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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. .

The editors of the 1979 Mitsubishi LS| Data Book have
taken the utmost care to assure that this guide will serve
as a useful reference. We have, for example, adopted a
new system of type designation that will aid in identifying
interchangeability with the devices of other manufac-
turers.

We have also added a number of new products, in-
cluding peripheral LSis for the M5L8085AP and S
MELPS 85 microprocessor, a single-chip, 4-bit micro-
computer, IC memories, baseboard computers and their
development and support systems, along with additional
original MOS LSI devices.

We hope you will let us know of any mistakes or
omissions that come to your attention, and any sugges-
tions you might have on improving the usefulness of this

data book.
January, 1980
Kimio Sato, General Manager
Semiconductors Division
Mitsubishi Electric Corporation
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INDEX BY FUNCTION

Ambient
T ) i
(N;:::H dezg::lrm Circuit function and organization Application notes ?r(\jr:(c;uzr)e or::r”a‘zng
Ta (°C)
Static RAMs
M5L 2101AP,S-2 — s , D |
MS5L 2101AP.S - 1024-Bit (256 4) Static RAM S yciadindio i ODterminal. |\ s gp | 0~70
M5L 2101AP.S-4 M58721P, S
M5L 2111AP,S-2 — e g ob |
M5L 2111AP.S -~ 1024-Bit (256 4) Static RAM S e ineut/output, ODemInal. |\ 51D | 0~70
M5L 2111AP.S-4 M5b8722P, S
M5L 2112AP,S-2 —
MS5L 2112AP.S — 1024-Bit (256 4) Static RAM Common data input/output Ni, Si, ED 0~70
M5L 2112AP.S-4 M58723P. S
MS5L 2102AP.S-4 | M58751P, S 1024-Bit (1024x 1) Static RAM N, Si. ED 0~70
MS5L 2114LP,S-2 M©58724P, S-2
M5L 2114LP,S-3 M58724P, S-3 4096-B1t (1024 x 4) Static RAM Common data input/output N. Si.ED 0~70
MS5L 2114LP.S M58724P, S
M5T 4044P,S-20 M58754P, S-2
MST 4044P,S-30 M58754P, S-3 4096-Bit (4096 1) Static RAM Separate data input/output N, S, ED 0~70
M5T 4044P.S-45 M58754P, S
Dynamic RAMs
M5L 2107BP.S M58755P, S-1 4096-Bit (4096 1) Dynamic RAM N. Si 0~70
M5K 4116P,S-2 M58759P, S-15
M5K 4116P,S-3 M58759P, S-20 16,384-Bit (16384 1) Dynamic RAM N, Si 0~70
M5K 4116P.S-4 M58759P, S-25
CMOS Static RAMs
MS5L 5101LP-1 M58980P 1024-Bit(256x 4) CMQS Static RAM Common data input/output C.Si 0~70
_ Common data input/output, same pin
M58981S-45 4096-Bit (1024 x 4) CMOS Static RAM configuration jas {M5L2114LP, S C,Si 0~70
Non-Volatile Static RAM
| M58656S | — | 1024-Bit (256 4),Non\Volatile Static RAM i | Common data input/output | P A 0~70
Mask ROMs
M58730-XXXS — 8192-Bit(1024 x 8) Mask Programmable ROM | Manufactured to order N, Si 0~70
M58730-001S - 8192-Bit(1024 x8) Mask Programmed ROM Subroutine 1: integer arithmetic operations | N, S 0~70
M58731-XXXP.S — 16.384-Bit(2048 x 8) Mask Programmable ROM | Manufactured to order N, Si, ED 0~70
M58731-001S — 161384-Bit(2048 x 8) Mask Programmed ROM With MELPS 8 BOM-B Basic operating monitor N, Si, ED 0~70
M5E8333-XXXP — 32768-Bit(4096 x 8) Mask Programmable ROM | Manufactured to order N, Al 0~70
M58334-XXXP * — 65 536-Bit(8192 x 8) Mask Programmable ROM | Manufactured to order N, Al, ED 0~70
Field-Programmable ROMs (EEPROMs, EPROMs, PROMs)
1400-Bit (100x 14
M5G 1400P * | M58654P E!eclrrc‘ai(ly A!teral)yle ROM Electrical programming and erasing P, Al 0~70
M5L 2708K.,S M58732S 8192-Bit (1024 8) Erasable and Electrical programming, ultraviolet N Si FA 0~70
M5L 2708K,S-65 M58732S-1 Electrically Reprogrammable ROM erasing . SI, ~
MS5L 2716K * - 16]384-Bit (2048x8) Erasable and Electrical programming, ultraviolet N SiFA 0~70
MS5L 2716K-65 * — Electrically Reprogrammable ROM erasing e
o 1024-Bit (256X 4) Field-Programmable y
MS54700K.P.8 ROM with Open-Collector Outputs Ni-Cr fuse programming B 0~75
_ 256-Bit (32 8) Field-Programmable ]
MB4730K.P.8 ROM with Open-Collector Outputs Ni-Cr fuse programming B 0~75
Note 1 : * =New product; % % =Under development
2 : Al=Aluminum gate, B =Bipolar, C=CMOS. ED=Enhancement depletion mode, FA=FAMOS.,

N =N-channet.

P =P-channel,

S=Schottkey.

Si =Silicon gate
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INDEX BY FUNCTION

Supply voltage Electrical characteristics Interchangeable products n

Clock Typ pwr| Max Max Max TTL Pack-
Vss voltage dissi- | 3CCeSS | cycle fre- com- | age Page
Voo Veo GND Ves V() pation ((I:'s time | quency | pati- [(Note 3) Mir Tvpe
(mW) |[(Note 4)| (ns) [ (MHz) bility
200 250 | 250 22P1 P. C2101A-2
- 5V +5% oV - - 176 | 350 | 360 | — | Yes |55q; | INTEL P_C2101A 4-25
150 | 450 | 450 P_C2101A-4
200 | 260 | 380 a1 P _C2111A2
— | sves% | ov -~ — [0 0] — | ves |51 |wreL  [P.CaitiA -39
150 | 450 | 450 P.C2111A4
200 | 250 | 250 . P.C2112A-2
-~ BViskh | OV -~ — [0 30| — | Yes |qol |NTEL [ P.C2IT2A 443
150 | 450 | 450 P_C2112A-4
- 5V£ 5% ov - - 100 | 450 | 450 | — | Yes |81 |iNTEL P.C2102A-4 4—29
P C2114L-2
300 | 200 | 200 TMS4045-20JL, NL
INTEL P C2114L-3
— — —_ — Ye . -
Vi | OV 250 | 300 | 300 oo TMS4045.30JL NL | 4749
P.C2114L
200 | 450 | 450 TMS4045-45JL, NL
300 | 200 | 200 TMS4044-20JL, NL
- 5V +10% ov - - 250 | 300 | 300 — | Yes |181|TI TMS4044-30JL NL | 4—57
200 | 450 [ 450 1851 TMS4044-45)L, NL
12v410% | 5Ve10% | OV | —5va10% | vppriv| 300 | 200 [ 400 | — | ves |35 |NTEE | SO0 4-33
a5~ 280 | 150 | 375 oo MK4116-2
vatom | sveion | oovo | T35 | a2 [280 | 200 876 | — | ves | 81| mostex [Tmikaiie3 4-13
260 250 | 410 MK4116-4
— BV + 10% oV — — 75 | 450 | 450 | — | Yes | 20P1 [INTEL P5101L-1 4—53
— B5V+10% ov - - 75 | 450 | 450 | — | Yes | 1851 - - 4-9
| —ovesn| —  [sves% | — | — [ 500 [ 1600 [ 1750 | — | Yes | 1851 | TOSHIBA | TMM142C T a—3]
1V£5% | 5V+5% 0V | —5V5% — 260 | 850 | — — [ Yes | 24S1 | INTEL 8308 5—19
1V£6% | 5V+5% oV | —5vib% — 260 | 850 | — — | Yes | 245 — - 5—22
24P1 P8316A
- BV +5% ov - - 200 | 850 | — — | Yes | 5agy | INTEL CHIIOA 5-23
— BV +5% ov — — 200 | 850 | — — | Yes | 243 — - 5—26
- 5V +5% ov — — 300 | 650 | — — Yes | 24P1 — - 5—15
— BV +5% oV — — 300 | 650 | — — Yes | 24P1 — — 5—17
- BV + 5% ov - - 200 | 20us | — [|16.8KHz| ves | 14P4 | GI 1400 5—27
600 | 460 | — 10 INTEL D. C2708
12ves% | Svis% | OV | -BVE% | — g0 o0l — | — | ™ SO — -3
300 | 480 | — INTEL D2716
_ _ _ — | ves | 24K10] 5—35
BV +5% oV 200 T 0 T = es — —
TBK] 6300J
— 5V+5% ov - . 450 60 | 60 — Yes | 16P1 | MMI 6300 5—6
1651 63000
TBK] 6330
— 5V +5% ov - — 450 50| 50 | — | ves [16P1 | Mmi 6330 5—11
1651 63300

Note 3 : Package code: 24 § 1
—r—-t— 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
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INDEX BY FUNCTION

Ambient
Type Former ) ) ) ) Structure operating
(Note 1) * designation Circuit function and organization Application notes (Note 2) temp
Ta (°C)
Single-Chip Microcomputers
Single-Chip 4-Bit Microcomputer 68 instructions, 2K-word by 9-bit mask-prog. 10
M58840-XXXP - with 8-Bit A/D Converter ROM. 128-word by 4-bit RAM P.Al.ED | —10~-70
M68842Ss — MELPS 4 System Evaluation Device 68 instructions, 128-word by 4-bit RAM P.AlLED | —10~70
instructions, 4K- 10-bit mask-prog.
M58494-XXXP ¥ - Single-Chip 4-Bit CMOS Microcomputer B oy Ao g masPro9 | ¢ ~10~70
Microprocessors
MGL 8080AP.S M58710P, S 8-Bit Parallel CPU 78 instructions N, Si 0~70
M5L 8085AP,S *|  MB58712P, S Single-Chip 8-Bit N-Channel ~
MBL 8085AP.S-20 % M58712P,5-20 | Microprocessor 80 instructions N.SLED | 0-70
LSls for Peripheral Circuits
M58609-04P.S - Keyboard Encoder JIS code standard product P, Al —20~75
M58609-09P,S - Keyboard Encoder USASCII code standard product P, Al -20~75
M58620-001S - Keyboard Encoder JIS code standard product P, Al —20~75
M58741P - TV Interface 64x 64 color-segment display N, Si,ED 0~70
* i - - -
M5L 8041A-XXXP - Universal Peripheral Interface g%;\r;lsgzc\;'/%?j és g’g&dﬁ%\? bit mask-prog. N, Si.ED —-20~70
M5L 8212P M54552P 8-Bit Input/Output Port With three-state outputs B,S 0~75
MS5L 8216P M54553P 4-Bit Parallel Bidirectional Bus Driver With three-state non-invert outputs B.S 0~75
Clock Generator and Driver for
M5L 8224P M54550P M5L 8080AP. S CPU B.S 0~75
M5L 8226P M54554P 4-Bit Parallel Bidirectional Bus Driver With three-state invert outputs B.S 0~75
System Controller and Bus Driver for
M5L 8228P M54551P M5L 8080AP. S CPU Bidirectional,\for data bus isolation B.S 0~75
M65L 8243P * - Input/Output Expander For 4-bit 1/O ports N, Si,.ED -20~70
MS5L 8251AP  x — Programmable Communication Interface Synchronous/asynchronous operation N, St ED 0~70
mgt gggg:_s : - Programmable Interval Timer 3 independent 16-bit counters N.Si,ED 0~70
m:t gggg::_s : : Programmable Peripheral Interface 24 programmable 1/0 pins N.Si,ED 0~70
mgt ggg;;s : B Programmable DMA Controller Priority DMA request logic N, S, ED 0~70
For 64- or 128-key contact-switch keyboards
MSL 8279P MB8743p Programmable Keyboard/Display and dual 8- or 16-character alphanur\{wenc N, Si. ED 0~70
MS5L 8279P-5 - Interface displays
General Purpose MOS LSIs
M58412P — CMOS LCD Digital Alarm Clock Circuit 4.2MHz oscillator/divider C. Al —20~65
M58413P — CMOQS LCD Digital Alarm Clock Circuit 32kHz oscillator/divider C. A —20~65
M58434P — CMOS Analog Clock Circuit 4.2MHz oscillator/divider C.Si —20~70
M58435P — CMOS Analog Clock Circuit 4.2MHz oscillator/divider C.Si —20~70
M58436-001P * — CMOS Analog Clock Circuit 4.2MHz oscillator/divider C. Al —20~70
M58437-001P * — CMOS Analog Clock Circuit 32kHz oscillator/divider C, Al —-20~70
M58478P — 17-Stage Oscillator/Divider 17-stage binary divider C A —30~7C
M58479P — CMOS Counter/Timer 50ms ~4800h timer C, Al —30~70
M58482P — CMOS Counter/Timer 50ms~4800h timer C Al —30~70
M58480P * — 30-Function Remote Control Transmitter C, Al -30~70
M58484P * — 30-Function Remote Control Transmitter C, Al -30~70
mM58481P * — 30-Function Remote Control Receiver C Al —30~70
M58485P * — 29-Function Remote Control Receiver C, Al —-30~70
M58487P * — 22-Function Remote Control Receiver C, Al —30~70
| M58872P * — Single-Chip Printing Calculator P, Al ED 0~50
Note 1 : % =New product; * % =Under development
2 : Al=Aluminum gate, B =Bipolar, C=CMOS. ED=Enhancement depletion mode, ~FA=FAMOS,
N =N-channel, P =P-channel, S=Schottkey,  Si =Silicon gate
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Supply voltage Electrical characteristics Interchangeable products
Clock Typ pwr|  Max Max Max TTL | Pack-
Vss voltage dissi- | 3CCeSS | cycle fre- com- age Page
Voo Ve GND Ves Vi(g) | pation t(':;f time | quency | pati- [Note 3] M Tvee
(mW) |(Note 4)| (ns) (MHz) bility
—15V+10% — oV — - 250 — | 10000 | 06 Yes | 42P1 — — 6—3
—15V+10% — ov — — 250 — | 10000 | 06 Yes | 64S1 - — 6—19
— 5V + 6% ov — — 5 — 6600 | 0455 [ Yes | 68P2 — — 7-3
1V | Bvasn ov | —svese | VOOV L gm0 | — | — | 2 | Yes [aon1| INTEL P, C8080A 8—3
. 3 40P1 [ INTEL P, C8085A
— 5V+5% o - - 600 — - > Yes | 4051 — — 8—29
f 40P1
=12V 1V ov 5V+10% - - 70 - - 0.1 Yes | 4051 - - 9—3
40P1
—12V+ v ov 5V+10% - - 70 - - 01 Yes | 4091 - - 9—9
—12V+10% oV 5V+10% - - 350 - - - Yes | 40S1 - — 9—11
— 5V+5% oV - - 300 - - - Yes | 40P1 - — 9—19
- 5V+10% oV - - 300 | - - 6 Yes | 40P1 INTEL P8041A 9—23
- 5V+5% oV - - 450 | 35« — - Yes | 24P1 INTEL P8212 9—27
- 5V+5% ov - - 475 | 25+ - - Yes | 16P4 INTEL P8216 9—31
- 5V+5% ov - - 450 - - - Yes 16P4 INTEL P8224 8—17
- 5V+5% ov - - 425 | 25% - - Yes | 16P4 INTEL P8226 9—31
- S5V+5% ov - - 550 - - - Yes | 28P1 INTEL p8228 8—23
— 5V+10% oV - - 50 - - - Yes | 24P1 INTEL P8243 9—35
- 5V+5% oV - - 300 - - 3 Yes | 28P1 INTEL P8251A 9—39
- 5V+5% ov - - 300 - - 2 Yes | 24P1 INTEL 225235 9—55
- 5Vi5% | OV - — Lo | - | = | = | ves |aop1| TEL pezoon 9-63
- | svesn | ov - S I I e O I O = P 9179
2 P8279
- +1 - - - - Y 40P1 INTEL 9—87
5V+10% ov 650 3 es 0 P82795
—24~-38V|-12~-19V ov — — 0.045 — — — Yes | 60P2 — — 10—3
—22~—4V|[-11~=2/ ov — — 0003 | — — — Yes | 60P2 - —
1.2~1.9V — oV — — 0.045 — — — Yes | 8P1 — _
1.2~1.9v — ov — — 0045 | — — — Yes | 8P1 — — 1011
1.1~1.9v — oV — — 0053 | — — — Yes | 8P1 - —
11~1.9v — ov — — 0003 | — — — Yes | 8P1 - — —
4.75~8.5V — ov — — 16| — — — Yes | 8P1 — — 10—15
7.4~9V — oV — — 2 — — — Yes 14P4 — — 10—19
3~9v — Y — — 02 — — — Yes | 14P4 — —
2.2~8V — Y — — — — — — Yes | 16P4 — —
10—2
2.2~8V — ov — — — — — — Yes | 16P4 — — 3
45~8V — ov — — — — — — Yes | 28P1 — — 10—27
8~14V — ov — — — — — — Yes | 28P1 — — 10—31
45~8V — ov — — — — — — Yes | 28P1 — — 10—35
—12~—14V — oV — — 50 — — — Yes | 40P1 — — 10—39

Note 3 : Package code: 24 S

—— 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

Note 4 : % :Indicates propagation time.
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Memory capacity Ambient .
1/0 ; Supply Dimensions
Type Function Application notes port operating voltage (IXwXh) Page
RAM ROM (bits) temp. ) (mm)
(bvtes) | (bytes) Ta (°C)
Microcomputer Systems
PCA0801 e 2 Snale0a | g WL s0s0aP 2 | (oo ry| 8 0~55 | 5 126%145x17 | 11—3
PCA0802 D Eoaraom oo, 219 | for PCAOBOT K o n| 2| 0-85 | 1265 | 125x145x17 | 117
PCA0803 VELCS &/2 Program | gor|pcacBorpcacs2 | — | — — | o055 |5 170x200%27 | 1111
MELCS 8/2 Color TV
PCA0804G01* N Using M5L8080AP. S and . 2K - _ _
POAOBO4GO2% gl)smp?g/‘ebrmgle—Board RS K noea| 2 5~40 | 125.-5 | 125x145x30 | 11—13
le-
P CABEO1 Goss| ConS 35/2 SngleB0% | yging Mot s0ssar K ey % 0~55 | 5 125x 14517 | 1119
PC8500 *| MELCS f}%/u’te'foc”jfs‘gle For microcomputer system | — - — | 10~40 | AC100 |350x370x140| 11—23
Note 1 : The standard product contains one M5L 2708K 1K-byte EPROM
2 : The PCA0804GO1 does not contain the M5L 2708K EPROM
3 : The standard product contains one M5L 2716K 2K-byte EPROM
Microcomputer Support Systems
MELCS 4 Single-Board Using single-chip 4 bit
PCA0401 System-Evaluation Computer microcomputer 128 K 34 0~55 | 7-15 180x190%x20 | 12—3
MELCS 4 Capacitive —-15
PCA0402 Touch Keybomd For PCA0401 - - - 0~55 |-~ 150 | 180x180x20 | 12—7
MELCS 4 Program 7.-5
PCA0403 Checkor For PCA0401, PCA0402 - - - 0~55 | “75_ 15| 200x270x27 | 129
Note 1: = : New Product
MITSUBISHI
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Type Structure Function Circuit function Page
M54700K
1024-bit (256-word X 4-bit) field-programmable ROM
M54700P B PROM 5—6
with open-collector outputs
M54700S
M54730K
256-bit (32-word X 8-bit) field-programmable ROM
M54730P B PROM 5—-1
with open-collector outputs
M54730S
M58333-XXXP N, Al ROM 32768-bit (4096-word X 8-bit) mask-programmable ROM 5—15
M58334 -XXXP N, Al, ED ROM 65536-bit (8192-word X 8-bit) mask-programmable ROM 5—17
M58412P C. Al Clock CMOS LCD digital alarm clock circuit 10-3
M58413P C. Al Clock CMOS LCD digital alarm clock circuit 10-3
M58434P C. Si Clock CMOS analog clock circuit 10—-11
M58435P C. Si Clock CMOS analog clock circuit 10-11
M58436-001P C. Al Clock CMOS analog clock circuit 10—11
M58437-001P C. Al Clock CMOS analog clock circuit 10-1
M58478P C. Al Counter 17-stage oscillator/divider 10—-15
M58479P C. Al Counter CMOS counter/timer 10—19
M58480P C. Al Remo-con 30-function remote-control transmitter 10-—-23
M58481P C. Al Remo-con 30-function remote-control receiver 10—-27
M58482P C. Al Counter CMOS counter/timer 10—-19
M58484P C. Al Remo-con 30-function remote-control transmitter 10-23
M58485P C. Al Remo-con 29-function remote-control receiver 10—-31
M58487P C. Al Remo-con 22-function remote-control receiver 10—35
M58494 -XXXP C. Al CPU Single-chip 4-bit CMOS microcomputer 7-3
M58609-04P
P, Al 170 Keyboard encoder (JIS code standard product) 9-—3
M58609-04S
M58609 -09P
P, Al 170 Keyboard encoder (USASCII code standard product) 9-—-9
M58609-09S
M58620-001S P, Al 1/0 Keyboard encoder (JIS code standard product) 9—1
M58656S P, Al RAM 1024-bit (2566-word X 4-bit) non-volatile static RAM 4—3
8192-bit (1024-word X 8-bit) K-| d ROM
M58730-001S N. Si ROM subrou;m(eI |n1\efvgoerr amhme‘ncrgnga‘!)(gngsramme 5-22
M58730-XXXS N, Si ROM 8192-bit (1024-word X 8-bit) mask-programmable ROM 5—19
16 384-bit (2048-word x 8-bit) sk-programmed ROM _
M58731-001S N, ED ROM with MEL‘Pé 8 HOVI\%-”B basic éper?aatmg rrngnnor © 5—26
_M58731-XXXP N, ED ROM 16 384-bit (2048-word X 8-bit) mask-programmable ROM 5—23
M58731-XXXS N, ED ROM 16 384-bit (2048-word X 8-bit) mask-programmable ROM 5—23
M58741P N, Si. ED 1/0 TV interface 9—19
M58840 -XXXP P, Al, ED CPU Single-chip 4-bit microcomputer with 8-bit A/D converter 6—3
M58842S P. Al. ED CPU MELPS 4-system evaluation device 6—19
M58872P P, Al. ED Calculator Single-chip printing calculator 10—39
M58981S-45 C. Si RAM 4096-bit (1024-word X 4-bit) CMOS static RAM 4-9
M5G 1400P P, 'Al ROM 1400-bit (100-word X 14-bit) electrically alterable ROM 5—27
M5K4116P-2
M5K4116S-2
M5K4116P-3 ) ) )
N, Si RAM 16 384-bit (16 384-word X 1-bit) dynamic RAM 4—-13
M5K4116S-3
MS5SK4116P-4
M5K4116S-4
Note 1: Al=Aluminum gate, B=Bipolar. C=CMOS. ED=Enhancement depletion mode, FA=FAMOS,
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.
MITSUBISHI
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Type

Structure

Function

Circuit function

Page

MS5L 2101A P

MS5L 2101A S

MS5L 2101A P-2

MS5L 2101A S-2

MS5L 2101A P-4

MS5L 2101A S-4

ED

RAM

1024-bit (256-word X 4-bit) static RAM

MS5L 2102A P-4

MS5L 2102A S-4

ED

RAM

1024-bit (1024-word X 1-bit) static RAM

M5L 2107B P

M5L 2107B S

RAM

4096-bit (4096-word X 1-bit) dynamic RAM

MS5L 2111AP

MS5L 2111A S

M5L 2111A P-2

M5L 2111A S-2

MS5L 2111A P-4

MS5L 2111A S-4

ED

RAM

1024-bit (256-word X 4-bit) static RAM

M5L 2112A P

M5L 2112A S

MSL 2112A P-2

M5L 2112A S-2

M5L 2112A P-4

M5L 2112A S-4

ED

RAM

1024-bit (256-word X 4-bit) static RAM

M5L 2114L P

MS5L 2114L S

M5L 2114L P-2

MS5L 2114L S-2

M5L 2114L P-3

MS5L 2114L S-3

ED

RAM

4096-bit (1024-word X 4-bit) static RAM

M5L 2708 K

MS5L 2708 S

M5L 2708 K-65

M5L 2708 S-65

FA

ROM

8192-bit (1024-word X 8-bit) erasable and

electrically reprogrammable ROM

M5L 2716 K

MS5L 2716 K-65

FA

ROM

16 384-bit (2048-word X 8-bit) erasable and
electrically reprogrammable ROM

M5L 5101L P-1

RAM

1024-bit (256-word X 4-bit) CMOS static RAM

4-—53

MS5L 8041A-XXX P

Si,

ED

170

Universal peripheral interface

9-23

M5L 8080A P

M5L 8080A S

CPU

8-bit parallel CPU

MS5L 8085A P

MS5L 8085A S-20

MS5L. 8085A P-20

M5L. 8085 AS-20

ED

CPU

Single-chip 8-bit N-channel microprocessor

M5L 8212 P

170

8-bit input/output port

927

MS5L 8216 P

1/0

4-bit parallel bidirectional bus driver (with non-invert outputs)

9-31

MS5L 8224 P

1/0

Clock generator and driver for M5L8080AP, S CPU

8—17

MS5L 8226 P

1/0

4-bit parallel bidirectional bus driver (with invert outputs)

9—-31

M5L 8228 P

170

System controller and bus driver for M5L8080AP, S CPU

823

MSL 8243 AP

ED

1/0

Input/output expander

9-35

MS5L 8251A P

z|z|o|o|o|lo|®

ED

1/0

Programmable communication interface

9-39

MITSUBISHI
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Type Structure Function Circuit function Page
M5L 8253P
N, Si, ED 1/0 Programmable interval timer 9—55
M5L 8253P-5
M5L 8255AP
N, Si. ED 1/0 Programmable peripheral interface 9-63
MSL 8255AP-5
MS5L 8257P
N, Si, ED 1/0 Programmable DMA controller 9-79
M5L 8257P-5
MS5L 8279P
N, Si, ED 1/0 Programmable keyboard/display interface 987
MS5L 8279P-5
MS5T 4044P-20
MS5T 4044S-20
MST 4044P-30 N, Si, ED RAM 4096-bit (4096-word X 1-bit) static RAM 4—57
MS5T 4044S-30
M5T 4044P-45
MS5T 4044S-45
Type Function Page
PC8500 MELCS 85/1 Portable Microcomputer Console 11—23
PCA0401 MELCS 4 Single-Board System-Evaluation Computer 12—3
PCA0402 MELCS 4 Capacitive Touch Keyboard 12—7
PCA0403 MELCS 4 Program Checker 12—9
PCA0801 MELCS 8/2 Single-Board Computer 11—3
PCA0802 MELCS 8/2 Memory and 1/O Expansion Board 11—7
PCA0803 MELCS 8/2 Program Checker 11—11
PCA0804G01 ) .
MELCS 8/2 Color TV Display Single-Board Computer 11—13
PCA0804G02
PCAB8501G01 .
MELCS 85/2 Single-Board Computer 11—19
PCA8501G02
Note 1:Al=Aluminum gate, B=Bipolar. C=CMOS, ED=Enhancement depletion mode, FA=FAMOS,
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
MITSUBISHI
ELECTRIC 1—9
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Advanced .
Func- Mitsubishi - . . American Electronic
. Circuit organization Micro ‘
tion Electric . Microsystems Arrays
Devices
M58840-XXXP Single-chip 4-bit
M58842S MELPS 4 system evaluation device
M58494-XXXP Single-chip 4-bit CMOS
” MS5L. 8080AP 8-bit parallel
‘5 M5L 8080AS 8-bit parallel AM9080A
© MS5L 8085AP Single-chip 8-bit N-channel
MS5L 8085AS Single-chip 8-bit N-channel AMB085A
M5L 8085AP-20 Single-chip 8-bit N-channel
M5L 8085A5-20 Single-chip 8-bit N-channel
MS5L 2101AP-2 256X 4-bit
M5L 2101AS-2 256 X 4-bit
MS5L 2101AP 256X 4-bit
MS5L 2101AS 256 X 4-bit AM2101
M5L 2101AP-4 256 4-bit
MS5L. 2101AS-4 256X 4-bit
M5L 2111AP-2 256X 4-bit
M5L 2111AS-2 256X 4-bit
M5L 2111AP 256 < 4-bit
M5L 2111AS 256X 4-bit
MS5L 2111AP-4 256X 4-bit
M5L 2111AS-4 256 4-bit
M5L 2112AP-2 256X 4-bit
MS5L 2112AS-2 256 X 4-bit
2 M5L 2112AP 256 % 4-bit
g [ msLz112a8 256 4-bit
2 MS5L 2112AP-4 256 % 4-bit
» MB5L 2112AS-4 256 X 4-bit
MS5L 2102AP-4 1024 < 1-bit
M5L 2102AS-4 1024 X 1-bit 53102
M5L 2114LP-2 1024 4-bit
M5L 2114L.S-2 1024 X 4-bit AMITL14E S2114L-2
MS5L 2114LP-3 1024 X 4-bit
MS5L 2114LS-3 1024 X 4-bit AM91L14C S2114L.-3
MS5L. 2114LP 1024 X 4-bit
MS5L 2114LS 1024 X 4-bit AM91L14B
MST 4044P-20 4096 X 1-bit
MS5T 4044S-20 4096 < 1-bit AM4044-20
MS5T 4044P-30 4096 X 1-bit
MS5T 4044S-30 4096 X 1-bit AM4044-30
MS5T 4044P-45 4096 X 1-bit
MS5T 4044S-45 4096 X 1-bit AMA4044-45

MITSUBISHI
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Fairchild

Semiconductor

Fujitsu

Hitachi

Intel

Intersil

Monolithic

Memories

Mostek

P8080A

C8080A

P8085A

C8085A

P2101A-2

C2101A-2

P2101A

C2101A

HM 45102

P2101A-4

MB8101

C2101A-4

P2111A-2

C2111A-2

P2111A

C2111A

P2111A-4

MB8111

C2111A-4

P2112A-2

C2112A-2

P2112A

C2112A

P2112A-4

MB8112

C2112A-4

21021

MB8102

P2102A-4

IM7552-1CPE

MK4102P-1

C2102A-4

IM7552-1CDE

P2114L-2

C2114L-2

2114L-2

P2114L-3

2114L-3

C2114L-3

2114L-3

P2114L

2114L

C2114L

2114L

IM7141-2

IM7141-3

IM7141

MITSUBISHI
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Motorola
Func- Mitsubishi . L National Nippon
Circuit organization Semiconductor

tion Electric Products Semiconductor Electric
M58840-XXXP Single-chip 4-bit
M58842S MELPS 4 system evaluation device
M58494-XXXP Single-chip 4-bit CMOS
MS5L 8080AP 8-bit parallel

