR cycles later. 

Typical Application 

FROM SlIC ---+1 

The decoding delay is therefore approximately 28 clock cy­
cles plus one half of a frame time or 81 p.S for a 1.544 MHz 
system with an 8 kHz frame rate or 76 IJ.S for a 2.048 MHz 
system with an 8 kHz frame rate. Again, for some applica­
tions the frame rate could be increased to reduce this delay. 

Typical Application 

A typical application of the TP3020/TP3021 used in con­
junction with the TP3040 PCM filter is shown. The values of 
resistor R 1 and DC blocking capacitor C1, are non-critical. 
The capacitor value should exceed 0.1 p.F, R 1 should not 
exceed 160 kO, and the product R1 X C1 should exceed 4 
rms. 

VFX PON 

rH---­
.!.L SC2 

TPJ0201 
TPJ021 

TSx 1--+-+ TSX 

Ox Ox 
1 ...... --ClKX 

.• -+-41 ..... FSX 

TO slIe { .. ----t ~--+-""~~""'GNDA 

~-------------~""'----~-~o---5V 

. (R3 + R2) XMTgain = 20 x log ~ + 3 dB 

. ( R4 ) RCV gain = 20 x log R2 + RS for each power amplifer 

TL/H/5538-5 

The power supply decoupling capacitors should be 0.1 J.A.F. In order to take advantage of the excellent noise performance of the TP3020/TP3021 ITP3040, 
care must be taken in board layout to prevent coupling of digital noise into the sensitive analog lines. 

"The external sample/hold capacitor required for use with pin-compatible NMOS CODECs introduces attenuation due to the capacitive divider formed with Cl. 
The SC pins connect VFx to tris sample/hold capacitor (via a 3000 resistor) to ensure gain compatibility. The TP3020ITP3021 itself does not require an exter­
nal sample/hold capacitor. 
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~National 
~ Semiconductor 

microCMOS 

TP3040/TP3040A PCM Monolithic Filter 

General Description 
The TP3040/TP3040A filter is a monolithic circuit contain­
ing both transmit and receive filters specifically designed 
for PCM COOEC filtering applications in 8 kHz sampled 
systems. 

The filter is manufactured using double-poly silicon gate 
CMOS technology. Switched capacitor integrators are 
usedto simulate classical LC ladder filters which exhibit 
low component sensitivity. 

TRANSMIT FlqER STAGE 

The transmit filter is a fifth order elliptic low pass filter in 
series with a fourth order Chebyshev high pass filter. It 
provides a flat response in the passband and rejection of 
signals below 200 Hz and above 3.4 kHz. 

RECEIVI: FILTER STAGE 

The receive filter is a fifth order elliptic low pass filter 
designed to reconstruct the voice signal from the 
decoded/demultiplexed Signal which, as a result of the 
sampling process, is a stair-step Signal having the 
inherent sin xix frequency response. The receive filter 
approximates the function required to compensate for the 
degraded frequency response and restore the flat pass­
band response. 

Block and Connection Diagrams 

GSx 

Features 
• Exceeds all 03/04 and CCITT specifications 

• + 5V, - 5V power supplies 
• Low power consumption: 

45 mW (0 dBmO into 6000) 
30 mW (power amps disabled) 

• Power down mode: 0.5 mW 
• 20 dB gain adjust range 
• No external anti-aliasing components 
• Sin xIx correction in receive filter 
• 50/60 Hz rejection in transmit filter 
• TTL and CMOS compatible logic 
• All inputs protected against static discharge due to 

handling 

Dual-In-Llne Package 

VFxl- 2 

----- - mANSMITFilm- - - - - -- -1 

VFxl+ 

PWRO-

PWRO+ 

I 

I I L ________________ .;....------~ 14 

VF.I+ 1 

VF.I- 2 

13 

Vcc VBS GNOD GNDA PDN 

FIGURE 1 

5·12 

ClKO 

12 
ClK 

PWRI 

PWRO+ 

pWRO-

TOP VIEW 

Order Number TP3040J or TP3040AJ 
See NS Package J16A f 

Order Number TP3040N or TP3040AN 
See NS Package N16A 



Absolute Maximum Ratings 
Supply Voltages ±7V 

Power Dissipation 1 W/Package 

Input Voltage ±7V 

Output Short-Circuit Duration Continuous 

Operating Temperature Range - 25°C to + 125°C 

Storage Temperature -65°Cto +150°C 

lead Temperature (Soldering,.10 seconds) 300°C 

DC Electrical Characteristics 
Unless otherwise noted, TA=O°C to 70°C, Vee=5.0V±5%, Vss= -5.0V±5%, clock frequency is 2.048 MHz. Typical 
parameters are specified at TA = 25°C, Vee= 5.0V, Vss= - 5.0V. Digital interface voltages measured with respect to digital 
ground, GNDD. Analog voltages measured with respect to analog ground, GNDA. 

Symbol Parameter Conditions Min Typ Max Units 

POWER DISSIPATION 

leeo Vee Standby Current PDN = Voo, Power Down Mode 50 100 JlA 

Isso Vss Standby Current PDN = Voo, Power Down Mode 50 100 JlA 

lee1 Vee Operating Current PWRI = Vss, Power Amp Inactive 3.0 4.0 mA 

Iss1 Vss Operating Current PWRI = Vss, Power Amp Inactive 3.0 4.0 mA 

lee2 Vee Operating Current Note 1 4.6 6.4 mA 

ISS2 Vss Operating Current Note 1 4.6 6.4 mA 

DIGITAL INTERFACE 

liNe Input Current, ClK VSBSVINSVee -10 10 JlA 

IINP Input Current, PDN VSBSVINSVee -'100 JlA 

IINO Input Current, ClKO VSSSVIN sVee - 0.5V -10 -0.1 JlA 

VIL Input low Voltage, ClK, PDN 0 0.8 V 

VIH Input High Voltage, ClK, PDN 2.2 Vee V 

VILO Input low Voltage, ClKO Vss Vss+0.5 V 

VIIO Input Intermediate Voltage, ClKO -0.8 0.8 V 

VIHO Input High Voltage, ClKO Vee- 0.5 Vee V 

TRANSMIT INPUT OP AMP 

IBxl Input leakage Current, VFxl VsBsVFxl sVee -100 100 nA 

Rlxl Input Resistance, VFxl VBBSVFxl sVee 10 MO 

VOSxl Input Offset Voltage, VFxl -2.5VsVIN S +2.5V -20 20 mV 

VeM Common-Mode Range, VFxl -2.5 2.5 V 

CMRR ' Common-Mode Rejection Ratio -2.5VsVIN s2.5V 60 dB 

PSRR Power Supply Rejection of Vee 60 dB 

or Vss 

ROL Open loop Output Resistance, 1 kO 
GSx 

RL Minimum load Resistance, GSx 10 kO 

CL Maximum Load Capacitance, GSx 100 pF 

VOxl Output Voltage Swing, GSx RL~ 10k ±2.5 V 

AVOL Open Loop Voltage Gain, GSx RL~10k 5,000 V/V 

Fe Open Loop Unity Gain Bandwidth, 2 MHz 

GSx 
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AC Electrical Characteristics I 

I 

Unless otherwise specified, T A = 25°C. All parameters are specified for a signal level of 0 dBmO at 1 kHz. The 0 dBmO level is 
assumed to be 1.54 Vrms measured at the output of the transmit or receive filter. 

Symbol Parameter Conditions Min Typ , Max Units 

TRANSMIT FILTER (Transmit filter input op amp set to the non·inverting unity gain mode, with VFxl = 1.09 Vrms unless other· 
wise noted.) 

~ 

RLx Minimum Load Resistance, VFxO - 2.5V < VOUT < 2.5V 3 kn 
- 3.2V < V OUT< 3.2V 10 

, 
kn 

CLx Load Capacitance, VFxO 100 pF 

ROx Output Resistance, VFxO 1 3 n 

PSRR1 Vee Power Supply Rejection, VFxO f=1 kHz, VFxl+ = 0 Vrms 30 dB 

PSRR2 Vss Power Supply Rejection, V~xO Same as Above 35 dB 

GAx Absolute Gain f = 1 kHz (TP3040A) 2.9 3.0 3.1 dB 
f = 1 kHz (TP3040) 2.875 3.0 3.125 dB 

GRx Gain Relative to GAx Below 50 Hz -35 dB 
50 Hz -41 -35 dB 
60 Hz -35 -30 dB 
200 Hz (TP3040A) -1.5 0 dB 
200 Hz (TP3040) -1.5 0.05 dB 
300 Hz to 3 kHz (TP3040A) - 0.125 0.125 dB 
300 Hz to 3 kHz (TP3040) -0.15 0.15 dB 
3.3 kHz -0.35 0.03 ,dB 

3.4 kHz -0.70 -0.1 dB 
4.0 kHz -15 -14 dB 
4.6 kHz and Above -32 dB 

DAx Absolute Delay at 1 kHz 230 p's 

DDx Differential Envelope Delay from 60 p's 

1 kHz to 2.6 kHz 

DPx1 Single Frequency Distortion -48 dB 
Products 

DPx2 Distortion at Maximum Signal 0.16 Vrms, 1 kHz Signal Applied to -45 dB 
Level VFxl + , Gain = 20 dB, RL = 10k 

NCx1 Total C Message Noise at VFxO 2 5 dBrncO 

NCx2 Total C Message Noise at VFxO Gain Setting Op Amp at 20 dB, 3 6 dBrncO 
Non·lnverting, Note 3 
T A = O°C to 70°C 

GAxT Temperature Coefficient of 0.0004 dB/oC 

'I kHz Gain 

GAxS Supply Voltage Coefficient of Vee= 5.0V ± 5% 0.01 dBIV 
1 kHz Gain Vss= -5.0V±5% 

CTRX Crosstalk, Receive to Transmit Receive Filter Output = 2.2 Vrms -70 dB 

2010 VFxO VFxl + = 0 Vrms, f = 0.2 kHz to 3.4 kHz 
g VFRO Measure VFxO 

GRxL Gaintraeking Relative to GAx Output Level = + 3 dBmO -0.1 0.1 dB 
+ 2 dBmO to - 40 dBmO -0.05 0.05 dB 
- 40 dBmO to - 55 dBmO -0.1 0.1 dB 
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AC Electrical Characteristics (Continued) 
Unless otherwise specified, T A = 25D~. All parameters are specified for a signal level of 0 dBmO at 1 kHz. The 0 dBmO level is 
assumed to be 1.54 Vrms measured at the output of the transmit or receive filter. 

Symbol Parameter Conditions Min Typ Max Units 

RECEIVE FILTER (Unless otherwise noted, the receive filter is preceded by a sin xIx filter with an input signal level of 
1'.54 Vrms.) 

IBR Input Leakage Current, VFRI -3.2V::5V1N ::53.2V -100 100 nA 

RIR Input Resistance, VFRI 10 Mn 

ROR Output Resistance, VFRO 1 3 n 

CLR Load Capacitance, VFRO 100 pF 

RLR Load Resistance, VFRO 10 kn 

PSRR3 Power Supply Rejection of Vee or VFRI Connected to GNDA 35 dB 
Vss, VFRO f = 1 kHz . 

VOSRO Output DC Offset, VFRO VFRI Connected to GNDA -200 200 mV 

GAR Absolute Gain f = 1 kHz (TP3040A) ;- 0.1 0 0.1 dB 
f = 1 kHz (TP3040) - 0.125 0 0.125 dB 

GRR Gain Relative to Gain at 1 kHz Below 300 Hz 0.125 dB 
300 Hz to 3.0 kHz (TP3040A) - 0.125 0.125 dB 
300 Hz to 3.0 kHz (TP3040) -0.15 0.15 dB 
3.3 kHz -0.35 0.03 dB 
3.4 kHz -0.7 -0.1 dB 
4.0 kHz -14 dB 
4.6 kHz and Above -32 dB 

DAR Absolute Delay at 1 kHz 100 lIS 

DDR Differential Envelope Delay 1 kHz 100 lIS 

to 2.6 kHz 

DPR1 Single Frequency Distortion f = 1 kHz -48 . dB 
Products 

DPR2 Distortion at Maximum Signal 2.2 Vrms Input to Sin xIx Filter, -45 dB 
Level f=1 kHz, RL =10k 

NCR Total C-Message Noise at VFRO 3 5 dBrncO 

GART Temperature Coefficient of 1 kHz 0.0004 dB/DC 

Gain 

GARS Supply Voltage Coefficient of 0.01 dBIV 
1 kHz Gain 

CTXR Crosstalk, Transmit to Receive Transmit Filter Output = 2.2 Vrms -70 dB 
VF 0 VFRI = 0 Vrms, f = 0.3 kHz to 3.4 kHz 

2010g-R-
VFxO Measure VFRO 

GRRL Gaintracking Relative to GAR Output Level = + 3 dBmO -0.1 0.1 dB 
+ 2 dBmO to - 40 dBmO -0.05 0.05 dB 
- 40 dBmO to - 55 dBmO -0.1 0.1 dB 
Note5 
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AC Electrical Characteristics (Continued) 

Unless otherwise specified, T A = 25°C. All parameters are specified for a signal level of O.dBmO at 1 kHz. The 0 dBmO level is 
assumed to be 1.54 Vrms measured at the output of the transmit or receive filter. 

> 

Symbol Parameter Conditions Min Typ Max Units 

RECEIVE OUTPUT POWER AMPLIFIER 
•. 

IBP Input Leakage Current, PWRI - 3.2V ~VIN~3.2V 0.1 3 IlA 

RIP Input Resistance, PWRI 10 Mf! 

ROP1 Output Resistance, PWRO +, Amplifiers Active 1 f! 
PWRO-

CLP Load Capacitance, PWRO +, 500 pF 
PWRO-

GAp+ Gain, PWRI to PWRO + RL = 600f! Connected Between 1 VIV 

GAp-:- Gain, PWRI to PWRO- PWRO + and PWRO - , Input. -1 VIV 
Level = 0 dBmO (Note 4) 

GRpL Gaintracking Relative to 0 dBmO V = 2.05 Vrms, RL = 600f! (Notes 4, 5) -0.1 0.1 dB 
Output Level, Including V=1.75Vrms, RL=300f! -0.1 0.1 dB 

Receive Filter 

S/Dp Signal/Distortion \ 
V = 2.05 Vrms, RL = 600f! (Notes 4, 5) -45 dB 
V = 1.75 Vrms, RL = 300f! -45 dB 

VOSP Output DC Offset, PWRO +, PWRI Connected to GNDA -50 50 mV 
PWRO-

PSRR5 Power Supply Rejection of Vee PWRI Connected to GNDA 45 dB 
or VBB 

Note 1: Maximum power consumption will depend on the load impedance connected to the power amplifier. The specification listed assumes 0 dBm is 
delivered to 600f! connected from PWRO + to PWRO -. 

Note 2: Voltage input to receive filter at OV, VFRO connected to PWRI. 600n from PWRO + to PWRO -. Output measu red from PWRO + to PWRO -. 

Note 3: The 0 dBmO level for the filter is assumed to be 1.54 Vrms measured at the output of the XMT or ReV filter. 

Note 4: The 0 dBmO level for the power amplifiers is load dependent. For RL = 600f! to GNDA, the 0 dBmO level is 1.43 Vrms measured at the amplifier output. 
For RL = 300n the 0 dBmO level is 1.22 Vrms. . 

Note 5: VFRO connected to PWRI, input signal applied to VFRI. 

Typical Application 
R2 RI 

.AAA .. 

r- - - - - - - - - - - -, -=- GNDA 
INTERFACE CIRCUIT I l' Y I 

TRANSFORMERS I - 2 3 

!, I"'V-F-X-I+--V-FJ.X;;.I----G..&S.;;X----V-F-Xo-,H. >O"T./l
F 

3 VFx 

600 • I • I ~ 

GNOA l 
L... __ .... \ ~ I ':" GNDA 

17 13 
PDN "'~I--------I PON 

~~... ~II~'-+----II"'~~~O :6 
• I 

I L ___________ .J 

Notel: Transmit voltage gain = Rl;2 R2 x..f2 (The filter Itself introduces a3 dB galn),(Rl + R2~10k) 

Note2: Receivegain= ~ 
R3+ R4 

(P3+ R4~10k) 

TP3020 

o ~PCM 
R~IN 

Note 3: In the configuration shown, the receive filter power amplifiers will drive a 600f! T to R termination to a maximum signal level of 8.5 dBm. An alternative 
arrangement, using a transformer winding ratio equivalent to 1.414:1 and 300f! resistor, RS, will provide a maximum signal level of 10.1 dBm across a 600f! 
termination impedance. . 

FIGURE2 
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Description of Pin Functions 

Pin 
No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Name 

PWRI 

PWRO+ 

PWRO-

Vss 

Vee 

Function 

The non·inverting input to 
the transmit filter stage. 

The inverting input to the 
transmit filter stage. 

The output used for gain 
adjustments of the transmit 
filter. 

The low power receive filter 
output. This pin can directly 
drive the receive port of an 
electronic hybrid. 

The input to the receive filter 
differential power amplifier. 

The non.inverting output of 
the receive filter' power 
amplifier. This output can 
directly interface conven· 
tional transformer hybrids. 

The inverting output of the 
receive filter power amplifier. 
This output can be used with 
PWRO + to differentially 
drive a transformer hybrid. 
The negative power supply 
pin. Recommended input is 
-5V. ' 

The positive power supply 
pin. The recommended input 
is5V. 
The input pin for the receive 
filter stage. 

Typical Performance Characteristics 

Transmit Filter Stago 
10 

0 

L l\ -10 

V 
~ -20 

0 -30 :::> ... 
::::; -40 
~ 
c:( -50 

-60 f--

-70 
0.1 1 10 

FREQUENCY (kHzl 
, 
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Pin 
No. 

11 

12 

13 

14 

15 

16 

10 

0 

-10 

-20 

-30 

-40 

-50 

-co 

-70 

N:uno 

GNDD 

ClK 

PDN 

ClKO 

GNDA 

Function 

Digital ground input pin. All 
digital signals are refer· 
enced to this pin. 

Master input clock. Input fre· 
quency can be selected as 
2.048 MHz, 1.544 MHz or 
1.536 MHz. 

The input pin used to power 
down the TP3040/TP3040A 
during idle periods. logic 1 
(Vee) input voltage causes a 
power down condition~ An in· 
ternal pull·up is provided. 

This input' pin selects in· 
ternal counters in accord· 
ance with . the ClK input 
clock frequency: 

CLK ConnectCLKOt~ 

2048 kHz 
1544 kHz 
:1536 kHz 

Vee 
GNDD 

Vss 
An internal pull.'up is 
provided. 

,Analog ground Input pin. All 
analog signals aro rofer· 
enced to this pin. Not Inter· 
nally connected to GNDD. 

The output of the transmit 
filter stage. 

Roceivo Filter Stago 

1--

II III_~~~ER 

FUEll+lmx~k 
SIN x/x J.f 

1\ 
i 
rrl 

X= 
IBGOIO 

0.1 1 10 

FREQUENCY (kHzl 



Functional Description 
The TP3040/TP3040A monolithic filter contains four main 
sections; Transmit Filter, Receive Filter, Receive Filter 
Power Amplifier, and Frequency DividerlSelect Logic 
(Figure 1). A brief description of the circuit operation for 
each section is provided below. 

Transmit Filter 

The input stage of the transmit filter is a CMOS opera­
tional amplifier which provides an input resistance of 
greater than 10 Mn, a voltage gain of greater than 10,000, 
low power consumption (less than 3 mW), high power sup­
ply rejection, and is capable of driving a 10 kn load in paral­
lel with up to 25 pF. The inputs and output of the amplifier 
are accessible for added flexibility. Non-inverting mode, 
inverting mode, or differential amplifier mode operation 
can be implemented with external resistors. It can also be 
connected to provide a gain of up to 20 dB without 
degrading the overall filter performance .. 

The input stage is followed by a prefilter which is a two­
pole RC' active low pass filter designed to attenuate high 
frequency noise. before the input Signal enters the 
switched·capacitorhigh pass and low pass filters. 

A high pass filter is provided to reject 200 Hz or lower noise 
which may exist in the signal path. The low passport ion of 
the swltched·capacitor filter provides stopband attenua­
tion which exceeds the 03 and 04 specifications as well 
as the CCITT G712 recommendations. 

The output stage of the transmit filter, the postfilter, is 
also a two·pole RC active low pass filter which attenuates 
clock frequency noise by at least 40 dB. The output of the 
transmit filter is capable of driving a ± 3.2V peak to peak 
signal into a 10 kn load in parallel with up to 25 pF. 

Receive Filter 

The input stage of the receive filter is a prefilter which is 
similar to the transmit prefilter. The prefilter attenuates 
high frequency noise that may be present on the receive 
input signal. A switched capacitor low pass filter follows 
the prefilter to provide the necessary passband flatness, 
stopband rejection and sin xIx gain correction. A postfilter 
which is similar to the transmit postfilter follows the low 
pass stage. It attenuates clock frequency noise and pro­
vides a low output impedance capable of directly driving 
an electronic subscriber-line·interface circuit. 

Receive Filter Power Amplifiers 

Two power amplifiers are also provided to interface to 
transformer coupled line circuits. These two amplifiers 
are driven by the output of the receive postfilter through 
gain setting resistors, R3, R4 (Figure 2). The power 
amplifiers can be deactivated, when not required, by con­
necting the power amplifier input (pin 5) to the negative 
power supply Vee. This reduces the total filter power con­
sumption by approximately 10 mW-20 mW depending on 
output signal amplitude. 
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Power Down Control 

A power down mode is also provided. A logic 1 powerdown 
command applied on the PDN pin (pin 13) will reduce the 
total filter power consumption to less than 1 mW. Connect 
PDN to GNDD for normal operation. 

Frequency Divider and Select Logic Circuit 

This circuit divides the external clock frequency down to 
the switching frequency of the low pass and high pass 
switched capacitor filters. The divider also contains a 
TTL - CMOS interface circuit which converts the external 
TIL clock level to the CMOS logic level required for the 
divider logic. This interface circuit can also be directly 
driven by CMOS logic. A frequency select circuit is provid· 
ed to allow the filter to operate with 2.048 MHz, 1.544 MHz 
or 1.536 MHz clock frequencies. By connecting the fre­
quency select pin CLKO (pin 14) to Vee, a 2.048 MHz clock 
input frequency is selected. Digital ground selects 1.544 
MHz and Vee selects 1.536 MHz. 

Applications Information 

Gain Adjust 

Figure 2 shows the signal path interconnections between 
the TP3040/TP3040A and the TP3020 single-channel 
CODEC. The transmit RC coupling components have been 
chosen both for minimum passband droop and to present 
the correct impedance to the CODEC during sampling. 

Optimum noise and distortion performance will be ob­
tained from the TP3040/TP3040A filter when operated with 
system peak overload voltages of ± 2.5V to ± 3.2V at VFxO 
and VFRO. When interfacing to a PCM CODEC with a peak 
overload voltage outside this range, further gain or at­
tenuation may be required. 

For example, the TP3040/TP3040A filter can be used with 
the TP3000 series CODEC which has a 5.5V peak overload 
voltage. A gain stage following the transmit filter output 
and an attenuation stage following the CODEC output are 
required. 

Board Layout 

Care must be taken in PCB layout to minimize power sup­
ply and ground noise. Analog ground (GNDA) of each filter 
should be connected to digital ground (GNDD) at a single 
point, which should be bypassed to both power supplies. 
Further power supply decoupling adjacent to each filter 
and CODEC is recommended. Ground loops should be 
avoided, both between GNDA and GNDD and between the 
GNDA traces of adjacent filters and CODECs. 



~National 
~ Semiconductor 

PRELIMINARY 

microCMOS 

TP3051, TP3056 Monolithic Parallel Data Interface 
CMOS CODEC/FILTER Family 

General Description 
The TP3051, TP3056 family consists of a wlaw and A-law 
monolithic PCM CODEC/filter set utilizing the AID and 
D/A conversion architecture shown in Figure 1, and a 
parallel 110 data bus interface. The devices are fabricated 
on National's advanced double·poly CMOS process 
(microCMOS). 

The transmit section consists of an input gain adjust 
amplifier, an active RC pre·filter, and a switched-capacitor 
bandpass filter that rejects signals below 200 Hz and 
above 3400 Hz. A compressing coder samples the filtered 
Signal and encodes it in the w255 law or A-law PCM format. 
Auto-zero circuitry is included on-chip. The receive section 
consists of an expanding decoder which reconstructs the 
analog signal from the compressed wlaw or A·law code, 
and a low pass filter which corrects for the sin xix 
response of the decoder output and rejects signals above 
3400 Hz. The receive output is a single-ended power ampli­
fier capable of driving low impedance loads. The TP3051 
wlaw and TP3056 A-law devices are pin compatible paral­
lel interface CODEC/filters for bus-oriented systems. They 
are ideally suited for use with the TP3100 family of digital 
line interface controllers (DLlC) in switching system ap­
plications. The DLiC communicates with the main switch 
controller via integrated data, signaling and control chan­
nels, and provides local time-slot and space switching 
capability for up to 32 TP3051 or TP3056 CODECs. 

Connection Diagram 

Features 
• Complete CODEC and filtering system including: 

-Transmit high pass and low pass filtering 
-Receive low pass filter with sin xix correction 
-Receive power amplifier 
-Active RC noise filters 
-w255 law COder and DECoder-TP3051 
-A-law COder and DECoder-TP3056 
-Internal precision voltage reference 
-Internal auto-zero circuitry 

• Meets or exceeds,all D3/D4 and CCITT specifications 
g ± 5V operation 

• Low operating power-typically 60 mW· 
• Power-down standby mode-typically 3 mW 
g. High speed TRI-STATE(!) data bus 
• 2 loopbacktest modes 

Dual-ln·L1ne Package 

Vss VFxl+ 

GNDA VFxl--

VFRO GSx 

VCCA VCCD 

Order Number TP3051J CS PCM/CNTl 
or TP3056J TP3051 

OR 
See NS Package J20A DB7 TP3056 elK 

DB6 DBO 

DB5 DB1 

DB4 DB2 

GNDD 10 DB3 

TOP VIEW 
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Block Diagram 

FRAME 
TIMING 

CONTROLLER 

L---t-~1--------
VBB GNDA GNDD CS CLK 

____ ~ _____ _.J 

PCM/CNTL 

FIGURE 1. Para"el CODEC/Filter ' 

Pin Description 
Pin 

Name 
No. 

1 Vss 

2 GNDA 

3 VFRO 

4 VecA 

5 CS 

6 DB7 

Function 

Negative power supply pin. 
Vss= -5V±5%. 
Analog ground. All analog signals are 
referenced to this pin. 
Analog output of the receive power 
amplifier. This output can drive a600n 
load to ± 2.5V. 
Positive power supply voltage pin for 
the analog circuitry. VCCA = 5V ± 5%. 
Must be connected to VCCD. 
Device chip select 'input which con­
trols READ, WRITE and TRI-STATE 
operations on the data bus. CS does 
not control the state of any analog 
functions. 

Bit 7 I/O on the data bus~ The PCM 
lSB. 
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Pin 
Name 

No. 
Function 

7 DB6 Bit 6 I/O on the data bus .• 

8 DB5 Bit 5 I/O on the data bus. 

9 DB4 Bit 4 I/O on the data bus. 
10 GNDD Digital ground. All digital signals are 

referenced to this pin. 

11 DB3 Bit 3 I/O on the data bus. 

12 DB2 Bit 2 I/O on the data bus. 

13 DB1 Bit 1 110 on the data bus. 
14 DBO Bit 0 I/O on the data bus. This is the 

PCM sign bit. 

15 ClK ,The clock input for the switched-
capacitor filters and CO DEC. Clock 
frequency must be 768 kHz, 772 kHz, 
1.024 MHz or 1.28 MHz and must be 
synchronous with the system clock 
input. 



Pin Description (Continued) 

Pin 
Name Function No. 

16 PCM/CNTl This control input determines whether 
the Information on the data bus is 
PCM data or control data. 

IJ 17 VCCD Positive power supply pin for the bus 
drivers. VCCD = 5V ± 5%. Must be con· 
nected to VCCA. 

18 GSx Analog output of the transmit input 
amplifier. Used to externally set gain. 

19 VFxl - Inverting input of the transmit input 
amplifier. 

20 VFxl + Non-Inverting input of the transmit 
input amplifier. 

CLOCK AND DATA BUS CONTROL 

The ClK input signal provides timing for the encode and 
decode logic and the switched-capacitor filters. It must be 
one of the frequencies listed in Table I and must be cor­
rectly selected by control bits CO and C1. 

ClK also functions as a READ/WRITE control signal, with 
the device reading the data bus on a positive half-clock 
cycle and writing the bus on a negative half-clock cycle, as 
shown in Figure 4. 

Functional Description 
POWER·UP 

When power is first applied, power-on reset circuitry in­
itializes the CODEClfilter and sets it in the power-down 
mode. All non-essential circuits are deactivated and the 
data bus outputs, DBO-DB7, and receive power amplifier 
output, VFRO, are in high impedance states. 

: The TP3051, TP3056 is powered-up via a command to the 
control register (see Control Register Functions). This 
sets the device in the standby mode with all circuitry ac­
tivated, but encoding and decoding do not begin until PCM 
READ and PCM WRITE chip selects occur. 

TABLE I. CONTROL BIT FUNCTIONS 

Control Bits Function 

CO, C1 Select Clock Frequency 

CO C1 Frequency 

o X 1.024 MHz 
1 0 0.768 MHz or 0:n2 MHz 
1 1 1.28 MHz 

C2, C3 Digital and Analog loopback 

C2 C3 Mode 

1 X digital loopback 
o 1 analog loopback 
o 0 normal 

C4 Power-Down/Power-Up 
1 = power-down 
0= power-up 

C5 TP3051 - Don't care 
TP3056 

1 = A-law witho'ut even bit 
inversion 

0= A-law with even bit inversion 
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TABLE I. CONTROL BIT FUNCTIONS (Continued) 

Control Bits I Function 

C6-C7 I Don't care 

DATA BUS NOMENCLATURE 

The normal order for serial PCM transmission is sign bit 
first, whereas the normal order for serial data is lSB first. 
For compatibility with tlJe TP3110/TP3120 DLlC, the paral­
lel data bus Is defined as follows: 

Data Type DBO DB7 

PCM Sign Bit lSB 
Control Data CO C7 

READING THE BUS 

If ClK is low when CS goes low, bus data is gated in during 
the next positive half-clock cycle of ClK and latched on 
the negative-going transition. If PCM/CNTl is low during 
the falling CS transition, then the bus data is defined as 
PCM voice data, which is latched into the receive register. 
This also functions as an Internal receive frame synchroni­
zation pulse to start a decode cycle and must occur once 
per receive frame; i.e., at an 8 kHz rate. 

If PCM/CNTl is high during the falling CS transition, the 
bus data is latched into the control register. This does not 
affect frame synchronization. 

WRITING THE BUS 

If ClK is high when CS goes low, at the next falling transi­
tion of ClK, the bus drivers are enabled and either the 
PCM transmit data or the contents of the control register 
are gated onto the bus, depending on the level of 
PCM/CNTl at the CS transition. If PCM/CNTl is low dur­
ing the CS falling transition, the transmit register data is 
written to the bus. An internal transmit frame synchroniza­
tion pulse is also generated to start an encode cycle, and 
this must occur once per transmit frame; i.e., at an 8 kHz 
rate. 

If PCM/CNTl is high during the CS falling transition, the 
control register data is written to the bus. This does not af­
fect frame synchronization. 

The receive register contents may also be written back to 
the bus, as described in the Digital loopback section. 

Except during a WRITE cycle, the bus drivers are in TRI­
STATE mode. 

CONTROL REGISTER FUNCTIONS 

Writing to the control register allows the user to set the 
various operating states of the TP3051 and TP3056. The 
control register can also be read back via the data bus to 
verify the current operating mode of the device. 

1. ClK Select 
Since one of three distinct clock frequencies may be 
used, the actual frequency must be known by the 
device for proper operation of the switched-capacitor 
filters. This is achieved by writing control register bits 
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"tJ 
w o en 
0) 



Functional Description (Continued) 

CO and C1, normally in the same WRITE cycle that pow­
ers-up the device, and before any PCM data transfers 
take place. 

2. Digital Lcopback 
In order to establish that a valid path has been selected 
through a network, it is sometimes desirable to be able 
to send data through the network to its destination, 
then loop it back through the network return path to the 
originating source where the data can be verified. This 
loopback function can be performed in the TP3051, 
TP3056 by setting control register bit C2 to 1. With C2 
set, the PCM data in the receive register will be written 
back onto the data bus during the next PCM WRITE 
cycle. In the digitalloopback mode, the receive section 
is set to an idle channel condition in order to maintain a 
low impedance termination at VFRO. 

3. Analog Loopback 
In the analog loopback mode, the transmit filter input is 
switched from the gain adjust amplifier to the receive 
power amplifier output, forming a unity-gain loop from 
the receive register back to the transmit register. This 
mode is entered by setting control register bits C2 to 0 
and C3 to 1. The receive power amplifier continues to 
drive the load in this mode. ' 

4. Power-Down/Power-Up , 
The TP3051, TP3056 may be put in the power-down 
mode by setting control register bit C4 to 1. Conversely, 
setting bit C4 to 0 powers-up the device. 

TRANSMIT FILTER AND ENCODE SECTION 

The transmit section input is an operational amplifier with 
provision for gain adjustment using, two external resis- • 
tors, see Figure 2. The low noise and wide bandwidth allow 
gains in excess of 20 dB across the audio passband to be 
realized. The op amp drives a unity-gain filter consisting of 

>~I--'" TO TRANSMIT 
FILTER 

GNOA 

Non·lnverting transmit gain=20 10910 (R1;t2) 

fet gain to provide peak overload level = tMAX at GSX (see Transmission 
Characteristics) 

FIGURE 2_ Transmit Gain Adjustment 
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a 2nd order RC active pre-filter, followed by an 8th order 
switched-capacitor bandpass filter clocked at 256 kHz. 
The output of this filter directly drives the encoder sample­
and-hold circuit. The AID is of companding type according 
to w255 law (TP3051) or A-law (TP3056) coding schemes. A 
precision voltage reference is trimmed in manufacturing 
to provide an input overload (tMAx) of nominally 2.5V peak 
(see table of Transmission Characteristics). Any offset 
voltage due to the filters or comparator is cancelled' by 
sign bit integration in the auto-zero circuit. 

The total encoding delay referenced to a PCM WRITE chip 
select will be approximately 165 p,s (due to the transmit 
filter) plus 125 p,s (due to encoding delay), which totals 
290p,s. 

DECODER AND RECEIVE FILTER SECTION 

The receive section consists of an expanding DAC which 
drives a 5th order switched-capacitor low pass filter 
clocked at 256 kHz. The decoder is of A-law (TP3056) or 
wlaw (TP3051) coding law and the 5th order low pass filter 
corrects forthe sin xIx attenuation due tothe8 kHzsamplel 
hold. The filter is then followed by a 2nd order RC active 
post-filter. The power amplifier output stage is capable of 
driving a 6000 load to a level of 7.2 dBm_ The receive sec­
tion has unity-gain. Following a PCM READ chip select, 
the decoding cycle begins, and 10 p,s later the decoder 
DAC output is updated. The total decoder delay is -10 p,s 

. (decoder update) plus 110 p,S (filter delay) plus 62.5 p,s (1/2 
frame), which gives approximately 180 p,s. 

GNDA 

Maximum output power = 7.2 dBm total, 4.2 dBm to the load. 

• GNDA 

See Applications Information for attenuator design guide. 

FIGURE 3. Receive Gain Adjustment 



Absolute Maximum Ratings 

GNDDtoGNDA ±0.3V Operating Temperature Range - 25°C to + 125°C 

VCCA orVCCD toGNDD orGNDA 7V Storage Temperature Range - 65°C to + 150°C 

VBB to GNDD orGNDA -7V Lead Temperature (Soldering, 10 seconds) 300°C 
Voltage at Any Analog 

Input or Output Vcc + 0.3V to VBB - 0.3V 
Voltage at Any Digital 

Input or Output Vcc + 0.3V to GNDD - 0.3V 

Electrical Characteristics Unless otherwise noted: VCCA = VCCD = 5.0V ± 5%, VBB = - 5V ± 5%, 
GNDD = GNDA = OV, TA = O°C to 70°C; typical characteristicsspecified at nominal supply voltages, TA = 25°C; all digital 
signals are referenced to GNDD, all analog signals are referenced to GNDA. 

Symbol Parameter Conditions Min Typ Max Units 

DIGITAL INTERFACE 

VIL Input Low Voltage 0.6 V 

VIH Input High Voltage 2.2 V 

VOL Output Low Voltage DBO-DB7, IL = 2.5 mA 0.4 V 

VOH Output High Voltage DBO-DB7, IH = - 2.5 mA 2.4 V 

IlL Input Low Current GNDD::5VIN ::5VIL, All Digital Inputs -10 10 "p.A 

IIH Input High Current VIH::5VIN::5VCC -10 10 p.A 

loz Output Current in High Impedance DBO-DB7, GNDD::5Vo::5Vcc -10 10 p.A 
State (TRI-STATE) 

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (ALL DEVICES) 

IIXA Input Leakage Current - 2.5V::5 V::5 + 2.5V, VFxl + or VFxl - -200 200 nA 

RIXA Input Resistance - 2.5V::5 V::5 + 2.5V, VFxl + or VFxl- 10 Mn 

RoXA Output Resistance, GSx Closed Loop, Unity Gain 1 3 n 

RLXA Load Resistance, GSx 10 kn 

CLXA Load Capacitance, GSx 50 pF 

VoXA Output Dynamic Range, GSx RL = 10 kn ±2.8 V 

AvXA Voltage Gain VFxl + to GSx 5000 V/V 

FuXA Unity-Gain Bandwidth 1 2 MHz 

VosXA Offset Voltage -20 20 mV 

VcMXA Common-Mode Voltage -2.5 2.5 V 

CMRRXA Common-Mode Rejection Ratio 60 dB 

PSRRXA Power Supply Rejection Ratio 60 dB 

RECEIVE POWER AMPLIFIER (ALL DEVICES) 

RoRF Output Resistance, VFRO 1 3 n 

RLRF Load Resistance VFRO= ±2.5V 600 n 

CLRF Load Capacitance 50 pF 

VOSRO OutP~t DC Offset Voltage -200 200 mV 

POWER DISSIPATION (ALL DEVICES) 

Icco Power-Down Current 0.5 1.5 mA 

IBBO Power-Down Current 0.05 0.3 mA 

ICCl Active Current 6.0 9.0 mA 

IBBl Active Current 6.0 9.0 mA 
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Timing Specifications 

Symbol Parameter Conditions Min Max Units 

tpc Period of Clock 760 ns 

tWCH Width of Clock High 330 ns 

tWCl Width of Clock low 330 ns 

'tRC Rise Time of Clock 50 ns 

tFC Fall Time of Clock 50 ns 

tscs Set-Up Time of ClK High or low 100 ns 

tHCS Hold Time from CS low to ClK 100 ns 

twcs Width of Chip Select 100 ns 

tSPCM Set-Up Time of PCM/CNTl 0 ns 

tHPCM Hold Time of PCM/CNTl 100 ns 

tSOI Set-Up Time of Data In 50 ns 

tHOI Hold Time of Data In . 20 ns 

to DO Delay Time to Data Out Valid Cl = 0 pF to 200 pF 90 260 ns 

tooz Delay Time to Data Output Disabled Cl = 0 pF to 200 pF 20 80 ns 

Switching Time Waveforms. 

I-----------tpc-=-----------I 

1----twcH----.j f-o------twcl----.j 

FIGURE 4. Timing Waveforms for TP3051, TP3056 

Note 1: This diagram shows that READ and WRITECS pulses may occur on consecutive half-cycles of ClK, although this is not a restriction. READ and WRITE CS pulses 
must each occur at an B kHz rate. 
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Transmission Characteristics (All Devices)' Unless othervtlse specified: TA = O°C to 70°C, 
VCCA = VCCD =5V:±: 5%, Vss= - 5V:±: 5%, GNDD = GNDA =OV, f = 1,02 kHz, VIN = OdBmO, transmit input amplifier connected 
for unity-gain non-inverting. I 

Symbol Parameter Conditions Units 

AMPUTUDERESPONSE 

Absolute Levels Nominal 0 dBmO Level is 4 dBm 
(6000) 

OdBmO TP3051 1,2276 Vrms 
TP3056 1.2276 Vrms 

tMAX Maximum Overload Level TP3051 (+ 3.17 dBmO) 2.501 VDC 
TP3056 (+3.14 dBmO) 2.492 VDC 

GXA Transmit Gain, Absolute TA = 25°C, VCCA = VCCD = 5.0V, -0.15 0.15 dB 
Vss = - 5.0V 
"Input at GSx = 0 dBmO at 1020 Hz 

GXR Transmit Gain, Relative to GXA f= 16 Hz -40 dB 
f=50 Hz -30 dB 
f=60 Hz -26 dB 

f=200 Hz -1.8 -0.1 dB 
f =300 Hz-3000 Hz -0.15 0.15 dB 
f=3300 Hz -0.35 0.05 dB 
f =3400 Hz -0.7 0 dB 
f=4000 Hz -14 dB 
f = 4600 Hz and Up, Measure -32 dB 
Response from 0 Hz to 4000 Hz 

GXAT Absolute Transmit Gain Variation "fA = O°C to 70°C :±: 0.1 dB 
with Temperature 

GXAV Absolute Transmit Gain Variation VCCA=VCCD=5V:±:5%, Vss= -5V:±:5% :±:0.05 dB 
with Supply Voltage 

GXRL Transmit Gain Variation with Sinusoidal Test Method 
Level Reference Level = -10 dBmO 

\ 

VFxl + = - 40 dBmO to + 3 dBmO -0.2 0.2 dB 
VFxl + = - 50 dBmO to - 40 dBmO -0.4 0.4 dB 
VFxl + = - 55 dBmO to - 50 dBmO -1.2 1.2 dB 

GRA Receive Gain, Absolute TA=25°C, VCCA=VCCD=5V, Vss= -5V -0.15 0.15 dB 
Input = Digital Code Sequence for 
o dBmO Signal at 1020 Hz 

GRR Receive Gain, Relative to GRA f = 0 Hz to 3000 Hz -0.15 0.15 dB 
f=3300 Hz -0.35 0.05 dB 
f=3400 Hz -0.7 0 dB 
f=4000 Hz -14 dB 

GRAT Absolute R~ceive Gain Variation TA = O°C to 70°C :±: 0.1 dB 
with Temperature 

GRAV Absolute Receive Gain Variation VCCA =VCCD=5V±5%, Vss= -5V±5% ±0.05 dB 
with Supply Voltage 

GRRL Receive Gain Variation with Sinusoidal Test Method; Reference 
Level Input PCM Code Corresponds to an 

Ideally Encoded -10 dBmO Signal 
PCM Level = - 40 dBmO to + 3 dBmO -0.2 0.2 dB 
PCM Level = - 50 dBmO to - 40 dBmO -0.4 0.4 dB 
PCM Level = - 55 dBmO to - 50 dBmO -1.2 1.2 dB 

VRO Receive Output Drive Level RL=600O -2.5 2.5 V 
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Transmission Characteristics (Continued) (All Devices) Unless otherwise specified: TA = O°C to 70°C, 
VCCA = Vcco= 5V±5%, Vss= - 5V ±5%, GNDD = GNDA = OV, f = 1.02 kHz, VIN =OdBmO, transmit input amplifier connected 
for unity-gain non-inverting . 

Symbol Parameter Conditions Min Typ Max Units 

ENVELOPE DELAY DISTORTION WITH FREQUENCY 

DXA Transmit Delay, Absolute f=1600 Hz 290 315 p,s 

DXR Transmit Delay, Relative to DXA f = 500 Hz-600 Hz 195 220 p,s 
f = 600 Hz-SOO Hz 120 145 p,s 
f = SOO Hz-1000 Hz 50 75 p,s 
f = 1000 Hz-1600 Hz 20 40 p,s 
f = 1600 Hz-2600 Hz 55 75 P.s 
f = 2600 Hz-2S00 Hz SO 105 p,s 
f = 2S00 Hz-3000 Hz 130 155 p,S 

ORA Receive Delay, Absolute f=1600 Hz 1S0 200 p,s 

ORR Receive Delay, Relative to ORA f = 500 Hz-1000 Hz -40 -25 p,s 
f = 1000 Hz-1600 Hz -30 -20 p,s 
f = 1600 Hz-2600 Hz 70 90 p,s 
f = 2600 Hz-2S00 Hz 100 125 p,s 
f = 2S00 Hz-3000 Hz 145 175 p,s 

NOISE 

Nxc Transmit Noise, C Message TP3051, VFxl + = OV 12 15 dBrnCO 
Weighted 

Nxp Transmit Noi~e, P Message TP3056,' VFxl + = OV -74 -69 dBmOp 
Weighted (Note1) 

NRC Receive Noise, C Message TP3051, PCM Code Equals Alternating S 11 dBrnCO 
Weighted Positive and Negative Zero 

NRP Receive Noise, P Message TP3056, PCM Code Equals Positive -82 -79 dBmOp 
Weighted Zero 

NRS Noise, Single Frequency f = 0 kHz to 100 kHz, Loop Around ':"53 dBmO 
Measurement, VFxl + = OV 

-

P~SRx Positive Power Supply VFxl+ ='OV, 
Rejection, Transmit VCCA = Vcco= 5.0 Voc + 100 mVrms 

f = 0 kHz-50 kHz 40 dBC 

NPSRx Negative Power Supply VFxl + = 0 Vrms, 
Rejection, Transmit Vss =-5.0Voc +100mVrms 

f=O kHz-50 kHz 40 dBC 

PPSRR Positive Power Supply PCM Code Equals Positive Zero for 
Rejection, Receive TP3051 and TP3056 

VCC = 5.0 Voc + 100 mVrms 
f = 0 Hz-4000 Hz 40 dBC 
f = 4 kHz-25 kHz 40 dBC 
f = 25 kHz-50 kHz 36 dBC 

NPSRR Negative Power Supply PCM Code Equals Positive Zero for 
Rejection, Receive TP3051 and TP3056 

Vss= -5.0 Voc+100 mVrms 
f = 0 Hz-4000 Hz 40 dBC 
f = 4 kHz-25 kHz 40 dBC 
f = 25 kHz-50 kHz 36 dBC 

SOS Spurious Out-of-Band Signals Loop Around Measurement, 0 dBmO, 
at the Channel Output 300 Hz-3400 Hz Input Applied to VFxl +, 

Measure Individual Image Signals at 
VFRO 

4600 Hz-7600 Hz -32 dB 
7600 Hz-S400 Hz -40 dB 

S400 Hz-100,000 Hz -32 dB 
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Transmission Characteristics (Continued) (All Devices) Unless otherwise specified: TA = O°C to 70°C, '"'C 

~ VCCA = VCC~ = 5V ± 5%, VBB = - 5V ± 5%, GNDD = GNDA = OV, f = 1.02 kHz, VIN = 0 dBmO, transmit Input amplifier connected 0 for unity·ga n ,non-inverting. 
~ ... 
-I 
'"'C 
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Symbol Parameter Conditions Min Typ Max Units 0 c.n 
DISTORTION 0) 

STDx Signal to Total Distortion Sinusoidal Test Method 

STDR Transmit or Receive Level = 3.0 dBmO 33 dBC 
Half-Channel =0 dBmO to -30 dBmO 36 dBC 

= -40 dBmO XMT 29 dBC 
RCV 30 dBC 

= -55 dBmO XMT 14 dBC 
RCV 15 dBC 

SFDx Single Frequency Distortion, -46 dB 
Transmit 

SFDR Single Frequency Distortion, -46 dB 
Receive 

IMD Intermodulation Distortion Loop Around Measurement, -41 dB 
VFxl + = - 4 dBmO to - 21 dBmO, 
Two Frequencies in the Range 
300 HZ-3400 Hz 

CROSSTALK 

~ CTX.R Transmit to Receive Crosstalk f = 300 HZ-3400 Hz at 0 dBmO 
o dBmO Transmit Level Steady PCM Receive Code. -90 -75 dB 

CTR.X Receive to Transmit Crosstalk f = 300 HZ-3400 Hz 
o dBmO Receive Level -90 -70 dB 

(Note 2) 

Note 1: Measured by extrapolation from the distortion test result. 
Note 2: CTR_X is measured with a -40 dBmO activating signal applied at VFxl~ 

ENCODING FORMAT AT DATA BUS OUTPUT 

TP3051 
TP3056 

True A-Law, C5 = 0 
I-'-Law (Includes Even Bit Inversion) 

MSB LSB MSB LSB 

VIN = + Full-Scale 1 0 0 0 0 0 0 0 1 0 1 0 1 0 1. 0 

VIN=OV 
1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 1 
0 1 1 1 1 1 1 1 0 1 0 1 0 1 0 1 

VIN = - FUll-Scale 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 

Not Applicable Sign + Magnitude A-Law, C5 = 1 
(C5 Is Don't Care) (Before Even Bit Invenlon) 

VIN = + Full-Scale 1 1 1 1 1 1 1 1 

VIN=OV 
1 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

VIN = - Full-Scale 0 1 1 1 1 1 1 1 
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Applications Information 
POWER SUPPLIES 

While the pins of the TP3051 family are well protected 
against electrical misuse, it is recommended that the 
standard CMOS practice be followed, ensuring that 
ground is connected to the device before any other con­
nections are made. In applications where the printed cir­
cuit board may be plugged into a "hot" socket with power 
and clocks already present, an extra long ground pin in the 
connector should be used. GNDA and GNDD MUST be con­
nected together adjacent to each CODEC/filter, not on the 
connector or backplane wiring. 

All ground connections to each device should meet at a 
common point as close as possible to the GNDA pin. This 
minimizes the interaction of ground return currents flow­
ing through a common bus impedance. 0.1 JtF supply 
decoupling capacitors should be connected from this 
common ground point to VeeA and Vss. 

For best performance, the ground point of each CODECI 
filter on a card should be connected to a common card 
ground in star formation, rather than via a ground bus. 
This common ground point should be decoupled to Vee 
and Vss with 10 JtF capacitors. 

T-Pad Attenuator 

Where: N = :a~~~~~T 
and 

s~ 
Also: Z = v'ZSC.ZOC 

Where Zse = Impedance with short circuit termination 

and ZoC = Impedance with open circuit termination 

7["-Pad Attenuator 
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The positive power supply to the bus drivers, VCCD, is pro­
vided on a separate pin from the positive supply for the 
CODEC and filter circuits to minimize noise injection 
when driving the bus. VCCA and VCCD MUST be connected 
together close to the CODEC/filter at the point where the 
0.1 JtF decoupling capacitor is connected. 

RECEIVE GAIN ADJUSTMENT 

For applications where a TP3050 family CODEC/filter re­
ceive output must drive a 600n load, but a peak swing 
lower than ± 2.5V is required, the receive gain can be 
easily adjusted by inserting a matched T-pad or 7r-pad at 
the output. Table II lists the required resistor values for 
600n terminations. As these are generally non-standard 
values, the equations can be used to compute the attenua­
tion of the closest practical set of resistors. It may be 
necessary to use unequal values for the R1 or R4 arms of 
the attenuators to achieve a precise attenuation. Gener­
ally it is tolerable to allow a small deviation of the input im­
pedance from nominal whiie still maintaining a good 
return loss. For example a 30 dB return loss against 600n 
is obtained if the output impedance of the attenuator is in 
the range 282n to 319n (assuming a perfect transformer). 

TABLE II. ATTENUATOR TABLES FOR Z1 = Z2 = 300n 
(ALL VALUES IN 0) 

dB R1 R2 R3 R4 

0.1 1.7 26k 3.5 52k 
0.2 3.5 13k 6.9 26k 
0.3 5.2 8.7k 10.4 17.4k 

, 0.4 6.9 6.5k 13.8 13k 
0.5 8.5 5.2k 17.3 10.5k 
0.6 10.4 4.4k 21.3 8.7k 
0.7 12.1 3.7k 24.2 7.5k 
0.8 13.8 3.3k 27.7 6.5k 
0.9 15.5 2.9k 31.1 5.8k 
1.0 17.3 2.6k 34.6 5.2k 
2 34.4 1.3k 70 2.6k 
3 51.3 850 107 1.8k 
4 68 650 144 1.3k 
5 84 494 183 Uk 
6 100 402 224 900 
7 115 380 269 785 
8 379 284 317 698 
9 143 244 370 630 
10 156 211 427 527 
11 168/ 184 490 535 
12 180; 161 550 500 
13 190 142 635 473 
14 200 125 720 450 
15 210 110 816 430 
16 218 98 924 413 
18 233 77 1.17k 386 
20 246 61 1.5k 366 

Note: See Ap,plications Srief 13 for further details. 



Typical Applications 
The benefits of a CODEC/fliter with a parallel data bus, 
rather than the usual serial port, are Illustrated In Figure 5. 
This shows a 16-channel line card In which the TP3051, 
TP3056 CODEC/fllters share the data bus interface to a 
TP3110/TP3120 digital line Interface controller. The DLiC 
can access up to 128 channels on the serial backplane, 
providing fully non-blocking time and space switching 
capability with optional redundancy. In conjunction with a 
local microprocessor, typically from the INS8048 family, a 
standard HDLC control channel can be assigned, provid­
ing secure message capability between the line card and 
the system control processor. The local microprocessor 
can also collect and process line status and signaling in­
formation, off-loading these tasks from the main proc­
essor. A prioritized vectored Interrupt scheme Is used for 
data ~ransfers between the microprocessor and DLiC. 

ANALOG OUT 

.-SUBSCRIBER 
INTERFACE 

SIGNALING MICROPROCESSOR I---~~I 
INTERFACE ~ 

System flexibility can be further enhanced by adding 2 
additional bits per frame to the PCM data, operating the 
DLiC with 80 Kb/s channels rather than 64 Kb/s channels. 

Another application of the T3051 , TP3056 CODEC/filters is 
in the all·digital telephone. The analog and digital loop­
back test modes are particularly useful, enabling the 
switching system to verify the Integrity of virtually the 
complete channel. The transmit op amp can be set for 
gains In excess of 20 dB, enabling a simple AC connection 
to an electret microphone (with integral FET buffer) to be 
made. A receive transducer with an impedance not less 
than 600n can be driven directly by the receive amplifier, 
with a resistive network providing gain adjustment and 
sidetone. Low impedance transducers require an audio 
matching transformer. 

SERIAL 
PORT 
ACCESS 

SWITCHING~ 
NETWORK 

FIGURE 5. Typical 16-Channel Line Card 
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~National 
~ Semiconductor 
TP3052, TP3053, TP3054, TP3057 Monolithic Serial 
Interface CMOS CODEC/FIL TER Family 

General Description 
The TP30S2, TP30S3, TP30S4, TP30S7 family consists of 
"",-law and A-law monolithic PCM CODEC/filters utilizing the 
AID and DIA conversion architecture shown in Figure 1. 
and a serial PCM interface. The devices are fabricated 
using National's advanced double-poly CMOS process 
(microCMOS). . 

The encode portion of each device consists of an input gain 
adjust amplifier, an active RC pre-filter which eliminates very 
high frequency noise prior" to entering a switched-capacitor 
band-pass filter that rejects signals below 200 Hz and above 
3400 Hz. Also included are auto-zero circuitry and a com­
panding coder which samples the filtered signal and en­
codes it in the companded "",-law or A-law PCM format. The 
decode portion of each device consists of an expanding 
decoder, which reconstructs" the analog signal from the 
companded "",-law or A-law code, a low-pass filter which 
corrects for the sin xIx response of the decoder output and 
rejects signals above 3400 Hz and is followed by a single­
ended power amplifier capable of driving low impedance 
loads. The devices require two 1.S36 MHz, 1.S44 MHz or 
2.048 MHz transmit and receive master clocks, which may 
be asynchronous; transmit and receive bit clocks, which 
may vary from 64 kHz to 2.048 MHz; and transmit and re­
ceive frame sync pulses: The timing of the frame sync puls­
es and PCM data is compatible with both industry standard 
formats. 

Connection Diagrams 

Features 
• Complete CODEC and filtering system (COMBO) 

including: 
- Transmit high-pass and low-pass filtering 
- Receive low-pass filter with sin 'xIx correction 
- Active RC noise filters 
- "",-law or A-law compatible COder and DECoder 
- Internal precision voltage reference 
- Serial 1/0 interface 
- Internal auto-zero circuitry 

• "",-law with signaling, TP3020 timing-TP30S2 
" • "",-law with signaling, TPS11SA family timing-TP30S3 
.. "",-law without signaling, 1S-pin-TP30S4 

• A-law, 1S-pin-TP30S7 
II Meets or exceeds all 03/04 and CCITT specifications 

• ± SV operation 
• Low operating power-typically SO mW 
• Power-down standby mode-typically 3 mW 
• Automatic power-down 

• TTL or CMOS compatible digital interfaces 
• Maximizes line interface card circuit density 

Dual-ln-L1ne Package Dual-In-Llne Package Dual-ln-L1ne Package 

VBa Vas 
1 18 VFxl + Vas 

GNDA GNDA 2 17 VFxl- GNDA 

VFRO VFRD 3 16
GSx VFRO 

Vee TP3054 Vee 
4 

Vee 

FSR 
TP3057 

FSR 
5 

TP3052 FSR 

DR 
6 

DR 
TP3053 

DR 
BCLKRI 7 BCLKRI 7 BCLKRI 7 
CLKSEL CLKSEL 

MCLKRI MCLKx 
MCLKRI B 11 MCLKx 

PDN PDN 9 10 
SIGR SlGx 

CLKSEL 

MCLKRI 
PDN 
SFR 

TOP VIEW SIGH 10 

TOP VIEW 

TOP VIEW TLlH/5510-1 

Order Number TP3054J or TP3057J 
NSPackage Number J16A 

Order Number TP3052J 
NS' Package Number J18A 

Order Number TP3053J 
NS Package Number J20A 
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Block Diagram 
HZ 
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I 
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I 
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GSx 

-~-------------------~ 

VFxl -
ANAL~~ ~1V\i __ -1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

Ox 

I RC ACTIVE 
FIlTER " .. +<1-1 I POWER ~ __ ...J 

I 
I 
I 

SFx 

SfM 

SIGx 

SIGA 

Pin Description 

TP3052 TP3053 
PinNa. PinNa. 

1 1 
2 2 
3 3 
4 4 
5 5 

6 6 

7 7 

8 8 

I AMPLIFIER 

I 

I 
I 

wlAW 
SIGNALING 
CONTROL 
(TP30S2! • 

TP30S3 ONLY) 

TIMING 
AND 

CONTROL 

I + SV - SV ~~~~~~ ~~ ~:~~ 
L--f-t--t----~P~~~~NS 

Vee Ves GNDA MCLKx MCLKA! BCLKx BCLKR! FSR FSx 

FIGURE 1 

TP3054 
TP3057 Name 
PinNa. 

1 Vss 
2 GNDA 
3 VFRO 
4 Vee 
5 FSR 

6 DR 

7 BClKR/ClKSEl 

8 
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PON CLKSEl TL/H/5510-2 

Functian 

Negative power supply pin. Vss= -5V±5%. 
Analog ground. All signals are referenced to this pin. 
Analog output of the receive filter. 
Positive power supply pin. Vee = + 5V ± 5 %. 
Receive frame sync pulse which enables BClKR to 
shift PCM data into DR. FSR.is an 8 kHz pulse train. 
See Figures 2 and 3 for timing details. 
Receive data input. PCM data is shifted into DR 
following the FSR leading edge. 
The bit clock which shifts data into DR after the FSR 
leading edge. May vary from 64 kHz to 2.048 MHz. 
Alternatively. may be a logic input which selects either 
1.536 MHz/1.544 MHz or 2.048 MHz for master clock 
in synchronous mode and BClKx is used for both 
transmit and receive directions (see Table 1). 
Receive master clock. Must be 1.536 MHz. 1.544 MHz 
or 2.048 MHz. May be asynchronous with MClKx. but 
should be synchronous with MClKx for best 
performance. When MClKR is connected 
continuously low. MClKx is selected for all internal 
timing. When MClKR is connected continuously high. 
the device is powered down. 



r-­
Lt) 
o 
("I) 
Q. 
I-

" "" Lt) 
o 
("I) 
Q. 
t-
" ("I) 
Lt) 
o 
("I) 
Q. 
t-
" N 
Lt) 
o 
("I) 
Q. 
t-

Pin Description (Continued) 

TP3054 TP3052 TP3053 
Pin No. Pin No. 

TP3057 Name 
Pin No. 

- 9 - SFA 

9 10 - SIGA 

10 11 - SIGx 

- 12 - SFx 

11 13 9 MClKx 

14 16 12 FSx 

12 14 10 BClKx 

13 15 

15 17 

16 18 

17 19 
18 20 

Functional Description 
POWER-UP 

11 Ox 

13 TSx 

14 GSx 

15 VFxl -
16 VFxl+ 

When power is first applied, power-on reset circuitry initial­
izes the COMBO and places it into the power-down mode. 
All non-essential circuits are deactivated and the Ox and 
VFAO outputs are put in high impedance states: To power­
up 1he device, a logical low level or clock must be applied to 
the MClKA/PON pin and FSx and/or FSA pulses must be 
present. Thus, 2 power-down control modes are available. 
The first is to pull the MClKA/PON pin high; the alternative 
is to hold both FSx and FSA inputs continuously low-the 
device will power-down approximately 2 ms after the last 
FSx or FSA pulse. Power-up will occur on the first FSx or 
FSA pulse. The TRI-STATE PCM data output, Ox, will re­
main in the high impedance state until the second FSx 
pulse. 

SYNCHRONOUS OPERATION 

For synchronous operation, the same master clock and bit 
clock should be used for both the transmit and receive di­
rections. In this mode, a clock must be applied to MClKx 
and the MCLKA/PON pin can be used as a power-down 
control. A low level on MClKR/PON powers up the device 
and a high level powers down the device. In either case, 
MClKx will be selected as the master clock for both the 
transmit and receive circuits. A bit clock must also· be ap­
plied to BClKx and the BClKA/ClKSEl can be used to 
select the proper internal divider for a master clock of 1.536 
MHz, 1.544 MHz or 2.048 MHz. For 1.544 MHz operation, 
the device automatically compensates for the 193rd clock 
pulse each frame. 
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Function 

When high during FSA, this input indicates a receive 
signal frame. 
The eighth bit of the PCM data appears at this output 
after each receive signaling frame. 
Signal data input. Data at this input is inserted into 
the 8th bit of the PCM word during transmit signaling 
frames. 
When high during FSx, this input indicates a transmit 
signaling frame. 
Transmit master clock. Must be 1.536 MHz, 
1.544 MHz or 2.048 MHz. May be asynchronous with 
MClKA· 
Transmit frame sync pulse input which enables 
BClKx to shift out the PCM data on Ox. FSx is an 
8 kHz pulse train, see Figures 2 and 3 for timing 
details. 
The bit clock which shifts out the PCM data on Ox. 
May vary from 64 kHz to 2.048 MHz, but must be syn­
chronous with MClKx. 
The TRI-STATE@ PCM data output which is enabled 
by FSx. 
Open drain output which pulses low during the en­
coder time slot. 
Analog ou.tput of the transmit input amplifier. Used to 
externally set gain. ' 
Inverting input of the transmit input amplifier. 
Non-inverting input of the transmit input amplifier. 

With a fixed level on the BClKR/ClKSEl pin, BClKx will be 
selected as the bit clock for both the transmit and receive 
directions. Table 1 indicates the frequencies of operation 
which can be selected, depending on the state of BClKR/ 
ClKSEL. In this synchronous mode, the bit clock, BClKx, 
may be from 64 kHz to 2.048 MHz, but must be synchro­
nous with MClKx. 

Each FSx pulse begins the encoding cycle and the PCM 
data from the previous encode cycle is shifted out of the 
enabled Ox output on the positive edge of BClKx. After 8 
bit clock periods, the TRI-ST ATE Ox output is returned to a 
high impedance state. With an FSR pulse, PCM data is 
latched via the DR input on the negative edge of BClKx (or 
BClKR if running). FSx and FSR must be synchronous with 
MClKx/R· 

TABLE 1. SELECTION OF MASTER CLOCK 
FREQUENCIES 

BCLKR/CLKSEL 

Clocked 

0 

1 (or Open Circuit) 

Master Clock 
Frequency Selected 

TP3052 
TP3057 TP3053 

TP3054 

2.048 MHz 1.536 MHz or 
1.544 MHz 

1.536 MHz or 2.048 MHz 
1.544 MHz 
2.048 MHz 1.536 MHz or 

.1.544 MHz 



Functional Description (Continued) 

ASYNCHRONOUS OPERATION 

For asynchronous operation, separate transmit and receive 
clocks may be applied. MClKx and MCLI(R must be 2.048 
MHz for the TP3057, or 1.536 MHz, 1.544 MHz for the 
TP3052, 53, 54, and need not be synchronous. For best 
transmission performance, however, MClKR should be syn­
chronous with MClKx, which i? easily achieved by applying 
only static logic levels to the MClKR/PDN pin. This will au­
tomatically connect MClKX to all internal MClKR functions 
(see Pin Description). For 1.544 MHz operation, the device 
automatically compensates for the 193rd clock pulse each 
frame. FSx starts each encoding cycle and must be syn­
chronous with MClKx and BClKx. FSR starts each decod­
ing cycle and must be synchronous with BClKA. BClKA 
must be a clock, the logic levels shown in Table 1 are not 
valid in asynchronous mode. BClKx and BClKR may oper­
ate from 64 kHz to 2.048 MHz. 

SHORT FRAME SYNC OPERATION 

The COMBO can utilize either a short frame sync pulse (the 
same as the TP3020/21 CODECs) or a long frame sync 
pulse (the same as the TP5116A family of CODECs). Upon 
power initialization, the device assumes a short frame 
mode. In this mode, both frame sync pulses, FSx and FSR, 
must be one bit clock period long, with timing relationships 
specified in Figure 2. With FSx high during a falling edge of 
BClKx, the next rising edge of BClKx enables the Dx TRI­
STATE output buffer, which will output the sign bit. The fol­
lowing seven rising edges clock out the remaining seven 
bits, and the next falling edge disables the DX output. With 
FSR high during a falling edge of BClKR (BClKX in synchro­
nous mode), the next falling edge of BClKR latches in the 
sign bit. The following seven falling edges latch in the seven 
remaining bits. All four devices may utilize the short frame 
sync pulse in synchronous or asynchronous operating 
mode. 

LONG FRAME SYNC OPERATION 

To use the long (TP5116A-type) frame mode, both the 
frame sync pulses, FSx and FSR, must be three or more bit 
clock periods long, with timing relationships specified in Fig­
ure 3. Based on the transmit frame sync, FSx, the COMBO 
will sense whether short or long frame sync pulses are be­
ing used. For 64 kHz operation, the frame sync pulse must 
be kept low for a minimum of 160 ns. The Dx TRI-STATE 
output buffer is enabled with the rising edge of FSx or the 
rising edge of BClKx, whichever comes later, and the first 
bit clocked out is the sign bit. The following seven BClKx 
rising edges clock out the remaining seven bits. The Dx 
output is disabled by the falling BClKx edge following the 
eighth rising edge, or by FSX going low, whichever comes 
later. A rising edge on the receive frame sync pulse, FSR, 
will cause the PCM data at DR to be latched in on the next 
eight falling edges of BelKR (BClKx in synchronous 
mode). All four devices may utilize the long frame sync 
pulse in synchronous or asynchronous mode. 

SIGNALING 

The TP3052 and TP3053 j.L-law COMBOs contain circuitry 
to insert and extract signaling information in the PCM data 
stream. The TP3052 is intended for short frame sync appli­
cations, and the TP3053 for long frame sync applications, 
although the TP3053 may also be used in short frame sync 
applications. The TP3054 and TP3057 have no provision for 
signaling. 
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Signaling for the TP3052 is accomplished by applying a 
frame sync pulse two bit clock periods long, as shown in 
Figure 2. With FSx two bit clock periods long, the data pres­
ent at SIGx input will be inserted as the lSB in the PCM 
data transmitted during that frame. With FSR two bit clock 
periods long, the lSB of the PCM data read into the DR 
input will be latched and appear on the SIGR output pin until 
updated following the next signaling frame. The decoder will 
then interpret the lost lSB as "%" to minimize noise and 
distortion. This short frame Signaling may also be imple­
mented using the TP3053, providing SFR and SFx are left 
open circuit or tied low. The TP3052 is not capable of insert­
ing or extracting signaling information in the long frame 
mode. 

Signaling for the TP3053 may be accomplished in either 
short or long frame sync mode. The short mode signaling is 
the same as the TP3052. For long frame signaling,.two addi­
tional frame sync pulses are required,. SFx and SFR, which 
indicate transmit and receive signaling frames, respectively. 
With an SFx signaling frame sync, the data present at the 
SIGx input will be inserted as the lSB in the PCM data 
transmitted during that frame. With an SFA signaling frame 
sync, the lSB of the PCM data at DR will be latched and 
appear on the SIGR output pin until the next signaling frame. 
The decoder will also do the "%" step interpretation to 
compensate for the loss of the lSB .. 

TRANSMIT SECTION 

The transmit section input is an operational amplifier with 
provision for gain adjustment using two external resistors, 
see Figure 4. The low noise and wide bandwidth allow gains 
in excess of 20 dB across the audio passband to be real­
ized. The op amp drives a unity-gain filter consisting of RC 
active pre-filter, followed by an eighth order switched-ca­
pacitor bandpass filter clocked at 256 kHz. The output of 
this filter directly drives the encoder sample-and-hold circuit. 
The A/D is of companding type according to j.L-law 
(TP3052, TP3053, TP3054) or A-law (TP3057) coding con­
ventions. A precision voltage reference is trimmed in manu­
facturing to provide an input overload (tMAX) of nominally 
2.5V peak (see table of Transmission Characteristics). The 
FSx frame sync pulse controls the sampling of the filter out­
put, and then tho successive-approximation encoding cycle 
begins. The 8-bit code is then loaded into a buffer and shift­
ed out through Dx at the next FSx pulse. The total encoding 
delay will be approximately 165 j.LS (due to the transmit fil­
ter) plus 125 f-LS (due to encoding delay), which totals 290 
f-LS. Any offset voltage due to the filters or comparator is 
cancelled by sign bit integration. 

RECEIVE SECTION 

The receive section consists of an expanding DAC which 
drives a fifth order switched-capacitor low pass filter 
clocked at 256 kHz. The decoder is A-law (TP3057) or 
f-L-Iaw (TP3052, TP3053, TP3054) and the 5th order low 
pass filter corrects for the sin x/x attenuation due to the 8 
kHz sample/hold. The filter is then followed by a 2nd order 
RC active post-filter/power amplifer capable of driving a 
600n load to a level of 7.2 dBm. The receive section is 
unity-gain. Upon the occurrence of FSR, the data at the DR 
input is clocked in on the falling edge of the next eight 
BClKA (BClKx) periods. At the end of the decoder time 
slot. the decoding cycle begins, and 10 f-LS later the decoder 
DAC output is updated. The total decoder delay is - 10 f-LS 
(decoder update) plus 110 j.LS (filter delay) plus 62.5 f-LS (% 
frame), which gives approximately 180 j.LS. 



Absolute Maximum Ratings 
VeetoGNDA 7V Voltage at any Digital Input or 

Vss toGNDA -7V Output Vee+0.3V to GNDA-0.3V 

Voltage at any Analog Input Operating Temperature Range - 25°C to + 125°C 

or Output Vee+0.3V to Vss-0.3V Storage Temperature Range - 65°C to + 150°C 

Lead Temperature (Soldering. 10 seconds) 300°C 

Electrical Characteristics Unless otherwise noted: Vee=5.0V±5%. Vss= -5V±5%. GNDA=OV. TA=O°C 
to 70°C; typical characteristics specified at Vee = 5.0V. Vss= - 5.0V. T A = 25°C;aff signals are referenced to GNDA. 

Symbol Parameter Conditions Min Typ Max Units 

DIGITAL INTERFACE 

VIL Input Low Voltage 0.6 V 

VIH Input High Voltage 2.2 V 

VOL Output Low Voltage Ox. IL'=3.2 rnA 0.4 V 

SIGR. IL = 1.0 rnA 0.4 V 
TSx. IL = 3.2 rnA. Open Drain 0.4 V 

VOH Output High Voltage Ox. IH= -3.2 rnA 2.4 V 

SIGR.IH= -1.0 rnA 2.4 V 

IlL Input Low Current GNDA:5:VIN:5:VIL. Afl Digital Inputs -10 10 p,A 

IIH Input High Current VIH:5:VIN:5:Vee -10 10 p,A 

IOZ Output Current in High Impedance Ox. GNDA:5:Vo:5:Vee -10 10 p,A 
State (TRI-STATE) 

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (ALL DEVICES) 

IIXA Input Leakage Current -2.5V:5:V:5: +2.5V. VFxl+ orVFxl- -200 200 nA 

RIXA Input Resistance -2.5V:5:V:5: +2.5V. VFxl+ orVFxl- 10 Mn 

RoXA Output Resistance Closed Loop. Unity Gain 1 3 n 

RLXA Load Resistance GSx 10 kn 

CLXA Load Capacitance GSx 50 pF 

VoXA Output Dynamic Range GSx. RL:5: 10 kn ±2.8 V 

AvXA Voltage Gain VFxl+ toGSx 5000 VIV 

FUXA Unity Gain Bandwidth 1 2 MHz 

VosXA Offset Voltage -20 20 mV 

VeMXA Common-Mode Voltage -2.5 2.5 V 

,CMRRXA Common-Mode Rejection Ratio 60 dB 

PSRRXA Power Supply Rejection Ratio 60 dB 

ANALOG INTERFACE WITH RECEIVE FILTER (ALL DEVICES) 

RoRF Output Resistance Pin VFRO 1 3 n 

RLRF Load Resistance VFRO= ±2.5V 600 n 

CLRF Load Capacitance 500 pF 

VOSRO Output DC Offset Voltage -200 200 mV 

POWER DISSIPATION (ALL DEVICES) 

leeO Power-Down Current 0.5 1.5 mA 

IssO Power-Down Current 0.05 0.3 rnA 

lee1 Active Current 6.0 9.0 rnA 

Iss1 Active Current 6.0, 9.0 rnA 

5-34 



Timing Specifications 
Symbol Parameter Conditions Min Typ Max Units 

1/tpM Frequency of Master Clocks Depends on the Device Used and the 1.536 MHz 
BCLKA/CLKSEL Pin. 1.544 MHz 

MCLKx and MCLKA 2.04B MHz 

tWMH Width of Master Clock High MCLKx and MCLKA 160 ns 

tWML Width of Master Clock Low MCLKx and MCLKA 160 ns 

tAM Rise Time of Master Clock MCLKx and MCLKA 50 ns 

tFM Fall Time of Master Clock MCLKx and MCLKA 50 ns 

tSBFM Set-Up Time from BCLKx High First Bit Clock after the Leading 100 ns 
(and FSx in Long Frame Sync Edge of FSx -

Mode) to MCLKx Falling Edge 

tpB Period of Bit Clock 4B5 4BB 15.725 ns 

tWBH Width of Bit Clock High VIH=2.2V 160 ns 

tWBL Width of Bit Clock Low VIL =0.6V 160 ns 

tAB Rise Time of Bit Clock tpB=4BB ns 50 ns 

tFB Fall Time of Bit Clock tpB=4BB ns 50 ns 

tHBF Holding Time from Bit Clock Long Frame Only 0 ns 
Low to Frame Sync 

tHOLO Holding Time from Bit Clock Short Frame Only 0 ns 
High to Frame Sync 

tSFB Set-Up Time from Frame Sync Long Frame Only BO ns 
to Bit Clock Low 

tOBO Delay Time from BCLKx High Load = 150 pF plus 2 LSTIL Loads 0 1BO ns 
to Data Valid 

txop Delay Time to TSx Low Load = 150 pF plus 2 LSTIL Loads 140 ns 

tozc Delay Time from BCLKx Low to 50 165 ns 
Data Output Disabled 

tOZF Delay Time to Valid Data from CL=O pF to 150 pF 20 165 ns 

FSx or BCLKx. Whichever 
Comes Later 

tSSFF Set-Up Time from SFX/A High TP3053 Only 60 ns 

to FSX/A 

tSSFB Set-Up Time from Signal Frame TP3053 Only 60 ns 
Sync High to BCLKXIR Clock 

t88GB Set-Up Time from SIGx to TP3052 and TP3053 100 ns 
BCLKx 

tHBSG Hold Time from BCLKx High to TP3052 and TP3053 50 ns 
SIGx 

tSOB Set-Up Time from DA Valid to 50 ns 
BCLKA/X Low 

tHBO Hold Time from BCLKA/X Low to 50 ns 
DA Invalid 

tOFS8G Delay Time from BCLKA/X Low Load = 50 pF plus 2 LSTIL Loads 300 ns 
to SIGA Valid 

tHBSF Hold Time from BCLKx/A Low to TP3053 Only 100 ns 
Signaling Frame Sync 

tSF Set-Up Time from FSxlR to Short Frame Sync Pulse (1 or 2 Bit~lock 50 ns 
BCLKxlRLow Periods Long) (Note 1) I 

tHF Hold Time from BCLKxlR Low Short Frame Sync Pulse (1 or 2 Bit Clock 100 ns 

to FSxlR Low Periods Long) (Note 1) 

tHBFI Hold Time from 3rd Period ot Long Frame Sync Pulse (from 3 to B Bit 100 ns 
Bit Clock Low to Frame Sync Clock Periods Long) 

(FSxor FSA) 

tWFL Minimum Width of the Frame 64k Bitls Operating Mode 160 ns 
Sync Pulse (Low Level) 

Note 1: For short frame sync timing, FSx and F8R must go high while their respective bit clocks a~e high. 
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Transmission Characteristics (All Devices) Unless otherwise specified: T A = O°C to 70°C, Vee = 5V ± 5%, 
Vss= -5V±5%, GNDA=OV, f= 1.02 kHz, VIN=O dBmO, transmit input amplifier connected for unity-gain non-inverting. 

Symbol Parameter Conditions Min Typ Max Units 

AMPUTUDERESPONSE 

Absolute Levels Nominal 0 dBmO Level is 4 dBm 
(6000) 
OdBmO 

TP3052,TP3053,TP3054 1.2276 Vrms 
TP3057 1.2276 Vrms 

tMAX Max Overload Level 
TP3052, TP3053, TP3054 (3.17 dBmO) 2.501 VPK 
TP3057 (3.14 dBmO) 2.492 VPK 

GXA Transmit Gain, Absolute TA=25°C, Vee=5V, Vss= -5V -0.15 0.15 dB 
Input at GSx = 0 dBmO at 1020 Hz 

GXR Transmit Gain, Relative to GXA f= 16 Hz -40 dB 
f=50 Hz -~O dB 
f=60 Hz -26 dB 

f=200 Hz -1.8 -0.1 dB 
f=300 Hz-3000 Hz -0.15 0.15 dB 
f=3300 Hz -0.35 0.05 dB 
f=3400 Hz. -0.7 0 dB 
f=4000 Hz -14 dB 
f = 4600 Hz and Up, Measure -32 dB 
Response from 0 Hz to 4000 Hz 

GXAT Absolute Transmit Gain Variation TA = O°C to 70°C ±0.1 dB 
with Temperature 

GXAV Absolute Transmit Gain Variation Vee=5V±5%, Vss= -5V±5% ±0.05 dB 
with Supply Voltage 

GXRL Transmit Gain Variations with Sinusoidal Test Method 
\ 

Level Reference Level = -10 dBmO 
VFxl + = -40 dBmO to + 3 dBmO -0.2 0.2 dB 
VFxl+ = -50 dBmO to -40 dBmO -0.4 0.4 dB 
VFxl+ = -55 dBmO to -50 dBmO -1.2 1.2 dB 

GAA Receive Gain, Absolute TA=25°C, Vee=5V, Vss= -5V -0.15 0.15 dB 
Input= Digital Code Sequence for 
o dBmO Signal at 1020 Hz 

GAR Receive Gain, Relative to GAA f = 0 Hz to 3000 Hz -0.15 0.15 dB 
f=3300 Hz -0.35 0.05 dB, 
f=3400 Hz -0.7 0 dB 
f=4000 Hz -14 dB 

GAAT Absolute Receive Gain Variation TA = O°C to 70°C ±0.1 dB 
with Temperature 

GAAV Absolute Receive Gain Variation Vee=5V±5%, Vss= -5V±5% ±0.05 dB 
with Supply Voltage 

GAAL Receive Gain Variations with Sinusoidal Test Method; Reference 
Level Input PCM Code Corresponds to an 

Ideally Encoded-10 dBmO Signal 
PCM Level = -40 dBmO to + 3 dBmO -0.2 0.2 dB 
PCM Level = - 50 dBmO to - 40 dBmO -0.4 0.4 dB 
PCM Level = .;... 55 dBmO to - 50 dBmO -1.2 1.2 dB 

VAO Receive Output Drive Level RL =6000 -2.5 2.5 V 
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Transmission Characteristics (Continued) (All Devices) Unless otherwise specified: T A = O'C to 70'C, 
Vcc = 5V ± 5%, Vss = - 5V ± 5%, GNDA = OV, f = 1.02 kHz, VIN = 0 dBmO, transmit input amplifier connected for unity-gain non-
inverting. 

Symbol Parameter Conditions Min Typ Max Units 

ENVELOPE DELAY DISTORTION WITH FREQUENCY 

DXA Transmit Delay, Absolute f=1600 Hz 290 315 ,...S 

DXR Transmit Delay, Relative to DXA f=500 Hz-600 Hz 195 220 ,...S 
f= 600 Hz-800 Hz 120 145 ,...S 
f=800 Hz-1000 Hz 50 75 ,...S 
f= 1000 Hz-1600 Hz 20 40 ,...S 
f= 1600 Hz-2600 Hz 55 75 ,...S 
f = 2600 Hz-2800 Hz 80 105 , ,...S 
f = 2800 Hz-3000 Hz 130 155 ,...S 

DRA Receive Delay, Absolute f= 1600 Hz 180 200 ,...S 

DRR Receive Delay, Relative to DRA f=500 Hz-1000 Hz -40 -25 ,...S 
f= 1000 Hz-1600 Hz -30 -20 ,...S 
f = 1600 Hz-2600 Hz 70 90 ,...S 

, f=2600 Hz-2800 Hz 100 125 ,...S 
f=2800 Hz-3000 Hz 145 175 ,...S 

NOISE 

Nxc Transmit Noise, C Message TP3052, TP3053, TP3054 VFxl + = OV 12 15 dBrnCO 

Weighted 

Nxp Transmit Noise, P Message TP3057 VFxl+ =OV -74 -69 dBmOp 

Weighted (Note 1) 

NRC Receive Noise, C Message TP3052, TP3053, TP3054 PCM Code 8 11 dBrnCO 

Weighted Equals Alternating Positive and 
Negative Zero 

NRP Receive Noise, P Message TP3057 PCM Code Equals Positive -82 -79 dBmOp 

Weighted Zero 

NRS Noise, Single Frequency f = 0 kHz to 100 kHz, Loop Around -53 dBmO 
Measurement, VFxl + = 0 Vrms 

PPSRx Positive Power Supply Rejection, VFxl + = 0 Vrms, 
Transmit Vcc=5.0 Voc+100 mVrms 

f = 0 kHz-50 kHz 40 dBC 

NPSRx Negative Power Supply Rejection, VFxl + = 0 Vrms, 
Transmit Vss= -5.0 Voc+ 100 mVrms 

f=O kHz-50 kHz 40 dBC 

PPSRR Positive Power Supply Rejection, PCM Code Equals Positive Zero 
Receive Vcc=5.0 Voc+ 100 mVrms 

f = 0 Hz-4000 Hz 40 dBC' 
f=4 kHz-25 kHz 40 dB 
f = 25 kHz-50 kHz 36 dB 

NPSRR Negative Power Supply Rejection, PCM Code Equals Positive Zero 
Receive Vss = - 5.0 Voc + 100 mVrms . f = 0 Hz-4000 Hz 40 dBC 

f = 4 kHz-25 kHz 40 dB 
f=25 kHz-50 kHz 36 dB 

I 
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Transmission Characteristics (Continued) (All Devices) Unless otherwise specified: T A = O·C to 70·C, 
Vec =.5V ± 5%, Vee = - 5V ± 5%, GNDA = OV, f = 1.02 kHz, VIN = 0 dBmO, transmit input amplifier connected for unity-gain 
non-inverting. 

Symbol 

SOS 

Parameter 

Spurious Out-of-Band Signals 
at the Channel Output 

DISTORTION 

STOx 
STOR 

SFOx 

IMD 

Signal to Total Distortion 
Transmit or Receive 
Half-Channel 

Single Frequency Distortion, 
Transmit 
Single Frequency Distortion, 
Receive 
Intermodulation Distortion 

CROSSTALK 

CTX.R 

CTR.X 

Transmit to Receive Crosstalk, 
o dBmO Transmit Level 
Receive to Transmit Crosstalk, 
o dBmO Receive Level 

Conditions 

Loop Around Measurement, 0 dBmO, 
300 Hz-3400 Hz Input Applied to VFxl + , 
Measure Individual Image Signals at 

VFRO 
4600 Hz-7600 Hz 
7600 HZ-8400 Hz 
8400 HZ-1 00,000 Hz 

Sinusoidal Test Method 
Level = 3.0 dBmO 

=0 dBmO to -30 dBmO 
= -40 dBmO XMT 

RCV 
= - 55 dBmO XMT 

RCV 

Loop Around Measurement, 
VFx+ = -4 dBmO to -21 dBmO, Two 
Frequencies in the Range 
300 Hz-3400 Hz 

f=300 HZ-3400 Hz 
DR = Steady PCM Code 
f=300 Hz-3400 Hz, VFxl=OV 

Note 1: Measured by extrapolation from the distortion test result. 
Note 2: CT R-X is measured with a -40 dBmO activating signal applied at VFxl+ 

VIN (at GSx) = ~ Full-Scale 

VIN (at GSx) = OV 

VIN (at GSx) = - Full-Scale 

1 

{~ 
o 

o 
1 
1 
o 

ENCODING FORMAT AT Ox OUTPUT 

TP3052,TP3053,TP3054 
WLaw 

o 
1 
1 
o 

o 
1 
1 
o 

o 
1 
1 
o 

o 
1 
1 
o 
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o 
1 
1 
o 

o 
1 
1 
o 

1 
1 
o 
o 

Min 

33 
36 
29 
30 
14 
15 

-90 
-90 

TP3057 
A·Law 

Max 

-32 

-40 
-32 

-46 

-46 

-41 

-75 
-70 

(Note 2) 

(Includes Even Bit Inversion) 

o 
1 
1 
o 

1 
o 
o 
1 

o 
1 
1 
o 

1 
o 
o 
1 

o 
1 
1 
o 

1 
o 
o 
1 

Units 

dB 
dB 
dB 

dBC 
dBC 
dBC 
dBC 
dBC 
dBC 
dB 

dB 

dB 

dB 
dB 

o 
1 
1 
o 



Applications Informatiqn 
POWER SUPPLIES 

While the pins of the TP3050 family are well protected 
against electrical misuse, it is recommended that the stan­
dard CMOS practice be followed, ensuring that ground is 
connected to the device before any other connections are 
made. In applications where the printed circuit board may be 
plugged into a "hot" socket with power and clocks already 
present, an extra long ground pin in the connector should 
be used. 

All ground connections to each device should meet at a 
common point as close as possible to the GNDA pin. This 
minimizes the interaction of ground return currents flowing 
through a common bus impedance. 0.1 JlF supply decou­
piing capacitors should be connected from this common 
ground point to Vee and Vss. 

For best performance, the ground point of each CODECI 
FILTER on a card should be connected to a common card 
ground in star formation, rather than via a ground bus. 

This. common ground point should be decoupled to Vee and 
Vse with 10 11F capacitors. 

RECEIVE GAIN ADJUSTMENT 

For applications where a TP3050 family CODEC/filter re­
ceive output must drive a 600n load, but a peak swing lower 
than ± 2.5V is required, the receive gain can be easily ad­
justed by inserting a matched T-pad or 1T-pad at the output. 
Table II lists the required resistor values for 600n termina­
tions. As these are generally non-standard values, the equa­
tions can be used to compute the attenuation of the closest 
practical set of resistors. It may be. necessary to use un­
equal values for the R1 or R4 arms of the attenuators to 
achieve a precise attenuation. Generally it is tolerable to 
allow a small deviation of the input impedance from nominal 
while still maintaining a good return loss. For example a 30 
dB return loss against 600n is obtained if the output imped­
ance of the attenuator is in the range 282!l to 319n (as-
suming a perfect transformer). 

T-Pad Attenuator 

Note: See Applications Brief 13 for further details. 

I 
I 

Zl I 
I 
I 
I L __ 

(
N2 +- 1) 

R1 -~Z1 -­
N2 - 1 

2,fl1Y2. (_N_) 
N2 - 1 

R2 = 2.fZ'1T2 (_N_) 
N2- 1 

Where: N = J POWER IN 
POWER OUT 

and 

S= e 
'.)"Z2 

Also: Z = JZsc· ZOC 

Where Zse = impedance With short circuit termination 

and Zoe ~ impedance with open circuit termination 

1T-Pad Attenuator 

R4 

______ J 

_ jIp1.Z2(N2 -- 1) R3-- -- ---
2 N 

R3 .Z1(~1_) 
N2 2NS +. 1 
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Applications Information (Continued) 
TABLE II. A TTENTUATOR TABLES FOR Z1 = Z2 = 300n 

(ALL VALUES IN n) 

dB R1 R2 R3 R4 

0.1 1.7 26k 3.5 52k 
0.2 3.5 13k 6.9 26k 
0.3 5.2 8.7k 10.4 17.4k 
0.4 6.9 6.5k 13.8 13k 
0.5 8.5 5.2k 17.3 10.5k 
0.6 10.4 4.4k 21.3 8.7k 
0.7 12.1 3.7k 24.2 7.5k 
0.8 13.8 3.3k 27.7 6.5k 
0.9 15.5 2.9k 31.1 5.8k 
1.0 17.3 2.61 34.6 5.2k 
2 34.4 1.3k 70 2.6k 
3 51.3 850 107 1.8k 
4 68 650 144 1.3k 
5 84 494 183 Uk 
6 100 402 224 900 
7 115 380 269 785 

.8 379 284 317 698 
9 143 244 370 630 
10 156 211 427 527 
11 168 184 490 535 
12 180 161 550 500 
13 190 142 635 473 
14 . 200 125 720 450 
15 210 110 816 430 
16 218 98 924 413 
18 2~3 77 1.17k 386 
20 246 61 1.5k 366 

Typical Synchronous Application 

-5V 
~ 

Vaa VFxI+ III FROM SLiC 

0.1I'F-r VFxI 

1 GNDA R1 R2 

VO.1I'F-=i: GSx .. ~ 
5V Vee ANALOG 

INTERFACE 

TO SLiC .L VFRO TP30541 
TP3D57 - ---- -- ---------

- -FRDMTP3155 TSAC - t FROM TP3155 TSAC ~ Fh 
Dx 

DR DIGITAL 
INTERFACE 

5V OR GNDA BClKR IClKSEL BClKx ~ PDN MClKR/PDN MClKx BClKx (2.048 MHz/1.544 MHz) 

TLlH/5510-6 

. (R1+R2) Note 1: XMIT galn=20xlog R2 ,(R1 +R2) > 10 KO. 

FIGURE 4 
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~National 
~ Semiconductor 

PRELIMINARY 

TP3064, TP3067 Monolithic Serial Interface 
CMOS CODEC/FIL TER Combos 
General Description 
The TP3064 (,...-Iaw) and TP3067 (A-law) are monolithic 
PCM CODEC/FIL TERS utilizing the AID and DI A conver­
sion architecture shown in Figure 1, and a serial PCM inter­
face. The devices are fabricated using National's advanced 
double-poly CMOS process (microCMOS). 

Similar to the TP3050 family, these devices feature an addi­
tional Receive Power Amplifier to provide push-pull bal­
anced output drive capability. The receive gain can be ad­
justed by means of two external resistors for an output level 
of up to ± 6.6V across a balanced 6000. load. 

Also included is an Analog Loopback switch and TSx out­
put. 

Block Diagram 

VFxl + 

VPO- ..... _~-< 

+5V -5V 

Features 
• Complete CODEC and filtering system including: 

- Transmit high-pass and low-pass filtering 
- Receive low-pass filter with sin xIx correction 
- Active RC noise filters 
- ,...-Iaw or A-law compatible COder and DECoder 
- Internal precision voltage reference 
- Serial 1/0 interface 
- Internal auto-zero circuitry 
- Receive push-pull power amplifiers 

.. ,...-Iaw-TP3064 

• A-Iaw-TP3067 
• Meets or exceeds all D3/D4 and CCITT specifications 
.. ± 5V operation 
g Low operating power-typically 70 mW 
II Power-down standby mode-typically 3 mW 
a Automatic power-down 

EI TTL or CMOS compatible digital interfaces 
EI Maximizes line interface card circuit density 

L t-f- +- -_--.:~~~::---
Vee Val GNDA MCLKx MCLKRI aCLKx aCLKRI FSR FSx 

PON CLKSEL 

TLIH/SQ70-1 

FIGURE 1 
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Connection Diagram 
Dual-ln-L1ne Package 

VPQ+- 1 20l--VsB 

GNDA- 2 19 I-- VFxl+ 

" 
VPQ-- 3 181-- VFxl-

VPI- 4 17 -GSx 

VFRD- S TPJ064 161--ANLB 

Order Number TP3064J, TP3067J . TPJ067 
See NS Package J20A Vcc- 6 lS -TSx 

FSR- 7 14 -FSx 

DR- 8 131-- Dx 

BCLKR/CLKSEL - 9 121--BCLKx 

Pin Description 

TP3064 
TP3067 
Pin No. 

1 
2 
3 
4 

5 
6 
7 

8 

9 

10 

MCLKR/PDN- 10 lll--MCLKx 

Name 

VPO+ 

GNDA 
VPO-

VPI 

VFAO 

Vee 
FSA 

DA 

BClKR/ClKSEl 

TOP VIEW 
TL/H/5070-2 

Function 

The non-inverted output of the receive power amplifier. 
Analog ground. All signals are referenced to this pin. 
The inverted output of the receive power amplifier. 
Inverting input to the receive power amplifier. Also 
powers down both amplifiers when connected to Vss. 
Analog output of the receive filter. 
Positive power supply pin. Vee = + 5V ± 5 %. 
Receive frame sync pulse which enables BClKA to 
shift PCM data into DR. FSR is an 8 kHz pulse train. 
See Figures 2 and 3 for timing details. 
Receive data input. PCM data is shifted into DA follow­
ing the FSR leading edge. 
The bit clock which shifts data into DR after the FSR 
leading edge. May vary from 64 kHz to 2.048 MHz. 
Alternatively, may be a logic input which selects either 
1.536 MHz/1.544 MHz or 2.048 MHz for master clock 
in synchronous mode and BClKx is used for both 
transmit and receive directions (see Table I). 
Receive master clock. Must be 1.536 MHz, 1.544 MHz 
or 2.048 MHz. May be asynchronous with MClKx, but 
should be synchronous with MClKx for best perform­
ance. When MClKA is connected continuously low, 
MClKx is selected for all internal timing. When 
MClKR is connected continuously high, the device is 
powered down. 
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Pin Description (Continued) 

TP3064 
TP3067 Name Function 
PinNa. 

11 MClKx Transmit master clock. Must be 1.536 MHz, 1.544 MHz or 2.048 MHz. 
May be asynchronous with MClKA. 

12 BClKx The bit clock which shifts out the PC'M data on Ox. May vary from 
64 kHz to 2.048 MHz, but must be synchronous with MClKx. 

13 Ox The TRI-STATE@ PCM data output which is enabled by FSx. 
14 FSx Transmit frame sync pulse input which enables BClKx to shift out the 

PCM data on Ox. FSx is an 8 kHz pulse train, see Figures 2 and 3 for 
timing details. 

15 TSx Open drain output which pulses low during the encoder time slot. 
16 ANlB Analog loopback control input. Must be set to logic '0' for normal 

operation. When pulled to logic '1', the transmit filter input is discon-
nected from the output of the transmit preamplifier and connected to 
the VPO + output of the receive power amplifier. 

17 GSx Analog output of the transmit input amplifier. Used to externally set 
gain. 

.18 VFxl - Inverting input of the transmit input amplifier. 
19 VFxl + Non-inverting input of the transmit input amplifier. 
20 Vss Negative power supply pin. Vss = - 5V ± 5%. 

Functional Description 
POWER-UP 

When power is first applied, power-on reset circuitry initial­
izes the COMBO and places it into the power-down mode. 
All non-essential circuits are deactivated and the Ox, VFAO, 
VPO- and VPO+ outputs are put in high impedance states. 
To power-up the device, a logical low level or clock must be 
applied to the MClKA!PON pin andFSX and!or FSA pulses 
must be present. Thus, 2 power-down control modes are 
available. The first is to pull the MClKA!PON pin high; the 
alternative is to hold both FSx and FSA inputs continuously 
low-the device will power-down approximately 2 ms after 
the last FSx or FSA pulse. Power-up will occur on th~ first 
FSx or FSR pulse. The TRI-STATE PCM data output, Ox, 
will remain in the high impedance state until the second FSx 
pulse. . 

SYNCHRONOUS OPERATION 

For synchronous operation, the same master clock and bit 
clock should be used for both the transmit and receive di­
rections. In this mode, a clock must be applied to MCLKx 
and the MCLKA!PON pin can be used as a power-down 
control. A low level on MClKA!PON powers up the device 
and a high level powers down the device. In either case, 
MClKx will be selected as the master clock for both the 
transmit and receive circuits. A bit clock must also be ap­
plied to BCLKx and the BClKA!ClKSEl can be used to 
select the proper internal divider for a master clock of 1.536 
MHz, 1.544 MHz or 2.048 MHz. For 1.544 MHz operation, 
the device automatically compensates for the 193rd clock 
pulse each frame. 
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With a fixed level on the BCLKR!ClKSEl pin, BlCKX will be 
selected as the bit clock for both the transmit and receive 
directions. Table I indicates the frequencies of operation 
which can be selected, depending on the state of BClKA! 
ClKSEL. In this synchronous mode, the.bit clock, BClKx, 
may be from 64 kHz to 2.048 MHz, but must be synchro­
nous with MClKx. 

Each FSx pulse begins the encoding cycle and the PCM 
data from the previous encode cycle is shifted out of the 
enabled Ox output on the positive edge of BClKx. After 8 
bit clock periods, the TRI-STATEDx output is returned to a 
high impedance state. With an FSA pulse, PCM data is 
latched via the OA input on the negative edge of BClKx (or 
BClKA if running). FSx and FSA must be synchronous with 
MClKx/A· 

TABLE I. SELECTION OF MASTER CLOCK 
FREQUENCIES 

Master Clock 

BCLKR/CLKSEL 
Frequency Selected 

TP3067 TP3064 

Clocked 2.048 MHz 1.536 MHzor 
,1.544 MHz 

0 1.536 MHz or 2.048 MHz 
1.544 MHZ 

1 (or Open Circuit) 2.048 MHz 1.544 MHz 
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Functional Description' (Continued) 

ASYNCHRONOUS OPERATION 
For asynchronous operation, separate transmit and receive 
clocks may be applied. MClKx and MClKR must be 2.048 ' 
MHz for the TP3067, or 1.536 MHZ, 1.544 MHz for the 
TP3064, and need not be synchronous. For best transmis­
sion performance, however, MClKR should be synchronous 
with MClKx, which is easily achieved by applying only static 
logic levels to the MClKR/PON pin. This will automatically 
connect MCLKx to all internal MClKR functions (see Pin 
Description). For 1.544 MHz operation, the device automati­
cally compensates for the 193rd clock pulse each frame. 
FSx starts each encoding cycle' and must be synchronous 
with MClKx and BClKx. FSR starts each decoding cycle 
and must be synchronous with BClKR. 'BClKR must be a 
clock, the logic levels shown in Table I are not valid in asyn­
chronous mode. BClKx and BClKR may operate from 64 
kHz to 2.048 MHz. 

SHORT FRAME SYNC OPERATION 
The COMBO can utilize either a short frame sync pulse (the 
same as the TP3020/21 CODECs) or a long frame sync 
pulse (the same as the TP5116A family of CODECs). Upon 
power initialization, the device assumes a short frame 
mode. In this mode, both frame sync pulses, FSx and FSR, 
must be one bit Clock period long, with timing relationships 
specified in Figure 2. With FSx high during a falling edge of 
BClKx, the next rising edge of BClKx enables the Ox TRI­
STATE output buffer, which will output the sign bit. The fol­
lowing seven rising edges clock out the remaining seven 
bits, and the next falling edge disables the Dx output. With 
FSR high during a falling edge of BClKR (BClKx in synchro­
nous mode), the next falling edge' of BClKR latches in the 
sign bit. The following seven falling edges latch in the seven 
remaining bits. Both devices may utilize the short frame 
sync pulse in synchronous or asynchronous operating 
mode. 

LONG FRAME SYNC OPERATION 
To use the long (TP5116A-type) frame mode, both the 

frame sync pulses, FSx and FSR, must be three or more bit 
clock periods long, with timing relationships specified in Fig­
ure 3. Based on the transmit frame sync, FSx, the COMBO 
will sense whether short or long frame sync pulses are be­
ing used. For 64 kHz operation, the frame sync pulse must 
be kept low for a minimum of 160 ns. The Dx TRI-STATE 
output buffer is enabled with the rising edge of FSx or the 
rising edge of BClKx, whichever comes later, and the first I 

bit clocked out is the sign bit. The following seven BClKx 
rising edges clock out the remaining seven bits. The Dx 
output is disabled by the falling BC,lKx edge following the 
eighth rising edge, or by FSx going low, whichever comes 
later. A rising edge on the receive frame sync pulse, FSR, 
will cause the PCMdata at DR to be latched in on the next 
eight falling edges of BClKR(BClKx in synchronous mode). 
Both devices may utilize the long frame sync pulse in syn­
chronous or asynchronous mode. 

TRANSMIT SECTION 
The transmit section input is an operational amplifier with 
provision for gain adjustment using two external resistors, 
see Figure 5. The low noise and wide bandwidth allow gains 
in excess of 20 dB across the audio passband to be real­
ized. The op amp drives a unity-gain filter consisting of RC 
active pre-filter, followed by an eighth order switched-ca­
pacitor bandpass filter clocked at 256 kHz. The output of 
this filter directly drives the encoder sample-and-hold circuit. 
The AID is of companding type according to wlaw 
(TP3064) or A-law (TP3067) coding conventions. A preci­
sion voltage reference is trimmed in manufacturing to pro­
vide an input overload (tMAX) of nominally 2.5V peak (see 
table of Transmission Characteristics). The FSx frame sync 
pulse controls the sampling of the filter output, and then the 
successive-approximation encoding cycle begins. The 8-bit 
code is then loaded into a buffer and shifted out through Ox 
at the next FSx pulse. The total encoding delay will be ap­
proximately 165 ,."S (due to the transmit filter) plus 125 ,."S 

(due to encoding delay), which totals 290 ,."S. Any offset 
voltage due to tpe filters or comparator is cancelled by sign 
bit integration. 

ENCODING FORMAT AT Ox OUTPUT 

TP3067 
TP3064 

A-Law 
,.,,-Law 

(Includes Even Bit Inversion) 

Y,N = + Full-Scale 1 0 0 0 0 0 0 0 1 0 1 '0 1 0 1 0 
V'N=OV {~ 1 1 1 1 1 1 1 1 1 0 1 0 1 0 1 

1 1 1 1 1 1 1 0 1 0 1 0 1 0 1 
Y,N = - Full-Scale 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 
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Functional Description (Continued) 

RECEIVE SECTION 
RECEIVE POWER AMPLIFIERS 

The receive section consists oJ an expanding DAC which 
Two inverting mode power amplifiers are provided for direct-

drives a fifth order switched-capacitor low pass filter 
Iy driving a matched line interface transformer. The gain of 

clocked at 256 kHz. The decoder is A-law (TP3067) or 
the first power amplifier can be adjusted to Qoost the ± 2.5V 

J-L-Iaw (TP3064) and the 5th order low pass filter corrects for 
peak output signal from the receive filter up to ± 3.3V peak 

the sin x/x attenuation due to the 8 kHz sample/hold. The 
into an unbalanced 300n load, or ± 4.0V into an unbal-

filter is then followed by a 2nd order RC active post-filter 
anced 15 kfl load. The second power amplifier is internally 

with its output at VFRO. The receive section is unity-gain, 
connected in unity-gain inverting mode to give 6 dB of signal 

but gain can be added by using the power amplifiers. Upon 
gain for balanced loads. 

the occurrence of FSR, the data at the DA input is clocked in Maximum power transfer to a 600n subscriber line termina-

on the falling edge of the next eight BClKA (BClKx) peri- tion is obtained by differentially driving a balanced trans-

ods. At the end of the decoder time slot, the decoding cycle former with a y2:1 turns ratio, as shown in Figure 2. A total 

begins, and 10 J-Ls later the decoder DAC output is updated. peak power of 15.6 dBm can be delivered to the load plus 

The total decoder delay is - 10 J-Ls (decoder update) plus termination. 

110 J-Ls (fiiter delay) plus 62.5 J-Ls (% frame), which gives Both power amplifiers can be powered down independently 
approximately 180 J-Ls. from the PDN input by connecting the VPI input to V88, 

saving approximately 12 mW of power. 

Absolute Maximum Ratings 
Vee to GNDA 7V Voltage at any Digital Input 

V88 toGNDA -7V or Output Vee + O.3V to GNDA-0.3V 

Voltage at any Analog Input Operating Temperature Range - 25·C to + 125·C 

or Output Vee+0.3V to V88-0·.3V Storage Temperature Range - 65·C to + 150·C 

lead Temperature (Soldering, 10 seconds) 300·C 

Electr~cal Characteristics Unless otherwise noted: Vee=5.0V±5%, V88= -5V±5%, GNDA=OV, TA=O·C 
to 70°C; typical characteristics specified at Vee=5.0V, V88= -5.0V, TA=25°C; all signals are referenced to GNDA. 

Symbol Parameter Conditions Min Typ Max Units 

POWER DISSIPATION (ALL DEVICES) 

leeO Power-Down Current 0.5 1.5 mA 

1880 Power-Down Current 0.05 0.3 mA 

lee1 Active Current Power Amplifiers Active, VPI = OV 7.0 10.0 mA 

1881 Active Current Power Amplifiers Active, VPI = OV 7.0 10.0 mA 

DIGITAL INTERFACE 

VIL Input low Voltage 0.6 V 

VIH Input High Voltage 2.2 V 

VOL Output low Voltage Ox, 'L = 3.2 mA 0.4 V 

SIGA, IL = 1.0 mA 0.4 V 

TSx, IL = 3.2 mA. Open Drain 0.4 V 

VOH Output High Voltage Ox, IH = -3.2 mA 2.4 V 

SIGA,IH= -1.0 mA 2.4 V 

IlL Input low Current GNDA:::::VIN:::::VIL, All Digital Inputs -10 10 J-LA 

IIH Input High Current VIH:::::VIN:::::Vee -10 10 J-LA 

loz Output Current in High Impedance Ox, GNDA::::: Vo::::: Vee -10 10 J-LA 
State (TRI-STATE) 
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Electrical Characteristics (Continued) 

Unless otherwise noted: Vee=5.0V±5%, Vee= -5V±5%, GNDA=OV, TA=O·C to 70·C; typical characteristics specified at 
Vce=5.0V, Vss= -5.0V, TA=25·C; all signals are referenced to GNDA. 

\ 

Symbol Parameter Conditions Min Typ Max Units 

ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (ALL DEVICES) 

IIXA Input Leakage Current - 2.5V:::;; V:::;; + 2.5V, VFxl + or VFxl- -200 200 nA 

RIXA Input Resistance -2.5V:::;;V:::;; + 2.5V,YFxl + orVFxl- 10 Mn 

RoXA Output Resistance Closed Loop, Unity Gain 1 3 n 

RLXA Load Resistance GSx 10 kn 

CLXA Load Capacitance GSx 50 pF 

VoXA Output Dynamic Range GSx, RL~ 10 kn ±2.8 V 

.AvXA Voltage Gain VFxl+ toGSx 5000 V/V 

FuXA Unity-Gain Bandwidth 1 2 MHz 

VosXA Offset Voltage -20 20 mV 

VeMXA Common-Mode Voltage -2.5 2.5 V 

CMRRXA Common-Mode Rejection Ratio 60 dB 

PSRRXA Power Supply Rejection Ratio 60 dB 

ANALOG INTERFACE WITH RECEIVE FILTER (ALL DEVICES) 

RoRF Output Resistance PinVFRO 1 3 n 

RLRF Load Resistance \ VFRO= ±2.5V 10 kn 

CLRF Load Capacitance VFROto GNDA 25 pF 

VOSRO Output DC Offset Voltage VFROto GNDA -200 200 mV 

ANALOG INTERFACE WITH POWER AMPLIFIERS (ALL DEVICES) 

IPI Input Leakage Current -1.0V:::;;VPI:::;;1.0V -100 100 nA 

RIPI Input Resistance -1.0V:::;;VPI:::;;1.0V 10 Mn 

VIOS Input Offset Voltage -25 25 mV 

ROP Output Resistance Inverting Unity-Gain at 1 n 
VPO+ orVPO-

Fe Unity-Gain Bandwidth Open Loop (VPO-) 400 kHz, . 

CLP Load Capacitance RL>015000} VPO+ or 100 pF 
RL =600n VPO- to 500 pF 
RL =300n GNDA 1000 pF 

GAp+ Gain, VPO- to VPO+ RL =300n VPO+ to GNDA -1 V/V 
Level at VPO - = 1.77 Vrms 
(+3 dBmO) 

PSRRp Power Supply Rejection of VPO- Connected to VPI 

Vee orVee o kHz-4 kHz 60 dB 
o kHz-50 kHz 36 dB 

, 
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Timing Specifications 

Symbol Parameter Conditions Min Typ Max Units 

1/tpM Frequency of Master Clock Depends on the Device Used and the 1.536 MHz 
BClKR/ClKSEl Pin 1.544 MHz 

MClKx and MClKR 2.048 MHz 

tWMH Width of Master Clock High MClKx and MClKR 160 ns 

tWMl Width of Master Clock low MClKx and MClKR 160 ns 

tRM Rise Time of Master Clock MClKx and MClKR 50 ns 

tFM Fall Time of Master Clock MClKx and MClKR 50 ns 

tSBFM Set-Up Time from BClKx High First Bit Clock after the leading 100 ns 
(and FSx in long Frame Sync Edge of FSx 
Mode) to MClKx Falling Edge 

tPB Period of Bit Clock 485 488 15,725 ns 

tWBH Width of Bit Clock High VIH=2.2V 160 ns 

tWBL Width of Bit Clock Low VIL =0.6V 160 ns 

tRB Rise Time of Bit Clock tpB=488 ns 50 ns 

tFB Fall Time of Bit Clock tpB=488 ns 50 ns 

tHBF Holding Time from Bit Clock long Frame Only 0 ns 
low to Frame Sync 

tHOLO Holding Time from Bit Clock Short Frame Only 0 ns 
High to Frame Sync 

tSFB Set-Up Time for Frame Sync long Frame Only 80 ns 
to Bit Clock low 

tOBO Delay Time from BClKx High load = 150 pF plus 2 lSTTl loads 0 180 ns 
to Data Valid 

txop Delay Time to TSx low load = 150 pF plus 2 lSTTl loads 140 ns 

toze Delay Time from BClKx low to 50 165 ns 
Data Output Disabled 

tOZF Delay Time to Valid Data from CL =0 pF to 150 pF 20 165 ns 
FSx or BClKx, Whichever 
Comes later 

tSOB Set-Up Time from DR Valid to 50 ns 

BClKR/X low 

tHBO Hold Time from BClKR/X low to 50 ns 
DR Invalid 

tOFSSG Delay Time from BClKR/X low load = 50 pF plus 2 lSTTl loads 300 ns 
to SIGR Valid 

tSF Set-Up Time from FSxlR to Short Frame Sync Pulse (1 or 2 Bit Clock 50 ns 
BClKxlR low Periods long) (Note 1) 

tHF Hold Time from BClKX/R low Short Frame Sync Pulse (1 or 2 Bit Clock 100 ns 
to FSxlR low Periods long) (Note 1) 

tHBFI Hold Time from 3rd Period of long Frame Sync Pulse (from 3 to 8 Bit 100 ns 
Bit Clock low to Frame Sync Clock Periods Long) 

(FSx or FSR) 

tWFL Minimum Width of the Frame 64k Bitts Operating Mode 160 ns 
Sync Pulse (low level) 

Note 1: For short frame sync timing. FSx and FSR must go high while their respective bit clocks are high. 
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Transmission Characteristics (All Devices) Unless otherwise specified: TA=0·Ct070·C, Vcc=5V±5%, 
'. Vee= -5V±5%, GNDA=OV, f= 1.02 kHz, VIN=~ dBmO, transmit input amplifier connected for unity-gain non-inverting. 

Symbol Parameter Conditions Min Typ Max Units 

AMPLITUDE RESPONSE 

Absolute Levels Nominal 0 dBmO Level is 4 dBm 
(600n) 

OdBmO 
TP3064 1.2276 Vrms 
TP3067 1.2276 Vrms 

tMAX Max Transmit Overload Level 
TP3064 (3.17 dBmO) 2.501 VPK 
TP3067 (3.14 dBmO) 2.492 VPK 

GXA Transmit Gain, Absolute TA=25·C, Vcc=5V, Vee= -5V -0.15 0',15 dB 
Input at GSx = 0 dBmO at 1020 Hz 

GXR Transmit Gain, Relative to GXA f= 16 Hz -40 dB 
f=50 Hz -30 dB 
f=60 Hz -26 dB 

f=200 Hz -.1.8 -'0.1 dB 
f = 300 Hz-3000 Hz -0.15 0.15 dB 
f=3300 Hz -0.35 0.05 dB 
f=3400 Hz -0.7 0 dB 
f=4000 Hz -14 dB 
f = 4600 Hz and Up, Measure -32 dB 
Response from 0 Hz to 4000 Hz 

GXAT Absolute Transmit Gain Variation TA = OOC to 70°C ±0.1 dB 
with Temperature 

GXAV Absolute Transmit Gain Variation Vcc=5V±5%, Vee= -5V±5% ±0,05 dB 
with Supply Voltage 

GXRL Transmit Gain Variations with Sinusoidal Test Method 
Level Reference Level = -10 dBmO 

VFxl + = - 40 dBmO to + 3 dBmO -0,2 0.2 dB 
VFxl+ = -50 dBmO to -40 dBmO -0.4 0.4 dB 
VFxl + = - 55 dBmO to - 50 dBmO -1.2 1.2 dB 

GRA Receive Gain, Absolute TA=25"C, VcC=5V, Vee= -5V -0.15 0.15 dB 
Input= Digital Code Sequence for 
o dBmO Signal at 1020 Hz 

GRR Receive Gain, Relative to GRA f=O Hz to 3000 Hz -0.15 0.15 dB 
f=3300 Hz -0.35 0.05 dB 
f=3400 Hz -0.7 0 dB 
f=4000 Hz -14 dB 

,GRAT Absolute Receive Gain Variation TA = O°C to 70°C ±01. dB 
with Temperature 

GRAV Absolute Receive Gain Variation Vcc=5V±5%', Vee= -5V±5% ±0.05 dB 
with Supply Voltage 

GRRL Receive Gain Variations with Sinusoidal Test Method; Reference 
Level Input PCM Code Corresponds to an 

Ideally Encoded - 10 dBmO Signal 
PCM Level = - 40 dBmO to + 3 dBmO -0.2 0.2 dB 
PCM Level = - 50 dBmO to - 40 dBmO -0.4 0.4 dB 
PCM Level = - 55 dBmO to -:- 50 dBmO -1.2 1.2 dB 

VRO Receive Filter Output at VFRO RL=10kO -2.5 2.5 V 
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Transmission Characteristics (Continued) (All Devices) Unless otherwise specified: T A = O·C to 70·C, 
Vcc = 5V ± 5%, Vss = - 5V ± 5%, GNDA = OV, f = 1.02 kHz, VIN = 0 dBmO, transmit input amplifier connected for unity-gain non-
inverting. 

Symbol I Parameter I Conditions I Min I Typ I Max I Units 

ENVELOPE DELAY DISTORTION WITH FREQUENCY 

DXA Transmit Delay, Absolute f= 1600 Hz 290 315 p.s 

DXR Transmit Delay, Relative to DXA f=500 Hz-600 Hz 195 220 p.s 
f=600 Hz-800 Hz 120 145 p.s 
f=800 Hz-1QOO Hz 50 75 p.s 
f= 1000 Hz-1600 Hz 20 40 p.s 
t = 1600 Hz - 2600 Hz 55 75 ,..,s 
t = 2600 Hz - 2800 Hz 80 105 ,..,s 
t = 2800 Hz - 3000 Hz 130 155 ,..,s 

DRA Receive Delay, Absolute t= 1600 Hz 180 200 ,..,s 

DRR Receive Delay, Relative to DRA f=500 Hz-1000 Hz -40 -25 ,..,s 
f= 1000 Hz-1600 Hz -30 -20 ,..,s 
f= 1600 Hz-2600 Hz 70 90 ,..,s 
f = 2600 Hz - 2800 Hz 100 125 ,..,s 
f = 2800 Hz - 3000 Hz 145 175 ,..,s 

NOISE 

Nxc Transmit Noise, C Message TP3064 VFxl + = OV 12 15 dBrnCO 
Weighted 

Nxp Transmit Noise, P Message TP3067 VFxl + = OV -74 -69 dBmOp 
Weighted (Note 1) 

NRC Receive Noise, C Message TP3064 PCM Code Equals Alternating 8 11 dBrnCO 
Weighted Positive and Negative Zero 

NRP Receive Noise, P Message TP3067 PCM Code Equals Positive -82 -79 dBmOp 
Weighted Zero 

NRS Noise, Single Frequency f = 0 kHz to 100 kHz, Loop Around -53 dBmO 
Measurement, VFxl + = 0 Vrms 

PPSRx Positive Power Supply Rejection, VFxl + = 0 Vrms, 
Transmit Vcc= 5.0 Voc+ 100 mVrms 

f=O kHz-50 kHz 40 dBC 

NPSRx Negative Power Supply Rejection, VFxl + = 0 Vrms, 
Transmit Vss= -5.0 Voc+ 100 mVrms 

f=O kHz-50 kHz 40 dBC 

PPSRR Positive Power Supply Rejection, PCM Code Equals Positive Zero 
Receive Vcc=5.0Voc+100 mVrms 

f=O Hz-4000 Hz 40 dBC 
f=4 kHz-25 kHz 40 dB 
f= 25 kHz-50 kHz 36 dB 

NPSRR Negative Power Supply Rejection, PCM Code Equals Positive Zero 
Receive Vss = - 5.0 Voc + 100 mVrms 

f=O Hz-4000 Hz 40 dBC 
f=4 kHz-25 kHz 40 dB 
t= 25 kHz-50 kHz 36 dB 

SOS Spurious Out-ot-Band Signals Loop Around Measurement, 0 dBmO, 
at the Channel Output 300 Hz - 3400 Hz Input Applied to VFxl + , 

Measure Individuallmag~ Signals at 
VFRO 

4600 Hz-7600 Hz -32 dB 
7600 Hz-8400 Hz -40 dB 
8400 Hz-100,000 Hz -32 dB 
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Transmission Characteristics (Continued) 

(All Devices) Unless otherwise specified: TA=O°C .to 700C, Vcc=5V±5%, Vss-5V±5%, GNDA=OV,f=1.02 kHz, 

VIN = 0 dBmO, transmit input amplifier connected for unity-gain non-inverting. 

Symbol Parameter Conditions Min Typ Max ' Units 

DISTORTION 

STDx Signal to Total Distortion Sinusoidal Test Method 

STDR Transmit or Receive Level = 3.0 dBmO 33 dBC 
Half-Channel =0 dBmO to -30 dBmO 36 dBC 

= -40dBmO XMT 29 dBC 
RCV 30 dBC 

= -55dBmO XMT 14 dBC 
RCV 15 dBC 

SFDx Single Frequency Distortion, . -46 dB 
Transmit 

SFDR Single Frequency Distortion, -46 dB 
Receive 

IMD Intermodulation Distortion Loop Around Measurement, -41 dB 
VFxl+ = -4 dBmO to -21 dBmO, Two 
Frequencies in the Range 
300 Hz-3400 Hz 

CROSSTALK 

CTx_A Transmit to Receive Crosstalk f=300 Hz-3000 Hz 
DR = Steady PCM Code -90 -75 dB 

CTR-X Receive to Transmit Crosstalk f = 300 Hz - 3000 Hz, VFxl = OV -90 -70 • dB 

(Note 2) 

POWER AMPLIFIERS 

VOL Maximum 0 dBmO Level for Balanced Load, RL Connected Between 
Better than ± 0.1 dB Linearity VPO + and VPO-
Over the Range -10 dBmO to RL =600n 3.3 Vrms 
+3dBmO RL = 1200n 3.5 Vrms 

RL =30kn 4.0 Vrms 

SlOp Signal/Distortion RL = 600n, 0 dBmO 50 dB 

Note 1: Measured by extrapolation from the distortion test result. 

Note 2: CT R-X is measured with a - 40 dBmO activating signal applied at VFxl + . 
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Applications Informatio.n 
POWER SUPPLIES 

While the pins of the TP3060 family are well protected 
against electrical misuse, it is recommended that the stan­
dard CMOS practice be followed, ensuring that ground is 
connected to the device before any other connections are 
made. In applications where the printed circuit board may be 
plugged into a "hot" socket with power and clocks already 
present, an extra long ground pin in the connector should 
be used. 

All ground connections to each device should meet at a 
common point as close as possible to the GNDA pin. This 

Typical Asynchronous Application 

600 

ZIAl 

300 

R3 

minimizes the interaction of ground return currents flowing 
through a common bus impedance. 0.1 ,...F supply decou­
piing capacitors should be connected from this common 
ground point to Vee and Vee. 

For best performance, the ground point of each CODECI 
FILTER on a card should be connected to a common card 
ground in start formation, rather than via a ground bus. This 
common ground point should be decoupled to Vee and Vee 
with 10 ,...F capacitors. 

Note: See Applications Brief 13 for further details. 

TL/H/5070-5 

. .. (R1+R2) Note 1: Transmit galn=20xlog R2'""" ,(R1 +R2)~10 kU 

Note 2: Receive gain = 20 x log (2 ~:3) ,R4 ~ 10 kU 

FIGURE 2 
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~ ~National 
~ z.I Semiconductor 

PRELIMINARY 

TP3155 Time Slot Assignment Circuit 

General Description 
The TP3155 is a monolithic CMOS logic circuit designed to 
generate transmit and receive frame synchronization 
pulses for 4 PCM CODEC/Filters. Each frame sync pulse 
may be independently assigned to a time slot in a frame of 
up to 64 time slots. Assignments are controlled by loading 
in an a-bit word via a simple serial interface port. This con­
trol interface is compatible with that used on the TP30201 
TP3021 and 291012911 CODECs, enabling an easy upgrade 
to combo CODEC/Filters to be made. 

/ 

Typical Application 

T T 
T ... T ... 
TP305417 TP305417 

FSR COMBO #0 FSx FSR FSx r CDMBO" 

Features 
• Controls 4 CODEC/Filters 
• Independent transmit and receive time slot 

assignments 

• a-channel unidirectional mode 
• Up to 64 time slots per frame 
• 4.096 MHz maximum clock rate 
• Serial control interface compatible with TP30201 

TP3021 CODECs 

• TTL and CMOS compatible inputs 

• 5 mW, 5V operation 

T ... I ! 
1P305417 ~ TP305417 

FSR COMBO # 2 FSx FSR COMBO # 3 FSx 

fSx.- TP3155 .-MODE 
TSAC #1 

cs~ 
~ 

CLKc 

Oc 

CHO 
CHl 

RSYNC/CH2 

XSYNC 

BCLK 

TLlH/5118·1 
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Absolute Maximum Ratings 
vcc Relative to GND 7V 

Voltage at Any Input 
or Output V cc + 0.3V to GND - 0.3V 

Operating Temperature Range 
(Ambient) - 40·C to + 70·C . 

Storage Temperature Range 
(Ambient) -65°Cto + 150·C 

Maximum Lead Temperature 
(Soldering, 10 seconds) 300·C 

DC Electrical Characteristics 
Unless otherwise noted, Vcc = 4.75V to 5.25V and ambient temperature Is O·C to 70·C. 

Parameter Conditions Min 

Input Voltage Levels 
V1H, Logic High 2.2 
V1L, Logic Low 

Input Currents 
All Inputs Except MODE V1L <V1N<V1H -1 
MODE V1L <V1N<V1H -100 

Output Voltage Levels 
VOH, Logic High FSx and FSR Outputs, IOH = 3 mA 2.4 
VOL, Logic Low FSx, FSR and TSx Outputs,IOL=3 mA 

