MITSUBISHI DATA BOOK 1984

GENERAL PURPOSE ICs

(=

MITSUBISHI
ELECTRIC



MITSUBISHI DATA BOOK 1984

GENERAL PURPOSE ICs

(=1

MITSUBISHI
ELECTRIC



All values shown in this catalogue are subject to change for prod-
uct improvement.

The information, diagrams and all other data included herein
are believed to be correct and reliable. However, no responsibil-
ity is assumed by Mitsubishi Electric Corporation for their use,
nor for any infringements of patents or other rights belonging to
third parties which may result from their use.



MITSUBISHI GENERAL PURPOSE ICs
CONTENTS
| n GUIDANCE
Alpha-Numerical Index «+-wrreereermeonininnnnnnn. 1—3
Table Of CoNtents -+« --rerrrrerrerarieneeriieniiennnnn. 1—6
USer's GUIde - r-rerrrrrerrrmemmnemeiieieiniieerienn. 1—9
Cross Reference Guide -« - t-rrererrerrorenennenn 1—14
Ordering |nf°rmation .................................. 1_19
External Packages -  cecoeeereniriemnnniiininninnee. 1—21
Package Outlines ........................................ 1_22

Quality Assurance and Reliabilty Testing ---1—33

E DATA SHEET

CONTACT ADDRESS FOR FURTHER INFORMATION

MITSUBISHI
ELECTRIC













MITSUBISHI GENERAL PURPOSE ICs

ALPHA-NUMERICAL INDEX

page
M4016BP Quadruple Bilateral Switch -« ++++++++srstsesessmrms ettt 2—3
M4051BP  8—Channel Analog Multiplexer/Demultiplexer----===-++ -2—8
M4052BP Dual 4—Channel Analog Multiplexer/Demultiplexer -+ +2—13
M4053BP Triple 2—Channel Analog Multiplexer/Demultiplexer ............................................................................... 2_]'8
M4066BP Quadruple Bilateral Switch «oceeeermrrermme e ettt 2—23

M5109P Dual Differential Amplifier-
M5172L Thermo Controller -+

M5174P Flame Detector ......................................... .
M5216L Dual Large—Current Operational AMpLEiers -+« -++s++sssrsessesesssetstitisitetei ettt 2—43
M5216P Dual Large—Current Operational AMpPIEIers «+ -« +-s-sssseresrsesmsstmmntisim et 2—43
M5218L Dual Low—Noise Operational Amplifiers:-+-«-eeeveeeeeeee -2—45
M5218P/M5R4558P Dual Low—Noise Operational Amplifiers--- 2—45
M5219L Dual Low—Noise Voltage Amplifiers «::-sssereeeeeeseeeees - 2—50
M5219P Dual Low—Noise Voltage AmpLifiers -+« st esssrssesttetertntsteniiatait ettt 2—50
M5220L Dual Low—Noise Voltage AmpLers -+« -++++sssrssesestsussintstiuttetii ittt 2—56
M5220P Dual Low—Noise Voltage Amplifiers ==+ --++s+ssssessesesessmstsiumsisiitiitei i .
M5221P/M5T082P Dual J-FET Input Operational Amplifiers

M5221L Dual J-FET Input Operational Amplifiers ----«-s-esseeeeees -
M5223L Dual Single Power Supply Operational Amplifiers:+«-++-+ssssssssrsrusmmmsiimsimniieteis s 2—61
M5223P/M5N358P Dual Single Power Supply Operational Amplifiers: -+« --=ssessssssssmsmmsssiniiinsiiiiiieiis 2—61
M5224P/M5N324P Quad Single Power Supply Operational Amplifier ««t-xxeeseereeesensessnnennnreeinieienien. -+ 2—863
M5230L Variable Output Voltage Regulator(Dual Tracking Type)«-«+sstsreseesessesssssesinsineisnnsneisennnennes - 2—65
M5231L Variable Output Voltage Regulator:«-«««=«-seeeeeeeeeeeemereenae. - 2=72
M5232L Voltage Detection for Alarm System(LED Turn ON and OFF ) ++eereeseusseuerssiiniiiisiiitiiiist e "9—77
M50601P  Electronic Volume Control CMOS 6—Bit D/A CONVETter -+« ++++-+ssstessersesssersessaesiatesiensrasseasseeueesensenean 2—83
M50602P  Electronic Volume Control CMOS 5—Bit D/A COMVerter «+-++++s+sseerseessstsssaesssssieneesaseessseesaseenne ..2—86
M51133P  Dual ELECIIONIC ALLEIUALOL *++++sresssessssersresrmassssasssassrsseaisasassansseasstassssassessssasssasssaesssessseeasssensse ..2—90
M51200P Dual Comparator -«==«+++++-+== -+ 2—94
M51201L VOLtAgE COMPATALOE +++#+#++ 44+ + 440 s as st e et L h L h e el 2—98
M51202L  Voltage COMPATAtor -+« == srstsessssrrmstretes e ettt bbb 2—102
M51203L Voltage Compara’tor ................................................................................................................

M51 204'_ Voltage Comparator ................................................................................................................

M51205L Voltage Comparator **
M51206L Voltage Comparator
M51207L Dual Comparator -
M51209P/M5N339P Quad Compal'atol' ............................................................................................................... 2—]28
M51320P Analog Switch(2—Input 3—Channel)
M51321P  Analog Switch(3—Input 3—Channel) -
M51326P  Analog Switch(2—Input 3—Channel)
M51327P Analog Switch(3—Input 3—Channel)

M51361P/M5E565P Phase Locked Loop«++++-++wesereseressmssmmutssstuetst sttt ittt 2—154
M51523L Dual Channel ELectronic AT T -+« -rr«trseeereesseersearseeirseaiseasteeaseeistareearsseaseatesaseisssarsssaisesssssesassesssssesssens 2—159
M51551P Dual 2—Mode Electronic Switch-* -
M51551FP  Dual 2—Mode Electronic Switch«sseeeseeereeeessees

M51660L Servo Motor Position Control ««++=xssoeeeesseeeees

M51712P 3_Phase Brushless Motor DELVEr -+« -+++++tesstssesseereesserseerseterteiteastaasaseassersseteesessesssaseesssasssasseassesssasseassees 2—172
M51714P Dual BiDirectional DIiyer:r++«+++t-t+stsssersrreremermmmmuraiseaiseaisesateaaseaasteansseisesseestestssaesesessssssensssessssesseses 2—176
M51723P Frequency—Voltage(F—V)Converter - -
M51723FP  Frequency—Voltage(F—V)Converter:=-++=-+++=+-

M51724P 3—Phase Brushless Motor Pre—Driver

M51728L PLL Speed Control for DC Motor «+-+++ses+ssssseessesessssemsmsntstinissiiastsiss sttt st 2—186
M51743P Sequence Controller for Flame Detector -+ -+ +swsssssresrsrrmssstmmus ittt 2—191
M51802L Operational Amplifier:::eeeeeseeeeeeeeeneeeenees

M51802P/M5F741P Operational Amplifier---

M51841P/M5ES55P Single Timer s+-soveeeeees

M51843P Single THME «+rweereressererssseres s et 2—207
M51847P/M5E556AP DAL THIEr +++#e+eersersnessernrssanssassease et et ae st e st e seeaeshb e b e e as e s e et s e s e e b e b e e b e esb e e ab e s e ne e s e e be et nnee s 2—214
M51848P/M5E555AP Single Timer -+

M51848L/M5E555AL Single Timer -+

MITSUBISHI 1-3
ELECTRIC



MITSUBISHI GENERAL PURPOSE ICs

ALPHA-NUMERICAL INDEX

page
M51849L Counter Tlmer ................................. . .................................................................................................. 2—223
M51901 P 12—P0int/23—M0de LED Driver ........................................................................................................... 2_227
- M51903L LED Linear Level Indicator «««es-reseeeeeeees -2—230
M51906P 6—Step BAR Type LED Level Indicator ---- +2—235
M51907P 8—Step BAR Type LED Level Indicator -+ -2—239
M51909P 8—Step BAR Type LED Level Indicator «+-++++s+++sssesteseesesstrtmineaitiies it 2—239
M51910P 9—P0int/2-—lnput LED Level Indicator .................................................................................................. 2—248
M51911L 6—Step BAR Type LED Level Indicator -+ < 2—252
M51912L 6—Step BAR Type LED Level Indicator -+ - 2—252
M51961L Flasher Control Circuit ---weeeerssssrreeeeerenees - 2—258
M51970L v F_G Speed COntl’Ol fDl’ DC Micro MOtOl’ ................................................................................................ 2—262
M52670P A—Bit A/D COMVEItEr-++++-++rsstesseersseeisessreitssaiusiatesitserttassstessseieeesreatssestssasessanesasseresastserssennnssantesesssnons 2—268
M52670FP  4—Bit A/D Converter««+-+ss-==+xee+ -2—268
M54512L 4—Unit 50mA Transistor Array -+ +2—273
M54513P 8—Unit 50mA Transistor Array -+ +2—275
M54514AP 7—Unlt 50mA TranSiStOr Array'""""'""'“"""'""'"""""“"'“"""""" Hedeseesesiitnetirsetitesitisensittatesastasestisne 2—277
M54515P 7__Un'lt ]_GmA Transistor Al'ray ......................... ettt eteteraeeneataaetentteaetttatnenteneterareaaaarearenenenananann 2—279
M54516P 5-Unit 500mA Darlington Transistor Array- - -2—281
M54517P 7-Unit 400mA Darlington Transistor Array- -+ -2—284
M54519P 7-Unit 400mA Darlington Transistor Array--- - 2—287
M54521P 5-—Unit 500mA Darlington Transistor Array 2—290
M54522P 8—Unit 400mA Darlington Transistor Array 2—293
M54523P 7—Unit 500mA Darlington Transistor Array with Clamp Diode-- - 2—29%
M54524P 7-Unit 500mA Darlington Transistor Array with Clamp Diode-- -2—299
M54525P 7-Unit 500mA Darlington Transistor Array with Clamp Diode** -2—302
M54526P 7-Unit 500mA Darlington Transistor Array with Clamp Diode 2—305
M54527P 6—Unit 150mA Darlington Transistor Array with Clamp Diode 2—308
M54528P 7-Unit 150mA Darlington Transistor Array with Clamp Diode-* -2-310
M54529P 5—Unit 320mA Transistor Array with Strobe «----rereeeeeeeereeeeees -2—312
M54529AP  5-Unit 320mA Transistor Array with Strobe «+-==ssssesesesssveens -2—-315
M54530P 7—-Unit 400mA Darlington Transistor Array with Clamp Diode 2—318
M54531P 7—Unit 400mA Darlington Transistor Array with Clamp Diode 2—321
M54532P 4—Unit 1.5A Darlington Transistor Array with Clamp Diode -+ -2—324
M54533P 6—Unit 320mA Transistor Array with Clamp Diode and Strobe-- -2-—327
M54534P 6—Unit 320mA Transistor Array with Clamp Diode and Strobe-- +2—330
M54535P 7—Unit 150mA Transistor Array with Clamp Diode and Strobe:-++++s-+sssesrerersmrsiiniiimiincess 2—333
M54536P 7—Unlt lsomA Transistor Anay With Clamp Diode and Strobe ................................................................... 2_336
M54537P 7_Unit SSOmA Transistor Arl’ay ........................................ . 2_339
M54538P 7—Unit 350mA Transistor Array and Motor Driver ** -2—342
M&54539P 6—Unit 700mA Transistor Array with Clamp Diode - -2—345
M54540AL Bi—DireCtiOnal MOtOf Dl’iver ................................................................................................................. 2_348
M54541L BieDirectional MotOr DIiver:+ ++++«+«tteesssssrreaeeartntteraemiirurrtsessinsersretessanssunneeeessmnsmseetesimsimeeeeesasisnmsreeasiens 2—350
M545421 Bi-Directional Motor Driver-+* -2—353
M54543L Bi-Directional Motor Driver--+ -2—356
M54543AL  Bi-Directional Motor Driver--- +2—359
M54544L Bi-Directional Motor Driver 2—362
M54544AL  Bi-—Directional Motor Driver 2—365
M54545L Bi—Directional Motor Driver-- -2—368
M54546L Bi—DireCtiOnal MOtOr Driver ............................................. . 2—37]
M54547P Bi-Directional Motor Driver with OP Amp and Transistor Array * -2—374
M54548L Bi—DifeCtiOnal Motol' Driver Wlth MOtOf Speed COntrOl ............................................................................ 2_377
M54549L Dual Bi—Directional Motor Driver : -+ 2—380
M54560P 7—-Unit 150mA Source Type Darlington Transistor Array - -2—383
M54561P 7—Unit 300mA Source Type Darlington Transistor Array -+ -2—386
M54562P 8—Unit 500mA Source Type Darlington Transistor Array - -2—389
M54563P 8—Unit 500mA Source Type Darlington Transistor Array -+ +-+++stsseseresstseesistimsintistatiintnteb s 2—392
M54564P 8—Unit 500mA Source Type Darlington Transistor Array -+ -+ s ssssirssusssessmisiosininssis s 2—395
M54565P 8-Unit 50mA Transistor Array(Input “L” Active) «=--++se-e -2—398
M54566P 7—Unit 400mA Darlington Transistor Array(Input “L” ACtive) -«++sssstssstrsserstossmenteitiininiiiniiinietene i 2—400
1—4 MITSUBISHI

ELECTRIC



MITSUBISHI GENERAL PURPOSE ICs

ALPHA-NUMERICAL INDEX

page

M54567P 4-Unit 1.5A Darlington Transistor Array with Clamp Diode <+ -ss-eeeeeseessressmmmriinniiiii 2—403
M54568L 4—Unit 30mA PNP TransiStor Array -« s s sseesseueseteuttnmntitatitttttstatet ettt 2—406
M54569P 8—Unit 30mA PNP Transistor Array «««««wweeeeeeeeeeees
M54571P 6—Unit 350mA Transistor Array and Motor Driver -
M54576P 7—Unit 30mA Transistor Array(Input “L” Active) -+ -
M54576FP  7—Unit 30mA Transistor Array(Input “L” ACtive) -« --s---s-eseeresesrsesrmemeiriitatint sttt 2—413
M54577P 7—Unit 30MA TIAnSIStOr ATTay -+ =« s ersresstsrtesetrtat ettt ettt et th sttt ettt 2—415
MB54577FP  7—Unit 30MA TranSiStor ATTay -« -stsesesesemetetetestiettnt et ettt ettt b bbb b et 2—415
M54578P 6—Unit 700mA Transistor Array with Clamp Diode and Strobe:«---=««+ssseererermirmiiiiiii 2—417
M54580P 7-150mA Source Type Darlington Transistor Array ===-+++++:+-+- -2—420
M54847AP  2-Digit BCD—7Segment Decoder/Driver-+« -+ s+ tsetttertstastitaetsiasiitesiiesiitesis ettt 2—423
M54940P 8—Digit Fluorescent Display Driver for MiCIOCOMPUEr -+ eseesestreststutsiieisiamttesaistnintststsss s 2—426
M58479P CIMOS COUNLET/ TIMErS -++++++e+teesrteseeeeesmetsaearuuuttterttrtae ettt tat et eeteeeeeteaetteetereaeesaaaeeaaaesaaasaeesesseesssrsrerersnsnnes 2—431
M58482P CIMOS COUNLET/ THMEIS *+++#+w++ssssssrerseeemertseeetiiitteeeeiinateeeeeattanteraeeteeee s aasssaeeaesassseaaesasassssssseeaeessssneensssres 2—431
MC911 High—Speed Switching/Silicon Epitaxial Type(Common Anode)--+-- - 2—442
MC921 High—Speed Switching/Silicon Epitaxial Type(Common Cathode) «+««++«xeseeererermemimnriniiiniiiiiiiiiie 2—444
MC931 High—Speed Switching/Silicon Epitaxial Type(Series Typc) ................................................................... 2—446

MITSUBISHI 1-5

ELECTRIC



MITSUBISHI GENERAL PURPOSE ICs

TABLE OF CONTENTS

I OPERATIONAL AMPLIFIER, PRE AMPLIFIER page
M5216P Dual Large—Current Operational Amplifiers =«+«+++s+sssssessssssestssesininiiietiietiet e 2—43
M5216L Dual Large—Current Operational Amplifiers -+ 2—43
M5218P/M5R4558P Dual LOW—NOiSe Operational Ampllﬁels ............................................................................... 2—.45
M5218L Dual Low—Noise Operational Amplifiers-«++++++-++--- - 2—45
M5219P Dual Low—Noise Voltage Amplifiers -+ -+ 2—50
M5219L Dual Low—Noise Voltage Amplifiers - -+ 2—50
M5220P Dual Low—Noise Voltage Amplifiers -+-+++++++sssssesrsssessiststsimtsietet ittt 2—56
M5220L Dual LOW—NOiSe Voltage Amplifiers ...................................................................................................... 2_56
M5221P/M5T082P Dual J-FET Input Operational Amplifiers -+ 2—59
M5221L Dual J-FET Input Operational Amplifiers -+ 2—59

M5223P/M5N358P Dual Single Power Supply Operational Amplifiers- - 2—61
M5223L Dual Single Power Supply Operational Amplifierss-+ -+ +++sesesssessrsnmmmitniiiniii e 2—61

M5224P/M5N324P Quad Single Power Supply Operational Amplifier 2—63

M51802P/M5F741P Operational Amplifier - 2—198

M51802L Ope[ational Ampllfler ........................................................................................................................... 2-—"98
Il VOLTAGE COMPARATOR

M51 200P Dual Compal’ator ................................................................................................................................ 2»—94

M51201L Voltage Comparator
M51202L Voltage Comparator
M51203L Voltage Comparator -+
M51204L Voltage Comparator -+
M51205L Voltage Comparator ****
M51206L Voltage Comparator
M51207L Dual Comparator

M51209P/M5N339P QUAA COMPATALOr:+++++++sest+ssmrserestres sttt 2—128
Ml TIMER

M51841P/M5SE555P Single THIMer -+ esreesessrenressesse et 2—203

M51843P Single Timer .

M51847P/M5ES56AP Dual Timer
M51848P/M5ES55AP Single Timer

M51848L/M5E555AL Single THIEr «+eerereerserersssrsmrssi ettt 2—218
M51849L COUNEET THIMEE *++++++e+ssrreessssemsssesaistanateeaasseeeaseeseinsssaaaeeaateeeeatse e et seeeesae s e saas s erab s e e e ntseeeseanassaeeateeearaneas 2—223
M58479P CMOS Counter/Timers **

M58482P CMOS COURtEr/TIMErS -++++++++s+sreessersrerserssressseaiseeiseasseassasteissesiasesstesseenstssnssiaseassssesaessnsassaessraesirnesns 2—431

Il MOTOR DRIVER

M51660L SEIVO MOtOr POSItION COMETOL ##+++rreerrreeerreeeamrreriiurtsiittiestteaeteeeestreesiaseeeirneeeranteessseesesiaaseesensteesssasesesanns 2—169
M51712P 3_Phase Brushless Motor DIiver ««+++ sssttseerseeetrrteiiurtaniitteeniiteeaiaeesissseeisseeeasteessisesesiiansseenssesassssesannns 2—172
M51714P DUl BiDirectional DIiver:+++++-+++«sstsseetsreeetsreeaiuereiureeaitereenteeesssieiaseaeseeeenesesensseesssaneeosnseessssssssinns 2—176

= 2—179

M51723P Frequency—Voltage(F—V)Converter-- .
- 2—-179

M51723FP  Frequency—Voltage(F—V)Converter--

M51724P 3—Phase Brushless Motor Pre—Driver -+ - 2—182
M51728L PLL Speed Control for DT Motor +++++++++++sesstsesesesessrnrsrststitussatntststi st ettt sttt es bttt 2—186
M51970L F—G Speed Control for DC MIcro Motor -+ -+++++tsessestssrsesssstntismntisususesemiietiesesae sttt snsisnas 2—262
M54540AL  Bi—Directional Motor Driver - 2—348

M54541L Bi-Directional Motor Driver*
M54542L Bi-Directional Motor Driver-
M54543L Bi-Directional Motor Driver
M54543AL  Bi-—Directional Motor Driver
M54544L Bi-Directional Motor Driver-
M54544AL  Bi-—Directional Motor Driver-

-+ 2—350
-+ 2—353
2—356
2—359
- 2—362
-+ 2—365

M54545L Bi—Directional Motor Driver- -+ 2—368
M54546L Bi-Directional Motor Driver-* 2—-3Nn
M54547P  Bi-Directional Motor Driver with OP Amp and Transistor Array -«««+s-sorteesrseeesonssemnsesnmnineiiniiieeens 2—374
M54548L Bi-Directional Motor Driver with Motor Speed Control:++--++++++++ - 2—377
M54549L Dual Bi—Directional Motor Driver «+weseeeeserneessneeennne s : . -+ 2—380

1—6 MITSUBISHI
ELECTRIC



MITSUBISHI GENERAL PURPOSE ICs

TABLE OF CONTENTS

Il ANALOG SWITCH page
M401SBP Quadruple Bilateral SWitCh ................................................................................................................... 2—3
M4051BP  8—Channel Analog Multiplexer/Demultiplexers- -+ -+ ssesirssrssmemissiintitt sttt 2—8
M4052BP Dual 4—Channel Analog Multiplexer/Demultiplexer - -+ 2—13
M4053BP Triple 2—Channel Analog Multiplexer/Demultiplexer --- 2—18
M4066BP Quadruple Bilateral SWltCh ................................ .. 2—23
M51320P Analog Switch(2—Input 3—CRamnel) «+++rse s eres e tr st 2—134
M51321P Analog Switch(3—Input 3—CRanmel) -++++++sssessserttstss sttt 2—139
M51326P Analog Switch(2—Input 3—Channel) -+
M51327P Analog Switch(3—Input 3—Channel) -+
M51551P Dual 2—-Mode Electronic Switch-«--+- =
M51551 FP D“al 2_M0de Electronic Switch ............................................................................................................ 2_]64

l VOLTAGE REGULATOR

M5230L
M5131L

Variable Output Voltage Regulator(Dual Tracking Type) «+«+-ssesstsssetssrstssssearsuetsnisiniiinimtiitneiinictneees 2—65
Variable Output Voltage Regulator(Dual Tracking Type) - ssssesereersssereurssmmeiiisiimssssies st 2—72

M DISPLAY DRIVER

M51901P
M51903L
M51906P
M51907P
M51909P
M51910P
M51911L
M51912L
M54847AP
M54940P

12—Point/23—Mode LED Driver - 2—227
LED Linear Level Indicator «-=++sseeeeeee -+ 2—230
G_Step BAR Type LED Level Iﬂdicatol’ ................................................................................................ 2_235

8-Step BAR Type LED Level INdicator -+ t+s+sssststsststsseststastastnsiesttttinisiisi sttt 2—239
8—Step BAR Type LED Level Indicator -- - 2—239
9—Point/2-Input LED Level Indicator - -+ 2—248
6—Step BAR Type LED Level Indicator - - 2—252
6—Step BAR Type LED Level Indicator -+« +tessescsseststsseseratastaraieniomitnt ittt ettt 2—252

2—Digit BCD——7Segment Decoder/Driver ................................................................................................ 2—423
8—Dlg1t Fluorescent Dlsplay Driver fOl' Microcomputer ............................................................................. 2—-426

Hl TRANSISTOR ARRAY

M54512L 4—Unlt 50mA Transistor Al'ray .............................................................................................................. 2—273
M54513P 8—Unit 50mA Transistor Array -+ .-
M54514AP  7—Unit 50mA Transistor Array
M54515P 7—Unit 16mA Transistor Array --==+==+---*
M54516P 5—Unit 500mA Darlington Transistor Array
M54517P 7—Unit 400mA Darlington Transistor Array
M54519P 7—Unit 400mA Darlington Transistor Array-
M54521P 5—Unit 500mA Darlington Transistor Array-*
M54522P 8—Unit 400mA Darlington Transistor Array
M54523P 7—Unit 500mA Darlington Transistor Array with clamp Diode: r«- - -sseeesrrreessarerrrmnmi e 2—296
M54524P 7—Unlt 500mA Darlington Tfansistor Array Wlth Clamp Diode .................................................................... 2_299
M54525P 7—Unit 500mA Darlington Transistor Array with clamp Diode-* -+ 2—302
M54526P 7—Unit 500mA Darlington Transistor Array with clamp Diode--* 2—305
M54527P 6—Unit 150mA Darlington Transistor Array with clamp Diode- 2—308
M54528P 7—Unit 150mA Darlington Transistor Array with clamp Diodes----ssesrresessserstsmmisieiieiiii e 2—310
M54529P 5_Un1t 320mA Transistof Arl'ay Wlth Strobe ........................................................................................... 2—-3]2
M54529AP  5-Unit 320mA Transistor Array with Strobe --++--esveeereeeeeeeee -+ 2—315
M54530P 7—Unit 400mA Darlington Transistor Array with Clamp Diode «eererrererrerrerrererrereees 2-318
M54531P 7-Unit 400mA Darlington Transistor Array with Clamp Diode«+rreesrerererrerrrnimrererierrnee 2—321
M54532P 4—Unit 1.5A Darlington Transistor Array with Clamp Diode --+-+++-ssssssersemsmunseitsiiins i 2—324
M54533P 6_Un1t SZOmA Transistor An’ay Wlth Clamp Diode and Strobe ................................................................... 2_.327
M54534P 6—Unit 320mA Transistor Array with Clamp Diode and Strobe -+ 2—330
M54535P 7-Unit 150mA Transistor Array with Clamp Diode and Strobe:««e«reeeeerreermrmrimmeriirrrereeenees 2—333
M54536P 7-Unit 150mA Transistor Array with Clamp Diode and Strobe::-sssseeevessreeeermemammnriririinie 2—336
M54537P 7—Unlt 350mA Traﬂsistor Array ............................................................................................................ 2.—339
M54538P 7_Un1t 350mA T[anSiStOr Array ﬂnd MOtOr DIiVel‘ ................................................................................... 2_342
M54539P 6—Unit 700mA Transistor Array with Clamp Diode -+ - 2—345
M54560P 7-Unit 150mA Source Type Darlington Transister Array «+««r«««sssssserrrsssssttmuummiiiii e 2—383
M54561P 7-Unit 300mA Source Type Darlington Transister Array ««-«++-s+ssssssscessetssertritistntataantaatnie it 2—386
MITSUBISHI 1-7

ELECTRIC



MITSUBISHI GENERAL PURPOSE ICs

TABLE OF CONTENTS

page
M5‘562P S—Unlt SOOmA Source Type Dafliﬂgton Transister Array .......................................................................... 2_389
M54563P 8—Unit 500mA Source Type Darlington Transister Array
M54564P 8—Unit 500mA Source Type Darlington Transister Array -
M54565P 8—Unit 50mA Transister Array(Input “L” ACtive)««+-++++sssssssssssssestesinteiitiiiatit ittt 2—308
M54566P 7—Unit 400mA Darlington Transister Array(Input “L” Active) «+-s+stsesssstsssssresssinsiinienintinetnieitstnasnes 2—400
M54567P 4—Unit 1.5A Darlington Transister Array with Clamp Diode 2—403
M54568L 4—Unit 30mA PNP Transistor Array «««««--soseeeeeseeeeeeseens 2—406
M54569P 8—Unit 30mA PNP Transistor Array ----+r-=ssseeveeeeees 2—408
M54571P G—Unlt 350mA Transistor Array and Motor Driver ................................................................................... 2_410
M54576P 7—Unit 30mA Transistor Array(“L” Active Input) .................................................................................... 2—413
M54576FP - 7—Unit 30mA Transistor Array(“L” Active Input) -+
M54577P 7—Unit 30mA Transistor Array ----seeeseeermesereaeneee
M54577FP 7_Un1t 30mA Transistor Array .......................................
M54578P 6—Unit 700mA Transistor Array with Clamp Diode and Strobe:«««««««reeeereeereerrerrererrerrreeee 2—417
M54580P 7—Unit 150mA Source Type Darlington Transistor Array -+« -sssssssssseestrsrsssmnsiniiiieess e 2—420
Il OTHERS .
MC911 High—Speed Switching/Silicon Epitaxial Type(Common Anode):«+«+sssssssssrresinserinsmnriannsiirinntnniansiee 2—442
MC921 High—Speed Switching/Silicon Epitaxial Type(Common Cathede) - 2—444
MC931 High—Speed Switching/Silicon Epitaxial Type(Series Type) - 2—446
M5109P Dual Differential Amplifier:«« -+« +sssssssssreseurmrmemsiiiniii 228
M5172L The"mo Controller ............................................................................................................................... 2._3]
M5174P Flame Detector ............................................................ 2._36
M5232L Voltage Detection for Alarm System(LED Turn ON and OFF) - -2—77
M50601P Electronic Volume Control CMOS 6-Bit D/A Converter ="+ 2—83
M50602P Electronic Volume Control CMOS 5-Bit D/A Converter ---2—86
M51133P Dual Electronic Attenuator =+ 2—90
M51361P/MSES65P Phase Locked Loop-- -2—154
M51523L Dual Channel Electronic AT T wxveeeeeeeeeees -2—159
M51743P Sequence Controller for Flame Detector ** -2—191
M51961 L Flasher .Control cirCuit ........................................................................................................................ 2_258
M52670P 4_B1t A/D COnVerter""""""""""""" .................................................................................................. 2-—268
M52670FP 4_B1t A/D Converter ........................................................................................................................... 2_.268
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MITSUBISHI GENERAL PURPOSE ICs

USER’S GUIDE

OPERATIONAL AMPLIFIER, PRE AMPLIFIER

Function Generic No. mir:s;gi[.flgic?r?\:notr Mitsubishi Recommended (Features)
Single op amp 741 M51802P/M5F741P ®M51802L  [[Single in line package )
i i , 4558, 4559
4557, 4558, 4559 | M5218P/M5R4558P eM5218L  [[Sompatibie with dosr 4558, 455
358/2904 M5223P/M5N358P *M5223L [Single in line package]
Dual op amp -
sms216p/L  [Lih, surent g
324/2902 M5224P/M5N324P
J.FET Input op amp 072, 082 M5221P/M5T082P eM5221L (single in tine package]
aM5219L/P  [Vook2sv, s/N=77d8]
Dual low noise pre-amp
AM5220L/P  [Veot25v, s/N=83dB)

Note : & Mitsubishi original, ® Functional equivalent

VOLTAGE COMPARATOR

: . Mitsubishi Pin For : i ohi
Function Generic No. Pin Replacement Mitsubishi Recommended (Features)
Low input current
AM51201L [high OL?tqu drive, including refference]
with hysteresis, Vgc1.7~6.5V
Low input current
AM51202L [high output drive, Vol.7~6.5V.
Low input current
AM51203L Figh output drive, Voc3~28V ]
Single comparator including refference with hysteresis:
Low input current
AM51204L high output drive, VCCZ.5~2BV]
Low input current
AM51205L [stabiliz%d power supplr terminal ]
including refference with hysteresis
Low input current
AM51206L [srabllized power supply terminal.
AM51200P [Low input current]
Dual comparator
Low input current
AM51207L high output drive, Vcc2.5~28V]
Quad comparator 339 M51209P/M5N339P [l'li?v"ar?;‘,’ﬂ?"c'u‘r’,'évni vcc2.5~2av]

Note : & Mitsubishi original, ® Functional equivalent

MITSUBISHI

ELECTRIC
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MITSUBISHI GENERAL PURPOSE ICs

USER’S GUIDE

TIMER
Function Generic No. Mﬁsggggzzir::n? Mitsubishi Recommended [Features)
555 M51841P/M5E555P ©M51848P/MS5ESSSAP([igh spoed guaranty  ible)
! igh d
Single timer oM51848L [:"egetstgl?rglnaglu?{?_"::yompatible]
single in line package
AM51843P [Large supply voltage appllcation]

Dual timer 556 ©M51847P/M5ESS6AP(1igh speed guaranty i)

Counter timer

AM51849L [Long time capablllty~50hours]
i
aM58479P  [sipoRcr foise iimunty, oxromely

road time-delay rangé (50ms~4

Low power dissipation
uperior noise immunity, extremely ]

ams8482P (s
broad time-delay range (50ms~480h)

Note : & Mitsubishi original, ® Functional equivalent

MOTOR DRIVER

Mitsubishi Pin For

Function Generic No. Pin Replacement Mitsubishi Recommended (Features)
Motor control
AM51660L [Radlo control servo]
Position control
F-G Servo AMS51970L  [single in line)
PLL Servo AM51728L [ngh stability

single in line.

Bi-directional driver

AMS1712P [ Linear driver]

3-Phase brushless
AM51724P [Pre-drlver]
AMB54540AL  [lotmax/lo%064/£0.14)
AM54541L [lo(max)/loiO.BA/:tO.ZA]
AM54542L [Io(max)/loi 1 .2A/-_i-o.3A]

+

amsasaaL  (msisihy e

| /lot1.2A/10.3A
AMS54544L [h?l(orpo?'xt)n:klng function

lo( )/lo£1.2A/£0.2A
AM54545L [Mortnoe)%raking function

lo( )/10+0.7A/£0.16A
AM54546L [hgortnoar‘)ra?dng function
lo( )/10+£0.6A/%0.16A
AMb54547P Bui ﬁ?\ error amp, motor braking lunction]

aMs4548L  [MEBFBrSing function ]

op amp and decoder

+ +
am5a549L (M Breing function )

dual bi-directional, thermal shutdown

+ +
AM54543AL [ MEPRring fanciion ]
thermal shutdown
+ +
AM54544AL  [MERFBring ionciion ]

thermal shutdown

aM51714P (BB Sing Tanstion ]

dual bi-directional

F-V Servo

AM51723P/FP[LOW quiescent supply

current

Note : & Mitsubishi original, ® Functional equivalent

1-10
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MITSUBISHI GENERAL PURPOSE ICs

USER’S GUIDE

ANALOG SWITCH

Function Generic No. g:i:sggipslgic:m an‘:r Mitsubishi Recommended (Features)
Analog SW AM51320P [ Video SW, 2 Inputs 3oh)
AMS51326P [wdeo SW, 2 inputs 3ch]
AM51321P [ video sW, 3 inputs 3ch )
Bipolar SW
2aM51327P  [Video SW. 3 inputs 3ch]
AM51551P/FP[ Audio SW, 2 inputs 2ch
4016B M4016BP
40668B M4066BP
CMOS sw 4051B M4051BP
4052B M4052BP
4053B M4053BP

Note : & Mitsubishi original, ® Functional equivalent

VOLTAGE REGULATOR

Function Generic No. Mgs;g';g'czm:g Mitsubishi Recommended (Features)

. . High voltage V,=+8~ 70V
Variable single AMS5231L Low noise Vno=12xVrms typ.
. High voltage V,==*8~+35V
Variable dual AM5230L Low noise VN0I=12erms typ.

Note : & Mitsubishi original, ® Functional equivalent

DISPLAY DRIVER

Mitsubishi Pin For

Function Generic No. Pin Replacement Mitsubishi Recommended (Features)
5-Step bar indicator AM51903L [Linear mode operatlon]
Including AC- DC converter
AM51906P log scalg ]
Including AC-DC rt
6-Step bar indicator AM5S1911L [:%%J%gnt conve er]
og scale
Including AC-DC converter:
aM51912L  [(iow current )
linear sca|e
Including AC-DC converter:
aM51907P  [iow current enverten

log scale

8-Step bar indicator

AM51909P Ig%uédlngr;kc -DC converter]

linear scale
9-Point level indicator AM51910P [2 inputs Indicator]
12-Point level indicator AMS51901P  [[23-Mode indicator )
2-Dig BCD to 7-Seg AM54847AP gl;'g(:atydrlve for LED or FL
8-Dig 7-Seg, FL driver AM54940p [ [Qirept drive for 35V FL

Note : & Mitsubishi original, ® Functional equivalent

MITSUBISHI =1
ELECTRIC :



MITSUBISHI GENERAL PURPOSE ICs

USER’S GUIDE

TRANSISTOR ARRAY
Function Generic No. p’ﬂiir:s;gi;flgiczme’:rgr Mitsubishi Recommended (Features)
| #M54512L g?rfg‘fe in line package]
2064 254532P [(1.5A darlington, with ciamp diode ]
4-Unit Tr array
AMB54567P ?ﬁgﬁﬂff-":g:ﬁl with clamp dlode]
2M54568L 2313!2 'ijr:\ll?ne package]
AM54516P  [500mA darlington]
5-Unit Tr array 4aM54521P  [500mA darlington]
AM54529P/AP{ 3820mA with strobe ]
2AM54527P  [(150mA with clamp diode ]
AM54533P 2ﬁ3"§ﬁ£§“ clamp diode]
6-Unit Tr array FMs4s34p 2ﬁ3”;ﬁ;’{’,‘;" e diwe]
AMB54578P [zggrgﬁcnl)iéh clamp diode
AM54539P [700mA with clamp diode]
AM54571P  [350ma printer driver]
AMB54514AP  [50mA NPN driver]
aM54515P  [16mA NPN ariver]
AM54517P [400mA darlington]
AM54519P  [400mA darlington
2003 ®M54523P
2001 ®M54524P
2002 ®M54525P
2004 ® M54526P
AM54528P [150mA darlington with clamp]
7-Unit Tr array
AMS54530P  [[400mA darlington with clamp )
AM54531P  [(400mA dariington with clamp )
AMS54535P  [[150mA with clamp and strobe ]
AMS54536P  [150mA with clamp and strobe ]
AM54537P  [320mA non-dariington driver ]
4M54538P  [850mA and motor driver ]
AM54560P [150mA source darlington]
AMb54561P [300mA source darlington]
aMsaseep ({904 deringion)
Note : & Mitsubishi original, ® Functional equivalent
1-12 MITSUBISHI
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MITSUBISHI GENERAL PURPOSE ICs

USER’S GUIDE

TRANSISTOR ARRAY

Function Generic No. m:sggi;':czm ;‘:’ Mitsubishi Recommended (Features)
30mA

AM54576P/FP(E0mA. . ive)

7-Unit Tr array AM54577P/FP[3‘?£‘£_ n°n-d8"i"9t°ﬂ]
AM54580P [:gOQLA source darlington]
AMS54513P  [[50mA NPN driver
aMsas22P [ ceagon

2982 ®M54562P

8-Unit Tr array 2981 ®M54563P
AM54564P [500mA source darlington for FL]
~M54565P ﬁnopTJtA"L" actlve]
AM54569P  [[30mA PNP array]

Note : & Mitsubishi original, ® Functional equivalent

ELECTRIC

OTHERS
Function Generic No. M:s;g:;:iczm;otr Mitsubishi Recommended (Features)
6b CMOS D/A converter for
AMS50601P electronic volume control ]
D/A converter
5b CMOS D/A converter for
~M50602P electronic volume control ]
4b bipolar A/D converter for high speed
A/D converter i M5267°P/Fp[use sgmpllng rate 10M samplegsecp
PLL M51361P/M5ES65P
.| Dual differential amp 3054 M5109P
Line operation IC
AM5172L [buil!—uFr’\ differential amp]
Zero volt trigger ckt Fail—safe design for flame detector
Flame detector AM5174P built—in relay driver
S tial trol for fl detect
AM51743P Bain fve %’&'r?pa?&o?é" nd o o
regulators
Including balance control
AM51523L [dual chagnnel
Electronic attenuator
Including balance control
2M51133P dual channel
AMC911 [Common anode]
Double diode AMC921 [Common cathode]
AMC931 [Series type]
Flasher control AM51961L Lr:ﬁl)\;glng break detecting
Voltage detection Battery reduced voltage
alarm system AM5232L e et 68 na oFF))
Note : A Mitsubishi original, ® Functional equivalent
MITSUBISHI 1-13



MITSUBISHI GENERAL PURPOSE ICs

CROSS REFERENCE GUIDE

OPERATIONAL

AMPLIFIER, PRE AMPLIFIER
Function Mitsubishi Type No. Fairchild National Motorola T
M51802P/M5F741P HAT41TC LM741CN MC1741CP1 #A7T41CP
Single op amp
®eM51802L
M5218P/M5R4558P | A4558TC MC4558CP1 | RedRo8E
eM5218L '
M5223P/M5N358P LM358 LM358N LM358N LM358P
LM2904
Dual op amp
o M5223L
*M5216P
eM5216L
M5221P/M5T082P JLore
J. FET Input op amp )
oeM5221L
1#A324 LM324
Quad op amp M5224P/M5N324P «A2902 LM324 LM2902
dual low noise
AM6219L/P
Pre-amp AM5220L/P
Note : & Mitsubishi original device, ® Functional equivalent
VOLTAGE COMPARATOR
Function Mitsubishi Type No. Fairchild National Motorola T
AM51201L
AM51202L
AM51203L
Single comparator
AM51204L
AM51205L
AM51206L
) AM51200P
Dual comparator
AMS51207L
Quad comparator *M51209P/M5N339P #A339 LM339 LM139
Note : & Mitsubishi original device, ® Functional equivalent
1—14 MITSUBISHI
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MITSUBISHI GENERAL PURPOSE ICs

CROSS REFERENCE GUIDE

TIMER
Function Mitsubishi Type No. Fairchild National Motorola T. I
M51841P/M5ES55P #AB55TC LM555C MC1455P1 NES55P
®M51848P/M5ES55AP
Single timer
®M51848L/M5ES55AL
AM51843P
Dual timer ®M51847P/M5ES556AP uAS556PC LM556C
AM51849L
Counter timer AM58479P
AM58482P
Note : A Mitsubishi original device, ® Functional equivalent
MOTOR DRIVER
Function Mitsubishi Type No. Fairchild National Motorola T L
Position control AM51660L
F-G Servo AM51970L
PLL servo AMb51728L
AM51712P
3-Phase brushless
AMB1724P
AMB4540AL
AMB4541L
AMb54542L
AM54543L
Bi-Directional driver AMB4544L
AMSE4545L
AM54546L
AMS54547P
AM54548L
AM54549L
Dual Bi-Directional
Driver
AMS51714P
o . i AMS54543AL
Bi-Directional driver with
thermal shutdown function
AMb4544AL
F-V Servo AM51723P/FP
Note : & Mitsubishi original device, ® Functional equivalent
MITSUBISHI 1-15
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MITSUBISHI GENERAL PURPOSE ICs

CROSS REFERENCE GUIDE

ANALOG SWITCH

Function Mitsubishi Type No. Fairchild National Motorola Tl
AM51320P
AM51326P
Bipolar SW AM51321P
AM51327P
AM51551P/FP
M4016BP F4016BPC MC14016BCP | TP4016BN
M4066BP F4066BPC CD4066BCN MC14066BCP | TP4066BN
CMOS sw M4051BP F4051BPC CD4051BCN MC14051BCP | TP4051BN
M4052BP F4052BPC CD4052BCN MC14052BCP | TP4052BN
M4053BP F4053BFC CD4053BCN MC14053BCP | TP4053BN

Note : & Mitsubishi original device, ® Functional equivalent

VOLTAGE REGULATOR

Function Mitsubishi Type No. Fairchild National Motorola T. I
Variable single AMS5231L
Variable dual AMS5230L

Note : & Mitsubishi original device, ® Functional equivalent

DISPLAY DRIVER

Function Mitsubishi Type No. Fairchild National Motorola Tl
12-point level indicator AM51901P
5-step bar indicator AM51903L
6-step bar indicator AM51906P
AM51907P

8-step bar indicator
AM51909P

9-point 2 inputs indicator AM51910P

AMS51911L
6-step bar indicator

AMSE1912L
2-Dig, BCD to 7-Seg AMS54847AP
8-Dig, 7-Seg, FL Driver AM54940P

Note : & Mitsubishi original device, ® Functional equivalent

1-186 MITSUBISHI
ELECTRIC



MITSUBISHI GENERAL PURPOSE ICs

CROSS REFERENCE GUIDE

TRANSISTOR ARRAY

Function Mitsubishi Type No. Sprague National Motorola T.I

AM54512L

’ (ULN2064A)
M54532p Noted: Pin connection

| 4-Unit Tr array
AMb54567P

AMS54568L

2M54516P

5-Unit Tr array AM54521P

AM54529P/AP

AMb4527P

AM54533P

AMS54534P

6-Unit Tr array
AM54578P

AM54539P

AMS54571P

AMbB4514AP

AMB54515P J

AM54517P

AM54519P

®M54523P ULN2003A MC1413PW ULN2003A

o M54524P ULN2001A MC1411PW ULN2001A

®M54525P ULN2002A MC1412PW ULN2002A

®M54526P ULN2004A ‘ MC1416PW ULN2004A

AM54528P J

7-Unit Tr array
AM54530P

AM54531P

AM5E4535P

AM54536P

AM54537P

AM54538P

AMb54560P

AME4561P

AME4566P

Note : & Mitsubishi original device, ® Functional equivalent

MITSUBISHI 1=17
ELECTRIC



MITSUBISHI GENERAL PURPOSE ICs

CROSS REFERENCE GUIDE

TRANSISTOR ARRAY

Function Mitsubishi Type No. Sprague National Motorola T. I
AM54576P/FP
7-Unit Tr array AM54577P/FP
AM54580P
®M54562P UDN-2982A
®M54563P UDN-2981A
AM54564P
8-Unit Tr Array AM54565P
AM54569P
AM54513P
AMS54522P
Note : & Mitsubishi original device, ® Functional equivalent
OTHERS
Function Mitsubishi Type No. Fairchild National Motorola T. I
AMS50601P
D/A Converter
AM50602P
Hitachi
A/D Converter o M52670P/FP HA19203
PLL *M51361P/MSES65P LM565CN NE565N Ngpetics
Dual differential amp M5109P CA3054 82905 4
Zero volt trigger CRt AM5172L
AM5174P
Flame detector
AM51743P
AMS51523L
Electronic OF
AM51133P
AMCO11
Double diode AMC921
AMC931
Flasher control AM51961L
Voltage detection
alarmgsystem AM5232L
Note | & Mitsubishi original device, ® Functional equivalent
1—18 MITSUBISHI
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MITSUBISHI GENERAL PURPOSE ICs

ORDERING INFORMATION

FOR MITSUBISHI ORIGINAL PRODUCTS
Example: M 5 _1_ 8§ A__ P_
T T 7T T 7

M: Indicates the product is a Mitsubishi Electric inte-
grated circuit.
5: Industrial/consumer

(Operating ambient temperature range is —20 to
75C , standard)

9: High-reliability type
0: CMOS

1~2: Linear circuit

3: TTL

10~19 : Linear circuit
32~33 : TTL (equivalent to the TI SN74 family)
41~47 : TTL, others

48~49 : I’L

84 : COMS

85: p-channel silicon gate MOS

86 : p-channel aluminum gate MOS
87 . n-channel silicon gate MOS

88 : p-channel aluminum gate EDMOS
89 : COMS

S$0~S2 : Shottky TTL
(equivalent to the TI SN74S family)

This group consists of a two-digit serial number to indicate
the type of circuit within the series.

Consists of a single letter which indicates the difference of
outer appearance or some part of the device specifications
as listed below.

(1) For linear circuits, this is one letter of the alphabet,
chosen in alphabetical order but not including | or O,
which is used to flag devices for which parts of the spe-
cifications differ.

(2) For devices with identical specifications having only pin
bending direction differences, an R is assigned to this
group.

(3) When this group designation is not required, the next
group is shifted to the left to follow the group (4) im-
mediately.

K : Low melting point glass sealed ceramic-type package
L : Plastic molded SIL (single in-line) package
P : Plastic molded DIL (dual in-line) package
S : Cermet packge
MITSUBISHI 1-19
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MITSUBISHI GENERAL PURPOSE ICs

ORDERING INFORMATION

FOR SECOND SOURCE PRODUCTS
Example: % _5_ _|§4_1_l_.§_$_ - _2__

PACKAGE CODE

M : Mitsubishi integrated prefix

Temperature range

5§ Standard industrial/commercial
{0 to 70/75°C or —20 to 85C)

9 High reliability

Series designation of original source

using 1 or 2 alphabetical characters.
. Advanced Micro Devices

. Motorola’s MC series

. Signetics
Fairchild

. General Instrument’s series

. Mostek’s MK series

Intel's series

. National Semiconductor

. Raytheon

T . Texas Instrument’s

W : Western Digital's series

Circuit function identification code of the

original source type name.

IZrXOTMO >

Package style

K : Glass-sealed ceramic
P: Molded plastic

8. Metal-sealed ceramic

Electrical characteristic identification code
using 1 or 2 digits.

Package style may be specified by using the following simplified alphanumeric code.