§ MS5L 8080AS 8-bit parallel INS8080A

© |7 MsL ossAP Single-chip 8-bit N-channel
M5L 8085AS Single-chip 8-bit N-channel
M5L 8085AP-20 Single-chip 8-bit N-channel
MSL 8085AS-20 Single-chip 8-bit N-channel
M5L 2101AP-2 256 X 4-bit
M5L 2101AS-2 256X 4-bit
MS5L 2101AP 256 X 4-bit
MS5L 2101AS 256 X 4-bit
MSL 2101AP-4 256 X 4-bit MM2101AN-4
MS5L 2101AS-4 256 X 4-bit MM2101AJ-4 «PD2101A
M5L 2111AP-2 256 X 4-bit
MSL 2111AS-2 256 X 4-bit
M5L 2111AP 256 X 4-bit
MS5L 2111AS 256 X 4-bit
M5L 2111AP-4 256 % 4 -bit MM2111AN-4
M5L 2111AS-4 256X 4 -bit MM2111AJ-4 ©#PD2111A
MSL 2112AP-2 256 X 4-bit
M5L 2112AS-2 256 X 4 -bit

2 M5L 2112AP 256 X 4 -bit

g MS5L 2112AS 256 < 4 -bit

% MS5L 2112AP-4 256 X 4 -bit MM2112AN-4

2 M5L 2112AS-4 256 X 4 -bit MM2112AJ-4
M5L 2102AP-4 1024 X 1-bit MM2102AN-4
MS5L 2102AS-4 1024 X 1-bit MM2102AJ-4
MS5L 2114LP-2 1024 X 4-bit MCM21L14-20P MM2114N-2
MSL 2114LS-2 1024 X 4-bit MCM21L14-20S MM21144-2
M5L 2114LP-3 1024 X 4-bit MCM21L14-30P MM2114N-3
M5L 2114LS-3 1024 X 4-bit MCM21L14-30S MM2114J-3
MS5L 2114LP 1024 X 4-bit MCM21L14-45P MM2114N
MSL 2114LS 1024 X 4-bit MCM21L.14-45S MM2114J
MS5T 4044P-20 4096 < 1-bit MCM66L41-20P MMB5257N-2
MST 4044S-20 4096 < 1-bit MCM66L.41-20S MM5257J-2
MST 4044P-30 4096 < 1-bit MCM66L41-30P MM5257N-3
MS5T 4044S-30 4096 < 1-bit MCM661L.41-30S MM5257J-3
M5T 4044P-45 4096 < 1-bit MCM66L.41-45P MM5257N
MS5T 4044S-45 4096 < 1-bit MCM66L41-45S MM5257J

MITSUBISHI
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Toxas Toshiba Signetics General
Instruments Instrument

TMS8080
TMS8080 MP8080A

T3374 RAS-1101A
TMS4039 2101A-4

TMM311P
TMSA4042 TMM311C 2111A-4

TMM312P
TMS4043 TMM312C 2112A-4

TMM313P
TMS4033 TMM313C 2602
TMS4045-20NL
TMS4045-20JL 2614-20
TMS4045-30NL
TMS4045-30JL 2614-30
TMS4045-45NL
TMS4045-45JL 2614-45
TMS4044-20NL 2613-20N
TMS4044-20L 2613-201
TMS4044-30NL
TMS4044-30JL
TMS4044-45NL 2613-45N
TMS4044-45)1 2613-45|

MITSUBISHI
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Advanced
Func- Mitsubishi Circuit organization Micro American Electronic
tion Electric Microsystems Arrays
Devices
M5L 2107BP 4096 X 1 -bit
M5L 2107BS 4096 X 1 -bit AM9060E 54021-1
2 M5K 4116P-2 16384 1 -bit
g M5K 4116S-2 16384 X 1 -bit
g M5K 4116P-3 16384 1 -bit
£ | wsKaries3 16384 % 1 -bit AM9016E
M5K 4116P-4 16384 1 -bit
M5K 4116S-4 16384 X 1 -bit AM9016D
guos | MSL 5101LP-1 256 4 -bit S5101L-1
RAMs | M589815-45 1024 X 4 -bit
Nonvae] Mms86565 256X 4 -bit
M58730-XXXS 1024 8 -bit
M58730-001S 1024 X 8 -bit (programmed)
§ M58731-XXXP 2048 % 8 -bit
€ M58731-XXXS 2048 8 -bit
g M58731-001S 2048 < 8 -bit (programmed)
M58333-XXXP 4096 8 -bit
M58334-XXXP 8192 X 8-bit
eeprom| M5G 1400P 100 14 -bit FAMOS
M5L 2708K 1024 % 8-bit FAMOS
2 MS5L 2708S 1024 8-bit FAMOS AM2708 EA2708C
2 M5L 2708K-65 1024 % 8-bit FAMOS
& [TMsL 27085-65 1024 % 8-bit FAMOS
M5L 2716K 2048 X 8-bit FAMOS
M5L 2716K-65 2048 < 8-bit FAMOS
M54700K 256 X 4 -bit AMI760
2 M54700P 256 X 4 -bit
g M54700S 256 X 4-bit
g M54730K 32X 8-bit
Z | msar3oP 32 8-bit
M54730S 32X 8-bit

Note: EEPROM = Electrically erasable and programmable ROM

EPROM

= Electrically programmable ROM

1—14
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Fairchild i i . Monolithic
Fujitsu Hitachi Intel Intersil Mostek
Semiconductor Memories
P21078 MK4006-6P
3524-5 MB8103 HM3503 c2107B8
MK4116-2
MK4116-2
MK4116-3
MK4116-3
MK4116-4
MK4116-4
P5101L-1 IM6551
C8308
P8316A
C8316A
D2708
C2708
D2716
6300J
93417P 6300
93417D 6300D
6330J
] 6330
| 6330D
MITSUBISHI
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Motorola
Func- Mitsubishi . National Nippon
Circuit organization Semiconductor .
tion Electric Products Semiconductor Electric
MS5L 2107BP 4096 X 1-bit MM5280N ~#PD411D
M5L 2107BS 4096 X 1-bit
2 MS5K 4116P-2 16384 1-bit
% M5K 4116S-2 16384 X 1-bit MCM4116L-15 MM5290J-2
3 M5K 4116P-3 16384 X 1-bit
,% M5K 4116S-3 16384 < 1-bit MCM4116L-20 MM5290J-3
M5K 4116P-4 16384 X 1-bit
M5K 4116S-4 16384 X 1-bit MCM4116L-25 MM5290J-4
CMOS | MSL 5101LP-1 256X 4-bit MCM145101-1P
E}fr{ﬁ M58981S-45 1024 < 4 -bit
o o] M58656S 256 % 4-bit
M58730-XXXS 1024 X 8 -bit
M58730-001S 1024 X 8 -bit (programmed)
2 M58731-XXXP 2048 < 8 -bit
2 | Ms8731-xxXS 2048 8-bit
§ M58731-001S 2048 X 8-bit (programmed)
M58333-XXXP 4096 X< 8 -bit
M58334-XXXP 8192 8-bit
EEPROM| M5G 1400P 100 < 14 -bit FAMOS
MSL 2708K 1024 < 8 -bit FAMOS
¢ M5L 2708S 1024 < 8 -bit FAMOS MCM2708L MM2708
e MS5L 2708K-65 1024 X 8 -bit FAMOS
& M5L 2708S-65 1024 < 8 -bit FAMOS
M5L 2716K 2048 x 8 -bit FAMOS
M5L 2716K-65 2048 < 8 -bit FAMOS
M54700K 256X 4 -bit
g M54700P 256 X 4 -bit DM74S387N
g M54700S 256 X 4 -bit DM74S387J
8 M54730K 32X 8-bit
% M54730P 32X 8-bit DM74S188N
M54730S 32X 8-bit DM74S188J

Note: EEPROM = Electrically erasable and programmable ROM
EPROM = Electrically programmable ROMs

MITSUBISHI
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Texas

General
Toshiba Signetics
Instruments Instrument
TMS4060-2JL 2680
2690-2-N
TMS4116-15 2690-2-1
2690-3-N
TMS4116-20 2690-3-|
2690-4-N
TMS4116-25 2690-4-|
TMM142C
TMS4700
TMM331C R03-9316A
TMS27L08 2708
N82S32
MITSUBISHI
ELECTRIC
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Advanced
Func- Mitsubishi Circuit organization Micro American Electronic
tion Electric Devices Microsystems Arrays
M58609-04P Keyboard encoder
M58609-04S Keyboard encoder
M58609-09P Keyboard encoder
M58609-09S Keyboard encoder
M58620-001S Keyboard encoder
M58741P TV interface
M5L 8041A-XXXP | Universal peripheral interface
M5L 8212P 8-bit I/0 port AM8212
@ MS5L 8216P 4-bit parallel bidirectional bus driver(non-invert outputs) AMS8216
é MS5L 8224P Clock generator and driver AM8224
s M5L 8226P 4-bit bidirectional bus driver (invert outputs) AM8226C
£ M5L 8228P System controller and bus driver
é MSL 8243P Input/output expander
MS5L 8251AP Programmable communication interface
MS5L 8253P Programmable interval timer
MS5L 8253P-5 Programmable interval timer
MS5L 8255AP Programmable peripheral interface AM9555C
MS5L 8255AP-5 Programmable peripheral interface
MS5L 8257P Programmable DMA controller
M5L 8257P-5 Programmable DMA controller
MSL 8279P Programmable keyboard/display interface AMS8279
M5L 8279P-5 Programmable keyboard/display interface
M58412P CMOS LCD digital alarm clock circuit
M58413P CMOS LCD digital alarm clock circuit
M58434P CMOS analog clock circuit
M58435P CMOS analog clock circuit
7 M58436-001P CMOS analog clock circuit
3 M58437-001P CMOS analog clock circuit
2 | mssarep 17-stage oscillator/divider
g [ mssarep CMOS counter/timer
1,31 M58480P 30-function remote-control transmitter
g M58481P 30-function remote-control receiver
15} M58482P CMOS counter/timer
M58484P 30-function remote-control transmitter
M58485P 29-function remote-control receiver
M58487P 22-function remote-control receiver
M58872P Single-chip printing calculator

MITSUBISHI
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Fairchild

Semiconductor

Fujitsu

Hitachi

Intel

Intersil

Monolithic

Memories

Mostek

P8041A

MBAT71

P8212

P8216

P8224

P8226

P8228

P8243

P8251A

P8253

P8253-5

P8255A

P8255A-5

P8257

P8257-5

P8279

P8279-5

MITSUBISHI
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Func- Mitsubishi Motorola National Nippon
Circuit organization Semiconductor
tion Electric Semiconductor Electric
Products
M58609-04P Keyboard encoder
M58609-04S Keyboard encoder
M58609-09P Keyboard encoder
M58609-09S Keyboard encoder
M58620-001S Keyboard encoder
M58741P TV interface
M5L 8041A-XXXP | Universal peripheral interface
MSL 8212P 8-bit 1/0 port DP8212 nPB8212
'isf MS5L 8216P 4-bit parallel bidirectional bus driver(non-invert outputs) DP8216
s MSL 8224P Clock generator and driver DP8224 1PB8224
;’6" MSL 8226P 4-bit bidirectional bus driver (invert outputs) DP8226
2 MS5L 8228P System controller and bus driver DP8228 «PB8228
¢ MS5L 8243P Input/output expander
M5L 8251AP Programmable communication interface
M5L 8253P Programmable interval timer
MS5L 8253P-5 Programmable interval timer
M5L 8255AP Programmable peripheral interface INS8255A
MS5L 8255AP-5 Programmable peripheral interface
M5L 8257P Programmable DMA controller
M5L 8257P-5 Programmable DMA controller
M5L 8279P Programmable keyboard/display interface
MSL 8279P-5 Programmable keyboard/display interface
M58412P CMOS LCD digital alarm clock circuit
M58413P CMOS LCD digital alarm clock circuit
M58434P CMOS analog clock circuit
M58435P CMOS analog clock circuit
g M58436-00 1P CMOS analog clock circuit
8 | M58437-001P | CMOS analog clock circuit
g M58478P 17-stage oscillator/divider
§ M58479P CMOS counter/timer
i;: M58480P 30-function remote-control transmitter
g M58481P 30-function remote-control receiver .
© M58482P CMOS counter/timer
M58484P 30-function remote-control transmitter
M58485P 29-function remote-control receiver
M58487P 22-function remote-control receiver
M58872P Single-chip printing calculator |
MITSUBISHI
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Texas

Instruments

Toshiba

Signetics

General

Instrument

8255A

MITSUBISHI
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Bits/word
Words p 4 8
PROM
32 M54730K, P, S
RAMs
M58656S
M5L 2101AP, S-4
256 MS5L 2111AP, S-4
M5L 2112AP, S-4
M5L 5101L P-4
PROMs
M54700K, P, S
ROMs
RAMs M58730-XX XS
M58981S-4 -
1024 RAMs M5i9281‘ls~'1Ll53 S R
M5L 2102AP, S-4 ' PROMs
M5L 2114LP, S-2
MS5L 2114LP, S-3 MSL 2708K, S
M5L 2708K, S-65
ROMs
M58731-XXXP, S
M58731-001P, S
2048
PROMs
MS5L 2716K
M5L 2716K-65
RAMs
M5L 2107BP, S ROMs
4096 M5T4044P, S M58333-X X XP
M5T4044P, S-2
MS5T 4044P, S-3
ROMs
8192 M58334-XX X P
RAMs
16384 M5K 4116P, S-2
M5K 4116P, S-3
M5K 4116P, S-4
MITSUBISHI
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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 S 89 81 s - 45

M: Mitsubishi integrated circuit prefix

Temperature range

s5: Standard industrial/commercial
(0 to 70/75°C or —20 to 85°C).

9: High reliability (military)

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-channel silicon-gate MOS

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

9: DTL

80~82: 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
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ORDERING INFORMATION

For Second Source Products

Example:

PACKAGE CODE

M 5
-

K 4116
- ===

—iN

M: Mitsubishi integrated circuit prefix

Temperature range

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

9: High reliability (military)

Series designation of original source

using 1 or 2 alphabetical characters.

K: Mostek’'s MK series

L: Intel’s series

T: Texas instruments’ TMS series

G: General Instrument

Circuit function identification code of the

original source type name

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
Number of pins
Package structure
K: Glass-sealed ceramic
P: Molded plastic
§: Metal-sealed ceramic
Package outline
1: DIL without fin
2: Flat without fin
4: DIL without fin (improved)
10: DIL without fin and with quartz lid
MITSUBISHI
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PACKAGE OUTLINES

TYPE 8P1 8-PIN MOLDED PLASTIC DIL

10.7TMAX

— 1

)

O J 1107

8. IMAX
5.0
MAX
3.0
MIN
+0.1
—2:25_0.0s
7 g+3.0 1.54MAX 2.54+0.25
®—0
TYPE 14P1 14-PIN MOLDED PLASTIC DIL
‘ 19.5MAX |
\
E i N e D e O s W rﬂ'
T LIJ0LTT LT 0TJ 01 7T
8. 1MAX
[ \ 45
f\ MAX
05t [30
MIN MIN
+0.1 :
—}2:25 _g0s | . I
2.13MAX 2.54%0.25 0.6MAX
7 +3.0

—0

MITSUBISHI
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PACKAGE OUTLINES

8.1MAX

i +0.1
__“‘0.25_0.05

+3.0
7.613

TYPE 16P4 16-PIN MOLDED PLASTIC DIL

19.5MAX

o I o T e N s O o Y s Y e N o |

O

| S R N N NN SN [ N [ SUN R N A

0.86MAX 2.544+0.25 0.6MAX

8. 1IMAX

4'0.254:8:65 i

+2.0
7.627 ¢

TYPE 16K1 16-PIN GLASS-SEALED CERAMIC DIL

20.0MAX

A M e )

[ SN [ NN [ NN NN [ NN S R i

—
1. 1IMAX 2.544+0.25 0.6MAX

MITSUBISHI
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TYPE 16S1 16-PIN METAL-SEALED CERAMIC DIL

20.8MAX

o I e |

s S o S s S s |

N oo S s |

8. 1MAX

[

—-|)E'25J—rg:85
!

l—
762438

TYPE 18P1 18-PIN MOLDED PLASTIC DIL

22.9MAX

I M Mo 11 ;M

| [ NN D SN R SN R S R SR B SR R M R

8.1MAX

BULR AP

3.0
7673

MITSUBISHI
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PACKAGE OUTLINES

TYPE 18S1 18-PIN METAL-SEALED CERAMIC DIL

23.2MAX

| o DN e S s N s O s SO s N s SN s SO s |

8.13MAX
o .
[ 4.2
— | MAX
| [ ] 0.sst 125
o ' MIN | MIN
]} 2-25—0l0s [ [ ] I
1.65MAX 2.54+0.25 0.6MAX
+1.38
7.62% ]
TYPE 22P1 22-PIN MOLDED PLASTIC DIL
L 28 .5MAX
)
11.0MAX |0 [ W R U [ N [ U SR [ (NN [ NN R SN N g
5.5
MAX
2.8
MIN
1
00570 2
. 1.55MAX o
37 : 2.58£0.25 0.6MAX
10173
MITSUBISHI
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PACKAGE OUTLINES

TYPE 22S1 22-PIN METAL-SEALED CERAMIC DIL

27.94MAX_

[d
11 .0MAX Lo =S R S " B T RN T g gy e gy e gy e

e

[1 1 g ! g e i A e ﬁ/l'Asx
1TTTT$$TTT it
+0.1 d IN
10.25 __ : i ! ! N
o ST e
1.0 1.65MAX 2.54+0.25 0.6 MAX
10.2+]
TYPE 24P1 24-PIN MOLDED PLASTIC DIL
31.6MAX
OO o oo naQaMnn
3
15.8MAX | 8 50 [ N U A [ A [ N N [ 6 O I 6
[ \ \
i A VA
| [ 0451 F2.8
§ i MIN MIN
10.2570-1 ! rot -
_>H._ —0.05 >t e -
1.83MAX 2.54+0.25 0.6MAX
15.2+1.8
~0
MITSUBISHI
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PACKAGE OUTLINES

TYPE 24K10 24-PIN METAL-SEALED CERAMIC DIL WITH QUARTZ LID
32.5MAX
OO nnnoMon
OO ougd
16.0MAX
= = | 5.1
' MAX
‘ 0.3 ! 3.5
MINL | MIN
2.28MAX 2.54%+0.25 0.56MAX
15.24:}-7
TYPE 24S1 24-PIN METAL-SEALED CERAMIC DIL
) 30.8MAX ‘
o I s A s O s N e O o O s O s N e OO s Y s T s
)
JJ OO0 OO0 o0 OoO0dd
16.0MAX
L1 NIAX
133
+0.1 MIN
_J9-25_¢lgs ‘ —
—— 1.65MAX 2.54+0.25 0.56MAX
15.2470-7%
MITSUBISHI
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PACKAGE OUTLINES

TYPE 24S10 24-PIN METAL-SEALED CERAMIC DIL WITH QUARTZ LID

30.8MAX °

-

) T Y s S e N o T o T e Y o I e O e B 0 |

e

[

) +0.1
225 g 05

+0.76
15.247 - 7%

TYPE 28P1 28-PIN MOLDED PLASTIC DIL

36.7TMAX

O0nNOannn0nnnnnnn

b oooooooood

15.8MAX

YMIN

= H 5.5

' MAX
0.5 A

| l s tg

1.84MAX 2.54+0.25 0.6MAX

+1.8
15.2_0

MITSUBISHI
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PACKAGE OUTLINES

TYPE 40P1 40-PIN MOLDED PLASTIC DIL

52.0MAX

oooooonoannooAanaaooaonnn

16.0MAX ToooDouUoouUUOoooooooog
\ 2} 5.5
MAX
St 12.8
+0.1 M EMIN
225 —0l05 | .
: R e
e 1.8TMAX 2.54+0.25 0.6MAX
15,27 -
TYPE 40S1 40-PIN METAL-SEALED CERAMIC DIL
51.0MAX
Vo W o T o OO OO o O e OO s O e O o IO s O e PO e OO0 e OO0 o DO o O e O o O o OO e PO o |
Dl
1
T
+0.1
225005
15.2410.76
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PACKAGE OUTLINES

TYPE 42P1 42-PIN MOLDED PLASTIC DIL

52.0MAX

AOOo0000000000000000n00.70

guouguiduduouuiduuauoauauuu

16.0MAX
(T [ 5.5
| MAX
Y
2.8
t MIN
+0.1
_.19_25—0.05
3.18MAX 2.54+0.25  0.6MAX
+1.8
1527

TYPE 60P2 60-PIN MIOLDED PLASTIC FLAT

S
=/
S
@

H
LAY

&

1.0+0.2

—+flo. 15+0.07
2.55 MAX

[——CELEETE R-R-E R R T ——— ) c——=oO0noooDQOoO0000a0

16+0.5 16+0.5

MITSUBISHI
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PACKAGE OUTLINES

TYPE 64S1 64-PIN METAL-SEALED CERAMIC DIL

82.0MAX

23.2MAX

4.7
MAX
+0.1 ' ! 3%
. 1 4 H
_,U.Eivﬂ.ﬂs I " 4_L|
,.I - i
1.6 MAX 2.54+0.25 0.56 MAX
22.61+0.35

TYPE 68P2 68-PIN MOLDED PLASTIC FLAT

@ 2 ,
[ —— —]
— —
[— —_—
[— —_— »
[— —
= = c
— =] H
[ — — N
— —
— —] ~
— =
— =

@c: =®
@

4 |
0.370.2 0.635 +0.25
—0.1 ~ -
| o T x
+ s © K
17.2+0.3 s g
o R E
o ©
[——— nunnnnanéunucnnu:% nnunnonnq!)nnnnnnnn %
+0.5 +0.5
1.879-2 1.87 93
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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 An extrinsic semiconductor in
which the conduction electron density exceeds the
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 definition, a circuit_element does not have an envelope or external

connection and is 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 is not specified or sold as a separate item
2. Where no misunderstanding is possible. the term ‘integrated microcircuit’
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 arc:
semiconductor monolithic integrated circuit
semiconductor multichip integrated circuit
thin film integrated 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,land 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.

Worst-case conditions (for a single characteristic) The
values of the applied conditions which are individually
chosen from within a specified range and together
produce the most unfavorable value for a considered
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 value

MITSUBISHI
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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 nominal 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.’

Digital 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 astable 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 possible 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 table)
can lie either in the H-range or in the L-range, there are four types of ele-
mentary combinatorial 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.

2: Nonelementary combinatorial circuits can be formed by combining ele-
mentary combinatorial 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

MITSUBISHI
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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.

Excitation 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
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 (sequential) 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 "conﬁgurauon

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 setup 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
shortestinterval for which correct operation of the digital circuit is guaranteed.

@w

The setup 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 active transition and the application of the
other signal

Hold time (tn) (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.

N

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.
: The hold 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 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

MITSUBISHI
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SWITCHING TIMES OF BINARY CIRCUITS

High-level to low-level (low-level to high-level) propagation
time (tpy, 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
(tpn 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 t+_ ) The time interval between specified
reference poinis 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 tho<e 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 unalterable, 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
: Such repetitive application of the control signals is normally called a refresh

N

operation.

w

A dynamic memory may use static addressing or sensing circuits.

»

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.

MITSUBISHI
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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 |EC publication 147-0. Some of the
terms for integrated circuit memories and micro-
processors are under consideration.

MITSUBISHI
ELECTRIC 3—17



MITSUBISHI LSIs

SYMBOLOGY

FOR DIGITAL INTEGRATED CIRCUITS

Symbol Parameter—definition

Ci Input capacitance

Co Qutput capacitance

C i’o Input/output terminal capacitance

Cuy) Input capacitance of clock input

f Frequency

f(¢) Clock frequency

| Current—the current nto an integrated circuit terminal is defined as a positive value and the current out of a terminal is defined as a negative value

les Supply cufrent from Vgg

IBB(AV) Average supply current from Vgg

lcc Supply current from Vg

Icc(av) Average supply current from Voo

lcc(PD) Power-down supply current from Voo

Iop Supply current from Vpp

IDD(AV) Average supply current from Vpp

lga Supply current from Vgg

1GG(AV) Average supply current from Vgg

] Input current

lH High-level input current—the value of the input current when Vo is applied to the input considered

he Low-level input current—the value of the input current when Vg is applied to the input considered

1oH High-level output current—the value of the output current when Von is applied to the output considered

loL Low-level output current—the value of the output current when Vo 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 conditions so applied that it will establish,
according to the product specification, the off (high-impedance) state at the output

lozm 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 Vss supply current

P4 Power dissipation

Ry Input resistance

RL External load resistance

RoFF 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 signals at an output

ta(ap) 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(ce) Chip enable access time

ta(cs) Chip select access time

tc Cycle time

tc (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

tc(RD) Read cycle time—the time interval between the start of a read cycle and the start of the next cycle

tc(RMW) Read-modify-write cycle time—the time interval between the start of a cycle in which the memory is read and new data is entered. and the start of the
next cycle

tc(wR) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle

tdv(ap) Data valid time with respect to address—the time interval following an initial change of address during which data stored at the initial address continues to
be valid at the output

tdv(cE) Data valid time with respect to chip enable—the time interval following chip enable during which output data continues to be valid

tdv(cs) Data valid time with respect to chip select—the time interval following chip select during which output data continues to be valid

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

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

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

tf Fall time

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

th(ap) Address hold time

th(ce) Chip enable hold time

th(cs) Chip select hold time

th(oa) Data hold time

MITSUBISHI
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Symbol Parameter —definition
th(RD) Read hold time
th(wr) Wiite hold time
tPHL 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
tPLH Low-level to high-level propagation time | is going to the low (high) level and when the device is driven and loaded by typical devices of stated type
tr Rise time
tsu Setup time—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

tsu(ap) Address setup time

tsu: AD-WR) Address setup time with respect to write

tsu(ce-pP) Chip enable setup time with respect to precharge

tsu(cs) Chip select setup time

tsu(cs-wr) Chip select setup time with respect to write

tsu(pa) Data setup time

tsu(P-cE) Precharge setup time with respect to chip enable

tsu(RD) Read setup time

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 pulse when the output is going (‘o
tTim Low-level 10 high-level transition time :gzdI:: b(:lag:;!:eevrels ::gf;vgenne&z?:ciﬁed input signal is applied through a specified network and the output is
tw Pulse width—the time interval between specified reference points on the leading and trailing edges of the waveforms
tw(ce) Chip enable pulse width

tw(CEH) Chip enable high pulse width

tw (CEL) Chip enable low pulse width

tw(cs) Chip select pulse width

tw(RD) Read pulse width

tw(wRr) Write pulse width

tw(g) Clock pulse width

twr Wirite recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle
Ta Ambient temperature

Topr Operating temperature

Tstg Storage temperature

Ves - VBB supply voltage

Vce VCC supply voltage

Voo VDD supply voltage

Ve VGG supply voltage

VvV, Input voltage

ViH High-level input voltage—the value of the permitted high-state voltage at the input

Vie Low-level input voltage—the value of the permitted low-state voltage range 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

Note: The symbols shown here are. with some exceptions, extracted from IEC publication 148

MITSUBISHI
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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. Pictures of some of the test equipment used
are shown in Figs. 2 ~ 5.

2.3 Quality Assurance in the Full Production Stage
Full production of a product is not started until it has been

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 EIAJ-1C-121 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

Test condition

Maximum operating ambient temperature 1000h

High t ture
1 sl‘gvag:nﬂfpeera ure Maximum storage temperature 1000h
Humidity (steady 65°C 95%RH 500h

state) life

260°C 10s
0~100°C 15 cycles, 10min/cycle

Soldering heat

Thermal shock

Minimum to maximum storage temperature,

Temperature cycle|
10 cycles of 1h/cycle

Soldering 230°C. 5s. use rosin flux

Tension: 340g 30s
Bending stress: 225g. 430", 3 times

3 20G. X. Y. Z each direction, 4 times

Lead integrity

Vibration 100~2000Hz—4 min/cycle
Dropping 75cm. 3 times, wood plate. Y; direction
Constant

20000G. Y, direction. 1 min

acceleration

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

O Visual inspection of other items of the specifications

-

. External

examination | o se 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

N

. 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

O Checking of the silicon chip surface

L

Internal
examination | o n\ioasirement 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 Slicing for cross-sectional inspection

. 4. Chip analysis
confirmed that it can be manufactured to meet quality and O Analysis of oxide film defects
reliability specifications. The controls, tests and inspection O Analysis of diffusion defects
MITSUBISHI
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Fig. 1 Quality assurance system
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4. TYPICAL RESULTS OF RELIABILITY TESTS AND Fig. 7 DC biased test procedure (for M5L 2102A P 1K-bit

FAILURE ANALYSES
4.1 Results of Reliability Test
Formerly, sufficient reliability for memory MOS LSIs was
obtained by using metal-sealed ceramic packages, but with
the development of high-reliability plastic molding tech-
nology, production has been shifted to plastic molded
memory MOS LSls.

The following tests are performed:

1. Operating life test: Durability is tested at high tempera-
ture under operating state conditions by applying clock
pulse inputs as shown in Fig. 6.

2. DC biased test: Durability is tested at high temperature
biasing DC voltage, as shown in Fig. 7.

3. High temperature storage: The durability of devices
stored at high temperatures is tested.

Typical results of memory MOS LSI 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.

Fig. 6 Operating life test procedure (for M5L2107BP, S 4K-

bit dynamic RAM)

PIN CONFIGURATION (TOP VIEW)

Vss As A7 As Vop CE NC As Ag A3 R/W

[22] [21] [o0] [19] [rs] [17] [ie] [15] [14] [13] [12]
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[:! LeJ 3] Qa] [ Tel o] (81 [of Dol T
Ves Ag At A1 CS DiNDouTAo At A2 Vee
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CS=CHIPSELECT DouT =DATA OUTPUT
R/W=READ/WRITE NC=NO CONNECTION

OPERATING LIFE TEST CONDITIONS

s

s LML
S B e o B

| ER—

' Note 3: Ag ~A11 are binary count timing

| 1/8IT

CE
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1l2||3|l4||5||e||7| 8
| R

S

GND
Table 3 Typical results of memory MOS LSl life tests
No.of No.of]
Type Temp Component
Test sam- I- | Remarks
number Package ©s °c pales hours tfﬁ:-:s o
Operating| 80T | 40 80,000 0
16-pin life 125°C | 173 | 213,000 0
MsL 21024 | Plastic- | pepiased| 125c | 40 | 80,000 | o0
molded
DIL Hi-temp | 150C | & 5,000 0
stg 200C | 5 5,000 0
Operating| 80C| 22 44,000 0
18-pin life 125C | 22 44,000 0
lastic-
MSL 2111AP ﬁ‘zlded DC biased| 125C | 22 44,000 0
DL Mitemp | 125C | 221 22,000 | 0
stg 150C | 22 22,000 0
22-p:n Operating | 89C | 39 88,000 0 ff;lflnucrgonal
metal- life (at 240h)
MSL 21078S | sealed 1250 | 149 | 271,000 1
ceramic
DIL DC biased| 125C | 66 | 137,000 0
18-pin Operating | izsc | s | ss,000 | 0
metal-
MSL 2114LS | sealed DC biased| 125C | 22 66,000 0
cel ic -
B HidemP [hsoc | 22| 22,00 | o
16-pin Operating | 125 | 172 | 234,000 0
metal-
MSK 41165 | sealed Hi-temp. | 150C | 44 44,000 0
ceramic st
DIL 9 200C | 22 22,000 0
16-pin Cp?’;"e“”g 125C | 152 | 152,000 | 0
MSK 4116P ﬂgfg’:d v
i-temp
DIL o 150C | 38 38,000 0
22-pin Operating | 125¢ 88 110,000 0
plastic- life
MSL 5101LP
molded Hi-temp
DIL sta 150C | 44 44,000 0

4.2 Typical Results of Failure Analyses

Accelerated testing under conditions more severe than
normal operating conditions is used to observe failures of
moisture resistance, of wire bonding, of surge voltage de-
struction and of vapor-deposited aluminum interconnection.
Typical results are shown below.