Power Dissipation BCLK = 4.096 MHz, 
Operating Current All Outputs Open-Circuit 

Timing Specifications 

Symbol Parameter Conditions 

tpc Period of Clock BCLK,CLKc 

tRC,tFC Rise and Fall Time of Clock BCLK,CLKc 

tWCH Width of Clock High BCLK,CLKc 

tWCL Width of Clock Low BCLK,CLKc 

tsoc Set-Up Time from Dc to CLKc 

tHCO Hold Time from CLKc to Dc 

tscc Set-Up Time from CS to CLKc 

tHCCL Hold Time from CLKc to CS Lo~ 

tHCCH Hold Time from CLKc to CS High 

tSCHC Set-Up Time from Channel Select to CLKc 

tHCHC Hold Time from Channel Select to CLKc 

tRS, t FS Rise and Fall Time of XSYNC, RSYNC 

tOBF Delay Time from BCLK Low to FSX/R 0-3 CL=50 pF 
High or Low 

tHSYNC Hold Time from BCLK to Frame Sync 

tSSYNC Set-Up Time from Frame Sync to BCLK 

tOTL Delay to TSx Low CL=100pF 

tOTH Delay to TS x Off 

. 
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Typ Max 

0.6 

1 
100 

0.4 

1 1.5 

i 

Min Max 

240 

50 

50 

50 

30 

50 

0 

0 

50 

30 

50 

50 

50 

50 8 Cycles 
of BCLK 

30 

140 

30 100 

Units 

V 
V 

p.A 
p.A 

V 
V 

rnA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

-t 
"tJ 
w 
...A. 
en 
en 



Block Diagram 
Vee 

XSYNC ....!---.... -----, 

BCLK 

Oe-l~-----rl 
CLKe ....J ______ ". 

~~~-----~~~~~~~~~~~~-:--~----t~-------------~l __ ~----
MODE -I~--_--~~. 

CHO -li.---------,r. 

CH1 ~~--------r. 
CH2IRSYNC 

GNO 

Timing Diagrams 
Control Interface 
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Connection Diagram 
Dual·ln·Llne Package 

FSx1- 1 U 20 t-- Vee 

FSR1_ 2 19 r-FSR2 

FSxO- 3 18 t--FSx2 

FSRO- 4 17 t-- FSR3 

TSx- 5 TP3155 16 r- FSx3 

De- 6 15t--CHO 

CLKe- 7 14 r-CH1 

~-8 13 t--RSYNC/CH2 

MODE- 9 12 t--XSYNC 

GNO - 10 11 r-BCLK 

TOP VIEW TLlH1511B·5 

Pin Descriptions 
Pin 

~ 

Pin 
Number Name Description 

Number Name Description 

1 FS x1 A conventional CMOS frame 11 BClK The bit clock input, which 
sync output which is normally should run at the same rate as 
low, and goes active·high for a that for the CODEC/Filter 
cycles of BCLK when a valid combos. 
transmit time slot assignment 12 XSYNC The transmit TSO sync pulse 
is made. input. Must be synchronous 

2 FS R1 A conventional CMOS frame with BClK. 
sync output which is normally 13 RSYNC/CH2 The function of this input is 
low, and goes active-high for a determined by the MODE input 
cycles of BClK when a valid (pin 9). In mode 1 this is the 
receive time slot assignment is receive TSO sync pulse, 
made. RSYNC, which must be 

3 FSxO A transmit frame sync output. synchronous with BClK. In 
similarto pin 1. mode 2 this is the CH2 input 

4 .FSRO A receive frame sync output for the MSB of the channel 
similar to pin 2. select word. 

5 TS x An open-drain N-channel out- 14 CH1 The input for the next signifi· 
put which is normally high im- cant bit of the channel select 
pedance but pulls low during word. 
any active transmit time slot. 15 CHO The input for the lSB of the 

6 De The input for an a:bit serial channel select word, which 

control word. X is the first bit defines the frame sync output 

clocked in. affected by the following con· 

7 ClKe The clock input for the control trol word. 

,Interface. 16 FS x3 A transmit frame sync output 

a CS The active·low chip select for similar to pin 1. . 

the control interface. 17 FS R3 A receive frame sync output 

9 MODE The mode select input. similar to pin 2. 

When left open-circuit or can· 18 FS x2 A transmit frame sync output 

nected to Vee, mode 1 is similar to pin 1. 

selected, and when connected 19 FS R2 A receive frame sync output 
to GND, mode 2 is selected. similar to pin 2. 

10 GND The OV ground connection to 20 Vee The positive supply to 
the device. the device. 5V ± 10% (± 5% for 

4 MHz operation). 

5·59 



Lt) 
Lt) ,... 
('I) 
Q. 
I-

Functional Description 
OPERATING MODES 

The TP3155 control interface requires an a-bit serial 
control word which is compatible with that for the 
TP3020/TP3021 and 2910/2911 CODECs. Two bits, X and R, 
define which of the two groups of frame sync outputs, 

. FSxO to FSx3 or FSRO to FSR3, is affected by the control 
word, and a 6-blt assignment field specifies the selected 
time slot, from 0 to 63. A frame sync output is active·high 
for one time slot, which is always a cycles of BCLK. A 
frame may consist of any number of time slots up to 64. 

Two modes of operation are available. Mode 1 is for 
systems requiring different time slot assignments for the 
transmit and receive direction of each channeL In this case, 
pin 15 is the RSYNC input which defines the start of each 
receive frame, and the four outputs, FS RO-FSR3, are as­
signed with respect to RSYNC. The XSYNC input defines 
the start of each transmit frame and outputs FSxO-FSx3 
are assigned with respect to XSYNC. XSYNC may have any 
phase relationship with RSYNC.lnputs CHO and CH1 select 
the channel, from 0 to 3 (see Table la). Mode 1 is selected by 
leaving pin 9 (MODE) open-circuit or connecting it to Vee. 

Mode 2 provides the option of assigning iill a frame sync 
outputs with respect to the XSYNC input. This makes the 
TP3155 TSAC useful for either an a-channel unidirectional 
controller or for systems in which the transmit and receive 
directions of each channel are always assigned to the 
same time slot as the other, i.e., the FSx and FSR inputs on 
the combo CODEC/Filter are hard-wired together. In this 
case, logical selection of the channel to be assigned is 
made via inputs CHO, CH1 and CH2 (see Table Ib). Mode 2 is 
selected by connecting pin 9 (MODE) to GND. 

POWER·UP INITIALIZATION 

During power-up, all frame sync outputs, FSxO-FSx3 and 
FSRO-FSR3, are inhibited and held low. No outputs will go 
active until a valid time slot assignment is made. 

LOADING CONTROL DATA 

During the loading of control data, the binary code for the 
selected channel must be set on inputs CHO and CH1 (and 
CH2 in mode 2), see Tables 1 a and 1 b. 

Control data is clocked into the Dc input on the falling 
edges of CLKe while CS is low. 

Alternatively, CS may be connected to GND and an exter­
nally gated burst of a positive CLKe pulses used to shift in 
control data on, De. CLKe must stay low at all other times. 

In either case the shifting of control data may overlap an 
XSYNC or.RSYNC pulse, but must be completed in less 
than one frame period. A new time slot assignment is only 
transferred to the selected assignment register and frame 
sync output at the start of the second frame (either trans­
mit or receive, as appropriate) after CS goes low. 

TIME SLOT COUNTER OPERATION 

At the start of TSO of each transmit frame, defined by the 
first falling edge of BCLK after XSYNC goes high, the 
transmit time slot counter Is reset to 000000 and begins to 
Increment once every a cycles of BCLK. Each count is 
compared with the 4 transmit assignment registers and, 
on finding a match, a frame sync pulse Is generated at that 
FSx output. 
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Similarly, the first falling edge of BCLK after RSYNCgoes 
high defines the start of receive TSO, and outputs 
FS RO-FSR3 are generated with respect to TSO when the 
receive time slot counter matches the appropriate receive 
assignment register. 

TS x OUTPUT 

In mode 1 (separate transmit and receive assignments), 
this output pulls low whenever any FSx output pulse is be­
ing generated. In mode 2, this output pulls low whenever 
any FSx or FSR output is being generated. At all other 
times it is open-circuit, allowing the TSx outputs of a 
number of TSACs to be wire-ANDed together with a com­
mon pull-up resistor. This signal can be used to control the 
TRI-STATE® enable input of a line driver to buffer the 
transmit PCM bus from the CODEC/Filters to the 
backplane. 

TABLE 1a. CONTROL MODE 1 
(TP3020/TP3~21 COMPATIBLE), 

R I T5 I T4 I T3 I T2 I T1 TO 

X is the first bit clocked into the De input. 

Control Data Format 

T5 T4 T3 T2 T1 TO Time Slot 

0 0 0 0 0 0 0 

0 0 0 0 0 1 1 

0 0 0 0 1 0 2 

: 
1 1 1 1 1 0 62 

1 1 1 1 1 . 1 63 

CH1 CHO Channel Selected 

0 0 Assign to FSxO and/or FSRO 
0 1 Assign to FSx1 and/or FSR1 

1 0 Assign to FSx2 and/or FSR2 
1 1 Assign to FSx3 and/or FSR3 

X R Action 

0 0 Assign time slot to both selected FS x and FS R 

0 1 Assign time slot to selected FS x only 
1 0 Assign time slot to selected FS R only 
1 1 Disable both selected FS x and FS R 

TABLE 1b. CONTROL MODE 2 

CH2 CH1 CHO Channel Selected 

0 0 0 Assign to FS xO 
0 0 1 Assign to FSx1 

0 1 0 Assign to FS x2 

0 1 1 Assign to FS x3 

1 0 0 Assign to FS RO 
1 0 1 Assign to FS R1 

1 1 0 Assign to FS R2 

1 1 1 Assign to FS R3 

X R Action 

0 0 
} Assign time slot to selected output 0 1 

1 '0 

1 1 Disable selected output 



Applications Information 
A combination of the TP3155 TSAC and any CODEC/Fliter 
combo from the TP3052/3/4/7 or TP3064/7 series will 
result In data timing as shown In Figure 1. Although the 
FSx output pulse goes high before BCLKgoes high, the Dx 
output of the combo remains In the TAl-STATE mode until 
both are high. The eighth bit period Is shortened to prevent 
a bus clash, just as it Is on the TP3020/1 CODECs. 

Alternatively, eight full-length bits can be obtained by In­
verting the BCLK to the combo devices, thereby aligning 
rising edges of BCLK and FSx/R. 

Figure 2 shows the digital interconnections of a typical 
line card application. 

TLlH/5118·6 

FIGURE 1. Transmit Data,Tlmlng 
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FIGURE 2. Digital Interconnections on a Typical Synchronous Line Card 
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~National 
~ Semiconductor 

PRELIMINARY 

TP3310, TP3311, TP3320, TP3321 Monolithic Reversible 
1200-600/150-75-5 Bitls CMOS FSK MODEM Family 

General Description 
The TP3320 and TP3321 are general purpose monolithic 
FSK (frequency shift-keyed) MODEMs implemented with 
National's advanced double-poly CMOS process 
(P2CMOSTM). They are capable of generating and receiving 
frequency modulated signals at data rates up to 1200 bitls 
on voice·grade telephone lines. The TP3320 and TP3321 
are offered in a 20-pin package capable of operating half­
duplex with a backward channel on two-wire lines or full­
duplex on four-wire lines according to three pin selectable 
standards: 

-CCID V23 at 1200 bitls, with backward channel at 
75 or 150 bit/s. 

-CCID V23 at 600 bitls, with backward channel at 
75 or 150 bit/s. 

-BELL 202 at 1200 bitls, with backward channel at 
5 or 150 bit/s. 

All filtering functions required for frequency generation, 
out-of-band noise rejection and demodulation are per­
formed by on-chip switched capacitor filters. Internal fre­
quencies are generated from an inexpensive 3.579545 MHz 
TV color-burst crystal reference. 

The TP3310 and TP3311 are 16-pin versions of the TP3320 
optimized for low cost applications. 

Block Diagram 

iITS (1) (3) --+1--_-'. 
TxE (2) (4) 

CTS(1)(3) 
SIT (4) CLKx (2) +--t----i~. 

Vee 

! 

HANDSHAKE 
LOGIC 

...... ~:--...... 

CO Cl C2 ATE (3) (4) 

~--+r------~r-r--+~+---~ 

CLKx +--1-----_1-..1 
CLKR +--t---~---.... 

DR+--I---------------~ 

N+--I---------------~ 

Features 
• BELL 202(s) compatible 

0-1200 bltls with 0-5 or 150 bitls backward channel 
900 Hz soft carrier turn-off tone 
2025 Hz answer tone 

• CCID V23 compatible 
0-1200 bitls with 0-75 or 150 bitls backward channel 
0-600 bitls with 0-75 or 150 bitls backward channel 
2100 Hz answer tone 

• Half-duplex operation on two-wire lines 
• Full-duplex ,1200 or 600 bitls operation on four-wire 

lines 
II Low operating power: 90 mW (typical) 

• Low standby power: 2 mW (typical) 

• ± 5V operation 
iii On-Chip switched capacitor transmit and receive filters 
II Uses 3.579545 MHz TV color-burst crystal' 

.. Optimized UART Interface 

• Loopback test mode 
.. RS232C-type handshake signals 
II TTL and CMOS compatible 

SINE 
WAVE 

GENERATOR 

i 

SWITCHED 
CAPACITOR 
TRANSMIT 

FILTER 

GND 

L-~-RC 

(1) TP3310 16 pins 
(2) TP3311 16 pins 
(3) TP3320 20 pins 
(4) TP3321 20 pins 

THRESHOLD 
ADJUST (3,4) 

Vss 

FIGURE 1 
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Absolute Maximum Ratings . 

Operating Temperature Range - 25°C t080°C Voltage at Any Digital Output Vee +0.3VtoGND -0.3V 
Storage Temperature Range -65°Cto + 150°C Voltage at Any Analog Output Vee +0.3VtoVss -0.3V 
Vee with Respect to GND 7V Output Short·Circuit Duration Continuous 

Vee with Respect to Vss 14V Power Dissipation 1W/package 

Vss with Respect to GND -7V Lead Temperature (Soldering, 10 seconds) 300°C 

Voltage at Digital Inputs Vee+ 0.3V to GND- 0.3V 
(RTS, T xE, ATE, Ox) 

Voltage at Any Other Input Vee + 0.3V to Vss - 0.3V 

EI.ectrical Characteristics 
Unless otherwise noted: Vee = 5.0V ± 5%, Vss = - 5.0V ± 5%, GND = OV, TA = O°C to 70°C; typical characteristics specified at 
Vee = 5.0V, Vss = - 5.0V, TA = 25°C; all digital and analog signals are referenced to GND . 

Symbol Parameter Conditions Min Typ Max Units 

DIGITAL INTERFACE 

V1L Input Low Voltage 0.6 V 

V1H Input HighVoltage 2.2 V 

VOL Output Low Voltage CTS,CD,CLKx,CLKR,DR IL=1.0 mA 0.4 V 
OSCOUT IL=1.0mA 0.4 V 

VOH Output High Voltage CTS,CD,CLKx,CLKR,DR 2.4 V 
OSCOUT 2.4 V 

IlL Input Low Current GNDsVINSV1L, All Digital Inputs -10 10 p.A 

IIH Input High Current VIHSVINSVee -10 , 10 p.A 

POWER DISSIPATION 

IceO Power-Down Current 0.2 rnA 

IssO Power-Down Current 0.2 rnA 

Ice1 Active Current RLXA~10 kn 10 rnA 

Iss1 Active Current RLXA~10 kn 5 rnA 

ANALOG INTERFACE-TRANSMIT CARRIER OUTPUT (TC) 

ROXA Output Dynamic 1 n 
Resistance 

RLXA Load Resistance VOXA = ± 2.19V 600 n 

CLXA Load Capacitance 500 pF 

VOXA Transmit Level RL=600n ±2.19 Vp 
5.5 6.5 dBm/600n 

Vosx Output Offset Voltage. -100 + 100 mV 

ANALOG INTERFACE-RECEIVE CARRIER INPUT (RC) 

liRA Input Leakage Current VSSsVIRAsVee -1.0 -1.0 p.A 

RIRA Input Resistance 100 kn 

V1RA Receive Signal Level Range -6 dBm/~OOn 

548 mVp 
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Timing Specifications 

Symbol Parameter Conditions Min Typ 

1/t pM Crystal Frequency Note 1 3.579545 

1ltosc OSCOUT Frequency 3.579545 

tRM Rise Time OSCOUT Output CL ~ 50 pF, 1 LSTIL Load 

tFM Fall Time OSCOUT Output CL = 50 pF, 1 LSTIL Load 

tR Rise Time CLKx• CLKR CL = 50 pF, 1 LSTIL Load 

tF Fall Time CLKx, CLKR CL = 50 pF, 1 LSTIL Load 

tRDX Rise Time Receive Data Output (DR) CL = 50 pF, 1 LSTIL Load 

tFDX Fall Time Receive Data Output (DR) CL = 50 pF, 1 LSTIL Load 

tpWNS Set-Up Time from C1 Valid to C2 Low Power-Down/Power-Up Transition (Figure 4) 300 

tpwNH Hold Time from C2 Low to C1 Power-Down/Power-Up Transition 300 
Invalid 

tTCE Delay Time from RTS, TXE, or ATE (Figure 5) 0.1 
Low to Transmit Carrier Enabled 

tTCD Delay Time from RTS, TXE, or ATE 0.1 
High to Transmit Carrier Disabled 

FORWARD CHANNEL 

tCTSLF Delay Time from RTS Low (Figure 5) BR = 1200 or 600 Bit/s 33.3 
to CTS Low 

tCTSHF Delay Time from RTS High 0.1 
to CTS High 

tCDONF Carrier Detector Acquisition Time 1300 Hz Tone 15 

tCDOFFF Carrier Detector Release Time 12 

BACKWARD CHANNEL 

tCTSLB Delay Time from RTS Low (Figure 5) BR = 5 or 75 Bitts 133 
to CTS Low BR= 150 Bit/s 66.7 

tCTSHB Delay Time from RTS High 0.1 
to CTS High 

tCDONB Carrier Detector Acquisition Time 390 Hz Tone 50 

tCDoFFB Carrier Detector Release Time 48 

Note 1: Crystal parameters Rss1500, L=100 mH, CM=O.02 pF, Ch=5 pF. 

TABLE I. CARRIER FREQUENCY ACCURACY 

Output 
Standard FSK Frequency USing % Deviation 
Frequency (Hz) 3.579545 MHz from Standard 

Crystal (Hz) 

1200 bitls FH1 1300 1300.71 0.05 
FHO 2100 2100.67 0.03 

CCITT 600 bltls FH1 1300 1300.71 0.05 
V23 FHO 1700 1701.30 0.08 

75 bit/s FL1 390 389.76 -0.06 
FLO 450 450.14 0.03 

1200 bitls FH1 1200 1199.58 -0.04 
FHO 2200 2204.15 0.19 

150 bit/s FL1 390 389.76 -0.06 
FLO 490 490.08 0.02 

BELL 5 bit/s FL1 387 389.76 0.71 
202 FLO - - -

Answer Tone 2025 2024.63 -0.02 

Soft Carrier 900 900.29 0.03 
Turn-Off Tone 
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Transmission Performance 

Symbol ' Parameter Conditions 

TRANSMITTER 

Dtx Maximum Delay 
from Transmit Data 
Input (Dx) to.Transmit 
Carrier Frequency 
Change 

Eox Out-of-Band Energy F ~ 3.4 kHz (see Figure 3) 
Referred to Carrier F~8 kHz 
Level 

RECEIVER 

SR Input Signal Level 

ThcD Carrier Detect - THRESHOLD ADJUST = Vcc (+ 5V) ON 
Threshold OFF 

- THRESHOLD ADJUST = GND (OV) ON 
(TP33201TP3321 ) OFF 

- THRESHOLD ADJUST = Vss (- 5V) ON 
(TP3320/TP3321) OFF 

HCD Carrier Detect Measured from ThcD ON to ThcD OFF 
Hysteresis 

FORWARD CHANNEL 

IDF Peak Intersymbol Back-to-Back Over Input Signal Range 
Distortion -6dBmto -43dBm 
(Isochronous ± Bias) 511-Bit Test Pattern BR= 1200 Bitts 

BR = 600 Bitts 

BERF Bit Error Rate Back-to-Back over a Flat Line with Additive 
300 Hz - 3400 Hz Flat Noise-
Receive Signal Level: - 6 dBm to- 43 dBm 
511-BitTest Pattern S/N=7dB 

S/N=10dB 

BACKWARD CHANNEL 

IDs Peak Intersymbol Back-to-Back Over Input Signal Range 
Distortion - 6 d Bm to - 43 d Bm BR = 150 Bitts 
(Isochronous ± Bias) 511-Bit Test Pattern BR = 75 Bitts 

BER~ Bit Error Rate Back-to-Back over a Flat Line with A,.dditive 
300 Hz - 3400 Hz Flat Noise-
Receive Signal Level: -6dBmto -43dBm 
511-BitTest Pattern S/N=-2dB 

SIN = 1 dB 
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Min Typ Max Units 

4 itS 

"-40 dB 
.... 60 dB 

-6 dBm/600n 

-43 dBm 
-48 dBm 

-38 dBm 
-43 dBm 

-33 dBm 
-38 dBm 

2 5 dB 

10 % 
6 % 

10- 3 

10- 5 

6 % 
6 % 

10- 3 
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Connection Diagrams 

Dual·ln·Llne Package 

TC Vee 
RIS (1) 

RC hE (2) 
I:fS(l) CD 

CLKx (2) 

Ox TP3310 DR 

GND TP3311 Vaa 

CLKR C2 

XTAL1/CLK Cl 

XTAL2 

TOP VIEW 

(1) TP3310 

(2) TP3311 

CO 

TLlH/5025·' 

Order Number TP3310J or TP3311J 
NS Package Number J16A 

Order Number TP3310N or TP3311 N 
NS Package Number N16A 

Functional Description 
POWER·UP AND INITIALIZATION 

When power.ls first applied, power·on reset circuitry in· 
itializes the MODEM and places it into the' power·up mode. 
In applications where transmission toward the telephone 
line is not continuous, and where power consumption 
needs to be low, the MODEM can be powered down using 
control inputs C1 and C2. (See Figure 4.) 

In the power·down mode, all nonessential circuits are de· 
activated, and analog output TC is grounded. Outputs DR, 
CTS and CD are put in a high impedance state. External 
clocks OSCOUT, CLKx and CLKR remain in a low imped· 
ance high or low state. 

TRANSMITIER 

The transmitter consists of a digitally controlled fre· 
quency modulator followed by a transmit switched capac­
itor filter and a postfilter (Figure 1). It converts the digital 
Information received from a UART or from a DTE into a fre­
quency modulated sine·wave (Figure 2). The output power 
amplifier can directly drive a transformer or DAA coupler 
to the telephone line. 

In order to avoid generating unwanted frequency com­
ponents and to minimize bit length distortion, the 
modulator maintains phase continuity when switching 
between the two carrier frequencies. 
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Dual·ln·Llne Package 

TC vee 

RTS(3) 
RC fiE (4) 

CTS (3) CD srE" (4) 

Ox DR 

GND .VaB 

ATE THRESHOLD 
ADJUST 

CLKx DSCDUT 

CLKR C2 

XTAL1/CLK Cl 

XTAL2 CO 

TOP VIEW 

TLlH/5025·2 

(3) TP3320 

(4) TP3321 

Order Number TP3320J or TP3321J 
NS Package Number J20A 

The transmit filter and the postfilter attenuate any un· 
wanted frequency created by the modulation process, so 
that the level of spurious out·of·band signals trarismitted 
to the telephone line is maintained below the limits of FCC 
and CCID specifications (see Figure 3). 

The frequency assignments for the three standards are 
also shown in Figure 3 and in Table II. The telephone 
channel bandwidth is divided into a forward channel on 
which transmission occurs at 1200 bitls or 600 bitls, and 
a backward channel on which transmission is at a lower 
rate: 75 bitls for the CCID V23 standard and 5 or 150 
bitls for the BELL 202 standard. 

On a two·wire line, the only operating mode Is half·duplex 
with split baud rates: when the MODEM transmits at 
1200 bitls or 600 bitls on the forward channel, it receives at 
150 bitls, 75 bitls or 5 bitls on the backwara channel; when 
it transmits at 150 bit/s, 75 bit Is or 5 bltls on the backward 
channel, It receives at 1200 bit Is or 600 bit Is on the forward 
channel. 

On a four·wire line, the MODEM can also operate in full· 
duplex mode at·600 bitls or 1200 bitls In both directions. 

Table II shows how to program control Inputs CO, C1 and. 
C2 to select the standard and the operating mode. 
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Functional Description (Continued) 

RTS/CTS DELAY 

TP3310/TP3320: When the request to send input (RTS­
pin 2) is asserted low by the DTE (data terminal 
equipment), the MODEM enables the transmit carrier out­
put and prepares itself to transmit data. After a fixed delay 
has been timed out (teTsLF or teTsLs according to the chan­
nel processed by the transmitter), it pulls down pin 3 (CTS) 
in order to indicate to the DTE that it is ready to transmit 
data-data input Dx remains internally clamped to mark 
(logical 1) as long as CTS (clear to send) is high . 

DATA INPUT ------
(Ox) 

TP3311/TP3321: These devices do not provide an Internal 
delay before the carrier can be modulated. When input 
TXE is pulled low by the DTE the MODEM enables the TC 
output directly. The carrier frequency is Immediately deter­
mined by the data at input Dx. Any delay required to allow 
the remote MODEM to acquire the carrier must be provid­
ed externally. 

TRANSMIT \ f\ 1\ 1\ 1\ f\ 1\ 1\ f\ 1\ f\ 1\ r 
CARRIER (TC) \J V~\TVVV\J V V V 

FB1 FBO 

BACKWARD 
CHANNEL 

FF1 FFO 

FORWARD 
CHANNEL 

FIGURE 2. Transmitted Signal 

TRANSMIT 
CARRIER LEVEL 

-20 r-

2 3.4 

I 

\ 

-40 _____ r.;~~~ 

TLlH/5025·4 

64 256 kHz 
I . I I 

-60 
dBr 

___________ ~II I",', I 1~'''''''''t1LLi.""""""w.u.~1~ 
TLlH/5025·5a TL/H/5025·5b 

FIGURE 3. Frequency Assignments Maximum Level of Out·of·Band Energy, 
Relative to the Unmodulated Transmit Carrier Level 

TABLE II. OPERATING MODE AND STANDARD SELECTION 

Modulation 
XMT Freq RCV Freq 

CLKx CLKR 
Operating Speed Freq Freq 

Mode 
C2 C1 CO Standard (Bauds) (Hz) (Hz) 

(x 16 (x 16 
XMT RCV 1 0 1 0 Hz) Hz) 

GND GND 
CCITIV23 

1200 75/150· 1300 2100 390 450/490' 1200 75/150· 
Vee GND 

1200 bitls 
75/150· 1200 390 450/490· 1300 2100 75/150· 1200 

Vss GND 1200 1200 1300 2100 1300 2100 1200 1200 

GND Vee CCITIV23 
600 75/150· 1300 1700 390 450/490· 600 75/150· 

Vee Vee 600 bitls 
75/150· 600 . 390 450/490· 1300 1700 75/150· 600 

NORMAL' GND Vss Vee 600 600 1300 1700 1300 1700 600 600 

GND Vss BELL 202 
1200 5 1200 2200 387 0 1200 75 

Vee Vss Mode 1 
5 1200 387 0 1200 2200 75 1200 

Vss Vss 1200 1200 1200 2200 1200 2200 1200 1200 

Vee 
Vss GND BELL 202 150 1200 390 490 1200 2200 150 1200 
Vss Vee Mode 2 1200 150 1200 2200 390 490 1200 150 

GND GND CCITIV23 1200 1200 1300 2100 1300 2100 1200 1200 
Vee GND 1200 bitls 75/150· 75/150· 390 450/490· 390 450/490· 75/150· 75/150· 

GND Vee CCITIV23 600 600 1300 1700 1300 1700 600 600 
SELF-TEST Vee Vee Vee 600 bitls 75/150· 75/150· 390 450/490· 390 450/490' 75/150· 75/150· 

GND Vss 1200 1200 1200 2200 1200 2200 1200 1200 
Vee Vss BELL 202 5 5 387 0 387 0 75 75 
Vss Vss 1200 1200 1200 2200 1200 2200 1200 1200 

*TP3320 or TP3321 only. 75 Bauds and 450 Hz are selected when ATE Is low (GND). 150 Bauds and 490 Hz are selected when AfE Is high (Vee). 
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Functional Description (Continued) 

RECEIVE FILTERS 

The signal delivered by the hybrid to the receive carrier 
input is a mixture of transmitted signal, received signal 
and noise, with a level in the range from - 48 dBm/600n to 
- 6 dBm/600n. ' 

An antialias filter is inserted at the input of the receive sec­
tion to remove any high frequency noise component be­
fore sampling occurs. 

Depending on the operating mode, the receive switched 
capacitor band·pass filter selects the frequency band of 
the main channel or of the backward channel. It rejects 
out·of·band transmission noise components and undesir· 
able adjacent channel echo signals which can be fed from 
the transmit section into the receive section when the 
MODEM operates on a two·wire line. Equalization is in· 
cluded in order to assure low bit error rate and low bit 
length distortion when connected to a telephone line. 

At the input to the demodulator, a limiter and an associ· 
ated auto·zero circuit remove any amplitude modulation 
and any offset which could bias the demodulator toward a 
1 or a 0 output. The demodulat!Jr converts the FSK modu· 
lated signal back into digital data at the DR output. 

CARRIER DETECTOR 

The carrier detector monitors the level of the receive sig· 
nal. To prevent transmission of erroneous data toward the 
data terminal, receive data output DR is clamped to 1 when 
the carrier falls below the receive threshold level. When· 
ever valid signals are being received at the input of the 
demodulator and are acceptable for demodulation, output 
pin CD is pulled down and the DR output is enabled. A 
delay is timed out before the carrier received or carrier lost 
signal changes CD to provide immunity against noise 
bursts. The MODEM also provides at least 2 dB of hyster· 
esis between the carrier ON and the carrier OFF thresh­
olds. These thresholds are normally ON by - 43 dBm and 
OFF by - 48 dBm for switched telephone network opera· 
tion; but two additional sensitivities (- 33 dBm/- 38 dBm 
or - 38 dBm/- 43 dBm) can also be selected when the 
TP3320 or the TP3321 is used through digital control in· 
put THRESHOLD ADJUST. 

SOFT CARRIER TURN·OFF (BELL 202 STANDARD) 

When RTS is turned off at the end of a message, transients 
may occur and cause erroneous data to be received at a 
remote MODEM. To prevent this spurious effect, the 

transmitting MODEM can generate a 900 Hz soft carrier 
turn·off tone at the end of the message, under external 
control (TP3320 and TP3321 only). 

On the TP3320, the soft carrier turn·off tone Is controlled 
by ATE (pin 6-active low) and RTS (pin 2). On the TP3321, It 
is controlled by STE (pin 3-active low). 

BAUD RATE CLOCKS 

The TP3320, the TP3321 and the TP3311 provide two 
baud rate clocks, CLKx and CLKR, which can be used to 
synchronize the transmit and the receive sections of a 
UART. The frequency of each of these clocks (75 x 16 Hz, 
150 x 16 Hz, 600 x 16 Hz or 1200 x16 Hz) is internally ad­
justed so that it corresponds to the baud rate for the asso· 
ciated direction. When 5 baud is selected, the frequency 
becomes 75 x 16 Hz. 

Only one of the baud rate clocks (CLKR) is available on the 
TP3310. 

OSCILLATOR OUTPUT (TP3320 or TP3321) 

The buffered master clock (3.579545 MHz) is made avail· 
able at 'output OSCOUT. It can be used as a clock for a 
DTMF tone generator or for a microprocessor. The oscil­
lator runs continuously while the MODEM is powered up. 

SELF·TEST 

The self·test mode allows the user or the DTE to verify that 
the MODEM operates properly. It can be selected by con­
trol inputs CO, C1 and C2, as shown in Table II. In the seU­
test mode, the transmit carrier output is looped back to 
the receive carrier input through an internal attenuator 
while still providing the modulated carrier to output pin 
TC. The receive filters and the demodulator are configured 
to process the same channel as the transmit section. 
Transmitted signals are still controlled by CO, C1 and by 
data input Ox. Baud rate clocks CLKx and CLKR provide 
the same baud rate to the transmit and the receive sections 
of an externai UART (75 x 16 Hz, 150 x 16 Hz, 600 x 16 Hz or 
1200 x 16 Hz). 

POWER·DOWN/POWER·UP 

To power·down the MODEM, C1 must be set to a low (GND) 
level and a falling edge applied at C2. To power·up the 
MODEM, C1 must be set to a high (Vcc) level and a falling 
edge applied at C2 (see Figure 4). 

:::~~~~~~ 
GND ___ 01. -

MODE POWER·UP I 
NORMAL OR SELF·TEST MODE PDWER·DOWN POWER·UP I 

NORMAL MODE 

FIGURE 4. Power·Down/Power-Up Sequence 
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,... 
N Pin Descriptions C") 
C") 
D.. 
~ TP3310 TP3320 TP3310 TP3320 

.... TP3311 TP3321 Name Function TP3311 TP3321 Name Function 
0 Pin No. Pin No. Pin No. Pin No. 
N TC Transmit carrier output 6 ATE This is a dual function C") 
C") of the modulator. The control pin. When the 

D.. nominallel(el of the MODEM operates in 

I- FSK modulated carrier BELL 202 modes 1 or 2 
is 6 dBm into a 600n (see Table II), this pin .,... load (2.19V peak). becomes the Answer ,... 

2 2 RTS TP3310/TP3320 only. Tone Enable control in-
C") Request To Send input. put of an internal tone 
C") 

When this pinis generator. The tone 
D.. 
I- asserted low by the level at TC output is 

DTE, the MODEM 6 dBm into 600n (2.19V 
.... enables the transmit peak). 

0 carrier output and -When ATE is pulled ,... 
C") prepares itself to low while RTS is low, 
C") transmit data. After a a 2025 Hz answer 
D.. fixed delay has· been tone is transmitted. 

I- timed out, it pulls down -When ATE is pulled 
pin 3 (CTS) in order to low while RTS is 
indicate to the DTE high, a 900 Hz soft 
that it is ready to trans- carrier turn-off tone 
mit data. is transmitted. 

TXE TP3311/TP3321 only. When the MODEM 
Transmit Carrier operates in the CCITT 
Enable input-active V23 mode this pin 
low. becomes the backward 

3 3 CTS TP3310/TP3320 only. channel bit-rate 
Clear to send output control. 
from the MODEM to -When ATE is low, 
the DTE-a low level 75 bitls is selected. 
on this pin indicates -When ATE is high, 
that the MODEM is 150 bitls is selected 
ready to transmit data. (see Table II). 

CLKx TP3311 only. 3 7 CLKx This output provides a 
Transmit baud rate (TP3311 TTL compatible clock 
clock output. only) signal which can be 

STE TP3321 only. used to synchronize 
Soft carrier turn-off the transmit section of 
tone enable input- a UART. The clock fre-
active low. quency is 16 times the 

4 4 Ox Transmit data input. baud rate of the trans-
This pin accepts serial mit section (1200 x 
binary data from the 16 Hz, 600 x 16 Hz, 
DTE. 150x16 Hzor75x 

5 5 GND This pin should be con- 16 Hz, depending on 
nected to ground. All the operating mode). In 
digital and analog 5 baud mode this fre-. 
signals are referenced quency is 75 x 16 Hz. 

to this input. 
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Pin Descriptions (Continued) 

TP3310 TP3320 TP3310 TP3320 
TP3311 TP3321 Name Function TP3311 TP3321 Name Function .... 
Pin No. Pin No. Pin No. Pin No. 

6 8 ClKR This output provides a 14 OSCOUT Buffered master clock 
TTL compatible clock output (3.579545 MHz). 
signal which can be - 15 THRESH- This digital input 
used to synchronize OLD selects the sensitivity .... 
the receive section of a ADJUST of the carrier detector, 
UART. The clock fre- see Transmission 
quency is 16 times the Performance. 
baud rate of the receive 12 16 VBB Negative power supply 
section (75 x 16 Hz, pin. The recommended 
150 x 16 Hz, 600 x 16 Hz input is - 5V ± 5%. 
or 1200 x 16 Hz, de-

DR Receive data output of ... 13 17 pending on the operat-
the demodulator. The ing mode). When In 5 
demodulated data is bauds the frequency is 

~ delivered to the DTE 75x 16 Hz. . through this pin. In 
7 9 XTAl1/ On-chip oscillator in- order to avoid trans· 

ClK put-XTAl1/ClK is the mission of erroneous 
input of a high gain data toward the data 
amplifier/inverter terminal, an internal 
which oscillates when switch clamps DR to 1 
it is connected to an when the carrier level 
external 3.579545 MHz falls below the receive 
TV color-burst crystal. threshold level. 
No other external 

14 18 CD Carrier Detect output. components are 
This output pin is necessary. An external 
pulled down whenever 3.579545 MHz clock 
valid signals are being signal can be applied 
received at the analog to input XTAl1/ClK. 
input of the MODEM 

8 10 XTAL2 Output of the on-Chip (RC) and are accept-
oscillator high gain able for demodulation. 
inverter. . 15 19 RC Receive Carrier input to 

9 11 CO This input, C1 and C2 the MODEM. The FSK 
select the mode and modulated signal 
standard in which the received from the 
MODEM operates. telephone line is 
Table II summarizes applied to this pin. The 
the various operating input level dynamic 
modes. range is from I 

10 12 C1 This input, CO and C2 - 6 dBm/600[} to 
select the mode and - 48 dBm/600n. 
standard in which the 16 20 Vee Positive power supply 
MODEM operates. pin. The recommended 
Table II summarizes input is 5V ± 5%. .. 
the various operating 
modes. 

11 13 C2 This input, CO and C1 
select the mode and 
standard in which the 
MODEM operates. 
Table II summarizes 
the various operating 
modes. 
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Timing Diagrams 
Transmit Side 

iifS 1---.... 
REQUEST TO 

SEND 

TC 
TRANSMITTED 1---~~~l..f-Il..f-I~-H+fHHHHHH-1H-iH-lH-iI-i------

CARRIER 

CTS 
CLEAR TO SEND 

.-tCTSLF-1 -tCTSHFi 

;----

TLiH/5025·7 

Receive Side 

-43 dBm /-------..-jIf-JH-lfl-ll-HfH'f-I ....... I-f.._,..------------
-48dBm /-----=-HHI-H~~~~~~~~~~~r_-------­

RC 
RECEIVED t+i1-H~H-i'-Hf+iI_f_l-l-fI_f_l+-f-f-f+-t-+-t--f+I_I_I_I_t-+I_IfII_#_iI_f_lH_ll_Hl_Hl_Hf+lc_I_+_r_ 

CARRIER 

tCOONF~ 

W~-------------------. CARRIER 
DETECTED 

Tl/H/5025·B 

FIGURE 5_ Interface Timing Diagrams 

Applications Information 
To realize a low cost data terminal, the MODEM can be In­
terfaced with a UART and a microprocessor as shown in 
Figures 6 and 7. The operating mode is controlled by the 
microprocessor. No external baud rate generator is needed. 

An active hybrid with level adjust may be realized by two 
operational amplifiers and a few resistors. This arrange­
ment enables the MODEM to transmit over one channel 
while receiving data from the adjacent channel. No external 

Transmit Level 
dBm/600n 

0 
-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
-10 
-11 
-12 

filtering is normally necessary. A 150 pF capacitor can 
be connected across R2 in Figure 7 to provide an addi­
tional10 dB rejection above 50 kHz if required. 

The transmit level can be adjusted by resistor R1. The 
maximum level allowed on the telephone line by most 
telephone companies is 0 dBm/600n.The transmit level 
is usuallY made adjustable between 0 dBm/600n and 
-12 dBm/600a. Table III gives the correspondence be­
tween the transmit level and the programming resistor 
value. 

TABLE III 

Programming Resistor R1 
kn 

47 
53 
59 
66 
75 

' 84 

94 
105 
118 
130 
150 
167 
187 
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Z 
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TC ~ ill RfS 

CfS 
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CTS 
THRESHOLO 

~ XTALl ADJUST 
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ADDRESS AD 

..01 BUS ... A1 RLSO 
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EA 
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12 
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XTAL1/CLK XTAL2 
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~ 

OFF-HOOK 

RING INDICATOR 

TUHf5025-10 

FIGURE 6. Interfacing the TP3320 with a Microprocessor 
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02 
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""----=-I~I DO 

MODEM 
TP3321 

-5V 

rA;;:E ~R;- - - --, 
WI:~J~~~EL RZ I 

47k I 
I 
I 
I 
I 

THRESHOLD 15 
ADJUST 

I 
I 
I 
I 

OTMF 
TP50BB 

19 

':'1 

I 
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R5 
47k 
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I 
I 
I 

___ J 

0.1 

TONE 14 
OUTt-..... ---· 

Vee 5V R7 

P151------~~ITONE ENABLE VSSt-----. 

INTERFACE 
TO 

TELEPHONE LINE 
(D.A.A. OR 

. TRANSFORMER) 
OH RI 

P16~------------..... -------------~ 

LINE 

GND P171 .. ------------~---------------~ RING INDICATOR 
TLIHI502~~ 

* Transmit gain adjustment 

FIGURE 7. Interfacing the TP3321 and a Tone Generator with the NS455 Terminal Management Processor 
(The TMP Includes a UART with split baud rate capability.) 
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~National 
~ Semiconductor 

PRELIMINARY 

TP5087/TP50921TP5094/TP5380 
DTMF (TOUCH-TONE®) Generators 

General Description 
These Tone Dialers are low threshold voltage, field-im­
planted, metal gate CMOS integrated circuits. The 
devices interface directly to a standard telephone 
keypad and generate all dual tone multi-frequency pairs 
required in tone-dialing systems. The tone synthesizers 
are locked to an on-chip reference oscillator using an in­
expensive 3.579545 MHz crystal for high tone accuracy. 
The crystal and an output load resistor are the only ex­
ternal components required for tone generation. A 
MUTE OUT logic signal, which changes state when any 
key is depressed, is also provided. 

Block Diagram 

3,579545 MHz 

C1 
C2 

C3 
C4 ' KEY 

SCAN 
AND 

1 2 3 A R1 DECODE 

6 B R2 

9 C R3 

* 0 # 0 R4 

Features 
• 2.5V-10V operation when generating tones (TP5380) 

a 2V operation of keyscan and MUTE logic 

• Powered directly from telephone line 
• Interfaces with standard single-contact or 2-of·8 tele-

phone keypad 

• Static sensing of key closures 
• On-chip 3.579545 MHz crystal-controlled oscillator 
II On-chip regulation of tone amplitudes 
II High group and low group tones generated and mixed 

internally 
Ell High group pre-emphasis 
III Low harmonic distortion 

• Open emitter·follower low-impedance output 
II SINGLE TONE INHIBIT pin 

TONE 
ENABLE 

(NOT ON 5087) Voo 

TONE OUTPUT 

XMTSW 
(TP5087 ONLY) 

MUTE OUTPUT 

FIGURE 1. TP5087 Family 
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Absolute Maximum Ratings 
SupplyVoltage(Voo - Vss) 
Maximum Voltage at Any Pin 

Operating Temperature 

Storage Temperature 

Maximum Power Dissipation 

15V 

Voo + 0.3V to Vss - 0.3V 

- 30°C to + 60°C 
- 55°C to + 150°C 

500mW 

Electrical Characteristics T A within operating temperature range, 3.5V< Voo < 10V unless otherwise stated. 

Parameter Conditions Units 

TP5087,TP5092,TP5094 

Minimum Supply Voltage Swing, Voo (min) Generating Tones 3.5 V 

Output Amplitudes RL=2400 
Low Group TP5087, TP5094 400 mVrms 

TP5092 450 mVrms 
High Group TP5087, TP5094 540 mVrms 

TP5092 620 mVrms 

Mean Output DC Offset, Vos Vo=3.5V 1.3 V 
Voo= 10V 4.6 V 

TP5380 

Minimum Supply Voltage Swing, VOO(mln) Generating Tones 2.5 V 

Output Amplitudes RL= 1000 
Low Group 170 mVrms 

High Group 230 mVrms 

Mean Output DC Offset, Vos Voo =2.5V 0.7 V 

Voo= 10V 2.5 V 

ALL PARTS 

Minimum Supply Voltage for Keysense 2 V 
and MUTE Logic Functions 

Operating Current 
Idle RL=open, 20 p.A 
Generating Tones Voo= 3.5V 2 mA 

Input Pull·Up Resistors I 

COLUMN and ROW (Pull·Down) 40 kO 
SINGLE TONE INHIBIT 50 kO 
TONE ENABLE 50 kO 

MUTE OUT Sink Current Voo=3V 0.5 mA 
(COLUMN and ROW Inactive) Vo=0.5V 

MUTE OUT Source Current Voo=3V 0.5 mA 
(COLUMN and ROW Active) Vo=2.5V 

High Group Pre·Emphasls 2.4 2.7 3.0 dB. 

Dual Tone/Total Harmonic Distortion Ratio 1 MHz Bandwidth 22 dB 

Start·Up Time (to 90% Amplitude) 
Voo~4V, RL~ 1500 

2 5 ms 

Note 1: Crystal Specifications: Parallel Resonant, Rss 1500, L= 100 mH, Co = 5 pF, C1 = 0.02 pF. 
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Connection Diagram Dual-In-Line Package 

Voo..!. 
TONE ENABLE 2 

(XMT SW ON TP5087) -
3 

eOL1-
4 

eOL2-

5 
eOL3-

Vss..!.. 

ose IN.2. 

8 
ose OUT-

u 

TOP VIEW 

~TONE OUT 

~:::SI~NG;;-;L-;=E-;TO;;-;N-:-::E-;';IN~H;-;;IB=IT 
14 
-ROW 1 

13 
r-ROW2 

12 
I--ROW 3 
11 

r-ROW 4 
10 

I--MUTE OUT 

~eOL4 

Order Number TP5087N, 
TP5092N, TP5094N or TP5380N 

See NS Package N16A 

Functional Description 
With no key inputs to the.device the oscillator is inhibited, 
the output transistor is pulled OFF and device current con­
sumption is reduced to a minimum. Key closures are 
sensed statically to ensure no modulation of the line when 
tones are not being generated. A valid key closure ac­
tivates the MUTE output, starts the oscillator and sets the 
high group and low group programmable counters to the 
appropriate divide ratio. These-counters sequence two 
ratioed-capacitor D/A converters through a series of 28 
equal duration steps per sine-wave cycle. On-chip regu­
lators ensure good stability o~ tone amplitudes with varia­
tions in supply voltage and temperature. The two tones are 
summed by a mixer amplifier, with pre-emphasis applied 
to the high group tone. The output is an NPN emitter­
follower requiring the addition of an external load resistor 
to Vss. This resistor facilitates adjustment of the signal 
current flowing from Veo through the output transistor. 

Pin Descriptions 
Veo (Piri 1): The positive voltage supply to the device, 
referenced to Vss. The collectors of the TONE OUT, and 
XMT SW transistors are also connected to this pin. 

Vss (Pin 6): This Is the negative voltage supply. 

OSCILLATOR (Pins 7 and 8): All tone generation timing is 
derived from the on·chip oscillator circuit. A low-cost 
3.579545 MHz A-cut crystal (NTSC TV color-burst) is 
needed between pins 7 and 8. Load capacitors and a feed­
back resistor are included on-chip for good start-up and 
stability. The oscillator stops when both COLUMN inputs 
and ROW inputs are sensed sequentially with no valid in­
put having been detected. The oscillator is also stopped 
when the TONE ENABLE input is pulled to logic low. 

ROWand COLUMN Inputs (Pins 3, 4, 5, 9, 11, 12, 13, 14): 
When no key is pushed, pull-up resistors are active on 
COLUMN inputs and pull-down resistors are active on 
ROW inputs. Column latches are ON and ready to store 
column key closures. After a key is pushed, therow pull­
down resistors cause a negative-true on COLUMN inputs 
which starts the oscillator and initiates tone generation. 
Negative-true logic signals simulating key closures can 
also be used. 
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TONE ENABLE Input (Pin 2): The TONE ENABLE input has 
an internal pull-up resistor. When this input is open or at 
'logic high, the normal tone output mode will occur. When 
this input is at logic low, the device will be in the inactive 
mode, tone output will be at an open circuit state. 

XMT SW Output (Pin 2 of TP5087 only): With no key in­
puts, this output is pulled high by the open emitter of an 
NPN transistor. Any key entry turns off this transistor by 
pulling its base to Vss. 

MUTE Output (Pin 10): The MUTE output is a conventional 
CMOS output that sinks current to Vss with no valid input 
and sources current from Veo when a valid key input is 
sensed. The MUTE output will switch regardless of the 
state of the SINGLE TONE INHIBIT input. 

SINGLE TONE INHIBIT Input (Pin 15): The SINGLE TONE 
INHIBIT input is used to inhibit the generation of other 
than valid tone pairs due to multiple row-column closures_ 
It has a pull-up resistor to V~o, and when left open or tied to 
Voo, single or dual tones may be generated in accordance 
with Table II. When forced to Vss, any input situation that 
would normally result in a single tone will now result in no 
tone, with all other chip functions operating normally. 

TONE OUT (Pin 16): This output is the open emitter of an 
N.PN transistor, the collector of which is connected to Voo-
When an external' load resistor is connected from TONE 
OUT to Vss, the output voltage on this pin is the sum of the 
high and low group sine-waves superimposed on a DC off­
set. When not generating tones, this output transistor is 
turned OFF to minimize the device idle current. 

Applications Information 
Adjustment of the emitter load resistor results in variation 
of the mean DC current during tone generation, the sine­
wave signal current through the output transistor, and the 
output distortion. Increasing values of load resistance 
decrease both the signal current and distortion, while in­
creasing the source impedance of the device as seen from 
its power supply terminals. Note that the DTMF generator 
is a ciJrrent source which modulates its own supply ter­
minals in a conventional telephone application. 



TABLE I. OUTPUT FREQUENCY ACCURACY 

Tone Valid Standard Tone Output % Deviation 
Group Input DTMF(Hz) Frequency from Standard 

Low R1 697 694.8 -0.32 
Group R2 770 770.1 +0.02 

fL R3 852 852.4 +0.03 
R4 941 940.0 -0.11 

High C1 1209 1206.0 -0.24 
Group C2 1336 1331.7 -0.32 

fH C3 1477 1486.5 +0.64 
C4 1633 1639.0 +0.37 

TABLE II. FUNCTIONAL TRUTH TABLE 

SINGLE TONE TONE 
ROW COLUMN 

Tones 
MUTE INHIBIT ENABLE Low High 

X 0 X X OV OV 0 
X X O/C O/C OV OV 0 
X 1 One One fL fH 1 
1 1 2 or More One - fH 1 
1 1 One 2 or More fL - 1 
1 1 2 or More 2 or More Vas Vos 1 
0 1 2 or More One Vos Vos 1 
0 1 One 2 or More Vos Vos 1 
0 1 2 or More 2 or More Vos Vos 1 

Note 1: X Is don't care state. 

Note 2: vos Is the output offset voltage. 

Note 3: TONE ENABLE and SINGLE TONE INHIBIT have Internal pull·up resistors. 

Y+ ~~~ ~ - • A T 
Yoo 

I[ 
ose IN 

DTMF 
GENERATOR 

/ ose OUT ==4.7 nF > 5O I'F -I"" 

TONE 
~ OUTPUT 
~ 

:~RL" Yss 
Y- ... ~~ 

~ 

i ,... - ... -
* Adjust RL for desired tone amplitudes. 

FIGURE 2. Amplitude and Distortion Measurements for Conventional Telephone Applications 
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8 ~National 
~ ~ Semiconductor 

PRELIMINARY 

TP5088 DTMF Generator for Binary Data 

General Description 
This CMOS device provides low cost tone-dialing capabil­
ity in microprocessor-controlled telephone applications. 
4-bit binary data is decoded directly, without the need for 
conversion to simulated keyboard inputs required by 
standard DTMF generators. With the TONE ENABLE input 
low, the oscillator is inhibited and the device is in a low 
power idle mode. On the low-to-high transition of TONE 
ENABLE, data is latched into the device and the-selected 
tone pair from the standard DTMF frequencies is gener­
ated. An open-drain N-channel transistor provides a MUTE 
output during tone generation. 

Block Diagram 

3.579545 MHz 

03-+-+ 
02-+-+ 
01-+-+ 
00-+-+ 

SINGLE TONE ENABLE --1--.... 

DATA 
LATCHES 

GROUP SELECT-----' 

Features 
• 2.5V-15Voperation 
• Direct microprocessor interface 
• Binary data inputs with latches 
B Generates 16 standard tone pairs 

• On-chip 3.579545 MHz crystal-controlled oscillator 
• Better than 0.64% frequency accuracy 

• High group pre-emphasis 

• Low harmonic distortion 
• MUTE output interfaces, to speech network 

• Low power idle mode 

TONE 
ENABLE Voo 

1 

----+-- TONE OUTPUT 

MUTE I _ I _ 
LOGIC 'I MUTE OUTPUT 

L ______ _ -t J 

Vss 

FIGURE 1 
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Absolute Maximum Ratings 
SupplyVoltage(Voo - Vss) 15V Operating Temperature, TA - 300 e to + 600 e 
MUfEVoltage 15V Storage Temperature - 55°e to + 150 0 e 

Maximum Voltage at Maximum Power Dissipation 500mW 
Any Other Pin Voo + 0.3Vto Vss - 0.3V 

Electrical Characteristics TA within operating temperature range, Vss=OV, 3V < Voo < 10V unless 

otherwise stated. 

Parameter Conditions Min Typ Max Units 

Supply Voltage Generating Tones 3 12 V 

Supply Voltage for Data Input, 2.25 12 V 
TONE ENABLE and MUTE Logie Functions 

Operating Current 
Idle RL = 10 kO, 00-03 Open 100 p.A 
Generating Tones Voo=5V 2 mA 

Input'Pul\-Up Resistance 
00-03 100 kO 
TONE ENABLE 50 kO 

MUTE OUT Sink Current Voo=3V 0.5 mA 
(TONE ENABLE High) Vo=0.5V 

MUTE OUT Leakage Current Voo=3V 1 p.A 
(TONE ENABLE Low) Vo=OV 

Output Amplitudes R L = 1000 
Low Group 170 mVrms 
High Group 230 mVrms 

Mean Output DC Offset Voo =2.5V 1.0 V 

Voo= 10V 3.0 V 

High Group Pre-Emphasis 2.7 dB 

Dual Tone/Total Harmonic Distortion Ratio 1 MHz Bandwidth 20 dB 

Start-Up Time (to 90% Amplitude), tosc 4 ms 

Data Set-Up Time, ts (Figure 2) Voo=2V 300 ns 

Data Hold Time, tH 300 ns 

Note 1: Crystal Specification: Parallel Resonant 3.579545 MHz, Rs :5 1500, L = 100 mH, Co = 5 pF. C1 = 0.02 pF. 

\ 

Connection Diagram 

Dual-In-Line Package ., 

Voo..!. 
U 

.1!TONE OUT 

TONE ENABLE 2- ENC 

SINGLE TONE ENABLE;.! ~D3 
GROUP SELECT..! TP5088 ~D2 

Vss~ .!! 01 

ose IN...! l. DO 

OSC OUT.2. ~MUTE 

TOP VIEW 

Order Number TP5088N 
See NS Package N14A 
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Functional Description 
With the TONE ENABLE pin pulled high, the device is in a 
low power idle mode, with the oscillator inhibited and the 
output transistor turned off. Data on inputs DO-D3 Is ig­
nored until a rising transition on TONE ENABLE. Data 
meeting the timing specifications is latched in, the 
oscillator·and output stage are enabled, and tone genera­
tion begins. The decoded data sets the high group and low 
group programmable counters to the appropriate divide 
ratios. These counters sequence two ratioed-capacitor 
D/A converters through a series of 28 equal duration steps 
per sine wave cycle. On-chip regulators ensure good 
stability of tone amplitudes with variations in supply 
voltage and temperature. The two tones are summed by a 
mixer amplifier, with pre-emphasis applied to the high 
group tone. The output is an NPN emitter-follower requir-

. ing the addition of an external load resistor to Vss. 

Table I shows the accuracies of the tone output frequen­
cies and Table II is the Functional Truth Table. 

TABLE I. OUTPUT FREQUENCY ACCURACY 

Tone Standard Tone Output % Deviation 
Group DTMF (Hz) Frequency from Standard 

Low 697 694.8 -0.32 
Group 770 770.1 +0.02 

fL 852 852.4 +0.03 
941 940.0 -0.11 

High 1209 1206.0 -0.24 
Group 1336 1331.7 -0.32 

fH 1477 1486.5 +0.64 
1633 1639.0 +0.37 

Pin Descriptions 
voo (Pin 1): This is the positive supply to the device, 
referenced to Vss. The collector of the TONE OUT tran­
sistor is also connected to this pin. 
Vss (Pin 5): This is the negative voltage supply. 
Oscillator (Pins 6 and 7): All tone generation timing is 
derived from the on-chip oscillator circuit. A low cost 
3.579545 MHz A·cut crystal (NTSC TV color-burst) is 
needed between pins 6 and 7. Load capacitors and a feed­
back resistor are included on-chip for good start-up and 
stability. The oscillator is stopped when the TONE 
ENABLE input is pulled to logic low. 
JONE ENABLE Input (Pin 2): This input has an internal 
pull-up resistor. When TONE ENABLE is pulled to logic 
low the oscillator is inhibited and the tone generators and 
output transistor are turned off. A low to high transition on 
TONE ENABLE latches in data from DO-D3. The oscillator 
starts, and 'tone generation continues until TONE 
ENABLE is pulled low again. -
MUTE (Pin 8): This output is an open-drain N-channel 
device that sinks current to Vss when TONE ENABLE is 
low and no tones are being generated. The device turns off 
when TONE ENABLE is high. 
03,02,01, DO (Pins 9, 10, 11, 12): These are the inputs for 
binary-coded data, which is latched in on the rising edge of 
TONE ENABLE. Data must meet the timing specifications 
of Figure 2. At all other times these inputs are ignored and 
may be multiplexed with other system functions. 
TONE OUT (Pin 14): This output is the open emitter of an 
NPN transistor, the collector of which is connected inter­
nally to Voo. When an external load resistor is connected 
from TONE OUTto Vss, theoutputvoftageon this pin is the 
sum of the high and low group tones superimposed on a 
DC offset. When not generating tones, this output tran­
sistor is turned off to minimize the device idle current. 

TABLE II. FUNCTIONAL TRUTH TABLE 

Keyboard Data Inputs TONE TONES OUT 
MUTE Equivalent 03 02 01 DO ENABLE fdHz) fH(Hz) 

X X X X X 0 OV OV OV 
1 0 0 0 1 ----.r- 697, 1209 ole 
2 0 0 1 0 ----.r- 697 1336 ole 
3 0 0 1 1 ----.r- 697 1477 ole 
4 0 1 0 0 ----.r- 770 1209 ole 
5. 0 1 0 1 ----.r- 770 1336 ole 
6 0 1 1 0 ----.r- 770 1477 ole 
7 0 1 '1 1 ----.r- 852 1209 ole 
8 1 a 0 a ----.r- 852 1336 ole 
9 1 a 0 1 ~ 852 1477 ole 
0 1 0 1 0 ----.r- 941 1336 ole 
* 1 a 1 1 ----.r- 941 1209 ole 
# 1 1 0 0 ----.r- 941 1477 ole 
A 1 1 0 1 ----.r- 697 1633 ole 
B 1 1 1 0 ----.r- 770 1633 ole 
e 1 1 1 1 ----.r- 852 1633 ole 
D 0 a 0 0 ~ 941 1'633 ole 
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Timing Diagram Typical Application 

VREG • 

DATA IN, 03-00 

TONE ENABLE 

II[TIP 
RING 

TONE OUT 

FIGURE 2 FIGURE 3 
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PRELIMINARY 

TP5089 DTMF (TOUCH-TONE@) Generator 

General Description 
The TP5089 is a low threshold voltage, field·implanted, 
metal gate CMOS integrated circuit. It interfaces directly 
to a standard telephone keypad and generates all dual 
tone multi-frequency pairs required in tone·dialing sys· 
terns. The tone synthesizers are locked to an on-chip refer· 
ence oscillator using an inexpensive 3.579545 MHz crystal 
for high tone accuracy. The crystal and an output load 
resistor are the only external components required for 
tone generation. A MUTE OUT logic signal, which changes 
state when any key is depressed, is also provided. 

Block Diagram 

3.579545 MHz 

C1 
C2 

C3 

C4 
KEY 

SCAN 
AND 

A R1 DECODE 

4 B R2 

7 8 C R3 

* 0 D R4 

Features 
• 3V-10V operation when generating tones' 
• 2V operation of,keyscan and MUTE logic 
• Static sensing of key closures or logic inputs 
• On·chlp 3.579545 MHz crystal-contrOlled oscillator 

• Output amplitudes proportional to supply voltage 

• High group pre-emphasis 
• Low harmonic distortion 
• Open emitter·follower low·impedance output 

• SINGLE TONE INHIBIT pin 

TONE OUTPUT 

MUTE OUTPUT 

Vss 

FIGURE 1 
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I Absolute Maximum Ratings I 

Supply Voltage (Voo - Vss) 15V 
" 

Maximum Voltage at Any Pin Voo + 0.3V to Vss - 0.3V 
Operating Temperature - 30°C to + 60·0' 
Storage Temperature - 55·C to + 150·C 
Maximum Power Dissipation 500mW 

Electrical Characteristics TA within operating temperature range, 3V < Voo < 10V unless otherwise stated. 

Parameter Conditions Min Typ Max Units 

Minimum Supply Voltage for Keysense 2 V 
and MUTE logic Functions 

Operating Current 
Idle RL= 10 kO 20 /LA 
Generating Tones . Voo=5V 2 .mA 

Input Resistors 
COLUMN and ROW (Pull-Up) 40 kO 
SINGLE TONE INHIBIT (Pull-Down) 50 kO 
TONE DISABLE (Pull-Up) 50 kO 

MUTE OUT Sink Current Voo=3V 0.5 mA 
(COLUMN and ROW Active) Vo=0.5V 

Output Ampiitudes RL=2400 
low Group Voo=3V 250 mVrms 

Voo= 10V 850 mVrms 
High Group Voo=3V 315 mVrms 

Voo=10V 1000 mVrms 

Mean Output DC Offset Voo=3V 1.2 V 

Voo=10V 4.2 V 

High Group Pre-Emphasis 2.4 2.7 3.0 dB 

Dual TonelTotal Harmonic Distortion Ratio 1 MHz Bandwidth 22 dB 

Start-Up Time (to 90% Amplitude) 3 5 ms 

Note 1: Crystal Specification: Parallel Resonant 3.579545 MHz. Rs:S 1500, L = 100 mHo Co = 5 pF. C, = 0.02 pF. 

Connection Diagran:t Pin Descriptions 
Voo (Pin 1): This is the positive voitage suppiy to the de-
vice, referenced to Vss. The collector of the TONE OUT 
transistor is connected to this pin. 

Dual-In-Llne Package 
Vss (Pin 6): This is the negative voltage supply. 

Vee...!. 
U ~TONEOUT OSCilLATOR (Pins 7 and 8): All tone generation timing is 

derived from the on-Chip oscillator circuit. A low-cost 
2 15 3.579545- MHz A-cut crystal (NTSC TV color-burst) is TONE DlSABLE- -SINGLE TONE INHIBIT 

3 14 needed between pins 7 and 8. Load capacitors and a feed-
eOLl- -ROW 1 back resistor are included on-Chip for good start-up and 

4 
2!ROW 2 eOL2- stability. The oscillator stops when coiumn inputs are 

5 
2!.ROW 3 

sensed with no valid input having been detected. The 
eOL3- 'oscillator is aiso stopped when the TONE DiSABLE input 

Vss..!. ~ROW4 is pulled to logic low. 

ose IN2 
10_ 

Rowand Column Inputs (Pins 3, 4, 5,9, 11, 12, 13, 14): When ~MUTEOUT 

8 
.!...eOL 4 

no key Is pushed, pull-up resistors are active on row and 
ose OUT- coiumn inputs. A key closure is recognized when a single 

row and a single column are connected to Vss, which 
TOP VIEW starts the osclilator and initiates tone generation. Nega-

Order Number TP5089N 
tlve-true iogic slgnais simulating key ciosures can also be 

See NS Package N16A 
used. 
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Pin Descriptions (Continued) 

TONE DISABLE Input (Pin 2): The TONE DISABLE Input 
has an Internal pull-up resistor. When this Input Is open or 
at logic high, the normal tone output mode will occur. 
When TONE DISABLE input is at logic low, the device will 
be In the Inactive mode, TONE OUTPUT will be at an open 
circuit state. 

MUTE Output (Pin 10): The MUTE output Is an open-drain 
N-channel device that sinks current to Vss with any key in­
put and Is open when no key Input Is sensed. The MUTE 
output will switch regardless of the state of the SINGLE 
TONE INHIBIT input. 

SINGLE TONE INHIBIT Input (Pin 15): The SINGLE TONE 
INHIBIT input is used to Inhibit the generation of other 
than valid tone pairs due to multiple row-column closures. 
It has a pull-down resistor to Vss, and when left open or 
tied to Vss any Input condition that would normally result 
in a single tone will now result In,no tone, with all other 
functlbns operating normally. When tied to Voo, single or 
dual tones may be generated, see Table II. 

TONE OUT (Pin 16): This output Is the open emitter of an 
NPN transistor, the col/ector of which Is connected to Voo. 
When an external load resistor Is connected from TONE 
OUT to Vss, the output voltage on this pin is the sum of·the 
high and low group sine-waves superimposed on a DC off­
set. When not generating tones, thJs output transistor Is 
turned OFF to minimize the device idle current. 

Adjustment of the emitter load resistor results In variation 
of the mean DC current during tone generation, the sine­
wave Signal current through the output transistor, and the 
o~tput distortion. Increasing Values of load resistance 
decrease both the signal current and distortion. 

~unctional Description 
With no key Inputs to the device the oscillator Is inhibited, 
the output transistor Is pulled OFF and device current con­
sumption is reduced to a minimum. Key closures are 
sensed statically to ensure no modulation of the line when 
tones are not being generated. Any key closure activates 
the MUTE output, starts the oscillator and sets the high 
group and low group programmable counters to the ap­
propriate divide ratio. These counters sequence two 
ratioed-capacltor DIA converters through a series of 28 
equal duration steps per sine-wave cycle. The two tones 
are summed by a mixer amplifier, with pre-emphasis ap­
plied to the high group tone. The output is an NPN emitter­
follower requiring the addition of an external load resistor 
to Vss. This resistor facilitates adjustment of the signal 
current flowing from Voo through the output transistor. 

The amplitude of the output tones is directly proportional to 
the device supply voltage. 

TABLE I. OUTPUT FREQUENCY ACCURACY 

Tone Valid Standard Tone Output % Deviation 
Group Input DTMF(Hz) Frequency from Standard 

Low R1 697 694.8 -0.32 
Group R2 770 770.1 +0.02 

fL R3 852 852.4 +0.03 
R4 941 940.0 - 0.11 

High C1 1209 1206.0 -0.24 
Group C2 1336 1331.7 -0.32 . 

fH C3 1477 1486.5 +0.64 
C4 1633 1639.0 +0.37 

TABLE II. FUNCTIONAL TRUTH TABLE 

SINGLE TONE TONE 
ROW COLUMN 

Tones MUTE 
INHIBIT DISABLE. Low High 

X 0 X X OV OV 0 
X X O/C O/C OV OV 0 
X 1 One One fL fH 1 
1 1 2 or More One - fH 1 
1 1 One 2 or More fL - 1 
1 1 2 or More 2 or More Ves Ves 1 
0 1 2 or More One Ves Ves 1 

0 1 One 2 or More Ves Ves 1 
0 1 2 or More 2 or More Ves Ves 1 

Note 1: X Is don't care state. 

Note 2: Ves Is the output offset voltage. 

5-84 



Functional Description (Continued) 

r 1 
osc VDD ...c- IN 
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FIGURE 2. Typical Application 
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microCMOS 

TP5116A, TP5156A Monolithic CODECs 
General Description 
The TP5116A and TP5156A are monolithic PCM CODECs 
implemented with double-poly CMOS technology. The 
TP5116A is intended for wlaw applications and the TP5156A 
is for A-law applications. 

Each device contains separate D/A and AID circuitry, all 
necessary sample .and hold. capacitors, and internal 
auto-zero circuits. Each device also contains a precision 
internal voltage reference, eliminating the need for an 
external reference. There are no internal connections to 
pins 15 or 16, making them directly interchangeable with, 
CODECs using external refeience components. 

All devices are intended to be used with the TP3040 
monolithic PCM filter which provides the input anti­
aliasing function for the encoder and smooths the output 

Simplified Block Diagram 

of the decoder and corrects for the sin xIx distortion in­
troduced by the decoder sample and hold output. 

Features 
• Low operation power-40 mW typical 

• ± 5V operation 
• TTL compatible digital interface 
• Precision voltage reference on-chip 
• Internal sample and hold capacitors 
• Internal auto-zero circuit 
• TP5116A-wlaw coding (sign plus magnitude format) 

• TP5156A-A-law coding 
• Synchronous or asynchronous operation 

1+-+-- XMIT CLOCK 

.... --t-- XMITSYNC 

CONTROL .... --t-- ~~~~R 
.... --t-- RCV CLOCK 

.... --t-- RCV SYNC 

I+---t-- ~~~~~AL 

Connection Diagram 
Dual-In-Line Package 

XMIT CLOCK 

DIGITAL OUTPUT 8 

TOP VIEW 
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NC 

14 ANALOG GROUND 

13 ANALOG OUTPUT 

11 OIGITAL GROUND 

9 RCV SYNC 

Order Number TP5116AJ 
or TP5156AJ 

See NS Package J16S 



Absolute Maximum Ratings 
Operating Temperature - 25°C to + 125°C 
Storage Temperature - 65°C to + 150°C 
V + with Respect to DIGITAL GROUND 7V 
V + with Respect to V - 14V 
V- with RespecttoDIGITALGROUND -7V 
Voltage at Any Analog Input or Output V--O.3V to V+ +O.3V 
Voltage at Any Digital Input or Output GNDD-O.3V to V+ +O.3V 

DC Electrical Characteristics 
Unless otherwise noted TA = O°C to 70°C, V + = 5.0V ± 5%, V - = - 5.0V ± 5%. Typical characteristics are specified at 
V + = 5.0V, V - = - 5.0V and TA = 25°C. All digital signals are referenced to DIGITAL GROUND. All analog signals are refer-
enced to ANALOG GROUND. 

Symbol I Parameter I Conditions I Min I Typ I Max I Units 

DIGITAL INTERFACE 

II Input Current OV<VIN<V+ -10 10 p.A 

VIL Input Low Voltage 0.6 V 

VIH Input High Voltage 2.2 V 

VOL Output Low Voltage IOL=3.2 rnA 0.4 V 

VOH Output High Voltage IOH=6 rnA 2.4 V 

ANALOG INTERFACE 

"7 
·1 Analog Input Impedance Resistance In Series with 2 kn 

when Sampling Approximately 70 pF 

Output Impedance at Analog 10 20 n 
Output 

Analog Input Bias Current VIN=OV -0.1 0.1 p.A 

C1 DC Blocking Time Constant 4.0 ms 

DC Blocking Capacitor 0.1 p.F 

Input Bias Resistor 50 kO 

ER DI$SIPATION 

Operating Current, Vee 3.5 8.0 rnA 

Operating Current, VBB 3.5 8.0 rnA 

. Electrical Characteristics 
.3S otherwise noted, TA = 25°C, V + = 5.0V, V - = - 5.0V. The analog Input Is a 0 dBmO, 1.02 kHz sine wave. The DIGITAL 
T is a PCM bit stream generated by passing a 0 dBmO, 1.02 i-n,z sine wave through an Ideal encoder. All output levels are 
)( corrected. 

lol Parameter Conditions Min Typ Max Units 

Absolute Level The nominal a dBmO levels for the 
TP5116A is 1.227 Vrms and 1.231 
Vrms for the TP5156A. The resulting 
nominal overload level is 2.5V peak 
for all devices. All gain 
measurements for the encode and 
decode portions of the devices are 
based on these nominal levels after 
the necessary sin xix corrections are 
made. 

EGRA Receive Gain, Absolute TA=25°C, V + =5V, V- = -5V -0.125 0.125 dB 

. GRAT Absolute Receive Gain TA = O°C to 70°C -0.05 0.05 dB 
Variation with Temperature 
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AC Electrical Characteristics (Continued) 
Unless otherwise noted, TA = 25·C, V+ = 5.0V, V- = - 5.0V. The analog Input is a 0 dBmO, 1.02 kHz sine wave. The DIGITAL 
INPUT is a PCM bit stream generated by passing a 0 dBmO, 1.02 kHz sine wave through an ideal encoder. All output levels are 
sin xIx corrected. 

Symbol Parameter Conditions Min Typ Max Units 

GRAV Absolute Receive Gain V+ =5V ±5%, V- = -5V±5% -0.07 0.07 dB 
Variation with Supply Voltage 

GXA Transmit Gain, Absolute TA=25·C, V+ =5V, V- = -5V - 0.125 0.125 dB 

GXAT Absolute Transmit Gain TA = O·C to 70·C -0.05 0.05 dB 
Variation with Temperature 

GXAV Absolute Transmit Gain V+ =5V ±5%, V- = -5V ±5% -0.07 0.07 dB 
Variation with Supply Voltage 

GRAL Absolute Receive Gain CCITT Method 2 Relative to 
Variation with Level -10 dBmO 

o dBmO to 3 dBmO -0.3 0.3 dB 
- 40 dBmO to 0 dBmO -0.2 0.2 dB 
- 50 dBmO to - 40 dBmO -0.4 0.4 dB 
- 55 dBmO to - 50 dBmO -1.0 1.0 dB 

GXAL Absolute Transmit Gain CCITT Method 2 Relative to 
Variation with Level -10 dBmO 

o dBmO to 3 dBmO -0.3 0.3 dB. 
- 40 dBmO to 0 dBmO -0.2 0.2 dB 
- 50 dBmO to - 40 dBmO -0.4 0.4 dB 
- 55 dBmO to - 50 dBmO -1.0 1.0 dB 

S/D R Receive Signal to Distortion Sinusoidal Test Method Input 
Ratio Level 

- 30 dBmO to 0 dBmO 35 d 
-40 dBmO 29 c 
-45 dBmO 25 c 

S/Dx Transmit Signal to Distortion Sinusoidal Test Method Input 
Ratio Level 

- 30 dBmO to 0 dBmO 35 ( 

-40 dBmO 29 ( 

-45 dBmO " 25 ( 

NR Receive Idle Channel Noise DR = Steady State PCM Code 8 dE 

Nx Transmit Idle Channel Noise Tp5116A, VFx=OV 13 d~ 

(No Signaling) 
TP5156A, VFx=OV -66 dl 

PPSRx Positive Power Supply Input Level = OV, Vee = 5.0 VDe 50 
Rejection, Transmit + 200 mVrms, f = 1.02 kHz 

PPSRR Positive Power Supply DR = Steady PCM Corle, 40 
Rejectio.n, Receive Vee = 5.0 VDe + 200 mVrms, 

f = 1.02 kHz 

NPSRx Negative Power Supply Input Level=OV, Vee= -5.0VDe 50 
Rejection, Transmit + 200 mVrms, f = 1.02 kHz 

NPSRR Negative Power Supply DR = Steady PCM Code, 45 dl 
Rejection, Receive V Be = - 5.0 V De + 200 mVrms, 

f = 1.02 k'Hz 

CTXR Transmit to Receive Crosstalk DR = Steady PCM Code ~75 dB 

CTRX Receive to Transmit Crosstalk Transmit Input Level = OV 
TP5116A -70 dB 
TP5156A -65 dB 

(Note 1) 

Nota 1: Theoretical worst-case for a perfectly zeroed encoder with alternating sign bit, due 10 Ihe decoding law, 
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Timing Specifications Unless otherwise noted,TA= 0°Ct070°C, V+ - +5V±5%, V- = -5V± 5%.Alldlgital 
signals are referenced to DIGITAL GROUND and are measured at VIH and VIL as indicated In the Timing Waveforms . 

Symbol Parameter Conditions Min Typ 

FM MASTER CLOCK Frequency 1.5 2.048 

Fx,FA XMIT, RCV CLOCK Frequency 0.064 2.048 

PWCLK Clock Pulse Width MASTER, XMIT, RCV CLOCKS 150 

t AC ' tFC Clock Rise and Fall Time MASTER, XMIT, RCV CLOCKS 

tAs, tFS Sync Pulse Rise and Fall Time RCV, XMIT SYNC 

tACS, txcs Clock to Sync Delay RCV, XMIT 0 

txss XMIT SYNC Set·Up Time 150 

txoo XMIT Data Delay Load = 100 pF + 2 LSTTL Loads 

txop XMIT Data Present Load = 100 pF + 2 LSTTL Loads 

txor XMIT Data TRi·STATE® 

tSAC RCV CLOCK to RCV SYNC Delay 0 

tAOS RCV Data Set·Up Time 0 

tASS RCV SYNC Set·Up Time 150 

t AOH RCV Data Hold Time 100 

tXSL XMIT SYNC Low Time 64 kHz Operation 300 

tASL RCV SYNC Low Time 64 kHz Operation 17 

Nota 1: ACV SYNC must remain low for 17 cycles of MASTEA CLOCK. 

Timing Waveforms 

XMIT 
CLOCK 

XMIT 
SYNC ---...;If" 

72 kHz or Greater Operation 

~I~~!~~ ----'"'l __ ...I\. __ ...I\-__ J'-__ .I\-, __ "'-_ ......... r\-.._-J\-..._-J 

XMIT 
CLOCK 

XMIT---U 
SYNC 

64 kHz Operation 

=U=txSL 

~I~~~~ =1o......_A.CTI ___ ......... II-_ ...... LHl~ ___ _ 
RCV 

CLOCK 

RCV U SYNC 

DIGITAL 

=U=tRSL 

INPUT.i.--__ _ 
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Max Units 

2.1 MHz 

2.1 MHz 

ns 

50 ns 

50 ns 

ns 

ns 

200 ns 

200 ns 

150 ns 

ns 

ns 

ns 

ns 

ns 

(Note 1) 
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Description of Pin Functions 
Pin No. Name Function 

1 ANALOG INPUT ANALOGINPUT~thee~ 

coder. This signal will be 
sampled at the end of the 
encoder· time slot and the 
resulting PCM code will be . shifted out during the 
subsequent encode time 
slot. 

2 V+ 5V (± 5%) input. 

3 V- - 5V (± 5%) input. 

4 NC Unused. 

5 MASTER CLOCK MASTER CLOCK input 
used to operate the inter· 
nal encode and decode 
sequencers. Should be 
1.536 MHz, 1.544 MHz or 
2.048 MHz. 

6 XMITSYNC Encoder frame sync pulse. 
Normally occurring at an 
8 kHz rate, this pulse is 
nominally eight XMIT 
CLOCK cycles wide. 

7 XMITCLOCK Transmit bit clock input 
used to shift out the 
PCM data on DIGITAL 
OUTPUT. May operate 
from 64 kHz to 2.048 MHz. 
May be asynchronous with 
RCVCLOCK. 

8 DIGITAL OUTPUT Serial PCM TRI·STATE'" 
output from encoder. Our· .: 
ing the encoder time slot, 
the PCM code for the previ· 
ous sample of ANALOG 
INPUT is shifted out, most 
significant bit first, on the 
rising edge of XMIT 
CLOCK. 

Pin No. Name 

9 RCV SYNC 

10 RCV CLOCK 

11 DIGITAL GROUND 

12 DIGITAL INPUT 

13 ANALOG OUTPUT 

14 

15 

16 

ANALOG GROUND 

NC 

NC 

Function 

Decoder frame sync pulse. 
Normally occurring at an 
8 kHz rate, this pulse is 
nominally eight RCV 
CLOCK cycles wide. 

Receive bit. clock input 
used to shift in the 
PCM data .on DIGITAL 
INPUT. May operate from 
64 kHz to 2048 M Hz. May 
be asynchronous with 
XMITCLOCK. 

All digital levels refer· 
enced to the DIGITAL 
GROUND pin. 

. Serial PCM data input to 
the decoder. During the 
decoder time slot, PCM 
data is shifted into 
DIGITAL INPUT, most sig· 
nificant bit first, on the ris· 
ing edge of RCV CLOCK. 

ANALOG OUTPUT from 
the decoder. The decoder 
sample and hold amplifier 
is updated approximately 
15 ,.,.s after the end of the 
decode time slot. 

All analog signals are 
referenced to the ANALOG 
GROUND pin. 

Not connected. 

Not connected. 

ENCODING FORMAT AT DIGITAL OUTPUT 

TP5116A 
TP5156A 

A·Law 
Sign + Magnitude 

(Includes Even Bit Inversion) 

VIN = + Full·Scale 1 1 1 1 1 

VIN =OV {~ 0 0 0 0 
0 0 0 0 

VIN = - FuJl·Scale 0 1· 1 1 1 

Functional Description 
Approximately 4 Jl,S after the rising edge of the XMIT SYNC 
pulse, the voltage present on the ANALOG INPUT is 
sampled and the process of encoding that sample into' a 
PCM code is begun. Simultaneously, the 8·bit PCM code 
corresponding to the previous sample is shifted out of the 
DIGITAL OUTPUT, MSB first, on the rising edge of the next 
eight cycles of the XMIT CLOCK. When XMIT SYNC (which 
is normally eight XMIT CLOCK cycles long) goes low, the 
TRI·STATE® DIGITAL OUTPUT is returned to the high im­
pedance state. On the TP5116A, the PCM code is in a wlaw 
sign plus magnitude format. The TP5156A uses the stand· 
ard A·law coding. 

An 8-bit PCM code is shifted into DIGITAL INPUT on the 
rising edge of the first eight RCV CLOCK pulses after 
RCV SYNC goes high. RCV SYNC Is nominally eight RCV 
CLOCK cycles wide. Approximately 15 Jl,S after RCV 

1 

0 
0 
1 

1 1 1 0 1 0 1 0 1 0 
0 0 1 1 0 1 0 1 0 1 
0 0 0 1 0 1 0 1 0 1 

1 1 0 0 1 0 1 0 1 0 

SYNC goes low, the ANALOG OUTPUT is updated to the 
voltage corresponding to the PCM input code. 

All encoding and decoding operations are run off the 
MASTER CLOCK. MASTER CLOCK should be in the 
range of 1.536 MHz to 2.048 MHz and must be syn­
chronous with XMIT CLOCK. The XMIT and RCV CLOCK 
may vary from 64 kHz to 2.048 MHz. 

Encoding Delay 

The encoding process begins immediately at the begin­
ning of the encode time slot and is concluded no later 
than 18 time slots later. In normal applications, the PCM 
data is not shifted out unti I the next time slot 125 Jl,S later, 
resulting in an encoding deiay of 125 Jl,s. In some applica· 
tions it is possible to operate the CODEC at a higher 
frame rate .to reduce 'this delay. With a 2.048 MHz 
MASTER CLOCK, the FS rate could be increased to 
15 kHz, reducing the delay from 125 Jl,S to 67 Jl,s. 
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Functional Description (Continued) 

Decoding Delay 

The decoding process begins immediately after the end 
of the decoder time slot. The output of the decoder sam­
ple and hold amplifier" Is updated 28 MASTER CLOCK 
cycles later. The decoding delay is therefore approxi­
mately 28 clock cycles plus one half of a frame time or, 
81 p's for a 1.544 MHz system with an 8 kHz frame rate or, 
76 p's for a 2.048 MHz system with an 8 kHz frame rate. 
Again, for some applications the frame rate could be in­
creased to reduce this delay. 

Typical Application 
A typical application of these CODECs used In conjunc­
tion with the TP3040 PCM filter is shown below. The values 

VFXI+ 

VFXI-
Rl 

GSx 

PWRO-

PWRO+ 

PWRI 
RS 

VFRO VFRI 

':' 

of resistor R1 and DC blocking capacitor C1, are non­
critical. The capacitor value should exceed 0.1 p.F, R1 
should be less than 50 kO, and the product R1 x C1 should 
exceed 4 ms. 

XMITGAIN=20 x log (R3;2R2) +3dB 

RCV GAIN = 20 x log (~) 
R4+R5 

The power supply decoupling capacitors should be 
0.1 p.F. In order to take advantage of the excellent noise 
performance of these CODECs, care must be taken In 
board layout to prevent coupling of digital noise into the 
sensitive analog lines. For card insertion into a hot con­
nector, care should be taken to insure that GNDA and 
GNDD are contacted prior to Vee and VBB. 

ANALOG MASTER ClK 
IN 

DIG OUT 

XMIT SYNC 

ANALOG XMITClK 
GNO 

COOEC 

GNOO RCVSYNC 

RCVClK 

ANALOG 
OUT 

DIG IN 

r---.--VCC 

~-"--VB8 
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~National 
Z1I Semiconductor 

PRELIMINARY 

TP5600, TP5605, TP5~10, TP5615 Ten-Number 
Repertory Pulse Dialers 

microCMOS 

General Description 
The TP5600, TP5605, TP5610, TP5615 are monolithic inte­
grated ,circuits built using National's advanced· P2CMOS 
process (double poly-silicon gate CMOS). They provide all 
logic necessary to convert keypad inputs into a series of 
pulses simulating rotary telephone dialing. An on-chip 
memory provides storage for nine telephone numbers plus 
the laSt number dialed, each up to 16 digits in length. The 
simple control scheme needs only 2 key entries to store a 
number or initiate automatic dialing of a stored number. This 
control scheme is the same as that used on the TP5650 reper­
tory OTMF generator so that no user re-education is 
necessary when converting from pulse to tone dialing. For 
PBX applications, the first 1 or 2 digits may be overwritten to 
obtain a second dial tone prior to automatic dialing. Two out­
puts are provided to control pulsing of the telephone line and 
muting of the receiver. The low voltage and low current re­
quirements of this device allow direct telephone line 
powered operation for dialing. A small battery Is recom­
mended for on-hook memory retention. 

Block Diagram 

r 
I 

OSCILLATOR { 
COMPONENTS 

ROW 1 

ROW 2 
ROW 3 
ROW4 
COL1 

COL 2. 
COL 3 

I 
I 
L 

VDD 

OSC ANO TIMING 
CONTROL 

Features 
• 2V, 150 Jl.A telephone-line powered operation 

• 1 Jl.A memory retention current 
• Stores and auto-dials ten 16-diglt numbers 

• Last-number-redlal included 
• Scratchpad (number storage without dialing) 

• Control key scheme-same as TP5650 OTMF repertory 
dialer 

• 2-dlgit overwrite for PBX access codes 
• Voltage regulator on-chip 
• Single-contact or negative·common key Inputs 
• TP5600, TP5605 for pulsing loop In shunt with speech 

network 

• TP5610, TP5615 for pulsing loop In series with speech 
network 

• TP5600, TP5610 pin compatible with TP5098112 pulse 
dialers; ceramic resonator oscillator 

• TP5605, TP5615 hav~ RC oscillator and lOP select 

i 

----, 

~-+-..-- :~~~i MAKE 
'---r-

PULSE AND 
MUTE TIMING 

CONTROL 

, ...... -- HOOKSWITCH 

t----. PULSE OUTPUT 

t---.lIlUT£ OUTPUT 

__ -.1 

lOP SELECT 
(TP5605, TP5615 ONLY) 

FIGURE 1 

5-92 



Absolute Maximum Ratings 
DC Supply Voltage (Voo-Vss) 6V 
Voltage on Any Pin V DO + 0.3V to V ss - 0.3V 
Operating Temperature (T A) - 30·C to + 70·C 
Storage Temperature - 55·C to + 150·C 

Maximum Power Dissipation (25·C) 500mW 

DC Electrical Characteristics 
TA within operating temperature range, 2V < Voo - Vss < 5V unless otherwise specified 

Parameter Conditions Min Typ Max Units 

DC Operating Current, 100 Voo=2V (Note 1) 150 pA 
Voo = 5V (Note 1) 1 mA 

Regulator Voltage 100= 150 pA 3.5 V 

Memory Retention Current On·Hook, Voo=2V 1 pA 

PULSE Sink Current Voo=2V, VouT =0.5V 50 pA 

PULSE Source Current Voo=2V, VOUT= 1.5V 150 pA 

MUTE Sink Current V DO =2V, V OUT = 0.5V 50 pA 

MUTE Source Current Voo=2V, Vour= 1.5V 150 pA 

I Logic '0' Level Input Vss 0.2 Voo 

Logic '1' Level Input 0.8 Voo Voo 

Keyscan Pull·Up Resistance 100 kn, 

Keyscan Pull·Down Resistance 4 kO 

Keypad Contact Resistance 1 kO i 

Keypad Capacitance 30 pF 

HOOKSWITCH Pull·Up Resistance 100 kO 

,put Leakage Current VSS<VIN<VOO 0.1 pA 
3/M SELECT, lOP SELECT, 
0/20 pps SELECT 

Electrical Characteristics " 

ithin operating temperature range, 2V < Voo - Vss< 5V unless otherwise specified 

Parameter Conditions Min Typ Max Units 

)0, TP5610 
.cillator Frequency Figure 3 Component Values 480 kHz 

15, TP5615 
;illator Frequency Figure 4 Component Values 16 kHz 

lator Stability Internal Regulator Connected, -3 3 % 

150 /lA< IDo <300 /lA 

arts 
3ypad Debounce Time OSC IN = Nominal Frequency 9 12 ms 

~ey Closure Time 25 ms 

Oscillator Start·Up Time Voo=2V 5 ms 
i Pulse Rate 10 pps 

BREAK Time, ts BREAK/MAKE = Voo 60 ms , 
BREAK/MAKE = V ss 66 ms 

Note 1: Off·hook, HOOKSWlrCH pin connected to VSS, all outputs open. 
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Connection Diagrams 

Dual·ln·Line Package 

VOD 

10/20 pps SELECT 

COU 

COL 2 

COL 3 

Vss 

OSC IN 

OSC OUT 

TP5600, TP5610 

TOP VIEW 

16 PULSE OUT 

15 
HOOKSWITCH 

14 ROW1 

10 MllfEOUT 

9 BREAK/MAKE SELECT 

Order Number TP5600N or TP5610N 
See NS Package N16A 

Pin Descriptions 
v DO (pin 1): This is the positive supply to the device and is 
referenced to Vss (pin 6). An active zener regulator is con· 
nected on-chip between Voo and Vss (see pin 6), and the 
device is intended to be powered from a current-limited 
source. This regulator is turned off and effectively discon­
nected when the device is in the on·hook state in order to 
minimize current consumption. Power-on reset and low 
voltage detect circuits ensure correct operation following 
power·up or reduction of the on·hook supply voltage below 
that required to retain stored data. 

Keypad Inputs: A valid key entry is defined as either con­
necting a single row to a single column or connecting V ss 
simultaneously to a single row and a single column. This 
allows direct interface to an inexpensive single-contact 
(form A) keypad, the standard 2-of·7 keypad with negative­
common, or logic-generated inputs. 

Vss(pin 6): This is the negative supply. 

OSC IN, OSC OUT (pins 7,8 on TP5600, TP5610 only): The 
device contains an on-chip oscillator circuit designed to 
work with a ceramic resonator at 480 kHz in anti-resonant 
mode. 2 external capacitors are required, typically 100 pF 
each (Figure 3). The circuit may also be driven with an 
external 480 kHz source on OSC IN. 

OSC IN, OSC OUT, OSC OUT (pins 7, 8 and 9 on TP5605, 
TP5615 only): The device includes a stable on-chip 
oscillator circuit designed to work with the component 
values shown in Figure 4. The circuit may also be driven 
with an external 16 kHz source on OSC IN (pin 7). 

On all devices, the oscillator runs only while the device is 
scanning the keypad and/or timing storag~ or outpulsing 
functions. 
BREAK/MAKE SELECT: The BREAK/MAKE ratio is se· 
lected by connecting this pin as follows (no pull-up 
resistor is provided): 

5-94 

Dual·ln·Line Package 

VOD 1 

10/20 pps SElEq 2 

COL 1 3 

COL2 4 

COL 3 TP5605, TP5615 

TOP VIEW 

1B PULSE OUT 

10 
BREAK/MAKE SELECT 

Order Number TP5605N or TP5615N 
See NS Package N18A 

Input to BREAK/MAKE Pin 
PULSE Output 

BREAK MAKE 

Voo 60% 40% 

Vss 66% 34% 

MUTE OUT: This is an open-drain n-channel output 
designed to drive a simple interface circuit to mute the 
receiver during outpulsing. See the timing diagram for fur­
ther details. 

HOOKSWITCH: This input has a 100 kO internal pull-up 
resistor to Voo. Allowing this pin to float, or connecting a 
Voo level puts the circuit in the on-hook, low power idlr 
mode. It also turns off the active zener regulator. 

Connecting this pin to Vss puts the circuit in the off-he 
mode, ready to accept key inputs and generate outp 
ing. It also turns on the zener regulator to limit the volt 
across the device. See Applications Information for 
ther information. 

PULSE OUT: This. is an open-drain n-channel 01 

designed to drive a simple interface circuit to pulse the 
phone line with the correct BREAK/MAKE ratio, lOP ti 
and pulse rate. 

lOP SELECT (TP5605, TP5615 only): The Inter-Oi 
Pause period is selected by connecting this pin as fol 
(no pull·up resistor is provided): 

Input to lOP Pin 

Voo 
Vss 

lOP Period 

825 ms 
525 ms 

10/20 pps SELECT (pin 2): For normal 10 pps dialing, C( 

nect this 'pin to V ss. Connecting this pin to V 00 doubles tt 
rate of all PULSE OUT and MUTE OUT timing. No pull·up 
resistor is provided. 



Timing Diagram 

TP5600, TP5605 -100ms!--
I OPEN-CIRCUIT 

PULSE OUT 

- tB 

MUTE OUT 

loB IOP- lOP 

.'5610, TP5615 OPEN-CIRCUIT 

PULSE OUT 

OPEN-CIRCUIT 

. MUTE OUT 

Note 1: PPP Is a pre-pulsing pause equal to 1 MAKE period. 

Note 2: A mask option of MUTE continuously active low during the lOP Is available (TP5610, TP5615 only). 

FIGURE 2 
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Functional' Description 
The timebase for this family of repertory dialers is de­
rived from an on-chip oscillator connected as shown in 
Figure 3 or 4. In the on-hook condition, the oscillator is 
stopped and all keypad inputs inhibited. After going off­
hook, the oscillator remains off and the keypad inputs go 
to a static sensing mode. Upon sensing a single key clo­
sure, the oscillator starts, and the row and column inputs 
are alternately scanned at a 500 Hz rate. When a key clo­
sure remains valid for the required debounce time, the key 
is interpreted in accordance with Table I. During manual 
dialing, valid digit keys are entered into the last-number­
dialed register (register 0) in sequence and outpulsed at 
the nominal 10 pps rate. A manually dialed number may be 
entered rapidly and may exceed 16 digits without limit, 
provided no more than 15 digits remain to be outpulsed. 
Automatic dialing is inhibited, however, if an attempt is 
made to store more than 16 digits in that register. When no 
further digits remain to be outpulsed, the oscillator stops 
and key inputs return to the static sensing mode awaiting 
further keys or a return to the on-hook condition. 

TABLE'I. CONTROL SCHEME 

Function Control Sequence 

Dial and store in register a D1····Dx 
No dial, store in register N only * N Dt .... Dx 
Scratchpad .... Dx * N D1 ••• Dy 

Copy last number to register N ... Dx(JI)*NI 
Auto-dial register N #N 
Last number redial. #0 
PBX access I (D1)(D~ # a or N 

Note 1: N is a long·term storage register numbered from 1-9. D Is a digit. 

Note 2: 1 indicates on·hook to off·hook, l indicates off·hook to on·hook. 

Note 3: Entries in brackets may be omitted. 

NUMBER STORAGE 

Telephone numbers are stored in 10 registers, numbered 
0-9. Register contents can only be modified while off­
hook. Register a always stores the last number which was 
manually dialed, and remains unchanged during auto­
matic dialing. Numbers for long-term storage in registers 
1-9 are entered by *, then N and then the telephone 
number, where N is the register number. Other registers 
can be successively modified by entering a new *, N 
followed by the telephone number. Once a * key is entered, 
no further outpulsing is possible until after an on-hook 
reset on the HOOKSWITCH pin. This facilitates the 
Scratchpad feature, whereby a number can be stored in a 
register without outpulsing during a conversation. The 
last number dialed manually is copied from register a to 
any of the long-term storage registers by entering *, N. 

An attempt to store more than 16 digits in a register will set 
an overflow flag to inhibit automatic dialing from that 
register. The flag is reset following the next *, N entry to re­
program that register. 

DIALING 

Automatic dialing of the telephone number stored in any 
register is initiated by entering #, then N. The keypad is 
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then locked out until completion of outpulsing, after 
which further manual or automatic dialing is permitted. 

For PBX applications, a 1 or 2-digit access code may be 
entered prior to a #, N code. These access digits overwrite 
the previously stored digits at the start of register 0, the 
last-number-dialed register. The user then waits for a sec­
ond dial-tone before automatically dialing the required 
number. Note that if a 2-digit access code is entered 
followed by #, 0, register a is automatically dialed from 
location 3 onwards. Either a 1 or 2-digit . access code 
followed by #, N, however, automatically dials register N 
from location 1 onwards. This allows the most flexible use 
of registers 1-9. Thus, it is not necessary to store access 
codes in registers 1-9, either manually or by copying the 
last number dialed. 

Applications Information 
The TP5600 and TP5605 PULSE output is designed to drive 
a pulsing loop circuit in shunt with the speech network, as 
shown in Figure 3. During outpulsing, the MUTE circuit is 
turned off to isolate the speech network from the line. Q2 
and Q3 conduct during MAKE periods, R1 adjusts tele­
phone pulsing resistance. Q2 and Q3 turn off during 
BREAK periods, loop current is then only the supply cur­
rent to the device. Q1 provides a current source of .200 p.A 
minimum to ensure that the device will have an adequate 
supply voltage. 

The TP5610 and TP5615 PULSE output is designed for a 
series pulsing loop, as shown in Figure 4. In this case, the 
MUTE circuit isolates only the receiver, so that current 
flows through the speech network while outpulsing.MAKE 
periods. Q3 cuts off this current during BREAK periods. 

The on-hook current required for the device to retain dat 
is low enough to allo~ this current to be drawn from tI 
telephone line in certain applications. In this case, it is c 
visable to add an external protection zener dio· 
specified for very low leakage, as the internal regulato 
turned off when the HOOKSWITCH pin goes high. A ~ 

leakage decoupling capacitor should also be specifie 

To protect stored data in the event of reduced line volt· 
(caused by an off-hook extension telephone, for examr 
a small back-up battery is recommended, as show 
Figures 3 and 4. The voltage regulator is· turned off in 
on-hook state to minimize battery current consumpth 

To protect the device against over-voltage during the t. 
sition to off-hook, the HOOKSWITCH contacts shaul, 
sequenced so that H/S2 closes before H/S1, thus conn 
ing the on-chip regulator before the line power. Alter 
tively an external zener diode can be used. 

Ceramic resonators for the TP5600, TP5610 oscillator c, 
cuits can be obtained from various companies includin t 
muRata, Taka, Vernitron and Radio Materials Corporation. 
The anti-resonant frequency, fa' should be 480 kHz. Note 
that resonators are often referred to by their resonant 
frequency, fr, which is typically 15 kHz-25 kHz lower than 
fa' Consult manufacturers' data for specifications and 
tolerances. 



Applications Information (Continued) 

Typical Speech Network 
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15 HOOKSWITCH TP5600 

VSS 

100 pF 

yplcally 1500. 

ilcates National Semiconductor Discrete process number. 

FIGURE 3. TP5600 Shunt Dialer Application 
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FIGURE 4. TP5615 Series Dialer Application 
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TP5650, TP5660 Ten-Number Repertory DTMF Generators 

General Description 
The TP5650 and TP5660 are monolithic integrated circuits 
built using National's advanced P2CMOSTM process 
(double poly-silicon gate CMOS). They interface directly to 
a telephone keypad and generate aIJ 16 standard dual-tone 
multi-frequency pairs required in tone dialing systems. An 
on-chip memory provides storage for nine telephone 
numbers plus the last number dialed, each up to 16 digits 
in length. The simple control scheme needs only 2 key en­
tries to store a number or initiate automatic dialing of a 
stored number. This control scheme is the same as that 
used on the TP5600 family of repertory pulse dialers so 
that no user re-education is necessary when converting 
from pulse to tone dialing. The tone synthesizers are 
locked to an inexpensive 3.579545 MHz crystal for high ac­
curacy_ A MUTE OUT logic signal, which changes state' 
when any key is depressed, is also provided. The low' 
voltage and low current requirements of this device allow 
direct telephone line powered operation. A small battery is 
recommended for on-hook memory retention. 

Block Diagram 

7 r 

3.579545 MHz 

Features 
• 2.5V-12V operation when generating tones 

• 2V operation of keyscan and MUTE logic 
• 1 p.A memory retention current 
• Stores and auto-dials ten 16-digit numbers 

• Last-number-redial included 
• Scratchpad (number storage without dialing) 
• TP5650 control key scheme same as TP5600 repertory 

pulse dialer 

• TP5660 has 14 keys-separate Store, Redial, and 
Pause 

• 2-digit overwrite for PBX access codes 
• 3.579545 MHz crystal-controlled oscillator 

• Low harmonic distortion 
• Single-contact or negative-common (2-of-8) key inputs 

Voo 

-------, 

'-------.....;.0--.--..... --........... ----..... , I PRES CALER .... 1----...... 

S=Store 

P= Pause 

R= Redial 

FIGURE 1 
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Absolute Maximum Ratings 
Supply Voltages (Voo - Vss) and (Voo - VM) 13V 
Maximum Voltage at 

Any Other Pin Voo + 0.3V to Vss - 0.3V 
. Operating Temperature (TA) - 30·C to + 60·C 

Storage Temperature - 55·C to + 150·C 
Maximum Power Dissipation 500mW 

Electrical Characteristics 2.5V<Voo< 10V, unless otherwise specified, TA within operating temperature range 

Parameter Conditions Min Typ Max Units 

Minimum Supply Voltage Swing Generating Tones 2.5 V 

Minimum Memory Retention Voltage 2 V 

Supply Current, 100 
Idle Voo = 2.5V, 20 p.A· 
Generating Tones RL=Open 1 mA 

Battery Current, 1M On-Hook, Vss Open 2 p.A 
MUTE OUT Sink Current Voo = 2.5V, Va = 0.5V 0.2 mA 
MUTE OUT Source Current Voo = 2.5V, Va = 1.5V 0.2 mA 

TONE OUT Amplitudes RL= 100n 

Low Group Voo=2.5V 175 mVrms 
Vo = 10V 190 mVrms 

High Group Voo= 2.5V 225 mVrms 
Voo= 10V 240 mVrms 

I High Group Pre-Emphasis 2 dB 

Mean DC Offset at TONE OUT Generating Tones 
Voo= 2.5V 0.7 V 
Voo= 10V 4.2 V 

al Tone/Total Harmonic 1 MHz Bandwidth 20 dB 
,tortion Ratio 

·t-Up Time (to 90% Amplitude) Manual Dialing 5 ms 

~s-On Duration Automatic Dialing 75 ms 
)s·Off Duration Automatic Dialing 75 ms 

Jmn and Row Resistors 50 . kn 

1: Crystal Specification: Parallel Resonant 3.579545 MHz, Rs:51501l, L= 100 mH, Co= 5 pF, C1 = 0.02 pF. 

nnection Diagrams 

Voo ...!. U ~TONEOUT 1 
Voo-

U .!! TONE OUT 

2 
2!NC VM .! 15 

VM- -ROW5 

COL 1.2. ~ROW1 COL 1.2. 
14 

I-- ROW 1 
4 13 4 . 13 

COL2- f--ROW 2 COL2- I-- ROW 2 

5 TP5650 
~ROW3 COL 3 2. . TP5660 12 

COL3- I-- ROW 3 
6 ~ROW4 . 6 11 

VSS- VSS- I-- ROW 4 

OSC IN...!.. ~MUTEOUT 7 10 
OSCIN- I-- MUTE OUT 

B 
OSC OUT- ~COL4 OSC OUT..! ~COL4 

TOP VIEW FIGURE 2 TOP VIEW 

Order Number TP5650N or TP5660N 
NS Package Number N16A 
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Pin Descriptions 
Voo (pin 1): The positive supply to the device, referenced 
to Vss. A power-on reset circuit ensures correct operation 
following initial power·up. 

VM(pin 2): The negative terminal of the back-up battery for 
on-hook memory retention. A low-voltage detect circuit 
prevents misoperation of the circuit in the event of a 
reduction in the on·hook supply voltage below that reo 
quired to retain stored data. 
COLUMN and ROW Scans (pins 3, 4, 5, 9, 11,12,13,14 plus 
pin 15 on TP5650 only): When no key Is closed, pull-up 
resistors are active on COLUMN inputs and pull·down 
resistors are active on ROW inputs. After a key is closed 
the ROW pull-down resistors cause a negative·true on 
COLUMN inputs, which starts the oscillator and Initiates 
tone generation. 

Vss (pin 6): The negative supply to the device In the off­
hook state. An open-circuit on this pin while back·up 
power is maintained on VM will reset the circuit. 
OSC IN, OSC OUT (pins 7 and 8): All logic and tone 
generator timing is derived from the on-chip oscillator cir­
cuit. A low cost 3.579545 MHz A·cut crystal (NTSC TV 
color·burst) must be connected between pins 7 and 8. 
Load capacitors and a feedback resistor are included on­
chip for good start-up and stability. The oscillator stops 
when automatic tone generation is completed or there are 
no key closures. . 

MUTE OUT (pin 10): This is a CMOS output which sinks 
current to Vss when no tones are being generated and 
sources current from Voo when tones are being generated. 
TONE OUT (pin 10): This output is the open emitter of an 
NPN transistor, the collector of which is connected to Voo. 
When an external load resistor is connected from TONE 
OUT to Vss, the output voltage on this pin is the sum of the 
high and low group sine·waves superimposed on a DC off­
set. When not generating tones, this output transistor is 
turned off to minimize the device idle current. 

Functional Description 
In the on-hook state, with power maintained for memory 
retention, the oscillator is stopped, the output transistor is , 
pulled off and all keypad inputs are inhibited. After going 
off-hook, the oscillator remains off and the key inputs go 
to a static sensing mode. A single key closure activates 
the MUTE OUTPUT and starts the oscillator and keyscan. 
A valid digit key sets the high group and low group pro­
grammable counters to the appropriate divide ratio. These 
counters sequence two sine-weighted-capacitor D/A con­
verters through a series of 28 equal-duration steps per 
sine-wave cycle. An on-chip voltage reference ensures 
good stability of tone amplitudes with variations in supply 
voltage and temperature. The two tones are summed by a 
mixer amplifier, whh pre-emphasis applied to the high 
group tone. The output is an NPN emitter-follower requir­
ing the addition of an external load resistor to Vss. This 
resistor facilitates adjustment of the signal current flow­
ing from VDD through the output transistor. 

'Key inputs which are digits for manual dialing are not de­
bounced prior to tone generation. Keys are debounced 
prior to being accepted as digits to be stored or as control 
keys (Table II). Upon completion of a manually or automati­
cally dialed number, the oscillator stops and key inputs 
retur~ to the static senSing mode awaiting further keys or 
a return to the on-hook state. 
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TABLE I. OUTPUT FREQUENCY ACCURACY 

Tone Valid Standard Tone Out % Deviation 
Group Input DTMF (Hz) Frequency from 'Standard 

LOW ROW 1 697 694.8 -0.32 
GROUP ROW 2 770 770.1 +0.02 

fL ROW 3 852 852.4 +0.03 
ROW 4 941 940.0 -0.11 

HIGH COL1 1209 1206.0 -0.24 
GROUP COL2 1336 1331.7 -0.32 

fH COL3 1477 1486.5 +0.64 
COL4 1633 1639.0 +0.37 

TABLE II. CONTROL SCHEME 

Function Control Sequence 

Dial and Store in Register 0 I D1 .... Dx 
No Dial, Store in Register N Only ISND1 .... Dx 
Scratch pad I D1 ... Dx S N D1 ... Dy 
Copy Last Number to Register N ... Dx(lI)SNI 
Auto-Dial Register N I R N 
Last Number Redial IRO 
PBX Access I (D1)(Dv R 0 or N 
* Tones * (TP5660) 

* * (TP5650) Note 1 
# Tones # (TP5660) 

## (TP5650) Note 2 

Note 1: * key Is also STORE key S on TP5650 

Note 2: # key Is also REDIAL key R on TP5650 

Note 3: N Is a long·term storage register numbered from 1-9 

Note 4: t Indicates on-hook to off·hook, I Indicates off·hook to on· hook 

Note 5: Entries In brackets may be omitted 

NUMBER STORAGE 

S (for store) and R (for redial) entries refer to TP5660 ( 
'* is shown in brackets to replace Sand # is show 
brackets to replace R on the TP5650 only. 

Telephone numbers are stored in 10 registers, numt 
0-9. Register 0 always stores the last number whict 
manually dialed, and remains unchanged during . 
matic dialing. Register contents can only be mod 
while off-hook .. 

Numbers are stored in long-term registers 1-9 by ent 
S (*), then N and then the telephone number, where 
the register number. Other registers can be succes! 
modified by entering a new S (*), N, followed by thE 
phone number. Once an S (*) key Is entered, no fl 
digit tone outputs are possible until after an on-hook; 
This faclli,tates the Scratchpad feature, whereby a nu 
can be stored in a register without tone outputs dur 
conversation. The last number dialed manually co 
copied from register 0 to any of the long.term stc 
registers by entering S (*), N, then going on·hook. 

An attempt to store more than 16 digits in a register wil 
an overflow flag to inhibit automatic dialing from t 
register. The flag Is reset following the next S(*), N entry 
re-program that register. 

DIALING 

In the manual dialing mode (i.e., direct dialing from the 
keypad), tone pairs are generated for the duration of a 
valid key closure. 

Automatic dialing of the number stored In register N Is in­
Itiated by entering R (#) followed by N. The correct tone 



Functional Description (Continued) 

pairs are generated in alternate bursts of tones-on, tones­
off until the end of the stored number. During this time, the 
keypad is locked out until com'pletion of dialing, following 
which fUrther manual or automatic dialing is permitted. 

For PBX applications a 1 or 2-digit access code may be 
entered prior to the R (#), N code. These access digits over­
write the previously-stored digits at the start of register 0, 
the last-number-dialed register. The user then waits for a 
second dial tone before entering R (#), N to automatically 
dial the stored number. 

Note that if a 2-digit access code is entered followed by R 
(#),0, register 0 is automatically dialed from location 3 on­
wards. Entering either a 1 or 2-digit access code followed 
by R (#), N, automatically dials register N from location 1 
onwards. This. allows the most flexible use of registers 
1-9. Note that access codes should not be entered into 
registers 1-9, either manually or by copying the "Iast 
number dialed. 

PAUSE 

This key (on the TP5660 only) allows the user to enter a 
pause at a point in the dialing sequence where an outside 
dial tone from a PABX is required. A pause may be entered 
in any register either during manual dialing or scratch pad 
storage. Then, during automatic dialing of that number, 
the stored pause will halt dialing. On hearing the outside 
dial tone the REDIAL key must be entered to continue 
automatic dialing. 

Applications Information 
Adjustment of the emitter load resistor results in variation 
of the mean DC current during tone generation, the sine­
wave signal current through the output transistor, and the 
output distortion. Increasing values of load resistance 
decrease both the signal current and distortion, while in­
creasing the source impedance of the device as seen from 
its power supply terminal. Note that the DTMF generator 
is a current source which modulates its own supply ter­
minals in a conventional telephone application. 

V+~~vv~~--------~----~ 
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FIGURE 3. Amplitude and Distortion Measurement Circuit 
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TP50981/TP50981A, TP50982/TP50982A, TP50985/TP50985A 
Push Button Pulse Dialer Circuits 
General Descriptio.", 
This family of monolithic CMOS circuits provides all logic 
necessary to convert keyboard inputs into a series of 
pulses simulating rotary telephone dialing. An on-chip 
memory capable of storing up to 17 digits allows keyboard 
entries to be made at rates comparable to those of tone­
dialing telephones and provides one-key redial of the last 
number dialed. The keyboard inputs interface directly to a 
standard 2-of-7 keypad with positive-common or" an inex­
pensive form A-type keyboard. Two outputs, one for puls­
ing the telephone line and one to mute the receiver, are 
provided along with pin selectable Break/Make ratios and 
an on-chip voltage regulator. The low voltage and low cur­
rent requirements of these devices allow direct telephone 
line powered operation. 

Block Diagram 

Features 
• TP50981/TP50981A, TP50985/TP50985A for pulsing loop 

in shunt with speech network 

• TP50982/TP50982A for pulsing loop in series with 
· speech network 

• 1.7V, 150 p.A operation TP50981A, TP50982A and 
TP50985A 

• Single-contact or positive-common key inputs 

• Break/Make ratio pin selectable 
• On-chip voltage regulator 
• On-chip oscillator using 480 kHz ceramic resonator 
II Scratchpad (new number storage without dialing) on 

TP50985/TP50985A 

• 10/20 pps option on TP50985/TP50985A 
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FIGURE 1 

Connection Diagram (Dual-In-Line Package, Top View) 

voo 

VREF (10/20*) 

COLl 

COl2 

COL 3 

vss 

OSC IN 

OSC OUT 

16 PULSE OUTPUT 

15 HOOKSWITCHfTEST 

BREAK/MAKE SELECT 

Order Number TP50981 N, TP50981 AN, 
TP50982N, TP50982AN, TP50985N or TP50985AN 

See NS Package N16A 

* 10/20 pps select input on TPS098SITPS098SA 
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Absolute Maximum Ratings 
DC Supply Voltage (Voo-Vss) 
Voltage on Any Pin 

Operating Temperature 

Storage Temperature 

Maximum Power Dissipation (25°C) 

I 

DC Electrical Characteristics 

6.0V 

Voo + 0.3V to Vss - 0.3V 
- 30°C to + 70°C 

-55°Cto +150°C 

500mW 

TA within operating temperature range, Voo min :5 Voo :5 5.0V, unless otherwise specified. 

Parameter Conditions Min 

Voo Min DC Supply Voltage 
TP50981, TP50982, TP50985 Pin 1 Ref. Pin 6 2.5 
TP50981A, TP50982A,TP50985A 1.7 

Memory Retention Current Voo = 1.7V, Notes 1 and 2 

DC Operating Current Off-Hook, Valid Key, VREF Tied to Vss 

VREF Sink Current Voo= 5.0V 1.0 

MUTE Sink Current Voo=Voo Min, Vo=0.5V 0.5 

PULSE Sink Current Voo= Voo Min, Vo=0.5V 1.0 

MUTE and PULSE Leakage Voo=5.0V, Vo =5.0V 

Keyboard Contact Resistance 

. Keyboard Capacitance 

Logic '0' Level Input Vss 

Logic '1' Level Input 0.8 Voo 

Keyboard Pull-Up Resistance I 

Keyboard Pull-Down Resistance 

HOOKSWITCH Pull-Up Resistance 

Note 1: On·hook mode, VREF tied to VSS, all outputs open. 

Typ 

0.5 

100 

2.0 

4.0' 

0.001 

4.0 

100 

100 

Note 2: Power·on reset and low-voltage·detect circuits inhibit the redial function if the supply voltage falls below VOO Min. 

AC Electrical Characteristics 
TA within operating temperature range, Voo min :5 Voo :5 5.0V, unless otherwise specified. 

Parameter Conditions Min Typ 

Oscillator Frequency Anti-Resonant Mode 480 

Keyboard Debounce Time OSC IN = 480 kHz 9 

. Oscillator Start-Up Time Voo= Voo Min 5.0 

Pulse Rate 10.0 

Break'Time Pin9@Voo 61.0 
Pin 9 @ Vss 67.0 

Interdigit Pause 800 
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Max Units 

V 
V 

1.0 p.A 

150 p.A 

mA 

mA 

mA 

1.0 p.A 

1.0 kn 

30 pF 

0.2 Voo V 

Voo V 

kfJ 

k1 

k{ 

Max Uni 

kHL 

11 ms 

ms 

pps 

ms 
ms 

ms 



Functional Description 
The time base for this family of pulse dialers Is derived 
from a 480 kHz ceramic resonator In antl·resonant mode. 
In the on·hook condition, the oscillator Is stopped and all 
keyboard row and column Inputs are forced to Voo which 
Inhibits any key closures from effecting the circuit. After 
gOing off·hook the oscillator remains off and the keyboard 
Inputs go to a static sensing mode. Upon' sensing a single 
key closure, the oscillator starts, and the row and column 
Inputs are alternately scanned at a 500 Hz rate. When the 
circuit senses a valid key closure for the required 
debounce time, the key is written Into memory and out· 
pulsing begins for that key. Further valid keys are entered 
in sequence, provided that no more than 17 digits remain 
to be outpulsed. If no further key is entered, following the 
lOP the oscillator will stop and the key inputs will return to 
the static sensing mode awaiting further keys or a return 
to the on·hook condition. By maintaining power to the 
device while on·hook, the last number dialed (up to 17 
digits) Is stored in the memory. On going off·hook 
(HOOKSWITCH goes to Vss) the stor~d number can be 
automatically redialed by entering either * or # as the first 
key (TP50981/TP50981A and TP50982/TP50982A). Entry of 
any digit as the first key following off·hook clears the 
redial memory and enters digits In sequence, starting at 
location 1. 

The * key on the TP50985/TP50985A Is redefined to 
provide entry to the Scratch pad feature. This mode allows 
the outpulsing memory to be overwritten with a new 
tel.ephone number without that number being outpulsed. 
'3cratchpad mode can be entered directly after going 
ff·hook or during a conversation by keying * followed by 

"I next desired number. The new number can only be out­
Ised by returning on·hook, then off·hook followed by the 
9Y, which will redial the last number as normal. 

TP50985/TP50985A also enables the user to select an 
Jut pulse rate of either 10 pps by connecting pin 2 to 
~nd or 20 pps by connecting pin 2 to Voo. On this ver-
VREF Is connected to Vss internally. 

Descriptions 
,In 1): This Is the positive supply to the device and Is 
mced to Vss (pin 6). The voltage on this pin must be 
d to less than 6V either externally or by current­
'1g the supply to the on-chip voltage regulator. In the 
umber-stored mode a minimum of 1 /LA of supply cur-

_"l rllust be available to this pin while on·hook. 

VREF (pin 2): In normal applications, this pin Is tied to Vss 
(pin 6) which enables the on-chip voltage regulator circuit. 
When VREF Is tied to Vss, the voltage regulator will provide 
a current sink from Voo to Vss of a minimum of 1 mA with 
Voo equal to 5V. 

KEYBOARD INPUTS (pins 3, 4, 5, 11, 12, 13, and 14): A valid 
key entry Is defined as either connecting a single row to a 
single column or connecting Voo simultaneously to a 
single row and a single column. This allows dlrect,lnter­
face to an Inexpensive single-contact (form A) keyboard, 
the standard 2·of·7 keyboard with positive·common, or 
loglc·generated inputs. 
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In the on·hook condition [HOOKSWITCH/TEST (pill 15) 
connected to Vool the keyboard Inputs are disabled 
and pulled high. Upon entering the off·hook condition the 
keyboard Inputs go to a static sensing mode until a key 
closure is sensed. The oscillator is then enabled and 
the rows and columns are alternately scanned (pulled 
high, then low) to verify that the input is valid. The key must 
then remain valid continuously forthe specified debounce 
time before the circuit will accept and decode It and begin 
outpulsing. 

Vss (pin 6): This is the negative s~pply. 

OSCILLATOR IN, OUT (pins 7, 8): The device contains an 
on-Chip oscillator circuit designed to work with a 480 kHz 
ceramic resonator (antl·resonant mode) and 2 external 
capacitors, normally 100 pF. A 1 MO resistor is included on· 
chip for good oscillator stability. The circuit may also be 
driven with an external 480 kHz source on OSCILLATOR IN 
(pin 7). 

BREAK/MAKE SELECT (pin 9): The Break/Make ratio is, 
selected by connecting pin 9 to either Voo or Vss. Table I 
Indicates the available ratios. 

TABLE I. BREAK/MAKE SELECT 

Input to BREAK/MAKE(pln 9) PULSE OUTPUT 
Break Make 

Voo 61% 39% 

Vss 67% 33% 

MUTE (pin 10): This pin is the output of an open·drain 
N-channel transistor. It drives a simple interface circuit to 
mute the receiver during outpulsing. See the timing dia· 
gram and application notes for further information con· 
cerning this output. 

HOOKSWITCH/TEST (pin 15): This input has a 100 kO 
internal pull-up resistor to Voo. Allowing this pin to float, 
or connecting a Voo level puts the circuit in the on·hook 
Idle mode. 

With this pin connected to Vss the circuit is in the off·hook 
mode and will accept keyboard inputs, and outpulse them 
at the normal 10 pps rate. When the outpulsing is com· , 
plete, the oscillator stops and waits for further key inputs. 
If, however, pin 15 is taken to Voo while the circuit is still 
outpulsing the remaining digits will be outpulsed at 100 
times the normal rate (BREAK/MAKE becomes 50%). This 
allows for rapid testing of the device and also provides a 
means for resetting the circuit if power to the device is 
maintained while on·hook. (Note: Taking the worst-case 
of 17 zeros remaining to be outpulsed, this operation could 
take 300 ms to complete. Therefore, to ensure that the cir­
cuit has been properly reset, pin 15 should remain at Voo 
for more than 300 ms before entering a new number.) 

PULSE OUTPUT (pin 16): The pulse output consists of an 
open·draln N·channel transistor. It is intended to drive a 
transistor Interface circuit to pulse the telephone line with 
the correct Break/Make ratio, lOP timing, and pulse rate. 
On the TP50981/TP50981A, TP50985/TP50985A this outpu't 
is normally low and pulses high. On the TP50982/TP50982A 
the output is normally high and pulses low. See Figure 2 
for further details of the timing differences between the 
parts. 
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Timing Diagram 

KEY INPUT 

COL SCAN 

ROWSCAN 

HOOKSWITCH 
INPUT 

TP50981/1A/5/5A 

PULSE OUTPUT 

MUTE OUTPUT 

TP50982/2A 

PU LSE OUTPUT 

MUTE OUTPUT 

----+--. 

f---------(8~IOO~sl----------1 

FIGURE2 

Applications Information 
The TPS0981/TPS0981A, TPS098S/TPS098SA PULSE out· 
put is designed to drive a pulsing loop circuit in shunt with 
the speech network, as shown in Figure 3. During out· 
pulsing the MUTE circuit is turned off to isolate the speech 
network from the line. VT2 and VT3 conduct during MAKE 
periods, R1 adjusts telephone pulsing resistance. VT2 and 
VT3 turn off during BREAK periods, loop current is them 
the sum.of the device supply current, plus R2 and R3 cur· 
rents. These currents should be designed to meet the sys· 
tem maximum BREAK current specification, where appli· 
cable. The on·chip voltage regulator enables the device to 
be fed from a current·limited supply of 1S0 p,A minimum, as 
shown in Figure 3. 

The TPS0982/TPS0982A PULSE output is designed for a 
series pulsing loop, as shown in Figure 4. In this case the. 
MUTE circuit Isolates only the receiver, so that current 
flows through the speech network while outpulsing MAKE 
periods. VT3 cuts off this current during BREAK periods. 

To take maximum advantage of the low current consump· 
tion of the TPS0981 A, TPS0982A, TPS098SA in the on-hook, 

last·number·stored mode,all other current paths must be 
minimized. These include leakage of the decoupling ca· 
pacitor C1, and reverse leakage of current through the cur· 
rent source, which could flow to ground via the transistor 
interface circuits and speech network. If on·hook current 
is drawn from the telephone line, reverse leakage of the 
two back·biased diodes in the rectifier bridge must also be 
considered. Virtually the full station battery voltage may 
appear across these diodes in the on·hook condition of 
Figures 3 and 4, hence the diodes should be specified for 
minimum leakage current at SOV reverse bias and maxi· 
mum operating temperature. 

Ceramic resonators for the oscillator circuit can be 
obtained from various companies including muRata, 
Toko, Vernitron and Radio Materials Corporation. The 
anti·resonant frequency, fa, should be 480 kHz. Note 
that resonators are often referred to by their resonant 
frequency, fr, which is typically 1S kHz-2S kHz lower 
than fa. Consult manufacturers' data for specifications 
and tolerances. 
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Applications Information (Continued) 

v+ 
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* Rl typically 150fl. 

t R2 = 20M for TP509S1, TP509S5; R2 = 50M for TP509S1A, TP509S5A. 

# Indicates National Semiconductor Discrete process number. 

COLUMN 3 (PIN 5) ----, 

COLUMN 2 (PIN 4) 

COLUMN 1 (PIN 3) 

ROW 1 (PIN 14) 

ROW 2 (PIN 13) 

ROW 3 (PIN 12) 

ROW4(PIN 11) 

FIGURE 3. TP50981, TP50985 Shunt Dialer Application 
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FIGURE 4. TP50982 Series Dialer Application 
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~National 
~ Semiconductor 

TP53130 DTMF (TOUCH TONE®) Generator 
with Binary Data and Keypad Interface 

General Description 
The TP53130 is a low threshold voltage, ion-implanted, 
metal-gate CMOS integrated circuit that generates all 
dual tone multi-frequency (OTMF) pairs required in tone­
dialing systems_ The 8 audio output frequencies are 
generated from an on-chip 3_579545 MHz master oscil­
lator_ No external components other than the crystal are 
required for the oscillator_ The TP53130 can be powered 
directly from telephone lines over wide range loop condi­
tions_ The device can interface directly to an inexpensive 
single-contact calculator type keyboard or a standard 
telephone 2-of-8 keypad (Figure 4)_ The TP53130 is also 
capable of accepting binary code inputs for micro­
processor-controlled systems applications_ 

Block Diagram 

KEY/BINARY 
SELECT 

C4 

R1 

R2 

R3 

R4 

MODE SELECT 

Vss--' 

CONTROL 
LOGIC 

PROGRAMMABLE 
DIVIDER 
+23 +19 
+21 +17 

PROGRAMMABLE 
DIVIDER 
+80 +66 
+73 +59 

XMTSW 
MUTE CONTROL 

Features 
• 3V-15V operating voltage 
• On-chip 3_579545 MHz crystal-controlled oscillator 
• Tone accuracy better than ± 1 % without tuning 
• Interface with standard 2-of-8 telephone keypad 

• Interface with single-contact low cost keypad 
• Input signals can be in binary code 
• Multi-key lockout with/without single tone capability 
• On-chip high band and low band tone generators and 

mixer 

• High band pre-emphasis 
• Low harmonic distortion 
iii Open emitter-follower low impedance output 

• Separate receiver mute and transmitter mute switch 
outputs 

II Powered directly from the telephone line 

XMTSW 

MUTE 

VDD 

FIGURE 1 
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Absolute Maximum Ratings 
Voltage at Any Pin Except XMT SW and MUTE Vss - 0.3V to Voo + 0.3V 
Voltage at XMT SW.and MUTE Pins Vss - 0.3V to 15V 
Operating Temperature Range - 40°C to + 70°C 

Storage Temperature Range 

Voo-Vss 
Lead Temperature (Soldering, 10 seconds) 

- 65°C to + 150°C 

15V 
300°C 

Electrical Characteristics TA within operating temperature range, 3V::5Voo::58V, unless otherwise specified. 

Parameter Conditions Min Typ Max Units 

Input Pull·Up Resistor 
Column and Row Inputs 25 50 90 kO 
KeylBinary Select 200 650 1000 kO 
Mode Select 200 650 1000 kO 
Tone Disable 200 650 1000 kO 

Input Pull·Down Resistor 
Column and ~ow Inputs Voo=3V 650 0 

Voo=8V 200 0 

Input Voltage Levels 
Logical "1" 80% of Voo Voo V 
Logical "0" Vss 20% of Voo V 

Operating Frequency 3.579545 MHz 

Output Voltage Swing at Tone 
Output 

Low Band Alone RL> 1500 820 mVp· 
High Band Alone RL> 1500 1000 mVp 

Harmonic Distortion RL>1500 -20 dB 

Tone Frequency Deviation : 1.0 % 

Typical Application Output 20< IL < 100 mA 
Level VL (See Figure 5) 

Low Band Tone RL= 1500 -6 d: 
High Band Tone RL= 1500 -4 d' 
THO f::520 kHz 4 ( 

Output Currents . Voo=3V 
XMTSW/MUTE Vour=2V 3 r 

Idle Current RL= 00, Voo =8.0V 1 r 
(No Key Depressed) 

Operating Current RL = 00, Voo= 3.5V 2 

Key Down to Tone Outputting 3 4 ms 
Time (Debounce) 

DC Output Tone Disable = 0 TRI·STATE® 
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Connection Diagram 

Dual·ln·Line Package 

1 
VOO-

U 
TONE DISABLE.! 

3 
Cl-

4 
C2-

5 
C3-

6 
VSS-

OSC OUT..!. 

OSC IN..!. 

KE,V I~IEN~~~..! 

TOP VIEW 

FIGURE 2 

Functional Description 
A functional block diagram of the TP53130 is shown in 
Figure 1, and connection diagram is shown in Figure 2. 
The'TP53130 can be operated in the Keyboard Interface 
Mode and can also be operated in the Binary Interface 
Mode depending on the logic level at the Key/Binary Select 
input. In either mode, the device will digitally synthesize 
the high and low band sine waves of DTMF signaling, 
when valid signals are applied to rowand/or column in­
puts. The sum of the two sine waves is then provided at the 
Tone output. 

Tone Disable: This input has an internal pull-up resistor. 
Nhen this input is open or at logical high (Voo), the XMT 
~W and MUTE outputs will deliver valid output signals in 
'sponse to the proper input signals. When Tone Disable 
3.t logical low (Vss), thedevicewill be in the inactive mode. 
ne output will go to an open circuit state, XMT SW and 
lTE outputs will sink current through on-chip N·channel 
lices and the crystal oscillator will be disabled. 

,/Binary Select: When this input is open or at logical 
h (V DD), the device wi II interface a keyboard.(See Table I.) 
en Key/Binary Select is low (Vss), the device will accept 
try inputs on the row signal input lines. (See Table 11.) 

,.;illator: Tone generation and internal timing are de­
pendent on the accurate operation of the crystal oscil­
lator. The oscillator inverter/amplifier and all necessary 
bias' networks are included on·chip. The only external 
component is a 3.579545 MHz crystal. It should be con­
nected to the device as shown in the typical application 
diagram (Figure 5). The oscillator is not running unless a 
valid input signal is applied to the device. The oscillator is 
also disabled when Tone Disable is tied to logic low (Vss). 
This feature will prevent RF modulation on the telephone 
line. 

Single Tone Capability: This is a desirable feature for 
initial testing. With the device operating in the Keypad 
Interface Mode, operation of multiple keys in different 
rows and columns will not generate output tones. 
However, operation of two or more keys in the same row or 
column will generate the proper tone for that row or col· 
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-TONE OUTPUT 

17 
-MOOE SelECT 

16 
'-Rl 

15 
-R2 

14 
r-R3 

13 
r-R4 

~XMTSW 

~MUTE 
10 

r-C4 

Order Number TP53130N 
See NS Package N18A 

umn. During multiple key operation, the XMT SW and 
MUTE outputs will not change state more than once. With 
the device operating in the Binary Interface Mode, a 
logical low at the column 1 input will inhibit the high band 
tone output while a logical low at the column 2 input will 
inhibit the low band tone output. (See Table I.) Logical low 
inputs on both column inputs 1 and 2 will disable the 
device the same way as the Tone Disable input will when 
set to logical low. 

Mode Select: This input has an internal pull·up resistor. 
When open or at 109,ical high, single tone outputs are 
allowed. When this input is at logical low, single tone out· 
puts are prohibited. XMT SW and MUTE outputs will stay 
high during q multiple key depression input. 

Tone Output: Dual-tone output frequencies are generated 
in response to valid input signals to the device. (See 
Table 111.) Each frequency is synthesized with 32 steps of 
approximation for low harmonic distortion. The ampli· 
tudes of the low and high frequency tones are constant 
and independent of operating voltages. When tone out· 
puts are present, the Tone output will be the composite of 
the AC signal superimposed on a DC offset. The DC offset 
is approximately 1/2 Voo. When no tones are present at the 
Tone output pin, the pin will be open circuit. 

XMT SW (Transmitter Switch) and MUTE Outputs: In the 
idle state (no key depressed, no signal interface inputs 
and Tone Disable at a logical low) both the XMT SW and 
MUTE outputs will sink current to Vss through on·chip 
transistors. In the active state, these outputs will source 
current from Voo whenever valid output tones are 
generated. The MUTE output activates before the XMT SW 
output as s~own in Figure 3. 

Signal Inputs (Rowand Column Inputs): An input scan 
technique is used so that the device can directly interface 
either 2·of·8 keypads with common switch arrangements 
or the single contact X·Y keypads when Key/Binary Select 
is open circuit. (See Figure 4.) 
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Functional Description (Continued) 

Key/Binary 
Select 

X 
1 
1 
1 
1 
0 
0 
0 
0 

KEY INPUT 

MUTE I OPEN I 
3ms-4ms_1 ~ -I 1 ___ 0.5 ms - 1.5 ms 

XMTSW I OPEN I 

TONE oUTpUT _____ o_pE_N_WWNV\~_O_PE_N ___ _ 

FIGURE 3. Timing Diagram of MUTE and XMT SW in 
Relation to Key Input and Tone Output 

TABLE I. FUNCTIONAL TRUTH TABLE (WITH "MODE SELECT" OPEN) 

Tone 
Row Column 

Tone Output 
Disable Low Band High Band 

0 X X 0 0 
1 One One fL fH 
1 One Two or More fL ' 0 
1 Two or More One 0 fH> 
1 Two or More Two or More 0 0 
1 Binary Open fL fH 
1 Binary C1 =0 fL 0 
1 Binary C2=0 0 fH 
1 X C1 and C2=0 0 0 

TABLE II. FUNCTIONAL TRUTH TABLE FOR BINARY INTERFACE 

Keyboard Binary Inputs 
Frequencies 

Inputs 
Generated 

C1 C2 R1 R2 R3 R4 fL(Hz) fH(Hz) 

1 Open Open 0 0 0 1 697 1209 
2 Open Open 0 0 1 0 697 1336 
3 Open Open 0 0 1 1 697 1477 
4 Open Open 0 1 0 0 770 1209 
5 Open Open 0 1 0 1 770 1336 
6 Open Open 0 1 1 0 770 1477 
7 Open Open 0 1 1 1 852 1209 
8 Open Open 1 0 0 0 852 1336 
9 Open Open 1 0 0' 1 852 1477 
0 Open Open 1 0 1 0 941 1336 

* Open Open, 1 0 1 1 941 1209 
# Open Open 1 1 0 0 941 1477 
A Open Open 1 1 0 1, 697 1633 
B Open Open 1 1 1 0 770 1633 
C Open Open 1 1 1 1 852 1633 
D Open Open 0 0 0 0 941 1633 

0 Open Valid' fL -
Open 0 Binary - fH 

0 0 Inputs 1/2 VDD 1/2 VDD 
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Functional Description (Continued) 

INTERNAL CIRCUITRY 
TABLE III. OUTPUT FREQUENCIES 

INTERNAL CIRCUITRY 

Desired Freq. (Hz) Actual 
Percent 

Inputs Frequency 
Deviation 

fL fH (Hz) vss 
R1 697 699.1 0.306 
R2 770 766.2 - 0.497 
R3 852 847.4 -0.536 FIGURE 4a. Standard Dual Contact Telephone Key 
R4 941 948.0 0.741 
C1 1209 1215.9 0.569 
C2 1336 1331.7 -0.324 
C3 1477 1471.9 -0.35 COLUMN 

INTERNAL CIRCUITRY 

C4 1633 1645.0 0.736 

INTERNAL CIRCUITRY 

FIGURE 4b. Single Contact Key 

Typical Application 
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Note 1: All resistances are In ohms. 

Note 2: Test circuit used to measure signal levels and distortion. 
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~ ~National 
~ D Semiconductor 
.... 

TP53190 Push-Button Pulse Dialer 

General Description 
The TP53190 is a low threshold voltage, ion implanted, met­
al-gate CMOS Integrated circuit that provides all the logic 
required to convert a push-button Input into a series of puls­
es suitable for simulating a telephone rotary dial. The circuit 
works with both calculator type keypad (single-contact) or 
standard 2-of-7 type keypad. An inexpensive ceramic reso­
nator is used as a frequency reference. When not actually 
outpulsing, or if there are no keypad entries, the TP53190 
consumes only microamperes of current and does not allow 
any Internal oscillators to run. 
The TP53190 contains a 16-digit first-in-first-out memory 
that allows the user to enter digits faster than they are out­
pulsed. Numbers up to 16 digits may be dialed. After 16 
digits have been entered, no more entries will be accepted. 
The outpulsing rate can be externally selected as either 
10 pps or 20 pps. An interdigit pause of 4, 6, 8 or 10 times 
the dial pulse period is also externally selectable. The 
break/make ratio (ratio of the time the fine is broken to the 
time the line is looped during outpulsing) is externally select­
able to 1/1, 1.5/1, 1.6/1 or 2/1. A mute output is provided 

Block and Connection Diagrams 

Vss VCD 

to mute receiver noise during outpulsing. No muting occurs 
during the Inter-digit pause, thereby allowing the user to 
hear any busy or invalid condition arising during the call. The 
TP53190 provides a paCifier tone of 632 Hz every time a key 
is depressed. The last number entered may be redialed by 
use of the " key. 

Features 
• Powered directly from the telephone line 
• Uses standard calculator type keypad 

or 2-of~7 type keypad 
• Uses Inexpensive ceramic resonator for 

a frequency reference 
• Pin-selectable outpulsing rate 
• Pin-selectable interdigit pause 
• Pin-selectable break/make ratio 
• 632 Hz pacifier tone 
• Redial of last number 
• 2 digit overwrite for PABX access 

r--L------~-----~-~, 
Dual-In-Llne Package 
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Absolute Maximum Ratings 
Voltage at Any Pin Vss-0.3 to Voo+0.3V 

Current into DP for Voltages Exceeding Voo ~500 IJoA 

Operating Temperature Range - 30·C to + 70·C 

Storage Temperature Range - 40·C to + 70·C 

Voo-Vss 6.5V 
Lead Temperature (Soldering, 10 seconds) 300·C 

Operating Voltage Range' 
Vss=GND, Voo=2.5V min, 5.5V max 

Electrical Characteristics Vss=GND, 2.5V~Voo~5.5V, -30·C~TA~ +70·C unless otherwise specified. 

Parameter Conditions 

Input Voltage 
Logical "1" 
Logical "0" 

Output Current Levels: 
Dial Pulse 

Logical "0", Sink Voo=3V, Vour=0.7V 
Mute 

Logical "0", Sink Voo=3V, Vour=0.7V 
Tone 

Logical "1" Voo=3V, Vour=2.75V 
Logical "0" Voo=3V, Vour=0.25V 

C1-C3 
Logical "1" Voo=3V, Vour=2.75V 
Logical "0" Voo= 3V, Vour=0.25V 

Keypad Resistance 

Operating Current Voo=3V 
Quiescent 
Oscillating 

Outpulsing Frequency Osc=488 kHz 

Input Leakages: 
Pins 3, 8, 9,17,18 Voo=5.5V, VIN=VSS 
Pins 11,12,13,14 Voo=5.5V, VIN=VSS 
Pin 4 (Hookswitch) Voo:=5.5V, VIN=VSS 
Pins 3,8,9,17,18 Voo=5.5V, VIN=VOO 
Pins 11, 12, 13, 14 Voo=5.5V, VIN=VOO 
Pin 4 (Hookswitch) Voo=5.5V, VIN=VOO 

Functional Description 
A block diagram of the TP53190 integrated circuit is shown 
in Figure 1 and a package connection diagram is shown in 
Figure 2. 

Oscillator (Pins 15 and 16): The precision time base of the 
TP53190 pulse dialer is provided by an internal oscillator 
circuit which utilizes an inexpensive ceramic resonator as a 
frequency reference. Two external capacitors, as shown in 
Figure 3, are needed to load the resonator to operate in the 
anti-resonant mode. A 455 kHz series resonance ceramic 

, resonator will result in a frequency of oscillation of 480 kHz. 
Ceramic resonators are available from Vernitron Corpora­
tion, Murata Corporation, and Radio Materials Company. 
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Min Typ Max Units 

Voo-0.25 Voo V 

Vss Vss+0.25 V 

500 IJoA 

500 IJoA 

4 IJoA 
4 IJoA 

1 IJoA 
18 IJoA 

1 kO 

1 IJoA 
300 IJoA 

9.5 10.5 Hz 

5 IJoA 
30 IJoA 
1 IJoA 
1 IJoA 
1 IJoA 
5 IJoA 

Frequency stability of ± 5% can be maintained for all devic­
es over the voltage and temperature ranges. When the cir­
cuit is not outpulsing, or no keys are depressed, the oscilla­
tor will be shut down to eliminate noise and minimize dissi­
pation. 

Keypad (Pins 5-7 and 11-14): Three column scan output 
pins and four row input pins are provided to utilize a stan­
dard single-contact keypad or 2-of-7 type keypad (Figure 4). 
A valid key closure is recorded when a single row (Rx input) 
is connected to a single column (Cx output) or when a sin­
gle row and a single column are brought to Vss. Key clo­
sures are protected from contact bounce for 6 ms. Roll-over 
keyboard inputs will be considered valid. 

-I 
\J 
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(,) .... 
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Functional Description (Continued) 

Dial Pulse Output (Pin 2): The Dial Pulse output drives an 
external bipolar transistor that sequentially opens (breaks) 
the telephone loop a number of times equal to the input digit 
selected. For example, key 5 will generate 5 loop current 
breaks. The Dial Pulse output is an open drain transistor 
that sinks current only during a break. 

Break/Make Select (Pins 8-9): The break/make ratio of 
the TP53190 can be externally selected by the 2 breakl 
make select pins to be 1/1, 1.5/1, 1.611 or 2/1. This allows 
applications in a wide variety of telephone systems (Table I). 

DP Rate Select (Pin 3): The dial pulse rate select input is 
used to select an outpulsing rate of either 10 ppsor 20 pps 
(Table II). 

lOP Select (Pins 17 and 18): The lOP select inputs are 
used to select an interdigit separation of 400 ms, 600 ms, 
800 ms or 1000 ms when the outpulsing rate is 10 pps; and 
200 ms, 300 ms, 400 ms, or 500 ms when the outpulsing 
rate is 20 pps (Table III) 

Mute (Pin 19): The Mute output is used to drive an external 
bipolar transistor that is used to mute the receiver during the 
outpulse period. The Mu.te output is an open drain transistor 
that only sinks current while muting. System timing between 
key closure, mute and dial pulse are shown in the timing 
diagram in Figure 5. For initial key entries, and subsequent 
key entries made 1 lOP period after the last digit has been 
outpulsed, mute will occur 1 lOP period before outpulsing 
begins. 

TABLE I 

Break/Make Ratio 

B/M Select 1 Select 2 

1.5/1 0 0 
2/1 0 1 
1/1 1 0 

1.6/1 1 1 

For key entries made during outpulsing, or during an lOP, 
there will be a pre-dial mute of 100 ms when the outpulsing 
rate is 10 pps, and a pre-dial mute of 50 ms when the out­
pulsing rate is 20 pps. The post-dial mute is 50 ms when the 
outpulsing rate is 10 pps and 25 ms when the outpulsing 
rate is 20 pps. 

Tone (Pin 10): The TP53190 provides a pacifier tone output 
to provide audio feedback to the user that a key has been 
depressed. The output is a 632 Hz tone that can be capacl­
tively coupled In to the telephone receiver. 

Redial: This feature allows the user to automatically dial the 
last number that was dialed. This Is accomplished by push­
ing the I: key on the next dial attempt. The number to be 
redialed may be 3 to 16 digits long. If an access code is 
required, as in a PBX system, up to 2 digits may be entered 
before the dial tone Is established and the redial key is 
pushed to automatically dial the remainder of the number. 
To maintain memory information, power must be present to 
the part while in the ON-HOOK condition. To detect the ON­
HOOK condition, the hookswitch Input (pin 4) must be left 
floating. Hookswitch is used to reset the internal control cir­
cuitry and memory pointers. To detect the OFF-hook condi­
tion, hookswitch must be at a logical "1". An example of the 
redial operation is shown below. 

Key Inputs Outpulses Memory 

First Try 85P4087375000 854087375000 854087375000 
Second 

85PI: 854087375000 
Try 

854087375000 

Third Try 85P# 854087375000 854087375000 

Note: P Indicates a user pause 

TABLE II 

Dial Pulse 
Rate 

I 

pps SELECT 
10 0 
20 1 

TABLE III 

Interdlgltal Pause 

lOP Length Dial Pulse Rate Select 1 Select 2 

800ms 10 pps 0 0 
400ms 20pps 0 0 
1000 ms 10 pps 0 1 
500ms 20pps 0 1 
400,ms 10 pps 1 0 
200ms 20 pps 1 0 
600ms 10 pps 1 1 
300ms 20pps 1 1 
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Functional Description (Continued) 

455 kHz Ceramic Resonator 
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Note 1: All resistances in ohms and capacitanc­
es in IJ.F unless otherwise noted. 

Note 2: DP Rate, 81M and lOP select pins must 
be tied to the appropriate logic level for desired 
operation. 
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FIGURE 6. Using the TP53190 Pulse Dialer with Redial Option 
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Introduction, 
For data conversion products, digital-to-analog con­
verters (DACs) and analog-to-digital converters (AIDs), 
CMOS offers many advantages. The first is the low-cost 
high-performance analog switch that is easily achieved: 
the CMOS transmission gate. These switches are useful 
in DACs and have allowed a breakthrough in the design of 
AIDs. 

ANALOG·TO·DIGITAL CONVERTERS 

The comparator is the key to an AID. It must be fast with a 
fraction of an LSB voltage overdrive, exhibit no hysteresis 
and no oscillations in the linear region, and ha've high 
noise immunity. 

A new sampled-data comparator has solved these per­
formance problems and also provides many additional 
features-for example, true differential analog voltage in­
puts, useful reference voltage options and even incorpora­
tion of the analog multiplexer within the AID. 

REALIZING THE COMPARATOR FUNCTION 

To realize the comparator function, National uses a 
cascade of capacitor-coupled CMOS logic inverters and 
switches as shown in Figure 6-1. 

The differential input voltages are converted to weighted 
input charges by scaling the value used for each input 
capacitor (C1 and C2). These input charges are balanced 
at the input charge summing-node (.101 = .102 at balance, 
or .1V1 x C1 = .1V2 x C2). 

The differential input voltage feature of the sampled-data 
comparator allows us to borrow the old, low-cost engrav­
ing trick that is used in the manufacture of drafting scales 
(Figure 6-2). 

Most of the scale has only major divisions engraved, with 
only one section subdivided by higher resolution engrav­
Ings. This, of course, reduces the engraving costs, but re­
quires a differential measurement to be made because 
zero is no longer at the end of the scale. This is the basic 
idea of the differential DAC (DDAC), allowing National to 
reduce the number of circuit components (and their asso­
ciated die area) and get the same overall resolution at a 
lower cost. 

~ 
4V1! ~ ~ Cl Charge 
~ /rsummlng 

401- _N .. Od ... e~_ 

"'17:: •• Jj a.;;c;.:;2 ............ C>O-4H 

~-402 

FIGURE 6·1. The Sampled·Data Comparator 

FIGURE 6·2. The Differential DAC (DDAC) Concept 
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Sharing the ladder makes use of all of the tap voltages that 
are provided by the DDAC a second time to provide four ad· 
dltlonal bits of resolution as shown In Figure 6·3. 

The proper reduction In the significance of these last four 
bits Is achieved by scaling down the value of the Input 
capacitor for this 4·LSB (least significant bit) group by a 
factor of sixteen. 

INCORPORATING AN ANALOG MULTIPLEXER 

An analog multiplexer (MUX) can be easily Incorporated 
Into this AID circuitry by adding extra switches, all of 
which are connected tO,a common analog Input capacitor. 
Logic circuitry controls which switches are cycled, and 
therefore selects the analog channel that will be con· 
verted. Both the particular analog channel and either a 
slngle·ended or a differential conversion Is selected by a 
configuration word that the CPU presents to the AID prior 
to each conversion. 

A wide range of CMOS AID products Is available from 
B bits to 10 bits of resolution and In serial and parallel data 
formats. The lowest cost AID Is an B·blt serial product that 
fits In an B·pln mlnlDIP. A half·flash B·blt AID that converts 
In as little as 1.2 P.s Is also available and a new B·blt AID 
that allows the CPU to load the on·chlp DAC directly Is pro· 
vlded for IImlt·testing applications. 

DIGITAL·TO·ANALOG CONVERTERS 

The switches available In the CMOS processes allow the 
realization o~ low power drain DACs as shown In Figure 6·4. 

This multiplying DAC (MDAC) uses an R·2R resistor ladder 
and N·channel current·mode switches. SllIcon·chromlum 
thln·fllm resistors are used for the ladder, so the reference 
voltage (VREF) for this DAC can be of either polarity since 
there are no parasitic diodes associated with thln·fllm 
resistors. 

These DACs appear like a memory location to a p.P. 
Decoding the address bus provides the chip select (CS) 
signal and the digital code on the data bus Is read by the 
MDAC when the write strobe (WR) falls. For the 10·blt and 
12·blt MDACs, package pin options are provided which 
allow the data to be accepted In one write cycle or In two 
bytes. 

A broad product offering exists, from B bits to 12 bits, with 
or without Input data latches. These MDACs make use of 
double data latches: one holds the code that is providing 
the analog output while the other allows 10·bit or 12·blt 
words to be assembled from an B·blt data bus. Even the 
B·bit MDACs use double latches to allow writing new data 
to a number of DACs and then simultaneously updating all 
of these DACs. 

VIN ~======::i 

FIGURE 6·3. Increasing from 4 Bits to 8 Bits In an AID 

±VREF R R 

VOUT 

FIGURE 6.4. The CMOS MDAC 
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~National 
~ Semiconductor 
ADC0801, ADC0802, ADC0803, ADC0804, 
ADC0805 8-Bit I1P Compatible AID Converters 

General Description 
The ADC0801, ADC0802, ADC0803, ADC0804 and 
ADC0805 are CMOS 8-bit successive approximation AID 
converters which use a differential potentiometric ladder­
similar to the 256R products. These converters are de­
signed to allow operation with the NSC800 and INS8080A 
derivative control bus, and TRI-STATE® output latches di­
rectly drive the data bus. These AIDs appear like memory 
locations or lID ports to the microprocessor and no inter-
facing logic needed. . 

A new differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero in­
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog volt­
age span to the full 8 bits of resolution. 

Features 
• Compatible w'ith 8080 ,...p derivatives-no interfacing 

logic needed - access time - 135 ns 
m Easy interface to all microprocessors, or operates 

"stand alone" 

Typical Applications 

1 
tl Vcc 

20 

• Differential analog voltage inputs 
• Logic inputs and outputs meet both MaS and T2L volt-

age level specifications 
• Works with 2.5V (LM336) voltage reference 
• On-chip clock generator 
• OV to 5V analog input voltage range with single 5V sup-

ply 
!I No zero adjust required 
• 0.3" standard width 20-pin DIP package 
• Operates ratiometrically or with 5 VDC, 2.5 VDC, or ana­

log span adjusted voltage reference 

Key Specifications 
• Resolution 
• Total error 
• Conversion time 

&V 
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8 bits 
±% LSB, ±% LSB and ±1 LSB 

100,...s 

2 
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OVER ANY DESIRED 

I 
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I >olFF INPUTS 
SEE SECTION 204.1 
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Error Specification (Includes Fun-Scale, 
Zero Error, and Non-Linearity) 

Full-
Part VREF/2= 2.500 Voc VREF/2= No Connection 

Number Scale (No Adjustments) (No Adjustments) 
Adjusted 

ADC0801 ±%LSB 

ADC0802 ±%LSB 

ADC0803 ± % LSB 

ADC0804 ±1 LSB 

ADC0805 ±1 LSB 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Ratings (Notes 1 & 2) 

Supply Voltage (Vce) (Note 3) 6.5V Temperature Range TMINS:TAS:TMAX 
Voltage ADC0801/02LD -55'CS:TAS: + 125'C 

Logic Control Inputs -0.3Vto +18V ADC0801/02/03/04LCD -40'CS:TAS: +85'C 
At Other Input and Outputs -0.3Vto (Vcc+0.3V) ADC0801/02/03/05LCN -40'CS:TAS: +85'C 

Storage Temperature Range - 65'C to + 150'C ADC0804LCN O'CS:TAS: +70'C 
Package Dissipation at T A = 25'C 875mW Range of VCC 4.5 VOC to 6.3 VOC 
Lead Temperature (Soldering, 10 seconds) 300'C 

Electrical Characteristics 
The following specifications apply for VCC= 5 VOC, TMINS:TAS:TMAX and fCLK=640 kHz unless otherwise specified. 

Parameter Conditions Min Typ Max Units 
ADC0801: 

Total Adjusted Error With Full-Scale Adj. ±y.. LSB 
(Note 8) (See Section 2.5.2) 

ADC0802: / 

Total Unadjusted Error VREF/2 = 2.500 VOC ±% LSB 
(Note 8) 

ADC0803: 
Total Adjusted Error With Full-Scale Adj. ±% LSB 
(Note 8) (See Section 2.5.2) 

ADC0804: 
Total Unadjusted Error VREF/2 = 2.500 VOC ±1 ' LSB 
(Note 8) 

ADC0805: 
Total Unadjusted Error VREF/2-No Connection ±1 LSB 
(Note 8) 

VREF/2 Input Resistance (Pin 9) ADC0801/02/03/05 2.5 8.0 kn 
ADC0804 (Note 9) 1.0 1.3 kn 

Analog Input Voltage Range (Note 4) V(+) orV(-) Gnd-0.05 Vcc+0.05 VOC 

DC Common-Mode Error Over Analog Input Voltage ±1hs ±Ya LSB 
Range 

Power Supply Sensitivity Vcc=5 VOC ±'10% Over ±1hs ±Ya LSB 
Allowed V,N( + ) and V,N( -) 
Voltage Range (Note 4) 

AC Electrical Characteristics 
The following specifications apply for V CC = 5 V OC and T A = 25'C unless otherwise specified. 

Parameter Conditions Min Typ Max Units 

Tc Conversion Time fCLK = 640 kHz (Note 6) 103 114 I-Ls 

Tc Conversion Time (Note5,6) 66 73 1/fCLK 

fCLK Clock Frequency Vcc= 5V, (Note 5) 100 640 1460 kHz 
Clock Duty Cycle (Note 5) 40 60 % 

CR Conversion Rate in Free-Running INTR tied to WR with 8770 conv/s 
Mode CS=O Voc, fCLK=640 kHz 

tW(WR)L Width of WR Input (Start Pulse 
Width) 

CS=O VOC (Note 7) 100 ns 

tACC Access Time (Delay from CL = 100 pF 135 200 ns 
Falling Edge of RD to Output 
Data Valid) 

t1H, tOH TRI-STATE Control (Delay CL =10 pF, RL = 10k 125 200 ns 
from Rising Edge of RD ,to (See TRI-STATE Test 
Hi-ZState) Circuits) 

tWl,tRI . Delay from Falling Edge __ 300 450 ns 
of WR or RD to Reset of INTR 

C,N Input Capacitance of Logic 5 7.5 pF 
Control Inputs 

COUT TRI-STATE Output 5 7.5 pF 
Capacitance (Data Buffers) 
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Electrical Characteristics 
The following specifications apply for Vcc= 5VDC and TMIN::;;TA::;;TMAX, unless otherwise specified. 

Parameter I Conditions I Min I Typ I Max I Units 

CONTROL INPUTS [Note: ClK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately] 

VIN (1) logical "1" Input Voltage Vcc=5.25 Voc 2.0 15 Voc 
(Except Pin 4 ClK IN) 

VIN(O) logical "0" Input Voltage VCC= 4.75 Voc O.B Voc 
(Except Pin 4 ClK IN) 

liN (1) logical "1" Input Current VIN=5 Voc 0.005 1 /-LAOC 
(All Inputs) 

liN (0) logical "0" Input Current VIN=O Voc -1 -0.005 /-LAOC 
(All Inputs) 

CLOCK IN AND CLOCK R 

VT+ ClK IN (Pin 4) Positive Going 2.7 3.1 3.5 Voc 
Threshold Voltage 

VT- ClK IN (Pin 4) Negative 1.5 1.B 2.1 Voc 
Going Threshold Voltage 

VH ClK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Voc 
(VT+)-(VT-) 

VOUT (0) logical "0" ClK R Output 10=360 /-LA 0.4 Voc 
Voltage Vcc=4.75 Voc 

VOUT (1) logical "1" ClK R Output 10= -360 /-LA 2.4 Voc 
Voltage Vcc=4.75 Voc 

DATA OUTPUTS AND INTR 

VOUT (0) logical '.'0" Output Voltage 
Data Outputs 10UT= 1.6mA, Vcc=4.75 Voc 0.4 Voc 
INTR Output 10UT= 1.0 mA, Vcc=4.75 Voc 0.4 Voc 

VOUT (1) logical "1" Output Voltage 10= -360 /-LA, Vcc=4.75 Voc 2.4 Voc 

VOUT (1) logical "1" Output Voltage 10= -10 /-LA, Vcc=4.75 Voc 4.5 Voc 

lOUT TRI-STATE Disabled Output VOUT=OVDC -3 /-LAOC 
leakage (All Data Buffers) VOUT= 5VOC 3 /-LAOC 

ISOURCE VOUT Short to Gnd, T A = 25°C 4.5 6 mAoc 

ISINK VOUT Short to Vcc, T A = 25°C 9.0 16 mAoc 

POWER SUPPLY 

Icc Supply Current (Includes fClK = 640 kHz, 
ladder Current) VREF/2 = NC, T A = 25°C 

and CS="1" 
ADCOB01/02/03/05 1.1 1.B mA 
ADCOB04 (Note 9) 1.9 2.5 mA 

Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to Gnd. unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd. 

Note 3: A zener diode exists, internally, from Vcc to Gnd and has a typical breakdown voltage of 7 Voc. 

Note 4: For VIN(-)~ VIN(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) which will forward conduct for 
analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low Vcc levels (4.5V). as high level analog 
inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV forward 
bias of either diode. This means that as long as the analog VIN does not exceed the supply voltage by more than 50 mY, the output code will be correct. To achieve an 
absolute 0 Voc to 5 Voc input voltage range will therefore require a minimum supply voltage of 4.950 Voc over temperature variations, initial tolerance and loading. 

Note 5: Accuracy is guaranteed ~t fCLK = 640 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle limits can be extended 
so long as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns. 

Note 6: With an asynchronous start pulse, up to B clock periods may be required before the internal clock phases are proper to start the conversion process. The start 
request is internally latched, see Figure 2 and section 2.0. 

Note 7: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide pulse width will hold the 
converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see timing diagrams). 

Note 8: None of these AIDs requires a zero adjust (see section 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and Figure 5. 

Note 9: For ADCOB04LCD typical value of VREF/2 input resistance is B kfl and of Icc is 1.1 mAo 
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TRI-STATE Test Circuits and Waveforms 

Vee 

IfII 

"" :::~" 
OUTPUTS ,~ 

GNO ------...:;; 

tr=20 ns 

tOH 

Vce 

Timing Diagrams (All timing is measured from the 50% voltage points) 

START 

CONVERSI: ------,.\"'----.0----........ / 

ACTUAL INTERNAL STATUS OF THE __________ +-__ -+-__ I----.;.;..;..;~~--J 
CONVERTER 

(lAST DATA WAS READ) 

1 TO 8 x 1/'elK 

Output Enable and Reset INTR 

iNTR RESET 

Vee 

"BUSY" 

DATA TRI·STATE0 
OUTPUTS - - - - - - - - -

5
0H 

Vcc --
DATA 

OUTPUTS 10% 
VOL 

1,=20 ns TL/H/5671-3 

112 TClK 

Note: Read strobe must occur B clock periods (BIICLK) after assertion of interrupt to guarantee reset of iN'FR. TL/H/5671-4 
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Typical Applications (Continued) 

liDO. 
IIDl. 

6800 Interface 

n02. AID 
ne . 

Absolute with a 2.S00V Reference 

Vee 
IiVoe l 

Vee 1--+--.., 

AID 

'For low power, see also LM385-2.5 

IDk 
FS 
ADJ 

Zero-Shift and Span Adjust: 2V ~ VIN ~ SV 

Vee 
IsvDel 

-~>---fYIN(+1 Vee 1-"'---------, 

AID 

SETSZERO 
CODE VDLTA.r-.GEJo.,jIlv-__ -"l,..lO"--__ -:-+=.:.;.;.;.;;;.;,.;;.;;.-+_-t_..J 

I. 
2Yoc 

2.7k lERO AOJ 

I.n 
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Ratlometrlc with Full-Scale Adjust 

AID 

Vee 
(§VDel 

,...----, 
I 

Vee 1--+---.---. 

___ '--.~IDO 

, 
1 
1 ....... 

L.. ___ _ 

OPTIONAL 
FSAOJUST 

Note: before using caps at VIN or VREF/2, 

see section 2.3.2 Input Bypass Capacitors. 

.~. 

Absolute with a SV Reference 

AID 

vec·VREF 
(SYDel 

r-----, 
Vce .......... --.&----. 
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•

F
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':' I 
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Typical Applications (Continued) 

Directly Converting a Low-Level Signal A fLP Interfaced Comparator 

VIN('I Vee 

VIN 

":" 

av::; VIN::; 51hV 
AID 

VIN(-I VREF/2 

24k Uk 

Vee 
"veel 

+ 

~Ia"f 

Uk 

Ik 

Ale 

LMlll 

Ii veeo-.......-II'\I\~,...-YlI'V------1,...-\M_----------_--I For: VIN(+»VIN(-) 

Output= FFHEX 

For: VIN(+)<VIN(-) 

Output = OOHEX 

lao 

10 ~gi 

VAEF/2=128 mV 

1 LSB=1 mV 

10 VREF/2=256 mV 

1 mV Resolution with fLP Controlled Range 

Vcc 
15V ecl 

VOACS:V\N s: (VOAC+ 256 mV) 

Vee.-.... -----------. 

2k 

Ale 

'.Ik 
I·BIT DAt ,...."""'''v-...... l.5oa VDC 

0:::; VOAC < 2.SV ":" 

Digitizing a Current Flow 
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SPAN 
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Typical Applications (Continued) 

Self·Clocklng Multiple AIDs 

Neo--- elKR 

elKA ClK IN 

AID Ilk" 

CLK IN I--

Use a large R value 

to reduce loading 

at elK R output. 

-1.- 30 ,F 
NCO- elK R 

J; 

~ ClK IN 

I , 
+ 

IF MORE THAN I ADDITIONAL 
AID" USE A CMOS IUFFER (NOT Tl" 

AID #1 

AID #1 

Self·Clocklng In Free·Runnlng Mode 

AID 

NO 

'11"'~' 

"After power-up, a momentary grounding 

of the WR input is needed to guarantee operation. 

Operating with "Automotive" Ratlometrlc Transducers 
Vee 

IS VOCI 

VCC 

lik 

Ik 
FS 
AOJ 

Uk 

·V'N(-)=0.15 VCC 

15% of VCC~VXDR~B5% of VCC 
':" 
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External Clocking 
IV 

at lfft·-n~~r .. -VVMINI 
> 1 -j--U----I!VMAXO 

o _,_. ~--------~ 

1 00 kHz ~ fCLK ~ 1460 kHz 

J..LP Interface for Free-Running AID 

RESET 

. HUGE 

AID ClK R 1--.... -t.~ClK . I~~~::.~~R 

10k 
VOl" 

elK IN 

;J; 150pF 

-11-'lIl/te'KI 

"VOl n n PREVENTS RO . L----....J LOURINGAIO 

I-----T,-----f DATA UPDATE 

RESET 171 1 1/1elKI RESET 

Ratlometrlc with VREF/2 Forced 

V,N(" Vee 
+ 

-r lhF 

':" 
AID 

V,N(-I VREFIl 

':" I I
"F 
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Typical Applications (Continued) 

J.LP Compatible Differential-Input Comparator with Pre-Set Vos (with or without Hysteresis) 

AID 

liS. 
10171 

'See Figure 510 selecl R value 

112l11311A 

DB7 = "1" for VIN( + »VIN( -) + (VREF/2) 

Omit Circuitry within the dotted area if 

hysteresis is not needed 

r----------------------

1 .... 

llllll 

112 eD401I L.-__ --' 
I .... ____________________ J ":-

Handling ± 10V An<1log Inputs Low-Cost, }l.P Interfaced, Temperature-to-Dlgltal Converter 

r---------.... -O~c50c, 

llim 
YINI+I Vee 

+ 

Vce 
(iVOCI 

'::" 

1"hf 
AID 

iVoc 

,·1 TAIiIN 
AOJ 

YINI-I VRU 12 

• Beckman Instruments .. 694-3-R 1 DK resistor array 

J.LP Interfaced Temperature-to-Dlgltal Converter 

Vec 
II Yocl 

r--.... ~fV--e-.... -iYINI+1 Yec 1--+-----------, 
lMJ35·· 

12.lIv_n'c, 
10mYtKI 

'Circuit values shown are for D'C ~ T A ~ + 128'C 

"Can calibrate each sensor to alloVi easy replacement, then 

AID can be calibrated with a pre-set input voltage, 

!li
2

.

IV 

TAIiIN 
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Typical Applications (Continued) 

Handling ± 5V Analog Inputs 

IOi' ~------, 
101' 

Vec 
IIVoel 

'Beckmar) Instruments, # 694·3·R1 OK resistor array 

p,P Interfaced Comparator with Hysteresis 

SYSTEM 
OC TEST 
POINTS 

AID 

,VREF 

Analog Self-Test for a System 

• CHANNEL 
ANALOG 

MUX 
'C04D51 

FROM OUTPUT 
PORT OF"P 

e CHANNEL 
SELECT 

AID 

'LM389 transistors 

VA 

Read-Only Interface 

DATA 

AID 

Protecting the Input 

Vee 

AID 

Diodes are 1N914 

Vee 
flVoe) 

A LOW-Cost, 3-Decade Logarithmic Converter 

loa 
VINI') 

AID 

100 
VINH VRUIZ 

':' 

A, B, C, D = LM324A quad op amp 
TL/H/S671-9 
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Typical Applications (Continued) 

3-Decade Logarithmic AID Converter 

tI 
WlI 

A, B, C, 0 = LM324A 

D.,_F

T 
2.4k4Jk 

10k 
1% -5V 1k 

FS><III,...-."""",",...., 
ADJ 

Noise Filtering the Analog Input 

fC=20 Hz 

Uses Chebyshev implementation for steeper roll-off 

unity-gain, 2nd order, low-pass filter 

Adding a separate filter for each channel increases 

system response time if an analog multiplexer 

is used 

Output Buffers with AID Data Enabled 

AID 
DATA' 

AID 

• AID output data is updated 1 ClK period 

prior to assertion of INTR 

TRISTATE® 
aUFFER.S 

AID 

TO_' 
DATA BUS 
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100 

AID 

Multiplexing Differential Inputs 

4 
CHANNEL 

DIFFERENTIAL 
MUX 

CD4052 

a CHANNEL 
SELECT ,--_......-_..J 

FROM OUTPUT 
PORT OR"' 

AID 

Increasing Bus Drive and/or Reducing Time on Bus 

tI tI 

TO"' 
DATA OUT DATA BUS 

WlI WlI TRI·STATE'" AID BUFFERS 

~~------------------------------------------------~ 
Tl/H/5671-10 

• Allows output data to set-up at falling edge of CS 
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Typical Applications (Continued) 

Sampling an AC Input Signal 

'INIilAX 

LDW·'ASS.IIIUL TI-IDLf 
fILTER 

SAWU 
AND 
HOLD 
Lflt. 

-/TC/­

JL...J 
-/ III, 1- ~--""---------I 

AID 

Note 1: Ov~rsample whenever possible [keep fs > 2f(-60)1 to eliminate input frequency folding 

(aliasing) and to allow for the skirt response of the filter. 

Note 2: Consider the amplitude errors which are introduced within the passband of the filter. 

70% Power Savings by Clock Gating 

n----'..-..... 

eJ 
IIlI 

~ ~~-------~--------t::~--~o<~--------~ 

TO AID (Complete shutdown takes ::::; 30 seconds.) 

Power Savings by A(D and VREF Shutdown 

5V~ON 
.-------.... ----..... -----<> rsCSDcl 

"PCONTROL 
BUS 

. Off 
0-

·Use ADC0801, 02, 03 or 05 for lowest power consumption. 

CIilOS 
BUffeR 

Note: Logic inputs can be driven to Vee with AID supply at zero volts. 

TO DATA 
BUS 

Buffer prevents data bus from overdriving output of AID when in shutdown mode. 
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1.0 UNDERSTANDING AID ERROR SPECS 

A perfect AID transfer characteristic (staircase waveform) is 
shown in Figure 1a. The horizontal scale is analog input 
voltage and the particular points labeled are in steps of 1 
LSB (19.53 mV with 2.5V tied to the VREF/2 pin). The digital 
output codes which correspond to these inputs are shown 
as 0-1, 0, 'and 0+ 1. For the perfect AID, not only will 
center-value (A -1, A, A + 1, .... ) analog inputs produce 
the correct output ditigal codes, but also each riser (the 
transitions between adjacent output codes) will be located 
± % LSB away from each center-value. As shown, the ris­
ers are ideal and have no width. Correct digital output codes 
will be provided for a range of analog input voltages which 
extend ± % LSB from tha ideal center-values. Each tread 
(the range of analog input voltage which provides the same 
digital output code) is therefore 1 LSB wide. 

Figure 1b shows a worst case error plot for the ADCOB01. 
All center-valued inputs are guaranteed to pr9duce the cor­
rect output codes and the adjacent risers are guaranteed to 
be no closer to the center-value points than ± % LSB. In 
other words, if we apply an an'alog input equal to the center-

Transfer Function 

D+I i"'T'i 
I 
I 

3"f4 
I 
I 
I 

I I 
D-I 

7 
I : 
! I 

I 

A-I A+I 

ANALOG INPUT (Y,N) 

value ± 114 LSB, we guarantee that the AID will produce the 
correct digital code. The maximum range of the position of 
the code transition is indicated by the horizontal arrow and it 
is guaranteed to be no more than % ~SB. 
The error curve of Figure 1c shows a worst case error plot 
for the ADCOB02. Here we guarantee that if we apply an 
analog input equal to the LSB analog voltage center-value 
the AID will produce the correct digital code. 

Next to each transfer function is shown the corresponding 
error plot. Many people may be more familiar with error plots 
than transfer functions. The analog input voltage to the AID 
is provided by either a linear ramp or by the discrete output 
steps of a high resolution DAC. Notice that the error is con­
tinuously displayed and includes the quantization uncertain­
ty of the AID. For example the error at point 1 of Figure 1a 
is + % LSB because the digital code appeared % LSB in 
advance of the center-value of the tread. The error plots 
always have a constant negative slope and the abrupt up­
side steps are always 1 LSB in magnitude. 

Error Plot 

+1 LSI 1---,--------

+112 lSI ---I 3 ___ 5 ___ 

a: 
----1 QUANT. 

c 
a: 

___ JUROR 
a: I 

: 
I I I 

-112 LSI -- .... - -r --r--
I 2 I 4 I I 
I I I 
I I I 

-I LSI 

A-I A+I 

ANALOG INPUT !Y,N) 

a) Accuracy = ± 0 LSB A Perfect AID 

0+1 

0-1 

0+1 

0-1 

Transfer Function 

A-I A+I 

ANALOG INPUT IY,N) 

Transfer Function 

A-I A A+I 

ANALOG INPUT (Y,N) 

Error Plot 

+1 lSI ~-------­
+3/4 LSI 

________ 5 _______ _ 

+112 LSI 

IIC 
C 
a: 
a: 

-112 lSI 

---1 QUANT. 

1--44---11+l-++-_ .~. fRROR 

-3/4 lSI 

b) Accuracy = ± % LSB 

c) Accuracy = ± % LSB 

-I lSI L..-_--'-_....I..._ ....... __ 

A-I A+I 

ANALOG INPUT IYIN) 

Er~~r Plot 

+1 LSI 1------...---

a: 
c 
a: 
a: 

• --lQUANT 

r---IH,---r-f--l,f-.:....- ... jEkROR 

- -l---J 
4 I 

I 
I 

-I lSI L..-_---I.._-=_..L...-__ 

A-I A+I 

ANALOG INPUT IYIN) 

FIGURE 1. Clarifying the Error Spec~ of an AID Converter 
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2.0 FUNCTIONAL DESCRIPTION 

The ADC0801 series contains a circuit equivalent of the 
256R network. Analog switches are sequenced by succes­
sive approximation logic to match the analog difference in­
put voltage [V,N( +) :- V,N( -)] to a corresponding tap on 
the R network. The most significant bit is tested first and 
after 8 comparisons (64 clock cycles) a digital 8-bit binary 
code (1111 1111 = full-scale) is transferred to an output 
latch and then an interrupt is'asserted (INTR makes a high~ 
to-low transition). A conversion in process can be interrupt­
ed by issuing a second start command. The device may be 
operated in the free-running mode by connecting INTR to 
the WR input with CS';" O. To insure start-up under all possi­
ble conditions, an external WR pulse is required during the 
first power-up cycle. 

On the high-to-Iow transition of the WR input the internal 
SAR latches and the shift register stages are reset. As long 
as the CS input and WR input remain low, the AID will re­
main in a reset state. Conversion will start from 1 to 8 clock 
periods after at least one of these inputs makes a low-to­
high transition. 

20 
VCC (VREFlo---+----4 

9 
VREF/2o---+----4~ 

AGND 

-= Vee 

7 

DAC 
V(OUTI 

VIN(-lo-....... - .... 

lADDER 
ANO 

DECODER 

DIGITAL OUTPUTS 

A functional diagram of the AID converter is shown in Fig­
ure 2. All of the package pinouts are shown and the major 

. logic control paths are drawn in heavier weight lines. 

The converter is started by having CS and WR simulta­
neously low. This sets the start flip-flop (F/F) and the result­
ing "1" level resets the 8-bit shift register, resets the Inter­
rupt (INTR) F/F and inputs a "1" to the D flop, F/F1, which 
is at the input end of the 8-bit shift register. Internal clock 
signals then transfer this "1" to the Q output of F IF1. The 
AND gate, G 1, combines this "1" output with a clock signal 
to provide a reset signal to the start F/F. If the set signal is 
no longer present (either WR or CS is a "1 ") the start F/F is 
reset and the 8-bit shift register then can have the "1" 
clocked in, which starts the conversion process. If the set 
signal were to still be present, this reset pulse would have 
no effect (both outputs of the start F/F would momentarily 
be at a"l" level) and the 8-bit shift register would continue 
to be held in the reset mode. This logic therefore allows for 
wide CS and WR signals and the converter will start after at 
least one of these signals returns high and the internal 
clocks again provide a reset signal for the start F/F. 

"I:" RESET SHIfT REGISTER 
"0"· BUSY AND QUIESCENT STATE 

INPUT PROTECTION 
FOR All lOGIC INPUTS 

INPUT 

F.TO INTERNAL 
CIRCUITS 

BVo>30V 

ClK 

INTR F/F 

TRI·STATE® CONTROL 
n (NOTE 1) (>io-----o()f-" "1"· OUTPUT ENABLE 

~ ~----..... ----~--~----.. ----------..... --..... -R-ES .. ET 

TLlH/5671-13 

Note 1: CS shown twice for clarity. 

Note 2: SAR = Successive Approximation Register .. 

FIGURE 2. Block Diagram 
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After the "1" is clocked through the 8·bit shift register 
(which completes the SAR search) It appears as the input to 
the D·type latch, LATCH 1. As soon as this "1" Is output 
from the shift register, the AND gate, G2, causes the new 
digital word to transfer to the TRI-STATE output latches. 
When LATCH 1 is subsequently enabled, the Q output 
makes a high·to·low transition which causes the INTR F/F 
to set. An Inverting buffer then supplies the INTR input sig. 
nal. 

Note that this SET control of the INTR F/F remains low for 
8 of the external clock periods (as the internal clocks run at 
Va of the frequency of the external clock). If the data output 
is continuously enabled (~ and AD both held low), the 
INTR output will still signal the end of conversion (by a high· 
to·low transition), because the SET input can control the Q 
output of the INTR F/F even though the RESET input is 
constantly at a "1" level in this operating mode. This INTR 
output will therefore stay low for the duration of the SET 
signal, which is 8 periods of the external clock frequency 
(assuming the AID is not started during this int~rval). 

When operating in the free·running or continuous conver· 
sion mode (lNTR pin tied to WR and CS wired low-see 
also section 2.8), the START F/F is SET by the high·to·low 
transition of the INTR signal. This resets the SHIFT REGIS· 
TER which causes the input to the D·type latch, LATCH 1, 
to go low. As the latch enable input is still present, the Q 
output will go high, which then allows the INTR F/F to be 
RESET. This reduces the width of the resulting INTR output 
pulse to only a few propagation delays (approximately 300 
ns). 

When data is to be read, the combination of both CS and 
RD being low will cause the INTR F/F to be reset and the 
TRI·STATE output latches will be enabled to provide the B· 
bit digital outputs. 

2.1 Digital Control Inputs 

The digital control inputs (CS, RD, and WR) meet standard 
T2L logic voltage levels. These signals have been renamed 
when compared to the standard AID Start and Output En" 
able labels. In addition, these inputs are active low to allow 
an easy interface to microprocessor control busses. For 
non·microprocessor based applications, the CS input (pin 1) 
can be grounded and the standard AID Start function Is 
obtained by an active low pulse applied at the WR input (pin 
3) and the Output Enable function is caused by an active 
low pulse at the AD input (pin 2). 

2.2 Analog Differential Voltage Inputs and 
Common-Mode Rejection 

This AID has additional applications flexibility due to the 
analog differential voltage input. The VIN( -) input (pin 7) 
can be used to automatically subtract a fixed voltage value 
from the input reading (tare correction). This is also useful in 
4 mA-20 mA current loop conversion. In addition, common· 
mode noise can be reduced by use of the differential input. 

The time interval between sampling VIN( +) and VIN( -) is 4-
% clock periods. The maximum error voltage due to· this 
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slight time difference between the input voltage samples is 
given by: 

(
4.5 ) 

t:.. Ve(MAX) = (Vp) (21Tfem) fCLK ' 

where: 

t:.. Ve is the error voltage due to sampling delay 

Vp is the peak value of the common·mode voltage 

fern is the common·mode frequency 

As an example, to keep this error to 114 LSB (- 5 mV) when 
operating with a SO Hz common· mode frequency, fern, and 
using a S40 kHz AID clock, fCLK' would allow a peak value 
of the common· mode voltage, Vp, which is given by: 

or 

Vp = [t:..Ve(MAXr(fCLK)) 
(21Tfem) (4.5) 

(5 x 10-3) (S40X103) 

Vp = (S.28) (SO) (4.5) 

which gives 

Vp~ 1.9V. 

The allowed range of analog input voltages usually places 
more severe restrictions on input common·mode noise lev· 
els. 

An analog input voltage with a reduced span and a relatively 
large zero offset can be easily handled by making use of the 
differential input (see section 2.4 Reference Voltage). 

2.3 Analog Inputs 

2.3.1 Input Current 

Normal Mode 
Due to the internal switching action, displacement currents 
will flow at the analog inputs. This is due to on·chip stray 
capacitance to ground as shown in Figure 3. 
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FIGURE 3. Analog Input Impedance 
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The voltage on this capacitance is switched and will result in 
currents entering the VIN( +) input pin and leaving the 
VIN( -) input which will depend on the analog differential 
input voltage levels. These current transients occur at the 
leading edge of the internal clocks. They rapidly decay and 
do not cause errors as the on-chip comparator is strobed at 
the end of the clock period. 

Fault Mode 

If the voltage source which is applied to the VIN( +) pin 
exceeds the allowed operating range of Vee + 50 mY, large 
input currents can flow through a parasitic diode to the Vee 
pin. If these currents could exceed the 1 mA max allowed 
spec, an external diode (1N914) should be added to bypass 
this current to the Vee pin (with the current bypassed with 
this diode, the voltage at the VIN( +) pin can exceed the 
Vee voltage by the forward voltage of this diode). 

2.3.2 Input Bypass Capacitors 

Bypass capacitors at the inputs will average these charges 
and cause a DC current to flow through the output resist~ 
ances of the analog signal sources. This charge pumping 
action is worse for continuous conversions with the VIN( + ) 
input voltage at full-scale. For continuous conversions with 
a 640 kHz clock frequency with the VIN( + ) input at 5V, this 
DC current is at a maximum of approximately 5 ).lA. There­
fore, bypass capacitors should not be used at the analog 
inputs or the VR£FI2 pin for high resistance sources (> 1 
kn). If input bypass capacitors are necessary for noise filter­
ing and high source resistance is desirable to minimize ca­
pacitor size, the detrimental effects of the voltage drop 
across this input resistance, which is due to the average 
value of the input current, can be eliminated with a full-scale 
adjustment while the given source resistor and input bypass 
capacitor are both in place. This is possible because the 
average value of the input current is a precise linear func­
tion of the differential input voltage. 

2.3.3 Input Source Resistance 

Large values of source resistance where an input bypass 
capacitor is not used, will not cause errors as the input cur­
rents settle out prior to the comparison time. If a low pass 
filter is required in the system, use a low valued series resis­
tor (~ 1 kO) for a passive RC section or add an op amp RC 
active low pass filter. For low source resistance applica­
tions, (~ 1 kO), a 0.1 ).IF bypass capacitor at the inputs will 
prevent pickup due to series lead inductance of a long wire. 
A 1000 series resistor can be used to isolate this capaci­
tor-both the Rand C are placed outside the feedback 
loop-from the output of an op amp, if used. 

2.3.4 Noise 

The leads to the analog inputs (pin 6 and 7) should be kept 
as short as possible to minimize input noise coupling. Both 
noise and 'undesired digital clock coupling to these inputs 
can cause system errors. The source resistance for these 
inputs should, in general, be kept below 5 kO. Larger values 
of source resistance can cause undesired system noise 
pickup. Input bypass capacitors, placed from the analog in­
puts to ground, will eliminate system noise pickup but can 
create analog scale errors as these capacitors will average 
the transient input switching currents of the AID (see sec­
tion 2.3.1.). This scale error depends on both a iarge source 
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resistance and the use of an, input bypass capacitor. This 
error can be eliminated by doing a full-scale adjustment of 
the AID (adjust VREF/2 for a proper full-scale reading-see 
section 2.5.2 on Full-Scale Adjustment) with the source re­
sistance and input bypass capacitor in place. 

2.4 Reference Voltage 

2.4.1 Span Adjust 

For maximum applications flexibility, these AIDs have been 
designed to accommodate a 5 Voe, 2.5 Voe or an adjusted 
voltage reference. This has been achieved in the design of 
the IC as shown in Figure 4. 
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FIGURE 4. The VREFERENCE Design on the IC 

Notice that the reference voltage for th'e IC is either % of 
the, voltage which is applied to the Vee supply pin, or is 
equal to the voltage which is externally forced at the VREFI 
2 pin. This allows for a ratiometric voltage reference using 
the Vee supply, a 5 Voe reference voltage can be used for 
the Vee supply or a voltage less than 2.5 Voe can be ap~ 
plied to the VREF/2 input for increased application flexibility. 
The internal gain to the VREF/2 input is 2 making the full­
scale differential input voltage twice the voltage at pin 9. 

An example of the use of an adjusted reference voltage is to 
accommodate a reduced span-or dynamic voltage range 
of the analog input voltage. If the analog input voltage were 
to range from 0.5 Voe to 3.5 Voe, instead of OV to 5 Voe, 
the span would be 3V as shown in Figure 5. With 0.5 Voe 
applied to the VIN( -) pin to absorb the offset, the reference 
voltage can be made equal to% of the 3V span or 1.5 Voe. 
The AID now,will encode the VIN( +) signal from 0.5V to 3.5 
V with the 0.5V input corresponding to zero and the 3.5 Voe 
input corresponding to full-scale. The full 8 bits of resolution 
are therefore applied over this reduced analog input voltage 
range. 
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FIGURE 5. Adapting the AID Analog Input Voltages to Match an Arbitrary Input Signal Range 

2.4.2 Reference Accuracy Requirements 

The converter can be operated in a ratiometric mode or an 
absolute mode. In ratiometric converter applications, the 
magnitude of the refer~nce voltage is a factor in both the 
output of the source transducer and the output of the AID 
converter and therefore cancels out in the final digital output 
code. The ADC0805 is specified particularly for use in ra­
tiometric applications with no adjustments required. In abso­
lute conversion applications, both the initial value and the 
temperature stability of the reference voltage are important 
accuracy factors in the operation of the AID converter. For 
VREF/2 voltages of 2.4 Voc nominal value, initial errors of 
± 10 mVoc will cause conversion errors of ± 1 LSB due to 
the gain of 2 of the VREF/2 input. In reduced span applica­
tions, the initial value and the stability of the VREF/2 input 
voltage become even more important. For example, if the 
span is reduced to 2.5V, the analog input LSB voltage value 
is correspondingly reduced from 20 mV (5V span) to 10 mV 
and 1 LSB at the VREF/2 input becomes 5 mV. As can be 
seen, this reduces the allowed initial tolerance of the refer­
ence voltage and requires correspondingly less absolute 
change with temperature variations. Note that spans smaller 
than 2.5V place even tighter requirements on the initial ac­
curacy and stability of the reference source. 

In general, the magnitude of the reference voltage will re­
quire an initial adjustment. Errors due to an improper value 
of reference voltage appear as full-scale errors in the AID 
transfer function: IC voltage regulators may be used for ref­
erences if the ambient temperature changes are not exces­
sive. The LM336B 2.5V IC reference diode (from National 
Semiconductor) is available which has a temperature stabili­
tyof 1.8 mV typ (6 mV max) over O·C::;;TA::;; +70·C. Other 
temperature range parts are also available. 

6-21 

2.5 Errors and Reference Voltage Adjustments 

2.5.1 Zero Error 

The zero of the AID does not require adjustment. If the 
minimum analog input voltage value, VIN(MIN), is not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing the AID VIN( -) input at this VIN(MIN) value (see 
Applications section). This utilizes the differential mode op­
eration of the AID. 

The zero error of the AID converter relates to the location 
of the first riser of the transfer function and can be mea­
sured by grounding the V (-) input and applying a small 
magnitude positive voltage to the V (+) input. Zero error is 
the difference between the actual DC input voltage which is 
necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal % LSB value 
(% LSB = 9.8 mV for VREF/2=2.500 VDd. 

2.5.2 Full-Scale 

The full-scale adjustment can be made by applying a differ­
ential input voltage which is 1 % LSB down from the desired 
analog full-scale voltage range and then adjusting the mag­
nitude of the VREF/2 input (pin 9 or the Vec'supply if pin 9 is 
not used). for a digital output code which is just changing 
from 1111 1110 to 1111 1111. . 
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2.5.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the AID is shifted away from 
ground (for example, to accommodate an analog input sig­
nal which does not go to ground) this new zero reference 
should be properly adjusted first. A VIN( +) voltage which 
equals this desired zero reference plus % lSB (where the 
lSB is calculated for the desired analog span, 1 lSB = ana­
log span/256) is applied to pin 6 and the zero reference 
voltage at pin 7 should, then be adjusted to just obtain the 
OOHEX to 01 HEX code transition. 

The full-scale adjustment should then be made (with the 
proper VIN( -) voltage applied) by forcing a voltage to the 
VIN( +) input which is given by: 

V (+)fsadJ' = V -1.5 [(VM'AX - VMIN)] 
IN MAX '. 256 ' 

where: 

VMAX=The high end of the analog input range 

and 

VMIN = the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 

The VREF/2 (or Vee> voltage is then adjusted to provide a 
code change from FEHEX to FFHEX. This completes the ad­
justment procedure. 

2.6 Clocking Opt/on 

The clock for the AID can be derived from the CPU clock or 
an external RC can be added to provide self-clocking. The 
ClK IN (pin 4) makes use of a Schmitt trigger as shown in 
Figure 6. 
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FIGURE 6. Self-Clocking the AID 

Heavy capacitive or DC loading of the clock R pin should be 
avoided as this will disturb normal converter operation. 
Loads less than 50 pF, such as driving up to 7 AID convert­
er clock inputs from a single clock R pin of 1 converter, are 
allowed. For larger clock line loading, a CMOS or low power 
T2l buffer or PNP input logic should be used to minimize the 
loading on the clock R pin (do not use a standard T2l buff-
er~ , 

, 2.7 Restart During a Conversion 

If the AID is restarted (CS and WR go low and return high) 
during a conversion, the converter is reset and a new con­
version is started. The output data latch is not updated if the 
conversion in process is not allowed to be completed, there­
fore the data of the previous conversion remains in this 
latch. The INTR output also simple remains at the "1" level. 
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2.8 Continuous Conversions 

For operation in the free-running mode an initializing pulse 
should be used, following power-up, to insure circuit opera­
tion. In this application, the CS input is grounded and the 
WR input is tied to the INTR output. This WR and INTR 
node should be momentarily forced to logiC low following a 
power-up cycle to guarantee operation. 

,2.9 Driving the Data Bus 

This MOS AID, like MOS microprocessors and memories, 
will require a bus driver when the total capacitance of the 
data bus gets large. Other circuitry, which is tied to the data 
bus, will add to the total capacitive loading, even in TRI­
STATE (high impedance mode). Backplane bussing also 
greatly adds to the stray capacitance of the data bus. 

There are some alternatives available to the, designer to 
handle this problem. Basically, the capacitive loading of the 
data bus slows down the response time, even though DC 
specifications are still met. For systems operating with a 
relatively slow CPU clock frequency, more time is available 
in which to establish proper logic levels on the bus and 
therefore higher capacitive loads can be driven (see typical 
characteristics curves). 

At higher CPU clock frequencies time can be extended for 
1/0 reads (and/or writes) by inserting wait states (8080) or 
using clock extending circuits (6800). 

Finally, if time is short and capacitive loading is high, exter­
nal bus drivers must be used. These can be TRI-STATE 
buffers (low power Schottky is recommended such as the 
DM74lS240 series) or special higher drive current products 
which are designed as bus drivers. High current bipolar bus 
drivers with .PNP inputs are recommended. 

2.10 Power Supplies 

Noise spikes on the Vee supply line can cause conversion 
errors as the comparator will respond to this noise. A low 
inductance tantalum filter capacitor should be used close to 
the converter Vee pin and values of 1 /LF or greater are 
recommended. If an unregulated voltage is available in the 
system, a separate lM340LAZ-5.0, TO-92, 5V voltage regu­
lator for the converter (and other analog circuitry) will greatly 
reduce digital noise on the Vee supply. 

2.11 Wiring and Hook-Up Precautions 

Standard digital wire wrap sockets are not satisfactory for 
breadboarding this AID converter. Sockets on PC boards 
can be used and all logic signal wires and leads should be 
grouped and kept as far away as possible from the analog 
signal leads. Exposed leads to the analog inputs can cause 
undesired digital noise and hum pickup, therefore shielded 
leads may be necessary in many applications. 



A single point analog ground should be used which is sepa­
rate from the logic ground points. The power supply bypass 
capacitor and the self-clocking capacitor (if used) should 
both be returned to digital ground. Any VREF/2 bypass ca­
pacitors, analog input filter capacitors, or input signal shield­
ing should be returned to the analog ground point. A test for 
proper grounding is to measure the zero error of the AID 
converter. Zero errors in excess of % LSB can usually be 
traced to improper board layout and wiring (see section 
2.5.1 for measuring the zero error). 

3.0 TESTING THE AID CONVERTER 

There are many degrees of complexity associated with test­
ing an AID converter. One of the simplest tests is to apply a 
known analog input voltage to the converter and use LEOs 
to display the resulting digital output code as shown in A'g­
ure 7. 

For ease of testing, the VREF/2 (pin 9) should be supplied 
with 2.560 Voe and a Vee supply voltage of 5.12 Voe 
should be used. This provides an LSB value of 20 mV. 

If a full-scale adjustment is to be made, an analog input 
voltage of 5.090 Voe (5.120-1 Yz LSB) should be applied to 
the VIN( +) pin with the VIN( -) pin grounded. The value of 
the VREF/2 input voltage should then be adjusted until the 
digital output code is just changing from 1111 1110 to 1111 
1111. This value of VREF/2 should then be used for all the 
tests. 

The digital output LED display can be decoded by dividing 
the 8 bits into 2 hex characters, the 4 most significant (MS) 
and the 4 least significant (LS). Table I shows the fractional 
binary equivalent of these two 4-bit groups. By adding the 
decoded voltages which are obtained from the column: In­
put voltage value for a 2.560 VREF/2 of both the MS and the 
LS groups, the value of the digital display can be deter­
mined. For example, for an output LED display of 1011 0110 
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FIGURE 7. Basic AID Tester 
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or B6 (in hex), the voltage values from the table are 3.520 + 
0.120 or 3.640 Voe. These voltage values represent the 
center-values of a perfect AID converter. The effects of 
quantization error have to be accounted for in the interpreta­
tion of the test results. 

For a higher speed test system, or to obtain plotted data, a 
digital-to-analog converter is needed for the test set-up. An 
accurate 10-bit DAC can serve as the precision voltage 
source for the AID. Errors of the AID under test can be 
provided as either analog voltages or differences in 2 ditigal 
words. 

A basic AID tester which uses a DAC and provides the error 
as an analog output voltage is shown in Figure 8. The 2 op 
amps can be elminated if a lab DVM with a numerical sub­
traction feature is available to directly readout the difference 
voltage, "A-C". The analog input voltage can be supplied 
by a low frequency ramp generator and an X-V plotter can 
be used to provide analog error (Y axis) versus analog input 
(X axis). The construction details of a tester of this type are 
provided in the NSC application note AN-179, "Analog-to­
Digital Converter Testing". 

For operation with a microprocessor or a computer-based 
test system, it is more convenient to present the errors digi­
tally. This can be done with the circuit of Figure 9, where the 
output code transitions can be detected as the 1 O-bit DAC is 
incremented. This provides % LSB steps for the 8-bit AID 
under test. If the results of this test are automatically plotted 
with the analog input on the X axis and the error (in LSB's) 
as the Y axis, a useful transfer function of the A/D under 
test results. For acceptance testing, the plot is not neces­
sary and the testing speed can be increased by establishing 
internal limits on the allowed error for each code. 

4.0 MICROPROCESSOR INTERFACING 

To dicuss the interface with 8080A and 6800 microproces­
sors, a common sample subroutine structure is used. The 
microprocessor starts the AID, reads and stores the results 
of 16 successive conversions, then returns to the user's 
program. The 16 data bytes are stored in 16 successive 
memory locations. All Data and Addresses will be given in 
hexadecimal form. Software and hardware details are pro­
vided separately for each type of microprocessor. 

4. 1·'nterfaclng 8080 Microprocessor Derivatives (8048, 
8085) 

This converter has been designed to directly interface with 
derivatives of the 8080 microprocessor. The AID can be 
mapped into memory space (using standard memory ad­
dress decoding for CS and the MEMR and MEMW strobes) 
or it can be controlled as an I/O device by using the I/O R 
and I/O W strobes and decoding the address bits AO -. 
A7 (or address bits A8 -. A 15 as they will contain the 
same 8-bit address information) to obtain the CS input. Us­
ing the I/O space provides 256 additional addresses and 
may allow a simpler 8-bit address decoder but the data can 
only be input to the accumulator. To make use of the addi­
tional memory reference instructions, the AID should be 
mapped into memory space. An example of an AID in I/O 
space is shown in Figure 10. 
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FIG~RE 9. Basic "Digital" AID Tester 
... 

TABLE I. DECODING THE DIGITAL OUTPUT LEDs 

,. OUTPUT VOL TA,GE 
CENTER VALUES 

HEX BINARY 
FRACTIONAL BINARY VALUE FOR WITH 

VREF/2 = 2.560 Voc 

MSGROUP LSGROUP VMSGROUP* VLSGROUP* 

F 1 1 1 1 15/16 15/256 4.800 0.300 
E 1 1 1 0 7/8 7/128 4.480 0.280 
D 1 1 0 1 1W16 13/256 4.160 0.260 
C 1 1 0 0 W4 3/64 3.840 0.240 

B 1 0 1 1 11/16 11/256 3.520 0.220 
A 1 0 1 0 5/8 5/128 3.200 0.200 
9 1 0 0 1 9/16 9/256 2/880 0.180 

\ 

8 1 0 0 0 1/2 1/32 2/560 0.160 

7 0 1 1 1 7/16 7/256 2.240 0.140 
6 0 1 1 0 3/8 3/128 1.920 0.120 
5 0 1 0 1 5/16 2/256 1.600 0.100 
4 0 1 0 0 1/4 1/64 1/280 0.080 

3 0 0 1 1 3/16 3/256 0.960 0.060 
2 0 0 1 0 1/8 1/128 0.640 0.040 
1 0 0 0 1 1/16 1/256 0.320 0.020 
0 0 0 0 0 0 0 

·Display Output = VMS Group + VLS Group 
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Note 1: 'Pin numbers for the INS8228 system controller, others are INS8080A. 

Note 2: Pin 23 of the INS8228 must be tied to + 12V through a 1 kO resistor to generate the RST 7 

instruction when an interrupt is acknowledged as required by the accompanying sample program. 

FIGURE 10. ADC0801-INS8080A CPU Interface 

SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INS8080A CPU INTERFACE 
C3 0003 RST 7: JMP LD DATA 

210002 START: LXI H 0200H i HL pair will point to 
i data storage locations 

310004 RETURN: LXI SP 0400H i Initialize stack pointer (Note 1) 
7D MOV A, L i Test # of bytes entered 
FE OF CPI OF H iIf#=16. JMPto 
CA 13 01 JZ CONT i user program 
D3EO OUT EO H i Start AID 
FB EI i Enable interrupt 
00 LOOP: NOP i Loop until end of 
C3 OF 01 JMP LOOP i conversion 

CONT: • 
• 

• (User program to • 
• process data) • 
• • • 
• • • 

DBEQ LD DATA: INEO H i Load data into accumulator 
77 MOVM, A i Store data 
23 INXH iIncrementstoragepointer 
C3 03 01 JMP RETURN 

Note 1: The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack. 

Note 2: All address used were arbitrarily chosen. 
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The standard control bus signals of the 8080 CS, RD and 
WR) can be directly wired to the digital control inputs of the 
AID and the bus timing requirements are met to allow both 
starting the converter and outputting the data onto the data 
bus. A bus driver should be used for larger microprocessor 
systellJs where the data bus leaves the PC board and/or 
must drive capacitive loads larger than 100 pF. 

4.1.1 Sample 8080A CPU Interfacing Circuitry and 
Program 

The ·following sample program and associated hardware 
shown in Figure 10 may be used to input data from the 
converter to the INS8080A CPU chip set (comprised of the 
INS8080A microprocessor, the INS8228 system controller 
and the INS8224 clock generator). For simplicity, the AID is 
controlled as an I/O device, specifically an 8-bit bi-direction­
al port located at an arbitrarily chosen port address, EO. The 
TRI-STATE output capability of the AID eliminates the need 
for a peripheral interface device, however address decoding 
is still required to generate the appropriate CS for the con­
verter. 
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It is important to note that in systems where the AID con­
verter is 1-of-8 or less I/O mapped devices, no address 
decoding circuitry is necessary. Each of the 8 address bits 
(AO to A7) can be directly used as CS inputs-one for each 
I/O device. 

4.1.2 INS8048 Interface 

The INS8048 interface technique with the ADC0801 series 
(see Figure 11) is simpler than the 8080A CPU interface. 
There are 24 I/O lines and three test input lines in the 8048. 
With these extra I/O lines available, one of the I/O lines (bit 
o of port 1) is used as the chip select signal to the AID, thus 
eliminating the use of an external address decoder. Bus 
control signals RD, WR and INT of the 8048 are tied directly 
to the AID. The 16 converted data words are stored at on­
chip RAM locations from 20 to 2F (Hex). The RD and WR 
signals are generated by reading from and writing into a 
dummy address, respectively. A sample interface program 
is shown below. 
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.J.!O 
TL/H/5671-21 

FIGURE 1,1.INS8048 Interface 

SAMPLE PROGRAM FOR FIGURE 111NS8048 INTERFACE 

START: 

AGAIN: • 

LOOP: 

INDATA: 

JMP 10H : Program starts at addr 10 
ORG 3H 
JMP 50H 
ORG 10H 
ANL Pl,#OFEH 
MOVX A, @Rl 

ORL 
MOV 
MOV 
MOV 
MOV 
ANL 
MOVX 
EN 
JNZ 
DJNZ 
NOP 
NOP 
ORG 
MOVX 
MOV 
INC 
ORL 
CLR 
RETR 

Pl, #1 
RO, #20H 
Rl, #OFFH 
R2, #lOH 
A, #OFFH 
Pl, #OFEH 
@Rl,A 
I 
LOOP 
R2, AGAIN 

50H 
A, @Rl 
@RO, A 
RO 
Pl, #1 
A 
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; Interrupt jump vector 
; Main program 
; Chip select 
; Read in the 1st data 
; to reset the intr 
; Set port pin high 
; Data address 
; Dummy address 
; Counter for 16 bytes 
; Set ACC for intr loop 
; Send CS (bit 0 of Pl) 
; Send WR out 
; Enable interrupt 
; Wai t for interrupt 
; If 16 bytes are read 
.; go to user's program 

; Input data, CS still low 
; Store in memory 
; Increment storage counter 
; Reset CS signal 
; Clear ACC to get out of 
; the interrupt loop 



SAMPLE PROGRAM FOR FIGURE 12-INS8073 INTERFACE 
100 C = 16 ; REM C is the 16 bytes counter 

RAM no D=#13DO ; REM D points to data address 
120 @#3000=A ; REM start AID 
130 A = STAT AND #20 ; REM wai t until interrupt 

....... ---I~lfS 
t----~Iiiii 

140 IF A < > 0 THEN GO TO 130 ; REM from AID 
150 @D='@#3000 ; REM input converted data 

....... -~~IWR AOtOIDI 

1+----liNf 
160 D=D+l ; REM increment data address 
170 C=C-l ; REM check counter 

INSI013 
DATA lS0 IF C > 0 THEN GO TO 120 ; REM if 16 data have been read 

190 RETURN ; REM return to main program 

34 
FI RS·232 

III 74lS04 1/40S1411 

31 
SAr-----<><. 1------4 RS·ZlZ 

1/40S14U 
TL/H/5671-22 

FIGURE 12.INS8073 Interface 

4.1.3 INS8073 Interface 

The INSS073 allows users to program directly in Tiny Basic. 
DS14SS/14S9 driver/receiver chips are used for level buff­
ering to communicate via RS-232. (For a detailed descrip­
tion of the INSS073 and the Tiny Basic, see INS8073 data 
sheet.) The ADCOS01 is mapped into the memory space of 
the S073 system (see Figure 12) .. A RAM of 1 k bytes is 
provided in which the first 256 bytes are used by the Tiny 
Basic micro-interpreter. Address 3000 (Hex) is assigned to 
the AID and the 16 converted data bytes are stored at ex­
ternal RAM locations from 13DO to 13DF (Hex). STAT func­
tion is used to examine the interrupt signal from the A/D. A 
sample Tiny Basic subroutine is given in the sample pro­
gram for Figure 12 - INSS073 Interface. 

4.2 Interfacing the Z-80 

The Z-SO control bus is slightly different from that of the 
SOSO. General RD and WR strobes are provided and sepa­
rate memory request, MREO, and I/O request, 10RO, sig­
nals are used which have to be combined with the general­
ized strobes to provide the equivalent S080 signals. An ad­
vantage of operating the AID in 110 space with the Z-SO is 
that the CPU will automatically insert one wait state (the RD 
and WR strobes are extended one clock period) to allow 
more time for the I/O devices to respond. Logic to map the 
AID in 110 space is shown in Figure 13. 

o 

AID :~ 
MM74C32 1..---..1 

TL/H/5671-23 

FIGURE 13. Mapping the A/D as an I/O Device 
for Use with the Z-80 CPU 

Additional 110 advantages exist as software DMA routines 
are available and use can be made of the output data trans­
fer which exists on the upper S address lines (AS to A 15) 
during 110 input instructions. For example, MUX channel 
selection for the AID can be accomplished with this operat­
ing mode. 
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4.3 Interfacing 6800 Microprocessor Derivatives 
(6502, etc.) 

The control bus for the 6S00 microprocessor derivatives 
doe not use the RD and WR strobe signals. Instead it em­
ploys a single R/W line and additional timing, if needed, can 
be derived fom the 4>2 clock. All 110 devices are memory 
mapped in the 6800 system, and a special signal, VMA, 
indicates that the current address is valid. A'gure 14 shows 
an interface schematic where the AID is memory mapped in 
the 6800 system. For simplicity, the CS decoding is shown 
using % DM8092. Note that in many 6800 systems, an al­
ready decoded 4.5 line is brought out to the common bus at 
pin 21. This can be tied directly to the CS pin of the AID, 
provided that no other devices are addressed at HX ADDR: 
4XXX or 5XXX. 

The following subroutine essentially performs the same 
function as in the case of the SOSOA interface and it can be 
called from anywhere in the user's program. 

In Figure 15the ADCOS01 series is interfaced to the M6S00 
microprocessor through (the arbitrarily chosen) Port B of the 
MC6820 or MC6S21 Peripheral Interface Adapter, (PIA). 
Here the CS pin of the AID is grounded since the PIA is 
already memory mapped in the M6800 system and no CS 
decoding is necessary. Also notice that the AID output data 
lines are connected to the microprocessor bus under pro­
gram control through the PIA and therefore the AID RD pin 
can be grounded. 

A sample interface program equivalent to the previous one, 
is shown below Figure 15. The PIA Data and Control Regis­
ters of Port B are located at HEX addresses S006 and S007, 
respectively. 

5.0 GENERAL APPLICATIONS 

The following applications show some interesting uses for 
the A/D. The fact that one particular microprocessor is used 
is not meant to be restrictive. Each of these application cir­
cuits would have its counterpart using any microprocessor 
which is desired. 
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5.1 Multiple ADC0801 Series to MC6800 CPU Interface 

To transfer analog data from several channels to a single 
microprocessor system, a multiple converter scheme pre· 
sents several advantages over the conventional multiplexer 
single·converter approach. With the ADC0801 series, the 
differential inputs allow individual span adjustment for 

~~ 

1 cs V 
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INPUTS 
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..;0 Rii 

~ WR 
CLK IN 

5 
._ INTR 
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7 
VIN(.) 

VIN(-) ---: o-ft AGND 
1501' 1: VREFI2 '* '* DGND 

Note 1: Numbers in parentheses refer to MC6S00 CPU pin out. 

AID 

each channel. Furthermore, all analog input channels are 
sensed simultaneously, which essentially divides the micro­
processor's total system servicing time by the number of 
channels, since all conversions occur simultaneously. This 
scheme is shown in Figure 16.' 
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FIGURE 14. ADC0801-MC6800 CPU Interface 

SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU INTERFACE 
0010 DF 36 DATAIN STX TEMP2 ; Save contents of X 
0012 CE 00 2C LDX #$002C ; Upon IRQ, low CPU 
0015 FF FF FS STX $FFFS ; jumps to 002C 
OOlS B7 50 00 STAA $5000 : Start ADCOSOl 
OOlB OE CLI 
OOlC 3E CONVRT WAI : Wai t for interrupt 
OOlD DE 34 LDX TEMPl 
OOlF SC 02 OF CPX #$020F : Is final data stored? 
0022 2714 ' BEQ, ENDP 
0024 B7 50 00 STAA $5000 : Restarts ADCOSOl 
0027 OS INX 
002S DF 34 STX TEMPl 
002A 20 FO BRA CONVRT 
002C DE 34 INTRPT LDX TEMPl 
002E B6 50 00 LDAA $5000 : Read data 
0031 A700 STAA . ,. X : Store it at X 
0033. 3B RTI 
0034 0200 TEMP1 FDB $0200 ; Starting address for 

: data storage 
0036 0000 TEMP2 FDB $0000 
003S CE 02 00 ENDP LDX #$0200 ;ReinitializeTEMPl 
003B DF 34 STX TEMPl 
003D DE 36 LDX TEMP2 
003F 39 HTS : Return from subroutine 

; To user's program 
Note 1: In order for the microprocessor to service subroutines and interrupts. the stack pOinter must be dimensioned in the user's program. 
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FIGURE 15. ADC0801-MC6820 PIA Interface 

SAMPLE PROGRAM FOR FIGURE 15 ADC0801-MC6820 PIA INTERFACE 
CE 0038 DATAIN LDX #$0038 : Upon IRQ. low CPU 
FF FF F8 STX $FFF8 : jumps to 0038 
B6 80 06 LDAA PIAORB : Clear possible IRQ. flags 
4F CLRA 
B7 80 07 STAA PIACRB 
B7 80 06 STAA PIAORB : Set Port B as input 
OE CLI 
C634 LDAB #$34 
863D LDAA #$3D 
F780.07 CONVRT STAB PIACRB : Starts ADC0801 
B7 80 07 STAA PIACRB 
3E WAI : Wai t for interrupt 
DE40 LDX TEMPl 
8C 02 OF CPX #$020F : Is final data stored '? 
27 OF BEQ. ENDP 
08 INX 
DF 40 STX TEMPl 
20ED BRA CONVRT 
DE 40 INTRPT LDX TEMPl 
B6 80 06 LDAA PIAORB : Read data in 
A700 STAA X : Store it at X 
3B RTI 
0200 TEMPl FDB $0200 : Starting address for 

: data storage 
CE 02 00 ENDP LDX #$0200 : Reini tialize TEMPl 
DF40 STX TEMPl 
39 RTS ; Return from subroutine 

PIAORB EQ.U $8006 : To user's program 
PIACRB EQ.U $8007 

6-29 

»» cc 
00 
00 
COCO 
00 
~....L 
................ »» 
CC 
00 
00 
COCO 
00 
CJ1N ........ » 

C o 
o 
CO 
o 
W ........ 

a 



....... 
('I) 
o 
CO 
o o 
c 
< 
(\ill) 
00 cooo 
00 
00 cc « .............. 
'!-~ 
00 cooo 
00 
00 cc « 

The following schematic and sample subroutine (DATA IN) 
may be used to interface (up to) 8 ADC0801's directly to the 
MC6800 CPU. This scheme can easily be extended to allow 
the interface of more converters. In this configuration the 
converters are (arbitrarily) located at HEX address 5000 in 
the MC6800 memory space. To save components, the 
clock signal is derived from just one RC pair on the first 
converter. This output drives the other AIDs. 

All the converters are started simultaneously with a STORE 
instruction at HEX address 5000. Note that any other HEX 
address ,of the form 5XXX will be decoded by the circuit, 
pulling all the CS inputs 10w.'This can easily be avoided by 
using a more definitive address decoding scheme. All the 
interrupts are ORed together to insure that all AIDs have 
completed their conversion before the microprocessor is in­
terrupted. 

The subroutine, DATA IN, may be called from anywhere in 
the user's program. Once called, this routine initializes the 
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CPU, starts all the converters simultaneously and waits for 
the interrupt signal. Upon receiving the interrupt, it reads the 
converters (from HEX addresses 5000 through 5007) and 
stores the data successively at (arbitrarily chosen) HEX ad­
dresses 0200 to 0207, before returning to the user's pro­
gram. All CPU registers then recover the original data they 
had before serVicing DATA IN. 

5.2 Auto-Zeroed Differential Transducer Amplifier 
and AID Converter 

The differential inputs of the ADC0801 series eliminate the 
need to perform a differential to single ended conversion for 
a differential transducer. Thus, one op amp can be eliminat­
ed since the differential to single ended conversion is pro­
vided by the differential input of the ADC0801 series. In gen­
eral, a transducer preamp is required to take advantage of 
the full AID converter input dynamic range. 
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FIGURE 16. Interfacing Multiple AIDs In an MC6800 System 
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SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE AIDs IN AN MCGSOO SYSTEM 
ADDRESS HEX CODE MNEMONICS COMMENTS 
0010 

~ 
DF 44 DATAIN STX TEMP ; Save Contents of X 

0012 CE 00 2A LDX #$002A ; Upon IRQ LOW CPU 
0015 FF FF F8 STX $FFF8 ; Jumps to 002A 
0018 B7 50 00 STAA $5000 ; Starts all AID's 
OOlB OE CLI 
OOlC 3E WAI ; Wai t for interrupt 
OOlD CE 50 00 LDX #$5000 
0020 DF 40 STX INDEXl ; Reset both INDEX 

·0022 CE 02 00 LDX #$0200 ; 1 and 2 to starting 
0025 DF42 STX INDEX2 ; addresses 
0027 DE44 LDX TEMP 
0029 39 RTS ; Return from subroutine 
002A DE 40 "INTRPT LDX INDEXl ;INDEXl -+ X 
002C AS 00 LDAA X ; Read data in from AID at X 
002E 08 INX ; Increment X by one 
002F DF40 STX INDEXl ; X -+ INDEXl 
0031 DE42 LDX INDEX2 ; INDEX2 -+ X 
0033 A700 STAA X ; Store data at X 
0035 8C 02 07 CPX #$0207 ; Have all AID's been read? 
0038 2705 BEQ RETURN ; Yes: branch to RETURN 
003A' 08 INX ; No : increment X by one 
003B DF42 STX INDEX2 ;X -+ UmEX2 
003D 20EB BRA INTRPT ; Branch to 002A 
003F 3B RETURN RTI 
0040 5000 INDEXl FDB $5000 ; Starting address for AID 
0042 0200 INDEX2 FDB $0200 ; Starting address for data storage 
0044 0000 TEMP FDB $0000 

Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be dimensioned in the user's program. 

For amplification of DC input signals, a major system error is 
the input offset voltage of the amplifiers used for the 
preamp. Figure 17 is a gain of 100 differential preamp 
whose offset voltage errors will be cancelled by a zeroing 
subroutine which,is performed by the INS80BOA microproc­
essor system. The total allowable input offset voltage error 
for this preamp is only 50 ,... V for % LSB error. This would 
obviously require very precise amplifiers. The expression for 
the differential output voltage of the preamp is: 

[ 
2R2] Vo = [VIN(+)-VIN(-:)] 1 + AT + 

\. ) '---..,.-.-J 
SIGNAL GAIN 

(VOS2 - VOS1 - VOS3 ± IxRx) (1 + 2R2) 
. , R1 

\. ) '-......,--J 

DC ERRORTERM GAIN 

where Ix is the current through resistor RX. All of the offset 
error terms can be cancelled by making ± IxRx = VOS1 + 
VOS3 - VOS2. This is the principle of this auto-zeroing 
scheme. 

The INSBOBOA uses the 3 1/0 ports of an INS8255 Pro­
gramable Peripheral Interface (PPI) to control the auto zero­
ing and input data from the ADC0801 as shown in Figure 18. 
The PPI is programmed for basic I/O operation (mode 0) 
with Port A being an input port and Ports Band C being 
output ports. Two bits of Port C are used to alternately open 
or close the 2 switches at the input of the preamp. Switch 
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SW1 is closed to force the preamp's differential input to be 
zero during the zeroing subroutine and then opened and 
SW2 is then closed for conversion of the actual differential 
input signal. Using 2 switches in this manner eliminates con­
cern for the ON resistance of the switches as they must 
conduct only the input bias current of the input amplifiers. 

Output Port B is used as a successive approximation regis­
ter by the 8080 and the binary scaled resistors in series with 
each output bit create a 01 A converter. During the zeroing 
subroutine, the voltage at Vx increases or decreases as re­
quired to make the differential output voltage equal to zero. 
This is accomplished by insuring that the voltage at the out­
put of A1 is approximately 2.5V so that a logic "1" (5V) on 
any output of Port B will source current into node Vx thus 
raising the voltage at Vx and making the output differential 
more negative. Conversely, a logic "0" (OV) will pull current 
out of node Vx and decrease the voltage, causing the differ­
ential output to become more positive. For the resistor val­
ues shown. Vx can move ± 12 mV with a resolution of 50 
,...V which will null the offset error term to % LSB of full-scale 
for the ADC0801. It is important that the voltage levels 
which drive the auto-zero resistors be constant. Also, for 
symmetry, a logic swing of OV to 5V is convenient. To 
achieve this, a CMOS buffer is used for the logic output 
signals of Port B and this CMOS package is powered with a 
stable 5V source. Buffer amplifier A 1 is necessary so that it 
can source or sink the Of A output current. 
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FIGURE 17. Gain of 100 Differential Transducer Preamp 
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A flow chart for the zeroing subroutine is shown in Figure 
19. It must be noted that the ADC0801 series will output an 
all zero code when it converts a negative input [VIN( -) ::2: 

VIN( +)). Also, a logic inversion exists as all of the I/O ports 
are buffered with inverting gates. 

Basically, if the data read is zero, the differential output volt­
age is negative, so a bit in Port B is cleared to pull Vx more 
negative which will make the output more positive for the 
next conversion. If the data read is not zero, the output volt­
age is positive so a bit in Port B is set to make Vx more 
positive and the output more negative. This continues for 8 
approximations and the differential output eventually con­
verges to within 5 mV of zero. 

The actual program is given in Figure 20. All addresses 
used are compatible with the BLC 80/10 microcomputer 
system. In particular: 

Port A and the ADC0801 are at port address E4 

Port B is at port address E5 

Port C is at port address E6 

PPI control word port is at port address E7 

Program Counter automatically goes to ADDR:3C3D upon 

acknowledgement of an interrupt from the ADC0801 

5.3 Multiple AID Converters In a Z-BO Interrupt 
Driven Mode 

In data acquisition systems where more than one A/D con­
verter (or other peripheral device) will be interrupting pro­
gram execution of a microprocessor, there is obviously a 
need for the CPU to determine which device requires servic­
ing. Figure 21 and the accompanying software is a method 
of determining which of 7 ADC0801 converters has com­
pleted a conversion (INTR asserted) and is requesting an 
interrupt. This circuit allows starting the AID converters in 
any sequence, but will input and store valid data from the 
converters with a priority sequence of AID 1 being read first, 
AID 2 second, etc., through AID 7 which would have the 
lowest priority for data being read. Only the converters 
whose lNT is asserted will be read. 

The key to decoding circuitry is the DM74LS373, 8-bit D 
type flip-flop. When the Z-80 acknowledges the interrupt, 
the program is vectored to a data input Z-80 subroutine. 
This subroutine will read a peripheral status word from the 
DM74LS373 which contains the logic state of the INTR out­
puts of all the converters. Each converter which initiates an 
interrupt will place a logic "0" in a unique bit position in the 
status word and the subroutine will determine the identity of 
the converter and execute a data read. An identifier word 
(which indicates which AID the data came from) is stored in 
the next sequential memory location above the location of 
the data so the program can keep track of the identity of the 
data entered. 
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"EXCLUSIVE-OR" 
REG B WITH REG C 
TO SET NEXT BIT 

IN PORTa 

TL/H/5671-2B 

FIGURE 19. Flow Chart for Auto-Zero Routine 
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:3000 3E90 MVI 90 
3D02 D3E7 Out Control Port ; Program PPI 
3D04 2601 MVI H 01 Auto-Zero Subroutine 
3D06 7C MOVA,H 
3D07 D3E6 OUT C ; Close SWI open SW2 
3D09 0680 MVI B 80 ; Initialize SAR bi t pointer 
3DOB 3E7F MVI A 7F ; Ini tialize SAR code 
3DOD 4F MOV C,A Return 
3DOE D3E5 OUT B ; Port B = SAR code 
3DIO 31AA3D LXI SP 3DAA Start ; Dimension stack pointer 
3D13 D3E4 OUTA ; Start AID 
3D15 FB IE 
3D16 00 NOP Loop ; Loop until INT asserted 
3D17 C3163D JMP Loop 
3DIA 7A MOVA,D Auto-Zero 
3DIB C600 
3DID CA2D3D 
3D20 78 
3D21 F600 
3D23 IF 
3D24 FEOO 
3D26 CA373D 
3D29 47 
3D2A C3333D 
3D2D 79 
3D2E BO 
3D2F 4F 
3D30 C3203D 
3D33 A9 
3D34 C30D3D 
3D37 47 
3D38 7C 
3D39 EE03 
3D3B D3E6 
3D 3D 

ADIOO 
JZ Set C 
MOV A,B 
ORIOO 
RAR 
CPIOO 
JZ Done 
MOVB,A 
JMP New C 
MOVA,C 
ORAB 
MOV C,A 
JMP Shift B 
XRAC 
JMPReturn 
MOVB,A 
MOVA,H 
XRI03 
OUT C 

• 
Program for processing 
proper data values 

; Test AID output data for zero 
Shift B 

; Clear carry 
; Shi ft n 1" in B right one place 
; Is B zero? If yes last 
; approximation has been made 

Set C 
; Set bi tin C that is in same 
;positionas "1" inB 

NewC ; Clear hi tin C that is in 
; same position as "1" in B 

Done ; then output new SAR code. 
; Open SWl, close SW2 then 
; proceed wi th program. Preamp 
; is now zeroed. 

Normal 

3C3D 
3C3F 
3C41 
3C42 
3C43 
3C45 
3C48 

DBE4 
EEFF 
57 

INA Read AID Subroutine ; Read AID data 
; Invert data 

78 
E6FF 
C21A3D 
C33D3D 

XRI FF 
MOV D,A 
MOVA,B 
ANI FF 
JNZ Auto-Zero 
JMP Normal 

Note: All numerical values are hexadecimal representations. 

; Is B Reg = O? If not stay 
; in auto zero subroutine 

FIGURE 20. Software for Auto-Zeroed Differential AID 

5.3 Multiple AID Converters In a z-ao Interrupt Driven 
Mode (Continued) 

The following notes apply: 

1) It is assumed that the CPU automatically performs a RST 
7 instruction when a valid interrupt is acknowledged (CPU 
is in interrupt mode 1). Hence, the subroutine starting ad­
dress of X0038. 

2) The address bus from the 2:-80 and the data bus to the Z-
80 are assumed to be inverted by bus drivers. 

3) AID data and identifying words will be stored in sequen­
tial memory locations starting at the arbitrarily chosen ad­
dress X 3EOO. 

4) The stack pointer must be dimensioned in the main pro­
gram as the RST 7 instruction automatically pushes the 
PC onto the stack and the subroutine uses an additional 
6 stack addresses. 
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5) The peripherals of concern are mapped into I/O space 
with the following port assignments: 

HEX PORT ADDRESS PERIPHERAL 
00 MM74C374 8-bit flip-flop 
01 AID 1 
02 A/D2 
03 AID 3 
04 AID 4 
05 A/D5 
06 AID 6 
07 AID 7 

This port address also serves as the AID identifying word in 
the program. 
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FIGURE 21. Multiple AIDs with Z-BO Type Microprocessor 
INTERRUPT SERVICING SUBROUTINE 

LOC 
0038 
0039 
003A 
003B 
003E 
0040 
0042 
0044 
0045 
0046 
0048 
004B 
004C 
004D 
004E 
0051 
0052 
0055 
0057 
0059 
005A 
005B 
005C 
005D 
0060 
0061 
0062 
0063 

OBJCODE 
E5 
C5 
F5 
21003E 
OE 01 
D300 
DBOO 
47 
79 
FE 08 
CA 6000 
78 
IF 
47 
DA 5500 
OC 
C34500 
ED 78 
EEFF 
77 
2C 
71 
2C 
C3 51 00 
F1 
C1 
El 
C9 

SOURCE 
STATEMENT 

PUSH HL 
PUSH BC 
PUSHAF 
LD (HL) ,X3EOO 
LD C, XOl 
OUT XOO, A 
IN A, XOO 
LDB,A 

TEST LD A, C 
CP, X08 
JPZ, DONE 
LDA,B 
RRA 

NEXT 

LOAD 

DONE 

LDB,A 
JPC, LOAD 
INC C 
JP,TEST 
IN A, (C) 
XORFF 
LD (HL) ,A 
INC L 
LD (HL) ,C 
INC L 
JP,NEXT 
POPAF 
POPBC 
POPHL 
RET 

COMMENT 
; Save contents of all registers affected by 
; this subroutine. 
; Assumed INT mode 1 earlier set. 
; Initialize memory pointer where data will b'e stored. 
; C register will be port ADDR of AID converters. 
;Loadperipheralstatuswordint08-bitlatch. 
; Load status word into accumu1ato~. 
; Save the status word. 
; Test to see if the status of all AID's have 
; been checked. If so, exit subroutine 

; Test a Single bi t in status word by looking for 
; a 11" to be rotated into the CARRY (an INT 
; is loaded as a np). If CARRY is set then load 
; contents of AID at port ADDR in C register. 
; If CARRY is not set, increment C register to point 
; to next AID, then test next bit in status word. 
; Read data from interrupting AID and invert 
; the data. 
; Store the data 

; Store AID identifier (AID port ADDR) • 

; Test next bit in status word. 
; Re-establish all registers as they were 
; before the interrupt. 

; Return to original program 
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Ordering Information 
TEMPERATURE RANGE O°Cr070°C - 40°C TO + 85°C - 40°C TO + 85°C -55°C TO + 125°C 

± % Bit Adjusted' ADC0801LCN ADC0801LCD ADC0801LD 

ERROR 
± % Bit Unadjusted ADC0802LCN ADC0802LCD ADC0802LD 

± % Bit Adjusted . ADC0803LCN ADC0803LCD 
± 1Bit Unadjusted ADC0804LCN ADC0805LCN ADC0804LCD 

PACKAGE OUTLINE N20A·MOLDED DIP D20A·CAVITY DIP D20A·CAVITY DIP 

Conn~ction Diagram 
ADC080X 

Dual-In-Llne Package 

B-c '-' .!!.... Vee fOR VRHI 

1iJj~ 11 
'""'- elK R 

# 

WI\~ .!.!.... OBO flSBI 

elKIN -!.. 17 
-OBI 

;m~ ~D82 

VINf+l--!. . ~083 
VINf-l....J.. r!!-01l4 

AGND ....!. n 
r--OB5 

VRH/Z....!.. r!LOBI 

D GND..l2.. 
II 

r--0B7 fMSBI 

TDPVIEW 
TLIH/S671-30 

, 
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J?)I National 
~ Semiconductor 

ADC0808, ADC0809 8-Bit J.LP Compatible AID Converters 
With 8-Channel Multiplexer . 

General Description 
The ADC0808, ADC0809 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital con­
verter, 8-channel multiplexer and microprocessor compati­
ble control logic. The 8-bit AID converter uses successive 
approximation as the conversion technique. The converter 
features a high impedance chopper stabilized comparator, a 
256R voltage divider with analog switch tree and a succes­
sive approximation register. The 8-channel multiplexer can 
directly access any of 8-single-ended analog signals. 

The device eliminates the need for external zero and full­
scale adjustments. Easy interfacing to microprocessors is 
provided by the latched and decoded multiplexer address 
inputs and latched TIL TRI-STATE® outputs. 

The design of the ADC0808, ADC0809 has been optimized 
by incorporating the most desirable aspects of several AID 
conversion techniques. The ADC0808, ADC0809 offers high 
speed, high accuracy, minimal temperature dependence, 
excellent long-term accuracy and repeatability, and con­
sumes minimal power. These features make this device 
ideally suited to applications from process and machine 
control to consumer and automotive applications. For 16-
channel multiplexer with common output (sample/hold port) 
see ADC0816 data sheet. (See AN-247 for more informa­
tion.) 

Block Diagram 

Features 
• Resolution-8-bits 
• Total unadjusted error-± % LSB and ± 1 LSB 
• No missing codes 
• Conversion time-100 ,u.S 
• Single supply-5 VOC 
• Operates ratiometrically or with 5 VDC or analog span 

adjusted voltage reference 
• 8-channel multiplexer with latched control logic 
• Easy interface to all microprocessors, or operates 

"stand alone" 
• Outputs meet T2L voltage level specifications 
• OV to 5V analog input voltage range with single 5V sup-
p~ . 

• No zero or full-scale adjust required 
• Standard hermetic or molded 28-pin DIP package 
II Temperature range -40°C to +85°C or -55°C to 

+ 125°C 
• Low power consumption-15 mW 
• Latched TRI-STATE® output 

. START CLOCK 

r.·m Mo - - -r----..L---"---, 
I 
I 
I 
I 

• ANALOG INPUTS 

ADDRESS 
LATCH ENABLE 

8 CHANNElS I 
MU~~m~ING ....---.;.1004 

SWITCHES 

ADDRESS 
LATCH 

AND 
DECODER 

1 1 
VCC GND 
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Absolute Maximum Ratings Operating Ratings (Notes 1 and 2) 
(Notes 1 and 2) Temperature Range (Note 1) TMINsTA~TMAX 
Supply Voltage (Vee) (Note 3) 6.5V ADCOBOBCJ -55°C~TA~ + 125°C 
Voltage at Any Pin -0.3V to (Vee + 0.3V) ADCOBOBCCJ, ADCOBOBCCN, 

Except Control Inputs ADCOB09CCN -40°C~TA~ +B5°C 
Voltage at Control Inputs -0.3V to + 15V Range of Vee (Note 1) 4.5 Voe to 6.0 Voe 

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) 

Storage Temperature Range -65°C to + 150°C. 

Package Dissipation at T A = 25°C B75mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics 
Converter Specifications: Vee=5 Voe=VREF+, VREF(-)=~ND, TMIN~TA~TMAX and feLK=640 kHz unless otherwise 
stated. . 

Symbol Parameter Conditions Min Typ Max Units 

ADCOBOB 
Total Unadjusted Error 25°C ±% LSB 
(Note 5) TMINtoTMAX ±% LSB 

ADCOB09 
Total Unadjusted Error O°Cto 70°C ±1 LSB 
(Note 5) TMIN toTMAX ±1V4 LSB 

Input Resistance From Ref( + ) to Ref( -) 1.0 2 .. 5 kO 
Analog Input Voltage Range (Note 4) V(+) orV(-) GND-0.10 Vee+ 0.1O Voe 

VREF(+) Voltage, Top of Ladder Measured at Ref( +) Vee Vee+ 0.1 V 
VREF( + 1 + VREF(-l 

Voltage, Center of Ladder Vee /2-O.1 Vee/2 Vee/2 +O.1 V 
2 

VREF(-) Voltage, Bottom of Ladder Measured at Ret( -) -0.1 a V 

liN Comparator Input Current te = 640 kHz, (Note 6) -2 ±0.5 2 p.A 

Electrical Characteristics 
Digital Levels and DC Specifications: ADCOBOBCJ 4.5V ~ V ee ~ 5.5V, -55°C~TA~ + 125°C unless otherwise noted 
ADCOBOBCCJ, ADC0808CCN, and ADC0809CCN 4.75~Vee~5.25V, -40°C~TA~ +85°C unless otherwise noted 

Symbol Parameter Conditions . Min Typ Max Units 

ANALOG MULTIPLEXER 

IOFF(+) OFF Channel Leakage Current Vee=5V, VIN=5V, 
TA=25°C 10 200 nA 

TMINtoTMAX 1.0 p.A-

IOFF(-) OFF Channel Leakage Current Vee=5V, VIN=O, 
TA=25°C -200 -10 nA 

TMIN to TMAX -1.0 p.A 

CONTROL INPUTS 

VIN(1) Logical "1" Input Voltage Vee.,--1.5 ' V 

VIN(O) Logical "a" Input Voltage 1.5 V 

IIN(1) Logical "1" Input Current VIN= 15V 1.0 p.A 
(The Control Inputs) 

IIN(O) Logical "0" Input Current VIN=O -1.0 p.A 
(The Control Inputs) 

Icc Supply Current teLK=640 kHz 0.3 3.0 mA 
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Electrical Characteristics (Continued) 

Digital Levels and DC Specifications: ADC0808CJ 4.5V~Vee~5.5V. - 55°C ~ T A ~ + 125°C unless otherwise noted 

ADC0808CCJ. ADC0808CCN. and ADC0809CCN 4.75~Vee~5.25V. -40°CS:TA~ +85°C unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

DATA OUTPUTS AND EOC (INTERRUPT) 

VOUT(1) Logical "1" Output Voltage 10= -360 JJ.A Vec- O.4 V 

VOUT(O) Logical "0" Output Voltage 10=1.6mA 0.45 V 

VOUT(O) Logical "0" Output Voltage EOC 10=1.2 mA 0.45 V 

lOUT TRI-STATE@ Output Current Vo=5V 3 JJ.A 

Vo=O -3 JJ.A 

Electrical Characteristics 
Timing Specifications Vee=VREF(+)=5V. VREF(-)=GND. t r =tf=20 ns and TA=25°C unless otherwise noted. 

Symbol Parameter Conditions Min Typ Max Units 

tws Minimum Start Pulse Width (Figure 5) 100 200 ns 

tWALE Minimum ALE Pulse Width (Figure 5) 100 200 ns 

ts Minimum Address Set-Up Time (Figure 5) 25 50 ns 

tH Minimum Address Hold Time (Figure 5) 25 50 ns 

tD Analog MUX Delay Time Rs = on (Figure 5) 1 2.5 jJ.S 

From ALE 

tH1. tHO DE Control to Q Logic State CL = 50 pF. RL = 10k (Figure 8) 125 250 ns 

t1H. tOH OE Control to Hi-Z CL = 10 pF. RL = 10k (Figure 8) 125 250 ns 

te Conversion Time fe = 640 kHz. (Figure 5) (Note 7) 90 100 116 JJ.S 

fe Clock Frequency 10 640 1280 kHz 

tEOe EOC Delay Time (Figure 5) 0 8+2JJ.S Clock 

Periods 

CIN Input Capacitance At Control Inputs 10 15 pF 

COUT TRI-STATE@ Output At TRI-STATE@ Outputs. (Note 12) 10 15 pF 

Capacitance 

Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to GND, unless othewise specified. 

Note 3: A zener diode exists, internally, from VCC to GND and has a typical breakdown voltage of 7 Voc. 

Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop 
greater than the Vccn supply. The spec allows 100 mV forward bias of either diode. This means that as long as the analog VIN does not exceed the supply voltage 
by more than 100 mY, the output code will be correct. To achieve an absolute OVoc to 5VOC input voltage range will therefore require a minimum supply voltage of 
4.900 Voc over temperature variations, initial tolerance and loading. 

Note 5: Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors. See Figure 3. None of these AIDs requires a zero or full-scale adjust. 
However, if an all zero code is desired for an analog input other than O.OV, or if a narrow full-scale span exists (for example: 0.5V to 4.5V full-scale) the reference 
voltages can be adjusted to achieve this. See Figure 13. 

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and has 
little temperature dependence (Figure 6). See paragraph 4.0. 

Note 7: The outputs of the data register are updated one clock cycle before the rising edge of EOC. 
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Functional Description 
Multiplexer. The device contains an a-channel single-end­
ed analog signal multiplexer. A particular input channel is 
selected by using the address decoder. Table I shows the 
input states for the address lines to select any channel. The 
address is latched into the decoder on the low-to-high tran­
sition of the address latch enable signal. 

TABLE I 

SELECTED ADDRESS LINE 

ANALOG CHANNEL C B A 

INO L L L 
IN1 L L H 
IN2 L H L 
IN3 L H H 
IN4 H L L 
IN5 H L H 
IN6 H H L 
IN? H 1-1 H 

CONVERTER CHARACTERISTICS 

The Converter 

The heart of this single chip data acquisition system is its a­
bit analog-to-digital converter. The converter is designed 

to give fast, accurate, and repeatable conversions over a 
wide range of temperatures. The converter is partitioned 
into 3 major sections: the 256R ladder network, the succes­
sive approximation register, and the comparator. The con­
verter's digital outputs are positive true. 

The 256R ladder network approach (Figure 1) was chosen 
over the conventional R/2R ladder because of its inherent 
monotonicity, which guarantees no missing digital codes. 
Monotonicity is particularly important in closed loop feed­
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the system. 
Additionally, the 256R network does not cause load varia­
tions on the reference voltage. 

The bottom resistor and the top resistor of the ladder net­
work in Figure 1 are not the same value as the remainder of 
the network. The difference in these resistors causes the 

. output characteristic to be symmetrical with the zero and 
full-scale points of the transfer curve. The first output tran­
sition occurs when the analog signal has reached + % LSB 
and succeeding output transitions occur every 1 LSB later 
up to full-scale. 

The successive approximation register (SAR) performs a it· 
erations to approximate the input voltage. For any SAR type 
converter, n-iterations are required for an n-bit converter. 
Figure 2 shows a typical example of a 3-bit converter. In the 
ADCOaOa, ADCOa09, the approximation technique is ex­
tended to a bits using the 256R network. 

CONTROLS FROM S.A.R. 

REF(+I 

256R 

REF(-I 

I 

FIGURE 1. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 

The AID converter's successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. Con­
tinuous conversion may be accomplished by tying the end­
of-conversion (EOC) output to the SC input. If used in this 
mode, an external start conversion pulse should be applied 
after power up. End-of-conversion will go low between 0 
and B clock pulses after the rising edge of start conversion. 

The most important section of the AID converter is the 
comparator. It is this section which is responsible for the 
ultimate accuracy of the entire converter. It is also the 

111 

110 

... 101 CI 
CI 
I.) 

I- 100 
~ 
I- 011 ::l 
CI 
CI 

010 < 

l-FULl.SCALE _ .. 
ERROR" "Z LSB 

LU-

"

-.-Z-'.-3-'.-4-'.-S'-.-6'-.-7-'-. - VIN 

VIN AS FRACTION OF FULL·SCALE 

FIGURE 2. 3-81t AID Transfer Curve 

comparator drift which has the greatest influence on the 
repeatability of the device. A chopper-stabilized comparator 
provides the most effective method of satisfying all the con­
verter requirements. 

The chopper-stabilized comparator converts the DC input 
signal into an AC signal. This signal is then fed throught a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire AID converter extremely 
insensitive to temperature, long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADCOBOB as 
measured using the procedures outlined in AN-179. 

... 
CI 
CI 
I.) 

~ 
l-
~ 
c 
c 
< 

INFINITE RESOLUTION 

111 PERFECT CONVERTER 

110 
I 

101 
I 

_J 

100 L -1 LSB 
. ABSOLUTE 

011 ACCURACY 

010 ~ -1/2 LSB 
QUANTIZATION 

001 ERROR 

ODD ...... -----------VIN 
0'. 1/8 ZI8 3/1 4/1 S/8 6/8 7/. 

VIN AS FRACTION OF FULL·SCALE 

FIGURE 3. 3-81t AID Absolute Accuracy Curve 

~REFERENCE LINE 

QUAN~~~~~ {III II 11111 11111 11111 11111 11111 11111 11111 11111 III 11111I11111111111111111111111111111111111111111111111111111111 
INPUT OV FULL 

VOLTAGE SCALE 
TL/H/5672-3 

FIGURE 4. Typical Error Curve 
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Connection Diagram 

Timing Diagram 

r-'fI~ 
CLOCK 

START 50% r--'- 50% 

f--tws-

50% IN 
--J -twALE 

ALE 

- - f-STABLE ADDRESS 

ADDRESS 

ANALOG 
INPUT 

COMPARATOR 
INPUT 

(INTERNAL NODE) 

OUTPUT 
ENABLE 

50% 

IS 

50% 
I 

IH 

\'s1-

- 10--

Dual-ln-L1ne Package 

INJ 

IN4 

INS 

INI AOOA 

IN7 

START ADD C 

EOC AOCOI08 

~ 
AOCOI09 

OUTPUT 9 
ENABLE 

CLOCK 2-J 

VCC 2-4 

REF(+) 2-1LSB 

GNO REFH 

,,7 2-1 

TOP VIEW 

I 

I 

I 

I 

STABLE ; X 

: X 
I I L 
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---If DC I 

fOC 

1-------IC-----1f 
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OUTPUTS -------------------------------------- '-______ OJ 

TL/H/5672-4 
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Typical Performance Characteristics 

1.5 ,.---,---.---.,...--.... 
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-' 

"' ~ 
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-1 
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VIN (V) 
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FIGURE 6. Comparator liN vs VIN 
(Vee=VREF=5V) 

o '---_-'--_--'-__ J...-_ .... 

o 1.25 2.5 

VIN(V) 

3.75 

FIGURE 7. Multiplexer RON vs VIN 
(Vee = VREF= 5V) 

TRI-ST ATE ® Test Circuits and Timing Diagrams 
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Applications Information 
OPERATION 

1.0 RATIOMETRIC CONVERSION 

The ADC0808, ADC0809 is designed as a complete Data 
Acquisition System (DAS) for ratiometric conversion sys­
tems. In ratiometric systems, the physical variable being 
measured is expressed as a percentage of full-scale which 
is not necessarily related to an absolute s\andard. The volt­
age input to the ADC0808 is expressed by the equation 

VIN Ox 
Vfs-VZ DMAX-DMIN 
VIN=lnput voltage into the ADC0808 

Vfs= Full-scale voltage 

Vz = Zero voltage 

Ox = Data point being measured 

DMAX = Maximum data limit 

DMIN = Minimum data limit 

(1 ) 

A good example of a ratiometric transducer is a potentiome­
ter used as a position sensor. The position of the wiper is 
directly proportional to the output voltage which is a ratio of 
the full-scale voltage across it. Since the data is represent­
ed as a proportion of full-scale, reference requirements are 
greatly reduced, eliminating a large source of error and cost 
for many applications. A major advantage of the ADC0808, 
ADC0809 is that the input voltage range is equal to the sup­
ply range so the transducers can be connected directly 
across the supply and their outputs connected directly into 
the multiplexer inputs, (Figure 9). 

~t----+-----+------Iln7 . 

Ratiometric transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., are 
suitable for measuring proportional relationships; however, 
many types of measurements must be referred to an abso­
lute standard such as voltage or current. This means a sys­
tem reference must be used which relates the full-scale 
voltage to the standard volt. For example, if 
Vee = VREF = 5.12V, then the full-scale range is divided into 
256 standard steps. The smallest standard step is 1 LSB 
which is then 20 mY. 

2.0 RESISTOR LADDER LIMITATIONS 

The voltages from the resistor ladder are compared to the 
selected into 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref( +), should not be more positive 
than the supply, and the bottom of the ladder, Ref( - ), 
should not be more negative than ground. The center of the 
ladder voltage must also be near the center of the supply 
because the analog switch tree changes from N-channel 
.switches to P-channel switches. These limitations are auto­
matically satisfied in ratiometric systems and can be easily 
met in ground referenced systems. 

figure 10 shows a ground referenced system with a sepa­
rate supply and reference. In this system, the supply must 
be trimmed to match the reference voltage. For instance, if 
a 5.12V is used, the supply should be adjusted to the same 
voltage within 0.1V. 

DOUT 

DIGITAL 
OUTPUT 
PROPORTIONAL 
TO ANALOG 
INPUT 

VIN VIN 
°aUT = VREF = vee 

4.7SV:sVee=VREF:sS.2SV 
* Ratlometrlc transducers 

TLIH/5672-7 

FIGURE 9. Ratlometrlc Conversion System 

6-44 



Applications Information (Continued) 
The ADC0808 needs less than a milliamp of supply current 
so developing the supply from the reference is readily ac­
complished. In Figure 11 a ground referenced system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to supply 
the milliamp of supply current and the desired bus drive, or if 
a capacitive bus is driven by the outputs a large capacitor 
will supply the transient supply current as seen in Figure 12. 
The LM301 is overcompensated to insure stability when 
loaded by the 10 fLF output capacitor. 

The top and bottom ladder voltages cannot exceed Vee 
and ground, respectively, but they can be symmetrically less 
than Vee and greater than ground. The center of the ladder 
voltage should always be near the center of the supply. The 
sensitivity of the converter can be increased, (Le., size of 
the LSB steps decreased) by using a symmetrical reference 
system. In Figure 13, a 2.5V reference is symmetrically cen­
tered about Vee/2 since the same current flows in identical 
resistors. This system with a 2.5V reference allows the LSB 
bit to be half the size of a 5V reference system. 

~------------~VCC 

REF(+) 

YIN { 

In7 · · · InO 
REFH 

GND 

ADC0808 

FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 

>----Cl~-t vcc 

1----... -----------------...... REF(+) 

In7 

· · · InO 

REFH 

~----------------e~GND 

ADC0808 

DIGITAL 
OUTPUT 
REFERENCED 
TO 
GROUND 

OOUT=~ 
VREF 

4.75V-::'VcC=VREF-::'5.25V 

DIGITAL OUTPUT 
REFERENCED TO 
GROUND 

VIN 
OOUT=­

VREF 

4.75V -::,vcc= VREF-::' 5.25V 

TLIH/5672-8 

FIGURE 11: Ground Referenced Conversion System with 
Reference Generating Vee Supply . 
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Applications Information (Continued) 

lk 

LMJZ98 

10-IS VOC 

VCC 

>-t ...... - ... REF(t) 

REFH 

FIGURE 12. Typical Reference and Supply Circuit 

SV 

_""'\1\1-41---1 V CC 

J.7SV REF(t) 

~1---+---iI------4ln7 

Z.SV 
REFERENCE R8 

I.Z5V 

":' 

InO 

REF(-) 

GNO 

DOUT 

LSB 

DIGITAL OUTPUT 
PROPORTIONAL TO 
ANALOG INPUT 
I.ZSV::; VIN::; J.7SV 

*Ratiometric transducers 

TlIH/5672-9 

FIGURE 13. Symmetrically Centered Reference 

3.0 CONVERTER EQUATIONS 

The transition between adjacent codes Nand N + 1 is given 
by: 

VIN={(VREF(+)-VREF(-»)[~+~]±VTUE}+VREF(-) (2) 
256 512 

The center of an output code N is given by: 

VIN{(VREF(+) -VREF(-){2~6]±VTUE}+ VREF(-') (3) 

The output code N for an arbitrary input are the integers 
within the range: 

N VIN-VREF(-l X256±AbsoluteAccuracy (4) 
VREF(+)-VREF(-) ;. 

where: VIN = Voltage at comparator input 

VREF( +) = Voltage at Ref( + ) 
VREF( -) = Voltage at Ref( -) 

VTUE=Total unadjusted error voltage (typically 

VREF(+)+512) 
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4.0 ANALOG COMPARATOR INPUTS 

The dynamic comparator input current is caused by the peri­
odic switching of on-chip stray capacitances. These are 
connected alternately to the output of the resistor ladder/ 
switch tree network and to the comparator input as part of 
the operation of the chopper stabilized comparator. 

The average value of the comparator input current varies 
directly with clock frequency and with VIN as shown in Fig­
ure 6. 

If no filter capacitors are used at the analog inputs and the 
signal source impedances are low, the comparator input 
current should not introduce converter errors, as the tran­
sient created by the capacitance discharge will die out be~ 
fore the comparator output is strobed. 

If input filter capacitors are desired for noise reduction and 
signal conditioning they will tend to average out the dynamic 
comparator input current. It will then take on the character­
istics of a DC bias current whose effect can be predicted 
conventionally. 



Typical Application 

ADDRESS 
DECODE 

(AD4-AD1W 

AD2 

Lo----tVCC 

.---...... GNO 

ADC08DB 
ADC0809 

OE 

Eoe 1---""--""" INTERRUPT 

2-1 

2-1 

vINal 

VIN 1 

MSB 

LSB 

o-sv 
ANALOG 
INPUT RANGE 

TL/H/5672-10 

• Address latches needed for 8085 and SC/MP interfacing the ADC0808 to a microprocessor 

MICROPROCESSOR INTERFACE TABLE 

PROCESSOR READ WRITE' INTERRUPT (COMMENT) 

8080 MEMR MEMW INTR (Thru RST Circuit) 
8085 RD WR INTR (Thru RST Circuit) 
Z-80 RD WR INT (Thru RST Circuit, Mode 0) 
SC/MP NRDS NWDS SA (Thru Sense A) 
6800 VMAe</>2eR/W VMAe</>eR/W IROA or IROB (Thru PIA) 

Ordering Information 

TEMPERATURE RANGE - 40°C to + 85°C - 55°C to + 125°C 

Error 
± % Bit Unadjusted ADC0808CCN ADC0808CCJ ADC0808CJ 

± 1 Bit Unadjusted ADC0809CCN 

Package Outline N28A Molded DIP J28A Hermetic DIP J28A Hermetic DIP 

6-47 

l> 
C 
o 
o 
CO 
o 
CO ....... 
l> 
C o 
o 
CO 
o 
U) 



r--.. ,... 
co 
o 
U 
C 
<C 
....... 
CD ,... 
CO 
o 
U 
C 
<C 

~National 
~ Semiconductor 
ADC0816, ADC0817 8-Bit J.tP Compatible AID Converters 
~ith 16-Channel Multiplexer 
General Description Features 
The ADC0816, ADC0817 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital con­
verter, 16-channel multiplexer and microprocessor compati­
ble control logic. The 8-bit AID converter uses successive 
approximation as the conversion technique. The converter 
features a high impedance chopper stabilized comparator, a 
256R voltage divider with analog switch tree and a succes­
sive approximatiOn register. The 16-channel multiplexer can 
directly access anyone of 16-single-ended analog signals, 
and provides the logic for additional channel expansion. Sig­
nal conditioning of any analog input signal is eased by direct 
access to the multiplexer output, and to the input of the 8-bit 
AID converter. 

The device eliminates the need for external zero and full­
scale adjustments. Easy interfacing to microprocessors is 
provided by the latched and decoded multiplexer address 
inputs and latched TIL TRI-STATE® outputs. 

The design of the ADC0816, ADC0817 has been optimized 
by incorporating the most desirable aspects of several AID 
conversion techniques. The ADC0816, ADC0817 offers high 
speed, high accuracy, minimal temperature dependence, 
excellent long-term accuracy and repeatability, and con­
sumes minimal power. These features make this device 
ideally suited to applications from process and machine 
control to consumer and automotive applications. For simi­
lar performance in an 8-channel, 28-pin, 8-bit AID convert­
er, see the ADC0808, ADC0809 data sheet. (See AN-258 
for more information.) 

Block Diagram 
COMPARATOR IN 0-----------, 

MUL TlPLEXER 
OUT 

• Resolution-B-bits 
• Total unadjusted error- ± % LSB and ± 1 LSB 
• No missing codes 
• Conversion time-100 ,."S 
• Single supply-5 Voc 
• Operates ratiometrically or with 5 Voc or analog span 

adjusted voltage reference 
• 16-channel multiplexer with latched control logic 
• Easy interface to all microprocessors, or operates 

"stand alone" 
• Outputs meet T2L voltage level specifications 
• OV to 5V analog input voltage range with single 5V sup-

ply 

• No zero or full-scale adjust required 
• Standard hermetic or molded 40-pin DIP package 
• Temperature range-40°C to +85°C or -55°C to 

+ 125°C 
• Low power consumption-15 mW 
• Latched TRI-STATE output 
• Direct access to "comparator in" and "multiplexer out" 

for signal conditioning 

START CLOCK 

r..~.Vo - - -"----'--_..1--... 
I 
I 
I 
I 
I 
I 16 ANALOG INPUTS 

ADORESS LATCH ENABLE 

EXPANSION CONTROL 

16 CHANNElS 
MULTIPLEXING 

ANALOG 
SWITCHES 

ADDRESS 
LATCH 

AND 
DECODER 

1 1 
VCC GNo 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Ratings (Notes 1 & 2) 

Supply Voltage (Vee (Note 3) 6.5V Temperature Range (Note 1) TMIN:::TA:::TMAX 
Voltage at Any Pin -0.3V to (Vee + 0.3V) ADC0816CJ -55°C:::TA+125°C 

Except Control Inputs ADC0816CCJ, ADC0816CCN, -40°C:::TA::: +85°C 

Voltage at Control Inputs -0.3Vto 15V ADC0817CCN 

(START, OE, CLOCK, ALE, EXPANSION CONTROL, Range of Vee (Note 1) 4.5 Voe to 6.0 Voe 

ADD A, ADD B, ADD C, ADD D) Voltage at Any Pin OVtoVee 

Storage Temperature Range - 65°C to + 150°C Except Control Inputs 

Package Dissipation at T A = 25°C 875mW Voltage at Control Inputs OV to 15V 

Lead Temperature (Soldering, 10 seconds) 300°C (START, OE, CLOCK, ALE, EXPANSION CONTROL, 

ADD A, ADD B, ADD C, ADD D) 

Electrical Characteristics 
Converter SpeCifications: Vee=5 Voe= VREF(+), VREF(-)=GND, VIN=VeOMPARATOR IN,TMIN:::TMAX and felK = 640 kHz 
unless otherwise stated. 

Parameter Conditions Min Typ Max Units 

ADC0816 
Total Unadjusted Error 25°C ±% LSB 
(Note 5) TMIN to TMAX ±% LSB 

ADC0817 
Total Unadjusted Error O°C to 70°C ±1 LSB 
(Note 5) TMINtoTMAX ±1% LSB 

Input Resistance From Ref( + ) to Ref( -) 1.0 4.5 kD. 

Analog Input Voltage Range (Note 4)V( +) or V( -) GND-0.l0 Vee+ 0.1O Voe 

VREF(+) Voltage, Top of Ladder Measured at Ref( + ) Vee Vee+ 0.1 V 

VREF!+l+VREF!-l Voltage, Center of Ladder Vee/2 - O.1 Vee/2 Vee/2 +O.1 V 
2 

VREF(-) Voltage, Bottom of Ladder Measured at Ref( - ) -0.1 0 V 

Comparator Input Current fc = 640 kHz, (Note 6) -2 ±0.5 2 p.A 

Electrical Characteristics 
Digital Levels and DC Specifications: ADC0816CJ 4.5V:::Vee::;;5.5V, -55°C::;;TA::;; + 125°C unless otherwise noted. 

ADC0816CCJ, ADC0816CCN, ADC0817CCN 4.75V::;;Vee::;;5.25V, -40°C::;;TA::;; +85°C unless otherwise noted. 

Parameter I Conditions I Min I Typ I Max I Units 

ANALOG MULTIPLEXER 

RON Analog Multiplexer ON (Any Selected Channel) 
Resistance T A = 25°C, Rl = 10k 1.5 3 kD. 

TA=85°C 6 kD. 
TA= 125°C 9 kD. 

boRON boON Resistance Between Any (Any Selected Channel) 75 D. 
2 Channels Rl = 10k 

IOFF+ OFF Channel Leakage Current Vee=5V, VIN=5V, 
TA=25°C 10 200 nA 
TMIN toTMAX 1.0 p.A 

IOFF(-) OFF Channel Leakage Current Vee=5V, VIN=O, 
TA=25°C -200 nA 
TMIN to TMax -1.0 p.A 

CONTROL INPUTS 

VIN(1) Logical "1 "Input Voltage Vee- l .5 V 

VIN(O) Logical "0" Input Voltage 1.5 V 

IIN(1) Logical "1" Input Current VIN= 15V 1.0 p.A 
(The Control Inputs) 

IIN(O) Logical "0" Input Current VIN=O -1.0 p.A 
(The Control Inputs) 

lee Supply Current felK = 640 kHz 0.3 3.0 mA 
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Electrical Characteristics (Continued) 

Digital Levels and DC Specifications: ADC0816CJ-4.5V ~ Vee '~ 5.5V, -55°C !§ TA ~ + 125°C unless otherwise noted. 

ADC0816CCJ, ADC0816CCN, ADC0817CCN-4.75V ~ Vee ~ 5.25V, -40°C ~ TA ~ + 85°C unless otherwise noted. 

Parameter Conditions MIn - Typ Max Units 

DATA OUTPUTS AND EOC (lNTERRUpn 

VOUT(1) Logical "1" Output Voltage 10-360 J.LA, TA=85°C Vcc- O.4 V 
10 = - 300 J.LA, T A = 125°C 

VOUT(O) Logical "0" Output Voltage 10=1.6mA 0.45 V 

VOUT(O) Logical "0" Output Voltage EOC 10=1.2 mA 0.45 V 

lOUT TRI-STATE@ Output Current Vo=VCC 3.0 J.LA 
VO=O -3.0 J.LA 

Electrical Characteristics 
Timing Specifications: Vce=VREF(+)=5V, VREF(-)=GND, tr=tf=20 ns and TA=25°C unless otherwise noted. 

Symbol Parameter Conditions Min Typ Max Units 

tws Minimum Start Pulse Width (Figure 5) (Note 7) 100 200 ns 

tWALE Minimum ALE Pulse Width (Figure 5) 100 200 ns 

ts Minimum Address Set-Up Time (Figure 5) 25 50 ns 

tH Minimum Address Hold Time (Figure 5) 25 50 ns 

to Analog MUX Delay Time Rs = Ofl(Figure 5) 1 2.5 J.LS 
from ALE 

tH1, tHO OE Control to Q Logic State CL = 50 pF, RL = 10k (Figure 8) 125 250 ns 

t1H,tOH OE Control to Hi-Z CL = 10 pF, RL = 10k (Figure 8) 125 250 ns 

te Conversion Time fe = 640 kHz, (Figure 5) (Note 8) 90 100 116 J.Ls 

fe Clock Frequency 10 640 1280 kHz 

tEOC EOC Delay Time (Figure 5) 0 8+2 JotS Clock 
Periods 

CIN Input Capacitance At Control Inputs 10 15 pF 

COUT TRI-STATE Output At TRI-ST ATE Outputs (Note 8) 10 15 pF 
Capacitance 

Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: A zener diode exists, internally, from Vee to ,GND anp has a typical breakdown voltage of 7, Voe. 

Note 4: Two on·chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop 
greater than the Vee supply. The spec allows 100 mV forward bias of either diode. This means that as long as the analog VIN does not exceed the supply voltage 
by more than 100 mV, the output code will be correct. To achieve an absolute 0 Voe to 5 Voc input voltage range will therefore require a minimum supply voltage of 
4.900 Voe over temperature variations, initial tolerance and loading. , 

Note 5: Total unadjusted error inclu'des offset, full-scale, and linearity errors. See Figure 3. None of these AIDs requires a zero or full-scale adjust. However, if an 
all zero code is desired for an analog input other than O.OV, or if a narrow full-scale span exists (for example: O.SV to 4.SV full-scale) the reference voltages can be 
adjusted to achieve this. See Figure 13. 

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and has 
little temperature dependence (Figure 6). See paragraph 4.0. 

Note 7: If start pulse is asynchronous with converter clock the minimum start pulse width is 8 clock periods plus 2 J.LS. 

Note 8: The outputs of the data register are updated one clock cyCle before the rising edge of EOC. 
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FuncUonal D~scription 
Multiplexer: The device contains a 16-channel single-end­
ed analog signal multiplexer. A particular input channel is 
selected by using the address decoder. Table 1 shows the 
input states for the address line and the expansion control 
line to select any channel. The address is latched into the 
decoder on the low-to-high transition of the address latch 
enable signal. 

TABLE 1 

Selected Address LIne Expansion 
Analog Channel D C B A C~mtrol 

INO L L L L H 
IN1 L L L H H 
IN2 L L H L H 
IN3 L L H H H 
IN4 L H L L H 
IN5 L H L H H 
IN6 L H H L H 
IN7 L H H H H 
INS H L L L H 
IN9 H L L H H 
IN10 H L H L H 
IN11 H L H H H 
IN12 H H L L H 
IN13 H H L H H 
IN14 H H H L H 
IN15 H H H H H 

All Channels OFF X X X X L 

X=don't care 

Additional single-ended analog signals can be multiplexed 
to the AID converter by disabling all the multiplexer inputs 
using the expansion control. The additional external signals 
are connected to the comparator input and the device 
ground: Additional signal conditioning (Le., prescaling, sam­
ple and hold, instrumentation amplification, etc.) may also 
be added between the analog input signal and the compara­
tor input. 

CONVERTER CHARACTERISTICS 

The Converter 

The heart of this single chip data acquisition system is its 8-
bit analog-to-digital converter. The converter is designed to 
give fast, accurate, and repeatable conversions over a wide 
range of temperatures. The converter is partitioned into 3 
major sections: the 256R ladder' network, the successive 
approximation register, and the comparator. The converter's 
digital outputs are positive true. 

The 256R ladder network approach (Figure 1) was chosen 
over the conventional R/2R ladder because of its inherent 
monotonicity, which guarantees no missing digital codes. 
Monotonicity is particularly important in closed loop feed­
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the system. 
Additionally, the 256R network does not cause load varia­
tions on the reference voltage. 

The bottom resistor and the top resistor of the ladder net­
work in Figure 1 are not the same value as the remainder of 
the network. The difference in these resistors causes the 
output characteristic to be symmetrical with the zero and 
full-scale pOints of the transfer curve. The first output tran­
sition occurs when the analog signal has reached + % LSB 
and succeeding output transitions occur every 1 LSB later 
up to full-scale. 

CONTROLS FROM S.A.R. 
I 

REF(t' 

. 
256R : . 

REF(-) 

FIGURE 1. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 

The successive approximation register (SAR) performs 8 it­
erations to approximate the input voltage. For any SAR type 
converter, n-iterations are required for an n-bit converter. 
Figure 2 shows a typical example of a 3-bit converter. In the 
ADC0816, ADC0817, the approximation technique is ex­
tended to 8 bits using the 256R network. 

The AID converter's successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse; The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. Con­
tinuous conversion may be accomplished by tying the end­
of-conversion (EOC) output to the SC input. If used in this 
mode, an external start conversion pulse should be applied 
after power up. End-of-conversion will go low between 0 
and 8 clock pulses after the rising edge of start conversion. 

111 

110 

~ 101 
Q 

~ 100 
~ 
~ 011 
Q 

e DID 
c 

:--FULL.SCALE 
-"' ERROR z 1/2 LSB 

~-'/S-2-/a-3/-a-4/-a-5/-a -6/-a -7-/S- VIN 

VIN AS FRACTION OF FULL·SCALE 

TLlHf5277-3 

FIGURE 2. 3-Bit AID Transfer Curve 

The most important section of the AID converter is the 
comparator. It is this section which is responsible for the 
ulimate accuracy of the entire converter. It is also the com­
parator drift which has the greatest influence on the repeat­
ability of the device. A chopper-stabilized comparator pro­
vides the most effective method of satisfying all the convert­
er requirements. 

The chopper-stabilized comparator converts the DC input 
signal into an AC signal. This signal is then fed through a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire AID converter extremely 
insensitive to temperature, long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0816 as 
measured using the procedures outlined in AN-179. 

w 

111 

liD 

8 101 

~ 100 
I-
g 011 
Q < 010 

DOl 

I 

_J 

INFINITE RESOLUTION 
PERFECT CONVERTER 

L-' LSB 
AaSOLUTE 
ACCURACY 

I -1/2 LSB I-- QUANTIZATION 
ERROR 

OOOO/"'S ..... ,-/S-21-.-3-/8-4/-.-5-/S-6-11-7/-a -- VIN 

VIP .. AS FRACTION OF FULL·SCALE 

TLlHf5277-4 

FIGURE 3. 3-Blt AID Absolute Accuracy Curve 

+112 LSI TOTAL UNADJUSTED ERROR ~ REFERENCE LINE 

---------------~-------------------------QUAN~,'~:~ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~III1111111111111111I111111111111111111111111111111ijllll~ 
INPUT OV FULL. AL 

-112 LS:~~~:~~:~U;E~E;R~7 ----- --------------------------

TLlHf5277-5 

FIGURE 4. Typical Error Curve 
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Connection Diagram 

Timing Diagram 
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Dual-In-Package 

TOP VIEW 
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EXPANSION CONTROL 
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EOC 
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See Ordering Information 

TL/H/5277-6 
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FIGURE 5 
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Typical Performance Characteristics 
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FIGURE 6. Comparator liN vs VIN 
(Vee = VREF= 5V) 
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TRI-STATE Test Circuits and Timing Diagrams 
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Applications Information 
OPERATION 

1.0 RATIOMETRIC CONVERSION 

The ADC0816, ADC0817 is designed as a complete Data 
Acquisition System (DAS) for ratiometric conversion sys­
tems. In ratiometric systems, the physical variable being 
measured is e1<pressed as a percentage of full-scale which 
is not necessarily related to an absolute standard. The volt­
age input to the ADC0816 is expressed by the equation 

VIN Ox 

Vls-VZ DMAX-DMIN 

VIN = Input voltage into the ADC0816 

VIs = Full-scale voltage 

Vz = Zero voltage 

Ox = Data point being measured 

DMAX = Maximum data limit 

DMIN = Minimum data limit 

(1) 

A good example of a ratiometric transducer is a potentiome­
ter used as a position sensor. The position of the wiper is 
directly proportional to the output voltage which is a ratio of 
the full-scale voltage across it. Since the data is represent­
ed as a proportion of full-scale, reference requirements are 
greatly reduced, eliminating a large source of error and cost 
for many applications. A major advantage of the ADC0816, 
ADC0817 is that the input voltage range is equal to the sup­
ply range so the transducers can be connected directly 
across the supply and their outputs connected directly into 
the multiplexer inputs, (Figure 9). 

r-------~------~----~~~VCC 

REF(+) 

.><It-----+-------+--------Iln15 

. 
t----t1no 

REFH 

~------O-----~----~~-4GNo 

Ratiometric transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., are 
suitable for measuring proportional relationships; however, 
many types of measurements must be referred to an abso­
lute standard such as voltage or current. This means a sys­
tem reference must be used which relates the full-scale 
voltage to the standard volt. For example, if Vee = VREF = 
5.12V, then the full-scale range is divided into 256 standard 
steps. The smallest standard step is 1 LSB which is then 20 
mY. 
2.0 RESISTOR LADDER LIMITATIONS 

The voltages from the resistor ladder are compared to the 
selected input 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref( +), should not be more positive 
than the supply, and the bottom of the ladder, Ref( -), 
should not be more negative than ground. The center of the 
ladder voltage must also be near the center of the supply 
because the analog switch tree changes from N-channel 
switches to P~channel switches These limitations are auto­
maticaly satisfied in ratio metric systems and can be easily 
met in ground referenced systems. 

Figure 10 shows a ground referenced system with a sepa­
rate supply and reference. In this system, the supply must 
be trimmed to match the reference voltage. For instance, if 
a 5.12V reference is used, the supply should be adjusted to 
the same voltage within O.1V. 

DIGITAL 
OUTPUT 
PROPORTIONAL 
TO ANALOG 
INPUT 

VIN VIN 
°OUT = VAEF = Vce 

4.75V sVee=VAEFs5.25V 

* Aallometrlc transducers 
AoC0816.17 

TL/H/5277-11 

FIGURE 9. Ratlometrlc Conversion System 
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Applications Information (Continued) 

The ADC0816 needs less than a milliamp of supply current 
so developing the supply from the reference is readily ac­
complished. In Figure 11 a ground references system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to supply 
the mililiamp of supply current and the desired bus drive, or 
if a capacitive bus is driven by the outputs a large capacitor 
will supply the transient supply current as seen in Figure 12. 
The LM301 is overcompensated to insure stability when 
loaded by the 10 J-LF outpLit capacitor. 

VCC 

REF(+) 

In15 . . 
InO 
REFH 

The top and bottom ladder voltages cannot exceed Vee and 
ground, respectively, but they can be symmetrically less 
than Vee and greater than ground. The center of the ladder 
voltage should always be near the center of the supply. The 
sensitivity of the converter can be increased, (Le., size of 
the LSB steps decreased) by using a symmetrical reference 
system. In Figure 13, a 2.5V reference is symmetrically cen­
tered about Vee/2 since the same current flows in identical 
resistors. This system with a 2.5V reference allows the LSB 
to be half the size of the LSB in a 5V reference system. 

MSB 

DIGITAL 
OUTPUT 
REFERENCED 
TO 
GROUND 

VIN 
COUT= VREF 

4.7SV sVCC=VREFS5.25V 

AOC0816,17 
TL/Hi5277-12 

FIGURE 10. Ground Referenced 
Conversion System USing Trimmed Supply 

>--4 ..... -IVcc 
MSB 

ADC0816,17 

DIGITAL OUTPUT 
REFERENCED TO 
GROUND 

Q - ~ 
OUT- vREF 

4.75V sVcc = VREF s5.2SV 

FIGURE 11. Ground Referenced Conversion System with 
Reference Generating Vee Supply 
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Applications Information (Continued) 

10-15 Voe 

lMJ29B Vee 
REF(+) 

TL/H/5277-14 

FIGURE 12. Typical Reference and Supply Circuit 

5V 

r-__ -<>-__ o-__ -4~-_o---..;J;.;;.7;.;;5~V REF(+) 

><t---+--~-----_f In15 

DOUT 

DIGITAL OUTPUT 
PROPORTIONAL TO 
ANALOG INPUT 
1.25V:::; VIN:S J.15V 

L----c>---o-----<~-_o--..;........;.;,;~ REf(-) 
2.5V 

REFERENCE RA= RS 

• Ratiometric transducers 

TLIH/5277-15 

FIGURE 13. Symmetrically Centered Reference 

3.0 CONVERTER EQUATIONS 

The transition between adjacent codes Nand N + 1 is 
given by: 

V1N= { (VREF(+)-VREF(-»)[2~6 + 5~2] ±VTUE} +VREF(-) (2) 

The center of an output code N is given by: 

VIN= {(VREF(+)-VREF(~»)[2~6] ±VTUE] +VREF(-) (3) 
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The output code N for an arbitrary input are the integers 
within the range: 

N VIN - VREF( -) X 256 ± Absolute Accuracy (4) 
VREF( +) - VREF( -) 

where: VIN = Voltage at comparator input 

VREF = Voltage at Ref( +) 

VREF = Voltage at Ref( -) 

VrUE = Total unadjusted error voltage (typically 

VREF(+) +512) 
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Applications Information (Continued) 

4.0 ANALOG COMPARATOR INPUTS 

The dynamic comparator input current is caused by the peri­
odic switching of on-chip stray capacitances These are con­
nected alternately to the output of the resistor ladder/switch 
tree network and to the comparator input as part of the 
operation of the chopper stabilized comparator. 

The average value of the comparator input current varies 
directly with clock frequency and with VIN as shown in Fig­
ure6. 

Typical Application 

If no filter capacitors are used at the analog or comparator 
inputs and the signal source impedances are low, the com­
parator input current should not introduce converter errors, 
as the transient created by the capacitance discharge will 
die out before the comparator output is strobed. 

If input filter capacitors are desired for noise reduction and 
signal conditioning they will tend to average out the dynamic 
comparator input current. It will then take on the character­
istics of a DC bias current whose effect can be predicted 
conventionally. See AN-258 for further discussion. 

ADDRESS • 
DECODE 

(AD4-AD1S)" 

ClK 

VREF(t) 

VREFH 

.....-... ---.. INTERRUPT 

START 

><>----+-1 ALE 

A 

ADC0816 
ADC0817 

COMMON OUT 

COMPARATOR 
IN 

V

IN

16) 

VIN 1 

MSB 

lSB 

0-5V 
ANALOG 
INPUT RANGE 

·Address latches needed for 8085 and SC/MP interfacing the ADC0816, 17 to a microprocessor 

Microprocessor Interface Table· 

PROCESSOR READ WRITE INTERRUPT (COMMENT) 

8080 MEMR MEMW INTR (Thru RST Circuit) 
8085 RD WR I NTR (Thru RST Circuit) 

TL/H/5277·16 

2-80 RD WR INT (Thru RST Circuit, Mode 0) 
SC/MP NRDS NWDS SA (Thru Sense A) 
6800 VMA-</>2-R/W VMAe0 2eRfW IROA or IROB (Thru PIA) 

Ordering Information 
TEMPERATURE RANGE -40°C to +85°C - 55°C to + 125°C 

Error I ± % Bit Unadjusted ADC0816CCN ADC0816CCJ ADC0816CJ 

I ± 1 Bit Unadjusted ADC0817CCN 

Package Outline N40A Molded DIP J40A Hermetic DIP J40A Hermetic DIP 
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~National 
~ Semiconductor microCMOS 

ADC0820 8-Bit High Speed J-LP Compatible A/D Converter 
with Track/Hold Function 

General Description 
By using a half-flash conversion technique, the 8-bit 
ADC0820 CMOS A/D offers a 1.5 f-Ls conversion time and 
dissipates only 75 mW of power. The half-flash technique 
consists of 32 comparators, a most significant 4-bit ADC 
and a least significant 4-bit ADC. 

The input to the ADC0820 is tracked and held by the input 
sampling circuitry eliminating the need for an external sam­
ple-and-hold for signals moving at less than 100 mV / f-Ls. 

For ease of interface to microprocessors, the ADC0820 has 
been designed to appear as a memory location or I/O port 
without the need for external interfacing logic. 

Key Specifications 
• Resolution 
• Conversion Time 

8 Bits 
2.5 f-Ls Max (RD Mode) 

1.5 f-Ls Max (WR-RD Mode) 
• Input signals with slew rate of 100 mV / f-Ls converted 

without external sample-and-hold to 8 bits 

• Low Power 75 mW Max 
• Total Unadjusted ~rror ± % LSB and ± 1 LSB 

Features 
• Built-in track-and-hold function 
• No missing codes 
• No external clocking 
• Single supply-5 VDe 
• Easy interface to all microprocessors, or operates 

stand-alone 
• Latched TRI-STATE® output 
• Logic· inputs and outputs meet both MOS and T2L volt­

age level specifications 
• Operates ratiometrically or with any reference value 

equal to or less than Vee 
• OV to 5V analog input voltage range with single 5V sup-

ply 
• No zero or full-scale adjust required 
• Overflow output available for cascading 
iii 0.3" standard width 20-pin DIP 

Connection Diagram Functional Diagram 

Dual-In-Llne 

VIN Vee 

DBa Ne 

OBI on 
082 OB7 

DB3 DBS 

Wl\/RDY DBS 

MODE DB4 

1!11 rs 
flIT Vm(+) 

VREF(-) 

GND Vm(-) 

TOP VIEW 

TLlH/5501-1 
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4·BIT 
FLASH 

ADC 
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WlI/RDY cs 

FIGURE 1 
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DB7 

DBS 

085 
DB4 

OUTPUT 
LATCH 

AND 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Ratings (Notes 1 & 2) 

Supply Voltage (Ved 10V Temperature Range TMIN:5:TA:5:TMAX 

_ Logic Control Inputs - 0.2V to Vee + 0.2V ADC0820BD, ADC0820CD -55°C:5:TA:5: + 125°C 

Voltage at Other Inputs and Output -O.2V to Vee +O.2V ADC0820BCD, ADC0820CCD -40°C:5:TA:5: + 85°C 

Storage Temperature Range - 65°C to + 150°C ADC0820BCN, ADC0820CCN O°C:5: T A:5: 70°C 

Package Dissipation at T A = 25°C 875mW Vee Range 4.5Vto 8V 

Lead Temperature (Soldering, 10 seconds) 300°C 

Converter Characteristics The following specifications apply for RD mode (pin 7 = 0), Vee = 5V, 
VREF( +) = 5V, and VREF( -) = GND unless otherwise specified. Boldface limits apply from TMIN to TMAX; all other limits 
TA=Tj=25°C. 

I 

ADC0820BD, ADC0820CD 
ADC0820BCN, ADC0820CCN 

ADC0820BCD, ADC0820CCD 
Limit 

Parameter Conditions Tested Design Tested Design Units 
Typ 

LImit LImit 
Typ 

Limit Limit 
(NQte 6) 

(Note 7) (Note 8) 
(Note 6) 

(Note 7) (Note 8) 

Resolution 8 8 8 Bits 

Total Unadjusted Error ADC0820BD, BCD ±% LSB 

(Note 3) ADC0820BCN ±% ±% LSB 

ADC0820CD, CCD ±1 LSB 

ADC0820CCN ±1 ±1 LSB 

Minimum Reference 2.3 1.25 2.3 1.4 1.25 kn 

Resistance 

Maximum Reference 2.3 6 2.3 5.3 6 kn 

Resistance 

Maximum VREF( +) Vee Vee Vee V 

Input Voltage 

Minimum VREF( -) GND GND GND V 

Input Voltage 

Minimum VREF( +) VREF(-) VREF(-) VREF(-) V 

Input Voltage \ 

Maximum VREF( -) VREF(+) VREF(+) VREF(+) V 

Input Voltage 

Maximum Y,N Input Vec+ O•1 Vee+ 0.1 VCC+ O•1 V 
Voltage 

Minimum Y,N Input GND-O.1 GND-0.1 GND-O.1 V 

Voltage 

Maximum Analog CS = Vee 
Input Leakage Current V,N = Vee 3 0.3 3 JLA 

V'N=GND -3 -0.3 -3 JLA 

Power Supply Vee=5V±5% ±1,116 ±% ±1j,6 ±1f4 ±% LSB 

Sensitivity 

Ordering Information 
Temperature Range O°C to + 70°C - 40°C to + 85°C -55°C to + 12SoC 

E I· ± 1/2 LSB Unadjusted ADC0820BCN ADC0820BCD ADC0820BD 
rror 

1 ± 1 LSB Un?djusted ADC0820CCN ADC0820CCD ADC0820CD 

Package Outline N20A-Molded DIP D20A-Cavity DIP D20A-Cavity DIP 
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DC Electrical Characteristics The following specifications apply for Vee= 5V, unless otherwise specified. 
Boldface limits apply from T MIN to T MAX; all other limits T A = T J = 25°C. 

ADC0820BD, ADC0820CD 
ADC0820BCN, ADC0820CCN 

ADC0820BCD, ADC0820CCD 
Limit 

Pa~l)leter Conditions Tested Design Tested Design Units 
Typ 

Limit Limit 
Typ 

Limit Limit 
(Note 6) 

(Note 7) (Note 8) 
(Note 6) 

(Note 7) (Note 8) 

VIN(1), Logical "1" Vee=5.25V CS,WR,RD 2.0 2.0 2.0 V 

Input Voltage Mode 3.5 3.5 3.5 V 

VIN(O), Logical "0" Vee=4.75V CS, WR,RO 0.8 0.8 0.8 V 

Input Voltage Mode 1.5 1.5 1.5 V 

IIN(1). Logical "1" VIN(1)=5V; CS, RO 0.005 1 0.005 1 /-LA 
Input Current VIN(1)=5V; WR 0.1 3 0.1 0.3 3 /-LA 

VIN(1)=5V; Mode 50 200 50 170 200 /-LA 

IIN(O), Logical "0" VIN(O) = OV; CS. RO, WR, -0.005 -1 -0.005 -1 /-LA 
Input Current Mode 

VOUT(1), Logical "1" Vee=4.75V, IOUT= -360 /-LA; 2.4 2.8 2.4 V 
Output Voltage OBO-OB7, OFL. INT 

Vec= 4.75V, IOUT= -10 /-LA; 4.5 4.6 4.5 V 
OBO-OB7, OFL, INT 

VOUT(O), Logical "0" Vec= 4.75V. IOUT= 1.6 mA; 0.4 0.34 0.4 V 
Output Voltage OBO-OB7. OFL. INT, ROY 

lOUT, TRI-STATE VOUT=5V; OBO-OB7, ROY 0.1 3 0.1 0.3 3 /-LA 
Output Current VOUT=OV; OBO-OB7, ROY -0.1 -3 -0.1 -0.3 -3 /-LA 

ISOUACE. Output VOUT=O~OBO-OB~OFL -12 -6 -12 -7.2 -6 mA 
Source Current INT -9 -4.5 -9 -5.3 -4.5 mA 

ISINK. Output Sink VOUT=5~OBO-OB7.0F~ 14 7 14 8.4 7 mA 
Current INT. ROY 

Icc, Supply Current CS=WR=RO=O 7.5 15, 7.5 13 15 mA 

AC Electrical Characteristics The following specifications apply for Vcc= 5V, tr=tf=20 ns. VAEF(+)=5V, 
VAEF(-) = OV and T A = 25°C unless otherwise specified. 

Typ 
Tested Design 

Parameter Conditions Limit Limit Units 
(Note 6) 

(Note 7) (Note 8) 

tCRD. Conversion Time for RO Mode Pin 7 = O. Figure 2 1.6 2.5 /-Ls 

tACCO. Access Time (Delay from Pin 7 = O. Figure 2 tCAD+20 tCAD+50 ns 
Falling Edge of RO to Output Valid) 

tCWA-AD. Conversion Time for Pin 7 = Vec; tWA = 600 ns, 1.52 /-Ls 
WR-ROMode tAD = 600 ns; Agures 3a and 3b 

tWA. Write Time I Min Pin 7 = Vec; Figures 3a and 3b 600 ns 

I Max (Note 4) See Graph 50 /-Ls 

tAD. Read Time Min Pin 7 = Vee; Figures 3a and 3b 600 ns 
(Note 4) See Graph 

tAee1, Access Time (Delay from Pin 7 = Vec. tAD<tl; 
Falling Edge of RO to Output Valid) Figure3a 

CL=15pF 190 280 ns 

CL = 100 pF 210 320 ns 

tAeC2. Access Time (Delay from Pin 7 = Vee. tAD>tl; Figure3b 
Falling Edge of RO to Output Valid) CL = 15 pF 70 120 ns 

CL =100 pF 90 150 ns 
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AC Electrical Characteristics (Continued) The following specifications apply for Vee = 5V, tr= tf = 20 ns, 
VREF( +) = 5V, VREF( -) = OV and T A = 25°C unless otherwise specified. 

Typ Tested Design 
Parameter Conditions Limit Limit Units 

(Note 6) 
(Note 7) (Note 8) 

II, Internal Comparison Time Pin 7";' Vee; Figures 3b and 4 800 1300 ns 
CL =50 pF 

t'H, tOH, TRI-STATE Control RL = 1 k, CL = 10 pF 100 200 ns 
(Delay from Rising Edge of RD to 
Hi-ZState) 

t'iNTL, Delay from Rising Edge of Pin 7 = Vee, CL = 50 pF 
WR to Falling Edge of INT tRO>tl; Figure3b tl ns 

tRO<tl; Figure3a tRO+200 tRO+290 ns 

WrH, Delay from Rising Edge of Figures 2, 3a and 3b 125 225 ns 
AD to Rising Edge of INT - CL =50 pF 

WrHwR, Delay from Rising Edge of Figure 4, CL = 50 pF 175 270 ns 
WR to Rising Edge of INT 

tROY, Delay from CS to ROY Figure 2, CL = 50 pF, Pin 7 = 0 50 100 ns 

tiD, Delay from INT to Output Valid Figure 4 20 50 ns 

tRI, Delay from RD to INT Pin 7=Vee, tAO<tl 200 290 ns 
Figure3a 

tp, Delay from End of Conversion Figures 2, 3a, 3b and 4 500 ns 
to Next Conversion (Note 4) See Graph 

Slew Rate, Tracking 0.1 V/JLs 

CVIN, Analog Input Capacitance 45 pF 

COUT, Logic Output Capacitance 5 pF 

CIN, Logic Input Capacitance 5 pF 

Note 1: Absolute Maximum Ratings are those values beyond which the life of the device may be impaired. 
Note 2: All voltages are measured with respect to GND, unless otherwise specified. 
Note 3: Total unadjusted error includes offset, full-scale, and linearity errors. 
Note 4: Accuracy may degrade if tWA or tRD is shorter than the minimum value specified. See Accuracy vs tWR and Accuracy vs tRP graphs. 
Note 5: The voltage at these pins should never go higher than Vee nor lower than GND. 
Note 6: Typicals are at 25'C and represent most likely parametric norm. 
Note 7: Guaranteed and 100% production tested. 
Note 8: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

TRI-ST ATE Test Circuits and Waveforms 
t'H, CL = 10 pF 

t1H 
Vee -trt--

Vee ~'" Ali DATA AD 50% 
~ 

el.l. 

OUTPUT GND ----oJ 10% 

Ik' 

~ J . 
-== 

DATA VOH 90% 
-=- -= 

tOH OUTPUTS 
GND 

TLIH/5501-3 tr=2D ns TL/H/5501-4 
tOH 

vee vee 
toH, CL = 10 pF 

-tri-

M Vee --{,t 
Rii DATA Ali 50% 

CS OUTPUT GND _ 10% 

-=- -=- e

l

T 5 Vee ---
TLIH/5501-5 DATA 

OUTPUTS 10% 
VOL 

1,=20 ns TLIH/5501-6 
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Timing Diagrams 

\ "------
1 __ _ 

1,-1 
ROY 

TLlH/5501-7 

FIGURE 2. RD Mode (Pin 7 Is Low) 

__ D __ l ____ _ 

OBO-DB7- - - - --

TL/H/5501-B 

FIGURE 3a. WR-RD Mode (Pin 71s High and tRO<tl) 

______ , __ ------IC 

-----IRO--f--11~--..,,1 

080-0B7- - - -- -...;. ---

llH.IOH 
TL/H/5501-9 

FIGURE 3b. WR-RD Mode (Pin 7 Is High and tRO> tl) 
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~LOW-------------------------------------

~LOW--------------------~---------------

II-----=:: (_ ~o 

) ~')-DBO-DB7 ________ ....,)0---- DATA VALID • 

TLlH/5501-10 

FIGURE 4. WR-RD Mode (Pin 7 Is High) 
Stand-Alone Operation 
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Typical Performance Characteristics 
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Power Supply Current vs 
Temperature (not including 
reference ladder) 
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Description of Pin Functions 
Pin Name Function 

1 VIN Analog input; range = GND~VIN~Vee 
2 DBO TRI-STATE data output-bit 0 (LSB) 
3 DB1 TRI-STATE data output-bit 1 
4 DB2 TRI-STATE data output-bit 2 
5 DB3 TRI-STATE data output-bit 3 
6 WR/RDY WR-RD Mode 

WR: With CS low, the conversion is start­
ed on the falling edge of WR. Approxi­
mately 800 ns (the preset internal time 
out, tl) after the WR rising edge, the result 
of the conversion will be strobed into the 
output latch, provided that RD does not 
occur prior to this time out (see Figures 
3a and 3b). 
RD Mode 
RDY: This is an open drain output (no in­
ternal pull-up device). RDY will go low af­
ter the falling edge of CS; RDY will go 
TRI-ST ATE when the result of the conver­
sion is strobed into the output latch. It is 
used to simplify the interface to a micro­
processor system (see Figure 2). 

7 Mode Mode: Mode selection input-it is inter-
. nally tied to GND through a 50 J.lA current 
source. 
RD Mode: When mode is low 
WR-RD Mode: When mode is high 

8 RD WR-RD Mode 
With CS low, the TRI-STATE data outputs 
(DBO-DB7) will be activated when RD 
goes low (see Figure 4). RD can also be 
used to increase the speed of the con­
verter by reading data prior to the preset 
internal time out (tl, - 800 ns). If this is 
done, the data result transferred to output 
latch is latched after the falling edge of 
the RD (see Figures 3a and 3b). 
RDMode 
With CS low, the conversion will start with 
AD going low, also AD will enable the 
TAl-STATE data outputs at the comple­
tion of the conversion. RDY going TAl­
STATE and INT going low indicates the 
completion of the conversion (see Figure 
2). 

1.0 Functional Description 
1.1 GENERAL OPERATION 

The ADC0820 uses two 4-bit flash AID converters to make 
an 8-bit measurement (Figure 1). Each flash ADC is made 
up of 15 comparators which compare the unknown input to 
a reference ladder to get a 4-bit result. To ta.ke a full 8-bit 
reading, one flash conversion is done to provide the 4 most 
significant data bits (via the MS flash ADC). Driven by the 4 
MSBs, an internal DAC recreates an analog approximation 
of the input voltage. This analog signal is then subtracted 
from the input, and the difference voltage is converted by a 
second 4-bit flash ADC (the LS ADC), providing the 4 least 
significant bits of the output data word. 
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Pin Name 

9 INT 

10 GND 
11 VREF(-) 

12 VREF(+) 

13 CS 

14 DB4 
15 DB5 
16 DB6 
17 DB7 
18 OFL 

19 NC 
20 Vee 

Function 

WR-RD Mode 
INT going low indicates that the conver­
sion is completed and the data result is in 
the output latch. INT will go low, - 800 ns 
(the preset internal time out, tl) after the 
rising edge of WR (see Figure 3b); or TNT 
will go low after the falling edge of RD, if 
RD goes low prior to the 800 ns time out 
(see Figure 3a). INT is reset by the rising 
edge of AD or CS (see Figures 3a and 
3b). 
RD Mode 
INT going low indicates that the conver­
sion is completed and the data result is in 
the output latch. INT is reset by the rising 
edge of AD or CS (see Figure 2). 
Ground 
The bottom of resistor ladder, voltage 
range: GND~VREF(-)~VREF(+) (Note 
5) 
The top of resistor ladder, voltage range: 
VREF(-)~VREF(+)~Vee (Note 5) 
CS must be low in order for the AD or WR 
to be recognized by the converter. 
TRI-STATE data output-bit 4 
TR I-STATE data output-bit 5 
TAl-STATE data output-bit 6 
TRI-STATE data output-bit 7 (MSB) 
Overflow output-If the analog input is 
higher than the VREF( + ), OFL will be low 
at the end of conversion. It can be used to 
cascade 2 or more devices to have more 
resolution (9, 10-bit). 
No connection. 
Power supply voltage 

The internal DAC is actually a subsection of the MS flash 
converter. This is accomplished by using' the same resistor 
ladder for the AID as well as for generating the DAC signal. 
The DAC output is actually the tap on the resistor ladder 
which most closely approximates the analog input. In addi­
tion, the ".sampled-data" comparators used in the ADC0820 
provide the ability to compare the magnitudes of several 
analog signals simultaneously, without using input summing 
amplifiers. This is especially useful in the LS flash ADC, 
where the signal to be converted is an analog difference. 
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1.2 THE SAMPLED-DATA COMPARATOR 

Each comparator in the ADC0820 consists of a CMOS in­
verter with a capacitively coupled input (Figure 5). Analog 
switches connect the two comparator inputs to the input 
capacitor (C) and also connect the inverter's input and out­
put. This device in effect now has one differential input pair. 
A comparison requires two cycles, one for zeroing the com­
parator, and another for making the comparison. 

In the first cycle, one input switch and the inverter's feed­
back switch (Figure Sa) are closed. In'this interval, C is 
charged to the connected input (V1) less the inverter's bias 
voltage (Va, approximately 1.2V). In the second cycle (Fig­
ure 5b), these two switches are opened and the other (V2) 
input's switch is closed. The input capacitor now subtracts 
its stored voltage from the second input and the difference 
is amplified by the inverter's open loop gain. The inverter's 
input (Va') becomes 

C 
Va-(V1-V2)-­

C+Cs 

and the output will go high or low depending on the sign of 
Va'-Va· ' 

Vl--O--C}C, r;:I TiPo-+.-vo 
" --0"": JV;' . 

TlIH/5501-12 

- Vo = va 
- Von C = Vl-Va 

- Cs = stray input 
node capacitor 

- Va = inverter input 
bias voltage 

FIGURE 5a. Zeroing Phase 

The actual circuitry used in the ADC0820 is a simple but 
important expansion of the basic comparator described 
above. By adding a second capacitor and another set of 
switches to the input (Figure 6), the scheme can be expand­
ed to make dual differential comparisons. In this circuit, the 
feedback switch and one input switch on each capacitor (Z 
switches) are closed in the zeroing cycle. A comparison is 
then made by connecting the second input on each capaci­
tor and opening all of the other switches (S switches). The 
change in voltage at the inverter's input, as a result of the 
change in charge on each input capacitor, will now depend 
on both input signal differences. 

1.3 ARCHITECTURE 

In the ADC0820, one bank of 15 comparators is used in 
each 4-bit flash AID converter (Figure 7). The MS (most 
significant) flash ADC also has one additional comparator to 
detect input overrange. These two sets of comparators op­
erate alternately, with one group in its zeroing cycle while 
the other is comparing. 

TL/H/5501-13 

-Va'-Va = (V2-Vl)-C­
c+cs 

-vo' = ~ [CV2-CVll 
c+cs 

-Vo' is dependent on V2-Vl 

FIGURE 5b. Compare Phase 

FIGURE 5. Sampled-Data Comparator 

Z 

R LADDER --/) (Vl) Cl 

S 
VIN--/ 

(V2) 

Z 

ANAGND--/) (V3) C2 

S 
1/2LSB~ 

(V4) 

-A 
Vo = Cl +C2+Cs [Cl(V2-Vl)+C2(V4-V3)1 

-A 
Cl + C2 + Cs [AOCl + AOc21 

TLlH/5501-14 

FIGURE 6. ADC0820 Comparator (from MS Flash AD C) 
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Detailed Block Diagram 
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FIGURE 7 
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When a typical conversion is started, the WA line is brought 
low. At this instant the MS comparators go from zeroing to 
comparison mode (Figure 8). When WA is returned high af­
ter at least 600 ns, the output from the first set of compara­
tors (the first flash) is decoded and latched. At this point the 
two 4-bit converters change modes and the LS (least signifi­
cant) flash ADC enters its compare cycle. No less than 600 
ns later, the AD line may be pulled low to latch the lower 4 
data bits and finish the 8-bit conversion. When AD goes low, 
the flash AIDs change state once again in preparation for 
the next conversion. 

Figure 8 also outlines how the converter's interface timing 
relates to its analog input (VIN). In WA-AD mode,' VIN is 
measured while WA is low. In AD mode, sampling occurs 
during the first 800 ns of AD. Because of the input connec­
tions to the ADC0820's LS and MS comparators, the con­
verter has the ability to sample VIN at one instant (Section 
2.4), despite the fact that two separate 4-bit conversions are 
being done. More specifically, when WA is low the MS flash 
is in compare mode (connected to VIN), and the LS flash is 
in zero mode (also connected to VIN). Therefore both flash 
ADCs sample Vir''! at the same time. 

1.4 DIGITAL INTERFACE 

The ADC0820 has two basic interface modes which are se­
lected by strapping the MODE pin high or low. 

RD Mode 

With the MODE pin grounded, the converter is set to Aead 
mode. In this configuration, a complete conversion is done 
by pulling AD low until output data appears. An INT line is 
provided which goes low at the end of the conversion as 
well as a AOY output which can be used to signal a proces­
sor that the converter is busy or can also serve as a system 
Transfer Acknowledge Signal. 

RD Mode (Pin 7 Is Low) 

~\ I \ ..... _---. 
~~ I \ ... _-
ROY~ r 
INf \ I 

DBD-OB7 - -------------c::::>---------
trLlH/5501-16 

When in AD mode, the comparator phases are internally 
triggereQ. At the falling edge of AD, the MS flash converter 
goes from zero to compare mode and the LS ADC's com­
parators enter their zero cycle. After 800 ns, data from the 
MS flash is latched and the LS flash ADC enters compare 
mode. Following another 800 ns, the lower 4 bits are recov­
ered.' 
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WR then RD Mode 

With the MODE pin tied high, the AID will be set up for the 
WA-AD mode. Here, a conversion is started with the WA 
input; however, there are two options for reading the output 
data which relate to interface timing. If an interrupt driven 
scheme is desired, the user can wait for INT to go low be­
fore reading the conversion result (Figure 8). INT will typi­
cally go low 800 ns after WA's rising edge. However, if a 
shorter conversion time is desired, the processor need not 
wait for INT and can exercise a read after only 600 ns (Fig­
ure A). If this is done, INT will immediately go low and data 
will appear at the outputs. 

\ I 
.... oJ 

OBO.OB7-------~---­

TLlH/5501-17 

FIGURE A. WR·RD Mode (Pin 71s High and tRO<tl) 

c 

INT \\...._----11 

MM~----------~ ~ 
TL/H/5501-18 

FIGURE B. WR-RD Mode (Pin 71s High and tRO>tl) 

Stand-Alone 

For stand-alone operation in WA-AD mode, CS and AD can 
be tied low and a conversion can be started with WA. Data 
will be valid approximately 800 ns following WA's rising 
edge. . 

WR-RD Mode (Pin 7 Is High) Stand·Alone Operation 

~LOW--------------________ --__ 
~LOW--------------------------

OBO-OB7 ____ --I)>----CJ-
TL/H/5501-19 



• MS COMPARATORS ZERO 
TO REFERENCE LADDER. 

• LS COMPARATORS FLOAT. • MS COMPARATORS COMPARE 
VIN TO THEIR REFERENCE 
LADDER TAP. THE COMPARATOR 
OUTPUTS DIGITALLY TRACK 
VIN ,VLAOOER TAP 

• LS COMPARATORS ZERO TO 
VIN. THE COMPARATOR'S 
INPUT CAPACITORS TRACK VIN. 

Note: MS means most significant 

LS means least significant 

1-----800 nl-----I 

• MS COMPARATOR OUTPUTS 
ARE LATCHED. THE MS 
OAC IS SET. THE MS 
COMPARATOR FLOATS. 

• LS COMPARATORS COMPARE 
LSB SECTION OF REFERENCE 
LADDER. 

• LS COMPARATOR OUTPUTS 
ARE LATCHED AND CAN 
BE REAO. 

• MS COMPARATORS RETURN 
TO ZERO MOOE. 

TL/H/5501-20 

FIGURE 8. Operating Sequence (WR·RD Mode) 

OTHER INTERFACE CONSIDERATIONS 

In order to maintain conversion accuracy, WR has a maxi­
mum width spec of 50 /-Ls. When the MS flash ADC's sam­
pled-data comparators (Section 1.2) are in comparison 
mode (WR is low), the input capacitors (C, Figure 6) must 
hold their charge. Switch leakage and inverter bias current 
can cause errors if the comparator is left in this phase for 
too long. 

Since the MS flash ADC enters its zeroing phase at the end 
of a conversion (Section 1.3), a new conversion cannot be 
started until this phase is complete. The minimum spec for 
this time (tp, Figures 2, 3a, 3b, and 4) is 500 ns. 

2.0 Analog Considerations 
2.1 REFERENCE AND INPUT 

The two VREF inputs of the ADC0820 are fully differential 
and define the zero to full-scale input range of the A to D 
converter. This allows the designer to easily vary the span 
of the analog input since this range will be equivalent to the 
voltage difference between VIN( +) and VIN( -). By reducing 
VREF(VREF = VREF( + ) - VREF( -)) to less than 5V, the sen­
sitivity of the converter can be increased (Le., if VREF = 2V 
then 1 LSB = 7.8 mV). The input/reference arrangement 
also facilitates ratiometric operation and in many cases the 
chip power supply can be used for transducer power as well 
as the VREF source. 

This reference flexibility lets the input span not only be var­
ied but also offset from zero. The voltage at VREF( -) sets 
the input level which produces a digital output of all zeroes. 
Though VIN is not itself differential, the reference design 
affords nearly differential-input capability for most measure­
ment applications. Figure 9 shows some of the configura­
tions that are possible. 
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2.2 INPUT CURRENT 

Due to the unique conversion techniques employed by the 
ADC0820, the analog input behaves somewhat differently 
than in conventional devices. The AID's sampled-data com­
parators take varying amounts of input current depending 
on which cycle the conversion is in. • 

The equivalent input circuit of the ADC0820 is shown in 
Figure 10a. When a conversion starts (WR low, WR-RD 
mode), all input switches close, connecting VIN to thirty-one 
1 pF capacitors. Although the two 4-bit flash circuits are not 
both in their compare cycle at the same time, VIN still sees 
all input capacitors at once. This is because the MS flash 
converter is connected to the input during its compare inter­
val and the LS flash is connected to the input during its 
zeroing phase (Section 1.3). In other words, the LS ADC 
uses VIN as its zero-phase input. 

The input capacitors must charge to the input voltage 
through the on resistance of the analog switches (about 5 
kO to 10 kO). In addition, about 12 pF of input stray capaci­
tance must also be charged. For large source resistances, 
the analog input can be modeled as an RC network as 
shown in Figure 10b. As Rs increases, it will take longer for 
the input capacitance to charge. 

In RD mode, the input switches are closed for approximately 
800 ns at the start of the conversion. In WR-RD mode, the 
time that the switches are closed to allow this charging is 
the time that WR is low. Since other factors force this time 
to be at least 600 ns, input time constants of 100 ns can be 
accommodated without special consideration. Typical total 
input capacitance values of 45 pF allow Rs to be 1.5 kO 
without lengthening WR to give VIN more time to settle. 
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External Reference 2.SV Full·Scale Power Supply as Reference Input Not Referred to GND 

Y,N (+) 

Y,N 1-) 

5V 

TL/H/5501-21 TLlH/5501-22 

Y,N (+) IN + 

GND 

Uk 
'5V -"'I\rv-..... -1 REF( + ) 

lM385·2,5 

Y,N 1-) ---..... -1 REFI-) 
.. . ;: 
~ 

• Current path must 
still exist from VIN! -) 
to ground 

TLlH/5501-23 

FIGURE 9. Analog Input Options 

~ l ~ -12 pF RON 

Y'N _"""R""S .,--............ R""ON,."..-cr <>-ti 
R'lTAOD~~:-o>( o-ll':Fr 1 pF 

15lSB COMPARATORt~-, 

RON 

RON ~ 

TO MSB --o>r' o-l ,. pF 
R.LADOER • 1 pF 

·T . ':' 
16 MSB COMPARATORS 

TL/H/5501-24 

FIGURE 10a 

2.3 INPUT FILTERING 

It should be made clear that transients in the analog input 
signal, caused by charging current flowing into VIN, will not 
degrade the AID's performance in most cases. In effect the 
ADC0820 does not "look" at the input when these tran­
sients occur. The comparators' outputs are not latched 
while WR is low, so at least' 600 ns will be provided to 
charge the ADC's input capacitance. It is therefore not nec­
essary to filter out these transients by putting an external 
cap on the VIN terminal. 

2.4 INHERENT SAMPLE·HOLD 

Another benefit of the ADC0820's input mechanism is its 
ability to measure a variety of high speed signals without the 
help of an external sample-and-hold. In a conventional SAR 
type converter, regardless of its speed, the input must re­
main at least % LSB stable throughout the conversion proc­
ess if full accuracy is to be maintained. Consequently, for 
many, high speed signals, this signal must be externally 
sampled, and held stationary during the conversion. 
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TLlH/5501.,.25 

FIGURE 10b 

Sampled-data comparators, by nature of their input switch· 
ing, already accomplish this function to a large degree (Sec­
tion 1.2). Although the conversion time for the ADC0820 is 
1.5 p.s, the time through which VIN must be 1/2 LSB stable 
is much smaller. Since the MS flash ADC uses VIN as its 
"compare" input and the LS ADC uses VIN as its "zero" 
input, the ADC0820 only "samples" VIN 'When WR is low 
(Sec'tions 1.3 and 2.2). Even though the two flashes are not 
done simultaneously, the analog signal is measured at one 
instant. The value of VIN approximately 100 ns after the 
rising edge of WR (100 ns due to internal logic prop delay) 
will be the measured value. 

Input signals with slew rates typically below 100 mV/p.s can 
be converted without error. However, because of the input 
time constants, and charge injection through the opened 
comparator input switches, faster signals may cause errors. 
Still, the ADC0820's loss in accuracy for a given increase in 
signal slope is far less than what would be witnessed in a 
conventional successive approximation device. An SAR 
type converter with a conversion time as fast as 1 p.s would 
still not be able to measure a 5V 1 kHz sine wave without 
the aid of an external sample-and-hold. The ADC0820, with 
no such help, can typically measure 5V, 7 kHz waveforms. 



3.0 Typical Applications 
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3.0 Typical Applications (Continued) 
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~National 
~ Semiconductor 
ADC0829 f-.tP Compatible 8-Bit AID 
with 11-Channel MUX/Digitallnput 

General Description 
The ADC0829 is an 8-bit successive approximation AID 
converter with an 11-channel multiplexer of which six can 
be used. as digital inputs, as well as, analog inputs. 

This AID is designed to operate from the p.P data bus using 
a single 5V supply. 

Channel selection, conversion control, software configura­
tion and bus interfage logiC are all contained on this mono­
lithic CMOS device. 

This device contains three 16-bit registers which are ac­
cessed via double byte instructions. The control register is a 
write only register which controls the start of a new conver­
sion, selects the channel to be converted, configures the 8-
bit I/O port as input or output, and provides information for 
the 8-bit output register. ' 

The conversion results register is a read only register which 
contains the current status and most recent conversion re­
sults. The discrete input register is also a read only register 
which contains the four address bits of the selected chan­
nel, and the six discrete inputs which are connected to the 
analog multiplexer. 

Key Specification 
• Resolution 
• Total Unadjusted Error 
• Conversion Time 
• Single Supply 
• Low Power 

Features 
• No missing codes 

8 Bits 
±% LSB and ±1 LSB 

256 p.S 

5Voc 
50 mW 

• Operates ratiometrically or with analog span adjusted 
voltage reference . 

• 11-Channel multiplexer with latched control logic of 
which six can be used as digital inputs 

• Easy interface to all microprocessors or operates 
"stand alone" 

II 0 to 5V analog input range with single 5V supply 
• T2 LIMOS input/output compatible 
• No zero or full scale adjusts required 
• Standard 28-pin DIP 
• Temperature range -40°C to +85°C 

Connection Diagram Block Diagram 

AaNO VREf (CH1) 

GND Vee 
DB7 CHO 

DB6 CH2 

DB5 CH3 

DB4 CH4 

DB3 CH5 

DB2 PO (CH10) 

DBl P1 (CHll) 

DBO P2 (CHa) 

RIW P3 (CH9) 

<1>2 CLOCK P4 (CH6) 

RSl P5 (CH7) 

~ RESET 

TOP VIEW 
TL/F/5508-1 

Ordering Information 

Error 
± 112 Bit Unadjusted 

± 1 Bit Unadjusted 

Package Outline 

CHO, 11 11 
CH2-CH11 

PO-PS 

ADC0829BCN 

ADC0829CCN 

N28B 
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APPROXIMATION 

ANALOG 
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(REAO ONLY) 
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EOC 

CONTROL 
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(WRITE ONLY) 

BUS 
CONTROL 

LOGIC 

DBD-DB7 

R/W 
CS 
RSl 

iimf 
cf>2 

TLIF/5508-2 



Absolute Maximum Ratings 
(Notes 1 and 2) Input Current Per Pin ±5mA 

Supply Voltage, Vee (Note 3) 6.5V Package -t:20mA 
Voltage 

Operating Ratings (Notes 1 and 2) Logic Inputs -0.3VtoVee + 0.3V 
Analog Inputs -0.3V to Vee + 0.3V Supply Voltage, Vee 4.75 Voe to 5.5 Voe 

Storage Temperature - 65°C to + 150°C Temperature Range -40°C to + 85°C 

Package Dissipation at T A = 25°C (Board Mount) 
Lead Temperature (Soldering, 10 seconds) 300°C 

Converter and Multiplexer Electrical Characteristics Vee=5Voe=VREF(+), VREF(-)=GNO, 
SCLK <1>2 = 1.048 MHz, - 40°C ~ T A + 85°C unless otherwise noted. 

Typ 
Parameter Conditions Min (Notes) Max Units 

Total Unadjusted Error; (Note 3) 
AOC0829BCN VREF Forced to 5.000 Voe ±% LSB 
AOC0829CCN VREF Forced to 5.000 Voe ±1 LSB 

Reference Input Resistance 1.0 4.5 kn 

Analog Input Voltage Range (Note 4) V(+)orV(-) GNO-0.10 Vee+ 0.1O V 

VREF( +) Voltage, Top of Ladder Measured at REF( +) Vec Vcc+ 0.01 V 

VREF( +) + VREF( -)V It 
2 0 age, 

VCCI2- 0.1 Vce/2 VCC/2+ 0.01 V 
Center of Ladder 

VREF( -) Voltage, 
Measured at REF( -) -0.1 0 V 

Bottom of Ladder 

IOFF, Off Channel ON Channel = 5V AOC0829BCN ±400 nA 

Leakage Current (Note 6) OFF Channel = OV AOC0829CCN ±1 ,.,.A 

ION,On Channel ON Channel = OV AOC0829BCN ±400 nA 

Leakage Current (Note 6) OFF Channel = 5V AOC0829CCN ±1 ,.,.A 

AC Characteristics VCC=VREF(+)=5V, tr=tf=20 ns and TA=25°C (Note 7) unless otherwise noted. 

Parameter Conditions Min Typ Max Units 

tcVC(<1>2), <1>2 Clock Cycle Time (1/192) 0.943 10.0 ,.,.s 

PWH(<1>2), <1>2 Clock Pulse Width, High 440 ns 

PWd<1>2), <1>2 Clock Pulse Width, Low 410 ns 

tr(<1>2), <1>2 Rise Time 25 ns 

tl(<1>2), <1>2 Fall Time 30 ns 

tAS, Address Set Up Time RS1, R/W,GS 145 ns 

tOOR, Data Delay (Read) OBO-OB7 335 ns 

tosw, Data Delay Setup (Write) OBO-OB7 185 ns 

tAH, Address Hold Time RS1, R/W, CE 20 ns 

tOHW, Input Data Hold Time OBO-OB7 20 ns 

tOHR, Output Data Hold Time OBO-OB7 10 ns 

Analog Channel Settling Time 32 Clocks 

te, Conversion Time 256 Clocks 
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~ Digital and DC Characteristics Vee=4.SV to S.SV and -40°CS:TAS:SSoC unless otherwise noted. 
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Parameter Conditions Min Typ Max Units 

Bus Control Inputs (R/W, ENABLE RESET, RS1, CS) and Peripheral Inputs (PO-PS) . 

VIN(1), Logical "1" Input Voltage 2.0 V 

VIN(O), Logical "0" Input Voltage O.S V 

liN, Input Leakage Current ±1 IlA 

<1>2 CLOCK INPUT 

VIN(1), Logical" 1" Input Voltage Vee- O.S V 

VIN(O), Logical "O",lnput Voltage 0.4 V 

Data Bus (DBO-DB7) 

VIN(1), Logical "1" Input Voltage 2.0 V 

VIN(O), Logical "0" Input Voltage O.S V 

lOUT, TRI-STATE@ Output Current 
VOUT=OV -10 IlA 

VOUT=SV 10 IlA 

VOUT(1), Logical "1" Output Voltage IOUT= -1.6 rnA 2.4 V 

VOUT(O), Logical "0" Output Voltage IOUT= 1.6 rnA 0.4 V 

Power Supply Requirements 

Icc, Supply Current I I I I 10 I rnA 

Note 1: Absolute Maximum Ratings are those values beyond which the life of device may be impaired. 

Note 2: All voltages are measured with respect to ground. 

Note 3: Total unadjusted error includes offset. full-scale. linearity. and multiplexer error. 

Note 4: For VIN( -) <! VIN( +) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input, which will forward-conduct for analog input 
voltages one diode drop below ground or one diode drop greater than Vee supply. Be careful during testing at low Vee levels (4.5V), as high level analog inputs 
(5V) can cause this input diode to conduct, especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows 100 mV forward 
bias of either diode. This means that as long as the analog VIN does not exceed the supply voltage by more than 100 mY. the output code will be correct. To 
achieve an absolute a Voe to 5 Voe input voltage range will therefore require a minimum supply voltage of 4.90 Voe over temperature variations, initial tolerance 
'and loading. 

Note 5: Typicals are at 25°C and represent most likely parametric norm. 

Note 6: Off channel leakage current is measured after the channel selection. 

Note 7: The temperature coefficient is 0.3%/oC. 

Timing Diagram 

r: 
----ICYC(<P2)---~ 

. - PWd¢Z)II:·:=========_PW_H_(._Z):::_-_-_-_-_--_~.1 .,. ~I--It(<pz) 
Vee -0.8V 2.0 

0.41 0.4V 

1"'1_t-----IAS----+l - t=IAH 

!.M~.~_:::: ____ ~ ____ ~:::III 
I----""---->j ~ ~ ... 

CPU 
WRITE 

:r------oMj 
..... ________________ 2.-(4 t DBD-DB7 I t\-2._4 __ _ 

0.4-\----C-IoS-W_---t-':lr 

c'" \ "I ~t ....... 
READ ---'}-----------------------O .• -(\_ DBO-DB7 10 .• 
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Pin Description 
ANALOG AND DIGITAL INPUTS 

CHO, CH2-CH5-These are dedicated analog inputs. They 
are fed directly to the internal 12 to 1 multiplexer which 
feeds the AID converter. 

PO-PS/CH6-CH 11-These 6 pins are dual purpose and may 
be used as either TTL compatible digital inputs, or analog 
inputs. When used as digital inputs they may be read via the 
discrete input register. When they are used as analog inputs 
they function like CH-O, CH2-S. 

MICROPROCESSOR INTERFACE SIGNALS 

080-087-The bi-directional data lines for the data bus 
connect to the IJ.P'S main data bus to enable data transfer to 
and from the IJ.P. OBO-DB7 remain in a high impedance 
state unless the AOC0829 is read. 

4>2 Clock-This signal is used for two purposes. First it syn­
chronizes data transfer in and out of the AOC. Second, it is 
the master clock for the AID converter logic and all other 
timing signals are derived from it. ' 

R/W-The read/write pin controls the direction of data 
transfer on 00-07. 

RESET -A low on this pin forces the AOC0829 into a 
known state. The start bit is cleared, Channel CHO is select­
ed and the internal byte counter is reset to the MS Byte. The 
AID data register is not reset. Reset must be held low for at 
least three clocks. 

C5-Chip Select must be low in order for data transfer be­
tween the AOC0829 and the IJ.P to occur. 

RS1-The Register Select pin is used to address the inter­
nal registers. 

POWER SUPPLY PINS 

Vee-This is the positive SV supply pin. It powers the digital 
load and the sample data comparator. Care should be exer­
cised to ensure that supply noise on this pin is adequately 
filtered, by using a bypass capacitor from Vee to 0GND. 

DGNO-Oigital ground should be connected to the systems 
digital ground. 

VREF and AGNO-The positive reference pin attaches to 
the ,top of the 256R resistor ladder and sets the full scale 
conversion voltage value. The AGND connects to the bot­
tom of the ladder. The conversion result is ratio metric to 
VREF - AGND and hence both VREF and AGND should be 
noise free. Ideally the VREF and AGND should be single 
point connected to the analog transducer's supply. The 
VREF and AGND voltages typically are 5V and Ground but' 
they may be varied so long as (VREF-AGND)/2 = 
Vee/2 ±0.1V. 

Functional Description I 

1.0 CONTROL LOGIC 

The Control Logic interprets the microprocessor control sig­
nals and decodes these signals to perform the actual func­
tions of selecting, reading, writing, enabling the outputs, etc. 
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2.0 STATE DESCRIPTIONS 

There are three internal states within the A/D converter: the 
NO OP state; the sample state; and the converting state. 

The NO OP state is a stable state since the external stimu­
lus (e.g. start conversion signal) is needed for a state tran­
sition. 

The first transient state is sampling the input. The first 32 
clocks of the conversion are used for acquiring the channel; 
this settling time allows any transients to decay before con­
version begins. Tho second transient state is the actual con­
version. The conversion is completed in 256 clocks and the 
conversion results register is updated. The converter then 
returns to the stable NO OP state awaiting further instruc­
tions. 

The device has no comparator bias current and draws mini­
mal power during the NO OP state. 

3.0 INITIALIZATION 

The device is initialized by an active low on RESET. All out­
puts are initialized to the inactive state and the converter 
placed in its NO OP state. The data register is not affected 
by RESET. System TRI-STATE outputs are initialized to the 
high impedance state. 

4.0 CONVERSION CONTROL 

The program normally initiates a conversion cycle with a 
double write command. (See control word format.) The con­
trol word selects a channel, configures the peripheral I/O, 
and provides peripheral data information. The conversion is 
initiated by setting the SC bit in the control word high. . 

The converter then resets the start conversion bit and be­
gins the conversion cycle. 

When the conversion is complete and the new conversion 
results transferred to the data register, the status bit is set. 
The status bit is not reset when the conversion status is 
read. A full double byte write into the control word will reset 
the status bit, or a low level at master RESET. 

If a new conversion command occurs during a conversion, 
the conversion is aborted and a new channel acquisition 
phase will immediately begin. 

5.0 CONTROL STRUCTURE 

The control logic continually monitors the control bus wait­
ing for CS to go low and 4>2 to go high. When this condition 
occurs, the internal decoder, which has already selected the 
proper function, activitates. 

The byte counter will always select the most significant (MS) 
half first, and the least significant (LS) half second. Single 
byte instructions will always access the MSB portion of any 
word. After a single byte instruction the byte counter will 
return to the MSB portion of a word when CS is high for a 
full clock cycle. A 16-bit read or write is accomplished by 
using a 16-bit load or store instruction which transfers each 
byte on consecutive clock cycles. This timing is shown in 
Figure 1. A single byte instruction is especially useful for 
reading the status bit during a polled interrupt. Figure 2 
shows the basic AID conversion timing sequence and flow. 
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~ Functional Description (Continued) 
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Timing for a Typlcal/-,-P 16 Byte Access 

INTERNALIYTE 
COUNTER IS RESET 

TO MS lYlE 

FIGURE 1. Timing for a Typlcal/-,-P 8 Byte Access 

~. ~ '1' @ .~ 
.'CLOCKrulJlJUUU1JU~ 

ri l,,-----, 
csl,,-----, I 

\'; 

RS1~ ~ 

OBO-OBT 

SIlT OF 
CONVERSION 

RESUIIS 
REGISTfR 

I ' I 
AID OoUA D.lTA FROM PREVIOUS CONV!RSION X NEW VAUO D.ITA REGISTER ___________________ --' "' _______ _ 

(j)START CONVERSION 
C!) SET Ie liT TO A 1 
@LDAOAOORESS 

QlANALOG INPUT SmUNG TIME ALLOWS INTERNAL MUIIIPLEXER TO SELECT A CHANNEL ANO 
STABILIlE 1-32 CLOCKS). 

@AlO CONVERSION TIME 1-2~ CLOCKS) 
<!lREAO END OF CONVERSION DATA 

C!) EDC liT READ IF A 1 CONVERSION COMPLETE. 
@ AID DATA REGISTER READ. IF EDC • 1, THEN NEW VALID DATA. 

FIGURE 2. AID Conversion Timing Sequence 
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Functional Description (Continued) 

6.0 WORD FORMAT 

6.1 Control Register Word Format 

+- MSB Word - +- LSB WORD -
B7 DBs DBs DB4 DB3 DB2 OBI DBa DB7 DBs DBs DB4 DB3 DB2 OBI DB 

X: Don't Care 
SC: Start Conversion 

CH3·CHO: 
Hex Value 

o 

2·5 

6·9 
A·F 

1 = Start new conversion 
o = Do not start new conversion 
Channel Address 
Definition 
Select CHO 

Select Vref( +) 
Select Channels CH2·CH5 
Undefined 
Select CH7·CH10 

6.2 Conversion Results Register Word Format 

S: Status 
1 = Data is valid 

(conversion complete) 
o = Data is not valid 
8 bit converted result 

6.3 Discrete Input Word Format 

+- MSB Word - +- LSB WORD -
B7DBsDBsDB4DB3DB2DB1DBoDB7DB6DBsDB4DB3DB2DB1DB 

CH3·CHO: 
P5·PO: 

Status of channel address 
Status of P5·PO interpreted as 
discrete digital inputs 

ADU ADDRESS SELECTION 

CSO· R/W RSI Description 

1 X X Do not respond 
0 0 0 Write NOOP 
0 0 1 Write Control Word 
0 1 0 Read Conversion Results 
0 1 1 Read Discrete Inputs 

Note: All words are transferred as two a·bit bytes. MSB transferred first LSB 
transferred second. 
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7.0 ANALOG TO DIGITAL CONVERTER 

The ADC0829 AID Converter is composed of three major 
sections: the successive approximation register (SAR); the 
256R ladder and analog decoder; and the sample·data 
comparator. 

7.1 Successive Approximation 

The analog signal at the AID input is compared eight times 
to various ladder voltages to determine which of the 256 
voltages in the ladder most closely approximates the input 
voltage. This stochastic technique is accom'plished by con· 
verging on the proper tap in the ladder by simple iterative 
convergence. There are nine posting registers in the SAR 
which contain the position of the bit being tested and eight 
latching registers which remember if the comparison was 
high or low. Starting with the MSB and continuing downward 
each bit is set high by the posting register. The analog tree 
decoder selects the corresponding tap in the ladder and the 
AID input is compared to that voltage. If the comparison is 
positive the latch remains set, so higher voltages in the lad· 
der are checked next. If the comparison is negative the bit is 
reset so lower ladder voltages are sought. 

After all eight comparisons are made, the contents of the 
latching register are transferred to a data register, thus the 
AID can perform a new conversion while the previous reo 
suits remain available. 

7.2 256R Ladder 

The ladder is a very accurate voltage divider which divides 
the reference voltage into 256 equal steps. Special consid· 
eration was given to the ladder terminations at each end, 
and also the center, to ensure consistent and accurate volt· 
age steps. The use of a 256R ladder guarantees monotonic· 
ity since only a single voltage gradient across the ladder 
exists. Shorted or unequal resistors in the ladder may cause 
non·uniform steps but cannot cause a nonmonotonic reo 
sponse so often fatal in closed loop system applications. 
(See Figure 3.) 

1'k R 

. 
250 R • . 

CONTROLS 
FROM S.A.R, 

I 

. . 

\ 

Ttl 
COMPARATtlR 
INPUT 

TLIF/5508-6 

FIGURE 3. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 

Actually of the 256 resistors in the ladder, 254 have the 
same value while the end point resistors are equal to 1-
1/2R and 1/2R. This ensures the system output character­
istic is symmetrical with the zero and full scale points of its 
input to output, or transfer curve. 

The tree decoder routes the 256 voltages from the ladder to 
a single point at the comparator input. This allows compari­
sons between the AID input and any voltage the SAR di­
rects the decoder to route to the comparator. 

Since the ladder is dependent upon only the matching of 
resistors, the voltages it generates are very stable with tem­
perature and have excellent repeatability and long term drift. 

8~0 MULTIPLEXER 

8.1 Analog Inputs 

The analog multiplexer selects one of 11 channels and di­
rects them tothe input of the AID converter. The multiplex­
er was designed to minimize the effects of leakage currents 
and multiplexer output capacitance. 

Special input protection is used to prevent damage from 
static voltages or voltages exceeding the specified range 
from -0.3V to Vee+0.3V. However, normal precautions 
are recommended to avoid such situations whenever 
possible. 

8.2 Digital Inputs 

Six of the analog inputs can also be used as digital inputs to 
sense TTL voltage levels. Care must be taken when these 
inputs are interpreted since TTL levels may not always be 
present. 

8.3 AID Comparator-

Probably the most important section of the AID converter is 
the comparator since the comparator's offset voltage and 
stability determine the converter's ultimate accuracy. The 
low voltage offset of the chopper-stabilized comparator of . 
this converter optimizes performance by minimizing temper­
ature dependent input offset errors as well as drift. 

The dc signal appearing at the amplifier input is converted 
to an ac signal, amplified by an ac amplifier and restored to 
a dc signal. The drift of the comparator is minimized since 

the drift signal is a dc component blocked by the ac amplifier. 

The comparator has very high input impedance to dc volt­
ages since it looks like a capacitor. Because the comparator 
is chopping the dc voltages at the input, the difference be­
tween the AID input voltage and ladder voltage appears on 
the comparator's input capacitor. The input voltage differ­
ence, choppirig frequency, and comparator input capacitor 
causes a CVF current. The CVF current is a small bias cur­
rent which will not produce any error when the AID input is 
connected to a low impedance voltage source. If the volt­
age source has an output impedance of less than 10k, the 
error is still insignificant since the bias current exponentially 
decays. 

Adding a capacitor to the input of the comparator integrates 
the exponential charging current converting it into dc bias 
current. (See Figure 1.) Two main considerations on the in­
tegration capacitor are charge sharing with a filter capacitor 
and settling time. 

9.0 BUS INTERFACE 

The ADC0829 communicates to the microprocessor 
through an 8-bit I/O port. The liD port is composed of a 
TTL to CMOS buffer and a TRI-STATE output driver. 

The TTL to CMOS Buffer translates the TTL voltage levels 
into CMOS levels very rapidly and is quite stable with supply 
and temperature. The buffer has a small amount of hystere­
sis (about 100 mY) to improve both noise immunity and in­
ternal rise and fall times. 

The TRI-STATE bus driver is a bipolar and N-channel pair 
that easily drive the bus capacitance. Since the bus drivers 
collectively can sink or source a quarter of an amp total, a 
non-overlap circuit is used which guarantees that only one 
of the two drive transistors is on at a time. 

Since this output drives the bus capacitance, even the non­
overlapping circuit cannot prevent noise on Vee. The 
amount of noise depends on the Vee current used to 
charge the bus capacitance. 

The external filter capacitor on Vee provides some of the 
transient current while the bus is being driven. A capacitor 
with good ac characteristics and low series resistance is a 
good choice to prevent Vee transients from affecting 
accuracy. 

Application Information 
Recommended Supply 

~ 

Multiplexer RON vii VIN 
(Vcc= VREF= 5V) 

2.5 r-----r---r-"""T""--.---. 

2.0 t----I--+--+--_+_~ 

z 1.5 I--I-.,A--=~ 

"" .... 
~ 1.0 I-~~~"'--"''''''~~"""", 
~ 

0.5 5'-=/--+--+--t-=---! 

1.0 2.0 3.0 4.0 5.0 

VIN (VI TLIF/5508-8 

6-80 

450 

300 

~ 150 

-300 

-450 

TLIF/5508-7 

Comparator liN va VIN 
(Vcc= VREF= 5V, fc= 1.048 MHz) 

# 

~ 
.J~ 

V'" 

o 1.25 2.50 3.75 5.0 

YIN (VI TLIF/5508-9 



Data Bus Test Circuit 

DBD-DB7 
OUTPUTS 

ADCOS29 

11.7 kO 

5.DV 

MMD615D DR EQUIV. 

MMD7DDD DR EQUIV. 

TLIF/5508-10 

Typical Application 

6800 

1-------+1 R/W 

1-------+1 RSI 

1-------+1 "'2 

.. -----.. DBO-DB7 

5V 

ANALOG 
OR 
DIGITAL 
INPUTS 

AGND DGND 

':" TL/F/5508-11 
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ADC0831, ADC0832, ADC0834 and ADC0838 (COP431, 
COP432, COP434 and COP438) 8-Bit Serial 1/0 AID 
Converters with Multiplexer Options 

General Description 
The ADC0831 series are 8-bit successive approximation 
AID converters with a serial 1/0 and configurable input mul­
tiplexers with up to 8 channels. The serial I/O is configured 
to comply with the NSC MICROWIRETM serial data ex­
change standard for easy interface to the COPSTM family of 
processors, and can interface with standard shift registers 
or J.LPs. 

The 2-, 4- or 8-channel multiplexers are software configured 
for single-ended or differential inputs as well as channel as­
signment. 

The differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero in­
put voltage value. In addition, the voltage reference input' 
can be adjusted to allow encoding any smaller analog volt­
age span to the full 8 bits of resolution. 

Features 
• NSC MICROWIRE compatible-direct interface to 

COPS family processors 
• Easy interface to all microprocessors, or operates 

"stand-alone" 

Typical Application 

5 VOC 

LM335 

• Operates ratiometrically or with 5 Voc voltage refer­
ence 

• No zero or full-scale adjust required 
• 2-, 4- or 8-channel multiplexer options with address 

logic 
• Shunt regulator allows operation with high voltage 

supplies 
• OV to 5V input range with single 5V power supply 
• Remote operation with serial digital data link 
• T2L1MOS input/output compatible 
• 0.3" standard width, 8-, 14- or 20-pin DIP package 

Key Specifications 
• Resolution 
• Total Unadjusted Error 
• Single Supply 
.. Low Power 

• Conversion Time 

5 VOC 

I ' MICROWIRE 

ADC0838 
BITSTREAM 
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8 Bits 
± % LSB and ± 1 LSB 

5 Voc 
15 mW 
32 J.Ls 

COPS 
CPU 
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Absolute Maximum Ratings Operating, Ratings (Notes 1 and 2) 

, (Notes 1 and 2) Supply Voltage, Vee 4.S Voe to 6.3 Voe 

Current into V + 10mA Temperature Range TMIN~TA~TMAX 

Supply Voltage, Vee (Note 3) 6.SV ADC0831 BJ, ADC0832BJ, - SS·C to + 12S·C 

Voltage ADC0834BJ, ADC0838BJ 

Logic Inputs -0.3V to + 1SV ADC0831 BCJ, ADC0831 CCJ, - 40·C to + 8S·C 

Analog Inputs - 0.3V to Vee + 0.3V ADC0832BCJ, ADC0832CCJ, ADC0834BCJ, 

Input Current per Pin ±SmA ADC0834CCJ, ADC0838BCJ, ADC0838CCJ 

Package '±20 mA ADC0831 BCN, ADC0831 CCN, - O·C to + 70·C 

Storage Temperature - 6S·C to + 1S0·C ADC0832BCN, ADC0832CCN, ADC0834BCN, 

Packago Dissipation at T A = 2S·C (Board Mount) O.BW ADC0834CCN, ADC0838BCN, ADC0838CCN 

Lead Temperature (Soldering, 10 seconds) 300·C 

Converter and Multiplexer Electrical Characteristics 
The following specifications apply for Vee = V+ = SV, and felK = 2S0 kHz unless otherwise specified. Boldface limits apply from 
T MIN to T MAX; all other limits TA = Tj = 2SoC. 

ADC083_BJ 
ADC083_BCN 

ADC083_BCJ 
ADC083_CCJ 

ADC083_CCN 
limit 

Parameter Conditions 
Tested Design Tested Design Units 

Typ 
Limit Limit 

Typ 
Limit limit 

(Note 5) 
(Note 6) (Note 7) 

(Note 5) 
(Note 6) (Note·7) 

CONVERTER AND MULTIPLEXER CHARACTERISTICS 

Total Unadjusted Error VREF= S.OO Voe 
(Note 4) 

ADC083_BCN ±% ±Yz LSB 

ADC083_BJ ±Yz LSB 

ADC083_BCJ 

ADC083_CCN ±1 ±1 LSB 

ADC083_CCJ . ±1 LSB 

Minimum Reference 2.4 1.2 2.4 1.9 1.2 k!l 
Input Resistance 

Maximum Reference 2.4 6.0 2.4 6.0 k!l 
Input Resistance 

Maximum Common-Mode Input Vee +0.05 Vee +O.OS Vee +0.05 V 
(NoteS) 

Minimum Common-Mode Input GND -0.05 GND -O.OS GND -0.05 V 
(Note S) 

DC Common-Mode Error ±Y16 ±% ±1j,. ±% ±% LSB 

Power Supply Sensitivity Vee=SV±S% ±V,6 ±Va ±1j,. ±Va ±Va LSB 

IOFF, Off Channel Leakage On Channel = 5V -1 -O.OS -1 /-LA 
Current (Note 6) Off Channel = OV 

On Channel = OV 1 0.05 1 p.A 
Off Channel = SV 

ION, On Channel Leakage On Channel = OV -1 -0.20 -1 /-LA 
Current (Note 6) Off Channel = SV 

On Channel = SV 1 0.20 1 /-LA 
Off Channel = OV 
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Converter and Multiplexer Electrical Characteristics (Continued) 

The following specifications apply for Vcc = V + = 5V, and fCLK = 250 kHz unless otherwise specified. Boldface limits apply from 
T MIN to T MAX; all other limits TA = Tj = 25°C. 

ADC083_BJ ADC083_BCN 
ADC083_BCJ ADC083_CCN 

Parameter Conditions 
ADC083_CCJ Limit 

Tested Design Tested Design Units 
Typ 

Limit Limit 
Typ 

Limit Limit (Note 5) 
(Note 6) (Note 7) 

(Note 5) 
(Note 6) (Note 7) 

DIGITAL AND DC CHARACTERISTICS 

VIN(1), Logical "1" Input VcC=5.25V 2.0 2.0 2.0 V 
Voltage (Min) 

VIN(O), Logical "0" Input 
Voltage (Max) 

Vcc=:4.75V 0.8 0.8 0.8 V 

IIN(1), Logical "1" Input VIN=5.0V 0.005 1 0.005 1 ,...A 
Current (Max) 

IIN(O), Logical "0" Input 
Current (Max) 

VIN=OV -0.005 -1 -0.005 -1 ,...A 

VOUT(1), Logical "1" Output Vcc=4.75V 
Voltage (Min) lOUT = - 360 ,...A 2.4 2.8 2.4 V 

IOUT= -10,...A 4.5 4.6 .4.5 V 

VOUT(O), Logical "0" Output Vcc=4.75V 0.4 0.34 0.4 V 
Voltage (Max) IOUT= 1.6 mA 

lOUT, TRI-STATE Output VOUT=OV -0.01 -3 -0.01 -0.3 -3 ,...A 
Current (Max) VOUT=5V 0.01 3 0.01 0.3 3 ,...A 

ISOURCE, Output Source VOUT=OV -14 -6.5 -14 -7.5 -6.5 mA 
Current (Min) 

ISINK, Output Sink Current (Min) YOUT=VCC 16 8.0 16 9.0 8.0 mA 

Icc, Supply Current (Max) 
ADC0831, ADC0834, 1 2.5 1 2.5 mA 
ADC0838 
ADC0832 Includes Ladder 3 7.2 3 7.2 mA 

Current 

AC Characteristics The following specifications apply for VCC= 5V', tr= tf= 20 ns and 25°C unless otherwise specified. 

Typ 
Tested Design, 

Limit Parameter Conditions Limit Limit 
(Note 4) 

(Note 5) (Note 6) 
Units 

fCLK' Clock Frequency I Min 10 kHz 

I Max 400 kHz 

tc, Conversion Time Not including MUX Addressing Time 8 1/fCLK 

Clock Duty Cycle I Min 40 % 
(Note 7) I Max 60 % 

tSET-UP, CS FaHing Edge or 250 ns 
Data Input Valid to CLK 
Rising Edge 

tHOLD, Data Input Valid 90 ns 
after CLK Rising Edge 

tcspw, Minimum CS High 35 120 ns 
Internal 

~d1' tpdO-CLK Fa"ing CL =100 pF 
dge to Output Data Valid Data MSB First 650 1500 ns 

(Note 8) Data LSB First 250 600 ns 

t1 H, tOH,-Rising Edge of r:\ = 10 pF, RL = 10k 125 250 ns 
CS to Data Output and (see TRI-STATE!!> Test Circuits) 
SARS Hi-Z 

CIN, Capacitance of Logic 5 pF 
Input 

COUT, Capacitance of Logic 5 pF 
Outputs 
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Note 1: Absolute Maximum Ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to ground. 

Note 3: An internal zener diode exists from Vee to GND on the V+ and Vee inputs. The breakdown of these zeners is approximately 7V. The V+ zener is intended 
to operate as a shunt regulator and connects to the Vee via a diode. When using this regulator to power the AID, this diode guarantees the Vee input to be 
operating below the zener voltage (7V-0.SV). It is recommended that a series resistor be used to limit the maximum current into the V+ input. 

Note 4: Total unadjusted error includes offset, full· scale, linearity, and multiplexer errors. 

Note 5: For VIN( -) ~ VIN( +) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater then the Vee supply. Be careful, during testing at low Vee levels (4.5V), 
as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog inputs near full-scale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog VIN does not exceed the supply voltage by more than 50 mV, the output 
code will be correct. To achieve an absolute 0 Voc to 5 Voc input voltago range will therefore require a minimum supply voltage of 4.950 Voc over temperature 
variations, initial tolerance and loading. 

Note 6: leakage current is measured with the clock not switching. 

Note 7: A 40% to SO% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of these 
limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 1 /Ls. 

Note 8: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see Block Diagram) to allow 
for comparator response time. 

Typical Performance Characteristics 
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Timing Diagrams (Continued) 

CLOCK ICLK) 

-II-Isn.up 

ADC0631 Timing 

10 11 

CHIP SELECT IBI1L __________________ ..J 

OATA OUT 100) 

o 
ILSS)" 

* LSB first output not available on ADC0831 

CHIP SELECT,(B) 

OATAIN 101) 

SAft STATUS (SARS) 

DATAOUT:tDO)---------j 

7 
(MSB) 

ADC0632 Timing 

10 11 12 13 14 15 

o 
(LSB) 

AD~0634 Timing 

6-87 

TRI·STATE 

1& 17 11 

7 
(MSB) 

20 

TLlH/5583-5 

» e o 
o 
0) 
(,.) ..... 
........ » c 
o 
o 
0) 
(,.) 
I\) 
........ » c o 
o 
0) 
(,.) 
~ 
........ 
l> 
C o 
0, 
0) 
(,.) 
0) 
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Connection Diagrams 
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D GND 

ADC0838 8-Channel MUX 

Dual-ln-L1ne Package 

TOP VIEW 

ADC0832 2-Channel MUX 

Dual-ln-L1ne Package 

TOP VIEW 

COM internally connected to GND. 

VREF internally connected to Vee. 
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v+ 
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DI 
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Applications 
1.0 MULTIPLEXER ADDRESSING 
The design of these converters utilizes a sample-data com­
parator structure which provides for a differential analog in­
put to be converted by a successive approximation routine. 

The actual voltage converted is always the difference be­
tween an assigned" +" input terminal and a "-" input ter­
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned "+ .. input is less than the 
.. -" input the converter responds with an all zeros output 
code. 

A unique input multiplexing scheme has been utilized to pro­
vide multiple analog channels with software-configurable 
single-ended, differential, or a new pseudo-differential op­
tion which will convert the difference between the voltage at 
any analog input and a com mOil terminal. The analog signal 
conditioning required in transducer-based data acquisition 
systems is significantly simplified with this type of input,flexi­
bility. One converter package can now handle ground refer­
enced inputs and true differential inputs as well as Signals 
with some arbitrary reference voltage. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single-ended or differen­
tial. In the differential case, it also assigns the polarity of the 
channels. Differential inputs are restricted to adjacent chan­
nel pairs. For example channel 0 and channel 1 may be 

selected as a different pair. Channel 0 or 1 cannot act differ­
entially with any other channel. In addition to selecting dif­
ferential mode the sign may also be selected. Channel 0 
may be selected as the positive input and channel 1 as the 
negative input or vice versa. This programmability is best 
illustrated by the MUX addressing codes shown in the fol­
lowing tables for the various product options. 

'The MUX address is shifted into the converter through the 
DI line (because the ADC0831 contains only one differential 
input channel with a fixed polarity assignment, it does not 
require addressing). 

The common input line on the ADC0838 can be used for a 
pseudo-differential input. In this mode, the voltage on this 
pin is treated as the "-" input for any of the other input 
channels. This voltage does not have to be analog ground; 
it can be any reference potential which is common to all of 
the inputs. This feature is most useful in single-supply appli­
cation where all of the analog circuitry may be biased up to 
a potential other than ground and the output signals are all 
relative to this potential. 

TABLE 1. MULTIPLEXER/PACKAGE OPTIONS 

Part Alternate Number of Analog Channels Number of 
Number Part Number Single-Ended Differential Package Pins 

ADC0831 COP431 1 1 8 

ADC0832 COP432 2 1 8 

ADC0834 COP434 4 2 14 

ADC0838 COP438 8 4 20 
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co 
~ Applications (Continued) 
o TABLE II. MUX ADDRESSING: ADC0838 o Single-Ended MUX Mode 

C « MUXAddress Analog Single-Ended Channel # 

....... 
~ 
C") 
CO 
o o 
c « ....... 
N 
C") 
CO 
o o c 

SGLI 
DIF 

1 

1 

1 

1 

1 

1 

1 

1 

0001 
SIGN 

0 

0 

0 

0 

1 

1 

1 

1 

SELECT 
1 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 
. 1 0 

1 1 

« . Differential MUX Mode 

0 
0 1 2 3 4 5 6 7 COM 

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

....... ,... MUXAddress Analog Differential Channel-Pair # 
C") 
CO 
o o c « 

SGLI 0001 SELECT 0 
DIF SIGN 1 ,0 0 

0 0 0 0 + 
0 0 0 1 

0 0 1 0 

0 0 1 1 

0 1 0 0 -

0 1 0 1 

0 1 l' 0 

0 1 1 1 , 

TABLE III. MUX ADDRESSING: ADC0834 
Single-Ended MUX Mode 

1 

-

+ 

MUXAddress Channel # 

SeLl 0001 SELECT 
DIF SIGN 1 0 1 2 

1 0 0 + 
1 0 1 + 
1 1 0 + 
1 1 1 

1 

2 3 

+ -

- + 

3 

+ 
COM is internally tied toA GND 

Differential MUX Mode 

MUXAddress Channel # 

SGLI 0001 SELECT 
DIF SIGN 1 0 1 2 3 

0 0 0 + -

0 0 1 ' + -

0 1 0 - + 
0 1 1 - + 
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2 3 

4 5 6 7 

+ -

+ -

- + 
- + 

TABLE IV. MUX ADDRESSING: 
ADC0832 

Single-Ended MUX Mode 

MUXAddress Channel # 

SGLI 0001 0 1 
DIF SIGN 

1 0 + 
1 1 + 

COM is internally tied to A GND 

Differential MUX Mode 

MUXAddress Channel # 

SGLI 0001 0 1 DIF SIGN 

0 0 + -

0 1 - + 



Applications (Continued) 

Since the input configuration is under software control, it 
can be modified, as required, at each conversion. A channel 
can be treated as a single-ended, ground referenced input 
for one conversion; then it can be reconfigured as part of a 
differential channel for another conversion. Figure 1 illus­
trates the input flexibility which can be achieved. 

The analog input voltages for each channel can range from 
50 mV below ground to 50 mV above Vee (typically 5V) 

. without degrading conversion accuracy. 

2.0 THE DIGITAL INTERFACE 

A most important characteristic of these converters is their 
serial data link with the controlling processor. Using a serial 
communication format offers two very significant-system im­
provements; it allows more function to be included in the 
converter package with no increase in package size and it 
can eliminate the transmission of low level analog signals by 
locating the converter right at the analog sensor; transmit-

8 Single-Ended 

+ 

+ 

COM (-I 

4 Differential 

+(-1 
0.1 

-(+1 
+(-1 

2. 3 
-(+1 
+(-1 

4.5 
-(+1 
+(-1 

6.7 
-(+1 

ting highly noise immune digital data back to the host proc­
essor. 

To understand the operation of these converters it is best to 
refer to the Timing Diagrams and Functional Block Diagram 
and to follow a complete conversion sequence. For clarity a 
separate diagram is shown of each device. 

1. A conversion is initiated by first pulling the CS (chip se­
lect) line low. This line must be held low for the entire con­
version. The converter is now waiting for a start bit and its 
MUX assignment word. 

2. A clock is then generated by the processor (if not provid­
ed continuously) and output to the AID clock input. 

3. On each rising edge of the clock the status of the data in 
(01) line is clocked into the MUX address shift register. The 
start bit is the first logic "1" that appears on this line (all 
leading zeros are ignored). Following the start bit the con­
verter expects the next 2 to 4 bits to be the MUX assign­
ment word. 

8 Pseudo-Differential 

COM (-I 

Mixed Mode 

+ 

V8IAS-=-

J. 
TL/H/5583-9 

FIGURE 1. Analog Input Multiplexer Options for the ADC0838 
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Applications (Continued) 

4. When the start bit has been shifted into the start location 
of the MUX register, the input channel has been assigned 
and a conversion is about to begin. An interval of 1 full clock 
period (where nothing happens) is automatically inserted to 
allow the selected MUX channel to settle. The SAA status 
line goes high at this time to signal that a conversion is now 
in progress and the 01 line is disabled (it no longer accepts 
data). 

5. The data out (DO) line now comes out of TAl-STATE and 
provides a leading zero for this one clock period of MUX 
settling time. 

6. When the conversion begins, the output of the SAR com­
parator, which indicates whether the analog input is greater 
than (high) or less than (low) each successive voltage from 
the internal resistor ladder, appears at the DO line on each 
falling edge of the clock. This data is the result of the con­
version being shifted out (with the MSB coming first) and 
can be read by the processor immediately. 

7. After 8 clock periods, the conversion is completed and 
the SAA status line returns low to indicate this. 

8. If the programmer prefers, the data can be provided in~n 
LSB first format [this makes use of the shift enable (SE) 
control line]. All 8 bits of the result are stored in an output 
shift ·register. On devices which do not include the SE con­
tr.ol line, the data, LSB first, is automatically shifted out the 
DO line, after the MSB first data stream. The DO line then 
goes low and stays low until CS is returned high. On the 
ADC0838 the SE line is brought out and if held high, the 
value of the. LSB remains valid on the DO line. When SE is 
forced low, the data is then clocked out LSB first. The 
ADC0831 is an exception in that its data is only output in 
MSB first format. 

9. All internal registers are cleared when the CS line is high. 
If another conversion is desired, CS must make a high to 
low transition followed by address information. 

~---------'-I------'-5V 

Vee 

~+-- + ADC0834 VREF r-

--

GNU 

1 

a) Ratlometrlc 

The 01 and DO lines can be tied together and controlled 
through a bidirectional processor 1/0 bit with one wire. This 
is possible because the 01 input is only "looked-at" during 
the MUX addressing interval while the DO line is still in a 
high impedance state. 

All of the logic inputs can be taken to 15V ·independent of 
the magnitude of the supply voltage, Vee. 

3.0 REFERENCE CONSIDERATIONS 
The voltage applied to the reference input to these convert­
ers defines the voltage span of the analog input (the differ­
ence between V'N(MAX) and V'N(M'N». over which the 2~6 
possible output codes apply. The deVices can be used In 

either ratiometric applications or in systems requiring abso­
lute accuracy. The reference pin must be connected to a 
voltage source capable of driving the reference input resist­
ance of typically 2.4 kfl. This pin is the top of a resistor 
divider string used for the successive approximation conver­
sion. 

In a ratiometric ~ystem, the analog input voltage is propor­
tional to the voltage used for the AID reference. This volt­
age is typically the system power supply, so the VREF pi.n 
can be tied to Vee (done internally on the ADC0832). ThiS 
technique relaxes the stability requirements of the system 
reference as the analog input and AID reference move to­
gether maintaining the same output code for a given input 
condition. 

For absolute accuracy, where the analog input varies be­
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
The LM385 and LM336 reference diodes are good low cur­
rent devices to use with these converters. 

The maximum value of the reference is limited to the Vee 
supply voltage. The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di­
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc­
es when operating with a reduced span due to the in­
creased sensitivity of the converter (1 LSB equals VREFI 
256). 

~----------------~--------~5V 

TRANSDUCER 

UV-1.25V 
~---------t+ 

Vee . 

GND 

TLlH/5583-10 

b) Absolute with a Reduced Span 
FIGURE 2. Reference Examples 
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Applications (Continued) 

4.0 THE ANALOG INPUTS 

The most important feature of these converters is that they 
can be located right at the analog signal source and through 
just a few wires can communicate with a controlling proces· 
sor with a highly noise immune serial bit stream. This in itself 
greatly minimizes circuitry to maintain analog signal accura· 
cy which otherwise is most susceptible to noise pickup. 
However, a few words are in order with regard to the analog 
inputs should the input be noisy to begin with or possibly 
riding on a large common· mode voltage. 

The differential input of these converters actually reduces 
the effects of common· mode input noise, a signal common 
to both selected .. + " and .. -" inputs for a conversion (60 
Hz is most typical). The time interval between sampling the 
.. +" input and then the" -" input is % of a clock period. 
The change in the common·mode voltage during this short 
time interval can cause conversion errors. For a sinusoidal 
common·mode signal this error is: 

( 
0.5 ) 

Verror(max)= Vpeak(21TfCM) fCLK 

where fCM is the frequency of the common· mode signal, 

Vpoak is its peak voltage value 

and fCLK' is the AID clock frequency. 

For a 60 Hz common· mode signal to generate a % LSB 
error (::::: 5 mV) with the converter running at 250 kHz, its 
peak value would have to be 6.63V which would be larger 
than allowed'as it exceeds the maximum analog input limits. 

Due to the sampling nature of the analog inputs short spikes 
of current enter the" +" input and exit the" -" input at the 
clock edges during the actual conversion. These currents 
decay rapidly and do not cause errors as the internal com· 
parator is strobed at the end of a clock period. Bypass ca· 
pacitors at the inputs will average these currents and cause 
an effective DC current to flow through the output resist· 
ance of the analog signal source. Bypass capacitors should 
not be used if the source resistance is greater than 1 kn. 

This source resistance limitation is important with regard to 
the DC leakage currents of input multiplexer as well. The 
worst·case leakage current of ± 1 ,...A over temperature will 
create a 1 mV input error with a 1 kn source resistance. An 
op amp RC active low pass filter can provide both imped· 
ance buffering and noise filtering should a high impedance 
signal source be required. 

5.0 OPTIONAL ADJUSTMENTS 

5.1 Zero Error 

The zero of the AID does not require adjustment. If the 
minimum analog input voltage value, VIN(MIN), is not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing any VIN (-) input at this VIN(MIN) value. This 
utilizes the differential mode operation of the AID. 

The zero error of the AID converter relates to the location 
of the first riser of the transfer function and can be mea­
sured by grounding the VIN( -) input and applying a small 
magnitude positive voltage to the VIN( +) input. Zero error is 
the difference between the actual DC input voltage which is 
necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal % LSB value 
(% LSB=9.8 mV for VREF=5.000 VOe). 
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5.2 Full-Scale 

The full·scale adjustment can be made by applying a differ­
ential input voltage which is 1 % LSB down from the desired 
analog full·scale voltage range and then adjusting the mag· 
nitude of the VREF input or VCC for a digital output code 
which is just changing from 1111 1110 to 1111 1111. 

5.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the AID is shifted away from 
ground (for example, to accommodate an analog input sig­
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A VIN (+) voltage which 
equals this desired zero reference plus % LSB (where the 
LSB is calculated for the desired analog span, 1 LSB = ana· 
log span/256) is applied to selected" + " input and the zero 
reference voltage at the corresponding "-" input should 
then be adjusted to just obtain the OOHEX to 01 HEX code 
transition. 

The full·scale adjustment should be made [with the proper 
VIN( -) voltage applied] by forcing a voltage to the VIN( + ) 
input which is given by: 

. [ (VMAX - VMIN) ] 
VIN (+ ) fs adJ = VMAX -1.5 256 

where: 

VMAX = the high end of the analog input range 

and 

VMIN = the low end (the offset zero) of the analog 
range. 

(Both are ground referenced.) 

The VREF (or Vce) voltage is then adjusted to provide a 
code change from FEHEX to FFHEX. This completes the ad· 
justment procedure. 

6.0 POWER SUPPLY 

A unique feature of the ADC0838 and ADC0834 is the inclu· 
sion of a 6.8V zener diode connected from the V+ terminal 
to ground which also connects to the Vce terminal (which is 
the actual converter supply) through a silicon diodel as 
shown in Figure 3. 

Vs 
-A!. v+ 

1f 

GND 

111 •• .1 ,...-, 

Jt7V 

Vee 
ACTUAL 
CONVERTER 
SUPPLY 

Tl/H/5563-11 

FIGURE 3. An On-Chip Shunt Regulator Diode 
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Applications (Continued) 

This zener is intended for use as a shunt voltage regulator 
to eliminate the need for any additional regulating compo­
nents. This is most desirable if the converter is to be re­
motely located from the system power source. Figures 4 
and 5 illustrate two useful applications of this on-board ze­
ner when an external transistor can be afforded. 

An important use of the interconnecting diode b~tween V + 
and Vee is shown in Figures 6 and 7. Here, this diode is 
used as a rectifier to allow the Vee supply for the converter 

ADCD834 
12,Y lk 

SYSTEM -Y\l"'""' .... --~ :--~Hf---.-.. t-+-vee 
SUPPLY 

FIGURE 4. Operating with a Temperature 
Compensated Reference 

V+ 
~~o-+---tl*---i--t....-+ Vee 

100 kHz 
CLOCK 

S:Jlf 

~101'F 

ADC0838 

>-... --+. CLK GNU 

FIGURE 6. Generating Vee from the Converter Clock 
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to be derived from the clock. The low current requirements 
of the AID (- 3 mA) and the relatively high clock frequen­
cies used (typically in the range of 10k~400 kHz) allows 
using the small value filter capacitor shown to keep the rip­
ple on the Vee line to well under % of an lSB. The shunt 
zener regulator can also be used in this mode. This requires 
a clock voltage swing which is in excess of 7V. A current 
limit for the ,zener is needed, either built into the clock gen­
erator or a resistor can be used from the ClK pin to the V+ 
pin. 

12V 
,..--.... - SYSTEM 

SUPPLY 

V+ 7V 

6!4 6.4 
Vee ...------..., 

ADC0838 T_ 
0.1 

CMOS 
OR ANALOG 

NMOS CIRCUITS 

GNO 
CIRCUITS 

':' ':' ':' 

FIGURE 5. Using the AID as the System Supply 
Regulator 

TRANSDUCER 

Vee 

V+ 

CLOCK t+-t~--< CLK 

ADC0834 ES , .... 1-----« ~ 1)1" 
DO--+~DIIOO 

GNUi--t ....... --< GNU 

TL/H/5583-12 

FIGURE 7. Remote Senslng-Clock and Power 
on 1 Wire 



Applications (Continued) 
Digital Link and Sample Controlling Software for the 

Serially Oriented COP420 and the Bit Programmable 1/0 INS8048 

CHO 

ADCOB3B COP420 

CH7 

COP CODING EXAMPLE 

Mnemonic 
LEI 

SC 
OGI 
CLRA 

AISC 1 
XAS 

LDD 

NOP 

Instruction 
ENABLES SIO's INPUT AND OUTPUT 
C = 1 

GO=O (CS=O) 

CLEARS ACCUMULATOR 
LOADS ACCUMULATOR WITH 1 
EXCHANGES SIO WITH ACCUMULATOR 
AND STARTS SK CLOCK 
LOADS MUX ADDRESS FROM RAM 
INTO ACCUMULATOR 

XAS LOADS MUX ADDRESS FROM 
ACCUMULATOR TO SIO REGISTER 

i 
8 INSTRUCTIONS 

J, 
XAS READS HIGH ORDER NIBBLE (4 BITS) 

INTO ACCUMULATOR 
XIS 
CLRA 

RC 

XAS 

XIS 
OGI 

LEI 

PUTS HIGH ORDER NIBBLE INTO RAM 

CLEARS ACCUMULATOR 

C=O 
READS LOW ORDER NIBBLE INTO 

ACCUMULATOR AND STOPS SK 
PUTS LOW ORDER NIBBLE INTO RAM 
GO=1 (CS=1) 

DISABLES SIO's INPUT AND OUTPUT 
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CHO Ph 

P12 

ADCOB3B INSB048 

Pl, 

CH7 P10 

TL/H/5583-13 

8048 CODING EXAMPLE 

Mnemonic 
START: ANL P1, #OF7H 

MOV B,#5 

MOV A, #ADDR 

LOOP 1: RRC A 

JC ONE 

ZERO: ANL- P1, #OFEH 

JMP CONT 

ONE: ORL P1, #1 
CONT: CALL PULSE 

DJNZ B, LOOP 1 
CALL PULSE 
MOV B, #8 

LOOP 2: CALL PULSE 
IN A,P1 
RRC A 
RRC A 
MOV A,C 
RLC A 

MOV C,A 
DJNZ B, LOOP 2 

RETR 

Instruction 
;SELECT AID (CS = 0) 

;BIT COUNTER ~ 5 
;A ~ MUX ADDRESS 

;CY ~ ADDRESS BIT 
;TEST BIT 

;BIT=O 
;DI~O 

;CONTINUE 
;BIT=1 

;DI~1 

;PULSE SKO ~ 1 ~ 0 
;CONTINUE UNTIL DONE 
;EXTRA CLOCK FOR SYNC 
;BIT COUNTER ~ 8 
;PULSE SK 0 ~ 1 ~ 0 

;CY~DO 

;A~ RESULT 

;A(O) ~ BIT AND SHIFT 

;C~RESULT 

;CONTINUE UNTIL DONE 

;PULSE SUBROUTINE 
PULSE: ORL P1, #04 ;SI( ~ 1 

NOP ;DELAY 
ANL P1, #OFBH ;SK ~ 0 

RET 
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Applications (Continued) 

HOC 

·Pinouts shown for ADC0838. 

For all other products tie to 

pin functions as shown. 

LMllS 

A "Stand-Alone" Hook-Up for ADC0838 Evaluation 

MUX ADDRESS -;:==.==:::;;::==.=="'-0 SVOC 

15 

.Jl1Z14C14 

511(4) 

1, J 1, ,£ 
11 12 13 14 3 

10 

12 11 

PARALLEL INPUTS 

INPUT SHIFT REGISTER 
14C115 

OUTPUT SHIFT REGISTER 
14CI64 

10 

-START,IT 

SGL/DIF 

VCC 

14 

HOC 

DO 

NSL5021 (I) 

~M-S8---4----4---~0~AT-A-O-IW~LA~y--~~--~----4-L-S.-o5VOC 

Low-Co~t Remote Temperature Sensor 
Vee 

(5Voe) 

3k 

VIN(') Vee 
+ 1'1O.F 

AOC0I31 

5Voe 

,·1 10k 

TAMIN VINH VRH TAMAX 
AOJ AOJ 

':' 
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Applications (Continued) 

Digitizing a Current Flow 

rl. V~~~ o---1r"""0.11'v-.... ____ -_-_-_-:.....:
ll

;,:O.:.:,AO:.....:_....::12,;,;,A.:.,;FU:.:l.:..l::SC,;,;,Al:,:E.:.1 --------_--, 

VCCr------t-------~ 

AOCOB31 

100 
ZERO ~ .. t-----_t VIN(+) VREF t-..... ---... < 

AOJ 

120k 

Operating with Ratlometrlc Transducers 

Vee 
15 Voel 

ADCII831 10k 

* VIN(-)=O.15 Vee 

15% of Vee~VXDR~85% of Vee 

VREF t---1I~< 
0.1 Vee 

J'" 
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lk 
FS 
AOJ 

24k 

lM336 

TL/H/5583-15 
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Applications (Continued) 

V,N 

':" 

SETS ZERO 
CODE VOLTAGE 

1k 
Z.7k ZVoc 

ZERO AOJ 

':" 

Span Adjust: OV::;;VIN::;;3V 

Vee 
(5 Voel 

LM336 

Zero-Shift and Span Adjust: 2V::;; VIN::;; 5V 

V,N(+I Vec 

Aoe0831 

V,NH VREF 

330 

Vee 
(5 Vocl 

~101'F 
Uk 

-----, 
.-----41"--' I 

':" 
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Applications (Continued) 
Obtaining Higher Resolution 

~c~~--~--------e-----------------~ Vee~~---4~----------e------------------, 

+ 3R 

>2.SV s2.SV 

ADCD832 

TLlH/5583-17 

Controller performs a routine to determine which input polarity (9-bit example) or which channel pair (10-bit example) provides a non-zero output code. This 
information provides the extra bits. 

a) 9-Blt AID 

Protecting the Input 

ADCOl3Z 

Diodes are 1N914 

High Accuracy Comparators 

+ } 

: } 

SV 

Vee 

SYSTEM 
TEST 

POINTS >------I~ I ADC0838 

'lrH 3 COM 

00=a1l1s if +VIN> -VIN 

00= all Os if +VIN<-VIN 

6·101 

b)10-Blt AID 

Vee 
(5VDe) 

TO 
CONTRDLLER 

TL/H/5583-18 
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Applications (Continued) 

Ta 

Convert 8 Thermocouples with only One Cold-Junction Compensator 

, 
I LM335 

.J 

Uses the pseudo-differential mode to keep the differential inputs constant with changes in reference temperature (T REF). 

330 
Digital Load Cell 

10V 
~ 

10k 
0IillI 

20k 

':" 

• Uses one more wire than load cell itself 

• Two mini-DIPs could be mounted inside load cell for digital output transducer 

• Electronic offset and gain trims relax mechanical specs for gauge factor and offset 

• Low level cell output is converted immediately for high noise immunity 
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Applications (Continued) 

10k 

10k 

10k 
DI-IV\,."..-I 

4 mA-20 mA Current Loop Converter 

100k .. 50 kHz 

24k 6.2k 200k ---.Jvel..
e 
--.... 

+IN 

>-11-...... -1---1 -IN AOC0831 

• All power supplied by loop 

• 1500V Isolation at output 

Isolated Data Converter 

cs 

100k 

01 

DO 

':" 
6.8k 

INP Vee 

L.;..----V· 
'------Vo 

~------- GNO 

Vee OUT 

1N4148 

':" 

ClK 

Vee 

AOC0838 lEMW

' 
CHANNELS 

':" 

TL/H/5583-20 

':" 6N139 HIGH GAIN 
OPTOCOUPLER 

• No power required remotely 

• 1500V isolation 
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ADC08311 ADC08321 ADC08341 ADC0838 

Two Wire Interface for 8 Channels 
» -c 
"2-
n" 

10V 

i 
18k 

lk 10V 

VI 
r" 

lM393 ! 
~UAL COMPo 

~"" 
.':" ':" 

lM393 
DUAL COMPo 

Vc 

i'" 
':" 

• No additional connections 

• CS derived from extended high on ClK line> 100 I'-S ~ 
• Timing arranged for 40 kHz, could be changed up or down by component change 

• 10% ClK frequency change without component change OK 

lk 

lN4148 

220 
~Vc 

lOOk 

T100l'-F 

;> • 101 

rO.l 1'-F 

-, 

Q) ..... 
0" 
:l 
en 
o o 
3-
:;­
c: 
CD 
.3: 



Applications (Continued) 
Two Wire 1-Channcllnterface 

lZV rll~ lk ... 
CLK Z7k tC 
AND ~L 18k 18k 47k es- 1ZV v ... ~2222 

10k, liZ LM393 ~ ~loo~ lOOk 

00-

lZV~ 
II 

~ 
Vee 

I 68k 10k ~ 

~ ~1N4148 

~ 
.. ~ 10k lOOk 16k 18k 

r ll 
...... ~ ...- CLK 

'::' -=:-
47k Vee Aoe0831 

-;:. V 
lOOk 

~ C'S 
+ 

--560 pF LM393 

T '::' DUAL COMPARATOR 

• Simpler version of 8-channel ,,,IU ,,. .. 
• Cs derived from long elK pulse ~ 

Ordering Information 

Part Number 
Analog Input Total 

Package 
Channels Unadjusted Error 

\ 

ADC0831BJ Hermetic (J) 
ADC0831CJ ±% Hermetic (J) 
ADC0831 BCN (COP431 BN) 1 Molded (N) 

ADC0831 CCJ, Hermetic (J) 
ADC0831CCN (COP431CN) 

±1 
Molded (N) 

ADC0832BJ Hermetic (J) 
ADC0832BCJ ±% Hermetic (J) 
ADC0832BCN (COP432BN) 2 Molded (N) 

ADC0832CCJ 
±1 

Hermetic (J) 
ADC0832CCN (COP432CN) Molded (N) 

ADC0834BJ Hermetic (J) 
ADC0834BJ ±% Hermetic (J) 

ADC0834BCN (COP434BN) 4 Molded (N) 

ADC0834CCJ Hermetic (J) 
ADC0834CCN (COP434CN) 

±1 
Molded (N) 

ADC0838BJ Hermetic (J) 
ADC0838BCJ ±% Hermetic (J) 
ADC0838BCN (COP438BN) 8 Molded (N) 

ADC0838CCJ 
±1 

Hermetic (J) 
ADC0838CCN (COP438CN) Molded (N) 

See NS Packages J08A, J14A, J20A, N08E, N14A, N20A 
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";ZNZZZZ 
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00 ~ , lN4148 ... 

l'~p 
ZOO 

Vee ~ 

'2rs,1V 
~ 

TLlH/5583-22 

Temperature 
Range 

- 55°C to + 125°C 

- 40°C to + 85°C 

- O°C to + 70°C 

- 40°C to + 85°C 

- O°C to + 70°C 

- 55°C to + 125°C 

- 40°C to + 85°C 

- O°C to + 70°C 

- 40°C to + 85°C 
- O°C to + 70°C 

- 55°C to + 125°C 

- 40°C to + 85°C 

- O°C to + 70°C 

- 40°C to + 85°C 
- O°C to + 70°C 

- 55°C to + 125°C 

- 40°C to + 85°C 

- O°C to + 70°C 

- 40°C to + 85°C 
- O°C to + 70°C 

. 
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~National 
~ Semiconductor 
ADC0833 8-Bit Serial 1/0 AID Converter with 4-Channel 
Multiplexer 

General Description 
The ADCOa33 series is an a-bit successive approximation 
AID converter with a serial 1/0 and configurable input mUlti­
plexer with 4 channels. The serial 1/0 is configured to com­
ply with the NSC MICROWIRETM serial data exchange stan­
dard for easy interface to the COPSTM family of processors, 
as well as with standard shift registers or fJ.Ps. 

The 4-channel multiplexer is software configured for single­
ended or differential inputs when channel assigned by a 4-
bit serial word. 

The differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero in­
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog volt­
age span to the full a bits of resolution. 

Key Specifications 
• Resolution 
• Total Unadjusted Error 
• Single Supply 
• Low Power 
• Conversion Time 

a Bits 
± 1h LSB and ± 1 LSB 

5Voc 
25 mW 

32 fJ.s 

Features 
• NSC MICROWIRE compatible-direct interface to COPS 

family processors 
• Easy interface to all microprocessors, or operates 

"stand alone" 
• Works with 2.5V (LM336) voltage reference 
• No full-scale or zero adjust required 
• Differential analog voltage inputs 
• 4-channel analog multiplexer 
• Shunt regulator allows operation with high voltage sup-
~~ , 

• OV to 5V input range with single 5V power supply 
• . Remote operation with serial digital data link 
• T2L1MOS input/output compatible 
• 0.3" standard width 14-pin DIP p~ckage 

Connection Diagram Functional Diagram 

SARS 

ADDRESS CS 
LATCH 

CLK AND 
Dual-In-Llne Package DECODER 

01 

v+ Vee 

CS 01 

CHD CLK 
CHO DO 

CH1 SARS 
4-CHANNEL S.E. 

CH2 DO CH1 OR 
2-CHANNEL 

CH3 VREF/2 CH2 DIFF. 
MULTIPLIER 

DGND A GND 

CH3 

TOP VIEW 

V+ Vee VREF/2 AGND 
(SHUNT (5V) 

REG) 

TlIH/5607-1 
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Absolute Maximum Ratings Operating Ratings (Notes 1 and 2) 

(Notes 1 and 2) , Supply Voltage, Vee 4.5 Voe to 6.3 Voe 

Current into V + (Note 3) 15 mA T emperaturt3 Range TMIN$;TA$;TMAX 

Supply Voltage, Vee (Note 3) 6.5V ADC0833BJ, ADC0833CJ -55°C$;TA~125°C 

Voltage ADC0833BCJ, ADC0833CCJ - 40°C $; T A $; 85°C 

Logic Inputs -0.3V to + 15V ADC0833BCN, ADC0833CCN O·C $; T A$; 70·C 

Analog Inputs -0.3V to Vee + 0.3V 
Input Current per Pin ±5mA 

Storage Temperature - 65·C to + 150·C 

Package Dissipation at T A = 25·C (Board Mount) 0.8W 

Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics The following specifications apply for Vee = V + = 5V, feLK = 250 kHz unless other-
wise specified. Boldface limits apply from tMIN to tMAX; all other limits T A = TJ = 25·C. 

Typ 
Tested Design 

Limit 
Parameter Conditions LImit Limit 

(Note 4) 
(Note 5) (Note 6) 

Units 

CONVERTER AND MULTIPLEXER CHARACTERISTICS 

Total Unadjusted Error VREF/2 Forced to 2.500 Voe 
ADC0833BCN ±% ±% LSB 

ADC0883BJ, BCJ ±% LSB 
ADC0833CCN ±1 ±1 LSB 
ADC0833CJ, CCJ ±1 LSB 

Minimum Total Ladder 
Resistance (Note 7) 

ADC0833BCJ/CCJ/BJ/CJ 4.8 2.2 kn 
ADC0833BCN/CCN 4.8 2.2 2.2 kn 

Maximum Total Ladder 
Resistance (Note7) 

ADC0833BCJ/CCJ/BJ/CJ 4.8 8.2 kn 
ADC0833BCN/CCN 4.B 8.2 8.2 kn 

Minimum Common-Mode All MUX Inputs and COM Input 
Input Range (Note 8) 

ADC0833BCJ/CCJ/BJ/CJ GND-O.05 V 
ADC0833BCN/CCN GND-0.05 GND-O.05 V 

Maximum Common-Mode All MUX Inputs and COM Input 
Input Range (Note 8) 

ADC0833BCJ/CCJ/BJ/CJ Vcc+ O.05 V 
ADC0833BCN/CCN Vee+ 0.05 Vcc+ O.05 V 

DC Common-Mode Error 
ADC0833BCJ/CCJ/BJ/CJ ±1j16 ±%. LSB 
ADCOB33BCN/CCN ±1j16 ±% ±% LSB 

Power Supply Sensitivity .Vee=5V±5% 
ADC0833BCJ/CCJ/BJ/CJ ±1j,6 ±Ya LSB 
ADC0833BCN/CCN ±1j,6 ±% ±Ya LSB 

IOFF, Off Channel Leakage On Channel = 5V, Off Channel = OV 
Current (Note 9) 

ADC0833BCJ ICCJ/BJ/CJ -1 p.A 
-50 nA 

ADC0833BCN/CCN -1 p.A 
-50 nA 

On Channel = OV, Off Channel = 5V 
ADC0833BCJ/CCJ/BJ/CJ -1 p.A 

-50 nA 
ADC0833BCN/CCN -1 p.A 

\ -50 nA 
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Electrical Characteristics (Continued) The following specifications apply for Vcc = V+ = 5V, fCLK = 250 kHz 
unless otherwise specified. Boldface limits apply from tMIN to tMAX; all other limits T A = Tj = 25°C. 

Typ 
Tested Design 

Limit 
Parameter Conditions Limit Limit 

(Note 4) 
(Note 5) (Note 6) 

Units 

CONVERTER AND MULTIPLEXER CHARACTERISTICS (Continued) 

ION, On Channel Leakage On Channel = 5V, Off Channel = OV 
Current (Note 9) 

ADC083BCJ/CCJ/BJ/CJ -1 /LA 
.. -200 nA 

ADC0833BCN/CCN -1 /LA 
-200 nA 

On Channel = OV; Off Channel = 5V 
ADC083BCJ/CCJ/BJ/CJ -1 /LA 

-200 nA 
ADC0833BCN/CCN -1 /LA 

-200 nA 

DIGITAL AND DC CHARACTERISTICS 

V'N(1), Logi~al"1" Input Vcc=5.25V 
Voltage 

ADC0833BCJ/CCJ/BJ/CJ 2.0 V 
ADC0833BCN/CCN 2.0 2.0 V 

V'N(O), Logical "0" Input Vcc=4.75V 
Voltage 

ADC0833BCJ/CCJ/BJ/CJ 0.8 V 
ADC0833BCN/CCN 0.8 0.8 V 

I'N(1), Logical "1" Input V'N=VCC 
Current 

ADC0833BCJ/CCJ/BJ/CJ 0.005 1 /LA 
ADC0833BCN/CCN 0.005 1 1 /LA 

I'N(O), Logical "0" Input V'N=OV 
Current 

ADC0833BCJ/CCJ/BJ/CJ -0.005 -1 /LA 
ADC0833BCN/CCN -0.005 -1 -1 /LA 

VOUT(1), Logical "1" Output Vcc=4.75V 
Voltage 

ADC0833BCJ/CCJ/BJ/CJ IOUT= -360/LA 2.4 V 
ADC0833BCN/CCN 2.4 2.4 V 
ADC0833BCJ/CCJ/BJ/CJ IOUT= -10/LA 4.5 V 
ADC0833BCN/CCN4.54 4.5 4.5 V 

VOUT(O), Logical "0" Output IOUT= 1.6mA, Vcc=4.75V 
Voltage 

ADC0833BCJ/CCJ/BJ/CJ 0.4 V 
ADC0833BCN/CCN 0.4 0.4 V 

lOUT, TRI-STATE Output 
Current (DO, SARS) 

ADC0833BCJ/CCJ/BJ/CJ VOUT=0.4V -0.1 -3 /LA 
ADC0833BCN/CCN -0.1 -3 -3 /LA 
ADC0833BCJ/CCJ/BJ/CJ VOUT=5V 0.1 3 /LA 
ADC0833BCN/CCN 0.1 3 3 /LA 

ISOURCE VOUT Short to GND 
ADC0833BCJ/CCJ/BJ/CJ 14 7.5 mA 
ADC0833BCN/CCN 14 7.5 7.5 mA 

ISINK VOUT Short to V cc 
ADC0833BCJ/CCJ/BJ/CJ 16 9.0 mA 
ADC0833BCN/CCN 16 9.0 9.0 mA 
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Electrical Characteristics (Continued) The following specifications apply for Vee = V+ = 5V. fClK = 250 kHz 

unless otherwise specified. Boldface limits apply from tMIN to tMAX; all other limits T A = Ti = 25°C. 

Typ 
Tested Design 

Limit 
Parameter Conditions Limit Limit 

(Note 4) 
(Note 5) (Note 6) 

Units 

DIGITAL AND DC CHARACTERISTICS (Continued) 

Icc. Supply Current (Note 3) VREF/2 Open Circuit 

ADC0833BCJ/CCJ/BJ/CJ 2 5 rnA 

ADC0833BCN/CCN 2 5 5 mA 

1+. Current into V+ (Note 3) 

ADC0833BCJ/CCJ/BJ/CJ 10 rnA 

ADC0833BCN/CCN 10 10 mA 

AC Characteristics t r =tf=20 ns 

Typ 
Tested Design 

Limit 
Parameter Conditions Limit Limit 

(Note 4) 
(Note 5) (Note 6) 

Units 

fClK. Clock Frequency Min 10 kHz 

Max 400 kHz 

T c. Conversion Time Not. including MUX Addressing Time 8 1/fClK 

Clock Duty Cycle (Note 10) Min 40 % 

Max 60 % 

tSET-UP. CS Falling Edge or 250 ns 

Data Input Valid to ClK 

Rising Edge 

tHOlD. Data Input Valid 90 ns 

after ClK Rising Edge 

tpd1. tpdo-ClK Falling Cl=100pF 

Edge to Output Data Valid Data MSB First 650 1500 ns 

(Note 11) Data lSB First 250 600 ns 

t1 H. T OH-Rising Edge of CS Cl = 10 pF. Rl = 10k 125 250 ns 

to Data Output and SARS (see TRI-STATE Test Circuits) 

Hi-Z 

CIN. Capacitance of logic 5 pF 

Input 

COUT. Capacitance of logic 5 pF 

Outputs 

Note 1: Absolute Maximum Ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to ground. 

Note 3: An internal zener diode exists from Vcc to GND on the V+ and the VCC inputs. The breakdown of these zeners is approximately 7V. The V+ zener is intended to 
operate as a shunt regulator and connects to the Vcc via a diode. When using this regulator to power the AID. this diode guarantees the Vee input to be operating below 
the zener voltage (7V-0.6V). It is recommended that a series resistor be used to limit the maximum current into the V+ input. .. 

Note 4: Typicals are at 2S'C and represent most likely parametric norm. 

No~e 5: Guaranteed and 100% production tested. 

Note 6: Guaranteed. but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 7: See Applications. section 3.0. 

Note 8: For VIN( -);:: VIN( +) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward conduct for 
analog input voltages one diode drop below ground or one diode drop greater than the Vee supply. Be careful. during testing at low Vee levels (4.SV). as high level analog 
inputs (5V) can cause this input diode to conduct-especially at elevated temperatures. and cause errors for analog inputs near full-scale. The spec allows SO mV forward 
bias of either diode. This means that as long as the analog VIN does not exceed the supply voltage by more than SO mV. the output code will be correct. To achieve an 
absolute 0 Voc to S. Voc input voltage range will therefore require a minimum supply voltage of 4.9S0 Voc over temperature variations. initial tolerance and loading. 

Note 9: Leakage current is measured with the clock not switching. 

Note 10: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of these limits. 
the minimum time the clock is high or the minimum time the clock is low must be at least 1 J1s. 

Note 11: Since data. MSB first. is the output of the comparator used in the successive approximation loop. an additional delay is built in (see Block Diagram) to allow for 
comparator response time. 
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Timing Diagrams 

ClK 

DATA 
IN (01) 

Data Input Timing Data Output Timing 

eLK 

DATA 
OUT (DO) 

TRI-ST ATE Test Circuits and Waveforms 

Vec 

tOH 

Vcc Vce 

Leakage Current Test Circuit 

SV 

CHANNEL 
VOLTAGE 
SELECT 

D"":::~'" 
SARS OUTPUTS ~ 

GNO-----~ 

Ir =20 ns 

tOH' CL = 10 pF 

GNO "",',,, P 
SARS OUTPUTS VOL 10% 

Ir= 20 ns 

AOCD833 

CH A (ON CHANNEll 

... _A __ -t ::: } g~~NNElS L_________ CH 0 

6-110 

TLIH/5607-2 



Typical Performance Characteristics 
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Functional Timing Diagram 
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Applications 
1.0 MULTIPLEXER ADDRESSING 

The design of the ADC0833 utilizes a sample-data compar­
ator structure which provides for a differential analog input 
to be converted by a successive approximation routine. 

The actual voltage converted is always the difference be­
tween an assigned" + .. input terminal and a .. -" input ter­
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned" + " input is less than the 
.. -" input the converter responds with an all zeros output 
code. 

A unique input multiplexing scheme has been utilized to pro­
vide multiple analog channels with software-configurable 
single-ended (ground referred) or differential inputs. The an­
alog signal conditioning required in transducer-based data 

TL/H/5607-5 

acquisition systems is significantly simplified with this type' 
of input flexibility. One converter package can now handle 
ground referenced inputs and true differential inputs. 

A parti~ular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single-ended or differen­
tial. In the differential case, it also assigns the polarity of the 
channels. Differential inp,uts are restricted to adjacent chan­
nel pairs. For example channel 0 and channel 1 may be 
selected as a differential pair. Channel 0 or 1 cannot act 
differentially with any other channel. In addition to selecting 
differential mode the sign may also be selected. Channel 0 
may be selected as the positive input and channel 1 as the 
negative input or vice versa. This programmability is best 
illustrated by the MUX addressing codes shown in the fol­
lowing table. The MUX address is shifted into the converter 
through the 01 line. 

TABLE I. MUX ADDRESSING 

Single-Ended MUX Mode 

Address Channel # 

SGLI 0001 SELECT 
0 1 2 3 

DIF SIGN 1 0 

1 0 0 1 + 
1 0 1 1 + 
1 1 0 1 + 
1 1 1 1 + 

COM is internally ties to a GND 

Differential MUX Mode 

Address Channel # 

SGLI 0001 SELECT 
0 1 2 3 

DIF SIGN 1 0 

0 0 0 1 + -

0 0 1 1 + -
0 1 0 1 - + 
0 1 1 1 - + 
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Applications (Continued) 

Since the input configuration is under software control, it 
can be modified, as required, at each conversion. A channel 
can be treated as a single-ended, ground referenced input 
for one conversion; then it can be reconfigured as part of a 
differential channel for another conversion. Figure 1 illus­
trates the input flexibility which can be achieved. 

The analog input voltages for each channel can range from 
50 mV below ground to 50mV above Vcc(typically 5V) with­
out degrading conversion accuracy. 

2.0 THE DIGITAL INTERFACE 

A most important characteristic of these converters is their 
serial data link with the controlling processor. Using a serial 
communication format offers two very significant system im­
provements; it allows more function to be included in the 
converter package with no increase in package size and it 
can eliminate the transmission of low level analog signals by 
locating the converter right at the analog sensor;transmit-

4 Single-Ended 

+ 

ting highly noise immune digital data back to the host proc­
essor. 

To understand the operation of these converters it is best to 
refer to the Timing Diagram and Functional Block Diagram 
and to follow a complete conversion sequence. 

1. A conversion is initiated by first pulling the CS (chip se­
lect) line low. This line must be held low for the entire con­
version. select) line low. This line must be held low for the 

. entire conversion. The converter is now waiting for a start 
bit and its MUX assignment word: 

2. A clock is then generated by the processor (if not provid­
ed continuously) and output to the AID clock input. 

3. On each rising edge of the clock the status of the data in 
(01) line is clocked into the MUX address shift register. The 
start bit is the first logic "1" that appears on this line (all 
leading zeros are ignored). Following the start bi( the con­
verter expects the next 4 bits to be the MUX assignment 
word. 

2 Differential 

+(-) 

-(+) 
+(-) 

-(+) 

Mixed Mode 

TLIH/S607-6 

FIGURE 1. Analog Input Multiplexer Options for the ADC08333 
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Applications (Continued) 

4. When the start bit has been shifted into the start location 
of the MUX register, the input channel has been assigned 
and a conversion is about to begin. An interval of 1 full clock 
period (where nothing happens) is automatically inserted to 
allow the selected MUX channel to settle. The SAR status 
line goes high at this time to signal that a conversion is now 
in progress and the 01 line is disabled (it no longer accepts 
data). 

5. The data out (~O) line now comes out of TRI-STATE and 
provides a leading zero for this one clock period of MUX 
settling time. 

6. When the conversion begins, the output of the SAR com­
parator, which indicates whether the analog input is greater 
than (high) or less than (low) each successive voltage from 
the internal resistor ladder, appears at the DO line on each 
falling edge of the clock. This data is the result of the con­
version being shifted out (with the MSB coming first) and 
can be read by the processor immediately. 

7. After 8 clock periods, the conversion is completed and 
the SAB status line returns low to indicate this. 

8. If the programmer prefers, the data can be read in an LSB 
first format. All 8 bits of the result are stored in an output 
shift register. The conversion result, LSB first, is automati­
cally shifted out the DO line, after the MSB first data stream. 
The DO line then goes low and stays low until CS is re­
turned high. 

9. All internal registers are cleared when the CS line is high. 
If another conversion is desired, CS must make a high to 
low transition followed by address information. 

The 01 and DO lines can be tied together and controlled 
through a bidirectional processor 1/0 bit with one wire. This 
is possible because the 01 input is only "looked-at" during 
the MUX addressing interval while the DO line is still in a 

, high impedance state. 

All of the logic inputs can be taken to 15V independent of 
the magnitude of the supply voltage, Vee. 

CHO -
CHI -
CH2 -
CH3 ,-

Vee 
5V 

2.4k 

ADC0833 

2.4k 

GND 

-... 
VFUll-SCAlE" 2.4V 

VR + 

~~ 
l M385-1.2V 

1 

1 

3.0 REFERENCE CONSIDERATIONS 

The AOC0833 is intended primarily for, use in circuits requir­
ing absolute accuracy. In this type of system, the analog 
inputs vary between very specific voltage limits and the ref­
erence voltage for the AID converter must remain stable 
with time and temperature. For ratio metric applications, an 
AOC0834 is a pin-for-pin compatible alternative. 

The voltage applied to the VREF/2 pin defines the voltage 
span of the analog input [the difference between VIN( + ) 
and VIN( -)] over which the 256 possible output codes ap­
ply. A full-scale conversion (an all 1 s output code) will result 
when the voltage difference between a selected "+" input 
and "-" input is approximately twice the voltage at the 
VREF/2 pin. This internal gain of 2 from the applied refer­
ence to the full-scale input voltage allows biasing a low volt­
age reference diode from the 5Voe converter supply. To 
accommodate a 5V input span, only a 2.5V reference is 
required. The LM385 and LM336 reference diodes are good 
low current devices to use with these converters. The out­
put code changes in accordance with the following equa­
tion: 

(
VIN( +) - VIN( - ») 

Output Code = 256 2(VREF/2) 

where the output code is the decimal equivalent of the 8-bit 
binary output (ranging from 0 to 255) and the term VREF/2 is 
the voltage from pin 9 to ground. 

The VREF/2 pin is the center point of a two resistor divider 
(each resistor is 2.4 k!l) connected from Vee to ground. 
Total ladder input resistance is the sum of these two equal 
resistors. As shown in Figure 2, a reference diode with a 
voltage less than Vee/2 can be connected without requiring 
an external biasing resistor if its current requirements meet 
the indicated level; 

The minimum value of VREF/2 can be quite small (see Typi­
cal Performance Characteristics) to allow direct conversions 
of transducer outputs providing less than a 5V output span. 
Particular care must be taken with regard to noise pickup, 
circuit layout and system error voltage sources when oper­
ating with a reduced span due to the increased sensitivity of 
the converter (1 LSB equals VREF/256). 

Vee 
5V 

CHO - 2.4k 

CHI -
ADC0833 V REF/2 

CH2 -
- ~ 

r:~ 2.4k 
~~M 

CH3 

336-2.5V 

GND 
-'-

Tl/H/5607-7 

VFUll-SCAlE" 5.0V 

Vee . Vee/2 - Vz 
Note: No external biasing resistor needed if Vz < 2"" and Iz min < ~ 

FIGURE 2. Reference Biasing Examples 
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Applications (Continued) 

4.0 THE ANALOG INPUTS 
The most important feature of these converters is that they 
can be located right at the analog signal source and through 
just a few wires can communicate with a controlling proces­
sor with a highly noise immune serial bit stream. This in itself 
greatly minimizes circuitry to maintain analog signal accura­
cy which otherwise is most susceptible to noise pickup. 
However, a few words are in order with regard to the analog 
inputs should the input be noisy to begin with or possibly 
riding on a large common-mode voltage. 

The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 
to both selected .. + " and .. -" inputs for a conversion (60 
Hz is most typical). The time interval between sampling the 
" +" input and then the "-" input is y:! of a clock period. 
The change in the common-mode voltage during this short 
time interval can cause conversion errors. For a sinusoidal 
common-mode signal this error is: 

(
0.5 ) 

Verror(max) = Vpeak(27TfCM) fCLK 

where fCM is the frequency of the common-mode signal, 

VPEAK is its peak voltage value 

and fCLK is the AID clock frequency. 

For a 60 Hz common-mode signal to generate a v.. LSB 
error (::::: 5 mV) with the converter running at 250 kHz, its 
peak value would have to be 6.63V which would be larger 
than allowed as it exceeds the maximum analog input limits. 

Due to the sampling nature of the analog inputs short spikes 
of current enter the" + " input and exit the" -" input at the 
%clock edges during the actual conversion. These currents 
decay rapidly and do not cause errors as the internal com­
parator is strobed at the end of a clock period. Bypass ca­
pacitors at the inputs will average these currents and cause 
an effective DC current to flow through the output resist­
ance of the analog signal source. Bypass capacitors should 
not be used if the source resistance is greater than 1 kn. 

This source resistance limitation is important with regard to 
the DC leakage currents of input multiplexer as well. The 
worst-case leakage current of ± 1 /-tA over temperature will 
create a 1 mV inut error with a 1 kn source resistance. An 
op amp RC active low pass filter can provide both imped­
ance buffering and noise filtering should a high impedance 
signal source be required. 

5.0 OPTIONAL ADJUSTMENTS 

5.1 Zero Error 

The zero of the AID does not require adjustment. If the 
minimum analog input voltage value, VIN(MIN), is not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing any VIN (-) input as this VIN(MIN) value. This 
utilizes the differential mode operation of the AID. 

The zero error of the AID converter relates to the location 
of the first riser of the transfer function and can be mea­
sured by grounding the VIN( -) input and applying a small 
magnitude positive voltage to the VIN( + ) input. Zero error is 
the difference between the actual DC input voltage 
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which is necessary to just cause an output digital code tran­
sition from 0000 0000 to 0000 0001 and the ideal y:! LSB 
value (y:! LSB = 9.8 mV for VREF/2 = 2.500 VDd. 

5.2 Full-Scale 

The full-scale adjustment can be made by applying a differ­
ential input voltage which is 1 y:! LSB' down from the desired 
analog full-scale voltage range and then adjusting the mag­
nitude of the VREF input or VCC for a digital output code 
which is just changing from 1111 1110 to 1111 1111. 

5.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the AID is shifted away from 
ground (for example, to accommodate an analog input sig­
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A VIN( +) voltage which 
equals this desired zero reference plus y:! LSB (where the 
LSB is calculated for the desired analog span, 1 LSB = ana­
log span/256) is applied to selected" + " input and the zero 
reference voltage at the corresponding .. -" input should 
then be adjusted to just obtain the OOHEX to 01 HEX code 
transaction. 

The full-scale adjustment should be made [with the proper 
Vln( -) voltage applied] by forcing a voltage to the VIN( + ) 
input which is given by: 

. [ (VMAX - VMIN) ] 
VIN (+) fs adJ = VMAX - 1.5 256 

where: 

VMAX = the high end of the analog input range 

and 

VMIN = the low end (the offset zero) of the analog 
range. 

(Both are ground referenced.) 

The VREF/2 voltage is then adjusted to provide a code 
change from FEHEX to FFHEX. This completes the adjust­
ment procedure. 

6.0 POWER SUPPLY 

A unique feature of the ADC0833 is the inclusion of a 7V 
zener diode connected from the V+ terminal to ground 
which also connects to the Vcc terminal (which is the actual 
converter supply) through a silicon diode, as shown in Fig­
ure 3. 

Vs .A!"" V+ 

GND 

...... 

.......... 

~t7V 

Vee 
ACTUAL 
CDNVERTER 
SUPPLY 

TL/H/5607-B 

FIGURE 3. An On-Chip Shunt Regulator Diode 



Applications (Continued) 

This zener is intended for use as a shunt voltage regulator 
to eliminate the need for any additional regulating compo­
nents. This is most desirable if the converter is to be re­
motely located from the system power source. Figures 4 
and 5 illustrate two useful applications of this on-board ze­
ner when an external transistor can be afforded. 

An important use of the interconnecting diode between V+ 
and Vee is shown in Figures 6 and 7. Here, this diode is 
used as a rectifier to allow the Vee supply for the converter 

AOC0833 
12V lk 

SYSTEM -"""""" .... --"",, ._--..... t---..... --IIH---+- Vee 
SUPPLY 

3 mV/'C 

FIGURE 4. Operating with a Temperature 
Compensated Reference 

100 kHz 
CLOCK 

5:J1f 

v+ 
r--1~O--l----IIM----+--""'+ Vee 

~101'F 

• AOC0833 

>-"'--+1 ClK GNO 

FIGURE 6. Generally Vee from the Converter Clock 
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to be derived from the clock. The low current requirements 
of the AID (- 3 mA) and the relatively high clock frequen­
cies used (typically in the range of 10k-400 kHz) allows us­
ing the small value filter capacitor shown to keep the ripple 
on the Vee line to well under % of an lSB. The shunt zener 
regulator can also be used in this mode. This requires a 
clock voltage swing which is in excess of 7V. A current limit 
for the zener is needed, either built into the clock generator 
or a resistor can be used from the ClK pin to the V+ pin. 

V' 7V 

Vee 6.4 

ADC0833 

GNO 

12V r---_.- SYSTEM 
SUPPLY 

6.4 

CMOS 
OR 

NMOS 
CIRCUITS 

ANALOG 
CIRCUITS 

FIGURE 5. Using the AID as the System Supply 
Regulator 

Vee 

TRANSDUCER 
V' ..-..., 

CLOCK ~ (ClK 

AOC0833 es 1+-----<,( es 

D1~ 
DO -+~OI/OO 

GNO J---t~--< GNO 
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FIGURE 7. Remote Senslng-Clock and Power on 1 
Wire 

» c o 
o 
CO 
CN 
CN 



M 
M 
co 
o o 
C 
<C 

Applications (Continued) 

Digital Link and Sample Controlling Software for the 
Serially Oriented COP420 and the Bit Programmable I/O INS8048 

CHO CHO 

ADC0833 COP420 ADC0833 

CH3 CH3 

COP CODING EXAMPLE 8048 CODING EXAMPLE 

Mnemonic Instruction Mnemonic 
LEI ENABLES SIO's INPUT AND OUTPUT START: ANL Pl, #OF7H 

SC C=l MOV B,#5 

OGI GO=O (CS=O) MOV A, #ADDR 

CLRA CLEARS ACCUMULATOR LOOP 1: RRC A 
AISCl LOADS ACCUMULATOR WITH 1 JC ONE 
XAS EXCHANGES SIO WITH ACCUMULATOR 

AND STARTS SK CLOCK ZERO: ANL Pl, #OFEH 

LDD LOADS MUX ADDRESS FROM RAM JMP CONT 
INTO ACCUMULATOR 

NOP ONE: ORL Pl, #1 

XAS LOADS MUX ADDRESS FROM . CONT: CALL PULSE 
ACCUMULATOR TO SIO REGISTER DJNZ B, LOOP 1 

i CALL PULSE 
8 INSTRUCTIONS MOV B,#8 

J- LOOP 2: CALL PULSE 
XAS READS HIGH ORDER NIBBLE (4 BITS) IN A, Pl 

INTO ACCUMULATOR RRC- A 
XIS PUTS HIGH ORDER NIBBLE INTO RAM RRC A 
CLRA CLEARS ACCUMULATOR MOV A,C 

RC C=O RLC A 
XAS READS LOW ORDER NIBBLE INTO MOV C,A 

ACCUMULATOR AND STOPS SK DJNZ B, LOOP.2 
XIS PUTS LOW ORDER NIBBLE INTO RAM RETR 

OGI GO=l (CS= 1) 

LEI DISABLES SIO's INPUT AND OUTPUT PULSE: ORL , Pl, #04 

NOP 
ANL Pl, #OFBH 

RET 

6·118 

INS8048 
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Instruction 
;SELECT AID (CS = 0) 
;BIT COUNTER ~ 5 

;A ~ MUX ADDRESS 
;CY ~ ADDRESS BIT 

;TESTBIT 

;BIT=O 
;DI~O 

;CONTINUE 
;BIT=l 

;DI~l 

;PULSE SK 0 --. 1 --. 0 

;CONTINUE UNTIL DONE 

;EXTRA CLOCK FOR SYNC 
;BIT COUNTER ~ 8 
;PULSE SK 0 --. 1 --. 0 
;CY~DO 

;A~RESULT 

;A(O) ~ BIT AND SHIFT 
;C~RESULT 

;CONTINUE UNTIL DONE 

;PULSE SUBROUTINE 
;SK~l 

;DELAY 
;SK~O 



Applications (Continued) 

lVoC 

LM33$ 

. A "Stand-Alone" Hook-Up for ADC0833 Evaluation 

!lUX ADDRESS 

~--"""---1~--""'--1~-oHDC 

la(CI 

10 

12 II 

PARALLEL INPUTS 

INPUT SHIFT REGISTlR 
ICCIII 

OUTPUT SHin REGISTER 
ICCI" 

ID 

-nARTIIT 

SGL/DIF 

YCC 

IC 

HOC 

NC 

DO 

~_-+-OHoC 

L...-.-.--... --4--...... --4I--.... --o--o Hoc 
MSI DATA DISPLAY 

Low Cost Remote Temperature Sensor 

AoCDlll 

IYDC 

TA~1~1 CHI YIN(-I 
,"DJ 

YCC 
(Hoci 

vccl-...... -+-. 
~ID"F 

1.5k 

Sk 

VREFI1 I--_.<!~JMAX 

1..-____ .... 
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AppUcations (Continued) 

Digitizing a Current Flow 

VCC 0.1 ~ ILDAD (2A FULL·SCALE) 
(5VoC)o-----JV~~~------------~~------------------------------~----~ 

VCC 
(5 Voc) 

CHO VCC~----------__ ---------------' 

+ 

AOCOSll 
1''''' 

9.1k 

100 
ZE RD > .... -----------t CH 1 

AOJ 

Operating with Automotive Ratiometric Transducers 

XOR 

lk 
ZERO 

AOJ 

·V,N( -) = 0.15 Vee 

15% of Vee,;;VXDR,;;85% of Vee 

ADC08l3 

VCC 
(5Voc) 

Vcc~---. 
+ 

~101JF 

+ 

I'" 
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Applications (Continued) 

Span Adjust: OV =0: VIN =0: 3V 

Vcc 
(.Voc) 

r----<>---I V,N(') Vcc r-~~------......, 

AOC0l33 

Zero-Shift and Span Adjust: 2V =0: VIN =0: 5V 

AOCO.33 

Vcc 
(5 VOC) 

tk 

LM331 

Uk 

------, 

SETS ZERO 
CODE VOLTAGE 330 

lk 
t.7k 2Voc 

ZERO AOJ 

,...-----. I 
I 
I 
I 
I 
I 

_J 

Protecting the Input High Accuracy Comparators 

5V 

Vee 

V,N(') Vcc 

"ru-[' 
l' + 

~'0~F 
TEST AOC0833 TO 

'::" POINTS CONTROlUR 

AOCOI33 2 

:)>> 

Diodes are lN914 
DO = aills if + VIN > -VIN 

DO = all Os if +. VIN < - VIN ":" 

TL/H/5607-13 

For additional application ideas, refer to the data sheet for the ADC0831 family of serial data converters. 

6-121 

» 
c o 
o 
00 
CIo) 
CIo) 



('I) 

~ Ordering Information 
o o 
c 
ct Part Number 

ADC0833BCJ 

ADC0833BCN 

ADC0833BJ 

ADC0833CCJ 

ADC0833CCN 

ADC0833CJ 

Temperature 
Total 

Unadjusted 
Range 

Error 

- 40°C to + 85°C 

O°Cto + 70°C ± 11/2 LSB 

-55°C to + 125°C 

- 40°C to + 85°C 

O°Cto + 70°C ±1 LSB 

- 55°C to + 125°C 
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~National 
~ Semiconductor 
ADC0844 8-Bit JLP Compatible AID Converter 
with 4-Channel Multiplexer 
General Description 
The ADCOB44 is a CMOS B-bit successive approximation 
AID converter with a versatile analog input multiplexer. The 
4-channel multiplexer can be software configured for single­
ended, differential or pseudo-differential modes of operation. 

• Easy interface to all microprocessors 

The differential mode provides low frequency input com­
mon-mode rejection and allows offsetting the analog range 
of the converter. In addition, the AID's reference can be 
adjusted enabling the conversion of reduced analog ranges 
with B-bit resolution. 

This AID is designed to operate from the control bus of the 
NSCBOOTM and the wide variety of BOBO ILP derivatives. 
TAI-STATE<!l output latches that directly drive the data bus 
permit this A/D to be configured as a memory location or as 
an I/O device to the microprocessor with no interface logic 
necessary. 

Features 
• Compatible with BOBO ILP derivatives-no interface 

logic needed . 

Block and Connection Diagrams 

CC 

• Operates ratio metrically or with 5 Vee 
voltage reference 

• No zero or full-scale adjust required 
• 4-channel multiplexer with address logic 
• Internal clock 
• OV to 5V input range with single 5V power supply 

.• T2L1MOS input/output compatible 
• 0.3" standard width 20-pin DIP 

Key Specifications 
• Resolution 
• Total Unadjusted Error 
• Single Supply 
• Low Power 
• Conversion Time 

B Bits 
± % LSB and ± 1 LSB 

5 Vee 
10 mW 
40 ILS 

J2 II J19 ~DGND 

lB INTERNAL CDNTRDnDGIC 
CLOCK 

~ Dual-In-Llne Package 

DB7 
9 :rVREf 

LADDER AND DECODER DAC 
OUT 

11 
iiii Vee 

cs Wii 
DB6 

12 
CHl INTR DB5 

13 
TRI·STATE 

CH2 DBO/MAO DB4 

14 
OUTPUT 

LATCHES 
CH3 DB1/MAl 

MA3/DB3 
CH4 DB2!MA2 

15 
AGND DB3/MA3 

MA2IDB2 

16 

Y 
COMP 

17 -
SAR LATCHES 

+ 

VREf DB4 

(MSB) DB7 DB5 

DGND DB6 

MA1/DBl 

MAO/DBO 

.... ~ 
TOP VIEW 

- MUX ~ 

ANALOG MUX ~ ADDRESS ---- LATCHES AND 
DECODER 

TLIH/5016-2 

See Ordering Information 

13 14 15 16 r 
CHl CH2 CH3 CH4 AGND 

TLIH/5016-1 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Ratings (Notes 1 and 2) 

Supply Voltage (Vee) 6.SV Supply Voltage (Vee) 4.S Voe to 6.0 Voe 

Voltage Temperature Range TMIN::;;TA::;;TMAX 
Logic Control Inputs -0.3Vto +15V ADC0844BCN, ADC0844CCN 0°C::;;TA::;;70°C 

At Other Inputs and Outputs -0.3V to Vee+0.3V ADC0844BCJ, ADC0844CCJ -40°C::;;TA::;;8SoC 

Storage Temperature - 65°C to + 1S0°C ADC0844BJ, ADC0844CJ -55°C::;;TA::;; 125°C 

Package Dissipation at T A = 25°C 875mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics The following specifications apply for Vee= 5 Voe unless otherwise specified. 
Boldface limits apply from TMIN to TMAX; all other limits T A = Tj = 25°C. 

ADC0844BJ, ADC0844BCJ ADC0844BCN, ADC0844CCN ADC0844CJ, ADC0844CCJ 
Parameter Conditions Tested Design Tested Design Limit 

Typ Limit Limit 
Typ 

Limit Limit Units \ (Note 5) (Note 6) (Note 7) (Note 5) (Note 6) (Note 7) 

CONVERTER AND MULTIPLEXER CHARACTERISTICS 

Maximum Total VREF = S.OO Voe 
Unadjusted Error (Note 3) 

ADC0844BCN ±% ±Yz LSB 
ADC0844BJ, BCJ ±% LSB 

. ADC0844CCN ±1 ±1 LSB 
ADC0844CJ, CCJ ±1 LSB 

Minimum Reference 2.4 1.1 2.4 1.2 1.1 kn 
Input Resistance 

Maximum Reference 2.4 4.1 2.4 3.8 4.1 kn 
Input Resistance 

Maximum Common·Mode (Note 4) Vcc+ 0•05 Vee+ 0.05 Vcc+ 0•05 V 
Input Range 

Minimum Common-Mode (Note 4) GND-0.05 GND-O.OS GND-0.05 V 
Input Range 

DC Common-Mode Error Differential Mode ±Y16 ±% ±1f16 ±% ±% LSB 

Power Supply Sensitivity Vee = 5V±5% ±Y16 ±Ya ±1f16 ±Ya ±Ya LSB 

Off Channel Leakage (Note 8) 
Current On Channel = 5V. -1 -0.1 -1 fJ-A 

Off Channel = OV 
On Channel = OV, 1 0.1 1 fJ-A 
Off Channel = 5V . 

DIGITAL AND DC CHARACTERISTICS 

VIN(1), Logical "1" Input Vee = 5.25V 2.0 2.0 2.0 V 
Voltage (Min) 

VIN(O), Logical "0" Input Vee = 4.75V 0.8 0.8 0.8 V 
Voltage (Max) 

IIN(1), Logical "1" Input VIN = 5.0V 0.005 
Current (Max) 

1 0.005 1 fJ-A 

IIN(O), Logical "0" Input VIN = OV -0.005 -1 -0.005 -1 fJ-A 
Current (Max) 

VOUT(1t Logical "1" Vee = 4.75V 
Output oltage (Min) lOUT = -360'fJ-A 2.4 2.8 2.4 V 

lOUT = -10).LA 4.5 4.6 4.5 V 

VOUT(Ot Logical "0" Vee = 4.75V 0.4 0.34 0.4 V 
Output oltage (Max) lOUT = 1.6 rnA 

lOUT, TRI-STATE Output VOUT = OV -0.01 -3 -0.01 -0.3 -3 ).LA 
Current (Max) VOUT = 5V 0.01 3 0 .. 01 0.3 3 ).LA 

ISOUReE, Output Source VOUT = OV -14 -6.5 -14 -7.5 -6.5 rnA 
Current (Min) 

" 
ISNK' Output Sink VOUT = Vee 16 8.0 16 9.0 8.0 rnA 
Current (Min) 

Icc, Supply Current (Max) CS = 1, VREF Open 1 2.5 1 2.3 2.5 rnA 
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AC Characteristics 
Tested Design 

Parameter Conditions 
Typ 

Limit Limit Units 
(Note 5) 

(Note 6) (Note 7) 

tc. Maximum Conversion Time (See Graph) 30 40 ,...S 

tW(WA). Minimum WR Pulse Width (Note 9) 50 150 ns 

tACC. Maximum Access Time (Delay from Falling Edge of CL=100pF 145 225 ns 

RD to Output Data Valid) (Note 9) 

t1H. tOH. TRI-STATE Control (Maximum Delay from Rising CL = ,10 pF. RL = 10k 125 200 ns 

Edge of RD to Hi-Z State) (Note 9) 

tWI. tAl. Maximum Delay from Falling Edge of WR or RD to (Note 9) 200 400 ns 

Reset of INTR 

tos. Minimum Data Set-Up Time (Note 9) 50 100 ns 

tOH. Minimum Data Hold Time (Note 9) 0 50 ns 

CIN. Capacitance of Logic Inputs 5 pF 

COUT. Capacitance of Logic Outputs 5 pF 

Note 1: Absolute Maximum Ratings are thoso valuos boyond which tho lifo of device may be impaired. 

Note 2: All voltages are measured with respect to ground. 

Note 3: Total unadjustod error includes offsot, full-scale, linearity, and multiplexer error. 

Note 4: For VIN (-) :<! VIN (+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input, which will forward-conduct for analog 
input voltages one diode drop below ground or one diode drop greater than Vee supply. Be careful during testing at low Vee levels (4.5V), as high level analog 
inputs (5V) can cause this input diode to conduct, especially at elevated tomperatures, and cause errors for analog inputs near full-scale, The spec allows 50 mV 
forward bias of either diode. This means that as long as the analog VIN does not exceed the supply voltage by more than 50 mV, the output code will be correct. To 
achieve an absolute a Voe to 5 Voe input voltage range will therefore require a minimum supply voltage of 4.950 Voe over temperature variations, initial tolerance 
and loading. 

Not" 5: Typicals are at 2S"C and represent most likely parametric norm. 

Note 6: Guaranteed and 100% production tested. 

Nole 7: Guaranteed, but not 100% production' tested. These limits are not used to calculate outgoing quality levels. 

Nole 8: Off channel leakage current is measured after the channel selection . 

. Nole 9: The temperature coefficient is 0.3%rc. 

I 

" 
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Typical Performance Characteristics 

1.8 

Logic Input Threshold 
Voltage vs Supply Voltage 

-55'e $ TA .;;; +125'e 

Output Current vs 
Temperature 

25 ~"---,--.--r~-''''-~''' 
~ IVee =5 Voe 

Power Supply Current vs 
Temperature 

2 ~~~~-r~--r-~~ 
Vee=5V 

1.7 1--t-+--+--+--I.-+--+--+-+-~.,fC-/+-t [ 20 

i 15 

a 

[ 1.5 

I ..... ~ J I I 
i'~oe=5V-

1.6 H-+-+-t-t-b""f~+-+-H~ 

... 10 

~ 
V 

1.5 H-+/-7"'Hr-+-+-+-Hf-t-i 

1.4 pr:1/-+-~-+--+--+--I>-+-+--+-+-! 

1.3 L.....l.-J.....L...J....l--..l..~-'--J.....I--..I..-J o 

i 
::0 
Co> 

.............. -1 I-+--+--F'"""""~--t--t--i -....... ~ 

~ :;: 0.5 1-+-+-+-+-+--1-+--1 

o 
4.50 4.75 5.00 5.25 5.50 -75 -50-25 0 25 50 75 100 125 -~-~-~ 0 ~ ~ ~1001~ 

TEMPERATURE ('C) Vee - SUPPLY VOLTAGE (Voe) TEMPERATURE ('C) 

CD 

~ 
a: 
1E 

Linearity Error vs VREF 
1.0 

Vee ~ 5V -+---+---+---1 
TA=25'C 

ffi 0.5 (lERO AND FULL·SCALE-I--­
ADJUSTED) ~ 

~ 
z 
::I 

\.. 

o '---........ '-----1. __ --1.. __ ........ __ -' 

o 3, 4 

VREF (V) 

Conversion Time vs 
Temperature 

50 r--"'--'-~-"'---r--~"""'-'" 

o '---~~~~~--~~~ 
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~ 
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60 Conversion Time vs VSUPPLY 
TA =25'C 

50 I-t--'-+--+-r-+--f-t-+--I 
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10 

0 

14 

12 

10 

8 
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4 

2 

:""'--.. -.. .... 
-1'--_.. 

4.5 4.75 5 5.25 

SUPPLY VOLTAGE (V) 
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Unadjusted Offset Error vs 
VREF Voltage 
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TRI-STATE Test Circuits and Waveforms 

t1H 

Vee , 
t1H. CL = 10 pF 

Rii DATA 
OUTPUT 

Ali 

GND 
10% 

~ ':" ':" ':" DATA VOH 90% 
TL/H/5016-4 

OUTPUTS 
GND 

t, = 20ns 

tOH tOH. CL 10 pF 

vee vee 

1iD 

GND 

Rii DATA 5 OUTPUT Vee --
DATA 

OUTPUTS 10% 
VOL 

':" ':" 
TLlH/50l6-6 t, = 20 ns 

Leakage Current Test.Circuit" 

5V 

CH1 (OFF) 

. ADC0844 

1'-----00-.. CH2 (ON/OFF) 

CHANNEL 
VOLTAGE 
SELECT 
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CH3 (ON/OFF) 

CH4 (ON/OFF) 

TL/H/S016-8 

~ 
C 
0 
0 
Q) 
.a::a. 
.a::a. 
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Timing Diagrams 

Programming New Channel Configur~tion and Starting a Conversion 

cs\ ___ f ,-) -------\~ ____ ~;r-

t--------tc------~ 

OBO-DB7 _____ _ 
MAO-MA3 

Note 1: Read strobe must occur at least 600 ns after the assertion of interrupt to guarantee reset of INTR. 

Note 2: MA stands for MUX address. 

Using the Previously Selected Channel Configuration and Starting a Conversion 

\_--,f 
I+----tc-:=j-'--.j 

',-------,I 
------------{ OBO-OB7' ' }--
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Functional Description 
The AOC0844 contains a 4-channel analog multiplexer 
(MUX) which can be configured in a"single-ended, differen­
tial, or pseudo-differential mode (Table 1). The specific 
mode is selected by loading the MUX address latch with the 
proper address. Inputs to the MUX address latch (MAO­
MA3) are common with data bus lines (OBO-OB3) and are 
enabled when the AD line is high. A conversion is initiated 
via the CS and WA lines. If the data from a previous conver­
sion is not read, the INIA line will be low. The falling edge of 
WA will reset the INTA line high and ready the AID for a 
conversion cycle. The rising edge of WA, with AD high, 
strobes the data on the MAO/OBO-MA3/0B3 inputs into the 
MUX address latch to select a new input configuration and 
start a conversion. If the AD line is held low during the entire 
low period of WA the previous MUX configuration is re­
tained, and the data of the "previous conversion is the output 
on lines OBO-OB7. After the conversion cycle (tc~40 p.S), 
which is set by the internal clock frequency, the digital data 
is transferred to the output latch and the INTA is asserted 

low. Taking CS and AD low resets INTA output high and 
outputs the conversion result on the data lines (OBO-OB7). 

Applications Information 
1.0 MULTIPLEXER CONFIGURATION 

The design of these converters utilizes a sample-data com­
parator structure which allows a differential analog input to 
be converted by a successive approximation routine. 

The actual voltag~ converted is always the difference be­
tween an assigned co + .. input terminal and a co -" input ter­
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned co + .. input is less than the 
.. -" input the converter responds with an all zeros output 
code. 

A unique input multiplexing scheme has been utilized to pro­
vide multiple analog channels. The input channels can be 
software configured into three modes: differential, single-

TABLE 1. ADC0844 MUX ADDRESSiNG 

MUXAddress 
CS 

MA3 MA2 

X L 
X L 
X L 
X L 

L H 
L H 
L H 
L H 

H H 
H H 
H H 

X X 

x = don', care 

MA1 MAO 

L L L 
L H L 
H L L 
H H L 

L L L 
"L H L 

H L L 
H H L 

L L L 
L H L 
H L L 

X X L 

4 Single-Ended 

CH1- (+) 

CH2- (+) 

CH3"- (+) 

CH4- (+) r AGND(-) 

3 Pseudo-Differential 

CH1- (+) 

CH2- (+) 

CH3- (+) 

CH4- (-I 

u 

U 

H 
H 
H 
H 

H 
H 
H 
H 

H 
U H 

H 

U L 

TL/H/S016·12 

TLIH/S016·14 

CH1 CH2 

+ -
- + 

+ 
+ 

+ 
+ 

Channel# 

CH3 CH4 AGND 

+ -
- + 

-
-

+ -
+ -
-
-

+ -

Previous Channel Configuration 

2 Differential 

CH1,CH2 {= +H 
-(+) 

CH3.CH4 {= +(-) 

-(+) 

Combined 

CH1,CH2{- + 
. - -

CH3- + 
CH4- + r AGND(-) 

MUX 
Mode 

Differential 

Single-Ended 

Pseudo-
Differential 

TL/H/S016·13 

TL/H/S016·1S 

FIGURE 1. Analog Input Multiplexer Options 
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Applications Information (Continued) 

ended, or pseudo-differential (Figure 1). In the differential 
mode, the channel inputs are grouped in pairs, CH1 with 
CH2 and CH3 with CH4. The polarity assignment of each 
channel in the pair is interchangeable. The single-ended 
mode has CH1-CH4 assigned as the positive input with the 
negative input being the analog ground (AGND) of the de­
vice. Finally, in the pseudo-differential mode CH1-CH3 are 
positive inputs referenced to CH4 which is now a pseudo­
ground. This pseudo-ground input can be set to any poten­
tial within the input common-mode range 0' the converter. 
The analog signal conditioning required in transducer-based 
data acquisition systems is significantly simplified with this 
type of input flexibility. One converter package can now 
handle ground referenced inputs and true differential inputs 
as well as signals with some arbitrary reference voltage. 

The analog input voltages for each channel can range from 
50 mV below ground to 50 mV above VCC (typically 5V) 
without degrading conversion accuracy. 

2.0 REFERENCE CONSIDERATIONS 

The voltage applied to the reference input to these convert­
ers defines the voltage span of the analog input (the differ­
ence between VIN(M~X) and VIN(MIN) over which the 256 
possible output codes apply. The devices can be used in 
either ratiometric applications or in systems requiring abso­
lute accuracy. The reference pin must be connected to a 
voltage source capable of driving the reference input resist­
ance of typically 2.4 kn. This pin is the top of a resistor 
divider string used for the successive approximation conver­
sion. 

In a ratio metric system (Figure 2a), the analog input voltage 
is proportional to the voltage used for the AID reference. 
This voltage is typically the system power supply, so the 
VREF pin can be tied to Vcc. This technique relaxes the 
stability requirements of the system reference as the analog 
input and AID reference move together maintaining the 
same output code for a given input condition. 

For absolute accuracy (Figure 2b), where the analog input 
varies between very specific voltage limits, the reference pin 
can be biased with a time and temperature stable voltage 
source. The LM385 and LM336 reference diodes are good 
low current devices to use with these converters. 

The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 

T 
5V 

Vee , 
• CH1(+) 

CH2(+) 

VREF ~ 
CH3(+) 

~.- CH4(+) 

(-)AGND 

1 
~ 

TLlH/5016·16 

small (see Typical Performance Characteristics) to allow di­
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc­
es when operating with a reduced span due to the in­
creased sensitivity of the converter (1 LSB equals 
VREF/256). ' 

3.0 THE ANALOG INPUTS 

3.1 Analog Differential Voltage Inputs and Common­
Mode Rejection 

The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 
to both selected II + II and" _" inputs for a conversion (60 
Hz is most typical). The time interval between sampling the 
II + II input and then the II - II inputs is % of a clock period. 
The change in the common-mode voltage during this short 
time interval can cause conversion errors. For a sinusoidal 
common-mode signal this error is: 

VERROR(MAX)= Vpeak (21T fCM)XO.5X (~) 
where fCM is the frequency of the common-mode signal, 
Vpcak is its peak voltage value and tc is the conversion 
time. 

For a 60 Hz common-mode signal to generate a % LSB 
error (Z 5 mV) with the converter running at 40 ).LS, its peak 
value would have to be 5.43V. This large a common-mode 
signal is much greater than that generally found in a well 
designed data acquisition system. 

3.2 Input Current 

Due to the sampling nature of the analog inputs short dura­
tion spikes of current enter the" + II input and exit the II - II 

input at the clock edges during the actual conversion. These 
currents decay rapidly and do not cause errors as the inter­
nal comparator is strobed at the end of a clock period. By­
pass capacitors at the inputs will average these currents 
and cause an effective DC current to flow through the out­
put resistance of the analog signal source. Bypass capaci­
tors should not be used if the source resistance is greater 
than 1 kn. 

~---o----~----__ ----------~~-------<~5V 

20k 

TLlH/5016·17 

a) Ratiometrlc b) Absolute with a Reduce Span 

FIGURE 2. Referencing Examples 
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Applications Information (Continued) 

3.3 Input Source Resistance 

The limitation of the input source resistance due to the DC 
'leakage currents of the input multiplexer is important. A 
worst-case leakage current of ± 1 /-tA over temperature will 
create a 1 mV input error with a 1 kO source resistance. An 
op amp RC active low pass filter can provide both imped­
ance buffering and noise filtering should a high impedance 
signal source be required. 

4.0 OPTIONAL ADJUSTMENTS 

4.1 Zero Error 

The zero of the AID does not require adjustment. If the 
minimum analog input voltage value. V'N(M'N). is not ground. 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage' 
by biasing any Y,N (-) input at this V'N(M'N) value. This is 
useful for either differential or pseudo-differential modes of 
input channel configuration. 

The zero error of the AID converter relates to the location 
of the first riser of the transfer function and can be mea­
sured by grounding the V- input and applying a small mag­
nitude positive voltage to the V+ input. Zero error is the 
difference between actual DC input voltage which is neces­
sary to just cause an output digital code transition from 0000 
0000 to 0000 0001 and the ideal % LSB value (% LSB = 9.8 
mV for VREF= 5.000 Vod. 

4.2 Full-Scale 

The full-scale adjustment can be made by applying a differ­
ential input voltage which is 1 % LSB down from the desired 
analog full-scale voltage range and then adjusting the mag­
nitude of the VREF input for a digital output code changing 
from 1111 1110 to 1111 1111. 

4.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the AID is shifted away from 
ground (for example, to accommodate an analog input sig­
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A Y,N (+) voltage which 
equals this desired zero reference plus % LSB (where the 
LSB is calculated for the desired analog span. 1 LSB = 
analog span/256) is applied to selected" + .. input and the 
zero reference voltage at the corresponding .. -" input 
should then be adjusted to just obtain the OOHEX to 01 HEX 
code transition. 

The full-scale adjustment should be made [with the proper 
Y,N (+) voltage applied] by forcing a voltage to the V,Ne -) 
input which is given by: 

. [(VMAX-VMIN)] 
Y,N (+ ) fs adJ = VMAX -1.5 256 

where VMAX = the high end of the analog input range and 
VMIN = the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 

The VREF (or Vee) voltage is then adjusted to provide a 
code change fromFEHEX to FFHEX. This completes the ad­
justment procedure. 

For an example see the Zero-Shift and Span Adjust circ,uit 
below. 

Zero-Shift and Span Adjust (2V::;: V,N::;: 5V) 

Vee 
(5 VDe) 

r----<>---4 V,N(+) Vee 1-.... ----------., 

SETS ZERO 
CODE VOL TAGE 

(2V) 

Ik 
Uk 2 VOC 

ZERO AOJ 

ADC0844 

330 

~10iJF ":" 
SETS 1.2k 
VOLTAGE 
SPAN 

- -.- -., 
I 
I 
I 
I 

lM336,2.5 I 
I I 
L _ .....; _______ J 
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Applications Information (Continued) 

Protecting the Input 

ADC0844 

Diodes are 1N914 

Differential Voltage Input 9-81t AID 

r----------------.-< Vm 

+ (- ) VREF I-~"""--t 

- ( +) ADC0844 
+(-) 

-(+) 

Span Adjust OV ~ V IN ~ 3V 

ADt0844 

Vcc 
(5V oc) 

TLlH/5016-19 

TL/H/5016·20 

High Accuracy Comparators 

Vcc 
(SVoc) 

TL/H/5016·21 

6·133 

5V 

Vet 

SYSTEM 
TEST 

POINTS + } ADCD844 

DO=a1l1s if VIN(+»VIN(-) 

. DO=all Os if VIN(+)<VIN(-) 

TL/H/5016-22 
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Applications Information (Continued) 

T2 

Operating with Automotive Ratiometrlc Transducers 

Vee 

ADC0844 

·VIN(-)=O.15 vee 

15% of Vee$VXDR$85% of Vee 

Vce 
(5VDC) 

+ 
~'0IJF 

0.7 Vec 
(J.5V) + 

I'" 

10k 

1k 
...... _-.. ..... FS 

ADJ 

24k 

TL/H/5016-23 

Converting 3 Thermocouples with only One Cold-Junction Compensator 

~-,-----------~CH1 

~------------------~--~CH2 ,.....-------------1 CH3 ADC0844 

, 
I LM335' 

.J 

1k 910 

Vee 

Uses the pseudo-differential mode to keep the differential inputs constant with changes in reference temperature (T REF). 
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Applications Information (Continued) 

A Stand Alone Circuit 

5V 5V 

1 20 NSl5027 

OUT 1.2k 
(8 Pl) 

Vee ;J 3 DIS (8 Pl) 
01 01 

02 02 

03 03 

04 04 
MM74C374 

13 
05 

12 
05 

14 
06 06 

15 

17 
07 07 

16 

18 
08 08 

19 

11 

5V 

3 5 7 9 
5.1k 5.1k 5.1k MUX 

5.1k ADDRESS 01 02 03 04 
15 10 MAO 

DlS2 14 

':" 

• 
13 

MM80C95 

-----4t-----------OI DlS1 INll-----4 .... -----~';r~c::>_. 

Start a Conversion without Updating the Channel, Configuration 

C'S >_----------tC'S 

~>-------------~~ 
ADC0844 

TLlH/5016-26 

CS.WR will update the channel configuration and start a conversion. 

CSo® will read the conversion data and start a new conversion without 
updating the channel configuration_ 

Waiting for the end of this conversion is not necessary_ A CSoWR can imme­
diately follow t,he CSoRD_ 
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~ Applications Information (Continued) 
o 
o ADC0844-INS8039 Interface 
C 
-=c 5V 

5V 

40 20 

Vee Vee 

OBO 
12 17 

DBO/MAO VREf 

DBl 4
13 16 ~ DB1/MAl (+)CHl 

DB2 
14 15 (-)CH2 

DB2IMA2 

DB3 
15 14 

DB3/MA3 
16 13 

DB4 DB4 
17 12 

DB5 
ADC0844 

DB5 
INS8039 18 11 

DB6 DB6 

De7 
19 

DB7 

Wi! 
19 

WII 

iiii 10 iiii 
PIO CS (+)CH3 

27 18 
Pll INTR (-)CH4 

AGND 

TL/H/S016·27 

SAMPLE PROGRAM FOR ADC0844-INS8039 INTERFACE 
CONVERTING TWO RATIOMETRIC, DIFFERENTIAL SIGNALS 

ORG OH 
0000 0410 JMP BEGIN ;START PROGRAM AT ADDR 10 

ORG 10H ;MAIN PROGRAM 
0010 B9FF BEGIN: MOV R1,#OFFH ;LOAD R1 WITH A UNUSED ADDR 

;lOCATION 
0012 B820 MOV RO#20H ;AlD DATA ADDRESS 
0014 89 FF ORl P1,#OFFH ;SET PORT 1 OUTPUTS HIGH 
0016 2300 MOV A,OOH ; lOAD THE ACC WITH AID MUX DATA 

;CH1 AND CH2 DIFFERENTIAL 
0018 1450 CAll CONV ;CALl THE CONVERSION SUBROUTINE 
001A 2302 MOV A,#02H ;lOAD THE ACC WITH AID MUX DATA 

;CH3 AND CH4 DIFFERENTIAL 
001C 18 INC RO ;INCREMENTTHE AID DATA ADDRESS 
0010 1450 CAll CONV ;CAll THE CONVERSION SUBROUTINE 

;CONTINUE MAIN PROGRAM 

;CONVERSION SUBROUTINE 
;ENTRY:ACC--AlD MUX DATA 
;EXIT: ACe-CONVERTED DATA 

ORG SOH 
0050 99 FE CONV: ANL P1,#OFEH ;CHIP SELECT THE AID 
0052 91 MOVX @R1,A ;LOAD AID MUX & START CONVERSION 
0053 09 LOOP: IN A,P1 ;INPUT INTR STATE 
0054 3253 JB1 LOOP ;IF INTR = 1 GOTO LOOP 
0056 81 MOVX A,@R1 . ;IF INTR = 0 INPUT AID DATA 
0057 8901 ORL P1 &01H ;CLEAR THE AID CHIP SELECT 
0059 AO MOV @RO,A ;STORE THE AID DATA 
005A 83 RET ;RETURN TO MAIN PROGRAM 
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Applications Information (Continued) 

I/O Interface to NSC800 

AD15 AD1. AD13 AD12 ADll 101M !IIi WR AD7 AD6 ADS 

7 STRB DM8131 
U,:: 

OUT ...... ---~CS 

11 T2 T3 T 4 T5 T6 CH1(+) CH2(+) 

5V 

AD4 AD3 AD2 AD1 ADO 

ADC0844 VREF 

CH3(+) 

":" 

DGNO 

CH4( +) AGNO 

20 

VR 

TLIH/S016-2B 

SAMPLE PROGRAM FOR ADC0844-NSC800 INTERFACE 

0008 NCONV EQU 8 

OOOF DEL EQU 15 ;DELAY 50 )-tsec CONVERSION 
001F CS EQU 1FH ;THE BOARD ADDRESS 

3COO ADDTA EQU 003CH ;START OF RAM FOR AID 
;DATA 

0000' OB OA09 MUXDTA: DB OBH,OAH,09H ;MUX DATA 

0003' 08 DB 08H 
0004' OE1F START: LD C,CS 
0006' 0608 LD B,NCONV 
0008' 210000' LD HL,MUXDTA 
OOOB' 11003C LD DE,ADDTA 
OOOE' EDA3 STCONV: OUT I ;LOAD AID'S MUX DATA 

;AND START A CONVERSION 

0010' EB EX DE,HL ;HL= RAM ADDRESS FOR THE 
;AlD DATA 

0011' 3EOF LD A,DEL 
0013' 3D WAIT: DEC A ;WAIT 50 )-tsec FOR THE 

0014' C20013' JP NZ,WAIT ;CONVERSION TO FINISH 

0017' EDA2 INI ;STORE THE AID'S DATA 
;CONVERTED ALL INPUTS? 

0019' EB EX DE,HL 
001A' C2000E' JP NZ,STCONV ;IF NOT GOTO STCONV 

END 
Note: This routine sequentially programs the MUX data latch in the signal-ended mode. For CH1-CH4 a conversion is started, then a 50,..5 wait for the AID to 
complete a conversion and the data is stored at address ADDTA for CHI, ADDTA + 1 for CH2, etc. 

Ordering Information 

Temperature Range O°C to 70°C - 40°C to + 85°C - 55°C to + 125°C 

± % LSB Unadjusted ADC0844BCN ADC0844BCJ ADC0844BJ 

± 1 LSB Unadjusted ADC0844CCN ADC0844CCJ ADC0844CJ 

Package Outline N20A-Molded DIP J20A-CERDIP J20A-CERDIP 
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U Semiconductor 

PRELIMINARY 

ADC1001, ADC1021 10-Bit fJ-P Compatible AID bonverters 

General Description 
The ADC1001 and ADC1021 are CMOS, 10-bit successive 
approximation AID converters. The 20-pin ADC1001 is pin 
compatible with the ADC0801 8-bit AID family. The 10-bit 
data word is read in two 8-bit bytes, formatted left justified 
and high byte first. The six least significant bits of the sec­
ond byte are set to zero, as is proper for a 16-bit word. 

The 24-pin ADC1021 outputs 10 bits parallel and is intended 
for interface to a 16-bit data bus. 

A differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero in­
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog volt­
age span to the full 10 bits of resolution. 

Features 
• ADC1001 is pin compatible with ADC0801 series 8-bit 

AID 
• Compatible with NSC800 and 8080 p.P derivatives-no 

interfacing logic needed-access time 170 ns 

Typical Application 

M 
.. !-. ~ 

2_ ii1i 
3 

5_ 

11 

12 

13 

14 

·1 ANY ~ ~ .... -----4 
IpPROCESSoRf';-y' ;J+.----.,;.;~ 

... 
15 

16 

17 

18 

ViR 
INfA 
087 

086 

085 

084 

083 

oB2 

081 

Vce 

CLK R 

- ClK IN 

AOC100l VIN(+) 

VINH 

A GND 

VREFI2 

20 

19 

4 

6 

• Easily interfaced to 6800 p.P derivatives with minimal 
external logic 

• Differenfial analog voltage inputs 
• logic inputs and outputs meet both MOS and T2l volt-

age level specifications 
• Works with 2.5V (LM336) voltage reference 

• On-chip clock generator 
• OV to 5V analog input voltage range with single 5Vsup­

ply 

• Operates ratiometrically or with 5 Voc, 2.5 Voc, or ana­
log span adjusted voltage reference 

• 0.3" standard width 20-pin DIP package or 24 pins with 
10-bit parallel output 

Key Specifications 
• Resolution 
• linearity error 
• Conversion time 

5V 

1 
.... 

1.!.~ iot ... 

I 

10 bits 
±1 lSB 

200p.S 

TRANSDUCER 
r-- f--

10·BIT RESOLUTION 
~ ~ OVER ANY DESIRED 

~ 
ANALOG INPUT 
VOLTAGE RANGE 

7 :::>DIFF INPUTS ~ f--

8 I 

f-<> SPAN AOJ ~ ~ 
10 

oBO DGND i'rl7 
TLlH/5675-1 

Ordering Information 

Temperature Range Q·Cto + 7Q·C - 4Q·C to + 85·C 

Order Number ADC1001CCD-1 I ADC1021CCD-1 ADC1 001 CCD I ADC1 021 CCD 

Package Outline D20A I D24C D20A I D24C 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Ratings (Notes 1 and 2) 

Supply Voltage (Vce) (Note 3) 6.5V Temperature Range TMIN ~TA~TMAX 

Logic Control Inputs -0.3V to + 18V ADC1001CCD -46oc~TA~ +85°C 

Voltage at Other Inputs and Outputs - 0.3V to (VCC + 0.3V) ADC1021CCD 

Storage Temperature Range - 65°C to + 150°C ADC1001CCD-1 O°C~TA~ +70·C 

Package Dissipation at T A = 25·C 875mW ADC1021CCD-1 

Lead Temperature (Soldering. 10 seconds) 300°C Range ofVcc 4.5 VOC to 6.3 VOC 

Converter Characteristics 
Converter Specifications: VCc=S VOC. VREF/2:::2.S00 VOC. TMIN~TA~TMAX and fCLK=410 kHz unless otherwise speci-
fied. 

Parameter Conditions Min Typ Max Units 

ADC1001C. ADC1021C: 
Linearity Error _ I ±1 LSB 

Zero Error ±2 LSB 

Full-Scale Error ±2 LSB 

VREF/2 Input Resistance Input Resistance at Pin 9 3.2 S.2 Kn 

Analog Input Voltage Rang~ (Note 4) V(+) orV(-) GND-O.OS VCc+O.OS VOC 

DC Common-Mode Error Over Analog Input Voltage Range ±Vs LSB 

Power Supply Sensitivity Vcc=S VOc±S% Over ±Vs LSB 

Allowed VIN( +) and VIN( -) 
Voltage Range (Note 4) 

AC Electrical Characteristics 
Timing Specifications: VCC= S VOC and TA = 25°C unless otherwise specified. 

Parameter Conditions Min Typ Max Units 

Tc Conversion Time (NoteS) 82 89 1/fCLK 
fCLK=410 kHz 200 217 p.S 

fCLK Clock Frequency (Note 8) 100 1260 kHz 

Clock Duty Cycle 40 60 % 

CR Conversion Rate In Free-Running INTR tied to WR with 4600 conv/s 

Mode CS=O VOC. fCLK=410 kHz 

tW(WR)L Width of WR Input (Start Pulse CS=O VOC (Note 6) 1S0 ns 
Width) 

tACC Access Time (Delay from CL =100pF 170 300 ns 

Falling Edge of RD to Output 

Data Valid) 

t1H. tOH TRI-STATE@ Control (Delay CL = 10 pF. RL = 10k 125 200 ns 

from Rising Edge of RD to (See TRI-STATE Test 
Hi-Z State) Circuits) 

tWI. tRI Delay from Falling Edge 300 4S0 ns 

of WR or RD to Reset of INTR 

t1rs INTR to 1 st Read Set-Up Time SSO 400 ns 

CIN Input Capacitance of Logic S 7.S pF 

Control Inputs 

COUT- TRI-STATE Output S 7.S pF 

Capacitance (Data Buffers) 
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DC Electrical Characteristics 
The following specifications apply for VCC=5 VOC and TMIN::;:TA::;: TMAX, unless otherwise specified. 

Parameter Conditions Min Typ Max Units 

CONTROL INPUTS [Note: ClK IN is the input of a Schmitt trigger circuit and is therefore specified separately] 

Y'N (1) logical "1" Input Voltage Vcc=5.25 VOC 2.0 15 VOC 

(Except ClK IN) 

V'N(O) logical "0" Input Voltage Vcc=4.75 VOC 0.8 VOC 

(Except ClK IN) 

liN (1) logical "1" Input Current V'N=5 VOC 0.005 1 IlA OC 
(All Inputs) 

liN (0) logical "0" input Current V,N=OVOC -1 -0.005 IlA OC 

(All Inputs) . 
CLOCK IN 

VT+ ClK IN Positive Going 2.7 3.1 3.5 VOC 

Threshold Voltage 

VT- ClK IN Negative Going 1.5 1.8 2.1 VOC 

Threshold Voltage 

VH ClK IN Hysteresis 0.6 1.3 2.0 VOC 

(VT + ) - (VT - ) 

OUTPUTS AND INTR 

VOUT(O) logical "0" Output Voltage 10UT= 1.6 mA, Vcc=4.75 VOC 0.4 VOC 

VOUT(1) logical "1" Output Voltage 10= -360 IlA. Vcc=4.75 VOC 2.4 VOC 

10= -10 IlA , Vcc=4.75 VOC 4.5 VOC 

lOUT TRI-STATE Disabled Output VOUT=O.4 VOC 0.1 -100 . IlA OC 

leakage (All Data Buffers) VOUT=5 VOC 0.1 3 IlA OC 

'SOURCE VOUT Short to GND, T A = 25°C 4.5 6 mAoc 

ISINK VOUT Short to Vcc, T A = 25°C 9.0 16 mAoc 

POWER SUPPLY 

ICC Supply Current (Includes fCLK=410 kHz, 

ladder Current) VREF/2 = NC, T A = 25°C 

and CS= 1 1.5 2.5 mA 

Note 1: Absolute Maximum Ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. The separate A GND point should always be wired to the D GND. 

Note 3: A zener diode exists, 'internally, from Vee to GND and has a typical breakdown voltage of 7 Voe. 

Note 4: For VIN( -) ~ VIN( +) the digital output code will be all zeros. Two on·chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vee supply. Be careful, during testing at low Vee levels (4.5V), 
as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog inputs near fullscale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog VIN does not exceed the supply voltage by more than 50 mY, the output 
code will be correct. To achieve an absolute 0 Voe to 5 Voe input voltage range will therefore require a minimum supply voltage of 4.950 Voe over temperature 
variations, initial tolerance and loading. 

Note 5: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. The 
start request is internally latched, see Figure 1. 

Note 6: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide pulse width will hold 
the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see Timing Diagrams). 

Note 7: All typical values are for T A =' 25°C. . 

Note 8: Accuracy is guaranteed at fCLK = 410kHz. At higher clock frequencies accuracy can degrade. 

<. 
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Typical Performance Characteristics 
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TRI-STATE Test Circuits and Waveforms 
t'H 

Vce 

Vee 

GND 

DATA VOH ~%tlH 
OUTPUTS . ~ 

GNO ---'------== 
TL/H/5675-3 TL/H/5675-4 

Ir= 20 ns 

tOH tOH. CL = 10 pF 
vee vee 

GNO 

5
0H 

vee ---
. DATA • 

OUTPUTS IDOl 
VOL " 

TLlH/5675-6 

TL/H/5675-5 
Ir=20 ns 
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START 
CONVERSION 

B \ I II 

WJi 

"BUSY" 

ACTUAL INTERNAL 
STATUS OF THE -----------I----+--~I---.;..;;.;..;.;.;;.;..---' 

CONVERTER 

I TO •• 111ClK 

(lAST OAT A WAS REAO} 

Output Enable and Reset I,NTR 

iNTl!RESET 

1111 

<The 24'pin ADC1021 outputs all 10 bits on each RD. 

Note: All timing is measured from the 50% voltage pOints. 

TRI·STATE® -< .... __ l_S _..1)- - -- -""- - - - - - _ BYTE • 

BYTE SEQUENCING FOR THE 20·PIN ADC1001 

Byte 8·Blt Data Bus Connection 
Order DB7 DBS DBS DB4 DB3 DB2 DB1 DBO 

MSB 
1st Bit 9 BitS Bit? Bit 6 Bit 5 Bit4 Bit3 Bit2 

LSB 
2nd Bit 1 BitO 0 0 0 0 0 0 
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Functional Description 
The ADC100l, ADC1021 are mechanized using an ad­
vanced potentiometric resistive ladder network. The analog 
inputs, as well as the taps of this ladder network, are 
switched into a weighted capacitor array. The output of this. 
capacitor array is the input to a sampled data comparator. 
This comparator allows the successive approximation logic 
to match the analog difference input voltage 
[VIN( + ) - VIN( -)] to taps on the R network. The most sig­
nificant bit is tested first and after 10 comparisons (80 clock 
cycles) a digital 10-bit binary code (all "l"s = full-scale) is 
transferred to an output latch and then an interrupt is assert­
ed (INTR makes a high-to-Iow transition). The device may 
be operated in the free-running mode by connecting INTR 
to the WR inut with CS = O. To insure start-up under all pos­
sible conditions, an external WR pulse is required during the 
first power-up cycle. A conversion in process can be inter­
rupted by issuing a second start command. 

On the high-to-Iow transition of the WR input the internal 
SAR latches and the shift register stages are reset. As long 
as the CS input and WR input remain low, the AID will re­
main in a reset state. Conversion will start from 1 to 8 clock 
periods after at least one of these'inputs makes a low-to­
high transition. 

A functional diagram of the AID converter is shown in Fig­
ure 1. All of the inputs and outputs are shown and the major 
logic control paths are drawn in heavier weight lines. 

The converter is started by having CS and WR simulta­
neously low. This sets the start flip-flop (F/F) and the result­
ing "1" level resets the 8-bit shift register, resets the Inter­
rupt (INTR) F/F and inputs a "1" to the D flop, F/F1, which 
is at the input end of the 10-bit shift register. Internal clock 
signals then transfer this "1" to the Q output of F/F1. The 
AND gate, Gl, combines this "1" output with a clock signal 
to provide a reset signal to the start F/F. If the set signal is 
no longer present (either .wR or CS is a "1") the start F I F is 
reset and the 10-bit shift register then' can have the "1" 

5V 
~ 

ADC1001, ADC1021 

~ tOM 
10k ><1--..IV\j ". ... I\'~-o--~ VIN( -) 

4 

-5V 

:: 100 

NOTE: VIN( -) should be biased so 
that VIN(-)~ -Q,Q5V when potentiometer 
wiper is set at most negative 
voltage position. 

FIGURE 2. Zero Adjust Circuit 

TLlH/5675-9 
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clocked in, which allows the conversion process to contin­
ue. If the set signal were to still be present, this reset pulse 
would have no effect and the 10-bit shift register would con­
tinue to be held in the reset mode. This logic therefore al­
lows for wide CS and WR signals and the converter will start 
after at least one of these signals returns high and the inter­
nal clocks again provide a reset Signal for the start F/F. 

After the "1" is clocked through the 10-bit shift register 
(which completes the SAR search) it causes the new digital 
word to transfer to the TRI-STATE output latches. When 
this XFER signal makes a high-to-Iow transition the one 
shot fires, setting the INTR F/F. An inverting buffer then 
supplies the INTR output signal. 

Note that this SET control of the INTR F/F remains low for 
aproximately 400 ns. If the data output is continuously en­
abled (CS and RD both held low), the INTR output will still 
signal the end of the conversion (by a high-to-Iow tran­
sition), because the SET input can control the Q output of 
the INTR F/F even though the RESET input is constantly at 
a "1" level. This INTR output will therefore stay low for the 
duration of the SET signal. 
When data is to be read, the combination of both CS and 
RD being low will cause the INTR F/F to be reset and the 
T81-STATE output latches will be enabled. 

Zero and Full-Scale Adjustment 

Zero error can be adjusted as shown in Figure 2. VIN( +) is 
forced to + 2.5 mV (+ % LSB) and the potentiometer is 
adjusted until the digital output code changes from 00 0000 
0000 to 00 0000 0001. 

Full-scale is adjusted as shown in Figure 3, with the VREF/2 
input. With VIN (+) forced to the desired full-scale voltage 
less 1% LSBs (VFS-l% LSBs), VREF/2 is adjusted until 
the digital output code changes from 11 1111 1110 to 11 

1111 "". 

(Vee) 5V 
() 

:: 1k 
ADC100l, ADC1021 

VREFI2 

10k 
I- ,., ~ . ~ .. ~ LM336 

I --
TL/H/5675-10 

FIGURE 3. Full-Scale Adjust 
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Connection Diagrams 
ADC1001 (for an a·bit data bus) 

Dual·ln·Line Package 
~ 20 VCC (OR VREF) 

Ali 
19 

CLK R 

81T 2 

CLK IN BITJ 

iNfJI 
16 

BIT4 

VIN(·) 
15 

BITS 

VIN(-) 
14 

BIT8 

13 
A GNO BIT7 

VREF/2 
12 

BITS 

o GND (MS8) BIT 9 

81T 0 (LS8) 

BIT 1 

ADC1021 (for all10·bit outputs In parallel) 
Dual·ln·Line Package 

WA o· 

CLK IN O' 

INTR BIT2 

VIN(·) BIT J 

V,N(-) BIH 

A GNO BITS 

VREF/2 BITS 

BIT 1 

TOP VIEW 1ST 8YTE 2ND BYTE 

TLlH/5675-11 

See Ordering Information 

Block Diagram 

TOPVIEW 

TLlH/5675-12 

·TRJ-STATE~ output buffers which output 0 during RD. 

cso--------o,""'" 
WR ~-~~---~r-~)-1~-------------~----_e--~R~ES~E~T~ 

CLK R 

LADDER 
ANO 

DECODER 

VREFI2 0----.----.... - ..... 

A GNO 

":" Vee 

DAC 
V(OUTJ 

, AOC100l 20-PIN 

AOC1021 24-PII'~ 

INPUT PROTECTION 
FOR All LOGIC INPUTS 

INPUT 

~ 
TO INTEhNAL 
CIRCUITS 

BV ~ JOV 

SAR 
LATCH 

(NOTE 2) 

CLK B 

CLK B 

~ 

10-BIT 
SHIFT R 

REGISTER 

~J 
-11-400111 

CS (NOTE 11 0----------01,"'" 
Ali ~------------TR-I--ST-A-T-E~-'C-O-N-TR-O-L~---------------R-ES-E-T~ 

Note 1: CS shown twice for clarity. 
"I" = OUTPUT ENABLE 

Note 2: SAR = Successive Approximation Register. FIGURE 1 

6·144 

/ 
START CONVERSION 
IF RESET = "0" 

INTR F/F 
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J?'jI National 
~ Semiconductor 

PRELIMINARY 

ADC3511 3%-Digit Microprocessor Compatible AID 
Converter 
ADC3711 3314-Digit Microprocessor Compatible AID 
Converter 

General Description 
The ADC3511 and ADC3711 (MM74C937,' MM74C938-1) 
monolithic AID converter circuits are manufactured using 
standard complementary MOS (CMOS) technology. A pulse 
modulation analog-to-digital conversion technique is used 
and requires no external precision components. In addition, 
this technique allows the use of a reference voltage that is 
the same polarity as the input voltage. 

One 5V (TTL) power supply is required. Operating with an 
isolated supply allows the conversion of positive as well as 
negative voltages. The sign of the input voltage is automati­
cally determined and indicated on the sign pin. If the power 
supply is not isolated, only one polarity of voltage may be 
converted. 

The conversion rate is set by an internal oscillator. The fre­
quency of the oscillator can be set by an external RC net­
work or the oscillator can be driven from an external fre­
quency source. When using the external RC network, a 
square wave output is available. 

The ADC3511 and ADC3711 have been designed to pro­
vide addressed BCD data and are intended for use with 
microprocessors and other digital systems. BCD digits are 
selected on demand via 2 Digit Select (DO, D1) inputs. Digit 
Select inputs are latched by a low-to-high transition on the 
Digit Latch Enable (DLE) input and will remain latched as 
long as DLE remains high. A start conversion input and a 

Connection Diagram 

conversion complete output are included on both the 
ADC3511 and the ADC3711. 

Features 
• Operates from single 5V supply 
• ADC3511 converts 0 to ± 1999 counts 
a ADC3711 converts 0 to ± 3999 counts 
II. Addressed BCD outputs 
II No external precision components necessary 
II Easily interfaced to microprocessors or other digital 

systems 
II Medium speed-200 mslconversion 
II TTL compatible 
• Internal clock set with RC network or driven externally 
II Overflow indicated by hex "EEEE" output reading as 

well as an overflow output 

Applications 
a Low cost analog-to-digital converter 
II Eliminate analog multiplexing by using remote 

AID converters 
II Convert analog transducers (temperature, pressure, dis­

placement, etc.) to digital transducers 

Dual-In-Line Package 

Vee ...2. U r!!- 21 

ANALOG Vee 2. ~2D 

222 ~Vss 

2J-! ,!!.. 01 

OVERflow..1. ~OD 

CONVERSION COMPLETE....! ..!.!. OLE 

START CONVERSION...!.. ..!.!. 'OUT 

s; GN 2 .!2... 'IN 

Vm TER-1. ~VREf 

VIN(_) ....!.!!. ~SWI Order Number ADC3511CCN or 

VIN(') ....!..!. ~SW2 
ADC3711CCN 

NS Package N24A 

VfB ..2!. .!!.. ANALOG GNO 

TOP VIEW 
TL/H/5678-1 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -:-O.3V to Vee +O.3V Absolute Maximum Vee 6.5V 

Operating Temperature Range (T A) - 40°C to + 85°C Storage Temperature Range - 65°C to + 150°C 

Package Dissipation at T A = 25°C 500mW Lead Temperature (Soldering, 10 seconds) 300°C 

Operating Vee Range 4.5Vto 6.0V 

DC Electrical Characteristics ADC3511CC,ADC3711CC 
4.75VsVees5.25V, -40°CsTAS +85°C, unless otherwise specified. 

Parameter Conditions Min 
Typ 

Max Units 
(Note 2) 

VIN(1) Logical "1" Input Voltage Vee- 1.5 V 
. (Except fiN) 

VIN(O) Logical "0" Input Voltage 1.5 V 

(Except fiN) 

VIN(1) Logical "1" Input Voltage Vee- 0.6 V 

(fiN) 

VIN(O) Logical "0" Inpu't Voltage 0.6 V 

(fiN) 

VOUT(1) Logical "1 "Output Voltage 10 = 360JJ.A Vee- O.4 V 
(Except 20,21,22,23) 

VOUT(1) Logical "1 " Output Voltage 10 = 360JJ.A Vee- 1.O V 
(20, 21, 22, 23) 

VOUT(O) Logical "0" Output Voltage 10=1.6 mA 0.4 V 

IIN(1) Logical "1" Input Current VIN = Vee 0.005 1.0 JJ.A 
(SC, DLE, DO, D1) 

IIN(O) Logical "0" Input Current VIN=OV -1.0 -0.005 JJ.A 
(SC, DLE, DO, D1) 

Icc Supply Current All Outputs Open 0.5 5.0 mA 

AC Electrical Characteristics ADC3511CC, ADC3711CC 
Vee=5V; TA=25°C, CL =50 pF; tr=tj=20 ns; unless otherwise specified. 

Parameter Conditions Min 
Typ 

Max Units 
(Note 2) 

fose Oscillator Frequency 0.6!RC Hz 

fiN Clock Frequency 100 640 kHz 

feONV Conversion Rate ADC3511CC fIN!64,512 conversions! sec 
ADC3711CC fIN!129,024 conversions! sec 

tsepw Start Conversion Pulse Width 200 DC ns 

tpdo, tpd1 Propagation Delay DLE=OV 2.0 5.0 JJ.s 
DO, D1, to 20, 21, 22, 23 

tpdO, tpd1 Propagation Delay 2.0 5.0 JJ.s 
DLE to 20, 21, 22, 23 

tSET-UP Set-UpTime tHOLO=O ns 100 200 ns 
DO, D1, to DLE 

tpWOLE Minimum Pulse Width 100 200 ns 
Digit Latch Enable (Low) 
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Converter Characteristics ADC3511CC, ADC3711CC4.75~Vcc~5.25V; -40'C~TA~ + 85'C, 

fc=5 conv./sec (ADC3511CC); 2.5 conv./sec (ADC3711CC); unless otherwise specified. 

Typ 
Parameter Conditions Min Max Units 

(Note 2) 

Non·Linearity VIN = 0-2V Full Scale -0.05 ±0.025 +0.05 % of Full·Scale 
VIN = 0-200 mV Full Scale (Note 3) 

Quantization Error -1 +0 Counts 
Offset Error VIN=OV -0.5 +1.0 +3.0 mV 

(Note 4) 
Rollover Error -0 +0 Counts 

VIN+, VIN- Analog Input Current TA=25'C -5 ±1 +5 nA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" they are not 
meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: All typicals are given for T A = 25'C. 

Note 3: For the ADC3511CC: full-scale = 1999 counts; therefore 0.025% of full-scale = Vz count and 0.05% of full-scale = 1 count. For the ADC3711CC: full­
scale = 3999 counts; therefore 0.025% of full-scale = 1 count and 0.05% of full-scale = 2 count. 

Note 4: For full-scale=2.000V: 1 mV= 1 count for the ADC3511CC; 1 mV=2 counts for the ADC3711CC. 

Block Diagram 
ADC3511 3 Y:z-Dlglt AID (* ADC3711 3 3/4-Dlglt AID) 

START CONV 

FRED IN OICITAL TIMINC 
AND CONTROL 

FRED OUT 

CNO~VSS 

OICITAL VCC ...... --+--+-----.. 
100 

ANALOC vcc ...... --+-4-----4 
vFlLTER ---+--+---, 

COMPARATOR 
TIMING 
~ 

101 

102 

10J 

104 

31/2133/41 DICIT 
LATCH 

20 

21 

16.4 ROM SCO 
MUX DECODER 

22 

2J 

DO 

01 

OLE 

OVERFLOW 
ROM 

...... ----------------..... OvERflOW 

...... ------------------... CONVCOMPLETE 

...... -------------------+SICN 

SW2 

t"'il---.... +--.... -------------------------+-... ~-VREF 
L_-1 

VFB ...... -------....1 
TL/H/5678-2 
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Applications Information 
THEORY OF OPERATION 
A schematic for the analog loop is shown in Figure 1. The 
output of SW1 is either at VREF or zero volts, depending on 
the state of the D flip-flop. If Q is at a high level, 
VOUT=VREF and if Q is at a low level VOUT=OV. This volt­
age is then applied to the low pass filter comprised of R1 
and C1. The output of this filter, VFB, is connected to the 
negative input of the comparator, where it is compared to 
the analog input voltage, VIN. The output of the comparator 
is connected to the D input of the D flip-flop. Information is 
then transferred from the D input to the Q and Q outputs on 
the positive edge of clock. This loop forms an oscillator 
whose duty cycle is precisely related to the analog input 
voltage, VIN. 

An example will demonstrate this relationship. Assume the 
input voltage is equal to 0.500V. If the Q output of the D flip­
flop is high then VOUT will equal VREF (2.000V) and VFB will 
charge toward 2V with a time constant equal to R 1 C1. At 
some time VFB will exceed 0.500V and the comparator out­
put will switch to OV. At the next clock rising edge the Q 

output of the D flip-flop will switch to ground, causing VOUT 
to switch to OV. At this time, VFB will start discharging 
toward OV with a time constant R1C1. When VFB is less 
than 0.5V the comparator output will switch high. On the 
rising edge of the next clock the Q output of the D flip-flop 
will switch high and the process will repeat. There exists at 
the output of SW1 a square wave pulse train with positive 
amplitude VREF and negative amplitude OV. 

The DC value of this pulse train is: 

tON 
VOUT = VREF = VREF (duty cycle) 

tON + tOFF 

Rl 

VIN=VFS=VREFX(duty cycle) 

f=(duty cycle)XflN 

The lowpass filter will pass the DC value and then: 

VFB = VREF (duty cycle) 

Since the closed loop system will always force VFB to equal 
VIN, we can then say that: 

or 

VIN=VFB=VREF (duty cycle) 

VIN = (duty cycle) 
VREF 

The duty cycle is logically ANDed with the input frequency 
fiN. The resultant frequency f equals: 

f = (duty cycle) x (fiN) 

Frequency f is accumulated by counter no. 1 for a time de­
termined by counter no. 2. The count contained in counter 
no. 1 is then: 

f (duty cycle) x (fiN) 
(count) = -- = ..;.........;....-'----'----'-..:.:....:.;.. 

(fIN)1N (fIN)/N 

= VIN x N 
VREF 

For the ADC3511 N = 2000. 

For the ADC3711 N = 4000. 

RESET 

TL/H/5678-3 

Count in counter no. 1 = _f _ = (duty cycle) x fiN = ~ x N 
(fIN)1N (fIN)!N VREF 

FIGURE 1. Analog Loop Schematic Pulse Modulation AID Converter 
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Applications Information (Continued) 

GENERAL INFORMATION 
The timing diagram, shown in Figure 2, gives operation for 
the free running mode. Free running operation is obtained 
by connecting the Start Conversion input to logic "1" (Vee). 
In this mode the analog input is continuously converted and 
the digit latches are updated at a rate equal to 64,512 x 
1/flN for the ADC3511, or 129,02.4 for the ADC3711. 

The rising edge of the Conversion Complete output indi­
cates that new information has been transferred from the 
internal counter to the digit latches. This information will re­
main in the digit latches until the next low-to-high transition 
of the Conversion Complete output. A logic "1" will be main­
tained on the Conversion Complete output for a time equal 
to 64 X 1/flN on the ADC3511, or 128 X 1/flN on the 
ADC3711. 

Figure 3 gives the operation using the Start Conversion in­
put. It is important to note that the Start Conversion input 
and Conversion Complete output do not influence the actual 
analog-to-digital conversion in any way. Internally the 
ADC3511 and ADC3711 are always continuously converting 
the analog voltage present at their inputs. The Start Conver­
sion input is used to control the transfer of information from 
the internal counter to the digit latches. I 

IINJlJL 

An RS latch on the Start Conversion input allows a broad 
range of input pulse widths to be used on this signal. As 
shown in Figure 3, the Conversion Complete output goes to 
a logic "0" on the rising edge of the Start Conversion pulse 
and goes to a logic "1" some time later when the new con­
version is transferred from the internal counter to the dis­
play latch. Since the 'Start Conversion pulse can occur at 
any time during the conversion cycle, the amount of time 
from Start Conversion to Conversion Complete will vary. 
The maximum time is 64,512 X 1/flN (129,024 X 1/flN for 
the ADC3711) and the minimum time is 256 X 1/flN (512 X 

11f1N) for the ADC3711). 

SYSTEM DESIGN CONSIDERATIONS 

The ADC3511 and ADC3711 have reduced the problem of 
high resolution, high accuracy analog-to-digital conversion 
to nearly the level of simplicity, economy, and compactness 
usually associated with digital logic circuitry. However, they 
are truly high precision analog devices, and require the 
same kind of design considerations given to all analog cir­
cuits. While great care has been taken in the design of the 
ADC3511 and ADC3711 to make their application as easy 
as possible, in order to utilize them to their full performance 
potential, good grounding, power supply distribution, decou­
piing, and regulation techniques should be exercised. 

64,512x1/fIN ~ 
(129,024 x l/IIN) 

1------(128,000 x l/IIN) 
64,000 x 1/fIN I 

CONVERSION CYCLE 
(INTERNAL SIGNAL) 

(128,512 x l/IIN) . 64/flN 64,256xl/1IN n ~ 
(128/flNl 

CONVERSION n 
COMPLETE • I L-
t:-------t~ 

NEW CONVERSION 
CONVERSION ENOS 

STARTS 

FIGURE 2. Conversion Cycle Timing Diagram for Free Running Operation 
(Times Shown in Parentheses are for the ADC3711) 

CONVERSION CYCLE J 
(INTERNAL SIGNAL) u 

STARTllJl' r 1, CONVERSION I I ...... -L_ ....... _____________ _ 

CONVERSION -ro---1 I 
COMPLETE L __ -' ' _ 

TL/H/5678-4 

FIGURE 3. Conversion Cycle Timing Diagram Operating with Start Conversion Input 
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Truth Table 
DIGIT SELECT INPUTS 

OLE 01 

L 
L 
L 
L 
H 

L = Low logic level 

H = High logic level 

L 
L 
H 
H 
x. 

X = Irrelevant logic level 

DO 

L 
H 
L 
H 
X 

SELECTED DIGIT 

Digit 0 (LSD) 
Digit 1 
Digit 2 
Digit 3 (MSD) 
Unchanged 

The value of the Selected Digit is presented at the 23, 22, 21 and 
20 outputs in BCD format. . 

Note 1: If the value of a digit changes while it is selected, that 
change will be reflected at the outputs. 

Note 2: An overflow condition will be indicated by a high level on 
the OVERFLOW output (pin 5) and E16 in all digits. 

Note 3: The sign of the input voltage, when these devices are 
operated in the bipolar mode, is indicated by the SIGN output (pin 
8). A high level indicates a positive voltage, a low level a negative. 

Timing Diagrams 

Vee--------------------~r_j~~--~ 

OLE 

GND------------------~~rl 

Vee 
00,01 

GNO 

VOH ---------..,. 

GND ---------' 

Typical Applications 

Figure 4 shows the ADC3511 and ADC3711 connected to 
convert 0 to + 2.000 volts full scale operating from a non­
isolated power supply. (Note that the ADC3511 converts 0 
to + 1999 counts full scale, while the ADC3711 converts 0 
to + 3999 counts full scale.) In this configuration the SIGN 
output (pin 8) should be ignored. Higher voltages can, of 
course, be converted by placing fixed dividers in the inputs, 
while lower voltages can be converted by placing fixed di­
viders in the feedback loop, as shown in Figure 6. 

Figures 5 and 6 show systems operating with isolated sup­
plies that will convert both polarities of inputs. 60 Hz com­
mon-mode noise can become a problem in these config-
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urations, so shielded transformers have been shown in the 
figures. The necessity for, and the type of shielding needed 
depends on the performance requirements, and the actual 
applications. 

The filter capacitors connected to VFB (pin 12) and VFILTER 
(pin 11) should be of a low leakage variety. In the examples 
shown every 1.0 nA of leakage will cause approximately 0.1 
mV error (1.0 x 10 - 9A x 100 kfl = 0.1 mY). If the currents in 
both capacitors are exactly equal however, little error will 
result since the source impedances driving both capacitors 
are approximately matched. 



Typical Applications (Continued) 
,.,., 