Example: 24 _P__ ﬂ'_
T

Number of pins

Package structure
K . Glass-sealed ceramic
P Molded plastic
§ ! Metal-sealed ceramic

— Package outline
1: DIL without fin
2 Flat without fin
4 : DIL without fin (improved)
4B : Shrink DIL without fin
10 : DIL without fin and with quartz lid

MITSUBISHI
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MITSUBISHI GENERAL PURPOSE ICs

EXTERNAL PACKAGES

10P2 10P5 12P9 14P2

14P4 14P5-A 16P2 16P2-C

E

16P4 18P4

’

24P2 24P2-C

30P4-B

MITSUBISHI 1-21
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MITSUBISHI GENERAL PURPOSE ICs

PACKAGE OUTLINES

TYPE 3P5 3-PIN MOLDED PLASTIC SIL Dimension in mm

3.3 max

#0.45

. o ﬁl.?S
1 A
@-H-H

9.0 min

2.5 max
0.9

TYPE 5P5 5-PIN MOLDED PLASTIC SIL Dimension in mm

8.1MAX 3.6MAX

10.5MIN

-2
S \i“’

#0.45

1.4

00000

1—22 MITSUBISHI
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MITSUBISHI GENERAL PURPOSE ICs

PACKAGE OUTLINES

TYPE 8P4 8-PIN MOLDED PLASTIC SIL Dimension in mm

+0.5
8.9 4>

.1 /M

O

| ) SWNN Ry SN S8

6.3+0.15

L

J‘:‘ 4.5MAX

0.5MIN | 3MIN

0.5+0.1

+0.3 +0.3
1.5 5% '—00
2.541+0.25

TYPE 8P5 8-PIN MOLDED PLASTIC DIL

Dimension in mm

+0.5

1970 2.8+0.2
0.2 =i
T
[ToRaV] =
z N
S
MRS
el et 5
©
I :
b
™
L +0.07
2.54+0.25 0.5+0.1 0.27_4"¢5
T12703 il
c—0.1 1.240.1
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MITSUBISHI GENERAL PURPOSE ICs

PACKAGE OUTLINES

TYPE 9P9 9-PIN MOLDED PLASTIC SIL Dimension in'mm

|
: — )
-+ )

1

+0.5
22.867 ("5
3.4%02 16.0 .
A R1.7
\ 0.6
o
© e O el
o v
K ©y 29 [
o ]
©
O ~
o ~
2 A
§ <
zh =
s
(=
@
2.54+0.25 0.6+0.1 0.6+0.1 0.8+0.1
T 4 T
1.4+0.1 3.540.1
TYPE 10P2-A 10-PIN MOLDED PLASTIC FLAT Dimension in mm
O
L
0.45£0.1 1.27£0.25
T
(9.9)
. e
& 5.3+0.2
+}
oo
. 28
l———a y
6.1+0.2 =~ 5 )
M =
o R 14.4+0.3
=] - r
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MITSUBISHI GENERAL PURPOSE ICs

PACKAGE OUTLINES

TYPE 10P5 10-PIN MOLDED PLASTIC SIL Dimension in mm
25.2703 2.8+0.2
T
Sol %
O O |7 ¢ |
ot s
-5
z
g
7 |
2.54+0.25 0.540.1 0.27+0-07
' 12493 1.2+0.1
[~ =\
\ _/
TYPE 12P9 12-PIN MOLDED PLASTIC SIL Dimension in mm
1 T )
\ e \ l r=--a )
30.48+3-3
93.470:2 p]
_ 0.6
|
LI\
) DY |
> | " B
0 ol |
; 2 ~
| ]
2
SN |
2.5440.25 0.6+0.1 0.61+0.1 0.8+0.1
0.3
14353 3.5+0.2
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MITSUBISHI GENERAL PURPOSE ICs

PACKAGE OUTLINES

TYPE 14P2 14-PIN MOLDED PLASTIC FLAT Dimension in mm
n— 71
i
@) ! & e
! ‘ 015255
0.454+0.1 1.27+£0.25
[ \
T
9.4+0.2 ET ;
TYPE 14P4 14-PIN MOLDED PLASTIC DIL , Dimension in-mm
19703

O
6.3+0.15

7.62+0.3

4. 5MAX

O.SMINFMIN

2.54+0.25 0.5+0.1
' ’ +0.3
1.5 1977
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MITSUBISHI GENERAL PURPOSE ICs

PACKAGE OUTLINES

TYPE 14P5A 14-PIN MOLDED PLASTIC ZIL

Dimension in mm

1903 . 2.8+0.2
I_ "| - 1.2+0.1
n N /-
x| oo
<+
2|l ®
. o
0
[ Y4
o3
Z
s
o
~y
1.21+0.25 O.Sigji L
2.55+0.3
TYPE 16P2 16-PIN MOLDED PLASTIC FLAT Dimension in mm
52
O ] N
i 0.1 18:0
0.45+0.1 1.27+0.25
L )

y ]
© ]
Vb M
n
o) |
n
0.8+0.1
1.7540.1

"¢ MITSUBISHI

ELECTRIC

1-27



MITSUBISHI GENERAL PURPOSE ICs

PACKAGE OUTLINES

Dimension in mm

TYPE 16P2-C 16-PIN MOLDED PLASTIC FLAT

HAEAAABHAR

O

HEHEEE

0.45+0.1 1.2TTYP

5.3+0.2

e
= = L= I L=J o o L= \ - L
9.440.2 E E’ 0.5+0.2 L §
8.12+0.3
1
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MITSUBISHI GENERAL PURPOSE ICs

PACKAGE OUTLINES
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MITSUBISHI' GENERAL PURPOSE ICs

PACKAGE OUTLINES
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MITSUBISHI GENERAL PURPOSE ICs

PACKAGE OUTLINES
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MITSUBISHI GENERAL PURPOSE ICs

PACKAGE OUTLINES

Dimension in mm
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MITSUBISHI GENERAL PURPOSE ICs

QUALITY ASSURANCE AND RELIABILITY TESTING

1. INTRODUCTION

Recent years have seen rapid advancements in semi-
conductor integrated circuits in the areas of level of
integration, speed, and other performance factors. Increas-
ingly complex systems requiring higher reliability and the
need to simplify assembly processes has resulted in a
rapidly increasing demand for semiconductor integrated
circuits. Accompanying this increased demand is the very
serious problem of supplying customers with devices that
operate with uniform quality. Mitsubishi Electric has
developed the system of quality assurance described below
as well as a system for controlling reliability, enabling the
supply of highly reliable devices to customers. This system
and the results of reliability testing will be described below
in addition to an overview of the problems that face us in
the future for the support of high semiconductor reliability.

2. QUALITY ASSURANCE SYSTEM

This system consists of a combination of design reliability

and product quality and is summarized in Fig. 1, along with

"the procedures for evaluation of reliability.

2.1 Design Quality Assurance

This part of the quality assurance system is implemented by

the following two methods.

(1) Investigations are performed of required device char-
acteristics and quality by means of breadboarding with
standardly available components.

(2) CAD technology is used to design the device according
to established design standards.

2.2 Product Quality Assurance

Product quality assurance is implemented with the follow-

ing controls and inspections.

(1) Environmental control

(2) Periodic inspection and preventative maintenance on
equipment and measurement instruments used in de-
sign.

(3) Purchasing control

(4) Manufacturing process control

(5) Intermediate inspections: Wafer process and assembly

(6) Final inspections: Inspections of the finished product
for outward appearance, dimensions, structure, and
electrical characteristics to determine the device’s pass
or fail status.

(7) Quality assurance inspections: These inspections are
performed from the standpoint of the end user to
provide an overall verification of quality to judge
whether the device will be placed in stock. The
following groups of categories are used in this type of
inspection:

Group A: Tests of outward appearance, markings and
electrical characteristics.
Group B: Tests of environmental mechanical life.

Group C: Reliability tests of samples made from lots
that have passed the Group A and Group B
tests. Testing is performed to determine life
and includes environmental and mechanical

testing and is performed every several
months.
Table 1 Integrated Circuit Reliability Testing Categories
and Conditions (examples)
Group Test category Test conditions
Continuous operation Maximum operating temperature
for 1000h
1 High-temperature Maximum storage temperature
storage for 1000h
Resistance to humidity N
(storage) 85°C, 85%RH, 500Hrs
Resistance to soldering o
heat 260°C, 10Sec
2 Thermal shock 0~100°C, 15 cycles, 10min/cycle
Minimum — Maximum storage
Temperature cycling temperature, 10 cycles 1h/cycle
Solderability 230°C, 5s, using rosin flux
Lead strength Bending: 250g. 90°, 2 times
(Flat: 125g, 90", 2 times)
20G in XY, and Z directions,
3 Vibration 100~2000Hz, 4min/cycle,
cycles in each direction
Shock 75cm, 3 wimes, on a wooden board,
Y, direction
Constant acceleration 20000G, Y, direction, 1Tmin
Table 2 Integrated Circuit Failure Analysis Procedures
Step Description
® |Inspection of the condition of the leads,
plating, soldering and bonding
® Package material, sealing, and marking in-
spection
(1) External ® Inspection of other specified external fea-
inspection tures
® |nspections using stereo and metallurgical
microscopes, X-ray fluoroscopy, and fine
leakage or gross leakage inspections are
performed as required.
® Determination of shorts, opens, and de-
teriorization in parameters by measurement
of electrical parameters.
® Observation of characteristics by means of
(2) Electrical oscilloscope and curves tracers, including
inspection . . .
physical characteristics observed indirectly
by means of electrical characteristics.
® |f required, perform stress testing such as
environmental and life testing.
® Open the package lid and optically inspect
the device internally.
(3) Internal ® Observation of the surface of the silicon chip
inspection ® When applicable, measurement of electrical
characteristics using a probe.
® |f required, the application of SEM, XMA,
or IR microscanning
® Metallurgical inspection and analysis to sup-
plement the internal inspection analysis
(4) Chip analysis ® Cross-sectioning of the chip
® Analysis of flaws in the oxide layer
® Analysis of flaws in the diffusion layer
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- QUALITY ASSURANCE AND RELIABILITY TESTING

Fig. 1 Quality assurance system
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2.3 Reliability Evaluation Testing Used from the Develop-
ment Prototype Phase through the Mass Production

To verify the quality as described in sections 2.1 and 2.2
above, reliability evaluation is performed at three different
stages of a product’s life, development prototype, prepro-

Phase

(O CONCERNED DEPT.

duction, and mass production.

s FLOW OF MATERIALS. PARTS. AND PRODUCTS

———= FLOW OF INFORMATION

In the development prototype Stage, after a product has
passed primary tests it advances to the preproduction stage

at which some quantity of product is produced, after which

secondary testing is performed to verify that the quality and
reliability observed in the prototype has been maintained. In
the mass production stage, a verification of quality and re-

liability is again performed, using the above described quali-
ty assurance testing procedures.
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QUALITY ASSURANCE AND RELIABILITY TESTING

3. RELIABILITY CONTROL

3.1 Reliability Testing

Reliability certification is controlied on a worldwide basis by
the IEC and locally in Japan by the Reliability Center of
Japan (RCJ), operating in accordance with JIS standards to
certify quality.

At Mitsubishi Electric, reliability testing is performed in
accordance with such standards as MIL-STD-883 and EIAJ-
1C-121 and is summarized in Table 1.

3.2 Failure Analysis

To improve the reliability of integrated circuits, the causes of
failures encountered in reliability and accelerated testing
are sought to provide feedback information for the improve-
ment of process technology and the manufacturing function.
Such failure analysis procedures are summarized in Table2.

4. EXAMPLES OF RELIABILITY TEST AND
FAILURE ANALYSIS RESULTS
4.1 Reliability Test Results
Mitsubishi General Purpose Linear ICs are used in many ap-
plication from consumer to industrial field and have been
used with high reliability in these applications . The Table 3
shows an example of the results of the life testing of Gener-
al Purpose Linear ICs.

4.2 Example of Failure Analysis Results

Accelerated testing under conditions more severe than
those encountered in normal operation is used to observe
failures caused by moisture, wire bonding failures, and those
caused when surge voltages cause damage or failures of
vapor-deposited aluminum conductors. Typical results are
shown below.

(1) Failures Caused by Moisture

An example of the results of steam pressure testing per-
formed to evaluate moisture resistance of a plastic molded
package is shown in Fig. 2. The vapor-deposited aluminum
conductor was dissolved by moisture which penetrated the
package.

% | Fig. 2 Example of corrosion
w4y of an aluminum vapor-
deposited conductor
(analyzed using a meta-
llurgical microscope)

TABLE 3. EXAMPLES OF GENERAL PURPOSE IC ENDURANCE TEST RESULTS

Application | Type No. Package Test category and conditions Number of samples | Component hours | Number of failures | Type of failure
8-pin Steady-state operation life 75C 70 158, 000 0
M51848P
Ti Plastic molded DIL High-temperature storage | 125°C 22 22,000 0
imer
8-pin Steady-state operation life 75C 70 158, 000 0
M51848L
Plastic molded SIL High-temperature storage | 125°C 22 22,000 0
5-pin Steady-state operation life 75C 66 132, 000 0
M51204L
Plastic molded SIL High-temperature storage | 125°C 50 50, 000 0
Comparator
14-pin Steady-state operation life 75°C 22 22,000 0
M51209P
Plastic molded SIL High-temperature storage | 125°C 22 22,000 0
8-pin Steady-state operation life 75C 48 48, 000 0
M51802P ) - -
Operational Plastic molded DIL High-temperature storage | 125°C 50 50, 000 0
Amplifiers 8-pin Steady-state operation life | 75°C 48 48, 000 0
M51802L
Plastic molded SIL High-temperature storage | 125°C 50 50, 000 0
8-pin Steady-state operation life 75C 22 22,000 0
M51903L o
tED ' Plastic molded SIL High-temperature storage | 125°C 22 22,000 0
eve
Indicator 14-pin Steady-state operation life 75C 22 22,000 0
M51906P
Plastic molded DIL High-temperature storage | 125°C 22 22,000 0
8-pin Steady-state operation life 75C 22 22,000 0
M51970L
Motor Plastic molded SIL High-temperature storage | 125°C 22 22,000 0
Driver 9-pin Steady-state operation life | 75°C 22 44,000 0
M54543L
Plastic molded with fin SIL | High-temperature storage | 125°C 22 44, 000 0
16-pin Intermittent operation life | 25°C 40 40, 000 0
M54519P ) - -
Transistor Plastic molded DIL High-temperature reverse bias| 150°C 38 38, 000 0
Array 16-pin Steady-state operation life 75°C 22 44,000 0
M54523P
Plastic molded DIL High-temperature storage | 125°C 22 44,000 0
MITSUBISHI 1-35
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(2) Wire Bonding Failures

Fig. 3 shows an example of a failure occuring during the
operational temperature cycling testing for evaluating the
reliability of the wire bonding of the ICs inner leads. The
cause of this failure is thought to be the opening of an
internal lead bond due to the difference in thermal
expansion coefficients of metal and resin, resulting in stress
being applied to the inner lead.

Fig. 3 Lift off of inner gold
lead (analyzed using
a metallurgical
microscope)

Fig. 4 Surge destruction
example (analyzed
using a metallurgical
microscope)
RACES O
e DESTRUGTION

i ‘ ;

Fig. 5 Enlarged view of Fig. 4
aluminum bridge
(analyzed using XAM-
A1Ka)

Fig. 7 The junction of Fig. 6
after removal of
aluminum (analyzed
using a metallurgical

microscope)

Fig. 6 Hot spot at the bonding
head (analyzed using an
infrared microscanner)

(3) Failures Due to Surge Voltages

Many integrated circuits fail . in the field due to the
application of surge voltages. Surge voltage margin tests
have been performed to reproduce this type of failure to
allow analysis of this type of destruction and development
of suitable protection.

Examples of failures occuring during such tests are
shown in Fig. 4~7. In Fig. 4 and 5, the presence of a bridge
was verified by means of an X-ray microscanner, while the
hot spot shown in Fig. 6 and 7 was verified using an
infrared microscanner.

(4) Failures of Aluminum Vapor-Deposited Interconnec-
tions

Fig. 8 Electromigration of an

(analyzed using an SEM)

Fig. 8 shows an open circuit vapor-deposited aluminum
interconnection, in a high current density region, caused by
the operating life test. This test is performed as a step stress
test to investigate IC deteriorization and failure caused by
temperature and voltage stresses. This phenomenon is due
to aluminum electromigration, which is observed when
high-current loads are applied to a vapor-deposited alumi-
num interconnection.

5. SUMMARY

We have discussed the concepts of the Mitsubishi Electric
quality assurance system and reliability control methods.
The demands for high reliability integrated circuits will be
increasing in the future. To anticipate and meet these new,
more severe demands, as a manufacturer of integrated
circuits, Mitsubishi Electric is making efforts in the follow-
ing areas:

(1) Cooperation with device users in establishing quality
levels, including those for reliability.

(2) The establishment of thorough reliability testing cen-
tered on evaluation of wafer and assembly and the
feedback of information gained in such testing to
create design standards and product standards.

(3) Facilitation of the achievement of reliability by means
of improvements in failure analysis and accelerated life

: testing methods.

(4) Establishment of a system of collecting data on failures
in the field and the use of this data in improving
reliability.
To improve IC reliability even further, Mitsubishi

Electric is continuing to make efforts with the cooperation
of its users in system design, setting of quality levels,
performing of incoming inspections, controlling the assem-
bly and adjustment phase of IC equipment production and
in the collection of field data essential to the improvement
of device reliability.
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MITSUBISHI CMOS LOGIC

M4016BP

QUADRUPLE BILATERAL SWITCH

DESCRIPTION

The M4016BP is a semiconductor integrated circuit
consisting of four independent bilateral analog
switches.

FEATURES
® Typical ON resistance of 250Q (at Vpp = 15V)
® High off-state resistance 10°Q or greater (typical)
® Small variations in ON resistance between
switches in the same package:

10Q) (typical, at Vpp = 15V)
e Wide operating voltage range: Vpp =3 ~ 18V
® Wide operating temperature range:

Ta = —40 ~ +85°C

APPLICATIONS

General purpose, for use in industrial and consumer
digital equipment.

FUNCTIONAL DESCRIPTION
The control input (Cyy) can be used to change the
input-to-output impedance (IN/OUT — OUT/IN) of
the switches.

When (Ciy) is made high, the input-to-output
switch impedance is low and when set to low, this
impedance is high.

FUNCTION TABLE

Input

cp INPUT/OUTPUT and OUTPUT/INPUT resistance (Vpp = 10V, 15V)
IN
H 2 ~20X102Q
L >10° Q typical

PIN CONFIGURATION (TOP VIEW)

INPUT -
/OUTpg'r lIN/OUTH|1 jl- Nl Voo
IN/OUT Cin
OUT/IN
10UT/IN+[2 13) —10
OUTPUTS( / Cn ]FNOPNUTTRSOL
MNPUTS Laout/ine B H rootm — 4Gy

IN/OUT Cin

JouNpuT 2IN/OUT —[1] E"""N/OUT oteuT
G IN7OUT]
QUT/IN

CONTROL

26N — |5
INPUTS

- 2] 30uT/IN

COLm/O 7]
LN U
INPUT
8 |H3IN/OUT JOUTPUT

Outline 14P4

CIRCUIT SCHEMATIC (EACH SWITCH)

Voo IN/OUT

|

CONTROL IN o

[e]
Vss OUT/IN

LOGIC DIAGRAM (EACH SWITCH)

IN/OUT o- OUT/IN
CONTROL
INPUT 0N O Dc
ABSOLUTE MAX'MUM RATINGS (Ta = —40 ~ +85°C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Voo Supply voltage ‘ Vss—0.5~Vgs+20 v
\ Input voltage Vss—0.5~Vpp+0.5 \Y
Iy Input current Control inputs +10 mA
lo Output current +10 mA
Topr Operating temperature range —40~ +85 c
Tstg Storage temperature range —65~ 4150 c

MITSUBISHI =3
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MITSUBISHI CMOS LOGIC

M4016BP

QUADRUPLE BILATERAL SWITCH

RECOMMENDED OPERATlNG COND|TIONS (Ta = —40 ~ +85°C, Vg5 = 0V, unless otherwise noted)

Limits 5
Symbol Parameter i T Mok Unit
Vop Supply voltage 3 18 Vv
Vi Input voltage 0 Vob \
ELECTRICAL CHARACTERISTICS (s =ov)
Limits
Symbol Parameter Test conditions —40C 25°C 85C Unit
Vss(V) [Vop(V)] Min | Max [ Min [ Typ | Max | Min | Max
_ ] ol s | 35 3.5 3.5
v | et o i toouput, o 10| 70
0 15 11.0 11.0 1.0 v
i Input-to-output 0 > o 1o 1o
ViL \%gl\:va.ézv(e(i,:,\,n)pm current = 10 A 0 10 1.0 1.0 1.0
0 15 .0 1.0 1.0
V) =5V 0 5 600 '
V) =2.5V 0 5 6000
Vv, =0.25Vv 0 5 600
V) =10V 0 10 600 700 900
V) =5V 0 10 1300 1500 2000
V; =0.25V 0 10 600 700 900
V) =15V 0 15 430 500 650
Ron ON resistance Vv, =7.5vV 0 15 800 950 1200
V) =0.25V 0 15 430 500 650 °
V=5V —5 5 600 700 900
V| ==%0.25V —5 5 1300 1500 2000
Vy=—5V —5 5 600 700 900
V) =7.5V —7.5| 7.5 430 500 650
VvV, =+0.25V —7.5| 7.5 800 950 1200
Testcircuit 1 V| =—7.5V —7.5| 7.5 430 500 650
ON resistance variations —5 5 15 '
ARon between switches of the
same package —7.5 7.5 10
Vi,0=10V, Voi=0V 0 10 125
loFF llgg'tiat-to«)utputoff-state Vi,o=0V, Voa=10V 0 10 —125 A
ge current Vi,0=18V, Von=0V o| 18 250 250 1000
Vi,0=0V, Voi=18Vv 0 18 — 250 —250 —1000
0 5 1 1 7.5
oo Quiescent supply current V| (Cin) =Vpp, Vss 0 10 2 2 15 wA
0 15 4 4 30
IH High-level input current (Cjy) Vi =18V 0 18 0.3 0.3 1.0 wA
i Low-level input current (Cy) ViL=0V 0 18 —0.3 —0.3 —-1.0
2—4 MITSUBISHI
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MITSUBISHI CMOS LOGIC

M4016BP

QUADRUPLE BILATERAL SWITCH

SWITCHING CHARACTERISTICS (12 = 25°¢)

Lirnits
Symbol Parameter Test conditions - 5 Unit
’ Vss(V) [Vpp (V)| Min Typ Max
RL=2kQ -5 5 18
. CL =15pF
fmax(1/0)| Maximum transfer frequency RL=10KQ | Test —5 5 15
R_=100kQ | circuit2 —5 5 12
MHz
R 300Q 0 > 4
. L= Test
fmax(Cin)| Maximum control frequency L —150F cirouit 3 0 10 10
0 15 12
0 5 100
trLH Low-level to high-level and high-level 0 10 40
to low-level output propagation time R_=10kQ Test 0 15 30
(IN/OUT—OUT/IN) C_ =50pF circuit 4 0 5 100
trHL 0 10 40
0 15 30
ns
0 5 140
teLn Low-level to high-level and high-level 0 10 60
to low-level output propagation time R =10kQ Test. 0 15 50
(CONTROL IN—OUT/IN) C_=50pF  circuits 0 5 140
teHL 0 10 60
0 15 50
) . R.=10kQ  Test
Sinewave distortion f=1KkHz Ciouit2 -5 5 0.3 %
Feedthrough (switch off) Ro=T1ko oSt -5 5 600 kHz
L circuit 6
R =1kQ 0 5 80
Crosstalk A o | 10 150 v
(CONTROL IN—OUT/IN) ol circuit 7 "
C_ =15pF 0 15 210
G Input canacita Control input 5 -
u acitance
! P P Switch Input/output 4 p
TEST CIRCUITS
ON resistance (Ron) Maximum transfer frequency (fmax(l/O))
Sinewave distortion
Voo
ysvp_p Voo
1/fi i AC voltmeter

Vi O

||

Ivss

(Vi =Vo)
Roy=10X"—"~

(k@)

Vo

RL=10kQ

OUT/IN

IN/OUT

fmax(I/0) is taken as that frequency f, at which, using a sinewave
input of £2.5Vp-p, 20 log,o (Vo/V)) = —3dB.

R_ Distortion |’
meter

MITSUBISHI
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MITSUBISHI CMOS LOGIC

M4016BP

QUADRUPLE BILATERAL SWITCH

3]

Maximum control frequency (imax(Ciy))

5]

Low-level to high-level and high-level
to low-level output propagation time
(CONTROL IN—OUT/IN)

OUT/IN

IN/OUT O—

!—' OUT/IN
, 0 OUT/IN 14 Sa 1
l 2 Sso2
. l ==CL AL L i
CONTROL IN . G
_J CONTROL IN o—-———-é»— _J = 0L
— *g_ B G 1
Vss ) Vss
TIMING DIAGRAM . Sa=1, Sg=2 Sa=2, Sg=1
20ns 20ns
7 TIMING DIAGRAM
Fono, o0,
£90% 3 0% GONTRO / 0%
CONTROIh 50%" CONTR_O”%l Z 50% ”I] 509
10% 10% : 10%
20ns -+ 20ns
OUT/IN 50% OUT/IN 50%
— teLn . ten
fmax(Cy) is taken as that frequency f, at which the output EI
amplitude Vo is %2 that at 1kHz. Feedthrough
Voo
4 5Ve_p
_I Low-level to high-level and high-level ) | !
to low-level output propagation time 1k
(IN/OUT—OUT/IN) v
() IN/OUT © ‘ O OUT/IN
AC
voltmeter

Vss

The feedthrough is taken as that frequency f; at which, using
a sinewave input of £2.5Vp-p, 20 logq (Vo/V)) = —50dB.

7]

TIMING DIAGRAM Crosstalk
20ns 20ns Voo
90% 20ns 20ns
IN/OUT ’ %0% [
10% '
OUT/IN 50% 50% CONTROL
IN @
—_— [
AV 3
teLH teHL é
T Ri Vs
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MITSUBISHI CMOS LOGIC

M4016BP

QUADRUPLE BILATERAL SWITCH

“ON" resistance Ron(Q)

10K
8K
6K
4K

2K

1K
800
600

400

200

100

Analog switch “ON"
resistance characteristics
M4016BP
l Voo=5V
\
AN
\\\ Voo =10V~
Voo =11 5V
Ve ~—
—8 —6 —4 —2 0 2 4 6 8

Input voltage (Vy — %) V)
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MITSUBISHI CMOS LOGIC |

M4051BP

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

DESCRIPTION
The M4051BP is a semiconductor integrated circuit
consisting of a multiplexer/demultiplexer which

PIN CONFIGURATION (TOP VIEW)

uses a 3-bit digital input to perform selection of hd
N > X 1 16
eight analog switches. JoUNBuTS l ) HE ] ke
. Xs e [2f—% " x—{15]es X
FEATURES LT
® Low ON resistance: 50Q (typical, at Vpp = 15V) CQUNANCOMMON E—WCOM X “‘EIHX- INPUTS
® High off-state resistance: DN ] x [/OUTF’UTS
10°Q or greater (typical) JoNEUTS iad T o ERE o (58
e Small variations in ON resistance between l stE—st of—{2] = x )
switches in the same package: INHIBIT
10Q (typical, at Vpp = 7.5V and Vs = —7.5V) NpuT NHEIT — e 1] A
® Linearized transfer characteristics: v 7 sb—70]«—5 CONTROL
0.07% distortion (typical) = > 1 INPUTS
e Signals with amplitude greater than the logic vss  [2] —8]—c
level amplitude of the control inputs may be
switched. .
e Provided with an inhibit input Outline 16P4
APPLICATIONS o FUNCTION TABLE ot 1)
General purpose, for use in industrial and consumer
digital equipment. Inhibit . Channel INPUT/OUTPUT
9 quip input Control inputs to é%;l&MON switch selection
FUNCTIONAL DESCRIPTION INHIBIT| C [ B [ A | Xo | X1 | Xo | X5 | Xa | X5 | Xe | X
When a 3-bit binary input signal is applied to the L L|L|L]|ON|OFF|OFF|OFF|OFF|IOFFIOFF|OFF
control inputs (A, B, and C), the channel number L | LILC ]| H|OFF ON |OFF|OFF|OFF|OFFIOFFIOFF
corresponding to the binary value input (X, through L | LI H|L|oFFIOFF] ON [OFF|OFF|OFF|OFF|OFF
X5) is set at low impedance with respect to jthe C L loFFloFFlorF] oN oFFloFFIoFFIoFF
(COMMON). All other channels remain at high T Tu T C T CloFFlorFlorFlorr  on ToFFloFFIorF
impedance with respect to (COMMON). R S lorrlo
In this operation, if the (INHIBIT) input is held = FFIOFFIOFFIOFF) ON IOFFIOFF
high, all channels (X, through X;) will be put in the L |H|H|L JOFFOFF|OFF|OFF|OFF|OFF| ON |OFF
high-impedance state, regardless of the state of the L |H|H]|HJOFFIOFF|OFF|OFF|OFF|OFF|OFF| ON
other inputs. H X X X |OFF|OFF|OFF|OFF|OFF|OFF|OFF|OFF
It is possible to switch an analog signal of Note1.X : Irrelevant
amplitude Vpp — Vge if this is greater than the logic ON : Low impedance between X, and COMMON (n = 0~ 7)
level span VDD — Vss for inputs (A, B, and C). OFF : High impedance between X, and COMMON (n = 0 ~7)

LOGIC DIAGF!AM Py

B Y
| I

=2

%k
1
i
D>
.: t

'

CONTROL | g (70
INPUTS

' l

O~
INPUTS/

OUTPUTS
Xe
O
INHIBIT o> Do

!

, .
3 )COMMON

_ B} -
B 8 ) “@ - -
Vss Vee
* : OUT/IN IN/OUT
Cin

2—8 MITSUBISHI
ELECTRIC

LOGIC LEVEL CONVERTER




MITSUBISHI CMOS LOGIC

M4051BP

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

ABSOLUTE MAXIMUM RATINGS (ta = —40~ +85°C, unless otherwise noted)

ELECTRIC

Symbol Parameter Conditions Limits Unit
Voo —Vss Supply voltage —0.5~-20 v
Voo —Vee ~0.5~20 \

Control and inhibit inputs Vss—0.5~Vpp+0.5 \%
v Input voltage Channel and common inputs Veg —0.5~Vpp+0.5 \
Vio Input-to-output voltage +0.5 \
I Input current Control and inhibit inputs +10 mA
lo Output current Switch-off *+10 mA
Vo Output voltage Channel and common outputs Veg —0.5~Vpp+0.5 \
Topr Operating temperature range —40~ +85 T
Tstg Storage temperature range —65~ + 150 T
RECOMMENDED OPERATING CONDITION (Ta = —40~ +85°C, Vss = OV, unless otherwise noted)
Limits .
Symbol Parameter Unit
Min Typ Max
Voo —Vss Supply voltage 3 18 v
Vop —Vee 3 18 \
Control and inhibit inputs Vss Vop \Y
Vi Input voltage
Channel and common inputs VEE Vop Vv
Vo Output voltage Vee Voo \%
ELECTRICAL CHARACTERISTICS (vss=o0v
Limits
Symbol Parameter Test conditions —40C 25T 85T Unit
Vee(V) [Vpp(V)| Min | Max Min | Typ | Max | Min | Max
High-level input voltage Input-to-output current 0 5 35 3.5 3.5
Vin N ol 10 7.0 7.0 7.0
(A,B.C.INHIBIT) =10uA
o] 15 11.0 1.0 11.0 v
Low-level input voltage Input-to-output current ° ° I e ] -
Vie (A,B,C,iNHIBIT) =10uA op 30 30 30
0 15 4.0 4.0 4.0
Vi =5V 0 5 500 600 800
V, =2.5V 0 5 850 950 1300
V; =0.25V 0 5 500 600 800
V) =10V 0 10 210 250 300
Vi =5V 0 10 210 250 300
V|, =0.25V 0 10 210 250 300
Vv, =15V 0 15 140 160 200
Ron ON resistance V, =7.5V 0 15 140 160 200
V), =0.25V 0 15 140 160 200 o
Vi =5V -5 5 210 250 300
VvV, =%0.25V —5 5 210 250 300
Vi =—5V -5 5 210 250 300
V), =7.5V —7.5| 7.5 140 160 200
V) =%0.25V —7.5 7.5 140 160 200
Test circuit 1 V, =—7.5V —7.5| 7.5 140 160 200
ON resistance —2.5| 2.5 30
Aoy | Ypsiorsteesn 5| s s
package —7.5| 1.5 10
Vi,o=10V, Vo, =0V 0 10 125
Input-to-output Vi,o= 0V, Vg, =10V 0 10 —125
loFF off-state leakage current nA
Vi,0=18V, Vg, , =0V 0 18 250 250 1000
(Xo =X3=COMMON). | \, ' gy, v, =18V o| 18 —250 —250 —1000
0 5 20 20 150
loo Quiescent supply current Vi =Vpp, Vss 0 10 40 40 300f wuA
0 15 80 80 600
hn HighHevel input current(A~C, INH) Vi =18V 0 18 0.3 0.3 1.0
L Lowdevel input current(A~C, INH) ViL=0V 0 18 —0.3 —0.3 —1.0 #A
MITSUBISHI 2-9




MITSUBISHI CMOS LOGIC

M4051BP

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

SWITCHING CHARACTERISTICS (Ta = 25°C. Vss = 0V)

- Limits .
Symbol Parameter Test conditions Vee (D Noo (P Vi v Ve Unit
fmax(1/0) | Maximum transfer frequency AL =102 o —5 5 25 MHz
CL =15pF Test circuit 2
0 5 1000
0 10 500
teLH 0 15 400
Low-level to high-level and high-level -5 5 700
to low-level output propagation time R =10kQ —7.5| 7.5 500
(A,B,C—Xq ~X7, COMMON) CL =50pF Testcircuit3 0 5 1000
0 10 500
trHL 0 15 400
—5 5 700
. —7.5| 1.5 500
] 5 1400
0 10 700
tpLH 0 15 500
Low-level to high-level and high-level e w |
too :/gvﬁ;;evélooﬁpute ;\)lrec;:ga!ign ti?\/: AL =10kQ , —7.5] 7.5 500
(INHIBIT—Xg ~X7, COMMON) C_ =50pF Testcircuit4 0 5 1400
0 10 700
teHL 0 15 500
—5 5 900
—17.5 7.5 500
0 5 45
tpLH . 0 10 30
Low-level to high-level and high-level R =10kQ 0 15 20
to low-level output propagation time o
(Xg~X7/COMMON G =50pF Testcircuit5 0 5 45
tpHL —COMMON/Xg ~X7) i} 10 30
0 15 20
Sinewave distortion AL =10ke L -5 5 0.1 %
fi = 1 kHz Testcircuit 2
Feedthrough (switch off) R = 1kQ Testcircuit6 -5 5 500 kHz
R = 1kQ 0 5 200
Crosstalk R =10k o| 10 300 mv
(A.B, CINHIBIT—Xo=X7,COMMON) | (¢ _ 506 Test circuit 7 of 15 400
. Control and inhibit inputs 7.5
G Input capacitance Switch input/output 10 pF
TEST CIRCUITS (Vss = 0V, The capacitance C, includes stray wiring capacitances and the probe input capacitance.)
_lfON resistance (Ron) _2_' Maximum transfer frequency (fmax(l/O))
Sinewave distortion
Vop T Vop 5Vp_p
A o—A Vi
A A Bo—{B 1/f)
Bo—{B v co—c Vi
co—C : INH AC voltmeter
INH
Vo
Vss Vee Ru=10ke v e R m
'L Distortion meter
H0N=10><(—V'—V_V—O)[k9] 7
o fmax (1/Q) is taken as that frequency f, at which, using a sinewave
Refer to the function table for conditions of controlinputs A, B, and C. '{;g}’é ?J,ﬁg;,%‘{ﬁgﬂf& fg.l?,gf?,?éﬂé ; %dgnz%er tothe function
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MITSUBISHI CMOS LOGIC

M4051BP

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

3 I Low-level to high-level and high-level
to low-level output propagation time
(A, B, C—Xg—~ X7, COMMON)

5

Low-level to high-level and high-level
to low-level output propagation time
(X ~X7/COMMON—COMMON/Xg ~ X7)

T
Refer to the function table for
conditions of control inputs A, B, and C.

V
Voo I DD
A A
1 Bo—IB Xo ~ X7
o—| Xo = X7 co—{C COMMON
A A 20 Sal coMmoN i
Bo—8 COMMON
co—{c Xo — X7
INH ] CL RL
o COMMON
CL RL 5 Vss Vee
T TIMING DIAGRAM 20ns
é ,J, ‘ 90%
Vss Vee Xo ~ X7 :
COMMON |
TIMING DIAGRAM —/
Sa=1, Sg=2 Sa=2, Sg=1
90% 90%
A.B.C 50% A,B,C /i 509 COMMON /
10% £ | 10% Xo =X 50%
20ns 1l |eons I— |
— teLn "1‘ ! L
B
2?_':";\;10,\] 50% QOEAQAON 50% Refer to the function table for
- oA conditions of control inputs A, B, and C.
1 i te
- B >t o 6 l Feedthrough
Refer to the function table for 5Vp-p
conditions of control inputs A, B, and C TVDD v,
4 I Low-level to high-level and high-level Ao—7 1/f;
to low-level output propagation time Bo—I8
(INHIBIT—Xg~ X7, COMMON) co—l¢ Vi
Voo INH
o Vo
RL AC voltmeter
! Xo~ X7
Ao—]A Saj COMMON
Bo—B ZT Vss Vee
Cco—C
The feedthrough is taken as that frequency f, at which, using a
INHIBIT O—{INH 1 sinewave input of +2.5Vp-p, 20 log (Vo/V) = —50dB. Refer to
o the function table for conditions of control inputs A, B, and C.
Ss  COMMON
D—e Xo—~ X7
CL -|- RL 2 7
J, _I Crosstalk 20ns 20ns
é e R
Vee Voo A.B.CLINHIBIT
TIMING DIAGRAM
Sa=1, Sg=2 Sa=2, Sg=1 A A
90% 90% BO—{B
INHIBIT \50% INHIBIT \50% co—cC
0, [
N10% N10% INHIBIT O——]INH
20ns 20ns
;
COMMON o, COMMON o
P 50%  SOMY 50% ‘L
t t
PLH PHL Veg

Refer to the function table for
conditions of control inputs A, B, and C
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MITSUBISHI CMOS LOGIC

M4051BP

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

TYPICAL

“ON" resistance Ron(Q)

PERFORMANCE CHARACTERISTICS

Analog switch “ON”
resistance characteristics

M4051BP

1K
800
600

400

Vop=5V
/

/ N\, Voo =10V
/

Vpp =15V

200

100
80

60 -
40

20

10
-8 —6 —4 —2 0 2 4 6 8

Input voltage (Viy — %) V)
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MITSUBISHI CMOS LOGIC

M4052BP

DUAL 4-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

DESCRIPTION
The M4052BP is a semiconductor integrated circuit
consisting of two multiplexer/demultiplexers which
use 2-bit digital inputs to perform selection of four
analog switches.

FEATURES
® Low ON resistance: 50Q (typical, at Vpp = 15V)
® High off-state resistance:

10°Q or greater (typical)
Small variations in ON resistance between
switches in the same package:

10Q (typical, at Vpp = 7.5V and Vgg = —7.5V)
Linearized transfer characteristics:

0.07% distortion (typical)
Signals with amplitude greater than the logic
level amplitude of the control inputs may be
switched.
Provided with an inhibit input

APPLICATIONS
General purpose, for use in industrial and consumer
digital equipment.

INHIBIT
INHBITiNHiBIT — [6 ]
]

Vee

Vss

\
( 2Xc |1 16
INPUTS/ | o Ej [16]
UTPUTS | %
COM}\AON [ 2X; | 2 F—{ex, X
OUT/IN i
2x-GOMMON «— [ 3 F—J2* 0Ny
1x-com| |
weuts/ | 2 LA
OUTPUTS |
2X) +— | 5 F—2x, 1%

[£]

Outline 16P4

‘—E._nx, J

13} «= 1X-COMMON

o—12] =1%o ]

]W__E]‘_”X1 ]OUTPUTS

B A—E'_A ]CONTROL

L——EQ—*B

PIN CONFIGURATION (TOP VIEW)

Voo

' 1_\EH1XE | inpuTS/

OUTPUTS

INPUTS/

J INPUTS

COMMON
OUT/IN

FUNCTION TABLE Note 1)

FUNCT|0NAL' DES.CF“PT_ION _ . Inhibit | Corurol inputs Channel INPUT/OUTPUT to
When a 2-bit binary input signal is applied to the input COMMON switch selection
control inputs (A and B), the channel number [Ngei7| B A Xo X X, X3
corresponding to the binary value input (X, through C C C ON OFF | OoFF | OFF
X3) is set at low impedance with respect to the C C " oOFF oN oFF | oFF
corresponding (X-COMMON). All other channels C " T oFF T oFF oN oOFF
remain at high impedance. o " v oFF oOFF oFF on
In this operation, if the (INHIBIT) input is held
high, all channels (X, through X3) will be put in the Ho | o x X OFF | OFF | OFF | OFF
high-impedance state, regardless of the state of the  Note1.X : Irrelevant
other inputs. ON : ‘Lowg)mp;ﬁance between Xn and X-COMMON
It is possible to switch an analog signal of n=u-
h bl - FF : High impedance between Xn and X-COMMON
amplitude Vpp — Ve if this is greater than the logic © (ﬁ"‘ih(')"lpg) ance between Zn an
level span Vpp — Vss for inputs (A and B).
LOGIC DIAGRAM Voo
- @ - - - -
| : L _
| [ 13) 1X-GOMMON
! k3
——— _,—ED)—CD— OUT/IN ¢, IN/OU 12)1 X0
Rom==m—_ gl N ra— it
CONTROL | ! = ouT/ N/OUT] 15)1X
INPUTS ! é ) I 2
B S DoL{,¥ W3 inpuTs/
(@]
o !
' L>|J out/in o IN/ouT] 5 )2X,
| - 1
o OUT/IN  IN/OU 2 )2X;
g S Oe—P -
INHIBIT —D)——J»—«# S Dc 0UT/IN g, IN/OUT] 4)2X;
1 _—'4, L 3 ) 2X-COMMON
- T _ -
Vee

1 |
Vss
% OUT/IN IN/OUT
Cin
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MITSUBISHI CMOS LOGIC

'M4052BP

DUAL 4-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

ABSOLUTE MAXIMUM RATINGS (Ta= —40 ~ +85°C, unle.s; otherwise noted)

Symbol Parameter Conditions Limits Unit
Vop —Vss —0.5~20 Y
Voo —Vee Supplyvoltage —0.5~20 \%

Control and inhibit inputs Vgs—0.5~Vpp+0.5 \
" Input voltage -
Channel and common inputs Vgge —0.5~Vpp +0.5 \%
Vio Input-to-output voltage +0.5 Y
h Input current Control and inhibit inputs ‘+10 mA
lo Output current Switch-off +10 mA
Vo Output voltage Channel and common outputs Vee —0.5~Vpp+0.5 \
Topr Operating temperature range —40~ +85 T
Tstg Storage temperature range —65~ + 150 c
RECOMMENDED OPERATING CONDITIONS (Ta= 40~ +85°C, Vss = 0V, unless otherwise noted)
Limits
Symbol Parameter - Unit
Min Typ Max
Voo —Vss Supply voltage 3 '8 v
Voo — Vee 3 18 ]
v Input voltage Control and inhibit mpu}s Vss Voo Vv
Channel and common inputs Vee Voo \%
Vo Output voltage Vee Voo \
ELECTRICAL CHARACTERISTICS (vss=0v)
Limits
Symbol Parameter Test conditions —40cC 25C 85C Unit
Vee(V) [Vop(V)| Min | Max | Min Typ | Max | Min | Max
High-level input voltage Input-to-output current 0 > 35 3.5 3.5
Vin _ 0 10 7.0 7.0 7.0
(A,B,INHIBIT) =10uA
0 15 11.0 11.0 11.0
] 0 5 1.5 1.5 sV
Vi Low-level input voltage qug-uxoutput current 0 10 3.0 3.0 3.0
(A,B,INHIBIT) = n
0 15 4.0 4.0 4.0
Vi =5V 0 5 500 600 800
V) =2.5V 0 5 850 950 1300
Vv, =0.25V 0 5 500 600 800
Vv, =10V 0 10 210 250 300
V=5V 0 10 210 250 300
V| =0.25V 0 10 210 250 300
Vv, =15V 0 15 140 160 200
Ron ON resistance Vv, =7.5V 0 15 140 160 200
V, =0.25V 0 15 140 160 200 o
V=5V —5 5 210 250 300
VvV, =%0.25Vv -5 5 210 250 300
Vi =—5V —5 5 210 250 300
V), =7.5V —7.5 7.5 140 160 200
VvV, =%+0.25V —7.5 7.5 140 160 200
Test circuit 1 V) =—17.5V —-7.5| 7.5 140 160 200
ON resistance —2.5|.2.5 30
dron | rstersietueen 5| s s
package —17.5 7.5 10
Viro=10V, Vo, =0V 0 0 125
loFF gz:;;a;?:;ﬁ:;e current | V0= O V. Von =10V 0 10 —125 A
(Xo~X3—X-COMMON)| Viro=18V, Vo,; =0V 0 8 250 250 1000
Vi,o=0V, Vg, =18V 0 18 —250 —250 — 1000
0 5 20 20 150
loo Quiescent supply current Vi =Vpp. Vss 0 10 40 40 300 «A
0 15 80 80 600
Wik High-evel input current(A, B, INH) Vig=18V 0 18 0.3 0.3 1.0
e Lowdevel input curent(ABINH) | v, = 0V o 18 —0.3 —0.3 “io] A
2—14 MITSUBISHI

ELECTRIC




MITSUBISHI CMOS LOGIC

M4052BP

DUAL 4-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

SWITCHING CHARACTERISTICS (= 25°C,vss = 0v)

MITSUBISHI

T
Symbol Parameter Test conditions - mits Unit
Vee (V)|Vop (V)| Min Typ Max
) =10kQ
fmax(1/0) Maximum transfer frequency R o -5 5 25 MHz
CL =15pF Testcircuit 2
0 5 1000
0 10 500
teLH 0 15 400
-5 5 700
Low-level to high-level and high-level R =10kQ —7.5| 7.5 500
to low-level output propagation time
(A, B—Xg~ X3, X~-COMMON) CL =50pF Testcircuit 3 0 5 1000
0 10 500
tPHL 0 15 400
—5 5 700
—17.5 7.5 500
0 5 1400
0 10 700
teLH 0 15 500
ns
-5 5 900
Low-level to high-level and high-level - _
to low-level output propagation time Rl =10k o 5] 7.5 500
(INHIBIT—Xg ~ X3, X~-COMMON) CL =50pF Testcircuit4 0 5 1400
0 10 700
teHL 0 15 500
-5 5 900
—7.5 7.5 500
0 5 45
. 0
teun Low-level to high-level and high-level 0 30
to low-level output propagation time R =10kQ 0 15 20
(Xo ~X3/X~-COMMON CL =50pF Testcircuit 5 0 5 45
tonL —X-COMMON/ X~ X3) 0 10 30
0 15 20
=10kQ
Sinewave distortion R o -5 5 0.1 %
fi = 1 kHz Testcircuit2
Feedthrough (switch off) R_ = 1 kQ Testcircuit 6 —5 5 500 kHz
c K R = 1kQ 0 5 200
rosstal
(A, B, INHIBIT—Xg ~ X3, X-COMMON) | Tt =10k& oy 1o 300 mv
CL =15pF Testcircuit7 0 15 400
. Control and inhibit inputs 7.5
C Input capacitance —— pF
Switch input/output 10
TEST CIRCUlTS (Vss = OV, The capacitance C, includes stray wiring capacitances and the probe input capacitance.)
1 I ON resistance (Ron) 2| Maximum transfer frequency (fmax(1/0))
- Sinewave distortion
Voo T Voo 5Vp-p
T A o—A Vi
ao—JA Bo—]8 /1
Bo—i8B Vi
Vi INH AC voltmeter
INH
Vo
R 10kQ Ves vee
\ L= |
Vss EE RL Distortion meter
V p—
R0N=10><5—'—V—°—)[kcz] ) ) ) 7
v fmax (I/0) is taken as that frequency f; at which, using a sinewave
. - . input of £2.5Vp-p, 20 log,o (Vo/V)) = —3dB. Refer to the function
Refer to the function table for conditions of control inputs A and B. l,:&e for consdit[i)orr)\s of cgr:grgl (i)nplt)ns AandB. :
2—15
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MITSUBISHI CMOS LOGIC

M4052BP

DUAL 4-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

3] Low-level to high-level and high-level
to low-level output propagation time

(A, B—Xo~ X3, X~-COMMON)

Voo
0
1
Xo~X3
A 00—
A Sal x-COMMON
Bo—iB 2?
INH .
o= s X-COMMON
o T ’RL“ :Wb Xo~X3
L
'T 2
) Il
Vss VEe
TIMING DIAGRAM
Sa=1, Sg=2 Sa=2, Sg=1
A.B A, B
__[ 20ns
|
X-COMMON | X-COMMON
Xo~ X3 [ 9% x=xs
| teLn

Refer to the function table for
conditions of control inputs A and B.

