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MITSUBISHI LSIs

PREFACE

Thank you for your continued patronage of Mitsubishi
Electric and our semiconductor products.

Semiconductor devices are a mainstay of the burgeon-
ing electronics industry, where they are finding more and
more applications, .and meeting demands for increased
sophistication and diversification of performance and
function.

This data book has been compiled to be as complete
as possible, including data on large-scale IC memories,
single-chip microcomputers, peripheral LSlIs for 16-bit
paratlel processing CPUs, speech synthesis LSls and micro-
computer development support equipment, with the addi-
tion of a variety of originally developed MOS LSI devices.

We hope you will let us know of any mistakes or omis-
sions that come to your attention, and any suggestions you
might have on improving the usefulness of this data book.

January, 1982

Kimio Sato, General Manager
Semiconductors Division
Mitsubishi Electric Corporation
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INDEX BY FUNCTION

Electrical characteristics
Supply ! 1 h bl
[ - Structure Typ owr| Max | Min | Max. | Package |interchangeable
Type Circuit function and organization (Note 1) Vo(‘if)ge p;’;ii'n ‘355:25 fxf‘,': QJL::CY (Note 2) products Page
(mwW) (ns) (ns) (MHz)
Il Static RAMs
i 2114L-2
M5L2114LP-2 300 | 200 { 200 | — T™MS4045.20 | 2—85
: i 21141-3
M5L2114LP-3 4096-Bit (1024 4) Static RAM N.Si.ED|5+10% | 250 | 300 | 300 | — | 18P4 | ficiss? .0 | 2—85
) 21140
M5L2114LP 200 | 450 | 450 | — [fisa0a5.45 | 2—85
M5T4044P-20 300 | 200 | 200 | — TMS4044-20 | 2—93
M5T4044P-30 4096-Bit (4096 1) Static RAM N.Si.ED| 5:10% [ 250 | 300 [ 300 | — | 18P4 |TMS4044-30 | 2—g3
M5T4044P-45 200 | 450 | 450 — TMS4044-45 2—93
M58725P-15 200 | 150 [ 180 | — TMS4016-15 2—3
16384-Bit (2048 X 8) Static RAM N,Si.ED| 6+10% 24P1
M58725P it{ ) Static ' ° [200 | 200 | 200 | — TMS4016 2—3
M Dynamic RAMs
M5K4116P-2 12£10%| 280 1 150 | 375 | — MK4116-2 2—13
16384-Bit (16384 % 1) Dynamic RAM | N, Si 5+10% 16P4
M5K4116P-3 —45- 1 280 | 200 | 375 | - MK4116-3 2—13
M5K4164P-15 65536-Bit (65536 1) Dynamic RAM i 200 | 150 | 260 | — — 2—25
M5K4164P-20 Pin 1 (RFE) function NS SE10% oo T 200 T30 | = | ¢ — 2—25
M5K4164NP-15 | 65536-Bit(65536x 1) Dynamic RAM | 200 | 180 | 260 | — — 2—41
M5K4164NP-20 Fin 1 nu connection N, Si 5+10% 170 | 200 | 330 _ 16P4 — 2—a1
M5K4164S8-15 65536-Bit (65536 1) Dynamic RAM NS 5410% 200 | 160 | 260 | — 1651 MK4164 2—55
M5K41645-20 Pin 1 (REF) function ’ - 170 [ 200 [ 330 | — MCM6664 2—55
M5K4164NS-15 65536-Bit(65536 X 1) Dynamic RAM NS 5+10% 200 | 150 | 260 - 1651 12164 2—71
M5K4164Ns-20 | Pin 1 no connection ’ - 170 | 200 | 330 | — MCM6665 2—171
B CMOS Static RAMs
MS5L5101LP-1 1024-Bit (256 X 4) CMOS Static RAM | C, Si 5+10% | 76| 450 | 460 | — | 22P1 [is101L1 2—89
M58981P-30 75 | 300 | 300 [ — - 2—9
B 24%4)CM AM| C. + P
M58981P-45 4096-Bit (1024 4) CMOS Static R C. S BE10% e e T 1874 — P
Hl Mask ROM
[M58735-XXXP AR A lN, i |5£10% | 300 { 450 | - ’ - ‘ 24P1 - 3—22
HField-Programmable ROMs
700-Bit(60X14) 9 — K 4P4 — —
M58653P Electrically Alefable ROM P, Al 5+5% | 200 | 20us 16.8H7 1 3—18
M5G1400P B o ) e ROM P.Al |546% | 200 |20us| — [168+44 14P4 | GI 1400 3—24
M5L2716K 16384-Bit (2048 x 8) Erasable -and . ) 300 { 450 | — - 12716 3—28
: + K1
M5L2716K-65 Electrically Reprogrammable ROM N.Si.FA | 5+5% 300 | 650 | — - K10 i 2716-6 3—28
M5L2732K 32768-Bit (4096 x 8) Erasable and . ) 400 | 450 | — - 12732 3—32
M5L2732K-6 Electrically Reprogrammable ROM N.Si.FA | 5:£5% 400 | 550 — — 24K10 12732-6 3—32
MoL2764K-2 65536-Bit (81928) Erasable and e 2732 3%
536-Bit X n
M5L2764K Elecmca'n(y Reprog)rarﬁnswaablee ROM | N.SiFA|5+5% | 500 [ 250 [ — | — | 28K10|i2764 3-36
M5L2764K-3 300 | — - i 2764-3 3—36
1024-Bit (256x 4) Field-Frogramma- o - 16P4 _
M54700P, S ole ROM with Open. Collector B 54+5% | 430 | 60| 60 lesq | MMm6300 3—5
256-Bit (32% 8) Field-Programmable o _ 16P4 —_
M54730P, S ROM with Opan-Collector B 5+5% | 430 | 50| 60 1851 | MM6330 3—10
4096-Bit(1024x 4)Field-Programma- — | 8P4
M54740AP, § e RO M Do e B.S |5%£5% |600| 55| 65 1851 | 93452 3—14
4096-Bit (1024 X 4) Field-Programma- _ 18P4 _
M54741AP, S o ROM(W‘th 3»5)18“3 Outpats B. S 5+5% | 600 | 55| 55 1851 | 93453 3—14
MITSUBISHI
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Electrical characteristics
Structure Su|pply T M M Pack I h bl
Type Circuit function and organization 7°| voltage /Typ pwr Max. | Min ax. | Package |interchangeable| Page
vpe (Note 1) | Ty [,gae | osces| i | e N iNote 2) | products
(mw) (ns) {ns) | (MHz)
Bl Single-Chip Microcomputers
Single-Chip 4-Bit Microcomputer
M68840-XXXP ng‘ 8 Bit A/D Converter P.ALED|-156+£10%| 500 | — |10us| 0.6 | 42P1 - 4—2
Single-Chip 4-Bit Microcomputer
mE8841-xxxsp | 88 T verter P.ALED (-15+10% | 500 | — |10us| 0.6 | 42P4B - 4—2
Mb58842S MELPS 4 System Evaluation Device | P,ALED |-15+10%| 500 | — {10us| 0.6 | 64S1 - 4—13
Single-Chip 4-Bit Microcomputer
M58843-XXXP wn% 8-Bit A/D Converter P P.ALLED |-15£10%| 400 | — |10us| 0.6 | 28P4 - 4—18
Single- Chip 4-Bit Microcomputer .
M68844-XXXSP | 1 G B PATD Converter P.ALED|-15£10% | 400 | — |10us| 0.6 | 40P4B - 4—18
Single-Chip 4-Bit Microcomputer _ _
M58846-XXXsP | it S el R DR erter P.ALED|-15£10%| 350 10us) 0.6 | 40P4B - 4—29
ME8846-XXXSP Single-Chip 4-Bit Microcomputer P.ALED|-12£10%| 280 | — |10us| 0.6 | 40P4B - 4—41
M58847-XXXSP Single-Chip 4-Bit Microcomputer P,ALED|-12£10%| 10 — |15us| 0.4 | 40P4B - 4—53
. Single-Chip 4-Bit CMOS _ _
M58494-XXXP Microcomputer C A 5+ 5% 5 8.8us|0.465| 72P2 5—3
Single-Chip 4-Bit CMOS —
M58496-XXXP Microcomputer C. A 5+ 5% 5| — {7 7us| 42 | 72P2 5—17
M58a97.XXXP | prdieChp & Bit CMOS CAl [3~55%{ 2| — |15.4450.485( 72P2 - 5—32
M5L8048-XXXP Single-Chip 8-Bit Microcomputer N,Si.ED| 5+10% | 325 — {2500| 6 40P1 i 8048 6—21
M5L8035LP Single-Chip 8-Bit Microcomputer N,Si.ED| 5+10% | 3256 | — |2500| 6 40P1 1 8035L 6—21
M5L8049-XXXP 500 | - [1360| 11 | 8049
M5L8049-XXXP-8 | Single-Chip 8-Bit Microcomputer N, SLED| 5+10% | 500 — |1875| 8 40P 1 - 6—25
M5L8049-XXXP-6 500 | — 12500{ 6 —
M5L8039P-11 500 1360 11 i 8039
M5L8039P-8 Single-Chip 8-Bit Microcomputer N,SILED| 5+£10% | 500 | — |1875| 8 40P1 — 6—25
M5L8039P-6 500 2500| 6 i 8039-6
Single-Chip 8-Bit Microcomputer —
M5L8748S by, N.Si.ED| 5£10% | 500 | — [2500| 6 | 40S10 | i8748 6—29
M Microprocessors
MBLBO8SAP, S | 8-Bit Parallel Microprocessor N.SLED[6+5% | 600 | — | - | 3 | 2987 |igossa 7—3
M51.8086S 16-Bit Parallel Microprocessor N Si,ED[5+£10% | 1375 — - 5 4081 1 8086 9—3
HELSIs for Peripheral Circuits
M58990P 8-Bit 8-Channel A-D Converter C. Si 5+10% | — - - — 28P4 | ADC0808 8—3
M5C6847P-1 Video Display Generator N, SILED|5+5% | 500 | — — | 358 | 40P1 | MC6847-1 8—7
MB5L8041A-XXXP | Universal Peripheral Interface N,Si,ED{5+10% | 300 — - 6 40P1 i 8041A 8—17
2048-Bit Static RAM with /O Ports o — — — 40P1 18165 71—25
M5L8166P and Timer (CE="L"active) N.SLED | 5+56% | 500
2048-Bit Static RAM with 1/0 Ports _ _ _ 40P1 8156 7—33
M5L8156P and Timer (CE=""H"active) N.SI.ED 6+5% | 500 ‘
M5L8212P 8-Bit Input/Output Port B S 5+56% | 450 | 35% | — - 24P1 | i 8212 -1
4-Bit Parallel Bidirectional Bus _ - 16P4 | 18216 1—21
M5L8216P Briver (Non Inverting) B.S |55% | 475 |25%
4-Bit Parallel Bidirectional Bus 459 2 - — 16P4 [18226 7—21
M5L8226P Driver (Inverting) B.S |5+5% | 426 |26%
M5L8243P Input/Output Expander N, Si.ED| 5+10% 50 | — — — 24P1 i 8243 6—37
M5L8251AP Programmable Communication N.SIED|5+8% | 300 | — | — | 3 | 28P4 |i8261A 8—a1
M5L8253P-5 Programmable Interval Timer N.Si.ED|[5+5% [300 | — | — 2 | 24P1 ]18253-5 8—57
MB5L8255AP-5 Programmable Peripheral Interface | N.Si,ED|6+5% | 250 | — — — 40P1 | i 8255A5 8—65
MITSUBISHI
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Electrical characteristics
: L Structure Supply Typ pwr| Max. | Min | M Packagefinterchangeable
Type Circuit function and organization | (Note 1) voltage |'{el™ | sccess| cyce | e (Note 2) rodu%:ts Page
(V) pasion | time time | quency P
(mw) (ns) (ns) | (MHz)
ELSIs for Peripheral Circuits (Continued)
M5L8257P-5 Programmable DMA Controller N,.Si,ED| 5+5% | 300 | — - 3 40P1 | i 8257-5 8—81
M5L8259AP Programmable Interrupt Controller | N,Si,ED|5+10% | 275 | — - - 28P4 | i 8259A 8—91
M5L8279P-5 Programmable Keyboard/Display | s ED| 6+10% | 650 | — | — | 3 | 40P1 |i82795 8—105
M65L8282P 8-Bit Latch (Non Inverting) B, S 5+10% | 500 | — — — 20P4 |i8282 9—35
M5L8283P 8-Bit Latch (Inverting) B. S 5+10% | 500 | — - - 20P4 |[i8283 9—35
Clock Generator and Driver for '
M5L8284P M5L8086S CPU B S 5+10% | 490 | — - - 18P4 |i8284 9—39
Octal Bus Transceiver
M5L8286P (Non Inverting) B S 5+10% | 560 | — - - 20P4 | i 8286 9—46
M5L8287P Octal Bus Transceiver (Inverting) B, S 5+10% 90 | — - - 20P4 |[18287 9—46
M5L8288P Bus Controller for M5L8086S CPU | B, S 5+10% | 800 | — - - 20P4 |i 8288 9—50
MEW1791-02 Floppy Disk Formatter/Controller N,Si . ED [ 5+ 5% 300 | — - - 40P1 | FD1791-02B 8—117
HE Speech Synthesis (PARCOR SYSTEM)
M58817AP Speech Synthesizer P.AlLED |-10+£10%| 300 | — — | 066 | 28P4 - 10—3
M58818-XXXP 128K-Bit Phrase ROM P ALED |-10£10%| 80| ~— — 1017 | 24P1 - 10—13
M58819S EPROM Interface P.aLED | 1081 150 | — | — |017] 4081 - 10—19
B LSIs for Remote-Control Receiver and Transmitter
30-Function Remote-Control
M50110XP Transmitior CA [22~8 | — | ~ | = | - | 16P4 - 1—3
120-Function Remote-Control
M50115XP Transmitter C A 22~8 - - - - 18P4 - n-3
120-Function Remote-Control
M50111XP Roceives CAl |45~8 | — | — | — | — | 16P4 - 1n—9
120-Function Remote-Control
M50116XP Rocaiver CA |45~8 | — | — | — | — | 18Pa - 11—9
120-Function Remote-Control
M50117XP Racaivay CA |45~8 | — | — | — | — | 18P4 - 1—9
30-Function Remote-Control
M58480P Tranemition CA |22~8 | = | = | = | — | 16P4 - 11—43
30-Function Remote-Control
M58484P Franomition CA |22~8 | = | = | = | — [ 16P4 - 1—43
30-Function Remote-Control
M58481P Racoior CA (45~8 | — | — | = | - | 28P4 - 1—a7
29-Function Remote-Control
M58485P Rocolver C A 8~14| — | = | = | - | 28pP4 - 11—51
24-Function Remote-Control
ME8487AP Receiver C. A 8~14| — | = | = | = | 28r4 - 11—65
BLSIs for Clock Circuits
M50401P CMOS Analog Clock Circuit C.Si 1.1~1.8| — - - - 8P4 — 11—19
M50402P CMOS Analog Clock Circuit C, Si 1.1~1.8| — - - - 8P4 - 1—19
M50403P CMOS Analog Clock Circuit C. Si 1.1~1.8| — - - - 8P4 - 11—19
M50404P CMOS Analog Clock Circuit C. Si 1.1~1.8| — - - - 8P4 - 1—19
M50405P CMQS Analog Clock Circuit C. Si 11~18) — - - - 8P4 — 11—19
CMOS LCD Digital Alarm Clock 12 T _
M58412P Circuit C, Al ~~39 60P2 11—23
CMOS LCD Digital Alarm Clock 1.1 _ _
M58413P Circun ca |24 - | = | - | eop2 - 1—23
M58435P CMOS Analog Clock Circuit C. Si 1.2~19| — - — - 8P4 - 1—31
M58487-001P CMOS Analog Clock Circuit C, Al 1.1~19] - - - — 8P4 - 1—31
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S Supply Pack Interch bl
; ati tructure| yoltage |Tvp pwr| Max. | Min. | Max ackage | Interchangeable
Type Circuit function and organization (Note 1) (V)Q p:;fcf;. aﬁfneés ﬁ:\f qJ;er{cy (Note 2) products Page
mW) | (nsh | (nsl | (MHz)
M General-Purpose MOS LSis
M50121P 17-Stage Oscillator/ Divider C. Al 475~85]| — = - - 8P4 - 11—35
ME50122P 17-Stage Oscillator/Divider C, Al 475~85| — - - - | 8P4 - 1—35
M50250P Refrigerator Controller C Al 7~9 — - - - 16P4 - 11—15
M58478P 17-Stage Oscitlator/Divider C. Al 475~85| — - - - 8P4 - 11—35
M58479P CMOS Counter/Timer C, Al 7.9~9 - - - - 14P4 - 11—39
M58482P CMOS Counter/Timer C. Al 3~9 - - - - 14P4 - 1—39
M58486AP Voltage Synthesizer C. Al 11~13 — — - — 42P1 - 11—55
Note 1: Al=Aluminum gate B=Bipolar. C=CMQCS ED=Enhancement depletion mode. FA=FAMOS.
N=N-channel. P =P-channe!. S =Schottkey Si=Silicon gate.
2: Package code 24 § 1
— Number of pins
— Package structure
K=Glass-sealed ceramic: P=Molded plastic: S=Metal-sealed ceramic
‘—Package outline
1=DIL without fin 2=Flat without fin.
4=DIL without fin(improved): 10=DIL w/o fin. and w/quartz lid
4B=Shrink DiL without fin
3: ¥y Indicates propagation time
MITSUBISHI
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Memory capacity 1/0 operating| Supply Dimensions
Type Circuit function and organization port temp voltage (Ixwxh) Page
RAM ROM bits

(bytes) | (bytes) (bits) Ta(’c) v) (mm)
M Micromputer Systems
PCA8501 GO1 MELCS 85/2 Single-Board - 1 .
PCA8501 GO2 Computer 1K 4K 48 0~55 5 125X 145X 17 12—3
PCA8506 MELCS 85/2 Memory and Parallel 12K a8 0~55 5 126%145%17 | 12—1

1/0 Expansion Board
MELCS 85/2 Memory and Serial

1

PCA8507 M6 Expantion Board 12K serial) | 0~55 [12.5.-12| 125%145x17 | 12—
PCA8540 GO1 MELCS 82/2 Video Display- N — _
PCA8540 G02 Single-Board Computer 256 ,’ 4K 22 5~40 | 5 -5 | 126x145X20 | 12—19

Bl Speech Synthesize Single-Board Computers

PCA7002 GO1 MELCS 70/2 Speech Synthesizer _ 8K or _ _ _K 1 145% 2 _
PCATOOS GO2 e, /2 Sp! 16K 0~55% 5 =56 25%x145%X25 | 12—25
PCA8520 G01 MELCS 85/3 Voice Generating ~ .- 126X 145%x20 | 12—15
PCA8520 G02 Single-Board Computer 296 16K - 0% > 8 :

Hl Microcomputer Support Systems

PCA0803 MELCS 8/2 Program Checker - - - 0~55 5 170%x200% 27 13—3
PC4000 Debugging Machine - - - 10~40 [AC100 364x257x85 | 13—5
PC7000 Speech Synthesis Evaluation Unit - - - 10~40 AC100 390%x212x73 | 13—9
PC8500 MELCS 85/1 Portable Microcom- _ _ — 10~40 AC100 3560x370x140 | 13—1

puter Console

PC9000 Cross Assemble Machine - - - 10~40 | AC100 500%-470x 287 | 13—17

HlDedicated Board

PCA4001 Emulator Boad for M58840, M58841 - - - 10~40 13—20
PCA4003 Emulator Board for M58843 — — - 10~40 13—22
PCA4004 Emulator Board for M58844 — - — 10~40 13—24
PCA4005 Emulator Board for M58845 - — - 10~40 Supplied 210%230% 20 13—26
PCA4011 Emulator Board for M58494 - - — 10~40 from 1328
PCA4012 Emulator Board for M58436 - . - 10~40 | PCA4000 13—30
PCA4014 Emulator Board for M58497 - - - 10~40 13—32
PCA8400 Emulator Board for MELPS 8-48 - - — 10~40 13—34
PC4100 M5L8748S Programming Adaptor — - - 10~40 165X 105% 37 13—36
H Evaluation Board

PCA4301 Evaluation Board for M58840, M58841 — - — 0~55 —15 125%x110x20 | 13—37
PCA4303 Evaluation Board for M58843 — — — 0~55 —-15 125X 110x20 | 13—38
PCA4304 Evaluation Board for M58844 - - - 0~55 —-15 125%110%20 | 13—39
PCA4305 Evaluation Board for M58845 - - - 0~55 —15 210x230%20 | 13—40
PCA4101 Evaluation Board for M58494 - - - 0~55 5 150x200%20 13—42
PCA4201 Evaluatior Board for M58496 - - = 0~55 5 150X 200% 20 13—44
PCA4202 Evaluation Board for M58497 - - - 0~55 5 150%200x20 | 13—46
PCA8402 Evaluation Board for MELPS 8-48 - - - 0-~55 5 160X 58 X 27 13—48
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M50110XP C. Al Remo-con 30-function remote-control transmitter 13
MS50111XP C. Al Remo-con 120-function remote-control receiver 1M1—-9
M50116XP C. Al Remo-con 120-function remote-control transmitter 1—3
M50116XP C. Al Remo-con 120-function remote-control receiver 11—9
M50117XP C, Al Remo-con 120-function remote-control receiver 1—9
M50121P C. Al Counter 17-stage oscillator/ divider 11—35
M50122pP C, Al Counter 17-stage oscillator/ divider 11—35
M50250P C. Al Counter Refrigerator counter 11—15
M50401P C, Al Clock CMOS analog clock circuit 11—18
M50402P C, Al Clock CMOS analog clock circuit 1—19
M50403P C. Al Clock CMOS analog clock circuit 11—19
M50404P C. Al Clock CMOS analog clock circuit 1—19
M50405P C. Al Clock CMOS analog clock circuit 11—19
M54700P B PROM 19247blt (256-word X 4-bit) field-programmable ROM 35 1
M54700S with open- collector
z::;zz: s PROM aﬁlt?]-t;i;(ei%-zéo”rgcfo?-bit) field-programmable ROM 3—10
M54740AP B s PROM 4096-bit (1024-word X 4-bit) field-programmable ROM 314
M54740AS : with open-collector
M54741AP B, S PROM 4Q96~b\t (1024-word X 4-bit) field-programmable ROM 3—1a
M54741AS with 3-state
M58412P C, Al Clock CMOS LCD degital alarm clock circuit 11—23
M58413pP C. Al Clock CMOS LCD digital alarm clock circuit 11—23
M58435P C, Si Clock CMOS analog clock circuit 11—31
M58437-001P C. Al Clock CMOS analog clock circuit 11—31
M58478P C. Al Counter 17-stage oscillator/divider 11—35
M58479P C, Al Counter CMOS counter/timer 11—39
mMms58480P C. Al Reme-con 30-function remote-control transmitter 11—43
M58481P C, Al Remo-con 30-function remote-control receiver 11—47
M58482P C. Al Counter CMOS counter/timer 11—39
M58484P C. Al Remo-con 30-function remote-control transmitter 11—43
M58485P C. Al Remo-con 29-function remote-control receiver 11—51
M58486AP C, Al Counter Voltage synthesizer 11—55
M58487AP C. Al Remo-con 22-function remote-control receiver 11—65
M58494-XXXP C. Al CPU Single-chip 4-bit CMOS microcomputer 5—3
M58496-XXXP C, Al CPU Single-chip 4-bit CMOS microcomputer 5—17
M58497-XXXP C, Al CPU Single-chip 4-bit CMOS microcomputer 5—32
M58653P P, Al EEPROM 700-bit (650-word by 14-bit) electrically alterable ROM 3—18
ms8725P N, Si ED RAM 16384-bit (2048-word X 8-bit) static RAM 2—3
M58725P-15
M58735-XXXP N, Si ROM 32768-bit (4096-word X 8-bit) mask-programmable ROM 3—-22
M58817AP P, Al, ED Speech Speech synthesizer 10—3
M58818-XXXP P. Al, ED Speech 131072-bit phrase ROM 10—13
M58819S P. Al ED Speech EPROM interface 10—19
M58840-XXXP P. Al , ED CPU Single-chip 4-bit microcomputer with 8-bit A/D -converter 4—2
M58841-XXXSP P. Al, ED CPU Single-chip 4-bit microcomputer with 8-bit A/D converter 4—2
M58842S P, Al ED CPU MELPS 4-system evaluation device 4—13
M58843-XXXP P, Al, ED CPU Single-chip 4-bit microcomputer with 8-bit A/D converter 4—18
ME8844-XXXSP P. Al, ED CPU Single-chip 4-bit microcomputer with 8-bit A/D converter 4—18
MBEB8845-XXXSP P, Al, ED CPU Single-chip 4-bit microcomputer with 8-bit A/D converter 4—29
M5E8846-XXXSP P, Al, ED CPU Single-chip 4-bit microcomputer 4—41
MBE8847-XXXSP | P, Al ED CPU Single-chip 4-bit microcomputer 4—53
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M58981P-30 C. Si RAM 4096-bit (1024-word X 4-bit) CMOS static RAM 2—9
M5E8981P-45
ME8990P C. Si /0 8-bit 8-channe!l A/D converter 8—3
MBC6847P-1 N, Si, ED 1/0 Video display generator 8—7
M5G1400P P, Al EEPROM 1400-bit (100-wordX 14-bit) electrically alterable ROM 3—24
MBK4116P-2 . . .

N, Si RAM 16384-bit (16384-word X 1-bit) dynamic RAM 2—13
M5EK4116P-3 .
M5K4164P-15 N, Si RAM 65536-bit (65536-word X 1-bit) dynamic RAM 225
MGEK4164P-20 Pin 1 (RFE) function
MEK4164NP-15 | | o RAM 65536-bit (65536-word X 1-bit) dynamic RAM 2—a1
MEK4164NP-20 ' Pin 1 no connection
MBK4164S-16 N, Si BAM 65536-bit (65536-wordX 1-bit) dynamic RAM —
M6K4164S-20 Pin 1 (REF) function
MBK4164NS-16 | | o Y 65636-bit (66536-word X 1-bit) dynamic RAM —
MS5K4164NS-20 ! Pin 1 no connection
MS6EL2114LP
MB6L2114LP-2 N, Si, ED RAM 4096-bit (1024-word X 4-bit) static RAM 2—85
M6L2114LP-3
::::—:;’: ::‘65 N, Si FA EPROM :eepﬁgg;:ri; ﬁgggv;g&xa-bm erasable and electrically 3—28
::t:::::.s N, Si. FA EPROM ?ﬂgg;:g gggg-ggraxs-bm erasable and electrically 3—32
MBEL2764K
M5L2764K-2 N. Si, FA EPROM g%?ig;::;g;l?li'ggﬂxs_bm erasable and electrically 336
M5EL2764K-3
M65L8039P-6
MS6L8039P-8 N. Si, ED CPU Single-chip 8-bit microcomputer 6—25
M65EL8039P-11
M6LB8041A-XXXP | N, Si, ED 1/0 Universal peripheral interface 8—17
M5L8048-XXXP N, Si, ED CPU Single-chip 8-bit microcomputer 6—21
M6EL8049-XXXP
MEL8049-XXXP-6| N, Si, ED CPU Single-chip 8-bit microcomputer 6—25
M5L8049-XXXP-8
MGLB8OBBAP

N, Si, ED CPU 8-bit parallel CPU 7—3
MG6L80856AS
M5EL8086S N, Si, ED CPU 16-bit parallel microprocessor 9—3
M6EL8166P N, Si, ED 1/0 2048-bit static RAM with |/O ports and timer (CE=low active} 7—25
Mb5L81656P N, Si, ED 1/0 2048-bit static RAM with 1/0 ports and timer (CE= high active) 7—33
M56L8212P B, 1/0 8-bit input/output port 7-117
M5L8216P B. 1/0 4-bit parallel bidirectional bus driver (non invert outputs) 7—21
M6L8226P B. 1/0 4-bit parallel bidirectional bus driver {invert outputs} 7--21
M5L8243P N, Si, ED 1/0 Input/ output expander 6—37
M65EL8251 AP N, Si, ED 1/0 Programmable communication interface 8—41
M65L8253P-5 N, Si, ED 1/0 Programmable interval timer 8—57
MS5LB8256AP-5 N, Si, ED 1/0 Programmable peripheral interface 8—65
M5L8257P-5 N, Si, ED 1/0 Programmable DMA controlier 8—81
MSBL8269AP N, Si, ED 1/0 Programmable interrupt controller 8—91
M5EL8279P-5 N, Si, ED 1/0 Programmable keyboard/display interface 8—105
M5L8282P B. S /0 8-bit latch {non inverting) 9—35
M5EL8283P B. S 1/0 8-bit latch (inverting) 9—35
MEL8284P B. S 1/0 Clock generator and driver for 8086, 8088, 8089 processors 9—39

| MsL8286P B.S i/0 Octal bus transceiver (non inverting) 9—46
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M5L8287P B. S 1/0 Octal bus transceiver (inverting) 9—46
M5L8288P B, S 1/0 Bus controller for 8086, 8088, 8089 processors 9—50
M5EL8748S N. Si, ED 1/0 Single-chip 8-bit microcomputer with EPROM 6—29
Mb6T4044P-20
M5T4044P-30 N, Si, ED RAM 4096-bit (4096-word X 1-bit) static RAM 2—93
M5T4044P-45
M5W1791-02P N. Si, ED 1/0 Floppy disk formatter/controller 8—117

Note 1. Al=Aluminum gate, B=Bipolar, C=CMOS, ED = Enhancement depletion mode, FA=FAMQS.
N=N-channel, P =P-channel, S = Schottkey, Si=Silicon gate
2. CPU==Central processing unit, 1/0 =input/output device, PROM=Programmable read-only memory,
RAM = Random-access memory. Remo-con=Remote controller, ROM = Read-only memory , Speech=_Speech Synthesizer

Type Function Page
PC4000 Debugging Machine 13—5
PC4100 M5L8748S programming adaptor 13—36
PC7000 Speech synthesis evaluation unit 13—9
PC8500 MELCS 85/1 portable microcomputer console 13—11
PCS000 Cross assembler machine 13—17
PCA4001 MELPS 4 dedicated board 13—20
PCA4003 MELPS 4 dedicated board 13—22
PCA4004 MELPS 4 dedicated board 13—24
PCA4005 MELPS 4 dedicated board 13—26
PCA4011 MELPS 41 dedicated board 13—28
PCA4012 MELPS 42 dedicated board 13—30
PCA4014 MELPS 42 dedicated board 13—32
PCA4101 MELPS 41 evaluation board 13—42
PCA4201 MELPS 42 evaluation board 13—44
PCA4202 MELPS 42 evaluation board 13—46
PCA4301 MELPS 4 dedicated board 13—37
PCA4303 MELPS 4 evaluation board 13—38
PCA4304 MELPS 4 evaluation board 13—39
PCA4305 MELPS 4 evaluation board 13—40
PCA7002G01 ) )

MELCS 70/2 speech synthesizer single-board computer 12—25
PCA7002G02
PCA8400 MELPS 8-48 dedicated board 13—34
PCA8402 MELPS 8-48 evaluation board 13—48
PCA8501G01 _

MELCS 85/2 single-board computer 12—3
PCA8501G02
PCA8506 MELCS 85/2 memory and parallel 1/0 expansion board 12—7
PCA8507 MELCS 85/2 memory and serial 1/0 expansion board 12—11
PCA8520G01 MELCS 85/ 3 voice generating single-board computer 12—15
PCA8520G02
PCA8540G01 .

- MELCS 85/2 color TV display single-board computer 12—19

PCA8540G02
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GUIDE TO INTERCHANGEABILITY

Func-
tion

Mitsubishi

Electric

Advanced
Migcro
Devices

American
Microsystems

Fairchild

Semiconductor

Fujitsu

Hitachi

Intel

Intersil

Static RAMs

M5L2114LP-2

MB2114A-20L

HM472114A-2

P2114L-2

M5L2114LP-3

HM472114A-3

P2114L.-3

M5L2114LP

HM472114A-4

P21141

M5T4044P-20

MB8144EL

M5T4044P-30

MB8144NL

M5T4044P-45

M58725P

21U812-20

M58725P-15

MB8128-15

21U812-15

Dynamic RAMs

M5K4116P-2

M5K4116P-3

AMS016E

M5K4164P-15

M5K4164P-20

M5K4164NP-15

M5K4164NP-20

M5K4164S-15

MB8265-15

M5K4164S-20

MB8265-20

M5K4164NS-15

MB8264-15

HM4864-2

C2164-15

M5K4164NS-20

MB8264-20

HM4864-3

€2164-20

CMOSs
Static
RAMs

M5L5101LP-1

S5101L-1

HM4356101-1

P5101L-1

IM6561

M58981P-30

HM4334-3

M58981P-45

MB8414E

HM4334-4

IM6514

Mask
ROM

M58735-XXXP

EPROMs

M58653P

M5G1400P

M5L2716K

MB8516

HN2716

D2716

M5L2716K-65

D2716-6

M5L2732K

MB8532-45

HN462732

D2732

M5L2732K-6

D2732-6

M5L2764K

MBM2764-25

HN482764

D2764

M5L2764K-2

MBM2764-20

D2764-2

M5L2764K-3

MBM2764-30

HN482764-3

D2764-3

PROMs

M54700P

93417P

M54700s

93417D

M54730P

M54730S

M54740AP

93452P

M54740AS

93452D

M54741AP

93453P

M54741AS

93453D

1—10
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GUIDE TO INTERCHANGEABILITY

Motorola
Monolithic Mos tek Semicondustor National Nippon Texas Toshiba Signetic
Memories products Semiconductor Electric Instruments
MCM211L14-20P #PD2114LC-3 | TMS4045-20NL TMM314APL-1
MCM21L14-30P uPD2114LC-1 | TMS4045-30NL TMM314APL-3
MCM21L14-45P #PD2114LC TMS4045-45NL TMM314APL
MCM66L41-20P TMS4044-20NL
MCM66L41-30P TMS4044-30NL
MCM66L.41-45P TMS4044-45NL
#PD4016C-2 TMS4016 TMM2016P-2
#PD4016C-3 TMM2016P
MK4116-2 2690-2-N
MK4116-3 2690-3-N
MK-4164-15 MCM6664-15JL
MK4164-20 MCM6664-20J L
MK4564-15 MCM6665-15JL 1PD4164D-3 | TMS4164-15 TMM4164C-3
MK4564-20 MCM6665-20J L 4PDA164D-2 | TMS4164-20 TMM4164C-4
MCM145101-1P | NMC6551 HPD5101LC-1 TC5501P
H#PDA44C-1
NMC6514 4PD444C TC5514P
#PD2716D TMM323D
uPD2732D
TMM2764D
TMM2764D-2
6300 DM74S387N
6300D DM74S387)
6330 DM74S 188N
63300 DM74S188J
MITSUBISHI
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GUIDE TO INTERCHANGEABILITY

Func- Mitsubishi Advanced American Fairchild » . ‘
tion Electric Micro Microsystems Semiconductor Fuiitsu Hitaohi Inte!
Devices

MSL8048-XXXP P8048
M5L8035LP P8035L
MSL8049-XXXP P8049
M5L8049-XXXP-8
MS5L8049-XXXP-6

s MS5L8039P-11 P8039

S M5L8039P-8
M5L8039P-6 v P8039-6
M5L8748S 8748
M5L8085AP P8085A
M5L808EAS AMB8085A C8085A
M5L8086S 8086
M58990P
M5C6847P-1
M5L8041A-XXXP P8041A
M5L8155P P8155
M5L8156P P8156
M5L8212P AMS8212 MBATT P8212
M5L8216P AMS8216 £8216
M5L8226P AMB8226G P8226

£ | msis2a3p P8243

£ | msLe2s1AP P8251A

5 M5L8253P-5 P8253-5

£ | wmsLs2s5aP-5 P8255A-5

3 M5L8257P-5 P8257-5
M5L8259AP P8259A
M5L8279P-5 P8279P-5
M5L8282P P8282
MSL8283P P8283
M5L8284P P8284
M5L8286P P8286
M5L8287P P8287
M5L8288P P8288
M5W1791-02P MB8866

MITSUBISHI
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GUIDE TO INTERCHANGEABILITY

Intersil

Monolithic
Memories

Mostek

Motorola
Semiconductor
products

Nationat

Semiconductor

Nippon
Electric

Texas

Instruments

Toshiba

Signetics

ADCO0808CCN

DP8212

uPB8212

DP 8216

DP8226

MITSUBISHI
ELECTRIC
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GUIDE TO SELECTION OF RAMs,

PROMs, EPROMs AND ROMs

Bits /Word
Words
1 4 8
PROM
32
M54730P, S
RAM
M5L5101LP-1
256
PROM
M54700P, S
RAM
M58981P-30
M58981P-45
M5L2114LP
MS5L2114LP-2
1024 M5L2114LP-3
PROM
MG54740AP, S
M54741AP, S
RAM
M58725P
M58725P-15
2048
EPROM
M5L2716K
M5L2716K-65
RAM ROM
M5T4044P-20 M58735-XXXP
4096 M5T4044P-30 EPROM
M5T4044P-45 M5L2732K
M5L2732K-6
EPROM
M5EL2764K
8192 M5L2764K-2
M5L2764K-3
RAM
16384 M5K4116P-2
M5K4116P-3
RAM
M5K4164P-15
M5K4164P-20
M5EK4164NP-15
65536 M5K4164NP-20

M5K4164S-15
M5K4164S-20
M5K4164NS-15
M5K4164NS-20

1—14
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ORDERING INFORMATION

FUNCTION CODE
Mitsubishi integrated circuits may be ordered using the following simplified alphanumeric
type-codes which define the function of the ICs and the package style.

For Mitsubishi Original Products
Example: M 5 89 81 S - 45
2 52 _‘

M: Mitsubishi integrated circuit prefix

l Temperature range

§: Standard industrial/commercial
(0 to 70/75°C or —20 to 85°C).

9: High reliability

Series designation using 1 or 2 alpha-
numeric characters.

o: CMOS
1: Linear circuit
3: TTL

10~19° Linear circuit

32~33: TTL(equivalent to Texas
Instruments’ SN74 series)

41~47: TTL

84 : CMOS

85 : P-channel silicon-gate MOS

86 : P-channel aluminum-gate MOS

87 : N-channe! silicon-gate MOS

88 : P-channel aluminum-gate ED-MOS
89 : CMOS

9: DTL

§0~82: Schottky TTL (equivalent to
Texas Instruments’ SN74S
series)

Circuit function identification code using 2
digits.

Package style
K: Glass-sealed ceramic
P: Molded plastic
§: Metal-sealed ceramic

————Electrical characteristic identification code
using 1 or 2 digits.

MITSUBISHI
ELECTRIC 1—15
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ORDERING INFORMATION

For Second Source Products

Example: M _.'2_ !F_ 4116 S

5T

PACKAGE CODE

M: Mitsubishi integrated circuit prefix

Temperature range

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

9: High reliability

Series designation of original source

using 1 or 2 alphabetical characters.

1 Motorola’s MC series

General Instrument's series

Mostek’s MK series

Intel’s series

T: Texas Instruments’ TMS series

W: Western Digital’s series

Circuit function identification code of the
original source type name

rRo0

Package style

K: Glass-sealed ceramic
P: Molded plastic

S§: 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 1

1:
2:
4:
4B :
10:

Number of pins

L——Package outline

DIL without fin

Flat without fin

DIL without fin (improved)

Shrink DIL without fin

DIL without fin and with quartz lid

Package structure
K: Glass-sealed ceramic
P: Molded plastic
Metal-sealed ceramic

1—16

MITSUBISHI
ELECTRIC



MITSUBISHI LSIs

PACKAGE OUTLINES

TYPE 8P4 8-PIN MOLDED PLASTIC DIL UNIT: mm

[ 1 1 [

6.3+0.15

| SN N S o

762403 ' T

[ MNP
(K 5| x
=
‘ z
s

05+0.1
M| 103

2.54+0.25

TYPE 14P4 14-PIN MOLDED PLASTIC DIL UNIT: mm

6.3+0.15

762403

2.54+0.25

MITSUBISHI
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MITSUBISHI LSIs

PACKAGE OUTLINES

TYPE 16K1 16-PIN GLASS-SEALED CERAMIC DIL UNIT: mm

N Y Iy O o B |

6.8+ 0.5 J

| SN [ R N NN B O NN Ny i

162+ 05
O —
MAX 20.0

MINO.3
MAXS5

0.2~0.3

+2.38
762 4 2.54%0.)

MIN3

TYPE 16P4 16-PIN MOLDED PLASTIC DIL UNIT: mm

w0
O3
+i
™
[T~}
—JCJCTJ0T LT ]
+05
762403 902
+0.1
0-25_ 005
+238
762_4 JL 0.5:+0.1
103
15703

MITSUBISHI
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PACKAGE OUTLINES

TYPE 16S1 16-PIN METAL-SEALED CERAMIC DIL UNIT: mm
S
762+ 0.35 20.340.4 -
g
| 3
' s
0258y, | :
.| 1 E»
7621 %8 |_250:025 H 0.46 +0.1
1.420.1
TYPE 18P4 18-PIN MOLDED PLASTIC DIL UNIT: mm
1 s Y s Y s Y Y s Y s S oy O o |
O\ 3
CJT CJCIJT L JTCIT0C I T L 101
2 +0.5
7.62+0.3 —0.2
{ — F I Z :
| | =
_-!0,25‘_*3:;5 g
1610 H 0.5£0.1
03
—0.1 2.54+0.25
MITSUBISHI
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PACKAGE OUTLINES

TYPE 1881 18-PIN METAL-SEALED CERAMIC DIL UNIT: mm

23.2MAX

f e B v Y s N e O e S s S s R s O o |

1

I 4.2
| MAX
0.55' {25

tos MIN | MiN

_ %25 _glgs ‘ J] I
1.65MAX 2.54+0.25 0.6MAX
+1.38
1627

UNIT: mm

TYPE 20P4 20-PIN MOLDED PLASTIC DIL

J1 1 1 1~ /) /1 03 ™ M

O

UlJi gt gt Jt gL LI

+0.5
762+0.3 24 _45

l[_:l'—\ 3 7 = \

6.3+0.15

5

MING.
MAX4.5

MIN3

05+0.1 403 403
2.54+0.25 T 15 oy —01

MITSUBISHI
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PACKAGE OUTLINES

TYPE 22P1 22-PIN MOLDED PLASTIC DIL UNIT: mm
i S s s I s O e s 0 e e T e B o
T I 1 [ (0
10.16+0.3 ?Bigf;’ N
[ [ . \LE -
I 33
+0.1 B -
025 905 l
10’1tg.2 2.541+0.25 0.5+0.1 :
b | +0.3 S
127 s
TYPE 24P1 24-PIN MOLDED PLASTIC DIL UNIT: mm
Oonnnonnoonnn
O Ol =
gooogooogoouood
15.24+0.3
[T T
0.25
152408

MITSUBISHI
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PACKAGE OUTLINES

TYPE 24K10 24-PIN METAL-SEALED CERAMIC DIL WITH QUARTZ LID UNIT: mm

32.5MAX

ONA00A0N0000M1M

| O

guddudldouogduugoaudad

16.0MAX
I -
| 5.1
| | ] MAX
3.5
| MIN
+0.1
J 0.25_¢ 05 . | H
2.28MAX 2.54+0.25 0.56MAX
+1.7
15.24 7 o
T:
TYPE 28P4 28-PIN MOLDED PLASTIC DIL UNIT: mm
nnonAonAooonoann
@
O Ol s
+
@
UoUouU0uUooooooog
+0.5
15.24+0.3 367 _pp @
Z
s
wn
T T\ wT
>
| S N | §
+0.1 S
025 FQ0
+1.8 2544025 H 0.5+0.1 ®
15.270 U T z
+03 =
1291 =

MITSUBISHI
1—22 ELECTRIC



MITSUBISHI LSis

PACKAGE OUTLINES

TYPE 28K10 28-PIN METAL-SEALED CERAMIC DIL WITH QUARTZ LID

UNIT: mm
| 37.1MAX
’ﬂﬂmmﬂﬂl—lﬂﬂﬂ[—lrjl—ll—]

) Q
OUonouooguoooougouUyg
16.0MAX
‘ = = — 5.1
i MAX
3 ) 3.5
MIN MIN
17 78MAX 2.28 MAX 2.54+0.25  0.56MAX
TYPE 40P1 40-PIN MOLDED PLASTIC DIL UNIT: mm

sinisinisisisinlislsinisiniainisininlin

['2]

)

’ﬁ O O 5

o™

TooooouooOouUuUoDoooouooug
+0.5

15.24+0.3 ‘ 515 o2 w

d 2]

z|

S| s
+0.1 ;
0.25 gps |

St

+1.8 o~

15.27 z

s
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PACKAGE OUTLINES

TYPE 40P4B 40-PIN SHRINK MOLDED PLASTIC DIL UNIT: mm
38.0MAX
om Vi e Vi T TV D Y L P P D U
B ) ]
15.2440.3
5.5
T 7 MAX
2.8MIN
o1t
1.73MAX 1.78+0.25 0.5+0.1
15.2148
TYPE 40S1 40-PIN METAL-SEALED CERAMIC DIL UNIT: mm
51.0MAX
)
16.0MAX U OO O U OO OO oo o
r*—‘-
11
SRR
15247078

MITSUBISHI
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PACKAGE OUTLINES

TYPE 40S10 40-PIN METAL-SEALED CERAMIC DIL WITH QUARTZ LID UNIT: mm
51.1MAX .
f I L:}I'Aex
H 3.3
0.25+0.08 TN
2.5MAX 2.54+0.3 . 0 56 MAX
15.2+0-8
~0.3
TYPE 42P1 42-PIN MOLDED PLASTIC DIL UNIT: mm
5 52.0MAX »
EEI[‘IFII‘II‘II’II’]FJ_D!’]HHHI‘IFIFIHFIF]F
O O
foooooooooooooogoooou
16.0MAX
| — ngggqqqgﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ:f MAX
. I 0.5MIN_ | 28
I
3.14MAX 2.54+0.25 0. 6MAX
15.2+1.8
2o
MITSUBISHI
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PACKAGE OUTLINES

TYPE 42P4B 42-PIN SHRINK MOLDED PLASTIC DIL UNIT: mm

38.0MAX

siminimininininininininin/mininisinininin

O O

L8 U ) O ) 0 | B O A W A O W | B

16.0 MAX
C T T
5.5 MAX
0.5MIN _2.8M|N
ooz o L |
1.73MAX 1.78%0.25 0.6MAX
15217 {8
TYPE 60P2 60-PIN MOLDED PLASTIC FLAT UNIT: mm
@
R 1111
O=— =15
== . =]
——— ———
—— —— (=]
| — ——
—_— == "
[ e —]
—] — N
— ‘ ———
T Ullllﬁllllllmml”' )
T .0 g
0.4t0-2 1.0+0.25 S
JATIN
24+1.0 -9 |«
o 7 =
- — (LELLELT EE-EEEEE) ——— ] ———obooocoocodoooooooy ‘l umv
16+0.5 16+0.5

MITSUBISHI
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PACKAGE OUTLINES

TYPE 6451 64PIN METAL-SEALED CERAMIC DIL

82.0MAX

UNIT: mm

23.2MAX

]

o i

0. Zolos | I

25

I

!

1.6MAX

22.61+0.35

IR 3

TYPE 72P2 72-PIN MOLDED PLASTIC FLAT

UNIT: mm
@ m [£] ~
o= =9
—  e————
— —]
—] ——
————] —
—/ —
——— — we
— so
=T 1= |
— | =] <
——|  — ~
— ——
—3  esm——
— —]
——  S—
— O ——
=— |  e—]
@) ——] | ===V}
@ m
0.8+£0.25 g 4702 -
) e N x
| oo «q
19.8703 _;i,'%' E
} oo
i
:'\Enunnnuuuntbnnnnnnnuuu — —— unnnnun?uuununc&;%
18.0+0.3 ' 13.2+0.3
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TERMINOLOGY

GENERAL

Semiconductor A material with resistivity usually in the
range between metals and insulators, in which the elec-
trical charge carrier concentration increases with in-
creasing temperature range.

Extrinsic semiconductor A semiconductor with charge
-carrier concentration dependent upon impurities or
other imperfections.

N-type semiconductor

which the conduction electron density exceeds the

An extrinsic semiconductor in

mobile hole density.

P-type semiconductor An extrinsic semiconductor in which
the mobile hole density exceeds the conduction electron
density.

Junction A region of transition between semiconducting
regions of different electrical properties.

PN junction A junction between P- and N-type semi-
conductor materials.

Depletion layer A region in which the mobile charge carrier
density is insufficient to neutralize the net fixed charge
density of donors and acceptors.

Breakdown (of a reverse-biased PN junction) A phenome-
non, the initiation of which is observed as a transition
from a state of dynamic resistance to a state of sub-
stantially lower dynamic resistance, for increasing the
magnitude of a reverse current.

Semiconductor device A device whose essential charac-
teristics are due to the flow of charge carriers within
a semiconductor.

Reverse voltage The voltage across a junction or a diode
when biased in the direction corresponding to the higher
resistance.

Breakdown voltage The reverse voltage at which the reverse
current through a junction becomes greater than a
specified value.

Case temperature The temperature measured at a specified
point on the case of a semiconductor device.

Storage temperature The temperature at which a semi-

conductor device is stored without any voltage applied.

INTEGRATED CIRCUITS

Microelectronics The concept of the construction and use
of highly miniaturized electronic circuits.

Microcircuit A microelectronic device, having a high equiv-
alent circuit-element and/or component density, which
is considered as a single unit.

Note: A microcircuit may be a microassembly or an integrated (micro) circuit

Integrated circuit A circuit in which a number of circuit
elements are inseparably associated and electrically inter-

connected, so that, for the purpose of specification,
testing, commerce and maintenance, it is considered
indivisible.

Note: For this definiion. a circuit element does not have an envelope or external

connection and 1s not specified or sold as a separate item.

Integrated microcircuit A microcircuit in which a number
of circuit elements are inseparably associated and electri-
cally interconnected, so that, for the purpose of speci-
fication, testing, commerce and maintenance, it is con-
sidered indivisible.

Note 1: For this definition, a circuit element does not have an envelope or external
connection and 1s not specified or sold as a separate item
2 Where no misunderstanding is possible. the term ‘integrated microcircunt’
may be abbreviated to 'integrated circuit.
3: Further qualifying terms may be used to describe the technique used in
the manufacture of a specific integrated microcircuit.
Examples of the use of qualifying terms are
semicondugctor monolithic integrated circuit
semiconductor multichip integrated circuit
thin film intégrated circuit
thick film integrated circuit

hybrid integrated circuit

Microassembly A microcircuit consisting of various com-
ponents and/or integrated microcircuits which are con-
structed separately and which can be tested before being
assembled and packaged.

" Note 1: For this definition, a component has external connections and possibly an
envelope as well, and it also can be specified and sold as a separate item
2: Further qualifying terms may be used to describe the form of the components
and/or the assembly techniques used in the construction of a specific
microassembly
Examples of use of qualifying terms are
semiconductor multichip microassembly
discrete component microassembly

Integrated electronics The art and technology of the design,
fabrication and use of integrated circuits.

The

values of the applied- conditions which are individually

range and together

produce the most unfavorable value for a considered

Worst-case conditions (for a single characteristic)
chosen from within a specified

characteristic.

Note: Worst-case conditions for different characteristics may be different

DIGITAL INTEGRATED CIRCUITS

Digital signal The variation with time of a physical quantity
that is used for the transmission of information or for
information processing, and that has a finite number of
nonoverlapping ranges of values.

Note 1: The physical quantity may be voltage. or current. or impedance. etc.
2: For convenience. each range of values can be represented by a single
value—e.g.. the nominal vaiue

MITSUBISHI
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TERMINOLOGY

Binary signal A digital signal with only two possible ranges
of values.

Note: For convenience. each range of values can be represented by a single value —
e.g.. the nominat value.

Low range (of a binary signal) The range of least positive
{most negative) levels of a binary signal.

Note: This range is often denoted by 'L-range. and any level in the range by ‘L-level.

High range (of a binary signal) The range of most positive
(least negative) levels of a binary signal.

Note: This range is often denoted by ‘H-range, and any level in the range by "H-
level.

Digiial circuit A circuit which is designed to operate by
means of digital signals at the input(s) and at the
output(s).

Note 1: In this definition. it is understood that ‘inputs’ and ‘outputs’ exclude static
power supplies.

2:In some digital circuits—e.g., certain types of a stable circuits—the inputs
need not exist.

Binary circuit A digital circuit designed to operate with
binary signals.

Note: The pairs of ranges of values of the binary signals may be different at differ-
ent terminals.

Input configuration (input pattern) (of a binary circuit)
A combination of the L-levels and H-levels at the input
terminals at a given instant.

Output configuration (output pattern) (of a binary circuit)
A combination of the L-levels and H-levels at the output
terminals at a given instant.

Note: When there is no possibility of ambiguity, the output configuration (output
pattern) may be represented by the level (expressed as L-level or H-level) of
the signal at a stated output terminal of. the circuit (the reference output
terminal).

Input terminal A terminal by means of which an applied
signal may modify the output configuration (output
pattern) of the circuit—either directly or indirectly—
by modifying the ways in which the circuit reacts to
signals at other terminals.

Combinatorial (digital) circuit A digital circuit in which
there exists one, and only one, combination of the
digital signals at the outputs for each possibie combina-
tion of digital signals at the inputs.

Sequential (digital) circuit A digital circuit in which there
exists at least one combination of the digital signals at
the inputs for which there is more than one correspond-
ing combination of the digital signals at the outputs.

Note: These combinations at the outputs are determined by previous history—e.g..

as a result of internal memory or delay.

Elementary combinatorial circuit A binary combinatorial
(digital) circuit which has only one output terminal, and
in which the output signal accepts the value occurring
only once in the function if, and only if, the signals
applied to all the input terminals are either all in the
H-range or all in the L-range.

Note 1: Because the output signal value (occurring only once in the function tabie)
can lie either in the H-range or in the L-range, there are four types of ele-
mentary combinatoriat circuits
According to the assignment of the signal values L and H to the binary
values O and 1 of Boolean algebra. the following logic operations can be
realized by means of the four types of elementary combinatorial circuits:

AND. OR. NAND. NOR.
Nonelementary combinatorial circuits can be formed by combining ele-

N

mentary combinational-circuits or by combining elementary combinatorial

circuits with inverters

Function table A representation of the necessary or
possible relations between the values of the digital signals
at the inputs and the outputs of a digital circuit, these
values of the digital signals being indicated either by
using electrical values directly or by stating the electrical
significance of the symbols—e.g., L and H for binary
circuits. Generally, every column indicates the values of
the digital signals at an input or at an output of the
digital circuit; every row indicates the combination of
values of the digital signals at the input(s) and the
resulting values of the digital signals at the output(s);
whenever the value of the digital signal at an output is
not determined, it should be indicated by a question
mark; whenever the value of a digital signal at an input
has no influence, it should be indicated by the symbol
L/H or X.

Truth table (for a relation between digital variables) A
representation of the logic relationship between one or
more independent digital variables .and one or more
dependent digital variables, by means of a table which,
for each possible combination of the values of the inde-
pendent variables, gives the appropriate values of the
dependent variables.

Note: The distinction between ‘function table’ and ‘truth table is fundamentally
necessary, because the same digital circuit may fulfill several different logic
operations, according to the arbitrary assignment of the values of the digital
variables to the values of the digital electrical quantities.

Input loading factor (of a bipolar digital circuit) A factor
which indicates the ratio of the input current of a
specified input terminal of a digital circuit to the input
current of a particular circuit which is chosen as a -
reference load.

Note: The reference load should preferably be chosen in such a way that the input
loading factor becomes an integer.
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Output loading capability (of a bipolar digital circuit) A
factor which indicates the ratio of the maximum output
current of a specified output terminal of a digital circuit
to the input current of a particular circuit which is
chosen as a reference load.

Note: The reference load should preferably be chosen in such a way that the output
loading capability becomes an integer.

An input configuration (input pattern), or
change in input configuration (input pattern), that can
cause the circuit to change its output configuration (out-
put pattern), either directly, or in conjunction with an
already existing state of preparedness; or put the circuit

Excitation

in a state of preparedness; or either cancel or modify an
already existing state of preparedness.

Note 1: The repetition or reiteration of a given excitation will not necessarily
produce the same effect:
2:In some cases, an excitation can also maintain an output configuration
(output pattern) which it could have produced.

Expander circuit An auxiliary circuit which can be used to
expand the number of inputs of equal influence of an
associated circuit without modifying the function of the
associated circuit.

Binary inverter A binary circuit which has only one input
terminal and one output terminal, and in which a signal
value L {or H) at the input produces a signal value H (or
L) at the output.

Function (sequential) matrix A table having several inputs
which gives the possible output configurations for each
input configuration(s) and from which the output con-
figuration(s) resulting from a transition from each indi-
vidual input configuration to any other input configura-
tion can be read directly.

Note: Where appropriate, a function (sequentiaf) matrix may be completed by addi-
tional data or details concerning time conditions--e.g.. transition times for the
input levels, delay time, duration of the input configuration to produce a
desired new output configuration

SEQUENTIAL CIRCUITS

Master-slave arrangement An arrangement of two bistable
circuits such that one of them, called the ‘slave,’ repro-
duces the output configuration of the other circuit,
called the ‘master.” The transfer of information from the
master to the slave is produced by means of an appro-
priate signal. .

Register An arrangement of bistable circuits by means of
which information may be accepted, stored and resti-
tuted.

Note: The register may form part of another memory and is of a specified capacity.

Shift Register A register that, by means of an appropriate
control signal, can transfer information between con-
secutive bistable circuits with the sequence being
preserved.

Counter A sequential circuit for storing numbers that
permits such numbers to be incremented or decremented
by a defined constant, including unity.

TIME INTERVALS BETWEEN INPUT SIGNALS

Setup time (tsu) (of a digital circuit) The time interval
between the application of a signal which is maintained
at a specified input terminal and a consecutive active
transition at another specified input terminal.

Note 1: The setup time is measured between the instants at which the magnitudes
of the two signals pass through specified values within the transition of the
signal levels.

The sefup time is the actual time between two events and may be insuf-

N

ficient to accomplish the setup. A minimum value is specified which is the
shortest interval for which correct operation cf the digital circuit is guaranteed.
The setup time may have a negative value, in which case the minimum

w

limit for which correct operation of the digital circuit is guaranteed defines
the longest interval between the active transition and the application of the
other signal.

Hold time (t») (of a digital circuit) The time interval during
which a signal is retained at a specified input terminal
after an active transition occurs at another specified
input terminal.

Note 1: The hold time is measured between the instants at which the magnitudes
of the two signals pass through specified values within the transitions of
' the signal levels.
2: The hold time is the actual time between two events and may be insuf-
ficient to accomplish the intended result
A minimum value is specified which is the shortest interval for which correct
operation of the digital circuit is guaranteed
3: The hold time may have a negative value, in which case the minimum
limit for which correct operation of the digital circuit is guaranteed defines
the longest interval between the change of the signal and the active
transition.

Resolution time (tes) (of a digital circuit) The time interval
between the cessation of one input pulse and the com-
mencement of the next input pulse applied to the same
input terminal.

Note 1: The resolution time is measured between the instants at which the magni-
tude of the input signal passes through specified values within the transitions

of the signal levels.
The resolution time is the actual time between two pulses and may be in-

N

sufficient to ensure that both pulses are recognized. A minimum value is
specified which is the shortest interval for which correct operation of the
digital circuit is guaranteed
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SWITCHING TIMES OF BINARY CIRCUITS

High-level to low-level (low-level to high-level) propagation
time (tpyy, and tp| ) The time interval between specified
reference points on the input and on the output pulses,
when the output is going to the low (high) level and
when the device is driven and loaded by typical devices
of stated type.

Note: The mean value between the upper limit of the input low range and the lower
limit of the input high range is generally used as the specified reference level.

High-level to low-level (low-level to high-level) delay time
(touL and tp ) The time interval between specified
reference poihts on the input and on the output pulses,
when the output is going to the low (high} level and when
the device is driven and loaded by specified networks.

High-level to low-level (low-level to high-level) transition
time (t1, and t1_ ) The time interval between specified
reference points on the edge of the output pulse when
the output is going to the low (high) level and when a
specified input signal is applied through a specified
network and the output is loaded by another specified
network.

INTEGRATED CIRCUIT MEMORIES

Memory cell (memory element) The smallest subdivision of
a memory into which a unit of data has been or can be
entered, in which it is or can be stored, and from which
it can be retrieved.

Integrated circuit memory An integrated circuit consisting
of memory cells (elements) and usually including associ-
ated circuits such as those for address selection, ampli-
fiers, etc.

Read-only memory (ROM)} A memory intended to be read
only.

Note: Unless otherwise specified, the term ‘read-only memory implies that the
content is unatterable, and defined by its structure.

Fixed-programmed read-only memory A read-only memory
in which the data contents of each cell {element)} are
determined during manufacture and are thereafter un-
alterable.

Mask-programmed read-only memory A fixed-programmed
read-only memory in which the data contents of each cell
(element) are determined during manufacture by the use
of a mask.

Field-programmable read-only memory A read-only
memory that, after being manufactured, can have the
data content of each memory cell (element) altered.

Programmable read-only memory (PROM) A read-only

memory that can have the data content of each memory

cell (element) altered once only.

Reprogrammable read-only memory A read-only memory
that can have the data content of each memory cell
(element) altered more than once.

Read/write memory A memory in which each cell
(element) may be selected by applying appropriate elec-
trical input signals, and in which the stored data may be
either: a) sensed at appropriate output terminals; or b)
changed in response to other similar electrical input
signals.

Static read/write memory A memory in which the data
is retained in the absence of control signals.

Note 1: The words ‘read/write’ may be omitted from the term when no misunder-
standing will result.
2: A static memory may use dynamic addressing or sensing circuits

Dynamic read/write memory A memory in which the
cells {elements) require the repetitive application of con-
trol signals in order to retain the data stored.

Note 1. The words ‘read/write may be omitted from the term when no misunder -

standing will result.

N

Such repetitive application of the control signals is normally called a refresh
operation.

w

A dynamic memory may use static addressing or sensing circuits

N

This definition applies whether the control signals are generated inside or
outside the integrated circuit.

Volatile memory A memory whose data content is lost
when the power supply is disconnected.

Random-access memory (RAM) A memory that permits
access to any of its address locations in any desired
sequence.
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MICROPROCESSOR INTEGRATED CIRCUITS

Microprocessor integrated circuit An integrated circuit
capable of:
1. Accepting coded instructions at one or more ter-
minals.
2. Carrying out, in accordance with the instructions
received, all of:

a. the acceptance of coded data for processing and/or
storage;

b. arithmetic and logical operations on the input data
together with any relevant data stored in the
microprocessor integrated circuit;

c. the delivery of coded data.

3. Accepting and/or delivering signals controlling and/or
describing the operation or state of the microproces-
sor integrated circuit.

Note: The instructions may be fed in, built in, or held in an internal store.