4.2.1. Failure in Moisture Resistance

An example of the results of steam pressure testing, per-
formed to evaluate the moisture resistance of a plastic
molded package, is shown in Fig. 8. The vapor-deposited
aluminum interconnection was corroded due to moisture
penetration.

MITSUBISHI
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4.2.2. Failure of Wire Bonding

An example of a failure during the monitored temperature

cycling test for evaluating the reliability of the wire bond-

ing of the inner leads of the IC is shown in Fig. 9. The cause

of this failure may have been the opening of the inner lead

bonding because of a difference in thermal expansion

coefficiegts of metal and resin producing a stress on the

inner lead.

4.2.3. Failure Due to Surge Voltage

Many integrated circuits fail in the field due to a surge

voltage. Surge voltage marginal tests have been performed

to reproduce this failure for analysis of the destruction.
Examples of failures during this test are shown in

Figs. 10 ~ 13. Figs. 10 and 11 indicate the existence of a

bridge that was confirmed by an X-ray microanalyzer. Figs.

12 and 13 indicate the existence of a hot spot that was

confirmed by an infrared microscanner.

4.2.4. Failure of Vapor-Deposited Interconnections

Fig. 14 shows an open-circuit vapor-deposited aluminum

. 3 g Fig. 8

Corrosion of vapor-

deposited aluminum

interconnection,

analyzed by metallur-
gical microscope

i.9 Lift off of bonded go inner
lead, analyzed by metallurgical
SCO

Fig.12 Hot spot at bonding head, ana-
lyzed by infrared microscanner

%

%@? lead]

Fig. 13 Junction in Fig. 12 after re-
moval of aluminum, analyzed
by metallurgical microscope

interconnection, at a high current density region, caused by
the operating life test. This test is performed as a step stress
test to investigate IC degradation and failure by tempera-
ture and voltage. This phenomenon is due to aluminum
electromigration, which is observed when high-current loads
are applied to a vapor-deposited aluminum interconnection.

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.

Fig. 10 Surge destruction, analyzed Fig.11 Enlargement of aluminum bridge
by metallurgical microscope

in Fig. 10, analyzed by XMA-Al ka

Fig. 14 Electromigration of aluminum
interconnection, analyzed by

E’M nterconnectio
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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/LSlIs 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/LSIs 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 £ 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 MQOS IC/LSIs, 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/LSlIs

. The printed wiring lines to input and output terminals

of MOS I[C/LSls 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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1024-BIT(256-WORD BY 4-BIT) NON-VOLATILE STATIC RAM

MITSUBISHI LSIs

M58656 S

DESCRIPTION

The M58656S is a 256-word by 4-bit non-volatile static
RAM, fabricated with the P-channel MNOS process. The
basic circuit of each memory cell consists of an ordinary
flip-flop and a pair of electrically rewritable MNOS memory
transistors for non-volatile information storage.

The non-volatile operation is effected by having MG
(memory gate) signals applied when the power supply is
turned on or off. Inputs and outputs are TTL-compatible
through attachment of a pull-up resistor to the Vgg terminal.
The data terminals are common for both inputs and out-
puts.

FEATURES

® Non-volatile operation: No backup power supply re-
quired against power-supply interruption

® Static operation: No clock required

® Access time: 1.5us (max)

® The chip-enable signal facilitates the expansion of mem-
ory capacity

® Qutputs are three-state, with OR-tie capability

RAM/ROM use is allowed by means of NR signal

Interchangeable with Toshiba TMM142C in pin configu-

ration and electrical characteristics

APPLICATION
® Small-capacity non-volatile memory systems

FUNCTION

The M58656S, adopting the memory cells mentioned
above, permits high-speed operations as an ordinary static
RAM while the power supply is on.

PIN CONFIGURATION (TOP VIEW)

——
Do« [T] 18] Voo (—15V)
DATA Di1e[Z] 7] «A7
INPUTS/OUTPUTS
D2+ [3] 6]+ As
Dyeld] = [Ble As
CHIP ENABLE INPUT CE—[5] & [@e«Aq
READ/WRITE o ADDRESS INPUTS
SPECIFIED INPUTR/W =[6] & [Fe A3
NON-VOLATILE —
READ CONTROL INPUT NR —*[T] 2« A2
MEMORY GATE INPUT MG —>[g] [ e A1
(5V) vss [3 10« Ao
Outline 1851

At an interruption of power a non-volatile write signal
is applied to the MG terminal causing the content of the
flip-flop to transfer into the MNOS memory transistor for
retention as non-volatile information for upwards of one
year.

On the other hand, when the power supply is turned on,
a non-volatile read signal is applied to the MG terminal and
thus, the non-volatile information in each MNOS memory
transistor reappears in each flip-flop.

BLOCK DIAGRAM

ADDRESS INPUTS
As As

ROW ADDRESS DECODER

Vop

Q‘B (=15v)

256-WORD x 4-BIT
NVRAM

«_@P Vss(5V)

(32 ROWS x 32 COLUMNS)

¥y

SENSE CIRCUIT

1/0 CONTROL
INPUT BUFFER

OUTPUT BUFFER

Ao (0 i &
& 34
A1) 21 10 |33 a2

ADDRESS INPUTS A2 (12 b z5

A3(3) 2 24 o
z ow
Ag @ _— oo

CHIP ENABLE INPUT  GE (5 & ) I
READ/WRITE SPECIFIED INPUT R/W (6 3 we
“NON-VOLATILE RG ® 83
READ CONTROL INPUT 5 S

MEMORY GATE INPUT MG (8 z

Il

DO

Do D1 Dz D3
DATA INPUTS/OUTPUTS
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M58656 S

1024-BIT (256-WORD BY 4-BIT) NON-VOLATILE STATIC RAM

EXPLANATION OF FUNCTIONS

The following five operational modes are available:

(1) Ordinary RAM operations (read/write memory mode)
(2) MG (memory gate) erase mode

(3) MG (memory gate) write mode

(4) Non-volatile read mode 1

(5) Non-volatile read mode 2

Read/Write Memory Mode

Holding the MG and NR inputs at the Vgs level allows the
flip-flop of each memory cell to operate independently of
its associated MNOS memory transistor. Thus, in this mode,
this memory permits high-speed operation as an ordinary
static read/write memory.

MG (Memory Gate) Erase Mode

All the bits of non-volatile information in the MNOS mem-
ory transistors may be simultaneously erased by applying
positive pulses of Vpmge and ty (mge1) to the MG input.
This mode is available at all times other than the period of
non-volatile read mode 1 or 2.

MG (Memory Gate) Write Mode

In this mode, the read/write memory information at power
interruptions or specific information during the operation
of read/write memory is made non-volatile. When a negative
pulse of Vpmgw and ty (mawi) is applied as the MG input
with Vpp more negatively biased than Vy- the informa-

tion in the flip-flop is caused to transfer into a pair of
MNOS memory transistors, so becoming non-volatile infor-
mation.

Non-Volatile Read Mode 1

This mode is for reading the non-volatile information held
in the MNOS memory transistors into the memory cell.
The power supply Vpp and the memory gate input MG are
caused to rise gradually against Vgg and the latter is then
allowed to reach the specified value V\ygr and return to
the Vgg level, resulting in the reproduction of the infor-
mation that was stored immediately before the power
interruption.

Non-Volatile Read Mode 2

In this mode, the NR input is utilized in the course of read/
write memory operation to allow a reading of the non-
volatile information stored in the MNOS memory transistor
to interrupt. The non-volatile information is read into the
memory cell by holding the NR input at the low level and
applying an MG input of the same wave-form as in the non-
volatile read mode 1. That is, it is possible to allow the in-
formation in the MNQOS memory transistor to be read as a
ROM at any points during the course of RAM operation.

Non-Volatile Memory Cell
The memory cell equivalent circuit used in the M586568S is
shown below.

DIAGRAM OF EQUIVALENT CIRCUIT FOR NON-VOLATILE MEMORY CELL

D Vob

ol

[
o

i

Ty

T
T

1" ]
MT2 1 MG

o

| N/
E{ J M

T
T

Vss

ADDRESS

MT1, MT2 : MNOS FET
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M58656 S

1024-BIT(256-WORD BY 4-BIT) NON-VOLATILE STATIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
VbD Supply voltage 0.3~—30 Vv
Vi(MG) Memory gate input voltage 40~ —40 \"
A Input voltage With respect to Vs 0.3—~—30 \Y
Vo Qutput voltage 0.3~—30 \Y
tMmG Memory gate input pulse width 1 s
Pd Maximum power dissipation Ta=25C 875 mwW
Topr Operating free-air ambient temperature range 0—~70 C
Tstg Storage temperature range —55~150 c
RECOMMENDED (For Read/Write Memory) (Ta=0~70%C, unless otherwise noted)
Symbol Parameter Lmits Unit
Min Nom Max
VbD Supply voltage —14.25| —15 [—15.75 \Y
Vss Supply voltage 4.75 5 5.25 \
VIH High-level input voltage Vss —1.5 Vss+0.3 \%
ViL Low-level input voltage -3 0.8 \
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Vpp=—15V £5%, Vss=5V 5% unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
ViH High-level input voltage Vss—1.5 Vss+0.3 \%
ViL Low-level input voltage -3 0.8 \Y
IH High-level input current V|=Vss 1 ~A
he Low-level input current Vi=—3V +1 A
lo Output leakage current VI(GE) =ViH or Vi(R/W) =ViL +10 uA
Vo=0V~Vss—1V
VOH High-level output voltage loH=—0.4mA Vss—1 \
1OH High-level output current VoH=4V —0.4 mA
VoL Low-level output voltage loL=1.6mA 0.4 \Y
loL Low-level output current VoL=—0.6V, Ta=70TC 5 mA
IpD Supply current from Vpp lo=0mA, Typical values are at Ta=25C —25 —40 mA
Vi(MG) MG input voitage Vss—1 Vss |Vss+1 \%
11 (MG) MG input current Vi(MGg) =Vss* 1V 0.1 mA
Ci Input capacitance V=0V, f=1MHz, Ta=25C 8 pF
Co Output capacitance Vo=0V, f=1MHz, Ta=25C 10 pF
Note 1 : Current flowing into an IC is positive (no sign).
MITSUBISHI
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MS58656 S

1024-BIT (256-WORD BY 4-BIT) NON-VOLATILE STATIC RAM

TIMING REQUIREMENTS: (Ta=0~70C, Vpp=—15V +£5%,

Vss=5V +5%, unless otherwise noted)

Read Cycle
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tc(RD) Read cycle time Input pulse 1750 ns
tsu(AD-CE)| Address setup time with respect to CE ViH=Vss—1.5V, V|L=0.8V 50 ns
th (AD-CE) Address hold time with respect to CE tr=1t¢=25ns 250 ns
Write Cycle
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
to (WR) Write cycle time 1000 ns
tsu(AD-CE)| Address setup time with respect to CE 50 ns
N N Input pulse
tsu(AD-R/W) Address setup time with respect to R/W v v ey 50 ns
— IH=Vss—1.
th(AD-CE) Address hold time with respect to CE v 0.8V 250 ns
L=0.
t Wirite pul idth ns
W(WR) rite pulse Wi tr=t=25ns 500
tsu(DA) Data setup time 400 ns
th(pa) Data hold time 200 ns
SWITCHING CHARACTERISTICS (For Read Cycle) (Ta=0~70T, Vpp=—15V +5%, Vss=5V *5% . unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
ta(ap) Address access time 1500 ns
ta(CE) Chip enable access time Lload=1TTL, CL=100pF 1450 ns
tpxz Output disable time 600 ns
TIMING DIAGRAMS
Read Cycle (MG =Vimae). NR=ViH)
to(RD)
VIH
7902 ¥ans
Ao~ A7 ><f % %%
ViL X 10% X10%
tsu(AD-GE) ta(@E) th(aD-CE)
Vi {-90%
Vi X 10%
tpxz
VoH )
1 av
Do~Ds3 >< DATA OUT VALID 7\\
(DATA OUTPUT) Vo 0.4V //
ta(ap)
Write Cycle (MG=Viimg), NR=ViH)
to(wr)
VIH
4902, 4302,
Ag~A7 >< %0% >< 0%
ViL X 10% X 10%
tsu(AD-CE, ) th (AD-CE)
Vi
oe " \ )‘ 30%
9
Vi 10%
tw(wR)
ViH
90%
R/W Z o
X10% 2
Vi tsu (AD-R/W) ot 1026
tsu(pa) th(oa)
ViH
1 90% 90%
Do~D3 o DATA IN STABLE 10%
(DATA INPUT)  ViL *10% 2
MITSUBISHI
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MS58656 S

1024-BIT(256-WORD BY 4-BIT) NON-VOLATILE STATIC RAM

NON-VOLATILE OPERATIONS
Electrical Characteristics (Operations 1 and 2) (Ta=0~70C, Vpp=—15V+5%, Vss=5V £5%. unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VMGE MG erase voltage with respect to Vgg tw(mge) =tw(mgw1)=0.75~1.25ms 28 29 31 \
VMew MG write voltage with respect to Vsg VMGE Z|Vmewl —26 —28 | —30 \%
VMGR MG read voltage with respect to Vgg —10 —15 \Y
VwT Supply voltage with respect to Vsg necessary to MG write —15 \%
tw(Mge/w,1)| MG pulse width (1) 0.75 1 1.25 ms
tw(MGE/W,2)| MG pulse width (2) 10 ms
tr(MGR) MG read shape rise time VMGR=Vss —10V 20 V/ms
tr(voo) Supply voltage shape rise time 20 V/ms
tr(MoR)/tr(vop)| MG read. supply voltage shape rise time ratio Vop=0V ~VMGR 0.9 1 1.1 —
ts Unpowered nonvolatile data retention time VMGe =28V t ] 1 year
Nw Number of erase write cycle Vmgw = — 28V W(MGE/W, 1) =1MS 105 times
h(ma) MG input current VMGE =30V, VMmew = —30V +0.4 mA
Timing Requirements (Operation 2) (Ta=0~70C, Vop=—15V £5%, Vss=5V +5%. unless otherwise noted)
Limits i
Symbol Parameter Test conditions Unit
Min Typ Max
tsu(NR-MG)| NR setup time with respect to MG 1.45 us
th(NR-MG) NR hold time with respect to MG 0 us
Timing Diagrams
Operation 1 (NR=viy)
ov tr(vop)
Vop—Vss READ/WRITE MEMORY MODE vwT
I
MG ERASE MODE X
NON-VOLATILE e — tw(MGE1) = MG WRITE MODE
READ MODE 1 i
o,
VMGE 90% i '
+109 HU% i W(MGW2)
oV 10% 1 410%
MG —Vss VMGR !
tw(mogz) VMGW o)
90%,
_u._
tr(maR)
tw(maw1)
Operation 2 (CE=Vin)
ViH
" \ /,
10% A—-10%
ViL
tsu(RRMe) , Lh(WA-Mc)
oV 9021
Vi
MG —Vss MaR
tr(mMaR)
READ/WRITE MEMORY MODE NON-VOLATILE READ MODE 2 READ/WRITE MEMORY MODE

Note 2 : Both the MG erase mode and MG write modes in non-volatile operation 2 are the same as in non-volatile operation 1.

3 : Non-volatile read mode 1 is warranted only in the case of custom specification.
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M58656 S

1024-BIT (256-WORD BY 4-BIT) NON-VOLATILE STATIC RAM

TYPICAL CHARACTERISTICS

ADDRESS ACCESS, TIME  ta(ap) (ns)

tacapy (ns)

ADDRESS ACCESS TIME

LOW-LEVEL OUTPUT CURRENT loL (mA)

ADDRESS ACCESS TIME VS.
SUPPLY VOLTAGE Vpp

T
Vss=4.75V
CL=100pF

0
& LIMITS

A\

1600

-
&
o

—
n
o
o

-
=3
o
o

\ N Ta=70C

800
N !
Ta=25C
600
400
-6 —8 —10 —12 —14 —16 —18

SUPPLY VOLTAGE Vopp (V)

ADDRESS ACCESS TIME VS.
AMBIENT TEMPERATURE

1600
Vss=4.75V
Vpp=—14.25V
1400/ CL=100pF
1200
1000
b
800
//
600
400
0 25 50 75 100

AMBIENT TEMPERATURE Ta (°C)

LOW-LEVEL OUTPUT CURRENT VS.

LOW-LEVEL OUTPUT VOLTAGE
Vss=l4‘ 75V¥

Vpp= —14.25V
5 Ta=25T
4 Ta=70C
—
/'/

o]
-1.2 -0.8 -0.4 0 0.4 0.8 1.2
LOW-LEVEL OUTPUT VOLTAGE VoL (V)

ADDRESS ACCESS TIME  ta(ap) (ns)

HIGH-LEVEL CURRENT lox (mA)

MEMORY GATE ERASE VOLTAGE Vmge (V)

ADDRESS ACCESS TIME VS.
LOAD CAPACITANCE

Vss=4.75V
Vop=—14.25V
1400} Ta=25T

1600

n
[=1
o

1000 -

©
o
o

/

D
(=3
o

&
(=3
o

o

100 200 300 400 500 600
LOAD CAPACITANCE CL (pF)

HIGH-LEVEL OUTPUT CURRENT VS.
HIGH-LEVEL OUTPUT VOLTAGE

Vss=4.75V
\\ Vop= —14.25V
N

Ta=70C

Ta=25TC

0 \

2 3 4 5 6
HIGH-LEVEL OUTPUT VOLTAGE Von (V)

MEMORY GATE ERASE VOLTAGE VS.
4GMEM0RY GATE WRITE VOLTAGE

tw(mGET) = tw(maw1) =1ms
VwT=—15V
36
32
[LIMITSi
28

VMGR=—10V
/ OPERATING REGION

tr(mMgR) =20V/ms

N
EN

N
(=]

L
—16 —20 —24 —28 —32 —36 —40
MEMORY GATE WRITE VOLTAGE Vmaw (V)
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4096-BIT (1024-WORD BY 4-BIT) CMOS STATIC RAM

MITSUBISHI LSIs

M58981 S-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 |/O terminals.

FEATURES

® Access time: 450ns (max)
® Low power dissipation in
the standby mode:
Single 5V power supply
Data holding at 2V supply voltage

No external clock or refreshing operation required

15uA (max)

Both inputs and outputs are directly TTL-compatible
Outputs are three-state, with OR-tie capability
Simp]e 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 TI's TMS4045

APPLICATION
® Battery-driven or battery back-up small-capacity memo-
ry units

FUNCTION
This device provides common data input and output ter-

minals.

PIN CONFIGURATION (TOP VIEW)

——
A —[T] Vee (5V)
As -[2] [T« A7
As—[3] [16]+-Ag | ADDRESS INPUTS
ADDRESS INPUTS As»@ = [5]eAg
o
Ao—»[5] L [@e1/04
o]
Al 7 [Be1/02| para
P[] es 1/ | 'NPUTS/OUTPUTS
CHIP SELECT INPUT CS —+[8] [Me> /04
(0V)GND [3 18]« R/W READ/WRITE INPUT

Outline 1851

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

During a read cycle, when a location is designated by
address signals Aq~A,, and signal R/W goes high, the data
of the designated address is available at the /O 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 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
15uA (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 N
DIAGRAM (8) vee (5V)
L (9 aND (oV)
20 : 9 « - 14) 1/04
- . o
A1 : s |, E o 1024-WORD x 4-BIT - @ 5 3) 1/05| pATA
2 pur] w
o g " S é RAM % g 23 12)1/03( INPUTS/OUTPUTS]
2e (3 gg 38 (64 ROWS x n < _\“ 1/04
23 8 64 COLUMNS)
As(2 7’3
ADDRESS INPUTS i
fL g
As(1—2 &8
A7 0 4 g8 | < 2 16 R/W —_—
NG 2720 CONTROL
8 38 29 CIRCUIT
Ag(15) [ol=) o ¢
O @ (] [a)
CHIP SELECT INPUT T5(8
READ/WRITE INPUT R/ W(10
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M58981S-45

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

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.3~7 \%
Vi Input voltage With respect to GND —0.3~Vee+0.3 \Y
Vo Output voltage 0~Vce \
Pd Maximum power dissipation Ta=25T 1000 mw
Topr Operating free-air ambient temperature range 0~70 c
Tstg Storage temperature range —65~150 T
RECOMMENDED OPERATING CONDITIONS (Ta=0~70C, unless otherwise noted)
Symbol Parameter dmits Units
Min Nom Max
Voo Supply voltage 4.5 5 5.5 \Y
ViL Low-level input voltage —0.3 0.65 \
VIH - High-level input voltage 2.2 Vce Vv
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Vcc=5V + 102, unless otherwise noted)
Limits
Symbol Parameter Test conditions Min T Max Unit
ViH High-level input voltage 2.2 Vece \"
Vip Low-level input voltage —0.3 0.6 \
VoH High-level output voltage loH= — 1TmA 2.4 \
VoL Low-level output voltage loL=2mA 0.4 \Y
Iy Input current V|=0~5.5V +1 rA
lozH Off-state high-level output current Vi(cs)=2.2V, Vo=2.4V~Vgc 1 #A
lozL Off-state low-level output current Vi(Gs)=2.2V, Vo=0.4V —1 A
lcct Supply current from V o CS=0.01V, other inputs =V, 9 25 mA
Output open
loc2 Supply current from Vg CS=0.01V, other inputs=2.2V, 13 30 mA
Qutput open
lces Supply current from Vgg Vi (CS)=Vce 15 uA
Cj 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 (For Write Cycle) (Ta=0~70C, Vco=5V % 10%. unless otherwise noted)
Symbol Parameter Test conditions - Lmits Unit
Min Typ Max
to(wR) Write cycle time Input pulse 450 ns
tsu(ap) Address setup time with respect to write pulse VIH=2.2V 130 ns
tw(wRr) Write pulse width VoH=0.65V 250 ns
twr Wirite recovery time tr=tf{=20ns 50 ns
tsu(pa) Data setup time Reference level =1.5v | 250 ns
th(pa) Data hold time Load=1TTL, 0 ns
tsu(Gs) Chip select setup time CL=100pF 350 ns
tp)(z (WR) Output disable time with respect to write pulse 100 ns

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

Limits )

Symbol Parameter Test conditions - Unit
Min Typ Max

te(RD) Read cycle time Input pulse 450 Py
t Addres: ess ti Vin=2.2v, 450

a‘(AD) ress access time Vor=0.6V ns

ta(cs) Chip select access time tr=tf=20ns 450 ns

t Cs tput le ti I Reference level = 1.5V
PXZ(CS) Output disable time with respect to chip select Load =1TTL, 130 ns
tdv(AD) Data valid time with respect to address CL=100pF 0 ns
- 4—10 ELECTRIC
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MS58981 S-45

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

TIMING DIAGRAMS

Read Cycle
tc(rRD)
tacap) tdv(ap)
o Wz’ L0 Q’WW
XX JAYAVAY
ta(cs) tpxz(TS)
1/01~1/04 / DATA OUT VALID )%————

(OUTPUT MODE)

Write Cycle

) te(wr)
tsu(AD)—mt tw(wR) twr

R/W \ /

tsu(Cs)

XXX V‘
§ A ARETR,
RN
tsu(pA) th(oa)
1/01~1/04 // DATA IN VALID \
(INPUT MODE) \ /
tPxZ(WR) tpxz(Cs)

1/01~1/04 DATA OUT INVALID \

(DATA OUTPUTS)

Note 2: Hatching indicates the state is unknown.

_M—The center line indicates a floating (high-impedance) state.

< % g WRITE DATA é%—
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M58981S-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 2 v
2.2Vv=V =V 2.2
VI(CS) Power- down chip select input voltage V=VeePp)=Vee \
2V =Vgc(pp)=2.2V Voc(PD) v
| cc(PD) Power-down supply current from Voo Veoc=2V, all inputs =2V 15 A

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

Timing Requirements (Ta=0~70°C, Vcc=5V +10%. unless otherwise noted)

Limits
Symbol Parameter Unit
Min Typ Max
tsu(PD) Power-down setup time 0 ns
tR(PD) Power-down recovery time tc(rRD) ns
Timing Diagram
Vece(po)
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MSK 4116 P-2, S-2; P-3, S-3; P-4, S-4

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

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
Access time Cycle time Power dissipation
Type name (max) (min) (typ)
(ns) (ns) (mw)
MSK 4116 P-2, S-2 150 320 330
M5K 4116 P-3, S-3 200 375 280
M5K 4116 P-4, S-4 250 410 260

® Standard 16-pin package
® Voltage range on all power supplies

PIN CONFIGURATION (TOP VIEW)

]

(=5V) Ves [0 B Vss (V)
paTA NpUT  DIN—[Z] [Ele-CAS SOLUMN ADDRESS
coflFRSL WBUT R/ W —[3] z @D ouT DATA OUTPUT
FhoBE LT RAS (3] G [@e e
A5 B [@eA;
ADDRESS NPUTS | Az—+(E] 3 (Al Ad ADDRESS INPUTS
Ay =[] [0« As
(12v) Voo [8] 9 Voo (5V)

Outline 16P1 (M5K4116 P)
16S1 (M5K 4116 S)

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

APPLICATION

® Main memory unit for computers

FUNCTION

(Vopb, Vcc, Ves):

® Low standby power dissipation:

+10%
19.8mW (max)
® Low operating power dissipation: 462mW (max)

The M5K4116P and S 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-

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

® Early-write operation gives common |/O capability

® Read-modify-write, m-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

write. The input conditions for each are shown below.

Inputs Qutput
Operation Row |Column| Re- Remarks
RAS|CAS|R/W| Dy addressladdresg POUT fresh
Read ACT | ACT | NAC | DNC | APD | APD | VLD | YES ngﬁng’a?de
Write ACT | ACT | ACT | VLD | APD | APD | OPN | YES [except
Read-modity- | ACT | ACT | ACT | VLD | APD | APD | VLD | vES |fefiesh
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

COLUMN DECODER J

| '

DATA INPUT Din (2 2
READ/WRITE INPUT R/W (3 INPUT
COLUSI\_/er ADDRESS EE LATCH (8) Voo (12V)
ROBE INPUT { J Veo (5V
ROW ADDRESS FAS (1 foLock GeneraTOR CiRCUIT () Vee (5Vv)
STROBE INPUT R T @® vss (V)
14 r
-1 rCOLUMN DECODER‘ ] D Ves (—5V)
' ~{ 170 CONTROL CIRCUIT }4
Ao (5) « 8192 WORD x 1-BIT RAM
A (7) gy g (64 ROWS x 128 COLUMNS)
Az (B)— 22| 8
ADDRESS INPUTS ¢ A3 (12) SEA s $— 128 SENSE AMPLIFIER %ﬂlig; q? Dour DATA OUTPUT
o3 W
As (D S § g 8192 WORD x 1-BIT RAM
o
As (9 €3 (64 ROWS x 128 COLUMNS)
e a e
>——L /0 CONTROL CIRCUIT |
ey 5
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MITSUBISHI LSIs

MSK 4116 P-2, S-2; P-3, S-3; P-4, S-4

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

and S, 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 tq {As-Gas) is set
between the minimum and maximum values of the
limits. In this case, the internal CAS control signals are
inhibited almost until td®As-cAsS)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 tq(RaAs-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 transitions of R/W input and

CAS input. Thus when the RW 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 CAS, 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 4116 P and S is in the high-impe-

dance 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 4116 P and S,
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 1/0 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 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 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-going edge of ﬁ_A—S-, 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 M56K 4116 P and S is dynamic,
and most of the power is dissipated when addresses are
strobed. Both RAS and CAS are decoded and applied to
the M5K 4116 P and S 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 MBK4116 P and S 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

MSK 4116 P-2, S-2; P-3, S-3; P-4, S-4

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

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vpp Supply voltage —0.5~20 \
Vee Supply voltage -0.5~20 \
Vss Supply voltage With respect to Vg —0.5~20 \%
V) Input voltage —0.5~20 \%
Vo Output voltage —0.5~20 \Y
Voo Supply voltage —1~15 VvV

With respect to Vss
Vce Supply voltage —1~15 \"
VBB —Vss | Supply voltage Vop—Vss>0 0 \
lo Output current 50 mA
o M5K 4116S Ta=25TC 1000 mw
Pd Power dissipation
M5K4116P Ta=25C 700 mw
Topr Operating free-air temperature range 0~70 ‘c
Tstg Storage temperature range M5K 41165 —65~150 <
M5K4116P —40~ 125 c
RECOMMENDED OPERAT|NG COND|T|ONS (Ta=0--70C. unless otherwise noted. Note 1)
Limits
Symbol Parameter Unit
Min Nom Max
Voo Supply voltage 10.8 12 13.2 \Y,
Vce Supply voltage (Note 2) 4.5 5 5.5 \
Vss Supply voltage 0 0 0 \Y
Ves Supply voltage —4.5 -5 —5.7 \Y
ViH1 High-level input voltage. RAS, CAS, R/W 2.7 7 Y]
ViH2 High-level input voltage, Ag ~ Ag, Din 2.4 7 \Y
ViL Low-level input voltage, all inputs -1 0.8 V
Note 1 : All voltages with respect to Vss . Apply Vgg power supply first, prior to other power supplies, and remove last.
2 : The output voltage will swing from Vgg to Vo when output loading current is zero. In standby mode V g may be reduced to Vg
without affecting refresh operations or data retention, but the V onmin specification is not guaranteed in this mode.
ELECTRICAL CHARACTERISTICS
(Ta=0~70C, Vpp=12V+10%, Vcc=5V+10%, Vss=0V, —5.7V<Vgg< —4.5V. unless otherwise noted)
Limits X

Symbol Parameter Test conditions Vi Tvo Max Unit

VoH High-level output voltage (Note 2) loH= —5mA 2.4 Vee \Y
VoL Low-level output voltage (Note 2) loL=4.2mA 0 0.4 \Y
loz Off-state output current 552\;'21‘:25 sy —10 10 uA
h Input current ;/«Il‘a(i;er_;):mg/;g\y SVINETV —10 10 uA
DD 1(AV) Average supply current from Vpp. opera1{ng RAS. GAS cycing 35 mA
1cC1(AV) Average supply current from Vg . operating (Note 4) i —t — min —
18B1(AV) Average supply current from Vgg . operating ¢(RD) C(WR) 200 uA
IpD2 Supply current from VpD . standby JR— - 1.5 mA

RAS =V n
lcc2 Supply current from Ve, standby Dour = floating —10 10 uA
IBB2 Supply current from Vgg . standby 100 ©A
1003 (AV) Average supply current from Vpp . refreshfng FAS cyoling GAS = Vin 27 mA
lcca(av) Average supply current from V¢ . refreshing e - 10 10 A
18B3(AV) Average supply current from Vgg , refreshing Le(Rer) = min 200 uA
1DD4 (AV) Average supply current from Vpp . page mode FAS= ViL. GAS oyoing 27 mA
lcca(av) Average supply current from V¢ . page mode (Note 4) _ —
1884 (AV) Average supply current from Vg . page mode to(pg) = min 200 ©A
Ci(AD) Input capacitance, address inputs 5 pF
Ci(DA) 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, CAS input 10 pF
Co Output capacitance Vo=Vss, f=1MHz, Vi=25mVrms 7 pF

Note 3 Except for 1BB. current flowing into an IC is positive ; out is negative.
4 : Vg is connected only to the output buffer, so that Icc1 and Icca depend upon output loading.
MITSUBISHI
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MITSUBISHI LSIs

MS5K 4116 P-2, S-2; P-3, S-3; P-4, S-4

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%. Vgc=5V +10%, Vss=0V, —5.7V<Vgg< —4.5V, unless otherwise noted. See notes 5, 6, and 7.)