Low-level to high-level and high-level
to low-level output propagation time-
(Xo ~X3/X-COMMON—X-COMMON/Xo ~ X3)

? Voo

A A
B8 B Xo ~X3
X-GOMMON
INH X-COMMON
Xo ~X3
CL AL
Vss ©OVee
TIMING DIAGRAM
20ns 20ns
Xo ~ X3
X-COMMON
X-COMMON
Xo ~X3

Refer to the function table for
conditions of control inputs A and B.

6 l Feedthrough

5Vp-p
Vv

4

TVDD

Low-level to high-level and high-level Ao—A /4
to low-level output propagation time B8 o—{B
(INHIBIT—Xo ~ X3, X-COMMON) v
Voo INH
o O Vo
] o AC voltmeter
Xo~ X3
Ao—]A zoSA X-COMMON
Bo—8B Vss Vee
INH The feedthrough is taken as that frequency f; at which, using a
INHIBIT O— 1 sinewave input of +2.5Vp-p, 20 logsq (Vo/V)) = —50dB. Refer
O oo X-COMMON to the function table for conditions of control inputs A and B.
R D4 Xo~ X3
CL T 2 7
I ,,L l Crosstalk 20ns 20ns
09 -
Vee Voo A8, INHIBIT %
TIMING DIAGRAM 10%
Sa=1, Sg=2 Sa=2, Sg=1 A 7
— Y173 —ﬂ\%% BO—{B
INHIBIT N\SO% INHIBIT \50%0
2 1
10% % INHIBIT O—{INH Vo
20ns’ 20ns R
1
— CL RL
X-COMMON 50% . sonmoN 50% 1
Xo=Xs Xo~Xs
o
| ten tene Vee
Refer to the function table for Refer to the function table for
-conditions of control inputs A and B. conditions of control inputs A and B.
2—16 MITSUBISHI
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MITSUBISHI CMOS LOGIC

M4052BP

DUAL 4-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

TYPICAL PERFORMANCE CHARACTERISTICS

Analog switch “ON”
resistance characteristics

M4052BP

1K

800

600/

400
=] Vop=5V
L 200
9 ﬁ '\ Vpp =10V
§ 100 Voo =15V
R 80
o 60 - =
z
8 40

20

10
—8 —6 —4 —2 0 2 4 6 8

Inputvoltage (Viy — %—’E) (V)
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MITSUBISHI CMOS LOGIC

M4053BP

TRIPLE 2-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

DESCRIPTION
The M4053BP is a semiconductor integrated circuit
consisting of three multiplexer/demultiplexers which
use 1-bit digital inputs to perform selection of two
analog switches..

FEATURES

® Low ON resistance: 50Q (typical, at Vpp = 15V}

® High off-state resistance:
10°Q or greater (typical)

Small variations in ON resistance between

switches in the same package:
10Q (typical, at Vpp = 7.5V and Vgg = —7.5V)

® Linearized transfer characteristics:
0.07% distortion (typical)

e Signals with amplitude greater than the logic
level amplitude of the control inputs may be
switched.

® Provided with an inhibit input

APPLICATIONS

General purpose, for use in industrial and consumer
digital equipment.

FUNCTIONAL DESCRIPTION
When a 1-bit binary input signal is applied to the
control inputs (A), the channel numbers corres-
ponding to the binary value input (X,, X;) are set to
low impedance with respect to the corresponding
(X-COMMON). All other channels remain at high
impedance. ,

In this operation, if the (INHIBIT) input is held
high, all channels (Xq, X;) will be put in the
high-impedance state, regardless of the state of the

PIN CONFIGURATION (TOP VIEW)

\J
2%y = E 6] Voo comyon
UT/IN
2X
oUtputs|  2Xo ¢ 2™ couf—{TE] > 2x-commON
SouMON 3X, HE-—— X oM HE «+ 1X-COMMON
OUT/IN
- | 1%
3X~COMMON HE secon 13+ 1xi neursy
. o] T
Ic;\t'JPTLi':TL{T 3Xp HE——‘ 3%y ‘XU-E «— 1Xg
INHIBIT INHIBIT — |6 INH 1A—{11] — 1A
INPUT ’ E :
- CONTROL
vee  [1] wm 2 [10] — 24 INPUTS
v [E] e
Outline 16P4
FUNCTION TABLE Note1)
i ; Channel INPUT/OUTPUT to
Inhibit input Control input COMMON switch selection
INHIBIT A Xo X4
L L ON OFF
L H OFF ON
H X OFF OFF
Note 1. X : lIrrelevant .
ON : Low impedance between Xn and X-COMMON

(n=0~1)

: High impedance between Xn and X-COMMON

. (h=0~1)
other-inputs.
It is possible to switch an analog signal of
amplitude Vpp — Vg if this is greater than the logic
level span Vpp — Vgs for input (A).
LOGIC DIAGRAM Voo
I @ ‘
. - 1
r J l (14) 1x-common
[ - N .
1A .———_D. i « H D D t 1 Xo
! ! E : %
coNTRoL INPUTS {2AU0 1) 2 HPo— ()ex
. g D> ' INPUTS
3 4 OUT/IN , IN/OUT 2x,| /OUTPUTS
e S o2l o> ] G
4 3o
b ° > ’
| s | 3%,
INHIBIT - INPUT o S H ~>-HPo—> '
INHIBIT +(4)3x-cCOMMON
T .
. ' 15) 2X-COMMON
: - - — -
OUT/IN—} IN/OUT
bt L ——
Cin Vss Vee
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MITSUBISHI CMOS LOGIC

M4053BP

TRIPLE 2-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

ABSOLUTE MAX'MUM RAT'NGS (Ta = —40 ~ +85°C, unless otherwise noted)

ELECTRIC

Symbol Parameter Conditions Limits Unit
Voo —Vss —0.5~20 \Y
Voo —Ver Supply voltage —0.5-20 v

Control and inhibit inputs Vss—0.5~Vpp +0.5 \
Vi Input voltage Channel and common inputs Veg —0.5~Vpp +0.5 Y
Vio Input-to-output voltage +0.5. \Y
I Input current Control and inhibit inputs +10 mA
lo Output current Switch-off +10 mA
Vo Output voltage Channel and common outputs Vgg —0.5~Vpp +0.5 \
Topr Operating temperature range —40~ +85 T
Tstg Storage temperature range —65— + 150 ‘c

RECOMMENDED OPERATlNG COND'T'ONS (Ta = —40 ~ +85°C, Vss = 0V, unless otherwise noted)
Limits .

Symbol Parameter Vin Tvo M Unit
Voo — Vss Supply voltage 3 '8 v
Voo — Vee 3 18 A"

Control and inhibit inputs Vss Vop Y
Vi Input voltage Channel and common inputs VEE Voo \Y%
Vo Output voltage Vee Voo Y
ELECTRICAL CHARACTERISTICS v -ov)
Limits
Symbol Parameter Test conditions —40°C 25C 85C Unit
Vee(V) {Vpp(V) | Min | Max | Min Typ Max | Min Max
0 5 3.5 3.5 3.5
Vin High-level input voltage I:p]uot-tioutput current 0 10 7.0 7.0 7.0
(A, INHIBIT) " 0 15 11.0 1.0 1.0
0 5 1.5 1.5 1.5 v
Vi Low-level input voltage I_:plu‘;;cr&output current ol 10 3.0 3.0 3.0
(A, INHIBIT) 0 15 4.0 4.0 4.0
Vi =5V 0 5 500 600 800
V, =2.5V 0 5 850 950 1300
Vi =0.25V 0 5 500 600 800
Vi =10V 0 10 210 250 300
Vi =5V 0 10 210 250 300
Vv, =0.25V 0 10 210 250 300
V, =15V 0 15 140 160 200
Ron ON resistance Vi =7.5V 0 15 140 160 200
V) =0.25V 0 15 140 160 200 o
Vi =5V -5 5 210 250 300
Vi =%0.25V —5 5 210 250 300
Vi =—5V -5 5 210 250 ) 300
VvV, =7.5V —1.5 7.5 140 160 200
Vv, =+0.25V —17.5 7.5 140 160 200
Test circuit 1 V) =—7.5V —7.5| 7.5 140 160 200
ON resistance —2.5| 2.5 30
B | Elorsbeesn -s| s s
package —7.5( 1.5 10
Vi/o=10V, Vg, =0V 0 10 125
loFF Lr}ggt;?;:;ﬁ:;e current | V70 =0V, Vo =10V 0 10 —125 A
(Xg, Xy —X-COMMON) Vico=18V, Vg, =0V 0 18 250 250 1000
Vi,o=0V, Vg, =18V 0 18 —250 — 250 — 1000
0 5 20 20 150
loo Quiescent supply current Vi =Vop, Vss 0 10 40 40 300 wuA
0 15 80 80 600
[ High-evel input current(A, INH) Vi =18V 0 18 0.3 0.3 1.0
e Low-evel input current(AINF) | v, = 0 v o| 18 0.3 0.3 "o
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~ MITSUBISHI CMOS LOGIC

M4053BP

TRIPLE 2-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER
SWITCHING CHARACTERISTICS (Ta = 25°C, Vss = OV)

Limit
Symbol Parameter Test conditions - mits Unit
Vee (V){Voo (V)|  Min Typ Max
i RL =10kQ ’
fmax(1/0) Maximum transfer frequency - o -5 5 25 MHz
CL =15pF Testcircuit 2 .
0 5 1000
) 0| 10 500
teLH 0 15 400
—5 5 700
Low-level to high-level and high-level _ _
to low-level output propagation time RL =10kQ .51 7.5 500
(A—Xg. X1, X~-COMMON) ( CL =50pF Testcircuit 3 0 5 ‘ 1000
0 10 500
teHL ) 0 15 400
—5 5 700
—7.5 7.5 . 500
0 5 1400
0 10 700
tPLH ‘ 0 15 500
ns
-5 5 900
Low-level to high-level and high-level R =10kQ —7.5| 7.5 500
to low-level output propagation time o -
(INHIBIT—Xo, X1, X-COMMON) CL =50pF Testcircuit4 o] 5 1400
. 0 10 700
teHL 0 15 500
—5 5 900
—7.5 7.5 500
0 5 45
teLH 0 10 30
Low-level to high-level and high-level R. =10kQ 0 15 20
to low-level output propagation time .
(Xo. X1 /X-COMMON CL =50pF Test circuit 5 0 5 45
teHL —X~-COMMON/Xg, X;) 0 10 30
0 15 20
, . . R =10kQ
Sinewave distortion o -5 5 0.1 %
fi = 1kHz Testcircuit2
Feedthrough (switch off) R_ = 1kQ Testcircuit 6 -5 5 500 kHz
R = 1kQ 0 5 200
Crosstalk
=10kQ 0| 10 300 mv
(A, INHIBIT—Xg, X;, X~-COMMON) A -
C_ =15pF Testcircuit7 0 15 400
: . Control and inhibit inputs 7.5
C Input capacitance —— pF
Switch input/output 10

TEST ClRCUlTs (Vss = 0V, The capacitance Cy includes stray wiring capacitances and the probe input capacitance.)

1 I ON resistance (Ron) 2| Maximum transfer frequency (fmax(l/O))
Sinewave distortion
Voo Voo 5Vp-p
I "
Ao—]A , 1/f)
AO—A v INH Vi
INH l AC voltmeter
Vo
_ Vss Vee
Vgs Vee RL=10kQ
RON=10><(V'+V°1[‘<QJ R it
o fmax (I/0) is taken as that frequency f, at which, using a sinewave
input of +2.5Vp-p, 20 logqo (Vo/V|) = —3dB. Refer to the function
Refer to the function table for conditions of control input A. table for conditions of control input A. .
=20 : 4 MITSUBISHI
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MITSUBISHI CMOS LOGIC

M4053BP

TRIPLE 2-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

3 I Low-level to high-level and high-level 5 Low-level to high-level and high-level
to low-level output propagation time to low-level output propagation time
(A—Xo, X;, X-COMMON) (Xg, X; /X-COMMON—X-COMMON/Xq, X; )
Voo TVDD
Q
1 Xo. Xi 3A0—1A Xo+ X
Sa X-COMMON INH X-COMMON
3A O—A 29
X-COMMON
INH Xo, Xy
1 CL RL
o X-COMMON
I VWO w Se Xo, X1
CL T R 2 Vss Vee
Jr TIMING DIAGRAM 26 20ns
(e} 90%
Vss Vee Xo . X
X-COMMON
TIMING DIAGRAM
Sa=1, Sg= Sp=2, Sg=1
A f90%
| 50% A X-COMMON
| 10% J Xo . X1
_ Ll f2os | 2oms
X-COMMON 50% X-COMMON 50%
Xo, X Xo, Xi Refer to the function table for conditins of control input A.
toLm ter
- 6 Feedthrough .
Vp-
Refer to the function table for conditions of control input A. p-p
iVDD v
4 I Low-level to high-level and high-level 1/1)
to low-level output propagation time AO—]A
(INHIBIT—Xg, X;, X-COMMON) Vi
INH
Voo
[e) O Vo
. 0 AC voltmeter
s Xo, X1
0 Al X-COMMON
A© A Vss Vee
INHIBIT O— INH
1 The feedthrough is taken as that frequency f; at which, using a
o sinewave input of +2.5Vp-p, 20 log,, (Vo/Vi) = —50dB. Refer
Sq X-COMMON to the function table for conditions of control input A.
e Xos X
R
CL T S > =
J, I Crosstalk 20ns 20ns
[¢]
Vee v A, INHIBIT 90%
0D
TIMING DIAGRAM 10%
Sa=1, Sg=2 Sa=2, Sg=1
—_— 90% Ao—]A
INHIBIT 0% - INHIBIT \50‘?0/ INHIBIT O— INH
0
° [ | N Vo
| | 20ns ‘); 20ns R
— IC“ RL
X-COMMON o, X-COMMON 0,
Xo, X) 50% Xo, X1 50%
(o]
_J teLH tonL Vee
Refer to the function table for conditions of control input A. Refer to the function table for conditions of control input A.
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MITSUBISHI CMOS LOGIC
M4053BP

TRIPLE 2-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER

TYPICAL PERFORMANCE CHARACTERISTICS

Analog switch “ON”
resistance characteristics

M4053BP

1K

800

600

400
gz Vop=5V
2 200
3 1K Vpp =10V
§ 100 7+ Voo =15V
2 80
e 60 - o~
z
g v

20

10

—8 —6 —4 —2 0 2 4 6 8
Input voltage (Vi — %) (\%
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MITSUBISHI CMOS LOGIC

M4066BP

QUADRUPLE BILATERAL SWITCH

DESCRIPTION

The M4066BP is a semiconductor integrated circuit
consisting of four independent bilateral analog
switches.

FEATURES
e Low ON resistance: 50Q (typical, at Vpp = 15V)
e High off-state resistance:

10°Q or greater (typical)
® Small variations in ON resistance between

switches in the same package:

10Q (typical, at Vpp = 15V)
e Wide operating voltage range: Vpp = 3 ~ 18V
® Wide operating temperature range:

T, = —40 ~ +85°C

APPLICATIONS

General purpose, for use in industrial and consumer
digital equipment.

FUNCTIONAL DESCRIPTION

The control input (Cy) can be used to change the
input-to-output impedance (IN/OUT — OUT/IN) of
the switches.

When (C,n) is made high, the input-to-output
switch impedance is low and when set to low, this
impedance is high. While this device is compatible
with the M4016BP, the lower ON resistance and
better transfer characteristics allow a larger input
voltage range.

FUNCTION TABLE

Input

Cp INPUT/OUTPUT and OUTPUT/INPUT resistance (Vpp = 10V, 15V)
| N
H 0.5~ 3 X102Q
L > 10°Q typical

PIN CONFIGURATION (TOP VIEW)

\J .
1 o

INPUT 4)n/QUT [:

JOUTPUT
TN/OUT Crre .
0T/ [ e
e = S O
INPU
20UT/IN+ E E — 40N

INPUT

fRuT Z'N/OUT*"E El > 4IN/OUT souTPUT

JOUTPUT
Cin IN/OUT,
OQUT/IN ~—
SONTROL 20— [3] -/_]—_1—_0_] 40UT/IN) o 1puTs
INPUTS /INPUTS

3Cin—* | 6

Vss m

Outline 14P4

9] = 30UT/IN

8] «3in/out JouTRUT

OUT/IN
Cin_IN/OUT]

CIRCUIT SCHEMATIC acH swiTcH)
\
oL

{ OUT/IN
0
L
T

1T
]

<

IN/OUT
o

CONTROL
IN

—
[~
-
—

OVss

LOGIC DIAGRAM (EAcH SWITCH)

IN/OUT o

E j o OUT/IN
CONTROL
INPUT 1N O_—DO_J’DBQ
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MITSUBISHI CMOS LOGIC

M4066BP

QUADRUPLE BILATERAL SWITCH

ABSOLUTE MAXIMUM RAT'NGS (Ta = —40 ~ +85°C, unless otherwise noted)

Symbol .Parameter Conditions Limits Unit
Voo Supply voltage Vss—0.5~Vss+20 v
" Input voltage Vgs—0.5~Vpp+0.5 Y
Vio Input-to-output voltage +0.5 v
I Input current Control inputs *+10 mA
lo Output current Switch-off +10 mA
Topr Operating temperature range —40~ +85 c
Tstg Storage temperature range —65~+150 c

RECOMMENDED OPERATING CONDITIONS (Ta= -40~ +85°C, Vss = OV, unless otherwise noted)
Limits
Symbol Parameter i Tvo Vox Unit
Voo Supply voltage 3 18 \%
\ Input voltage 0 Vpp \Y;
ELECTRICAL CHARACTERISTICS
Limits
Symbol Parameter Test conditions —40cT 25°C 85C Unit
Vss(V)|Vpp(V)| Min | Max Min | Typ Max Min | Max
: ) 0 5 3.5 3.5 3.5
Vik :‘gﬂg;i"(é'ﬁpm LTE,:‘;;:’:‘;%’:’A ol 10| 7.0 7.0 7.0
0 15 11.0 11.0 11.0 v
. 0 5 1.5 1.5 1.5
Vi [igqulereinou o 0
0 15 2.5 2.5 2.5
V) =5V 0 5 500 600 800
V| =2.5V 0 5 850 950 1300
V), =0.25V 0 5 500 600 800
V| =10V 0 10 210 250 300
Vi =5V ol 10 210 250 300
V; =0.25V 0 10 210 250 300
Vi =15V 0 15 140 160 200
Ron ON resistance V| =7.5V 0 15 140 160 200
V) =0.25V ] 15 140 160 200 o
V) =5V -5 5 210 250 300
V) ==%0.25V -5 5 210 250 300
Vi =-—-5V —5 5 210 250 300
V) =7.5V" —7.5 7.5 140 160 200
. VvV, ==%0.25V —7.5 7.5 140 160 200
Test circuit 1 V) =—7.5V —7.5| 1.5 140 160 200
ON resistanse variations 2.5 2.5 30
ARon between switches of the —5 5 15
same package .
—7.5 7.5 10
Vio=10V, Vo1=0V 0 10 125
L BNV B B o "
Vi0=18V, Voi1=0V 0 18 250 250 1000
Vio=0V, Vo/=18V 0 18 —250 —250 —1000
0 5 1 1 7.5
oo Quiescent supply current Viceiny =Vop, Vss 0 10 2 2 15]  wA
. 0 15 4 4 30
i High-level input current (Ciy) Vig=18V 0 18 0.3 0.3 1.0
he Low-level input current (Cin) ViL=0V 0 18 —0.3 —0.3 —1.0 A
2—24 - MITSUBISHI
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MITSUBISHI CMOS LOGIC

M4066BP

QUADRUPLE BILATERAL SWITCH

SWITCHING CHARACTERISTICS (T.=25¢)

imit!
Symbol Parameter Test conditions - Limits Unit
Vss(V) |Voo (V)| Min Typ Max
R =10kQ
fmax(1/0)| Maximum transfer frequency CL 5o Iﬁz:mz —5 5 25
L=oP MHz
R_=300Q 0 X 6
fmax(Cy)| Maximum control frequency CL : 150F liergfm 3 0 10 18
LEP 0 15 22
0 5 45
teLn 0 10 30
Low-level to high-level and high-level _
to low-level output propagation time RL=10kQ  1egt 0 15 20
(IN/JOUT-OUT/IN) CL=50pF  circuit4 0 5 45
oL 0 10 30
0 15 20
ns
0 5 200
teLn 0 10 70
Low-level to high-level and high-level RL=10kQ Test 0 15 60
to low-level output propagation time ha
C_ =50pF cCircuitb 0 5 200
(CONTROL IN—OUT/IN) L=o0p
toHL 0 10 70
0 15 60
. . =1
Sinewave distortion AL=10k8 Test -5 5 0.07 %
f, = 1kHz circuit2
_ Test
Feedthrough (switch off) RL=1kQ circuit 6 -5 5 500 kHz
¢ " R =1kQ 0 5 200
rossta
RL=10kQ 0 10 300 \
(CONTROL IN—OUT/IN) - Test. "
C_=15pF circuit7 0 15 400
c Input capacitance Control input 7.5 -
u I
' Switch Input/output 10 P
TEST CIRCUITS
ON resistance (Ron) Maximum transfer frequency (fmax (1/0))
Sinewave distortion
Voo
ﬁ- TS Vp-p Voo
|— I [_,_.:Lj
: /1 i AC voltmeter
V| o J[ Vo IN/OUT o 4
—<¥—DO4 RL=10kQ % “D" ‘
: i . RL Distortion
L meter
Vss Vss
R0N=10Xu (kQ) fmax (1/0) is taken as that frequency f, at which, using a sinewave
Vo input of £2.5Vp-p, 20 log; (Vo/V) = —3dB.
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MITSUBISHI CMOS LOGIC

M4066BP

QUADRUPLE BILATERAL SWITCH

3]

5

Maximum control frequency (fmax (Cin))

O OUT/IN

L

L.
[

RL

CONTROL IN %?o«b—l i
__.E__J

Vss
TIMING DIAGRAM
20ns

20ns
b

CONTROL
IN

OUT/IN

fmax (Cyy) is taken as that frequency f, at which the output

amplitude Vg is 1/2 that at IkHz.

Low-level to high-level and high-level
to low-level output propagation time
(CONTROL IN—OUT/IN)

4]

Low-level to high-level and high-level
to low-level output propagation time
(IN/OUT—OUT/IN)

i Voo

Q Voo
|— ‘l OUT/IN
1Q Sa R 1
2 , Sg 02
CONTROL IN o——-—é»Dw | =G
Ll -G
g Vss
Sa=1, Sg=2 Sa=2, Sg=
TIMING DIAGRAM
—
90% 90%
CONTR[‘)I,\I ,/ 50% CONTRCI)h z( 50%
Kl | 10% K| 10%
20ns 20ns
OUT/IN 50% OUT/IN 50%
teLm tPHL
— —
Feedthrough
Voo
5Vp-p

O OUT/IN

ELECTRIC

AC
voltmeter
IN/OUT © Jl 0 OUT/IN
Hl— R The feedthrough is taken as that frequency f, at which, using a
i JCL - sinewave input of £2.5Vp-p, 20 logyo (Vo/V|) = —50dB.
I Vss 7 I
TIMING DIAGRAM Crosstalk
20ns 1 | 20ns 20ns 20ns Voo
0% 90% 90% I
IN/OUT 50% \ 50% ) : °
,V 10% \10% 10%
OUT/IN
OUT/IN 50% 50% CONTROL
IN
toLn tPHL
T 1
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MITSUBISHI CMOS LOGIC

M4066BP

QUADRUPLE BILATERAL SWITCH

TYPICAL PERFORMANCE CHARACTERISTICS

Analog switch “ON”
resistance characteristics
M4066BP
1K
800
600
400
gz Vop=5V
L 20— /
3 / \ Vop =10V
& 100 Vpp =15V
Z 80 AL
[0} 60 -
~ *ﬂ\
Zz 40 =
o
20
10

-8 —6 —4 —2 0 2 4 6 8

Input voltage (Vin — %) W)
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MITSUBISHI LINEAR ICs -

M5109P

DUAL DIFFERENTIAL AMPLIFIER

DESCRIPTION

The M5109P is a semiconductor integrated circuit consisting
of two differential amplifiers, fabricated by making use of
complementary symmetry.

Since the two differential amplifiers are part of the same
structure and have closely matched characteristics, this device
is convenient for use in applications requiring such matched
characteristics. A bias diode has been built into the device as a
convenience.

The high reliability of this device makes it useful in applica-
tions such as audio equipment, communications equipment
and control equipment.

FEATURES

® Two differential amplifiers with closely matched charac-
teristics.

® Small input offset voltage +«+-«+-++eseesveenees 5mV (max.)

® Small input offset current «-:-coeeeeeeeeeeeeeeen 2uA (max.)

® Built-in bias diode

APPLICATION
RF/IF amplifiers, frequency mixers, voltage comparators,
balanced dual differential amplifiers, and detectors.

RECOMMENDED OPERATING CONDITIONS
Supply voltage range ««:-:ceeeeeereiniiiiiii. 2~ 15V
Rated supply voltage 12v

PIN CONFIGURATION (TOP VIEW)

" COLLECTOR Qz [1] [13] Q1COLLECTOR
BASEQ: [Z] 13 Q18ASE
BASE Q3 [3] 2 [@ osemiTTER
ewitteros [ = [ o sase
G sussTRaTE) B} L 10 D1 ANODE
BASE Qs |6 9] Qe BASE
COLLECTOR Qs é 8] 06 COLLECTOR

Outline 14P4

14-pin molded plastic DIL

EQUIVALENT CIRCUIT

COLLECTOR

COLLECTOR BASE ANODE BASE

COLLECTOR

1

BASE (6) BasE
1
! ) 4

BASE (1) sase
' (P SUBSTRATE)
N N i

EMITTER GND EMITTER
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MITSUBISHI LINEAR ICs

MS5109P

DUAL DIFFERENTIAL AMPLIFIER

ABSOLUTE MAXIMUM

RATINGS (Ta=25C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
VcEo Collector-emitter voltage 15 \%
Veao Collector-base voltage 20 v
VEBo Emitter-base voltage 5 \
Ic Collector current 50 mA
Pd Power dissipation 650 mw
Keg Derating Ta=25°C 6.5 mwW/°C
Topr Operating temperature —20~+75 c
Tstg Storage temperature —40—~ +125 °C
ELECTRICAL CHARACTER|ST|CS (Ta=25T, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vio Input offset voltage 5 mv
lio Input offset current 2 uA
] Input bias current Vee=3V, Ig=2mA 24 A
=] ) CE E M
lean) lo(0s) Differential stage current ratio 1.0 -
lcaz) Ic(oe)
Iceo Collector cutoff current Ves=18V, Ie=0 1 1A
I Y PchL CHARACTERISTICS (Ta=25°C, unless otherwise noted )
‘
THERMAL DERATING
(MAXIMUM RATING)
1000
; K00
€ 800
°
o
z 600
]
c N
a
2 400 X
] N
] \ \\\
§ 200 \%\
\\\
0 [ h
0 25 50 75 100 12
AMBIENT TEMPERATURE Ta (°C)
MITSUBISHI 2—29
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MITSUBISHI LINEAR ICs

M5109P

DUAL DIFFERENTIAL AMPLIFIER
APPLICATION EXAMPLES

(1) Frequency mixer

(2) FM Stereo demodulator
-oVee(12v)

Vee (12v)

(f1) %

750
‘ T 38kHz
| SUBCARRIER 1k
} (f2—f1) INPUT © L OUTPUT
< )
0o
3V R OUTPUT

COMPOSITE
SIGNAL
INPUT O————9

0.47u
a8
(1.5v)
Units  Resistance: Q

Capacitance: F

MITSUBISHI
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MITSUBISHI LINEAR ICs

M5172L

THERMO CONTROLLER

DESCRIPTION
Monolithic integrated circuit M5172L is designed for the use
of the thermo controller applied for the Zero Crossing circuit.

PIN CONFIGURATION (TOP VIEW)

It is intended for use in A-C power supply control circuits (8] GND
operating directly with the A-C line. It is consisted of the 7] Voo
trigger pulse circuit occurring at the zero crossing point of
the input A-C voltage, rectifying circuit, differential compara- 3 [€] RIPPLE FILTER
tor, and negative input voltage threshold detector. _ﬁ_ EJ Vret
S [4 siGNALINPUT

FEATURES 3] BIAS
® Designed for applications in 50Hz and 60Hz AC power

control system. Z| ZERO POINT PULSE OUTPUT
® Operates directly from a AC line or from a DC supply ’:a_] PULSE OUTPUT
® Provides zero crossing thyristor triggering circuit for

minimum RFI Outline 8P5
® Negative input threshold voltage detector involved for

the use of the safety protection.
APPLICATIONS
® Zero-voltage triggering circuit of SCR, BCR
® Electric blanket
RECOMMENDED OPERATING CONDITIONS
Supply AC voltage range - -+ 90~110Vrms
Rated AC voltage FANQE - rrresrenersseresestennssnneiinaiee ]oovrms
(Resistor (10k 2, =2W) must be connected between Pin7 8-pin molded plastic SIL
and AC power supply.)

CIRCUIT SCHEMATIC

\/

sz_ N/

P 0 - - ———O--

N
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MITSUBISHI LINEAR ICs

M5172L

THERMO CONTROLLER

BLOCK DIAGRAM

REFERENCE SIGNAL

S VOLTAGE  INPUT BIAS
——————0® ©
|
TPULSER !
N
I l | | 1 )PULSE OUTPUT
RECTIFYING ZERO VOLT 1
CIRCUIT PULSER
TRIGGER PULSE ‘
CONTROL GATE
1
SUBSTRATE
- ﬂ (&—-
RIPPLE FILTER GND ZERO POINT PULSE OUTPUT

* CAPACITOR MUST BE CONNECTED BETWEEN PIN 6 AND GND.

ABSOLUTE MAXIMUM RATINGS (Ta=+25C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vece Supply voltage(voltage between Pin 7 and Pin 5) 10 v
lo Pin7 circuit current 10 mA
Pd Power dissipation 360 mw
Ke Power derating rate Ta=25C 3.6 mw/C
Topg Operating ambient temperature —20~+60 c
Tstg Storage temperature —20~+125 T

ELECTRICAL CHARACTERISTICS (ta=+25¢C)

Symbol Parameter Test conditions Limits Unit
Min Typ Max
Vbe DC voltage between Pin and Pin8 R=10kQ *1, C;=47 #F 5.85 - 6.9 Y
Vthp Positive threshold voltage at Pind Ve=5.9V ’ 2.3 2.7 3.0 v
Vthn Negative threshold voltage at Pin4 Vg=5.9V —2.65| —2.4 | —2.15 v
Ve.p Peak trigger output pulse at Pin2 . RL1=1009, Vg=5.9V 0.65 — - Vp.p
Vy High level at pinl : Rio=1. 8k, Vg=5.9V 0.59 - - Ve_p
Vo Low level at pinl Ri2=1.8k, Vg=5.9V 0.1 Vp.p
*1 M ing condition : t R=10kQ (= 2W) between terminal 7 and A-C power supply (100V r. m. s.)
P
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MITSUBISHI LINEAR ICs

MS5172L

THERMO CONTROLLER

MEASURING CIRCUIT

M5172L

AC
oV

MEASURING CONDITION

| o
~ |
o N
5] .
< o
<
._____|||'___
L
I

Units Resistance : kQ
Capacitance : u#F

ELECTRIC

Parameter SW-1 SW-2 SW-3 Measuring point
Voc a a a A
Vru-p a/b b b C
VrH-n c/d b b B
Voum a b b o]
Vor(s) d b b B
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MITSUBISHI LINEAR ICs

M5172L

THERMO CONTROLLER

TYPICAL CHARACTERISTICS APPLICATION EXAMPLE
THERMAL DERATING (1) THERMO CONTROLLER FOR ELECTRIC
(MAXIMUM RATING) BLANKET (ZERO VOLT SWITCH OF SCR)
400
o\ o
100V 3
— HEATER
g 50/60Hz : §
g M5172L g_—:l E‘:
B TG LSIGNAL - T 25
g oo N [ & Lrl el I8l sZwirew é'(lfzw)
g ‘\‘ § ;_ - R, ¥
& \\ = o ] }!§3?4z0R02
g 1o N ‘ J—; AM-4
o \\
\\‘\ Units Resistance : Q
00 40 60 80 120‘ 160 Capacitance : F
AMBIENT TEMPERATURE Ta(C)
(2) THERMO CONTROLLER USING THERMISTER (3) ZERO VOLT SWITCH OF BCR
(ZERO VOLT SWITCH OF SCR)
2
&
M5172L 8 M5172L
AN
516l 7] 18
ooy TTETEIT ‘—SJQJL O ooV ITE gioeragal
R, ) 50/60 Hz .
»—@—«: LR VR [
Ro #1474 CR2AM-4 F12 EVRy #/C2
A-{Rs Lo, R3
Units  Resistance : 0 R1: 10kQ (2W) Re: 1kQ (1/4W) R3: 1(l)k£2‘( 1/:'1w)
Capacitance : F Ra: 1kQ (1/4W)  Rs: 100Q (1/2W) C1:0.068uF (50WV)

C2:220uF(25WV) C3:0.1.F(400WV) Q1:2SC712-D

‘Rz : NTC THERMISTER
Q2:2SA696-D BCR: BCR3AM~BCH25A

R, . RESISTOR FOR COMPENSATION FOR THERMISTER LINEARITY
R, 1 10k

-3 MITSUBISHI
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MITSUBISHI LINEAR ICs

M5172L

THERMO CONTROLLER

(4) ZERO VOLT SWITCH OF BCR HAVING HYSTERESIS CHARACTERISTICS

Re
1%
S U LOAD . M5172L f M51204L
r4
| K A [ 1 [ 1 53 I 7 R v LJL‘fBJL‘JLF
| Q2
T
R
Rs Re 2 N v Rz
L zz R1
Cs @ -T - A
R3 C1 Cz <7
| ~ A
Ri=6kQ(2W)  R,=1kQ(}X4W) Rs=10kQ(%W) R,=1kQ(%W)
Rs=100Q(%5W) Re=30kQ (W) R;, Rg=R FOR REFERENCE VOLTAGE
Roy=R FOR HYSTERESIS -
Vri=TEMPERATURE SENSOR
C,=0.0684F(50WV)  C,=220uF(250WV) Cs=0. 11 F(400WV)
Q;=2SC713-D Q,=2SA696-D T: BCR 3AM~25AI
MITSUBISHI 2=3%
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MITSUBISHI LINEAR ICs

M5174P

FLAME DETECTOR

DESCRIPTION

Monolithic integrated circuit M5174P is designed for the use
of the flame detection circuit.

It is composed of current amplifiers, a thyristor circuit, a cou-
ple of the relay drivers and a internal voltage regulator.

The current limiting circuit of the driver and internal two sets
of shunt circuits parallely connected with relay protect the
relay against the danger in an abnormal state of no signal
flame. A differential amplifier configuration and a tempera-
ture-independent reference voltage source minimize the
variation of the operating threshold level of the flame current
detector.

FEATURES

® Fail-safe system (The operating mode of two degrees of
redundancy.)

® Available input flame current «---«eooeeeeeneneeee 50 A(max.)

® Minimum tollelance for operating threshold input current
........................................... -_+-20%(Ta= —20~+460C )

APPLICATION

Flame detection circuit for a gaseous appliance

PIN CONFIGURATION (TOP VIEW)

SCR INPUT [T 4] Vec
CAPACITOR [2 13 Riﬁkr‘]@?@%a DRIVE
PROTECTION R [3] = ! V%'EEAUGLE\TOR OUTPUT
TIMING SET [7] E 11 LOAD
AND OUTPUT [F] © 0] LOAD
AMP (2) OUTPUT [§] [9] nC
GND [T 8] AMP (1), (2) INPUT

Outline 14P4

14-pin molded plastic DIL

SCHEMATIC DIAGRAM

N

h

apn

3
b
g

2—-36 MITSUBISHI
ELECTRIC .




MITSUBISHI LINEAR ICs

M5174P

FHAME DETECTOR

BLOCK DIAGRAM
REGULATOR VOLTAGE
Voo B’;?\;‘Es ISTOR  REGULATOR LOAD LOAD AMP (1), (2INPUT
OUTPUT ~ . 3
@-@——@° D@ i
A Iy
r Swi -
AMP
TCHING ) |
CIRCUIT OR N
VOLTAGE CURRENT L+
REGU LIMITER BIAS SHUNT AMP [
LATOR CURRENT CIRCUIT (2)
SOURCE 1)
|
—
SHUNT THY -
uiT
C‘R?Z) RISTOR AND
|
SUBSTEATE
— 5 L
O—— OO —O— —
GND SCR INPUT  CAPACITOR PROTECTION R TIMING  AND AMP(2) OUTPUT
SET QUTPUT
ABSOLUTE MAXIMUM RATINGS (Ta=+25¢C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vce Supply voltage 1g=0uA 20 \%
lcc Circuit current 40 mA
hn Maximum input current 50 A
P4 Power dissipation 650 mwW
Ko Power derating rate Ta=25C —6.5 mW/C
Topg Operating ambient temp e —20~-60 ‘Cc
Tstg Storage temperature —40~+125 c

ELECTRICAL CHARACTERISTICS (T,=25C)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Ve lg=0uA 12 15 20 \Y
Supply voltage
Vcea lg=1uA, lcc=36mA 12 15 17 \
lcer Quiescent circuit current Vec=15V 7 10 14 mA
lcc2 Circuit current 1L.=20mA, Vcc=17V 30 36 mA
[ Drive current R.=300Q, Vgc=17V 15 mA
Vor lg=O0uA, Vec=12V 9.5 10.3 1.5 \Y
Stabilizer output voltage -
Vo2 ls=1uA, Vec=12V 9.2 10 1.5 Vv
Iin Threshold input current R =300, Vgc=17V, Rs=4.7MQ 0.58 0.60 0.72 ~A
Iine Maximum input current Vee=17V 50 ~A
ILs2 Drive current at Pin 5-GND shorted 1s=0uA Vgc=15V 5 mA
Drive current
ILs2 lg=1uA, Vcc=15V 8 mA
at Pin 5-GND shorted and Pin 5-Pin 10 shorted
MITSUBISHI 237
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MITS_UBISHI LINEAR ICs

M5174P

FLAME DETECTOR

TEST CIRCUIT

].Cs
J;0.00U:F

£ Rs

201
[ﬂ 7 ﬂ{g:
8‘“:«

M5174P

Lﬂ Gl
F*’g.ZOZZﬂ

R1
220k Units Resistance :
Ve Capacitance : F
TEST CIRCUIT THERMAL DELATING
(MAXIMUM RATING)
Measuring 1000
Parameter | S | S, Note
Point
1 201 AR Vee=15V <
'ccl 1 CcC g 800
lecz 2|2 A Voe=17V, IL=20mA, Iiy=IzA E
I T2 A*2 | Vee=17V, Rs=3000, lw=1xA F
= 600
Vor 111 pin12 | Vge=12V E \
Voz 12| pin12 | Veo=12V, In=1xA g N
I 1]2 A Voe=17V, y=0.58~0. 78uA « 400 ‘\‘L
w
hnmaxy | 1 ]2 Az Voo=17V, liy=50xA C§> \\\
st ™? 11 Az Vec=15V % 200 S C
le2™* 1)1 A Voo=15V N
* 1 ---Supply current from Vcg (pin 14) 0 s
* 2 ---Supply current to pin 10 from pin 11. 0 25 50 75 100 125

* 3 ---Short circuit condition between pin 5 and pin7.
* 4 ---Short circuit condition between pin 5 and pin 7, and between pin 10 and

pin5. AMBIENT TERMPERATURE Ta ()

-3 MITSUBISHI
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MITSUBISHI LINEAR ICs

M5174P

FLAME DETECTOR

ABSOLUTE MAXIMUM VOLTAGE RATINGS

(Voltage values are reffered to the ground (pin7).)

P Limit Conditions
n
+ - 1{2|3|4als|6|7|8|9a|0jn|12[13]14
1 50V 8oV
2 60V 20v
3 3ov 20v
4 70V 4ov
5 4ov BV | %
S . . .
6 1ov VS| :% el ey
7 GND gls|¢ ¢ Sy 81888
] P= S S| ig (3
- — ™ o
8 v [ eov - 5 2152|%
0 ne.  |31E|E| |8 Bl |21 22
£ £ < £|5
10 20v av (2512 |2 o al2lso
Ziels c £ Zleig|Z
1 20v v |olals a a ola|alo
" po : slele ) ] gle|ege
v o |Z|%l% = ped ol ol il et
3 sov oV ElE|E|2(EI2|2(5|2|58/5(5|8(8
14 50v Zovoooooooozooooo

TIME SEQUENTIAL DIAGRAM

S
T—
-
I
N

Fail-safe system in the M5174P is considered
as follows.

Flame signal detector is composed of the two
independent amplifiers operating by the
additional logic.

POWER SUPPLY
PIN 14

STABILIZATION OUTPUT
PIN 12

IGNITION CIRCUIT

FLAME SIGNAL INPUT
PIN 8

OUTPUT VOLTAGE
BETWEEN PIN10 AND
PIN 11

MITSUBISHI
ELECTRIC
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MITSUBISHI LINEAR ICs

M5174P

FLAME DETECTOR

APPLICATION EXAMPLE

(1) FLAME DETECTOR USING FLAME CURRENT (1)

Tri
_2SD355

0 022;4 0. 1}‘ p
SRIFM-2
Y
100k
10

1[
WA—t
@

N
2 D1
cizz L& M5174P
100. | &

Lo

T 0.0224
Lm

L&l H7_] 04__DAKE
T [0}

Rs

T

D3
5 SRIFM-2 | cs
D1 MZ304 ~306 To'ozz”
o '
WA
11
—
IGNITION SRIFM-4
TRANS
AG SCR IGNITION CIRCUIT
CR2AM-4
ReZ =0
Units Resistance : Q 11
Capacitance : F
2—40

MITSUBISHI
ELECTRIC



MITSUBISHI LINEAR ICs
M5174P

FLAME DETECTOR

(2) FLAME DETECTOR USING FLAME CURRENT (2)

DG 12~20V L1 - 1.5M
%2
R, Cs Ce|
= 3Rs
0.022% 0.1z
Cni 1'3
’F.omy D, Re
100k
4 31 B2l [ o] o] [ 00
l o
10t§3 , 3 0. 022
07z A M5174P N
7
CITT cl A
= Da
0.022 Xg 1
2N ZNR
D3
Cs
'F.ozzﬂ
D,
T it Rs 4.2K Ks
N
Tu
IGNITION CIRCUIT 0.033x
D ——
AG 10 D7 -T-
Ry Ds
56k I
Do
D;~D, SRIFM—2
De~Djo SRIFM—4
¥ 1 ZNR (z10L-221)
%2 RL (RELAY 300Q,20mA, 6V)
MITSUBISHI
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MITSUBISHI LINEAR ICs

M5174P

FLAME DETECTOR

(3) FLAME DETECTOR USING A PHOTO TRANSISTOR

Tr1
_2SD355
{
RL R
3 $R7
SRIFM-2
D2 —W—
NG Re
14l [3] [i2] [ [o] [3] FBL[
o I y <
o1t E&D 174P
10045 5 kD1 M5 PhotoTr
7}
< :Izscm
b3 Tr2
Ca lﬁ]kDA
0.022.] @
R 0
1.8k
mgi SRIFM -2
z F .
|4l
D3
1 Ca
T0.0224
Rs -
A Z£ ZNR
11 d
1T N
Cs Ds
IGNITION SRIFM -4
TRANS
AG SCRY IGNITION CIRCUIT
SR2AM-4 ‘
Units Resistance : O R :LCs
Capacitance . F 0

MITSUBISHI
ELECTRIC



DUAL LARGE-CURRENT OPERATIONAL AMPLIFIERS

MITSUBISHI LINEAR ICs

M5216

(DUAL POWER SUPPLY TYPE)

DESCRIPTION

The M5216 is a semiconductor integrated circuit designed
as a high-output and high-speed operational amplifier for
use in high-performance headphone amplifiers and mixer
amplifiers found in cassette decks.

The device comes in an 8-pin SIL or DIL package and it
contains two circuits for yielding a high internally phase-
compensated gain, a high current capacity and a high slew
rate. It can be widely used as a general-purpose dual ampli-
fier in electronic equipment. In addition, it can be used in a
single power supply format and employed in conditions
where the supply voltage is low. These are features which
make this device ideal for headphone amplifiers in portable
products.

FEATURES .
® Large current capacity ««---oseeeereeeeeeeeee I,p = £100mA
o High power output ............................. PO = 40mW(typ.)
Po = 27mW(typ.)
® High slew rate, high f;* SR = 3.5V/us, fr = 10MHz(typ.)
® Low noise(Rg = 1kQ )FLAT::-+++-++ Vi = 1. 7uVrms(typ.)
® Low supply voltage drive possible-:----- Vee = 4V(£2v)
® High allowable power - Pq = 800mW(SIL), 625mW(DIL)

APPLICATION

High-performance headphone amplifiers in VTRs, tape
decks and stereo cassette tape recordérs with built-in
radios; mixer amplifiers, public address equipment, electro-
nic musical instruments; also as a high-current, high-speed,
general-purpose operating amplifier in other electronic pro-
ducts and equipment.

RECOMMENDED OPERATING CONDITIONS

Supply voltage range -+ +2V~=+16V(dual power supply)
+4V~-+-32V(single power supply)
Rated supply voltage ............................................... i]sv

APPLICATION EXAMPLE IN HEADPHONE AMPLIFIER

150k @

4.TuF
o+ 47k Q

N

Ro
HEADPHONE

LOAD

l Rn

0.022uF

Note : For a single power supply system, the level
of the (+) input pin should be shifted to Vc/2 potential
and the output should be AC-coupled through a capacitor.

PIN CONFIGURATION (TOP VIEW)

8] (+)POWER SUPPLY
7] OUTPUT 2
chl
6| INVERTED INPUT 2
E NON-INVERTED INPUT 2

4] (—)POWER SUPPLY
3] NON-INVERTED INPUT 1

ch2
2] INVERTED INPUT 1

[1] ouTPUT 1

M5216L
Outline 8P5

PIN CONFIGURATION (TOP VIEW)

Y
outpuT 1 [T B (+)Pow§|aPPLY
INVERTED INPUT 1 [2] 7] ouTPUT 2
NON-INVERTED - 6] INVERTED INPUT 2
(—)POWER suppLY [4] 5] NON-INVERTED
INPUT 2
M5216P
Outline 8P4

8-pin molded plastic DIL 8-pin molded plastic SIL

HEADPHONE AMPLIFIER
CIRCUIT Po VS V¢

[ Ta=25°C -
Ff = 1kHz
— rTHD=3%—F =320
% 200 (Ro=10)
o 100 T
H=
5 4 (Ro=10Q ) -
o F A%
E >
3 ; S
Ry=32
/ ( -
o = -
10 A X (Ro=120Q)
2 r \ RH=8Q ]
Q Z (Ro=92Q)
Ry=8Q
(Ro=47Q)
1 L1
4 6 8 10 12 14 16 18 20 22 24

(£2) (£8) (£6) (£8) (£10) (+12)

SUPPLY VOLTAGE Vcc(V)

MITSUBISHI
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MITSUBISHI LINEAR ICs

M5216

t DUAL LARGE-CURRENT OPERATIONAL AMPLIFIERS

(DUAL POWER SUPPLY TYPE)

ABSOLUTE MAXIMUM RATINGS (Ta=25C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage +18 v
ILp Load current +100 mA
Vid Differential input voltage +30 v
Vic Common input voltage +15 \

800(M5216L)
Pd Power dissipation mwW
625(M5216P)
8(M5216L)
Kso Thermal derating Ta=25C mw/C
6. 25(M5216P)
Topr Ambient temperature —20~+75 c
Tstg Storage temperature —55~+125 c
ELECTRICAL CHARACTERISTICS (1,=25C, Veo=x15v) .
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
lecc Circuit current ViN=0 — 7.5 12.0 mA
Vio Input offset voltage Rs<10kQ — 0.5 6.0 mV
ho Input offset current — 5| 200 nA
le Input bias current — — 500 nA
Rin Input resistance . 0.3 5 - MQ
Gvo Open loop voltage gain R.22kQ, Vo=Z10V 86 110 — dB
R.22kQ +12 | £13.5 — \%
Vom Maximum output voltage -

. R.=1500 +10.5 +11 — V.
Vem Common input voltage width +12 +14 — \%
CMRR Common mode rejection ratio Rs=10kQ 70 90 — dB -
SVRR Supply voltage rejection ratio Rs<10kQ — 30 150 uNVINV
Pd Power dissipation — 225 360 mw
SR Slew rate Gy=0dB, R .=2kQ - 3.0 — V/us
fr Gain bandwidth product — 10 —_ MHz
Vin Input referred noise voltage Rs=1kQ, BW : 10Hz~30Hz — 1.8 — #Vrms

TYPICAL CHARACTERISTICS
THERMAL DERATING VOLTAGE GAIN VS
(MAXIMUM RATING) FREQUENCY RESPONSE
100(
0 140 Vee=15V
> R.=2kQ

2 M5216L 120
< 800 o
o o
o 2

< 100
- M5216P (0]

'c:> 600 z 8
£ &

73 N w60
@ 400 0N [0}
a \ N -4
N =

[+ AN | 40
w AN o
g 20 A >

a \‘\\ 20

Q
0 0
0 25 50 75 100 125 1 10 100 1k 10k 100k 1M 10M
AMBIENT TEMPERATURE .Ta("C) FREQUENCY f{(Hz)
2—44 MITSUBISHI
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MITSUBISHI LINEAR ICs

M5218/ M5R4558P

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS
(DUAL POWER SUPPLY TYPE)

DESCRIPTION
The M5218,M5R4558P is a monolithic integrated circuit designed
for a lownoise preamplifier in audio equipment and a general-
purpose operational amplifier in other electronic equipment. Two
lownoise operational amplifier circuits displaying internal
phasecompensated high gain and low distortion are contained in a
8-pin (SIL, DIL) package for application over a wide range as a
general-purpose dual amplifier in general electronic equipment.
The device has virtually the same characteristics as the 4557,
4558, 4559 and 741 operational amplifiers. The unit can also be
used as a single power supply type and employed with low supply
voltages, making it ideal as a general-purpose amplifier in port-
able equipment. It is also suitable as a headphone ampilifier be-
cause of its high load current.