~~~ ...... 
t; ~ ~ 2) 22 21 2D Dl DO OLE 

r-------------------~_f~~--------------_.------------------~~v 

VCC 

ANALOG VCC 

ZZ 

'-----~ZJ 

ADCJ~IICC 

CADCJ711CCI 

L..------IoVERfLOW 

~ _______ ~~~:~~~~oN 

ZV REFERENCE r---
I 
I 
I 
I 
I 

--, 
no 

I 
I 
I 

'--------~~~~~~RSION r omETl 

I ADJUST I SIGN 

lOOk 
lOki 

I 
I 

.J 

I lOOk I 
I I 

~Dk I 
L _.1 

ZZM 

Note 1: All resistors 11. watt, and 

±S%, unless otherwise specified. 

Note 2: All capacitors ± 10%. 

Note 3: Low leakage capacitor. 

Note 4' Ra = ~ ±2Sn . R1 + R2 . 

~-------------------~GND 

SIG::~ .,.' _______________________ --' 

z 
in 

ilk 

FIGURE 4. 3 %-Dlglt AID; + 1999 Counts, + 2.000 Volts Full Scale 
(3 %-Dlglt AID; + 3999 Counts, + 2.000 Volts Full Scale) 

Zl ZZ zl ZO 01 DO OLE 

2V REFERENCE r---
I 
I 
I 
I 
I 

--, 
680 

I 
I 
I 

lOki 

I 
I 

.J 

r omETl 

I ADJUST I 
I lOOk I 
I I 

~Dk I 
L _.1 

ZZM 

FIGURE 5. 3 %·Digit AID; ± 1999 Counts, ±2.000 Volts Full Scale 
(3 %-Dlglt AID; ± 3999 Counts, ± 2.000 Volts Full Scale) 
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Note 1: All resistors 11. watt. and 

±S%. unless otherwise specified. 

Note 2: All capacitors± 10%. 

Note 3: Low leakage capacitor. 

R1R2 
Note 4: Ra = Rl + R2 ±2Sn. 
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Typical Applications (Continued) 

51k 
V'NI_I 

511 
VINI'I 

Vce 

ANALOG Vee 

22 
AOC3S11ec 

23. 
IAOClll1CCI 

OVERFLOW 

CONVERSICN 
COMPLETE 

2V REfERENCE r--- ---, 
I I 

Vss I 680 I 
01 I I 
DO I 

OLE I 
'1% )" r omET1 

I ADJUST I 
lOki I lOOk I 

I I I 
I SDk I 

L_ I"' ..J L _.J 

22M 

Note 1: All resistors 'I. watt, and :t5%, unless otherwise specified. 

Note 2: All capacitors ± 10% 

Note 3: Low leakage capacitor. 

. R1R2 
Note 4: R3 = R1 + R2 ±50n 

Note 5: R4 = 900k ± 1 % for the ADC3511 ce, 200.0 mV Full-Scale. 

R4 = 400k ± 1 % for the ADC3711 ec, 400.0 mV Full-Scale. 

FIGURE 6. 3 %-Digit AID; ± 1999 Counts, ±200.0 mV Full Scale 
(3 %-Digit AID; ± 3999 Counts, ± 400.0 mV Full-Scale) . 
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~National a Semiconductor 
ADD3501 3112 Digit DVM with 
Multiplexed 7-Segment Output 

General Description 
The ADD3501 (MM74C935-1) monolithic DVM circuit is 
manufactured using standard complementary MOS (CMOS) 
technology. A pulse modulation analog-to-digital conversion 
technique is used and requires no external precision com­
ponents. In addition, this technique allows the use of a refer­
ence voltage that is the same polarity as the input voltage. 

One 5V (TTL) power supply is required. Operating with an 
isolated supply allows the conversion of positive as well as 
negative voltages. The sign of the input voltage is automati­
cally determined and output on the sign pin. If the power 
supply is not isolated, only one polarity of voltage may be 
converted. 

The conversion rate is set by an internal oscillator. The fre­
quency of the oscillator can be set by an external RC net­
work or the oscillator can be driven from an external fre­
quency source. When using the external RC network, a 
square wave output is available. It is important to note that 
great care has been taken to synchronize digit multiplexing 
with the AID conversion timing to eliminate noise due to 
power supply transients. 

The ADD3501 has been designed to drive 7-segment multi­
plexed LED displays directly with the aid of external digit 
buffers and segment resistors. Under condition of over­
range, the overflow output will go high and the display will 
read + OFL or - OFL, depending on whether the input volt­
age is positive or negative. In addition to this, the most sig­
nificant digit is blanked when zero. 

A start conversion input and a conversion complete output 
are included on all 4 versions of this product. 

Connection Diagram 

Vee - 1 

ANALOG Vee - 2 

Sd- 3 

Sc- 4 

Sb- S 

S.- 6 

OHO - 7 

CONVERSION COMPLETE - 8 

START CONVERSION - 9 

SIGN - 10 

VFILTER - 11 

VINH- 12 
V,N(+)_ 13 

VFB- 14 

Features 
• Operates from single 5V supply 
II Converts OV to ± 1.999V 

• Multiplexed 7-segment 
a Drives segments directly 
II No external preCision component necessary 
II Accuracy specified over temperature 

• Medium speed - 200ms/conversion 
II Internal clock set with RC network or driven externally 
1:1 Overrange Indicated by +OFL or -OFL display read­

ing and.OFLO output 
.. Analog inputs in applications shown can withstand 

±200 Volts 

Applications 
r.1 Low cost digital power supply readouts 
II Low cost digital multi meters 
II Low cost digital panel meters 
II Eliminate analog multiplexing by using remote AID con-
w~~ . 

II Convert analog transducers (temperature, pressure, dis­
placement, etc.) to digital transducers 

211-- S. 

27-S, 

26-Sg 

2S -GND 

24 - DIGIT 1 (MSO) 

23 - OlGIT2 

ADD3501 22 -OIGIT3 

21 - DIGIT 4 (LSD) 

20 -'OUT 

19-'IN 

11 - VREF 

171-- SWI 

161-- SW2 

IS t- ANALOG GND 

TL/H/5681-1 

Order Number ADD3501CCN 
See NS Package N28B 
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Absolute Maximum Ratings (Note 1) 
Voltage at Any Pin -0.3V to Vee+0.3V Operating Vee Range 4.5Vto 6.0V 

Operating Temperature Range (T A) - 40°C to + 85°C Absolute Maximum Vee 6.5V 

Package Dissipation at T A = 25°C 800mW Lead Temperature (Soldering, 10 seconds) 300°C 

derate at (1 JA(MAX) = 125°C/Watt above T A = 25°C Storage Temperature Range - 65°C to + 150°C 

Electrical Characteristics ADD3501 

4.75 :-;; Vee :-;; 5.25V, -40°C :-;; T A :-;; + 85°C, unless otherwise specified. 

Parameter Conditions Min Typ(2) Max Units 

V'N(1) Logical "1" Input Voltage Vee- 1.5 V 

V'N(O) Logical "0" Input Voltage 1.5 V 

VOUT(O) Logical "0" Output Voltage 10= 1.1 rnA 0.4 V 

(A" Digital Outputs except 
Digit Outputs) 

VOUT(O) Logical "0" Output Voltage 10=0.7 rnA 0.4 V 

(Digit Outputs) 

VOUT(1) Logical "1" Output Voltage 10= 50 mA@TJ=25°CVec=5V Vee- 1.6 Vcc- 1.3 V 

(A" Segment Outputs) 10=30 mA@TJ=100°C Vcc- 1.6 Vec- 1.3 V 

VOUT(1) Logical "1" Output Voltage 10 = 500 J.tA (Digit Outputs) Vcc- O.4 V 

(A" Digital Outputs except 10=360,nA (Conv. Complete, 
Segment Outputs) + 1-, Oflo Outputs) 

ISOURCE Output Source Current VOUT= 1.0V 2.0 mA 
(Digit Outputs) 

I'N(1) Logical "1" Input Current V'N= 1.5V 1.0 J.tA 
(Start Conversion) 

I'N(O) Logical "0" Input Current V'N=OV· -1.0 J.tA 
(Start Conversion) 

Icc Supply Current Segments and Digits Open 0.5 10 mA 

Oscillator Frequency 0.6/RC kHz 

fiN Clock Frequency 100 640 kHz 

fc Conversion Rate f'N/64,512 conv.lsec 

fMUX Digit Mux Rate f'N/256 Hz 

tSLANK Inter Digit Blanking Time 1/(32fMUX) sec 

tscpw Start Conversion Pulse Width 200 DC ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" they are not 
meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: All typicals given for T A = 25°C. 

" 
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Electrical Characteristics ADD3501 

tc = 5 conversions/second, O·C ~ T A ~ 70·C, unless otherwise specified. 

Parameter Conditions Min 

Non-Linearity VIN=0-2V Full Scale -0.05 
VIN=0-200mV Full Scale 

Quantization Error -1 

Offset Error, VIN = OV -0.5 

Rollover Error -0 

Analog Input Current TA=25°C -5 

(VIN+, VIN-) 

Block Diagram 
ADD3501 31jz-Digit DVM Block Diagram 

l\>·DIGIT 
LATCH 

.---
AIr-

Blr- LSD 
CI f--
01 f--

t--
AZ f--
BZ f--

STARTCoNV ~ CZ f--
ozr-t-- 16;4 
Alr- MUX 

Bl f-- ~ 
Cl~ 
03 f-- -
A4 f--

FREOIN~ DIGITAL TIMING B4 f-- MSo H~ 
AND CONTROL C4 f--

- .f 
IDI 

10Z 

FAEOOUT_ lol 

104 
DIGIT BLANK 

~ 

COMPARATOR r--
TIMING 

OVERFLOW + - ,----L--, ~ ROM 

GNO_VSS y 
OIGITAL Vee 

100 

ANALOG Vee ~ 

c 0 
VmHR 

r -+-l 1 i' 
'VIN + ............ 

ri;p( ...... r:r-' I I -- Ii 

I + : '---
-VIN L __ J 
VFB 
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Typ 

±0.025 

+ 1.5 

±0.5 

I-
r--
r---

Max Units 

+0.05 %of 
full scale 

+0 counts 

+3 mV 

+0 counts 

+5 nA 

-r--t>o--s. 
4»- Sb 

~Sc 
ADM H>o---.Sd 7 

SEGMENT 
DECODER 

--t>o----s. 
~Sf 

,,--~SI 
_ D--t>o--DIGIT I (MSD) 

~DIGITZ 
~~DIGITl 

D---t>o_DIGIT 4 (LSD) 

OVERFLOW 

CONV COMPLETE 

SIGN 

:lTI:'"" 
SWI 

I 

~~' 
J ANALOG GNo 
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Theory of Operation 
A schematic for the analog loop is shown in Figure 1. The 
output of SW1 is either at VREF or zero volts, depending on 
the state of the D flip-flop. If a is at a high level 
Vour=VREF and if a is at a low level Vour=OV. This volt­
age is then applied to the low pass filter comprised of R 1 
and C1. The output of this filter, VFB, is connected to the 
negative input of the comparator, where it is compared to 
the analog input voltage, VIN. The output of the comparator 
is connected to the D input of the D flip-flop. Information is 
then transferred from the D input to the a and a outputs on 
the positive edge of clock. This loop forms an oscillator 
whose duty cycle is precisely related to the analog input 
voltage, VIN. 

An example wi" demonstrate this relationship. Assume the 
input voltage is equal to O.500V. If the a output olthe D flip­
flop is high then Your wi" equal VREF (2.000V) and VFB wi" 
charge toward 2V with a time constant equal to R1C1. At 
some time VFB wi" exceed 0.500V and the comparator out­
put wi" switch to OV. At the next clock rising edge the a 
output of the D flip-flop wi" switch to ground, causing Your 
to switch to OV. At this time VFB wi" start discharging toward 
OV with a time constant R1C1. When VFB is less than 0.5V 
the comparator output wi" switch high. On the rising edge of 
the next clock the a output of the D flip-flop wi" switch high 
and the process wi" repeat. There exists at the output of 
SW1 a square wave pulse train with positive amplitude VREF 
and negative amplitude OV. 

The DC value of this pulse train is: 

TON . 
Your = VREF(T T ) = VREF(duty cycle) 

ON+ OFF 

Schematic Diagram 

I = (duty cycle) x liN 

The towpass filter will pass the DC value and then: 

VFB = VREF(duty cycle) 

Since the closed loop system will always force VFB to equal 
VIN, we can then say that: 

or 

VIN=VFB=VREF(duty cycle) 

V
VIN = (duty cycle) 
REF 

The duty cycle is logica"y ANDed with the input frequency 
fiN. The resultant frequency f equals: 

f= (duty cycle) x (clock) 

Frequency f is accumulated by counter no. 1 for a time de­
termined by counter no. 2. The count contained in counter 
no. 1 is then: 

f (duty cycle) x (clock) 
(count) (clock)/N (clock)/N 

= VIN xN 
VREF 

For the ADD3501, N = 2000. 

RESET 

TL/H/5681 -3 

Count in Counter No.1 (duty cycle) x lin VIN X N . 
liNIN liNIN VREF 

Figure 1. Analog Loop Schematic 
Pulse Modulation AID Converter 
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General Information 
The timing diagram, shown in Figure 2, gives operation for 
the free running mode. Free running operation is obtained 
by connecting the Start Conversion input to logic "1" (Vecl. 
In this mode the analog input is continuously converted and 
the display is updated at a rate equal to 64,512 x 1/f1N. 

The rising edge of the Conversion Complete output indi­
cates that new information has been transferred from the 
internal counter to the display latch. This information will 
remain in the display latch until the next low~to-high tran­
sition of the Conversion Complete output. A logic "1" will be 
maintained on the Conversion Complete output for a time 
equal to 64 x 1/f1N. 

Figure 3 gives the operation using the Start Conversion in­
put. It is important to note that the Start Conversion input 
and Conversion Complete output do not influence the actual 
analog-to-digital conversion in any way. 

Timing Waveforms 

fiN JUl 

Internally the ADD3501 is always continuously converting 
the analog voltage present at its inputs. The Start Conver­
sion input is used to control the transfer of information from 
the internal counter to the display latch. 

An RS latch on the Start Conversion input allows a broad 
range of input pulse widths to be used on this signal. As 
shown in Figure 3, the Conversion Complete output goes to 
a logic "0" on the rising edge of the Start Conversion pulse 
and goes to a logic "1" some time later when the new con­
version is transferred from the internal counter to the dis­
play latch. Since the Start Conversion pulse can occur at 
any time during the conversion cycle, the amount of time 
from Start Conversion to Conversion Complete will vary. 
The maximum time is 64,512 x 1/flN and the minimum time 
is 256 x 1/fIN .. 

r:
I----------- 64,512 x 1/fm 

64,000 x 1/fJN ------~IO~II 
CONVERSION CYCLE --------------------""1, r­
(INTERNAL SIGNAL) L-...J 

'

41---------- 64,256 x 1/fIN ------~HI~ I . r- 64/flN 

CONVERSION n ___ _ 
COMPLETE f '1 

NEW CONVERSION 
CONVERSION ENOS nTn I 

Figure 2. Conversion Cycle Timing Diagram for Free Running Operation 

- 6-157 

TLlH/5681-4 

l> 
C 
C 
(".) 
U1 
o ...... 



.,.. 
o 
Lt) 
C") 

c 
C 
<t 

CONVERSION CYCLE .. ---------..... U 
(INTERNAL SIGNAill u 

r-, n p-~ 
START CONVERSIO.N.:. .. • ....... __ ......1 L ___ .i.I......i.! ________________ _ 

CONVERSION ; Lr_-_-_-_-_-_-_·_I __ ... 
COMPLETE --------

TL/H/5681-5 

Figure 3. Conversion Cycle Timing Diagram Operating with Start Conversion Input 

Applications 
SYSTEM DESIGN CONSIDERATIONS 

Perhaps the most important thing to consider when design­
ing a system using the ADD3501 is power supply noise on 
the Vee and ground lines. Because a single power supply is 
used and currents in the 300 mA range are being switched, 
good circuit layout techniques cannot be overemphasized. 
Great care has been exercised in the design of the 
ADD3501 to minimize these problems but poor printed cir­
cuit layout can negate these features. 

Figures 4, 5, and 6 show schematics of DVM systems. An 
attempt has been made to show, on these schematics, the 
proper distribution for ground and Vee. To help isolate digi­
tal and analog portions of the circuit, the analog Vee and 
ground have been separated from the digital Vee and 
ground. Care must be taken to eliminate high current from 
flowing in the analog Vee and ground wires. The most effec­
tive method of accomplishing this is to use a single ground 
point and a single Vee point where all wires are brought 
together. In addition to this the conductors must be of suffi­
cient size to prevent significant voltage drops. 

To prevent switching noise from causing jitter problems, a 
voltage regulator with good high frequency response is nec­
essary. The LM309 and the LM340-5 voltage regulators 
both function well and are shown in Figures 4, 5, and 6. 
Adding more filtering than is shown will in general increase 
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the jitter rather than decrease it. The most important char­
acteristic of transients on .the Vee line is the duration of the 
transient and not its amplitude. 

Figure 4 shows a DPM system which converts OV to 1.999V 
operating from a non-isolated power supply. In this configu­
ration the sign output could be + (logic "1 ") or - (logic 
"0") and it should be ignored. Higher voltages could be con­
verted by placing a fixed divider on the input; lower voltages 
could be converted by placing a fixed divider on the feed­
back, as shown in Figure 6. 

Figures 5 and 6 show systems operating with an isolated 
supply that will convert positive and negative inputs. 60 Hz 
common mode input becomes a problem in this configura­
tion and a transformer with an electrostatic shield between 
primary and secondary windings is shown. The necessity for 
using a shielded transformer depends on the performance 
requirements and the actual application. 

The filter capacitors connected to VFB (pin 14) and VFLT 
(pin 11) should be low leakage. In the application examples 
shown every 1.0nA of leakage current will cause 0.1 mV er­
ror (1.0 x 10 - 9A x 1 OOkO = 0.1 mV). If the leakage current in 
both capacitors is exactly the same no error will result since 
the source impedances driving them are matched. 
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~National . 
~ Semiconductor 

. ADD3701 33/4 Digit DVM with Multiplexed 7-Segment 
Output 

General Description 
The ADD3701 (MM74C936-1) monolithic DVM circuit is 
manufactured using standard complementary MOS (CMOS) 
technology. A pulse modulation analog-to-digital conversion 
technique is used and requires no external precision com­
ponents. In addition, this technique allows the,use of a refer­
ence voltage that is the same polarity as the input voltage. 

One 5V (TIL) power supply is required. Operating with an 
isolated supply allows the conversion of positive as well as 
negative voltages. The sign of the input voltage is automati­
cally determined and output on the sign pin. If the power 
supply is not isolated, only one polarity of voltage may be 
converted. 

The conversion rate is set by an internal oscillator. The fre­
quency of the oscillator can be set by an external RC net­
work or the oscillator can be driven from an external fre­
quency source. When using the external RC network, a 
square wave output is available. It is important to note that 
great care has been taken to synchronize digit multiplexing 
with the AID conversion timing to eliminate noise due to 
power supply transients. 

The ADD3701 has been designed to drive 7-segment multi­
plexed LED displays directly with the aid of external digit 
buffers and segment resistors. Under condition of over­
range, the overflow output will go high and the display will 
read +OFL or -OFL, depending on whether the input volt­
age is positive or negative. In addition to this, the most sig­
nificant digit is blanked when zero. 

A start conversion input and a conversion complete. output 
are included. 

Connection Diagram 

VCC 

ANALOG VCC 

ScI 
Se 

Sb 

S. 

OHO 

CONVERSION COMPLETE 

START CONVERSION 

SIGN 

VFILTER 

V,N(-) 

V'N(+) 

VFB 

Features 
• Operates from single 5V supply 
• Converts 0 to ± 3999 counts 
• Multiplexed 7 -segment 
• Drives segments directly 
• No external precision components necessary 
• Accuracy specified over temperature 
• Medium speed - 400 ms/conversion 
• Internal clock set with RC network or driven externally 
• Overrange indicated by + OFL or - OFL display read­

ing and OFLO output 
• Analog inputs in applications shown can withstand 

±200 Volts 

Applications 
• Low cost digital power supply readouts 
• Low cost digital multi meters 
• Low cost digital panel meters 
• Eliminate analog multiplexing by using remote AID con­

verters 
• Convert analog transducers (temperature, pressure, dis­

placement, etc.) to digital transducers 
• Indicators and displays requiring readout up to 3999 

counts 

S. 
Sf 

s-
GNO 

OIGIT I (MSO) 

OIGIT 2 

DIGIT 3 
ADD3701 DIGIT 4 (LSD) 

lOUT 

liN 

VREF 

SWI 

SW2 
ANALOG GND 

TLlH/5682-1 

Order Number ADD3701CCN 
See NS Package N28B 
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Absolute Maximum Ratings (Note 1) 
,. 

Voltage at Any Pin except Start Conversion - 0.3V to Operating Vcc Range 4.5V to 6.0V 
Vcc+ 0.3V Absolute Maximum Vcc 6.5V 
Voltage at Start Conversion - 0.3V to + 15.0V Lead Temperature (Soldering, 10 seconds) 300°C 
Operating Temperature Range (T A) - 40°C to + 85°C Storage Temperature Range - 65°C to + 150°C 
Package Dissipation at T A = 25°C 800mW 

Electrical Characteristics ADD3701 

4.75V~Vcc~5.25V, -40°C~TA~ + 85°C, unless otherwise specified. 

Parameter Conditions' Min Typ2 Max UnIts 

VIN(1) Logical "1" Input Voltage Vcc- 1.5 V 

VIN(O) Logical "0" Input Voltage 1.5 V 

VOUT(O) Logical "0" Output Voltage 10=1.1 rnA 0.4 V 
(All Digital Outputs Except 
Digital Outputs) 

VOUT(O) Logical "0" Output Voltage 10=0.7 rnA 0.4 V 
(Digit Outputs) 

VOUT(1) Logical "1" Output Voltage 10=50 mA@TJ=25°CVcc=5V Vcc- 1.6 Vcc- 1.3 V 
(All Segment Outputs) 10=30 rnA @ TJ= 100°C Vcc- 1.6 Vcc- 1.3 V 

VOUT(1) Logical "1" Output Voltage 10 = 500 /-LA (Digit Outputs) Vcc- O.4 V 
(All Digital Outputs Except 10=360 /-LA (Conv. Complete, 
Segment Outputs) + I - , OFLO Outputs) 

ISOURCE Output Source Current VOUT=1.0V 2.0 rnA 
(Digital Outputs) 

IIN(1) Logical "1" Input Current VIN=15V 1.0 /-LA 
(Start Conversion) 

IIN(O) Logical "0" Input Current VIN=OV -1.0 /-LA 
(Start Conversion) 

Icc Supply Current Segmen,ts and Digits Open ' 0.5 10 rnA 
Oscillator Frequency 0.6/RC kHz 

fiN Clock Frequency 100 640 kHz 

fc Conversion Rate flN/129,024 conv.lsec 

fMUX Digit Mux Rate flN/512 Hz 

tSLANK Inter Digit Blanking Time 1/(32fMUX) seconds 

tscpw Start Conversion Pulse Width 200 DC ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" they are not 
meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. . 
Note 2: All typicals given for T A = 25"C. 
Note 3: Full scale =4000 counts; therefore 0.025% of full scale = 1 count and 0.05% of full scale ",,2 counts. 
Note 4: For 2.000 Volts full scale, 1 mV = 2 counts. 
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Electrical Characteristics ADD3701 

tc = 2.5 conversions! second, O°C::;: T A::;: + 70°C, unless otherwise specified. 

Parameter 

Non-Linearity of Output 

Reading 

Quantization Error 

Offset Error, VIN = OV 

Rollover Error 

Analog Input Current 

(VIN+, VIN-) 

Block Diagram 

START CONY 

FREQIN 

FRED OUT 

Conditions 

VIN=0-2V Full Scale 

VIN=0-200 mV Full Scale 

TA=25°C 

DIGITAL TIMING 
AND CONTROL 

Min 

-0.05 

-1 

-0.5 

-0 

-5 

16:4 
MUX 

Typ2 Max 

±0.025 ±0.05 

+0 

+1.5 +3 

+0 

±1 +5 

ROM 
7 

SEGMENT 
DECODER 

t--..-t-+-t 

Units 

% full scale 

(Note 3) 

counts 

mV(Note4) 

counts 

nA 

o--s. 

DIGITI (MSDI 

IOJ 1-----+---H>-++-oHH44-.. """ 
...,...-.._-~ DIGIT2 

�D21-----+---H-++-oHH44-r""" 
__ -.~,--~DIGIT3 

IOII-----+---H-+ .... -oHH-+-+-r""" 
DIGIT BLANK 1-----+---H-++-oHH4........ ...,...-.~,_-~DlGIT4 (LSDI 

COMPARATOR 
TIMING 

r-L---! OVERFLOW 
ROM 

DIGITAL Vee -----If--+----~ '-----------~-------OVERFLOW 

'--------------------_eONVeOMPLETE 

'--------------------.SIGN 100 

ANALOG Vee -----If-4------.. 

VmTER ---t--+---. 
t---_--I~VREf 

~SWI 

SW2 

-Y,N - ........ ~-i..:J_t_-..... +--..... ------------------------4~--ANALDGGND 
VFB _-----__ -' 

TL/H/5682-2 

ADD3701 3%-Digit DVM Block Diagram 
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Theory of Operation 
A schematic for the analog loop is shown in Figure 1. The 
output of SW1 is either at VREFor zero volts, depending on 
the state of the D flip-flop. If Q is at a high level, 
Vour=VREF and if Q is at a low level Vour=OV. This volt­
age is then applied to the low pass filter comprised of R1 
and C1. The output of this filter, VFB, is connected to the 
negative input of the comparator, where it is compared to 
the analog input voltage, VIN. The output of the comparator 
is connected to the D input of the 0 flip-flop. Information is 
then transferred from the D input to the Q and Q outputs on 
the positive edge of clock. This loop forms an oscillator 
whose duty cycle is precisely related to the analog input 
voltage, VIN. 

An example will demonstrate this relationship. Assume the 
input voltage is equal to 0.500 V. If the Q output of the D flip­
flop is high then Vour will equal VREF (2.000 V) and VFB will 
charge toward 2 V with a time constant equal to R1C1. At 
some time VFB will exceed 0.500 V and the comparator 
output will switch to OV. At the next clock rising edge the Q 
output of the D flip-flop will switch to ground, causing Vour 
to switch to OV. At this time VFB will start discharging toward 
OV with a time constant R1C1' When VFB is less than 0.5 V 
the comparator output will switch high. On the rising edge of 
the next clock the Q output of the D flip-flop will switch high 
and the process will repeat. There exists at the output of 
SW1 a square wave pulse train with positive amplitude VREF 
and negative amplitude OV. 

The DC value of this pulse train is: 

tON 
Vour=VREF VREF (duty cycle) 

tON+tOFF 

Schematic Diagram 

liN O--..... --t~ 

VIN=VFS=VREFX(duty cycle) 

1= (duty cycle)xIIN 

The lowpass filter will pass the DC value and then: 

VFB = VREF (duty cycle) 

Since the closed loop system will always force VFB to equal 
VIN, we can then say that: 

VIN=VFB=VREF (duty cycle) 

or 

VIN 
--= (duty cycle) 
VREF 

The duty cycle is logically ANDed with the input frequency 
fiN. The resultant frequency f equals: 

f = (duty cycle) x (clock) 

Frequency f is accumulated by counter no. 1 for a time de­
termined by counter no. 2. The count contained in counter 
no. 1 is then: 

f (duty cycle) x (clock) 
(count) (clock)/N (clock)/N 

= VIN xN 
VREF 

For the ADD3701 N = 4000. 

RESET 

TL/H/5682-3 

Count in Counter No.1 I (duty cycle) x liN VIN X N 
liNIN liNIN VREF 

FIGURE 1. Analog Loop Schematic Pulse Modulation AID Converter 
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General Information 
The timing diagram, shown in Figure 2, gives operation for 
the free running mode. Free running operation is obtained 
by connecting the Start Conversion input to logic "1" (Vee). 
In this mode the analog input is continuously converted and 
the display is updated at a rate equal to 129,024 x 1ff,N. 

The rising edge of the Conversion Complete output indi­
cates that new information has been transferred from the 
internal counter to the display latch. This information will 
remain in the display latch until the next low-to-high tran­
sition of the Conversion Complete output. A logic "1" will be 
maintained on the Conversion Complete output for a time 
equal to 128. x 1ff,N. 

Figure 3 gives the operation using the Start Conversion in­
put. It is important to note that the Start Conversion input 
and Conv~rsion Complete output do not influence the actual 
analog-to-digital conversion in any way. 

Timing Waveforms 

fiN .flJl 

Internally the ADD3701 is always continuously converting 
the analog voltage present at its input. The Start Conversion 
input is used to control the transfer of information from the 
internal counter to the display latch. 

An RS latch on the Start Conversion input allows a broad 
range of input pulse widths to be used on this signal. As 
shown in Figure 3, the Conversion Complete output goes to 
a logic "0" on the rising edge of the Start Conversion pulse 
and goes to a logic "1" some time later when the new con­
version is transferred from the internal counter to the dis­
play latch. Since the Start Conversion pulse can occur at 
any time during the conversion cycle, the amount of time 
from Start Conversion to Conversion Complete will vary. 
The maximum time is 129,024 X 1ff'N and the minimum time 
is 512X1ff,N. 

r:
>----------129,024 x llf'N 

1oo.->----------12B,OOO x l/f IN------... , 

CONVERSION CYCLE --------------------" .--­
(INTERNAL SIGNAL) I-......J 

r 
.. >----------12B,512 x l/fIN--------+~'~ 

. 1--128/fIN 

CONVERSION 'L-
COMPLETE t t 

NEW I 
CONVERSION 

STARTS 
CONVERSION 

ENDS 

FIGURE 2. Conversion Cycle Timing Diagram for Free Running Operation 
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CONVERSION CYCLE .. ---------..,U 
(INTERNAL SIGNAill u 

r-, n p-. 
START CONVERSIO.N,;. .. ' ...... __ -" L __ --il--il'--______________ _ 

CONVERSION i .Lr_-_-_-_-_-_-_~ __ ........ 
COMPLETE - - - - - - - • 

TL/H/5662-5 

FIGURE 3. Conversion Cycle Timing Diagram Operating with Start Conversion Input 

Applications 
SYSTEM DESIGN CONSIDERATIONS 

Perhaps the most important thing to consider when design­
ing a system using the ADD3701 is power supply noise on 
the Vee and ground lines. Because a single power supply is 
used and currents in the 300 mA range are being switched, 
good circuit layout techniques cannot be overemphasized. 
Great care ha's been exercised in the design· of the 
ADD3701 to minimize these problems but poor printed cir­
cuit layout can negate these features. 

Figures 4, 5, and 6 show schematics of DVM systems. An 
attempt has been' made to show, on these schematics, the 
proper distribution for ground and Vee. To help isolate digi­
tal and analog portions of the circuit, the analog Vee and 
ground have been separated from the digital Vee and 
ground. Care must be taken to eliminate high current from 
flowing in the analog Vee and ground wires. The most effec­
tive method of accomplishing this is to use a single ground 
point and a single Vee point where all wires are brought 
together. In addition to this the conductors must be of suffi­
cient size to prevent significant voltage drops. 

To prevent switching noise from causing jitter problems, a 
voltage regulator with good high frequency response is nec­
essary. The LM309 and the ~M340-5 voltage regulators all 
function well and are shown in Figures 4, 5, and 6. Adding 
more filtering than is shown will in general increase the jitter 
rather than decrease it. 

The most important characteristics of transients on the Vee 
line is the duration of the transient and not its amplitude. 

Figure 4 shows a DPM system which converts 0 to + 3.999 
counts operating from a non-isolated power supply. In this 
configuration the sign output could be + (logic "1") or -
(logic "0") and it should be ignored. Higher voltages could 
be converted by placing a fixed divider on the input; lower 
voltages could be converted by placing a fixed divider on 
the feedback, as shown in Figure 5. 

Figures 5 and 6 show systems operating with an isolated 
supply that will convert positive and negative inputs. 60 Hz 
common mode. input becomes a problem in this configura­
tion and a transformer with an electrostatic shield between 
primary and secondary windings is shown. The necessity for 
using a shielded transformer depends on the performance 
requirements and the actual application. 

The filter capacitors connected to VFB (pin 14) and VFL T 
(pin 11) should be low leakage. In the application examples 
shown every 1.0 nA of leakage current will cause 0.1 mV 
error (1.0X1Q-9A X 100 k!1=0.1 mV). If the leakage cur­
rent in both capacitors is exactly the same no error will re­
sult since the source impedances driving them are matched. 
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V(-) 2. ALL CAPAC 0,". 

3. LOW LEAKAGE CAPACITOR REQUIRED. 

R,R2 
4. --=R3±250. 

R,+R2 

Figure 6. 3%-Digit DVM, Four Decade, ±O.4V, ±4V, ±40V, and ±400V Full Scale 
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~National 
~ Semiconductor 
,DAC0830/DAC0831/DAC0832 
8~Bit J.tp Compatible, Double-Buffered D to A Converte·rs 

General Description 
The DAC0830 is an advanced CMOS/Si-Cr 8-bit multiplying 
DAC designed to interface directly with the 8080, 8048, 
8085, Z80@, and other popular microprocessors. A deposit­
ed silicon-chromium R-2R resistor ladder network divides 
the reference current and provides the circuit with excellent 
temperature tracking characteristics (0.05% of Full Scale 
Range maximum linearity error over temperature). The cir­
cuit uses CMOS current switches and control logic to 
achieve low power consumption and low output leakage 
current errors. Special circuitry provides TTL logic input volt­
age level compatibility. 

Double buffering allows these DACs to output a voltage cor­
responding to one digital word while holding the next digital 
word. This permits the simultaneous updating of any num­
ber of DACs. 

The DAC0830 series are the 8-bit members of a family of 
microprocessor-compatible DACs (MICRO-DAC). For appli­
cations demanding higher resolution, the· DAC1 000 series 
(10-bits) and the DAC1208 and DAC1230 (12-bits) are avail­
able alternatives. 

Typical Application 
CONTROL BUS 

C"S 

XFER 
MI-------, 
I 
C 
R oB7 

Features 
• Double-buffered, single-buffered or flow-through digital 

data inputs 
• Easy interchange and pin-compatible with 12-bit 

DAC1230 series 
• Direct interface to all popular microprocessors 
• Linearity specified with zero and full scale adjust only­

NOT BEST STRAIGHT LINE FIT. 
• Works with ± 10V reference-full 4-quadrant multiplica­

tion 

• Can be used in the voltage switching 1110de 
• Logic inputs which meet TTL voltage level specs (l.4V 

logic threshold) 

• Operates "STAND ALONE" (without fLP) if desired 

Key Specifications 
• Current settling time 
• Resolution 
• Linearity_ 

(guaranteed over temp.) 

• Gain Tempco 
• Low power dissipation 
• Single power supply 

"ALLOWS EASY UPGRADE TO 12-BIT DAC1230, 

SEE APPLICATION HINTS 

1 fLs 
8-bits 

8, 9, or 10 bits 

0.0002% FSrC 
20 mW 

5 to 15 Voc 

~ r,;~:;::-o=AT=A=B=US~~~-, oAC0830l083110832 VOUT 
S 

8080 BUS 

oBO 
LSB 

Connection Diagram Top View 

Order Numbers DAC0830, 
DAC0831, DAC0832 

See NS Packages D20A and N20A 

cs 
WRI 

GNO 

013 

012 

Oil 

DID (LSB) 

VREf 

R,b 

GNO 

-::-

OAC0830 
OACD831 
OACD832 
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20 

11 

Vee 

ILf (BYTE1/BYTn)t 

XFER 

01. 

Dis 

016 

01) (MSB) 

IOUl2 

IOUII 

tTHIS IS NECESSARY 
FOR THE 12-81T 
DAC1230 SERIES TO 
PERMIT INTERCHANGING 
FROM AN 8-BIT TO A 
12-81T DAC WITH NO PC 
BOARD CHANGES AND 
NO SOFTWARE 
CHANGES, SEE 
APPLICATIONS SECTION. TL/H/5608-1 



Absolute Maximum Ratings Operating Ratings 
(Notes 1 and 2) Temperature Range TMIN::;:TA::;:TMAX 
Supply Voltage (Vee) 17VDe Part numbers with 'LCN' suffix O°C to 70°C 

Voltage at any digital input Vee to GND Part numbers with 'LCD' suffix - 40°C to + 85°C 

Voltage at VREF input ±25V Part numbers with 'LD' suffix -55°C to + 125°C 

Storage temperature range - 65°C to + 150°C Voltage at any digital input VeeTOGND 

Package dissipation at T A = 25°C (Note 3) 500mW 

DC voltage applied to IOUT1 or IOUT2 -100 mV to Vee 

(Note 4) 

Lead temperature (soldering, 10 seconds) 300°C 

Electrical Characteristics VREF= 10.000 VDe unless otherwise noted. Boldface limits apply over 
temperature, T MIN::;: T A::;: T MAX. For all other limits T A = 25°C. 

Vcc= 12 Voc±5% 
Vcc=5 Voc±5% 

See 
to 15 Voc±5% 

Limit 
Parameter Conditions Note Tested Design Tested Design Units 

Typ. Limit Limit Typ. Limit Limit 
(Note 5) (Note 6) (Note 5) (Note 6) 

Converter Characteristics 

Resolution 8 8 8 8 bits 

Linearity Error Max. Zero and full scale adjusted 4,7 
-10V::;:VREF::;: + 10V 8 
DAC0830LD & LCD 0.05 0.05 %FSR 
DAC0832LD & LCD 0.2 0.2 %FSR 
DAC0830LCN 0.05 0.05 0.05 0.05 %FSR 
DAC0831LCN 0.1 0.1 0.1 0.1 % FSR 
DAC0832LCN 0.2 0.2 0.2 0.2 %FSR 

Differential Nonlinearity Zero and full scale adjusted 4, 7 
Max. -10V::;:VREF::;: + 10V 8 

DAC0830LD & LCD 0.1 0.1 %FSR 
DAC0832LD & LCD 0.4 0.4 %FSR 
DAC0830LCN 0.1 0.1 0.1 0.1 %FSR 
DAC0831LCN 0.2 0.2 0.2 0.2 %FSR 
DAC0832LCN 0.4 0.4 0.4 0.4 %FSR 

Monotonicity -10V::;:VREF LD & LCD 4, 7 8 8 bits 
::;: +10V LCN 8 8 8 8 bits 

Gain Error Max. Using Internal RIb 
7 ±0.2 ±1 ±0.2 ±1 %FS 

-10V::;:VREF::;: + 10V 

Gain Error Tempco Max. Using internal RIb 0.0002 0.0006 0.0002 0.0006 
0/0 

FSrC 

Power Supply Rejection All digital inputs latched high 
Vee = 14.5V to 15.5V 0.0002 0/0 

11.5V to 12.5V 0.0006 FSRIV 
4.5V to 5.5V 0.0130 

Reference Input Max. 15 20 15 20 k!l. 

Min. 15 10 15 10 k!l. 

Output Feedthrough Error VREF = 20 Vp-p, f = 100 kHz 
9 3 3 mVp-p All data inputs latched low 

Output Leakage IOUT1 All data inputs LD& LCD 10 100 100 
nA 

Current Max. latched low LCN 50 , 100 50 100 

IOUT2 All data inputs LD & LCD 100 100 
nA 

latched high LCN 50 100 50 100 

Output loun All data inputs 45. 45 
pF 

Capacitance IOUT2 latched low 115 115 

loun All data inputs 130 130 
pF 

IOUT2 latched high 30 30 
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Electrical Characteristics (Continued) VREF = 10.000 Voe unless otherwise noted. Boldface limits apply over 
temperature. T MIN ~ T A ~ T MAX. For all other limits T A = 25°C. 

Vcc= 12Voc±5% 
Vcc=5 Voc±5% 

See 
to 15 Voc±5% 

Limit 
Parameter Conditions 

Note Tested Design Tested Design Units 

Typ. Limit Limit Typ • Limit Limit 

(Note 5) (Note 6) (Note 5) (Note 6) 

Digital and DC Characteristics 

Digital Input Max. Logic Low LD 0.8 0.6 

Voltages LCD 0.8 0.8 Voe 
LCN 1.0 0.8 1.0 0.8 

Min. Logic High LD& LCD 2.0 2.0 

LCN 1.9 2.0 1.9 2.0 Voe 

Digital input Digital inputs <0.8V 

Currents Max. LD& LCD -50 -200 -50 -200 

LCN 160 -200 -160 -200 /-LAoe 

Digital inputs> 2.0V 

LD& LCD 0.1 + 19 0.1 +10 

LCN +8 +10 +8 +10 /-LAoe 

Supply Current LD& LCD 1.2 2.0 1.2 2.0 

Drain Max. LCN 1.7 2.0 1.7 2.0 
mA 

AC Characteristics 

ts Current Setting 
VIL =OV. VIH=5V 1.0 1.0 /-Ls 

Time 

tw Write and XFER 
VIL = OV. VIH = 5V 

11 100 320 375 600 

Pulse Width Min. 180 320 500 900 

tDS Data Setup Time 
VIL = OV. VIH = 5V 

100 320 375 600 

Min. 180 320 500 900 

tOH Data Hold Time Min. VIL =OV. VIH=5V 10 50 10 50 ns 

tcs Control Setup Time 
VIL = OV. VIH = 5V 

110 320 400 650 

Min. 200 320 500 900 

tCH Control Hold Time 
VIL';' OV. VIH = 5V 10 10 

Min. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. These specifications are not meant to imply 
that the devices should be operated at these "Absolute Maximum" limits. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: Max. T J for the D suffix package is 150'C with 0 JA = BO'C/W. Max. T J for the N suffix package is 125'C with 0 JA = 120'C/W. 

Note 4: For current switching applications, both IOUT1 and IOUT2 must go to ground or the "Virtual Ground" of an operational amplifier. The linearity error is 
degraded by approximately Vos";' VREF. For example, if VREF= 10V then a 1 mV offset, Vos, on IOUT1 or IOUT2 will introduce an additional 0.01 % linearity error. 

Note 5: Guaranteed and 100% production tested. 

Note 6: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 7: Guaranteed at VREF= ± 10 Voc and VREF= ± 1 Voc. 

Note 8: The unit "FSR" stands for "Full Scale Range." "Linearity Error" and "Power Supply Reiection" specs are based on this unit to eliminate dependence on a 
particular VREF value and to indicate the true performance of the part. The "Linearity Error" specification of the DAeOB30 is "0.05% of FSR (MAX)". This 
guarantees that after performing a zero and full scale adiustment (see Sections 2.5 and 2.6), the plot of the 256 analog voltage outputs will each be within 
0.05% XVREF of a straight line which passes through zero and full scale. 

Note 9: To achieve this low feedthrough in the D package, the user must ground the metal lid. If the lid is left floating. the feedthrough is typically 6mV. 

Note 10: A 100nA leakage current with Rfb= 20k and VREF= 10V corresponds to a zero error of (100X 10-9 X20X 103)X 100/10 which is 0.02% of FS. 

Note 11: The entire write pulse must occur within the valid data interval for the specified tw, tos. tOH. and ts to apply. 
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Switching Waveform 

IlE. CS. 50% 50% 

VIH --------------.. 

50% 

DATA BITS 
50% 

IOUT1 IOUT2 
f\rv SETTLED TO 

Ir'S~F 
J - ~'''lSB 

--------------~ 

Definition of Package Pinouts 
Control Signals (All control signals level actuated) 
CS: . Chip Select (active low). The CS in combina-

tion with ILE will enable WR1. . 
ILE: Input Latch Enable (active high). The ILE in 

combination with CS enables WR1. 
WR1: Write 1. The active low WR1 is used to load the' 

digital input data bits (01) into the input latch. 
The data in the input latch is latched when WR1 
is high. To update the input latch-CS and WR1 
must be low while I LE is high. 

WR2: Write 2 (active low). This signal, in combination 
with XFER, causes the 8-bit data which is avail­
able in the input latch to transfer to the OAC 
register. 

XFER: Transfer control signal (active low). The 
XFER will enable WR2. 

Other Pin Functions 
010-017: Digital Inputs. 010 is the least significant bit 

(t:.SB) and 017 is the most significant bit (MSB). 
IOUT1: OAC Current Output 1. IOUT1 is a maximum 

for a digital code of all 1 's in the OAC register, 
and is zero for all O's in OAC register. 

IOUT2: OAC Current Output 2. IOUT2 is a constant 
minus IOUT1' or IOUT1 + IOUT2 = constant (I full 
scale for a fixed reference voltage). 

Rfb: Feedback Resistor. The feedback resistor is 
provided on the IC Chip' for use as the shunt 
feedback resistor for the external op amp 
which is used to provide an output voltage for 
the OAC. This on-chip resistor should always 
be used (not an external resistor) since it 
matches the resistors which are used in the on­
chip R-2R ladder' and tracks these resistors 
over temperature. 
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VREF: Reference Voltage Input. This input connects an 
external precision voltage source to the internal R-
2R ladder. VREF can be selected over the range of 
+ 10 to -1 OV. This is also the analog voltage in­
put for a 4-quadrant multiplying OAC application. 

Vee: Digital Supply Voltage. This is the power supply 
pin for the part. Vcc can be from + 5 to + 15Voc. 
Operation is optimum for + 15Voc. 

GNO: • The pin 10 voltage must be at the same ground 
potential as IOUT1 and IOUT2 for current switching 
applications. Any difference of potential (Vos pin 
10) will result in a linearity change of 

Vos pin 10 

3VREF 

For example, if VREF = 10V and pin 10 is 9mV 
offset from IOUT1 and IOUT2 the linearity change 
will be 0.03%. 
Pin 3 can be offset ± 100mV with no linearity 
change, but the logic input threshold will shift. 
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a) End point test after 
zero and 1s adj. 

b) Best straight line c) Shifting fs adj. to pass 
best straight line test 

Definition of Terms 
Resolution: Resolution is directly related to the number of 
switches or bits within the DAC. For example, the DAC0830 
has 28 or 256 steps and therefore has 8-bit resolution. 

Linearity Error: Linearity Error is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and fu"-scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 

National's linearity "end point test" (a) and the "best 
straight line" test (b,c) used by other suppliers are illustrated 
above. The "end point test" greatly simplifies the adjust­
ment procedure by eliminating the need for multiple itera­
tions of checking the linearity and then adjusting full scale 
until the linearity is met. The "end point test" guarantees 
that linearity is met after a single full scale adjust. (One ad­
justment vs. multiple iterations of the adjustment.) The "end 
point test" uses a standard zero and F.S. adjustment proce­
dure and is a much more stringent test for DAC linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the DAC 
fu"-scale output. 

Settling Time: Settling time is the time required from a code 
transition until the DAC output reaches within ± %LSB of 
the final output value. Fu"-scale seWing time requires a zero 
to fu"-scal,e or fu"-scale to zero output change. 

Full-Scale Error: Fu" scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Idea"y, for the DAC0830 series, fu"-scale is VREF -1 LSB. 
For VREF= 10V and unipolar operation, VFULL-SCALE= 
1 O.OOOOV - 39mV = 9.961 V. Fu"-scale error is adjustable to 
zero. 

Differential Nonlinearity: The difference between any two 
consecutive codes in the transfer curve from the theoretical 
1 LSB is differential nonlinearity. 

Monotonic: If the output of a DAC increases for increasing 
digital input code, then the DAC is monotonic. An 8-bit DAC 
which is monotonic to 8 bits simply means that increasing 
digital input codes wi" produce an increasing analog output. 
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DAC0830 Series Application Hints 
These DAC's are the industry's first microprocessor com· 
patible, double·buffered a·bit multiplying D to A converters. 
Double-buffering allows the utmost application flexibility 
from a digital control point of view. This 20-pin device is also 
pin for pin compatible (with one exception) with the 
DAC1230, a 12-bit MICRO-DAC. In the event that a sys­
tem's analog output resolution and accuracy must be up­
graded, substituting the DAC1230 can be easily accom­
plished. By tying address bit Ao to the ILE pin, a two-byte ILP 
write instruction (double precision) which automatically in­
crements the address for the second byte write (starting 
with Ao = "1") can be used. This allows either an 8-bit or the 
12-bit part to be used with no hardware or software chang­
es. For the Simplest 8-bit application, this pin should be tied 
to Vee (also see other uses in section 1.1). 

Analog signal control versatility is provided by a precision R-
2R ladder network which allows full 4-quaddrant multiplica­
tion of a wide range bipolar reference voltage by an applied 
digital word. 

1.0 DIGITAL CONSIDERATIONS 

A most unique characteristic of these DAC's is that the 8-bit 
digital input byte is double-buffered. This means that the 
data must transfer through two independently controlled 8-
bit latching registers before being applied to the R-2R lad­
der network to change the analog output. The addition of a 
second register allows two useful control features. First, any 
DAC in a system can simultaneously hold the current DAC 
data in one register (DAC register) and the next data word in 
the second register (input register) to allow fast updating of 
the DAC output on demand. Second, and probably more 
important, double-buffering allows any number of DAC's in a 
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system to be updated to their new analog output levels 
simultaneously via a common strobe signal. 

The timing requirements and logic level convention of the 
register control signals have been designed to minimize or 
eliminate external interfacing logic when applied to most 
popular microprocessors and development systems. It is 
easy to think of these converters as 8-bit "write-only" mem­
ory locations that provide an analog output quantity. All in­
puts to these DAC's meet TTL voltage level specs and can 
also be driven directly with high voltage CMOS logic in non­
microprocessor based systems. To prevent damage to the 
chip from static discharge, all unused digital inputs should 
be tied to Vee or ground. If any of the digital inputs are 
inadvertantly left floating, the DAC interprets the pin as a 
logic "1". 

1.1 Double-Buffered Operation 

Updating the analog Ol~tput of these DAC's in a double-buff­
ered manner is basically a two step or double write opera­
tion. In a microprocessor system two unique system ad­
dresses must be decoded, one for the input latch controlled 
by the CS pin and a second for the DAC latch which is 
controlled by the XFER line. If more than one DAC is being 
driven, Figure 2, the CS line of each DAC would typically be 
decoded individually, but all of the converters could share a 
common XFER address to allow simultaneous updating of 
any number of DAC's. The timing for this operation is 
shown, Figure 3. 

It is important to note that the analog outputs that will 
change after a simultaneous transfer are those from the 
DAC's whose input register had been modified prior to the 
XFER command. 
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'TIE TO LOGIC 1 IF NOT NEEDED (SEE SEC. 1.1). 

FIGURE 2. Controlling MutJple DACs 
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FIGURE 3. 
The ILE pin is an active high chip select which can be de­
coded from the address bus as a qualifier for the normal CS 
signal generated during a write operation. This can be used 
to provide a higher degree of decoding unique control sig­
nals for a particular DAC, and thereby create a more effi­
cient addressing scheme. 

Another useful application of the I LE pin of each DAC in a 
multiple DAC system is to ti.e these inputs together and use 
this as a control line that can effectively "freeze" the out­
puts of all the DAC's at their present value. Pulling this line 
low latches the input register and prevents new data from 
being written to the DAC. This can be particularly useful in 
multiprocessing systems to allow a processor other than the 
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one controlling the DAC's to take over control of the data 
bus and control lines. If this second system were to use the 
same addresses as those decoded for DAC control (but for 
a different purpose) the ILE function would prevent the 
DAC's from being erroneously altered. 

In a "Stand-Alone" system the control signals are generat· 
ed by discrete logic. In this case double-buffering can be 
controlled by simply taking CS and XFER to a logic "0", ILE 
to a logic "1" and pulling WR1 low to load data to the input 
latch. Pulling WR2 low will then update the analog output. A. 
logic "1" on either of these lines will prevent the changing 
of the analog output. . 
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FIGURE 4. 

1.2 Single-Buffered Operation 

In a microprocessor controlled system where maximum 
data thrqughout to the DAC is of primary concern, or when 
only one DAC of several needs to be updated at a time, a 
single·buffered configuration can be used. One of the two 
internal registers allows the data to flow through and the 
other register will serve as the data latch. 

Digital signal feedthrough (see Section 1.5) is minimized if 
the input register is used as the data latch. Timing for this 
mode is shown in Figure 4. 

Single-buffering in a "stand-alone" system is achieved by 
strobing WRl low to update the DAC with CS, WR2 and 
XFER grounded and ILE tied high. 

1.3 Flow-Through Operation 

Though primarily designed to provide microprocessor inter­
face compatibility, the MICRO-DAC's can easily be config­
ured to allow the analog output to continuously reflect the 
state of an applied digital input. This is most useful in appli­
cations where the DAC is used in a continuous feedback 
control loop and is driven by a binary up-down counter, or in 
function generation circuits where a ROM is continuously 
providing DAC data. 

Simply grounding CS, WR1, WR2, and XFER and tying ILE 
high allows both internal registers to follow the applied digi­
tal inputs (flow-through) and directly affect the DAC analog 
output. 

1.4 Control Signal Timing 

When interfacing these MICRO-DAC to any microprocessor, 
there are two important time relationships that must be con­
sidered to insure proper operation. The first is the minimum 
WR strobe pulse width which is specified as 900 ns for all 
valid operating conditions. of supply voltage and ambient 
temperature, but typically a pulse width of only 180ns is 
adequate if Vee= 15Voe. A second consideration is that 
the guaranteed minimum data hold time of 50ns should 
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be met or erroneous data can be latched. This hold time is 
defined as the length of time data must be held valid on the 
digital inputs after a qualified (via CS) WR strobe makes a 
low to high transition to latch the applied data. 

If the controlling device or system does not inherently meet 
these timing specs the DAC can be treated as a slow mem­
ory or peripheral and utilize a technique to extend the write 
strobe. A simple extension of the write time, by adding a 
wait state, can simultaneously hold the write strobe active 
and data valid on the bus to satisfy the minimum WR pulse­
width. If this does not provide a sufficient data hold time at 
the end of the write cycle, a negative edge triggered one­
shot can be included between the system write strobe and 
the WR pin of the DAC. This is illustrated in Figure 5 for an 
exemplary system which provides a 250ns WR strobe time 
with a data hold time of less than 10ns: 

The proper data set-up time prior to the latching edge (La to 
HI transition) of the WR strobe, is insured if the WR pulse­
width is within spec and the data is valid on the bus for the 
duration of the DAC WR strobe. 

1.5 Digital Signal Feedthrough 

When data is latched in the internal registers, but the digital 
inputs are changing state, a narrow spike of current may 
flow out of the current output terminals. This spike is caused 
by the rapid switching of internal logic gates that are re­
sponding to the input changes. 

There are several recommendations to minimize this effect. 
When latching data in the DAC, always use the input regis­
ter as the latch. Second, reducing the Vee supply for the 
DAC from + 15V to + 5V offers a factor of 5 improvement in 
the magnitude of the feedthrough, but at the expense of 
internal logic switching speed. Finally, increasing Ce (Figure 
8) to a value consistent with the actual circuit bandwidth 
requirements can provide a substantial damping effect on 
any output spikes. 
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FIGURE 5. Accommodating a High Speed System 
2.0 ANALOG CONSIDERATIONS 

The fundamental purpose of any D to A converter is to pro­
vide an accurate analog output quantity which is representa­
tive of the applied digital word. In the case of the DAC0830, 
the output, IOUT1' is a current directly proportional to the 
product of the applied reference voltage and the digital input 
word. For application versatility, a second output, IOUT2' is 
provided as a current directly proportional to the cample­
m~nt of the digital input. Basically: 

I - VREF x Digital Input. 
OUT1- 15 k!l 256' 

I VREF 255 - Digital Input 
OUT2= 15 k!l x 256 

where the digital input is the decimal (base 10) equivalent of 
the applied 8-bit binary word (0 to 255), VREF is the voltage 
at pin 8 and 15 k!l is the nominal value of the internal resist­
ance, R, of the R-2R ladder network (discussed in Section 
2.1). 

Several factors external to the. DAC itself must be consid­
ered to maintain analog accuracy and are covered in subse­
quent sections. 

2_1 The Current Switching R·2R Ladder 

The analog circuitry, Figure 6, consists of a'silicon-chromi­
um (SiCr or Si-chrome) thin film R-2R ladder which is depos­
ited on the surface oxide of the monolithic chip. As a result, 
there are no parasitic diode problems with the ladder (as 
there may be with diffused resistors) so the reference volt­
age, VREF, can range -10V to + 10V even if Vcc for the 
device is 5Voc. 

The digital input code to the DAC simply controls the posi­
tion of the SPDT current switches and steers the available 
ladder current to either IOUT1 or IOUT2 as determined by the 
logic input level ("1" or "0") respectively, as shown in 
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Figure 6. The MOS switches operate in the current mode 
with a small voltage drop across them and can therefore 
switch currents of either polarity. This is the basis for the 4-
quadrant multiplying feature of this DAC. 

2.2 Basic Unipolar Output Voltage 

To maintain linearity of output current with changes in the 
applied digital code, it is important that the voltages at both 
of the current output pins be as near ground potential 
(OVoc) as possible. With VREF= + 10V ev.ery millivolt ap­
pearing at either IOUT1 or IOUT2 will cause a 0.01 % linearity 
error. In most applications this output current is converted to 
a vo'itage by using an op amp as shown in Figure 7. 

The inverting input of the op amp is a "virtual ground" creat­
ed by the feedback from its output through the internal 15 
k!l resistor, Rfb. All of the output current (determined by the 
digital input and the reference voltage) will flow through Rfb 
to the output of the amplifier. Two-quadrant operation can 
be obtained by reversing the polarity of VREF thus causing 
loun to flow into the DAC and be sourced from the output 
of the amplifier. The output voltage, in either case, is always 
equal to loun x Rfb and is the opposite polarity of the refer­
ence voltage. 

The reference can be either a stable DC voltage source or 
an AC Signal anywhere in the range from -10V to + 10V. 
The DAC can be thought of as a digitally controlled atlenua­
tor: the output voltage is always less than or equal to the 
applied reference voltage. The VREF terminal of the device 
presents a nominal impedance of 15 k!l to ground to exter­
nal circuitry. 

Always use the internal Rib resistor to create an output volt­
age since this resistor matches (and tracks with tempera­
ture) the value of the resistors used to generate the output 
current (loUT1)' 
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2.3 Op Amp Considerations 

The op amp used in Figure 7 should have offset voltage 
nulling capability (See Section 2.5). 

The selected op amp should have as Iowa value of input 
bias current as possible. The product of the bias current 
times the feedback resistance creates an output voltage er­
ror which can be significant in low reference voltage appli· 
cations. BI-FET op amps are highly recommended for use 
with these DACs because of their very low input current. 

Transient response and settling time of the op amp are im­
portant in fast data throughput applications. The largest sta­
bility problem is the feedback pole created by the feedback 
resistance, RIb, and the output capacitance of the DAC. 
This appears from the op amp output to the (-) input and 
includes the stray capacitance at this node. Addition of a 
lead capacitance, Cc in Figure 8, greatly reduces overshoot 
and ringing at the output for a step change in DAC output 
current. 

Finally, the output voltage swing of the amplifier must be. 
greater than VREF to allow reaching the full scale output 
voltage. Depending on the loading on the output of the am­
plifier and the available op amp supply voltages (only ± 12 
volts in many development systems), a reference voltage 
less than 10 volts may be necessary to obtain the full ana­
log output voltage range. 

2.4 Bipolar Output Voltage with a Fixed Reference 

The addition of a second op amp to the previous circuitry 
can be used to generate a bipolar output voltage from. a 
fixed reference voltage. This, in effect, gives sign signifi­
cance to the MSB of the digital input word and allows two­
quadrant multiplication of the reference voltage. The polarity 
of the reference can also be reversed to realize full 4-quad­
rant multiplication: ±VREFX ±Digital Code= =t=VOUT. This 
circuit is shown in Figure 9. 
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This configuration features several improvements over ex­
isting circuits for bipolar outputs with other multiplying 
DACs. Only the offset voltage of amplifier 1 has to be nulled 
to preserve linearity of the DAC. The offset voltage error of 
the second op amp (although a constant output voltage er­
ror) has no effect on linearity. It should be nulled only if 
absolute output accuracy is required. Finally, the values of 
the resistors around the second amplifier do not have to 
match the internal DAC resistors, they need only to match 
and temperature track each other. A thin film 4-resistor net­
work available from Beckman Instruments, Inc. (part no. 
694-3-R10K-D) is ideally suitea for this application. These 
resistors are matched to 0.1 % and exhibit only 5 ppmrC 
resistance tracking tempco. Two of the four available 10 kn 
resistors can be paralleled to form R in Figure 9 and the 
other two can be used independently as the resistances 
labeled 2R. 

2.5 Zero Adjustment 

For accurate conversions, the input offset voltage of the 
output amplifier must always be nulled. Amplifier offset er­
rors create an overall degradation of DAC linearity. 

The fundamental purpose of zeroing is to make the voltage 
appearing at the DAC outputs as near OVoc as possible. 
This is accomplished for the typical DAC - op amp connec­
tiof! (Figure 7) by shorting out Rib, the amplifier feedback 
resistor, and adjusting the Vos nulling potentiometer of the 
op amp until the output reads zero volts. This is done, of 
cours~, with an applied digital code of all zeros if IOUT1 is 
driving the op amp (all one's for IOUT2). The short around 
Rib is then removed and the converter is zero adjusted. 
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FIGURE 9. 
2.6 Full-Scale Adjustment 

In the case where the matching of Alb to the A value of the 
A·2A ladder (typically ± 0.2%) is insufficient for full·scale 
accuracy in a particular application, the VREF voltage can be 
adjusted or an external resistor and potentiometer can be 
added as shown in Figure 10 to provide a full·scale adjust­
ment. 

The temperature coefficients of the resistors used for this 
adjustment are an important concern. To prevent degrada­
tion of the gain error tempco by the external resistors, their 
temperature coefficients ideally would have to match that of 
the internal DAC resistors, which is a highly impractical con­
straint. For the values shown in Figure'10, if the resistor and 
the potentiometer each had a temperature coefficient of 
± 100 ppmrc maximum, the overall gain error tempco 
would be degraded a maximum of 0.0025%rC for an ad­
justment pot setting of less than 3% of Afb. 

2.7 Using the DAC0830 In a Voltage Switching 
Configuration 

The A·2A ladder can also be operated as a voltage switch­
ing network. In this mode the ladder is used in an inverted 
manner from the standard current switching configuration. 
The reference voltage' is connected to one of the current 
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output terminals (lOUT1 for true binary digital control, IOUT2 
is for complementary binary) and the output voltage i~ taken 
from the normal VREF pin. The converter output is now a 
voltage in the range from OV to 255/256 VREF as a function 
of the applied digital code as shown in Figure 11, 

TLIH/5608-11 

FIGURE 10. Adding Full-Scale Adjustment 



DAC0830 Series Application Hints (Continued) 

2R 8 IVw) R 
0-;-.-""'''''''--4_1\1\",-_- • • • • • __ JV'."'-__ """"-_ 

OV " YoUT " ~;~ VREF 
ZR ZR ZR 

Im~8) rL--Y+---~I~~I~--I--l--·-·--·--·~l_i----I'--I+1_~_~_)~I~IO~UT~l)~I~1 
tL ______ ~~-----.. _----------~=~------.=----..:I~IO:::;UT~2)~I.:.Z_oSV~ ''''RENe' 

TLlH/5608-12 

FIGURE 11. Voltage Mode Switching 

This configuration offers several useful application advan­
tages. Since the output is a voltage, an external op amp is 
not necessarily required but the output impedance of 'the 
DAC is fairly high (equal to the specified reference input 
resistance of 10 kn to 20 kn) so an op amp may be used 
for buffering purposes. Some of the advantages of this 
mode are illustrated in Figures 12, 13, 14 and 15. 

There are two important things to keep in mind when using 
this DAC in the voltage switching mode. The applied refer­
ence voltage must be positive since there are internal para­
sitic diodes from ground to the IOUT1 and IOUT2 terminals 
which would turn on if the applied reference went negative. 
There is also a dependence of conversion linearity and 
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• Voltage switching mode eliminates output signal inversion and therefore a 
need for a negative power supply. 

• Zero code output voltage is limited by the low level output saturation volt· 
age of the op amp. The 2 kfl pull·down resistor helps to reduce this volt· 

. age. 

• VoS of the op amp has no eHect on DAC linearity. 

FIGURE 12. Single Supply CAe 
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gain error on the voltage difference between Vee and the 
voltage applied to the normal current output terminals. This 
is a result of the voltage drive requirements of the ladder 
switches. To insure that all 8 switches turn on sufficiently 
(so as not to add significant resistance to any leg of the 
ladder and thereby introduce additional linearity and gain 
errors) it is recommended that the applied reference voltage 
be kept less than + 5VDe and Vee be at least 9V more 
positive than VREF. These restrictions insure less than 0.1 % 
linearity and gain error change. Figures 16, 17 and 18 char­
acterize the effects of bringing VREF and Vee closer togeth­
er as well as typical temperature performance of this volt­
age switching configuration. 

-15 

• VOUT=2.5V(-E-- 1) 
128 

.-.... ----0 +15V 
+Z.5V REFERENCE ::-;,,0--_-... 

LM336 

-Z.5 Vo~ " YoUT " Z.5 Voc(~;~) 

TL/H/5608-13 

• Slewing and settling time for a full scale output change is :::: 1.8 p..s 

FIGURE 13. Obtaining a Bipolar Output from a Fixed 
Reference with a Single Op Amp 

c » n 
o 
CO 
(I.) 
o 
"" c » 
n 
o 
CO 
(I.) 
....L 

"" C » 
n 
o 
CO 
(I.) 
N 



N 
Ct) 
co 
o o 
<I: 
C 
....... ,... 
('t) 
co 
o o 
<I: 
C 
....... 
o 
('t) 
CO 
o o « c 

DAC0830 Series Application Hints (Continued) 

0.4 

~ 0.2 
a: 
o 
a: 
a: 
w 

~ 
w 

'" Z c 
Q -0.2 

-0.4 

-10V < YoUT < +10V(~~) 

o < VOAC < ~~: (2.5V) i 
AV=+8 

FIGURE 14. Bipolar Output with Increased Output Voltage Swing 

+15V 

YoUT 

=VIC.U~ 

I:: 
..--.~ I:: 

=VMIN . . CODE ,DJ 

o 255 

• Only a single + 15V supply required 

• Non-interactive fUII-Ve and zero code output adjustments 

• VMAX and VMIN must be ,,;; + 5VDC and :2: OV. 

1 . 
• Incremental Output Step = 256 (VMAX - VMIN)· 

.VOU-r=.E....(VMAX-VMIN)+ 255VM1N 
256 256 

TLIH/S608-14 

FIGURE 15. Single Supply DAC with Level Shift and Span-

Gain and Linearity Error 
Variation vs. Supply Voltage 

VOL1
AGE IMOD~ °'1~fJ~~IJ ER~OR 

VREF= 2.5V 'VREF~5V 

1\ 
',-~ 

_VREF=2.SV V- , 
I I VREF=5V 

TA = 2SoC 
tAljERjORi 

o 2 4 6 8 10 12 14 16 

Vee. SUPPLY VOLTAGE (Vue) 

FIGURE 16. 

Adjustable Output . 

Gain and Linearity Error 
Variation vs. Reference Voltage 

0.4 VOLTAGE MOD . 
OPErATION t-/---t--t--t---i 

~ 0.2 ALI~g~~TY 
~ Vee = 12V -f'-t-"""'7'9---

~ 
w 

'" Z c 
Q~.2r_-+--~-_r--r-~ 

AGAIN ERROR 

-0.4 L-_-'--_--'--_--'-_-'-_--' 

o 4 10 

VREF. REFERENCE VOLTAGE (Voc) 

FIGURE 17. 
Note: For these curves. VREF is the voltage ap­

plied to pin 11 (Ioun) with pin 12 (lOUT2) 
grounded. 
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Gain and Linearity Error 
Variation vs. Temperature 
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DAC0830 Series Application Hints (Continued) 
2.8 Miscellaneous Application Hints 

These converters are CMOS products and reasonable care 
should be exercised in handling them to prevent catastroph­
ic failures due to static discharge. 

Conversion accuracy is only as good as the applied refer­
ence voltage so providing a stable source over time and 
temperature changes is an important factor to consider. 

A "good" ground is most desirable. A single point ground 
distribution technique for analog signals and supply returns 
keeps other devices in a system from affecting the output of 
the DACs. 

During power-up supply voltage sequencing, the -15V (or 
-12V) supply of the op amp may appear first. This will 
cause the output of the op amp to bias near the negative 
supply potential. No harm is done to the DAC, however, as 
the on-chip 15 kO feedback resistor sufficiently limits the 
current flow from IOUT1 when this lead is internally clamped 
to one diode drop below ground. 

Careful circuit construction with minimization of lead lengths 
around the analog circuitry, is a primary concern. Good high 
frequency supply decoupling will aid in preventing inadver­
tant noise from appearing on the analog outp~t. 

Applications 

DAC Controlled Amplifier (Volume Control) 

+15V 

+15V 

~----c.-o() VOUT 

-15V 

-VIN (256) 
• vour =--0--

• When 0 = 0, the amplifier will go open loop and the output will saturate. 

• Feedback impedance from the -input to the output varies from 15 kO to 
·00 as the input code changes from full·scale to zero. 

Overall noise reduction and reference stability is of particu­
lar concern when using the higher accuracy versions, the 
DAC0830 and DAC0831, or their advantages are wasted. 

3.0 GENERAL APPLICATION IDEAS 

The connections for the control pins of the digital input reg­
isters are purposely omitted. Any of the control formats dis­
cussed in Section 1 of the accompanying text will work with 
any of the circuits shown. The method used depends on the 
overall system provisions and requirements. 

The digital input code is referred to as D and represents the 
decimal equivalent value of the 8-bit binary input, for exam­
ple: 

Pin 13 
MSB 

1 1 
1 0 
0 0 
0 0 
0 0 

Binary Input 
Pin 7 D 
LSB Decimal Equivalent 

1 1 1 1 1 1 255 
0 0 0 0 0 0 128 
0 1 0 0 0 0 16 
0 0 0 0 1 0 2 
0 0 0 0 0 0 0 

Capacitance Multiplier 

V 
20 

cc 
8 

VREF 

+15V 

~CEOUIV 
I 

6-185 

( 
256) 

• CEQUIV=Cl 1 +0 
• Maximum voltage across the equivalent capacitance is 

r 't d t Vo MAX (op amp) 
Iml e 0 1 + 256 

o 
• C2 is used to improve settling time of op amp. 

TLlH/5608-16 
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Applications (Continued) 

Variable fo. Variable Qo. Constant BW Bandpass Filter 

Rs 

-= 15k 

eOUT 

{Kf5 
• fo= "\/256. 00= (Kf5(2Ro+ Rn, 3dbBW Ro(K+ 1) 

21TR1C' "\/256 Ro(K+ 1)' 21rR1C(2Ro+R1) 

RS 
where G1 =C2=C; K=R; and R1 =R of OAC= 15k 

• HO= 1 for RIN=R4=R1 

• Range of fo and a is ::::: 16 to 1 for circuit shown. The 
range can be extended to 255 to 1 by replacing R1 with a 
second DAC0830 driven by the same digital input word. 

• Maximum fOXO product should be ,,;200 kHz. 

DAC Controlled Function Generator 

+15V 

+15V 

I 75k 

SYMMETRY;; ... ""',.".. .... - .... -C 

TRIM 
-15V 

WAVESHAPE/ 
TRIM 

• OAC controls the frequency of sine, square, and triangle outputs. 

., r- +15 
U -15 

SQUARE WAVE 
OUTPUT 

o 
• f = 256(20k)C for VOMAX = VOMIN of square wave output and R2 = 3 R2· 

.255 to 1 linear frequency range; oscillator stops with 0=0 

• Trim symmetry and wave-shape for minimum sine wave distortion. 

6-186 
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Applications (Continued) 

LM334 

LM329D 

LM3290 

VREF 

Two Terminal Floating 4 to 20 rnA Current Loop Controller 
INPUT 

IN4001 

20Q 

39k 

500Q 

+ 4 rnA .. lOUT" 20 rnA 

TLIH/5608-19 

IQUT=vREf2.+--E-l[1+!:!g] 
FLRI 256 RIb] R3 

• DAC0830 linearly controls the current flow from the input terminal to the 
output terminal to be 4 mA (for D=O) to 19.94 mA (for D=255). 

• Circuit operates with a terminal voltage differential of l6V to 55V. 

• P2 adjusts the magnitude of the output current and PI adjusts the zero to 
full scale range of output current. 

• Digital inputs can be supplied from a processor using opto isolators on 
each input or the DAC latches can flow-through (connect control.lines to 
pins 3 and 10 of the DAC) and the input data can be set by SPST toggle 
switches to ground (pins 3 and 10). 

DAC Controlled Exponential Time Response 

11 
IOUT1 

DAC0830 SVFINAl 

IOUT2 
12 

VIN VINITIAl 

10 

-= 

+15 
YoUT 

, 10k 

fi VFINAl 

VINITIAl \ 

V = 2~6(VOUT - VIN) + ~~VIN 

• Output responds exponentially to input changes and automatically stops 
when VOUT=V1N 

• Output time constant is directly proportional to the DAC input code and 
capacitor C 

• Input voltage must be positive (See section 2.7) 
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~National 
D Semiconductor 

DAC1000, DAC1001, DAC1002, DAC1006, DAC1007, DAC1008 
J-tP Compatible, Double-Buffered D to A Converters 
General D~scription 
The DAC1000/1/2 and DAC10061718 are advanced 
CMOS/Si-Cr 10-, 9- and 8-bit accurate multiplying DACs 
which are designed to interface directly with the 8080, 8048, 
8085, Z-80 and other popular microprocessors. These 
DACs appear as a memory location or an 1/0 port to the ILP 
and no interfacing logic is needed. 

These devices, combined with ,m external amplifier and 
voltage reference, can be used as standard DI A converters; 
and they are very attractive for multiplying applications 

. (such as digitally controlled gain blocks) since their linearity 
error is essentially independent of the voltage reference. 
They become equally attractive in 'audio signal processing 
equipment as audio gain controls or as programmable at­
tenuators which marry high quality audio signal processing 
to digitally based systems under microprocessor control. 

All of these DACs are double buffered. They can load all 10 
bits or two 8-bit bytes and the data format can be either right 
justified or left justified. The analog section of these DACs is 
essentially the same as that of the DAC1020. 

The DAC1000 series are the 10-bit members of a family of 
microprocessor-compatible DAC's (MICRO-DAC's). For ap­
plications requiring other resolutions, the DAC0830 series (8 
bits) and the DAC1208 and DAC1230 (12 bits) are available 
alternatives. 

Part # 
Accuracy 

Pin Description' 
(bits) 

DAC1000 10 
Has all 

DAC1001 9 24 logic 

DAC1002 8 features 

DAC1006 10 
For left-

DAC1007 9 20 justified 

DAC1008 8 data 

Typical Application 

Features 
• Uses easy to adjust END POINT specs, NOT BEST 

STRAIGHT LINE FIT 

• Low power consumption 
• Direct interface to all popular microprocessors. 
• Integrated thin film on CMOS structure 
• Double-buffered, single-buffered or flow through digital 

data inputs. 
• Loads two. 8-bit bytes or a single 10-bit word. 
• Logic inputs which meet T2L voltage level specs (1.4V 

logic threshold). 
• Works with ± 10V reference-full 4-quadrant multiplica­

tion. 
• Operates STAND ALONE (without ILP) if desired. 
• Available in 0.3 H standard 20-pin and 0.6 H 24-pin pack­

age. 
• Differential non-linearity selection available as special 

order. 

Key Specifications 
• Output Current Settling Time -

• Resolution 
• Linearity 

• Gain Tempco 
• Low Power Dissipation 

(including ladder) 

• Single Power Supply 

500 ns 
100 bits 

10, 9, and 8 bits 
(guaranteed over temp.) 

-0.0003% of FsrC 
20mW 

5t015VOC 

DAC1006/1007/1008 
CONTROL BUS 

Cl 

Byte 1/Byte 2 

8080 BUS 

OBO 
LSB 

-YREF 

6-188 

YOUT 

• NOTE: FOR DETAILS OF BUS 
CONNECTlON SEE SECTION 6.0 

TL/H/5688-1 



Absolute Maximum Ratings (Notes 1 & 2) Operating Ratings 
Supply Voltage (Vee) 17Voe Temperature Range 
Voltage at any digital input ' VeetoGND Part numbers with 'LCN' suffix DoC to 70°C 

Voltage at VREF input ±25V Part numbers with 'LCD' suffix - 40°C to + 85°C 
Storage temperature range - 65°C to + 150°C Part numbers with 'LD' suffix - 55°C to + 125·C 

Package dissipation at T A = 25°C (Note 3) 500mW Voltage at any digital input VeetoGND 

DC voltage applied to IOUT1 or IOUT2 -10 mV to Vee 
(Note 4) 

Lead temperature (Soldering, 10 seconds) 300·C 

General Electrical Characterist,ics TA =25·C, VREF= 10.000 Voe unless otherwise noted 

See Vcc= 12Voc±5% 
Vcc= 5Voc±5% Parameter Conditions Note to 15Voc±5% Units 

Min. Typ. Max. Min. Typ. Max. 

Resolution 10 10 bits 

Linearity Error Endpoint adjust only 4,7 
TMIN<TA<TMAX 6 
-10V~VREF~ + 10V 5 

DAC1 000 and 1006 0.05 0.05 % ofFSR 
DAC1001 and 1007 0.1 0.1 % ofFSR 
DAC1002 and 1008 0.2 0.2 % ofFSR 

Differential Endpoint adjust only 4,7 
Nonlinearity TMIN<TA<TMAX 6 

-10V~VREF~ + 10V 5 
DAC1000 and 1006 0.1 0.1 % ofFSR 
DAC1001 and 1007 ' 0.2 0.2 % ofFSR 
DAC1002 and 1008 0.4 0.4 % ofFSR 

Monotonicity TMIN<TA <TMAX 4,6 
-10V~VREF~ + 10V 5 

DAC1000 and 1006 10 10 bits 
I DAC1001 and 1007 9 9 bits 

DAC1002 and 1008 8 8 bits 

Gain Error Using internal RIb 
-10V~VREF~ + 10V 5 -1.0 ±0.3 1.0 -1.0 ±0.3 1.0 %ofFS 

Gain Error Tempco TMIN<TA<TMAX 6 
Using internal RIb 9 -0.0003 -0.001 -0.0006 -0.002 % of FSI"C 

Power Supply All digital inputs 
Rejection latched high 

Vee= 14.5V to 15.5V 0.003 0.008 % FSRIV 
11.5V to 12.5V 0.004 0.010 % FSRIV 
4.75V to 5.25V 0.033 0.10 % FSRIV 

Reference Input 
Resistance 10 15 20 10 15 20 kn 

Output Feedthrough VREF = 20Vp_p, f= 100 kHz 
Error All data inputs 

latched low 
o Package 130 130 mVp_p 
N Package I 90 90 mVp_p 

Output IOUT1 All data inputs 60 60 pF 
Capacitance IOUT2 latched low 250 250 pF 

IOUT1 All data inputs 250 250 pF 
IOUT2 latched high 60 60 pF 

Supply Current Drain TMIN~TA~TMAX 6 0.5 2.0 0.5 2.0 mA 

Output Leakage TMIN~TA~TMAX 6 
Current IOUT1 All data inputs 

latched low 10 200 200 nA 
IOUT2 All data inputs 

latched high 200 200 nA 

Digital Input TMIN~TA~TMAX 6 
Voltages Low level 

LD suffix 0.8 0.6 Voc 
LCD or LCN suffix 0.8 0.8 Voe 

High level (all parts) 2.0 2.0 Voe 
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General Electrical Characteristics T A = 25°C, VREF= 10.000 Voc unless otherwise noted 

See Vcc= 12Voc±5% 
Vcc= 5Voc±5% Parameter Conditions 

Note to 15Voc±5% Units 

Min. ,Typ. Max. Min. Typ. Max. 

Digital Input TMIN::;:TA::;:TMAX 6 

Currents Digital inputs < O.BV -40. -150 -40 -150 ,...Aoc 
Digital inputs> 2.0V 1.0 +10 1.0 +10 ,...Aoc 

Current Settling ts VIL = OV, VIH = 5V 500 500 ns 

Time 

Write and XFER tw VIL = OV, VIH = 5V, 
Pulse Width TA=25°C B 150 60 320 200 ns 

TMIN::;:TA::;:TMAX 9 320 100 500 250 ns 

Data Set Up Time tos VIL =OV, VIH=5V, 

TA=25°C 9 150 BO 320 170 ns 

TMIN::;:TA::;:TMAX 320 120 500 250 ns 

Data Hold Time tOH VIL =OV, VIH=5V 

TA=25°C 9 200 100 320 220 ns 

TMIN::;:TA::;:TMAX 250 120 500 320 ns 

Control Set Up tcs VIL = OV, VIL = 5V, 
Time TA=25°C 9 150 60 320 1BO ns 

TMIN::;:TA::;:TMAX 320 100 500 260 ns 

Control Hold Time tCH VIL =OV, VIH=5V, 

TA=25°C 9 10 0 10 0 ns 

TMIN::;:TA::;:TMAX 10 0 10 0 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. These specifications are not meant to imply 
that the devices should be operated at these "Absolute Maximum" limits. 

Note 2: All voltages are measured with respect to GNO, unless otherwise specified. 

Note 3: This SOO mW specification applies for a" packages. Th'e low intrinsic power dissipation of this part (and the fact that there Is no way to significantly modify 
the power dissipation) removes concern for heat sinking. 

Note 4: For current switching applications, both IOUTI and IOUT2 must go to ground or the "Virtual Ground" of an operational amplifier. The linearity error is 
degraded by approximately VOS+VREF. For example, if VREF= 10V then a 1 mVoffset, Vos. on IOUTI or IOUT2 will Introduce an additional 0.01% linearity error. 

Note 5: Guaranteed at VREF= ± 10 Voc and VREF= ± 1 Voc. 

Note 6: TMIN=O'C and TMAX=70'C for "LCN" suffix parts. 

TMIN= -40'C and TMAX=BS'C for"LCO" suffix parts. 

T MIN = SS'C and T MAX = 12S'C for "LO" suffix parts. 

Note 7: The unit "FSR" stands for "Fu" Scale Range." "Linearity Error" and "Power Supply Rejection" specs are based on this unit to eliminate dependence on a 
particular VREF value and to indicate the true performance of the part. The :'Linearity Error" specification of the DAC1000 is "O,OS% of FSR (MAX)." This 
guarantees that af1er performing a zero and full scale adjustment (See Sections 2.S and 2.6), the plot of the 1024 analog voltage outputs will each be within 
O.OS% x VR'EF of a straight line which passes through zero and full scale. 

Note 8: This specification implies that a" parts are guaranteed to operate with a write pulse or transfer pulse width (tw) of 320 ns. A typical part will operate with tw 
of only 100 ns. The entire write pulse must occur within the valid data interval for the specified tw, tos, IOH' and ts 10 apply. 

Note 9: Guaranteed by design but not tested. 

Note 10: A 200 nA leakage current with Rfb= 20K and VREF=10V corresponds to a zero error of (200X 10-9 X20X 103)x 100+ 10 which is 0.04% of FS. 

Switching Waveforms 

CS. BYTE1/BYTE2 

DATA BITS 

YIH I-Ics-IICH I:: 
5~ F 

::~ r-~-1, 
50% 50% 

YIL !-:-=IDS-IIDH I- . 
YIH~I ~ 
YIL I---=Is-l 

I ~ '" I FS 

I'SETTlED TO 
±'hLSB 0-----
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Block and Connection Diagrams (Continued) 
DAC1006/100711008 (20-Pln Parts) DAC1006/1007/1008 

(MSB) 019 
DiS 
017 
016 
015 
014 
013 
012 
011 

(LSB) 010 

9 
8 
7 
6 
5 

19 
18 
17 
16 
15 

1st 2nd XFER STROBE . 
BYTE BYTE 

STROBE STROBE 

cs Viii XFER BYTE 11 

BYTE 2 

MSB 

10 BIT 
MULTIPLYING 

• DI A CONVERTER 

LSB 

CONTROL LOGIC 

1-_+1;.,;3... :t VREF 

t-_+l.,l~ IOUT2 

t-t-+l~2~ IOUTl 

RFB 

VCC 

GND 

USE DAC1006/1007l1008 
FOR LEFT JUSTIFIED DATA 

(20-Pln Parts) 

~ 

Wii 
Byte l/ijiII 

XFER 

DiS 

DI6 

DI7 

DiS 

(MSB) DI9 12 

GND 10 11 

TOP VIEW 

DAC1000/1001/1002-Simple Hookup for a "Quick Look" 

+5~ .MSB 

lK >-:..... ..... -oVOUT 

-= LSB 17 VOUT 0 TO VREF(ffil) 

'A TOTAL OF 10 
INPUT SWITCHES 

-15VDC 

VCC 

014 

013 

DI2 

Dll 

DIO (LSS) 

RFB 

VREF 

IDUTl 

IOUT2 

TL/H/5688-5 

& 1 K RESISTORS TL/H/5688-6 

Notes: 

1 .• For VREF= -10.240 Voc the output voltage steps are approximately 10 mV.each. 

2. Operation is set up for flow through-no latching of digital input data. 

3. Single point ground is strongly recommended. 

DAC100S/1007/1008-Simple Hookup for a "Quick Look" 

Notes: 

+~"O-~------------~ 
SWl 

• lK • 

• A TOTAL OF 10 
INPUT SWITCHES 
& 1 K RESISTORS 

• 
LSB 15 

1. For VREF= -10.240 Voc the output voltage steps are approximately 10 mV each. 

2. SWI is a normally closed switch. While SWI is closed, the DAC register is I.atched and new data 

can be loaded into the input latch via the 10 SW2 switches. 

Vos 
25K 

.>--...... -0+ VOUT 

o VOC < VOUT < + VREF (ijH) 

-15VDC 

When SWI is momentarily opened the new data is transferred from the input latch to the DAC register and is latched when SWI again closes. 
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Typical Perforr:nance Characteristics 
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1.0 DEFINITION OF PACKAGE PINOUTS 

1.1 Control Signals (All control signals are level actuated.) 

CS: Chip Select - active low, it will enable WR (DAC1003-
1008) or WR1 (DAC1000-1002). 

WR or WR1: Write - The active low WR (or WR1 -
DAC1 000-1 002) is used to load the digital data bits (01) into 
the input latch. The data in the input latch is latched when 
WR (or WR1) is high. The 10-bit input latch is split into two 
latches; one holds 8 bits and the other holds 2 bits. The 
Byte1 /Byte2 control pin is used to select both input latches 
when Byte1/Byte2= 1 or to overwrite the 2-bit input latch 
when in the low state. 

WR2: Extra Write (DAC1000-1002) - The active low WR2 
is used to load the data from the input latch to the DAC 
register while XFER is low. The data in the DAC register is 
latched when WR2 is high. 

Byte1/Byte2: Byte Sequence Control- When this control 
is high, all ten locations of the input latch are enabled. When 
low, only two locations of the input latch are enabled and 
these two locations are overwritten on the second byte 
write. On the DAC1006, 1007, and 1008, the Byte1/Byte2 
must be low to transfer the 10-bit data in the input latch to 
the DAC register. 

XFER: Transfer Control Signal, active low - This signal, in 
combination with others,' is used to transfer the 10-bit data 
which is available in the input latch to the DAC register -
see timing diagrams. . 

W/RJ: Left Justify/Right Justify (DAC1000-1002) - When 
LJ/RJ is high the part is set up for left justified (fractional) 
data format. (DAC1 006-1 008 have this done internally.) 
When LJ/RJ is low, the part is set up for right justified (inte­
ger) data. 

1.2 Other Pin Functions 

011 (I = 0 to 9): Digital Inputs - 010 is the least significant bit 
(LSB) and Dig is the most significant bit (MSB). 

IOUT1: DAC Current Output 1 - IOUT1 is a maximum for a 
digital input code of all 1 s and is zero for a digital input code 
of all Os. 

IOUT2: DAC Current Output 2 - IOUT2 is a constant minus 
IOUT1' or 

I I 1023 VREF 
oun + OUT2 1024 R 

where R ~ 15 kn. 

DIGITAL INPUT 

a. End Point Test After Zero and FS Adj. 

RFB: Feedback Resistor - This is provided on the IC chip 
for use as the shunt feedback resistor when an external op 
amp is used to provide an output voltage for the DAC. This 
on-chip resistor should always be used (not an external re­
sistor) because it matches the resistors used in the on-chip 
R-2R ladder and tracks these resistors over temperature. 

VREF: Reference Voltage Input - This is the connection for 
the external precision voltage source which drives the R-2R 
ladder. VREF can range from -10 to + 10 volts. This is also 
the analog voltage input for a 4-quadrant multiplying DAC 
application. 

Vee: Digital Supply Voltage - This is the power supply pin 
for the part. Vee can be from + 5 to + 15 Voe. Operation is 
optimum for + 15V. The input threshold voltages are nearly 
independent of Vee. (See Typical Performance Characteris­
tics and Description in Section 3.0, T2L compatible logic 
inputs.) 

GND: Ground - the ground pin for the part. 

1.3 Definition of Terms 

Resolution: Resolution is directly related to the number of 
switches or bits within the DAC. For example, the DAC1000 
has 210 or 1024 steps and therefore has 1O-bit resolution. 

Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 

National's linearity test (a) and the "best straight line" test 
(b) used by other suppliers are illustrated below. The "best 
straight line" requires a special zero and FS adjustment for 
each part, which is almost impossible for user to determine. 
The "end point test" uses a standard zero and FS adjust­
ment procedure and is a much more stringent test for DAC 
linearity. 

DIGITAL INPUT 

TL/H/56BB-B 

b. Best Straight Line 
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Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the DAC 
full-scale output (which is the worst case) . 

Settling Time: Settling time is the time required from a code 
transition until the DAC output reaches within ± % LSB of 
the final output value. Full-scale settling time requires a zero 
to full-scale or full-scale to zero output change. 

Full-Scale Error: Full scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC1000 series, full~scale is VREF -1 LSB. 
For VREF = -1 OV and unipolar operation, VFULL­
SCALE = 10.0000V - 9.BmV = 9.9902V. Full-scale error is 
adjustable to zero . 

Monotonlclty: If the output of a DAC increases for increas- . 
ing digital input code, then the DAC is monotonic. A 1 a-bit' 
DAC with 10-bit monotonicity will produce an increasing an­
alog output whe'n all 10 digital inputs are exercised. A 1 a-bit 
DAC with 9-bit monotonicity will be monotonic when only 
the most significant 9 bits are exercised. Similarly, a-bit 
monotonicity is guaranteed when only the most significant B 
bits are exercised. 

~.o DOUBLE BUFFERING 

These DACs are double-buffered, microprocessor compati­
ble versions of the DAC1020 10-bit multiplying DAC. The 
addition of the buffers for the digital input data not only al­
lows for storage of this data, but also. provides a way to 
assemble the 10-bit input data word from two write cycles 
when using an B-bit data bus. Thus, the next data update for 
the DAC output can be made with the complete new set of 
1 a-bit data. Further, the double buffering allows many DACs 
in a system to store current data and also the next data. The 
updating of the new data for each DAC is also not time 
critical. When all DACs are updated, a common strobe sig­
nal can then be used to cause all DACs to switch to their 
new analog output levels. 

+Ycc 

3.0 T2L COMPATIBLE LOGIC INPUTS 

To guarantee T2L voltage compatibility of the logic inputs, a 
novel bipolar (NPN) regulator circuit is used. This makes the 
input logic thresholds equal to the forward drop of two di­
odes (and also matches the temperaturE!, variation) as oc­
curs naturally in T2L. The basic circuit is shown in Figure 1. 
A curve of digital input threshold as a function of power 
supply voltage is shown in the Typical Performance Charac­
teristics section. 

4.0 APPLICATION HINTS 

The DC stability of the VREF source is the most important 
factor to maintain accuracy of the DAC over time and tem­
perature changes. A good single point ground for the analog 
signals is next in importance. 

These MICRO-DAC converters are CMOS products and 
reasonable care should be exercised in handling them prior 
to final mounting on a PC board The digital inputs are pro­
tected, but permanent damage may occur if the part is sub­
jected to high electrostatic fields. Store unused parts in con­
ductive foam or anti-static rails. 

4.1 Power Supply Sequencing & Decoupllng 

Some IC amplifiers draw excessive current from the Analog 
inputs to V- when the supplies are first turned on. To pre­
vent damage to the DAC - an external Schottky diode con­
nected from IOUT1 or IOUT2 to ground may be required to 
prevent destructive currents in loun or IOUT2. If an LM741 
or LF356 is used - these diodes are not required. 

The standard power supply decoupling capacitors which are 
used for the op amp are adequate for the DAC. 

'~ S- -YTHRESHOLD = 2C11 

FIGURE 1. Basic Logic Threshold Loop 
TL/H/5666-9 
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4.2 Op Amp Bias Current & Input Leads 

The op amp bias current (Is) CAN CAUSE DC ERRORS. 81-
FETTM op amps have very low bias current, and therefore 
the error introduced is negligible. 81-FET op amps are 
strongly recommended for these DACs. 

The distance from the IOUTl pin of the DAC to the inverting 
input of the op amp should be kept as short as possible to 
prevent inadvertent noise pickup. 

'5.0 ANALOG APPLICATIONS 

The analog section of these DACs uses an R-2R ladder 
which can be operated both in the current switching mode 
and in the voltage switching mode. 

The major product changes (compared with the DAC1020) 
have been made in the digital functioning of the DAC. The 
analog functioning is reviewed here for completeness. For 
additional analog applications, such as multipliers, attenua­
tors, digitally controlled amplifiers and low frequency sine 
wave oscillators, refer to the DAC1020 data sheet. Some 
basic circuit ideas are presented in this section in addition to 
complete applications circuits. 

5.1 Operation In Current Switching Mode 

The analog circuitry, Figure 2, consists of a silicon-chromi­
um (Si-Cr) thin film R-2R ladder which is deposited on the 
surface oxide of the monolithic chip. As a result, there is no 
parasitic diode connected to the VREF pin as would exist if 
diffused resistors were used. The reference voltage input 
(VREF) can therefore range from -10V to + 10V. 

The digital input code to the DAC simply controls the posi­
tion of the SPOT current switches, SWO to SW9. A logical 1 
digital input causes the current .switch to steer the avail-

able ladder current to the IOUTl output pin. These MOS 
switches operate in the current mode with a small voltage 
drop across them and can therefore switch currents of ei­
ther polarity. This is the basis for the 4-quadrant multiplying 
feature of this DAC. 