Note: The definitions of terms described here are ex-
tracted from 1EC publication 147-0. Some of the
terms for integrated circuit memories and micro-
processors are under consideration.
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1. INTRODUCTION

A system of letter symbols to be used to represent the
dynamic parameters of intergrated circuit memories and
other sequential circuits especially for single-chip micro-
computers, microprocessors and LSls for peripheral
circuits has been discussed internationally in the TC47
of the International Electrotechnical Committee (IEC).
Finally the IEC has decided on the meeting of TC47 in
February 1980 that this system of letter symbols will be
a Central Office document and circulated to all countries
to vote which means this system of letter symbols will
be a international standard.

The system is applied in this LSl data book for the
new products only. Future editions of this data book
will be applied this system. The IEC document which
describes ‘‘Letter symbols for dynamic parameters of
sequential integrated circuits, including memories’’ is
introduced below. In this data book, the dynamic para-
meters in the |IEC document are applied to timing
requirements and switching characteristics.

2. LETTER SYMBOLS

The system of letter symbols outlined in this document
enables symbols to be generated for the dynamic para-
meters of complex sequential circuits, including memo-
ries, and also allows these symbols to be abbreviated to
simple mnemonic symbols when no ambiguity is likely
to arise.

2.1. General Form

The dynamic parameters are represented by a general
symbol of the form:-

TA(BC—DCIF  cerreveererereecrassereessnssessenns (1)

where :

Subscript A indicates the type of dynamic parameter
being represented, for example; cycle
time, setup time, enable time, etc.

Subscript B indicates the name of the signal or terminal
for which a change of state or level (or
establishment of a state or level) con-
stitutes a signal event assumed to occur
first, that is, at the beginning of the time
interval. If this event actually occurs last,
that is, at the end of the time interval,
the value of the time interval is negative.

Subscript C indicates the direction of the transition
and/or the final state or level of the signal
represented by B. When two letters are
used, the initial state or level is also indi-
cated.

Subscript D indicates the name of the signal or terminal n
for which a change of state or level (or
establishment of a state or level) consti-
tutes a signal event assumed to occur last,
that is, at the end of the time interval. If
this event actually occurs first, that is, at
the beginning of the time interval, the
value of the time interval is negative.

Subscript E indicates the direction of the transition
and/or the final state or level of the signal
represented by D. When two letters are
used, the initial state or level is also indi-
cated.

Subscript F indicates additional information such as
mode of operation, test conditions, etc.

Note 1: Subscripts A to F may each consists of one or more letters.
2: Subscripts D and E are not used for transition times.
3: The =" in the symbol (1} above is used to indicate “to”; hence the sym-
bol represents the time interval from signal event B occuring to signal
event D occuring, and it is important to note that this convention is used

for all dynamic parameters including hold times. Where no misunder-
standing can occur the hyphen may be omitted.

2.2. Abbreviated Form

The general symbol given above may be abbreviated
when no misunderstanding is likely to arise. For example
to:

tA(B-D)
or ta)
or TA(D) — often used for hold times
or tar — no brackets are used in this case
or ta

or tBc—DE — often used for unclassified time
intervals

2.3. Allocation of Subscripts

In allocating letter symbols for the subscripts, the most
commonly used subscripts are given single letters where
practicable and those less commonly used are designated
by up to three letters. As far as possible, some form of
mnemonic representation is used. Longer letter symbols
may be used for specialised signals or terminals if this
aids understanding.

3.SUBSCRIPT A

(For Type of Dynamic Parameter)

The subscript A represents the type of dynafnic para-
meter to be designated by the symbol and, for memo-
ries, the parameters may be divided into two classes :
a) those that are timing requirements for the memory
and
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b) those that are characteristics of the memory. Erasure ER
The letter symbols so far proposed for memory circuits Output enable G
are listed in sub-clauses 3.1 and 3.2 below. Program PR
All subscripts A should be in lower-case. Data output Q
Read R
3.1. Timing Requirements Row address RA
: . . . R
The letter symbols for the timing requirements of semi- Row address strobe AS
. . Refresh RF
conductor memories are as follows : X
~ Read/MWrite RW
Term Subscript Chip select S
Cycle time ¢ Write (write enable) w
. . R Note 1: In the letter symbols for time intervals, bars over the subscripts, for ex-
Time interval between two signal events d ample CAS, should not be used.
Fall time f 2: 1t should be noted, when further letter symbols are chosen, that the sub-
Hold time h script should not end with H, K, V, X, or Z. {See clause 5)

. . 3: If the same terminal, or signal, can be used for two functions (for example
Precharglng time pc Data input/output, Read/MWrite) the waveform should be labelled with the
Rise time r dual function, if appropriate, but the symbols for the dynamic parameters
Recovery time rec should include only that part of the subscript relevant to the parameter.
Refresh time interval rf
Setup time “ 5. SUBSCRIPTS C AND E
Transition time ¢ (For Transition of Signal)

Pulse duration (width) w The following symbols are used to represent the level or
state of a signal :

3.2. Characteristics Transition of signal Subscript
The letter symbols for the dynamic characteristics of High logic level H
semiconductor memories are as follows : Low logic level L

L. A Valid steady-state level (either low or high) \%
Characteristic Subscript . , , ,
Unknown, changing, or ‘don’t care’ level X
Access time a High-impedance state of three-state output z
Disable time dis . . L.
Enable time en The direction of transition is expressed by two letters,

. . the direction being from the state represented by the

Propagation time p X .
. first letter to that represented by the second letter, with
Recovery time rec . .
. . the letters being as given above.
Transition time t ] . .
s When no misunderstanding can occur, the first letter
Valid time v

may be omitted to give an abbreviated symbol for sub-
scripts C and E as indicated below.

Note: Recovery time for use as a characteristic is limited to sense recovery time.

All subscripts C and E should be in upper-case.
4, SUBSCRIPTS B AND D P PP '
(For Signal Name or Terminal Name) Subseript
The letter symbols for the signal name or the name of Examples Full Abbreviated
the terminal are as given below. Transition from high level to
Al subscripts B and D should be in upper-case. low level HL L
Transition from low level to
Signal or terminal Subscript high level LH H
Transition from unknown or
Address A changing state to valid state XV \Y
Clock c Transition from valid state to
Column address CA unknown or changing state VX X
Column address strobe CAS Transition from high-impedance
Data input D state to valid state zv \
. Note:  Since subscripts C and E may be abbreviated, and since subscripts B and D
DaTa mpUt/OUtpUt Da may contain an indeterminate number of letters, it is necessary to put the
Chip enable E restriction on the subscripts B and D that they should not end with H, L,

V, X, or Z, so as to avoid possible confusion.
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6. SUBSCRIPT F (For Additional Information) n

If necessary, subscript F is used to represent any addi-
tional qualification of the parameter such as mode of
operation, test conditions, etc. The letter symbols for
subscript F are given below.

Subscript F should be in upper-case.

Modes of operation Subscript
Power-down PD
Page-mode read PGR
Page-mode write PGW
Read R
Refresh RF
Read-modify-write RMW
Read-write RW
Write w
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ELECTRIC 1—-35



MITSUBISHI LSis
SYMBOLOGY
FOR DIGITAL INTEGRATED CIRCUITS
New symbol |Former symbol ) Parameter—definition
(o] Input capacitance
Co Output capacitance
Ci/o Input/output terminal capacitance
Ci(g) Input capacitance of clock input
f Frequency
f (¢) Clock frequency
[l Current—the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal is defined as a negative value
IsB Supply current from Vgg
IBB(AV) Average supply current from Vgg
lce Supply current from Vcc
lccav) Avarage supply current from Vcc
lco(pPD) Power-down supply current from Vcc
Ipp Supply current from Vpp
IppCAv) Average supply current from Vpp
lga Supply current from Vgg
lga(av) Average supply current from Vgg
Iy Input current
liH High-level input current—the value of the input current when Vo is applied to the input considered
[ [ETH Low-level input current—the value of the input current when V_is applied to the input considered
lon High-level output current—the value of the output current when Vg is applied to the output considered
loL Low-level output current—the value of the output current when Vg_ is applied to the output considered
loz Off-state (high-impedance state) output current—the current into an output having a three-state capability with input condition so applied that
it will establish according to the product specification, the off (high-impedance) state at the output
lozn .Off-state (high-impedance state) output current, with high-level voltage applied to the output
lozL Off.state (high-impedance state) output current, with low-level voltage applied to the output
los Short-circuit output current
Iss Supply current from Vgg
Pd Power dissipation
New Number of erase/write cycles
NRA Number of read access unrefreshed
R Input resistance
RL External load resistance
RorFF Off-state output resistance
Ron On-state output resistance
ta Access time—the time interval between the application of a specified input pulse during a read cycle and the availability of valid data signal at an output
ta (A) ta (AD) Address access time—the time interval between the application of an address input pulse and the availability of valid data signals at an output
ta(cas) Column address strobe access time
ta(E) ta(ce) Chip enable access time
tace) ta(oE) Output enable access time
ta (PR) Data access time after program
ta (RAS) Row address strobe access time
ta(s) ta(cs) Chip select access time
tc Cycle time
tcR tC(HD) Read cycle time—the time interval between the start of a read cylce and the start of the next cycle
tcRF te (REF) Refresh cycle time—the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level
terPe teo(Pa) Page-mode cycle time
toRMW tC(HMR) Read-modify-write cycle time—the time interval between teh start of a cycle in which the memory is read and new data is entered, and the start of
the next cycle
tow te (WR) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle
MITSUBISHI
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td Delay time—the time between the specified reference points on two pulses

td (¢) Delay time between clock pulses—e.g., symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1
td(cas-ras) Delay time, column address strobe to row address strobe

td (cas-w) td(cas-wr)| Delay time, column address strobe to write

1d (ras-cAS)
td (rAS-W)
tdis(R-Q)
tdis(s)
tdis (w)
TpHL
toLH
ten(a-q)
ten(R-q)
ten(s-o)
tf

th

th(a)
th(a-g)
th(a-PR)
th(cas-ca)
th(cas-p)
th(cas-q)
th (cas-RAS)
th(cas-w)
th(p)
th(p-PR)
thee)
th(e-p)
th(e-a)
th(r)
th(ras-ca)
Th(Ras-cAS)
th(ras-0)
th(ras-w)
th(s)
thew)
th(w-cas)
th(w-p)
th(w-RaS)
tPHL
tPLH

tr

trec(w)
trec(PD)

tsu

tsu(a)
tsu(a-e)
tsu(a-w)
tsu(ca-ras)

td(rAS-WR)
tdis (R-DA)
texz(cs)
tPxz(wR)

tpzv(a-DQ)
tPzV(R-00)
tPzx(cs-0Q)

th(ap)
th(ap-ce)
th(ap-pro)

th(cas-pa)
th (cas-ouT)

th(cas-wr)
th(pa)
th(pa-PRO)
th(ce)
th(ce-pa)
th(ce-oE)
th(ap)

th(ras-pa)
th(ras-wr)
th(cs)
th(wr)
th(wr-cas)
Th(wR-pa)

th(wr-RAS)

twr

tr(PD)

Tsu(aD)
tsu(ap-ce)
tsu(AD-wR)

Delay time, row address strobe to column address strobe

Delay time, row address strobe to write

QOutput disable time after read

Output disable time after chip select

Qutput disable time after write

High-fevel to low-level delay time the time interval between specified reference points on the input and on the output pulses, when the

Low-level to high-level delay time output is going to the low (high) level and when the device is driven and loaded by specified networks.

Output enable time after address

Output enable time after read

Output enable time after chip select

Fall time

Hold time—the interval time during which a signal at a specified input terminal after an active transition occurs at another specified input terminal

Address hold time

Chip enable hold time after address

Program hold time after address

Column address hold time after column address strobe

Data-in hold time after column address strobe

Data-out hold time after column address strobe

Row address strobe hold time after column address strobe

Write hold time after column address strobe

Data-in hold time

Program hold time after data-in

Chip enable hold time

Data-in hold time after chip enable

Output enable hold time after chip enable

Read hold time

Column address hold time after row address strobe

Column address strobe hold time after row address strobe

Data-in hold time after row address strobe

Write hold time after row address strobe

Chip select hold time

Write hold time

Column address strobe hold time after write

Data-in hold time after write

Row address hold time after write

High-level to low-level propagation time the time interval between specified reference points on the input and on the output pulses when the

output is going to the low (high) level and when the device is driven and loaded by typical devices

Low-level to high-level propagation time of stated type

Rise time

Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle

Power-down recovery time

Setup time—the time interval between the application of a signal which is maintained at a speciifed input terminal and a consecutive active
tarnsition at another specified input terminal

Address setup time

Chip enable setup time before address

Write setup time before address

Row address strobe setup time before column address

MITSUBISHI
ELECTRIC 1-37



MITSUBISHI LSIs

SYMBOLOGY

New symbo! |Former symbol Parameter—definition
tsu(p) tsu(pa) Data-in setup time
tsu(p-e) [tsu(pa-ce)] Chip enable setup time before data-in
tsu(p-w) tsu(pa-wr)| Write setup time before data-in
tsu(e) tSU(CE) Chip enable setup time
tsu(e-pP) tsu (CE-P) Precharge setup time before chip enable
tsu(g-E) tSU(OE-OE) Chip enable setup time before output enable
tsu (P-E) tsu (P-CE) Chip enable setup time before precharge
tsu(pD) Power-down setup time
tsu(mr) tsu(rD) Read setup time
tsu (R-CAS)|tsu(ra-cas) | Column address strobe setup time before read
tsu (RA-CAS) Column address strobe setup time before row address
tsu(s) tsu(cs) Chip select setup time
ISU(S-W) ISU(CS'WR) Write setup time before chip select
tsu(w) tSu(WR) Write setup time
TTHL High-level to low-level transition time the time interval between specified reference points on the edge of the output puise when the output is
going to the low {high) level and when a specified input signal is applied through a specified network and
tTLH Low-level- to high-level transition time the output is loaded by another specified network
tv(a) th(AD) Data valid time after address
tV(E) th(CE) Data valid time after chip enable
tv (E)PR ty (CE)PR Data valid time after chip enable in program mode
tv(e) ty (oE) Data valid time after output enable
tv(PR) Data valid time after program
tv(s) tv(cs) Data valid time after chip select
tw Pulse width (pulse duration} the time interval between specified reference points on the leading and training edges of the waveforms
tw(e) tw(ce) Chip enable pulse width
tw (EH) tW(CEH) Chip enable high pulse width
tw(eL) tw(e) Chip enable low pulse width
tW(PR) Program pulse width
tW(F!) tW(F\D) Read pulse width
tw(s) tw(cs) Chip select pulse width
Tww) twwr) Wrtie pulse width
tw (¢) Clock pulse width
Ta Ambient temperature
Topr Operating temperature
Tstg Storage temperature
Ves Vg supply voltage
Voo Ve supply voltage
Vbbb Vpp supply voltage
Vaa Vaa supply voltage
Vi Input voltage
ViH High-level input voltage—the value of the permitted high-state voltage at the input
Vi Low-level input voltage—the value of the permitted low-state voltage at the input
Vo Output voltage
VoH High-level output voltage—the value of the guaranteed high-state voltage range at the output
VoL Low-level output voltage—the value of the guaranteed low-state voltage range at the output
Vss Vssg supply voltage
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QUALITY ASSURANCE AND RELIABILITY TESTING

1. PLANNING
In recent years, advances in integrated circuits have been

rapid, with increasing density and speed accompanied by
decreasing cost. Because of these advances, it is now
practical and economically justifiable to use these devices
in systems of greater complexity and in which they were
previously considered too expensive. All of these advances
add up to increased demand.

We at Mitsubishi foresaw this increased demand and
organized our production facilities to meet it. We also
realized that simply increasing production to meet the
demand was not enough and that positive steps would have
to be taken to assure the reliability of our products.

This realization resulted in development of our Quality
Assurance System. The system has resulted in improved
products, and Mitsubishi is able to supply its customers’
needs with ICs of high reliability and stable quality. This
system is the key to future planning for improved design,
production and quality assurance.

2. QUALITY ASSURANCE SYSTEM
The Quality Assurance System imposes quality controls

on Mitsubishi products from the initial conception of a
new product to the final delivery of the product to the
customer. A diagram of the total system is shown in Fig. 1.
For ease of understanding, the system is divided into three
stages.

2.1 Quality Assurance in the Design Stage

The characteristics of the breadboard devices are carefully
checked to assure that all specifications are met. Standard
integrated circuits and high-quality discrete components are
used. During the design stage, extensive use is made of a
sophisticated CAD program, which is updated to always
include the latest state-of-the-art techniques.

2.2 Quality Assurance in the Limited-
Manufacturing Stage
Rigid controls are maintained on the environment, incom-
ing material and manufacturing equipment such as tools
and test equipment. The products and materials used are
subjected to stringent tests and inspections as they are
manufactured. Wafer production is closely monitored.
Finally, a tough quality assurance test and inspection is
made before the product is released for delivery to a
customer. This final test includes a complete visual inspec-
tion and electrical characteristics tests. A sampling
technique is used to conduct tests under severe operating
conditions to assure that the products meet reliability
specifications.

2.3 Quality Assurance in the Full Production Stage
Full production of a product is not started until it has been
confirmed that it can be manufactured to meet quality and
reliability specifications. The controls, tests and inspection

procedures developed in §2.2 are continued. The closest
monitoring assures that they are complied with.

3. RELIABILITY CONTROL

3.1 Reliability Tests

The newly established Reliability Center for Electronic
Components of Japan has established a qualification system
for electronic components. Reliability test methods and
procedures are developed to mainly meet MIL-STD-883
and JIS C 7022 specifications. Details of typical tests used
on Mitsubishi ICs are shown in Table 1.

Table 1 Typical reliability test items and conditions

Group Item

High temperature
operating life

1 High temperature

Test condition

Maximum operating ambient temperature 1000h

storage life Maximum storage temperature 1000h
Sty 2] 65°C 95%RH 500n

Soldering heat 260°C 10s

Thermal shock 0~100°C 15 cycles, 10min/cycle

2
Temperature cycle) Minimum to maximurn storage temperature,
10 cycles of Th/cycle
Soldering 230°C. bs. use rosin flux
Lead integrit Tension: 340g 30s
ead integnty Bending stress: 225g. +30°. 3 times
3 Vb 20G. X. Y. Z each direction, 4 times
bration 100~2000Hz—4 min/cycle
Shock 1600G, 0.5ms in X1, Y1 and Z direction, 5 times.
Constant

acceleration

20000G. Y, direction, 1 min

3.2 Failure Analysis
Devices that have failed during reliability or acceleration

tests are analyzed to determine the cause of failure. This
information is fed back to the process engineering section
and manufacturing section so that improvements can be
made to increase reliability. A summary of failure analysis
procedures is shown in Table 2.

Table 2 Summary of failure analysis procedures

Step Description

O Inspection of leads, plating. soldering and welding
O Inspection of materials, sealing, package and marking

1. External O Visual inspection of other items«of the specifications

examination | o (Jse of stereo microscopes. metallurgical microscopes, X-ray

photographic equipment. fine leakage and gross leakage

testers in the examination

O Checking for open circuits, short circuits and parametric
degradation by electrical parameter measurement

O Observation of characteristics by a synchroscope or a curve

2. Electrical tests

tracer and checking of important physical characteristics

by electrical characteristics

O Stress tests such as environmental or life tests, if required

O Removal of the cover of the device, the optical inspection

of the internal structure of the device

3. Internal O Checking of the silicon chip surface
examination | o Measuwrement of electrical characteristics by probes,
if applicable

O Use of SEM. XMA and infrared microscanner if required

O Use of metallurgical analysis techniques to supplement
analysis of the internal examination

O S - |
4. Chip analysis S|C|ng for cross-sectiona inspection

O Analysis of oxide film defects

O Analysis of diffusion defects

MITSUBISHI
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QUALITY ASSURANCE AND RELIABILITY TESTING

Fig. 1 Quality assurance system
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QUALITY ASSURANCE AND RELIABILITY TESTING

4. TYPICAL RESULTS OF RELIABILITY TESTS AND ) n
FAILURE ANALYSES

Veo
4.1 Results of Reliability Test rL|rL||‘|'|rL||j‘”l|rL]rL| ©(5.5v)
Formerly, sufficient reliability for memory MOS LSIs was psi [17] frel [rs11a] [r3f 2] [11] fro

Voo A1 As As I, U, Vo, Yo, AW

obtained by using metal-sealed ceramic packages, but with M5L2114LP
the development of high-reliability plastic molding tech- A As As A3 Ag Ai Az G5 GND
nology, production has been shifted to plastic moided a
memory MOS LSls.

The following tests are performed:

1. Operating life test: Durability is tested at high tempera- o0
ture under operating state conditions by applying clock

pulse inputs as shown in Fig. 2. Fi DC bi .
2. DC biased test: Durability is tested at high temperature '9-3 stat?‘:a;:th)est procedure (for MBL 2114 1P 4K.bit

biasing DC voltage, as shown in Fig. 3.

3. High temperature storage: The durability of devices
stored at high temperatures is tested. .
Typical results of memory MOS LS| life tests are shown

in Table 3. The failure rate computed from this reliability

data using an appropriate acceleration factor is 0.1 FIT or
less (1 FIT=10"%hour) per bit, about the same as, or less
than, for core memories.

PIN CONFIGURATION (TOP VIEW)

VssCASDour Ag Az Ag As Ve

M5K4116S
M5K4116P

cIT2] EITeT sl el L8]

Vee Din R/WRAS Ao Az A1 Vpp
Din =DATA IN
RAS=ROW ADDRESS STROBE
CAS=COLUMN ADDRESS STROBE
R/W =READ/WRITE
Dout=DATA OUT

OPERATING LIFEGJEST CONDITIONS
ns

150ns_, _200ns 250ns
I

we [ ] L
e ——

R/W

Din | I

All addresses including the Ao to Ag row addresses and
column addresses are cycled through in binary sequence
such that the entire 16K bits are accessed.

Vpg =—5.5V, Vgs =V = 0V, Vpp =13.2V
Vge =5.5V, Vip=5.0V

D
>
[0

Fig. 2 Operating life test procedure (for M5K4116 P, S
16 K~bit dynamic RAM)
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ELECTRIC 1—41



MITSUBISHI LSlis

QUALITY ASSURANCE AND RELIABILTY TESTING

Table 3 Examples of Endurance Test Results

Number Number
Type No. Package Test category of Com)%orge"t K Remarks
samples failures
M5K 4164S 16-pin metal-seald Operating life 125°C 350 350,000 1 Functional failure
ceramic DIL High-temperature storage 150°C 150 150,000 0
Operating life 125°C 334 334,000 0
M5K 4116P 167pin plastic -molded | b pizsed 125°C 88 132,000 0
High-temperature storage 150°C 132 132,000 0
o L Operating life 125°C 114 114,000 0
M58725P 2D4|Lp|n plastic - molded : -
High-temperature storage 150°C 38 38,000 0
Operating life 125°C 176 198,000 0
M5L 2114LP 18-pin plastic -molded | g piaged 125°0 22 22,000 0
High-temperature storage 150°C 88 132,000 0
Operating life 125°C |+ 110 . 110,000 0 ‘
M58981 P 18"pin plastio -molded | b piased 125°C 2 22,000 0
High-temperature storage 150°C 44 66,000 0
Operating life 125°C 444 544,000 1 Functional failure
M5L 5101LP gapin plastio -molded | pg piageq 125°C 94 94,000 0
High-temperature storage 150°C 94 94,000 0
ML 2716K 24-pin metal-sealed ceramic Operating life 125°C 274 362,000 0
DIL with quartz lid High-temperature storage 150°C 66 88,000 [o
ML 2732K 24-pin metal-sealed ceramic Operating life 125°C 264 308,000 0
DIL with quartz lid High-temperature storage 150°C 44 66,000 0
Table 4 Examples of Environmental Test Results
Test category Test conditions Type No. L\‘a‘;‘nnslbee; ot ’f\‘a‘i‘l\Trt()eir of Remarks
§ Soldering heat 260°C, 10s M5K4116P
Té’ é Thermal shock — 40°C~125°C, 10min/cycle, 15 cycles MS5L.2114LP 330 0
;‘3 § “Temperature cycling — 65°C~150°C, Th/cycle, 100 cycles M5L5101LP
_ Soldering heat 260°C, 10s
Qo
§% Thermal shock — 55°C~125°C, 10min/cycle, 15 cycles M5K4164S 1,000 0
<>
F©  |Temperature cycling|  — 65°C~150°C, 1h/cycle, 100 cycles
M5K4116P
Temperature cycling — 65°C~1560°C 1h/cycle, 10 cycles M5L2114LP 1,500 0
MS5L5101LP
gé Shock 1,600G,0.6ms in X1,Y¢,and Z; directions, 3 times
;5 § Vibration 20G, 20~2000Hz, in X, Y, and Z directions M5K4164S 1,000 0
S
é),,g, Constant acceleration 30,000G, Y direction for Tmin
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5. CONCLUSION
Mitsubishi Electric’'s Quality Assurance System is being

expanded to provide stronger emphasis on the following

points:

1. Establishment of quality and reliability levels that
satisfy customers’ requirements.

2. Expansion of the reliability tests of wafers and assembly
processes for better evaluation, and standardization of
circuit and design rules.

3. Establishment of procedures for speeding up the intro-
duction of new technology and improved methods that
raise reliability and to improve the accelerated life tests
for better failure analysis.

4. Establishment of a system for collecting data on failures
in the field, which will then be analyzed to develop
improved methods for increasing reliability.

We welcome and appreciate the cooperation of our
customers in developing design specifications, establishing
quality levels, controlling incoming inspections, developing
assembly and adjusting processes and collecting field data.
Mitsubishi is anxious to work with its customers to develop
ICs of increased reliability that meet their requirements.

MITSUBISHI
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PRECAUTIONS IN HANDLING MOS ICs

A MOS transistor has a very thin oxide insulator under the
gate electrode on the silicon substrate. It is operated by
altering the conductance (g,,) between source and drain to
control mobile charges in the channel formed by the
applied gate voltage.

If a high voltage were applied to a gate terminal, the
insulator-film under the gate electrode could be destroyed,
and all Mitsubishi MOS IC/LSIs contain internal protection
circuits at each input terminal to prevent this. It is inherent-
ly necessary to apply reverse bias to the P-N junctions of a
MOS IC/LSI.

Under certain conditions, however, it may be impossible
to completely avoid destruction of the thin insulator-film
due to the application of unexpectedly high voltage or
thermal destruction due to excessive current from a
forward biased P-N junction. The following recommenda-
tions should be followed in handling MOS devices.

1. KEEPING VOLTAGE AND CURRENT TO EACH
TERMINAL BELOW MAXIMUM RATINGS

1. The recommended ranges of operating conditions
provide adequate safety margins. Operating within these
limits will assure maximum equipment performance and
quality.

2. Forward bias should not be applied to any terminal since
excessive current may cause thermal destruction.

3. Output terminals should not be connected directly to
the power supply. Short-circuiting of a terminal to a
power supply having low impedance may cause burn-out
of the internal leads or thermal destruction due to
excessive current.

2. KEEPING ALL TERMINALS AT THE SAME
POTENTIAL DURING TRANSPORT AND
STORAGE

When MOS IC/LSIs are not in use, both input and output
terminals can be in a very high impedance state so that they
are easily subjected to electrostatic induction from AC
fields of the surrounding space or from charged objects
in their vicinity. For this reason, MOS IC/LSlIs should be
protected from electrostatic charges while being transported
and stored by conductive rubber foam, aluminum foil,
shielded boxes or other protective precautions.

3. KEEPING ELECTRICAL EQUIPMENT, WORK
TABLES AND OPERATING PERSONNEL AT
THE SAME POTENTIAL

1. All electric equipment, work table surfaces and operat-

ing personnel should be grounded. Work tables should
be covered with copper or aluminum plates of good
conductivity, and grounded. One method of grounding
personnel, after making sure that there is no potential
difference with electrical equipment, is by the use of a
wristwatch metallic ring, etc. attached around the wrist
and grounded in series with a 1M €2 resistor, Be sure that
the grounding meets national regulations on personnel
safety.

. Current leakage from electric equipment must be

prevented not only for personnel safety, but also to
avert the destruction of MOS IC/LSls, as described
above. ltems such as testers, curve-tracers and synchro-
scopes must be checked for current leakage before being
grounded.

. PRECAUTIONS FOR MOUNTING OF MOS

IC/LSIs

. The printed wiring lines to input and output terminals

of MOS IC/LSIs should not be close to or parallel to
high-voltage or high-power signal lines. Turning power
on while the device is short-circuited, either by a solder
bridge made during assembly or by a probe during
adjusting and testing, may cause maximum ratings to be
exceeded, which may result in the destruction of the
device.

. When input/output, or input and/or output, terminals

of MOS IC/LSIs (now open-circuits) are connected,
we must consider the possibility of current leakage and
take precautions similar to §2 above. To reduce such
undesirable trouble, it is recommended that an interface
circuit be inserted at the input or output terminal, or a
resistor with a resistance that does not exceed the
output driving capability of the MOS IC/LSI be inserted
between the power supply and the ground.

. A filter circuit should be inserted in the AC power

supply line to absorb surges which can frequently be
strong enough to destroy a MOS IC/LSI.

. Terminal connections should be made as described in the

catalog while being careful to meet specifications.

. Ungrounded metal plates should not be placed near

input or output terminals of any MOS IC/LSls, since
destruction of the insulation may result if they become
electrostatically charged.

. Equipment cases should provide shielding from electro-

static charges for more reliable operation. When a plastic
case is used, it is desirable to coat the inside of the case
with conductive paint and to ground it. This is considered
necessary even for battery-operated equipment.

MITSUBISHI
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16 384-BIT (2048-WORD BY 8-BIT) STATIC RAM

MITSUBISHI LSIs

M58725P, P-15

DESCRIPTION
This is a family of 2048-word by 8-bit static RAMs, fabri-
cated with the N-channel silicon-gate MOS process and
designed for simple interfacing. These devices operate
on a single 5V supply, as does TTL, and are directly TTL-
compatible.

The input and output terminals are common, and an
OE terminal is provided. S controls the power-down fea-
ture.

FEATURES
® Fast access time:
M58725pP 200ns {max)
M58725 P-15 150ns {max)
® Low power dissipation:
Active: - 250mW (typ)
Stand by: 25mW (typ)

®Power down by S

® Single 5V supply voltage (+10% tolerance)

® Requires neither external clock nor refreshing

® All inputs and outputs are directly TTL compatible

® All outputs are three-state, with OR-tie capability

® Easy memory expansion by chip-select (S) input

® Common data DQ terminals.

® Same pin configuration as M5L2716K 16 384-bit EPROM
APPLICATION

® Small-capacity memory units

FUNCTION

These devices provide common data input and output
terminals. During a write cycle, when a location is desig-
nated by address signals A,~A;o the OE signal is kept high
to keep the DQ terminals in the input mode, signal W goes
low, and the data of the DQ signal at that time is written.

PIN CONFIGURATION (TOP VIEW)
—
Ar— [ E Vee (5v)
flo |2 23] « 4 ADDRESS
s > [3 E “ A INPUTS
A 7 27 & WRITE CON-
ADDAESS | S 21 « W HETE
n As — |5 = 0] « o YIEYE ineut
soE E @ e
wel R @es Qe
S a 7]« o0
D01 « |9 16| +> DO-
DATA DATA
INPUTS/{ DQz «» [i0 15] > DQs pINPUTS
OUTPUTS m O 10U Ts
DQ3 «» E E > DQs
©vieno  [12] i3] « oo
Outline 24P1

During a read cycle, when a location is designated by
address signals Ag~A,, the OE signal is kept low to keep
the DQ terminals in the output mode, signal W goes high,
and the data of the designated address is available at the
1/0 terminals.

When signal S is high, the chip is in the non-selectable
state, disabling both reading and writing. In this case the
output is in the floating (high-impedance) state, useful for
OR-ties with other output terminals.

Signal S controls the power down feature. When S
goes high power dissipation is reduced to 1/10 of active
power. The access time from S is equivalent to the address
access time.

‘ 24) Ve (5V)
(12) GND (0V)
o OUTPUT
‘ @0 BUARTE weut
As @3—= I
o
Ag (22 rs 2 W o
A S T T «
2 D114 10nl 128 2048 WORDX8 BIT s | 2 | 8 2
A3 (s 5 23 (128 ROWSx = =
Aq o g ZzwW 128 COLUMNS) 2
= o0 ‘3,% = DATA
As (3)—- = & z 3 INPUTS/OUTPUTS
(e}
Ag o o 2]
ADDRESS INPUTS
X
= w -
) w
A %%} Y Q =
B oy 16 £
P e X 2 23
3 Omm EH M ES Szl
(&}
Ar10(i9 —a S0 z
10 8 3 =
= o
— (8]
CHIP SELECT INPUT S (18)
WRITE CONTROL W (i ;
INPUT .
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M58725P, P-15

16 384-BIT (2048-WORD BY 8-BIT) STATIC RAM

FUNCTION TABLE

S |OE| W |DQ1~DQs| Mode
H X X Hi-Z Deselect
L X L Din Write
L L H DouTt Read
L H H Hi-Z —

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Test conditions Limits Unit
Vee Supply voltage —0.5~7 Vv
Vi Input voltage With respect to GND —0.5~7 \
Vo Output voltage —0.5~7 \"
Pd Maximum power dissipation Ta=25C 1000 mw
Topr Operating free-air ambient temperature range 0~70 °C
Tstg Storage temperature range —65—~150 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0-70°C. unless otherwise noted.)
Limits )
Symbol Parameter . o ox Unit
Vee Supply voltage 4.5 5 5.5
‘—\;“_ Low-level input voltage -1 0.8 \
ViH High-level input voltage 2 6 \"
ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vco=5V +10%, unless otherwise noted.)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max

\um High-level input voltage 2 6 \"
ViL Low-level input voltage -1 0.8 Vv
VoH High-level output voltage loH=—1mA, Vgg=4.5V 2.4 \Y
VoL Low-level output voltage loL==3.2mA 0.4 \%
Iy Input current Vi=0~5.5V 10 uA
lozH Off-state high-level output current Vi(8)=2V, Vpo=2.4V ~V¢e 10 uA
lozL Off-state low-level output current Vi(s)=2V, Vo=0.4V —10 uA

Vi=5.5V, Vi§)=0.8V, Ta=25C 50 80 mA
lcel Supply current from Ve

outputs open Ta=0C 90 mA

VI=5.5V, V|(5)=2V Ta=25C 5 10 mA
lceoz Stand by current

outputs open Ta=70TC 7 15 mA
Ci Input capacitance, all inputs Vi=GND, Vi=25mVrms, f=1MHz 3 5 pF
Co Output capacitance Vo=GND,k Vo=25mVrms, f=1MHz 5 8 pF

Note 1: Current flowing into an IC is positive, out is negative.

MITSUBISHI
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M58725P, P-15

16384-BIT (2048-WORD BY 8-BIT) STATIC RAM

SWITCHING CHARACTERISTICS (Fbr Read Cycle) (Ta=0~70"C., Voo="5V 10, unless otherwise noted.)

M58725P-15 M58725P
Symbol Parameter Limits Limits Unit
Min Typ Max Min Typ Max
tc (R) Read cycle time 150 200 ns
ta (A) Address access time 150 200 ns
ta (s) Chip select access time 150 200 ns
ta(oE) Output enable access time 50 60 ns
tv (A) Data valid time after address 20 20 ns
tpxz(s) Output disable time after chip select 50 60 ns
tpzx(s) Output active time after chip select 10 20 ns
tpu Power up time after chip selection 0 0 ns
teo Power down time after chip deselection 60 80 ns
TIMING REQUIREMENTS (For Write Cycle) (Ta=0~70°C, Vog="5V +10%, unless otherwise noted. )
M58725P-15 M58725P
Symbol Parameter Limits Limits Unit
Min Typ Max Min Typ Max
to(w) Write cycle time 150 200 ns
tsu(s) Chip select setup time 100 120 ns
tsu(a) Address setup time 20 20 ns
tw (w) Write pulse width 80 100 ns
twr Write recovery time 10 10 ns
tsu (OE) Output enable setup time 40 40 ns
tsu (D) Data setup time 60 60 ns
th (D) Data hold time 10 10 ns
tpxz (0e)| Output disable time after output enable 40 40 ns
texz(w ) Output disable time after write enable 40 40 ns
MITSUBISHI
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MS8725P, P-15

16 384-BIT (2048-WORD BY 8-BIT) STATIC RAM

TIMING DIAGRAMS (Note 2)
Read Cycle 1
te (R) |

Ag~Aqg > *
|
oE ggg(NOTE 3)%% égmom 3)?%{
A\AY4

ta(a)

N

ta (oE)

v (a)

DQ

NOT
(DATA OUTPUTS) PREVIOUS DATA VALID X VALID > DATA VALID

W = high level
S = low level

Read Cycle 2
to (R)
s 4
\_ /
ta(s)
trzx(s) tPxz(s)
Do { Not DATA VALID N o
(DATA OUTPUTS) \ VALID
tpy tPD
Jele]l
lee
E= high level
OE = low level
MITSUBISHI
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M58725P, P-15

16 384-BIT (2048-WORD BY 8-BIT) STATIC RAM

Write Cycle (W Control Mode)

to (w)
| tsu(s)
S (NOTE 3) i(j i(i ;(NOTE 3)
XXX / XAA
tsu(a) | tw(w) twr
w /
OE /
——A tsu (oE) | tsu () th (o)
DQ  (NOTE4
(DATA INPUTS) ) DATA IN STABLE
tpxz (0E)
0Q AANANANAANN
(DATA QUTPUTS) /
Write Cycle 2 (S Control Mode)
to (w)
fo A >< ):
B tsu(s) twr
>
S \ J/
Tw(w)
_ Wj XX (NOTE5)
W (NOTE 3) (NOTE 3)
XY \ . XX
| tsu (D) th(o) ,
DQ  (NOTE 4) i \
(DATA INPUTS) \ DATA IN STABLE J———
tpzx(S) '
DQ (NOTES5) texz(W)
(DATA OUTPUTS) //
OE = low level
Note 2. Testconditions Note 3. Either the high or low state is possible.
fnput puise level 0.4~2.4V 4. When the DQ pin is in the output state, a reverse phase signai should not be
Input pulse rise time  10ns applied externally - _
Input pulse fall time ~ 10ns 5. When the falling edge of W is simultaneous to or prior to the falling edge of S
Reference level 1.5V the output is maintained in the high-impedance state.

Load 1TTL, CL =100p

F
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M58725P,P-15

16384-BIT(2048-WORD BY 8-BIT) STATIC RAM

TYPICAL CHARACTERISTICS

ta (AD)

ACCESS TIME

LOW-LEVEL OUTPUT CURRENT IgL (mA)

SUPPLY CURRENT lgetlece (mA)

NORMALIZED ACCESS TIME VS.
AMBIENT TEMPERATURE
I .

Vee=4.5V

O.J
0.8I/

20 40 60 80
AMBIENT TEMPERATURE T4 (°C)

NORMALIZED ACCESS TIME

o

LOW-LEVEL OUTPUT CURRENT VS.
LOW-LEVEL OUTPUT VOLTAGE

I
Vee=4.5V
Ta=25T /

1/
/

10 /

HIGH-LEVEL OUTPUT CURRENT lon (mA)

0. 0.2 0.4 0.6 0.8 1.0
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4096-BIT (1024-WORD BY 4-BIT) CMOS STATIC RAM

MITSUBISHI LSIs

M58981P-30, P-45

DESCRIPTION

This is a 1024-word by 4-bit static RAM fabricated with the
silicon-gate CMOS process and designed for low power dis-
sipation and easy application of battery back-up.

While maintained in the chip non-select state by the
chip-select signal CS, it consumes power only at the low
value of 15uA (max) standby current and accordingly is
especially suitable as a memory system for battery-operated
applications and for battery back-up.

It operates on a single 5V supply, as does TTL, and
inputs and outputs are directly TTL-compatible and are
provided with common 1/O terminals.

FEATURES
® Access time: M58981P-30 -
M58981P-45 :
® Low power dissipation in
the standby mode: 15uA (max)
Single 5V power supply
- Data holding at 2V supply voltage
No external clock or refreshing operation required
Both inputs and outputs are directly TTL-compatible
Outputs are three-state, with OR-tie capability
Simple memory expansion by chip-select signal
Data terminals are common for both inputs and outputs
Pin configuration is identical with that of Mitsubishi’s
M5L 2114LP N-channel 4K static RAM, Intel’s 2114,
and Tl's TMS4045
APPLICATION
@ Battery-driven or battery back-up small-capacity memo-

300 ns {max)
450 ns (max)

ry units
FUNCTION
This device provides common data input and output ter-
minals.

PIN CONFIGURATION (TOP VIEW)

sl @ veo (sv)

As (2] [T« A7

As—[3] é [1€]le-Ag | ADDRESS INPUTS

ADDRESS INPUTS § A3 —[4] § (15« Ag
MG Y [@e1/0s
S

A—>[g] - [B+> 1/0z | para

Mo & [Bel/0s INPUTS/OUTPUTS
CHIP SELECT INPUT C_S—’E [T /04

(OV)GND [3 [0« R/W READ/WRITE INPUT

Outline 18P4

During a write cycle, when a location is designated by
address signals Ay~Ag and signal R/W goes low, the data
of the 1/0 at that time is written.

During a read cycle, when a location is designated by
address signals Ay~A,, and signal R/W goes high, the data
of the designated address is available at the 1/O terminals.

When signal CS is high, the chip is in the non-selectable
state, disabling both reading and writing. In this case, the
oltput is in the floating (high-impedance state) useful for
OR-ties with the output terminals of other chips.

Also in the chip non-select state, the device operates
with a low power dissipation, having a standby current of
16uA (max), so that the memory data can be held at a
supply voltage of 2V, enabling battery back-up operation
during power failure and power-down operation in the
standby mode.

BLOCK | .
DIAGRAM (18) vee (5V)
(®) GND (ov)
A
A01 g 3 « _ 14)1/04
Mo 5 g . 1024-WORD x 4-BIT Y 2 & 7 1/05| oata
Az o T, 12 2% RAM 2 %‘ 3 é 12) 1/03( INPUTS/OUTPUTS
3 o o (64 ROWS x 8 <
A e Tt 25 11)1/0a
4 3 Qg 64 COLUMNS)
As 9 ({
ADDRESS INPUTS l
‘ T
Ag o § A &8
A7(7) £ g |< § 16 R/W
IND, €«["%2 CONTROL
Sk 58 CIRCUIT
83| Bk
CHIP SELECT INPUT GS(8
READ/WRITE INPUT R/ W(Q0
MITSUBISHI
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MITSUBISHI LSIs

M58981P-30, P-45

4096-BIT (1024-WORD BY 4-BIT) CMOS STATIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.3~7 \Y
Vi Input voltage With respect to GND —0.3~Vge+0.3 \Y
Vo Output voltage 0~Vce \Y
Pd Maximum power dissipation Ta=25TC 700 mw
Topr Operating free-air ambient temperature range 0~70 C
Tstg Storage temperature range —65~150 c

RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C. unless otherwise noted)

Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \
ViL Low-level input voltage —0.3 0.65 \
VIH High-level input voitage 2.2 Vee \%

ELECTRICAL CHARACTERISTICS (Ta=0~70C, Vgc=5V * 10%. unless otherwise noted)

Limits
Symbol Parameter Test conditions Min Tvo Max Unit
ViH High-level input voltage 2.2 Vee \
ViL Low-level input voltage —0.3 0.65 \%
Von High-level output voltage loH=—1mA 2.4 \%
VoL Low-level output voltage loL=2mA 0.4 \Y
Iy Input current V,=0~5.5V +1 HA
lozn Off-state high-level output current Vi(€8)=2.2V, Vo=2.4V~V¢ec 1 A
lozL Off-state low-level output current Vi(C8)=2.2V, Vo=0.4V —1 uA
1co Supply current from V.o M58981P-45 C8'=0.65V, other inputs = Vgg, 9 25 mA
M58981P-30 Output open 12 25 mA
ice2 Supply current from Vgg MS8981P 45 TS =0.65V, other inputs =2.2V, 20 40 mA
M58981P-30 Qutput open 25 40 mA
1603 Supply current from Voo Vi(C8)=Vce 15 MA
Ci Input capacitance. all inputs Vi=GND, Vi=25mVrms, f=1MHz 4 8 pF
Co Output capacitance Vo=GND, Vo =25mVrms, f=1MHz 8 12 pF
Note 1 : Current flowing into an IC is positive; out is negative.
TIMING REQUIREMENTS (FOI’ Write Cycle) (Ta=0~70C, Vgc=5V * 10%. unless otherwise noted)
M58981P-30 M58981P-45
Symbol Parameter Test conditions Limits Limits Unit
Min Typ Max Min Typ Max
to(wr) Write cycle time Input pulse 300 450 ns
tsu(ap) Address setup time with respect to write pulse VIH=2.2V 60 80 ns
Tw(wR) Write pulse width Vi =0.65V 210 250 ns
twr Wiite recovery time tr=tf=20ns 30 50 ns
tsu(oa) Data setup time Reference level = 1.5V | 130 150 ns
th(pa) Data hold time Load=1TTL, 30 50 ns
tsu(cs) Chip select setup time CL=100pF 250 300 ) ns
tpxz(WR) | Output disable time with respect to write pulse 80 100 ns

SWITCHING CHARACTERISTICS (For Read Cycle) (Ta=0~70C. Vgg=5V £ 10% unless otherwise noted)

] M58981P-30 M58981P-45

Symbol Parameter Test conditions Limits . Limits Unit

Min Typ Max Min Typ Max
te(RD) Read cycle time Input pulse 300 450 ns
1 v " ViH=2.2V, 450 o

a(ap) - ress access 1me ViL=0.65V 300

ta(cs) Chip select access time tr=tf=20ns 300 450 ns
- - Reference level = 1 5y ns

tpxzics) Output disable time with respect to chip select load = 1T TL, 80 100
tdvaD) Data valid time with respect to address CL=100pF 20 20 ns

2—10 ELECTRIC



MITSUBISHI LSIs

M58981P-30, P-45

4096-BIT (1024-WORD BY 4-BIT) CMOS STATIC RAM

TIMING DIAGRAMS
Read Cycle

tc(RD)

o X

A

ta(ap) tdv(ap)
A
Gs (NOTE 2) A (NOTE 2)
XX Y\A
ta(cs) tpxz(cs)

(OUTPUT MODE)

1/01~1/04 DATA OUT VALID )%———

Write Cycle

to(wr)
t
tsu(ap WWR) twr

R/W \ /

tsu(cs)
= SRTHON A

tsu(pa) th(oa)
1/01—~1/04 / DATA IN VALID \
(INPUT MODE) \ /
tpxz(wr) tpxz(cs)

1/01~1/0a DATA OUT INVALID \ WRITE DATA
(DATA OUTPUTS) /

Note 2: Hatching indicates the state is unknown

-—»_«_The center line indicates a floating (high-impedance) state.

MITSUBISHI
ELECTRIC
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MITSUBISHI LSIs

M58981P-30, P-45

4096-BIT (1024-WORD BY 4-BIT) CMOS STATIC RAM

POWER-DOWN OPERATION
Electrical Characteristics (Ta=0~70°C. unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vee(PD) Power-down supply voltage V) (cs)=Veo 2 v
2.2vsV =V 2.2
Vi(Cs) Power-down chip select input voltage V£ Veo(pp)= Voo . v
2V=Veoepp)s2.2V vee(pp) \"
| cc(PD) Power-down supply current from Veo Vee=2V, allinputs =2V 15 uA

Note 3 : Current flowing into an IC is positive ; out is negative.

Timing Requirements (Ta=0~70"C, VGc=5V +£10%. uniess otherwise noted)

Limits .
Symbol Parameter Unit
Min Typ Max
tsu(PD) Power-down setup time 1] ns
tR(PD) Power-down recovery time tc(RD) ns
Timing Diagram
Vee(Po)
MITSUBISHI
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16 384-BIT (16 384-WORD BY 1-BIT) DYNAMIC RAM

MITSUBISHI LSIs

MS5K4116P-2, P-3

DESCRIPTION

This is a family of 16 384-word by 1-bit dynamic RAMs,
fabricated with the N-channel silicon-gate MOS process, and
is ideal for large-capacity memory systems where high
speed, low power dissipation, and low costs are essential.
The use of double-layer poly-silicon process technology and
a single-transistor dynamic storage cell provide high circuit
density at reduced costs, and the use of dynamic circuitry
including sense amplifiers assures low power dissipation.
Multiplexed address inputs permit both a reduction in pins
to the standard 16-pin package configuration and an in-
crease in system densities.

FEATURES
® Performance ranges
Access time Cycle time Power dissipation
Type name (max) {min}) (typ)
{ns) (ns) (mw)
MBSK 4116 P-2 150 320 330
M5K 4116 P-3 200 375 280

® Standard 16-pin package

® Voltage range on all power supplies
(Voo, Vcc, VeB): +10%

® Low standby power dissipation: 19.8mW (max)

® Low operating power dissipation: 462mW (max)

® Unlatched output enables two-dimensional chip selec-
tion and extended page boundary

® Early-write operation gives common |/QO capability

® Read-modify-write, R—AS-only refresh, and page-mode
capabilities

® All input terminals have low input capacitance and are
directly TTL-compatible

@ Qutput is three-state and directly TTL-.compatible

® 128 refresh cycles

PIN CONFIGURATION (TOP VIEW)

(-5Vv) ves [0 6] Vss (0V)
DATA INPUT  DIN—[2] Ble-CAS  SPLIMN ADORESS

READ/WRITE
CONTROL INPUT R/W —[3] = [W-+DouT DATA OUTPUT
ROW ADDRESS =—=

sTROBE NPUT RAS—+[2] & [Hle-Ag ]
A—E B [FeAs
> ADDRESS INPUTS
ADDRESS INPUTS  {Az—+[6] o [T« A4
As=] [10]+- As

(12v) Voo [g] [l Vee (5V)

Outline 16P1

® Interchangeable with Mostek’s MK4116 in both electrical
characteristics and pin configuration

APPLICATION

® Main memory unit for computers

FUNCTION

The M5K4116P provide, in addition to normal read, write,

and read-modify-write operations, a number of other

functions, e.g., page mode, RAS-only refresh, and delayed-

write. The input conditions for each are shown below.

Inputs Qutput

Operation | | Row IColumn Re- | Remarks

RAS CAS R ‘W D‘N aadressiaaares: DOUT freSh
Read ACT | ACT | NAC | DNC | APD | APD | VLD | YES | 'ng:ﬂrga(l)de

Write ACT | ACT | ACT | VLD | APD | APD | OPN | YES [except

[Fead-modiy- | ACT | ACT | ACT | viD | APD | APD | VID | vES |{66*""®
RAS-only refreshACT | NAC | DNC | DNC | APD | DNC | OPN | YES
Standby NAC | DNC | DNC | DNC | DNC | DNC | OPN | NO

Note : ACT : active; NAC : nonactive ; DNC : don't care ; VLD : valid; APD : applied; OPN : open

BLOCK DIAGRAM

DATA INPUT  Din (2

READ/WRITE INPUT R W (3 INPUT
coLumn aooaess - L r“j:: LATCH (® Voo (12V)
STROBE INPUT |
T Voo (5V
ROW ADDRESS RAS (3 : JCLOCK GENERATOR CIRCUI (3) vce (5v)
STROBE INPUT Tt T @® vss (0V)
14
—If COLUMN DECODER ] D ves (—5V)
i {  vo controL ciRcuT }
Ao (5) - 8192 WORD x 1-BIT RAM
A (7) £ & x (64 ROWS x 128 COLUMNS)
Az (6) EEIR §
ADDRESS INPUTS § A3 (12) Sar— & +—| 128 SENSE AMPLIFIER %ﬂlig D Dour DATA OUTPUT
w
As (D g§ g 8192 WORD x 1-BIT RAM
o
As (9 T < (64 ROWS x 128 COLUMNS)
Ag @

i

!

"‘l 170 CONTROL CIRCUIT |

— |

f

I —

COLUMN DECODER ]

—

MITSUBISHI

ELECTRIC

?2—1R




MITSUBISHI LSIs

M5K4116P-2, P-3

16 384-BIT (16 384-WORD BY 1-BIT) DYNAMIC RAM

SUMMARY OF OPERATIONS

Addressing

To select one of the 16 384 memory cells in the M5K 4116 P

the 14-bit address signal must be multiplexed into 7

address signals, which are then latched into the on-chip

latch by two externally-applied clock pulses. First, the
negative-going edge of the row-address-strobe pulse (RAS)
latches the 7 row-address bits; next, the negative-going edge

of the column-address-strobe pulse (CAS) latches the 7

column-address bits. Timing of the RAS and CAS clocks

can be selected by either of the following two methods:

1. The delay time from RAS to CAS td (RAS-CAS) s set
between the minimum and maximum values of the
limits. In this case, the internal CAS control signals are
inhibited almost until td4@aS-6AS)max (‘gated CAS’
operation). The external CAS signal can be applied with
a margin not affecting the on-chip circuit operations,
e.g. access time, and the address inputs can be easily
changed from row address to column address.

2. The delay time td(Ras-Gas) is set larger than the
maximum value of the limits. In this case the internal
inhibition of CAS has already been released, so that
the internal CAS control signals are controlled by the
externally applied CAS, which also controls the access
time.

Data Input

Data to be written into a selected cell is strobed by the

later of the two negative transitions of R/W input and

CAS input. Thus when the R/W input makes its negative

transition prior to CAS input (early write), the data input

is strobed by CAS, and the negative transition of CAS is set
as the reference point for set-up and hold times. In the
read-write or read-modify-write cycles, however, when the

R/W input makes its negative transition after (TS, the

R/W negative transition is set as the reference point for

set-up and hold times.

Data Output Control

The output of the M5K 4116P is in the high-impedance

state when CAS is high. When the memory cycle in

progress is a read, read-modify-write, or a delayed-write
cycle, the data output will go from the high-impedance
state to the active condition, and the data in the selected
cell will- be read. This data output will have the same
polarity as the input data. Once the output has entered
the active condition, this condition will be maintained
until CAS goes high, irrespective of the condition of RAS

(for a maximum of 10us).

The output will remain in the high-impedance state
throughout the entire cycle in an early-write cycle.

These output conditions, of the M5K 4116P which can
readily be changed by controlling the timing of
the write pulse in a write cycle, and the width of the CAS

pulse in a read cycle, offer capabilities for a number of

applications, as follows.
1. Common I/0 Operation

If all write operations are performed in the early-write
mode, input and output can be connected directly to give
a common |/0O data bus.
2. Data Output Hold
The data output can be held between read cycles, without
lengthening the cycle time, until the next cycle commences.
This enables extremely flexible clock-timing settings for
RAS and CAS.
3. Two Methods of Chip Selection
Since the output is not latched, CAS is not required to keep
the outputs of selected chips in the matrix in a hign-
impedance state. This means that CAS and/or RAS can
both be decoded for chip selection.
4. Extended-Page Boundary
By decoding CAS, the page boundary can be extended
beyond the 128 column locations in a single chip. In this
case, RAS must be applied to all devices.
Page-Mode Operation
This operation allows for multiple-column addressing at the
same row address, and eliminates the power dissipation
associated with the negative-gning edge of RAS, because
once the row address has been strobed, RAS is maintained.
Also, the time required to strobe in the row address for
the second and subsequent cycles is eliminated, thereby
decreasing the access and cycle times.
Refresh
The refreshing of the dynamic cell matrix is accomplished
by performing a memory operation at each of the 128
row-address locations within a 2ms time interval. Any
normal memory cycle will perform the refreshing, and
RAS-only refresh offers a significant reduction in operating
power.
Power Dissipation
Most of the circuitry in the MbK 4116P is dynamic,
and most of the power is dissipated when addresses are
strobed. Both RAS and CAS are decoded and applied to
the M5K4116P as chip-select in the memory system,
but if RAS is decoded, all unselected devices go into stand-
by independent of the CAS condition, minimizing system
power dissipation.
Power Supplies
Although the M5K 4116P require no particular power-
supply sequencing so long as the devices are used
within the limits of the absolute maximum ratings, it is
recommended that the Vgg supply be applied first and
removed last. Vgg should never be more positive than
Vss when power supply is applied to Vpp.

Some eight dummy cycles are necessary after power is
applied to the device before memory operation is achieved.

MITSUBISHI
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MITSUBISHI LSIs

MS5K4116P-2, P-3

16 384-BIT (16 384-WORD BY 1-BIT) DYNAMIC RAM

ABSOLUTE MAXIMUM RATINGS

LSymbol Parameter Conditions Limits Unit
Vpp Supply voltage —0.5~20 \Y
Vee Supply voltage —0.5~20 \4
Vss Supply voltage With respect to -0.5~20 \Y
Vi Input voltage —0.5~-20 \
Vo Output voltage —0.5-20 \%
Voo Supply voltage —1~15 \

With respect to Vss
Vee Supply voltage —1—~15 \%
VeB--Vss | Supply voltage Vpo—Vss>0 0 \
lo Output current 50 mA
Pd Power dissipation Ta=25TC 700 mw
Topr Operating free-air temperature range 0-~70 T
Tstg Storage temperature range — 65~ 150 c
RECOMMENDED OPERATING COND|T|0NS (Ta=0~ 70 C, unless otherwise noted. Note 1)
Limits
Symbol Parameter Unit
Min Nom Max

Voo Supply voltage 10.8 12 13.2 \Y

Vee Supply voltage (Note 2) 4.5 5 5.5 Vv

Vss Supply voltage 0 0 0 \2

Vas Supply voltage —4.5 —5 —5.7 v

ViH1 High-leve! input voltage, RAS, CAS, R'W 2.7 7 \

ViH2 High-level input voltage. Ag ~ Ag, Din 2.4 7 \

ViL Low-level input voltage, all inputs —1 0.8 \Y

Note 1 All voltages with respect to Vgs . Apply Vgg power supply first, prior to other power supplies. and remove last.
2 The output voltage will swing from V gg to Vg when output loading current is zero. In standby mode V ¢ may be reduced to Vsg
without affecting refresh operations or data retention, but the V oHmin specification is not guaranteed in this mode.
ELECTRICAL CHARACTERISTICS
(Ta=0~70C, Vpp - 12V+10%, Voec=5V+10%, Vss=0V, —5.7V<Vgp=< —4.5V. uniess otherwise noted)
. Limits )

Symbol Parameter Test conditions Vi T Max Unit
VoH High-level output voltage (Note 2) loH=—5mA 2.4 Veo \

VoL Low-level output voltage (Note 2) loL=4.2mA 0 0.4 \

oz Oft-state output current OD\C/,UST\FZ:::ZS. v — 10 10 uA
I Input current /\A/IIBoBﬂ;r:Jlis\;g\;/ =VINSTV — 10 10 uA
{ Average supply current from Vpp . operatin o " mA
Iz::ii:; Average SUS;: current from o . ozerat‘rng {Note 4) RAS. CAS cyeing * -

IBB1(AV) | Average supply current from Vg . operating to(mp) = to(wR) = min 200 uA
lpbD2 Supply current from VDD . standby P 1.5 mA
lcoz Supply current from Ve . standby RAS = Vin X —10 10 ©A
igg2 Supply current from Vgg . standby DouT = floating 100 uA
1DD3(AV) Average supply current from Vpp . refresh‘ing HAS cyelng GAS = Vin 27 mA
lcoa(av) Average supply current from -V ¢ . refreshing —10 10 A
18B3(AV) Average supply current from Vg . refreshing to(ReF) = min 200 uA
10D4 (AV) Average supply current from Vpp . page mode BAS= ViL. GAS 27 mA
Icca(av) Average supply current from V¢ . page mode (Note 4) N —

8B4 (AV) Average supply current from Vg . page mode te(pe) = min 200 ©A
Ci(aD) Input capacitance. address inputs 5 pF
Ci(pa) Input capacitance, data input Vi=Vss 5 pF
Ci(R w) Input capacitance, read/write control input f=1MHz 7 pF
Ci(RAS) Input capacitance, RA S input Vi=25mVrms 10 pF
Ci(CAS) Input capacitance. G A S input 10 pF
Co Output capacitance Vo=Vssg, f=1MHz, Vi=25mVrms 7 pF

Note 3 Except for IBB. current flowing into an IC is positive ; out is negative.
4 Ve is connected only to the output buffer, so that Icc1 and |cca depend upon output loading.
MITSUBISHI
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MITSUBISHI LSIs

M5K4116P-2, P-3

16 384-BIT (16 384-WORD BY 1-BIT) DYNAMIC RAM

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycles)

(Ta=0~70C, Vpp=12V £10%. Vgoc=5V +10%, Vss=0V, —5.7V<Vgg=< —4.5V, unless otherwise noted. See notes 5, 6, and 7.)

M5K4116P-2 M5K4116P-3
Alternative — — .
Symbol Parameter Symbol Limits Limits Unit

Min Max Min Max
te(REF) Refresh cycle time tREF 2 2 ms
tw(RASH) RA'S high pulse width trp 100 120 ns
tw(FASL) RAS low pulse width [ 150 | 10000 | 200 | 10000 ns
tw(CASL) CA'S low pulse width (Note 8) teas 100 | 10000 135 | 10000 ns
th(RAS-CAS) CAS hold time with respect to RAS tosH 150 200 ns
th(CAS-RAS) | RAS hold time with respect to CAS tRsH 100 135 ns
td@ES-cAs) | Delay time. RAS to CAS (Note 9) taco 20 50 25 65 ns
1d(cA3-AAS) | Delay ime. CAS 10 RAS tere —20 —20 ns
tsu(RA-RAS) Row address setup time with respect to RAS tasr 0 0 ns
tsu(ca-GAS) | Column address setup time with respect to CAS tasc —10 —10 ns
th(RAS-RA) Row address hold time with respect to RAS tRaH 20 25 ns
th(Cas-ca) Column address hold time with respect to CAS toan 45 55 ns
Ih(ﬂ's'-c)x) Column address hold time with respect to RA S taR 95 120 ns
: 1:: Transition time tr 3 35 3 50 ns

Note 5 After power supply is applied, some eight dummy cycles are required before memory operation is achieved. BAS/CAS refresh cycles or RAS read-only cycles are suitable
as dummy cycles. Once power is applied, it is also recommended to keep the RAS at high-level for more than 3us before the dummy cycles. or to keep the RAS high
pulse width Tw(RASH) more than 3us for a minimum of one dummy cycle.

6 The switching characteristics are defined as tTHL=1tT H=>5ns .

7 Reference levels of input signals are Vi1 min-ViHz min and VL max- Reference levels for transition time are also between V11 or ViHz and VL

8 Assumes that td(RAS-CAS) = 1d(RAS-CAS) max.If td(RAS-CAS) < Ld (RAS-CAS) max . Lw(CASL) will be increased by the amount that t((RAS-CAS)
has decreased.

9 The maximum value of td(RAS-CAsS) does not define the limit of operation, but is specified as a reference point only: if t4(RAS-GAS) is greater than the specified
td (RAS-CAS) max limit. then access time is controlied exclusively by t3(GAS).