FEATURES
@ High gain, low distortion

Gyo = 110dB, THD = 0.0015% (typ.)

@ High slew rate, high fp ---eeee SR = 2.2V/us, f1 = 7MHz (typ.)
® Low noise (Rg = 1kQ2) FLAT rieeeeeene Vi = 2uVrms (typ.)
RIAA oo Vi = 1uVrms (typ.)

24V (+2V)

® Operation with low supply voltage

® High load current, high power dissipation
......................................... Ip = £60mA, Pd = 800mW (SIL)
625mW (DIL)

APPLICATION

General-purpose amplifier in stereo equipment, tape decks and
radio stereo cassette recorders; active filters, servo amplifiers,
operational circuits in other general electronic equipment.

RECOMMENDED OPERATING CONDITIONS
Supply voltage range +2~+16V
Rated supply voltage 15V

M5218L
Outline 8P5

PIN CONFIGURATION (TOP VIEW)

z +) Ve
Z] ouTPUT

6] INVERTING INPUT 2

B NON-INVERTING INPUT 2

B (-) Vee

3] NON-INVERTING INPUT 1
Z] INVERTING INPUT 1

1] OUTPUT 1

PIN CONFIGURATION (TOP VIEW)

N4
OUTPUT 1 E E (+) Vee
INVERTING OUTPUT 2
INPUT 1 3
NON-INVERTING INVERTING

INPUT 1 INPUT 2
B NON-INVERTING
) vee [4] 51 InpuT 2

M5218P,/ M5R4558P

Outline 8P4

« &

8-pin plastic DIL package 8-pin plastic SIL package

BLOCK DIAGRAM

INVERT-
ING
INPUT 1

INVERTING
INPUT 1

Lj

L)

ul

T
1

;8) +Vee

INVERTING
INPUT 2

NON-
INVERTING
INPUT 2

NoRa
OUTPUT 1 OUTPUT 2
MITSUBISHI 2—45
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MITSUBISHI LINEAR ICs

M5218/M5R4558P

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS
(DUAL POWER SUPPLY TYPE)

ABSOLUTE MAXIMUM RATINGS (Ta=25C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage +18 \
Ip Load current +50 mA
Vid Differential input voltage +30 v
Vic Common input voltage +15 \%

800(SIL)
Pd Power dissipation mw
625(DIL)
8(sIL) .
Ko Thermal derating Ta=25C mw/C
6.25(DIL)
Topr Operation temperature —20~+75 C
Tstg Storage temperature —55~-+125 c
ELECTRICAL CHARACTERISTICS (Ta=25C, Voo==%15V)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
lce Circuit current Vin=0 3.0 6.0 mA
Vio Input offset voltage Rs=10kQ 0.5 6.0 mV
lio Input offset current 5 200 nA
lis Input bias current 500 nA
Rin Input resistance 0.3 5 MQ
Gvo Open loop voltage gain RL=2kQ, Vo=%10V 86 110 dB
RL=10kQ +12 +14 \
Vom Maximum output voltage
RL=2kQ +10 +13 \
Vem Common input voltage range +12 +14 \
CMRR Common mode rejection ratio Rs=10kQ 70 90 dB
SVRR Supply voltage rejection ratio Rs=10kQ 30 150 uV/V
Pd Power dissipation 90 180 mwW
SR Slew rate Gy=0dB, R =2kQ 2.2 V/us
fr Gain bandwidth product 7 MHz
VNI Input-referred noise voltage Rs=1kQ, BW : 10Hz~30kHz 2.0 uVrms
TYPICAL CHARACTERISTICS
THERMAL DERATING VOLTAGE GAIN VS
(MAXIMUM RATING) FREQUENCY RESPONSE
1000 T
140 Vee =15V
—~ RL= 2kQ
z SiL . 120
E 800 [u1]
~ > \
o ~ 100 N
Q DIL > \
600 © .
5 > 80
E g N
= N g0
@ 400 w
17} (5]
a NN <
p NN 5 a0
w \\ \ Q
2 200 < >
e AN 20
N\
N\
Y0 25 50 75 100 125 0y 10 100 1 10k 100k 1M 10M
AMBIENT TEMPERATURE Ta (°C) FREQUENCY f (Hz)
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MITSUBISHI LINEAR ICs

M5218/M5R4558P

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS
(DUAL POWER SUPPLY TYPE)

CIRCUIT CURRENT I¢cg (mA)

INPUT OFFSET VOLTAGE Vo (mV)

MAXIMUM OUTPUT VOLTAGE Vom (V)

CIRCUIT CURRENT VS CIRCUIT CURRENT VS
SUPPLY VOLTAGE AMBIENT TEMPERATURE
5 5 T
Vin= 0 Voo = £ 15V
- Vin= 0
4 g
jo3
3 — ° 3’\'\‘
" . P\
2t 5 2
|
3
1 « 1
(&
0p £10 £20 e 20 0 50 B0
SUPPLY VOLTAGE Vgg (V) AMBIENT TEMPERATURE Ta (°C)
OUTPUT VOLTAGE/LOAD
INPUT OFFSET VOLTAGE VS CURRENT PEAK VS
AMBIENT TEMPERATURE LOAD RESISTANCE
2.5 T 12 ) 100
Voo =+ 15V »Vco=i15V
Rs= 10kQ = f = 1kHz y 2
2.0 E 1o} THD=1% 2 g0 £
2 a
N -
15 L A PR v 60
w IN $t ouT W
| JNVaRN
o \ o
0.5 E 4 \ 20 2
© ILp 9
0 2 S ——
—20 0 20 40 60 80 100 200 500 1 2k 5k 0
AMBIENT TEMPERATURE Ta (°C) LOAD RESISTANCE R (Q)
MAXIMUM OUTPUT VOLTAGE MAXIMUM OUTPUT VOLTAGE
VS SUPPLY VOLTAGE VS FREQUENCY RESPONSE
20 T T —_ 32
RL= 2 kQ >
= 3 1
10 // S 4l Vec=+18Y
RL= 2kQ
L~ ) - \
= 2 \
)
0 SO
N~ ;
=
— 10 i \\\ 8 8
N z
2 N
—20 e 0
+2 +6 +10 +14 +18 1 10 100 1k 10k 100k 1M
SUPPLY VOLTAGE Voo (V) FREQUENCY f (Hz)
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MITSUBISHI LINEAR ICs

M5218/M5R4558P

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS
(DUAL POWER SUPPLY TYPE)

APPLICATION EXAMPLES TYPICAL CHARACTERISTICS

(1) Stereo equalizer amplifier circuit . (Voo= + 15V, RIAA)
- Gv=35.6dB (f=1kHz)
Voo - VNi=1uVrms (Rs=1kQ , BW =20Hz~ 30kHz)
o( +15V) « Signal-to-noise = 72.5dB (IHF-A network, shorted input, 2.5mVrms
® M5218,/M5R4558P input sensitivity)

Cg1
R0 A7 100p | 7'? R + THD=0.0015% ( f=1kHz, Vo= 3 Vrms)
lN e
T ; - out
) 2.2u
L | | 1
100Kz 00kz Lag | | 270k 18K £ 100k TOTAL HARMONIC DISTORTION
el | ] T 1 VS OUTPUT VOLTAGE
330 | — -
1{33” Il :0,018/4 0.0047 4 § 0.1 V‘CC[= il‘ 1‘SV
th T T o6 RIAA
E 1 | o
- H 2 0.05
3 I I [
! ! FYPIRYTY s
< F =N A 3
3 : T ) 3 z
| ! N 2 o002
Db ! L S \’OHZ / "
= 1] 272 7 ) -0 0UT 5 0.01
| ¥ .
'Ec w—H- 5+ | g \
[ S 8} i
7 Z 0.005 A TS
Units  Resistance: v g |
Capacitance: F ——o0,~ ¥CC 20kHz
(—15V) ;‘C ‘
':_(‘ 0.002 = 1KkAz
o 0.001
Left channel circuit constants are identical to those of right channel L 1 2 5 10 20

Cg1, Cpg2 - Capacitors for buzz prevention, use if required.
Ro: Resistor used to prevent parasitic oscillation for capacitive loads and OUTPUT VOLTAGE Vo (Vrms)
current limiting with shorted and other abnormal load conditions.

OUTPUT NOISE VOLTAGE VS SIGNAL-TO-NOISE RATIO VS
SIGNAL SOURCE RESISTANCE SIGNAL SOURCE RESISTANCE
% 300f Vo= £15V ~ 75 Vop = +A5V ]
E | BW = 20Hz~ 30kHz o | IHF-A NETWORK ~ —|
> ~ 2.5mVrms INPUT
3 RIAA > SENSITIVITY 7]
z a ~_ RIAA ]
>
w200 e 70 X
Q
g &
<] ) N
z ’, 9 N N
2 100 S 65
£ = g
pul z
E 3
° 9 60
100 1k 710k 7100k 100 3 571k 5 710k 100k
SIGNAL SOURCE RESISTANCE Rs (Q) SIGNAL SOURCE RESISTANCE Rs (Q)
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MITSUBISHI LINEAR ICs

M5218/M5R4558P

DUAL LOW-NOISE OPERATIONAL AMPLIFIERS
(DUAL POWER SUPPLY TYPE)

(2) High S/N stereo DC ICL equalizer TYPICAL CHARACTERISTICS
(Voc= + 15V, RIAA)
+Vee
L L (+15V) * Signal-to-noise = 85 dB (IHF-A network, shorted input, 2.56mVrms
$5.6k $5.6k M5218/ input sensitivity)
a0, | '\45R45582 2 © VNi=0.7TuVrms (Rsg=5.1kQ , BW = 5Hz~ 100kHz)
“avwmp i K _oRoh  + Gv=35.608 (f=1kHz)
o ouT
2SK109A 3300P
7L —H BS
Roh 47 —D 0»0;{1 ,Ho.ossﬁ a7k TOTAL HARMONIC DISTORTION
INOTW Lo -~ Lo [N VS OUTPUT VOLTAGE
3 ] 7.5k 91k S 0.05
2 220 9 LR
+ " G E\, X?X: + 15V
o
2ma | 7.5k I
= o0.02
—V z
G
¥ I =18 2 o001
E3 o
3 <] N 20H
G % 0.005 NGOz
a
A o |
1 w L z 20 Hz Y4
T’ 3 2 0.002
L < l ‘ ’
® f 0.001 \ f=1kHz
7 U ou —o OUT 5 ~
A H Loch © 1T
® " 0.00057— 5 10 20
M5218,/M5R4558P
OUTPUT VOLTAGE Vg (Vrms)

Left channel circuit constants are identical to those of right channel.

Units  Resistance: £
Capacitance: F

ifi . .
(3) Headphone amplifier (Output resistance Ro is made the parameter)
TOTAL HARMONIC DISTORTION POWER OUTPUT/POWER DISSIPATION
VS OUTPUT VOLTAGE VS SUPPLY VOLTAGE
N 1
g E S ma - s T T 17 T
Y M It 2 1) N O Y W Y S EN S O
I :l 150k 1] T E3 e \":\ :d
= | HeAD- | | ° Q€
> 0.2 o w 210 prone ([ ez 200 A U
S o1 “3 s £ &2 100 150k OUTPUT  _|
= [ ] §in g2z RESISTANCE |
S 0.05 T+ 5 2 50 INo HEAD-
% T 4 © 352 [ | 1=1kHz o) PHONE
a f=15kHz 3 r > 8Q
o 0.02 g § g 20
g oo € 3q 10 — — i
1] L T Tt

é 0.005 TkHz] __-j “é 2 u s Q\o//t{\ /\0“ "—\5“ 209 Z'ﬁ_
I = Iz z >~
<4( 0.002 20Hz <D( o5 2 A =l Po
5 | V THD=1%
= 0.001 T 1 [

0102 05 1 0 10 20 30

(£5) (x10) (£15)
POWER OUTPUT Pg (mW) SUPPLY VOLTAGE Vgc (V)
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MITSUBISHI LINEAR ICs

M5219

DUAL LOW-NOISE VOLTAGE AMPLIFIERS

(DUAL POWER SUPPLY TYPE)

DESCRIPTION

The M5219L and M5219P are dual power supply type of semi-
conductor integrated circuit designed for preamplifiers in stereo
equipment and tape decks. Two low-noise, high-voltage pream-
plifier circuits displaying internal phase-compensated high gain
- and low distortion are contained in a 8-pin (SIL/DIL) package,
making the device ideal for use as an equalizer amplifier or tone
control amplifier in stereo equipment and tape decks.

The device can also be used as a single power supply type and
employed with low supply voltages, making it suitable as a
general-purpose amplifier in stereo radio-cassette tape recorders
and other portable equipment.

FEATURES

® Low noise (Rg = 2.2k, RIAA) -+ Vyi = 0.9uVrms (typ.)
S/N 77dB (typ.) (shorted input, IHF-A network RIAA,

PHONO = 2.5mVrms)

® High voltage Ve =125V (50V)

® High maximum allowable PHONO input voltage

Vi=230mVrms(typ.) (Vec=122: 5V, f=1kHz)

® High gain, low distortion Gyg = 110dB, THD = 0.001% (typ.)

® High slew rate SR = 6.5V/us (typ.)

® High load current, high power dissipation

I_p = $50mA, P4 = 800mW (SIL)

625mW (DIL)

APPLICATION

General-purpose amplifier in stereo equipment, tape decks, stereo
radio-cassette tape recorders and other general electronic equip-
ment.

RECOMMENDED OPERATING CONDITIONS

Supply voltage range +2 ~ +22. 5V
Rated supply voltage +22.5V

fr

M5219L

Outline

8P5

PIN CONFIGURATION (TOP VIEW)

E (+) Vee
z] QUTPUT

3 INVERTING INPUT 2

E] NON-INVERTING INPUT 2

3 (-) Vee

[3] NON-INVERTING INPUT 1
2 INVERTING INPUT 1

[1] outPuT 1

PIN CONFIGURATION (TOP VIEW)

\
outeut 1 [7] 2] ) Vee
INVERTINGE =1 ouTPuT 2
iNPUT 1 L2 7]
NON-INVERTING INVERTING
INPUT 1 ) INPUT 2
) NON-INVERTING
) Vee [2] INPUT 2 ~
M5219P
Outline - 8P4

8-pin plastic DIL package

&

8-pin plastic SIL package

EQUIVALENT CIRCUIT

TR

S > T
INVER
TING L INVERTING
INPUT 1 INPUT 2
- 5!
+ 5)+
NON-
II\II\IC\)/’\IIE.RTING INVERTING
INPUT 1 8 INPUT 2
o — | q | }—
b
> <4 —Vece
. M ) e\ - .
/ NN
OUTPUT 1 QUTPUT 2
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MITSUBISHI LINEAR ICs

M5219

DUAL LOW-NOISE VOLTAGE AMPLIFIERS

(DUAL

POWER SUPPLY TYPE)

ABSOLUTE MAXIMUM RATINGS (Ta=25C, unless otherwise noted)

Symbol ‘Parameter Conditions Limits Unit
Vee Supply voltage +25(50) \
ILp Load current +50 mA
Vid Differential input voltage +30
Vic Common input voltage +22.5V
Pd Power dissipation ggg gg t; mW
Kg Thermal derating Ta=25°C 3 _825((50 :’f)T mw/°C
Topr Operating temperature —20~+75 °C
Tstg Storage temperature —55~+125 °Cc

ELECTRICAL CHARACTERISTICS (1,=25¢C, Voc=+22.5V)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
lce Circuit current Vin=0 3.5 7.0 mA
Vio Input offset voltage Rs=10kQ 0.5 6.0 mv
lig Input bias current 0.3 uA
Gvo Open joop voltage gain f=100Hz, R_=47kQ , CNF=470uF 90 110 dB
Vom Maximum output voltage f=1kHz, THD=0.1%, RL=47kQ, RIAA 12.5 14.0 uVrms
THD Total harmonic distortion f=1kHz, Vo=5Vrms, R_=47kQ, RIAA 0.001| 0.03 %
Vi Input-referred noise voltage Rg=2.2kQ, BW=10Hz~30kHz, RIAA 0.9 1.8 | uVrms
Ss/N Signal-to-noise ratio Shorted input (Rg=47Q), IHF-A network, 7 B
PHONO=2.5mVrms, RIAA
(a) lcc, Vio (b) Gvo
Vo

P

100
220u

100-V o

(¢) Vom, THD

O +Vce

0.0564 0.016x

Gvo=20log Vo Vi (dB)

Units

Resistance:
Capacitance: F

MITSUBISHI
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MITSUBISHI LINEAR ICs

M5219

DUAL LOW-NOISE VOLTAGE AMPLIFIERS

(DUAL POWER SUPPLY TYPE)

100

——
0.056x 0.016u

220 1

1. VNI=VN01./60 («Vrms)

2. S/N=20log (2.5mVrms.~(VNo02/60) )

(d) VN, S/N

4.7k

RIAA EQ

Gy =35.6dB=60TIMES (@ f = 1kHz)

(dB)

BAND-PASS FILTER 2(S/N)
1k Ay ¢
RL (Vi)
47kS BW: 10Hz~30kHz Vot |V
(—3dB) ' noz
V.V
Units  Resistance:

Capacitance: F

% An AC voltmetgr VV with a built-in IHF-A network filter should be used for measuring the S/N ratio.

TYPICAL CHARACTERISTICS
THERMAL DERATING
(MAXIMUM RATING) VOLTAGE GAIN VS FREQUENCY
1000 140 -
Voc= +22.5V
z siL 120 ALS 47K
E 800 E,‘; —\ L
Y DIL S \
Zz 600 © A\
© 80
= 4
< \ < \
2 400 N © 60 \\
a N\ Q
2 \\ AN 2 N
w ~ 3 40
2 SN o \
I 200 <IN > \
\\\\ 20 \
N
0 0 AN
0 25 50 75 100 125 10 100 1k 10k 100k 1M 10M 100M
AMBIENT TEMPERATURE Ta (°C) FREQUENCY f (Hz)
CIRCUIT CURRENT VS CIRCUIT CURRENT VS
SUPPLY VOLTAGE AMBIENT TEMPERATURE
ST T s T
Vin=0 Veoc= £22.5V
~ — Vin=0
T 4 g 4
; F/' E 3 \
g @
2 2 3 2
£ £
] 2
Q Q
« 1 o« 1
o (&)
05 +5 +10 +15 +20 +£25 g20 0 20 40 60 80
SUPPLY VOLTAGE Vcc (V) AMBIENT TEMPERATURE Ta (°C)
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MITSUBISHI LINEAR ICs

M5219

DUAL LOW-NOISE VOLTAGE AMPLIFIERS
(DUAL POWER SUPPLY TYPE)

APPLICATION EXAMPLES

(1) Stereo equalizer amplifier circuit

O +Vce

TYPICAL CHARACTERISTICS

(Veo= +22.5V, RIAA)

+ Gy=35.6dB(f=1kHz)

s VNi=0.9uVrms(Rg=2.2kQ,. BW=10Hz ~30kHz)
+ S/N=77dB (IHF-A network, shorted input, 2.5mVrms input sensitivity)
+ THD=0.001%(f=1kHz, Vo= 5Vrms)

Left channel circuit constants are identical to those of right channel.
Cp1.Cg2 *

Capacitors for buzz prevention; use if required.

Ro © Resistor used to prevent parasitic oscillation for capacitive loads and current

(+22.5V)
Ro
1K
W ouT
3 3u Ron
Sark
3
! H
10.05640.016 4
GND { —OGND
|
| 3
b3
|
INO— + ?-cL:rT
Leh M
Units  Resistance: Q —Vee
—O(-22.5V)

Capacitance: F

TOTAL HARMONIC DISTORTION
VS OUTPUT VOLTAGE

limiting with shorted and other abnormal load conditions.

OUTPUT NOISE VOLTAGE VS
SIGNAL SOURCE RESISTANCE

ELECTRIC

N
~ €
s o7 T T 1711 1S TTTT T T
= Vog=+22.5V X | Voe= +£22.5V
] [ ~
= 0.05 tRIAA 5 BW = 10Hz ~ 30kHz
= > 3.2Fgjan
z w
2 o.02 g 28
pit
o - 2.4
S s /
@ 0.01 > 2.0
[} ! 17
o - f—ZOKH? 5 1.6 /
Z 0.005 - z e
g = o 12
Z N~ k4 T
< 20Hz T 0.8 ~
T 0.002 N\ &
< o 0.4
= NG 1 :
2 0.001 L e 5 0
1 3 s 7 10 3 5 7100 z 100 3 57 1k 3 5710k 3 5 7100k
OUTPUT VOLTAGE Vo (Vrms) SIGNAL SOURCE RESISTANCE Rg (Q)
SIGNAL-TO-NOISE RATIO VS OUTPUT VOLTAGE VS
SIGNAL SOURCE RESISTANCE LOAD RESISTANCE
80V=+225V 20 =TT T T
n IHCF—'C-A—NE1:WORK Veo= +22.5V
= PHONO—2 5my = OUTPUT RESISTANCE
- 78 =2.5mVrms g 161 Ro=1kQ
< > THD=0.12%
> Z
° ~~ ° //
2 76 12
w
s \ Q /’
<
" 5 /
> 74 o 8 i
Z > /|
e} =
R £ /
3 a
< 72 5 4
=4
5 o
>
70 0
10 3 57100 3 571k 3 5 710k 100 3 5 71k 3 5710k 3 5 7100k
SIGNAL SOURCE RESISTANCE Rg () LOAD RESISTANCE R (Q)
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MITSUBISHI LINEAR ICs

M5219

DUAL LOW-NOISE VOLTAGE AMPLIFIERS
(DUAL POWER SUPPLY TYPE)

OUTPUT VOLTAGE VS HUM REJECTION VS

SUPPLY VOLTAGE FREQUENCY
20 T — 100 v
f=1kHz Vcc=i22.5v

- THD=0.1% ’SEST %F;%JIT (RIAA)

161 ~_ 9=
E g 80 |— Voo
o / i ’/’
> 12 I 60 /
g z /
e = o LT N Vee
5 / S o T~
o 8 &Y€ — 40 -
> w
= / <
2 / 3
5 4 T — 20
o /

0 / ~ 9

0 +5 +10 +15 +20 *25 10 3 57100 3 571k 3 5 710k

SUPPLY VOLTAGE Vg (V)

(2) High S/N stereo DC ICL equalizer amplifier circuit

FREQUENCY f (Hz)

TYPICAL CHARACTERISTICS (voc=+22.5v, RIAA)

C O(:VZ,CZC sv) S/N =85dB (IHF-A network, shorted input, 2.5mVrms input sensitivity)
;: 5.6k %: 5.6k s + VNi=0.77uVrms(Rg=5.1kQ, BW=5Hz~ 100kHz)
220k H avR 2.2;1 - Gv=35.6dB(f=1kHz)
] 1K .
M5219 AA—O0UT
680 1 WA—O
— 2 3300p | 2.2 Ren TOTAL HARMONIC DISTORTION
2SKI09A | _ N VS OUTPUT VOLTAGE
N AT 0.0 1x 0.0334 3 471 -
Rch L -— 160 1 N T T
. S100k 5 Veo=+22.5V)
+8L 2201 7.5k 91k —oGND I 0.05 A
[
37.5k z
2ma |27 e g
GND £ 0.02
i 2 (—22.5V) o
3 »
2 0010
1 -+ OGND S N\
b3 z
i~ -z B So.005 \\
Len 3 < 20KHIIN
p—— I 2oknez (lfHL/
2SK109A | AT = 0.002 !
<0 |
M2 w07 5 Nl = e —1
Wv—| 4 )2 + 0+ e | y,
3 s 0.0017 3 57 10 3 5 7100
< < ‘

Left channel circuit constants are identical to those of right channel.

OUTPUT VOLTAGE Vo (Vrms)

Resistance:
Capacitance: F

Units

MITSUBISHI
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MITSUBISHI LINEAR ICs

M5219

DUAL LOW-NOISE VOLTAGE AMPLIFIERS
(DUAL POWER SUPPLY TYPE)

TYPICAL CHARACTERISTICS (vce=+ 15V, NAB)

+ Gv=29.9dB(f = 1kHz)
© VNi=1.4uVrms( Rg=2.2kQ, BW=20Hz~ 15kHz)

(3) Tape deck equalizer amplifier circuit

+Vce (—117dBv)
(+15V)

TOTAL HARMONIC DISTORTION
10u VS OUTPUT VOLTAGE
nt OOUT
A Rch — 0.1

! S Voo— £ 15V
100k t } WATST 2 10k N NaB
3 P2 2 0.05
3430 | | 8.2k I
| ! g Lo c
AT u 1 . “” z
GND t —OGND
i B i 2 o.02 AN
st | ! o
L 3 l v 3 2 100Hz
3 § | N 1 © 0.01
9 4 T WA S i‘ 5
= OkH
! #e—o0uT Z 0.005 N
|No H cl
Lch + S:E( AN
7
Units  Resistance: o Vee f 0.002 }-f= 1kHz N
Capacitance: F (—15V) 5 l N
2 0.001
) ) 1 3 57 10 3 5 7100
Left channel circuit constants are identical to those of right channel.
OUTPUT VOLTAGE Vo (Vrms)
(4) Typical single power supply application TYPICAL CHARACTERISTICS (voo=+30v RIAA)
+ Gy =35.6dB(f=1kHz)
PHONO EQUALIZER AMPLIFIER (RIAA) « VNi=0.9Vrms (Rg=2. 2k, BW = 10Hz ~ 30kHz)

- S/N=77dB (IHF-A network, shorted input, 2.5mVrms input sensitivity)

TOTAL HARMONIC DISTORTION
VS OUTPUT VOLTAGE

> -0 Ve300V
1ok g S 0.1 Vo= +30V
= RIAA
w a7 334 2 0.05
Reh < ouT =
I R 3 O Ren o 0.03
L cee $ 2 0.0
100k$  100p B ] 3 100k &
39 ]
474 S I 10.05640.016x 5
220u | | 2 o.0
GND oo I 0GND a
“ 0.05640.0161 Q
I 0 1 2 5 005N 1=20kHz]
100k3 CB2 3 100k Q < \L‘l}_ 4
3 51k q z —
100p b3 « 0.003
+ Rolk ouT < . 20Hz
IN + —0 _, 0.002 I
Lo—d 2.2u Lon <
o 47 3.3 5 Nz
B : . 0.001
Units  Resistance: £ = 1 3 5 7 10 3 5 7100

Capacitance: F

OUTPUT VOLTAGE Vo (Vrms)

— Point A is the Vcc/2point in DC terms (virtual ground) when the device is

used as a single power supply type.

Cg1,Cp2 - Capacitors for buzz prevention; use if required.

Ro : Resistor used to prevent parasitic oscillation for capacitive loads and current
limiting with shorted and other abnormal load conditions.
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MITSUBISHI LINEAR ICs

M5220

DUAL LOW-NOISE VOLTAGE AMPLIFIERS
(DUAL POWER SUPPLY TYPE)

DESCRIPTION

The M5220 is a dual power supply type of semiconductor in-
tegrated circuit designed for preamplifiers in stereo equip-
ment and tape decks. Two low-noise, high-voltage preampli-
fier circuits displaying internal phase-compensated high
grain and low distortion are contained in a 8-pin (SIL/DIL)
package, making the device ideal for use as an equalizer
amplifier or tone control amplifier in stereo equipment and
tape decks. The device can also be used as a single power
supply type and employed with low supply voltages, making
it suitable as a general-purpose amplifier in stereo radio-
cassette tape recorders and otﬁer portable equipment.