5_1.1 Providing a Unipolar Output Voltage with the 
DAC In the Current Switching Mode 

A voltage output is provided by making use of an external 
op amp as a current-to-voltage converter. The idea is to use 
the internal feedback resistor, RFS, from the output of the 
op amp to the inverting (-) input. Now, when current is 
entered at this inverting input, the feedback action of the op 
amp keeps that input at ground potential. This causes the' 
applied input current to be diverted to the feedback resistor. 
The output voltage of the op amp is forced to a voltage 
given by: 

VOUT = -(lOUT1)XRFS) 
Notice that the sign of the output voltage depends on the 
direction of current flow through the feedback resistor. 

In current switching mode applications, both current output 
pins (loun and IOUT2) should be operated at 0 Voc. This is 
accomplished as shown in Figure 3. The capacitor, Cc, is 
used to compensate for the output capacitance of the DAC 
and the input capacitance of the op amp. The required feed­
back resistor, RFS, is available on the chip (one end is inter­
nally tied to loun) and must be used since an external 
resistor will not provide the needed matching and tempera­
ture tracking. This circuit can therefore be simplified as 

DIGITAL INPUT CODE 

+VREF 

(MSB) 019 
a 

DIB 

1 

R 

017. • • •• 011 

a a 
DIO (LSB) 

1 
TERMINATION 

R 
~~M"""H-JVV\r-, 

2R ':" 

RIB 

'---t-..... -t-.... ---+--+-+~-...... -<)IOUT1 

'----..... --.... ----...... --4----010UT2 

R ~ 15 kg 

FIGURE 2. Current Mode Switching 
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shown in Figure 4, where the sign of the reference voltage 
has been changed to provide a positive output voltage. Note 
that the output current, loun now flows through the RFB 
pin. 

5.1.2 Providing a Bipolar Output Voltage with the 
DAC In the Current Switching Mode 

The addition of a second op amp to the circuit of Figure 4 
can be used to generate a bipolar output voltage from a 
fixed reference voltage Figure 5. This, in effect, gives sign 
significance to the MSB of the digital input word to allow twci 
quadrant multiplication of the reference voltage. The polarity 
of the reference can also be reversed to realize the full four­
quadrant multiplication . 

The applied digital word is offset binary which includes a 
code to output zero volts without the need of a large valued 
resistor common to existing bipolar multiplying DAC circuits. 
Offset binary code can be derived from 2's complement 
data (most common for signed processor arithmetic) by in­
verting the state of the MSB in either software or hardware. 
After doing this the output then responds in accordance to 
the following expression:' ' 

D 
VO=VREFX

512 

2'sComp. 
(DeCimal) 

+511 
+256 
0 
-1 
-256 
-512 

with: 1 LSB = IVREFI 
512 

2'sComp. Applied 
(Binary) Digital Input 

0111111111 1111111111 
0100000000 1100000000 
0000000000 1000000000 
1111111111 0111111111 
1100000000 0100000000 
1000000000 0000000000 

vee 

-VREF 

where VREF can be positive or negative and D is the signed 
decimal equivalent of the 2's complement processor data. 
(-512:5:D:5: + 511 or 1000000000:5:D:5:0111111111). If the 
applied digital input is interpreted as the decimal equivalent 
of a true binary word, VOUT can be found by: 

(
D-512) 

VO=VREF --s:i2 O:S:D:5: 1023 

With this configuration, only the offset voltage of amplifier 1 
need be nulled to preserve linearity of the DAC. The offset 
voltage error of the second op amp has no effect on lineari­
ty. It presents a constant output voltage error and should be 
nulled only if absolute accuracy is needed. Another advan­
tage of this configuration is that the values of the external 
resistors required do not have to match the value of the 
internal DAC resistors; they need only to match and temper­
ature track each other. 

A thin film 4 resistor network available from Beckman Instru­
ments, Inc. (part no. 694-3-R10K-D) is ideally suited for this 
application. Two of the four available 10 kfl resistor can be 
paralleled to form R in Figure 5 and the other two can be 
used separately as the resistors labeled 2R. 

Operation is summarized in the table below: 

Applied 
True Binary VOUT 
(DeCimal) +VREF -VREF 

1023 V,REF-1 LSB -IVREFI + 1 LSB 
768 VREF/2 -IVREFI/2 
512 0 0 
511 -1 LSB +1 LSB 
256 -VREF/2 +IVREFI/2 

0 -VREF +IVREFI 

IOUT1 

VOUT 

o vae < VOUT ~ + VREF Cdh3) 

FIGURE 4. Providing a Unipolar Output Voltage 

Vee 

±VREF 

VOUT 

TL/H/5688-11 

FIGURE 5. Providing a Bipolar Output Voltage with the DAC In the Current Switching Mode 
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5.2 Analog Operation In the Voltage Switching Mode 

Some useful application circuits result if the R-2R ladder is 
operated in the voltage switching mode. There are two very 
important things to remember when using the DAC in the 
voltage mode. The reference voltage (+ V) must always be 
positive since there are parasitic diodes to ground on the 
loun pin which would turn on if the reference voltage went 
negative. To maintain a degradation of linearity less than 
±O.0050/0, keep +V ~ 3 VDe and Vee at least 10V more 
positive than + V. Figures 6 and 7 show these errors for the 
voltage switching mode. This operation appears unusual, 
since a reference voltage (+ V) is applied to the IOUT1 pin 
and the voltage output is the VREF pin. This basic idea is 
shown in Figure 8. 

This VOUT range can be scaled by use of a non-inverting 
gain stage as shown in Figure 9. 

+.1 

~ +.05 

a: 

A LINEARITY ERROR! 

V 
c 
a: 
a: ... J.-...r' 
i! ... A GAIN ERMiii r--.. 
CI 
Z c 
~ -.05 

-.1 

I- vc,c = 15V 

012345678 

REFERENCE VOLTAGE. +V (Voc) 

FIGURE 6. 

Notice that this is unipolar operation since all voltages are 
positive. A bipolar output voltage can be obtained by using a 
single op amp as shown in Figure 10. For a digital input 
code of all zeros, the output voltage from the VREF pin is 
zero volts. The external op amp·now has a single input of 
+ V and is operating with a gain of - 1 to this input. The 
output of the op amp therefore will be at - V for a digital 
input of all zeros. As the digital code increases, the output 
voltage at the VREF pin increases. 

Notice that the gain of the op amp to voltages which are 
applied to the (+) input is +.2 and the gain to voltages 
which are applied to the input resistor, R, is -1. The output 
voltage of the op amp depends on both of these inputs and 
is given by: 

VOUT=(+V) (-1)+VREF(+2) 

+.1 

~ +.05 
a: 
c 
a: 
a: ... 
i! ... 
CI 

~ -.05 

-.1 

, A LINEARITY ERROR 
I I I , 
~ 

;' A GAIN ERROR 

I-+V =3V 
I I 

o 2 4 6 8 10 12 14 16 

SUPPlY VOLTAGE, Vcc (VOC) 

FIGURE 7. 
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FIGURE 9. Amplifying the Voltage Mode Output (Single Supply Operation) 

6-197 

TL/H/5688-12 

cc 
~~ ............ 
00, 
00 
Olo .............. cc »» 
00 ............ 
00 
00 
~ ...... .............. 
CC »» 
00 ...... ...... 
00 
00 
0)1\) 

....... 



C\ico 
00 
00 
or- or-
00 
~~ ;::;;: 
00 
00 
or- or-

~~ ................ 
0(0 
00 
00 
or- or-

~~ 

vcc 

"VREF" 

+V 
( +2.500 Vecl 

(LM3361 

-2.5Vec" VeUT .. 2.5Vec (m) 
VOUT 

FIGURE 10. Providing a Bipolar Output Voltage with a Single Op Amp 
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FIGURE 11. Increasing the Output Voltage Swing 

The output voltage swing can be expanded by adding 2 
resistors to Figure 10 as shown in Figure 11. These added 
resistors are used to attenuate the + V voltage. The overall 
gain, Av( -), from the + V terminal to the output of the op 
amp determines the most negative output voltage, -4( + V) 
(when the VREF voltage at the + input of the op amp is 
zero) with the component values shown. The complete dy­
namic range of Vaur is provided by the gain from the (+) 
input of the op amp. As the voltage at the VREF pin ranges 
from OV to + V(1 023/1 024) the output of the op amp will 
range from -10 Voe to + 10V (1023/1024) when using a 
+ V voltage of + 2.500 Voe. The 2.5 Voe reference voltage 
can be easily developed by using the LM336 zener which 
can be biased through the RFB internal resistor, connected 
to Vee. 

5.3 Op Amp Vos Adjust (Zero Adjust) for Current 
Switching Mode 

Proper operation of the ladder requires that all of the 2R 
legs always go to exactly 0 Voe (ground). Therefore offset 
voltage, Vas, of the external op amp cannot be tolerated as 
every millivolt of Vas will introduce 0.01 % of added linearity 
error. At first this seems unusually se'rlsitive, until it becomes 
clear the 1 mV is 0.01 % of the 10V reference! High resolu­
tion converters of high accuracy require attention to every 
detail in an application to achieve the available performance 
which is inherent in the part. To prevent this source of error, 
the Vas of the op amp has to be initially zeroed. This is the 
"zero adjust" of the DAC calibration sequence and should 
be done first. 

6-198 

If the Vas is to be adjusted there are a few points to consid­
er. Note that no "dc balancing" resistance should be used 
in. the grounded positive input lead of the op amp. This re­
sistance and the input current of the op amp can also create 
errors. The low input biasing current of the BI-FET op amps 
makes them ideal for use in DAC current to voltage applica­
tions. The Vas of the op amp should be adjusted with a 
digital input of all zeros to force laur= 0 mA. A 1 kfl resistor 
can be temporarily connected from the inverting input to 
ground to provide a dc gain of approximately 15 to theVas 
of the op amp and make the zeroing easier to sense. 

5.4 Full-Scale Adjust 

The full-scale adjust procedure depends on the application 
circuit and whether the DAC is operated in the current 
switching mode or in the voltage switching mode. Tech­
niques are given below for all of the possible application 
circuits. 

5.4.1 Current Switching with Unipolar Output Voltage 

. After doing a "zero adjust," set all of the digital input levels 
HIGH and adjust the magnitude of VREF for 

. 1023 
Vaur= -(Ideal VREF) 1024 

This completes the DAC calibration. 



5.4.2 Current Switching with Bipolar Output Voltage 

The circuit of Figure 12 shows the 3 adjustments needed. 
The first step is to set all of the digital inputs LOW (to force 
loun to 0) and then trim "zero adj." for zero volts at the 
inverting input (pin 2) of OA 1. Next, with a code of all zeros 
still applied, adjust "- FS adj.", the reference voltage, for 
Vour= ± I(ideal VREF)I. The sign of the output voltage will 
be opposite that of the applied reference. 

Finally, set all of the digital inputs HIGH and adjust" + FS 
adj." for Vour=VREF (511/512). The sign of the output at 
this time will be the same as that of the reference voltage. 
The addition of the 200n resistor in series with the VREF pin 
of the DAC is to force the circuit gain error from the DAC to 
be negative. This insures that adding resistance to RIb, with 
the 500n pot, will always compensate the gain error of the 
DAC. 

(-FS AOJ) 
±VREF 

200 

MICRO·OAC 

GNO 

(+FS AOJ) 
SOD 

5.4.3 Voltage Switching with a Unipolar Output Voltage 

Refer to the circuit of Figure 13 and set all digital inputs 
LOW. Trim the "zero adj." for Vour=O Voc± 1 mV. Then 
set all digital inputs HIGH and trim the "FS Adj." for: 

( 
R1)1023 Vour=(+V) 1 +- --
R2 1024 

5.4.4 Voltage Switching with a Bipolar Output Voltage 

Refer to Figure 14 and set all digital inputs LOW. Trim the 
"- FS Adj." for Vour = - 2.5 VOC. Then set all digital inputs 
HIGH and trim the "+ FS Adj." for Vour= + 2.5 (511/512) 
Voc. Test the zero by setting the MS digital input HIGH and 
all the rest LOW. Adjust Vos of amp #3, if necessary, and 
recheck the full-scale values. 

Your 

10k 

(
511 ) 

-VREF~VOUT~ +VREF 512 

FIGURE 12. Full Scale Adjust - Current Switching with Bipolar Output Voltage 

Vcc 
( +15VOC) 

"VREF" 

~-"",-oVour 

OVOC" vour .. 2. 5VOC (1 + ~)(lm) 

FS AOJ. 
TL/H/5688-14 

FIGURE 13. Full Scale Adjust - Unipolar Output Voltage 

6-199 

cc 
~~ ............ 
00 
00 
mo .............. cc »» 
00 ............ 
00 
00 ............. ....... ....... 
CC »» 
00 ...... ...... 
00 
00 
CON ....... 



(\iCC) 
00 
00 ,.. ,.. 
00 «<C cc ................ 
..... 1'-
00 
00 ,.. ,.. 

~~ ........ ........ 
oeo 
00 
00 ,.. ,.. 

~~ 

+V 
(2.56VOCI 

+FS A~J. -FS ADJ. 
/. R* MATCH TO 0.01% 

/.. +~:100Q~_~ R*.. ..R* 

~
~l ,1 10DQ~ V2 >-+---"J ~I\,--.-.y 

L.-__ "'_--:;:..n..... 1-,.... ,- 15K 15K 

L-____ "":" : 1.78K"-~----I 

~ '-~ • 

MICRO·OAC 

"--------___________________ -IV~VOUT 

-2.5V < VOUT < 2.S(Wz) V 

TL/H/5688·15 

FIGURE 14. Voltage Switching with a Bipolar Output Voltage 

6.0 DIGITAL CONTROL DESCRIPTION 

The DAC1000 series of products can be used in a wide 
variety of operating modes. Most of the options are shown 
in Table 1. Also shown in this table are the section numbers 
of this data sheet where each of the operating modes is 
discussed. For example, if your main interest in interfacing 
to a J-LP with an 8-bit data bus you will be directed to Section 
6.1.0. 

The first consideration is "will the DAC be interfaced to a J-LP 
with an 8-bit or a 16-bit data bus or used in the stand-alone 
mode?" For the 8-bit data bus, a second selection is made 
on how the 2nd digital data buffer (the DAC Latch) is updat­
ed by a transfer from the 1 st digital data buffer (the Input 
Latch). Three options are provided: 1) an automatic transfer 
when the 2nd data byte is written to the DAC, 2) a transfer 
which is under the control of the J-LP and can include more 
than one DAC in a simultaneous transfer, or 3) a transfer 
which is under the control of external logic. Further, the data 
format can be either left justified or right justified. 

When interfacing to a J-LP with a 16-bit data bus only two 
selections are available: 1) operating the DAC with a single 
digital data buffer (the transfer of one DAC does not have to 
be synchronized with any other DACs in the system), or 2) 
operating with a double digital data buffer for simultaneous 

transfer, or updating, of more than one DAC. 

For operating without a J-LP in the stand alone mode, three 
options are provided:, 1) using only a single digital data buff­
er, 2) using both digital data buffers - "double buffered," or 
3) allowing the input digital data to "flow through" to provide 
the analog output without the use of any data latches. 

To reduce the required reading, only the applicable sections 
of 6.1 through 6.4 need be considered. 

6.1 Interfacing to an S-Bit Data Bus 

Transferring 10 bits of data over an 8-bit bus requires two 
write cycles and provides four possible combinations which 
depend upon two basic data format and protocol decisions: 

1. Is the data to be left justified (considered as fractional 
binary data with the binary point to the left) or right justi­
fied (considered as binary weighted data with the binary 
point to the right)? 

2. Which byte will be transferred first, the most significant 
byte (MS byte) or the least significant byte (LS byte)? 

Table 1. 

Operating Mode Automatic Transfer J-LP Control Transfer External Transfer· 

Section 
Figure No. 

Section 
Figure No. 

Section 
Figure No. 

Data Bus (24-Pin) (20-Pin) (24-Pin) (20-Pln) (24-Pin) (20-Pln) 

8-Bit Data Bus (6.1.0) 
Right Justified (6.1.1) 6.2.1 16 6.2.2 16 6.2.3 16 
Left Justified (6.1.2) 6.2.1 17 18 6.2.2 17 18 6.2.3 17 18 

16-Bit Data Bus (6.3.0) 
Single Buffered Double Buffered Flow Through 

6.3.1 19 20 6.3.2 19 20 Not Applicable 

Stand Alone (6.4.0) 
Single Buffered Double Buffered Flow Through 

6.4.1 19 20 6.4.2 19 20 6.4.3 19 NA 
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These data possibilities are shown in Figure 15. Note that 
the justification of data depends on how the 10-bit data 
word is located within the 16-bit data source (CPU) register. 
In either case, there is a surplus of 6 bits and these are 
shown as "don't care" terms (" X ") in this figure. 

All of these DACs load 10 bits on the 1 st write cycle. A 
particular set of 2 bits is then overwritten on the 2nd write 
cycle, depending on the justification of the data. This re­
quires the 1 st write cycle to contain the LS or La Byte data 
group for all right justified data options. For all left justified 
data options, the 1 st write cycle must contain the MS or Hi 
Byte data group. 

6.1.1 Providing for Optional Data Format 

The DAC1 0001 112 (24-pin parts) can be used for either 
data formatting by tying the LJ/RJ pin either high or low, 
respectively. A simplified logic diagram which shows the ex­
ternal connections to the data bus and the internal functions 
of both of the data buffer registers (Input Latch and DAC 
Register) is shown in Figure 16 for the right justified data 
operation. Figure 17 is for left justified data. 

6.1.2 For Left Justified Data 

For applications which require left justified data, DAC1006-
1008 (20-pin parts) can be used. A simplified logic diagram 
which shows the external connections to the data bus and 
the internal functions of both of the data buffer registers 
(Input Latch and DAC Register) is shown in Figure 18. 
These parts require the MS or Hi Byte data group to be 
transferred on the 1 st write cycle. 

6.2 ContrOlling Data Transfer for an 8·Blt Data Bus 

Three operating modes are possible for controlling the 
transfer of data from the Input Latch to the DAC Register, 
where it will update the analog output Voltage. The simplest 
is the automatic transfer mode, which causes the data 
transfer to occur at the time of the 2nd write cycle. This is 
recommended when the exact timing of the changes of the 
DAC analog output are not critical. This typically happens 
where each DAC is operating individually in a system and 
the analog updating of one DAC is not required to be syn­
chronized to any other DAC. For synchronized DAC updat­
ing, two options are provided: JlP control via a common 
XFER strobe or external update timing control via an exter­
nal strobe. The details of these options are now shown. 

1-----I-8IT BYTE----f4---8-8IT BYTE ----1 

I HI BYTE I LO BYTE I 

IMsBEHLm:JuST1FlEOfATAEEllSBl x I x I x I x I x I x I 
I HI BYTE I LO BYTE I 

I x I x I x I-x I x I x IMSBEHIGHIJUSIIFIEO;OATfEllSBl 

FIGURE 15. Fitting a 10-Blt Data Word Into 16 Available Bit Locations 
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DAC1000/1001/1002 (24-Pin Parts) 

111 Dig (MSB) 

10 

" 

17 
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DI. (lSI) 

a-BIT 
INPUT 
LATCH 

lyle l/lj1i1 0-...... ---"'""""' 

(m) xm J------------...J wn ...---r--"--,, 

will r-+2 

1 l(INllRNALlDGIC IS SHOWN FOR 
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WHEN: 

TO 
CURRENT 
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tlTfHlllith 1. Q 
!!I.!!!'\ITS FOllOW D INPUTS. 
[lTCJIlIllItt= O. DATA 
AT D IS LATCHED. 

TLlH/5688-16 

FIGURE 16. Input Connections and Controls for DAC1000-1002 Right Justified Data Option 
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6.2.1 Automatic Transfer 

This makes use of a double byte (double precision) write. The first byte (8 bits) is strobed into the input latch and the second 
byte causes a simultaneous strobe of the two remaining bits into the input latch and also the transfer of the complete 1 D-bit word 
from the input latch to the DAC register. This is shown in the following timing diagrams; the point in time where the analog output 
is updated is also indicated on these diagrams. 

DAC1000/1001/1002 (24-Pin Parts) 

LOAO Byte 1 LOAD Byte 2 

.WJ!j & m ----\-"f·. ~_ LATCHt----\.."j -'" (:;H DAC UJ- ~;e~\t Y..J- ~1~~TER 
ANAlOG 

~\ OUTPUT 
Byte 11 iYii1 & UPDATED 

xm' '-------

6.2.2 Transfer Using /-LP Write Stroke 

DAC1006/1007/1008 (20-Pln Parts) 

TLlH/5688-18 
'SIGNIFIES CONTROL INPUTS WHICH ARE DRIVEN IN PARALLEL 

The input latch is loaded with the first two write strobes. The XFER signal is provided by external logic, as. shown below, to cause 
the transfer to be accomplished on a third write strobe. This is shown in the following diagrams: 

DAC1000/1001/1002 (24-Pin Parts) DAC1006/1007/100B (20-Pln Parts) 

B\ (\ I::LDG 
• OUTPUT LATCH DAC 

LOAD Byte 1 LOAD Byte 2 UPDATED REGISTER 

m&m~~~ 
LATCH Byte 2 

B \"----.1!\_~~:LOG 
OUTPUT LATCH DAC 

LOAD Byte 1 LOAD Byte 2 UPDATED \EGISTER 

WR~B~U-
. LATCH Byte 2 

(( 2\lJ «( <\it xm (fSZ) mR 

2\ 12~----- <\ r----
Bytl l/Bytl 2 I Bytel/8yii2 I 

« «(----- 2~-----
WHERE THE XFER CONTROL CAN BE GENERATED BY USING A SECOND CHIP SELECT AS: 

~o~ __________ ~p---------ooxm 

AND THE BITE CONTROL CAN BE DERIVED FROM THE ADDRESS BUS SIGNALS. 

TL/H/5688-19 

6.2.3 Transfer Using an External Strobe 

This is similar to the previous operation except the. XFER signal is not provided by the /-LP. The timing diagram for this is: 

DAC1000/1001/1002 (24-Pln Parts) 

---\OA~Byte {----(r---\DAD:yte ~f-2 ___ _ 

Wlfi' ~'LATCH Byte 1 ~'LATCH Byte 2 

Bytel/Byte 2 

Wifl OR xm 
xmiOR Wlii=o 

2~'-___ --r. ,r - - --
- 22'-----

2\J: ANALOG 

8m¥lD .,.- t LATCH DAC 
XFER REGISTER '. 
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DAC1006/1007/100B (20-Pln Parts) 

LOAD Byte 1 LOAD Byte 2 ~ 

WR~~HByte2 
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DAC1000/1001/1002 (24-Pln Parts) 
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FIGURE 17. Input Connections and Controls for DAC1000-1002 Left Justified Data Option 

DAC1006/100711008 (20-Pin Parts for Left Justified Data), 
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FIGURE 18. Input Connections and Controls for DAC1006/1007/1008 Left Justified Data 
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6.3 Interfacing to a 16-Blt Data Bus 
The interface to a 16-bit data bus is easily handled by connecting to 10 of the available bus lines. This allows a wiring selected 
right justified or left justified data format. This is shown in the connection diagrams of Figures 19 and 20, where the use of DB6 
to DB 15 gives left justified data operation. Note that any part number can be used and the Byte1 I Byte2 control should be wired 
Hi. -

JUSTIFIED I 

R~~~T ~~~ '11 019 (MSB) 
,T------+.::~...;..--.....;..__tD . t-----tD 
T------~~-----~D t-----tD 
~---+.;-__ ---Ia-ID t-----tD 
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't---+:::~---.... o '~A~iT t-----t0 '~ABJT 
,....--t=----toIO LATCH t-----t0 REGISTER 
}---+~---~O t-----t0 
~---t;f----.... D t-----t0 
~--~~---~O t-----to 
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I~~--~----__to t-----t0 
OB4> L.......,..._-' L._...,....._..1 

Byte l/lYii1 PI"o-...,~----t 
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(m) =~"it~~~-------------I 
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mtII mBrE=O. DATA 
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FIGURE 19. Input Connections and Logic for DAC1000-1002 with 16-Blt Data Bus 
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FIGURE 20. Input Connections and Logic for DAC1006/1007/1008 with 16-Blt Data Bus 
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Three operating modes are possible: flow through, single buffered, or double buffered. The timing diagrams for these are shown 
below: 

6.3.1 Single Buffered 
DAC1000/100111002 (24·Pln Parts) 
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6.3.2 Double Buffered 
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6.4 Stand Alone Operation 
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For applications for a DAC which are not under ,...p control (stand alone) there are two basic operating modes, single buffered 
and double buffered. The timing diagrams for these are shown below: 

6.4.1 Single Buffered 

DAC1000/1001/1002 (24·Pln Parts) 
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"For a connection diagram of this operating mode use Figure 18 for the Logic and Figure 20 for the Data Input connections. 
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6.4.3 Flow Through· 

This operating mode causes the 10-bit input word to directly create the DAC output without any latching involved. 

7.0 MICROPROCESSOR INTERFACE 

DAC1000/1001/1002 (24-Pln Parts) 
WRl =WR2=CS=XFER=O 

Byte 1 /Byte 2 = 1 

The logic functions of the DAC1000 family have been ori­
ented towards an ease of interface with all popular /-LPs. The 
following sections discuss in detail a few useful interface 
schemes. 

The circuit will perform an automatic transfer of the 10 bits 
of output data from the CPU to the DAC register as outlined 
in Section 6.2.1, "Controlling Data Transfer for an B-Bit Data 
Bus." . 

7.1 DAC1001/112 to INS8080A Interface 

Figure 21 illustrates the simplicity of interfacing the 
DAC1000 to an INSBOBOA based microprocessor system. 

Since a double byte wri~e is necessary to control the DAC 
with the INSBOBOA, a possible instruction to achieve this is a 
PUSH of a register pair onto a "stack" in memory. The 16-
bit register pair word will contain the 10 bits of the eventual 
DAC input data in the proper sequence to conform to both 

NOTE: DOUBLE BYTE STORES CAN BE USED. 

e.g. THE INSTRUCTION SHLD Feel STORES THE L 

REG INTO Bl AND THE H REG INTO 62 AND 

TRANSFERS THE RESULT TO THE DAC REGISTER. 

THE O~ERAND OF THE SHLD INSTRUCTION MUST 

BE AN ODD ADDRESS FOR PROPER TRANSFER. 

FIGURE 21. Interfacing the DAC1000 to the INS8080A CPU Group 
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the requirements of the DAC (with regard to right or left 
justified data) and the implementation of the PUSH instruc­
tion which will output the higher order byte of the register 
pair (Le., register B of the BC pair) first. The DAC will actual­
ly appear as a two-byte "stack" in memory to the CPU. The 
auto-decrementing of the stack pointer during a PUSH al­
lows using address bit 0 of the stack pointer as the Byte1/ 
Byte2 and XFER strobes if bit 0 of the stack pointer address 
-1, (SP - 1), is a "1" as presented to the DAC. Additional 
address decoding by the DM8131 will generate a unique 
DAC chip select (CS) and synchronize this CS to the two 
memory write strobes of the PUSH instruction. 

To reset the stack pointer so new data may be output to the 
same DAC, a POP instruction followed by instructions to 
insure that proper data is in the DAC data register pair be­
fore it is "PUSHED" to the DAC should be executed, as the 
POP instruction will arbitrarily alter the contents of a register 
pair. 

Another double byte write instruction is Store Hand L Direct 
(SHLD), where the HL register pair would temporarily con­
tain the DAC data and the two sequential addresses for the 
DAC are specified by the instruction op code. The auto in­
crementing of the DAC address by the SHLD instruction 
permits the same simple scheme of using address bit 0 to 
generate the byte number and transfer strobes. 

7.2 DAC1000 to MC6820/1 PIA Interface 

In Figure 22 the DAC1000 is interfaced to an M6800 system 
through an MC6820/1' Peripheral Interface Adapter (PIA). In 
this case the CS pin of the DAC is grounded since the PIA is 
already mapped in the 6800 system memory space and no 
decoding is necessary. Furthermore, by using both Ports A 
and B of the PIA the 10-bit data transfer, assumed right 
justified again in two 8-bit bytes, is greatly simplified. The 
HIGH byte is loaded into Output Register A (ORA) of the 

PIA, and the LOW byte is loaded into ORB. The 10-bit data 
transfer to the DAC and the corresponding analog output 
change occur simultaneously upon CB2 going LOW under 
program control. The 10-bit data word in the DAC register 
will be latched (and hence VOUT will be fixed) when CB2 is 
brought back HIGH. 

If both output ports of the PIA are not available, it is possible 
to interface the DAC1000 through a single port without 
much effort. However, additional logic at the CB2(or CA2) 
lines or access to some of the 6800 system control lines will 
be required. 

7.3 Noise Considerations 

A typical digital/microprocessor bus environment is a tre­
mendous potential source of high frequency noise which 
can be coupled to sensitive analog circuitry. The fast edges 
of the data and address bus signals generate frequency 
components of 10's of megahertz and can cause noise 
spikes to appear at the DAC output. These noise spikes 
occur when the data bus changes state or when data is 
transferred between the latches of the device. 

In low frequency or DC applications, low pass filtering can 
reduce these noise spikes. This is accomplished by over­
compensating the DAC output amplifier by increasing the 
value of the feedback capacitor (Cc in Figure 3). 

In applications requiring a fast transient response from the 
DAC and op amp, filtering may not be feasible. Adding a 
latch, DM74LS374, as shown in Figure 23 isolates the de­
vice from the data bus, thus eliminating noise spikes that 
occur every time the data bus changes state. Another meth­
od for eliminating noise spikes is to add a sample and hold 
after the DAC op amp. This also has the advantage of elimi­
nating noi'se spikes when changing digital codes. 

PAlt-:3:------____ ---. 
PAO.-=2 __________ .., 

PIA 

CB2 

VOUT 

+15V 
TLlH/5688-25 

FIGURE 22. DAC1000 to MC6820/1 PIA Interface 
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FIGURE 23. Isolating Data Bus from DAC Circuitry to Eliminate Digital Noise Coupling 

MSB 

15Y 

MICRO·OAC 
OAC1000SERIES 

Y-

lSI 

15k 

YOUT 

Y-

TL/H/5688-26 
FIGURE 24. Digitally Controlled Ampllfler/Attenuator 

7.4 Digitally Controlled Ampllflerl Attenuator 

An unusual application of the DAC, Figure 24, applies the 
input voltage via the on-chip feedback resistor. The lower 
op amp automatically adjusts the VREF IN voltage such that 
IOUT1 is equal to the input current (VIN/Rfs). The magnitude 
of this VREF IN voltage depends on the digital word which is 
in the DAC register. IOUT2 then depends upon both the 
magnitude of VIN and the digital word. The second op amp 
converts IOUT2 to a voltage, VOUT, which is given by: 

(
1023-N) 

VOUT=VIN --N- ,where 0<N::;:1023. 
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Note that N = 0 (or a digital code of all zeros) is not allowed 
or this will cause the output amplifier to saturate at either 
± VMAX, depending on the sign of VIN. 

To provide a digitally controlled divider, the output op amp 
can be eliminated. Ground the IOUT2 pin of the DAC and 
VOUT is now taken from the lower op amp (which also drives 
the VREF input of the DAC). The expression for VOUT is now 
given by 

VOUT= - VIN where M=Digital input (expressed as a 
M fractional binary number). 

0<M<1. 



FIGURE 2S. Digital to Synchro Converter 

Ordering Information 

1. All Logic Features - 24-pin package. 
Temperature Range 

Accuracy - 40·C to + 8S·C - SS·C to + 12S·C O· to +70·C 
0.05% (10-bit) DAC1000LCD DAC1000LD DAC 1000LCN 
0.10% (9-bit) DAC1001LCD DAC1001LD DAC1001LCN 
0.20% (8-bit) DAC1002LCD DAC1002LD DAC1002LCN 

Package Outline D24C D24C N24A 

2. For Left Justified Data - 20-pin package.(See package outline D20C). 
Temperature Range 

Accuracy - 40·C to + 8S·C - SS·C to + 12S·C O· to +70·C 
0.05% (10-bit) DAC1006LCD DAC1006LD DAC1006LCN 
0.10% (9-bit) DAC1007LCD DAC1007LD DAC1007LCN 
0.20% (8-bit) DAC1008LCD DAC1008LD DAC1008LCN 

Package Outline D20A D20A N20A 
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~NatiOnal 
Semiconduc'tor 

OAC1020, OAC1021, OAC1022 10-Bit Binary Multiplying 
O/A converter OAC1220, OAC1221, OAC1222 12-Bit 
Binary Multiplying 01 A Converter 
General Description 
The DAC1020 and the DAC1220 are, respectively, 10 and (note 1 of electrical characteristics). The DAC1020, 
12-bit binary multiplying digital-to-analog converters. A de- DAC1021 and DAC1022 are direct replacements for the 10-
posited thin film R-2R resistor ladder divides the reference bit resolution AD7520 and AD7530 and equivalent to the 
current and provides the circuit with excellent temperature AD7533 family. The DAC1220, DAC12,21 and DAC1222 are 
tracking characteristics (0.0002%I"C linearity error temper- direct replacements for the 12-bit resolution AD7521 and 
ature coefficient maximum). The circuit uses CMOS current AD7531 family. 
switches and drive circuitry to achieve low power consump-
tion (30 mW max) and low output leakages (200 nA max). Features 
The digital inputs are compatible with DTLlTIL logic levels • Linearity specified with zero and full-scale adjust only 
as well as full CMOS logic level swings. This part, combined • Non-linearity guaranteed over temperature 
with an external amplifier and voltage reference, can be 

• Integrated thin film on CMOS structure used as a standard Df A converter; however, it is also very 
attractive for multiplying applications (such as digitally con- • 10-bit or 12-bit resolution 

trolled gain blocks) since its linearity error is essentially in- • Low' power dissipation 10 mW @ 15V typ 

dependent of the voltage reference. All inputs are protected • Accepts variable or fixed reference -25V~VAEF~25V 
from damage due to static discharge by diode clamps to V + • 4-quadrant multiplying capability 
and gr~und. • Interfaces directly with DTL, TIL and CMOS 
This part is available with 10-bit (0.05%), 9-bit (0.10%), and • Fast settling time-500 ns typ 
8-bit (0.20%) non-linearity guaranteed over temperature • Low feedthrough error....;..% LSB @100 kHz typ 
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I I 
R' R R R R R R R R I R R I 

YREF IN 

> ~ > !> !> I ~ ZR 
!> I 

ZR ~ ZR ) ZR ZR 2R ZR 2R ZR ~ 2R ~2R 1 ~2R 
1 1'" ) > > ) > > > > ~J' > ~ I :r ir i~ r~ i~ i~ i~ i~ ir i~ rr r~ 

GNO 

1 11 l' l' l' l' l' l' 11 11 , 11 1 I 
1 1 1 1 1 1 11 1 1 I 1 1 I 

IOUT2 

1 lOUT I , , , I 1 1 , , , , 
I 1 , I 

I 1 I I 1 I I I I I 
I 

I I 
1 R 

I I , I I I I I I I I 1 
~ & A A & & & & A & I & & I 
Al A2 A3 A4 AS Ai AI Ai AI AIO 

LA:" _ :: __ .J RFEEDBACK 
IMSBI ILSBI 
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Ordering Information 1D-BIT D/A CONVERTERS 

Temperature Range DOC to 7Doc - 4DoC to + 85°C - 55°C to + 125°C 

0.05% DAC1020LCN AD7520LN,AD7530LN DAC1020LCD AD7520LD,AD7530LD DAC1020LD AD7520UD 
ACCURACY 0.10% DAC1021LCN AD7520KN,AD7530KN DAC1021 LCD AD7520KD,AD7530KD DAC1021LD AD7520TD 

0.20% DAC1022LCN AD7520JN,AD7530JN DAC1022LCD AD7520JD,AD7530JD DAC1022LD AD7520SD 

PACKAGE OUTLINE N16A D16C D16C 

12·BIT DfA CONVERTERS 

Temperature Range DOC to 7DoC - 4DoC to + 85°C - 55°C to + 125°C 

0.05% DAC1220LCN AD7521 LN,AD7531 LN DAC1220LCD AD7521 LD,AD7531 LD DAC1220LD AD7521UD 
ACCURACY 0.10% DAC1221LCN AD7521 KN,AD7531 KN DAC1221 LCD AD7521 KD,AD7531 KD DAC1221LD AD7521TD 

0.20% DAC1222LCN AD7521 IN,AD7531 IN DAC1222LCD AD7521 JD,AD7531 JD DAC1222LD AD7521SD 

PACKAGE OUTLINE N18A D18A D18A 

Note. Devices may be ordered by either part number, 
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Absolute Maximum Ratings Operating Conditions 
v+ toGnd 17V Min Max 

VREFto Gnd ±25V Temperature (T A) 

Digital Input Voltage Range V+ to Gnd DAC1020LD, DAC1 021 LD, -55 +125 

DC Voltage at Pin 1 or Pin 2 (Note 3) -100 mV to V+ 
DAC1022LD, DAC1220LD, -55 +125 

DAC1221 LD, DAC1222LD, -55 +125 
Storage Temperature Range - 65DC to + 150DC 

DAC1 020LCD, DAC1 021 LCD, -40 +85 
Lead Temperature (Soldering, 10 seconds) 300DC DAC1022LCD, DAC1220LCD, -40 +85 

DAC1221 LCD, DAC1222LCD -40 +85 
DAC1020LCN, DAC1 021 LCN 0 +70 
DAC1 022LCN, DAC1220LCN 0 +70 
DAC1221 LCN, DAC1222LCN 0 +70 

Electrical Characteristics (V+ = 15V, VREF = 10.000V, TA = 25·C unless otherwise specified) 

DAC1020, DAC1021, DAC1220, DAC1221, 
Parameter Conditions DAC1022 DAC1222 

Min Typ Max Min Typ Max 

Resolution 10 12 

Linearity Error TMIN<TA <TMAX. 
-10V<VREF< + 10V, 
(Note 1) End Point Adjustment Only 
(See Linearity Error in Definition of Terms) . 

1 O-Bit Parts DAC1020, DAC1220 0.05 0.05 

9-Bit Parts DAC1021, DAC1221 0.10 0.10 

a-Bit Parts DAC1022, DAC1222 0.20 0.20 

Linearity Error Tempco -10V:5:VREF:5: + 10V. 0.0002 0.0002 

(Notes 1 and 2) 

Full-Scale Error -10V:5:VREF:5: +10V, 0.3 1.0 0.3 1.0 

(Notes 1 and 2) 

Full-Scale Error Tempco TMIN<TA<TMAX. 0.001 0.001 

(Note 2) 

Output Leakage Current TMIN:5:TA:5:TMAX 

lOUT 1 All Digital Inputs Low 200 200 

IOUT2 All Digital Inputs High 200 200 

Power Supply Sensitivity All Digital Inputs High, 0.005 0.005 0.005 0.005 
14V:5:V+ :5: 16V, (Note 2), 

(Figure 2) 

VREF Input Resistance 10 15 20 10 15 20 

Full-Scale Current Settling RL = 100n fromO to 99. 95% 
Time FS 

All Digital Inputs Switched 500 500 
Simultaneously 

VREF Feedthrough All Digital Inputs Low, 10 10 

VREF=20 Vp-p @ 100 kHz 
D Package (Note 4) 6 9 6 9 

N Package 2 5 2 5 

Output Capacitance 

lOUT 1 All Digital Inputs Low 40 40 

All Digital Inputs High 200 200 

IOUT2 All Digital Inputs Low 200 200 

All Digital Inputs High 40 40 

Digital Input (Figure 1) 

Low Threshold TMIN<TA<TMAX 0.8 0.8 

High Threshold TMIN<TA<TMAX 2.4 2.4 
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Units 

DC 
DC 

DC 

·C 
·C 
DC 
DC 
DC 

·C 

Units 

Bits 

%FSR 
%FSR 
%FSR 

% FSrC 

%FS 

% FSrC 

nA 
nA 

% FSIV 

kn 

ns 

mVp-p 

mVp-p 
mVp-p 

pF 
pF 
pF 
pF 

V 
V 

CC 
fifi 
-'" -'" 
1\)0 
1\)1\) 
00 ................ 
CO 
~fi 
-'" -'" 
1\)0 
1\)1\) 
-'" -'" ................ 
CC 
fifi 
-'" ..... 
1\)0 
1\)1\) 
1\)1\) 



Electrical Characteristics (Continued) 
(V+ = 15V, VREF = 10.000V, T A = 25°C unless otherwise specified) 

Parameter 

Digital Input Current 

Supply Current 

Operating Power Supply 
Range 

Conditions 

TMIN~TA~TMAX 
Digital Input High. 
Digital Input Low 

All Digital Inputs High 
All Digital Inputs Low 

(Figures 1 and 2) 

DAC1020,DAC1021, 
DAC1022 

Min Typ Max 

1 100 
-50 -200 

0.2 1.6 
0.6 2 

5 15 

DAC1220,DAC122.1, 
DAC1222 

Min Typ Max 

1 100 
-50 -200 

0.2 1.6 
0.6 2 

5 15 

Units' 

JlA 
JlA 

mA 
rnA 

V 

Note 1: VREF= ±10V and VREF= ±1V. A linearity error temperature coefficient of 0.0002% FS for a 45'C rise only guarantees 0.009% maximum change in 
linearity error. For instance, if the linearity error at 25'C is 0.045% FS it could increase to 0.054% at 70'C and the DAC will be no longer a 10·bit part. Note, 
however, that the linearity error is specified over the device full temperature range which is a more stringent specification since it includes the linearity error 
temperature coefficient. 

Note 2: Using internal feedback resistor as shown in Figure 3. 

Note 3: Both lOUT 1 and lOUT 2 must go to gr9und or the virtual ground of an operational amplifier. If VREF= 10V, every millivolt offset between lOUT 1 or lOUT 2. 
0.005% linearity error will be introduced. 

Note 4: To achieve this low feedthrough in the D package, the user must ground the metal lid. 

Typical Performance Characteristics 
2 

I 
?: -r-. ~ ~ 
0 1.5 -- -r-. :c r-. r-V

':"'5V ~ 
a: ---:t: r-I--
I-- 1 
~ 
~ .... 
ex: 0.5 I--
t; 
C 

0 
0 20 40 60 

TA - TEMPERATURE (OC) 

FIGURE 1. Digital Input Threshold vs 
Ambient Temperature 

Bo 
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~ 0.05 
;::: 
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a: 
ex: 
> 0 
a: 
o 
ex: 
a: 
!OJ 

z-0.05 
C( 
t:l 

-0.10 

/ 

5.0 

v­
./ 

10.0 15.0 

V+ (VOLTS) 

FIGURE 2. Gain Error Variation vs V+ 
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Typical Applications 
The following applications are also valid for 12-bit systems 
using the DAC1220 and.2 additional digital inputs. 

Operational Amplifier Bias Current (Figure 3) 

The op amp bias current, Ib' flows through the 15k internal 
feedback resistor. BI-FET op amps have low Ib and, there­
fore, the 15k x Ib error they introduce is negligible; they are 
strongly recommended for the DAC1020 applications. 

Vos Considerations 

The output impedance, ROUT, of the DAC is modulated by 
the digital input code which causes a modulation of the op­
erational amplifier output offset. It is therefore recommend­
ed to adjust the op amp Vos. ROUT is -15k if more than 4 
digital inputs are high; ROUT is - 45k if a single digital input 
is high, and ROUT approaches infinity if all inputs are low. 

Operational Amplifier Vos Adjust (Figure 3) 

Connect all digital inputs, A 1-A 10, to ground and adjust the 
potentiometer to bring the op amp VOUT pin to within . ± 1 
mV from ground potential. If VREF is less than 10V, a finer 
Vos adjustment is required. It is helpful to increase the reso­
lution of the Vos adjust procedure by connecting a 1 kn 
resistor between the inverting input of the op amp to 
ground. After Vos has been adjusted, remove the 1 kn. 

Full-Scale Adjust (Figure 4) 

Switch high all the digital inputs, A 1-A 10, and measure the 
op amp output voltage. Use a 5000. potentiometer, as 
shown, to bring IlvoUT11 to a voltage equal to VREF X 
1023/1024. 

SELECTING AND COMPENSATING THE OPERATIONAL AMPLIFIER 

OpAmpFamlly 

LM357 
LM356 
LF351 
LM741 

ISV 

CF RI P Vw 

10pF 2.4k 25k V+ 
22pF CXl 25k V+ 
24 pF CXl 10k V-

0 CXl 10k 

MSB LSD 
AI A2 AJ A4 AS A6 A7 AS A9 AID 

(
Al A2 A3 Al0 ) 

VOUT = -VREF 2" + '4 + '8 + ••• 1024 

-10V ~ VREF ~ 10V 

1023 
o ~ Your ~ - 1024 VREF 

where AN = ; if the AN digital input is high 

AN = 0 if the AN digital input is low 

Circuit Settling 
Time, ts 

1.5/-1-s 
3/-1-s 
4/-1-s 

40/-l-s 

>-<: ...... 0 Your 

FIGURE 3. Basic Connection: Unipolar or 2-Quadrant Multiplying 
Configuration (Digital Attenuator) 
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Circuit Small 
Signal BW 

1M 
0.5M 
0.5M 

200 kHz 
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1\)0 
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1\)1\) 



NN 
. N N 
ON ,... ,... 
'00 

C§C§ 
.............. ,... ,... 
NN 
ON ,... ,... 

~~ .............. 
00 
NN 
o N ,... ,... 

~~ 

Typical. Applications (Continued) 

MSB lSS 
Al A2 A3 A4 AS AS Al AI A9 A1D 

F~rf.~~~~E L---------ii=-~~:.:.....~ 
DECREASE 

FIGURE 4: Full-Scale Adjust 

MSS lSB 
Al A2 A3 A4 A5 A6 Al AI A9 AU 

YOUT 

FIGURE 5. Alternate Full-Scale Adjust: (Allows Increasing or Decreasing the Gain) 

DIGITAL WORD A 

MSB LSB 
Al A2 Al A4 A5 AS Al AB A9 Al0 

DIGITAL WORD B 

i MSB LSB 
Al A2 A3 A4 AS A6 A7 A8 A9 Al0 

16 RFEEDBACK 

16 RFEEDBACK 

(
Al A2 A3 Al0 ) 

VOUT 1 = -VREF "2 + "4 + "8 + ••• 1024 

Y-

(
Al A2 A3 Al0) (81 82 83 810) 

VOUT2 = VREF "2 + "4 +"8 + ••• 1024 x "2 +"4 +"8 + •• ·1024 

where VREF can be an AC signal 

FIGURE 6. Precision Analog-to-Dlgltal Multiplier 
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Typical Applications (Continued) 

MS. lSi 
'" Al Al At A. AI AJ AI "" A11 

(
A1 A2 A10 1) 

VOUT = -VREF "2 + ,4 + ••• + 1024 - 1024 

where: AN = + 1 if AN input is high 

AN = - 1 if AN input is low 

'iOUT 

0 0 0 
0 0 0 
0 1 1 
1 0 0 
1 0 0 
1 1 1 

COMPLEMENTARY OFFSET BINARY 
(BIPOLAR) OPERATION 

DIGITAL INPUT VaUT 

0 0 0 0 0 0 0 +VREF 
0 0 0 0 0 0 1 VREF X 1022/1024 

1 1 1 1 1 1 1 VREF X 2/1024 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 -VREF X 2/1024 

1 1 1 1 1 1 1 -VREF (1022/1024) 

Note that: 

VREF (1023) laUT1 + laUT2 = --- X --
RLADDER 1024 

• By doubling the output range we get half the resolution 

• The 10M resistor, adds a 1 LSB "thump", to allow full 
offset binary operation where the output reaches zero for 
the half-scale code. If symmetrical output excursions are 
required, omit the 10M resistor. . 

FIGURE 7. Bipolar 4-Quadrant Multiplying Configuration 

Operational Amplifiers Vas Adjust (Figure 7) 

a) Switch all the digital inputs high; adjust the Vas potenti­
ometer of op amp B to bring its output to a value equal 
to-(VREF/1024) (V). 

b) Switch the MSB high and the remaining digital inputs 
low. Adjust the Vas potentiometer of op amp A, to bring 
its output value to within a 1 mV from ground potential. 
For VREF < 1 OV, a finer adjust is necessary, as already 
mentioned in the previous application. 

l1V 

Your (SWING) 
- 'VREF 

Msa LSB 
Al A2 AJ A4 AI A6 AI AI AI AID 

10k 

TRUE OFFSET BINARY OPERATION 

DIGITAL INPUT VaUT 

1 1 1 1 1 1 1 ' 1 1 1 VREF X 1022/1024 
1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 '0 0 0 0 -VREF 

ts = 1.8 fLs 

use LM336 for a voltage reference 

FIGURE 8. Bipolar Configuration with a Single Op Amp 

Gain Adjust (Full-Scale Adjust) 

Assuming that the external 10k resistors are matched to 
better than 0.1 %, the gain adjust of the circuit is the same 
with the one previously discussed. 

ISV 

MSB LSB 
Al A2 AJ A4 AI A6 AI AI AI AID 

TL/H/5689-6 
_ R2 Av-

• R4={2Av -1)R'R'1=Av--1' 

R3 + R111R2 = R; Av- = VOUT(PEAK), R= 20k 
, VREF 

• Example: VREF = 2V, VOUT (swing) '" ± 10V: Av- = 5V 

Then R4 = 9R, R1 = 0.8 R2. If R1 = 0,2R then R2 = 0,25R, 

R3 = 0.64R 
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FIGURE 9. Bipolar Configuration with 
Increased Output Swing 
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Typical Applications (Continued) 

M~ ~8 
Al A2 A3 A4 A5 A6 Al A8 A9 AID 

15V 

Your 0-.... -----< 

Y-

VOUT = (~ + ~ + ~ + ... ~) 
2 4 8 1024 

where: VREF can be an AC signal 

I lour I 

lour2 

• By connecting the DAC in the feedback loop of an opera­
tional amplifier a linear digitally control gain block can be 
realized 

• Note that with all digital inputs low, the gain of the amplifier 
is infinity, that is, the op amp will saturate. In other words, we 
cannot divide the VREF by zero! 

FIGURE 10. Analog-to-Dlgltal Divider (or Digitally Gain Controlled Amplifier) 

MSB LSB 
Al A2. A3 A4 A5 A6 Al AS A9 AID 

10k 

! 
Y-

Y-

-+-+ ... +-
2 4 1024 1023 - N 

[

At A2 Al0] . 

VOUT = VREF ~ + ~ + ... +~ orVOUT = VREF (--N-) 
2 4 1024 

where: 0 ~ N ~ 1023 

N = 0 for AN = all zeros 

N = 1 forAl0 =.I,Al-A9 = 0 

N = 1023 for AN = aliI's 

FIGURE 11. Digitally controlled Amplifler-Attenuator 
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Typical Applications (Continued) 

1,.f 
VCC 

Cl" 

ClOCK 
(fREQUENCY 

CONTROL) 

llV 
10k 

• Output frequency = fCLK; fMAX ~ 2 kHz 
512 

• Output voltage range = OV - 10V peak 

• THO < 0.2% 

• Excellent amplitude and frequency stability with temperature 

• Low pass filter shown has a 1 kHz corner (for output frequencies below 10Hz, 
filter corner should be reduced) 

• Any periodic function can be implemented by modifying the contents of the look 
up table ROM 

• No start up problems 

SINE WAVE OUT 

FIGURE 12. Precision Low Frequency Sine Wave Oscillator Using Sine Look-Up ROM 
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Typical Applications (Continued) 

MM74COO - NAND gates 

MM74C32 - OR gates 

MM74C74 - D flip-flop 

MM74C193 - Binary up/ 

TO DACI020 
DIGITAL INPUTS 

• Binary up/down counter digitally "ramps" the DAC 
output 

• Can stop counting at any desired 10-bit input code 
• Senses up or down count overflow and automatically 

reverses direction of count 

TL/H/5689-9 

FIGURE 13. A Useful Digital Input Code Generator for DAC Attenuator or Amplifier Circuits 
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Definition of Terms 
Resolution: Resolution is defined as the reciprocal of the 
number of discrete steps in the Of A output. It is directly 
related to the number of switches or bits within the Of A. For 
example, the OAC1020 has 210 or 1024 steps while the 
OAC1220 has 212 or 4096 steps. Therefore, the OAC1020 
has 10-bit resolution, while the OAC1220 has 12-bit resolu­
tion. 
linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of the 
DI A transfer characteristic. It is measured after calibrating 
for zero (see Vos adjust in typical applications) and full­
scale. Linearity error is a design parameter intrinsic to the 
device and cannot be externally adjusted. 

... 
::> ... 
::> 
o 
.." 
o .. 
z .. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the Of A 
full-scale output. 

Settling Time: Full-scale settling time requires a zero to full­
scale or full-scale to zero output change. Settling time is the 
time required from a code transition until the Of A output 
reaches within ± % LSB of final output value. 

Full-Scale Error: Full-~cale error is a measure of the output 
error between an ideal Of A and the actual device output. 
Ideally, for the OAC1020 full-scale is VREF -1 LSB. For 
VREF = 10V and unipolar operation, VFULL­
SCALE = 10.0000V-9.B mV = 9.9902V. Full-scale error is 
adjustable to zero as shown in Figure 5. 

,112 LSB ERROR BAND 

I 

oAC FAILS £NO POINT TEST 
LINEARITY ERROR:: 1 LSB 

DIGITAL INPUT 

a 
(a) End point test after zero and full-scale adjust. 

The OAC has 1 LSB linearity error 

IN IN 

TL/H/5689-10 

b1 b2 
(b) By shifting the full-scale calibration on of the OAC of 

Figure (btJ we could pass the "best straight line" (b2) 
test and meet the ± % linearity error specification 

Note. (a), (b1) and (b2) above illustrate the difference between "end point" National's linearity test (a) and "best straight line" test. Note that both devices in (a) and 
. (b2) meet the ± % LSB linearity error specification but the end point test is a more ','reallife" way of characterizing the DAC. 

Connection Diagrams 
DAC102X 

Dual-In-Llne Package 

lOUT 1 
16 

AHEOBACK 

lOUT 2 2 
15 

VREF IN 

GNO 
14 v' 
13 

Al (MSII AID (LSI) 

A2 12 AI 

AJ 
11 

AI 

A' 
10 

AI 

AS • Ai 

TO'VIEW 

DAC122X 
Dual-In-Line Package 

lOUT 1 

GND 

AI (MSB) 

A2 

AJ 

A4 

A5 

Ai 

TO'VI[W 

11 
AHEOIACK 

11 AI 

10 
AI 

Order Numbers DAC1020, DAC1021, DAC1022, DAC1220, DAC1221, DAC1222 
See NS Packages N16A, D16C, N18A, D18A 
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~National . 
~ Semiconductor 
MICRO-DACTM DAC1208, DAC1209, DAC1210, DAC1230, 
DAC1231, DAC1232 12-Bit, p.P Compatible, 
Double- Buffered D to A Converters 
General Description Features, 
The DAC1208 and the DAC1230 series are 12-bit multiply- - Linearity specified with zero and full-scale adjust only 
ing 0 to A converters designed to interface directly with a _ Direct interface to all popular microprocessors 
wide variety of microprocessors (8080, 8048, 8085, Z-80, _ Double-buffered, single-buffered or flow through digital 
etc.). Double buffering input registers and associated con- data inputs 
trol lines allow these DACs to appear as a two-byte "stack" _ Logic inputs which meet TTL voltage level specs (1.4V 
in the system's memory or I/O space with no additional in- logic threshold) 
terfacing logic required. _ Works with ± 10V reference-full 4-quadrant multi plica- , 
The DAC1208 series provides all 12 input lines to allow sin- tion 
gle buffering for maximum throughput when used with 16-bit _ Operates stand-alone·(without /-LP) if desired 
processors. These input lines can also be externally config- _ All parts guaranteed 12-bit monotonic 
ured to permit an 8-bit data interface. The DAC1230 series _ DAC1230 series is pin compatible with the DAC0830 
can be used with an 8-bit (jata bus directly as it internally series 8-bit MICRO-DACs 
formulates the 12-bit DAC data from its 8 input lines. All of 
these DACs accept left-justified data from the processor. 

The analog section is a precision silicon-chromium (Si-Cr) 
R-2R ladder network and twelve CMOS current switches. 
An inverted R-2R ladder structure is used with the binary 
weighted currents switched between the IOUT1 and IOUT2 
maintaining a constant current in each ladder leg indepen­
dent of the switch state. Special circuitry provides TTL logic 
input voltage level compatibility. 

The·DAC1208 series and DAC1230 series are the 12-bit 
members of a family of microprocessor compatible DACs 
(MICRO-DACsTM). For applications requiring other resolu­
tions, the DAC1000 series for 10-bit and DAC0830 series 
for 8-bit are available alternatives. 

Typical Application 

'" => .. 

CONTROL BUS 
cs 

BYTE l/BYTE 2 

~ 1-----"\1 

VCC 

Key Specifications 
- Current Settling Time 
- Resolution 
- Linearity (Guaranteed 

over temperature) 
_ Gain Tempco 

- Low Power Dissipation 
_ Single Power Supply 

1 /-LS 
12 Bits 

10, 11, or 12 Bits of FS 
1.5 ppmfOC 

20 mW 

5 Voc to 15 Voc 

DATA BUS MICRO-DAC™ 
20 PINS >-...... --VOUT 

-15V 

TLIH/5690-1 

Ordering Information 
Package 

Accuracy 20-Pln 24-Pln 
D20A D24C 

0.012% DAC1230LCD DAC1208LCD 
0.024% DAC1231 LCD DAC1209LCD 
0.05% DAC1232LCD DAC1210LCD 
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Absolute Maximum Ratings Operating Ratings 
(Notes 1 and 2) Lead Temperature (Soldering, 10 seconds) 300°C 
Supply Voltage (Vce> HVDC Temperature Range -40°C to + B5°C* 
Voltage at Any Digital Input VcctoGND Range of Vcc 4.75 VDC to 16 Voc 
Voltage at VREF Input ±25V Voltage at Any Digital Input VCCto GND 
Storage Temperature Range - 65°C to + 150·C • Military temperature range device will be available in future. 
Package Dissipation at T A = 25°C (Note 3) 500mW 

DC Voltage Applied to IOUT1 or IOUT2 

(Note 4) -100 mV to Vcc 

Electrical Characteristics 
TA = 25°C, VREF= 10.000 VDC, Vcc= 11.4 Voc to 15.75 Voc unless otherwise noted. 

Parameter Conditions Min Typ Max Units Notes 

Resolution 12 12 12 Bits 

Linearity Error Zero and Full-Scale 4, 7 
(End Point Linearity) Adjusted 

TMIN<TA<TMAX 6 
-10V~VREF~10V 5 
DAC120B, DAC1230 0.012 % ofFSR 
DAC1209, DAC1231 0.024 % of FSR 
DAC1210, DAC1232 0.05 %ofFSR 

Differential Non-Linearity Zero and Full-Scale 4, 7 
Adjusted 
TMIN<TA<TMAX 6 
-10V~VREF~10V 5 
DAC120B, DAC1230 0.012 % of FSR 
DAC1209, DAC1231 0.024 % ofFSR 
DAC1210, DAC1232 0.05 %ofFSR 

Monotonicity TMIN<TA<TMAX 4,6 
-10V~VREF~ 10V 12 12 12 Bits 5 

Gain Error Using Internal RFb 
-10V~VREF~10V -0.2 -0.01 0.0 %ofFS 5 

Gain Error Tempco TMIN<TA<TMAX 6, 7 
Using Internal RFb ±1.3 ±6.0 ppm of FSrc 10 

Power Supply Rejection All Digital Inputs ±3.0 ppmof FSRIV 7 
Latched High 

Reference Input Resistance 10 15 20 kfl 

Output Feedthrough Error VREF = 20 Vp-p, f = 100 kHz 3 mVp-p 9 
All Data Inputs Latched 
Low 

Output Capacitance All Data Inputs IOUT1 200 pF 
Latched High IOUT2 70 pF 
All Data Inputs loun 70 pF 
Latched Low IOUT2 200 pF 

Supply Current Drain TMIN~TA~TMAX 1.2 2.0 mA 6 

Output Leakage Current TMIN~TA~TMAX 6,11 
IOUT1 All Data Inputs Latched 15 nA 6,11 

Low 
IOUT2 All Data Inputs Latched 15 nA 

High 

Digital Input Threshold TMIN~TA~TMAX 6 
Low Threshold O.B VDC 
High Threshold 2.0 Voc 

Digital Input Currents TMIN~TA~TMAX 6 
Digital Inputs <O.BV -50 -200 }.LADC 
Digital Inputs > 2.OV 0.1 10 }.LADC 
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Electrical Characteristics (Continued) 
T A = 25°C, VREF = 10.000 Voc, Vcc = 11.4 Voc to 15.75 Voc unless otherwise noted. 

ts 

tw 

tos 

tOH 

tcs 

tCH 

Parameter 

Full-Scale Current 
Settling Time 

Write and XFER 
Pulse Width 

Data Set-Up Time 

Data Hold Time 

Control Set-Up Time 

Control Hold Time 

Conditions 

RL = 100n, Output Settled 
toO.01% CS=WR1 = 
WR2=XFER=OV, Byte 1/ 
Byte 2= 5V, 010 through 0111 
Switched Simultaneously 

VIL =OV, VIH=5V. 
TMIN:5:TA:5:TMAX 

VIL = OV, VIH = 5V 
TMIN:5:TA:5:TMAX 

VIL = OV, VIH = 5V 
TMIN:5:TA:5:TMAX 

VIL ~OV, VIH=5V 
TMIN:5:TA:5:TMAX 

VIL = OV, VIH = 5V 
TMIN:5:TA:5:TMAX 

Min Typ 

320 50 
320 80 

320 70 
320 80 

90 50 
90 60 

320 60 
320 100 

10 0 
10 0 

Max Units Notes 

p.S 

ns 8, 10 
ns 6,8,10 

ns 10 
ns 6, 10 

ns 10 
ns 6, 10 

ns 10 
ns 6,10 

ns 10 
ns 6, 10 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. These specifications are not meant to imply 
that the devices should be operated at these "Absolute Maximum" limits. 

Note 2: All voltages are measured with respect to GND. unless otherwise specified. 

Note 3: This SOO mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no way to significantly modify 
the power dissipation) removes concern for heat sinking. 

Note 4: Both loun and IOUT2 must go to ground or the virtualgrOllnd of an operational amplifier. The linearity error is degraded by approximately Vos + VREF. For 
example. if VREF= 10V then a 1 mV offset. VOS. on loun or IOUT2 will introduce an additional O.O~ % linearity error. 

Note 5: Guaranteed at VREF= ± 10 Voc and VREF= ±1 Voc. 

Note 6: TMIN= -40·C and TMAX=8S·C. 

Note 7: The unit FSR stands for full-scale range. Linearity Error'and Power Supply Rejection specs are based on this unit to eliminate dependence on a particular 
VREF value to indicate the true performance of the part. The Linearity Error specification of the DAC1208 is 0.012% of FSR(max). This guarantees that after 
performing a zero and full-scale adjustment. the plot of the 4096 analog voltage outputs will each be within 0.012% x VREF of a straight line which passes through 
zero and full-scale. The unit ppm of FSR(parts per million of full-scale range) and ppm of FS(parts per million of full-scale) are used for convenience to define specs 
of very small percentage values. typical of higher accuracy converters. In this instance. 1 ppm of FSR,=VREF/l06 is the conversion factor to provide an actual 
output voltage quantity. For example. the gain error tempco spec of ± 6 ppm of FSrC represents a worst-case full-scale gain error change with temperature from 
-40·C to +8S·C of ±(6)(VREF/l06)(12S·C) or ±0.7S (10-3) VREF which is ±0.07S% of VREF. 

Note 8: This spec implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tw) of 320 ns. A typical part will operate with tw of only 
100 ns. The entire write pulse must occur within the valid data interval for the specified two tos. tOH and ts to apply. 

Note 9: To achieve this low feedthrough in the D package. the user must ground the metal lid. If the lid is left floating the feedthrough is typically 6 mY. 

Note 10: Guaranteed by design but not tested. 

Note 11: An 10 nA leakage current with RFb=20k and VREF= 10V corresponds to a zero error of (lOX 10-9X20X 103)X 100% 10V or 0.002% of FS. 

Connection Diagrams 
Dual-In-Llne Package 
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Dual-In-Llne Package 
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See Ordering Information TLIH/S690-2 



Swltching Waveforms 
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Typical Performance Characteristics 
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Definition of Package Pinouts 
CONTROL SIGNALS (all control signals are level actuated) 

CS: Chip Select (active low). The CS will enable WR1. 

WR1: Write 1. The active low WR1 is used to load the digital 
data bits (01) into the input latch. Tho data in the input latch 
is latched when WR1 is high. The 12-bit input latch is split 
into two latches, one holds the first 8 bits, while the other 
holds 4 bits. The Byte 1/Byte 2 control pin is used to select 
both latches when Byte 1/Byte 2 is high or to overwrite the 
4-bit input latch when in the low state. 

Byte 1/Byte 2: Byte Sequence Control. When this control is 
high, all 12 locations of the input latch are enabled. When 
low, only the four least significant locations of the input latch 
are enabled. 

WR2: Write 2 (active low). The WR2 will enable XFER. 

'XFER: Transfer Control Signal (active low). This signal, in 
combination with WR2, causes the 12-bit data which is 
available in the input latches to transfer to the OAC register. 

010 to 0111: Digital Inputs. 010 is the least significant digital 
input (LSB) and 0111 is the most significant digital input 
(MSB). 

IOUT1: OAC Current Output 1. IOUT1 is a maximum for a 
digital code of all 1 s in the OAC register, and is zero for all 
Os in the OAC register. 

IOUT2: OAC Current Output 2. IOUT2 is a constant minus 
IOUT1' or IOUT1 + IOUT2 = constant (for a fixed reference 
voltage). This constant current is 

VREF X (1 - 4d96) 
divided by the reference input resistance. 

RFb: Feedback Resistor. The feedback resistor is provided 
on the IC chip for use as the shunt feedback resistor for the 
external op amp which is used to provide an output voltage 
for the OAC. This on-chip resistor should always be used 
(not an external resistor) since it matches the resistors 
which are used in the on-chip R-2R ladder and tracks these 
resistors over temperature. 

VREF: Reference Voltage Input. This input connects an ex­
t.ernal precision voltage source to the internal R-2R ladder. 
VREF can be selected over the range of 10V to -1 OV. This 
is also the analog voltage input for a 4-quadrant multiplying 
DAC application. 

Vee: Digital Supply Voltage. This is the power supply pin for 
the part. Vcc can be from 5 Voc to 15 Voc. Operation is 
optimum for 15 Voc. 

GND: Pin 12 voltage of the DAC1208, DAC1209, DAC1210 
and Pin 10 voltage of the DAC1230, DAC1231, DAC1232 

DIGITAL INPUT 

a) End pOint test after zero 
and FS adjust 
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must be at the same ground potential as IOUT1 and IOUT2 
for current switching applications. Any difference of poten­
tial (VOS on ~hese pins) will result in a linearity change of 

VOS 

3 VREF. 

For example, if VREF= 10V and these ground pins are 9 mV 
offset from IOUT1 and IOUT2 the linearity change will be 
0.03%. 

Definition of Terms 
Resolution: Resolution is defined as the reciprocal of the 
number of discrete steps in the DAC output. It is directly 
related to the number of switches or bits within the DAC. For 
example, the DAC1208 has 212 or 4096 steps and therefore 
has 12-bit resolution. 

Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 

National's linearity test (a) and the best straight line test (b) 
used by other suppliers are illustrated below. The best 
straight line (b) requires a special zero and FS adjustment 
for each part, which is almost impossible for the ·user to 
determine. The end point test uses a standard zero FS ad­
justment procedure and is a much more stringent test for 
DAC linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the DAC 
full-scale output. 

Settling Time: Full-scale current settling time requires ze(o 
to full-scale or full-scale to zero output change. Settling time 
is the time required from a code transition until the DAC 
output reaches within ± % LSB of the final output value. 

Full-Scale Error: Full-scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC1208 or DAC1230 series, full-scale is 
VREF -1 LSB. For VREF = 10V and unipolar operation, 
VFULL-SCALE= 1 O.OOOOV - 2.44 mV = 9.9976V. Full-scale 
error is adjustable to zero. 

Differential Non-Linearity: The difference between any 
two consecutive codes in the transfer curve from the theo­
retical 1 LSB is differential non-linearity. 

Monotonic: If the output of a DAC increases for increasing 
digital input code, then the DAC is monotonic. A 12-bit DAC 
which is monotonic to 12 bits simply means that input in­
creasing digital input codes will produce an increasing ana­
log output. 

;lI2LSB ERROR lAND 

I 

DIGITAL INPUT 

b) Shifting FS adjust to pass 
best straight line test 
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Application Hints 
1.0 DIGITAL INTERFACE 

These DACs are designed to provide all of the necessary 
digital input circuitry to permit a direct interface to a wide 
variety of microprocessor systems. The timing and logic lev­
el convention of the input control signals allow the DACs to 
be treated as a typical memory device or lID peripheral with 
no external logic required in most systems. Essentially 
these DACs can be mapped as a two-byte stack in memory 
(or lID space) to receive their 12 bits of input data in two. 
successive 8-bit data writing sequences. The DAC1230 se­
ries is intended for use in systems with an 8-bit data bus. 
The DAC1208 series provides all 12 digital input lines which 
can be externally configured to be controlled from an 8-bit 
bus or can be driven directly from a 16-bit data bus. 
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LATCH a 
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LE 
0 
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All of the digital inputs to these DACs contain a unique 
threshold regulator circuit to maintain TTL voltage level 
compatibility independent of the applied Vee to the DAC. 
Any input can also be driven from higher voltage CMOS 
logic levels in non-microprocessor based systems. To pre­
vent damage to the chip from static discharge, all unused 
digital inputs should be tied to Vee or ground. As a trouble­
shooting aid, if any of the digital inputs are inadvertently left 
floating, the DAC will interpret the pin as a logic "1 ". 

Double buffered digital inputs allow the DAC to internally 
format the 12-bit word used to set the current switching R-
2R ladder network (see section 2.0) from two 8-bit data 
write cycles. Figures 1 and 2 show the internal data regis­
ters and their controlling logic circuitry. The timing diagrams 
for updating the DAC output are shown in sections 1.1, 1.2 
and 1.3 for three possible control modes. The method used 
depends strictly upon the particular application. 
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FIGURE 1. DAC1208, DAC1209, DAC1210 Functional Diagram 
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Application Hints (Continued) 

1.1 Automatic Transfer 

The 12-bit DAC word is automatically transferred to the DAC register and the R-2R ladder when the second write (the 4 LSBs of 
the data) occurs. 

DATA BUS --<" ... ___ v_AL_ID ___ )>------« .... __ v_AL_ID __ ,.,»)O------

BYTE I/IVTIT 
ANDifrIi 

\'---__ ---11 

\_------~~~--­
ANALDG OUTPUT 

WiIlANDW1i2 \'---__ 1 /}

PDATED 

\ 
I"O::-""'!A~NA~L"='OG~D~U~T'~UT=---

._ LATCHED 

LDAD I·BIT INPUT 
LATCH (4-BIT INPUT 

LATCH ALSO CHANGED) 

1.2 Independent Processor Transfer Control 

OVERWRITE THE 4·BIT 
INPUT LATCH AND TRANSFER 

ALL 12 BITS TD THE D/A 
TLlH/5690-7 

In this case a separate address is decoded to provide the XFER signal. This allows the processor to load the next required DAC 
word but not change the analog output until some time later, most useful for the simultaneous updating of several DACs in a 
system where their XFER lines would be tied together. 

DATA BUS ----«, __ V_A_Ll_D _..J)>-: -----« __ V_AL_ID_..J>- --------------

BYTEl/ffin 

LOAD I·IIT INPUT 
LATCH (4·BIT INPUT 

LATCH ALSO CHANGEO) 

1.3 Transfer via an External Strobe 

\ 1 1
-.---------________ ...... l~\- ________ _ 

OVERWRITE 4-BIT 
INPUT LATCH 

'---.....JI 
ANALDG OUTPUT 

TRANSFER I2-IIT OAC 
WORD TO THE OIA 

UPDATED 
ANALOG OUTPUT 
LATCHED 

TLlH/5690-8 

This method is basically the same as the previous operation except the XFER signal is provided by a device other than the 
processor. This allows the DAC to hold the code for a conditional analog output signal which will be required on demand from an 
external monitoring device (an analog voltage comparator for instance). 

DATA BUS ---.« ... __ V_AL_ID __ ",»----«~ __ V_A_Ll_D _-",»)0' --__ ----------_ 

BYTE lImn 

XFER 

WR2 tied to a logic low (OV) 

LOAD I·BIT INPUT 
LATCH (4-8IT INPUT 

LATCH ALSO CHANGED) 

\ .... _______ I r - - - - - - -
- ---------

OVERWRITE 4·81T 
INPUTLATCH 
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ANALOG OUTPUT UPDATEO 
AND LATCHED 
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Application Hints (Continued) 

1.4 Left-Justified Data Format 

It is important to realize that the input registers of these 
DACs are arranged to accept a left-justified data word from 
the microprocessor with the most significant a bits coming 
first (Byte 1) and the lower 4 bits second. Left justification 
simply means that the binary point is assumed to be located 
to the left of the most significant bit. Figure 3 shows how the 
12 bits of DAC data should be arranged in 2 a-bit registers 
of an 8-bit processor before being written to the DAC. 

r--HIIYTE-!-lO IVTE--I 

I MSB-OACDATAELSB x X x xl 

IYTE 1 IYTE 2 

x = don't care 
TL/H/5690·10 

FIGURE 3. Left-Justified Data Format 

1.5 16-Blt Data Bus Interface 

The DAC120a series provides all 12 digital input lines to 
permit a direct parallel interface to a 16-bit data bus. In this 
instance, double buffering is not always' necessary (unless a 
simultaneous updating of several DACs or a data transfer 
via an external strobe is desired) so the 12-bit DAC register 
can be wired to flow-through whereby its Q outputs always 
reflect the state of its D inputs. The external connections 
required and the timing diagram for this single buffered ap­
plication are shown in Figure 4. Note that either left or right­
justified data from the processor can be accommodated 
with a 16-bit data bus. 

1.6 Flow-Through Operatlon 

Through primarily designed to provide microprocessor inter­
face compatibility, the MICRO-DACs can easily be config­
ured to allow the analog output to continuously reflect the 
state of an applied digital input. This is most useful in appli­
cations where the DAC is used in a continuous feedback 
control loop and is driven by a binary updown counter, or in 
function generation circuits where a ROM is continuously 
providing DAC data. . 
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JUSTIFIED 1- - - - DAe;20a~ACi209. DACWO- - - - -

RIGHT LEFT 151 MSB 
DIll 0115 .... -----o-~.;;;.;;.;_f 
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XFER and WR2 grounded; Byte l/Byte 2 tied to Vee. 

FIGURE 4. 16-Blt Data Bus Interface for the DAC1208 Series 
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Application Hints (Continued) 

Only the DAC1208, DAC1209, DAC1210 devices can have 
all 12 inputs flow-through. Simply grounding CS, WR1, WR2 
and XFER and tying Byte 1 /Byte 2 high allows both internal 
registers to follow the applied digital inputs (flow-through) 
and directly aHect the DAC analog output. 

1.7 Address Decoding Tips 

It is possible to map the MICRO-DACs into system ROM 
space to allow more efficient use of existing address decod­
ing hardware. The DAC in effect could share the same ad­
dresses of any number of ROM locations. The ROM outputs 
will only be enabled by a READ of its address (gated by the 
system READ strobe) and the DAC will only accept data 
that is writtf3n to the same address (gated by the system 
WRITE strobe). 

The Byte 1 /Byte 2 control function can easily be generated 
by the processor's least significant address bit (AO) by plac­
ing the DAC at two consecutive address locations and utiliz­
ing double-byte WRITE instructions which automatically in­
crement or decrement the address. The CS and XFER sig­
nals would then be decoded from the remaining address 
bits. Care must be taken in selecting the actual address 
used for Byte 1 of the DAC to prevent a carry (as a result of 
incrementing the address for Byte 2) from propagating 
through the address word and changing any of the bits de­
coded for CS or XFER. Figure 5 shows how to prevent this 
effect. 

Write 
Cycle 15 

First I \. 
T 

The same problem can occur from a borrow when an auto­
decremented address is used; but only if the processor's 
address outputs are inverted before being decoded. 

1.8 Control Signal Timing 

When interfacing these MICRO-DACs to any microproces­
sor, there are two important time relationships that must be 
considered to insure proper operation. The first is the mini­
mum WR strobe pulse width which is specified as 320 ns for 
Vee = 11.4V to 15.75V and operation over temperature, but 
typically a pulse width of only 250 ns is adequate. A second 
consideration is that the guaranteed minimum data hold 
time of 90 ns should be met or erroneous data can be 
latched. This hold time is defined as the length of time data 
must be held valid on the digital inputs after a qualified (via 
CS) WR strobe makes a low to high transition to latch the 
applied data. 

If the controlling device or system does not inherently meet 
these timing specs the DAC can be treated as a slow mem­
ory or peripheral and utilize a technique to extend the write 
strobe. A simple extension of the write time, by adding a 
wait state, can simultaneously hold the write strobe active 
and data valid on the bus to satisfy the minimum WR pulse 
width. If this does not provide a sufficient data hold time at 
the end of the write cycle, a negative edge triggered one­
shot can be included betWeen the system write strobe and 
the WR pin of the DAC. This is illustrated in Figure 6 for an 
exemplary system which provides a 250 ns WR strobe time 
with a data hold time of only 10 ns. 

Address Bits 

2 1* 0** 

) 

(Byte 1) Decoded to 
0 1 

Second Address DAC 1, 

(Byte 2) 

·Starting with a 0 prevents a carry 'on address incrementing. , 

··Used as Byte 1 IByte2 Control 

FIGURE 5 
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BUS--"/\ 

0 

~ 
SYSTEM DATA HOLD TIME (10 ns) 

_NORMAL_ ONE WAIT -r---+--
SYSTEM WRITE STROBE STATE 

WRITE STROBE (250 nsl (250 ns) 

Wi! 
(OUTPUT OF 

ONE·SHOT) 

FIGURE 6. Accommodating a High Speed System 
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Application Hints (Continued) 

The proper data set-up time prior to the latching edge (low 
to high transition) of the WR strobe, is insured if the WR 
pulse width is within spec and the data is valid on the bus for 
the duration of the DAC WR strobe. 

1.9 Digital Signal Feedthrough 

A typical digital/microprocessor is a tremendous potential 
source of high frequency noise which can be coupled to 
sensitive analog circuitry. The fast edges of the data and 
address bus signals generate frequency components of 
10's of megahertz and may cause fast transients to appear 
at the DAC output, even when data is latched internally. 

In low frequency or DC applications, low pass filtering can 
reduce the magnitude of any fast transients. This is most 
easily accomplished by over-compensating the DAC output 
amplifier by increasing the value of its feedback capacitor. 

CS FROM 
ADDRESS ~-+-............ .-........ ,,,----,,",,----,.--.... 
DECODER 

Wii ~~~1~~ ~-4--I-. 
XFER FROM 

ADDRESS ~""-I--"lL...~ 
DECODER 

ADDRESS BIT 0 
H~~~ ~g= :~~~ ~ ~-..... -or-~}O ________ --I 

In applications requiring a fast output response from the 
DAC and op amp, filtering may not be feasible. In this event, 
digital signals can be completely isolated from the DAC cir­
cuitry, by the use of a DM74LS374 latch, until a valid CS 
signal is applied to update the DAC. This is shown in Figure 
1. 

A single TRI-STATE@ data buffer such as the DM81 LS95 
can be used to isolate any number of DACs in a system. 
Figure 8 shows this isolating circuitry and decoding hard­
ware for a multiple DAC analog output card. Pull-up resis­
tors are used on the buffer outputs to limit the impedance at 
the DAC digital inputs when the card is not selected. A 
unique feature of this card is that the DAC XFER strobes are 
controlled by the data bus. This allows a very flexible update 
of any combination of analog outputs via a transfer word 
which would contain a zero in the bit position assigned to 
any of the DACs required to change to a new output value. 

ANALOG 
OUTPUT 

TL/H/5690·13 

FIGURE 7. Isolating Data Bus from DAC Circuitry to Eliminate Digital Noise Coupling 
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Application Hints (Continued) 
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Application Hints (Continued) 

2.0 ANALOG APPLICATIONS 
The analog output signal for these DACs is derived from a 
conventional A-2A current switching ladder network. A de­
tailed description of this network can be found on the 
DAC1000 series data sheet. Basically, output loun pro­
vides a current directly proportional to the product of the 
applied reference voltage and the digital input word. A sec­
ond output, IOUT2 will be a current proportional to the com­
plement of the digital input. Specifically: 

I = VREFx2. 
oun . 15k 4096' 

I VREF 4095 - D 
OUT2= 15k x~ 

where D is the decimal equivalent of the applied 12-bit bina­
ry word (ranging from 0 to 4095), VREF is the voltage ap­
plied to the VREF terminal and 15 kfl is the nominal value of 
the internal resistance, A, of the A-2A ladder. 

2.1 Obtaining a Unipolar Output Voltage 

To maintain linearity of output current with changes in the 
applied digital code, it is important that the voltages at both 
of the current output pins be as near ground potential (0 
Vee) as possible. With VREF = + 10V every millivolt appear­
ing at either loun or IOUT2 will cause a 0.01 % linearity 
error. In most applications this output current is converted to 
a voltage by using an op amp as shown in Figure 9. 

The inverting input of the op amp is a virtual ground created 
by the feedback from its output through the internal 15 kfl 
resistor, AFb. All of the output current (determined by the 
digital input and the reference voltage) will flow through AFb 
to the output of the amplifier. Two-quadrant operation can 
be obtained by reversing the polarity of VREF thus causing 
IOUT1 to flow into the DAC and be sourced from the output 
of the amplifier. The output voltage, in either case, is always 
equal to IOUT1 X AFb and is the opposite polarity of the ref­
erence voltage. 

The reference can be either a stable DC voltage source or 
an AC signal anywhere in the range from -10V to + 10V. 
The DAC can be thought of as a digitally controlled attenua­
tor: the output voltage is always less than the applied refer­
ence voltage. The VREF terminal of the device presents a 
nominal impedance of 15 kfl to ground to external circuitry. 

Always use the internal AFb resistor to create an output 
voltage since this resistor-matches (and tracks with temper­
ature) the value of the resistors used to generate the output 
current (IOUTi). 

The selected op amp should have as Iowa value of input 
bias current as possible. The product of the bias current 
times the feedback resistance creates an output voltage er­
ror which can be significant in low reference voltage appli­
cations. BI-FETTM op amps are highly recommended for use 
with these DACs because of their very low input current. 

FUll-SCALE ADJUST 

TLlH/5690-15 

VOUT = -(loUlI x RFb) 

= -VREF(D) 
4096 

for 0 ~ 0 ~ 4095 

FIGURE 9. Unipolar Output Configuration 
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Application Hints (Continued) 

Transient response and settling time of the op amp are im­
portitnt in fast data throughput applications. The largest sta­
bility problem is the feedback pole created by the feedback 
resistance, RFb, and the output capacitance of the DAC. 
This appears from the op amp output to the (-) input and 
includes the stray capacitance at this node. Addition of a 
lead capacitance, Cc in Figure 9, greatly reduces overshoot 
and ringing at the output for a step change in DAC output 
current. 

2.1.1 Zero and Full-Scale Adjustments 

For accurate conversions, the input offset voltage of the 
output amplifier must always be nulled. Amplifier offset er- ' 
rors create an overall degradation of DAC linearity. 

The fundamental purpose of zeroing is to make the voltage 
appearing at the DAC outputs as near 0 Voc as possible. 
This is accomplished by shorting OUt'RFb, the amplifier feed­
back resistor, and adjusting the vos nulling potentiometer of 
the op amp until the output reads zero volts. This is done, of 
course, with an applied digital code of all zeros if IOUT1 is 
driving the op amp (all ones for IOUT2). The short around 
RFb is then removed and the converter is zero adjusted. 

A unique feature of this series of DACs is that the full-scale 
or gain error is guaranteed to be negative. The gain error 
specification is a measure of how close the value of the 

15V 

±VREF 
!-FULL-SCALE 

ADJUST) 

I+FULL-SCALE 
ADJUST) 

Input Code 
MSB ...... LSB 

111111111111 

110000000000 

100000000000 

011111111111 

internal feedback resistor, RFb, matches the R·2R ladder 
resistors. A negative gain error indicates that RFb is a small­
er resistance value than it should be. To adjust this gain 
error, some resistance must always be added in series with 
RFb. The 50n potentiometer shown is sufficient to adjust 
the worst-case gain error for these devices. 

2.2 Bipolar Output Voltage from it Fixed Reference 

The addition of a second op amp to the unipolar circuit can 
generate a bipolar output voltage from a fixed reference 
voltage. This, in effect, gives sign significance to the MSB of 
the digital input word to allow two quadrant multiplication of 
the reference voltage. The polarity of the reference can also 
be reversed to realize full 4-quadrant multiplication. This cir­
cuit is shown in Figure, 10. 

This configuration features several improvements over ex- ' 
isting circuits for a bipolar output shown with other multiply­
ing DACs. Only the offset voltage of amplifier 1 affects the 
linearity of the DAC. The offset voltage error of the second 
op amp (although a constant output error) has no effect on 
linearity. In addition, this configuration offers a non-interac­
tive positive and negative full-scale calibration procedure. 

2R 
10k 

(
D - 2048) 

VOUT = VREF 2048"" 

for 0 $; D $; 4095 

1 LSB = IVREFI 
2048 

Idc:lIVOUT 

+VREF -VREF 

VREF -1 LSB -IVREFI + 1 LSB 

VREF/2 -IVREFI/2 

0 0 

-1 LSB +1 LSB 

Your 
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001111111111 - VREF _ 1 LSB 
2 

IVREFI + 1 LSB 
2 

000000000000 -VREF + IVREFI 

FIGURE 10. Bipolar Output Voltage Configuration 
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Application Hints (Continued) 

2.2.1 Zero and Full-Scale Adjustments 

To calibrate the bipolar output circuit, three adjustments are 
required. The first step is to set all of the digital input LOW 
(to force IOUT1 to 0) then null the Vos of amplifier 1 by 
setting the voltage at its inverting input (pin 2) to zero volts. 
Next, with a code of all zeros still applied, adjust "- full­
scale adjust", the reference voltage, for VOUT= ± IVREF 
ideail. The polarity of the output voltage at this time will be 
opposite that of the applied reference. Finally, set all of the 
digital inputs HIGH and adjust "+ full-scale adjust" for 

2047 
VOUT = VREF 2048' 

The polarity of the output will be the same as that of the 
reference voltage. 

3.0 APPLICATION IDEAS 

In this section the digital input word is represented by the 
letter D and is equal to the decimal equivalent of the 12-bit 
binary input. Hence D can be any integer value between 0 
and 4095. 

Composite Amplifier for Good DC CharacteristIcs and Fast Output Response 

15k 

.10V 
REFERENCE 

• Combines the low Vas. 

low Vas drift and low 

bias current of the 

LM11 with the fast 

respon~e of the LF351. 

• Settling time;::: 6 ",S 

for a zero to full­

scale transition 

High Voltage, Power DAC 

-15V 

-VREFD [ R2 R2] VOUT=--- 1 +-+-
4096 RFb R1 
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~National 
~ Semiconductor 

PRELIMINARY 

DAC1218, DAC1219 12-Bit Binary Multiplying D/A 
Converter 

General Description 
The DAC1218 and the DAC1219 are 12·bit binary, 4·quad· 
rant multiplying D to A converters. The linearity, differential 
non-linearity and monotonicity specifications for these con­
verters are all guaranteed over temperature. In addition, 
these parameters are specified with standard zero and full· 
scale adjustment procedures as opposed to the impractical 
best fit straight line guarantee. 

This level of precision is achieved though the use of an 
advanced silicon·chromium (SiCr) R-2R resistor ladder net­
work. This type of thin·film resistor eliminates the parasitic 
diode problems associated with diffused resistors to allow 
the applied reference voltage to range from -25V to 25V, 
independent of the logic supply voltago. 

CMOS current switches and drive circuitry are used to 
achieve low power consumption (20 mW typical) and mini­
mize output leakage current errors (10 nA maximum). 
Unique digital input circuitry maintains TIL compatible input 
threshold voltages over the full operating supply voltage 
range. 

The DAC1218 and DAC1219 are direct replacements for 
the AD7541 series, AD7521 series, and AD7531 series with 
a significant improvement in the linearity specification. In 
applications where direct interface of the D to A converter to 
a microprocessor bus is deSirable, the DAC1208 and 
DAC1230 series eliminate the need for additional interface 
logiC. 

Typical Application 

(
AI A2 A3 A12) 

VOUT= -VREF -+-+-+ ... -
2 4 B 4096 

where: AN = I if digital input is high 

AN = 0 if digital input is low 

Features 
a Linearity specified with zero and full·scale adjust only 
• Logic inputs which meet TIL voltage level specs (1.4V 

logic threshold) I 

• Works with ± 10V reference-full 4·quadrant multiplica· 
tion 

• All parts guaranteed 12-bit monotonic 

Key Specifications 
• Current Settling Time 
• Resolution 
a Linearity (Guaranteed 

over temperature) 
a Gain Tempco 
I!I Low Power Dissipation 
a Single Power Supply 

1J.LS 
12 Bits 

12 Bits (DAC1218) 
11 Bits (DAC1219) 

1.5 ppmrC 
20 mW 

5 Vee to 15 Vee 

Connection Diagram 

ISV 

Dual-In-Llne Package 

IOUlI 
11 • RFb 

IOUTZ 
17 

VRH 

ANALOG GND Vee OUTPUT 

A1IMSB) A12 

A2 All 

A3 

A4 AU 

AS 

A6 A7 

TOP VIEW 

TL/H/5691-1 

Order Number DAC1218LD, DAC1218LCD, 
DAC1219LD or DAC1219LCD ' 

See NS Package D18A 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Ratings 
Supply Voltage (Vee) 17Voe Temperature Range 

Voltage at Any Digital Input VeetoGND DAC1218LD, DAC1219LD - 55°C to + 125°C 

Voltage at VREF Input ±25V DAC1218LCD, DAC1219LCD - 40°C to + 85°C 

Storage Temperature Range - 65°C to + 150°C Range of Vee 5 Voe to 16 Voe 

Package Dissipation at T A = 25°C (Note 3) 500mW Voltage at Any Digital Input VeetoGND 

DC Voltage Applied to loun or IOUT2 -100 mV to Vee 

(Note 4) 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics 
TA =25°C, VREF= 10.000 Voc, Vec= 11.4 Voe to 15.75 Voe unless otherwise noted. 

Parameter Conditions Min Typ Max Units Notes 

Resolution 12 12 12 Bits 

Linearity Error Zero and Full-Scale 4,7 

(End Point Linearity) Adjusted 
TMIN<TA<TMAX 6 
-10V~VREF~ 10V 5 
DAC1218 0.012 % ofFSR 
DAC1219 0.024 % ofFSR 

Differential Non-Linearity Zero and Full-Scale 4, 7 
Adjusted 
TMIN<TA <TMAX 6 
-10V~VREF~10V 5 
DAC1218 0.012 % ofFSR 
DAC1219 0.024 % of FSR 

Monotonicity TMIN<TA<TMAX 4,6 
-10V~VREF~10V 12 12 12 Bits 5 

Gain Error Using Internal RFb 
:-10V~VREF~10V -0.2 -0.01 0.0 % ofFSR 5, 7 

Gain Error Tempco TMIN<TA<TMAX 6, 7 
Using Internal'RFb ±1.3 ±6.0 ppm of FSrC 9 

Power Supply Rejection All Digital Inputs High ±3.0 ppm of FSRIV 7 

Reference Input Resistance 10 15 20 kn 

Output Feedthrough Error VREF = 120 Vp-p, f = 100 kHz 3 mVp-p 
All Data Inputs Low 
D Package 3 mVp-p 8 

Output Capacitance All Data Inputs IOUT1 200 pF 
High IOUT2 70 pF 
All Data Inputs IOUT1 70 pF 
Low IOUT2 200 pF 

Supply Current Drain TMIN~TA~TMAX 1.2 2.0 mA 6 

Output Leakage Current - 40°C to + 85°C 6, 10 
IOUT1 All Data Inputs Low 10 nA 
IOUT2 All Data Inputs High 10 nA 

Output Leakage Current - 55°C to + 125°C 
IOUT1 All Data Inputs Low 100 nA 
IOUT2 All Data Inputs High 100 nA 

Digital Input Threshold TMIN~TA~TMAX 6 
Low Threshold .0.8 Voc 
High Threshold 2.0 Voc 

Digital Input Currents TMIN~TA~TMAX S 
Digital Inputs <0.8V . -50 -200 p.Aoe 
Digital Inputs > 2.0V 0.1 10 p.Aoe 

ts Current Settling Time RL = 100n, Output Settled 
to 0.01 %, All Digital Inputs 
Switched Simultaneously 
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Electrical Characteristics Notes 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. These specifications are not meant to imply 
that the devices should be operated at these "Absolute Maximum" limits. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no way to significantly modify , 
the power dissipation) removes concern for heat sinking. 

Note 4: Both lauTl and lauT2 must go to ground or the virtual ground of an operational amplifier. The linearity error is degraded by approximately Vas"" VREF. For 
example, if VREF = 10V then a 1 mV offset, Vas, on laun or laUT2 will introduce an additional 0.01 % linearity error. 

Note 5: Guaranteed at VREF = ± 10 Voc and VREF = ± 1 Voc. 

Note 6: TMIN= -40'C and TMAX=B5'C for "LCD" suffix parts. 

Note 7: The unit FSR stands for full· scale range. Linearity Error and Power Supply Rejection specs are based on this unit to eliminate dependence on a particular 
VREF value to indicate the true performance of the part. The Linearity Error specification of the DAC121B is 0.012% of FSR. This guarantees that after performing a 
zero and full·scale adjustment, the plot of the 4096 analog voltage outputs will each be within 0.012% x VREF of a straight line which passes through zero and full­
scale. The unit ppm of FSR (parts per million of full-scale range) and ppm of FS (parts per million of full-scale) are used for convenience to define specs of very 
small percentage values, typical of higher accuracy converters. 1 ppm of FSR = VREF/1 06 is the conversion factor to provide an actual output voltage quantity. For 
example, the gain error tempco spec of ± 6 ppm of FSI'C represents a worst-case full-scale gain error change with temperature from - 40'C to + B5'C of 
±(6)(VREFI106)(125'C) or ±0.75 (10- 3) VREF which is ±0.075% of VREF. 

Note 8: To achieve this low feedthrough in the D package, the user must ground the metal lid. II the lid is, left Iloating the leedthrough is typically 6 mY. 

Note 9: Guaranteed by design but not tested. 

Note 10: A 10 nA leak,age current with RFb= 20k and VREF= 10V corresponds to a zero error 01 (10 x 1O-9X20X 103) x 100% 10V or 0.002% 01 FS. 

Typical Performance Characteristics 
Digital Input Threshold 
vsVee 

2.4 ...---.--...---.--,...---.---.--, 

2.0 I 
: 1.6 T)-40,1 ~~ I--
:z: I - _I--
~ 1.2 TA'25°Ct""'-9-~--+--t~I-'" 
~ TA.'8n-~-"'" 
~ 0.8 i--'-'-t--I--t--I--t--If---l 

~ 0.4 t--+l--+--+--+--+-t---i 
o ~~-~~-~~~~~ 

o 10 15 

Vee - SUPPLY VOLTAGE (V) 

Gain and Linearity Error 
Variation vs Temperature 

Vee' 15 Vee 

g 0.01 1--+-+-+--+---1 Do G'AIN -r--

~a: 0.005 -1 .... 
........... -

o~~~~~~~~~-; 
z .; .... Do LINEARITY 
~ -0.005 I-+-: .... ¥+-+-t-I--+--t--l 

5 -0.01 r-i--r--'-t--+--I-t-+--+---1 

-55 -35 -15 5 25 45 65 85 105 125 

T A - AMBIENT TEMPERATURE (Oe) 

Definition of Package Pinouts 
A 1 and A 12: Digital Inputs. A 12 is the least significant digital 
input (LSB) and A 1 is the most significant digital input 
(MSB). 

IOUT1: DAC Current Output 1. lOUT! is a maximum for a 
digital input of all 1 s, and is zero for a digital input of all as. 

IOUT2: DAC Current Output 2. IOUT2 is a constant minus 
lOUT!, or lOUT! + IOUT2 = constant (for' a fixed reference 
voltage). 

RFb: Feedback Resistor. The feedback resistor is provided 
on the IC chip for use as the shunt feedback resistor for the 
external op amp which is used to provide an output voltage 
for the DAC. This on-chip resistor should always be used 
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Gain and Linearity Error 
Variation vs Supply Voltage 
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(not an external resistor) since it matches the resistors 
which are used in the on-Chip R-2R ladder and tracks these 
resistors over temperature. 

VREF: Reference Voltage Input. This input connects to an 
external precision voltage source to the internal R-2R lad­
der. VREF can be selected over the range of 10V to -10V. 
This is also the analog voltage input for a 4-quadrant multi­
plying DAC application. 

Vee: Digital Supply Voltage. This is the power supply pin for 
the part. Vcc can be from 5 Voc to 15 Voc. Operation is 
optimum for 15 Voc. 

GND: Ground. This is the ground for the circuit. 

~ ...... 
I\) ...... 
CO 
........ 
C 

~ ...... 
I\) ...... 
to 



Definition of Terms 
Resolution: Resolution is defined as the reciprocal of the 
number of discrete steps in the DAC output. It is directly 
related to the number of switches or bits within the DAC. For 
example, the DAC1218 has 212 or 4096 steps and therefore 
has 12-bit resolution. 

Linearity Error: Linearity error in the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 

National's linearity test (a) and the best straight line test (b) 
used by other suppliers are illustrated below. The best 
straight line (b) requires a special zero and FS adjustment 
for each part, which is almost impossible for the user to 
determine. The end point test uses a standard zero FS ad­
justment procedure and is a much more stringent test for 
DAC linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the DAC 
full-scale output. 

DIGITAL INPUT 

a) End point test after zero 
and FS adjust 

Settling Time: Full-scale current settling time requires zero 
to full-scale or full-scale to zero output change. Settling time 
is the time required from a code transition until the DAC 
output reaches within ± 112 LSB of the final output value. 

Full-scale Error: Full-scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC1218 full-scale is VREF -1 LSB. For 
VREF= 10V and unipolar operation, VFULL­
SCALE = 10.0000V-2.44 mV=9.9976V. Full-scale error is 
adjustable to zero. 

Differential Non-Linearity: The difference between any 
two consecutive codes in the transfer curve from the theo­
retical 1 LSB is differential non-linearity. 

Monotonic: If the output of a DAC increases for increasing 
digital input code, then the DAC is monotonic. A 12-bit DAC 
which is monotonic to 12 bits simply means that input in­
creasing digital input codes will produce an increasing ana­
log output. 
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Application Hints 
The DAC1218 and DAC1219 are pin·for·pin compatible with 
the DAC1220 series but feature 12 and 11·bit linearity 
specifications. To preserve this degree of accuracy, care 
must be taken in the selection and adjustments of the out· 
put amplifier and reference voltage. Careful PC board 
layout is important, with emphasis made on compactness 
of components to prevent inadvertent noise pickup and 
utilization of single point grounding and supply 
distribution. 

1.0 BASIC CIRCUIT DESCRIPTION 

Figure 1 illustrates the R·2R current switching ladder net· 
work used in the DAC1218 and DAC1219. As a function of 
the logic state of each digital input, the binarily weighted 
current in each leg of the ladder is switched to either loun 
or IOUT2' The voltage potential at 10UTl and IOUT2 must be at 
zero volts to keep the current in each leg the same, inde· 
pendent of the switch state. 

The switches operate with a small voltage drop across 
them and can therefore conduct currents of either polari· 
ty. This permits the reference to be positive or negative, 
thereby allowing 4·quadrant multiplication by the digital 
input word. The reference can be a stable DC source or a 
bipolar AC signal within the range of ± 10V, for specified 
accuracy, with an absolute maximum range of ± 25V. The 
reference can also exceed the applied Vee of the DAC. 

The maximum output current from either loun or IOUT2 is 
equal to 

~REF{maX) (4095) , 
R 4096 

where R is the specified reference input resistance 
(typically 15 k!l). A high level on any digital input steers cur· 
rent to loun and a low level steers current to IOUT2' 

r 

I I I I 
I I I I I 

6 6 6 6 6 b 6 
Al A2 Al A4 AS A6 A1 

(MSB) 

Note: Switches shown in digital high state. 

I 
I 

6 

2.0 CREATING A UNIPOLAR OUTPUT VOLTAGE (A 
DIGITAL ATTENUATOR) 

To generate an output voltage quantity and keep the 
potential at the current output terminals at OV, an op amp 
current to voltage converter is used. As shown in Figure 2, 
the current from loun flows through the feedback resistor 
forcing a proportional voltage at the amplifier output. The 
voltage at loun is held at a virtual ground potential. The 
feedback resistor is provided on the chip in conjunction 
with loun and should always be used as it matches and 
tracks the R value of the R·2R ladder. The output voltage is 
the opposite polarity of the applied reference voltage. 

2.1 Amplifier Considerations 

To maintain linearity of the output voltage with changing 
digital input codes the input offset voltage of the amplifier 
must be nulled. The resistance from loun to ground 
(Rloun) varies non·linearity with the applied digital code 
from the min of R with an all ones input to near co with an 
all zeros code. Any offset voltage between the amplifier in· 
puts appears at the output with a gain of 

1+~ 
RloUTl 

Since Rloun varies with the input code, any offset will 
degrade output linearity. (See Note 4 of Electrical 
Characteristics.) 

If the desired amplifier does not have offset balancing 
pins available (it could be part of a dual or quad package) 
the nulling circuit of Figure 3 can be used. The voltage at 
the non·inverting input will be set to '- Vos initially to force 
the inverting input to OV. The common technique of sum· 
ming current into the amplifier summing junction cannot 
be used as it directly introduces a zero code output current 
error. 

2R 

)our 2 

lour 1 

I 
I I 

b b b 
A8 A9 Ala All Al2 RFEEOBACK 

(lSB) 

FIGURE 1. The R·2R Current Switching Ladder Network 
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Application Hints (Continued) 

15V 
16 

:lDV 17 
REFERENCE 

VOUT= -VREF (~+ ~ + ~ + ... A12) 
2 4 8 4096 

where: AN'= 1 if digital input is high 

AN = 0 if digital input is low 

MSB 

Al • 

VCC 

VRH 

LSB 

• A12 

OAC1218 

RFb 
(INTERNAL) 18 

FULL·SCALE 
ADJUST 

VOUT 

FI,GURE 2. Unipolar Output Voltage 

OAC1218 VOUT 

FIGURE 3. Zeroing an Amplifier Which Does Not Have Balancing Provisions 

The selected amplifier should have as Iowan input bias 
current as possible since it too contributes to the current 
flowing through the feedback resistor. BI-FETTM op amps 
such as the LF356 or LF351 or bipolar op amps with super 
J input transistors like the LM11 or LM308A produce 
negligible error@. 

2.2 Zero and Full·Scale Adjustments 

The fundamental purpose is to make the output voltage as 
near 0 Voc as possible. This is accomplished in the circuit 
of Figure 2 by shorting out the amplifier feedback resist· 
ance, and adjusting the Vos nulling potentiometer of the 
op amp until the output reads zero volts. This is done, of 
course, with an applied digital input of all zeros if IOUT1 is 
driving the op amp (all ones for IOUT2)' The feedback short 
is then removed and the converter is zero adjusted. 

A unique characteristic of these DACs is that any full· 
scale or gain error is always negative. This means that for 
a full-scale input code the output voltage, if not inherently 
correct, will always be less than what it should be. This in­
sures that adding resistance in series with the internal 
feedback resistor, RFb, will always correct for any gain 
error. The 500 potentiometer in Figure 2 is all that is 
needed to adjust the worst case DAC gain error. 

Conversion accuracy is only as good as the applied refer­
ence voltage, so providing a stable source over time and 
temperature is an important factor to consider. 
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2.3 Output Settling Time 

The output voltage settling time for this circuit in response 
to a change of the digital input code (a full·scale change is 
the worst case) is a combination of the DAC output current 
settling and the settling characterstics of the output 
amplifier. The amplifier settling is further degraded by a 
feedback pole formed by the feedback resistance and the 
DAC output capacitance (which varies with the digital 
code). First order compensation for this pole is achieved 
by adding a feedback zero with capacitor Cc shown in 
Figure 2. 

In many applications output response time and settling is 
just as important as accuracy. It'can be difficult to find a 
single op amp which combines excellent DC characteris· 
tics (low Vos, Vos drift and bias current) with fast response 
and settling time. BI-FETTM op amps offer a reasonable 
compromise of high speed and good DC characteristics. 
The circuit of Figure 4 illustrates a composite amplifier 
connection which combines the speed of a BI-FETTM 
LF351 with the excellent DC input characteristics of the 
LM11.lf output settling time is not so critical, the LM11 can 
be used alone. 

Figure 5 is a settling time test circuit for the comple1e 
voltage output DAC circuit. The circuit allows the settling 
time of the DAC amplifier to be measured to a resolution of 
1 mV out of a zero to ± 10V full-scale output change on an 
oscilloscope. Figure 6 summarizes the measured settling 
times for several output amplifiers and feedback compen­
sation capacitors. 



Application Hints (Continued) 

PULSE GENERATOR 
INPUT 

OV-5V 

/ 

Diodes are lN4148 

'-lOV 

OAC1218 

0.1 

-15V 

>----........ ---0 VOUT 

-15V 

FIGURE 4. Composite Output Amplifier Connection 

2k 

-15V 0--0--0-----, 

To.o1 "J 10MF -15V 

FIGURE 5. DAC Settling Time Test Circuit 

Amplifier Cc Settling Time to 0.01 % 

LM11 20 pF 30 Jls 

LF351 15 pF 8 Jls 

LF351 30 pF 5 Jls 

Composite 
20 pF 8 JlS LM11-LF351 

LF356 15 pF 6 Jls 

FIGURE 6. Some Measured Settling Times 
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Application Hints (Continued) 

3.0 OBTAINING A BIPOLAR OUTPUT VOLTAGE FROM A 
FIXED REFERENCE 

The addition of a second op amp to the circuit of Figure 2 
can generate a bipolar output voltage from a fixed 
reference voltage (Figure 7). This, in effect gives sign 
significance to the MSB of the digital input word to allow 
two quadrant multiplication of the reference voltage. The 
polarity of the reference voltage can also be reversed to 
realize full 4·quadrant multiplication. 

The output responds in accordance to the following 
expression: 

(
D-2048) VO=VREF --- 0:5D:54095 

2048 

Applied 
Digital Input 

MSB 

1 1 1 1 1 

1 1 0 0 0 

1 0 0 0 0 

0 1 1 1 1 

0 1 0 0 0 

0 0 0 0 0 

IVREFI 
Where 1 LSB = --

15V 

WREF 
-FULL·SCALE 

ADJUST 

• 0.1 % matching 

2048 

1 1 1 

0 0 0 

0 0 0 

1 1 1 

0 0 0 

0 0 0 

1 

0 

0 

1 

0 

0 

LSB 

1 1 1 

0 0 0 

0 0 0 

1 1 1 

0 0 0 

0 0 0 

+FULL·SCALE 
ADJUST 

where D is the decimal equivalent of the true binary input 
word. This configuration inherently accepts a code (half· 
scale or D = 2048) to provide OV out without requiring an 
external 1/2 LSB offset as needed by other bipolar 
multiplying DAC circuits. 

Only the offset voltage of amplifi'er A1 need be nulled to 
preserve linearity. The gain setting resistors around A2 
must match and track each other. A thin film, 4·resistor 
network available from Beckman Instruments, Inc. (part 
no. 694·3·R10K·D) is ideally suited for this application. 
Two of the four resistors can be paralleled to form Rand 
the other two can be used separately as the resistors 
labeled 2R. 

Operation is summarized in the table below: 

Decimal VOUT 
Equivalent +VREF 

4095 VREF -1 LSB 

3072 VREF/2 

2048· 0 

2047 -1 LSB 

1024 - VREF/2 

0 -VREF 

R.5k 

2R" 

2R" 

-VREF 

-IVREFI +1 LSB' 

- I VREF I/2 

0 

+1 LSB 

+ IVREF I/2 

+ IVREFI 

2R" 
10k 

">=-..... -0 VOUT 

FIGURE 7. Obtaining a Bipolar Output from a Fixed Reference' 
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Application Hints (Continued) 

3.1 Zero and Full·Scale Adjustments 

The three adjustments needed for this circuit are shown in 
Figure 7. The first step is to set all of the digital inputs 
LOW (to force 10UT1 to 0) and then trim "zero adjust" for 
zero volts at the inverting input (pin 2) of OA 1. Next, with a 
code of all zeros still applied, adjust "- full·scale adju,st", 
the reference voltage, for VOUT = ± I (ideal VREF) I. The sign 
of the output voltage will be opposite that of the applied 
reference. 

Finally, set all of the digital inputs HIGH and adjust 
"+ full·scale adjust" for VauT = VREF (511/512). The sign of 
the output at this time will be the same as that of the 
reference voltage. This + full·scale adjustment scheme 
takes into account the effects of the Vas of amplifier A2 
(as long as this offset is less than 0.1 % of VREF) and any 
gain errors due to external resistor mismatch. 

Additional Application Ideas 

4,0 MISCELLANEOUS APPLICATION HINTS 

The devices are CMOS products and reasonable care 
should be exercised in handling them to prevent cata· 
strophic failures due to electrostatic discharge. 

During power·up supply voltage sequencing, the negative 
supply of the output amplifier may appear first. This will 
typically cause the output of the op amp to bias near the 
negative supply potential. No harm is done to the DAC, 
however, as the on·chip 15 kfl feedback resistor sufficient· 
Iy limits the current flow from 10UTl when this lead is 
clamped to one diode drop below ground. 

As a general rule, any unused digital inputs should be tied 
high or low as required by the application. As a trouble· 
shooting aid, if any of the digital inputs are left floating, 
the DAC will interpret that input as a logical 1 level. 

For the circuits shown, D represents the decimal equivalent of the binary digital input code. D ranges from O(for an all zeros in­
put code) to 4095 (for an all ones input code) and for any code can be determined from: 

D = 2048(A1) + 1024(A2) + 512(A2) + ... 2(A11) + 1(A12) 
where AN = 1 if that input is high 

AN = 0 if that input is low 
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Additional Application Ideas (Continued) 

15V 16 VCC 

15V 

-IV 
REFERENCE 

Offsetting the Zero Code Output Voltage 

OAC1218 

GNO 

16 
VCC 

17 
VREF 

1 Amp(O) 
10 = -409-6 

GNO 

3 

-= 

OAC1218 

2VREF R2 
VZeroShift= -R1+R2 

High Current Controller 

IOUT2 

IOUll 
RFb 

18 
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· Additional Application Ideas (Continued) 

o Cl controls maximum frequency 

o <0.5% sine wave THO over rang.e 

oRange 30 kHz maximum 

o Linearity-OAC limit 

of= __ O __ 
4096 (4/3 RFb C) 

16 
15V VCC 

DAC1218 

17 

DAC Controlled Function Generator 

15V 

25k I 75k 

OFFSET 
AOJUST 

-15V 

I~V 

5k 

Digitally Programmable Pulse·Width Generator 

15V 
16 

5V-n 

ov--.J L-
to '1 

DACI218 

INITIALIZING 2.7k 
STROBE O--.--------"N..-----, 

INPUT 

615V 

20k 
MIN PULSE WIDTH 

CALIBRATE 

PW '" C_(_7---,.5::-V)-,--( 4,--0_96_)_( R_F_b) 

OIVREFI 
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Section 7 
Data Com.munications 
Support 



Introduction 
This section contains products that are designed to trans­
mit digital data in a serial format from remote sources. 
These products can be used for TV remote control, secu­
rity monitoring, process monitoring, or transmitting data 
that is obtained from a remote digital transducer. 

The use of CMOS processes for these products ensures 
low active power; in addition, a power saving standby 
mode is available. 
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~National 
~ Semiconductor 

PRELIMINARY 

MM58220 Asynchronous Low Power Transmitter 
Remote Controller 

General Description 
The MM58220 is a metal gate CMOS integrated circuit. 
This circuit is designed to transmit a pulse width modu· 
lated serial data stream of 18 bits. This stream consists of 
7 address bits, 1 write bit, 8 data bits, 1 parity bit, and 
1 dummy bit, in that order. The format of the data word is 
such thai it is directly compatible with the MM54240 asyn­
chronous receiverltransmitter. The serial transmission 
is initiated by a logic signal. This circuit is designed for 
low power usage. It draws less than 10 ILA in its standby 
mode. 

Applications 
The MM58220 finds applications in transmitting data from 
remote sources that have limited power supply capabili­
ties.Typical applications include security monitoring,' 

Functional Block Diagram 

TRIGGER-. 

Al-A7 

r----
I 
I 
I 
I 

process monitoring, and transmitting data from a remote 
digital transducer. 

Features 
El Compatible with the MM58240 receiver/transmitter 
El Low power drain (less than 10 /LA in standby mode) 

C Wide supply voltage range (4.0V to 15.0V) 

[J On-chip oscillator based on inexpensive RC 
components 

[J Single or repetitive data word transmissions 
IJ Repetitive transmissions conform to FCC standards 

01-08 

---, 
I 
I 
I 

OUT I 
_...1 

PULSE 
ENCODER 

Connection Diagram 

Dual-In-Llne Package 

Vss 22 Von 

01 21 Pl 

02 20 P2 

03 19 TRIGGER 

04 18 Al 

05 17 A2 

06 16 A3 

07 A4 

08 A5 

OUT 10 A6 

RC OSC 11 A7 

TOP VIEW 

Tl/FI6147·2 

Order Number MM58220J or MM58220N 
See NS Package J22A or N22A 
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o 
~ ~Nationai 
~ . Semiconductor 

PRELIMINARY 

,~ 
MM58250 Infrared Transmitter 

General Description 
The infrared transmitter is designed to drive an infrared 
LED (only one external npn transistor is required) with 
data encoded in a pulse-width-modulated (pwm) format. 
To get a better signal-to-noise-ratio the pwm scheme 
amplitude modulates a 38kHz carrier. The data to be 
transmitted is input in two ways. The primary data input 
mode (MS = 1) is through a 4-by-8 single-contact 
keyboard which is interpreted by on-chip logic. The 
second input mode (MS = 0) is the direct input mode. In 
this mode a five-bit parallel word and a load pulse are 
applied to the inputs. The five-bit word Is then converted 
to the pwm format and transmitted. 

The chip is designed for battery operation, so it employs 
a number of power-saving techniques. The chip is imple­
mented in CMOS, so the supply current required by the 
logic is low. The oscillator can be disabled, allowing the 
stand-by current to be less than 1/-1A. Although the con­
tinuous transmission of the data stream is possible, the 
repetition rate of the continuous transmission is re­
stricted, and the majority of the codes transmittable are 
repeated only three times. (Twelve outputs can be re­
peated continuously for analog functions such as 
volume and channel scanning). 

Block ~iagram 

KEYBOARD 

C3 C2 Cl CD R7 

INT -
I KEYBOARD I I SCAN 

~Qt =EJ-[+& COUNTER ~ 
I 
L 

Features 
II Up to 32 functions decoded and transmitted 

II Single-contact scanned keyboard 

II Low standby current (CMOS) 

• 455kHz on-chip oscillator 

• Wide power supply range (3V-10V) 
.. Keyboard or direct load modes 

• Direct load mode TTL compatible 

• 38kHz carrier for improved signal-to-noise-r~tio 

II High current output stage 

II Compatible with MM54251 infrared receiver 

Applications 
II TV remote control transmitter 

II 5-bit wireless asynchronous transmitter 

.. Intended for use with MM54251 

VDD 

R6 R5 R4 R3 R2 Rl RO t 
lACK CS 

INPUT MODE SELECTOR r-r- MS 

~ mm~ ENCODER 1- INTERRUPT , 
SET 

SHIFT REGISTER 

~ 
""'--:---

AND 
PCM CONTROL 

~ 
I OUTPUT fc Ii I SHAPING MODULATOR I 

IROUT 

1.. 
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Absolute Maximum Ratings 
Voltage at Any Pin -0.3 V to Voo +0.3 V 
Operating Temperature O°C to 70°C 
Storage Temperature -65°C to +150°C 
Package Dissipation 500mW 
Voo-Vss 12V 
Lead Temperature (Soldering, 10 seconds) 300°C 
DC Current at I R Output -20mA 

Electrical Characteristics Voo = 3.0V to 10V, TA = '± O°C to 70°C unless otherwise specified. 

Parameter Conditions Min. Typ. Max. 

Power Supply 
Voo Supply Voltage 3.0 10 
Voo Supply Current (Active) 5 
Voo Supply Current (Standby) 1 

Oscillator Frequency* 455 

IR Output Voltage 
Logic "0" 150J.i.A Sink 0.6 
Logic "1" 10mA Source Voo -1.4 

IR Output Current Voo-1.4V -10 -20 
(Note: no short·circuit 
protection) 

Input Levels MS = 0, 4.5~ VOD~ 5.5 
Direct Mode 

Logic "0" 0.5 
Logic "1" 2.4 

Input Current MS =0, 4.5V~Voo~5.5V 
Direct Mode 

Ro·Ra, MS OV~VIN~VOO -1 1.0 
R7 VIN=0.4V 0.06 0.6 

Input Current MS=1,3.0V~Voo~10V 
Keyboard Mode 

Ro·R7 V1N =0.4V 0.024 1.6 
MS OV~VIN~VOO -1 1 

Output Current MS=1 
CO·C1 

Logic "1" Source Voo = 3V, Your = Voo -1 V -40 
"1" Source Voo = 10V, Your = Voo-1 V -150 

Logic "0" Sink Voo = 3V, Your = 0.4 V 260 
"0" Sink Voo =10V, VouT =0.5V 1.6 

Output Current MS = 0, 4.5V ~ VOO~ 5.5V 
Co/lnt (Open Drain) 
Logic "1" O~ Vour~ Voo 1 
Logic "0" Vour =O.4V 2.5 

*Determined by external components. 

i 
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Units 

V 
mA 
J.i.A 

kHz 

V 
V 

rnA 

V 
V 

J.i.A 
mA 

mA 
J.i.A 

J.i.A 
J.i.A 
J.i.A 
mA 

J.i.A 
mA 

s: 
s: 
c.n 
CO 
I\) 
c.n 
o 



Connection Diagram 

R2- 1 18~R1 

R3- 2 17~RD 

R4 - 3 16~ VSS 

IROUT - 4 15~C3 

VDD - 5 MM5825D 141- C2 

R5/CS:-- 6 13~C1 

R6/1ACK - 7 121- CO/INT 

R7 - 8 11 ~ OSC OUT 

MS - 9 'lD~ OSC IN 

TlIF16149·2 

Order Number MM58250N 
See NS Package N18A 

Pin Definitions 
Mode Select (MS): This pin selects between the two 
modes of the MM58250's operation. 

MS = "0": Parallel input mode. This mode is designed to 
allow five bits of data to be written to the MM58250 in a 
parallel fashion with all the appropriate handshaking sig­
nals required to facilitate interfacing a microprocessor. 

MS ="1": Keyboard input mode. Data is input from a 
keyboard configured as a matrix of four column conduc­
tors and eight row conductors separated at each point of 
the matrix by a single contact. 

Ro/-R7/: 
Keyboard Mode (MS = 1): 

Rol-R7/:Act as row inputs for a scanned column key­
board. Internal to the MM58250, these are encoded such 
that if just one input is low during a scan of the column 
outputs, (see the discussion of pins C6/-C31) a parallel-in­
serial-out transmit buffer is loaded with the binary rep­
resentation of the low row input and the scanning col­
umn. (The binary number loaded is equal to the decimal 
number in the pin name, i.e. binary 5 is stored for the A5 
input.) In addition A3/-A51 cause the MM58250 to contin­
uously transmit the data stored in its transmit buffer 
(see Figure 6) as long as a switch closure exists. 

Parallel Mode (MS = 0): 

Rol-R4/: These five inputs act as a parallel, non-inverting, 
5-bit data entry path. 

Rs/-CS/: This active low input Is used to latch in the data 
at the Aol-A41 inputs, as well as beginning the transmit 
cycle. The part will continue to transmit as long as this 
input is low and continue to transmit two to three trans­
mit cycles after the input switches to logic "1", depend­
ing on where (see Figurl3s 7 and 8) in the transmit cycle 
the logic change occured. (Note: the data on Aol-A41 
should be held stable a minimum of 60ms.) 

Rs/-IACK: This input is used to reset the INTI signal. It is 
active high. (See Figure 7) 

R7/: A71 enables two functions that were designed to 
facilitate the testing of the MM58250 quickly that might 
prove useful to some users. 
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The divide-by-six prescaler can be by-passed by apply­
ing a.logic "0" to A71 when A61 = "1" and MS = "0". The 
by-pass is implemented by setting an AS-flip-flop that 
controls the multiplexing of the main clock line from the 
output of the divide-by-six prescaler to the output of the 
oscillator, by-passing the divide-by-six prescaler. The 
AS-flip-flop is reset by the main internal reset which is 
made active at the end of the transmit cycle, begun 
before the by-pass was activated. If the MM58250 is 
waiting for a new input, switching A7/10w will have no 
effect. 

The second special mode forces the main internal reset 
active. This causes the chip to load in new data to be 
transmitted and initializes the chip to the beginning of 
the word cycle it was currently in or in the word cycle 
folowing it, depending on where in the word cycle the 
reset occurred. If a transmit cycle has been completed 
this mode has no effect. A transmit cycle consists of 
three word cycles. If no new data is loaded, the 
MM58250 will go into its idle state within 45ms. See 
Figures 9-11 for examples of how to use these features. 

Col-Cal: 
Keyboard Mode (MS = 1): 
CO/-C3/: These outputs are normally low when MM58250 
is waiting for a new input contact closure to occur. A 
contact closure causes the low signal on the column in­
puts to be passed to the appropriate row input. This in­
put going low initiates the transmit cycle. As the 
transmit cycle begins, the oscillator is enabled and 
begins to oscillate within 6ms. As soon as the oscillator 
is enabled all the column .outputs are switched to the 
logic "1" state. 40.9ms later, as clocked by the on-chip 
oscillator, these outputs are individually switched to 
the logic "0" state (see Figure 5) and the row inputs are 
sampled. If the sampling of the row inputs does not 
show any of these inputs low (see Figure 6b), the 
transmit cycle is aborted. If any of the row inputs is low, 
the binary representation of the low row input and the 
binary representation of the low column output are 
stored in the tran~ll1it buffer. If the low row input was 
Aol, All, A2/;·I=!'6r,or R71 the outputs Col.-C31 all switch low, 
so internal logic can detect when all keyboard switches 
have been opened. This feature allows the MM58250 to 
terminate transmission after three iterations (see 
Figure 6a) of the output data, even when a contact 
closure exists longer than the time required to transmit 
the data three times. 

Parallel Mode (MS = 0): 
Co/-CJi: In the parallel mode only one of the column 
outputs is still used. This output is used as the Col strobe 
in the keyboard mode. It is used in this mode as an active 
low processor interrupt (INTI). This output is designed to 
drive one TTL input with a 10k pullup resistor. It is reset by 
the lACK pin. When Rs/CS is a logic 1, this signal goes low 
after the last transmission is complete. 

IROUT: This is the output that provides the drive Signal 
for the transmission (see Figures 3 and 4). IAOUT pro­
vides at least 10mA of current, sufficient to drive a 
single npn transistor hard enough to provide the 200mA 
of drive current for the infra-red diodes. The data is 
output in a serial mode with a start bit and a stop bit brack­
eting the five data bits. The pwm format used has a 1.6ms 
bit time with a 75% duty cycle for a '1' and a 25% duty cy­
cle for a '0'. The start and stop bits are zeros. 



Timing Specification 
Input Timing Min. 

Microprocessor Mode 

Max. Units All of the following data is based on an oscillator fre· 
quency = 455kHz and will vary as the oscillator frequency 
varies. 

Data Set·up Time 6 s 
Data Hold Time 50 ms 
CS (minimum pulse width) 250 ns 
lACK (minimum pulse width) 250 ns 

Keyboard Mode 
Switch Bounce 40 ms 

Output Timing 
Oscillator Start up 9 ms 
(Subject to external 
components) 

Timing Diagrams 

---1 ....-
"0" I -16 CYCLES-

38 kHz 

-422",s-

"1" 
1-------48 CYCLES------I 

OF 38 kHz 

1------1.266ms-----_1 

BIT TIME 
1----------1.688ms --------1 

TLiF/6149-3 

Figure 2. Bit Timing 

SWITCH CONTACT OR CS = "0" 

OATA WORD 

/ 

OSCILLATOR START·UP 0·9 ms 

/ 

OSCILLATOR ON 
IROUT I ~ ~2 1 

1 __ ------40.51 ms ------.1--11.39ms-1 

1 __ -----40.09ms-----.... II_ 211",s 
DEBOUNCE TIME SCAN TIME 

1 __ ---------60.76ms----------1 
TLiF/6149-4 

Figure 3. 1/3 Transmit Cycle 

START BIT LSB MSB STOP BIT 

11-------..1 • 1 fDA 1_' _ ,. ~ 
COLUMN DATA ROW DATA 

TLiF/6149-5 

Figure 4. Data Word 
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Timing Diagrams (Continued) 

CO 

C1 

C2 

C3 

OPEN --m.n 
SWITCH 

CLOSED 

RX WHERE 
X=0,1,2,6,7 

CX X=1-3 J 
' FOR RX ABOVE 

COLUMN OUTPUTS· 

U COLUMN SELECT TIME 

-I I-- 26.371ls 

U 
U 

-
-

I -1·'-------211IlS-------!' I 
Figure 5. Column Scan Timing 

n 
~ 

·ALL COLUMN OUTPUTS 
GO LOW IF A SWITCH 
CLOSURE IS NOT SENSED 
OR IF A NON·CONTINUOUS 
KEY IS SENSED. 

TL/F/6149·6 

IROUT n "'--------In nl...-___ _ 
RXWHERE J 

X=3,4,5 U u 
CXX=1-3 J 

FOR RX ABOVE U u u n 
IROUT n n n 

TLlF/6149·7 

Figure 6a. Typical Transmit Cycles 

OPENlillU 
SWITCH I 

CLOSED 

ex J 11-10-

1 

_______ _ 

IROUT 

TLlF/6149·6 

Figure 6b. Aborted Transmit Cycle 
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Timing Diagrams (Continued) 

IROUT n n n ____ ___� 1. ___ ..... '_ ___ ..J '-------2(~2---------

lACK 

TLlF/6149·9 

Figure 7. Interrupt Timing 

~ ~~-------------I 
IROUT _____ ---In~ ____ ..Jn'_ ____ ... nL.. __ ___InL. ____________ _ 

Figure 8. Typical Microprocessor Transmit Cycle 

MSI1 ~ 

R7--U-
RS--U­
RS--U-

TLlF/6149·11 

Figure 9. Reset Chip to Beginning of 
Transmit Cycle 

22 MS 

R7~ 

RSU 
RSU 

1-6.7ms-1 
TLlF/6149·12 

Figure 10. Complete Reset 

7·9 

TLlF/6149·10 

MSWJd) _ 
, 

R7~ 

R6waJ _ 
TLlF/6149·13 

Figure 11. 6X Speed up of 
Transmit Cycle 
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Transmitter Functions 

# 
Code Row Column 

Function Notes 
16 8 4 2 1 0 1 2 3 4 5 6 7 o .1 2 3 

0 0 0 0 0 0 x x o Direct Entry 1 

1 0 0 0 0 1 x x 1 Direct Entry 1 
2 0 0 0 1 0 x x 2 Direct Entry 1 
3 0 0 O' 1 1 x x 3 Direct Entry 1 
4 0 0 1 0 0 .x x 4 Direct Entry 1 

5 0 0 1 0 1 x x 5 Direct Entry 1 

6 0 0 1 1 0 x x 6 Direct Entry 1 
7 0 0 1 1 1 x x 7 Direct Entry 1 
8 0 1 0 0 0 x x 8 Direct Entry 1 

9 0 1 0 0 1 x x 9 Direct Entry 1 
10 0 1 0 1 0 x x Memory Up 1 
11 0 1 0 1 1 x x On/Off 1 
12 0 1 1 0 0 x x Slow Up 2 
13 0 1 1 0 1 x x Slow Down 2 
14 0 1 1 1 0 x x Search Up 2 
15 0 1 1 1 1 x x Mute 2 
16 1 0 0 0 0 x x Analog I Down 2 
17 1 0 0 0 1 x x Analog I Up 2 
18 1 0 0 1 0 x x Analog II Down 2 
19 1 0 0 1 1 x x Analog II Up 2 
20 1 0 1 0 0 x x Analog III Down 2 
21 1 0 1 0 1 x x Analog III Up 2 
22 1 0 1 1 0 x x Analog IV Down 2 
23 1 0 1 1 1 x x Analog IV Up 2 
24 1 1 0 0 0 x x 
25 1 1 0 0 1 x x 
26 1 1 0 1 0 x x 
27 1 1 0 1 1 x x Not 

1 
28 1 1 1 0 0 x x Defined 

29 1 1 1 0 1 x x 
30 1 1 1 1 0 x x 
31 1 1 1 1 1 x X 

Note 1: Three transmissions. 

Note 2: Continuous transmission. 
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Typical Applications 

x 8 SINGLE CONTACT 
KEYPAD 

RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

- CD 

5V 

3.3k 

ANAL~~~ +-~"""W"v-... .....;.;12~ 

• C1 
C2 

C3 

- MS 

5V 

MM54251 
RECEIVER 

I CERAMIC 
RESONATOR 

OSC IN 

5CF1 

T OSC OUT 

112'PF +'26" 
MM58250 

IROUT ...... 

6800 

__ I- 9V 

I 
T BATTERY 

Figure 12. 

16 

~1~5~3~3~k~>-~8~2k~_5V _ 

T
56PF 

J600PF 
lOOk 

Figure 13. Quick Checkout Circuit 
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Section 8 
Display 
Controllersl Drivers 



Introduction 
Incorporating efficient, imaginative displays has become 
a real challenge. National Semiconductor is helping you 
stay ahead of your competitors with the widest choice of 
display drivers of any electronics manufacturer. From our 
software-compatible standard MOS/LSI family to our 
cascadable dot/bar drivers to decoders and counters, . 
there is a National driver to meet your application. 

Selecting a high-quality, reliable display driver can have a 
long-term impact on any electronic system. As with all of 
our other circuits, National's display drivers incorporate 
strict design· rules, careful materials selection and proc­
essing expertise. In addition, a rigid quality control program 
assures you of receiving drivers that prove themselves out 
in the field. 

Another major consideration .in choosing a circuit is the 
ability of the supplier to come through with timely 
deliveries. As one of the world's largest suppliers of semi­
conductor products, National has the manufacturing 
capabilities to consistently meet high-volume require­
ments with fast response times and competitive prices. 
That enables your company to plan production schedules 
with confidence. 

National's complete selection of display drivers offers you 
mCiny options for augmenting your overall design while 
keeping costs in line. For example, we supply the 
industry's only drivers with software compatibility. 
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~National 
~ Semiconductor 
MM5452, MM5453 Liquid Crystal Display Drivers 
General Description 

• DATA ENABLE (MM5452) 

II Wide power supply operation 

• TIL compatibility 

.. 32 or 33 outputs 

The MM5452 is a monolithic integrated circuit utilizing 
CMOS metal gate, low threshold enhancement mode 
devices. It is available in a40-pin molded package.The chip 
can drive up to 32 segments of LCD and can be paralleled to 
increase this number. The chip is capable of driving a 
4 1/2-digit 7-segment display with minimal interface be­
tween the display and the data source. 

• Alphanumeric and bar graph capability 

The MM5452 stores the display data in latches after it is 
clocked in, and holds the data until new display data is 
received. 

• Cascaded operation capability 

Applications 
• cOPS ™ or microprocessor displays 

• Industrial control indicator 
Features 
I'l Serial data input 

I!!I Digital clock, thermometer, counter, voltmeter 

• Instrumentation readouts 

B No load signal required II Remote displays 

Block and Connection Diagrams 

CLOCK ~------+--------1 

FIGURE 1 
Dual-ln·Line Package Dual-In-Line Package 

vss 

OUTPUT BIT 17 

OUTPUT BIT 16 

OUTPUT BIT 15 

OUTPUT BIT 14 

OUTPUT BIT 13 

OUTPUT BIT 12 

OUTPUT BIT 11 

OUTPUT BIT 10 

OUTPUT BIT 9 

OUTPUT BIT 8 

OUTPUT BIT 7 

OUTPUT BIT 6 

OUTPUT BIT 5 

OUTPUT BIT 4 

OUTPUT BIT 3 

OUTPUT BIT 2 

OUTPUT BIT 1 

OSC IN 

VDO 

MM5452 

TOP VIEW 

FIGURE 2a 

40 
OUTPUT BIT 18 -Vss 

39 
OUTPUT BIT 19 OUTPUT BIT 17 

OUTPUT BIT 20 OUTPUT BIT 16 

OUTPUT BIT 21 OUTPUT BIT 15 

OUTPUT BIT 22 OUTPUT BIT 14 

OUTPUT BIT 23 OUTPUT BIT 13 

OUTPUT BIT 24 OUTPUT BIT 12 

OUTPUT BIT 25 OUTPUT BIT 11 

OUTPUT BIT 26 OUTPUT BIT 10 

OUTPUT BIT 27 OUTPUT BIT 9 

OUTPUT BIT 28 OUTPUT BIT 8 

OUTPUT BIT 29 OUTPUT BIT 7 

OUTPUT BIT 30 OUTPUT BIT 6 

OUTPUT BIT 31 OUTPUT BIT 5 

OUTPUT BIT 32 OUTPUT BIT 4 

DATA ENABLE OUTPUT BIT 3 

BACKPLANE IN OUTPUT BIT 2 

BACKPLANE OUT OUTPUT BIT 1 

OATA IN OSC IN 

CLOCK IN VOD 

TLlF16137-2 

Order Number MM5452D, MM5453D, 
MM5452N or MM5453N 

See NS Package D40C or N40A 
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MM5453 

TOP VIEW 

FIGURE 2b 

TUF/6137·1 

40 
OUTPUT BIT 18 

39 
OUTPUT BIT 19 

OUTPUT BIT 20 

OUTPUT BIT 21 

OUTPUT BIT 22 

OUTPUT BIT 23 

OUTPUT BIT 24 

OUTPUT BIT 25 

OUTPUT BIT 26 

OUTPUT BIT 27 

OUTPUT BIT 28 

OUTPUT BIT 29 

OUTPUT BIT 30 

OUTPUT BIT 31 

OUTPUT BIT 32 

OUTPUT BIT 33 

BACKPLANE IN 

BACKPLANE OUT 

OATA IN 

CLOCK IN 

TLlF16137-3 
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Absolute Maximum Ratings 
Voltage at Any Pin Vss to Vss + 10V Power Dissipation 300 mW at + 70°C 
Operating Temperature O°C to + 70°C 350 mW at + 25°C 

. Storage Temperature - 65 ° to + 150°C Junction Temperature + 150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics TA within operating range, Voo = 3.0V to 10V, Vss = OV, unless otherwise specified. 

Parameter Conditions Min Typ Max Units 

Power Supply 3 10 V 

Power Supply Current Excluding Outputs 40 p.A 
OSC = Vss, BP IN @ 32 Hz 10 p.A 
Voo =5V, Open Output.s, No Clock 

Clock Frequency 500 kHz 

Input Voltages 

Logical '0' Level Voo<4.75 -0.3 0.1 Voo V 
VooG!:4.75 -0.3 0.8 V 

Logical '1 ' Level Voo >5.25 0.8 Voo Voo V 
I Voo :55.25 2.0 Voo V 

Output Curr~nt Levels 

Segments 

Sink Voo =3V, Vour =0.3V -20 p.A 
Source Voo =3V, Vour=Voo-0.3V 20 p.A 

Backplane 

Sink Voo =3V, Vour=0.3V -320 p.A 
Source Voo =3V, Vour=Voo-O.3V 320 p.A 

Output Offset Voltage Segment Load 250 pF 
Backplane Load 8750 pF ±50 mV 

Clock Input 500 kHz 
Frequency, fc 

Rise Time, tr 300 ns 

Fall Time, tf 300 ns 

High Time, th tr=tf=50 ns 950 ns 

Low Time, tJ 950 ns 

Data Input 
Set-Up Time, tos 300 ns 
Hold Time, tOH 300 ns 

Data Enable Input 
Set-Up Time, toes 100 ns 
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Functional Description 
The MM5452 is specifically designed to operate 41/2·digit 

. 7·segment displays with minimal interface with the display 
and the data source. Serial data transfer from the data 
source to the display driver is accomplished with 2 signals, 
serial data and clock. Since the MM5452 does riot contain a 
character generator, the formatting of the segment infor· 
mation must be done prior to inputting the data to the 
MM5452. Using a format of a leading "1" followed by the 32 
data bits allows data transfer without an additional load 
Signal. The 32 data bits are latched after the 36th clock is 
complete, thus providing non·multiplexed, direct drive to 
thedisplay. Outputs change only if the-serial data bits differ 
from the previous time. 

A block diagram is shown in Figure 1. For the MM5452 a 
DATA ENABLE is used instead of the 33rd output. If the 
DATA ENABLE signal is not required, the33rd output can be 
brought out. This is the MM5453 device. 

CLOCK 

START BIT 1 

CLOCK 

DATA 

DATA ENABLE 
(MM5450) 

Figure 4 shows the input data format. A start bit of logical 
"1" precedes the 32 bits of data. At the 36th clock a LOAD 
signal is generated synchronously with the high state of 
the clock, which loads the 32 bits of the shift registers into 
the latches. At the low state of the clock a RESET signal is 
generated which clears all the shift registers for the next 
set of data. The shift registers are static master·slave can· 
figuration. There is no clear for the master portion of the 
first shift register, thus allowing continuous operation. 

If the clock is not continuous, there must be a complete set 
of 36 clocks otherwise the shift registers will not clear. 

Figure 2a shows the pin·out of the MM5452. Bit 1 is the first 
bit following the start bit and it will appear on pin 18. 

Figure 3 shows the timing relationships between data, 
clock and DATA ENABLE. 

Tl/FI6137·4 

FIGURE 3 

35 

BIT 35 BIT 36 

DATA wn~JW"/I •• §§qq. 
LOAD n 

(INTERNAL) _______________ ~ ~-----------.. .. ______ _ 

RESET n (INTERNAL) ______________ ~ .. ____________ ..... .. ____ _ 

TLlF16137·5 

FIGURE 4. Input Data Format 

8·5 



Functional Description (Continued) 

Figure 5 shows a typical application. Note how the input 
data maps to the output pins and the display. The MM5452 
and MM5453 do not have format restrictions, as all outputs 

are controllable. This application. assumes a specific 
display pinout. Different display/driver connection pat­
terns will, of course, yield a different input data format. 

t Identification 

lryb 
-:-/c 
d 

DATA FORMAT 
TlME--

LEFT END 
DECIMAL' 

POINT 

J 

I I I I ' I 
BP GI FI AI BI G2 F2 A2 B2 G3 F3 A3 BJ G4 F4 A4 

I l-I l-I l-' 1-' 
lo/~/./~/./~./~ 

I DP EI 01 ClOP E2 02 C2 DP E3 03 C3 DP E4 04 C4 B4 

~ 

~ 

VSS 

17 

16 

IS - 14 

13 

12 

II 

10 

9 

8 

7 

6 

5 

4 

3 

2 

I 

..A A " 
OSC IN 

"M'T""'r 
v+ 

2ND· 
DECIMAL 
POINT 

':'" 

MM5453 

2ND DIGIT 

--
'---

'---

'---

-
'--- . 

18 

19 

20 

21 

22 

i3 -
24 
25 

26 

27 

28 

29 

30 

31 

32 

BACKPLANE OUT 

BACKPLANE IN 

33 

DATA IN 

CLOCK IN 
I-

JRD 
DECIMAL 

POINT 

l 

T 

Consult LCD manufacturer's data sheet for specific pinouts 

FIGURE 5. Typical 4V2-Digit Display Application 
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NULLS 
I 

4TH 
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l 
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Functional Description (Continued) 

Figure8shows a four wire remote display that takes advan­
tage of the device's serial input to move many bits of 
display information on a few wires. 

Using an External Clock 

The MM5452, MM5453 LCD Drivers can be used with an ex­
ternally supplied clock, provided it has a duty cycle of 50%. 

Deviations from a50% duty cycle result in an offset voltage 
ontheLCD.ln Figure 7,a flipflop isusedtoassurea50% du­
ty cycle. The oscillator input is grounded to prevent oscilla­
tion and reduce current consumption in the chips. The 
oscillator is not used. 

DISPLAY 

BACKPLANE 

BP 
OUT 

OSC BP 
IN IN 

TUF16137-7 

* The minimum recommended value for R forthe oscillator input is9 kll. An RC time constant of approximately 
4.91 x 10 - 4 should produce a backplane frequency between 30 Hz and 150 Hz. 

2 X BACKPLANE 
DRIVE FREOUENCY 

FIGURE 6. Parallel Backplane Outputs 

DISPLAY 

BACKPLANE 

FIGURE 7. External Backplane Clock 
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BP 
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OSC BP 
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Functional Description (Continued) 

Using an external clock allows synchronizing the display 
drive with AC power, internal clocks, or DVM integration 
time to reduce interference from the display. 

Figure 9 is a general block diagram that shows how the 
device's serial input can be used to advantage in an 
analog display. The analog voltage input is compared 
with a staircase voltage generated by a counter and a 
digital-to-analog converter or resistor array. The result of 
this comparison is clocked into the MM5452, MM5453. 

V+--------~--------------~ 

DATA -------+---..... --~ DATA IN 

BYPASS 
CAPACITOR 

The next clock pulse increments the staircase and clocks 
the new data in. 

With a buffer amplifier, the same staircase waveform can 
be used for many displays. The digital-to-analog con­
verter need not be linear; logarithmic or other non-linear 
functions can be displayed by using weighted resistors 
or special DACs. This system can be used for status in­
dicators, spectrum analyzers, audio level and power 
meters, tuning inaicators, and other applications. 

DISPLAY 

CLOCK --------+---f--.. CLOCK IN VSS OSC IN 

~----~~----------~T-----~ 

V---------~--_r-----------

TLlF16137·9 

FIGURE 8. Four Wire Remote Display 

LCD BAR GRAPH DISPLAY 

11111000000 
ANALOG VOLTAGE IN 

Data Is high until stalrcase>lnput 

lOWTO SET 
START BIT 

CLOCK 

FIGURE 9. Analog Display 
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~National 
D Semiconductor 

MM5483 Liquid <?rystal Display Driver 

General Description 
The MM5483 is a monolithic integrated circuit utilizing 
CMOS metal·gate low·threshold enhancement mode 
devlce~. It Is available In a 40'pin molde.d package. The 
chip can drive up to 31 segments of LCD and can be cas· 
caded to Increase this number. This chip Is capable of 
driving a 4%·diglt 7·segment display with minimal inter· 
face b~tween the display and the data source. 

• Wide power supply operation 

• TTL compatibility 

• 31 segment outputs 
• Alphanumeric and bar graph capability 

• Cascade capability 

The MM5483 stores the display data in latches after it Is 
latched In, and holds the data until another load pulse is 
received. 

Applications 
• COPSTM or microprocessor displays 

Features 
• Serial data input 

II Serial data output 

• Industrial control indicator 
g Digital clock, thermometer, counter, voltmeter 

• In~trumentation readouts 
a Remote displays 

Block and Connection Diagrams 

VOO~~-..., 

LOAD -::~T------jl>----[:~~~:J 

SE~l~k -.....;.;;i-----f >----r;~SHiiTiii~tEiil 

CLOCK -......;.;i-----f.>------.......I 

Vss 
OUTPUT BIT 16 

OUTPUT BIT 15 

OUTPUT BIT 14 

OUTPUT BIT 13 

OUTPUT BIT 12 
OUTPUT BIT 11 

OUTPUT BIT 10 

OUTPUT BIT 9 

OUTPUT BIT 8 

OUTPUT BIT 7 

OUTPUT BIT 6 

OUTPUT BIT 5 
OUTPUT BIT 4 

OUTPUT BIT 3 

OUTPUT BIT 2 

OUTPUT BIT 1 

DATA OUT 

OSC IN 

Voo 

Figure 1. 

Dual·in·Line Package 

TOP VIEW 

Figure 2. 
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OUTPUT BIT 17 

OUTPUT BIT 18 

OUTPUT BIT 19 

OUTPUT BIT 20 

OUTPUT BIT 21 

OUTPUT BIT 22 
OUTPUT BIT 23 

OUTPUT BIT 24 

OUTPUT BIT 25 

OUTPUT BIT 26 

OUTPUT BIT 27 

OUTPUT BIT 28 

OUTPUT BIT 29 

OUTPUT BIT 30 

OUTPUT BIT 31 

LOAD 

BACKPLANE IN 

BACKPLANE OUT 

DATA IN 

CLOCK IN 

TLlF1614Q·2 

TLlF1614Q·1 

Order Number MM5483N 
See NS Package N40A 
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Absolute Maximum Ratings 
Voltage at Any Pin Vss to Vss +10V Power Dissipation 300mW at +85°C 
Operating Temperature' -40°C to +85°C 350mWat +25°C 
Storage Temperature -65·Cto +150°C Juncti.on Temperature +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics TA within operating range, Voo = 3.0,! to 10V, Vss = OV, unless 
otherwise specified. 

Parameter Conditions Min. Typ. Max. Units 

Power Supply 3.0 10 V 

Power Supply Current R=1M, C=470pF, 
Outputs Open 
Voo=3.0V 9 15 J.lA 
Voo=5.0V 17 25 J.lA 
Voo = 10.0V 35 45 J.lA 

OSC=OV, Outputs Open, 
BPIN = 32Hz, Voo = 3.0V 1.5 2.5 J.lA 

Clock Frequency Voo=3.0V 500 kHz 

Input Voltage Levels Load, Clock, Data 
Logic "0" Voo=5.0V 0.9 V 
Logic "1" Voo=5.0V 2.4 V 
Logic "a" , Voo=3.0V 0.4 V 
Logic "1" Voo= 3.0V 2.0 V 

Output Current Levels 

Segments and Data Out 
Sink Voo = 3.0V, VOUT = 0.3V 20 J.lA 
Source Voo =3.0V, VOUT :d2.7V 20 J.lA 

SPOUT 
Sink Voo =3.0V, VOUT =0.3V 320 J.lA 
Source Voo=3.0V, VouT=2.7V 320 J.lA 

Output Offset Voltage Segment Load =250pF ±50 mV 
BP Load =8,750pF 

AC Electrical Characteristics Voo~4.7V, Vss=O. 

Symbol Parameter 

tCH CIO?k Period High 

tCl Clock Period Low 

tr Clock Rise Time 

tf Clock Fall Time 

tos Data Set·Up Before Clock 

tOH Data Hold Time After Clock 

tlW Minimum Load Pulse Width 

tlTC Load to Clock 

tcoo Clock to Data Valid 

Functio~al Description 
A block diagram for the MM5483 is shown in Figure 1 
and a package pinout is shown in Figure 2. Figure 3 
shows a possible 3·wire connection system with a typi­
cal signal format for Figure 3. Shown in Figure 4, the load 
input is an asynchronous input and lets data through from 
the shift register to the output buffers any time it is high. 
The load input can be connected to Voo for 2·wire con­
trol as shown in Figure 5. In the 2-wire control mode, 31 
bits (or less depending on the number of segments 

Min Typ Max Units 

500 ns 

500 ns 

300 ns 

300 ns 

300 ns 

100 ns 

500 ns 

400 ns 

8-10 

400 750 ns 

used) of data are clocked into the MM5483 in a short 
time frame (with less than 0.1 second there probably will 
be no noticeable flicker) with no more clocks until new 
information is to be displayed: If data was slowly 
clocked in, it can be seen to "walk" across the display 
in the 2-wire mode. An AC timing diagram can be seen in 
Figure 6. It should be noted that data out is not a TTL­
compatible output. 



CLOCK 

DATA 

LCD DISPLAY 

LOAD LOAD 

DATA 

CLOCK ~---""----11------""--- --.... 
LOAD --.... 

Tl/FI6140·3 

Figure 3. Three·Wire Control Mode 

CLOCK ~Jl.-flSLJl-
BIT 1 BIT 2 ~~ BIT 30 BIT 31 

I~:~~ I I I I I I I 
LOAD n ----------"'!'(2,--------, L 

DATA 

TIME-

Figure 4. Data Format Diagram 

LCD DISPLAY 

25, 

VDD 

21 

DATA OUT ~ 
LOAD 

25 

VDD 

CLOCK )0----+--------_1)-------.... 
Figure 5. Two·Wire Control Mode 

TUF16140·5 

l-tcH-I-tcL-1 
-I I-IDS I -II-IDH 

TUF1614Q.4 

i-llW-1 -ILTC 

LOAD ){.. \'--___ _ 

-\ICDO 1-
D~~~ ___ --JXr----.....,.X'-____ _ 

TlIF/6140·6 

Figure 6. Timing Diagram 
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,.. 
~ ~National 
~ ~ Semiconductor 
:E MM58201 Multiplexed LCD Driver 

General Description 
The MM58201 is a monolithic CMOS LCD driver capable of 
driving up to 8 backplanes and 24· segments. A 192·bit 
RAM stores the data for the display. Serial input and out· 
put pins are provided to interface with a controller. An RC 
oscillator generates the timing necessary to refresh the 
display. The magnitude of the driving waveforms can be 
adjusted with the Vrc input to optimize display contrast. 
Four additional bits of RAM allow the user to program the 
number of backplanes being driven, and to designate the 
driver as either a master or slave for cascading purposes. 
When two or more drivers are cascaded, the master chip 
drives the backplane lines, and the master and each slave 
chip drive 24 segment lines. Synchronizing the cascaded 
drivers is accomplished by tying the RC OSC pins together 
and the BP1 pins together. 

The MM58201 is packaged in a 40·lead dual·in·line 
package. 

Block Diagram 

BACKPLANES 

Re 

FIGURE 1. MM58201 Functional Diagram 

Features 
• Drives up to 8 backplanes and 24 segment lines 

• Stores data for display 

• Cascadable 

• Low power 
• Fully static operation 

Applications 
• Dot matrix LCD driver 
• Multiplexed 7·segment LCD driver 

• Serial in/serial out memory 

Connection Diagram 

Vrc 
Sl1 

SID 

S9 

SB 

S7 

S6 

SS 

Dual·ln·Line Package 

:: Voo 
S12 

J8 

SEGMENT 
S4 
SJ 

S2 

Sl 

BP8 

BP7 

BPB 

BPS 

BP4 

BPJ 

TOP VIEW 

FIGURE2 

Order Number MM58201D or MM58201N 
See NS Package D40C or N40A 
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Absolute Maximum Ratings 
Voltage at Any Pin 

Operating Temperature Range 

Storage Temperature Range 

Package Dissipation 

Operating Voo Range 
Lead Temperature (Soldering, 10 seconds) 

Vss - 0.3V to Vss + 18V 
0°Ct070°C 

- 65°C to + 150°C 

500mW 

Vss + 7.0V to Vss + 18.0V 
300°C 

DC Electrical Characteristics Minimax limits apply across temperature range unless otherwise noted. 

Parameter Conditions Min Typ Max 

Icc Quiescent Supply Current 0.3 

VIN(l) Logical "1" Input Voltage 0.45 Voo Voo+0.3 

VIN(O) Logical "0" Input Voltage Vss-0.3 1.0 

VOUT(O) Logical "0" Output Voltage ISINK=0.6 mA 0.4 

IOUT(1) Logical "1" Output Leakage VOUT=Voo 0 ±10 
Current 

IIN(l) Logical "1" Input Leakage VIN=VOO 0 1.0 
Current 

IIN(O) Logical "0" Input Leakage VIN=VSS -1.0 0 
Current 

VTC Input Voltage 4.5 Voo+0.3 

VTC Input Impedance 10 30 

ZOUT Output Impedance Backplane and Segment 10 
Outputs 

DC Offset Voltage Between Any Backplane 0 ± 10 
and Segment Output 

AC Electrical Characteristics TA and Voo within operating range unless otherwise noted. 

Parameter 

fosc Oscillator Frequency· 

fCLKIN Clock Frequency 

tON Clock Pulse Width 

tOFF Clock OFF Time 

ts Input Data Set-Up Time 

tH Input Data Hold Time 

tACC Access Time 

tr Rise Time 

tl Fall Time 

• q is the number 01 backplanes programmed. 

Conditions 

Backplane, Segment Outputs 
CL=2000 pF 

Backplane, Segment Outputs 
CL=2000 pF 
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1281) 

DC 
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V 

V 

V 

JLA 

JLA 
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kn 
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Hz 
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C\I Switching Time Waveforms 
co 
LO 
:!: 
:!: 

elK IN 

DATA IN, CS 
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Functional Description 
A functional diagram of the MM58201 LCD driver is shown 
4n Figure 1. A connection diagram is shown in Figure 2. 

Serial Inputs and Output 

A negative·"going edge on the CS input initiates a frame. 
The CS input must then stay low for at least one rising 
edge of ClK IN, and may not be pulsed low again for the 
next 31 clocks. At least one clock must occur while CS is 
high. If ClK IN is held at a logic "1'; CS is disabled. This 
allows the signal that drives CS to be used for other pur­
poses when .the MM58201 is not being addressed. 

ClK IN latches data from the DATA IN input on Its rising 
edge. Data from the DATA OUT pin changes on the falling 
edge of ClK IN and is valid before the next rising edge. 

The first five bits of data following CS are the address bits 
(Figure 3). The address selects the column where the 
operation is to start. Bit 1 is the MSB and bit 5 is the lSB. 
The sixth bit is the readlwrite bit. A logic "1" specifies a 
read operation and a logic "0" specifies a write operation. 
Tne next 24 bits are the data bits. The first data bit cor­
responds to the BP1 row of the display, the second data bit 
to the BP2 row, and so on. After the eighth and sixteenth 
data bits, the column pointer is incremented. When start­
ing address 10110 or 10111 is specified, the column pointer 
increments from 10111 to 00000. 

During a read or write cycle, the LCD segment outputs do 
not reflect the data in the RAM. To avoid disrupting the 
pattern viewed on the display, the read or write cycle time 
should be kept short. Since the LCD turn-on time can be as 
little as 30 ms, a clock rate of at least 10 kHz would be 
required in order to address the entire contents of the RAM 
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within that time interval. The formula below can be used to 
estimate the minimum clock rate: 

30 
fClK IN = (tlCD - 7ts) 

where ts is the processor's set-up time between each read 
or write cycle, and tlCD is the minimum turn-on or turn-off 
time of the LCD as specified by the LCD manufacturer. 

The DATA OUT output is an open drain N-channel device to 
Vss (Figure 4). With an external pull·up this configuration 
allows the controller to operate at a lower supply voltage, 
and also permits the DATA OUT output to be wired in 
parallel with the DATA OUT outputs from any other drivers 
in the system. 

To program the number of backplanes being driven and 
the MIS bit, load address 11000, a write bit, three bits for 
the number of backplanes (Table I), and the MIS bit. The re­
maining 20 data bits will be ignored but it is necessary to 
provide 21 more clocks before initiating another frame. 

TABLE I. BACKPLANE SELECT 

Numberof 
B2 B1 BO Backplanes 

2 0 0 1 

3 0 1 0 

4 0 1 1 

5 1 0 0 

6 1 0 1 

7 1 1 0 

8 1 1 1 



Functional Description (Continued) 

RC OSC Pin 

This oscillator generates the timing required for multiplex· 
ing the liquid crystal display. The oscillator operates at a 
frequency that is 41) times the refresh rate of the display, 
where 1) is the number of backplanes programmed. Since 
the refresh rate should, be in the range from 32 Hz to 
100 Hz, the oscillator frequency must be: 

1281)~ fose~4001) 

The frequency of oscillation is related to the external R 
and C components in the following way: 

1 
fose= 1.25 RC ±30% 

The value used for the external resistor should be in the 
range from 10 kn to 1 Mn. 

The value used for the external capacitor should be less 
than 0.005 1tF. 

VTC Pin 

The VTe pin is an analog input that controls the contrast of 
the segments on the LCD. If eight backplanes are being 
driven (1) = 8), a voltage of typically 8V is required at 25°C. 
The voltage for optimum contrast will vary from display to 
display. It also has a significant negative temperature 
coefficient. 

cs RISE AT ANY TIME 

CLK IN 

OATA IN OON'T CARE I A4 A3 A2 Al AO R/W I 01 

OATA OUT 01 

SI S2 S3 S4 S5 S6 S7 S8 S9 S10 SII S12 

BPI 

BP2 

BP3 

BP4 

BP5 

BP6 

BPJ 

BP8 

A4 0 0 0 0 0 0 0 0 0 0 0 0 
A3 0 0 0 0 0 0 0 0 1 1 1 1 
A2 0 0 0 0 1 1 1 1 0 0 0 0 
Al 0 0 1 1 0 0 1 1 0 0 1 1 
AO 0 1 0 1 0 1 0 1 0 1 0 1 

02 

02 

The voltage source on the VTe input must be of relatively 
low impedance since the input Impedance of VTe ranges 
from 10 kn to 30 kn. A suitable circuit is shown in Figure 5. 

In a standby mode, the VTe input can be set to Vss. This 
reduces the supply current to less than 300 itA per driver. 

Backplane and Segment Outputs 

Connect the backplane and segment outputs directly to 
the LCD row and column lines. The outputs are designed 
to drive a display with a total ON capacitance of up to 
2000 pF. 

The output structure consists of transmission gates 
tapped off of a resistor string driven by VTe (Figure 6). 

A critical factor in the lifetime of an LCD is the amount of 
DC offset between a backplane and segment signal. 
Typically, 50 mV of offset is acceptable. The MM58201 
guarantees an offset of less than 10 mV. 

The BP1 output is disabled when the MIS bit is set to zero. 
This allows the BP1 output from the master chip to be con· 
nected directly to it so that synchronizing signals can be 
generated. Synchronization occurs once each refresh 
cycle, so the cascaded chips are assured of remaining 
synchronized. 

MUST RISE BY THIS POINT 

03 022 I 023 I 024 I OON'T CARE 

03 022 I 023 I 024 I 
S13 S14 S15 S16 S17 S18 S19 S20 S21 S22 S23 S24 ..., 
01 09 017 B2 I 

-I 
02 010 018 Bl I 

-I 
03 011 019 BO I 

.j 

04 012 020 MIS I 
J 

05 013 021 

06 014 022 

07 015 023 

08 016 024 

0 0 0 0 1 1 1 1 1 1 1 1 1 
1 1 1 1 0 0 0 0 0 0 0 0 1 
1 1 1 1 0 0 0 0 1 1 1 1 0 
0 0 1 1 0 0 1 1 0 0 1 1 0 
0 1 0 1 0 1 0 1 0 1 0 1 0 

Diagram above shows where data will appear on display if starting address 01100 is specified in data format. 

FIGURE 3. Data Format 

8·15 

s: 
s: 
CJ1 
CO 
I\) 
o 
-L 

[GI 



,.... 
o 
N Functional Description (Continued) 
00 
Ll) 

~ 
~ 

cs CLK 

15V IN 

-

BACKPLANES 

TLlFf6146·7 

FIGURE 4. DATA OUT Structure 
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DO 01 SK so SI 

15V 
DATA DATA VTC cs CLK DATA DATA 
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MM58201· 

~O.OOI/.1F 
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LIQUID CRYSTAL DISPLAY 

FIGURE 5. Typical Application 
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FIGURE 6. Structure of LCD Outputs 
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~National 
a Semiconductor 

PRELIMINARY 

MM58241 High Voltage Display' Driver 

General Description 
The MM58241Is a monolithic MOS Integrated circuit utiliz­
Ing CMOS metal gate low threshold P and N-channel 
devices. It Is available both In 40-pln molded dual-In-Ilne 
packages or as dice. The MM58241 Is particularly suited 
for driving high voltage (60V max) vacuum fluorescent (VF) 
displays (e.g., a 32-dlglt alphanumeric or dot matrix 
display). 

Applications 
• COPSTM or microprocessor-driven displays 

• Instrumentation readouts 
g Industrial control Indicator 

• Digital clock, thermostat, counter, voltmeter 
• Word processor text displays 
• Automotive dashboards 

Block and Connection Diagrams 

OUTPUT OUTPUT 
32 1 

ENABLE ----~ 

FIGURE 1 

TliB15600·1 

Features 
• Direct Interface to high voltage display 

• Serial data Input 
• No external resistors required 
• Wide display power supply operation 

• TIL compatible l!1puts 
• Software compatible with NS display driver family 
II Compatible with alphanumeric or dot matrix displays 

• Display blanking control Input 
II Simple to cascade 

Dual-In-Llne Package 

Vss (OV) 40 OUTPUT 1B 

OUTPUT 17 OUTPUT 19 
OUTPUT 16 OUTPUT 20 
OUTPUT 15 OUTPUT 21 
OUTPUT 14 OUTPUT 22 

OUTPUT 13 OUTPUT 23 
OUTPUT 12 34 OUTPUT 24 

OUTPUT 11 33 OUTPUT 25 
OUTPUT 10 32 OUTPUT 26 

OUTPUT 9 10 MM5B241 31 OUTPUT 27 

OUTPUT B 11 30 OUTPUT 2B 
OUTPUT 7 12 29 OUTPUT 29 
OUTPUT 6 13 2B OUTPUT 30 

OUTPUT 5 14 27 OUTPUT 31 

OUTPUT 4 15 26 OUTPUT 32 

OUTPUT 3 16 25 BLANKING CONTROL 

OUTPUT 2 17 24 ENABLE 
OUTPUT 1 1B 23 OATA OUT 

VDlS 19 22 OATA IN 

Voo (5V) 20 21 CLOCK 

TOP VIEW TlIB/5600·2 

FIGURE 2 

Order Number MM58241N 
See NS Package N40A 

8-17 



Absolute Maximum Ratings 
Voltage at Any Input Pin. 

Voltage at Any Display Pin 

Operating Temperature 

Storage Temperature 

VOO + 0.3V to Vss - 0.3V 

Voo to Voo - 60V 
-40°Cto +85°C 

, P~wer Dissipation 
Junction Temperature 

-65°Cto + 150°C 

500 mW at + 85°C 

+ 130°C 
Lead Temperature (Soldering, 10 seconds) + 300°C 

DC Electrical Characteristics T A = - 40°C to + 85°C 

Parameter Conditions 

Power Supply Voltages 

Voo Vss=OV 
VDlS Voo =5V, V~s=OV 

Power Supply Currents 

100 Voo =5V, Vss=OV, 
VOIS Disconnected 

lOIS Voo = 5V, Vss = OV, 
VOIS = - 55V, 
All Outputs Off 

Input Logic Levels Vss=OV 
DATAIN,CLOCK,ENABLE,BLANK 

-Logic '0' Voo = 5V ± 0.5V 
Logic '1' Voo =4.5V 
Logic '1' Voo = 5.5V 

Input Currents Voo =5V±0.5V, VSS 7'OV 
DATAIN,CLOCK,ENABLE,BLANK 

Input Capacitance Voo = 5V ± 0.5V, Vss = OV 
DATAIN,CLOCK,ENABLE,BLANK 

Data Output Impedance Voo= 5V ± 0.5V, Vss= OV 
Output High Resistance to Voo 
Output Low Resistance to Vss 

Display Output Impedances Voo =5V, Vss=OV 
Output Off (Figure 3a) VOIS = -25V 

VDlS = - 40V 
VDIS = -55V 

Output On (Figure 3b) VOIS = -25V 
VOIS = -40V 

. VDlS = -55V 

Dlsplay.Output Leakage Voo = 5.5V, Vss = OV, 
VDlS = -55V 

8·18 

Min Typ Max Units 

4.5 5.5 V 
; 

-55 -25 V 

150 IJ.A 

10 rnA 

Vss 0.8 V 
2.0 Voo V 
2.4 Voo V 

10 IJ.A 

15 pF 

2.0 kG 
700 G 

80 400 kG 
100 550 kG 
110 650 kG 

2.5 3.0 kG 
2.2 2.7 kG 
2.0 2.5 kG 

10 20 IJ.A 



AC Electrical CharacteristicsTA= -40°Cto + 85°C, VDD=5V±0.5V 

Parameter Conditions Min Typ Max Units 

Clock Input 
Frequency, fc 800 kHz 
Rise Time, tr 200 ns 
Fall Time, tf ' 200 ns 
High Time, tH 300 ns 
Low Time, tL 300 ns 

Data Input 
Set-Up Time, tDS 100 ns 
Hold Time, tDH 100 ns 

Enable Input 
Set-Up Time, tES 100 ns 
Hold Time, tEH 100 ns 

Data Output 
CLOCK Low to Data Out 500 ns 
Time, tCDO 

Note that, for timing purposes, the signals ENABLE and BLANK can be considered to be totally independent of each other. 

Functional Description 
This product is specifically designed to drive multiplexed 
or non·multiplexed high voltage alphanumeric or dot 
matrix vacuum fluorescent (VF) displays. Character 
generation is done externally in the microprocessor, with a 
serial data path to the display driver. The MM58241 uses 
three signals, DATA IN, CLOCK and ENABLE, where 
ENABLE acts as an external load signal. Display blanking 
can be achieved by means of the BLANKING CONTROL 
input, and a logic '1' will turn off all sections of the display. 
A block diagram of the MM58241 is shown in Figure 1. 

Figure 2 shows the pinout of the MM58241 device, where 
output 1 (pin 18) Is equivalent to bit 1, i.e., the first bit of 
data to be loaded into the shift register following ENABLE 
high. A logic '1' at the input will turn on the corresponding 
display digit/segment/dot output. 

A Significant reduction in discrete board components can 
be achieved by use of the MM58241, because external 
pull-down resistors are not required. Due to the nature of 
the output stage, both Its on and off impedance values 
vary as a function of the display voltage applied. However, 
Figures 3a and 3b show thal this output impedance willre­
main constant for a fixed value of display voltage. 

8-19 

Figure 4 demonstrates the critical timing requirements 
between CLOCK and DATA IN for the MM58241. 

When the chip' first powers on, an internal reset is 
generated, resetting all registers and latches. The chip 
returns to normal operation on application of ENABLE, 
and so all interface signals should be inactive at power on. 

In Figure 5, the ENABLE signal acts as an envelope, and 
only while this Signal is at a logic '1' does the circuit ac­
cept CLOCK inputsignals. Data is transferred and shifted 
in the internal shift register on the rising clock edge, i.e., 
'0'-'1' transition. When the ENABLE signal goes low, the 
contents of the shift registers are latChed, and the display 
will show new data. During data transfer, the display will 
show old data. DATA OUT is also provided on the 
MM58241, being output on the falling edge. At any time, 
the display may be blanked under processor control, using 
the BLANKING CONTROL input. 

Figure 6 shows a schematic diagram of a microprocessor­
based system where the MM58241 is used to provide the 
grid drive for a32-digit 5 x 7 dot matrix vacuum fluorescent 
(VF) display. The anode drive in this example is provided by 
another member of the high voltage display driver family, 
namely the MM58248, which does not require an exter­
nally generated load signal. 



Functional Description (Continued) 

Timing Diagrams 

59.5 

_ 49.5 
> 
:;; 39.5 
~ "+ 29.5 

~ 19.5 

9.5 

II:;-. __ -.L ___ --'-___ ......... ___ -'-----l~ lOUT (~) 

200 400 600 BOO 
TLlB/5600·3 

FIGURE 3a. Output Impedance Off 

2.2 kO TYPICAL 
AT +25°C, VDlS = -40V • 

1.5 kO MAX 
AT-40°C, VO!S = -55V 

o -=:;.----I-----'----......... --_...L...--,~ lOUT (rnA) 
o 

TL/B/5600·4 

FIGURE 3b. Output Impedance. On 

TLlB/5600·5 

For the purposes of AC measurements, VIH = 2.4V, VIL = O.BV. 

FIGURE 4. Clock and Data Timings 

CLOCK 50% -+"""--I--+4-+---I--~r-----I----lI~---

DATA IN 50% -+ ...... -t--+-+-+-ll-----..... ------IE---

DATA OUT 50% -+---t--+-+--'~----_Jf-----___il---

ENABLE 50% -I---t-~r--------_I_---~-----'-

DISPLAY 
OUTPUT 

Voo ----+-r---~ 

VDlS---.... 

FIGURE 5. MM58241 Timings (Data Format) 
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Typical Application 

32-0IG1T MULTIPLEXED 
5 x 7 DOT MATRIX I 

I 
VACUUM FLUORESCENT ~ 

(VF) OISPLAY 

, 
35 ANODES 32 GRIDS 1------_ 1-------
MM58248 MM58241 

OISPLAY DRIVER DISPLAY DRIVER 

CLOC 
, 

DATA B DATA 1 t 1 ' ; 

KB 

CLOCK 1 

ENABLE 1 

BLANK 1 
I 

llr 

MICROPROCESSOR DATA 
OUT 1 

TLlB/5600·7 

FIGURE 6. Microprocessor·Controlied Word Processor 
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co 
~ ~National 
~ U Semiconductor 

PRELIMINARY 

~ 
MM58248 High Voltage Display Driver 

General Description 
The MM58248 is a monolithic MOS integrated circuit utiliz­
ing CMOS metal gate low threshold P and N-channel 
devices. It is available both in 40-pin' molded dual-in-line 
packages or as dice. The MM58248 is particularly suited 

, for driving high voltage (60V max) vacuum fluorescent (VF) 
displays (e.g., a 5 x 7 dot matrix display). 

Applications 
• COPSTM or microprocessor-driven displays 
II Instrumentation readouts 
II Industrial control indicator 
II Digital clock, thermostat, counter, voltmeter 
II Word processor text displays 
• Automotive dashboards 

Block and Connection Diagrams 

OUTPUT OUTPUT 
35 1 

OATA IN 

CLOCK 

FIGURE 1 

TlIB15599·1 

Features 
• Direct interface to high voltage display 

• Serial data input 
• No external resistors required 
II Wide display power supply operation 
II TTL compatible inputs 
II Software compatible with NS display driver family 
II Compatible with alphanumeric or dot matrix displays 
II No load signal required 

Dual-In-Line Package 

Vss (OV) 40 OUTPUT 18 

OUTPUT 17 39 OUTPUT 19 
OUTPUT 16 38 OUTPUT 20 

OUTPUT 15 37 OUTPUT 21 
VDlS OUTPUT 14 36 OUTPUT 22 

OUTPUT 13 35 OUTPUT 23 
OUTPUT 12 34 OUTPUT 24 

OUTPUT 11 33 OUTPUT 25 
OUTPUT 10 32 OUTPUT 26 

OUTPUT 9 10 MM58248 31 OUTPUT 27 

OUTPUT 8 11 30 OUTPUT 28 

OUTPUT 7 12 29 OUTPUT 29 

OUTPUT 6 13 28 OUTPUT 30 
OUTPUT 5 14 27 OUTPUT 31 

OUTPUT 4 15 26 OUTPUT 32 

OUTPUT 3 16 25 OUTPUT 33 
OUTPUT 2 17 24 OUTPUT 34 

OUTPUT 1 18 23 OUTPUT 35 

VDlS 19 22 OATA IN 

Voo (5V) 20 21 CLOCK 

TOP VIEW 

FIGURE 2 
TlIB15599·2 

Order Number MM58248N 
See NS Package N40A 
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Absolute Maximum Ratings 
Voltage at Any Input Pin Voo + 0.3V to Vss - 0.3V 
Voltage at Any Display Pin Voo to Voo - 60V 
Operating Temperature - 40°C to + 85°C 

Storage Temperature -65°Cto + 150°C 

Power Dissipation 500 mW at + 85°C 

Junction Temperature + 130°C 

Lead Temperature (Soldering, 10 seconds) + 300°C 

DC Electrical Characteristics T A = - 40°C to + 85°C 

Parameter Conditions Min Typ Max Units 

Power Supply Voltages 

Voo Vss=OV 4.5 5.5 V 
VOIS Voo = 5V, Vss = OV -55 -25 V 

Power Supply Currents 

100 Voo =5V, Vss=OV, 150 p.A 
VOIS Disconnected 

lOIS Voo =5V, Vss=OV, 10 mA 
VOIS = - 55V, 
All Outputs Off 

Input Logic Levels Vss=OV 
DATA IN, CLOCK 

. Logic '0' Voo = 5V ± 0.5V Vss 0.8 V 
Logic '1' Voo =4.5V 2.0 Voo V 
Logic '1' Voo = 5.5V 2.4 Voo V 

Input Currents Voo =5V±0.5V, Vss=OV 10 p.A 
DATA IN, CLOCK 

Input Capacitance Voo = 5V ± 0.5V, Vss = OV 15 pF 
DATA IN, CLOCK 

Display Output Impedances Voo = 5V, Vss = ov 
Output Off (Figure 3a) VDls= -25V 80 400 kn 

VOIS = -40V 100 550 kn 
VDlS = -55V 110 650 kn 

Output On (Figure 3b) VOIS = -25V 2.5 3.0 kn 
VOIS = -40V 2.2 2.7 kn 
VDlS = -55V 2.0 2.5 kn 

Display Output Leakage V~o=5.5V, Vss=OV, 10 20 p.A 
VOIS = -55V 
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AC Electrical CharacteristicsTA= -40°C to +85°C, Voo=5V±0.5V 

Parameter Conditions Min Typ Max Units 

Clock Input 
Frequency, fc 
Rise Time, tr 
Fall Time, tf 
High Time, tH 
Low Time, tL 

Data Input 
Set-Up Time, tos 
Hold Time, tOH 

Functional Description 
This product is specifically designed to drive multiplexed 
or non-multiplexed high voltage alphanumeric or dot 
matrix vacuum fluorescent (VF) displays. Character gener­
ation is done externally in the microprocessor, with a 
serial data path to the display driver. The MM58248 uses 
two signals, DATA IN and CLOCK, with a format of a 
leading '1' followed by the 35 data bits, hence allowing 
data transfer without an additional signal. A block 
diagram of the MM58248 Is shown in Figure 1. 

Figure 2 shows the pinout of the MM58248 device, where 
output 1 (pin 18) is equivalent to bit 1, i.e., the first bit of 

59.5 

E 49.5 

~ 39.5 
~. 

"+ 29.5 

~ 19.5 

9.5 

1.0 MHz 
200 ns 
200 ns 

300 ns 
300 ns 

100 ns 
100 ns 

data to be loaded into the shift register following the start 
bit. A logic '1' at the input will turn on the corresponding 
display digit/segment/dot output. 

A significant reduction in discrete board components can 
be achieved by the use of the MM58248, because external 
pull-down resistors are not required. Due to the nature of 
the output stage, both its on and off impedance values 
vary as a function of the display voltage applied. However, 
Figures 3a and 3b show that this output Impedance will re­
main constant for a fixed value of display voltage. 

JE:....---..l...---..I----I...------I..-..... IOUT (,JI) 
200 400 600 800 

TLlB15599·3 

FIGURE 3a. Output Impedance Off 

2.2 kl1 TYPICAL 
AT +25°C, VOIS = -40V 

1.5 kl1 MAX 
AT -40°C, VDlS = -55V 

o -=-__ ---1.. ___ ..1-___ 1...-__ ---1.._ ..... lOUT (rnA) 

o 

TLlB15599·4 

FIGURE 3b. Output Impedance On 
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Functional Description (Continued) 

Figure 4 demonstrates the critical timing requirements 
between CLOCK and DATA IN for the MM58248. 

When the chip first powers on, an internal reset is gener· 
ated, resetting all registers and latches. The chip returns 
to normal operation on application of the start bit and the 
first clock pulse, and so all interface signals should be in· 
active at power on. 

In Figure 5, a start bit of logic '1' precedes the 35 bits of 
data, each bit being accepted on the rising edge of 
CLOCK, i.e., a '0'-'1' transition. At the 36th clock, a LOAD 
signal is generated synchronously with the high state of 
the clock, thus loading the 35 bits of the shift register into 
the latches. At the low state of the clock, a RESET signal is 
generated, clearing all bits of the shift register for the next 
set of data. Hence, a complete set of 36 clock pulses is 

Timing Diagrams 

CLOCK 

DATA IN 

needed for the MM58248, or the shift register will not clear. 
If, at any given time, it is required that the display be 
cleared under microprocessor control, i.e., without power 
on reset, then the following flushing routine may be used. 
Clock in 36 'zeroes', followed by a 'one' (start bit), followed 
by 35 'zeroes'. This procedure will completely blank the 
display. 

Figure 6 shows a schematic diagram of a microprocessor· 
based system where the MM58248 Is used to provide the 
anode drive for a 32·dlglt 5 x 7 dot matrix vacuum fluores· 
cent (VF) display. The grid drive In this example Is provided 
by another member of the high voltage display driver fam· 
lIy, namely the MM58241, which has the additional 
features of a BLANKING CONTROL pin, a DATA OUT pin, 
and an ENABLE (external load signal) pin. 

For the purposes of AC measurement, VIH = 2.4V, Vil = O.BV 

FIGURE 4. Clock and Data Timings 

START START 
CLK 35 CLK CLK 1 CLK 2 ClK 3 ClK 33 ClK 34 ClK 35 ClK 

CLOCK 

DATA IN 

. lOAD.Jl n 
(INTERNAL) ~-----------~f,ljo.------""'" L ____ _ 

RESET ., n 
(INTERNAL) ~ 11... ________ ...... _...,;0. ________ .. L ___ _ 

~~;~;~ / 
VDlS '---------....,1--------"" 

TL/B/5599·6 

FIGURE 5. MM58248 Timings (Data Format) 
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! Typical Application 
co 
Lt') 

~ 
~ 

32·DlGlT MULTIPLEXED 
5 x 7 DOT MATRIX 

.... ; 
VACUUM FLUORESCENT I 

(VF) DISPLAY 

~ ~ 

35 ANODES 32 GRIDS ------- ~------

MM58248 MM58241 
DISPLAY DRIVER DISPLAY DRIVER 

CLOCK 8 DATA 8 DATA 1 t 1 ~ 
CLOCK 1 

ENABLE 1 

BLANK 1 

I 

MICROPROCESSOR DATA 
OUT 1 

TLlB15599·7 

FIGURE 6. Mlcroprocessor·Controlled Word Processor 
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~National 
~ Semiconductor 

MM58270 Display Driver 

General Description 
The MM58270 multiplex vacuum fluorescent display driver 
is a monolithic metal gate CMOS circuit with bipolar out­
put transistors to achieve high source current drive at high 
voltage. On·chip pull-down resistors minimize external 
components. This circuit is capable of driving a 16 or 
20·digit display (40 or 44-pin package). The display font is 
14·segment (British Flag) plus comma and decimal point. 

Block Diagram 

DATA IN >-----------1 

CLOCK >---------o---f 

OSC >-------4 

1 x 143·BIT 
SHIFT REGISTER 

Features 
II Up to 20·digit display 

• 10 mA source curr,ent 
• Interdigit blanking 
• Digital brightness con,trol 

• 16-segment font 

• Serial input 

20/16 >-----------.... ---+--------....1 

PRELIMINARY 

DATA DUT 

>-----+ 16 SEGMENTS 

>----+ 20 DIGITS 

vGG>-----------------------------~--~ 
TLJFJ6150·2 

Font Structure 

TLiFJ6150·1 
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Connection Diagrams 

Dual·ln·Llne Package 

Vss Vee 
OSC VGG 

DATA IN DATA IN 
ClK MUX IN 

DP 5 DIG 16 
COMMA 6 ' 35 DIG 15 

SEG r 34 DIG 14 
SEG P • 33 DIG 13 
SEG n 32 DIG 12 

SEG m 10 31 DIG 11 
SEG k 11 30 DIG 10 
SEG j 12 29 DIG 9 

SEG h 13 28 DIG 8 

SEG g 14 27 DIG 7 
SEG f 15 26 DIG 6 
SEG e 16 25 DIG 5 
SEG d 17 24 DIG 4 
SEG c 18 23 DIG 3 
SEG b 19 22 DIG 2 
SEG a 20 21 DIG 1 

TOP VIEW 
TLIF16150·3 

Order Number MM58270N 
See NS Package N40A 
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COMMA 

SEG r 

SEG p 

SEG n 

SEG m 

SEG k 

SEG j 

SEG h 

Quad Package 
0 

0 ~ 0 0 

~ n ~ ~ g ~ 
0 3: c; c; 

0 z ~ c c:: "" ;;; ." n -4 >< C> 

~ a'~ ~ S S 5 5 6 5 5 
~ n ~ ~ - N W ~ ~ m ~ 
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~National 
~ Semiconductor 

PRELIMINARY 

MM58341 High Voltage Display Driver 

General Description 
The MM58341 is a monolithic MOS integrated circuit utlliz: 
ing CMOS metal gate low threshold P and N-channel 
devices_ It is available both in 40-pin molded dual-in-line 
packages or as dice_ The MM58341 is particularly suited 
for driving high voltage (35V max) vacuum fluorescent (VF) 
displays, (e_g_, a 32-digit alphanumeric or dot matrix 
display) 

Applications 
• COPSTM or microprocessor-driven displays 

• Instrumentation readouts 
II Industrial control indicator 
II Digital clock, thermostat, counter, voltmeter 

• Word processor text displays 
• Automotive dashboards 

Block and Connection Diagrams 

CLDCK-.... ~~ 

OUTPUT 
32 

OUTPUT 
1 

I+-of+-Vms 

Features 
• Direct interface to high voltage display 

• Serial data input 
• No external resistors required 
• Wide display power supply operation 
• TTL compatible inputs 
• Software compatible with NS display driver family 
• Compatible with alphanumeric or dot matrix displays 
• Display blanking control input 

• Simple to cascade 

Dual-In-Line Package 

Vss (OV) 40 OUTPUT 18 

OUTPUT 17 OUTPUT 19 
OUTPUT 16 OUTPUT 20 

OUTPUT 15 OUTPUT 21 

OUTPUT 14 OUTPUT 22 

OUTPUT 13 OUTPUT 23 
OUTPUT 12 OUTPUT 24 

OUTPUT 11 OUTPUT 25 
OUTPUT 10 OUTPUT 26 

OUTPUT 9 10 MM58341 OUTPUT 27 

OUTPUT 8 11 OUTPUT 28 

OUTPUT 7 12 OUTPUT 29 

OUTPUT 6 13 28 OUTPUT 30 
. OUTPUT 5 14 OUTPUT 31 

OUTPUT 4 15 OUTPUT 32 

OUTPUT 3 16 25 BLANKING CONTROL 

OUTPUT 2 17 24 ENABLE 

OUTPUT 1 18 23 DATA OUT 

Vms 19 22 DATA IN 

Voo (5V) 20 21 CLOCK 

TOP VIEW TLlB15603·2 

ENABLE ____ ...I 
TLIBI5603·' 

FIGURE 1 FIGURE 2 

Order Number MM58341N 
See NS Package N40A 
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,.... 
-.::t Absolute Maximum Ratings ('I) 
co 

Voltage at Any Input Pin Voo + 0.3VtoVss -0.3V 10 
~ Voltage at Any Display Pin Voo to Voo - 3SV 

~ Operating Temperature - 40°Cto + 8SoC 

Storage Temperature - 6S0Cto + 1S0°C 

Power Dissipation SOO mWat + 8SoC 

Junction Temperature 130°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics T A = - 40°C to + 8S0C 

Parameter Conditions Min Typ Max Units 

Power Supply Voltages 

Voo Vss=OV 4.S S.S V 

VDlS Voo = SV, Vss = OV -30 -10 V 

Power Supply Currents 

-IOD Voo = 5V, Vss = OV, 150 p.A 

VOIS Disconnected 

lOIs Voo =5V, Vss=OV, 10 mA 

VOIS = -30V, 
All Outputs Off 

Input Logic Levels Vss = OV 
DATA IN, CLOCK, 
ENABLE, BLANK 

Logic '0' Voo = SV ± O.SV Vss 0.8 V 

Logic '1' Voo=4.SV 2.0 Voo V 

Logic '1' Voo=S.SV 2.4 Voo V 

Input Currents· Voo = 5V ± O.SV, Vss = OV 10 p.A 

DATA IN, CLock 
ENABLE, BLANK 

Input Capacitance Voo=5V±0.SV, Vss=OV 15 pF 

DATA IN, CLOCK ' 
ENABLE, BLANK ; 

Data Output Impedance Voo=5V±0.SV, Vss=OV 
Output High: Resistance to Voo 2.0 kfl 

Output Low Resistance to Vss 700 fl 

Display Output Impedances Voo =5V, Vss=OV 
Output Off (Figure 3a) VOIS = -10V 55 250 kfl 

VOIS = -20V 60 300 kfl 

VOIS = -30V 65 400 kfl 

Output On (Figure 3b) VOIS = -10V S50 6S0 fl 

VOIS = -20V SOO 600 fl 

VOIS = -30V 400 SOO fl 

Display Output Leakage Voo = S.SV, Vss = OV, S 2.0 p.A 

VOIS = -30V 
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AC Electrical Characteristics T A = - 40°C to + 85°C, Voo = 5V ± 0.5V 

Parameter Conditions Min Typ Max Units 

Clock Input 
Frequency, fc 800 kHz 
Rise Time, tr 200 ns 
Fall Time, tf 200 ns 
High Time, tH 300 ns 
Low Time, tL 300 ns 

Data Input 
Set-Up Time, tos 100 ns 
Hold Time, t OH 100 ns 

Enable Input 
Set-Up Time, t ES 100 ns 
Hold Time, tEH 100 ns 

Data Output 
Clock Low to Data Out 500 ns 
Time, tCDO 

Note that, for timing purposes, the signals ENABLE and BLANK can be considered to be totally independent of each other. 

Functional Description 
This product is specifically designed to drive multiplexed 
or non-multiplexed high voltage alphanumeric or dot 
matrix vacuum fluorescent (VF) displays. Character 
generation is done externally in the microprocessor, with a 
serial data path to the display driver. The MM58341 uses 
three signals, DATA IN, CLOCK and ENABLE, where 
ENABLE acts as an external load signal. Display blanking 
can be achieved by means of the BLANKING CONTROL 
input, and a logic '1' will turn off all sections of the display. 
A block diagram of the MM58341 is shown in Figure 1. 

Figure 2 shows the pinout of the MM58341 device, where 
output 1 (pin 18) is equivalent to bit 1 (i.e., the first bit of 
data to be loaded into the shift register following ENABLE 
high). A logic '1' at the input will turn on the corresponding 

. display digit/segment/dot output. 

A significant reduction in discrete board components 
can be ach ieved by use of the M M58341, because external 
pull-down resistors are not required. Due to the nature of 
the output stage, both its on and off impedance values 
vary as a function of the display voltage applied. However, 
Figures 3a and 3b show that this output impedance will re­
main constant for a fixed value of display voltage. 
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Figure 4 demonstrates the critical timing requirements 
between CL.oCK and DATA IN for the MM58341. 

When the chip first powers on, an internal reset is gener­
ated, resetting all registers and latches. The chip returns 
to normal operation on application of ENABLE, and so all 
interface signals should be inactive at power on. 

In Figure 5, the ENABLE Signal acts as an envelope, and 
only while this signal is at a logic '1' does the circuit ac­
cept CLOCK input Signals. Data is transferred and shifted 
in the internal shift register on the rising clock edge, i.e., 
.'0'-'1' transition. When the ENABLE signal goes low, the 
contents of the shift registers are latched, and the display 
will show new data .. During data transfer, the display will 
show old data. DATA OUT is also provided on the 
MM58341, being output on the falling edge. At any time, 
the display may be blanked under processor control, using 
the BLANKING CONTROL input. 

Figure 6 shows a schematic diagram of a microprocessor­
based system where the MM58341 is used to provide the 
grid drive for a32-digit 5 x 7 dot matrix vacuum fluorescent 
(VF) display. The anode drive in this example is provided by 
another member of the high voltage displ.ay driver family, 
namely the MM58348, which does not require an exter­
nally generated load signal. 

, 
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('I) Functional. Description (Continued) 
CO 
Lt) 

~ +85°C 

~ 34.5 

15 24.5 
~ 
+ 
Q 

~ 14.5 

1.0 

~ 
'" ~ 0.5 

Timing Diagrams 

-40°C 

-=='---.L-__ .L-__ ..J.-__ ..J.-__ ..I.-__ ...L.....i~ lOUT (~) 

100 200 300 400 500 600 
TLlB/5603-3 

FIGURE 3a. Output Impedance Off 

4000 TYPICAL 
AT +25°C, VDlS = -20V 

3000 MAX 
AT -40°C, VDlS = -30V 

IOUT(mA) 
0.5 1.5 

FIGURE 3b. Output Impedance On 
TLlB/5603-4 

TLlB/5603-5 

For the purposes of AC measurements, VIH = 2.4V, VIL = O.BV. 

FIGURE 4. Clock and Data Timings 

CLOCK 50% -+---1--+~:--+---I--~o-----I-----'k----

DATA IN 50% -+-+-+--+-+-+--11-------11-------1(--

DATA OUT 50% -t---+--+-+-._-----II:---------iil---

IES IEH 

r---\. 1,.--..... ' ENABLE 50% /'-"' ______ "r\,, ____ _ 

B~~~~~ 50% _________ ,,~\"_ ______ _ 

DISPLAY 
OUTPUT 

Voo -----.-----~ 

VDIS----' 

FIGURE 5. MM58341 Timings (Data Format) 
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'Typical· Application 

32-DIGIT MULTIPLEXED 
5 x 7 DOT MATRIX : 

VACUUM FLUORESCENT I 
(VF) DISPLAY 

~ 

35 ANODES 32 GRIDS ------- 1-------
MM5B34B MM5B341 

DISPLAY DRIVER DISPLAY DRIVER 

B 'II' DATA B DATA 1 t 1 , 

CLOCK 1 . CLOCK 

ENABLE 1 

BLANK 1 

I 

MICROPROCESSOR DATA 
OUT 1 

TLiB/560J.7 

FIGURE 6. Microprocessor·Controlied Word Processor 
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~ ~National i D Semicondl,lctor 
PRELIMINARY 

:E 
MM58348 High Voltage Display Driver 

General Description 
The MM58348 is a monolithic MOS integrated circuit utillz· 
Ing CMOS metal gate low threshold P and N·channel 
devices. It is available both in 40·pin molded dual·in·line 
packages or as dice. The MM58348 is particularly suited 
for driving high voltage (35V max) vacuum fluorescent (VF) 
displays (e.g., a 5 x 7 dot matrix display). 

Applications 
• cOPS ™ or microprocessor·driven displays 

• Instrumentation readouts 
• Industrial control indicator 
• Digital clock, thermostat, counter, voltmeter 

• Word processor text displays 

• Automotive dashboards 

Block and Connection Diagrams 

OUTPUT OUTPUT 
35 1 

DATA IN 

CLOCK 

Features 
• Direct Interface to high voltage display 

• Seria.l data input 
• No external resistors required 
• Wide display power supply operation 

• TTL compatible inputs 
• Software compatible with NS display driver family 
• Compatible with alphanumeric or dot matrix displays 

• No load signal required 

Dual·ln·Line Package 

VSS (OV) OUTPIJT 18 

OUTPUT 17 OUTPUT 19 
OUTPUT 16 OUTPUT 20 

OUTPUT 15 OUTPUT 21 

OUTPUT 14 OUTPUT 22 

VOIS OUTPUT 13 OUTPUT 23 

OUTPUT 12 OUTPUT 24 

OUTPUT 11 OUTPUT 25 

OUTPUT 10 OUTPUT 26 

OUTPUT 9 10 OUTPUT 27 

OUTPUT 8 11 OUTPUT 28 

OUTPUT 7 12 OUTPUT 29 

OUTPUT 6 13 OUTPUT 30 

OUTPUT 5 14 OUTPUT 31 

OUTPUT 4 15 OUTPUT 32 

OUTPUT 3 16 OUTPUT 33 

OUTPUT 2 17 OUTPUT 34 

OUTPUT 1 18 OUTPUT 35 

VDlS 19 DATA IN 

VOO (5V) 20 CLOCK 

TOP VIEW 

TLIB15601·1 TLlB15601·2 

. FIGURE 1 FIGURE 2 

Order Number MM58348N 
See NS Package N40A 
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Absolute Maximum Ratings 
Voltage at Any Input Pin Voo + 0.3Vto Vss - 0.3V 
Voltage at Any Display Pin VootoVoo-35V 
Operating Temperature - 40°C to + 85°C 

Storage Temperature -65°Cto + 150°C 

Power Dissipation 500 mW at + 85°C 

Junction Temperature 130°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics T A = - 40°C to + 85°C 

Parameter Conditions Min Typ Max Units 

Power Supply Voltages 

Voo Vss= OV 4.5 5.5 V 
VOIS Voo = 5V, Vss = OV -30 -10 V 

Power Supply Currents . 

100 Voo = 5V, Vss = OV, 150 p.A 

VDlS Disconnected 

lOIs Voo = 5V, Vss = OV, 10 mA 
VOIS = - 30V, 
All Outputs Off 

Input Logic Levels Vss = OV 
DATA IN, CLOCK 

Logic '0' Voo = 5V ± 0.5V Vss 0.8 V 
Logic '1' Voo =4.5V 2.0 Voo V 
Logic '1' Voo =5.5V 2.4 Voo V 

Input Currents Voo = 5V ± 0.5V, Vss = OV 10 p.A 
DATA IN, CLOCK 

Input Capacitance Voo = 5V ± 0.5V, Vss = OV 15 pF 
DATA IN, CLOCK 

Display Output Impedances Voo = 5V, Vss = OV 
Output Off (Figure 3a) VOIS = -10V 55 250 kn 

VDlS = - 20V 60 300 kn 
VDlS = - 30V 65 400 kn 

Output On (Figure 3b) VDlS = -10V 550 650 n 
VDlS = - 20V 500 600 n 
VOIS = - 30V 400 500 n 

Display Output Leakage Voo =5.5V, Vss=OV, 5 20 p.A 

VDlS = - 30V 
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AC Electrical CharacteristicsTA = -40°Cto +85°C, Voo=5V±0.5V 

Parameter Conditions 

Clock Input 
Frequency, fe 
Rise Time, tr 
Fall Time, tf 
High Time, tH 
Low Time,'tL 

Data Input 
Set·Up Time, tos 
Hold Time, tOH 

Functional Description 
This product is specifically designed to drive multiplexed 
or non-multiplexed high voltage alphanumeric or dot 
matrix vacuum fluorescent (VF) displays. Character gener· 
ation is done externally in' the microprocessor, with a 
serial data path to the display driver. The MM58348 uses 
two signals, DATA IN and CLOCK, with a format of a 
leading '1' followed by the 35 data bits, hence 'allowing 
data transfer without an additional signal. A block 
diagram of the MM58348 is shown in Figure 1. 

Figure 2 shows the pinout of the MM58348 device, where 
output 1 (pin 18) is equivalent to bit 1, (i.e., the first bit of 

34.5 

~ 24.5 

+ 
~ 

14.5 

100 200 300 

Min 

300 
300 

100 
100 

Typ Max 

1.0 
200 
200 

Units 

MHz 
ns 
ns 
ns 
ns 

ns 
ns 

data to be loaded into the shift register following the start 
bit). A logic '1' at the input will turn on the corresponding 

, display digit/segment/dot output. . 

A significant reduction in discrete board components 
can be achieved by use of the MM58348, because external 
pull·down resistors are not required. Due to the nature of 
the output stage, both Its on and off impedance values 
vary as a function of the display voltage applied. However, . 
Figures 3a and 3b show that ~hls output impedance will reo 
main constant for a fixed value of display voltage. 

400 500 600 

TlIB/5601·3 

FIGURE 3a. Output Impedance Off 

4000 TYPICAL 
1.0 AT +25·C, VDlS = -20V 

3000 MAX 
AT -40·C, VDlS = -30V 

€ 
'" -I; 0.5 

0 _::;;...._......J,. ___ ""-__ --''--__ ......... ___ .. IOUT(mA) 

0 0.5 1.5 
TlIB/560H 

FIGURE 3b. Output impedance On 
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Functional Description (Continued) 

Figure 4 demonstrates the critical timing requirements 
between CLOCK and DATA IN for the MM58348. 

When the chip fi,rst powers on, an internal reset Is gener· 
ated, resetting all registers and latches. The chip returns 
to normal operation on application of the start bit and the 
first clock pulse, and so all Interface signals should be in· 
active at power on. 

In Figure 5, a start bit of logic '1' precedes the 35 bits of 
data, each bit being accepted on the rising edge of 
CLOCK, i.e., a '0'-'1' transition. At the 36th clock, a LOAD 
signal is generated synchronously with the high state of 
the clock, thus loading the 35 bits of the shift register into 
the latches. At the low state of the clock, a RESET signal is 
generated, cl~aring all bits of the shift register for the next 
set of data. Hence, a complete set of 36 clock pulses is 

Timing Diagrams 

CLOCK 

DATA IN 

needed for the MM58348, or the shift register will not clear. 
If, at any given time, it Is required that the display be 
cleared under microprocessor control, i.e., without power 
on reset, then the following flushing routine may be used. 
Clock in 36 'zeroes', followed by a 'one' (start bit), followed 
by 35 'zeroes'. This procedure will completely blank the 
display. 

Figure 6 shows a schematic diagram of a microprocessor· 
based system where the MM58348 is used to provide the 
anode drive for a 32·dlgit 5 x 7 dot matrix vacuum fluores· 
cent (V F) display. The grid drive in this example is provided 
by another member of the high voltage display driver fam· 
ily, namely the MM58341, which has the additional 
features of a BLANKING CONTROL pin, a DATA OUT pin, 
and an ENABLE (external load signal) pin. 

TLlB15601·5 

For the purpose of AC measurement, VIH:= 2.4V, Vil = O.8V 

FIGURE 4. Clock and Data Timings 

START START 
ClK 35 ClK ClK 1 ClK 2 ClK 3 ClK 33 ClK 34 ClK 35 ClK 

CLOCK 

DATA IN 

lOAD r-1 n 
(INTERNAL) --I 1 .. ____________ .... ;. ______ ..... .. ____ _ 

RESET r-1 n 
(INTERNAL) ----I 1 ___________ 

001
1-______ --

01 
.. ___ _ 

~I~~~: ~'" ________ .... ~-------/ 
TLlB15601·6 

FIGURE 5. MM58348 Timings (Data Format) 
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co 
~ Typical Application 
co 
Lt) 

~ 
~ 

32-0/G1T MUlTIPLEXED 
5 x 7 DOT MATRIX 

~ ; 
VACUUM FLUORESCENT : 

(VF) DISPLAY I 

i" • 
35 ANODES 32 GRIDS 

~------ ~------

MM5B34B MM5B341 
DISPLAY DRIVER DISPLAY ORIVER 

CLOC KB i"- OATA B DATA 1 -' J , 

CLOCK 1 

ENABLE 1 

BLANK 1 

I 

MICROPROCESSOR DATA 
OUT 1 

TLfB/5601-7 

FIGURE 6. Mlcroprocessor·Controlled Word Processor 
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~National PRELIMINARY 

.~ Semiconductor 

MM58438 32·Bit LCD Display Driver 

General Description 
ri TTL compatibility 

• Non-multiplex display 
• Compatible with HLCD 0438, HLCD 0438A 

The MM58438 is a CMOS metal gate circuit which is ca­
pable of driving up to 32 LCD segments and is available in 
a 40-pin molded package. In addition, MM58438 dice is 
available for PCB module assembly systems. The circuit 
requires a minimum of interface between data source and 
display and can be cascaded where larger displays are 
required. 

• Stable oscillator only requires one external component 

Features 
g Serial data input 

.. 32 segment outputs 

IiJ Cascaded operation capability 
D Alphanumeric and bar graph capability 

. Connection Diagram 

Vee 
LATCH 

SEG 32 

SEG 31 

SEG 30 

SEG 29 

SEG 28 

SEG 27 

SEG 26 

SEG 25 

SEG 24 

SEG 23 

SEG 22 

SEG 21 

SEG 20 

SEG 19 

SEG 18 

SEG 17 

sm 16 

SEG 15 

Dual-In-Line Package 

24 

18 23 

19 22 

20 21 

TOP VIEW 

Order Number MM58438N 
See NS Package N40A 

CLOCK 

SEG 1 

SEG 2 

sm 3 

Vss 
DATA OUT 

DATA IN 

SEG 4 

SEG 5 

LCD ¢ 
BACKPLANE 

SEG 6 

SEG 7 

sm 8 

SEG 9 

SEG 10 
SEG 11 

SEG 12 

SEG 13 

SEG 14 

Applications 
• cOPS ™ or microprocessor displays 

• Instrumentation readouts 
• Digital clock, thermometer, counter, voltmeter displays 
II Industrial control indicator 
III Serial to parallel converter 

Block Diagram 

8ACKPLANE 
DRIVER 

LATCH 0-----.... ----+ 

CLOCK O_----------..,~I 

32 SEGMENT DRIVERS 

DATA IN 0---------------' 

FIGURE 1 
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Absolute Maximum Ratings 
Voltage at Any Pin 

Voo Supply Voltage 
Operating Temperature 

Vss - 0.3V to Voo + 0.3V 
18V 

-40°Cto +85°C 

Storage Temperature - 65°C to + 150°C 
Lead Temperatl,j;e (Soldering, 10 seconds) 300°C 

DC Electrical Charact~ristics Voo = 3.0V to 15V, TA = - 40°C to + 85°C unless otherwise spe?ified. 

Parameter Conditions Min Typ Max 

Supply Voltage Voo 3.0 15 

Supply Current 100 Oscillating or Driven Mode, Voo=5V 60 

Input High Level V1H Voo=4.5V to 5.5V 2.4 Voo 
Voo =5.5V to 15V 0.5 Voo Voo 

Input Low Level, V1L Voo = 4.5V to 5.5V 0 0.8 
Voo =5.5V to 15V 0 0.1 Voo 

Input Current (Any Input) ±10 

. Input Capacitance 10 

Output Current Levels 
Segments 

Sink IOL V 00 = 4.5V, Vour = 0.2V 20 
Source IOH Voo=4.5V, Vour=Voo-0.2V 20 

Backplane 
Sink IOL Voo= 4.5V, Vour=0.2V 320 ' 
Source IOH Voo=4.5V, Vour=Voo-0.2V 320 

Output Offset Voltage Segment Capacitance = 250 pF 
Backplane Capacitance = 8750 pF ±50 

Data Output 
Sink Voo=4.5V, Vour=O.5V -100 
Source Voo = 4.5V, Vour = Voo - 0.5V 100 

Units 

V 

p.A 

V 
V 

V 
V 

p.A 

pF 

p.A 
p.A 

p.A 
p.A 

mV 

p.A 
p.A 

AC Electrical Characteristics Voo = 3.0V to 15V, TA = - 40°C to + 85°C unless otherwise specified (Figure 2) 

Parameter Conditions Min Typ Max Units 

t1 Data Hold Time 0.1 p's 

t2 Data Set-Up Time 0.1 p's 

t3 Latch Pulse Width 1 p's 

t4 Crock to Latch Time 0.1 p's 

tpd Data Out Delay 500 ns 

Clock Frequency t DC 500 kHz 

Clock Period t( = 1/t) 2 p's 

Backplane Frequency CExr =47 pF 100 Hz , 

Oscillator Stability Voo=5V ±50 % 

Voo Rise Time OV to 5V 5 ms 
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Functional Description 
The connection diagram for the MM58438 is shown on the 
first page. The circuit is designed to drive LCD displays 
directly. Serial data transfer from the data source to the 
display driver is accomplished with 3 signals, SERIAL 
DATA, CLOCK and LATCH. 

The MM58438 uses a latch mode of microprocessor data 
transfer whereby the signal LATCH acts as a latch to the 
input data (Figure 2). Data is input to and output from the 
internal shift register on the negative clock edge (I.e., a 
logic '1' to logic '0' transition) while the LATCH pin is held 
low. The contents of the shift register are latched to the 
output latches and display drivers on the logic '0' to logic 
'1' transition of the LATCH pin when it is pulsed high. 

The MM58438 can be cascaded when a larger display is 
required where it can be considered to be driven or 
oscillating. 

In the oscillating mode, the BACKPLANE frequency is de­
termined by the capacitor connected to the LCD cp pin. 
When two circuits are cascaded the second LCD cp input is 
driven by the first backplane output. 

When the circuit is first powered on, an internal power on 
reset signal is generated which primes the mode detect 

-Timing Diagram 
r 

CLOCK 

LATCH 

DATA IN 

DATA OUT 

logic and sets the BACKPLANE to a logical high level. If 
the circuit is in the oscillating mode the LCD cp pin is con­
nected to a capacitor which is held low by a high imped­
ance internal pull down transistor. If the circuit Is in the 
driven mode the LCD cp pin is connected to the previous 
BACKPLANE output and is forced high by this low imped­
ance output. When the first LATCH pulse goes to Cl 

logic '1: the level on the LCD cp pin is internally latched 
which indicates to the rest of the logic whether the circuit 
is driven or oscillating. 

The oscillator on the oscillating device starts as soon as 
the LATCH pin goes to a logic T 

In the driven mode, the BACKPLANE frequency is in phase 
with the input frequency on the LCD cpo 
To ensure the correct latching of this function, the LATCH 
input must be held at a logic '0' level for a minimum of 
10 J.ls at power on. 

Once the initial conditions on power up have been obeyed, 
the circuit can be used as serial to parallel converters with 
the polarity of the output data determined by the logic 
level on the LCD cp input. A,logic '1' on the LCD cp input 
produces inverted data. 

_t1 _ _ t4_ 

\---
TLlFf6151·3 

FIGURE 2 
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. 
.Typical Application 

. 
32 SEGMENTS 32 SEGMENTS BACKPLANE 

4r 1r ~ 

DATA OUT 
DATA 

DATA IN 
D~TA DATA IN 

BP LCD ell 
COP420 CLOCK MM58438 CLOCK MM58438 ...; 

LATCH 

II LCD ell ... 
. I 

1 
-1-47 pF 

T TLlF/6151·4 

FIGURE 3. 64·Segment Display Cascading Two MM58438s 

i 
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~National . a Semiconductor 

E: 
PRELIMINARY E: 

U1 co 
U1 
CI.) 

MM58538 Multiplexed LCD Driver 
co 

General Description 
The MM58538 is a monolithic integrated circuit utilizing 
CMOS metal-gate, low threshold P- and N-channel devices, 
which drives an 8 row by 26 column dot matrix LCD array 
directly under the control of an external microprocessor. 
The MM58538 can be used with an MM58539 to drive a 
display that has up to 8 rows and an arbitrary number of 
columns. Data is input serially from the microprocessor 
which will service the drivers in response to an interrupt 
signal. 

The circuit is available in a 40-pin molded dual-in-line pack­
age or dice. 

Features 
• Drives up to 8 rows and 26 columns 
• Expandable to larger displays with MM58539 
• Flexible organization allows any display pattern 

Block Diagram 

Voo-----+ 

CLK 

LCD 
LCOO WAVEFORM 

GENERATION 

FIGURE 1 

1:1 Simple 3 line interface to microprocessor 
1:1 Interrupt output 
a Low power 
a Wide supply voltage range 
II On chip oscillator 
a Compatible with HLCD 0538 

Applications 
a Toys and games 
1:1 Word processor text displays 
1:1 Automotive dashboards 

Connection Diagram 

Dual-In-Llne Package 

Vee 40 

DATA IN 39 

CLK 38 

LCOO 37 

Vss 36 

INTERRUI'T 35 

COL 26 34 

COL 25 33 

COL 24 32 

COL 23 31 

COL 22 30 

COL 21 29 

COL 20 28 
COL 19 27 

COL 18 26 

COL 17 25 

COL 16 24 

COL 15 23 

COL 14 22 

COL 13 21 

TOP VIEW 
INTERRUPT 

ROW 1 

ROW 2 

ROW3 

ROW 4 

ROW 5 

ROW 6 

ROW7 

ROW 8 

COL 1 

COL 2 

COL 3 
COL 4 

COL 5 

COL 6 
C017 

COL 8 

COL 9 

COL 10 

COL 11 

COL 12 

TLlB/5728·2 

TLlB/5728·1 

FIGURE 2 

Order Number MM58538N 
Seo NS Package N40A 
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Absolute Maximum Ratings 

Voltage at any input pin Voo-20V to Voo+0.3V Power Dissipation 250mW 

Voltage at any display pin Vss-0.3V to Voo+O.3V Lead Temperature (Soldering, 10 seconds) 300°C 

Storage Temperature - 65°C to 150°C Operating Temperature -40°C to 70°C 

~ 

Electrical Characteristics T = 25°C and Voo = 5V unless otherwise ~oted 

Parameter Conditions Min Typ Max Units 

Voo Supply Voltage 3 15 V 

100 Supply Current 400 /lA 

Vih Input High Level AIiVoo .75 Voo Voo V 

Vii Input Low Level AIiVoo Voo-15 .25 Voo V 

11 Input Leakage 5 /lA 

Ci Input Cap. 5 pF 

VOH Row Output High AIiVoo Voo V 

Vol Row Output Low AIiVoo Vss V 

Vorn Row Unselected AIiVoo .5Voo V 

Voh Column OIP High AIiVoo .68Voo V 

Vol Column OIP Low AIIVoo· .32Voo V 

Voll 
Average DC Offset, 
any display element 100 mV 

Ron Row & Column 
Output Impedance 11=10JlA 40 Kohm 

RON Interrupt 
Output Impedance 11=100JlA 1 Kohrn 

f Clock Frequency DC 1.5 MHz 

tcJs Data-in Setup Data change to 
Time clock fall 300 ns 

tdh Data-in Hold Clock fall to 
Time data change 100 ns 

td LCDO to Int. Out 
Delay 300 ns 

tr/f Clock riselfall 
time I 200 ns 

Vih LCDO High Level AIiVoo 9Voo Voo V 

Vii LCDO Low Level AIiVoo a .1Voo V 

Rin LCDO Input 
Impedance \ 1 3 Mohm 

. 

I 
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Functional Description 
A block diagram of the MM5B53B LCD driver is shown in 
Figure 1. Connection diagrams are shown in Figure 2. 

MICROPROCESSOR INTERFACE 

Figure 3 shows some typical waveforms for the microproc­
essor interface. All character or pattern generation is done 
externally by the processor. Data is loaded into the shift 
register on the falling edge of the clock. A data logic '1' on a 
coincident row/column causes a segment to be visible. On 
the next rising edge of the interrupt signal, a parallel transfer 
from the shift register to the latches occurs and the row and 
column outputs change accordingly. This Interrupt signal 
also acts as a refresh request and new data must be loaded 
before the next Interrupt signal. The output locations corre­
spond to a clockwise advancing shift register. Pin 40 is the 
last bit of data loaded and pin 7 is the first bit loaded. 

I 'MM58538 I MM58539 I 
DATA DATA 

ROW AND COLUMN OUTPUTS 

Waveforms for both selected and deselected row and col­
umn outputs are shown for an MM5B538 together with an 
MM58539 in Figure 3. Rows generated from the MM5853B 
are out of phase with Interrupt if selected and at mid point 
voltage otherwise; levels are Voo, Vss and Voo/2. Columns 
generated from both the MM58538 and the MM5B539 are in 
phase with Interrupt if selected and out of phase if not se­
lected; levels are 0.32Voo and 0.6BVoo. Backplanes, i.e., 
rows, should be addressed sequentially and individually. If 
the supply voltage has to be altered to optimise LCD con­
trast or for temperature compensation it is recommended 
that all positive supply terminals be connected together and 

, the negative supply varied. 

DATA ___ ~ 

MM58538CLK ~111111I111111111,--1 ____ '11111111111111111 _ ___ IIIIIIIIIIIIIIIIIII~ _----,11111 II 1111 II IIIIIL 

MM58539CLK_---a11l1l1l1l1l1l111l1l1 11111111111111111111 11111111111111111111-.-.. __ 

LCDO 
(MM58538) 

INTERRUPT ..J 
(MM58538) 

LCDO ..J 
(MM58539) . 

INTERRUPT ..J 
(MM58539) 

TYPICAL ROW 

TYPICAL 
COLUMN ..J 

DESELECTED 

ON 

I I 

SELECTED DESELECTED-

r 
ON OFF 

I I I 

-Voo 
0.5 Voo 

Vss 

-0.68 Voo 

0.32 Voo 

TLlB/5728·3 

FIGURE 3 
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LCDOINPUT 

This input can be used in two modes: 

1 Oscillating Mode 

When this pin is connected with an external resistor and 
capacitor in parallel to Vss, this input operates as an RC 
oscillator. This frequency is divided by two to provide a 
50% duty cycle and will then appear at the Interrupt out­
put as a frequency of approximately 1/RC, where R 
should exceed 1 Mohm. 

The Interrupt output frequency should be the minimum no­
flicker frequency (approximately 30 Hz) multiplied by the 
number of backplanes used. 

2 Driven Mode 

In this mode, the Interrupt output will follow the waveform 
input on the LCOO pin. 

LCOO of a driven mode device should preferably be con­
nected to the Interrupt output of the previous oscillating 
device. If driven from an external source, it must be a 50% 
+ I -1 % duty cycle waveform to maintain low OC offset 
on the display. 

MODE DETECTION 

The mode of operation is achieved automatically in the fol­
lowing manner. When the circuit is first powered on, an in­
ternal power-on-reset signal is generated which primes the 
mode detect logic. This signal sets all the Row outputs to 
the Oeselected state, all the Column outputs to the Off state 
and the Interrupt output high. If the circuit is in the Oscillat-

-VOIS 

26 
COlS 

MM58538 

--..... -~ lCDO INT 

ing mode, the LCOO pin is held low by the external oscillator 
resistor. If the circuit is in the driven mode, the LCOO pin is 
held high by the low impedence Interrupt output of the previ­
ous device. When the first clock pulse goes to a logic '1', 
the level on the LCOO pin is internally latched, which indi­
cates to the rest of the logic whether the circuit is driven or 
oscillating. 

The oscillator on the oscillating device starts as soon as the 
clock pin goes high. 

In the Oriven mode, the Interrupt frequency is in phase with 
the input frequency on LCOO. 

CASCADING 

Figure 4 shows an application where two or more LCO driv­
ers are cascaded. Only a single resistor and capacitor are 
needed to provide frequency control for all circuits. The In­
terrupt output from the 'master' oscillating circuit is connect­
ed to the LCOO input of the other 'slave' circuits, with the 
'slave' Interrupt going to the microprocessor. It would also 
be possible to connect all LCOO inputs to a common drive 
signal. 

The interface to the microprocessor can be done by having 
a common clock and separate data bus lines or vice versa. 

DOT MATRIX LCD 

34 
COlS 

MM58539. 

lCDO INT 

DATA ClK 

DATA ClK 

MICROCOMPUTER 
SYSTEM 
COP420 INTERRUPT 

34 
COlS 

, MM58539 

lCDO 

TLlBf5728·4 

FIGURE 4. Typical Application Diagram 
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s: 
~National PRELIMINARY 3: 

~ Semiconductor 
MM58539 Multiplexed LCD Driver 

General Description 
The MM58539 is a monolithic integrated circuit utilizing 
CMOS metal-gate, low threshold P- and N-channel devices, 
which can drive up to 34 columns of a dot matrix LCD array 
directly under the control of an external processor. The 
MM58539 should be used with an MM58538 or MM58548 
to drive a display that has up to 8 or 16 rows and an arbi­
trary number of columns. Data is input serially from the mi­
croprocessor which will service the drivers in response to an 
interrupt signal. 

The circuit is available in a 40-pin molded dual-in-line pack­
age or dice. 

Features 
1:3 Drives up to 34 columns 
a Used with the MM58538 or MM58548 for expanding to 

larger displays 

Bloc(c Diagram 

Voo---+ 

CLK 

LCDO 

• Flexible organization allows any display pattern 
• Simple 3 line interface to microprocessor 

• Interrupt output 

• Low power 
• Wide supply voltage range 

• On chip oscillator 
• Compatible with HLCD 0539 

Applications 
a Toys and games 

• Word processor text displays 
• Automotive dashboards 

Connection Diagrams 
Dual-In-Line Package 

Voo 40 

DATA IN 39 
CLK 38 

LCDO 37 

Vss 36 

INTERRUPT 35 

COL 34 34 

COL 33 33 

COL 32 32 

COL 31 10 
MM58539 

31 

COL 30 11 30 

COL 29 12 29 

COL 28 13 28 

COL 27 14 27 
COL 26 15 26 

COL 25 16 25 

COL 24 17 24 

COL 23 18 23 

CO~ 22 19 22 

COL 21 20 21 

TOP VIEW 

COL 1 

COL 2 

COL 3 

COL 4 

COL 5 

COL 6 

COL7 

COL 8 

COL 9 

COL 10 

COL 11 

COL 12 

COL 13 

COL 14 

COL 15 

COL 16 

COL 17 

COL 18 

COL 19 

COL 20 

TL/B/6167-1 TL/B/6167-2 

FIGURE 1 FIGURE 2 

Order Number MM58539N , 
See NS Package N40A 
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Absolute Maximum Ratings 

Voltage at any input pin Voo-20V to Voo+0.3V Power Dissipation 250mW 

Voltage at any display pin VSS -0.3V to Voo+ 0.3V Lead Temperature (Soldering, 10 seconds) 300·C 

Storage Temperature -65·Cto 150·C Operating Temperature - 40·C to 70·C 

Electrical CharacteristicsT=25·c and Voo= 5V unless otherwise noted. 

Parameter Conditions Min Typ Max Units 

Voo Supply Voltage 3 15 V 

100 Supply Current 400 IlA 

VIH Input High Level AIiVoo .75Voo Voo V 

VIL Input Low Level AIiVoo Voo-15 .25Voo V 

IL Input Leakage 5 IlA 

CI Input Cap. 5 pF 

VOH Column OIP High Al1voo .68Voo V 

VOL Column OIP Low AIiVoo .32Voo V 

VOFF 
Average'DC Offset, 

. any display element 100 mV 

RON Interrupt 
Output Impedance IL = 100 IlA 1 kfl 

f Clock Frequency DC 1.5 MHz 

tds Data-in Setup Data change to 
Time clock fall 300 ns 

TOH Data in Hold Clock fall to 
Time data change 100 ns 

t(j LCDO to Int. Out 
Deiay 300 ns 

tr/f Clock RiselFall 
Time 200 ns 

VIH LCDO High Level AUVoo .9Voo Voo V 

VIL LCDO Low Level AIiVoo 0 .Woo V 

RIN LCDO Input 
Impedance 1 3 Mfl 
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Functional Description 
A block diagram of the MM58539 LCD driver is shown in 
Figure 1. Connection diagrams are shown in Figure 2. 

MICROPROCESSOR INTERFACE 
Figure 3 shows some typical waveforms for the microproc­
essor interface when the MM58539 is used with the 
MM58538 to provide row and column information. All char­
acter or pattern generation is done externally by the proces­
sor. Data is loaded into the shift register on the falling edge 
of the clock. A data logic "1" on a coincident row/column 
causes a segment to be visible. On the next rising edge of 
the interrupt signal, a parallel transfer from the shift register 
to the latches occurs and the row and column outputs 
change accordingly. This Interrupt signal also acts as a re­
fresh request and new data must be loaded before the next 
Interrupt signal. The output locations correspond to a clock­
wise advancing shift register. Pin 40 is the last bit of data 
loaded and pin 7 is the first bit loaded. 

I 1M,' 52533 I M M 58539 I 
DATA DATA 

ROW AND COLUMN OUTPUTS 

Waveforms for both selected and deselected row and col­
umn outputs are shown for an MM58539 together with an 
MM58538 in Figure 3. 

Rows generated from the MM58538 are out of phase with 
Interrupt if selected and at midpoint voltage otherwise; lev­
els are Voo, Vss and Voo/2. Columns generated from both 
the MM58538 and the MM58539 are in phase with Interrupt 
if selected and out of phase if not selected; levels are 
0.32Voo and 0.68Voo. Backplanes, ie rows, should be ad­
dressed sequentially and individually. If the supply voltage 
has to bo altered to optimise LCD contrast or for tempera­
ture compensation it is recommended that all positive sup­
ply terminals be connected together and the negative sup­
ply varied. 

DATA _ ~'A _~ 

MM58538CLK .-111111111111111111 ___ --1111111111111111111 _______ 1111111111111111111--.----1111111111111II II ilL 

MM58539cLK __ 11I11I1I1I1I1I11I1I1 11111111111111111111 1111111111111111111_1 __ 

LCDO r-­
(MM58538) -....t 

INTERRUPT --1 
(MM58538) 

LCDO .....J 
(MM58539) 

INTERRUPT ..J 
(MM58539) 

TYPICAL ROW 

TYPICAL 
COLUMN --1 

DESELECTED 

Ot~ 

1 1 

I. 

SELECTED DESELECTED --

J 
ON OFF 

I 1 I 

-Voo 
0.5 Voo 

Vss 

-0.68 Voo 

0.32 Voo 

TLlB/6167-3 

FIGURE 3 
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LCDOINPUT 

This input can be used in two modes: 

1. Oscillating Mode 

When this pin is connected with an external resistor and 
capacitor in parallel to Vss, this input operates as an RC 
oscillator. This frequency is divided by two to provide a 
50% duty cycle and will then appear at the Interrupt out­
put as a frequency of approximately 1/RC, where R 
should exceed 1 MO. 

The Interrupt output frequency should be the minimum no­
flicker frequency (approximately 30Hz) multiplied by the 
number of backplanes used. 

2.Driven Mode 

In this mode, the Interrupt output will follow the waveform 
input on the LCDO pin. 

LCDO of a driven mode device should preferably be con­
nected to the Interrupt output of the previous oscillating 
device. If driven from an external source, it must be a 50% 
+ I -1 % duty cycle waveform to maintain low DC offset 
on the display. 

MODE DETECTION 

The mode of operation is achieved automatically in the fol­
lowing manner. When the circuit is first powered on, an in­
ternal power-on-reset signal is generated which primes the 
mode detect logic. This signal sets all the Row outputs to 

-VDlS 

26 
COlS 

the Deselected state, all the Column outputs to the Off state 
and the Interrupt output high. If the circuit is in the Oscillat­
ing mode, the LCDO pin is held low by the external oscillator 
resistor. If the circuit is in the driven mode, the LCDO pin is 
held high by the low impedance Interrupt output of the previ­
ous device. When the first clock pulse goes to a logic "1", 
the level on the LCDO pin is internally latched, which indi­
cates to the rest of the logic whether the circuit is driven or 
oscillating. ' 

The oscillator on the oscillating device starts as soon as the 
clock pin goes high. 

In the Driven mode, the Interrupt frequency is in phase with 
the input frequency on LCDO. 

CASCADING 

Figure 4 shows an application where two or more LCD driv­
ers are cascaded. Only a single resistor and capacitor are 
needed to provide frequency control for all circuits. The In­
terrupt output from the "master" oscillating circuit is con­
nected to the LCDO input of the other "slave" circuits, with 
the "slave" Interrupt going to the microprocessor. It would 
also be possible to connect all LCDO inputs to a common 
drive signal. , 

The interface to the microprocessor can be done by having 
a common clock and separate data bus lines or vice versa. 

OOT MATRIX lCO 

34 
COlS 

MM58539 

lCDO INT 

DATA ClK 

MICROCOMPUTER 
SYSTEM 
COP420 INTERRUPT 

34 
COlS 

MM58539 

lCDO 

TL/B/6167 - 4 

FIGURE 4. Typical Application Diagram 
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~National 
~ Semiconductor 

PRELIMINARY 

MM58540 Multiplexed LCD Driver 

General Description 
The MM58540 is a monolithic Integrated circuit utilizing 
CMOS metal-gate, low threshold P and N-channel devices. 
It can be externally programmed to drive either 32 rows or 
32 columns under control of the ROW/COL pin. A high 
level selects all rows and a low level all columns. Two 
MM58540s with opposite selections can therefore be used 
to drive a 32 x 32 display. Data can be input serially from 
the microprocessor provided that CLKEN is high. This is 
done in response to an interrupt signal. 

The circuit is available in either 40-pin molded dual-in-line 
packages or dice. 

Applications 
• Toys and games 
• Word processor text displays 

• Automotive dashboards 

Block Diagram 

Voo-' ClKEN -----, 

vs,sT ClK 

DATA IN ---------+1 

LCD<fJ-' 

ROW/COl-. 