M5K 4116 P-2, S-2 | M5K 4116 P-3, S-3 | M5K 4116 P-4, S-4
Alternative — — ,, .
Symbael Parameter Symbol Limits Limits Limits Unit

Min Max Min Max Min Max
tc(REF) Refresh cycle time tRer 2 2 2 ms
tw (FASH) RAS high pulse width trp 100 120 150 ns
tw (FASL) RAS low puise width tras 150 | 10000 | 200 | 10000 | 250 | 10000 ns
tw(CASL) CAS low pulse width (Note 8) tcas 100 135 165 ns
th(Fas-Gas) | CAS hold time with respect to RAS tosH 150 200 250 ns
th(GAS-AAS) | RAS hold time with respect td CAS tRsH 100 135 165 ns
td(FA5-GAS) | Delay time. RAS to CAS (Note 9) treD 20 50 25 65 35 85 ns
td(GA3-Fas) | Delay time. CAS to RAS WCRP —20 —20 —20 ns
tsu(ra-AAS) | Row address setup time with respect to RAS tasr 0 0 0 ns
tsu(ca-CAs) Column address setup time with respect to CA S tasc —10 —10 — 10 ns
th(FAS-RA) Row address hold time with respect to RAS tRAH 20 25 35 ns
th(CAS-cA) Column address hold time with respect to CAS toan 45 55 75 ns
th(RAS-cA) Column address hold time with respect to RA S taR 95 120 160 ns
HE: Transition time tr 3 35 3 50 3 50 ns

Note 5 : After power supply is applied, some eight dummy cycles are required before memory operation is achieved. RAS/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(WSH) more than 3us for a minimum of one dummy cycle.

6 : The switching characteristics are defined as tTH = tT_ 4 =5ns .

: Reference levels of input signals are Vi1 min.ViH2 min and VL max- Reference levels for transition time are also between V1 or VjHz and VL.

8 : Assumes that td(RAS-CAS) = Ld (RAS-CAS) max.If td(RAS-CAS) < td(RAS-CAS) max . Lw(CASL) will be increased by the amount that td(RAS-CAS)

has decreased.

9 : The maximum value of td(RAS-CAS) does not define the limit of operation, but is specified as a reference point only: if tq(FAS-GAS) Is greater than the specified

td (RAS-CAS) max limit. then access time is controfled exclusively by ta (CAS).

~

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

MBK 4116 P-2, S-2 | M5K 4116 P-3, S-3 | M5K 4116 P-4, S-4
Symbol Parameter ’;'y’zggrve Limits Limits Limits Unit
Min Max Min Max Min Max
te(RD) Read cycle time tre 320 375 410 ns
tsu(RD-CTS) Read set-up time with respect to CA S tres 0 0 0 ns
th(GAS-RD) Read hold time with respect to CAS troH 0 0 0 ns
th(¢as-our) | Date-out hold time torr 0 40 0 50 0 60 ns
ta(@xS) CA access time (Note 10) toac 100 135 165 ns
ta(RES) RAS access time (Note 11) traC 150 200 250 ns

Note 10 : This is the value when 14 (RAS-GAS) = Ud (RAS-CAS)max . Test conditions ; Load= 2T TL .CL=100pF
11 : This is the value when td (RAS-GAS) < Id (RAS-GAS)max. When td (RAS-CAS) = td(RAS-CAS) max-
ta(RAS)increases by the amount of increase of td(RAS-CAS) . Test conditions ; Load = 2T TL ., CL=100pF

Write Cycle

MSK 4116 P-2, S-2 | M5K 4116 P-3, S-3 | M5K 4116 P-4, S-4
Symbol Parameter éczngive Limits Limits Limits Unit
. Min Max Min Max Min Max
to(wR) Write cycle time tre 320 375 410 ns
tsu(wR-GAS) Wirite set-up time with respect to CAS (Note 12) twes —20 —20 —20 ns
th(caswR) | Write hold time with respect to CAS twon 45 55 75 ns
th (RAS-WR) Wirite hold time with respect to RAS twer 95 120 160 ns
th(wr-RAS) | RAS hold time with respect to write tRwL 50 70 85 ns
th(wr-GAS) | CAS hold time with respect to write towL 50 70 85 ns
tw(wR) Write pulse width twe 45 55 75 ns
tsu(oa-0As) | Data-in setup time with respect to CAS | tps 0 0 ’ 0 ns
th(GAS-DA) Data-in hold time with respect to CA S toH 45 55 75 ns
th (RAS-DA) Data-in hold time with respect to RA S tOHR 95 120 160 ns
MITSUBISHI
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MITSUBISHI LSIs

MSK 4116 P-2, $-2; P-3, S-3; P-4, S-4

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

Read-Write and Read-Modify-Write Cycles

M5K 4116 P-2, S-2 | MSK 4116 P-3, S-3 | MS5K 4116 P-4, S-4
Symbol Parameter :\J’:rtr;;nve Limits Limits Limits Unit
Min Max Min Max Min Max

tc(RMW) Read-modify-write cycle time trwe 320 405 500 ns
te(rw) Read-write cycle time trRwe 320 375 425 ns
th(wa-RAS) RAS hold time with respect to write tRwL 50 70 85 ns
th(wR-CAS) CAS hold time with respect to write towL 50 70 85 ns
tw(WR) Write pulse width twp 45 55 75 ns
tsu(Rp-CAS) Read setup time with respect to CA S tres 0 0 0 ns
t4@ERSwR) | Delay time, RAS to write (Note 12) tRWD 110 145 175 | ns
1d(CAS-WR) Delay time, CAS to write (Note 12) towp 60 80 90 ns
tsu(DA-WR) Data-in set-up time with respect to write tbs 0 0 0 ns
th(wR-DA) Data-in hold time with respect to write ton 45 55 75 ns
th(GAs-ouT) | Data-out hold time with respect to CAS toFF 0 40 0 50 0 60 ns
ta(GAs) CAS access time (Note 10) tcac 100 135 165 ns
ta(Ras) RAS access time (Note 11) tRAC 150 200 250 ns
Note 12 : tsu(wR-CAS) td(RAS-wR), and td(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(RAS-wR) = td (RAS-WR)min and td(GAS-wR) = td(CGAS-WR) min . @ 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
MS5K 4116 P-2, S-2 | M5K 4116 P-3, S-3 | MSK 4116 P-4, S-4
Symbol Parameter ?;ﬁg\gllive Limits Limits Limits Unit
Min Max Min Max Min Max
to(pa) Page-mode cycle time tec 170 225 275 ns
tw(CASH) CAS high pulse width tep 60 80 100 ns
MITSUBISHI
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MITSUBISHI LSIs

MSK 4116 P-2, S-2; P-3, S-3; P-4, S-4

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

TIMING DIAGRAMS

t
Read Cycle ———'o(RD)
tw(RASL
th(RAS-CAS)
th(RAS-
VIHT — )K (RAS-CA)
RAS R
Vie — N
‘ ‘ tw (RASH)—=
|~e——1d(RAS-CAS) - 1d (CAS-RAS)
— Vg1 —
GAS IH1 \
ViL — N
tsu(ra-RAS)| |th(RAS-RA) lsu(ca-TAS)
Ao~ As Vire = ROW COLUMN
ViL — ADDRESS ADDRESS
tsu(rD-CAS) th(5AS-R0)
ViH1 —, 4 R
Aw s ]
" . ta(GAS
ta(RAS) th(Cas-ouT)
VoH — 4 R
Dout HIGH-IMPEDANCE STATE DATA VALID ),
VoL — NN y.
Write and Early Write Cycles
te(wr

tw(RASL)
th(RAS-CAS

—-—tmﬁé@mﬂ
X v, \

! S |

me——— th(CAS-RAS)

| tw(CAsL) td(CAS-RAS)

ViH1 — \ \ 4
ViL — A

N ViK1 — \

Vi —

I

>

0]
7

tw (RASH)—

)

r~—-oU1ud(RAS-CA

[

o
[

tsu(ra-RAS)| |th(RAS-RA) tsu(ca-CAsS)
-

th(CAs-cA)
B Vikz =X ROW (NS | coumn
’ I th(wR-CAS)

Isu(wn-ﬁ)-_—.-{ th(CAsS-wR)
ViH1 — e WWW
R/W viL - N | | Z

! f th(wR-RAS)

th(ﬁs-wa)‘—————-—l

WM D Tt

f=——————1h(RAS-DA)——————=

VoH —
Dout o HIGH-IMPEDANCE STATE
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MITSUBISHI LSIs

MSK 4116 P-2, S-2; P-3, S-3; P-4, S-4

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

Read-Write and Read-Modify-Write Cycles

to(RMW)
tw(RASL)
th(RAS-CAS)
FAS ViH1— \ th(RAS-ca
ViL — N 7 \
th(CAS-RAS) tw (RASH)—=
le———1d (RAS-CAS) tw(CAsL) i
d (RAS-CAS)
M \ /
Vi — N I /
tsu(RA-RAS)| [th(RAS-RA)  tsu(CA-CAS) Fp—
___‘1 i h(CAS-CA)
Ao~As ViHz — ROW COLUMN N
ViL — ADDRESS ADDRESS
|'ﬁd(HTs-WR, l=—th(WR-GAS) —=|
tsu(RD-CAS) 1d (CAS-WR) lee—TLh (WR-RAS ) ——=f
R/W ViH1— ‘
ViL — N
--tw(wH)—-l
fe—————1a (CAS)———= th(CAS-ouT)
VoH — "4 N
Dout v — HIGH-IMPEDANCE STATE DATA VALID
oL — 2
ta(RAS)
tsu(pa-wr) th(wRr-pa)
ViHz — . SOV GO VIIVIN VI /’v'v’.'v'~"""V V’V v’v’v.v
Din v — ’.’.’.. DATA VALID »‘00'0.0.”%”"0"‘0"’.’.".0
AN

RAS-Only Refresh Cycle

tc(RD)

% X RARRI Y X AIRR RN XXX AR YK
) ‘(330303’3‘I’X’I03‘9‘030203’?3‘0'020.0.0.0,0.0,%:&:0:0.0.0.%'o’o:o:

| N

tw (RASH)——————==]

tw(RASL)
RAS ://|H1 - N\
i =
th(RAS-RA)
tsu(ra-RAS)

Virnz —XXAXRKAAARRANN ROW
Ro~hRe v — 0‘0’0‘0‘0‘0’0"”0‘0‘"“0\ \ ADDRESS

Vou —
Dout VZ: _ HIGH-IMPEDANCE STATE

Note 13 : CAS =V H1, R/W =don't care.
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MITSUBISHI LSIs

MS5K 4116 P-2, S-2; P-3, S-3; P-4, S-4

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

Page-Mode Read Cycle
tw(RASL
e th (RAS- CAS ) ————|
Gas ViHi— -—'fh(R_AS-cA)--’ '
ViL — N /L 7
| | [ N tw (RASH)
(- ] topa) |~=———1h(CAS-RAS) t
Ld(RAS-CAS) . _ T g
tw(CASL) =tw(CASL) |=e——Ld(CAS-RAS ) ——=={
VIiHT — l [ 5\ '4
GAS  , _ \ \
th(RAS-RA) —
. ) th(CAS-cA) th(cas-ca)
SU(RA-RAS) .
r=jlsu(CA-CAS) K ={su(CA-CAS)
Vire = ORI, Yo UMN KOOSR
Ao=As g KXY A I XXX
IS QOXXXXAA OOXNX s WSS 09.9.9.9%%
l——ta(tfs)——-— ] L—-—ta(m)—'# L'—Ta(ﬁ@
ta(RAS) f=-th (CAS-0UT) th(GAs-ouT) th(Gas-ouT)
VoH — " g &
D e HIGH- @ DATA DATA e DATA
ouT VoL — HIGH-IMPEDANCE STATE VALID, L \ \VALID{// 77 VALID, 225/
-==-Lsu(RD-CAS)
tsu(ro-GAS) th(CAS-RD) th(CAS-RD)
ViH1 = ~F p
R/W Vil —
Page-Mode Write Cycle
tw(RASL)
th(RAS-CAS)———=—f
RAS ViH1 — «\—_th(mc“_.’
Vie — \
| | 7/ : tw (RASH)
o e ——to(PG) ] h(CAS-RAS) —
td (RAS-GAS) I _ td(CAS:RAS)
tw(CAsL) tw(CAsL)—=]
— ViHT — i'\ / \
CAS ’
Vi — L 4
h . __
(RAS-RA) th(oas.0ny | VLCASH) th(GAS-cA)
R iy
sy(RAfas) r'tlsumA-cTs) ‘—I-tSU(CA-m)
Ao~Ag zmz - :
L -
th<CAs~wR)L—~1 th (EAS-wR) th(GAS-wR)
th(wR-CAS) th(WR-0AS)—=—]| tee—th (WR-CAS) —==|
R/W
ViL —‘m z \ I’I( N l
. tw(wr) lsu tw(wr) -~tw<twm—l_~
(RAS-WR)—=== t - ~=——1Lh (WR-RAS)—=
tsu(DA-WR) f(WR0A) tsu(DA-wR) th(wr-DA)
e _ LURLERE SR o vwe RECORRREEEES
Din ¢ Q paTA VALD  XGSOKKAZANXX
ViL —m ) \0?0?0?0?0?0?0?0. i IR XIXHXX
th(RAS-DA i
Note 14 ;
W Indicates the don't care input.
M The center-line indicates the high-impedance state.
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MITSUBISHI LSIs

MS5K 4116 P-2, S-2; P-3, S-3; P-4, S-4

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
Vpp= 12\'/
% |Ta=2s5C R Veo=5V
<< ) [R—
€1.2 |§|,2 bl i
- ©
w \ had —
= : —
310 2 1.0
§ — g
o 2
N 9
22(‘ 0.8 No.g
<
o
2
0.6 =
10 (K 12 13 T4 065 25 50 75 700
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
; a Ta=25C
= Ta=25C o VeB= —4.5V
g1.2 Z 30
Kl & 2 tc=375ns
w S E
s &<
2 £z / tc=500ns
©1.0 3% 2 = fe.
g g § ——/ to=750ns
a 22 T
2 8
g 23
0.6 0
—4.0 -4.5 —50 —5.5 —6.0 10 ] 2 13 T4
SUPPLY VOLTAGE VeB(V) SUPPLY VOLTAGE Vopo(V)
NORMALIZED ACCESS TIME VS. AVERAGE SUPPLY CURRENT FROM Vpp,
SUPPLY VOLTAGE Vcc OPERATING MODE VS. AMBIENT TEMPERATURE
1.4 40
Ta=25C 8 Vop=13.2V
5 = Vea=—4.5V
1.2 3 a0
;" % E to=375ns
51 , 95: é 2 tc=500ns
17N o -
8 >4
< sg g =750ns
a RS
No.g BE 10
3 5§
5 25
0.6 0
470 2.5 5.0 5.5 6.0 0 25 50 75 100
SUPPLY VOLTAGE Vgg(V) AMBIENT TEMPERATURE Ta('C)
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MITSUBISHI LSIs

MSK 4116 P-2, S$-2; P-3, S-3; P-4, S-4

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

AVERAGE SUPPLY CURRENT FROM Vvpp ,
OPERATING MODE VS. FREQUENCY

40 T
Ta=25C
Vpo=13.2V
Vee=—4.5V /
30 e

20,

1

0

AVERAGE SUPPLY FROM Vpp
OPERATING MODE Ipp1(mA)

FREQUENCY f(g)(MHz)

SUPPLY CURRENT FROM Vpp,
STANDBY MODE VS. SUPPLY VOLTAGE
1.4

Ta=25C
O~ Vee=—4.5V
Sgi2
3%
Ta
=
ggl 0 -
53 /
N
-
£z pd
2=0.8
[23%) /
/7
0.6
10 11 12 13 14

SUPPLY VOLTAGE Vpp(V)

SUPPLY CURRENT FROM Vpp,
STANDBY MODE VS. AMBIENT TEMPERATURE

1.4
Vpp=13.2V
o~ Vee=—4.5V
S<9.2
1.
P
o
£8
-
<9 ——
N
-
g2
:50.8
(DRG]
0.6 L
0 25 50 75 700

AMBIENT TEMPERATURE Ta('C)

AVERAGE SUPPLY CURRENT FROM'Vpp .,
REFRESH MODE VS. SUPPLY VOLTAGE
20

| tc(reF) =375ns
Ta=25C

a
2 Vge=—4.5V
2 15 t = .
o — c(ReF)=500ns
S /l’
N
z <
%‘é 10 tc(ReF) =750ns
O a /—
N
50 e
58
w3
w 5
28
o
‘;‘ w
&
07 g 2 13 1

SUPPLY VOLTAGE Vpp(V)

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

25

g Vpp=13.2V
2 Veg=—5.5V
e ) BB
g ’ t =375
ey C(REF)=3/5Nn$
Zz
o E
@ —
53
Ca s te(reF) =500ns
N
T w
58
w2 t =750ns
qu % 10 | loc(REF)™
2w
T o
g E
E

5

0 25 50 75 100

AMBIENT TEMPERATURE Ta(C)

AVERAGE SUPPLY CURRENT FROM Vpp,
REFRESH MODE VS. FREQUENCY

25 T
Ta=25C

Vpp=13.2V
Ves= —4.5V
20
15 /

o

[

0 1 2 4

AVERAGE SUPPLY CURRENT FROM Vpp.

REFRESH MODE |pp3(mA)

FREQUENCY f(4)(MHz)
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MITSUBISHI LSIs

MSK 4116 P-2, $-2; P-3, S-3; P-4, S-4

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

AVERAGE SUPPLY CURRENT FROM Vpp.

AVERAGE SUPPLY CURRENT FROM Vpp.

AVERAGE SUPPLY CURRENT FROM Vpp,

PAGE MODE VS. SUPPLY VOLTAGE
20

Ta=25C
Veg= —4.5V

to(pG) =250ns

> tc(PG) =375ns

]

o

tc(PG) =500ns

PAGE MODE Ippg(mA)
[

10 1 12 13 14
SUPPLY VOLTAGE Vpp(V)

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

20

Vpp=13.2V, Vg=—4.5V
tc (Pg) =250ns
15

1
te(pG)=375ns

to(P(‘:) =500ns

PAGE MODE Ippa(mA)

0 25 50 75 100
AMBIENT TEMPERATURE Ta(‘C)

AVERAGE SUPPLY CURRENT FROM Vpp,
PAGE MODE VS. FREQUENCY

RAS, CAS, R/W INPUT VOLTAGE
Vini, Viei VS. SUPPLY VOLTAGE

25

2 |Ta=2sC

E‘ Vee=—5V

Io. ViH1(min)]
520 (min)
5 ———_——-—

2 ViLi(max)
Py p—

215 e

z

2

o

P4

20

S

)w’

<

(&}

v 0.5

| 0 11 12 13 !

RA

SUPPLY VOLTAGE Vpp(V)

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

S22

3 | Ta=25¢

- Vpp=12V

>52.0 ViH1(min)T]
N

<]

<

g ViLi(max)

> 1.5

=

po)

a

Z

S

c 1.0

o

]<

o

» 0.5

‘é —4.0 —4.5 —5.0 —5.5 —6.0

SUPPLY VOLTAGE Vgg(V)

RAS, CAS, R/W INPUT VOLTAGE
Viut, ViLa VS. AMBIENT TEMPERATURE
2.5

20 T B
s Ta=25C 5
2 Vpp=13.2V > xDDi 12VV
2 5 Veg=—4.5V / 52.0 BB=—5
E // g '\\ ViH1(min)
g~ b
%E 10 e 5 15 ViLi(max)
| 7
28 pd s

0 0.5 1

0 1 2 3 4 |§ 0 25 50 75 100
FREQUENCY f(¢) (MHz) AMBIENT TEMPERATURE Ta(C)
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MITSUBISHI LSIs

MS5K 4116 P-2, S-2; P-3, S-3; P-4, S-4

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

INPUT VOLTAGE Ao—As, Din VS. INPUT VOLTAGE Ap—~Ae, Din VS.
SUPPLY VOLTAGE V1H2, V||__2 AMBIENT TEMPERATURE Vinz, VIL2
S2s 2.5
3 Ta=25C 3 | voo=12v
> Veg=—5V > | ves=-5V
2.0 2.0
> ViHz (min) = Virz (min)
5] w 1H2 (min
215 ViLz(max) ’8 s l
N =] T
; ] p— z ViLz (max)
2 2
z z
4 z
;1.0 510
g ¢
l {
o5 Lo
0 11 12 13 14 0 25 50 75 00
SUPPLY VOLTAGE Vpp(V) AMBIENT TEMPERATURE Ta(C)
SUPPLY CURRENT VS. TIME
RAS/CAS CYCLE
INPUT VOLTAGE Ao—Ag, Din VS. LONG RAS/CAS CYCLE
SUPPLY VOLTAGE Viuz, ViL2 o e v
2.5
Z o z RAS T ] T ]
~ Ta =25 s == [1 ||
> Vop= 12V w CAS T\ j YPICAL
$2. o) 1%
S ViH2 (min) @ 00 ol 1 n
o — D (mA) 4 i 1
@ 3 2& Iy - N Y
= °
als ViLz (max) ] 5 40
i o BB 28 L
2 £ (ma)—z0H VAR f ey
z o
z1.0 e 100 -
e S iss  gd |
@ ? (ma) 20l g
T 20 Y S
Los O [T17 [IiT]
< —-40 4.5 —5.0 —5.5 ~6.0 50ns/DIVISION
SUPPLY VOLTAGE Veg(V) TIME t

NORMALIZED ACCESS TIME VS.
LOAD CAPACITANCE

1.2
i
<<
<
oS
w
2
=
%) L
g 1.0
g ]
a
w
N
< 0.9
=
o
@)
z

0.8

0 50 100 150 200

LOAD CAPACITANCE (pF)
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MITSUBISHI LSIs

MSL 2101A P, S; P-2, S-2; P-4, S-4

1024-BIT (256-WORD BY 4-BIT) STATIC RAM

DESCRIPTION

This is a family of 256-word by 4-bit static RAMs, fabri-
cated with the N-channel silicon-gate MOS process and
designed for simple interfacing. These devices operate by a
single 5V supply, as does TTL, and are directly TTL-
compatible.

PIN CONFIGURATION (TOP VIEW)

Az (1] Vee (5V)
FEATURES Az —[Z] <« A4 ADDRESS INPUT
Parameter MS5L2101AP,5-2] MSL 2101AP,S |M5L2101AP, 5-4 A1 -G 20+ R/W READ/WRITE INPUT
Access time (max) 250ns 350ns 450ns ADDRESS INPUTS § Ag _'E = +CS: g:rpj?;?s;g\:;m
Cycle time (min) 250ns 350ns 450ns As—[5] @ [Ble0D INPUT
.. - A —[6] N «-CS, CHIP SELECT INPUT
o Low power dissipation: 150uW/bit (typ) A= 2 [@- D04 0ATA oUTPUT
. >
@ Single 5V supply voltage (0V) GND [8] ™  [E]«Dls DATA INPUT
o Data holding at 1.5V supply voltage (optional) DATA INPUT D1y —»[3] > D03  DATA OUTPUT
® No clocks or refreshing required DATA OUTPUT DO +-{I +=Dls paTA PUT
DATA INPUT DI, —{11] > DO, DATA OUTPUT

® All inputs and outputs are directly TTL-compatible
® All outputs are three-state, with OR-tie capability
® Simple memory expansion by chip select input

® Separate data inputs and outputs Outline 22P1 (M5L 2101AP)

® Interchangeable with Intel’s 2101A series in pin configu- 2281 (M5L 2101AS)

ration and electrical characteristics

APPLICATION
® Small-capacity memory units

FUNCTION

These devices provide separate data input and output
terminals. During & write cycle, when a location is desig-
nated by address signals A,~A, and signal R/W goes low,
the data of the IN signal at that time is written.

During a read cycle, when a location is designated by
address signals Ag~A, and R/W goes high, data of the
designated address is available at the DO terminal.

When signal C§l 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 other output terminals.

When 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
1.5V, enabling battery back-up operation during power
failure and power-down operation in the standby mode.

BLOCK DIAGRAM
Ao (4 < 256-WORD X 4-BIT :
NG & A& RAM
S5 110|838 32 @Vce (5v)
Az (2 G e el (32 ROWS X
INY¢ 5 82 (®) GND (0V)
3 z EX- 32 COLUMNS)
As (2 z - |
g doo
& SENSE OUTPUT {2 DOz } pATA OUTPUTS
As (5 - 6 |3 & 8 CIRCUIT BUFFER «(2) DO3
As (6) E R 95" § — «{16) DO4
=
AT Q) 5 =R J
=z |
= /0 CONTROL CHIP .
INPUT SELECT
BUFFER
L. & bbb &b 5
R/W  DItDI2DisDls CSi Cs2 oD
READ/WRITE OUTPUT DISABLE INPUT
INPUT DATA INPUT  CHIP SELECT INPUTS
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MITSUBISHI LSIs

MSL 2101A P, S; P-2, S-2; P-4, S-4

1024-BIT (256-WORD BY 4-BIT) STATIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.3~7 \%
Vi Input voltage With respect to GND —0.3~7 \
Vo Qutput voltage —0.3~7 \%
Pd MS5L 2101AP Taz25C 700 mw
Maximum power dissipation a=
M5L 2101AS 1000 mW
Topr Operatjng free-air ambient temperature range 0~70 °C
T s . o M5L 2101AP —40~125 °C
st torage temperature rang :
9 9 M5L 2101AS —65~150 C
RECOMMENDED OPERATING CONDITIONS (Ta=0~10°C , unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vce Supply voitage 4.75 5 5.25 \
ViL Low-level input voltage 0 0.8 Vv
ViH High-level input voltage 2.2 Vce \%
ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vvgg=5V +5% . unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VIH High-level input voltage 2.2 Vce \
ViL Low-level input voltage 0 0.8 i
VoH High-level output voltage loH=—200xA 2.4 Y
VoL Low-level output voltage loL=3.5mA 0.45 i
I Input current Vi=0~5.25Vv 10 A
lozH Off-state high-level output current V\(87)=2.2V, Vo=2.4V ~Vce 10 LA
lozL Off-state low-level output current V|(C8;)=2.2V, Vo=0.4V —10 HA
lcc Supply current from Voo Vi=5.25V (all inputs), output open, Ta=25C 30 60 mA
Ci Input capacitance. all inputs Vi=GND, f=1MHz,; 25mVrms 3 5 pF
Co Output capacitance Vo=GND, f=1MHz, 25mVrms 8 12 pF
Note 1 : Current flowing into an IC is positive: out is negative.
SWITCHING CHARACTERISTICS (For Read Cycle) (Ta=0~70°C, Vco=5V +5% . unless otherwise noted) (Note 2)
MS5L 2101AP, S-2 MS5L 2101AP, S M5L 2101AP,S-4
Symbol Parameter Limits Limits Limits Unit
Min Typ Max Min Typ Max Min Typ Max
tc(RD) Read cycle time 250 350 450 ns
ta(AD) Address access time 250 350 450 ns
ta(cs) Chip select access time 180 180 180 ns
ta(op) Output disable access time 130 150 150 ns
texz Qutput disable time (Note 3) 100 100 100 ns
tdv(aD) Data valid time with respect to address 40 40 40 ns
Note 2: Test conditions : input pulse VIH=2.2V, V| =0.8V tr=tf=20ns ; reference level =1.5V: load=2TTL, CL = 100pF
Note 3 : tpxz is with respect toCS1, CS2, or OD. whichever occurs first.
TIMING REQUIREMENTS (FOf Write CYC|e) (Ta=0~70°C, Vcc=5V +5% . unless otherwise noted)  (Note 2)
MS5L 2101AP. S-2 MS5L 2101AP, S MS5L 2101AP, S-4
Symbol Parameter Limits Limits Limits Unit
Min Typ Max Min Typ Max Min Typ Max
tc (WR) Write cycle time 170 220 270 ns
tw (WR) Write pulse width 150 200 250 ns
tsu(aD) Address setup time with respect to write 20 20 20 ns
twr Write recovery time 0 0 0 ns
tsu(on) Qutput disable setup time with respect to data in 20 20 20 ns
tsu(DA) Data setup time 100 150 170 ns
th(pa) Data hold time 0 0 0 ns
tsu(cs) Chip select setup time 150 200 250 ns
MITSUBISHI
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MITSUBISHI LSIs

MSL 2101A P, S; P-2, S-2; P-4, S-4

1024-BIT (256-WORD BY 4-BIT) STATIC RAM

TIMING DIAGRAMS
Read Cycle Write Cycle
tc(wR)

te(ro)

SR X w7 X )
ta(cs) tsu(cs)

s T R

Ccs (Note 4 X

Ve 0K

%
@l
%

(Note 4) (Note 4)

[

V XAX\
CS2 (Note 4) (Note 4)
CS2 (Note 4) (Note 4)
Qﬁ: (Note 4) »
(Note 4) tdv(AD)
ob 5 o000
(Note 6)
!— tpxz oD
——— tsu(op) A tsu(pa) th(pa)
J
oata out \L\(Note )
DO VALID /
DATA IN DATA IN
DI STABLE CAN CHANGE
tw(wRr)

]
|

R/W -—\h /

twr
tsu(aD)
Note 4 : Hatching indicates the state is unknown
5 : Indicates that during this period the data out is invalid for this definition of tdv (AD) and is in the floating state for this definition of tpxz
6 : OD may be kept low for the full cycle except during common input/output operation
POWER-DOWN OPERATION (0PT|ON AL) These ch istics are gi d only under custom specifications.
Electrical Characteristics (Ta=0~70"C . unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vee(PD) Power-down supply voltage 1.5 v
_ . 2.2V=Vce(Pp)SVce 2.2 \Y
Vi(cst) Power-down chip select input voltage
1.5V=Vcco(Pp)=2.2V Vee(Pp) \
1 cc(PDY) Power-down supply current fromV ¢ Vvee=1.5V, all inputs =4 .5y 15 30 mA
lcc(Pp2) Power-down supply current from Vg Vee=2.0V, all inputs =2.0V 20 40 mA
Timing Requirements (Ta=0~70°C, Voc =5V £5% . unless otherwise noted)
Limits
. it
Symbol Parameter Test conditions Min Tvo Max Uni
tsu(Pp) | Power-down setup time 0 s
tR(PD) Power- down recovery time . tc(RD) ns

Timing Diagram

Voo

Cst

Vee(pp)
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MITSUBISHI LSIs

MSL 2101A P, S; P-2, S-2; P-4, S-4

1024-BIT (256-WORD BY 4-BIT) STATIC RAM

TYPICAL CHARACTERISTICS

ADDRESS ACCESS TIME ta(aD)(ns)

DATA OUTPUT VOLTAGE Vo(pa) (V)

ADDRESS ACCESS TIME VS.
AMBIENT TEMPERATURE

500

Vecec=4.75v
LOAD =2TTL
CL=100pF

400

300

200

]

100

20

40 60

80

100

AMBIENT TEMPERATURE Ta (°C)

DATA INPUT/OUTPUT

Vee=5Vv
Ta=25C

__TRANSFER CHARACTERISTICS

0

1

2

4

DATA INPUT VOLTAGE V| (pa) (V)

500

30i

20

ADDRESS ACCESS TIME ta(ap)(ns)

10

[
=]

SUPPLY CURRENT FROM Vce lcc (mA)

400

~
(=]

ADDRESS ACCESS TIME VS.