FEATURES

® Low noise (Rg = 2.2k, RTAA) «ooee Vi = 0.75uVrms (typ.)
S/N = 83dB (typ.) (shorted input, IHF-A network RIAA,
PHONO = 2.5mVrms)
® High voltage «+rsweeeeeemsesssseninninii Ve = 325V (50V)
® High maximum allowable PHONO input voltage
~~~~~~~~~~~~~~~~~~~ V; =235mVrms (typ.) (Vec = 322.5V, f = 1kHz)
® High gain, low distortion Gy =113dB, THD =0.001% (typ.)
® High slew rate «--oeeeeeeeeneeees SR =6.5V/us (typ.)
® High load current, high power dissipation
........................................ I_p = 250mA, P4 = 800mW (SIL)
625mW (DIL)

APPLICATION

General-purpose amplifier in stereo equipment, tape decks, stereo
radio-cassette tape recorders and other general electric equip-
ment.

RECOMMENDED OPERATING CONDITIONS

PIN CONFIGURATION (TOP VIEW)

8] ) vee
Z] OUTPUT 2

EI INVERTING INPUT 2

[5] NON-INVERTING INPUT 2

[4] ) vee

[3] NON-INVERTING INPUT 1

ZI INVERTING INPUT 1

7] outPuT

M5220L
Outline 8P5

INVERTING
INPUT 1

NON-INVERTING
INPUT 1

PIN CONFIGURATION (TOP VIEW)

OUTPUT 1 E

(-) Vee E

\

8] (+) Vee

Z] OUTPUT 2
INVERTING
INPUT 2
NON-INVERTING
INPUT 2

M5220P
Outline 8P4

il

il

Supply voltage range -::-«++-wwesserrmseesiinisiiiiei +2 ~ 225V . . . .
Rated SUPPly VOItage <+ rsssrsssresssirssinesssriserisinenans +22 5V 8-pin plastic DIL package 8-pin plastic SIL package
EQUIVALENT CIRCUIT
i j J | L L 5 I
INVER- !T:h 1 .
T,'\,'};‘ST 1 INVERTING
INPUT 2
_ 6) —
+ 5)+
NON- NOI\E
INVERTING 1 ] INVERTING
INPUT 1 L [ | ; INPUT 2
! — | ‘ q ! [ {4
> s
s
| () ~veo
OUTPUT 1 OUTPUT 2
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MITSUBISHI LINEAR ICs

M5220

DUAL LOW-NOISE VOLTAGE AMPLIFIERS
(DUAL POWER SUPPLY TYPE)

ABSOLUTE MAXIMUM RATINGS (T2=25C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage #+25(50) \
e Load current +50 mA
Vid Differential input voltage +30 \%
Vic Common input voltage +22.5v Y

800(SIL)
Pd Power dissipation mw
625(DIL)
8 (SIL) .
Ko Thermal derating Ta=25C mW/C
6.25(DIL)
Topr Operating temperature —20~+75 c
Tstg Storage temperature —55~+4125 c

ELECTRICAL CHARACTERISTICS (1a=25C, Voo==+22.5V)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max

lce Circuit current Vin= 0 3.5 7.0 mA
Vio Input offset voltage Rs=10kQ 0.5 6.0 mV
lig Input bias current 0.3 uA
Gvo Open loop voltage gain t=100Hz, R_=47kQ, CnrF=4T70uF 90 110 dB
Vom Maximum output voltage f=1kHz, THD=0.1%, RL=47kQ, RIAA 12.5 14.0 Vrms
THD Total harmonic distortion f=1kHz, Vo=5Vrms, R_L=47kQ, RIAA 0.001 0.03 %
VNI Input-referred noise voltage Rg=2.2kQ, BW=10Hz~30kHz, RIAA 0.9 1.8 | uVrms
S/N Signal-to-noise ratio Shorted input ~ (Rg=47Q ), IHF -A network, 77 48

PHONO =2.5mVrms, RIAA

TEST CIRCUITS

(a) lIcc, Vio (b) Gvo

®6

O® v
10k§ 100-V o
iIOK
77 Gvo=20log Vq, V, (dB)
(¢) Vom, THD
2 56k | 4.7k
100 Units  Resistance: Q
2204 + 0.0564 0.016u Capacitance: F
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MITSUBISHI LINEAR ICs

M5220

DUAL LOW-NOISE VOLTAGE AMPLIFIERS
(DUAL POWER SUPPLY TYPE)

(d) VN, S/N

Q-+ V.ce

BAND-PASS FILTER 2(S/N)
(o0

1K A
RL (VNI
47k BW : 10Hz ~30kHz VNO1

(—3dB)

VNo2

> 56k | 4.7k
100

_4
0.056u 0.0164
220 u

RIAA EQ
Gy =35.6dB=60TIMES (@ f=1kHz)
Units  Resistance:
1. VNI=VNO1./60 (uVrms) Capacitance: F
2. S/N=20log (2.5mVrms.“(Vno2/60)) (dB)
* An AC voltmeter VV with a built-in IHF-A network filter should be
used for measuring the S/N ratio.

APPLICATION EXAMPLES TYPICAL CHARACTERISTICS

. e (Voc=£22.5V, RIAA)
(1) Stereo equalizer amplifier circuit . Gy=35.6dB (1= 1kHz)
* V=45 Vrms(Rg=2.2kQ,BW = 10Hz ~30kHz)

+ S/N=83dB (IHF-A network, shorted input, 2.56mVrms input sensitivity)

\Y
RPN * THD=0.001%(f =1kHz, Vo= 5 Vrms)
DOUT
Rch
TOTAL HARMONIC DISTORTION
s
S VS OUTPUT VOLTAGE
S O]
GND —OGND ’——ch=i‘22.5V
2 0.05[—RIAA
b3 -
< z
o
= 0.02
el oot E
IN + Lch e
Lon O—mwHH 2 0.01
o
—Vce g
Units  Resistance: £ ©(—zz.5v) 5 0005 T t=20kHz ]
Capacitance: F E : I
< N [
T
_ 0.002 20H / -
Left channel circuit constants are identical to those of right channel. ﬁ —— et
Cg1.Cg2: Capacitors for buzz prevention; use if required. O 0.001 ™~ TkHz
Ro: Resistor used to prevent parasitic oscillation for capacitive loads and current 1 3 5 7 10 3 100

limiting with shorted and other abnormal load conditions.

OUTPUT VOLTAGE Vo (Vrms)
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M5221/M5TO082P

MITSUBISHI

DUAL J-FET INPUT OPERATIONAL AMPLIFIERS

LINEAR ICs

DESCRIPTION

The M5221/M5T082P are a semiconductor integrated circuit
designed as a high-performance dual operational amplifier
which adopts J-FETs in the input stage.

The device comes in an 8-pin SIL or DIL package and it
contains two circuits for yielding a high input impedance,
high slew rate, low bias current and other excellent charac-
teristics. It can be widely used as a general-purpose oper-
ational amplifier in stereo equipment, tape decks, digital au-
dio disc players and other similar products as well as in
VTRs, video disc players and video-related players.

FEATURES

® High input impedance due to J-FET input

Ri = 1000Mohms(typ.)
SR = 13V/s(typ.)

® High slew rate
® High gain and low distortion

------------------------------ GV, = 100dB, THD = 0. 002% (typ.)
® High load current and allowable power

-------------- I, = £50mA, Pq = 800mW(SIL), 625mW(DIL)
APPLICATION
General-purpose operational ampilifiers in stereo equipment,
tape decks, digital audio disc players, VTRs and video disc
players.

PIN CONFIGURATION (TOP VIEW)

g
0

C I TeT T T T=]

M5221L
Outline 8P5

(+)POWER SUPPLY
OUTPUT 1
INVERTED INPUT 2

NON-INVERTED
INPUT 2
(—)POWER SUPPLY

NON-INVERTED
INPUT 1
INVERTED INPUT 1

OUTPUT 1

OUTPUT 1

INVERTED INPUT 1

NON-INVERTED
INPUT 1

(—)POWER SUPPLY

PIN CONFIGURATION (TOP VIEW)

Ny

O
[z

2]
7]

3 42\ 6]
[« B

M5221P/M5T082P
Outline 8P4

(4+)POWER SUPPLY

OUTPUT 2
INVERTED INPUT 2

NON-INVERTED
INPUT 2

® &

8-pin molded plastic DIL  8-pin molded plastic SIL
EQUIVALENT CIRCUIT
i | - %_'-VCC
TSI UL
NVERTED
mgﬁﬁeo Lb 'g 'INPUT 2
= 6)(—)
5)(+)
(+)| 3 NON-IN
e
INPUT 1 . , INPUT 2
! | | § 4 { 4
L "}_g_“ |
—& , : . . T 4@ —Vee
OUTPUT 1 OUTPUT 2
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MITSUBISHI LINEAR ICs

M5221/M5T082P

DUAL J-FET INPUT OPERATIONAL AMPLIFIERS

ABSOLUTE MAXIMUM RATINGS (T2=25T, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vece Supply voltage +18 \'
Ip Load current +50 mA
Vid Differential input voltage +30 \'
Vic Common input voltage *15 v

800(SIL)
Pd Power dissipation mw
625(DIL)
8(SIL)
Kg Thermal derating Ta=225C mw/C
6.25(DIL)
Topr Ambient temperature —20~+75 c
Tstg Storage temperature —55~-+125 c
ELECTRICAL CHARACTERISTICS (Ta=25C, Voe=%15v)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
lcc Circuit current Vin=0 —_ 3.0 6.0 mA
Vio Input offset voltage Rs<10kQ — 5.0 15.0 mVv
lo Input offset current — 5 200 pA
Is Input bias current — 30 400 PA
Rin Input resistance — 106 - MQ
Gvo Open loop voltage gain R =22k, Vo==£10V 86 106 — dB
R.=10kQ +12 +14 - A
Vom Maximum output voltage
R <2k *10 +13 — \
Vem Common input voltage width +12 +14 - \%
CMRR | Common mode rejection ratio Rs<10kQ 70 76 - dB
SVRR Supply voltage rejection ratio Rs<10kQ — 30 150 uV/IN
Pd Power dissipation — 90 180 mwW
SR Slew rate Gy=0dB, R .=2kQ — 13 — V/us
fr Gain bandwidth product — 3 — MHz
TYPICAL CHARACTERISTICS
THERMAL DERATING VOLTAGE GAIN VS
(MAXIMUM RATING) FREQUENCY RESPONSE
1000 140 Voo=T5V
—~ R.=2kQ
2 M5221L 120
E 800 —\
o M5221P/ g 100
z M5T082P 3 \
o 600 > &
< z
a z \JL
7]
@ 400 AN w 90 \
a N, 5}
: \ N s N,
it RN L)
2 w0 S e \\
a \\\ 20
R
0 - 0 N
0 25 50 75 100 125 1 10 100 1k 10k 100k 1M 10M
AMBIENT TEMPERATURE Tg4(C) FREQUENCY f(Hz)
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DUAL SINGLE POWER SUPPLY OPERATIONAL AMPLIFIERS

MITSUBISHI LINEAR ICs

M5223/M5N358P

DESCRIPTION

The M5223/M5N358P are a semiconductor integrated circuit
designed as a dual operational amplifier which permits sing-
le power supply operation.

The device comes in a compact 8-pin SIL or DIL pack-
age and it contains two circuits for yielding a high internal
phase compensation and high performance, For both input
and output operation is possible from the GND level and this
makes it possible for the device to be used widely as a
general-purpose operational amplifier in the motor control

circuits of such equipment as cassette decks, turntables, -

VTRs and digital audio disc players as well as in automotive
electronic products and communications equipment. It can
also be employed as a simple comparator.

FEATURES

® Wide common input voltage range and operation permit-
ted with GND level input---ccooereeereneeneen V,=0.3~36V

® OQutput voltage level can be reduced to near the GND
level

® Wide operating supply voltage range and single power
supply operation possible:-«--+---+--+ Vee = 3V~36V(max.)

® High voltage gain ............................ Gyo = 100dB(typ.)

® High allowable power dissipation
................................. Pg = 800mW(SIL), 625mw (DIL)

APPLICATION

General-purpose amplifier in control circuits of cassette
decks, turntables, VTRs, video disc players and audio disc
players; general-purpose amplifier in automotive electronic
products, communications equipment and copying machines.
General-purpose amplifier in radio-controlled and electronic
toys, and electronic games.

PIN CONFIGURATION (TOP VIEW)

8] (+)POWER SUPPLY
[7] ouTPuT 2

6] INVERTED INPUT 2

5] NON-INVERTED INPUT 2
[4] (—)POWER SUPPLY
. [3] NON-INVERTED INPUT 1
Z] INVERTED INPUT 1

[1] outPuT 1

M5223L
Outline 8P5

PIN CONFIGURATION (TOP VIEW)

outeuT 1 1] ~ 8] (+)POWER SUPPLY
INVERTED INPUT 1 [Z] 7] output 2
NNV ER T 1 [] [6] INVERTED INPUT 2
(—)POWER suppLy [4] [5] NON-INVERTED
M5223P/M5N358P
Outline 8P4

ll

8-pin molded plastic DIL 8-pin molded plastic SIL

EQUIVALENT CIRCUIT

INPUT (—) -[Cc

INPUT (+)

.

® J
L OUTPUT

Two circuits are featured
in the circuit on the left.

OW
”
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MITSUBISHI LINEAR ICs

M5223/M5N358P

DUAL SINGLE POWER SUPPLY OPERATIONAL AMPLIFIERS

ABSOLUTE MAXIMUM RATINGS (74=25¢C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage 36(+18) \Y
(S Load current 50 mA
Vid Differential input voltage 36 \
\A Input voltage —0.3~+36 Vv
Pd Power dissipation 800(sIL) mw

625(DIL)
Kg Thermal derating Ta225C - s(siL) mwW/C
6.25(DIL)
Topr Ambient temperature —20~+75 c
Tstg Storage temperature —55~+4-125 ‘c
ELECTRICAL CHARACTERISTICS (Ta=25C, Voc=*15V)
: Limits
Symbol Parameter Test conditions - Unit
Min Typ Max

lcc Circuit current Vin=0 — 0.7 1.2 mA
Vio Input offset voltage Rg =50k — 2 7 mV
lio Input offset current — 5 50 nA
he Input bias current — 30 250 nA
Csr Channel separation f=1kHz — 120 — dB
Gvo Open loop voltage gain R.22k0 90 100 — dB
Von RL=22kQ 12.0 13.5 — "
VoL ' output voltage RL=2kQ - 0.9 1.8 \
Vem Common input voltage width —0.3 — 13.5 v
CMRR Common mode rejection ratio Rs<50kQ2 - 85 — dB
SVRR Supply voltage rejection ratio Rs=50kQ — 100 - dB
Pd Power dissipation - 10.5 18 mw
SR Slew rate Gy=0dB, R .=2kQ - 0.6 — V/us
Isource | Output source current 20 40 - mA
Isink Output sink current 10 20 - mA

TYPICAL CHARACTERISTICS

THERMAL DERATING
" (MAXIMUM RATING)

VOLTAGE GAIN VS
FREQUENCY RESPONSE

1000 140 Veo=ToV
5 20 R.=2k0)
E w0 M5223L R
< M5223p/ S 100
z M5N358P E
O 600
[ Z 80
< <
2 \\ 3
[

@ w60
g 40 \\ 0]
N\ <
< \ =
w SO 2 40
2 RS <)
o 20 DR =
o N
\\\\ 20
0 0
0 %z s 75 00 2% 10100 1k 10k 100k 1M 10M
AMBIENT TEMPERATURE T4(C) FREQUENCY f(Hz)
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MITSUBISHI BIPOLAR DIGITAL ICs

M5224P/MS5N324P

QUAD SINGLE POWER SUPPLY OPERATIONAL AMPLIFIER

DESCRIPTION

The M5224P/M5N324P are a semiconductor integrated cir-
cuit designed as a quad operational amplifier which permits
single power supply operation.

PIN CONFIGURATION (TOP VIEW)

The device comes in a standard 14-pin DIL package and Vour 1 E ~ E Vour 4
it contains four circuits for yielding a high internal phase Vs 1 E% @E Vinies 4
compensation and high performance. For both input and out-
put operation is possible from the GND level and this makes Vi 1 ] 12] Vinc 4
it possible for the device to be used widely as a general- Voo [4] [11] ano
purpose operational amplifer in the motor control circuits of Vine+) 2 [5: E Vine+) 3
such equipment as cassette decks, turntables, VTRs and Vine-) 2 E% Na/ E] Vine—) 3
digital audio disc players as well as in automotive electronic Vour2 [7] 8] Vour3
products and communications equipment. It can also be em-
ployed as a simple comparator.

Outline 14P4

FEATURES
® Wide common input voltage range and operation permit-

ted with GND level input:--«-----eeeeeeeeeens V,=—0.3~436V
® Output voltage level can be reduced to near the GND

level

® Wide operating supply voltage range and single power
supply operation possible------- Voo= 3 V~36V(Vgc max)

o’

14-pin molded plastic DIL

® High voltage gain:+--+--ssssersemseeee Gvo=100dB(typ.)
® High allowable power dissipation «=-«««-oeeee Pg=700mwW
APPLICATIONS

General-purpose amplifier in control circuits of cassette
decks, turntables, VTRs, video disc players and audio disc
players; general-purpose amplifier in automotive electronic
products, communications equipment and copying machines.
General-purpose amplifier in radio-controlled and electronic
toys, and electronic games.

EQUIVALENT CIRCUIT

' ——OVce
® ® | O J
Qs
Q Qs 1 Qs
INPUT — Q Q4 Lc. Q
Ri
INPUT + 1 OUTPUT
Qn Q

13
{QIO Q2 C)
Qs Qo * Four circuits are fea-
tured in the circuit on
JY OGND the left.
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MITSUBISHI BIPOLAR DIGITAL ICs

M5224P/MSN324P

QUAD SINGLE POWER SUPPLY OPERATIONAL AMPLIFIER

ABSOLUTE MAXIMUM RATINGS (12=25T, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage 36 (£18) \
Ip Load current +50 mA
Vio Differential input voltage +36 \
\2 Input voltage —0.3~+36 Y
Pgq Power dissipation 700 mwW
Keo Thermal derating Ta=225C 7.0 mwW/C
Topr Ambient temperature —20~+75 ‘C
Tstg Storage temperature —55~+4125 C

ELECTRICAL CHARACTERISTICS (1a=25C, Voc=+15V)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
lecc Circuit current Vin=0 — 1.2 2.5 mA
Vio Input offset voltage Vs<10kQ - 2 7 mV
lo Input offset current —_ 5 50 nA
he Input bias current — 30 250 nA
Csr Channel separation f=1kHZ — 120 — dB
Gvo Open loop voltage gain RL=22kQ 90 100 — dB
Vou RL=2kQ 12.0 13.5 — v
[} output voltage
Voo RL22kQ — 0.9 1.8 \
Vem Common input voltage width —0.3 —  13.5 \%
CMRR Common mode rejection ratio Rs<10kQ — 85 - dB
SVRR Supply voltage rejection ratio Rs=10kQ - 100 - dB
Pdq Power dissipation — 18 37.5 mwW
SR Slew rate Gv=00B, RL=2kQ} _— 0.6 - V/us
Isource | Output source current 20 40 - mA
Isink Output sink current 10 20 - mA
TYPICAL CHARACTERISTICS
THERMAL DERATING CURVE VOLTAGE GAIN VS
(MAXIMUM RATING) FREQUENCY RESPONSE
1000 MO [Vo=TeY
s 120} AL=2k0
G @
o o
o > 100
g 600! -
=3 z 80)
£ N z
[ \ o]
7] w 60
%]
a ‘0 Ne 2
& N a 40|
N [e]
3 20 ~ >
-4 N 20
. L N\
N
0 = 0
0 25 50 75 100 125 10 100 1k 10k 100k 1M 10M
AMBIENT TEMPERATURE T4(C) FREQUENCY f(Hz)
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MITSUBISHI LINEAR ICs

M5230L

VARIABLE OUTPUT VOLTAGE REGULATOR
(DUAL TRACKING TYPE)

DESCRIPTION

The M5230L is a semiconductor integrated circuit consisting
of a power supply for use as a dual tracking power supply.

It is housed.in an 8-pin SIL package. The output voltage can
be adjusted over the wide range from +3~=30V by adjust-
ing the value of the voltage setting external resistors. By ad-
justing the resistance of the external balance setting resis-
tors the positive/negative output voltage ratio can also. be
set freely. Again by attaching power transistors high current
gains can be achieved, making the device suitable for use
in the power supplies of a wide variety of equipment.

FEATURES

® High input voltage .................................... (V|=i'35V)
® Wide range of output voltages =++-+-=+- (Vo==3~=%30V)
@ Low output noise voltage: -+« (Vno=12uVrms typ.)
® Built-in current limiting and thermal shutdown circuits

® The output voltage risetime constant of the coefficients

can be adjusted by the value of the external capacitor.
® Capability of operation control by the external control

signal (8)

APPLICATIONS

® Dual voltage power supplies for stereo preamplifiers and
power amplifiers.

® For the power supplies of other equipment, including
operational amplifiers.

RECOMMENDED OPERATING CONDITIONS

PIN CONFIGURATION (TOP VIEW)

M5230L

OUTPUT CONTROL

(+) INPUT

(+) ouTPUT

VOLTAGE ADJUSTMENT
(=) INPUT

(=) ouTPUT

BALANCE ADJUSTMENT

B IS T T B 1] I Ted

GND

Outline 8P5

8-pin molded plastic SIL

Supply voltage FANGE rwrveessenres s +8~+35
Rated supply voltage ............................................... iZOV
BLOCK DIAGRAM
OUTPUT 0 7) (+) INPUT
CONTROL
THERMAL
! —| cuT oFF '
START CIRCUIT EXTERNAL
RESISTORS
CIRCUT | Rererence T
VOLTAGE +ERROR CURRENT (+) outpur
GENERATOR| AMPLIFIER PROTECTION|
CIRCUIT IRCU " VOLTAGE <
ADJUSTMENTS
- 0!
rGND s
U ~BALAN
) ADJUSTMENT
T (—) ouTPUT
+ 3
ERROR
AMPLIFIER
N~ !
OVER-
CURREN.
PROTECTION (=) INPUT
CIRCUIT

MITSUBISHI
ELECTRIC



MITSUBISHI LINEAR ICs

M5230L

VARIABLE OUTPUT VOLTAGE REGULATOR
(DUAL TRACKING TYPE)

ABSOLUTE MAXIMUM RATINGS (7a=25¢)
Symbol Parameter Limit Unit
\A Input voltage +35 v
I Load current *+30 mA
V|\—Vo Input-outpui voltage difference +32 v
Pq Power dissipation 800 mwW
Topr Operating temperature —20~+75 ‘c
Tstg Storage temperature —55~+4125 c

ELECTRICAL CHARACTERISTICS

(measurement circuit (a) is used with, Ta=257C, V=120V, Vo=*15V, |,=10mA, C=10xF, Crer=14F, R/=3. 3kQ, unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min Typ Max
Vi Input voltage +8 *35 v
Vo Output voltage Ry=1.5~55kQ *3 +30 v
Vger Reference voltage (between pin® and pin®) (1.66) 1.8 | (1.95) \
V\—Vo Minimum input-output voltage differential 2.5 3 \
AVo*E | Dual voltage tracking 1 %
Reg-in | Input regulation Vi=%18~+30v 0.02 0.1 %/
Reg-L Load regulation 1L=0~20mA 0.02 0.1 %
le Bias current 1.=0(disregarding the current in resistors Ri, Rz, Rs, Rs) 1.3 3.0 mA
TCvo Temperature coefficient of output voltage Ta=0~75T, Vo==%3~230v 0.01 %/°C
RR Ripple rejection f=120Hz(measured with circuit(b)) 68 dB
Vno Output noise voltage =20Hz~100kHz(between the output terminal and ground) 12 uVvVrms
Vo(orr) | Output cut-off voltage Vi=10v +0.1 "
TEST CIRCUITS
(a) Standard test circuit
—(6 ) 0 Vo
. Crer Rz
+V, 7 § Rs
M5230L Ri

I

w1

O -Vo

(b) Ripple rejection test circuit

R, ,. R
+v°=vaz=(1+7f)sl.sx(1+—3%)(v)

R,
—Vo=+vo‘?; (V)

V,
Re=Ru( V‘ﬁ; —n=33x (e -1 (ka)
6{=0dBm(0. 775V rms) Ri=3.3kQ, Ry=R(=15kQ. Vagri=1.8V
1=120Hz o T c
+ L '
+ Crer 2R, + ; eo
+, c | Sa  TC k|ER
: T 1 M5230L 2R
717‘ I + . _@L + | = ’7‘7
-V, Z C g c I L :; R, eo
S il
° '—@ : ﬁ_,_
c

RR=20 logro()(B)
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MITSUBISHI LINEAR ICs

MS5230L

VARIABLE OUTPUT VOLTAGE REGULATOR

(DUAL TRACKING TYPE)

TYPICAL

OUTPUT VOLTAGE Vo (V) POWER DISSIPATION Pd(mW)

INPUT REGULATION Reg-in(%/V)

CHARACTERISTICS
THERMAL DERATING

(MAXIMUM RATING)

TEMPERATURE COEFFICIENT
OF OUTPUT VOLTAGE VS

OUTPUT VOLTAGE CHARACTERISTICS

1000 5
g T T
= 1;=10mA
=)
o 0.02
800 wo—~
[S¥Y)
<
w =g
600 5 Soort—]
L=
5 ™~
400 8 2
\\ wh
\ £0 o0
\ g
200 é
N\ wi
N\ o
\ :
0 W o_o.01

25 50 75 100

AMBIENT TEMPERATURE Ta(C)

THERMAL CUTOFF

125

V=420V

100

=

10

0 25 30 35

OUTPUT VOLTAGE Vo (V)

RIPPLE REJECTION

90

80

70

60

50

] V=20V
T Vo==15v |
NEGATIVE l=+10mA |
£ OUTPUT
== ™
POSITIVE \\\
outpuT | N

40

N

N

30

20

RIPPLE REJECTION RATIO RR(dB)

10

0 50 100 150 200

AMBIENT TEMPERATURE T,(C)

INPUT REGULATION VS

1k 10k 100k ™M

FREQUENCY f(Hz)

VOLTAGE ADJUSTING RESISTANCE

INPUT-OUTPUT VOLTAGE DIFFERENCE

1.0
0.7
05

I L= 10mA

Vo=15V |

50

VS OUTPUT VOLTAGE

45

/

03

© 40

35

0.1

30

0.07

25

0.05

0.03

0.01

R1=3.3kQ

0 1 2 3 4 5 6 71 8

INPUT-OUTPUT VOLTAGE
DIFFERENCE V,—Vo(V)

Rz%3.3% (%’93— - 1) KkQ ]
I .

VOLTAGE ADJUSTING RESISTANCE Ry(kQ)

=]

10 15

R R R
20 25 30 35 40 45 S50

OUTPUT VOLTAGE Vo(V)
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MITSUBISHI LINEAR ICs

M5230L

VARIABLE OUTPUT VOLTAGE REGULATOR
(DUAL TRACKING TYPE)

DUAL (POSITIVE/NEGATIVE) TRACKING

LOAD CURRENT I (mA)

AVe(%)

OUTPUT VOLTAGE Vo(V)

LOAD CURRENT VS INPUT-OUTPUT OUTPUT VOLTAGE REGULATION

VOLTAGE DIFFERENCE

50 s 0 T t T
o A CE I SN V=20V
5 \ S Vo=15v
40 \ < 4 N |
z N NEGATIVE
35 \ Q N ouTPUT
. g \\\ VOLTAGE
30 S 8 N
\ o POSITIVE OUTPUT \
25 10
w VOLTAGE
]
12
20 E \
15 N g 14 x
10 = 16
z
5 E 18
2
0 © 2
0 10 15 20 25 30 35 40 45 50 0 5 10 15 2025 30 35 40 45 50
INPUT-OUTPUT VOLTAGE DIFFERENCE °
Vi—Vo(V) UTPUT CURRENT I,.(mA)
DUAL-TRACKING TEMPERATURE OUTPUT VOLTAGE
CHARACTERISTICS CHARACTERISTICS
0.5 e 50
0.4} Vi=t2v ‘ 45
Vo==%15V
0.3 3 40
0.2 s 35
0.1 3 30
' E 2 Vo=25V
° g 7T ]
—0.1 > 20 /
' 5 é Vo=15V
~02 2 15 y °
5 N B
-02 o w0 »
/ Vo=5V
—0.4 5
0526710 0 10 20 30 40 50 60 70 80 00 510 15 20 25 30 35 40 25 50
AMBIENT TEMPERATURE Ta(C) INPUT VOLTAGE V,(V)
LOAD CHARACTERISTICS BIAS CURRENT VS INPUT VOLTAGE
30 T 5 T T T
Vi=120v | Vo==15v l I | l | |
) 1.=0 (DISREGARDING THE CURRENT
5 < /IN RESISTORS Ry, Ry, Rs, Ra) —]
£
20 ]
[ 3
4
w
15 [
5
3 2
10 9 POSITIVE BIAS CURRENT _|
@ 1
NEGATIVE BIAS CURRENT
0 0
b T R T T e Y 0 10 15 20 25 30 35 40 45 50
OUTPUT CURRENT I (mA) INPUT VOLTAGE V(V)
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MITSUBISHI LINEAR ICs

M5230L

VARIABLE OUTPUT VOLTAGE REGULATOR
(DUAL TRACKING TYPE)

BIAS CURRENT OUTPUT IMPEDANCE
VS OUTPUT VOLTAGE VS FREQUENCY
5 T T T 10 =TT
V\—Vo=5V I~ Vi=+20v
— [~ Vo==%15v
—_ 4 c [~ IL=%10mA »
E i 1 Crer=1uF
% w [ V,=50mVrms 4 o=
- [&] - 1l
= 3 z T V)4
g 3 [ /
& w 0.1 41
o« o - NEGATIVE SIDE =
o 2 b r
(6] : T T LI
2 POSITIVE BIAS CURRENT | 2 - POSITIVE SIDE
o = 0.01
1 =}
{ o
NEGATIVE BIAS CURRENT
0 L f 1 0.001
0 5 10 15 20 25 30 35 40 45 50 100 3 571k 3 5710k 3 57100k 3 571M
OUTPUT VOLTAGE Vo(V) FREQUENCY f(Hz)
APPLICATION EXAMPLES
(1) Typical application circuit
6 —0+ Vo
| O O T,
ACo—  + l]i z G Lxx Co
330u R3 104
R, 15k
0 @_ M5230L 3.3k
7 330 +
AC -t HF30m * ok Co
—l Ra 10
@—— 15k
( 3 } 00— Vo
+VO%1.BX(1+—3F%)(V)
’ The connection of this capacitor gives the following char-
. Vo _ _ Rs acteristics.
Rz%3.3X( 1.8 Nka) _v°_(+v°)'”£<v) 1) The rise time constant of the output voltage can be ad-

justed (slowed) (See Fig.1)
2) The ripple rejection ratio is improved.

Note : When the input power supply lines become long, a 3) Noise output voltage is reduced.
[**R3. Ry |

0. 1xF capacitor should be connected between input

power supply pins @ and @ and ground. By changing the ratio of these two resistances the posi-

tive/negative voltage ratio can also be set freely. (See
Fig.2)

(2) Typical application circuit with power transistors connected

—>+IL v
’ O +Vo
\ 7 N L
() 1 SR2 R3
Vo— + 2 15k +
! _@— 7 4.7 22
+
ZT 104 “‘()—j R
M5230 L 3.3k
GND — )— o 7;7_ GND
7; + _@ + +
Z10u 470 q 224
Sha
—vio————+— () —(3)— 3 15k
; LE o O —Vo
-
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MITSUBISHI LINEAR ICs

MS230L

VARIABLE OUTPUT VOLTAGE REGULATOR
(DUAL TRACKING TYPE)

(3) High ripple rejection circuit (80dB)

+1L=200mA
2SD361
o » O +Vo
R1 ’ +15V '
+22V] 560 Loak |y ) o
AC M @ z CreF L + ® Ripple rejection is gained by the
100V +4 7 1 :I15k1¥. C3 input resistance R1, (R2), and
+ + e condensor C1, (C2).
1000,u:£z zr C1 @ ® Cpger can reduce noise to the 1/10 of
4Tu $33k that of 3—Terminal regulator IC, and

@kmsm. 3 oG also can improve the ripple rejection.
In addition, by increasing the
: capacitance of the Cprgr, the constant

+
1000 ,.,:m:+ C2 '@ 7 at set-up of the output voltage Vo
Rz aTu 0 7u #1+C4 can be adjusted. (Soft set-up enable).
A . s
4 s
— O (:ﬁ S5
O —Vo
2SB524 - —15V
—IL=200mA

(4) High input voltage (V,==50V)

28527 L —
+Vi o TR1 O +Vo
+50V +235V ’ Rel L+ +15V
R v R 24k 1 REF L Rs ® By the resistance Rar, (Ra2), the voltage
1181 299 I8, AT O Fk e that will be supplied to pins @, @ can be
lower.
104 ‘ ® Resistances Rs and R are for load
current limit. Keep the 1/0 voltage (V)
difference between @—® more than

’_;L av.

-[ SR e, Vi—Veer—(liHla—1g)Rs >3V
o 7% ] 0w =Vae/Rar, la=Ii/hee
—23.5V
—V
—50V O— TR : 0—Vo
2 2SD357 =——IL —15v
(5) Low dropout regulator circuit (V,—o=0.1V)
2SA1283 or 2SB524 +
TR —>
+V) O— ] Lzoo 0 +Vo
OVER+15.1V ® Reg ot Rs sy
. 20k< Crer Lisk| 4 ® Stable operations are expected even
5 1 2 77 G, if the input-output voltage differences
—> - 10u are quite low as 0. 1V.
c 1#+ 11 l1+12 _@VREF EERS ® The heat sink of power TR can become
5 Gy WP 560 small in size owing to the low dissipation.
‘”_"’ﬂ_____@ ms2soL| 33k I j
T

Cs

ﬂ+1 ~10u -@ T +
C3 : 560 2 R ﬁo.,

Re2 Ra= 104

220 15Kk3

.

Iy
Wy

—Vi0 O —Vo
OVER —15,1V TRz -l —15V
25C3243 or 2SD361

(Note) The load current can be over 1A by connecting
the external power TR.
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MITSUBISHI LINEAR ICs

MS5230L

VARIABLE OUTPUT VOLTAGE REGULATOR
(DUAL TRACKING TYPE)

(6) ON « OFF control of output voltage circuit

: 100k Vi=10V
MQ 25C2603 I
A , EXTERNAL CONTROL
Q SIGNAL
8
+V o—————@— -——O > 0 +Vo
+ +
mm# 10
M5230L
—( — GND
GND v . .
T 10u 104
—V| 0 o 0 —Vo

1ov I l
EXTERNAL CONTROL SIGNAL Vj g

OUTPUT VOLTAGE +Vo —I-—I——

EXAMPLES OF THE CHARACTERISTICS ACHIEVED

OUTPUT VOLTAGE RATIO VS

OUTPUT VOLTAGE CHARACTERISTICS BALANCE VOLTAGE ADJUSTING
FOR EXTERNAL CAPACITORS (*C) _v, RESISTANCE CHARACTERISTICS
20 | T - Ve
. 18 C=1uF m 3
= 16 - 92
> g3 2 /
e >
S 1o P e 85 (vem
i C=33uF &
e . C=22uF 63 °
5 C=10uF Qw
B 6 5 g 2
o
3 . 3 /
1 z 3
0 +Vo
0 1 2 3 4 5 6 7 8 9 10 Vo 5 10 15 10 5
(@R4=15kn)R(3; t ;§4(@Rg=15kn)
3=R4
TIME (SECOND) BALANGCE RESISTORS Rs, Rq(k)
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MITSUBISHI LINEAR ICs

MS231L

VARIABLE OUTPUT VOLTAGE REGULATOR

DESCRIPTION

The M5231L is a semiconductor integrated circuit which is
designed for variable output voltage regulator and is housed in a
small 5-pin SIL package.

The input range 8 ~ 70V, and the output voltage range 3 ~
50V can be optionally adjusted by the external resistors. In addi-
tion, by attaching power transistors, high current gains can be
achieved, making the device suitable for use in the power supplies
of a wide variety of equipment.

FEATURES ,

@ High input voltage (V,=70V

Wide range of output voltages (Vo=3V~50V)

Low output noise voltage (Vo =6uVrms typ.)

Built-in current limiting and thermal shutdown circuits

PIN CONFIGURATION (TOP VIEW)

[5] GND
3 VOLTAGE
= ADJUSTMENT
Q [3] COMPENSATION
0
= 2] OUTPUT

1] INPUT

Outline 5P5

Capability of adjusting the output voltage rise time constant
of the coefficients by the value of the external capacitor
® Capability of the operating control by the external signal

APPLICATIONS
® Audio, VTR
® General use

RECOMMENDED OPERATING CONDITIONS
Supply voltage range
Rated supply voltage

5 pin plastic SIL

BLOCK DIAGRAM

THERMAL

START CUTOFF

CIRCUIT CIRCUIT

REFERENCE
VOLTAGE

OVER-
CURRENT

PROTECTION
CIRCUIT

! GENERATOR
CIRCUIT

1) INPUT

QUTPUT

COMPENSATION

w

VOLTAGE
ADJUSTMENT

IS

5)GND

- MITSUBISHI
ELECTRIC




MITSUBISHI LINEAR ICs

MS5231L

VARIABLE OUTPUT VOLTAGE REGULATOR

ABSOLUTE MAXIMUM RATINGS (Ta=25%)

Symbol Parameter Limits Unit
Vi Input voltage 70 \%
I Load current 30 mA
Vi—Vo Input-output voltage difference 67 Vv
Pd Power dissipation 300 mwW
Topr Operating temperature —20~+75 °C
Tstg Storage temperature —55~+125 °C

ELECTRICAL CHARACTERISTICS

(measurement circuit (a) is used, with, Ta = 25T, V, =40V, Vo =35V, i, = 10mA, C = 10 uF, Cper = 1 #F, R, = 3.3k, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vi Input voltage 8 70 A\
Vo Output voltage Ry=~ 1.5~88kQ 3 50 \Y
VREF Reference voltage (between Pin @ -and Pin ® ) (1.62) 1.8 | (1.98) Y,
Vi—Vo Minimum input-output voltage differential 2.0 \"
Reg-in Input regulation V)=38~60V 0.04 0.1 %/V
Reg-L Load regulation IL=0~20mA 0.03 0.1 %
Ig Bias current | =0 (disregarding the current in resistors Ry, Rz) 1.2 | 3.0 mA
TCvo Temperature coefficient of output voltage Ta=0~75°C, Vo=3~50V 0.01 %/°C
RR Ripple rejection f=120Hz (measured with circuit (b)) 62 dB
. f=20Hz ~100kHz
|
Vo Output noise voltage (between the output terminal and ground) 6 #NVrms
R R
TEST CIRCUITS VO:VREF(1+ﬁ)‘=.1A8X(1+3—23) (V)
a) Standard test circuit '
(@) s Rp=R; (YO _1y=33x (2 _1) (ko)
VREF 1.8
R1=3.3kQ, VRer=1.8V
C
1 —(2) H
+
Ry Z4Z CReF
M5231L
+ + |
V| Zc zZZ0 R"gl -
R4
\_@ 3.3k
(b) Ripple rejection test circuit
f=120Hz €i= 0dBm c
hal 7|
_.<: )_T_{ — - (2) é A H .
= Ci
R Bz Crer RR—ZOIog(eo) (dB)
+ M5231L _®__ |
+
L e o RE| o
— Vi §R1
B @ 3.3k
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M5231L

VARIABLE OUTPUT VOLTAGE REGULATOR

TYPICAL CHARACTERISTICS
THERMAL DERATING

500
z
E 400
o
a
> 300
=]
E
g
& 200
2]
a \
\
& AN
= 100 ~
o N
& N
0 \\
0 25 50 75 100 125

AM

BIENT TEMPERATURE Ta (°C)

 OUTPUT VOLTAGE REGULATION

LOAD CURRENT VS INPUT-OUTPUT

VOLTAGE DIFFERENCE
50

45
40
35
30

25l \
20 \

LOAD CURRENT I_ (mA)

0 10 20 30 40 50 60 70 80 90100

INPUT-OUTPUT VOLTAGE DIFFERENCE
Vi-Vo (V)

OUTPUT VOLTAGE CHARACTERISTICS

S 0 — 50 mr T
2 Vi=40v / Vo=50v
- 5 45
- \ Vo=35V - /
> 10 > 40
3 Z
15 \ o 35 / Vo=35V ——]
5 \ > i
= 20 \ w 30 4
g \ < /
g 25 \ E 25 /
3 30 g 20
.
g 35 2 15 / Vo=15V.
3 5 / ||
] o 10 /
5 / I
2 45 5 Vo=5V
&
S |
o 50 0
0 5 10 15 20 25 30 35 40 45 50 0 10 20 30 40 50 60 70
OUTPUT CURRENT I (mA) INPUT VOLTAGE V; (V)
LOAD CHARACTERISTICS BIAS CURRENT VS INPUT VOLTAGE
40 Y
V=40V | | | | | |
- Vo=35V
- 3\ 3|1 = 0 (DISREGARDING THE CURRENT—]
N -
S 2 IN RESISTORS R4, Rz)
° E
>
w 25 o
& 2
L 2 z
o w
) &
15 2
.5 o JA
o 2’ 1
5 10 =
3 o
5
0 (]
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70
OUTPUT CURRENT I (mA) INPUT VOLTAGE V; (V)
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M5231L

VARIABLE OUTPUT VOLTAGE REGULATOR

TEMPERATURE COEFFICIENT
BIAS R e OF OUTPUT VOLTAGE VS
. OUTPUT VOLTAGE OUTPUT VOLTAGE CHARACTERISTICS
5 0.04 ——v
= —_
V- Vo=s5v 2 I L=10mA
&
3/‘\
jg\ 4 S D 0.03
= oR
] z -
= 3 g S 0.02
£ 2
% 2 § § 0.01
%) T -
2 22
) 1 &( > 0
:
% 5 10 15 20 25 30 35 40 45 50 ; ~ 00157675 20 25 30 35 40 45 50
OUTPUT VOLTAGE Vg (V) OUTPUT VOLTAGE Vo (V)
THERMAL CUTOFF RIPPLE REJECTION
50 —— 100 —
Vi=40V ~
| V=40V
~ M vo=35v g % . v|o:35v T
>z c 80 IL=10mA ™
o 35 T 70
> o
w 30 g so/
S 2 ~ 50
S = S a0
= 2
z 15 2 30
5 [+
) 10 w 20
5 g: 10 l
S 50 100 150 200 0 70 ik ok 100k M
AMBIENT TEMPERATURE Tj (°C) FREQUENCY f (kHz)
INPUT REGULATION VS VOLTAGE ADJUSTING RESISTANCE
INPUT-OUTPUT VOLTAGE DIFFERENCE VS OUTPUT VOLTAGE
10 - g 100 ey
3 o7 Vo=35V z 90_H1%3.3k30 1]
§ 05|y IL=10mA | z w Ro=3.3G5— 1)k
= 03 2 1
& g /!
c \ 2 60 /4
z 01 x50 A
<] \ <] /
£ 007 Z a0 /
< oos\ & 4
5 005 g /]
3 - 2 30 v
& 0.03 < 5 //
5 &
g é 10 //
0.01 o 0
0 1 2 4 5 6 7 8 9 10 > 0 5 10 15 20 25 30 35 40 45 50
INPUT-OUTPUT VOLTAGE
DIFFERENCE V- Vo (V) OUTPUT VOLTAGE Vg (V)
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MITSUBISHI LINEAR ICs

M5231L

VARIABLE OUTPUT VOLTAGE REGULATOR

APPLICATION EXAMPLES
1. Current boost circuit with NPN external power TR

The connection of this capacitor gives the following characteristics.

1) The rise time constant of the output voltage can be adjusted
POWER TRANSISTOR (slowed).

0 Vo 2) The ripple rejection ratio is improved.
3) Output noise voltage is reduced down to 1/10 of three terminals

Vi O————-——@— regulator IC.
niZ Hroms G ]
Capability of the compensation by connecting the capacitor.
2 m5231L L@—— 22,

>
;z.sk

() OUTPUT VOLTAGE CHARACTERISTICS
. FOR EXTERNAL CAPACITORS (Cref)

1
-k
Csb TCC 50 I |
é 45 TiF
g B L~
w30 A 33
. 15} < uF
2. Low dropout regulator circuits (Vjg=0.1V) Ripple rejection 65d8 pis % St 2ouF
° [ T—10uF
| —
i, 20 I 4.7uF
25A1283 or 25B524 " g
TR - 3
vio- ! ovo 3 10
" Over 15.1V R, b 200mA 15V 5
e w3 zg OFEF 0
—- TeF 0 05 1.0 15202530 354.0455.0

>
Rg 220 l1+12

M5281 L |-@)—PEF ZLZ 104F TIME (s)

+
G sh ?530
1~10y ¢ 23.3%

3
L Stable operations are expected even if the input-output voltage differences are
quite low as 0.1V,

T 7 *7‘ ® The heat sink of power TR can become small in size owing to the low dissipa-

o=t = 2ma tion.
2= hEE m ® The R3 is a load current limit resistor and the input-output voltage differencial

(hFe100) between (D and @ pins must be over 3V.
_Vee _
l1=—=— = 3mA
Rg

Vi—Vge—(l1+12—1B)R3>3V

3. Output voltage ON/OFF controller, Step UP/DOWN controller

INPUT 2SA1283 or 25B524 OUTPUT
ViOo- ’ ’ O Vo
+ 35V
I tlz zF‘:iEE F Crer 4 C2 +28V when TRzis ON
| e u 10u +15V when TRzis OFF
Rg 220
htle I mszaic
Rs
Ciggt 3.3
1~104
® The output voltage Vg is OV when the TR1 of @ pin is ON. Therefore, the
power can be on/off depending on each case.
® The output voltage Vg is changeable by switching the TR2.
{Note) The load current can be over 1A by connecting the external power TR.
2—76 MITSUBISHI

ELECTRIC



VOLTAGE DETECTION FOR ALARM SYSTEM

MITSUBISHI LINEAR ICs

M5232L

(LED TURN ON AND OFF)

DESCRIPTION

The M5232L is a semiconductor circuit designed for voltage
detection for alarm system(LED turn ON and OFF).

Housed in its compact 8-pin SIL package featuring excellent
operation are the comparator, reference voltage source, vib-
rator circuit for LED turn ON and OFF and voltage regulate
circuit. When the input voltage at pin(7) is higher than the in-
ternal reference voltage, the LED is made to light and when
it is lower, it is made to turn ON and OFF. Also provided is
an output pin(pin (6)) which does not result in turn ON and
OFF, and this makes it possible to drive a relay or micro
buzzer while the LED is turn ON and OFF. Signals from the
battery reduced voltage checker or from the optical or ther-
mal sensor are detected at the comparator's input (pin (7))
and so the semiconductor can be applied widely in the in-
dicator and protection circuits of electronic equipment.

FEATURES

® LED turn ON and OFF start supply voltage can be set to
any value using external resistors R, and R;(battery re-
duced voltage checker)

LED turn ON and OFF frequency can be set to any value
using external capacitor C,

Built-in logic output pin(pin (6)) which causes a high-to-
low level transition as soon as turn ON and OFF starts
Hysteresis operation also possible for turn ON and OFF
start voltage using pin(6)

LED lights when input voltage of pin (7) comparator is
higher than internal reference voltage, and this can be
used as a pilot lamp to indicate the power ON mode.

APPLICATION

Radio cassette recorder, portable VTR, checker for battery
reduced voltage for such equipment as camera, alarm’ cir-
cuit for electronical equipment, protect circuit.

PIN CONFIGURATION (TOP VIEW)

Vee

VOLTAGE SETTING
HIGH/LOW LOGIC OUTPUT
EXTERNAL CAPACITOR C;4
GND

M5232L

LED TURN DRIVE
Vgrer CHECK

= ] [T [ T Tl T T

VOLTAGE REGULATOR
OUTPUT

Outline 8P5

8-pin molded plastic SIL

RECOMMENDED OPERATING CONDITION
Supply voltage range Vec=5~18V

BLOCK DIAGRAM
- - - - 1
| VOLTAGE
Vee (8 1) REGULATOR OUTPUT
VOLTAGE
I REGULATE CIRCUIT
~ 2) Vaer CHECK
COMPARATOR N
+
VOLTAGE SETTING +
|
| B
LED TURN ON
Veer AND OFF
GND REFERENCE LED TURN l
VOLTAGE t— ON AND OFF
GENERATOR DRIVE_CIRCUIT
! CIRCUIT HIGH/LOW LOGIC
7 DG OUTPUT
EXTERNAL 5 )\j” !
CAPAGITOR C, l
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MITSUBISHI LINEAR ICs

M5232L

VOLTAGE DETECTION FOR ALARM SYSTEM
(LED TURN ON AND OFF)

ABSOLUTE MAXIMUM RATINGS (12=25C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vce Supply voltage 20 v
Pd Power dissipation 800 mw
ILp Load current 50 mA
Ko Thermal derating Ta=25C 8 mw/C
Topr Ambient temperature —20~+75 c
Tstg Storage temperature —556~+125 c

ELECTRICAL CHARACTERISTICS (1a=25¢)

Symbol Parameter Test conditions Limits Unit
Min Typ Max

lec Circuit current Vee=9V, Ip=0 2.0 3.0 mA
Va Reference voltage V=9V, R13=400Q 1.22 1.31 1.40 v
V4 Output voltage Vee=9V, Rz=400Q 3.6 4.0 4.4 \
Vs Saturation voltage Vee=9V, Ri3=400Q 0.2 0.5 \%
Ve Saturation voltage Vce=6V, Ri=4000 0.2 0.5 Y
f Oscillation frequency Vee=6V, C1=4.7uF, R3=400Q 1.8 Hz

TEST CIRCUIT

Ve —_ a Sa

v \AJ
Liﬂ
o
v
x
g“’)
=]
(=]
el
=2
b
2
w
v
o !c’
1<
N\
o
)
3/

> Rz 18k Mb5232L

(
N\

AN~

+
C14.7uF
MEASUREMENT OF f ON CRT
3-PIN WAVEFORM f=1/T(Hz)
Parameter] Voo S, S, Ss Ss
loo 9V | OFF | OFF | OFF | — |<_T__)|
Vs, 9v ON ON OFF b
Vi 9v ON ON OFF a
V3 9v ON ON OFF c
Ve 6V ON OFF ON d
f 6v ON ON OFF c ov
(Duty ratio is approx. 50%.)
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MITSUBISHI LINEAR ICs

M5232L

VOLTAGE DETECTION FOR ALARM SYSTEM
(LED TURN ON AND OFF)

® When the supply voltage V¢ is normal, the LED lights (SIMPLIFIED VIEW)
and functions as a pilot lamp. In this case, pin (3) drives
the LED with the open collector output.

® When V¢ falls and becomes Vcc; and when the pin (7)

potential is :
R
Vz= Ri+R, Vee1<Veer

then the comparator is inverted, the turn ON and OFF
circuit is turned on and the LED turn ON and OFF. (Vger,
produced by the internal reference voltage source, is
1.31V typ.)

® The circuit shown on the right indicates the turn ON and
OFF circuit when the voltage is 6.8V, 25% less than Vgc
=9V(1.5VX6).

® Pin(6) is an open collector output which causes a high-
to-low level transition simultaneously with the pin (3) turn
ON and OFF operation. A micro buzzer, relay or other
load can be connected across this pin and pin (1) or Vgc
(pin (8)) for a wide range of applications.

LED turn ON and OFF start level

ov —
6.8V pm— =4 b e =
Supply
voltage [T/ S g g g M g M M S S M
0
1 Vec ON | Constant voltage until Vcc is Battery replacement
F Turn ON and OFF / approximately equal to Voc ON
Current flowing Continuous lighting
to LED ” ”
0 1
HIGH(OFF)
Pin (6) voltage LOW(ON)
2. LED DRIVE CURRENT I 3. TURN ON AND OFF OSCILLATION FREQUENCY

The turn ON and OFF oscillation frequency can be varied by
changing the external capacitor C;.

6

Ry Vg1 e \
7
F 4 \
‘5: Vs T \
—— s 2 \\
\\_
® |[f it is assumed that the pin (1) output voltage is 4V, the 0
LED forward voltage is V¢ and Vj is 0. 2V, then 0 2 4 6 8 10
_ 4V—0.2V—=Ve Ci(uF)

le R,
I is approximately equal to 4. 6mA with Ve=2V and R{=
390 ohms(typical application circuit)

* If the C; capacitance is reduced to a low level, oscillation
is still possible up to a frequency of about 10kHz.
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MITSUBISHI LINEAR ICs

M5232L

VOLTAGE DETECTION FOR ALARM SYSTEM

(LED TURN ON AND OFF)

TYPICAL CHARACTERISTICS
POWER DISSIPATION VS OUTPUT VOLTAGE, REFERENCE
AMBIENT TEMPERATURE VOLTAGE VS SUPPLY VOLTAGE
1000 5 T
= S | Ta=25°C
= v
Z a0 S !
~ ~ow
& >2 /
b4 [ l
O 600 233
= l_--J Y /
& uw
173 > O
2 400 N -5 2
o N 2
«c \ E V2 ( ReF)
w \ D w
2 20 > e
O L4
a \\
\
% 25 50 75 100 © 125 % ~ 5 10 15 20
AMBIENT TEMPERATURE T4(°C) SUPPLY VOLTAGE Vcc(V)
OUTPUT VOLTAGE VS SATURATION VOLTAGE VS
LOAD CURRENT LOAD CURRENT
5 r 2.0 T
Ta=25°C Ta=25C
N . Vee=9V E Vee= 9V
3_ S 1.5
> w
& 3 2
< L=
5 § 1.0 /!
>
5 2 8 /
a <
5 £ o5
o 1 :
%]
%% 5 10 15 20 0'a 5 10 15 20
LOAD CURRENT I (mA) LOAD CURRENT I (mA)
PCB FOR CIRCUIT TESTING PCB DIAGRAM(COPPER FOIL SIDE)