SWITCHING CHARACTERISTICS (Ta=0~70T, Vop=12V+10%, Vcc=5V+10%, Vss=0V, —5.7V <Vgg< —4.5V. unlss otherwise noted
Read Cycle

) M5K4116P-2 M5K4116P-3
Symbol Parameter é:z:gz:"’e Limits Limits Unit
Min Max Min Max
to(rRD) Read cycle time tRe 320 375 ns
1su(RD-CAS) Read set-up time with respect to CAS tres 0 0 ns
th(CAS-RD) Read hold time with respect to CAS tRCH 0 0 ns
th(cas-out) | Data-out hold time tors 0 40 0 50 ns
ta(CAs) CAS access time (Note 10) tecac 100 135 ns
ta(RAS) RAS access time (Note 11) tRAC 150 200 ns

Note 10 This is the value when td(RAS-CAS) = td (RAS-GAS)max . Test conditions : Load = 2T TL .CL=100pF
11 This is the value when td (RAS-CAS) < td(RAS-CAS)max. When td(RAS-GAS) < td(FAS-CAS) max
ta (RAS)increases by the amount of increase of td(RAS-CAS) - Test conditions ; Load = 2T TL . CL=100pF

Write Cycle

M5K4116P-2 M5K4116P-3
Alternative - — .
Symbol Parameter Symbol Limits Limits Unit
Min Max Min Max
te(wR) Wiite cycle time tre 320 375 ns
tsu(wr-CAS) | Write set-up time with respect to CAS (Note 12) twes —20 —20 ns
th(GAS-WR) Wirite hold time with respect 0 CAS tweH 45 55 ns
th(@AS-wR) | Write hold time with respect to RAS twer 95 120 ns
th(wr-FAS) | RAS hold time with respect to write tRwL 50 70 ns
th(wR-GAS) CAS hold time with respect to write towe 50 70 ns
t w(wR) Write puise width twp 45 55 ns
tsu(DA-CAS) | Data-in setup time with respect to CAS I tps 0 0 ns
th(GAS-DA) Data-in hold time with respect to CAS toH 45 55 ns
th(RAS-DA) Data-in hold time with respect to RAS toHR 95 120 ns

MITSUBISHI
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MITSUBISHI LSIs

M5K4116P-2, P-3

16 384-BIT (16 384-WORD BY 1-BIT) DYNAMIC RAM

Read-Write and Read-Modify-Write Cycles

. M5K4116P-2 M5K4116P-3
Symbol Parameter ;\\:t;:;ﬂve Limits Limits Unit

Min Max Min Max
to(RMW) Read-modify-write cycle time tawe 320 405 ns
to(rw) Read-write cycle time tRwe 320 375 ns
th(wR-FAS) RAS hold time with respect to write tRwL 50 70 ns
th(wr-CAS) CAS hold time with respect to write towL 50 70 ns
tw(wRr) Write pulse width twp 45 55 ns
tsu(Rp-GAS) Read setup time with respect to CAS tres 0 0 ns
1 (RAS-wR) Delay time, RA S to write (Note 12) trRwo 110 145 ns
1d(CAS-WR) Delay time, CAS to write (Note 12) tewo 60 80 ns
tsu(pa-wR) Data-in set-up time with respect to write tps 0 0 ns
th(wr-DA) Data-in hold time with respect to write toH 45 55 ns
th(Gas-out) | Data-out hold time with respect to CAS torr 0 40 [1] 50 ns
ta(GA3) CAS access time (Note 10) tcac 100 135 ns
ta(Ras) RAS access time (Note 11) trac 150 200 ns

Note 12 : tsu(wn-CAS). 'd(RAS-wR), and Id(CAS-wR)do not define the limits of operation, but are included as electrical characteristics only.
When tsu(WR-CAS) = tsu(wR-CAS) min. an early-write cycle is performed. and the data output keeps the high-impedance state.
When td(BAS-wR) = td(RAS-WR)min and td(CaS-wR) < Ld(CAS-WR) min . a read-modify-write cycle is performed. and the data
of the selected address will be read out on the data outputs.
For all conditions other than those described above the condition of data output is not defined.

Page-Mode Cycle

M5K4116P-2 M5K4116P-3
Symbol Parameter Alternative Limits Limits Unit
symbol
Min Max Min Max
to(pa) Page-mode cycle time tro 170 225 ns
tw(CASH) | CAS high pulse width top 60 80 ns

MITSUBISHI
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M5K4116P-2, P-3

16 384-BIT (16 384-WORD BY 1-BIT) DYNAMIC RAM

TIMING DIAGRAMS

Read Cycle to(RD)
tw(RASL
th(RAS-CAS)
th(RAS-cA) |
RAS \\;IHI - !\\ | T \ )
[ 7 \
‘ tw (RASH) —={
1d(RAS- CAS)———mmt=e—————Ih (CAS-RAS td(CAS-RAS)
e Vit — } \ wW(CASL) / /
ViL = N
tsu(ra-AAS)| [th(RAS-RA) tsu(ca-GAS) th(GRS-cA)
ViH2 — 'V’\ """’
~ Y ROW COLUMN
tsu(RD-GAS) —
th(CAS-RD)
v RO L )
ViL — to (BTE
a(CAS)—T
ta(RAS) th(CAS-ouT)
VOH — }l ‘\
Dout HIGH-IMPEDANCE STATE { DATA VALID )
VoL — \ ¥ Z
Write and Early Write Cycles
to(wR)
tw(RABL)
th(RAS-GAS)
_ N th(FAS- |
RES \\;IH1 \ h(RAS-CA) ‘ y
T N \
__i._tn(oA—&R—s) | L (RASH) ——=r]
[~e——1d(RAS-CAS) | tw(GASL) td(CAS-RAS)
_ ViH1 — p \ /
CAS ViL — |\ Z /
tslu(RA-m) th(m-HA) tsu_(CA-cTs) th(5AS-0n)
1 .
- Virz — XA ROW (KX AN COLUMN
Ao~ Ae Vil - 0’0’0“ ADDRESS '\?‘?‘f‘f‘ ’ ADDRESS
’ | th(wr-GAS
tsu(wr-GAS) | ] th(CAS-wR)
ViH1 — tw(wR
R'W ViL - N | P
! I th(wR-RAS)
Th(H_As-WR)-———Il
tsu(DA-CAS) =] Fe————={th(GAS-0A)
ViHz — ) 4 N\
S D 4 It
t——————1h (RAS-DA)————————
VoH —
Dout HIGH-IMPEDANCE STATE
VoL —
MITSUBISHI
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M5K4116P-2, P-3

16 384-BIT (16 384-WORD BY 1-BIT) DYNAMIC RAM

Read-Write and Read-Maodify-Write Cycles

Py
w

O
>
(4]

Ap—~ Ag

Dout

Din

ViH1— \

ViL —

ViH1—
Vi —

to(RMW)

th(RAS-cA

N

lee—d (RAS-CAS)

tw(RASL
th (CAS-RAS tW(RASH)""

tsu(RA-RAS)| [th(RAS-RA)

\

td (RAS-TAS)

th(RAS-GAS)
tw(CAsL)

tsu(cA-CAS)

ViHz — ROW COLUMN
ViL — ADDRESS ADDRESS

!Id(%»wm [—th(WR- GAS) —=—

tsu(RD-CAS) '——‘ | Ld(CAS-wR) t=—rth (WR-RAS) —=
ViH1— \
Vie - |
——Iw(wﬂ)«—l
ta(CAS) th(GAS-ouT)
VOH — //ZJ{ h
— HIGH-IMPEDANCE STATE 4 DATA VALID
VoL — R .,
ta(AAS)
tsu(pa-wr) th(wR-DA)

ViHe —

Vie —

R R R R

XX LR
”0,000‘0“ DATA VALID |

RAS-Only Refresh Cycle

Pyl
[}

Ag—~As

Dout

tc(rRD)

ViH1 —
Vie —

tw(RASL i
\k T \
th(RAS-RA) } tw (RASH)

ViHz —
ViL —

tsu(RA»m)F——

ROW
ADDRESS

o VA O OV VATAL & O GV P XTI
R AR R

VOH —

VoL —

Note 13 : CAS =ViH1, R/W=don't care.

HIGH-IMISEDANCE STATE

MITSUBISHI
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MSK4116P-2, P-3

16 384-BIT (16 384-WORD BY 1-BIT) DYNAMIC RAM

Page-Mode Read Cycle

tw(RASL)
le———th(RAS-CAS)
wiT ViHi— --wm-cm——-l
ViL —
A [ [ 7 f I d Ly (RASH)
. [ I to(pe) [=~—-—1h (CAS-RAS) !
d(RAS-CAS N,
¢ ) tw(CASL) Tw(CABL) I~=—-tw(CABL) 1d(CAS-AAS)
S ViHI — | ‘ ﬂ\ ) r. 7
CAS ViL —
th(RAS-RA) — W(CASH) [
| th(CAS-CA) th(Cas-ca) th(GAs-ca)
tsu(Rra-RAS) _ . -
__IISU(CA'CAS) r=lsu(ca-Cas) " ~r=-tsu(ca-CAS)
Vikz — g COLUMN COLUMN XOOAREAXXKXKARNK
Ao~Ag ‘ ’0'
Vie =Y ADDRESS OO ADDRESS “A’A"‘!‘?‘?‘?‘?‘?ﬁOQOQOA‘A‘A’O
L—Ia((Ts)—— | l——ta(cTs) l-—ta(ﬁ@
ta(RAS) t=-th(CAS-0UT) - th(tAs-ouT) th(cas-ouT)
VoH —
D e LG DATA ATA
ouT VoL — HIGH-IMPEDANCE STATE VALID, L VALID,
-=—t-t=-1SU(RD-CAS)
tsu(RrD-CAS) th(CAS-RD) =t~ th(CAS-rRD)
o e
R/W
ViL —
Page-Mode Write Cycle
tw(RASL)
. th(RAS-CAS)——=
& Vil — *\——th(m-cA)—j
s Vi — N Y,
7/ tw(FAS
L o1 th(CAS-RAS) s
td(RAS-GAS) t’ __ td(CAS-AAS)
W(CASL)
cAs oM
ik = th(RAs t
h . —
(RAS-RA) th(oas-oay | CASH)
tsu(ra- —
su(RA-RAS) Tlsu(cA-c"A"s) tsu(CA-GAS)
ViHz —
ViL — Y
th(GasS-wR) th(CAS-wR) th(CAS-wR)
th(wR-CAS) th(WR:CAS)—== fee—Lh (WR-CAS)—e=|
R/W
Vie — Z Z e N
tw(wr) lsu I Tw(wRr) ! -.IW(wn).—|
th(RAS-wR)—=] [~=—o1h (WR-RAS)—=
tsu(pA-wR) th(wR-DA)
ViHz — X OO0 NN NN
Din ! LXOOCOCOOOON0
Vie —m X Q‘?‘?‘?‘?‘?‘?‘?ﬁ ‘t’A‘A‘A‘A‘A‘A’A‘A’AA‘A’A‘A
oL (RAS-DA)
Note 14 ;
M Indicates the don't care input.
M The center-line indicates the high-impedance state.
MITSUBISHI
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M5K4116P-2, P-3

16 384-BIT (16 384-WORD BY 1-BIT) DYNAMIC RAM

TYPICAL CHARACTERISTICS

NORMALIZED ACCESS TIME VS. NORMALIZED ACCESS TIME VS.
SUPPLY VOLTAGE Vpp AMBIENT TEMPERATURE
1.4 1.4
Vopo= 12\l/
,a Ta=25T - Ve =5V
< ) VRR= —
£1.2 3.2 Gl
o 8 -
S ¥ —]
%10 E 1.0
@1, @1
—
o <
y g
:E(‘ 0.8 No.g
<
o«
2
z
0.6 0.6
10 11 12 13 4 0 25 50 75 100
SUPPLY VOLTAGE Vpp(V) AMBIENT TEMPERATURE Ta(C)
NORMALIZED ACCESS TIME VS. AVERAGE SUPPLY CURRENT FROM Vpp .
SUPPLY VOLTAGE Vgg OPERATING MODE VS. SUPPLY VOLTAGE
1.4 40
& Ta=25C
s Ta=25C 2 Vea= — 4.5V
1.2 3 30
8 7 tc=375ns
g £ |, //!:: 500ns
@1.0 3220 = -
g g é A to=750ns
9 2 5 //L—-
Ng.g wz 10 —
=z gE
= [remred
& >
b4 <O
0.6 ]
—4.0 —4.5 —~5.0 ~5.5 ~6.0 10 1 2 13 14
SUPPLY VOLTAGE Ves(V) SUPPLY VOLTAGE Vpo(V)
NORMALIZED ACCESS TIME VS. AVERAGE SUPPLY CURRENT FROM Vpp.
SUPPLY VOLTAGE Vcc OPERATING MODE VS. AMBIENT TEMPERATURE
1.4 40
Ta =25C >S Vpp=13.2V
‘Z,‘, s Vge= —4.5V
£1.2 5 30
8 e 2 tc=375ns
w z E
2 g2
= €9 Ic =500ns
21.0 3L 20
8 58 I
4 & g tc =750ns
2 D o
No.g— B2 10
< < <
2 5%
S 23
0.6 0 .
4.0 4.5 5.0 5.5 6.0 0 25 50 75 100
SUPPLY VOLTAGE Vgg(V) AMBIENT TEMPERATURE Ta('C)
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M5K4116P-2, P-3

16 384-BIT (16 384-WORD BY 1-BIT) DYNAMIC RAM

AVERAGE SUPPLY CURRENT FROM Vpp, AVERAGE SUPPLY CURRENT FROM Vpp,
OPERATING MODE VS. FREQUENCY REFRESH MODE VS. SUPPLY VOLTAGE
40 T 20 —
Ta=25C 5 Ta :zsle tc(REp)’— 375ns
om | VoD=13.2V 2 Ves=—a.5v "]
ag V= —4.5V / s
>E 30 7 2 s >~ to(reF) =500ns
25 o /|/
9 a (S
E —_ Zz <<
> u g & .—V to(ReF) = 750ns
2o 20 3 2 10 =
25 > <
w g T w —'/
ge S8
o« » 3
w A
Sg 10 wr 5
<O / é Q
0% 1 T 11 12 13 4
FREQUENCY f(g)(MHz) SUPPLY VOLTAGE Vpp(V)

SUPPLY CURRENT FROM Vpp, AVERAGE SUPPLY CURRENT FROM Vpp,
STANDBY MODE VS. SUPPLY VOLTAGE REFRESH MODE VS. AMBIENT TEMPERATURE
1.4 i 25

Ta=25TC Vpp= 13.2V

S Veg=—4.5V s Veg= - 5.5V
S92 S 20
-4 A tc(ReF) = 375ns
23 . - _
g9 1.0 [S-] to(reF) = 500ns
Sz / iy
o) 20
%EO.B / (; E 0 to(ReF) = 750ns |
aw / % g
¥
0.6 5
10 11 12 13 14 0 25 50 75 100
SUPPLY VOLTAGE Vpp(V) AMBIENT TEMPERATURE Ta('C)
SUPPLY CURRENT FROM Vpp. AVERAGE SUPPLY CURRENT FROM Vpp .,
STANDBY MODE VS. AMBIENT TEMPERATURE REFRESH MODE VS. FREQUENCY
1.4 25
Ta= 25”&
Vpp= 13.2V 3 Vop=13.2V
o~ |ves=—4.5v > Veg=—4.5V
><1.2 z =
5% £
g8 &
- ul
%J a 1.0 g 15
3] % & w
%3 $ 8
£z @2
35" gz
i
>w
g /
0.6 5 =
0 25 50 75 100 0 1 3 4
AMBIENT TEMPERATURE Ta(C) FREQUENCY (¢) (MHz)
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MSK4116P-2, P-3

16 384-BIT (16 384-WORD BY 1-BIT) DYNAMIC RAM

AVERAGE SUPPLY CURRENT FROM Vpp.

AVERAGE SUPPLY CURRENT FROM Vpp.

PAGE MODE Ipp4(mA)

AVERAGE SUPPLY CURRENT FRC™ Vpp,

PAGE MODE VS. SUPPLY VOLTAGE
20

I
Ta=25C

tc(pg) =250ns
Vee= —4.5V
15
’/ ta(pg) =375ns
<
2 ’/
é ’/ to(PG) —500ns
w
8
g 5
w
ol
b4
[+

0% 11 12 13 14
SUPPLY VOLTAGE Vpo(V)

AVERAGE SUPPLY CURRENT FROM Vpp,
PAGE MODE VS. AMBIENT TEMPERATURE
20

Vppo=13.2V, Vge=—4.5V
te (pg) =250ns

15 —

T
tc(pg) =375ns

—
te(Pg) =500ns

o

S

0 25 50 75
AMBIENT TEMPERATURE Ta(C )

100

AVERAGE SUPPLY CURRENT FROM Vpp,
PAGE MODE VS. FREQUENCY

RAS, CAS, R/W INPUT VOLTAGE

Vi, Vit VS. SUPPLY VOLTAGE

25

3 |7a=2s¢

= Veg= —5V

>Ez,0 ViH1(min )
(% —_____._-—-

= ViLi(max)
5 e
S5

=

)

a

Z

=

~ 1.0

1ey

'm’

<

3]

v 0.5

< 0 11 12 13 14
c

SUPPLY VOLTAGE Vpp(V)

RAS, CAS, R/W INPUT VOLTAGE
ViHi, Vi VS. SUPPLY VOLTAGE

S2.5

3 Ta=25C

E‘ Vpp=12V

2. u
S ViH1(min)
w

2

s ViLi(max)
o

> 1.5

-

o]

o

z

2

< 1.0

o

’q

o

« 0.5

’; —4.0 —4.5 —5.0 —5.5 —6.0

SUPPLY VOLTAGE Vgg(V)

RAS, CAS,R/W INPUT VOLTAGE

Vin4, ViLa VS. AMBIENT TEMPERATURE
2.5

ELECTRIC

20 T >
o Ta=25C S B ‘
£ Vpp=13.2V > Vop= 12V

= VeB= —5V
g " Vee=—4.5V I,.0
& L7 P .
- u@J P—] ViH1(min)
g5 z
o = v
S E rd 8.5 L1(max)
o~z 10 .
-

z 8 ~ g
g - -4
23 / z
g2 s 1.0
Ey @
<& E

0 0 0.5 |

[¢] 1 2 3 4 ’é 0 25 50 75 100
FREQUENCY f(4) (MHz) AMBIENT TEMPERATURE Ta(C)
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M5K4116P-2, P-3

16 384-BIT (16 384-WORD BY 1-BIT) DYNAMIC RAM

Ag ~ As, DIN INPUT VOLTAGE ViH2, ViL2(V)

N

~N

-

-

[=]

INPUT VOLTAGE Ao—~Ag, Din VS.

SUPPLY VOLTAGE V|2, Vi 2

Ta=25C
Veep=—5V
ViHz (min)
emp—1
Virz (max)
———" -
0 11 12 13 14

SUPPLY VOLTAGE Vpp(V)

INPUT VOLTAGE Ap~Ag, Din VS.

SUPPLY VOLTAGE V2, V) 2

Ag — Ag, Din INPUT VOLTAGE Vi, ViL2(V)

INPUT VOLTAGE Ag—~Ag, Din VS.
AMBIENT TEMPERATURE V2, ViLz

2.5
Vpp= 12V
Veg=—5V
2.0
ViHz (min)
1.5 T
ViLz(max)
1.0
0.5
0 25 50 5 100

AMBIENT TEMPERATURE Ta(C)

SUPPLY CURRENT VS. TIME
RAS/CAS CYCLE
LONG RAS/CAS CYCLE

RAS ONLY CYCLE

2.5
~ - = " 0
2 < RAs [} T d i
g |Ta=2sT g GAS N any
> Vop= 12V % YPICAL
§2.0 @ 199
3 ViHz (min) gl;'DD 6014 n
" — = (mA) 40 T )
g 5 28 A MUY -
< 1=
a s ViLz (max) | = 40 — p
s g 20 v
. i 0 T B
2 T (mA)- 20/ 1
-4 o 40,
z1.0 o 100 -
o 5% Iss EE 1 ]
2 ? (mA) 404 i il mEY
) 20 v)'A AR LW
L0.5 11 [ITT1 I
< -40 —45 -50 —-55  —6.0 50ns/DIVISION
SUPPLY VOLTAGE Ves(V) TIME t
NORMALIZED ACCESS TIME VS.
LOAD CAPACITANCE
1.2
@
€
K 1.1
s
=
1% /
g 1.0
<<'(’ /
a
uwr
N
Z 0.9
s
o
o
z
0.8
0 50 700 150 200
LOAD CAPACITANCE (pF)
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MSK4164P-15, P-20

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

DESCRIPTION

This is a family of 65 536-word by 1-bit dynamic RAMs,
fabricated with the high performance N-channel silicon-gate
MOS process, and is ideal for large-capacity memory
systems where high speed, low power dissipation, and low
costs are essential. The use of double-layer polysilicon
process technology and a single-transistor dynamic storage
cell provide high circuit density at reduced costs, and the
use of dynamic circuitry including sense amplifiers assures
low power dissipation. Multiplexed address inputs permit
both a reduction in pins to the standard 16-pin package
configuration and an increase in system densities. The
M5K4164P operates- on a 5V power supply using the
on-chip substrate bias generator.

FEATURES

® Performance ranges

PIN CONFIGURATION (TOP VIEW)

— %
REFRESH INPUT RE F—{1]
DATA INPUT D—olz
WRITE W
controL PUF W[

ROW ADDRESS RAG
STROBE INPUT RAS (4]

d VILPHSIN

Ao—+[5]

ADDRESS INPUTS  {A;—+(g]
Ai—[7]

(5v) Vge [8

B Vss (0V)

ZAC COLUMN ADDRESS
Ble-CAS §RRORE (NRUT

1]+ Q DATA OUTPUT
3¢ A¢

[12)e- A3

[Mle- As | ADDRESS INPUTS
[0}« As

e

* |f the pin 1 (REF) function is not used, pin 1 may be left open (not connect).

Outline 16P4

All input terminals have low input capacitance and are

Qutput is three-state and directly TTL-compatible

(16K dynamic RAMs M5K4116P, S compatible)

CAS controlled output allows hidden refresh, hidden

Access time Cycle time Power dissipation L
Type name {max) {min) {typ) directly TTL-compatible
{ns) {ns) {mW) °
M5K4164P-15 1 260 200
50 ® 128 refresh cycles every 2ms
M5K4164P-20 200 330 170
® Standard 16-pin package ® Pin 1 controls automatic- and self-refresh mode
® Single 5V £10% supply °
® Low standby power dissipation: 22mW (max) automatic refresh and hidden self-refresh
® Low operating power dissipation: (4

M5K4164P-15  275mW {max)
M5K4164P-20  250mW (max)
® Unlatched output enables two-dimensional chip selec-
tion and extended page boundary
® Early-write operation gives common 1/0 capability
® Read-modify-write, RAS-only refresh, and page-mode
capabilities

Output data can be held infinitely by CAS

Interchangeable with

Mostek’s

MK4164 and

Motorola’s MCM 6664 in pin configuration

APPLICATION

® Main memory unit for computers

BLOCK DIAGRAM

DATA INPUT

o]
WRITE CONTROL INPUT w (3
COLUMN ADDRESS =775 (g

INPUT
LATCH

STROBE INPUT

ROW ADDRESS RAS

=] CLOCK GENERATOR
1 CIRCUIT

STROBE INPUT o‘
O

REFRESH INPUT REF b O COLUMN DECODER —
]
i lrow [T MEMORY CELL
! IpEcopER_L} (64 ROWS X 256 COLUMNS)
! 1
i oL SENSE REFRESH AMPLIFIER -
I pol
Ao (3)y—Az5| | [rRow 77 MEMORY CELL 2
S¢|! |pEcoDER | (64 ROWS X 256 COLUMNS) S
Al o 3% \ o
A, o S ! e COLUMN DECODER ] 2
A3 (12) aj“r,} frow I MEMORY CELL z
B Q
ADDRESS INPUTS 9§ ®, 22 i DECODER i | (64 ROWS X 256 COLUMNS) 3]
[sa2<¢ o
i Q
As @ V] SNTRoL SENSE REFRESH AMPLIFIER =
A 1
s (9 : ROW ; MEMORY CELL
A1 (9) I JoECODERLE,| (64 ROWS X 256 COLUMNS)
|
e P COLUMN DECODER -

(8) vee (5v)

16) vss (0V)

OUTPUT
BUFFER

-—(4) 0 DATA oUTPUT
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MS5K4164P-15, P-20

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

FUNCTION

The M5K4164P provides, in addition to normal read, write,
and read-modify-write operations, a number of other
functions, e.g., page mode, RAS-only refresh, and delayed-
write. The input conditions for each are shown in Table 1.

Table 1 Input conditions for each mode

inputs Output

o Ras | oAs | W | o | ln | Qbmrimer | o MMM
Read ACT | ACT | NAC | DNC | APD | APD | NAC | VLD | YES o . o
Write ACT | AcT ACT | VLD | APD | APD | NAC | OPN YES | identical except
Read-modify-write ACT ACT ACT | vip | apD APD | NAC | viD ves | refreshisNO.
RAS-only refresh ACT | NAC DNC | DNC | APD | DNC | NAC | OPN YES
Hidden refresh ACT | ACT DNC | DNC | APD | DNC | NAC | viD | YES
Automatic refresh NAC | DNC | DNC | DNC | DNC | DNC | ACT | opn YES
Self refresh NAC | DNC | DNC | DNC | DNC | DNC | ACT | opN YES
Hidden automatic refresh NAC | AcT | onc | DNe | DN | DNC | AcT | vib | YES
Hidden self refresh NAC | ACT | DNC | DNC | DNC | DNC | ACT | VLD | YES
Standby NAC | DNC | DNC | DNC | DNC | DNC | NAC | OPN NO

Note: ACT : active, NAC : nonactive, DNC : don't care, VLD : valid, APD : applied, OPN : open.

SUMMARY OF OPERATIONS
Addressing
To select one of the 65 536 memory cells in the M5K4164P
the 16-bit address signal must be multiplexed into 8 address
signals, which are then latched into the on-chip latch by
two externally-applied clock pulses. First, the negative-
going edge of the row-address-strobe pulse (RAS) latches
the 8 row-address bits; next, the negative-going edge of the
column-address-strobe pulse (CAS) latches the 8 column-
address bits. Timing of the RAS and CAS clocks can be
selected by either of the following two methods:

1. The delay time from RAS to CAS tqras-cas) Is set
between the minimum and maximum values of the
limits. In this case, the internal CAS control signals are
inhibited almost until tyras-cas)max (‘gated CAS’
operation). The external CAS signal can be applied with
a margin not affecting the on-chip circuit operations, e.g.
access time, and the address inputs can be easily changed
from row address to column address.

2, The delay time tygas-cas) is set larger than the
maximum value of the limits. In this case the internal
inhibition of CAS has already been released, so that the
internal CAS control signals are controlled by the
externally applied CAS, which also controls the access
time,

Data Input

Date to be written into a selected cell is strobed by the later.
of the two negative transitions of W input and CAS input.
Thus when the W input makes its negative transition prior
to CAS input (early write), the data input is strobed by
CAS, and the negative transition of CAS is set as the
reference point for set-up and hold times. In the read-write

or read-modify-write cycles, however, when the W input
makes its negative transition after CAS, the W negative
transition is set as the reference point for setup and hold
times.

Data Output Control

The output of the M5K4164P is in the high-impedance
state when CAS is high. When the memory cycle in progress
is a read, read-modify-write, or a delayed-write cycle, the
data output will go from the high-impedance state to the
active condition, and the data in the selected cell will be
read. This data output will have the same polarity as the
input data. Once the output has entered the active
condition, this condition will be maintained until CAS goes
high, irrespective of the condition of RAS.

The output will remain in the high-impedance state
throughout the entire cycle in an.early-write cycle.

These output conditions, of the M5K4164P, which can
readily be changed by controlling the timing of the write
pulse in a write cycle, and the width of the CAS pulse in a
read cycle, offer capabilities for a number of applications,
as follows.

1. Common /O Operation

If all write operations are performed in the early-write
mode, input and output can be connected directly to give a
common |/0 data bus.

2. Data Output Hold

The data output can be held between read cycles, without
lengthening the cycle time. This enables extremely flexible
clock-timing settings for RAS and CAS.
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3. Two Methods of Chip Selection

Since the output is not latched, CAS is not required to keep
the outputs of selected chips in the matrix in a high-
impedance state. This means that CAS and/or RAS can
both be decoded for chip selection.

4. Extended-Page Boundary

By decoding CAS, the page boundary can be extended
beyond the 256 column locations in a single chip. In this
case, RAS must be applied to all devices.

Page-Mode Operation

This operation allows for multiple-column addressing at the
same row address, and eliminates the power dissipation
associated with the negative-going edge of RAS, because
once the row address has been strobed, RAS is maintained.
Also, the time required to strobe in the row address for the
second and subsequent cycles is eliminated, thereby de-
creasing the access and cycle times.

Refresh

Each of the 128 rows (Ay~As) of the M5K4164P must be
refreshed every 2 ms to maintain data. The methods of
refreshing for the M5K4164P are as follows.

1. Normal Refresh

Read cycle and Write cycle (early write, delayed write or
read-modify-write) refresh the selected row as defined by
the low order (RAS) addresses. Any write cycle, of course,
may change the state of the selected cell. Using a read,
write, or read-modify-write cycle for refresh is not recom-
mended for systems which utilize “wire-OR" outputs since
output bus contention will occur.

2. RAS Only Refresh

A m-only refresh cycle is the recommended technique
for most applications to provide for data retention. A
RAS-only refresh cycle maintains the output in the
high-impedance state with a, typical power reduction of
20% over a read or write cycle.

3. Automatic Refresh

Pin 1 (REF) has two special functions. The M5K4164P
has a refresh address counter, refresh address multiplexer
and refresh timer for these operations. Automatic refresh is
initiated by bringing REF low after RAS has precharged
and is used during standard operation just like RAS-only
refresh, except that sequential row addresses from an
external counter are no longer necessary.

At the end of automatic refresh cycle, the internal
refresh address counter will be automatically incremented.
The output state of the refresh address counter is initiated
by some eight ﬁ, RAS or RAS/CAS cycle after power is
applied. Therefore, a special operation is not necessary to
initiate it.

RAS must remain inactive during REF activated cycles.
Likewise, REF must remain inactive during RAS generated
cycle.

4. Self-Refresh

The other function of pin 1 (REF) is self-refresh. Timing
for self-refresh is quite similar to that for automatic refresh.
As long as RAS remains high and REF remains low, the
M5K4164P will refresh itself. This internal sequence repeats
asynchronously every 12 to 16 us. After 2 ms, the on-chip
refresh address counter has advanced through all the row
addresses and refreshed the entire memory. Self-refresh is
primarily intended for trouble free power-down operation.

For example, when battery backup is used to maintained
data integrity in the memory. REF may be used to place
the device in the self-refresh mode with no external timing
signals necessary to keep the information alive.

In summary, the pin 1 (REF) refresh function gives the
user a feature that is free, save him hardware on the board,
and in fact, will simplify his battery backup procedures,
increase his battery life, and save him overall cost while
giving him improved system performance.

There is an internal pullup resister (=~ 3MS2) on pin 1, so
if the pin 1 (REF) function is not used, pin 1 may be left
open {not connect) without affecting the normal operations.
5. Hidden Refresh

A features of the M5K4164P is that refresh cycle may be
performed while maintaining valid data at the output pin
by extending the CAS active time from a previous memory
read cycle. This feature is refered to as hidden refresh,

Hidden refresh is performed by holding CAS at V,_ and
taking RAS high and after a specified precharge period,
executing a RAS-only cycling, automatic refresh and
self-refresh, but with CAS held low.

The advantage of this refresh mode is that data can be
held valid at the output data port indefinitely by leaving
the CAS asserted. In many applications this eliminates the
need for off-chip latches.

Power Dissipation

Most of the circuirty in the M5K4164P is dynamic, and
most of the power is dissipated when addresses are strobed.
Both RAS and CAS are decoded and applied to the
M5K4164P as chip-select in the memory system, but if
RAS is decoded, all unselected devices go into stand-by
independent of the CAS condition, minimizing system
power dissipation.

Power Supplies
The M5K4164P operates on a single 5V power supply.

A wait of some 500us and eight or more dummy cycle is
necessary after power is applied to the device before
memory operation is achieved.
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ABSOLUTE MAXIMUM RATINGS

Symbol Paramater Conditions Limits Unit
Vee Supply voltage -1~7 \"
\ Input voltage With respect to Vss —-1~7 Vv
Vo Qutput voltage —1~7 \
1o Qutput current 50 mA
Pd Power dissipation Ta=25°C 700 mw
Topr Operating free-air temperature range 0~70 . °C
Tstg Storage temperature range —65~150 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C, unless otherwise noted) (Note 1)

Limits
Symbol Parameter Unit
Min Nom Max
Voo Supply voltage 4.5 5 5.5 \%
Vss Supply voltage 4] 0 0 \"
ViH High-level input voltage, all inputs 2.4 6.5 A"
ViL Low-level input voltage, all inputs —2 0.8 A"

Note 1: All voltage values are with respect to Vgg

ELECTRICAL CHARACTERIST|CS (Ta=0~70°C, Vgc=5V £10%, Vss=0V, unless otherwise noted) (Note 2)

Symbol Parameter Test conditions - Limits Unit
Min Typ Max

Vou High-tevel output voltage loH= —5mA 2.4 Vee \

VoL Low-level output voltage loL=4.2mA 0 0.4 \
loz Qff-state output current Q floating 0V =Voyt=5.5V —10 10 uA
I Input current 0OV =V|N=6.5V, Allctherpins =0V —10 10 #A
loo1tav) Averag'e supply current from Vec, M5K4164P- 15 RAS, CAS cycling 50 mA
operating (Note 3, 4) M5K4164P-20 | tor="tcw = min output open 45 mA
loc2 Supply current from Ve, standby RAS =V|n output open 4 mA
loo3tav) Averag? supply current from Vege, M5K4164P- 15 | RAS cycling CAS =V 40 mA
refreshing  (Note 3) M5K4164P-20 | tc(reF)= min, output open 35 mA
lccacav) Average supply current from Ve, MS5K4164P- 15 RAS =V, CAS cycling 40 mA
page mode (Note 3, 4) MS5K4164P-20 | tgopg= min. outputopen 35 mA
1cos(AV) Average 'supply cu'rrent from Vee, M5K4164P-15 | RAS=Vi4, REF cycling 40 mA
automatic refreshing (Note 3) MS5K4164P- 20 tc (REF)=mMIN. output open 35 mA

. RAS=V\4, REF =V
lcos (av) Average supply current from V¢, seif refreshing 8 mA
output open

Ci(a) Input capacitance, address inputs 5 pF
Ci () Input capacitance, data input Vi=Vss 5 PF
Ciw) Input capacitance, write control input f=1MHz 7 pF
Ci (Ras) Input capacitance, RAS input Vi=25mVrms 10 pF
Ci(cas) Input capacitance, CAS input 10 pF
C/( (REF) tnput capacitance, REF input 10 pF
Co Qutput capacitance Vo=Vss, f=1MHz,V|=25mVrms 7 pF

Note 2:  Current flowing into an IC is positive ; out is negative.

3: lgei(av), loes(av), lccacav) and lgos(av) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.

4: lggi(av) and Igoa(ay) are dependent on output loading. Specified values are obtained with the output open.
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle)

(Ta=0~70°C, Vgc=5V +10%, Vss=0V, unless otherwise noted, See notes 5, 6 and 7)

. M5K4164P-15 M5K4164P-20
Symbol Parameter Alternative Limits Limits Unit
Symbol
Min Max Min Max

toRF Refresh cycle time tRer 2 2 ms
1w (RASH) RAS high pulse width trp 100 120 ns
tw(RasL) RAS low pulse width tras 150 10000 200 10000 ns
tw(casL) CAS low pulse width toas 75 o0 100 R ns
tw(casH) CAS high pulse width (Note 8) topn 35 40 ns
th(RAs-CAS) CAS hold time after RAS teosH 150 200 ns
th(cas-rAS) RAS hold time after CAS tRsH 75 100 ns
td(cas-ras) | Delay time, CAS to RAS (Note 9) tcrp —20 —20 ns
t 4 (RAS-CAS) Delay time, RAS to CAS {Note 10} trReo 25 75 30 100 ns
t su(RA-RAS) Row address setup time before RAS t Asr 0 0 ns
tsu(ca-cas) Column address setup time before CAS tasc —5 —5 ns
th(RAS-RA) Row address hold time after RAS tRAH 20 25 ns
thcas-ca) Column address hold time after CAS tcan 25 35 ns
th(Rras-ca) Column address hold time after RAS t AR 95 120 ns
trhe Transition time tr 3 35 3 50 ns
trim

Note 5: An initial pause of 500us is required after power-up followed by any eight REF, RAS or RAS/CAS cycles before proper device operation is achieved.
6: The switching characteristics are defined as t 114 =1 v 4 =5ns.
7:  Reference levels of input signals are V| min. and V|| max. Reference levels for transition time are also between Vi and V.
8: Except for page-mode,
9. td(CcAs-RAS) requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS)
10:  Operation within the 1d (Ras-CAS) max limit insures that ta (gas) max can be met. td (RAS-CAS)Max Is specified reference point only;if
td (rRas-CcAS) is greater than the specified td (Ras-cas) max limit, then access time is controlled exclusively by ta(cas)-

td (Ras-cas)min=th (ras-ra)MiN+ 2 THL(t 1) + Lsu(ca-cas)min,

SWITCHING CHARACTERISTICS (Ta=0~70°C, Voo=5V £10%, Vgs=0V, unless otherwise noted )

Read Cycle
M5K4164P-15 M5K4164P-20
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
ter Read cycle time tre 260 330 ns
tsu (R-cAs) Read setup time before CAS trecs 0 0 ns
th (cas-R) Read hold time after CAS (Note 11) tRoH 0 0 ns
th(Ras-R) Read hold time after RAS (Note 11) tRAH 20 25 ns
tdis (cas) Output disable time {Note 12) torF 0 40 0 50 ns
ta (cas) CAS access time (Note 13) tcac 75 100 ns
ta (ras) RAS access time (Note 14} tRac 150 200 ns

Note 11:  Either th (rRas-R) or th (cas-R) must be satisfied for a read cycle.

Note 12: tdis (cas)max defines the time at which the output achieves the open circuit condition and is not reference to Vg or Vo .

Note 13: This is the value when td (ras-cas)=1d (rRas-cas)max. Test conditions ; Load = 2T TL, C|_ = 100pF

Note 14: This is the value when td (rRas-cas)< 1d (ras-cas)max. When td (ras-cas)=1td (Ras-cas)max, ta(mag) will increase by the amount that
td (ras-cAS) exceeds the value shown. Test conditions ; Load = 2T TL, Ci_ = 100pF

Write Cycle

M5K4164P-15 M5K4164P-20
Alternative .
Symbol Parameter Limits Limits Unit

Symbol

Min Max Min Max
tow Write cycle time tRe 260 330 ns
tsu(w-cas) Write setup time before CAS (Note 17) twes —10 —-10 ns
th (cas-w) Write hold time after CAS tweH 45 55 ns
th (ras-w) Write hold time after RAS twer 95 120 ns
th (w-Rras) RAS hold time after write tRwL 45 55 ns
th (w-cas) CAS hold time after write towL 45 55 ns
tw(w) Write pulse width twe 45 55 ns
tsu (p-cas) Data-in setup time before CAS tos 0 0 ns
th (cas-D) Data-in hold time after CAS toH 45 55 ns
th (Ras-D) Data-in hold time after RAS toHR 95 120 ns
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Read-Write and Read-Modify-Write Cycles

Alternative MS5K4164P-15 M5K4164P-20

Symbol Parameter Limits Limits Unit
Symbol

Min Max Min Max
torw Read-write cycle time (Note 15) trwe 280 340 ns
teRMW Read-modify-write cycle time (Note 16) trRmwe 310 390 ns
th (w-RAS) RAS hold time after write tRWL 45 55 ns
th (w-cas) CAS hold time after write towe 45 55 ns
tw (w) Write pulse width twe 45 55 ns
tsu (r-cas) Read setup time before CAS tres 0 0 ns
td (rRas-w) Delay time, RAS to write (Note'17) trwp 120 150 ns
td cas-w) Delay time, CAS to write (Note 17) towo 60 80 ns
tsu (p-w) Data-in setup time before write tos 0 0 ns
th(w-p) Data-in hold time after write ton 45 55 ns
tdis cas) Output disable time torF 0 40 0 50 ns
ta (cas) CAS access time (Note 13} tcac 75 100 ns
ta (ras) RAS access time (Note 14) trac 150 200 ns

Note 16: t gpwmin is defined as torw Min =1d (ras-w) + th (w-ras) +1tw (rasH) + 3t TLH(tTHL)
16: t grmw min is defined as T grmw min =ta (Ras)max + th (w-ras) + tw(ras H) + 3L TLH (tThy)
17: tsu(w-cas), td(ras-w), and td (cas-w) do not define the limits of operation, but are included as electrical characteristics only.
When tsu (w-cas)=1su (w-cas)min, an early-write cycle is performed, and the data output keeps the high-impedance state
When td (Ras-w)Z1d (Ras-w)min. and td (cas-w)=tsu(w-cas)min a read-write cycle is performed, and the data of the selected address will be read out
on the data output.

For all conditions other than those described above, the condition of data output (at access time and until CAS goes back to V) is not defined.,

Page-Mode Cycle
. M5K4164P-15 M5K4164P-20
Alternative
Symbol ) Parameter Limits Limits Unit
Symbo! .
Min Max Min Max
te peR Page-mode read cycle time tec 145 190 ns
tc pow Page-Mode write cycle time tpe 145 190 ns
tc PGRW Page-Mode read-write cycle time - 180 230 ns
tc PGRMW Page-Mode read-modify-write cycle time — 190 245 ns
tw (CASH) CAS high pulse width top 60 80 ns
Automatic Refresh Cycle
. M5K4164P-15 M5K4164P-20
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
te (ReF) Automatic Refresh cycle time trc 260 330 ns
td (RaS-REF) Delay time, RAS to REF trrFD 100 120 ns
Iw (ReFL) REF low pulse width tep 60 8000 60 8000 ns
tw (REFH) REF high pulse width th 30 30 ns
td (ReF-Ras) Delay time, REF to RAS tesn 30 30 ns
tsu (rReF-ras)| REF pulse setup time before RAS trrD 295 - 360 ns
Self-Refresh Cycle
. M5K4164P-15 M5K4164P-20
Alternative -
Symbol Parameter Symbol Limits Limits Unit
Min Max Min Max
td (rRas-REF) Delay time, RAS to REF tRED 100 120 ns
tw (REFL) REF low pulse width trpp 8000 o 8000 oo ns
td eREF-RAS) Delay time, REF to RAS tEBR 295 360 ns
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TIMING DIAGRAMS Note 17)

Read Cycle (noe 18) on '
tw(rasL)
th(Ras-cas)
th(ras-ca)
RAS VM~ \ [
Vie — N
td(cas-Ras) ' e— tw (RASH)
-——td(RAs-oAs)——_—[_th(oAs-RAs)—-—q
tw(casL)
TAS Vig — 4 \ l / /
ViL — tw(casH) N
tsu(ra-RAS) | |th(ras-Rra) Tsu(ca-cas) th )
I { CAS-GA
Ao A7 ViH ";‘;’H ROW »/‘""’.\4 l COLUMN 3
vie AN ADDRESS X)) ADDRESS p /
t _
tsu(r-cas) t:((zAs R))
AS-R
. ViH —
v Y L
't L ta(cas)
ta(ras) tdis(cas)
Q Vo = 4 ATA VALID
HIGH IMPEDANCE STATE DATA VALI
VoL — \wk //
Write Cycle (Early Write) ot 18)
tow
tw(rAsL)
th (RAS-CAS)
N ViH — \ th(ras-ca) |
RAS \ ¢ l
Vie = N ¥,
td(cas-ras) "‘—:_th(OAS-RAS)———‘—! tW(RASH) —a]
l~e—Ud (RAS-CAS) tw(casL)
oAs M T d /
ViL — tw(casH)
tsu(Rra-RrAS)| {th(Ras-RA) tsu(CA-CAS) th
T (CAS-CA)
Vin =X AXY ROW (OONAE | coLumn
Ao~ A7 (XX XXX |
ViL = Q“‘O ADDRESS \.?0‘0 | ADDRESS
l ‘ th(w-c»«s)_—l
tsu(W~CAS)———-1 |- th(cas-w)
_ Vin — tww)
w Vi - N | ‘ ¥.
! ! th (w-Ras)
th(ras-w)d {
tsu(p-cas)=t—t=— th(cas-0)
Vin — YWVWVAAANNL O NXAX XX XX AN VVAAN/
D H ’.""’.""\ DATA VALID 0."".‘.“‘
ViL — ‘AAAA‘A‘) AN AVAYAYA
th(ras-D) {
VoH —
- Q Vo — {IGH IMPEDANCE STATE
oL
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Read-Write and Read-Modify-Write Cycles (not 18)

terw/ tcRMW |
tw(rAsL)
th(ras-cas)
HAS ViH — N\—-—— th(ras-ca)
ViL — K Y,
td(cas-RAS) th(cas-Ras) tw(RASH)
[———1d(RAS-CAS tw(casL)
cAs WM T \ / /
Vi —_/ tw(casH) \ X I
tsu(Ra-RAS) | |th(ras-RA) Tsu(CA-CAS) thicas-oa)
Vin — ROW COLUMN N
Ao~hr L _%ADDRESS ADDRESS
l—— ; Itd(RAs-w) lee—Lh (W-CAS ) ——em]
tsu(R-cAs)I—-«q td(cAS-W) ———— ] fme—th (W-RAS) — |
W Vin — \
ViL — X
e Lo (W)
ta(cas tdis(cas)
VoH — '4
Q HIGH IMPEDANCE STATE 4 DATA VALID
v \
oL - DN
ta(ras) |
tsu(p-w) th(w-p)
D Vin —

T XX KR XX XK RTT X X RRTSR, K R KRS
’000?0303020’020!020:029:’:?2?:’:%‘n’.:%’:u .ofoleo?o?of&' QO’OfO&ZOXOfO:‘:%’o’Q’&&&f

W A LL0

RAS-Only Refresh Cycle wor 19)

ter
tw(rasL) :
S ViH —
RAS V]H Y
w = lL \

| tw(RasH

o

th(ras-RA)

Tsu(ra-RAS)
Vin —XXAX X X AXAXXANNA . 7
no=ts i SROERREROERAIN. somness KKK AR AR RRRRRR RN
VoH —
Q VoL — HIGH IMPEDANCE STATE

Note 17 Note 18. REF = V|4
Indicates the don’t care input _
19. CAS=REF =V|y, W, A7, D =don'tcare.
M The center-line indicates the high-impedance state
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Page-Mode Read Cycle ot 18)

Ag~Ay

5|

tw(rasL)

th(RAS-CAS)

ViH — -—-th(HAs-CA)——.? ?
Vi — N / L b
[ tw (RASH)
Ld (0As-RAS) L tepon | ——th (cAS-RAS) ]
!—t‘d(RAS'CAS) tw(casL) tw(casL) =—tw(casL)
r. ¢
Vig — r
le j tw(casH) Y ‘
L= T y
th(ras-ra) t W (CASH)
| ---{ h(CAS-CA) th(cas-ca) th(cas-ca)
tsu(Ra-rAS) .
= tsu(ca-cas) = tsu(ca-cas) " =t++=-lsu(ca-cas)
Vi | o
. e o ALK
Vie = ADPDRESSINOXXXXAAN KX A(
I~ ta(oas) ’ l=—ta(cas) |~—ta(cas)—=—
ta(ras) tdis(cas) -—I—— tdis(cas)
Vor - " JAOATANN
VoL ——HIGH IMPEDANCE STATE f- Lo
Ltsu(R»GAs) th (RAS-R)
tsu(r-cas) th(cas-R) =f l‘tW(RAS-R)—’(
i
- N4 N &K
ViL —
Page-Mode Write Cycle ot 18)
tw(rasL)
f——th (RAS-CAS ) ————=f
Vin — T—-.—Ih(RAs—CA)—-l
V - pa
" \ 7/ tw(RrASH)

(¢
bd
2]

td (cAs-RAS) |
i

td (ras-CAS) — twioasL)

ViH

' gy
tw(cAsH
Vil _/J (CASH)

th(rAS-RA)

th(cas-ca)

Tsu(ca-cas)
)

th(cas-w)

p—— 1o pgy ————

Tw(CASH)
—— ]

l__-1 th (CAS-W) L‘ﬁ.l
th(w-cas)—= th(W-CAS)—J

th(cAS-RAS )—e=t
[::tw«:ASL)

th(cas-ca)

th(CAs»w)l-——-|

f=—Th (w-cas)—=

- _ TR
\
v VII}: - 4 m"z‘&""?
7
T (w tw(w) = tww)

W ) t - F——or1=h (w- P

tsu(D-W)th(RAs w) th(W_D?um W) th(w-0) tsu-w) WCAstmw-D)
- %%
S 1 (R R

le——th (RAS-D)
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Automatic Pulse Refresh Cycle (Multiple Pulse) inote 20)

o]
>
[0

EF

Vin —
ViL — /

1d (RAS-REF)

to(REF)

tw(REFL)

A4

tw(REFL) 7

tsu (REF-RAS)

N

tw(REFL)

1d (REF-RAS)

ViH —
ViL —

\

17/

174

Automatic Pulse Refresh Cycle (Single Pulse) (note 20)

REF

\Y

7///L

Vih — _\\
Y- td (RAS-REF) _, tsu (REF-RAS)
! td (REF-RAS)
Tw(REFL)
ViH —
Vi — / /

Self-Refresh Cycle (ot 20

RAS

]
m)
m

ViH —
Vi —

td (RAS-REF)

Tw(REFL)

Vin -
Vie —

.l

td (REF-RAS)
=

Note 20: CAS, Addresses, D and W are don't care.

Hidden Automatic Pulse Refresh Cycle

READ CYCLE REFRESH CYCLE REFRESH CYCLE
VT —— tw(RASL)
SRS IH
RAS Z
Vie — 'x- ; \
td (cAS-RAS)
td(rRAS-CAS)
th(CAS-RAS)
ViH — § tw(cAsL) A
CAS v, — /-Iw(CAsH)
th(RAS-RA)
tsu(RA-RAS) th(cas-ca)
|
V -
Ao Ay ROW ‘9; COLUMN
ViL — ADDRESSINADDRESS
Py
tsu(ca-cas)
tsu(R-cas) th(rRAS-R)
W Vin — A p'
ViL —
td(RAS-REF) to (REF) tsu(REF-RAS)
tw(REFL) r tw(REFL)
- W e N/
Ve = ta(cas) Lw(REFH) Z td (REF-RAS)
ta(Rras) 1dis (CAS)
VoH — ]L
Q DATA VALID
v \'
oL — -
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Hidden Self-Refresh Cycle

L READ CYCLE
Ve — tw(RASL) -
RAS R Z \
ViL —
td (cAs-RAS)
td (RAS-CAS)
th(cas-RrAS)
Vin — —\ tw(casL) A
CAS il - /| tw(cash) \t ‘y
. th(RAS-RA)
|
Tsu (RA-RAS) th(cas-ca)
Ao, VIHOT Rowj'x COLUMN
7R L - DDRESSYNADDRESS
T
tsu(ca-cas)
tsu(R-cas) th(RAS-R)
_ Vi — 3
W H
Vie —
td (RAS-REF)
JE— Vih — | tw(REFL) )
REF _
ViL ta(cas) td (REF-RAS)
fa(mAs) | Ldis (CAS)
is (CAS
Von — -
Q _ { DATA VALID
VoL N
Note 21: I the pin 1 (REF) function is not used, pin 1 may be left open (not connect).
Hidden Refresh Cycle (ot 18)
READ CYCLE REFRESH CYCLE REFRESH CYCLE
ter ter ter
tw(RASL) Iw(RasL) tw(RASL) |
ViH — p! \ 1N X\
FAS \ \ \
Vi — X j tw (RASH) \
td(cas-ras) | l
td (RAS-CAS) th(CAS-RAS) t Tw (RASH)
w(CASL) ,
Viy — y p! F
5AS iH g
Vie — tw(cAsH) N /%
N 7/
th(cas-ca)
tsu(Rra-RrAS)| |th(RAS-RA) tsu(RrA-RAS)| 1th(RAS-RA) tsu(ra-Ras)| |th(Ras-RA)
Vi — f row 'gl_LULRA\N ROW
Ap~ A7 11
T v e GRS KRR
tsu(ca-cas)
tsu(Rr-cas th(RAs-R)
g e
o Vin — A S “ AN 4 \/ ‘
W ¢ QUK QOOKICK
. RS N e
"
ta(cas)
ta (RAS) tdis (cas)
£ /7
VoH —
Q d DATA VALID
Voo — \i /.
V4
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65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

MITSUBISHI LSIs

M5K4164NP-15, NP-20

DESCRIPTION

This is a family of 65 536-word by 1-bit dynamic RAMs,
fabricated with the high performance N-channel silicongate
MOS process, and is ideal for large-capacity memory
systems where high speed, low power dissipation, and low
costs are essential. The use of double-layer polysilicon
process technology and a single-transistor dynamic storage
cell privide high circuit density at reduced costs, and the
use of dynamic circuitry including sense amplifiers assures
low power dissipation. Multiplexed address inputs permit
both a reduction in pins to the standard 16-pin package
configuration and an increase in system densities. The
M5K4164NP operates on a 5V power supply using the

on-chip substrate bias generator.

FEATURES
® Performance ranges
Access time Cycle time Power dissipation
Type name {max) {min) (typ)
(ns) (ns) (mW)
M5K 4164NP-15 150 260 200
MSK 4164NP-20 200 330 170
® Standard 16-pin package
® Single 5V+10% supply
e Low standby power dissipation: ~ 22mW (max)
°

M5K4164NP-20

capabilities

Low operating power dissipation:
M5K4164NP-15

275mW (max)

250mW (max)

® Unlatched output enables two-dimensional chip selec-
tion and extended page boundary

e Early-write operation gives common |/O capability

® Read-modify-write, RAS-only refresh, and page-mode

PIN CONFiGURATION (TOP VIEW)

NC e Vss (0V)
oo et D] [Be-GRS S QB
conTroL NpeE W—(3] E [4-+Q DATA OUTPUT
Bo6000SST RAS (1] g + Qg
Ag—+[5] g o A3
ADDRESS INPUTS  { A, —»[E] % [Me A4 | ADDRESS INPUTS
A [10)e- As
(sv)  Vee [8] [9]e-A7

Qutline 16P4

® All input terminals have low input capaciatance and are
directly TTL-compatible

® Output is three-state and directly TTL-compatible

® 128 refresh cycles every 2ms
(16K dynamic RAMs M5K4116P, S compatible)

® CAS controlled output allows hidden refresh

Output data can be held infinitely by CAS

® |Interchangeable with Mostek’'s MK4564 and
Motorola’s MCM6665 in pin configuration

APPLICATION

® Main memory unit for computers

BLOCK DIAGRAM
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FUNCTION

The M5K4164NP provides, in addition to normal read,
write, and read-modify-write operations, a number of other
functions, e.g., page mode, RAS-only refresh, and delayed-
write. The input conditions for each are shown in Table 1.

Table 1 Input conditions for each mode

Inputs QOutput

Operation HAS GAS w b Zj%‘fess f;"',‘r’gs‘s" Q Refresh Remarks
Read ACT ACT NAC DNC APD APD VLD YES Page mode
Write ACT | ACT | acT | vip | app | app | oPN | vEs | identical except
Read-modify-write ACT | ACT | ACT | vio | APD | APD | wip | ves |refreshisNO
RAS-only refresh ACT | NAC | ONC | DNC | APD | DNC | OPN YES
Hidden refresh ACT | ACT | DNC | DNC | APD | ONC | viD | VYES
Standby NAC | DNC | DNC | DNC | DNC | DNC | OPN NO

Note: ACT : active, NAC : nonactive, DNC : don‘t care, VLD : valid, APD : applied, OPN : open.

SUMMARY OF OPERATIONS

Addressing

To select one of the 65536 memory cells in the

M5K4164NP the 16-bit address signal must be multiplexed

into 8 address signals, which are then latched into the

on-chip latch by two externally-applied clock pulses. First,
the negative-going edge of the row-address-strobe pulse

(RAS) latches the 8 row-address bits; next, the negative-

going edge of the column-address-strobe puise (CAS)

latches the 8 column-address bits. Timing of the RAS and

CAS clocks can be selected by either of the following two

methods:

1. The delay time from RAS to CAS t4 (nas.cas) is set
between the minimum and maximum’ values of the
limits. In this case, the internal CAS control signals are
inhibited almost until tyRras-cas)max (‘gated CAS’
operation). The external CAS signal can be applied with
a margin not affecting the on-chip circuit operations, e.g.
access time, and the address inputs can be easily changed
from row address to column address.

2. The delay time tyras.cas) is set larger than the
maximum value of the limits. In this case the internal
inhibition of CAS has already been released, so that the
internal CAS control signals are controlled by the
externally applied CAS, which also controls the access
time.

Data Input v

Data to be written into a selected cell is strobed by the later
of the two negative transistons of W input and CAS input.
Thus when the W input makes its negative transition prior
to CAS input (early write), the data input is strobed by
CAS, and the negative transition of CAS is set as the

reference point for set-up and hold times. In the read-write
or read-modify-write cycles, however, when the W input
makes its negative transition after CAS, the W negative
transition is set as the reference point for setup and hold
times.

Data Output Control

The output of the M5K4164NP is in the high-impedance
state when CAS is high. When the memory cycle in progress
is a read, read-modify-write, or a delayed-write cycle, the
data output will go from the high-impedance state to the
active condition, and the data in the selected cell will be
read. This data output will have the same polarity as the
input data. Once the output has. entered the active
condition, this condition will be maintained until CAS goes
high, irrespective of the condition of RAS.

The output will remain in the high-impedance state
throughout the entire cycle in an early-write cycle.

These output conditions, of the M6K4164NP, which can
readily be .changed by controlling the timing of the write
pulse in a write cycle, and the width of the CAS pulse in a
read cycle, offer capabilities for a number of applications,
as follows.

1. Common 1/O Operation

If all write operations are performed in the early-write
mode, input and output can be connected directly to give a
common {/0 data bus.

2 Data Output Hold

The data output can be held between read cycles, without
lengthening the cycle time. This enables extremely flexible
clock-timing settings for RAS and CAS.

MITSUBISHI
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3. Two Methods of Chip Selection

Since the output is not latched, CAS is not required to keep
the outputs of selected chips in the matrix in a high-
impedance state. This means that CAS and/or RAS can
both be decoded for chip selection.

4. Extended-Page Boundary

By decoding CAS, the page boundary can be extended
beyond the 256 column locations in a single chip. In this
case, RAS must be applied to all devices.

Page-Mode Operation

This operation allows for multiple-column addressing at the
same row address, and eliminates the power dissipation
associated with the negative-going edge of RAS, because
once the row address has been strobed, RAS is maintained.
Also, the time required to strobe in the row address for the
second and subsequent cycles is eliminated, thereby de-
creasing the access and cycle times.

Refresh

Each of the 128 rows (A; ~ Ag) of the M5K4164NP must
be refreshed every 2 ms to maintain data. The methods of
refreshing for the M5K4164NP are as follows.

1. Normal Refresh

Read cycle and Write cycle (early write, delayed write or
read-modify-write) refresh the selected row as defined by
the low order (RAS) addresses. Any write cycle, of course,
may change the state of the selected cell. Using a read,
write, or read-modify-write cycle for refresh is not recom-
mended for systems which utilize “write-OR"’ outputs since
output bus contention will occur,

2. RAS Only Refresh

A RAS-only refresh cycle is the recommended technique
for most applications to provide for data retention. A
RAS-only refresh cycle maintains the output in the
high-impedance state with a typical power reduction of
20% over a read or write cycle.

3. Hidden Refresh

A features of the M5K4164NP is that refresh cycles may
be performed while maintaining valid data at the output pin
by extending the CAS active time from a previous memory
read cycle. This feature is refered to as hidden refresh.

Hidden refresh is performed by holding CAS at V,,_ and
taking RAS high and after a specified precharge period,
executing a RAS-only cycling, but with CAS held low.

The advantage of this refresh mode is that data can be
held valid at the output data port indefinitely by leaving
the CAS asserted. In many applications this eliminates the
need for off-chip latches.

Power Dissipation

Most of the circuitry in the M5K4164NP is dynamic, and
most of the power is dissipated when addresses are strobed.
Both RAS and CAS are decoded and applied to the
M5K4164NP as chip-select in the memory system, but if
RAS is decoded, all unselected devices go into stand-by
independent of the CAS condition, minimizing system
power dissipation.

Power Supplies
The M5K4164NP operates on a single 5V power supply.

A wait of some 500us and eight or more dummy cycles
is necessary after power is applied to the device before
memory operation is achieved.
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ABSOLUTE MAXIMUM RATINGS

Symbol Paramater Conditions Limits Unit
Vee Supply voltage —1~7 v
V) Input voltage With respect to Vsg —1~7 \
Vo Output voltage —1~7 \
lo Qutput current 50 mA
Pd Power dissipation Ta=25°C 700 mw
Topr Operating free-air temperature range 0~170 °C
Tstg Storage temperature range —65~150 °C
RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C, uniess otherwise noted) (Note 1)
Symbol Parameter Limits Unit
Min Nom Max
Voo Supply voltage 4.5 5 5.5 \
Vss Supply voltage 0 0 0 \
ViH High-level input voltage, all inputs 2.4 6.5 \
ViL Low-level input voltage, all inputs -2 0.8 \Y
Note 1: All voltage values are with respect to Vgg
ELECTR ICAL CHARACTER |sT|CS (Ta=0~70°C, Vcc=5V £10%, Vss=0V, unless otherwise noted) (Note 2)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
Vo High-level output voltage lop=—5mA 2.4 Vee \
VoL Low-level output voltage loL=4.2mA 0 0.4 \
loz Off-state output current Q floating 0V =VgyTt =5.5V —10 10 A
N Input current 0V=V|N=6.5V, Allother pins =0V —10 10 uA
16G1(AV) Average supply current from Vee, M5K4164NP- 15 RAS, CAS cycling 50 mA
operating {Note 3, 4) M5K4164NP-20 | tor=1cw = Min output open 45 mA
lccz Supply current from V¢, standby RAS =V)q output open 4 mA
lecatav) Averag_e supply current from Ve, | MS5K4164NP-15| RAS cycling CAS=Vu 40 mA
refreshing (Note 3) M5K4164NP-20 | tg(REF)= min, output open 35 mA
I coacav) Average supply current from Ve, | M5K4164NP- 15 RAS=V|_, CAS cycling 40 mA
page mode (Note 3, 4) M5K4164NP-20 | tgpg= min, output open 35 mA
Ci(a) Input capacitance, address inputs 5 pF
Ci (D) Input capacitance, data input V)=Vss 5 pF
Ci(w) Input capacitance, write control input f=1MHz 7 pF
Ci (Ras) | Inputcapacitance, RAS input V|=25mVrms 10 pF
Ci (cas) Input capacitance, CAS input 10 pF
Co Output capacitance Vo=Vss, f=1MHz,V|=25mVrms 7 pF
Note 2:  Current flowing into an IC is positive ; out is negative,

31 lcei(av), teeacav), and Jgoca(ay) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4: lcci(av) and Igoa(av) are dependent on output loading. Specified values are obtained with the output open.
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TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle)

(Ta=0~70°C, Vgc=5V+10%, Vss=0V,

unless otherwise noted, See notes 5,6 and 7 )

M5K4164NP-15 M5K4164NP-20
Symbot Parameter Alternative Limits Limits Unit
Symbol
Min Max Min Max

teRF Refresh cycle time tRer 2 2 ms
tw(RASH) RAS high pulse width trp 100 120 ns
tw(RASL) RAS low pulse width tras 150 10000 200 10000 ns
tw(casL) CAS low pulse width toas 75 o 100 o ns
tw(CASH) CAS high pulse width (Note 8) teen 35 40 ns
th(rAs-cas) | CAS hold time after RAS tesh 150 200 ns
th(cAS-RAS) RAS hold time after CAS tasH 75 100 ns
td (cAs-Ras) | Delay time, CAS to RAS {Note 9) teap —20 —20 ns
t 4(RAS-CAS) Delay time, RAS to CAS (Note 10) treo 25 75 30 100 ns
t SU(RA-RAS) Row address setup time before RAS tasR 0 0 ns
tsu(ca-cas) Column address setup time before CAS tasc -5 -5 ns
th(RAS-RA) Row address hold time after RAS t RaH 20 25 ns
thcas-ca) Column address hold time after CAS toan 25 35 ns
th(RAS-CA) Column address hold time after RAS tar 95 120 ns
trhe Transition time tr 3 35 3 50 ns
trin

Note 5:

6: The switching characteristics are defined as t tiy =t vy =5ns.
7:  Reference levels of input signals are Vi min. and ViL max. Reference levels for transition time are also between Vi and V.