LOAD CAPACITANCE

LOAD = 2TTL
Ta=25C

Vecec=4.75Vv

0

0

0

0 100

200

300

400

LOAD CAPACITANCE CL(pF)

500

SUPPLY CURRENT FROM V¢

VS. SUPPLY VOLTAGE Vcc

Ta=25C

w
o

P

n
(=]

o

[=]

0 1

2

4

SUPPLY VOLTAGE Vce (V)
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MITSUBISHI LSIs

MS5L 2102A P-4, S-4

1024-BIT (1024-WORD BY 1-BIT) STATIC RAM

DESCRIPTION

This is a family of 1024-word by 1-bit N-channel silicon-
gate MOS static RAMs, designed for applications where ease
of use is the important design object. The devices operate
by a single 5V power supply, as does TTL, and all inputs
and output are directly compatible with TTL.

FEATURES
® Fast time:
® Low power dissipation:
e Single 5V power supply

450ns (max)
100uW/bit (typ)

® Data holding at 1.5V supply voltage is possible

® Requires no external clock or refreshing

® All inputs and output are directly compatible with TTL

® Three-state output and OR-tie capability

® Easy memory expansion by chip select input

® Interchangeable with Intel’'s 2102A-4 in pin configu-
ration and electrical characteristics

APPLICATION
® Small-capacity memory systems

FUNCTION

Static design makes these devices convenient to use as they
require no external clocks or refreshing, and all inputs and
output are directly compatible with TTL.

During writing operation, when a location is designated
by address signals A,~A, and R/W goes low, D,y at that
time is written; during reading operation, when a location
is designated by address signals A;~A, and R/W goes high,
data of the designated address is available at the Doy ter-
minal.

PIN CONFIGURATION (TOP VIEW)

As —*l:

ADDRESS INPUTS {

As 2] <+ Ag| ADDRESS INPUTS
READ/WRITE INPUT R/W—[3] = [« Ag

— _

Azl N + CS  CHIP SELECT INPUT
o

Az —+[5] § — Doyt DATA OUTPUT

ADDRESS INPUTS  { A3 —*@ P [fe Dy DATA INPUT

>

Ay —[7] Vee (5V)

Ao —* (8] 91 GND (0V)

Outline 16P1(M5L 2102A P-4)
16S1(M5L 2102A S-4)

When CS is high, the chip is in the non-selectable state,
disabling both reading and writing operations of the device.
In this case the output is in the floating (high-impedance)
state enabling OR-tie to other outputs.

The memory data is held when supply voltage drops to
1.5V, enabling battery back-up operation during power
stoppages and low-power operation during standby.

BLOCK DIAGRAM
H res—— ——,—1 H
o (®) . ©
At # S vec  (5V)
2 10 | B8] 32 | resworoxram ,
s s 3 g RAM GND  (0V)
A3(e) z £ (32 ROWS x
> 2 32 COLUMNS)
As(7) z !
S S—
ADDRESS !
INPUTS
!
As « & SENSE OUTPUT o DATA
As £ § CIRCUIT BUFFER OUT  ouTPUT
z 2 10 (S| 3 '
A7(16 § g .
As z [ v
& > § Co:\l?ROL, CHIP s CHIP SELECT
Ag () > iNPUT ] SELECT INPUT
L BUFFER
D DATA INPUT  R/W READ/WARITE INPUT
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Il SUBID LIS

MSL 2102A P-4, S-4

1024-BIT (1024-WORD BY 1-BIT) STATIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.3~7 \
Vi Input voltage With respect to GND —0.3~7 Vv
Vo Output voltage —0.3~7 \

M5L 2102A P-4 . 700 mwW
P4 ‘ Power dissipation V5L 2102454 Ta=25C 1000 mW
Topr Operating free-air temperature range 0~ 70 °C
Tstg Storage temperature range MSL 21024 P-4 — 40125 <
M5L 2102A S-4 — 65—~ 150 °C
RECOMMENDED OPERATING CONDITIONS (Ta=0~ 70°C . unless otherwise noted)
Symbol Parameter Limits Unit
Min Nom Max
vVee Supply voltage 4.75 5.0 5.25 A\
ViL Low-level input voltage 0 0.65 V.
VIH High-level input voltage 2.2 Vce \
ELECTRICAL CHARACTERISTICS (Ta=0~70"C, Voc=5V +5% , unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
ViH High-level input voltage 2.2 Vee \%
ViL Low-level input voltage 0 0.65 \%
VoH High-level output voltage lOH=—200«A 2.4 \%
VoL Low-level output voltage loL=2.1mA 0.4 \2
] Input current Vi=0~5.25V 10 uA
lozH Off-state high-level output current Vi(CS)=2.2V, Vo=2.4V~VcC 10 nA
lozL Off-state low-level output current V1(ES)=2.2V, Vo=0.4V —10 A
lce Supply current from V cc V1 =5.25(all inputs). output open, Ta=25C 20 40 mA
Ci Input capacitance., all inputs VIi=GND, Vi=25mVrms, f=1MHz 3 5 pF
Co Qutput capacitance Vo=GND, Vo=25mVrms, f=1MHz 7 10 pF
SW|TCH|NG CHARACTERISTICS (Ta=0~70°C, Vcc=5V +£59%. unless otherwise noted)
Read Cycle
Symbol Parameter Test conditions Lmits Unit
Min Typ Max
tc(RD) Read cycle time Input puise ViH=2.2V 450 ns
ta(AD) Address access time ViL=0.65V 450 ns
ta(Cs) Chip select access time tr=tf=20ns 230 ns
tdv(AD) Data valid time with respect to address Reference level 1.5V 40 ns
tdv (CS) Data valid time with respect to chip select Load =1TTL, CL=100pF 0 ns
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MSL 2102A P-4, S-4

1024-BIT (1024-WORD BY 1-BIT) STATIC RAM

TIMING REQUIREMENTS (Ta=0~70°"C, Vcc=5V £5%. unless otherwise noted)

Write Cycle

Limits
Symbol Parameter Test conditions ~ Unit
Min Typ Max
tco(wr) Write cycle time Input pulse ViIH=2.2V 450 ns
tsu(AD) Address setup time ViL=0.65V 20 ns
tw(wR) Write pulse width tr=tf=20ns 300 ns
th(pa) Data hold time Reference level =1.5V [4] ns
tsu(pa) Data setup time Load=1TTL, CL=100pF 300 ns
twr Write recovery time 0 ns
tsu(Ts) Chip select setup time 300 ns
Dour | TTL
| 100pF
TIMING DIAGRAMS
Read Cycle Write Cycle
to(rD) te(wR)
AONAQ }( )( A0~A9 >—/ }
(S— \ <
tsu(cs)
t twr
Ccs DON'T §DON'T CARE s BONTS
CAREX
d XXX
[ Tsuap) | tw(wR)
- /
R/w ta (AD) “J tdv(Ts) R/W
tdv (AD) ‘ tsu(DA) Jth(0A)
c G DATA
TA VALID D DATA CAN CHANGE DATA STABLE CAN
Dour oA N CHANGE

POWER-DOWN OPERATION

Electrical Characteristics (Ta=0~70°C unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vce(pPo) Power-down supply voltage 1.5 \Y
_ ) 2.2V=Vce(Pp)=Vee 2.2 \Y
VI(CS) Power-down chip select voltage
1.5V=Vcc(Pp)=2.2V Vce(PD) \
lcc(PD1) Power-down supply current Veec=1.5V, allinputs=1.5V 13 25 mA
lcc(PD2) Power-down supply current Vce=2.0V, all inputs =2.0V 15 30 mA
Note : Current flowing into an IC is positive ; out is negative.
Timing Requirements (Ta=0~70°C, Vcc=5V+5%. unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tsu(PD) Power-down setup time 0 ns
tFK(F’D) Power-down recovery time tc(RD) ns
Timing Diagram
Vee
tsu(PD)
CS
Veo(pp)
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MSL 2102A P-4, S-4

1024-BIT (1024-WORD BY 1-BIT) STATIC RAM

TYPICAL CHARACTERISTICS

ADDRESS ACCESS TIME VS. ADDRESS ACCESS TIME VS.
AMBIENT TEMPERATURE LOAD CAPACITANCE
- Vce=4.75V R 7Ty
2 LOAD=1TTL > LOAD=1TTL
'Q\ 200 CL=100pF / - :,; 200 Ta=25C
E / %
w — - /
g 300 — ¥ 300
g
a 9
¢ 200 g 200
@ A
[ w
Q 100 o«
2 <8( 100
0 0
0 20 40 60 80 100 0 100 200 300 400 500
AMBIENT TEMPERATURE Ta (C) LOAD CAPACITANCE CL (pF)
DATA INPUT-OUTPUT TRANSFER LOW-LEVEL OUTPUT CURRENT VS.
CHARACTERISTICS LOW-LEVEL OUTPUT VOLTAGE
. Vee=5V ~ ch:zmsv Ta=25C
S 7| Ta=wT 2 Ta=70C
2 al /
e . /
w (i
Y4
o =
z g s
po] 2
=] ° /
3 VL max V |y min E /
.:‘_( lLIMITI LIMIT =
30 I [ | %
0 1 2 00 0.2 0.4 0.6 0.8 1.0

DATA INPUT VOLTAGE VI(DA) (V) LOW-LEVEL OUTPUT VOLTAGE VoL (V)

HIGH-LEVEL OUTPUT CURRENT VS. SUPPLY CURRENT FROM Vcc VS.
HIGH-LEVEL OUTPUT VOLTAGE SUPPLY VOLTAGE Vcc
' Voo=4.75V Ta=25C
E \Ta =25C 3
T E20 -
E \\ 5
\ o
= = =
g Ta=70C o)
& 2 3 vd
= s .
o —5 3
2 \ g
£ =10 7
3 &
u>.v [&]
I %
% AN 2
I >
0 “ 0
2 3 4 0 1 2 3 4 5
HIGH-LEVEL OUTPUT VOLTAGE Von (V) SUPPLY VOLTAGE Ve (V)
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MSL 2107BP, S

4096-BIT (4096-WORD BY 1-BIT) DYNAMIC RAM

DESCRIPTION

These devices are 4096-word by 1-bit dynamic RAMs, fab-
ricated with the N-channel silicon-gate MOS process. These
RAMs are designed for large-capacity memory systems
where high speed, low power dissipation and low cost are
important design objects.

FEATURES

® Fast access time: 200ns (max)

® Fast cycle time: 400ns (min)

® Low active power: 300mW (typ)

o Low standby power: 0.03uW/bit (typ)

® Voltage range for all power
supplies ( Voo. Vce, Vag):
® Refresh interval:

+10%

2ms (Ta = 0~70°C)

Ao, A1, Az, Az, A, As

® All inputs except CE terminal are directly TTL com-
patible

Refresh addresses:

® Memory expansion is enabled by chip select input

® Output can be in the floating (high-impedance) state
when TS is high or CE is low.

o Interchangeable with Intel’s 2107B and Tl's TMS4060

APPLICATION
® Main memory unit for computers

FUNCTION

A location is designated by address signals Ag~A,;, and
reading from and writing to that location is controlled by
R/W. When CS is high, the chip is in the non-selectable
state, disabling both read and write operations.

PIN CONFIGURATION (TOP VIEW)

(=5V) Ves (1] Vss (0V)
Ag —» 21]«Ag
ADDRESS INPUTS { A10—s[3] <—A7} ADDRESS INPUTS
@|_| —{4] z [19)e-Ag
CHIP SELECT INPUT CS—»[5] @ [8 Voo (12Vv)
DATA INPUT Din—»[6] N [17)«-CE CHIP ENABLE INPUT
DATA 0UTPUT Doyt + (7] g g NC
Ao —(8] o [15]«As
ADDRESS INPUTS { At —>(3] [14]«As ;' ADDRESS INPUTS
Az —[10] A3

(5V) Vee [12]«-R/W READ/WRITE INPUT

NG = NO CONNECTION

Outline 22P1 (M5L 2107BP)
22S1 (M5L 2107BS)

The devices are dynamic RAMs, and must be refreshed
every 2ms to hold data stored in the memory cells.
Refreshing is performed by reading sequentially the 64
locations designated by the 6 address signals A,~As.

BLOCK DIAGRAM

! .

|

(Ao (e)Voo  (12v)
! 5V
AL () ROW DECODER 4096-WORD Qvee (V)
Az GO D o : X 1-BIT @vss (ov)
A3 (13) BUFFER -+ RAM 1)Vves (—5V)
(64 ROWS x 64 COLUMNS)
As (19) REGISTER
As @ |
ADDRESS |
INPUTS t

As (19) 64
ar G COLUMN DECOOER ” COLUMN AMPLIFIER
As (21 AND
As (2) BUFFER t
A(3) REGISTER TIMING 7) Doyt DATA OUTPUT

o INPUT/OUTPUT

GENERATOR 6) Din  DATA INPUT
CHIP ENABLE INPUT CE [ R/W READ/WRITE INPUT
CHIP SELECT INPUT
MITSUBISHI
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M5L 2107BP, S

4096-BIT (4096-WORD BY 1-BIT) DYNAMIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Voo Supply voltage —0.3~20 \%
Voo Supply voltage —0.3~20 \%
Vss Supply voltage With respect to VBB (substrate) —0.3~20 \"
Vi Input voltage —0.3~20 \"
Vo Output voltage —0.3~20 \%

o M5L 2107BP | Ta=25T 700 mw

Pd Power dissipation

M5L 2107BS | Ta=25TC 1000 mw
Topr Operating free-air temperature range 0~70 C
Tstg Storage temperature range MSL 21078P —40~128 C

M5L 2107BS —65~150 C

RECOMMENDED OPERAT'NG CONDIT'ONS (Ta=0~70°C, unless otherwise noted)
Symbol Parameter Limits Unit
Min Nom Max

VDD Supply voltage 10.8 12 13.2 \

\ele] Supply voltage 4.5 5 5.5 \%

Vss Supply voltage 0 \Y

Vee Supply voltage —4.5 -5 —5.5 \

VIH(CE) High-level chip enable input voltage Vob— 1 VDD +1 \%

ViH High-level input voltage, all inputs except chip enable 2.4 Vee +1 \V

VIL(CE) Low-level chip enable input voltage —1 1 \

Vi Low-level input voltage, all inputs except chip enable —1 0.6 \

ELECTRICAL CHARACTERISTICS
(Ta=0~70°C, VDD=12V +10%, VCcCc=5V +10%, Vss=0V, Ves=—5V £ 10%. unless otherwise noted)
Symbol Parameter Test conditions timits Unit
Min Typ Max

VIH(CE) High-level chip enable input voltage Vob—1 VoD +1 \

ViH High-level input voltage. all inputs except chip enable 2.4 Vee +1 \

VIL(CE) Low-level chip enable input voltage -1 1 \%

ViL Low-level input voltage, all inputs except chip enable -1 0.6 \%

li(ce) Input current, chip enable input Vi=VpD+1V 0.01 2

M Input current, all inputs except chip enable VI=6.5V 0.01 10 HA

VoH High-level output voltage loH= —2mA 2.4 \Zele} Vv

VoL Low-level output voltage foL=2mA 0 0.45 \

loz Off-state output current Voz=0~Vce *10 uA

[[o)al] Supply current from VDD VIL(CE)=—1V~0.6V 10 200 A

I0D2 Supply current from VpD VIH(CE)=VIH, VIL({CS)=VIL 10 25 mA

Ico Supply current from Voo VIL(GE)=VIL or VIH(CS)=VIH 0.01 | 10 uA

leB Supply current from VBB 0.01 | 100 uA

IDD(AV) Average supply current from V pp tw(CE)=230ns, tc=400ns 25 40 mA

Ci (Ce) Input capacitance, chip enable input ViL=Vss, VBB=—5V, f =IMHz 17 25 pF

Ci Input capacitance, all inputs except chip enable ViL=Vss, Vee=—5V, f =1MHz 5 7 pF

Co Output capacitance VoL=Vss, Vee=—5V, f =IMHz 5 7 pF

Note 1-: Current flowing into an IC is positive; out is negative.
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MSL 2107BP, S

4096-BIT (4096-WORD BY 1-BIT) DYNAMIC RAM

TIMING REQUIREMENTS (Ta=0~70°C, Vop=12V +10%, Vcc=5V £10%, Vss=0V, VBB=—5V +10%. unless otherwise noted)
Read, Write or Read-Modify-Write Cycle

Limits i
Symbol Parameter Test conditions o Tvo Y™ Unit
tC(REF) Refresh cycle time 2 ms
tw(CEL) Chip enable low pulse width 130 ns
tr (CE) Chip enable putse rise time 40 ns
tf(CE) Chip enable pulse fall time 20 ns
tsu(AD) Address setup time 0 ns
tsu(CS) Chip select setup time 0 .
th(AD) Address hold time 100 ns
th(CS) Chip select hold time 100 ns
Read Cycle
Symbol Parameter Test conditions Limits Unit
Min Typ Max
tc(RD) Read cycle time fr=tf=20ns 400 ns
tw (CEH) Chip enable high pulse width 230 4000 ns
tsu(RD) Read setup time —10 ns
th (RD) Read hold time 0 ns
Write or Read-Modify-Write Cycle
Symbol Parameter Test conditions Limits Unit
Min Typ Max
tc(wR Write cycle time 200 =
tc (RM\)N) Read-modify-write cycle time tr=1tf=20ns 520 nz
tw (CEH) Chip enable high pulse width ,write cycle 230 4000 ns
tw(CEH) Chip enable high pulse width, read-modify-write cycle 350 4000 ns
tsu(RrRD) Read setup time —10 ns
th(RD) Read hold time 150 s
tsu(wr) | Wite setup time 150 s
tw(wR) Write pulse width 50 ns
td(WR) Write delay time 150 ns
tsu(DA) Data setup time 0 ns
th(DA) Data hold time 0 s

SWITCHING CHARACTERISTICS (Ta=0~70°C, VoD=12V +10%, Vcc=5V +10%, Vss=0V, VBB=—5V +10% . unless otherwise

Read Cycle noted)
Test it Limits Unit
1 est conaitions
Symbol Parameter i o Mo
ta(ce) Chip enable access time CL=050pF, Load=1TTL, VREF=2.0V 180 ns
ta(AD) Address access time tsu(aD)=0ns, tr=tf=20ns 200 ns
tdv (CE) Data valid time with respect to chip enable 0 ns
Read-Modify-Write Cycle
. Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
ta(ce) Chip enable access time CL=50pF, Load=1TTL. VREF=2.0V 180 ns
ta(AD) Address access time tsu(AD)=0ns, tr=tf=20ns 200 ns
tdv(CE) Data valid time with respect to chip enable 0 ns
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MSL 2107BP, S

4096-BIT (4096-WORD BY 1-BIT) DYNAMIC RAM

TIMING DIAGRAMS

Read Cycle Lo(RD)
(400)
ViIH ) o) \
Ao~ An STABLE ® DON'T CARE STABLE
Vie O
th(ap)
v tSLf‘AD)J (100)
[ R
(0 tw (CEH) j
CE (230)
Vi —/
tsu(cs)
f
ViH (0) N
th(cs) @/
—_— 100 DON'T CARE
S . © (100)
L
th(rRD
tsu(RD) (0)( )
ViH (—-10) 5
DON'T ‘é; s 37
R/W CARE’ /@ DON'T CARE
ViL ta(cE)
(180)
(0) tdv(ce)
VOH= == m e e e e m = ——————t e
Darir FLOATING Vo mm-!\/ALlD FLOATING
Dour L /
VOL == = o e ,——————————————
ta(ap)
(200)
Write or Read-Modify-Write Cycle
tc(WR) OR tc(RMW)
VoH (400) (520)
@ @9
Ao~ Ap STABLE DON’'T CARE STABLE
VoL D 0F
! th(ap)
SucaD) (100)
VIH ~am oo = (0) |-
tw(CEH) [
4
CE @ (230) WRITE CYCLE ST ®
(350) READ-MODIFY-WRITE CYCLE (130)
@ ©)]
ViL
su(Cs)
(0) ' —
ViH , thiss)
— (100) // DON'T CARE
cs ViL @ 4
tg'u(m) td(WR) (150) tsu(wr)
(—10)| th(RD) (180) (150)
ViH —lr -
DON'T 7/ /) (NEc))gENB)T CARE @ \ t‘(N(v;R) % DON'T CARE
. ’ AT " 50 »
nwo | coane | WRTE e [ Xe oF -
tsu(pa) th(pa)
Vin (0) (0)
@ @)
Din DON'T CARE STABLE DON’T CARE
® [©)
ViL
ta(CE) tdv(ce)
VOH (180) / (0) ——
—_— \% E .
Dout FLOATING \ o m'n/ VALID FLOATING \
VOL me e o e e e e - ———— — — — ———
ta(ap)
Note 2 : Hatching in (.iicales the state is unknowrfn o changing. | 5: I:%aafgr?rg :rl‘ngj) (tg%) o.f the CE Pulse is defined as the transition time from @
N Vss 06V |.s the reference level for Do"m @ and Vs +24V for po"_“ @. 6 : The level of the dotted line should be kept high during read-modify-write cycle.
4 Vss+20V s the reference level for point (3, and Voo ~20V for point@, 7 : Numbers in parentheses ( ) indicate the minimum timing value in ns.
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4—36

ELECTRIC



MITSUBISHI LSIs

MSL 2107BP, S

4096-BIT (4096-WORD BY 1-BIT) DYNAMIC RAM

TYPICAL CHARACTERISTICS

SUPPLY CURRENT FROM VDD VS.

TIME VoD VS. ves OPERATING REGION

18
(ne) 0 50100 150 200250 300 350400 ] T vI.H =12sz UN]"T
INTERNAL N LINE
w NOISE LIMIT N
[&] g 15 LINE [
160mA 2 >
~ S [
<| 100 & "._
s 8 5 S
g9 w0 S
3 >8 40 g 10
s 20 ooz Iopt ? —
58 ol ADDRESS
e ¥ t s ACCESS TIME LIMIT LINE
0 50100 150 200250300 350 400 0 -5 — 1o
TIME t (ns) SUPPLY VOLTAGE VBB (V)
AVERAGE SUPPLY CURRENT FROM VDD ADDRESS ACCESS TIME VS.
VS. AMBIENT TEMPERATURE AMBIENT TEMPERATURE
~30 200
; t w(CE) =230ns|
~ t ¢ (RD) =400ns! /
~ 7

\\

. - _—
\

ADDRESS ACCESS TIME ta(ns)
@
o

10

AVERAGE SUPPLY CURRENT FROM VDD IDD(AV)

0 25 50 75 100 125 ) 25 50 75 100
AMBIENT TEMPERATURE Ta(C) AMBIENT TEMPERATURE Ta(C)
AVERAGE SUPPLY CURRENT FROM VBB REFRESH CYCLE TIME VS.
- VS. AMBIENT TEMPERATURE AMBIENT TEMPERATURE
% Voo =12y N Vancom 200 —1v
8 Voo =5v o 1000 Vin 23 sv
@ Veg = — 5V E N Ve = —5V
> 10-7| VIH(CE)=GND E \\ Vee =5v
5 DouT= OPEN / £ \\
. OTHER =5V = 100
2 oo / = AN
o« = \
5 / u
z / g 10 ‘\
> 10-9 3 0 ~
" <
<
o
g /
< 10-10 ! G
0 25 50 75 100 0 50 100
AMBIENT TEMPERATURE Ta (°C) AMBIENT TEMPERATURE Ta (C)
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MSL 2107BP, S

4096-BIT (4096-WORD BY 1-BIT) DYNAMIC RAM

APPLICATION
Method of Refreshing

Since 64 memory cells designated by the X address can be
refreshed in 1 cycle, (either read, write or read-modify-
write), a read operation for all 64 addresses selected by the
6 address signals Ag~As must be performed within 2ms to
refresh all 4096 memory cells. If the chip is refreshed dur-
ing a write cycle or a read-modify-write cycle, then signal

Recommended Driver Circuit for Chip Enable Pulse

CS must be kept low; during a read cycle, CS can be either
high or low. If a read operation is executed when the chip is
in the non-designated state with cS high, refreshing can be
performed with the output terminal Doyt in the floating
(high-impedance) state. Thus all the M5L 2107BP, S used
in the memory system can be refreshed in only 64 cycles.

COMPONENTS : M54601P+ + + + + « « 1
2SCT14++ v v v 1
RESISTORS * * * * * 2

FROM CE TERMINAL OF TTL

JL

Vob(12V)

2SC714

TO CE TERMINAL OF
MS5L 2107BP, S

10Q

SELECT SIGNAL FOR CE 'PULSE

Note 1

HIGH-LEVEL : CE PULSE IS ACTIVE
LOW-LEVEL : CE PULSE IS NOT ACTIVE

Rt is determined according to a required rise time of the CE pulse. For example, when C capacitance load for the CE pulse is 300pF.
Ri1 is set at 3009 (%W), then, rise time tr=30ns: fall tme tf=30ns. tpy_ =20ns. tp Ly =20ns

2 :One M54601P dual peripheral positive AND driver circuit should be used for each CE driver circuit

GND
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MS5L 2111A P, S; P-2, S-2; P-4, S-4

1024-BIT (256-WORD BY 4-BIT) STATIC RAM

MITSUBISHI LSIs

DESCRIPTION
This is a family of 256-word by 4-bit static RAMs, fabri-
cated with the N-channel silicon-gate MOS process and de-
signed 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 OD
terminal is provided.

FEATURES
Parameter M5L 2111ARS-2| M5L 2111AP,S | M5L 2111AP,S-4
Access time (max) 250ns 350ns 450ns
Cycle time (min) 250ns 350ns 450ns

® Low power dissipation: 150uW/bit (typ)

® Single 5V power supply

® Data holding at 1.5V supply voltage (optional)

® No clocks or refreshing required

® All inputs and outputs are directly TTL-compatible

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

® Simple memory expansion by chip select input

® Common data inputs and outputs

® Interchangeable with Intel’s 2111A series in pin configu-
ration and electrical characteristics

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 Ag~A,, the OD signal is kept high
to keep the 1/O terminals in the input mode, signal R/W
goes low, and the data of the IN signal at that time is
written.

During a read cycle, when a location is designated by
address signals Ay~A,, the OD signal is kept low to keep

PIN CONFIGURATION (TOP VIEW)

]
Asz—{T] 8 vee (5V)
Az 2] [fe~As  ADDRESS INPUT
Aq*[’i [16]«-R/W READ/WRITE INPUT
ADDRESS INPUTS § Ag—[Z] E [5]«—CSi  CHIP SELECT INPUT
r
As—=[5] N [@e]/04
As—[6] > [ 1/03 | para
A1 —[T] [i2)e» 1/ 0, | INPUTS/OUTPUTS
(0V)GND  [8] [« 1/ 04
OUTPUT DISABLE OD —[3 i0l«CS; CHIP SELECT INPUT

Outline 18P1 (M5L 2111AP)
18S1 (M5L2111AS)

the 1/0 terminals in the output mode, signal R/W goes high,
and the data of the designated address is available at the 1/0
terminals.

When signal CS, or 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.

The memory data can be held at a supply voltage of
1.5V, enabling battery back-up operation during power
failure and power-down operation in the standby mode.