(TYPICAL APPLICATION EXAMPLE) (PARTS INSERTION SIDE)
O O
(e} C1 [o) o
Ry +4.7u
75k
M5232L R3
390Q
00000000
1 8
1';: é LED
o)
o
M5232L o o
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MITSUBISHI LINEAR ICs

M5232L

VOLTAGE DETECTION FOR ALARM SYSTEM

(LED TURN ON AND OFF)

APPLICATION CIRCUIT

1. BATTERY REDUCED VOLTAGE CHECKER

2. TROUBLE DETECTION INDICATOR CIRCUIT

Vece
O

M5232L

6

M5232L

BUZZER

4. TIMER, MUTING INDICATOR CIRCUITS

M5232L

R3

This is a battery reduced voltage checker which is set so
that the LED starts turn ON and OFF when the voltage drops
by 25%(Vcc=6. 8V)of the supply voltage(Vec=9V, 1.5V X6).
Ci=4.7uF—{=1.8Hz

C, with its 100pF capacitance prevents oscillation. It should
be inserted when the input/output leads are long or when
parasitic oscillation is generated by the load.

When the base of transistor Ty, is set low(normal), the pin(7)
comparator input voltage is set high, pin (3) is set low and
the LED is turned off.

When the base of transistor Tr, is conversely set high (this
signifies trouble), the pin (7) comparator input voltage is set
low, the internal vibrator circuit is turned on, pin (3) is set
high and low repeatedly and the LED turn ON and OFF. It is
also possible to drive a relay or indicator using an electronic
buzzer.(In place of transistor Ty, an ordinary switch may be
used.)

In nomal circumstances the LED is set off and the current
dissipation is kept down. In abnormal circumstances, the
LED turn'ON and OFF. It is also possible to drive a relay or
indicator using a buzzer at pin (6).

By connecting C, in parallel with Ry, Voo is turned on, the
charging current indicated by the dotted line in the figure is
made to flow, and until the pin (7) voltage reaches :

R2
Vee * Ri1+ Rz
the LED turn ON and OFF; when it is charged up, it lights.
These operations can be applied to timer and muting cir-
cuits.

MITSUBISHI 2-8
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MITSUBISHI LINEAR ICs

M5232L

VOLTAGE DETECTION FOR ALARM SYSTEM

(LED TURN ON AND OFF)

5. LOW-VOLTAGE(5V OR. LESS)
BATTERY CHECKER

Vece <
R1z M5232L

Rz 55 I

6. LED TURN ON AND OFF START VOLTAGE
HYSTERESIS OPERATION
R3
390Q
@ LED
z

7. OUTPUT VOLTAGE V; MODIFICATION

Hi|---1)i

M5232L

[

ouTPUT
(_VOLTAGE V,
1Bk 2R;

Voo Ms232L | 2>z /A1 )

7.6k 3 LED

; P 5@

(i) +°‘ 4.7, T

8. INCREASED CURRENT CAPACITY IN VOLTAGE
REGULATOR CIRCUIT REGULATED POWER SUPPLY

CONSTANT-VOLTAGE
Tr1  POWER SUPPLY

ﬂ
(‘%

3

S R3
® Ve ALED
r@— M5232L _@_,5>10k D +
+ é C2

G-
© O
+y 474

T

Note : Osclllation may be generated when the input or output leads are long.

The output is not stabilized at Vo < 5V since the output vol-
tage at pin (1) of M5232L is not regulated at 4V.

When an LED is connected directly from Vgc as shown in
the figure on the left, it is possible to configure a battery
checker of less than Vgc 5V. In this case, however, the Ig of
the LED will fluctuate in accordance with the changes in
Vcc.

By connecting Ry across pins (6) and (7), as shown in the fi-
gure on the left, the turn ON and OFF start voltage is set
at :

Varen * R1:2R2

After the turn ON and OFF starts, pin(6)(open collector)goes
on, and so it is possible to apply hysteresis and the voltage
below :

Ri+R2//Ryu

Varen " R /7R,

‘The M5232L has its output voltage V, set by the built-in re-

sistor, as shown in the figure, but this can be changed by
connecting a semi-fixed resistor across GND and pins (1)
and (2).

The current capacity of the built-in constant-voltage reg-
ulated power supply is approximately 20mA. However, by ex-
ternally mounting transistor Ty, as shown in the figure on the
left, it is possible to yield a constant-voltage regulated pow-
er supply with a high current capacity of 1A or more. The
output voltage of the power supply can also be varied with
variable resistor Vy,.

In cases like this, input or output capacitors Cy, C,(1-10uF) should be inserted near the IC.
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MITSUBISHI LINEAR ICs

MS0601P

ELECTRONIC VOLUME CONTROL CMOS 6-BIT D/A CONVERTER

DESCRIPTION

The M50601P is a controller IC that controls digitally the
control voltage of an electronic volume control. Fabricated
using an aluminum gate CMQOS technology, this IC has a
built-in 6-bit D/A converter circuit based on the PWM
system and it can control analogue quantities in 64 steps.

FEATURES

® |ow power dissipation

® Built-in ceramic oscillator circuit with a high frequency
stability

® Control of analogue quantities in 64 steps

® Self-contained memory function

® Self-contained preset function

APPLICATION

Electronic volume control systems

FUNCTION

The M50601P is a CMOS IC containing a 6-bit up/down
counter, an oscillator circuit, a frequency divider and a D/A
converter, and it is designed to control digitally the control
voltage of an electronic volume control.

Functions include manual up/down and auto up/down
functions of the 6-bit up/down counter, a memory function
for memorizing the contents of the counter and a preset
function for presetting the contents of the 6-bit up/down
counter to the contents of the memory or “0’ or “32".

PIN CONFIGURATION (TOP VIEW)

PRESET DATA PRESET DATA
CONTROL INPUT M —'II 6]« L ICI\CI)PNUTTROL
RESET R 2 1 v TPUT
RESET  RESET -[z 5]~ vo  D/a OUTPU
NC |3 E Vop (4.5~5.5V)
PRESET z
CONTROL PRESET —|4 13 NC
INPUT § D
MEMORY MEMORY —[5] = B
CONTROL v
INPUT (Note 1) NU [E E Vss (0V)
OSCILLA1
uepown [ DOWN —[7] 0]~ 0SC IN 7GR
CONTROL INPUT/
INPUT up —[&] [9]— 0sc ouT/oUTPUT
Outline 16P4

NC: NO CONNECTION

Note 1: Pin 6 should be left disconnected and not used for any reason.

16-pin molded plastic DIL

BLOCK DIAGRAM

(4.5~5.5V)
Voo

— & 0————

(ov)
Vss

'

0scC IN (1)
OSCILLATOR D/A
OSCILLATOR}—={ DIVIDER }—> 15) Vo D/A OUTPUT
INPUT/OUTPUT{OSC ouT (3) CONVERTER
RESET INPUT RESET (2 T
upP (8) UP/DOWN CHATTER 6 BIT
UP/DOWN CONTROL INPUT CONTROL p—>{PREVENTION UP/DOWN
DOWN (7 CIRCUIT CIRCUIT COUNTER
'
MEMORY
CONTROL INPUT MEMORY MEMORY
' ; ]
L () PRESET
PRESET DATA "G'?E“;\‘Sg;f%T;_. CONTROL
CONTROL INPUT |y () CIRCUIT
[ - - -
PRESET

PRESET CONTROL INPUT
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MITSUBISHI LINEAR ICs

MS50601P

ELECTRONIC VOLUME CONTROL CMOS 6-BIT D/A CONVERTER

FUNCTIONAL DESCRIPTION

Oscillator Circuit

This IC contains an oscillator circuit. The reference signal is
obtained by mounting a ceramic vibrator and two capaci-
tors at the OSC IN and OSC OUT pins. A typical circuit is
shown in Fig. 1.

M50601P CERAMIC VIBRATOR: CSB 480A
(MADE BY MURATA SEISAKUSHO)
0SC IN osc oyt | G CLo  :100pF

Cul ;I/; ;‘CLO

Fig. 1 Typical oscillator circuit (using ceramic vibrator)

Up/Down Function

Every time a high-level signal is applied to the UP pin, the
contents of the 6-bit up/down counter increase by one step.
When ‘’63"” has  been reached, no further increase is
possible.

When a high-level signal is kept applied to the UP pin for
more than 0.41 ~ 0.52 sec, the contents of the 6-bit
up/down counter increase at a rate of approximately 9.77
steps/sec. Until 63" has been reached.

Every time a high-level signal is applied to the DOWN
pin, the contents of the 6-bit up/down counter decrease by
one step. When /0" has been reached, no further decrease is
possible. )

When a high-level signal is kept applied to the DOWN pin
for more than 0.41 ~ 0.52 sec, the contents of the 6-bit
up/down counter decrease at a rate of approximately 9.77
steps/sec. Until “0" has been reached.

When high-level signals are applied to both the UP and
DOWN pins, the contents of the 6-bit up/down counter do
not change.

A chatter-prevention circuit is added to inhibit reading
when high-level signals of less than 25 ~ 50ms are applied
to the UP and DOWN pins.

Memory Function

When a pulse signal such as that shown in Fig. 2 is applied
to the MEMORY pin, the contents of the 6-bit up/down
counter are stored in the memory.

a a a

a : GREATER
THAN 100ms.

Vss

Fig. 2 MEMORY pin input waveform

Preset Function

When a pulse signal such as that shown in Fig. 3 is applied
to the L pin with the PRESET pin and M pin both low, the
contents of the 6-bit up/down counter are preset to “‘0"’.
When a pulse signal such as that shown in Fig. 3 is applied
to the M pin with the PRESET pin and L pin-both low, the
contents of the 6-bit up/down counter are preset to ‘32",
When a pulse signal such as that shown in Fig. 3 is applied
to the PRESET pin with the M and L pins both low, the
contents of the 6-pin up/down counter are preset by the
memory contents.

a . GREATER
THAN 100ms.

Fig. 3 L pin/M pin/PRESET pin input waveform

Reset Function

This is a function used for testing. When a high-level signal
is applied to the RESET pin, the frequency divider
(480kHz ~ 4.88Hz) is reset.

D/A Output

This IC contains a 6-bit D/A converter which can control
analogue quantities in 64 steps.

A pulse width modulated signal having a minimum pulse
width of 12.5us is output with a repeat frequency of

" 1.25kHz.

When the mode is set to auto up or auto down through
the UP pin or DOWN pin operation, the analogue quantity
can be increased or decreased at a rate of approximately
9.77 steps/sec. Consequently, the time required to set the
analogue quantity from the minimum to maximum value,
or vice versa, is approximately 6.45 sec.

Note: It is necessary to do the initial reset to the UP/
DOWN counter and the memory after power on.

2—84
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MS50601P

ELECTRONIC VOLUME CONTROL CMOS 6-BIT D/A CONVERTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vpp Supply voltage with respect to Vgg —0.3~7 \2
\ Input voltage Vss=V|=Vpp -
Vo Output voltage Vss<=Vo=Vpp —
Pd Maximum power dissipation Ta=25C 300 mwW
Topr Operating free-air temperature range —30—~70 °C
Tstg Storage temperature range —40~125 °C

Limits
Symbol Parameter Unit
Min Typ Max
Voo Supply voltage 4.5 5 5.5 \Y%
fosc Oscillation frequency 480 kHz
Vin High-level input voltage (Note 2) 0.7XVpp| Voo Voo -
ViL Low-level input voltage (Note 2) 0 0 [0.3XVpp —_
Note 2. These conditions apply to M, RESET, PRESET, MEMORY, DOWN, UP and L pins.
ELECTRICAL CHARACTERISTICS (Ta=25C, Vpp=5V, Vss=0V, C| =CrLo=100pF, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vop Operational supply voltage Ta=—30~70°C, fosc=480kHz 4.5 5 5.5 \
lop Supply current fosc=480kHz 0.3 2 mA
Ry Pull-down resistances (Note 2) V=5V 100 kQ
lon High-level output current Vo=0V 2 mA
loL Low-level output current Vo=5V 2 mA
APPLICATION EXAMPLE
r;;@ RESET Vo Eﬁ——/\/\/v—l—» ANALOGUE OUTPUT
< 1
—o-{a|PReSET § No 13]  (+)PoweR suPPLY
3
t—oo5|mMemoRY T No E
Al
Cui
»—O/O—E DOWN  OSC IN 1o'—r|
CERAMIC
2 VIBRATOR
L 5{3|up 0sc ouT[s}—4—if
LO
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MITSUBISHI LSIs

M50602P

ELECTRONIC VOLUME CONTROL CMOS 5-BIT D/A CONVERTER

|

DESCRIPTION

The M50602P is a controller IC that controls digitally the
control voltage of an electronic volume control. Fabricated
using aluminum gate CMQOS technology, this IC has a built-
in 5-bit D/A converter circuit based on the PWM system
and it can control analogue quantities in 32 steps.

FEATURES

® | ow power dissipation

® Built-in ceramic oscillator circuit with a high frequency
stability

® Control of analogue quantities in 32 steps

Self-contained offset function

® Self-contained preset function

APPLICATION

Electronic volume control systems

FUNCTION
The M50602P is CMQOS IC containing a 5-bit up/down
counter, an oscillator circuit, a frequency divider and a D/A
converter, and it is designed to control digitally the control
voltage of an electronic volume control. ‘
Functions include manual up/down and auto up/down
functions of the b5-bit up/down counter and a preset
function for presetting the contents of the counter to “‘0,”"
“16"" or to any value using the 5-bit offset inputs.

PIN CONFIGURATION (TOP VIEW)

PRESET DATA
CONTROL INPUT M—[1]

RESET RESET
INPUT - E

PRESET DATA{ OFs—

PRESET DATA
<L conTROL INPUT

— Vo D/A OUTPUT
NG

OF 4— n ~ Voo (4.5~5.5V)
PRESET
CONTROL PRESET—[5] S NC
INPUT 3
Fa—6] 2 NC
PRESET 5]
DATA OF — Ry NC
INPUT
OF 1 — (8] Vss  (0V)
DOWN— NC
cERes: { =
P— «0SC IN TOR
INPUT v m }INPUT/
NC —0SC OUT JOUTPUT

Outline 22P4

NC: NO CONNECTION

22-pin molded plastic DIL

BLOCK DIAGRAM

(4.5~5.5V) (o0vV)

Vss

Voo
—O——® —

T
|
osc IN (13)

OSCILLATOR {
0sc ouT (12)

INPUT/OUTPUT

OSCILLATOR |—>

D/A

v
DIVIDER 1 conveRTER

Vo D/A OUTPUT

RESET INPUT RESET (2

! |

5-BIT UP/DOWN
COUNTER

!

1
upP
UP/DOWN CONTROL { O UP/DOWN CONTROL
INUT | pown () CIRCUIT
*
PRESET DATA { L @) PRESET DATA
CONTROL
CONTROL INPUT |y (7 ONTRo

PRESET DATA
GENERATOR

PRESET
CONTROL '
CIRCUIT

Hrwswwlie el

OF1 OF,2 OF3 OF4 OFs
PRESET DATA INPUT

PRESET

PRESET
CONTROL INPUT
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MS50602P

ELECTRONIC VOLUME CONTROL CMOS 5-BIT D/A CONVERTER

FUNCTIONAL DESCRIPTION

Oscillator Circuit

This IC contains an oscillator circuit. The reference signal is
obtained by mounting a ceramic vibrator and two capaci-
tors at the OSC IN and OSC OUT pins. A typical circuit is
shown in Fig. 1.

M50602 P CERAMIC VIBRATOR CSB 480A
(MADE BY MURATA SEISAKUSHO)
050 IN 0sG ouT | Cu. CLo i 100pF

OF; ). Consequently, the contents of the counter can be
preset to any value by combining the five offset input pins.
Table 1 shows the relationship between the contents of the
offset input pins and the contents of the 5-bit up/down
counter.

Vob

a : GREATER THAN 1ms

Vss

Fig. 2 L pin/M pin/PRESET pin input waveform-

Table 1 Relationship between Offset Input and 5-bit
UP/down Counter Contents

Cu Cro
;/;. ;J/;. Offset input 5-bit up/down

OF,| OF, | OF3 | OF, | OFs counter contents Remarks

Fig. 1 Typical oscillator circuit (using ceramic vibrator) ) 0 0 0 0 0 Lowest level
1 0 0 i 0 1
Up/Down Function :] : Z E 2 z
Every time a high-level signal is applied to the UP pin, the 0 0 ] 0 o 2
contents of the 5-bit up/down counter increase by one step. ; 0 ; 0 o :
When “31" has been reached, no further increase is 5 ; ] 5 5 .

possible. The high-level must be 100us at the minimum.

When a high-level signal is kept applied to the UP pin for ! ! ! 0 0 !
more than 0.41 ~ 0.52 sec, the contents of the 5-bit 0 0 0 ! 0 8
up/down counter increase at a rate of approximately 9.77 tjoqjo t]o 9
steps/sec. Until “31"" has been reached. 0 ! 0 ! 0 10
Every time a high-level signal is applied to the DOWN 1 ! 0 1 c "
pin, the contents of the 5-bit up/down counter decrease by 0 0 1 1 0 12
one step. When ““0”" has been reached, no further decrease is 1 0 1 1 0 13
possible. The high-level must be 100us at the minimum. 0 1 1 1 0 14
When a high-level signal is kept applied to the DOWN pin 1 1 1 1 0 15

for more than 0.41 ~ 0.52 sec, the contents of the 5-bit 0 o | o | o 7 16 Intermediate
up/down counter decrease at a rate of approximately 9.77 1 0 0 0 1 17
steps/sec. Until ‘0" has been reached. 0 3 0 o ] s
When high-level signals are applied to both the UP and p ; p 0 ] s
DOWN pins, the contents of the 5-bit up/down counter do P 5 ; 5 ; 2

not change.

1 0 1 0 1 21
Preset Function 0 ! ! 0 ) 22
When a pulse signal such as that shown in Fig. 2 is applied 1 1 1 0 ! 23
to the L pin with the PRESET pin and M pin both low, the 0 0 0 1 1 24
contents of the 5-bit up/down counter are preset to “0”. 1 0 0 1 1 25
When a pulse signal such as that shown in Fig. 2 is applied 0 1 0 1 1 26
to the M pin with the PRESET pin and L pin both low, the 1 1 0 1 1 27
"contents of the 5-bit up/down counter are preset to “16"". 0 0 1 ) 1 28
When a pulse signal such as that shown in Fig. 2 is applied 1 0 1 1 ] 29
to the PRESET pin with the M and L pins both low, the ) ] 3 ” 7 0

contents of the 5-bit up/down counter are preset by the ] p ; 7 ] » Highast fovel

contents of the offset input pins (OF,, OF,, OF;, OF,,
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MS50602P

ELECTRONIC VOLUME CONTROL CMOS 5-BIT D/A CONVERTER

Reset Function

This is a function used for testing. When a high-level signal
is applied to the RESET pin, the frequency divider
(480kHz ~ 4.88Hz) is reset.

D/A Output
This IC contains a 5-bit D/A converter which can control
analogue quantities in 32 steps.

A pulse width modulated signal having a minimum pulse

ABSOLUTE MAXIMUM RATINGS

width of 12.5us is output with a repeat frequency of
2.5kHz. ‘

When the mode is set to auto up or auto down through
the UP pin or DOWN pin operation, the analogue quantity
can be increased or decreased at a rate of approximately
9.77 steps/sec. Consequently, the time required to set the
analogue guantity from the minimum to maximum value,
or vice versa, is approximately 3.18 sec.

Note: It is necessary to do the initial reset to the UP/
DOWN counter and the memory after power on.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Conditions Limits Unit
Vob Supply voltage with respect to Vsg —0.3~7 \
Vi Input voltage Vss=V|=Vpp -
Vo Qutput voltage Vss=V|=Vpp —
Pd Maximum power dissipation Ta=25C 300 mV
Topr Operating free-air temperature range —30~70 °C
Tstg Storage temperature range —40~125 °C

Limits
Symbol Parameter Unit
Min Typ Max
Voo Supply voltage 4.5 5 5.5 \%
fosc Oscillation frequency 480 kHz
ViH High-level input voltage (Note 1) 0.7XVpp Vob Vobp —
ViL Low-level input voltage (Note 1) 0 0 [0.3XVpp —

Note 1. .These conditions apply to M, RESET, OF s, OF 4, PRESET, OF 3, OF,, OF;, DOWN, UP and L pins.

ELECTRICAL CHARACTERISTICS (Ta=25°C, Vop=5V, Vss=0V, G| =CLo= 100pF, unless otherwise noted )

Symbol Parameter Test conditions Limits Unit
Min Typ Max
Voo Operational supply voltage Ta=—30~70°C, fosc=480kHz 4.5 5 5.5 \%
lpp Supply current fosc=480kHz 0.3 2 mA
R Pull-down resistances (Note 1) V=5V 100 kQ
loH High-level output current Vo=0V 2 mA
loL Low-level output current Vo=5V 2 mA
2—88 MITSUBISHI
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MS50602P

ELECTRONIC VOLUME CONTROL CMOS 5-BIT D/A CONVERTER

APPLICATION EXAMPLE

;E M - ?_2—”;7
;E RESET Vo E—J\A/\,—I-—>ANALOGUE OUTPUT
ouT, —E OF g NC 20| ;
ouT, —-l 4 | OF,4 Vob E——o (+ ) POWER SUPPLY
£
é? 0UT; —-E PRESET NC 18'
8 2
z 3
c OUTA‘—i 6 | OF3 = NG 17|
a o
B L)
OUTS——E OF, NC 16'
OUT _E OF 4 Vss E}
;E DOWN NC 14|
Cui
r/;—E upP 0SC IN 1_3LI_L I
T3 CERAMIC VIBRATOR
|11 NC 0SC ouT 12l—i———|
CLo
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MITSUBISHI SEMICONDUCTORS

M51133P

STEREO ELECTRIC VOLUME/BALANCE CONTROL

DESCRIPTION

The M51133P is a semiconductor integrated circuit consist-
ing of dual electronic volume, balance circuit for use in Hi-Fi
audio, and by DC voltage control system, it is very easy to
design the PCB board layout.

FEATURES

@ LOW diStOrtion =-reesresreesrrsresemsiiniiinin. 0. 006%(typ.)
® Low noise «+++o -+ 5uVrms(typ.) (JIS-A)
) High attenuation:««««sreeereeeessenseens IOOdB(typ.)(Jls-A)

APPLICATION

Hi-Fi stereo equipment

RECOMMENDED OPERATING CONDITIONS
Rated supp'y voltage ............................................... i‘]sv
Supply voltage range +12v~*16V

PIN CONFIGURATION (TOP VIEW)

Outline 14P4

NC : NO CONNECTION

i

14-pin molded plastic DIL

BLOCK DIAGRAM

V

9

NC 0ouT 2

(43RHHSL)

NC

cc
IN2 CA2

—@————‘ﬁ-_

DC CONTROL @ NC

—@-
IN1 (1}; ;CA1
L ]

_@_

Vee OouT1 NC BAL
BALANCE
CONTRO
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MITSUBISHI SEMICONDUCTORS

M51133P

STEREO ELECTRIC VOLUME/BALANCE CONTROL

ABSOLUTE MAXIMUM RATINGS (12=25C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vece Supply voltage Quiescent +16 Vv
Pd Power dissipation Ta=25C 1.2 w
Ks Thermal derating Ta=225C 12 mw/C
Topr Operating temperature —20~+65 c
Tstg Storage temperature —40~+125 c

ELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=15.0V, Vee=—15.0V, f=1kHz)
Measuring Limits

Symbol Parameter Test conditions Conditions Unit

equipments Min Typ Max

lcc Vi=0 A DCA1 17.2 24 mA

Circuit current

lee Vi=0 A DCA2 16.2 24 mA
ATT, Vi=1Vrms, Vc=3.27V B v.v —1 0 1 dB
ATT 2048 | Attenuation Vi=1Vrms, Vc=1.66V B V.V —26 | —21 —17 dB
ATT-w Vij=1Vrms, Vc=0V, {=10kHz B v.v 55 110 #Vrms
THD Total harmonic distortion Vi=1Vrms, Vc=3.27V B T.HD 0.006 | 0.02 %
No Vi=0, Vc=3. 27V, JIS-A filter (¢ v.v 15 30 #Vrms

[—— Output noise voltage
Nor) Vi=1Vrms, Vc=0V, JIS-A fiiter (o] v.v 5 10 zVrms
SWITCH CONDITIONS
Sy Sz S3 Sa Ss Sg
2 2 2 1 1 1
1 1 2 A 1 1
2 2 2 2 2 2
TEST CIRCUIT Vee
+ 15V Ve (0~3.27V)
o
T.H.D

S.G

VeaL

e -

]
T oosy

Note : Low-ripple-noise Power Supply recommended for V¢ and Vee.(under 2uVrms)
The circuit on next page can be substituted for JIS-A (FILTER). (Note; Gain 40dB)

JIS-A FILTER

Units Resistance :
Capacitance : F

MITSUBISHI
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MITSUBISHI SEMICONDUCTORS

M51133P

STEREO ELECTRIC VOLUME/BALANCE CONTROL

0.014 0.014 9.1k

TYPICAL CHARACTERISTIC

THERMAL DERATING
(MAXIMUM RATING)

2.5
2 20
g
3
9 s
3
a
2
a 1.0 N
oc
w 0.72 -
:
Y . 0.5 \\\
~
~,
~
N,
\\
%% 25 50 65 75 100 125

AMBIENT TEMPERATURE Ta(C)

TOTAL HARMONIC DISTORTION
VS OUTPUT VOLTAGE

Adjust this volume to set the voltage
gain at f=1kHz 40dB.

Z.Zk/

100
OUTPUT

22k Units Resistance :
Capacitance : F

TEST METHODS

1. Circuit current(lcc, lee)

Set SG output voltage (Vi) 0Vrms, and lgc and lge are
measured by DCA 1 and DCA 2 with switch condition A.

2. Attenuation

ATT, Set SG output voltage (Vi) 1Vrms, the frequency
1kHz, the control voltage V¢ 3.27V, and read off
output voltage Vo on vacuum-tube voltmeter.
ATT, is determined by formula(1)

ATT—5 Set SG output voltage (Vi) 1Vrms, the frequency
1kHz, the control voltage V¢ 1. 66V, and read off
output voltage Vo on vacuum-tube voltmeter.
ATT—y is determined by formula(2)

ATT—~ Set SG output voltage(Vi)3. 5Vrms, the frequen-
cy 1kHz, the control voltage V¢ 0V, and read off
output voltage Vo on vacuum-tube voltmeter.

AT this Vg is ATT—c.

3. Total harmonic distortion (THD)

Set SG output voltage (Vi) 1Vrms, the frequency 1kHz,
the control voltage V¢ 3.27V, and measure output total
harmonic distortion with distortion meter.

4, Output noise voltage(No, No(n)

Set the control voltage V¢ 3.27V, and measure output
voltage on vacuum-tube voltmeter with switch condition
C.

This value is “No”.

Set Vi 1Vrms, the control voltage V¢ 0V, and measure
output voltage on vacuum-tube voltmeter with switch
condition C.

This value is “No(r)”

ATTENUATION VS VOLUME
CONTROL VOLTAGE

3 1

S T T T T °

g 5 Vee, VEe= £ 15V /

= 3 f=1kHz ] //

= Ly ~— 20

o ATT = —20dB 8 /

£ 0.1 N A E

2 ; N <— 40

@ 3 /

a 3 o

[$) [

z N S- 60

g 0.01 NJATT=04dB = Vee, VEE= £ 15V

2 7 ,"':‘ / 0dB=1Vrms ]

0 <~ so[— JS-AFILTER |

2 / (= 1kHz

2 0.001 —100 ‘ I | I I

0.01 3 5701 3 571 3 51779 0 1.0 20 30 4.0 5.0
OUTPUT VOLTAGE Vo (Vrms) VOLUME CONTROL VOLTAGE Vyo(V)
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M51133P

STEREO ELECTRIC VOLUME/BALANCE CONTROL

BALANCE CHARACTERISTICS

a

// SET ATT=00B

f L1

/| seTaTT=—a0a8

/

100

|
N
o

|
a
)

I
o
o

Vee, VEE=i15V\
0dB=1Vrms

f=1kHz
-3 -2-1 0

-3
o

OUTPOT VOLTAGE Vo, Voo(dB)

OUTPUT NOISE VOLTAGE No(xVrms)

T 1
1 2 3 4 5

|
o
o
-]

5 4

BALANCE CONTROL VOLTAGE Vga (V)

APPLICATION CIRCUIT
ELECTRONIC VOLUME FOR HI-FI STEREO EQUIPMENTS

OUTPUT NOISE VOLTAGE VS
VOLUME CONTROL VOLTAGE

T T T
Vee, Veg= +15V
JIS-A FILTER
7N
[ T
4
ya
J
L
0 1.0 2.0 3.0 4.0 5.0

VOLUME CONTROL VOLTAGE Vyo (V)

Vee Vee
- o15v +15V
NS
2.2u
2.2u
INT o ty [ 1} H o IN2
H L] | H+
x
™M = 51k ™
—.I 2 13 '—
[ 2]
<
”:g# 200 z 200 lo,:#
our1 o———H wm— 4 o o —w— 0 ouT2
w
o
51k 51k.
(=] 0]
— — 47k
CONTROL VOLTAGE © ' l 6 9 I MV
VBAL l
10.1;4 | 7 8 | 3.3u
J‘?éjk
o]
-7V + 17V CONTROL VOLTAGE
VvoL
Units Resistance : O
Capacitance : F
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MITSUBISHI LINEAR ICs

M51200P

DUAL COMPARATOR

DESCRIPTION

The M51200P is a monolithic integrated circuit encapsulated
in a 10-leads flat plastic package, intended for use as a dual
(two independent) comparator. One of the comparators has
dual input and single output, the other has single input and
dual output. Both of them opérate in the range of 1.4 to6V.

FEATURES

‘® Low input current -«---eeeeeeeeeeneees 3nA (typ.), 10nA (max.)
® High output current capability -=-----exeeeeeeee 40mA (max.)
[ ] wide supply VO"age range ............................. ]_ 4~ 6 V
® Including surge absorbing zener diodes.

APPLICATIONS
® Electric shutter
Comparator
Level detector
CR Timer

Time delay circuit

RECOMMENDED OPERATING CONDITIONS
Supp|y vo'tage range ......................................... ‘I. 4~6. OV
Rated supply voltage .......................................... 3vi]0%

PIN CONFIGURATION (TOP VIEW)

POWER "
SUPPLyE O [10] NPUT A+
INPUT B+@ 9] npuUT A—
<
a
outPuT B3] N E] NC
o
9
outpuT B+[ 4] \3 GND
anp[ 5] [s] outPuT A
Outline 10P2

NC : NO CONNECTION

-~

10-pin molded plastic FLAT

BLOCK DIAGRAM

'
INPUT A— (9 Nk
A

INPUT A+ (10

Vo/20—— \L
|

GND GND

B
INPUT B+ (2 + ]
1

:{ 1)POWER SUPPLY

J\@ OUTPUT A

3) OUTPUT B—

4) OUTPUT B+
T

2—94

¢ MITSUBISHI

ELECTRIC




MITSUBISHI LINEAR ICs

M51200P

DUAL COMPARATOR

ABSOLUTE MAXIMUM RATINGS (12=25TC, uniess otherwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage 6 v
Vin input voltage Vee A\
l® 40 mA
I®» Output drive current Output saturated 2 mA
13} 25 mA
Vo 18 \
Vo Output drive voltage 10 \"
Vo 18 \
Pd Power dissipation 180 mwW
Topr Operating temperature range —20~+75 c
Tstg Storage temperature —40~+125 C

ELECTRICAL CHARACTERISTICS

(Ta=25C, Voc=3.0V, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vece Supply voltage range 1.4 6.0 v
Vee=3V 1.8 2.8
‘lee Circuit current mA
Vee=6V 3.4 4.9
lin®@ 3 10 nA
Iin®@ Input current 3 10 nA
Voe=3V
lin@ 8 100 nA
VRer Reference voltage for #B 1.35 1.5 1.65 \%
Vs® lg=20mA 0.18 0.3 \"
Vs® Output saturation voltage lp=10uA 38 60 mV
Vsa 19=25mA 0.2 0.5 \
Vz® lo=5mA 18 21 26 v
Output zener voltage
Vz® lo=5mA 18 21 26 \Y
Vin Input voltage range Vec=3V 0.8 Vee—0.2 \"
teLn Output “L—H" propagation delay time 3 20 uS
Vec=3V
teHL Output “H=—+L" propagation delay time 20 MS

TYPICAL CHARACTERISTICS

THERMAL DERATING

(MAXIMUM RATING)

(Ta=257C, unless otherwise noted)

OUTPUT VOLTAGE VS
INPUT VOLTAGE (COMPARATOR A)

200 } I
2 3 Veo=3V
E = Ve=1.5V
o 150 %
3 "
) @ 2
& 00 5
@ N e}
2] N >
o \ -
e N\ =]
w N\ a 1
g 50 N 5
-4 \\ e)

\\
0 0
0 25 50 75 100 125 0 1 2 3
AMBIENT TEMPERATURE Ta(C) INPUT VOLTAGE Vg(V)
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MITSUBISHI LINEAR ICs

M51200P

DUAL COMPARATOR

CIRCUIT CURRENT VS
SUPPLY VOLTAGE

INPUT CURRENT VS
INPUT VOLTAGE Vg

E : % ; Voe=6V
3 / s
£ /| g _—
D g o]
o o
e/ 5,
3 2
o 4 b3
5 / =
0 0
0 2 4 6 0 4 6
SUPPLY VOLTAGE Vcc(V) INPUT VOLTAGE Vg(V)
CIRCUIT CURRENT VS INPUT CURRENT VS
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
~ 3 6
E Voo=3V 2
S K
[ =
4 2 -4 4
wh w
g —— E \'\‘
(&)
=) 1 2
g E
o
0 0
20 0 20 40 60 80 20 0 20 40 60 80
AMBIENT TEMPERATURE Ta4(C) AMBIENT TEMPERATURE To(C)
SINK CURRENT VS
SATURATION VOLTAGE
40 /
E /
; /
530
w
-4
[+
<
[&]
X 2
5 /
0
0 100 200 300
SATURATION VOLTAGE Vg(mV)
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MITSUBISHI LINEAR ICs

M51200P

DUAL COMPARATOR

APPLICATION EXAMPLES

(1) Electric shutter (2), voltage comparator
MAGNET COIL Veo
T LOAD! LOAD2
S Ry 3Re2
©
1/2Veg 0
(INTERNALLY SET)
VCC
Vi
VCC
t=CRedséng—5—
AN Y o —Vrer Vi< %4Ves © Vo=Low, Va=High
Vi>%Veo : Vo=High, Vo=Low
(3) Detector (4) Oscillator
Voo Vee
Ry
SENSOR DLED Ry
R
L OUTPUT
——o
Ri
Rs
Rz
Rz
>
» R
R, <Rs, Rs Rh= ——ﬁ
1 Rz+—_F—R R
=———=77—ryg (HZ s
RE 1—RE
CRaln Bh " T—Rn RzR3
Re=—TetRs
R, + —2he
1 Rz2FRs3

(5) Window comparator

VCC

PRECAUTIONS FOR USE

1. Paying much attention is necessary for fear that the
M51200P may flow large current and reach to destroy
because of the structure when the terminals of Vg and
GND of the M51200P is connected wrong position each

other.
VRer
2. Output is “open collector” and a loading resistor is not
included. Connect a loading resistor to stabilize opera-
tion, in case of driving a next stage.
»r
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MITSUBISHI LINEARICs

M51201L

VOLTAGE COMPARATOR

DESCRIPTION

The M51201L is a semiconductor integrated circuit consist- PIN CONFIGURATION (TOP VIEW)

ing of precision voltage comparator. It is designed specifi-
cally to operate from a single power supply of low voltage.

One of the input stages has a characteristic of low bias cur-
rent and the other has built-in reference voltage with hys- 5] aND
teresis. Output stage is capable of sinking high current. So, o Z]POWER SUPPLY
it is intended for a wide range of applications, ex. CR Timer, é E]OUTPUT
relays or lamps driver. M51201L’s package is a mini SIL in
package, therefore can use very easily. = 2]NON INVERTING INPUT
1| REFERENCE
FEATURES
@ LOW iNPUL CUIFENE -+wworeeeeeesesnnnnnreeesiiieiieeenn 8nA(typ.)
® 60mA output current capability can drive a relay or a Outline 5P5
lamp .
® Built-in protection zener diodes for reverse E.M.F. at the

output terminal

Wide supply voltage range::++««««-=sssseeereeernense 1.7~6.5V
Including both reference voltage circuit and hysteresis
for switching

High output break down voltage::=««««====«+=eee 18V(max.)

APPLICATIONS

RECOMMENDED OPERATING CONDITIONS

Electric shutter
Comparator
Level detector
CR Timer

Time delay circuit

Supply vo“age range ......................................... ‘I' 7~6_ 5V
Rated supply voltage ........................................... 3vi 10%

5-pin molded plastic SIL

EQUIVALENT CIRCUIT

POWER SUPPLY OUTPUT
- _ () - _
’ \4/ i
| |
' : Rg R1|
R1o
) QH H
REFERENCE ( Rz
! Ds
NON INVERTING (2 Q1o De
INPUT ﬁ} Ris | IN
D; I
‘ )
|
'
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MITSUBISHI LINEARICs

M51201L

VOLTAGE COMPARATOR

ABSOLUTE MAXIMUM RATINGS (T2=25T, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vece Supply voltage 6.5 v
loL Output drive current Output saturated 60 mA
Vin Input voltage Vece v
Pd Power dissipation 180 mw
Ko Thermal derating Ta225C 1.8 mw/C
Topr Operating temperature —20~+75 T
Tstg Storage temperature —40~-+125 T

ELECTRICAL CHARACTERISTICS (1.=25¢)
Limits
Symbol Parameter Test conditions Unit
Vec(V) Min Typ Max
Vce Supply voltage range 1.7 6.5 v
2.65 2.0 3.5
lcc Circuit current mA
6.0 5.0 8.8

Iin Input current 2.65 8 100 nA
VRer Reference voltage 6.0 2.55 3.0 3.45 \%
Voo Output saturation voltage 6.0 lo=60mA 0.2 0.6 v
Vz Output zener voltage 12=5mA 18 22 26 v
| Output “L-H" propagation delay time 6.0 0.2 1S
terHL Output “H-L” propagation delay time 6.0 50 us
Vin Input voltage range 0.8 Voe—0.2 \

TYPICAL CHARACTERISTICS (Ta=25T, Voc=3V, unless otherwise noted)
THERMAL DERATING OUTPUT VOLTAGE VS
(MAXIMUM RATING) INPUT VOLTAGE AT PIN®
250

=~ 3
£ 20 s
< 2
= w

[0]
8 150 N 2 2
£ \ 3
[7] >
» 100
8 Yoo 5 )
& \ E !
g 50 NS o
a \

\
0 0 25 50 75 100 125 0 0 1 3
AMBIENT TEMPERATURE T(C) INPUT VOLTAGE AT PIN® V (V)
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MITSUBISHI LINEARICs

M51201L

VOLTAGE COMPARATOR

INPUT CURRENT VS INPUT INPUT CURRENT VS
VOLTAGE AT PIN® SUPPLY VOLTAGE
10 14
12
-~ 8 o~ -
E E 10
z =z
[ 6 = 8
Z g /] ~
o [
5, | ? S s
13} 1 ] "-_’ /
= 5 4
a [N
zZ z
2
0 0
0 0.5 1 1.5 2.5 [ 3 4 5 6 7
INPUT VOLTAGE AT PIN® Vin(V) SUPPLY VOLTAGE Vcc(V)
INPUT CURRENT VS CIRCUIT CURRENT VS
AMBIENT TEMPERATURE SUPPLY VOLTAGE
12 5
B I A
\—2 8 \ _8 ////I
N 5 3 '
é ) \ g VQ®R=High //
o
3 3 2
E 4 5 p.
ol 2
: g A | Va—tow
2 o '//
BT R— 20 20 50 % 1 ? 3 ) 5
AMBIENT TEMPERATURE Ta(C) SUPPLY VOLTAGE Vcc(V)
PULSE RESPONSE
CHARACTERISTICS
g Vcc=6'V VRIEF=VCC/l2
5
S ™ INPUT
= 3
2
o
z v '
8 ) : 'ourp T
£ s -
p |
s .
0 H
g "
= 1
3 1l
Ll
0 20 40 60 80 100
TIME (us)
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MITSUBISHI LINEARICs

M51201L

VOLTAGE COMPARATOR

APPLICATION EXAMPLES

LIGHT

Electric shutter (1)

MAGNET COIL

t=0. 7CRcds (s)

Voltage comparator

Vee

Oscillator

Ru
2sCc71

S 5.1kQ Vo

fo - Oscillation frequency

____ 1
0="C1(0.337R 0. 847R;) H2

PRECAUTIONS FOR USE

1.

Paying much attention is necessary for fear that the
M51201L may flow large current and reach to destroy
because of the structure when the terminals of V¢ and
GND of the M51201L is connected wrong position each
other.

Electric shutter (2)

LIGHT MA oL
(D)  |SUGHT ADg “
:a of t @ S
Cds o0k 3

t~0. 7CRcds - In—CS—
Vec—VRer

CR Timer

t~0.7CR (s)
0. Ims=t=<180s< Vpgr=~Vcc/2

Time delay circuit

tdelay=0.7CR (s)

2. Output is “open collector” and a loading resistor is not

included. Connect a loading resistor to stabilize opera-
tion, in case of driving a next stage.

3. Reference voltage (Vgee) is adjustable for connecting

external resistor, but adjustable voltage range is 0.8 to
Vcc—o. 2(V) .

MITSUBISHI
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MITSUBISHI LINEAR ICs

MS51202L

VOLTAGE COMPARATOR

DESCRIPTION
The M51202L is a semiconductor integrated circuit consist-
ing of precision voltage comparator. It is designed specifi-

PIN CONFIGURATION (TOP VIEW)

_cally to operate from a single power supply of low voltage.

Input stage has a characteristic of low bias current and out- E GND

put stage is capable of sinking high current. So, it is in-

tended for a wide range of application, ex. CR Timer, relays " BPOWER SUPPLY
or lamps driver. M51202L’s package is a mini SIL package, '§_ ElouTPUT
therefore can use very easily. 2

[Z]NON INVERTING INPUT

FEATURES [T]INVERTING INPUT
® Low input CUITENE -+ v rrrererrrrnsnrenetiiniiiiiiiians 8nA(typ.)

® 60mA output current capability can drive a relay or a

lamp. X
® Built-in protection zener diodes for reverse E.M.F. at the Outline 5P5
output terminal.

® Wide supply voltage range -« -+cxseeeemeeeeees 1.7 ~ 6.5V

® High output break down voltage ..........cc.ccc.oeeune... 18V(max.)

APPLICATIONS

® Electric shutter

® Comparator

® Level detector

® CR Timer

® Time delay circuit

RECOMMENDED OPERATING CONDITIONS

Supp'y voltage range ......................................... ‘|_ 7~6 5V

Rated supply voltage .......................................... 3vi‘|0% 5-pin molded plastic S".

EQUIVALENT CIRCUIT
POWER SUPPLY OUTPUT

O—

V

Q1o |

INVERTING INPUT xo:

A De
1

NON INVERTING INPUT (2 AD;
l SRR TR % T D @ !

‘ . ) ) @ B - .
GND
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MITSUBISHI LINEAR ICs

M51202L

VOLTAGE COMPARATOR

ABSOLUTE MAXIMUM RATINGS (Ta=25C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage 6.5 v
loL Output drive current output saturated 60 mA
Vin Input voltage Vece \
Pd Power dissipation 180 mwW
Ko Thermal derating Ta225C 1.8 mwW/C
Topr Operating temperature —20~+75 c
Tstg Storage temperature —40~+125 C

ELECTRICAL CHARACTERISTICS (1a=25C)
Limits
Symbol Parameter Test conditions Unit
Vec(V) Min Typ Max
Vece Supply voltage range 1.7 6.5 v
2.65 1.7 3.2
lce Circuit current mA
6.0 4.4 8.2

Iin Input current 2.65 8 100 nA
Vio Input offset voltage 2.65 2 50 mV
Vou Output saturation voltage 6.0 lo,=60mA 0.2 0.6 v
Vz Output zener voltage 1z=5mA 18 22 26 \%
teLn Output “L-H” propagation delay time 6.0 Veser=Vcc/2 0.2 s
terL Output “H-L” propagation delay time 6.0 Veer=Vcc/2 50 us
Vin Input voltage 0.8 Vee—0.2 \Y

TYPICAL CHARACTERISTICS (Ta=25C, Voc=3V, unless otherwise noted)
THERMAL DERATING OUTPUT VOLTAGE VS
(MAXIMUM RATING) INPUT VOLTAGE AT PIN®
250 T
B 3[Vee=av
200 = cc=
£ > —
% 3 vD=1.5V
o >
z w
o 150 0]
£ N =
< -
[ \ o
) N .
a \ o
o« = 1
w N 5
g 50 N [e]
o \\
N\,
0 0
0 25 50 75 100 125 0 2 3
AMBIENT TEMPERATURE Ty(-C) INPUT VOLTAGE V(V)
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MITSUBISHI LINEAR ICs

M51202L

VOLTAGE COMPARATOR

INPUT CURRENT VS INPUT CURRENT VS
» INPUT VOLTAGE SUPPLY VOLTAGE
10 10
z s VO=Vw___|  V@=Vu ~ 8
f_é VQ=Vger VO=Vger % ol \l\
[ 6 = 6
g Voo=3V &
[ Vegr=1.5V «
o 4 3 4
5 | 5
z , z ,
0 j \ ' 0
-3 -2 -1 1 2 3 o 1 2 z 2 6
INPUT VOLTAGE Vin(V) SUPPLY VOLTAGE Vgc(V)
CIRCUIT CURRENT VS INPUT CURRENT VS
SUPPLY VOLTAGE AMBIENT TEMPERATURE
5 o (vmryry
- 12
E 4 2
o [
o
3 V@=High__| A 5 ~
2 7 (&]
E N K 5
S 2 4
o 7 T
[ T 7 . z
Lz yOmton ?
0 | [ 0
1 2 3 3 —20 0 20 40 60 70
SUPPLY VOLTAGE Vcc(V) AMBIENT TEMPERATURE T4(C)
PULSE RESPONSE
CHARACTERISTICS
1 13 1
g VREF=Vcc/2, Vec=6V
<
g S 6 NPUT
>z ]
>3
2
g o
w T
] OUTPUT
< 6
Sa
92 s
> 0
o '
o
B
2
o .
0 20 40 60 80 100
TIME t(us)
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MITSUBISHI LINEAR ICs

M51202L

VOLTAGE COMPARATOR

APPLICATION EXAMPLES

Voltage comparator

Vce

20kQ 3

VINT_

.l

if Veer>Vin Vo=Low
if Veer<Vin Vo=High

Electric shutter

LIGHT

Vee (s)

t=CRcds £ n Voo—Veer

Window comparator (alarm circuit)

20kQ g
20k

PRECAUTIONS FOR USE

1. Paying much attention is necessary for fear that the
M51202L may flow large current and reach to destroy
because of the structure when the terminals of Voc and
GND of the M51202L is connected wrong position each
other.

2. Output is “open collector” and a loading resistor is not
included. Connect a loading resistor to stabilize opera-
tion, in case of driving a next stage.

VREF H

CR Timer

vee
. |Vrer,_(4 L I I
A3 203(H- -
kQ 3
2Ht+

_ Vee
o t=CR£n VooVrer (s)

1}

0.Tms=< t=180s

Time delay circuit

Veo

ts=CRé&ny—— (s
s Vec—Vrer )

<

o

[

z

w

o

o

=]

o

[

=]

o

=

=

(o]

0

VREF L VREF H

INPUT VOLTAGE Vi (V)

" MITSUBISHI

2—-105

ELECTRIC



MITSUBISHI LINEAR ICs

M51203L

VOLTAGE COMPARATOR

DESCRIPTION. .

The M51203L is a-semiconductor integrated circuit consist-
ing of precision voltage comparator. It is designed specifi-
cally to operate from a single power supply of wide range.
One of the input stages has a characteristic of low bias cur-
rent and the other has built-in reference voltage with hys-
teresis. Output stage is capable of sinking high current. So,
it is intended for a wide range of applications, ex. CR Timer,
relays or lamps driver. M51203L’s package is a mini SIL
package, therefore can use very easily.

FEATURES

@ Low input gurrent ««---sosesreeeeeeeen Ceereseiieiaea 2 OnA(typ.)
® Wide supply voltage FANQE wrrerrerssnsrsnnreeeenenins 3.0~28V
® LOW Circuit current «=----+-sresesersereeirnnieaniann, 2. 5mA(max.)
® 60mA output current capability can drive a relay or a

lamp

@ High output break down voltage:-++---===+=+++ee 30v(max.)
® Including both reference voltage circuit and hysteresis

for switching

APPLICATIONS
® Electric shutter
® Comparator

® Level detector

® CR Timer

® Time delay circuit

RECOMMENDED OPERATING CONDITIONS
Supply vo"age range ............................................ 3 ~28v
Rated supply voltage - - 12VE10%

PIN CONFIGURATION (TOP VIEW)

5] GND
2 4] POWER SUPPLY
(=3
N
B 3] ouTPuT
j NON INVERTING INPUT
. [1] REFERENCE
Outline 5P5

5-pin molded plastic SIL

EQUIVALENT CIRCUIT

POWER SUPPLY OUTPUT

O———— @

1
RiZ R ft
REFERENCE
1
]

g |

»—Fos

Qs

7 X

NON INVERTING (3
INPUT
L
: RaT
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MITSUBISHI LINEAR ICs

M51203L

VOLTAGE COMPARATOR

ABSOLUTE MAXIMUM RATINGS (1a=25C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vece Supply voltage 28 v
Vin Input voltage Vcec \%
loL Output drive current Output saturated 60 mA