8: Except for page-mode.

An initial pause of 500us is required after power-up followed by any eight RAS or RAS/CAS cycles before proper device operation is achieved.

9 td(cAs.RAS) requirement is only applicable for RAS/CAS cycles preceeded by a CAS only cycle (i.e., For systems where CAS has not been decoded with RAS.)
10:  Operation within the td (RAS-CAS) Max limit insures that ta (Rag) max can be met. td (Ras-cas)max is specified reference point only;if
td (RAS-CAS) is greater than the specified td (Ras-cas) max limit, then access time is controlled exclusively by ta(cas)-

1d (Ras-cas)min =th (ras-rA)MIN+ 2L tHL t run) +1Tsu(ca-cas)min.

SWITCHING CHARACTERISTICS (Ta=0~70°C, Voo=5V+10%, Vss=0V, unless otherwise noted)

Read Cycle
. MSK4164NP-15 M5K4164NP-20
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
tcR Read cycle time tre 260 330 ns
tsu (Rr-cas) Read setup time before CAS tres 0 0 ns
th (cas-R) Read hold time after CAS (Note 11) tRoH 0 0 ns
th(ras-R) Read hold time after RAS (Note 11) tRRH 20 25 ns
tdis (cas) Output disable time {Note 12) torr 0 40 0 50 ns
ta (cas) CAS access time (Note 13) tcac 75 100 ns
ta (ras) RAS access time {Note 14) trac 150 200 ns
Note 11: Either th (rRas-R) of th (cas-R) must be satisfied for a read cycle.
Note 12: tdis (cas)max defines the time at which the output achieves the open circuit condition and is not reference to Vg or Vo .
Note 13: This is the value when td (rRas-cas)=1td (Ras-cas)max. Test conditions ; Load = 2T TL, C_ = 100pF
Note 14:  This is the value when td (ras-cas)< td (Ras-casymax. When td (ras-cas)=td (rRas-cas)max, ta(ras) will increase by the amount that
td (Ras-CAS) exceeds the value shown. Test conditions ; Load = 2T TL, C = 100pF
Write Cycle
. M5K4164NP- 15 MS5K4164NP-20
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
tew Write cycle time tre 260 330 ns
tsu(w-cas) Write setup time before CAS (Note 17) twes —10 —10 ns
th (cas-w) Write hotd time after CAS tweH 45 55 ns
th (ras-w) Write hold time after RAS twer 95 120 ns
th (w-rAS) RAS hold time after write tRwWL 45 55 ns
th (w-cas) CAS hold time after write towe 45 55 ns
tw(w) Write pulse width twe 45 55 ns
tsu(p-cas) Data-in setup time before CAS tos 0 0 ns
th (cas-D) Data-in hold time after CAS toH 45 55 ns
th (rRAS-D) Data-in hold time after RAS toHR 95 120 ns
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Read-Write and Read-Modify-Write Cycles

Alternative M5K4164NP-15 M5K4164NP-20

Symbol Parameter Limits Limits Unit
Symbol -

Min Max Min Max
torw Read-write cycle time (Note 15) trwe 280 340 ns
torRMW Read-modify-write cycle time (Note 16) tamwe 310 390 ns
th (w-RaAS) RAS hold time after write tawL 45 55 ns
th (w-cas) CAS hold time after write towL 45 55 ns
tw(w) Write pulse width twep 45 55 ns
tsu (r-cas) Read setup time before CAS tros 0 0 ns
td (rRas-w) Delay time, BAS to write (Note 17) trwD 120 150 ns
td (cas-w) Delay time, CAS to write (Note 17) towo 60 80 ns
tsu(p-w) Data-in setup time before write tos 0 0 ns
th(w-0) Data-in hold time after write ton 45 55 ns
tdis (cas) Output disable time torr 0 40 0 50 ns
ta cas) CAS access time (Note 13) tcac 5 100 ns
ta (ras) RAS access time (Note 14) trac 150 200 ns

Note 15: tgrwmin is defined as tcrw min =td (Ras-w) + th (w-ras) +tw (rasH) + 3t TLH(tThL)
16: torMw min is defined as t gamw min = ta (Ras)ymax + th (w-ras) + tw (ras H) + 3L TLH(tTHL)
17: tsu(w-cas), td(Ras-w), and td(cas-w) do not define the limits of operation, but are included as efectrical characteristics only.
When tsu (w-cas)2tsu (w-cas)min, an early-write cycle is performed, and the data output keeps the high-impedance state.
When td (Ras-w)=td (Ras-w)min_ and td (cas-w)=tsu (w-cas)min a read-write cycle is performed, and the data of the selected address will be read out
on the data output.

For all conditions other than those described above, the condition of data output (at access time and until CAS goes back to Vi) is not defined.

Page-Mode Cycle
. M5K4164NP-15 M5K4164NP-20
Alternative
Symbol Parameter Limits Limits Unit
Symbol

Min Max Min Max
tc ror Page-mode read cycle time . tec 145 190 ns
tc paw Page-Mode write cycle time tpc 145 190 ns
tc poRW Page-Mode read-write cycle time — 180 230 ns
teperMW Page-Mode read-modify-write cycle time — 190 245 ns
tw (CASH) CAS high pulse width tce 60 80 ns
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TIMING DIAGRAMS (Note 17)

Read Cycle ton
tw(RASL)
th(rAs-cAS)
th(ras-ca)
— Vin —
RAS " ‘S /f \
ViL — \
td (cas-ras) ‘ , y«—twmAsm—J
ld(RAs-CAs)—-—-—l-th(CAs-nAs)———q
tw(casL)
55S Vin — "4 \ / /
Vie — tw(cAsH)
tsu(ra-RrAS)| [th(RAs-Ra) tsu(ca-cas) th(cAS-CA)
| y -CA
Vil —
Ao~A7 ROW COLUMN 3
Vi — ADDRESS ADDRESS p
tsu(r-cas) :h(RAS-R)
h(cas-R)
— Vi — {
W v L
-
! t ta(cas)
ta(ras) tdis(cas)
Von — . "4
Q HIGH IMPEDANCE STATE // DATA VALID \,\\
Vo — AN /4
Write Cycle (Early Write)
tow
tw(rasL
th(Ras-cAS)
J— ViH — \\*—tmmsvc;\)——‘
RAS
ViL — N

/ [
I th(cas-ras) ! tw(RASH) ——=—1

td (cas-RAS) |
f=—— U4 (RAS-CAS) tw(casL)

CAS \\I/:: : i 1mmsu)$ \ j/ /

tsu(ra-ras)| |th(RAs-RA) tsu(ca-cas)

T th(cas-ca)
Ao~ A7 Vin - ROW I COLUMN
Vil — ADDRESS \| ADDRESS
[ ! th(w-cas)
tsu(w-cas) th(cAs-W)
. T
Vie — N I | Z
) |
Ih‘(RAS-W) [ R
tsu(p-cas) == th(cas-p)
Y- OO0 . (R XX XXX KRR KX XX KRR R R KRy
ST ST Ry
th(rRAS-D) {
Q :Z: : HIGH IMPEDANCE STATE
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Read-Write and Read-Modify-Write Cycles

toRW/toRMW
tw(rasL)
th(Ras-CAS)
AAS Vib — \N-——————lmms-cn)————*
Vie — N A
th(cas-RAS) t
} td (cas-RAS) A W(RASH)
l———td (RAS-CAS) twicasL)

__ ViH — X \ 4
CAS Vie — \ L [| /

tw(CASH)—=]

tsu(RA-RAS)| [th(ras-RA)  Tsu(ca-cas) th(cas-ca)

ViK — ATATe'0 @8 @ @
ROTAT v - ADRD%VéSS ADDRESS ’:’:’0’00 QOO "00 X “0 Q W
|Id< s th(w-cas)
RAS-W w-Ca ——-1
'smn-ms)l—-——] F ta(cas-w) th(w-RAS )—e={
— Vin -~ LAY Y Y IONAKAXN
AV R Al QR
laccas) tdis(cas)

VOH — '4

Q VoL - HIGH IMPEDANCE STATE DATA VALID
ta(ras)
tsu(p-w) h(w-0)

MO LN GO 099.999999.99 999999999 LI TOEL MR I IHK I IR

o RN BNORXHN, o v KRR

RAS-Only Refresh Cycle ot 18)

| tw(RASL)
v . N
RAS " b
ViL —
th(RAS-RA) ;

tw(RASH)

tsu(ra-RAS)
_ Vig - ’v'-’v'v'v'-'.'v '."' \/ "\ ROW ‘ 'Q" ""Y Y, "y.v..’-'- v vov’v.-'~'< SIIVY, "v.'.v’. ' Y, " " .
s SOOI sooness IR R RRRR
VoH —
Q VoL — HIGH IMPEDANCE STATE

Note 17
Indicates the don’t care input .
Note 18, CAS=Vy, W, A7, D =don't care.
M The center-line indicates the hiéh—xmpedance state
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Page-Mode Read Cycle

e th(rAs-cas)

Vig — -.-th(aAs-CA)——1
ViL — 9

tw(rasL)

RAS . ,’,’ .
d (cAs-RAS) : to pan | th (cas-RAS) . W(RASH)-_|
t -
M—-—IW(CASL, f=-tw(casL)
Vin —
GAs V'H tw(casH) ’
T T
th(ras-Ra) W(CASH
| ——'th(cAs-CA) ) ~—-1tn(cAs-CA)
tsu(ra-Ras)
= tsu(ca-cas) = 1su(ca-0aS)
Vi~ COLOMNEATTIITRRL) ADDRESS KARSLLLK
Ao~A (X
AT v - hooness KX ADDRESS
‘—:ta(CAS)
ta(ras) CAS)
Vou —
Q VoL _—HIGH IMPEDANCE STATE
th (rRas-R)
tsu(r-cas) 1
tsu(r-cas) th(cas-R) = le——th(cas-R)
_ Vig  f—
w
Page-Mode Write Cycle
tw(rast)
th(RAS-CAS)——e=vi
AAS Vi — *\—-—thmAs»CA)*']
ViL — & o A 7 :
B /7
td (cas-ras) | to paw T (CAS-FAS el Ll W (RASH),
td . t
(RAS-CAS) tw(oAsL) tw(CASL) KIW(CASL)
__ Vi — #.
CAS viL - Tw(casH) %k
th(ras-RA tw(cAsH
(RA ) th(cas-cA) woast) th(cas-ca) th(cas-ca)
tsu(ca-cAS) tsu(ca-cas) .
— COLUMN 'COLUMN
Ao~ Al ADDRESS ADDRESS
th(cas-w) th(cas-w) L-—-| th(cas-w)
th(W'CAS)—-‘ th(W-CAS)‘—— -——th(W-CAS)-—.q
w ViL — N Ve %"A‘A’A“A"“?
7
tw | twqw) = tw (W)

b——th (RAS- W )=t

th(RAS-D) {

.......

be—th (W-RAS )—=
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Hidden Refresh Cycle

READ CYCLE REFRESH CYCLE REFRESH CYCLE
tcr ter tcrR
Tw(RASL) tw(RASL) R, tw(RASL) ,
RAS Vi — 3\ zl ‘S 7/ \S X
Vi — X Yy, tw (RASH) - \_
td (cas-RAS)
td(RAS-CAS) th(CAS-RAS) bw(oASL) tw (RASH)
~— Vi — b r
CAs ViL — / tw(CASH) ﬁL /L y
th(cas-ca)
tsu(ra-RAS)| |th(RAS-RA) tsu(Ra-Ras)[ [th(Ras-RA) tsu(RA-RAS)| | th(Ras-RA)
i
Ve — ROW c%JLL'M‘N row LA RRXXRKCIRRATR
S —@‘Li@‘bbﬁém AR SRR
l\. tsu(ca-cas)
tsu(R-CAS th(RAS-R)
_ Vin — A X " X “V’V.""'Q"""VVVV‘V‘V .VV‘V‘VVVV‘
"o - L AKX KKRINNX
ta(cas)
ta (RAS) tdis (cAS)
Q Vor — < DATZ VALID
VOL - \QK ”
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TYPICAL CHARACTERISTICS
NORMALIZED ACCESS TIME VS.

1.4

0.8

NORMALIZED ACCESS TIME ta (RAS)

0.6

Ve SUPPLY VOLTAGE
Ta=25"CI
\\
NS
4.0 4.5 5.0 5.5 6.0

SUPPLY VOLTAGE Vgg (V)

NORMALIZED ACCESS TIME VS.
LOAD CAPACITANCE

1.3

T
Ta=25°C
Vo= 5V

NORMALIZED ACCESS TIME 1a (RAS)

0.8

50 100

150 200 250

LOAD CAPACITANCE (pF)

NORMALIZED ACCESS TIME VS,
AMBIENT TEMPERATURE

1.4

T
Veoc= 5V

0.8

NORMALIZED ACCESS TIME ta (RAS)

25 5

0

75

100

AMBIENT TEMPERATURE Ta (°C)

AVERAGE SUPPLY  CURRENT FROM V¢,
OPERATING MODE VS. SUPPLY VOLTAGE

40

30

T
Ta=25°C

20

Pl

/
L

o

L

/

{

]

/

tc

tc =260ns

lc==330n34
L

¢ =500ns
-

=1000ns

AVERAGE SUPPLY CURRENT FROM Vcc,
OPERATING MODE lgg1(mA)

I

\

———

AVERAGE SUPPLY CURRENT FROM Vcc,
OPERATING MODE VS.
AMBIENT TEMPERATURE

4.0 4.5

5.

1] 5.

5 6.0

SUPPLY VOLTAGE Vgg (V)

AVERAGE SUPPLY CURRENT FROM V¢,
OPERATING MODE VS. FREQUENCY

S 40 T - 40 T
S Vee=5.5V S Ta=25C
>,\ LN Vee=5.5V
24 tc=260ns 24
£ j—‘ E /

EV_ 30 t & ~ 30
=] 1o =330ns 58 /
w i
£y £y /

20
32 g {6 =500ns °= 20 7
5 i 22
ez aZ
5% 55
e 10 1c=1000ns 35 10
gs e8 4
o o
s s
< <

0
%% 25 50 75 100 0 1 2 3 2
AMBIENT TEMPERATURE Ta (°C) FREQUENCY f(g¢) (MHz)
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SUPPLY CURRENT FROM V¢,
STANDBY MODE VS. SUPPLY VOLTAGE

2.8

=T
Ta=25°C

2.0

SUPPLY CURRENT FROM Vcc,
STANDBY MODE I¢p2 (mA)

4.0 4.5 5.0 5.5 6.0

SUPPLY VOLTAGE Vg (V)

AVERAGE SUPPLY CURRENT FROM Vcc,
REFRESH MODE VS. SUPPLY VOLTAGE

40

T
Ta=25°C

30

tc (reF) =260ns
_ 33008

20

o m\:,F)

W

—

10 t ¢ (ReF) = 1000ns]]

tc (rer) = 500ns

AVERAGE SUPPLY CURRENT FROM V¢,
REFRESH MODE lcg3 (mA)

4.0 4.5 5.0 5.5 6.0

SUPPLY VOLTAGE Ve (V)

AVERAGE SUPPLY CURRENT FROM Vcc,

REFRESH MODE VS. FREQUENCY

40 T
Ta=25°C
Vec=5.5V

.
L3
>
s ~
84
& 30
3
o
& w
33 Z
29 20
%2 ~
i3
A
A
wd 10 //
a e
w
>
e
0
0 1 2 3 4

FREQUENCY f(g¢) (MHz)

SUPPLY CURRENT FROM Vcc,
STANDBY MODE VS,
AMBIENT TEMPERATURE

2.8 .
Voe=5.5V
U'A
< ~N
ZE 24 ™
35 N
T 5 \
w -
= ow I~
5 2.0
g
S
o8
o
5’;, 1.6
w
1.2
) 25 50 75 100

AMBIENT TEMPERATURE Ta (°C)

AVERAGE SUPPLY CURRENT FROM Vcc,
REFRESH MODE VS.
AMBIENT TEMPERATURE

. 40 |

§ Voo=5.5V
S ~
oq
E 3
£ 3

o
&= t¢c (ReF)=260ns
[+ g i__
32 20 tc (ReF) = 330ns
> = }
oz
g 0 t ¢ (ReF) =500ns

o
L2

w
§a; 10 ¢ (REF) = 1000ns
[1ed
w
>
2

0
0 25 50 75 100

AMBIENT TEMPERATURE Ta (°C)

AVERAGE SUPPLY CURRENT FROM V¢,
"PAGE MODE VS, SUPPLY VOLTAGE

40

T
Ta=25°C

30 to (Pg)=145ns

lc (PG)=190ns

\ A

tc (pG)=500ns

. —

/—I
1o (pg)=1000ns

PAGE MODE Iccq (MA)

AVERAGE SUPPLY CURRENT FROM Vcc,

4.0 4.5 5.0 5.5 - 6.0

SUPPLY VOLTAGE Vgg (V)
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AVERAGE SUPPLY CURRENT FROM Vcc,

RAS, CAS, W, INPUT VOLTAGE

AVERAGE SUPPLY CURRENT FROM Vcc,

PAGE MODE VS. AMBIENT TEMPERATURE

ViH1, Vigr (V)

Ao~A;, DIy INPUT VOLTAGE V42, VL2

PAGE MODE Igga (mA)

40

30

20

1
Voc=5.5V

—— o (PG)=145ns
—— t¢ (PG)=190ns
—
tc (pg) =500ns
t ¢ (pg) = 1000ns
0 25 50 75 100

AMBIENT TEMPERATURE Ta (°C)

RAS, CAS, W, INPUT VOLTAGE
Vin1, ViLg VS. SUPPLY VOLTAGE

2.5

T
Ta=25°C

_—

1

V,U(max)

0.5

1
p—

L

Vi1 (min)
/

s

4.0 4.5 5.

0 5.

S 6.0

SUPPLY VOLTAGE Vgg (V)

VS. SUPPLY VOLTAGE

AVERAGE SUPPLY CURRENT FROM Ve,
PAGE MODE iggs (mA)

Vi1, ViLr VS. AMBIENT TEMPERATURE

INPUT VOLTAGE
ViHt, Vier (V)

w,

CAS,

RAS,

AVERAGE SUPPLY CURRENT FROM V¢,

-PAGE MODE VS. FREQUENCY

50 T
Ta=25°C
Voc=5.5V
40
30
"
? /,
10
0
0 1 2 3 4 5

FREQUENCY (@) (MHz)

RAS, CAS, W, INPUT VOLTAGE

2.5 T

Vec=5.5V
2.0

—— Vin1 (min)

1.5 VL1 (max)
1.0
0.5

0 25 50 75 100

AMBIENT TEMPERATURE Ta (°C)

A,~A;, Diy INPUT VOLTAGE V2, V)2

VS, AMBIENT TEMPERATURE

ELECTRIC

2 25 T 2 25 '
:' Ta=25°C ~ Voc=5.5V
> >
b4 2.0 ViHz (min) ] 3 2.0
> . - N
" 5 — Vigz(min)
g / ViLz (max) <
s s ViLz(max)
3 15 1 // 3 1s
> M 4 .
- - =
2 o
o o
z E4
z 1.0 z 1.0
o a
s 2
< <
l? 0.5 fg 0.5
4.0 a5 5.0 5.5 6.0 0 25 50 75 100
SUPPLY VOLTAGE Vg (V) AMBIENT TEMPERATURE Ta (°C)
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SUPPLY CURRENT lgg, Iss
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100

SUPPLY CURRENT VS. TIME
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MITSUBISHI LSIs

M5K4164S-15, S-20

DESCRIPTION

This is a family of 656 5636-word by 1-bit dynamic RAMs,
fabricated with the high performance N-channel silicon-gate
MOS process, and is ideal for large-capacity memory
systems where high speed, low power dissipation, and low
costs are essential. The use of double-layer polysilicon
process technology and a single-transistor dynamic storage
cell provide high circuit density at reduced costs, and the
use of dynamic circuitry including sense amplifiers assures
low power dissipation. Multiplexed address inputs permit
both a reduction in pins to the standard 16-pin package
configuration and an increase in system densities. The
M5K4164S operates on a bV power supply using the
on-chip substrate bias generator.

FEATURES
® Performance ranges
Access time Cycle time Power dissipation
Type name (max) {min}) (typ)
(ns) (ns) (mW)
M5K4164S-15 150 260 200
M5K41645-20 200 330 170

® Standard 16-pin package
® Single 5V £10% supply
® | ow standby power dissipation: 28 mW (max)
® | ow operating power dissipation:
M5K4164S-15  275mW (max)
M5K4164S-20 250mW (max)

® Unlatched output enables two-dimensional chip selec-
tion and extended page boundary

® Early-write operation gives common 1/0 capability

® Read-modify-write, RAS-only refresh, and page-mode
capabilities

PIN CONFIGURATION (TOP VIEW)

ReFResH INPUT REF0] B Vss  (0V)
onra weur D+ [Be-GRS SORN AR
controL PO WLz [@-Q oata outeur
SWAORE TS F B
A=l 3 [@eAs
ADDRESS INPUTS  { Az —+[5] ; [+ As | ADDRESS INPUTS
A7} (10}« As
sv) Vee [E] [9)e-A

Outline 1681

* |f the pin 1 (REF) function is not used, pin 1 may be left open (not connect).

® All input terminals have low input capacitance and are

directly TTL-compatible

e OQutput is three-state and directly TTL-compatible
® 128 refresh cycles every 2ms

(16K dynamic RAMs M5K4116P, S compatible})

® Pin 1 controls automatic- and self-refresh mode.
® CAS controlled output allows hidden refresh, hidden

automatic refresh and hidden self-refresh.

® Qutput data can be held infinitely by CAS.
® [nterchangeable with

Mostek’s MK4164 and
Motorola’s MCM 6664 in pin configuration.

APPLICATION

® Main memory unit for computers.

BLOCK DIAGRAM

DATA INPUT

Z|

K l

WRITE CONTROL INPUT

INPUT |
LATCH

(8) voc (5v)

p (2
3
oL e ey CAs (15 [ CLOCK GENERATOR
RAS | RCUIT .
ROW ADDRESS —21
STROBE NPUT TAS o‘ T Vss (0V)
REFRESH INPUT REF o ] X COLUMN DECODER 1
Ulrow |77 MEMORY CELL
! [DECODER._L,| (64 ROWS X 256 COLLUMNS
| H
oL SENSE REFRESH AMPLIFIER -
2
Ag (5) 2! [row T MEMORY CELL e
an (7) Si|! |pecoper L] (64 ROWS X 256 COLUMNS) 5
! 2 Fe
23 1 = Dw
Az (8) 8$ ADDRESS COLUMN DECODER [ ] g - Et L—~(14) Q DATA OUTPUT
o5 W 2
ADDRESS INPUTS { . (9 25 gggoosn_i- 64 ROWS X F%ecgldlﬂumns) § °T
s —28 —~ S
As @ L] oL SENSE REFRESH AMPLIFIER -
A |
5 (19) I lrow [T MEMORY CELL
A7 (9) | |pecoper | (64 ROWS X 256 COLUMNS)
1
= e COLUMN DECODER ]
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FUNCTION

The M5K4164S provides, in addition to normal read, write,
and read-modify-write operations, a number of other
functions, e.g., page mode, RAS-only refresh, and delayed-
write. The input conditions for each are shown in Table 1.

Table 1 Input conditions for each mode

Inputs Output

Operation AT CAS w b ?&Yess Egél:g AEF Q ' Refresh Remarks
Read ACT ACT NAC DNC APD APD NAC VLD YES Page mode
Write ACT ACT ACT VLD APD APD NAC OPN YES identical except
Read-modify-write ACT | ACT | ACT | ViD | APD | APD | NAC | viD | ves |refreshisNO.
RAS-only refresh ACT NAC DNC DNC APD DNC NAC OPN YES
Hidden refresh ACT ACT DNC DNC APD DNC NAC VLD YES
Automatic refresh NAC DNC DNC DNC DNC DNC ACT OPN YES
Self refresh NAC DNC DNC DNC DNC DNC ACT OPN YES
Hidden automatic refresh NAC ACT DNC DNC DNC DNC ACT VLD YES
Hidden self refresh NAC ACT DNC DNC DNC DNC ACT VLD YES
Standby NAC DNC DNC DNC DNC DNC NAC OPN NO

Note: ACT : active, NAC : nonactive, DNC : dont care, VLD : valid, APD : applied, OPN : open.

SUMMARY OF OPERATIONS
Addressing
To select one of the 65 536 memory cells in the M5K4164S
the 16-bit address signal must be multiplexed into 8 address
signals, which are then latched into the on-chip latch by
two externally-applied clock pulses. First, the negative-
going edge of the row-address-strobe pulse (RAS) latches
the 8 row-address bits; next, the negative-going edge of the
column-address-strobe pulse (CAS) latches the 8 column-
address bits. Timing of the RAS and CAS clocks can be
selected by either of the following two methods:

1. The delay time from RAS to CAS typas.cas) IS set
between the minimum and maximum values of the
limits. In this case, the internal CAS contro! signals are
inhibited almost until tygas.casymax (‘dated CAS’
operation). The external CAS signal can be applied with
a margin not affecting the on-chip circuit operations, e.g.
access time, and the address inputs can be easily changed
from row address to column address.

2. The delay time tyras-cas) is set larger than the
maximum value of the limits. In this case the internal
inhibition of CAS has already been released, so that the
internal CAS control signals are controlled by the
externally applied CAS, which also controls the access
time.

Data Input

Date to be written into a selected cell is strobed by the later
of the two negative transitions of W input and CAS input.
Thus when the W input makes its negative transition prior
to CAS input (early write), the data input is strobed by
CAS, and the negative transition of CAS is set as the
reference point for set-up and hold times. In the read-write

or read-modify-write cycles, however, when the W input
makes its negative transition after CAS, the W negative
transition is set as the reference point for setup and hold
times.

Data Output Control

The output of the M5K4164S is in the high-impedance
state when CAS is high. When the memory cycle in progress
is a read, read-modify-write, or a delayed-write cycle, the
data output will go from the high-impedance state to the
active condition, and the data in the selected cell will be
read. This data output will have the same polarity as the
input data. Once the output has entered the active
condition, this condition will be maintained untit CAS goes
high, irrespective of the condition of RAS.

The output will remain in the high-impedance state
throughout the entire cycle in an early-write cycle.

These output conditions, of the M5K4164S, which can
readily be changed by controlling the timing of the write
pulse in a write cycle, and the width of the CAS pulse in a
read cycle, offer capabilities for a number of applications,
as follows.

1. Common 1/0 Operation

If all write operations are performed in the early-write
mode, input and output can be connected directly to give a
common |/0 data bus.

2. Data Output Hold

The data output can be held between read cycles, without
lengthening the cycle time. This enables extremely flexible
clock-timing settings for RAS and CAS.
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3. Two Methods of Chip Selection

Since the output is not latched, CAS is not required to keep
the outputs of selected chips in the matrix in a high-
impedance state. This means that CAS and/or RAS can
both be decoded for chip selection.

4. Extended-Page Boundary

By decoding CAS, the page boundary can be extended
beyond the 256 column locations in a single chip. In this
case, RAS must be applied to all devices.

Page-Mode Operation

This operation allows for multiple-column addressing at the
same row address, and eliminates the power dissipation
associated with the negative-going edge of RAS, because
once the row address has been strobed, RAS is maintained.
Also, the time required to strobe in the row address for the
second and subsequent cycles is eliminated, thereby de-
creasing the access and cycle times,

Refresh

Each of the 128 rows (A;~Ag) of the MbK4164S must be
refreshed every 2 ms to maintain data. The methods of
refreshing for the M5K4164S are as follows.

1. Normal Refresh

Read cycle and Write cycle (early write, delayed write or
read-modify-write) refresh the selected row as defined by
the low order (RAS) addresses. Any write cycle, of course,
may change the state of the elected cell. Using a read, write,
or read-modify-write cycle for refresh is not recommended
for systems which utilize “wire-OR” outputs since output
bus contention will occur.

2, RAS Only Refresh

A RAS-only refresh cycle is the recommended technique
for most applications to provide for data retention. A
RAS-only refresh cycle maintains the output in the
high-impedance state with a typical power reduction of
20% over a read or write cycle.

3. Automatic Refresh

Pin 1 (REF) has two special functions. The M5K4164S
has a refresh address counter, refresh address multiplexer
and refresh timer for these operations. Automatic refresh is
initiated by bringing REF low after RAS has precharged
and is used during standard operation just like RAS-only
refresh, except that sequential row addresses from an
external counter are no longer necessary.

At the end of automatic refresh cycle, the internal
refresh address counter will be automatically incremented.
The output state of the refresh address counter is initiated
by some eight REE , RAS or RAS/CAS cycles after power
is applied. Therefore, a special operation is not necessary
to initiate it.

RAS must remain inactive during REF activated cycles.
Likewise, REF must remain inactive during RAS generated
cycle.

4. Self-Refresh

The other function of pin 1 (REF) is self-refresh. Timing
for self-refresh is quite similar to that for automatic refresh.
As long as RAS remains high and REF remains low, the
M5K4164S will refresh itself. This internal sequence repeats
asynchronously every 12 to 16 us. After 2 ms, the on-chip
refresh address counter has advanced through all the row
addresses and refreshed the entire memory. Self-refresh is
primarily intended for trouble free power-down operation.

For example, when battery backup is used to maintained
data integrity in the memory. REF may be used to place
the device in the self-refresh mode with no external timing
signals necessary to keep the information alive.

In summary, the pin 1 (REF) refresh function gives the
user a feature that is free, save him hardware on the board,
and in fact, will simplify his battery backup procedures,
increase his battery life, and save him overall cost while
giving him improved system performance.

There is an internal pullup resister (~ 3M£2) on pin 1, so
if the pin 1 (REF) function is not used, pin 1 may be left
open (not connect) without affecting the normal operations.
5. Hidden Refresh

A features of the M5K4164S is that refresh cycle may be
performed while maintaining valid data at the output pin
by extending the CAS active time from a previous memory
read cycle. This feature is refered to as hidden refresh.

Hidden refresh is performed by holding CAS at V,, and
taking RAS high and after a specified precharge period,
executing a RAS-only cycling, automatic refresh and
self-refresh, but with CAS held low.

The advantage of this refresh mode is that data can be
held valid at the output data port indefinitely by leaving
the CAS asserted. In many applications this eliminates the
need for off-chip latches.

Power Dissipation

Most of the circuirty in the M5K4164S is dynamic, and
most of the power is dissipated when addresses are strobed.
Both RAS and CAS are decoded and applied to the
M5K4164S as chip-select in the memory system, but if
RAS is decoded, all unselected devices go into stand-by
independent of the CAS condition, minimizing system
power dissipation.

Power Supplies
The M5K4164S operates on asingle 5V power supply.

A wait of some 500us and eight or more dummy cycle is
necessary after power is applied to the device before
memory operation is achieved.
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ABSOLUTE MAXIMUM RATINGS

Symbol Paramater Conditions Limits Unit
Vee Supply voltage -~1~7 \
V) Input voltage With respect to Vg —1~7 \
Vo Output voltage —1~7 \%
lo Qutput current 50 mA
Pd Power dissipation Ta=25°C 1000 mwW
Topr Operating free-air temperature range 0~70 °C
Tstg Storage temperature range —65~150 °C

RECOMMENDED OPE RAT' NG CON DITIONS (Ta=0~70°C, unless otherwise noted) {Note 1)
Symbol Parameter Limits Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \
Vss Supply voltage 0 0 0 \Y
ViH High-level input voltage, all inputs 2.4 6.5 \%
ViL Low-level input voltage, all inputs -2 0.8 \
Note 1: All voltage values are with respect to Vgg
ELECTRICAL CHARACTE RISTICS (Ta=0~70°C, Voe=5V +£10%, Vss=0V, unless otherwise noted) (Note 2)
Symbol Parameter Test conditions " Limits Unit
Min Typ Max
VoH High-level output voltage loH=—5mA 2.4 Vee \
VoL Low-level output voltage loL=4.2mA 0 0.4 \
loz Off-state output current Q floating OV =Voyt=5.5V —10 10 HA

Iy Input current OV=V|N=6.5V, Allotherpins=0V —10 10 LA

Iec1(av) Average supply current from Vg, M5K4164S- 15 RAS ,CAS cycling 50 mA
operating (Note 3, 4) M5K4164S-20 | tor=tcw = min output open 45 mA
lcc2 Supply current from Vg, standby RAS =V output open 5 mA

1 cG3(av) Averagt.a supply current from Veg, M5K4164S-15 [ RAS cycling CAS=vViy4 40 mA

refreshing  (Note 3) M5K4164S-20 | tc(Rrer)= min, output open 35 mA
1ccaav) Average supply current from Ve, M5K4164S- 15 RAS=V,_, CAS cycling 40 mA
page mode  (Note 3, 4) MS5K4164S-20 | topg= min, output open 35 mA
1cos(av) Average .supply ct,:rrent from Vg, M5K4164S- 15 RAS=ViH, REF cycling 40 mA
automatic refreshing (Note 3) M5K4164S-20 | tg(rer)=min. output open 35 mA
lcos (AV) Average supply current from Vg, self refreshing ::jtzo:e':' REF=ViL 8 mA
Ci(a) Input capacitance, address inputs 5 pF

Ci (D) Input capacitance, data input Vi=Vssg 5 il
Ci(w) Input capacitance, write control input f=1MHz 7 pF
C) (ras) | Input capacitance, RAS input V|=25mVrms 10 pF
Ci (cas) | Input capacitance, CAS input 10 pF
Ci (REF) Input capacitance, REF input 10 pF
Co QOutput capacitance Vo=Vsg, f=1MHz,V|=25mVrms 7 pF

Note 2:  Current fiowing into an IC is positive ; out is negative.

3: ‘lcoi(av), lce3(av), lcca(av) and loos(ay) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.

4: lgc1(av) and lgga(av) are dependent on output loading. Specified values are obtained with the output open.
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TIMING REQUIREMENTS (Foi' Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle)

(Ta=0~70°C, Vgoc=5V +£10%, Vss=0V, unless otherwise noted, See notes 5, 6 and 7 )

. M5K4164S-15 M5K4164S-20
Symbol Parameter Alternative Limits Limits Unit
Symbol
Min Max Min Max
teRF Refresh cycle time trer 2 2 ms
tw(RaSH) RAS high pulse width tre 100 120 ns
tw(raASL) RAS low pulse width tras 150 10000 200 10000 ns
twcasL) CAS low pulse width tcas 75 o 100 o ns
tw(casH) CAS high pulse width (Note 8) tepn 35 40 ns
th(RAS-CAS) CAS hold time after RAS tosH 150 200 ns
th(cAS-RAS) RAS hold time after CAS tRsH 75 100 ns
td(cas-RAS) Delay time, CAS to RAS (Note 9) tcap —20 —20 ns
t4(RAS-CAS) Delay time, RAS to CAS (Note 10) tReD 25 75 30 100 ns
tsu(RA-RAS) Row address setup time before RAS t Asr 0 0 ns
tsu(ca-cas) Column address setup time before CAS tasc -5 -5 ns
th(RAS-RA) Row address hold time after RAS tRAH 20 25 ns
th(cas-ca) Column address hold time after CAS tcan 25 35 ns
th(RAS-CA) Column address hold time after RAS tar 95 120 ns
i Transition time tr 3 35 3 50 ns
trim
‘Note An initial pause of 500us is required after power-up followed by any eight REF. RAS or RAS/CAS cycles before proper device operation is achieved.

The switching characteristics are defined as t T4 =1 v 4 =5ns.

Except for page-mode.
tdcas-ras) requirement is only applicable for RAS/CAS cycles preceded by aCAS only cycle (i. e. for systems where CAS has not been decoded

with RAS).

5
6:
7: Reference levels of input signals are Vi min. and V|| max. Reference levels for transition time are also between Vjyy and V..
8:
9:

10. Operation within the 1d (Ras-CAS) max limit insures that  a (Ras) Max can be met. td (Ras-cas)max is specified reference point only;if

td (ras-CAS) is greater than the specified td (RAS-CAS) max limit, then access time is controlled exclusively by ta(cas).

td (Ras-cas)min =th (ras-ra)MiN + 21 THL (t yuw) T 1 su(ca-cas)min.

SWITCHING CHARACTERISTICS (Ta=0~70C, Vgo=5V +£10%, Vss=0V, unlessotherwise noted)

Read Cycle
. M5K4164S-15 M5K4164S-20
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
teRr Read cycle time tre 260 330 ns
tsu (R-cAS) Read setup time before CAS tres 0 s} ns
th (cas-R) Read hold time after CAS (Note 11) tReH 0 0 ns
th(Rras-R) Read hold time after RAS (Note 11) tRRH 20 25 ns
tdis (cas) Output disable time (Note 12) toFrF 0 40 [1] 50 ns
ta cas) CAS access time (Note 13) tcac 75 100 ns
ta (Ras) RAS access time (Note 14) tRrac 150 200 ns
Note 11:  Either th (Ras-R).0r th (cas-R) must be satisfied for a read cycle.
Note 12: tdis (cas)Mmax defines the time at which the output achieves the open circuit condition and is not reference to Vg or Vor..
Note 13:  This is the value when td (Ras-cas)=1d (Ras-cas)max, Test conditions ; Load = 2TTL, Cy_ = 100pF
Note 14:  This is the value when td (Ras-cAs)< d (rAS-cas)max. When 1d (ras-cas)Ztd (Ras-cas)max, ta(ras) will increase by the amount that
td (RAS-CAS) exceeds the value shown. Test conditions ; Load = 2TTL, C_ = 100pF
Write Cycle
) M5K4164S-15 M5K41645-20
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
tow Write cycle time tre 260 330 ns
tsu(w-cas) Write setup time before CAS (Note 17) twes —10 —10 ns
th cas-w) Write hold time after CAS twew 45 55 ns
th (ras-w) Write hold time after RAS twor 95 120 ns
th (w-RasS) RAS hold time after write trwL 45 55 ns
th(w-cas) CAS hold time after write towr 45 55 ns
tw(w) Write pulse width twep 45 55 ns
tsu(p-cas) Data-in setup time before TAS tos 0 0 ns
th(cas-p) Data-in hold time after CAS toH 45 55 ns
th (ras-D) Data-in hold time after RAS toHR 95 120 ns
ELECTRIC 2—59
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Read-Write and Read-Modify-Write Cycles -

Atternative M5K41645-15 M5K41645-20

Symbol Parameter Limits Limits Unit
Symbol

Min Max Min Max
torw Read-write cycle time (Note 15) trwe 280 340 ns
tecrRMw Read-modify-write cycle time (Note 16) tRmwe 310 390 ns
th (w-Ras) RAS hold time after write trRwL 45 55 ns
th (w-cas) CAS hold time after write towL 45 55 ns
tw(w) Write pulse width twe 45 55 ns
tsu (r-cas) Read setup time before CTAS tres 0 0 ns
td (Ras-w) Delay time, RAS to write (Note 17) tRwo 120 150 . ns
td (cas-w) Delay time, CAS to write (Note18) towp 60 80 ns
tsu (p-w) Data-in set-up time before write tos 0 0 ns
th (w-D) Data-in hold time after write toH 45 S5 ns
tdis (cas) Output disable time torF 0 40 0 50 ns
ta (cas) CAS access time {Note 13) tcac 75 100 ns
ta (ras) RAS access time (Note 14) trac 150 200 ns

Note 15: tgrwmin is defined as. toRw Min =1d (ras-w) + th (w-ras) +tw (RasH) + 3t TLH(truL)
16: TgRMwW min is defined as t gamw min =ta (Ras)max +th (w-ras) +tw (rRas H) + 3L TLH (tTHL)
17: tsu(w-cas), 1d(Ras-w), and 1d(cas-w) do not define the limits of operation, but are included as electrical characteristics onlty.
When tsu (w-cas)=1su (w-cas)min, an early-write cycle is performed, and the data output keeps the high-impedance state.
When td (ras-w)Ztd (Ras-w)min, and td (cas-w)=tsu(w-cas)min a read-write cycle is performed, and the data of the selected address will be read out
on the data output,

For all conditions other than those described above, the condition of data output (at access time and until CAS goes back to Vyy} is not defined,

Page-Mode Cycle
. M5K4164S-15 M5K4164S-20
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
tcPGR Page-mode read cycle time ] tec 145 190 ns
tePow Page-mode write cycle time tec 145 190 ns
tePGRW Page-mode read-write cycle time — 180 230 ns
tcPeRMW Page-mode read-modify-write cycle time —_— 190 245 ns
tw (CASH) CAS high pulse width tep 60 80 ns
Automatic Refresh Cycle
. M5K4164S-15 MS5K4164S-20
Alternative .
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
tc (reF) Automatic Refresh Cycle Time trc 260 330 ns
tw (RASH) RAS high pulse width trp 395 480 ns
td (RaS-REF) Delay time, RAS to REF trFD 100 120 ns
tw (REFL) REF low pulse width trp 80 8000 100 8000 ns
tw (REFH) REF high pulse width th 135 150 ns
td (REF-RAS) Delay time, REF to RAS trsr 30 30 ns
tsu (rReF-Ras)| BEF pulse setup time before RAS trRD 295 360 ns
Self-Refresh Cycle
) M5K4164S-15 M5K4 1645-20
Alternative
Symbol . Parameter Limits Limits Unit
Symbol
Min Max Min Max
td (rRAS-REF) Delay time, RAS to REF trFD 100 120 ns
tw (REFL) REF low pulse width tree 8000 o 80060 oo ns
td (ReF-RAS) Defay time, REF to RAS tEgR 295 360 ns
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TIMING DIAGRAMS Note 1
Read Cycle Note 18)

7

tcr
tw(RAsL)
U\(RAS—CAS)‘—————-‘
th(RAS-CA) !—————\
HAS Vil — \& /
Vie — N \. .
— taicas-Rras) ' r=—"lw(Ras)
td(ras-cas th(cas-Ras
t
- Vie — 7 W(CASL / /
Vie — tw(casH) N
Lsu(RA-RAS) th(FiAISRA) Tsu(ca cas) t
] h(cas-ca)
po-ay M- ROW coLuMN
Vi — ADDRESS ADDRESS p
tsu(R-cAS) th(ras-R)
th(cas-R)
— Vin — '4 X
w Vie —
ia(CAs)*—-\
ta(Ras) tdis(cas)
Q vor - E /Il DATA VALID
IG ESTAT A
VoL - HIGH IMPEDANCE STA N ///
Write Cycle ( Early Write) iote 18)
tew
tw(rasL)
th(ras-cas)
_ Vi — \ th(RAS-CA) |
RAS N I N
Vie — N /
¢ _._—l Imc;xs»mxs)———ﬁ, tw(RASH) —=—
d (CAS-RAS) |
b——1d(RAS-CAS) tw(casL)
Y i \ L/
CAS Vie — tw(cAsH) & N 7
tsu(Ra-ras)| [Ih(RaS-RA) lsu(CA-CAS) thicas-ca)
ViH — X XA RAW KXNA | coLumn
e R L (B
' | th(w-cas)
tsu(w-cas) t .
. i o R
w Vie — \ | I y. X "‘ 3
f ! th(w-RAS)
th(Ras-w)yL—— =]
tsu(o-cas) == th(cas-p)
Vin - N oo N AXXXXXT SN T
DATA VALID
BV ‘.‘A‘x&' L RS
th(Ras-D)
VOH —
Q VoL — {iGH IMPEDANCE STATE

MITSUBISHI
ELECTRIC



MITSUBISHI LSIs

M5K4164S-15, S-20

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

Read-Write and Read-Modify-Write Cycles ot 18)

terw/ toRMW {
tw(RasL)
th(RAS-CAS)
RAS ViH —_—WN th(ras-ca) -—
ViL — N ] 2
. tacAs-RAS) ; th(cas-RAS) Tw(RASH)
|e——ld(RAS-CAS) tw(cast)
— ViH — 4 ‘ ‘ / !
0AS Vie __j tw(casH) \ \ | /
tsu(RA-RAS)| |th(RAS-RA)  lsu(CA-cAS) ’I
| = h(CAS-CA)
Vin =0 00, Y
S @ < (I KK
- ltd(nAs w th(w-cas)
W) ) -
- tSu(R-CAs)I-‘-) td(cas-w) Flh(w-ma——
R
ViL —
twiw )——J
ta(cas tdis(cas)
VoH — y
Q v ] HIGH IMPEDANCE STATE DATA VALID
oL
la(ras)
tsu(o-w) th(w-D)
5 Vi — "’v""’v".'.’.'.”"""’6'."'."""’."-’v'""'.v’-""’v.v.v.\ - /""""""'""V’V’V’V’v’v'v’v
AR ORI o vasio IR RAEKRIR

VAVAVAYA'D

.....

ter
[ tw(rAsSL) {
RAs M T ) J{ \
th(ras-RA) I tw(RrasH
tsu(RA-RAS)

~ VIV 09 09099990, " ’\ Y o v 20 "y V.V, '.v OO V"""""' X '.,.,.-' AN/ v.v.v’

so=rs il ZXORBRONORRN soomess REKKORRRRR XK R RRRRKKRNRES
VoH —
Q VoL — HIGH IMPEDANCE STATE

Note 17
Indicates the don't care input

Note 18, REF =V4
19. CAS=REF =Vjy, W, A7, D =don"t care.

M The center-line indicates the high-impedance state
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Page-Mode Read Cycle (Not 18)

tw(RAsL)
L_._ ———th(RAS-CAS)———e—f

Vin _.'_!R—-ln(ms»cm [

RAS Vil - Y 7
v S—_— tw(RASH)
| Itaicas-ras) | topn | f———th(CAS-RAS ) —a=]
t i [
d(RAS-CAS) tw(casL , » bm-tw(CASL)

ViH — t 4 f
TAS j W (CASH) % . L

Vi — T X

th(RAS-RA) tw(casH)
| th(cas-ca) '——11h<CA5-0A)
tsu(Ra-RAS)
—*'lsu(c:\rc;xw =+-lsu(ca-cas)
— ~ EIAAANNY X X AANANAR {

pony U "("0’:‘0’0'0:':‘:‘3 5 ,,'000,0,0,0,0: coLum

Vi - ADDRESSINGOKXXAXA QOO o X

L-—Ia(CAs>~—( l l——ta(CAs)—A L-—la(CAs>—-—1
ta(ras) tdis (cas) ﬂ:%tdls{')/-\s)
Von — ¢ L ona
Q VoL HIGH IMPEDANCE STATE NWVALD /7 T ras./
— ] ———
tsu(R-cas) [h(CAS'R)’[—— Llh(CAs-m—-—
yd
ViH

Vig —

<
5

Page-Mode Write Cycle ot 18)

tw(RrasL)

th(RAS-CAS)———a=f

_ ViH — -\—-—Ihmns»cm
RAS Vil — \ B ; :
44 W(RASH)
| L, ldcas-ras) | t )
™ ‘[“ ] F———!«tcPGW———-——J (CAS-RAS )~
g(RAS CAS) tw(casy) tw(casL)
\ —
CAS V'H / tw (cASH) % ’
[ S— T
. t
In(Ras-Ra) th(cas-ca) At th(cas-ca) th(cas-ca)
t=tsu(ca-cas) .IISU(CNCAS) tsu(ca-cas)
)
v
s
lh(oAs-w>|-._..| th(cas-w) th(cas-w)
th(w-cas)—= th(w-cas)—e={ th(w-cAS)—e=t
'O.0.VV.VAVA'AS
v TR
v Vie — 2 XQOAAAASY
-7
t tw(w) ¢ tw(w)
N(RAS-wW)—== su(D-w) thw-D)
tsu(D-w) th (w-0) tsu(p-w)
(TR ARTARRR TR
Vin — 9090000999
D vm @ DATA VALID DATA VALID ‘t”“!.:&“".‘.“’t."!
. -
e——1h(RAS-D)
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Automatic Pulse Refresh Cycle (Multiple Pulse) iNote 20)

tw(RASH)
7 \
J— Vig — A
RAS V::' B 7 N
td (RAS-REF) to (REF) X tsu (REF-RAS)
td(REF-RAS)
tw(REFL) tw(REFL) P tw(REFL)

ReF z:: - X ///WREFH)N 7/// / \. J[i

Automatic Pulse Refresh Cycle (Single Puise) Nt 20!
tw(RASH)

-  ViH — - p
RAS . _ / \
td (RAS-REF) tsu (REF-RAS)

td (REF-RAS)

tw(REFL)
REFOUM - /)
Vi — /

Self-Refresh Cycle ot 20)

fAs T
Vie —
td (RAS-REF) td(REF-RAS)
x tw(REFL) |
__ ViH —
REF "
ViL —

Note 20: CAS, Addresses, D and W are don't care.

Hidden Automatic Pulse Refresh Cycle

READ CYCLE REFRESH CYCLE REFRESH CYCLE
t
— Vin _*——ﬁg w(RASL) L
ViL - = —
—== =~ {4(CAS-RAS)
td(RAS-CAS)
th(CAS-RAS)
— Viu — ” tw(casL) | f
CAS Vil — /_tw(CASH) — —;Z
th(RAS-RA)
tsu(RA-RAS) th(cas-CA)
A Ay VH —W ROW ’x COLUMN! %
0~ A7 _
\Y E ADDRESS,
i I;&DR SS| 4 S)
tsu(ca-cas)
tsu(R-CAS) th(RAS-R)
_ Vi — - A
w Vi —
td (RAS-REF) to(ReF) tsu(REF-RAS)
tw(REFL) Tw(REFL)
viL — ta(cas) — tw(REFH) - td (REF-RAS)
ta(RAS) tdis(cAS)
Von —
Q { DATA VALID N
VoL — ‘
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Hidden Self-Refresh Cycle

_ ViH
RAS

Vi
— ViH
CAS

ViL

A\
Ag~A; UH

Vie
— \
W IH

ViL
—— VIH
REF

Vie

VoH
Q

VoL

READ CYCLE

tw(RasL)

___!\

(e

LY
— ld(cAS-RAS)
td(RAS-CAS)

th(cas-RrAS)

tw(casL)

—_ X
_ / tw(OASH)\
N

tsu(RA-RAS)

th (RAS-RA)
th(cas-ca)

ROW ’x COLUMN)
DDRESS

N

tsu(R-cas)

ADDRESS

Y
tsu(ca-cas)

R

td(

RAS-REF)

ta(cas)

ta(ras)

tw(REFL)

X

.
td (REF-RAS)

tdis (cAs)

'

/
ANk

DATA VALID

Note 21: [f the pin 1 {REF) function is not used, pin 1 may be left open (not connect),

Hidden Refresh Cycle ot 15)

ViH
Vi

|

By
>
[

ViH

O
>
»

Ag—~ A7

=|

VoL

READ CYCLE REFRESH CYCLE REFRESH CYCLE
tor tor toR
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65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

TYPICAL CHARACTERISTICS
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65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

DESCRIPTION

This is a family of 65 536-word by 1-bit dynamic RAMs,
fabricated with the high performance N-channel silicongate
MOS process, and is ideal for large-capacity memory
systems where high speed, low power dissipation, and low
costs are essential. The use of double-layer polysilicon
process technology and a single-transistor dynamic storage
cell privide high circuit density at reduced costs, and the
use of dynamic circuitry including sense amplifiers assures
low power dissipation. Multiplexed address inputs permit
both a reduction in pins to the standard 16-pin package
configuration and an increase in system densities. The
M5K4164NS operates on a 5V power supply using the
on-chip substrate bias generator.

FEATURES
® Performance ranges
Access time Cycle time Power dissipation
Type name (max) {min) (typ)
(ns) (ns) (mwW)
M5K4164NS-15 150 260 200
M5K4164NS-20 200 330 170

® Standard 16-pin package

® Single 5V+10% supply

® Low standby power dissipation: 28.0mW (max)

® Low operating power dissipation:
M5K4164NS -15 275mW (max)
M5K4164NS -20 250mW (max)

e Unlatched output enables two-dimensiona! chip selec-

tion and extended page boundary
® Early-write operation gives common |/O capability

® Read-modify-write, RAS-only refresh, and page-mode
capabilities

PIN CONFIGURATION (TOP VIEW)
Ne (0 6] Vss (0V)
oataweur D[ [Be-GAS L (p5pes
controL TNPUE W (3] z [+ Q DATA OQUTPUT
SOROEERGEST RAs—+[] X [Ble A
Ag 5] 5’:’ [12)e- A3
ADDRESS INPUTS | A, —[g] g [« Ay | ADDRESS INPUTS
Ay—=[T] [10)¢- As
5v) Ve [ [B)e-A;
Qutline 16S1

® All input terminals have low input capaciatance and are

directly TTL-compatible

Output is three-state and directly TTL-compatible

128 refresh cycles every 2ms

(16K dynamic RAMs M5K4116P, S compatible)

® CAS controlled output allows hidden refresh.

Output data can be held infinitely by CAS.

® Interchangeable with Mostek’s MK4564 and Motorola’s
MCM 6665 in pin configuration.

APPLICATION

® Main memory unit for computers.

BLOCK DIAGRAM -
DATA INPUT D (2 3
WRITE CONTROL INPUT W (3 ixt;%TH
COLLUMN ADDRESS =hg ~— Vee (5V)
STROBE INPUT CAS (I3 —|  cLOCK GENERATOR (®) vec
ROW ADDRESS RAS ul f
STRoBE INPUT NAS ) Vss (0V)
= o Lex COLUMN DECODER -
I
Urow [T MEMORY CELL
! IDECODER_L,| (64 ROWS X 256 COLLUMNS
! : :
i St oL SENSE REFRESH AMPLIFIER -
] o
a0 (5) Zm[! frow [ MEMORY CELL 2
Sk [DECODER i,| (64 ROWS X 256 COLUMNS) 5
A “ =1335|1 ] © =
_lm ( N . — .} D
Az (8) 8% B i COLUMN DECODER 2 |+ 2u 14) Q DATA OUTPUT
EM - 5 22
ADDRESS INPUTS ’ @ z &1 [Row : MEMORY CELL S o
ae () Z8| 1 [PECODER i,| (64 ROWS X 256 COLUMNS) o
: =) e
As (10) e SENSE REFRESH AMPLIFIER =
A !
s (9) I frow [T MEMORY CELL
A (9) | [pEcopER L] (64 ROWS X 256 COLUMNS)
|
] SOPRE COLUMN DECODER 1

MITSUBISHI
ELECTRIC



MITSUBISHI LSls

MSK4164NS-15, NS-20
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FUNCTION

The M5K4164NS provides, in addition to normal read,
write, and read-modify-write operations, a number of other
functions, e.g., page mode, RAS-only refresh, and delayed-
write. The input conditions for each are shown in Table 1.

Table 1 Input conditions for each mode

inputs Output
Operation _ J— __ Row Column Refresh Remarks
RAS CAS w o address | address Q
Read ACT ACT NAC DNC APD APD VLD YES Page mode
Write ACT ACT ACT VLD APD APD OPN YES identical except
N N refresh is NO.

Read-modify-write ACT ACT ACT VLD APD APD VLD YES

RAS-only refresh ACT NAC DNC DNC APD DNC OPN YES

Hidden refresh ACT ACT DNC DNC APD DNC VLD YES

Standby NAC DNC DNC DNC DNC DNC OPN NO

Note: ACT : active, NAC : nonactive, DNC : den‘t care, VLD : valid, APD : applied, OPN : open.

SUMMARY OF OPERATIONS

Addressing

To select one of the 65536 memory cells in the

M5K4164NS the 16-bit address signal must be multiplexed

into 8 address signals, which are then latched into the -

on-chip latch by two externally-applied clock pulses, First,
the negative-going edge of the row-address-strobe pulse

(RAS) latches the 8 row-address bits; next, the negative-

going edge of the column-address-strobe pulse (CAS)

latches the 8 column-address bits. Timing of the RAS and

CAS clocks can be selected by either of the following two

methods:

1. The delay time from RAS to CAS t4 (gas.cas) is set
between the minimum and maximum values of the
limits. In this case, the internal CAS control signals are
inhibited almost until ty(rAs-cas)max (‘gated CAS’
operation). The external CAS signal can be applied with
a margin not affecting the on-chip circuit operations, e.g.
access time, and the address inputs can be easily changed
from row address to column address.

2. The delay time typras-cas) is set larger than the
maximum value of the limits. In this case the internal
inhibition of CAS has already been released, so that the
internal CAS control signals are controlled by the
externally applied CAS, which also controls the access
time.

Data Input

Data to be written into a selected cell is strobed by the later
of the two negative transistons of W input and CAS input.
Thus when the W input makes its negative transition prior
to CAS input (early write), the data input is strobed by
CAS, and the negative transition of CAS is set as the

reference point for set-up and hold times. In the read-write
or read-modify-write cycles, however, when the w input
makes its negative transition after CAS, the W negative
transition is set as the reference point for setup and hold
times.

Data Output Control

The output of the M5K4164NS is in the high-impedance
state when CAS is high. When the memory cycle in progress
is a read, read-modify-write, or a delayed-write cycle, the
data output will go from the high-impedance state to the
active condition, and the data in the selected cell will be
read. This data output will have the same polarity as the
input data. Once the output has entered the active
condition, this condition will be maintained until CAS goes
high, irrespective of the condition of RAS,

The output will remain in the high-impedance state
throughout the entire cycle in an early-write cycle.

These output conditions, of the M56K4164NS, which can
readily be changed by controlling the timing of the write
pulse in a write cycle, and the width of the CAS pulse in a
read cycle, offer capabilities for a number of applications,
as follows,

1. Common 1/O Operation

If all write operations are performed in the early-write
mode, input and output can be connected directly to give a
common |/0 data bus.

2. Data Output Hold

The data output can be held between read cycles, without
lengthening the cycle time. This enables extremely flexible
clock-timing settings for RAS and CAS.
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3. Two Methods of Chip Selection

Since the output is not latched, CAS is not required to keep
the outputs of selected chips in the matrix in a high-
impedance state. This means that CAS and/or RAS can
both be decoded for chip selection.

4. Extended-Page Boundary

By decoding CAS, the page boundary can be extended
beyond the 256 column locations in a single chip. In this
case, RAS must be applied to all devices.

Page-Mode Operation

This operation allows for multiple-column addressing at the
same row address, and eliminates the power dissipation
associated with the negative-going edge of RAS, because
once the row address has been strobed, RAS is maintained.
Also, the time required to strobe in the row address for the
second and subsequent cycles is eliminated, thereby de-
creasing the access and cycle times,

Refresh

Each of the 128 rows (Ay ~ Ag) of the M5K4164NS must
be refreshed every 2 ms to maintain data. The methods of
refreshing for the M5K4164NS are as follows.

1. Normal Refresh

Read cycle and Write cycle {early write, delayed write or
read-modify-write) refresh the selected row as defined by
the low order (RAS) addresses. Any write cycle, of course,
may change the state of the selected cell. Using a read,
write, or read-modify-write cycle for refresh is not recom-
mended for systems which utilize ‘‘write-OR’’ outputs since
output bus contention will occur.,

2. RAS Only Refresh

A RAS-only refresh cycle is the recommended technique
for most dpplications to provide for data retention. A
RAS-only refresh cycle maintains the output in the
high-impedance state with a typical power reduction of
20% over a read or write cycle.

3. Hidden Refresh

A features of the M5K4164NS is that refresh cycles may
be performed while maintaining valid data at the output pin
by extending the CAS active time from a previous memory
read cycle. This feature is refered to as hidden refresh.

Hidden refresh is performed by holding CAS at V,_ and
taking RAS high and after a specified precharge period,
executing a RAS-only cycling, but with CAS held low.

The advantage of this refresh mode is that data can be
held valid at the output data port indefinitely by leaving
the CAS asserted. In many applications this eliminates the
need for off-chip latches.

Power Dissipation

Most of the circuitry in the M6K4164NS is dynamic, and
most of the power is dissipated when addresses are strobed.
Both RAS and CAS are decoded and applied to the
M5K4164NS as chip-select in the memory system, but if
RAS is decoded, all unselected devices go into stand-by
independent of the CAS condition, minimizing system
power dissipation,

Power Supplies
The M5K4164NS operates on a single 5V power supply.

A wait of some 500us and eight or more dummy cycles
is necessary after power is applied to the device before
memory operation is achieved.
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ABSOLUTE MAXIMUM RATINGS

Symbol Paramater Conditions Limits Unit
Voo Supply voltage —-1~7 \
Vi Input voltage With respect to Vsg —-1~7 \
Vo Output voltage —1~7 \
lo QOutput current 50 mA
Pd Power dissipation Ta=25°C 1000 mw
Topr Operating free-air temperature range 0~70 °C
Tstg Storage temperature range —65—~150 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C, unless otherwise noted) {Note 1)

Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \
Vss Supply voltage 0 0 0 \
ViH High-level input voltage, all inputs 2.4 6.5 v
ViL Low-level input voltage, all inputs -2 0.8 \%

Note 1: All voltage values are with respect to Vsg

ELECTRICAL CHARACTER'STICS (Ta=0~70°C, Vgc=5V £10%, Vss=0V, unless otherwise noted) (Note 2)

Symbol Parameter Test conditions . Limits Unit
Min Typ Max
Vou High-level output voltage oy =—5mA 2.4 Vee \%
VoL Low-level output voltage loL=4.2mA 0 0.4 \
loz Off-state output current Q floating 0V =Vour=5.5V —10 10 HA
1y Input current OV=V|N=6.5V, Allother pins=0V —10 10 LA
1 6o1(Av) Averaqe supply current from Vee, | M5K4164NS-15| RAS, CAS cycling 50 mA
operating (Note 3, 4) M5K4164NS-20 | tor=1tcw = min output open 45 mA
lecz Supply current from V¢, standby RAS =V|4 output open 5 mA
loeatav) Averagfe supply current from Ve, | M5K4164NS- 15 RAS cycling CAS=Vi4 40 mA
refreshing (Note 3) M5K4164NS-20| tG(REF)= min, output open 35 mA
I coaav) Average supply current from Vee, |M5K4164NS-15| RAS=V|_, CAS cycling 40 mA
page mode (Note 3, 4) M5K4164NS-20 | tcpg= min, output open 35 mA
Ci(a) Input capacitance, address inputs 5 pF
Ci (D) Input capacitance, data input Vi=Vss 5 pF
Ci(w) Input capacitance, write control input f=1MHz 7 pF
Ci (ras) | Input capacitance, RAS input Vi=25mVrms 10 oF
Ci (cas) Input capacitance, CAS input 10 pF
Co Output capacitance Vo=Vss, f=1MHz ,V|=25mVrms 7 pF

Note 2:  Current flowing into an IC is positive ; out is negative.
3. lcci1(av), 'oca(av), and Igcacay) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate,
4: lgc1(av) and Igga(ay) are dependent on output loading. Specified values are obtained with the output open.