BLOCK DIAGRAM

{ l
Ao(®) 55 266-WORD X 4-BIT
ACR) R E: RAM (9 vee (5v)
Az (2) b 5§38l (32 ROWS X (e) GND (0v)
- w
As () g <0 32 COLUMNS)
ADDRESS | A4 (17) £ -
INPUTS I sner
AMPLIFIER
As (9 o 8 —
A6 (8) N e ~ 111 CHIP ECS | e seiect
A7 @ £9 J LR ) SELECT INPUTS
2 28 1/0 CONTROL OUTPUT
z
INPUT BUFFER

T

(']9- D BPD

Jl

|
Jll

R/W 1/041/021/031/ 04
READ/WRITE INPUT D ATA INPUTS/OUTPUTS

OD OUTPUT DISABLE INPUT
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MS5L 2111A P, S; P-2, S-2; P-4, S-4

1024-BIT (256-WORD BY 4-BIT) STATIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol . Parameter Conditions Limits Unit
vVce Supply voltage —0.3~7 \
Vi Input voltage With respect to GND —0.3~7 \
Vo Output voltage —0.3~7 \
Pd MSL 2111AP Ta=25°C . 700 mw
a=
Maximum power dissipation M5L 2111AS 1000 ™
Topr Operatjng free-air ambient temperatu-. range 0~70 °C
- s ) . MS5L 2111AP| —40~125 °C
st torage temperature range -
9 MSL 2111AS 65150 c
RECOMMENDED OPERATING CONDITIONS (Ta=0~10"C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Veco Supply voltage 4.75 5 5.25 \
Vi Low-level input voltage 0 0.8 \
ViH High-level input voltage 2.2 Vee \%
ELECTRICAL CHARACTERISTICS (Ta=0~70"C, Vgc=5V 5% . uniess otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VIH High-level input voltage 2.2 Vee vV
ViL Low-level input voltage 0 0.8 \
VoH High-level output voltage loH=—200 A 2.4 Y]
VoL Low-level output voltage loL=3.5mA 0.45 \]
I Input current Vi=0 ~5.25v 10 #A
10ZH Off-state high-level output current V(E§1)=2.2V, V0o=2.4V ~Vce 10 KA
lozL Off-state low-level output current Vi(T87)=2.2V, Vo =0.4V —10 A
lcc Supply current fromVce V1=5.25V (all inputs). output open,Tg = 25T 30 60 mA
Ci Input capacitance. all inputs VI=GND, f=1MHz, 25mVrms 3 5 pF
Co Output capacitance Vo=GND, f=1MHz, 25mVrms 8 12 pF
Note 1 : Current flowing into an IC is positive; out is negative. .
SWITCHING CHARACTERISTICS (For Read Cycle) (Ta=0~70°C, Vcc=5V +5% . unless otherwise noted) (Note 2)
MS5L 2111AP,S-2 MSL 2111AP,S MS5L 2111A P, S-4
Symbol Parameter Limits Limits Limits Unit
Min Typ Max Min Typ Max Min Typ Max
tc(rD) Read cycle time 250 350 450 ns
ta(AD) Address access time 250 350 450 ns
ta(cs) Chip select access time 180 180 180 ns
ta(oo) Output disable access time 130 150 150 ns
tpxz Output disable time (Note 3) 100 100 100 ns
tdv(ap) Data valid time with respect to address 40 40 40 ns
Note 2 : Test conditions : Input pulse Viu=2.2V V)_=0.8V tr=t¢=20ns, reference level =1.5V, load=2TTL, C=100pF.
Note 3 tpxz is with respéct 10CS) . C_Sz, or OD. whichever occurs first.
TIMING REQUIREMENTS (For Write Cycle) (Ta=0~70°C, Vcc=5V +5% . unless otherwise noted) (Note 2)
MSL 2111AP.S 2 M5L 2111AP, S MSL 2111AP, S-4
Symbol Parameter Limits Limits Limits Unit
Min Typ Max Min Typ Max Min Typ Max
tc (WR) Write cycle time 170 220 270 ns
tw (WR) Write pulse width 150 200 250 ns
tsu(aD) Address setup time with respect to write 20 20 20 ns
twr Write recovery time 0 0 0 ns
tsu(op) Output disable setup time with respect to data in 20 20 20 ns
tsu(pa) Data setup time 100 150 170 ns
th(pa) Data hold time 0 0 0 ns
tsu(cs) Chip select setup time 150 200 250 ns
MITSUBISHI

4—40 ELECTRIC



MITSUBISHI LSIs

MSL 2111A P, S; P-2, S-2; P-4, S-4

1024-BIT (256-WORD BY 4-BIT) STATIC RAM

TIMING DIAGRAM
Read Cycle Write Cycle

tc(RD) to(wr)

- X— X X

ta(cs)

tsu(cs)
Cst (NOTE 4) @ (NOTE 4) m
M MY 1 (NOTE 4) (NOTE 4)

&l

A

(NOTE 4) (NOTE 4) .
oSz ?Xifiifé \ AR _ , TR
ta(oo) Cs2 (’;‘g& 4 §\ (NOTE 4)
SRR,

OOXYY

(NOTE 4)-
tdv(aD)

0%
:&:' ",

oD KKK
SRS

ta(an) (NOTE 6)

I f texz

tsu(op) | tsu(pa) th(pa)
} X

1/0 DATA OUT (NOTE 5)
{OUTPUT MODE) VALID

1/0 DATA IN DATA IN
(INPUT MODE) STABLE CAN CHANGE
tw(wR)

.___.\ e
R/W \ ’

Twr
tsu(ap)
Note 4: Hatching indicates the state is unknown
5 Indicates that during this period the data out is invalid for this definition of t dv (AD) and is in the floating state for this definition of tpxz .
6: The input signals from the external circuits should not be applied to the 1/0 terminals, for during this period they are in output mode.
POWER-DOWN OPERATION (OPTIONAL) These ch istics are guaranted only under custom specifications .
Electrical Characteristics (Ta=0~70°C . unkess otherwise noted)
Limits
Symbol Parameter Test I{ t
ymbol if est conditions v T Vo Uni
Vee(PD) Power-down supply voltage 1.5 v
2.2VsEV =V 2.2 \2
VI(Cs1) Power- down chip select input voltage v G ce
1.5V =Vcc(PD)=2.2V Vee(pp) \
1 cc(PD1) Power-down supply current from V gc vee=1.5V, allinputs =4 5V 15 30 mA
| co(PD2) Power-down supply current from Voo Vee=2.0V, all inputs =2.0V 20 40 mA
Tlmlng Requirements (Ta=0~70°C, Vcc =5V +5% . unless otherwise noted)
) Limits
Symbol Parameter Test conditions Min Tvp Max Unit
tsu(PD) Power- down setup time 0 ns
tR(PD) Power- down recovery time tc(RD) ns

Timing Diagram

Vee

CsSt

Vee(pPp)

MITSUBISHI
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MITSUBISHI LSIs

MSL 2111A P, S; P-2, S-2; P-4, S-4

1024-BIT (256-WORD BY 4-BIT) STATIC RAM

TYPICAL CHARACTERISTICS

ADDRESS ACCESS TIME VS.
AMBIENT TEMPERATURE

500

400

300

200

100

ADDRESS ACCESS TIME ta(ap)(ns)

Vcc=4.75v
LOAD=2TTL
CL=100pF
/
—
0 20 40 60 80 100

AMBIENT TEMPERATURE Ta ('C)

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

Veec=4.75V

/Ta =25°C
yig =70°C

y

y/a

/4

/

LOW-LEVEL OUTPUT CURRENT IgL (mA)

0

0.2 0.4

0.6

0.8 1.0

LOW-LEVEL OUTPUT VOLTAGE VoL (V)

500

ADDRESS ACCESS TIME ta(ap)(ns)

SUPPLY CURRENT FROM Vcc Icc (mA)

400

300

200

100

ADDRESS ACCESS TIME VS.

LOAD CAPACITANCE

Vece=4.75v
LOAD=2TTL
Ta=25C

—

//1

«
o

I
o

w
=3

100 200

300

400

LOAD CAPACITANCE CL(pF)

500

SUPPLY CURRENT FROM Vcc

VS. SUPPLY VOLTAGE Vcc

Ta=25C

~n
o

=]

o

4

SUPPLY VOLTAGE Voc (V)
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MS5L 2112A P, S; P-2, S-2; P-4, S-4

1024-BIT (256-WORD BY 4-BIT) STATIC RAM

MITSUBISHI LSis

DESCRIPTION

This is a family of 256-word by 4-bit static RAMs fabri-
cated with the N-channel silicon-gate MOS process and
designed for simple interfacing. They operate from a
single 5V supply, as does TTL, and are directly TTL-
compatible.

The input and output terminals are common.

FEATURES
Parameter MS5L 2112AP,S-2 | MSL 2112AP,S | M5L 2112AP,S-4
Access time (max) 250ns 350ns 450ns
Cycle time (min) 250ns 350ns 450ns

@ Low power dissipation: 150uW/bit (typ)

® Single 5V supply voltage

® Data holding at 1.5V supply voltage (optional)

® Requires no clocks or refreshing

® All inputs and outputs are directly TTL-compatible

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

® Simple memory expansion by chip select input

® Common data inputs and outputs

® Interchangeable with Intel’s 2112A series in pin configu-
ration and electrical characteristics

APPLICATION

® Small-capacity memory units

FUNCTION
These devices provide common data input and output ter-
minals. During a write cycle, when a location is designated
by address signals A,~A, and signal R/W goes low, the
data of the 1/0 signal at that time is written.

During a read cycle, when a location is designated by
address signal A;~A, and R/W goes high, data of the de-
signated address is available at the 1/0 terminals.

PIN CONFIGURATION (TOP VIEW)

Az—»[T] ® Vee (5V)

Az—[2] Ele-As  ADDRESS INPUT

A—=[B] z [MeR/W READ/WRITE INPUT
ADDRESS INPUTS { Ag—»[&] =  [Ble-0S  CHIP SELECT INPUT

As—[5] % 72«1/ 04

Ae=+E] % [ 1/0s |0aTa

[T e 1/ 0, | NPUTS/OUTRUTS

(0V)GND  [8] [9]e1/04

Outline 16P1 (M5L2112A P)
16S1 (M5L 2112A S)

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.

The memory data can be held at a supply voltage of
1.5V, enabling battery back-up operation during power
failure and power-down operation in the standby mode.

BLOCK DIAGRAM

NOWEDD

R/W 1/01 1/03
READ/WRITE INPUT

Ao (@) |« 256-WORD x 4-BIT D veo (sv)
A1 (3) e eE RAM
5 10]oug] 32
Az ® H—-&53 (32 ROWS x 8) GND (0V)
A3 (1) 2 248 32 COLUMNS)
Aa (15) 4
ADDRESS
INPUTS SENSE
AMPLIFIER
As - 25 ¥
S 6 |wo 8 .
A6 (8 SsH+—338 % y SCH—'E i3 TS CHIP SELECT INPUT
A7 £3 =g J ELECT
170 CONTROL OUTPUT
1 INPUT BUFFER
BUFFER
|

1/02 1/0a
—
DATA INPUTS/OUTPUTS

MITSUBISHI
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MITSUBISHI LSIs

MSL 2112A P, S; P-2, S-2; P-4, S-4

1024-BIT (256-WORD BY 4-BIT) STATIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
vee Supply voltage —0.3~7 \%
Vi Input voltage With respect to GND —0.3~7 \2
Vo Output voltage —0.3~7 \%
Pd Maximum power dissipation MSL 21124 P Ta=25°C 700 mw

M5L 2112A-S 1000 mwW
Topr Operating free-air ambient temperature range 0~70 °C
Tstg Storage temperature range MSL 2112A P —40~125 °C
M5L 2112A S —65~150 °C
RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C. unless otherwise noted)
Symbol Parameter tmits Unit
Min Nom Max
Vce Supply voltage 4.75 5 5.25 \%
Vie Low-level input voltage 0 0.8 \Y
ViH High-level input voltage 2.2 Vee \
ELECTRICAL CHARACTERISTICS (Ta=0~70"C, Vg =5V £5% . unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max

VIH High-level input voltage 2.2 Vce \

Vie Low-level input voltage 0 0.8 \

VOH High-level output voltage lon=—200 A 2.4 \

VoL Low-level output voltage loL=3.5mA 0.45 \

I Input current Vi=0 ~5.25v 10 HA

l0zH Off-state high-level output current V(T8)=2.2V, Vo=2.4V ~Vcec 10 HA

lozL Off-state low-level output current Vi(§5)=2.2V, Vo =0.4V —10 HA
lcc Supply current from Voo V1=5.25V (all inputs). output open, Ta=25C 30 60 mA

Ci Input capacitance . all inputs V;=GND, f=1MHz, 25mVrms 3 5 pF

Co Output capacitance Vo=GND, f=1MHz, 25mVrms 8 12 pF

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

MITSUBISHI
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MITSUBISHI LSIs

MSL 2112A P, S; P-2, S-2; P-4, S-4

1024-BIT (256-WORD BY 4-BIT) STATIC RAM

SWITCHING CHARACTERISTICS (FOl’ Read Cycle) (Ta=0~70°C, Vgo=5V 5%, unless otherwise noted) (Note 2)

M5L 2112A P, S-2 MS5L 2112AP, S MS5L 2112A P, S-4
Symbol Parameter Limits Limits Limits Unit
Min Typ Max Min Typ Max Min Typ Max
tc (RD) Read cycle time 250 350 450 ns
ta (AD) Address access time 250 350 450 ns
ta (Cs) Chip select access time 180 180 180 ns
tpxz (CS) | Output disable time with respect to chip select 40 40 40 ns

TIMING REQUIREMENTS (Ta=0~70°C, Vcc=5V £5%. unless otherwise noted) (Note 2)
Write Cycle 1

MSL 2112A P, S-2 MSL 2112AP, S MS5L 2112A P, S-4
Symbol Parameter Limits Limits Limits Unit
Min Typ Max Min Typ Max Min Typ Max
tc (WR)1 Write cycle time 170 220 270 ns
tsu(AD)1 Address setup time with respect to write pulse 20 20 20 ns
tw(WR)1 Write pulse width 150 200 250 ns
twry Wirite recovery time 0 0 0 ns
tsu(DA)y Data setup time 100 150 170 ns
th(pa) Data hold time 0 0 0 ns
th (CS)1 Chip select hold time 0 0 0 ns
tsu(wRr)1 Write pulse setup time with respect to chip select 0 0 0 ns
tsu(Cs) Chip select setup time 100 150 170 ns

Note 2 : Test conditions : Input pulse Viy=2.2V V) =0.8V tr=t{=20ns, reference level=1.5V, load=2TTL. CL=100pF.

Write Cycle 2 (Note 2)

MS5L 2112A P, S-2 M5L 2112AP, S MSL 2112AP, S-4
Symbol Parameter Limits Limits Limits Unit
Min Typ Max Min Typ Max Min Typ Max
o (WR)2 Write cycle time 170 220 270 ns
tsu(ap)2 Address setup time with respect to write pulse 20 20 20 ns
tw (WR)2 Write pulse width 150 200 250 ns
twr, Wirite recovery time 0 0 0 ns
tsu(pa)2 Data setup time 100 150 170 ns
th(pa)2 Data hold time 0 0 0 ns
th(Ccs)2 Chip select hold time 0 0 0 ns
tsu(cs)2 Chip select setup time 0 0 0 ns
tpxz (WR)2 Qutput disable time with respect to write pulse 50 50 80 ns
MITSUBISHI

ELECTRIC ' 415



MITSUBISHI LSis

MSL 2112A P, S; P-2, S-2; P-4, S-4

1024-BIT (256-WORD BY 4-BIT) STATIC RAM

TIMING DIAGRAMS
Read Cycle

Write Cycle 1

tc(rD) )
ta(Cs) tdv(AD)
cs
t PXxZ(CS)
170

(OUTPUT MODE)

)

(DATA OUT VALID

ta(ab)

Note 3 : In this period, the data out is valid for a definition of 1dv (AD) and is in the floating state for a definition of tPxz (CS).

Write Cycle 2

tc(WR)1 o (WR)2
tsu(WR')1 tsu (G th(6§>'1 Isu(TS)2 th(CS)2
== f_ ~ JR— S
tw(wR)2 twr2
tw(wr)1 Twri WWR) 2
\ tsu(DA)1 / _._—___.\ tsu(pAa)2
R/W \ / R/W \ /
t
tsu (AD)4 F——« h©A) tsu(ap)z F——{IPXZ(WR)Z |th (Da)
o \\ NoTE 4) 10 (NOTE 4) (NOTE 4)

0v‘v‘v.v’v.v’v VNS Y "
.(IKJPUT MODE) t‘t’?&m‘

DATA IN VALID I

{INPUT MODE)

DATA IN VALID )

Note 4 : The input signals from the external circuits should not be applied to the 1/0 terminals (keeping them three-state), for during this period the I/0 terminals are in the
output mode.

5 : The input signals from the external circuits can be applied to the 170 terminals since the signal CS is delayed in relation to signal R/W.

4—46
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MITSUBISHI LSis

MSL 2112A P, S; P-2, S-2; P-4, S-4

1024-BIT (256-WORD BY 4-BIT) STATIC RAM

POWER-DOWN OPERATION (0PT|ONAL) These characteristics are!'guaranteed only under custom specifications.

Electrical Characteristics (Ta=0~70°C. unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vco(pPD) Power-down supply voltage 15 v
2.2VsV sV 2.2
ViI(Cs) Power- down chip select input voltage v cc(po) ce v
1.5V=Vcc(PD)=2.2V Vce(pp) \
I cc(ppt) Power-down supply current from V cc Vee=1.5V, allinputs =1 .5V 15 30 mA
I ce(pPD2) Power-down supply current from Vg Vcec=2.0V, allinputs =2.0V 20 40 mA
Timing Requirements (Ta=0~70"C, Vcc=5V +5%. unless otherwise noted)
Limits i
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
Power-Down (Optional)
Vee
cs
Vce(PD)
ELECTRIC 4—a7



MITSUBISHI LSIs

MSL 2112A P, S; P-2, S-2; P-4, S-4

1024-BIT (256-WORD BY 4-BIT) STATIC RAM

TYPICAL CHARACTERISTICS

ADDRESS ACCESS TIME ta(ap) (ns)

LOW-LEVEL OUTPUT CURRENT IoL (mA)

SUPPLY CURRENT FROM Vge Icc (mA)

ADDRESS ACCESS TIME VS.
AMBIENT TEMPERATURE

500
Voc=4.75v
LOAD =2TTL
CL=100pF
400
300 e
200 ]
100
0 |
0 20 20 50 30 100

AMBIENT TEMPERATURE Ta(°C)

LOW-LEVEL OUTPUT CURRENT VS.

LOW-LEVEL OUTPUT VOLTAGE

Veo=4.75V /Ta=25°C
la=10cC

=]

[

50

40

/4
yZ4
/

0 0.2 0.4 0.6 0.8 1.0
LOW-LEVEL OUTPUT VOLTAGE VoL (V)

SUPPLY CURRENT FROM Vcc VS.
SUPPLY VOLTAGE Vcc

Ta=25°C

30

0 2 3 4
SUPPLY VOLTAGE Vg (V)

o

500

HIGH-LEVEL OUTPUT CURRENT IoH (mA)

SUPPLY CURRENT FROM Vgc Icc (mA)

ADDRESS ACCESS TIME VS.
LOAD CAPACITANCE

LOAD CAPACITANCE C(pF)

I Vecc=4.75Vv
E LOAD =2TTL
3 Ta=25°C
< 400
@
g
= 300
12
17,3 /
u /
3 /
< 200
%)
1)
w
<
g 100
<

0

0 100 200 300 400 500

HIGH-LEVEL OUTPUT CURRENT VS.
HIGH-LEVEL OUTPUT VOLTAGE

‘\Ta =25°C

1
Vcc=4.75V

Ta

:wc\\

N

N

0

1 3

4

HIGH-LEVEL OUTPUT VOLTAGE Von (V)

SUPPLY CURRENT FROM Vcc VS.
AMBIENT TEMPERATURE

50

40

30

20

20 40

60 80

AMBIENT TEMPERATURE Ta (°C)

100
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MITSUBISHI LSIs

MSL 2114L P, S; P-2, S-2; P-3, S-3

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

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.
I/O terminals are common.

FEATURES
Parameter M5L 2114LP,S-2|M5L 2114LP,S-3| M5L 2114LP,S
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 |/O terminals

Interchangeable with Intel’s 2114L and T1’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] 8 Vec (5V)
As (2] 17« A7
As—(3] [16]+-As | ADDRESS INPUTS
ADDRESS INPUTS { A3—[7] E B
A5 N [@e1/0;
A B [Be1/0| para
Az—»[T] o @+ 1/03 INPUTS/OUTPUTS
CHIP SELECT INPUT CS —»[8] [« 1/0q
(0V)GND [3] [0}« R/W READ/WRITE INPUT

Outline 18P1 (M5L 2114LP)
18S1 (M5L 2114LS)

During a write cycle, when a location is designated by
address signals A;~Ay and the R/W signal goes low, the
data at the /O terminals is written.

During a read cycle, when the R/W signal goes high and a
location is designated by address signals Ag~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 l -
DIAGRAM : @8 Vvee (5V)
(®anD (oV)
Ao (5) 2 18)1/0
A1 (6) ] 1024-WORD x 4-BIT & 5 « !
Az () 5 S.|ea w = gz ¥ 13)1/02( DATA
Az 0 g LA Q& RAM 2 %’ 32 12)1/03( INPUTS/OUTPUTS]
3 - w
Mo . 28 (64 ROWS x B < —=(11)1/04
4 3 es 64 COLUMNS)
As 9 ?
ADDRESS INPUTS l
12}
— O
| = <
Ag (1) 2 9
A7(7) E4 g8 |< 16 RW o ]
Z Hz& CONTROL
As(16) 25 Sa
sd Efe; CIRCUIT
A9(15) 25 32
33 88
CHIP SELECT INPUT GS(8
READ/WRITE INPUT R/ W(I0

ELECTRIC
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MITSUBISHI LSIs

MSL 2114L P, S; P-2, S-2; P-3, S-3

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

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~7 \
Vi Input voltage With respect to GND —0.5~7 \
Vo Qutput voltage —0.5~7 \%

o MS5L 2114L P | Ta=25C 700 mW
Pd Maximum power dissipation
M5L 2114L S | Ta=25C 1000 mw
Topr Operating free-air ambient temperature range 0~70 c
Tstg Storage temperature range MSL 2114L P —40~125 ©
M5L 2114L S —65~150 T
RECOMMENDED OPERATING CONDITIONS (Ta=0~70C. unless otherwise noted)
Symbol Parameter Limits Units
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \
ViL Low-level input voltage —0.5 0.8 \2
ViH High-level input voltage 2 Vee \
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Vgc=5V :+ 10%. unless otherwise noted)
Limits
Symbol Parameter Test conditions Vin v Max Unit
ViH High-level input voltage 2 Vece \
ViL Low-level input voltage —-0.5 0.8 \Y
VoH High-level output voltage lon=—200uA, Vcc=4.5V 2.4 \Y
VOH High-level output voltage loH=—1mA , Vcc=4.75V 2.4 \
VoL Low-level output voltage loL=2.1mA 0.4 \%
I Input current Vi=0~5.5V 10 uA
lozH Off-state high-level output current Vi(cs)=2V, Vo=2.4V~Vcec 10 HA
lozL Off-state low-level output current Vi(Gs)=2V, Vo=0.4V —10 HA
lcc Supply current from Vg Vi=5.5V, (all inputs), output open, Ta=25C 40 65 mA
Ci Input capacitance, all inputs V1 =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—~70°C, Vgc=5V =+ 10%. unless otherwise noted) (Note 2)
M5L 2114L P-2,S-2 | M5L 2114L P-3,S-3 M5L 2114L P, S
Symbol Parameter Alt Limits Limits Limits. Unit
symbol
Min Typ Max Min Typ Max Min Typ Max
to(wr) Write cycle time twe 200 300 450 ns
tsu(an) Address setup time with respect to write pulse 0 4] 0 ns
tw(wRr) Wiite pulse width tw 120 150 200 ns
twr Write recovery time twr 0 .0 0 ns
tsu(pa) Data setup time tow 120 150 200 ns
th(pa) Data hold time toH 0 0 0 ns
tsu(83s) 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=0~70T, Voc=5V +10%. unless otherwise noted) (Note 2)
i M5L 2114L P, S-2 M5L 2114L P, S-3 MS5L 2114L P, S
Symbol Parameter sA\::nboI Limits Limits Limits Unit
Min Typ Max Min Typ Max Min Typ Max
tc(RD) Read cycle time tre 200 300 450 ns
ta(aDn) Address access time ta 200 300 450 ns
ta(cs) Chip select access time tco 80 100 120 ns
tpxz(Gs) Output disable time with respect to chip select toto 40 80 100 ns
tdv(aD) Data valid time with respect to address toHa 50 50 50 ns
tpzx(Cs) | Chip select to output active tox 20 20 20 ns
MITSUBISHI
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MITSUBISHI LSIs

MS5L 2114L P, S; P-2, S-2; P-3, S-3

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

TIMING DIAGRAMS

Read Cycle
L tc(RD)
ho >(
CS (NOTE 3) (NOTE 3)
V4
— ta(cs) tpxz(Ts)
tpzx(CS)
1/01~1/04 / DATA OUT VALID
(DATA OUTPUTS)
t
a(AD) tdv(ap)
Write Cycle
to(wR)
t
tsu(ap) W(WR) twr
R/W \ /V
) tsu(TS)
cs (NOTE 3) (NOTE 3)
tsu(DA)
th(pa)
1/01~1/04 / DATA STABLE \
(DATA INPUTS) \\ / ;
tPXZ(WR) tpxz(C3)
1/01~1/04 DATA OUT INVALID X\ WRITE DATA

(DATA OUTPUTS)

4

Note : 2 Test conditions

Input pulse level 0.8~2V
Input pulse rise time 20ns
Input pulse fall time 20ns
Reference level
Input 1.5V
Output 1.5V

Load=1TTL, CpL=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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MITSUBISHI LSls

MSL 2114L P, S; P-2, S-2; P-3, S-3

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

TYPICAL CHARACTERISTICS

NORMALIZED ACCESS TIME VS.

SUPPLY VOLTAGE

NORMALIZED ACCESS TIME VS.

OUTPUT LOAD CAPACITANCE

Ta=70TC Ta=70T
LOAD=1TTL LOAD=1TTL
3 CL=100pF - CL=100pF
2 qap—=" CRRIY Sl
5 <
=~ 1.3 S 1.3
£ g g2
= . 2 . —
" ; —]
1% 1 » 1.1
R — — g 1o
a \\ <O( '
N 0.9 o 0.9
2 5
S 0.8 < 0.8
£ z
Z 0.7 S 0.7
0.6 0.6
4.0 5.0 6.0 100 200 300 400 500 600
SUPPLY VOLTAGE Vgg (V) OUTPUT LOAD CAPACITANCE CL (pF)
OUTPUT SINK CURRENT VS. OUTPUT SOURCE CURRENT VS.
OUTPUT VOLTAGE OUTPUT VOLTAGE
Voo=4.5V 2 Veg=4.5V
2 Ta=70C // E \ Ta=70C
e 10.0 T 10.0
E / 3z \
- ©°
°
/
-
g g
% o
S 5.0 /] 8 5.0
v o
5 3
w (%)
5 =
£ z
3 3
0.0 0.0 N
0.0 0.2 0.4 0.6 0.8 1. 0.0 1.0 2.0 3.0 4.0 5.0
OUTPUT VOLTAGE VoL (V) OUTPUT VOLTAGE VoH (V)
TYPICAL APPLICATION (for an M5L8080A P CPU)
ADDRESS BUS (A15~A0, A15:MSB)
) B N
N
A0| |CSO Csi cs2 CcS3
§
'LS138 A9
’211? A YOR2SY 10 TS TS Ts TS| wss
B Y1 K___Aguo, —Aul/0| | Ao 1/04 ! ] Ag /04 4-BIT
A2f v, 823 s 1/04 T A‘g\/z),:T ‘JA’BI/&_\ s 1/04
G2A Y3 R/W R/W, R/W.
o i R/W / / /
G1
E_
[ CS CS Cs
A0 1/01 A0'1/0y 201101 A01/01 LSB
s 104 2o 104 ) s 104 o104 ) 4-BIT
MEMR ——I_@_ R/W R/W R/W R/W
MEMW I
\__DATA BUS L -
M5L 2114LP X8 (8K BYTES
MITSUBISHI
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1024-BIT (256-WORD BY 4-BIT) CMOS STATIC RAM

MITSUBISHI LSIs

MS5L 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 1uA (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 /O terminals.

FEATURES

® Access time:

® |Low power dissipation in
the standby mode:

450ns (max)

5nW/bit (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
® Qutputs are three-state, with OR-tie capability

® Simple memory expansion by chip-select signals

® |nput 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 small-capacity memo-
ry units

FUNCTION
The device provides separate data input and output ter-
minals.

PIN CONFIGURATION (TOP VIEW)

As 1] 22 Vvee (5V)
Az (2] 2« As ADDRESS INPUT

Ay 20|« R/W READ/WRITE INPUT

ADDRESS INPUTS {Ag—[@] z  [@«-TS1 CHIP SELECT INPUT
As—»BE @ [@+0D BikaE weur
Ag—[E & «CS, CHIP SELECT INPUT
A; (7] ,g [16]-» DO 4 DATA OUTPUT
(OV)GND [B] 2  [BeDI, DATA INPUT
DATA INPUT DI, —[3] - DO; DATA OUTPUT
DATA OUTPUT DO, [« Dl; DATA INPUT
DATA INPUT DI, -] [12}-» DO, DATA OUTPUT

Outline 22P1

During a write cycle, when a location is designated by
address signals A,~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 C_Sl 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

R/W

[ D——~— —O—O— ——

DIDI2DI3D s CSi
READ/WRITE

A @ i
A"’ g E e 256-WORD x 4-BIT
S11o]aE] 32 RAM Vee (5v
Az (2) il s E-¥c] s (32 ROWS x g GND Eov))
Az (1) E a3 32 COLUMNS)
A < O
4 (29 z H
ADDRESS INPUTS ! ; (@9 Doy
5 SENSE ouTPUT (2 DO2 } paTA OUTPUTS
As B) £ |6 |ag 8 AMPLIFIER BUFFER (49 D03
As (5) @ [ ‘gg ~ (£) DO4
- |
A7 (7) > oz -1 I
Z |70 CONTROL CHIP
! TNPUT i
BUFFER SELECT l
O
I

CS2, oD
OUTPUT DISABLE INPUT

INPUT DATA INPUT  CHIP SELECT INPUT

MITSUBISHI
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MSL S101LP-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 \Y%
\7 Input voltage With respect to GND —0.3~Vgc+0.3 \
Vo Output voltage 0~Vce \
Pd Maximum power dissipation Ta=25C 700 mwW
Topr Operating free-air ambient temperature range 0~70 °C
Tstg Storage temperature range —40~125 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0~70T. uness otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vece Supply voltage 4.5 5 5.5 \2
Vss Supply voltage 0 0 0 Vv
ViL Low-level input voltage —0.3 0.65 \
ViH High-level input voltage 2.2 Vee \Y]
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Voc=5V + 10%. unless otherwise noted)
Symbol P Limits
1 iti .
yml arameter Test conditions Min T Max Unit
ViH High-level input voltage 2.2 Vce \
Vi Low-level input voltage —-0.3 0.65 \
VoH High-level output voltage loH=—1mA 0.4 \
VoL Low-level output voltage loL=2mA 2.4 \
I Input current V=0-~5.5V +1 A
lozH Off-state high-level output current Vi(Cs1)=2.2V, Vp=2.4V ~Vcc 1 ~A
lozL Off-state low-level output current Vi(cs1)=2.2V, Vo=0.4V —1 A
CTSi= ther i =
lcer Supply current from Vg €51=0.01v, other inputs = Ve, 9 22 mA
. Output open
lcc2 Supply current from Voo CS1=0.01V, other inputs =2.2V, 13 27 mA
Output open
[eYok} Supply current from Voo CS,=0.2V 1 #A
Ci Input capacitance, all inputs V1=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 pesitive; out is negative.
TIMING REQUIREMENTS (FOI’ Write Cycle) (Ta=0~70C, Voc=5V * 10%. unless otherwise noted)
Symbol Parameter Alt. Test conditions Limits Unit
symbol Min Typ Max
tc (WR) Write cycle time two 450 ns
tw(wR) Write pulse 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) 0D setup time with respect to data-in tps tr=tf=20ns 130 ns
tsu (pa) Data setup time tow Reference level = 1.5V 250 ns
th (DA) Data hold time toH Load =1TTL, C_=100pF 50 ns
tsu (GS1) | Chip select setup time tows 350 ns
tsu (cs2) | Chip select setup time towz 350 ns
SWITCHING CHARACTERISTICS (For Read Cycle) (Ta=0~70"C. Vco=>5V £102. unless without noted)
Alt. - Limits X
bol Test conditions Unit
Symbol Parameter symbol i v Mox
tc (RD) Read cycle time tre 450 ns
Input pulse
ta (AD) Address access time ta 450 ns
- ViH=2.2V
ta(Cs1) Chip select access time tcor 400 ns
" Vi_=0.65V
ta(cs2) Chip select access time tcoz 500 ns
tr=tf=20ns
ta (oD) 0D access time too 250 ns
- - Reference level'=1.5V
tpxz Output disable time (note 2) tor 130 ns
. Lload=1TTL, CL=100pF
tdv (AD) Data valid time with respect to address tom1 0 ns

Note 2 : tpxz is from CS7. CSz. or OD. whichever occurs first.