Vou Output drive voltage 30 \"
Pd Power dissipation 180 mw
Ko Thermal derating Ta=225C 1.8 mw/°C
Topr Operating temperature —20~+75 ‘c
Tstg Storage temperature —40~-4125 T
ELECTRICAL CHARACTERISTICS (Ta=25C)
Limits
Symbol Parameter Test conditions Unit
Vee(V) Min Typ Max
Vece Supply voltage range 3.0 28 v
6.0 1.9
lec Circuit current 12.0 2.0 2.5 mA
24.0 2.1
Vin Input voltage range 1.4 Vec—0.2 v
6.0
Iin Input current 12.0 20 75 nA
24.0
6.0
Vio Input offset voltage 12.0 2.0 20 mV
24.0
6.0 1.0 1.2 1.4
AVhys | Hysteresis for switching 12.0 1.9 2.4 2.9 v
24.0 3.8 4.8 5.8
6.0
Voo Output saturation voltage 12.0 | lo,.=60mA 0.3 0.6 v
24.0
teLn Output “L-H" propagation delay time 1
tPHL Output “H-L" propagation delay time 12.0 10 us
Vger Reference voltage at Pin@ 0. ESX% _Vg_c II.SXV—(;Q- \
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e L MITSUBISHI LINEAR ICs

- M51203L

VOLTAGE COMPARATOR

TYPICAL CHARACTERISTICS (Ta=25C, unless othorwise notsd)

THERMAL DERATING 'OUTPUT VOLTAGE VS
(MAXIMUM RATING) . INPUT VOLTAGE AT PIN®
250, | 14 | ]
Voe=12V
~ 12
E 200 <
g 3 w0
3 150 w
2 N 2 8 l
& \ 3 4
& 100 N 4 6 |
a N =
= AN g a4
w \, =
2 50 N =)
o N, o
a N, 2
. .
0 25 50 75 100 125 0 > 4 0 12 14
AMBIENT TEMPERATURE Ta(‘C) INPUT VOLTAGE AT PIN® Vin(V)
INPUT CURRENT VS ) INPUT CURRENT VS
INPUT VOLTAGE AT PIN® SUPPLY VOLTAGE
28 T 28
Vee=12V
24 24
< -
S = 4 2w
' /
E 16 E 16 {
g | g
2 12 S 12
o T o
5 | 5 8
-8 [N
z z
4 a4
00 > 4 6 10 12 14 0% 22 16 20 24 28
INPUT VOLTAGE AT PIN® Vin(V) SUPPLY VOLTAGE Vcc(V)
CIRCUIT CURRENT VS INPUT CURRENT VS
SUPPLY VOLTAGE AMBIENT TEMPERATURE
30
. Vch—IZV
3 25 N
2 2 N
€ | £
3 ) \‘
= Ve=HIGH E ~N
g == = g ~
% // Va=LOW g o NS
)
= 5 10
3 ! z
oc
o 5
0 0
0 4 12 16 20 24 28 —20 0 20 40 60 80
SUPPLY VOLTAGE Vgc(V) AMBIENT TEMPERATURE T5(C)
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MITSUBISHI LINEAR ICs

MS51203L

VOLTAGE COMPARATOR

CIRCUIT CURRENT VS
AMBIENT TEMPERATURE

|
Vee=12V

CIRCUIT CURRENT Igc(mA)

—20 0 20 40 60 80

AMBIENT TEMPERATURE Ta(C)

APPLICATION EXAMPLES

Voltage comparator Oscillator

2sCc711
fo - Oscillation frequency
1
for Vegr>Vin  VOo=Low t= (Hz)
for Vaee<Vi  Vo=High C1(0.337R1+0.847R2)
CR Timer Time delay circuit
\elo]
['——‘ l-%--%
s\ E
0. 1ms=<t<60s Vpgr=Vcc/2
tdetay=0. 7CR
PRECAUTIONS FOR USE 2. Output is “open collector” and a loading resistor is not
1. Paying much attention is necessary for fear that the included. Connect a loading resistor to stabilize opera-
M51203L may flow large current and reach to destroy tion, in case of driving a next stage.
because of the structure when the terminals of Vgc and
GND of the M51203L is connected wrong position each
other. '
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MITSUBISHI LINEAR ICs

MS51204L

VOLTAGE COMPARATOR

DESCRIPTION

The M51204L is a semiconductor integrated circuit consist-
ing of precision voltage comparator. It is designed specifi-
cally to operate from a single power supply of wide range.
Input stage has a characteristic of low bias current and out-
put stage is capable of sinking high current. So, it is in-
tended for a wide range of applications, ex. CR Timer, re-
lays and lamps driver. M51204L’s package is a mini SIL
package, therefore can use very easily.

FEATURES

® Low input CUITENt =+ v veerererrereneneneieiieiiaiens 20nA (typ)
Wide supply vo|tage FANG@ - wwrwereserrrnnnnneeeesssans 3.0~28V
LOW Circuit CUIr@nt ««-+«-resreeeerreeenminieniiniinn. 2. 5mA(max.)
60mA output current capability can drive a relay or a
lamp.

® High output break down voltage:---«--«-==+++++-e 30V(max.)

APPLICATIONS
® Electric shutter
Comparator
Level detector
CR Timer

Time delay circuit

RECOMMENDED OPERATING CONDITIONS
Supply voltage range
Rated supply voltage

PIN CONFIGURATION (TOP VIEW)

5] GND
3 (4] POWER SUPPLY
§ [3] ouTPUT
= 2] NON INVERTING INPUT
[1] INVERTING INPUT
Outline 5P5

5-pin molded plastic SIL

EQUIVALENT CIRCUIT

POWER SUPPLY OUTPUT
(2)

INVERTING INPUT

NON INVERTING INPUT
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MITSUBISHI LINEAR ICs

M51204L

VOLTAGE COMPARATOR

ABSOLUTE MAXIMUM RATINGS (7a=25T, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vce Supply voltage 28 Vv
Vin Input voltage Vee v
lou Output drive current Output saturated 60 mA
Vou Output drive voltage 30 \%
Pd Power dissipation 180 mw
Ko Thermal derating Ta=25C 1.8 mw/C
Topr Operating temperature —20~+75 c
Tstg Storage temperature —40~+4125 C.
ELECTRICAL CHARACTERISTICS (1a=25C) ’
Symbol Parameter Test conditions Limits Unit
Vee(V) Min Typ Max
Vece Supply voltage range 2.5 28 \"
6.0
lcc Circuit current 12.0 1.8 2.5 mA
24.0
Vin Input voltage range 12.0 1.4 Vee—0.2 v
6.0
Iin Input current 12.0 20 75 nA
24,0
6.0
Vio Input offset voltage 12.0 2 20 mV
24.0
6.0
Vou Output saturation voltage 12.0 loL=60mA 0.3 0.6 \%
24.0
teLn Output “L-H" propagation delay time 1
teuL Output “H-L" propagation delay time 12.0 10 s
TYPICAL CHARACTERISTIC (7a=25T, unless otherwise noted)
THERMAL DERATING OUTPUT VOLTAGE VS
(MAXIMUM RATING) INPUT VOLTAGE AT PIN®
250 ] 5V—=T3v
. V=6V
% 200 E 12 °
& 2
=z w
g 150 AN % 9
% \ g
2 100 N< § 6
& E
g 50 > 3
Q N
0 ol
0 25 50 75 100 0 3 12 15
AMBIENT TEMPERATURE. To(C) INPUT VOLTAGE AT PIN® Vin(V)
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MITSUBISHI LINEAR ICs

M51204L

VOLTAGE COMPARATOR

INPUT CURRENT VS INPUT CURRENT VS
INPUT VOLTAGE SUPPLY VOLTAGE
25 T T ) 28
Vo=V, Vo=V
Vo=Vrer Vo=Vrer 24
— 20| —
< <
E 5 'g 16—/
z z
3 1 3
= ~
2 A z 8
z c z
0 ' J \ ol
-3 —2 - 2 0 ¢ 8 12 16 20 24 28
INPUT VOLTAGE V,=Vgp—Va(V) ‘ SUPPLY VOLTAGE Vco(V)
CIRCUIT CURRENT VS INPUT CURRENT VS
SUPPLY VOLTAGE AMBIENT TEMPERATURE
¥Vco=1zv
= 3 25 .
£ 2 ~
8 Z 2 A
= Vs=High = N
g 2 - H N
& 2 Vi=Low g -
o o
= = 10
o 5
" 12 16 20 24 28 ) 20 40 60 80
SUPPLY VOLTAGE V¢c(V) AMBIENT TEMPERATURE Ty(C)
CIRCUIT CURRENT VS
AMBIENT TEMPERATURE
fvee=12v
z ~
_8 F P
z \\
« NN
3 : ~
o
E 1
2
[&]
a .
[&]
O ——5 20 40 60 80
AMBIENT TEMPERATURE Ta(C)
2—-112 . MITSUBISHI

ELECTRIC



MITSUBISHI LINEAR ICs

MS51204L

VOLTAGE COMPARATOR

APPLICATION EXAMPLES

Voltage comparator Detector

SENSOR (

VIN

Battery checker Oscillator
O Vee
R4 RL:E
R1S W <
D L]
MD234 ~T
Dy ' 3)———0OUTPUT
2H+
5
>
R23
< +c R3
R1Z
r I RH_ Ri{ R
1R3
RL{R3, R4 2+t Rt Rs
1 R2R3
f= (Hz) Rz+Rs
RL . 1—RL RL= —2 73
CR R TR R1+ —n2R3
H H Rz +R3

CR Timer

Window comparator

20k

Vee
VRerH

VCC_VHEF

t=CR&n

PRECAUTIONS FOR USE

1. Paying much attention is necessary for fear that the =~ 2. Output is “open collector” and a loading resistor is not

M51204L may flow large current and reach to destroy included. Connect a loading resistor to stabilize opera-
because of the structure when the terminals of Vgc and tion, in case of driving a next stage.
GND of the M51204L is connected wrong position each
other.
MITSUBISHI 2—-13
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MITSUBISHI LINEAR ICs {

MS51205L

VOLTAGE COMPARATOR

DESCRIPTION

The M51205L is a semiconductor integrated circuit consist-
ing of precision voltage comparator. It is designed specifi-
cally to operate from a high voltage because of built-in zen-
er diode for stabilization. One of the input stages has a char-
acteristic of low bias current and the other has built-in refer-
ence voltage with hysteresis. Output stage is capable of
sinking high current. So, it is intended for a wide range of
applications, ex. CR Timer, relays or lamps driver. M51205L’s
package is a mini SIL package, therefore can use very
easily.

FEATURES

® Low input CUITENE *+vovrerreerrerernntieiiieniiiniiiaiin, 20nA(typ.)

® Built-in zener diode for stabilization of power supply vol-
tage.

® 60mA output current capability can drive a relay or a
lamp

® High output break down voltage:---«««+=-««+++=+=e 30V(max.)

® |Including both reference voltage circuit and hysteresis
for switching

APPLICATIONS
® Electric shutter

® Comparator

® Level detector

® CR Timer

® Time delay circuit

RECOMMENDED OPERATING CONDITIONS

PIN CONFIGURATION (TOP VIEW)

[5] GND
g [7] POWER sUPPLY
= 3] ouTPUT
P
2] NON INVERTING INPUT
7] REFERENCE
Outline 5P5

5-pin molded plastic SIL

Supply vo"age range ......................................... 0ver 2. 5v
Rated supply voltage -+« 12V (with dropper resistor)
EQUIVALENT CIRCUIT
POWER SUPPLY OUTPUT
4 (3)—
[‘ 1S
]
REFERENGCE (1 ‘
¥ o o
1] Qs
‘NON INVERTING INPUT (2
Qs
I Ra,%:
L
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MITSUBISHI LINEAR ICs

M51205L

VOLTAGE COMPARATOR

ABSOLUTE MAXIMUM RATINGS (Ta=25C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
lcc Circuit current 20 mA
Vin Input voltage V@ 3% \Y
loL Output drive current Output saturated 60 mA
Vou Output drive voltage 30 \
Pd Power dissipation 180 mwW
Ko Thermal derating Ta=25C 1.8 mw/C
Topr Operating temperature —20~+75 c
Tstg Storage temperature —40~+125 c
% ! Voltage at Pin®
ELECTRICAL CHARACTERISTICS (Ta=25C, Rq : dropper resistor)
Limits
Symbol Parameter Test conditions Unit
Veo(V) Min Typ Max
O] Zener voltage 12.0 Rg=1kQ 5.0 5.6 7.0 \Y
Vin Input voltage range 12.0 Rd=1kQ 0.8 v®—0.2 \"
Iin Input current 12.0 Rg=1kQ 20 75 nA
VRrer Reference voltage 5.00 Rg=0Q, Vin=0v 2.25 2.50 2.75 \'
AVhys | Hysteresis for switching 5.00 Rg=0Q, V=3V 0.80 1 1.20 \'%
VoL Output saturation voltage 12.0 Rg=1kQ, R;=2000 0.3 0.6 \
teLn Output “L-H" propagation delay time 12.0 Ry=TkO 1 us
| Output “H-L” propagation delay time 10 us
loo % Circuit current (Veo<V®) 5.00 | Rg=0Q 1.9 2.4 mA
% I Excluding zener current of zener diode connected to Pin®
TYPICAL CHARACTERISTICS (Ta=25TC, unless otherwise noted)
THERMAL DERATING OUTPUT VOLTAGE VS
(MAXIMUM RATING) INPUT VOLTAGE AT PIN®
250 T
Vee=5V
£ 200 s °
2 =
4
8 150 é
e 5 5
AN S 1]
E I
5 E '
g 50 AN °
o \,
h) .
0 0 25 50 7 100 125 0 0 4 5
AMBIENT TEMPERATURE Ta(C) INPUT VOLTAGE AT PIN@ Vi\(V)
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I MITSUBISHI LINEAR ICs

M51205L

VOLTAGE COMPARATOR

INPUT CURRENT VS INPUT CURRENT VS
INPUT VOLTAGE AT PIN® AMBIENT TEMPERATURE
30 12 : .
Vccl=5V XS":TQEV
25 . 10
Z 2 _ £ 8
5 [ =
3 15 = 6
= | 3
o T ©°
=10 5 4
g a
z £
5 2
0 0
0 3 r =20 0 20 40 60 80
INPUT VOLTAGE AT PIN® Viy(V) AMBIENT TEMPERATURE T5(C)

CIRCUIT CURRENT VS
AMBIENT TEMPERATURE

|
Vecec =5V

w

CIRCUIT CURRENT Icc(mA)
N

o

—20 0 20 40 60 80

AMBIENT TEMPERATURE T4(C)

DROPPER RESISTOR(Rd) SELECTION GRAPH

RdA=510Q 1kQ 2kQ 3kQ 3.9kQ 5.1kQ[ 6.2kQ  7.5kQ 10kQ
~ 12 N [ ,/ / //' ///
e LN AL -

3 !/ // /’ 1
i // = e

o

3 s /7//;/, ,//
DNV s

e /A7

o

2

0 I

0 0 20 30 40 50 60 70 80 90 100 110 120 130 140

SOURCE VOLTAGE Vs(V)
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M51205L

VOLTAGE COMPARATOR

APPLICATION EXAMPLES

Voltage comparator Oscillator

Vo

fo : Oscillation frequency
¢ 1 'HZ]
" Cy(0.337R,+0.847R,)

CR Timer Time delay circuit

0. Ims<t<60s Vper=~Vcc/2

tdelay=0. 7CR

PRECAUTIONS FOR USE

1. Paying much attention is necessary for fear that the
M51205L may flow large current and reach to destroy
because of the structure when the terminals of V¢ and
GND of the M51205L is connected wrong position each
other.

2. Output is “open collector” and a loading resistor is not
included. Connect a loading resistor to stabilize opera-
tion, in case of driving a next stage.

3. Care should be taken not to apply over 5(V)directly to
the terminals between Pin@ and Pin(®.Connect a drop-
per resistor(Rd) in series to Pin@, in case of applying
over 5(V)between Pin®@ and Pin®.

MITSUBISHI 2=17
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MITSUBISHI LINEAR ICs

M51206L

VOLTAGE COMPARATOR

DESCRIPTION

The M51206L is a semiconductor integrated circuit consist-

ing of precision voltage comparator.

It is designed specifically to operate from a high voltage be-

cause of built-in zener diode for stabilization. Input stage
. has a characteristic of low bias current and output stage is

capable of sinking high current. So, it is intended for a wide

range of applications, ex. CR Timer, relays or lamps driver.

M51206L’s package is a mini SIL package, therefore can use

very easily.

FEATURES

© LOW iNpUL CUITENt -+ serrerreereesees i 20nA (typ.)

® Built-in zener diode for stabilization of power supply vol-
tage.

® 60mA output current capability can drive a relay or a
lamp.

® High output break down voltage:««-==««-==sexeeeeee 30v(max.)

APPLICATIONS
® Electric shutter
® Comparator

® Level detector

® CR Timer

® Time delay circuit

RECOMMENDED OPERATING CONDITIONS

SUpplY voltage range ........................................... over 3V
Rated supply voltage «««-««-=++o-e-++ 12V (with dropper resistor)

PIN CONFIGURATION (TOP VIEW)

[5] GND
o 4] POWER SUPPLY
§ [3] ouTtPuT
E: [2] NON INVERTING INPUT
[T] INVERTING INPUT
Outline 5P5

5-pin molded plastic SIL

EQUIVALENT - CIRCUIT

POWER SUPPLY OUTPUT
- nY (3
(% &)

INVERTING
INPUT

NON INVERTING
INPUT

Qs

>——-KQ7

>——{Oa /KDZ
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M51206L

VOLTAGE COMPARATOR

ABSOLUTE MAXIMUM RATINGS (1a=25C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
lcc Circuit current 20 mA
Vin Input voltage V@ Vv
loL Output drive current Output saturated 60 mA
Vou Output drive voltage 30 v
Pd Power dissipation 180 mw
Ko Thermal derating Ta225C 1.8 mw/C
Topr Operating temperature —20~+475 T
Tstg Storage temperature —40~-+4125 ‘c
*Voltage at Pin®
ELECTRICAL CHARACTERISTICS (1a=25¢C)
Limits
Symbol Prarameter Test conditions Unit
Vee(V) Min Typ Max
Vo Zener voltage 12.0 | Rg=1kQ 5.0 5.6 7.0 v
Vin Input voltage range 12.0 Rg=1kQ 0.8 Vo—0.2 Vv
Iin Input current 12.0 Rg=1kQ 20 75 nA
lee* Circuit current  Vee<Va@ 5.0 Rg=0Q 1.8 2.4 mA
Vio Input offset voltage 12.0 Rg=1kQ 2 20 mV
Voo Output saturation voltage 12.0 Rg=1kQ,R,.=200Q 0.3 0.6 \'
teLn Output “L-H" propagation delay time 1
12.0 Rg=1kQ ~S
tenL Output “H-L” propagation delay time 10
¥Excluding zener current of zener diode connected to Pin®
TYPICAL CHARACTERISTICS (Ta=25C, unless otherwise noted)
THERMAL DERATING OUTPUT VOLTAGE VS
(MAXIMUM RATING) INPUT VOLTAGE AT PIN @
250
VOLTAGE AT OUTPUT LOAD=12V
_ 5| Voe =5V
2
E 200 E
©
< B
3 150 N )
E <
< ] 3
[
b [}
@ 100 :
& T 2
[+ AN 2
: A :
3 N © 1
a N
AN
0 i}
0 25 50 75 100 125 0 1 2 4 5
AMBIENT TEMPERATURE T4(C) INPUT VOLTAGE AT PIN® Vg(V)
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M51206L

VOLTAGE COMPARATOR

INPUT CURRENT Iin(nA)

CIRCUIT CURRENT 5 lcc(mA)

INPUT CURRENT VS
INPUT VOLTAGE

Vo=V, Vo=V,
Vo=Vrer Vo=Vrer
20!
15
10
5
o |
- -2 -1 0 1 2 3

INPUT VOLTAGE V,=Vp—Va(V)

CIRCUIT CURRENT VS
AMBIENT TEMPERATURE

Voo =5V

W

—20 20 40 60 80

AMBIENT TEMPERATURE T,(C)

%Excluding zener current of zener diode connected to Pin®

INPUT CURRENT I;y(nA)

INPUT CURRENT VS
AMBIENT TEMPERATURE

Voo =12V
Rd=1kQ

o

—20 0 20 40 60 80

AMBIENT TEMPERATURE Ta(C)

DROPPER RESISTOR (Rd) SELECTION GRAPH

10kQ

N

RJ=510Q 1kQ_2KQ 3KQ | 3.9kQ _ 5.1kQ | 6.2kQ 7.5k
<
12 | [ / r P A
l // i d //
/ A
//

s

10, [
8|

N

V.,
N Ns7

/
Ve
//
-

-

[

‘74227

\

CIRCUIT CURRENT Ico(mA)

N

of

10 20 30 40 50 60

70

80

90 100 110 120 130 140

~ SOURCE VOLTAGE Vs(V)

MITSUBISHI
ELECTRIC



MITSUBISHI LINEAR ICs

M51206L

VOLTAGE COMPARATOR

APPLICATION EXAMPLES

Voltage comparator

Vce
———O
Vo
Window comparator
Rd
——W\»—oVce
ouTt
VREFL_ 4 PUT 2
20k o N3 1
20k
2HE 2 ¥ VREFy
5 5
INPUT® 7L
r 7?7 r

PRECAUTIONS FOR USE

1. Paying much attention is necessary for fear that the
Mb51206L may flow large current and reach to destroy
because of the structure when the terminals of V¢c and
GND of the M51206L is connected wrong position each
other.

CR Timer

Rd

e g

4
L | Veer RELAY
RS - -
T20kS
3

[ 2+
Sj' =c 5
l nr t=CR2nV~—V°3—
CC™ VREF
0. Ims=t<60s
Detector

Rd Vee
3

Battery checker

DY

Ri

2. Output is “open collector” and a loading resistor is not

included. Connect a loading resistor to stabilize opera-
tion, in case of driving a next stage.

. Care should be taken not to apply over 5(V)directly to

the terminals between Pin@ and Pin®.Connect a drop-
per resistor (Rd) in series to Pin@, in case of applying
over 5(V)between Pin@ and Pin®.
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M51207L

DUAL COMPARATOR

DESCRIPTION

The M51207L is dual (two independent) comparator and
operates over wide voltage range at single supply voltage.
Especially the M51207L has superiority as to characteristics
of input current (input resistance) and fits to wide ranged
applications, for example CR Timer, oscillator and etc..

FEATURES

® Low input current (high input resistance) -+ 20nA(typ.)
® Wide supply voltage range 2.5~28V
® Low dissipation CUITENE == -ererererrerneisneriaiens 3. 8mA(typ.)
® Enable to drive a relay or a lamp directly ----60mA(max.)
® |Including voltage surge absorbing zener diodes

® High output breakdown voltage:--«+++-«=ss-eeee 30V(max.)
® Low output voltage ««««++--ssserreerersssieniinieeen. 0.2v( typ.)
® Low input offset voltage ««++ovreeerrree s 2mV(typ.)
APPLICATIONS

® Voltage comparator, sequential timer, pulse generator
® A/D converter, time delay circuit, etc.

RECOMMENDED OPERATING CONDITIONS
SUPPIY VOltage range:«-+ -+ =-ssssreesrsmniniiiiins 2. 5~28V
Rated supply vo"age FANQGE treeererevseresaresennneninniieie 12v

M51207L

ERANETRCRT RS RS R

Outline

8P5

PIN CONFIGURATION (TOP VIEW).

NON INVERTING INPUT B
INVERTING INPUT B
OUTPUT B

SUPPLY VOLTAGE

GND

OUTPUT A

INVERTING INPUT A
NON INVERTING INPUT A

8-pin molded plastic  SIL

EQUIVALENT CIRCUIT

INVERTING INPUT B (7

NON INVERTING INPUT B (8

SUPPLY VOLTAGE (5 é

NON INVERTING INPUT A
INVERTING INPUT A (2

+FX

OUTPUT B

X

o L0
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M51207L

DUAL COMPARATOR

ABSOLUTE MAXIMUM RATINGS (T4=25T, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vce Supply voltage 28 v
Vid Differential input voltage Vee \%
Viem Common mode input voltage range —0.3~Vcc v
Isink Output sink current Output saturated 60 mA
Von “H" Output voltage 30 v
P4 Power dissipation 650 mw
Topr Operating temperature —20~+75 ‘c
Tstg Storage temperature —40~+125 ‘C

ELECTRICAL CHARACTERISTICS (Ta=25C, Voc=2.5~28V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vee Supply voltage range 2.5 28 "
lcc Circuit current 3.8 5.3 mA
Ve Inverting input voltage range Veo—1.5 v
Vie Non inverting input voltage range Vee—1.5 \
Vio Input offset voltage 2 7 mvV

e Inverting input current 20 100 nA
e Non inverting input current 20 100 nA
Lo Input offset current 5 50 nA
VoL “L" output voltage lo,.=60mA 0.2 0.4 \
Isink Output sink current 60 mA
lo Output leakage current 0.1 A
teLH Output “L—H" propagation delay time 2 u©S
teHL Output “H—L" propagation delay time 1 u»S

TYPICAL CHARACTERISTICS (7a=25T, unless otherwise noted)
THERMAL DERATING OUTPUT VOLTAGE VS
(MAXIMUM RATING) INPUT VOLTAGE
15
Vee=12V
Vie=6V
% 800 E 12
g "
z
8 600 \ g 9
[ hr}
z N g
@ 400 > 6
@ N\ =
[a] 2
[~ a
8 R 5
S 200 S5 o 3
] N
a ~
0 0
Q 25 50 75 100 125 0 12 15
AMBIENT TEMPERATURE T4(C) INPUT VOLTAGE V,(V)
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- M51207L

DUAL COMPARATOR

INPUT CURRENT VS ' INPUT CURRENT VS
INPUT VOLTAGE » SUPPLY VOLTAGE
Voc=28V 40 Vi=0V
28 Veer=14V 35
T g %
; 20 -; 25 ~
w /
E 16 \\\\ T 2 T
2 ]
ff 12 ™S S 15
2 2 |
z s ~ g 1w
4 5
0 0
0 4 12 16 20 24 28 0 4 12 16 20 24 28 32
INPUT VOLTAGE V,(V) SUPPLY VOLTAGE Vco(V)
CIRCUIT CURRENT VS “L” OUTPUT VOLTAGE
SUPPLY VOLTAGE VS OUTPUT SINK CURRENT
8 Vcoc=28V

200

150

100

CIRCUIT CURRENT Igc(mA)
o

50

“L” OUTPUT VOLTAGE Vo (mV)

0
5 iz e 20 a2 32 ‘ 0 15 30 45 60
SUPPLY VOLTAGE Vgo(V) OUTPUT SINK CURRENT lsink(mA)
CIRCUIT CURRENT INPUT CURRENT
VS AMBIENT TEMPERATURE VS AMBIENT TEMPERATURE
6 Vee=12V 30 Vec= 12V
Vi=0V
% 5 \ 2 Z \
- <
Q o
c e S~ c ~ ~_
z 4
E 3 \\ E 15 \\
3 NN 3
E 2 5 10
o 1 5
0 4 — 0
—20 0 20 40 60 80 —20 0 20 40 60 80
AMBIENT TEMPERATURE T4(C) AMBIENT TEMPERATURE Ta(C)
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M51207L

DUAL COMPARATOR

PRECAUTIONS FOR USE

- Paying much attention is necessary for fear that the 2. Output is “open collector” and a loading resistor is not in-

M51207L may flow large current and reach to destroy be- cluded. Connect a loading resistor to stabilize operation,
cause of the structure when the terminals of V¢ and in case of driving a next stage.
GND of the M51207L is connected wrong position each
other.
APPLICATIONS
(1) Voltage comparator (2) Schmit trigger circuit
Vee —O Vee
i !
o
Ry B 3 RL §J
Vio k T
>——o Vo
V + e e—
i / VeerL Vrern
}5"52\ —= V|
Ra
Ry2
i i z Ve Ve - Ra(Ri+Re+RL)
7 7 REFHTYCC " Ry (Ra+RL)+Re(Ri+-R.FRL)
If Veer>Vj, Vo=Low r

. RoR
If Vaer<Vj, Vo=High Veert=Vcc * R2R4+R?(;{2+R4)

(3) Monostable multi vibrator (4) Astable multi vibrator

O Veeo O Vee

Ra S 3R
°A { Vrer Ao ik

< R
P Rig e
R2 ] Vo
WA — 4 —+
R l/ >___A,.___O Vo

C
l o
< WA 1
e 7r Re J_ ° '
Vee c < H
t=CRy* £ iy —(sec) ]; 4 e
cc™ Vrer | -1

7 77

A%

W

th 12
Ri+R:
:1=c:n.,.¢nm;:-ﬂ3 t,=CRq £y ‘+ —(R.<Ry, Ry, Ry, R)
(5) Pulse generator ’
——0 Ve
[ (6) CR Timer
L s RL R. <Ry, Ry, Ry, Ry
R1Z Rs . o Yoo
< W Vgs: Dy Forward Voltage
Veee! 3 Vg2 D, Forward Voltage S
>‘——o Vo V, l {
S GIEJVAE Bhld N
4 1
Rz 3 Mt — ;L‘ [ _l_ :
/w“i‘\ q— )] - l
R

1 s Dz e }7 C-I
C
L ;L L b bd

77

Vee
_ Ve * Ro(Ri+-Rs) —ra.. p o VocVeer-Ve2 t=CRy" eny——o—
Vaern= RiRz4RRs+R;R, =CRs: £ Vee-Vrer Veo—Vrer
_ Vee » ReRs _ R . p o VREFH-VE
Ve = R R AR R, 2O Iy
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M51207L

DUAL COMPARATOR

(7) Sensor detector (8) Battery check circuit
0 Voo . Py
R1Z LED R1S RZiE LED
L Vo RL
L L 3R + +| Vec
RzZ VRZ=——— _
\
, D
R3Z
Sensor || R3 Veo=28V
v, w
o Vo<Voo - =2 : LED—~ON
PR RtR,
Vo>V, R . Eep—oFF
. epe
O R,
(9) Window comparator (10 Pulse train generator
o Vee % Vee
Ru
s Rz‘? 1 S
VRerL 3R Veern L 4 4 S$Rs
VR, Z 2VR2 W

S o—
Vo
V‘V‘V
VRer
YI ¥
| +

14,
\ ) Ca= 9
7 I

Vo
Veere  VRern ,,L 7
—

v 7 Uy gl =t

Vee

H=CiRy* Ly S—

(1) Countermeasure against oscillation

(NOTE) Taking steps against oscillation
The M51207L has possibility of oscillation according to input condition. If
the M51207L should oscillate, following countermeasures are applicable.

* . In case of connecting input signal with chattering connect a capacitor
of small value, Ca.

* ! In case of oscillating on the condition of ordinary input, employ positive
feedback inserting R, (resistor of large value), Cs(no polar)
or connect Ce.

% : In case that supply voltage is not stabilized, connect Cp, (electrolytic
capacitor of large value) to absorb the supply voltage change.

2—126 MITSUBISHI
ELECTRIC



MITSUBISHI LINEAR ICs

M51207L

DUAL COMPARATOR

(12 Sequential timer

—O Vee

<&

2 Rus

Cs

__|

—O Vge
Voo
2 S RLs

Start SW Start SW
ON—OFF OFF—ON
i
]
Vo1
| |
| |
|
Vo2 |
| I
| ]
|
' |
| |
Vo3 | !
1 |
| |
! [
l ' o
{' I i | >t
| |
et ke t7 —mbe—t3—a| |
Reset
1,=0.7C1-Ry4

t12=0.7C2(RL1+R2)
t3=0.7C3(RL2+R3)

(13} Analog/Digital converter

ELECTRIC

SR Veert < Vrgrz <:o00 < Vrern
L
Vrerr < s
—
Vo1 1
VRernpr—— — —— — — — —
|
Veer2 fp — —— —— |
VRert |- —— — | |
[ |
Il } |
L :ERLZ l | I —t
Vrer2 2 + ] : :
0
Voz : Il
Vo1 | |
I |
|
| |
| |
! |
Vi O—4—--- | |
! Voz
|
|
I
| S or -
Vrern S +
—0
Von —1
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M51209P/MSN339P

QUAD COMPARATOR

DESCRIPTION

The M51209P/M5N339P is quad (four independent) compa- PIN CONFIGURATION (TOP VIEW)
rator and operates over wide voltage range at single supply
voltage. Especially the M51209P/M5N339P has superiority as
to characteristics of input current (input resistance) and fits OUTPUT B [ 4 OUTPUT C
to wide ranged applications, for example CR Timer, oscilla- OUTPUT A OUTPUT D
tor and etc. SUPPLY VOLTAGE [3] GND

INVERTING INPUT A [@] §8 NON INVERTING 5
FEATURES NON INVERTING $5 [@ INVERTING IN::LUJT D
® Low input current (high input resistance) -+ 20nA (typ.) INPUT A _ NON INVERTING
® Wide supply voltage range - -s--wssssereecs 2.5~28V ERTING INPUT B 10 INPUT G
® Low dissipation o0 £ 0-11 | GRRRERLERE PP PPEYS e 6.8mA (typ) INPUT B INVERTING INPUT C
@ Enable to drive a relay or a lamp directly --:-60mA (max.)
@ Including voltage surge absorbing zener diodes Outline 14P4
@ High output breakdown voltage«-+++==++-++++++ 30V (max.) '
@ Low output voltage <+ errrrrreeeeseinsninniien. 0.2v (typ.)
® Low input offset voltage «+««-«++--sreeeereennneeen 2mvV (typ.)
APPLICATIONS

® Voltage comparator, sequential timer, pulse generator
® A/D converter, time delay circuit, etc.

RECOMMENDED OPERATING CONDITIONS
Supply voltage range

Rated supp'y Voltage range ......................................... ‘Izv
14-pin molded plastic DIL
INVERTING
EQUIVALENT CIRCUIT outpur A 'NPUT C. NON
INVERTING INPUT C

r : — O O-O——

i A : '
=

449 OUTPUT C

3) SUPPLY VOLTAGE

NON INVERTING
n
npuT 8 () B (19 ouTPUT D
INVERTING INPUT B (6) -

| 1

NON INVERTING
INPUT A

INVERTING INPUT A (4

e p—

GND ”

I L

OUTPUT  NON INVERTING
8 INVERTING INPUT D
INPUT D
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M51209P/MSN339P

QUAD COMPARATOR

ABSOLUTE MAXIMUM RATINGS (Ta=25C, uniess otherwise noted)

Symbol Parameter Conditions Limits Unit
Vce Supply voltage 28 \
Vid Differential input voltage Vce \
Vicm Common mode input voltage range —0.3~Vee v
Isink Output sink current Qutput saturated 60 mA
Vou “H” output voltage 30 \"
Pd Power dissipation 900 mwW
Topr Operating temperature —20~++75 c
Tstg Storage temperature e —40~+4-125 c

ELECTRICAL CHARACTERISTICS (Ta=25T, Voc=2.5 to 28V, unless otherwise noted)
. Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vece Supply voltage range 2.5 28 \)
lce Circuit current 6.8 9.5 mA
Vie Inverting input voltage range Vee—1.5 \
Vie Non inverting input voltage range Vec—1.5 v
Vio Input offset voltage 2 7 mvV
e Inverting input current 20 100 nA
Lha Non inverting input current 20 100 nA
lo Input offset current 5 50 nA
Voo “L" output voltage loL=60mA 0.2 0.4 v
Isink Qutput sink current 60 mA
lo Output leakage current 0.1 A
teLn Output “L—H" propagation delay time 2 »S
tene Output “H—+L" propagation delay time 1 ‘ ~#S
TYPICAL CHARACTERISTICS (1a=25T, unless otherwise noted)
THERMAL DERATING OUTPUT VOLTAGE VS
(MAXIMUM RATING) INPUT VOLTAGE
15 —
Voo=12V

E Vig=6V

z 1200 s 12

o o

o >

% 900, "('rJJ 9

£ =

b 4

@ 8

@ 600 N 6

a =

3 \

S . 5

o 300 [ o 3

o ~

\\
] __% 0=
0 2 50 15 100 125 0 3 6 9 12 15
AMBIENT TEMPERATURE Ta(C) INPUT VOLTAGE V(V)
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M51209P/MSN339P

QUAD COMPARATOR

INPUT CURRENT VS INPUT CURRENT VS
INPUT VOLTAGE SUPPLY VOLTAGE
Voo=28V a0 V=0V
28 Veer=14V 35
= <
< 2 = 3
= - : L
£ o2 Z 2 ]
g 6N § —
ch ~ 3 20
o \ - AM
b 12 2 15
2
2 8 \ = 10 T
4 5
0 oL |
0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28 32
INPUT VOLTAGE V(V) SUPPLY VOLTAGE Vqc(V)
CIRCUIT CURRENT VS “L” OUTPUT VOLTAGE
SUPPLY VOLTAGE VS OUTPUT SINK CURRENT
16
Vcc=28V
14 %
< E 200
E -
:,8 12 f
- 10 ©
£ E 150
g 8 <
=) >
o 6 = 100
': E
3 5
E 4 O 50
° e
0 0
0 4 8 12 16 20 24 28 32 0 15 30 45 60
SUPPLY VOLTAGE Vc(V) OUTPUT SINK CURRENT Igk(mA)
CIRCUIT CURRENT VS INPUT CURRENT VS
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
12 Voe= 12V 30 Voc=12V
vVi=0V
:é\ 10 25
Z s S 2 ~
& 6 ~ £ 5 SN~
3 NS 3
= 4 5 10
2
5} 2 5
0 0
—20 0 20 40 60 80 —20 O 20 40 60 80
AMBIENT TEMPERATURE Ta(C) AMBIENT TEMPERATURE Ta(C)
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MS51209P/M5N339P

QUAD COMPARATOR

PRECAUTIONS FOR USE

1.

Paying much attention is necessary for fear that the
M51209P may flow large current and reach to destroy be-
cause of the structure when the terminals of Voc and
GND of the M51209P is connected wrong position each
other.

APPLICATION
(1) Voltage comparator
Vee
(o)

VREF

AAA
W\

Vi O—

If VRge> Vi, Vo=Low
If Veee<Vj, Vo=High

(3) Monostable multi vibrator

Vi 0—— —

2. Output is “open collector” and a loading resistor is not in-

cluded. Connect a loading resistor to stabilize operation,
in case of driving a next stage.

(2) Schmit trigger circuit

L —O Vco
Q
R 3 LRL o

<

T
>t s

VrerL  Vrern
Hzi
r

WY V)
R
(4) Astable multi vibrator

VRger +

4

. Ry(Ri+Rs+RL)
Ri(R4+Ru)+Rz(Ri+Ry+RL)
R2R,
RoRs+R, (R+Ry)

Vrern =Vco

VrerL =Vce *

© Vce O Vce
:; Re L 2 RL
R1? R3
L
——0 Vo
+
——O Vo
Ra
L m
B RS J’_ i
Ve ¢ LT
t=CRy* £ 28— T
3 "Vcc— VHEF(seC) ]’: 3F ot
r 1 o
5) Pul rat Ro+R Ri+R
( ) Sé generator t=CR, &p 2;- S 1,=CR¢ £ H%(RL< Ry, Rz, Rs, Rs,)
—O Veo 3 s
$RL R <Ry Ry Rs Ry
Ri1Z n3 Vg2 Dy Forward Voltage (6) CR Timer
'" Ve2: D, Forward Voltage oy
VRer ¢ i cc
——— 0 Vo 6
Rs. D1 | ‘i/
V
ReS e 10 RiE yrg N
e 3 =, B
A R5 Dz t] t2 (L
c o
Jr l d i
Vepon = Vee + Ra(R1+Rs) L =CR.- £ Vo VrercVez ) 7 g
REFH™ R R,+R2Rs+RaR, ! 5 M Voo Veern Voo
V —__ Voc-RaRs t,=CR," £ nVRLH'VF' t=CRy 2 Vee- Veer
REFL ™ RyR+RzRs+RqR; 2 VRerL
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‘M51209P/MS5N339P

QUAD COMPARATOR

(7) Sensor detector (8) Battery check circuit
-0 Vee . -0
RiZ LED RiZ Reg LED
Vp Ru
~ Té AL + +| Voo
R2Z VRS=——-— :
t [ b /
T LT R3z
A
Sensor &; R3 Vee=28V
7 i ”
Vo<V, R,
— —
d r 7 o<Vee ' R R, LED—ON
Vo>V, R Lep—oFF
. : —
o7 Rt Ry
(9) Window comparator (10} Pulse train generator
—0 Voo l 0 Ve
( SR
$ <z T
2RL Rzg
LVRerL 9 Vrern
VR 12 VR2
o o 7
Vo >1
U I
J' l 717 N Vi =c
”r
Vi L
VeerL  Veern .
—Vi 77 Ldtl =t
Vee
at= B
CiCr £ Vec- Vaer
(1) Countermeasure against oscillation
(NOTE) Taking steps against oscillation o
The M51209P has possibility of oscillation according to input condition. If "r
the M51209P should oscillate, following countermeasures are applicable. |
* . In case of connecting input signal with chattering connect a capacitor S Rq :E RL i
of small value, Cp. . ]
* 1 In case of oscillating on the condition of ordinary input, employ positive N I
feed back inserting R, (resistor of large value), Cs(no polar) - !
or connect Cg. |
* ! In case that supply voltage is not stabilized, connect Cp, (electrolytic o » * + Ce 2%2' Co
capacitor of large value) to absorb the supply voltage change. | | 1 k- ! |
| 2R, | | |
N L RS
Ra I |
| +c |
| I
7 ua L4 >
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QUAD COMPARATOR

(12 Sequential timer

O Vee
2R
R1 ] +—0 Vo1
Start
SW <
YT

Vee
2 s
™ b3
VR, +>———C> Voz

O Vee

> Rz

W
b
"y

<

py

@

+ |
YA
lvv
g

o

Start sw Start sw
ON—OFF OFF—ON
1
|
Vo1
I I
| |
|
Voo| |
| —
| ]
| I |
| |
Vos| | I
I |
I | Lo
l ' L
1| : I| | —t
| |
b-l1a-l-—lz—>l-—t3—>' |
Reset
t,=0.7C;-Ry

t1,=0.7C2(RL1+Rp)
13=0.7C3(R_2+R3)

T
7
(13) Analog/Digital converter
L EE Riy Vrer1<Vaer2<***< Vgern
Verer1 2 + <
o
- Vo1 1
Veern[ —~— T~ —
|
VRer2 | — —— —— |
VRer |F—— = | |
[ |
y !
L EE RL2 : ! I —t
‘Vegr2 2 + { :
—O
- Voz ! :
Vo1 |
' |
|
| | |
| |
! |
Vi O—4——--- | |
| Voz
|
|
1
L EE Rin Von S
Veern S +
)
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M51320P

ANALOG SWITCH

DESCRIPTION

The M51320P, a monolithic analog switch, is designed for electro-
nic switch for a video system. It contains one video frequency
switch circuit and two audio frequency switch circuits. The
video frequency switch and the one of the audio frequency
switch circuit have two inputs for connecting with TV and Video
Tape Recorder. The other audio frequency switch circuit has
three inputs. In addition, the video frequency switch circuit has
a gain stage about 6dB.

FEATURES

® Video and stereo sound switches in one package

[ ] Wlde frequency range ..................................... DC to ]0 MHZ

® High separation -« --Crosstalk 55dB (typ.) (@5MHz)
60dB (typ.) (@1MHz)

® High input impedance

PIN CONFIGURATION (TOP VIEW)

SOUND OUTPUT (1) 1]

i) 3
5] 2
) 1

CONTROL INPUT
i} FOR SOUND (2}

[72) VIDEO OUTPUT
1] DECOUPLING

[ig] 1
[9] 2

Outline 16P4

v SOUND (1)
cc INPUT
VIDEO INPUT (2)
CONTROL INPUT (g
FOR VIDEO
VIDEO INPUT (1) [5]

CONTROL INPUT ]
FOR SOUND (1)

GND
SOUND OUTPUT (2) 8]

d0zZEISW

SOUND (2)
INPUT

Low output impedance by emitter follower output.

APPLICATION

Video equipment

RECOMMENDED OPERATING CONDITIONS
Rated supply vo'tage range ............................................. 5~]4V

EQUIVALENT CIRCUIT

CONTROL

EACH sSW

CONTROL
LOGIC

(OouTPuT

16 pin molded plastic DIL

® ®
INPUT A INPUT B
SOUND (1) SOUND (2)
BLOCK DIAGRAM  souvoi soun
’—_'_&ﬁ P—A_ﬂ
1 2 3 1 2

N

BUFFER BUFFER

Gv=1

VIDEO
INPUT
1 2
\ ]
Vee
DECOUPLING
BUFFER

GND

SOUND (1) CONTROL SOUND (2) CONTROL VIDEQ CONTROL INPUT
OUTPUT INPUT FOR OUTPUT  INPUTFOR OUTPUT FOR VIDEO
SOUND (1) SOUND (2)
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MS51320P

ANALOG SWITCH

ABSOLUTE MAXIMUM RATINGS (Ta=25C, Vec=12V, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vece Supply voltage 14 \%
V| Input DC voltage 6 vV
Ve Control voltage Vee \Y
Pd Power dissipation 1.25 w
Topr Operating ambient temperature —20~+175 c
Tstg Storage temperature —40~+125 c

ELECTRICAL CHARACTERISTICS (Ta=25C, Vco=12V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max

lee Circuit current 40 48 mA
Vioc Input bias voltage 3.8 4,2 4.6 \
v o b ' video 5.0 5.6 6.2 \

utput bias voltage

ore sound 320 | 36 | 42 v
AVopc | Output offset voltage 15 100 mV
Veh pin® 7.0 8.0 9.0 \
Voo Threshold voltage pin® 3.0 4.0 5.0 \
Vic pin @, ® 1.7 2.1 2.5 v

video, f=1MHz 5.7 6.7 7.7 dB
Gy Voltage gain

sound, f=1kHz —0.5 | —0.1 dB

sound, f=1kHz 22 kQ
Rj Input resistance

video, f=5MHz 1 kQ
Cj Input capacitance video, f=5MHz 4 pF

sound, f=1kHz, Vo=1Vrms 0.02 0.2 %
THD Total harmonic distortion

sound, f=100Hz, Vo=1Vrms 0.03 0.2 %

video, Rg=750, BW=10MHz 0.5 1.0 mvVrms
Vn Output noise voltage

sound, Rg=600Q, BW=15kHz 3 50 mrms

sound, f=1kHz 65 80 dB
CT Crosstalk

video, f=5MHz 45 55 dB

SWITCH MODE

CONTROL INPUT
FOR SOUND (1)

SOUND (1)
INPUT

SOUND (2)
INPUT

VIDEO
INPUT

VIDEO  SOUND (2)

CONTROL INPUT

SOUND (1)
OUTPUT

SOUND (2)
OUTPUT

Table 1 Switch Mode versus Control Input

glul:;'i?ﬂ Control Input S Sz S3
Vee 1 ! !
Open 2 * *
GND 3 2 2 * Vgoc or GND

MITSUBISHI
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M51320P

ANALOG SWITCH

TYPICAL CHARACTERISTICS

THERMAL DERATING
(MAXIMUM RATING)
2.0

B

~ 1.6

°

o

3

= 1.2

g N

] N

S 0.8 AN

E N

2 AN

O 0.4 —

a N N

\\
0g 25 50 75 100 125

AMBIENT TEMPERATURE Ta (C)

VOLTAGE GAIN VS FREQUENCY
(SOUND)

T T
Vee=12V

CiN=1uF

VOLTAGE GAIN Gy (dB)
o

102 3 57103 3 5 7104 3 57105

FREQUENCY f (Hz)

TOTAL HARMONIC DISTORTION
VS OUTPUT VOLTAGE (SOUND)

0 LRI
; Vo=1Vrms:
3

Vce

4

I L— Il

TOTAL HARMONIC DISTORTION THD (%)

102 3 57103 3 57104 3 57105

FREQUENCY f (Hz)

80

60

40

20

CIRCUIT CURRENT Igc (mA)

‘'SUPPLY VOLTAGE VS
CIRCUIT CURRENT

Rg=200Q

\ |

]

/

N .

7.5

10

12.5 14°15

SUPPLY VOLTAGE Ve (V)

TOTAL HARMONIC DISTORTION
VS OUTPUT VOLTAGE (SOUND)

f=1kHz

S 10

; 7

9 s

= 3

z

<}

% 0.1
7

% 5

o 3

Q

8

2 o.01

o 7

< 5

T

2 3

6

0.001

e

.01 3 5701

3 571

3 5710

OUTPUT VOLTAGE Vo (Vrms)

INPUT DC VOLTAGE VS

OUTPUT DC VOLTAGE (SOUND)

/

OUTPUT DG VOLTAGE Vo pc (V)

/

4

6

8 10

INPUT DC VOLTAGE V, ¢ (V)
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M51320P

ANALOG SWITCH

VOLTAGE GAIN Gy (dB) CROSSTALK CT (dB)

CROSSTALK CT (dB)

CROSSTALK VS FREQUENCY

(SOUND)
100
90
G-
™N
80 /
. NN
@-or @G | N \\
60 \\\
\

59]’03 3 57104 3 57105 3 57106

FREQUENCY f (Hz)

VOLTAGE GAIN VS FREQUENCY
(VIDEO)

0
105 3 57906 3 5710’ 3 5798

FREQUENCY f (Hz)

CROSSTALK VS FREQUENCY

(VIDEO)
90
80
®@-®
N
70
60 \
V
N
N
50
40104 3 57105 3 57106 3 517197

FREQUENCY f (Hz)

OUTPUT NOISE VOLTAGE VN (uVrms)

OUTPUT DC VOLTAGE Vg pg (V)

TOTAL HARMONIC DISTORTION THD (%)

OUTPUT NOISE VOLTAGE VS
SIGNAL SOURCE RESISTANCE
(SOUND)

100

w 0~

w o~

102 3 57993 3 57904 3 57905

SIGNAL SOURCE RESISTANCE Rg (Q)

INPUT DC VOLTAGE VS
OUTPUT DC VOLTAGE (VIDEO)

N

Voo =12

©

rVec=9V

N

w

"1

0 2 4 6 8 10

INPUT DC VOLTAGE Vi pc (V)

TOTAL HARMONIC DISTORTION
VS OUTPUT VOLTAGE (VIDEO)

w o~ =
=

VA

(R RN

v f=10kHz

[T

0.01 3 570.1 3 571 3 5710

OUTPUT VOLTAGE Vo (Vrms)
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M51320P

ANALOG SWITCH

APPLICATION EXAMPLE

Fig. 1 + +——O Ve
S1 1:Tv
S1 51 1 S2 + _l_ 2 : TVmono
o2 104 0.14 3: VTR
52 4.1y
713 2;7 2: VTR
SOUND (1) U+ | 61 H VTR )
OUTPUT Hi, I._1 | Hy, 3
SOUND
I 2 15 ] 2 (INPUT (1)
| aa
VTR
VIDEO + |- =1 ty TV
oG 2 o—ELD plrlL“‘ l3 14| Z P 01
75
! o s B
o
TV g
VIDEO o N o oyt Il 3 12 I——— 75
INPUT 1 Hi, 1 VIDEO
75 OuTPUT
0 @ "
L]
+
—0 B
H SOUND
INPUT (2)
SOUND (2) _ yt s 91 +y VTR,
OUTPUT HT, b Hi,
+
10,2 ==0.14
Ve/e 7-&- ; Unit Resistance: €

(Note) It is usually to use the external transistor to the
video output shown in Fig. 1. When the supply voltage is
below 9 volts, it is able to use the circuit shown in Fig. 2.
In this circuit, the power dissipation is given by the follow-
ing formula;

Pd=Vcc * lec + Yo

Re (Vee = Vo)

Vo is the DC output voltage of the video switch. The
minimum load resistance Rg must be chosen more than
200 ohms not to exceed the maximum rating of power
dissipation.

Capacitance: F

Fig. 2

Re= 200Q
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M51321P

ANALOG SWITCH

DESCRIPTION

The M51321P, a monolithic analog switch, is designed for an
electronic switch for a video system. It contains one video fre-
quency switch circuit and two audio frequency switch circuits.
The each circuit has three inputs for connecting with TV,
Video Tape Recorder and Video Disc signals.
In addition, the video frequency switch circuit has a gain
stage about 6dB.

FEATURES

PIN CONFIGURATION (TOP VIEW)

SOUND OUTPUT (1) 1] 3
SOUND (1)
Vee 3] [T 2 inpuT
VIDEO INPUT (1) [ 1
NC [4] 2 [ coNTROL INPUT
o
VIDEO INPUT (2) @ [14 VIDEO OUTPUT
N
NC[6] 3 [ DECOUPLING
VIDEO INPUT (3) 17 3
SOUND (2)
GND [8] [0 2 inpuT
SOUND OUTPUT (2) [3] 9] 1
Outline 18P4

NC: NO CONNECTION

® Video and stereo sound switches in one package

® Wide freqUEnCy range «+«+--++-rsrererrrrrrneeesesnaieees DC to 10MHz

® High separation ««««wxeeeeeeeenes Crosstalk 55dB (typ.) (@ 5 MHz)
60dB (typ.) (@ 1 MHz)

® High input impedance

® Low output impedance by emitter follower output

APPLICATION

Video equipment

RECOMMENDED OPERATING CONDITIONS

Rated supply voltage range --«««-«:+s--sssereemeesneeninnnienns 5~14V
EQUIVALENT CIRCUIT
CONTROL EAGH SW
ICONTROL]
Voo |LOGIC Voo
WVee v
cc
J 18 pin molded plastic DIL
| OUTPUT
| | |
®
INPUT A INPUT B INPUT C
BLOCK DIAGRAM souno () SOUND (2) VIDEO
INPUT INPUT OuTPUT
A ~ Ve N— ——
2 1 2 3

_%2) Ve

| H
|
| DECOUPLING
|
BUFFER BUFFER BUFFER |
Gv=1 Gy=1 Gy=2 |
i
| GND
|
—G O
o/ N
SOUND (1) SOUND (2) VIDEO CONTROL
OUTPUT OUTPUT OUTPUT INPUT
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M51321P

ANALOG SWITCH

ABSOLUTE MAXIMUM RATINGS (Ta=25C, Voc=12V, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage 14 v
\ Input DC voltage 6 \%
Ve Control voltage Vce \
Pd Power dissipation 1.25 \\4
Topr Operating ambient temperature —20~+175 c
Tstg Storage temperature —40~+125 T

ELECTRICAL CHARACTERISTICS (Ta=25T, Voc=12V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
lcc Circuit current 39 48 mA
Vioc Input bias voltage 3.8 4.2 4.6 \%
v outout bi " video 5.0 5.6 6.2 \'
utput bias voltage
ope sound 3.0 3.6 4.2 "
AVope Output offset voltage 15 100 mV
Veu 7.0 8.0 9.0 v
Threshold voltage