LCD 
AC 

CIRCUIT 

INTERRUPT 

lOAD 

FIGURE 1 

32 OUTPUT DRIVERS 

32 OUTPUTS 

TLlB15604·1 

Features 
• Drives either 32 rows or 32 columns 

• Cascadable for larger displays 

• Flexible organization allows any display pattern 

• Simple 4-line interface to microprocessor 

• Interrupt output 

• Low power 
• Wide supply voltage range 

• On·chip oscillator 

• Compatible with HLCD 0540 

Connection Diagr~m 

Dual-ln·Line Package 

Voo 40 
DATA IN 39 

ClK 
lCDcp 

Vss 
INTERRUPT 

ROW/COL 
CLKEN 

SEG 32 

SEG 31 
SEG 30 
SEG 29 

SEG 28 

SEG 27 

SEG 26 

SEG 25 

SEG 24 

SEG 23 
SEG 22 

SEG 21 

MM58540 

TOP VIEW 

FIGURE 2 

Order Number MM58540N 
See NS Package N40A 

SEG 1 

SEG 2 
SEG 3 

SEG 4 

SEG 5 
SEG 6 
SEG 7 

SEG 8 
SEG 9 

SEG 10 

SEG 11 
SEG 12 
SEG 13 
SEG 14 

SEG 15 
SEG 16 

SEG 17 

SEG 18 
SEG 19 
SEG 20 

TLlB15604·2 
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Absolute Maximum Ratings 
Voltage at Any Input Pin Voo - 20V to Voo + O.3V Power Dissipation 250mW 
Voltage at Any Display Pin Vss - 0.3V to Voo + 0.3V Operating Temperature - 40·C to 70·C 

Storage Temperature -65·Ct0150·C Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics T A = 25·C and Voo = 5V unless otherwise noted 

Parameter Conditions Min Typ Max Units 

Supply Voltage, Voo 3 15 V 

Supply Current, 100 400 I'A 

Input High Level, V1H All Voo 0.75 Voo Voo V 

Input Low Level, V'L All Voo Voo-15 0.25 Voo V 

"Input Leakage, IL 5 I'A 

Input Capacitance, C, 5 pF 

Row Output High All Voo Voo V 

Row Output Low All Voo Vss V 

Row Unselected All Voo 0.5 Voo V 

Column OIP High All Voo 0.68 Voo V 

Column OIP Low All Voo 0.32 Voo V 

Average DC Offset, Any Display 100 mV 
Element 

Rowand Column Output Impedance IL= 1O I'A 40 . kO 

Interrupt Output Impedance IL= 100 I'A 1 kO 

Clock Frequency, f DC 1.5 MHz 

Data-In Set-Up Time, tos Data Change to Clock Fall 300 ns 

Data-In Hold Time, tOH Clock Fall to Data Change 100 ns 

LCDet> to Interrupt Out Delay, to 300 ns 

Clock RiselFall Time, t r, tf 200 ns 

LCDet> High Level All Voo 0.9 Voo Voo V 

LCDet> Low Level All Voo 0 0.1 Voo V 

LCDet> Input Impedance 1 3 MO 

Functional 'Description 
A block diagram of the MM58540 LCD driver is shown in ROW AND COLUMN OUTPUTS 
Figure 1. A connection diagram is shown in Figure 2. 

Waveforms for both selected and deselected row and 

MICROPROCESSOR INTERFACE column outputs are shown for two separate devices in 
Figure 3. Rows are out of phase with interrupt if selected 

Figure 3 shows some typical waveforms forthe microproc- and at midpoint voltage otherwise; levels are Voo, Vss and 
essor interface. All character or pattern generation is done Voo/2. Columns are in phase with interrupt if selected and 
externally by the processor. Data is loaded into the shift out of phase if not selected; levels are 0.32 V 00 and 0.68 V 00. 
register on the falling edge of the clock provided that Backplanes, i.e., rows, should be addressed sequentially 
CLKEN is high. A data logic '1' on a coincident row/col- and individually. If the supply voltage has to be altered to 
umn causes a segment to be visible. On the next rising optimize LCD contrast or for temperature compensation, 
edge of the interrupt signal, a parallel transfer from the it is recommended that all positive supply terminals be 
shift register to the latches occurs and the row and column connected together and the negative supply varied. 
outputs change· accordingly. This interrupt signal ,also 
acts as a refresh request and new data must be loaded 
before the next interrupt signal. The output locations cor-
respond to a clockwise advancing shift register. Pin 40 is 
the last bit of data loaded and pin 9 is the first bit loaded. 

8-52 



Functional Description (Continued) 

LCDcp INPUT 

This input can be used in two modes: 

1) Oscillating Mode 

When this pin is connected with an external resistor and 
capacitor in parallel to Vss, this input operates as an RC 
oscillator. This frequency is divided by 2 to provide a 50% 
duty cycle and will then appear at the interrupt output as a 
frequency of approximately 1/RC, where R should exceed 
1 MO. 

The interrupt output frequency should bethe minimum no­
flicker frequency (approximately 30 Hz) multiplied by the 
number of backplanes used. 

2) Driven Mode 

In this mode, the interrupt output wi II follow the waveform 
input on the LCDcp pin. 

LCDcp of a driven mode device should preferably be con­
nected to the interrupt output of the previous oscillating 
device. If driven from an external source, it must be a 50% 
± 1 % duty cycle waveform to maintain low DC offset on 
the display. 

MODE DETECTION 

The mode of operation is achieved automatically in the 
following manner. When the circuit is first powered on, an 
internal power-on-reset signal is generated which primes 
the mode detect logic. This signal sets all the row outputs 

1 

32 ROWS 1 32 COLUMNS I 
DATA DATA 

to the deselected state, all the column outputs to the off 
state and the interrupt output high. If the circuit is in the 
oscillating mode, the LCDcp pin is held low by the external 
oscillator resistor. If the circuit is in the driven mode, the 
LCDcp pin is held high by the low impedance interrupt out­
put of the previous devices. When the first clock pulse 
goes to a logic '1', the level on the LCDcp pin is internally 
latched, which indicates to the rest of the logic whether 
the circuit is driven or oscillating. The oscillator on the 
oscillating device starts as soon as the clock pin goes 
high. 

In the driven mode, the interrupt frequency is in phase with 
the input frequency on LCDcp. 

CASCADING 

Figure 4 shows an application where 2 or more LCD drivers 
are cascaded. Only· a single resistor and capacitor are 
needed to provide frequency control for all circuits. The in­
terrupt output from the 'master' oscillating circuit is con­
nected to the LCDcp input of the other 'slave' circuits, with 
the 'slave' interrupt going to the microprocessor. It would 
also be possible to connect all LCD</> inputs to a common 
drive signal. 

The interface to the microprocessor can be done by having 
a common clock and data with separate clock-enable 
lines or by holding CLKEN high and having a common 
clock and separate data bus lines or vice-versa: 

DATA ___ ~ 

64 CLOCK PULSES 

CLK ---.JIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIILJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIILJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIILJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIL 
CLKEN # 1 ---.J 
CLKEN #2 

LCDciJ #1 

INT # 1 --1 
LCDciJ #2 ~ 

INT #2 -.J 
TYPICAL 
ROW #1 

TYPICAL 
COL #2 -

DESELECTEO " 

I 

I I 
ON I 

SELECTED 

I 

I 
ON 

FIGURE 3 
\ 
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F:unctional Description (Continued) 

-VDlS 
-VDIS 

ROW/COL 

MM58540 #1 

r----....... DATA 

INT 

DISPLAY GND 

32 ROWS 

1...-------11>1 LCD</> 

r-------4INT 

FIGURE4 
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~National 
~ Semiconductor 

PRELIMINARY 

MM58548 Multiplexed LCD Driver 

General Description 
The MM58548 is a monolithic integrated circuit utilizing 
CMOS metal-gate, low threshold P and N-channel devices. 
It drives a 16·row by 16-column dot matrix LCD array di­
rectly under control of an external microprocessor. The 
MM58548 can be used with an MM58539 to drive a display 
that has up to 16 rows and an arbitrary number of columns. 
Data is input serially from the microprocessor which will 
service the drivers in response to an interrupt signal. 

The circuit is available in either 40-pin molded dual-in-line 
packages or dice. 

. Features 
• Drives up to 16 rows and 16 columns 
• Expandable to larger displays with MM58539 
• Flexible organization allows any display pattern 

• Simple 3-line interface to microprocessor 

• Interrupt output 

• Low power 
• Wide supply voltage range 

• On-chip oscillator 
• Compatible with HLCD 0548 

Applications 
J:I Toys and games 
• Word processor text displays 
• Automotive dashboards 



Absolute Maximum Ratings 
Voltage at Any Input Pin Voo - 20VtoVoo +0.3V Power Dissipation 250mW 
Voltage at Any Display Pin Vss - 0.3Vto Voo + 0.3V Operating Temperature - 40·C to 70·C 
Storage Temperature -65·Ct0150·C Lead Temperature (Soldering, 10 seconds) 300·C 

\ 

Electrical Characteristics T A = 25·C and Voo = 5V unless otherwise noted 

Parameter Conditions Min Typ Max Units 

Supply Voltage, Voo 3 15 V 

Supply Current, 100 400 p.A 

Input High Level, V1H All Voo 0.75 Voo Voo V 

Input Low Level, V1L All Voo Voo-15 0.25 Voo V 

Input Leakage, I L 5 p.A 

Input Capacitance, C1 5 pF 

Row Output High All Voo Voo V 

Row Output Low All Voo Vss V 

Row Un selected All Voo 0.5 Voo V 

Column O/P High All Voo 0.68 Voo V 

Column O/P Low All Voo 0.32 Voo V 

Average DC Offset, Any Display 100 mV 
Element 

Rowand Column Output Impedance IL= 10 p.A 40 kO 

Interrupt Output Impedance IL= 100 p.A 1 kO 

Clock Frequency, f DC 1.5 MHz 

Data-In Set·Up Time, tos Data Change to Clock Fall 300 ns 

Data-In Hold Time, t OH Clock Fall to Data Change 100 ns 

LCDet> to Interrupt Out Delay, to 300 ns 

Clock Rise/Fall Time, t p tl 200 ns 

LCDet> High Level All Voo 0.9 Voo Voo V 

LCDet> Low Level All Voo 0 0.1 Voo V 

LCDet> Input Impedance 1 3 MO 

/ 

Functional Description 
A block diagram of the MM58548 LCD driver is shown in ROW AND COLUMN OUTPUTS 
Figure 1. A connection diagram is shown in Figure 2. 

Waveforms for both selected and deselected row and col-
MICROPROCESSOR INTERFACE umn outputs are shown in Figure 3. Rows are out of phase 

with interrupt if selected and at midpoint voltage other-
Figure 3 shows some typical waveforms for the microproc- wise; levels are Voo, Vss and Voo/2. Columns are in phase 
essor interface. All character or pattern generation is done with interrupt if selected and out of phase if not selected; 
externally by the processor. Data is loaded into the shift levels are 0.32 Voo and 0.68 Voo. Backplanesl i.e., rows, 
register on the falling edge of the clock. A data logic '1' on should be addressd sequentially and individually. If the 
a coincident row/column causes a segment to be visible. supply voltage has to be alt.ered to optimize LCD contrast 
On the next rising edge of the interrupt Signal, a parallel or for temperature compensation, it is recommended that 
transfer ~f data from the shift register to the latches oc- all positive supply terminals be connected together and 
curs and the row and column outputs change accordingly. the negative supply varied. 
This interrupt signal also acts as a refresh request and 
new data must 'be loaded before the next interrupt signal. 
The output locations correspond to a clockwise advanc-
ing shift register. Pin 40 is the last bit of data loaded and 
pin 9 is the first bit loaded. 
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Functional Description (Continued) 

CLOCKEN ---_ ....... 
32 DATA BITS 

DATA ___ ...J~~""",""",""""'-~~ __ "&;;':~'UJ.'UJ.'UJ.'UJ.'UJ."""",""",,-A_---I_""""""~~~-"A-__ _ 

32 CLOCK PULSES 

CLOCK _ ...... IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIr...----..11111111111111111111111111111111 __ 111111111111111111111111111111111--_ 

INTERRUPT 

TYPICAL 
ROW 

TYPICAL 
COLUMN 

I . 
DESELECTED 

ON 

·1· 
• 
-I' 

SELECTED ·1· DESELECTED . 
1 I 

·1· ON OFF 

L 
TlIBJ5605"3 

FIGURE 3 

LCDcp INPUT 

This input can be used in two modes: 

1) Oscillating Mode 

When this pin is connected with an external resistor and 
capacitor in parallel to Vss , this input operates as an RC 
oscillator. This frequency is divided by two to provide a 
50% duty cycle and will then appear at the interrupt output 
as a frequency of approximately 1/RC, where R should ex­
ceed 1Mn. 

The interrupt output freque"ncy should bethe minimum no­
flicker frequency (approximately 30 Hz) multiplied by the 
number of backplanes used. 

2) Driven Mode 

In this mode, the interrupt output will follow the waveform 
input on the LCDcp pin. 

LCDcp of a driven mode device should preferably be con­
nected to the interrupt output of the previous oscillating 
device. If driven from an external source, it must be a 50% 
± 1 % duty cycle waveform to maintain low DC offset on 
the display. 

MODE DETECTION 

The mode of operation is achieved automatically in the 
following manner. When the circuit is first powered on, an 
internal power-on-reset signal is generated which primes 
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the mode detect logic. This signal sets all the row outputs 
to the deselected state, all the column outputs to the off 
state and the interrupt output high. If the circuit is in the 
oscillating mode, the LCDcp pin is held low by the external 
oscillator resistor. If the circuit is in the driven mode, the 
LCDcp pin is held high by the low impedance interrupt out­
put of the previous device. When the first clock pulse goes 
to a logic '1', the level on the LCDcppin is internally latched, 
which indicates to the rest of the logic whether the circuit 
is driven or oscillating. The oscillator on the" oscillating 
device starts as soon as the clock pin goes high. 

In the driven mode, the interrupt frequency is in phase with 
the input frequency on LCDcp. 

CASCADING 

Figure 4 shows an application where 2 or more LCD drivers 
are cascaded. Only a Single resistor and capacitor are 
needed to provide frequency control for all circuits. The in­
terrupt output from the 'master' oscillating circuit is con­
nected to the LCDcp input of the other 'slave' circuits, with 
the 'slave' interrupt going to the microprocessor. It would 
also be possible to connect all LCDcp inputs to a common 
drive signal. 

The interface to the microprocessor can be done by having 
a common clock and data with separate clock-enable 
lines or by holding CLKEN high and having a common 
clock and separate data bus lines or vice-versa. 

s: 
s: 
01 
CO 
01 

& 



~ Functional Description (Continued) 
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~National 
U Semiconductor 

.. PRELIMINARY 

~\~ 
microCMOS 

MM54HC4511/MM74HC4511 
BCD-to-7 Segment Latch/Decoder/Driver 

General Description 
This high speed latch/decoder/driver utilizes microCMOS 
Technology, 3.5 micron silicon gate P-well CMOS. It has the 
high noise immunity and low power consumption of stan­
dard CMOS integrated circuits, as well as the ability to drive 
10 LS-TTL loads. The circuit provides the functions of a 4-bit 
storage latch, an 8421 BCD-to-seven segment decoder, and 
an output drive capability. Lamp test (L T), blanking (Bi), and 
latch enable (LE) inputs are used to test the display, to turn­
off or pulse modulate the brightness of the display, and to 
store a BCD code, respectively. It can be used with seven­
segment light emitting diodes (LED), incandescent, fluores­
cent, gas discharge, or liquid crystal readouts either directly 
or indirectly: 

Applications include instrument (e.g., counter, DVM, etc.) 
display driver, computer/calculator display driver, cockpit 
display driver, and various clock, watch, and timer uses. 

The 54HC174HC logic family is speed, function, and pinout 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clamps to Vee and ground. 

Connection Diagram 

Dual-In-Llne Package 

Vee , gab c d e 

116 115 114 113 112 111 110 19 

TOP VIEW 
MM54HC4511/MM74HC4511 

TlIF/5373-1 

54HC4511 (J) 74HC4511 (J,N) 

Features 
• Latch storage of Input data 
• Blanking input 
• Lamp test input 
• Low power consumption characteristics of CMOS 

devices 
II Wide operating voltage range: 2 to 6 volts 
• Low input current: 1 /lA maximum 
• Low quiescent current: 80 /lA maximum over full 

temperature range (74 Series) 

Truth Table 
INPUTS OUTPUTS 

LE BI LT D C B A a b c d e f 9 DISPLAY 

x x 0 x x x x 1 1 1 1 1 1 1 8 
x 0 1 x x x x 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 1 1 1 1 1 1 0 0 
0 1 1 0 0 0 1 0 1 1 0 0 0 0 1 
0 1 1 0 0 1 0 1 1 0 1 1 0 1 2 
0 1 1 0 0 1 1 1 1 1 1 0 0 1 3 
0 1 1 0 1 0 0 0 1 1 0 0 1 1 4 
0 1 1 0 1 0 1 1 0 1 1 0 1 1 5 
0 1 1 0 1 1 0 0 0 1 1 1 1 1 6 
0 1 1 0 1 1 1 1 1 1 0 0 0 0 7 
0 1 1 1 0 0 0 1 1 1 1 1 1 1 8 
0 1 1 1 0 0 1 1 1 1 0 0 1 1 9 
0 1 1 1 0 1 0 0 0 0 0 0 0 0 
0 1 1 1 0 1 1 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 1 0 0 0 0 0 0 0 
0 1 1 1 1 1 0 0 0 0 0 0 0 0 
0 1 1 1 1 1 1 0 0 0 0 0 0 0 
1 1 1 x x x x 

x=Don't care 

• = Depends upon the BCD code applied during the 0 to 1 transition of LE. 
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.... .... 
Lt) Absolute Maximum Ratings (Notes 1 and 2) Operating Conditions 
~ 
0 Supply Voltage (VeC> -:-0.5 to + 7.0V Min Max Units 

J: DC Input Voltage (VIN) -1.5 to Vee+ 1.5V Supply Voltage(Vec) 2 6 V 

~ DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 
I"- Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

:E DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A) 

:E MM74HC -40 +B5 °C 
....... DC Vee or GND Current, per pin (Icc> ±50mA MM54HC -55 +125 °C .... Stor~ge Temperature Range (TSTG) - 65°C to + 150°C Input Rise or Fall Times .... Power Dissipation (Po) (Note 3) 500mW (tr, tf) Vee=2.0V 1000 ns Lt) 
~ Lead Temperature (TL> (Soldering 10 seconds) 260°C Vee=4.5V 500 ns 

0 Vee=6.0V 400 ns 

J: 
~ DC Electrical Characteristics (Note 4) Lt) 

:E 74HC 54HC 
:E TA = 25°C 

TA = -40 to 85°C TA = -55 to 125°C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 ·V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI~20 IJ-A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI~7.5 mA 4.5V 4.2 3.9B 3.B4 3.7 V 

IIOUTI~9.75 mA 6.0V 5.7 5.4B 5.34 5.2 Y 

VOL Maximum Low Level VIN=VIH orVIL 
Output Voltage IIOUTI ~20 IJ-A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI~4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI~5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 IJ-A 
Current 

Icc Maximum Quiescent VIN=Vee or GND 6.0V B.O BO 160 IJ-A 
Supply Current IOUT=O IJ-A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6SoC to 8SoC; ceramic "J" package: -12 mWrC from 
100·C to 12SoC. 
Note 4: For a power supply of SV ± 10% the worst case output voltages (VOH. and VoLl occur for HC at 4.SV. Thus the 4.SV values should be used ,when 
designirig with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV Is 3,8SV.) The worst case leakage current (liN. 
Icc. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used. 

B·60 



AC Electrical Characteristics Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL, tpLH Maximum Propagation 60 120 ns 
Delay from Inputs A thru 0 to any Output 

tpHL, tpLH Maximum Propagation 60 120 ns 
Delay from Bi to any Output 

tpHL, tpLH Maximum Propagation 60 120 ns 
Delay from If to any Output 

ts Minimum Setup Time 10 20 ns 
Inputs A thru 0 to LE 

tH Minimum Hold Time -3 0 ns 

Inputs A thru 0 to LE 

tw Minimum Pulse Width 16 ns 

for LE 

AC Electrical Characteristics CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=2SoC 
74HC S4HC 

Symbol Parameter Conditions Vee 
TA = -40 to 8SoC TA = -S5 to 12SoC 

Units 
Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation LE=OV 2.0V 300 600 756 894 ns 
Delay from Inputs LT=Vcc 4.5V 60 120 151 179 ns 

A thru 0 to any Output Bi=vcc 6.0V 51 102 129 152 ns 

tpHL, tpLH Maximum Propagation LT=Vcc 2.0V 300 600 756 894 ns 
Delay from Bi to 4.5V 60 120 151 179 ns 
any Output 6.0V 51 102 129 152 ns 

tpHL, tpLH Maximum Propagation Bi=ov 2.0V 300 600 756 894 ns 
Delay from L T to 4.5V 60 120 151 179 ns 

any Output 6.0V 51 102 129 152 ns 

ts Minimum Setup Time 2.0V 100 126 149 ns 
Inputs A thru 0 to LE 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
Inputs A thru 0 to LE 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum Pulse Width 2.0V 80 100 120 ns 
for LE 4.5V 16 20 24 ns 

6.0V 14 17 20 ns 

tr, tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 

Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

CPO Power Dissipation pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 

Capacitance . 
Note 5: CPO determines the no load dynamic power consumption, Po= CPO Vee2 f+ lec Vec, and the no load dynamic current consumption, 
Is=Cpo Vee f+lec· 
Note 6: Refer to back of section 1 for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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INPUTS 

A, B, C, 0 (Pins 7, 1, 2, 6)-BCD data inputs. A (pin 7) is the 
least-significant data bit and 0 (pin 6) is the most significant 
bit. Hexadecimal data A-F at these inputs will~ cause the 
outputs to aSSJJme a logic low, offering an alternate method 
of blanking the display. 

OUTPUTS 

a-g-Decoded, buffered outputs. These outputs, unlike the 
4511, have CMOS drivers, which will produce typical CMOS 
output voltage levels. 

Output Characteristics (Vee = 5V) 

-25 

~ 
1-20 

B -15 I-I--lAA;"'''''''''I!!'!";:~~';:'1 ... 
u 
a: 
~ -10 H-H'A+-t--t--+--t 

~ :;) -5111'-t--: 
c 

1. 
4 1 

Vo-OUTPUT VOLTAGE (V) 

TL/F/5373-2 

'The expected minimum curves are not guarantees. but are design aids. 

Typical Applications 

HC 
4511 

• • • 

••• 
TL/F/5373-4 

Typical Common Cathode LED Connection 
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CONTROLS 

BI (Pin 4)-Active-low display blanking input. A logic low on 
this input will cause all outputs to be held at a logic low, 
thereby blanking the display. L T is the only input that will 
override the BI input. 

L T (Pin 3)-Active-low lamp test. A low logic level on this 
input causes all outputs to assume a logic high. This input 
allows the user to test all segments of a display, with a 
single control input. This input is independent of all other 
inputs. 

LE (Pin 5)-Latch enable input. This input controls the 4-bit 
transparent latch. A logic high on this input latches the data 
present at the A, B, C and 0 inputs; a logic low allows the 
data to be transmitted through the latch to the decoder. 

~ 
g, 
l-

i 
"" z 
in 
I-
:;) 
Q" 
I-
:;) 

1 

25 

20 

15 

10 

HC 
4511 

1 4 

Vo-OUTPUT VOLTAGE (V) 

TLlF/5373-3 

+V. 

~ 1==40mA 

750U 

TLlF/5373-5 

Incandescent Bulb Driving Circuit 



Logic Diagram 

lE 
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~National 
~ Semiconductor ~\~ 

microCMOS 

MM54HC4543/MM74HC4543 BCD-to-7 Segment 
Latchl Decoder/Driver for Liquid Crystal Displays 

General Description 
The MM54HC4543/MM74HC4543 BCD-to-7 segment 
latch/decoder/driver utilize microCMOS Technology, 3.5 
micron silicon gate P-well CMOS, and can be used either as 
a high speed decoder 'or as a display driver. This circuit 
contains a 4-bit latch, BCD-to-7 segment decoder, and 7 
output drivers. Data. on the input pins flow through to the 
output when the LATCH ENABLE (LE) is high and is latched 
on the high to low transition of the, LE input. The PHASE 
input (PH) controls the polarity of the 7 segment outputs. 
When PH is low the outputs are true 7 segment, and when 
PH is high the outputs are inverted 7 segment. When the 
PHASE input is driven by a liquid crystal display (LCD) back­
plane waveform the segment pins output the correct seg­
ment waveform for proper LCD AC drive voltages. 

In addition a BLANKING INPUT (BI) is provided, which will 
blank the display. 

Connection Diagram 

LE 

Dual-ln-L1ne Package 

f 9 e d c 

c 

15 14 13 12 11 

2 3 4 

8 D 

5 

A 

6 

Ph 

TOP VIEW 

MM54HC4543/MM7 4HC4543' 
54HC4543 (J) 74HC4543 (J,N) 

b a 

10 9 

7 

81 

TL/F/5128-1 

The MM54HC4543/MM74HC4543 are functionally and pin­
out equivalent to the CD4543BC/CD4543BM and the. 
MC14543BAlMC14543BC. All inputs are protected from 
damage due to static discharge by diodes to Vcc and 
ground. 

Features 
• Typical propagation delay: 60 ns 
• Supply voltage range: 2-6V 
• Maximum input current: 1 }.loA 
• Maximum quiescent supply current: 80 }.loA (74HC) 

• Display blanking 
• Low dynamic power consumption 

Truth Table 
Inputl Outputl 

LE BI Ph· D C B A a b c d e f 9 Display 

X H L X X X X L L L L L L L Blank 

H L L L L L L H H H H H H L 0 
H L L L L L H L H H L L L L 1 
H L L L L H L H H. L H H L H 2 
H L L L L H H H H H H L L H 3 

H L L L H L L L H H L L H H 4 
H L L L H L H H L H H L H H 5 
H L L L H H L H L H H H H H 6 
H L L L H H H .H H H L L L L 7 

H L L H L L L H H H H H H H 8 
H L L H L L H H H H H L H H 9 
H L L H L H L L L L L L L L Blank 
H L L H L H H L L L L L L L Blank 

H L L H H L L L L L L L L L Blank 
H L L H H L H L L L L L L L Blank 
H L L H H H L L L L L L L L Blank 
H L L H H H H L L L L L L L Blank 

L L L X X X X .. .. 
Inverse of Output Display 

t t H t Combinations as 
Above above 

X-don't care 

t = same as above combinations 

= for liquid crystal readouts, apply a square wave to Ph. 

= depends upon the BCD code previously applied when LE-H 

Display Format . 
":i,b .'_'e 

d 

VI :lc'131 '-:1515 I '1'_'1°1 ' '-" -' 0 1 2 3 4 5 8 7 8 9 

TL/F/5128-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Ved -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vec+ 1.5V Supply Voltage(Ved 2 6 V 

DC Ou.tput Voltage (VOUT) -0.5 to Vcc+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode ~urrent (11K. 10K) ±20mA (VIN.VOUT) 

DC Output Current. per pin (lOUT) ±25mA Operating Temperature Range(T A) 
MM74HC -40 +85 °C 

DC Vee or GND Current. per pin (Icd ±50mA MM54HC -55 +125 °C 
Storage Temperature Range (TSTG) -65°C to + 150°C 1nput Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr. tf) Vec=2.0V 1000 ns 
Lead Temperature (T U (Soldering 10 seconds) 260°C Vcc=4.5V 500 ns 

Vcc=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA = -40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 .3.15 3.15 V 

6.0V 4.2. 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI ~20 #LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
IIOUTI ~0.4 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI ~O.52 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH orVIL 
Output Voltage IIOUTI ~ 20 #LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IIOUTI ~ 0.4 mA 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI ~ 0.52 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VCCorGND 6.0V ±0.1 ±1.0 ±1.0 #LA 
Current 

Icc Maximum Quiescent VIN=VcCorGND 6.0V 8.0 80 160 #LA 
Supply Current IOUT=O #LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65°C to 85°C; ceramic "J" package: -12 mWrC from 
100°C to 12S"C. 
Note 4: For a power supply 01 SV ±100/0 the worst case output voltages (VOH. and You occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV is 3.8SV.l The worst case leakage current (lIN. 

Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V. values should be used. 
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AC Electrical Characteristics 
Vcc=5V. TA=25°C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed 
Units 

Limit 

tpHL. tpLH Maximum Propagation 60 100 ns 
Deiay Data LE. BI. PH to Output 

ts Minimum Setup Time 20 ns 
LE to Data 

tH Minimum Hold Time 10 ns 
Data to LE 

tw Minimum LE Pulse Width 16 ns 

AC Electrical Characteristics CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee 
T A = - 40 to 85°C TA = -55 to 125°C 

Units 
Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation 2.0V 300 600 760 895 ns 
Delay Data LE.PH.BI to Output 4.5V 60 120 151 179 ns 

6.0V 51 102 129 152 ns 

ts Minimum Setup Time 2.0V 100 125 150 ns 
LE to Data 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 50 63 75 ns 
Data to LE 4.5V 10 13 15 ns 

6.0V 9 11 13 ns 

tw Minimum LE Pulse Width 2.0V 80 100 120 ns 
4.5V 16 20 24 ns 
6.0V 14 17 20 ns 

CPO Power Dissipation pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption. PO=CPD Vee2 f+lee Vee. and the no load dynamic current consumption. 
IS=CPD Vee f+lee· 

Note 6: Refer to back of section 1 for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 

\ 
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Logic Diagram 
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Section 9 

.RAMs 



Introduction 
National's CMOS static RAMs utilize microCMOS tech­
nology and may be used with CMOS logic, microproc­
essors, custom LSI and other semiconductor products to 
optimize system speed/power trade-ofts. Synchronous 
operation is provided by on-chip address latches. Static 
RAM products also provide data retention at 2V. 
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~National 
~ Semiconductor 

PRELIMINARY 

NMC6164 8192 x 8·Bit Static RAM 
microCMQS 

General Description 
The NMC6164 is a 8192-word by 8-bit new generation 
static RAM. It is fabricated with National's proprietary 
microCMOS double-polysilicon technology which com­
bines high performance and high density with low power 
consumption and excellent reliability. 

The NMC6164 is designed to operate with a single 5V 
power supply with ± 10% tolerance. Additional battery 
back-up operation· is available (LP version). 

Packaging is in a standard 28·pin DIP and is available in 
both plastic and CERDIP. It is pin compatible with the 64k 
EPROM. 

In addition to the inputs and outputs being TIL com­
patible, the outputs are also CMOS compatible in that 
capacitive loads are driven to Vec or Vss. 

Block and Connection Diagrams 

Features 
• Single power supply: 5V ± 10% 
• High speed: fast access time 100 ns/120 ns/150 ns max 

• Equal access and cycle time 
• Completely static RAM: No clock or timing strobe 

required 

• Low standby power and low power operation 
Standby: 10 p.W typ 
Operation: 15 mW/MHz 

• Battery back·up operation available (LP) 
• Common data input and output, TRI-STATE® output 

• TIL compatible: all inputs and outputs 
• CMOS compatible: outputs drive capacitive loads to 

Vecor Vss . 

• Standard 28·pin package configuration 
• Pin compatible with 64k EPROM 
• Data retention supply voltage: 2V-5.5V 

Dual-In-Line Package 

NC Vee A12 
-0 vee 

A4 

A3 

AD 

CS2 

CSl 

WE 

DE READIWRITE 

MEMORY ARRAY 
l2Sx5l2 

COLUMN 
SELECT 

1/01 lIDs 

-oVss 

TLlD15287·1 
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A12 

A7 

A6 

A5 

A4 

A3 

A2 

Al 

AD 

1/03 

Vss 

TOP VIEW 

WE 

CS2 

AS 

A9 

All 

DE 

A1D 

ffi 

I/Os 

1/07 

1/06 

1/05 

1/04 

TLlD15287·2 

Order Number NMC6164J or NMC6164N 
See NS Package J28A or N28B 



~ 
<0 Absolute Maximum Ratings Recommended DC Operating ,... 
<0 Conditions () 

~ Min Max Units 

Z Voltageon Any Pin Relative to GND, Vss -0.5V-7V Vee Supply Voltage 4.5 5.5 V 

Operating Temperature, T OPR 0°C-70°C Vss Supply Voltage 0 0 V 

Storage Temperature, T STG - 55°C-125°C VIH , Inpf,lt High Voltage 

Temperature under Bias, T BIAS -10°C_85°C (Logic 1) 

Power Dissipation, PD 1.0W TTL 2.2 6.0 V 

Current Through Any Pin 100mAmax 
CMOS Vee - 0.2 Vee+ 0.2 V 

VIL, Input Low Voltage 
(Logic,O) 

TTL -0.3 0.8 V 
CMOS -0.2 0.2 V 

DC Electrical Characteristics at recommended operating conditions 

Symbol Parameter Conditions Min Max Units 

III Input Leakage Current VIN = Vss to Vee -2 ,2 p,A 

Il(:' Output Leakage ,?urrent CS1 = VIH or CS2 = VIL or OE = VIH -2 2 p,A 

VIIO = Vss to Vee 

lec Active Quiescent Current All Inputs at TTL Levels , 25 mA 
CS1 = VIL, TTL or CS2 = VIH, TIL 
1110 =0 mA 

lec P Active Quiescent Current All Inputs at CMOS Levels 2 rnA - CS1 = VIL, CMOS or CS2 = VIH, CMOS LP 100 p,A 
1110 =0 rnA 

lec1 Average Operating Current Duty Cycle = 100%, All Inputs at TIL Levels, 
CS1 = VIL, CS2 = VIH 

TTL 60 rnA 

CMOS 40 mA 

ISB P Standby Power Supply Current 
I--

CS1 = VIH , TIL or CS2 = VIL, TTL 4 rnA 

LP 1110=0 rnA 2 rnA 

ISBl P Standby Power Supply Current CS1 = VIH , CMOS 2 rnA 
r--

CS2= VIH , CMOS or VIL, CMOS LP 100 p,A 

ISB2 P Standby Power Supply Current CS2 = VIL, CMOS 2 rnA 
r--

LP 100 p,A 

VOL Output Low Voltage, TTL IOL = 2.1 rnA 0.4 V 

Output Low Voltage, CMOS IOL= ±10p,A -0.2 0.2 V 

VOH Output High Voltage, TTL IOH= -1.0rnA 2.4 V 

Output High Voltage, CMOS 10H= ± 10p,A Vee- 0.2 Vee + 0.2 V 

Capacitance 

Symbol Parameter Conditions Max Units 

CiN' Input Capacitance VIN = OV (Note 5) 6 pF 

CliO Input/Output Capacitance VI/O = OV (Note 5) 8 pF 
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AC Electrical Characteristics (Note 1) 

NMC6164 NMC6164 NMC6164 

Symbol Parameter P(LP)-10 P(LP) -12 P(LP)~15 Units 

Min Max Min Max Min Max 

READ CYCLE (Note 4) 

tRC Read Cycle Time 100 120 150 ns 

tAA Address Access Time 100 120 150 ns 

tCOl Chip Selection (CS1) to Output 100 120 150 ns 

tC02 Chip Selection (CS2) to Output 100 120 150 ns 

tOE Output Enable (OE) to Output Valid 50 60 70 ns 

tLZl Chip Selection (CS1) to Output in Low Z 10 10 15 ns 

tLZ2 Chip Selection (CS2) to Output in Low Z 10 10 15 ns 

tOll Output Enable (OE) to' Output in Low Z 5 5 5 ns 

tHZl Chip Deselection (CS1) to Output in Hi-Z (Notes 2 and 3)' 0 35 0 40 0 50 ns 

tHZ2 Chip Deselection (CS2) to Output in Hi-Z (Notes 2 and 3) 0 35 0 40 0 50 ns 

tOHZ Output Disable (OE) to Output in Hi-Z (Notes 2 and 3) 0 35 0 40 0 50 ns 

tOHA Output Hold from Address Change 10 10 15 ns 

WRITE CYCLE 

twc Write Cycle Time 100 120 150 ns 

tcw Chip Selection to End of Write (Note 10) 80 85 100 ns 

tAs Address Set-Up Time (Note 7) 0 0 0 ns 

tAW Address Valid to End of Write 80 85 100 ns 

twp Write Pulse Width 60 70 90 ns 

tWRl Write Recovery Time (Note 8) 0 5 10 ns 

tWR2 Write Recovery Time from CS2 (Note 8) 0 5 10 ns 

tWHZ Beginning of Write to Output in Hi-Z (Notes 9 and 13) 0 35 0 40 0 50 ns 

tow Data Valid to Write Time Overlap 35 40 . 50 ns 

tDH Data Hold from End of Write 0 0 0 ns 

tOHZ Output Disable (OE) to Output in Hi-Z 0 35 0 40 0 50 ns 

tow Output Active from End of Write (Notes 11 and 12) 5 5 10 ns 

Note 1: AC test conditions TA =O'C to + 70'C. VCC = 5V ± 10%. 
Note 2: tHZ and tOHZ are defined as the time at which the outputs achieve the open circuit condition and are not referenced to output voltage levels. 
Note 3: At any given temperature and voltage condition, t HZMAX Is less than tLZMIN, both for a given device and from device to device. 
Note 4: WE is high for read cycle. 
Note 5: TA = 25'C, f = 1.0 MHz. This parameter is sampled and not 100% tested. 
Note 6: A write occurs during the overlap (twp) of a low CS1 and a high CS2 and a low WE. 
Note 7: tAS is measured from the address changes to the beginning of the write. 
Note 8: tWR Is measured from the earliest of CSl or WE going high or CS2 going low to the end of write cycle. 
Note'9: During this period, 1/0 pins are in the output state, therefore the input signals of opposite phase to the outputs must not be applied. 
Note 10: If the CSl low transition occurs simultaneously with the WE low transition or aiter the WE transition, the outputs will remain In a Hi-Z state. 
Note 11: DOUT is the same phase of write data of this write cycle. 
Note 12: DOUT is the read data of next address. 
Note 13: If CSl is low and CS2 is high during this period, 1/0 pins are in the output state. At this time, the data Input signals of opposite phase to the outputs 
must not be applied. 
Note~ ~2 controls the addres\l buffers, WE buffer, CSl buffer, DIN buffer and 5E buffer. When CS2 controls the data retention mode, VIN level (addr~, 
WE, CS1, OE) can be In the high impedance state. When CSl controls the data retention mode, CS2 must be at VIH, CMOS. All other input levels(address, WE, 
1/0) can be in the high impedance state. 
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Low vee Data Retention 

Symbol Parameter Conditions Min Max Units 

VDR1 Vcc for Data Retention CS1 > VIH, CMOS 2.0 V 
CS2> V.lH, CMOS 

VDR2 Vcc for Data Retention CS2 < VIL, CMOS 2.0 V 

ICCDRl Data Retention Current (Note 14) Vcc=3.0V, 60 p.A 
CS1 > VIH, CMOS 
CS2>VIH, CMOS 

ICCDR2 Data Retention Current (Note 14) Vcc=3.0V, 60 p.A 
CS2 < VIL, CMOS 

tCOR Chip Deselect to Data Retention Time See Retention Waveform 0 ns 

tR Operation Recovery Time See Retention Waveform tRC ns 

Truth Table 

Mode WE CS1 CS2 ~ 1/0 Current 

Not Selected * H * * 'Hi-Z IS8,ls81 
(Power Down) 

* * L * Hi-Z IS8' IS82 

Output Disabled H L H H Hi-Z Icc,lcCl 

Read H L H L Dour Icc,lcCl 

Write L L- H H DIN Icc,lcCl Write Cycle 1 

L L H L DIN Icc,lcCl Write Cycle 2 

* Don't care (H or L) 

Low Vee Data Retention Waveforms 

No.1 (CS1 Controlled) 

vee~leOR 411 ------DATARETENTION MODE------)-' =~~ 

~~ ---------------------~-----------
CSl ffi =VIH. CMDS ~-----
OV-----------------------------------------------------------------

TlID15287·3 

No.2 (CS2 Controlled) 

_ leOR II---------DATA RETENTION MODE--------t·1 Ir -
4.5V", ].,.-1------
CS2----------+--~:------------------------------~-+------------

VOR2 ====~""'-l--"~----------------'/ lL" 
O.2V " CS2=VIL, CMOS ./ 
DV---------~~~~~~============~~======~-----------

TlID15287·4 
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Timing Waveforms 

Write Cycle 1 (OE Clocked) 

ADDRESS 

CSl 

CS2 

WE----------------------+-~~~~~ 

DOUT~~~~~~~~~~~~~~~~~------~------------------~-------

DIN --------------------------------"""'m: 
TL1D15287·5 

Write Cycle 2 (OE Low Fixed~ 

WE------~----------~~~~ 

DIN ------------------------------

TlIDt5287·6 
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Timing Waveforms (Continued) 

Read Cycle 

ADDRESS 

CS2 

DOUT ----------------m~ 

TLJD/5287·7 
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Section 10 

PROMs 



Introduction 
When considering replacing existing NMOS EPROMs 
with the new CMOS memories in any system, one advan­
tage overshadows a" others: significantly reduced power 
consumption. For example, the maximum active current 
rating for a 16k NMOS EPROM is 100 mAo The equivalent 
CMOS EPROM of equal size and speed has a maximum 
rating of one tenth of this. The surprising aspect is that 
this smaller power drain does not increase with increases 
in memory density. 

When the density of the memory is increased, the NMOS 
EPROMs draw more power, but CMOS EPROMs do not, as 
shown in Figure 10-1. This is achieved because the CMOS 
EPROMs only draw current when their inputs or outputs 
switch, so 16k CMOS EPROMs can be replaced with32kor 
even 64k EPROMs with no detectable increase in power 
consumption. 

National's CMOS EPROMs use less dynamic standby 
power and also less read/write power. This results from 
the connection of chip enable (CE) to extra transistors in 

250 

<- 200 .5. 
III 

the address and control inputs. If CE is not active, these 
transistors are OFF and no current flows-regardless of 
changing states on the inputs. 

The difference in typical ratings is even more dramatic. 
When the memory is not selected, it is in the standby mode 
and draws minimum current. The maximum standby cur­
rent for a typical 16k NMOS EPROM is 10 mAo The equiva­
lent CMOS device has a maximum standby current rating 
of 1 p.A: 1/1000th of the NMOS rating. 

CMOS·NMOS INTERFACE COMPATIBILITY 

National's CMOS EPROMs are designed to be compatible 
with NMOS EPROMs in pinout, drive capability and ac­
cess speed. This allows direct replacement in systems 
where power consumption has grown to excessive levels 
with no penalty at a" in performance. 

~ 

~ 150 

~ 
~ 
0 

0.. 
100 

~ \ 
NMOS 

~ 50 
CMOS 

10 
16k 32k 64k 

Density 

FIGURE 10·1. Power·Drain Dependence on Memory Density 
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~National 
U Semiconductor 

PRELIMINARY 

microCMOS 

NMC27C16 16,384-Bit (2048 x 8) UV Erasable CMOS PROM 
Parameter/Order N~mber 

Access Time (ns) 

Vee Power Supply 

General Description 
The NMC27C16 is a high speed 16k UV erasable and elec· 
trically reprogrammable CMOS EPROM, ideally suited for 
applications where fast turnaround, pattern experi· 
mentation and low power consumption are important 
requirements. 

The NMC27C16 is packaged in a 24'pin dual·in·line 
package with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written into the 
device by following the programming procedure. 

This EPROM is fabricated with the reliable, high volume, 
time proven, microCMOS silicon gate technology. 

Block and Connection Diagrams 

Pin Names 

AO-A14 Addresses 

CE Chip Enable 

OE Output Enable 

0 0-07 .. Outputs 
PGM Program 
NC No Connect 

27C256 27C128 27C64 27C32 
27256 27128 2764 2732 

Vpp Vpp Vpp 

NMC27C16·35 
NMC27C16·45 

NMC27C16H·45 

350 450 

5V:!:5% 5V:!:5% 

Features 
• Access time down to 350 ns 
• Low CMOS power consumption 

Active power: 26.25 mW max 
Standby power: 0.53 mW max (98% savings) 

• Performance compatible to NSC800™ CMOS 
microprocessor 

• Single 5V power supply 
• Extended temperature range available 

(NMC27C16E·45), - 40°C to + 85°C, 
450 ns ± 5% power supply 

• 10 ms programming available (NMC27C16H·45), 
an 80% time savings 

• Pin compatible to MM2716 and National's higher 
density EPROMs 

• Static-no clocks required 
• TIL compatible inputs/outputs 
• TRI·STATE® output 

Vee~ 

GNO~ 

Vpp~ 

AD·Al0 
ADDRESS 

INPUTS 

OUTPUT ENABLE 
CHIP ENABLE 

AND PROG LOGIC 

y 
DECODER 

X 
DECODER 

27C32 27C64 27C128 
2732 2764 27128 

Vee Vee 

27C256 
27256 

Vee 

A12 A12 A12 Dual·h)·Line Package PGM PGM A14 

A7 A7 A7 A7 A7 24 Vee Vee, NC A13 Al3 

A6 A6 A6 A6 A6 23 A8 A8 AS AS AS 

AS AS AS AS AS 22 A9 A9 A9 A9 A9 

A4 A4 A4 A4 A4 21 VPI' All All All All 

A3 A3 A3 A3 A3 20 liE DE/Vpp DE DE DE 

A2 A2 A2 A2 A2 NMC27C16 19 Al0 Al0 A10 Al0 Al0 
TOP VIEW 

Al Al Al Al Al 18 IT CE CE C"E cr 

AD AD AO AD AO 17 07 07 07 07 07 

00 00 00 00 00 16 06 06 ' 06 06 06 

0, 0, 0, 0, 0, 10 15 Os Os Os Os Os 

02 02 02 02 02 11 14 04 04 04 04 04 

GND GND GNO GND GNO 12 13 03 OJ OJ OJ 03 

NS Package Number J24A·Q 
Note: National's socket .compatible EPROM pin configurations are shown in the blocks adjacent to the NMC27C16 pins. 
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Absolute Maximum Ratings (Note 1) Operating Conditions (Note 9) 

Temperature Under Bias -10°Cto +80°C , Temperature Range 
Storage Temperature -65°Cto + 125~C NMC27C16-35, NMC27916-45, 

All Input Voltages with Respect NMC27C16H-45 O°Cto + 70°C 

toGround + 6.5V to - 0.3V NMC27C16E-45 -40°Cto +85°C 

All Output Voltages with Respect Vee Power Supply (Notes 2 and 3) 5V±5% 
toGround Vee +0.3VtoGND -0.3V Vpp Power Supply (Note 3) Vee 

Vpp Supply Voltage with Respect 
to Ground During Programming + 26.5V to - 0.3V 

Power Dissipation 1.0W 

Lead Temperature (Soldering, 10 seconds) 300°C 

READ ,OPERATION 

DC and Operating Characteristics 

Symbol Parameter Conditions Min Typ (Note 4) Max Units 

III Input Load Curr~nt VIN = Vce or GND 10 p.A 

ILO Output Leakage Current VOUT= Vce or GND, CE = VIH 10 p.A 

I eel (Note 3) Vce Current (Active) OE=CE=VIL 2 10 mA 
TTL Inputs Inputs = V1H or VIL, f = 1 MHz, 

110=0 mA 

lec2 (Note 3) Vee Current (Active) OE=CE=VIL, , 1 5 mA 
CMOS Inputs Inputs = Vcc or GND 

f = ,1 M Hz, I/O = 0 mA 

leesBl Vcc Current (Standby) CE=V1H 0.1 1 mA 
TTL Inputs 

lecsB2 Vcc Current (Standby) CE = Vee 0.01 0.1 mA 
CMOS Inputs 

V1L Input Low Voltage -0.1 0.8 V 

V1H Input High Voltage 2.0 Vee + 1 V 

VOL1 Output Low Voltage IOL=2.1 mA 0.45 V 

VOHl Output High Voltage IOH= -400p.A 2.4 V 

VOL2 Output Low Voltage IOL=Op.A 0.1 V 

VOH2 Output High Voltage IOH =0 p.A Vee- 0.1 V 

AC Characteristics 
NMC27C16E·45 

Symbol 
NMC27C16·35 NMC27C16·45 

Units Parameter Conditions NMC27C16H·45 

Min Max Min Max 

tAce Address to Output Delay CE=OE=V1L 350 450 ns 

tCE CE to Output Delay OE= V1L 350 450 ns 

tOE Output Enable to CE=VIL 120 120 ns 
Output Delay 

tOF Output Enable High to CE=VIL 0 100 0 100 ns 
Output Float 

tOH (Note 5) Output HOld.J!om_ CE=OE=VIL 0 0 ns 
Addresses, CE or OE, 
Whichever Occurred First 
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Capacitance (Note 5) (TA = + 25°C, f = 1 MHz) 

Symbol Parameter Conditions Typ 

C IN Input Capacitance VIN=OV 4 

C OUT Output Capacitance VOUT=OV 8 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

1 TTLGate and C L = 100 pF 

::520ns 

0.8Vto2.2V 

Timing Measurement Reference Level 

Inputs 

Outputs 

AC Waveforms (Note 2) 

ADDRESSES 

OUTPUT 

1Vand2V 

0.8Vand2V 

Max Units 

6 

12 

ADDRESSES 
VALID 

pF 

pF 

HI·Z 

TLlDI5275·3 

Notel: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and func· 
tional operation of the device at these or any other conditions above those indicated In the operational sections of this specification Is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 

Note 2: VCC must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

Note 3: Vpp may be connected to VCC except during programming. ICCl sthe sum of the ICC active and Ipp read currents. 

Note 4: Typical values are for TA = + 2S'C and nominal supply voltages. 

Note 5: This parameter Is only sampled and Is not 100% tested. 

Note 6: 6E may be delayed up to tACC - tOE after the failing edge of CE without Impact on tACC. 
Note 7: The tOF compare level Is determined as follows: 

High to TRI·STATE, the measured VOHl (DC) - 0.10V 
Low to TRI·STATE, the measured VOL 1 (DC) + 0.10V 

Note 8: TRI·STATE may be attained using 6E or CE. 
Note 9: The power switching characteristics of EPROMs require careful dovlce decoupllng. It Is recommended that a 0.1 J'F ceramic capacitor be used on 
every device between VCC and GND. 

Note 10: The NMC27C16 requires one address transition after initial power·up to reset the outputs. 

Note 11: The outputs must be restricted to VCC + 0.3V to avoid latch·up and device damage. 
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PROGRAMMING CHARACTERISTICS (Note 1) 

DC Programming Characteristics (Notes 2 and 3) (TA = + 25°C ± 5°C, Vee = 5V ± 5%, Vpp = 25V ± 1V) 

Symbol Parameter Conditions Min Typ Max Units 

III Input Current (for Any Input) VIN = Vee or GND 10 p.A 

Ipp Vpp Supply Current During CE/PGM=VIH 30 rnA 
Programming Pulse 

.Iec Vee Supply Current 10 mA 

VIL Input Low Level -0.1 0.8 V 

VIH Input High Level 2.0 Vee+ 1 V 

AC Programming Characteristics (Notes 2 and 3){TA= + 25°C±5°C, Vee=5V±5%, Vpp =25V± 1V) 

NMC27C16 Devices NMC27C16H·45 
Symbol Parameter Conditions Units 

Min Typ Max Min Typ Max 

tAS Address Set-Up Time 2 2 p's 

tOES OE Set-Up Time 2 2 p's 

tDS Data Set-Up Time 2 2 p.S 

tAH Address Hold Time 2 2 p's 

tOEH OE Hold Time 2 2 p's 

tDH Data Hold Time 2 2 JlS 

tOF Output Enable to Output Float Delay CE/PGM =VIL 0 160 0 160 ns 

tOE Output Enable to Output Delay CE/PGM = VIL 160 160 ns 

tpw Program Pulse Width 45 50 55 9 10 11 ms 

tpRT Program Pulse Rise Time 5 5 ns 

tPFT Program Pulse Fall Time 5 5 ns 

AC Test Conditions 
Vee 5V±5% 

Vpp 25V ± 1V 
Input Rise and Fall Times ::520ns 

Input Pulse Levels 0.8Vto2.2V 
I 

Timing Measurement Reference Level 
Inputs 1Vand 2V 
Outputs 0.8Vand2V 

\ 
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Programming Waveforms (Note 3) (Vpp = 25V ± W, Vcc = 5V ± 5%) 

ADDRESS 

DATA 

CE/PGM 

tOF 
(0.16 MAX) 

--_t-----P~~~~F~M----+j 1+-0----

DATA IN STABLE 
ADD N+m 

TUDi5275·4 

Note: All times shown in parentheses are minimum and In "s unless otherwise specified. 

Note 1: National's stand~rd product warranty applies only to devices programmed to specifications described herein. 

Note 2: VCC must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The NMC27C16 must not be inserted into or removed 
from a board with Vpp at 25V ± lV to prevent damage to the device. 

Note 3: The maximum aliowable voltage which may be applied to the Vpp pin during programming is 26V. Care must be taken when switching the Vpp supply 
to prevent overshoot exceeding this 26V maximum specification. A O.l"F capacitor is required across Vpp, VCC to GND to suppress spurious voltage tran· 
sients which may damage the device. 
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Functional Desc;ription 

DEVICE OPERATION 

The five modes of operation of the NMC27C16 are lisJed.in 
Table I. It should be noted that all inputs for the five modes 
are at TIL levels. The power supplies required are a 5V Vee 
and a Vpp. The Vpp power supply must be at 25V during the 
three programming modes, and must be at 5V in the other 
two modes. 

Read Mode 

The NMC27C16 has two control functions, both of which 
must be logically active in order to obtain data at the out· 
puts. Chip Enable (CE) is the power contr~nd should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assuming that addresses , 
are stable, address access time (tACe) is equal to the delay 
from CE to output (tCE). Data is available at the outputs tOE 
after the falling edge of OE, assuming that CE has been 
low and addresses have been stable for at least tAee-toE' 
The NMC27C16 requires one address transition after in· 
itial power·up to reset the outputs. 

Standby Mode 

The N MC27C16 has a standby mode which reduces the ac· 
tive power dissipation by 98%, from 26.25 mW to 0.53 mW. 
The NMC27C16 is placed in the standby mode by applying 
a TIL high signal to the CE input. When in standby mode; 
the outputs are in a high impedance state, independent of 
the OE input. 

Output OR·Tylng 

Because NMC27C16s are usually used in larger memory 
arrays, National has provided a 2·lin.e control function that 
accommodates this use of multiple memory connections. 
The 2·line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will 
not occur. 

To most efficiently use these two control lines, it is recom· 
mended that CE (pin 18) be decoded and used as the 
primary device selecting function, while OE (pin 20) be 
made a common connection to 'all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low power standby modes and that the output pins 
are active only when data is desired from a particular 
memory device. 

Programming 

CAUTION: Exceeding 26.5V on pin 21 (Vpp) will damage the 
NMC27C16. 

Initially, and after each erasure, all bits of the NMC27C16 
are in the "1" state. Data is introduced by selectively pro· 
gramming "Os" into the desired bit locations., Although 
only "Os" will be programmed, both "1s" and "Os" can be 
presented in the data word. The only way to change a "0" 
to a "1" is by ultraviolet light erasure. 

The NMC27C16 is in the programming mode when the Vpp 
power supply is at 25Vand OE is at VIH.lt is required that a 
0.1 /-tF capacitor be placed across Vpp, Vee to ground to 
suppress spurious voltage transients which may damage 

-the device. The data to be programmed isapplied 8 bits in 
parallel to the data output pins. The levels required for the 
address and data inputs are TIL. 

When the address and data are stable, a 50 ms (10 ms for 
the NMC27C16H·45), active high, TTL program pulse is 
applied to the CE/PGM input. A program pulse must be 
applied at each address location to be programmed. You 
can program any location at any time-either individu· 
ally, sequentially, or at random. The program pulse has a 
maximum width of 55 ms (11 ms for the NMC27C16H·45). 
The NMC27C16 must not be programmed with a DC 
signal applied to the CE/PGM input. ' 

Programming multiple NMC27C16s in parallel with the 
same data can be easily accomplished due to the simplic· 
ity of the programming requirements. Like inputs of the 
paralleled NMC27C16s may be connected together when 
they are programmed with the same data. A high level TIL 
pulse applied to the CE/PGM input programs the paral· 
leled NMC27C16s. 

TABLE I. MODE SELECTION 

~ CE/PGM OE Vpp Vcc Outputs 

Mode (18) (20) (21) (24) (9-11,13-17) 

Read VIL VIL Vce 5 Dour 
Standby VIH Don't Care Vee 5 Hi·Z 

Program Pulsed VIL to VIH VIH 25 5 DIN 
Program Verify VIL VIL 25 5 Dour 
Program Inhibit VIL VIH 25 5 Hi·Z 
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Functional Description (Continued) 

Program Inhibit 

Programming multiple NMC27C16s in parallel with dif­
ferent data Is also easily accomplished. Except for 
CE/PGM, all like inputs (including OE) of the parallel 
NMC27C16s may be common. A TTL level program pulse 
applied to an NMC27C16's CE/PGM input with Vpp at 25V 
will program that NMC27C16. A low level CE/PGM input in­
hibits the other NMC27C16 from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify may be performed with Vpp at 25V. Except during 
programming and program verify, Vpp must be at Vee. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C16 are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A.). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000A. -4000A. 
range. Data shows that constant exposure to room· level 
fluorescent lighting could erase the typical NMC27C16 in 
approximately 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. If 
the NMC27C16 is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels 
should be placed over the NMC27C16 window to prevent 
unintentional erasure. Covering the window will also pre· 
vent temporary functional failure due to the generation of 
photo currents. 

The recommended erasure procedure for the NMC27C16 
is exposure to short wave ultraviolet light which has a 
wavelength of 2537 Angstroms (A.). The integrated dose 
(i.e., UV intensity x exposure time) for erasure should be a 
minimum of 15W-sec/cm2. The erasure time with this dos­
age is approximately 21 minutes using an ultraviolet lamp 
with a 12,000 p,W/cm2 power rating. The NMC27C16 should 
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be placed within 1 inch of the lamp tubes during erasure. 
Some lamps have a filter on their tubes which should be 
removed before erasure. ' 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one 
inch. The erasure time increases as the square of the 
distance. (If distance is doubled the erasure time in­
creases by a factor of 4.) Lamps lose intensity as they age. 
When a lamp is changed, the distance has changed or the 
lamp has aged, the. system should be checked to make 
certain full erasure is occurring. Incomplete erasure will 
cause symptoms that can be misleading. Programmers, 
components, and even system designs have been er­
roneously suspected when incomplete erasure was the 
problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the syst~m 
designer-the standby current level, the active current 
level, and the transient current peaks that are produced on 
the falling and rising edges of chip enable. The magnitude 
of these transient current peaks is dependent on the out­
put capacitance loading of the device. The associated 
transient voltage peaks can be suppressed by properly 
selected decoupling capacitors. It is recommended that a 
0.1 p,F ceramic capacitor be used on every device between 
Vee and GND. This should be a high frequency capacitor 
of low inherent inductance. In addition, a 4.7 /tF bulk elec­
trolytic capacitor should be used between Vee and GND 
for each eight devices. The bulk capacitor should be 
located near where the power supply is connected to the 
array. The purpose of the bulk capacitor is to overcome the 
voltage droop caused by the inductive effects of the PC 
board traces. 



~National 
~ Semiconductor 

PRELIMINARY 

microCMOS 

NMC27C32 32,768-Bit (4096 X 8) UV Erasable CMOS PROM 
Parameter/Order Number 

Access Time (ns) 

YCC Power Supply 

General Description 
The NMC27C32 is a high speed 32k UVerasable and elec­
trically reprogram mabie CMOS EPROM, ideally suited 
for applications where fast turnaround, pattern experi­
mentation and low power consumption are important 
requirements. 
The NMC27C32 is packaged in a 24-pin dual-in-line 
package with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written into the 
device by following the programming procedur? 

This EPROM is fabricated with the reliable, high volume, 
, time proven, microCMOS silicon gate technology. 

Features 
• Access time down to 350 ns 

• Low CMOS power consumption 
Active power: 26.25 mW max 
Standby power: 0.53 mW max (98% savings) 

Block and Connection Diagrams 

Pin Names 

AO-A14 Addresses 
CE Chip Enable 
OE Output Enable 

0 0-07 Outputs 
PGM Program 
NC No Connect 

27C256 27C128 27C64 27C16 
27256 27128 276. 2716 

Vpp Vpp Vpp 

NMC27C32·35 
NMC27C32·45 

NMC27C32H·45 

350 450 

5V±5% 5V±5% 

• Performance compatible to NSC800™ CMOS 
microprocessor 

• Single 5V power supply 
Iii Extended temperature range available 

(NMC27C32E-45), - 40°C to + 85°C, 
450 ns ± 5% power supply 

• 10 ms programming available (NMC27C32H-45), 
an 80% time savings 

• Pin compatible to NMC2732 and National's higher 
density EPROMs 

• Static-no clocks required 
• TIL compatible inputs/outputs 

• Two-line control 
• TRI-STATE® output 

AD·All 
ADDRESS 

INPUTS 

27C16 
2716 

27C64 
276. 

Vee 

27C128 27C256 
27128 27256 

Vee Vee 

A12 A12 A12 Dual-In-Line Package m.I ~ A14 

A7 A7 A7 A7 A7 24 Vee Vee NC A13 A13 

A6 A6 A6 A6 A6 23 A8 A8 A8 A8 A8 

A5 AS A5 AS -AS 24 A9 A9 A9 A9 A9 

A4 A4 A4 A4 A4 21 All VPP All All All 

A3 A3 A3 A3 A3 2D OE/Vpp OE OE DE OE 

A2 A2 A2 A2 A2 19 AID AID AID AID AID 
NMC27C32 

Al Al Al Al Al TOP VIEW 18 U IT IT CE IT 

AD AD AD AD AO 17 07 0, D, 0, 0, 

Do Do 00 00 00 16 06 06 06 06 06 

0, 0, 0, 0, 0, 10 15 Os Os Os Os Os 

02 02 02 02 02 11 14 O. O. O. O. O. 

GND GND GND GND GND 12 13 03 D3 03 03 03 

NS Package Number J24A·Q 
Note: National's socket compatible EPROM pin configurations are shown In the blocks adjacent to the NMC27C32 pins. 
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Absolute Maximum flatings (Note 1) Operating Conditions (Note 7) 

Temperature Under Bias -10·Cto +80·C Temperature Range 
Storage Temperature -65·Cto +125·C NMC27C32·35, NMC27C32·45, 

All Input Voltages with NMC27C32H·45 O·Cto + 70·C 

Respect to Ground + 6.5V to - O.3V NMC27C32E·45 - 40·C to + 85·C 

All Output Voltages with Vec Power Supply 5V±5% 

Respect to Ground Vee + O.3Vto GND - 0.3V 

Vpp Supply Voltage with Res~ect 
to Ground During Programming + 26.5V to - 0.3V 

Power Dissipation 1.0W 

Lead Temperature(Soldering, 10 seconds) 300·C 

READ OPERATION 
" 

DC and Operating Characteristics 

Symbol Parameter Conditions Min Typ (Note 2) Max Units 

III Input Load Current VIH = Vee or GND 10 p.A 

ILO Output Leakage Current VOUT = Vee or GND, CE = VIH 10 p.A 

lec1 Vce Current (Active) OE=CE=VIL 2 10 mA 
TTL Inputs Inputs = V1H or VIL, f = 1 MHz 

I/O=OmA 

ICC2 Vcc Current (Active) OE=CE=VIL 1 5 mA 
CMOS Inputs Inputs = Vcc or GND, f = 1 MHz 

I/O=OmA 

ICCSB1 Vcc Current (Standby) ·CE=V1H 0.1 1 mA 
TTL Inputs 

ICCSB2 Vce Current (Standby) CE=Vee 0.01 0.1 mA 
CMOS Inputs 

V1L Input Low Voltage -0.1 0.8 V 

V1H Input High Voltage 2.0 Vcc+ 1 V 

VOL1 Output Low Voltage IOL=2.1 mA 0.45 V 

VOH1 Output High Voltage 10H= -400p.A 2.4 V 

VOL2 Output Low Voltage 10L=0p.A 0.1 V 

VOH2 Output High Voltage IOH =0 p.A Vcc- 0.1 V 

AC Characteristics 

N M C27C32E·45 

Conditions 
NMC27C32·35 NMC27C32·45 

Units Symbol Parameter NMC27C32H·45 

Min Max Min Max 

tAcc Address to Output Delay CE=OE=V1L 350 ' 450 ns 

teE CE to Output Delay OE= V1L 350 450 ns 

tOE' OE to CE=V1L 150 150 ns 
Output Delay 

tDF OE High to CE=V1L 0 130 0, 130 ns 
Output Float 

tOH (Note 3) Output Hold from CE=OE=V1L 0 0 ns 
Addresses, CE or OE, 
Whichever Occurred First 
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Capacitance (Note 3) (T A = + 25°C, f = 1 MHz) 

Symbol Parameter Conditions Typ 

CIN1 Input Capacitance VIN=OV 4 
Except OElVpp 

CIN2 OElVpp Input VIN=OV 
Capacitance 

C'OUT Output Capacitance VOUT=OV 8 

AC Test Conditions 
Output Load 

Input Rise and Fall Times 

Input Pulse Levels 

1 TTLGate and C L = 100 pF 

:5 20 ns 

0.45Vto2.4V 

Timing Measurement Reference Level 
Inputs 1Vand2V 

0.8Vand2V Outputs 

AC Waveforms 

ADDRESSES 

OUTPUT 

Max 

6 

20 

12 

ADDRESSES 
VALID 

Units 

pF 

pF 

pF 

Hi-Z 

TLlD/5274·3 

Note 1: Stresses above those listed under "Absolute Maximum Ratings" may tause permanent damage to the device. This is a stress rating only and func· 
tional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 

Note 2: Typical values are for TA = + 25°C and nominal supply voltages. 

Note 3: This parameter Is only sampled and Is not 100% tested. 

Note 4: 6E may be delayed up to tACC-tOE after the falling edge of BE without impacting tACC' 

, Note 5: The tOF compare level Is determined as follows: 
High to TRI·STATE, the measured VOH1 (OC)- 0.10V 
Low to TRI·STATE, the measured VOU (OC)+O.10V 

Note 6: TRI·STATE may be attained using 6E or CEo 

Note 7: The power switching characteristics of EPROMs require careful device decoupling.1t is recom'mended thai a O.1"F ceramic capacitor be used on 
every device between VCC and GNO. 

Note 8: The outputs must be restricted to VCC + O.3V to avoid latch·up and device damage. 
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PROGRAMMING (Note 1) 

DC Programming Characteristics (Notes 2 and 3) (TA = + 25°C ± 5°C, Vee = 5V ± 5%, Vpp = 25V ± 1V) 

Symbol Parameter Conditions Min Typ Max Units 

III Input Current (All Inputs) VIN = Vee or GND 10 p.A 

VOL Output Low Voltage During Verify IOL= 2.1 mA 0.45 V 
. V

OH Output High Voltage During Verify 10H = -400 p.A 2.4 V 

Icc Vee Supply Current 2 10 mA 

V1L Input Low Level (All Inputs) -0.1 0.8 V 

V1H Input High Level (All Inputs Except OElVpp) 2.0 Vee + 1 V 

Ipp Vpp Supply Current CE = VIL, OE = Vpp 30 mA 

AC Programming Characteristics(TA= +25°C±5°C, Vee=5V±5%, Vpp=25V~1V) 

Symbol Parameter Conditions 
NMC27C32 Devices NMC27C32H·45 

Units 
Min Typ Max Min Typ Max 

tAS Address Set·Up Time 2 2 P.s 

tOES OE Set· Up Time 2 2 P.s 

tos Data Set·Up Time 2 2 P.s 

tAH Address Hold Time 0 0 P.s 

tOEH OE Hold Time 2 2 P.s 

tOH Data Hold Time 2 2 P.s 

tOF Chip Enable to Output Float Delay 0 130 0 130 ns 

tov Data Valid from CE CE = V1L, OE = VIL 1 1 P.s 

tpw CE Pulse Width During Programming 45 50 55 9 10 11 ms 

tpRT OE Pulse Rise Time During Programming 50 50 ns 

tVR Vpp Recovery Time 2 2 P.s 

. 
AC Test Conditions 
Vee 5V±5% 

Vpp 25V± 1V 

Input Rise and Fall Times s20ns 

Input Pulse Levels O.45Vt02.4V 

Timing Measurement Referen?e Level 
Inputs 1Vand2V 
Outputs 0.8Vand2V 

, 
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N 
~ Programming Waveforms (Note 3) 

t--. . 
N 
o 
~ 
z 

ADDRESSES ADDRESS N 

DATA----<i 
DATA IN STABLE 

ADD N 
Hi·Z 

OEIVpp 

CE 

Vpp---------~---~---~--~ 

VIH -------.... 1 

VIL ---------------- ,---, 

Note: All times shown in parentheses are minimum and in P.s unless otherwise specified. 
The input timing reference level is 1V for a VIL and 2V for a VIH. 

Note 1: National's standard product warranty applies only to devices programmed to specifications described herein. 

TLlDI527H 

Note 2: VCC must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The NMC27C32 must not be inserted into or removed 
from a board with Vpp at 25V ± 1 V to prevent damage to the device. 

Note 3: The maximum allowable voltage which may be applied to the Vpp pin during programming is 26V. Care must be taken when switching the Vpp supply 
to prevent overshoot exceeding this 26V maximum specification. A 0.1 p.F capacitor is required across Vpp, VCC to GND to suppress spurious voltage tran­
sients which may damage the device. 
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Functional Description 

DEVICE OPERATION 

The five modes of operation of the NMC27C32 are listed in 
Table I. A single 5V power supply is required in the read 
mode. All inputs are TIL levels except for OEJVpp during 
programming. In the program mode the OEJVpp iriput is 
pulsed from a TIL level to 25V. 

Read Mode 

The NMC27C32 has two control functions, both of which 
must be logically active in order to obtain data at the out· 
puts. Chip Enable (CE) is the power control and should be 
used for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
Independent of device selection. Assuming that addresses 

. are stable, address access time (tACel is equal to the delay 
from CE to output (tcE>. Data is available at the outputs 
after the falling edge of OE, assuming that CE has been 
low and addresses have been stable for at least tACC-tOE' 

Standby Mode 

The NMC27C32 has a standby mode which reduces the ac· 
tive power dissipation by 98%, from 26.25 mW to 0.53 mW. 
The NMC27C32 is placed in the standby mode by applying 
a TIL high signal to the CE input. When in standby mode, 
the outputs are in a high impedance state, independent of 
the OE input. 

Output OR·Tying 

Because EPROMS are usually used in larger memory ar· 
rays, National has provided a 2·line control function that 
accommodates this use of multiple memory connection. 
The 2·line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete assurance that output bus contention will 
not occur. 

To most efficiently use these two control lines, it is recom· 
mended that CE (pin 18) be decoded and used as the 
primary device selecting function, while OE (pin 20) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low power standby modes and that the output pins 
are active only when data is desired from a particular 
memory device. 

Programming 

CAUTION: Exceeding 26.5V on pin 20 (Vpp) will damage the 
NMC27C32. 

Initially, and after each erasure, all bits of the NMC27C32 
are in the "1" state. Data is introduced by selectively pro· 
gramming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" can be 
presented in the data word. The only way to change a "0" 
to a "1" is by ultraviolet light erasure. 

The NMC27C32 is in the programming mode when the 
OEJVpp input is at 25V. It is required that a 0.1 JlF capacitor 
be placed across OEJVpp, Vcc, and ground to suppress 
spurious voltage transients which may damage the de· 
vice. The data to be programmed is applied 8 bits in paral· 
lei to the data output pins. The levels required for the 
address and data inputs are TIL. 

When the address and data are stable, a 50 ms (10 ms for 
the NMC27C32H·45), active low, TTL program pulse is 
applied to the CE input. A program pulse must be ap· 
plied at each address location to be programmed. You 
can program any location at any time-either individu· 
ally, sequentially, or at random. The program pulse has a 
maximum width of 55 ms (11 ms for the NMC27C32H·45). 
The NMC27C32 must not be programmed with a DC 
signal applied to the CE input. 

Programming of multiple NMC27C32s in parallel with the 
same data can be easily accomplished due to the simplic· 
ity of the programming requirements. Like inputs of the 
paralleled NMC27C32s may be connected together when 
they are programmed with the same data. A low level TIL 
pulse applied to the CE input programs the paralleled 
NMC27C32s. 

Program Inhibit 

Programming multiple NMC27C32s in parallel with dif· 
ferent data is also easily accomplished. Except for CE, all 
like inputs (including OE) of the parallel NMC27C32s may 
be common. A TIL level program pulse applied to an 
NMC27C32's CE input with OEJVpp at 25V will program 
that NMC27C32. A high level CE input inhibits the other 
NMC27C32s from being programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine whether they were correctly programmed. The 
verify is accomplished with OEJVpp and CE at VIL. Data 
should be verified tov after the falling edge of CEo 

TABLE I. MODE SELECTION 

~ CE OE/vpp Vcc Outputs 

Mode (18) (20) (24) (9-11,13-17) 

Read VIL VIL 5 Dour 
Standby VIH Don't Care 5 Hi·Z 

Program VIL Vpp 5 DIN 
Program Verify VIL VIL 5 Dour 
Program Inhibit VIH Vpp 5 Hi·Z 
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Functional De~cription (Continued) 

ERASURE CHARACTERISTICS 

The erasure characteristics of the NMC27C32 are such 
that erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths In the 3000A -4000A 
range. Data shows that constant exposure to room·level 
fluorescent lighting could erase the typical NMC27C32 in 
approximately 3 years, while It would take approximately 1 
week to cause erasure when exposed to direct sunlight.Lf 
the NMC27C32 is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels 
should be placed over the NMC27C32 window to prevent 
unintentional erasure. Covering the window will also pre· 
vent temporary functional failure due to the generation of 
photo currents. 

The recommended erasure procedure for the NMC27C32 
is exposure to shortwave ultraviolet light which has a 
wavelength of 2537 Angstroms (A). The Integrated dose 
(I.e., UV intensity x exposure time) for erasure should be a 
minimum of 15W·sec/cm2• The erasure time with this dos· 
age is approximately 21 minutes using an ultraviolet lamp 
with a 12,000 j),W/cm2,power rating. The NMC27C32 should 
be placed within 1 inch of the lamp tubes during erasure. 
Some lamps have a filter on their tubes which should be 
removed before erasure. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at one 
inch. The erasure time increases as the square of the 
distance. (If distance Is doubled the erasure time in· 
creases by a factor of 4.) La:mps lose Intensity as they age. 
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When a lamp Is changed, the distance has changed or the 
lamp has aged, the system should be checked to make 
certain full erasure Is occurring. Incomplete erasure will 
cause symptoms that can be misleading. Programmers, 
components, and even system designs have been erron· 
eously suspected when incomplete erasure was the 
problem. 

SYSTEM CONSIDERATION 

The power switching characteristics of EPROMs require 
careful decoupling of the devices. The supply current, Icc, 
has three segments that are of interest to the system 
designer-the standby current level, the active current 
level, and the transient current peaks that are produced on 
the falling and rising edges of chip enable. The magnitude 
of these transient,current peaks Is dependent on the out· 
put capacitance loading of the device. The associated 
transient voltage peaks can be suppressed by properly 
selected decoupling capacitors. It is recommended that a 
'0.1 j),F ceramic capacitor be used on every device between 
Vee and GND. This should be a high frequency capacitor 
of low Inherent inductance. In addition, a 4.7 j),F bulk elec· 
trolytic capacitor should be used between Vee and GND 
for each eight devices. The bulk capacitor should be 
located near where the power supply is connected to the 
array. The purpose of the bulk capacitor is to overcome the 
voltage droop caused by the inductive effects of the PC 
board traces. 
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Section 11 
COPS 
Microcontrollers 



Introduction 
National's family of COPS microcontroilers provides a 
flexible, cost-effective solution for all types of applica­
tions that require timing, counting, and other control func­
tions. These microcontrollers can replace discrete logic, 
miniaturize, reduce component count, and/or add fea­
tures in a wide variety of applications ranging from indus­
trial systems to consumer products. 

The COPS family "Vas designed with the industry's most 
ROM-efficient instruction set. The result is that this con­
troller often requires significantiy less ROM to carry out a 
set of tasks than other 4-bit or 8-bit devices. The family 
incorporates: 

• a common Instruction set, 

• a common architecture, 

• a common pinout. 

As your program progresses, COPS enabies you to seiect 
the optimum device for the application. It is easy for a 
designer to vary the amount of 0.5k to 2k x 8 ROM and 32k 
to 128k x 4 RAM by simply specifying' a different part 
number-the pinouts stay common. These package op­
tions, together with National's MICROWIRE serial com­
munications protocol (which saves 110 lines and allows 
smaller packages), allow COPS to provide more features 
and more capabilities in your final product-and at the 
lowest possible cost. 

USER SELECTABLE POWER CONSUMPTION 

The device power consumption is truly selectable by the 
choice of power supply voltage and operating clock fre­
quency. The devices operate over a wide range of power 
supply voltages, 2.4V to 5.5V, and operate over a wide 
range of clock frequency, DC to 4 MHz (this is as fast as 
NMOS COPS). The minimum power dissipation of 15 p.W 
max occurs when the device is put into the halt mode 
(oscillator stopped). The device can easily be put into the 
halt mode by either a halt Instruction or by forcing CKO 
high. 

A unique feature of the COP424C and COP444C family of 
devices is the dual oscillator option. Under software control 
a DO oscillator can be selected or a CKI oscillator. Forexam­
pie, a 1 MHz RC oscillator Circuit could be selected as the 
DO oscillator and a much lower frequency (i.e., 32 kHz) 
oscillator to CKI. The DO oscillator would be selected where 
high speed processing is needed and the much lower fre­
quency oscillator when minimum current drain and pos­
sibly only timekeeping Is needed. 
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microCMOS COPS FOR EXTENDED TEMPERATURE 
RANGES 

The microCMOS process allows extending the operating 
temperature range of the new COPS products from - 55°C 
to + 125°C. Now COPS address the harsh environment 
presented by both military and automotive applications. 
Special COPS devices will also be available that are proc­
essed to MIL-STD-883B. 

TOTAL CMOS COPS DEVELOPMENT SUPPORT 

The MOLE (Microcontroller On Line Emulator)· develop­
ment system brings dedicated support to the COPS CMOS 
family of microcontrollers. Comprised of a brain board, 
personality board, software, and a choice of host com­
puters, the new system lets you cross-assemble and 
download your program to the MOLE boards and perform 
real-time in-circuit emulation. 

The MOLE system offers a low entrance cost by working 
with the host computer to reduce hardware and software 
duplication. By using the familiar host computer to do pro­
gram editing and disk loading, the need to learn a new 
computer system is eliminated; code development is com­
pleted more rapidly. 

MOLE software runs with a variety of host computers 
including National's STARPLEX I, STARPLEX II and 
COP400-PDS 1111, the popular Intellec Series II and MDS800 
and other CP/M·80@ systems, and even some popular per­
sonal computers. 

Once the program is assembled, the code is downloaded 
over an RS-232 link to the MOLE brain and COPS CMOS 
personality board. The resident firmware then allows the 
MOLE to operate in a free-standing workstation mode by . 
connecting a CRT (and printer, if hard copy is desired). 

The MOLE has powerful debugging tools in the worksta­
tion mode including trace memory, multiple breakpoints, 
and single-step diagnostics, in addition to internal 
register and shared memory modifications. 

The MOLE CMOS COPS system emulates the halt and idle 
on timer Instructions important to power-down modes, as 
well as allowing Vce operating voltages down to 2.7V. Ad­
ditionally, the MOLE emUlates the option configuration 
commands for dual clock, internal/external events, 
Microbus and frequency divide-by. These features ensure 
that the CMOS chip selected will be properly emulated in 
the circuit. The MOLE development system is ready to 
meet the needs of the CMOS design engineer, and 
remember, the MOLE also supports NMOS COPS and 
TMP. 

* See data sheet, pg. 13·11, In Section 13 of this databook. 



~National . 
D Semiconductor 

PRELIMINARY 

microCMOS 

COP404C ROMless CMOS Microcontrollers 

General Description 
The COP404C ROMless Microcontroller is a member of the 
COPSTM family, fabricated using double-poly, silicon gate 
CMOS (microCMOS) technology. The COP404C contains 
CPU, RAM, I/O and is identical to a COP444C device ex­
cept the ROM has been removed and pins have been add­
ed to output the ROM address and to input the ROM data. 
The COP404C can be configured, by means of external 
pins, to function as a COP444C, a COP424C, or a 
COP410C. Pins have been added to allow the user to select 
the various functional options that are available on the fami­
ly of mask-programmed CMOS parts. The COP404C is pri­
marily intended for use in the development and debug of a 
COP program for the COP444C/445C, COP424C/425C, 
and COP41 OC/ 411 C devices prior to masking the final part~ 
The COP404C is also appropriate in low volume applica­
tions or when the program might be changing. 

Block Diagram 

IPO 
IPI 

11'2 
In 
IP4 

IPS 

'" 

Yee TIN GNO AD/fiiii 

Features 
• Acc4rate emulation of the COP444C, COP424C and 

COP410C 
• Lowest Power Dissipation (50 p.W typical) 
• Fully static (can turn off the clock) 
.. Power saving IDLE state and HALT mode 
• 4 p.s instruction time, plus software selectable clocks 
• 128 x 4 RAM, addresses 2k x 8 ROM 
• True vectored interrupt, plus restart 
• Three-level subroutine stack 
• Single supply operation (2.4V to 5.5V) 
• Programmable read/write 8-bit timer/event counter 
II Internal binary counter register with MICROWIRETM 

serial I/O capability 
• General purpose and TRI-STATEI!!l outputs 
a LSTILICMOS compatible 
• MICROBUSTM compatible 
• Software/hardware compatible with other members of 

the COP400 family 

CXDH 

OS 
DZ 
DI 
DO 

.....-----F-+~ :]1 
SI 

r---~.---~~--~~ 

31 Z9 11 30 15 " 11 ,. ZZ Z3 Z4 n 

tKOI 1N3 INZ INIIND 17 La L5 L4 LS LZ L1 La 

FIGURE 1. Block Diagram 
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Absolute Maximum Ratings 
Supply Voltage 6V Operating temperature range O· to +70·C 

Voltage at any pin -0.3V to Vee + 0.3V Storage temperature range - 65·C to + 150·C 

Total Allowable Source Current 25mA Lead temperature (soldering, 10 sec.) 300·C 

Total Allowable Sink Current 25mA 

DC Electrical Characteristics o·c s; T as; 70·C unless otherwise specified 

Parameter Conditions Min Max Units 

Operating Voltage 2.4 5.5 V 
Power Supply Ripple peak to peak 0.1 Vee V 
(Note 5) 

Supply Current Vee=2.4V, tc =64,..,s 120 ,..,A 
(Note 1) Vee = 5.0V, tc=16,..,s 700 ,..,A 

Vee=5.0V, tc=4,..,s 3000 ,..,A 
(T c is instruction cycle time) 

HAL T Mode Current Vee=5.0V, FIN=O kHz 40 ,..,A 
(Note 2) Vee = 2.4V, FIN=O kHz 12 ,..,A 

Input Voltage Levels 
RESET, DO (clock input) 
CKI 

Logic High 0.9 Vee V 
Logic Low 0.1 Vee 'V 

All other inputs (Note 7) 
Logic High 0.7 Vee V 
Logic Low 0.2 Vee V 

Input Pull-up 
current Vee=4.5V, VIN=O 30 . 330 ,..,A 

Hi-Z input leakage -1 +1 ,..,A 

Input capacitance 7 pF 
(Note 4) 

Output Voltage Levels Standard outputs 
LSTTL Operation Vee=5.0V ±5% 

Logic High IOH= -100,..,A 2.7 V 
Logic Low IOL =400,..,A 0.4 V 

CMOS Operation 
Logic High IOH= -10,..,A Vee- 0.2 V 
Logic Low IOL =10,..,A 0.2 V 

Output current levels 
Sink (Note 6) Vee=4.5V, VOUT=Vee 1.2 mA 

Vee=2.4V, VOUT=Vee 0.2 mA 
Source (Standard option) Vee=4.5V, VOUT=OV 0.5 mA 

Vee=2.4V, VOUT=OV 0.1 mA 
Source (Low current option) Vee=4.5V, VOUT=OV 30 330 ,..,A 

Vee=2.4V, VOUT=OV 6 80 ,..,A 

Allowable Sink/Source current per, pin 5 mA 
(Note 6) 

Allowable Loading on CKOH 100 pF 

Current' needed to over-ride HALT 
(Note 3) 
To continue Vee=4.5V, VIN=2Vee .7 rnA 
To halt Vee=4.5V, VIN=7Vee 1.6 mA 

TRI-STATE leakage current -2.5 +2.5 ,..,A 
Note: Absolute maximum ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications are not ensured when 
operating the device at absolute maximum ratings. 
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COP404C 

AC Electrical Characteristics o·c ~ T A ~ 70·C unless otherwise specified 

Parameter Conditions Min Max Units 

Instruction Cycle Vcc~4.5V 4 DC P.s 

Time(td 4.5V> Vcc~ 2.4V 16 DC p.s 

Operating CKI Vcc~4.5V DC 1.0 MHz 

Frequency 4.5V> Vcc~ 2.4V DC 250 kHz 

Duty Cycle (Note 4) f1=4 MHz 40 60 % 

Rise Time (Note 4) f1 = 4 MHz external clock 60 ns 

Fall Time (Note 4) f1 =4 MHz external clock 40 ns 

Instruction Cycle R=30k, Vcc=5V 

Time using DO as a C=82pF 8 16 P.s 

RC Oscillator Dual-

Clock Input (Note 4) 

INPUTS: (See Fig. 3) 
tSETUP G Inputs 

) 
Tc/4+.7 J-Ls 

Sllnput 
VCc~4.5V 

0.3 P.s 
IP Input 1.0 J-Ls 
All Others 1.7 P.s 

tHOLO Vcc~4.5V 0.25 J-Ls 
4.5V> Vcc~ 2.4V 1.0 P.s 

OUTPUT 
PROPAGATION DELAY VOUT=1.5V, CL =100 pF, RL =5K 

IP7-IPO, A10-A8, SKIP 
tp01, tpoo Vcc~4.5V 1.94 J-Ls 

4.5V> Vcc~ 2.4V 7.75 p.s 

AD/DATA , 
tpOlo tpoo VCC~4.5V 375 ns 

4.5V> Vcc~ 2.4V 1.5 p.s 

ALL OTHER OUTPUTS 
tp01, tpoo Vcc>4.5V 1.0 P.s 

4.5V>Vcc~2.4V 4.0 P.s 

MICROBUS TIMING CL =50 pF, Vcc=5V±5% 
Read Operation (Fig. 4) 

Chip select stable before RD -tCSR 65 ns 

Chip select hold time for RD -tRCS 20 ns 

RD pulse width -tRR 400 ns 

Data delay from RD -tRO 375 ns 

RD to data floating -tOF (Note 4) 250 ns 

Write Operation (Fig. 5) 

Chip select stable before WR -tcsw 65 ns 

Chip select hold time for WR -twcs 20 ns 

WR pulse width -tww 400 ns 

Data set-up time for WR -tow 320 ns 

Data hold time for WR -two 100 ns 

INTR transition time from WR -tWI 700 ns 
Note 1: Supply current Is measured after running for 2000 cycle times with a square-wave clock on CKI and all other pins pulled up to Vee with 20k resistors. See 
current drain equation on page 16. 
Note 2: Test conditions: All Inputs tied to Vee: L lines in TRI-STATE mode and tied to Ground: all outputs tied to Ground. 
Note 3: When forcing HALT, current Is only needed for a short time (approx. 200 ns) to flip the HALT flip-flop. 
Note 4: This parameter Is only sampled and not 100% tested. 
Note 5: Voltage change must be less than 0.5 volts in a 1 ms period. 
Note 6: SO output sink current must be limited to keep VOL less than 0.2 Vee to prevent entering test mode. 
Note 7: MB, "i'iN, DOAI. gE[f(), ~, Input levels at Vee or Vss. 
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Connection Diagram 

A9 

fiN 
Ma 
D1 

D2 

D3 

DO 
A8 
DUAL 

10 AD/DATA 
11 SEL10 . 

12 COP404C SEL20 

13 SKIP 
14 G3 

15 G2 
16 G1 
17 GO 
18 IN3 
19 INO 
20 SK 
21 UNUSED 
22 SO 
23 
24 25 LO 

TOPYIEW 
TL/B/5530-2 

Order Number COP404CD or COP404CN 

Pin Description 

Vee Most positive voltage 

Vss Ground 
CKI Clock input 
RS Reset in'put 
CKOI General purpose input 
LO-L7 B TRI-STATE liD 
GO-G3 4 general purpose liD 
01-03 3 general purpose outputs 
DO Either general purpose output 

or Dual-Clock RC input 
INO-IN3. 4 general purpose inputs 
SO Serial data output 
SI Serial data input 
SK Serial data clock output 
IPO-IP7 1/0 for ROM address and data 
AB, A9. A10 3 address outputs 
SKIP Skip status output 
ADIDATA Clock output 
MB MICROBUS select input 
CKOH Halt I/O pin 
DUAL Dual-Clock select input 
TIN Timer input select pin 
SEL10 COP410C emulation select input 
SEL20 COP424C emulation select input 
UNUSED Ground 

See NS Package D48A or N48A FIG.URE 2 

The internal architecture is shown in Figure 1. Data paths 
are illustrated in simplified form to depict how the various 
logic elements communicate with each other in implement­
ing the instruction set of the device. Positive logic is used. 
When a bit is set, it is a logic "1", when a bit is reset, it is a 
logic "0". 

PROGRAM MEMORY 

Program. Memory consists of a 204B-byte external memory 
(typically PROM). Words of this memory may be program 
instructions, constants or ROM addressing data. ' . 

ROM addressing is accomplished by a 11-bit PC register 
which selects one of the B-bit words contained in ROM. A 
new address is loaded into the PC register during each in­
struction cycle. Unless the instruction is a transfer of control 
instruction, the PC register is loaded with the next sequen­
tial 11~bit binary count value. 

Three levels of subroutine nesting are implemented by a 
three level deep stack. Each subroutine call or interrupt 
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pushes the next PC address into the stack. Each return 
pops the stack back into the PC register. 

DATA MEMORY 

Data memory consists of a 512-bitRAM, organized as B 
data registers of 16 x 4-bit digits. RAM addressing is imple­
mented by a 7 -bit B register whose upper 3 bits (Br) select 1 
of B data registers and lower 4 bits (Bd) select 1 of 16 4-bit 
digits in the selected data register. While the 4-bit contents 
of the selected RAM digit (M) are usually loaded into or 
from, or exchanged with, the A register (accumulator), it 
may also be loaded into or from the Q latches or T counter 
or loaded from the L ports. RAM addressing may also be 
performed directly by the LDD and XAD instructions based 
upon the immediate operand field of these instructions. The 
Bd register also serves as a source register for' 4-bit data 
sent directly to the 0 outputs. 



Timing Diagrams 

CKI 

AD/DATA. SK 
(AS A CLOCK) _"""""""'"~ 

IN3-INO. 7JJ,imm~~'iJi.'iJi.7JJi?mmm~r---'h~~~~~~~~~~~~~~~~~ C~~\~;:I~'I~~UL~S ~~~~~~~~~~~Ijfj'\._~...;,,~'" 
G3-GO. 03-00. 
L7-LO. SO. SK' __ ~ _____ -:-_~~~~r 

OUTPUTS 

~_PO' A10-A1.IP7-IPD. - - - - - -
SKIP OUTPUTS ___ ...IJ,_""""",,..., VOH 

TLIB/5530-3 

, FIGURE 3. Input/Output Timing 

J . 'RR • -tRcs-1 

(lN1) R1i , 
... tCSR-. -tRO- _tOF_ 

(L7- La) 07- 00 ------------t( ____________ --Jl~ 
TL/B/5530-4 

FIGURE 4. MICROBUS Read Operation Timing 

.I-tcsw -. • lVi'll • -IV/CS-I 

'-- I 
_tow_ 

. , .,. 

- 'WOI-

w X I\. . 'WI .. 
(GOI INTR 

\ TL/B/5530-5 

FIGURE 5. MICROBUS Write Operation Timing 
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INTERNAL LOGIC 

The processor contains its own 4-bit A register (accumula­
tor) which is the source and destination,register for most 
liD. arithmetic. logic. and data memory access operations. 
It can also be used to load the Br and Bd portions of the B 
register. to load and input 4 bits of the B-bit Q latch or T 
counter. L liD ports data. to input 4-bit G. or IN ports. and to 
perform data exchanges with the SID register. 

A 4-bit adder performs the arithmetic and logic functions. 
storing the results in A. It also outputs a carry bit to the 1-bit 
C register. most often employed to indicate arithmetic over­
flow. The C register in conjunction with the XAS instruction 
and the EN register. also serves to control the SK output. 

The B-bit T counter is a binary up counter which can be 
loaded to and from M and A using CAMT and CTMA instruc­
tions. This counter may be operated in two modes: as a 
timer if TIN pin is tied to Ground or as an external event 
counter if TIN pin is tied to Vee. When the T counter over­
flows. an overflow flag will be set (see SKT and IT instruc­
tions below). The T counter is cleared on reset. A functional 
block diagram of the timerlcounter is illustrated in Figure 
10a. 
Four general-purpose inputs. IN3-INO. are provided. IN1. 
IN2 and IN3 may be selected (by pulling MB pin low) as 
Read Strobe. Chip Select. and Write Strobe inputs. respec­
tively. for use in MICROBUS application. 

The 0 register provides 4 general-purpo.se outputs and is 
used as the destination register for the 4-bit contents of Bd. 
In the dual clock mode. DO latch controls the clock selection 
(see dual oscillator below). 

The G register contents are outputs to a 4-bit general-pur­
pose bidirectional 1/0 port. GO may be selected as an out­
put for MICROBUS applications. 

The Q register is an internal. latched. B-bit register. used to 
hold data loaded to or from M and A. as well as B-bit data 
from ROM. Its contents are outputted to the L I/O ports 
when the L drivers are enabled under program control. With 
the MICROBUS option selected. Q can also be loaded with 
the B-bit contents of the L I/O ports upon the occurrence of 
a write strobe from the host CPU. 

The B L drivers. when enabled. output the contents of 
latched Q data to the L 1/0 port. Also. the contents of L may 
be read directly into A and M. As explained above. the MI­
CROBUS option allows L I/O port data to be latched into 
the Q register. 

The SID register functions as a 4-bit serial-in/serial-out shift 
register for MICROWIRETM liD and COPS peripherals. or 
as a binary counter (depending on the contents of the EN 
register). Its contents can be exchanged with A. 
The XAS instruction copies C into the SKL latch. In the 
counter mode. SK is the output SKL; in the shift register 
mode. SK outputs SKL AN Oed with the clock. 

EN is an internal 4-bit'register loaded by the LEI instruction. 
The state of each bit of this register selects or deselects the 

particular feature associated with each bit of the EN 
register: 

O. The least significant bit of the enable register. ENO. se­
lects the SID register as either a 4-bit shift register or a 4-
bit binary counter. With ENO set. SID is an asynchronous 
binary counter. decrementing its value by one upon each 
low-going pulse ("1" to "0") occurring on the SI input. 
Each pulse must be at least two instruction cycles wide. 
SK outputs the value of SKL. The SO output equals the 
value of EN3. With ENO reset. SID is a serial shift register 
left shifting 1 bit each instruction cycle time. The data 
present at SI goes into the least significant bit of SID. SO 
can be enabled to output the most significant bit of SID 
each cycle time. The SK outputs SKL ANOed with the 
instruction cycle clock. 

1. With EN1 set. interrupt is enabled. Immediately following 
an interrupt. EN1 is reset to disable further interrupts. 

2. With EN2 set. the L drivers are enabled to output the data 
in Q to the L liD port. Resetting EN2 disables the L driv­
ers. placing the L I/O port in a high-impedance input 
state. 

3. EN3. in conjunction with ENO; affects the SO output. With 
ENO set (binary counter option selected) SO will output 
the value loaded into EN3. With ENO reset (serial shift 
register option selected). setting EN3 enables ~O as the 
output of the SID shift register. outputting serial shifted 
data each instruction time. Resetting EN3 with the serial 
shift register option selected disables SO as the shift reg­
ister output; data continues to be shifted through SID and 
can be exchanged with A via an XAS instruction but SO 
remains set to "0". 

INTERRUPT 

The following features are associated with interrupt proce­
dure and protocol and must be considered by the program­
mer when utilizing interrupts. 

a. The interrupt. once recognized as explained below. 
pushes the next sequential program counter address 
(PC + 1) onto the stack. Any previous contents at the bot­
tom of the stack are lost. The program counter is set to 
hex address OFF (the last word of page 3) and EN1 is 
reset. 

b. An interrupt will be recognized only on the following con­
ditions: 

1. EN1 has been set. 

2. A low-going pulse ("1" to "0") at least two instruction 
cycles wide has occurred on the IN1 input. 

3. A currently executing instruction has been completed. 

4. All successive transfer of control instructions and suc-
, cessive LBls have been completed (e.g. if the main 

program is executing a JP instruction which transfers 
program control to another JP instruction. the interrupt 
will not be acknowledged until the second JP instruc­
tion has been executed). 

TABLE I. ENABLE REGISTER MODES - BrTS ENO AND EN3 

ENO EN3 

,0 o 

o 

o 

SIO SI SO 

Shift Register Input to Shift 0 
Register 

Shift Register Input to Shift Serial 
Register out 

Binary Counter Input to Counter 0 

Binary Counter Input to Counter 
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SK 

If SKL=1. SK=clock 
If SKL=O. SK=O 
If SKL=1. SK=clock 

·IfSKL=O.SK=O 
, SK = SKL 

SK = SKL 



c. Upon acknowledgement of an interrupt, the skip logic 
status is saved and later restored upon popping of the 
stack. For example, if an interrupt occurs during the exe­
cution of an ASC (Add with Carry, Skip on Carry) instruc­
tion which results in carry, the skip logic status is saved 
and program control is transferred to the interrupt servic­
ing routine at hex address OFF. At the end of the interrupt 
routine, a RET instruction is executed to pop the stack 
and return program control to the instruction following the 
original ASC. At this time, the skip logic is enabled and 
skips this instruction because of the previous ASC carry. 
Subroutines should not be nested within the interrupt 
service routine, since their popping of the stack will en-

. able any previously saved main program skips, interfering 
with the orderly execution of the interrupt routine. 

d. The instruction at hex address OFF must be a NOP. 

e. An LEI instruction may be put immediately before the 
RET instruction to re-enable interrupts. 

MICROBUS INTERFACE 

With MB pin tied to Ground, the COP404C can be used as a 
peripheral microprocessor device, inputting and outputting 
data from and to a host microprocessor (,...P). IN1, IN2 and 
IN3 general purpose inputs become MICROBUS compatible 
read-strobe, chip-select, and write-strobe lines, respectively. 
IN1 becomes RD - a logic "0" on this input will cause Q 
latch data to be enabled to the L ports for input to the ,...P. 
IN2 becomes CS - a logic "0" on this line selects the 
COP404C and the ,...p peripheral device by enabling the op­
eration of the RD and WR lines and allows for the selection 
of one of several peripheral components. IN3 becomes WR 
- a logic "0" on this line will write bus data from the L ports 
to the Q latches for input to the COP404C. GO becomes 
INTR a "ready" output, reset by a write pulse from the ,...p 
on the WR line, providing the "handshaking" capability nec­
essary for asynchronous data transfer between the host 
CPU and the COP404C. 

This option has been designed for compatibility with Nation­
al's MICROBUS - a standard interconnect system for 8-bit 
parallel data transfer between MOSILSI CPUs and interfac­
ing devices. (See MICROBUS National Publication). The 
functioning and timing relationships between the signal lines 
affected by this option are as specified for the MICROBUS 
interface, and are given in the AC electrical characteristics 
and shown in the timing diagrams (Figures 4 and 5). Con­
nection of the COP404C to the MICROBUS is shown in Fig­
ure 6. 

INTERRUPT IINTRI 

MICROPROCESSOR READ STROBE (ROI 
CHIP SELECT (CSI 

WRITE STROBE (WRI 

RESET 

RESET 

POWER 
SUPPLY CLOCK 

RESET 

INO­

SI­

SO 
SK 

IN 

OUT 

TL/B/5530-7 

FIGURE 6. MICROBUS Option Interconnect 
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INITIALIZATION 

The external RC network shown in Figure 7 must be con­
nected to the RESET pin for the internal reset logic to initial­
ize the device upon power-up. The RESET pin is configured 
as a Schmitt trigger input. If not used, it should be connect­
ed to Vee. Initialization will occur whenever a logic "0" is 
applied to the RESET input, providing it stays low for at 
least three instruction cycle times. 

Upon initialization, the PC register is cleared to 0 (ROM ad­
dress 0) and the A, B, C, D, EN, IL, T and G registers are 
cleared. The SKL latch is set, thus enabling SK as a clock . 
output. Data Memory (RAM) is not cleared upon initializa­
tion. The first instruction at address 0 must be a CLRA 
(clear A register). 

TIMER 

Vee 

~~t---f II£lli COP404C 

GND 

RC ~ 5X POWER SUPPLY RISE TIME 
AND RC ~ 1DOX CKI PERIOD. 

TLIB/5530-8 

FIGURE 7. Power-Up Circuit 

There are two modes selected by TIN pin: 

a) Time-base counter (TIN pin low). In this mode, the in­
struction cycle frequency generated from CKI passes 
through a 2-bit divide-by-4 prescaler. The output of this 
prescaler increments the 8-bit T counter thus providing a 
10-bit timer. The prescaler is cleared during execution of 
a CAMT instruction and on reset. For example, using a 
1 MHz crystal, the instruction cycle frequency of 250 kHz 
(divide by 4) increments the 10-bit timer every 4 ,...S. By 
presetting the counter and detecting overflow, accurate 
timeouts between 16 ,...S (4 counts) and 4.096 mS (1024 
counts) are possible. Longer timeouts can be achieved 
by accumulating, under software control, multiple over­
flows. 

b) External event counter (TIN pin high). In this mode, a low­
going pulse ("1" to "0") at least 2 instruction cycles wide 
on the IN2 input will increment the 8-bit T counter. 

Note: the IT instruction is not allowed in this mode. 

HALT MODE 

The COP404C is a FULLY STATIC circuit; therefore, the 
user may stop the system oscillator at any time to halt the 
chip. The chip may also be halted by two other ways (see 
Figure 8): 

-Software HALT: by using the HALT instruction. 

- Hardware HALT: by using the HALT 1/0 port CKOH. It 
is an 1/0 flip-flop which is an indicator of the HALT 
status. An external signal can over-ride this pin to start 
and stop the chip. By forcing CKOH high the 
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chip will stop as soon as CKI is high and CKOH output will 
stay high to keep the chip stopped if the external driver 
returns to high impedance state. 

Once in the HALT mode, the internal circuitry does not re­
ceive any clock signal and is therefore frozen in the exact 
state it was ir;J when halted. All information is retained until 
continuing. 

The chip may be awakened by one of two different meth­
ods: 

-J. Continue function: by forcing CKOH low, the system 
clock will be re-enabled and the circuit will continue to 
operate from the point where it was stopped. CKOH 
will stay low. 

- Restart: by forcing the RESET pin low (see Initializa­
tion) 

The HALT mode is the minimum power dissipation state. 

Note: if the user has selected dual-clock (DUAL pin tied to 
Ground) AND is forcing an external clock on DO pin 
AND the COP404C is running from the DO clock, the 
HALT mode - either hardware or software - will NOT 
be entered. Thus, the user should switch to· the CKI 
clock to HALT. Alternatively, the user may stop the DO 
clock to minimize power. 

Oscillator Options 
There are two basic clock oscillator configurations available 
as shown by Figure 9. 

- CKI oscillator: CKI is configured as a LSTTL compati­
ble input external clock signal. The external frequency 
is divided by 4 to give the instruction cycle time. 

- Dual oscillator. By tying DUAL pin to Ground, pin DO is 
now a single pin RC controlled Schmitt trigger oscilla­
tor input. The user may software select between the 

HALT 
INSTRUCTION 

DO oscillator (the instruction cycle time equals the DO 
oscillation frequency divided by '4) by setting the DO 
latch high or the CKI oscillator by resetting DO latch 
low. 
Note that even in dual clock mode, the counter, if used 
as a time-base counter, is always connected to the CKI 
oscillator.' 

For example, the user may connect up to a 1 MHz RC 
circuit to DO for faster processing and a 32 kHz exter­
nal clock to CKI for minimum current drain and time 
keeping. 

Note: CTMA instruction is not allowed when the chip is run­
ning from DO clock. 

Figures 10a and 10b show the timer and clock diagrams 
with and without Dual-Clock. 

Vee 

CKI 

J1..r 
EXTERNAL 

CLOCK TL/B/5530-9 

Cycle 
R C Time Vee 

15k 82pF . 4-9 J-Ls ::::4.5V 
30k 82pF 8-16 J-Ls ::::4.5V 
60k 100 pF 16-32 J-Ls 2.4-4.5V 

Note: 15k~R~ 150k 

50 pF~C~150 pF 

FIGURE 9. Dual-Oscillator Component Values 

TO CLOCK 
GENERATOR 

TLIB/5530-10 

FIGURE 8. HALT Mode 
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FIGURE 10a. Clock and Timer Block Diagram without Dual-Clock 

TL/B/5530-12 

Figure 10b. Clock and Timer Block Diagram with Dual-Clock 
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External Memory Interface 
The COP404C is designed for use with an external Program 
Memory. 

This memory may be implemented using any devices having 
the following characteristics: 

1. random addressing 

2. LSITL or CMOS-compatible TRI-STATE outputs 

3. LSITL or CMOS-compatible inputs 

4. access time = 1. 0 I-ts max. 

Typically, these requirements are met using bipolar PROMs 
or MOS/CMOS PROMs, EPROMs or E2PROMs. 

During operation, the address of the next instruction is sent 
out on A10, A9, A8 and IP7 through IPO during the time that 
AD/DATA is high (logic "1"=address mode). Address data 
on the IP lines is stored into an external latch on the high-to­
low transition of the AD/DATA line; A10, A9 and A8 are 
dedicated address outputs, and ,do not need to be latched. 
When AD/DAT A is low (logic "0" = data mode), the output 
of the memory is gated onto IP7 through IPO, forming the 
input bus. Note that AD/DAT A output has a period of one 
instruction time, a duty cycle of approximately 50%, and 
specifies whether the IP lines are used for address output or 
data input. A simplified block diagram of the external memo­
ry interface is shown in Figure 11. 

AlD 

A9 
CDP404C - AS - AD/DATA 

IP7-IPa 

JIt' ~ 

A 
8 'e. I DATA 

~ 

~ ........ 7' 
0 

I ~I eLK LATCH S 

D 

en 
on 

~ 8 
C( 

'-..,.. 7' 

...... EE AD-A7 00-07 

--+A8 
MEMORY 

A9 
AlD 

TLIB/S530-13 

FIGURE 11. External Memory Interface to COP404C 
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COP404C Instruction Set 
Table II is a symbol table providing internal architecture, in­
struction operand and operation symbols used in the in­
struction set table. 

Table III provides the mnemonic, operand, machine code 
data flow, skip conditions and description of each instruc­
tion. 

Table II. Instruction Set Table Symbols 
Symbol Definition 
Internal Architecture Symbols 
A ' 4-bit Accumulator 
8 7 -bit RAM address register 
8r Upper 3 bits of 8 (register address) 
8d Lower 4 bits of 8 (digit address) 
C 1-bit Carry register 
D 4-bit Data output port 
EN 4-bit Enable register 
G 4-bit General purpose 110 port 
IL two 1-bit (INO and IN3) latches 
IN 4-bit input port 
L 8-bit TRI-STATE 1/0 port 
M 4-bit contents of RAM addressed by 8 
PC 11-bit ROM address program counter 
Q a-bit latch for L port 
SA 11-bit Subroutine Save Register A 
S8 11-bit Subroutine Save Register 8 
SC 11-bit Subroutine Save Register C 
SIO 4-bit Shift register and counter 
SK Logic-controlled clock output 
SKL 1-bit latch for SK output 
T 8-bit timer 

Instruction operand symbols 
d , 4-bit operand field, 0-15 binary (RAM digit select) 

3-bit operand field, 0-7 binary (RAM register select) 
a' 11-bit operand field, 0-2047 
y 4-bit operand field, 0-15 (immediate data) 
RAM (x) RAM addressed by variable 'x 
ROM (x) ROM addressed by variable x 
Operational Symbols 
+ Plus 

Minus 
-> Replaces 
< - > is exchanged with 

Is equal to 

A 
Ell 

one's complement of A 
exclusive-or 
range of values 



Instruction Set TABLE III (Continued) 
TABLE: III. COP404C INSTRUCTION SET . 

, 
Hex 

Machine 
Mnemonic Operand Language Data Flow 

Code 
Code (Binary) 

ARITHMET{C INSTRUCTIONS 

ASC 30 10011100001 A+C+RAM(B) ~ A 
Carry ~ C 

ADD 31 10011100011 A+RAM(B) ~ A 
ADT 4A 10011100011 A+101O ~ A 
AISC Y 5- 101011 'i. I A+y ~ A 

CASC 10 10001100001 A+RAM(B)+C ~ A 
Carry ~ C 

CLRA 00 10000100001 O~A 

COMP 40 10100100001 A~A 
NOP 44 10100101001 None 
RC 32 10011100101 "0" ~ C 
SC 22 10010100101 "1" ~ C 
XOR 02 10000100101 A EI) RAM(B) ~ A 

TRANSFER OF CONTROL INSTRUCTIONS 

JID FF 11111111111 ROM (PC10:8 A,M) ~ PC7:0 
JMP a 6- 1011~~0IilQ'al a ~ PC 

- a· 
JP a - 111 a6'0 1 a ~ PC6:0 

(pages 2,3 only) 
or 

- 1111 a~'Q 1 a ~ PCs:o 
(all other pages) 

JSRP a - 1101 a~'Q/ PC+ 1> ~ SA ~ SB ~ SC 
00010 ~ PC10:6 
a ~ PCs:o 

JSR a 6- 10110111a1Q'61 PC+l ~ SA ~ SB ~ SC 

- ~ a ~ PC 
RET 48 10100110001 SC ~ SB ~ SA ~ PC 
RETSK 49 10100110011 SC ~ SB ~ SA ~ PC 

HALT 33 10011100111 
38 10011110001 

IT 33 10011100111 
39 10011110011 

MEMORY REFERENCE INSTRUCTIONS 

CAMT 33 10011100111 A ~ T7:4 
3F 10011111111 RAM (B) ~ T 3:0 

CTMA 33 10011100111 T 7:44 ~ RAM (B) 
2F 1001011111/ T3:0 ~ A 

CAMO 33 10011100111 A ~ 07:4 
3C 10011111001 RAM (B) ~ 03:0 

COMA 33 10011100111 07:4 ~ RAM (B) 
2C 10010111001 03:0 ~ A 

LD r -5 1001 r 101011 RAM (B) ~ A 
(r=0:3) BrEI) r ~ Br 

LDD r,d 23 10010100111 RAM(r,d) ~ A 

- 101 rid 1 
LOID BF 11011111111 ROM(PC10:8,A,M) -+ Q 

SB ~ SC 
RMB 0 4C 10100111001 o ~ RAM(B)o 

1 45 10100101011 o ~ RAM(B)1 
2 42 10100100101 o ~ RAM(B)2 
3 43 10100100111 o ~ RAM(Bb 
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Skip 
Conditions 

Carry 

None 
None 
Carry 

Carry 

None 
'None 
None 
None 
None 
None 

None 
None 

None 

None 

None 

None 
Always Skip 
on Return 

None 

None 

None 

None 
None 

None 

None 

None 

None 

None 

Description 

Add with Carry, Skip on 
Carry 
Add RAM'toA 
Add Ten to A 
Add Immediate. Skip on 
Carry (y# 0) 
Compliment and Add with 
Carry, Skip on Carry 
Clear A 
Ones complement of A to A 
No Operation 
Resete 
SetC 
Exclusive-OR RAM with A 

Jump Indirect (note 2) 
Jump 

)ump within Page (Note 3) 

Jump to Subroutine Page 
(Note 4) 

Jump to Subroutine 

Return from Subroutine 
Return from Subroutine 
then Skip 

HALT processor 

IDLE till timer 
overflows then continues 

Copy A, RAM to T 

Copy T to RAM, A 
Copy A, RAM to 0 

Copy 0 to RAM, A 

\ 
Load RAM into A, 
Exclusive-OR Br with r 
Load A with RAM pointed 
to direct by r,d 
Load 0 Indirect (Note 2) 

Reset RAM Bit 

o o 
"tJ 
~ 
o 
~ o 
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Instruction Set TABLE III (Continued) 

Machine 

Mnemonic Operand 
Hex Language 

Code Code 
(Binary) 

5MB 0 40 10100111011 
1 47 10100101111 
2 46 10100101101 
3, 4B 10100110111 

STU y 7- lQ!11W 

X r -6 1001 r 101101 
(r=0:3) 

XAD r,d 23 10010100111 
- l!LLLgJ 

XDS r -7 1001 r 101111 
(r=0:3) 

XIS r -4 1001 r 101001 
(r=0:3) 

REGISTER REFERENCE INSTRUCTIONS 

CAB 50 10101100001 
CBA 4E 10100111101 
LBI r,d - 1001 r l~d-1ll 

(r=0:3: 
d=O,9:15) 

or 
33 10011100111 
- l!LLLgJ 

(any r, any d) 
LEI y 33 10011100111 

6- lQllQW 
XABR 12 10001100101 

TEST INSTRUCTIONS 

SKC 20 10010100001' 
SKE 21 10010100011 
'SKGZ 33 10011100111 

21 10010100011 
SKGBZ 33 10011100111 

0 01 10000100011 
1 11 10001100011 
2 03 10000100111 
3 13 10001100111 

SKMBZ 0 01 10000100011 
1 11 10001100011 
2 03 10000100111 
3 13 10001100111 

SKT 41 10100100011 

. 
. Data Flow 

Skip 
Description 

Conditions 

1 -+ RAM(B)o None Set RAM Bit 
1 -+ RAM(B)1 
1 -+ RAM(B)2 

" 1 -+ RAM(B)3 
y -+ RAM (B) None Store Memory Immediate 
Bd e 1 -+ Bd and Increment Bd 
RAM (B) -+ A None Exchange RAM with A, 
Br e r-+ Br Exclusive-OR Br with r 
RAM(r,d) -+ A None Exchange A with RAM 

pointed to directly by r,d 
RAM(B) -+ A Bd Exchange RAM with A 
Bd-1 -+ Bd decrements and Decrement Bd. 
Br e r -+ Br past 0 Exclusive-OR Br with r 
RAM (B) -+ A Bd Exchange RAM with A 
Bd+1 -+ Bd increments and Increment Bd, 
Br e r -+ Br past 15 Exclusive-OR Br with r 

A -+ Bd None Copy A to Bd 
Bd -+ A None CopyBdtoA 
r,d -+ B Skip until Load B Immediate with r,d 

not a LBI (Note 5) 

'I 

y -+ EN None Load EN Immediate (Note 6) 

A ~ Br None Exchange A with Br (Note 7) 

C="1" Skip if C is True 
A=RAM(B) Skip if A Equals RAM 

G3:0=O Skip if G is Zero . 
(all 4 bits) 

1st byte Skip if G Bit is Zero 
Go=O 

2nd byte 
G1=0 
G2=0 
G3=0 
RAM(B)o=O Skip if RAM Bit is Zero 
RAM(B)1=0 
RAM(B)2=0 
RAM(B)3=0 
A time-base Skip on Timer 

counter (Note 2) 
carry has 
occured 

since last test 
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Instruction Set TABLE III (Continued) 

Machine 

Mnemonic Operand 
Hex Language 

Data Flow 
Skip 

Description 
Code Code Conditions 

(Binary) 

INPUT IOUTPUT INSTRUCTIONS 

ING 33 10011100111 G-A None Input G Ports to A 
2A 1001011010/ 

ININ 33 10011100111 IN- A None Input IN Inputs to A 
28 1001011000/ 

INIL 33 10011100111 IL3, CKO, "0", ILo - A None Input IL Latches to A' 
29 10010110011 (Note 2) 

INL 33 1001110011/ L7:4_ RAM(8) None Input L Ports to RAM,A 
2E 10010/11101 L3:0 - A 

OBD 33 10011100111 8d - D None Output 8d to D Outputs 
3E 10011/11101 

OGI y 33 10011100111 y-G None Output to G Ports 
5- !Q1Q1UJ . Immediate 

OMG 33 10011100111 RAM (B) - G None Output RAM to G Ports 
3A 10011110101 

XAS 4F 10100111111 A ~ SIO,C - SKL None Exchange A with SID 
(N'ote2) 

Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered 0 to N where 
o signifies the least significant bit (low-order, right-most bit). For example, AJ indicates the most significant (left-most) bit of the 4-bit A register. 

Note 2: For additional information on the operation of the XAS, JID, LaiD, INIL, and SKT instructions, see below. 

Note 3: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction, 
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page. 

Note 4: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of Pl. A JSRP may not be used when in pages 2 or 3. JSRP 
may not jump to the last word in page 2. 

Note 5: LBI is a single-byte instruction if d = 0, 9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the "d" data minus 1, 
e.g., to load the lower four bits of B(Bd) with the value 9 (10012), the lower 4 bits of the LBI instruction equal 8 (10002)' To load 0, the lower" bits of the LBI 
instruction should equal 15 (11112). 

Note 6: Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN, where a "1" or "0" in each bit of EN corresponds 
with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register.) 

Note 7: If SEL20 = 1, A - Br (0 -+ A3) 

If SEL20 = 0, A - Br (0,0 -+ A3, A2). 

XAS INSTRUCTION' 

XAS (Exchange A with SID) copies C to the SKL latch and 
exchanges the accumulator with the 4-bit contents of the 
SID register. The contents of SID will contain serial-in/seri­
ai-out shift register or binary counter data, depending on the 
value of the EN register. If SID is selected as a shift register, 
an XAS instruction can be performed once every 4 instruc­
tion cycles to effect a continuous data stream. 

LQID INSTRUCTION 

LaiD (Load a Indirect) loads the 8-bit a register with the 
contents of ROM pointed to by the 11-bit word PC10: PC8, 
A, M, LaiD can be used for table lookup or code conversion 
such as BCD to seven-segment. The LaiD instruction 
"pushes" the stack (PC + 1 - SA - S8 - SC) and 
replaces the least significant 8 bits of the PC as follows: A 
- PC (7:4), RAM (B) - PC(3:0), leaving PC(10), PC(9) 

and PC(8) unchanged. The ROM data pointed to by the 
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new address is fetched and loaded into the a latches. Next, 
the stack is "popped" (SC - S8 - SA --. PC), re­
storing the saved value of PC to continue sequential pro­
gram execution. Since LaiD pushes S8 --. SC, the previ­
ous contents of SC are lost. 

Note: LaiD uses 2 instruction cycles if executed, one if 
skipped. 

JID INSTRUCTION 

JID (Jump Ir]direct) is an indirect addreSSing instruction, 
transferring program control to a new ROM location pOinted 
to indirectly by A and M. It loads the lower 8 bits of the ROM 
address register PC with the contents of ROM addressed by 
the 11-bit word, PC10: 8, A, M. PC10, PC9 and PC8 are not 
affected by JID. 

Note: JID uses 2 instruction cycles if executed, one if 
skipped. 

0 
0 
~ 
~ 
0 
~ 
0 
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SKT INSTRUCTION 
The SKT (Skip On Timer) instruction tests the state of the T 
counter overflow latch (see internal logic, above), executing 
the next program instruction if the latch is not set. If the 
latch has been set since the previous test, the next program 
instruction is skipped and the latch is reset. The features 
associated with this instruction allow the processor to gen­
erate its own time-base for real-time processing, rather than 
relying ,on an external input signal 

Note: If the most significant bit of the T counter is a 1 when 
a CAMT instruction loads the counter, the overflow flag will 
be set. The following sample of codes should be used when 
loading the counter: 

CAMT : load T counter 

SKT ; skip if overflow flag is set and reset it 

NOP 

IT INSTRUCTION 
The IT (idle till timer) instruction halts the processor and 
puts it in an idle state until the time-base counter overflows. 
This idle state reduces current drain since all logic (except 
the oscillator and time base counter) is stopped. IT instruc­
tion is not allowed if the T counter is used as an external 
event counter (fiN pin tied to Vee>. 

INIL INSTRUCTION 
INIL (Input IL Latches to A) inputs 2 latches, IL3 and ILO, 
eKOI and 0 into A. The IL3 and ILO latches are set if a low­
going pulse ("1" to "0") has occurred on the IN3 and INO 
inputs since the last INIL instruction, provided the input 
pulse stays low for at least two instruction cycles. Execution 
of an INIL inputs IL3 and ILO into A3 and AO respectively, 
and resets these latches to allow them to respond to subse­
quent low-going pulses on the IN3 and INO lines. The state 
of CKOI is input into A2. A 0 is input into A 1. IL latches are 
cleared on reset. . 

Instruction Set Notes 

a. The first word of a program (ROM address 0) must be a 
CLRA (Clear A) instruction. 

b. Although skipped instructions are not executed, they are 
still fetched from the program memory. Thus program 
paths take the same number of cycles whether instruc­
tions are ~kipped or executed except for JID, and LaiD. 

c. The ROM is organized into pages of 64 words each. The 
Program Counter is a 11-bit binary counter, and will count 
through page boundaries. If a JP, JSRP, JID, or LaiD is 
the last word of a page, it operates as if it were in the next 
page. For example: a JP located in the last word of a 

, page will jump to a location in the next page. 'Also, a JID 
or LaiD located in the last word of every fourth page (i.e. 
hex address OFF, 1 FF, 2FF, 3FF, 4FF, etc.) will access 
data in the next group of four pages. 

Power Dissipation 
The lowest power drain is when the clock is stopped. As the 
frequency increases so does current. Current is also lower 
at lower operating voltages. Therefore, for minimum power 
dissipation, the user should run at the lowe~t speed and 
voltage that his application will allow. The user should take 
care that all pins swing to full supply levels to insure that 
outputs are not loaded down and that inputs are not at 
some intermediate level which may draw current. Any input 
with a slow rise or fall time will draw additional current. For 
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example, an RC oscillator on DO will draw more current than 
a square wave clock input since it is a slow rising signal. 

If using an external square wave OSCillator, the followin~ 
equation can be used to calculate the COP404C operating 
current drain: 

Ico = Iq + V x 40 X Fi + V x 1400 X Fi I 4 
where: 

Ico = chip operating current drain in microamps 

Iq = quiescent leakage current (from curve) 

Fi = CKI frequency in MegaHertz 

V= chip Vee in volts 

For example at 5 volts Vee and 400 kHz: 

Ico = 20 ,+ 5 x 40 X .4 + 5 x 1400 x .4 I 4 
Ico= 20 + 80 + 700 = 800 p.A 

at 2.4 volts Vee and 30 kHz: 

Ico= 6 + 2.4 X 40 x .03 + 2.4 X 1400 x .00/4 

Ico = 6 + 2.88 + 25.2 = 34.08 p.A 

If an IT instruction is executed, the chip goes into the IDLE 
mode until the timer overflows. In IDLE mode, the current 
drain can be calculated from the following equation: 

Ici =; Iq + V x 40 X Fi 

For example, at 5 volts Vee and 400 kHz 

ICI= 20 +5 x 40 x .4 = 100 p.A 

The total average current will then be the weighted average 
of the operating current and the idle current: 

where: 

To . Ti 
Ita=lcox -T T' + ICI x -T T' 

, 0+ I 0+ I 

Ita = total average current 

Ico = operating current 

Ici = idle current 

To= ,operating time 

Ti = idle time 

I/O OPTIONS 

COP404C outputs have the following configurations, illus­
trated in Figure 12. 

a. Standard - A CMOS push-pull buffer with an N-channel 
device to ground in conjunction with a P-channel device 
to Vee, compatible with CMOS and LSTTL. (Used on SO, 
SK, AD/DATA, SKIP, A10:8 and, D outputs.) 

b. Low Current - This is the same configuration as a. 
above except that the sourcing current is much less. 
(Used on G outputs.) 

c. Standard TRI-STATE L Output - A CMOS output buffer 
similar to a. which may be disabled by program control. 
(Used on L outputs.) , 

All inputs have the following configuration: 

d. Input with on chip load device to Vee. (Used on CKO!.) 

e. HI-Z input which must be driven by the users logic. (Used 
on CKI, RESET, IN, SI, DuAL, TIN, MS, SEL 10 and 
SEL20 inputs.) 

All output drivers use one or more of three common devices 
numbered 1 to 3. Minimum and maximum current (lOUT and 
VOUT) curves are given in Figure 13 for each of these devic­
es to allow the designer to effectively use these 1/0 configu­
rations. 



Vee Vee Vee 

a. Standard Push-Pull Output b. Low Current Push-Pull Output Standard TRI-STATE "L" Output 
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d. Input with Load e. HI-Z Input 
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Emulation 
The COP404C may be ~sed to exactly emulate the 
COP444C/445C, COP424C/425C, and COP41 OC/ 411 C. 
However, the Program Counter always addresses 2k of ex­
ternal ROM whatever chip is being emulated. Figure 14 
shows the interconnect to implement a hardware emulation. 
This connection uses ~ NMC27C16 EPROM as external 

COPU4C 
PINOUT 

GND 

CKO 

CK I 

4 Rm'i 

L7 

L6 

L5 

L4 

IN 1 

10 IN2 

11 Vee 

12 L3 

13 L2 

14 1 

15 LD 

16 I 

17 SO 

1. SK 

19 INa 

20 IN3 

21 GO 

22 1 

23 G2 

24 03 

25 D3 

28 D2 

27 1 

28 DO 

\ 
3 

o.! CKOI 

~ CKOH 

5 

6 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

29 

30 

31 

32 

33 

34 

35 

43 

U 

45 

42 

IP7 
7 

IPS 8 

IPS 9 

IP4 lD 

IP3 
11 

IP2 12 

IPI 13 

IPO 14 

SKIP ~. 

AD/DATA 39 

AI 41 

A9 41 

AID 1 

~~ 46 
COP4D4C Mi 0..2!!2.. 

MICROBUS'· 

Vee 

OOAL ~~ 
DUAL·CLOCK 

~ 
~ TiN ~ 

TIMER 

~-mill 37 

~ 
COP424C 

mi(j ~~ 380..!!2. 
COP41DC 

memory. Other memory can be used such as bipolar PROM 
or RAM. 

Pins IP7-IPO are bidirectional inputs and outputs. When the 
AD/DATA clocking output tums on, the EPROM drivers are 
disabled and IP7-IPO output addresses. The 8-bit latch 
(MM74C373) latches the addresses to drive the memory. 
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18 08 19 1 
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Vee v" 
24 21 

Vee 

t,. 

TLIB/5530-14 

FIGURE 14. COP404C Used To Emulate A COP444C 
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When AD/DATA turns off, the EPROM is enabled and the 
IP7-IPO pins will input the memory data. A10, A9 and A8 
output the most significant address bits to the memory. 
(SKIP output may be used for program debug if needed.) 

- CKI is divided by 4. Other divide-by are emulated by ex-
ternal divider. 

- CKO can be emulated as a general purpose input by us­
ing CKOI or as a Halt I/O port by using CKOH. 

- MB pin can be pulled low if the ,MICROBUS feature of the 
COP444C and COP424C is needed. Othewise it should 
be high. 

- DUAL pin can be pulled low if the Dual-Clock feature of 
the COP444C and COP424C is needed. Otherwise it 
should be high. 

- TIN pin controls the input of the 8-bit timer of the 
COP444C and COP424C (internal timer if TIN is low, ex­
ternal event counter if TIN is high). 

- The SEL 10 and SEL20 inputs are used to emulate the 
COP444C/445C, COP424C/425C, or COP41 OCI 411 C. 

• When emulating the COP444C/445C, the user must 
configure SEL20 = 1 and SEL 10 = 1. 

• When emulating the COP424C/425C, the user must 
configure SEL20 = 0 and SEL1 0 = 1. In this mode, the 
user RAM is physically halved. As in the COP424CI 
425C, the user has 64 digits (256 bits) of RAM avaii­
able. Pin A 10 should not be connected to the program 
memory (most significant address bit of the program 
memory should be grounded if using a 2kX8 memory). 

• When' emulating the COP41 OCI 411 C, the user must 
configure SEL20=0 and SEL10=0. In this mode, the 
user has 32 digits (128 bits) of RAM available organized 

COP404C MAS OPTIONS 

in the same way as the COP41 OC/411 C - 4 registers of 
8 digits each. Pins A 10 and A9 should not be connect­
ed to the program memory (the 2 most significant ad­
dress bits of the program memory should be ground­
ed). 

Furthermore, the subroutine stack is decreased from 3 
levels to 2 levels. 

The pins SEL 10 and SEL20 change the internal logic of the 
device to accurately emulate the devices as indicated 
above. However, the user must remember that the 
COP424C/425C is a subset of the COP444C/COP445C 
with respect to memory size. The COP41 OCI 411 C is a sub­
set both in memory size and in function. The user must take 
care not to use features and instructions which are not avail- . 
able on the COP410C/411C (see table IV. below) when us­
ing the COP404C to emulate the COP410C/411C. 

TABLE IV. FEATURES AND INSTRUCTIONS NOT 
AVAILABLE ON COP410C/411C. 

Timer ADT 

Dual-clock CASC 

~nterrupt CAMT 

Microbus CTMA 

IT 

LDD 

XAD 

XABR 

SKT 

ININ 

INIL 

OGI 

r, d 

r, d 

y 

(except 3, 15) 

The following COP444C options have been implemented in the COP404C: 
Option value 

Option 1=0 
Option 2= 1, 2 
Option 3=5 
Option 4= 1 
Option 5-8=0 
Option 9=1 
Option 10=1 
Option 11=0 
Option 12-15=0 
Option 16=0 
Option 17=0 
Option 18=0 
Option 19= 1 
Option 20=1 
Option 21-24= 1 
Option 25-28=0 
Option 29=1 
Option 30=0, 1 
Option 31=0, 1 
Option 32=0,1 
Option 33=N/A 
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Comment 
Ground Pin -- no option available 
CKO is replaced by CKOI and CKOH 
CKI is external clock input divided by 4 
RESET is Hi-Z input 
L outputs are standard TRI-STATE 
INlis a Hi-Z input 
IN2 is a Hi-Z input 
Vee pin -- no option available 
LoutputsarestandardTRI-STATE 
SI is a Hi-Z input 
SO is a standard output 
SK is a standard output 
INO is a Hi-Z input 
IN3 is a Hi-Z input 
Goutputs are low-current 
D outputs are standard 
No internal initialization logic 
DUAL-CLOCK is pin selectable 
TIMER is pin selec~able 
MICROBUS is pin selectable 
48-pin package 
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~National 
~ Semiconductor microCMOS 

COP410C/COP411C, COP310C/COP311C and 
COP210C/COP211C Single-Chip CMOS 
Microcontrollers 
General Description 
The COP410C, COP411C, COP310C, COP311C, COP210C, 
and COP211C fully static, single-chip CMOS microcon­
trollers are members of the COPSTM family, fabricated 
using double-poly, silicon-gate CMOS technology_ These 
controller-oriented processors are complete microcom­
puters containing all system timing, internal logic, ROM, 
RAM, and 1/0 necessary to implement dedicated control 
functions in a variety of applications_ Features include 
single supply operation, a variety of output configuration 
options, with an instruction set, internal architecture, and 
1/0 scheme designed to facilitate keyboard input, display 
output, and BCD data manipulation_ The COP411C is 
identical to the COP410C but with 16 1/0 lines instead of 
20_ They are an appropriate choice for use in numerous 
human interface control environments. Standard test pro­
cedures and reliable high-density fabrication techniques 
provide the medium to large volume customers with a 
customized controller-oriented processor at a low end­
product cost. 

The COP310C/COP311C is the extended temperature 
range version of the COP410C/COP411C, and the 
COP210C/COP211C is the military temperature range 
version of the COP410C/COP411C. 

GNO 

L 
INSTRUCTIONCLOCKISVNCI 

Nat Ivailable In COP411C 

Features 
• Lowest power dissipation (40~W typical) 

• Low cost 
• Power-saving HALT mode with Continue function 
• Powerful instruction set 

• 512x8 ROM, 32x4 RAM 
• 20110 lines (COP410C) 
• Two-level subroutine stack 
• DC to 4~s instruction time 
• Single supply operation (2.4V to 5.5V) 
• General purpose and TRI-STATE@ outputs 
• Internal binary counter register with MICROWIRETM 

com'patible serial 1/0 

• LSTTLICMOS compatible in and out 
• Softwarelhardware compatible with other members 

of the COP400 family 
• Extended temperature (-40°C to +85°C) devices 

available 

• Military temperature (-55°C to + 125°C) devices to be 
available. Note: At time of printing electrical specifica-
tions were not available. ' 

CKI CKO' 

L tz 

SK I 
.-------40--:::_ SO I MICROWIRE 110 

SI , 

S 6 ) 8 1011 12 13 

L) LS LS L4 L3 LZ Ll LO 

FIGURE 1. COP410C/411C Block Diagram 
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I COP410C/COP411C 

Absolute Maximum Ratings 
Voltage at any pin -0.3 V to Vee+0.3 V Operating temperature range O°Cto +70°C 
Total allowable source current 25mA Storage temperature range -65°C to +150°C 
Total allowable sink current 25mA Lead temperature (soldering, 10 sec.) 300°C 

! Absolute maximum ratings indicate limits beyond which 
I 

damage to the device may occur. DC and AC electrical 
specifications are not ensured when operating the device 
at absolute maximum ratings. 

DC Electrical Characteristics O°C ~ TA ~ 70°C unless otherwise specified 

Parameter Conditions Min. Max. Units 

Operating Voltage 2.4 5.5 V 

Supply Current1, Vee = 2.4V, tc = 125/As 80 /AA 
Vee = 5.0V, tc = 16/As 500 /AA 
Vee = 5.0V, tc = 4/As 2000 /AA 
(tc is instruction cycle time) 

HALT Mode Current2 Vee = 5.0V, FIN = OkHz 30 /AA 
Vee = 2.4 V, FIN=OkHz 10 /AA 

Input Voltage Levels 
RESET, CKI 

Logic High 0.9 Vee V 
Logic Low 0.1 Vee V 

All Other Inputs 
Logic High 0.7 Vee V 
Logic Low 0.2 Vee V 

Hi·Z Input Leakage -1 +1 /AA 

Input Capacitance 7. pF 

Output Voltage Levels Standard Outputs 
LSTTL Operation Vee == 5.0V ± 5% 

Logic High IOH = 25/AA 2.7 V 
Logic Low I 

IOl=400J.lA 0.4 V 

CMOS Operation 
Logic High 10H =-10/AA 

~ 
Vee- 0.2 V 

Logic Low IOl= 10/AA 0.2 V 

Output Current Levels 
Sink Vee = 4.5 V, VOUT = Vee 1.2 mA 

Vee = 2.4 V, VOUT = Vee 0.2 mA 
Source (Standard Vee = 4.5 V, VOUT = OV 0.5 mA 

Option) Vee = 2.4 V, VOUT = OV 0.1 mA 
Source (Low Vee = 4.5 V, VOUT = OV 30 330 /AA 

Current Option) Vee = 2.4 V, VOUT = OV 6 80 /AA 

. 
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COP410C/COP411C .. 
DC Electricar Characteristics (continued) 

Parameter Conditions Min. Max. Units 

CKO Current Levels 
(As Clock Out) 

Sink +4 Vee = 4.5V, CKI = Vee, VOUT = Vee 0.3 mA 
+8 0.6 mA 

+16 1.2 mA 
Source -+4 Vee = 4.5V, CKI = OV, VOUT = OV 0.3 I mA 

+8 0.6 mA 
+16 1.2 mA 

Allowable Loading on CKO 
(as HALT 1/0 pin) 100 pF 

Current Needed to 
Override HALT3 

To Continue Vee = 4.5 V, VIN = 0.2 Vee 0.6 inA 
To Halt Vee = 4.5V, VIN = 0.7 Vee 1.6 mA 

1 

TRI·STATE or Open Drain 
Leakage Current -2 +2 /-IA 

Note 1: Supply current Is measured after running for 2000 cycle times with a square-wave clock on eKI, eKO open, and all other pins pulled up to Vee with 
20k resistors. See current drain equation on page 13. 
Note 2: The HALT mode will stop eKI from oscillating In the Re and crystal configurations. 
Note 3: When forcing HALT, current Is only needed for a short time (approximately 200ns) to flip the HALT flip-flop. 

COP410C/COP411C 

AC Electrical Characteristics O°C ~ TA ~ 70°C unless otherwise specified 

Parameter Conditions Min. Max. Units 

Instruction Cycle Time (td Vee ~ 4.5V 4 DC /-IS 
4.5V > Vee ~ 2.4V 16 DC /-IS 

Operating CKI +4 mode I DC 1.0 MHz 
Frequency +8mode Vect ~ 4.5V DC 2.0 MHz 

+ 16 mode DC 4.0 MHz 
+4 mode 

I DC 250 kHz 
+8mode 4.5'.1·> Vee ~ 2.4 V DC 500 kHz 

+ 16 mode DC 1.0 MHz 

Instruction Cycle Time R =30k±5%, Vee=5V 
RC Oscillator 

, 
C=82pF±5% (+4 Mode) 8 16 /-IS 

Inputs (See Figure 3) 
tSETUP G Inputs I tc/4+0.7 /-Is 

Sllnput Vee ~ 4.5V 0.3 /-Is 
All Others 1.7 /-IS 

tHOLD Vee ~ 4.5V 0.25 /-IS 
Vee ~ 2.4V 1.0 /-Is 

Output Propagation 
Delay VouT=1.5V, CL=100pF, RL=5k 

tpD1, tpDO Vee ~ 4.5V 1.0 /-IS 
tpD1, tpDO Vee ~ 2.4V 4.0 /-IS 

" 
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COP310C/COP311C 

Absolute Maximum Ratings 
Voltage at any pin -0.3Y to Vee+0.3V Operating temperature range -40°C to +85°C 
Total allowable source current 25mA Storage temperature range -65°C to +150°C 
Total allowable sink current 25mA Lead temperature (soldering, 10 sec.) 300°C 

Absolute maximum ratings indicate limits beyond which 
damage to the device may occur. DC and AC electrical 
specifications are not ensured when operating the device 
at absolute maximum ratings. 

DC Electrical Characteristics -40°C ~ TA ~ + 85°C unless otherwise specified 

Parameter Conditions Min. Max. Units 

Operating Voltage .3.0 5.3 V 

Supply Current 1 Vee = 3.0V, tc = 125J.1s 100 J.lA 
Vee = 5.0V, tc = 16J.1s 600 J.lA 
Vee = 5.0V, tc = 4J.1s 2500 J.lA 
(tc is instruction cycle time) 

HALT Mode Current 2 Vee = 5.0V, FIN = OkHz 50 J.lA 
Vee = 3.0V" FIN = OkHz 20 IlA 

Input Voltage Levels 

RESET, CKI 
Logic High 0.9 Vee V 
Logic Low 0.1 Vec V 

All Other Inputs 
Logic High 0.7 Vee V 
Logic Low 0.2 Vec V 

Hi·Z Input Leakage -2 +2 IlA 

Input Capacitance 7 pF 

Output Voltage Levels ' Standard Outputs 

LSTTL Operation Vec = 5.0V ± 5% 
Logic High 10H = 251lA 2,.7 V 
Logic Low IOL= 4OOIlA 0.4 V 

CMOS Operation 
Logic High IOH =-10J.lA Vee -0.2 V 
Logic Low IOL= 10IlA 0.2 V 

Output Current Levels 

Sink Vee = 4.5 V, VOUT = Vee 1.2 mA 
Vee = 3.0V, VOUT = Vee 0.2 mA 

Source (Standard Vee = 4.5 V, VOUT = OV 0.5 mA 
Option) Vee = 3.0V, VOUT = OV 0.1 mA 

Source (Low Vee = 4.5 V, VOUT = OV 30' 440 IlA 
Current Option) Vee = 3.0V, VOUT = OV 8 200 IlA 
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COP310C/COP311C 
I 

DC Electrical Characteristics (continued) 

Parameter Conditions Min. Max. Units 

eKO Current Levels ,', 

(As Clock Out) 
Sink +4 Vee = 4,S V, CKI = Vee, VOUT =Vee 0.3 mA 

+8 0.6 mA 
+16 1.2 mA 

Source +4 Vee = 4.S V, CKI = OV, VOUT = OV 0.3 mA 
+8 0.6 mA 

+16 1.2 mA 

Allowable Loading on CKO 
(as HALT 1/0 pin) 100 pF 

Current Needed to . 
Override HALT3 , 

To Continue Vee = 4.SV, VIN = 0.2 Vee 0.8 mA 
To Halt Vee = 4.SV, VIN = 0.7 Vee 2.0 mA 

TAl-STATE or Open Drain 
Leakage Current -4 +4 IlA 

Note 1: Supply current Is measured after running for 2000 cycle times with a square-wave clock on eKI, eKO open, and all other pins pulled up to Vee with 
20k resistors. See current drain equation on page 13. 
Note 2: The HALT mode will stop eKI from oscillating In the Re and crystal configurations. 
Note 3: When forcing HALT, current is only needed for a short time (approximately 200ns) to flip the HALT flip-flop. 

COP310C/COP311C 

AC Electrical Characteristics -40°C ~ TA ~ + 8SoC unless otherwise specified 

Parameter Conditions Min. Max. Units 

Instruction Cycle Time (tel 'vee ~ 4.5V 4 DC IlS 
4.5V> Vee ~ 3.0V 16 DC IlS 

Operating CKI +4 mode ) DC 1.0 MHz 
Frequency +8 mode Vee ~ 4.5V DC 2.0 MHz 

+ 16 mode DC 4.0 MHz 
+4 mode ) DC 250 kHz 
+8 mode 4.5V > Vee ~ 3.0V DC SOO kHz 

+ 16 mode DC 1.0 MHz 

Instruction Cycle Time A = 30k ±5%, Vee = 5V 
AC Oscillator C=82pF±S% (+4 Mode) 8 16 IlS 

Inputs (See Figure 3) 
tSETUP G Inputs ) tc/4+0.7 IlS 

SI Input Vee ~ 4.5V 0.3 IlS 
All Others ' 1.7 Ils 

tHOLD Vee ~ 4.SV 0.25 IlS 
Vee ~ 3.0V 1.0 Ils 

Output Propagation 
Delay ~ouT=1.5V, CL=100pF, AL=Sk 

tpD1, tpDO Vee ~ 4.SV 1.0 IlS 
tpD1, tpDo Vee ~ 3.0V 4.0 IlS 
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GilD 24 00 

L4 20 L5 CKO 23 01 

VCC 19 L6 CKI 22 02 

L3 18 L7 RESET 4 21 03 

L2 4 17 RESET L7 5 20 G3 

11 5 COP411C 16 CKI L6 6 COP410C 19 G2 
COP311C L5 7 COP310C 

18 G1 LO 6 COP211C 15 00 COP210C 
SI 7 14 01 L4 8 17 GO 

SO 8 13 G2 VCC 9 16 SK 

SK 9 12 G1 L3 10 15 SO 

GNO 10 11 GO L2 11 14 SI 
11 12 13 LO 

Order Number COP311 C·XXXlO, Order Number COP310C·XXXlD, 
COP411 C·XXXlD COP410C·XXXlD 

NS Package D20A See NS Package D24C 

Order Number COP311 C·XXXlN, Order Number COP310C·XXXlN, 
COP411 C·XXXlN ' COP410C·XXXlN 

See NS Package N20A NS Package Number N24A 

Pin Description Pin Description 

L7-Lo 8·bit bidirectional 1/0 port with TRI·STATE SK Logic-controlled clock 

G3 -Go 4-bit bidirectional 1/0 port (or general purpose output) 

0 3-00 

SI 

SO 

(G2-GO for 20-pin package) CKI Systemosciliator input 

4·bit general purpose output port CKO Crystal oscillator output, or HALT mode 
(01-00 for 20·pin package) 1/0 port (24-pin package only) 

Serial 'input (or counter input) RESET System reset input 

Serial output (or general purpose output) Vee System power supply 

CKI 

SK (AS A 
CLOCK 

--l tpOl I-­
ItZ77/tVOH 

GND System Ground 

FIGURE 2. Connection Diagrams 

--l .1-tPOo·1 I 

l-tSETUP -l l-tHOLO IRZ~ V;-O_L ____ -'-'r.vz,..,Zr,..,Z,..,7::::::::~---;LO'"~I\Io...--___ ---e;,"""Z"""Z/.JZI 
G~'~~i~~UL~S ""77""Z-rZrZ""Z""zz""z-rzrzrZ""Z"'ZZ""Z-rZrZ""Z'"'77;"'Z-rZ"r'I/X XlZ77Z77777777Z 

G3-GO.03- DO. r,jZi!z1VOH I X/OWl- VOL 
L7-LO. SO. SK 

OUTPUTS 

FIGURE 3. Input/Output Timing Diagrams (Divide·by·a Mode) 
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Functional Description 
To ease reading of this description, only COP410C 
and/or COP411C are referenced; however, all such refer­
ences apply equally to COP310C and/or COP311C, and 
COP210C and/or COP211C, respectively. 

A block diagram of the COP410C is given In Figure 1. 
Data paths are illustrated in simplified form to depict 
how the various logic elements communicate with each 
other in implementing the Instruction set of the device. 
Positive logic is used. When a bit Is set, it is a logic "1"; 
when a bit is reset, it is a logic "0". 

Program Memory 

Program memory consists of a 512-byte ROM. As can be 
seen by an examination of the COP410C/411C instruc­
tion set, these words may be program Instructions, pro­
gram data, or ROM addressing data. Because of the 
special characteristics associated with the JP, JSRP, .. 
JID, and LaiD instructions, ROM must often be thought 
of as being organized into 8 pages of 64 words (bytes) 
each. 

ROM Addressing 

ROM addressing is accomplished by a 9-bit PC register. 
Its binary value selects one of the 512 8-bit words 
contained in ROM. A new address is loaded into the PC 
register during each instruction cycle. Unless the in­
struction is a transfer of control instruction, the PC regis­
ter is loaded with the next sequential 9-bit binary count 
value. Two levels of subroutine nesting are implemented 
by two 9-bit subroutine save registers, SA and SB. 

ROM instruction words are fetched, decoded, and exe­
cuted by the instruction decode, control and skip logic 
circuitry. 

Data Memory 

Data Memory consists of a 128-blt RAM, organized as 
four data registers of 8 x 4-bit digits. RAM addressing is 
implemented by a 6-bit B register whose upper two bits 
(Br) selects one of four data registers and lower three 
bits of the 4-bit Bd select one of eight 4-bit digits In the 
selected data register. While the 4-bit contents of the 
selected RAM digit (M) are usually loaded into or from, or 
exchanged with, the A register (accumulator), they may 
also be loaded into the a latches or loaded from the L 
ports. RAM addressing may also be performed directly by 
the XAD 3,15 Instruction. The Bd register also serves as a 
source register for 4-bit data sent directly to the D outputs. 

The most significant bit of Bd is not used to select a 
RAM digit. Hence, each physical digit of RAM may be 
selected by two different values of Bd as shown in 
Figure 4. The skip condition for XIS and XDS instructions 
will be true if Bd changes between 0 and 15, but not 
between 7 and 8 (see Table 3). 
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Internal Logic 

The internal logic of the COP410C/411C is designed to 
ensure fully static operation of the device. 

The 4-bit A register (accumulator) is the source and 
destination register for most I/O, arithmetic, logic and 
data memory access operations. It can also be used to 
load the Bd portion of the B register, to load four bits of 
the 8-bit a latch data and to perform data exchanges 
with the SIO register. 

The 4-bit adder performs the arithmetic and logic 
functions of the COP410C/411C, storing its results in A. It 
also outputs the carry Information to a 1-bit carry regis­
ter, most often employed to indicate arithmetic overflow. 
The C register, in conjunction with the XAS instruction 
and the EN register, also serves to control the SK output. 
C can be outputted directly to SK or can enable SK to be 
a sync clock each instruction cycle time. (See XAS 
instruction and EN register description below.) 

The G register contents are outputs to four general 
purpose bidirectional I/O ports. 

The a register is an internal, latched, 8-bit register, used 
to hold data loaded from RAM and A, as well as 8-bit data 
from ROM. Its contents are output to the L I/O ports 
when the L drivers are enabled under program control. 
(See LEI instruction.) 

The eight L drivers, when enabled, output the contents of 
latched a data to the L 110 ports. Also, the contents of L 
may be read directly into A and RAM. 

The SIO register functions as a 4·bit serial-in/serial-out 
shift register or as a binary counter, depending upon the 

Bd VALUE 

15* 

14* 

13* 

12* 

11* 

10* 

9* 

0* 

RAM DIGIT 

*CAN BE DIRECTLY ADDRESSED BY 
LBIINSTRUCTION (SEE TABLE 3) 

FIGURE 4. RAM Digit Address to PhYSical 
RAM Digit Mapping 



contents of the EN register. (See EN register description 
below.) Its contents can be exchanged with A, allowing it 
to input or output a continuous serial data stream. With 
510 functioning as a serial·in/serial·out shift register 
and SK as a sync clock, the COP410C/411C is MICRO· 
WIRE™ compatible. 

The D register provides four general purpose outputs 
and is used as the destination register for the 4·bit 
contents of Bd. 

The XAS instruction copies C into the SKL latch. In the 
counter mode, SK is the output of SKL; in the shift regis· 
ter mode, SK is a sync clock, inhibited when SKL is a 
logic "0". 

The EN register is an internal 4·bit register loaded under 
program control by the LEI instruction. The state of each 
bit of this register selects or deselects the particular fea­
ture associated with each bit of the EN register 
(EN3-ENO). 

1. The least significant bit of the enable register, ENO, 
selects the 510 register as either a 4·bit shift register 
or as a 4·bit binary counter. With ENO set, 510 is an 
asynchronous binary counter, decrementing its value 
by one upon each low'going pulse ("1" to "0") occur· 
ring on the 51 input. Each pulse must be at least two 
instruction cycles wide. SK outputs the value of SKL. 
The SO output is equal to the value of EN3. With ENO 
reset, 510 is a serial shift register, shifting left each 
instruction cycle time. The data present at 51 is 
shifted into the least significant bit of 510. SO can be 
enabled to output the most significant bit of 510 each 
instruction cycle time. (See 4. below.) The SK output 
becomes a logic·controlled clock. 

2. EN1 is not used, it has no effect on the COP410C/411C. 

3. With EN2 set, the L drivers are enabled to output the 
data in Q to the L, I/O ports. Resetting EN2 disables the 
L drivers, placing the L I/O ports in a high impedance 
input state. 

4. EN3, in conjunction with ENO, affects the SO output. 
With ENO set (binary counter option selected), SO will 
output the value loaded into EN3. With ENO reset 
(serial shift register option selected), setting EN3 
enables SO as the output of the 510 shift register, 
outputting serial shifted data each instruction time. 
Resetting EN3 with the serial shift register option 
selected, disables SO as the shift register output; data 
continues to be shifted through 510 and can be 
exchanged with A via an XAS instruction but SO 

i remains reset to "0". 

Initialization 

The internal reset logiC will initialize the device upon 
power·up if the power supply rise time is less than 1 ms 
and if the operating frequency at CKI is greater than 
32kHz, otherwise the external RC network shown in 
Figure 5 must be connected to the RESET pin. The RESET 
pin is configured as a Schmitt trigger input. If not used, it 
should be connected to Vee. Initialization will occur 
whenever a logic "0" is applied to the RESET input, pro· 
viding it stays low for at least three instruction cycle times. 

When Vcc power is applied, the internal reset logic will 
keep the chip in initialization mode for up to 2500 
instruction cycles. If the CKI clock is running at a low fre· 
quency, this could take a long time, therefore, the internal 
logic should be disabled by a mask option with initiallza; 
tion controlled solely by RESET pin. 

Note: If CKI clock Is less than 32kHz,the Internal reset logic (Option 25 = 1) 
must be disabled and the external RC network must be present. 

Upon initialization, the PC register is cleared to 0 (ROM 
address 0) and the A, B, C, D, EN, and G registers are 
cleared. The SK output is enabled as a SYNC output, pro· 
viding a pulse each instruction cycle time. Data memory 
(RAM) is not cleared upon initialization. The first instruc· 
tion at address 0 must be a CLRA (clear A register). 

P + 
0 
w 
E 
R 

S 
U 
P 
P 
l 
y 

-

I 
-c~ - ~ vee 
-c~ .. ~ ~ -c~ 

RESET COP410C 

::~ GND 

I 
RC > 5 x POWER SUPPLY RISE TIME 
AND RC > 100 x CKI PERIOD 

FIGURE 5. Power·Up Clear Circuit 

COP411C 

If the COP410C is bonded as a 20'pin package, it 
becomes the COP411C, illustrated in Figure 2, COP410CI 
COP411C Connection Diagrams. Note that the COP411C 
does not contain D2, D3, G3, or CKO. Use of this option, 
of course, precludes use of D2, 03, G3, and CKO options. 
All other options are available for the COP411C. 

Table 1. Enable Register Modes - Bits ENO and EN3 

ENO EN3 510 51 SO 5K 

0 0 Shift Register Input to Shift 0 If $KL= 1, SK= clock 
Register If SKL=O, SK=O 

0 1 Shift Register Input to Shift Serial If SKL= 1, SK= cloc~ 
Register out If SKL=O, sK=o 

1 0 Binary Counter Input to Counter 0 SK=SKL 

1 1 Binary Counter Input to Counter 1 SK=SKL 
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HALT Mode 

The COP410C/411C is a fully static circuit; therefore, the 
user may stop the system oscillator at any time to halt 
the chip. The chip also may be halted by the HALT Instruc· 
tion or by forcing CKO high when it is used as a HALT I/O 
port. Once in the HALT mode, the Internal circuitry does 
not receive any clock signal, and is therefore frozen In 
the exact state It was in when halted. All information Is 
retained until continuing. The HALT mode is the mini­
mum power dissipation state. 

The HALT mode has slight differences depending upon 
the type of oscillator used. 

a. 1-pin oscillator- RC or external 
The HALT mode may be entered into by either pro­
gram control (HALT Instruction) or by forCing CKO to a 
logic "1" state. 

The circuit may be awakened by one of two different 
methods: 
1) Continue function. By forcing CKO to a logic "0", 

the system·clock is re-enabled and the circuit con­
tinues to operate from the point where it was 
stopped. 

2) Restart. ForCing the RESET pin to a logic "0" will 
restart the chip regardless of HALT or CKO(see 
lriitialization). 

b. 2-pin oscillator-crystal 
The HALT mode may be entered into. by program 
control (HALT instruction) which forces CKO to a 
logic "1" state. The circuit can be awakened only by 
the RESET function. 

HALT 
INSTRUCTION 

RESET----I 

Halt 1/0 Port 

eKO Pin Options 

HALT 110 

In a crystal-controlled oscillator system, CKO is used as 
an output to the crystal network. CKO will be forced high 
during the execution of a HALT instruction, thus inhibit­
ing the crystal network. If a 1-pin oscillator system is 
chosen (RC or external), CKO will be selected as HALT 
and is an 1/0 flip-flop which is an indicator of the HALT 
status. An external signal can override this pin to start 
and stop the chip. By forcing a high level to CKO, the 
chip will stop as soon as CKI is high and the CKO output 
will go high to keep the chip stopped. By forcing a low 
level to CKO, the chip will continue and CKO output will 
go low. 

All features associated with the CKO 1/0. pin are 
available with the 24-pin package only. 
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Oscillator Options 

There are three options available that define the use of 
CKI and CKO. 

a. Crystal-Controlled Oscillator. CKI and CKO are con­
nected to an external crystal. The Instruction cycle 
time equals the crystal frequency divided by 16 
(optionally by 8 or 4). 

b. External Oscillator. CKlls configured as LSTTL-com­
patible input accepting an external clock Signal. The 
external frequency is divided by 16 (optionally by 8 or 
4) to give the instruction cycle time. CKO is the HALT 
1/0 port. 

c. RC-Controlled Oscillator. CKI is configured as a 
single pin RC-controlled Schmitt trigger oscillator. 
The instruction cycle equals the oscillation frequency 
divided by 4. CKO is the HALT 1/0 port. 

The RC oscillator Is not recommended In systems that 
require accurate timing or low current. The RC oscillator 
draws more current than an external oscillator (typically 
an additional 100l-iA at 5V). However, when the part 
halts, It stops with CKI high and the halt current Is at 
the minimum. . 

A 

CKI 

.n..r 
EXTERNAL 

CLOCK 

CKI 

CKO 

HALT 

CKO 

t 
HALT 

FIGURE 6. COP410C Oscillator 

Crystal or Resonator 
RC·Controlled 

Oscillator 

Crystal 
Value R1 

32kHz 220k 
455kHz 5k· 

2.096MHz 2k 
4.0MHz 1k 

Component Values Cycle 
. R2 C1 pF C2pF R C Time Vee 

20M 30, 5-36 15k 82pF 4-9",5 "4.5V 
10M 80 40 30k 82pF 8-16",5 "4.5V 
1 M 30 6-36 47k 100pF 1&-32",5 2.4to4.5 
1 M 30 6-36 Note: 15k .. R< 150k, 

50pF .. C .. 150pF 



COP410C/COP411C Instruction Set 

Table 2 is a symbol table providing internal architecture, 
Instruction operand and operational symbois used in the 
instruction set table. 

Table 3 provides the mnemonic, operand, machine code, 
data flow, skip conditions and description associated 
with each instruction In the COP410C/COP411C Instruc· 
tion set. 

, 
Table 2. COP410C/411C Instruction Set Table Symbols 

Symbol 0811nllion Symbol 0811nllion 

INTERNAL ARCHITECTURE SYMBOLS INSTRUCTION OPERAND SYMBOLS 

A 4·blt Accumulator d 4·bil Operand Field, 0-15 binary (RAM Digit Select) 

B 6·bit RAM Address Register r 2·blt Operand Field, 0- 3 binary (RAM Register 

Br Upper 2 bits 01 B (register address) Select) 

Bd Lower 4 bits 01 B (digit address) a 9·blt Operand Field, 0- 511 binary (ROM Address) 

C l·blt Carry Register y 4·bit Operand Field, 0-15 binary (Immediate Data) 

D 4·blt Data Output Port RAM(s) Contents of RAM location addressed by s 

EN 4·blt Enable Register ROM(t) Contents of ROM location addressed by t 

G 4·blt Register to latch data for G I/O Port 

L B·bit TRI·STATE~ I/O Port 

M 4·blt contents of RAM Memory pOinted to by B OPERATIONAL SYMBOLS 

Register + Plus 

PC 9·bit ROM Address Register (program counter) - Minus 

a B·bit Register to latch data for L I/O Port - Replaces 

SA 9·bit Subroutine Save Register A - Is exchanged with 

SB 9·blt Subroutine Save Register B = Is equal to 

SIO 4·bit Shift Register and Counter Ii The one's complement of A 

SK Loglc·Controlied Clock Output <D Exclusive·OR 

: Range of values 

Table 3. COP410C/411C Instruction Set 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description 

ARITHMETIC INSTRUCTIONS 

ASC 30 1001 1100001 A + C + RAM(B) - A Carry Add with Carry, Skip on 
Carry - C Carry 

ADD 31 1001 1100011 A + RAM (B) - A None Add RAM to A 

AISC Y 5-
10101 1 

y I A+y-A Carry Add Immediate, Skip on 
Carry (y f. 0) 

CLRA 00 100 0 010 0001 0- A None Clear A 

COMP 40 10 1 00100001 A-A None One's complement of A to 
A 

NOP 44 10 1 0 010 1 0 01 None None No Operation 

RC 32 10011100101 "0" - C None Reset C 

SC 22 10 0 1 010 0 1 oj "1"- C None Set C 

XOR 02 10 0 0 010 0 1 01 A <ll RAM(B)- A None Exclusive·OR RAM with A 
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Table 3. COP410C/411C Instruction Set (Continued) 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions 

TRANSFER OF CONTROL INSTRUCTIONS 

JID FF 11111111111 ROM (PC8,A,M) - None 
PC7:0 

JMP a 6- 1011ol000la81 a - PC None 

-- I a7:0 I 

JP a -- III a6:0 1 a - PC6:0 None 

(pages 2,3 only) 

or 

-- 1111 a5:0 I a - PC5:0 
(all other pages) 

JSRP a -- 1101 a5:0 I PC + 1 - SA - SB None 

010 - PCB:6 
a - PC5:0 

JSR a 6- 10 11 all 00la81 PC + 1 - SA - SB None 

-- I a7:0 I a - PC 
I 

RET 48 10 1 0011 0001 SB - SA - PC None 

RETSK 49 10100110011 SB - SA - PC Always Skip on Return 

HALT 33 lQ.QJ.Jl~ None 
38 10011110001 

MEMORY REFERENCE INSTRUCTIONS 

CAMO 33 10 a 1 110 a 1 11 A - 07:4 None 

3C 10 01 111 1001 RAM(B) - 03:0 

LD r -5 10 a I r 10 1 a 11 RAM(B) - A None 
Br ill r - Br 

LOID BF 1101 111 1 1 11 ROM(PCB,A,M) - 0 None 
SA - SB 

RMB a 4C ~l.J..QQJ 0- RAM(B)O None 
1 45 10 1 a 010 1 a 11 0- RAM(Bl1 
2 42 10 1 a 010 0 1 01 0- RAM(B)2 
3 43 10 1 a 010 a 1 11 0- RAM(B)3 

5MB 0 4D 10 10 all 1011 1 - RAM(B)O None 
1 47 10 10 010 1 1 11 1 - RAM(Bl1 
2 46 10 1 a 010 1 1 01 1 - RAM(B)2 
3 4B 10 10 01 1 0 1 11 1 - RAM(B)3 

STII Y 7- 10111 1 y I y - RAM(B) None 
Bd + 1 - Bd 

X r -6 10 0 I r 10 1 101 RAM(B) - A' None 
Bre r- Br 

. XAD 3,15 23 10 a 1 010 a 1 11 RAM(3,15) - A 'None 

BF 1101 111 1111 

XDS r -7 10 a I r 10 1 1 11 RAM (B) - A Bd decrements past a 
Bd - 1 - Bd 
Bre r- Br 

XIS r -4 10 a I r 10 1 001 RAM(B) - A Bd increments past 15 
Bd + 1 - Bd 
Bre r- Br 
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Description 

Jump Indirect (Note 2) 

Jump 

Jump within Page 
(Note 1) 

Jump to Subroutine Page 
(Note 2) 

Jump to Subroutine 

Return from Subroutine 

Return from Subroutine 
then Skip 

Halt processor 

Copy A, RAM to Q 

Load RAM into A. 
Exclusive-OR Br with r 

Load 0 Indirect 

Reset RAM Bit 

Set RAM Bit 

Store Memory Immediate 
and Increment Bd 

Exchange RAM with A, 
Exclusive-OR Br with r 

Exchange A with RAM 
(3,15) 

Exchange RAM with A 
and Decrement Bd, 
Exclusive-OR Br with r 

Exchange RAM with A 
and Increment Bd, 
Exclusive-OR Br with r 



· 
Table 3. COP410C/411C Instruction Set (Continued) 

Machine 
Hex Language Code 

Mnemonic Operand Code (Binary) Data Flow Skip Conditions Description 

REGISTER REFERENCE INSTRUCTIONS 

CAB 50 10 1 0 110 bOO/ A - Bd None Copy A to Bd 

CBA 4E 1010011 1 101 Bd - A None Copy Bd to A 

LBI r,d -- 100Ir Hd-l)1 r,d - B Skip until not a LBI Load B Immediate with 

(d == 0,9:15) r,d 

LEI y 33 1001 1100 1 11 y - EN None Load EN Immediate 

6- 101 101 y I 
TEST INSTRUCTIONS 

SKC 20 10 0 1 010 0 0 0/ C = "1" Skip if C is True 

SKE 21 100 1 0100011 A = RAM(B) Skip if A Equals RAM 

SKGZ 33 1001 11001 11 G3:0 = 0 Skip if G is Zero-

21 10 0 1 010 0 0 11 (all 4 bits) 

SKGBZ 33 1001 11001 11 1st byte Skip if G Bit is Zero 

0 01 10000100011 

}20d by to 

GO = 0 
1 11 10 0 0 , 10 a 0 , I G, = 0 

2 03 10 a a 010 0 , 11 G2 = 0 

3 13 10 0 a 110 0 , 11 G3 = 0 

SKMBZ 0 0' 10 0 a 010 0 0 , I RAM(B)O = 0 Skip if RAM Bit is Zero 

1 '1 10 a a , 10 0 a 11 RAM(B), = 0 

2 03 10000100"1 RAM(B)2 == 0 

3 13 10 a 0 110 0 1 , I RAM(B)3 = 0 

INPUT/OUTPUT INSTRUCTIONS 

ING 33 1001 1100' '1 G-A None Input G Ports to A 

2A 100 1 011 01 01 

INL 33 1001 11001 1/- L7:4 - RAM(B) None Input L Ports to RAM,A 

2E 1001 01' 1 101 L3:0 - A 

OBO 33 1001 11001 11 Bd - 0 None Output Bd to 0 Outputs 

3E 1001 11' 1 '01 

OMG 33 1001 1100' '1 RAM(B) - G None Output RAM to G Ports 

3A 1001 1110101 

XAS 4F 1010011 1111 A ........ SIO, C - SKL None Exchange A with SIO 

Note 1: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. 
The JP instruction, otherwise, permits a jump to a ROM location within the current 54-word page_ JP may not jump to the last word of a page. 

Note 2: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of Pl. A JSRP may not be used when in pages 
2 or 3. JSRP may not jump to the last word in page 2. 
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The followi'ng information Is provided to assist the user 
in understanding the operation of several unique 
instructions and to provide notes useful to programmers 
in writing COP410C/COP411C programs. 

XAS Instruction 

XAS (Exchange A with SIO) exchanges the 4-blt contents 
of the accumulator with the 4-bit contents of the SIO 
register. The contents of SIO will contain serial-in/serlal­
out shift register or binary counter data, depending on 
the value of the EN register. An XAS Instruction will also 
affect the SK output. (See Functional Description, EN 
Register. If SIO Is selected as a shift register, an XAS 
Instruction must be performed once every four instruction 
cycle times to effect a continuous data stream. 

JID Instruction 

JID (Jump Indirect) is an indirect addressing Instruction, 
transferring program control to a new ROM location 
pointed to Indirectly by A and M. It loads the lower eight 
bits of the ROM address register PC with the contents of 
ROM addressed by the 9-bit word, PCa, A, M. PCa is not 
affected by this instruction. 

Note: JID uses two Instruction cycles If executed, one If skipped. 

LQID Instruction 

LaiD (Load a Indirect) loads the 8-blt a register with the 
contents of ROM pointed to by the 9-bit word PCa, A, M. 
LaID can be used for table look-up or code conversion 
such as BCD to 7-segment. The LaiD Instruction 
"pushes" the stack (PC + 1-SA-SB) and replaces the 
least significant eight bits of the PC as follows: A­
PC 7:4, RAM(B)- PC3:0, leaving PCa unchanged. The ROM 
data pOinted to by the new address is fetched and 
loaded into the a latches. Next, the stack Is "popped" 
(SB-SA-PC), restoring the saved value of the PC to 
continue sequential program execution. Since LaiD 
pushes SA-SB, the previous contents of SB are lost. 

Note: LQID uses two Instruction cycles If executed, one if skipped. 

Instruction Set Notes 

a. The first word of a COP410C/COP411C program (ROM 
address 0) must be a CLRA (Clear A) instruction. 

b. Although skipped instructions are not executed, one 
instruction cycle time is devoted to skipping each byte 
of the skipped instruction. Thus all program paths take 
the same number of cycle times whether instructions 
are skipped or executed (except JID and LaiD). 

c. The ROM is organized into eight pages, of 64 words 
each. The program counter is a 9-blt binary counter, 
and will count through page boundaries. If a JP, JSRP, 
JID, or LaiD instruction is located in the last word of a 
page, the instruction operates as if it were in the next 
page. For example: A JP located in the last word of a 
page will jump to a location In the next page. Also, a 
LaiD or JID located in the last word In page 3 or 7 will 
access data in the next group of four pages. 
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Power Dissipation 

The lowest power drain Is when the clock Is stopped. As 
the frequency Increases so does current. Current Is also 
lower at lower operating voltages. Therefore, to mini­
mize power consumption, the user should run at the low­
est speed and voltage that his application will allow. The 
user should take care that all pins swing to full supply 
levels to ensure that outputs are not loaded down and 
that Inputs are not at some Intermediate level which may 
draw current. Any Input with a slow rise or fall time will 
draw additional current. A crystal- or resonator-gener­
ated clock will typically draw 1 00 1-1 A more than a square­
wave Input. An RC oscillator will draw even more current 
since the Input is a slow rising signal. 

If using an external squarewave oscillator, the following 
equation can be used to calculate the COP410C current 
drain. 

Ic = Iq + (V x ,20 x FI) + (V x 1280 x FIIDv) 
where Ic = chip current drain In mlcroamps 

Iq = quiescent leakage current (from curve) 
FI = CKI frequency In megahertz 
V = chip Vee In volts 
Dv = divide by option selected 

For example, at 5V Vee and 400kHz (divide by 4), 
Ic = 10 + (5 x 20 x 0.4) + (5 x 1280 x 0.4/4) 
Ic = 10 + 40+ 640 = 690l-lA 

1/0 Options 

COP410C/COP411C outputs have the following optional 
configurations, illustrated in Figure 7: • 

a. Standard. A CMOS push-pull buffer with an N-channel 
device to ground in conjunction with a P-channel 
device to Vee, compatible with CMOS and LSTTL. 

b. Low Current. This Is the same configuration as (a) 
above except that the sourcing current Is much less. 

c. Open Drain. An N-channel device to ground only, 
allowing external pull-up as required by the user's 
application. 

d. Standard TRI-STATE L Output. A CMOS output 
buffer similar to (a) which may be disabled by 
program control. 

e. Low-Current TRI-STATE L Output. This Is the same as 
(d) above except that the sourcing current is much less. 

f. Open-Drain TRI-STATE L Output. This has the 
N-channel device to ground only. 

The SI and RESET Inputs are Hi-Z inputs '(Flgure 7g). 

When using either the G or L 110 ports as Inputs, a pull-up 
device is necessary. This can be a.n external device or 
the following alternative Is available: Select the low­
current output option. Now, by setting the output regis­
ters to a logic "1" level, the P-channel devices will act as 
the pull-up load. Note that when using the L ports in this 
fashion, the a registers must be set to a logic "1" level 
and the L drivers must be enabled by an LEI instruction. 



a. Standard Push·Pull Output b. Low Current Push·Pull 
Output 

c. Open·Draln Output 

DISA~~ DISA~~ 

~~~~ 

Vee 

D~~ 
- -- -

d. Standard TRI·STATE® 
OIL" Output 

e. Low Current TRI·STATE • f. Open Drain TRI·STATE 
OIL" Output OIL" Output 

Vee 

g. Hi·Z Input 

FIGURE 7. 1/0 Configurations 

All output drivers use one or more of three common 
devices numbered 1 to 3. Minimum and maximum cur· 
rent (lOUT and VOUT) curves are given in Figure 8 for each 
of these devices to allow the desiger to effectively use 
these 110 configurations. 

Option List 

The COP410C/COP411C mask·programmable options 
are assigned numbers which correspond with the 
COP410C pins. 

The following is a list of COP410C options. When 
sp'ecifying a COP411 chip, options 20,21, and 22 must be 
set to O. The options are programmed at the same time 
as the ROM pattern to provide the user with the hard· 
ware flexibility to interface to various 1/0 components 
using little or no external circuitry. 

Option 1: 0 = Ground Pin. No options available. 
Option 2: CKO 110 Port. Determined by Option 3. 
Optiol) 3: CKI Input. 

= 0: Crystal·controlled oscillator input 
(+4). 

= 1: Single·pin RC·controlied oscillator 
(+4). 

= 2: External oscillator input (+4). 
= 3: Crystal oscillator input (+8). 
= 4: External oscillator input (+8). 
= 5: Crystal osci lIator input (+ 16). 
= 6: External oscillator input (+ 16). 

Option 4: RESET Input = 1: Hi·Z input. No option 
available. 

Option 5: L7 Driver 
= 0: Standard TRI·STATE push·pull output. 
= 1: Low·current TRI·STATE push·pull 

output. 
= 2: Open',drain TRI·STATE output. 
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Option 6: La Driver. (Same as Option 5.) 
Option 7: L5 Driver. (Same as Option 5.) 
Option 8: L4 Driver. (Same as Option 5.) 
Option 9: Vee Pin. 
Option 10: L3 Driver. (Same as Option 5.) 
Option 11: L2 Driver. (Same as Option 5.) 
Option 12: L1 Driver. (Same as Option 5.) 
Option 13: Lo Driver. (Same as Option 5.) 
Option 14: SI Input. 

No option available. 
= 1: Hi·Z input. 

Option 15: SO Output. 
= 0: Standard push·pull output. 
= 1: Low·current push·pull output. 
= 2: Open·drain output. 

Option 16: SK Driver. (Same as Option 15.) 
Option 17: Go 110 Port. (Same as Option 15.) 
Option 18: G1 110 Port. (Same as Option 15.) 
Option 19: G2 110 Port. (Same as Option 15.) 
Option 20: G3 110 Port. (Same as Option 15.) 
Option 21: D3 Output. (Same as Option 15.) 
Option 22: D2 Output. (Same as 'Option 15.) 
Option 23: D1 Output. (Same as Option 15.) 
Option 24: Do Output. (Same as Option 15.) 
Option 25: Internal Initialization Logic. 

= 0: Normal operation. 
= 1: No internal initialization logic. 

Option 26: No option available. 
Option 27: COP Bonding. 

= 0: COP410C (24·pin device). 
= 1: COP411C (20·pin device). 
= 2: COP410C and COP411C. 
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PRELIMINARY ~National 
~ Semiconductor 

microCMOS 

COP424C, COP425C, COP426C, COP324C, COP325C, 
COP326C and COP444C, COP445C, COP344C, COP345C 
Single Chip 1 k and 2k CMOS Microcontrollers 
General Description 
The COP424C, COP425C, COP426C, COP444C and 
COP445C fully static, Single-Chip CMOS Microcontrollers 
are members of the COPSTM family, fabricated using dou-·'­
ble-poly, silicon gate CMOS (microCMOS) technology. 
These Controller Oriented Processors are complete micro­
computers containing all system timing, internal logic, ROM, 
RAM, and I/O necessary to implement dedicated control 
functions in a variety of applications. Features include single 
supply operation, a variety of output configuration options, 
with an instruction set, internal architecture and I/O scheme 
designed to facilitate keyboard input, display output and 
BCD data manipulation. The COP424C and COP444C are 
28 pin chips. The COP425C and COP445C are 24-pin ver­
sions (4 inputs removed) and COP426C is 20~pin version 
with 15 I/O lines. Standard test procedures and reliable 
high-density techniques provide the medium to large volume' 
customers with a customized microcontroller at a low end­
product cost. These microcontrollers are appropriate 
choices in many demanding control environments especial-
ly those with human interface. 

The COP424C is an improved product which replaces the 
COP420C. 

Block Diagram 

MNYERiiON------- -, 
GIlLY I 

I 
I 
I 
I 

Features 
• Lowest Power Dissipation (50 p.W typical) 
a Fully static (can turn off the clock) 
• Power saving IDLE state and HALT mode 
• 4 p's instruction time, plus software selectable clocks 
• 2k x 8 ROM, 128 x 4 RAM (COP444C/COP445C) 
• 1k x 8 ROM, 64 x 4 RAM (COP424C/COP425C/ 

COP426C) 
• 23 I/O lines (COP444C and COP424C) 
• True vectored interrupt, plus restart 
• Three-level subroutine stack 
• Single supply operation (2.4V to 5.5V) 
g Programmable read/write 8-bit timer/event counter 
• Internal binary counter register with MICROWIRETM se-

rial I/O capability 
a General purpose and TRI-STATE@ outputs 
• LSTTLICMOS compatible 
1:1 MICROBUSTM compatible 
II Software/hardware compatible with COP400 family 
• Extended temperature range devices COP324C/ 

COP325C/COP326C and COP344C/COP345C (-40°C 
to +85°C) 

II Military devices (-55°C to +125°C) to be available 

r-------~::-::IIIICROWIRE 1/0 

SI 

2110 I II 5 I 1 I 12 13 II 1i • Not available on COP426C/COP326C 

TL/DD/5259-1 IN] 1HZ 'N1 INI 

FIGURE 1. 
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COP424C/COP425C/COP426C and COP444C/COP445C 

Absolute Maximum Ratings 
Supply Voltage (Vee> 6V Absolute maximum ratings indicate limits beyond which 

Voltage at any pin - 0.3V to Vee + 0.3V damage to the device may occur. DC and AC electrical 

Total Allowable Source Current 25mA specifications are not ensured when operating the' device at 

Total Allowable Sink Current 25mA 
absolute maximum ratings. 

Operating temperature range O·Cto +70·C 
Storage temperature range - 65·C to + 150·C 
Lead temperature (soldering, 10 seconds) 300·C 

DC Electrical Characteristics o·c ~ T A ~ 70·C unless otherwis~ specified 

Parameter Conditions Min Max Units 

Operating Voltage 2.4 5.5 V 
Power Supply Ripple (Note 5) Peak to Peak 0.1 Vee V 

Supply Current Vee = 2.4V, tc=64lls 120 IlA 
(Note 1) Vee=5.0V, tc=16lls 700 IlA 

Vee = 5.0V, tc = 4 Ils 3000 IlA 
(tc is instruction cycle time) 

HALT Mode Current Vee = 5.0V,FIN= 0 kHz 40 IlA 
(Note 2) Vee = 2.4V,FIN = 0 kHz 12 IlA 

Input Voltage Levels 
RESET, CKI, Do (clock input) 

Logic High 0.9 Vee V 
Logic Low 0.1 Vee V 

All other inputs 
logic High 0.7 Vee V 
Logic Low 0.2 Vee V 

Input Pull-up current Vee=4.5V, VIN=O 30 330 IlA 

Hi-Z input leakage -1 +1 p.A 

Input capacitance (Note 4) 7 pF 

Output Voltage Levels Standard outputs 
LSTTL Operation Vee=5.0V±5% 

Logic High IOH= -100 IlA 2.7 V 
Logic Low IOL =400 IlA 0.4 V 

CMOS Operation 
Logic High IOH= -10 IlA Vee-0.2 V 
Logic Low IOl =10'IlA 0.2 V 

Output current levels (except CKO) 
Sink (Note 6) Vee=4.5V, Vour=Vee 1.2 mA 

Vee=2.4V, Vour=Vee 0.2 mA 
Source (Standard Option) Vee=4.5V, Vour=OV 0.5 mA 

Vee=2.4V, Vour=OV 0.1 mA 
Source (Low Current Option) Vee=4.5V, Vour=OV 30 330 IlA 

Vee='2.4V, Vour=OV 6 80 IlA 
CKO Current Levels (As Clock Out) 

Sink +4 } 0.3 mA 
+8 Vee = 4.5V,CKi = Vee,Vour= Vee 0.6 mA 
+16 1.2 mA 

Source +4' } 0.3 mA 
+8 Vee = 4.5V,CKI = OV,VOUT= OV 0.6 mA 
+16 1.2 mA 

Allowable Sink/Source current per pin 5 mA 
(Note 6) 

Allowable Loading on CKO (as HALT) 100 pF 

Current needed to over-ride HALT 
(Note 3) 

To continue Vee = 4.5V,VIN = .2Vee .7 mA 
To halt Vee=4.5V,VIN=·7Vee 1.6 mA 

'TRI-STATE or open drain 
leakage current -2.5 +2.5 IlA 
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COP424C/COP425C/COP426C and COP444C/COP445C 

AC Electrical Characteristics 0°C~TA~70°C unless otherwise specified 

Parameter 

Instruction Cycle Time (tc) 

Operating CKI 
Frequency 

+4 mode } 
+8 mode 

+16 mode 
+4 mode 
+8 mode 

+16mode 
Duty Cycle (Note 4) 
Rise Time (Note 4) 

Fall Time (Note 4) 

Instruction Cycle Time. 
RC Oscillator (Note 4) 

Inputs: (See Figure 3) 

tSETUP 

Output propagation delay 

tp01, tpoo 
tPD1, tpoo 

MICROBUSTM timing 
Read Operation (Figure 4) 

} 

Chip select stable before RD -tesA 
. Chip select hold time for RD -tAes 
RD pulse width-tAA . 

Data delay from RD - tAO 
RD to data floating -tOF (Note 4) 

Write Operation (Figure 5) 

Chip select stable before WR - tcsw 
Chip select hold time for WR -twcs 
WR pulse width - tww 
Data set-up time for WR - tow 
Data hold time for WR - two 
INTR transition time from WR -tWI 

Conditions 

Vee';?4.5V 
4.5V>Vee';?2.4V 

Vee';?4.5V 

4.5V>Vee';?2.4V 

f1=4 MHz 
f1 = 4 MHz external clock 
f1 =4 MHz external clock 

R=30k, Vee = 5V 
C=82 pF (+4 Mode) 

G Inputs } 
Sllnput Vee';? 4.5V 
All Others 

Vee';? 4.5V 
4.5V> Vee';? 2.4V 
VOUT= 1.5V, CL = 100 pF, RL = 5k 
Vee';? 4.5V 
4.5V> Vee';? 2.4V 

CL=50 pF, Vee=5V±5% 

Min 

4 
16 
DC 
DC 
DC 
DC 
DC 
DC 
40 

8 

tc/4+.7 
0.3 
1.7 

0.25 
1.0 

65 
20 

400 

65 
20 

400 
320 
100 

Max 

DC 
DC 
1.0 
2.0 
4.0 
250 
500 
1.0 
60 
60 
40 

16 

1.0 
4.0 

375 
250 

700 

/ 

Units 

p's 
p's 

MHz 
MHz 
MHz 
kHz 
kHz 
MHz 

% 

ns 
ns 

p's 

p.s 
p's 
p.s 
p.s 
p's 

p's 
p.s 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 

Note 1: Supply current is measured after running for 2000 cycle times with a square-wave clock on CKI, CKO open, and all other pins pulled up to Vce with 20k 
resistors. See current drain equation on page 17. 

Note 2: The HALT mode will stop CKI from oscillating In the RC and crystal configurations. Test conditions: all inputs tied to Vee. L lines in TRI-STATE mode and 
tied to ground, all outputs low and tied to ground. ' 

Note 3: When forcing HALT, current Is only needed for a short time (approx. 200 ns) to flip the HALT flip-flop. 

Note 4: This parameter Is only sampled and not 100% tested. 

Note 5: Voltage change must be less than 0.5 volts in a 1 ms period. 

Note 6: SO output sink current must be limited to keep VOL less than 0.2Vcc when part Is running In order to prevent entering test mode. 
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COP324C/COP325C/COP326C and COP344C/COP345C 
f 

Absolute Maximum Ratings 
Supply Voltage 6V Absolute maximum ratings indicate limits beyond which 

Voltage at any pin -0.3V to Vee + 0.3V 
damage to the device may occur. DC and AC electrical 
specifications are not ensured when operating the device at 

Total Allowable Source Current 25mA absolute maximum ratings. 
Total Allowable Sink Current 25mA 
Operating temperature range - 40°C to + 85°C 
Storage temperature range - 65°C to + 150°C 
Lead temperature (soldering, 10 seconds) 300°C 

DC Electrical Characteristics - 40°C ~ T A ~ + 85°C unless otherwise specified 

Parameter Conditions Min Max Units 

Operating Voltage 3.0 5.3 V 
Power Supply Ripple (Note 5) Peak to Peak O.Wee V 

Supply Current Vee=3.0V, tc=64,.,,5 180 ,."A 
(Note 1) Vee=5.0V, tc=16,."s 800 ,."A 

Vee=5.0V, tc=4,."s 3600 ,."A 
(tc is instruction cycle time) 

HALT Mode Current Vee=5.0V, FIN=OkHz 60 ,."A 
(Note 2) Vee = 3.0V, FIN=O kHz 30 ,."A 

Input Voltage Levels 
RESET, CKI, Do (clock input) 

Logic High 0.9 Vee .v 
Logic Low 0.1 Vee V 

All other inputs 
Logic High 0.7 Vee V 
Logic Low 0.2 Vee V 

Input Pull-up current Vee = 4.5V, VIN = 0 30 440 ,."A 

Hi-Z input leakage -2 +2 ,."A 

Input capacitance (Note 4) 7 pF 

Output Voltage Levels Standard outputs 
LSTTL Operation Vee=5.0V ±5% 

Logic High 10H= -100,."A 2.7 V 
Logic Low 10L =400,."A 0.4 V 

CMOS Operation 
Logic High 10H= -10,."A Vee-0.2 V 
logic Low 10L =10,."A 0.2 V 

Output current levels (except CKO) 
Sink (Note 6) Vee=4.5V, Vour=Vee 1.2 rnA 

Vee = 3.0V, Vour=Vee 0.2 rnA 
Source (Standard Option) Vee=4.5V, Vour=OV 0.5 rnA 

I Vee=3.0V, VOUT=OV 0.1 rnA 
Source (Low Current Option) Vee=4.5V, Vour=OV 30 440 ,."A 

Vee=3.0V, Vour=OV 8 
CKO Current Levels (As Clock Out) 

200 ,."A 

Sink +4 } 0.3 rnA 
+8 Vee=4.5V, CKI=Vee, Vour = Vee 0.6 rnA 

+16 1.2 rnA 
Source +4 } 0.3 rnA 

+8 Vee=4.5V, CKI=OV, Vour=OV 0.6 rnA 
+16 1.2 rnA 

Allowable Sink/Source current per 5 rnA 
pin (Note 6) 

Allowable Loading on CKO (as HAL n 100 pF 

Current needed to over-ride HALT 
(Note 3) • 

To continue - Vee = 4.5V,VIN= 0.2Vee 0.9 rnA 
To halt Vce=4.5V,VIN=0.7Vee 2.1 rnA 

TRI-STATE or open drain 
leakage current -5 +5 ,."A 
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COP324C/COP325C/COP326C and COP344C/COP345C 
AC Electrical Characteristics -40°C~TA~ +85°C unless other specified 

Parameter 

Instruction Cycle Time (tc) 

Operating CKI 
Frequency 

+4 mode } 
+8 mode 

-;16 mode 
+4 mode 
+8 mode 

+16 mode 
Duty Cycle (Note 4) 
Rise Time (Note 4) 
Fall Time (Note 4) 

Instruction Cycle Time. 
RC Oscillator (Note 4) 

Inputs: (See Figure 3) 

tSETUP 

Output propagation delay 
tp01, tpoo 
tp01, tpoo 

MICROBUSTM timing 
Read Operation (Figure 4) 

} 

Chip select stable before RD -tcSR 
Chip select hold time for RD -tRCS 
RD pulse width-tRR 
Data delay from RD -tRO 
RD to data floating -tOF (Note 4) 

Write Operation (Figure 5) 

, Chip select stable beforeWR -tesw 
Chip select hold time for WR -twes 
WR pulse width-tww 
Data set-up time for WR -tow 
Data hold time for WR -two 
INTR transition time from WR -tWI 

Conditions 

Vce~4.5V 

4.5V> Vec~ 3.0V 

Vee~4.5V 

4.5V> Vec~ 3.0V 

f1=4 MHz 
f1 = 4 MHz external clock 
f1 = 4 MHz external clock 

R :; 30k, Vce = 5V 
C = 82 pF (+4 Mode) 

G Inputs } 
Sllnputs Vce~ 4.5V 
All Others 
Vcc~ 4.5V 
4.5V>Vcc~3.0V 

VOUT=1.5V, CL =100 pF, RL =5k 
Vec~ 4.5V 
4.5V> V CC ~ 3.0V 

CL =50 pF, Vce=5V±5% 

Min 

4 
16 
DC 
DC 
DC 
DC 
DC 
DC 
40 

8 

tc/4+.7 
0.3 
1.7 

0.25 
1.0 

65 
20 

400 

65 
20 

400 
320 
100 

Max 

DC 
DC 
1.0 
2.0 
4.0 
250 
500 
1.0 
60 
60 
40 

16 

1.0 
4.0 

375 
250 

700 

Units 

fLS 
fLS 

MHz 
MHz 
MHz 
kHz 
kHz 
MHz 

% 
ns 
ns 

fLs 

fLs 
fLs 
fLs 
fLs 
fLs 

fLs 
fLs 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 

Note 1: Supply current is measured after running for 2000 cycle times with a square-wave clock on CKI. CKO open. and all other pins pulled up to Vec with 20k 
resistors. See current drain equation on page 17. 

Note 2: The HALT mode will stop CKI from oscillating in the RC and crystal configurations. Test conditions: all inputs tied to Vee. L lines in TRI-STATE mode and 
tied to ground. all outputs low and tied to ground. 

Note 3: When forcing HALT. current is only needed for a short time (approx. 200 ns) to flip the HALT flip-flop. 

Note 4: This parameter is only sampled and not 100% tested. 

Note 5: Voltage change must be less than 0.5 volts in alms period. 

Note 6: SO output sink current must be limited to keep VOL less than 0.2Vcc when part is running in order to prevent entering test mode. 

Functional Description 
The internal architecture is shown in Figure 1. Data paths 
are illustrated in simplified form to 'depict how the various 
logic elements communicate with each other in implement­
ing the instruction set of the device. Positive logic is used. 
When a bit is set, it is a logic "1", when a bit is reset, it is a 
logic "a". 

For ease of reading only the COP424C/425C/COP426C/ 
444C/445C are referenced; however, all such references 
apply equally to COP324C/325C/COP326C/344C/345C. 
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, PROGRAM MEMORY 

Program Memory consists of ROM, 1024 by1es for the 
COP424C/425C/COP426C and 2048 by1es for the 
COP444C/445C. These by1es of ROM may be program in­
structions, constants or ROM addressing data. 

ROM addressing is accomplished by a 11-bit PC register 
which selects one of the 8-bit words contained in ROM. A 
new address is loaded into the PC register during each in­
struction cycle. Unless the instruction is a transfer of control 
instruction, the PC register is loaded with the next sequen­
tial11-bit binary count value. 
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Connection Diagrams 

GNo 

CKo 

CKI 

Ifmr 
L7 

L6 

L5 

l4 

VCC 

L3 

L2 

Ll 

CKO 

CKI 

RESET 

L7 

L6 

L5 

L4 

VCC 

L3 

L2 

GND 

02 

D3 

G3 

G2 

SK 

SO 

SI 

LO 

L1 

TL/DD/5259-3 

GND 

CKO 

CKI 

RIm 
L7 

L6 

L5 

l4 

IN1 

IN2 

VCC 

L3 

L2 

Ll 

28 DO 

27 01 

26 02 

25 03 

24 G3 

23 G2 

~~~m 22 G1 

g~~~ 21 GO 

20 IN3 

10 19 INo 

11 18 SK 

12 17 SO 

13 

14 

16 

15 

SI 

LO 

TLlDD/5259-2 

Order Number COP425C·XXX/D, 
COP325C·XXX/D, COP445C·XXX/D, 

COP345C·XXX/D 

Order Number COP326C·XXX/D, 
CO P426C·XXX/D 

L.-____ .... TLlDD/5259.16 

Order Number COP424C·XXX/D, 
COP324C·XXX/D, COP444C·XXX/D, 

COP344C·XXX/D 
See NS Package D20A 

See NS Package D24C 
Order Number COP426C·XXX/N, 

COP326C·XXX/N See NS Package D28C 

Order Number COP425C·XXX/N, 
COP325C·XXX/N, COP445C·XXX/N, 

COP345C·XXX/N 

See NS Package N20A Order Number COP424C·XXX/N, 
COP324C·XXX/N, COP444C·XXX/N, 

COP344C·XXX/N 
See NS Package N24A 

FIGURE 2. 
See NS Package N28B 

Pin Description 

L7·LO 8·bit bidirectional port with TAI·STATE 

G3·GO 4·bit bidirectional 110 port 

03·00 4·bit output port 

IN3·INO 4·bit input port (28 pin package only) 

81 Serial input or counter Input 

SO Serial or general purpose output 

SK Logic controlled clock output 

Functional Description (Continued) 

Three levels of subroutine nesting are implemented by a 
three level deep stack. Each subroutine call or interrupt 
pushes the next PC address into the stack. Each return 
pops the stack back into the PC register. 

DATA MEMORY 
Data memory consists of a 512-bit RAM for the COP444C/ 
445C, organized as S data registers of 16 x 4-bit digits. 
RAM addressing is implemented by a 7-bit B register whose 
upper 3 bits (Br) select 1 of S data registers and lower 4 bits 
(Bd) select 1 of 16 4-bit digits in the selected data register. 

Data memory consists of a 256-bit RAM for the COP424C/ 
425C/426C, organized as 4 data registers of 16 x 4-bits 
digits. The B register is 6 bits long. Upper 2 bits (Br) select 1 
of 4 data registers and lower 4 bits (Bd) select 1 of 16 4-bit 
digits In the selected data register. While the 4-bit contents 
of the selected RAM digit (M)" are usually loaded into or 
from, or exchanged with, the A register (accumulator), it 
may also be loaded into or from the Q latches or T counter 
or loaded from the L ports. RAM addressing· may also 
be performed directly by the LDD and XAD instructions 
based· upon the immediate operand field of these instruc­
tions. 

The Bd register also serves as a source register for 4-bit 
data sent directly to the 0 outputs. 

INTERNAL LOGIC 
The processor contains its own 4-bit A register (accumula­
tor) which is the source and destination register for most 110, 
arithmetic, logic, and data memory access operations. It can 

Pin Description 

CKI Chip oscillator input 

CKO Oscillator output. HALT 110 port or 
general purpose Input 

~ Aeset input 

Vee Most positive power supply 

GND Ground' 

also be used to load the Br and Bd portions of the B regis­
ter, to load and input 4 bits of the S-bit Q latch or T counter, 
to input 4 bits of L 110 ports data, to input 4-bit G, or IN 
ports, and to perform data exchanges with the SIO register. 

A 4-bit adder performs the arithmetic and logic functions. 
storing the results in A. It also outputs a carry bit to the 1-bit 
C register, most often employed to indicate arithmetic over­
flow. The C register In conjunction with the XAS ins\l'uction 
and the EN register. also serves to control the SK output. 

The S-bit T counter is a binary up counter which can be 
loaded to and from M and A using CAMT and CTMA instruc­
tions. This counter may be operated in two modes depend­
ing on a, mask-programmable option: as a timer or as an 
external event counter. When the T counter overflows. an 
overflow flag will be set (see SKT and IT instructions below). 
The T counter is cleared on reset. A functional block dia­
gram of the timer/counter is illustrated in Figure 10a. 
Four general-purpose inputs. IN3-INO. are provided. IN1, IN2 
and IN3 may be selected, by a mask-programmable option 
as Read Strobe, Chip Select, and Write Strobe inputs. re­
spectively. for use in MICROBUS application. 

The [) register provides 4 general-purpose outputs and is 
used as the destination register for the 4-bit contents of Bd. 
In the dual clock mode. DO latch controls the clock selection 
(see dual oscillator below). 

The G register contents are outputs to a 4-bit general-pur­
pose bidirectional 110 port. GO may be mask-programmed 
as an output for MICROBUS applications. 

The Q register. is an internal, latched. a-bit register. used to 
hold data loaded to or from M and A. as well as a-bit data 
from ROM. Its contents are outputted to the L 110 ports 
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Functional Description (Continued) 

when the L drivers are enabled under program control. With 
the MICROBUS option selected, Q can also be loaded with 

- the a-bit contents of the L 1/0 ports upon the occurence of 
a write strobe from the host CPU. 

The a L drivers, when enabled, output the contents of 
latched Q data to the L 1/0 port. Also, the contents of L may 
be read directly into A and M. As explained above, the 
MICROBUS option allows L 1/0 port data to be latched into 
the Q register. 

The SIO register functions as a 4-bit serial-in/serial-out shift 
register for MICROWIRE 1/0 and COPS peripherals, or as a 
binary counter (depending on the contents of the EN regis­
ter). Its contents can be exchanged with A. 

The XAS instruction copies C into the SKL latch. In the 
counter mode, SK is the ouput of SKL; in the shift register 
mode, SK outputs SKL ANDed with the clock. 

EN is an internal 4-bit register loaded by the LEI instruction. 
The state of each bit of this register selects or deselects the 
particular feature associated with each bit of the EN regis­
ter: 

O. The least significant bit of the enable register, ENO, se­
lects the SIO register as either a 4-bit shift register or a 
4-bit binary counter. With ENO set, SIO is an asynchro­
nous binary counter, decrementing its value by one upon 
each low-going pulse ("1" to "0") occurring on the SI 

CKI 

SK (ASA 
CLOCK) _..£.._.r 

input. Each pulse must be at least two instruction cycles 
wide. SK outputs the value of SKL. The SO output equals 
the value of EN3. With ENO reset, SIO is a serial shift 
register left shifting 1 bit each instruction cycle time. The 
data present at SI goes into the least significant bit of 
SIO. SO can be enabled to output the most significant bit 
of SIO each cycle time. The SK outputs SKL ANDed with 
the instruction cycle clock. 

1. With EN1 set, interrupt is enabled. Immediately following 
an interrupt, EN1 is reset to disable further interrupts. 

2. With EN2 set, the L drivers are enabled to output the 
data in Q to the L 1/0 port. Resetting EN2 disables the L 
drivers, placing the L 1/0 port in a high-impedance input 
state. 

3. EN3, in conjunction with ENO, affects the SO output. With 
ENO set (binary counter option selected) SO will output 
the value loaded into EN3. With END reset (serial shift 
register option selected), setting EN3 enables SO as the 
output of the SIO shift register, outputting serial shifted 
data each instruction time. Resetting EN3 with the serial 
shift register option selected disables SO as the shift reg­
ister output; data continues to be shifted through SIO and 
can be exchanged with A via an XAS instruction but SO 
remains set to "0". 

G3-G!). L7·L!). ---------.;,--v------~.,..-----
CKO & SIINPUTS --______ ~-"""-------' '--____ _ 

G3-Go. 03-0!). L7-Lo.SO.SK _________ ....I.~_...J 

OUTPUTS 
TL/DD/5259-4 

FIGURE 3_ Input/Output Timing Diagrams (divide by 8 mode) 

(INI) ii1! 

TL/DD/5259-5 
FIGURE 4. MICROBUS Read Operation Timing 

ICSW __ • rmI • -IWCs-1 

\. I 
I-IDW-

- IWD.I-

1. 
---:-IWI 

(Go! INTR 

TLlDD/5259-6 

FIGURE 5. MICROBUS Write Operation Timing 
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Functional Description (Continued) 

TABLE 1. Enable Register Modes - Bits ENO and EN3 

ENO EN3 SIO Sl SO SK 

0 0 Shift Register Input to Shift 0 If SKL = 1,SK = clock 
Register If SKL=O,SK=O 

0 1 Shift Register Input to Shift Serial If SKL = 1,SK = clock 
Register out IfSKL=O,SK=O 

1 0 Binary Counter Input to Counter 0 SK=SKL 
1 1 Binary Counter Input to Counter 1 SK=SKL 

INTERRUPT 

The following features are associated with interrupt proce­
dure and protocol and must be considered by the program­
mer when utilizing interrupts. 

a. The interrupt, once recognized as explained below, 
pushes the next sequential program counter address 
(PC+ 1) onto the stack. Any previous contents at the bot­
tom of the stack are lost. The program counter is set to 
hex address OFF (the last word of page 3) and EN1 is 
reset. 

b. An interrupt will be recognized only on the following con­
ditions: 
1. EN1 has been set. 
2. A low-going pulse ("1" to "0") at least two instruction 

cycles wide has occurred on the IN1 input. 
3. A currently executing instruction has been completed. 
4. All successive transfer of control instructions and suc­

cessive LBls have been completed (e.g. if the main 
program is executing a JP instruction which transfers 
program control to another JP instruction, the interrupt 
will not be acknowledged until the second JP instruc­
tion has been executed). 

c. Upon acknowledgement of an interrupt, the skip logic 
status is saved and later restored upon popping of the 
stack. For example, if an interrupt occurs during the exe­
cution of ASC (Add·with Carry, Skip on Carry) instruction 
which results in carry, the skip logic status is saved and 
program control is transferred to the interrupt servicing 
routine at hex address OFF. At the end of the interrupt 
routine, a RET instruction is executed to pop the stack 
and return program control to the instruction following 
the original ASC. At this time, the skip logic is enabled 
and skips this instruction because of the previous ASC 
carry. Subroutines should not be nested within the inter­
rupt service routine, since their popping of the stack will 
enable any previously saved main program skips, inter­
fering with the orderly execution of the interrupt routine. 

d. The instruction at hex address OFF must be a NOP. 

e. An LEI in.struction may be put immediately before the 
RET instruction to re-enable interrupts. 

MICROBUS INTERFACE 

The COP444C/424C has an option which allows it to be 
used as a peripheral microprocessor device, inputting and 
outputting data from and to a host microprocessor (uP). IN1, 
IN2 and IN3 general purpose inputs become MICROBUS 
compatible read-strobe, chip-select, and write-strobe lines" 
respectively. IN1 becomes RD :- a logic "0" on this input 
will cause 0 latch data to be enabled to the L ports for input 
to the uP. IN2 becomes CS - a logic "0" on this line se­
lects the COP444C/424C as the uP peripheral device by 
enabling the operation of the RD and WR lines and allows 
for the selection of one of several peripheral components. 
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IN3 becomes WR - a logic "0" on this line will write bus 
data from the L ports to the O· latches for input to the 
COP444C/424C. GO becomes INTR a "ready" output, reset 
by a write pulse from the uP on the WR line, providing the 
"handshaking" capability necessary for asynchronous data 
transfer between the host CPU and the COP444C/424C. 

This option has been designed for compatibility with Nation­
al's MICROBUS - a standard interconnect system for 8-bit 
parallel data transfer between MOS/LSI CPUs and interfac­
ing devices. (See MiCROBUS National Publication). The 
functioning and timing relationships between the signal lines 
affected by this option are as specified for the MICROBUS 
interface, and are'given in the AC electrical characteristics 
and shown in the timing diagrams (Figures 4 and 5). Con­
nection of the COP444C/424C to the MICROBUS is shown 
in Figure 6. 

POWER 
SUPPLY CLOCK 

INTERRUPT (INTR) 

MICROPROCESSOR ~~=~~_I 
IN 

OUT 

• TL/OO/52S9-7 

FIGURE 6. MICROBUS Option Interconnect 

INITIALIZATION 

The internal reset logic will initialize the device upon power­
up if the power supply rise time is less than 1 ms and if the 
operating frequency at CKI is greater than 32 kHz, other­
wise. the external RC network shown in Figure 7 must be 
connected to the RESET pin (the conditions in Figure 7 
must be met). The RESET pin is configured as a Schmitt 
trigger input. If not used, it should be connected to Vee. 
Initialization will occur whenever a logic "0" is applied to the 
RESET input, providing it stays low for at least three.instruc­
tion cycle times. 
NOTE: If CKI clock is less than 32 kHz, the internal reset logic (option 

# 29 = 1) MUST be disabled and the external RC circuit must be 
used. 

P ?-........... ~---., 

II 
y 

GND 

RC~5X POWER SUPPLY RISE TIME 
AND RC~l00X CKI PERIOD. 

FIGURE 7. Power-Up Circuit 
TLIOO/S259-8 



Functional Description (Continued) 

Upon initialization, the PC register is cleared to 0 (ROM ad­
dress 0) and the A, B, C, D, EN, IL, T and G registers are 
cleared. The SKL latch is set, thus enabling SK as a clock 
output. Data Memory (RAM) is not cleared upon initializa­
tion. The first instruction at address 0 must be a CLRA 
(clear A register). 

TIMER 

There are two modes selected by mask option: 

a. Time-base counter. In this mode, the instruction cycle 
frequency generated from CKI passes through a 2-bit di­
vide-by-4 prescaler. The output of this prescaler incre­
ments the a-bit T counter thus providing a 10-bit timer. 
The prescaler is cleared during execution of a CAMT in­
struction and on reset. 

For example, using a 4 MHz crystal with a divide-by-16 
option, the instruction cycle frequency of 250 kHz incre­
ments the 10-bit timer every 4 JLs. By presetting the coun­
ter and detecting overflow, accurate timeouts between 
16 JLs (4 counts) and 4.096 ms (1024 counts) are possi­
ble. Longer timeouts can be achieved by accumulating, 
under software control, multiple overflows. 

b. Ex1ernal event counter. In this mode, a low-going pulse 
("1" to "0") at ~east 2 instruction cycles wide on the IN2 
input will increment the a-bit T cOLlnter. 
NOTE: The IT instruction is not allowed in this mode. 

A 

HALT 

HALT MODE 

The COP444CI 445CI 424CI 425C/426C is a FULLY STAT-
1c circuit; therefore, the user may stop the system oscillator 
at any time to halt the chip. The chip may also be halted by 
the HALT instruction or by forcing CKO high when it is 
mask-programmed as an HALT 1/0 port. Once in the HALT 
mode, the internal circuitry does not receive any clock sig­
nal and is therefore frozen in the exact state it was in when 
halted. All information is retained until continuing. The chip 
may be awakened by one of two different methods: 

• Continue function: by forcing CKO low, if it mask-pro­
grammed as an HALT 1/0 port, the system clock is re­
enabled and the circuit continues to operate from the 
point where it was stopped. 

• Restart: by forcing the RESET pin low (see Initializa­
tion). 

The HALT mode is the minimum power dissipation state. 
NOTE: If the user has selected dual-clock with DO as external oscillator 

(option 30=2) AND the COP444C/424C is running with the DO 
clock, the HALT mode - either hardware or software - will NOT 
be entered. Thus, the user should switch to the CKI clock to HALT. 
Alternatively, the user may stop the DO clock to minimize power. 

Vee 

... ~ 

~ 

DO ----1 OR EXTERNAL CLOCK J1.I" 
EXTERNAL 

CLOCK 
OR 

GENERAL PURPOSE 
INPUT ~ 

Crystal 

value 

32 kHz 

455 kHz 

2.096 MHz 

4.0 MHz 

":" 

Crystal or resonator 

Component Values 

R1 R2 C1 (pF) 

220k 20M 30 

5k 10M 80 

2k 1M 30 

1k 1M 30 

CKI 

* 
C2 (pF) 

6-36 

40 

6-36 

6-36 

CKO 

VCC t 
HALT 

OR 
GENERAL PURPOSE 

INPUT 

CKI CKO 

TLlDD/5259-9 

RC controlled Oscillator 

Cycie 

R C time ~ 
15k 82pF 4-9 ,...S :<!4.5V 

30k 82pF 8-16,...s :<!4.5V 

60k 100pF 16-32,...s 2.4-4.5V 

Note: 15k:s:R:S:150k 
50 pF:s:C:S:150 pF 

FIGURE 8. Oscillator Component values 
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Functional Description (Continued) 

CKO Pin Options 

a. Two-pin oscillator - (Crystal). See Figure 9A. 

In a crystal controlled oscillator system, CKO is used as 
an output to the crystal network. The HALT mode may be 
entered by program control (HALT instruction) which 
forces CKO high, thus inhibiting the crystal network. The 
circuit can be awakened only by forcing the RESET pin to 
a logic "0" (restart). 

b. One-pin oscillator - (RC or external). See Figure 98. 

If a one-pin oscillator system is chosen, two options are 
available for CKO: 

• CKO can be selected as the HALT I/O port. In that 
. case, it is an I/O flip-flop which is an indicator of the 

HALT status. An external signal can over-ride this pin 
to start and stop the chip. By forcing a high level to 
CKO, the chip will stop as soon as CKI is high and 
CKO output will stay high to keep the chip stopped if 
the external driver returns to high impedance state. 

By forcing a low level to CKO, the chip' will continue 
and CKO will stay low. 

• As another option, CKO can be a general purpose in­
put, read into bit 2 of A (accumulator) upon execution 
of an INIL instruction. 

OSCILLATOR OPTIONS, 

There are four basic clock oscillator configurations available 
as shown by Figure 8. 

a. Crystal Controlled Oscillator. CKI and CKO are connect­
ed to an external crystal. The instruction cycle time equals 
the crystal frequency optionally divided by 4, 8 or 16. 

b. External Oscillator. The external frequency is optionally 
divided by 4, 8 or 16 to give the instruction cycle time. 
CKO is the HALT I/O port or a general purpose input. 

c. RC Controlled Oscillator. CKI is configured as a single 
pin RC controlled Schmitt trigger oscillator. The instruc­
tion cycle equals the oscillation frequency divided by 4. 
CKO is the HALT I/O port or a general purpose input. 

Block Diagrams 

Rmf -----Ii"'" 

HALT 
INSTRUCTION 

d. Dual oscillator. By selecting the dual clock option, pin DO 
is now a single pin oscillator input. Two configurations 
are available: RC controlled Schmitt trigger oscillator or 
external oscillator. 

The user may software select between the DO oscillator 
(in that case, the instruction cycle time equals the DO, 
oscillation frequency divided·by 4) by setting the DO latch 
high or the CKI (CKO) oscillator by resetting DO latch low. 
Note that even in dual clock mode, the counter, if mask­
programmed as a time-base counter, is always connect­
ed to the CKI oscillator. 

For example, the user may connect up to a 1 MHz RC 
circuit to DO for faster processing and a 32 kHz watch 
crystal to CKI and CKO for minimum current drain and 
time keeping. . 

NOTE: CTMA instruction is not allowed when chip is running from DO clock. 

Figures 10A and 108 show the clock and timer diagrams 
with and without Dual clock . 

COP445C AND COP425C 24-PIN PACKAGE OPTION 

If the COP444C/424C is bonded in a 24-pin package, it be­
comes the COP445C/425C, illustrated in Figure' 2, Connec­
tion diagrams. Note that the COP445C/425C does not con­
tain the four general purpose IN inputs (IN3-INO). Use of 
this option precludes, of course, use of the IN options, in­
terrupt feature, external event counter feature, and the 
MICROBUS option which uses IN1-IN3. All other options are 
available for the COP445C/425C. 
NOTE: If user selects the 24-pin package, options 9,10,19 and 20 must be 

selected as a "0" (load to Vee on the IN inputs). See option list. 

COP426C 20-PIN PACKAGE OPTION 

If the COP425C is bonded as 20-pin device it becomes the 
COP426C. Note that the COP426C contains all the 
COP425C pins except Do, D1, Go, and G1. 

TO CLOCK GENERATOR 

TL/OO/S2S9-10 

FIGURE 9A: Halt Mode - Two-Pin Oscll/ator 
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Block Diagrams (Continued) 

HALT 
INSTRUCTION 

mn----L~ 

CKI 

~ 
HALT 110 "" l:'u~I-I ."~o AceU.UUT" 

TO CLOCK GENERATOR 

FIGURE 98: HALT MOOE-ONE·PIN OSCILLATOR 

FIGURE 98: Halt Mode - One-Pin Oscillator 

INSTRUCTION 
CYCLE CLOCK 

FIGURE 10A: Clock and Timer without Dual-Clock 

FIGURE 108: Clock and Timer with Dual-Clock 
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Instruction Set 
Table 2 is a symbol table providing internal architecture, 
instruction operand and operation symbols used in the in­
struction set table. 

TABLE 2. Instruction Set Table Symbols 

Symbol Definition 

Internal Architecture Symbols 

A 

B 

Br 

Bd 

C 

D 

EN 

G 

IL 

4-bit Accumulator 

7-bit RAM address register (6-bit for COP424C) 

Upper 3 bits of B (register address) 

(2-bit for COP424C) 

Lower 4 bits of B (digit address) 

1-bit Carry register 

4-bit Data output port 

4-bit Enable register 

4-bit General purpose liD port 

two 1-bit (INO and IN3) latches 

IN 4-blt input port 

L a-bit TRI-STATE liD port 

M 4-bit contents of RAM addressed by B 

PC '11-bit ROM address program counter 

Q a-bit latch for L port 

SA,SB,SC 11-bit 3·level subroutine stack 

SID 4-bit Shift register and counter 

SK Logic-controlled clock output 

SKL 1-bit latch for SK output 

T a-bit timer 

Table 3 provides the mnemonic, operand, machine code 
data flow, skip conditions and description of each instruc­
tion. 

Instruction operand symbols 

d 4-bit operand field, 0-15 binary (RAM digit select) 

a 

3(2)-bit operand field, 0-7(3) binary 

(RAM register select) 

11-bit operand field, 0-2047 (1023) 

Y 4-bit operand field, 0-15 (immediate data) 

RAM (x) RAM addressed by variable x 

ROM (x) ROM addressed by variable x 

Operational Symbols 

+ Plus 
- Minus 
~ Replaces 
~ is exchanged with 
= Is equal to 

A one's complement of A 

Ell exclusive-or 

.. range of values 

\ 

TABLE 3. COP444C/445C Instruction Set 

Machine 

Mnemonic Operand 
Hex Language 

Data Flow 
Skip 

Description Code Code Conditions 

-' 
(Binary) 

ARITHMETIC INSTRUCTIONS 

ASC 30 10011100001 A+C+RAM(B) ~ A Carry Add with Carry, Skip on 

Carry~ C Carry 

ADD 31 10011100011 A+RAM(B)~A None Add RAMtoA 

ADT 4A 10100110101 A+1010 ~ A None Add Ten to A 

-
AISC Y 5- 10101 1 y 1 A+y~A Carry Add Immediate. Skip on 

Carry (y =1= 0) 

CASC 10 10001100001 A+RAM(B)+C~A Carry Complement and Add with 

Carry~ C Carry, Skip on Carry 

CLRA 00 10000100001 O~A None Clear A 

COMP 40 10100100001 A~A None Ones complement of A to A 

NOP 44 10100101001 None None No qperation 

RC 32 10011100101 "O"~C None ResetC 

SC 22 10010100101 "1"~C None SetC 

XOR 02 10000100101 AEIlRAM(B)~A None Exclusive-OR RAM with A 
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Instruction Set (Continued) 

Machine 

Mnemonic Operand 
Hex Language 
Code Code 

(Binary) 

TRANSFER OF CONTROL INSTRUCTIONS 

JID FF 11111111111 

JMP a 6- 1011OIOlalO:81 
-- la7:0 I 

JP a -- ~ 
(pages 2,3 only) 

or 

-- ~ 
(all other pages) 

JSRP a -- 110 I a5:0 1 

JSR a 6- 1011°11IalO:81 
--

1 a7:0 1 

RET 48 10100110001 

RETSK 49 10100110011 

HALT 33 10011100111 

38 10011110001 

iT 33 10011100111 

39 10011110011 

MEMORY REFERENCE INSTRUCTIONS 

CAMT 33 10011100111 

3F 10011111111 

CTMA 33 10011100111 

2F 10010111111 

CAMQ 33 10011100111 

3C 10011111 001 

CQMA 33 10011100111 

2C 10010111001 

LD r -5 100Ir 101011 
(r=0:3) 

LDD r,d 23 10010100111 
-- 10 I r I d I 

LQID BF 11011111111 

RMB 0 4C 10100111001 

1 45 10100101011 

2 42 10100100101 

3 43 10100100111 

Data Flow 
Skip 
Conditions 

ROM (PClO:8 A,M) ~ PC7:0 None 

a~PC None 

a~ PC6:0 None 

a~ PC5:0 

PC + 1 ~ SA ~ SB ~ SC None 

00010 ~ PC1O:6 

a~ PC5:0 

PC+1 ~SA~SB~SC None 

a~PC 

SC ~ SB ~ SA ~ PC None 

SC ~ SB ~ SA ~ PC Always Skip 

on Return 

None 

None 

A~ T7:4 

RAM(B) ~ T 3:0 None 

T 7:4 ~ RAM (B) 

T3:0~ A None 

A~Q7:4 None 

RAM (B) ~ Q3:0 

Q7:4 ~ RAM (B) None 

Q3:0~A 

RAM(B)~A None 

Brer ~ Br 

RAM(r,d)~A None 

ROM(PC10:8,A,M) ~ Q None 

SB~SC 

O~ RAM(B)o None 

O~ RAM(Bh 

O~ RAM(B)2 

O~ RAM(Bb 
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Description 

Jump indirect (Notes 1, 3) 

Jump 

Jump within Page (Note 4) 

Jump to Subroutine Page 

(Note 5) 

Jump to Subroutine 

Return from Subroutine 

Return from Subroutine 
then Skip 

HALT processor 

IDLE till timer 

overflows then continues 

Copy A, RAM to T 

Copy T to RAM, A (Note 9) 

Copy A, RAM to Q 

Copy Q to RAM, A 

Load RAM into A, 

Exclusive-OR Br with r 

Load A with RAM pointed 

to directly by r,d 

Load Q Indirect (Note 3) 

Reset RAM Bit 
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I nstruction Set (Continued) 

Machine 

Mnemonic Operand 
Hex Language 
Code Code 

(Binary) 

5MB 0 4D 10100111011 

1 47 10100101111 

2 46 ' 10100101101 

3 4B 10100110111 

STII Y 7- 10111 1 'i I 

X r -6 100 Irl 01101 
(r=0:3) 

XAD r,d 23 10010100111 

-- 111 r I dl 

XDS r -7 100 I riO 1111 

(r=0:3) 

XIS r -4 100 I rl 01001 
(r=0:3) 

REGISTER REFERENCE INSTRUCTIONS 

CAB 50 10101100001 

CSA 4E 101001111~ 

LSI r,d -- 100Irl~d-1~1 
(r=0:3: 

d=0,9:15) 

or 

33 10011100111 

-- 11 I rid I 
(any r, any d) 

LEI Y 33 10011100111 
6- 101101 ~ I 

XABR 12 10001100101 

TEST INSTRUCTIONS 

SKC 20 10010100001 

SKE 21 10010100011 

SKGZ 33 10011100111 

21 10010100011 

SKGBZ 33 10011100111 

0 01 10000100011 } 
1 11 10001100011 

2 03, 10000100111 

3 13 10001100111 

Data Flow 
Skip 

Description 
Conditions 

1 ~ RAM(B)o None Set RAM Bit 

1 ~ RAM(Bh 

1 ~ RAM(B)2 

1 ~ RAM(B)3 

y~ RAM (B) None Store Memory Immediate 

Bd a 1 ~ Bd and Increment Bd 

RAM(B)~A None Exchange RAM with A, 

Br a r~ Br Exclusive-OR Br with r 

RAM(r,d) ~ A None Exchange A with RAM 

pointed to directly by r,d . 

RAM(B)~A Bd Exchange RAM with A 

Bd-1 ~ Bd decrements and Decrement Bd. 

Bra r~ Br past 0 'Exclusive-OR Br with r 

RAM(B)~A Bd Exchange RAM with A 

Bd+1 ~ Bd increments and Increment Bd, 

Br a r ~ Br past 15 Exclusive-OR Br with r 

A~Bd None Copy A to Bd 

Bd~A None Copy Sd toA 

r,d~B Skip until Load B Immediate with r,d 

not a LBI (Note 6) 

y~EN None Load EN Immediate (Note 7) 

A~Br None Exchange A with Br (Note 8) 

C="1" Skip if C is True 

A=RAM(B) Skip if A Equals RAM 

G3:0=0 Skip if G is Zero 

(all 4 bits) 

1st byte Skip if G Bit is Zero 

Go=O 

2nd byte 
G1=O 

G2=0 

G3=~ 
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Instruction Set (Continued) 

Machine 

Mnemonic Operand 
Hex Language 

Data Flow 
Skip 

Description 
Code Code Conditions 

(Binary) 

SKMBZ 0 01 10000100011 RAM(B)o=O Skip if RAM Bit is Zero 
1 11 10001100011 RAM(Bh =0 

2 03 10000100111 RAM(B)2=0 

3 13 10001100111 RAM(Bb=O 

SKT 41 10100100011 A time-base Skip on Timer 
counter (Note 3) 
carry has 
occurred 
since last test 

INPUT/OUTPUT INSTRUCTIONS 

ING 33 10011100111 G--.A None Input G Ports to A 

fA 100101101 Q/ 

ININ 33 10011100111 IN --. A None Input IN Inputs to A 

28 1001 011 OOQ! (Note 2) 

INIL 33 10011100111 IL3, CKO, "0", ILa --. A None Input IL Latches to A 

29 10010110011 (Note 3) 

INL 33 10011100111 L7:4 --. RAM (B) None Input L Ports to RAM,A 

2E 100101111Qj L3:0 --. A 

OBD 33 10011100111 Bd --. D None Output Bd to D Outputs 

3E 10011111101 

OGI y 33 10011100111 y --. G None Output to G Ports 

5- 10101 1 ~ I Immediate 

OMG 33 10011100111 RAM (B) --. G None Output RAM to G Ports 

3A 10011110101 

XAS 4F 10100111111 A ~ SIO, C --. SKL None Exchange A with SIO 

(Note 3) 

Note 1: All subscripts for alphabetical symbols indicate bit numbers unless explicitly defined (e.g., Br and Bd are explicitly defined). Bits are numbered 0 to N where 
o signifies the least significant bit (low-order, right-most bit). For example, A3 indicates the most significant (left-most) bit of the 4-bit A register. 

Note 2: The ININ instruction is not available on the 24-pin packages since these devices do not contain the IN inputs. 

Note 3: For additional information on the operation of the XAS, JID, LQID, INIL, and SKT instructions, see below. 

Note 4: The JP instruction allows a jump, while in subroutine pages 2 or 3, to any ROM location within the two-page boundary of pages 2 or 3. The JP instruction, 
otherwise, permits a jump to a ROM location within the current 64-word page. JP may not jump to the last word of a page. 

Note 5: A JSRP transfers program control to subroutine page 2 (0010 is loaded into the upper 4 bits of Pl. A JSRP may not be used when in pages 2 or 3. JSRP 
may not jump to the last word in page 2. 

Note 6: LSI is a single-byte instruction if d = 0,9, 10, 11, 12, 13, 14, or 15. The machine code for the lower 4 bits equals the binary value of the "d" data minus 1, 
e.g., to load the lower four bits of B(Bd) with the value 9 (10012)' the lower 4 bits of the LBI instruction· equal 8 (10002)' To load 0, the lower 4 bits of the LBI 
instruction should equal 15 (11112)' 

Note 7: Machine code for operand field y for LEI instruction should equal the binary value to be latched into EN, where a "1" or "0" in each bit of EN corresponds 
with the selection or deselection of a particular function associated with each bit. (See Functional Description, EN Register.) 

Note 8: For 2K ROM devices, A - Br (0 - A3). For 1 K ROM devices, A - Br (0,0 - A3, A2). 

Note 9: Do not use CTMA instruction when dual-clock option is selected and part is running from DO clocks. 

"-49 

00 
00 -a-a 
(,)~ 
1\,)1\,) 
cn~ 
00 
"-"-
00 
00 
-a-a 
~~ 
~ I\,) 
..a::.CJ1 
00 
"-"-
00 
00 -a-a 
~~ 
~ I\,) 
CJ1cn 
00 
"-"-
00 
00 -a-a 
(,) (,) 
~I\,) 
..a::.~ 
00 
"-"-
00 
00 -a-a 
(,)(,) 
~I\,) 
CJ1 CJ1 
00 

m 



00 
Il)Il) 
C\I~ 
('I) ('I) 

D.D. 
00 
00 
.............. 
00 
~~ 
C\I~ 
('I) ('I) 

D.D. 
00 
00 
.............. 
00 
COil) 
C\I~ 
~~ 
D.D. 
00 
00 
.............. 
00 
Il)~ 
C\I~ 
~~ 
D.D. 
00 
00 .............. 
00 
~.CO 
C\IC\I 
~('I) 
D.D. 
00 
00 

Description of Selected Instructions 
XAS INSTRUCTION 
XAS'(Exchange A with SID) copies C to theiSKL latch and 
exchanges the accumulator with the 4-bit contents of the 
SID register. The contents of SID will contain serial-in/seri­
ai-out shift register or binary counter data, depending on the 
value of the EN register. If SID is selected as a shift register, 
an XAS instruction can be performed once every 4 instruc­
tion cycles to effect a continuous data stream. 

LQID INSTRUCTION 
LQID (Load Q Indirect) loads the 8-bit a register with the 
contents of ROM pointed to by the 11-bit word 
PC10:PC8,A,M. LaiD can be used for table lookup or code 
conversion such as 8CD to seven-segment. The LaiD in­
struction "pushes" the stack (PC + 1 -. SA -. S8 -. SC) 
and replaces the least s'ignificant 8 bits of the PC as follows: 
A -. PC(7:4), RAM(8) -. PC(3:0), leaving PC(1Q) , PC(9) 
and PC(8) unchanged. The ROM data pointed to by the new 
address is fetched and loaded into the a latches. Next, the 
stack is "popped" (SC -. S8 -. SA -. PC), restoring the 
saved value of PC to continue sequential program execu­
tion. Since LaiD pushes S8 -. SC, the previous contents 
of SC are lost. 
NOTE: LQID uses 2 instruction cycles if executed, one if skipped. 

JID INSTRUCTION 
JID (Jump Indirect) is an indirect addressing instruction, 
transferring program control to a new ROM location pointed 
to indirectly by A and M. It loads the lower 8 bits of the ROM 
address register PC with the contents of ROM addressed by 
the 11-bit word, PC10:8,A,M. PC10,PC9 and PC8 are not af­
fected by JID. 
NOTE: JID uses 2 instruction cycles if executed, one if skipped, 

SKT INSTRUCTION 
The SKT (Skip On Timer) instruction tests the state of the T 
counter overflow latch (see internal logic, above), executing 
the next program instruction if the latch is not set. If the 
latch has been set since the previous test, the next program 
instruction is skipped and the latch is reset." The features 
associated with this instruction allow the processor to gen­
erate its own time-base for real-time processing, rather than 
relying on an external input Signal. 
NOTE: If the most Significant bit of the T counter Is a 1 when a CAMT 

instruction loads the counter, the overflow flag will be set. The fol­
lowing sample of codes should be used when loading the counter: 

CAMT ; load T counter 

SKT ; skip If overflow flag Is set and reset It 

NOP 

IT INSTRUCTION 
The IT (idle till timer) instruction halts the processor and 
puts it in an idle state until the time-base counter overflows. 
This idle state reduces current drain since all logic (except 
the oscillator and time base counter) is stopped. IT instruc­
tion is not allowed if the T counter is mask-programmed as 
an external event counter (option #31 =1). 

INIL INSTRUCTION 
INIL (Input IL Latches to A) inputs 2 latches, IL3 and ILO, 
CKO and 0 into A. The IL3 and ILO latches are set if a low­
going pulse ("1" to "0") has occurred on the IN3 and INO 
inputs since the last INIL instruction, provided the input 
pulse stays low for at least two instruction cycles. Execution 
of an INIL inputs IL3 and ILO into A3 and AO respectively, 
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and resets these latches to allow them to respond to subse­
quent low-going pulses on the IN3 and INO lines. If CKO is 
mask programmed as a general purpose input, an INIL will 
input the state of CKO into A2. If CKO has not been so 
programmed, a "1" will be placed in A2. A 0 is input into A 1. 
IL latches are cleared on reset. IL latches are not available 
on the COP445C/425C, and COP426C. 

INSTRUCTION SET NOTES 
a. The first word of a program (ROM address 0) must be a 

CLRA (Clear A) instruction. 

b. Although skipped instructions are not executed, they are 
still fetched from the program memory. Thus program 
paths take the same number of cycles whether instruc­
tions are skipped or executed except for JID, and LQID. 

c. The ROM is organized into pages of 64 words each. The 
Program Counter is a 11-bit binary counter, and will count 
through page boundaries. If a JP, JSRP, JID, or LQID is 
the last word of a page, it operates as if it were in the 
next page. For example: a JP located in the last word of a 
page will jump to a location in the next page. Also, a JID 
or LaiD located in the last word of every fourth page (I.e. 
hex address OFF, 1FF, 2FF, 3FF, 4FF, etc.) will access 
data in the next group of four. pages. 