MITSUBISHI
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MSL 5101LP-1

1024-BIT (256-WORD BY 4-BIT) CMOS STATIC RAM

TIMING DIAGRAMS
Read Cycle

tdv (AD)

(NOTE 3) (NOTE 3)
A
VY XX \ AAAN
CSs2 (NOTE 3) (NOTE 3)
ta(cs2)

|

tc (RD)

. ta(cs1)

|

o
()]

ta (0oD)

oD /

ta (AD) tpxz

(NOTE 4)
DO DATA OUT VALID

Write Cycle

i

tc (WR)
L tsu (CS1)
w5 R 4 noTe 9
XA AAN XXX
ANAN N
cs; (NOTE 3) (NOTE 3)
tsu(cs2)
I
oD
/ th (pa)
i
tsu(oD) | tsu (pA)
Dl DATA IN STABLE DATA IN VARIABLE
tw (WR) twr
" \ /
tsu (AD)

Note 3 : Hatching indicates the state is unknown

4 : Indicates that during this period the data-out is invalid for this
. The center line indicates a floating (high-impedance) state.
definition of tdv (aD) and is in the floating state for this definition

of tpxz

MITSUBISHI
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MSL S5101LP-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
Vco(PD) Power-down supply voltage 2 v
— . 2.2v=Vcc(Pp)=Vce 2.2 \
Vi(Cs) Power- down chip select input voltage

2V =Veepp)=2.2V Vce(pPb) \

| cc(PD) Power-down supply current from Vg Vee=2V, all inputs =2V 1 uzA

Timing Requirements (Ta=0~70°C, Vcc=5V £10%. unless 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

CS:

MITSUBISHI
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MST 4044 P-20, S-20; P-30, S-30; P-45, S-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 M5T 4044 P,S-20 ! M5T 4044 P,S-30| M5T 4044 P,S-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 Tl’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 Ay~A;; and the R/W signal goes low, the
D,y signal data at that time is written.

During a read cycle, when the R/W signal goes high

PIN CONFIGURATION (TOP VIEW)

Ag—[T]
Aq —»@
Az *E
Az (1]
Ay (5]
As —[€]
DATA OUTPUT Dout +[T7]

(5Vv)

ADDRESS INPUTS ADDRESS INPUTS

dvvov 1SW

DATA INPUT
CHIP SELECT INPUT

READ/WRITE INPUT R/ W —+[8]
(ov) GND  [3]

Outline 18P1 (M5T 4044P)
18S1 (M5T 4044S)

and a location is designated by address signals A,~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

DATA INPUT Din(1

(o g A @®Vee (5v)
i &0 R/W
A1(2) é & 4096-WORD x 1-BIT CONTROL SENSE
O s b8s s RAM CIRCUIT AMPLIFIER 3)GND (0V)
A3 o <A
A4 £ 28 (64 ROWS x
g €0 64 COLUMNS) Cf
As 6 o
ADDRESS INPUTS
.
As(17 5 k4 ouTPUT __d) Dour DATA OUTPUT
N z g {4 BUFER
As(15 = 1218 64
Sl
As(14 Su =5
o g
A10(3 [ol=] 50
O o E)l ﬁ
A1103 =

READ/WRITE INPUT R/W(8
CHIP SELECT INPUT  T5(10

MITSUBISHI
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MST 4044 P-20, S-20; P-30, S-30; P-45, S-45

4096-BIT (4096-WORD BY 1-BIT) STATIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vece Supply voltage —0.5~7 \%
] Input voltage With respect to GND —0.5~7 \Y
Vo QOutput voltage —0.5~7 \Y
MST 4044P Ta=25C 700 mw
Pd Maximum power dissipation
MS5T 4044S Ta=25TC 1000 mw
Topr Operating free-air ambient temperature range 0~70 c
MS5T 4044P " —40~125 [S
Tstg Storage temperature range M5T 20045 T 65-150 <
RECOMMENDED OPERATING CONDITIONS (Ta=0-70°C. unless otherwise noted)
Symbol Parameter Limits 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 Vceo \
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Vgc=5V + 10%. unless otherwise noted)
Limits
Symbol Parameter Test conditions Min T Max Unit
ViH High-level input voltage 2 Vce \%
ViL Low-level input voltage —0.5 0.8 \%
VoH High-level output voltage lo= —200uA, Vcc=4.5V 2.4 \Y
VoH High-level output voltage loH=—1.0mA, Vcc=4.75V 2.4 \Y
VoL Low-level output voltage loL=2.1mA 0.4 \Y
|| Input current V| =0~5.5V 10 HA
lozH Off-state high-level output current Vi(cs)=2V, Vo=2.4V ~Vcec 10 A
lozL Off-state low-level output current VI(CS)=2V, Vo=0.4V —10 A
lcc Supply current from Vo V|=5.5V, (all inputs), output open, Ta =25°C 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 cycle) (Ta=0~70C, Vcc=5V +10%. unless otherwise noted) (Note 2)
M5T 4044P-20,S-20 MS5T 4044P-30,S-30 | M5T 4044P-45,S-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(wR) 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(pa) 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. Ve =5V + 10%. unless otherwise noted) (Note 2)
MST 4044P-20,S-20 | MS5T 4044P-30,5-30 | M5T 4044P-45,5-45
Symbol Parameter Limits Limits Limits Unit
Min Typ Max Min Typ Max Min Typ Max
te(RD) Read cycle time 200 300 450 ns
ta(aD) Address access time 200 300 450 ns
ta(Gs) Chip select access time 70 100 100 ns
tpxz(CS) Output disable time with respect to chip select 40 80 100 ns
tdv(ap) Data valid time with respect to address 50 50 50 ns
MITSUBISHI
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4096-BIT (4096-WORD BY 1-BIT) STATIC RAM

MITSUBISHI LSIs

MST 4044 P-20, S-20; P-30, S-30; P-45, S-45

TIMING DIAGRAMS

Read Cycle
tc(RD)
AD B A " )( >(
Ccs (NOTE 3) (NOTE 3)
L
ta(cs) tpxz(Ts)
/ \
Dout DATA OUT VALID >
AR
t
a(AD) tdv(an)
Write Cycle
to(wRr)
Ag ~ A )( )(
t
tsu(ap) WOWR) twr
R/W \\ //
, tsu(Ts)
Cs (NOTE 3) X (NOTE 3)
X /
tsu(oa)
th(pa)
DiN << DATA STABLE />
tPxz(WR) tpxz(CS)
Dout WRITE DATA

DATA OUT INVALID //

Note : 2 Test conditions

Input pulse level 0.8~2V
Input pulse rise time 20ns
Input pulse fall time 20ns
Reference level
Input 1.5V
Qutput 1.5V

Load =1TTL, C_L=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, S-20; P-30, S-30; P-45, S-45

4096-BIT (4096-WORD BY 1-BIT) STATIC RAM

TYPICAL CHARACTERISTICS

NORMALIZED ACCESS TIME VS.
SUPPLY VOLTAGE

NORMALIZED ACCESS TIME VS.
OUTPUT LOAD CAPACITANCE

Ta=70T Ta=70T
LOAD=1TTL LOAD=1TTL
3 CL=100pF ~ CL=100pF
RN St 3 1.4
= £
=~ 1.3 g o3
g w
2 s 1.
2 1.2 =z 12 —
12 %]
211 g 1
g 1o —t S 1o
o [ — a
&H 0.9 o 0.9
E( pur}
S 0.8 < 0.8
'S @
2 0.7 g 0.7
0.6 0.6
4.0 5.0 6.0 100 200 300 400 500 600
SUPPLY VOLTAGE Vg (V) OUTPUT LOAD CAPACITANCE Cr (pF)
OUTPUT SINK CURRENT VS. OUTPUT SOURCE CURRENT VS.
OUTPUT VOLTAGE OUTPUT VOLTAGE
t
~ Voo=4.5V -~ Vee=4.5V
< Ta=70C v g \ Ta=70T
E 00 / 10,0
I
3 / = \
=
A 2
£ £
3 o
x 5.0 / g 5.0
5 : \
05 (%]
[ 5
o o
° 5 \
o
0.0l 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
OUTPUT VOLTAGE VoL (V) OUTPUT VOLTAGE VoH (V)
TYPICAL APPLICATION (for 8K-Byte Memory System)
This circuit is designed for a separate data bus application; and input can be tied.
if a common data bus application is required, the output
ADDRESS 8K BYTES MEMORY SYSTEM MST 4044P x 16
Ats ED)_(D_ E00016 _ |
A oI DI— DI 2] DI
A ~EFFFg 1
DO DO DO DO __ DO
2 1’>\’> csrwlT | lesrw | [E3Rw csrRw[ | (Csrw] T
ADDRESS INPUTS b
A TO ALL T "
¢ L RAMS' ADDRESS:
LA" ADDRESS F 00018 o[ o[ ol oA [ oHH
~FFFFg
N0 S A A AL LA L (N I I8 N I 1 AN I NS
L __ DO Do DO Do __DO
:D‘)—l csam[? | [csrwlt | [csrw Gsrwlt | [osmw]t
7 T _
MEMORY WRITE SIGNAL 4} {)e l 1 1 l
(LOW ACTIVE)
MEMORY READ|SIGNAL _:D— l— r r r
(LOW ACTIVE) °o o - - N © © ~ o~
5, 5. & 5. 05
o Z 3z 3z o % Q %
{4 4 < 4 < L < &
nEoER Bk SRR
<
g <O( o o a o [a sl o o
MITSUBISHI
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DEVELOPMENT OF MASK-PROGRAMMABLE ROMs

GENERAL INFORMATION
This information explains how to specify the object pro-

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.

The main segments of the automatic design system are:
1. 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.

The customer’s object program specifications for the
automatic design system for a mask ROM may be supplied
in MELPS 8/85 binary, hexadecimal, BNPF, or Minato-
hexadecimal form.

The form of the data is the same as the output from a
MELPS 8/85 cross assembler or a PL/1u cross compiler.
It accepts either paper tape or magnetic tape as the input
medium.

An EPROM in which a program is stored can also be used
for a customer’s specifications. A separate tape or a sepa-
rate (set of) EPROM(s) should be produced for each object
program.

Two copies of the tape or two EPROMs/sets of EPROMs
should be supplied.

OBJECT PROGRAM FORMAT _

® Object program addresses are absolute.

® The data can be in either MELPS 8/85 binary, hexa-
decimal, BNPF, or Minato-hexadecimal form.

® The output tape from a MELPS 8/85 cross assembler or
a PL/1u cross compiler can be used.

® The hexadecimal and BNPF forms are Intel-compatible.
® The character code can be ASCII or 1SO, with or with-
out parity.
OBJECT PROGRAM MEDIA
® Paper tape: 8-leve!, 25.4 mm (1 inch) wide
® Magnetic tape:  9-track, 800BPI, odd parity
e EPROM: The M5L2708K, S, or M5L2716K,
are standard, but equivalent devices
may be used.
ITEMS TO CONFIRM FOR ORDERING
® The form and medium of the object program
® Type M58333-XXXP or M58334-XXXP (the 3-digit
number XXX, will be assigned by Mitsubishi)
® Designation of active levels for chip selects
SPECIFYING OBJECT PROGRAM FORMAT

1. MELPS 8/85 Binary
The form of MELPS 8/85 binary is the same as the output

from a MELPS 8/85 cross assembler or a PL/1u cross com-
piler.

See a MELPS 8/85 cross assembler reference manual
(GAM-SR00-02A) or a MELPS 8/85 PL/1u cross compiler
reference manual (GAM-SR00-09A).
® A separate tape should be prepared for each ROM

of the object program, and two copies of the tape

should be supplied.

® The final part code should be inserted at the end of
each tape. .

e The first address of the ROM should be specified.

® The region outside the range from the specified first
address to the first address + maximum address of
the ROM is ignored.

MASK ROM DEVELOPMENT PROCESS
ROM SPECIFICATION MITSUBISHI ELECTRIC
CONFIRMATION FROM CUSTOMER
1 SHEET
OBJECT Q
MASK ROM
GENCRATION no |ARAMAC
E::Jj ERROR? SYSTEM
R
CHECK LIST MASK DRAFTING
(CODE TABLE) ORDER SHEET
o MANUFACTURING ASK DRAFJX#/? '\_‘]/——. ROMTEST PROGRAM
rror SN ORDER SHEET J L
I mask 1
YES NO CHECK MANUFACTURING TESTER
TAPE |_PROCESS | ® WAFER
TEST
i ® FINAL
- ACCEPTANCE — st TESTT ]
ROM \ PROCESS ® QATES
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DEVELOPMENT OF MASK-PROGRAMMABLE ROMs

It should be indicated whether the area to be pro-
grammed is ROM only, RAM only, or both.

The level of bit code ‘1’ should be specified as low or
high.

At least 100 frames of only sprocket holes should be
punched at the start and the end of the tape.

2. BNPF

The first address of each ROM should be specified on
its tapes.

The region outside the range from the specified first
address to the first address + maximum address of each
ROM is ignored.

The first address of records in the object program may
be non-sequential.

EXAMPLE OF BNPF FORM

— LOW TO HIGH ADDRESS DIRECTION

D

INIPIPINIF
\IN] I

©
=
o
o]
1
n
o
5]
fe)
=
=
5]
5
=
il
&

COMMENTS MAY BE INSERTED

/// \\\\\\ INSTRUCTION CODE END OF DATA MARK

~— DATA LOW-ORDER TO HIGH-ORDER DIRECTION

® This form is Intel-compatible.
® A separate tape should be prepared for each object pro-

gram, and two copies of the tapes should be supplied. At
the end of the data a ‘$’ character should be created.

® When the data to be programmed is less than the maxi-

mum memory capacity, the unused area should be filled
with appropriate codes, or the code to be filled should
be specified in the confirmation sheet. If code is not
specified, the unused area will be programmed low-level.

® Comments not containing ‘B’ or ‘$’ characters may be

inserted between the ‘F' and ‘B’.

® The character code is ASCII or 1SO, with or without

parity.

® The address is incremented in sequence by the data

string.

® The magnitude of the bits between the ‘B’ and ‘F’ is

defined as from high-order to low-order.

® At least 100 frames of only sprocket holes should be

punched at the start and the end of the tape.

® The level of ‘P’ should be specified as either low or

high, and as positive or negative logic.

3. Hexadecimal

EXAMPLE OF HEXADECIMAL FORM
g eaaxafo|o] doa [ doz |-+ 481y f----—1 {:Jolojojofojolojol
v P
..... ] T END OF DATA MARK
RECORE?R BCC CODE
Fms’\-‘rUMB PE  COMMENT MAY BE INSERTED
ADDRESS INSTRUCTION CODE
“DATA LENGTH
SE%%.II;{SFMARK Note : Character coded in ASCI! or ISO.

® This form is Intel-compatible.
® A separate tape should be prepared for each ROM of

the object program, and two copies of each tape should
be supplied.

® A record of data length zero is considered as the end of

one ROM'’s data.

EXAMPLE OF BCC CODE CHECKING

1018[0fC

3|0{0[0{0|112(0]3[1A[2]0[04[3[1(0(3]7(4|Al 2

[——
BCC CODE

00
— B6

4A

+TWO'S COMPLEMENT

W B DWNOOWO O
~owhv—~osooox

+

(
jos)
>

Note : The high-order carry is ignored

LN

Record mark: A colon (:) is used to indicate the
start of a record.

The number of data bytes stored in
the record. A two-digit hexadecimal
number with the high-order digit €,
and the low-order digit £,.

Four hexadecimal digits give the
first address (address of dgy) at
which the data is to be loaded.

Two hexadecimal digits specify the
record type. It is normally ‘00’.
Each instruction is represented by
two hexadecimal digits.

The number of instructions and
data is limited to £, £,.

The BCC code contains the hexa-
decimal two's complement 8-bit
sum (the carry from the 8th bit is
ignored) of the 8-bit data between
the start of record mark and the
BCC code.

When the data to be programmed is less than the maxi-
mum memory capacity, the unused area should be filled
with appropriate codes, or the code to be filled should
be specified on the confirmation sheet. If the level is not
specified, the unused area will be programmed low-level.
The characters are coded in ASCII or I1SO, with or with-
out parity.

The level of bit code ‘1’ should be specified as either
low or high and positive or negative logic.

At least 100 frames of only sprocket holes should be
punched at the start and the end of the tape.

Data length:

First address:

Record type:

Instruction code:

BCC code:

. Minato-Hexadecimal Form

The paper tape should be supplied according to the form
shown in reference manual GAM-SR00-32A.

MITSUBISHI
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DEVELOPMENT OF MASK-PROGRAMMABLE ROMs

5. CONFIRMATION MATERIAL

Note : Fill in all spaces except shaded areas marked with an ¥¢

Customer

DATE

Signature

Type number

M

Y Mitsubishi

OBJECT PROGRAM FORMAT

2

Punched bit programmed as low-level.

23

I's bit programmed as low-level

Format 1. MELPS 8/85 binary. 2. Hexadecimal 3. BNPF
Medium 4. Paper tape (2 sets) 5. Magnetic tape (2 sets)
Character code T 6. ASCIl 7.150
Parity 8. Odd 9. Even 10. None
ROM 1st address
11. All regions
Region to be
masked 12. ROM region
13. RAM region
Instruction 14. Punched bit programmed as high-level 16. I's bit programmed as high-level. 18. P's bit programmed as high-level
code 15. Punched bit programmed as low-level. 17. I's bit programmed as low-level 19. P’s bit programmed as low-level
20. Punched bit programmed as high-level. 22. I's bit programmed as high-level
Address

DATA OUTPUT

ADDRESS INPUT

ACTIVE CHIP-SELECT INPUT LEVEL

1. Positive Logic

1. Positive Logic

2. Negative Logic

2. Negative Logic

Type number

CS1

CS:2

CSs3

MITSUBISHI
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MITSUBISHI LSIs

DEVELOPMENT OF MASK-PROGRAMMABLE ROMs

CUSTOMER'S IDENTIFICATION MARK

If you require a special identification mark, please specify in the following format.

Mitsubishi IC type number

Note 1 : A mark field should start with the box at the extreme right
Note 2 : The identification mark should be no more than 12 characters consisting of
alphanumeric characters (except J, | and O) or dashes.

LIST TO BE PRESENTED 1. Yes ( sets) 2. No
SOURCE LIST PRESENTATION 1. Necessary ( sets) 2. Not Necessary a
COMMENTS

DO NOT WRITE BELOW THIS LINE

MITSUBISHI
ELECTRIC 5— 5



VIITSUBISHI LSIs

M54700K, P, S

1024-BIT (256-WORD BY 4-BIT) FIELD-PROGRAMMABLE ROM

WITH OPEN COLLECTOR OUTPUTS

DESCRIPTION

The memory cells of the M54700K,P,S are a 256-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,, 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 Ay;~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)

U

As (1] B Vee (5V)
As[Z] 5]« A7  ADDRESS INPUTS
As[3] @ E
ADDRESS INPUTS | As » 1] z E‘—E—i} CHIP ENABLE INPUTS

Ao 5] g 2]+ O1
A-E B @0
f—] s 0 | DATA CUTPUTS

(0V) GND—*[g] [9]->04

Outline 16K1 (M54700K)
16P1 (M54700P)
16S1 (M54700S)

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
MSBﬁ f ) o
A7 g
, @) vee (sv)
As ; 256-WORD BY 4-BIT !
As (2 1/32 ! MEMORY ARRAY
DECODER i (32 ROWS x 32 COLUMNS) 8)GND (ov)
A3 |
ADDRESS 3t
INPUTS ) A3 (4
0 ——-7{ o}—-ﬂl 0——--71 0 ---7{
Az (1) ‘ - [~
INYO ADDRESS 1/8 1/8 |— 1/8 =~ 1/8
o BUFFER DECODER |-} DECODER [ 2] DECODER |2 DECODER
— 1
e | 22 (D
ENABLE INPUTS | E2 (14) o
o
04 02 03 04 +—MsB
DATA OUTPUTS
MITSUBISHI

ELECTRIC




MITSUBISHI LSIs

MS4700K, P, S

1024-BIT (256-WORD BY 4-BIT) FIELD-PROGRAMMABLE ROM
WITH OPEN COLLECTOR OUTPUTS

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

Symbo! Parameter Conditions Limits Unit
vcee Supply voltage 7 \%
Vi Input voltage 5.5 \Y
Vo Output voltage Vce A%
Topr Operating free-air temperature range 0~75 °C
Tstg Storagg temperature range —55~125 °C
Vo Output apply voltage 27 \Y
VE Chip enable apply voltage In. case of programming 35 \
tw(P)/tc (P)| Duty cycle 25 %
READ OPERATION
Recommended Operating Conditions ( Ta =0~ 75°C. unless otherwise noted)
Limits
Symbol Parameter Min Nom Max Unit
Vce Supply voltage 4.75 5 5.25 \%
Electrical Characteristics (Ta=0~75"C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ(Note 1 Max
VoL Low-level output voltage loL=16mA 0.3 0.45 \%
1oH High-level output current VoH=5.25V 100 1A
he Low-level input current Vi=0.4V —1.6 mA
TiH High-level input current Vi=2.4v 40 uA
Vi=4.5V 60
lce Supply current from Vcc 85 125 mA
Vic Input clamped voltage 1, =—10mA —1.5 v
Note 1: Typical values are at Vcc=5V, Ta=25°C
Switching Characteristics (Voc=5V, Ta=25C . unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
ta(AD) Address access time (Note 3) 60 ns
taice) Chip enable access time See Timing Diagrams and Note 4 35 ns
tdv(CE) Data valid time with respect to chip enable 35 ns

Timing Diagrams

Apg—A7
04~04
Ly
JE—
J——— , )
Note 2 : Rise time tr S5ns; fall timeltf <5ns
01~04 3 : The chip enable inputs E4 andiE2 should be low-level at measurement time during
L address access time

4 : Load circuit: capacitance (C() includes stray capacitance and input capacitance.

2 R1=300Q
Ey, E; CL =30pF I 3

ov 'E__j R2=600 Q
T

MITSUBISHI :
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™I SUBISHI LSis

MS4700K, P, 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 voltage 29 33 \Y
Vo(p) Output apply voltage 25 \%
Voe(p) Program input voltage 5.40 5.50 5.60 \Y
Vee(v) Program verify input voltage 4.10 4.20 4.30 \
Timing Requirements
Limits
Symbol Test conditions Unit
Min Typ Max
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 Programming Circuit
TTLH” E B E
.
Ao~A7 X OUTP(l)J
ZENER !
T0
—_— --VEP=33V (MAX) OUTPUT
Ey BUFFER
, Tri1
| 10V cHip ENABLE
Vi(CEP) : Fm——————— 9
| j i
[ | o
04~04 0BT [ TO WORD
v, DECQDER
o) DECODER 1 MEMORY CELL
" TTLL
{00ns MIN e ing
Ve (p) 100ns MIN . . .
5. After programming is completed, apply an additional
v .
Ve (P) o V) 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 f————=<=~== ) p — .
= | — ‘_71__- - inputs E, and E, must be low-level for testing.
2 TTL L A
| PROGRAMMING | | veRrcaToN | The word deco.der circuit selects any one of 32. columns,
[ T | and sets the transistor Tr, to the on state. The bit decoder

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. Ap.ply 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

circuit selects any four of 32 rows, and supplies the base
current to transistor Try 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 Try
from the selected output O;~Qy4, 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 Puise width Chip enable ?;ii’;‘e
pulse Vo) to the fuse link of the output to be pro- sequence. | sequence | tw(P) (ms) S/'Tszrca;np;/ol(ra\?)e 7%
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 13~19 20 33 25
MITSUBISHI
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MITSUBISHI LSIs

MS4700K, P, S

1024-BIT (256-WORD BY 4-BIT) FIELD-PROGRAMMABLE ROM
WITH OPEN COLLECTOR OUTPUTS

APPLICATIONS Fig. 2 Expansion of number of words
Chip Enable Circuit -
The chip enable inputs E; and E, are used for activating or ﬁé 04
C e = = 5
inhibiting output O;~04. E; and E, are NORed. Output A41024-03
is inhibited when any of the inputs are high-logic-level. ﬁg R%MOz—
Chip enable inputs E} and E, allow easy memory.expan- ﬁ:,a E04 -
. . 2
sion by one of the following procedures: U;g
1. Expanding the Number of Bits in a Word =
For example, using three 1024-bit ROMs, each organized as « || ﬁg Oa
256 words of 4 bits, the number of bits in a word can be § 23108'# o
expanded as described below: i Fa g - .. ﬁ‘z ROM O2f—1-4
1. Apply a low-logic-level to both chip enable inputs E; and o AOE' Ezo‘ B
E, of each ROM. v 3’
2. Connect address inputs Ag~A, of each ROM in parallel. =
Memory is thus expanded and reorganized as 256 words ﬁg Oa 0 Oa
of 12 bits, A41024-03 003
A3 BIT o
A2 rom V2 0 02
Fig. 1 Expansion of number of bits . ﬁ; 01 —0 014
EqE2
A7 4
A ou—oon 53 1
As A7 As As Aa A3 A2 A1 Ao
A4 1024- 03 —0011
A3 BIT
A2 pom O02p—O010
A4
Ao, Ezo‘ —O0s 3. Expanding the Number of Words in Memory and
the Number of Bits in a Word
I i For example, using nine 1024-bit ROMs, each organized as
A1 256 words of 4 bits, and by combining procedures 1 and 2
As 04}—008 . .
A51o above, the number of words in memory along with the
24- 03}—0 L .
ﬁ: BIT 03 01 number of bits in a word, can be expanded as described
A2 RoM 02—00s below:
1 —_—
Ao, EZO‘ —O0s 1. The chip enable input E, of all ROMs is connected in
i i parallel for module selection.
2. The chip enable input E; activates selected ROMs the
:7 o o same as 2 above.
a—0
Ag ¢ Memory is thus expanded and reorganized as 768 words
At 1924° 03003 of 12 bits.
A2 gom 02}—002
Ay
Ao 04 p—001
] Eq1 E2

$ 5 b b
A7 As As As A3 Az A1 Ao ii

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.

MITSUBISHI
ELECTRIC 5—9



Vi I DUBIDHI LIS

MS54700K, P, S

1024-BIT (256-WORD BY 4-BIT) FIELD-PROGRAMMABLE ROM

WITH OPEN COLLECTOR OUTPUTS

Fig. 3 ROM module

MODULE —
SELECT | A9—
Az— 8
£
7
ADDRESS l
Ao~a7 0 Ao—A7 04 Ao~ar 0®
03 03 ‘03
E, 1024- d £, 1024- g, 1024~
J: qu gT 02 0 Ez BIT 02 : Ez BT 02
T1E' ROM 19 E¢
ADDRESS | p, ] ROM 0, {— 04 ROM 0Oy}
BUS : DRIVER
1
8
! / /8
l 7 7 l L
| !
Ao Ao ~A7 84 Ao~A7 84 A0~A7g"
ld e, 1024- 3 g, 1024~ 03 d e, 1024—03
BIT 2 BT ©2 BT 92
—o E¢ o Eq ot Ev
ROM 0Oy §—d4 ROM O1 4 ROM Ot }—
18 @
1 ) l
A O4 Oa Ag—~A, 04
oA A0~A7 03
o g, 1024- 73 o £, t024- o £, 1024-
g, BT 02 L d e g ©O2 Ld g, BT 02
ROM 04 {4 ' Rrom 01 | ROM 01 —
60600 Q00O 0000
01 020304 05 06 O7 O8 09 010011012

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 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:

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:

R (max) = e Y (1) (1)wh
Limax)=——==—""—""-""" | = tTortstmsr-se-- en
M «18H+N Tim - ——
. M= 4, N= 3, Vcc=5.25V, VoH=2.4V, lon=1{00xA,
where, M : number of AND-ties —
IH=40LA
N : number of fanouts (number of loads)
Vee @ maximum value of supply voltage AL (max) — VE3—VOH
Von : minimum value of high-level output voltage M = 18H-+N «Tin
151 : maximum value of high-level output _ 5.25V —2.4V
current at the open collector output 4X (100uA) + 3X (40uA)
Tr : maximum value of high-level input current =50902
Veo—VoL
RL (min) =~— e (2) (2) When
o =N N=3, Vooc=4.75V, VoL=0.45V, ToL=16mA, TL—=1.6mA
where, Yoc : minimum value of supply voltage
VoL : maximum value of low-level output voltage Voo — Vor
foL : maximum value of low-level output current AL (min) = JoL —N-TL
TC : maximum value of low-level input current 4.75V — 0.45V
then, "~ 16mA — 3X(1.6mA)
Ru(min) < RL < RL (max) — =------------- (3) =384Q
MITSUBISHI
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256-BIT (32-WORD BY 8-BIT) FIELD-PROGRAMMABLE ROM

MITSUBISHI LSIs

M54730K, P, S

WITH OPEN COLLECTOR OUTPUTS

DESCRIPTION

The memory cells of the M54730K, P, 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 (PROMSs) 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)

5V15% 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 M5LISB080AI8-bit parallel
CPU. Used for prototype design, microprogramming and
control strage.

FUNCTION

This device is accessed by address inputs A,~A,, selecting
one of 32 words. The 8 bits are read out in parallel on data
outputs 0, ~0g. All inputs are TT L-compatible. An external

PIN CONFIGURATION (TOP VIEW)

Ore-fi] Voe(5V)
02+{2] [Sl<—E  CHIP ENABLE INPUT
03«3 (1]« A4
DATA OUTPUTS { Oa (7] % 13« A3
Os <[5 g ﬁ_f]c— Az} ADDRESS INPUTS
Op+[6] o M)« A4
01« 7] 0]+ Ao
(0V)GND  [g] [9]— 0g DATA OUTPUT

Outline 16K1 (M54730K)
16P1 (M54730P)
1681 (M54730S)

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, ~Og.