MITSUBISHI
2—74 ELECTRIC



MITSUBISHI LSIs

MS5K4164NS-15, NS-20

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycle)

(Ta=0~70°C, Vgc=5V+ 102, Vss=0V, unless otherwise noted, See notes 5, 6 and 7 )

. MS5K4164NS-15 M5K 4164NS-20
Symbol Parameter Alternative Limits Limits Unit
Symbol
Min Max Min Max

torF Refresh cycle time trer 2 2 ms
tw(RasH) RAS high pulse width tre 100 120 ns
tw(RrasL) RAS low pulse width tras 150 10000 200 16000 ns
twicasL) CAS low pulse width tcas 75 oo 100 oo ns
tw(casH) CAS high pulse width (Note 8) tepn 35 40 ns
th(ras-cAS) CAS hold time after RAS tosn 150 200 ns
th(cas-RAS) RAS hold time after CAS tRsH 75 100 ns
14 (cAS- RAS) Delay time, TAS to RAS (Note 9) tcrp —20 —20 ns
t4(RAS-CAS) Delay time, RAS to CAS {Note)10) trep 25 75 30 100 ns
t su(RA-RAS) Row address setup time before RAS tasr 0 0 ns
tsu(ca-cas) Column address setup time before CAS tasc —5 —5 ns
th(RAS-RA) Row address hold time after RAS tRaH 20 25 ns
th(cas-ca) Column address hold time after CAS Toan 25 35 ns
th(RAS-CA) Column address hold time after RAS tar 95 120 ns
Lo Transition time tr 3 35 3 50 ns
trin

Note 5:  An initial pause of 500us is required after power-up followed by any eight RAS or RAS/CAS cycles before proper device operation is achieved.
6: The switching characteristics are defined as t 7y =1t 14 =5ns.
7: Reference levels of input signals are Viy min. and Vi max. Reference levels for transition time are also between Vyy and V.

8:  Except for page-mode,

9 ty(cas-Ras) requirement is only applicable for RAS/CAS cycles preceded by aCAS only cycle (i. e. for systems where CAS has not been decoded with RAS).
10:  Operation within the 1d (Ras-cAs) max limit insures that Ta (Ras)max can be met. td (rRas-cas)max is specified reference point only;if
td (rRas-cAsS) is greater than the specified td (ras-cas) max limit, then access time is controlied exclusively by ta(cas).

td (Ras-cas)min=th (ras-raA)MiN+ 2T THi t ruw) + T su(ca-casymin.

SWITCHING CHARACTERISTICS (Ta=0~70°C, Vgo=5V+10%, Vss=0V, unless otherwise noted)

Read Cycle
: M5K4164NS-15 M5K4164NS-20
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
toR Read cycle time tre 260 330 ns
tsu (Rr-cas) Read setup time before CAS tres 0 0 ns
th (cas-Rr) Read hold time after CAS (Note 11) troH 0 0 ns
th(RAS-R) Read hold time after RAS (Note 11) tRRH 20 25 ns
tdis (cas) Output disable time (Note 12) torr 0 40 0 50 ns
ta (cas) CAS access time (Note 13) tcac 75 100 ns
ta(ras) RAS access time (Note 14) trac 150 200 ns
Note 11:  Either th (ras-Rr) or th (cas-R) must be satisfied for a read cycle.
Note 12: tdis (cas)max defines the time at which the output achieves the open circuit condition and is not reference to Vo or VoL.
Note 13:  This is the value when td (Ras-cas)=1d (Ras-cas)max. Test conditions ; Load = 2TTL, C_ = 100pF
Note'14:  This is the value when td (ras-cas)< td (ras-cas)ymax. When 1d (ras-cas)=td (ras-cas)Max, ta(ras) will increase by the amount that
1d (RAS-CAS) -exceeds the value shown, Test conditions ; Load = 2TTL C; = 100pF
Write Cycle
) M5K4164NS-15 M5K 4164NS-20
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
tow Write cycle time the 260 330 ns
tsu(w-cas) Write setup time before CAS (Note 17) twes —10 —10 ns
th cas-w) Write hold time after CAS twen 45 55 ns
th (ras-w) Write hold time after RAS twer 95 120 ns
th (w-Ras) RAS hold time after write tRwL 45 55 ns
th (w-cas) CAS hold time after write towL 45 55 ns
tww) Write pulse width twp 45 55 ns
tsu (p-cas) Data-in setup time before CAS tps 0 0 ns
th (cas-p) Data-in hold time after CAS toH 45 55 ns
th (ras-D) Data-in hold time after RAS toHR 95 120 ns
ELECTRIC 2—15



MITSUBISHI LSIs

MS5K4164NS-15, NS-20

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

Read-Write and Read-Modify-Write Cycles

Alternative M5K4164NS-15 M5K4164NS-20

Symbol Parameter Limits Limits Unit
Symbol

Min Max Min Max
torw Read-write cycle time {Note 15) trwe 280 340 ns
terRmw Read-modify-write cycle time (Note 16) trRMwWC 310 390 ns
th (w-Ras) RAS hold time after write tRwL 45 55 ns
th (w-cas) CTAS hold time after write tewe 45 55 ns
tw (w) Write pulse width twe 45 55 ns
tsu(r-cas) Read setup time before CAS tres 0 0 ns
td (ras-w) Delay time, RAS to write (Note 17) t rwD 120 150 ns
td cas-w) Delay time, CAS to write (Note 17) tewp 60 80 ns
tsu(p-w) Data-in set-up time before write tos 0 0 ns
th (w-p) Data-in hold time after write ton 45 55 ns
tdis (cas) Output disable time tore 0 40 0 50 ns
ta cas) CAS access time {Note 13} tcac 75 100 ns
ta (pas) RAS access time (Note 14) trac 150 200 ns

Note 16: tgrwmin is defined as toRw min = tqras-w) + th (w-ras) + tw (rasH) + 3L TLH(thL)
16: Tormw min is defined as t gamw min =ta (Rasymax + th (w-ras) + tw (ras H) + 3t TLH (trie)

17: tsu (W-CAS), td (RAS-W), and td (cas-w) do not define the limits of operation, but are included as electrical characteristics only.

When tsu (w-cas)=tsu (w-cas)min, an early-write cycle is performed, and the data output keeps the high-impedance state.

When td (Ras-w)=1td (RAS-w)Min . and td (cas-w)=tsu (w-cag)min a read-write cycle is performed, and the data of the selected address will be

on the data output,

For all conditions other than those described above, the condition of data output (at access time and until CAS goes back to Vi) is not defined.

read out

Page-Mode Cycle
) M5K4164NS-15 M5K4164NS-20
Alternative
Symbol Parameter Limits Limits Unit
Symbol
Min Max Min Max
tepoR Page-mode read cycle time tec 145 190 ns
tepow Page-mode write cycle time trc 145 190 ns
tePGRW Page-mode read-write cycle time — 180 230 ns
tepaRMW Page-mode read-modify-write cycle time — 190 245 ns
tw (CASH) CAS high pulse width tep 60 80 ns
2-176 ELECTRIC
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M5K4164NS-15, NS-20

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

TIMING DIAGRAMS (Note17)

Read Cycle tom
tw(RASL)
th(Rras-cAs) i
th(nAs-OA)——-—l
aA% \\:IH — \E\ ‘] /F \
nw - \
= t4(CAS-RAS) I [T w(RASH) —=
-—-—td(HAS-CAS)~—-—}————Ih(CAs<RA5>_—H
t
e Vi \ W(CASL)“‘T/ /
ViL — tw(casH)
tsu(ra-ras)| [th(ras-ra) tsu(ca-cas) th(oAS-OR)
7/
tsu(r-cas) th(ras-R)
th(cas-r)
S 11 ) ~
" ' ta(cas)
ta(ras) tdis(cas)
VoH — Y
Q HIGH IMPEDANCE STATE //l DATA VALID \\\
VoL — \\ //
Write Cycle (Early Write)
tow
tw(RASL)
th(raS-CAS)
_ \ t .
— \\jm \\ h(cas cA)—c-l ) 3
o -
= t+—lacas-ras) —-——I——Ih(cAs-HAs)————’q twW(RASH) —=—
L——td(RAS-CAS; | tw(casL)
_ Vi — 4 \ / /
CAS Vi — ) / twcasn) \ X 7
tsu(ra-Ras)| |th(ras-rA) tsu(ca-cas) t
> T h(CAS-CA)
Vi —X XA RAW OCNA | coLumn
s R o (S
’ th(w-cas
tsu(w-cas) ]I ILA th(cas-w)
_ ViH — Tww)
w Vie - \ l I y.r.
f————— ' : th(w-rAS)
Th(ras-w -]
tsu(p-cas)=t—t=— th(cas-0)
Vin — “V.v‘v’v‘v‘\ - XXX RXXRKR """""""V"‘"’""""""’ %
DATA VALID O
° Vi A‘A‘A’A’A‘A‘l X \.6,6,6?6?6?0?0?6?0?0?0?0?0?0?0?0?0?‘?0‘0..A‘A‘A‘A‘A’A’A’A‘A’A’A‘l
th(ras-D) {
VOoH —
Q {IGH IMPEDANCE STATE
VoL =

MITSUBISHI
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M5K4164NS-15, NS-20

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

Read-Write and Read-Modify-Write Cycles

toRwW/tcRMW 1
tw(RrASL)
th(RAS-CAS)
J— Vin = Nje— th(rRAS CA)— ]
RAS Vie — ’Nk y
— ldicas-ras) th(cas-RAS) tw(RASH)
td(RAS-CAS) tw(casL)
— ViH — 'y / !—_—-
OAS ViL ‘_/ Lw(CASH) \ \k u
tsu(RA-RAS)| lth(RAs-RA)  ltsu(ca-cas) thecas-ca)
Vin 0 SRS = 7
romar 7 TR aosss D o
.—.¥~_—‘Ilq( s ~th(w-Ccas)
RAS-W) fe=th(w-CAS ) e
lsmnrcm)’o—l !— td(cas-w) fe—1h (W-RAS) ———e={
T RS N
L-—‘w(w)
u——ta(CAS)—-—‘ tdis (cas)
Q VoH — 4
VoL —————HIGH IMPEDANCE STATE DATA VALID
la(ras)
tsu(o-w) thiw-0)
o Vi R R R O N LY YOOKNKK XAXX
e AR RN R RLXRRREELIELI

RAS-Only Refresh Cycle note1g)

} tw(rasL) |
BAS \\//'H : ** k \‘
th(RAS-RA) ! tw(RASH)
tsu(RA-RAS)

_ Vin — 0""""""'""""V"’\ 4 ROW X !'O" """.'.'Q‘Q‘Q’Q’Q'V“Q'Q""'Q'V'v‘V’V.'Q‘Q"Vv.V"."

no=e il QRGN soomiss IR R KRR XXX
VOH —
Q VoL — HIGH IMPEDANCE STATE
oL

Note17.
Indicates the don‘t care input o
Note 18. CAS =V, W, A7, D =don't care.
M The center-line indicates the high-impedance state

MITSUBISHI
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M5K4164NS-15, NS-20

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

Page-Mode Read Cycle

tw(RasL)
e th(RAS-CAS)
Vig — L——U\(RAS CA)~‘1
RAS Vit — ., ,1
tCASRAS) I tw(RAS
—] d | topow e h(CAS-RAS w(RASH) |
ld(ras-cas) !
Iw(CASL tw(casy) F=tw(casL)
L
Vin — N r
CAS " 1 tw(casn) \
ViL — T
th(RAs-RA) tw(CASH)
\ In CAS-CA) th(cas-ca) th(cas-ca)
lsu(RA-RAS)
llsu(CA CAS) = tsu(ca-cas) —+=lsu(ca-cas)
—— 9
nomn, VM- COLUMN| ." '00 W% ¢ COLUMN
o cone KRR 0
’ I——la(CAs) |L-la<0As) L‘—la(CAS)
L-——Ttams‘ tdis(cAS) tdis (cas) tdis(cAs)
VOoH — l
Q e HIGH IMPEDANCE STATE NN
Voo — thRAS-R)
-— tsuir-cas)
tsu(R-cas) thicas-R) et Ih(CAS-R) -
—t
. Vi — >/
W
Vi — W
Page-Mode Write Cycle
tw(RasL)
le———— N (RAS-CAS)——— ey
. ViH — 1\ Ih(mscmﬂ
S Vie = g L A
] e td(CAS-RAS) | I tw(RASH)
| tepoW ——————am] th(cas-RAS)—e=—t
l9(Ras cas) tw(casL) tw(casL)
Vin — H#1: 4 \
CAS ViL / tw(CcAsH)
I - T
th(RAS-RA) ¢ tw(CASH)
h(CAS-CA) | ree—e=i th(cas-ca) th(cas-ca)
tsu(ca-cas) ‘-I-ISU(CNCAS) tsu(ca-cas)
)
Ag~A; VM COLUMN
ViL JADDRESS]
tn(CAs-W)L——1 thicas-w) L———1 th(cas-w)
th(w-cas) 1h(w~cns)—-J thew CAs)—-J
— ViH — XA XXX
W 'H .""'%%0"".
Vie — v .‘AAAAAA‘.
7
tw(w) T tw(w)
= th(RAS-w)—=
tsu th(w-0)
Vik — 0 X XXCKR 0N
) DATA VALID b %,
Vi -m {_onra vauo MOXXO S
th(RA5-0) 1

MITSUBISHI
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M5K4164NS-15, NS-20

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

Hidden Refresh Cycle

READ CYCLE REFRESH CYCLE REFRESH CYCLE
tor toR ter
tw(RASL) | tw(RASL) ] ’r tw(RASL) ,
I ViH — \ ! 17 \
RES \ lz A \
Vi — K R twirAsH)
el | ldicAs-RAS)
td(RAs-0AS) th(CAS-RAS)
tw(casL) )
Vig — A p s
cas " N Jj
ViL — tw(CASH) K /e
/A
th(cas-ca)
tsu(Ra-RaS)| [th(RAS-RA) tsu(RA-RAS)| |th(RAS-RA) tsu(Ra-RAS)| |th(RAS-RA)

RS

AVAVAVAY

MR

Ao~ A Vi — F ROW AcoLumn RowW
~ A7
ViL — ADDRESS, QDDRES ADDRESS

tsu(ca-cas)

tsu(R-CAS th(RAs-R)
_ Vig — y X YAYA'AV,
GRS L Y R R KKK
' ta(cAs)
ta (RAS) - tdis (cAs)
VoH — 4 /o
Q VoL — W DAT/? VALID

MITSUBISHI
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MS5K4164NS-15, NS-20

MITSUBISHI LSIs

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

TYPICAL CHARACTERISTICS

AVERAGE SUPPLY CURRENT FROM Vcc,

NORMALIZED ACCESS TIME 1ta (RAS)

NORMALIZED ACCESS TIME ta (RAS)

=
w0

NORMALIZED ACCESS TIME VS.
Vec SUPPLY VOLTAGE

4
Ta=25C
.2
N
.0
P
8
6
4.0 4.5 5.0 5.5 6.0

SUPPLY VOLTAGE Vgg (V)

NORMALIZED ACCESS TIME VS.
LOAD CAPACITANCE

1
Ta=25°C
Voo=5V

0 50 100 150 200 250

LOAD CAPACITANCE (pF)

NORMALIZED ACCESS TIME ta (RAS)

AVERAGE SUPPLY CURRENT FROM Vcc,
OPERATING MODE VS. SUPPLY VOLTAGE

/
T

AVERAGE SUPPLY CURRENT FROM Vcc,
OPERATING MODE gt (mA)

AVERAGE SUPPLY CURRENT FROM Vcc,

OPERATING MODE Iggy (mA)

OPERATING MODE VS.
AMBIENT TEMPERATURE

50

T
Vee=5.5V
40 t c=260ns—]
t¢=330ns
30
N tc=500ns
20
t = 1000ns
10
0 25 50 75 100

AMBIENT TEMPERATURE Ta (°C)

AVERAGE SUPPLY CURRENT FROM Vcc,
OPERATING MODE VS. FREQUENCY

AVERAGE SUPPLY CURRENT FROM Vcc,
OPERATING MODE !ggt(mA)

NORMALIZED ACCESS TIME VS.
AMBIENT TEMPERATURE

1.4

Veo=5V

//

S

25

50

75 100

AMBIENT TEMPERATURE Ta (°C)

40

Ta=25C

A\

tc=260ns

30

=

tc=330ns

20

/tcl;wUOns

-
1t c=500ns—

50

40

30

20

4.0 4.

)

5.0

5.5 6.0

SUPPLY VOLTAGE Ve (V)

Ta=25C

Vee=5.5V

V3

/

/

/

1

2

3 4

FREQUENCY f(g¢) (MHz)

MITSUBISHI
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MSK4164NS-1S5, NS-20

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

AVERAGE SUPPLY CURRENT FROM Vcg,

AVERAGE SUPPLY CURRENT FROM Vcc,

SUPPLY CURRENT FROM V¢,
STANDBY MODE VS. SUPPLY VOLTAGE

3.2
Ta=25C
g3
>E 238
=%
g8
w —
=
go 2.4
€3
S >
°8
§§ 2.0
s5H °
w
1.6
4.0 4.5 5.0 5.5 6.0

SUPPLY VOLTAGE Vgg (V)

AVERAGE SUPPLY CURRENT FROM Vcc,
REFRESH MODE VS. SUPPLY VOLTAGE

40
Ta=25C
~ tc (rReF) =260ns
g P
E 30 }
VB //tC(F{EF) =330ns
L >
w
2 2 — to (rep) =500
5
s tc (reF) = 1000ns
o110
@ —
0
4.0 4.5 5.0 5.5 6.0

SUPPLY VOLTAGE Vgg (V)

AVERAGE SUPPLY CURRENT FROM Vg,
REFRESH MODE VS. FREQUENCY

40
Ta=25C|
Voo =5.5V
<
E 30 yd
[&]
°
8 /
20
2 /
I
(%]
w
¥
g P
0
0 1 2 3 4

FREQUENCY f(¢) (MHz)

SUPPLY CURRENT FROM V¢,
STANDBY MODE VS.
AMBIENT TEMPERATURE

T
Vee=5.5V

2.8

2.0

SUPPLY CURRENT FROM Vcc
STANDBY MODE Iggz (mA)
N
>

0 25 50 75 100
AMBIENT TEMPERATURE Ta (°C)
AVERAGE SUPPLY CURRENT FROM Vcc,

REFRESH MODE VS.
AMBIENT TEMPERATURE

40 r
Voe=5.5V

- tc (ReF) =260ns

I

30
¢ (ReF) =330ns

i

20 te (REFI):SOOnS-

=

tc (reF) = 1000ns

REFRESH MODE lgo3 (mA)

AVERAGE SUPPLY CURRENT FROM Vcc,

0 25 50 75 100

AMBIENT TEMPERATURE Ta (°C)

AVERAGE SUPPLY CURRENT FROM V¢,
PAGE MODE VS. SUPPLY VOLTAGE

40

Ta=25°C

30 tc (pg)=170ns

/ t¢ (pg)=200ns
20 ~ C (PG)

t ¢ (pg) =500ns

\

\

PAGE MODE lcca (MA)

/
,é To (pa) = 1000ns

AVERAGE SUPPLY CURRENT FROM Vcc,

4.0 4.5 5.0 5.5 6.0

SUPPLY VOLTAGE Vg (V)

MITSUBISHI
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65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM

MITSUBISHI LSIs

MS5K4164NS-15, NS-20

RAS,

AVERAGE SUPPLY CURRENT FROM Vcc,

CAS, W, REF INPUT VOLTAGE

AVERAGE SUPPLY CURRENT FROM Vc¢,

PAGE MODE VS. AMBIENT TEMPERATURE

Vit Vier (V)

Ao~A;, Diy INPUT VOLTAGE V)42, ViL2

PAGE MODE Iggg (mA)

40

30

20

T
Vge=5.5V

S —— tc (pgy=170ns
-\

tc (pg)=200ns

T

—~— L (pG)="500ns
-\

tc (pg)=1000ns

0 25 50 75 100

AMBIENT TEMPERATURE Ta (°C)

RAS, CAS, W, REF INPUT VOLTAGE
Vin1, ViL1 VS. SUPPLY VOLTAGE

2.5

2.0

1.5

Ta=25C
ViH1 (min)
——/
V|L1(max)
AL
—/_/
4.0 4.5 5.0 5.5 6.0

SUPPLY VOLTAGE Vg (V)

VS. SUPPLY VOLTAGE

AVERAGE SUPPLY CURRENT FROM Vcc,
PAGE MODE Iggq (MmA)

S
Q >
2
[
R |
S
- -
oI
s >
e
i
o
=
9]
<
9}

RAS,

50

40

30

20

RAS, CAS, W, REF INPUT VOLTAGE
Vi1, ViL1 VS. AMBIENT TEMPERATURE

AVERAGE SUPPLY CURRENT FROM V¢,

PAGE MODE VS. FREQUENCY

Ta=25'C
Vee=5.5V
//
/%
0 1 2 3 4 5

FREQUENCY f(g#) (MHz)

2.5 T
Voc=5.5V
2.0
Vin1 (min)
1.5
ViL1 (max)
1.0
0.5
0 25 50 75 100

AMBIENT TEMPERATURE Ta (°C)

Ao~A,, DIN INPUT VOLTAGE V||.|2, V||_2

VS. AMBIENT TEMPERATURE

ELECTRIC

> 25 > 25 r

~ Ta=25C ~ Vee=5.5V

E =

> >

o o~

I 2.0 V)2 (min) I 2.0

> z Vinz (min)

w

¢ ,/ VL2 {(max) Q

H //-—— = VL2 (max)

8 1.5 — 3 15

> >

- =

z 1.0 z 1.0

a a

~ ~

< <

L oos Loos

< 4.0 4.5 5.0 5.5 6.0 < 0 25 50 5 100
SUPPLY VOLTAGE Vg (V) AMBIENT TEMPERATURE Ta (°C)
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lss

SUPPLY CURRENT I¢g,

SUPPLY CURRENT VS. TIME

1T

y §

Pt ah

S0ns/DIVISION

TIME t

65 536-BIT (65 536-WORD BY 1-BIT) DYNAMIC RAM
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ELECTRIC



4096-BIT (1024-WORD BY 4-BIT) STATIC RAM

MITSUBISHI LSIs

MS5L 2114L P, P-2, P-3

DESCRIPTION

This is a family of 4096-bit static RAMs organized as 1024
words of 4 bits and designed for simple interfacing. They
are fabricated using N-channel silicon-gate MOS techno-
logy. They operate with a single 5V supply, as does TTL,
and the inputs and outputs are directly TTL compatible.
]/O terminals are common.

FEATURES
Parameter M5L 2114LP-2 | M5L 2114LP-3 | M5L 2114LP
Access time (max) 200ns 300ns 450ns
Cycle time (min) 200ns 300ns 450ns

Low power dissipation: 50uw/bit (typ)

Single 5V supply voltage {+10% tolerance)

Requires neither external clock nor refreshing

All inputs and outputs are directly TTL compatible

All outputs are three-state, with OR-tie capability

Easy memory expansion by chip-select (CS) input
Common data 1/0 terminals

Interchangeable with Intel’s 2114L and Tl’s TMS4045 in
pin configuration and electrical characteristics

APPLICATION
® Small-capacity memory units

FUNCTION

These devices operate with a single 5V power supply, and
the inputs and outputs are directly compatible with TTL.
All circuits are completely static, rendering external clock
and refresh operations unnecessary, and making the mem-
bers of the series extremely easy to use. Common data
input and output terminals are provided.

PIN CONFIGURATION (TOP VIEW)

As—{1] Vee (5V)

As 2] e A7

Az —[3] [16]«—Ag } ADDRESS INPUTS

ADDRESS INPUTS | A3—[4] E [5)eAg

A5l o [@e1/0d

At—[g] é [Ble>1/0z | para

Ao—[T] e 1/0; | INPUTS/OUTPUTS
CHIP SELECT INPUT CS —»(8] [T /04

(0OV)GND [3 [10]«~ R/W READ/WRITE INPUT

Outline 18P4

During a write cycle, when a location is designated by
address signals Ay~A, and the R/W signal goes low, the
data at the |I/O terminals is written.

During a read cycle, when the R/W signal goes high and a
location is designated by address signals Ay~Ag, the data
of the designated address is available at the 1/O terminals.

When signal CS is high, the chip is in the non-selectable
state, disabling both reading and writing. In this case the
data outputs are in the floating (high-impedance) state,
useful for OR-ties with the output terminals of other
chips.

BLOCK | _
DIAGRAM : (8) vee (5v)
(®anD (ov)
p
20 g 8 1024-WORD i 5 191701
1 - x4-BIT @
A2(7) 5 | Em 64 & § et 1!/02, DATA
o g, g RAM gz 55 12)1/03( INPUTS/OUTPUTS]
3 z i 29 164 ROWS x a < (1) 1/0a
Aa(3)—55 sa 64 COLUMNS)
As e ?
ADDRESS INPUTS
A
= [ ]
As (1) ; 8
A7(17) s 8], 16 W -
WG z: [z 2 CONTROL
8 S 38 CIRCUIT
As(15) a5 a2
O 0 [S)a)
CHIP SELECT INPUT TS(8
READ/WRITE INPUT R/ W(10

ELECTRIC



MITSUBISHI LSIs

MSL 2114L P, P-2, P-3

4096-BIT (1024-WORD BY 4-BIT) STATIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Paiameter Conditions Limits Unit
Veo Supply voltage —0.5~7 \
Vi Input voltage With respect to GND —0.5~7 \2
Vo Output voltage —0.5~7 \%
Pd Maximum power dissipation Ta=25T 700 mwW
Topr Operating free-air ambient temperature range 0~70 c
Tstg Storage temperature range —65~150 T

RECOMMENDED OPERATING COND|T|ONS (Ta=0-70°C. unless otherwise noted)

Limits
Symbol Parameter Units
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \
ViL Low-level input voltage —9.5 0.8 \Y%
VIH High-leve! input voltage 2 Vce \

ELECTRICAL CHARACTERISTICS (Ta=0~70C., Voc=>5V + 10%. unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min Typ Max
ViIH High-level input voltage 2 Vce Vv
Vi Low-level input voltage —0.5 0.8 \
VoH High-level output voltage lop= —200uA, Vcc=4.5V 2.4 \Y
VOH High-level output voltage lov=—1mA , Vcc=4.75V 2.4 \Y
VoL Low-level output voltage loL=2.1mA 0.4 \
Iy Input current Vi=0~5.5V 10 uA
lozH Off-state high-level output current VI(Cs) = 2V, Vo=2.4V ~Vgg 10 A
lozL Off-state low-level output current VI(G3) =2V, Vo=0.4V —10 uA
lce Supply curfent from Vg Vi=5.5V, (all inputs), output open, Ta=25C 40 65 mA
Ci Input capacitance, all inputs Vi=GND, Vi=25mVrms, f=1MHz 3 5 pF
Co Qutput capacitance Vo=GND, Vo =25mVrms, f=1MHz 5 8 pF
Note 1: Current flowing into an IC is positive; out is negative.
TIMING REQUIREMENTS (FOI’ Write Cycle) (Ta=0~70C., Vgc=>5V + 10%. unless otherwise noted) (Note 2)
M5L 2114L P-2 M5L 2114L P-3 M5L 2114L P
Symbol Parameter :Jlr;wbol Limits Limits Limits Unit
Min Typ Max Min Typ Max Min Typ Max
te(wr) Write cycle time twe 200 300 450 ns
tsu(an) Address setup time with respect to write pulse 0 0 0 ns
tw(wR) Write pulse width tw 120 150 200 ns
Twr Write recovery time twr 0 0 0 ns
tsu(oa) Data setup time tow 120 150 200 ns
th(pa) Data hold time toH 0 0 0 ns
tsu(Gs) Chip select setup time 120 150 200 ns
tpxz(wr) | Output disable time with respect to write pulse totw 40 80 100 ns
SWITCHING CHARACTERISTICS (For Read Cycle) (Ta=0~70C, Voc=>5V + 10%. unless otherwise noted) (Note 2)
M5L 2114L P-2 M5L 2114L P-3 M5L 2114L P
Symbol Parameter :\yl‘rﬁbol Limits Limits Limits Unit
Min Typ Max Min Typ Max Min Typ Max
tc(RD) Read cycle time tro 200 300 450 ns
ta(aD) Address access time ta 200 300 450 ns
ta(cs) Chip select access time tco 80 100 120 ns
tpxz(CS) Qutput disable time with respect to chip select toto 40 80 100 ns
tdv(ap) Data valid time with respect to address toHA 50 50 50 ns
tpzx(G5) | Chip select to output active tex 20 20 20 [ ns
MITSUBISHI
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MSL 2114L P, P-2, P-3

4096-BIT (1024-WORD BY 4-BIT) STATIC RAM

TIMING DIAGRAMS

Read Cycle
tc(RD)
Cs (NOTE 3) (NOTE 3)
/ :
T — ta(@s) texz(CS)
PZX(GCS)
1/01~1/04 DATA OUT VALID
(DATA OUTPUTS) \ ;
t
(AD) tdv(aD)
Write Cycle
to(wr)
t
tsu(ap) WWR) twr
R/W \. //
’ tsu(Cs)
Cs (NOTE )?) 1 (NOTE 3)
XX
tsu(pa)
th(pa)
1/01~1/0a / DATA STABLE \
(DATA INPUTS) \\ / /
texz(WR) tpxz(G3)
1/01~1/04 DATA OUT INVALID /> / WRITE DATA

(DATA OUTPUTS)

Note : 2 Test conditions

Input puise level 0.8~2V
Input pulse rise time 20ns
Input pulse fall time 20ns
Reference level
Input 1.5V
Output 1.5V

Load=1TTL, CL=100pF

Note 3 : Hatching indicates the state is dori't care.

\\ /// The center line indicates a floating (high-impedance) state.

MITSUBISHI
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MS5L 2114L P, P-2, P-3

4096-BIT (1024-WORD BY 4-BIT) STATIC RAM

TYPICAL CHARACTERISTICS

NORMALIZED ACCESS TIME VS. NORMALIZED ACCESS TIME VS.
SUPPLY VOLTAGE OUTPUT LOAD CAPACITANCE
Ta=70C Ta=70C
LOAD=1TTL LOAD=1TTL
Cr=100pF 4 CL=100pF

-
N W s

NORMALIZED ACCESS TIME ta(ap)
NORMALIZED ACCESS TIME ta(AD)

1.0

0.9

© W O

0.8

0.7

6 0.6
4.0 5.0 6.0 100 200 300 400 500 600

~

oo o ©

SUPPLY VOLTAGE Vgc (V) OUTPUT LOAD CAPACITANCE Cr (pF)

OUTPUT SINK CURRENT VS. OUTPUT SOURCE CURRENT VS.
OUTPUT VOLTAGE OUTPUT VOLTAGE

T
Voe=4.5V

\ ) Ta=170C

A
\

0.0 \

0.0 0.2 0.4 0.6 0.8 1.0 ‘0.0 1.0 2.0 3.0 4.0 5.0

T
Vgoo=4.5V
Ta=70C "4

/

o
o
lon (mA)

/

5.0

o
o

OUTPUT SINK CURRENT 1oL (mA)
OUTPUT SOURCE CURRENT

OUTPUT VOLTAGE VoL (V) OUTPUT VOLTAGE  Von (V)

APPLICATION EXAMPLE (for an M5L8080A P CPU)

ADDRESS BUS (A15~A0, A15:MSB)
B

-
<
A0 Ccso Csi CSs2 CS3
§ 4 { s
'LS138 A9
21000 o o TS TS TS TS| s
B Y | A0 170, | Ag 1101 | Ag 1/01 Ag 1/09 4-BIT
\ ! — | — N——
c Y 323 myn s 104 ) e 104 ) ps10] )
o [ R/W R/W R/W R/W
I:GI
CS CS Cs Cs
A0 1/04 A0 110 A0 104 6o 1/0
— L\ Vo (NI oAl LSB
s 1104 ) as 10 ps1/0d o104 ) 4-BiT
MEMR—I_D_ R/W R/W R/W R/W
MEMW I I
| pata BUS | L L

M5L 2114LP X8 (8K BYTES

MITSUBISHI
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1024-BIT (256-WORD BY 4-BIT) CMOS STATIC RAM

MITSUBISHI LSIs

M5L 5101LP-1

DESCRIPTION

This is a 256-word by 4-bit static RAM fabricated with the
silicon-gate CMOS process and designed for low power dis-
sipation and easy application of battery back-up.

The device has two chip-select inputs CS; and CS,.
While maintained in the chip non-select state, the device
consumes power at the low value of only 10uA (max)
standby current and accordingly is especially suitable as a
memory system for battery-operated applications and for
battery back-up.

The device operates on a single 5V supply, as does TTL,

and inputs and outputs are directly TTl.-compatible and
are provided with common 1/0 terminals.

FEATURES

® Access time:

® Low power dissipation in
the standby mode:

® Single 5V power supply

® Data holding at 2V supply voltage

® No external clock or refreshing operation required

® Both inputs and ocutputs are directly TTL-compatible

°

°

°

°

450ns (max)

10 A (max)

Qutputs are three-state, with OR-tie capability

Simple memory expansion by chip-select signals

Input and output data terminals are separate
Interchangeable with Intel’s 5101L-1 in pin configu-
ration and electrical characteristics

APPLICATION
® Battery-driven or battery back-up smali-capacity memo-

ry units

FUNCTION
The device provides separate data input and output ter-
minals.

PIN CONFIGURATION (TOP VIEW)

Az —[d] 22 Vee (5V)
Az (2] <« Ay ADDRESS INPUT
Ay —[3] [20]«— R/ W READ/WRITE INPUT
ADDRESS INPUTS { A —+[Z] = [« CS7 CHIP SELECT INPUT
As—»[E] 2 [@e 0D SEiEE weur
Ag—(E] 9 [17]«- CS, CHIP SELECT INPUT
A [T ,3 [16}» DO 4 DATA OUTPUT
(OV)GND [8] ° [BleDI, DATA INPUT
DATA INPUT DIy —[3] [+ DO3; DATA OUTPUT
DATA QUTPUT DOy «{10] [i3«DIl3 DATA INPUT
DATA INPUT DI, —[1] [12]-» DO, DATA OUTPUT

Outline 22P1

During a write cycle, when a locaticn is designated by
address signals Ag~A and signal R/W goes low, the data of
the DI inputs at that time is written.

During a read cycle, when a location is designated by ad-
dress signals Ag~A,, and signal R/W goes high, the data of
the designated address is available at the DO terminals.

When signal CS; is high or CS, is low, the chip is in the
non-selectable state, disabling both reading and writing.
In this case, the output is in the floating (high-impedance
state) useful for OR-ties with the output terminals of other
chips.

When the signal OD is high, the output is in the floating
state, so that OD is used as an input/output select control
signal for common input/output operation.

The memory data can be held at a supply voltage of 2V,
enabling battery back-up operation during power failure
and power-down operation in the standby mode.

BLOCK DIAGRAM
Ac (4 o .
A"’ = g e 256-WORD x 4-BIT
o] 10| vuf 32 RAM Vee (5v
Az (2 il e B3] (32 ROWS x g GND gov))
Az (4 2 aa 32 COLUMNS)
Aa (21 P4 <a !
ADDRESS INPUTS % (9 DOy
< SENSE OUTPUT (2) DO2 } paTA OUTPUTS
As (8) S| 6|38 8 AMPLIFIER BUFFER (9 D03
As (6) D §§ / (5) DO4
= I}
w2 28 I f
= /0 CONTROL cHP |
NPUT
BUFFER SELECT ‘
O
L- . 20 19(3)s ()2 19)—- J
R/W  DHDI2DI3Dia CSy Cs2 oD
READ/WRITE —————— OUTPUT DISABLE INPUT
INPUT DATA INPUTS  CHIP SELECT INPUTS

MITSUBISHI
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MSL 5101LP-1

1024-BIT (256-WORD BY 4-BIT) CMOS STATIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.3~7 \"
Vi Input voltage With respect to GND —-0.3~Vcc+0.3 \Y
Vo Qutput voltage 0 ~Vge \%
Pd Maximum power dissipation Ta=25C 700 mw
Topr Operating free-air ambient temperature range 0~70 °C
Tstg Storage temperature range —~65~150 °C
RECOMMENDED OPERATING CONDITIONS (Ta=0~70C. unless otherwise noted)
Limits
Symbot Parameter I Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \%
Vss Supply voltage 0 0 0 Y
ViL Low-level input voltage —0.3 0.65 v
ViH High-level input voltage 2.2 Voo v
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Vgc=5V + 10%. unless otherwise noted)
Limits
Symbol Parameter Test conditions in T Vox Unit
VIH High-level input voltage 2.2 Vee v
Vi Low-level input voltage —0.3 0.65 \Y
Von High-level output voltage loH= —1mA 0.4 \Y
VoL Low-level output voltage loL=2mA 2.4 Vv
Iy Input current V| =0~5.5V +1 uA
lozH Off-state high-level output current Vi(Cs1)=2.2V, Vp=2.4V ~Vg¢ 1 ©A
lozL Off-state low-level output current Vi(Ts1)=2.2V. Vo=0.4V —1 A
[ ther inputs =
lcer Supply current from Vo CS1:0.65V, other inputs = Vg, 9 22 mA
Qutput open
lcoz Supply current from Vg CS1=0.65V, other inputs =2.2V, 13 27 mA
Output open
lccs Supply current from Voo CS,=0.2V 10 uA
Ci Input capacitance. all inputs Vi=GND, Vi=25mVrms, f=1MHz 4 8 pF
Co Qutput capacitance Vo=GND, Vo =25mVrms, f=1MHz 8 12 pF
Note 1 : Current flowing into an IC is pesitive; out is negative.
TIMING REQUIREMENTS (FOI’ Write Cycle) (Ta=0~70C, Vgc=5V +10%. unless otherwise noted)
Symbol Parameter Al Test conditions Limits Unit
symbol Min Typ Max
tc (WR) Write cycle time twe 450 ns
tw(WR) Write puise width twp Input pulse 250 ns
tsu (AD) Address setup time with respect to write pulse taw ViH=2.2V 130 ns
twr Write recovery time twr Vi =0.65V 50 ns
tsu (oD) OD setup time with respect to data-in tps tr =tf=20ns 130 ns
tsu (DA) Data setup time tow Reference level =1.5V 250 ns
th (pa) Data hold time ton Load =1TTL, C_=100pF 50 ns
tsu (cs1) Chip select setup time towt 350 ns
tsu (cs2) Chip select setup time towz 350 ns
SWITCHING CHARACTERISTICS (For Read Cycle) (Ta=0~70°C. Voc=5V +10%. unless without noted)
Alt. - Limits
| Test conditions Unit
Symbol Parameter symbol Min Typ Max
tc (RD) Read cycle time tre 450 ns
Input pulse
ta (AD) Address access time ta 450 ns
Vin=2.2V
ta(cs1) Chip select access time tcot 400 ns
- ViL=0.65V
ta (cs2) Chip select access time tcoz 500 ns
tr=tf=20ns
ta (oD) OD access time top 250 ns
- - Reference level =1 .5V
tpxz Output disable time (note 2) toF 0 130 ns
Load=1TTL, C_=100pF
tdv(cs) Date valid time with respect to Chip select 0
tdv (AD) Data valid time with respect to address tom 0 ns
Note 2 : tpxz is from CS¢ ,CS2 . or OD. whichever occurs first.
2—90 ELECTRIC



MITSUBISHI LSIs

MSL 5101LP-1

1024-BIT (256-WORD BY 4-BIT) CMOS STATIC RAM

TIMING DIAGRAMS
Read Cycle

¢ (RD)

X X

ta(cs1)

tdv (AD)

©s, (NOTE 3) (NOTE 3)
A AMVY
VY XX . AANA
M il M
ta(cs2)

ta (oD)

oD /

ta(aD) tpxz

(NOTE 4)
DO ‘>< DATA OUT VALID >7>7
Write Cycle
Ao~A7 ><

tsu(cs1)

— YY XK

CSq (NOTE 3) (NOTE 3)

XA AAN, XX XX

o (WR)

\ KRR
CS»2 (NOTE 3) (NOTE 3)
tsu (cs2)
f
o
° /[ th (pa)
—-
tsu (oD) tsu (DA)

DI DATA IN STABLE DATA IN VARIABLE

tw(wWR) twr

R/W \ | 4

tsu (AD) \———-/

Note 3 : Hatching indicates the state is unknown

4 : Indicates that during this period the data-out is invalid for this
N L . The center line indicates a floating (high-impedance) state.
definition of tdv (aD) and is in the floating state for this definition 9 (hig ped )

of tpxz

MITSUBISHI
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MITSUBISHI LSIs

MSL 5101LP-1

1024-BIT (256-WORD BY 4-BIT) CMOS STATIC RAM

POWER-DOWN OPERATION
Electrical Characteristics (Ta=0~70°C . unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vec(PD) Power-down supply voltage CS;=0.2v 2 v
1 ce(PD) Power-down supply current from Vg Vee=2V, all inputs =2V 10 A

Timing Requirements (Ta=0~70C, Vcc=5V +10%. uniess otherwise noted)

Limits
Symbol Parameter Unit
Min Typ Max
tsu(PD) Power-down setup time 0 ns
tR(PD) Power-down recovery time tc(RD) ns

Timing Diagram

tsu (PD) tr(PD)

CS2

OV e e e ——— e . —  —  ———— —— —— — — —— — — —

MITSUBISHI
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MS5ST 4044 P-20, P-30, P-45

4096-BIT (4096-WORD BY 1-BIT) STATIC RAM

MITSUBISHI LSIs

DESCRIPTION

This is a family of 4096-word by 1-bit static RAMs, fabri-
cated with the N-channel silicon-gate MOS process and
designed for simple interfacing. They operate with a single
5V supply, as does TTL, and are directly TTL-compatible.

FEATURES
Parameter MST 4044P-20 | M5T 4044P-30 | MST 4044P-45
Access time (max) 200ns 300ns 450ns
Cycle time (min) 200ns 300ns 450ns

Low power dissipation: 50uw/bit (typ)

Single 5V supply (10% tolerance)

Requires no clocks or refreshing

All inputs and outputs are directly TTL-compatible

All outputs are three-state and have OR-tie capability
Simple memory expansion by chip-select (CS) input
Interchangeable with T1's TMS4044 in pin configuration
and electrical characteristics

APPLICATION
® Small-capacity memory units

FUNCTION

These devices are very convenient to use, as they feature
static circuits which require neither external clocks nor
refreshing, and all inputs and outputs are directly com-
patible with TTL.

During a write cycle, when a location is designated by
address signals Ag~A;; and the R/W signal goes low, the
D, signal data at that time is written.

During a read cycle, when the R/W signal goes high

PIN CONFIGURATION (TOP VIEW)

Ag—[1]

Ay —»|

Mg vee
E#- Ag

(5v)

Az —» EQ— Aq
ADDRESS INPUTS § A3—+(Z] 2 [Ble Ag [ ADDRESS INPUTS
Ag —>| : [1d)e— Ag
)
A & 13« Arp
DATA OUTPUT DouT e Ay
READ/WRITE INPUT R/W —»[B] [+~ Din DATA INPUT

CHIP SELECT INPUT

(0V) GND i)« CS

Outline 18P4

and a location is designated by address signals Ay~A,,
the data of the designated address is available at the DouT
terminals.

When signal CS is high, the chip is in the non-selectable
state, disabling both reading and writing. in this case the
output is in the floating (high-impedance) state, useful
for OR-ties with other output terminals.

BLOCK DIAGRAM
| 1 |
@ » 8 Vee (5v)
5 & R/W SENSE
3 £ e 4096-WORD x 1-BIT CONTROL o
5 gg |t RAM CIRCUIT AMPLIFIER 9)GND
a .
£ 2 3 (64 ROWS x 5
w
g T 0o 64 COLUMNS) j
L o
ADDRESS .INPUTS H
is :; 2 § ouTPUT 7) Dout DATA QUTPUT
7 S g BUFFER :b
F4 Q | SE——
As(15 - 1219 64
As(19 B3] z&
Sk Sa
A10(13 jol=] 39
o@ a8
\AH 12 fsi=]
DATA INPUT  Din(Q11
READ/WRITE INPUT R/W(8
CHIP SELECT INPUT &5 (30
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MITSUBISHI LSIs

MST 4044 P-20, P-30, P-45,

4096-BIT (4096-WORD BY 1-BIT) STATIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~7 \"
V) Input voltage With respect to GND —0.5~7 \%
Vo Output voltage —0.5~7 \Y
Pd Maximum power dissipation Ta=25C 700 mwW
Topr Operating free-air ambient temperature range —65~150 T
Tstg Storage temperature range —40~125 hY

RECOMMENDED OPERATING CONDITIONS (Ta=0~70C. unless otherwise noted)

Limits
Symbol Parameter Units
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \%
ViL Low-level input voltage —-~0.5 0.8 \%
ViH High-level input voltage 2 Vce M

ELECTRICAL CHARACTERISTICS (Ta=0~70C. Vcc=5V + 102, unless otherwise noted)

Limits

Symbol Parameter Test conditions i T Mox Unit
VIH High-level input voltage 2 Vee 4
ViL Low-level input voltage —0.5 0.8 \
VoH High-level output voltage loH=—200uA, Vocc=4.5V 2.4 \
VoH High-level output voltage fon=—1.0mA, Vcc=4.75V 2.4 \Y
Vou Low-level output voitage loL=2.1mA 0.4 \%
] Input current V|=0~5.5V 10 uA
lozH Off-state high-level output current Vi(Cs)=2V, Vp=2.4V—~Vce 10 uA
lozL Off-state low-level output current Vi(G8) =2V, Vo=0.4V —10 rA
ice Supply current from Vg V,=5.5V, (all inputs), output open, Ta = 25" 40 65 mA
Ci Input capacitance, all inputs Vi=GND, Vi=25mVrms, f=1MHz 3 5 pF

.Co Output capacitance Vo=GND, Vo=25mVrms, f=1MHz 5 8 pF

Note 1 : Current flowing into an IC is positive: out is negative.

TIMING REQUIREMENTS (FOI’ Write CYC'&) (Ta=0-~70'C. Vgc=5V £ 10%. unless otherwise noted) (Note 2)

M5T 4044P-20 M5T 4044P-30 M5T 4044P-45
Symbol Parameter Limits Limits Limits Unit
Min Typ Max Min Typ Max Min Typ Max

tc(wR) Write cycle time 200 300 450 ns
tsu(aD) Address setup time with respect to write pulse 0 0 0 ns
tw(wRr) Write pulse width 120 150 200 ns
Twr Write recovery time 0 0 0 ns
tsu(pa) Data setup time 120 150 200 ns
th(oa) Data hold time 0 0 0 ns
tsu(Cs) Chip select setup time 120 150 200 ‘ ns
tpxz(wR) | Output disable time with respect to write pulse 40 80 100 ns

SWITCHING CHARACTERISTICS (For Read Cycle) (Ta=0-70C. Voc=5V + 10%. unless otherwise noted) (Note 2)

M5T 4044P-20 MS5T 4044P-30 MS5T 4044P-45
Symbol Parameter Limits Limnits Limits Unit
Min Typ Max Min Typ Max Min Typ Max
tc(RD) Read cycle time 200 300 450 ns
ta(ap) Address access time 200 300 450 ns
ta(cs) Chip select access time 70 100 100 ns
tpxz(CS) Output disable time with respect to chip select 40 80 100 ns
tdv(aD) Data valid time with respect to address 50 50 50 ns
MITSUBISHI
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MITSUBISHI LSIs

MST 4044 P-20, P-30, P-45

4096-BIT (4096-WORD BY 1-BIT) STATIC RAM

TIMING DIAGRAMS
Read Cycle

Ao ~As

DouTt

Write Cycle

Ao ~Ais

R/W

DiN

Dout

Note : 2 Test conditions
Input pulse leve!
Input pulse rise time
Input pulse fall time
Reference level
Input
Qutput

tc(RD)
\V\/
(NOTE 3) “"‘"
‘A X ‘AA““
ta(cs) le— tpx 2 (TS)
<\ DATA OUT VALID )»——
fa¢a0) tav(a0)
to(wr)
tsu(ap) twewr) twr
N | /
tsu(Gs)
(NOTE 3) (NOTE 3)
X .
tsu(pa) thoa)
<\ DATA STABLE />
tpxz(wR) tpxz(C3)
DATA OUT INVALID '\\ WRITE DATA

74

0.8~2V
20ns
20ns

1.5V
1.5V

Load =1TTL, CL=100pF

Note 3 : Hatching indicates the state is don't care.

The center line indicates a floating (high-impedance) state.

MITSUBISHI
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MST 4044 P-20, P-30, P-45

4096-BIT (4096-WORD BY 1-BIT) STATIC RAM

TYPICAL CHARACTERISTICS

NORMALIZED ACCESS TIME VS.
SUPPLY VOLTAGE

Ta=70C
LOAD=1TTL
3 CL=100pF
2 ="
L]
1.3
b3
g2 1.2
g 1.
§ 1.0 S ———
a o ———
K 0.9
- .
3 o
&
Z 0.7
0.6
4.0 5.0 6.0
SUPPLY VOLTAGE Ve (V)
OUTPUT SINK CURRENT VS.
OUTPUT VOLTAGE
- Vcc=4‘.5V
< Ta=70C
€ /
~ 10.0
o /
2
- Vi
4
£ /
o
2
o 0 A
é 5.0
7]
g
2
o
0.0
0.0 0.2 0.4 0.6 0.8 1.0

OUTPUT VOLTAGE Vor (V)

NORMALIZED ACCESS TIME VS.
OUTPUT LOAD CAPACITANCE

Ta=70T
LOAD=1TTL
§ ‘4 Cr = 100pF
S o3
£ 12
- ! /,
A 11
&
g 1.0
g oo
2
< 038
[+ .
2 o.7
0.6
100 200 300 400 500 600

OUTPUT LOAD CAPACITANCE CL (pF)

OUTPUT SOURCE CURRENT VS.
OUTPUT VOLTAGE

- Voo=4.5V
p! \ Ta=70C
\;10‘\.! \
°
=
Zz
uw
(i
@«
=3
(&]
§ 5.0
2
8 X
i
p=l
o
=
2
o \
0.0 N
0.0 1.0 2.0 3.0 4.0 5.0

OUTPUT VOLTAGE VoH (V)

APPLICATION EXAMPLE (for 8K-Byte Memory System)

This circuit is designed for a separate data bus application;
if a common data bus application is required, the output

ADDRESS:

and input can be tied.

8K BYTES MEMORY SYSTEM M5T4044P x 16

AL ‘ E0001 o oif— o1 oifb— | o}—
ﬁ:;EDD% e I . |
__ DO __oo|l_ |]__ool_ __oo]l |]_po
12 ‘D} CS R/W[] CSR/W)| CSR/W| CS R/W| CSR/W|
ADDRESS INPUTS T’DT 17 7 77 _
No. L [ i i l
A TO ALL %;RESS
I —t=— RAMS :
Ao ADDRESS @g(pt’;,s == oI ot} DI D1
[IM=V1 2 (R I R A Y N N N A O N (N (N RS
L __ DO Do __Dpo _po __Do
oS /W csrwlt | [Cerw™ csaw[ 1 | S8
T | t | ) T
MEMORY WRITE SIGNAL :%
(LOW ACTIVE) {>&
MEMORY READ SIGNAL _;®_‘— ( |7 r (
(LOW ACTIVE) ©o o - - &~ © © ~ o~
= [ - [ g
2 2 =} pul 2 =z
« o z o 2 o> Z 5> 2 o 2
a4 < 4 4 a4« 4« < <
[ [ o [ [
< < < « < .« < <« <«
o o ag=) oo o o o o
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DEVELOPMENT OF MASK-PROGRAMMABLE ROMs

MITSUBISHI LSIs

GENERAL INFORMATION

This information explains how to specify the object pro- 1.

EPROM SPECIFICATIONS

gram for the automatic design system for mask ROMs.
This system for mask ROM production has been developed
to accept a customer’s specifications in a number of forms

and media.

Mitsubishi M5L2708K, M5L2716K, M5L5732K and
Intel 2708, 2716, or 2764 or equivalent EPROMs
may be used. The standard for ordering is, however,
Mitsubishi MS5L2708K, M5L2716K and M5L2732K
EPROM.

The main segments of the automatic design system are:
. The plotter instructions for mask production.
2. A check list for verifing that the customer’s specifica-

tions have been met.

3. A test program to assure that the production ROMs

meet specifications.

When loading an object program into masked ROM, the 1.

2. EPROM data and addresses should be programmed with

the high logic level as a logic 1.

3. The EPROM data should include all valid data from the

starting address to the last address to be programmed.

ITEMS TO BE VERIFIED

object program is provided at the time of ordering in the
form of EPROM memory. The EPROM device or devices
are sent with the required verification sheets, three devices

Specify the type number as M58333-XXXP, M58735-
XXXP, or M58334-XXXP (the three digits after the
hyphen of the type number is a code to indicate the
customer contents and is assigned by Mitsubishi).

of each type. 2. Mark the EPROM device tops with the EPROM type and
the address specification symbols A,B,C, or D.
The addresses indicated by these symbols are listed on
the ROM verification sheets.
MASK ROM DEVELOPMENT PROCESS
QNN FROM CUSTOMER MITSUBISHI ELECTRIC
SHEET
AU
OBJECT 7T A NO DESIGN
YES

MASK DRAFTING

ELECTRIC

CHECK LIST
(CODE TABLE) ORDER SHEET
MANU?ACTUI;ING MASK IQB_/]\%‘AN“G\ ROM TEST PROGRAM
ERROR? QORDER SHEE’ J L
MASK TESTER
(CHECH MANUFACTURING
PROCESS ® WAFER
TEST
| 1
i
T s s I Lo St
3! [ ]
ROM PROCESS




MITSUBISHI LSIs

DEVELOPMENT OF MASK-PROGRAMMABLE ROMs

Mitsubishi M58735-XXXP Masked ROM Verification Sheet

MITSUBISHI ELECTRIC

Customer
Company name

Company address

Tel

Signature

Company contact

Date

Prepared

Approved

* 1. Specify the EPROM to be supplied.
Three copies of each type of EPROM are required.
(Place a check in the appropriate boxes)

EPROM type
Type 2708

2716

2732

2764

A (0000~03FF)
B (0400~07FF)
C (0800~0BFF)
D (0C00~O0FFF)

[JM58735 O

A (0000~07FF)

O B (0800~0FFF)

1A (0000~0FFF)

[JA (0000~0FFF)

Chip Select Input (combinations for output)
Circle the desired programmed level as H (high) or L (low).

Cs1 Ccs2
M58735 H, L H, L

* 2. Part No.

* 3. Special Notes

1. Mark not required 2. Mark required

MITSUBISHI IC TYPE NO.

Note 1. The marking is located flush right

2. The length is limited to 12 character combinations of letters, numbers
and hyphens. The letters J, |, and O should not be used, however.

* 4. Description of final product (describe in as much detail as possible )

-MITSUBISHI
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1024-BIT (256-WORD BY 4-BIT) FIELD-PROGRAMMABLE ROM

MITSUBISHI LSIs

M54700P, S

WITH OPEN COLLECTOR OUTPUTS

DESCRIPTION

The memory cells of the M54700P,S are a 266-word by
4-bit matrix of diodes and Ni-Cr fuse links. Data can be
electrically programmed by open-circuiting fuses in the
field with simple programming equipment. These 1024-bit
field-programmable ROMs (PROMs) are composed of an
address decoder, memory, output and chip enable TTL
circuits.

FEATURES

Field-programmable ROM

Low power dissipation: 0.40mW/bit

Fast access time: 50ns (typ)

5V*5% single supply voltage

Inputs and outputs TTL-compatible

Open collector outputs

Two chip enable inputs (E_1 , E,) for easy memory

expansion

Organized as 256 words of 4 bits

16-pin ceramic or plastic package

® Interchangeable with MMI’s 6300 in pin configuration
and electrical characteristics

APPLICATION

® Programmable memory for the M5L 8080A 8-bit parallel
CPU. Used for prototype design, microprogramming and
control storage.

FUNCTION

This device is accessed by address inputs A,~A., selecting
one of 256 words. The 4-bits are read out in parallel on
data outputs 0,~0,. All inputs are TTL-compatible. An

PIN CONFIGURATION (TOP VIEW)

As (1] Voe (5V)
As »[2] 5] «- A7 ADDRESS INPUTS
Ag—»[3] 14« E.
ADDRESS INPUTS | Ay —>[] g E«E} CHIP ENABLE INPUTS

Ag—[5] g E]—»O:‘
rmoE S meor
A2TI] 50 DATA OUTPUTS

(0V) GND—[g] [9]-+0;

Outline 16P1 (M54700P)
16S1 (M54700S)

*: OPEN-COLLECTOR OUTPUTS

external decoder is not necessary. All outputs are open-
collector outputs, so it is possible to AND-tie them to other
ROMs and TTL devices. The AND:-tie fanout of each out-
put can accommodate up to 10 standard TTL loads. The
chip enables E; and E, are used to inhibit data outputs
0,~0,.

BLOCK DIAGRAM

T

Mss—j [
A

, 0

|

As !

1

As D 1/32 :

DECODER i

A1 (3) 5

ADDRESS 31
inveuTs y Az (9

(Ve (sv)

256-WORD BY 4-BIT
MEMORY ARRAY
(32 ROWS x 32 COLUMNS}

b b

8)GND (0ov)

of-—1]

of-1  of-—1] ol---1}

ADDRESS 1/8
BUFFER DECODER

1

—o
178 =1 18 1/8
DECODER ] DECODER |- DECODER]

CHIP
ENABLE INPUTS | E 2

P

[o7] 02 03 04 <—NMSB
DATA OUTPUTS #: OPEN-COLLECTOR OUTPUTS
MITSUBISHI
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MITSUBISHI LSis

M54700P, S

1024-BIT (256-WORD BY 4-BIT) FIELD-PROGRAMMABLE ROM
WITH OPEN COLLECTOR OUTPUTS

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

Parameter Conditions Limits Unit
\Zelo] Supply voltage 7 \%
Vi Input voltage 5.5 \
Vo Output voltage vee \
Topr Operating free-air temperature range 0~75 °C
Tstg Storage temperature range —65~150 °C
Vo Output apply voltage 27 A"
VE Chip enable apply voltage In case of programming 35 M
tw(P)/tc (P)| Duty cycie 25 %
READ OPERATION
Recommended Operating Conditions (Ta=0~75°C. unless otherwise noted)
Symbol Parameter y Lmits Unit
Min Nom Max
Voo Supply voltage 4.75 5 5.25 \%
Eléctrical Characteristics (Ta=0~75°C . unless otherwise noted)
Symbol Parameter Test conditions tmits Unit
Min  |Typ(Note1) Max
ViH High-leve! input voltage 2
ViL Low-fevel input voltage 0.8
VoL Low-level output voltage loL=16mA 0.3 0.45 \%
loH High-level output current VOoH=5.25V 100 A
hiL Low-level input current Vi=0.4V —1.6 mA
1tH High-level input current Vi=2.4v 40 uA
=4.5V 60
lce Supply current from Vg 85 125 mA
Vic Input clamped voltage 1, =—1t0mA —1.5 Vv
Note 1: Typical values are at Voc=5V, Ta=25C
Switching Characteristics (Vcoc=5V, Ta=25°C , unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
ta(aD) Address access time (Note 3) 9 ns
ta(ce) Chip enable access time See Timing Diagrams and Note 4 50 ns
tdv(ce) Data valid time with respect to chip enable 50 ns

Timing Diagrams

Ao
ta(ap) ;
04~04 [
Ly
Note 2 : Rise time tr S5ns; fall time tL§5ns }
04~04 ta(ap) | 3 : The chip enable inputs Ey and E2 should be low-level at measurement time during
“HT-L” address access time .
4 Load circuit: capacitance (Ct) includes stray capacitance and input capagitance.
o]
3 R1=3009Q
E.E; oL =30pF L 3
ov T—,] R2=600Q
T
3-6 ELECTRIC



MITSUBISHI LSIs

M54700P, S

1024-BIT (256-WORD BY 4-BIT) FIELD-PROGRAMMABLE ROM

WITH OPEN COLLECTOR OUTPUTS

PROGRAMMING OPERATION
Recommended Operating Conditions

Limits
Symbol Test conditions Unit
Min Nom Max
Vi(CEP) Chip enable program input voitage 23 33 \Y]
Vo(p) Qutput apply voltage 25 v
Veo(p) Program input voltage 5.40 5.50 5.60 \
Vee(v) Program verify input voltage 4.10 4.20 4.30 vV
Timing Requirements
. Limits
Symbol Test conditions Unit
Min Typ Max
tr(p) Pulse rise time 10 25 100 us
twip) Pulse width 0.04 100 ms
tw(P)/tc(P)| Duty cycle 25 %
Timing Diagram Programming Circuit
TTLH” E B8 E
~ OUTPUT
Ao~Aa P X ZENER o1
TTL L t'r(mI 70
—_ -=VeEp=33V (MAX) OUTPUT
Eq Tet BUFFER
)
rov 10V chip ENABLE
1.5v |
VI(CEP) [ " : Fo————— "
: ] | tom _. ) '
I }
i
o0 i -4-vop=25v l O
* 4 " : TO BIT b e - P TO WORD
Vo (p) DECODER 1 MEMORY CELL r2 DECQDER
1.5V
) L
A h TTL"L
{00ns MIN ——tt-
Voc () 100ns MIN 5 Aft . X .
: . er programming is completed, apply an additional
\ .
Vec (p) cev) three programming pulses.
6. Test the programmed memory to verify that the outputs
TTL"H" are low-level or high-level as desired. Both chip enable
VERIFICATION ———=- . — — .
= *—7[____ - inputs E; and E, must be low-level for testing.
2 TTLL" —_—
| PROGRAMMNG | | VERFICATON | The word decoder circuit selects any one of 32 columns,

| T l

Programming (Writing) Procedure

All 1024 Ni-Cr fuse-link memory elements are manufactured

in a high-logic-level (fuse closed) output conditon. To pro-

gram:

1. Apply 5.5V to the supply voltage Vcc and select a fuse
link to be programmed with address inputs Ag~A,.

2. Apply a high-logic-level to the chip enable input E,.

3. After applying a program pulse Vicep) to the chip

and sets the transistor Tr, to the on state. The bit decoder
circuit selects any four of 32 rows, and supplies the base
current to transistor Tr; from chip enable input E;.