NOTE: The COP424C/425C/426C needs only 10 bits to address Its ROM. 
Therefore. the eleventh bit (P10) is ignored, 

Power Dissipation 

The lowest power drain is when the clock is stopped. As the 
frequency increases so does current. Current is also lower 
at lower operating voltages. Therefore, the user should run 
at the lowest speed and voltage that his application will al­
low. The user should take care that all pins swing to full 
supply levels to insure that outputs are not loaded down and 
that inputs are not at som!3 intermediate level which may 
draw current. Any input with a slow rise or fall time will draw 
additional current. A crystal or resonator generated clock 
input will draw additional current. For example, a 500 kHz 
crystal input will typically draw 100 /-LA more than a square­
wave input. An RIC oscillator will draw even more current 
since the input is a slow rising signal. 

If using an external squarewave oscillator, the following 
equation can be used to calculate the. COP444C/424CI 
426C operating current drain. 

ICO= 104 VX40X Fi+ VX1400X FilDv 

where Ico=chip operating current drain in microamps 

10 = quiescent leakage current (from curve) 

Fi = CKI frequency in MegaHertz 

V=chip Vcc in volts 

Dv = divide by option selected 

For example at 5 volts Vcc and 400 kHz (divide by 4) 

Ico= 20 + 5X 40x 0.4+ 5x1400 x 0.4/4 

Ico=20+80+700=800 /-LA 

At 2.4 volts Vcc and 30 kHz (divide by 4) 

Ico=6+2.4X40XO.03+2.4X1400XO.03/4 

Ico = 6 + 2.88 + 25.2 = 34.08 /-LA 



Power Dissipation (Continued) 

If an IT instruction is executed, the chip goes into the IDLE 
mode until the timer overflows. In IDLE mode, the current 
drain can be calculated from the following equation: 

Ici = 10 + V x 40 x Fi 

For example, at 5 volts V cc and 400 kHz 

Ici=20+5x40X0.4=100 J1.A 

The total average current will then be the weighted average 
of the operating current and the idle current: 

To . Ti 
Ita = Ico x To+Ti + ICI X To+Ti 

where: Ita = total aver3ge current 

IcO = operating current 

Ici = idle current 

To = operating ti~e 

Ti = idle time 

1/0 OPTIONS 

Outputs have the following optional configurations, illustrat­
ed in Figure 11: 

a. Standard - A CMOS push-pull buffer with an N-channel 
device to ground in conjunction with a P-channel device 
to VCC, compatible with CMOS and LSTTL. 

b. Low Current - This is the same configuration as a. 
above except that the sourcing current is much less. 

c. Open Drain - An N-channel device to ground only, al­
lowing external pull-up as required by the user's applica­
tion. 

d. Standard TAl-STATE L Output - A CMOS output buffer 
similar to a. which may be disabled by program control. 

e. Low-Current TAl-STATE L Output - This is the same as 
d. above except that the sourcing current is much less. 

f. Open-Drain TAl-STATE L Output - This has the N-chan­
nel device to ground only. 

All inputs have the following options: 

g. Input with on chip load device to VCC 

h. Hi-Z input which must be driven by the users logic. 

When using either the G or L 1/0 ports as inputs, a pull-up 
device is necessary. This can be an external device or the 
following alternative is available: Select the low-current out­
put option. Now, by setting the output registers to a logic "1" 
level, the P-channel devices will act as the pull-up load. 
Note that when using the L ports in this fashion the Q regis­
ters must be set to a logiC "1" level and the L drivers MUST 
BE ENABLED by an LEI instruction (see description above). 

All output drivers use one or more of three common devices 
numbered 1 to 3. Minimum and maximum current (lOUT and 
VOUT) curves are given in Figure 12 for each of these devic­
es to allow the designer to effectively use these 1/0 configu­
rations. 

a. Standard Push-Pull Output b. Low Current Push-Pull Output c. Open-Drain Outpu~ 

d. Standard TRI-STATE "L" Output e. Low Current TRI-STATE f. Open Drain TRI-STATE 

Vee Vee 

~ ,p~" ~~ 
~ 

~~ 
~ 

g. Input with Load 

"L" Output "L" Output 

~ 
h. HI-Z Input 

TL/DD/5259-14 

FIGURE 11_lnput/Output Configurations 
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FIGURE 12.lnput/Output Characteristics 

Option List 
The COP444C/ 445C/ 424C/ 425C/COP426C mask-pro­
grammable options are assigned numbers which corre­
spond with the COP444C/424C pins. 

The following is a list of options. The options are pro­
grammed at the same time as the ROM pattern to provide 
the user with the hardware flexibility to interface to various 
I/O components using little or no external circuitry. 

Option 1 = 0: Ground Pin......; no options available 

Option 2: CKO Pin 

= 0: clock generator output to crystal/resonator 

= 1: HALT I/O port 

= 2: general purpose input with load device to Vee 

= 3: general purpose input, high-Z 

Option 3: CKI input 

=0: Crystal controlled oscillator,input divide by 4 

= 1: Crystal controlled oscillator input divide by 8 

= 2: Crystal controlled oscillator input divide by 16 

= 4: Single-pin RC controlled oscillator (divide by 4) 

= 5: External oscillator input divide by 4 

= 6: External oscillator input divide by 8 
= 7: External oscillator input divide by 16 
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Option 4: RESET input 

=0: load device to Vee 

= 1: Hi-Z input 

Option 5: L7 Driver 

=0: Standard TRI-STATE push-pull output 

=1: Low-current TRI-STATE push-pull output 

=2: Open-drain TRI-STATE output 

Option 6: L6 Driver - (same as option 5) 

Option 7: L5 Driver - (same as option 5) 

Option 8: L4 Driver - (same as option 5) 

Option 9: IN1 input 

= 0: load device to Vee 

= 1: Hi-Z input 

Option 10: IN2 input - (same as option 9) 

Option 11 = 0: Vee Pin - no option available 

Option 12: L3 Driver - (same as option 5) 

Option 13: L2 Driver - (same as option 5) 

Option 14: L1 Driver - (same as option 5) 

Option 15: LO Drive'r - (same as option 5) 



Option List (Continued) 

Option 16: SI input - (same as option 9) 

Option 17: SO Driver 

= 0: Standard push-pull output 

= 1: Low-current push-pull output 

='2: Open-drain output 

Option 18: SK Driver - (same as option 17) 

Option 19: INO Input - (same as option 9) 

Option 20: IN3 Input - (same as option 9) 

Option 21: GO "C? Port - (same as option 17) 

Option 22: G1 110 Port - (same as option 17) 

Option 23: G2 1/0 Port - (same as option 17) 

Option 24: G3 1/0 Port - (same as option 17) 

Option 25: 03 Output - (same as option 17) 

Option 26: 02 Output - (same as option 17) 

Option 27: 01 Output - (same as option 17) 

Option 28: DO Output - (same as option 17) 

Option 29: Internal Initialization Logic 

= 0: Normal operation 

= 1: No internal initialization logic 

Option 30: Dual Clock 

= 0: Normal operation 

=1: Dual Clock. DO RC oscillator } (opt. #28 must=2) 
= 2: Dual Clock. DO ext. clock input 
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Option 31: Timer 

= 0: Time-base counter 

= 1: External event counter 

Option 32: MICROBUS 

=0: Normal 

=1: MICROBUS (opt. #31 must=O) 

Option 33: COP bonding 

(1k and 2K Microcontroller) 

= 0: 28-pin package 

= 1: 24-pin package 

= 2: Same die purchased in both 

24 and 28 pin version. 

(1 K Microcontroller only) 

= 3: 20-pin package 

= 4: 28- and 20-pin package 

= 5: 24- and 20-pin package 

= 6: 28·, 24- and 20-pin package 

Note:-if opt. # 33 = 2 then opt. # 9, 10, 19, 20 and 32 must 
= O-if opt. #33=3,4,5 or 6 then opt. #9,10,19,20,21, 
22, 30 and 32 must = 0 
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'WA National 
D Semiconductor 

microCMOS 

COP472·3 Liquid Crystal Display Controller 

General Description Features 
• Direct interface to TRIPLEX LCD 
• Low power dissipation (100J.lW typ.) 

• Low cost 
• Compatible with all COP400 processors 
• Needs no refresh from processor 
• On-chip oscillator and latches 
• Expandable to longer displays 

The COP472-3 Liquid Crystal Display (LCD) Controller is a 
peripheral member of the COPSTM family, fabricated 
using CMOS technology. The COP472 drives a multi­
plexed liquid crystal display directly .. Data is loaded 
serially and is held in internal latches. The COP472 
contains an on-chip oscillator and generates all the 
multi-level waveforms for backplanes and segment 
outputs on a triplex display. One COP472 can drive 36 
segments multiplexed as 3 x 12 (4% digit display). Two 
COP472 devices can be used together to drive 72 
segments (3 x 24) which could be an 8% digit display. 

• Software compatible with COP470 V.F. Display Driver' 
chip 

• Operates from'display voltage 
• MICROWIRETM compatible serial 110 
• 20-pin dual-in-line package 

BPA BPs BPc 

12 SEGMENT BUFFERS 

12 

Voo 

GNO 

01 ~f-------l 

SK--~----------4---~ 

~--~--------------------~~--------~ 

COP472 Block Diagram 

11-54 



Absolute Maximum Ratings 
Voltage at CS, 01, SK pins -0.3V to +9.5V 
Voltage at all other Pins -0.3V to Voo + 0.3V 
Operating Temperature Range O°C to 70°C 
Storage Temperature -65°Cto +150°C 
Lead Temperature (Soldering, 10 Seconds) 300°C 

DC Electrical Characteristics GNO=OV, Voo=2.4V to 5.5V, TA=O°C to 70°C 
(depends on display characteristics) 

Parameter Conditions Min. Max. Units 

Power Supply Voltage, Voo 3.0 5.5 Volts 

Power Supply Current, 100 (Note 1) Voo = 5.5V 250 IJ.A 

Voo = 3V 100 IJ.A 

Input Levels 
01, SK, CS 

V1L 0.8 Volts 
V1H 0.7Voo 9.5 Volts 

BPA (as Osc. In) 
V1L 0.6 Volts 
V1H Voo -0.6 Voo Volts 

I 

Output Levels, BPC (as Osc. Out) 
VOL 0.4 Volts 

I VOH Voo - 0.4 Voo Volts 

Backplane Outputs (BPA, BPB, BPC) 

VBPA, BPB, BPC ON During Voo-I:t.V Voo Volts 
VBPA, BPB, BPC OFF BP+ Time YlVoo-I:t.V YlVoo+flV Volts 

VBPA, BPB, BPC ON During 0 flV Volts 
VBPA, BPB, BPC OFF BP- Time 2/3Voo - flV 2/3Voo + flV Volts 

Segment Outputs (SA1 rv SA4) 

VSEG ON During 0 I:t.V Volts 
VSEG OFF BP+ Time 213 Voo-eN 213 Voo + eN Volts 

VSEG ON During Voo-I:t.V Voo Volts 
VSEG OFF BP- Time V3VOO -I:t.V YlVoo+ I:t.V Volts 

Internal Oscillator Frequency 15 80 \ kHz 

Frame Time (Int. Osc . ..;-192) 2.4 12.8 ms 

Scan Frequency (1/TsCAN) 39 208 Hz 

SK Clock Frequency 4 250 kHz 

SK Width 1.7 IJ.s 

DI 
Data Setup, tSETUP 1.0 IJ.s 
Data Hold, tHOLO 100 ns 

CS .. 
tSETUP 1.0 IJ.s 
tHOLO 1.0 IJ.s 

Output Loading Capacitance 100 pF 

Note 1: Power supply current Is measured In stand-alone mode with all outputs open and all Inputs at Voo. 
Note 2: fN=O.05Voo for Voo#l>3V. tN=O.15V for Voo<3V. 
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SCI 
BPB 
BPC 
BPA 

SK 
SC4 
SC2 
SAl 

Order Number COP472N·3 
NS Package N20A 

Figure 2. Connection Diagram 

_I I-cs SETUP 
cs --,- 1-SK WIDTH 

I I 
SK 

I I 

Pin 

CS 

Voo 
GND 

01 

SK 

BPA 

BPs 

BPc 
SA1 rvSC4 

Description 

Chip select 

Power supply (display voltage) 

Ground 

Serial data input 

Serial clock input 

Display backplane A(or oscillator in) 

Display backplane B 

Display backplane C (or oscillator out) 

12 multiplexed outputs 

I­
I 

Figure 3. Serial Load Timing Diagram 
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Figure 4. Backplane and Segment Waveforms 
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Functional Description 
The COP472 drives 36 bits of display information or­
ganized as twelve segments and three backplanes. The 
COP472 requires 40 information bits: 36 data and 4 con­
trol. The function of each control bit is described below. 
Display information format is a function of the LCD 
interconnections. A typical se"gment/backplane configu­
ration is illustrated in Figure 5, with this configuration 
the COP472 will drive 4 digits of 9 segments. 

To adapt the COP472 to any LCD display configuration, 
the segment/backplane multiplex scheme is illustated in 
Table 1. 

Two or more COP472 chips can be cascaded to drive ad­
ditional segments. There is no limit to the number of 
COP472's that can be used as long as the output loading 
capacitance does not exceed specification. 

Table 1. COP472 Segment/Backplane Multiplex Scheme 

Data to 
Bit Number Segment, Backplane Numeric Display 

1 SA1, BPC 
2 SB1, BPB 
3 SC1, BPA 
4 SC1, BPB 
5 SB1, BPC 
6 SA1,BPB 
7 SA1, BPA 
8 SB1, BPA 

9 SA2,BPC 
10 SB2, BPB 

" 11 SC2, BPA 
12 SC2,BPB 
13 SB2, BPC 
14 SA2; BPB " 
15 SA2,BPA 
16 SB2, BPA 

17 SA3, BPC 
18 SB3, BPB 
19 SC3,BPA 
20 SC3,BPB 
21 SB3, BPC 
22 SA3,BPB 
23 SA3,BPA 
24 SB3, BPA 

25 SA4,BPC 
26 SB4, BPB 
27 SC4, BPA 
28 SC4, BPB 
29 SB4, BPC 
30 SA4,BPB 
31 SA4,BPA 
32 SB4, BPA 

33 SC1, BPC 
34 SC2, BPC 
35 SC3, BPC 
36 SC4, BPC 
37 not used 
38 06 
39 07 
40 SYNC 

SH 
SG 
SF 
SE 
SD 
SC 
SB 
SA 

SH 
SG 
SF 
SE 
SD 
SC 
SB 
SA 

SH 
SG 
SF 
SE 
SD 
SC 
SB­
SA 

SH 
SG 
SF 
SE 
SD 
SC 
SB 
SA 

Digit 1 

Digit 2 

Digit 3 

Digit 4 

SP1 Digit 1 
SP2 Digit 2 
SP3 Digit 3 
SP4 Digit 4 
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Segment Data bits 

Data is loaded in serially, in sets of eight bits. Each set 
of segment data is in the following format: 

I SA I SB I SC I SD I SE I SF I SG I SH I 
Data is shifted into an eight bit shift register. The first 
bit of the data is for segment H, digit 1. The eighth bit is 
segment A, digit 1. A set of eight bits is shifted in and 
then loaded into the digit one latches. The second set of 
8 bits is loaded into digit two latches. The third set into 
digit three latches, and the fourth set is loaded into digit 
four latches. 

Control Bits 

The fifth set of 8 data bits contains special segment 
data and control data in the following format: 

I SYNC I 07" I 06 I X I SP4 I SP3 I SP2 I SP1 I 
The first four bits shifted in contain the special character 
segment data. The fifth bit is not used. The sixth and 
seventh bits program the COP472 as a stand alone LCD 
driver or as a master or slave for cascading COP472's. 
BPC of the master is conected to BPA of each slave. 
The following table summarizes the function of bits six 
and seven: 

07 as Function BPC Output BPA Output 

Slave Backplane Oscillator 
Output Input 

o Stand Alone Backplane Backplane 
Output Output 

o Not Used Internal Oscillator 
Osc. Output Input 

o 0 Master Internal Backplane 
Osc. Output Output 

The eighth bit is used to synchronize two COP472's to 
drive an 8%-digit display. 
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Loading Seque'nce to Drive a 4 % ·Digit Diaplay 

Steps: 

1. Turn CE low. 

2. Clock in 8 bits of data for digit 1. 

3. Clock in 8 bits of data for digit 2. 

4. Clock in 8 bits of data for digit 3. 

5. Clock in 8 bits of data for digit 4. 

6. Clock in 8 bits of data for special segment and control 
function of BPC and BPA. 

o 0 1 1 SP4 SP3 SP2 SP1 

7. Turn CS high. 

Note: CS may be turned high after any step. For example 
to load only 2 digits of data, do steps 1,2,3, and 7. 

CS must make a high to low transition before loading 
data in order to reset internal counters. ' 

Loading Sequence to Drive an 8%·Digit Display 

Two or more C0P472's may be connected together to 
drive additional segments. An eight digit multiplexed dis­
play is shown in Figure 7. The following is the loading se­
quence to drive an eight digit display using two COP472's. 
The right chip is the master and the left the slave. 

Steps: 

1. Turn CS Iowan both COP472's. 

2. Shift in 32 bits of data for for the slave's four digits. 

3. Shift in 4 bits of special segment data: a zero and 
three ones. 

1 1 1 1 1 1 1 0 1 SP4 'I SP3 1 SP2 1 SP1 1 

This synchronizes both the chips and BPA is ascii· 
lator input. Both chips are now stopped. 

4. Turn CS high to both chips. 

5. Turn CS low to master COP472. 

6. Shift in 32 bits of data for the master's 4 digits. 

7. Shift in four bits of special segment data, a one and 
three zeros. ' 

1 0 1 0 1 0 1 1 ISP41SP31SP21SP11 

This sets the master COP472 to BPA as a normal 
backplane output and BPC as oscillator output. Now 
both the chips start and run off the same oscillator. 

8. Turn CS high. 

The chips are now synchronized and driving 8 digits of 
display. To load new data simply load each chip sepa­
rately In the normal manner, keeping the correct status 
bits to each COP472 (0110 or 0001). 
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Example Software 

Example 1 

COP420 Code to load a COP472 [Display data is in M(O, 12)-M(0, 15), special segment data is in M(O, 0)) 

LOOP: 

LBI 0,12 ; POINT TO FIRST DISPLAY DATA 
OBD ; TURN CS LOW (DO) 
CLRA 
LaiD 
COMA 
SC 
XAS 
NOP 
NOP 
LD 
XAS 
NOP 
NOP 
RC 
XAS 
XIS 
JP LOOP 
SC 
LBIO,O 
LD 
XAS 
NOP 
CLRA 
AISC 12 
XAS 
NOP 
LBI 0, 15 
RC 
XAS 
OBD 

; LOOK UP SEGMENT DATA 
; COPY DATA FROM a TO M & A 
; SET C TO TURN ON SK 
; OUTPUT LOWER 4 BITS OF DATA 
; DELAY 
; DELAY 
; LOAD A WITH UPPER 4 BITS 
; OUTPUT 4 BITS OF DATA 
; DELAY 
; DELAY 
; RESET C 
; TURN OFF SK CLOCK 
; INCREMENT B FOR NEXT DATA 
; SKIP THIS JUMP AFTER LAST DIGIT 
; SET C 

"; ADDRESS SPECIAL SEGMENTS 
; LOAD INTO A 
; OUTPUT SPECIAL SEGMENTS 

; 12 to A 
; OUTPUT CONTROL BITS 

; 15 to B 
; RESET C 
; TURN OFF SK 
; TURN CS HIGH (DO) 
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Example 2 
I 

COP420 Code to load two COP472 parts [display data is in M(O, 12)-M(0,15) and M(1, 12)-M(1, 15), special segment data is 
in M(O, 0) and M(1, 0)] 

INIT: LBI 
OBD 
LEI 
RC 
XAS 
LBI 
STII 
LBI 
JSR 

MAIN DISPLAY SEQUENCE 

DISPLAY: LBI 
STII 
LBI 
JSR 
LBI 
STII 
LBI 
JSR 

OUTPUT SUBROUTINE 

OUT: 

LOOP: 

OBD 
CLRA 
AISC 
CAB 
CLRA 
LOID 
COMA 
SC 
XAS 
NOP 
NOP 
LD 
XAS 
NOP 
NOP 
RC 
XAS 
XIS 
JP 
SC 
NOP 
LD 
XAS 
NOP 
LBI 
LD 
XAS 
NOP 
NOP 
RC 
XAS 
OBD 
RET 

0, 15 

8 

3, 15 
7 
0, 12 . 
OUT 

3, 15 
8 
0, 13 
OUT 
3, 15 
6 

. 1, 14 

OUT 

12 

LOOP 

; TURN BOTH CS'S HIGH 
; ENABLE SO OUT OF S. R. 

. ; TURN OFF SK CLOCK 
; USE M(3, 15) FOR CONTROL BITS 
; STORE 7 TO SYNC BOTH CHIPS 
; SET B TO TURN BOTH CS'S LOW 
; CALL OUTPUT SUBROUTINE 

; SET CONTROL BITS FOR SLAVE 
; SET B TO TURN SLAVE CS LOW 
; OUTPUT DATA FROM REG. 0 

; SET CONTROL BITS FOR MASTER 
; SET B TO TURN MASTER CS LOW 
; OUTPUT DATA FROM REG. 1 

; OUTPUT B TO CS'S 

; 12 TO A 
; POINT TO DISPLAY DIGIT (BD=12) 

; LOOK UP SEGMENT DATA 
; COpy DATA FROM 0 TO M & A 

; OUTPUT LOWER 4 BITS OF DATA 
; DELAY 
; DELAY 
; LOAD A WITH UPPER 4 BITS 
; OUTPUT 4 BITS OF DATA 
; DELAY 
; DELAY 
; RESET C 
; TURN OFF SK 
; INCREMENT B FOR NEXT DISPLAY DIGIT 
; SKIP THIS JUMP AFTER LAST DIGIT 
; SETC 

; LOAD SPECIAL SEGS. TO A (BD=O) 
; OUTPUT SPECIAL SEGMENTS 

; LOAD A 
; OUTPUT CONTROL BITS 

; TURN qFF SK 
; TURN CS'S HIGH (BD=15) 
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~National 
. ~ Semiconductor 
COP498/COP398 Low Power CMOS RAM and Timer (RArM) 
COP499/COP399 Low Power CMOS Memory 

General Description 
The COP498/398 Low. Power CMOS RAM and Timer (RAT) 
and the COP499/399 Memory are peripheral members of 
the COPSTM family, fabricated using low power CMOS 
technology. These devices provide external data storage 
and/or timing, and are accessed via the simple MICRO· 
WIRETM serial Interface. Each device contains 256 bits 
of read/write memory organized Into 4 registers of 64 bits 
each; each register can be serially loaded or read by a 
COPS controller. 

The COP498/398 also contain a crystal·based timer for 
timekeeping purposes, and can provide a "wake·up" 
signal to turn on a COPS controller. Hence, these devices 
are Ideal for applications requiring very low power drain 
In a standby mode, while maintaining a real·tlme clock 
(e.g., electronlcally·tuned automobile radio). Power Is 
minimized by cycling controller power off for periods of 
time when no processing Is required. 

The COP499/399 contain circuitry that enables the user 
to turn a controller on and off while maintaining the 
Integrity of the memory. 

A COP400 series N·channel mlcrocontroller coupled 
with a COP498 (or 499) RAM/Timer offers a user the low· 
power advantages of an all CMOS system and the low· 
cost advantage of an NMOS system. This type of system 
Is Ideally suited to a wide variety of automotive and In· 
strumentatlon applications. 

01 -+~-----+--~~----~ 

14 P 
Vee GND 

Features 
• Low power dissipation 

• QUiescent current = 40 nA typlcal (25°C, Vee = 3.0 V) 

• Low cost 

• Single supply operation (2.4V-5.5V) 

• CMOS·compatlble I/O 

• 4 x 64 serial read/write memory 

• Crystal·based selectable timer - 2.097152 MHz or 
32.768 kHz (COP498/398) 

• Software selectable 1 Hz or 16 Hz "wake·up" signal 
for COPS controller (COP498/398) 

• External override to "wake·up" controller 

a Compatible with all COP400 processors (processor 
Vee" 9.5V) 

iii MICROWIRE·compatlble serial I/O 

• Memory protection with write enable and write disable 
Instructions 

• 14·pln dual·ln·llne package (COP498/398) or 8·pln 
dual·ln·llne package (COP499/399) 

XSEL ose 

XOUT 

t---+----~- 1Hz 

L..---~-ON 

L..-----------------~.DO 
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Absolute Maximum Ratings 
Voltage relative to GND 

At XSEL, 1 Hz, XIN, XOUT, DO -0.3V to Vee + 0.3V 
At all other pins -0.3V to 10V 

Maximurt:l Vee Voltage 6.5V 
Total Sink Current Allowed 15mA 
Total Source Current Allowed 10mA 
Ambient Operating Temperature 

COP398/COP399 -40°C to +85°C 
CO P498/CO P499 O°C to +70°C 

Ambient Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 
Power Dissipation 50mW 

"Absolute maximum ratings" indicate limits beyond which damage 
to the device may occur. DC and AC electrical specifications are not 
insured when operating the device at absolute maximum ratings. 

DC Electrical Characteristics 
COP398/COP399: -40°C ~ TA ~ +85°C unless otherwise specified. 
CO P498/COP499: O°C ~ TA ~ +70°C unle'ss otherwise specified. 

Parameter Conditions 

Operating Voltage COP498/COP499 
COP398/COP399 

Quiescent Current All inputs at GND 
TA = 70°C, Vee = 3.0 V 
TA = 70°C, Vee = 5.0V 
TA = 70°C, Vee = 5.5 V 

(COP398/COP399 only) TA = 85°C, Vee = 3.0V 
TA = 85°C, Vee = 5.0V 
TA = 85°C, Vee = 5.5 V 

COP498/COP398 
Standby Current (sleep mode) Vee = Min., Osc.=2.097MHz 

(running with crystal) Vee = Max., Osc. = 2.097 MHz 
Vee=Min.,Osc.=32.768kHz 

. Vee = Max., Osc. = 32.768kHz 

Operating Current SK = 250 kHz square wave 
Vee = Min., Osc. = 2.097MHz 
Vee = Max., Osc. = 2.097fy1Hz 
Vee = Min., Osc. = 32.768 kHz 
Vee = Max., Osc. = 32.768kHz 

COP499/COP399 Operating Current SK = 250 kHz square wave 
Vee=Min. 

. , Vee = Max . 

Input Voltage Levels 

CE Input (Schmitt Trigger Input) 
Logic High (VIH) 
Logic Low (Vlu 

OVR Input (Schmitt Trigger Input) 
Logic High (VIH) 
Logic Low (VIU 

All Other Inputs 
Logic High (VIH) 

Logic Low (VIU 
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Min. Max. Units 

2.4 5.5 V 
3.0 5.5 ' V 

4.0 ",A 
10 ",A 
20 ",A 
8.0 ",A 
16 ",A 
30 ",A 

200 ",A 
700 ",A 
20 ",A 
100 ",A 

300 ",A 
920 ",A 
120 ",A 
320 ",A 

100 ",A 
250 ",A 

0.8 Vee V 
0.4 Vee V 

I 

0.8 Vee V 
0.2 Vee V 

0.7 Vee V 
0.3Vcc V 



DC Electrical Characteristics (cont'd) 

Parameter 

Output Voltage Levels - DO, 1 Hz 

CMOS Operation 
Logic High (VOH) 
Logic Low (Vou 

Input Leakage Current 

TRI·STATE~, Open Drain 
Leakage Current 

Output Current Levels 

Sink Current 
OSC 
ON 
XOUT 

XOUT 
1 Hz, DO 

Source Current 
ON 
XOUT 
XOUT 
1 Hz, DO 

IOH = -10J.lA 
IOL=10J.lA 

Conditions 

COP498/COP499, VIH = Vee, V1L =OV 
COP398/COP399, V1H = Vee, V1L = OV 

COP498/COP499, VH =Vee, VL = OV 
CO P398/COP399, VH = Vee, VL = OV 

Vee = 4.5V 

VOL = O.4V 
VOL= 1.5V 
XSEL = 1, X1N = 4.5V, VOL = 1.0V 
XSEL = 0, X1N = 4.5V, VOL = 2.0V 
VoL =0.8V 

VOH = 1.0V 
XSEL = 1, X1N = OV, VOH = 3.0V . 
XSEL = 0, X1N = OV, VOH = 3.0V 
VOH =2.0V 

AC Electrical Characteristics 
COP398/COP399: -40·C ~ TA ~ +85·C unless otherwise specified. 
COP498/COP499: O·C ~ TA ~ +70·C unless otherwise specified. 

Parameter 

COP Interface 

SK Frequency 

SK Duty Cycle 

Inputs 

CS 
tess 
tesH 

DI 
tSETUP 

tHOLD 

Output 

DO 
tpd1, tpdO 

t pd1, tpdO 

Crystal Osc. Frequency 

Conditions 

CS=1, CE=1, COP498/COP499 
CS = 1, CE = 1, COP398/COP399 
SK frequency ~ 25 kHz 
SK frequency = Min. 

CL= 100pF, 4.5V ~ Vee ~ 5.5V, 
VOH = 0.7 Vee, VOL = 0.4 V 

CL=50pF, Vee = Min., VOH=2V, 
VoL =0.7V 

XSEL= 1 
XSEL=O 

SK I I 
I -ltSETupltHOLoj- I 

ol~-limm~=% 

oo~I-',,"" ~'i~~J 
-Itcssl- -IICSHj-

g!1: 11 
Figure 2. Synchronous Data Timing 
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Min. 

Vee- 0.1 

-1.0 
-2.0 

-2.5 
-5.0 

0.5 
1.5 

0.25 
8.0 
0.8 

60 
0.27 
10 
0.4 

Min. 

4.096 
8.192 

25 
48 

0.2 
o 

0.4 
0.4 

Max. 

0.1 

+1.0 
+2.0 

+2.5 
+5.0 

7.5 

Max. 

250 
250 
75 
52 

2.0 

2.4 

2.1 
65 

Units 

V 
V 

rnA 
rnA 
rnA 

J.tA 
rnA 

J.tA 
rnA 

J.tA 
rnA 

Units 

kHz 
kHz 
% 
% 

J.ls 
J.ls 

J.ls 

MHz 
kHz 

o o 
~ 

~ 
CD ..... 
o 
o 
~ 
CI-) 
CD 
CD 
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CD 

~ a.. 
0 
0 ........ 
CD 

i a.. 
0 
0 ... 
CO 
CD 
C") 
fl.. 
0 
0 ........ 
CO 

i 
fl.. 
0 
0 

es 14 Vee 

eE 13 ose 

SK 12 XOUT 

01 ~~~~~~ 11 XIN 

DO 10 OVR 

XSEL 9 OR 
GND 1 Hz 

Oreler Number COP498N, COP398N 
NS Package N14A 

eE Vee 

SK 2 eOP499 7 OVR 

01 3 eOP399 6 ON 
DO 4 5 GNO 

Order Number COP499N, COP399N 
NS Package N08E 

Figure 3. Pin Connection Diagrams 

Pin 

CS 

CE 

SK 

01 

DO 

XSEL 

X1N 

Description 

Chip Select 

Chip Enable 

Serial Data Clock 

Serial Data Input 

Serial Data Output 

Crystal Option Select 

Crystal Oscillator Input 

Pin 

1 Hz 

ON 

OVR 

OSC 

Vee 

Description 

1 Hz Square Wave Output 

Active Low Wake·Up Signal to COPSTM 
Controller 

External Override Wake·Up for COPS 
Controller 

Open Drain Oscillator Output 

Power Supply 

XOUT Crystal Oscillator Output GND Ground 

'POP398 andCOP399 are extended temperature devices (-40°C to +85°C) of COP498 and COP499 (O°C to 70°C) respec· 
tively, with all other functional and electrical characteristics being the same. Therefore, no further attempt will be made 
to distinguish between COP498 and COP398 or between COP499 and COP399. Unless otherwise specified, the following 
descriptions will apply to both COP498 and COP499, and they will be known as the device. 

Instruction Set 

COP498 has six Instructions as Indicated In Figure 4. 
Note that the MSB of any given Instruction Is a "1". This 
bit Is properly vleWl3d as a start bit In the Interface see 
quence. The lower 4 bits of the Instruction contain the 
command for the device. One of the Instructions (TSEC) 
should not be used In COP499 as It serves no purpose. 

Instruction Opcode Comments 

MSB 
WRITE 1 s 1 r1 ro s=ON (wake up signal) free 

READ 

WREN 

WRDS 

TSEC 

SLEEP 

110r1rO 

1 001 1 

10000 
1 001 0 

1 0001 

quency select 1=16Hz, 0=1 Hz 
(s selection for COP498 only) 
(s=O for COP499) 

r1l ro = register number (00, 
01,10,11) 

Write enable 

Write disable 

Test timer seconds latch 
(COP498 only) 

Put COPSTM controller to 
sleep (ON high) 

Figure 4. Instruction Set 

Functional Description 
A block diagram of COP498 and COP499 Is given In 
Figure 1. Positive logic is used. When. a bit is set to the 
higher voltage It Is a logic "1"; when a bit Is reset to the 
lower voltage It Is a logic "0". The COP498 can execute. 
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six Instructions: READ (from anyone of 4 registers In 
memory); WRITE (to anyone of 4 registers In memory); 
WREN (write enable); WADS (write disable); TSEC (test 
and reset timer seconds latch); and SLEEP (drive ON 
signal high to turn off COPSTM controller). The COP499 
can execute all the above Instructions except TSEC. All 
communications with the device are via the serial 
MICROWIRETM Interface. Both CS and CE (CE only In 
COP499) must be high to enable the device. The device 
must be deselected between Instructions - either CS 
and/or CE must go low to Insure proper operation. The 
deselecting of the device resets the counters and serial 

, Input register. 

Read/Write Memory 

The device has 256 bits of read/write memory. The memo 
ory Is organized as 4 registers of 64 bits each. The data 
Is accessed serially through the Data Input (01) and Data 
Output (DO) pins. SK is the clock signal for data and 
Instructions. 

The memory address register can be conceived of as 
two registers: one two bits long and loaded directly from' 
the Instruction; the other six bits long and Incremented 
by 1 with each SK pulse as long as the chip Is selected. 
The two bit register does not change during the execu· 
tlon of a given Instruction. The six bit register is reset to 
zero while the device Is deselected. When counting, the 
six bit register wraps around from Its maximum value 
back to zero. Thus memory locations are addressed rela· 
tlve to the number of SK pulses after the. chip Is selected. 



The READ instruction will select one of the 4 registers 
(the register being Identified In the instruction opcode 
as indicated in Figure 4) and output the contents of that 
register to the DO pin until the device is deselected. 
Note that data output from the device, as a result of a 
READ instruction, continues as long as the device is 
selected and clocks are provided. Reading more than 64 
bits will cause rereading of some bits as the memory 
address register wraps around from the maximum value 
back to zero. 

The WRITE instruction selects one of the 4 registers 
(the register being identified in the instruction opcode 
as indicated in Figure 4) and takes the data from the 01 
pin and stores that data into the memory register until 
the device is deselected. The write operation continues 
as long as the device is selected and clocks are pro­
vided. Thus writing more than 64 bits will cause a 
portion of the data to be overwritten. 

Timer (COP498 only) 

With the XSEL pin tied high (Vee), the timer Is a 21 stage 
counter which can divide a 2.097152 MHz signal down to 
1 Hz. This creates the 1 Hz signal output. With XSEL tied 
low (ground), the timer is a 15 stage counter which divides 
a 32.768 kHz signal down to create the 1 Hz signal output. 
The rising edge of the 1 Hz signal is used internally to 
set the timer seconds latch. A wake-up signal is gener­
ated at the ON output. This signal can be used to turn a 
COPS controller on. The wake-up rate is software select­
able and maY'be either 1 Hz or 16 Hz. A bit in the WRITE 
instruction controls this wake-up rate (see Figure 4). By 
means of the SLEEP instruction a COPS controller may 
cause the ON signal to go high thereby providing a 
means for the controller to safely turn itself off. 

An override capability is present whereby the ON pin may 
be prevented from going high. A "1" level at the OVR pin 
will force ON to go low (or stay low) thereby causing the 
controller to turn on or remain on. ON will remain low, 
and the controller on, as long as the OVR pin is high. To 
preserve timekeeping when using the override feature, a 
timer seconds latch is provided. This latch is set by the 
rising edge of the 1 Hz signal and is read and reset by 
the TSEC instruction. The timer seconds latch is 
primarily intended for use when the override feature is 
implemented. However, it does provide a convenient 
one second timer which is software testable over a com­
mon serial port. 

System Considerations 

When the COPS processor is being turned on and off, 
during the power supply transition between ground and 
operating voltage, some pulses may occur at the output 
pins of the processor. By using the WRDS and WREN 
instructions, together with the higher "1" level of the CE 
pin, accidental writing into the memory may be prevented. 
This Is done by disabling the write operation before 
gOing to sleep and enabling the write operation when 
the COPS processor starts execution. A WRDS Instruc­
tion is automatically executed If the SLEEP Instruction 
causes ON to go high turning off the COPS processor. 
Furthermore, WREN instruction is disabled as long as 
ON remains high. . 

The XSEL pin, which identifies the timer counter length, 
should be tied to either Vee or ground depending on the 
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crystal input. For proper operation, the state of XSEL 
should not be changed while the device Is in operation. 
If the oscillator and timer features are not used, the X1N 
pin should be connected to the GND pin and XSEL tied 
to Vee. If the override feature Is not used the OVR pin 
should be connected to the GND pin. 

The device is in a static mode when either the CS or CE 
pin is low. However, the device is in a dynamic mode 
when both CS and CE are high and at least one high level 

, has been detected at SK while both pins are high. Be­
cause of this, a minimum frequency is specified for the 
SK clock. This minimum frequency really translates to 
maximum on and off times for the SK clock. As the SK 
clock slows down, the duty cycle must get closer to 50%. 
For best operation, the user should regard the maximum 
on and off times for the SK clock as about 122J.1s (61 J.ls for 
COP398/COP399). 

COPSTM Controller to COP498/COP499 
Hardware Interface 

If the COPS controller is operating with a 4J.1s instruction 
cycle time, a 47k resistor should be connected between 
SK and Vee to speed up the rise time of the SK clock. If 
the override feature is used in COP498, the override sig­
nal should be connected to the OVR pin of the COP498 
and an input of the COPS controller. This is simply to 
provide a means for the controller to know if it was turned 
6n by override or normal timeout. The override signal 
should be free of noise. In systems where the COPS con­
troller is operating with Vee greater than 6 volts, SI and 
the override input on the controller should have high im­
pedance, standard TTL level input options selected. To 
minimize current drain. in the controller, the override 
input to the controller should always use the high imped­
ance option. 

. Figure 6a illustrates the COP498 interface in a system 
with supply voltage less than 6 volts. The COPS control­
ler can either be turned on by the timer or an external 
signal. A PNP transistor, controlled by the ON signal of 
the COP498, is used to gate the power to the COPS con­
troller. A 0.05J.1F capacitor is connected across the sup­
ply pins of the controller to reduce voltage variations 
due to current spikes. It is not recommended to use large 
capacitance values here as problems can be introduced 
if the power supply fall time is too long. The switched 
supply fall time should be kept to about ten instruction 
~Ies of the COPS processor. Resistor R2, between the 
ON pin of the COP498 and the base of the transistor, is 
used to limit current. Resistor R1, between the base and 
e'mitter of the transistor, is used to turn the transistor 
off when ON is high. The CE pin of the COP498 is tied to 
the Vee pin of the controller. This guarantees that the 
controller is at its full operating voltage before the 
COP498 can be accessed. When turned on, the PNP 
transistor should be saturated in order to minimize the 
voltage drop across it. The system power supply, which 
here is Vee to the COP498, must be high enough to 
insure that the controller Vee - which is the system 
supply less the voltage drop across the PNP transistor 
- is high enough to be recognized as a logic "1" at the 
CE input of the COP498. It is also desirable to have all 
Input signals to the COP498 as close as possible to the 
COP498 supply levels to eliminate any static power drain 
which could significantly increase standby and 
operating current. 

o o 
"tJ 
ct 
CO ........ 
o o 
"tJ 
(,.) 
CO 
J» 
o o 
"tJ 
ct 
CO ........ 
o o 
"tJ 
(,.) 
CO 
CD 

III 



en 
~ c.. o 
o --en 
~ c.. 
o 
o 
txS en 
("I) 
a.. 
o o --co 
~ a.. 
o 
o 

Maximu.m Quiescent 
Current 
CO P498/499/398/399 

30~-T--~--~--~--~~ 

"i 25 1---+--+---+--+--1---+_1 

I 
>- 20 I---+---+--+-

~ 13 15 I---+--+---+--+-~l--+_I 
>­

g101---+--+---+-----:l,jC----?f--_� 
g 

VOUT- V 

Maximum Standby 
Current for COP498/398 

"i 600 f---+--4--
I 

>-

~ 13 400 

~ 
~ 200 

2 4 

VCC - v 

Maximum COP498/398 
Operating Current 

1 000 ~--r----,----.---~___,,..-__. 

"i 
I 750 

>-

~ 
~ 500 I----I--+--~ 
." 
z 

~ * 250 t-::::~=~~==P"'OI!!!::r---1r.---l 

"i 

SK FREQUENCY - kHz 

Maximum COP499/399 
Operating Current 

300 

I 3001----I--+---+--+---I~-I 

>-

~ 
~, 200 
." 
Z 

~ * 100 

VCC=5.5V 

100 200 

SK FREQ - kHz 

..: e 
I 

:..: 
z 
§ 

~ 

Minimum Sink Current 
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Maximum Sink Current 
for ON 
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VOUT-V 
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Current with XSEL = 1 
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.4 

VOUT V· 
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Current with XSEL = 0 
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Minimum Source Current 
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VOUT V 

XOUT Minimum Source 
Current with XSEL = 1 

4 

VOUT V 
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Current with XSEL = 0 
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I 
w ... 
a: 
~ 20~~==~~~-+--~~ 
I 

10 

VOUT-V 
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WRITE CS (X) 

1--- WRITE INSTRUCTION -1---DATA (64 BITS) ----I """'-
(') 

01 lSll1 l o x=D.- 0 

u-uu--L 
"tJ 

SK (,.) 
CD 1--- READ INSTRUEQ jX) 

01 I 1 1 \ 0 ' 11 10 
(/ (') 

READ I TRI-STATE" 'I fOATA:~ 0 
DO I '"'C 

~ 
1I L CD 

CS CD 
"""'-
(') 

r 
0 
"tJ 

WREN (,.) WRoS CS 
SLEEP CD 

CD 
01 ~ 0 0 f!TXj 

Figure 5a. Instruction Timing 

SK 

CS L-
01 f7l 0 0 f7l 0 

r L1 u-EITHER 
SITUATION 

TRI-STATE'" POSSIBLE 
IF LATCH 

IS SET DO 

Figure 5b. TSEC Instruction Timing 

y+ 

y+ 

0.05"F 

COP420 GNo O.05I'F 

~ 30pF 

Figure 6a. COP498·COP420 Interface Figure 6b. COP499·COP420 Interface 
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Figure 6b illustrates the COP499 interface in a system 
with a supply voltage less than 6 volts. The COPS proces­
sor is being turned on by a switch (or an external signal) 
connected to the OVR pin . 

Figure 7 illustrates a COP498 interface In a system with 
a supply voltage greater than 6 volts. In such a system, 
the COP498 cannot be connected directly across the 
system supply. The power to the COP498 is derived from 
the system supply by means of a standard zener diode 
arrangement. A zener diode with a breakdown of about S 
volts is recommended. A capacitor is connected across 
the COP498 supply pins to reduce voltage variations 
due to current spikes and to supply extra current when 
the COP498 is in active operation. Here it Is assumed 
that the COP498 Is in standby mode, i.e., deselected, 
most of the time and is active, selected, for a short 
period (less than 100 SK periods). 

The zener diode series resistor R3 should be selected to 
meet the current requirements of the zener diode and 
the standby current of the device. The primary purpose 
of the zener diode is to place an upper limit on the value 
of Vee to the device. This insures that Vee to the device 
will not exceed the specified maximum value. Since the 
device will operate from 2.SV to 6.0V, the choice of zener 
diode and series resistor is not critical. 

Note that the user may generate the two supply voltages 
In any manner compatible with system requirements. 

Because the COPSTM controller and the device have dif­
ferent operating voitages, the high Impedance standard 
TIL level input should be selected on the COPS control­
ler for SI and any other input to the controller from the 
device. 

VS .. =¥ R3 
10k 

-= LM103H-5.1 

OR 

Vs 

11'F 

~ 
R2 

D» 

CE 
1.5k 

Vs 

Rl 
22k 

DO 
SI (HIGH Z) 

JO
.
05

I'F 

SO COP420L 
SK 

OSCILLATOR 
(NOT FROM COP498 

OSC OUTPUT) 

'VALUE DEPENDS ON TYPE 
OF CRYSTAL 

Vs 

10k j 3 . 220K 
OR ~ 

-= PN5130 
6V 

ZENER 
DIODE • 

OR EQUIVALENT 

Figure 7. COP498·COP420L Interface with Vs = 9V 
and 32.768 kHz Crystal 

11·68 

Sample System Current Drain Calculation 

Suppose a SV system consists of a COP420 and a COP498 
with a 32.768 kHz crystal. The COP420 is being turne9 
on once a second. Assume that the COP420 needs 10 ms 
for internal reset and 10 ms to update all the necessary 
Information, then the COP420 will be turned on for 20 ms 
every second, i.e., a duty cycle of 2%; and the COP498 
will be In operating mode for at most 10ms, i.e., a duty 
cycle of less than 1 %. Because of the short duty' cycle, 
it is further assumed that the COP498 current drain will 
be that of standby current, about 7SIJA at SV. The 
current drain through the base of the switching transis­
tor that turns on the COP420 can be estimated by the 
voltage drop across the current limiting resistor and In 
this case Is assumed to be 3.S rnA. 

COP498 current drain = 7SIJA 
COP420 current drain = 0.02 x 2S rnA = SOO /-IA 
Switch I ng transistor base current = 0.02 x3.S rnA = 70 /-IA 
Total system current drain = SOO + 70 + 7SIJA = 64S/-IA 

The result shows that it is possible to achieve the low 
cost of NMOS and low power dissipation of CMOS simUl­
taneously with a system conSisting of a COP498 and a 
COPS processor. 

COPSTM Controller":" COP498/398 Software 
Interface 

Figure 8 shows a typical flow chart for a COP498 or 
COP499 Interface to a COPS' microcohtroller system. 
This flow chart also illustrates the override feature. 
Since the override feature is being used, the first step is 
to inquire the device if it Is necessary to increment the 
time. It Is assumed that timekeeping is a necessary part 
of the application. This interrogation of the device is 

ADD 
1 SECOND 

SEND WREN 
INSTRUCTION 

WRITE 
COP498 

Figure 8. Typical COP498 Interface Flowchart 



accomplished by means of the TSEC Instruction which 
dumps the contents of the timer seconds latch to the 
serial output port and resets the latch. If the latch was 
set, the time must be Incremented. This Is accomplished 
by reading the appropriate memory register Into the con­
troller, Incrementing the time and writing the register 
back out to the device. The next step Is to check for the 
override signal. If It Is present a special override routine 
may be performed. If no override Is present, the controller 
turns Itself off by sending a SLEEP command to the 
device. After sending the SLEEP command, the control· 
ler goes Into a loop to walt for power to go off. In the 
event the controller Is turned back on by the override 
signal before the voltage has dropped, the loop has a 
time limit which, when exceeded, causes the controller 
to jump to the beginning of the program and start again. 
If the override feature Is not used there Is no need to 
test the timer seconds latch nor to test for the override 
signal. Without the override, the controller can only be 
turned on by the COP498 If the time out period has 
elapsed. Note also that the timer features continue to 
operate regardless of the state of the override signal. 
The override signal, when high, merely forces the ON 

WRITE: 
RW: 

JSRP 
LD 

SETUP 

pin to go low. The operation of the rest of the chip Is In 
no way affected by the override signal. 

General Code for Software Interface 

The code In Figure 9a Is recommended for Interfacing 
the device to any COPS controller other than COP410Ll 
COP411 L. The code In Figure 9b Is the recommended 
Interface code for COP410L/COP411L. The code Is writ­
ten as subroutines and the code uses one level of sub­
routine Internally. It Is apparent from the code that the 
software Interface Is somewhat different for the READ 
and WRITE Instructions than for the rest of the Instruc· 
tlons. The routine labelled SETUP Is assumed to be in 
page 2 of the ROM. The rest of the code may be located 
anywhere In program memory subject to the usual 
programming rules of COPS mlcrocontrollers. The lower 
four bits of the Instruction opcode are assumed to be 
located In RAM location COMAND, which Is chosen as 
location 3,15. Data I/O uses reg Ister 2. The controller· 
COP498/499 Interface Is assumed to be as In Figure 6 or 
Figure 7. It is assumed that the SIO register In the COPS 
controller Is enabled as serial I/O prior to entry to these 
routines. 

XAS ; READ/WRITE DATA 

READ: 

XIS 
JP 
OBD 
JP 
JSRP 
NOP 
NOP 
NOP 
NOP 
NOP 

RW 

FINISH 
SETUP 

JP RW 
INSTRT: JSRP SETUP 

NOP 
NOP 

FINISH: CLRA 

SETUP: 

RC 
OBD 
XAS 
RET 
. PAGE 2 
LBI COMAND 
CLRA 
SC 
XAS 
OBD 
CLRA 
XAS 
CLRA 
AISC 
SC 
XAS 
LD 
NOP 
NOP 
XAS 
LBI 2,0 
RET 

; DISABLE THE 90P498/499 (B = 0) 

; NEED A TOTAL OF 5 SK CLOCK DELAYS (5 NOP'S) 
; UNTIL DATA OUT IS VALID AT SIO REGISTER 

; ROUTINE FOR THE REST OF THE INSTRUCTIONS 

; DELAYS TO INSURE PROPER TIMING 

; -DESELECT THE COP498/499 (B = 0) 
; TURN OFF THE CLOCK 

; POINT ~O LOCATION WHERE COMMAND STORED 

; TURN ON SK CLOCK 
; ENABLE THE COP498/499 (B = 15) 

; MAKE SURE NO INVALID DATA SENT 

; SET UP START BIT 

; SEND START BIT MSD OF INSTRUCTION 
; FETCH COMMAND TO A 

; MAINTAIN PROPER TIMING 
; SEND COMMAND 
; POINT TO READ/WRITE REGISTER 
; RETURN TO MAIN ROUTINE 

Figure 9a. Software Interface to COP4981COP499 for COPSTM Controllers Other Than COP410UCOP411L 
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WRITE: JSRP' SETUP 
RW1: XAS ; SEND COMMAND 
RW2: LD 

XDS ; POSITION Bd PROPERLY 
RW: LD 

XAS 
XIS 
JP RW 
OBD ; DISABLE THE COP498/499 (B = 0) 
JP FINISH 

READ: JSRP SETUP 
XAS ; SEND READ COMMAND 
NOP ; DELAY FOR DATA VALID 
NOP 
NOP 
NOP 
NOP 
JP RW2 

INSTRT:JSRP SETUP ; ROUTINE FOR REST OF INSTRUCTIONS 
XAS ; SEND INSTRUCTION 
NOP 
NOP 
NOP ; DELAY FOR INSTRUCTION ACCEPT· 
NOP 

FINISH: CLRA 
RC 
OBD ; DESELECT THE COP498/499 
XAS ; TURN OFF THE CLOCK 
RET 
. PAGE 2 

SETUP: LBI COMAND 
CLRA 
SC 
XAS ; TURN ON SK CLOCK 
OBD ENABLE THE COP498/COP499 (B = 15) 
CLRA 
XAS ; MAKE SURE NO INVALID DATA SENT 
CLRA 
AISC 
SC 
XAS ; SEND START BIT-MSD OF INSTRUCTION 
LD ; FETCH INSTRUCTION 
LBI 2,9 
RET 

Figure 9b. COP410L/COP411L Software Interface to COP498/COP499 

The code In Figure 9a will read or write 64 bits at a time. 
Note that In the COP410L/411L the code in Figure 9b will 
read or write 32 bits at a time. The code of Figure 10 is 
recommended if the user wishes to work In blocks of 64 
bits with the COP410Ll411L. Only the code Which is dif-, 
ferent from that shown in Figure 9b is shown In Figure 10. 

The routine In Figure 10 will read/write Into registers 2 
and 11n the COP410Ll411L. Figure 10 Illustratb3 the pre­
ferred method of achieving full utilization of the device 
memory when the COP410Ll411 L Is the controller. Re­
member that all the other routines are as shown In Figure 
98. Figure 10 Illustrates only that code that must be 
changed to achleye full usage of the device memory 
when using the COP410L/411L. 
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General Notes 

1. For complete safety in all cases it is recommended 
that the SK clock be turned off after the device has 
been deselected since the device is dynamic when it 
is enabled. If the clock is turned off while the device 
is selected, special care must be given to the SK tim- . 
Ing characteristics. In no case should the clock be 
turned off while the device is selected if the SK 
period is greater than about 50IlS. 

2. The device does not become dynamic until both CS 
and CE are high and at least one high level is seen at 
the SK Input. Thus the device may be safely enabled 
prior to turning on the clock as long as SK Is low when 
the device Is enabled. -



WRITE: JSRP 
RW1: XAS 
RW2: LD 

XDS 
RW: LD 

XAS 
X 
LD 
NOP 
XAS 
XIS 
JP 
OBD 
JP 

SETUP 

3 

3 
RW 

FINISH 

INITIALIZE, SEE FIGURE 9B 
SEND COMMAND 
POSITION Bd 

; USE REGISTERS 2 AND 1 

; DESELECT THE COP498/499 

Figure 10. COP410L/411L·COP498/499 Special Routine 

3. The device must be deselected between instructions. 
Failure to do so will yield improper operation. The de· 
vice. relies on the select lines changing state in order 
to clear internal registers. Only one of the select lines 
on the COP498 needs to go low between instructions. 

4. The user must insure that a WREN (write enable) in' 
struction has been perform.ed in order to wrIte to the 
device memory. The WREN command need be given 
only once unless the SLEEP feature is used. If ON 
goes high as a result of a SLEEP command, a write 
disable is automatically performed in order to provide 
maximum protection to the device memory while the 
COPSTM controller is powering up and powering 
down. As long as ON remains high, WRITE and 
WREN instructions are disabled. Thus when the 
COPS controller wakes up after previously issuing a 
SLEEP command, a WREN instruction is required 
before data can be written to the device. 

5. The six bit section of the RAM address register will 
increment whenever there are clock pulses present 
when the CS and CE pins are high. Thus the user can 
position the RAM address register if he wishes by 
selecting the device, holding the 01 pin low and sup­
plying the appropriate number of clocks. Then, with­
out deselecting the device, the user would send the 
instruction and read or write data. Although possible, 
this technique is not recommended as it is fairly 
involved. 

6. When using the TSEC command in COP498 with the 
code as given in Figure 9, the master program should 
test for the accumulator greater than 1 to determine 
if the timer seconds latch was set. Note again, test 
for greater than 1; do not test for greater than zero. 

a. COP453 9.5V 

COP420L 

SI 

Note on MICROWIRE™ Interface 

If the device is connected to a MICROWIRE interface 
containing other circuits whose DO (data output) pins 
may produce a signal swing higher than Vee of the de­
vice, some protection is needed on the DO pin of the 
device. This happens when the DO pins of several peri­
pherals powered by different voltages are connected 
together; e.g. a COP453 at 9.5V with a COP498 at 5.5V, 
or a COP452 at 4.5V with a COP499 at 2.4V. When the 
DO pin of COP498/499 is externally driven above its 
power supply voltage, a current will flow into it and this 
current must be limited to 1 rnA. As an example, we have 
two COP453's with a COP420L operating at 9.5V and a 
COP498 operating at 4.5V. When enabled, the DO pin of 
a COP453 may swing higher than 4.5V, the power supply 
voltage of the COP498. One way to limit the current is to 
use a current limiting resistor of 5.6 kQ between the DO 
pins of the COP453 and the COP498. NOTE: the SI pin of 
the COPS processor MUST BE A Hi-Z INPUT. Two con­
figurations are possible as shown in Figure 11. Notethat 
the resistor between DO and SI will give extra RC delay 
to the signal going from the DO pin to the SI pin of the 
COPS processor. Connection B is preferred because the 
DO signal from COP498 has nearly a whole SK cycle to 
become valid at SI input before the signal is read by the 
processor. When a ROMless COPS processor (COP401L/­
COP402/COP404L) is used for emulation, the circuit 
shown in Figure 12 may be used to simulate a Hi-Z input 
for the SI pin. 

b. 

COP420L 

SI 

COP453 9.5V 

4.5V 

Figure 11. High Voltage Protection on DO Pin 

11-71 

o 
o 
"'tI 

~ 
<0 ...... 
o 
o 
"'tI 
f8 
<0 

m 



I a. 
o o ...... 
0) 

~ a. 
o 
o 
as' 
~ c. 
o 
o ...... 

! o 
o 

Y+ 

I 
Yee 

~ 
eOP498/eOP499 Yee < Y+ 

eOP401L1 . 
eOP4021 . 
eOP404L 

81 . Yee f----G HI-Z 81 

74e902 
"'-----' 

Figure 12. Simulating HI·Z Sllnput on ROMless Processors 
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Introduction 
Combining CMOS processes with microprocessors pro­
vides today's systems designers with a number of impor­
tant benefits. The most significant of these is the lOw 
power consumption inherent in microCMOS technology . . 
National has designed a CMOS microprocessor, the 
NSC800™, a product family that combines the Z80!!) in­
struction set with the 8085 multiplexed bus. 

THE NSC800: A COMPUTER SYSTEM FOR LESS THAN 5W 

The internal architecture of the NSC800 is similar to that 
of the Z80, including the alternate register set, making It 
100% code compatible with the Z80. The NSC800 is also 
CP/M!!) compatible. In addition, the use of a multiplexed 
bus allows the NSC800 to'implement extra functions that 
are not found on the Z80, including: 

• five interrupts (for faster response), 

• two special status lines (to ease decoding), 

• an on-board clock generator, 

• a power-save feature, 

• and a single·step pin. 

Program compatibility exists because the NSC800 exe· 
cutes the 158 instructions of the Z80. In addition, with the 
many programs that are now commercially available, you 
can be up and running in the minimum amount of time with 
some of the most powerful and comprehensive software 
on the market. 

With the Z80 architecture implemented In the NSC800, 
there are 10 addressing modes and 22 programmable 
registers available. You can directly address 64k b'ytes of 
memory and 256 110 locations. In addition, the efficient 
multiplexed bus structure of the NSC800 allows many ex~ 
tra functions to be provided by the CPU. 

NSC810 
RAM 110 
Timers 

A minimum system can be assembled from three chips: 
the NSC800 CPU, the NSC810 RAM·IJO Timer, and the 
NSC830 ROM·IIO. This provides 2,048 bytes of mask· 
programmable ROM, 128 bytes of static RAM, 42110 lines, 
two 16·bit timers, and five levels of interrupts. All of these 
products, and even a special NSC831 110 chip, are offered 
in three clock speeds: 1 MHz, 2.5 MHz, and 4 MHz. A CMOS 
real·time clock chip (the MM58167A) is also available that 
uses an on·board 32.768 kHz crystal·controlled oscillator 
circuit and can be operated in a low power drain battery· 
backup application where only 4 p.A are taken from a 2.5V 
power supply. 

In addition to the peripherals shown in Figure 12·1, more 
peripherals are being designed for the NSC800, such as 

. the NSC858 (a CMOS UARl). 

All the devices needed for an NSC800·based system are 
available from National Semiconductor. A wide variety of 
AID and DIA converters, peripheral controllers and 
memory components (including RAMs and EPROMs) are 
offered. For example, the ADC0801 AID converter features 
accuracy as good as ± 1/4 LSB, eliminates the need for 
external zero and full·scale adjustments and is designed 
to provide a direct interface to the NSC800. CMOS /tP-com· 
patible DIA converters are also available In 8·bit, lO·bit and 
12·bit resolutions to fit a wide variety of applications. 

To make it easier to "check out" the NSC800, an evalua· 
tion PC board is also available. This NSC888 Evaluation 
Board is a complete single·board computer system that in· 
cludes the NSC800 CPU, the NSC810 RAM·/IO timers, a 
monitor in an EPROM, additional RAM and interface cir· 
cuitry and software for terminal communications (via 
RS232). 

FIGURE 12·1. The NSC800 Family with a Broad Line of Low Power Peripheral Components 
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~National 
~ Semiconductor 

PRELIMINARY 

microCMOS 

MA2000 Base Plane and Power Supply Module 

General Description 
The MA2000 module provides a base and power supply 
subsystem for National Semiconductor's Modular 
Macrocomponent™ family. The base plane provides 
power conversion from a low voltage AC or DC input to 
the regulated +5V, +12V and -12V supplies used by the 
MA2000 series modules. A reset pushbutton is provided 
along with a MA2800 LED status indicator. The base plane 
provides for a battery back-up system as well as power·fail· 
output logic. Zero crossing output logic is also included. 
The base plane includes a 52·pin socket for the MA2000 
series modules and a 60-pin' edge connector for user 
access to the bus and other functions. 

Block Diagram 

J1 ... 52-PIN BUS 
52·PIN K MOOULE 

SOCKET ~iJ 

RUN 

/HAlT * LED '2/ Sl SO 

:!J:Zs 
LOGIC 

RST 

JTO BUS 
AUTO/MANUAL 

RESET 

I TO BUS _ t ~~-' E3 
RAM RSTB /'-~ 

BATTERY 
BACKUP RSTC /'-~ 

TO BUS 

Features 
• Operates off wide range of AC or DC input power 

• Internal or external RAM battery backup system 

II Power-fail output logic 

• Zero crossing output logic (AC input only) 

• System operating status LED indicator 

• Manual reset switch 

• 60-pin I/O connector for user access to bus and 
other functions 

II 52-pin socket for MA2000 series macrocomponents 

."-

" 
P1 

SO-PIN 
PCB EDGE 

CONNECTOR 

-

I 2 AC 

. 2 DC ~ 
+12V I t 

{= -12V 
TO . -- POWER 

BUS +£! SUPPLY 

~ 

J2 AC ADAPTER 

: v I 

• ~ L-

ZERO 
CROSSING 
DETECTOR 

PWR FAIL POWER 
FAIL .. t t~:-' E1 RSTA I'--~ DETECTOR 

I MPF 
TUW15158-1 
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Absolute Maximum Ratings 
Ambient Operating Temperature -40° to +B5°C 
Storage Temperature -55°C to +100°C 

Electrical Characteristics Unless otherwise stated, TA+25°C, VIN = +9.0V to +1B.OVoc 

Parameter Conditions Min Typ Max Units 

Power Supply Section DC Load 
+5V, = 250mA 

AC Inputs + 12V, = 40mA B.O 14.0 VRMS 
+ 12V, = 40mA 47 440 Hz 

DC Input 9.0 1B.0 V 

Vour+12V 10=0 to BO mA 11.4 12.6 V 

Vour-12V -10 = 0 to BO mA -11.4 -12.6 V 

Vour+5V 10 = 0 to 500 mA 4.75 5.25 V 

VRIPPLE RMS + and -12V 10= ±BOmA 50 mVRMS 

VRIPPLE RMS +5V 10 =500 mA 25 mVRMS 

+5 V Overhead +5 V, 10 = 250mA 
. After Power +12V,lo =40mA 10 ms 
Fail Flag -12V, 10 = 40mA 

Zero Crossing Detector AC Input, fiN = 50 or 60 Hz, phase 
referenced to actual AC input zero 
crossing (i.e., transformer 
secondary). AC input = B.O to 14.0 
VRMS· 

e Angle ±3 Degree 

VOL CMOS to CMOS Vcc = 5v, 10 = 10IJa 0.5 V 

VOH CMOS to CMOS Vcc = 5v, 10IJa 4.5 V 

pw. 40 /-lS 

Power Failure Detector 

VTH Threshold Voltage of VIN B.? V 

VOL ISINK~ 2mA, VIN~ VTH 0.4 V 

VOH ISOURCE~ 5/-lA, VIN ~ TTH 4.0 V 

. System Status Output/Indicator LED Off = Off 
Flashing = Running 10 Hz 
Continuous = Halt 

Output 
VOL ISINK~50mA 0.4 V 

VOH ISOURCE ~ 10/-lA 3.5 V 

PWRON PWR OFF 

I 
i>~ 

I PWR FAIL 

MPF I I li--1L 
-1 \-20ms TYP. -- !_5mSTYP. 

TUW15188-2 

Power On/Off Timing 
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System Socket Pin Identification Edge Connector Identification 

lUi 52 BAT 
WA 51 A14 
A13 50 A15 
A12 49 iNH 
A11 48 S1 
A10 47 WAIT 

A9 46 BRED 
A8 45 BACK 
A7 44 ALE 
A6 10 43 101M 
A5 11 42 OVERLAY 
A4 12 41 SO 
A3 13 

J1 
40 +5V 

A2 14 39 NMI 
A1 15 38 1m 
AD 16 37 07 
00 17 36 06 
01 18 35 05 
02 19 34 04 

GNO +5V 20 33 03 
ClK 21 32 INT 
PS 22 31 ifSTA 

MPF 23 30 RSTB 
RESET 24 29 RSTC 

PBRESET 25 28 -12V 
+12V 26 27 GNO :t12V 

TLJW/S168-3 

See the MA2800 data sheet for a 
functional description of the pins. 

Input/Output Configurations 

AC 
JACK 

AC --.... --., 

AC -~t-+--.... 
DC---~~-----+-~ 

OC+---------' 

TLJW/~168-~ 

PWR Input 

+5V 

TUW/~168-8 

System Status Indicator 

+5 

MM 
74C221 

U 
40 "sTYP. 

TUW/S168-8 

Zero Crossing Output 

+5V 

TUW/S168-Q 

Powor Fall and MPF 
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TOP SlOE 

7 • 

9 • 

11 • 
13 • 

15 • 

17 • 
19 • 

21 • 
23 • 
25 • 
27 • 
29 • 

31 • 
33 • 
35 • 
37 • 
39 • 

41 • 
43 • 

45 • 
47 • 

49 • 
51 • 

AD 
A13 
A11 

A9 
A7 

AS 
A3 
A1 
DO 
02 

ClK 
MPF 
~rr 

GND :t12V 

RSfC 
RSTA 
03 
05 
07 

NMT 
SO 
101M 
B1iCK 
WAIT 
iNH 
A14 
PWR FAil 
EX. BAT IN 

DC IN + 
AC IN 

BOTTOM SlOE 

Wi! 
A12 
A10 

A8 · 8 
A6 · 10 

A4 · 12 

A2 · 14 

AD · 16 
01 · 18 

GND :t5V · 20 

PS · 22 

RESET · 24 

+12V · 26 

P1 -12V · 28 

rna · 3D 

!NT · 32 

04 · 34 

06 · 36 

INTA · 38 
+5V · 40 

0VEiITi'iY · 42 
ALE · 44 

BRED · 46 
'SI · 48 

A15 · 50 

BAT · 52 

ZERO CROSSING · 54 

STATUS 56 

DC IN GNO 58 

AC IN 60 

TLJW/~168-4 

FROM 9VSYSTEM PWR 
SUPPLY 

VBAT 

+ 
3.4V ,J:. 

TUW/~168-1 

RAM Backup 

TUW/~168-10 

Reset System 

3: 
~ 
o 
o 
o 



o 
o o 
~ 
:E 

Mechanical 

3 M 3666-0000 THRU 0002 
(MATING CONNECTOR: VIKING 3VH30/1JN5 or 3VH30/1JV5) 

0.100" CTRS 
60 CONTACT EDGE CONNECTOR (Pl) 

PIN 1 TOP '\ 
PIN 2 BOTTOM~-----"""";~---~ 

® 
® 

® 
® 

o , ........................ , 

Jl 

PIN 1 

" I •••••••••••••••••••••••• , 

o 
RUN/HALT JUMPER SOCKET RESET 

E1E2 EJ E4ES 

o ·········1 @ 

__ (MATING CONNECTOR: 

'iC' {' SWITCH CRAFT #760) 
~ AC ADAPTOR (J2) 
® 

® 
® 

2.56" 

1 ... --------4.75",--------... 1 ' 

,..0., 

NS Package MA2000 
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~National 
~ Semiconductor 

PRELIMINARY 

microCMOS 

MA201616,384 x 8-Bit CMOS Static RAM Module 
General Description 
The MA2016 consists of eight 2k x 8-bit CMOS RAMs 
along with an address decoder capable of decoding up to 
a 128k x 8-bit low power CMOS RAM. It operates on a 
single 5V power supply and is able to retain data down to 
2V. The MA2016 does not require a refresh and all inputs 
and outputs are TTL compatible. Multiple MA2016mod· 
ules may be stacked in a piggyback fashion or laid out in 
any manner desired. The low power requirements and ver­
satile layout make the MA2016 very useful for low power 
hand-held battery powered applications. 

Applications 
• Portable terminals 

• Hand-held devices 

• Pos terminals 
• Remote instrumentation 

• Process controllers 
• Microcomputer memory 

Connection Diagram 

iiE • ~ 

A13 

A12 
All 

Al0 E9 
A9 E8 
A8 E7 
A7 E6 

A6 10 E5 
A5 11 E4 
A4 12 E3 

A3 13 E2 
A2 14 El 
Al 15 
AD 16 

lIDo 17 

1/01 18 
1/02 19 
GND 20 21 

TOP VIEW 

Pin Names 

cs 
DE 

Chip Select Input (user programmable) 

Output Enable Input 
WE 
1/00-1/07 

AO-A15 

Write Enable Input 

Data Inputs/Outputs 
Address Inputs 

Vee 
A14 
A15 

CS 

1/01 

I/0s 
1/05 
1/04 
1/03 

(A14, A15 Block Select, user programmable) 

Vee 
GND 

Power (typical 5V) -

Ground 

Features 
• 16k x 8·bits fully decoded 
• Outputs directly TTL compatible 

• Low power-typical 400 mW 

• 250 ns access time 
• Static operation-no clocks or refres~ing required 

• Single 5V supply ± 10% 
• 2V minimum for data retention 
• TRI-STATE® outputs for bus operation 

• Common data I/O pins 

• Separate OE pin 
• Internal power supply decoupling 

Ordering Information 
MA2016 

Logic Symbol 

* active state user selectable 

Truth Table 

CS* WE OE 

H X X 

L H L 

L H H 

L L X 

I/O 

Hi-Z 

DOUT 

Hi-Z 

DIN 

1/01 

Mode 

Standby 

Read 

Read 

Write 

* es state is user selectable. Table shown with jumper E7 to EB and E4 to 
E5 installed. 
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Absolute Maximum Ratings AC Test Conditions 
Voltage at Any Pin with Respect Input Pulse Levels: 0.8Vt02.4V 

toGND - 0.3V to + 7.0V Input Rise and Fall Times: 10 ns 
Operating Temperature 0·Ct070·C Input and Output Timing Reference Levels: 1.5V 
Storage Temperature -65·eto + 150·C Output Load: 1 TTLgateand 
Temperature with Bias -10°Cto +85°C CL=100pF 
Power Dissipation 1.0W (including scope and fixturing) 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electr;cal Characteristics Vee = 5V ± 10%, GND = OV, TA = ooe to 70·C unless otherwise Indicated. 

Symbol Parameter Conditions Min Typ Max Units 

IILlI Input Leakage Current AO-A10, OE, WE VIN=OV to Vce 20 p.A 

II Lli Input Leakage Current A11-A15, ~ VIN = OV to Vce 5 p.A 

IILOI Output Leakage Current ~ = V IH or OE = V IH 20 p.A 

Vllo=OV to Vcc 

leeop Operating Power Supply Current CS =Vlu 1110=0 mA 55 mA 
(Note 1) 

lecss Standby Power Supply Current CS=VIH 32 mA 
(Note 1) 

leeDR Standby Power Supply Current Vcc=2.0V, CS= Vec 35 p.A 
Data Retention VIN =OV or Vcc (Note 1) 

VDR Data Retention Voltage CS = Vee, VIN = OV or Vce 2 V 

VOL Output Voltage Low IOL=2.1 mA 0.4 V 

VOH OutP~t Voltage High 10H= -1.0 mA 2.4 V 
" VIL Input Voltage Low -0.3 0.8 V 

VIH Input Voltage High Vcc- 2.O Vce+ 0.3 V 

Capacitance (Note 2) TA = 25°C, f = 1.0 MHz 

Symbol Parameter Conditions Min Typ Max Units 

CliO Input/Output Capacitance 1100-1107 VIIO=OV 70 pF 

CIN Input Capacitance AO-A10, WE, OE VIN=OV 55 pF 

CIN Input Capacitance A 11-A 15, es 20 pF 

I 
Note 1: Vee=5V, TA=25·C 
Note 2: ThIs parameter Is sampled and not 100% tested. 
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AC Characteristics-Read Cycle (Vcc=5V ± 10%, TA=O°C to 70°C) 

Symbol Parameter Min Typ Max 

tRC Read Cycle Time 200 

tAA Address Access Time 200 

tACS Chip Select Access Time 200 

tCLl Chip Selection to Output in Low Z 65 

tOE Output Enable to Output Valid 150 

tOll Output Enable to Output in Low Z 65 

tCHZ Chip Selection to Output in Hi-Z 100 

tOHZ Output Disable to Output in Hi-Z 100 

tOH Output Hold from Address Change 65 

Timing Waveforms 
Read Cycle [1] (Notes 1 and 5) 

ADDRESS 

DOUl ----------------~~:8:I 

Read Cycle [2] (Notes 1,2,4 and 5) 

----------tRc----------.-t 

ADDRESS 

_____ ~-_=~-_=~-_=~-_=~-_-~~H=-_~=~=A====:~I----------------r~--
DOUl _ 

Read Cycle [3] (Notes 1, 3, 4 and 5) 

Note 1: WE Is high for read cycle. 

Note 2: Device is continuously selected, Cs = VIL. 

Note 3:. Address valid prior to or coincident with Cs transition low. 

Note 4: OE = VIL' 
Note 5: When CS is low, the address Input must not be In the high Impedance state. 
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Units 
0 ...... 

ns 
0') 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



co .,-
0 

~ 
::E 

AC Characteristics-Write Cycle (Vee = 5V ± 10%, T A = O°C to 70°C) 

Symbol Parameter Min Typ Max 

twe Write Cycle Time 200 

tew Chip Selection to End of Write 140 

tAW Address Valid to End of Write 160 

tAS Address Set-Up Time 70 

twp Write Pulse Width 140 

tWR Write Recovery Time 60 

tOHZ Output Disable to Output in Hi-Z 100 

tWHZ Write to Output in Hi-Z 110 

tow Data to Write Time Overlap 100 

tOH Data Hold from Write Time 60 

tow Output Active from End of Write 60 

Timing Waveforms (Continued) 

ADDRESS 

Write Cycle [1] (Note 1) 

twp 
(NOTE 2) 

~UT ~~~~~~~~~~----------------------~----------------

DIN ___________ ~~ • .,..' _tow ___ ?--.t_~"""~ 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



Timing Waveforms (Continued) 

Write Cycle [2] (Notes 1 and 6) 

twp 
(NOTE 2) 

1--·!nw--II---tnH--I(NOTE 9) 

DIN ------------------00( 

Note 1: WE must be high during all addr,ess transitions. 

Note 2: A write occurs during the overlap (twp) of a low CS and a low WE. 

Note 3: tWR is measured from the earlier of CS or WE going high to the end of write cycle. 

Note 4: During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

Note 5: If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in a high impedance state. 

Note 6: OE Is continuously low. (OE = VIL.) 

Note 7: DOUT Is the the same phase of write data of this write cycle. 

Note 8: DOUT is the read data of next address .. 

Note 9: If CSis low during this period, I/O pins are in the output state. Then the data input signals of opposite phase totheoutputsmust not be applied to them. 

Low Vee Data Retention Characteristics (TA = O·C to 70'C) 

Symbol Parameter Min Typ Max Units 

tCDR Chip Deselect to Data Retention Time o ns 

Operation Recovery Time 200 ns 

Low Vee Data Retentio'n Waveform 

Vee 
4.5V 

~.tcDR 'IR~ 
cs~ 2.2V\", ___ V_DR ___ ",,/2.2V ~ 
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co o Block Diagram 

~ 
:E 

AO-A10 

A11-A13-+ 

E1 

E2 

E3 

E4 

E5 

E6 

A 

."""'" 
.... 

."""'" ~ 

~ . --, -
~ 

A 14--+ 

A15~ 

LOGIC 

E7 , ~C>-
\ 

E8, 

\ 
E9 

.... 

~ ..... 

AI" 

G v~~1 ii' 
~ 

DE 

Memory Expansion 
BLOCK ADDRESS DEDICATION 

I-

The user must assign 16k block address boundaries by in­
stalling provided jumpers for each module. A summary of 
jumper connections for contiguous address boundaries 
from Ok-128k are shown in Table I. 

lit. 
,.. 

~ 

~ 

~ 

~ 

~ 

~ 
~ 

~ 

12-12 

.... 
CMOS .... 
RAM 
2~x8 I+-

"'" CMOS 
"" RAM ~ 

2kx8 I+-

"'" CMOS 1 RAM 
2kx8 I+-

.... 
CMOS 

"" RAM 
2kx8 I+- ~ 1/00-1/07 

.... 
CMOS 

~ RAM 
2kx8 I+-

"'" CMOS 
~ RAM 

2kx8 I+-

...t 
CMOS .... 
RAM 

2kx8 +-

"'" CMOS ~ 
RAM 

2kx8 +-

The modules may be stacked up (8 max) or layed out hori­
zontally in any order or combination to fit system profile 
constraints (Figure 1). 

The low voltage data retention feature is usable to a max 
of four modules when stacked vertically. 



Memory Expansion (Continued) 

TABLE I 

MA2016 
OE CS 

Jumpers· 110 Address Boundary (Hex) 
II E9 E8 E7 E6 E5 E4 E3 E2 E1 

1 
2 

3 

4 

5 
6 

7 
8 

H = high = logic "1" 

L = low = logic "0" 

X = don't care 

TRI-STATE = HI·Z 

L L 
L L 
L L 
L L 
L H 
L H 
L H 
L H 

H X 

... f-e ... f-e ... .. f-e ... f-e ... .... ... .... ... ... ..... ... .... 

... .... Ok-16k 000016 
...... 16k-32k 400016 ... .... 32k-48k 800016 ... ...... 48k-64k COO016 ... .... 64k-80k 1000016 .... 80k-96k 1400016 ... ...... 96k-112k 1800016 ... .... 112k-128k 1COO016 

X TAI·STATE 

* Any configuration must have 2 Jumpers per module. 

a. 16k Configuration 

J----------------------------i 32k-48k 

J----------------------------i16k-32k 

J----------------------------iOk-16k 

b. 48k Configuration 

FIGURE 1 
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3FFF16 

7FFF 16 

BFFF16 

FFFF16 

13FFF16 

17FFF16 

1 BFFF16 

1FFFF16 



~National 
~ Semiconductor 

PRELIMINARY ~~~~Ac~~ 

microCMOS 
MA2732 8k-Byte CMOS UVPROM/RAM Module 
General Description 
The MA2732 8k-byte CMOS UVPROM module is a member 
of the MA2000 series family. It provides a standard 
modular macrocomponent package and bus interconnect 
facility for industry-standard 27C16 or 27C32 UVPROMs. 
The module provides two standard sockets for the pack­
aged parts. The UVPROMs are selected and programmed 
by the user and then simply inserted into the sockets pro­
vided in the MA2732 module. The MA2732 can be con­
figured by the user in PROM capacities .of 2k-bytes, 
4k-bytes or 8k-bytes at the user's option. The MA2732 is 
designed such that if the user needs only one of the two 
sockets for program m·emory the remaining socket can be 
populated with a 2k x 8 CMOS RAM to obtain additional 
data memory. The internal macrobus provides for simple 
integration of the MA2732 with other members of the 
MA2000 family. Key features of this module include a com­
plete UVPROM subsystem, self-contained memory map 
selection logic, opcode, decode and wait-state generator, 
and output buffered single 5V operation. 

Applications 
- Portable terminals - Remote instrumentation 
- Hand-held devices - Process controllers 

- Pos terminals - Microcomputer memory 

Connection Diagram 

Dual·ln·Line Package 

52 NC 
51 

. A13 50 

A12 49 

A11 48 

A10 

A9 

A8 NC 
A7 ALE 

A6 101M 
A5 Q[ 

A4 SO 
A3 5V 

A2 NC 
A1 NC 
AO 07(8) 

00(8) 06(8) 

NC = no connection 01(8) 05(8) 

02(8) 04(8) 

GNO 03(8) 

ClK NC 
NC NC 
NC 23 NC 
NC 24 NC 
NC 25 NC 
NC 26 NC 

TOP VIEW TLIWI5172·2 

Features 
- Complete UVPROM subsystem 
• Configurable as either 2k, 4k or 8k-bytes of ROM 

or 2/4k ROM and 2k RAM 

- User selectable jumpers for memory mapping 

- Internal user selectable wait-state generator 

- Buffered data outputs 
_ low power-when using two NMC27C32 EPROMs for a 

fUl18k-bytes 
_ Sockets will accept any of the popular 24-pin 

ROMs/RAMs 
_ When the module is not selected it is automatically 

placed in standby mode (10 mW max using two 
NMC27C32s) 

_ Single 5V operation 

- Unique stackable module 

Pin Names 

RD Read strobe input 
AO-A15 Address inputs 
00-07 Data outputs (buffered) 
ClK Clock input 
SO.:..S1 Status inputs 
Ol Overlay input 
IO/M Input/output memory input 
ALE Address latch enable input 
INH Inhibit input 
5V .. Power supply input 

GND Digital GND 

WR Write strobe input 

12-14 



Absolute Maximum Ratings 
Vee Supply Voltage 6.0V Ambient Operating Temperature -40°Cto +85°C 

Voltage at Any Pin Storage Temperature - 55°C to + 100°C 

RelativetoGND GND - 0.3V to Vee + 0.3V Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics TA = + 25°C, Vee = 5V ± 10%, GND = 0 unless otherwise noted 

Symbol Parameter Conditions Min Typ Max Units 

Vil Input Low Voltage 0.6 V 

VIH Input High Voltage 3.5 V 

liN Input Leakage A11-A15, INH, CLK, RD, WR VIN=OtoVee -100 1 100 J1.A 
(Note 1) 

liN Input Current (Internal Pull-Up Resistors) VIN = O.4V 100 25 J1.A 

OL, E1-E6, 101M 

liN Input Current (Internal PUll-Down VIN = 2.4V 25 100 J1.A 

Resistors) ALE, S1, SO 

Val Output Low, Voltage DO-D7 10=2.0 mA 0.4 V 

VOH Output High Voltage 00-07 10=-2.0mA 2.4 V 

Val Output Low Voltage WAIT 10=3.0 mA 0.4 V 

VOH Output High Voltage WAIT 10= -1.0 mA 2.4 V 

lee Supply Current VIN=Vee 600 J1.A 
Outputs Open (Note 2) 

Control Timing Diagram 
I 

Symbol Parameter Conditions Typ Units 

tAVDV Valid Address to Valid Data 105 ns 

tAXDZ Address to Data Hi-Z 120 ns 

tAVEl Valid Address to Chip Enable 25 ns 

tAxEH Address to Chip Disable 35 ns 

-tevDV Valid Control Lines to Valid Data INH = E5; 101M = Vll; OL = VIH 100 ns 

texDZ Control Line to Data Hi-Z INH = E5; 101M = VIH; OL = Vil 115 ns 

tevEl Valid Control Lines to Chip Enable Same as for tcvDV 25 ns 

texEH Control Line to Chip Disable Same as for texDZ 35 ns 

tWlDV WR Low to Data Valid Data 125 ns 

tWHDZ WR High to Data Hi-Z 75 ns 

tRlDV RD Low to Data Valid- 125 ns 

tRHDZ RD High to Data Hi-Z 75 ns 

t pD Propagation Delay 50 ns 

FOR MA2800 INTERFACE ONLY 

TAVOV Valid Address to Valid Output (Note 3) s450 ns 

TELOV Chip Enable to Valid Output (Note 3) s450 ns 

TOLOV Output Enable (RD) to Valid Output (Note 3) s120 ns 

TOVWH Output Valid to WR High s400 ns 

TOVEH Output Valid to CE High s500 ns 

TELEH Enable Strobe Width s1 p.S 

Note 1: liN on AO-A10 depends on user selected ROM or RAM. 
Note 2: This does not include user supplied ROM or RAM. 
Nole 3: During an opcode fetch these timing values can be Increased by 400 ns through jumperlng E7. 

12-15 



-" 
~ .. 
en 

/ AO-A15 

INH. OVERLAY 
101M 

liD 

CE (Ul AND U2 

00..07 

00-07 

. 
-' \. 

" J\ . 

-tcVEL-, 
\ 

IAVEL 

TAYOV 

Typical Read Cycle 

IAVDV 

(ADDRESS VALID) 

tcvDv . , 
\ . IRlDV 

~TOLOY-

'f 

:\. 

TELOY • ~ lPO-----' , 
\. . 

, 
J 

,,, 
J\. 

-tcXEH-

{ 
J 

I-IAxEH-

J . IRHDz 

(OUTPUT VALID) 

(DATA VALID) 

{ 

IAxDZ 

taXDZ . 

~ 

'I-IPD-

MA2732 

::! 
3 
5" 
ea 
c 
iii" 
ea ... m 
3 
en 

,~ 
) 



~ 
-....I 

AO-A15 

INH,IO/M, 
OVERLAY 

WR 

IT (Ul AND U2) 

00-07 

00-07 

-' \ 

IAVDV 

" J\. 
-ICVEl-

IAVEl , 
~ 

E 

Typical Write Cycle 

,I 

(ADDRESS VALID) 

ICVDV 

-twlDV-

I( 
J 

-TOVWH-

, 
\ 

I-IPD- TOVEH , 
DATA VALID 

\. 
TELEH 

twHDl , 
J 

IAXDl 

" J\. 
-----ICXDl -

-ICXEH-

If 
J 

-IAxEH-

INPUT VALID 

, 
J 

. 

i-1po:::::=J 

~ 

3' 
::::J 

(Q 

c 
iii" 

(Q ... 
Q) 

3 
en 
a 
a 
~ 
:;' 
c 
Cll 

B 

~£l~W 



Block Diagram 
AO-A10 _____ ..... _________ .. 

5Vl 1~ 

U1 
EPROM 
2kx8 

OR 
4kx8 

TIE CE 

GN' I 1'r--~-'-.a.-____ ... 
A11-A15 ~ 

INH---+I 

iil----t~1 

ALE---+' 

S1---+, 

so----t~1 

CLK---+I 

iiD---+1 

10/M---+' 
WR---+. 

LOGIC 
ARRAY 

""", I Ell E21 E31 E41 E51 E61 E7 

U2 
EPROM/RAM 

2kx8 
OR EPROM 

4kx8 

TIE CE W 

.. 
E8 I , 

.. 
E9 ,I 

U1 and U2 are user supplied 

00-07 

'I'] '] '] '] ')' '~--------------~~ WAIT 

.:; MEMORY MAP SELECTION TL!W/5172·1 

E1 E2 E3 E4 E6 

· · · · · · · · • 
• · • • · · · · · · · · · · ~ · · • · · · · · · · · · · · • • · · · · · · • · · · · X 

· · X 

· · X 

· X 

· · X 

· X 

· X 
X 

x = don't care 

E1 = A15 = logic "0" when jumper is installed (.) 

E2=A14=logic "0" when jumper is Installed (.) 

E3 = A13 = logic "0" when jumper is installed (.) 

E4=A12=logic "0" when jumper Is Installed (.) 

MEMORY MAPPING 

Address Boundary (HEX) 

0 0 0 0 F F F 
1 0 0 0 1 F F F 
2 0 0 0 2 F F F 
3 O· 0 0 3 F F F 
4 0 0 0 4 F F F 
5 0 0 0 5 F F F 
6 0 0 0 6 F F F 

4k Blocks 
7 0 0 0 7 F F F 

U1 = Lower 2k 
8 0 0 a 8 F F F 

U2 = Higher 2k 
9 0 0 a 9 F F F 
A 0 a a A F F F 
B 0 0 a B F F F 
c 0 0 a c F F F 
D 0 0 0 D F F F 
E 0 0 a E F F F 
F 0 0 0 F F' F F 

0 0 0 a 1 F F F 
2 0 0 0 3 F F F 
4 0 0 0 5 F F F 8k Blocks 

6 0 a a 7 F F F U1 = Lower 4k 

8 a a a 9 F F F U2 = Higher 4k 

A a a 0 B IF F F or 2k RAM 

C 0 0 a D F F F 

E a a a F F F F 

E5 = INH = logic "0" when jumper is installed (.) 

E6 = 4k block select = logic "0" when jumper is Installed (.) otherwise 8k block 

E7 = WATT when jumper is installed (.) adds one wait state during opcode fetch only, 

E8 = U2 is ROM :.vhen jumper is installed. 

E9 = U2 is RAM when jumper is installed. 
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~National 
~ Semiconductor 

PRELIMINARY r--..K.~,---,"," ............ ~~'..........., 

MA2800 8-Bit CMOS Microcomputer Module 
microCMOS 

General Description 
The MA2BOO is a low power, B-bit CMOS microcomputer 
system. It provides a CPU, ROM, RAM, parallel and serial 
110 ports, a system clock, programmable timers, priority 
interrupt logic, a software monitor program and 5 MHz 
operation-in a single 1.6 by 3.3 by 0.45 ·inch, 52-pin 
module. 

The CPU module utilizes an NSCBOOTM, which provides 
basic CPU functions, vectored priority interrupt, power­
save feature, interrupt acknowledge and ZBO software 
compatibility. 

The 4k ROM in the CPU module contains the resident 
monitor program which aids in developing software and 
manipulating 110 devices and memory bytes. 

The CPU module also contains 2k of RAM. The resident 
monitor program uses the top 256 bytes for a scratchpad; 
the remaining space is user available. 

An NSC810 in the CPU module provides the 110 ports and 
timer. The CPU module utilizes its three ports for basic 110 
operation: 8 bits of port A; 6 bits of port 8; and 6 bits of port 
C. Port A can operate in a strobed mode by using 3 bits of 
port C for handshaking. Two bits of port 8 can be con­
trolled by the monitor program for serial interfacing. The 
CPU module also utilizes its two programmable 16-bit 
timers, capable of DC to 4 MHz operation. 

The CPU module controls two memory maps, inter­
nal-16k, and external-64k. The internal memory maps 
consist of the 4k monitor program in ROM, the 2k scratch­
pad RAM and a user supplied 8k block for programs. The 
external memory map is user supplied. When selected, the 
external memory map shadows the internal memory map. 
The internal memory map defaults to the external memory 
map at addresses above the 16k block; thus, the top 48k of 
memory space can be considered common memory. 

Connection Diagram 

rm 
WR 
A13 
A12 
All 
AID 

A9 
AS 
A7 
A6 
A5 
A4 
A3 
A2 
Al 
AD 
DO 
01 
02 

GND (5V) 
ClK 

J>S 
MPt 

RESET 
JiBlIITE'I 
+12 Vee 

MODULE 110 CONNECTOR PORT 

. MA2600 
MACRDCoMPDNENTTM 

JUMPER SELECTION 
FIELD 

MODULE STRAPPING FIELD 
TOP VIEW 

BATTERY 
A14 
A15 
iNA 
Sl 
WAIT 
BREa 
mK 
ALE 
101M 
PHANTOM 
SO 
Vee 
NMi 
INTA 
07 
06 
05 
04 
03 
iNf 
Ifill 
lml! 
iiSfC 
-12 Vee 
GNo (12VI 

TLlW15288·, 

Features 
• General 

• Single 5V power supply 

• On-board monitor program 

• Addresses 64k bytes of memory 

• Addresses 256 110 spaces 
Unique save-power feature 

• Standard MA2XXX bus structure 

• Multiplexed and non-multiplexed bus interface 
capability 

• On-board controller and 2.5 MHz clock generator 

• Speed: 1.6/-,s instruction cycle 
• Small size: 1.6 by 3.3 by 0.45 inches 

• CPU 
• Fully compatible with Z80 instruction set 

• Powerful set of 15B instructions 

• 10 addressing modes 
• 22 internal registers 
• Five prioritized interrupt request lines 

• 110 Ports 
• 3 programmable 110 ports 

• Strobed mode operation 
• Serial interface capability 
• Single instruction 110 bit operation 

II Timer 

• Two 16-bit programmable counterltimers 

• Timer operation: DC to 4 MHz 

110 Pin Descriptions 
. 

1. RFSH 10. PC1 19. PA7 
2. CLK 11.0SCIN 20. PA4 
3. TO OUT 12. PB4 21. PAS 
4. TO IN 13. PBS 22. PA2 
S. PC4 14. PB2 23. PA3 
6. PCS 1S. PB3 24. PAO 
7. PC2 16. PBO 2S. PA1 
8. PC3 17. PB1 26. GND 
9. PCO 18. PA6 

12-19 

s: 
~ 
CO 
o 
o 



Functional Pin Description 
SYSTEM BUS INPUT SIGNALS 

Power·Save (PS): Active low. Places the CPU in a reduced 
power consumption mode~ PS is sampled at the end of 
each instruction cycle. If PS is low, the CPU stops ex­
ecuting at the end of the current instruction and puts itself 
in the low power mode. In this mode, the internal CPU 
clock is suspended, halting CPU operation (but the oscil­
lator still operates and the ClK signal will still output). 
Normal operation resumes when PS is returned high. 

Reset In (PBRESEn: Active low. Resets the CPU module. 
When active, the CPU resets itself by clearing the con­
tents of the PC, I and R registers, disabling the interrupts 
and setting RESET high. 

Non·Maskable Interrupt (NMI): Active low. Allows a 
peripheral to interrupt the CPU's normal operation. An ac­
tive NMI sends the CPU to a dedicated address within the 
memory map (Table I). An active NMI request is recognized 
at the end of the current instruction. NMI has the highest 
priority. NMI execution saves the PC register on the stack. 

Restart Interrupts A, Band C (RSTA, RSTB, RSTC): Active 
low. Allows peripherals to interrupt the CPU's normal 
operations. When enabled (Table II), an active restart inter­
rupt sends the CPU to a dedicated address within the 
memory map (Table I). Restarts are recognized at the end 
of the current instruction cycle, when the respective inter­
rupt enable and master interrupt enable bits are set. The 
order in which the CPU recognizes the inter~s fixed 
(highest first) as follows: RSTA, RSTB and RSTC. If not 
enabled, these lines do not affect the system. 

Interrupt Request (INn: Active low. Allows a peripheral to 
interrupt the CPU's normal operation. When enabled 
(Table II), an active INT sends the CPU to a dedicated ad­
dress within the memory map (Table I). Active interrupt re­
quests are recognized at the end of the current instruction, 
provided the interrupt enable and master interrupt enable 
bits are set.INT has the lowest,priority.ln conjunction with 
the INTA output, INT can execute in three distinct modes 
via software control. If not enabled, this line cannot affect 
the system. 

Bus Request (BREQ): Active low. Allows another device 
control of the system bus. BREQ is recognized at the end 

* Actual power saved is minimal in the module because of ROM and RAM 
supply currents. ICC drops from approx. 30 mA to 27 mA. 

TABLE I 

of the current machine cycle. If active, the data bus, the ad~ 
dress bus and the control signals (RD, WR, ClK and 101M) 
are TRI-STATE@. BREQ is acknowledged via setting BACK 
active. 

Wait (WAin: Active low. Extends the machine cycle in 
order to accommodate slow peripherals communicating 
with the CPU module. When set low during RD or WR, the 
CPU extends its machine cycles (in increments of T) until 
WAIT returns high. 

Phantom (PHANTOM): Active low. Control line generated 
by future external modules for disabling external memory. 
Not used by the CPU module. 

Inhibit External Memory (INH): Active low. Selects be­
tween internal and external memory maps. A low signal 
activates the internal memory map (disables external 
memory) and a high signal activates the external memory 
map (disables Internal memory). Note that when using 
MA2016 external memory modules with the MA2800, 
jumper E8-E9 must be installed. 

SYSTEM BUS OUTPUT SIGNALS 

Read Strobe (RD): Active low. On the trailing edge of the 
RD strobe the data lines are input to the CPU. This line is 
TRI-STATE during reset and bus request cycles. 

Write Strobe (WR): Active low. When active, the CPU out­
puts valid data on the data lines. This signal is TRI-STATE 
during reset and bus request cycles. 

Address Bits (AO-A15): Active high. These are the ad­
dress lines for memory and 110 space. The address bus is 
TRI-STATE during reset and bus request cycles. 

Data Bits (00-07): Active high. Typically these lines form 
the data bus. They input data to the CPU when RD or INTA 
are active and they output data from the CPU when WR is 
active. The data bus also contains the addresses (AO-A7) 
while ALE is high, enabling the CPU module to interface 
with multiplexed systems (thus, often referred to as 
DAD-DA7). The data bus is TRI-STATE during reset and b·us 
request cycles. 

TABLE II. INTERRUPT CONTROL REGISTER 
(WRITE TO 110 PORT OBBH) 

Interrupt Opcodellnstruction Restart Address 
Name (Mode 0 INTA Responses) ROM RAM 

RSTO C7H OOOH 17DOH l x J x 1 x J X IlEA IIEB IIEC I lEI I 

RST1 CFH 0OO8H 17D3H 1 ~iNfMASK DON'T CARE 
RST2 D7H 0010H 17D6H RSTC MASK 

RST3 DFH 0018H 17D9H RSTB MASK 

RST4 E7H 0020H 17DCH RSTA MASK 

O=disable 
RST5 EFH 0028H 17DFH 

1 =enable 
RST6 F7H 0030H 17E2H 

Note: When an Interrupt occurs, the interrupt control 
RST7 FFH 0038H 17E5H register is cleared to 00. The register can be reset 

INT N/A 0038H 17E5H to the previous condition either by re,writing the data 

RSTA N/A 003CH 17E8H 
to 1/0 port OBBH or by executing a Reset to Interrupt 
Mask Set (RETH) instruction. 

RSTB N/A 0034H 17EBH 

. RSTC N/A O.o2CH 17EEH 

NMI N/A 0066H 17F4H 
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Functional Pin Description (Continued) 

Clock (ClK): This output provides the system clock. Its 
frequency is one·half the oscillator'S frequency. The CLK 
is TRI-STATE during bus request cycles. 

Reset Out (RESET): Active high. Provides system reset for 
devices interfacing with the CPU module. When active, it· 
indicates the CPU is being reset, as well as the on-board 
1/0 ports. 

Interrupt Acknowledge (lNTA): Active low. CPU's hand­
shaking response to acknowledge an interrupt that oc­
curred on the INT input. The INTA output activates during 
the M cycle following the iast instruction M cycle. Typi­
cally, INT gates the Interrupt response vector from the 
peripheral controller onto the datal address lines. 

Status (SO, S1): These outputs indicate the current CPU. 
status. 

Input·Output/Memory (lOiM): Shows whether the current 
M cycle is performing an 1/0 or memory operation. An 
active high indicates the CPU Is interfacing with an Input­
output device. An active low signifies the CPU Is interfac­
ing with memory. This line is TRI-STATE during reset and 
bus request cycles. 

Address Latch Enable (ALE): Active high. ALE is active 
only during the T1 state of M cycles and T3 state of M1 
cycles. The high to low transition of ALE Indicates that a 
valid memory/l-O/refresh address is available on the 
AD(O-7) lines. 

Bus Acknowledgo (BACK): Active low. A CPU handshake 
response to acknowledge that a BREO has occurred. 
When active,' the address, data bus and other control 
signals have been TRI-STATE, thus relinquishing control 
of the system bus to the requesting device. 

POWER/MISCELLANEOUS SIGNALS 

5 Volts (Vcc): This input supplies the power (SV) for the en­
tire MA2XXX family. 

Ground (5V) [GND (5V)): Ground return for the SV power 
supply. 

12 Volts (12V): This input supplies 12V for, the MA2XXX 
family. Not required by the MA2800 CPU module. 

-12 Volts (-12V): This input supplies - 12V for the 
f\:1A2XXX family. Not required by the MA2800 CPU module. 

Ground (12V) [GND (12V)): Ground return for the 12V and 
-12V power supplies. This ground is isolated from GND 
(SV). Not required by the MA2800 CPU module. 

Battery (BATT): Battery source for external memory 
modules. Not required by the MA2800 CPU module. 

Memory Power Fall (MPF): Active low_ Deselects external 
devices upon power t.ail. Not used In MA2800 CPU module. 

110 BUS 

Refresh (RFSH): Active low. Indicates the CPU Is perform­
ing a dynamic RAM refresh cycle_ RFSH is active only dur­
ing an opcode fetch cycle. The refresh cycle is transparent 
to the user,' 

Port A (PAO-PA7): Parallel 1/0 port. Port A provides both 
basic (non-strobed) and strobed (handshake) modes of op­
eration.ln the strobed modes of operation, 3 bits of port C 
provide the handshaking Signals. 
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Port B (PBO-PB5): Parallel I/O port, with serial capability 
via the monitor program. Port B provides 6 bits (maximum) 
of basic 1/0 operation. The monitor program uses bits 
4 (out) and S (in) of port B for serial interfacing. 

Oscillator Input (OSC IN): Oscillator input for the MA2800 
system clock. On special request, the internal 5 MHz 
oscillator is omitted, allowing a user to run at other fre­
quen'cies via OSC IN (not ordinarily connected within the 
MA2800 CPU module). 

Port C (PCO-PC5): Port C not only provides 6 bits of basic 
1/0 operation; but, each pin performs a second function as 
follows: 

PCOIINTR: INTR is an active low strobed mode inter­
rupt to the CPU. 

PClIBF: BF is an active high output to peripheral 
devices indicating buffer full. 

PC2/STB: STB is an active low strobe input from 
peripheral devices. 

PC3/TG: TG is the timer gating signal. 

PC4/T1IN: T1 IN is the clock input for timer 1. 

PC5/T1 OUT: T1 OUT is the programmable output of 
timer 1. 

PC6/TO OUT: TO OUT is the programmable output of 
timerO. 

PC7/TO IN: TO IN is the clock input for timer O. 

Clock (ClK): CLK is the clock output of the NSC800. It is 
an unbuffered clock signal. This signal runs at one-half the 
frequency of the on-board oscillator (2.5 MHz output). 

Ground (GND): Signal ground for the 1/0 signals. 

JUMPERS 

E1: Hardware option of jumperlng SO WAVE to RSTC. In­
ternally, the MA2800 ,creates SO WAVE by routing the 
oscillator's output through 20 cascaded, serial flip-flops. 
Thus, a S.O MHz input creates a 2 Hz SO WAVE signal. 
When E1 is shorted, SO WAVE is wired to the RSTC inter­
rupt line. When open, SO WAVE is not connected to the 
RSTC interrupt line and is therefore inaccessible to the 
user. 

E2: Hardware option of jumpering port C, bit 0 to RSTA. 
When shorted, PCO is wired to RSTA. When open, PCO is 
disconnected from RSTA. 

E3: Hardware option of jumpering port C, bit 0 to RSTB. 
When shorted, PCO is wired to RSTB. When open, PCO is 
disconnected from RSTB. 

E4: Hardware option of selecting between internal and 
external memory maps. When open, the MA2800 CPU 
module will power-up and remain in the external memory 
map. Software manipulation cannot cause the system to 
access the internal memory map. When shorted, the CPU 
module accesses the internal memory map during power­
up. User may now switch between the internal and exter­
nal memory map by programming bit 7 of port B to zero or 
one, respectively. Note that PB7 is not an output on the 1/0 
connector and is only accessible via software. 
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System Description 
GENERAL 

This data sheet is intended to be used in conjunction 
with the National Semiconductor NSC800 Microproc­
essor Family Handbook. Further information on how to 
use the on-board NSC800 and NSC810 and how to pro­
gram the NSC800 can be found in this handbook. Figure 1 
provides a block diagram illustrating the internal circuitry 
of the MA2800. Subsequent descriptions detail informa­
tion unique to the MA28~0. 

INITIALIZATION 

To ensure proper power-up conditions, the following 
power-up and initialization procedure is recommended. 
See Figure 2 for recommended power-on reset circuitry. 

1. Apply power (Vee and GND) and set PBRESET active 
(low). Allow sufficient time (approximately 100 ms if 
crystal is used) for the oscillator and internal clocks to 
stabilize. PBRESET must remain low for at least 3 T-sta!es 
(ClK). Following the clock stabilization period, RESET 
OUT responds by going high, indicating that the MA2800 
has been reset. RESET OUT becomes available,to reset 
the peripherals. 

2. Set and maintain PBRESET high. (PBRESET does not 
have an internal pull-up resistor.) RESET OUT will go low 
and the CPU will initiate the first opcode fetch cycle. 

1/0 SPACE 

The CPU module can address up to 256 I/O devices. Ad­
dresses OOH through 1 FH are reserved for the on-board 

Block Diagram 
NMI A8-A15 
iNT 

RSTA 

RSTB 

RSTC 

BREQ 

PS 
WAIT 

PBRESET AOO-AD7 

NSC810. Addresses 20H through 27H ~re reserved for a 
serial interface module (e.g., MA2232). Location' BBH is 
reserved by the CPU for the interrupt control register, so, 
special precautions should be taken using this location. 
All other locations are uncommitted and available for the 
user's I/O devices. 

INTERNAL MEMORY MAP 

The internal. memory map is 16k bytes (Le., from OOOOH to 
3FFFH). The first 4k (OOOOH to OFFFH) of internal memory 
space contains the monitor program. The next 2k (1000H 
to 17FFH) contains RAM. The monitor program uses this 
RAM (from 1700H to 17FFH) as a scratch pad. Most of the 
space i'n this RAM is user available (Le., from 1000H to 
16FFH). The next 2k (1800H to 1 FFFH) is not accessible to 
the user or system, it is a 2k hole. The last 8k (2000H to 
3FFFH) is available for the user to plug 8k of his memory 
into the system. This allows the user to run an 8k program 
in a minimum system configuration. 

When in the internal memory map and an address at 
4000H or above occurs, the CPU automatically addresses 
external memory space. The CPU automatically returns to 
the internal memory map when the address is less than 
4000H. The internal memory map automatically defaults 
to the external memory map' whenever the address is 
above 4000H; thus, the user can add another 48k of 
memory. Therefore, the user can actually have 56k of 

A8-A15 

CONTROL LINES 

AO-A7 

00-07 > 

PORTS A. B. C > 
FIGURE 1 

TLlW15288·2 

5V 

RESET 1-----. 
OUT INDICATES WHEN 

GND (5V) MA2800 IS BEING 
... --..... ----. RESET 

r- - - - .... ---1 PBRESET 
6 -

RESET
u 

/ C if O.l/,F 
L.. ___ .... _____ ..... 

TLlW15288·3 

FIGURE 2. Power·On, Reset Circuitry 
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System Description (Continued) als. Upon power-up, the monitor program checks if a 
MA2232 Serial Interface Macrocomponent is at 1/0 ad­
dress 20H through 27H. If present, the MA2800 prefers it 
for serial interfacing. If not present or chosen, the monitor 
program utilizes port B, bits 4 and 5, for serial interfacing. 
The monitor program automatically adjusts to the baud 
rate of the serial interface, if less than or equal to a 9600 
baud rate. 

memory space available. For applicable control signals, 
see Table III. 

TABLE III 

Memory Control Signals Address 
Map E4 PB7 INH Space 

Internal Shorted Zero Low 0000H-3FFFH 

External 
Shorted One 

High OOOOH-FFFFH 
Open Don't Care 

EXTERNAL MEMORY MAP 

The external memory map is a full 64k bytes (Le., from 
OOOOH to FFFFH). When in the external memory map, the 
resident monitor program and 2k scratch pad RAM cannot 
be accessed because the external memory map shadows 
the internal memory map. The external memory map is ac­
cessed through software or hardware. Software selection 
of the external memory map requires shorting jumper E4 
and outputting a one on bit 7 of port B. Hardware selection 
of the external memory map requires jumper E4 to be left 
open. Note how the external memory map is accessed by 
the internal memory map, since the top 48k of memory 
space is common to the internal and external memory 
maps. For applicable control signals, see Table III. 

When not using a MA2232 or equivalent, interfacing the 
MA2800 to a RS232 port requires connecting 1/0 connec­
tor pins 12, 13 and 26 (PB4, PB5 and GND) to RS232 port 
pins 2, 3 and 7, (transmitted data, received data and Signal 
ground), respectively. Also, connect a 5V zener diode be­
tween RS232 port pins 2 and 7, cathode on pin 2. 

The monitor program is brought on-line by hitting the 
period (.) key until the following message displays: 
"MA2800 Monitor Rev. (date)". (Be sure E4 is Shorted.) 
After this message and prompt appear, the monitor pro· 
gram is accessible. After a reset, bring the monitor pro­
gram back on·line by the above procedure. 

All commands in the MA2800 monitor consist of a single 
character followed by possibly optional arguments 
separated by either commas or spaces. In all cases, the 
value used is the last two hex digits typed for 1 byte 
arguments and the last 4 characters typed for 2 byte 
parameters. All commands terminate with a carriage 
return except as noted. All commands and data can be 
typed in either upper or lower case, but will be echoed in 
upper case. 

MONITOR PROGRAM 

The MA2800 contains a software monitor program; its 
commands ease control of ports, memory and peripher-

Command 

A: Disable Interrupts 
B: Enable Interrupts 
C: Change 16 bit immediate 
D: Display Memory 
E: Display Registers 
F: Find word in memory 
G: Go < with breakpoints> 
H: Add and subtract Hex 
I: Input from port 
L: Output data to serial 
M: Move memory 
N: Single Step 
0: Output to port 
P: Put ASCII to memory 
R: Read hex format data 
S: Substitute memory 
T: Memory Test 
U: User define function 
V: Verify memory 
W: Write hex format data 
X: Display Registers 
Y: 32 byte memory Search 

Z: Set MA2232 Baud rate 
?: List commands 
A F: Fill memory 
AJ or CR: Display last loc. 
A R: Transfer to RAM 

Ap: Printer toggle 

A 
B 
Cssss,wwww 
Dssss,ffff 
E OR Err retn 
Fwwww,ssss,ffff 
Gssss < ,bbbb < ,cccc» 
Haa,bb 
Ipp,qq 
Lpp,ssss, ffff 
Mssss, ffff,dddd 
N 
Opp,dd 

Example 

Pssss retn (ascii text) D to terminate 
R OR Rssss 
S OR Sssss SPACE. Terminate with illegal character 
Tssss,ffff 
U must set up loc 17F2 with address before using , 
Vssss,ffff,dddd No message means successful verify 
Wssss, ffff . 
X OR Xrr retn 
Yaa,bb,cc,,,.search al165k of memory and display starting addr of any 

occurrences of the byte sequence 
Zpp,rrrr 
? 
A Fbb,ssss,ffff 
This is the default memory location used by the Substitute command 
displays the message 'RUNNING IN RAM' on terminal, then branches to 

loc 0 and waits for auto baud character 
ON/OFF control of serial printer using MA2232 at port 28h defaults to 

9600 baud. 
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System Description (Continued) 

In the previous table examples, the upper case letter represents the command character and the lower case de~ignators 
are as follows: 

aa 
bb 
bbbb 
cc 
cccc 
dd 
dddd 

two hex digits 
two hex digits 
breakpoint 1 address 
two hex digits 
breakpoint 2 address 
two hex digits 
destination address 

ffff end of memory range 
pp port number (start) 
qq ,ending port number 
rr register name 
rrrr baud rate 
ssss start of memory range 
wwww two byte word (hi byte first) 

Physical Dimensions inches (millimeters) 

~~~~~~~~~~~~~~~~~~~~~~@~@~ 
PIN 27 @~ =@ 

@ :@ 0.740 1.300±0.003 1.100 

~====~'-_________________________________________________ :_:-J~'" ,.,., ... , "l~ - PIN 1 • 
~~~~~~~~~~~~~~~~~~~@~@~~~~ 

Order Number'MA2800 
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~National 
~ Semiconductor 
MM82PC08 
8-Bit Bidirectional Transceiver 

General Description 

The MMS2PCOS is an S-bit TRI-STATE® high-performance, 
low-power microCMOS transceiver. It provides bidirectional 
drive for bus-oriented microprocessor and digital communi­
cations systems. Straight through bidirectional transceivers 
are featured. 

One input, Transmit/Receive, determines the direction of 
logic signals through the bidirectional transceiver; Transmit 
specifies data flow from Port A to Port B; Receive specifies 
data flow from Port B to Port A. The Chip Disable input dis­
ables both ports by placing them in the high impedance 
state. 

The MMS2PCOS may be utilized in completing NSCSOO 
high-performance, low-power deSigns. For military applica­
tions, the MMS2PCOS is available with class B screening in 
accordance with Method 5004 of MIL-STD-SS3. 

System Configuration 

-­CS 

s 
y 

co 

MMB2PCOB 

~"f-", ~ 
\: 7 

microCMOS 

Features 

• microCMOS technology 
• S-bit bidirectional data flow reduces system package 

count 

• Bidirectional TRI-STATE inputs/outputs interface with 
bus-oriented systems 

• Full interface to CMOS logic levels 

• Pinouts simplify system interconnections 

• Transmit/receive and chip disable simplify control logic 

• Compact 20-pin dual-in-line package 

• Compact 2S-pin leaded chip carrier 
g Low power 

• Both ports have 150 pF load drive capability 

• TTL drive capability 
When Vcc=5V 

~ 0(0-7) 

E ..L........II.. 
M ...........,.. 

A(0-7) 8(0-7) _ PERIPHERAL 

B 
U 
S 

Tlii 

iiii t 
WIt 

,~--------------~L ______ ~ 
TLlC15595·' 
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Absolute Maximum Ratings Operating Range vee=SV±10% 

Storage Temperature Aange -6SoC to 1S0°C 
Voltage at Any Pin with 
Aespect to Ground -0.3V to Vee+0.3V 
Lead Temperature (Soldering, 10 seconds) 300°C 
Power Dissipation SOOmW 
Maximum Vee 7V 

Note: Absolute maximum ratings are those values beyond which the safety 
of the device cannot be guaranteed. Continuous operation at these limits is 
not intended; operation should be limited to those conditions spe.cified under 
DC Electrical Characteristics. 

Ambient Temperature 
Military 
Industrial 
Commercial 

-SsoC to 12SoC 
-40°C to + 8SoC 

O°C to + 70°C 

DC Electrical Characteristics TA =-55°C to +125°C, Vee +5V±10%, GND=OV, unless otherwise specified 

Symbol Parameter Test Conditions Min Typ Max Units 

VIH Input High Voltage 0.7 Vec Vee V 

Vil Input Low Voltage 0 0.2 Vec V 

VOH Output High Voltage 
Vcc = 4.5V, VIH = 4.5V, 

2.4 V 
IOH=~2 mA 

VOL Output Low Voltage 
Vce = S.SV, Vil = OV 

0.4 V 
VIH=S.SV, IOl=2 mA 

IIH Input High Current Vee = 5.SV, VIN = 5.5V 10 IlA 

III Input Low current Vec = 5.5V, VIN = OV -10 IlA 

IOH Output High Current 
Vce= 4.5V, Vour =:2.4V, 

-2.0 mA 
VIH =4.SV 

IOL Output Low Current 
Vce =5.5V, Vour=O.4V, 

2.0 mA 
Vil =OV 

Icc Power Supply Current 
Vce = 5.5V, VIH = 5.5V, 

400 IlA 
Vll=OV 

lozl TAl-STATE Low Leakage Current Vcc =5.5V, Vour=OV -10 IlA 

IOZH TAl-STATE High Leakage Current Vce=4.SV, Vour =4.5V + 10 IlA 
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AC Electrical Characteristics TA = -55°C to + 125°C, Vee = 5V ± 10%, GND"= OV, CL = 150 pF 

Typ Max 
Symbol Parameter Test Conditions Min 100 pF 100 pF Units 

tOLH 
Propagation Delay to Logical "1" 

See Figure 1 50 70 ns 
from Port A, B to Port B, A 

tOHL 
Propagation Delay to Logical "0" 

See Figure 1 50 70 ns 
from Port A, B to Port 8, A 

Propagation Delay from High 

tZHTR Impedance to Logical "1" from See Figure 2 55 100 ns 
T/R to Port 

Propagation Delay from High 

tZLTR Impedance to Logical "0" from See Figure 2 65 100 ns 
T/R to Port 

tHzTR 
Propagation Delay from Logical "1" to 

See Figure 2 50 100 ns 
High Impedance from T/R to Port 

'tLZTR 
Propagation Delay from Logical "0" to 

See Figure 2 55 100 ns 
High Impedance from T/R to Port 

Propagation Delay from High 

tZH Impedance to Logical "1" from See Figure 3 50 100 ns 
CD to Port 

Propagation Delay from High 

tZL Impedance to Logical "0" from See Figure 3 65 100 ns 
CD to Port 

tHZ 
Propagation Delay from Logical "1" to 

See Figure 3 50 100 ns 
High Impedance from CD to Port 

tLz 
Propagation Delay from Logical "0" to 

See Figure 3 55 100 ns 
High Impedance from CD to Port 

12·27 



co 
o 
() 
0-
N 
CO 
:1E 
:1E 

INPUT 
AN OR BN 

OUTPUT 
BN OR AN 

-----oooiIf" 

----------------~ 
IR = IF :5 20 ns 

10% TO 90% 

IOHLC 

,,,UO."O/l/O ____ __ 

TUC15595-3 

FIGURE 1. Propagation Delay from Input Port to Output Port 

70% 
Tiil 

IHZlR 

AN 

ILZlR 
IZHTR 

BN 

IZLTR 

TLlC15595-4 

FIGURE 2. Propagation Delay from T/R to Ports 

CD }~ ..:11\'0% 

- ~IHZ - ~IZH 

~ J 70% 

'f.. -'l-" 30% 
AN OR BN 

-- I-ILZ - ~IZL 

TLICI5595-S 

FIGURE 3. Propagation Delay from CD to Ports 
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Functional Pin Descriptions 

INPUT SIGNALS 

Chip Disable (CD): When CD is high, Port A and Port Bare 
disabled. A low on CD allows data to be transmitted in the 
direction specified by TiR. 

Transmit/Receive (T/R): When T/R is high, Port A is desig­
nated as "IN" and Port B is designated as "OUT." When 
TiRislow, the flow is reversed so that the Port B is "IN" and 
Port A is "OUT." 

Logic Di~gram . 

AO o-t-4~ "'>----.......... -0 Bo 

PORT A 

I 
I 
I 
~-Alo-t --A2 o-t --A3o-t --A4 <>-t --Aso-t --As <>-t --A7 Oo-t.._ 

I 
I 
I 

-~ ...oBI --...oB2 --...oB3 
-~B4 PORTB --1-0 Bs ---086 --_..r<' 87 

_~--"" TRANSMIT IRECEIVE 
r--..... --~J( (T/R) 

CHIP 
DISABLE 

(CD) 

TLlC15595·6 

FIGURE 4 

Connection Diagrams 
v Package 

NC A2 Al Ao Vee 80 NC 

NC NC 

A3 81 

A4 82 

As 83 
. As B4 

A7 85 

NC NC 

NC GND B7 NC 
CD TIl! Bs TLlC15595·7 

NC c No Connect 

Plastic Dual In-Line Package (N) 
NS Package Number N20A 

28-Lead Plastic Chip Carrier (V) 
NS Package Number V28 

Ceramic Dual In-Line Package (J) 
NS Package Number J20A 
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INPUT/OUTPUT SIGNALS 

Port A (AO-A7): Port A is an S-bit bidirectional port with 
TAl-STATE outputs for bus-oriented microprocessor and 
digital communications systems. 

Port B (BO-B7): Port B is identical to Port A including drive 
capability. 

Truth Table 

Inputs 
Resulting 

Conditions 

Chip Disable Transmit/Receive Port A Port B 

0 0 OUT IN 
0 1 IN OUT 
1 X High Z High Z 

x = don't care 

Reliability Information 

Gate Count 70 
Transistor Count 174 

Dual In-Line Package 

Ao • Vee 

Al 80 

18 
A2 81 

17 
A3 82 

PORT A A4 
16 

83 

MM82PC08 15 
PORT 8 

As 84 

Bs 

A7 Bs 

B7 

11 
T/R 

Top View TLlCI559~·2 
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Ordering Information 

MM82PC08XXX 

II i/A + = A+ Reliability Screening 
. /883 = MIL-STD-883B,Screening (Note 1) 

I = Industrial 'Temperature (-40°C to :+- 85°C) 
M = Military Temperature (-55°C to + 125°C) 
No Designation = Commercial Temperature (O°C to + 70°C) 

I N = Plastic Package 
1...----1 J = Cerdip Package . 

I V = Plastic Leaded Chip Carrier (PCC) (Availability to be announced) 

Note 1: Do not specify a temperature option; all parts are screened to military temperature. 
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~National 
~ Semiconductor 

microCMOS 

MM82PC12 8-Bit Input/Output Port 

General Description 

The MM82PC12 is a microCMOSTM 8-bit input/output port 
contained in a standard 24-pin dual-in-line package. The 
MM82PC12 can be used to implement latches, gated 
buffers, or multiplexers. Thus, all of the major peripheral 
and input/output functions of a microcomputer system can 
be implemented with this device. 

The MM82PC12 includes an 8-bit latch with TRI­
STATE® output buffers, and device selection and control 
logic. Also included is a service request flip-flop for the gen­
eration and control of interrupts to the microprocessor. 

The MM82PC12 is pinout and function compatible with 
standard INS8212 and DP8212 devices. 

For military applications, the MM82PC12 is available with 
class B screening in accordance with method 5004 of MIL­
STD-883. 

System Configuration 

I'-' AI 00-07 
001-00a 

Features 

• Drive capability - 150 pF load 

• High noise immunity 
• Low power dissipation 
• Full.interface to CMOS logic levels 

• microCMOS technology 
• TTL drive capability when Vee = 5V 

• 8-bit data latch and buffer 
• Service request flip-flop for generation and control of 

interrupts 

• 1 /lA input load current 
Ii Reduces system package count by replacing buffers, 

latches, and multiplexers in microcomputer systems 

.<IIIl ~ INTR <l- INT Oll-Dla 
RESET ~ 

CLR MMB2PC12 PERIPHERAL 
Rii' -[>0- ..r1.. 

OS2 STB 

Cs 
OSl 

MO 
S 

~ v 
S 
T 
E 
M 00-07 ... 
B Dll-0la 

~ U 

<f-S INTR 
INT 001-00a 

RESET MMB2PC12 
,. 

PERIPHERAL 
CLR .rL WR -[>0- OS2 STB 

Cs 
IlS1 MO 

A 
'-

"1" 
TUC/S59 6-1 
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Absolute Maximum Ratings Operating Range Vee = 5V ± 10% 

Storage Temperature Aange -65°C to + 150°C 
Voltage at Any Pin With 

Aespect to Ground -0.3V to Vee + 0.3V 
Lead Temperature,(Soldering, 10 seconds) 300°C 
Power Dissipation 500 mW 
Maximum Vee 7V 

Note: Absolute maximum ratings are those values beyond which the safety 
of the device cannot be guaranteed. Continuous operation at these limits is 
not intended; operation should be limited to those conditions specified under 
DC Electrical Characteristics, 

Ambient Temperature 
Military 
Industrial 
Commercial 

-55°C to + 125°C 
-40°C to + 85°C 

OOC to + 70°C 

DC Electrical Characteristics TA = -55°C to + 125°C, Vcc = 5V ± 10%, GND = OV, unless otherwise specified 

Symbol Parameter Test Conditions Min Typ Max Units 

VIH Input High Voltage 0.7 Vec Vee V 

Vil Input Low Voltage 0 0.2 Vce V 

VOH Output High Voltage Vee = 4.5V, VIH = 4.5V, 10H = -2 mA 204 V 

VOL Output Low Voltage Vee = 5.5V, Vil = OV, VIH = 5.5V, IOl = 2 mA 004 V 

IIH Input High Current· Vec = 5.5V, VIN = 5.5V 10 p.A 

III Input Low Current Vcc = 5.5V, VIN = OV -10 p.A 

IOH Output High Current Vec = 4.5V, VOUT = 2AV, VIH = 4.5V -2.0 mA 

IOl Output Low Current Vee = 5.5V, VOUT = OAV, Vil = OV 2.0 rnA 

Icc Power Supply Current Vec = 5.5V, VIH = 5.5V, Vil = OV 400 p.A 

IOZl 
TAl-STATE Low Leakage 

Vec = 5.5V, VOUT = OV -10 p.A 
Current 

IOZH 
TAl-STATE High Leakage 

Vec = 4.5V, VOUT = 4.5V 10 ItA 
Current 

AC Electrical Characteristics TA = -55°C to + 125°C, Vec = 5V ± 10%, GND = OV, unless otherwise specified 

Symbol Parameter Test Conditions Min Typ Max Units 

tpw Pulse Width(STB, DS1-DS2, CLA) 25 40 ns 

tpD Data In to Data Out 45 60 ns 

tWE Write Enable to Data Out 55 75 ns 

tSET Data Setup Time 15 ns 

tH Data Hold Time 20 ns 

tR Aeset to Data Out 50 65 ns 

ts Select to Interrupt 50 65 ns 

te Clear to Data Out 45 60 ns 

tED Output EnablelDisable Time 50 65 ns 
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Timing Waveforms 

Read Timing 

OS1·0S2 4,,,= -~-,:~ 
~~ ________________________ ~~~_7D_% ______ _ OUTPUT 

Write Timing 

STB DR (OS1 0 0S2) 

'. IW/E ,,=k3D% __ _ 
OUTPUT /\ __________________ J 

TLlCl5S9S·3 

Data Setup, Hold Delay Timing 

STB OR (OS1 0 OS2) 

.. IpD :'-L 
OUTPUT _________________ --'~ -----

TUC/5596·4 

Interrupt Timing 

STB 

(OS1'OS2) 

" ,"--___ "f 
TUC/5596·5 

Clear Timing 

'6-)\ __ 
TUC/5596·6 
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Propagation Delays 

Figure 1 illustrates the calculations of a more useful propa­
gation delay. The figure uses a S-volt supply with a tolerance 
of ± 10%, ambient temperature of + 25°C, and a load 
capacitance of 100 pF. The AC Characteristics table depicts 
tpD, at 5 volts, 25°C, equalling 25 ns. Use the graph in Fig­
ure 1 to get the degradation multiple for 150 pF. The number 
shown is 1.09. The adjusted propagation delay is, therefore 
25 x 1.09 or 27 ns. 

o I 0 

T 100pF* 

TLlC/5596-7 

• Including jig and probe capacitance. 

Output Test Circuit 
for Propagation Oelays 

Functional Pin Descriptions 

The following describes the function of all the MM82PC12 
input/output pins. Some of these descriptions reference 
internal circuits. 

INPUT SIGNALS 

Oevice Select (OS1' OS2): When OS1 is low and OS2 is 
high, the device is selected. The output buffers are enabled 
and the service request flip-flop is asynchronously reset 
(cleared) when the device is selected. 

Mode (MO): When MO is high (output mode), the output 
buffers are enabled and the source of the data latch clock 
input is the device selection logic (OS1 • OS2)' When MO is 
low (input mode), the state of the output buffers is deter­
mined by the device selection logic (OS1 • OS2) and the 
source of the data latch clock input is the strobe (STB) input. 

Strobe (STB): STB is used as the data latch clock input 
when the mode (MO) input is low (input mode). STB is also 
used to synchronously set the service reque'st flip-flop, 
which is negative edge triggered. 

Oata In (011-018): Oata In is the 8-bit data input to the data 
latch, which consists of eight Ootype flip-flops incorporating 
a level sensitive clock. While the data latch clock input is 
high, the Q output of each flip-flop follows the data input. 
When the clock input returns low, the data latch stores the 
data input. Clear (CLA) is only effective when the clock is 
low (latch in the latched state). 
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TLlC/5596·8 

400 r-------r----r----.,------..---. 

300 1----1----+----""4----1 

Ii:' 
~ 200 

100 

50 

1.0 1.2 
__ lp_D_ 

IpD (100 pF) 

1.6 

TLlC/5596·9 

FIGURE 1. Normalized Typical Propagation Oelay vs. 
Load Capacitance 

Clear (CLR): When CLA is low, the data latch is reset 
(cleared) if the clock is also. low. The clock input high over­
rides the clear (CLA) input data latch reset. CLA being low 
also resets the service request flip-flop. The service request 
flip-flop is in the non-interrupting state when reset. 

OUTPUT SIGNALS 

Interrupt (INT): The interrupt pin goes low (interrupting 
state) when either the service request flip-flop is synchro­
nously set by the strobe (STB) input or the device is 
selected. 

Oata Out (001-008): Oata Out is the 8-bit data output of 
data buffers, which are TAl-STATE, non-inverting stages. 
These buffers have a common control line that either 
enables the buffers to transmit the data from the data latch 
outputs or disables the buffers by placing them in the high­
impedance ~tate. 

Reliability Information 

Gate Count 108 
TranSistor Count 248 



Connection Diagrams Logic Diagram 

ffi 1. Vee 

MO mIT 

DOl OOa [IT) STB -,---t-r----1£..---.J 
OOz 

STB 

GNO 12 

Dis 

DOs 

015 

005 

13 

TLlC/5S96·10 

Plastic Dual In-Line Package (N) 
NS Package Number N24A 

2B-Lead Plastic Chip CarrIer (V) 
NS Package Number V2B 

Ceramic Dual In-Line Package (J) 

NS Package Number J24A 

MO NC. mIT 
OJ, 051 Vee Dis 

004 GNO OSz 005 

DOS 
017 

007 

NC 

Dis 
DOs 

015 

STB NC CLR TliC/5596-11 

Logic Table A 

STB MD DS1 • DS2 

0 0 0 
1 0 0 
0 1 0 

1 1 0 

0 0 1 

1 0 1 

0 1 1 

1 1 1 

ffi)CIR 

lD MO 

Data Out 
Equals 

TRI-STATE 

TRI-STATE 
Data Latch 

Data Latch 

Data Latch 
Data In 

Data In 

Data In 

Note: CLR "1. resets data latch to the output low state. The 
data latch clock is level sensitive, a low level clock latches the 
data. 

[I) Olz 

lli> Dis 

@) Dis 

Logic Table B 

CLR DS1 • DS2 STB 

o RESET 0 0 
1 0 0 
1 0 1.. 

1 r RESET 0 
1 0 0 

* Internal Service Request flip-flop. 
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001 11> 
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005 @) 

>--f-- 006 @) 

>--- DOs m:> 

TliC15596-12 

Q* INT 

0 1 

0 1 
1 0 

0 0 

0 1 
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Applications in Microcomputer Systems 

Vee -tl---------, 

INPUT 
DATA 

STB 

MM82PC12 

L..----O! elR 

MD DS2 

GATING { 
CONTROL _________ .....1 

IN PUT STROBE 

Gated Buffer 
(TRI·STATE) 

(FROM INPUT -------. 
DEVICE) 

SYSTEM INPUT 

SYSTEM RESET 

PORT { 
SElECTION 

--------' 
Interrupting Input Port 

SYSTEM 
INTERRUPT 

OUTPUT 
DATA 

TL/C/5596·!3 

TO PRIORITY CIRCUIT 
(ACTIVE LOW) 

OR 
TO CPU 
INTERRUPT INPUT 

DATA' ••••• ~ 
BUS 

DATA BUS 
CONTROL 

(0 = L--RI 
(1 =R--L 

Vee 

STB 

Bidirectional Bus Driver 

RESTART 
INSTRUCTION 

(RSTO- RST7) 

Vee 

STB 

DS2 

TLiC/5596·!5 

INTERRUPT 
ACKNOWLEDGE ------.... 

DATA 
BUS 

Vee 

L... _____ _ 

Interrupt Instruction Port 

OUTPUT STROBE 
(HAND·SHAKING SIGNAL 
FROM OUTPUT DEVICE) 

SYSTEM OUTPUT 

SYSTEM RESET 

} 

PORT SELECTION, 
(LATCH CONTROL) 

TUC/5596·!7 

Output Port (with Handshaking) 
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BUS 

TL/C/5596·14 

DATA 
BUS 
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Ordering Information 
MM82PC12XXX 

II If A + = A + Reliability Screening 
1883 = MIL-STD-8838 Screening (Note 1) 

I =:= Industrial Temperature (-40°C to + 85°C) 
M = Military Temperature (-55°C to + 125°C) 
No Designation = Commercial Temperature (O°C to + 70°C) 

I N = Plastic Package . 
1..-----1 J = Cerdip Package I V = Plastic Leaded Chip Carrier (PCC) (Availability to be announced) 

Note 1: Do not specify a temperature option; all parts are screened to military temperature. 
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~National 
~ Semiconductor microCMOS 

NSC800™ High-Performance Low-Power Microprocessor 

General Description 
The NSC800 is an 8-bit microprocessor that functions as the 
central processing unit (CPU) in National Semiconductor's 

. NSC800 microcomputer family. The device is fabricated 
using National's microCMOS technology. This technology 
provides the system designer with devices equaling the 
performance levels of comparable NMOS products, com­
bined with the low-power advantages of CMOS'. Many 
system functions are incorporated on the device, such as: 
vectored priority interrupts, refresh control, power-save 
feature and interrupt acknowledge. The NSC800 is housed 
in dual-in-line and chip carrier packages. 

Dedicated peripherals(NSC810A RAM II0Timer, NSC831 1/0 
and NSC858 UART) have on~chip logic for direct Interface 
to the NSC800. In addition, National also offers a full line 
of CM'OS components to allow a full low-power solution to 
system designs. 

For military applications, the NSC800 is available with 
class B screening in accordance with Method 5004 of 
M I L-STD-883. 

CPU Functional Block Diagram 

{~V" POWER 
SUPPLY (20) 

--+GND 

ClK 
OUT RFSH iii 
(9) (28) (32) 

~~~)-+ 
TIMING AND CONTROL 

XDUT 
(10) 

Wii ALE PS SO S1 10/M BREQ 
(31) (30) (39) (29) (27) (34) (36) 

Features 
• Variable power supply 2.4V - 6.0V 
• Fully compatible with Z80 instruction set 

• Powerful set of 158 instructions 

• 10 addressing modes 
• 22 internal registers 

• Low power: 50 mW at 5V Vee 
• Multiplexed bus structure 
• On-chip bus controller and clock generator 
• On-chip 8-bit dynamic RAM refresh circuitry 

• Speed: 1.0 P.s instruction cycle at 4.0 MHz 
NSC800-4 4.0 MHz 
NSC800 2.5 MHz 
NSC800-1 1.0 MHz 

• Capable of addressing 64k bytes of memory and 2561/0 
devices 

• Five interrupt request lines on-chip 

• Schmitt trigger input on reset 
• Unique standby-current (power-save) feature 

F' (8) 

H' (8) l' (8) 

D' (8) E' (8) 

B' (8) C' (8) 

A (8) F (8) 

(8) l (8) 

(8) E (8) 

B (8) C (8) REGISTER 
ARRAY 

IX (16) 

IY (16) 

I (8) R (8) 

STACK POINTER (16) 

PROGRAM COUNTER (16) 

INCREMENTER 
DECREMENTER (16) 

ADDRESS LATCH 

BACK RESET RESET A(8-15) AD(0-7) 
ADDRESS/DATA BUS (35) iN OUT , ADDRESS BUS 

(33) (37) 
TLfC/5171·1 
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Absolute Maximum Ratings (Note 1) Operating Conditions Vcc = 5V ± 10% 

Storage Temperature 

Voltage on Any Pin 
with Respect to Ground 

MaximumVcc 
Power Dissipation 

-65°Cto +150°C 

- 0.3V to V cc + 0.3V 

7V 

Lead Temperature(Soldering, 10 seconds) 

1W 

300°C 

Ambient Temperature 
Military 
Industrial 
Commercial 

- 55°.cto + 125°C 
- 40°C to + 85°C 

O°Cto + 70°C 

DC Electrical Characteristics TA = - 55°C to + 125°C, Vce = 5V ± 10%, GND = OV, unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 

VIH Logical 1 Input Voltage 0.7 Vcc Vce V 

VIL Logical 0 Input Voltage 0 0.2 Vcc V 

VHY Hysteresis at RESET IN input Vcc=5V 0.25 0.5 V 

VOH1 Logical 1 Output Voltage IOUT= -1.0 mA 2.4 V 

VOH2 Logical 1 Output Voltage IOUT= -10 p.A Vce - 0.5 V 

VOL1 Logical 0 Output Voltage IOL=2 mA 0 0.4 V 

VOL2 Logical 0 Output Voltage IOUT= 10 p.A 0 0.1 V 

IlL Input Leakage Current 0::; VIN::;Vcc -10.0 10.0 p.A 

IOL Output Leakage Current O::;VIN::;VCC -10.0 10.0 p.A 

ICCA Active Supply Current lOUT = 0, f(XIN) = 5 MHz 10 15 mA 

ICCA Active Supply Current lOUT = 0, f(XIN) = 8 MHz 15 21 rnA 

Ice'Q Quiescent Current f(XIN) = 0 MHz 2 4 rnA 

Icps Power-Save Current f(XIN) = 5.0 MHz 5 rnA 

CIN Input Capacitance 6 10 pF 

COUT Output Capacitance 8 12 pF 

Vcc Power Supply Voltage Note 2 2.4 5 6 V 

Note 1: Absolute Maximum Ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended and 
should be limited to those conditions specified under De Electrical Characteristics. 

Note 2: CPU operation at lower voltages will reduce the maximum operating speed. DC and AC electrical characteristics at voltages other than 5V ± 10% are 
forthcoming. 

Preliminary (not tested) 

MaxCPUSpeed* 

@2.4V 

@3.0V 

NSC800-1 NSC800 

500 

* Speed of CPU is expressed in clock speed, not crystal speed. 

Icc vs System Speed 
25 

< 21 
.§. 
>-

~ 15 
13 

~ 10 

1 
.!oJ 

~ 

V~ 
--MAXIMUM

V 
l/ 
~ ....... 

V ~TYPICAL I--

/~~"" 
~ ,/ 

~ " o 
o 0.5 1 1.5 2 2.5 3 3.5 4 4.5 

FREQUENCY AT CLOCK (MHz) 

TLlC/5171-2 
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AC Electrical Characteristics VCC = 5V ± 10%, GND = OV 
(Valid for the following temperature & speed) 

NSC800·1- T A = O°C to 70°C NSC800·4-TA =O°C to 70°C 
TA = - 40°C to + 85°C TA = - 40°C to + 85°C 

NSC800 - TA = O°C to 70°C TA= -55°Cto + 125°C 
TA = - 40°C to + 85°C 
TA = - 55°C to + 125°C 

NSC800·1 NSC800 NSC800·4 
Symbol Parameter 

Min Max Min Max Min Max 

tx Period at XIN and XOUT 500 31250 200 31250 125 31250 
Pins 

T Period at Clock Output 1000 62500 400 62500 250 62500 
(=2tx) 

tA Clock Rise Time 110 110 75 

tF Clock Fall Time 60 60 40 

tL Clock Low Time 490 190 95 

tH . Clock High Time 450 150 80 

tACC(AO) ALE to Valid Data 1375 500 300 

tAFA AD(O-7) Float after 0 0 0 
RD Falling 

tSABE BACK Rising to Bus 1000 400 250 
Enable 

tSABF BACK Falling to Bus Float 50 50 50 

tSACL BACK Falling to CLK 425 125 55 
Falling 

tSRH BREQ Hold Time 0 0 0 

tSRS BREQ Set·Up Time 100 50 35 

tCAF Clock Falling to ALE 0 .30 0 30 0 35 
Falling 

tCAR Clock Rising to ALE 0 100 0 100 0 75 
RIsing 

tOAI ALE Failing to INTA 530 230 100 
Falling 

tOAA ALE Falling to RD Falling 525 575 225 250 125 160 

tOAW ALE Falling to WR Falling 990 1010 390 410 220 250 

to(BACK)1 ALE Falling to BACK 2500 1000 600 
'. 

Falling 

to(BACK)2 BREQ Rising to BACK 500 1600 200 700 125 475 
Rising 

to(I) ALE Falling to INTR, NMI, 1375 475 250 
RSTA·C, PS, BREQ, Inputs 
Valid 

tOPA Rising PS to Falling ALE 500 1550 200 650 125 475 

to(RFSH) Failing ALE to Falling 1500 600 325 
RFSH 

tD(WAIT) ALE Falling to WAIT Input 550 250 125 
Valid 

12·40 
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Units Notes 

ns 

ns 

ns Measured from 10%-90% of 
signal 

ns Measured from 10%-90% of 
signal 

ns 50% duty cycle, square wave 
input on XIN 

ns 50% duty cycle, square wave 
input on XIN 

ns Add t for each WAIT STATE 
Add t12 for memory read cycles 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns Add t for each WAIT state 
Add t for opcode fetch cycles 

flS 

ns Add t for each WAIT state 
Add t for opcode fetch cycles 

ns See Figure 12 also 

ns Add t for each WAIT state 

ns 



AC Electrical Characteristics (Continued) Vcc = 5V ± 10%, GND = OV 
(Valid for the following temperature & speed) 

NSC800-1- TA = O°C to 70°C NSC800-4- TA = O°C to 70°C 
TA = - 40°C to + 85°C TA= -40°Cto +85°C 

NSC800 - TA = O°C to 70°C TA= -55°Cto +125°C 
TA= -40°C to +85°C 
TA= -55°Cto +125°C 

NSC800·1 NSC800 NSC800·4 
Symbol Parameter Units Notes 

Min Max Min Max Min Max 

tH(ADH)1 A(8-15) Hold Time During 0 0 0 ns 
Opcode Fetch 

tH(ADH)2 A(8-15) Hold Time During 400 100 60 ns 
Memory or 10, RD and WR 

tH(ADL) AD(O-7) Hold Time 100 60 30 ns 

tH(WD) Write Data Hold Time 400 100 75 ns 

tlNH Interrupt Hold Time 0 0 0 ns 

tiNS Interrupt Set·Up Time 100 50 35 ns 

tNMI Width of NMllnput 50 30 20 ns 

tRDH Data Hold after Read 0 0 0 ns 

tRFL RFSH Rising to ALE -100 -100 -70 ns Negative number means ALE 
Rising occurs first 

tRL(MR) RD Rising to ALE Rising 450 150 85 ns 
(Memory Read) 

tRL(OP) RD Rising to ALE Rising -75 -65 -55 ns Negative number means ALE 
(Opcode) , occurs first 

tS(AD) AD(O-7) Set·Up Time 300 80 40 ns 

tS(ALE) A(8-15), SO, SI, 101M 350 100 50 ns 
Set·Up Time 

tS(WD) Write Data Set·Up Time 385 85 50 ns 

tW(ALE) ALE Width 430 130 75 ns 

tWH WAIT Hold Time 0 0 0 ns 

tW(I) Width of INTR, RSTA·C, 500 200 125 ns 
PS, BREQ 

tW(INTA) INTA Strobe Width 1000 400 200 ns Add two t states for first INTA of 
each interrupt response string 
Add t for each WAIT state 

tWL WR Ri'sing to ALE Rising 450 150 90 ns 

t~(RD) Read Strobe Width During 1000 400 225 ns Add t for each WAIT State 
Opcode Fetch Add t/2 for Memory Read Cycles 

tW(RFSH) Refresh Strobe Width 1925 725 400 ns 

tws WAIT S~t·Up Time 100 50 35 ns 

tW(WAIl) WAIT Input Width 550 250 175 ns 

tW(WR) Write Strobe Width . 1000 400 220 ns Add t for each WAIT state 

tXCF XIN to Clock Falling 25 55 25 55 25 55 ns 

tXCR XIN to Clock Rising 45 75 45 75 45 75 ns 

Note 1: Test conditions: t = 1000 ns for NSC800·1, 400 ns for NSC800, 250 ns for NSC800·4. 
Note 2: Output timings are measured with a purely capacitive load of 150 pF. The following correction factor can be used for other loads: 

150 pF< CLs 300 pF: + 0.25 ns/pF 
50pFsCL<150pF: -O,15ns/pF. 

Note 3: To calculate timing specifications at other values of t use Table I. 
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Timing Waveforms 

elK 

ALE 

AI8-15) 

ADI0-7) 
IREAD) 

ADI0-7) 
IWRITE) 

BRED, NMi 
INTR. RST AC 

PS 

Opcode Fetch Cycle 

Memory Read and Write Cycle 

==:::.c::==:tt=:=~~ 

~r=tSilli,~ 
101M. so. SI -A....... ___________ IO_/M_=_O_._sO_=_~_~_~_.S_I=_~_~_~ ___________ X,, _______ _ 
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Timing Reference 

Interrupt-Power·Save Cycle 

CLK 

ALE 

INTR. RSTA. 

RSTB.RSTC ~::~~~::~::~::~~t:~::~-=:::::::::::::j~~~:=~~~=:T:~:::::::::: 
fNfA 

(NOTE 2) 

CLK 

Note 1: This t state is the last t state of the last M cycle of any instruction. 

Note 2: Response to INTR input. 

Note 3: Response to PS input. 

Bus Acknowledge Cycle 

~_ID(BAeKI2_~ 
BACK -----------------

~~~~~~: ______________________ -+-:.-;;~ lBAS':" _______________ -rIBABE 

RD. Wi! ")..1\0.--------------
\~_ID_(B_Ae_K)l ___ ~ _______________________ ~--ALE.~ '--

·Waveform not drawn to proportion. Use only for specifying test points. 

AC Testing Input/Output Waveform AC Testing Load Circuit 

0.7 Vee TEST 0.7 Vee 
0.2 Vee POINTS 0.2 Vee 

TlICI517H 
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TABLE I. BUS TIMING AS T DEPENDENT (APPROX.) 

Symbol 1IT<2.5 MHz 2.5 MHz< 11T < 4.0 MHz Symbol 1IT<2.5 MHz 2.5 MHz< 11T < 4.0 MHz 

tL (112)T -10 (112)T -30 Min tOIRFSHI (312+ N)T (3/2 + N)T - 50 Min 

tH (1/2)T-50 (1/2)T -45 Min tOIWAIn (112)T +50 (1/2)T Max 

tACCIRDl (1 + N)T + 100 (1 + N)T +50 Max tH(AOHI2 (1/2)T -100 (1/2)T -65 Min 

tBABE T T Max tH(AOL) (1/2)T -100 (1/2)T -75 Min 

tBACL (1/2)T -75 (1/2)T -70 Min tHIWol (1/2)T -100 (1/2)T -50 Min 

tOAI (1/2)T +30 (1/2)T -25 Min tRLtMRI (1/2)T -50 (1/2)T -40 Min 

tOAR (1/2)T +25 (1/2)T Min tSIADl (1/2)T -120 (1/2)T -85 Min 

tOAR· (1/2)T +50 (1/2)T +35 Max tS(ALEI (1/2)T -100 (1/2)T -75 Min 

tOAW T-10 T-30 Min tSlWol (1/2)T -115 (1/2)T -75 Min 

tOAw T+10 T Max tWIALEI (1/2)T -70 (1/2)T -50 Min 

to(BACK)1 (5/2+ N)T (5/2 + N)T - 25 Min tW(lNTA) (1 +N)T (1 + N)T -50 Min 

to(BACK)2 (1/2)T (1/2)T Min tWL (1/2)T ....:50 (1/2)T -35 Min 

to(BACKI2 (3/2)T + 100 (3/2)T + 100 Max tW(RO) (1 + N)T (1 + N)T-25 Min 

tom (3/2 + N)T -125 (3/2 + N)T -125 Max tWIRFSHI 2T-75 2T -100 Min 

tOPA (1/2)T (1/2)T Min tW(WRI (1 +N)T (1 + N)T -30 Min 

tOPA (3/2)T +50 (3/2)T + 100 Max 

Note: N is equal to number of WAIT states. 

Functional Pin Descriptions set. Execution is identical to NMl except interrupts are 
enabled for the following restart addresses: 

The following describes the function of all NSC800 inputl Restart 
output pins. Some of these descriptions reference internal Name 

Address (X') 
circuits. 

NMI 0066 
RSTA 003C 
RSTB 0034 

INPUT SIGNALS RSTC 002C 
INTR (Mode 1) 0038 

Reset Input (RESET IN): Active low. Sets A (8-15) and AD 
The order of priority is fixed (highest first) as follows: 

(0-7) to TRI-STATE@ (high impedance). Clears the contents 
of PC, I and R registers, disables interrupts, and causes a 1) NMI2) RSTA 3) RSTB 4) RSTC 5) INTR 
reset output to be activated. 

Bus Request (BREQ): Active low. Used when another 
Interrupt Request (lNTR): Active low level sensitive. An in-

device is requesting the system bus. BREQ is recognized 
terrupt request input generated by a peripheral device is 

at the end of the current machine cycle, then A(8-15), 
recognized at the end of the current instruction provided 

AD(O-7), 101M, RD, and WR are set to the high impedance 
that the interrupt enable and master interrupt enable bits 
are set. INTR is the lowest priority interrupt request input. 

mode and the request is acknowledged via the BACK out-
Under program control, INTR can be executed in three dis-

put signal. 
tinct modes in conjunction with the INTA output. 

Non·Maskable Interrupt (NMI): Active low. The non:mask-
Wait (WAIT): Active low. When set low during RD, WR or 

able interrupt, generated by the peripheral device(s), is the 
highest priority interrupt request line. The interrupt is edge 

INTA machine cycles, (during the write machine cycle, 

sensitive and only a pulse is required to set an internal flip-
wait must be valid prior to write going active), the CPU ex-
tends its machine cycle in increments of t (wait) states. 

flop wHich generates the internal interrupt request. Since 
The wait machine cycle continues until the WAIT input 

the NMI flip-flop' is monitored on the same clock edge as 
the other interrupts, it must also meet the minimum set-up 

returns high. 

time spec for the interrupt to be accepted in the current The wait strobe input will be accepted only during 
machine instruction. Once the interrupt is accepted the machine cycles that have RD, WR or INTA strobes and dur-
flip·flop is reset automatically. Its execution is inde- ing the machine cycle immediately after an interrupt has 
pendent of the interrupt enable flip-flop. NMI execution been accepted. by the CPU. The later cycle has its RD 
involves saving the PC on the stack and automatic branch- strobe suppressed but it will still accept the wait. 
ing to restart address X'0066 in memory. - Power-Save (PS): Active low. PS is sampled at the end of 
Restart Interrupts A, B, C (RSTA, RSTB, RSTC): Active low the current instruction cycle. When PS is low, the CPU 
level sensitive. Restarts generated by the peripherals are stops executing at the end of current instruction and 
recognized at the end of the current instruction if their keeps itself in the low-power mode. Normal operation 
respective interrupt enable bits and master enable bit are resumes when PS is returned high. 
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Functional Pin Descriptions (Continued) 

OUTPUT SIGNALS 

Bus Acknowledge (BACK): Active low. BACK indicates to 
the bus requesting device that the CPU bus and its control 
signals are in the TRI·STATE mode. The requesting device 
may then take control of the bus and its control signals. 

Address Bits 8-15 [A(8-15)]: Active high. These are the 
most significant 8 bits of the memory address during a 
memory instruction. During an I/O instruction, the port ad· 
dress on the lower 8 bits of address get duplicated onto 
these 8 bits. During a BREO/BACK cycle, the A (8-15) bus 
is in the TRI·STATE mode. 

Reset Out (RESET OUn: Active high. When RESET OUT is 
high, it Indicates the CPU is being reset. The signal Is nor· 
mally used to reset the peripheral devices. 

Input/Output/Memory (IO/M): An active high on the 10/M 
output signifies that the current machine cycle Is relative 
to an input/output device. An active low on the 10/M out· 
put signifies that the current machine cycle is relative to 
memory. It is TRI·STATE during BREO/BACK cycles. 

Refresh (RFSH): Active low. The refresh output indicates 
that the dynamic RAM refresh cycle is in progress. RFSH 
goes low during T3 and T4 states of all M1 cycles. During 
the refresh cycle, AD(O-7) has the refresh address and 
A(8-15) indicates the interrupt vector register I. 

Address latch Enable (ALE): ALE is active only during the 
T1 state of any M cycle and also T3 state of M1 cycle. The 
high to low transition of ALE indicates that a valid memo 
ory/I·O/refresh address is available on the AD(O-7) lines. 

Read Strobe (RD): Active low. On the trailing edge of the 
RD strobe, data is input to the CPU via the AD(0-7) lines. 
The RD line is in the TRI·STATE mode during BREO/BACK 
cycles. 

Write Strobe (WR): While the WR line is low, valid data is 
output by the CPU on the AD(0-7) lines. The WR line is in 
the TRI·STATE mode during BREO/BACK cycles. 

Clock (ClK): ClK Is an output provided for use as a 
system clock. The ClK output is a square wave at one half 
the input frequency. 

Interrupt Acknowledge (lNTA): Active low. The interrupt 
acknowledge output is activated in the M1 cycle (S) im· 

. mediately following the t state in which the INTR input is 
recognized. [Output is normally used to gate the interrupt 
response vector from the peripheral controller onto the 
AD(O-7) lines.] It is used in two of the three interrupt 
modes. In mode 0, an instruction is gated onto the AD(O-7) 
line during INTA. There will be from 1 to 4 INTA strobes 
issued for each mode 0 interrupt. The amount .of INTA 
strobes issued is instruction dependent. In mode 2, a 
single interrupt response vector is gated onto the data 
bus. In mode 1, INTA is not used. In this mode, INTR func· 
tlons like the restart interrupts. 

12·45 

Status (SO, S1): Bus status outputs Indicate encoded in· 
formation regarding the ensuing M cycle as follows: 

Machine Cycle 
Status Control 

SO S1 IO/M RD WR 

Opcode Fetch 1 1 0 0 1 
Memory Read 0 1 0 a 1 
Memory Write 1 a a 1 a 
I/O Read a 1 1 a 1 

I/O Write 1 a 1 1 a 
Halt· a a a a 1 
I nternal Operation· a 1 a 1 1 
Acknowledge of Int·· 1 1 a 1 1 

• ALE Is not suppressed In this cycle. 

* * This Is the cycle that occurs Immediately after the CPU accepts an In· 
terrupt (RSTA, RSTB, RSfC, INTR, NMI). 

Note 1: During halt, CPU continues to do dummy opcode fetch from 
location following the halt Instruction with a halt status. This Is so 
CPU can continue to do Its dynamic RAM refresh. 

Note 2: No early status Is provided for Interrupt or hardware restarts. 

INPUT/OUTPUT SIGNALS 

Power (Vcd: + 5V supply. 

Ground (GND): OV reference. 

Crystal (XIN, XOUT): XIN may be used as an external 
clock input. 

Multiplexed Address/Data [AD(O-7»): Active high 

At RD Time: Input data to CPU. 

At WR Time: Output data from CPU. 

At Falling Edge least significant byte of address duro 
of ALE Time: ing memory reference cycle. 8·bit 

port address during I/O reference 
cycle. 

During BREO/ High impedance. 
BACK Cycle: 

Input Protection 
All inputs are protected from static charge with diode 
clamps to both Vcc and GND. Normal precautions taken 
with MOS devices are recommended. 

Vee 

~TO 
INPUT ON·CHIP 

CIRCUITRY 
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Timing Control 
All necessary timing signals are provided by a single state 
Inverter oscillator contained on the NSC800 chip. The chip 
operation frequency Is equal toone half of the frequency 
of this oscillator. The oscillator frequency can be con­
trolled by one of the following methods: 

1. leaving the XOUT pin untermlnated and driving the XIN 
pin with an externally generated clock as shown in 
Figure 1a. When driving XIN with a square wave, the 
minimum duty cycle is 30%-70%, either high or low. 

2. Connecting a crystal with the proper biasing network 
between XIN and XOUT as shown in Figure 1b. Recom­
mended crystal Is a parallel resonance AT cut crystal. 

Resistor capacitor feedback network described In earlier 
data sheets will not oscillate due to gain of Internal in­
verter circuit. A modification of this circuit by adding two 
inverters In series between the RC network and XIN will 
work. 

The CPU has a minimum clock frequency input (@ XIN) of 
32 kHi, which results in 16 kHz system clock speed. All 
registers internal to the chip are static, however there Is 
dynamic logic which limits the minimum clock speed. The 
input clock can be stopped without fear of losing any data 
or damaging the part. You stop it in the phase of the clock 
that has XIN low and ClK OUT high. When restarting the 
CPU, precautions must be taken so that the Input clock 
meets minimum specification. Once started, the CPU will 
continue operation from the same location at which it was 
stopped. During DC operation of the CPU, typical current 
drain will be 2 mA. This current drain can be reduced by 

liN 
EXTERNAL 

CLOCK 
XIN 

XOUT 

a. 

placing the CPU In a wait state during an opcode fetch 
cycle then stopping the clock. 

Functional Description 
The NSC800 is an 8·bit general purpose microprocessor 
designed for stand·alone and DMA (direct memory ac· 
cess) applications. A minimum system can be con­
structed with an NSC800, an NSC810A (RAM I/O Timer) 
and an NMC27C16 (EPROM). 

NSC800 uses a multiplexed bus for data and addresses. 
The 16-bit address bus is divided Into a high·order 8·bit ad­
dress bus that handles bits 8-15 of the address, and a low­
order 8-blt multiplexed address/data bus that handles bits 
0-7 of the address and bits 0-7 of the data. Strobe outputs 
from the NSC800 (ALE, RD and WR) indicate when a valid 
address or data is present on the bus. 10/M indicates 
whether the ensuing cycle accesses memory or I/O. 

During an Input or output instruction, the CPU duplicates 
the lower half of the address [AD(0-7)] onto the upper half 
[A(8-15)]. The eight bits of address will stay on A(8-15) for 
the entire machine cycle. 

Figure 2 illustrates the timing relationship for opcode 
fetch cycles with and without a wait state. Figure 3 il­
lustrates the timing relationship for memory read and 
write cycles with and without a wait state. Input/output 
cycles with and without a wait state are shown in Figure 4. 
One wait state is automatically inserted into each I/O 
instruction. 

~ ClK 
2 

TlIC/5171·13 

ClK 

XIN XOUT 

XTAl 

o 
ret r" 

TlIC/5171·14 

b_ 

FIGURE 1. Timing Control Configurations 
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C2=34 pF 
(Recommended) 

z en o 
CO 
o 
o 



o 
~ Functional Description (Continued) 

() 
en z 

eLK 

ALE 

A(B-1S) 

101M, SO, Sl 

TL/C/5171·l5 

FIGURE 2a. Opcode Fetch Cycles without WAIT States 

TUC/5171·l6 

FIGURE 2b. Opcode Fetch Cycles with WAIT States 



Functional Description (Continued) 

elK 

ALE 

AO(0-7) 

AO(0-7) 

A(B-15) 
101M, SO, Sl 

TLlCJ5171·17 

FIGURE 3a. Memory Read/Write Cycles without WAIT States 

FIGURE 3b. Memory Read and Write with WAIT States 
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TLfCI5171-19 

FIGURE 4a. Input and Output Cycles without WAIT States 

TLfCI5171-20 

* WAIT state automatically Inserted during 10 operation. 

FIGURE 4b. hlput and Output-Cycles with WAIT States 
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Functional Description '(Continued) 

INITIALIZATION 

The NSC800 and its peripheral components are initialized 
by RESET IN and RESET OUT. RESET IN input Is associ­
ated with an on·chip Schmitt trigger that facilitates using 
an R·C network power-on reset scheme (Figure 5). 

To ensure proper power-up conditions for the NSC800, 
the following power-up and initialization procedure Is 
recommended: 

1. Apply power (Vee and GND) and set RESET IN active 
(low). Allow sufficient time (approximately 100 ms if 
crystal used) for the oscillator and internal clocks to 
stabilize. RESET IN must remain low for at least 3t state 
(ClK) times. RESET OUT, following the clock stabiliza­
tion period, responds by going high, indicating to the 
system that the NSC800 is being reset. RESET OUT 
signal becomes available to reset the peripherals. 

2. Set RESET IN high, following which the RESET OUT 
goes low and the CPU initiates the first opcode fetch 
cycle. 

NOTE: The NSC800 initialization includes: Clear PC to 
X'OOOO (the first ol1code fetch, therefore, is from memory 
location X'OOOO). Clear registers I (Interrupt Vector Base) 

C 

Vee 

Vee 

NSC800 

and R (Refresh Counter) to X '00. Clear interrupt control 
register bits lEA, IEB and IEC. The interrupt control bit lEI 
is set to 1 to maintain INS8080AIZ80A compatibility (see 
INTERRUPTS for more details). Maskable interrupts are 
disabled and the CPU enters Interrupt Mode o. While 
RESET IN is active (low), the A(8-15) and AO(0-7) lines go 
to high impedance (TRI-STATE) and all CPU strobes go to 
the inactive state. 

BUS ACCESS CONTROL 

Figure 6 illustrates bus access control in the NSC800. 
The external device controller produces an active BREQ 
signal that requests the bus. When the CPU responds with 
BACK then the bus and related control strobes go to high 
impedance (TRI-STATE). It should be noted that (1) BREQ 
is sampled at the last t state of any M machine cycle only. 
(2) The NSC800 will not acknowledge any interrupt/re­
start requests, and will not perform any dynamic RAM 
refresh functions until after BREQ input signal is inactive 
high. (3) BREQ signal has priority over all interrupt request 
signals, should BREQ and interrupt request become ac­
tive simultaneously. 

RESET OUT 
INDICATES WHEN CPU 
IS BEING RESET 

10 JlF GND 

FIGURE 5. Power·On Reset 

CLK 

AO(0-7) --+------+------+-~ 
A(8-15) M,WR __ -+ ______ -+ __________ _+_-' 

ALE 

so, S1 

TliC/5171,21 

* so, S1 durl,ng BREQ will Indicate same machine cycle as during cycle when BREQ was accepted. 
tz = time states bus and control slghals are In high Impedance mode. 

FIGURE 6. Bus Acknowledge Cycle 
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Functional Description (Continued) 

REGISTER CONFIGURATION 

The NSC800 contains 22 programmable registers as 
shown in Figure 7. The CPU working registers are ar­
ranged in two 8-register configurations, each of which in­
cludes an 8-bit accumulator, a flag register, and six 
general purpose 8-bit registers. Only one 8-bit register set 
may be active at any given moment. However, simple in­
structions exist that allow the programmer to exchange 
the active and alternate register sets. 

It should also be noted that the six 8-bit general purpose 
registers (B, C, 0, E, H, and L) can be accessed as 16-bit 
registers (BC, DE, and HL). The functions of these become 
apparent in the instruction set description. 

CPU Main Working Register Set 

Accumulator (8) FlagsF (8) 
RegisterB (8) RegisterC (8) 
Register 0 (8) ReglsterE (8) 

RegisterH (8) RegisterL (8) 

CPU Alternate Working Register Set 

Accumulator A' (8) Flags F' (8) 
RegisterB' (8) ReglsterC' (8) 
RegisterD' (8) RegisterE' (8) 
RegisterH' (8) ReglsterL' (8) 

CPU Dedicated Registers ' 

Index RegisterlX (16) 
Index Register IY (16) 
Interrupt Vector 
Register I (8) 

Memory Refresh 
RegisterR (8) 

Stack Pointer SP (16) 
Program 
Counter PC (16) 

FIGURE 7. Register Configuration 

DEDICATED REGISTERS 

Program Counter (PC): The program counter contains the 
16-bit address of the current Instruction being fetched 
from memory. The PC is Incremented after its contents 
have been transferred to the address lines. When a pro­
gram jump occurs, the new address Is placed In the PC, 
overriding the Incrementer. 

Stack Pointer (SP): The stack pointer contains the 16-blt 
address of the current top of a stack located In external 
system RAM memory. The external stack memory Is or­
ganized as a last-In, first-out (LIFO) file. The stack allows 
simple Implementation of multiple level Interrupts, virtu­
ally unlimited subroutine nesting and simplification of 
many types of data manipulation. 

Index Registers (IX and IY): The two 16-blt Index registers 
hold a 16-blt base address used In Indexed addressing 
modes. In this mode, an Index register is used as a base to 
point to a region In memory from which data Is to be stored 
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or retrieved. An additional byte is included in indexed in­
structions to specify a displacement from this base. This 
displacement is specified as a two's complement signed 
Integer. 

Interrupt Page Address Register (I): The NSC800 CPU can 
indirectly call any memory location in response to a mode 2 
interrupt. The I register is used to store the high-order 8 
bits of the address. The low-order 8 bits are supplied by the 
interrupting peripheral. This feature allows interrupt rou­
tines to be dynamically located anywhere in memory with 
minimal access time to the routine. 

Memory Refresh Register (R): The NSC800 CPU contains 
a memory refresh counter to enable dynamic memories to 
be used with the same ease as static memories. This 8-bit 
register Is automatically incremented after each instruc­
tion fetch. The data in the refresh counter is sent out on 
the lower portion of the address bus along with a refresh 
control signal while the CPU is decoding and executing 
the fetched instruction. This mode of refresh is totally 
transparent to the programmer and does not slow down 
CPU operation. The programmer can toad the R register 
for testing purposes, but this register is normally not used 
by the programmer. 

ACCUMULATORS AND FLAG REGISTERS 

The CPU Includes two 8-bit accumulators and two associ­
ated 8-bit flag registers. The accumulator holds the results 
of 8-bit arithmetic or logical operation. The flag register in­
dicates specific conditions for 8-bit or 16-bit operations. 

FLAG REGISTERS (F,F') 

The two NSC800 flag registers each contain six status bits 
that are set or reset (cleared) by various CPU operations 
(Figure 8). Four of these bits (carry, zero, sign, and 
parity/overflow flags) can be tested by the programmer. 
The descriptions of the flags follow. 

Carry Flag (C): This flag is set by the carry from the high­
est order bit of the accumulator during an add instruction 
or a borrow generated during a subtraction instruction. 
Specific shift and rotate instructions also affect this bit. 

Zero Flag (Z): This flag is set when a zero is loaded into 
the accumulator as a result of an operation. Otherwise it 
remains clear. 

Sign Flag (S): This flag stores the state of bit 7 (the sign 
bit) in the accumulator after an arithmetic operation. This 
flag is intended to be used with signed numbers. 

Parity/Overflow Flag (PIV): During logical operations this 
flag is set when the parity of the result is even and reset 
when it is odd. It represents overflow when signed two's 
complement 1;lrithmetic operations are performed. An 
overflow occurs when the resultant of a two's complement 
operation (in the accumulator) Is out of range. 

The two non-testable flag register bits used for BCD 
arithmetic are: 

Half Carry (H): This flag Indicates a BCD carry or borrow 
result from the least Significant four bits of an operation; 
when using the DAA (DeCimal Adjust Accumulator In­
struction), It Is used to correct the result of a previously 
packed decimal add or subtract. 



Functional Description (Continued) 

Add/Subtract Flag (N): Since the algorithm for correcting 
BCD operations is different for addition or subtraction, 
this flag specifies what type of instruction was executed 
last in order that the DAA operation will be correct for 
either operation. 

CARRY 

AOOI SUBTRACT 
L.... ___ PARITY OVERFLOW 

L..... _______ HALF CARRY 
L-__________ ZERO 

L-____________ SIGN 

TlICI51H23 

FIGURE 8. Flag Register 

INTERRUPTS 

The NSC800 has five interrupt/restart inputs, four are 
maskable (RSTA, RSTB, RSTC, and INTR) and one is non· 
maskable (NMI). NMI, having the highest priority of all' 
interrupts, is always serviced and cannot be disabled by 
the user. After recognizing an active input on NMI, the CPU 
stops before the next instruction, pushes the PC onto the 
stack, and jumps to address X'0066, where the user's 
interrupt service routine is located (i.e., restart to memory 
location X'0066). NMI is intended for interrupts requiring 
immediate attention, such as power·down, control panel, 
etc. 

lAST M CYCLE OF INSTRUCTION-I----------

ClK 

ALE 

AD(D-71 

A(B-151 

• lolM. SO, Sl 

RSTA, RSTB and RSTC are restart inputs, which, if en· 
abled, execute a restart to memory location X'003C, 
X'0034, and X'002C, respectively. Note that the CPU 
response to the NMI and RST (A, S, (5) request input is 
basically identical. Unlike NMI, however, restart request 
inputs must be enabled. 

Figure 9 illustrates NMI and RST interrupt machine cycles. 
M1 cycle will be a dummy opcode fetch cycle followed by 
M2 and M3 which are stack push operations. The follow­
ing instruction will then start from the Interrupts restart 
location. 

The NSC800 also provides one more general purpose in· 
terrupt request Input, INTR. When enabled, the CPU 
responds to INTR in one of the three modes defined by in· 
struction IMO, IM1, and 1M2 for modes 0, 1, and 2, respec­
tively. Following reset, the CPU automatically sets itself in 
modeO. 

Interrupt (lNTR) Mode 0: Similar to INS8080A mode. The 
CPU responds to an interrupt request by providing an INTA 
(interrupt acknowledge) strobe, which can be used to gate 
an instruction from a peripheral onto the data bus. Two 
wait states are automatically inserted by the CPU during 
the first INTA cycle to allow the interrupting device (or its 
controller) ample time to gate the instruction and deter­
mine external priorities. (Figure 10). This can be any 
instruction from one to four bytes. The most popular in· 
struction would be a one-byte call (restart instruction) or a 
three·byte call (CALL NN instruction). If it is a three·byte 
call, the CPU issues a total of three INTA strobes. The last 
two read NN (which do not include wait states). 

Interrupt (INTR) Mode 1: Similar to the restart Interrupts 
except the restart location is X'0038 (Figure 9). 

TLlC15171·24 

*Thls Is the only machine cycle that does not have an RD, WR, or INTA strobe but will accept a walt strobe. 

FIGURE 9. Non·Maskable and Restart Interrupt Machine Cycle 

12-53 

z en 
("') 
CO 
o 
o 



eLK 

INT 

ALE 

AD(D-7) 

A(B-15) ..... , 
I\:) 

cJ, 
.j:>. 

INTA 

RFSH 

WAIT 

-----f---t---1---~----f 
IO/M,SO,S1Y . IO/M=O,SO=1,S1=1 

i'iii 

*tw is the CPU generated WAIT state in response to an interrupt request. 

FIGURE 10. Interrupt Acknowledge Machine Cycle 
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Functional Description (Continued) 

Interrupt (INTR) Mode 2: With this mode, the programmer 
maintains a table that contains the 16-bit starting address 
of every interrupt service routine. This table may be lo­
cated anywhere in memory. When the mode 2 interrupt is 
accepted (Figure 11), a 16-bit pointer must be formed to ob­
tain the desired interrupt service routine starting address 
from the table. The upper 8 bits of this pointer are from the 
contents of the I register, which has been previously 
loaded with the desired value by the programmer. The 
lower 8 bits of the pointer are supplied by the interrupting 
device with the low-order bit forced to zero. The pointer is 
used to get two adjacent bytes from the interrupt service 
routine starting address table to complete 16-bit service 
routine starting address. The first byte of each entry in the 
table is the least significant (low-order) portion of the ad­
dress. The programmer must obviously fill this table with 
the desired addresses before any interrupts are to be 
accepted. 

Note that this table can be changed at any time to allow 
peripherals to be serviced by different service routines. 
Once the interrupting device supplies the lower portion of 
the pointer, the CPU automatically pushes the program 
counter onto the stack, obtains the starting address from 
the table and does a jump to this address. 

The interrupts have fixed priorities built into the NSC800 
as: 

(Highest Priority) 

(lowest Priority) 

ENABLING INTERRUPTS 

I NMI, being a non-maskable interrupt request, is executed 
as it occurs and can never be disabled. 

The maskable interrupt inputs (RSTA, RSTB, RSTC, and 
INTR) are enabled under program control through the use 
of the interrupt control register and enable/disable. inter­
rupt instruction. 

The appropriate interrupt control bits in 4-bit interrupt con­
trol register(IEA, IEB, IEC, and lEI) must be enabled in con­
junction with IFF1 and IFF2, before the maskable INTR • 
and RST A, S, C can be accepted by the CPU. 

lEA IEB lEe 

The interrupt control register is an on-chip write only out­
put port located at port address X'BB. It can only be writ­
ten to by either the OUT (C), r or OUT (N), A instructions (for 
example OUTI instruction will not affect Interrupt Control 
Register). Its contents are: 

Bit Name Function 

0 lEI Interrupt Enable for INTR 
IEC " RSTC 

2 IEB " RSTB 
3 lEA " RSTA 

For example: In order to enable RSTB, CPU interrupts 
must be enabled and IEB must be set. 

At reset, lEI bit is set and other mask bits, lEA, IEB, IEC are 
cleared. This maintains the software compatibility be­
tween NSC800 and INS8080A (or Z80A). 

Execution of an 10 block move instruction will not affect 
the state of the interrupt control bits. The only two instruc­
tions that will modify this write only register are OUT (C), r 
and OUT (N), A. 

POWER-SAVE FEATURE 

The NSC800 provides a unique power-save mode by the 
means of the PS pin. PS input is sampled at the last t state 
of the last M cycle of an instruction. After recognizing an 
active (low) level on PS, the NSC800 stops. its internal 
clocks, thereby reducing its power dissipation to one half 
of operating power, yet maintaining all register values and 
internal control status. The NSC800 keeps its oscillator 
running, and makes the ClK signal available to the sys­
tem. When in power-save the ALE strobe will be stopped 
high and the address lines [AO(O-7), A(8-15)] will indicate 
the next machine address. When PS is returned high, the 
opcode fetch (or M1 cycle) of the CPU begins in a normal 
manner. Note this M1 cycle could also be an interrupt 
acknowledge cycle i'f the NSC800 was interrupted simul­
taneously with PS. Figure 12 illustrates the power-save 
feature. 

In the event BREQ is asserted (low) at the end of an instruc­
tion cycle and PS is active simultaneously, the following 
occurs: 

1. The NSC800 will go into BACK cycle 

2. Upon completion of BACK cycle if PS is still active the 
CPU will go into power-save mode. 

FIGURE 11. Interrupt Mode 2 
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FIGURE 12. NSC800 Power·Save 

Instruction Set 
In the following instruction set listing, the notation used is 
shown below. 

b: Used in Instructions employing bit mode address­
ing to designate one bit In a register or memory 
location. 

cc: Designates condition codes used in conditional 
Jumps, Calls, and Return Instructions; may be 

NZ = Non Zero (Z Flag = 0) 
Z=Zero (Z Flag = 1) 

NC = Non Carry (C Flag = 0) 
C = Carry (C Flag = 1) 

PO = Parity Odd or No Overflow (PIV = 0) 
PE = Parity Even or Overflow (PIV = 1) 

P = Positive (S = 0) 
M = Negative (S = 1) 

d: Used in Instructions employing relative or indexed 
modes of addressing to designate 8·bit signed 2's 
complement displacement. 

kk: Subset of cc condition codes used In conjunction 
with conditional relative jumps; may be NZ, Z, NC 
orC. 

m1: Used in instructions employing register Indirect or 
indexed modes of addressing; may be (HL), 
(IX + d), or (IY + d). 

m2: Used In Instructions employing register indirect or 
direct modes of addressing; may be (BC), (DE), or 
(nn). 

n: Any 8·blt binary number. 

nn: Any 16·blt binary number. 

pp: Used In 16·blt arithmetic Instructions employing 
register modes of addressing; may be BC, DE, SP, 
or register designated as destlnationoperand. 

qq: Used In Instructions employing register modes of 
addressing; may be BC, DE, HL, AF, IX, or IY. 

r: Used In Instructions employing register mode of 
addressing; may be A, B, C, 0, E, H, or L. 

rr: Used In Instructions employing register mode of 
addressing; may be BC, DE, HL, SP, IX, or IY. 

ss: Used In Instructions employing register mode of 
addressing; may be HL, IX, or IY. 
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T: Used In restart Instructions employing modified 
page zero addressing mode; may take on hex 
values of 0, 8,10,18,20,28,30, or 38. 

XL: Subscript L Indicates the low-order byte of a 16·blt 
register. 

XH: Subscript H indicates the high-order byte of a 
16·blt register. 

(): Parentheses indicate the contents are considered 
a pointer to a memory or 1/0 location. 

8-Bit Loads 

REGISTER TO REGISTER 

Mnemonic Description Operation 

LD rd, rs Load register rd with rs rd-rs 
LOA, I. Load ACC with register I A-I 
LD I,A Load register I with ACC I-A 
LOA, r Load ACC with register A-r 

R 
LD r, A Load register R with r-A 

ACC 
LD r, n Load register r with r-n 

Immediate data n 

REGISTER TO MEMORY 

Mnemonic Description Operation 

LD m1, r Load memory from m1-r 
register r 

LDm2,A Load memory from ACC m2-A 
LD m1, n Load memory with m1-n 

immediate data n 

MEMORY TO REGISTER 

Mnemonic Description Operation 

LD r, m1 Load register r from r-m1 
memory 

LOA, m2 Load ACC from memory A-m2 



Z 
16·Bit Loads CCF Complement carry flag CY-CY en 

SCF Set carry flag CY-1 (') 
REGISTER TO REGISTER CO 

IMMEDIATE ADDRESSING MODE ARITHMETIC 0 
Mnemonic Description Operation 0 

LD rr, nn Load register rr with rr-nn Mnemonic Description Operation 

immediate data nn ADD A, n Add number n to ACC A-A+n 
LD SP, ss Load SP register SP-ss ADCA, n Add with carry number n A-A+n+CY 

with register ss toACC 
SUBn Subtract number n A-A-n 

REGISTER TO MEMORY from ACC 
SBC A, n Subtract with carry A-A- n-CY 

Mnemonic Description Operation number n from ACC 
LD (nn), rr Load memory location (nn)-rrL ANDn AND number n with ACC A-A /\ n 

nn with 16 bit register rr (nn + 1)-rrH OR n OR number n with ACC A-A V n 
PUSH qq Push contents of (SP-1)-qqH XORn Exclusive OR number n A-AV n 

16·bit register qq onto (SP-2)-qqL with ACC 
memory stack SP-SP-2 CP n Compare number n A: n 

MEMORY TO REGISTER 
toACC Z flag-1 

if A=n 

Mnemonic Description Operation 
else 
Z Flag-O 

LD rr, (nn) Load 16·bit register rr rrL-(nn) 
from memory location nn rrH-(nn + 1) MEMORY ADDRESSED ARITHMETIC 

POPqq Pop contents of stack qqL-(SP) 
to register qq qqH-(SP+ 1) Mnemonic Description Operation 

SP-SP+2 ADDA, m1 Add memory to ACC A-A+m1 
ADCA, m1 Add with carry memory A-A+m1+CY 

a·Bit Arithmetic toACC 
SUB m1 Subtract memory from A-A-m1 

REGISTER ADDRESSED ARITHMETIC ACC 
SBCA, m1 Subtract with carry A-A-m1-CY 

Mnemonic Description Operation memory from ACC 

ADD A, r Add contents of register A-A+r ANDm1 AND memory with ACC A-A /\ m1 
rto ACC ORm1 OR memory with ACC A-A V m1 

ADC A, r Add with carry contents A-A+ r+CY XORm1 Exclusive OR memory A-A V m1 
of register r to ACC with ACC 

SUBr Subtract contents of A-A-r CPm1 Compare memory with A:m1 
register r from ACC ACC Z flag-1 

SBC A, r Subtract with carry A-A-r-CY if A=r 
contents of register r else 
from ACC Z Flag-O 

ANDr Logically AND contents A-A /\ r INCm1 Increment memory m1-m1 + 1 
of register r with ACC DECm1 Decrement memory m1-m1-1 

ORr Logically OR contents A-A V r 
of register r with AC~ 

16·Bit Arithmetic XORr Exclusive OR contents A-A V r 
of register r with ACC 

REGISTER ADDRESSED ARITHMETIC CPr Compare contents of A:r 
register r to ACC Z flag-1 

Mnemonic Description Operation if A=r 
else ADD ss, pp Add 16·bit register pp ss-ss+ pp 
Z Flag-O to 16·bit register ss 

INC r Increment contents of r-r+1 ADC HL, pp Add with carry 16·bit HL-HL 
register r register pp to HL + pp+ CY· 

DECr Decrement contents of r-r-1 SBC HL, pp Subtract with carry HL-HL 
register r 16·bit register pp - pp- CY 

DAA Decimal adjust ACC (ACC adjust from HL 

for BCD) INC rr Increment 16·bit rr-rr + 1 

CPL Complement ACC A-A register rr 

(1's complement) DEC rr Decrement 16·bit rr-rr-1 

NEG Negate ACC (2's A-O-A register rr 

complement) 
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Bit Set, Reset, and Test 
REGISTER 

Mnemonic Description 

SET b, r Set bit b in register r 
RES b, r Reset bit b in register r 
BIT b, r Test bit b in register r 

MEMORY 

Mnemonic Description 

Set b, m1 Set bit b in memory 
location m1 

RES b, m1 Reset bit bin memory 
location m1 

BIT b, m1 Test bit b in memory 
location m1 

Exchanges 

REGISTER/REGISTER 

Mnemonic Description 

EX DE, HL Exchange contents of 
DE and HL register 

EX AF, AF1 Exchange contents of A 
and F registers with A 1 
and F1 registers 

Operation 

rb- 1 

rb- O 
Z-rb 

Operation 

m1b-1 

m1b-0 

Z-m1b 

Operation 

DE-HL 

AF-AF' 

EXX Exchange contents of BC- BC' 
BC, DE and HL registers DE- DE' 
with corresponding HL- HL' 
alternate registers 

REGISTER/MEMORY 

Mnemonic Description 

EX (SP), ss Exchange top of stack 
with 16-bit register ss 

Operation 

(SP)-SSL 
(SP+ 1)-SSH 

Memory Block Moves and Searches 
Block move and search instructions (such as LDIR and 
INIR) insert a dummy instruction fetch after each cycle to 
keep refresh going. 

SINGLE OPERATIONS 

Mnemonic 

LDI 

LDD 

Description 

Move data from memory 
location (HL) to memory 
location (DE), increment 
memory pointers, and 
decrement byte counter 
BC. 
Move data from memory 
location (HL) to memory 
location (DE), and decre­
ment memory pointer 
and byte counter BC. 

Operation 

(DE)-(HL) 
DE-DE+1 
HL-HL+ 1 
BC-BC-1 

(DE)-(HL) 
DE-DE-1 
HL-HL-1 
BC-HL-1 
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Mnemonic 

CPI 

CPD 

Description 

Compare data in mem­
ory location (HL) to ACC, 
increment memory 
pointer and decrement 
byte counter BC. 
Compare data in mem­
ory location (H L) to ACC 
and decrement memory 
pointer and byte counter 
BC. 

REPEAT OPERATIONS 

Mnemonic Description 

LDIR Move data from memory 
location (HL) to memory 
location (DE), increment 
memory pointers, decre-
ment byte counter BC, 
repeat until BC = 0 

LDDR Move data from memory 
location (H L) to memory 
location (DE), decrement 
memory pointers and 
byte counter BC, repeat 
until BC=O 

CPIR Compare data in memory 
location (H L) to ACC, 
increment memory 
pointer, decrement byte' 
counter BC, repeat until 
BC = 0 or (H L) = A 

Operation 

A-(HL) 
HL-HL+1 
BC-BC-1 

A-(HL) 
HL-HL-1 
BC-BC-1 

Operation 

(DE)-(HL) 
DE-DE+ 1 
HL-HL+1 
BC-BC-1 
Repeat until 
BC=O 
(DE)-(HL) 
DE-DE-1 
HL-HL-1 
BC-BC-1 
Repeat unti I 
BC=O 
A-(HL) 
HL-HL+1 
BC-BC-1 
Repeat until 
BC=Oor 
(HL)=A 

CPDR Compare data in memory A - (HL) 
location (HL) to ACC, HL-HL-1 
decrement memory BC-BC-1 
pointer and byte counter Repeat until 
BC, repeat until BC = 0 or BC = 0 or 
(HL)=A (HL)=A 

Input/Output 
Due to the multiplexed bus structure, the NSC800 handles 
the address bus differently than the zao during input and 
output instructions. The NSCaOO duplicates the port ad­
dress on the upper and lower halves of the address. 

Mnemonic Description Operation 

INA,(n) Input from I/O device at A-(n) 
address n to ACC 

OUT (n), A Output to I/O device at (n)-A 
address n from ACC 

IN r, (C) Input from I/O device at r-(C) 
address (C) to register 

OUT (C), r Output to I/O device at (C)-r 
address (C) from register 

INI Input from I/O device at (HL)-(C) 
address (C) to memory HL-HL+1 
location (HL), increment B-B.l..1 
pointer, and decrement B 
counter 



Z 
Input/Output (Continued) Program Control en 

0 
JUMPS (X) 

0 
Mnemonic Description Operation Mnemonic Description Operation 0 

OUTI Output to I/O at address (C)-(HL) JP nn Unconditional jump PC-nn 
(C) from memory location HL-HL+ 1 direct to nn 
(HL), Increment pointer, 8-8-1 JP (ss) Unconditional jump PC-ss 
and decrement 8 counter indirect via ss register 

IND Input from 1/0 device at (HL)-(C) JP cc, nn Conditionally jump If cc true, 
address (C) to memory HL-HL-1 direct to nn if cc is true PC-nn, else 
location (HL) and decre- 8-8-1 continue 
ment pointer, and 8 JR d Unconditional jump PC-PC+d 
counter to PC+d 

OUTD Output to 1/0 device at (C)-(HL) JR kk, d Conditionally jump If kk true, 
address (C) from memory HL-HL-1 PC + d if kk is true PC-PC+d 
location (HL) and decre- 8-8-1 

DJNZ, d Decrement 8 register 8-8-1 
ment pointer and 8 

and jump to PC + d if if 8=0 
counter 

8*0, otherwise continue PC-PC+d 
INIR Input from 1/0 device (HL)-C 

at address (C) to mem- HL-HL+ 1 CALLS 
ory location (HL), incre- 8-8-1 
ment pointer, decrement Repeat until Mnemonic Description Operation 
8 counter, and repeat 8=0 
until 8=0 CALL nn Unconditional call to (SP-1)-PCH 

OUTIR Output to 1/0 device at (C)-(HL) 
subroutine at location nn (SP-2)-;-PCL 

PC-nn 
address (C) from memory HL-HL+ 1 

Conditional call to If cc true, location (HL), increment 8-8-1 CALL cc, nn 

pointer, decrement 8 Repeat until subroutine at location (SP-1)-PCH 

counter, and repeat until 8=0 nn if cc true (SP-2)-PCL 

8=0 PC-nn, else 

INDR Input from 1/0 device at (HL)-(C) 
continue 

address (C) to memory HL-HL-1 RETURNS 
location (HL), decrement 8-8-1 
pointer and 8 counter, Repeat until Mnemonic Description Operation 
and repeat until 8 = ° 8=0 

OUTDR Output to 1/0 device at (C)-(HL) , RET Unconditonal return PCL-(SP) 

address (C) from mem- HL-HL-1 from subroutine PCH-(SP+ 1) 

ory location (HL), decre- 8-8-1 RETcc Conditional return If cc true: 
ment pointer and 8 Repeat until from subroutine PCL-(SP) 
counter, and repeat until 8=0 PCH-(SP+ 1) 

8=0 else continue 

RETI Return from interrupt PCL-(SP) 

CPU Control 
PCH-(SP+1) 

RETN Return from non- PCL-(SP) 
maskable interrupt PCH-(SP+1) 

Mnemonic Description Operation Restore 
NOP No operation interrupt 

HALT* Halt processor enable 

01 Disable Interrupts 
status 

EI Enable Interrupts RESTARTS [fJ IMO Set Interrupt Mode ° 
1M 1 Set Interrupt Mode 1 Mnemonic Description Operation 

1M2 Set Interrupt Mode 2 RSTT Interrupt to location T (SP-1)-PCH 
(SP-2)-PCL 

• Halt Instruction locks CPU into an endless cycle of instruction fetches PC-T 
until CPU is reset or interrupted. Therefore dynamic memory refresh 
continues to run. 
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Rotate and Shift 
REGISTER 
MNEMONIC 

RLC r 

RL r 

RRC r 

RR r 

SLA r 

SRA r 

SRL r 

MEMORY 
MNEMONIC 

RLC ml 

RLml 

RRC ml 

RR ml 

SLAml 

SRA ml 

SRLml 

REGISTER/ MEMORY 
MNENONIC 

RLD 

RRD 

DESCRIPTION 

ROTATE REGISTER r LEFT CIRCULAR 

ROTATE REGISTER r LEFT THROUGH 
CARRY 

ROTATE REGISTER r RIGHT CIRCULAR 

ROTATE REGISTER r RIGHT THROUGH 
CARRY 

SHIFT REGISTER r LEFT ARITHMETIC 

SHIFT REGISTER r RIGHT ARITHMETIC 

SHIFT REGISTER r RIGHT LOGICAL 

DESCRIPTION 

ROTATE MEMORY LEFT CIRCULAR 

ROTATE MEMORY LEFT THROUGH CARRY 

ROTATE MEMORY RIGHT CIRCULAR 

ROTATE MEMORY RIGHT THROUGH 
CIRCULAR 

SHIFT MEMORY LEFT ARITHMETIC 

SHIFT MEMORY RIGHT ARITHMETIC 

SHIFT MEMORY RIGHT LOGICAL 

DESCRIPTION 

• ROTATE DIGIT LEFT AND RIGHT BETWEEN 
ACC AND MEMORY (HL) 

ROTATE DIGIT RIGHT AND LEFT BETWEEN 
ACC AND MEMORY (HL) 
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OPERATION 

4iJ+-1 7 +- 0 1:1 
Y 7 ---- 0 P--€J 
y 7 ~ 0 j----+@J 

r 

0+-1 7 +- 0 r-o 
r 

0--+1.1-+ 0 ~0 
r 

TLlC15171·29 

OPERATION 

0.--J 7 +- 0 r-O 

ml 

CJ----o~ ml 

0--+1 7 -+ 0 ~B 
ml TLlCI5171·30 

OPERATION 

'" ~ ......... O _I -=-1 i --:::5---
3

--r--"""0 1 (HL) 
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NSC800M/883B MIL·STD·883 
Class B Screening 
National Semiconductor offers the NSC800D and 
NSC800E with full class B screening per MIL-STD-883B for 
Military/Aerospace programs requiring high reliability. In 
addition, this screening is available for all of the key 
NSC800 peripheral devices. 

Electrical testing is performed in accordance with 
RETS800X, which tests or guarantees all of the electrical 
performance characteristics of the NSC800 data sheet. A 
copy of the current revision of RETS800X is available upon 
request. 

100% SCREENING FLOW 

Test MIL·STD·883 Method/Condition Requirement 

Internal Visual 2010B 100% 
Stabilization Bake 1008 C 24 Hrs. @ + 150°C 100% 

Temperature Cycling 1010 C 10 Cycles - 65°C/ + 150°C 100% 

Constant Acceleration 2001 E 30,000 G's, Y1 Axis 100% 
Fine Leak 1014 B 5 x 10-8 100% 

Gross Leak 1014C 100% 
Burn-In 1015160 Hrs. @ + 125°C (using 100% 

burn-ll\circuits shown below) 
Final Electrical + 25°C DC per RETS800X 100% 
PDA 10% Max 

+ 125°C AC and DC per RETS800X 100% 
- 55°C AC and DC per RETS800X 100% 
+ 25°C AC per RETS800X 100% 

QA Acceptance Group A (sample, each lot) 
Quality Conformance Group B (sample, each 

inspection lot) 
Group C (sample every 90 days 

per microcircuit group) 
Group D (sample every 6 months 

per package type) 

External Visual 2009 100% 

Burn-In Circuits 

100 kHz 
(NOTE 2) 

51 

5240HR 
NSC800D/883B (Dual·ln·Llne) 

5241HR 
NSC800E/883B (Leadless Chip Carrier) 

1 
2 

3 
4 

5 

6 
7 

8 
9 

NC-7, 

12 
13 

14 
15 

16. 

17 

18 

19 

r 

40 

H 38 

37 
36 

35 

34 

33 
32 
31 
30 
29 

28 
27 

26 
25 
24 

10 

51 

5.5V 

1.5 kHz 
(NOTE 2) 

100 kHz 
(NOTE 2) 

51 

7 
8 

9 
10 

NC--1.!. 

NC--H-

14 

15 

16 
17 

55V 

~ 10 

65 43 21 44143142 41140 

39 
38 

3751 
36 
35 

44-PIN LEAOLESS 
r;-NC PACKAGE 

32 

31 
·30 

29 

23 

22 

1819 2021 212324r5r627r8 

NC 21 

TOP VIEW 

-:..: 

All resistors 2_7 kG unless marked otherwise. 

Note 1: All resistors are 1I4W ± 5% unless otherwise speclfled_ 

ti0te 2: All clocks OV to 3V, 50% duty cycle, In phase with < 1 p's rise and fall tlme_ 

Note 3: Device to be cooled down under power aiter burn-In. 
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Ordering Information 
NSC800~ X X X 11 ;/A+ =A+ ReliabilityScreening .. 

1883 = MIL-STD·8838 Screening (Note 1) 

I = Industrial Temperature (- 40°C to + 85°G) 
M = Military Temperature (- 55°C to + 125°G) 
No Designation = Commercial Temperature (O°C to 70°G) 

I -1 = 1 MHz Clock Output (Note 2) 
"'---------1 - 4 = 4 MHz Clock Output 

I No Designation = 2.5 MHz Clock Output 

0= Ceramic Package 
J = CERDIP Package (availability to be al1nounced) 

'----------1 N = Plastic Package 

Reliability Information 

Gate Count 2750 

Transistor Count 11,000 

E = Ceramic Leadless Chip Carrier (LCC) 
V = Plastic Leaded Chip Carrier (PCG) (availability to be announced) 

Note 1: Do not specify a temperature option; all parts are screened to military temperature. 

Note 2: -1 part only available In 0·1, N·1, 0·11, N·11, V·1, V·11 

EXAMPLES 
NSC800E·4/883 
NSC800N 
NSC8000·11/A+ 
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~National 
U Semiconductor 

microCMOS 

NSC810A RAM·I/O·Timer 

General Description 
The NSC810A, which is fabricated using microCMOS sili­
con gate technology, functions as a memory, an input/out­
put peripheral interface and a timing device. The memory 
is comprised of 1024 bits of static RAM organized as 
128 x 8. The I/O portion consists of 22 programmable in­
put/output bits arranged as three separate ports, with 
each bit individually definable as an input or output. The 
port bits can be set or cleared individually and can be writ­
ten or read in bytes. Several types of strobed mode opera­
tions are available through port A. The timer portion of the 
device consists of two programmable 16-bit binary down­
counters each capable of operation in anyone of 6 modes. 
Timer counts are extendable by one of the available pre­
scale values. The NSC810A comes in various speeds and 
package configurations, including the new high density 
LCC package. The NSC810A is available in full military 
specification 883B. 

Features 
• Three programmable I/O ports 
• Two 16-bit programmable counter/timers 

• 2.4V-6.0V power supply 
• Very low power consumption 

• Fully static operation 
• Single-instruction I/O bit operations 

• Timer operation-DC to 5 MHz 
• Bus compatible with NSC800 ™ family 
• Speed: compatible with NSC800 

NSC810A-4-NSC800-4 @ 4.0 MHz 
NSC810A- NSC800 @ 2.5 MHz 
NSC810A-1-NSC800-1 @ 1.0 MHz 

NSC800 Microcomputer Family Block Diagram 

1 o r'l 
ClK XOUT XIN 

---+ lIITR 

...El. RSTA, ii, C 

---+ NMI 

+- INTA 

+- SO 
NSC800 +- Sl (CPU) 

+-
---+ 
~ 

---+ 
---+ 

10k 
vee~ 

. lOI'FT 

-

RFSH 

iil"iW 

BACK 

WAIT 

PS 

RESET IN 

! 1 
Vee GNO .AI (8) II. 

AOO-7 ... r 
(8) 

A8-15 

A13 

Rli 

Wii 

ALE 

101M 

RESET OUT 

~ 
A8-10 II.. 

~ 
A12 
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J ! 
Vee GNO 

...t (8) --'" 
AOO-7 ... r 

~ (8) ... 
CE NSC810A ~ " RAM 
Rli I/O 

TIMER ..011 
(6) II.. 

Wi! ... r 
ALE 

10T/M I+-TIMER 

RESET r--.TIMER 

! ! 
Vee GNO 

/100-7 
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Absolute Maximum Ratings (Note 1) Operating Conditionsvee =sv±10% 

Storage Temperature Range -6S0Cto + 1S0°C T A, Ambient Temperature 
Voltage at Any Pin with Respect Military -SSOCto + 12SoC 

to Ground - 0.3V to Vee + 0.3V Industrial -40°Cto +8SoC 

Vee 7V Commercial O°Cto + 70°C 

Power Dissipation 1W 
Lead Temperature (Soldering, 10 seconds) 300°C 

.' 

DC Electrical Characteristics 
TA= - SSOC to + 12SOC, Vee=SV ± 10%, GND=OV, unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 

VIH Logical 1 Input Voltage 0.7 Vee Vee V 

VIL Logical 0 Input Voltage 0 0.2 Vee V 

VOH Logical 1 Output Voltage IOH=-1.0mA 2.4 V 
IOUT= -10JlA Vee- O.S V 

VOL Logical 0 Output Voltage IOL=2 mA 0 0.4 V 
IOUT= 10JlA 0 0.1 V 

IlL Input Leakage Current OSVINSVee -10.0 10.0 JlA 

IOL Output Leakage Current OSVINSVee -10.0 10.0 JlA 

Icc Active Supply Current IOUT=O, Timer= Mode 1, TOIN =T1IN =2.S MHz, 8 10 mA 
twCY = 750 ns 

la Quiescent Current No Input Switching, T A = 2SoC 10 100 JlA 

CIN Input Capacitance 4 7 pF 

COUT Output Capacitance 6 10 pF 

Vec Power Supply Voltage 2.4 5 6 V 

VORV Data Retention Voltage 1.2 V 

Low Voltage Operation Preliminary 
. 

Voltage NSC810A·1 NSC810A NSC810A·4 Units 

2.4 - SOO SOO kHz 

3.0 - 1 1 MHz 
I 

Note 1: Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. Continuous operation at these limits Is not 
Intended; operation should be limited to those conditions specified under DC Electrical Characteristics. J 

Iccvs Speed 

10 
MAXI~ 

~ 

~ h~ B 5 

~ I' V 
;:) 
en 
I 

1/ ~ 

0 
4500 3000 1500 1000 750 ) 

twcy (ns) 

0 1 2 3 4 
NSC800 CLOCK SPEED* (MHz) TLlC/5517·2 

·When NSC810A Is used with NSCSOO 
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AC Electrical Characteristics Vcc = 5V ± 10%, GND = OV 

(Valid for the following temperature and speed) 

NSC810A·1-0°C to 70°C 
- 40°C to + 85°C 

NSC810A _O°C to 70°C 
- 40°C to + 85°C 
- 55°C to + 125°C 

NSC810A·4-0°C to 70°C 
- 40°C to + 85°C 
- 55°C to + 125°C 

NSC810A·1 
Symbol Parameter Conditions 

Min Max 

tACC Access Time from ALE CL= 150 pF 1000 

tAH ADO-7, CE, IOT/M Hold Time 100 

tALE ALE Strobe Width (High) 200 

tARW ALE to RD or WR Strobe 150 

tAS ADO-7, CE, IOT/M Set·Up Time 100 

tOH Data Hold Time 150 

too Port Data Output Valid 350 

tos Data Set·Up Time 100 

tpE Peripheral Bus Enable 320 

tpH Peripheral Data Hold Time 150 

tps Peripheral Data Set·Up Time 100 

tpz Peripheral Bus Disable (TRI·STATE®) 150 

tRS RD to BF Output 300 

tRO Read Strobe Width 400 

tROD Data Bus Disable 0 100 

tRI RD to INTR Output 320 

tRWA RD or WR to Next ALE 125 

tss STB to BF Valid 300 

tSH Peripheral Data Hold with Respect to STB 150 

tSI STB to INTR Output 300 

tss Peripheral Data Set·Up with Respect to STB 100 

tsw STBWidth 400 

tws WR to BF Output 340 

tWI WR to I NTR Output 320 

tWR WR Strobe Width 400 

tWCY Width of Machine Cycle 3000 

Timer AC Electrical Characteristics 

Symbol Parameter Conditions 

Fc Clock Frequency 

Fcp Clock Frequency Prescale Selected 

tcw Clock Pulse Width 

tewp Clock Pulse Width Prescale Selected 

tGS Gate Set·Up Time With Respect to Negative Clock Edge 

tGH Gate Hold Time With Respect to Negative Clock Edge 

teo Clock to Output Delay CL= 100 pF 
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75 
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50 
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50 
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220 

0 75 
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75 

300 
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300 

50 

220 

300 

300 
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750 
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2.5 

5.0 

350 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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ns 
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AC Testing Input/Output Waveform AC Testing Load Circuit 
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Write Cycle (Write to RAM, Port or Timer) 

Note: Diagonal lines Indicate Interval of Invalid data. 
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Handshake Timing 

Strobed Mode Output 

ALE 

PORT A~------+----

AD (0-7) -

TL/C/5517·7 

Note: Diagonal lines indicate interval of invalid data. 

Strobed Mode Input 

lOT I~ mJl}}' 

AD (0-7) ~ PORTAADDR ~ DATA IN 

ALE \ c: 
WR 

INTR 

BF 

STB 

! 
ACTIVE (MODE 2) OlD DATA •• :1~+-----""--------

PORT A BUS tPE 1-p. ____ ~J:-!tiI 
_!I"!!.A!(~~) ______________ ~~-{ } ____ _ 

TLlC/5517-8 

Note: Diagonal lines indicate interval of invalid data. 
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NSC810A Functional Pin Descriptions 
The function and mnemonic for the NSC810A signals are 
described below: 

INPUT SIGNALS 

Reset (RESE1): RESET is an active-high input that resets 
all registers to 0 (Iow)_ The RAM contents remain 
unaltered_ . 

Input/Output Timer or RAM Select (IOT/M): 10T/M is an 
110 memory select input line. A logic 1 (high) input selects 
the 1I0-timer portion of the chip; a logic 0 (low) input 
selects the RAM portion of the chip. 10T/M is latched at 
the falling edge of ALE. 

Chip Enable (CE): CE is an active-high input that allows 
access to the NSC810A. CE is latched at the falling edge 
of ALE. 

Read (RD): The RD is an active-low input that enables a 
read operation of the RAM or 1I0-timer location. 

Write (WR): The WR is an active-low input that enables a 
write operation to RAM or 1I0-timer locations. 

Address Latch Enable (ALE): The falling edge of the ALE 
input latches ADO-AD?, CE and 10T/M inputs to form the 
address for RAM, 110 or timer. 

Timer 0 Input (TOIN): TOIN is the clock input for timer O. 

OUTPUT SIGNALS 

Timer 0 Output (TOOUT): TOOUT is the programmable out­
put of timer O. After reset, TOOUT is set high. 

POWER SUPPLY PINS 

Positive DC Voltage (Vce): Vee is the 5V supply pin. 

Ground (GND): Ground reference pin. 

Connection Diagrams 

Dual·ln·Line Package 

PC3/TG Vee 
PC4/TlIN PC2ISTB 

TOIN Pel/BF 
RESET PCO/INTR 

PC5/TlOUT PB7 
TOOUT PB6 
IOT/M" PB5 

CE PB4 
Ri'i PB3 
Wii PB2 
ALE PBl 
ADO PBD 
ADl PA7 
AD2 PA6 
AD3 PA5 
AD4 PA4 
AD5 PA3 
AD6 PA2 
AD7 22 PAl 
GND 20 21 PAD 

TOP VIEW 
TL/C/5517·10 

See NS Package D40C, J40A or N40A 
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INPUT/OUTPUT SIGNALS 

Address/Data Bus (ADO-ADn: The multiplexed bidirec­
tional address/data bus, ADO-AD? pins, are in the high im· 
pedance state when the NSC810A is not selected. 
ADO-AD? will latch address inputs at the falling edge of 
ALE. The address will designate a location in RAM, 110 or 
timer. WR input enables 8-bit data to be written into the ad­
dressed location. RD input enables 8-bit data to be read 
from the addressed location. The RD or WR inputs occur 
while ALE is low. 

Port A,O-7(PAO-PAn: Port A is an 8-bit basic mode input/ 
output port, also capable of strobed mode 110 utilizing 
three control signals from port C. Strobed mode of opera­
tion on port A has three different modes: strobed input, 
strobed output with active bus, strobed output with TRI­
STATE bus. 

Port B, 0-7(PBO-PBn: Port B is an 8-bit basic mode input/ 
output port. 

Port C, O-S (PCO-PCS): Port C is a 6-bit basic mode I/O 
port. Each pin has a programmable second function, as 
follows: 

PCOIINTR: INTR is an active-low strobed mode inter· 
rupt request to the Central Processor Unit (CPU). 

PClIBF: BF is an active-high buffer full output to 
peripheral devices. 

PC2/STB: STB is an active-low strobe input from 
peripheral devices. 

PC3/TG: TG is the timer gating Signal. 

PC4/T1IN: T11N is the clock input for timer 1. 

PCS/T10UT: T10UT is the programmable output of 
timer 1. 

"E" AND "V" 
PACKAGE 

AD4 AD5 AD6 AD7 GND NC PAD PAl PA2 PA3 PA4 

TOP VIEW TLlC/5517·11 

NC = no connect 

See NS Package ED44A or V44 

PB7 



NSC810A Functional Description 
Refer to Figure 1 for a detailed block diagram of the 
NSC810A. 

RANDOM ACCESS MEMORY (RAM) 

The memory portion of the RAM·I/O·timer is accessed by a 
?·bit address input to pins ADO through AD6. The 10T/M in· 
.put must be low (RAM select) and the CE input must be 
high at the falling edge of ALE to address the RAM. Ad· 
dress bit AD? is a "don't care" for RAM addressing. Timing 
for RAM read and write operations is shown in the timing 
diagrams. 

Detailed Block Diagram 

CE14 

RESET~ 

ADO-AD7 Oi=====«~ 

TOIN J:L. 

(40) 
Vcc~ 

GND~ 

CONTROL 
LOGIC 

RAM 
1024 BITS 
(12BxB) 

ADDRESS/ 
DATA 

BUFFERS AND 
LATCHES 

INTERNAL 
DATA 
BUS 

INPUT/OUTPUT (110) 

The 110 portion of the NSC810A contains three sets of 110 
called ports. There are two ports (A and B) which contain 
eight bits each and one port (port C) wh ich has six bits. Any 
bit or combination of bits in a port may be addressed with 
Set or Clear commands. A port can also be addressed as 
an 8-bit word (6 bits for port C). All ports share common 
function of Read, Write, Bit·Set and Bit·Clear. Additionally, 
port A is programmable for strobed (handshake) mode in· 
put or output. Port C has programmable second functions 
for each bit associated with strobed modes and timer 
functions. Table I defines the address location of the 
ports, timers and control registers. 

"--iII~ PAO-PA7 

.. - .... PBO-PB7 

(37-39, 1, 2, 5) 

PCO-PC5 
HANDSHAKE 
AND TIMER 

'"-'!-...... FUNCTIONS 

TLlC/5517·12 

Note: Applicable pinout for 40-pin 
dual-in-line package within parentheses 

FIGURE 1 
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NSC810A Functional Description (Continued) 

TABLE I. 110 AND TIMER ADDRESS DESIGNATIONS 

8-Bit Address Field 
Bits 

7 6 5 4 321 0 

x x x 000 0 0 
x x x 0 0 0 0 1 
x x x 0 0 0 1 0 
x x x 000 1 1 
x x x 0 0 1 o Q 
x x x o 0 1 0 1 
x x x 0 0 1 1 0 
x x x 0 0 1 1 1 
x x x 0 1 000 

x x x 0 1 o 0 1 
x x x 0 1 0 1 0 
x x x 0 1 o 1 1 
x x x 0 1 1 0 0 
x x x 0 1 1 0 1 
x x x 0 1 1 1 0 
x x x 0 1 1 1 1 
x x x 1 000 0 
x x x 1 000 1 
x x x 1 001 0 
x x x 1 o 0 1 1 
x x x 1 0 1 o 0 

x x x 1 o 1 0 1 
x x x 1 o 1 1 0 
x x x 1 0 1 1 1 
x x x 1 1 000 
x x x 1 1 001 

x x x 1 1 010 

x x x 1 1 0 1 1 
x x x 1 1 1 o 0 

x x x 1 1 1 0 1 
x x x 1 1 110 
x x x 1 1 1 1 1 

x = don't care 

LB = low~order byte 

HB = high-order byte 

Designation R (Read) 
110 Port, Timer, etc. W(Write) 

Port A (byte) R/W 
Port B (byte) R/W 
Port C (byte) R/W 
Not Used ** 
DDR-Port A W 
DDR-Port B W 
DDR-Port C W 
Mode Definition Reg. W 
Port A-Bit-Clear W 
Port B-Bit-Clear W 
Port C-Bit-Clear W 
Not Used ** 
Port A-Bit-Set W 
Port B-Bit-Set W 
Port C-Bit-Set W 
Not Used ** 
Timer 0 (LB) * 
Timer 0 (HB) * 
Timer 1 (LB) * 
Timer 1 (HB) * 
STOP Timer 0 W 
START Timer 0 W 
STOP Timer 1 W 
START Timer 1 W 
Timer 0 Mode R/W 
Timer 1 Mode R/W 
Not Used ** 
Not Used ** 
Not Used ** 
Not Used ** 
Not Used ** 
Not Used ** 

* A write accesses the modulus register, a read the read buffer. ' 

** A read from an unused location reads invalid data, a write does not 
affec.t any operation of NSC810A. 

MODE DEFINITION REGISTER (MDR) 

The mode definition register (MDR) defines the operating 
mode for port A. While ports Band C are always in the 
basic 110 mode, there are four operating modes for port A: 

Mode O-Basic I/O (Input or Output) 
Mode 1-Strobed Mode Input 
Mode 2-Strobed Mode Output-Active Peripheral 

Bus 
Mode 3-Strobed Mode Output-TRI-STATE 

Peripheral Bus 

The MDR has the address assignment xxx00111 and is il­
lustrated for the four modes in Table II. 
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TABLE II. MODE DEFINITION REGISTER BIT 
ASSIGNMENTS 

~ 7 6 5 4 3 2 1 

0 x x x x x x x 
1 x x x x x x 0 
2 x x x x x 0 1 
3 x x x x x 1 1 

x = don't care 

DATA DIRECTION REGISTERS (DDR) 

0 

0 

1 
1 
1 

Each port bit has a data direction register (DDR) that 
defines the 110 state of the bit. The bit is configured as an 
input if a "0" is written into its DDR, or as an output if a "1" 
is written. The DDR bits cannot be individually written to; 
the entire DDR byte is affected by a write to the DDR ad­
dress_ Thus, all data must be consistent with the direction 
desired for each port_ 

Any write or read operations on a port contradicting the 
DDR will not affect the port output or input. However, a 
read of a port bit, defined as an output, will cause a read 
from the output latch, and a write to a port bit, defined as 
an input, will modify the output latch. Refer to Figure 2. 

INTERNAL 
DATA BUS 

WR(SET) 

FIGURE 2. Block Diagram for Port Bit (i) 

BIT OPERATIONS 

The 110 features of the RAM-110-timer allow modification 
of a single bit or several bits of a port with Bit-Set and Bit­
Clear, command. The address is set up to indicate that a 
Bit-Set (or Clear) is taking place. The incoming data on the 
address/data bus is latched at the trailing edge of the WR 
strobe and is treated as a mask. All bits containing 1s will 
cause the indicated operation to be performed on the cor­
responding port bit. All bits of the data mask with Os cause 
the corresponding port bits to remain unchanged. Three 
sample operations are shown in Table III using port B as an 
example. 



NSC810A Functional Description (Continued) 

TABLE III. BIT·SET AND CLEAR EXAMPLES 

Operation Set B7 Clear B2 Set B4, B3 
and BO and B1 

Address xxx01101 xxx01001 xxx01101 
Data 10000000 00000101 00011010 
Port Pins 

Prior State 00001111 10001111 10001010 
Next State 10001111 10001010 10011010 

PORT FUNCTIONS-BASIC 110 

Basic 1/0 is the mode of operation of ports Band C and 
mode 0 of port A (defined by the MDR). Read and write byte 
operations, and bit operations can be executed in the 
basic 1/0 mode. The timing for basic input and basic out· 
put modes is shown in the AC Characteristics tables. 

When a read occurs, the information is latched from the 
peripheral (port) bus during the leading (falling) edge of the 
RD strobe. When a write occurs, the port bus is modified 
after the trailing (rising) edge of the WR strobe with data 
from the AD bus. Port output data remains valid at the out· 
put pin from one trailing edge of WR strobe to the trailing 
edge of the next WR strobe which then modifies that port. 

PORT A-STROBED (HANDSHAKE) MODE 

Port A can be programmed (via the MDR) into one of 3 
types of strobed mode for handshake communication 
with intelligent peripherals. When port A is in mode 1, 2, or 
3 (see description of MDR), port C pins 0, 1, and 2 are used 
as handshake signals between the peripheral and the 
CPU. These handshake signals are designated STB, BF, 
and INTR. Timing parameters and timing diagrams are 
detailed under AC Characteristics. 

INTR (Strobe Mode Interrupt) is an active-low inter­
rupt from the I/O to the CPU. In strobed input 
mode, the CPU reads the valid data at port A to 
clear the interrupt. In strobed output mode, the 
CPU clears the interrupt by writing to port A. 

The INTR output can be enabled or disabled, 
thus giving the ability to control strobed data 
transfer under software control. It is enabled or 
disabled respectively, by setting (= 1) or clear­
ing (= 0) the output data latch of bit 2, port C. 
Port bit PC2 is used as the STB input. Since PC2 
is always an input during strobed mode of oper­
ation, its output data latch is not needed. There­
fore, during strobed mode of operation it is 
internally gated with the interrupt signal to gen­
erate the INTR output. Reset clears this bit to 
zero, so it must be set to one to ~nable the I NTR 
pin for strobed operation. Once the strobed 
mode of operation is programmed, the only way 
to change the output data latch of PC2 is by 
using the Bit-Set and Clear instructions. The 
port C byte write command will not altertheout­
put data latch of PC2 during the strobed mode 
of operation. 

12-71 

STB (Strobe) is an active-low input from the 
peripheral device, signaling that data-transfer 
is about to begin. This strobe is interpreted as 
an "output request" if port A is in a strobed out­
put mode, or as a "data-valid" signal if port A is 
in strobed input mode. 

BF (Buffer Full) is an output from the I/O to the 
peripheral signaling that data transfer is com­
plete. In strobed input mode, this strobe in­
dicates that data is received into port A and that 
no further data should be transmitted by the 
peripheral device until the port has been read 
(emptied). In strobed output mode, BF indicates 
that the request from the peripheral has been 
processed by the CPU and the valid data now 
appears in port A. 

Note: In either input or output mode BF may be cleared by rewriting mode 
definition register. 

The bits of port C that are used for handshake control of 
port A (bits CO, C1 and C2) must be direction-defined ap· 
propriately in the DDR. Also, the DDR of port A must be 
consistent with the mode specified in the MDR. Register 
set-up configurations for the three handshake modes are 
illustrated in Table IV. 

TABLE IV. MODE DEFINITION REGISTER 
CONFIGURATIONS 

Port C 
DDR DDR 

Mode MDR 
Port A Port C 

Output 
Latch 

Strobed xxxxxx01 00000000 xxx011 xxx1xx 
Input 
Strobed xxxxx011 11111111 xxx011 xxx1xx 
Output 
(Active) 
Strobed xxxxx111 11111111 xxx011 xxx1xx 
Output 
(TRI-STATE) 

Strobed Input (Mode 1) 

During strobed input operations, an external device can 
load data into port A with the STB signal. Data is input to 
the PAO-7 input latches on the leading (negative) edge of 
STB, causing BF to go high (true). On the trailing (positive) 
edge of STB the data is latched and the interrupt signal, 
INTR, becomes valid indicating to the CPU that data is 
available for reading. INTR will become valid only if the in­
terrupt is enabled, that is the output data latch for PC2 is 
true. 

When the CPU reads port A, address X'OO, the trailing 
edge of the RD strobe causes BF and INTR to become in­
active, indicating that the strobed input cycle has been 
completed. . 

Strobed Output (Mode 2) 

During strobed output operations, an external device can 
read data from port A with the STB signal. Data is initially 
loaded into port A by the CPU writing to I/O address X'OO. 
On the trailing edge of WR, INTR is set inactive and BF 
becomes valid indicating data is available for the external 
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NSC810A Functional Description (Continued) from port C (PC3, PC4, and PC5) are automatically made 
available to the timer(s) for gating (TG), T1IN, and T10UT, 
respectively. These pins are also taken from port C any time 
timer 0 is in mode 2, 3, or 4. This is also automatically ac· 
compllshed by writing TMR O. In order to reconfigure pins 
PC3, PC4, PC5 to their original configuration as standard 
I/O, the timer mode registers must be reset by selecting 
mode 0 or 7. 

device. When the external device is ready to accept the 
data in port A it pulses the STB signal. STa will reset BF 

. with its rising edge and also activates the INTR signal. 

INTR in this mode Indicates a condition that requires CPU 
intervention, which is the output of the next byte of data. 

Strobed Output-TRI·STATE Mode (Mode 3) 

The strobed output TRI·STATE mode and the strobed out· 
put active (peripheral) bus mode function in a similar man· 
ner with one exception. The exception is that the data 
signals on PAO-7 assume the high impedance state at all 
times except when accessed by the STB signal. Thus, in 
addition to its timing function, STB activates port A out· 
puts to active logic levels. This mode 3 operation allows 
other data sources, in addition to the NSC810, to feed a 
common external device. 

TIMERS 

The two timers in the RAM·I/O·tlmer are 16-bit binary 
down·counters, each timer having six modes of operation. 
Full count is reached at "n + 1", where "n" is the value 
loaded into the modulus register. Read and write com· 
mands can occur at anytime, asynchronous to timer opere 
atlon by addressing the timer read buffer or modulus 
register, respectively. Each timer has a mode register and 
a write·only start/stop register. Each timer also has a 
prescaler which divides the Incoming clock Signal bya 
programmable value, extending the effective ranges of the 
timers while maintaining 16·bit precision. Selected timer 
outputs are + 1 or + 2 for timer 1, and + 1, + 2, or + 64,for 
timer O. A diagram representing one timer and associated 
registers is shown In Figure 3. 

TIN, TOUT, AND TG 

Timer 0 has dedicated pins for its clock, TOIN, and its out· 
put, TOOUT. Timer 1 must borrow its input and output pins 
from port C. This is accomplished by writing to the TMR for 
timer 1.lf mode 1,2,3,4,5,or6is specified inTMR 1, the pins 

IiJj 

Wli 

TIN(CLK) 
TG(GATE) 

Wli-. 

Wli 

CONTROL 

TCLK 
TIMER 

TG (PC3), the timer gate, is used to hardware control the 
starting/stopping (or triggering) of the timers. The timer 
gate may be used individually by either timer or simul· 
taneously by both timers. 

For modes 2 and 3, the timer starts on the gate·active tran· 
sition assuming the start address was previously written. 
If the timer gate makes an active transition prior to a write 
to the start address, the trailing edge of the WR strobe 
starts the timer. However, for mode 4 the timer always 
waits for an active gate edge following a write to the start 
address. 

The DDR for port C must be programmed with the correct 
I/O direction for TG and the input and output of timer 1. 
See Table V for programming examples. 

TIMER MODES 

The low·order three bits (bits 0, 1, 2) of the timer mode 
registers (TMR) define the mode of operation for the 
timers. Each TMR may be written to, or read from, at any 
time. However, to ensure accurate timing, it Is important to 
modify the mode of the timer only when the timer is 
stopped. Inputs of 000 or 111 will define a NOP (no opera· 
tion) mode, the timer is stopped and the output is inactive. 
Inputs of 001 through 110 will select one of six distinct 
timer functions. 

In the explanations that follow, assume that the modulus 
for the timer Is loaded with the appropriate value by 
writing to the low and high bytes of each timer (I/O ad· 
dresses X'10 and X'11 for timer TO and X'12 and X'13 for 
timer T1). Assume also that the timer is started by writing 
the I/O address X'15 (TO) or X'17 (T1) and the prescaler is 
not selected. 

READ BUFFER 

16 

(16) 

TERMINAL 
COUNT 

OUTPUT 
CONTROL 

LOGIC TOUT 

CONTROL 

TL/C/5517·14 

FIGURE 3. Timer Internal Block Diagram (One of Two) 
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NSC810A Functional Description (Continued) 

TABLE V. TIMER PROGRAMMING SELECTION EXAMPLE 

Mode Register Bit Mode Description Port C DDR 

Timer 
Output 
Sense 

Gate Singlel Double 
Prescale Timing 

7 6 5 4 3 2 1 0 
Active 

Polarity 

LlH 
Active 

L/H 

TIMER 0 
x x x x x 0 0 0 x x 
o x 0 0 0 0 0 1 L x 
1 x 0 1 1 1 1 0 H x 
1 000 1 100 H H 

o 1 1 000 1 0 L L 
TIMER 1 

x x x x x 1 1 1 x x 
o x 0 x 000 1 L x 
101x1101 H L 
o 1 0 x 001 1 L H 

x = don't care 

Event Counter (Mode 1, TMR Bits = 001) 

In the non-gated mode, the count is decremented for each 
clock period at the input of the timer (see Figure 4a), When 
the count reaches zero, the output goes valid and remains 
valid until the timer count is read by the CPU, orthetimer is 
halted. 

The timer is reloaded at the terminal count (= 0) with the 
modulus and continues to decrement even when the out­
put is valid. 

Accumulative Timer (Mode 2, TMR Bits = 010) 

In this gated mode, the counter will decrement only when 
the gate input is active (see Figure 4b). If the gate becomes 
inactive, the counter will hold at its present value and con­
tinue to decrement when the gate again becomes active. 
When the counter decrement is zero, the output becomes 
valid and remains valid' until the count is read by the CPU 
or the timer is halted. 

At the terminal count the timer is reloaded and the count 
continues as long as the gate is active. 

Restartable Timer (Mode 3, TMR Bits = 011) 

In this gated mode, the counter will decrement only when 
the gate input is active. If the gate becomes inactive, the 
counter will reload the modulus and hold this value until 
the gate again becomes active (see Figure 4c). If the timer 
is read when the gate is inactive, you will always read the 
value the timer has counted down to, not the value the 
timer has been reloaded with. The timer restarts at its 
modulus value. The prescaler is not reset at this time. 

At terminal count the output becomes valid and the timer 
is reloaded. The timer will continue to run as normal, the 
only difference is the output is valid. Once the output is 
valid it remains valid until the count is read by the CPU or 
the timer is halted. 

Note: The gate inactive time must be longer than the high time of the in· 
ternal clock on the chip. Therefore, with -;- 64 prescale selected the gate 
inactive time must be 33 Input clocks or greater. 

Precision Value Mode 
5 432 1 0 

SID 

x 
0 
0 
0 
S 

x 
0 
S 

0 
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x 0 
-;.-1 1 

-;.-64 6 
-;.-2 4 
-;.-1 2 

x 7 
-;.-1 1 
-;.-2 5 
-;.-1 3 

One Shot (Mode 4, TMR Bits = 100) 

x x x x x x 
x x x x x x 
x x x x x x 
100 x x x 
1 0 0 x x x 

x x x x x x 
100 x x x 
100 x x x 
100xxx 

In this gated 1T)0de, the timer holds the modulus count un­
til the active gate edge (see Figure 4d). The output immedi­
ately becomes valid and remains valid as the counter 
decrements. The gating signal may go inactive without af­
fecting the count. If TG (the gate) becomes inactive and 
returns active prior to the terminal count, the modulus will 
be reloaded, retriggering the one shot period. When the 
timer reaches the terminal count, the output becomes in­
active. The gate, in this mode, is edge sensitive; the active 
edge is defined in TMR. 

Note: The one shot cannot be retriggered during its last internal count 
regardless of prescaler selected. Therefore, in divide by 1 prescaler, it 
cannot be retriggered during the last clock, in divide by 2 prescaler, during 
the last two.clocks and divide by 64 prescaler, during the last 64 clocks. 

Square Wave (Mode 5, TMR Bits = 101) 

In this non-gated mode, the output will go active as soon 
as the timer is started. The counter decrements for each 
clock period and complements its output when zero is 
reached (see Figure 4e). The modulus is then reloaded and 
counting continues. Assuming a regular clock input, the 
output will then be a square wave with a period equal to 
twice the value loaded into the modulus. Therefore, vary­
ing the modulus will vary the duty cycle of the square 
wave. 

Stopping then restarting the timer does not reset the timer. 
In order to reload the modulus and start from the begin­
ning of the cycle, the timer mode register must be reset by 
selecting mode 0 and then reprogramming the timer. 

Pulse Generator (Mode 6, TMR Bits = 110) 

In this non-gated mode, the counter decrements for each 
clock period (see Figure 4f). When the timer decrements to 
zero, the output becomes valid for one clock width. 
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NSC810A Functional Description (Continued) 

With a prescale of divide by 2 the output will be valid for 
one full clock and with divide by 64 prescale the output will 
be valid for 32 clocks. The modulus is then reloaded and 
the sequence is repeated. Varying the modulus value will 
vary the frequency of the pulse. 

Stopping then restarting the timer does not reset the timer. 
In order to reload the modulus and start from the begin­
ning of the cycle, the timer mode register must be reset by 
selecting moqe 0 and then reprogramming the timer. 

Timer Mode Examples (Modulus register Is loaded with 0004 for these examples) 

CLOCK 
COUNT 

WR--------(ADDRESS START) 

iiii 
(ADDRESS TIMER) 

OUTPUT -----------------------+...., 
(ACTIVE-LOW 
INTERRUPT) 

CLOCK 
COUNT 

Wi! ---...... 
(ADDRESS START) 

iiii 
. (ADDRESS TIMER) 

GATE 
(ACTIVE-HIGH) _______ ... 