Veo 3.0 4.0 5.0 v
video , f=1 MHz 5.7 6.7 7.7 dB
Gv Voltage gain
sound , f=1 kHz —0.5| —0.1 dB
sound , f=1kHz 22 kQ
Ri Input resistance
video , f=5MHz 1 kQ
Ci Input capacitance video , f=5MHz 4 pF
sound , f=1kHz, Vo= 1 Vrms 0.02 0.2 %
THD Total harmonic distortion
sound , f=100Hz Vo=1Vrms 0.03 0.2 %
video , Rg=750Q , BW=10MHz 0.5 1.0 | mVrms
Vn Output noise voltage
sound , Rg=600Q , BW=15kHz 3 50| wVrms
sound , f= 1 kHz 65 80 dB
] CT Crosstalk
video , f=5MHz 45 55 dB

SWITCH MODE

-
SOUND (1) SOUND (1)
INPUT OUTPUT
L
-
SOUND (2) SOUND (2)
INPUT OUTPUT
AN
e
Table 1 Switch Mode versus Control Input
VIDEO VIDEO Control Input S Sz S3
INPUT OUTPUT
Vece 1 1 1
S Open 2 2 2
GND 3 3 3
CONTROL INPUT
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M51321P

ANALOG SWITCH

TYPICAL CHARACTERISTICS

POWER DISSIPATION Pg (W)

VOLTAGE GAIN Gy (dB)

Qg 1.0
S 5
a 5
T 3
-
z
S 0.1
& 7
g 5
a 3
Q
z
% 0.01
c 7
< 5
I
- 3
<
=
e

0.001

102 3 5710%

510? 3 57103

THERMAL DERATING
(MAXIMUM RATING)

N
N
N

0 25 50 75 100 125

AMBIENT TEMPERATURE Ta ()

VOLTAGE GAIN VS FREQUENCY
(SOUND)

TTTTT
Ve =12V

Cin=1uF

3 57104 3 57105

FREQUENCY f (Hz)

TOTAL HARMONIC DISTORTION
VS FREQUENCY (SOUND)

TT T 1
1Vrm

T
—Vo

Vee= 9V
1 11]
=111

Vee= 12V

3 57104 3 57195

FREQUENCY f (Hz)

CIRCUIT CURRENT Igc (mA)

TOTAL HARMONIC DISTORTION THD (%)

OUTPUT DC VOLTAGE Vinpc (V)

0.01

0.001

SUPPLY VOLTAGE VS
CIRCUIT CURRENT

80 I
|
|
|

60 t

RE=200Q I
//:

40 +
/HE=oo|

/ :

20// —t
|
I
]

0 1
5 7.5 10 12.5 14 15

SUPPLY VOLTAGE Vgg (V)

TOTAL HARMONIC DISTORTION
VS OUTPUT VOLTAGE (SOUND)

IRE

f=1kHz

w < O

w N~ -

7
5

3

0.01 3 570.1 3 571 3 5710

OUTPUT VOLTAGE Vo (Vrms)

INPUT DC VOLTAGE VS
OUTPUT DC VOLTAGE (SOUND)

0 2 4 6 8 10

INPUT DC VOLTAGE V| pc (V)
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M51321P

ANALOG SWITCH

CROSSTALK VS FREQUENCY OUTPUT NOISE VOLTAGE VS

RESISTANCE
(SOUND) SIGNAL SC:;JSS;D) SIS [
100 100
—~ 7
g 5
w0 \>; 3 =
o L~
= N ST
5 80 \ @®—@ “24 ; -
2 / k g
e OG-0 or O-®@ N N o
NN
60 5 :
N 3
50103 3 57104 3 57105 3 57108 0'1102 3 57103 3 57104 3 57105
FREQUENCY f (Hz) SIGNAL SOURCE RESISTANCE Rg (Q)
VOLTAGE GAIN VS FREQUENCY INPUT DC VOLTAGE VS
(VIDEO) OUTPUT DC VOLTAGE (VIDEO)
10 T TTTT - 15
Vee=12V
S
. ~ g2
g 8
~ o
3 N\ Z 9 voc=1lev__.
z \\ e FVoo=8V
(G] -
w 2 6
] > 7
< \ g 4
E 2 3
[
s =
s 5 s Tier s 7107 3 57108 0% 2 4 6 8 10
FREQUENCY f (Hz) INPUT DC VOLTAGE V| pc (V)
CROSSTALK VS FREQUENCY TOTAL HARMONIC DISTORTION
(VIDEO) VS OUTPUT VOLTAGE (VIDEO)
90 ~ 10
3\‘1 7
5
80 2 s
B ®-@ c
Z NI
. ASNVA g
) Q\ E 5 7
5 ®-6 or -0 N\ g ° .
e 60 X ©
%] Z 0.1
g N 2 /
50 B
3 3 f=10kHz—]
< P
. 5 .01 [
10* 3 5710% 3 57908 3 57497 0.01 3 570.1 3 571 3 5710
FREQUENCY f (Hz) OUTPUT VOLTAGE Vo (Vrms)
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M51321P

ANALOG SWITCH

APPLICATION EXAMPLE

Fig. 1
’ —O Vgeo
TR 10 K lo 1
20 “ T sl 1:TV
2: VTR
i 3:VD
—_
+ l I + VD
SOUND (1) H 1 18 H o
OUTPUT LakP” L — Hi, :
+
2 E__ H | VTR o SOUND (1)
{ T 2 ¢ iNpUT
TV
c + 1 +, TV
16 H
! P 3 ad 2P 01
75
N
VTR o
VIDEO ) , o yt [ 8 1 75
INPUT Hy, — = I__O VIDEO
5 T OUTPUT
1 6 13] i
ey
vD
3 + ’———E 12' +H}i vD 03
L Tu ] Tu
75
+
. I 8 11 H VTR SOUND (2)
L_J Hi, —O 2 \NPUT
SOUND  (2) U+ r"g -—lw +y v,
OUTPUT Pﬁ# L e | + H‘Ll
10uj£ =01y
77 ; Units Resistance Q
Capacitance: F
(Note) It is usually to use the external transistor to the Fig. 2
video output shown in Fig. 1. When the supply voltage is
below 9 volts, it is able to use the circuit shown in Fig. 2. 150
In this circuit, the power dissipation is given by the follow- I o
ing formula;
Py=Vee * loe + —2 (v, Vo) Re %0
d= Vcc * lec R cc — Vo
E
Vo is the DC output voltage of the video switch. The
minimum load resistance Rg must be chosen more than
Re=200Q

200 ohms not to exceed the maximum rating of power

dissipation.
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'M51326P

ANALOG SWITCH

DESCRIPTION

The M51326P, a monolithic analog switch, is designed for electro-
nic switch for a video system. It contains one video frequency
switch circuit and two audio frequency switch circuits. The video
frequency switch and the one of the audio frequency switch
circuits, The video frequency switch and the one of the audio
frequency switch circuit have two inputs for connecting with
TV and Video Tape Recorder. The other audio frequency switch
circuit has three inputs.

FEATURES

® Video and stereo sound switches in one package

) Wlde frequency range .................................... DC tO ]OMHZ
® High separation «««+---svveeevee Crosstalk 55dB (typ.) (@ 5 MHz)

. 60dB (typ.) (@ 1 MHz)
® High input impedance
® Low output impedance by emitter follower output

APPLICATION

Video equipment

RECOMMENDED OPERATING CONDITIONS
Rated supply voltage range --+----+-ssssmeeeeeniieennninn. 514V

EQUIVALENT CIRCUIT

CONTROL

¢

CONTROL | Vec
LOGIC

EACH SW

PIN CONFIGURATION (TOP VIEW)

SOUND OUTPUT (1) [1]

Vee [2]

VIDEO INPUT (2) 3]

CONTROL INPUT ]
FOR VIDEO

VIDEO INPUT (1) [5]

CONTROL INPUT [5]
FOR SOUND (1)

GND
SOUND OUTPUT (2) [8]

Outline

3

SOUND (1)
8 2 ¢G0T
) 1

CONTROL INPUT
i) FOR SOUND (2)

2] VIDEO OUTPUT
[T DECOUPLING

@ 1| sounp(2)
5y, [ INPUT

d9Z8ISW

16P4

16 pin molded plastic DIL

INPUT A INPUT B
SOUND (1) SOUND (2) VIDEO
BLOCK DIAGRAM INPUT INPUT INPUT

Vee

) DECOUPLING

GND

SOUND (1) CONTROL SOUND (2)  CONTROL VIDEO CONTROL INPUT
OUTPUT INPUT FOR OUTPUT INPUT FOR .QUTPUT ‘'FOR VIDEO
SOUND (1) SOUND (2)
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M51326P

ANALOG SWITCH

ABSOLUTE MAXIMUM

RATINGS (T2=25C, Voo=12V, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
v Vco Supply voltage 14 \Y
Vi Input DC voltage 6 )
Ve Control voltage Vee \
Pd Power dissipation 1.25 w
Topr Operating ambient temperature —20~+175 T
Tstg Storage temperature —40—~+125 c
ELECTRICAL CHARACTERISTICS (Ta=25C, Voc=12V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
lcc Circuit current 28 36 mA
Vibc Input bias voltage 3.8 4.2 4.6 \"
Vooc Output bias voltage 3.0 3.6 4.2 v
AVope Output offset voltage 15 100 mv
Voo pin ® 7.0 8.0 9.0 \Y
Ve Threshold voltage pin ® 3.0 4.0 5.0 v
Vic pin @, ® 1.7 2.1 2.5 \%
Gv Voltage gain f=1kHz —0.5| —0.1 dB
. sound , f=1KkHz 22 kQ
Ri Input resistance
video , f=5 MHz 1 kQ
Ci Input capacitance video , f=5MHz 4 pF
sound , f=1kHz , Vo=1Vrms 0.02 0.2 %
THD Total harmonic distortion
sound , f=100Hz , Vo= 1 Vrms 0.03 0.2 %
video, Rg=75Q , BW=10kHz 0.5 . 1.0| mVrms
Vn Output noise voltage
sound , Rg=600Q , BW=15kHz 3 50| wVrms
sound , f=1 kHz 65 80 dB
CT Crosstalk
video, =5 MHz 45 55 dB

SWITCH MODE

CONTROL INPUT
FOR SOUND (1)

SOUND (1) SOUND (1)
INPUT ouTeuUT
SOUND (2) SOUND (2)
INPUT OUTPUT
VIDEO VIDEO .
INPUT OUTPUT Table 1 Switch Mode versus Control Input
Control Input Sy Sz S3
Vee 1 1 1
VIDEO SOUND(2) Open 2 * *
—
CONTROL INPUT GND 3 2 *Vge or GND
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M51326P

ANALOG SWITCH

TYPICAL CHARACTERISTICS

THERMAL DERATING
(MAXIMUM RATING)

1:2 \\

POWER DISSIPATION Pq (W)

NG
N

0 25 50 75 100 125

AMBIENT TEMPERATURE -Ta (T)

VOLTAGE GAIN VS FREQUENCY
(SOUND)

|EAR
Vee=12V

Cin=1uF

VOLTAGE GAIN Gy (dB)

5]0? 3 57103 3 57104 3 5710°

FREQUENCY f (Hz)

TOTAL HARMONIC DISTORTION
VS FREQUENCY (SOUND)

T ITTT
Vo=1Vrms

w v o

w N -

S
[L1S

=11t

<

9

&
<1 |
1

0.01

TOTAL HARMONIC DISTORTION THD (%)

0'001102 3 57103 3 57904 3 57105

FREQUENCY f (Hz)

SUPPLY VOLTAGE VS
CIRCUIT CURRENT

80 , T

[}

_ I

< |

E 60 —

|

£ I

& 40 1
&

3 1

g / |

3 2 // t

S |

© / |

|

0 1

5 7.5 10 2.5 14 15

SUPPLY VOLTAGE Vgg (V)

TOTAL HARMONIC DISTORTION
VS OUTPUT VOLTAGE (SOUND)

Q 1.0
S 7 1]
o 5 f=1kHz
E 3
8
© 0.1
b 7
(o] 5
%
o 3
o
zZ
Q 0.01 d
s
o 7
< 5
I .
- 3
5
F0.001
0.01 3 570.1 ‘3 571 3 5710

OUTPUT VOLTAGE Vo (Vrms)

INPUT DC VOLTAGE VS
OUTPUT DC VOLTAGE (SOUND)

©

,, /

LA
4

0 2 4 6 8 10

OUTPUT DC VOLTAGE Vo pc (V)

INPUT DC VOLTAGE V| pg (V)
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ANALOG SWITCH

VOLTAGE GAIN Gy (dB) CROSSTALK CT (dB)

CROSSTALK CT (dB)

CROSSTALK VS FREQUENCY

(SOUND)
100
90
| oo
80
>\
70 N N
@-@® or B-® \\ N\
60 N
N
50

103 3 5 7104 3 57105 3 57108

FREQUENCY f (Hz)

VOLTAGE GAIN VS FREQUENCY
(VIDEO)

5105 3 57106 3 57107 3 57108

FREQUENCY f (Hz)

CROSSTALK VS FREQUENCY

(VIDEO)
90
80
®-®
"N
70
60 \\
N
50
‘wwn 3 5 710°% 3 571086 3 57107

FREQUENCY f (Hz)

OUTPUT NOISE VOLTAGE Vy (uVrms)

TOTAL HARMONIC DISTORTION THD (%)

[T11T

OUTPUT NOISE VOLTAGE VS
SIGNAL SOURCE RESISTANCE
(SOUND)

W N

"102 3 57103 3 57104 3 57905

SIGNAL SOURCE RESISTANCE Rg (Q)

TOTAL HARMONIC DISTORTION
VS OUTPUT VOLTAGE (VIDEO)

W=

GRS

f=10kHz—

0.01 3 570.1 3 57 3 5710

OUTPUT VOLTAGE Vg (Vrms)
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ANALOG SWITCH

APPLICATION EXAMPLE

-0 Voo

St 1:7V
S1 01 1 Sz + l 2 : TVmono
» 104 0.1u 3:VTR
71 2

STV
3 27I7 VTR
[\ |
+y VTR
SOUND (1) yt 1 m H 0 3
ouTPUT Hi, L ] Ha,
. m! SOUND (1)
l | INPUT
VTR
20— 4t I3 14 | ty TV o1
Hi, | I S| LW
VIDEO s :
INPUT _E g 1
. g
\4 o
+ I v 1ty
1 5 12 o VIDEO OUTPUT
T -1 Hy,
75
& @
—E 10 - +H 01
— u SOUND (2)
INPUT
SOUND (2) yt Ts ! +y 02
OUTPUT A, | I_J Hi,
10u£ ——0.14
77 7 ; Units Resistance Q
Capacitance: F
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M51327P

ANALOG SWITCH

DESCRIPTION

The M51327P, a monolithic analog switch, is designed for an

electronic switch for a video system. It contains one video fre-

quency switch circuit and two audio frequency switch circuits.
The each circuit has three inputs for connecting with TV,

Video Tape Recorder and Video Disc signals.

FEATURES

® Video and stereo sound switches in one package

) Wlde frequency range ...................................... DC to ]OMHZ
® High separation ««------oemeeeeeeeees Crosstalk 55dB(typ.) (@5MHz)

60dB(typ.) (@1MHz)
® High input impedance
® Low output impedance by emitter follower output

APPLICATION

Video equipment

RECOMMENDED OPERATING CONDITIONS
Rated supply voltage FANQE wwwrrrrrres s s 5~14v

EQUIVALENT CIRCUIT

CO ROL EACH sSW

Vee

1%—@ OUTPUT

INPUT A INPUT B INPUT C

PIN CONFIGURATION (TOP VIEW)

SOUND OUTPUT (1) [1]

['8) 3

j 2 SOUND (1)

Vee INPUT
[1e] 1

NC [a] 2 [i5 CONTROL INPUT
o
VIDEO INPUT 2 [E] & E] VIDEO OUTPUT
Ne[E 1 E] DECOUPLING
VIDEO INPUT (3) [2) 3
SOUND (2)
GND [8] 2 [ npuT

SOUND OUTPUT (2) 3]

fi9] 1

Outline 18P4
NC: NO CONNECTION

18 pin molded plastic DIL

BLOCK DIAGRAM

SOUND (1) SOUND (2)
INPUT INPUT

VIDEO
QUTPUT

BUFFER
Gy=1

Vee

DECOUPLING

(3) eno

—_—— ]

G

SOUND (1) SOUND (2) VIDEO CONTROL
ouTPUT ouTPUT ouTPUT INPUT
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ANALOG SWITCH

ABSOLUTE MAXIMUM RATINGS (Ta=25C, V=12V, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vece Supply voltage 14 \%
V) Input DC voltage 6 \%
Ve Control voltage Veo \2
Pd Power dissipation 1.25 w
Topr Operating ambient temperature —20~+75 T
Tstg Storage temperature —40~+125 T

ELECTR'CAL CHARACTERISTICS (Ta=25C, Voc=12V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
lcc Circuit current 28 36 mA
Vioc Input bias voltage 3.8 2.5 4.6 v
Vobc Output bias voltage 3.0 3.6 4.2 \
AVopc | Output offset voltage 15 100 mV
Veu 7.0 8.0 9.0 v
Threshold voltage
Voo 3.0 4.0 5.0 \
Gv Voltage gain sound , f=1kHz —0.5 | —0.1 dB
sound, f=1kHz 22 kQ
R, Input resistance
video, f=5MHz 1 kQ
C, Input resistance video, f=5MHz 4 pF
sound, f=1kHz, Vo=1Vrms 0.02 0.2 %
THD Total harmonic distortion
sound, f=100Hz, Vo=1Vrms 0.03 0.2 %
video, Rg=750, BW=10MHz 0.5 1.0 mVrms
Vn Output noise voltage
sound , Rg=6000 , BW=15kHz 3 50 #Vrms
sound, f=1kHz 65 80 dB
CT Crosstalk
video, f=5MHz 45 55 dB
SWITCH MODE
109
SOUND (1) ], 2 S1 SOUND (1)
INPUT OuTPUT
3@
\
r
109
SOUND (2) SOUND (2)
weur 32 @, 9> OUTPUT
3
L
g
1®
VIDEO VIDEO .
oY < 2(s D—@) OUTPUT Table 1 Switch Mode versus Control Input
3 o Control Input Sy Sz S3
~ Vece 1 1 1
Open 2 2 2
CONTROL INPUT GND 3 3 3
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ANALOG SWITCH

TYPICAL CHARACTERISTICS

VOLTAGE GAIN Gy (dB) POWER DISSIPATION Pg (W)

TOTAL HARMONIC DISTORTION THD (%)

RN

w N o

W N -

0.01 Vee =12V

THERMAL DERATING
(MAXIMUM RATING)

N

N
N
N

0 25 50 75 100 125

AMBIENT TEMPERATURE Ta (TC)

VOLTAGE GAIN VS FREQUENCY

(SOUND)
5 LU
Vec=12V
Cin=1uF
0
L—T]

5102 3 57993 3 57104 3 57105

FREQUENCY f (Hz)

TOTAL HARMONIC DISTORTION
VS FREQUENCY (SOUND)

LA
Vo= 1Vrms

Veo= 9V

02 3 57103 3 57104 3 57105

FREQUENCY f (Hz)

SUPPLY VOLTAGE VS
CIRCUIT CURRENT
80

60

40

20

CIRCUIT CURRENT Igg (mA)

—

_—

5 7.5 12.5 12.5

shk———

SUPPLY VOLTAGE Vge (V)

TOTAL HARMONIC DISTORTION
VS OUTPUT VOLTAGE (SOUND)

T

f=1kHz

w N o

[T RN

0.01 =1
7
5

3

TOTAL HARMONIC DISTORTION THD (%)

0.001
0.01 3 570.1 3571 3 5710

OUTPUT VOLTAGE Vo (Vrms)

INPUT DC VOLTAGE VS
OUTPUT DC VOLTAGE (SOUND)

4 /
4

OUTPUT DC VOLTAGE Vo pg (V)

4

0 2 4 6 8 10

INPUT DC VOLTAGE V, p¢ (V)

MITSUBISHI 2—151
ELECTRIC



MITSUBISHI LINEAR ICs

M51327P

ANALOG SWITCH

CROSSTALK VS FREQUENCY OUTPUT NOISE VOLTAGE VS
(SOUND) SIGNAL SOURCE RESISTANCE
100 (SOUND)
100
> 7
£ 5
- 90 >1 3 -
g N z L]
5 80 \ ®-® § :
3 2 s 0
P (1] = s
5 @®-@ or @-@B TN o
¢ NN s
° e AN oS
& 3
N 3
50103 3 5 7104 3 57105 3 57108 0'1102 3 571903 3 57104 3 5 71095
FREQUENCY f (Hz) SIGNAL SOURCE RESISTANCE Rg (Q)
VOLTAGE GAIN VS FREQUENCY TOTAL HARMONIC DISTORTION
(VIDEO) VS OUTPUT VOLTAGE (VIDEO)
5 g 12
o 5
I 3
& =
K g
- =
[C] :Jo_: 5 I
P4 [%]
z 0 B 3
[¢] \ o
w N L
2 N 2 o
[ s /
3 g s
> I
: AL t0khe
pu
y 0o [T
105 3 57106 3 57107 3 57108 0.01 3 570.1 3 571 3 5710
FREQUENCY f (Hz) OUTPUT VOLTAGE Vo (Vrms)
CROSSTALK VS FREQUENCY
(VIDEO)
90
80
@ { Q@-@
~ N
Ko A \\\<
y NN
2 @-® or - N
;, 60 N
N
. 50
40104 3 57105 3 57106 3 57197
FREQUENCY f (Hz)
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ANALOG SWITCH

APPLICATION EXAMPLE

Units Resistance Q
Capacitance: F

—O Vge
1 Sy +
10 0.1
2;1‘\37 # “ S1 1Ty
2: VTR
371- 3:VD
[\ ]
+ inm — +
SOUND (1) “ ; " —
ouTPUT ZE L 18} Zrm o3
+ SOUND (1)
‘E }__HT*‘OZ INPUT
TV
Aoyt Ny m +
10- Z o 3] | 1°F i —0 1
75
2
VTR @
pR P + ‘__E 8 2] ty VIDEO
INPUT [P 3 M Hi, ouTPUT
75
L6 @
vD )
+
Y N ” ks | 2] H
30 ;; Hi, L 12} H, —03
75
ml +
) 8 1 H SOUND (2)
—D —J H1, —02 ¢ \puT
SOUND (2) y+ |—‘9 m! g o
ouTPUT Hi, L ) N Hi,
1o#j£‘ 0.1u
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PLL

DESCRIPTION

The M51361P/M5ES65P is semiconductor integrated circuit
consisting of a phase locked loop (PLL)IC which includes a
phase comparator, a voltage controlled oscillator and a DC
amplifier.

The center frequency is determined by the oscillation fre-
quency of the voltage controlled oscillator; the oscillation
frequency can easily adjusted with a resistor and a capaci-
tor, making this IC suitable for use in frequency modulators
and tracking filters, etc.

FEATURES

® Variations in the supply voltage have little effect on the
oscillation frequency -+ 200Hz/V typ (fo = 30kHz)

® The total harmonic distortion of demodulated output is
low

® Both square and triangular wave forms can be obtained
as oscillator output

® Both lock range and capture range are externally
controllable .

® Wide oscillation frequency range ««------+«--++ 0.5~500kHz

® The loop can be opened and a frequency divider inserted
from outside

APPLICATION

Frequency modulators, frequency discriminators, tracking
filters, frequency multipliers, FSK (Frequency shift keying)
modulators.

RECOMMENDED OPERATING CONDITIONS
Supp|y Vo'tage range ...................................... 12~15‘6V
Rated supply voltage

PIN CONFIGURATION (TOP VIEW)

i3 NC
@ NC
7 NC

1] NC

9 Vee

E FREQUENCY.
ADJUSTMENT CAPACITOR

g FREQUENCY.
ADJUSTMENT
RESISTANCE

Outline 14P4
NC: NO CONNECTION

SIGNAL INPUT

SIGNAL INPUT

SQUARE WAVE

OSCILLATION OUTPUT

COMPARISON SiGNAJr
INPU

REFERENCE VOLTAGE
OUTPUT

14-pin molded plastic DIL

EQUIVALENT  fsiyscr REFERENCE
(o VOLTAGE
CIRCUIT S
4
L LXxz | 3 AENE
3 b < —P—1 7) OUTPUT
s
_.K —— L
g {}_ -
|
L} £
S
3
E3 % s 3 3
ARE WAVE COMPARISON SIGNAL SIGNAL
CILLATION SIGNAL INPUT INPUT
OUTPUT INPUT
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PLL
ABSOLUTE MAXIMUM RATINGS (Ta=25C, unless otherwise noted)
Symbol Parameter Conditions Limits Unit
Veo Supply voltage 16 \
Vin Input voltage 1 Vp—p
lce Circuit current 30 mA
Pd Power dissipation 600 mW
Ko Thermal derating Ta=25°C 6 mw/°C
Topr Operating temperature 0~+75 °C
Tstg Storage temperature — 40~ + 125 °C
ELECTRICAL CHARACTERISTICS (1a=25T, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
lcco Quiescent circuit current 11 17 mA
No signal
Vo Pin 7 voltage 12.5 13.5 \
Vo-@ Offset voltage Potential difference between pins 6 and 7 150 360 mV
Vo(af) |§ | Outputvoltage Oscillation frequency 30kHz 200 300 mVrms
E-g Input frequency 30kHz
THD 38| Total harmonic distortion Input voltage 15mVrms 0.35 0.75 %
g“ - - Modulation frequency 1kHz %1
S/N & | Signal to noise ratio Frequency deviation + 3kHz 56 daB
Vsa _ Square wave output voltage 7.0 Vp—p
1<
E Duty cycle Oscillation frequency  30kHz 40 50 60 %
g
VTRI g Triangular wave output voltage 2.4 Vp—p
2 =
fo(max) | B | Maximum free-running frequency Frequency setting capacitor ~ 100pF * 2500 kHz
c
S| Oscillation frequency drift vs Ve 200 Hz/V
@
I8 T - -
% ?esr(;:;l)lg;;?&gequency driftvs Oscillation frequency 30kHz 850 ppm/°C
>
fL Lock range 25 kHz
% 1: Unmodulated
% 2: Free-running frequency adjustment resistor Ry = 2k ~ 20k§2 (4k§2 standard)
X1 .
LOW_PASS FILTER LPF:
TEST CIRCUIT 1ESE,, SAGAMI MUSEN E03427 OR EQUIVALENT
6.8k 0.5mH
o A ® ° ¢
[F WA oI5 11N - 1 v
o ) 10k +| C 680
- . - Z5k = 10/1 &2 <LH1
& - s <L 23§, T2700p 2S5A628-E
P’ §B§ ~ x 47' ‘.; i 1 ™ 47k
X & Lo AN S| 10k T—VVy 37
x K @ éo 0 = L 1Udbp 4;124.7;4
Bz 3. =~ LPF X2
~ 1C1-M51361P l@ >3 = 102M51861P |7 10. —o6
M5ES65P 0 . MB5ES65P :é 2 5
< IC TESTED
(FM MODULATOR) e & ( ) o %Z 32 024 s
“ S10%? -
. »o\o—'\g/\ﬂ 4.7k 100y
F20| 6.8k AR
REs I E
ST <
) Se 30mA
1000Hz =
AC FREQUENCY
0.775Vrms ! I\/OLTMETER] l COUNTER IVOLTMETER] I e dyee
THD=0.1%
1 LPF 1o ofé 0 30kHz ” 7J7- a
CONNECTION 2[ o0 o |5 15mVrms OSCIAO DISTORTION
DIAGRAM 4 1, 3 INPUT Af= +3kHz
(BACK ViIEW) 3 © © |4 2 5GND
4,6 OUTPUT INPUT IMPEDANCE OF EACH TEST DEVICE>1MQ
(THE OUTER SURFACE
OF 4 IS MARKED)
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PLL
TEST METHODS
Parameter sy | S2 S3 Sa Ss Se S7 Sg So Method
Ossiilation fre_quencv 2 2 1 2 1 Adjust fo to 30+0.6kHz with R, to prepare for
adjustment testing (testing with the frequency countef)
Quiescent circuit
CJ'r'reSm ! 2 2 1 1 Ammeter
D dulated output
Vsmaogeu lated outpu 2 1 1 2 2 1 2 Vo (afy (AC Voltmeter)
Ig:‘:r:‘iz:‘mm'c 2 1 1 2 2 1 2 Distortion meter
Signal to noise ratio 1 1 1 2 2 1 2 Ratio to Vo (1) (AC Voltmeter)
Pin(DDC voltage 2 2 2 2 1 {DC Voltmeter)
Measure the limits of the pin @output frequency
Lock range 1 2 1 2 1 2 1 2 which is synchronized with input frequency by
variing VR3.
2: Connect pins ® and (P> through a 6.8k resistance only when measuring the lock range. (S; o ON)
I YP'CAL CHARACTERISTICS (Ta=25°C, Voc =12V, unless otherwise noted)
THERMAL DERATING VOLTAGE CONTROLLED
(MAXIMUM RATING) OSCILLATOR OUTPUT WAVE FORM
1000
>
~ - = 10
B3 2 T
£ 800 = ;
~ o)
o o w5 N AT N~
: 600 ° =
z
5 z 3
E 0
<
% 400 s
2 LB —
o 2 o
o« » = >tn 10
w N\, 2
2 200 A\ O w 5
) S o]
& M @ 2
N z5 0
0 h =2
0 20 40 60 80 100 120 140
AMBIENT TEMPERATURE Ta (°C) TIME t
- FREE-RUNNING FREQUENCY VS
CONTROL VOLTAGE
LOCK RANGE VS INPUT LEVEL (VCO CONVERSION GAIN)
-—10 2.0
0dB=1V
Q
 —20 z /
§ i e - 7
~ )
> _30 i
) o
w w >
> 9 <2> 1.0
: —40 Eg
pul 2 w
g £,
T N / . 7
50 \ / Z |~
=
\ )
—60 / 0
02040608 1 12 14 1618 2 0.5 1.0 1.5 2.0 2.5
CONTROL VOLTAGE (TERMINAL-TO-TERMINAL
NORMALIZED LOCK RANGE fi/fo VOLTAGE BETWEEN PINS @ AND D)
Vo-o@ (V)
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TERMINAL-TO-TERMINAL
VOLTAGE BETWEEN PINS (0 AND @ VS
INPUT/OUTPUT PHASE DIFFERENCE

2.5
INPUT f I I I I

vCo !

Q oureor fo_ 5 T

N
o

N

/

TERMINAL-TO-TERMINAL VOLTAGE
BETWEEN PINS 10 AND 7 V@—-@(V)
w

o
w

0 30 60 90 120 150 180

PHASE DIFFERENCE ¢ (deg)

LOCK RANGE VS TERMINAL-TO-TERMINAL
RESISTANCE BETWEEN PINS ®AND @

10

©

BETWEEN PINS ® AND @ (kQ )

TERMINAL-TO-TERMINAL RESISTANCE

00 02 0406 08 1 121416 1.8 2

STANDARDIZED LOCK RANGE f(/fL

EXPLANATION OF TERMINOLOGY AND THE

CAPTURE RANGE VS
LOW PASS FILTER CAPACITANCE

T fo— 30 kHz
£
)
g,J I 11
zZ
<
=
2 /
<
<
. l/ \\
i / \
- \
z
17
& 4
z
g
0.2 0.4 06 0.8 1 12 14 16 18 2

STANDARDIZED CAPTURE RANGE fgfo

range. Frequencies outside of the capture range cannot

cause the loop to enter the lock state.
Lock range
A frequency is said to be within the lock range if the

BASIC COMPUTATIONAL DESIGN EXPRES-
SIONS
1. Terminology

Terms commonly employed in describing phase locked
loop systems are explained below.

Free-running frequency fgo

This is the frequency produced by the voltage controlled
oscillator (VCO) when no input signal is applied.

Lock state

When the loop can sequentially follow changes in the
input signal phase or frequency it is said to be in the
lock state.

Capture range

lock state is maintained after it is captured by a signal
even though the frequency of the signal is changed. The
loop will lose the lock state if the signal shifts to a
frequency outside this range. In general, the lock range is
wider than the capture range.

. Computational expression

The computational expressions which are the basis for
operation of the M51361P/M5ES65P are as follows.

Free-running frequency fo

If the loop enters the lock state when a signal is input to fo = R, C, Hz) ... (1)
it, then the frequency of the signal is within the capture
MITSUBISHI : 2—157
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where R; is the resistance between pins @and @0 in
ohms and C, is the capacitance between pin@and GND
in Farads.

Lock range
_ . 8fo
fi=+ Veo Hz). ...l )
Capture range
o5t/ 220 [ (3)

where 7 = 3.6x10%) x C, and C, (F) is the capacitance
between pins(@and 40 in farads.

Lock range control

The lock range is determined by the supply voltage

APPLICATION EXAMPLE
FM Demodulation

FM signals can be demodulated with good linearity using
the M51361P. When the loop is in the lock state, the
amount of variation in the average direct current voltage
level of the signal output by the phase comparator is
proportional to variation in the frequency of the input sig-
nal. With the M51361P/M5E565P variations in the input
frequency over a wide range (about £60%) are followed
with a linearity which is within about 0.5%.

A basic example of application of this IC as an FM de-
modulator is shown in the diagram at right. The VCO
free-running frequency is (fo) = 1/4CR; so that it is the
same (at pin @)as the center frequency of the input sig-
nal when the circuit is idle. A value for R; of about 4kQ is
appropriate, but any value from 2~20kQ may be used.
Sometimes it is desirable to insert a 300~1000pF capaci-
tor between pins @ and ® to prevent parasitic oscillation.
Capacitor C, between pin @ and Vgc constitutes a low
pass filter which, together with the internal output resist-
ance (about 3.6kQ), determines the cut-off frequency
for the demodulated output.

(Vce) and the free-running frequency (fg); this range
can be reduced, however, by connecting pins ® and (7)
through a resistance. In such cases the lock range
becomes

Re-@+ 1.6
AT o (4)
where Rg-~ is, the resistance between. pins®and@in kQ
and f_ is the lock range when pins 8 and @ are not
connected in Hz.

This method can be used to reduce the lock range about
30% from that when pins@®and@are not connected.

fL"=-f|_

FM demodulation circuit

. Vee(14V)
_L O
R1Z Cz %wou
1000p
®
M51361P DEMODULATED
M5E565P 8 OuTPUT
Tu O) 9 t
1;01 VW
VCO OUTPUT Units Resistance: §
mn

Capacitance: F
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DUAL CHANNEL ELECTRONIC ATT

DESCRIPTION

The M51523L is a semiconductor integrated circuit consist-
ing of dual electronic attenuator and a balancer. It is housed
in a compact 14-pin ZIL package and is designed for use in
car audio equipment, radio cassette tape recorder, TV set
etc. Its attenuation and balance can be controlled by DC
volume control voltage and DC balance control voltage re-
spectively. And the included reference voltage supply is
available for DC volume control voltage or DC balance con-
trol voltage.

FEATURES

o High attenuation =« ssrorerreerrerrei 92dB(typ.)
(f=1kHz, V,=150mV IHF-A Network)

@ LOW diStOrtion -«-errerreremsraeeariorianieeiianenee. 0.01 5%(typ.)
(f=1kHz, V,=150mV Volume max.)

® Low noise ---+eeee 3.6¢Vrms(Volume min IHF-A Network)

® Including stabilized power supply, operation not affected
by supply voltage variation.

® Operation almost not affected by variation of tempera-
ture.

APPLICATION

Car audio, radio cassette tape recorder, TV set

RECOMMENDED OPERATING CONDITIONS
Supply vo'tage .................................................... 8 ~ 16v
Rated supply voltage .................................................. 12V

PIN CONFIGURATION (TOP VIEW)

M51523L
=n[o A~ S=RIEE]

Outline 14P5A

INPUT 2

OUTPUT 2

NC

NC

BALANCE CONTROL
NC

VOLUME CONTROL
GND

EXTERNAL REFERENCE
RIPPLE FILTER
INTERNAL REFERENCE
OUTPUT 1

INPUT 1

Vee

14-pin molded plastic ZIL

BLOCK DIAGRAM

NC : NO CONNECTION

INTERNAL EXTERNAL VOLUME BALANCE
INPUT 1 REFERENCE REFERENCE CONTROL CONTROL INPUT 2
2)—- - - 6 - @—- 10 - Gf
) I
NC
1
NU 12) NC

REGULATOR CONTROL

_ja%_@ - 13— -

RIPPLE FILTER GND OUTPUT 2

_ 3 -
OUTPUT 1 Vec
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. DUAL CHANNEL ELECTRONIC ATT

ABSOLUTE MAXIMUM RATINGS (Ta=25C, unless otherwise noted)

Symbol - Parameter Conditions Limits Unit
Veo Supply voltage Quiescent 18 v
lec Circuit current 30 mA
Pd Power dissipation 550 mw
Ks Thermal derating Ta225C 5.5 mw/C
Topr Operating temperature —20~+75 c
Tstg Storage temperature —40~+4125 c

ELECTRICAL CHARACTERISTICS (Ta=25C, Voc=12V, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max .

lcco Quiescent circuit current no signal Vo Min 7 12 20 mA

IHF-A Vo Min
ATT Attenuation 83 92

Vj=150mVrms
c.B Channel balance —3 0 3 dB
THD Total harmonic distortion VoL Max Vi=150mVrms 1kHz 0.015 0.1 %
Rj Input resistance 50 150 kQ
Vj(max) | Maximum input voltage THD=1% at 1kHz 1.0 1.5 Vrms
No Output noise voltage Vi=0 IHF-A Network 3.6 10 w#Vrms
Non Remaining output noise voltage Vi=150mVrms |HF-A Network 3.6 10 #Vrms

TEST CIRCUIT .

M51523L

7] 180 18] Lo [ L] s3] [re
VOC +
12V 104
4T u +
10
10k

VvoL VAL
Oto 6.5V 3.25V

S.G

S3
10k 55,2 Ss

Filter

Note : 1. S.G; equivalent to HP-339A
THD; equivalent to HP-339A

V.V; equivalent to Kikusui Model 1635 Units Resistance :
Capacitance : F

Note : 2. Low-ripple-noise power supply recommended (under 2xV)

The circuit below can be substituted for JIS-A Network.
(Note; gain 40dB)

22k
IN M
100 .
0.014 0.0
104 100pT i \ 2.2k 3«0 OUT
27k 2 36k . Volume control for the
T 22k2 Gain (40dB) between IN
and OUT
V.4 7
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DUAL CHANNEL ELECTRONIC ATT

TEST METHODS (Ta=25C, V=12V, f=1kHz, unless otherwise noted)

Switch connection
P " Methods
S S S3 S4 S5 Se S Sg
lcco 2 2 2 1 1 - 1 1 Read value on ammeter
1 1 1 VyoL:0 to 6.5V
ATT 1 1 1 1 1 Vo
1 1 2 ATT=20 log(Vj/Vo)dB
1 1 1
AGy 1 1 1 1 1 2 1 1 Channel balance at volume max
1
THD 1 1 1 1 1 ) 1 1 Vo=1Vrms, volume max take reading from distortion meter
R . 1 1 1—2 1 1 1 ] Voi is output for S4 of 1, Voz is output for Sy of 2
! 1 1—2 2 Ri=150/(Vo1/Voz—1)K Q2
1 Input voltage level at which THD of output voltage exceeds
Vi(max) 1 1 1 1 1 1 1
2 1% at volume max
1
No 1 2 2 1 1 2 1 1 Volume min, Rg=10kQ
1
Nocr) 1 1 1 1 1 2 2 2 IHF-A Network

ELECTRICAL CHARACTERISTICS CURVE

THERMAL DERATING TOTAL HARMONIC DISTORTION
(MAXIMUM RATING) VS OUTPUT VOLTAGE

1000 g 10
. § z
% 800 z 3
& E . ATT=-30dB
z 8 7 ;
8 600 7] 5 ATT=—1—}
: S e
173 =
@3 400 z ]/ JarT=0aB
a 0.1
8 \ E i 4 1
w ~ 4

~, < 5
g 200 <3 T, = yi
a \\ 2 N 'f
S § 0.01 o
0 25 50 75 100 125 10m 3 57100m 3 571 3 5710
AMBIENT TEMPERATURE T4(C) OUTPUT VOLTAGE Vo(Vrms)
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M51523L

DUAL CHANNEL ELECTRONIC ATT

OUTPUT VOLTAGE VS OUTPUT VOLTAGE VS
VOLUME CONTROL VOLTAGE BALANCE CONTROL VOLTAGE
- 20
Vi=150mVrms v Vi=150mVrms
@ P N
B /' 3 ° L TATT= 048] N
3 -2 > —~— | _____\.-
> / 5 —20 T
o / 8 e ATT:'—ZOdN _\
5 40 = —40 7 po==t
3 / 5 - %
> f o i ATT =4
= /' i
D —60 = —60 '
E z ’ e
o ]
o e I 3 —80 =
| | |---ch2
0 2 4 6 8 10 0 1 2 3 4 6
3.25V
VOLUME CONTROL VOLTAGE Vyo (V) BALANCE CONTROL VOLTAGE Vga (V)
OUTPUT NOISE VOLTAGE VS ATTENUATION VS
VOLUME CONTROL VOLTAGE SUPPLY VOLTAGE
__ 1000 —
) 7 Vi=150mVrms
E 5 0 :
23 ! ATT=0
2 g
qu 100 L Flat E .
< 1= < ATT =—20
5 s z
S :
<
w 2
g 10 z % ATT=—40
z ; IHF-A Network | E
5, ] »
[ ) —60
ATT=—60
3 L L
0 1 2 3 4 5 6 7 8 9 10 8 10 12 14 16
VOLUME CONTROL VOLTAGE Vyor(V) SUPPLY VOLTAGE Vco(V)
SUPPLY VOLTAGE REJECTION CIRCUIT CURRENT VS
§ RATIO VS SUPPLY VOLTAGE SUPPLY VOLTAGE
T —40 15
g |
>
¢ f = 100Hz i ~ 4
2 AVeo=—20dBV (100mVrms) < | ]
= —50 Input AC short < 13 = VvoL=6.5V~
> DIN-Audio Filter 3 /
2 VvoL= GV 4 I
g —60 E 11 | VyoL= 0V_]
& N\ 3
w O 10
0] =
< _ 19 5
= —170 Q 9
3 <
> © 4
E —80
g 8 10 12 14 16 8§ 9 10 11 1z 13 14 15 16
(2]
SUPPLY VOLTAGE Vcc(V) - SUPPLY VOLTAGE Vcc(V)
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DUAL CHANNEL ELECTRONIC ATT

APPLICATION EXAMPLE

INPUT 1

10u

22u

INPUT 2

+ 100k 3 100k S
3 2

+
IBI 10 |12I 14

M51523L

Vee
12v

100Q 104

100
10k

OUTPUT 1

OUTPUT 2

Units Resistance :
Capacitance : F

~
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M51551

DUAL 2-MODE ELECTRONIC SWITCH

DESCRIPTION

The M51551P/M51551FP is an integrated circuit consisting of
dual channels two-mode electronic switch. It can select the
both channel input signal at the same time by means of forc-
ing DC voltage at control terminal. And it consists of LED
driver for displaying the selected input mode. M51551P is
housed in 14-pin plastic molded DIL package. M51551FP is
housed in 14-pin plastic molded FLAT package.

FEATURES

® Dual channel two-mode electronic switch

® Mode changeable by means of forcing DC voltage

® Built-in output circuit for mode display

® Low distortion transmission characteristics because of
bipolar PrOCESS ++rerrrrrrrrrnnssssssnsineatiainieee 0. 006%(typ.)

® Single power supply and dual power supply are avail-
able for power supply

® Positive logic control

APPLICATION

Signal switch, stereo radio cassette recorder, radio receiver

RECOMMENDED OPERATING CONDITIONS

PIN CONFIGURATION (TOP VIEW)

CH-A ouTPUT [T} CH-1A INPUT
DISPLAY-1 Z CH-2A INPUT
Vee of GND  [3] § SELECT CONTROL
GND A & GND
Voo 6 3 FILTER (GND)
DISPLAY-2  [6] A CH-2B INPUT
CH-B OUTPUT [7] CH-1B INPUT
Outline 14P4 M51551P
Outline 14P2 M51551FP

(Ta=25%) 14-pin molded plastic DIL
Dual power supply
Operating supply voltage ................................. +6~+10V
Rated supply voltage ................................................ igv
Single power supply
Operating SUpply voltage ....................................... 6~20V
Rated supply voltage .................................................. ]SV
14-pin molded plastic FLAT
BLOCK DIAGRAM
| SW 14) INPUT 1A
1A CH-A
CH-A OUTPUT (1 I
SW
- 2A 13) INPUT 2A
Vee™ o )
DISPLAY-1
CONTROL 12) CONTROL
DISPLAY-2
GND
1
GND /L (10) GND*
v W 9) INPUT 2B
36 28 N '
! CH-B * . Terminal meaning
CH-B OUTPUT 1 - Dual power Single power
W supply supply
: 1B 8) INPUT 1B pin® Ve GND
L - _ - pin®  GND Filter
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M51551

DUAL 2-MODE ELECTRONIC SWITCH

ABSOLUTE MAXIMUM RAT'NGS (Ta=257C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vee Supply voltage At zero signal (between pin® to @) 24 \
lcc Circuit current Not including pin®@), ® current 30 mA
1cc®@, ® | Display current Pin®, ® 40 mA
Pd Power dissipation 620 mw
Ks Thermal derating above 25C Ta225C 6.2 mw/C
Topr Operating temperature —20~+75 T
Tstg Storage temperature —40~-125 c

ELECTRICAL CHARACTERISTICS (T4=25C, Veo=15V, V{=1.5Vrms, f=1kHz, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max

lcc Circuit current Not including pin®@, ® current 12 16 mA
VenTil Input 1select control voltage Control voltage when input 1 is selected. 2.0 \"
Vente-2 | Input 2select control voltage Control voltage when input 2 is selected. 0.7 v
R; Input resistance Vi=1.5Vims, I=1kHz, Ro=47kQ 30 47 kQ
Gy Voltage gain Vi=1.5Vims, f=1kHz —1 0 1 dB
Vo(max) | Maximum output voltage. Output level as output THD=1% 4.0 4.5 Vrms
THD Total harmonic distortion Vo=1.0Vims 0.006 | 0.017 %
No Noise output Zero-signal, input pin short to GND 5.5 10 #Vrms
C.T. Cross talk Leakage ratio of input 1 to input 2 52 58 dB
C.L. Channel leakage Leakage ratio of channel A to channel B 77 83 dB
C.B. Channel balance Voltage gain ratio of channel A to channel B| —0. 5 0 0.5 dB

TEST CIRCUIT Uor single power supply)
Voo
S3-
! Ss-1
INPUT 1O~ + o0
Vi Ro 47k CHB © s+
47k CHA
INPUT 2 v
CHB 5.1k b1 5V 560
Ss-2 “MWA—1-0-9 2
S3-2 3P J’
4 1"‘4. Tu 4T Ziu I S
o f]
14 sl 2l [l fo r;l rﬂ CONTROL VOLTAGE
Va
or—-
VOLT METER CHA M51551P oHB S,
ACVOLT M T GBI [0 O O (]
o——
7 @)
1k 1004 1k LED-2
Terminal® is connected to —Vge terminal for dual @
ower supply operation.
p PPy op LED-1
+
Tu +£Z1 “
CHA
pigh o AC VOLT METER
o THD METER
L CHB
5.1k 5.1k Se Units Resistance : Q

Capacitance : F

MITSUBISHI
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MS51551

DUAL 2-MODE ELECTRONIC SWITCH

Switch
Symbol Method
S Sz S3 S4 Ss-1 Ss-2 Se
lec ON OFF ON 4 Zero signal, measure circuit current
Ventu ON ON ON 3 Measure Pin(? DC supply voltage as input signal 1 is output
VenTLz ON ON ON 3 Measure Pin@ DC supply voltage as input signal 2 is output
CHA CHA Vi=1.5Vyms, Ro=47kQ
Ri oN | oN | OFF | 4« =X, s
CHB CHB 17 Y2 Measure input level at V, point
CHA CHA CHA Vo Vi=1.5Vims
Gy ON ON ON Y Gy=20 log—v—(dB),
CHB CHB CHB 1 Vo=output level
\ ON ON ON Y CHA | CHA | CHA tput level tput THD is 1.0%
) M output level as outpul is1.0%
o(max * |"cHB | cHB | cHB
CHA CHA CHA
THD ON ON ON Vs - M e output THD as output level is 1. 0Vyms
CHB | CHB | CHB
CHA | input pin short to GND.
No ON ON ON b
CHB | Measure the output noise level, BPF 20Hz~20kHz
- CHA CHA Vo(Sy=1)
cT. ON | ON | OoN | 172 oo ohe 1672 too( Vg (aB)
CHA Vo(CHA)
cL _ON | ON | ON 1 CHA | cHA | it |cL =20 log(m) (dB)
CHB
CHA CHA CHA Vo(CHA)
Cc.B ON ON ON 1 C.B. =20 log|{ v/ amaT (dB)
CHB | CHB | CHB o Vo(CHB) )

TYPICAL CHARACTERISTIC (Ta=25T, Voc=15V, unless otherwise noted) '

THERMAL DERATING
(MAXIMUM RATING)

QUIESCENT CIRCUIT
CURRENT—SUPPLY VOLTAGE

800 =z 22
€

- %
% L
% 600 : E 18 =
[«N
3 \ : ]
g \ o L~ ~
< [ ]
a 400 5 14 —
1] \ o
%) o
o \\ S
& 200 \ < =2 ;xceqt for the cyrrent flowing |
g I§ u 4 into pin@ and pin®
a \ 2

\\ E

0 O s
0 25 50 75 100 125 6 10 14 18 22
AMBIENT TEMPERATURE Ta('C) SUPPLY VOLTAGE Vcg(V)
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DUAL 2-MODE ELECTRONIC SWITCH

MAXIMUM OUTPUT TOTAL HARMONIC DISTORTION
> VOLTAGE—SUPPLY VOLTAGE SUPPLY VOLTAGE
£ {10 T T T T 1
< g S 7 SINGLE POWER SUPPLY 1
F — I OUTPUT VOLTAGE
E ; Vo=1.0Vims ]
s 3 ,’ o ] f=1kHz
g r/ E \\
& =
é 1 2 102
7 6] 7
n : . S
5 SINGLE POWER SUPPLY —] s
o 3 THD = 3% o 3
s f=1kHz T
2 -
: .. | || 5
. —3
g € 10 14 18 22 F 107 10 14 18 22 26
SUPPLY VOLTAGE Vcc(V) SUPPLY VOLTAGE Vo(V)
TRANCE CONDUCTANCE TRANCE CONDUCTANCE
CHARACTERISTICS (Vcc=15V) CHARACTERISTICS (Voc=24V)
~ (SINGLE POWER SUPPLY) ~ (SINGLE POWER SUPPLY)
X 107! T TTT 52104 LI L | T
3 7} Voo = 15V =1 7F Voo = 24V
T *Ft=1kHz I CEi=1lkHz
2z 3| FILTER :400Hz H. P. F > 3| FILTER:400Hz H.P.F
= 102 30KkHzLP.F| | = - 30KkHz L. P, F
5 - D
8 ‘ a 3
9 9 Ty
z
Q 1073 § 10-3
g g
* 3 T 3
P} -
s =
- 1074 © 40t
0.01 3.570.1 3 571 3 5710 0.00 3 5701 3 571 3 5710
OUTPUT VOLTAGE Vo(Vims) OUTPUT VOLTAGE Vo(Vims)
TOTAL HARMONIC
E
(:?E:ieggzv;:zﬁ';&) DISTORTION—LOAD RESISTANCE
NGL . _ . (SINGLE POWER SUPPLY)
YT P8 g T
Vo =1.5Vrms !5 a ! Voo = 24V
|- Voo = 24V ., F o, Vo =1.5Vrms ]
| WITHOUT FILTER || z z FILTER : 400Hz H. P. F ]
s | v on E E 102 30kHz L. P. F
e 7 7 o o 7
5 o s 2 b
w 3 s 3 o a 3
z
g o1 L 1o01 S g 102
> 7 THD LT 7 < 3 7
5 5 ; § 5
3 3 3
= F
0.01 4 0.01 2 © 1g-e
100 3 57 1k 3 5710k 3 57100k 100 3 571k 3 5710k 3 57100k
FREQUENCY f(Hz) LOAD RESISTANCE R.(Q)
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DUAL 2-MODE ELEC'-'RONIC SWITCH

TOTAL HARMONIC

INPUT RESISTANCE—OUTPUT DISTORTION—AMBIENT TEMPERATURE

NOISE LEVEL (SINGLE POWER SUPPLY) —~ (SINGLE POWER SUPPLY)
100 §0-01 T T T T T
_ 7 _Vlccl=r2[4\|/ ' 2 | Vo=1.5Vims !
g SR, =5.1kQ 2 '; FILTER : 400Hz H. P. F
2 i g 0.012 30kHz L. P. F
3 £ s
[+
Z 10 S —
] 7 No = @ 0.008 f==y""_ 15v
a —= a L ||
o 9 -
7 & 0.004 Voo zav
o 1 E
co <
z ’ g, O
= 3 <
o} =
° 0.1 P
"1M00 3 571k 3 5710k 3 57100k —0.004,5 0 20 40 60 80
INPUT RESISTANCE Rg(-QS AMBIENT TEMPERATURE Ta('CJ
TRANCE CONDUCTANCE—AMBIENT
TEMPERATURE (SINGLE POWER SUPPLY)
’; 1071 LU
R 1 vee =15V
2 Sk i=1kHz
; 3| FILTER : 400Hz H. P. F
o 30kHz L. P. F
£ o102
°
o 3 |
[¢] I o
= Ta=75C
o) 10»3 L] 4 ]
= 7 Ta=25C
T 5 Wt
r Ta=—20C [
z 1
[
o -
R T AR A AT
OUTPUT VOLTAGE Vo(Vrms)
APPLICATION CIRCUIT
DUAL POWER SUPPLY OPERATION SINGLE POWER SUPPLY OPERATION
Vee
v INPUT  INPUT
INPUT INPUT o INPUT  INPUT 1A 'N;é” LT

CH-A OUTPUT Vee
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SERVO MOTOR CONTROL

DESCRIPTION

The M51660L is a servo control amprifier and pulse width
demodulatar with internal motor drive transistors in compact
ZIL (zig-zag in line) package. It is designed for remote con-
trol applications in digital proportional systems.

PIN CONFIGURATION (TOP VIEW)

14 Veo
73] REGULATOR OUTPUT
2] EXTERNAL PNP DRIVE (2)

[T1) PULSE STRETCHER
70) ouTPUT (2)

FEATURES

|
® Low standby power drain ««c-oseeeeereeeeneeeeeees 3. 5mA(typ.) § 8] DEADBAND
® Wide supply voltage range o % z:g
® Easily adjustable deadband b= 5 ouTPUT 1)
® Output cutoff circuit for continuous “H” input E INPUT

EXTERNAL PNP DRIVE (1)
APPLICATION o

3] TIMING RESISTOR
[2] TIMING CAPACITOR
[T] POSITION FEEDBACK

Proportional system for radio control servo motor control

RECOMMENDED OPERATING CONDITIONS

Supply voltage FANQE -+ wrrrrerrrmersesssstssstaesiiatiieniaenies 3.5~7V Outline 14P5A
Rated 3upp|y voltage ................................................ 4' 8V
14-pin molded plastic ZIL
BLOCK DIAGRAM
GND  GND
| A
GND GND |
! ‘ Vee
(a) EXTERNAL PNP DRIVE (1)
OuTPUT
INPUT
INPUT (5 LOGIC FLIP-FLOP DRIVE (&) outPuT (1)
CIRCUIT CIRCUIT (10 OUTPUT (2)
(1) EXTERNAL PNP DRIVE (2)
1
I
ONE SHOT PULSE VOLTAGE
MULTI STRETCHER REGULATOR REGULATOR OUTPUT
POSITION i . . PULSE STRETCHER

TIMING TIMING DEADBAND

FEEDBACK GAPAGITOR RESISTOR
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SERVO MOTOR CONTROL

ABSOLUTE MAXIMUM RATINGS (Ta=25C, unless otherwise noted)

Symbol Parameter Conditions Limit : Unit
Vece Supply voltage 7.5 v
Pd Maximum dissipation 550 mwW
Topr . Operating temperature —20~+75 c
Tstg Storage temperature —40~+125 c

ELECTRICAL CHARACTERISTICS (Ta=25C, Voo=4.8V, unless otherwise noted)

Symbol Parameter Test conditions Limit