The fuse link is opened not by the base current, but by
the collector current which is supplied to transistor Tr,
from the selected output O;~0g4, plus the base current. At
this time, the .other three fuse links of the selected word
line are in a half-selected stage and the remaining 1020 fuse
links are in a non-selected state.

Typical Programming Conditions

enable input E; (see Timing Diagrams), apply an output Condition | = Pulse Pulse width Chip enable 8;::3;
pulse Vo) to the fuse link of the output to be pro- sequence | sequence | tw(P) (ms) \F;'?g(l:;np\)lol(ta\?; )
grammed. The output pulses should be separately applied 1 1 ~a 0.5 29 25
to each output. 2 5~8 1 29 25
4. After programming, the fuse link is open and the output 3 9~12 5 30 25
level is changed to a low-logic-level. 4 1319 2 33 25
MITSUBISHI
ELECTRIC 3—7



MITSUBISHI LSIs

MS54700P, S

1024-BIT (256-WORD BY 4-BIT) FIELD-PROGRAMMABLE ROM

WITH OPEN COLLECTOR OUTPUTS

APPLICATIONS

Chip Enable Circuit )

The chip enable inputs E; and E; are used for activating or

inhibiting output 0;~04. E; and E, are NORed. Output

is inhibited when any of the inputs are high-logic-level.

Chip enable inputs E; and E, allow easy memory.expan-

sion by one of the following procedures:

1. Expanding the Number of Bits in a Word

For example, using three 1024-bit ROMs, each organized as

256 words of 4 bits, the number of bits in a word can be

expanded as described below:

1. Apply a low-logic-level to both chip enable inputs E_l and
E; of each ROM.

2. Connect address inputs Ag~A, of each ROM in parallel.
Memory is thus expanded and reorganized as 256 words
of 12 bits.

Fig. 1 Expansion of number of bits

Ag 04 +—0O012
A41024-03 |—0014
A3 BIT
Az gpom O2—O010
A

— Ao 04 |—009
Ey E2

Az .
Ag Oa|—00s
As

Aq 1024- 03007
A3 BIT
A2 Rom 02p—O0s

Ay
0 [e]] Os
E+ E2

A
A7
Ag 04}—004
As
Ag 1024- 03+—003
Az BIT
Az aom 0z2}—00:2
A4
—1A0 04 |—001
E4 E2
o Q O o o

(o]
A7 As As As A3 A2 A1 Ao ij,

2. Expanding the Number of Words in Memory

For example, using three 1024-bit ROMs, each organized as

256 words of 4 bits, the number of words in memory can

be expanded as described below:

1. Connect one of the chip enable inputs E; or E; of each
ROM to the decoder while keeping the remaining input
at low-logic-level.

2. Connect the outputs from each ROM with AND-tie con-
nections so that each output is an open-collector output
circuit or a three-state output. Memory is thus expanded
and organized as 768 words of 4 bits.

Fig. 2 Expansion of number of words

DECODER
>
w
e}
3

Il

As Os 004

5
A41024-03 0 03
A3 BT 0
ﬁ‘f ROM 2 002

04 0 Oy
A°E4 E2

55k

o
A7 As As Ag A3 Az A1 Ao

11

3. Expanding the Number of Words in Memory and
the Number of Bits in a Word
For example, using nine 1024-bit ROMs, each organized as
256 words of 4 bits, and by combining procedures 1 and 2
above, the number of words in memory along with the
number of bits in a word, can be expanded as described
below:
1. The chip enable input E, of all ROMs is connected in
parallel for module selection.
2. The chip enable input E; activates selected ROMs the
same as 2 above.
Memory is thus expanded and reorganized as 768 words
of 12 bits.

MITSUBISHI
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MITSUBISHI LSis

M54700P, S

1024-BIT (256-WORD BY 4-BIT) FIELD-PROGRAMMABLE ROM
WITH OPEN COLLECTOR OUTPUTS

Fig. 3 ROM module

MODULE —
SELECT | A9—
Ag— 8
4
ADDRESS 1
Ao~ a7 0 Ag~— A7 0t A0~A7,84
e, 1020-9° ¢, 1020-02 g, 1024-9°
gr Oz BIT O2 BT O2
T1E' Rom Tl RoM g T1E* RoM o
ADDRESS | p;_| 01 1 ! 'T
T| ORIVER
BUS |
8
! / /8
! ’ 1 ; i
i
Ao Ao ~A7 g“ Ag~A7 g‘ Ao~A7 g"
-3 3
| de  f020- e, 1024 e, 1024
BIT 2 BT 02 BIT 2
15 ROM 04} M E* Rom o4 |4 M E' Rom Ot}
.8
! ] ]
Ao ~A7 04 Ao—A7 ga AO~A784
0 3 3
g, t02a-°3 o g, 1024 g, 1024~
g, BT 02 | d e, &7 Oz g, BT 02
ROM o4 | ' ROM O f ROM 01 }
6000 0000 000
01 020304 05 06 0708 09 010011042

Pull-up Resistors

The outputs are open collectors; therefore, AND-tie con-
nections are also possible, and normal loads can be
connected. The resistance of a pull-up resistor RL that may
be connected between the voltage supply and the collectors
of the output transistors should be determined by equations
(1) and (2) as shown below:

Veo—Von
RL (max) = ——==—"—""— (1)
M 1OH+N I
where, M : number of AND-ties

N : number of fanouts (number of loads)
Vce : maximum value of supply voltage
Vou : minimum value of high-level output voltage
161 : maximum value of high-level output
current at the open collector output

T : maximum value of high-level input current

Veo—Vou
RL (min) =— —
loL—N-«hL

where, Noc © minimum value of supply voltage

The resistance of a pull-up resistor Ry should be within the
range as shown in equation (3). R_ (min) and R_ (max)
should be calculated using the appropriate number of AND-
ties and fanouts. Calculation examples of TTL load are
shown below:

(1) When
M=4, N=3, Voo=5.25V, Von=2.4V, 1on=1004A,
TH=40.A

Vec—VoH
RL(max)=———=F—"—"-—
M «IOH+N «lH
_ 5.25V — 2.4V
4X (100uA) + 3X (40uA)
=5090Q
(2) When

N= 3, Voc=4.75V, VoL=0.45V, loL=16mA, Ti=1.6mA

VoL : maximum value of low-level output voltage Vee — VoL
foL : maximum value of low-level output current R (min) = —|T—,_* N-TC
TC : maximum value of low-level input current 4.75V — 0.45V
then, "~ 46mA — 3X(1.6mA)
Ru(min) < RL < RL(max)  =--r-------ee- (3) =384Q
MITSUBISHI
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256-BIT (32-WORD BY 8-BIT) FIELD- PROGRAMMABLE ROM

MITSUBISHI LSIs

M54730P, S

WITH OPEN COLLECTOR OUTPUTS

DESCRIPTION

The memory cells of the M54730P, S are a 32-word
by 8-bit matrix of diodes and Ni-Cr fuse links. Data can
be electrically programmed by open-circuiting fuses in the
field with simple programming equipment. These 256-bit
field programmable ROMs (PROMs) are composed of an
address decoder, memory, output and chip enable TTL
circuits.

FEATURES
Field programmable ROM

Low power dissipation: 1.5mW/bit

Fast access time: 45ns (typ)

5V+5% single supply voltage

Inputs and outputs TTL-compatible

Open-collector outputs

Chip enable inputs (E) for easy memory expansion
Organized as 32 words of 8 bits

16-pin ceramic or plastic package

Interchangeable with MMI’s 6300 in pin configuration
and electrical characteristics

APPLICATION

® Programmable memory for the M5L 8080A 8-bit parallel
CPU. Used for prototype design, microprogramming and
control strage.

FUNCTION

This device is accessed by address inputs Ag~A,, selecting
one of 32 words. The 8 bits are read out in parallel on data
outputs 0, ~0g. All inputs are TTL-compatible. An external

PIN CONFIGURATION (TOP VIEW)

Ve

O] 6] Vee(5V)
07+[Z] [Ele—E  CHIP ENABLE INPUT
0¥«[3] e A
DATA OUTPUTS { O3 «[d] g e A3
OE'«—E § 2] Az | ADDRESS INPUTS
O] T [« A
07} [10}+- Ao
(OV)GND  [g] [9]-»0g DATA OUTPUT

Outline 16P1 (M54730P)
1681 (M547308S)

%: OPEN-COLLECTOR QUTPUTS

decoder is not necessary. All outputs are open-collector
outputs, so it is possible to AND-tie them to other ROMs
and TTL devices. The AND-tie fanout of each output can
accommodate up to 10 standard TTL loads. The chip en-
able E is used to inhibit data outputs O, ~Oy.

BLOCK DIAGRAM
MSB ,7

| 0
As(e) :r
A3(2) 1/32 i
ADDRESS INPUTS { A2 DECODER I
IO E
O 31 :'

32-WORD BY 8-BIT
MEMORY ARRAY
(32 ROWS x 1 COLUMNS x 8 ARRAYS)

CHIP ENABLE INPUT E

(5V) Voo

(0V)GND

07 O — MSB

DATA OUTPUTS *: OPEN-COLLECTOR QUTPUTS

MITSUBISHI
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MITSUBISHI LSIs

MS4730P, S

256-BIT (32-WORD BY 8-BIT) FIELD-PROGRAMMABLE ROM
WITH OPEN COLLECTOR OUTPUTS

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

Symbol Parameter Conditions Limits Unit
Vece Supply voltage 7 \
Vi Input voltage 5.5 v
Vo QOutput voltage Vee \%
Topr Operating free-air temperature range g~75 °C
Tstg Storage temperature range —65~150 °C
Vo Output apply voltage In case of programming 27 \%
tw(P)/tc(P)| Duty cycle 25 %
READ OPERATION
Recommended Operating Conditions (Ta =0~ 75°C. unless otherwise noted)
Limits
Symbol Parameter i Norm Wiax Unit
Vce Supply voltage 4.75 5 5.25 \
Electrical Characteristics (Ta=0~75C , unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min  {Typ(Notel) Max
ViH High-level input voltage 2
ViL Low-level input voltage 0.8
VoL Low-level output voltage loL=16mA 0.3 0.45 \2
10H High-level output current VOoH=5.25V 100 1A
hie Low-level input current Vi=0.4V —1.6 mA
hH High-level input current Vi=2.4Y 40 1A
Vi=4.5V 60
lce Supply current from Vg 85 125 mA
Vvig Input clamped voltage 1y =—10mA —1{.5 \
Note 1 : Typical values are at VCCc=5V, Ta=25°C
Switching Characteristics (Vcc=5V, Ta=25°C . unless otherwise noted)
Limits
Symbol Parameter Test conditions Vin Tve Max Unit
ta(ap) Address access time 80 ns
ta(ce) Chip enable access. time See Timing Diagrams 50 ns
tdv(ce) Data valid time with respect to chip enable 50 ns

Timing Diagrams
tr

Note 2 : Rise time tr =5ns; fall ime tf =<5ns

3 : The chip enable input E should be low-level at measurement time during address

access time .

4 : Load circuit: capacitance (Ci) includes stray capacitance and input capacitance.

Vce

2 R1=3000Q
3

oV
CL =30pF L 3
[ R2=600Q
T
MITSUBISHI
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MITSUBISHI LSIs

M54730P, S

1024-BIT (256-WORD BY 4-BIT) FIELD-PROGRAMMABLE ROM

WITH OPEN COLLECTOR OUTPUTS

PROGRAMMING OPERATION
Recommended Operating Conditions

Limits
Symbol Test conditions in Norm Vax Unit
Vo(p) Output apply voltage 20 25 v
Veoo(p) Program input voltage 5.40 5.50 5.60 \%
Vee(v) Program verify input voltage 4.10 4.20 4.30 v
Timing Requirements
Limits
Symbot! Test conditions in v ax Unit
tr(P) Pulse rise time 10 25 100 us
tw(P) Pulse width 0.04 100 ms
tw(p)/tc(p)| Duty cycle 25 %

Timing Diagram

TTL“H"
Ag~Ayg X X

TTLL" !
]
1
TTLH
LA
]
I

TTL “H”

100ns MIN ~l
100ns MIN
Veoo(P)
Voo Voo(v)
PROGRAMMING VERIFY

Programming (Writing) Procedure

All 256 Ni-Cr fuse-link memory elements are manufactured

in a high-logic-leve! (fuse closed) output conditon. To pro-

grant:

1. Apply 5.5V to the supply voltage Vcc and select a fuse
link to be programmed with address inputs Ay ~A,.

2. Apply a high-logic-level to the chip enable input E.

3. After applying a program pulse Vicep) to the chip
enable input E (see Timing Diagram), apply an output
pulse Vo) to the fuse link of the output to be pro-

Programming Circuit

E B E
4—Pf ' o
} QUTPUT Oy
ZENER
Try
Ic TO

R l OUTPUT

BUFFER

TO WORD
DECODER

1 MEMORY CELL

6. Test the programmed memory to verify that the outputs
are low-level or high-level as desired. Chip enable input E
must be low-level for testing.

As the chip enable input E is kept high-level during pro-
gramming, transistor Tr; maintains the off state. The word
decoder circuit selects any one of 32 words, and sets the
transistor Try to the on state. The collector current of the
transistor Try, which is supplied from the selected output
0O,, opens the fuse links. At this time, the other seven fuse
links of the selected word line are in a half-selected state
and the other 248 fuse links are in a nonselected state.

Typical Programming Conditions

grammed. The output pulses should be separately applied Condition Pulse PUlse width Chip enable 8;;2‘;
program voltage

to each output. sequence. | sequence | tw(P) (ms) Vi (cep) (V) (v)
4. After programming, the fuse link is open and the output 1 1 ~a 0.5 29 25

level is changed to a low-logic-level. 2 5~8 1 29 25
5. After programming is completed, apply an additional 3 9 ~12 5 30 25

three programming pulses. 4 13-19 20 33 25

MITSUBISHI
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MITSUBISHI LSIs

M54730P, S

256-BIT (32-WORD BY 8-BIT) FIELD-PROGRAMMABLE ROM

WITH OPEN COLLECTOR OUTPUTS

APPLICATIONS

Chip Enable Circuit

The chip enable input E is used for activating or inhibiting

output O,~0j. Chip enable E allows easy memory expan-

sion by one of the following procedures:

1. Expanding the Number of Bits in a Word

For example, using three 256-bit ROMs, each organized as

32 words of 8 bits, the number of bits in a word can be

expanded as described below:

1. Apply a low-logic-level to chip enable input E of each
ROM.

2. Connect address inputs Ag~A4 of each ROM in parallel.
Memory is thus expanded and reorganized as 32 words
of 24 bits.

2. Expanding the Number of Words in Memory

For example, using three 256-bit ROMs, each organized as

32 words of 8 bits, the number of words in memory can be

expanded as described below:

1. Connect the chip enable input E of each ROM to the
decoder.

2. Connect the outputs from each ROM with AND-tie con-
nections.

3. Connect each address input Ay~A4commonly. Memory
is thus expanded and organized as 96 words of 4 bits.

3. Expanding the Number of Words in Memory and
the Number of Bits in a Word

For example, using nine 256-bit ROMs, each organized as

32 words of 8 bits, and by combining procedures 1 and 2

above, the number of words in memory along with the

number of bits in a word, can be expanded as shown in the
diagram below.

Memory is thus expanded and reorganized as 96 words
of 24 bits.

connected. The resistance of a pull-up resistor R that may
be connected between the voltage supply and the collectors
of the output transistors should be determined by equations
(1) and (2) as shown below:

Voc—VoH
RL(max)=——==—""— = e 1)
M 10H+N«liH
where M : number of AND-ties

N : number of fanouts (number of loads)
Vce : maximum value of supply voltage
VoH

150 : maximum value of high-level output

: minimum value of high-level output voltage

current at the open collector output
Thr : maximum value of high-level input current

Vee—Vor
Ru(min) =-————— = e (2)
for —N il
where Vcc : minimum value of supply voltage
VoL : maximum value of low-level output voltage

Tot : maximum value of low-level output current

TC : maximum value of low-level input current

then
RL(min) < RL < RL (max)  ----o-oe- (3)

The resistance of a pull-up resistor R, should be within the
range as shown in equation (3). R (min) and R_ (max)
should be calculated using the appropriate number of AND-
ties and fanouts. Calculation examples of TTL load are
shown below:
(1) When
M= 4, N=3, Voc=5.25V,

Von=2.4V, 16n=1004A,
A6 —] —
As™] — 5 IH=40uA
Re 3 1
Ao—~A Ag ~ Asg Ao~ Asa ALC ) Vee—Vor
256- 256- 256- L (max)= = —
ADESESS ADDRESS oy o8y e BT Oer e BIT oer M 10+ N -l
ROM O14f— ROM Ot 014
weUts  |Asr onven oM RoM 5.25V — 2.4V
| 5 =
! 2 T T 1 84X (100A) + 3X (401A)
ol Ao ~Aa Ao~ A Ao A4 =5090Q
g?TG' 08 256-0g1 | | 256- g,
E ! g BT de BT %
ROM Oii} ROM O+ ROMO144 | (2) When
5 N= 3, Vcc=4.75V,
i : 1 Vor= —_
oL=0.45V, loL=16mMA,
ROM module Ao ~Aa Ao—~Aa Ao—~As _
256-0g 256- ¢ 256-0g Te=1.6mA
BIT : BT Y Bi 1
_OEROMO“LJ'GEROM()"? J E romO1H |
- o - v _—
01 Os 09016 017 024 RL (min) = f VO"_
loo —N o'lu_|
Pull-up Resistors __4.75V —0.45V
The outputs are open collectors; therefore, AND-tie con- 16mA — 3X (1.6mA)
nections are also possible, and normal loads can be =384Q
MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54740AP,S/M54741AP,S

4096-BIT(1024-WORD BY 4-BIT)FIELD PROGRAMMABLE ROM

P
DESCRIPTION PIN CONFIGURATION (TOP VIEW)
The M54740AP,S’(provided with open collector outputs)
and the M54741AP, S (provided with 3-state outputs) are
field programmable ROMs with a fusecoupling system and a
memory capacity of 4096 bits (1024 words x 4-bit A _’E W Voo
configuration).
As =[] [17] « A~
ADDRESS
FEATURES roomecs | - (3] c = 6] A5 | s
® Fast-address acCess time ----ese-secessmeessensmaesons 25ns (typ) neuTs | A [4] 2 2 B A
® Unique built-in test circuit guarantees a high programm- Ag — E i § Z] — 04
ing yield as well as various performance characteristics Ay _,E 3 73] — 02
. n o OUTPUTS
after programming Ap — E 2] - 05
® Fuse technology is used CHIP ENABLE £ _, E ] — o0
® Memory capacity of 4096 bits (1024 words x 4-bit INPUT " cHIP ENABLE
organization) ano  [5] 0] B2 inpur
® Open collector outputs for M54740AP,S;
3-state outputs for M54741AP,S Outline 18S1 (M54740AS, M54741AS)
® High output level before programming 18P4 (M54740 AP, M54741AP)
® Chip enable pins E; and E, provided for easy expansion
of memory capacity by cutting the fuses of the memory cells. The output level
® |nputs and outputs compatible with TTL system is high before programming and low when written into.
® 18-pin DIL ceramic or plastic package The 4096 memory cells have a capacity of 1024 words
and one word is composed of 4 bits. A word is selected
APPLICATION from the 1024 words by address inputs Ag~Ay, and 4-bit
General purpose, for use in industrial and consumer parallel outputs 0, ~0, are produced.
equipment. The input and output threshold voltage is the same as

FUNCTIONAL DESCRIPTION

The PROM consists of an address circuit, decoder circuit,
memory circuit, output circuit and chip enable circuit, and
the memory cells consist of fuses and diodes. Data can be
programmabled into the PROM by the user using a writer

that for a TTL system and thus direct coupling can be made
with TTL logic. The open-collector outputs (in the
M54740AP,S) or 3-state outputs (in the M54741AP,S)
enable AND-tie connection.

When both chips enable inputs E; and E; are low, the
output is enabled and the contents of the memory selected

ELECTRIC

BLOCK DIAGRAM
As (2 0 Ag | 0]
@ : 1024 WORDS X 4 BITS M : 1024 WORDS X 4 BITS
A :
ADDRESS| A3 (X faseresel ROM 19Voo ADDRESS | 5 o ISEEESS @9 Veo
inpuTs) A2 G i (64 LINES X 64 ROWS) INPUTS ' (64 LINES X 64 ROWS)
A1(e 63 310 63 )
Ao(s | Ap (5 - I
‘ of-15] o--15{ ol--15] of-15] i o o}--15] o[-15 o}--15] 0}-15
Ag (15 Ag (15 -
! ; | | Ag (18 | ‘ ‘ ;
A it IR oot H B R B PN e R OO H A ) B ) B
! | : ‘
A
As (1 7 1 6 1 T
CHIP [ & ! CHIP[ £7 (8)-- :
ENABLE 0._ ENABLE: £ o5 |
inpUTs | B2 (0 . INPUTS
i * * * A )
— - 13 b U ‘QJD—Q 19—
04 03 02 01  GND 04 03 02 0y GND
OUTPUTS % OPEN COLLECTOR OUTPUTS OUTPUTS
M54740AP, S M54741AP, S
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MITSUBISHI BIPOLAR DIGITAL ICs

M54740AP,S/M54741AP,S

4096-BIT(1024-WORD BY 4-BIT)FIELD PROGRAMMABLE ROM

by the address input appear in the outputs. When either READ FUNCTION TABLE (Note 1)
chip enable input E; or E; is high, the output is disabled,  Read function table for Read function table for

and regardless of the address input, the output is set high M54740AP S M54741AP,S
{open-collector) or put in the high-impedance mode (3- — - — —
state). = E> 01~ 04 =) E2 01~ 04
L L wWn L L Wn
H L H H L z
L H H L H z
H H H H H z

Note 1. Wn: Memory contents written in Wn word appear in output.
Z: High-impedance state

ABSOLUTE MAXI MUM RATINGS (Ta=25°C, uniess otherwise noted}

Symbol Parameter Conditions Limits Unit
Voo Supply voltage —0.5~+7 \Y
V) Input voltage —0.5~+5.5 \%
Vo Output voltage High-level state —0.5~+5.5 \%
Vop Applied output voltage 2 \

When writing
twry/tc(p) | Dutycycle 25 %
Topr Operating free-air ambient temperature range 0~ +75 °C
Tstg Storage temperature range —65—~ + 150 °C

RECOMMENDED OPERATING CONDITIONS (75=0~+75°C, unless othenvise noted)

Limits .
Symbol Parameter Unit
Min Nom Max
Voo Supply voltage 4.75 5 5.25 \%
lom High-level output current (M54741AP/S only) Vou=2.4 0 —2 mA
toH High-leve! output current {(M54740AP/S orily) Vo=5V 0 50 zA
loL Low-level output current Vg =0.45V 0 16 mA

ELECTRICAL CHARACTERISTICS (Tg=—20~+75°C, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ * Max
Viy High-tevel input volitage 2
ViL Low-level input voltage 0.8
Vic Input clamp voltage Voc=4.75V, lic=—18mA —1.2
Vgec=4.75V, V|=2V, V|=0.8V
Vo High-fevel output voltage (M54741AP S) cec ! ‘ 2.4 3.1 \Y
loy=—2mA
= =2 =0,
loH High-level output current (M54740AP S) Vec=5.25V, Vi V. Vi=0.8V 50 nA
Vo=5V
=475 Vi=2 Vi=0.8V
VoL Low-level output voltage Voe=4.78V, Vi=2V, Vi ’ 0.3 0.45 \
loL=16mA
) Veo=5.25V, Vi=0.8V,
Off-state high-level output current (M54741AP.S) ’ 50 A
lozn 9 put cu Vi=2V, Vo=2.4V #
=5.25V, Vi=0.8V,
tozL Off-state high-level output current (M54740AP.S) Voc=5 v Vi —50 uA
, Vi=2V, Vo=0.4V
(I High-level input current Vee=5.25V, V|=2.4V 40 uA
I Low-level input current Voo=5.25V, Vi=0.4V — 160 —250 uA
los Short-circuit output current {(M54741AP,S) (Note 2) Voe=5.25V, Vo=0V —15 —100 mA
Ice Supply current (Note 3) Vee=5.25V, V=0V 120 170 mA
Cin Input capacitance Vgo=5V, V=2V, f=1MHz 4 pF
Cout Output capacitance Vee=5V, Vo=2V, f=1MHz 7 pF

* All typical values are at Vec=5V, T3=25°C.
Note 2. All measurements should be done quickly and not more than one output should be shorted at a time.
Note 3. Icc is measured with all inputs at GND .

MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54740AP,S/M54741AP,S

4096-BIT(1024-WORD BY 4-BIT)FIELD PROGRAMMABLE ROM

SWITCHING CHARACTERISTICS (vcc=5v£5°/C. Ta=0~75°C, unless otherwise noted)

Limits Unit

Test conditions ni

Symbol Parameter est conditi Vin Tvo o

ta (a) Address access time 25 55 ns

ta (£) Chip enable access time (Note 4) 15 25 ns

teo () Chip disable time 15 25 ns

Note 4. Measurement circuit
INPUT Vee Voc OUTPUT
(1) The pulse generator (PG) has the following characteristics:
300Q PRR=1MHz, t,=6ns, ty=61ns, tow=500ns, Vp=3V_p, Zo=50Q2.
(2} C_ includes probe and jig capacitance.
PG DUT
30pF
50Q 600Q
I
TI Ml NG DlAG RAM (Reference level=1.5V)
———————— - 3V Eq or EZ
Ap~A 4{ \ ov
0 9 ‘ ——\ /__ 3v
oV 5 o &

01~0s
(NORMAL-PHASE)

01~0s
(OUT-OF-PHASE)

e e —— OV

RECOMMENDED WRITE CONDITIONS (Ta=25°C, unless otherwise noted)

Symbol Parameter -Limits Unit
Min Typ Max
ViH(P) High-level input voltage 2.4 5 5
ViL(P) Low-level input voltage [} 0 0.4 \Y
Vo (P) Applied output voltage 20 21 21 \Y
tw(e) Applied pulse width 0.05 0.18 50 ms
twr)/te(p) Duty cycle 20 25 %
tr Pulse risetime 5 10 30 “s
N (p) Number of pulses applied 4 —
Voo (P) Write supply voltage 5 4
lop Applied output current 100 mA
VeeL(v) Low-level supply voltage with check after writing 4.4 \Y
MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

M54740AP,S/M54741AP,S

4096-BIT(1024-WORD BY 4-BIT)FIELD PROGRAMMABLE ROM

PROGRAMMING TIMING DIAGRAM

Veeo(P)
/ Veew(v)
Vee
VIH(P)
ViLe)
ViH(P)
. _/—\ /——
ViL(p)
tr
Vo(pr)
Vo(p)y
1 10V 0v
(01~04) o tw(P)
_____________ I ov
te(p)
o
—— Von
\ OUTPUT OFF STATE OUTPUT OFF STAE
01~0s  emem———— e I\ Pkt
LN Va VOL
PROGRAMMING
CHECK

Note 5. The Vo) waveform is the voltage waveform applied to the output during programming; the 0;~0, waveforms indicate

the output level of the device itseff.
Note 6. Waveform E indicates either the E; or E; waveform; the other is V).

PROGRAMMING PROCEDURE

The area into which the data are programmed is the fuses

which are composed of 4096 memory cells. When no data

are programmed into a memory cell, the output is set to
the logic high level {fuse: closed). Proceed as instructed be-
low to set to the logic low level (fuse: open).

(1) Apply the supply voltage Ve (py (BV typ).

(2) Select the programming word with the address inputs
Ao~Ay (input voltage: V ) 5V typ, ViLp) OV typ).

(3) Set either chip enable input pin E; ‘or E; high (V4
5V typ) and set the outputs off.

(4) Apply the output pulse Vo p) (21V typ) to the output
which corresponds to the bit into which the data are to
be programmed. Apply this to one output at a time
and not to two or more outputs simultaneously.

(5) Set both E; and E; low (V) OV typ).

(6) Reduce the supply voltage to Ve (v) (4.4V typ) and
check whether the data has been programmed.

(7) If the check is affirmative in step (6), repeat steps (1)
through (6) to program the next word or bit.

If the check is negative in step (6), repeat steps (1)
through(6) but if the check is still negative even after four
repetitions, the device may be considered defective.

Refer to the programming timing diagram for the timing
of the programming operation.

MITSUBISHI
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MITSUBISHI LSIs

M58653P

700-BIT (50-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM

DESCRIPTION

The M58653P is a serial input/output 700 bit electrically
erasable and reprogrammable ROM organized as 50 words
of 14 bits, and fabricated using MNOS technology. Data

PIN CONFIGURATION (TOP VIEW)

and addresses are transferred serially via a one-bit bidirec- (5V) Vss LT.. E Vm(NC)
tional bus. —30v) ves [2] i3] vono (0V)
DATA INPUT,
FEATURES w B, [@ev SRET
° e .
Word-by Yvord electrically alterable ' NG E § E NG
® Non-volatile data storage: 10 years (min) g
® Write/erase time: 20ms/word Ne 5] v @ NC
° ical powe : -30V, +5V
Typical p rsupph( voltages 350 N 5 ) CLOCK INPUT CLK—»E Eem
® Number of erase-write cycles: 10° times (min) MODE CONTROU
. . INPUTS
® Number of read access unrefreshed:  10° times (min) mOPS$ CONTROL ¢y —~E E'—Cz
® 5V 1/0 interface
APPLICATION Outline 14P4 NC. NO CONNECTION
® Non-volatile channel memories for electronic tuning
systems and field-reprogrammable read-only memory
systems
FUNCTION
The address is designated by two consecutive one-of-ten-
coded digits. Seven modes—accept address, accept data,
shift data output, erase, write, read, and standby—are
all selected by a 3-bit code applied to C,, C,, and C;. Data
is stored by internal negative writing pulses that selec-
tively tunnel charges into the Si0,—Si;N, interface of the
gate insulators of the MNOS memory transistors.
BLOCK DIAGRAM
) .
Vss(5V)
| DATA REGISTER (14 BITS) I ) 2) Veg(—30V)
i/0
H BUFFER 12)1/0 DATA 10
= i } Vano (0V)
@b a8
£2 i TF%I’\Q%%R e e
513 a6 MODE
52| 52 - (B0 MGRD BY [ SEECT 8)C2 »MODE CONTROL INPUTS
o e 14-BIT) ERASE
95 <5 9)C3
Io Ino
< < 1 \[j
CLOCK 6 )CLK CLOCK INPUT
LOW-ORDER BIT GENER-
LOW-ORDER BIT H

ADDRESS REGISTER

3-18
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MITSUBISHI LSIs

M58653P

700-BIT (50-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM

PIN DESCRIPTION

Pin Name Functions
In the accept address and accept data modes, used for input
/0 /0 In the shift data output mode, used for output.
In the standby. read. erase and write modes. this pin is in a floating state.
VM Test Used for testing purposes only. It should be left unconnected during normal operation.
Vss Chip substrate voltage Normally connected to+5V
Vaa Power supply voltage Normally connectea to ~30V.
CLK Clock input 14kHz timing reference.  Required for all operating modes. High-level input is possible during standby mode
Ci~C3 Mode control input Used to select the operation mode
VGND Ground voltage Connected to ground (OV)

OPERATION MODES

C1 Cz C3 Functions
H H H Standby mode: The conterts of the address registers and the data register remain unchanged. The output buffer is held
in the fioating state
H H L Not used
H L H Erase mode: The word stcred at the addressed location is erased. The data bits after erasing are all low-level.
H L L Accept address mode: Data presented at the I/O pin is shifted into the address registers one bit with each clock pulse. The
address is designated by two one-of-ten-coded digits.
L H H Read mode: The addressed word is read from the memory into the data register
L H L Shift data output mode: The output driver is enabled and the contents of the data register are shifted to the I/O pin one bit
with each clock pulse
L L H Write mode: The data contained in the data register is written into the location designated by the address registers
L L L Accept data mode: The data register accepts serial data from the I/O pin one bit with each clock pulse. The address
registers remain unchanged.

MITSUBISHI
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MITSUBISHI LSls

MS58653P

700-BIT (50-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
VGG Supply voltage 0.3~ —40 \%
\ Input voltage With respect to Vss 0.3~-20 \
Vo Output voltage 0.3~—20 \
Tstg Storage temperature range —40~125 c
Topr Qperating free-air temperature range ~10~70 c
RECOMMENDED OPERATING CONDITIONS (Ta=— 10~ 70%C. unless otherwise noted.)
Limits
Symbol Parameter Unit
Min Nom Max
Vac-Vss Supply voitage —32.2 — 35 —~37.8 \Y
Vss-VgnD| Supply voltage 4.75 5 6 \
ViH High-level input voltage Vss—1 Vss+0.3 \%
ViL Low-level input voltage Vss-6.5 Vss-4.25 \
. +20%
ELECTRICAL CHARACTERISTICS (Ta=—10~70C,Vgg-Vss=—35V+ 8 %, Vss-Vanp =5V — 5 %. unless otherwise noted.)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VIH High-level input voltage Vgs—1 Vss+0.3 \Y
ViL Low-level input voltage Vss-6.5 Vgs-4.25 \
he Low-level input current V| -Vgs=—6.5V +10 A
lozL Off-state output current. low-level voltage applied Vo-Vss=—6.5V +10 uA
VoH High-level output voltage lon = — 200 A Vss—1 \%
VoL Low-level output voltage loL = 10uA V GND +0.5“3 \
lag Supply current from Vgg lo=0uA 5.5 8.8 mA

Note 1: Typical values are at Ta=25°C and nominal supply voltage.

TIMING REQUIREMENTS (Ta= — 10~70C. Vag-Vss=—35V 8 %, Vss-Vonp=5V - 522 . unless otherwise noted)
Symbol Parameter Alternative Test conditions L Unit
symbols Min Tvp Max
f(4) Clock frequency fo 11.2 14 16.8 kHz
D(¢) Clock duty cycle D¢ 30 50 55 %
tw(w) Write time tw 16 20 24 ms
tw (E) Erase time te 16 20 24 ms
tr. tf Risetime, falltime tr, tf 1 us
tsu(c— @) | Control setup time before the fall of the clock pulse tcs 0 ns
th(g—oc) Control hold time after the rise of the clock pulse tcH 0 ns

SWITCHING CHARACTERISTICS (Ta= —10~70C, Vgg=—35V+ 8 %. unless otherwise noted.)

Limits
Alternative Test conditions unit
symbols Min Tve Mex

Symbol Parameter

VoH =Vsgs —2V
ta(c) Read access time tpw CL = 100PF o s 20 uS
VoL =Vgnp +1.5V

tw(w)=20ms

Ts New=104 | 10 Year
tw (E)=20ms
ts Unpowered nonvolatile data retention time
tw(w) =20ms
Ts New=105 , W) 1 Year
tw(e) =20ms
New Number of erase/write cycles Nw 10° Times
NRA Number of read access unrefreshed NRa 109 Times
tdv Data valid time tew 20 s

MITSUBISHI
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MS58653P

700-BIT (50-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM

TIMING DIAGRAM
Accept Address Mode

o | L

= — B
S ——

1/0 . [ |

40!30 LZ‘LIJO,,LO 9"|:8J':7J'(6"L5’! 4 ! 3’! 2 l 1 Lo

=T

ADDRESS LOCATION
MOST
SIGNIFICANT DIGIT LEAST SIGNIFICANT DIGIT

Note 2 : The address is designated by two one-of-ten-coded digits. The figure shows
designation of the address 49.

Read Mode Shift Data Qutput Mode

o [UUUUUUUL : :
e su(C-¢) h(s-C)
2 o TULTULILU UL
Cz Ci |

(s

C
Cs 1 CLOCK CYCLE 2

C3

Write Mode >

1/0 \ ) /
CLKI'IlIlIIIlIlIIIl ‘ta(c) ) tgv
. 14 CLOCK CYCLES
oL [
i*

Cz Accept Data Mode

)4
s

c ‘ll‘

Erase Mode ¢ I "

—
CLKMUU—LM o2 _j » l—
o ! o] X [

Cz ] ) 170 [ ‘

1*
| 14 CLOCK CYCLES

C3 tw(E)
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32768-BIT(4096-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM

MITSUBISHI LSIs

M58735-XXXP

DESCRIPTION
The M58735-XXXP is a 32768-bit static mask-program-

mable read-only memory organized as 4096 words of

eight bits. It is housed in a 24-pin DIl package using
N-channel silicon gate MOS technology. The inputs and
outputs are TTL compatible.

The XXX in the type code is a three-digit decimal
number assigned by Mitsubishi to identify the customer’s
specification to which the ROM has been programmed.

FEATURES

® Maximum access time:

® 8-bit parallel output

® By floating the output (high-impedance) using the chip
select inputs (S;, S,), OR-tie connection is possible,
facilitating memory expansion.

® The active logic level of the chip select inputs (S; and
S, ) can be programmed at the time of ROM masking

® All inputs and outputs are TTL and DTL compatible

® All inputs are provided with built-in protective circuits

® Pin-compatibility with the M5L2732K

350ns (max)

APPLICATION

® Microcomputer memories

FUNCTION

The M58735-XXXP is a 4096 x 8-bit parallel output
ROM. Address inputs (Ap~A;;} are decoded to select
one of the 4096 words, and the contents of that address
are made available at data outputs {Qy~Q~). Chip selects
(S; and S,) are used to expand memory using two or
more M58735-XXXP ROMs. The contents of the ROM

PIN CONFIGURATION (TOP VIEW)
- U
ar—{[1] [2¢] Voo v
as—[2] 23]+ e
r ACDRESS
as (3] 2l A9 NpuTs
aooress J A4—[4] 2= An chp SeLe
INP - LECT
NPUTS As-"E LG 20]«—S1/37 [wpuT
[o:]
Az -+[6] 3 1]+~ A ADDRESS INPUT
@ & CHIP
wel]  § [@esemgmes
%
ool % [@eor
005 (6] - Qs
DATA DATA
outrors 3 @[] [5]~0s & B Thurs
- @
ov) anp  [iZ] i3]+ Q3 J
Outline 24P4

can be read cnly when S, and S, are at the programmed
input levels. Otherwise, data outputs (Qy~Q,) are held in

~ the floating (high-impedance) state. The active logic level

of S; and S, can be programmed at the time of
fabricating the ROM mask.

BLOCK DIAGRAM
(9) vee (5v)
(i2)GND (0V)
o
L || |
=
> [}
,Q_Q _l O
ADDRESS § « (0) Q1
INPUTS = E E & 1) Q2
m
2 8 | 128 | 4a09sworp x seiT |ax32| & 2 (9Q3 | pata
& 2 - o £ (i9) Qa [ OUTPUTS
8 al PROGRAMMABLE & >
< x ROM > £ (5) Qs
¢ (16) Qs
O
'
.
CHIP SELECT et oeT
INPUT BUFFER PROGRAMMABLE
RDM !
I_ - ) —-—(®)—- _ -_J
SYS1  S2/Sz
CHIP SELECT INPUTS
MITSUBISHI
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M58735-XXXP

32768-BIT(4096-WORD BY 8-BiT)MASK-PROGRAMMABLE ROM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
\Y Supply voltage —-0.5~7 \Y
ce With reference to the GND
Vi Input voltage (with V, and V v sv) —0.5~7 \%
Wit an at =
Vo Output voltage rand ¥o at Voo ~0.5-7 v
Pd Power dissipation Ta=25C 1000 mw
Topr Operating temperature 0~70 °C
Tstg Storage temperature — 65~ 150 °C
RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C. unless otherwise noted )
Limits
Symbol Parameter Unit
Min Nom Max
Veo 4.5 5 5.5 \%
Supply voltage
GND 0 \
ViH High-level input voltage 2 Ve +1 \
Vi Low-levei input voltage --0.5 0.8 \Y
E LECTRICAL CHARACTER |ST|CS (Ta=0~70°C, Vgc=5V £10%. unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VoH High-level output voltage | oH = —400 uA 2.4 \
VoL Low-level output voltage loL= 2.2mA 0.45 \2
I Input current V=0 ~Vgc —10 10 MA
loz Off-state output current Vo=0.45~Vge --10 10 uA
lcc Supply current from V gg Output open, Ta=25C 80 120 mA
Ci Input capacitance Vee=5V, Vi=Vo=0V, 10 pF
Co Output capacitance f=1MHz, 25mVrms, Ta=25°C 15 pF
SWITCHING CHARACTERISTICS (Ta=0-70°C, Vgo=5V+10%. unlessotherwise noted)
Limits
Symbol Parameter Test conditions (Note 2] Unit
Min Typ Max
ta(aAD) Access time from Address CL=100pF, R =2.1kQ (Note 1) 350 ns
tpzx Chip select propagation time 120 ns
tpxz Chip non-select propagation time Q 150 ns
i Note 1: Load circuit diagram
TIMING DIAGRAM Voo
RL
Ao—A1 ){ Q0 —~Q70 ]
CL lIOH
Sv'Sy
S2/ S2 Note 2:
tpxz La(AD) The center line indicates a
floating (high-impedance) state
Qg ~Q7
N Input pulse tevel -- .
Input pulse risetime tr -+
tpzx tPzx Input pulse falltime tg-+-
Reference voltage for switching characteristic
Ta (AD measurements
Input Vin
ViL
Outpet VOH
Vor
MITSUBISHI
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1400-BIT (100-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM

MITSUBISHI LSIs

MSG 1400P

DESCRIPTION

The MBG1400P is a serial input/output 1400-bit electri-
cally erasable and reprogrammable ROM organized as 100
words of 14 bits, and fabricated using MNOS technology.
Data and addresses are transferred serially via a one-bit
bidirectional bus.

FEATURES .

® Word-by-word electrically alterable

® Non-volatile data storage: »«-«ssesesessees 10 years (min)
@ \Write/erase time; s-seseeeeseacrrnennncannans 20ms/word

® Single 35V power supply

® Number of erase-write cycles: «-sseeereese 10°% times (min)

® Number of read access unrefreshed:----10° times (min)
® Interchangeable with Gl's ER1400 in pin configuration
and electrical characteristics

APPLICATION

® Non-volatile channel memories for electronic tuning
systems and field-reprogrammable read-only memory
systems

FUNCTION

The address is designated by two consecutive one-of-ten-
coded digits. Seven modes—accept address, accept data,
shift data output, erase, write, read, and standby—are
all selected by a 3-bit code applied to C;, C,, and C;. Data
is stored by internal negative writing pulses that selec-
tively tunnel charges into the SiO,—Si;N, interface of the
gate insulators of the MNOS memory transistors’

PIN CONFIGURATION (TOP VIEW)

V) vss [1] [12]  m(ne)
(-35v) Veo [2] 13] ne
=z DATA INPUT/
NG E 8 E /0 OUTPUT
ne  [4] g 1] no
S
ne  [5] o 0] ~c
CLOCK INPUT CLK gl—cC3
~[g] B MODE CONTROL
INPUTS
MODE CONTROL —
INPUT Ci E E G2

Outline 14P4

NC: NO CONNECTION

BLOCK DIAGRAM

T

U

(1) vss(ov)
DATA REGISTER (14 BITS) L Vaa(-35V)
| ] 1/0 (& Vo
BUFFER (121/0 paTA /0

S [+ 1
Eu e
=6 =3 MEMORY READ c
a8 aa TRANSISTOR 1
ac [aYa) MODE
2=~ 22 ARRAY WRITE B

o3 o3 (100-WORD BY o 8)C2 $MODE CONTROL INPUTS
S z 14-BIT) ERASE 03
Sa €5

g Ea)

< < T

LOW-ORDER BIT
ADDRESS DECODER

CLOCK
GENER-
ATOR

CLK CLOCK INPUT

7
LOW-ORDER BIT H
ADDRESS REGISTER |
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MS5G 1400P

1400-BIT (100-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM

PIN DESCRIPTION

Pin Name Functions
In the accept address and accept data modes, used for input.
170 1/0 In the shift data output mode. used for output.
In the standby, read, erase and write modes, this pin is in a floating state.
Vm Test Used for testing purposes only. It should be left unconnected during normal operation.
Vss Chip substrate voltage Normally connected to ground
Vea Power supply voltage Normally connected to ~35V.
CLK Clock input 14kHz timing reference. Required for all operating modes. High-level input is possible during standby mode.
C1~C3 Mode control input Used to select the operation mode.

OPERATION MODES

Ct Cz2 C3 Functions

H H H Standby mode: The contents of the address registers and the data register remain unchanged. The output buffer is held
in the floating state.

H H L Not used.

H L H Erase mode: The word stored at the addressed location is erased. The data bits after erasing are all low-level

H L L Accept address mode: Data presented at the 1/O pin is shifted into the address registers one bit with each clock pulse. The
address is designated by two one-of-ten-coded digits.

L H H Read mode: The addressed word is read from the memory into the data register.

L H L Shift data output mode: The output driver is enabled and the contents of the data register are shifted to the /O pin one bit
with each clock pulse.

L L H Write mode: The data contained in the data register is written into the location designated by the address registers.

L L L Accept data mode: The data register accepts serial data from the 1/O pin one bit with each clock pulse. The address
registers remain unchanged.

MITSUBISHI
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MSG 1400P

1400-BIT (100-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Limits Unit
Vaa Suppiy voltage 0.3~—40 \Y
Vi Input voltage With respect to Vss ¢.3~—20 \
Vo Output voltage 0.3——20 \%
Tstg Storage temperature range —65~150 C
Topr Operating free-air temperature range —10~70 c
RECOMMENDED OPERATING CONDITIONS (Ta= —10~70%C. unless otherwise noted.)
Limits
Symbol Parameter Unit
Min Nom Max
Vga Supply voltage —32.2 —35 —37.8 \%
Vss Supply voltage (GND) 0 \
Note 1:
ViK High-level input voltage Vgs—1 Vgs+0.3 Y The order of Vss Vgg with on or off.
- With on, Vgg is turned on after Vgg is done.
Vi Low-level input voltage Vss—15 Vss—8 \ With off, Vgs is turned off after Vgg is done.
ELECTRICAL CHARACTERISTICS (Ta=—10~70°C, Voo =—35V + 8 %. unless otherwise noted.)
Limits
Symbol Paramete Test conditions Unit
Min Typ Max
Vin High-leval input voltage Vgs—1 Vss+0.3
Vi Low-level input voltage Vss—15 Vss—8
i Low-level input current V)= —15V +10 uA
lozL Off-state output current. low-level voltage applied Vo= --15V +10 A
Von High-level output voltage loH = —200uA Ves—1
VoL Low-level output voltage loL = 10uA Vsg— 12
Ige Supply current from Vgg lo=0uA 5.5 8.8 mA
Note 2: Typical values are at Ta=25°C and nominal supply voltage
TIMING REQUIREMENTS (Ta=-—10~70C, Voo =-35V+ 8 %. unless otherwise noted.)
Alternative Limits.
Symbol Parameter mbol Test conditions Unit
symbols Min Typ Max
f(e) Clock frequency fo 11.2 14 16.8 kHz
D(¢) Clock duty cycle D¢ 30 50 55 %
tw(w) Write time tw 16 20 24 ms
w (E) Erase time te 16 20 24 ms
tr, tf Risetime. falltime tr, tf 1 uSs
tsu(c— ¢) | Control setup time before the fall of the clock pulse tcs 0 ns
th(¢—c) Control hold time after the rise of the clock pulse toH 0 ns
SWITCHING CHARACTERISTICS (Ta=—10~70T. Vgg=—35V + 8 %. unless otherwise noted.)
. Limits
Symbol Parameter Alternative Test conditions Unit
symbols Min Typ Max
VoH = Vss —2V
ta(c) Read access time tew CL= o ss 20 “S
VoL =Vss—8V
tw (w)=20ms
Ts New= 104 | ww) 10 Year
tw (e)=20ms
ts Unpowered nenvolatile data retention time
t =20ms
Ts NEw=105 , W 1 Year
tw(g) =20ms
NEw Number of erase/write cycles Nw 10° Times
NRrA Number of read access unrefreshed NRa 108 10°¢ Times
tdv Deata valid time tew 20 us

MITSUBISHI
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MITSUBISHI LSIs

MS5G 1400P

1400-BIT (100-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM

TIMING DIAGRAM
Accept Data Mode

o ]
o]

o]

1/0 I I
o0 28] 0] 0 20 10 .
ADDRESS LOCATION 30 | 80 "70 | 60 ; 50 '40)'|:30 “20’“10 "0

MOST SIGNIFICANT DIGIT

LEAST SIGNIFICANT DIGIT

Note 3: The address is designated by two one-of-ten-coded digits. The figure shows

designation of the address 99.

Read Mode

w TIUUUUUL

C3

_1 CLOCK CYCLE

Write Mode

S I

Shift Data Output Mode

_tsu(c-¢)
-

e .
e JUUULUUULLULL

i

th{4-0)

15]

1t

C3

170 \

I ta(c)

14 CLOCK CYCLES

tav

Accept Data Mode

Cs tw(w) CLKIlIlIIIiII_II_JLIIII.II_ILIl_ll_
Erase Mode o | " I
C1 N Cs | ) I
Cz 1/0 M
N 14 CLOCK CYCLES
Cs tw(E)
MITSUBISHI
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MITSUBISHI LSIs

MS5L 2716 K, K-65

16 384-BIT (2048-WORD BY 8-BIT)
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

DESCRIPTION

‘These are ultraviolet-light erasable and electrically re-
programmable 16 384-bit (2048-word by 8-bit) EPROMs.

PIN CONFIGURATION (TOP VIEW)

They incorporate N-channel silicon-gate MOS technology, ‘ A1 ] e 7 veo
and are designed for microprocessor programming ap- As —[2] 23— Ag
plications. A — (3] g~ A
AppRess) A —[4] 2] vee

INPUTS Az _’E 5 E‘— oE

FEATURES Az — [g] "3' (7] «— ﬂ]
® Fast programming : 100s/16 384 bits (typ) Al —[7] 2 18]« CE
® Access time MB5L2716K : 450ns (max) gg _'% = %“ 37
) - - Dg

M5L2716K-65 : 650ns (max) DATAINPUTSIY D1« [0 5]« Ds

® Static circuits are used throughout Dz « [} 4]« Dy
® Inputs and outputs TTL-compatible in read and program GND [ i3]+ 0y

modes

® Single 5V power supply for read mode
(25V power supply required for program)
® Low power dissipation: Operating: 525mW (max)

Outline 24K10

}

(5v)

ADDRESS
INPUTS

(5V. 25V)
QUTPUT

ENABLE INPUT
ADDRESS INPUT

CHIP
ENABLE INPUT

DATA INPUTS/
QUTPUTS

Standby :  132mW (max)

® Single-location programming

(requires one 50ms pulse/address)

® Interchangeable with Intel’s 2716 in pin configuration

and electrical characteristics

APPLICATION

® Computers and peripheral equipment

BLOCK DIAGRAM

ADDRESS INPUTS

CHIP ENABLE INPUT

QUTPUT
ENABLE INPUT

oF @0

A1(19)

A ;

s @2 : 2048-WORD X 8-BIT
Ay (23) : ROM
A (1) X DECODER ; (128 ROWS X
s (2) 16 COLUMNS X
ne (39 8-BIT CELL MATRIXES)
A4 o

%] e -

Az e |

A a Y DECODER i Y GATING CIRCUIT
Ao e

_ PROGRAM AND SENSE AMP
cE@®) POWER DOWN
CIRCUIT

OUTPUT BUFFERS
CHIP SELECT
CIRCUIT

L : BOOECOED

Do D1 Dz D3 s Ds Dg D7

\—ﬂ—/
DATA INPUTS/QUTPUTS

@DVee (5v. 25V)

@voo (5v)
(126ND (ov)
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MITSUBISHI LSIs

MSL 2716 K, K-65

16 384-BIT (2048-WORD BY 8-BIT)

ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

FUNCTION
Read
Set the CE and OE terminals to the read mode (low-level).
Low-level input to CE and OF and address signals to the
address inputs {Ag—~A;g) make the data contents of the
designated address location available at the data inputs/
outputs (Do~D7). When the CE or OE signal is high,
data inputs/outputs (Do~ D7) are in a floating state.
When the CE signal is high, the device is in the
standby mode or power-down mode.
Programming
The chip enters the programming mode when 25V is
supplied to the Vpp power supply input and OE is at
high-level. A’location is designated by address signals
Ao~ Asc, and the data to be programmed must be applied
at 8 bits in parallel to the data inputs Do~D;. A program
pulse to the CE at this state will effect programming.
Only one programming pulse is required, but its width

must satisfy the condition 45ms=tw(ce)=55ms.

Erase

Erase is effected by exposure to ultraviolet light with a
wavelength of 25372\ at an intensity of approximately
156Ws/cm?2,

PRECAUTIONS FOR READ OPERATION

1. Vee should be turned on with or before v, and
turned off with or after Vpp.

2. Vpp should be connected directly to Vcc except
during programming. For supply current design,

therefore, Vpe and Ve should be added.

HANDLING PRECAUTIONS

1. Sunlight and fluorescent light may contain ultraviolet
light sufficient to erase the programmed information.
For any operation in the read mode, the transparent
window should be covered with opaque tape.

2. High voltages are used when programming, and the
conditions under which it is performed must be care-

Mode selection {Unit* V) fully controlled to prevent the application of excessively
Mode Pin CE OE Vpp Voo Outputs high voltages. Specifically, the voltage applied to
Read ViL ViL 5 5 Output Vep should be kept below 26V including overshoot.
Deselect VIL~ViH | Vin 5 5 Floating Special precautions should be taken at the time of
Power down ViH  |[MIL~ViH 5 5 Floating power-on.

Pulsed 3. Before erasing, clean the surface of the transparent lid
P ViL t Vi 25 5 Input [ L. .
rogram V'I';‘ © 'H P to remove completely oily impurities or paste, which
Program verify ViL viL | 50r25 5 Output may impede irradiation and affect the erasing charac-
Program inhibit ViL ViH 25 5 Floating teristics.
ABSOLUTE MAXIMUM RATING
Symbol Parameter Conditions Limits Unit
Vi Input voltage, Vpp —0.3~26.5 \%
— With respect to GND
Vi2 Input voltage. Vcc. address, OE, CE, data —0.3~6 \%
Topr Operating free-air temperature range 0—~70 c
Tstg Storage temperature range —65~125 c
READ OPERATION
Recommended Operating Conditions (Ta= 0 —~70°C. unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Voo Supply voltage 4.75 5 5.25 \
Vpp Supply voltage (Vpp=Vgec) \%
GND Supply voltage 0 \
ViL Low-level input voltage —0.1 0.8 Y ’
\m High-level input voltage 2.2 Vee+1 Y
MITSUBISHI
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MITSUBISHI LSIs

MSL 2716 K, K-65

16 384-BIT (2048-WORD BY 8-BIT)
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

Electrical Characteristics (Ta= 0 ~70C. Vooc=5V+ 5%, Vep=Vgo. unless otherwise noted)

Limits
Symbol Parameter Test conditions Tvo Unit
Min (Note 1) Max
he High-level input current, address, OE. CE Vi=5.25V 10 “A
loz Off-state output current Vo=5.25V, OE=5V 10 ©A
PP Supply current from Vpp Vpp=5.85V 6 mA
lcc Supply current from Vcc (standby) CE=Vn, OE=ViL 10 25 mA
lccz Supply current from Vg (operating) OE=CE=V|_ 57 100 mA
VoL Low-level output voltage loL=2.1mA 0.45
VoH High-level output voltage loH= —400uA 2.4
Switching Characteristics (Ta= 0 ~70C, Voc=5V+ 5%. Vep=Vca. unless otherwise noted)
Limits
Symbol Parameter Test conditions e Unit
Min (Note 1) Max
) M5L. 2716K o 450 ns
ta(a) Address access time OE=CE=V,_ tr=20ns
M5L 2716K—65 650 ns
tf<20ns
M5L 2716K _ 450 ns
ta(ce) Chip enable access time OE=ViL ViL=0.8V
M5L 2716K —65 650 ns
Vin=2.2V
MS5L 2716K . 80 150 ns
ta(oE) Qutput enable access time CE=ViL
M5L 2716K —65 300 ns
tv(0E) Data valid time after output enable CE=ViL 0 100 ns
tv(cE) Data valid time after chip select OE=ViL 0 100 ns
tv(a) Data valid time after address OE=CE=V)_ 0 ns
Note 1: at Ta=25%T and normal supply voltage.
Timing Diagrams (Read Operation) Power-Down Mode
When Power-Down Mode Not Used Vi
ViH | Ao ~Ajo x
{ 3 v
Ao~A1g L
ViL TV A VK
ViH ta(og) CE
OF v Vi v (CE) ta(on)
I Vor ) le
ta(a) tvioe) S /7]
VoH _ \X
x VoL
Do~Dy
Voo Note 2: The center line indicates
a floating (high-impedance)
state.
MITSUBISHI
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MITSUBISHI LSIs

MSL 2716 K, K-65

16 384-BIT (2048-WORD BY 8-BIT)
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

PROGRAM MODE
Recommended Operating Conditions (Ta=25+ 5 ¢ . unless otherwise noted)

Limits
Symbol Parameter Unit
Min Nom Max
Voo Supply voitage 4.75 5 5.25 \2
Vpp Supply voltage 24 25 26 \
GNG Supply voltage 0 \Y
Vie Low-level input voltage —=0.1 0.8 \
ViH High-level input voitage 2.2 Voc+ 1 \
Electrical Characteristics (Ta=25+ 5°C, Voc=5V+ 5%, Vpp=25+ 1V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
[ High-level input current, address, OE. CE ViN=5.25V 10 #A
Ipp1 Supply current from Vpp CE=V|L 6 mA
Ipp2 Supply current from Vpp CE=ViH 30 mA
lec Supply current from Ve 100 mA
Timing Requirements (Ta=25+5 . Voc=5V+ 5%, Vpp=25+ 1V unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tsu(a-CE) Address setup time before chip enable 2 us
tsu(oe—ce) | Output enable setup time before chip enable 2 us
tsu(pg—ce) | Data input setup time before chip enable 2 us
th(CE - A) Address hold time after chip enable 2 “3s
thice - 0E) Output enable hold time after chip enable 2 us
th(CE -DQ) Data input hold time after chip enable 2 us
tw(CE) Chip enable pulse width 45 50 55 ms
tr(ce) Chip enable pulse rise time 5 ns
tf(CE) Chip enable pulse fall time 5 | ns
Switching Characteristics (Ta=25+ 5C. Voo=5V+ 5%, Vep=25+ 1V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tv(oE) Data valid time after output enable 0 120 ns
MSL 2716K 150 ns
ta(oE) Output enable access time
MS5L 2716K—65 300 ns

Timing Diagram (for Program and Verify)

VIH ]
Ap~ Ao )r ADDRESS N B ADDRESS N+1
v
- Tsu(a-ce) th(ce-A) |
ViH/Vou !
Dg~D7 H ) H
ViL/ VoL t
a(0E) . Lt
Vi >t v (OE)
oE \ 7
Vi

Lsu(g-ce)| twice) |th(ce-oQ)
e—>|

ViH
CE t. ) th(ce- /
Vi Su(OE-CE) \-th(CE-0E)

tr(ce)—* le-1£(CE)

MITSUBISHI
ELECTRIC 331



MITSUBISHI LSIs

MSL 2732K, K-6

32 768-BIT(4096-WORD BY 8-BIT)

ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

DESCRIPTION

. . . PIN CONFIGURATION (TOP VIEW)
These are ultraviolet-light erasable and electrically repro-
grammable 32 768-bit (4096-word by 8-bit) EPROMS.
They incorporate N-channel silicon-gate MOS technology, o
and are designed for microprocessor programming applica- 27 "E % Vee (V)
. 6 —|2 23] «+— Ag
tions.
- B | Q0RES
ADDRESs ) A¢—[d] 21— An
FEATURES INPUTS | 3 o ] z o0 «— OF Nee (EJHZEE%)INPUT/
P
®Fast programming: 200s/32 768 bits (typ) Az —[g] & 19« Aio ADDRESS INPUT
Y i . Al (7] 2 [E— CE CHF
Access time M5L 2732K: 450ns (max) P ENABLE INPUT
M5L 2732K-6:  550ns (max) SZ“’E = %“ o
®Static circuits are used throughout IN%TTSA/ 0 5 De ATA INPUTS/
L U5 roUTPUTS
®Inputs and outputs TTL-compatible in read and program OUTPUTS | 1, e [~ Ds
modes (ov) GND [ [5)~ Ds
®Single 5V power supply for read mode
(25V power supply required for program)
®Low power dissipation: Operating: 787mW (max) .
Standby: 157mW (max) Outline 24K10
®Single-location programming
(requires one 50ms pulse/address)
®Interchangeable with Intel’s 2732 in pin configuration
APPLICATION
®Computers and peripheral equipment
BLOCK DIAGRAM
An I
Alo
2" g ; 4096-WORD X 8-BIT @
8 i ROM vee (5V)
Ar (1) X DECODER ! (256 ROWS X o ;
ns (3) 16 COLUMNS X (2)GND (0v)
6 8-BIT CELL MATRIXES)
ADDRESS INpUTS 428 (3)
Ag o
Az e -
Az e i
A o Y DECODER H Y GATING CIRCUIT
Ag 0

SENSE AMP

- PROGRAM AND

CHIP ENABLE INPUT  CE (18) d POWER DOWN
CIRCUIT

OUTPUT ENABLE &¢ CHIP SELECT
INPUT (25V) vep OE/VPPQD CIRCUIT

OUTPUT BUFFERS

DRV O,

Do D1 D2 D3 D4 Ds Dg D7

DATA INPUTS/QUTPUTS
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MITSUBISHI LSIs

MSL 2732K, K-6

32 768-BIT(4096-WORD BY 8-BIT)

ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

FUNCTION

Read
Set the CE and OE terminals to the read mode (low-level).
Low-level input to CE and OE and address signals to the
address inputs (Ag ~ A;;) make the data contents of the
designated address location available at the data inputs/
outputs (Dg ~ D;). When the CE or OE signal is high,
data inputs/outputs (Do ~ D) are in a floating state.

When the CE signal is high, the device is in the standby
mode or power-down mode.

Programming

The chip enters the programming mode when 25V is
supplied to the OE/Vpp input. A location is designated by
address signals Ag ~ A;;, and the data to be programmed
must be applied at 8 bits in parallel to the data inputs Do ~
D,. A program pulse, an active low pulse, to the CE at this
state will effect the programming operation. Only one
programming is required, but its width must satisfy the
condition 45ms§tw(ce) < 55ms.

Erase

Erase is effected by exposure to ultraviolet light with a
wavelength of 2537,& at an intensity of approximately
15Ws/cm?.

Mode selection

HANDLING PRECAUTIONS

1. Sunlight and fluorescent light may contain ultraviolet
light sufficient to erase the programmed information.
For any operation in the read mode, the transparent
window should be covered with opaque tape.

2. High voltages are used when programming, and the con-

ditions under which is it performed must be carefully
controlled to prevent the application of excessively
high voltages. Specifically, the voltage applied to Vpp
should be kept below 26V including overshoot. Special
precautions should be taken at the time of power-on.

3. Before erasing, clean the surface of the transparent lid

to remove completely oily impurities or paste, which
may impede irradiation and affect the erasing charac-
teristics.