FIGURE 4a. Event Counter Mode (Mode 1) 

OUTPUT -------~------------_+_ .. 
(ACTIVE-LOW 

INTERRUPT) 

CLOCK 
COUNT 

Wi!---...... 
(ADDRESS START) 

FIGURE 4b. Accumulative Timer (Mode 2) 

iiii-------------~----------------+------~, 
(ADDRESS TIMER) 

GATE 
(ACTIVE-HIGH) _______ ... 

OUTPUT 
(ACTIVE-LOW) 

CLOCK 
COUNT 

WII----.. 
(ADDRESS START) 

GATE (ACTIVE-HIGH) _____________ .. 

OUTPUT 
(ACTIVE-LOW) 

FIGURE 4c. Restartable TImer (Mode 3) 

FIGURE 4d. One Shot (Mode 4) 
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Timer M<?de Examples (Continued) (Modulus register is loaded with 0004 for these examples) 

Iwm 
COUNT 

~~ 
(AOORESS START) 

OUTPUT 
(ACTIVE LOW) 

FIGURE 4e. Square Wave (Mode 5) 

CLOCK 
COUNT 

WR 
(ADDRESS START) 

OUTPUT 
(ACTIVE LOW) 

FIGURE 41. Pulse Generator (Mode 6) 

TIN 

ADDRESS 

TIMER CLOCK FOR -------_ 
NON-GATED MODES 

(1,5,6) 

TG (GATING SIGNAL) (TMR 6=0) ______________ _ 

TIMER CLOCK FOR _______________ ...; 

GATED MODES 
(2,3,4) 

Note: Diagonal lines Indicate interval of invalid data, 

For mode 4 (one shot), only start-timing, applies 

tWST-WR set-up for starting timer 150 ns 

INTERNAL TIMER ACTIVE 

twsp-WR set-up for stopping timer 150 ns 

tGST-TG (gate) set-up for starting timer 100 ns 

tGSP-TG (gate) set-up for stopping timer 100 ns 

FIGURE 5. Start/Stop Timing 

TIMER MODE REGISTER 

The timer mode register (TMR) may be written or read at 
any time; however, to assure accurate timing it is impor­
tant to modify the mode when the timer is stopped. The 
timer mode is selected from one of six modes with TMR 
bits 0, 1, and 2. Bits 3 and 4 select the prescale value if the 
prescaler is to be used. Bits 5, 6 and 7 select the read/write 
mode, gate input polarity, and output sense (active-high or 
low). The bit functions of the TMR are further illustrated in 
Figure 6_ 

TMR 7 6 5 4 3 2 1 0 

§~~TIMINGMDDE ~ PRESCALE VALUE 

, SINGLE/DOUBLE PRECISION 
GATE INPUT POLARITY 
OUTPUT SENSE 

TLlCf5517·22 

FIGURE 6. Timer Mode Register 
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TABLE VI. MODE SELECTION 

BIT 210 Timer Function 

000 Timer Stopped and Reset 

001 Event Counter ' 

010 Event Timer (Stopwatch) 
011 Event Timer (Resetting) 

100 One Shot 
1 0 1 Square Wave 

0 Pulse Generator 
1 1 1 Timer Stopped and Reset 

Timer Prescaler 

There is a prescale function associated with each timer_ It 
serves as an additional divisor to lengthen the counts for 
each timer circuit. The value of the divisor is fixed and 
selectable in each TMR. 
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The timer output is affected by the prescale selection. The 
output responds to the timer clock, not the incoming clock 
(TIN); so, TOUT will be prescaled by the same value as the 
timer. Although the 16-bit prescaled count of the timer may 
be read, the Internal value of the prescaler cannot be read 
by the user. A "00" for either timer represents + 1 (no 
prescale). Timer 0 has the two possibilities of + 2 or + 64: 

Timer Bit 4 3 

o 0 

o 1 
1 1 

Preseale 

+1 
+2 
+64 

Timer 1 has only the + 2 prescale available; TMR bit 4 is a 
"don't care." 

Timer Bit 4 3 

x 0 

x 1 

Single/Double Precision 

Preseale 

+1 
+2 

A two-byte word (or a Single byte when one byte is a "don't 
care") may be read from orwriten tothetimers. To program 
the timer buffers, TMR bit 5 must be set as fallaws: 

O-Double byte read or write low byte first, then high 
byte. The arder af low byte first, high byte second 
must be maintained for proper Read/Write 
communications. 

1-Single byte read or write low byte only-high byte 
"don't care" or high byte anly with low byte "don't 
care." 

The difference between these modes is that the double 
byte mode freezes the read buffer or the modulus register 
until you have had an opportunity to read or write both 
bytes. The following example clearly illustrates this paint. . 
If the timer had a value of 200 when the low byte was read 
and then decremented to 1 FF befare the high byte was 
read then the double byte mode would have read 00 and 02, 
respectively. The single precision mode would have read 
00 and 01. 

Note: In the double precision mode, the high byte should be read Im­
mediately after the low byte. Do not access any other registers or unused 
address location between the reads. 

Gate Input Polarity 

The TG input is the hardware control for starting and stop-. 
ping the timers. Far mades 2 and 3, the timer starts on the 
gate-active transit ian assuming the start address was 
previously written. If the timer gate makes an activetransi­
tion priorto a write to. the start address, the trailing edge of 
the WR strabe starts the timer. However, for mode 4 the 
timer always waits for an active gate edge following a 

. write to the start address. 

The polarity of the gate input may be selected by the can­
tents af bit 6 of the TMR. If bit 6 equals 0, the gate Signal 
will be active-high or positive edge far mode 4; if bit 6 
equals 1, the gate polarity will be active-low or negative 
edge far mode 4. 
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Timer Output Polarity 

Like the gating function, the polarity of the output signal is 
also programmable via bit 7 of the TMR. A zero will cause 
an active-low output; a one will generate an active·high 
output. 

The autput for T1 Is multiplexed with port C, bit 5. (Simi­
larlyT11N is multiplexed with port C, bit 4.)When any timer 
mode other than Oar 7 is specified for T1, or when mode 2, 
mode3, armode4 is specified for TO, the three port C pins, 
bit 3, bit 4, and bit 5, become TG, T11N and T10UT, 
respectively. 

TIMER PROGRAMMING 

The proper sequence to program the timer is as follows: 

1. Write timer mode register with mode 0 or 7 selected. 
This stops the timer, resets the prescaler, and sets internal 
clock high. 

2. Write timer mode register again, this time setting it up 
to your requirements. 
3. Write the modulus values, low byte first, high byte 
second. 

4. Start the timers. 

The timer output latches are only updated when the inter­
nal timer clock gets an active transition. The internal timer 
clock is defined as the output of the prescaler. Therefore, it 
is impossible to read back the value just written to the 
timer unless you have an active transition on the internal 
clock. 

To guarantee the integrity af the data during a read opera­
tion, updates to the timer output latches are blocked aut. If 
an update is blocked out due to a read, the output latches 
will not be updated until the next active transition. If con­
tinuous reads were made to the timers and an update was 
blocked aut it would appear as if a count was skipped. For 
example, if the output latches were FF when a block out 
accurred, the next update would occur at FD, thereby giv­
ing an appearance of the count FE being skipped. In ac­
tuality the correct number af clocks has occurred for the 
timer to read FD. 

Writing the modulus value when the timer is running does 
not update the timer immediately. The new value written 
will get into the timer when the timer hits its terminal 
count and reloads its value. If the timer is stopped and a 
modulus is written the new modulus value will get into the 
timer only if the internal clack is high for same peri ad 
befare the start command. If it does not go. high then the 
next time the timer hits Its terminal count it will load the 
new modulus. One way to guarantee the data will get into 
the timer immediately is to. follow steps 1-4. Although this 
procedure guarantees that the data will get into. the timer 
you will not be able to read it back until you get an active 
transit ian an the internal clock . 

Rewriting modulus does not reset the prescaler. The anly 
way to reset the prescaler is to write the mode register and 
have internal clock signal be high for some period be­
tween the write of the mode register and the start af the 
timer. Once again steps 1 through 4 will reset the 
prescaler. 



NSC810A/8838 MIL-STD-883 
Class 8 Screening 
National Semiconductor offers the NSC810AD and 
NSC810AE with full class 8 screening per MIL-STD-8838 
for Military/Aerospace programs requiring high reliability. 
In addition, this screening is available for all of the key 
NSC800 peripheral devices. 

Electrical testing is performed In accordance with 
RETS81 OAX, which tests or guarantees all of the electrical 
performance characteristics of the NSC810A data sheet. 

, A copy of the current revision of RETS810AX is available 
upon request. The following table is the MIL-STD-883 flow 
as of the date of publication. 

Test MIL·STD·883 Method/Condltion Requirement 

Internal Visual 2010 B 100% 

Stabilization Bake 100B C 24 Hrs. @ + 1S0·C 100% 

Temperature Cycling 1010 C 10 Cycles -6S·CI + 1S0·C 100% 

Constant Acceleration 2001 E 30,000 G's, Y1 Axis 100% 

Fine Leak 1014BSx10- B 100% 

Gross Leak 1014C 100% 

Burn-In 101S 160 Hrs_ @ + 12S·C (using 100% 
burn-in circuits Shown below) 

Final Electrical + 2S·C DC per RETS810AX 100% 
PDA 10% Max 

+ 12S·C AC and DC per RETSB10AX 100% 
- SS·C AC and DC per RETSB10AX 100% 
+ 2S·C AC per RETSB10AX 100% 

QA Acceptance Group A (sample, each lot) 

Quality Conformance Group B (sample, each 
inspection lot) 

Group C (sample every 90 days 
per microcircuit group) 

Group D (sample every 6 months 
per package type) 

External Visual 2009 100% 

Burn-In Circuit Timing 'Diagram 

CLOCK 1 

CLOCK 2 

CLOCK 3 

5242HR 
NSC810AD/883B (Dual-In-Line) 

y 1 40 
-A ... 2 39 .. "'''' 

3 38 
51... ... 4 37 

-AAA 5 36 .. 
... ... 6 35 

7 34 
....... 8 33 

51 '" "' ... '" 
9 32 "''''.,. 

A 10 31 
51 '" 

11 30 ...... 
12 29 "".-.... 13 28 

... ... 14 27 

15 26 
....... 16 25 
A"A"A'-

17 24 '" 
.A"'''' 18 23 
........ y 

19 22 

20 21 

-== 

5.5 voc 
10 

... 
y 

"'''' .... 
... y 

"".-
-AAA 

y 

"".-... 
"".-... 
"'".-

A "'.,. 

AAA ..... 
AAA ...... 
A ... 
.,."" 

A 

"".-
A ... 

... 

..... AA 

'" .. 

TLlCI5517·23 
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Input Clocks 

OV 
31's 

4.5V -+-~--i 
CLOCK 3 

Note1: All resistors ± S%, 1/4 watt unless otherwise deSignated, 12S·C 
operating life circuit. 

Note 2: E package burn-In circuit S244HR Is functionally Identical to the 
D package. 

Note 3: All resistors 2.7 kO unless marked otherwise. 

Note 4: All clocks OV to 4.SV. 

Note 5: Device to be cooled down under power after burn-in. 
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Ordering Information 

NSC810A X X _xI'"' X 
-I'"'-r- y 

. IA t = A + Reliability Screening 
1883 = MIL·STD·883B Screening (Note 1) 

II = Industrial Temperature (- 40°C to + 85°G) 
'-------~ M = Military Temperature (- 55°C to + 125°G) 

I No Designation = Commercial Temperature (O°C to 70°G) 

1-1 = 1 MHz Clock Output (Note 2) 
'----.....,....-----1 - 4 = 4 MHz Clock Output . 

I No Designation = 2.5 M Hz Clock Output 

D = Ceramic Package 
J = CERDIP Package (availability to be announced) 

L..-. ________ --j N = Plastic Package 

Reliability Information 

Gate Count 

Transistor Count 

E = Ceramic Leadless Chip Carrier (LCG) 
V = Plastic Leaded Chip Carrier (PCG) (availability to be announced) 

Note 1: Do not specify a temperature option; all parts are screened to military temperature. 

Note 2: -1 part only available in D·1, N·1, D·11, N·11, V·1, V·11 

EXAMPLES 
NSC810AE·4/883 
NSC810AN 
NSC810AD·11/A + 

4000 

14,000 
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~National 
U Semiconductor 

microCMOS 

NSC830 ROM-I/O; NSC831 1/0 Only 

General Description 

The NSC830 is a ROM-lID device contained in a standard 
40-pin, dual-in-line package. The chip, which is fabricated 
using microCMOS silicon gate technology, functions as a 
memory, and an input/output peripheral interface device. 
The memory is comprised of 16,384 bits of ROM organized 
as 2048 x 8. The 110 portion consists of 20 programmable 
inputloutput bits arranged as three separate ports, with 
each bit individually definable as an input or output. The 
port bits can be set or cleared individually and can be writ­
ten to or read from in bytes. Several types of strobed mode 
operations are available through Port A. 

The NSC831 110 Only is similar to the NSC830 except it has 
no ROM. The NSC831 is useful for prototyping work prior to 
ordering the NSC830, and when on-chip ROM is not 
required. 

Microcomputer Family Block Diagram 

XIN Vee GND 

~ INTR ADO-A07 

RSTA, ii, C ~ 

~ NMI 
AB-A15 

INTA 
SO 

Sl AD 
RFSH Wfj' 

NSCBOO 
BRED CPU ALE 

BACK 101M 

WAIT RESET OUT 
PS 

Vee 

For military applications the NSC831 is available with class 
B screening in accordance with methods 5004 of MIL-STD-
883. 

Features 

• 2K x 8 read only memory 

• Three programmable 110 ports 
I:iI Single 5V Power Supply 

• Very low power consumption 

• Fully static operation 
• Single-instruction 110 bit operations 

C Directly compatible with NSC800 family 

• Strobed modes available on Port A 

Vee GND 

NSCB10A 
RAM 
110 

TIMER 

NSCB30 
ROM 
1/0 

PORT A 
B BITS 

PORT B 
B BITS 

PORT C 
6 BITS 

~ TIMEROIN 

TIMER 0 OUT 

PORT A 
B BITS 

PORT B 
B BITS 

L.....----~Wii PORT C 
4 BITS L..... ____ -+I ALE 

~-------I~ 101M 

--------.t RESET 
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Absolute Maximum Ratings 

Storage Temperature Range 
Voltage at Any Pin With 

Respect to Ground 
Vce 

-0.3V to Vee + 0.3V 

Lead Temperature (Soldering, 10 seconds) 
Power Dissipation 

. 7V 

Note: Absolute maximum ratings are those values beyond which the safety 
of the device cannot be guaranteed. eontinuous operation at these limits is 
not intended; operation should be limited to those conditions specified under 
De Electrical Characteristics. 

Operating Range Vee = 5V ± 10% 

Ambient Temperature 
Military 
Industrial 
Commercial 

-55°C to + 125°C 
-40°C to + 85°C 

O°C to + 70°C 

DC Electrical Characteristics TA=-55°Cto + 125°C, Vce=5V± 10%, GND=OV, unless otherwise specified 

Symbol Parameter Test Conditions Min Typ Max Units 

VIH Logical 1 Input Voltage 0.7 Vee Vec V 

VIL Logical 0 Input Voltage 0 0.2 Vcc V 

VOH Logical 1 Output Voltage 
IOH = -1.0 mA 2.4 V 

lOUT = -10 p.A Vee - 0.5 V 

IOL = 2 mA 0 0.4 V 
VOL Logical 0 Output Voltage 

lOUT = 10 p.A 0 0.1 V 

IlL Input Leakage Current o :S VIN :S Vee -10.0 10.0 p.A 

IOL Output Leakage Current o :S VIN :S Vee -10.0 10.0 p.A 

lec Active Supply Current lOUT = 0, twey = 750 ns 8 10 mA 

10 Quiescent Current No Input Switching, TA = 25°C 10 100 p.A 

CII,.j Input Capacitance 

COU'T Output Capacitance 

Vee Power Supply Voltage 

Low Voltage Operation Preliminary 

Voltage NSC831·1 NSC831 NSC831·4 Units 

2.4 - 500 500 kHz 

3.0 - 1 1 MHz 
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4 7 

6 10 

2.4 5 6 

ICC vs. SPEED 

10 ~----~-------r------.-----~ 

3000 1500 
IWCY (ns) 

1000 

NSC 800 CLOCK SPEED· (MHz) 

·WHEN NSC830/NSC831 IS USED WITH NSC800 

750 

TlIC/5594-2 

pF 

pF 

V 



AC Electrical Characteristics Vcc = 5V ± 10%, GND = OV 
Valid for the following temperature and speed: 

Symbol 

tACC 

tAH 

tALE 

tARW 

tAS 

tOH 

too 

tos 

tpE 

tpH 

tps 

tpz 

tRB 

tRO 

tROD 

tRI 

tRWA 

tSB 

tSH 

tSI 

tss 

tsw 

tWB 

tWI 

tWR 

twCY 

NSC830-1, NSC831-1: O°C to + 70°C 
-40°C to + 85°C 

NSC830, NSC831: O°C to + 70°C 
-40°C to + 85°C 
-55°C to + 125°C 

NSC830-4, NSC831-4: O°C to + 70°C 
-40°C to + 85°C 
-55°C to + 125°C 

NSC830-1 

Parameter 
Test 

Conditions 
NSC831-1 

Min Max 

Access.Time from ALE CL = 150 pF 1000 

ADO-AD7, CE, IOTiM Hold time 100 

ALE Strobe Width (High) 200 

ALE to RD or WR Strobe 150 

ADO-AD7, CE, IOTlM Set-Up Time 100 

Data Hold Time 150 

Port Data Output Valid .350 

Data Set-Up Time 100 

Peripheral Sus Enable 320 . 

Peripheral Data Hold Time 150 

Peripheral Data Set-Up Time 100 

Peripheral Sus Disable (TRI-STATE:!l ) 150 

RD to SF Output 300 

Read Strobe Width 400 

Data Sus Disable 0 100 

RD to INTR Output 320 

RD or WR to Next ALE 125 

STS to SF Valid 300 

Peripheral Data Hold With Respect to STS 150 

STS to INTR Output 300 

Peripheral Data Set-Up With Respect to STS 100 

STS Width 400 

WR to SF Output 340 

WR to INTR Output 320 

WR Strobe Width 400 

Width of Machine Cycle 3000 
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NSC830 . 

NSC831 

Min Max 

400 

60 

125 

120 

75 

90 

310 

80 

200 

125 

75 

150 

300 

320 

0 100 

320 

100 

300 

125 

300 

75 

320 

340 

320 

320 

1200 

NSC830-4 

NSC831-4 

Min Max 

300 

30 

75 

75 

40 

40 

300 

50 

200 

100 

50 

150 

300 

220 

0 75 

300 

75 

300 

100 

300 

50 

220 

300 

300 

220 

750 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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AC Testing Input/Output Waveform 

~70% 70%V -A_2,;,,001l,.;.0 ___ ....;;2.;;.,001l..;.,0 -A-

TUC/5517·3 

AC Testing Load Circuit 

DEVICE· 
UNDER 
TEST 

150 pF 

TUC/5517·4 

General Timing Waveforms 

101M 
CE 

AD (0-7) 

ALE 

PERIPHERAL 
(PORT) BUS 

Read Cycle (Read from ROM or Port) 

~--------------------------twCy------~----------------------~1 

Note: Diagonal lines Indicate Interval of invalid data. 

10lM 
CE 

AD (0-7) 

ALE 

Write Cycle (Write to Port) 

~----------------------------twCY--------------------------~ 

10/M=0 OR 1 
CE=1 

ADDRESS IN 

Note: Diagonal lines Indicate interval of invalid dala. 
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· Handshake Timing 

STB 

PERIPHERAL 
(PORT A) BUS 

BF 

INTR 

101M 
CE 

ALE 

Strobed Mode Output 

PORT A 

AD (0-7) ~-
RD 

Note: Diagonal lines indicate interval of invalid data. 

Strobed Mode Input 

I~/EM WM' 
AD (0-7) BI< PORT A ADDR -.< OATA IN 

TUC/5594·13 

ALE \ 1: .. ' ___________ _ 

BF 

ACTIVE (MODE 2) 

fORT ABU, [_ ~.~T:!.M~E~ __ 

OLD DATA 

Note: Diagonal lines indicate interval of invalid data. TUC/5594·14 
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NSC830 Functional Pin Description 
The following describes the function of all NSC830 input/ 
output pins. Some of these descriptions reference internal 
circuits. 

INPUT SIGNALS 

Master Reset (RESET): An active-high input on the 
RESET pin initializes the chip causing the three I/O ports (A, 
B and C) .to revert to the input mode. The three ports, the 
three data direction registers and the mode definition regis­
ter are reset to low (0). 

Input/Output/Memory Select (IO/M): The 10/M pin is a 
latched, select input line. A high (1) input selects the I/O por­
tion of the chip; a low (0) input selects the ROM portion of 
the chip. The select input is latched by the trailing edge 
(high to low transition) of the ALE signal. 

Chip Enable (CEo/CEo, IOR/CE11CE1): The chip enable 
inputs are mask programmable at the factory. The CE 
inputs permit the use of multiple NSC830s in a system with­
out using a chip select decoder. The CE inputs must be 
active at the falling edge of ALE. At ALE time, the CE inputs 
are latched to provide access to the NSC830. The lOR input 
performs the same function as the combin~tion of 10/M 
input high and the RD input low. 

Read (RD): When the RD (or the lOR, when mask pro­
grammed) input is an· active low, data is read from the 
ADO-AD? bus. When both RD and lOR are high, the 
ADO-AD? bus is in the high impedance state. 

Write (WR): When the CE inputs are active, and the 10/M 
input is high, an active low WR input causes the selected 
output port to be written with the data from the ADO-AD? 
bus. . 

Address Latch Enable (ALE): The trailing edge (high to 
low transition) of the ALE input signal latches the address/ 
data present on the ADO-AD? bus, A8-A 1 0 bus, plus the 
input control signals on 10/M, CEo/CEo, and CE1/CE 1. 

Address Bus A8-A 10: The high-order bits of the ROM 
address are input on this 3-bit bus and are latched by the 
high-to-Iow transition of the ALE input. These bits do not 
affect the I/O operations. 

Power (Ved: 5V power supply. 

Ground (Vss): Ground reference. 

INPUT/OUTPUT SIGNALS -

Bidirectional Address/Data Bus ADO-AD7: The lower 8 
bits of the ROM or I/O address are applied to these pins, 
and latched by the trailing edge of ALE. During read opera­
tions, 8 bits are present on these pins, and are read when 
RD or lOR is low. During an I/O write cycle, Port A, S, or C is 
written with the data present on this bus at the trailing edge 
of the WR strobe. 

Ports A, B, C (PAO-PA7, PBO-PB7, PCO-PC3): These are 
general purpose I/O pins. Their input/output direction is 
determined by the contents of the Data Direction Register 
(DDRs). 
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Connection Diagrams 

PAD 

AS 
A9 

A1D 
RESET 

CEo/CEo' 
IOiM 

TOP VIEW TLIC15594-3 

* Pin 6 is mask programmable as CEo or CEo· 
Pin 8 is mask programmable as lOR, CE

" 
or CE l . 

PAD 

RESET 

CEo 

Vee 

TOP VIEW TLIC15594·4 

*Tie pins 2, 3, and 4 to either Vcc or Vss. 

See NS Package D40C, J40A or N40A 



Connection Diagrams (Continued) 

RESET • • • PAD NC Vee PAl PA2 PA3 PA4 

m PA5 

Vee PAS 

CEl PA7 

AD PCD!1NfiI 

Wii 
"E" AND "V" 

PC1!BF 

NC PACKAGE NC 

ALE PC2!STB 
ADD PC3 

ADl PBD 

AD2 PBl 

AD3 PB2 

AD4 AD5 ADS AD7 Vss NC PB7 PB6 PB5 PB4 PB3 

NC = NO CONNECT 

See NS Package ED44A or V44 

(6) 
_CEoICEo~ 
IOR!CE11cr1 ~(lD 
WR~ 
RD~ 
IOIM~ 

CONTROL 
lOGIC 

AlE~ 
RESET'~ ""-____ ..... 

(2-4) ... 

A8-A1D ...... ~ ,.. 

ADD-A074 •••• ~ 

(40) 
Vee (20)+ 
GND~ 

ROM 
16,384 BITS 
(2D4BxB) 

ADDRESS 
BUFFERS 

ADDRESS! 
DATA 

BUFFERS 
AND 

LATCHES 

TlIC15594·5 

INTERNAL 
DATA 
BUS 

NSC830 Functional Description 
Refer to Figure 1 for a detailed block diagram of the 

. NSC830, while reading the following paragraphs. 

Read Only Memory (ROM): The memory portion of the 
ROM-lID is accessed by an 11-bit address input to pins 
ADO-AD7 and A8-A 10. The 101M input must be low (ROM 
select) and the chip enable pins in the active programmed 
state at the falling edge of ALE to address the ROM. Timing 
for ROM read and write operations is shown in the timing 
diagrams. 

InputlOutput (1/0): The 110 portion of the NSC830 con­
tains three' sets of 110 called Ports. There are two ports (A 
and B) which contain 8 bits each and one port (Port C) which 
has 4 bits. Any bit or combination of bits in a port may be 
addressed with Set or Clear commands. A port can also be 
addressed as an 8-bit word (4 bits for Port C). When reading 
Port C, bits 4-7 will be read as ones. All ports share com­
mon functions of Read, Write, Bit-Set and Bit-Clear. 
Additionally, Port A is programmable for strobed (hand­
shake) mode input or output. Port C has a programmable 
second function for each bit associated with strobed modes. 
Table 1 defines the address location of the ports and control 
registers. 

TlIC15594·6 

Note: Applicable pinout for 40-pin dual-in-line package within parentheses. 

FIGURE 1. NSC830 Block Diagram 
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Table 1. I/O and Address Designations 

a-Bit Address Field 

Bits 

7 6 5 4 3 2 1 0 

X X X X 0 0 0 0 

X X X X 0 0 0 1 

X X X ·X 0 0 1 0 

X X X X 0 0 1 1 

X X X X 0 1 0 0 

X X X X 0 1 0 1 

X X X X 0 1 1 0 

X X X X 0 1 1 1 

X X X X 1 0 0 0 

X X X X 1 0 0 1 

X X X X 1 0 '. 1 \ 0 

X X X' X 1 0 1 1 

X X X X 1 1 0 0 

X X X X 1 1. 0 1 

X X ·X X 1 1 1 0 

X X X X 1 1 1 1 

Note: X = don't care 

MODE DEFINITION REGISTER (MDR) 

The Mode Definition Register (MDR) defines the operating 
mode for Port A. While Ports Band C are always in the 
basic I/O mode, there are four operating modes for Port A: 

Mode 0 - Basic 1/0 (Input or Output) 

. Mode 1 - Strobed Mode Input 

Mode 2 - Strobed Mode Output 
• Active Peripheral Bus 

Mode 3 - Strobed Mode Output 
• TRI-STATE (high impedance) 

Peripheral Bus 

The MDR has the I/O address assignment XXX00111. The 
bit configuration for the mode selection is illustrated below: 

Bit 
Mode 

7 6 5 4 3 2 1 0 

a X X X X X X X a 
1 X X X X X X a 1 

2 X X X X X a 1 1 

3 X X X X X 1 1 1 

Note: X = don't care 

DATA DIRECTION REGISTERS (DDR) 

Each port bit has a data direction register (DDR) which 
defines the I/O state of the bit. The bit is configured as an 
input if a "a" is written into its DDR, or as an output .if a "1" 
is written. The DDR bits cannot be individually written to; 
the entire DDR byte' is affected by a write to the DDR 
address. Thus all data must be consistent with the direction 

, desired for each port. 

Any write or read operations on a port contradicting the 
DDR will not affect the port output or input. However, a read 

Designation R (Read) 
I/O Port, etc. W (Write) 

Port k(byte) R/W 

Port B (byte) R/W 

Port C (byte) RIW 

Not Used -
DDR - Port A W 

DDR - Port B W 

DDR - Port C W 

Mode Definition Register W 

Port A - Bit Clear W 

Port B - Bit 'Clear W 

Port C ...;.. Bit Clear W 

Not Used -
Port A - Bit Set W 

Port B - Bit Set W 

Port C - Bit Set W 

Not Used -

of a port bit defined as an output will cause a read from the 
output latch, and a write to a port bit defined as an input will 
modify the output latch. . 

PORT FUNCTIONS - BASIC I/O . 

Basic I/O is the mode of operation of Ports Band C and 
mode 0 of Port A (defined by the MDR). Read, write, and bit 
operations can be executed in the basic I/O mode. The tim­
ing for basic input and basic output modes is shown in the 
AC Characteristics tables. 

, When a read occurs the information is latched from the 
peripheral bus on the leading (falling) edge of the RD 
strobe. When a write occurs the port bus is modified after 
the trailing (rising) edge of the WR strobe with data from the 
AD bus. Port output data remains valid on the output pin 
from one trailing edge of WR strobe to the trailing edge of 
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the next WR strobe. . 

BIT OPERATIONS. 

The I/O features of the ROM-I/O allow modification of a sin­
gle bit or several bits of a port with Bit-Set and Bit-Clear (see 
Figure 2). The address is set up to indicate that a bit set (or 
clear) is taking place. The incoming data o.!!J!:te addressl 
data bus is latched at the trailing edge of the WR strobe and 
is treated as a mask. All bits containing "1s" will cause the 
indicated operation to be performed on the corresponding 
port bit. All bits of the data mask with "Os" cause the corre­
sponding port bits to remain unchanged. Three sample 
operations are given,using Port B as an example: 

Operation Set B7 
Bit B2 Set B4, B3 
and BO and B1 

Address XXX01101 XXX01001 XXX01101 

Data 10000000 00000101 00011010 

Port Pins 

Prior State 00001111 10001111 10001010 

Next State 10001111 10001010 10011010 



INTERNAL 
DATA BUS 

P (I) 

WR (DDR) 

(DATA DIRECTION) 

TLiC/5594-7 

FIGURE 2. Block Diagram for Port Bit (i) 

PORT A - STROBED (HANDSHAKE) MODE 

Port A can be programmed (via the MDR) into one of 3 types 
of strobed mode for handshake communication with intelli­
gent peripherals. When Port A is in mode 1, 2, or 3 (see 
description of MDR), Port C pins 0, 1, and 2 are used as sig­
nals to and from the peripheral and to theCPU, controlling 
handshake operations. These control signals are desig­
nated STB, BF, and INTR. Timing parameters and timing 
diagrams are detailed under AC Characteristics. 

INTR (Strobe Mode Interrupt) is an active-low interrupt 
from the I/O to the CPU. In strobed input mode, 
the CPU reads the valid data at Port A to clear the 
interrupt. In strobed output mode, the CPU clears 
the interrupt by writting to Port A. 

The INTR output can be· enabled or disabled, 
thus giving the ability to control strobed data 
transfer under software control. It is enabled or 
disabled respectively, by setting (= 1) or clearing 
( = 0) tho output data latch of bit 2, port C. Port bit 
PC2 is used as th~ STB input. Since PC2 is 
always an input during strobed mode of opera­
tion, its output data latch is not needed. There­
fore, during strobed mode of operation it is 
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STB 

BF 

internally gated with the interrupt signal to gener­
ate the INTR output. Reset clears this bit to zero, 
so it must be set to one to enable the INTR pin for 
strobed operation. Once the strobed mode of 
operation is programmed, the only way to change 
the output data latch of PC2 is by using the Bit­
Set and Clear instructions. The Port C byte write 
command will not alter the output data latch of 
the PC2 during the strobed mode of operation. 

(Strobe) is an active-low input from the peripheral 
device, signaling that data transfer is about to 
begin. This strobe is interpreted as an "output 
request" if Port A is in a strobed output mode, or 
as a "data valid" signal if Port A is in strobed 
input mode. 

(Buffer Full) is an output from the I/O to the 
peripheral Signaling that data transfer is com­
plete. In strobed input mode this strobe indicates 
that data is received into Port A and that no fur­
ther data should be transmitted by the peripheral 
device until the port has been read (emptied). In 
strobed output mode the BF indicates that the 
request from the peripheral has been processed 
by the CPU and the valid data now appears in 
Port A. 

The bits of Port C that are used for handshake control of 
Port A (bits CO, C1, and C2) must be direction-defined 
appropriately in the DDR. Also, the DDR 9f Port A must be 
consistent with the mode specified in the MDR. Register 
set-up configurations for the three handshake modes are 
illustrated in Table 2. 

Table 2. Mode Definition· Register Configurations 

DDR CDR Port C 
Mode MDR 

Port A Port C 
Output 
Latch 

Strobed 
XXXXXX01 00000000 XXX011 XXX1XX 

Input 

Strobed 
Output XXXXX011 11111111 XXX011 XXX1XX 
(Active) 

Strobed 
Output 

XXXXX111 11111111 XXX011 XXX1XX 
(TRI-
STATE) 
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NSC831/833B MIL-STD-883 
Class B Screening 
National Semiconductor offers the NSC831 D and NSC831 E 
with full class B screening per MIL-STD-883B for Military/ 
Aerospace programs requiring high reliability. In addition, 
this screening is available for all of the key NSC800 periph­
eral devices. 

Electrical testing is performed in accordance with RET831 X 
which tests or guarantees all of the electrical performance 
characteristics of ,the NSC831 data sheet. A copy of the cur­
rent revision of RET831X is available upon request. The fol­
lowing table is the MIL-STD-883 flow as of the date of 
publication. 

100% SCREENING FLOW 

Test MIL-STD-883 Method/Condition Requirement 
Internal Visual 2010B 100% 

, Stabilization Bake 1008C 24 Hrs. @ + 150°C 100% 
Temperature Cycling 1010C 10 Cycles -65°C/ + 150°C 100% 
Constant Acceleration 2001E 30,000 Gs, Yl Axis 100% 
Fine Leak 1014B 5 x 10-8 100% 
Gross Leak 1014C 100% 
Burn-In 1015 160 Hrs. @ + 125°C (using burn-in circuits shown below) 100% 
Final Electrical +25°C DC per RETS831X 100% 
PDA 10% Max 

+ 125°C AC and DC per RETS831X 100% 
-55°C AC and DC per RETS831X 100% 
+25°C AC per RETS831X 100% 

QA Acceptance Group A (sample, each lot) \ 

Quality Conformance Group B (sample, each inspection lot) 
Group C (sample, every 90 days per microcircuit group) 
Group D (sample every 6 months per package type) 

External Visual 2009 100% 

Burn-In Circuit Timing Diagram 

5243HR 
NSC831D/8838 (Dual In-Line) 

Input Clocks 

CLOCK 1 

Jl..... 1 ...... .. 
... ~.I'v--I 2 

.5-1~.1'v--I 3 
--+;;";""M .. ,-i 4 

.... JI..If'. .. If'. .. 1I-I5 

... ~ .. I'v--I 6 
_+----17 

"'51~"""''''''''''''' 8 
CLOCK 2 -Io-lo';';J\ "' .. If'.. ... If'.. ...... 1I-I 9 

5'L.... ........ 10, 
CLOCK 3 -+-+""""""'"...... 11 

...-.A",,, "',..,.. "'-t 12 
Jl."' .... 

...-"' .. " .. "......... 13 

... ~ ... ""' ... .,.......14 

... ~" ".1'11--1 15 

... ~ .. ""' .. .,.......16 

"'--"'''' .. '' ..... "........... 17 
...-~JO.""' ......... 18 

JO. ..... "" 

.. "... 19 
._+----120 

-:.: 

5.5 VDC 
10 

40 t-'.A'\I"''\I''",,""'' 
39 Jl.·I11:" ... 

!: ~ .. V ... V.\t-... 

32 JO."''' 

26 -"' ..... 

25 t-'JO.V"","'\t-• 

24 t-'JO.","'"",,-. 

23 t-'JO.","'","''\o-'' 

22 t-' .. W."' ....... 
21 .A ..... ".; 

~----------------------~ TLlC15594-8 
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Note 1: All resistors ± 5%, 1/4 watt unless otherwise designated, 125°C 
operating life circuit. 

Note 2: E package burn·in circuit 5556HR is functionally identical to the 
D package, 

Note 3: All resistors 2,7 kO unless marked otherwise. 

Note 4: All clocks OV to 4.5V 

Note 5: Device to be cooled down under power after burn-in, 



APPROVED FORMATS FOR CUSTOM PROGRAMMED 
PARTS 

Input Medium: 

2716 EPROM 

2708 EPROM 

Paper Tape 

IMPORTANT - EPROM LABELING 

Only one customer program may be included in a single 
order. The following method must be used to identify the 
EPROMs comprising a program. 

a. The EPROMs used for storing a custom program are 
designated as shown: 

2716: Block A 0-2047 

2708: Block A 
Block B 

0-1023 
1024-2047 

b. All EPROMs must be labeled (stickers, paint, etc.) with 
this block designation plus a customer assigned print or 
identification number. 

Example: 

1. Customer Data 
• Custom Program Length - 2K 
• Medium - Two 2708s 
• Customer Print or 1.0. No. C123-45 

2. EPROM Labels 

Paper Tape 

C123-45 
A 

0-1023 

C123-45 
B 

1024-2047 

Tapes may only be submitted in binary complement format. 
The following information should be written on the paper 
tape. 

Company' Name 

Customer Print or 1.0. No. 

NSC Part No. 
A Punch = (" 1;' or "0") 

This is __ logic (POS or NEG) 
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BINARY COMPLEMENT FORMAT 

;;. :~ • ; •••• )_ ) ••••• ; ••• ~B~T 1 
00 0 0 
••• TOP • ... _. 
••• 0 
.0 0 0 -BIT8 

~ 
COMPLE:~:: ~R~~ -) 

COMPLEMENT WORO 1 

WORD 1 

COMPLEMENT WORD 0 

'----- WORD 0 

'----- START 

Note 1: Tape must be blank except for the data words. 

Note 2: Tape must start with a rub out character. 

TL/CI5594·'O 

Note 3: Data is comprised of two words. the first being the actual data and 
the second.being the complement of the data. 

Verification 

You will receive a listing of the options ordered and the input 
data. If you also wish to receive EPROMs for verification, 
please send additional blank EPROMs as necessary for this 
purpose. You can use software (the listing) or hardware 
(EPROMs) to verify the program. 

You will be asked for a GO/NO GO response within one 
week after you receive the listing. 

VERIFICATION LISTING 

The verification listing has six sections: 
1. A cover sheet with provision for "STOP, DO NOT PRO­

CEED" or "VERIFICATION CERTIFIED" signatures. 

2. Description of the options you have chosen. 

3. A description of the log designations and assumptions 
used to process the data. 

4. A listing of the data you have submitted. 

5. An error summary. 

6. A definition of the standard logic definitions for the ROM 
and the reduced form of the data. This list shows the out­
put word corresponding to each address coded in binary. 

z en 
() 
(X) 
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ORDERING INFORMATION FOR CUSTOM PROGRAMMED PARTS 

The following information must be submitted with each custom ROM program. An order will not be processed unless it is accom­
panied by this information. 

Person (Customer, Sales Representative, etc.) to whom 
Verification Package be sent: 

Name 

Company 

Address 

City, State, and Zip Code 

Person (Customer) NS Can Contact for 
Technical Questions 

Telephone Number 

Sales Representative 

INPUT MEDIUM 

See following page for approved formats. Please check the 
medium you are using.' 

o Paper Tape 

o 2716 EPROM 

[J 2708 EPROM 

__ Total number of EPROMs 

NATIONAL PART NUMBER AND PACKAGE 

ROM Letter Code (National Use Only) 

Customer Name and Location 

Customer Print or 1.0. Number for this ROM Program 

Purchase Order Number 

Device Marking Instruction (Unless otherwise instructed, 
NS will always mark devices with Date Code, National 
Part No., and ROM Code. Any additional marking should 
be shown below.) 

Customer Service Representative 
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OPTIONS FOR NSC830 ROM - I/O 

Option 1 = 0 

CEo Select, enter: 0 for CEo 
1 for CEo 

Option 2 = 0 

CE1/10R Select, enter: 0 for lOR 
1 for CE1 
2 for CE1 



Ordering Information 

NSC830~~ X X X X . 1 T i IA+ =A+ Reliability Screening 
. I = Industrial Temperature (-40°C to + 85°C) 

M = Military Temperature (-55°C to = + 125°C) 
. No Designation = Commercial Temperature (O°C to + 70°C) 

1-1 = 1 MHz Clock Output (Note 1) 
~--~ -4 = 4 MHz Clock Output I No Designation = 2.5 MHz Clock Output 

D = Ceramic Package 
J = Cerdip Package (Availability to be announced) 

L------t N = Plastic Package 
E = Ceramic Leadless Chip Carrier (LCC) 
V = Plastic Leaded Chip Carrier (PCC) (Availability to be announced) 

'--------11 Unique ROM code (Alpha characters assigned by National) 

Note 1: -1 part only available in 0-1, N-l, 0-11, N-II, V-1, V-II 

Examples 
NSC830XXXlN 
NSC830XXXlE-4/A + 

Reliability Information (NSC830) 
Gate Count* 2150 (min) 

2278 (max) 

Transistor Count* 8500 (min) 
24,884 (max) 

'Dependent on ROM program size. 

Ordering Information 

NSC831_X X i T i/A + =A+ Reliability Screening 

1883 = MIL·STD·883B Screening (Note 1) . 

I = Industrial Temperature (-40°C to + 85°C) 
M = Military Temperature (-55°C to = + 125°C) 
No D~signation = Commercial Temperature (O°C to + 70°C) 

I -1 = 1 MH~ Clock Output (Note 2) 
~---I1-4 = 4 MHz Clock Output 

No Designation = 2.5 MHz Clock Output : 

D = Ceramic Package 
J = Cerdip Package (Availability to be announced) 

L------i N = Plastic Package 
E = Ceramic Leadless Chip Carrier (LCC) 
V = Plastic Leaded Chip Carrier (PCC) (Availability to be announced) 

Note 1: Do not specify a temperature option: all parts are screened to military temperature. 

Note 2: -1 part only available in 0-1, N-1, 0-11, N-11, V-I, V-11. 

Examples 
NSC831 E-4/883 
NSC831N 
NSC831 0-1 I/A + 

.Reliability Information (NSC831) 
Gate Count 1900 

Transistor Count 7400 
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PRELIMINARY 

microCMOS 

~National . 
~ Semiconductor 
NSC858 Universal Asynchronous 
Receiver/Transmitter 

General Description 
The NSC858 is a CMOS programmable Universal Asyn­
chronous Receiver/Transmitter (UART) which includes a 
programmable baud rate generator on chip and is pack­
aged in various 28-pin packages. The chip, which is fabri­
cated using microCMOS silicon gate technology, functions 
as a receiver, transmitter, and an input/output interface for 
your microcomputer system. 

Parallel data from the CPU is converted to serial form by the 
transmitter, where it is shifted out in the standard asyn­
chronous communication data format. Appropriate start, 
parity, and stop bits are added to the outgoing serial stream. 
Incoming serial data is converted to parallel form by the 
receiver. The incoming data is checked for errors (parity, 
overrun, framing or break interrupt) and then converted 
from serial to parallel for transfer to the CPU. Five pins on 
the chip are available for modem control functions or they 
can be used as general purpose I/O. 

The NSC858 includes a programmable baud generator that 
is capable of dividing the timing reference clock input by 
divisors of 1 to (216 - 1), and producing a 1X, 16X, 32X, 64X 
clock for driving the transmitter and/or receiver logic. Both 
the transmitter and receiver can either be driven by an exter­
nal clock or the internal baud rate generator. The NSC858 
has an interrupt system that can be tailored to the user's 
requirements. In addition to the CMOS power consumption 
levels there are hardware and software power down modes 
which further reduce power consumption levels. 

System Configu ration 

ADO-AD7 

22 22 R-TI RSTA 
RESET OUT 37 MR 

6 
NSC800 A13 CE 

RD 
32 iID 

WR 31 
WR 

30 5 
ALE ALE 
CLK -~ XIN 39 17 PO PS 

Features 
• Asynchronous operation 
• Maximum baud rate 256K BPS (16X), 1 M BPS (1 X) 
• Programmable baud rate generator 
• Double buffered receiver and transmitter 
• Independently configured receiver and transmitter 

- 5-, 6-, 7-, a-bit characters 
- Odd, even, force high, force low, or no' parity 
- 1, 11k, 2 stop bits 

• Five bits modem I/O or general purpose I/O 
(3 input, 2 output) 

• Programmable auto enables for CTS and DCD 
• Local and remote loopback diagnostics 
• False start bit detection 
• Break condition detection and generation 
• Program polled, or interrupt driven operation 

- a maskable status conditions for receiver and 
transmitter interrupt 

- 4 maskable status conditions for modem interrupt 
• Variable power supply (2.4V-6.0V) 
• Low power consumption with software and hardware 

power down modes 
• a-bit multiplexed address/data bus directly compatible 

with NSC800 

+5V 

RxC 
20 (OPTIONAL) 

} RECEIVER 
RxO 

21 

TxC 418 (OPTIONAL)~ 
} . TRANSMITTER 

TxD 19 

NSC858 
OCD 23 

RTS 
24 
25 

DTR DR GENERAL 
CTS 4

26 PURPOSE 110 

DSR 427 
XOUT GNO 

1 MODEM CONTROL 

POWER DOWN 
CIRCUITRY 

16 

r-----, 
I 1M I 
I I 
I n. I 
I U I 
IT TI 
1- _I 
I - OPTIONAL - I 
L~~~S:".J 
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Absolute Maximum Ratings (Note 1) Operating Conditions Vee = SV ± 10% 

Storage Temperature -6SoC to + 150°C Ambient Temperature 
Voltage on Any Pin with Military -55°C to + 12SoC 

Respect to Ground -0.3V to Vee + 0.3V Industrial -40°C to + 8SoC 
Maximum Vee 

II 
7V Commercial O°C to + 70°C 

Power Dissipation 1W 
Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics TA = O°C to + 70°C, Vee = sv ± 10%, GND = OV, unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max Units 

VIH Logical 1 Input Voltage 0.7 Vee Vee V 

VIL Logical 0 Input Voltage 0 0.2 Vee V 

VHY Hysteresis at RESET IN Input Vee = SV 0.2S O.S V 

VOH1 Logical 1. Output Voltage lOUT = -1.0 mA 2.4 V 

VOH2 Logical 1 Output Voltage lOUT = -10 p,A Vee - O.S V 

VOL1 Logical 0 Output Voltage IOL = 2 mA 0 0.4 V 

VOL2 Logical 0 Output Voltage lOUT = 10 p.A 0 0.1 V 

IlL Input Leakage Current o :S VIN :S Vee -10.0 10.0 p,A 

IOL Output Leakage Current o :S VIN :S Vee -10.0 10.0 p,A 

leeA Active Supply Current 10 mA 

IHPD Current Hardware Power Down Pin PO = 0 100 p,A 

ISPD Current Software Power Down Power Down Reg Bit 0 = 1 200 p.A 

lea Quiescent Current TA = 2SoC 100 p,A 

CIN Input Capacitance 6 10 pF 

COUT Output Capacitance 8 12 pF 

Vee Power Supply Voltage 2.4 5 6 V 
Note 1: Absolute Maximum Ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended and should be 
nmited to those conditions specified under DC Electrical Characteristics. 

AC Testing Input/Output Waveform AC Testing Load Circuit 

0.7 Vee TEST 0.7 Vee 
DEVICE 

0.2 Vee POINTS 0.2 Vee UNDER 

~ C, "50,F 
TEST 

TUCi5593-3 
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AC Electrical Characteristics TA=OOC to +70°C, Vcc =5V±100/o'; GND = OV,CL = 150 pF 

Symbol I Parameter Test Conditions Min Typ Max 

BUS 

tAS Address 0-7 Set-Up Time 40 

tAH Address 0-7 Hold Time 30 

tALE ALE Strobe Width (High) 100 

tARW ALE to Read or Write Strobe 100 

tCRW Chip Enable to Read or Write 100 

tRO Read Strobe Width 250 375, ' 

to OR Data Delay from Read 
./ 

CL = 150 pF 180 200 

tROO Data Bus Disable CL = 150 pF 50 

tCH 
Chip Enable Hold After Read 

100 
or Write .' 

tRwA Read or Write to Next ALE 100 

tWR Write Strobe Width 200 250 

tos Data Set-Up Time 100 

tOH Data Hold Time 100 

MODEM 

tMO 
WR Command Reg. to Modem 

150 pF Load 180 
Outputs Delay 

tSIM 
Delay to Set Interrupt from 

200 
Modem Input 

tRIM 
Delay to Reset Modem Status 

240 
Interrupt from RD 

tSMI 
WR to Status Mask Reg., Delay 

220 
to RTI 

POWER DOWN 

tpcs 
Power Down to All Clocks 

1 2 
Stopped 

tpCR 
Power Down Removed to Clocks 

1 2 
Running 

tpxs 
Power Down Removed to XTAL When Using On Chip Inverter for 

100 
Oscillator Stable Oscillator Circuit 

tpSE 
Power Down Set-Up Before RD 

160 ' 260 
or WR Edge 

tEPI 
WR or RD Edge Following PD to 

Enable or Disable 100 
Internal Signals 

BAUD GENERATOR 

tXH XTAL In High 100 

tXL XTAL In Low 100 

fSRC 
Baud Rate Clock Input 

4.1 
Frequency 

tS01 Baud Out Delay -;. 1 160 

tS02 Baud Out Delay -;. 2 200 

tS03 Baud Out Delay -;. 3 200 

ISON Baud Out Delay -;. N > 3 200 
~ 

1 
txc Baud Clock Cycle txc =-- 243 

fSRe 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

' ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

tSIT+tXC 

tSIT +txc 

ms 

ns 

ns 

ns 

ns 

MHz 

ns 

ns 

ns 

ns 

ns 



AC Electrical Characteristics (Continued) 

Symbol Parameter 

TRANSMITTER 

tTCD TxD Delay from TxC 

tTxC Cycle Time TxC 

tTCH TxC High 

tTCL TxC Low 

tHRI WR TxHR to Reset TxBE RTI 

tHTS WR TxHR to TxD Start 

tTSI Skew Start Bit to RTI 

tETS Enable Tx to Start Bit 

tBIT 
1 One Bit Time 

RECEIVER 

tRS RxD Set~Up 

tRH RxD Hold 

tRXC Cycle Time RxC 

tRCH RxC High 

tRCL RxC Low 

tRRI RD to Reset RTI 

tSIT 
1 One Bit Time 

tERS 
Enable Rx to Correctly Detect 
Start Bit 

tRNO 
Read RxHR Before Next Data; 
No DE 

tSI RxC, Break to RTI 

tREI Receiver Error Int 

tRDI Receiver Ready Int 

tRSI RxC to RTI 

RESET TIMING 

tMR MR Pulse Width 

tRA 
MR to ALE if Valid WR or 

RD Cycle 

Note 1: ISIT = ITxe x Clock Faclor (1,16,32, 64),lransmiller 

ISIT = IAxe x Clock Faclor (1, 16,32,64), receiver 

1 

IS IT = Baud Rale 

Test Conditions 

External Clock 

Internal Clock 

16X, 32X, 64X Clock Factor 

1 X Clock Factor 

1X 

16X 

32X 

64X 

1 X Clock Factor 

1 X Clock Factor 

16X, 32X, 64X Clock Factor 

1 X Clock Factor 

150 pF Load 

1X 

16X 

32X 

64X 

All Clock Factors 

12·95 

243 

1000 

100 

100 

2 

-100 

3 

1000 

3.88 

7.n 
15.55 

243 

1000 

100 

100 

1000 

3.88 

7.n 
15.55 

2 

240 

220 

140 

260 

3 

+20 

4 

160 

100 

300 

3 

340 

1/2 Clock 

Factor 

tREI +t,' 

300 

100 

100 

4 
+120 

5 

4 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

tBIT 

ns 

tBIT 

ns 

IlS 

IlS 

IlS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

IlS 

IlS 

IlS 

tRXC 

ns 

tRXC 

tRXC 

ns 

ns 

ns 
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Timing Waveforms 

Read and Write Cycles 

.cr 

ALE ___ ..I 

READ [ADO_AD7 ------+-----+---,J 
liD 

WRITE [ADO_AD7 --------------,J 

WR 

WR (WRITE TO 
COMMAND REG) 

DTR, CTS 

WR (CLEAR 
MASK BIT) 

RTI (ASSUME 
STATUS BIT SET) 

Modem Timing 

TLlCfS593-19 

12·96 

RTI (STATUS -----­
MASK BITS 

ENABLED FOR ~) 

AD (READ ~ODEM 
STATUS REG) 

Wii (SET 
MASK BIT) 

TLlCf5593-S 

TLlCf5593-20 

TLlCf5593-21 



Timing Waveforms (Continued) 

PD-"";"'---",,\ 

(OR) 

WR (WRITE SOFTWARE 
POWER DOWN REG) 

PO (HARDWARE ONL V) -----...,\ 

Power Down Timing 

(DATA 01H) 

I---Ipcs-I ALL CLOCKS 

STOPPED 

!=IPSE-

(DATA DOH) 

I 
CLOCK RUNNING 

t-----lpCR • , 

1----lpXS----I~1 XTAL OSC 

STABLE 

TUC15593·7 

RoORWR----""'T"\ -­
\ 

L,,,,-
NOTE: IF SETUP IS MISSED ~ - - - - 11"'----
NEXT AD OR WR IS USED \ 

'---

BRCLKlXTALIN 

BAUDOUT (+3) 

BA~DOUT (+ N > 3) 
-----11--

SHUTOFF INTERNAL 
ALE, cr, AODRESS, DATA 

Baud Out Timing 

12-97 

'-----

RESTORE 
INTERNAL SIGNALS 
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Timing Waveforms (Continued) 

TxD 

WR (WRITE 
TO TxHR) 

Rfi (TxBE) 

TxD 

(AUTO CTS 
EN,ABLED) CTS 

(WRITE TO 
COMMAND REG, 

SET TxE = 1) Wii 

(ASSUME TxHR 
ALREADY LOADED) 

TxD 

MR 

ALE 

Transmitter Timing 

TUC/5593·10 

1 
IOIT = BAUD RATE = ITxCxCLOCK FACTOR (1, 16, ~2, 64) 

TUC/559J.11 

iETS ------.,j ,.--.. ,-
~. 

TUC/5593·12 

Reset Timing 

a __________________ ~~~ ______ ~A~ ________ __ 
AD OR Wii \_---1 

TUC/5593·6 
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Timing Waveforms (Continued) 

Receiver Timing 

TUC/SS93-13 

1 
I BIT = BAUD RATE =IRxCxCLOCK FACTOR (1, 16, 32, 64) 

~1-1~~r 
RxD ~. 

RxC (lX) 

Ali (PE OR OE) 

(OR) 

RTi (FE OR RxRDY) 

TUC/SS93-14 

------------~ ~----------~------------
RxD (16x, 32x, 64x) 

iffi (PE, FE. OR OE) 

(OR) 

im (RxRDY) 

Rii (READ R·T STATUS OR 
READ RxHR TO CLEAR INn 

RTI 

STOP \ IDLE OR START 

"-----------

_I""'~~-----------

1=:1-
TUC/SS93-1S 
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Timing Waveforms (Continued) 

Wii (WRITE TO COMMAND 
REG SET RxE = 1) 

(OR) 

oeD (AUTO 

Receiver Timing (Continued) 

DCD ENABLED) -------~ 

RxD 

Rii (READ RxHR, 
PREVIOUS DATA) 

RxD (16X, 32X, 66X) 

RxC (16x, 32x, 64x) 

im (.lBRK) 

iiD (READ MODEM 
STATUS REG) 

RxC (1X) 

iffi (.lBRK) 

Rii (READ MODEM 
STATUS REG) 

(OR) 

RxD (1X) 

iffi (RxRDY) 
(AVOID DE) 

TLlC/5593·16 

------~, ~---+----~-----------

STOP \ 

_

________ y.---~---~-t-BIT------------------~----~~1 
TUC/5593·17 

MIDDLE OF 1st '0' STOP BIT BREAK TERMINATE 

START BREAK CHARACTER 

I 

L v'· 
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Connection Diagrams 

Dual In-Line Package 

TOP VIEW TUC15593-2 

See NS Package D28C, J28B or N28B 

E Package 

WR Ril CE MRVeeDSRffi 

4321282726 

NSCB5BE 

25 DTR 
24 RfS 
23 IifD 

21 RxD 
AD4 10 20 RxC/BRGOUT 

AD5 11 19 'i'iii 
12 13 14 15 16 17 18 

AD6 GND XOUT TxC/BRGOUT 
AD7 XIN PO 

TOP VIEW 

See NS Package ED28A 
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ALE 
ADO 
AD1 
AD2 
AD3 
AD4 

AD5 

V Package 

_ lUi _ MR DSR_ 
WR CE vee CTS 

DTR 
RTS 
DCO 

iffi 
RxD 
RxC/BRGOUT 
TxD 

AD6 GND XOUT TxC/BRGOUT 
AD7 XIN PO 

TOP VIEW 

See NS Package V28 
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Block Diagram 

ADO-AD7 (6-13) 

CPU INTERFACE 

CE~r-"""-'" 
fffiJ4 
WR~ 
ALE~ 
MRJ!4 1.-__ .... 

vcc~ 

GROUND~ 

INTERNAL 
DATA BUS 

REGISTERS 

I MASTER RESET I 

Functional Pin Description 
INPUT SIGNALS 

~aster Reset (MR): active high, Pin 1. This Schmitt trigger 
Inp~t has a 0.5V typical hysteresis. When high, the following 
registers are cleared: receiver mode, transmitter mode, 
global mode, R-T status (except for TxBE which is set to 
one), R-T status mask, modem mask, command (which dis­
ables receiver "Rx" and the transmitter "Tx"), power down, 
and receiver holding. In the modem status register, ~CTS, 
~DCD, ~DSR, BRK and ~BRK are cleared. 

Chip Enable (CE): active low, Pin 2. Chip enable must be 
low during a valid read or write pulse in order to select the 
device. Chip enable is not latched. 

Read (RD): active low, Pin 3. When Read line is low while 
the chip is selected the CPU is able to read data or informa­
tion from selected registers in the NSC858. 

Write (WR): active low, Pin 4. When Write line is low while 
the chip is selected the CPU is able towrite data or informa­
tion to selected registers in the NSC858. 

A~dress Latch En.able (ALE): negative edge sensitive, 
Pin 5. The negative edge (high to low) of ALE latches the 
address for the register select during a read or write 
operation. 
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TUC/5593-22 

Power Down (PO): active low, Pin 17. When active disables 
all internal clocks, shuts off the oscillator, clears RxE, TxE, 
and break control bits in the command register. All other 
registers retain their data. Unlike software power down, PO 
also disables the internal ALE .. CE, RD, WR and ,address 
data paths for minimum power consumption. Registers can­
not be accessed in hardware power down; they may be in 
software power down. 

Receiver Data (RxD): Pin 21. Serial data input from the 
communications link (peripheral device, modem, or data 
set). Serial data is received least significant bit (LSB) first. 
"Mark" is high (1), "space" is low (0). 

Data Carrier Detect (DCD): active low, Pin 23. Can be 
used as a modem or general purpose input. When this 
modem input is low it indicates that the data carrier has 
been detected by the modem or data set. The DCD signal is 
a modem control function input whose complement value 
can be tested by the CPU by reading bit 5 (DCD) of the 
modem status register.' Bit 1 (~DCD) of the modem status 
register indicates whether the DCD input has changed state 
since the previous reading of the modem status register. 
DCD can also be programmed to become an auto enable for 
the receiver. Note: Whenever the DCD bit of the modem 



Functional Pin Description (Continued) 

status register changes state, an interrupt is generated if 
the /lOCO mask and the DSCHG mask bits are set. 

Clear to Send (CTS): active low, Pin 26. Can be used as a 
modem or a general purpose input. The CTS inputs comple­
ment can be tested by the CPU by reading bit 4 (CTS) of the 
modem status register. Bit 0 (/lCTS) of the modem status 
register indicates whether the CTS input has changed state 
since the previous reading of the modem status register. 
CTS can be programmed to automatically enable the trans­
mitter. Note: Whenever the CTS bit of the modem status 

. register changes state, an interrupt is generated if the 
/lCTS mask and the DSCHG mask bits are set. 

Data Set Ready (DSR): active 10w,Pin 27. Can be used as 
a modem or a general purpose input. When this modem 
input is low it indicates that the modem or data set is ready 
to establish the communication link and transfer data with 
the NSC858. The DSR is a modem-control function input 
whose complement value can be tested by the CPU by 
reading bit 6 (DSR) of the modem status register. Bit 2 
(/lDSR) of the modem status register indicates whether the 
(DSR) input has changed state since the previous reading of 
the modem status register. Note: Whenever the DSR bit of 
the modem status register changes state, an interrupt is 
generated if /lDSR mask and the DSCHG mask bits are set. 

Power (Vee): Pin 28. + 5V supply. 

Ground (GND): Pin 14. Ground (OV) supply. 

OUTPUT SIGNALS 

Transmit Data (TxD): Pin 19. Composite serial data output 
to the communication link (peripheral, modem or data set) 
least significant bit first. The TxD signal is set to the marking 
(logic 1) state upon a master reset. In hardware or software 
power down this pin will always be a one. 

Receiver-Transmitter Interrupt (RTI): active low, Pin 22. 
Goes low when any R-T status register bit and its corre­
sponding mask bit are set. This bit can change states during 
either hardware or software power down due to a change in 
modem status information. 

Request to Send (RTS): active low, Pin 24. Can be used as 
a modem or a general purpose output. When this modem 
output is low it informs the modem or data set that the 
NSC858 is ready to transmit data. The RTS output or gen­
eral purpose output signal can be set to an active low by 
programming bit 6 of the command register with a 1. The 
RTS signal is set high upon a master reset operation. Dur­
ing remote loopback RTS signal reflects the complement of 
bit 6 of the command register. During local loopback the 
RTS signal is forced to its inactive state (high). RTS cannot 
change states during hardware power down; it can during 
software power down. 

Data Terminal Ready (DTR): active low, Pin 25. Can be 
used as a modem or general purpose output. When this 
modem output is low it informs the modem or data set that 
the NSC858 is ready to communicate. The DTR output or 
the general purpose output signal can be set to an active 
low by programming bit 7 of the command register with a 1. 
The DTR signal is set high upon a master reset operation. 
During remote loopback DTR signal reflects the comple­
ment of bit 7 of the command register. During localloopback 
the DTR signal is forced to its inactive state (high). DTR sig­
nal cannot change state during hardware power down; it can 
during software power down. 
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INPUT/OUTPUT SIGNALS 

Address/Data Bus (ADO-AD7): Pins 6-13. The multi­
plexed bidirectional address/data bus, ADO-AD7 pins, are 
in the high impedance state when the NSC858 is not 
selected or whenever it is in hardware power down. 
ADO-AD3 are latched on the trailing edge of ALE, providing 
the four address inputs. The rising edge of the WR input 
enables 8 bits to be written in, through ADO-AD7, to the 
addressed register. RD input enables 8 bits to be read from 
a register out through ADO-AD7 . 

Transmitter Clock/Baud Rate Generator Output (TxCI 
BRGOUT): Pin 18. If the transmitter is programmed for an 
external clock, TxC is an input. If the transmitter is pro­
grammed for an internal clock, then the Baud Rate Genera­
tor is used for the transmitter, and it is output at 
TxC/BRGOUT. In either case, TxC/BRGOUT signal is run­
ning at 1X, 16X, 32X, 64X the data rate, as selected by the 
clock factor. If this pin is used as an output it will be set to a 
zero (0) in both hardware and software power down. 

Receiver Clock/Baud Rate Generator Output (RxCI 
BRGOUT): Pin 20. If the receiver is programmed for an 
external clock, RxC is an input. If the receiver is pro­
grammed for an internal clock, the Baud Rate Generator is 
used for the receiver, and it is output at TxC/BRGOUT. In 
either case, TxC/BRGOUT signal is running at 1X, 16X, 
32X, 64X, the data rate, as selected by the clock factor. If 
this pin is programmed as an output it will be set to one (1) in 
both hardware and software power down. 

Crystal (XIN, XOUT): Pins 15, 16. These two pins connect 
the main timing reference. A crystal network can be con­
nected across these two pins, or a square wave can be 
driven into XIN with XOUT left floating. In hardware and soft­
ware power down XOUT is set to a 1. 

TABLE 1. Register Address Designations 

Address Read/ 

A3 A2 A1 Ao 
Register 

Write 

0 0 0 0 Rx Holding R 

0 0 0 0 Tx Holding W 

0 0 0 1 Receiver Mode RIW 

a a 1 0 Transmitter Mode RIW 

0 a 1 1 Global Mode R/W 

0 1 a 0 Command RIW 

a 1 0 1 Baud Rate Generator Divisor 
Latch (Lower) RIW 

a 1 1 0 Baud Rate Generator Divisor 
Latch (Upper) R/W 

0 1 1 1 R-T Status Mask RIW 

1 a 0 0 R-T Status R 

1 a 0 1 Modem Status Mask RIW 

1 0 1 0 Modem Status R 

1 0 1 1 Power Down R/W 

1 1 0 0 Master Reset W 

Note: Offset address 00, OE, OF are unused. 
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Registers 
The system programmer may access control of any of the 
NSC858 registers summarized in Table 1 via the CPU. 
These S-bit registers are used to control NSC858 operation 
and to transmit and receive data. 

RECEIVER AND TRANSMITTER HOLDING REGISTER 

A read to offset location 00 will access the Receiver holding 
register; a write will access the Transmitter holding register. 

RECEIVER MODE REGISTER 

The system programmer specifies the data format of the 
receiver (which may differ from the transmitter) by program­
ming the Receiver mode register at offset location "01." This 
read/write register programs the parity, bits/character, auto 
enable option, and clock source. When bit 6 of this register 
is set high the receiver will be enabled any time the DCD 
signal input is low (provided CRO = 1). When bit 7 is set to a 
"1" the receiver clock source is the internal baud rate gen­
erator, and RxC is then an output. After reset this register is 
set to "00." 

TABLE 2. Receiver Mode Register (Address "01 ") 
(Bits RMO-7) 

NOT USED (READS AS "0") 
L--. ___ = 000 NO PARITY 

= 100 EVEN PARITY 
= 101 ODD PARITY 
= 010 FORCE LOW 
= 011 FORCE HIGH 

'---------= 00 5 BITS/CHAR. 
= 01 6 BITS/CHAR. 
= 10 7 BITS/CHAR. 
= 11 8 BITS/CHAR. 

'-----------= 1 AUTO ENABLE DCD 
L..-_____________ = 1 RxC INTERNAL 

= 0 RxC EXTERNAL 

TRANSMITTER MODE REGISTER 

The system programmer specifies the data format of the 
transmitter (which may differ from the receiver) by program­
ming the transmitter mode register at offset location "02." 

TABLE 3. Transmit Mode Register (Address "02") 
(Bits TMO-7) 

L
TRANSMIT ABOR. T END CONDITION (TAEC) = "1" STOP HOLDING ON 

TRANSMITTER HOLDING REGISTER 
EMPTY 

= "0" STOP ON TRANSMITTER SHIFT 
REGISTER EMPTY , 

= 000 NO PARITY 
= 100 EVEN PARITY 
= 101 ODD PARITY 
= 010 FORCE LOW 
= 011 FORCE HIGH 

'--------= 00 5 BITS/CHAR. 
= 01 6 BITS/CHAR. 
= 10 7 BITS/CHAR. 
= 11 8 BITS/CHAR. 

'----------= 1 AUTO ENABLE.CTS 
'------------= 1 TxC = INTERNAL 

= 0 TxC = EXTERNAL 

The transmitter mode register is similar in operation to the 
receiver mode register except for the addition of the Trans­
mit Abort End Condition (TAEC). If this bit is set to a one 
when a request to disable the transmitter or send a break is 
pending then the data in the shift register and holding regis-

. ter will be tr~nsmitted prior to such action occurring. If TAEC 
equals 0 then the action will take place after the shift regis­
ter has been emptied. When bit 6 of this register is set high 
the transmitter will be enabled any time the CTS signal is 
low (provided CR1 = 1). When bit 7 is set to a "1" the trans­
mitter clock source is the internal baud rate generator, and 
TxC is then an output. After reset this register is set to "00." 

GLOBAL MODE REGISTER 

This register is used to program the number of stop bits and 
the clock factor for both the receiver and transmitter. Only 
the lower four bits of this register are used, the upper four 
can be programmed as don't cares and they will be read 
back as zeros. Programming the number of stop bits is for 
the transmitter only; the receiver always checks for one stop 
bit. If a 1X clock factor with 1.5 stop bits is selected for the 
transmitter the number of stop bits will default to 1. After 
reset this register is set to "00." 

TABLE 4. Global Mode Register (Address "03") 
(Bits GMO-3) 

BITS I 3 I 2 I 1 I 0 I 
: I " I ~ CLG'''ACTOR 

= 00 lX 
= 01 16X 
= 10 32X 
= 11 64X 
STOP BITS 
= 00 1 STOP BIT 
= 01 1.5 STOP BITS 
= 10 2 STOP BITS 
= 11 INVALID 

Bits 4-7 are don't care, read as Os. 

COMMAND REGISTER 

The Command register is an eight bit read/write register 
which is accessed at offset location "04." After reset the 
command register equals "00." 

TABLE 5. Command Register (Address "04 ") 
(Bits CRO-7) 

RECEIVER ENABLE 
TRANSMITTER ENABLE 

"------ LOOPBACK OPERATION 
= 1 REMOTE LOOPBACK 
= o. LOCALLOOPBACK 

L-_____ ENABLE LOOPBACK 

!-------- BREAK CONTROL 
= 00 NO BREAK 
= 01 4-CHAR. LENGTH BREAK 
= 10 16-CHAR. LENGTH BREAK 
= 11 BREAK CONTINUOUSLY 

L-_________ RTS (COMPL'EMENT OF RTS PIN) 

'-----,--------- OTR (COMPLEMENT OF DTR PIN) 
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Reg isters (Continued) 

Bit 0: Receiver Enable, when set to a one the receiver is 
enabled. If auto enable for the receiver has been pro­
grammed then in addition to CRO = 1, the DCD input must 
be low to enable receiver. 

Bit 1: Transmitter Enable, when set to a one the transmitter 
is enabled. If auto enable for the transmitter is programmed 
then in addition to CR1 = 1, the CTS input must be low to 
enable transmitter. 

Bit 2: A zero selects local loopback and a one selects 
remote loop back. 

Bit 3: A one enables either of the diagnostic modes 
selected in bit 2 of the command register. 

Bits 4 and 5: Bits 4 and 5 of the command register are 
used to program the length of·a transmitted break condition. 
A continuous break must be terminated by the CPU, but the 
4 and 16 character length breaks are self clearing. (After the 
last break character has been sent, bits 4 and 5 will auto­
matically be reset to 0.) Break commands affect the status 
of bit 6 (TBK) of the' R-T Status register (see R-T Status 
register). Break control bits are cleared by software or hard­
ware power down. 

Bits 6 and 7: These two bits control the status of the output 
pins RTS (pin 24) and DTR (pin 25) respectively. They may 
be used as modem control functions or be used as general 
purpose outputs. The output pins will always reflect the 
complement of the register bits. 

R-T STATUS REGISTER 

This 8-bit register contains status information of the 
NSC858 and therefore is a read only register at offset loca­
tion "08." Each bit in this register can generate an interrupt 
(RTI). If any bit goes active high and its associated mask bit 
is set then the RTI will go low. RTI will be cleared when all 
unmasked R-T Status bits are cleared. Bits 0 and 1, receiver 
ready and transmitter empty are cleared by reading the 
receiver holding register or writing the transmitter holding 
register respectively. Bits 2 through 5, transmit underrun, 
receiver overrun, framing error, parity error are cleared by 
reading the R-T Status register. Bit two, transmitter under­
run will occur when both the transmit holding register and 
the transmit shift register are empty. 

Bit three, overrun error, will occur when the CPU does not 
read a character before the next one becomes available. Bit 
four, framing error, occurs when a valid stop bit is not 
detected. Bit 5 is set when a parity error is detected. Bits 
three, four and five are affected by receiver only. 

Bit 6, Transmit Break (TBK) is set at the beginning of each 
break character during a break continuously command, or 
at the beginning of the final break character in a 4 or 16 
character programmed break length. It is cleared by read­
ing the R-T Status register. Bit 7, Data Set Change (DSCHG) 
will be set whenever any of the bits 0-3 of the Modem Status 

. register and their associated mask bit are set. Data Set 
Change bit is cleared by reading the Modem Status register 
or is masked off by writing "0" to all modem mask'register 
bits. After reset the R-T Status register equals '02', i.e. all 
bits except TxBE are reset to zero. 
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TABLE 6. R·T Status Register (Address "08") 
(Bits SRO-7) 

17 1615 41 3 12 11joJ 
L RxROY (RECEIVER DATA READY) 

1 = FUll 
o = EMPTY 

'-- TxBE (TRANSMITTER BUFFER EMPTY) 
1 = EMPTY 
o = FULL 

'---- TxU (TRANSMITTER UNDERRUN 
1 = ERROR 
o = NO ERROR 

'------ OE (RECEIVER OVERRUN ERROR) 
1 = ERROR 
o = NO ERROR 

'------- FE (RECEIVER FRAMING ERROR) 
1 = ERROR 
0= NO ERROR 

'--------- PE (RECEIVER PARITY ERROR) 
1 = ERROR 
o = NO ERROR 

'---------- TBK (TRANSMITTER BREAK) 
1 = BREAK 
o = NO BREAK 

'------------ OSCHG (DATA SET CHANGE) 
1 = CHANGE 
o = NO CHANGE 

R·T STATUS MASK REGISTER (SMO-7) 

This register is used in conjunction with the R-T Status reg­
ister to enable or disable conditional interrupts. A one in any 
bit unmasks its associated bit in the R-T Status register, and 
allows it to generate an interrupt. The mask affects only the 
interrupt and not the R-T Status bits. This eight bit register 
is both read and writable at offset location "07." After reset 
it is set to "0" which disables all interrupts. Each bit in the 
R-T Status mask register is associated with that bit in the R­
T Status register (e.g., SMO is SRO's mask). 

MODEM STATUS 

This eight bit read only register which is addressed at offset 
location "O~' contains modem or general purpose input 
and receiver break information. 

TABLE 7. Modem Status Register (Address "OA") 
(Bits MSO-7) 

17161514131211101 

I 
I L-ACTS 
L--ADCD 

'-----AOSR 

'-------ABRK 
'--------CTS 

'----------DCO 
'-----------DSR 

'-------------BRK 

z 
CJ) 
(') 

:00 
CJ1 
00 
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Registers (Continued) 

Each of the four status signals in this register also have an 
associated delta bit in this register. Each delta bit (bits 
MSO-3) will be set when its corresponding bit changes 
states. These four delta bits are cleared when the Modem 
Status register is read. If any of these four delta bits and 
associated mask bits are set they will force DSCHG (bit 7) of 
the R·T Status register high. Bits 4-6, CTS, DCD, DSR can· 
be used as modem signals or general purpose inputs. In 
either case the value in the register represents the comple· 
ments of the input pins CTS (pin 26), DCD (pin 23), and DSR 
(pin 27). Bit 7 (BRK) when set to a one indicates that the 
receiver has detected a break condition. It is cleared when 
break terminates. After reset ACTS, ADCD, ADSR, ABRK, 
and BRK are cleared. 

MODEM MASK REGISTER (MMO-3) 

This 4-bit read/write register, which is addressed at offset 
location "09," contains mask bits for the four delta bits of 
the Modem Status register (MSO-3). A one (" 1 ") in any of 
these bits and a one in the associated delta bit of the 
Modem Status register will set the DSCHG bit of the R-T 
Status register. Modem Mask bit 0 is associated with 
Modem Status bit 0, etc. The four (4) most significant bits of 
this register will read as zeros. After reset the register 
equals '00'. 

POWER DOWN REGISTER (PDO) 

This one bit register can both be read and written at offset 
location "OB." When bit zero is set to a one the NSC858 will 
be put into software power down. This disables the receiver 
and transmitter clocks, shuts off the baud rate generator 
and crystal oscillator, and clears the RxE, TxE, and break 
control bits in the command register. Registers on chip can 
still be accessed by the CPU during software power down. 
Bits 1 through 7 will always read as O. 

MASTER RESET REGISTER 

This write only register is addressed at offset location "OC." 
When writing to this register the data can be any value 
(don't cares). Resetting the NSC858 by way of the reset reg­
ister is functionally identical to resetting it by the MR pin. 

BAUD RATE GENERATOR DIVISOR LATCH 

. These two 8-bit read/write registers which are accessed at 
offset locations "05" (lower) and "06" (upper) are used to 
program the baud rate divisor. These registers are not 
affected by reset function and are powered up in a random 
state. 

Functional Description 
PROGRAMMABLE BAUD GENERATOR 

The NSC858 contains a programmable Baud Generator 
that is capable of taking any clock input (DC to 4.1 MHz) and 
dividing it by any divisor from 1 to (216 - 1). The output fre­
quency of the Baud Generator (available at TxC/BRGOUT 
or RxC/BRGOUT, if internal TxC or RxC is selected) is equal 
to the clock factor (1X, 16X, 32X, 64X) times the baud rate. 
The divisor number is determined by the following equation: 

. . Frequency Input (fsRd 
divisor # = 

[Baud Rate x Clock Factor (1, 16, 32, 64)] 
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Two a-bit latches store the divisor in a 16-bit binary format. 
These Divisor Latches must be loaded during initialization 
in order to ensure desired operation of the Baud Generator. 
Upon loading either of the Divisor Latches, a 16-bit Baud 
counter is immediately loaded. This prevents long counts on 
initial load. 

Tables a and 9 illustrate the use of the Baud Generator with 
crystal frequencies of 1.8432 MHz and 3.072 MHz respec­
tively. For baud rates of 38400 and below, the error obtained 
is minimal. The accuracy of the desired baud rate is depen­
dent on the crystal frequency chosen. 

TABLE 8. Baud Rates Using 1.8432 MHz Crystal 

Desired 
Baud Rate 

50 

75 
110 

134.5 

150 

300 

600 
1200 

1800 

2000 

2400 

3600 
4800 

7200 

9600 

19200 

38400 

56000 

Divisor Used 
to Generate 
16 x Clock 

2304 

1536 
1047 

857 
768 

384 

192 
96 

64 

58 

48 

32 
24 
16 . 

12 

6 

3 
2 

Percent Error 
Difference Between 

, Desired and Actual 

0.026 

0.058 

0.69 

2.86 

Table 9. Baud Rates Using 3.072 MHz Crystal 

Desired 
Baud Rate 

50 

75 
110 

134.5 

150 

300 

600 
1200 

1800 

2000 

2400 

3600 
4800 

7200 

9600 

19200 

38400 

Divisor Used 
to Generate 
16x Clock 

3840 

2560 
1745 

1428 

1280 

640 
320 
160 

107 

96 

80 

53 
40 

27 

20 

10 

5 

Percent Error 
Difference Between 
Desired and Actual 

0.026 

0.034 

0.317 

0.628 

1.23 



Typical Clock Circuits 

DRIVER 
EXTERNAL -t> XIN 

CLOCK 0--+-------, 

OPTIONAL 
DRIVER OSC. CLOCK TO 

OPTIONAL XOUT BAUD GEN. LOGIC 
CLOCK --0 ~~-+-----..... 

OUTPUT 

XIN 

Rp CRYSTAL 

c:::J 

XOUT 
OSC. CLOCK TO 
BAUD GEN. LOGIC 

TLlC15593-23 

FIGURE 1. Typical Crystal Oscillator Network 

RECEIVER AND TRANSMITTER OPERATION 

The NSC858 transmits and receives data in an asynchro­
nous communications mode. The CPU must set up the 
appropriate mode of operation, number of bits per charac­
ter, parity, number of stop bits, etc. Separate mode registers 
exist for the independent specification of receiver and trans­
mitter operation. These independent specifications include 
parity, character length, and internal or external clock 
source. Only the Global Mode Register, which controls the 
number of stop bits and the clock factor, exercises common 
control over the receiver and transmitter (receiver looks for 
only one stop bit). 

TRANSMITTER OPERATION 

The Transmitter Holding register is loaded by the CPU. To 
enable the transmitter, TxE must be set in the Command 
register. CTS must be low if the auto enable CTS bit is set in 
the Tx Mode register. The Transmitter Holding register is 
then parallel loaded into the Transmitter Shift register, and 
the start bit, parity bit and the specified nu'mber of ~top bits 
are inserted. This serialized data is available at the TxD out­
put pad, and changes on the rising edge of TxC. The TxD 
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TRANSMITTER OUTPUT 
GENERATED 
BY NSC858 

TxD MARKING ST~ 
BITS L 

r-------' .. ~ DO NOT APPEAR 

RECEIVER INPUT I n----. ONTH't'ABUSl 
RxD START DATA BITS STO~ 

_...;.B_IT_ ...... ___ : BITS L 
PROGRAMMED 

CHARACTER 
LENGTH 

TRANSMISSION FORMAT 
CPU BYTE (5-8 BITS/CHAR) 

DATA CH~R:,.. A_CT_E_R __ -.II 

ASSEMBLED SERIAL DATA OUTPUT (TxD) 

START DATA CHARACTER STOP J 
BIT BITS --....-__ --'--....a...-

RECEIVE FORMAT 

SERIAL DATA INPUT (RxD) 

DATA CHARACTER STOP J 
BITS --...... ----...oi;..--...... --...... -""'" 

CPU BYTE (5-B BITS/CHARr ----.-..oj I I 

DATA CHARACTER 

TLlC15593-24 

Note: If character length is defined as 5, 6 or 7 bits, the unused bits are set 
to "0." 

FIGURE 2, 

output remains in a mark (" 1 ") condition when no data is 
being transmitted, with the exception of sending a break 
("0"). 

A break condition is initiated by writing either a continuous 
or specified length break request to the Command Register. 
A finite break specification of either 4 or 16 character 
lengths can be extended by re-writing the break command 
before the specified break length is completed. Each break 

_ character is transmitted as a start bit, logical zero data, logi­
cal zero parity (if specified) and logical zero stop bit(s). The 
number of data and stop bits, plus the presence of a parity 
bit are determined by the Transmitter and Global Mode reg­
isters. Thus, the total number of (all zero) bits in a break 
character is the same as that for data. The break is termi­
nated by writing "00" to the Break Control bits in the Com­
mand Register. The Set Break bits in the Command register 
are always reset to "00" after the termination of the speci­
fied break transmission or if the transmitter is disabled 
during a break transmission. The TxD output will always 
return to a mar,k condition for at least one bit time before 
transmitting a character after a break condition. Data in the 
Transmitter Holding register, whether loaded before (on 
TAEC = 0) or during the break will be transmitted after the 
break is terminated. 

z en 
(") 
CO 
01 
CO 
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o en RECEIVER OPERATION 

Z The NSC858 receives serial data on the RxD input. To 
enable the receiver, DCD must be low if the DCD Auto 
Enable bit in the Receiver Mode register is set ("1 "). RxE 
must be set in the Command register. RxD is sampled on 
the falling edge of RxC. If a high ("1") to low ("0") transi­
tion of RxD is detected, RxD is sampled again, for all except 
the 1 X clock factor, at 1/2 of a bit time later. If RxD is still low, 
then a valid start bit has been received and character 
assembly proceeds. If RxD has returned high, then a valid 
start bit has not been received, and the search for a valid 
start bit continues. When a character has been assembled 
in the Receiver Shift Register and transferred to the 
Receiver Holding Register, the RxRDY bit (and any error bits 
that may have occurred) in the R-T Status register will be set 
and RTI will go low (if the proper mask bits are set). After the 
CPU reads the Receiver Holding register, the RxRDY will go 
low and the RTI will go inactive ("1 "). 

The receiver will detect a break condition on RxD if an all 
. zero character with zero parity bit (if parity is specified) and 
a zero stop bit is received. For the break condition to termi­
nate, RxD must be high for one haifa bit time. If a break 
condition is detected, bits 3 and 7 in the Modem Status reg­
ister (~BRK and BRK respectively) will be set. Bit 3 (~BRK) 
will then cause bit 7 (DSCHG) in the R-T Status register to 
be set which in turn forces RTI to an asserted state ("0"). 
These interrupts will occur only if the appropriate mask bits 
are set for the registers in question. 

PROGRAMMING THE NSC858 

. There are two distinct steps in programming the 858. During 
initialization, the modes, clocks, masks and commands are 
set up. Then, in operation, Modem 1/0 takes place, status is 
monitored, the receiver and transmitter are run as needed. 

To initialize the 858, first pulse the MR line or write to the 
Master Reset register. Then, write to the following registers 
in any order, except for enabling the Rx and Tx, which must 
be at the end of the set up procedure. The Global, Receiver 
and Transmitter Mode registers determine the modes for the 
Rx and Tx. These latter two registers often will have the 
same data byte written to them, but are kept independent 
for flexibility. If the mode registers indicate that the receiver 
andlor the transmitter use an internal clock, then data 
(determined by the crystal frequency and desired bit time 
and clock factor) should be written to the upper and lower 
Baud Rate Generator Divisor Latches. The Modem Status 
Mask register enables Data Set change in R-T Status. If 
interrupts are required, the R-T Status Mask register allows 
RTI to occur. Write to the Command register to enable the 
receiver andlor transmitter only when all else is set up. 

In operation, the 858 can transmit, receive and handle 1/0 
simultaneously. Modem outputs are written to at the Com­
mand register, while the inputs are read at the Modem Sta-
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tus register. Data flow and errors are read at the R-T Status 
register. When serial data has been sh!fted in and assem­
bled, the receiver is ready, and the word can be read at the 
Rx Holding register. When the transmitter buffer is empty, 

.the Tx Holding register can be written to, and the word will 
be shifted out as serial asynchronous data. 

Once the 858 is running, several options may be exercised. 
Masks can be changed at any time. The Rx and Tx are dis­
abled or enabled, as needed, by writing to the Command 
register, or toggling the auto enable modem inputs (if used). 
Both the Rx and Tx should be disabled before either altering 
any mode'or engaging a loopback diagnostic, and they can 
be re-enabled then or at a later time. Power down is allowed 
at any time except during loopback, although data may be 
lost if PD occurs in the middle of a word. 

Thus, software for the NSC858 is of two types. The initiali­
zation routine is performed once. The operation routines, 
usually incorporating polling or interrupts, are then run 
continuously or on demand, depending upon the system or 
application. 

DIAGNOSTIC CAPABILITIES 

The NSC858 offers both remote and local loopback diag­
nostic capabilities. These features are selected through the 
Command register. 

Local Loopback Mode (see Figure 3) 

1. The transmitter output is internally connected to the 
receiver input. 

2. DTR is connected to DCD, and RTS is connected to CTS . 
Both connections are made internally. 

3. TxC is connected internally to RxC. 

4. The DSR is internally held low (inactive). 

5. The TxD, DTR and RTS outputs are held high. 

6. The CTS, DCD, DSR and RxD inputs are ignored. 

7. Except as noted, all other Status, Mode and Command 
Register bits and interrupts retain their functions and 
settings. 

RxD 

TUC/5593-25 

FIGURE 3. Local Loopback 



Typical Clock Circuits (Continued) 

Remote Loopback Mode (see Figure 4) 

1. The contents of the Receiver Holding Register, when 
RxRDY = 1 indicates it is full, are transferred to the 
Transmitter Holding register, when TxBE = 1 indicates it 
is empty. After this action, both RxRDY and TxBE are 
cleared. 

2. RxC is connected internally to TxC. 

3. Setting the Remote Loopback Mode places all receiver 
and transmitter flags under control of the remote loop-

back sequencer. RxRDY and TxBE can be monitored to 
follow automatic remote loopback data flow, while OE 
and TxU can indicate system problems. 

4. The CPU can read the Receiver Holding register if 
desired, but this is not necessary. The CPU cannot load 
the Transmitter Holding Register. 

5. Modem Status, all Mode and Command register bits 
retain their functions and interrupts are generated. 

TUCf5593·26 

FIGURE 4. Remote Loopback 

\ 

Ordering Information 

NSC858XX 

~ IA+ = A+ Reliability Screening 

o = Ceramic Package 
J = Cerdip Package (Availability to be announced) 

L...-__ ~ N = Plastic Package 
E = Ceramic Leadless Chip Carrier (LCC) 
V = Plastic Leaded Chip Carrier (PCC) (Availability to be announced) 

Reliability Information 
Gate Count 4280 
Transistor Count 8450 
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. ~ National Semiconductor 

NSC888 
NSC800 Evaluation Board 

Features 

III NSC800™ 8·Bit microCMOS CPU 

• Executes Z80™ Instruction Set 

• 20 Programmable Parallel I/O Lines 

• Two 16-Bit Programmable Counters/Timers 

• Powerful 2K x 8 Monitor Program 

• Five Levels of Vectored Prioritized Interrupts 

• RS232 Interface 

Product Overview 

The NSC888 is a self-contained microprocessor 
board which enables the userto quickly evaluate the 
performance and features of the NSC800 product 
family. This fully assembled, tested board requires. 
only the addition of a ±5V supply and an RS232 i n­
terface cable to the users terminal to begin NSC800 
evaluation. 

A powerful system monitor is provided on the board 
which controls serial communications via the RS232 
port. The monitor also includes command functions 
to load, execute and debug NSC800 programs. 

• 1 K x 8 microCMOS RAM with Sockets for up 
to 4K x8 RAM 

• Socket for additional 2K x 8, 2716 
. Compatible Memory Component 

• Wire Wrap Area 

• Edge Connectors for System Expansion 

• Single-Step Operation Mode 

• Fully Assembled and Tested 

The board includes an NSC800 CPU plus RAM, 
EPROM, I/O, Timers and interface components yet 
draws only 30mA from the +5V supply and 3mA from 
the -5V supply. 

Although designed primarily as an assessment 
vehicle, the NSC888 can be readily programmed and 
adapted to a variety of uses. Wire wrap area is pro­
vided on-board for the user to build up additional 
circuitry or interfaces, thus tailoring this high­
performance, low-power microprocessor board to 
meet individual needs. 
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Functional Description 

Figure 1 and Figure 2 provide information on the or­
ganization of the NSC888 board. Please refer to 
these figures for the following discussion. 

Central Processor 

The powerful NSC800 is the central processor for 
the NSC888. It provides bus control, clock gen­
eration and extensive interrupt capability. Featuring 
a multiplicity of programmable registers and sophis­
ticated addressing modes, the NSC800 executes the 
Z80 instruction set. 

Memory 

• 128 bytes of RAM are provided by the· NSC810 
RAM-I/O-Timer and are used by the monitor 
program for the system stack. 

• 1024 bytes of RAM are provided by two 1 K x 4 
N MC6514's. Sockets are provided for six 
additional NMC6514's, for a total of 4K bytes of 
RAM. 

• A 2K byte EPROM system monitor is provided on­
board which includes facilities to load, execute 
and debug a users program. , 

PARALLEL { 
I/O 
+ 

TIMERS 

AI 

:""11 

EXTERNAL 
CONTROL 

BUS 
II.. 

". 

~ 

-

810 PAIo·7) 

TIMERS 

810 PCIo·5) 

810 PB11·51 

• 

AI8·15) 

NSC800 
CPU 

..... 
~ 

iffi 

SINGLE 
STEP 
MODE 

.At ADDRESS 

NSC810 .... 
RAM 
I/O 

TIMER ..... ADDR/DATA 

""II 

PBD·PB7 

• An additional EPROM socket is also on-board 
which accepts a 2K byte 2716 compatible memory 
component. 

Input/Output 

• Parallel I/O 
The NSC888 provides 20 programmable parallel 
I/O lines implemented using the I/O ports of the 
NSC810 RAM-I/O-Timer. The port bits may be 
individually defined as input or output, and can 
also be written to or read from in bytes. The I/O 
lines are conveniently brought to a 50 contact 
edge connector for user interface . 

• Serial I/O 
An RS232 connector and actompanying support 

,circuitry are provided on-board. Two I/O lines 
from the NSC810 RAM-I/O-Timer are used forthe 
serial communications function, which is con­
trolled exclusively by software. The baud rate is 
determined upon system initialization by the 
character bit rate from the users terminal. The 
maximum baud rate is 2400 baud . 

... 
".. R/W 

MEMORY 

ADIo·7) 4K x 8 .. 
,.. 

.... D 10·7) 

.... ADDRESS .... 4K 
READ ,.. 
ONLY ADDR/DATA 

A 
A 10·7) .... MEMORY 

".. 
DEMUL· 

".. 

TlPLEXER 
82PC12 

DATA 
RECEIVE 

COMMUNI· 
CATION } SERIAl 

I/O 
INTERFACE DATA 

XMIT 

FIGURE 1. NSC88B Functional Block Diagram SR·O/C/1356·13 
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Timers 

The NSC888 provides two fully programmable 
binary 16-bit countersltimers utilizing the NSC810 
RAM-I/O-Timer. These signals are also brought to 
the parallel 1/0 connector. Each timer may operate 
in any of six different modes: 

• Event Counter 
• Accumulative Timer 
• Restartable Timer 
• One Shot 
• Square Wave 
• Pulse Generator 

Connectors 

o Parallel 1/0 
The parallel 1/0 lines and timer lines from the 
NSC810 RAM-I/O-Timer, plus interrupt lines from 
the CPU are brought to this 50 contact edge 
connector. 

• System Bus 
All NSC800 CPU,lines except XIN are brought to 
this 86 contact edge connector. In addition, the 
-5V line is also brought to the system bus 
connector. 

• RS232 
This connector is provided for system interface to 
the users terminal. 

Interrupts 

The NSC888 utilizes the powerful interrupt pro­
cessing capability of the NSC800 CPU.- Interrupts 
are routed via a jumper matrix to the five interrupt 
inputs of the NSC800. Each input, which may be, 
from the NSC810 1/0 ports, NSC810 timers 'or off 
board via the system bus connector, generates a 
unique memory address (see Table 1). All interrupts 
with the exception of NMI can be masked via 
software. Interrupt lines are also brought to the 
parallel 1/0 connector. 

Table 1. 

Interrupt Memory Type Priority 
Input Address 

NMI 0066H Non-maskable Highest 
RSTA 003CH Maskable 
RSTB 0034H Maskable 
RSTC 002CH Maskable 
INTR 0038H* Maskable Lowest 

*mode 1 

NSC888 FIRMWARE 

The NSC888 system monitor is provided by a pre­
programmed EPROM:This comprehensive monitor 
includes facilities to load, execute and debug pro­
grams. The monitor allows the user to examine and 

modify any RAM memory location or CPU register. It 
permits the insertion of break points to facilitate 
debugging. Programs can be executed starting at 
any location. The commands supported by the 
NSC888 system monitor are as follows: 

• B - Select a new baud rate 
• D - Display memory 
• F - Fill memory between ranges 
• G - Execute program with break points 
• H - Hexadecimal math routine 
• J - Non-destructive memory test 
• K - Store 16-bit value in memory 
• M - Move a block of data 
• P - Put ASCII characters in memory 
• Q - Query 1/0 ports 
• S - Substitute andlor examine memory 
• T - Type memory contents in ASCII 
• V - Verify two blocks of data . 
• X - Examine or modify CPU registers 
• Y - Memory search for string 

These commands are fully explained in the NSC888 
Hardware/Soft'ware Users Manual. 

Single Step/Power Save 

The NSC888 provides a unique single-step mode, 
utilizing the Power Save input of the NSC800 CPU. 
This input, when activated, reduces CPU power con­
sumption from 50mW to only 25mW. It also allows 
the user to single-step through a program, checking 
and modifying code. This function is controlled via a 
switch on the board. 

Specifications 

Microprocessor 
CPU-
Data Word­
Instruction Word­
Cycle Time-

System Clock­
Re~isters-

Number of 
Instructions­
Address 
Capability-

Memory 
RAM-

ROM/EPROM­
Access Ti me-

Connectors 
System Bus-

NSC800 
8 bits 
8, 16, 24, 32-bits 
2.00j.Ls (minimum instruction 
time) 
2.00MHz 
14 general purpose (8-bit) 

2 index registers (16-bit) 
1 stack pointer (16-bit) 
1 program counter (16-bit) 

158 

64K bytes 

1152 bytes on-boa rd pi us 
sockets for an additional 3K 
bytes 
Sockets for 4K bytes on-board 
625ns for opcode fetch 
875ns for memory read 

86-pin double-sided card cage 
edge connector on 0.156 inch 
centers 
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Parallel 1/0-

Serial 1/0-

Power 

Physical 
Height­
Width-

50-pin double-sided edge 
connector on 0.1 inch centers 
Recommended mating 
connector: 
3M 3415-0001 
AMP 2-86792-3 ' 
Standard RS232 connector 

+5V 30mA (27C16 EPROM 
monitor) or 90mA (2716 
EPROM monitor) 
-5V 3mA 

6.75 (17.15cm) 
7.85 (19.94cm) 

NSC810 

WI REWRAP.,....-----,""';"" 
AREA 

SYSTEM 
INTERFACE 

COMPONENTS 

, /'.",. 
til :(~"ln\;·~0\.l;.J.,:~,i~; 

Order Information 
NSC888- Includes CPU, 1152 bytes of 

RAM, sockets for additional 3K 
bytes of RAM, 2K byte monitor 
with additional socket for 2K 
byte ROM/EPROM, 20 I/O 
lines, RS232 interface, wire 
wrap area. 

Documentation- The NSC888 Hardware/ 
Software Users Manual and 
NSC800 Microprocessor 
Family Handbook are shipped 
with the NSC888 Evaluation 
Board 

NSC800 RS232 
CPU CONNECTOR 

t SINGLE STEP 
~RUN t POWER SAVE 

EPROM 
SOCKET 

EPROM 
MONITOR 

SYSTEM BUS NMC6514 NMC6514 NMC6514 NMC6514 
CONNECTOR 1K x 4 RAM SOCKETS 1K x 4 RAM SOCKETS 

FIGURE 2. NSC888 Evaluation Board 
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Section 13 
Development 
Systems Products 



Introduction 
This section of the databook describes the various 
development tools available to design and develop micro­
processor-based products. Support tools include soft­
ware packages for applications software development­
real-time emulators for fast and efficient hardware and 
software debugging peripherals packages (such as PROM 
programmers and printers) and, of course, powerful host 
systems to bring all of these support packages together. 

National offers the STARPLEX IITM and the SYS-16™ 
Development Systems. STARPLEX II allows the designer to 
develop 8-bit microprocessor-based products, while the 
SYS-16 allows the designer to develop NS16000™-based 
products. Appropriate packages for software development 
work are available for each of these host systems. Software 
packages for the STARPLEX II include 8-bit cross­
assemblers and compilers (such as the COPS ™ cross­
assembler for COP400 family microcontrollers), and 
PASCAL compilers for 8085 and NScaOO™ microproc­
essors. Software for the SYS-16 includes PASCAL and C to 
support the NS16000 family. To debug the software in the 
hardware prototype, powerful real-time in-system emulat­
ors (ISEs) are available forthe appropriate microprocessors". 
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~ National Semiconductor 

Integral In-System Emulator (ISETM) 
Package 

II Real·time emulation of 8·Bit 
microprocessors 

• Full Support for 8085 Series, 
NSC800™ and Z80 Microprocessors 

II Combined with an emulator board, will 
operate in any STARPLEXTM/ 
STARPLEX WM Development System 

II An integral emulation system 
o Hardware 

-- Processor independent 
-- 32 K byte mapped memory 
-- Two 32-bit breakpoint registers, 

each bit programmable 
-- 256 x 40-bit trace memory 
-- Memory mapping in 1 K byte increments 
-- a-bit user status cable for custom 

breakpoint and trace operations 
-- Real-time counter in microseconds 

up to 16 seconds. 

Product Overview 

The Integral ISE consists of two logic boards in 
standard STARPLEX/STARPLEX ". configuration, 
one bus connector and a cable. In addition to this 
are manuals and user software. The two logic 

• Software 
-- Host system resident command driver 
-- Host system resident mnemonic 

assembler and disassembler 
-- Coast after breakpoint provided with 

variable length and user-defined 
qualifications 

t1 Easy to use 
o In-File for Automatic Test 
o Consistent Commands 
o Symbolic Debugger 

• Full Access to STARPLEXI 
STARPLEX II Development Systems 
Facilities (e.g., access to STARPLEXI 
STARPLEX II Editor and other utility 
programs) 

&I Optional emulator packages to handle 
conversion from oile target processor 
to another 

boards provide all the necessary logic for break~ 
points, tracing, and real-time memory mapping. 
Microprocessor emulation is isolated on a required 
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single optional target board containing all the logic 
needed to emulate the particular microprocessor. 
Together with any specified target processor, which 
is not part of the Integral ISE, the three boards can 
be installed in any STARPLEXISTARPLEX.II Devel­
opment System. When installed directly in a STAR­
PLEXISTARPLEX II Development System, the Inte­
gral ISE supports only single processor emulation. 

(From this point on "STARPLEX" will signify 
"STARPLEXISTARPLEX II".) 

There are three very important advantages to this 
approach to system emulation: . 

Economy is the prime advantage. The customer 
needs to purchase exactly what his application 
requires. For simple single processor applications, 
the user can install the Integral ISE directly into any 
STARPLEX Development System without being re­
quired to purchase an entire emulation chassis. 
Since the Trace and Mapped Memory boards are 
standard logic modules, the customer will require 
only one set of these boards in most applications, 
whereas he might have several different types of tar­
get modules. In this manner, the user would be 
allowed to change his target module set:ups for one 
processor to another quickly and conveniently with­
out changes of any kind to the Trace and Mapped 
Memory boards. 

Convenience is an obvious advantage. The user need 
only master one software package-a single host 
software driver program-which supports all the 
features of the Integral ISE and its entire set of com­
patible target boards. Specific characteristics of the 
emulated microprocessor which must be known by 
the driver program (e.g., register complement, word 
size, status bits, etc.) are recorded on a "target 
specific" diskette which is supplied with each differ­
ent target board. The driver program upon initialization 
reads the target board status which identifies the 
target processor device type. This information 
together with the data contained on the "target 
specific" diskette allows the software driver to display 
data to the user in a syntax consistent with each 
processor type. 

The Integral ISE software package is totally inte­
grated into a STARPLEX Development System. All of 
the ease-of-use concepts that set the STARPLEX 
above other development systems are designed into 
the Integral ISE system. 

The software is invoked with a single keystroke on a 
STARPLEX keyboard, as are all other STARPLEX 
system resources. A fill-in-the-blank menu appears 
on the CRT and prompts the user to select the micro­
processor to be emulated. During the emulation pro­
cess a portion 'of the CRT screen is re~erved to 
inform the user of emulation status. This status 
information includes the type of microprocessor(s) 
selected for emulation, the state of the emulated 

. microprocessor(s), breakpoint condition mask, and 
whether or not breakpoints are enabled. 

Should the user wish to review the full range of the 
Integral ISE commands available he can call for 
"HELP"; the "HELP" key on a STARPLEX keyboard 
allows the user to display information describing 
the Integral ISE software functions. 

Performance is the final advantage. Unlike other in­
system emulators which are installed directly into a 
development system, National's Integral ISE does 
not have to compete with the system bus in order to 
attain real-time emulation, either mapped or 
unmapped. Even though the Trace and Mapped 
Memory boards are physically within the develop­
ment system, they do not interface directly with the 
system bus. They interface only with the Target 
Board through a specialized high-speed emulation 
bus connector. Only the Target Board has the capa­
bility of interfacing to the system bus. The Mapped 
Memory board is dedicated to Integral ISE and does 
not occupy any STARPLEX Development System 
address space. 

Functional Description 

Support Various Microprocessors 

The Integral ISE is a flexible solution for users who 
wish to prototype systems involving one or more 
types of microprocessors. By changing a target 
CPU board, Integral ISE can be used to emulate 
various different microprocessors such as the 8085 
NSC800and Z80 microprocessors. 

Powerful Debugging Capability 

National Semiconducto~'s Integral ISE provides all 
the usual features of a powerful in-system emulator, 
plus many more that make it the most powerful unit 
available today. The usual features include: program 
loading from the host mass storage unit to the Inte­
gral ISE program memory; saving programs in the 
IntegrallSE on the host system's mass storage med 
ium; memory examination and modification; register 
examination and modification. Some of the addi­
tional and more powerful characteristics include: 

• 'Real-Time Emulation of the Target 
Microprocessor 
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Real-time emulation means that the target micro­
processor is emulated in an applications system 
with the same hardware and software timing char­
acteristics that the microprocessor chip will 
exhibit when it is plugged into the application 
system. Real-time emulation has been designed 
into the Integral ISE. Some design characteristics 
contributing to real-time emulation are: 

- Separation of the Host Development System 
Function. Separation of Integral ISE from the 
host development is a major contribution to 
real-time emulation. Integral ISE uses a sepa~ 
rate internal bus from the host sy$tem, thus 



eliminating bus access conflicts between the 
emulation function and the host control func­
tions. Its' internal structure is optimized for 
microprocessor emulation, and is not compro­
mised by some predefined architecture. 

- System Clock Selection. In the early stages of 
the applications system checkout, where minor 
timing variations are more easily tolerated, the 
applications system designer may choose to 
run the emulator using the IntegrallSE system 
clock. In the final checkout stages, where real­
time emulation is much more critical, the de­
signer may choose to run the emulator using 
the applicaton system's own clock. Integral 
ISE will support either mode of operation. 

- Positioning of the Emulator Processor. Propa­
gation delays in cables and buffers can con­
tribute significant timing errors to the emula­
tion process. For this reason, the emulation 
processor is located on a cable board only 
eight inches from the emulation plug to the 
applications system microprocessor socket. 
High-speed buffers are used to transmit sig­
nals between the emulation processor and the 
applications system. 

- Emulation Processor Selection. Wherever pos­
sible an exact copy of the microprocessor being 
emulated is used as, an emulation processor. 
For example, when an 8085 microprocessor is 
being emulated, an 8085 is used as the emula­
tion processor. Instruction execution times and 
control signal timing are therefore identical to 
the timing that will be experienced in the final 
system. 

• Breakpoint Conditions Provided for 
Two breakpoint registers (BPC) can be defined on 
a 32-bit, maskable word. Each breakpoint register 
is specified by: 

-16 bits of address 
- 8 bits of target CPU status 
- 8 bits of user hardware status 

Each bit of the 32-bit breakpoint register mask 
may be specified to compare on "$" or "0", or 
"don't care". The user can then specify a break­
point to occur when anyone of the following 
conditions is met: 

-If BPC #1 is met 
-If BPC #2 is met 
-If BPC #1 or BPC #2 is met 
-If BPC#1 is met after BPC#2 is met 
-If BPC #2 is met after BPC #1 is met 

Integral ISE can also be told to "coast" after the 
breakpoint combination has been satisfied 
before suspending operation: 

-Coast until n more BPs are encountered 
- Coast until n more BPC #1s are encountered 

-Coast until n more BPC #2s are encountered 
-Coast until n more read cycles are 

encountered 
-Coast until n more write cycles are 

encountered 
- Coast unti I n more instruction fetches are 

encountered 
- ·Coast until n more memory read cycles are 

encountered 
- ·Coast until n more memory write cycles are 

encountered 
- ·Coast until n more memory read or write 

cycles are encountered 
- ·Coast until n more I/O read cycles are 

encountered 
- ·Coast until n more I/O write cycles are 

encountered 
- ·Coast until n more I/O read or write cycles ' 

are encountered 
- ·Coast until n more interrupt acknowledges 
- ·Coast until n more serial input data 
- ·Coast until n more serial output data 
-Coast until n more of all the above 

Note: 0 < n < 256; Those coast options preceded by a - are only available 
if the target microprQcessor puts out the necessary status information. 

There are five breakpoint (BP) combinations and 
sixteen "Coast" combinations, making a total of 
eighty total possible breakpoint conditions. 

• Program Trace 
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Integral ISE maintains a constant record, in real­
time, of the last 256 cycles performed by the tar­
get microprocessor. Forty bits of information are 
recorded for each cycle: 

-16 bits of address 
- 8 bits of data 
- 8 bits of CPU status 
-8 bits of user-defined status, via the 8-bit 

status cable 

The type of information recorded in the trace 
memory is selectable in thirteen ways: 

-All write cycles only 
-All read cycles only 
-Instruction fetches only 
- *Memory read cycles only 
- *Memory write cycles only 
- * Memory read or write cycles 
- *1/0 read cycles only 
- *1/0 write cycles only 
- *1/0 read or write, cycles 
- *Interrupt 'acknowledges 
- *Serial input data only 
- *Serial output data only 
- All of the above 

Note: Those options preceded by a • are only available if the target 
microprocessor puts out the necessary status information. 



IntegrallSEgenerates a Sync Pulse each time data is 
recorded in the trace memory. 

• Target Board Control Features 
The target microprocessor will be placed in an 
inactive state at the end of the current instruction 
when one of the following conditions occurs: 

- The user gives a halt-command to the given 
target 

- A breakpoint is encountered 
- The Integral ISE is in single'step mode 
When a target is halted, the user may take any , 
one or all of the following actions: 
- Examine and change the target's registers, 

memory, or port 
- Dump trace memory for examination 
- Change emulation specifications 
- Change memory map 

• Flexible Memory Mapping 
A 32K mapped memory space is available for the 
Integral ISE. The applications program may be 
mapped into Integral ISE memory in 1 K blocks. 
These blocks need not be contiguous. The mem­
ory map may be specified and altered under pro­
gram control, and any segment may be write 
protected. In addition, data may be copied from 
the applications system memory to the Integral 
ISE memory. 

• Microsecond Timer 
National Semiconductor's Integral ISE has a 16-
second timer which counts in one-microsecond 
increments. The user may use this timer to mea­
sure the time elapsed between any two points of 
this program. The two points in the program must 
be defined through breakpoint conditions; the 
clock starts counting as breakpoint #1 is encoun­
tered and stops when breakpoint condition #2 is 
encountered. 

• User Status Cable 
Integral ISE provides the user with a six-foot 
cable carrying eight probes. The user may hook 
these probes anywhere in his system and treat 
the status of these points as part of his break­
point word and trace a word. 

Convenient Software 

Several tools are provided to make the Integral ISE 
a very convenient emulation system to use. Many 
of the debugging features available for software 
development, like symbolic debugging, are now 
available for system development. 

• Symbolic Debugging 
Programmers use symbols to reference program 
and data memory when writing programs, but they 
are usually required to use absolute hexadecimal 
addresses when referencing those locations 
during program debug. Integral ISE allows the 
deSigner to use those same symbols to reference 
program and data memory during program 
debug. A symbol table is generated when the 
program is first assembled or compiled in the 
host development $ystem. That symbol table is 
passed to the driver program in the host system 
for use during the debugging operations. During 
debugging operations, symbols may be added or 
deleted, and symbol values may be r~defined. 

• In-Line Assembler 
A one-ptiSs line-by-line assembler is provided to 
allow modification of object code in the Integral 
ISE memory or the applications system memory 
without having to manually convert symbolic in­
structions to machine language. The in-line as­
sembler accepts program modifications in the as­
sembly language of the target microprocessor, 
assembles them, and inserts them into the object 
program at the locations specified by the system 
programmer. 

• Disassembler 
The disassembler reads specified segments of 
Integral ISE or applications system .memory, dis­
assembles them, and displays their contents in 
the assembly language mnemonics of the target 
microprocessor. This feature eliminates many of 
the tedious manual steps normally involved in 
application debug. 

• Automatic Testing 
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The application system deSigner often wishes to 
perform a predefined sequence of tests on the 
system over a relatively long period of time. Inte­
gral ISE has an automatic testing mode whereby 
the designer may write. a sequence of test steps 
in a language similar to BASIC, store those tests 
in the memory of the host system, and initiate the 
test sequence. Integral ISE will perform the tests 
in the specified sequence and, if requested, 
record the results on a disc or a hard copy device 
of the host system. Branching and conditional 
branching are also permitted in the test program. 
This feature is especially useful for rigorous proof 
that all parts of the applications system are in 
fact working, for detecting and documenting in­
frequent failures, and for performing "life" tests. 



'The list of predefined test sequences resides in a 
file created by using the Integral ISE software or 
the development system's Text Editor. Once the 
file is resident on disc, It can be retrieved; 
deleted, edited, etc., by the Integral ISE Software 
Package. 
The following commands allow the user to 
perform automatic testing functions: 

DELETE Deletes a range of lines from the test 
program. 

EXECUTE Executes the test program. 

LIST Lists the test program. 

LOAD FAST Loads the specified test program 
INFILE from disc. 

SAVE FAST _ Saves the test program on disc. 
INFILE 

SCRATCH Deletes the entire test program. 

END Directive to end test program and 
return control to command mode. 

GOTO Unconditional branch to another 
statement in test program. 

IF Conditional branch to another 
statement in test program. 

INPUT Enables user to interact with test 
program at run time to specify data 
values. 

PRINT Prints number and string data on 
console. 

ERROR Allows errors to occur during testing 
without halting the test. 

CALL Passes control to a line in an INFILE 
subroutine. 

RETURN Returns control from an INFILE 
subroutine. 

SET Sets a specified INFILE parameter to 
PARAMETER a value. 

Command Summary 

Initialization and Setup Commands 

CHANGE Change target-specific system 
configuration characteristics. 

HOLD Enables or disables hold timeout 
for the selected target processor. 

INITIALIZE 

LATCH 

LOCK 

RESET 

NORESET 

Causes a reset of the target 
board firmware and clears the 
work registers of the selected 
target processor. 

Selects trigger for input validity 
from the user status cable. 

-Forces all target processors into 
"hold" state to allow power-down 
of user system. 

Indicates that the selected target 
processor registers are to be 
reset prior to the resumption of 
emulation. 
Rescinds the RESET command. 

RADIX 

WAIT 

Establishes the default input and 
display mode (binary, octal, 
decimal of hexadecimal). 

Enables or disables wait timeout 
for the selected target processor. 

Memory Mapplng/Demapplng Control 

MAP This command enables or 
disables use of ISE memory 
and allows copying betwen ISE 
and user memory. 

GUARD Write-protects any block of target 
1/0 ports or memory. 

UNGUARD Write-enables any block of target 
1/0 ports of memory. 

Breakpoint Control 

BREAK Suspends emulation when the 
specified break conditions are 
met in the target system. 

TIME Displays the time interval 
between occurence of 
breakpoints A and B, when B 
occurs after A. 

Emulation Commands 

RUN Continues the system emulation 

STEP 

Trace Control 

TRACE 

until a break condition is 
satisfied. 
Continues the system emulation 
in Single-step mode. 

Selects target activity to be 
recorded into the trace memory. 

Memory/Register/Port Modification and 
Display Commands 

CHANGE Replaces contents of memory 
locations with new data values 
or writes values to 1/0 ports. 

DISPLAY Displays portions of target 
. processor memory, register, 1/0 
port, or trace data. 

MOVE Transfers a region of memory 
into another region. 

SEARCH Searches a range of memory 
locations for a specified value 
and displays the locations where 
the value is found. 

Symbol Table and File Manipulation Commands 
DELETE Deletes the specified symbol(s) 

frpm the symbol table file. 

LOAD 
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F'etches an in-file program or 
load file from disk medium or 
opens a symbol table file. 



SAVE 

LIST 

Creates and saves in-file 
programs or load files on disk or 
closes symbol table files. 
Display all or part of the INFILE. 

Utility Commands 

ECHO Selects the host processor's 
echoing device for hard copy 
history. 

PRINT 

ARCHIVE 

RESTORE 

Displays strings and expressions. 

Saves the system status on disk 
for later retrieval. 

Restores the system status 
. saved by ARCHIVE. 

DIAGNOSTIC Performs limited testing of Trace 
and Memory Boards. 

Specifications 

Environmental Operating Temperature 10°C 
(50°F) to 32°C (90°F) 

Storage Temperature -40°C 
(-40°F) to 75°C (167°F) 

Power All boards + 5 Voc each 

Memory 

Physical 

Board Involved 

Target Board 

Cable Board 

Integral ISE Set: 

Trace Board 

Status Board 

Memory Board 
Total 

Worst 

4.2A (21.0W) 

1.9A (9.5W) 

3.6A (18.0W) 

O.3A (1.5W) 

5.5A (27.5W) 
15.5A (77.5W) 

Mappable - 32 K bytes in 1 K 
byte increments ' 

Trace - 256 x 40 bits 

Target Board 
Height - 7.15 in. (18.16 cm) 
Width - 12.00 in. (30.48 cm) 
Depth - 0.50 in. (1.27 cm) 

Prerequisites 

Cable Board 
Height - 9.00 in. (22.86 cm) 
Width - 4.55 in. (11.56 cm) 
Depth - 0.54 in. (1.37 cm) 

Cable Board Housing 
Height - 9.75 if). (24.76 cm) 
Width - 5.75 in. (14.60 cm) 
Depth - 1.62 in. (4.11 cm) 

Status Board Housing 
Height - 6.00 in. (15.24 cm) 
Width - 3.00 in. (7.62 cm) 
Depth - 0.50 in. (1.27 cm) 

Memory Board 
Height - 6.75 in. (17.75 cm) 
Width - 12.00 in. (30.48 cm) 
Depth - 0.50 in. (1.27 

Trace Board· 
Height - 6.75 in. (17.75 cm) 
Width - 12.00 in. (30.48 cm) 
Depth - 0.50 in. (1.27 cm) 

Cables· 
Target Board Cables -
72.0 in. (6 ft.) 
Cable-Board/User Cable -
15.0 in. (1 ft. 3 in.) 

Approximate overall length from 
STARPLEX base module to the 
40-pin connector- 96 in (8 ft.) 

. . 

Any STARPLEXISTARPLEX II Development System. 
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Order Information 
(Includes One 32K Byte Mapped Memory Board, One 
Trace Board, Cables, and One ISE TTL Status Cable Pod.) 

SPM-90-A13-4 NSC800 Emulator Package 
SPM-90-A13-7 Z80 Emulator Package 

For STARPLEX Development Systems: 
SPM-A13 Integral In-System Emulator Package 
SPM-A13-3 8085 Emulator Package 
SPM-A13-4 NSC800 Emulator Package 
SPM-A13-7 Z80 Emulator Package 

For STARPLEX II Development Systems: 
SPM-90-A13 Integral In-System Emulator Package 
SPM-90-A13-3 8085 Emulator Package 

MEMORY 
BOARD 

Documentation 
420305789-001 

420306198-001 

420306240-001· 
420306421-001 
420306692-001 
420308101-001 

CABLE 
POD 

8080/8085 Macroassembler Software 
User's Manual 
NSC800 Cross-Assembler Software 
User's Manual 
8085 Integral ISE User's Manual 
NSC800 Integral ISE User's Manual 
Z80 Integral ISE User's Manual 
80CX48 Integral ISE User's Manual 

TRACE 
BOARD 

USER STATUS 
POD 

USER PROTOTYPE 
SYSTEM STATUS PROBES 

Integral ISE System Configuration 
SPM-A13 with SPM-A13-X, 

SPM-90-A13 with SPM-90-A13-X 
(Total: 3 Boards and 2 Pods) 
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MOLE™ (Microcontroller 
On Line Emulator) 
Development System 
MOLE SYSTEM 

A MOLE (Microcontroller On Line Emulator) system 
consists of three components: a MOLE Brain board, a: MOLE 
Personality board, and the user's host CPU. This partitioning 
provides the microcontroller design engineer with a new 
concept in flexibility. As an example of this flexibility consider 
the latitude in choice of host CPU. The host CPU may be 
National Semiconductor's COP400·PDS, STARPLEX ITM 
o~ STARPLEX II™, Intel's MDS800 or INTELLEC™ 
Series II, or any other CPU operating under CP/M(\)_ 
even one of many inexpensive personal computers. Soft· 
ware provided by National Semiconductor will run under 
control of the host computer CP/M operating system. 

Further flexibility is provided by the Personality board. This 
component tailors the system to the emulation of a single 
microcontroller family or device. For instance, one 
Personality board supports COPSTM CMOS family, another, 
the NS455 Terminal Management Processor. These two 
boards support 21 microcontroller device types. 

The Brain board is the pivotal component of the MOLE 
concept. In conjunction with a CRT terminal and Personality 
board it provides the user with a freestanding workstation for 
microcontroller emulation. It ties the system together by 
communicating with the host CPU, the Personality board and 
other Brain boards. Multiple Brain boards, tied to a common 
host, can function as emulators for individual projects where 

----t------~-
r::;:I~ 
~ TLlDD16736-1 

MOLE System Configuration 
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each Brain board is a separate project workstation. They can 
also function as individual microcontroller emulators within a 
multicontroller system. 

The flexibility of the MOLE concept allows the user to 
efficiently emulate a wide range of microcontrollers in any 
application environment. 

The MOLE components have been selected to provide 
maximum utility. The host CPU contributes cost effective bulk 
storage and high speed processing. Disk editing and 
assembly operations are handled by the host CPU. The 
results are down loaded to the Brain board over the RS·232 
link. The Brain/Personality board combination then provides 
full emulation capabilities. 

The resident firmware allows the user to: display and alter 
memory in both hex and mnemonic format; initiate 
breakpoints, traces and timing on addresses or external 
events; examine and modify the internal resources of the 
microcontroller being emulated. Hardware and firmware are 
provided for programming EPROMs and EEROMs. 

Once debugged, the code is transmitted via modem to 
National Semiconductor for use in creating the tooling 
required to manufacture the masked microcontroller 
part. 

Thus the MOLE concept provides maximum flexibility to . 
accommodate microcontroller selection and maximum utility 
for product development. . 

To Applications System 

MOLE System Block Diagram 

• DC 
Power 
Source 

TLlDDI6736·2 
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MOLE BRAIN BOARD 
The Brain board is the pivotal component of the MOLE 

concept. In conjunction with a CRT terminal and Personality 
board it provides the user with a freestanding workstation for 
microcontroller emulation. It ties the system together by 
communicating with the host CPU, a Personality board and 
other Brain boards. Multiple Brain boards, tied to a common 
host, can function as emulators for individual projects where 
each Brain board is a separate workstation. They can also 
function as individual microcontroller emulators within a 
multicontroller system. 

The choice of host CPU is largely left to the user. The 
host CPU may be National Semiconductor's 
COP400·PDS, STARPLEX I or STARPLEX II, Intel's 
MDS800, INTELLEC Series II, or any other CPU operating 
under CP/M-'-even one of many inexpensive personal 
computers. 

The MOLE Brain board uses a NSC800™ microproc' 
essor with 64K RAM and 32K ROM. It has an EPROM I 
EEROM programmer for on line changes in software. 
There are three RS·232 ports and a bus to connect the 
Brain to the MOLE Personality boards for actual emula· 
tion of software in the user's application system. 

The RS-232 ports are used via the communication routine, 
in firmware, to interface with a host CPU and a user terminal, 
plus a printer or other MOLEs. This gives the user great utility 
during system development. 

The bus allows the user access to the entire MOLE family 
of Personality boards. These Personality boards tailor the 
MOLE system to each specific microcontroller family. Thus 
the MOLE concept provides maximum flexibility to 
accommodatemi~rocontroller selection and maximum utility 
for product development. 

BUS 
CPU 

MOLE Brain Board Block Diagram 

Inter Board 
Connectors 

TLlDD/6736-3 
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• Supports NSC's entire family of MOLE Personality boards 

• Single 5V operation 

• Ability to interface to a wide variety of host corpputers . 

• Full communication control with host computer, a modem 
or other MOLEs 

• Three RS-232 ports 

• Auto baud selection (110,300,600, 1200,2400,4800, 
9600, 19200 baud) 

• Mask data submission via modem 

• Self diagnostics 

• Program EPROMS 
MM2716,.NMC27C16 
MM2732, NMC27C32 
NMC2764 

• Program EEROMS 
NMC2816 

PHYSICAL SIZE 
10" x 12" 

POWER REQUIREMENTS 
+.5V DC @ 3.5A 

-+21 V or +25V @ 50mA 
(Optional-required only for PROM programming) 

WHAT PIN TO ORDER 
MOLE-BRAIN 

MOLE-BRAIN PACKAGE CONTAINS 
MOLE Brain Board 
MOLE Brain User's Manual 
2 RS-232 Cables 
Power Cable 
Miscellaneous Hardware 



MOLE COPS CMOS FAMILY 
PERSONALITY BOARD 

The CMOS COPS Family Personality Board supports 
the emulation of the COP400 CMOS family of microcon­
trollers, specifically, the COP444C, COP445C, COP424C, 
COP425C. COP426C. COP410C. COP411C. The 
Personality board allows the user to emulate the appropriate 
CMOS Microcontroller in the end system for fast 
development of the user's application software and 
hardware. The Personality Board consists of: a monitor in 
firmware; the hardware to control the operation of the 
microcontroller in the emulation system; and an 
In-System-Emulator cable to connect the emulator to the 
application system. The ISE™ cable has the same pin 
configuration as the final masked part. 

The Personality board monitor is contained in 32K of ROM 
and is directly executable by the NSC800 microprocessor on 
the Brain board. The monitor commands will allow the user to 
execute the application software. examine internal registers 
and I/O. examine and change object code. execute time 
measurement and set trace or breakpoints. 

The Personality board also contains shared memory 
(RAM) for application programs and the necessary hardware 
logic for trace and breakpoint operation. 

As soon as the program is thoroughly tested, the code 
is sent via modem to National Semiconductor for use in 
creating the tooling required to manufacture the masked 
CMOS COPS production part. 

The CMOS Personality board is only one of a family of 
Personality boards that tailor the MOLE system to a specific 
microcontroller family. Thus. the MOLE concept provides 
maximum flexibility in microcontroller selection and maximum 
utility for product development. 

TLlDDI6TJ6'4 
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• Supports entire COPS CMOS family 

• Single 5V operation 

• Firmware monitor directly executed by Brain CPU 

• Firmware diagnostics directly executed by Brain CPU 

• 2K bytes of shared memory 

• 256 deep trace memory 

• Eight external event inputs 

• Trace on multiple addresses 

• Trace on multiple address ranges 

• Trace on external events 

• Breakpoint on multiple addresses 

• Breakpoint on multiple address ranges 

• Breakpoint on external events 

• List and alter shared memory 

• Print and modify internal registers 

• Singlestep 

• Next-singlestep around subroutine calls 

• Trigger output for logic analyzer 

• Real time emulation 

PHYSICAL SIZE 
12" x 12" 

POWER REQUIREMENTS 
+5V@3.5A 

WHAT PIN TO ORDER 
MOLE-COPS-PBOOl 

'MOLE-COPS-PBOOl PACKAGE CONTAINS 
MOLE CMOS COPS Personality Board 
MOLE CMOS COPS PB Manual 
3 Emulator Cables 
Power Cable 
Miscellaneous Hardware 

~ o 
r­
m 

o 
:::s • c: 
:::s 
CD 
m 
3 
c -Q) ... 
o 

.::s.. 
c 
CD 

~ 
0" 

"'C 
3 
CD 
:::s ... 
!i 
(J) ... 
CD 
3 



E 
Q) ... en 
~ ... c 
Q) 

E 
C­o 
Q) 
> 
Q) 
c 
"C­o ... co -::l 
E 

,W 
Q) 
c 
::i 
C: o 

W 
-I 
o 
:2! 

MOLE NS455 (TMP) 
PERSONALITY BOARD 

The NS455 Personality board allows the MOLE system to 
emulate the NS455 Terminal Management Processor. The 
Personality board consists of a firmware monitor, emulation 
hardware and an In-System-Emulator, ISE, cable. The ISE 
cable has the same pin out as the masked part and 
allows the Personality board to function within the ap­
plication system. 
• The NSC800 CMOS microprocessor, located on the Brain 
board, directly executes the 32K of Personality board monitor 
firmware. The monitor allows execution of application 
software, examination and alteration of internal registers, 
examination and alteration of memory contents and setting of 
trace and breakpoints. The ISE cable connects these 
capabilities to the application system. Up to eight external 
events may be traced and stored in the 2K deep trace 
memory. Multiple breakpoint and machine code unassembly 
commands are at the user's disposal. 

Application programs of up to 8K bytes in length may be 
executed from Personality board RAM or user system 
memory. Video display RAM also may be accessed from the 
Personality board (2K bytes) or user system memory (64K x 
16). Unique character sets may be displayed by accessing a 
high speed character font memory. 

Once debugged, the code is transmitted via modem to 
National Semiconductor for use in creating the tooling 
required to manufacture the masked NS455 part. 

The NS455 is only one of a family of Personality boards 
that tailor the MOLE system to a specific microcontroller or 
microcontroller family. Thus the MOLE concept provides 
maximum flexibility to accommodate microcontroller 
selection' and maximum utility for product development. 

TlIDD/6736·5 
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13-14 

• Supports NS455 (TMP) microcontroller 

• Single 5V operation 

• Firmware monitor directly executed by Brain CPU 

• Firmware diagnostics directly executed by Brain CPU 

• 8K bytes of shared program memory 

• 2K bytes of video display memory 

• 2K bytes of character font memory 

• 2048 deep trace memory 

• 'Eight external event inputs 

• Trace on multiple addresses 

• Trace on multiple address ranges 

• Trace on external events 

• Breakpoint on multiple addresses 

• Breakpoint on multiple address ranges 

• Breakpoint on external events 

• List and. alter shared memory 

• List and alter display memory 

• List and alter character font memory 

• Print and modify internal registers 

• Singlestep 

• Next-singlestep around subroutine calls 

• Trigger output for logic analyzer 

• Real time emulation 

PHYSICAL SIZE 
12" x 12" 

POWER REQUIREMENTS 
+5V@4A 

WHAT PIN TO ORDER 
MOLE-TMP-fB001 

MOLE-TMP-PB001 PACKAGE CONTAINS 
MOLE TMP Personality Board 
MOLE TMP PB User's Manual 
1 Emulator Cable 
Power Cable 
Miscellaneous Hardware 



MOLE SOFTWARE 
MOLE supports host software packages for CP/M based systems and COPS-PDS systems. These packages contain all 
the necessary software for fast and efficient program development. The basic package contains user's manual, target 
cross assembler, communication program and any microcontroller or host dependent utilities. Host software is supplied 
In the following disk formats: CP/M IBM·3740, CP/M Intel 8 in. single/double density and PDS·COPS. MOLE software is 
purchased separately from MOLE hardware. 

WHAT PIN TO ORDER FOR COPS DEVELOPMENT 

Host Computer 

PDS II 
STARPLEX I 
STARPLEX II 
Intel MDS8O().SD 

INTELLEC II·SD 
Intel MDSBOQ.DD 

INTELLEC II·DD 
IBM/3740 CP/M 

WHAT YOU GET 

Disk Format 

COPS·PDS 8 in. single density 
8 in. standard (IBM/3740) single density CP/M 

Intel 8 In. single density CP/M 

Intel 8 In. double density CP/M 

8 in. standard (IBM/3740) single density CP/M 

Each COP400 microcontroller package specifically contains: 

• USER'S MANUAL 
• DISKETIE con~ainlng: COP40o-Series cross assembler 

Code linkage utility (PDS only) 
MOLE/Host communication program 
Code conversion utility (CP/M only) 
Code conversion utility (CP/M only) 

Order Code 

MSFW·COPS·PDS 
MSFW·COPS·CPM 

M~FW·COPS·INT·S 

MSFW·COPS·INT·D 

MSFW·COPS·CPM 

ASM400 
LINK 
COMM 
HEXLM 
LMHEX 
MASKTR ROM, OPTION transmittal/checking program (PDS only) 

WHAT PIN TO ORDER FOR NS455 DEVELOPMENT 

To select NS455 microcontroller development package for your system locate the required disk format and use the adjacent 
ordering code. 

Host Computer 

STARPLEX I 
STARPLEX II 
Intel MDS·SD 
Intel MDS·DD 
IBM/3740 CP/M 

WHAT YOU GET 

Disk Format 

8 in. standard (IBM/3740) single density CP/M 

Intel 8 in. single density CP/M 
Intel 8 in. double density CP/M 
8 in. standard (IBM/3740) single density CP/M 

Order Code 

MSFW·TMP·CPM 

MSFW·TMp·INT·S 
MSFW-TMP-INT·D 
MSFW-TMP-CPM 

Each NS455 microcontroller package contains: 

• USER'S MANUAL 
• DISKETIE containing: ASM455 

COMM 
HEXLM 
LMHEX 
FONT 

NS455 series cross assembler 
MOLE/Host communication program 
Code conversion utility 
Code conversion utility 
Character font building utility 

13·15 

3: 
o 
r m 

o :::s • c: 
:::s 
CD 
m 
3 
c 
iii" ... o 

..:::!.-



E 
Q) ..... 
o 
~ en ..... 
C 
Q) 

E 
C­
O 
Q) 
> 
Q) 

C 
1:­
o ..... 
CO -::s 
E 
W 
(1) 
c 
:.:i 
i:: o 

W 
-I o 
~ 

NS455 DEMONSTRATION BOARD 
The NS455 Demo Board typifies the type of minimum CRT 

data terminal system possible with a masked NS455 
Terminal Management Processor. With the addition of a 
video monitor, ASCII encoded keyboard and power supply 
one has a complete data terminal. Alternatively one may 
write his own program and have the NS455 execute it by 
going external for program memory. 

Through the many Escape sequences programmed into 
the chip, a user has complete control over terminal operation. 
In addition, the many cursor and character attribute display 
options available may be easily evaluated. 

NS455 
TMP 

1--<._---iHS 
1-++-..-1VS 
I--<++<_--i vo 

,..--,.-- --, 
I Exlernal I 
I Program I 
I ROM I 

TL/DDI6736·6 

TMP Demo Board Block Diagram 

PART NUMBERS 
The TMP (Terminal Management Processor) boards can 

be ordered by requesting the following part numbers: 
TMP-DEMO-12 

(for 5 x 7 character font-12 MHz bandwidth) 
TMP-DEMO-18 

(for 7 x 9 character font-18 MHz bandwidth) 
CONTAINS: 

Demo Board 
NS455-Series Data Sheet 
Demo Board Operating Manual 
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FEATURES 
• Internal masked ROM or external EPROM program 

execution 

• 80 Column x 25 Row display 

• 5 x 7 characters with 2 level descenders 

• 12 MHz video bandwidth 

• BALL or Composite Video Output. 

• 50/60 Hz operat(on 

• RS232C Serial Interface with Full Duplex 110-19.2K 
BAUD 

• Status Line Display 

• ·24 Escape Sequences 

• 15 Control Sequences 

TMP Demo Board 

TLlDD16736·7 



~ National Semiconductor 

NSC800lM Emulator Package 

II Real·Time In·System Emulation of 
NSC800 Microprocessor 

II Supports Two Modes of Operation 
o Program Development 
o Single Processor Emulation 

Product Overview 
National's NSC800 Emulator Package gives the 
designer of NSC800 based systems the kind of 
sophisticated tool required for efficient microcom­
puter development. The NSC800 Emulator Package, 
In conjunction with the Integral ISETM Package and 
the STARPLEX/STARPLEX II Development System, 
provides capabilities that up to now have not been 
available in this type of instrument. 

National's IntegrallSE Package is installed directly 
in any STARPLEX/STARPLEX II Development Sys­
tem. This package consists of two logic boards 
(TRACE logic and MAPPED MEMORY). These two 
logic boards provide the user with 32 K bytes 
tracing and memory mapping. These resources are 
available for the emulation of any processor since 
the individual emulation packages are the only 
components dedicated to particular processors. 
This approach simplifies changing processors 
since the user needn't learn a new ISETM language 
each time he changes emulation packages. 

EI Plugs Directl~ Into Any STARPLEX™/ 
STARPLEX II M Development System 

The NSC800 Emulator Package provides the physi­
cal and electrical interface between the Integral 
ISE package, the STARPLEX Development System 
and an NSC800 based system undergoing develop-' 
ment. When installed in a STARPLEX Development 
System, it connects to the User's System via the 
Cable Pod and a 40·pin plug to the system under 
development. In this configuration, the entire sys­
tem supports two mode's of operation. These modes 
are program development and single processor 
emulation. 

The program development mode permits the user 
to develop and debug his software even though he 
has no prototype hardware available. The emulator 
package provides the clocks and memory neces­
saryfor this task. During emulation of a single pro­
cessor, the user's hardware provides the actual 
clock signal thus forcing the entire Integral ISE 
system to operate at the actual clock rate of the 
'user's system. 
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Loading Information for 40-Pin Connector 
Output load (mA) Input load (,lA) Time Delay (TD) 

Pin 
VIH=IIH VIL=IIL 

Between NSC800 
No. VOH=IOH VOL=IOL & 40 Pin Plug Mnemonic 

1 -.95 1.6 - - 0 As 
2 -.95 1.6 - - 0 Ag 
3 -.95 1.6 - - 0 Am 
4 -.95 1.6 - - 0 A11 
5 -.95 1.6 - - 0 A12 
6 -.95 1.6 - - 0 A13 
7 -.95 1.6 - - 0 A14 
8 -.95 1.6 - - 0 A1S 
9 -.95 1.6 - - 0 elK 

10 - - - - - XOUT 
11 - - - - 0 XIN 

. 12 -10 48 80 -250 27ns ADo 
13 -10 48 80 -250 27ns AD1 
14 -10 48 80 -250 27ns AD2 
15 -10 48 80 -250 27ns 

\ AD3 
16 -10 48 80 -250 27ns AD4 
17 -10 48 80 -250 27ns ADs 
18 -10 48 80 -250 . 27ns ADs 
19 .;....10 48 80 -250 27ns AD7 
20 - - - - - GND 
21 - - 20 -200 38ns NMl 
22 - - 20 -200 38ns RSTA 
23 - - 20 -200 38ns FffifB 
24 - - 20 -200 38ns RSro 
25 - - 20 -200 38ns mTR 
26 ,.;....96 1.6 - - 0 iNfA 
27 -.96 1.6 - - 0 51 
28 -.96 1.6 - - 0 RFSR 
29 -.95 1.6 - - 0 50 
30 -.95 1.6 - - 0 ALE 
31 -15 64 - - 9ns WR 
32 -15 64 - - 9ns AD 
33 - - 50 -400 38ns RE5ETIN 
34 -.95 1.6 - - 0 101M 
35 -.98 1.8 - - 0 SACK 
36 - - 20 -200 43ns I3REO 
37 -.96 1.6 - - 22ns RE5ET OUT 
38 - - 50 -400 30ns WAIT 
39 ' - - 20 -200 0 PS 
40 * * * * - Vee 

• Vcc @ +5 V Icc = 1 rnA max. 
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Specifications 

Environmental, Operating Temperature 10°C 
(50°F) to 32°C (90°F) 

Power 

Physical 

Storage Temperature -40°C to 
-40°F 

All Boards +5Voc each 

Board Involved Typical Worst 
NSCBOO Target 3.6A 4.2A 
Board (1B.OW) (21.0W) 
NSCBOO Cable 1.4A 1.9A 
Board (7.0W) (9.5W) 

Integral ISE Set 
Trace Board 2.0A 3.6A 

(10.0W) (1B.OW) 
Status Board 0.3A 

(1.5W) 
Memory Board 2.7A 5.5A 

(13.5W) (27.5W) 

Total: 50.0 W 77.0W 

Target Board 
Height - 7.15 in. (18.16 cm.) 
Width - 12.00 in. (30.48 cm.) 
Depth - 0.50 in. (1.27 cm.) 

Cable Board 
Height - 9.00 in. (22.86 cm.) 
Width - 4.55 in. (11.56 cm.) 
Depth - 0.54 in. (1.37 cm.) 

Cable Board Housing 
Height - 9.75 in. (24.76 cm.) 
Width - 5.75 in. (14.60 cm.) 
Depth - 1.62 in. (4.11 cm.) 

Status Board Housing 
Height - 6.00 in. (15.24 cm.) 
Width - 3.00 in. (7.62 cm.) 
Depth - 0.50 in. (1.27 cm.) 

Memory Board 
Height - 6.75 in. (17.75 cm.) 
Width - 12.00 in. (30.48 cm.) 
Depth - 0.50 in. (1.27 cm.) 

Prerequisites 

Trace Board 
Height - 6.75 in. (17.75 cm.) 
Width - 12.00 in. (30.48 cm.) 
Depth - 0.50 in. (1.27 cm.) 

Cables 
Target Board Cables-
72.0 in (6 ft.) 
Cable-Board/User Cables-
15.0 in (1 ft. 3 in.) 
Approximate overall length from 
STARPLEX base' module to the 
40-pin connector'- 96 in. (8 ft.) 

, Any STARPLEXtSTARPLEX II Development System and 
Integral In-System Emulator Package (SPM-A13, 
SPM-90-A13) 

Order Information 
(Includes Target Board, Lightweight Plastic Cable Pod, 
Cables, Software for ISE Host Driver and NSC800 Dis­
play Charge for Mnemonic Assembly and Disassembly. 
SPM-A13-4 also includes NSC800 Cross-Assembler 
Software.) 

For STARPLEX Development Systems: 
SPM-A13 Integral In·System Emulator Package 
SPM-A13-4 NSC800 (5V) Emulator Package 

For STARPLEX II Development Systems: 
SPM-90-A13 Integral In-System Emulator Package 
SPM-90-A13-4 NSC800 Emulator Package 

Documentation 
420306198-001 NSC800 Assembler 

Software User's Manuai1 
420306241-001 Integral In-System Emulator (NSC800) 

User's Manual2 

1. Included with SPM·A13·4 not SPM·90-A13-4. 
2. Included with both SPM-A13-4 and SPM·90-A13-4. 
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~ National Semiconductor 

PASCAL 
PASCAL High level language Compiler 
For ST ARPLEX IITM Development Systems 

PASCAL 
COMPILER 

© 
I 

STARPLEX II 
DEVELOPMENT SYSTEM 

• Executes On All STARPLEX II 
Development Systems 

• Compatible With Existing ISO Standard 
PASCAL 

• Highly Portable And Extended Source 
Programs 

Ii:! Code Generation For SOSO/SOS5 and 
NSCSOOTU/ZSO Microprocessors 

Product Description 
PASCAL is a high level language compiler designed 
for STARPLEX II Development Systems. Available in 
two versions, this highly efficient and powerful com­
piler generates relocatable object code for 80801 
8085 and NSC800/Z80 microprocessors.' 
PASCAL has proven to be one of the most popular, 
effective and powerful program development tools 
available today. With STARPLEX II PASCAL, pro­
grammer productivity is greatly improved because 
the programmer can concentrate on system develop­
ment rather than all the details of assembly lan­
guages. Since PASCAL uses data structures that 
are very close to typical microprocessor architec­
tures, it allows for efficient use of the machine. 
PASCAL programs are efficiently converted to ass em-
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[] Relocatable And Linkable Object Code 
Output 

[] Reentrant Procedures as Specified by 
User 

[] Extensions For Easy Hardware Access 
Via High Level Statements (Absolute 
Addresses and Input/Output Ports) 

bly language instructions thus requiring fewer state­
ments. Software development and maintenance 
costs are significantly reduced. 
Free form PASCAL source programs are effiCiently 
and effectively converted into 8080/8085 and 
NSC800/Z80 assembly language instructions. A giv­
en program, when written in PASCAL, requires much 
fewer statements than would the equivalent program 
written in assembly language. Thus, software devel­
opment and maintenance costs are significantly re­
duced due to the block oriented structure that re­
sults naturally from the use of PASCAl. User pro­
gramming conventions and structured programming 
techniques are easily accommodated by the free 
form source statements of PASCAL. 



Functional Description 
The STARPLEX II PASCAL compiler is a system 
program which accepts PASCAL language source 
modules and produces linkable object modules. Ob­
ject modules may be linked to form executable PAS­
CAL programs. The STARPLEX II PASCAL compiler 
is compatible with the International Standards Orga­
nization (ISO) standard and has extensions to facili­
tate access to al)d manipulation of machine data 
structures. Code generated by the STARPLEX II 
PASCAL compiler is native machine code, rather 
than the intermediate p-code found in other micro­
computer PASCAL compilers. The execution speed 
of programs compiled to machine code is much fast­
er than those complied to p-code, thus maintaining 
the programming advantages of a high-level lan-
guage without sacrificing execution speed. " 
The STARPLEX II PASCAL compiler invocation is 
similar to that of other STARPLEX II software. In 
many cases, no changes to existing PASCAL pro­
grams are required. STARPLEX II PASCAL has a 
number of extensions which may be incorporated 
into existing PASCAL programs to make it faster, 
smaller, and easier to debug. In many cases, be­
cause of STARPLEX II PASCAL's many low-level 
escapes to the machine level, programs written in 
STARPLEX II PASCAL can be comparable in speed 
to programs written in assembly language. 
The STARPLEX II PASCAL compiler reads source 
files containing PASCAL source modules and pro-
duces: " 

• a linkable object module containing object 
code, 

• a listing of the STARPLEX II PASCAL source 
statements, ". 

• a listing of syntax and semantic errors and 
warning messages, 

• an optional listing of object code in assembly 
language mnemonics. 

Compilation is one step in the formation of an exec­
utable PASCAL program. The formation of a com­
plete program inv~lves the following steps: 

• Writing the PASCAL "Source Modules" using 
the TEXT EDITOR. 

• Compiling the source files to produce linkable" 
"Object Modules". 

• Linking the object modules to create an 
executable PASCAL "Load Module". 

When the source module(s) have been created us­
ing the STARPLEX II TEXT EDITOR, choose the 
correct PASCAL diskette for the type" of compilation 
desired. The aoaO/aOa5 version of the PASCAL 
compiler can generate code that can be used for an 
80aO or aoa5 based system, while the NSCaOO ver­
sion of the PASCAL compiler can generate code 
that can be used for an NSCaOO or zao based sys­
tems. 

Extensions 

As stated before, the STARPLEX II PASCAL pro­
vides many extensions to the ISO standard PAS­
CAL. The following is an overview of the extensions. 
1. Direct files: To enhance standard PASCAL's file 
capabilities, direct (random access) files are imple­
mented, and accessed with the SEEK procedure. 
2. Variable-length strings: A special variable-length 
string type called the LSTRING is implemented in 
STARPLEX II-PASCAL to overcome standard PAS­
CAL's inadequate string-handling capabilities. Spe­
cial predeclared procedures and functions are avail­
able to facilitate use of the feature. 
3. Super arrays: A special variable-length array dec­
laration permits both passing arrays of different 
lengths to a reference parameter, as well as dynam­
ic allocation of arrays of difference lengths. 
4. BYTE/WORD types: Predeclared BYTE (0-255) 
and WORD (0-65535) types are available to facilitate 
programming at the system level. 
5. String reads: Strings can be read as structures 
rather than character by character as with the stan­
dard procedures READ and READLN. 
6. Nondecimal numbering: Hexadecimal, octal, and 
binary numbering are allowed to facilitate program­
ming at the byte and bit level. 
7. Address types (segmented and unsegmented): A 
special address type is implemented to allow manip­
ulation of actual machine addresses. 
a. Interface to assembly language: PUBLIC and EX­
TERN procedures, functions and variables are imple­
mented to allow for lOW-level interfacing to assembly 
language and library routines. 
9. Separate compliation: MODULES are implement­
ed to allow portions of a program to be compiled at 
saparate times. 
10. VALUE section: Variables in a program can be 
given initial constant values in the VALUE section of 
a program. 
11. Structured function return values: Functions can 
return values of a structured type, as well as values 

" of simple type. 
12. Support for interactive files: A special internal 
mechanism .called "lazy evaluation" allows normal 
interactive input from terminals. 
13. OTHERWISE in CASE statements: An OTHER­
WISE clause can be used in CASE statements to 
avoid explicitly specifying each case constant. 
14. STATIC attribute for variables: Variables can be 
given the STATIC attribute to indicate that they are 
allocated at a fixed location in memory rather than 
on the stack. 
15. ORIGIN attributes: Variables, procedures, and 
functions can be given the ORIGIN attribute to indi­
cate their absolute location in memory. 
16. Underscores in identifiers: Identifiers may contain 
underscores ,to improve their readability. 
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User Interface 
Ustlngs 

The PASCAL compiler can provide, upon request, 
source and object listings. Diagnostics will be provid­
ed, regardless of list options. 
Source listings will include statement numbers with 
corresponding source statements. 
Object listings will show line number with corre­
sponding object code (pseudo-assembly language) 
as well as relative memory locations and statistics 
(e.g., resources used) for the compilation. 
Diagnostic Messages 

Each error and warning flag contains a code number 
and a· brief message. The code number indicates 
where in the list of error messages,· a detailed expla­
nation of that particular error or warning can be 
found. The brief message indicates. an overview ex­
planation of the incorrect condition detected. 
Code Generation and Optimization 
The .STARPLEX II PASCAL compiler handles local 
optimizations: basic block optimization, competent 
register allocation, special casing for common con­
structs, some strength reduction, removal of dead 
code and of branch-around-branch. This produces 
smaller, faster and efficient object code. 
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Predefined Procedures and Functions for 
Run-Time Support 
A number of predefined procedures and functions 
are included in the PASCAL compiler library which 
the user can use to facilitate his programming. 
These procedures and functions perform liD, data 
allocation, arithmetic, string. and system operations. 
The procedures and functions are divided into the 
following categories: 

• liD routines 
• Dynamic allocation routines 
• Mathematic routines 
• String routines 
• Manipulation routines 
• Library management routines 

While the Library procedures and functions must be 
declared EXTERN, all the other functions and proce­
dures are predeclared and hence do not have to be 
declared in the user's program. The use of these 
procedures and functions therefore do not require 
extra statement lines in the program itself. 



Example of a PASCAL Program 
Page 1 

07/22/82 
00:32:51 

Line# NSC Starplex-II Pascal - version 2.06 - 7/82 
1 PROGRAM shellsort (input, output); 
2 CONST 
3 maxlength = 1000; 
4 TYPE 
5 index = 1 •• maxlength; 
6 rowtype = ARRAY [index] OF integer; 
7 VAR 
8 inrow : rowtype; 
9 count: 0 •• maxlength; 

10 ix : index; 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3f 
32 
33 
34 
35 
36 
37 
38 

PROCEDURE sort (VAR row rowtype; length 

39 

VAR 
jump, m, n : index; 
temp: integer; 
alldone : boolean; 

BEGIN 
jump := length; 
WHILE jump> 1 DO 

BEGIN 
jump := jump DIV 2; 
REPEAT 

alldone := true; 
FOR m := 1 TO length - jump DO 

BEGIN 
n := m + jump; 
IF row[m] > row[n] 

THEN 
BEGIN 

temp := row[m] ; 
row[m] := row[n] ; 
row[n] := temp; 
alldone := false; 

END; 
END; (* for *) 

UNTIL alldone; 
END ;( * while *) 

END; (* sort *) 

40 BEGIN (* main program *) 
41 . count := 0; 
42 read (inrow [c ount + 1]) ; 
43 WHILE NOT eof DO; 
44 BEGIN 
45 count := count + 1; 
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Example of a PASCAL Program (Cont'd) 

Line# 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

57 

Page 2 
07/22/82 
00:33:33 

NSC Starplex-II Pascal - version 2.06 - 7/82 
read(inrow[count + 1]); 

END; (* whil e *) 
IF count > 0 

THEN 
BEGIN 

sort (inrow, count); 
FOR ix := 1 TO count DO 

write(inrow[ix]) 
END 

ELSE write('no input') 
END. (* shellsort *) 

procedure / function: SORT 

** 0001" DB 01 ; level 
** 0002" CALL RENGQQ 
** 0005" DW 0004, 0014 return displacement, frame length 

L18: 
** 0009" CALL LSAGQQ 
** OOOC" <B> 0002 
** OOOD" PUSH HL 
** OOOE" LD HL,0100 
** 0011" PUSH HL 
** 0012" LD HL,E803 
** 0015" PUSH HL 
** 0016" CALL RCIEQQ 
** 0019" CALL ASAGQQ 
** 001C" <B> 0008 

L19: 
14: 

** 001D" CALL LSAGQQ 
** 0020" <B> 0008 
1'* 0021" LD DE,FEFF 
** 0024" LD A,H 
** 0025" ADD A,A 
** 0026" JP C,I5 
** 0029" ADD HL,DE 
** 002A" JP NC,I5 

L21: 
** 002D" LD DE,0100 
** 0030" CALL LSAGQQ 
** 0033" <B> 0008 
** 0034" CALL SRDGQQ 
** 0037" PUSH HL 
** 0038" LD HL,0100 
** 003B" PUSH HL 
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Examp,le of a PASCAL Program (Cont'd) 
** 003C" LD HL,ES03 
** 003F" PUSH HL 
** 0040" CALL RCIEQQ 
** 0043" CALL ASAGQQ 
** 004S" <B> OOOS 

L22: 
IS: 
L23: 

** 0047" LD . HL,0100 
** 004A" CALL ASGGQQ 
** 004D" <B> 0010 

L24: 
** 004E" CALL LSBGQQ 
** 0051" <B> 0002 
** 0052" CALL LSAGQQ 
** 0055" <B> OOOS 
** 005S" CALL SVBGQQ 
** 0059 n CALL ASAGQQ 
** 005cn <B> 0012 
** 005D" CALL LSAGQQ 
** ooson <B> 0012 
** OOSl n LD DE,FFFF 
** 00S4" LD A,H 
** 00S5 n ADD A,A 
** OOSS" JP C,I10 
** 00S9" ADD HL,DE 
** OOSAn JP NC,I10 
** 0070 n PUSH HL 
** 0071" PUSH HL 
** 0072" LD HL,ES03 
** 0075 n PUSH HL 
** 007S n CALL RCIEQQ 
** 0079" CALL ASAGQQ 
** 007cn <B> OOOA 
** 007D" CALL LSAGQQ 
** ooson <B> 0012 
** OOSl" PUSH HL 
** 00S2" LD HL,OlOO 
** 00S5" PUSH HL 
** oossn LD HL,ES03 
** 00S9 n PUSH HL 
** OOSAn CALL RCIEQQ 

Ill: 
L2S: 

** OOSD" CALL LSBGQQ 
** 0090" <B> OOOS 
** 0091 n CALL LSAGQQ 
** 0094" <B> OOOA 
** 0095" CALL AEBGQQ 
** 009S n PUSH HL 
** 0099 n LD HL,OlOO 
** 009C" PUSH HL 
** 009Dn LD HL,ES03 
** OOAO" PUSH HL 
** OOAl" CALL RCIEQQ 
** 00A4" CALL ASAGQQ 
** 00A7 n <B> OOOC 

L27: 
** OOAsn CALL LSAGQQ 
** OOAB" <B> OOOC 
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Example of a PASCAL Program (Cont'd) 

** OOAC" ADD HL,HL 
** OOAD" EX DE,HL 
** OOAE" DEC HL,DE 
** OOAF" DEC HL,DE 
** OOBO" CALL LSAGQQ 
** 00B3" <B> 0000 
** 00B4" CALL OVBGQQ 
** 00B7" CALL LSAGQQ 
** OOBA" <B> OOOA 
**. OOBB" ADD HL,HL 
** OOBC" PUSH DE 
** OOBD" EX DE,HL 
** OOBE" DEC HL,DE 
** OOBF" DEC HL,DE 
** OOCO" CALL LSAGQQ 
** 00C3" <B> 0000 
** 00C4" CALL OVAGQQ 
** 00C7" POP DE 
** OOCS" LD A,D 
** 00C9" XOR H 
** OOCA" LD A,D 
** OOCB" JP M, 1~094 
** OOCE" LD A,E 
** OOCF" SUB L 
** OODO" LD A,D 
** 00D1" SBC A,H 

14094: 
** 00D2" ADD A,A 
** 00D3" JP NC,112 

L30: 
** OODS" CALL LSAGQQ 
** 00D9" <B> OOOA 
** OODB" EX DE,HL 
** OODC" bEC HL,DE 
** OODD" DEC HL,DE 
** OODE" CALL LSAGQQ 
** 00E1" <B> 0000 
** 00E2" CALL OVAGQQ 
*-* 00E5" CALL ASAGQQ 
** OOES" <B> OOOE 

L31: 
** 00E9" CALL LSAGQQ 
** OOEC" <B> OOOC 
** OOED" ADD HL,HL 
** OOEE" EX DE,HL 
** OOEF" DEC HL,DE 
** OOFO" DEC HL,DE 
** 00F1" , CALL LSAGQQ 
** 00F4" <B> 0000 
** 00F5" CALL OVBGQQ 
** OaFS" CALL LSAGQQ 
** OOFB" <B> OOOA 
** OOFC" ADD . HL,HL 
** OOFD" PUSH DE 
** OOFE" EX DE,HL 
** OOFF" DEC HL,DE 
** 0100" DEC HL,DE 
** 0101" CALL LSAGQQ 
** 0104" <B> 0000 
** 0105" ADD HL,DE 
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Example of a PASCAL Program (Cont'd) 

** 0106" POP DE 
** 0107" LD (HLl,E 
** 010S" INC HL 
** 0109" LD (HLl,D 

L32: 
** 010A" CALL LSAGQQ 
** 010D" <B> OOOC 
** 010E" ADD HL,HL 
** 010F" EX DE,HL 
** 0110" DEC HL,DE 
** 0111" DEC HL,DE 
** 0112" CALL LSAGQQ 
** 0115" <B> 0000 
** 0116" ADD HL,DE 
** 0117" CALL LSBGQQ 
** 011A" <B> OOOE 
** 011B" LD (HLl,E 
** 011C" INC HL 
** 011D" LD (HLl,D 

L33: 
** 011E" LD HL,OOOO 
** 0121" CALL ASGGQQ 
** 0124" <B> 0010 

L34: 
Il2: 
L35 : 

** 0125" CALL LSBGQQ 
** 012S" <B> 0012 
** 0129" CALL LSAGQQ 
** 012C" <B> OOOA 
** 012D" INC HL 
** 012E" CALL ASAGQQ 
** 0131" <B> OOOA 
** 0132" DEC HL,HL 
** 0133" LD A,L 
** 0134" CP E 
** 0135" JP NZ,Ill 
** 0139" CP D 
** 013A" JP NZ, III 

IlO: 
L36: 

** 013D" CALL LSAGQQ 
** 0140" <B> 0010 
** 0141" LD A,L 
** 0142" RRA 
** 0143" JP NC,IS 

L37: 
** 0146" JP 14 

15: 
L3S: 
13: 

** 0149" CALL PRAGQQ 
** 014C" DB 04 
** 014D" DB 00 
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Example of a PASCAL Program (Cont'd) 
procedure / function: SHELLSOR 

** 014E" DB 00 ;leve1 
** 014F" CALL RENGQQ 
** 0152" DW 0000, 0006 return displacement, frame length 
** 0156" CALL. INIFQQ 

L41: 
** 0159" LD HL,OOOO 
** 015C" LD (COUNT) ,HL 

L42: 
** 015F" LD HL,INPFQQ 
** 0162" PUSH HL 
** 0163" LD HL, (COUNT) 
** 0166" ADD HL,HL 
** 0167" EX DE,HL 
** 0168" LD HL,INROW 
** 016B" ADD HL,DE 
** 016C" PUSH HL 
** 016D" LD HL,0180 
** 0170" PUSH HL 
** 0171" LD HL,FF7F 
** 0174" PUSH HL 
** 0175" CALL RTIFQQ 

L43: 
114: 

** 0178" LD HL,INPFQQ 
** 017B" PUSH HL 
** 017C" CALL EOFFQQ 
** 017F" LD A,L 
** 0180" RRA 
** 0181" JP 'C,115 
** 0184" Jp. 114 

115: 
L45: 

** 0187" LD HL, (COUNT) 
** 018A" CALL INDGQQ 
** 018D" DB 01 
** 018E" PUSH HL 
** 018F" LD HL,OOOO 
** 0192" PUSH HL 
** 0193" LD HL,E803 
** 0196" PUSH HL 
**' 0197" CALL RCIEQQ 
** 019A" LD (COUNT) ,HL 

L46: 
** 019D" LD HL,INPFQQ 
** 01AO" PUSH HL 
** 01A1" LD HL, (COUNT) 
** 01A4" ADD HL,HL 
** 01A5" EX DE,HL 
** 01A6" LD HL,INROW. 
** 01A9" ADD HL,DE 
** 01AA" PUSH HL 
** 01AB" LD HL,0180 
** 01AE" PUSH HL 
** OlAF" LD HL,FF7F 
** 01B2" PUSH HL 
** 01B3" CALL RTIFQQ 
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Example of a PASCAL Program (Cont'd) 
L48: 

** OlBsn LD HL, (COUNT) 
** 01B9 n LD DE,FFFF 
** OlBDn ADD A,A 
** OlBEn JP C,IlS 
** OlCln ADD HL,DE 
** 01C2n JP NC,IlS 

L5l: 
** 01C5 n LD HL,INROW 
** 01C8 n PUSH HL 
** 01C9 n LD HL, (COUNT) 
** OlCC" PUSH HL 
** OlCD" LD HL,OlOO 
** OlDO" PUSH HL 
** OlDl" LD HL,ES03 
** 01D4" PUSH HL 
** 01D5" CALL RCIEQQ 
** OlDS" PUSH HL 
** 01D9 n CALL SORT 

L52: , 
** OlDcn LD HL, (COUNT) 
** OlDF" CALL ASAGQQ 
** 01E2" <B> 0004 
** 01E3 n CALL LSAGQQ 
** OlES" <B> 0004 
** 01E7" LD DE,FFFF 
** OlEA" LD A,H 
** OlEB" ADD A,A 
** OlEC" JP C,IlS 
** OlEFn ADD HL,DE 
** OlFO" 'JP NC,IlS 
** 01F3" LD HL, 0100 
** OlFS" PUSH HL 
** 01F7" PUSH HL 
** OlFsn LD HL,ES03 
** OlFB" PUSH HL 
** OlFcn CALL RCIEQQ 
** OlFF" LD (IX) ,HL 
** 0202 n CALL LSAGQQ 
** 0205 n <B> 0004 
** 020S n PUSH HL 
** 0207" LD HL,OlOO 
** 020A" PUSH HL 
** .020B" LD HL,ES03 
** 020E" PUSH HL 
** 020F" CALL RCIEQQ 

119 : 
L53: 

** 02l2 n LD HL,OUTFQQ 
** 02l5n PUSH HL 
** 02lS" LD HL, (IX) 
** 0219" ADD HL,HL 
** 02lA" EX DE,HL 
** 02lBn LD HL,INROW+FFFE 
** 02lE" CALL OVAGQQ 
** 0221" PUSH HL 
** 0222" LD HL,FF7F 
** 0225 n PUSH HL 
** 022S" PUSH HL 
** 0227" CALL WTIFQQ 
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Example of a PASCAL Program (Cont'd) 
** 022A- CALL LSBGQQ 
** 022D- <B> 0004 
** 022E- LD HL, (IX) 
** 0231- INC HL 
** 0232- LD (IX) ,HL 
** 0235- DEC HL,HL 
** 0236- LD A,L 
** 0237- CP E 
** 023B- LD A,H 
** 023C- CP D 
** 023D- JP NZ,119 

118 : 
** 0240- JP 120 

116: 
L55: 

** 0243- LD HL,OUTFQQ 
** 0246- PUSH HL 
** 0247- LD HL,0800 
** 024A- PUSH HL 
** 024B- LD HL, <const> ;offset = 2 
** 024E- PUSH HL 
** 024F- LD HL,FF7F 
** 0252- PUSH HL 
** 0253- PUSH HL 
** 0254- CALL WTSFQQ 

120 : 
113 : 

** 0257- CALL PRAGQQ 
** 025A- DB 00 
** 025B- DB 00 

Rom size: 614 decimal 
Ram size: 2006 decimal 
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Prerequisites 
Any STARPLEX II Development System with Rev F 
operating system or later. 

Order Information 
SFW-90-A300 PASCAL compiler to generate 

SOSO/SOS5 linkable object code 
module(s) on STARPLEX II 
Development Systems. 

SFW-90-A320 PASCAL compiler to generate 
NSCSOO/ZSO linkable object code 
module(s) on STARPLEX II 
Development Systems. 
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Documentation 
4203066S0-001 STARPLEXII PASCAL Compiler 

Software Reference Manual " 
(Included with SFW-90-A300 and 
SFW-90-A320) 



~ National Semiconductor 
PLM80 

PUM High level language Compiler 
for STARPlEX™ Development Systems 

PUM PUM 
COMPILER SOURCE © FILE 

I 

• Executes on all STj\RPLEXI 
STA,RPLEX WM Development Systems 

• Code generation for 8080/8085 and 
NSC800™/Z80 microprocessors 

&I Relocatable and linkable object code 
output 

Product Description 

PLM80 is a high level language compiler designed 
for STARPLEX and STARPLEX II Development Sys­
tems. Available in two versions,' this highly efficient 
compiler generates relocatable object code for 8080/ 
8085 and NSC800/Z80 microprocessors. 

PUM has proven to be one of the most popular, 
effective and powerful program development tools 
available. Programmer productivity and reliability 
are greatly improved because the programmer can 
concentrate on system development rather than all 
the details of assembly languages. Since PUM uses 
data structures that are very close to typical 
microprocessor architectures, it allows for efficient 
use of the machine. PUM programs are efficiently 
converted to assembly language instructions, thus' 
requiring fewer statements. Software development 
and maintenance costs are significantly reduced. 

Free form PUM source programs are efficiently and 
effectively converted into 8080/8085 or NSC800/Z80 
assembly language instructions. A given program, 
when written in PUM, requires fewer statements 

II Reentrant procedures as specified 
by user 

rn Compatible with existing industry 
standard PL/M·80 

II Hardware access via highlevel 
statements (interrupt systems, absolute 
addresses, and input/output ports) 

than would the equivalent program written in 
assembly language. Thus, software development 
and maintenance costs are significantly reduced 
due to the problem oriented structure that results 
naturally from the use of PUM. User programming 
conventions and structured programming tech­
niques are easily accommodated by the free form 
source statements of PUM. 

Functional ~escription 

The PLM80 Compiler is a STARPLEX System pro­
gram which accepts STARPLEX PLM80 language 
source modules and produced linkable object 
modules. Object modules may be linked to form exe­
cutable PLM80 programs. The PLM80 compiler is 
also designed to accept programs written in the 
industry standard PUM programming language. 

The STARPLEX PLM80 compiler invocation is 
similar to that of other STARPLEX software. The 
8080 version of the compiler in particular has all the 
features of the existing industry standard PUM-80 
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compiler. In many cases, no changes to existing 
PLlM-80 programs are required. However, STAR­
PLEX PLM80 has a number of superior enhance­
ments which may be incorporated into existing 
PLlM-80 programs to make it faster, smaller, and 
easier to debug. What modification is required can 
be done very easily: 

Compilation is one step in the formation of an 
executable PLM80 program. The formation of a com­
plete program involves the following steps: 

• Writing the PLM80 "Source Modules" using the 
TEXT EDITOR. 

• Compiling the source files to produce "Object 
Modules." 

• Linking the object modules to create an 
executable PLM80 "Load Module." 

When the source module(s) have been created using 
the TEXT EDITOR for compilation, choose the 
correct PLM80 diskette for the type of compilation 
desi(ed. The 8080 version may be used for programs 
to be executed on 8080 and 8085 based systems. 
The NSC800 version may be used for NSC800 or 
Z80 based systems. 

Enhancements 

Lexical Extensions 

PLM80 will allow the underscore character "_" in 
identifiers and in numeric constants, to aid legibil­
ity. For example, NAME_TABLE or 1100_0111B. 
Unlike the industry standard PLIM "$", which 
PLM80 also will accept, the underscore is a signifi­
cant character in identifiers; thus, A_TO_M is a 
distinct identifier from AT_OM and from ATOM. 

PLM80 will accept t.he ASCII form-feed character as 
lexically equivalent to a blank; the form-feed, like 
the EJECT compiler control, will cause a page eject 
in the listing file. 

Explicit Locator References 

In the industry standard PLlM, each based variable 
is associated with a unique pointer. The pointer is 
specified in the based declaration, and does not 
appear explicitly in references to the based variable. 

Declare Statement Synt~x 

The industry standard PLIM requires attributes to 
appear in a specified order within a declaration. 
This restriction has been relaxed in PLM80. 

Declaration of Arrays 

The keyword ARRAY has been added for optional 
use in dimension-specifications. 

The industry standard syntax for based array declara­
tions is misleading because the dimension-specifier 
appears to be "attached" to the wrong variable: 

DECLARE B BASED P(100) BYTE; 

creates a 100-byte array b, based on a scalar pointer 
P. PLM80 will provide a number of superior alterna­
tive forms, e.g., 

DECLARE B(100) BYTE BASED P; 
DECLARE B BASED P ARRAY(100) BYTE: 

The second of these forms permits the industry stand­
ard form to be modified easily, the only difference is 
the addition of-the keyword "ARRAY". It also accepts 
the standard form without the usage of "ARRAY". 

Empty Blocks and Procedures 

PLM80 will accept a block or procedure that con­
tains no executable statements. This is not per­
mitted by the industry standard. 

Do-Case Extensions 

PLM80 will accept case-selectors in the range of a 
do-case statement, thus permitting the programmer 
to create sparsely populated case constructs 
without sacrificing efficiency. Multiple specifiers will 
be permitted on a single statement, so the 
programmer need not write duplicate code. 

PLM80 will accept an otherwise-clause in the range 
of a do-case statement. This makes it unnecessary to 
write out the action for every case if most of them are 
identical. 

PLM80 will do range checking in the case construct. 
, Unspecified or out-of-range cases will cause a jump 
to the statement following the do-case-block. 

Example: The following code executes special statements 
if I is 6, 28, 496 or 8128. If I has any other value, .the 
statement in the otherwise-clause is executed. 

DO CASE I; 
6: 

28: DO; 

END; 

'* This entire do-block is *' '* executed if I = 6 or 28. *' 
8128: . . . '* This statement is executed *' '* ifl=8128. *' 

496: . . . '* This statement is executed *' '* if 1::;;496. *' 
OTHERWISE... '* This statement is executed *' '* if I has any other value. *' 

END; 

Iterative DO 

In the industry standard, the expressions in "TO" and. 
"BY" options in an iterative do-statement are eval­
uated each time the loop is executed. Worse, the 
time of evaluation depends upon the datatype of the 
index variable. PLM80 adopts the convention that 
these expressions are evaluated once, prior to entry 
to the loop. The values calculated at that time will be 
preserved and reused. This makes for faster running 
time. 
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User Interface 
Listings 

The PLM80 compiler can provide, upon request, 
source and object listings. Diagnostics will be pro· 
vided, regardless of list options. 

number. Each message will clear and conCise, and will describe the 
error In de~all. For example: 

ERROR 48 •••• Stmt 8 - Missing data type attribute 
ERROR 43 •••• Stmt 11 - Undeclared Identifier 

Source listings will include statement numbers, 
block nesting depth, diagnostics, a list of the 
options present for the compilation, and statistics 
(e.g., resources used) for the compilation. 

ERROR 54 •••• Stmt 13 - Reference to member of undeclared 
structure 

Code Generation and Optimization 

The PLM80 compiler handles: local optimizations, 
basic block optimization, efficient register allo· 
cation, special caSing for common constructs, 
some strength reduction, removal of dead code and 
of branch·around·branch. This, in effect, produces 
smaller, faster and more efficient object code than 
the industry standard PUM compiler. 

Object listings will show object code (pseudo· 
assembly language and actual machine code) and 
approximate statement numbers. 

Compile·Time Diagnostics 

For syntax errors, the diagnostic message will ap· 
pear in the source listing immeqiately after the point 
at which the error was recognized. For example: 

Run·Tlme Support 
LINE STMT LEVEL .... + .... 1 .... + .... 2 .... + .... 3 .... + .... 4 .... + .... 5 .... + 

13 93 z=x+'x; 
The run·time support package contains those built­
in procedures that are not compiled as in·line code, 
procedures for the arithmetic operations not per­
formed in'line, and stack management. 

ERROR 21 •••• Stmt 9 - near ,., - Syntax error; skipping Input to ";" 

At the end of the source listing for a module, the compiler will list all 
other diagnostic messages for that module, sorted by statement 

Example PLM80 Program 

STARPLEX PUM·80 Rev A-810428 MODULE:SEARCH_MODULE 

OPTIONS: FDS1:EXPROG LIST Cd'DE 
LINE STMT LEVEL .... + .... 1 .... + .... 2 .... + .... 3 .... + .... 4 .... + .... 5 .... + .... 6 .... + .... 7 .... + .... 8 .... + 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 

20 
21 
22 
23 
24 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

37 

39 
40 

2 
3 

4 

5 
6 
7 

8 

9 
11 
12 
13 
14 
15 
16 
18 

19 

20 
21 

o SEARCH_MODULE: 

2 
2 

2 

3 
3 
3 

3 

5 
5 
5 
4 
4 
3 
3 
2 

2 

1 
0 

DO; /* This module contains a typed procedure named SEARCH. SEARCH * 
• searches the based array BUFFER for the first occurrence of the strind * 
* contained in the b\ised array WORD. If the strind is found, SEARCH * 
* returns the subscript value of the element of BUFFER· containing the * 
* first character. Otherwise, SEARCH returns a value greater than the * 
• length of the buffer. */ 

SEARCH: PROCEDURE 
DECLARE 

(BUF _PTR,LENGTH,WORD_,PTR,WORD_LENGTH) ADDRESS PUBLIC; 
(BUF _PTR,LENGTH,WORD_PTR,WORD_LENGTH) ADDRESS, 
BUFFER BASED BUF _PTR ARRAY(1) BYTE, 
WORD BASED WORD_PTR ARRAY(1) BYTE, 
FIRST_CHAR ADDRESS, 
(I, K) ADDRESS, 
FOUND BYTE, 
TRUE LITERALLY 'OFFH', 
FALSE LITERALLY 'OOH'; 

SET _FIRST_CHAR: 
DO FIRST_CHAR = 0 TO LENGTH - 1; 

I = FIRST_CHAR; 
K=O; 
FOUND=TRUE; 

COMPARE: 

/ 

DO WHILE (FOUND=TRUE) AND (K<WORD_LENGTH); 
IF BUFFER (I) = WORD (K) THEN DO; 

1=1+1; 
K=K+1; 

END; 
ELSE FOUND = FALSE; 

END COMPARE; 
IF FOUND=TRUE THEN RETURN FIRST_CHAR; 

END SET_FIRST_CHAR; 

RETURN LENGTH =+- 1; 

END SEARCH; 
END SEARCH_MODULE 
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ooA2' 
ooA2' 
ooA3' 
ooA6' 
ooA7' 
ooA8' 
ooAB' 
ooAC' 
ooAD' 
ooBO' 
ooB1' 
ooB2' 

0087' 

0087' 

0081' 

0087' 
oo8A' 
oo8B' 

oo8E' 

EB 
22 0006" 
69 
60 
22 0004" 
D1 
E1 . 

22 0002" 
E1 
D5 
22 0000" 

0087' 

2A 0008" 
23 
22 0008" 

;>>>> STATEMENT 2 
XCHG 
SHLD 
MOV 
MOV 
SHLD 
POP 
POP 
SHLD 
POP. 
PUSH 
SHLD 

WORD_LENGTH 
L,C 
H,B 
WORD_PTR 
D 
H 
LENGTH 
H 
D 
BUF_PTR 

;»» STATEMENT 18 

$00012: 

CSEG 
ORG 0081 
DW $00012 

CSEG 
ORG $00012 
LHLD $00002 
INX H 
SHLD $00002 

$00003: 

CSEG 
ORG 0021 

Prerequisites 
Any STARPLEX /STARPLEX II Development System. 

Order Information 
SFW·A50 

SFW·A60 

SFW-90·A50 

PLM80, P,L1M Compiler to generate 
8080/8085 object program on STARPLEX 
Development System. 
PLM80, PLIM Compiler to generate 
NSC800/Z80 object program on 
STARPLEX Development System. 
PLM80, PLIM Compiler to generate 8080/ 
8085 object program on STARPLEX II 
Development System. 

0021' oo8E' DW $00003 

CSEG 
ORG $00003 

oo8E' 2A oooF" LHLD $00005 
0091' EB XCHG 
0092' 2A 0008" LHLD $00002 
0095/ 7B MOV A,E 
0096' 95 SUB L 
0097' 7A MOV A,D 
0098' 9C SBB H 
0099/ D2oo23' JNC $00004 

009C' ;»» STATEMENT 19 
009C' 2A 0002" LHLD LENGTH 
009F' 23 INX H 
OOAO' C9 RET 

00A1' ;»» STATEMENT 20 
00A1' C9 RET 

00A2' ;»» STATEMENT 21 
00A2' FB EI 
00A3' 76 HLT 
MODULE STATISTICS: 

21 STATEMENTS PROCESSED 
o DIAGNOSTIC(S) ISSUED 

CODE SEGMENT SIZE 
DATA SEGMENT SIZE 

181 D (00B5H) 
19D(0013H) 

SFW-90-A60 PLM80, PLIM Compiler to generate 
NSC800/Z80object program on 
STARPLEX II Development System. 

Documentation 

420306371-001 STARPLEX PLM80 Compiler Software 
. Reference Manual (Included with SFW­
A50, SFW-A60, SFW-90:A50, SFW-90-A60) 

420305789-001 8080/8085 Macroassembler Software 
User's Manual 

420306198-001 NSC800 Macroassembler Software 
User's Manual 
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~ National Semiconductor 
STARPLEX IITM 

Development System 

• A Complete Development System 

• Dual CPU microprocessor-based system 
in master/slave configuration 
- 128K bytes of Random Access Memory 
- Dual floppy disk drives 
- Video monitor and keyboard controller 
- Two RS232C interfaces . 
- Integral CRT keyboard with eight upper/ 

lower case for a total of sixteen user 
definable keys 

- PROM programmer interface 

• Software 
- Disk Operating System 
- Resident Debugger 
-.,- Text Editor 
- Macro Assembler 
- On-board ROM and RAM diagnostics 
- I/O Spooling 
- FORTRAN 
- BASIC 

• Options 
. - In-System Emulator (ISETM packages for 

NSC800™, I NS8048 family, 8085 and Z80 
microprocessor devices 

. - . In-System Emulator package for 
COP400 microcontroller devices 

- PUM for 8080/8085, PUM' for 
NSC800/Z80 

- PASCAL compiler for 8080/8085, 
PASCAL compiler for NSC800/Z80 

- Optional double-sided/double-density 
disk drives with 2 megabytes of memory 
expandable to 4 megabytes 

- Cross assemblers (Included with the 
emulator packages) 

- STARLINK - Interface to Intellec 
Development System 

- PAL /PROM programmer personality 
modules 

II Field-Upgradable from STARPLE)(TM 
80/41,80/51 or 80/61 Systems 

• Upgrade kit includes: 
- Z80A Master CPU Board 
- Z80A Slave CPU Board with 64K bytes 

of RAM 
- Internal RS232C cable and connector 
- Keyboard with user-definable keys 
- Disk-Based Operating System for 

STARPLEX II 

• Easy to Use 
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• Prompting menus guide operator entries 
- English language explanation of 

user errors 
- Direct system function keys to 

PAUSE/CONTINUE/ABORT IOEBUG 
- HELP key for online user assistance 
- Single stroke CRT edit keys 



Product Overview 

The STARPLEX II Development System is a general­
purpose microcomputer and microprocessor develop­
ment system. New levels of operating simplicity have 
been designed into the STARPLEX II system to signifi­
cantly reduce the amount of time spent on product devel­
opment. By getting the user into actual application work 
sooner and with fewer mistakes, the STARPLEX II system 
allows the user to take full advantage of time spent at the 
console. 

A Complete System 

The STARPLEX II design combines all the components 
required for the entire development task in one complete 
system~ The STARPLEX II package includes a Z80A­
based system controller board, a Z80A-based user 
processor/memory board with 64K bytes of RAM, 64K 
bytes of system RAM, 1 M byte of disk storage controlled 
by a floppy disk controller, a video monitor and keyboard. 
The standard STARPLEX II software package includes a 
disk operating system, Z80 assembler, debugger, editor, 
linker, loader, FORTRAN, BASIC, on-board ROM diag­
nostics and utilities. Options available are: in-system 
emulation packages for real-time debugging of custom­
ized hardware and software prototype systems, PAll 
PROM programmer personality modules for verifying, 
copying and programming PROMs or PALs, STARLINK 
for transferring files between STARPLEX II and Intellec 
Development System, and cross assemblers. 

Easy to Use 

The .STARPLEX Systems reduce the time a user must 
spend at a terminal by making many complex functions 
accessible through single easy keystrokes. System com­
mands are initiated by clearly marked function keys which 
invoke prompting menus to guide the user through each 
task. These function keys eliminate the need to memorize 
system commands and various command options. As a 
result, there is no need to refer to lengthy.documentation, 
and errors or delays caused by incorrectly entered com­
mands are eliminated. With the user-definable keys on 
the STARPLEX II System keyboard, the amount of time a 
user must spend at a terminal is further reduced. Eight 
function keys are provided with upper and lower case 
capability for? total of sixteen different keys which are 
user-definable. These keys may be utilized both in com­
mand mode (system) and by an application program run­
ning on the system. Thus, while system commands are 
initiated by clearly marked function keys, which invoke 
prompting menus to guide the user through each task, 
many non-system complex functions become accessible 
through these user-definable keys. 

Recognizing that a great deal of the user's time is spent 
on creating and changing source code, the designers of 
the STARPLEX II system have devoted special attention 
to the text editing faCility. 

A set of special function keys direct the STARPLEX II 
Editor, allowing corrections to be made with single key­
strokes. Also, the powerful "string mode" commands 
allow search and replacement of character strings as well 
as block moves. An entire file may be quickly and easily 
reviewed or altered. The number of mistakes is reduced 
because the data and changes are immediately displayed. 
Backup files are automatically created, protecting the 
user from accidental loss of data. Because the STAR­
PLEX II system is easy to use, learning time is consider­
ably shortened. A first-time user can be productive within 
a half hour. Also, as users make more efficient use of the 
system, machine availability is maximized. 

Spooled Printer Capability 

STARPLEX II supports spooled I/O to a user-selected 
print or another input or output device. Thus, printing long 
listings of files, compiler output and similar tasks may 
now be done at the same time as text editing, compiling, 
emulation, debugging, etc. The net result is a greater 
utilization of designer resources and subsequent reduc­
tion in program development time. 

Resident System Oebugger 

The system debug utility is resident and always available 
to the user. This program does not occupy any user space 
in memory and can be invoked by a single keystroke. 
Unlike many other debug utilities, the STARPLEX II 
debugger does not have to be specified priorto program 
execution and "!lay be invoked at any time. 

Full Product Line Support 

The STARPLEX II system supports development for the 
NSC800, NSC16000, INS8048 family (8048, 8049, 8050), 
Z80A, Z808, 8085 microprocessors and COP400 micro­
controller devices. 

Functional Description 

Hardware Modules 

STARPLEX II components are packaged into modules 
which form a unified system when placed together. The 
modules are durable, with housings constructed of Va-inch 
aluminum and front panels of molded lexan foam. 

STARPLEX II is designed for easy maintenance. Snap­
down doors on the base. module make it easy to access 
the card cages and circuit boards. Interconnecting cables 
between all modules and boards are routed to the rear of 
the system and covered by easily removable cable chan­
nels. Thus, cables are out of sight and protected from 
accidental damage. All cables, including the Single AC 
power distribution system, are plug-detachable at both 
ends, making it easy to disconnect modules and recon­
figure the system as the user chooses. 
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STARPLEX II Electronics 

Five printed circuit boards make up the STARPLEX II 
electronics: the main Z80A-based CPU board, a Z80A­
based user processor board which also has 64K bytes of 
memory, an 8080A-based video monitor/keyboard con­
troller board, an 8080A-based floppy disk controller board 
and an additional 64K byte memory board. 

The Z80A-based CPU board and user slave processor 
board are designed in a master/slave configuration to 
give the user processing power and speed that were 
unobtainable with previous development systems. The 
main CPU board with the floppy disk controller board and 
the video/keyboard controller board all have multi-master 
bus logic allowing them to share the system bus. The 
floppy disk controller board and the video/keyboard con­
troller board communicate with the main CPU board and 
user processor board using Direct Memory Access and 
programmed I/O. 

The optional printers and PAL /PROM programmer per­
sonality modules communicate with the main CPU/user 
processor boards through two programmable parallel 1/0 
ports. A pair of RS232C ports on the main CPU.board are 
available and permit both asynchronous and synchro­
nous communications for use with options such as 
STARLINK. 

Individual circuit boards are built to National's high manu­
facturing quality standards, utilizing techniques such as 
computer-aided layout and auto insertion. All boards are 
tested dynamically under system load conditions at ele­
vated temperatures as part of a thorough factory burn-in. 

Software 

User programs are separated from those of the STAR­
PLEX II operating system. This means that users have 
much more memory space available, and since the oper­
ating system resides in its own environment, accidental 
interface between user programs and the operating sys­
tem is virtually eliminated. 

The STARPLEX II software is completely thought out 
from a functional standpOint, carefully engineered to be 
easy to understand and use, and thoroughly integrated 
into the total system. Every aspect is designed to assist 
the user in rapidly developing microprocessor-based 
systems from the ground up. 

The elegance of STARPLEX II software lies in its ability to 
make'the complicated process of program development 
appear simple to the user. 

OPERATING SYSTEM 

The operating system provides system housekeeping 
functions and coordinates access to system resources. It 
includes a nucleus file manager, 'an I/O control system 
and a loader. 

The nucleus of the STARPLEX II operating system con­
trols and allocates system resources for the higher-level 
processes. The nucleus: 

• Provides synchronization and communication facilities 
for higher-level asychronous processes. 

• Services all hardware interrupts. 
• Provides interval timer functions. 
• Is completely device-independent. 

File Manager 

The file manager organizes, stores and retrieves data 
and programs stored on the diskettes. 

• Maintains a directory. 
• Allows multiple file attributes. 
• Supports random access. 

I/O Control System 

The I/O control system is designed to eliminate the need 
for the user to understand the physical I/O characteristic 
of each individual cfevice and presents a simplified, logical 
device-independent architecture. 

• Provides overlapped I/O commands. 
• Allows files to be accessed by name. 
• Handles error conditions, 
• Supports spooled I/O to a user-selected print or another 

input or output device. 

Loader 

The loader brings programs into main memory at speci­
fied locations. 

• Provides "load and go'· mode, 
• Allows controlled load mode - starting address re­

turned to calling program, useful for implementing over­
lay structures. 

DEVELOPMENT SERVICES 

The "development services" include a linker, a CRT­
oriented editor, utilities, a resident debugger, optional 
PAll PROM programmer support macro assemblers, 
BASIC and FORTRAN IV, optional PLIM for· NSC800/ 
Z80 or 8080/8085, and optional PASCAL for NSC800/ 
Z80 or 8080/8085. 

Linker 

The linker combines relocatable object modules created 
by the assemblers or compilers into an executable run 
time module. 

• Assigns absolute addresses to load modules. 
• Produces a memory map of linked components. 
• Searches system and user libraries for unresolved 

external references. 

Editor 

The STARPLEX II editor is an easy-to-use CRT-oriented 
text editor. 

• String search and replace. 
• Forward and backward paging. 
• Block moves. 
• Automatic source file backup. 
• Traps illegal commands. 

Utilities 

General utilities provide routine maintenance functions. 

• Transfer data files between devices. 
• Obtain diskette directory listings. 
• Format diskettes. 
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• Modify file attributes. 
• Rename files. 
• Print screen. 

Oebugger 

The system debug utility is resident and always available 
to the user. The debugger does not occupy any user 
space in memory and may be invoked by a single key­
stroke. The program debugger simplifies program check­
out by allowing program execution to be monitored and 
altered. 

• Allows single step control. 
• Permits eight breakpoint assignments. 
• Displays program counter and registers at breakpoints. 
• Memory references are absolute or relative to one of 

the relocation registers. 

PALl PROM Programmer Support 

The PALIPROM programmer support software manages 
the optional PALIPROM personality module functions. 

• Allows PROM code to be listed, verified and copied. 
• Data stored in a PROM can be transferred to or from 

another PROM, a diskette file, memory, the video moni­
tor or keyboard. 

• Allows for custom programming of programmable array 
logic devices (PAL). 

Macro Assembler 

Individual macro assemblers can assemble 8085, 8048, 
NSC800, or Z80 mnemonic code and allow operator 
definition of useful higher-level instructions called 
"Macros" which are then expanded into a sequence of 
machine-level instructions. (Macro assembler for 
NSC800lZ80 is included with the STARPLEX " system. 
All other cross assemblers are optional.) 

Generates absolute or relocatable object modules. 
• Conditional assembly parameters. 
• Allows external references. 

FORTRAN IV 

The FORTRAN IV compiler on the STARPLEX II system 
meets the ANSI X3.9-1966 standard and includes the 
following enhancements: 

• PEEK and POKE - allow directaccess to memory. 
• Supports user-written I/O drivers. 
• Random access disk I/O. 
• Allows assembly language subroutine calls. 

BASIC 

The STARPLEX II BASIC compiler/interpreter conforms 
to the Dartmouth-defined BASIC with extensions: 

• PEEK and POKE - allow direct access to memory. 
• Complete string operators. 
• MUlti-dimensional arrays. 
• Extensive debugging and programming aids""':" trace, 

edit, direct mode, renumb~r. 

PLiM for 8080/8085 and NSC800/Z80 (Optional) 

PLIM is compatible with the industry standard PL/M, but 
offers many enhancements to improve program execu­
tion time and memory utilization. 

• Available for 8080/8085' object code or NSC800/Z80 
object code. 

• Hardware access via high-level statements. 
• Block structure facilitates structured programming 

techniques. 
• Relocatable and linkable output object code. 

I PASCAL for 8080/8085 and NSC800/Z80(Optional) 

Specifications 

Processor Subsystem: 

Floppy Disk Subsystem: 
Configuration 
Format 
Capacity 

Maximum Capacity 

Keyboard Subsystem: 
System Function 

ASCII 
Programmable 

CRT Subsystem: 
Matrix 
Display Array 
Phosphor 
Other 

Printers: 
Type 
Speed 
Width 
Character Type 

Power: 

Base Module 
Floppy Disk Module 
Impact Printers 
Video Monitor 

Physical' 

Sase 

Z80A-based CPU board 
Z80A-based user processor/ 

memory with 64K bytes RAM 
Video monitor/keyboard 

controller 
Double-density floppy disk 

controller 
Memory board with 64K bytes 

RAM (128Kbytestotal RAM) 

Dual disk drives 
IBM-compatible, soft-sectored 
Double-density, single-sided 

512K bytes/drives 
Expanded to 4 double-density, 

double-sided drives with 4 
megabyte storage capacity 

8 Single-stroke system 
control keys 

58 alphanumeric keys 
8 user-definable keys with 

upper/lower case 

7x9 dot 
80 columns by 25 lines 
P2 green 
Screen tilted 10° for comfort­

able viewing 

Impact 
120 characters per second 
132 columns 
7 x 9 dot matrix 

115 VAC, 60 Hz, 10 amps (max) 
or 
230 VAC, 50 Hz,S amps (max) 
644 Watts 
966 Watts 
360 Watts 
34 Watts 

Floppy 
Disk Impact Video 

Module Module Printer Monitor 

Height 5.75 in. 11.5 in. 8 in. 11.5 in. 
14.6cm 29.2cm ?0.3cm 2.92cm 

Width 26 in. 13 in. 24.5 in. 13 in. 
66cm 33cm 62.2cm 33cm 

Depth 26 in. 19in. 18 in. 19 in. 
66cm 48.3 cm 45.7cm 48.3cm 

Weight 68 lb. 50 lb. 60 lb. 29 lb. 
30.8 kg 22.7 kg 27kg 13.2 kg 
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STARPLEX 
DEVELOPMENT SYSTEM 

In-System Emulator 
Module 

INTERFACE 

RAM (32Kx8) 

BREAKPOINT LOGIC 

TRACE LOGIC 

MAP AND CONTROL LOGIC 

TARGET MICROPROCESSOR 

TARGET MICROPROCESSOR 

In-System Emulator System Configuration 
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USER STATUS 
CABLE 
(8 LINES) 

BREAKPOINT 
SYNC 

TRACE SYNC 

EMULATION CABLES 



Application Multiprocessor System Configuration 

PROCESSOR 
#1 

BUS 
ARBITER 

COMMON BUS 

EMULATOR 
CABLE 

PROCESSOR 
#2 

SHAR~l)~ 
RAM~UllH' 

13·42 



8048 Family Emulator Package 
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Integralln-S . . , ystem Emulator 

IntegrallSE Com . ponents Installation 

~ 
~ 

~ 
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MEMORY 
CARD 

IntegrallSE System Configuration 
(Total: 3 Boards and 2 Pods) 

CABLE 
POD 

USER PROTOTYPE 
SYSTEM 

TRACE 
CARD 

USER STATUS 
POD 

STATUS PROBES 

8085 Emulator Package 
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STARPLEX 
CARDCAGE 



NSC800 EmUlator Package 
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Installation of the COPS ISE Target Board and an Emulator Board 

STARPLEX II 

cOPS 
ISE TARGET 
BOARD 

LEFT HAND 
CARDCAGE 

_________ ----- DOOR OPEN 

_______ ~ TARGET/EMULATOR 
____________ / CABLE 

.A}'~ (3 FEET) 
. 0/ . .. ~ EMULATOR/USER 

/ '(' <., .. / ~A?c56T) 

/ "-"\ .• /. ITOTALCABLE~ 
~/ ~E~T) 
'.~. . ~ §S~~0~~~~~TOR 

~··'~,~L z/······ "', 
,~ ..... . '~1/ 

"''-''",7 ' 

COPS™ In-System Emulator Package 

13·47 



Impact Printer 

STARPLEX II Development System 
.. Video Monitor Subsystem ----, 
Large screen - measures 12" diagonally 
Legible characters - 7 x 9 dot matrix 
24 lines x 80 characters 
Soft green phosphor 
Variable screen intensity 
10° tilted screen for comfortable viewing 
Extensive screen control; scrolling, 
blink, blank, inverse video or 
alternate characters 

User Definable Function Keys -----,--~ 
Eight function keys are provided 
with upper and lower case 
capability for a total of sixteen 
different keys which are user 
definable 

Processors Subsystem ____ '--_L£j_--=~ 
Z80-based CPU 
Z80-based user processor/memory 
with 64K byte RAM 
Floppy disk controller/formatter 
64Kbyte RAM 
Dual 4-s101 chassis provides 
three expansion slots 

ASCII Keypad 
58 a!phanumeric keys 
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Disk Subsystem 
Dual standard floppy drives give 
512K bytes per drive capacity 
Uses IBM soft-sectored format 
Expanadable to four drives 
(two million bytes) 

PROM Programmer (Optional) 
Plug in·PROM personality modules­
standard PRO-LOG compatible 
Programs bipolar PROMs, 
2708.2716 EPROMs, PALs 

_______ System Function Keypad • 
9 system control keys 
Control program execution 

Editor Keypad 
5 cursor keys 
13 special edit keys 

System Reset Boot Load Button 
Powerful resident bootstrap has built-in 
micro-diagnostics to check all system 
facilities on initialization, then 
·automatically switch out of user 
memory space 



SYSTEM 
BUS 

STARPLEX II Multiprocessor System 

PAl/PROM PROGRAMMER 

USERPROCESSOR/MEMORY 
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STANDARD FLOPPY 
,DISC DRIVER 

64K BYTE RAM 
AND OTHER 

SYSTEM OPTIONS 

EXPANSION 
DRIVES 



STARPLEX II Keyboard 

User Defined Keypad 
Lower/upper case 

ASCII Keypad 
58 alphanumeric keys 
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Editor Keypad 
5 cursor keys 
13 special edit keys 

System Function Keypad 
9 system control keys 
Control program execution 



Standard Configuration 

IN THE STANDARD CONFIGURATION, STARPLEX II 
provides a fully,functioning turnkey system including the 
following features: 

• CPU Master 

• CPU Slave 

• Bootstrap and diagnostic utility 

• Two RS232C serial I/O ports 

• Real time clock/calendar 

• 128K bytes of mappable RAM 

• Keyboard base 

• Video monitor with 7 x 9 dot matrix and 1920 character 
display 

• Dual floppy disk subsystem with double-density (1 mb) 
or double-sided double-density (2 mb) disk drives 

• Debugger for diagnosing program execution 

• Additional utilities for system maintenance 

• Expansion slots for Integral ISETM capability 

• BASIC interpreter 

• FORTRAN compiler 

• Modular constr~ction for versatility in operation 

• Expansion capabilities to meet your growing 
requirements 

• Complete operating system including an input/output 
system with an independent interface to user tasks 

• File manager for comprehensive data storage and 
retrieval file creation, protection, deletion and attribute 
assignment with use of unique keyboard utility keys 

• Screen oriented text editor for creating and editing 
source statements 

• Macro assembler for assembling Z80 mnemonics and 
user-defined macros 

• Linker for linking independent program modules into 
executable files 

• PROM programming capability including interface . 
board and universal software with PAL support 

Order Information 

SPX-90/51 

SPX-90/61 

Options 

SPM-90-A06-1 

SPM-90-A06-2 

SPM-90-A08 

SPM-90-A09-2 

SPM-90-A13 

SPM-90-A13-3 

SPM-90-A13-4 

SPM-90-A13-7 

SPM-90-A15 

SPM-90-A20 

SPM-90-A55 

SFW-90-A50 

SFW-90-A60 

SFW-90-A200 

SFW-90-A300 

SFW-90-A320 

STARPLEX II Developm~ 
System with 1 Mcgabyte~isk 
Storage (single-sided, double­
density drives) (60 Hz) 

STARPLEX II Development 
System with 2 Megabyte Disk 
Storage (double-sided, double­
density drives) (60 Hz) 

STARPLEX II Dual Single 
Sided, Disk Expansion 

STARPLEX II Dual Double 
Sided, Disk Expansion 

In-System Emulator Module' 

8048 Emulator Package 
(includes upgrade kits that 
convert ISE 8048 to emulate 
8049 and 8050) 

Integral In-System 
Emulator Package 

8085 Emulator Package 

NSC800 Emulator Package 

Z80 (4 M Hz) Emulator Package 

COPSTM Emulator Package" 

Z80 (6MHz) 
Complete ISE Package 

Impact Printer 

PUM Cor'npilerfor 
8080/8085 

PUM Compiler for 
NSC800/Z80 

CP/M Operating System 
Software Package 

PASCAL Compiler for 
8080/8085 

PASCAL Compiler for 
NSC800/Z80 

Note: To order 50 Hz add the "letter ""E"" to the order" 
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Documentation 

STARPLEX 1/ Development System 

420306465-001 STARPLEX II System Hard-
ware Reference Manual 

420306383-001 STARPLEX II System Soft-
ware Reference Manual 

420305788-001 STARPLEX II Macro Assem-
bler Software User's 'Manual 

420305790-001 STARPLEX II FORTRAN Com-
piler Software User's Manual 

420305791-001 STARPLEX II BASIC Inter-
preter Software User's Manual 

420305804-001 BLC-8222 Double-Density 
Floppy Disk Controller Hard-
ware Reference Manual 

420305587-001 BLC-8228/8229 Video 
Monitor/Keyboard Controller 
Hardware Reference Manual 

420305529-001 BLC-032/048/064 
32/48/64K RAM Board Hard-
ware Reference Manual 

420306183-001 Universal PAL/PROM 
Programmer User's Manual 

STARPLEX 1/ Development System Options 

420305869-001 SPM-90-A08In-System 
Emulator Reference Manual 

420306065-001 SPM-90-A09-2 8048 ISE 
Target Board User's Manual 

420306240-001 SPM-90-A13-3 8085 Integral 
ISE-User's Manual 

420306241-001 SPM-90-A 13-4 NSC800 
IntegrallSE User's Manual 

420306692-001 SPM-90-A13-7, Z80 
IntegrallSE User's Manual 

420306254-001 SPM-90-A 15 COPS ISE 
User's Manual 

STARPLEX II Development System Software 

420306371-001 

420306680-001 
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SFW-90-A50, SFW-90-A60 
PLM80 Software Reference 
Manual 

SFW-90-A300, SFW-90-A320 
Pascal Compiler Reference 
Manual 



Section 14 II 
CMOS Industrial. ~ 
Microcomputer B~ards 



Introduction 
Developing a board-level solution for applications in harsh 
industrial environments presents a number of challenges 
for systems designers. In such applications-which in· 
clude pipeline monitoring and control, mining equipment 
monitoring and control, food processing, industrial motor 
control, mbotics and process control-a uniform need ex· 
ists for easily altered or expanded systems that are also 
impervious to wide temperature fluctuations, electrical 
noise, vibration, corrosion, washdowns, power failures, 
and so on. 

POWER DISSIPATION 

One of the first challenges a d~~igner faces is power dissi­
pation. High power dissipation creates the need for larger, 
more expensive enclosures, as well as the need for cool­
ing fans, vents/filters, refrigeration systems (in some 
cases), and large power back-up systems. 

Low power drain, on the other hand, means that boards 
can be inexpensively sealed-off in locations requiring in· 
trinsically safe electronics, washdowns, or resistance to 
corrosion. Also, low power means increased reliability, 
portable battery back-up of volatil,e memory, and the 
overall reduction in system cost through the elimination of 
the extra equipment that is required when high power 
dissipation exists on the PC boards. 

A typical CPU board for the MULTI BUS ™ has a power dissi­
pation of 20W and an equivale~PU board forthe STD BUS 
has a power dissipation of "f.5W, but the microCMOS 
technology that is used in National's SEAIES/800 CMOS 
industrial microcomputer (CIMTM) board family allows the 
power dissipation to be reduced to only 0.3W, with the CPU 
board still providing sufficient functionality for most 
applications. 

What's more, the large power dissipation difference be­
tween NMOS and CMOS increases when' a more complex 
system is considered. At the board level, for instance, 
CMOS ICs will dissipate 25 to 30 'times less,than the equiva­
lent NMOS ICs for the same functionality (Figure 14·1). 

NEW BUS REQUIRED 

These new CIM boards needed a new bus. In designing 
this new bus, National realized it could take advantage of 
the CMOS bus already developed for the NSC800™ 
microcomputer and add features that would diminish the 
systems designer's involver;n,ent in putting a system 

Parameter MULTIBUS 

together. What evolved was CIMBUS, a synchronous bus 
with 64 lines replicating about 30 of the functions of the 
NSC800's bus, while adding many useful timing and con­
trol signals. 

In designing a bus for an industrial environment, the 
designer must take into account the need for an orderly 
shutdown of equipment in the event of system failure, 
since a disorderly shutdown could result in injuries or 
damage to equipment. CIMBUS, therefore, incorporates a 
system·level, fail-safe timer. This timer informs the rest of 
the system if the microcomputer hangs up or fails. The 
other boards will then be reset to a state that allows 
disengaging machinery in an orderly way. 

TEMPERATURE EXTREMES 

USing the new microCMOS products, National is able to 
design boards with an operating temperature range from 
- 40°C to + 85°C (typical NMOS boards can only operate 
from O°C to 55°C). This more than doubles the operating 
temperature range. 

UNINTERRUPTABLE POWER SUPPLY 

The low power requirement of a CMOS industrial micro­
computer boa~d system allows National to easily provide 
an uninterruptable power supply. The heart of this power 
supply is a voltage regulator board (a DC/DC switching 
converter that allows the system to be powered by unregu­
lated DC) and a battery charger board (to monitor the dis· 
charge rate and,output voltage of an external battery and 
then provide either a fast or float charge). In conjunction 
with a 10V to 17V battery, these boards provide a portable, 
low-cost uninterruptable power supply that is simply 
plugged into the card cage. No additional equipment or 
hardware design is required by the user since the system 
is capable of full operation whether or not the primary 
power source (24 VDc) is present. 

MECHANICAL INTEGRITY 

To provide for mechanical integrity, the pin-in-socket DIN 
41612 connector is used. This provides an ideal mechan· 
ical complement to CMOS logic, where steady state cur· 
rents on the order of pAs are driven through connector 
pins. These connectors are resistant to both vibration and 
corrosion. 

The traditional approach has been to use the card·edge 
connector for all bus and 1/0 interfaces. This was an 
economical, but, unfortunately, an unreliable solution. 

STO BUS CIMBUS™ 

Technology NMOS NMOS microCMOS/CMOS 
Temperature Range O°C to 55°C O°C to 55°C - 40°C to + 85°C 

(32°F to 131°F) (32°F to 131°F) (- 40°F to + 185°F) 
Board Size 6.75" x 12.0" 4.5" x 6.5" 3.9" x 6.3" 

(17.2 cm x 30.5 cm) (11.4 cm x 16.5 cm) (10 cm x 16 cm) 
Supply Voltage 5 Voc, ± 12 Voc 5 Voc, ± 12 Voc 10 Voc to 17 Voc 

(Regulated) (Regulated) (Unregulated) 
Power Dissipation 20W 7.5W 0.3W 
Speed 4 MHz (Typ) , 4 MHz (Typ) 4 MHz 
Connector Type Card·Edge Card-Edge Pin-in-Socket 

FIGURE 14·1. Typical 8·Bit CPU Board NMOS to CMOS Comparison 
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~ National Semiconductor 
BLMX-80C microCMOS 

Board-Level, Multitasking Executive 
for NSC800™-Based Systems 

• Configurability 
- Fully user configurable 
- Menu selection procedure 
- Hardware independent 

.• Compatibility 
- NSC800, Z80® ' 
- Bus-like structure 

.. Reliability 
- Small, efficient nucleus 
- Simple user interface 
- Standard data structures 

Product Overview 

The BLMX-80C software system is a real-time, 
multitasking executive, specifically designed for 
use with National Semiconductor Corporation's 
CMOS Industrial Microcomputer (CIMTM) products, 
but is equally usable for any NSC800-based system. 
It has been optimized for real-time applications 
such as process control, manufacturing monitor­
ing, and data acquisition systems. The BLMX-80C 
Executive is fully modular and can readily be con­
figured to suit applications needs. It is completely 
hardware and location independent, thereby provid­
ing a fundamental base upon which users can build 
a wide range of applications systems. In addition, 
BLMX-80C provides a bus-like structure that helps 
to integrate software with its unqerlying hardware 
through predefined data structures and intercon­
'nect procedures. This concept of software-bus 

.. User·Oriented Support 
- Extensive I/O handlers 
- Analog handlers 
- Linkable, interactive debugger 

• Easy·to· Use @ 
- Prompting menus guide system 

configuration 
- Comprehensible system functions 
- Functional similarity for internal and 

external calls . 
- Reconfigurable 

architecture ensures maximum quality of standard­
ization for compatibility and future expandability. 

The BLMX-80C nucleus requires only 512 bytes of 
RAM and 2K bytes of ROM. The system contains all 
major real-time functions including task schedul­
ing, intertask communication and synchronization, 
interrupt handling and I/O control, as well as many 
optional features. . 

BLMX-80C provides support for all CIM CPU boards: 
CIM-802, CIM-802A, and CIM-804, as well as the 
CIM-201 Serial I/O Board and the CIM-411 Analog 
Input Board. Real-time modules include a handler for 
the System-Level Fail-Safe Timer and cold/warm 
start initialization. A linkable, interactive, system­
level debugger is also supplied. 
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Features 

The BLMX-80C Board-Level, Multitasking Executive 
provides users of CIM products with simple and 
easy-to-use, yet comprehensive tools for creating a 
wide range of applications. The most notable fea­
tures of BLMX-80C are: 

Stru~tured Environment - The BLMX-80C Execu­
tive and its associated modules support and en­
courage modular, structured programming, thus 
providing a consistent structure from application to 
applicat'ion and allowing experience gained and 
software written on one system to be easily 
transferred to another. Frequently, entire programs 
may be used in multiple applications, even if 
different CPU boards areinvo/ved. 

Hardware·Oriented Interface - The BLMX-80C 
Executive provides for an intertask and task/execu­
tive communications architecture that is similar to 
hardware communications. Instead of an· array of 
"mailboxes" (or "message centers"), BLMX-80C in­
corporates channels. One merely communicates 
across a channel from his module to the desired 
destination. This interface is consiste~t throughout 
the range of facilities offered, thus reducing the 
number of concepts to be learned, providing greater 
control at the task level, and increasing the efficien­
cy of the system and the programming effort. . 

Library Modules - The BLMX-80C Executive is 
constructed in a thoroughly modular manner with' 
the full range of facilities being offered in multiple 
library modules, which allows easy selection of the 
exact facilities required. 

.Small Nucleus - The BLMX-80C nucleus was hand­
coded in assembly language rather than being com­
piled from intermediate or high-level languages. The 
resulting product is therefore smaller and allows the 
incorporation of more features within the size gener­
ally accepted as optimum. 

ANALOG~ INPUT 

HANDLER;~*;;i xii 

ANALOG~ OUTPUT 

HANDLER

i
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Priority·Oriented Scheduler - The BLMX-80C sche-. 
duler ensures that the highest priority task that is 
ready to execute is given control, which allows the 
system to be responsive to its external world. Oy­
nami,c reprioritization of tasks is supported for the 
mosfsophisticated of multitasking systems. 

Real·Time Speed - Because BLMX-80C was hand­
coded in assembly language, several speed advan­
tages are realized. Task swapping, channel and 
message management, and I/O interfacing are exe­
cuted much more quickly than could be expected of 
a system written in a higher level language. 

Direct Interrupt Processing - The BLMX-80C archi­
tecture employs interrupt channels that allow 
device-specific interrupt handling routines to 
interface directly with the interrupt source. This 
accomplishes servicing of interrupts without the 
overhead of task swapping, yet allows the operat­
ing system to maintain the· integrity of the system. 
Combining this interrupt service architecture with a 
device-efficient nucleus results in an operating 
system that better supports demanding, real-time 
applications. 

Comprehensive 110 Support - The BLMX-80C li­
braries contain support for a wide variety of I/O 
boards within the CIM product line, thus simplifying' 
the addition of peripheralsto an application system. 
For appiications requiring interfacing to unique devi­
ces, the architecture of BLMX-80C allows easy addi­
tion of user-written handlers. 

User Configurability - BLMX-80C Executive-based 
applications may be configured from a wide range 
of facilities, selecting only those that meet the spe­
cific requirements of the application system. The 
resultant system contains only the modules neces­
sary for its use, allowing the BLMX-80C Executive 
to fit a wide range of applications from small, 
special-purpose, dedicated applications to large, 
general-purpose systems. 

u .......... : ...• : ..... : ..... : .. : ... :: ....... :.:.: ... .•....•.. : .•.......•......... : .. :.: .......•..... : ..... TERMINAL 

lzIJ HANDLER 

n ....••..• : ...•... : ...... :::.:.:.: ....••..........•... .... :.: .... : ..............• : .......•. : .•...• :.: ..•....•... : ... : •...••. : •..... : ... : ..... INTERACTIVE 

~ DEBUGGER 

FIGURE 1. Configuration Flexibility Provides Application Freedom 

The BLMX-80C Executive, and associated modules, allows the designer the freedom to 
choose from a wide range of CPU, expansion, and controller boards up~n ~hich his 

application may be built. It allows one to break the ties between the application and the 
hardware, and thereby gain application freedom and save software development costs. 
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Ev~nt·Driven -In the BLMX-80C Executive, each 
user task exists in its own "closed environment"­
a virtual processor. Each virtual processor can syn· 
chronize with external/internal occurrences through 
events. BLMX-80C supports a wide variety of 
events, including synchronization with task activi· 
ties, external device operations, and the real·time 
clock. 

Free Space Manager- The BLMX-80C Executive 
has an integral free space manager. This feature 
not only reduces the amount of RAM required in an 
application system (potentially reduces board 
count), but also allows active modules more buffer 
area within any given space constraint. 

Time·of·Day Clock - The BLMX-80C Executive has 
an integral system/time·of·day clock. Included is a 
real·time clock configurable to a resolution of 10ms. 
This negates the need to allocate the extra memory 
required for these features, which are necessary in 
most application systems. 

Debugging Aids - The BLMX-80C Executive has a 
linkable, system·level, user·oriented, interactive 
software debugging aid. The debugger allows 
examination and modification of system message 
control blocks and execution breakpoints, auto· 
matic stack overflow monitoring, and numerous 
other features that result in simplified task debug· 
ging an'd faster application system development. 

Hardware/Software Compatibility - The user of 
BLMX-80C is guaranteed that his CIM boards and 
his BLMX-80C device handlers will always be com· 
patible. If changes are necessitated on any item 
supported by National Semiconductor Corporation, 
the BLMX-80C user is guaranteed that no compat· 
ibility problems will arise. 

Facilities 

The various facilities offered by the BLMX-80C 
Executive are provided as independent library 

modules, thus allowing simple inclusion or exclu· 
sion depending on the user's specific require· 
ments. These facilities are described below. 

Nucleus - The BLMX-80C nucleus provides real· 
time scheduling, interrupt handling, intertask com· 
munications, task control, free·space management, 
and time-of-day. The services offered are: 
- Task message sending/receiving and synchron· 

ization 
- External input/output and synchronization 
- Task management 
- Time control 
- Creation and disposal of tasks during run time 
- Extended free memory pool management (user 

space) with granularity control for optimization 

Terminal Handler - The BLMX-80C terminal hand· 
ler provides a data path between a console device 
(CRT or TTY) and user tasks. The services offered 
include: 
- Terminal input processing with echo capability 
- Recognition of termination character 
- Recognition of the editing control characters 
- Terminal output processing 

Analog Handlers - The BLMX-80C analog handler 
provides a convenient mechanism for obtaining and 
transmitting analog values between user tasks and 
the CIM-411 Analog Input Board. The analog hand· 
lers offer a full range of services that include: 
- Sequential input function for analog input 

sampling 
- Random sequence input function for sampling at 

user-specified sequence 

Fail·Safe Timer Handler - The BLMX-80C System· 
Level Fail·Safe Timer Handler is implemented as an 
interrupt handler.' It provides the retriggering 
required to maintain the fail·safe timer on the CIM 
CPU boards. 

Table 1. BLMX-80C Memory Requirements 

Memory Requirements1 (Bytes) 

Nucleus 

Module Basic 
Timer Dynamic Dynamic Extended 

Terminal 
Kernel 

Manager Task Disp. Channel Mem. Mgr. 
Handler 

Option Option Option Option 

PROM2 1574 532 53 80 180 835 
RAM3 328 - - - - 14 

Analog Analog Fail·Safe Cold/Warm 
Static Dynamic 

Module Input Output Timer Start Debugger Debugger 
Handler Handler Handler Initialization 

PROM2 66 42 50 276 6246 18842 
RAM3 - - - - 500 2344 

Notes: 
1. All figures are approximate. Modules whose final size is user-dependent have the minimum requirements listed. 
2. Indicates amount of code which can be configured in PROM. 
3. Does not include user-defined Message Control Blocks. 
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Cold/Warm Start Initialization Modules - The link­
able BLMX-80C initialization routines provide appli­
cation-independent initialization. The functions 
provided include: 
- Determination whether a cold start or a restart 

(warm start) is needed . 
- System RAM test 
- Programmable timer(s) reset 
-CPU-dedicated 1/0 initialization 
-Serial 1/0 UART initialization 

The System Generation Process 

The BLMX-80C system generation process is, for 
the most part, accomplished by running a program 
called SYSCON on a STARPLEXTM Development 
System. The user merely "fills out forms" presented 
on STARPLEX, answering questions concerning the 
CPU board, which library modules are required, 
location of handlers and user-generated tasks, and 
assignment of channels for communications be­
tween tasks and with the Executive. The resulting 
files are then merged into object form executable 
on the application system. The system may then be 
debugged using the NSC800 In·System Emulator 
(ISETM) from National Semiconductor Corporation, 
or the BLMX-80C interactive debugger. The final 
application system code is then available for PROM 
programming. 

Supported Hardware 

CI M-800 Series CPU Boards 
CIM-201 Serial 1/0 Board 
CIM-411 Analog Input Board 

BLMX-80C Executive Shipping Package 
One diskette containing: 
- BLMX-80C Nucleus 
- Terminal Handler 
- PLM80 Language Interface 
- Fail-Safe Timer Handler 
- Analog Handlers 
-Initialization Library 
~ Interactive Debugger 
- SYSCON (System Configuration Program) 

Reference Manuals 

BLMX-80C Reference Manual 
BLMX-80 System User's Manual 

no PR~g~~MS W (SOURCE) 

\7 ASSEMBLER 
----.- (OR CROSS), 

PLM COMPILER 

Sysco~¢::(~i~~') NV< , ___ / 

G]~~NK. 
BLMX-80C GJ 
LIBRARY A. PPLICATION 

SYSTEM 

. DEBUG V ~ ~ EXECUTE 

9 >8 
FIGURE 2. System Generation Process 

The user is guided through the system generation process by 
SYSCON. The sophisticated NSC800 In·System Emulator from 
National Semiconductor Corporation eases the debugging of 

application·unique software. 

Order Information 
BLMX-80CS 

BLMX-80CD 

Documentation 
BLMX-80CM 

14·6 

BLMX-80C Executive for 
NSC800-based CIM CPU 
boards on a single density 
diskette 

BLMX-80C Executive for 
NSC800-based CIM CPU 
boards on a double density 

, diskette 

Manual set (#920308068-001) 
including the BLMX-80C 
System Reference Manual 
(#420306677-001) and the 
BLMX-80 System User's 
Manual (#420306432-001) 



~ National Semiconductor 
CIMT~-100/104/108 

microCMOS 
and CIM-100C/104C/108C 

Memory Expansion Boards 

• Adds RAM andlorPROMtoaSERIESI800™ 
system 

g Supports 2k x 8 PROM/RAM and 4k x 8 
PROM devices 

II Address-assignable on 1Sk boundaries 
II High-performance, low power micro­

CMOS technology 
III Fits CIM':'S02/S04 card cage 

Product Overview 

The CIM-100 series of PROM/RAM Memory Expan­
sion Boards are members of the SERIES/800 line of 
CMOS Industrial Microcomputers (CIM) from 
National Semiconductor Corporation. SERIES/800 is 
a complete family, including CPU, memory expan­
sion, and digital and analog I/O boards. Also included 
is a real-time, multitasking operating system, 
BLMX-80C. The line uses the microCMOS NSC800™ 
microprocessor, which combines the benefits of the 
execution speeds of NMOS microprocessors with the 
power dissipation and environmental characteristics 
of CMOS, and executes the Z80 instruction set. The 
complete line is compatible with the CIMBUS, a 
documented scheme for board interconnection (see 
the CIMBUS specification). The microCMOS technol­
ogy employed, combined with the single-wide 
Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 
harsh environments, such as numeric machine con­
trol, pipeline monitoring and control, robotics, in­
dustrial instrumentation, and uninterruptable power 
supplies. 

The CIM-100/104/108 and CIM-100C/104C/108C PROM/ 
RAM Memory Expansion Boards are memory expan- . 
sion boards for the SERIES/800 CMOS Industrial 
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II All required connections for CIMBUS™ 
c~mpatibility provided on-board 

r!I Single 5 Voc power supply 
EI -40°C to +85°C or 0 to +70°C (commer­

cial version) operating temperature 
ranges 

1'1 Built solely with components burned in to 
A+levels 

Microcomputers from National Semiconductor Corp­
oration. The CIM-100/104/108 boards are identical ex­
cept for the amount of factory-installed RAM: the 
CIM-100 has no RAM installed, the CIM-104 has 8k 
RAM installed, and the CIM-108 has 16k RAM in­
stalled; The CIM-100C/104C/108C boards are func­
tionally identical to the CIM-100/104/108, with the' 
only difference being their operating temperature 
range (0 to + 70°C versus -40°C to +85°C). The 
CIM-100 series boards allow various combinations 
of PROM and RAM to be added to a CIMBUS system, 
up to a maximum of 8k PROM + 8k RAM, 16k PROM, 
16k RAM, or 32k PROM. The CIM-100 series memory 
expansion boards, only 100mm x 160mm (3.9" x 
6.3") in size, fit the CIM-602l604 series card cages, 
and are connected to the CIMBUS by 64-pin, pin-in­
socket DIN 41612 connectors. See the CIMBUS 
System Bus Specification Manual for a description 
of the CIMBUS (order as CIMBUSM or Manual 
#420306681-001). The use of microCMOS technology 
gives high performance at low power consumption ~ 
levelS, and, in keeping with the aimsof the SERIES/800 W 
line, the CIM-100 series boards are designed for, 
reliable performance over a wide range of harsh en­
vironmental conditions. 
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Functional Description 

The CIM-100 series memory expansion boards are 
shipped with either no RAM (CIM-100/100C), Bk RAM 
(CIM-104/104C), or 16k RAM (CIM-108/10BC) install­
ed. User PROM may be added to the CIM-100 and 
CIM-104; address boundaries and board configura­
tions are then established by on-board jumpers. The 
CIM-100 series functional units are: 

• CIMBUS interface 
• Address buffer 
• Chip select circuitry 
• Memory array 
• Control logic circuitry 
• Data buffer 

The address buffer receives 16 address bits from the 
CIM-800 CPU through the CIMBUS interface and 
transfers the address bits to the internal address bus, 
the control logic circuitry, and the chip select cir­
cuitry. The chip select circuitry then determines 
which PROM/RAM device in the memory array 
should be enabled and sends four address bits to a 
decoder which enables the selected memory. 

, The memory array consists of two' banks, each of 
which contains four PROM/RAM devices. A 16k byte 
memory block may be formed from 2k x B-bit capac­
ity RAM devices in combination with 2k x B-bit 

... 14-8 

capacity PROM devices. In this example, one mem­
ory array bank contains Bk bytes of RAM and the 
other bank contains Bk bytes of PROM. Other pos­
sible configurations with 2k x B-bit capacity devices' 
are 16k bytes of RAM only or 16k bytes of PROM only. 

PROM devices with a 4k x 8-bit capacity may also be 
used. RAM or PROM devices with 2k x B-bit capacity 
cannot be combined with 4k x 8-bit PROM devices. 
Possible' configurations for the 4k x 8-bit PROM 
devices are 16k bytes of PROM (only one bank used) 
or 32k bytes of PROM (both banks used). 

The memory configuration and address assignments 
are established by on-board jumpers. When memory 
is accessed, one PROM/RAM device is enabled by 
the chip select circuitry and eight bits of memory 
data are transferred in from or placed out on the 
board's internal data lines. Data direction depends 
on whether addressed memory is PROM or RAM and 
whether the memory request is a read or a write. 

The control logic circuitry decides whether the' 
memory access is a read or write cycle. The decision 
depends on information from the CIMBUS interface 
and two internal address bits. The data buffer 
transmits or receives data from the CIM-800 CPU; the 
CPU determines whether the direction of data move­
ment is to or from the memory array. 



Specifications 

Memory Capacity 

Various combinations to a maximum of 8k PROM + 
8k RAM, 16k PROM, 16k RAM, or 32k PROM 

Word size- 8 bits 

Compatible 
Memory 
Devices- NMC27C16 (2k x 8-bit PROM) 

6116 (2k x 8-bit RAM) 
NMC27C32 (4k x 8-bit PROM) 

Access 
Time- 515 ns 

Address 
Selection- assignable on .16k boundaries 

within 64k bytes 

System Bus Interface 

64-pin, pin-and-socket DIN 41612 connector. 

Recommended mating connectors: 
Winchester 96S-6033-0531-2 
Elco 008257-096-649-124 

Power 

Vcc=5 Voc±5% 

PROM/RAM Used Memory Size 

none Ok 
6116 8k 
NMC27C16 8k 
6116 16k 
N MC27C16 + 6116 16k 
NMC27C32 32k 

Current (Max) 

1.23 rnA 
62.00 mA 
27.00 rnA 
62.50 mA 
62.40 rnA 
27.00 rnA 

Environmental 

Physical 

Temperature: 
CIM-100/104/108: -40°C to 
+85°C (-40°F to + 185°F) 
C 1M -1 00C/1 04C/1 08C: 
o to +70°C (+32°F to +158°F) 

Humidity: 0 to 90% 
noncondensing 

Length: 6.30 in. (160 mm) 
Width: 3.94 in. (100 mm) 
Height: 0.50 in. (13 mm) 
Weight: 0.71 oz. (20 gm) 

(CIM-100) 

Order Information 
CIM-100/104/108 and CIM-100C/104C/108C 
PROM/RAM Memory Expansion Boards 

CIM-100 
CIM-100C 

CIM-104 
CIM-104C 

CIM-108 
CIM-108C 

Documentation 
CIM-100M 

No RAM installed 
o to + 70°C (Commercial) 
version 
8k RAM installed 
o to + 70°C (Commercial) 
version 
16k RAM installed 
o to + 70°C (Commercial) 
version 

CIM-100/104/108 and 
CIM-100C/104C/108C PROMI 
RAM Memory Expansion 
Board Hardware Reference 
Manual (#420305685-001) 

CIMBUSM CIMBUS System Bus 
Specification (#420306681-001) 

RAM/PROM DATA 
MEMORY ARRAYS BUFFER 

CONTROL 
LOGIC 

TLlT/5090·' 

FIGURE 1. CIM-100 Series RAM/PROM Expansion Board Block Diagram 
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~ National Semiconductor 
microCMOS 

. CIMTM-201 and CIM-201C 
Serial Input/Output Boards 

• Single-channel asynchronous ·transfer of 
serial data 

II RS-232C or optically isolated 20 rnA 
current loop operation 

• Interfaces with wide variety of terminals, 
computers, printers, and other peripheral 
equipment 

• May be configured as either data set 
(OCE) or data terminal (OTE) 

iii Can be used in pairs in demandl 
response mode 

II User-selectable baud rates from 50 to 
153600 

Ii Standard 25-pin "0" connector for serial 
data 

Product Overview 

The CIM-201 arid CIM-201C Serial I/O Boards are 
members of the SERIES/BOO line of CMOS Industri­
al Microcomputers (CIM) from National Semiconduc­
tor Corporation. SERIES/BOO is a complete family,' 
including CPU, memory expansion, and digital and 
analog I/O boards. Also included is a real-time, mul­
tit9,sking operating system, BLMX-BOC, The line 
uses the microCMOS NSCBOOTM microprocessor, 
which combines the benefits . of the execution 
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• CIMBUSTM-compatible with 
SERIES/SOOTM line 

• Small 100 mm x 160 mm Eurocard form 
fits directly into CIM-602/604 card 
cages 

iii microCMOS technology gives high 
reliability at low power consumption 

• "':'40°C to +S5°C or O°C to + 70°F 
(commercial version) operating 
temper~ture ranges 

• Designed for demanding use under 
harsh environmental conditions 

II Built solely with components burned in 
to A+ levels 

speeds of NMOS microprocessors with the power 
dissipation and environmental characteristics of 
CMOS, and .executes the ZBO instruction set. The 
complete ·line is compatible with the CIMBUS, a doc­
umented scheme for board interconnection (see the 
CIMBUS specification). The microCMOS technology 
employed, combined with the single-wide Eurocard 
form factor of the boards, makes the SERIES/BOO, 
line appropriate for many applications in harsh envi-



>. 

ronments, such as numeric machine control, pipeline 
monitoring and control, robotics, industrial instrumen­
tation and uninterruptable power supplies. 

The CIM-201 Serial I/O Board provides the capabili­
ty for RS232C or current loop controlled asynchro­
nous data transfer between a SERIES/800 system 
and any compatible peripheral device. Such periph­
eral devices may include a wide variety of comput­
ers, terminals, printers, microwave links,· or various 
kinds of control or instrumentation devices designed 
for RS232C or current loop operation. The 
CIM-201C is identical to the CIM-201; with the only 
difference being its operating temperature range 
(O°C to + 70°C versus -40°C to +85°C). 

The CIM-201 may be configured as either a data 
set (OCE), a device that interfaces with a communi­
cation channel such as telephone lines, or as a data 
terminal (OTE), the source or destination of data 
such as a CRT display, a computer, or a printer. Ad­
ditionally, the CIM-201 may be used in pairs in a de­
mand/response mode, where one CIM-201 is con­
figured as a OCE and the other as a OTE. 

Baud rates from 50 to 153600 are user-selectable. A 
configuration interrupt line provides communication 
between the CIM-201 and the CIMBUS. Transmis­
sion or reception by the CIM-201 may be interrupt­
ed if necessary; similarly, if the CIM-201 loses 
transmission (such as loss of carrier detect when 
connected to a modem), an interrupt flag may be 
output to the CIMBUS. See the CIMBUS Specifica­
tion Manual for a description of the CIMBUS (order 
as CIMBUSM or Manual #420306681-001). 
RS232C connection is made by a standard 25-pin 
"0" connector. 

If the CIM-201 is used in a current loop configura­
tion, ±15Voc power may be obtained from the CIM-
610 Voltag·e Regulator Board. Otherwise, only a single 
30Voc power source is required. 

Like all the other members of the SERIES/800 line, 
the CIM-201 uses microCMOS technology through­
out for high reliability at low power consumption lev­
els. CIMBUS connections are made through pin-in­
socket DIN 41612 connectors, which are highly re­
sistant to vibration and corrosion, and eliminate the 
card edge connector, a primary failure source in 
many systems. The CIM-201 uses the single-wide 
Eurocard form factor, measuring only 100 mm x 160 
mm (3.9" x 6.3"), and fits into the 8-slot and 18-slot 
CIMBUS card cages. 

Functional Description 

The CIM-201 Serial I/O Board transmits and re­
ceives asynchronous serial data. It consists of six 
major functional blocks: 

• Address buffer 
• Base address 
• Baud rate selection 
• Universal Asynchronous Receiver/Transmitter 

(UARD 
• Data buffer 
• Current loop interface 
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Address buffer 

The address buffer consists of an 8-bit bidirectional 
transceiver that is always enabled and set to re­
ceive. It receives the eight least significant address . 
bits (I/O mapped) from the CIMBUS and passes 
them on to the base address circuit, the baud rate 
select circuit, and the UART. 

Base address 

The base address circuit uses the five most signifi­
cant address bits from the address buffer to estab­
lish, along with a user-selected jumper configuration, 
the base address for the CIM-201. There are 32 
possible base addresses in the range from OOH to 
F8H in 8-bit increments. The base address is used 
as a reference to access five functions: 

Base address+O -loads transmitter holding 
register of the UART 

Base address+1 - reads data received from 
a peripheral 

Base address+2 -loads UART control r~gister 
Base address+3 - reads UART status register 
Base address+4 -loads baud rate select 

register . 

Baud rate selection 

The main component of the baud rate selection cir­
cuitry is a bit rate generator. When selecting a baud 
rate, the bit rate generator receives four data bits 
from the CIMBUS data lines and decodes them to 
select one ·of thirteen software-selectable baud rates 
from 50 baud to 9600 baud. Four more baud rates 
from 19200 baud to 153600 baud may be estab­
lished by the configuration of on-board jumpers. The 
output of the baud ,rate selection circuitry provides 
the transmit and receive clocks for the UART. 

Universal Asynchronous Receiver/Transmitter 
(UART) 

The UART is the central element of the asynchro­
nous serial I/O activity. Configured by the parame­
ters established by the other functional portions of 
the CIM-201, it directs control signals used in the 
communication with units external to the SERIES/ 
800 system and does the actual receiving and trans­
mitting of data. It interacts with 

• chip initialization and enable signals 
• read/write lines 
• clock signals 
• register select 
• external status 
• data lines 
• request to send, clear to send, and peripheral 

status interrupt lines 
• interrupt line ID 

Aside from its software-selectable functions, the ~ 

UART can be configured by on-board jumpers to act 
as either a data set (modem) or a data terminal (ter-
minal). 



Data buffer 

The data buffer is also an 8-bit bidirectional trans­
ceiver. Its function is to receive eight bits of data 
from the CIMBUS and route the data to internal data 
lines or to take data from the internal data lines and 
route it to the CIMBUS. These data bits are either 
communication data to or from the UART, special 
data reflecting the condition of the UART status reg~ 
ister, or special data setting the configuration of the 
UART control register. 

Current loop interface 

The current loop interface circuitry controls the 
UART when current loop rather than RS232C inter­
facing is required. The current loop c.ircuitry operates 
on the standard 20 mA current loop, and isolates 
the current loop driven device from the CIM system 
by means of optoisolators. 

To facilitate throughput, the Peripheral Status Inter­
rupt (PSI), indicates a status change when activated. 
For example, the modem Data Carrier Detect line is 
connected to the PSI input on the UART. If trans­
mission fails b'ecause of loss of the carrier on the 
communications line, the UART sends an interrupt 
signal to one of the CIMBUS interrupt lines, which 
can be used by. the SERIES/800 system to trigger 
action appropriate to the situation. This eliminates 
the need for polling the UART status. 

Specifications 

Addressing 

Base address established by on-board jumpers from 
OOH to F8H in 8-bit increments. 

Serial 110 

Control-

Transmission 

programmable UART 

mode - asynchronous 
Word'iength - 5,6,7, or 8 bits 

Parity - odd, even, or none 

,Stop bits - 1, 1 1/2, or'2 
Baud rates - 50.0 1800.0 

75.0 2400.0 
110.0 4800.0 
134.5 9600.0 
150.0 19200.0 (jumper-select.) 
200.0 38400.0 " 
300.0 76800.0 
600.0 153600.0 

1200.0 

Error 
detection - framing, data overrun, parity 

Interface - RS232C or 20 mA current loop 

Connectors 

CIMBUS - Pin-in-socket DIN 41612 
Recommended mating connectors: . 

Winchester 96S-6033-0531-2 
Elco 008257-096-649-124 

RS-232C - Standard 25-pin "0" 

Optional 
power-

Power 

Environmental 

Recommended mating connectors::' 
3M 3482-1000 (crimp connection) 
Cinch OB-19604-432 (solder 
connection) 

Two-contact header 
Recommended mating connectors: 
Vendor Housing Contact 
Molex 09-50-3021 08-50-0106 
Methode 3300-102 3400-111 
(Optional power connector provided) 

+ 5Voc 61.0mA 
+15Voc 29.5mA 
-15Voc 18.0mA 
(Includes power for optoisolators 
used in 20mA current loop 
operation) 

Temperature - CIM-201: -40°C to +85°C (-40°F 
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. to + 185°F) 

Humidity­

Physlcal-

CIM-201C: O°C to + 70°C (+32°F to 
+ 158°F) 

to 90% noncondensing 

Length 6.30 in. (160.0 mm) 
Width 3.94 in. (100.0 mm) 
Height 0.73 in. (18.5 mm) 
Weight 1.2 oz. (32.0 gm) 

Order Information 
CIM-201 CIM-201 Serial Input/Output Board 
CIM-201C O°C to + 70°C (commercial) version 

D'ocumentatlon 

CIM-201M CIM-201 and CIM-201C Serial 
Input/Output Board Hardware 
Reference Manual 

CIMBUSM 

( #420306683-001) 

CIMBUS System Bus Specification 
( #420306681-001) 
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~ National Semiconductor PRELIMINARY ~~~~~ 

microCMOS 

CIMTM-203 and CIM-203C 
Dual Channel Serial 1/0 Boards 

• Two, totally independent asynchronous 
serial 1/0 channels 

• One channel alternately run in syn-
chronous mode (user-installed option) 

• Programmable baud rates 

- Async to 19.2 k baud 
- Sync to 38.4 k baud 

• Either or both channels can be either 
RS232C, RS422, or RS423 

• Each channel may be configured either 
as data set or data terminal 

• Two levels of maskable interrupts 

Product Overview 
The CIM-203 and CIM-203C Dual-Channel Serial I/O 
Boards are members of the SERIES/800 line of CMOS 
Industrial Microcomputers (CIM) from National Semi­
conductor Corporation. SERIES/800 is· a complete 
family, including CPU, memory expansion, and digital 
and analog I/O boards. Also included is a real-time, 
multitasking operating system, BLMX-80C. The line 
uses the microCMOS NSC800™ microprocessor, 
which combines the benefits of the execution speeds 
of NMOS microprocessors with the power dissipation 
and environmental characteristics of CMOS, and ex­
ecutes the Z80 instruction set. The complete line is 
compatible with the CIMBUS, a documented scheme 

• CIMBUSTM-compatible with 
SERIESI800™ board line 

• Small100mm x 160mm Eurocard form 
fits directly into CIM-602l604 card 
cages 

• microCMOS technology gives high 
reliability at low power consumption 

• -40°C to +85°C or 0 to +70°C (commer-
cial version) operating temperature 
ranges 

• Built solely with componel)ts burned in 
to A+ levels . 

for board interconnection (see the CIMBUS specifica­
tion). The microCMOS technology employed, combin­
ed with the single-wide Eurocard form factor of the 
boards, makes the SERIES/800 line appropriate for 
many applications in harsh environments, such as 
numeric machine control, pipeline monitoring and 
control, robotics, industrial instrumentation, and 
uninterruptable power supplies. 

The CIM-203 Dual-Channel Serial 'I/O Board provides 
the capabilities for synchronous or asynchronous seri­
al communications over RS232C-, RS422-, or RS423-
compatible interfaces between a CIMBUS system 
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and many other systems and peripherals. The board 
contains two totally separate channels, thus allowing 
each to be configured and run independent of the 
other. Baud rates are software-selectable from 50 
baud to 19.2 k baud, and jumper-selectable above that. 
The CIM-203 is shipped with two UARTS installed, 
permitting only asynchronous operation. The user 
can optionally replace one UART with a USART if a 
synchronous channel is required. The transceivers in­
stalled on the board, as shipped, are for RS232C inter­
faces. Transceivers appropriate for RS422/423 may be 
alternately used on eithe~ or both channels. The 

CIM-203C is identical to the CIM-203, with the only 
difference being its operating temperature range (0 to 
+ 70°C, versus - 40°C to + 85°C). 

TheCIM-203sharesthesmal1100mm x 160mm(3.9" 
x 6.3") single-wide Eurocard form factor with the rest 
of the SERIES/800 line and fits the CIM-602l604 card 
cages. It is completely CIMBUS-compatible through a 
pin-and-socket DIN 41612 connector, whic.h provi?e~ ?n 
added element of mechanical and electrical reliability 
by eliminating the usual card-edge connector. See the 
CIMBUS System Bus Specification (#420306681-001) 
for a descri ption of the CI M BUS. 
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~ National Semiconductor 

CIMTM_210 and CIM-210C 
Parallel 1/0 Boards 

microCMOS 

• 40 bit-programmable 1/0 lines, with 
, provisions for interchangeable line drivers 
and terminators 

• 4 levels of maskable interrupts 
• Fail safe logic sets outputs to a known 

state if CPU fails 

• Small100mm x 160mm Eurocard form 
factor fits directly into CIM-602/604 card 
cages 

Product Overview 

The CIM·210 and CIM·210C Paratlell/O Boards are memo 
bers of the SERIES/BOOTM line of CMOS Industrial 
Microcomputers (CIM) from National Semiconductor 
Corporation. Series/BOO is a complete family, including 
CPU, memory expansion, and digital and analog I/O 
boards. Also included is a real·time, multitasking 
operating system, BLMX·BOC. The line uses the micro· 
CMOS NSCBOOTM microprocessor, which combines the 
benefits of the execution speeds of NMOS microproc· 
essors with the power dissipation and environmental 
characteristics of CMOS, and executes the ZBO instruc· 
tion set. The complete line is compatible with the 
CIMBUS, a documented scheme for board interconnec· 

• Compatible with CIMBUS™ system bus 

• microCMOS technology gives high 
reliability with low-power consumption 

• - 40°C to + 85°C or OOC to + ,70°C (com­
mercial version) operating temperature 
ranges. 

• Built solely with 'components burned in to 
A+ levels 

tion (see the CIMBUS specification). The microCMOS 
technology employed, combined with the single·wide 
Eurocard form factor of the boards, makes the 
SERIES/BOO line appropriate for many applications in 
harsh environments, such as numeric machine control, 
pipeline monitoring and control, robotics, industrial 
instrumentation, and uninterruptable power supplies. 

The CIM·210 Parallel I/O Board provides bit· 
programmable, parallel input and output for a CIMBUS 
system. Forty lines are furnished, arranged as four B·bit 
ports and four 2·bit ports (w'hich also serve as hand· 
shake or strobe lines in several of the programmable 
modes). Sockets on the I/O interface allow each line to 
be configured for numerous different applications by 
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the insertion of buffers or simple shorting wires (pull-up 
resistors are already provided). Four levels of maskable 
interrupts are generated by the interface devices which 
may be jumpered to any of the eight interrupt lines on 
the CIMBUS. The CIM-210C is identical to the CIM-210, 
with the only difference being its operating temperature 
range (O·C to + 70·C, versus - 40·C to + 85·C). 

Like all other members of the SERIES/800 line, the 
CIM-210 uses microCMOS technology throughout for 
high reliability at low-power consumption levels. CIM­
BUS connections are made through pin-and-socket DIN 
41612 connectors, which are highly resistant to vibra­
tion and corrosion, and eliminate the card edge connec­
tor, a primary failure source in many systems. The 
CIM-210 uses the single-wide Eurocard form factor, 
measuring only 100mm x 160mm (3.9" x 6.3"). 

Functional Description 

The CIM-210 Parallel I/O Board consists of six major 
functional blocks: 

• data buffer 
• address decode circuit 
• control fail circuit 
• Parallel Input/Output (Pia) circuit 
• interrupt circuit 
• input/output buffer section 

Data Buffer 

The data buffer is an 8-bit bidirectional transceiver. Its 
function is to receive eight bits of data from the CIM­
BUS and route the data to internal data lines, or to take 
data from the internal data lines and route it to the CIM­
BUS. These data bits are either I/O data to or from the 
PIOs, special data reflecting the condition of a PIO 
status register, or special data setting the configuration 
of a PIO control register. 

Address Decode Circuit 

The address decode circuit decodes the CIMBUS ad­
dress lines AO through A7. Eight I/O locations are re­
quired, with the actual base address set by onboard 
jumpers. The base address can be any location on an 
even eight-byte boundary from OOH to F8H. The ad­
dress decode circuit enables the data'buffer and either 
selects one of the two PIOs or clears one of the two 
PIOs when a valid address is present Oil the CIMBUS 
(see Table 1). 

Control Fail Circuit 

The control fail circuit monitors the CIMBUS fail-safe 
timer (TMRFS) signal. TMRFS is a low-frequency (1 Hz) 
clock signal generated by the CPU board. If the TMRFS 
signal should fail to toggle for 1.6 seconds, or longer (in­
dicating that the CPU has failed, or hung up), the control 
fail circuit activates on onboard fail signal. This signal, 

Table 1. CIM·210 I/O Address assignments 

1/0 Address Read Write 

BASE+ 0 Unused PIO #1 Reset 
BASE+ 1 PIO #1 Status PIO #1 Control 
BASE+ 2 PIO #1 Port A PIO #1 Port A 

Input Data Output Data 
BASE+3 PIO #1 Port B PIO #1 Port B 

Input Data Output Data 
BASE+ 4 Unused PIO #2 Reset 
BASE+ 5 PIO #2 Status PIO #2 Control 
BASE+6 PIO #2 Port A PIO #2 Port A 

Input Data Output Data 
BASE+ 7 Pia #2 Port B PIO #2 Port B 

Input Data Output Data 

in turn, clears the PIOs (sets all lines to input mode), 
thus driving all outputs to a known state as determined 
by the actual buffer used (see Table 3). 

Parallel Input/Output (PIO) Circuit 

The Pia circuit consists of two PIO chips. A total of 40 
input/output lines are available, 20 input/output lines for 
each PIO. Each Pia is further divided into two ports (port 
A and port B) and four handshaking lines (ROY A, STB A, 
ROY B, and STB B). Each port contains eight I/O lines. 
The remaining four I/O lines connect to the four hand­
shaking lines. (See Table 2.) 

Each Pia chip can be programmed to operate in four 
modes. They are: 

• Input mode-data input to port only 
• Output mode-data output from port only 
• Bidirectional mode-data input and output to 

port. 
• Bit programmable mode-sets individual lines of 

a port, including handshaking lines, as either in­
puts or outputs. 

Interrupt Circuit 

A total of four interrupt lines can be jumpered "to any of 
the eight CIMBUS interrupt lines. The outputs are open 
drain so they can be jumpered together in groups rang­
ing from one to four. 

Interrupts are generated by: 
• each port of each PIO 
• strobed input and output when programmed 
• ports monitored for specific input conditions when 

the condition is true. 

Input/Output Buffer Section 

To make the CIM-210 universal in its application, buffer 
sockets are provided at the I/O interface to allow each 
line to be configured as required. The buffers may be 
any device that has the same structure as a 74XXOO 
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Table 2. PIO Operating Modes 

(8) (2) (8) (2) 
Port A Port A Port B Port B 

Mode Data Pins Handshaking Pins Data Pins Handshaking Pins 

Input Accept input data Ready, strobe Accept input data Ready, strobe 

Output Ou~put data Ready, strobe Output data Ready, strobe 

Bidirectional Transfer inputl Input hand- Must be Output hand-
(Port A only) output data shaking for previously set to shaking for 

Port A bit-prOgrammable Port A 
mode 

Bit-Programmable Programmed Programmed Programmed Programmed 
individually as individually as individually as individually as 
inputs or outputs inputs or outputs inputs or outputs inputs or outputs 

gate. Table 3 lists some of the possible devices. Natural­
Iy,· simple shorting wires may also be inserted in the 
sockets, but good design practice may suggest that a 
74HC02 be used for inputs to protect the PIOs. Pull-up 
resistors are already provided on the CIM-210. (The 
CIM-210 is factory shipped without buffers.) 

Table 3. Buffer selection guide 

Data Fail Drive 

Buffer Inversion State High (rnA) Low (rnA) 

Wires No High' 1.6min 1.15 min 
74HCOO Yes High 3.4 min 3.4 min 
74HCOB No Low 3.4 min 3.4 min 
74HC32 No High 3.4 min 3.4 min 
7400 Yes High 0.4 max 16.0 max 
740B No Low O.B max 16.0 max 
7432 No High O.B max 16.0 max 
743B Yes High' 0.5 max 4B.0 max 
74LOO Yes High 0.2 max 3.6 max 
74LOB No Low 0.2 max 3.6 max 
74L32 No High 0.2 max 3.6 max 
74LSOO Yes High 0.4 max B.O max 
74LSOB No Low 0.4 max B.O max 
74LS32 No High 0.4 max B.O max 
74LS3B Yes High' 0.5 max 24.0 max 
74S00 Yes High 1.0 max 20.0 max 
74S0B No Low 1.0 max 20.0 max 
74S32 No High 1.0 max 20.0 max 
74COO Yes High 1.75 min B.O min 
74COB No Low 1.75 min B.O min 
74C32 No High 1.75 min B.O min 

'Fall state IS high due to 10K pullup resistors. 

The 40 input and output signals are obtained through a 
50-pin ribbon connector. This leaves 10 pins for power 
and grounds. Main power to the decode and the port 
chips is from the 5Voc power on the back plane. 
Jumpers are provided for outputting power to the con­
nector on the spare pins. The voltages are: + 5Voc, 
+ 15Voc, digital and analog grounds. There are also 
special jumpers for the buffer sockets. These jumpers 
are for setting buffer + 5Voc or + 15Voc power from an 
internal or external source. The external power may be 

used for high power applications exceeding the system 
supply rating. The power to the 1/0 connector may be 
used for signal conditioning. The current on any of the 
supplies should not exceed safe operating limits. 

Specifications 

Addr13ssing: Base address established by on board 
jumpers from OOH to F8H in 8-bit in­
crements (see Table .1). 

1/0 Capacity: 40 programmable lines (see Table 2) 

Interrupts: 

Connectors 
Parallel 1/0: 

CIMBUS: 

Power 

Environmental 

Four interrupts may originate from 
either port (2) on b?th PI Os (2) 

50·pin locking header 
Recomended mating connectors: 

3M 3425-7050 
Winchester 61-1150-01 
AMP 1-499662-0 

Pin-and-socket DIN 41612 
Recommended mating connectors: 

Winchester 96S-6033-0531-2 
Elco 008257-096-649-124 

+ 5Voc @ 15mA (sockets empty, as 
shipped) 
+ 5Voc @ 20mA (sockets contain 
74HC08 buffers) 
(+ 5Voc, + 15Voc used externally will 
draw an additional amount of current' 
from the CIMBUS) 

Temperature: CIM-210: - 40°C to + 85°C 

Humidity: 

Physical 
Length: 
Width: 
Height: 
Weight: 
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(-40°F to + 185°F) 
CIM-210C: O°C to + 70°C 

(+ 32°F to + 158°F) 

o to 90% noncondensing 

6.30 in. (160 mm) 
3.94 in. (100 mm) 
0.50 in. ( 13 mm) 
3.00 oz. ( 85 gm) 



Order Information Documentation 

CIM-210 
CIM-210C 

CIM-210 Parallel I/O Board 
CIM-210M CIM-210/-210C Parallel I/O Board 

Hardware Reference Manual 
O°C to + 70°C (commercial) version (#420308196-001) 

OPTIONAL EXTERNAL 
+ 5VOC OR + 15VOC 

I I 

I L ___ _ 

CIMBUSM 

40 PROGRAMMABLE 
PARALLEL 1/0 LINES 

CIMBUS System Bus Specification 
(#420306681-001) 

FIGURE 1. CIM-210 Parallel 110 Board Block Diagram 
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~ National Semiconductor PRELIMINARY ~~~~~ 

microCMOS 

CIMTM_220 and CIM-220C 
Frequency/Period Measurement. Boards 

• Interface to tachometers and voltage·to· 
frequency converters 

• Four independent input channels 
II 16·bit resolution on both frequency and 

period measurements 
- Frequency: DC to SMHz 
- Period: 64msec to days 

• Interface directly with sensors or 
converters with outputs ranging from: 
- Max: 4.SV to 1SV (absolute value) 
- Min: ~ O.SV (absolute value) 
- Periodic or nonperiodic 
- Unipolar or bipolar 

Product Overview 

The CIM-220 and CIM-220C Frequency/Period Measure­
ment Boards are members of the SERIES/800 line'of 
CMOS Industrial Microcomputers (CIM) 'from National 
Semiconductor Corporation. SERIES/800 is a complete 
family, including CPU; memory expansion, and digital 
and analog 110 boards. Also included is a real-time, 
multitasking operating system, BLMX-80C. The line 
uses the microCMOS NSC800™ microprocessor, which 
combines the 'benefits of the execution speeds of 

• Four independent interrupts on "end of 
count" 

• CIMBUSTM·compatible with SERIES/800™ 
board line 

• Small 100mm x 160mm Eurocard form fits 
directly into CIM·602/604 card cages 

• microCMOS technology gives high 
reliability with low·power consumption 

• - 40°C to + 8SoC or O°C to + 70°C (com· 
mercial version) operating temperature 
ranges 

• Built solely with components burned in to 
A+ levels 

NMOS microprocessors with the power dissipation and 
environmental characteristics of CMOS, and executes 
the Z80 instruction set. The complete line is compatible 
with the CIMBUS, a documented scheme for board inter­
connection (see the CIMBUS specification). The micro­
CMOS technology employed, combined with the single­
wide Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 
harsh environments, such as numeric machine control, 
pipeline monitoring and control, robotics, industrial in­
strumentation, and uninterruptable power supplies. 
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The CIM-220 Frequency/Period Measurement Board was 
designed with a multiplicity of applications in mind_ Via 
its flexible architecture, it can be used to interface to 
tachometers, resolve data from any sensor with a volt­
age-to-frequency converter on its output, or act as an 
event counter and/or timer_ It is capable of receiving four 
separate inputs, and calculating either the frequency or 
the period of each signal. The board's interface logic 
allows the connection of many devices directly to the 
CIM-220_ The CIM-210C is identical to the CIM-210, with 
the only difference being its operating range (O°C to 
+ 70°C, versus - 40°C to + 85°C)_ . 

The CIM-220 cleverly offers a solution to a major design 
problem in many applications: that of providing a clean 
and accurate remote sensor input to the computer. Long 
lines and electrical noise have always plagued the 
designer who must measure microvolt full scale inter­
faces. The traditional answer is to add a current loop 
converter/transmitter at the sensor, or/and an analog 
signal conditioning panel at the computer. The CIM-220 

allows a simpler and less expensive solution, that, 
potentially, offers even better resolution. By following 
the remote sensor with a voltage-to-frequency con­
verter, the interface becomes inherently less suscep­
table to electrical distance and noise. It has the secon­
dary advantage of replacing an analog-to-digital con­
verter board, often the most expensive portion of the 
computer, with the CIM-220, Additionally, with the 
board's 16-bit counters, resolution is increased from 
typical AID values of 8 and 12 bits_ 

The CIM-220 shares the small 100 mm x 160 mm 
(3.9" x 6.3") single-wide Eurocard form factor with the 
rest of the SERIES/800 line, and fits the CIM-602/604 
card cages. It is completely CIM'BUS-compatible 
through a pin-and-socket DIN 41612 connector, which 
provides an added element of mechanical and electrical 
reliability by eliminating the usual card-edge connector. 
See the CIMBUS System Bus Specification 
(11420306681-001) for a description of the CIMBUS_ 
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~ National Semiconductor 
microCMOS 

CIMTM-230 and CIM-230C 
Distributed 1/0 Bus (DIBTM) Interface Boards 

• Provides the interface between the 
CIMBUS™ and the DIB 

• Small (100 mm x 160 mm) single-wide 
Eurocard form fits CIM-602/604card cages 

• microCMOS technology gives high 
reliability at low power consumption 

• -40°C to +85°C or 0 to +70°C (commer­
cial version) operating temperature 
ranges 

• Built solely with components burned in to 
A+ levels 

Product Overview 

The CIM-230 and CIM-230C Distributed I/O Bus (DIB) 
Interface Boards are members of the SERIES/800™ 
line of CMOS Industrial Microcomputers (CIM) from 
National Semiconductor Corporation. SERIES/800 is 
a complete family, including CPU, memory expan­
sion, and digital and analog 1/0 boards. Also includ­
ed is a real-time, multitasking operating system, 
BLMX-80C. The line uses the microCMOS NSC800™ 
microprocessor, which combines the benefits of the 
execution speeds of NMOS microprocessors with the 
power dissipation and environmental character-
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• DIB offers advantages for many 
applications I 

-Software I/O routines are the same for 
all DIB I/O 

-Single 60-pin flat 'cable used to inter­
face/multi-drop up to 256 input ports 
and 256 output ports . 

~Polarized interface hardware ensures 
correct connections 

-Switched high voltage/current inter­
faces remote from card cage . 

-Form factor and mounting method for 
user-designed DIB boards dictated only 
by application convenience 

istics of CMOS, and executes the l80 instruction set. 
The complete line is compatible with the CIMBUSTM, 
a documented scheme for board interconnection 
(see the CIMBUS specification). The microCMOS 
·technology employed, combined with the single-wide 
Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 
harsh envoronments, such as numeric machine con­
trol, pipeline monitoring and control, robotics, in­
dustrial instrumentation, and uninterruptable power 
supplies. 



The Distributed I/O Bus (DIB) is an isolated inter­
face providing external mapped parallel 1/0 to a 
SERIES/800 system. Consisting of a single 60-wire 
flat cable, it allows simple yet flexible connections to 
remote, discrete 1/0 devices such as relays, limit 
switches, thumbwheels, and indicators. The recom­
mended connectorslcabling provide standard con­
nections to the 1/0 devices and eliminate physically 
complicated and error-prone wiring schemes. Simi­
larly, all 1/0 devices are controlled the same way, 
which greatly simplifies the task of writing software 
1/0 routines. 

The CIM-230 DIB interface board is the interface bet­
ween the CIMBUS and the DIB. It translates the sig­
nals between the two bus systems, accounts for tim­
ing differences, and can accommodate up to 256 in­
put and 256 output ports. The CIM-230C is identical 
to the CIM-230 with the only difference being its 
operating temperature range (0 to + 70°C versus -40°C 
to+85°C). 

Functional Description 

CIM-230 DIB Interface Board 

The CIM-230 is made up of six functional units: ad­
dress buffer, address intercept circuit, control logic, 
data buffer, watchdog timer, and fail-safe circuitry. 

The eight high-order CIMBUS address bits are 
brought into the CIM-230 through the address buffer. 
These eight bits, which constitute the addresses of 
the 512 (256 input and 256 output) possible 1/0 ports, 
are then placed on the DIB addr~ss bus. 

The address intercept circuit decodes the buffered 
address bits and determines whether or not the 
CIM-230 is being addressed. The CIM-230 address, 
which is set by on-board jumpers, may be one of three 
types: a single address, all addresses from OOH to a 
preset upper limit, or all addresses from a preset 
lower limit to FFH. 

The control logic generates control signals for DIB 
1/0 and a WAIT signal for the CIMBUS, which syn­
chronize the operation of DIS 1/0 devices with the 
system processor. When the CIM-230 is addressed, 
the CIM-230 in turn puts a device address onto the 
DIS. The addressed device responds with a PORT 
READY signal, and the data is strobed in from or out 
to the addressed port. The CIM-230 will generate a 
CIMBUS WAIT signal, causing the CPU to suspend 
operation until the port data is received or 
transmitted. 

The data buffer is the holding area for 1/0 data being 
passed between the DIB and the CIMBUS. The data 
buffer is bidirectional and gates the data in the ap­
propriate direction based on a signal from the control 
logic. 

Under normal conditions, the CIMBUS WAIT is 
cleared when t.he addressed 1/0 device responds 
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with its PORT READY signal. In the event that a 
nonexistent or failed 1/0 device is addressed, the 
watchdog timer will lift the WAIT signal after a preset 
timeout period. The timeout period, based on the 
CIMBUS clock signal, can be either 4,8, or 16 clock 
cycles. 

The fail-safe circuitry monitors the system fail-safe 
timer. If the system fail-safe timer stops for longer 
than 1.6 seconds, a processor failure is assumed, 
and the fail signal that is generated can be used to in­
itiate failure-related 1/0 functions, such as turning off 
all relay-controlled equipment. 

Access to all of the eight interrupts on the CIMBUS is 
provided to any device on the DIB via the CIM-230. 

Distributed Input/Output Bus 

The Distributed 1/0 Bus (DIS) provides a means for' 
discrete, parallel 1/0, which is beneficial for many 
applications. It is a mapped, parallel 1/0 bus for use 
outside of a CIMBUS card cage (Figure 1), and is in­
tended for use with discrete I/O devices such as re­
lays (solid state or electromechanical), switches, dis­
playslindicators, hexadecimal keypads, and many 
other relatively "slow" devices. It is not a replace­
ment for common "high-speed" interfaces to such 
peripherals as video display terminals, printers, and 
floppy disk drives. 

In general, the DIB is an alternative to the typical 
digital 110 expansion board found in the card cage in 
many microcomputer architectures. The traditional 
architecture often has many disadvantages in terms 
of both the system's design and its manufacture: 

1. When there is a large number of 1/0 devices with 
which to interface, signal conditioning and cable 
routinglstrain relief become burdensome, and ac­
commodating measures in manufacturing are prone 
to errors. 

2. Switching high voltagelcurrent interfaces tends 
to introduce noise in the system's backplane unless 
the necessary steps for isolation, some of which are 
prohibitive in terms of cost and size, are taken. 

3. Because 1/0 connections are made "directly" to 
the microcomputer bus, the microcomputer's soft­
ware must deal "directly" with the uniqueness of 
each interface. This uniqueness places the burden 
for making the interface work on the software pro­
gramming, which often results in massive sets of 1/0 
modules (frequently the reason for the software 
design costs being much greater than the hardware 
design costs). 

4. If the application calls for a unique interface 
which is not available off the shelf, then an expan­
sion board which adheres to a set of bus specifica­
tions must be designed. The bus specifications will 
then dictate the bus electrical interface, the form fac­
tor, the mounting orientation, and often the allowable 
power dissipation. 



The architecture of the DIB is particularly advanta­
geous for applications with medium to large 110 
requirements due to the fact that it corrects the draw­
backs listed previously: 

1. All DIB 110 is done through the CIM-230, over a 
single cable, and then to any number and configura­
tion of boardslfunctions up to a total of 256 input 
ports and 256 .output ports (or 2048 input lines and 
2048 output lines). 

2. Because the DIB is an isolated bus to remote 110 
functions, that functionality will not introduce noise 
into a CIMBUS system. 

3. The CIM-230 is the translator between the 
CIMBUS and the DIB. One of its duties is to provide a 
consistent interface to the microcomputer. All dif­
ferences in timing, signal definition, and interface 

. "protocol" are supplied by either the CIM-230 or the 
interfacing hardware at the 110 end of the DIB. This 
consistent interface allows standardization of all 
DIB-related 110 software routines. 

4. The specification for the DIB involves only the tim­
ing and functionality for the ribbon cable interface. 
The form factor and meansllocation for mounting are 
left to the designer and can be whatever is con­
venient for any unique application. 

The DIB can be thought of as consisting primarily of 
buffered or terminated CIMBUS signals such as the 
address, data, interrupt, and power and ground lines. 
It also contains several handshake and strobe sig­
nals to ensure proper communications through a 
potentially noisy environment (Table I). 

An example of the kind of functionality that is typi­
cally put on the DIB is that provided by the CIM-311 
Power 110 DIB Board. This board provides an inter­
face to the popular solid state relay racks offered by, 
and multisourced by, many vendors. In addition, the 
CIM-311 contains four maskable interrupts. 

FIGURE 1. The DIB is an extemaIIlObuswhichcanbeextended.throughmulti·drops.to 256 input and 256 output ports 
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Specifications 

Address Space 

Selectable- OOH to preset upper limit 
Preset lower limit to FFH 
Single address 

Factory Setting-OOH to BFH, inclusive 

Timeout Period 

Selectable- 4,8, or 16 CIMBUS clock cycles 

Factory Setting-16 clock cycles 

DIB Lines Available 

8 Data 
8 Address 
8 Interrupt 
5 Timing + strobes 
5 Handshake 
24 Power + ground 

(See Table I for DIB pin/signal definitions.) 

Connectors 

CIMBUS 

DIB 

Pin-in-socket DIN 41612 
Recommended mating 
connectors: 

Winchester 96S-6033-0531-2 
Elco 008257-096-649-124 

60-pin locking header 
Recommended mating 
connectors: 

3 M 3334-6060 
Amp 88479-9 
(Connector provided) 

Power +5 Voc±0.2 Voc, 16 rnA typical 

Environmental Temperature: 

Physical 

CIM-230: -40°C to +85°C 
(-40°F to +185°F) 

CIM-230C: O°C to + 70°C 
(+32°F to +158°F) 

Humidity: 0 to 90% 
noncondensing 

Length: 6.30 in. (160 mm) 
Width: 3.94 in. (100 mm) 
Height: 0.55 in. (13 mm) 
Weight: 4 oz. (110 gm) 

Ordor Information 
CIM-230 

CIM-230C 

Documentation 
CIM-230M 

CIMBUSM 

Distributed Input/Output Bus 
Interface Board 

o to + 70°C (Commercial) ver­
sion 

Distributed 110 Bus (DIB) 
CIM-230 and CIM-230C DIB 
Interface Board Hardware 
Reference Manual 
(#420306595-001 ) 

CIMBUS System Specification 
(#420306681-001) 

DISTRIBUTED INPUT/OUTPUT BUS (DIB) 

INTERRUPTS 

ADDRESS 
D~~ogE~ __________ ~ 

BUFFER '---~----' 

DATA 
BUFFER 

FIGURE 2.. CIM-230 DIB Interface Board Block Diagram 
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Table 1. DIB Pin Assignments 

Pin Mnemonic Signal Name Pin Mnemonic Signal Name 

1 INT1 2 INT2 
3 INT3 INTERRUPT 4 INT4 INTERRUPT 
5 INT5 REQUESTS 6 INT6 REQUESTS 
? INT? 8 INTO 
9 RESOUTI RESET OUT 10 PORTREADYI PORT READY 
11 GND GROUND FOR + 5V 12 10DAOUI I/O DATA OUTI 
13 GND GROUND FOR + 5V 14 GND GROUND FOR + 5V 
15 OUTCKI OUTPUT CLOCKI 16 10DAINI I/O DATA INI 
17 OUTEN OUTPUT ENABLE 18 INPEN INPUT ENABLE 
19 GND 20 FAIL! FAIL! 
21 GND 22 M1 INSTRUCTION FETCH 
23 GND 24 ADR15 
25 GND' 26 ADR14 
27 GND 28 ADR13 
29 GND GROUND FOR +5V 30 ADR12 ADDRESS 
31 GND 32 ADR11 LINES 
33 GND 34 ADR10 
35 GND 36 ADR9 
37 GND 38 ADR8 
39 GND 40 GND 
41 DAT7' 42 GND 
43 DAT6 44 GND 
45 DAT5 46 GND 
47 DAT4 DATA 48 GND GROUND FOR +5V 
49 DAT3 LINES 50 GND 
51 DAT2 52 GND 
53 DAT1 54 GND 
55 DATO 56 GND 
57 +5V +5V DC POWER 58 +5V +5V DC POWER 
59 IGND ISOLATED GROUND 60 IGN'D ISOLATED GROUND 
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~ National Semiconductor 
microCMOS 

CIMTM-311 and CIM-311C 
Power I/O DIBTM Boards 

Ii Allows the instant addition of popular 
solid state relay racks to aCIMBUSTM 
system t' 

• Provides high voltage/current switching 

o Isolates switching-induced noise from 
the computer bus 

• Provides terminal strips for interface 
connections 

IJ Four maskable interrupts on positive 
or negative-going signals, or on any 
change of state 

Product Overview 
The CIM-311 and CIM-311C Power I/O DIB Boards 
are members of the SERIES/800™ line of CMOS In­
dustrial Microcomputers (CIM) from National Semi­
conductor Corporation. SERIES/800 is a complete 
family, including CPU, memory expansion, and digital 
and analog I/O boards. Also included is a real-time, 
multitasking operating system, BLMX-80C. The line 
uses the microCMOS NSC800™ microprocessor, 
which combines the benefits of the execution 
speeds of NMOS microprocessors with the power 
dissipation and environmental characteristics of 
CMOS, and executes the Z80 instruction set. The 
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[J Interfaces to a CIMBUS system via the 
Distributed I/O· Bus (DIB) 

c -40°C to +85°C or O°C to 70°C 
(commercial version) operating 
temperature ranges 

CJ microCMOS and CMOS technology 
provides high reliability 

til Built solely with components burned in 
to A+ levels 

complete line is compatible with the CIMBUS, a doc­
umented scheme for board interconnection (s~e the 
CIMBUS specification). The microCMOS technology 
employed, combined with the single-wide Eurocard 
form factor of the boards, makes the SERIES/800 
line appropriate for many applications in harsh envi­
ronments, such as numeric machine control, pipeline 
monitoring and control, robotics, industrial instrumen­
tation, and uninterruptable power supplies. 
The CIM-311 Power I/O DIB Board permits the in­
stant addition of the popular models of solid state 
relay racks available from numerous vendors to a 



CIMBUS system. It interfaces via the Distributed In­
put/Output Bus, versus the CIMBUS, and therefore 
does not reside in a CIMBUS card cage (see Figure 
1). Instead, it mounts wherever it is convenient for 
the application, and does so in the same fashion as 
the solid state relay rack, via six threaded standoffs. 
The CIM-311C is identical to the CIM-311, with the 
only difference being its operating te~perature 
range (O·C to + 70·C versus -40·C to +85·C). The 
Distributed Input/Output Bus (DIB) is detailed in the 
DIB Specification and CIM-230 DIB Board Hardware 
Reference Manual (#420306595-001). 
The ability to easily add solid state relays (SSRs) is 
important to an industrial-oriented microprocessor­
based system. These devices provide an isolated, 
and highly reliable interface to the real world. Gener­
ally, the SSRs are available in various ratings for AC 
input, AC output, DC input, and DC output. Industrial­
type barrier strips are. provided on the SSR racks for 

,connection to the devices to be monitored or con­
trolled. 
In addition, the CIM-311 can generate up to four 
maskable interrupts on positive-going signals, nega­
tive-going signals, or any change of state from the 
SSRs. The board measures 6.6 in x 14.0 in (167 mm 
x 356 mm). 

Functional Description 
The CIM-311 Power I/O DIB Board is made up of 
six functional blocks: . 

• DIB interface 
• Address decode and buffer 
• I/O control logic 
• Data buffers 
• Interrupt logic 
• I/O interface 

DIB Interface 

The interface to the Distributed I/O Bus (DIB) is via 
a 60-pin locking header. This is a high-density con­
nection that is resistant to vibration and corrosion. 
This connector allows for convenient mass termina­
tion without cable dressing, allowing easy implemen-

tation of the DIB mutlidrop feature. The connector is 
keyed to prevent incorrect insertion. 
Address Decode and Buffer 

The CIM-311 can be set for any address ona four­
byte boundary within the 256 CIMBUS I/O port 
range with onboard jumpers. Each address which 
falls within the selected range represents both an 8-
bit input port and an 8-bit output port, with' the actual 
direction determined by the I/O control logic. 
I/O Control Logic 

The I/O control logic receives the specific address 
from the address logic', if it falls within the selected 
range, and then provides activation strobes and/or 
logic levels to select the required function on the 
CIM-311 board. This circuitry determines whether 
the required function is input or output, and which of 
the onboard resources are involved (I/O, interrupts, 
or power/processor fail). 
Data Buffer 

The data buffer consists primarily of bidirectionOal 
transceivers. Data direction and input/ output clock­
ing is controlled by the I/O control logic. 
Interrupt Logic 

The interrupt logic provides for four optional inter­
rupts from one input port. As selected by user-in­
stalled jumpers, any or all of input lines 0, 1, 2, or 3 
(each port has eight lines) of port 0 (each board has 
four "input/output ports) can generate interrupts. The 
user can also select whether the interrupt is gener­
ated on a positive-going sfgnal, a negative-going sig­
nal, or any change of state. 
It masks are desired for these interrupts, bits 4, 5, 6, 
and 7 of output port 3 are utilized. This reduces the 
number of possible output lines by four. 
The interrupts can be connected to any of the eight 
CIMBUS interrupts via the DIB through the CIM-230 
DIB 'Interface Board. 
Interface Drivers And Receivers 

On-board buffers/latches and level translation logic 
provide the interface to the SSR racks. 

FIGURE 1. Example of a CIMBUS system utilizing 32 solid state relay Inputs and 32 
outputs. Both the Input rack and the output rack con~ect to the CIM-311, whlch,ln tum, 
Interfaces to a CIMBUS system via the DIB. 
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CPU Interface 
Each CIM-311 (there can be up to 64 on the OIB) 
has four unique I/O addresses, as set by u'ser-se­
lected jumper placement. Each address represents 
both eight input lines and eight output lines, or two 
I/O ports. The interface for the CPU is as if the I/O 
ports are located on the CPU board, due to the 
CIM-230 OIB Interface Board providing the transla­
tion between the CIMBUS and the OIB. A single 
NSC800 I/O instruction is all that is required to drive 
or access any port. 
Output Operations 

Each time the CPU executes an output instruction 
for a CIM-311, the value of every bit in the' data 
byte must first be formulated. If a bit is set (logical 
"1 "), the corresponding SSR is energized, or re­
mains energized. If a bit is reset (logical "0"), the 
corresponding SSR is deenergized, or remains deen­
ergized. 
If the CPU board in the CIMBUS system should fail 
or hang up for any reason, the CIM-230 OIB Inter­
face Board will assert the FAIL/ signal. This forces 
all CIM-311 outputs to a deenergized state. 
Input Operations 

For input operations, the meaning for each bit is re­
versed. The CPU executes an input instruction with 
the desired port address. If a bit in the received data 
byte is, reset, the SSR is energized; if it is set, the 
SSR is not energized. 
The device providing the excitation to the SSR will 
dictate whether one read of the port values is ade­
quate to determine the intended state of the inter­
face. Some devices generate "contact bounce" for 
a longer period of time than the typical SSR can fil­
ter out (values of 5 to 20 milliseconds of debounce 
are generally provided). This may require several it­
erations of reading the port and scanning the bit val­
ues. 
Specifications 
Ports 
Lines per Port 
Input 
Characteristics 

Output 
Characteristics 

Address 
Selection 
Interrupts 
Number 
Available­
Masks-

4 input ports and 4 output ports 
8 

Logical 1 = 5Voc ± 5% 
Logical 0 = OVoc, 5 mA sink 
min. required from SSR 

Logical 1 = 5 to 24Voc 
Logical 0 ;", OVoc, 80 mA sink 
supplied to SSR 

Any 4-byte boundary in 256 

4 (input port 0, lines 0, 1, 2, 3) 
Available for each interrupt 
(output port 3, ·bits 4, 5, 6, 7) 

Generation 
Condition -

Compatible 
SSR Racks 
Configurations -

Recommended 
Vendor -

Potential 

Postive-going input, negative­
going input, or any change in 
state (user-selectable) 

8, 16, 24, and 32 input/output 
lines 

Opto 22 PBXXY 
(XX varies with the number of 
lines, Y varies with the configu­
ration; ie. PB24 provides 24 
lines with single-density mod­
ules, PB24Q provides 24 lines 
with quad-density modules) 

Second Sources - Crydom MS-XXY 
. Gordos Arkansas PB-XX 

Mounting 
Provisions -

. Connectors 
OIB-
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SSR Rack 
Interface -

Power-

Environmental 
Temperature -

Humidity -
Physical 

Potter & Brumfield 210-XX 
Preferred Electronics MSXX 
(XX varies with the number of 
lines, Y varies with the 
configuration) 
(Contact manufacturer directly) 

6 1-inch threaded standoffs (6-
32 screws) 

60-pin locking header 
R~commenqed mating 

connector: . 
3M 3334-6060 
Amp 1-499662-1 

(Connector provided) 

50-contact, double sided, edge 
connector 
Recommended mating 

connector: 
3M 3415-0001 
Amp 2-86792-3 

+5Voc ±5%, 30 rnA (supplied 
via the OIB) 
(Power for the SSRs must be 
supplied to each rack) 

CIM-311: -40°C to +85°C 
(-40°F to +185°F) 

CIM-311C: O°C to + 70°C 
(+32°F to +158°F) 

o to 90%, noncondensing 

Length: 14.00 in. (356 mm) 
Width: 6.59 in. (167 mm) 
Height: 2.13 in. ( 54 mm) 
Weight: 19.8 oz. (562 gm) 



Order Information 
CIM-311 Power lID DIS Soard 
CIM-311C O°C to +70°C (commercial 

version) 
Documentation 
CIM-311M 

CIM-230M 

CIM-311 and CIM-311C Power 
I/O DIS Soard Hardware 
Reference Manual 
(# 420306601-001) 
Distributed I/O Sus (DIS) and 
CIM-230 DIS Interface Soard 
Hardware Reference Manual 
(# 420306595-001) 

32 32 
INPUTS OUTPUTS 

SSRRACK 
COMPATIBLE 

CONNECTORS 

DISTRIBUTED INPUT/OUTPUT BUS 

FIGURE 2. CIM-311 Power I/O DIB Board Block Diagram 
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~ National Semiconductor 

CIMTM_411 and C~M-411C 
Analog Input Boards 

microCMOS 

EI 32 single-ended, 16 differential, or 8 
differential and 16 single-ended channels 

Ii CPU program scan control: interrupt, hold, 
poll, or hold and poll 

II Continuously adjustable input ranges 
between 1 to 2 and 10 to 20, or 4 rnA to 
20 rnA current loop 

c 12-bit resolution 
I!l 50 P.s conversion time 

Product Overview 
The CIM-411 and CIM-411C Analog-To-Digital Con­
verter Boards are members of the SERIES/800 line 
of CMOS Industrial Microcomputers (CIM) from 

I National Semiconductor Corporation_ SERIES/800 
is a complete family, including CPU, memory ex­
pansion, and digital and analog I/O boards. Also in­
cluded is a real-time, multitasking operating system, 
BLMX-80C. The line uses the microCMOS NSC800™ 
microprocessor, which combines the benefits of the 
execution speeds of NMOS microprocessors with the 
power dissipation and environmental characteristics 
of CMOS, and executes the Z80 instruction set. The 
complete line is compatible with the CIMBUS, a 
documented scheme for board interconnection (see 
the CIMBUS specification). The microCMOS tech­
nology employed, combined with the single-wide 
Eurocard form factor of the boards, makes the 

tl microCMOS technology gives high 
reliability at low power consumption 

c -40°C to +85°C or 0 to + 70°C 
(commercial version) operating 
temperature ranges 

C CIMBUS™-compatible with SERIESI800™ 
line 

c Small (100 mm x 160 mm) single-wide 
Eurocard form fits CIM-602/604card cages 

C Built solely with components burned in to 
A+ levels 

SERIEs/800 line appropriate for many applications in 
harsh environments, such as numeric machine con­
trol, pipeline monitoring and control, robotics, in­
dustrial instrumentation, and uninterruptable power 
supplies. 

The CIM-411 A/Dboard provides analog-to-digital in­
put for a SERIES/800 system. Under program control, 

. it will bring 12 bits of converted analog data into the 
system in an interrupt, hold, poll, or hold and poll 
mode. The CIM-411 is' capable of receiving 32 single-
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ended inputs, 16 differential inputs, or a combination m 
of 8 differential and 16 single-ended inputs. Conver- • 
sion time is 50 P.s with a full-scale input sensitivity 
selectable in two ranges, ± 0.5V to ± 0.7V or ± 5.0V 
to ± 7.0V differential, or O.5V to O.7V or 5.0V to 7.0V 



single-ended; 4mA to 20mA current loop inputs are 
also supplied. Gain is continuously adjustable from 

,X1 to X2 or X10 to X20. The CIM-411C is identical to 
the CIM-411, with the only difference being the oper­
ating temperature range (0 to + 70°C versus -40°C 
to + 85°C). 

The CIM-411 shares the small 100 mm x 160 mm 
(3.9" x 6.3") single-wide Eurocard form factor with the 
rest of the SERIES/800 line and fits the CIM-602/604 
card cages. It is completely CIMBUS-compatible 
through a pin-in-socket DIN 41612 connector, which 
provides an added element of mechanical and elec­
trical reliability by eliminating the usual card-edge 
connector. See the CIMBUS System Bus Specifica­
tion (#420306681-001) for a description of the 
CIMBUS. The CIM-610 Voltage Regulator Board, if 
used, provides the ± 15 Voc power for the A/D 
converter. . 

Functional Description 

Input Capacity 

The CIM-411 supports up to 32 single-ended inputs, 
16 differential inputs, or 8 differential and 16 single­
ended inputs. The single-ended inputs can be config­
ured for inverting or non-inverting inputs. Via user-in­
stalled resistors, the board can also be configured to 
convert up to 16 current loop inputs. 

Gain 

Two gain ranges (1 to 2, 10 to 20) for all input channels 
can be selected by jumpers. The specific gain de- . 
sired within that range is set by a potentiometer. The 
input ranges allowed for each gain are tabulated 
below. 

Gain Single-Ended Differential 

1 OV to 10V -7V to + 7V 
2 OV to 5V -5V to +5V 
10 OV to 0.7V - 0.7V to + 0.7V 
20 OV to 0.5V - 0.5V to + 0.5V 

Resolution 

Full 12-bit resolution is accomplished by a succes­
sive approximation analog-to-digital converter. For 
bipolar operation (differential input), 11 bits plus a 
sign bit are provided. 

Accuracy 

High quality components are used to achieve 12-bit 
resolution with an accuracy of ± 1/2 LSB at 25°C. Off­
set and gain are adjustable for calibration at any 
fixed temperature between - 40°C and + 85°C. 

Speed 

The AID conversion speed 'is 50 P.s per channel 
(typical), including sample-and-hold, settling times, 

and programming interface. This provides 20,000 
samples per second. 

Operational Description 

The CIMBUS microcomputer board communicates 
with the CIM-411 AID board through four I/O ports. 
Port addresses are I/O-mapped (jumper selectable), 
and writing channel selection code to port 3 con­
nects the desired' analog channel to the amplifier. 
One bit of the channel selection code word is re-

I served to start the conversion timing chain. 
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Port 3 Format 

7 6 5 4 I 3 1 21 1 J 0 

I I I I Start 
Bit 

X X ~ Channel Number -.. 

I I I I 
x = don 'I care 

The separate start conversion bit allows channel 
selection and amplification to begin independently 
of the start of conversion. The start conversion bit 
can also' be used to put the CPU in hold mode during 
the conversion process. A hardware time delay is in­
itiated before the follow-and-hold circuit is activated 
to allow channel selection and amplifier settling 
time. A second hardware timer delay allows the fol­
low-and-hold circuit to settle. The AID converter then 
begins its successive approximation conversion 
process. 

An end of conversion signal from the A/D converter 
latches the digital data from the conversion. The end 
of conversion signal can also be used to bring the 
CPU out of hold mode, to generate an interrupt if Mold 
mode was not selected, or to generate a status byte 
that the CPU can poll to identify when valid data is 
available. The status byte and latched digital data 
can then be read from ports 1 (status and four most 
significant data bits) and 2 (least significant data 
byte). A subsequent read to port 0 clears the latched 
data and status byte so that the next conversion 
can begin. Clearing the data in ports 1 and 2 is not 
necessary as this data is updated after each conver­
sion. 
Port 1 Fo-rmat 

7 1 6 1 514 3 2 1 0 

-r I I Data Data Data Data 
oIIf-- Status ~ 11 10 9 8 

I I ,I (MSB) 

Port 2 Format 

7 6 5 4 3 2 1 0 

Data Data Data Data Data Data Data Data 
7 6 5 4 3 2 1 0 

(LSB) 



Specifications 

Analog Input 

Scan Mode- Under CIMBUS CPU program 
control: interrupt, hold, or hold 
and poll 

Channels-

Digital 

32 single-ended, 16 differential, or 
8 differential and 16 single-ended 

Resolution- 12 bits • 

Full-Scale 
Voltage Range-0.5 V to 0.7V or 5.0V to 10.0V single­

ended, ±0.5Vto ±0.7Vor ±5.0V 
to ± 7.0V differential (based on 
amplifier gain) 

Current Ran'ge-4 mA to 20 mA (via user-installed 
2500 resistors) 

Gain-

Sample and 
Hold-

Throughput 
Rate-

Conversion 
Speed-

Calibration 
Accuracy-

Operating 
Accuracy-

Tempco-

Continuously adjustable from X1 
to X2 or X10 to X20; range is 
jumper-selectable 

Yes; hold settling time = 5 /ls 

Up to 20,000 conversions/second 

50 /ls typical (including sample­
and-hold, settling times, and 
programming interfaces) 

Adjustable to ±% LSB 

0.1 % full-scale range 

[15 + (50)(Reading) + ~;~n ]/AV/oC 

(Referenced to temperature at 
calibration) 

CMRR- 48db minimum 
>80db typical 

Input 

(at up to ±10V common mode 
voltage) 

Impedance- 1 MO single-ended or differential 

Input Current- 10 mA at ± 7V input 

Overvoltage 
Protect- ± 15V maximum on analog inputs 

Monotonicity- Guaranteed over the operating 
temperature range 
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Digital Output 

8 bits of port 2 (LSB), 4 lower bits of port 1 (MSB), 4 
upper bits of port 1 (conversion status) 

Connectors 

Analog Input- 50-pin locking header 
Recommended mating connector: 

3M 3425-6050 

CIMBUS- Pin-in-socket DIN 41612 
Recommended mating connectors: 

Wi nchester 968-6033-0531-2 
Elco 008257-096-649-124 

Power + 5 Voc @ 125 mA 
+ 15Voc@45mA 
-15 Voc @ 45 mA 

Environmental Temperature: 

Physical 

CIM-411: -40°C to +85°C 
(-40°F to + 185°F) 

CIM-411C: 0 to + 70°C 
(+32°F to +158°F) 

Humidity: 0 to 90% 
noncondensing 

Length: 6.30 in. (160 mm) 
Width: 3.94 in. (100 mm) 
Height: 0.73 in. (18.5 mm) 
Weight: 1.5 oz. (41 gm) 

Order Information 
CIM-411 

CIM-411C 

Documentation 

Analog Input Board 

o to + 70°C (commercial) 
version 

CIM-411M CIM-411 and CIM-411C Analog 
Input Boards Hardware 
Reference Manual 
(#420306590-001) 

CIMBUSM CIMBUS System Bus 
Specification 
(#420306681-001) 



ANALOG INPUT 
CHANNELS 

BUS 
HOLD" NTERRUPT 

LOGIC 

OUTPUT DATA 
LATCHES 

TliT/S093-1 

FIGURE 1. CIM-411 Analog Input Board Block Diagram 
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~ National Semiconductor 
CIMTM-421 and CIM-421C 

Analog Output Boards 
microCMOS 

~ Two output channels 
c 12.bit resolution 
a Voltage or current·mode outputs 

-OV to +10V 
- -10V to +10V 
-4 rnA to 20 rnA current loop 

g microCMOS technology gives high 
reliability at low power consumption 

Product Overview 

The CIM-421 and CIM-421C Analog Output Boards 
are members of the SERIES/800 line of CMOS 
Industrial Microcomputers (CIM) from National 
Semiconductor Corporation. SERIES/800 is a com­
plete family, including CPU, memory expansion, 
and digital and analog I/O boards. Also included is 
a real-time, multitasking operating system, 
BLMX-80C. The line uses the microCMOS NSC800™ 
microprocessor, which combines the benefits of the 
execution speeds of NMOS microprocessors with the 
power dissipation and environmental characteristics 
of CMOS, and executes the Z80 instruction set. The 
complete line is compatible with the CIMBUS, a 
documented scheme for board interconnection (see 
the CIMBUS specification). The microCMOS 
technology employed, combined with the single-wide 
Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 
harsh environments, such as numeric machine con­
trol, pipeline monitoring and control, robotics, in­
dustrial instrumentation, and uninterruptable power 
supplies. 
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II -40°C to +S5°C or 0 to +70°C (commer· 
cial version) operating temperature ranges 

II CIMBUS™.compatible with SERIESISOO™ 
line 

• Small (100 mm x 160 mm) single·wide 
Eurocard form fits CIM-602/604 card 
cages 

• Built solely with components burned in to 
A+ levels 

The CIM-421 analog output board provides the capa­
bility for digital-to-analog output from a CIMBUS 
system. Under program control of the CIMBUS micro­
computer board, it will convert 12 bits of digital data 
to an analog signal ofOV to + 10V, -10V to + 10V, or 
4 rnA to 20 rnA on either of two available output chan­
nels. The CIM-421C is identical to the CIM-421, with 
the only difference being the operating temperature 
range (0 to + 70°C versus -40°C to +85°C). 

The CIM-421 shares the small 100 mm x 160 mm 
(3.9" x 6.3'') single-wide Eurocard form factor with the 
rest of the SERIES/800 line and fits the CIM-602/604 
card cages. It is completely CIMBUScompatible 
through pin·in-socket DIN 41612 connectors, which 
provide an added element of mechanical and elec­
trical reliability by eliminating the usual card-edge 
connector. See the CIMBUS System Bus Specifica-
tion (#420206681-001) for a description of the m 
CIMBUS. The CIM-610 voltage regulator board • 
supplies the + 5V and ± 15 Voe power for the D/ A 
converter. 



Functional Description 

The CIM-421 analog output board receives 12-bit 
data words and converts them to an analog output 
that can be directed to either of two output channels. 
The an.alog output can be unipolar (OV to + 10V) or 
bipolar (-10V to + 10V), with the mode of operation 
determined by on-board jumpers. The output voltage 
may also be converted to a 4 mA to 20 mA current 
loop as a jumper-selectable option. The base ad­
dress for the CIM-421 (factory-set at DOH) is estab­
lished by jumper connections and may be on 'any 
4-byte boundary in the range from OOH to FCH. 

The operation of the CIM-421 may be considered in 
six major functional units: 

• Base address select· 
• Digital-to-analog converter (DAC) select 
• Data bus buffer 
• Digital-to-analog converters 
• DAC voltage amplifier 
• DAC current output 

The base address select circuitry decodes the six 
most significant bits of the CIMBUS address to deter­
mine whether the CIM-421 is being addressed. If it is, 
the base address circuitry also' enables the DAC se­
I~ct, data bus buffer, and write pulse to the. DAC. 

When a valid address is present on the CIMBUS, the 
DAC select circuitry enables one of the two DACs for 
operation according to the addressing scheme 
shown below. 

Control Control DAC 
Address 

Bit=O Bit= 1 Updated 

Base +0 Load MS 4 Bits and No 
Control Bit 

Base + 1 Load 12 Bits Load LS Byte Yes 
into DAC 1 into DAC 1 

Base +2 Load 12 Bits Load LS Byte Yes 
into DAC 2 into DAC 2 
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Base + 0 Format 

7 6 5 4 3 2 1 0 

Control X X X Data Data Data Data 
Bit 11 10 9 8 

(MSB) 

x = don't care 

Base +1 and Base +2 Format 

7 6 5 4 3 2 1 0 

Data Data Data Data Data Data Data Data 
7 6 5 4 3 2 1 0 

(LSB) 

A full 12-bit write to either DAC is accomplished by 
first writing the most significant four bits (right 
justified) into Base + 0 with the control bit OFF 
(logical 0). The lower eight bits are then written into 
either Base + 1 or Base + 2 (depending upon which 
DAC is to be updated). Upon completion of this write, 
the full 12 bits will be written into the selected DAC.1f 
normal operation following this update involves only 
changing the least significant eight bits, a second 
write to Base + 0 with the control bit ON (logical 1) 
will provide 12-bit updates after only a write to 
Base + 1 or Base + 2. Each DAC has a 12-bit register 
which holds the data until new data is written by the 
CPU. 

The output from the DACs is a voltage from oV to 
2.5V. 

The output of the DAC is then input to a DAC voltage 
amplifier corresponding to the selected DAC. Here 
the DAC output is amplified by a factor of 4 for 
unipolar operation (analog output OV to + 10V) or by a 
factor of 8 for bipolar operation (analog output -10V 
to + 10V). 

If selected (unipolar operation only), the DAC current 
output circuitry will produce an analog output trom 
4 mA to 20 mAo 



Specifications 

Number of 
Channels-

Channel 
Resolution-

Slew Rate­

Accuracy-

2 

12 bits including sign 

4Vhts 

Output Range 
Absolute Error 

Tempco 
@ 25°C 

OV to +10V 1 LSB 0.003% Reading/oC 
-10V to +10V 2 LSB 0.006% Reading/oC 
4mA to 20mA 2 LSB 0.008% Reading/oC 

Monotonicity- Guaranteed over operating 
temperature range 

Digitallnput- Unipolar (binary): OV = OOOH; most 
positive voltage = FFFH 
Bipolar (offset binary): most 
negative voltage = OOOH; 
OV = 800H; most positive 
voltage = FFFH 

Voltage Output-OV to + 10V @ 5 mA; 
2.44 mV resolution 
- 10V to + 10V @ 5 mA; 
4.88 mV resolution 

Current Output-4 mA to 20 mA; 3.9 JlA resolution 

Current Mode 
Supply Voltage-10 Voc (00 to 5000 load) 

30 Voc (00 to 15000 load) 
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Connectors 

CIMBUS- Pin-and-socket DIN 41612 
Recommended mating connectors: 

Wi nchester 96S-6033-0531-2 
Elco 008257-096-649-124 

Analog Output- 8-pin, terminal housing 
Recommended mating connector: 

Power 

Molex 22-01-2087 
(Connectors provided) 

+5 Voc±5% @ 30 mA 
+15VDC ±5% @25mA 
-15Voc ±5% @ 20 rnA 

Environmental Temperature: 

Physical 

CI M -421: -40°C to +85°C 
(-40°F to + 185°F) 

CIM-421C: 0 to + 70°C (+32°F 
to +158°F) 

Humidity: 0 to 90% 
noncondensing 

Length: 6.30 in. (160 mm) 
Width: 3.94 in: (100 mm) 
Height: 0.5 in. (13 mm) 
Weight: 4.2 oz. (120 gm) 

Order Information 
CIM-421 

CIM-421C 

Documentation 

CIM-421M 

CIMBUSM 

Analog Output Board 

o to + 70°C (commercial) 
version 

CIM-421 and CIM-421C 
Analog Output Boards 
Hardware Reference Manual 
(#420306638-001) 

CIMBUS System Specification 
(#420306681-001) 
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FIGURE 1. CIM-421 Analog Output Board Block Diagram 
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~ National Semiconductor PRELIMINARY ~=;\'--"..I~'''''''''''''''' 

microCMOS 

CIMTM-S10 and elM-Si0e 
Clock/Calendar Boards 

II Real-time clock 

- 10 milliseconds through month 
counters 

- 24-hour clock 
- 4-year calendar 

I!I Provisions for up to 32K x 8 battery­
backed RAM 

.. Put whole system and/or peripherals in 
POWER SAVE mode for a, or up to a, 
specified time 

EiiI Battery backup via CIMBUS BAT line or 
user-installed on·board battery 

Product Overview 

T'he CIM-510 and CIM-510C Clock/Calendar Boards a're 
members of the SERIES/800 line of CMOS Industrial 
Microcomputers (CIM) from National Semiconductor 
Corporation. SERIES/800 is a complete family, including 
CPU, memory expansion, and digital and analog I/O 
boards. Also included is a real-time multitasking 
operating system, BLMX-80C. The line uses the 
microCMOS NSC800™ microprocessor, which com­
bines the benefits of the execution speeds of NMOS 
microprocessors with the power dissipation and en-

.. Compare and compare/interval interrupts 

II CIMBUSTM·compatible with SERIES/800™ 
board line 

m Small100mm x 160mm Eurocard form fits 
directly into CIM·602/604 card cages 

C! microCMOS technology gives high 
reliability with low· power consumption 

I:J - 40°C to + 85°C or OOC to + 70°C (com· 
mercial version) operating temperature 
ranges 

m Built solely with components burned in to 
A+ levels 

vironmental characteristics of CMOS, and executes the 
Z80 instruction set. The complete line is compatible 
with the CIMBUS, a documented scheme for board inter­
connection (see the CIMBUS specification). The micro­
CMOS technology, combined with the single-wide 
Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 
harsh environments, such as numeric machine control, 
pipeline monitoring and control, robotics, industrial in­
strumentation, and uninterruptable power supplies. 
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The CIM-510 Clock/Calendar Board provides real-time 
clock, battery-backed RAM, and POWER SAVE func­
tions for a CIMBUS system. The real-time clock features 
are provided by a MM58167A, and include access to a 
24-hour clock with 10 millisecond resolution, and a four­
year calendar. A 28-pin socket on the board will support 
byte-wide static RAMs ranging from 2K x 8 to 32K x 8. 
Battery backup for the RAM, and the other critical cir­
cuitry on the CIM-510, is either provided by the BAT (bat­
tery) line on the CIMBUS, or a user-installed on-board 
battery. The CIM-510 has the capability to assert the 
CIMBUS PWRS/(power save) signal, which puts all 
boards .equipped with this feature in a standby mode. 
Power savings in this mode generally run from 55% to 
70%. The board can be programmed to release the sys-

tern from this mode at a specified time, or after a 
specified length of time. An external override is also 
allowed. The CIM-510C is identical to the CIM-510, with 
the only· difference being its operating temperatt-lre 
range (O°C to + 70°C, versus - 40°C to + 85°C). 

The CIM-510 shares the small 100 mm x 160 mm 
(3.9" x 6.3") single-wide Eurocard form factor with the 
rest of the SERIES/800 line and fits the CIM-602/604 card 
cages. It is completely CIMBUS-compatible through a 
pin-and-socket DIN 41612 connector, which provides an 
added element of mechanical and electrical reliability 
by eliminating the usual card-edge connector. See the 
CIMBUS System Bus Specification (#420306681-001) for 
a description of the CIMBUS. 
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~ National Semiconductor 

a Two versions 
CIM-S02: 8 slots, 10.5 inches wide 
CIM-S04: 18 slots, 19 inches wide 

.. Backplane and power supply connectors 
included 

iii Prototyping slots included in CIM-S04 
III Full access to active system components/ 

signals available with CIM-S40 Extender 
Board 

Product Overview 

The CIM-602/604 card cages are members of the 
SERIES/800 line ofGMOS Industrial Microcomputers 
(CIM) from National Semiconductor Corporation. 
SERIES/800 is a complete family, including CPU, 
memory expansion, and digital and analog I/O 
boards. Also included is a real-time, multitasking 
operating system, BLMX-80C. The line uses the 
microCMOS NSC800™ microprocessor, which com­
bines the benefits of the execution speeds of NMOS 
microprocessors with the power dissipation and en­
vironmental characteristics of CMOS, and executes 
the Z80 instruction set. The complete line is compati­
ble with the CIM BUS, a documented scheme for board 
interconnection (see the CIMBUS specification). The 
microCMOS technology employed, combined with 
the single-wide Eurocard form factor of the boards, 
makes the SERIEs/800 Iin,e appropriate for many ap-
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microCMOS 

• Provisions for front or rearmounting 
• NEMA enclosure and RETMA chassis· 

compatible 
• - 40°C to + 85°C (- 40°F to + 185°F) 

operating temperature range 
• CIMBUS·compatible with SERIES/800™ 

line 

plications in harsh environments, such as numeric 
machine control, pipeline monitoring and control, 
robotics, industrial instrumentation, and uninterrup­
table power supplies. 

The CIM-602/604 card cages are the standard en­
closures for SERIES/800 systems. The CIM-602 is 
10.5 in. (267 mm) wide and has 8 backplane slots; the 
CIM-604 is 19 in. (483 mm) wide and has 18 backplane 
slots. Both versions contain all the power and board 
connectors required by the CIMBUS specification, 
both are compatible with NEMA enclosures and 
RETMA cabinets, and both may be either front or rear 
mounted. When fully enclosed, both the CIM-602 !n 
and CIM-604 provide a rigid, durable, environment- ..... 
resistant enclosure for a SERIES/800 system. 



Functional Description 

The CIM-602/604 card cages are constructed of ex­
truded aluminum and are compatible with NEMA 
enclosures and RETMA rack-mounting, and may be 
either front or rear mou nted. Both provide connectors 
for interfaces to regulated or unregulated DC power, 
batteries, power distribution, and AC status sensing. 
All boards plug into the backplane via two-piece, pin­
in-socket DIN 41612 connectors. Th-e only difference 
between the CIr;v1-602 and the CIM-604 is that the 
CIM-602 contains backplane slots for 8 CIMBUS 
boards while the CIM-604 can accommodate 18 
boards. 

All external connections to regulated/unregulated 
DC power, DC power distribution, AC status sensing, 

alarm relay output, external battery charging voltage, 
and an'external reset pushbutton are made through 
keyed, pin-in-socket connectors located on the back 
of the card cage backplane. 

Optionally available to support CIMBLis systems is 
the CIM-610 voltage regulator board. The P1 connec­
tor in the card cage is reserved for the CIM-610. The 
voltage regulator board supplies not only the + 5 Voc 
and f±15 Voc required by CIMBUS boards but also 
provides monitoring of the amplitude and frequency 
of the prime AC power, CPU RAM battery backup 
power, power-fail sensing circuitry, and support for 
an external battery in conjunction with the CIM-611 
battery charger board. 

FIGURE 1. CIM-602 Card Cage Dimensions [inches/{millimeters)) 
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FIGURE 2. CIM-604 Card Cage Dimensions [inches/(millimeters)] 
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Specifications 

Bus Connectors 

CIMBUS-

Vendor 

Winchester 

Elco 

Vero 

External 
Voltages-

Pin-in-socket DIN 41612 
Recommended mating connectors: 

Male Female 

96 P·6033·0523·0 96S 6033·0531·2 

008257 -096·000-124 008257 ·096·649·124 

17·2624C 17·28760 

3,4 and 6 contact pin-in·socket 
connectors 
Recommended mating connectors: 

Molex 03·09-10xx (xx different for 
each connector) 

(Mating connectors are provided 
~ith each card cage.) 

Environmental Temperature: - 40°C to + 85°C 
(- 40°F to + 185°F) 

Humidity: to 9'0% 
noncondensi ng 
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Physical Height: 5.2 in. (132 mm) 
Width: 10.5 in. (267 mm) CIM-602 

19.0 in. (483 mm) CIM-604 
Depth: 7.3 in. (186 mm) without 

rear 
mounting 
bracket 

9.4 in. (239 mm) with rear 
mounting 

( bracket 
Weight: 2.2 lb. (1.0 kg) CIM-602 

3.7 lb. (1.7 kg) CIM-604 

Order Information 

CIM-602 

CIM-604 

CIM-602 CIMBUS card cage 
(8 backplane slots) 

CIM-604 CIMBUS card cage 
(18 backplane slots) 

Documentation 

'CIM-602M 

CIMBUSM 

CIM-602/604 CIMBUS Card Cage 
Hardware Reference Manual 
(#420306640·001) 

CIMBUS System Bus Specification 
(#420306681·001) 



~ National Semiconductor 
CIMTM-610 and CIM-610C 
Voltage Regulator Boards 

microCMOS 

Iil Supplies +5, +15, and -15 Voe to 
CIMBUSTM interface 

m Accepts unregulated DC input from 
10.5 to 17.0 volts 

iii Detects both AC and DC power failures 

P!l Provides RAM backup power from on· 
board lithium battery 

c Self·protects against overloads, trans· 
ients, and shorts 

CI Provides connectors for direct mount· 
ing of CIM-611 Battery Charger Board 

Product Overview 

The CI M-610 and CIM-610C Voltage Regulator Boards 
are members of the SERIES/BOO line of CMOS In­
dustrial Microcomputers (CIM) from National 
Semiconductor Corporation. SERIES/BOO is a com­
plete family, including CPU, memory expansion, and 
digital and analog I/O boards. Also included is a real­
time, multitasking operating system, BLMX-BOC. The 
line uses the microCMOS NSCBOO™ microprocessor, 
which combines the benefits of the execution speeds 
of NMOS microprocessors with the power dissipation 
and environmental characteristics of CMOS, and ex­
ecutes the ZBO instruction set. The complete line is 
compatible with the CIMBUS, a documented scheme 

m microCMOS technology gives high 
reliability at low power consumption 

l!J -40°C to +85°C or 0 to + 70°C (commer· 
cial version) operating temperature ranges 

II! CIMBUS·compatible with SERIES/800™ 
line ' 

DlI Small (100mm x 160mm) single·wide 
Eurocard form fits CIM-602/604 card 
cages 

-!! Built solely with components burned in 
to A+ levels 

for board interconnection (see the CIMBUS specifica­
tion). The microCMOS technology employed, combin­
ed with the single-wide Eurocard form factor of the 
boards, makes the SERIES/BOO line appropriate for 
many applications in harsh environments, such as 
numeric machine control, pipeline monitoring and 
control, robotics, industrial instrumentation, and 
un interruptable power supplies. 

T~e CIM-610 Voltage Regulator Board, operating on 
power input from either a system battery or an 
unregulated DC source in the range from 10.5 to 17.0 
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volts, supplies +5, +15, and -15Voc to a SERIES/ 
800 system through the CIMBUS interface. It is en­
tirely self-protected from overloads, transients, or 
short circuits, and contains both AC and DC power 
failure detection circuitry. In the event of power 
failure, the system automatically inhibits any trans­
actions with RAM until the +5Voc power supply is 
backed up and stable. The CIM-800 CPU Board-RAM 
backup voltage during power failure is provided from 
an on-board lithium battery. Other elements of the 
power failure circuitry allow the user to select emer­
gency options such as sounding an alarm, interrupt­
ing the CPU, or switching other boards in the 
CIMBUS system to the Power Save mode. The 
CIM-610C is identical to the CIM-610, with the only 
difference being the operating temperature range (0 
to + 70°C versus -40°C to + 85°C). 

Connectors are provided so that the CIM-611 
Battery Charger Board may be mounted directly on 
the CIM-610 Voltage Regulator Board. The CIM-611 
serves the function of keeping an external system 
battery fully charged. The CIM-610 and CIM-611 
used together provide a virtually uninterruptable 
power source for a CIMBUS system. 

The CIM-610 shares the small 100mm x 160mm 
(3.9" x 6.3") single-wide Eurocard form factor with 
the rest of the SERIES/800 line and fits the CIM-602/ 
604 card cages. It is completely CIMBUS co'mpati­
ble through a pin-in-socket DIN 41612 connector 
which provides an added element of mechanical 
and electrical reliability by eliminating the usual 
card-edge connector. See the CIMBUS System Bus 
Specification (#420306681-001) for a description of 
the CIMBUS and the CIM-610/611 Hardware Refer­
ence Manual (#420306590-001) for complete des­
criptions of the CIM-610 Voltage Regulator Board 
and the CIM-611 Battery Charger Board. 

Functional Description· 

The voltage regulator portion of the CIM-610 
Voltage Regulator Board receives power from 
sources external to the CIMBUS system, either an 
unregulated DC source in the range from 10.5 to 17.0 
volts or a system battery in the event of a power fail­
ure. The externally supplied voltage is converted to 
+5, +15, and -15Voc and distributed to the system 
via the CIMBUS. Diodes in the power source and 
battery lines sel~ct whichever source is registering 

the higher voltage. Normally, the DC power source. 
is selected; if the supply voltage drops or fails 
entirely, the system battery takes over. A fuse, 
transient suppressor, and capacitor in the power 
input lines to the voltage regulator protect it from 
voltage spikes and current overloads. 

The CIM-610 contains power failure detect circuitry 
for both AC and DC sources. Line voltage of either 
110VRMS at 60Hz of 220VRMS at 50Hz is stepped 
down to 12VRMS by a user-supplied external fila­
ment transformer and input to the power failure cir­
cuit. If the sampled AC voltage drops below 8.5 VRMS 
(i.e., 85 VRMS or 170VRMS) or the AC frequency drops 
below 115Hz, the CIM-610 declares an AC power 
failure. The DC power failure circuit monitors the 
+5Voc output from the voltage regulator. A DC 
voltage below 4.8V is considered a power failure. 

The actions taken by the CIM-610 in the event of a 
power failure are jumper-selectable by the user. 
Available options are generation of a CIMBUS power 
fail signal, which can be used to trigger the CPU to 
reset all system outputs and put important data into 
battery-backed RAM; generation of a CIMBUS power 
save Signal, which will place other elements on the 
CIMBUS in power save mode; triggering of an exter­
nal alarm; or some combination of any of these 
actions. 

The CIM-610 also contains a RAM backup circuit 
that is activated by a power failure. An on-board 
lithium battery will supply 0.6 Amp-hour of current 
with less than 0.5mA drawing current. This will 
support the RAM on the CIM-800 CPU board during 
the power down time. 

The OIM-610 uses the standard CIMBUS form factor 
(100mm x 160mm), and can therefore be plugged 
directly into a CIM-602/CIM-604 card cage. The P1 
connector/slot in these card cages is reserved for 
this purpose. 

The CIM-611 Battery Charger Board, if installed on 
the CIM-610 (see Figure 1), monitors the external 
battery voltage and supplies charging current to the 
external battery at a rate appropriate to its state of 
discharge. 
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FIGURE 1. CIM-611 Battery Charger Board Installed on the CIM-610 Voltage Regulator Board 
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Specifications 
DC Power Input 

Voltage - +10.5 to 17.0Voc 

Current (max.)­

Startup 
transient -

Isolation-

2.0Amp steady state 

12.0Amp for 20l-ls (full load) 

1500Voc galvanic isolation 
between input and output 

External (System) Battery 

Voltage - +10.5 to 17.0Voc 

Current (max.) - 2.0Amp steady state 
Startup 
transient -

Charge rate-

Recommended 
source -

12.0Amp for 20l-lS (full load) 

0.3Amp fast charge; 20mA 
trickle charge 

Gates Energy Products, Inc. 
12Voc Sealed Lead Acid 
Battery 
Mod.el No. 0800-:-0008GG 

RAM (On-Board) Backup 
Type­

Voltage-

Maximum Con-

Nonrechargeable lithium 

+2.8Voc 

tinuous Current - 0.5mA 

Capacity - 0.6Amp-hour at -40°C to +25°C 
O.4Amp·hour at +85°C 

Shelf Life-

AC Power Input' 

Voltage­

Frequency­

Recommended 
filament 
transformer -

10 years 

8.5 to 13.0VRMS 
45-60Hz 

Stancor P-8683 (60 Hz) 

External Alarm Interface 

Open Circuit 
Voltage - 24 Voc maximum 
Current Sinking - 200mA maximum 

DC Power Output 

Tolerance (Steady 
State) 

Ripple (RMS) 

Current 
(-20°C to + 70°C) 
(-40°C to -20°C 

and 
+ 70°C to +85°C) 

Connectors 
CIMBUS-

Environmental 

Physical 

+ 5Voc +15Voc - 15Voc 

±200mV ±200mV ±200mV 

15mV 2mV 2mV 

1.50A 200mA 200mA 

0.75A 100mA 100mA 

Pin-and-socket DIN 41612 
Recommended mating 
connectors: 
Winchester: 96P-6033-0523-0 
Elco:008257-096-000-124 

Temperature: 
CIM-610: -40°C to +85°C 

(-40°F to +185°F) 
CIM-610C: 0 to + 70°C 

(+32°F to +158°F) 
Humidity: 0 to 90% 

Length 
Width 
Height 
Weight 

noncondensing 

6.30 in. (160 mm) 
3.94 in. (100 mm) 
1.97 in. (50 mm) 
4.3 oz. (121 gm) 

Order Information 
CIM-610 Voltage Regulator Board 

CIM-610C 0 to + 70°C. (commercial) 
version 

Documentation 
e1M-610M CIM-610and CIM-610C 

Voltage Regulator Boards 
CIM-611 and CIM-611C Battery 
Charger Boards . 

. Hardware Reference Manual 
(#420306590-001) 

CIMBUSM CIMBUS System Specification 
(#420306681-001) 
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~ National Semiconductor 

CIMTM-611 andCIM-611C 
Battery Charger Boards 

microCMOS 

• Mounts directly on CIM-610 Voltage 
Regulator Board 

• Automatically adjusts charge current 
to state of battery discharge 

• Two charge rates - trickle and "fast" 

Product Overview 

The CIM-611 and CIM-611C Battery Charger Boards 
are members of the SERIES/800™ line of CMOS 
Industrial Microcomputers (CIM) from National 
Semiconductor Corporation. SERIES/800 is a com­
plete family, including CPU, memory expansion, 
and digital and analog I/O boards. Also included 
is a real-time,' multitasking operating system, 
BLMX-80C. The line uses the microCMOS NSC800™ 
microprocessor, which combines the benefits of the 
execution speeds of NMOS microprocessors with the 
power dissipation and environmental characteristics 
of CMOS, and executes the Z80 instruction set. The 
complete line is compatible with the CIMBUS, a 
documented scheme for board interconnection (see 
the CIMBUS specification). The microCMOS tech­
nology employed, combin,ed with the single-wide 
Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 
harsh environments, such as numeric machine con­
trol, pipeline monitoring and control, robotics, in­
dustrial instrumentation, and uninterruptable power 
supplies. 

• Temperature compensated charge rate 
across temperature range 

II -40°C to +85°C or 0 to +70°C (commer­
cial version) operating temperature ranges 

• Built solely with components burned In 
to A+ levels 

The CIM-611 Battery Charger Board mounts directly 
on the CIM-610 Voltage Regulator Board and re­
quires only a single +24 Voc power supply. It 
monitors the state of discharge of the external sys­
tem battery and automatically provides a fast or 
trickle charge as required. The use of the CIM-611 
and an external battery in conjunction with the 
CIM-610 Voltage Regulator Board creates an effec­
tively uninterruptable system power supply. The 
CIM-611C is identical to the CIM-611, with the only 
difference being the operating temperature range (0 
to +70°C versus -40°C to +85°C). See the CIM-610/ 
611 Hardware Reference Manual (#420306590-001) 
for a complete description of the CIM-610 Voltage 
Regulator Board and CIM-611 Battery Charger 
Board. 

Functional Description 

The CIM-611 Battery Charger Board mounts directly 
on the CIM-610 Voltage Regulator Board, and all 
connections to the CIM-611 are madett1rough the 
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CIM-610. The CIM-611 charges the external system 
battery, automatically adjusting the charge current 
according to the battery's state of discharge. 

An external +24 Voc power supply provides the 
charging current for the CIM-611. The CIM-611 con­
stantly monitors the battery voltage anq compares 
it to a +15 Voc reference generated by the CIM-610. 
If the battery voltage is greater than 14.8V, the bat­
tery is considered to be charged, and only trickle 
charge current flows. If the battery voltage drops 
below 13.8 V, the charge rate switches to fast and re­
mains in that condition until the battery voltage 
again reaches 14.8V. 

Fast charge current as established during manu­
facture is 0.3 Amps; however, the user can increase 

the fast charge rate to 1.0 Amps by adding a "fast 
charge" resistor in parallel with a series resistor in 
the +24 Voc input line. 

The CIM-611 is factory-set to switch to fast charge 
at a battery output voltage of 13.8Voc at 25°C, and 
back to trickle charge at 14.8Voc at 25°C. On-board 
potentiometers allow the user to alter these adjust­
ments if necessary. As the femperature changes, 
on-board temperature compensation circuitry 
automatically adjusts these trip points at a 
18mV/oC rate (increasing temperatures lower the 
trip points). 

The CIM-611 accommodates batteries with a volt­
age range of 10.5 to 14.8V and the ability to accept 
charge current at the rate of 0.3 Amps. 

FIG URE 1. CIM-611 Battery Charger Board Installed on the CIM-610 Voltage Regul ator Board. 
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Specifications 

External Battery 

Voltage -

Current (max.)­

Startup 
transient -

Charge rate-

Recommended 
source -

+24 Voc Input 

Voltage range­
Current (max.)-

+10.5 to 17.0Voc 

2.0Amp steady state 

12.0Amp for 2.01-ls (full load) 

0.3Amp fast charge; 20mA 
trickle charge 

Gates Energy Products, Inc. 
12VDC Sealed Lead Acid 
Battery 
Model No. OBOO-OOOBGG 

23.0 to 2B.0 V 

0.3Amp without "fast charge" 
resistor 
1.0Amp with "fast charge" 
resistor 

Battery Charging Output 
Voltage range - +10.5 to +14.BV 

Current (max.) - 0.3Amp without "fast charge" 
resistor 

Trip Points-

Temperature 

1.0Amp with "fast charge" 
resistor 

Trickle to fast at 13.B Voc at 
25°C 

Fast to trickle at 14.BVoc at 
25°C 
(User adjustable) 

Compensation - -1BmV/oC 

Environmental 

Physical 

Temperature: 
CIM-611: -40°C to +85°C 

(-40°F to +1B5°F) 
CIM-611C: 0 to + 70°C 

(+32°F to +158°F) 

Humidity: 0 to 90% 
noncondensing 

Length 
Width 
Height 
Weight 

3.25 in. 
3.66 in. 
1.19 in. 
0.5 oz. 

(B3mm) 
(93 mm) 
(30 mm) 
(13 gm) 

OrdEn Information 
CIM-611 

CIM-611C 

Documentation 

CIM-610M 

CIMBUSM 
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Battery Charger Board 

~ to + 70°C (commercial) 
version 

CIM-610 and CIM-610C 
Voltage Regulator Boards 
CIM-611 and CIM-611C Battery 
Charger Boards 
Hardware Reference Manual 
(#420306590-001) 

CIMBUS System Specification 
(#420306681-001) 



~ National Semiconductor 

CIMTM-612 and CIM-612C 
Voltage Regulator Boards 

microCMOS 

• Supplies +5, +15, and -15 Voc to 
CIMBUSTM interface 

• Accepts unregulated DC input from 5.5 
to B.OV 

• Detects DC power failures 

• Provides RAM backup power from on-
board lithium battery 

• Self-protects against overloads, 
transients, and shorts 

• microCMOS technology gives high 
reliabHity at low power consumption 

Product Overview 

The CIM-612 and CIM-612C Voltage Regulator 
Boards are members of the SERIES/800 line of 
CMOS Industrial r.. crocomputers (CIM) from 
National Semiconductor Corporation. SERIES/800 
is a complete family, including CPU, memory ex­
pansion, and digital and analog I/O boards. Also in­
cluded is a real-time, multitasking operatingsys­
tern, BLMX-80C. The line uses the microCMOS 
NSC800™ microprocessor, which combines the 
benefits of the execution speeds of NMOS micro­
processors with the power dissipation and environ­
mental characteristics of CMOS, and executes the 
Z80 instruction set. The complete line is compatible 

• -40°C to +B5°C or 0 to + 70°C (com mer-
cial version) operating temperature 
ranges 

• CIMBUS compatible with SERIES/BOOTM 
line 

• Small (100mm x 160mm) single-wide 
Eurocard form fits CIM-602/604 card 
cages 

• Built solely with components burned in 
to A+ levels 

with the CIMBUS, a documented scheme for board 
interconnection (see the CIMBUS specification). 
The microCMOS technology employed, combined 
with the single-wide Eurocard form factor of the 
boards, makes the SERIES/800 line appropriate for 
many applications in harsh environments, such as 
numeric machine control, pipeline monitoring and 
control, robotics, industrial instrumentation, and 
uninterruptable power supplies. 

The CIM-612 Voltage Regulator Board, operating on 
power input from an unregulated DC source in the 
range from 5.5to 8.0V, supplies +5, +15, and -15Voc 

14-52 



to a SERIES/800 system through the CIMBUS inter­
face. It is entirely self-protected from overloads, tran­
sients, or short circuits, and contains DC power fail­
ure detection circuitry. In the event of power failure, 
the system automatically 'inhibits any transactions 
with RAM until the +5 VDC power supply is backed up 
and stable. The CIM-800 CPU Board RAM backup 
voltage during power failure is provided from an on­
board lithium battery. 

The CIM-612C is identical to the CIM-612, with the 
only difference being the operating temperature 
range (0 to +70°C, versus -40°C to +85°C). Both share 
the small 100mm x 160mm (3.9" x 6.3") single-wide 
Eurocard form factor with the rest of the SERI ES/800 
line and fit the CIM-602l604 card cages. They are 
completely CIMBUS compatible through a pin-in­
socket DIN 41612 connector which provides an add­
ed element of mechanical and electrical reliability by 
eliminating the usual card-edge connector. See the 
CIMBUS System Bus Specification (#420306681-001) 
fOf a description of the CIMBUS and the CIM-612/ 
612C Hardware Reference Manual (#420310003-001) 
for a complete description' of the CIM-612 Voltage 
Regulator Board. 

Functional Description 

The voltage regulator portion of the CIM-612 Volt­
age Regulator Board receives power from an exter­
nal, unregulated DC source in the range from 5.5 to 
8.0V. The voltage is converted to +5, +15, and 

-15VDC and distributed to the system via the CI~­
BUS. A fuse, transient suppressor, and capacitor in 
the power input lines to the voltage regulator pro­
tect it from voltage spikes and current overloads. 

A DC power failure detection circuit on the board 
monitors the output of the 5 VDC regulator. A DC 
voltage below 4.5V is considered a power failure. 
When this happens, the CPU is informed by an inter­
rupt. This allows the CPU to place the system in a 
safe/known condition, and store vital data in 
battery-backed RAM. After the interrupt (ranges 
from tens to hundreds of milliseconds depending 
on the external DC power source and the load on 
the CIM-612), the CIM-612 inhibits all transactions 
with RAM in the system to prevent data from being 
scrambled by noise potentially generated during 
the power down/up sequence. 

The CIM-612 also contains a RAM backup circuit 
that is activated by a power failure. An on-board 
lithium battery will supply 0.6 Amp-hour of current 
with less than 0.5mA drawing current. This will sup­
port the RAM on the CIM-800 CPU board during the 
power down time. 

The CIM-612 uses the standard CIM BUS form factor 
(100mm x 160mm), and can therefore be plugged 
directly into a CIM-602/CIM-604 card cage. The P1 
connector/slot in these card cages is reserved for 
this purpose. 
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Specifications 

DC Power Input 

Voltage - +5.5 to 8.0Vnc 

Current (max.)- 1.0Amp steady state 

Startup 
transient - 2.0Amp for 1 sec (full load) 

RAM (On-Board) Backup 

Type­

Voltage-

Maximum Con-

Nonrechargeable lithium 

+3.4Vnc 

tinuous Current - 0.5mA 

Capacity - 0.63Amp·hour across ' 
full temperature range 

Shelf Life - 10 years 

DC Power Output 

Tolerance (Steady 
State)-

Ripple (RMS)­

Current -

Connectors 

CIMBUS-

+5Voc +15Voc -15VDC 

±200mV ±200mV ±200mV 

15mV 2mV 2mV 

0.5A 100mA 100mA 

Pin-and-socket DIN 41612 
Recommended mating 
connectors: ' 
Winchester: 96P-6033-0523-0 
Elco:008257-096-000-124 

Environmental 

Physical 

Temperature: 
CIM-612: -40°C to +85°C 

(-40°F to +185°F) 

CIM-612C: 0 to +70°C 
(+32°F to +158°F) 

Humidity: 0 to 90% 
noncondensing 

Length:' 6.30 in. (160 mm) 
Width: 3.94 in. (100 mm) 
Height: 1.97 in. (50 mm) 
Weight: 7.0 oz. (198 gm) 

Order Information 
CIM-612 Voltage Regulator Board 
CIM-612C 0 to +70°C (commercial) 

Documentation 

CIM-612M 

CIMBUSM 
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version 

CIM-612/612C Voltage 
Regulator Board Hardware 
Reference Manual 
(#420310003-001) , 

CIMBUS System Specification 
(#420306681-001) 



~ National Semiconductor 

microCMOS 

CIMTM-630 
Prototyping Board 

a Permits addition of user-designed circuitry to 
a CIMBUS™ system 

Product Overview 

The CIM-630 Prototyping Board is a member of the 
SERIES/SOO™ line of CMOS Industrial Microcomputers 
(CIM) from National Semiconductor Corporation. 
SERIES/SOO is a complete family, including CPU, memory 
expansion, and digital and analog I/O boards. Also 
included is a real-time, multitasking operating system, 
BLMX-80C. The line uses the microCMOS NSC800™ 
microprocessor, which combines the benefits of the 
execution speeds of NMOS microprocessors with the 
power dissipation and e/wironmental characteristics 
of CMOS, and executes the Z80 instruction set. The 
complete line is compatible with the CIMBUS, a 
documented scheme for board interconnection (see 
the CIMBUS specification). The microCMOS technol­
ogy employed, combined with the single-wide 
Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 
harsh environments, such as numeric machine con- ' 
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c Capacity for 32 16-pin DIPs 

Il Plugs directly into CIM-602/604 card cages 

trol, pipeline monitoring and control, robotics, in­
dustrial instrumentation, and uninterruptable power 
supplies. 

The CIM-630 Prototyping Board, with a capacity of up to 
32 16-pin DIPs, is a convenient, economical way for 
CIMBUS system users to include their own custom­
designed circuitry. Completely compatible with the 
CIM-602/604 card cages, it plugs directly into the 
user's system. 

Physical Description 

The CIM-630 Prototyping Board accepts up to 32 16-pin 
DIPs or an equivalent mix of 14-,16-,18-,22-,24-,28-, and 
4o-pin configurations. It has a pin-in-socket DIN 41612 
connector built in, and plugs directly into the CIM-602/604 
card cages. 



Specifications 

Connectors Pin-and-socket DIN 41612 
Recommended mating 
connectors: 
Winchester 96S-6033-0531-2 
Elco 008257-096-649-124 

Environmental Temperature: -40°C to +85°C (-40°F 
to +185°F) (Assumes 
user"::installed circuitry 
meets this specification.) 

Humidity: 

Physical Length: 
Width: 
Height: 
Weight: 

o to 90% noncondensing 

6.30 in. (160 mm) 
3.94 in. (100 mm) 
0.90 in. ( 23 mm) 
0.50 oz. ( 14 gm) 

Order Information 

CIM-630 

Documentation 
CIMBUSM 
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Prototyping Board 

CIMBUS System Bus Specification 
(#420306681-001 ) 



~ National Semiconductor 

CIMTM-631 
Prototyping Board 

microCMOS 

I!J Permits addition of user·designed circuitry 
to a CIMBUSTM system 

a Capacity for 63 16·pin DIPs 

Product Overview 

The CIM-631 Prototyping Board is a member of the 
SERIESI800™ line of CMOS Industrial Microcomputers 
(CIM) from National Semiconductor Corporation. 
SERIES/800 is a complete family, including CPU, 
memory expansion, and digital and analog I/O boards. 
Also included is a real·time multitasking operating 
system, BLMX-80C. The line uses the microCMOS 
NSC800™ microprocessor, which combines the 
benefits of the execution speeds of NMOS micro­
processors with the power dissipation and environ­
mental characteristics of CMOS, and executes the Z80 
instruction set. The complete line is compatible with the 
CIMBUS, a documented scheme for board interconnec­
tion (see the CIMBUS specification). The microCMOS 
technology employed, combined with the single-wide 
Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 

IJ Plugs directly into CIM·602/604 card 
cages 

harsh environments, such as numeric machine control, 
pipeline monitoring and control, robotics, industrial 
instrumentation, and uninterruptable power supplies. 

The CIM-631 Prototyping Board, with a capacity of up to 
63 16-pin DIPs, is a convenient, economical way for 
CIMBUS system users to include their own custom· 
designed circuitry. Completely compatible with the 
CIM·602/604 card cages, it plugs directly into the user',s 
system. 

Physical Description 

The CIM-631 Prototyping Board accepts up to 63 16-pin 
DIPs or an equivalent mix of 14·, 16-, 18·, 22-, 24-, 28-, 
and 40-pin configurations. It has a pin·and·socket DIN 
4612 connector built in, and plugs directly into the 
DIM·602/604 card cages. 
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The primary difference between the CIM-631 and the 
CIM-630 is that the CIM-631 does not have power and 
ground traces throughout the board (as does the 
CIM-630). In comparison to the CIM-630, this increases 
the amount of wirewraps which must be made, but also 
results in nearly double the number of devices which 
may be installed. It also allows these devices to be 
placed "on grid", to match the production version of the 
design prototyped on the CIM-631. 

Specifications 

Connectors 
Pin-and-socket DIN 41612 
Recommended Mating Connectors: 

Winchester 96S-6033-0531-2 
Elco 008257-096-649-124 

Environmental 
Temperature: - 40°C to + 85°C (- 40 OF to + 185°F) 

(Assumes user-installed circuitry meets 
this specification.) 

Humidity: 

Physical 
Length: 
Width: 
Height: 
Weight: 

o to 90% noncondensing 

6.30 in. (f60 mm) 
3.94 in. (100 mm) 
0.90 in. ( 23mm) 
0.50 oz. ( 14 gm) 

Order Information 

CIM-631 Prototyping Board 

Documentation 
CIMBUSM CIMBUS System Bus Specification 

(#420306681-001) 
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:;a National Semiconductor 

CIMTM-640 
Extender Board 

microCMOS 

;-.,·,'r. w 

.~'.:: ": .. : "r{·" ~~~~~~ 

• Complete access to a CIMBUS™ board for 
troubleshooting or debugging 

• Power isolation allows removal/insertion of 
boards without loss of data or functions as well 
as current measurement in a powered system 

Product Overview 

The CIM-640 Extender Board is a member of the 
SERIES/SOOTM line of CMOS Industrial Microcomputers 
(CIM) from National Semiconductor Corporation. 
SERIES/SOO is a complete family, including CPU, memory 
expansion, and digital and analog I/O boards. Also 
included is a real-time, multitasking operating system, 
BLMX-80C. The line uses the microCMOS NSC800™ micro­
processor, which combines the benefits of the execution 
speeds of NMOS microprocessors with the power dissipation 
and environmental characteristics of CMOS, and executes the 
Z80 instruction set. The complete line is compatible with the 
CIMBUS, a documented scheme for board interconnection 
(see the CIMBUS specification I. The microCMOS technology 
employed, combined with the single-wide Eurocard form 
factor of the boards, makes the SERIES/800 line appropriate 
for many applications in harsh environments, such as numeric 
machine control, pipeline monitoring and control, robotics, 
industrial instrumentation, and uninterruptable power supplies. 

14·59 

a Easily accessible test points for fast examina­
tion of bus and control signals . 

The CIM-640 Extender Board provides a means of 
extending CIMBUS boards away from the CIM-602/604 
card cage to permit testing and debugging. Test pOints for 
examining bus and control signals are easily accessible, 
and the power lines contain jumpered openings for power 
removal at the extender board. 

Physical Description 

The CIM-640 Extender Board offers the SERIES/SOO user 
the means to extend boards beyond the card cage for 
testing and debugging. Test points for bus and control 
signals are easily accessible. 

In addition, the power traces on the CIM-640 have 
jumpered openings so that user can remove power at the 
board under examination rather than having to power 
down an entire system. The jumpered points in the power 
traces can also be used to insert instrumentation to 
measure the current to a board under power. 



Specifications 

Connectors 

Vendor 

Winchester 
Elco 

Pin·and·socket DIN 41612 
Recommended mating 
connectors: 

Backplane Board 

96P-6033-0523-0 96S-6033-0531-2 
008257-096-000-124 008257-096-649-124 

Environmental Temperature: - 40° C to +85° C (-40° F to 
+185°F) 

Humidity: 

Physical Length: 
Width: 
Height: 
Weight: 

o to 90% n-oncondensing 

7.30 in. (185 mm) 
3.94 in. (100 mm) 
0.50 in. ( 13 mm) 
0.50 oz. ( 14 gm) 

;' 

Order Information 

CIM-640 

Documentation 
CIMBUSM 
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CIMBUS System Bus Specification 
(#420306681-001 ) 



~ National Semiconductor 

CIMTM-653 
Serial 1/0 Cable 

microCMOS 

IJ Allows instant addition of a RS232C or 
20mA current loop device to a CIMBUSTM 
system 

Product Overview 

The CIM-653 Serial I/O Cable is a member of the SERIES/ 
800TM line of CMOS Industrial Microcomputers (CIM) 
from National Semiconductor Corporation. SERIES/800 
is a complete family, including CPU, memory expansion, 
and digital and analog I/O boards. Also included is a 
real·time, multitasking operating system, BLMX-80C. The 
!ine uses the microCMOS NSC800™ microprocessor, 
which combines the benefits of the execution speeds of 
NMOS microprocessors with the power dissipation and 
environmental characteristics of CMOS, and executes the 
Z80 instruction set. The cOrT)plete line is compatible with 
the CIMBUS, a documented scheme for board intercon­
nection (see the CIMBUS specification). The microCMOS 
technology employed, combined with the single-wide 
Eurocard form factor of the boards, makes the SERIES/ 
800 line appropriate for many applications in harsh en­
vironments, such as numeric machine control, pipeline 

r::J Compatible with the CIM·201 Serial 110 
Board 

!;l Supports full 25·line interface 

monitoring and control, robotics, industrial instrumenta­
tion, and uninterruptable power supplies. 

The CIM-653 Serial I/O Cable is a convenient way for 
CIMBUS system users to add a serial device to their sys­
tem. It is fully compatible with the CIM-201 Serial I/O 
Board, and therefore, supports interfaces to terminals, 
modems, or any device compatible with RS232C or 20 mA 
current loop serial links. 

Physical Description 

The CIM-653 Serial I/O Cable is a ribbon cable 48 inches 
(122 cm) long (including the connectors). Both connec­
tors are male, 25-pin "0" connectors. All 25 lines de­
fined by EIA RS232C are included, with each line tied to 
the same pin on each connector (Le., pin 1 to pin 1, pin 2 
to pin '2, etc.). 
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Specifications 

Connectors 
Standard DB25P 
Recommended Mating Connector: Standard DB25S 

Environmental Temperature: O°C to + 70°C (+ 32°F to 

Physical 

+ 158°F) . 
Humidity: 0 to 90% noncondensing 

Length: 48 in. (122 mm) 
Weight: 3.8 oz. (108 gm) 
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Order Information 

CIM-653 Serial I/O Cable (compatible with 
CIM-201 Serial ·1/0 Board) 

Documentation 
CIM-201 M CIM-201 Serial I/O Board Hardware 

Reference Manual (#420306683-001) 



~ National Semiconductor 

CIMTM-660 
Firmware Monitor 

microCMOS 

II Single-chip system monitor for CI M-800 
boards 

II Display contents of memory or processor 
registers 

1:1 Modify contents of memory or processor 
registers 

II Modify user 'programs dynamically 

• Upload and download hex files. 

Product Overview 

The CIM-660 Firmware Monitor is a member of the 
SERIES/SOOTM line of CMOS Industrial Microcomputers 
(CIM) from National Semiconductor Corporation. 
SERIES/SOD is a complete family, including CPU, memory 
expansion, and digital and analog I/O boards. Also 
included is a real-time, multitasking operating system, 
BLMX-80C. The line uses the microCMOS NSC800™ 
microprocessor, which combines the benefits of the 
execution speeds of NMOS microprocessors with the 
power dissipation and environmental characteristics 
of CMOS, and executes the Z80 instruction set. The 
complete line is compatible with the CIMBUS, a 
documented scheme for board interconnection (see 
the CIMBUS specification). The microCMOS technol-
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III Move blocks of data 
EI Perform hexadecimal arithmetic 

II Search memory for specified data byte 

1:1 Execute user programs from monitor 

Il Insert breakpoints in user programs 

Il Input or output a byte of data 

III Resides in a single NMC27C32 EPROM 

ogy employed, combined with the single-wide 
Eurocard form factor of the boards, makes the 
SERIES/800 line appropriate for many applications in 
harsh environments, such as numeric machine con­
trol, pipeline monitoring and control, robotics, in­
dustrial instrumentation, and uninterruptable power 
supplies. 

The CI M-660 Firmware Monitor is a single-chip (EPROM) 
system monitor that plugs into a socket provided on the 
CIM-SOO Series Boards. Containing a complete software 
system, the CIM-660 provides the user all the functions 
usually associated with a microcomputer system monitor 
or debugging program and allows interactive program 
modification, testing, and execution. 



Functional Description 

The CIM-660 Firmware Monitor is a single-chip, self­
contained system monitor and software debugging 
program that gives the user the capability to modify, test, 
and execute his programs interactively with a CIM-800 
Microcomputer system. Input is made from a keyboard, 
and output may be routed to either a CRT display or a 
printer. 

After the system is powered up, the baud rate is 
established by repeatedly pressing the RETURN key on 
the CRT display until the following message appears: 

e1M-800 MONITOR F;lEV. B 
> 

When the caret prompt (» appears, the CIM-660 is in a 
comman'd interpret mode, ready to accept a system 
command from the user. Commands then available are: 

QISPLAY 

~XAMINE 
REGISTERS 

fiND 

~O 

INPUT 

MOVE 

OUTPUT 

BEAD 

.§U BSTITUTE 

VERIFY 

WRITE 

Displays contents of memory between 
two specified addresses in hexadeci­
mal and ASCII 

Examine and modify CPU registers 

Searches memory between two 
specified addresses for a specified 
byte 

Transfers control to a specified 
address 

Displays the contents of input ports 
between two specified addresses 

Moves a specified block of data to 
a specified destination address 

Outputs a specified byte to a 
specified output port 

Input a hex file over a serial link 

Examine and modify the contents of 
a specified memory address 

Used after a MOVE command to 
verify that the move was made 

Ou.tput·a hex file over a serial link 

+ ' Add two 16~bit hexadecimal numbers 

Subtracta 16-bit hexadecimal 
number with a second 16-bit number 

...:.. Multiply two 16-bit hexadecimal 
numbers 

1 Divide a 32-bit hexadecimal number 
by a 16-bit number 

Specifications 

Memory Requirements 
PROM Address Space OOOOH·OFFFH 

Environmental Temperature: -40°C to +85°C 
(-40° F to +185° F) 

Humidity o to 90% noncondensing 

Hardware Requirements 
CIM-800 CPU Board 

CIM-201 Serial 1/0 Board 

CIM-602/604 Card Cage (or equivalent) 

CIM-653 RS232 Serial 1/0 Cable Assembly (or equivalent) 

CIM-610 Voltage Regulator Board (or other 
supply of +5VDC and + 15VDc) 

Video Display Terminal (or equivalent) , 

Order Information 

CIM-660 

Documentation 
CIM-660M 

CIMBUSM 

14-64 

Firmware Monitor 

CIM-660 Firmware Monitor User's 
Manual (#420306641-001) 

CIMBUS System Bus Specification 
(#420306681-001 ) 



ra National SemiconductQr 
microCMOS 

CIMTM-802A/804 and CIM-802AC/804C 
Industrial Microcomputers 

~ 

• NSC800™-based computer board 

• microCMOS technology gives NMOS 
performance at CMOS power 
consumption levels 

• NSC800 .CPU-more than 158 instruction 
types programmable in Z80 code 

II 4 MHz or 2 MHz operation in harsh 
environments 

II - 40°C to + 85°C or O°C to + 70°C 
(co,mmercial version) operating 
temperature ranges 

Product Overview 

The CIM-S02A/S04 and CIM-S02AC/S04C Micro­
computer Boards are members of the SERIES/SOOTM 
line of CMOS Industrial Microcomputers (CIM) from 
National Semiconductor Corporation. SERIES/SOO is 
a complete family, including CPU, memory expan­
sion, and digital and analog I/O boards. Also includ­
ed is a real-time, multitasking operating system,­
BLMX-SOC. The line uses the microCMOS 
NSCSOO microprocessor, which combines the bene­
fits of the execution speeds of NMOS microproces­
sors with the power dissipation and environmental 
characteristics of CMOS, and executes the ZSO in­
struction set. The complete line is compatible with 
the CIMBUSTM, a documented scheme for board 
interconnnection (see the CIMBUS specification). 
The microCMOS technology employed, combined 
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• Battery backup/operation 
Cl 2 16-bit counters/timers with prescalers 
II 22 programmable I/O lines 
m System-level fail-safe timer 
m 2K bytes static RAM; 2K or 4K bytes 

PROM with "shadow" capability under 
software control 

c 12 vectored interrupts • 
c Built solely with components burned in 

to A 4- levels 

with the single-wide Eurocard form factor of the 
boards, makes the SERIES/SOO line appropriate for 
many applications in harsh environments, such as 
numeric machine control, pipeline monitoring and 
control, robotics, industrial instrumentation, and unin­
terruptable power supplies. 

The CIM-S02A, CIM:-S04, CIM-S02AC, and 
CIM-S04C are the board level computers that are 
the heart of the SERIES/SOO CMOS Industrial Mi­
crocomputer board - line. Featuring -NSC's micro­
CMOS technology, these computers provide highly 
reliable performance over a wide range of harsh 
environmental conditions at low power consumption, 
and is eminently suitable for remote station and process 
control applications. 



These are complete computers based on the 
NSC800 central processing unit, and include 22 pro­
grammable I/O lines, twelve priority vectored inter­
rupts, 2K bytes of static RAM, provisions for. 2K or 
4K bytes of ROM, and two 16-bit programmable tim­
ers. The NSC800 CPU, which is programmable in 
Z80 code, has an instruction set containing more 
than 158 instruction types. The CPU board is easily 
expandable via the CIMBUS for operation with other 
products in the SERIES/800 line, such as memory 
expansion, A/D and 0/ A conversion, serial I/O, and 
a battery charger. See the CIMBUS specification 
manual for a description of CIMBUS characteristics 
(order as CIMBUSM or Manual #420306681-001). 

Power consumption of the computer is very low 
(magnitudes less than equivalent NMOS functionali­
ty), which results in increased reliability and elimi­
nates the need for separate cooling fans and filter­
ing systems. CIMBUS connections are made through 
two-piece, pin-in-socket DIN 41612 connectors, 
which are highly resistant to vibration and corrosion, 
and eliminate the card edge connector, a primary 
failure source in many systems. The' CPU board is 
small, measuring only 100 mm x 160 mm (3.9" x 
6.3"), and fits into the CIM-602 (8-slot) or CIM-604 
(18-slot) CIMBUS card cages to make a tidy, durable 
system. 

The CIM-802A and CIM-804 are functionally identi­
cal with the ~xception of their operating sp~eds: tho 
CIM-802A executes at 2 MHz (minimum instruction 
execution time of 2 microseconds), the CIM-804 ex­
ecutes at 4 MHz (1 microsecond minimum instruction 
execution time). The CIM-802AC and the 
CIM-804C are functionally identical to the CIM-
802A and the CIM-804, with the only difference be­
ing their operating temperature range (O°C to 
+ 70°C, versus -40°C to +85°C). 

Functional Descr.iption 

Central Processor 

, • CPU-NSC800 microprocessor 
• Maximum addressing range-64K bytes 
• Data word-8 bits 
• Instruction word-8, 16, or 24 bits 
• Addressing modes-direct, register, indexed 

register, register indirect, and immediate 
• Instruction types-more than 158, programmable in 

Z80 code 
• Registers 
-14 general purpose, A, B, C, 0, E, H, and Land 

A', B', C', 0', E', H', and L'; A (accumulator) 
and F (flag), A' and F' selected separately. 
Other registers may be used singly or in pairs; 
AF, BC, DE, HL and A'F', B'C', D'E', H'L'. 

- 2 16-bit index register pairs IX and IY may be 
indexed ± 255 from symbolic location 

-1 16-bit program counter (PC) , 
- 1 16-bit stack pointer (SP) used discretely or 

automatically to implement subroutine'CALL 
and RETurn instructions 

- 1 8-bit refresh register (R) 
:-- 1 8-bit interrupt register (I) 

Memory 

The 2K private static RAM (6116) is a byte-wide, low 
power device requiring only a few microwatts to re­
tain data, and uses special write inhibit logic to pro­
tect its contents in a power-down or standby mode. 
An additional 128 bytes of RAM are available from 
the NSC810 RAM I/O Timer. The 2K static RAM is 
mapped at addresses FOOOH-F7FFH; the additional 
128 bytes at F800H-F87FH. 

Sockets are provided on the CPU board for either 
the 27C16 (2K bytes) or the 27C32 (4K bytes)' 
EPROM. Two Berg jumpers provide all the logic 
changes necessary for using either type of EPROM. 
Assigned addresses for ROM are 0000H-07FFH 
(27C16) or OOOOH-OFFFH (27C32). The PROM may 
be turned off (shadowed), under software control, to 
allow using memory mapped into the same space. 
This provides a' convenient way to "bury" diagnos­
tics and/or bootloaders. 

Memory expansion to a maximum of 64K bytes is 
possible using the CIM-100 Series Memory Expan­
sion Boards. 

Input/Output 

All on-board input/output functions are memory­
mapped through the NSC810 RAM I/O Timer with a 
base address of F8XXH. 

, • Interrupts-arbitrated through a priority interrupt 
controller . 
-1 nonmaskable interrupt 
- 3 restart maskable interrupts available to user 
- 8 priority vectored interrupts 

• Three programmable I/O ports 
- Port A, 8 lines available to user 
- Port B, 8 line-s, 4 generally reserved for CPU 

board use 
- Port C, 6 lines, 2 generally reserved for CPU 

board use 
(Some system configurations may allow use of all 
22 I/O lines. I/O pin-out is different than CIM-802.) 

• Timers 
- 2 16-bit programmable counters/timers; ,timer 

prescale 1/2/64 (64 on timer TO only) 
- 8 ms and 0.5 second timers jumperable as 

interrupts 

Fail-Safe Timer 

The fail-safe timer is a software timer implemented 
through Port B of the NSC810. If the user chooses 
to implement this feature, the CPU must be pro­
grammed to toggle bit 4 of Port B based on the 0.5 
second on-board timer. This provides a 1Hz signal to 
the CIMBUS that is used to retrigger amonostable 
multivibrator (one-shot) on any expansion board. If 
the CPU should fail, the CIMBUS signal TMRFS will 
no longer be output. The expansion board(s) will 
then set their outputs to a known quiescent state, 
ensuring an orderly shutdown without a CPU. An on-

board LED indicates the state of TMRFS and also 
allows for a quick visual inspection of the health of 
the CPU board. 
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CIM-660 Firmware Monitor 

The CIM-660 Firmware Monitor is available in a pre­
programmed NMC27C32 EPROM. This comprehen­
sive monitor includes facilities to load, execute, and 
debug programs based on the CIM CPU boards. The 
monitor allows the user to examine and modify any 
RAM location or CPU register. It also allows the 
movement of blocks of data within memory and ini­
tiation of user programs with optional breakpoints. 
Files can be uploaded and downloaded over a serial 
link using the industry-standard hexadecimal format. 
The user can employ the monitor to search memory 
to find the location of an 8- or 16-bit string. The 
CIM-660 will calculate the sum, difference, product, 
and quotient (with remainder) of any 4-, 8-, or 16-bit 
set of numbers. Additionally, the monitor can be 
used to exercise all available 1/0 ports within the 
system. The CIM-660, in conjunction with a CIM-
201 Serial 1/0 Board, incorporates a baud rate 
search to determine the rate at which the CRT ITTY 
is running. The following commands are supported 
in the CIM-660 Firmware Monitor: 

D - Display contents of memory 
E - Examine CPU registers 
F - Find bit stream in memory 
G - Execute program (with optional 

breakpoints) 
I -Input data from 1/0 port 
M - Move block of data 
o - Output data to 1/0 port 
R - Input a hexfile over a serial link 
S - Examine and I or substitute value in 

memory 
V - Verify result of move command 
W - Output a hexfile over a serial link 
+ - Add two 16-bit hex numbers 
- - Subtract one 16-bit hex number from 

another 
• - Multiply two 16-bit hex numbers 

- Divide a 32-bit hex number by a 16-bit 
hex number 

Real-Time Software 

The BLMX-80C real-time multitasking executive re­
quires only 2K bytes of EPROM and 512 bytes of 
RAM in its minimum configuration. Facilities such as 
the following are included: priority-based system re­
source allocation, intertask communication and con­
trol, interrupt-driven control for standard 1/0 devices, 
time-of-day clock, free space memory manager, and 
interrupt and event handling. Optional linkable and 
relocatable modules for console control (CRl or 
TTY), fail-safe timer interface, analog 1/0 board in­
terface, and interactive system-level debugging are 
provided with the BLMX-80C package. User config­
urability is aided on the STARPLEXTM Qevelopment 
System by the me.nu-driven SYSCON System Con­
figuration program that is also provided with BLMX-
80C. 

System Development Capability 

The development cycle for CIMBUS-based products 
may be significantly reduced using the STARPLEX 
Development System from National Semiconductor, 
Corporation. The convenience of a comprehensive 
operating system combined with system prompts 
that guide even inexperienced users through com­
plex tasks creates an ideal software development 
environment An In-System Emulator (ISE)TM avail­
able for the NSC800 allows the development and 
debugging of software directly on the CIM-802 
board. 

Specifications 

Microprocessor 

CPU - NSC800 

data w9rd­

Instruction 
word~ 

Product 

CIM-802A 

CIM-804 

Registers -

Number of 
instructions -

Address 
capacity -

Memory 

RAM-

ROM-

Expansion -

8 bits 

8, 16, or 24 bits 

Clock CPU Min. Instruction 
Speed Speed Execution Time 

4MHz 2MHz 

8MHz 4MHz 

14 general purpose 
2 index 
Program counter 
Stack pointer 
Refresh register 
Interrupt register 

2 p.s 

1p.s 

158 instruction types, providing for 
more than 600 executable 
instructions (Z80 code compatible) 

Memory - 64K bytes 
1/0 - 256 input 

256 output 

2K bytes static RAM (6116) plus 
128bytes in NSC810 RAM 1/0 
Timer 
Sockets for 2K bytes (27C16) or 
4K bytes (27C32) ROM 
VIA memory expansion boards to 
64K 

Access time - 350 ns. 
Address 
assignments - Address Range 

0000H-07FFH 

0800H-OFFFH 
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Assignment 
On-board PROM 
(using 27C16) 
Off-board 
(unassigned) if 
27C16 PROM is 
used. On-board ' 
EPROM if 27C32 
PROM is used 



Connectors 

·1000H-EFFFH Off-board 
(unassigned) 

FOOOH-F7FFH On-board RAM 
(2K byte RAM, 
battery backup 
available) 

F800H-F87FH On-board RAM 
(NSC810 128 
byte RAM, not 
backed up during 
power failure) 

F880H-F8FFH NSC810 I/O port 
and timer control 
access (memory­
mapped) 

F900H-FFFFH Reserved 

CIMBUS - Pin-in-socket DIN 41612 
Recommended mating connectors: 

Winchester 96S-6033-0531-2 
Elco 008257-096-649-124 

Parallel 1/0 - Right-angle header 
Recommended mating hardware: 

3M 3399-7026 (Connector) 
3M 3350/26 (Cable) 

Power +SVoc ±S% 

Product EPROM 
Used 

CIM-802A 27C16 

CIM-802A 27C32 

CIM-804 27C16 

CIM-804 27C32 

2K OR 4K X 8 
ROM/EPROM 
(SOCKETS) 

Normal 
Operation 

60 rnA 

60 rnA 

85 rnA 

85 rnA 

2K X 8 
STATIC RAM 

Power 
Save 

25mA 

25 rnA 

25 rnA 

25 rnA 

NSC800 
CPU 

Battery 
Backup 

10 p.A 

10 p.A 

10 p.A 

10 p.A 

RAM RAM INHI81T 

SAVEIINHI81T 8ATTERY POWER 
LOGIC ... ------1 

Environmental 

Humidity -

Physical-

Temperature -CIM-802A/804: 
- 40°C to + 85°C 
(-40°F to +185°F) 
CIM-802AC/804C: 
O°C to +70°C 
(-32°F to +158°F) 
o to 90% noncondensing 

Length 
Width 
Height 
Weight 

6.30 in. 
3.94 in. 
0.50 in. 
1.4 oz. 

(160 mm) 
(100 mm) 
( 13 mm) 
( 36 gm) 

Order Information 
CIM-802A CMOS Industrial Microcomputer 

with 2MHz NSC800 
CIM-802AC O°C to + 70°C (commercial) 

version 
CIM-804 CMOS Industrial Microcomputer 

with 4 MHz NSC800 
CIM-804C O°C to + 70°C (commercial) 

version 

Documentation 

CIM-804M 

CIMBUSM 

CIM-802A/802AC and CIM-
. 804/804C Board Level Computer 
Hardware Reference Manual 
( #420308205-001) 
CIMBUS System Bus 
Specification (#420306681-001) 

16 PROGRAMMABLE 
PARALLEl I/O LINES 

I .. - ........ ----t N~~8WMRE~M 

TIMER 2 

(INCLUDES 
128 x 8 RAM) 

CIM8US 
INTERFACE FAIL·SAFE TIMER 

TLlT/5092-1 

FIGURE 1. CIM-804 CPU Board Block Diagram 
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INTRODUCTION TO THE RELIABILITY 
MILITARY/AEROSPACE PROGRAMS 

History 

In the mid 1960's the various government agen­
cies responsible for semiconductor reliability 
saw that screenable defects were resulting in an 
in-equipment failure rate of about 1 % per thou­
sand hours. In-depth failure analysis allowed 
them to determine what the predominate failure 
mechanisms were. The Solid State Applications 
Branch of the Air Force's Rome Air Development 
Center (RADC) was assigned the task of devel­
oping a screening procedure which would re­
move the infant mortality failures which had led 
to the high failure rate previously encountered. 
Working closely with other semiconductor reli­
ability experts, the RADC staff developed MIL­
STD-883, which was first issued in 1968. The 
objective of MIL-STD-883 was to create an eco­
nomically feasible, standardized integrated cir­
cuit screening flow which would achieve an in­
equipment failure rate of 0.08% per thousand 
hours for Class Band 0.004% per thousand 
hours for Class A (which was later superseded 
by Class S). Over the years this standard has 
grown and matured with a number of new test 
methods added as reliability information and 
failure analysis results became mor~ detailed. 
These developments have led to one of the 
strongest and most comprehensive screening 
specs available, MIL-STD-883. 

Purpose and Structure 

MIL·STD·883 states: this standard establishes 
uniform methods and procedures for testing mi· 
croelectronic devices, including basic environ· 
mental tests to determine resistance to deleteri· 
ous effects of natural' elements and conditions 
surrounding military and space operations, and 
physical and electrical tests. What does this 
mean to the semiconductor user? To understand 
this, one must subdivide MIL-STD-883 into two 
primary areas: 1) Detailed how-to specifications 
(methods 1001 through 4007) and 2) Screening 
and qualification andlor quality conformance 
testing requirements (methods 5001 through 
5009). By examining each of these areas the 
thrust of MIL-STD-883 will become apparent. 

Detailed How·to Specifications 

MIL-STD-883 is a collection of environmental, 
mechanical, visual, and electrical test methods. 
These methods define tests which enable manu­
facturers and users to screen for specific reli­
ability concerns. The tests covered include 
moisture resistance, high temperature storage, 
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neutron irradiation, shock and acceleration 
tests, visual radiography, and dimensional tests, 
to mention only a few. In the electrical test sec­
tion, there are tests to examine load conditions, 
power supplies, short circuit currents, and other 
tests. Each of these tests is designed to look at 
specific reliability and quality concerns that 
affect semiconductor products. 

Screening Flows 

The overall reliability requirements for a system 
depend upon a number of factors, including 
cost-effectiveness. For example, a deep space 
probe, where component replacement is impos­
sible once the system is launched, requires very 
high reliability, despite the inherent cost of com­
plex screening. On the other hand, a ground­
based radio unit can use a less stringent reliabil­
ity testing sequence, since a failed component 
can be easily replaced at moderate cost. In Une 
with this range of needs, MIL-STD-883 estab­
lished three distinct product assurance levels to 
provide reliability commensurate with the prod­
.uct's intended application .. The three levels are 
Class S (intended for critical applications, such 
as space), Class B (intended for less critical ap­
plications, such as airborne or ground systems), 
and Class C (intended for easily replaceable' 
systems, which has since been eliminated). 

National and MIL·M·38510 

A major thrust exists among integrated circuit 
users, suppliers, and the U.S. Government to 
avoid proliferation of military procurement spec­
ifications by turning instead to standardized 
high reliability microcircuits. National Semicon­
ductor endorses and supports this trend. 

One major program to which National is heavily 
committed is the JAN MIL-M-38510 IC program. 
This is a standardization program administered 
by the U.S. Defense Department which allows a 
user to purchase a broad line of standard prod­
ucts from a variety of qualified suppliers. 

There is only one MIL-M-38510 program. National 
is committed to supplying only QPL devices, 
and discourages any "pseudo-38150" alternates. 

There are two levels specified within MIL-M-
38510 - Classes Sand B. Class S is typically 
specified for space flight applications, while 
Class B is used for aircraft and ground systems. 



MIL·M·38510 

The Defense Electronic Supply Center (DESC) 
administers the integrated circuit standardiza­
tion program known as MIL-M-38510 (sometimes 
referred to as the JAN IC Program). The specifi­
cation set used to define the program consists 
of four documents: general specification MIL-M-
38510, which is an overall definition of the pro­
cessing and testing to be performed; detail 
specifications (referred to as "slash sheets"), 
each of which defines the performance param­
eters for a unique generic device or a family of 
devices; MIL-STD-883, which defines specific 
screening procedures; and MIL-STD-976, which 
defines line certification requirements. 

When a user orders a MIL-M-38510 device, he is 
guaranteed that he wi" get a device fully con­
formant with the detail specification and which 
has also met a" of the general testing and pro­
cessing requirements. DESC requires semicon­
ductor suppliers to become formally qualified 
under tne MIL-M-38510 program and to be listed 
on the current Qualification Products List (QPL) 
before they are allowed to lega"y ship JAN 
devices. 

Advantages to the User 

The JAN 38510 program has numerous advan­
tages for the integrated circuit user. 

• A single explicit specification eliminates 
guesswork concerning device electrical char­
acteristics or processing flow. 

• The rigorous schedule of quality conformance 
testing that is a mandatory part of the MIL-M-
38510 program assures the user of long-term 
stability. 

• Since the electrical characteristics of the 
devices are at least as tight as the "standard 
industry data sheet" parameters, device per­
formance wi" meet the vast majority of 
system design requirements. Additiona"y, 
min.lmax. limits replace many data sheet 
typicals, making circuit design and worst case 
design analysis decisions easier. 

• The user is spared the expense of researching 
and preparing his own procurement 
document. 

• The user is spared the expense of qualifica­
tion testing. The QPL tells him which suppli­
ers have qualified the device he requires. 

• The QPL gives the user a choice of qualified 
suppliers for devices that are fully inter­
changeable. In addition, the presence of sev­
eral sources guarantees competitive pricing 
that is typically lower than for devices to a 
user's own specifications. 
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• Since MIL-M-38510 is a standard program, pro­
curement lead times wi" be shorter. With a 
large number of programs using JAN devices, 
distributors and manufacturers are able to 
establish inventories of JAN devices. National 
in particular is committed to maintaining fin­
ished goods and work-in-process inventories 
to support our customers' needs. 

• Spare parts wi" be readily available without 
excessive minimum order requirements. 

•. Standard parts with volume requirements wi" 
remain in production longer. 

• Device markings are consistent from one 
manufacturer to another. 

• The program is extremely cost-effective. A 
user can purchase a few devices for engineer­
ing evaluation and prototyping and know that 
they wi" be identical to the devices he wi" get 
during production. When the cost factors as­
sociated with spec. writing, supplier qualifica­
tion, maintaining voluminous parts control 
documentation, and the more intangible bene­
fits of device availability are totaled, use of 
JAN ICs is overwhelmingly the most cost­
effective approach. 

Advantages to the Supplier 

What motivates a supplier like National Semi­
conductor to· be so heavily committed to the 
MIL-M-38510 program? National has the broad­
est range of reliability processed products avail­
able in the semiconductor industry. A program 
such as MIL-M-38510 helps to standardize the 
processing required and to minimize the number 
of individual user specifications. This allows 
National to concentrate more resources on this 
program, thereby improving product quality and 
availability. 

The. Most Frequently Asked Questions and 
Answers about MIL·M·38510 

There are many questions which are frequently 
asked regarding the MIL-M-38510 program. We 
would like to answer some of them. 

Q. WHAT MUST A MANUFACTURER DOTOGET 
HIS PARTS LISTED ON THE QPL? 

A. There are two things which a manufacturer is 
required to do. First, he must get his facilities 
(including wafer fab, assembly, and rei pro­
cessing areas) certified by DESC. This re­
quires that each fab area used for QPL de­
vices must be approved. Second, for each 
specific device and package combination 
listed on the QPL, the manufacturer must 
pe-rform extensive qualification testing and 
provide detailed device information to DESC. 
This data is typically supplied in two phases. 



In the first phase, the manufacturer must 
supply detailed information concerning the 
device construction and electrical character· 
istics. Once this data has been verified by 

, DESC to confirm that the manufacturer's de· 
vice meets the MIL·M·38510 requirements, 
the manufacturer is listed on Part II of the 
QPL. At this point the 'manufacturer is legally 
able to supply full, JAN qualified devices 
meeting ALL of the MIL·M·38510 require· 
ments. The manufacturer must then perform 
the full qualification testing of Method 5005 
of MIL·STD·883 as specified in paragraph 4.4 
of MIL·M·38510. Once this data has been 
reviewed and accepted by DE'SC, the manu· 
facturer is listed on Part I of the QPL. 

Q. IS THERE ANY DIFFERENCE IN DEVICES 
PRODUCED WHILE A MANUFACTURER IS 
LISTED ON PART II OFTHEQPLANDTHOSE 
PRODUCED AFTER PART I QUALIFICATION 

, IS COMPLETED? 

A. There is absolutely no difference. A supplier 
must meet all of the device screening and 
quality conformance requirements no matter 
what his QPL status. 

Q. HOW DOES A USER KNOW WHAT DEVICES 
ARE COVERED BY SLASH SHEET SPECIFI· 
CATIONS? 

A. Supplement 1 to MIL·M·38510 contains a list· 
ing of the slash sheet specifications and a 
cross reference to the generic part type. This 
is updated as new slash sheets are released. 
National's Reliability Handbook also con· 
tains a cross reference. 

Q. HOW CAN A USER OBTAIN COPIES OF THE 
QPL, SUPPLEMENT 1 OF MIL·M·38510, MIL· 
M·38510 ITSELF, AND MIL·STD·883? 

A. Copies of these and other related documents 
may be obtained from: 

Naval Publications and Forms Center 
5801 Tabor Avenue 
Philadelphia, PA 19120 
(212) 697·2179 

Q. WHAT ABOUT THOSE DEVICES FOR WHICH 
NO DETAIL SPECIFICATION EXISTS? 

A. The ultimate aim of a standardization pro· 
gram must be to furnish a/l parts. Requests 
for addition of a part to MIL·M·38510 should 
be made to DESC Directorate of Engineering, 
Dayton, Ohio 45444, indicating a need for 
slash sheets andlor suppliers to be qualified 
for the additional devices. National has a 
form (available through local sales offices) 
which may be used for this purpose. In addi· 
tion, if only some parts are available, a user 
can still see significant savings on those that 
are available. 
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Q. HOW IS A JAN QPL DEVICE MARKED? 

A. Tables I and II explain the details of the mark· 
ing for JAN ICs. 

TABLE I. MIL·M·38510 PART MARKING 

J~~/XXXXXYYY 

L the Lead Finish 
A = Solder Dipped 
B = Tin Plate 
C = Gold Plate 
X = Any lead finish above 

is acceptable 

'- the Device Package (see 
Table II) 

'-- the Screening Level S or B 

'----the Device Number on the 
Slash Sheet 

'-----the Slash Sheet Number 

'-------MIL·M·385810 

'---------The JAN prefix (which 
may be applied only to a 
fully conformant device 
per paragraphs 3.6.2.1 and 
3.6.7 of MIL·M·38510) 

TABLE II. JAN PACKAGE CODES 

38510 MICROCIRCUIT INDUSTRY 
PACKAGE DESCRIPTION' , 

DESIGNATION 

A 14'pin 1/4"x 1/4" (metal) flatpack 
B 14'pin 3/16" x 114" flatpack 
C 14'pin 1/4" x 3/4" dual·in-line 
D 

( 
14-pin 1/4" x 3/8" (ceramic) flatpack 

E 16'pin 1/4" x 7/8" dual·in·line 
F 16-pin 1/4" x 3/8" (metal or ceramic) 

flatpack 
G 8·pin TO-99 can or header 
H 10'pin 114" x 114" (metal) flatpack 
I 10'pin TO·100 can or header 
J 24-pin 1/2" x 1-1/4" dual-in-line 
K 24-pin 3/8" x 5/8" flatpack 
M 12-pin TO-101 can or header 
P 8-pin 1/4" x 3/8" dual-in-line 
Q 40-pin 8/16" x 2-1116" dual·in-line 
R 26'pin 114" x 1·1/16" dual·in-line 
S 20-pin 1/4" x 1/2" flatpack 
V 18-pin 3/8" x 1·15/16" dual-in-line 
W 22-pin 3/8" x 1·1/8" dual-in·line 

n Unassigned - Reserved for 
identifying special packages whose 
dimensions are carried in the detail 
specifications. 

Q. ARE DEVICES CALLED "M38510, JAN PRO· 
CESSED, JAN EQUIVALENT, ETC." REALLY 
QPL PRODUCTS? 

A. Absolutely not. There is only one QPL prod· 
uct - it is a JM38510 marked device. "JAN 
Equivalent" is expressly forbidden by para· 



graphs 3.1 and 3.6.7 of MIL·M·38510. MIL·M· 
38510 does provide for the production of 
devices when no qualified sources exist, but 
this may be done only with prior DESC ap· 
proval, and products produced under this 
provision must meet all requirements of MIL· 
M·38510 other than qualification. 

Q. HOW LONG CAN A SUPPLlE'R REMAIN ON 
PART II OF THE QPL? 

A. For Class B, a manufacturer can remain on 
Part II for two years or until 90 days after 
another supplier becomes qualified for the 
same device package, screening level, and 
lead finish combination on Part I of the QPL. 
Class S devices may remain on Part II for one 

. year after another manufacturer reaches 
Part I. 

Q. WHEN ANOTHER SUPPLIER OBTAINS PART 
I QUALIFICATION, ARE THE OTHER QUALI· 
FlED SUPPLIERS REMOVED FROM PART II 
IMMEDIATELY? 

A. No. The supplier is given 90 days before 
being removed from Part II for a Class B de· 
vice and one year for a Class S device. During 
that time a supplier may legally accept orders 
for those devices. After the end of the 90·day 
or one year period, he may no longer accept 
orders but may complete an'!::! ship those or· 
ders received prior to that time, no matter 
how long it takes him to complete them. 

Q. IS A SUPPLIER EVER REMOVED, FROM 
PART I QUALIFICATION? 

A. Generally not. As long as a supplier contino 
ues to manufacture the device, maintains ap· 
propriate facility approvals, and submits all 
required reports and information to DESC 
within stipulated time limits, .he· will retain 
QPL I listing. Violation of these requirements 
can be cause for removal from QPL. 

Q. CAN AN AUTHORIZED DISTRIBUTOR SHIP 
JAN DEVICES FROM HIS SHELVES IF THE 
MANUFACTURER HAS LOST HIS QPL LIST· 
ING FOR THOSE DEVICES? 

A. Yes. As long as those devices were ordered 
by the authorized distributor while the manu· 
facturer had QPL listing for those devices, 
the distributor may subsequently ship those 
devices from his shelves. 

Q. CAN A MANUFACTURER LEGALLY SHIP 
JAN QPL MATERIAL HE ASSEMBLED AND 
TESTED ,BEFORE HE RECEIVED A QPL 
LISTING? 

A. Yes. The manufacturer must assemble and 
screen parts to prove his ability to comply 
with the specifications before he can be 
placed on QPL. As a result, his ,first lot of 
material, which is fully conformant to QPL 
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product requirements, will have a date code 
that is earlier than the date he is placed on 
the QPL. However, the manufacturer may not 
begin to assemble and test unless he has a 
line certification and an approval to proceed 
with qualification. 

Q. WHAT IS THE RELATIONSHIP BETWEEN 
MIL·M·38510 AND MIL·STD·883? 

A. MIL·M·38510 defines complete program 
requirements and the detail device electri· 
cal performance parameters. The device 
processing requirements are specified in 
MIL·STD·883. 

Q. SUPPOSE DEVICES ARE KEPT ON A MANU· 
FACTURER'S OR DISTRIBUTOR'S SHELVES 
FOR A PERIOD OF TIME; MUST THEY EVER. 
BE RETESTED TO VALIDATE THAT THEY 
STILL MEET SLASH SHEET CHARACTER· 
ISTICS? 

A. Yes. Devices held by a manufacturer or by his 
authorized .distributor which have a date 
code older than 24 months must be retested 
by the manufacturer in accordance with 
Group A sampling requirements prior'to ship· 
ment to a customer or return to inventory. 

Q. WHY SHOULD A USER SPECIFY "X" IN 
THE LEAD FINISH DESIGNATION FOR A 
PART TYPE? 

A. A manufacturer who receives an order for a 
specific lead finish for which he is qualified 
but has no inventory at the time of order may 
not be able to fill the order in a timely man· 
ner, even though he might have substantial 
inventory of another lead finish; Unless a 
user has a specific reason for wanting a par· 
ticular lead finish, he should allow his sup· 
pliers the flexibility of shipping whatever 
finish is available. 

Q. WHAT DATA IS A MANUFACTURER RE· 
QUIRED TO SHIP WITH A JAN PART? 

A. A certificate of conformance is all that is reo 
quired. However, he must retain all data for 
three years. 

Q. CAN A DEVICE FOR WHICH THERE IS NO 
SLASH SHEET BE PROCESSED TO MIL·M· 
38510? 

A. Since MIL·M·38510 invokes a combination of 
the processing requirements of MIL·STD·883 
and the detail device performance paramo 
eters contained in each individual slash 
sheet, the answer is obviously no. However, 
National's 883B/RETSTM program does pro· 
vide parts which meet all of the screening 
requirements of the MIL·STD·883 specifica· 
tion and which have been subjected to all of 
the M I L·M·3851 0 controls (except for 
domestic assembly). 



TABLE III. SAMPLE MIL·M·38510 LISTING 

GOVERNMENT DESIGNATION 
TEST REPORT 

MANUFACTURER'S NAME DEVICE I DEVICE I CASE I LEAD MATERIAL NUMBER 
TYPE* CLASS OUTLINE AND FINISH 

M385101008 
01 S only A C 38510-953-81 National Semiconductor Corp. 

01 B C A 38510-953-81 National Semiconductor Corp. 
02 D B 38510-30-7T 

03 B C A 38510-520-83 National Semiconductor Corp. 
B 

·"M38510" is the military designator for Mll-M-38510. The QPl shows this notation even though the parts' are fully qualified devices and are 
marked JM38510/XXXXXYYY. 

Q. WHAT DOES A QPL LISTING LOOK LIKE 
AND HOW DO YOU READ IT? 

A. Sample QPL listings are shown in Table III. 

J M3851 0100801 SAC 
JM38510100801 BCA 
JM38510100801 BCB 
JM38510100801 BDA 
JM38510100801 BDB 
JM38510100802BCA 
JM38510100802BCB 
JM38510100802BDA 
JM38510100802BDB 
J M 3851 0100803 BCA 
JM38510100803BCB 

Q. WHAT QUALITY CONFORMANCE TESTS 
ARE CONDUCTED? ARE ALL DEVICES IN 
A GENERIC FAMILY EVENTUALLY SUB­
JECTED TO QUALITY CONFORMANCE 
TESTING? 

A. For B level devices quality conformance 
tests must be conducted as follows: 

Group A-Each inspection lot or sublot. 

Group B-Each inspection lot for each,pack-
age type and lead finish on each 
detail specification_ 

Group C-Periodically at 3-month intervals 
-on one device type or one inspec­
tion lot from each mircocircuit 
group in which a manufacturer has 
qualified device types (die related 
tests). 

, 
Group D-Periodically at a 6-month interval 

for each package type for which a 
manufacturer holds qualifications 
(package related tests). 

Different devices within a generic family are 
chosen for successive quality conformance 
tests until all of the devices have been sub­
jected to testing. The sequence is then re­
peated. The manufacturer must submit attri­
butes data to DESC for all quality confor­
mance tests performed. 
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Q. HOW IS AN INSPECTION LOT DEFINED? 

A. For Class B devices, each inspection lot shall 
consist of microcircuits of a single device 
type, in a single package type and lead finish, 
or may consist of inspection sublots of sev­
eral different device types, in a single pack­
age type and lead finish, defined by a single 
detail specification. Each inspection lot shall 
be manufactured on the same production 
line(s) through final seal by the same produc­
tion techniques, and to the same device 
design rules and case with the same material 
requirements, and sealed. within the same 
period not exceeding 6 weeks. 

Q. WHAT IS NATIONAL SEMICONDUCTOR'S 
COMMITMENT TO MIL-M-38510? 

A. National Semiconductor is convinced that 
the level of standardization offered by a pro­
gram like MIL-M-38510 is the key to long-term 
military component procurement viability. 
We have a corporate commitment to MIL-M-
38510. We believe that the program will be of 
significant benefit in lessening the problem 
of product obsolescence, for the volume pro­
vided will help to keep many key devices in 
production. We believe that the program will 
make possible the procurement of devices in 
small quantities with reasonable lead times 
for long-term spares or field maintenance 
requ irements. 

National Semiconductor will continue to 
maintain a broad base of line certifications 
and an extensive Ii~t of Class B and Class S 
device qualifications. We will continue to 
work with the Department of Defense, con­
cerned users, and other semiconductor man­
ufacturers to update and redefine the appli­
cable specifications. We feel that this level of 
support is essential if MIL-M-38510 is to re­
main the strongest standardization program 
available. 

ln addition, we will continue to add capacity 
and to build up substantial inventories of a 
large spectrum of products to ensure the 



availability and the lead times that are 
needed for key military programs. 

National Mil/Aero Standardization 
Programs 

Your customer has imposed upon you reo 
quirements for product reliability that you must 
meet on every single component you buy. In 
most cases, these requirements mandate that 
you buy JAN MIL·M·38510 parts where they are 
available, and that all other devices must be as 
close to JAN as is achievable. We don't consider 
this unreasonable. In fact, we believe that this is 
the only reasonable and intelligent approach. 

To meet this objective, we designed our 883BI 
RETS program around requirements that were 
already imposed for the MIL·M·38510 program.* 
We realize that there are many so·called stan· 
dardization programs available in the market· 
place which lack the compliance that you need. 
Our 883B/RETS program is totally compliant. We 
invite you to make this comparison between 
what we offer and what you need. Our screening 
flow, our 5% PDA, our quality conformance test 
frequency, and the other items that you consider 
important, match exactly the requirements 
defined in MIL·M·38510. * * If they did not, we 
could not offer Total Standardization. 

Standardization provides the manufacturing effi· 
ciencies needed by the semiconductor manufac­
turers if they are to meet military semiconductor 
needs. To the user, standardization offers the 
highest guarantee of quality and reliability· 
through production consistency and uniformity. 
The most significant benefit of standardization 
to the Department of Defense, however, is that it 
ensures the availability of component level 
spares to key programs with the pricing, deliv­
ery, and reliability needed for the field support 
and maintenance of our key defense electronics 
systems. 

National's MIL·M·38510 Emphasis 

To implement this view of standardization, we 
have based our entire approach to military 
screening upon the Class S and Class B require­
ments of MIL-M·38510. We are convinced that to 
do less than this would be to provide an inferior 
product, one that does not meet the true needs 
of the Department of Defense. Our 883B/RETS 
microcircuits are processed through the most 
comprehensive and compliant Class B screen­
ing program offered by any semiconductor man-

"Requirements that were subsequently incorporated into MIL· 
STD-883 

""and MIL·STD-883_ 
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ufacturer. We have tried to emulate MIL·M·38510 
to the fullest extent pOSSible, with the same pro· 
duction controls, calibration schedules, rework 
and resubmission procedures, operator certifi· 
cation requirements, and all of the other key ele· 
ments of MIL·M·38510. The procedures that we 
employ in the production of MIL·M·38510 de· 
vices are used for all of the military devices we 
manufacture. 

Our 883S/RETSTM microcircuits are processed 
through a screening flow that matchs the MIL·M· 
38510 Class S flow exactly. Our commitment to 
MIL·M·38510 Class S is such that once qualified 
for a given device type we will sell that part only 
as a JAN Class S part. Class S QPL listing will 
result in the immediate removal from production 
of the 883S/RETS version of the device. 

National's Commitment 

But compliance flows are obviously meaning· 
less unless the capacity is in place to support 
them. We have the industry's largest screening 
capacity. Over the past few years we have rein· 
vested substantial sums in additional capital 
equipment in both buildings and the equipment 
with which to fill those buildings. Our Tucson, 
Arizona plant was the first plant in the entire in· 
dustry to be totally dedicated to the production 
of military integrated circuits. We will continue 
to add capacity for military assembly and test, 
even during those periods when others turn 
away from the military marketpla.ce in pursuit of 
what they view to be the more attractive com· 
mercial market. We feel that a commitment to 
the needs of the military/aerospace user com· 
munity should not be based upon the conditions 
encountered in the commercial marketplace. We 
have no plans for other than a continued long· 
term commitment to military/aerospace compo· 
nent production and screening. And we will not 
deviate from the highest standards of quality 
and reliability in our execution of that commit· 
ment. There are no shortcuts to semiconductor 
reliability. It can only be achieved through rigid 
adherence to established standards. 

However, we also acknowledge the quite obvi· 
ous fact that through refinement and redefini· 
tion, standards are subject to change. As those 
changes occur, we will update our current proce· 
dures to reflect the changes that find their way 
into MIL·M·38510 and MIL·STD·883. We will, 
where our understanding of semiconductor reli· 
ability and screening indicates the need, actively 
pursue those changes that we feel will allow our 
industry to provide a better product to the sys· 
tems manufacturers. We will also steadfastly 
resist those changes Which we feel sacrifice reli 
ability to the less important question of 
expediency. 



National's Standard Programs 

MIL-M-38510 is the key military standardization 
program for ICs. National is equally committed 
to the support of the requirements of the space 
segment of the market for MIL-M-38510 Class S 
devices. To support these needs we have estab­
lished dedicated Class S assembly and test 
facilities. The realization that users could not 

. obtain all the device types they required through 
these programs led National's Military/Aero­
space Products Group to the development of 
two of the strongest and most compliant in­
house programs in the industry. National pro­
grams for 883B/RETS and 883S/RETS microcir­
cuits provide the systems manufacturer with an 
easy mechanism for obtaining those devices not 
listed on the MIL-M-38510 QPL. In response to 
other user needs, National also developed a pro­
gram for radiation hardened devices (both 
CMOS and linear), a comprehensive program for 
radiation susceptibility testing for Class S 
devices, and a program for the production of 
devices in lead less chip carriers (LCCs). 

RETS and Burn·ln 

One of the primary advantages of MIL-M-38510 is 
its clear definition and standardization of elec­
trical test and burn-in requirements. One of the 
major drawbacks seen in the standard reliability 
screening programs of most semiconductor 
manufacturers is that electrical testing is invari­
ably performed to some document that is not 
available to the user. The user has the right to 
know what he is buying. At National that testing 
is never vague or undefined. Both in-house pro­
grams (883B/RETS and 883S/RETS) are based 
upon a document called the RETS (an acronym 
for Reliability Electrical Test Specification. The 

. RETS is a simplified but complete description of 
the testing performed as part of National's stan­
dard Rei electrical test programs, and is con­
trolled by our QA department. The burn-in cir­
cuits and electrical test parameters for the MIL­
M-38510 Class S and Class B devices produced 
by National Semiconductor are defined by the 
applicable detail specification. 

Ordering ICs from National 

Ordering National Semiconductor High Reliabil­
ity integrated circuits is very simple. National 
sales offices and sales representatives can pro­
vide price and delivery information on our entire 
line of JM38510 Class B, JM38510 Class S, 883B/ 
RETS and 883S/RETS microcircuits. A large 
percentage of these devices are available from 
inventory at either the factory or at one of our 
many distributors. 
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Ordering to Control Specifications 

We also acknowledge the fact that many military 
systems manufacturers must, for contractual 
purposes, maintain their own specifications for 
many of the devices that they purchase. We have 
no objection to the use of contractor prepared 
procurement specifications, for we have found 
that the majority of these documents are written 
in compliance with the requirements of MIL-M-
38510. Where this is true, we have found that 
they are also totally compatible with our in­
house standardization programs. Where draw­
ings submitted to National differ from the 
requirements outlined in MIL-M·38510, we wel­
come the opportunity to work with our custom­
ers to develop specifications which do meet the 
intent of MIL-M-38510. 

Where customer specifications and our 883B/ 
RETS' product specifications correspond, we 
have the ability to expedite delivery by adding 
the customer part number. in addition to the 
basic 883B/RETS part number. Customers who 
understand our program and wish to use the pro­
gram in their parts procurement may order by 
placing "M/O" after their part number on their 
purchase order, thus allowing us to mark their 
part number on our 883B/RETS devices without 
the lengthy delay normally required for a com­
prehensive specifications review cycle. We have 
tried to provide programs that offer the maxi­
mum level of flexibility within the constraints of 
standardization. 

Standardization is the key to cost-effective pro­
curement of high reliability semiconductor de­
vices. National Semiconductor Corporation is 
committed to that standardization. 

Military Processing: A Corporate Commitment 

The National Semiconductor Military/Aerospace 
Products Division draws upon the total re­
sources of National Semiconductor. National is 
one of the world's largest manufacturers of 
semiconductor products, offering the largest 
number of product types available from any sin­
gle source in the industry. This product line is 
growing faster than that of any other worldwide 
semiconductor manufacturer. Each new product 
is carefully evaluated for possible military/aero­
space usage potential, and new product designs 
must comply with the reliability and quality con­
straints required by that segment of the in­
dustry. All new product designs are targeted to 
full military temperature range operation. 

In addition, a dedicated Reliability Engineering 
Department within the Military/Aerospace Prod-



ucts Division coordinates burn-in circuit design, 
test tape development, test fixturing, support 
documentation, and new product release paper­
work to ensure the earliest possible introduction 
of fully compliant 883B/RETS versions of the 
new'products introduced by the company. 

We are able to do this well, for National is no new­
comer to this business. Founded in Danbury, 
Connecticut in 1959, National acquired an entire 
new management team in 1967 and moved cor­
porate headquarters to Santa Clara, California. 
The new management team focused its atten­
tion on the transistor product line, and rapidly 
made that line profitable. Then the company's 
talents were turned to the development of linear, 
digital, and MOS integrated circuits - the 
fastest-growing segments of the semiconductor 
marketplace. Finally, an OEM representative and 
distributor network was established to develop 
and service a broad customer base, and facili­
ties were added around the world to provide 
competitive products to worldwide markets. 

The Reliability Test Department was initially 
formed in 1968 and rep'orted at that time to the 
Director of Quality Assurance. The Rei Depart­
ment developed the same rapid growth rate that 
the company as a whole had shown. From a 
small staff occupying several thousand square 
feet in Santa Clara, these reliability test opera­
tions grew until today they employ over 3000 
people worldwide. Well over 200,000 square feet 
are devoted to the testing and assembly of high 
reliability products. During 1981, the Military/ 
Aerospace Products Group became the Military/ 
Aerospace Products Division.· The company is 
currently involved in a number of military re­
search and development programs, including a 
Phase I VHSIC contract. 

VHSIC involvement was natural since National's 
technological leadership has enabled the com­
pany'to consistently be one of the major sup­
pliers of military/aerospace semiconductors. 
Having continued to develop a high technology 
image through the development of Megarad 
hardened CMOS and linear device types, and the 
development of Tricode ™ logic, National is now 
expanding technology frontiers in· the areas of 
memory, microprocessor, and data acquisition 
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products. As a result of all this innovation, 
National has become the only company in the 
entire semiconductor industry capable of pro­
viding high reliability devices from all of the 
following product lines: 

linear 
hybrid 
CMOS logic 
Megarad CMOS logic 
bipolar memory 
MOS RAMs 
CMOS RAMs 
MOS EPROMs 
CMOS EPROMs 
MOS EEPROMs 
data acquisition devices 
standard TTL 
low power TTL 
low power Schottky 
standard Schottky 
interface devices 
bipolar microprocessors 
MOS microprocessors 
CMOS microprocessors 
COPSTM microcontrollers 
high-speed CMOS Schottky 
advanced low power Schottky 
advanced Schottky 

National Semiconductor has wafer fabrication 
plants in Santa Clara, California; Salt Lake City, 
Utah; Arlington, Texas; and Danbury, Connecti­
cut. Many of these fabrication plants, along with 
our assembly and test lines in Santa Clara, Cali­
f9rnia and Tucson, Arizona, have been fully certi­
fied for the production of Class S and Class B 
MIL-M-38510 circuits. 

To support the requirements of the Class S mar­
ketplace, we have our own SEM and radiation 
testing facilities. Our screening capabilities are 
backed up by one of the most extensive failure 
analysis labs in ·the industry. 

National is the leader in the military/aerospace 
integrated circuit market. We have achieved that 
leadership by offering an unmatched combina­
tion of technology, product breadth, under­
standing, commitment and capacity. 



883B/883S/RETS Screening Flows 
WAFER FABRICATION & 

DEVICE ASSEMBLY 
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MIL-STO-883 METHOD 2010 
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STABLILIZATION BAKE 
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NATIONAL OFF-THE-SHELF 
INVENTORY PROGRAM 

FIGURE 1: NATIONAL'S 883B/RETS CLASS B 
SCREENING FLOW 

NOTES: 
1. ALL MElHODS REFERENCED ARE MIL-STD-S83 TEST METHODS. 
2. THESE TESTS ARE PERFORMEO ON A SAMPLE BASIS. ALL OTHER 

TESTS ARE PERFORMED 100%. 
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FINAL elECTRICAL TESTS 
DC AT 125°C -55°C 

INCLUDING FUNCTIONAL TESTS) 
25°C AC 

FINE LEAK TEST 
(METHOD 1014. CONO. B) 

GROSS LEAK TEST 
(METHOD 1014. CONO. C) 

X-RAY INSPECTION 
(METHOO 2012) 

QUALITY CONFORMANCE TESTS 

NOTE 2 

NOTE 2 

NOTE 2 

NOTE 3 

NOTE 7 

NOTE 7 

NOTE 7 

NOTES 5. 7 

NOTE 5 

NOTE 7 

6. GROUP A AND BOND PULL AND DIE SHEAR TESTING OF GROUP B 
MAY BE PERFORMED ON-LINE. (METHOD 5005. GROUP A. NOTES 2. 6 

7. ALL ELECTRICAL TESTING SHALL BE IN ACCOROANCE WITH THE 
APPLICABLE RETS OR THE APPLICABLE MIL-S-38510 DETAIL 
SPECIFICATION. 

GROUP B. ANO GROUP 0) 

EXTERNAL VISUAL 
(METHOD 2009) 

FIGURE 2: NATIONAL'S 883S/RETS CLASS S 
SCREENING FLOW 
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CD40XX, 54CXX Product Availability 

The following list of products represents what is 
currently available for 883B. As new products 

are brought on board, notification will take place 
through news releases. For further data on the 
products and families, please contact your local 
sales office. . 

PACKAGE CROSS REFERENCE 

NSC RCA EQUIVALENT MOTOROLA EQUIVALENT 
PACKAGE ORDER NUMBER DESIGNATION DESIGNATION 

CD40XXMJ/883B CD40XXAF MC140XXAL Cavity DIP (J) 

CD40XXMD*/883B CD40XXAD - Cavity DIP (D) 

CD40XXMW/883B CD40XXAK - Cavity Flatpack (W) 

CD40XXMF*/883B - - Cavity Flatpack (F) 

CD40X~M E * 1883B CD40XXAL MC140XXAZ Leadless Ceramic Pack (E) 

·Contact marketing for curre!)t status. 

For B series, NSC order number is CD40XXBMXl883B. 

INDUSTRY ID NSC ID INDUSTRY ID NSC ID 

CD4000MJ/883 MM4600AJ/883 CD4016BMJ/883 ' MM4616BJ/883 
CD4000MW/883 MM4600AW/883 CD4016MJ/883 MM4616AJ/883 
CD4001 BMJ/883 MM4601 BJ/883 CD4016MW/883 MM4616AW/883 
CD4001 BMW/883 MM4601 BW/883 CD40160BMJ/883 MM54C160J/883 
CD4001 MJ/883 M M4601 AJ/883 CD40160BMW/8~3 MM54C160W/883 
CD4001 MW/883 MM460AW/883 CD40161 BMJ/883 MM54C161J/883 
CD4002BMJ/883 MM4602BJ/883 CD40161 BMW/883 MM54C161W/883 
CD4002BMW/883 MM4602BW/883 CD40162BMJ/883 M M54C162J/883 
CD4002MJ/883 MM4602BJ/883 CD40162BMW/883 M M54C162W/883 
CD4002MW/883 MM4602AW/883 CD40163BMJ/883 MM54C163J/883 
CD4006BMJ/883 MM4606BJ/883 CD40163BMJ/883 MM54C163W/883 
CD4006BMW/883 MM4606BW/883 CD4017BMW/883 MM4617BW/883 
CD4006MJ/883 MM4606AJ/883 CD40175BMJ/883 MM54C17J/883 
CD4006MW/883 MM4606AW/883 CD40175BMW/883 MM54C175W/883 
CD4007MJ/883 MM4607 AJ/883 CD4018BMW/883 MM4618BW/883 
CD4007MW/883 MM4607 AW/883 CD4019BMW/883 MM4619BW/883 
CD4008BMJ/883 MM4608BJ/883 CD40192BMJ/883 MM54C192J/883 
CD4008BMW/883 MM4608BW/883 CD40192BMW/883 MM54C192W/883 
CD4009MJ/883 MM4609AJ/883 CD40193BMJ/883 M'M54C193J/883 
CD4009MW/883 MM4609AW/883 CD40193BMW/883 M M54C193W/883 
CD4010MJ/883 MM4610AJ/883 CD40195BMW/883 MM54C195W/883 
CD4010MW/883 MM4610AW/883 CD4020BMJ/883 MM4620BJ/883 
CD40106BMJ/883 MM54C14J/883 CD4020BMW/883 MM4620BW/883 
CD40106BMW/883 MM54C14W/883 CD4020MW/883 MM4620AW/883 
CD4011 BMJ/883 MM4611 BJ/883 CD4021 BMJ/883 MM4621 BJ/883 
CD4011 BMW/883 MM4611 BW/883 CD4021 MJ/883 MM4621AJ/883 
CD4011 MJ/883 MM4611AJ/883 CD4021 MW/883 MM4621 AW/883 
CD4011 MW/883 MM4611AW/883 CD4022BMW/883 MM4622BW/883 
CD4012BMJ/883 MM4612BJ/883 CD4023BMJ/883 MM4623BJ/883 
CD4012BMW/883 MM4612BW/883 CD4023BMW/883 MM4623BW/883 
CD4012MJ/883 MM4612AJ/883 CD4023MJ/883 MM4623AJ/883 
CD4012MW/883 MM4612AW/883 CD4023MW/883 MM4623AW/883 
CD4014BMJ/883 MM4614BJ/883 CD4024BMW/883 ' MM4624BW/883 
CD4014ABMW/883 MM4614BW/883 CD4025BMJ/883 MM4625BJ/883 
CD4014MJ/883 MM4614AJ/883 CD4025BMW/883 MM4625BW/883 
CD4014MW/883 MM4614AW/883 CD4025MJ/883 MM4625AJ/883 
CD4015BMJ/883 MM4615BJ/883 CD4025MW/883 MM4625AW/883 
CD4015BMW/883 MM4615BW/883 CD4027BMW/883 MM4627BW/883 
CD4015MJ/883 MM4615AJ/883 CD4028BMW/883 MM4628BW/883 
CD4015MW/883 MM4615AW/883 CD4029BMW/883 MM4629BW/883 

15·12 



INDUSTRY ID NSC ID INDUSTRY ID NSCID 

CD4030MJ/883 MM4630AJ/883 MM54C02J/883 MM54C02J/883 
CD4030MW/883 MM4630AW/883 M M54C02W/883 MM54C02W/883 
CD4031 BMW/883 MM4631 BW/883 M M54C04J/883 MM54C04J/883 
CD4034BMF/883 MM4634BF/883 M M54C04W/883 MM54C04W/883 
CD4034 BMJ/883 MM4634BJ/883 M M54C08J/883 MM54C08J/883 
CD4035BMJ/883 MM4635BJ/883 M M54C08W/883 MM54C08W/883 
CD4035BMW/883 MM4635BW/883 M M54C1 OJ/883 MM54C10J/883 
CD4035MJ/883 MM4635BJ/883 MM54C10W/883 MM54C10W/883 
CD4040BMJ/883 MM4640BJ/883 MM54C107J/883 MM54C107J/883 
CD4040BMW/883 MM4640BW/883 MM54C14J/883 MM54C14J/883 
CD4040MJ/883 MM4640AJ/883 MM54C14W/883 MM54C14W/883 
CD4040MW/883 MM4640AW/883 MM54C150F/883 M M54C150F/883 
CD4041 MJ/883 MM4641AJ/883 MM54C150J/883 MM54C150J/883 
CD4041 MW/883 MM4641 AW/883 MM54C151J/883 MM54C151J/883 
CD4042BMW/883 MM4642BW/883 MM54C151W/883 MM54C151W/883 
CD4043BMJ/883 MM4643BJ/883 M M54C154J/883 MM54C154J/883 
CD4043MJ/883 MM4643AJ/883 M M54C157 J/883 MM54C157J/883 
CD4043MW/883 MM4643AW/883 M M54C157W/883 MM54C157W/883 
Cp4044MJ/883 MM4644AJ/883 MM54C160J/883 MM54C160J/883 
C D4044MW/883 MM4644AW/883 MM54C160W/883 MM54C160W/883 
CD4046BMJ/883 MM4646BJ/883 MM54C161J/883 MM54C161J/883 
CD4047BMW/883 MM4647BW/883 MM54C161W/883 MM54C161W/883 
CD4048BMW/883 MM4648BW/883 M M54C162J/883 MM54C162J/883 
CD4048MW/883 MM4648BW/883 M M54C162W/883 M M54C 162W/883 
CD4049MJ/883 MM4649AJ/883 MM54C163J/883 MM54C163J/883 
CD4049MW/883 MM4549AW/883 MM54C163W/883 MM54C163W/883 
CD4049U BMJ/883 MM4649UBJ/883 MM54C164J/883 MM54C164J/883 
CD4049UBMW/883 MM4649UBW/883 M M54C165J/883 MM54C165J/883 
CD4050BMW/883 MM4650BW/883 M M54C165W/883 MM54C165W/883 
CD4051 BMW/883 MM4651 BW/883 M M54C173J/883 MM54C173J/883 
CD4052BMW/883 MM4652BW/883 M M54C173W/883 MM54C173W/883 
CD4053BMW/883 MM4653BW/883 M M54C175J/883 MM54C173J/883 
CD4060BMJ/883 MM4660BJ/883 M M54C175W/883 MM54C175W/883. 
CD4060BMW/883 MM4660BW/883 MM54C192J/883 MM54C192J/883 
CD4066BMJ/883 MM4666BJ/883 MM54C192W/883 M M54C192W/883 
CD4066BMW/883 MM4666BW/883 M M54C193J/883 M M54C193J/883 
CD4066MJ/883 MM4666BJ/883 MM54C193W/883 MM54C193W/883 
CD4069MJ/883 MM54C04J/883 M M54C195J/883 MM54C195J/883 
CD4069MW/883 MM54C04W/883 M M54C195W/883 MM54C195W/883 
CD4070BMJ/883 MM54C86J/883 M M54C20J/883 MM54C20J/883 
CD4070BMW/883 MM54C86W/883 M M54C20W/883 MM54C20W/883 
CD4071 BMJ/883 MM4671 BJ/883 M M54C200D/883 MM54C200D/883 
CD4071 BMW/883 MM4671 BW/883 M M54C221 J/883 MM54C221J/883 
CD4072BMJ/883 MM4672BJ/883 M M54C221 W/883 MM54C221W/883 
CD4072BMW/883 MM4672BW/883 M M54C30J/883 MM54C30J/883 
CD4073BMJ/883 MM4673BJ/883 M M54C30W/883 MM54C30W/883 
CD4073BMW/883 MM4673BW/883 M M54C32J/883 MM54C32J/883 
CD4075BMJ/883 MM4675BJ/883 MM54C32W/883 MM54C32W/883 
CD4075BMW/883 MM4675BW/883 M M54C373J/883 M M 54C373J/883 
CD4076BMJ/883 MM54C173J/883 M M54C37 4J/883 M M54C37 4J/883 
CD4076BMW/883 MM54C173W/883 M M54C42J/883 MM54C42J/883 
CD4081 BMJ/883 MM4681 BJ/883 M M54C42W/883 MM54C42W/883 
CD4081 BMW/883 MM4681 BW/883 M M54C48J/883 MM54C48J/883 
CD4089BMJ/883 MM4689BJ/883 M M54C48W/883 MM54C48W/883 
CD4089BMW/883 MM4689BW/883 MM54C73J/883 MM54C73J/883 
CD4093BMJ/883 MM4693BJ/883 MM54C73W/883 MM54C73W/883 
CD4093BMW/883 MM4693BW/883 MM54C74J/883 M M54C7 4J/883 
CD4099BMJ/883 M M4699 BJ/883 MM54C74W/883 MM54C74W/883 

MM54COOJ/883 MM54COOJ/883 
M M54C76J/883 MM54C76J/883 

MM54COOW/883 MM54COOW/883 
M M54C76W/883 MM54C76W/883 
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INDUST~Y 10 NSC ID INDUSTRY ID NSCID 

MM54C83J/883 M M54C83J/883 MM54C903W/883 MM54C903W/883 
M M54C85J/883 MM54C85J/883 M M54C904J/883 M M54C904J/883 
MM54C85W/883 MM54C85W/883 M M54C904W/883 M M54C904W/883 
MM54C86J/883 M M54C86J/883 MM54C905J/883 MM54C905J/883 
MM54C86W/883 MM54C86W/883 M M54C906J/883 MM54C906J/883 
MM54C89J/883 MM54C89J/883 M M54C906W/883 M M54C906W/883 
M M54C89W/883 MM54C89W/883 MM54C907J/883 M M54C907 J/883 
M M54C90J/883 MM54C90J/883 M M54C907W/883 M M54C907W/883 
MM54C901J/883 M M54C901 J/883 M M54C914J/883 MM54C914J/883 
MM54C901W/883 MM54C901W/883 M M54C914W/883 MM54C914W/883 
M M54C902J/883 M M54C902J/883 MM54C93J/883 MM54C93J/883 
M M54C902W/883 M M54C902W/883 M M54C941 J/883 M M54C941 J/883 
M M54C903J/883 M M54C903J/883 MM54C95J/883 MM54C95J/883 

54HC/54HCT Product Availability ,are brought on board, notification will take place 
through news releases. For further data on the 

, products and families, please contact your local 
sales office. 

The following list of products represents what is 
currently available for 883B. As new products 

PACKAGE CROSS REFERENCE 

NSC ORDER NUMBER MOTOROLA EQUIVALENT DESIGNATION PACKAGE 

54HC/HCTXXJ/883B 54HC/HCTXXBCAJC Cavity DIP (J-14) 

54HC/HCTXXJ/883B 54HC/HCTXXBEAJC Cavity DIP (J-16) 

54HC/HCTXXJ/883B 54HC/HCTXXBRAJC Cavity DIP (J-20) 

54HC/HCTXXJ/883B 54HC/HCTXXBJAJC Cavity DIP (J-24) 

54HC/HCTXXW/883B - Cavity Flatpack (W) 

54HC/HCTXXE*/883B 54HC/HCTXXBZAJC Leadless Ceramic Pack (E) 

·Contact marketing for current status. 

INDUSTRY ID NSC ID INDUSTRY 10 NSC ID 

MM54HCOOJ/883 MM54HCOOJ/883 M M54HC139J/883 MM54HC139J/883 
MM54HCOOW/883 M M54HCOOW/883 MM54HC139W/883 MM54HC139W/883 
M M54HC02J/883 MM54HC02J/883 M M54HC14J/883 MM54HC14J/883 
M M54HC02W/883 MM54HC02W/883 M M54HC14W/883 MM54HC14W/883 
M M54HC04J/883 MM54HC04J/883 MM54HC147J/883 MM54HC147J/883 
M M54HC04W/883 MM54HC04W/883 MM54HC147W/883 MM54HC147W/883 
M M54HC08J/883 MM54HC08J/883 MM54HC151J/883 MM54HC151J/883 
MM54HC08W/883 MM54HC08W/883 M M54HC151 W/883 MM54HC151W/883 
MM54HC10J/883 MM54HC10J/883 M M54HC153J/883 MM54HC153J/883 
M M54HC1 OW/883 MM54HC10W/883 M M54HC153W/883 M M54HC153W/883 
MM54HC107J/883 MM54HC107J/883 M M54HC154J/883 M M54HC154J/883 
MM54HC107W/883 MM54HC107W/883 M M54HC154W/883 M M54HC154W/883 
MM54HC11J/883 MM54HC11J/883 M M54HC157 J/883 MM54HC157J/883 
MM54HC11W/883 MM54HC11W/883 M M54HC157W/883 MM54HC157W/883 
M M54HC112J/883 MM54HC112J/883 M M54HC158J/883 MM54HC158J/883 
MM54HC112W/883 MM54HC112W/883 M M54HC158W/883 M M54HC158W/883 
MM54HC113J/883 MM54HC113J/883 MM54HC160J/883 M M54HC160J/883 
MM54HC113W/883 MM54HC113W/883 M M54HC160W/883 M M54HC160W/883 
MM54HC123J/883 MM54HC123J/883 MM54HC161J/883 MM54HC161J/883 
M M54HC123W/883 M M54HC123W/883 M M54HC161 W/883 MM54HC161W/883 
MM54HC133J/883 MM54HC133J/883 M M54HC163W/883 MM54HC163W/883 
MM54HC133W/883 MM54HC133W/883 MM54HC164J/883 MM54HC164J/883 
MM54HC138J/883 MM54HC138J/883 M M54HC164W/883 MM54HC164W/883 
M M54HC138W/883 MM54HC138W/883 MM54HC165J/883 MM54HC165J/883 

15·14 



INDUSTRY ID NSC ID INDUSTRY ID NSC ID 

MM54HC165W/883 MM54HC165W/883 MM54HC30J/883 MM54HC30J/883 
MM54HC174J/883 MM54HC174J/883 MM54HC30W/883 MM54HC30W/883 
MM54HC174W/883 MM54HC174W/883 MM54HC32J/883 M M54H C32J/883 
MM54HC175J/883 MM54HC175J/883 MM54HC32W/883 MM54HC32W/883 
M M54HC175W/883 MM54HC175W/883 MM54HC365J/883 MM54HC365J/883 
MM54HC192J/883 MM54HC192J/883 MM54HC365W/883 MM54HC365W/883 
M M54HC192W/883 MM54HC192W/883 MM54HC373J/883 MM54HC373J/883 
M M54HC193J/883 MM54HC193J/883 M M54HC373W/883 MM54HC373W/883 
M M54HC193W/883 MM54HC193W/883 MM54HC374J/883 MM54HC374J/883 
M M54HC20W/883 MM54HC20W/883 MM54HC374W/883 MM54HC374W/883 
M M54HC240J/883 M M54 H C240J/883 M M54HC393J/883 MM54HC393J/883 
M M54 H C240W/883 M M54HC240W/883 MM54HC393W/883 MM54HC393W/883 
MM54HC242J/883 MM54HC242J/883 M M54HC4543J/883 MM54HC4543J/883 
M M54HC242W/883 MM54HC242W/883 M M54HC4543W/883 MM54HC4543W/883 
MM54HC243J/883 MM54HC243J/883 M M54HC534J/883 M M54HC534J/883 
MM54HC243W/883 MM54HC243W/883 MM54HC534W/883 MM54HC534W/883 
MM54HC244W/883 MM54HC244W/883 MM54HC73J/883 MM54HC73J/883 
MM54HC245J/883 MM54HC245J/883 M M54HC73W/883 MM54HC73W/883 
MM54HC245W/883 MM54HC245W/883 MM54HC74J/883 MM54HC74J/883 
MM54HC251J/883 MM54HC251J/883 MM54HC74W/883 MM54HC74W/883 
MM54HC251W/883 MM54HC251W/883 M M54HC75J/883 M M54HC75J/883 
M M54 H C259J/883 MM54HC259J/883 M M54HC75W/883 MM54HC75W/883 
MM54HC259W/883 MM54HC259W/883 MM54HC76J/883 MM54HC76J/883 
M M54HC27 J/883 MM54HC27J/883 MM54HC76W/883 MM54HC76W/883 
MM54HC27W/883 MM54HC27W/883 M M54HC86J/883 M M54HC86J/883 
M M54 H C299J/883 MM54HC299J/883 M M54HC86W/883 MM54HC86W/883 
MM54HC299W/883 MM54HC299W/883 
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RADIATION HARDENED TECHNOLOGIES 
FROM NATIONAL SEMICONDUCTOR 

For many years, military, aerospace and satellite 
programs have depended on bipolar transistor 
and integrated circuit technology in the fabrica­
tion of airborne systems. Development of bI­
polar technology is an outgrowth, in part, of avi­
onics and space applications needs. Despite 
their relatively high immunity or resistance to 
high levels of both constant and burst radiation 
in the form of gamma rays, x-rays, cosmic rays, 
and so on, bipolar d~vlces have two drawbacks: 
a susceptibility to damage from neutron fluxes, 
and high power consumption, which adds to the 
power supply requirements and subtracts from 
the usable payload of spacecraft and missiles. 
In addition, recent decreases iri bipolar feature 
sizes and changes in bipolar design and fabrica­
tion techniques have led to bipolar devices 
which exhibit the same level of susceptibility to 
ionizing radiation that had historically been 
seen in MOS devices. The spacecraft and mis­
sile industry has long needed a radiation hard­
ened logic technology with low power consump­
tion that would readily lend itself to reliable 
fabrication processes with reasonable repeat­
ability. The purpose of this brochure is to pro­
vide some information to the potential user re­
garding National Semiconductor's solutions to 
radiation problems. 

CMOS Radiation Hardened Products 

Over the years, the development of sophisti­
cated space, satellite and military systems and 
mission requirements fostered an active search 
for a radiation hardened logic circuit technology 
that consumes less power and offers a higher 
degree of circuit integration on a single silicon 
chip. Metal oxide semiconductor (MOS) devices, 
particularly complementiiry" MOS (CMOS), pro­
vided just such an alternative. But standard 
CMOS devices, even those qualified to MIL-M-
38510 (JAN) requirements, proved sensitive to 
relatively low levels of gamma (or total dose) 
radiation, as low in many cases as 3 x 103 rads 
(Si)1. Early generations of mass-producible spe­
cifically radiation hardened CMOS devices were 
able to withstand only 105 rads (Si), while many 
space, satellite and missile systems require cir­
cuitry resistance levels at least ten times higher, 
106 rads (Si). 

National Semiconductor developed a solution to 
this problem: a complete line of megarad hard­
ened CMOS logic products utilizing a radiation 

1. One rad (SI) Is the. quantity of any type of Ionizing radiation 
which Imparts 100 ergs of energy per gram of silicon. 
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hardening process that is compatible with vol· 
ume processing. Products hardened to with· 
stand 10 megarads [devices capable of tolerat· 
ing total dose radiation of 107 rads (Si)) are the 
result of an intensive multi-year research and de· 
velopment program in. cooperation with Sandia 
Laboratories (Albuquerque, NM). This program 
has enabled National Semiconductor to offer 
radiation hard versions of virtually our entire 
metal·gate CMOS product line. 

Devices. ranging in complexity from simple 
gates to large scale integration (LSI) random 
access memories have been hardened using the 
processes we developed. The achievement of. 
this level of radiation resistance in a mass pro· 
duction CMOS process req"uired that we imple· 
ment major modifications to the basic commer· 
cial process, in the gate oxidation, substrate and 
P·tub surface concentrations, and metallization. 
We are currently in the process of research and 
development efforts aimed at extending these 
radiation improvements into complex metal gate 
devices (such as analog·to·digital converters 
and gate arrays), and into silicon gate pro· 
cesses. This will enable us to provide radiation 
hardened devices within our 54HC logic family, 
our p2CMOS memories and microprocessors, 
and our M2CMOS gate arrays. 

Bipolar vs. CMOS 

Bipolar devices and CMOS devices respond dif· 
ferently to different forms of radiation as are· 
sult of basic differences in both structure and 
operation. As Figure 1 shows, bipolar devices 
depend upon the diffusion of minority carriers 
for current flow through the base region. When 
bipolar devices are subject to neutron Irradia· 
tion, the resulting crystal damage decreases 
minority carrier lifetime, causing severe perfor· 
mance degradation. On the other hand, bipolar 
devices are usually relatively insensitive to sur· 
face effects resulting from charge buildup In the 
oxide layer. Thus Ionizing radiation has little ef· 
fect on many bipolar structures. However, some 

FIGURE 1: BIPOLAR Ie TRANSISTOR 



recently developed bipolar technologies contain 
unhardened parasitic MaS structures as a result 
of the oxide Isolations and walled emitter pro­
cesses that they utilize. 

CMOS devices (see Figure 2) are surface effect 
devices. The equivalent operating elements, 
gate, source and drain, are at the surface, and 
the flow of current occurs horizontally across 
the device, very close to the silicon/silicon­
dioxide interface. Their characteristics are de­
termined by electrostatic conditions at the sili­
con/silicon-dioxide interface. Carriers originate 
in the source region, and CMOS devices depend 
upon majority carriers for their operation. They 
are therefore not seriously affected by the 
minority carrier lifetime degradation resulting 
from neutron irradiation. They are, however, sus­
ceptible to charge in the oxide or at the oxide­
substrate interface. Although gamma radiation 
will ionize both the oxide and the substrate, the 
resulting ionic charge cannot become trapped in 
the relatively conductive substrate as easily as it 
can be trapped in the insuiating oxide. CMOS 
devices are therefore much more susceptible' 
than bipolar devices to degradation from gamma 
radiation. 

FIGURE 2: CMOS IC TRANSISTOR 

CMOS Ie Transistor Structures 

Complementary MaS, or CMOS, combines two 
types of MaS devices, P-channel and N·channel 
structures, into a single functioning unit. The 
lower power dissipation and high stability re­
sulting from this complementary combination is 
particularly attractive in the design of portable 
battery-powered 'electronic units, or for applica­
tions where a battery provides standby power. 

MaS structures, both N- and P-types, perform in 
two modes; enhancement and depletion. In an 
N-channel enhancement mode MOS device, for 
example, the gate controls the current flow be­
tween the source and drain. In this device, when 
a positive voltage is applied to the gate with re­
spect to the source, a field is set up across the 
gate dielectric, producing a negatively charged 
conductive path, a channel, between the source 
and the drain. This is known as an enhancement 
mode device because zero gate to source volt-
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age turns off the device. In the alternative mode, 
depletion, current flows despite the gate voltage 
being zero, because sufficient charge is present 
at the silicon/silicon-dioxide interface to induce 
a conductive path between the device source 
and drain regions. The P-channel MaS transistor 
is similar to the N-channel alternative, except 
that negative voltage applied to the gate, with 
respect to source, induces a positively charged 
conductive path between source and drain to 
turn the device on. 

Conventional CMOS logic circuits are produced 
with only enhancement mode N- and P-channel 
devices. The process is designed to give turn on 
(threshold) voltage values for both types of de­
vices which insure proper circuit performance. 
Figure 3 illustrates the cross section of a CMOS 
structure connected in a simple inverter config­
uration. To form the standard metal gate CMOS 
structure, a lightly doped P-tub is formed by dif­
fusion into an N-type substrate with the tub be­
coming the substrate for the N-channel transis­
tor. The N + and P + impurities are diffused into 
P-tub and N-substrates to become the N- and P­
channel transistors' source and drain regions, 
respectively. These diffusions also serve as con­
tacting regions to the positively biased N-sub­
strate and the normally grounded P-tub regions 
(V DD and V ss' respectively). 

VOO 

SILICON 
WAFER 

FIGURE 3: CMOS TRANSISTOR STRUCTURE 
IN SIMPLE INVERTER 
CONFIGURATION 

A gate oxide is grown such that a thin film of di­
electric oxide material bridges all source/drain 
regions. Finally, contact apertures are etched to 
the source/drain regions and an aluminum film 
evaporated and etched to form gate electrodes, 
contacts to device terminals, and interconnect-' 
in~ conductor lines. 

Effects of Ionizing Radiation 

A CMOS transistors' radiation resistance is 
primarily determined by formation of the gate 
structures in both P-channel and N·channel de­
vices. The gate structures are used to turn the 
MOS devices on or off; that is, to enable or pre­
vent a flow of current from the source to the 



drain. Ionizing radiation induces unwanted posi­
tive charge into the. gate oxide structure, result­
ing in lower threshold voltages for both actual 
circuit devices and parasitic field oxide devices 
by as much as 30V or more. Figure 4 shows the 
charge buildup mechanisms in an N-channel 
gate oxide during irradiation under wo~st-case 
bias. In establishing a radiation hardened CMOS 
process, it is necessary to incorporate proces­
sing steps which minimize these radiation­
induced shifts in critical locations of the IC 
structure. 

FIGURE 4: CHARGE BUILDUP MECHANISMS 
IN AN N·CHANNEL GATE OXIDE 
DURING IRRADIATION UNDER 
WORST·CASE BIAS 

The impact of radiation-induced oxide charge on 
operating CMOS devices is to decrease the N· 
channel threshold voltage, VTN , and increase the 
magnitude of the P-channel threshold voltage, 
VTP• The most serious problem occurs when suf­
ficient reduction in VTN occurs to cause the 
N·channel device to go from enhancement to de­
pletion mode operation. This results in exces­
sive power supply current drain and loss of cir­
cuit functionality. The most severe stress on an 
N·channel device occurs when its gate is posi- . 
tively biased during irradiation. This causes pos· 
itive charge in the oxide to be driven closer to 
the Si-Si02 interface where it is more effective 
in causing· inversion at the P-type substrate 
surface. . 

In normal operation, positive bias can,not appear 
between the gate and substrate of P-channel 
devices because the substrate is already at the 
most positive circuit potential, Voo. The abso­
lute value of VTP always increases with exposure 
to Irradiation, and the magnitude of the shift is 
usually smaller than the VTN shift. The effect of 
the VTN is less deleterious to circuits, however, 
since the devices will never reach depletion 
mode. 

CMOS Process Modification 

Gate Oxidation 

To minimize both the radiation-induced positive 
oxide charge and formation of Si-Si02 interface 
states, a dry oxidation step is used. The gate 
oxide is thermally grown in a dry oxygen atmo­
sphere at 1000°C, followed by a nitrogen anneal 
at 850°C. This cycle has been empirically found 
to produce oxides having a high degree of resis­
tance to ionizing radiation effects as well as ex­
cellent pre-radiation MOS characteristics.2 The 
need to thermally grow gate oxides at 1000°C in 
dry oxygen for optimal radiation hardness is one 
of the more intriguing aspects of this experi­
mentally deduced cycle. 

Metallization 

A by-product of the E-beam aluminum evapora­
tion process commonly used in commercial IC 
fabrication is soft X-radiation. This radiation pro­
duces the same type of positive charge in the 
gate oxide and interface states which a radiation 
hardened oxide should resist. Although these 
harmful effects in the gate oxide can be removed 
by an anneal cycle, the annealled devices are 
significantly less resistant to subsequent ioniz­
ing radiation. Use of a non·E-beam metallization 
technique circumvents the problem of high 
threshold shifts due to irradiation under zero 

" and negative gate bias associated with soft 
X-ray damage. For this reason, induction heated 
evaporation of aluminum is used to fabricate 
radiation hardened CMOS products .. 
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Substrate a~d P-Tub Surface 

The deleterious effect of ionizing radiation on 
VTN and VTP values in a CMOS device can be 
minimized through process modification. In an­
ticipati9n of these threshold voltage shifts, radi­
ation hardened CMOS devices are designed with 
the initial value of VTN as high as possible and 
VTP as close to zero as possible without sacrific­
ing pre-radiation circuit performance. Both the 
substrate resistivity and the P-tub surface con­
centration have been modified with the initial 
value of VTN being increased to 1.8 volts from 
the standard value of 1.3 volts and VTP being 
changed from the standard -1.7 volts to -1.3 
volts. 

2. W. R. Dawes, Jr., G. F. Derbenwich and B. L. Gregory, "Pro· 
cess Technology for Radiation Hardened CMOS Integrated 
Circuits," IEEE Journal of Solid State Circuits, SC-11, No.4, 
p. 459, August 1976. 



Performance Characteristics 

Extended Total Dose Rate [to 108 Rads (Si)] 

Data generated in the course of our testing indi­
cates that the resistance of our CMOS products 
extends at least one order of magnitude above 
the 107 level we now offer. Figure 5 illustrates 
measured shifts from pre-irradiation values in 
P-and N-channel threshold voltage, VTP and VTN , 

respectively, up to total dose levels of 108 rads 
(Si). Of special interest is the change in slope of 
the VTN versus dose characteristic at levels just 
above the 106 rads (Si). At this level, a reduction 
in the net positive charge trapped in the gate 
oxide is observed. This causes VTN to-return 

3 
~ 

> I 

toward its initial value as dose level is increased 
even further while increases in VTP still remain 
within reasonable limits for satisfactory circuit 
operation. 

The distributions of the VTN and VTP data are 
found to be normal both before and after irradia­
tion. The mean value of VTN and VTP ' and the 
standard deviation from the mean for both N­
and P·channel devices, remain fairly constant 
from the unirradiated state through 106 rads (Si) 
dosage. The values shown remain well above the 
300mV VTN lower limit, below which the device 
would tend toward N-channel depletion mode 
behavior with a risk of lost circuit functionality 
as well as excessive supply current drain. 
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FIGURE 5: VARIATION OF VTN AND VTP WITH RADIATION 

101 

lSI 

INITIAL 2.5/'A AVG 

MSI 

INITIAL 11 nA AVG 

Figure 6 illustrates the supply quiescent current 
(Iss) variation as a function of dose. Since Iss is a 
function of die size, curves have been plotted for 
three levels of integration, 551, MIS, and LSI. In 
~I cases, the leakage level at 106 rads (Sij does 
not increase by more than an order of magnitude 
from the initial value. The 30ltA reading at 106 

rads (Si) for LSI is far below the high tempera­
ture (125°C) specification of 600ltA for standard 
devices. Similar comparisons can be made for 
MSI and 551. ' 

INITIAL 5 nA AVG SSI 

4 

DOSE (WADS SI) 

5 6 7 8 9 10' 

FIGURE 6: Iss VS. DOSE 
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Figure 7 illustrates circuit propagation delay, 
t po, as a function of dose. The plot, similar to 
Figure 6, is divided into three categories (LSI, 
MSI, and SSI). The propagation delay value at 106 

rads (Si) for all three categories increased 
roughly 20-25% from the initial value, well with­
in desirable operating tolerances. In Figures 5 
through 7, the biasing conditions during irradia­
tion were: Voo= 10V, V1N = 10V, Vss= OV. 

250 
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~ 

J 
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50 
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lSI 

·lNmAl 220nl AVG. 

MSI 

INmAl 160 nl AVG. 

SSI 

.. mAL 65 ns AVG. 

5 6 7 a 9 10' 

DOSE (lADS 51) 

FIGURE 7: tpD VS. DOSE 

Hardness Assurance and Reliability 

Sampling plans have been established to ensure 
radiation hardness to 105, 106, or 107 rads (Si), as 
applicable, since ionizing radiation degrades IC 
performance and irradiated devices cannot be 
used for production (thus making 100% screen­
ing impossible). In addition, an ongoing program 
has been established to 'evaluate the reliability 
characteristics of radiation hardened CMOS 
circuits. 476 devices of the CD4001AD-RH, 
CD4011AD-RH, and MM54C200-RH types were 
initially tested and operated for over 800,000 
hours without a failure. This corresponds to a 
failure rate less than 0.125%/1000 hours at 
125°C with a 60% confidence level. The continu­
ing testing is aimed at verifying 10,000 hours per 
device of reliable operation. 

Table I outlines National Semiconductor's Radi­
ation Hardness Assurance Sampling Plan, which 
is totally compliant with MIL-STD-883, Method 
1019. This plan is used to assure hardness of 
devices built from a given wafer or inspection 
lot. Sample devices are assembled in accor­
dance with sampling plan A or B. Sample de­
vices are tested, irradiated, and retested, and 
must pass the appropriate post-radiation elec­
trical limits for the lot to be qualified. The pro­
duction units are capable of meeting MIL-M-
38510 electrical test limits, when available, as 
well as National's RETS limits. 

TABLE I. HARDNESS ASSURANCE PLAN 

I. Plan A - Class B only: Qualification to 1 X 105, 1 X 106, or 1 x 107 rads (Si) 
Sample Size per QCI Inspection Lot 11 
Accept Level o Rejects _ 

Reject Level 1 Reject 

II. Plan B - Class B or S: Qualification to 1 X 105, 1 X 106, or 1 x 107 rads (Si) 
Sample Each wafer 
Sample Size (Devices/Wafer) 4 
Accept Level o Rejects per wafer 
Reject Level 1 Reject per wafer 

III. Product Flow (per MIL-STD-883, Method 1019): 
A. Assemble sample devices in appropriate production package. 
B. Read-and-record electrical parameters (pre-radiation). 
C. Irradiate to applicable total gamma dose. 
D. Read-and-record electrical parameters (po.st-radiation). 
E. Evaluate performance per applicable specification. 
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TABLE II·A. PRE· AND POST·RADIATION SPECIFICATION 105 RADS (Si) 

LIMITS (Note 1) 

PARAMETER Voo CONDITIONS -55°C +25°C + 1215°C 

Min Max Min Max Min Max 

5 0.02 0.02 0.2 
Gate 10 0.04 0.04 0.4 

15 0.075 0.075 0.75 

5 0.3 0.3 3.0 
Buffer FIF 10 0.4 0.4 4.0 

IDD 
15 VIN = VDD or Vss 0.5 0.5 5.0 

5 All Valid Input Combinations 0.3 0.3 3.0 
MSI 10 0.4 0.4 4.0 

15 0.5 0.5 5.d 

5 10 10 150 
LSI 10 20 20 300 

15 40 40 600 

5 
VIN=VDDorVSS 

0.05 0.05 0.05 
VOL 10 0.05 0.05 0.05 

15 1101 < 10p.A 0.05 0.05 0.05 

5 
VIN = VDD or Vss 

4.95 4.95 4.95 
VOH 10 9.95 9.95 9.95 

15 1101 < 10p.A 14.95 14.95 14.95 

5 VO = 0.5V, 4.5V 1.5 1.5 1.5 
Buffered 10 VO= 1V, 9V, 1101 < 10p.A 3.0 3.0 3.0 

VIL 
15 VO= 1.5V, 13.5V 4.0 4.0 4.0 

5 VO"= 1.5V, 3.5V 1.5 1.5 1.5 
Unbuffered 10 VO=3V,7V 1101 < 10p.A 3.0 3.0 3.0 

15 VO=4V,11V 4.0 4.0 4.0 

5 VO = 0.5V, 4.5V 3.5 3.5 3.5 
Buffered" 10 VO= 1V, 9V 1101 < 10p.A 7.0 7.0 7.0 

VIH 
15 VO= 1.5V, 13.5V 11 11 11 

5 VO = 1.5V, 3.5V 3.5 3.5 3.5 
Unbuffered 10 VO= 3V, 7V 1101 < 10p.A 7.0 7.0 7.0 

15 VO= 4V, 11V 11 11 11 

liN 15 
VIN = OV or 15V 

±10 ± 10 ±45 Any Valid Condition 

IOL/loH 
Per Applicable Rei Electrical 

Published Data Sheet Limit Test Spec (RETS) 

tpLH , tpHL Per Applicable Rei Electrical 
Published Data Sheet Limit 

tTLH , tTHL Test Spec (RETS) 

Functionality Devices Will Pass Functional Test per Applicable Truth Table 
NOTE 1: For further device parameters, see individual device specifications. 
NOTE 2: These limits allow no degradation from the published data sheet limits. 
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TABLE II·B. POST·RADIATION SPECIFICATION 106 RADS (SI) 

LIMITS (Note 1) 

PARAMETER Voo CONDITIONS -55°C +25°C + 1215°C UNITS 

Min Max Min Max Min Max 

5 0.5 0.5 5.0 
Gate 10 0.75 0.75 7.5 p.A 

15 1.0 1.0 1.0 

5 0.25 0.25 5.0 
Buffer F/F 10 0.5 0.5 7.5 p.A 

100 15 VIN = Vss or Voo 1.0 1.0 10.0 

5 All Valid Input Combinations 3.0 3.0 30.0 
MSI 10 4.0 4.0 40.0 p.A 

15 5.0 5.0 50.0 

5 25 25 300 
LSI 10 50 50 400 p.A 

15 100 100 500 

5 
VIN=VSSorVoo 

0.25 0.25 0.25 
VOL 10 0.25 0.25 0.25 V 

15 1101 < 10p.A 0.25 0.25 0.25 

5 
VIN = Vss or Voo 

4.75 4.75 4.75 
VOH 10 9.75 '9.75 9.75 V 

15 1101 < 10p.A 14.75 14.75 14.75 

5 va = 0.5V, 4.5V 1.0 1.0 1.0 
Buffered 10 VO= 1V, 9V, 1101 < 10p.A 2.0 2.0 2.0 V 

VIL 
15 VO= 1.5V, 13.5V 2.5 2.5 2.5 

5 VO= 1V, 4V 1.0 1.0 1.0 
Unbuffered 10 VO=2V, BV 1101 < 10p.A 2.0 2.0 2.0 V 

15 va = 2.5V, 12.5V 2.5 2.5 2.5 

5 va = 0.5V, 4.5V 4.0 4.0 4.0 
Buffered 10 VO= 1V, 9V 1101 < 10p.A B.O B.O B.O V 

VIH 
15 va = 1.5V, 13.5V 12.5 12.5 12.5 

5 VO= 1V, 4V 4.0 4.0 4.0 
Unbuffered 10 VO=2V, BV 1101 < 10p.A B.O B.O B.O V 

15 va = 2.5V, 12.5V 12.5 12.5 12.5 

liN 15 
VIN = OV or 15V ± 100 ± 100 ± 100 nA Any Valid Condition 

IOL"oH 
Per Applicable Rei Electrical Minimum Limit is 75% of Published 
Test Spec (RETS) Data Sheet Limit 

t pLH , tpHL Per Applicable Rei Electrical Maximum Limit is 125% of Published 
tTLH , tTHL Test Spec (RETS) Data Sheet Limit 

Functionality Devices Will Pass Functional Test per Applicable Truth Table 

NOTE 1: For other device parameters, see individual deyice specifications. 
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TABLE II·C. POST·RADIATION SPECIFICATION 107 RADS (Si) 

LIMITS (Note 1) 

PARAMETER Vee CONDITIONS -55°C +25°C + 1215°C UNITS 

Min Max Min Max Min Max 

5 3.0 3.0 10 
Gate 10 4.0 4.0 15 /lA 

15 5.0 5.0 20 

5 3.0 3.0 5.0 
Buffer F/F 10 4.0 4.0 10 /lA 

IDD 
15 VIN = Vss or VDD 5.0 5.0 20 

5 All Valid Input Combinations 5.0 5.0 50 
MSI 10 ' 7.5 7.5 75 /lA 

15 10.0 10.0 100 

5 50 50 500 
LSI 10 100 100 750 /lA 

15 200 200 1000 

5 
VIN = Vss or VDD 

0.5 0.5 . 0.5 

VOL 10 0.5 0.5 0.5 V 
15 1101 < 10/lA 0.5 0.5 0.5 

5 
VIN = Vss or VDD 

4.5 4.5 4.5 
VOH 10 9.5 9.5 9.5 V 

15 1101 <10/lA 14.5 14.5 14.5 

5 va = 0.5V, 4.5V 1.0 1.0 1.0 
Buffered 10 VO= 1V, 9V, 1101 < 10/lA 2.0 2.0 2.0 V 

VIL 
15 VO= 1.5V, 13.5V 2.5 2.5 2.5 

5 VO= 1V, 4V 1.0 1.0 1.0 
Unbuffered 10 VO=2V, BV 1101 < 10/lA 2.0 2.0 2.0 V 

15 va = 2.5V, 12.5V 2.5 2.5 2.5 

5 va = 0.5V, 4.5V 4.0 4.0 . 4.0 
Buffered 10 VO= 1V, 9V 1101 < 10/lA B.O B.O B.O V 

VIH 
15 va = 1.5V, 13.5V 12.5 12.5 12.5 

5 VO= 1V, 4V 4.0 4.0 4.0 
Unbuffered 10 VO=2V, BV 1101 < 10/lA B.O B.O B.O V 

15 VO= 2.5V, 12.5V 12.5 12.5 12.5 

liN 15 . VIN = OV or 15V ± 100 ± 100 ± 100 nA Any Valid Condition 

I~LlloH 
Per Applicable Rei Electrical Minimum Limit is 65% of Published 
Test Spec (RETS) Data Sheet Limit 

t pLH , tpHL Per Applicable Rei Electrical Maximum Limit is 140% of Published 
tTLH , tTHL Test Spec (RETS) Data Sheet Limit 

Functionality Devices Will Pass Functional Test per Applicable Truth Table 

NOTE 1: For other device parameters, see individual device specifications. 
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TABLE III. POST·RADIATION SPECIFICATION COMPARISON (25°C) 

LIMITS (Note 1) 

PARAMETER Voo CONDITIONS 
105 Rads 106 Rads 107 Rads 

UNITS (Si) (Si) (Si) 

Min Max Min Max Min Max 

5 0.02 0.5 3.0 
Gate 10 0.04 0.75 4.0 p.A 

15 0.075 1.0 5.0 

5 0.3 0.25 3.0 
Buffer F/F 10 0.4 0.5 4.0 p.A 

100 15 
VIN = Vss or Voo 

0.5 1.0 5.0 

5 All Valid Input 0.3 3.0 5.0 
MSI 10 Combinations 0.4 4.0 7.5 p.A 

15 0.5 5.0 10.0 

5 10 25 50 
LSI 10 20 50 100 p.A 

15 40 100 200 

5 
VIN = Vss or Voo 

0.05 0.25 0.5 
VOL 10 0.05 0.25 0.5 V 

15 IIOI.<10p.A 0.05 0.25 0.5 
5 

VIN = Vss or Voo 
4.95 4.75 4.5 

VOH 10 9.95 9.75 9.5 V 
15 1101 < 10p.A 14.95 14.75 14.5 

5 VO = 0.5V, 4.5V 1.5 1.0 1.0 
Buffered 10 VO= 1V, 9V, 1101 < 10p.A 3.0 2.0 2.0 V 

Vil 
15 VO = 1.5V, 13.5V 4.0 2.5 2.5 

5 1.5 1.0 1.0 
Unbuffered 10 VO= Note 2 1101 < 10p.A 3.0 2.0 2.0 V 

15 4.0 2.5 2.5 

5 VO = 0.5V, 4.5V 3.5 4.0 4.0 
Buffered 10 VO= 1V, 9V 1101 < 10p.A 7.0 8.0 8.0 V 

VIH 
15 VO = 1.5V, 13.5V 11 12.5 12.5 
5· 3.5 4.0 4.0 

Unbuffered 10 VO= Note 2 1101 < 10p.A 7.0 8.0 8.0 V 
15 11 12.5 12.5 

liN 15 
VIN = OV or 15V 

±10 ±100 ±100 nA Any Valid Condition 

Data 75% 60% 

IOllloH 
Per Applicable Rei Electrical Sheet of of 
Test Spec (RETS) Data Data Limit 

Sheet Sheet 
125% 140% 

t plH, tpHl Per Applicable Rei Electrical Data of of 
tTlH , tTHl Test Spec (RETS) Sheet Data Data 

Sheet Sheet 

Functionality Devices Will Pass Functional Test per Applicable Truth Table 

NOTE1: All 105 rads (Si) limits allow no degradation from published data sheet limits. 
NOTE 2: At 105 rads (Si), VO will be 10% or90% of VOO; at 106 or 107 rads(Si), VO will be 1V or4Vat VOO= 5V, 2Vor8Vat VOO= 10V, and 

2.5V or 12.5V at VOO= 15V. 
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Dose Rate Performance 

When CMOS ICs are subjected to large bursts of 
ionizing radiation, hole-electron pairs are cre­
ated in the silicon substrate. The resultant cur­
rent flowing through the high resistivity P- and 
N-substrates . can cause voltage differences 
which may impair circuit performance in one of 
the following ways. 

One: LATCH·UP 

A CMOS circuit contains the structural elements 
required to form a four-layered Schockley diode 
switching device as illustrated in Figure 8. The 
emitter·base junctions of the lateral PNP and 

P-CH 

DRAIN 

N-

vertical NPN which comprise the Schockley 
diode are normally prevented from becoming 
forward-biased by the circuit metallization. Be­
cause of this, the Schockley diode will be in the 
off state during normal circuit operation and will 
pose no threat to reliable circuit performance. 

Sufficiently high values of burst radiation can 
cause currents to flow through substrate resis­
tances, RN _ and Rp _, to cause forward-biasing 
of the parasitic PNP and NPN emitter-base junc­
tions and turn on the Schockley diode. The ex­
cessive flow of supply current which accompa­
nies turn-on of the Schockley diode has been 
found to occur in the range of 108 to 1011 rads 
(Si)/sec on many CMOS circuits. 

N-CH 

DRAIN 

FIGURE 8: CROSS SECTION OF CMOS CIRCUIT ELEMENTS 
WHICH MAY LEAD TO LATCH·UP DURING 
IONIZING RADIATION BURSTS 

The basic circuit required for latch-up to occur is 
illustrated in Figure 9.lt consists of a parasitic 
bipolar NPN and PNP transistor sharing a com­
mon collector-base junction. The two require­
ments necessary for turn on of this device are: 

1. The product of the common emitter current 
gains of the two devices, {3 and {3PNP must 
satisfy the relationship ({3NPN) (~PNP) ~ 1, and 

2. The emitter-base junction of the two transis· 
tors must remain forward-biased to about 
0.6V or greater after the NPNP device has 
been turned on. 

In normal operation, condition No.1 may be met, 
but condition No.2 will not be met, permitting 
latch-up-free operation. 
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FIGURE 9: LATCH·UP EQUIVALENT CIRCUIT 
FOR BULK CMOS STRUCTURE 



This problem can be completely eliminated by 
reducing to less than unity the product of the 
common- emitter current gains of the NPN and 
PNP devices comprising the Schockley diode. 
One technique which has been successfully em­
ployed to eliminate the latch-up problem has 
been the use of neutron irradiation to lower 

minority carrier lifetime in the silicon substrate 
which directly affects parasitic bipolar current 
gains. As the'values in Table IV indicate, neutron 
treatment of parts which exhibit latch-up at 
3 x 108 and 3 x 109 rads (Si)/sec resulted in latch­
up-free operation up to the limitof the burst sim­
ulation equipment, 1010 rads (Si)/sec. 

TABLE IV_ LATCH-UP PERFORMANCE 

DOSE REQUIRED FOR LATCH·UP 

DEVICE Voo CONTROL UNITS 
(NON·NEUTRON TREATED) NEUTRON TREATED* 

CD4006 10V >9.4x 109 >9.4 x 109 Rads (Si)/sec 
CD4011 10V 3.1 x 109 >9.4 x 109 Rads (Si)/sec 
CD4012 10V 2.0 x 109 >2.4 X 109 Rads (Si)/sec 
CD4053 10V 3.2 x 108 >9.4 x 109 Rads (Si)/sec 
MM54C200 5V >2.2 x 1010 >8.8 X 1011 Rads (Si)/sec 

-Neutron treated parts were subjected to a neutron flux of 1 x 1014 neutrons (fast)/cm2, 

By treating wafers with neutron fluxes on the 
order of 1014/cm2, this enhanced circuit perfor­
mance is obtained without sacrificing paramet­
ric performance. This is illustrated in Figures 10 
and 11, which plot supply drain and propagation 
delay, respectively, versus neutron flux and 
show no significant degradation at the 1014/cm2 
level. 

NEUTRON FLUX 
(nfCm2) 

DEVICE USED: MM54C200D/RH 
(256·B1T RAM) 

FIGURE 10: DEVICE QUIESCENT SUPPLY 
CURRENT VS. NEUTRON FLUX 

NEUTRON FLUX 

(nfcm 2) 

DEVICE USED: MMS4C200DfRH 
(256·BIT RAM) 

FIGURE 11: PROPAGATION DELAY VS. 
NEUTRON FLUX 

Another very successful method that has been 
used to reduce susceptibility to dose rate' in­
duced latch-up has been to use low resistivity 
substrate material with a high resistivity epitax­
ial layer. This structure introduces a low imped­
ance shunt across RN _ in Figure 9, and hence 
prevents latch-up. Using this technique, devices 
can be supplied which do not latch-up even 
when exposed to dose rates of 1012 rads/sec. 

Two: DATA·UPSET 

This effect results in the loss of stored data in a 
circuit after being subjected to burst radiation. It 
is typically of most concern in circuits such as 
memories and shift registers, where stored data 

, bits are not directly coupled to circuit inputs. 
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The problem is again caused by electron hole 
pair generation during ionizing burst radiation 
exposure. The resulting photo currents can 
cause a current flow across a normally reverse­
biased PN junction. This current flow can upset 
the logic level stored at a node associated with 
the PN juncti,on. 

Table V shows the effect that neutron treatment 
of an MM54C200D/RH 256-bit static RAM has on 
the dose rate at which upset occurs. The effect 
of neutron fluxes on data upset is not nearly as 
dramatic as it is in the case of latch-up. Although 
neutron fluxes in excess of 1015/cm2 cause sig­
nificant alterations in semiconductor material 
properties and circuit electrical parameters, Fig- ' 
ures 10 and 11 indicate that the circuits tested 
would still meet data sheet requirements after 
irradiation in excess of 2 x 1015/cm2. At this level 
the tolerance to data upset exhibits about a 



TABLE V. DATA UPSET PERFORMANCE 

DOSE RATE NEEDED TO INDUCE DATA UPSET 

NEUTRON FLUX CD4006D 
(N.FAST/cm6) 18·BIT SHIFT REGISTER 

Voo = 10V 
o (control) 4.7 x 108 

1 x 1014 4.7 X 108 

1 x 1015 -
1 x 1016 -

threshold improvement' over untreated devices. 
Almost an entire order of magnitude improve· 
ments in data upset tolerance can be obtained 
with treatment at 1016/cm2 if the user can toler· 
ate the degraded propagation delay and in· 
creased supply current drain occurring at this 
level. 

Rad Hard CMOS Reliability 

Radiation hardness, however, is of no value to 
the system user if it is accomplished at the sac· 
rifice of device reliability. To confirm device reli· 
ability, each of 476 units from five lots were sub· 
jected to 2.016 hours of burn·in at 125°C. The 
total device hours were 804,384, which repre· 
sents a projected 0.11%/1000 hours failure rate 
at a 60% confidence level. This falls well within 
the reliability requirements of even the most 
stringent programs. ' 

In addition to this initial sampling, 100% burn·in 
screening, as well as operating life testing, has 
been performed on many lots that have been 
produced for various customers. The results of 
this additional testing have continued to demon· 
strate that rad hard devices are reliable. 10,000· 
hour life tests are currently underway to further 

. establish long·term reliability. The results of this 
testing and further testing across our entire rad 
hard product line will be added to the existing 
data as they become available. 

Radiation Hardened Linear Devices 

Although most bipolar logic devices tend to be 
inherently hard when exposed to total·dose 
gamma radiation, many bipolar linear devices 
will begin to degrade when exposed to relatively 
low levels of such radiation. The causes are sim· 
ilar to those seen in MOS radiation exposure· 
related failures. Linear devices are more suscep· 
tible to low current {3 degradation than most 
bipolar technologies. A major cause of of low 

MM54C200D (MEMORY ENABLED) 
UNITS 
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256·BIT RAM, Voo= 5V 

1.76x108 Rads (Si)/sec 
2.00 X 108 Rads (Si)/sec 
5.00 X 108 Rads (Si)/sec 
1.17 X 109 Rads (Si)/sec 

current {3 degradation is surface leakage across 
the emitter·base junction. This surface leakage, 
like MOS characteristics, is related to the oxide 
and interface charges which are induced by high 
levels of radiation. 

The solution to linear radiation problems, how· 
ever, is quite different from what we have de· 
scribed above for CMOS devices. Total modifica· 
tion of the fabrication process is needed in order 
to achieve megarad hardness on linear devices. 
We have developed megarad versions of the 
LM108A and LM101A. We have extensive reo 
search and development currently underway in 
this area, for we feel that a broad line of rad hard 
linear devices is essential if systems designers 
are to achieve total systems hardness. 

Ordering Information 

National Semiconductor's Radiation Hardened 
CMOS devices are available in three different 
levels of hardness, one of which is sure to sat· 
isfy the needs of your program. The levels avail· 
able are 1 x 105 rads (Si), 1 x 106 rads (Si), and 
1 x 107 rads (Si), with post·radiation test limits as 
defined in Table II·A, II·B, or II·C of this brochure 
(as applicable). Each of these can be obtained in 
either a bottom· brazed flatpack or in a side· 
brazed dual·in·line package, both of which have 
sOlder·sealed lids. In addition, these devices 
may be obtained with either Class S or Class B 
screening.· National Semiconductor's 883B/ 
RETS and 883S/RETS microcircuits (which are 
described in more detail in other brochures) are 
fully compliant with the 100% screening reo 
quirements of Method 5004 and MIL·STD·883 for 
the applicable screening level and have met the 
applicable quality conformance requirements of 
Method 5005 of MIL·STD·883. 

"National Semiconductor has qualified a number of Radiation 
Hardened devices In accordance with MIL·M·38510. and 



Ordering is quite simple. Parts may be ordered 
using one of the following part number struc­
tures (as applicable). 

CD4093BM W I R H 6 S 

L. Screening Level 
S=ClassS 

. B=Class B 

Radiation Hardness Level 
5 = 1 X 105 rads (Si) 
6= 1 X 106 rads (Si) 
7 = 1 X 107 rads (Si) 

Indicates Hardness Type 
H = Total dose hardened 
E = Dose rate hardened 

Indicates Radiation Hardened 
Device 

L..-___ Package Type 
J = Side·brazed DIP 
W = Bottom·brazed flat 
E = Leadless chip carrier 

I.-------Basic Device 

In addition, we are willing to evaluate contractor­
prepared prints for radiation hardened devices. 

Radiation Susceptibility Testing 

National Semiconductor has also recognized 
that there is a need on some programs for data 
relative to the actual hardness level of the prod­
uct used, even where that product has not been 
specifically hardened. To address that need, 
National has developed a radiation susceptibil-
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J M38510 H 055 03 S F C 

L. Lead Finish 
A = Solder DI P 
B=Tin plate 
C = Gold plate 

Package Type 
A = 14-pin metal flat 
C = 14-pin dual-in-line 
D = 14-pin ceramic flat 
E= 16-pin dual-in-line 
F = 16-pin flat 

Screening Level 
S=Class S 
B=Class 8 

I.---Device on Detail 
Specification 

1.-___ Detail Specification 
Number 

1.-____ Radiation Level 
M = 2500 rads (Si) 
D = 1 X 104 rads (Si) 
R = 1 X 105 rads (Si) 
H = 1 X 106 rads (Si) 
No MIL-M-38510 indicator 
exists for 107 rads 

1.-______ MIL-M-38510 

L----------JAN Mark 

ity test program. The intent of this program is to 
provide, in advance of actual assembly of prod­
uct, radiation tolerance data which will allow the 
user to determine whether those devices meet 
the radiation limits required by his program. 
Since the testing need not be done to a specific 
limit, this program is able to provide specific 
device data for those programs whose radiation 
tolerance limits are classified. Details on this 
program will be provided on request. 



NATIONAL SEMICONDUCTOR'S MEGARAD RADIATION HARDENED PRODUCT LIST 

The following device types were released as of December 1, 1983 by National Semiconductor as radIa­
tion hardened products to the 105, 106, 107 rads (Si) levels. These parts will be processed to National's 
883S/RETSTM or 883B/RETS flow in the bottom-brazed flat ("F"), side-brazed dual-in-line ("D"), or cer­
amic ("J") and ("W") package configurations. This list supersedes and replaces all previously published 
lists. 

DEVICE 

CD4000 MSI 
CD4001 SSI 
CD4002 SSI 
CD4006 MSI 
CD4007 SSI 
CD4008 MSI 
CD4009 SSI 
CD4010 SSI 
CD4011 SSI 
CD4012 SSI 
CD4013 MSI 
CD4014 MSI 
CD4015 MSI 
CD4016 MSI 
CD4017 MSI 
CD4018 MSI 
CD4019 SSI 
CD4020 MSI 
CD4021 MSI 
CD4022 MSI 
CD4023 SSI 
CD4024 MSI 
CD4025 SSI 
CD4027 MSI 
CD4028 MSI 
CD4029 MSI 

CD4006B MSI 
CD4030B MSI 
MM54COO SSI 
MM54C02 SSI 

SERIES DEVICE 

A CD4030 SSI 
AlB CD4031 MSI 
AlB CD4034 MSI 
A CD4035 MSI 

AIUB CD4040 MSI 
AlB CD4041 SSI 
A CD4042 MSI 
A CD4043 MSI 

AlB CD4044 MSI 
AlB CD4046 MSI 
AlB CD4047 MSI 
AlB CD4048 SSI 
AlB CD4049 SSI 
AlB CD4050 SSI 
AlB CD4051 MSI 
AlB CD4052 MSI 
AlB CD4053 MSI 
AlB CD4066 SSI 
AlB CD4069 SSI 
AlB CD4070 SSI 
AlB CD40715S1 
AlB CD4072 SSI 
AlB CD4073 SSI 
AlB CD4075 SSI 
AlB CD4076 MSI 
AlB CD4081 SSI 

IN DEVELOPMENT 

MM54C08 SSI 
MM54C10 SSI 
MM54C20 SSI 

MM54C30 SSI 
MM54C32 SSI 
MM54C221 MSI 

RAD HARD CMOS 

SERIES DEVICE SERIES 

A CD4082 SSI B 
AlB CD4093 SSI B 

B CD4094 MSI B 
AlB CD4099 MSI B 
AlB CD40106 SSI B 
A CD40160 MSI B 

AlB CD40161 MSI B 
AlB CD40162 MSI B 
AlB CD40163 MSI B 

B CD40174 MSI B 
B CD40192 MSI B 

AlB CD40193 MSI B 
AIUB CD4510 MSI B 
AlB CD4512 MSI B 
AlB CD4514 MSI B 
AlB CD4516 MSI B 
AlB CD4518 MSI B 
AlB CD4520 MSI B 

AIUB CD4528 MSI B 
B CD4538B MSI B 
B CD4584 SSI B 
B CD4724 MSI 
B MM54C04 SSI 
B MM54C14 SSI 
B MM54C42 MSI 
B MM54C85 MSI 

MM54C86 SSI 
CD4515 MSI 

DEVICE 

MM54C89 MSI 
MM54C160 MSI 
MM54C161 MSI 
MM54C162 MSI 
MM54C163 MSI 
MM54C173 MSI 
MM54C174 MSI 
MM54C175 MSI 
MM54C192 MSI 
MM54C193 MSI 
MM54C200 LSI 
MM54C240 MSI 
MM54C244 MSI 
MM54C374 MSI 
MM54C9'01 SSI 
MM54C902 SSI 
MM54C903 SSI 
MM54C904 SSI 
MM54C905 MSI 
MM54C906 SSI 
MM54C907 SSI 
MM54C914 MSI 
MM54C941 MSI 
MM70C95 SSI 
MM70C96 MSI 
MM70C97 SSI 
MM70C98 MSI 
MM78C29 MSI 
MM78C30 MSI 

For additional information regarding these or National's upcoming radiation hardened products, please 
contact Kirk Lemon, Military/Aerospace Marketing Manager, at (408) 721-5999 - Mailstop D3684. 
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Section 16 

Physical Dimensions 
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(2.331) 

OIA NOM 

RAO 
PIN NO. 110ENT 

G':~::IJ MIN 

0,300-0,320 

(7.620-B.12B) 0.030 
(0.762) 

OPTION 2 

0'032±0'005~D" 
(0.B13:0.127) . 

PIN NO.lIDENT~ 

1 

I 
MAX 

~Ol25·0.025 ~ . -0.015 

(B.255 ~~:~~~) 

(0.508) 
MIN 

NS Package N20A 
20·Lead Molded DIP (N) 

0.062 
RAO (1.575) 

PIN NO.1 
IOENT 

1.09l-1.'20~ 

(27.76 2B.45) 1 rm rm rm rml 
,9"",6,5,413,2

1 
0.l50,O.005 

(B.B90 ,0.127) 

I:r.;=r.:;~~~~~~ 
0.400-0.420 

0.062 
(1.575) 

RAO 

NS Package N22A 
22·Lead Molded DIP (N) 

PIN NO. 110ENT 

(14.7l) DOlO 

2 

DOTTED OUTlINES 
REFLECT ALTERNATE 

MIN -(0.7-62) 0.075 

0.125-0.140 
(l.175-l.556) 

r.
~~ MOLDED BODY CONFIGURATION 

0600-0620 MAX (1.905) 

[!;=(15.24-15.74B) Ll'T.:I'---+l------!.:.!.-.+f--T'l--Jf----.l 

NS Package N24A 
24·Lead Molded DIP (N) 

16·12 



0.325 ~~:~~~ 
~2SS +0.63S)-+------~ 
" -0.381 

0.062 
i1.5i5) 

RAO 

~----------(:::~:::~:)----------~ 
MAX 

NS Package N24C 
24·Lead Skinny DIP (SO) Molded DIP (N) 

0.300 Centers 

PIN NO.lloENT 

NS Package N28B 
28·Lead Molded DIP (N) 

0.121-0.145 
(3.171-3.633) 

1 
0.550'0.005 G) 8 

~~r.r~-r.~~~~~~~~~~~rT.~~~~~~~~::J:'."" 
PIN NO.lI0ENT 

r:~:l (~i~3) ~ 
(0.162) 

f= 0.600-0.620.=H
AX 

I 
(15.240-15.748) P = 1; . 

950'50 0.00a-0.015j 
- +0.025 (0.229-0.3811 

0.625_0.015 0.075'0.015 

1-(15875+0.635)--1 (1.905 '0.381) 
. -0.381 

NS Package N40A 
40·Lead Molded DIP (N) 

16-13 

N40AjAEV"Ej 



I 
0.550±0.005 0062 
(13.9aO.127) (1.574) 

0.030 
(0.762) 

0.600-0.620 MAX 

r--(15.24-15.74)---:I~ 

.~~T 

~±1=' L~MIN~1 (~:~~~) (14.73) MIN 
0.009-0.015 

. (0.229-0.381) 

0.625 ~~:~~~ 
(1588+ 0.635) 

. -0.381 • 

.620 
5.75) 

o 
(-1-

sa 

~ 

oL 
(14.73) 

sa 

j 

0.134-0.160 

~ 

t 

Cl-
0.050±0.005 

(t.270±0.127) 

'L 

RAO 

NS Package N48A 
48·Lead Molded DIP (N) 

~ 
0.089-0.105 

(2.261-2.667) 

t 
t 

f 0.180±0.010 
(4.572±0.254) 

NS Package U68B 

~-------(~:~~!~~~~)------~ 
sa 

K~®®®® ® ® ®.® ~ 
J®®®®® ®®®®® 
H®®® ®®® 
G®® ®® 
F®® 
E®® ® 
o ®® ®® 
c ®®® ®®® 
B®®®®®®®®®® 
A~®®®® ®®®® ~ 

10 

68·Pin Hermetic Grid Array Package 
Ceramic Cavity Up 

16·14 

0.050 
(1.270) 

TYP 

0.100 
(2.540) 



r
"r----- 1.060tO.020 ______ , • 

(26.9210.508) 
sa 

0900 

I 
(22.86) I sa 

K@)®®®®®®®® @ 

J®®®®®®®®® ® 

o 57Jo.710 
(14.48-18.03) 

sa 

H®®®®®®®®® ®~ 
G®®® ®® 

(1.270) 

®J F®®® ®® ® 
-0.730 
-18.54) 

0.610 

~ E®®® ®® ®t 

J 
~ 

D®®® ®® ®u 
c®®®®®®®®® ® 
B®®®®®®®®® ®Il A@) ®® ®® ®® ®® @ 0.100 

9 10 
(2.540) 

0.134-0.160 0.089-0.10S 
(3.404-4.064) . (2.261-2.667) 

t t 
~I~I~~----~dl~ 
t t J~I ~ ~ ~ ~ ~ ~ ~ ~ li -t~ 

(~:~;~=~.~~;). _~ -Jl-~ ~~ t 
(1.143±0.051) (0.4S7±0.025) (0.127) DIA RAD NOM 

NS Package U84B 
84·Pin Hermetic Grid Array Package 

D.69~L008 
(17.5HO.203) 

sa 
0.710 ±0.OD8 

~ HO.2OJ) 

i 
~ 

0.089-0.10S 
(2.261-2.667) 

t 

NS Package U124 

1.-______ 7'~20~0±~0~01~0------~ I· (30.4B±0.254) 1 
N@)®®®®®®®®®®®@) 
M®®®®®®®®®®®®® 
L®®®®®®®®®®®®® 
K®®®® ®®®® 
J®®® ®®® 
H®®® ®®® 
G®®® ®®® 
F®®® ®®® 
E ® ® ® ® ® ® 0.100 

D ®®®® ®®®® (2.&40) 
®®®®®®®®®®®®®~ 

B®®®®®®®®®®®®®--. 
~®®®®®®®®®®®@) I 

2 3 4 5 6 7 8 9 10 11 12 13 

124·Pin Hermetic Grid Array Package 
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(1.270) 

BSPACESAT r l
o.050 

0.130 
(3.302) 

[[fPEi~~AL 

144 It- 0.050 

(1.143) - (1.270) 
REF 

NS Package V28 
28·Lead Plastic Chip Carrier 

0.610-0.630 

0.165-0.180 
(4.191-4.572) 

t t 

t 0.095-0.125 
12.413-4.572) 

1

- 115.49-16.00) J 
0.032-0.040 0.018-0.040 SQUARE 0.165-0.180 
(0.813-1.016) 10.457-1.016) (CONTACT DIMENSION) 0.013-0.018 ~ 

MAX MAX -11-1 ~ MAX 

t LL~_~/-15' . TYP • ..-t-F- -
10.005-0.015 t I t 

10.127-0.381) I I 0.0206-0.032 0.125 MAX _ -.--__ _ 

j 
10 660;p0813) (3.175) 

0645-0655_ T MAX 
-(1638-1664) 

SQUARE 

0685-0695 
(1740-1765) 

SQUARE 

NS Package V44 
44·Lead Plastic Chip Carrier' 

~
0.050=0.8001 

(1.270=20.32) 
~ 16 SPACES AT 

(IR~~O) 61 681 9 

0.018-0.040 
10.457-1.016) 

0.095-0.125 
(2.413-3.175) 

r 

VIEW A·A 

hi ~-ll;: 
(1.143) 
x45' 

0.045 VIEWA-A 

"L~ IT, 0.045 ~1_(1.143) 

0.828 Q 
,m .• " """ 

1'" .... 0.985-0.995 
(25.02-25.27) 

SQUARE 

OIANOM 
PEDESTAL 

44_.~ 

b n 

'""1·f----(~a8;:)----..... 1 
NOM 

NS Package V68 
68·Lead Plastic Chip Carrier 
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