(Unit: V)
Pin —= N
CE OE/Vpp Vee Qutputs

Mode
Read ViL ViL 5 Output
Deselect ViL~ViH VIH 5 Floating
Power down ViH ViL~VIH 5 Floating

Pulsed
Program VIH to 25 5 Input

Vi
Program verify ViL ViL 5 Output
Program inhibit Vin 25 5 Floating

ELECTRIC
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MITSUBISHI LSIs

- MSL 2732K, K-6

32 768-BIT(4096-WORD BY 8-BIT)
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

ABSOLUTE MAXIMUM RATING

Symbol Parameter Conditions Limits Unit
Vi Input voltage, OE /Vpp input —0.3~26.5 \
— With respect to GND
Vi2 Input voltage, Voo, address, CE, data inputs —0.3~6 v
Topr Operating free air temperature range 0~70 T
Tstg Storage temperature range —65~125 c
READ OPERATION
Recommended Operating Conditions (Ta= 0 ~70°C. unless otherwise noted)
Limits J
Symbol Parameter Unit
Min Nom Max
Veo Supply voltage 4.75 5 5.25 \Y
GND Supply voltage 0 v
ViL Low-level input voltage —0.1 0.8 \
ViH High-level input voltage 2.2 Ve +1 \
Electrical Characteristics (Ta= 0 ~70C, Voo =5V % 5%. uniess otherwise noted. )
Limits
Symbol Parameter Test conditions - Tve Unit
Min (Note 1) Max
et High-leve!l input current. address, CE input V|=5.25V 10 uA
e High-level input current, OE /Vpp input Vi=4.75V 10 uA
loz Off-state output current Vo=5.25V. OE=5V 10 HA
icc Supply current from Ve (standby) CE=Vin, OE=V|L 15 30 mA
lcce Supply current from Ve (operating) OE=CE =Vj_ 85 150 mA
VoL Low-level output voltage loL=23mA 0.45 \
Voun High-level output voltage lon= - 400u A 2.4 \
Switching Characteristics (Ta= 0 —70°c. Voo= 5V + 5 %. unless otherwise noted. )
Limits
Symbol Parameter Test conditions Tvo Unit
Min | (Note 1y | Max

MSL 2732K o 450 ns
taca) Address access time E=CE=ViL tr=20ns

MSL 2732K—6 550 ns

1f=20ns

M5L 2732K . 450 ns
ta(cE) Chip enable access time OE =V ViL=0.8V

MSL 2732K—6 550 ns

ViH=12.2V

M5L 2732K . 100 150 ns
ta(og) Output enable access time CE=ViL Load:

MSL 2732K—6 100pF+1TTL 200 ns
tv(0E) Data valid time after output enable CE = Vi 0 100 ns
tv(CE) Data valid time after chip select OE =ViL 0 100 ns
tv(a) Data valid time after address OE =CE =Vii_ 0 ns

Note 1: at Ta = 25°C and normal supply voltage.

TIMING DIAGRAMS (Read Operation)
When power-Down Mode Not Used

Power-Down Mode

ViH
ViH I \ Ag~Aig X
Ao~ A1y ‘x K ViL
Vie tv(a) T
ViH ta(oE) S CE
OE v viL
1%
ta(a) VoH —————
Vor tv(oE) Do~D7 F\> \<
—_——l
Do~Dy Vou
VoL Note 2: The center line indicates
H a floating {high-impedance)
state
MITSUBISHI
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MITSUBISHI LSis

MSL 2732K, K-6

32 768-BIT(4096-WORD BY 8-BIT)
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

PROGRAM MODE
Recommended Operating Conditions (Ta=25+ 5 . unless otherwise noted. )

Limits
Symbol Parameter Unit
Min Nom Max
Vao Supply voltage 4.75 5 5.25 v
Vpp Supply voltage 24 25 26 \
GNG Supply voltage 0 \
ViL Low-ievel input voltage —-0.1 0.8 \
ViH High-level input voltage 2.2 Voo t 1 v
Electrical Characteristics (Ta=25+ 5. Voc=5V=+ 5%. Vpp=25% 1V, unless otherwise noted. )
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
I High-level input current. address, GE. inputs ViN=5.25V 10 uA
Ipp Supply current from Vep CE = Vi 30 mA
lce Supply current from Vee 150 mA
Timing Requirements (Ta=25+5 C. Voo=5V= 5%. Vep=25= 1V, unlessothenwise noted.)
Limits .
Symbol Parameter Test conditions Unit
Min Typ Max
tsu(a- CE} Address setup time before chip enable 2 “s
1SU(OE- CE) Cutput enable setup time before chip enable 2 733
tsu(po- Ce) Data input setug time before chip enable 2 ”s
th{ce- A) Address hold time after chip enable 2 s
th(ce— 0E) Output enable hold time after chip enable 2 ”s
th{ce- po) Data input hold time after chip enable 2 ”ns
th(vppl_-OEH) Chip enable high hold time after Vpp low 2 S
tw(ce) Chip enable pulse width 45 50 55 ms
Switching Characteristics Ta=25+ 5C. Voc=5V£ 5%, Vep =25% 1V, unless otherwise noted. )
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tv(ce)p,Rr| Datavalid time after chip enable in program mode 0 120 ns

Timing Diagram (for Program and Verify)

ViH 'f
Ap~An ) ADDRESS N XADDRESS N+1
v
- tsu(A-CE) th(ce-aA) |
ViH/ VoH \
Do~D7 D= — =
Vie/ VoL
tv(cE) PR

o Vpp
E/Vpp " tsuog-cey|  thice-po) * ’
ViL * g
tsu(0E-GE) th(CE- OE) th(verL-Cer)
ViH Tw(ce) -
CE
Vi

MITSUBISHI
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MITSUBISHI LSIs

M5L2764K, K-2, K-3

65536-BIT (8192-WORD BY 8-BIT)
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

DESCRIPTION PIN CONFIGURATION (TOP VIEW)
The Mitsubishi M5L2764K is a high-speed 65536-bit
ultraviolet erasable and electrically reprogrammable read
only memory. It is suitable for microprocessor program- (v, 21v)  Ver  [T] hd 28]  vee (5V)
ming applications where rapid turn-around is required. A —[Z] [27]+— PG FROGRAM
The M5L2764K is fabricated by N-channel double poly- Ar —+|3 7§ NG
silicon gate technology and is available in a 28-pin DIL As 4 [25] — As ADDRESS
package with a transparent lid. ADDRESS As 5 %" Ay [ INPUTS
Ay —|6 2 23|+ An
INPUTS
FEATURES Az —[1 E EF OF SIL\IJIELEE INPUT
i izati A, —[B > 21« A ADDRESS INPUT
® 8192 Word x 8-bit Organization 2 —[] z g GE CHIP ENABLE
® Access Time M5L2764K-2 200 ns (Max) A; L ey T
M5L2764K 250 ns (Max) 0¢ [ ]+ 0
__ M5L2764K-3 300 ns (Max) OIS 0y o) 0s bUTs
® Two Line Control OE, CE OUTPUTS | -0 [76] > 04 /OUTPUTS
® Low Power Current {lcc) Active ... .. 150 mA (Max) ov) 6no (] EIH D3
Standby ... 35 mA (Max)
® Single 5V Power Supply NC : NO CONNECTION
® 3-State Output Buffer Outline 28 K10
® Input and Output TTL-Compatible in Read and Pro-
gram Mode
® Standard 28-pin DIL Package
® Single Location Programming with One 50 ms Pulse
® Interchangeable with INTEL 2764
BLOCK DIAGRAM
— 8192 WORDS
! X 8-BITS
X-DECODER ; ROM
ADDRESS !
INPUTS RN
Y-DECODER : Y‘SfRTC'ﬂ?T
I
CHIP ENABLE INPUT  CE (0 o CHIP N T AMillz__,l\lFS(EERS '
OUTPUT ENABLE INPUT  OE @) OUTPUT ENABLE AND OUTPUT
PROGRAM INPUT PGM () o PROGRAMMING ‘
(5V) Vec @ >
(5v, 21v)  Vep (1)
(0V) GND@ - - DEEHBBOD
DoDr Dz DsDa D5 gDy,
DATA INPUTS/OUTPUTS
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MITSUBISHI LSls
MSL2764K, K-2, K-3

65536-BIT (8192-WORD BY 8-BIT)

ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

FUNCTION

Read
Set the CE and OE terminals to the read mode (low
level).

Low level input to CE and OE and address signals to
the address inputs (Ag~A;,) make the data contents of
the designated address location available at the data
input/output (Do ~D-). When the CE or OE signal is high,
data input/output are in a floating state.

When the CE signal is high, the device is in the
standby mode or power-down mode.

Programming

The device enters the programming mode when 21V is
supplied to the Vpp power supply input and CE is at low

MODE SELECTION

PINS | GE OE PGM | Vep Voo Outputs
MODE @ | @ | en | o | e | (1)
Read ViL ViL VIH Voo Voo Data Out
Standoby Viy X X Vee Vee Floating
Program ViL X VIL Vpp Veo Data In
Program Verify | V|_ ViL VIH Vpp Vee Data Out
Program Inhibit | Vy X X Vpp Vee Floating

X can be either V| _or V4

ABSOLUTE MAXIMUM RATINGS*

level. A location is designated by address signals (Ay~
A;,), and the data to be programmed must be applied at
8-bits in parallel to the data inputs (Dp~D7). A program
pulse to the PGM at this state will effect programming.
Only one programming pulse is required, but its width
must satisfy the condition 456 mS < tpw < 55 mS.

Erase

Erase is effected by exposure to ultraviolet light with a
wavelength of 2637A at an intensity of approximately 15
WS/cm?. Sunlight and fluorescent light may contain ultra-
violet light sufficient to erase the programmed informa-
tion. For any operation in the read mode, the transparent
lid should be covered with opaque tape.

Symbol Parameter Conditions Limits uUnit
Vv Input voltage ., all input —0.6~7 \
n P o With respect to GND

Viz Input voltage. Vpp input —0.6—~26.5 \Y

Topr Operating free air temperature range 0~70 °C

Tstg Storage temperature range —65~125 °C
MITSUBISHI
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M5L2764K, K-2, K-3

65536-BIT (8192-WORD BY 8-BIT)
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

READ OPERATION
Ta=0" to 70°C, Vec=5V+£5%, Vep=Vcec

D.C. CHARACTERISTICS

Limits
Symbol Parameter Conditions v — Vox Unit
I Input load current ViN=5.25V 10 uA
Lo Output leakage current Vout=5.25V 10 1A
PP Vpp current read Vpp=5.25V 15 mA
lcct Ve current standby CE=Viy 35 mA
lco2 Ve current active CE=0E=V)_ 150 mA
ViL Low-level input voltage —0.1 0.8 \
ViR High-level input volitage 2.0 Voot 1 \Y
VoL Low-level output voltage loL=2.1mA 0.45 \Y
Vou High-level output voltage lop=—400u A 2.4 v
A.C. CHARACTERISTICS
2764-2 2764 2764-3
Symbol Parameter Conditions i | Max | i ax | Min 1 vax Unit
ta (AD) Address to output delay CE=0E=V,_ 200 250 300 ns
ECE) CE to output delay OE=V,_ 200 250 300 ns
ta (oE) Output enable to output delay CE=V,_ 10 70 10 [ 100 | 10 | 150 ns
tpF Output enable high to output float CTE=V)_ 0 60 0 96 0 130 ns
t oH Output hold from CE or OE CE=0E=V|_ 0 0 0 ns

TIMING DIAGRAM

r p
ADDRESS X ADDRESSES VALID K
. ,
CE \
ta (CE)
OE \ ! Test Conditions for A.C. Characteristics
. toF_, Input Voltage: V= 0.8V, V| =2.2V
ta (OE) t 1 Input Rise and Fall Times: < 20ns
ta (AD) < o Reference Voltage at Timing Measurement:  Inputs 1V and 2V
Outputs 0.8V and 2V
wanz  J////f outeut R HIGH Output Load: 1 TTL gate, C|_ = 100pF
OUTPUT gate, C_ P
(U vace 2
/
CAPACITANCE (Ta=25°C, f= 1 MHz)

Symbot Parameter Conditions Min Typ Max Unit
CIn Input capacitance VinN= 0V 4 6 pF
Cout Output capacitance VouT= 0V 8 12 pF

MITSUBISHI
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MS5L2764K, K-2, K-3

65536-BIT (8192-WORD BY 8-BIT)
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

PROGRAMMING OPERATION

Ta=25+5°C, Voo =5V+5%, Vpp =21£0.5V

D.C. CHARACTERISTICS

Limits i
Symbotl Parameter Conditions Unit
Min Typ Max
I Input current VIN=ViL or ViH 10 “A
VoL Low:-level output voltage (verify) toL.=2.1mA 0.45 \
VoH High-level output voltage (verify) loy=—400xA 2.4 \2
lccz Ve supply current (active) 150 mA
ViL Low-level input voltage —0.1 0.8 v
ViH High-leve! input voltage . 2.0 Vee+1 \
Ipp Vpp supply current CE =V, _=PGM 30 mA
A.C. CHARACTERISTICS
Limits .
Symbol Parameter Conditions Unit
Min Typ Max
tas Address setup time 2 S
toes OE setup time 2 us
tps Data setup time 2 uSs
tAH Address hold time 0 us
toH Data hold time 2 us
tor Chip enable to output delay 0 130 ns
tvs Vpp setup time 2 us
tpw PGM pulse width {programming) 45 50 55 ms
tces CE setup time 2 us
toE Data valid from OF 150 ns
TIMING DIAGRAM
PROGRAM VERIFY
. p
ADDRESS ><
N 7
tas tor
- N HIGH Z c TN
DATA ——< }———{ }___
N 7 2
tos tan
vep A e
CE \
tces .
_ N 4
5GM \ toes
Ne—
trw toE
> 5 L
oF \ /

Test Conditions for AC Characteristics
Input Voltage: V| =0.8V, V iy =2.2V
input Rise and Fall Times: < 20ns
Reference Voltage at Timing Measurement:  Inputs 1V and 2V
Outputs 0.8V and 2V
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MITSUBISHI MICROCOMPUTER

M58840-XXXP,M5884 1-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

DESCRIPTION

The M58840-XXXP and M58841-XXXSP are single chip
4-bit microcomputers developed using p-channel aluminum
gate ED-MOS technology and are housed in 42-pin plastic
DIL packages. These single-chip microcomputers feature a
built-in 8-bit A-D converter.

Differences between the M58840-XXXP and M58841-
XXXSP.

M58840 - XXXP Pin 5 is used as both the Vrgf input and RESET input

The Vger input pin and RESET input pin are separate,
M58841-XXXSP| with pin 20 being used as the RESET input.
Therefore, port K is a 14-bit port.

Except for the above differences, unless otherwise noted,
the M58840-XXXP is the same as the M58841-XXXSP.
FEATURES
® Basic machine instructions ............. ... ... 68
® Basic instruction execution

time (1-word instruction at a

clock frequency of 600kHz) ................ 10us
® Memory capacity: ROM ...... .. 2048 words x 9 bits
RAM ...... . ... 128 words x 4 bits

PIN CONFIGURATION (TOP VIEW)

Dg 42| > D
INPUT/OUTPUT | L] !
PORTD | ~° <> Ds
Do+ 48] > Ds
7 3
TIMING OUTCPEUTV 7 F %“ 84 INPUT/OUTPUT
REFEREN REF — 38| > D3
VOLTAGE PoRT®

INPUT K13 — [6] 37> D2

Kg — [36] «» D1
Ks —[8] 2 [35)++ Do
Ky — [9] § 38— Xin  CLOCK INPUT
Ko — > 33— XouT CLOCK OUTPUT
anaLog/ | K4 — o x 32 «» S7
DEGITAL INPUT | Kg —» X 31> S3
PORTK | i, — [ o 3> Se
v

[23) > S2| wpuT/OUTPUT

Kz — [28)«» s5| PORTS
K7 —[i6] :23«» S

Kz — EH S

Ke —[18] E«» So

Ko —[19] 24 Voo  (—15V)

23]« CNVss (0V)

zz|‘; INT INTERRUPT
REQUEST

INPUT

(0v) Vss

Outline 42P4B (M58841-XXXSP)
42P1 (M58840-XXXP)

® Single —15V power supply
® Built-in A/D converter (14 or 15 analog inputs) Note 1. Pin 20 is the port K Ky 4 pin for the M58840-XXXP.
® 2 built-in data pointers
® Analog/digital input {port K): ® Built-in decoder PLA for port S output (mask option)
MB8B40-XXXP ...ttt . 15inputs ® On-chip clock generator
M58841-XXXSP .......... vevv......14inputs APPLICATIONS
® |nput/output port (portsDandS) .......... 19 lines ® Microwave ovens, air conditioners, heaters, washing
® Direct drive for large fluorescent display tubes is possible machines, home sewing machines
® Interrupt function .. ............ .. 1 factor 1 level ® Office equipment, copying machines, medical equipment
BLOCK DIAGRAM (M58841-XXXSP)
RESET TIMING  INTERRUPT CLOCK INPUT
INPUT OUTPUT REQUESTINPUT (OV)  (-15v)  (0V) CLOCK OUTPUT
RESET Ta INT ONvss Voo Vss XiN Xout
Y T T
INTE CLOCK RAM STACK REGISTERS SK2(11) ROM
() GENERATOR 128 WORDS X 4 BITS STACK REGISTERS SK1(11)| | 2048 WORDS X 9 BITS
STACK REGISTERS SKo(11)
REGISTER B (4) ¢ Ti~Ts ADDRESS DATA ” ADDRESS DATA
DATA }1 4 n 4
oY CARRY  SELECTOR f- POI%ITER Dp PROGRAM ’
48T [cv(i)] (;Ps T4 «—  COUNTERPC —
ARTHMETIC carRY  [REGISTERA (4 ] T l o [Pon@ T _PCin ) [contRoccireyT)
S OUTPUT PLA ERDP
(16 INPUTS X 8 2 . 4 4 7 CONTROL SIGNAL
3 OUTPUTS) !
3
44
msmm ‘ L "
4
MULTIPLEXER
s EP HE)[REGISTER LAY | MULTIPLEXER |
LPORTS (4 [ PORTS 4 ] (Il REGISTER J (15) ] 8 L1t
D-A CONVERTER ]
— PORT D (11) ]
EE— 32-30~28-20-61-€9-C1-2> @'@ (6 -——- DD 2-2D-60-39-08-37-36-33:
\87 S6S554 5352515 \K 3K, K|K10K9K5K7K5K5K4K3K Ko, VReF D1gDg Dg D7 Dg Ds Da D3 D2D1 Do
INPUT/OUTPUT PORT S ANALOG/DEGITAL INPLT PORT K REFERENCE VOLTAGE INPUT  INPUT/OUTPUT PORT D
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MITSUBISHI MICROCOMPUTER

M58840-XXXP,M58841-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

PERFORMANCE SPECIFICATIONS

Parameter
Basic machine instructions ‘ 68 ' ' 68
Instruction execution time {1-word instruction) 10us 10us
Clock frequency 300 ~600kHz 300 ~600kHz
ROM 2048 words x 9 bits 2048 words x 9 bits
Memory capacity T
RAM 128 words x 4 bits 128 words x 4 bits
K | Input bitx 15 itx 14
- Qutput 8 bits x 1 8 bits x 1
1/0 port Z | input 4bits x 2 4bits x 2
Output 1bitx 11 1 bit x 11
D Sense input 1 bit x 11 1bitx 11
A/D conversion circuit Built-in {accuracy * 2LSB) Built-in faccuracy*2LSB)
RESET input
Subroutine nesting 3 levels (including one level of interrupt) 3 levels (including one level of interrupt)
Clock generator Built-in {externally connected RC circuit or ceramic resonator) Built-in (externally connected RC circuit or ceramic resonator)
{/O withstanding voltage| —33V —33v
1/O characteristics Port S output current “8mA 8 mA
of ports
Port D output current —15mA —15mA
Supply voltage Voo —15V (typ) — 15V (typ)
Vss ov oV
Device structure p-channel aluminum gate ED-MOS P-channel aluminum gate ED-MOS
Package .
Power dissipation (exluding ports) 400mW (typ) 400mW (typ)

PIN DESCRIPTION

. tnput or ;
Pin Narne output Function
Voo ’ .
Power supplies In Vpp and Vgg are applied as —15V+10% and OV respectively
Vss
Ko | K n The input port K consists of 14 (15 for the M58840-XXXP) independent analog input pins. They can be programmed to receive
K‘13 nput port digital quantities as well.
So The 1/0 port S can be used as either an 8-bit output port or a pair of 4-bit input ports. Since it has open drain circuits, it is
§ Input/output port S| In/out suitable for directly driving segments of a farge fluorescent display tube. When the output port S is programmed to a low level,
S7 it remains in the floating state (high-impedance) so that it can be used as an input port.
Do . . .
e port D outputs are programmed to
{ {nput/output port D|  Infout The 1/0 port D is composed c-)f 1.1 bits that .can be useq as }ndependen( 1/0 bI(S., When. the por D utputs are prog
Dig a low level, the output remains in the floating state (high-impedance) and the input signal level is sensed.
A clock generator is built into the device so that the clock frequency is determined by connecting an external RC circuit or
XiN Clock input In ceramic resonator between pins X and Xgyt. When an external clock source is used, it should be connected to the Xy
pin, leaving the XgyT pin open.
This pin is the output of the built-in clock generator circuit. The oscillation frequency is controlled by connecting an RC circuit
Xout Clock output Out ) o .
N or ceramic resonator element between this pin and the Xy pin.
fnterrupt request R . . .
INT input prreq In This pin is used to input the interrupt request signal. The level of the interrupt signal can be programmed as either high or low.
T-,', Timing output Out This is the basic timing output. it is used for testing and should be connected to Vgg (0V).
VRe F l;inﬂggence voltage In Thisisthe input for the reference voltage applied to the D-A converter. For the M58840-X XXP it servesas the RESET input pin as well.
CNVgg | CNVgg input In This input is connected 1o Vgg and must have a high-level input applied to it {(OV).
RESET | Resetinput In This is the reset input pin for the M58841-XXXSP. The reset state is enabled when it is kept high for at least two machine cycles.

MITSUBISHI
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MITSUBISHI MICROCOMPUTER

M58840-XXXP,M58841-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

BASIC FUNCTION BLOCKS

Program Memory (ROM)

This 2048-word x 9-bit mask programmable ROM can be
programmed with machine instruction codes in accordance
with the customer’s specifications. It consists of 16 pages,
each containing an address range of 0 ~ 127, Fig. 1 shows
the address map of this ROM.

Program Counter (PC)

This counter is used to specify ROM addresses and the
sequence of read-out of instructions stored in ROM. The
program counter (PC) is an 11-bit counter, the upper order
4 bits of each (PCy) indicate the ROM page, and the lower
order 7 bits (PC_) of which are a pure binary address
designation. Each time an instruction is executed, PC, is
incremented by one step. For branching, subroutine call
instructions and return instructions, its value is set to the
designated address.

When the 127th address is reached for every page, the
address value returns to the first address of that page.
Therefore, for moving from one page to another page, the
page byte itself must be modified. This is done using the BL
and BLA instructions.

Page 14 and page 15 are special pages used for
subroutine calls. The page 14 subroutine can be called with
a one word instruction from any arbitrary page. This
instruction is either BM or BMA. When either BM or BMA
is executed, subsequent BM or BMA instructions are
equivalent to B and BA on page 14. Also, B or BA is
equivalent to B or BA on page 15. This condition is
cancelled when the RT, RTS, BL, BML, BLA or BMLA
instruction is executed. Table 3 shows the instruction codes
and corresponding states.

Stack Registers {SKg, SK;, SK;)

These registers are used to temporarily store the contents of
the PC while executing subroutines or interrupt programs
until the program returns to its main routine. The SK
registers are organized in three words of 11 bits each,
enabling up to three levels of subroutine nesting. If one
level is used for an interrupt routine, the remaining two
levels can be used for subroutine calls.

Data Memory (RAM)
This 512-bit {128 words x 4 bits) RAM is used to store
both processing and control data. One RAM word consists
of 4 bits with bit manipulation possible over the entire
storage area. The 128 words are arranged as 2 file groups x
4 files x 16 digits x 4 bits. Fig. 2 shows the RAM address
map.

The RAM address specification is made by the combina-
tion of data pointer DP (register Z, register X and register

Y.) Thus, the selector CPS and data pointer DP must be set.
However, as long as the address is not changed this is not
necessary.

Data Pointers (DP, DP’)

These registers are used to designate RAM address, and bit
positions for the 1/O port D and register J. Each data
pointer is composed of a 7-bit register. Register Z (the most
significant bit of DP) designates the RAM file group;
register X {the central 2 bits) designates a RAM file; and
register Y (the least significant 4 bits) designates the digit
position of the RAM file. At the same time, register Y
designates bit positions of the I/0 port D and register J.

4-bit Arithmetic Logic Unit (ALU)

This unit executes 4-bit arithmetic and logical operations
by means of a 4-bit adder and related logic circuitry. The
arithmetic logic unit performs subtraction, addition, logical
comparisons, arithmetic comparisons, and bit manipulation.

Register A and Carry flag (CY)

Register A is a 4-bit accumulator that constitutes the basis
for arithmetic operations. Data processing operations such
as arithmetic and logical operations, data transfer, ex-
change, conversion and data input/output are executed by
means of this register. Overflow of register A is stored in
the carry flag's CY or CY' after execution of arithmetic or
logical operations. The carry flags can also be used as 1-bit
flags. Carry flags and data pointer DP selection is done by
means of the selector CPS.

PCy Page designation
PGCL 0 1 15
Bit designation}8{7(6(5|4]3[2[1]0|8|7|6{5]4|3|2{t[o|8]|7]--|2|1]0|8| 7{6|5|a|3[2|1}0
0
1
2

126

e
T

Address designation

Fig. 1 ROM Address map

File I Register Z 0 1
desig-
nation [ Register X 0 1 2 3 o |1 3
File name Fo = F Fa Fe |1 F,
Bit designation 312|1{0]3|2;1{o[3[2[1{o[3[2[t1|0}3]2|1{0|--|3|2|1|0
§ 0
-
ge 2
°.2 H
=N e |
<C 15 [

Fig. 2 RAM Address map
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M58840-XXXP,M58841-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

Registers B and E

Register B is composed of 4 bits and can be used as a 4-bit
temporary storage register or for 8-bit data transfer in
conjunction with register A. Register E is composed of 8
bits and is used not only as an 8-bit temporary storage
register, but also as a temporary storage register for 1/0
port S.

A/D Conversion Circuit

The following A/D conversion functions are controlled by
software as described below. Fig. 3 shows the block
diagram.

(1) Comparators

These comparators are implemented entirely with
PMOS devices and use a chopper-type amplification
method. They are capable of determining the differ-
ence of the D/A converter output Vref and the port
K input signals Vi (y) (where Y=0~13).

Register J

Register J is composed of 14 1-bit registers, each repre-
senting the comparison result from the comparators.
All register bits are set simultaneously. The value of the
register J with respect to the comparison results is as

(2

follows.

1when |[Vyee| > [Viceyy|

Owhen |V, o] < Vv
In this relationship{Y) represents the bit position in
register J which is designated by register Y. The
comparison results can be checked for each bit using
the SZJ instruction.
Registers H and L
These two 4-bit registers are capable of transferring and

(3)

exchanging data to and from register A. The 8-bit
digital data for the D-A converter is transferred from
these registers, the higher order 4 bits from H and
lower order 4 bits from L.

Register C

This 3-bit register is used as a counter to designate bit
positions in the H and L registers.

D/A Converter

The D/A converter converts the digital values stored in
the registers H and L, referencing with the external
reference voltage Vger applied at the pin Vgge , to
the analog value of the internal reference voltage Vref.
The theoretical value of the internal reference voltage
Ves is defined as follows.

(4)

(5)

— 0.5
Viet = szse*x Virer
where n=1,2, .......... 255
Vi ef=0 where n=0

In the above relationships n is the value weighted
accorded to the contents of registers H and L.

A/D Conversion Algorithms

A/D conversion is controlled by the programming of the
previously described functional blocks. Thus, by modifying
the program either the successive approximation method or
the sequential comparison method may be selected. In
addition, a digital input of high or low level may be used to
select the method, eliminating software selection of the
A/D conversion technique.

(1) Successive Approximation Method

In this method, a constant conversion speed is main-
tained regardless of the amplitude of the analog signal.
The A/D conversion process requires 0.6ms (at 600kHz
clock frequency). 12 program words are required.
Sequential Comparison Method

In this method the conversion speed varies in accord-
ance with the rate of change of the analog quantity.
When the rate of change is slow, the conversion rate

(2)

increases. 30 program words are required.

REGISTER A

4

2
[ MUTPLEXER | 4 gy INSTRUCTION LC7
Tt 1T DESIGNATION {3

I E— 1] [H(a) T C(&) J——T]Recisterc]
T
bl li]]
--- V7| DACONVERTER |—
KizKiz K1 Ko l

VREF
EXTERNAL REFERENCE
VOLTAGE INPUT

ANALOG INPUTS

Fig. 3 A/D Conversion circuit block diagram

Interrupt Function
The flag INTE is a 1-bit flip-flop used to control interrupt
operation. When an interrupt request signal is applied to the
pin INT while the interrupt is enabled, the INTE flag is
reset to disable further interrupts, after which the program
jumps from the main program to address O of page 12. When
an interrupt program is used, one level of the three-level
stack register is required, the remaining two levels being
used for subroutines. After the interrupt program is started,
the data pointer DP, register A, carry flag CY, and registers
used by the interrupt program must be saved and these
must be restored before returning to the main program. The
returning may be done by the execution of RTI instruction.
When an interrupt occurs, the microcomputer internal
states are as follows.
(1) Program Counter
The current address in the main program is stored in a
stack register and the program counter is set to page
12, address 0.

MITSUBISHI
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(2) Interrupt Flag INTE
The flag INTE is reset to disable further interrupts.
This disabled state will continue even after the program
has returned from the interrupt routine to the main
program by the execution of the RTI instruction. El is
executed and when the input level of the INT input
changes, this state is disabled. Thus, when the INTH
instruction is executed the interrupt state is enabled
when the INT input goes high. As long as it remains in
the high state, further interrupts are prohibited. If the
INT input should change to a low level and return to
high, the next interrupt will be accepted.

(3) Skip Flags
Skip flags are provided for skip instructions and
consecutively described instructions and these skip
flags discriminate the skip and non skip conditions.
Each flag has its own stack within which the skip state
is saved.
As a mask option, the interrupt pin may be provided
with Schmitt input circuits.

Input/Output Pins

(1) Input port K
The input port K consists of 14 pins (15 pins for the
M58840-XXXP). The voltage level input at these pins is
compared with the D-A converter output voltage Vref
by a comparator and the results stored in register J. As
a mask option, it is possible to build into the input
port K load resistors. These are implemented using an
enhancement-type (M58840-XXXP) or depletion-type
(M58841-XXXSP) MOS transistors. In addition, to
enable the use of capacitive touch-type keys, it is
possible to provide these inputs with the required
discharge transistors.

(2) Input/Output Port S
The input/output port S consists of 8 bits, each bit
with an output latch. These latches are used to store
data transferred by means of a PLA from register A, or
data transferred from register A or register B directly. 4
bits at a time of the 8 input bits of port S may be
transferred to register A.
Because port S outputs are provided with a built-in
PLA, it is possible to output any arbitrarily settable
8-bit code from 4 input bits specified by register A.
These PLA output codes can be specified arbitrarily as
a masked option.

(3) Input/Output Port D
The input/output port D consists of 11 bits. Each bit
can be individually designated as either input or output
and is provided with its own latch. The contents of the
data pointer register Y can be used to designate a single
bit of port D for output or sensing.

When port S or port D is used as an input port, the
output should first be cleared to the low state.

Reset Function

For the M58840-XXXP, when a power source satisfying the

conditions shown in Fig. 4 is applied, an internal power-on

reset function operates to reset the microcomputer. Cancel-
ling of the reset state also is performed automatically, the

program being started at page 0, address 0.

If the power-on reset function does not operate properly
because of the trailing edge characteristics of the power
supply, reset can be enabled by inputting a high level at the
Vgeg pin. Setting this Vggg pin to low starts the program
at page O, address 0.

For the M58841-XXXSP, if the RESET input is kept
high for at least two machine cycles, the reset state is
enabled. Because the M58841-XXXSP is provided with an
internal charging transistor it requires only an external
diode and capacitor as shown in Fig. 5.

For this configuration, when the supply voltage falls
below —13.5V, the circuit design should ensure that the
RESET input is above —4V.

When the reset state is enabled, the following operations
are performed.

(1) The program counter is set to page 0, address O

(PC) <0

{2) The interrupt mode is in the interrupt disabled state

(INTE) <0

This is the same state as when the instruction DI is

executed.

(3) By setting the interrupt request signal INT to high, the
interrupt enabled state is entered. This is the same state
as when the instruction INTH is executed.

(4) All outputs of port S are cleared to low (S) < 0

(5) All outputs of port D are cleared to low (D) <0

(6) The carry and data pointer selector CPS is cleared to

low to designate DP and CY (CPS) <0
POWER APPLIED 10ms max
ov
Voo
— 15V N
L
ov RESET
VREF
7y 50ms min
"10ms MAX

Fig.4 M58840-XXXP Power on reset

POWER APPLIED
M58841 OWE
“XXXSP ov
RESET Voo Vop —13.5V
20 24
oV —4Vv
I

Fig.5 M58841-XXXSP Power on reset
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M58840-XXXP,M58841-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

Clock Generator Circuit

A clock generator circuit has been built-in to the
M58840-XXXP and M58841-XXXSP, allowing control of
the frequency by means of an externally connected RC
circuit or ceramic resonator. In addition, an external clock
signal may be applied at the X,y pin, leaving the Xoyt Pin
open. Circuit examples are shown in Fig. 6 to Fig. 8.

Note 1. Since when using an RC circuit
450KkH2 to determine frequency the fre-
quency will vary in accordance
with the device characteristics,
the constants should be chosen
so that the frequency falis within
a specified limit even including
the effect of these variations.

XN XouT

34 18k |33

;;47DF

Fig. 6 External RC circuit

Note 2. Constants should be chosen

455 kHz 455 kHz
N 58840 V58841 to provide a clock duty cycle
XXXP XXXSP in the range 50~60%. The
duty cycle can be measured
XIN_ Xout Xin o X :
out at the T4 pin. Note that the

required constants will aiso
vary with the frequency and
type of ceramic resonator
used.

34 Ulfz 34‘{_”:” 33
1. 33pF Cin

82’);;;»52%2; CouT

;;120pF ;12001-‘

Fig. 7 Externally connected ceramic resonator

Xin  Xout ov
34T 33[ 15V LJ

EXTERNAL OSCILLATOR CIRCUIT

Fig. 8 External clock input circuit
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M58840-XXXP,M5884 1-XXXSP
SINGLE-CHIP 4-BIT MICROCOMPUTER

WITH 8-BIT A/D CONVERTER

MACHINE INSTRUCTIONS

5.8
1|'\ype o# Instruction code I T 3 ‘ 5
instruc- mgi}c 16 mal 8 'C_:‘ Functions Consc:(ilt‘ijons 2 Description of operation
ion Ds D1DeDsDa D3D201Do notation ‘3' é’ o
LXYxy |0 11xx yyyy | O0Cy 1|1 (X)—x, where, x=0~3 Written X | Loads value of “x”* into register X, and of “y"' into Y. When LXY
x (Y)ey, where, y=0~15 successivety is written successively, the first is executed and successive ones
§ are skipped
S (LZz 2z 0 0100 101z |0 4£ 1] 1 [(2)—z, where, z=0.1 X Loads value of "'z into register Z.
=
o z
; INY 0 0000 00100 02 |1 |1 [(Y)—(Y)+1 (Y)=o0 X | Increments contents of register Y by 1, Skips next instruction
< when new contents of register Y are 0",
T | pevy 0 0000 0011 |0 03 |1 |1 [(Y)—(Y)-1 (Y)=15 X Decrements contents of register Y by 1. Skips next instruction
when new contents of register Y are 15",

LCPS i [0 0100 000i |0 4i |1 |1 |(CPS)—i, where, i=0,1 - X DP and CY are active when i=0, DP’ and CY’, when i=1.

TAB 0 0001 1110|0 1E |1 |1 [(A)(B) - X | Transfers contents of register B to register A.

TBA 0 0001 1100 |0 1C |11 (B)(A) - X | Transfers contents of register A to register B.

» | TAY 0 0001 1101 |0 1D |1 |1 |(A)(Y) X Transfers contents of register Y to register A.

& |TYA 0 0000 11000 0C| 1|1 [(Y)-(A) - X | Transfers contents of register A to register Y,

§ TLA 0 0001 1001 {0 19| 1 |1 [(L)(A) — X Transfers contents of register A to register L.

= | THA 0 0101 1001 |0 59| 1|1 [(H)«(A) - X | Transfers contents of register A to register H.

& | TEAB 0 0001 10100 1A |1 |1} (Er~Ea)—(B), (Ea~Eo0)—(A) - X Transfers contents of registers A and B to register E.

% TEPA 0 0001 0110 (0 161 |1 |(Ei~Eo)—through PLA<(A) - X | Decodes contents of register A in the PLA and transfers result
= to register E.

‘2‘ TAJ 0 0000 1101 (0 0D |1 |1 | (A)—(JaJz2JiJo) when, (YiYo)=0 — X Transfers designated contents of register J to register A,
2 (A)—(JrJeJsJa)  when, (Y1Yo)=1

2 (A)«-(J11J10d9Js) when, (Y1Yo)=2

o (A)«(0 haluadiz) when, (Y1Yo)=3

XAL 0 0001 1000(0 18| 1 |1 |(A)—(L) - X Exchanges contents of register A with contents of register L.

XAH 0 0101 1000 (|0 58| 1 1| (A)=(H) - X Exchanges contents of register A with contents of register H.

TAM j 0 0110 01 |0 641 |1 |(A)=(M(DP)) - X | Transfers the RAM contents addressed by the active DP to

+ (X)(X) % |, where, |=0~3 register A. Register X is then "exclusive OR-ed” with the value
g ) j in the instruction, and the result stored in register X.
2 xam i 0 0110 00jj [(06; {1 (1|(A)(M(DP)) - x | Exchanges the contents of the RAM and register A.  Contents
£ (X)=(X) ¥, where, j=0~3 of X are then “‘exclusive OR-ed"’ with the value j, and the result
) stored in register X
s XAMDj [0 0110 10jj (068 |1 |1 |(A)~(MDP)), (Y)-(Y)-1 (Y)=15 X Exchanges. the contents of the RAM and register A. Contents of
E + (X)e=(X ) h =0~3 X are then “exclusive OR-ed” with the value i in the instruction,
El i ). where, | and the result stored in regicter X. The contents of register Y
8 are decremented bv 1. and when the result is 15, the next instruc
° tion is skipped.
<§( XAMLj [0 0110 11jj |0 6C |1 [1](A=(MOP)). (Y)—(Y)H+1 (Y)=masked | x | Exchanges the contents of the RAM and register A.Contents of
o + (X)e—(X)¥) where, |=0~3 skip X are then “exclusive OR-ed" with the value j in the instruction
1 condition and result stored in register X. The contents of register Y are
incremented by 1, and when the resuit meets with the marked
skip condition the next instruction is skipped

LA n 0 1011 nnnn |0 Bn 1|1 |(A)en, where, n=0-15 Written X | Loads the value n into register A. When LA is written conseu-

successively tively the first is executed, and successive ones are skipped.

AM 0 0000 1010 |0 OA [ 1 |1 [(A)~(A)+(M(DP)) - X Adds the contents of the RAM to register A. The result is re-

é’ tained in register A, and the -contents of flag CY are unaffected.

s Adds the RAM contents addressed by the active DP and contents

% Amc 0 0000 111010 0F 1|1 Eéz,')v(,A)Jf(M(Dp)) +ev) - 071 of flag CY to register A.The result is stored in register A and the

= carry M h

o carry in the active flag CY.

é AMCS |0 0000 111 1[0 0F |1 |1 |(A)—(a)+(M(DP)) +(CY) (CY)=1 0/1| Adds the contents of the RAM and flag CY to register A. The

E (CY )« carry result is stored in register A and the carry in the CY, but the

£ next instruction is skipped when a carry is produced.

g |An 0 1010 nnnn [0 An |1 | 1| (A)«(A)+n, where, n=0~15 Acarry =0 x | Adds value n in the instruction to register A. The contents of
but nx6 flag CY are unaffected and their next instruction is skipped if a

carry is not produced, except when n=6.

sc 0 0100 1001 (0 49 |1 |1 |(CY)—1 — 1 Sets active flag CY

RC 0 0100 1000 |0 48 |1 |1 [(CY)e0 - 0 | Resets active flag CY

szc 0 0010 111110 2F |1 11 _ (cY)=o0 X | Skips next instruction when contents of the active flag CY are 0.

CMA 0 1000 11110 8F |1 |1 ]|(A)—(A) - X Stores complement of register A in register A.

» [SB j 0 0100 11jj |0 ac| 1|1 [(M(DP))—1 where, |=0~3 - X | Set the jth bit of the RAM addressed by the active DP {the bit

& T designated by the value j in the instruction).

§ RB j 0 0101 11jj |0 s5C|1|1]|(Mj(DP))—0, where, j=0~3 X | Resets the jth bit of the RAM addressed by the active DP (the

IS J,' bit designated by the value  in the instruction)

O |sze j [0 0010 00jj |0 2j[1]1 (Mj(DP)) | X | Skips next instruction when the contents of the jth bit of the

& = RAM addressed by the active DP (the bit which is designated by
where, j = 0~3 the value y in the instruction) are 0.

$ | SEAM 0 0010 01100 26 |1 1 (M(DP))= X | Skips next instruction when contents of register A are equal to

3 (A) the RAM contents addressed by the active DP.

E |SEY v 0 0011 yyyy [0 3y| 1|1 (Y) =y where, Skips next instruction when the contents of register Y are equal

o y=0~15 to the value j in the instruction.

Lc? 0 0101 0111 (0 57{1]|1](C)—7 X | Loads 7 to register C. . R .

DEC 0 0000 1001/0 09| 1| 1][(C)—(CI—1 (C)=7 x | Decrements contents of register C by 1, when result is 7, skips

SHL |0 0100 00100 42| 1|1 |(H(or cop)et when, (Go)=1 - x | S8 RSB P Tegister L or H desi by register C. The box

2 (L(cr coy)1 when, (G2)=0 instruction shows the relationship] (C) [7 16 |5 |4 |3 [2 |1 |0

R4 be tweenregister C and bit poswtlon,)B—'mimmeE‘U'ﬁ‘E

S |RHL 0 0101 00100 52|11 |(Her co))—0 when, (C2)=1 - X | Resets the bit in register L or H that is designated by register C.

g (Ltc1 co)—0 when, (C2)=0 Reads all analog values from input port K for comparison with

B CPA 0 0000 10000 081 |1 | (Jcir)1 when (Vref!>IVk()] X | D-A converter output Vier, and either sets the respective bit of

£ 2)1 (Ji))—0 when, [Vref 1< V(! register J to the next instruction cycle, whenever Vet < V(i)

g i=0~-14 is true, or resets it,whenever Ve < V(i) is true.

S N Reads and stores temporarily all anaiog values from the input

o CPAs © 0101 0001 0 51111 Ej“’;:& me:, x"ef " > Vi ’1 - X port K, which are the unaff:cted by cﬁanges in port K inpSts.

< i:(O‘LM en, |Vref h<"IVk(i)! These values are compared with the D-A converter output Vyef
calculated from contents of registers H and L and respective bits
of register J are set/reset.

CPAE 0 0101 00000 50 1| 1 | Execution of the instruction CPAS is x | Terminates execution of instruction CPAS. Contents of register
over, and no more changes will made J remain unatfected, maintaining the value immediately before
in Uk termination, and input port K is again ready to receive inputs.

szJ 0 0010 100t |0 291 |1 Jevy)=0 x | Skips next instruction when the bit in register J, designated by

(Y)=15 register Y, is 0. The next instruction is unconditionally skipped

when the contents of register Y are 15.
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MITSUBISHI MICROCOMPUTER

MS8840-XXXP,M58841-XXXSP
SINGLE-CHIP 4-BIT MICROCOMPUTER

WITH 8-BIT A/D CONVERTER

o
2
c @
g 8
K T - ST
Type of M Instruction code S|3 Ski (>;
; ne- S|y ; ip .
instruc- N a|® Functions . o .Description of operation
monic 16mal | .S . conditions o
on o . =
Ds D706Ds04 D3D2D106 notation 312 @
B xy T 1xxx yyyy|1 8y |1 1 | (PCL)—16x+y - X Jumps to address xy of the current page.

t (PCr)«-15, (PCL)«-16x+y Jumps to address xy on page 15 when executed, provided that
none of instructions RT, RTS, BL, BML or BMLA was executed
after execution of instruction BM or BMA.

BL pxy| 0 0111 pppp |0 7p | 2| 2 | (PCH)+«p - X Jumps to address xy of page p.
1 xx yyyy|1 8y (PCL)—16x+y
@ +
g x
3 [BA xX[ 0 0000 0001{0 01| 22| (PCL)16x+(A) - X | Jumps to address x(A) of the current page.
1 1xxx XXXX[1 8X {PCH)«-15, (PCL)«16x+(A) Jumps 1o the address x(A) of page 15 provided that none of

: instructions. RT, RTS, BL, BML, BLA or BMLA was executed

after execution of instruction BM or BMA,
BLA pxX{ 0 0000 0001|0 01| 3| 3| (PGH)«p - X Jumps to the address x(A) of page'p.
0 01t1 pppp |0 7p (PCL)« -16x+(A)
11 x XXXX[1 8x
+
x
BM xy |1 Oxxx yyyy!l1 xy| 1| 1]|(SK2)«(SK1)-(SKO)+-(PC) - X | Calls for the subreutine starting at address xX on page 14.
(PG)«-14, (PCL)«16x+y
(PCH)<« 14, (PCL)*-16x+y Jumps to address xy of page 14 provided that none of instruc-
tions RT, RTS, BL, BML, BLA or BMLA was executed after the
© execution of instructions BM or BMA.
Bl
S |BMLpPxy 0 0111 pppp |0 7p| 2| 2| (SK2)—(SK1)—(SKO0)«(PC) - X Calls for the subroutine starting at address xx of page P.
£ 1 Oxxx yyyy!l1l xy (PCH)+~p, (PCL)«-16x+y
3 |BMA xX| 0 0000 0001 /0 01/ 2 21 (SK2)—(SK1)«-(SK0)-—(PC) - X | Calls for the subroutine starting at address x(A) of page 14.
5 1T Oxxx XXXX|1 xX (PCw)=14, (PCL)+16x+(A)
w
(PCH)«-14, (PCL)«16x+(A) Jumps to address x (A} of page 14 provided that none of instruc-
tions RT, RTS, BL, BML, BLA or BMLA was executed after the
execution of instructions BM or BMA.
BMLA Calls for the subroutine starting at address x{A) of page p.
PxX| 0 0000 00010 01| 3| 3| (SK2)—(SK1)—(SK0)«-(PC) - X
0O 0111 ppppP! O 7p (PCR)«-p, (PCL)«16x+(A)
1T Oxxx XXXX |1 XX
RTI 0 0100 01100 46| 1| 1| (PC)<(SKO)«(SK1}«-(SK2) - X Returns from interrupt routine to main routin. |he internal tlip-
£, Resets interrupt flip-flop flops is restore:
g; RT 0 0100 01000 44| 1| 1] (PC)—(SKO)«(SKI1)~(SK2) — X Returns to the main routine from the subroutine.
o= n n n ry n
a ©|RTS 0 0100 0101|0 45| 1| 2| (PC)—(SK0)«-(SK1)—(SK2) Uncondi- X Retums to the main routine from the subroutine, and uncondi-
tional skip tionally skips the next instruction.
sb 0 0001 0101|0 15| 1| 1] (D(Y))<-1, where, (Z)=1,0=(Y)=<10 - x | Sets the bit of port D that is designated by register Y, when the
contents of register Z are 1.
RD 0 0001 0100[0 14} 1| 1 [(D(Y))0, where, (Z)=1,0=(Y)=10 - X Resets the bit of port D that is designated by register Y, when the
contents of register Z are 1.
-~ | szo 0 0010 101110 2B 111 where, (Z)=1,0=(Y)<10 (D(Y))=0 X Skips the next instruction if the contents of the bit of port D that
§ is designated by register Y are 0 and the contents of register Z are
2 1.
§ OSAB 0 0001 1011 |0 1 11 (S7~Sa)(B), (S3~S0)«(A) X Qutputs contents of register A and B to port S,
§ OSPA 0 0001 0111(0 11 11 (S7~Se)«- through PLA—(A) X | Decodes contents of register A by PLA and the result is output
< to port.
OSE 0 0000 101110 0B | 1|1} (sS)(E) X | Outputs contents of register E to port S.
1AS i 0 01010100 54|11 ]|i=0:(A)-(S7~Sa) X | Transfers from port S to register A. The high-order four bits of
+ i=1:(A)—(S3~S0) port S are transferred when the value of i in the instruction is
i 0 or the low-order four bits are transferred when the value of i is 1.
CcLD 0 0001 00110 13| 1] 1 (D)0 X | Clears port D.
cLs 0 0001 0000|010 1| 1](S)—0 X | ClearsportS.
CLDS 0 0001 0001{0 11| 1| 11(D)0, (S)—0 X | Clears ports S and D.
El 0 0000 0101 {0 05| 1| 1| (NTE)—1 X Sets interrupt flag INTE to enable interrupts.
2 | D 0 0000 0100|0 04| 1| 1 |(INTE)«0Q X Resets interrupt flag INTE to disable interrupts.
Q
2
g INTH 0 0000 01100 06| 1| 1|(NTP)<1 X | Sets interrupt polarity flag INTP to enable interrupts when the
c interrupt request signal is turned high.
INTL 0 0000 0111|007 | 1|1 (INTP) O X Resets interrupt polarity flag INTP to enable interrupts when the
interrupt request signal is turned low.
Misc | NOP 0 0000 00000 0O | 1| 1t [(PC)—(PC)+1 X No operation
Symbol Contents Symbol Contenits Symbol Contents
A 4-bit register (aacumulator) SKo 11-bit stack register INTE interrupt enable flag
B 4-bit register SK1 11-bit stack register INTP Interrupt polarity flag
c 3-bit register SK2 11-bit stack register INT Interrupt request signal.
E 8-bit register (2% 1-bit carry flag o Shows direction of data flow.
H 4-bit register xx 2-bit binary variable ) indicates contents of the register, memory, etc.
J 15-bit register yyyy 4-bit binary variable v Exclusive OR.
L 4-bit register z 1-bit binary variable — Negation.
X 2-bi_( reg[ster nnnn 4'b!T b] nary constant X Indicates flag is unaffected by instruction execution,
¥ 4-bit register i 1-bit binary constant xy Label used to indicate the address xxyyyy.
z 1-bit register ii 2-bit binary constant pxy Label used to indicate the address xxyyyy of page pppp.
oP 7-bit data pointer, combi‘nalion of registers, Z, X and Y || XXXX 4-bit unknown binary number CPS Indicates which data pointer and carry are active.
PCu The high-order four bits of the program counter. | p 11-bit port [} Hexadecimal number C + binary number x.
PCL The low-order seven bits of the program counter. || K 15-bit port J;
PC 11-bit program counter, combination of PCy and PC|_. s 8-bit port
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MITSUBISHI MICROCOMPUTER

M58840-XXXP,M58841-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

LIST OF INSTRUCTION CODES

Ds—Ds 1 00001 1000
0 0000 |0 0001 |0 0010{0 0011|0 0100({0 0101| 00110 |0 01110 1000, 01001 | 01010|0 1011}0 1100|0 1101 [0 1110(0 1111 §
1011111 1M1
Hexadecimal
D3—"notationg o g1 02 03 04 05 06 07 0 8 09 0 A 0B 0C 0D 0 E 0 F |[10~17(18-1F
Do
SZB | SEY |LCPS XAM BL A LA LXY LXY LXY | LXY
0000 (0| NOP | CLS CPAE - - BM B
0 0 0 1} BML 4] 0 0,0 1,0 2,0 3,0
BvaI:A sSZB SEY |LCPS XAM BL A LA LXY | LXY LXY | LXY
0001 |1 BLA CLDS 1 1 CPAS ; BML - - ] ] ’ 1 BM B
BMLA ! 0.1 a2 | aa
SZB | SEY XAM BL A LA LXY LXY LXY | LXY
0010 |2 INY — SHL | RHL - - BM 8
2 2 2 BML 2 2 0,2 1,2 2,2 3.2
sZB SEY XAM BL A LA LXY LXY LXY | LXY
0011 3| DEY [ CLD - — - — BM B
3 3 3 BML 3 0.3 1,3 2,3 3.3
SEY IAS TAM BL A LA LXY | LXY LXY LXY
0100 | 4 Di RD — RT - - B8M B
4 0 0 | BML 4 0.8 | 14 | 2.4 | 3.4
SEY IAS TAM BL A LA LXY LXY | LXY | LXY
0101 |5 El SD - RTS - - BM 8
5 1 1 BML 5 5 0.5 1,5 2,5 3,5
SEY TAM 8L A LA LXY | LXY LXY | LXY
0110 | 6 | INTH | TEPA |SEAM RTI - - — BM B
6 2 BML. 6 6 0.6 1.6 2,6 3.6
SEY TAM BL A LA LXY LXY LXY | LXY
0111 | 7 ] INTL | OSPA — — LC7 - = BM B
7 3 | BML 7 0.7 | 1.7 | 2.7 ) 3.7
: SEY XAMD)| BL A LA LXY LXY | LXY LXY
1000 (8 | GPA XAL - RC XAH - - BM 8
8 c BML 8 8 0.8 1,8 2,8 3,8
SEY XAMD! BL A LA LXY | LXY | LXY LXY
1001 |9 | DEC | TLA SZJ SC THA - - BM B
9 1 BML 9 0,9 1.9 2,9 3.9
SEY LZ XAMD} BL A LA LXY | LXY XY | LXY
1010 |A AM | TEAB — — — - BM B
10 OJ 2 B8ML 10 10 0,10 1,10 2,10 3,10
SEY Lz XAMD| BL A LA LXY | LXY LXY | LXY
1011 |B | OSE [0SAB| SZD — — — BM B
1 1 3 BML 11 1 0.1 7.1 2,11 3.n
SEY SB RB XAMI BL A LA LXY LXY LXY | LXY
1100 (C| TYA | TBA — - — BM B
12 0 0 0 BML 12 12 0,12 1,12 2,12 3,12
SEY sSB RB | XAMI BL A LA LXY LXY LXY LXY
1101 (D{ TAJ TAY - — - BM B
13 1 1 1 BML 13 13 0,13 1,13 2,13 3,13
SEY SB RB XAMI BL LA LXY | LXY LXY | LXY
1110 |E | AMC | TAB — - — BM B
14 2 2 2 BML 14 14 0,14 1.14 2,14 3,14
SEY S8 RB XAMI BL A LA LXY LXY LXY LXY
1111 |F JAMCS — SZC CMA — BM B
15 3 3 3 BML 15 15 0,15 1,15 2,15 3,15
Note 1. The list shows the machine codes and corresponding machine instructions. D3~D0 Note 3. Relationships of Branching and Paging for Branching, and Sub-

indicate the low-order 4 bits of the machine code and D8~D4 indicate the high-order
5 bits. The hexadecimal values are also shown that represent these codes. An instruction
may consist of 1,2, or 3 words, but only the first word is listed. Codes indicated

Routine Call Instructions

Page (total of 16 pages)

with bar {—) must not be used. Addresus_ﬂ_

!

2

Note 2. Two-Word Instructions :3

Three-Word Instructions H

Second word :

BL T Ixxx yyy

BML 1 0xxx yyyy Second word Third word :

BA 1 Ixxx XXXX BLA 0 0111 pppp 1 Ixxx XXXX :gg
BMA 1 Oxxx XXXX BMLA 0 0111 pppp 1 Oxxx XXXX 121 L)
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MITSUBISHI MICROCOMPUTER

MS58840-XXXP,M58841-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vb Supply voltage 0.3—~—20 V]
Vi Input voltage, port Sand D inputs 0.3~ —35 V]
Vi Input voltage, inputs other than port Sand D With respect to Vgg 0.3~—-20 \%
Vo Output voltage, port S and D outputs 0.3~ -—-35 \%
Vo Output voltage, outputs other than port S and D 0.3~—20 \%
P4 Power dissipation Ta=25°C 1100 mwW
Topr Operating temperature —10~70 °C
Tstg Storage temperature —40~125 °C

RECOMMENDED OPE RAT' NG CON D|T|0Ns (Ta=—10~70°C, unless otherwise noted)
Limits
Symbo! Parameter Unit
Min Typ Max
Vpp Supply voltage —13.5 | —15 —16.5 Vv
Vss Supply voltage 0 \Y
ViH High-level input voltage -—1.5 0 vV
ViHig) High-level clock input voltage —1.5 0 \%
Vi Low-level input voltage, inputs other than port D and § Vpo —4.2 Vv
ViL Low-level input voltage, port D and S inputs —33 —4.2 A\
ViL(g) Low-level clock input volitage Vpo Voppt+2 A\
Vi(k) Analog input voltage, port K input VREF 0 \%
VReF Reference voltage -5 -7 \Y
Vor Low-level output voltage, port D and S outputs —33 0 \Y
gﬁf‘((,,) Internal clock oscillation frequency 300 600 kHz
Note 1. V) (¢)is specified with respect to the maximum value of Vpg. The maximum allowable value is —33V when using a ceramic resonator
with the M58841-XXXSP. This maximum allowable value is 1.1V for Vy4(4) when using the M58841-XXXSP.
ELECTRICAL CHARACTERISTICS (Ta-—10~70°C, Vpp=~15V£10%, Vsg=0V, f($}=300~600kHz, unless otherwise noted)
Limits
Symbol Parameter Test conditions i Tve Viax Unit
VT — Negative threshold voltage, RESET input Vpp= —15V, Ta=25C —4 N 7 \
VT+ =~V RESET input hysteresis Vpp=—15V, Ta=25C 2 3.5 \
Vou High-level output voltage, port D outputs Vpp=-—15V, loy=—15mA, Ta=25°C —2.5 \%
VoK High-level output voltage, port S outputs Vpp= =15V, lop= —8mA , Ta=25C —2.5 \% 1
(i High-ievel input current, port K (depletion foad) Vpp= —15V, V=0V, Ta=25C 100 370 LA ]
(" High-level input current, port K (enhancement load) Vpp=—15V, ViH=0V, Ta=25C 40 200 uA
HiH High-level input current, RESET Vpp= —15V, Viy=0V, Ta=25C 30 100 uA
n Input current, port K inputs gg:aiSn;eoatslg;e;ggvxélleegjgzi.n\s/tlr:uf;xe/n CPAS or 7 LA
11 (g) Clock input current Vi(g)=—15V, Ta=25C —20 —40 ~A
lon High-level output current, port D outputs Vpp= —15V,Vou=—25V, Ta=25C —15 mA
1oH High-level output current, port S outputs Vop= —15V,Voy= —2.5V, Ta—25°C —8 mA
loL Low-level output current, port D and port S outputs VoL= —33V, Ta=25C —33 HA
fop Supply current from Vpp Vpp=—15V, Ta=25C —41 mA
'REF Current from Vagp Vaer=—7V, Ta=25C —0.7 mA
C) Input capacitance, port K inputs Vop=V)=Vo=Vss, f=1MHz 7 10 pF
25mVrms
Ci(g) Clock input capacitance \Z/SDI?]:;;(;UT:\/SS‘ f=1MHz 7 10 pF
A-D conversion linearity error VRep=—7V )
A-D conversion zero error VReF=—7V i Overall Y +3 LsB
A-D conversion fullscale error Veep=—1V
Note 2. Currents are taken as positive when flowing into the IC (No sign), with the minimum and maximum values as absolute values.
3. The overall sum of the port D high-level output currents should be kept below 75mA.
4. The negative threshold voltage, hysteresis, high-level input cufrent (depletion load), and high-level input current. For reset refer to the
M58841-XXXSP.
5. The high-level input current (enhancement load), refer 1o the M58840-XXXP.
MITSUBISHI
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MITSUBISHI MICROCOMPUTER

M58840-XXXP,M5884 1-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER

WITH 8-BIT A/D CONVERTER

TIMING DIAGRAM

wne cycle M

Signal P e State T T2 T3 Ta Ts Te

Clock input XIN \ \ [ \ \ \ |

Clock output XouT } \ } \ I \ I / \_/_

Timing output ﬁ

Port D outputs ?8UTPUDA°

Port D i Do~ DIIRXIXK RXXIKIKKIKKK XX
So~S7

Port S outputs (Output]

Port S inout So—~S7 XXX

ort S inputs (Input)
Port K inputs Ko —K1a ><><><><
Interrupt request input INT ><>< X><><>< >< XXX

Note 1. M The crosshatched area indicates invalid input,

DOCUMENTATION REQUIRED UPON

ORDERING

The following information should be provided when order-
ing a custom mask.

MASK OPTIONS

The following type of mask options are available, specifiable

at the time of ordering
(1) Soutput PLA data

(1) M58840-XXXP, M58841-XXXSP mask confirmation (2) Interrupt input Schmitt circuit
(3) M58840-XXXP reset circuit
(4) Port K input pulldown resistors

sheet,
(2) ROM data

(3) S output PLA coding
(4) Interrupt input Schmitt

circuits

(56) M58840-XXXP reset circuits
(6) Port K pulldown transistors

(7) Pork K input discharge

transistors

3 EPROM sets

On confirmation sheets (5) Port K input discharge transistors

On confirmation sheets

On confirmation sheets

On confirmation sheets

On confirmation sheets
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MITSUBISHI MICROCOMPUTERS

M58842S

MELPS 4 SYSTEM EVALUATION DEVICE

DESCRIPTION _ o PIN CONFIGURATION (TOP VIEW)
The M58842S MELPS 4 system evaluation device is
designed to emulate the M58840-XXXP, M58841-XXXSP, (0v) Vvss 4 vss (0V)
. . - L (- 15v) Voo h }ROM DATA INPUTS
M58843-XXXP and M58844-XXXP single-chip 4-bit micro- ROM 1o — 2« 12
computer. It has been developed using P-channel aluminum- OATA ”;::AT e A
gate ED-MOS technology, and has a 64-pin ceramic DIL ADDRESS S At + s REGOESF Tneur
package. The M58842S facilitates fast development of new hr e B2+ 15 | 2om DATA INPUTS
. 6+
systems by using a program memory ROM external to the sl,: : o - :3
Si e 54! « 18
M588428. 1/0 PORT S 25 - e +« K2
2 o> - K6
S6 5]« K
FEATURES - S - DI
. . S7 e ® il e k1 ¢ ANALOG/DIGITAL
® Except for the mask ROM, all functions are equivalent CLOCK OUTPUT XouT ® [48) « Ks INPUT PORT
to the M58840-XXXP. CLOCK INPUT 1; 2 S The K?ﬁ
i X x 4-bit As « - Kn
L R'AM CapPaCity . ..vvvriiiiaan 128-word bl om | 2 ¢ b
® Single — 15V power supply ADDRESS :: - . :70
® Built-in A/D converter/(15 analog inputs) Ao+ [+ Ko | anaLOG INPUT
® Two data pointers TIMING OUTPUT TD; < g b E: PORT K
® Subroutinenesting ............. ... 3 levels 32' e ha \‘;:EFJ REFERENCE
® Analog/digital input ports (K ports) .............. 15 1/0 PORT DY D3 « Do ) VOLTAGE INPUT
Da & * Do
® {/Oports (ports D, S) .o vviee e 19 Do - P« p; (VO PORTD
® Capable of direct drive of large fluorescent display tubes De = 3> D
@ INTEITUPT « o v v e ven e e aeaee e e, 1 level Outline 64S1
® Internal PLA (mask option) for port S
® Internal clock generator
APPLICATION
® System development and prototyping of equipment
using the M58840-XXXP, M58841-XXXSP, M58843-
XXXP, and M58844-XXXP single-chip 4-bit microcom-
puters.
BLOCK DIAGRAM
INTERRUPT
TIMING ROM ADDRESS OUTPUTS ROM DATA INPUTS
OUTPUT R?r\?FL’)LlJETT (- 15V) (0V) (—15v) (gv: %}98% ()Cl51QF§:LTT N
TP INT CNVDe ves  Vor  Vss XN Xour AlgAs Ag Ay Ag As Ag Az Az A Ao s 17 ;; ‘6;
3 2 - - &) 034 62019 - (463 -
7 T f—@f CTLPYYYYYYs ]
RAM STACK REGISTER SK2(11) |INSTRUCTION REGISTER (9)]
REGISTER B (4)] 128 WORDSx4 BITS) |\ ek mecisTen ski ] |
[ ADDRESS_DATA| [STACK REGISTER SKO(11) 9
7 T 4 ’ 11
REGISTER A (4 INSTRUCTION i
. ,—DATA POINTER, DP~, PROGRAM COUNTER. pc | DECODER PLA
7 zin] xz [ Ve PCud PCLT CONTROL
|__ [ PiaFOR v — ‘ I 1 l SIGNAL
18 ALY “DATA POINTER, DP ~
8 OUTPUTS 7 X
4
1 a4
CARRY | ? ?

MULTIPLEXER

REGISTER] [ MULTIPLXER ]
Cia)

1

15

[PoRT s (4 [PORT S 141] [ REGISTER J (15)
g ¥

%% % % éé% D/A CONVERTER ] | PORT D (1) ]

- =919 D— -

S7 Se Ss Sa S3 S2 S1 So KigKizKizK1iKig Kg Kg K7 Kg Kn KA K3 Kz Kv Kn VREF D1 Da Dg D7 D6 Ds Ca D3 D2 D1 D¢
REFERENCE
1/0 PORT S ANALOG/DIGITAL INPUT PORT K VOLTAGE INPUT 1/0 PORT D

ELECTRIC 4-13



MITSUBISHI MICROCOMPUTERS

M58842S

MELPS 4 SYSTEM EVALUATION DEVICE

FUNCTION

The M58842S MELPS 4 system evaluation device has the
same functions as the Mb58840-XXXP single-chip 4-bit
microcomputer except for the program memory ROM,
which must be provided for from an external source
connected through the address output pins {Ay ~ A;q) and
instruction input pins (1o~ Ig).

In using the single-chip 4-bit microcomputer to control
the operations of equipment, the operational procedures
have to be put in a program and stored in the program
memory (ROM). It may, however, consume a lot of time
and effort, not to mention the cost, when a program
correction is needed. This would naturally call for simula-
tion of the application program before masking it into a
ROM. In order to satisfy such a requirement, the M58842S
has been prepared for evaluating a trial program before
programming it into a mask-programmable ROM.

When using the M58842S for evaluating the M58841-
XXXSP, Mb58843-XXXP and M58844-XXXP which are
partially different from the M58840-XXXP (e.g. in the

LIST OF S-OUTPUT PLA CODES

number of 1/O ports), use the appropriate pins only. For
example, since the M58843-XXXP is provided with a IK-
word ROM, use the last IK words of the M58842S. Also
since only the K, to K3 ports are available, use K, through
K5 of the M58842S.

DESCRIPTION OF OPERATION

Programmable Logic Array (PLA) for the S-Output
The standard code listed below is stored in the PLA for the
S-output. This code is used for numerical indication on
7-segment display units.

Input of ROM Data

Machine instructions can be executed by the M58842S if
input from an external source. During the state T,, the
ROM address signal appears on the ROM address output
pins Ag~A;o. Then ROM data corresponding to this
address should be applied to the ROM data input pins I,~
Ig during state T¢. For further details, refer to the instruc-
tion fetch timing diagram. During this application the input
pin CNVpp should be connected to V.

S,
Sil ¢ |55
—SJ
Sol ¢, o
Register A Port S output
| Display
Hexadecimall A3 Az Al Ao So S1 S2 S3 Sa Ss Se S7
0 0 0 0 0 H H L L H H H H ﬂ
1 0 0 0 1 L L L L L H H L }
2 0 0 1 0 H L H L H H L H I_|
3 0 ) 1 1 L L H L H H H H _:
4 0 1 0 0 L H H L L H H L L_:
5 0 1 0 1 L H H L H L H H '—I
6 0 1 1 0 H H H L H L H H i—
I
7 0 1 1 1 L H L L H H H L l_l
8 1 0 0 0 H H H L H H H H H
9 1 0 0 1 L H H L H H H H '-:
A 1 0 1 0 H L H L L L H H =
B 1 0 1 1 L L L H L L L L —
¢ 1 1 0 0 H H H L H L L H l—
D 1 1 0 1 H H L L H L L H i
E 1 1 1 0 L L H L L L L L —
F 1 1 1 1 L L L L L L L L Blank
MITSUBISHI
4—14 ELECTRIC



MITSUBISHI MICROCOMPUTERS

M58842S

MELPS 4 SYSTEM EVALUATION DEVICE

PIN CONFIGURATION

Input
Pin Name or Function
output
Analog port K has 15 independent analog input terminals. All signals applied to the 15 input lines of port K are simultaneously
Ko Analog compared with the Vrgf generated by the D-A converter. Corresponding bits of register J are set when the condition.
) input In ’Vref |>|VK(y)| is met. This port is utilized for receiving input signals from the touch panel or receiving analog inputs from
Kia port K temperature and other sensirg devices. It can also be used as a value threshold digital signal input port when the Vref is
properly selected
s The 1/O port S can be used as either an 8-bit output port or a pair of 4-bit input ports. Since it has open-drain circuits, it is suitable
‘0 170 Injout for directly driving segments of a large fluorescent display tube. It has an 8-bit output latch and can perform to drive 8 bits
U’ .
Sy port S simultaneously. When the output of port S is programmed to low-level. it remains in the floating (high-impedance) state so that
it can be used as an input port
0 The 1/O port D is composed of 11 bits that can be used as discrete 1/O units. Latches are provided on the output side to
SO 170 inout maintain individual output signais. When port D output is programmed to low-level. to keep it in floating (high-impedance) state,
Do port D it can be used as a sense input port. The level of the input signal is sensed at the input terminal and is tested to determine if it
is high or low by executing a skip instruction.
ASO ROM out The address output is composed of 11 bits that output the contents of the program counter PC to the externai program memory
A1g address output (ROM)
I? ROM in The data input is composed of 9 bits that are used to fetch the instruction code for the CPU from the external program memory
I8 data input (ROM)
Clock As the clock generator is contained internally. clock frequency is determined by connecting an external CR circuit or an IF ceramic
XIN oct In resonator between the pins Xy and XouT. In case an external clock source is to be used. it should be connected to the pin
npu N
P XIN. leaving the pin XOUT open.
X T Clock out This pin generates the clock frequency from the internal clock oscillation circuit.  The oscillation frequency is controlled by
out output connecting the CR circuit or IF ceramic resonator between this pin and the pin Xy.
| This signal is used for requesting interrupts. Whether high or low-level interrupt signals are in used for requests is selected by
INT nterrupt In means of the program. When the instruction INTH is executed, interrupt is accepted with a high-level signal. and accepted with a
request low-level signal when the instruction INTL is executed. When an interrupt is requested and accepted. program execution is jumped
input to address O of page 12. The instruction RTl is used for the return instruction.
£ , A reference voltage input is applied to the D-A converter from the external terminal. Its nominal value is VREF = =7V. The
. ;((erna value (n-0.5) VREF/256 is generated by the D-A converter, and is compared with the analog signals from the input port K; where
VRrer ¢ eI:ence In n represents the contents of the register H-L, but when n = O. the output voltage is treated as OV. It can also be used as an,
voltage automatic reset signal input. When a high-level is applied to the VREF inpul, it actuates the automatic reset circuit, and then
input the VREF input is changed to low-level reacy to start the program from address O of page O
Ta Timing output Out This pin generates a part of the basic timing pulse. This signal is used for testing other devices incorporated in the system.
CNVpp CNVpp input In This input terminal should be conected with the Vpp and have a low-level mput (=15V) applied

MITSUBISHI
ELECTRIC 4-15




MITSUBISHI MICROCOMPUTERS

M58842S

MELPS 4 SYSTEM EVALUATION DEVICE

BASIC TIMING CHART

Machine cycle M

SI
Signal name &l SYmbor State T T2 T3 Ta Ts

Te
Clock input XN \ \ j \ \ \_
Clock output XouT \ / \ / \ , \ l J \ /
Timing output Ta \ /

P tput Do~Dio
ort D outputs {Output X
Do ~D1o
Port D inputs {Input) ><

Port S outputs ?é]u;;usl; X
Port S inputs S(?n;utsj7 ><><><
Port K inputs Ko ~K1s XX ><><><>< XXXWXX

Interrupt request input INT

ROM address outputs Ag~A1o ><

ROM data inputs lo—~ls X\/\ )@ZX

Note 1: XXZmdicates invalid signal input

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
VoD Supply voltage 0.3~—20 A\
Vi Input voltage. port S and D inputs 0.3~—35 \
Vi Input vol(a—gﬁe,mo(her than port $ and D irputs T With respect to V ss 0.3~—-20 \Y
Vo Output voltage. port S and D outputs 0.3~ —35 \Y

_Vo Output voltage. other than port S and D outputs 0.3~-20 \%
P4 Power dissipation Ta=25°C 1100 mW
Topr Operating temperature 0~70 °C
Tstg Storage temperature —40~125 °C

RECOMMENDED OPERATING CONDITIONS (Ta =0 ~ 70°C. unless otherwise noted)

Symbol Parameter Limits Unit
Min Nom Max

Voo Supply voltage ~135| .-15 | —16.5 v
Vss Supply voltage 0 \")
Vin High-level input voltage ~1.5 0 v
VIH(g) High-leve! clock nput voltage —-1.5 0 V
Vi Low-level input voltage. other than port D. port S and INT Vb —4.2 Vv
ViL Low-level input voltage. INT input nputs Vobp —7 \%
Vi Low-level input voltage; port D and S inputs —33 —4.2 \2
ViL(g) Low-level clock input voltage Vob Vbb+2 \
VI(K) Analog input voltage: port K input VREF 0 \Y
VREF Reference voltage —5 -7 \%
VoL ‘ Low-level output voltage: port D and S outputs —33 0 A\
VoL Low-level output voltage, ROM address output Voo 4] \%
f(p) Internal clock oscillation frequency 300 600 kHz

Note 1: The standard V_(¢) is with respect to the maximum Vpp.

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M58842S

MELPS 4 SYSTEM EVALUATION DEVICE

ELECTRICAL CHARACTERISTICS (Ta=0-70°C. Vpp= 15V +10%. Vss=0V. f(g)=300~600kHz. unless otherwise noted)

Limits .
Symbol Parameter Test conditions Unit
Min Typ Max
Vin High-level input voitage. port D and S inputs —1.5 0 \2
ViH High-level input voltage, ROM data inputs —-1.5 0 \%
ViL Low-level input voltage, port D and.S inputs —33 —4.2 \%
ViL Low-ievel input voltage, ROM data inputs VDD —4.2 \%
VoH High-level output voltage, port D outputs Vob=—15V, loH=—15mA, Ta=25C| —2.5 \Y
VOoH High-level output voltage. port S outputs Voo=— 15V, loH= —8mA, Ta=25C —2.5 \Y%
Von High-level output voltage. ROM address outputs Vob=— 15V, loH= —2mA, Ta=25C -2 \Y
I Input current. port K inputs To be measured when the instruction CPAS or 7 A
- ’ CPA is not being executed. V)= —7V #
11 (¢) Clock input current Vi(g)=—15V, Ta=25°C —20 —40 A
loH High-level output current, port D outputs Vob= —-15V,VOoH=—2.5V,Ta =25°C —15 mA
loH High-level output current, port S outputs Vpp= —15V, VOH= —2.5V, Ta =25°C —8 mA
loL Low-level output current. ports D and S outputs VoL=—33V, Ta=25C —33 uA
loL Low-level output current, ROM address outputs VoL= —17V, Ta=25C —17 A
Vpp=Vi=Vo=Vss, f=1MHz
Ci Input capacitance. port K inputs 7 10 pF
25mVrms )
Vpp=XouT=Vss, f=1MHz
Ci(g) Clock input capacitance 7 10 pF
25mVrms
A-D conversion linearity error VrRep= —7V
A-D conversion zero error VRer=—7V Total £2 +3 LSB
A-D conversion full-scale error VReF= —7V
Note 2 Current flowing into an IC is positive; out is negative.
3 The sum of high-level output current from port D must be 75mA (max).
APPLICATION EXAMPLE
(0V)Vss Vss(oV)
v v
(-~ 15V) Voo Voo (- 15V)
15V-+ - 5V REGULATOR - 10v
ReseT s {5V -5V REGULATOR } T
REFEREN
Voltage 1 —{C18V - 10V REGULATOR |4 er EESELSIGMAY ) E
P4
CVREFH COVREF VoLTaGE o
CINTH INTERRUPT I
INTERRUPT |~ YW Y CINTH  REQUEST SIGNAL | O
RESOEJV\%E‘I \ INT CCsH  MEMORY §
CARD EDGE “ | T e O repmp— CONTROL SIGNAL | &
TOR 2
CONNECTO EMULATOR €S CONTROL Au["[CAB'0 ADDRESS BUS | &
M58842S w
T
P&&Tﬁs CPS\7H s Ag N Ag - Ap CAB\SL ;
- o —
OUTPUT ‘CPSOH | 8 "so 310 §10 10 T1o GUTPUT BUFFER] 10 | cagoL APDRESS BUS 5
PI(’?‘FSL_P CF‘D‘IUH ' Ag - ACQ Ag~Ao Ag~ Ag Ag—- A(D)S «
. Do ~Do S Ccs CS o
ol gzo oH| 11 eProM | [eProm | |eprom | |EPROM 5
poRT K CPK 1M ' Kia - Ko M5L 270851 [MSL 2708S| |MsL 27085| |MsL 2708S] Z
INPUT CPK O H | 15 5
. D7-D D D7~D D CDB8H ©
CPK7H T : ! 2 ’ ) DATA BUS INPUT
PORT K OPK 8 & g 1 ia I INPUT BUFFER| 9 | coBoH
INPUT cpion
3 |
TOUCH-PANEL | pogT p CPD2H %9 T
(PCA0402) ¢ OUTPUT cppon I8~ 1o i I L COBBL 1, \TA BUS
CONNECTOR ! XouT XiN g9 OUTPUT BUFFER| 9 | cpBoL
-  — OUTPUT
(-15v) Voo
(0~ --120V)Vaa
(0 - *120V)VAA: Hr
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MITSUBISHI MICROCOMPUTERS

M58843-XXXP,M58844-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

DESCRIPTION

The M58843-XXXP and M58844-XXXSP are single-chip
4-bit microcomputers fabricated using p-channel aluminum
gate ED-MOS technology. They include an on-chip 8-bit
A-D converter. The M58843-XXXP is housed in a 28-pin
plastic moulded DiL package while the M58844-XXXSP is
housed in a 40-pin shrink plastic molded DIL package.

FEATURES
® Basic machine instructions .................... 67
® Basic instruction execution time
(for single-word instructions using
a GOOkHZ clock frequency ) ................. TOIJS
® Memory capacity ROM ........ 1024 words x 9 bits
RAM .......... 64 words x 4 bits

® Single —15V power supply
® Built-in 8-bit A-D converter
® Two built-in data pointers
® Subroutinenesting ...................... 3 levels
® Analog/digital inputs (port K)
MB8843-XXXP ... . 4 lines
MB8844-XXXSP . ...... ... ...l 11 lines
® |nput/output (ports D and S)
MB8843-XXXP ... ... .. 16 lines
M58844-XXXSP ... ... .. ... ... ... 19 lines

Capable of driving large fluorescent tube displays
Interrupt function ................ 1 factor, 1 level
Built-in port S output decoder PLA (mask option)
Built-in pull-down transistors (ports D, K, and S, mask
option)

® Built-in clock generator circuit

APPLICATIONS

® FElectronic ranges, air conditioners, heaters, washing
machines, rice cookers

® Office equipment, copying machines

PIN CONFIGURATIONS (TOP VIEW)

./
RESET INPUT RESET —» [ 1 28] +» D,
| OUTPUT
REFERENCE  vger —b | 2 77] «» D, SNPUT/
VOLTAGE INPUT " ! PORT D
Dy E 26| <% Dy
Dy > E 25| &> S7
INPUT/
ourpUt { s+ [5] 24| +> S
PORT D G 2 .
Ds «» [6 A 23] +»
©
g
R o e [7] @ 22] #* Se | |NpuT/OUTPUT
REQUEST w7 —» [8] x 1] «» sy [PORTS
INPUT e
K = [3] % 20] +» Sz
ANALOG/ - s
pigmaL ) K1 > 0 (9] > s
INPUT
rorrk | K2 =[] (18] *» s
ks —+ [12] [17] =X CLOCK INPUT
(ov)oNvss = [13] [16] —»Xour CLOCK OUTPUT
ovivss  [14] (5] Voo(—15v)
Outline 28P4
ANALOG/ ANALOG/DIGITAL
RISTAL et ¢ ke =[] 0] 4= Ks\3pUT PORT K
Ke — (2] [39] «» D, :
RESETINPUT  RESET— [3 ] 55« O LNgFl(JTTéDUTPU
REFERENCE Veer— [4 37| «» Do
VOLTAGE INPUT E %
. 3 4P |5 36| €» g,
Da ”E [3E] #» se | wput/outPUT
INPUT/ PORT S
outuT D5 ** 39+ s
PORT D D 4> [E z 7_3',0 Sa
D; ¢»[3 o 32] *» Dyo
INTERRUPT = 3 e Dy & INPUT/QUTPUT
REQUEST T — i) = [31] > Ds
INPUT
ks — 1] ! 30] +» Dg
x
Kig — [17] x 29] &> S3
X
anatos/ | e [ ) [ > Sz | weur/outeur
Sl am B e (58
PORT K K1 —» [ig] [26) +» S0 |
Kz — [ [5] &= Xy CLOCK INPUT
Ks —[17] [22] = Xour CLOCK QUTPUT
(ov)CNvss — [T 23] voo(—15 V)
L DOWN
(0v)CNvss — 19 2+ Ve {OiaGe NpuT
(0V)Vss 20 [21) 4= K1 ANALOG/DIGITAL

INPUT PORT K

Outline 40P4B
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MITSUBISHI MICROCOMPUTERS

M58843-XXXP,M58844-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

BLOCK DIAGRAMS

) INTERRUPT
M58843-XXXP REQUEST CLOCK CLOCK
RESET INPUT  INPUT (0V) (—15V) (ov) INPUT OUTPUT
RESET INT CNVss Vopb Vss Xin XouT
‘?‘ 17 ? 4? . - - ‘
|NTE RAM STACK REGISTER SK2 (10) ROM
| < D] GEg EEATPR 64 “/;Vgggs STACK REGISTER SK1(10) 1024 WORDS
T ' U, x STACK REGISTER SKO (10] X 9BITS
REGISTERB(4)| ADDRESS DATA ADDRESS DATA
4 Ti~Te 10
DATA Y6 10 2 .
. CARRY SELECTOR  POINTER DP PROGRAM COUNTER PCy
N CONTROL
ox(1) :}_?‘p)s x(@ | v ‘ PON(3) l PCL”ﬂ ONTRO!
cY(1) x(2) | Y(a)
ARTHMENC FEARRY
G 4 DATA POINTER DP’ I
! S OUTPUT PLA (16 4
4 3 7 CONTROL
4 2 SIGNALS
8
3 .
)

4 | REGISTER C (3 4 4 .
o 4 | MULTIPLEXER 8 :

! L—[recisernafrecseaie] [ MULTIPLEXER
4 8
8
[ PORT S (4 [Pom S (4)—i [ recistery @) ] [ D-A CONVERTER X
! T i PORT D (8)
Vref
— - (@©HEEN0®) (20 D-(0)(9) ——————— . ]
S786 S5 Sa Sa Sz S1 So Kz Kz Ky Ko VREF D7 Dg Ds Da D3 D2 Dy Do
REFERENCE
’NPUT/OUTPUT PORT S ANALOG/DIGITAL INPUT PORT K VOLTAGE INPUT  INPUT/OUTPUT PORT D
M58844-XXXSP  INTERRUPT CLOCK  CLOCK
REQUEST .
(ov) INPUT (0v) (-15v) (ov) INPUT ouTPUT
CNVss INT CNVss Voo Vss XN Xout
- - - - - -
RESET 4 @%’\?{DS STACK REGISTER SK2 (10) 1024R\?/glﬁos
( ]
INRUT G GECI\IIR,gU I X 4 BITS STACK REGISTER SK1 (10) % 9 BITS ‘
RESET H—;—' STACK REGISTER SKO (10}
REGISTER B (4) ADDRESS  DATA ADDRESS  DATA
¢ Ti~Te }10
DATA }6 PROGRAM Y Fo 9
CARRY SELECTOR  POINTER DP . COUNTER PC .
ovin ) x(2) | vo) PC(3) J CONTROL
o REGISTER A (4) ! e : r - I o CIRCUIT
CARRY cy(1) x{2)| v(a)

s DATA POINTER DP'

o b : ‘ s [ CONTROL
SIGNAL

3
%4 :_‘ 4
X l
REGISTER E {4{ REGISTER E (4) REGISTER C (3) 4 1
4 4 MULTIPLEXER
REGISTER 114 [ muLTiPLEXER ]

1 8

IS

"

[ REGISTER J (11) ] [ o-aconventer ]

PORT D (11)

0 -

S7 S6 S5 S4 S3 Sz S1 Su Kio Ka Ks K7 Ke Ks Ka K3 Kz Ki Ko VREF D11 Dg Dg D7 Dg Ds Da D3 D2 Dy Do Vp
REFERENCE “————— ———PuLL-DoWN'
INPUT/OUTPUT PORT S ANALOG/DIGITAL INPUT PORT K VOLTAGE INPUT INPUT/OUTPUT PGRT D X\IOPH'/[\GE
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M58843-XXXP,M58844-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

PERFORMANCE SPECIFICATIONS

P, Performance
arameter
M58843- XXXP M58844-XXXSP
Basic machine instructions 67 67
Instruction execution time(1-word instruction) 10us (with a clock frequency of 600kHz) 10us (with a clock frequency of 600kHz)
Clock frequency 300~ 600kHz 300 ~600kHz
Memory capacity ROM 1024 :wvords x 9 bits 1024 words x 9 bits
RAM 64 words x 4 bits 64 words x 4 bits
K Input
Output 8 bits x 1 8 bits x 1
1/0 port s Input 4 bits x 2 4 bitsx 2
o Output
Sense input

A-D conversion circuit Built-in taccuracy * 2LSB, typ) Built-in (accuracy * 2LSB, typ)
RESET input 1 pin 1 pin
Subroutine nesting 3 levels (including.one level of interrupt) 3 levels {including one level of interrupt
Clock generator Built-in (externally connected RC circuit or ceramic resonator}|Built-in (externally connected RC circuit or ceramic resonator)
1/ characteristics /0 withstanding voltage -33V (max) -33V (max)
of ports Port S output current -8mA (max) -8mA (max)

Port D output current -15mA (max) -15mA {max)

Voo -15V (typ) ~15V (typ)
Supply voltage Vor oV oV
Device structure p-channel aluminum gate ED-MOS luminum gate ED-MOS
Package
Power dissipation (excluding ports) 400mW (typ) 400mW (typ)

PIN DESCRIPTIONS

Pin Name Input or output Function
\\;DD Power supplies In Vpp and Vgg are applied as -15V £10% and OV respectively
ss

Ko~Ksz
(M58843 . . . .
SXXXP) Analog/digital In The input port K consists of 4 (11 for the M58844-XXXP) independent analog input pins.
Ko~Kig input port K They can be programmed to receive digital quantities as well
(M58844
-XXXSP)

The 1/0 port S can be used as either an 8-bit output port or a pair of 4-bit input ports.
Since it has open drain circuits, it is suitable for directly driving segments of a large fluorescent display tube.

So-S Input/output port S Infout
! put/output p When the output port S is programmed to a low tevel, it remains in the floating state (high-impedance) so
that it can be used as an input port.
Do~ D>
EXMXE;?&%:‘! N Port D consists of 8 bits for the M58843-XXXP and 11 bits for the M58844-XXXSP, all bits operating individually
Input/output port D Infout for input and output functions. When a port D output is programmed to low, the output floats {goes to high,
Do ~Dyp impedance state) and the input signal can be sensed.
(M58844
-XXXSP)

A clock generator is built into the device so that the clock frequency is determined by connecting an external RC
XiN Clock input n circuit or ceramic resonator between pins Xy and XguT. When an external clock source is used, it should be
connected to the Xy pin, leaving the XgyT pin open.

This pin is the output of the built-in clock generator circuit. The oscillation frequency is controlied by

Xour Clock output Out connecting an RC circuit or ceramic resonator element between this pin and the Xy pin.
INT Interrupt request input In This pin is used to input the interrupt request signal. The level of the interrupt signal can be programmed as either high or low.

VREF Reference voltage input In This is the input for the reference voltage applied to the D-A converter.

CNVss CNVgg input In This input is connected to Vgg and must have a high-level input applied to it (OV).

RESET Reset input In When this input is kept high for at least two machine cycles, the reset state is enabled.
Ve Pull-d

(M53844 utl-down In This pin is used to supply the pull-down voltage for port D outputs and port S outputs.
XXXSP oniy) voltage input
)
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SINGLE-CHIP 4-BIT MICROCOMPUTER
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BASIC FUNCTION BLOCKS

Program Memory (ROM)

This 1024-word x 9-bit mask programmable ROM can be
programmed with machine instruction codes in accordance
with the customer’s specifications. It consists of 8 pages,
each containing an address range of 0 ~ 127, Fig. 1 shows
the address map of this ROM.

Program Counter (PC)

This counter is used to specify ROM addresses and the
sequence of read-out of instructions stored in ROM. The
program counter (PC) is an 10-bit binary counter, the upper
order 3 bits of which (PCy) indicate the ROM page, and
the lower order 7 bits of which (PC, ) are a pure binary
address designation. Each time an instruction is executed,
PC_ is incremented by one step. For branching, and
subroutine call instructions, its value is set to the designated
address.

When the 127th address is reached for every page, the
address value returns to the first address of that page.
Therefore, for moving from one page to another page, the
page byte itself must be modified. This is done using the BL
and BLA instructions.

Page 14 and page 15 are special pages used for
subroutine calls. The page 14 subroutine can be called with
a one word instruction from any arbitrary page. This
instruction is either BM or BMA. When either BM or BMA
is executed, subsequent BM or BMA instructions are
equivalent to B and BA on page 14. Also, B or BA is
equivalent to B or BA on page 15. This condition is
cancelled when the RT, RTS, BL, BML, BLA or BMLA
instruction is executed. Note 3 under the instruction codes
shows corresponding states.

Stack Registers (SKq, SK7, SK5)

These registers are used to temporarily store the contents of
the PC while executing subroutines or interrupt pregrams
until the program returns to its original routine. The SK
registers are organized in three words of 10 bits each,
enabling up to three levels of subroutine nesting. If one
word is used for an interrupt routine, the remaining two
levels can be used for subroutine calls.

Data Memory (RAM)
This 256-bit (64 words x 4 bits) RAM is used to store both
processing and control data. One RAM word consists of 4
bits with bit manipulation possible over the entire storage
area. The 64 words are arranged as 4 files x 16 digits x 4
bits. Fig. 2 shows the RAM address map.

The RAM address specification is made by the combina-
tion of data pointer DP register X, and register Y. Thus, the
selector CPS and data pointer DP must be set. However, as

long as the address is not changed this is not necessary.

Data Pointers {DP, DP’)

These registers are used to designate RAM address, and bit
position for the 1/0 port D and register J. Each data pointer
is composed of a 6-bit register group. Register X (the
upper order 2 bits of DP) designates a RAM file; and regis-
ter Y ( the lower order 4 bits of DP ) designates the digit
position of the RAM file. At the same time, register Y
designates bit positions of the I/O port D and register J.

4-bit Arithmetic Logic Unit (ALU)

This unit executes 4-bit arithmetic and logical operations
by means of a 4-bit adder and related logic circuitry. The
arithmetic logic unit performs addition, logical comparisons,
arithmetic comparisons, and bit manipulation.

Register A and Carry flag (CY)

Register A is a 4-bit accumulator that constitutes the basis
for arithmetic operations. Data processing operations such
as arithmetic and logical operations, data transfer, ex-
change, conversion and data input/output are executed by
means of this register. Carry or borrow from register is
stored in the carry flag’s CY and CY' after execution of
arithmetic or logical operations, The carry flags CY and CY’
can also be used as 1-bit flags. Carry flags and data pointer
DP selection is done by means of the selector CPS.

Registers B and E

Register B is composed of 4 bits and can be used as a 4-bit
temporary storage register or for 8-bit data transfer in
conjunction with register A. Register E- is composed of 8
bits and is used not only as an 8-bit temporary storage
register, but also as a temporary storage register for |/O
port S.

T T
designation 8 9

PCu
PC.

s aesio- [a[7]6[5[a[3]2]1]0]8[7]6]5][4[3]2][1]o[8]7] [2[1]c[8]7[6]5]4]3]2]1 [0
0
1
2

designation

Address

[T HEH NEREEN
EEEEEENEEERENENRRRRRNNNAREENNEY

The M58843-X X XP and M58844-XXXSP programs are developed using
a support system having a 2048 word x 9-bit ROM memory. When
using such a system pages 8 through 15 of the 2048 words (pages O
through 15) are used so that the program counter PCyy= 0~ 7 is defined
as pages 8 through 15.

126
127

Note :

Fig. 1 ROM Address map
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File desig- | gogister X 0 1 2 3
nation
File name Fo Fy F2 Fs
Bit_designati 3l2jvjoj3fj2)1]of3f2]1]0j3|2]1]0
0
1
Digit 2
desig nation
(register Y) :
] N I Y I I
15 [T TP

Fig. 2 RAM Address map

A/D Conversion Circuit

The following A/D conversion functions are controlled by
software as described below. Fig. 3 shows the block
diagram.

(1) Comparators
These comparators are implemented entirely with
PMOS devices and use a chopper-type amplification
method. They are capable of determining the larger of
the D-A converter output Vref and the port K input
signals Vi (y) (where(Y) =0~ 10).

(2) Register J
Register J is composed of 11 1-bit registers, each
representing the comparison result from the compara-
tors. All register bits are set simultaneously. The value
of the register J with respect to the comparison results
is as follows.

1 when [Vref| > [V (v)]
0 when |Vref] <|Vk (vy]

In this relationship (Y) represents the bit position in
register J which is designated by register Y. The
comparison results can be checked for each bit using
the SZJ instruction.

(3) Registers H — L
These two 4-bit registers are capable of transferring and
exchanging data to and from register A.

The 8-bit digital data for the D-A converter is
transferred from these registers, the higher order 4 bits
from H and lower order 4 bits from L.

(4) Register C
This 3-bit register is used as a counter to designate bit
positions in the H and L registers.

(5) D-A Converter
The D-A converter converts the digital values stored in
the registers H and L, referencing with the external
reference voltage Vrgg applied at the pin Vggg, to
the analog value of the internal reference voltage Vref,

The theoretical value of the internal reference
voltage Vref is defined as follows.

n—0.5 :
Vref =WXVREF ,where,n=1,2, ... 255

Vref = 0 , where,n=0

In the above relationships n is the value weighted
according to the contents of registers H and L.

A-D Conversion Algorithms

A-D conversion is controlled by the programming of the
previously described functional blocks. Thus, by modifying
the program, either the successive approximation method
or the sequential comparison method may be selected. In
addition, a digital input of high or low level may be used to
select the method, eliminating software selection of the
A-D conversion technique.

(1) Successive Approximation

In this method, the conversion speed is maintained
constant regardless of the amplitude of the analog
signal. The A-D conversion process requires 0.6ms (at
600KHz clock frequency). 12 programs words are
required.

Sequential Comparison

In this method the conversion speed varies in accord-
ance with the rate of change of the analog quantity.
When the rate of change is slow, the conversion rate
increases. 30 program words are required.

(2

-~

REGISTER A

) BIT INSTRUCTION

‘ 4DESIG.  LC7
NATION  }3

) e — [#]o [H& [ L&) }—neaisterc

- 5 D-ACONVERTER | ),

l 1 1 h .
Kio Kg K1 Ko V}EF
EXTERNAL REFERENCE

ANALOG INPUTS VOLTAGE  INPUT

Fig. 3 A-D Conversion circuit block diagram
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Interrupt
The flag INTE is a 1-bit flip-flop used to control interrupt
operation. When an interrupt request signal is applied to the
pin INT while the interrupt is enabled, the INTE flag is
reset to disable further interrupts, after which the program
jumps from the main program to address O of page 12.
When an interrupt program is used, one level of the
three-level stack register is required, the remaining two
levels being used for subroutines. After the interrupt
program is started, the data pointer DP, register A, carry
flag CY, and registers used by the interrupt program are
saved. It is necessary to restore these before returning to
the main program by using the instructionRTI.
When an interrupt occurs, the microcomputer internal
states are as follows.
(1) Program Counter
The current address in the main program is stored in a
stack register and the program counter is set to page
12, address 0.
(2) Interrupt Flag INTE
The flag INTE is reset to disable further interrupts.
This disable state will continue even after the program
has returned from the interrupt routine to the main
program by the execution of the RTI instruction. El is
executed and when the input level of the INT input
changes, this state is disabled. Thus, when the INTH
instruction is executed the interrupt state is enabled
when the INT input goes high. As long as it remains in
the high state, further interrupts are prohibited. If the
INT input should change to a low level and return to
high, the next interrupt will be accepted.
(3) Skip Flags
Skip flags are provided to discriminate skip instructions
and consecutively described skip instructions, Each flag
has its own stack within which the skip state is saved.
As a mask option, the interrupt pins may be
provided with Schmitt input circuits.

Input/Output Pins

(1) Input port K
The input port K consists of 4 bits for the
M58843-XXXP and 11 bits for the M58844-XXXSP.
The voltage level input at these pins is compared with
the D-A converter voltage output Vref by a comparator
and the results stored in register J. As a mask option, it
is possible to build load resistors into the input port K.
These are implemented using depletion-type MOS
transistors. In addition, to enable the use of capacitive
touch-type keys, it is possible to provide these inputs
with the required discharge transistors.

(2) Input/Output Port S )
The input/output port S consists of 8 bits, each bit

with an output latch. These latches are used to store
data transferred by means of a PLA from register A, or
data transferred from register A and register B directly,
or data transferred from register E directly. 4 bits ata
time of the 8 input bits of port S may be transferred to
register A,

Because port S outputs are provided with a built-in
PLA, it is possible to output any arbitrarily settable
8-bit code from an input specified by register A. These
PLA output codes can be specified arbitrarily as a mask
option.

In addition, as a mask option, it is possible to
build-in load resistors at the input/output port S. The
load resistors are implemented with depletion-type
MOS transistors.

Input/Output Port D

The input/output port D consists of 8 bits for the
M58843-XXXP and 11 bits for the M58844-XXXSP,
Each bit can be individually designated as either input
or output and is provided with its own latch. The
contents of the data pointer register Y can be used to
designate a single bit of port D for output or sensing.

In addition, as a mask option load resistors may be
built-in at the input/output port D. These resistors are
implemented by means of depletion-type MOS transis-
tors.

When port S or port D is used as an input port, the
output should first be cleared to the low state.

(3

-—

Reset Function
When the RESET input is kept high for at least two
machine cycles, the reset state is enabled. As shown in Fig.
4, it is possible to implement a power-on reset circuit using
an externally connected capacitor, resistor and diode. For
this configuration, when the supply voltage falls below
—13.5V, the circuit design should insure that the RESET
input is above —4V.

When the reset state is enabled, the following operations
are performed.
(1) The program counter is set to page 8, address 0

(PC} < 0O

Note 1: The M58843-XXXP and M58844-XXXSP programs are developed using
a support system having a 2048 word x 9-bit ROM memory. When
using such a system pages 8 through 15 of the 2048 words (pages O
through 15) are used so that the program counter PCyy= 0~ 7 is defined
as pages 8 through 15.

(2) The interrupt mode is in the interrupt disabled state
(INTE) < 0
This is the same state as when the instruction Dl is exe-
cuted.
(3) By setting the interrupt request signal INT to high, the
interrupt enabled state is entered. This is the same state
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as when the instruction INTH is executed.
(4) All outputs of port S are cleared to low (S) <« 0
(5) All outputs of port D are cleared to low (D) <« 0
{6) The carry and data pointer selector CPS is cleared to
low to designate DP and CY (CPS) < 0

 POWER APPLIED

M58844 -XXXSP ov
RESET

Fig. 4 Power-on reset

Clock Generator Circuit

A clock generator circuit has been built-in, to allow control
of the frequency by means of an externally connected RC
circuit or ceramic resonator. In addition, an external clock
signal may be applied at the X,y pin, leaving the XoyT pin
open. Circuit examples are shown in Fig. 5 to Fig. 7.

Note 2: Since when using an RC circuit
the frequency will vary in
accordance with the device
characteristics, the constants
should be chosen so that the
frequency falls within a specified
limit even including the
effect of these variations.

M58844- XXXSP

Fig. 5 External RC circuit

M58844-XXXSP Note 3: The circuit constants will depend

X Xour on the frequency and type of
ceramic resonator used.
25 Dig 24

Fig. 6 Externally connected ceramic resonator

M58844-XXXSP
Xin Xour
25 24

0V
EXTERNAL OCILLATOR CIRCUT —15v I LT
Fig. 7 External clock input circuit

MASK OPTIONS

The following mask options are available, specifiable at the
time of initial ordering.

(1) S output PLA data

(2) Interrupt input Schmitt circuit

{3) Port Kinput pull-down resistors

(4) Port K input discharge transistors

(5) Port$S input/output pull-down resistors

(6) Port D input/output pull-down resistors

DOCUMENTATION REQUIRED UPON
ORDERING

The following information should be provided when order-
ing a custom mask.
(1) M58843-XXXP, M58844-XXXSP mask confirmation
sheet
(2) ROM data
(3) Soutput PLA coding
(4) Interrupt input Schmitt circuits
On confirmation sheets
(5) Port K input pull-down resistors
On confirmation sheets
(6) Port K input discharge transistors
On confirmation sheets
(7) Port S input/output pull-down resistors
On confirmation sheets
(8) Port D input/output pull-down resistors
On confirmation sheets

3 EPROM sets
On confirmation sheets
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LIST OF INSTRUCTION CODES

Dg~ D4 . 10000 |1 1000
0 0000 (0 0001|0 0010 |0 00110 0100(0 0101(0 0110|0 0111|0 1000|0 1001(0 1610|0 1011]0 1100{0 1101 {0 1110|0 1111
Hexa- 1o
Dy decimal
nota-
b, ton 00 | 01 o2 |03 | 04| 05 o6 | 07|08 |09 |ocAa|o0oB|oC| 0D | O0E]| oF |10~17[18~1F
0
szB| SEY |[LCPS XAM | BL A LA | LXY | LXY | LXY | LXY
0000 | 0 | NOP | CLS CPAE - — BM B
0 0 0 0 BML 0 ] 0,0 1,0 | 2,0 |30
8a szB| SEY |LCPS XAM | BL A LA [ LXY | LxY | LXY | LxY
oco1 | 1| BYA |cLDS CPAS - — BM B
BMLA 1 1 1 1 BML 1 1 0,1 1,1 2,1 3,1
szB| SEY XAM | BL A LA | LXY | LXY | LXY | LXY
0010 | 2 | INY - SHL | RHL — — BM B
2 2 2 BML 2 2 0,2 1,2 |22 |32
szB/| Sey XAM | BL A LA | LXY | LXY | LXY | LXY
0011 | 3| DEY | cLD — - - — BM B
3 3 3 BML 3 3 0,3 1,3 |23 |33
SEY 1AS | TAM | BL A LA | LXY | LXY | LXY | LXY
0100 [ 4| DI RD — RT — — B8M B
4 0 0 BML 4 4 0,4 4 | 2,4 |34
SEY IAS | TAM | BL A LA | LXY | LXY | LXY | LXY
0101 | 5 EI sD — RTS — — BM B
5 1 1 BML 5 5 0,5 15 |25 |35
SEY TAM | BL A LA | LXY | LXY | LXY | LXY
0110 | 6 | INTH | TEPA | SEAM RT! — — — BM B
6 2 BML 6 6 0,6 1,6 | 26 | 3,6
SEY TAM | BL A LA | LXY | LXY | LXY | LXY
0111 | 7| INTL |OSPA| — — | Ler — — BM B
7 3 BML 7 7 0,7 1,7 | 2,7 |37
SEY XAMD| BL A LA [ LXY | LXY | LXY | LXY
1000 | 8 | cPA | xAL | — RC | XAH - — BM B
. 8 0 BML 8 8 0,8 1,8 | 28 |38
SEY XAMD| BL A LA | LXY | LXY | LXY | LXY
1001 | 9| DEC | TLA | SZJ SC | THA — - BM B
9 1 BML 9 9 0,9 1,9 2,9 3,9
SEY XAMD| BL A LA | LXY | LXY | LXY | LXY
1010 Al AM |[TEAB| — - — — — BM B
10 2 BML 10 10 | 010|110 | 210|310
SEY XAMD| 8L A LA | LXY | LXY | LXY | LXY
1011 [ B| OSE |0SAB| Sz D - — — — BM B
" 3 BML 1 11 0,11 | 4,11 | 2,11 | 3,11
SEY | S8 RB | XAMI | BL A LA | LXY | LXY | LXY | LXY
100 [c| Tya | TBA | — — — BM B
12 0 0 0 BML 12 12 | 0,12 1,12 | 2,12 | 3,12
SEY | sB RB | XAMI | BL A LA | LXY | LXY | LXY | LXY
101 {D| TAS | TAY | — — e BM B
13 1 1 1 BML 13 13 10,13 1,13 ] 213 3,13
SEY | sB RB | XAMI | BL A LA | LXY | LXY | LXY | LXY
1110 |E | AMC | TAB | — — — BM B
14 2 2 2 BML 14 14 | 0,14 1,18 | 2,14 | 3,14
SEY | sB RB | XAMI | BL A LA | LXY | LXY | LXY | LXY
11 | Flames| — |szc CMA | — BM B
15 3 3 3 BML 15 15 | o0,15 ] 1,15 [ 2,15 | 3,15

Note 1: This list shows the machine codes and corresponding machine instructions. D3~ Dg
indicate the low-order 4 bits of the machine code and Dg~ D4 indicate the high-
order 5 bits. Hexadecimal numbers are also shown that represent the codes. Note 3: Page relationships for branching by means of branching
An instruction may consist of one, two, or three words, but only the first word is instructions and subroutine calling instructions.

listed. Code combination indicated with a bar (-} must not be used,

Page (total of 8)
Note 2: Two-word instruction Addresos 8 9-seiifeeesmaans LIRSV P 5
Second word ;T \:4‘ &l
BL 1 IXXX yyyy 3 4“\%
BML 1 OXxX Yyvyy
BA 1 Dxxx XXXX H 3 <
H ; - S
BMA 1 Oxxx XXXX : < Bgtl\\) 3
; - z
Three-word instruction '
Second word Third word 12'5
[BLA 0 0111 pppp 1 Ixxx XXXX I
I BMLA | 0 0111 pppp 1 Oxxx XXXX erid WL
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MACHINE INSTRUCTIONS

[y T ﬁ"'g
Instruction code g3 : 35
I,‘Qiﬁsf Mne- 5% Functions Sk.",) (é. Description of operation
ion monic Dy DDDsDe DyDDIDs 16 m,_,| sl g conditions | ®
o DrLeUst e VA0 Inotation | Z | 2 v
s TAB 0000t 1110 0 1E{ 1| 1] (A)—(B) - X | Transfers contents of register B to register A,
§ TBA 00001 11000 tC{ 1| 1| (B)—(A) - X | Transfers contents of register A to register B.
z TAY 0 0001 11010 1D| 1| t[(A)—(Y) - X | Transfers contents of register Y to register A,
Za TYA 0 0000 11000 OC| 1| 1 |(Y)—(A) - X | Transfers contents of register A to register Y.
5 5 | TEAB 0 000t 1010 (0 1A | 1| 1| (E~E)—(B), (Es~Eo)—(A) - X | Transfers contents of registers A and B to register E.
§, 2 | TEPA 0 0001 01100 18 1| 1 [(E,~Eo)—through PLA—(A) - X | Docodes contents of register A in the PLA and trasfers result to
& register E.
[ 9IS’
LXY xy |O 11xx yyyy |0 Cy (X)e—x, where x=0-3 Written X | Loads value of "x" into register X and of "y" into Y. When LXY

3 + (Y)—y, where, y=0~15 successively is written suc y, the first is and ones

2 x are skipped

3 INY 0 0000 00100 02 (Y)—=(¥)+1 (Y)=0 X | Increments contents of register Y by 1. Skips next instruction

3 when new contents of register Y are 0"

5 DEY 0 0000 00110 03 (Y)—(Y)—1 (Y)y=15 X | Decrements contents of register Y by 1. Skips next instruction

o< when new contents of register Y are “15".

LCPS1 [0 0100 00014 |0 4 (CPS)«i, where, 1=0, 1 - X | DPand CY are-active when i=0, DP’ and CY* when i=1.
1 o 4 —_ Transfer the RAM contents addressed by the active DP to
™M e erreetiiios B0t where i=0~2 X | register A. Register X is then “exclusive OR-d" with the value

5 ! in the instruction, and the result stored in register X.

‘G | XAM ] 00110 00j)j|0 6] (A)—(M(DP)) - x | Exchanges the contents of the RAM DP and register A. Contents

E (X)e=(X)¥j, where, [=0~3 of X are then “exclusive OR-ed” with the valuej and the result

< stored in register X.

% XAMD j 0 0110 10j}|0 68 (A)+(M(DP)), (Y)—(Y)—1 (Y)=15 x | Exchanges the contents of the RAM and register A. Contents of

F T (X)+—(X)¥j, where, j=0~3 X are then “exclusive OR-ed” with_the value i in the instruction,

E ’ and the result stored in reqister X. The contents of reaister Y are

g ge;:{?;npeeréted by 1, and when the result is 15, the next instruction

S {XAMI}] |0 0110 11} 06C (A)+(M(DP)), (Y)—(Y)+1 (Y)=0 X | Exchanges the contents of the RAM and register A. Contents of

4 T (X)—(X)¥j. where, i=0~3 X are then “exclusive OR-ed”” with the value j in the instruction

o« and result stored in register X.The contents of register Y are

when the incremented by 1,and when the result is O. the next
instruction is skipped.
LA n 0O 1011 nnnn (0 Bn (A)+n, where, n=0~15 Written x | Loads the value n into register A. When LA is written consecu-
successively tively the first is executed, and successive ones are skipped.
AM 0 0000 10100 OA (A)e—(A)+(M(DP)) - x | Adds the contents of the RAM to register A. The result is re-
tained in register A, and the contents of flag CY are unaffected.

§ AMC 0 0000 11100 OE (A)—(A)+(M(DP))+(CY) - 0/1| Adds the RAM contents addressed by the active DP and contents

4 (CY)« carry of flag CY to register A. The result is stored in register A, and the

2 carry in the active flag CY.

o | AMCS 0 0000 1111|0 OF (AY—(A)+(M(DP)}+(CY) (cy)=1 0/1| Adds the contents of the RAM and flag CY 1o register A. The

£ (CY)« carry A carry is not resuit is stored in register A and the carry in the CY, but the next

g produced and instruction is skipped when a carry is produced.

£ |An 01010 nnnn |0 An (A)—(A)+n, where, n=0~15 =0 [ x | Adds value n in the instruction to register A. The contents of

g n#%6 flag CY are unaffected and their next instruction is skipped if a

carry is not produced, except when n=6,
sC 0 0100 1001|0 49| (CY)+=1 - 1 | Setsactive flag CY.
RC 00100 10000 48| 1 (cy)«0 - 0 | Resets active flag CY.
szc 00010 1111/0 2F 1 e (cy)=o0 x| Skips next instruction when contents of the active flag CY are O.
CMA 0 1000 1111[0 8F |1 (A)—(A) - X | Stores complement of register A in register A,

. |SBJ 00100 11jj |0 4C (Mj(DP))«1, where, [=0~3 - x | Sets the jth bit of the RAM addressed by the active DP (the bit

5 T designated by the value j in the instruction)

% |RBI 00101 11j)|05C (Mi(DP))«-0, where, j=0~3 - X | Resets the jth bit of the RAM addressed by the active DP (the

i T bit designated by the value j in the instruction).

S |szB ) 00010 00j)] [0 2} (Mj(DP)) X | Skips next instruction when the contents of the jth bit of the

& =0 RAM addressed by the active DP (the bit which is designated by

where,j=0~3 the value j in the instruction) are O,

¢ | SEAM 00010 0110|0 26 (M(DP))= x | Skips next instruction when contents of register A are equal to

E (A) the RAM contents addressed by the active DP.

£ |SEYy 00011 yyyy |0 3y (Y)=ywhere,| X | Skips next instruvtion.when the contents of register Y are equal

S y=0~15 to the value y in the instruction.

TLA 0 0001 1001 19 (L)+=(A) - X | Transfers contents of register A to register L.
THA 00101 1001|059 (H)—(A) - X | Transfers-contents-of register A to register H- -~
TAY 0 0000 11010 0D (YiYo)=0 when, : (A)e—(JsJ2 41 do) - X | Transfers designated contents of register J to register A.
T(A)—(Jrdsds du)
S (A)(01035 Js)
(Y Yo)= 3when,:(A)~—(onno ) . .
XAL 0 0001 1000|0 18 (A)es(L) — x | Exchanges contents of register A with contents of register L.
XAH 00101 10000 58 (A)e=(H) - X | Exchanges contents of register A with contents of register H.
w7 00101 01110 57 (C)e17 x | Loads 7 to register C.
DEC 0 0000 1001 /0 09 (C)e—(C)—1 (c)=1 x | Decrements contents of register C by 1, when result is 7, skips
next.

2 [ SHL 0 0100 00100 42 (Cp) =1 When, : (Hrgy-co Y1 - X | Sets the bit in register L or H designated by register C. The box

S (G)=0 when, : (L co de-1 Bt Teater < v i enton [ TrTe sTAT3 2] 110

5 3| Ha|Hi [Hol Ls[Lofli|Lo

§ RHL 00101 0010/0 52 (Cz)=1 when, : (Hi-co 1) —0 - X | Resets the bit in register L or H that is deslgnated by register C.

g CPA 0 0000 1000|0 08 4 (\?/IrLTILv\CS:')I'stl;e(;‘Aclo()J)(T:)q—1 | Reads all analog values from input port K for comparison with

H ) !vre||<|v.<(. slwhen, : (Ji )0 D—A converter output _V@f anq either sets the respective bit of

§ 0~10 register J to the next instruction cycle wherever Vet < V(1)

S is true, or resets it wherever Vgt < V(1) is true.

g |cpPas 00101 0001 |0 51 Vrefl >Vl when, : (Ji)e1 - x | Reads and stores temporarily all analog values from input port K,
IVref! < IVkd | when,  (Ji)+—0 which are then unaffected by changes in port K inputs. These
i=0~10 values are compared with the D-A converter output Ve,

calculated from contents of registers H and L and respective bits
of register J are set/reset. Repeated when contents of registers
H-L are changed.
CPAE 00101 0000)0 50 Execution of the instruction CPAS is X | Terminates execution of instruction CPAS. Contents of register
9‘/&’6, an)d no more changes will made J remain unaffected, maintaining the value i y before
n eyl termination, and input port K is again ready to receive inputs.
szy 0 0010 1001 (0 29 (I D=0 X | Skips next instruction when the bit in register J, designated by
register Y, is 0.
MITSUBISHI
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&8
h | ) . s8 N
i‘l;:;?reugf Mne- nstruction code E :_‘; Functions Skip e} Decriot ; )
- " [=3 unctl et SCription O ration
o monic ™~ o0, 000 |08 i g conditions § P opel
notation Z | Z
B xy 1 1xxx yyyy |1 8y[ 1 [ 1] (PC)—16x+y — X | Jumps to address xy of the current page.
+ (PCu)+«— 7, (PCL)«16x+y Jumps to address xy on page 15 when executed, provided that
x none of instruction RT, RTS, BL, BML, BLA or BMLA was
‘executed after execution of instruction BM or BMA.
BLpxy (O O111 pppp 7ep| 2| 2| (PCy)—p - X | Jumps to address xy of page p.
T ixxx yyyy [1 8y (PCL)+16x+y
+
x
2 [BA xX 0 0000 0001 ([0 01| 2] 2| (PCL)—16x+(A) — X | Jumps to address x(A) of the current page.
3
=2 1 1xxx XXXX |t 8X {PCu)+—7,(PCL)+—16x+(A) Jumps to the address x{A) of page 15 provided that none of
+ instructions. AT, RTS, BL, BML, BLA or BMLA was executed
x after execution of instruction BM or BMA.
BLA pxX| 0 0000 0001 [0 01| 3 [ 3| (PC)—p — X | Jumps to the address x(A) of page p.
00111 pppp |O Tp (PCL)—16x+(A)
1T 1xxx XXXX |1 8X
+
x
BM xy 1 Oxxx yyyy [t xy[ 1] 11 (SK2)—(SK1)+—(SK0)+—(PC) - X | Calls for the subroutine starting at address xy on page 14.
(PCu)+—6,(PC.)+—16x+y
(PCq)— 6, (PCL)«16x+y Jumps to address xy of page 14 provided that none of instruc-
tions. RT, RTS, BL, BML, BLA or BMLA was executed after the
execution of instructions BM or BMA.
BML pxy| 0 0111 pppp |0 Tp| 2 [ 2| (SK2)«—(SK1)«—(SK0O)—(PC) - X | Calls for the subroutine starting at address xy of page p.
= 10xxx yyyy |1 xy (PC.)+p,(PCL )« 16x+y
S |[BMA XX 00000 0001 [0 Ot 2 [ 2| (SK2)—(SK1)—(SK0)—(PC) — X[ Calls for the subroutine starting at address x(A) of page 14.
£ 1 0xxx XXXX |1 xX (PCu)+6, (PCL)—16x+(A)
]
E (PCy)—6, (PC)«16x+(A) Jumps to address xy of page 14 provided that none of instruc-
a3 tions. RT, RTS, BL, BML, BLA or BMLA was executed after the
: execution of instructions BM or BMA.
BMLA 0 0000 0001 |0 O1] 3| 3| (SK2)—(SK1)+—(SK0)—(PC) — X | Calls for the subroutine starting at address x{A) of page p.
pxX| 0 0111 pppp |O Tq {PCu)+p, (PCL)16x+(A)
1 0xxx XXXX [1 xX
RTI 0 0100 0110 [0 46| 1| 1| (PC)—(SKO)—(SK1)«—(SK2) — X | Returns from interrupt routine to main routine. The internal flip-
e Restore internal flip-flop flop is restored to the value held immediately before the inter rupt.
s g [RT 0 0100 0100 [0 44| 11 1] (PC)—(SK0)—(SK1)—(5K2) — X | Returns to the main routine from the subroutine.
82 [RTS 00100 0101 |0 45| 1] 2| (PC)—(SK0)—(SK1)+(SK2) Uncondi- X | Returns to the main routine from the subroutine, and uncidi-
«® tional skip tionally skips the next instruction.
sp 0 0001 0101 |0 18[ 1 1| (D(Y))1, where,..0=(Y)=10 — X | Sets the bit of port D that is designated by register Y.
RD 0 0001 0100 [0 14| 1| 1] (D(Y))—0, where,.-0=(Y)=10 - X | Resets the bit of port D that is designated by register Y.
szD 0 0010 1011 |0 2B| 1| 1 where,»-0S(Y)=10 (D(Y))=0 X | Skip the next instruction if the contents of the bit of port D
that is designated by register Y are o.
~ |osAB 00001 1011 |0 18 1| 1] (S:~85)—(B),(S;~S)(A) X | Outputs contents of registers A and B to port S.
3 |osPa 0 0001 0111 |0 17| 1| 1] (S;~8;)— through PLA—(A) X | Decodes contents of register A by PLA and the result is output
5 t0 port.
\3 OSE 0 0000 1011 (0 0OBf 1| 1] (S)—(E) X | Outputs contents of register E to port S.
2 |1AS i 00101 010i [0 54| 1| 1| i=0:(A)—(S~S) % | Transfers from port S to register A. The high-order four bit of
£ + i=1:(A)—(S3~5) port S are transferred when the value of i in the instruction is
i O or the low-order four bits are transferred when the vaiue of iis 1
CLD 000010011 {0 13| 1| 1] (D)0 x | Clears port D.
cLs 0 0001 00000 16| 1| 1| (S)—0 x | Clears portS.
CLDS 0 0001 0001 |0 11| 1| 1| (D)0, (S)—0 x | Clears ports Sand D.
El 0 0000 0101 |0 05 1| 1| (INTE)—1 X | Sets interrupt flag INTE to enable interru.ts.
£ |Dl 0 0000 0100 [0 04| 1} t| (INTE)—0O X | Resets interrupt flag INTE to disable interrupts.
? INTH 0 0000 0110 |0 06} 1| 1] (INTP)—1 X | Sets interrupt polarity flag INTP to enable interrupts when the
5 interrupt request signal is turned high.
E |iNTL 0 0000 0111 {0 07| 1| 1| (INTP)«0O X | Resets interrupt polarity flag INTP to enable interrupts when the
interrupt request signal is turned low.
Misc | NOP 0 0000 0000 |0 00| 1| 1| (PCY~(PC)+ 1 X | "No operation
RESET (PCy)—0, (PC+0 Start from address "o’ of page 8.
Pin
INT (SK; ) «~(SK; ) (SKe )+=(PC), izg“ ;F; Calls for the subroutine starting at address “0"" of page 12.
e
Symbol Contents Symbot Contents Symbol Contents
A 4-bit register (accumulator) SK1 10-bit stack register INT Interrupt request signal.
8 4-bit register sK2 10-bit stack register - Shows direction of data flow.
c 3-bit register oy 1-bitcarry flag () [Indicates contents of the register, memory, etc.|
E 8-bit register xx 2-bit binary variable ¥ Exclusive OR
H 4-bit register yyyy 4-bit binary variable - Negation,
J 1-bit register nnnn 4-bit binary constant X Indicates flag is unaffected by instruction execution.
L A-bit register i 1-bit binary constant xy Label used to indicate the address xxyyyy
X 2-bit register ii 2-bit binary constant pxy Label used to indicate the address xxxyyyy of page pppp.
Y 4-bit register XXXX 4-bit unknown binary number cPS Indicates which data pointer and_ca(ry are active,
DP 6-bit data pointer, combination of registers X and Y. D 11-bit port [} Hexadecimal number C + binary number x.
PCx The high-order three bits of the program counter. K 11-bit port +
PC. The low-order seven bits of the program counter. s 8-bitport x
PC 10-bit program counter, combination of PCy and PCy.| INTE | Interrupt enable flag
SKo 10-bit stack reqister INTP Interrupt polarity flag
Note 1. When a skip is used with either the M58843-XXXP or M58843-XXXP, the next instruction becomes invalid and the program counter is not incremented

by 2. Therefore the number of cycles does not change in accordance with the existence or non-existence of a a skip.In addition, since the M58843-XXXP
is housed in a 28-pin package, some pins of the port K and D are not usable.
2. The M58843-XXXP and M 58844-XXXSP programs are developed using a support system having a 2048 word X 9-bit ROM memory. When using such
a system, page 8 through 15 of the 2048 words {page O through 15) are used so that the program counter PCy =0~ 7 is defined as page 8 through 15.
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Voo Supply voltage . 0.3——20 \
Vi Input voltage, port S and D, Xy and Vp inputs 0.3~ —35 \%
Vi Input voltage, other than port S and D, Xy and Vp inputs | With respect to Vgg 0.3——20 \2
Vo Qutput voltage, ports S and D 0.3~—35 \%
Vo Output voltage, other than ports Sand D 0.3~——20 \4
Pd Power dissipation Ta=25C 1100 mwW
Topr Operating temperature —10~70 c
Tstg Storage temperature —40~ 125 C
RECOMMENDED OPERATING CONDITIONS (Ta=-10~70°C, unfess otherwise noted)
Limits .
Symbol P 1 Unit
4 arameter Min Nom Max
Voo Supply voltage —13.5 — 15 —16.5 \%
Vss Supply voltage 0 \
Vin High-level input voitage , port D -1 ] iV
Vin High-level input voltage other than port D —1.5 0 \"
Vin) High-leve! clock input voitage —1.5 0 v
VL Low-level input voitage, RESET and INT (Schmitt) Voo Voo +2 Vv
ViL Low-level input voltage, INT (TTL compatible) - Voo —4.2 \Y
ViL Low-level input voltage, ports D and S —33 —4.2 A\
VL) Low-level clock input voltage —33 Voo +2 \Y
Vik) Digital input voltage, port K Voo 0 Vv
Vi) Analog input voltage, port K Vher 0 iV
VRer Reference voltage - —5 -7 v
VoL Low-level output voltage, ports D and S —33 0 \%
f(p) Internal clock oscillation frequency 300 600 kHz
ELECTRICAL CHARACTERISTICS (Ta=-10~70°C, VDD=-15V £10%, VSS=0V, f($)=300~ 600kHz, unless otherwise noted)
Limits
Symbotl Test e .
Y Parameter st conditions Min ) Max Unit
Vr— Negative threshold voltage, RESET input Voo =—15V, T,=25TC Vpp+ 2 — 4 \Y
V1 +—Vr- Hysteresis, RESET input Voo =—15V, T,=25C 1 \2
Vou High-level output voltage, port D Voo =—15V, loy=—15mA, —2.5 \%
Vou High-level output voltage, port S Vop =— 15V, lon=—8mA, —2.5 \%
%) High-level input current, port K (with pull-down resistors)] Vpp=—15V, Viy=0V, T,=257C 50 250 uA
lin High-level inputcurrent,portsDandS (withpull-downresistors)) V= —33V, V,y=0V, T,=25T 80 280 LA
Jnput current, port K To be measured when the instruction CPAS or CPA _ —
b P P is not being executed; V, = -7V ! 7 A
Yoy Clock input current Vi@ry=—33V, T,=25C —20 —40 A
lon High-level output current, port D Voo =—15V, Vou=—2.5V, —15 mA
lon High-level output current, port S Vop = =15V, Vou=—