BLOCK DIAGRAM
wse|

| 0
As ()
A3(13)
N
ALY
Ao (o) ‘ 31

1/32

T

]

I

|

|

|

ADDRESS INPUTS DECODER {
I
I
I
|

32-WORD BY 8-BIT
MEMORY ARRAY
(32 ROWS x 1 COLUMNS x 8 ARRAYS)

CHIP ENABLE INPUT E

(5Vv) Vce @

-

(0V)GND

7

DATA OUTPUTS

MITSUBISHI
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™Il I SUBISHI LSIs

M54730K, P, S

256-BIT (32-WORD BY 8-BIT) FIELD-PROGRAMMABLE ROM

WITH OPEN COLLECTOR OUTPUTS

ABSOLUTE MAXIMUM RAT'NGS (Ta=25°C, unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vce Supply voltage 7 \Y
Vi Input voltage 5.5 \%
Vo Output voltage Vece \Y
Topr Operating free-air temperature range 0~75 °C
Tstg Storage temperature range —55~125 °C
vo Output apply voltage In case of programming 21 v
tw(P)/tc(P)| Duty cycle 25 %
READ OPERATION
Recommended Operating Conditions (Ta=0~ 75°C. uniess otherwise noted)
Limits
Symbol Parameter Min Nom Max Unit
Vce Supply voltage 4.75 5 5.25 \%
Electrical Characteristics (Ta=0~75"C  unless otherwise noted)
Symbol Parameter Test conditions timits Unit
Min Typ(Note1) Max
VoL Low-level output voltage loL=16mA 0.3 0.45 \
| OH High-level output current VOoH=5.25V 100 1A
he Low-level input current Vi=0.4V —1.6 mA
IH High-level input current Vi=2.4v 40 uA
Vi=4.5V 60
lcc Supply current from Vg 85 125 mA
Vic Input clamped voltage Iy =—10mA —1.5 Y2
Note 1 : Typical values are at Vcc=5V, Ta=25°C.
Switching Characteristics (Vco=5V, Ta=25°C . unless otherwise noted)
Limits
Symbol Parameter Test conditions Min Tvo Max Unit
ta(AD) Address access time 50 ns
ta(CE) Chip enable . access time See Timing Diagrams 30 ns
tdv(CE) Data valid time with respect to chip enable 30 ns

Timing Diagrams
tr

01~0s8 O4~0g [ N7
aLmoeyr 1 ! A
01—08 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
ta(AD) ' access time.
=====VoL 4 : Load circuit: capacitance (Cy) includes stray capacitance and input capacitance.
Vce o
E oV 2 R1=3000Q
CL =30pF I 3
b R2=600Q
4
MITSUBISHI
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MITSUBISHI LSIs

M54730K, P, S

1024-BIT (256-WORD BY 4-BIT) FIELD-PROGRAMMABLE ROM
WITH OPEN COLLECTOR OUTPUTS

PROGRAMMING OPERATION

Recommended Operating Conditions

Limits
Symbol Test conditions e Nom Vo Unit
Vi (cep) Chip enable program input voltage 29 33 \Y
Vo(pP) Output apply .voltage 20 25 \Y
Veoop) Program input voltage 5.40 5.50 5.60 %
Vee(v) Program verify input voltage 4.10 4.20 4.30 \
Timing Requirements
Limits
Symbol Test conditions in v Vox 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

Programming Circuit

TTL“H"
Ag~Ag X X
TTL"L" i
I
|
TTLH
1
E TTLL” \ [
tw(P) 1 1
| | to(P) L
I T o
| *:t—'(flz—— 1 !
! | 1====Vo(p) !
0104 b ! |
TTLH" ! | TTL “H”
Vo(p e e—
( )——O-I: ] I|
! |
T Il TTL L
100ns MIN -~
100ns MIN
VcC(P)
Veo Vee(V)
PROGRAMMING VERIFY

B E
4—Pf - —o
} OUTPUT Oy
ZENER
Try

lc T0
R J OUTPUT
BUFFER

TO WORD
DECODER

1 MEMORY CELL

. 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.

Programming (Writing) Procedure

All 256 Ni-Cr fuse-link memory elements are manufactured
in a high-logic-level (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 Ag~A,.

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 Tr,, which is supplied from the selected output
01, opens the fuse links. At this time, the other seven fuse
links of the selected word line are in a half-selected state

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-

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 Output
program voltage 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 13719 2 33 25
MITSUBISHI
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MITSUBISHI LSIs

M54730K, P, 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,~0g. 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

qu 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 A,~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:

Veo—VoH
Ru(max) =——==—"Z"— = oo (1)
M «10H+N«liH
where M : number of AND-ties
N : number of fanouts (number of loads)

Vce : maximum value of supply voltage
Vor : minimum value of high-level output voltage
151 : maximum value of high-level output
current at the open collector output
Tir : maximum value of high-level input current
Voo Vot
Tor —N ]

minimum value of supply voltage

RL (min) =

where Ve !
Vou :
ToL : maximum value of low-level output current

maximum value of low-level output voltage

TC : maximum value of low-level input current

then
RL (min) < Ru < RL (max)

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, Vcc=5.25V,

Vor=2.4V, [5r=100xA,
ﬁg: —] TH=40uA
P4 RS 3
Ao ~Ag Ao~ Ag Ao ~ A4 R Vee—Vor
256- 256- 256- L (max) =———————————
ADDRESS BT Osr g Osr BT 08 M «16H+N « i1
BUS §, | ADDRESS 4E-ROM O+ E rom 01tk | 9E Rom 0l
INPUTS | 2471 pRivER . ] 5.25V — 2.4V
] = ——
; 7 S 1 r | 4X (1001A) + 3X (801A)
Ao Ao A4 Ao~ Aa Ao ~Aa =5090Q
“ 256- 256- g 256 g
Loje BT % fe BT de BT T
ROM Oiid4 ROM O4 ROM O (2) When
5 N=3, Vcc=4.75V,
3 i 1 T T
=0.45V, loL=16MA,
ROM module Ao ~As Ao~Aas Ao—~As EL -
256- 0g 256- 256- g hL=1.6mA
Lojg BT T e BT 1 L,E BIT 1
ROM O! i ROM 01444 ROM O+ ]
01-68 85‘7016 017024, RL (min) = %— VOL_
lo —N- I|L|
Pull-up Resistors _ 475V —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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32 768-BIT(4096-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM

MITSUBISHI LSIs

MS8333-XXXP

DESCRIPTION
The M58333-XXXP is a 32768-bit static MOS mask-
programmable read-only memory organized as 4096
words of 8 bits. It is fabricated in a 24-pin DIL package
using N-channel aluminum-gate MOS technology. The
inputs and outputs are TTL-compatible.

The XXX in the type code is a 3-digit decimal number
which is assigned by Mitsubishi to identify the customer’s
specifications to which the ROM has been programmed.

FEATURES

® Address access time:

® 3-bit parallel output

® Easy memory expansion using two chip select inputs
(CSy and CS,)

® OR-tie capability by holding the output in the floating
(high-impedance) state when not active

® Active logic level of CS; and CS; can be programmed
at the time of ROM masking

® All inputs and outputs are TTL-compatible

® Provides an internal input protection circuit for all
inputs

650ns (max)

APPLICATION

® Microcomputer memories

FUNCTION

Address inputs Ao~ Ay are decoded to select one of the
4096 words, and the contents of that address are read
out to data outputs Do~ D7. Chip selects (CS; and CS;)

PIN CONFIGURATION (TOP VIEW)

a1 [0 - 24] Voo (sV)
ADDRESS INPUTS
sooness ) A4 (4] 21] cs2/552 e seuecr
INPUTS | A3 E E 70] oS 1/557| NPUTS
o
A2 E w E A1
bt ADDRESS INPUTS
A1 E X 18] A1
&
L Ao [&] X 7] D7
Do (3] 6] D6
oaTa outPuts< D1 [i0] [15] D5 p DATA OUTPUTS
Dz 1] 14] Da
(0v) GND |12 13| D3
Outline 24P1

XXXP ROMs. The contents of the ROM can be read only
when CS; and CS; are at specific input levels. Otherwise,
data outputs Do~ D; are held in the floating (high-
impedance) state. The active logic level of CS; and CS,
can be programmed at the time of manufacturing by the

are used to expand memory using two or more M58333-  ROM mask.
BLOCK DIAGRAM
A11(i8) @) vee (5v)
Ao (19) (12)GND (ov)
Ag g I { l !
Ag 3
INNO) - ()Do
ADDRESS
aooress 4 A8 (D INPUT (901
INPUTS ) A5 (3) BUFFER (D02
as () X- 256 | 4096-WORD BY 8-BIT [8X16[ y. - OUTPUT | ()03 | pata
A (3 DECODER MASK-PRggiAAMMABLE DECODER BUFFER (4)Dy [ OUTPUTS
Az (5) () Ds
Al o Ds
Ao (3) &)1
! H
CHIP
CHIP SELECT ‘
SELECT
! INPUT BUFFER LOGIC !
CS1/CS1 CS2/TSz
Sves LoZbse,
CHIP SELECT INPUTS
MITSUBISHI
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M58333-XXXP

32 768-BIT(4096-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Veo Supply voltage —0.5~7 \
With respect to GND
\21 Input voltage SVior V av —0.5~7 \%
. t =
Vo Output voltage fatVeo or Vi andVo) —-0.5~7 \%
Pd Power dissipation Ta=25°C 1000 mw
Topr Operating free-air temperature range 0~70 °C
Tstg Storage temperature range —40~125 °C
RECOMMENDED OPERATING CONDITIONS (Ta=0 ~70°c. unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Ve 4.75 5 5.25 \
Supply voltage
GND o 0 v
ViH High-level input voltage 2 Voo +1 \%
ViL Low-level input voltage —0.5 0.8 Vv
ELECTRICAL CHARACTERISTICS (Ta=0~70"C, Vgg=5V +5%, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VoH High-level output voltage loH=—400 A 2.2 \%
VoL Low-level output voltage loL=2mA 0.45 \%
I Input current Vi=0~Vce —10 10 MA
loz Off-state output current V| =0.45~Vge —10 10 uA
IQC Supply current from V gc Output open Tg =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 CHAPACTERISTICS (Ta=0~70°c, Voo=5V +5%. unless otherwise noted)
Limits
Symbol Parameter Test conditions " Unit
Min Typ Max
ta(an) Address access time CL=100pF, R_=2.1kQ (Note 1) 400 650 ns
tpzx Chip select propagation time 150 ns
tpxz Chip non select propagation time 0 150 ns
TIMING DIAGRAM Note 1: Load circuit diagram \ele}
4
Ao~A11 \ Do~D7
CS1/CS1
Cs2/Cs2 Note 2 :
tpxz ta(ap) THE CENTER LINE INDICATES
A FLOATING (HIGH-IMPEDANCE)
Do ~D7 STATE.
\ Input pulse level:
Input pulse rise timet,
tpzx tpzx Input pulse fall time tf: ---.. 20ns
Reference voltage for switchig
a(AD characteristic measurement:
Input Vi 2v
, ViL: 0.8V
Output VOH: 2V
VoL: 0.8V
MITSUBISHI
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65 536-BIT(8192-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM

MITSUBISHI LSIs

MS8334-XXXP

DESCRIPTION
The M58334-XXXP is a 65536-bit static MOS mask-
programmable read-only memory organized as 8192
words of 8 bits. It is fabricated using N-channel
aluminum-gate ED-MOS technology. It is operated with
a single 5V power supply, and all inputs and outputs are
TTL-compatible. It is designed for program storage with
an M5L8085A 8-bit parallel CPU. Programming is
performed by Mitsubishi in accordance with the custom-
er’s specifications by changing a single mask during the
manufacturing cycle.

The XXX in the type code is a 3-digit decimal number
which is assigned by Mitsubishi to identify the customer’s
specifications to which the ROM has been programmed.

FEATURES

® Single 5V power supply

® Address access time: 650ns (max)

® Easy memory expansion using programmable chip
select input

@ Capable of OR-tie by holding the outputs in the floating
(high-impedance) state

® All inputs and outputs are TTL-compatible

® Provides an internal input protection circuit for all inputs

APPLICATION
@ Large-capacity memories for microcomputers

PIN CONFIGURATION (TOP VIEW)

Ar—[T1] q Vec (5V)
AS—‘E 23 «— As
ADDR
As—[3] 22— As 1 RGRAESS
aopress Av—[4] = A
INPUTS 55 CHIP SELECT
Ay—[E] ® 20— CS/CS  [pir
Az —[E] @ 19— Ao ] ADDRESS
— £ 5] e— Anp J INPUTS
Aro—[E] § 7] —D7
Do—[3] o —Ds
DATA
DATA OUTPUTS { D; +—[i0] —Ds { SUTPUTS
D+ —Da
(ovieno 2] 73] —Ds

Outline 24P1

FUNCTION

Address inputs Ao~ A2 are decoded to select one of the
8192 words, and the contents of that address are read
out to data outputs D,~ Dy.

The address input A, is the low-order bit, and Ay, is
the high-order bit. The chip select input function, whether
to be active in high or low, is set by programming during
the masking process. The contents of the ROM can be
read out only while the chip select input is active. Other-
wise, data outputs Do~ D7 are held in the floating (high-
impedance) state.

BLOCK DIAGRAM

|

@dVee (5V)

(DGND (0V)

[

1l ~

ADDRESS
INPUTS

;_J Do ]
ADDRESS (9 o
INPUT (100
BUFFER (11) D2
R R > D3

% 256 | 8192-WORD BY 8-BIT [8x32[ . DATA (3 DATA
MASK-PROGRAMMABLE OUTPUT
DECODER oy DECODER BUFFER —» ga OUTPUTS

5
(1) De

0 D7 )

CHIP

CHIP SELECT
SELECT .
INPUT BUFFER LOGIC

| @
Cs/Cs

CHIP SELECT INPUT

MITSUBISHI
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M58334-XXXP

65 536-BIT (8192-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Limits Unit
Vece Supply voltage —0.5~7 \Y
Vi Input voltage With respect to GND —0.5~7 \
Vo Output voltage —0.5~7 \%
Pd Power dissipation 1000 mw
Topr Operating free-air temperature range 0~70 T
Tstg Storage temperature range ~40~125 T
RECOMMENDED OPERATING CONDITIONS (Ta= 0 ~70C. unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vee 4.75 .5 5.25 Y
Supply voltage
GND 0 \
ViH High-level input voltage 2 Vee+1 \
ViL Low-level input voltage —0.5 0.8 \Y
ELECTRICAL CHARACTERISTICS (1a=o0 ~70%C, Veco= 5V =+ 5%, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VoH High-level output voltage loH= —400uA 2.2 \
VoL Low:-level output voltage loL= 2mA 0.45 \
lcc Supply current from Voo Output open 70 120 mA
1y Input leakage current Vi= 0V~Vcc —10 10 ©A
1oz Off-state output current Floating state, V|=0.45V ~ Vgc —20 10 A
Ci Input capacitance OV except test terminal 4 10 pF
Co Output capacitance 1MHz, Ta=25T 8 15 pF
SWITCHING CHARACTERISTICS (Ta= 0 ~70°C. Vgc= 5V + 5 %. unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
ta(AD) Address access time 450 650 ns
tpxz(cs) Chip non select propagation time CL=100pF ., RL=2.1KQ 150 ns
(Note 1)
tpzx(cs) Chip select propagation time 0 150 ns
TlM'NG DlAGRAM Note 1 : Load circuit diagram Note 2 :

Ao~Ar2 X

4
A Do~D7

CcS/CS X

Tpxz(cs)

Do~D7y

PZX(CS)

ta(aD)

Ta(AD)

—
S

:LCL llOH

Vece

THE CENTER LINE INDICATES
A FLOATING (HIGH-IMPED-

ANCE) STATE
Input pulse level: -+--0.45~2.4V
Input pulse rise timetr -20ns

Input pulse fall timetf:.....20ns
Reference voltage for switching
characteristics measurement:

Input VIH : 2v
Vi ¢ 0.8V

Output VOH: 2V
VoL 0.8v

5—18
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MS58730-XXXS

Alternative Designation 8308

8192-BIT (1024-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM

DESCRIPTION

The M58730-XXXS is an 8192-bit static MOS mask-pro-
grammable read-only memory organized as 1024 words of 8
bits. It is fabricated using N-channel silicon-gate MOS
technology, and is designed for fixed-memory applications
such as program storage with an M5L8080A 8-bit parallel
CPU. The inputs and outputs are TT L-compatible. Program-
ming is performed by Mitsubishi in accordance with the
customer’s specifications by changing a single mask during
the manufacturing cycle.

The XXX in the type code stands for a 3-digit decimal
number which is assigned by Mitsubishi to identify the
customer’s specifications to which the ROM has been
programmed.

FEATURES

® Fast access time: 850ns (max.)

® Two chip select inputs ((E, CS,) for easy memory
expansion

® Three-state output; OR-tie capability

@ |nputs and outputs are TTL-compatible
® |nput protection circuits for all inputs
® Pins compatible with Intel’s 8308
APPLICATION

® Microcomputer memories
FUNCTION

Address inputs Ay~A, are decoded to select one of the
1024 words, and the contents of that address are read out

PIN CONFIGURATION (TOP VIEW)

A1 > 24 Veo(5V)
Al
° Qe AB} ADDRESS INPUTS
As "’E EG— Ag
aooress weuts | A4 0] 2 21 Ves(—5V)

Az —+[5] % 20« TSy CHIP SELECT 1
Az —~>[g] @ 9 Vpp(12V)
Ar—{T] < 18]+~ CS2 CHIP SELECT 2
Ao —’IZ ;<< E—b Bs
Br«[g] @ 16— B7

DATA OUTPUTS 4 Bz «-[i0] [Bl->Bs } pATA QUTPUTS
By <[] 14— Bs

(0V)Vss [i2] 73— B4

Outline 2451

to data outputs B;~Bg. Chip select 1 (CS;) and chip
select 2 (CS,) are used to connect two or more M58730-
XXXS ROMs. When CS; is high or CS, is low, all outputs
are disabled and will assume a floating (high-impedance)
state.

BLOCK |
DIAGRAM | !
o8 {>0T0|> % — ‘ (3) B
at
Ay ﬂ E — @ Bz
0 . = i
= . — 3 B3
As(B) 3 VB g D
= . o] O
IO o 12 1024-WORD BY 8-BIT —] = (13)Ba
ADDRESS INPUTS ¢ o g i MASK-PROGRAMMABLE i DATA OUTPUTS
5 g i ROM — 2 (985
As = M a =)
z .12 (16 ROWS x - % oL
Aar(1) z : 64 COLUMNS X 3 T
.
As ) : 8 ARRAYS) . OF
d
A9 (22) —fz’ _— m Bs
(12v) voo (19) i
(5v) Vee (29) CHIP ‘
(ov) vss (12) SELECT |
(-5v) Ves (2)
20)——(18 -
CHIP SELECT1 CSi  CSz CHIP SELECT 2

MITSUBISHI
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MS58730-XXXS

Alternative Designation 8308

8192-BIT (1024-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
VDD Supply voltage —0.3~20 \
vee Supply voltage With respect to VBB —0.3~20 v
Vss Supply voltage —0.3~20 \
Vi Input voltage —0.3~20 \
Pd Power dissipation Ta=25°C 1.0 w
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).

Symbol Parameter L Unit
Min Nom Max
Voo Supply voltage 1.4 12 12.6 \
\ele} Supply voltage 4.75 5 5.25 \
Vss Supply voltage 0 \%
\"2:1:) Supply voltage —4.75 -5 —5.25 \%
ViH High-level input voltage 3.3 Vee+1 \
Vi Low-level input voltage Vss—1 0.8 \

ELECTRICAL CHARACTERISTICS (Ta=0~70°C,

Vob=12V +5%, Vcc=5V +5%, Vss=0V, VBB=—5V +5% . unless otherwise noted).

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VOoH High-level output voltage 1OH=— 100 A Voo —1 \%
VoL Low-level output voltage loL=1.9mA 0.45 \%
h Input current Vi=0V~Vcc +10 uA
| Off-state outout . Vo=0V~Vcc (CS1andCSz arein a 10 A
0z -state output curren floating condition. See Timing Diagram). —100 “
IpD VDD supply current 60 mA
[Kele] V ¢ supply current Output open 100 1A
I8 V BB'supply current —0.04 | — 1 mA
Ta=25C, VI=0V, {MHz, 25mVrms
Ci Input capacitance 10 pF
Vob=Vcc=Vss=0V (Note2)
. Ta=25C, VI=0V, IMHz, 25mVrms
Co Output capacitance 10 pF
Vpp=Vcoc=Vss=0V (Note 2)

Note 1 : The current flowing into an IC is positive; out is negative. The maximum and minimum are defined by absolute values.

2 : All terminals other than the test terminal are connected to V ss during measurement of input and output capacitance.

MITSUBISHI
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MS8730-XXXS

Alternative Designation 8308

8192-BIT (1024-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM

SWITCHING CHARACTERISTICS (Ta=0~70°C, Vop=12V+5%, Vcc=5V +5%, Vss=0V, Vea=—5V 5% unless otherwise noted).

" Limits
Symbol Parameter Test conditions Unit
Min Typ Max
ta Access time CL=100pF, RL=2.1kQ (Note 3) 400 850 ns
ta(Csy) Chip select access time 100 300 ns
ta(cse) Chip select access time 100 300 ns
tdv(Tsy) Data valid time with respect to C S 100 300 ns
tdv(csz) Data valid time with respect to CS2 100 300 ns

Note 3 : Load circuit diagram.

Vece
RL
MS58730—XXXS
OUTPUT
(B1~Bs)

ICL

TIMING DIAGRAM
2.4V
Ao—~A9 x x
. 0.8V

. 2.4v
St L 0.8V

£2.4v
Cs2 —
t tdv(csm) | ta(cs,
__ta(OSz) ﬂ___a 1)
{24y
Bi~Bs
—
ta

Chip select 1Chip select 2| Data output | Note 12 THE CENTER LINE INDICATES A FLOATING
CSi CS2 | Bi~Bs (HIGH-IMPEDANCE) STATE

L L 4 2 : H indicates high-level inputs; L indicates low-level inputs.
H L z 3: Z indicates floating (off) state.

L H 0 4 : O indicates that outputs are enabled

H H Z 5 : Rise time tr < 20ns,

Fall time t¢f < 20ns.

MITSUBISHI
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M58730-001S

8192-BIT (1024-WORD BY 8-BIT) MASK-PROGRAMMED ROM
SUBROUTINE 1 INTEGER ARITHMETIC OPERATIONS

DESCRIPTION
® The M58730-001S is an M58730-XXXS that has been
developed for use with an M5L 8080A CPU.

® It includes 18 subroutines for an M5L8080A 8-bit
parallel CPU.

® |t can perform integer arithmetic operations, logical
operations and shift operations with 16-bit or 32-bit
data.

UNIT OF INFORMATION

The basic unit of an M5L 8080A is 8 bits, but with subrou-
tines it has two operand lengths.

® Single word length:

An operand consisting of 2 bytes (16 bits). In binary form
it is capable of expressing numbers from =25 to 25 -1,

® Double word length:

An operand consisting of 4 bytes (32 bits). In decimal
form it is equivalent to 7 decimal digits. In binary form it
is capable .of expressing numbers from —23! to 23! —1.
NUMERICAL EXPRESSIONS

1. Binary Numbers

1. Single Word Length (2 Bytes)

This binary number consists of 16 bits. Negative numbers
are in 2's complement form. It is capable of expressing
numbers from =21 to 215 —1.

SIGN
0 : POSITIVE, 1 : NEGATIVE ‘—‘— BINARY POINT

]
[N

ADDRESS M+1  ADDRESS M
ADDRESS M 11111100
g4 ADDRESS M+1[1]1 11 11 11

2. Double Word Length (4 bytes)

This binary number consists of 32 bits. Negative numbers
are in 2's complement form. It is capable of expressing
numbers from —23! to 23! —1.

SIGN

0 : POSITIVE. 1 : NEGATIVE DECIMAL POINT
B BEAERN NERIE A NEREEEN
ADDRESS M +3 ADDRESS M +2 ADDRESS M +1 ADDRESS M

ADDRESS M 0 000O0T1O00O

ADDRESSM+1{0 0 0 0 0 0 0 O

ADDRESSM+2{0 0 0 0 0 0 0 1

e.g. . +65540 ADDRESS M + 3 0[0 0000OCO

2. Double Word Length Decimal Numbers
This decimal number consists of 32 bits. The numerical por-

tion is seven digits and the sign is the most significant digit.
It has a range of =107 +1 to 107 —1.

SUBROUTINE REFERENCE

(USER'S PROGRAM) (TRANSFER VECTOR)  (SUBROUTINE)
TVTB EQU 24576
STAC EQU TVTB+3
LDDL EQU TVTB+6 TVTB [JMP LDAC LDAC
TVTB+3[7\p sTACL @
1® xigfrg JMP_LDDL STAC
IMP STOL
@ LODL
CALL STAC
DADR DATI po—
l@ @

Note : The processing order is D, @, @, @, ®, A transfer vector is used to set the
entry address of each subroutine

SUBROUTINE FUNCTIONS

® | oad pseudo accumulator

The pseudo accumulator is loaded with the specified single
word (2 bytes) or double word (4 bytes) data.

® Store pseudo accumulator

The contents of the pseudo accumulator, single word
(2 bytes) or double word (4 bytes) data, are stored in the
address location specified.

® Shift pseudo accumulator

The contents of the pseudo accumulator, 32 bits (2 words)
of data, are shifted right or left n positions.

® Arithmetic right shift of pseudo accumulator

The contents of the pseudo accumulator, 32 bits (2 words)
of data, are arithmetically shifted right n positions.

® | ogical operations

The specified single word (2 bytes) data is logically
inclusive ORed, ANDed or exclusive ORed to the contents
of the pseudo accumulator, and the result retained in the
pseudo accumulator,

® Binary integer add or subtract

The specified single word (2 bytes) or double word (4
bytes) binary data is binarily added to or subtracted from
the contents of the pseudo accumulator, and the result is
retained in the pseudo accumulator,

® Decimal integer add or subtract

The specified double word (4 bytes) decimal data is
decimally added to or subtracted from the contents of the
pseudo accumulator, and the result is retained in the
pseudo accumulator.

® Binary integer multiply

The single word (2 bytes) data in the pseudo accumulator
is multiplied by a specified single word (2 bytes) data, and
the result is retained in the pseudo accumulator.

on ® Binary integer divide
-~ Ors: POSITIVE, Fi6 : NEGATIVE DECIMAL POINT—— The double word (4 bytes) data in the pseudo accumulator
[re/Fe] 105 ] 105 [ 1or | 105 [ 102 | 10" | 1o is divided by a specified single word (2 bytes) data, and the
ADDRESg M43 ADDRESS M+ 2 ADDRESS M 41 ADDRESS M result is retained in the pseudo accumulator.
ADDRESS M o T oo T o RESERVED MEMORY LOCATIONS
ADDRESS M+1[1 00 110 0 1T Memory locations 6000, to 63FF 4 are reserved by ROM.
ADDRESSM +2/0 00 0;0 000 In addition, a 50-byte RAM region, locations 3FCE,¢ to
eg.:-9325 ADDRESSM+3|1 1 1 1]0 000 3FFFys, is reserved for executing the ROM programs.
MITSUBISHI
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MS58731-XXXP, S

Alternative Designation 8316A

16 384-BIT (2048-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM

DESCRIPTION

The M58731-XXXP'S are 16 384-bit parallel output, static
read-only memories organized as 2048 words of 8 bits.
They are fabricated using N-channel silicon-gate ED-MOS
technology. They have a single supply voltage. The inputs

PIN CONFIGURATION (TOP VIEW)

and outputs interface with TTL circuits without additional Ar —[T] ~ 24 Vee (5V)
circuits. The M58731-XXXP, S are designed for high-density As —[2] 23— Do
fixed-memory applications such as program storage for an AAQ :[ZZ Z)—*Bl
M5L 8080A 8-bit parallel CPU. Programming is performed ALO*E (g,., %:Di
by.Mitsubishi in. accon.'dance with the customer’s specifi- ADDRESS INPUTS{ A —[E] g 5> Da DATA OUTPUTS
cations by changing a single mask during the manufacturing A2 —[] ; B Ds
cycle. As —[F] ;2 > D6
FEATURES As —[3] ° [18]-> D7
® 2048-word by 8-bit organization As —[i [+~ CSt CHIP SELECT 1
Single 5V power supply As —{T] [+~ CSz CHIP SELECT 2
(0V)GND 2] Bl 0S3 CHIP SELECT 3

Low power dissipation: 31.4uW/bit (max.)

Read access time: 850ns (max.)

Three programmable chip select inputs (CS;, CS,,
CS3) for easy memory expansion

Three-state output for OR-ties

All inputs and outputs are TTL-compatible

Input protection circuits at all inputs

Electrical characteristics and pins are compatible with
Intel's 8316A

APPLICATION
® High-density microcomputer memories

FUNCTION

When any of the 2048 addresses are selected by positive-
logic input signals (Ag~Ao), the contents of that address
in the ROM are read out to the data outputs (Dy~Dj). Aq
is the least-significant bit and A, is the most-significant bit

Outline 24P1 (M58731-XXXP)
2481 (M58731-XXXS)

of the address. The three chip select inputs are program-
mable during the masking process, and any combination of
active high-level and active low-level may be used for chip
selection. When a chip is selected, the contents of the ROM
are read out; and under other conditions, the data outputs
(Do~Dy) are in the floating (high-impedance) state.

The XXX in the type code stands for a 3-digit decimal
number which is assigned by Mitsubishi to identify the
customer’s specifications to which the ROM has been
programmed.

BLOCK DIAGRAM
i @9 voe (5v)

Ao () 5 (12 GND (V)

Ag o é I l I

Ag e ] _l rl i

A1 (1) E @ Do

As 5 & D1
ADDRESS  § A5 % 3 2048-WORD BY 8-BIT & Dz

INPUTS | 7 05) 5 g MASK-PROGRAMMABLE = 2
z 3 g 55 @903} para ouTPUTS
A3 (8) = o ROM o 23
4 8 16 ROWS X b 5 OLL
Az (1) T x \ S 30 (19 Ds
NS X
A+ (b) 5 128 COLUMNS E 05
Ao (5) 8 ARRAYS) < 07
CHIP SELECT CHIP SELECT
INPUT BUFFER PROGRAM-
L CIRCUIT MABLE ROM
— 15 @ @ N R - - .__J
CS41(CS2CS3
CHIP SELECT INPUTS
MITSUBISHI
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M58731-XXXP, S

Alternative Designation 8316A

16 384-BIT (2048-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vece Supply voltage —0.5~7 \Y
Vi Input voltage With respect to GND —0.5~7 \Y
Vo Output voltage —0.5~7 \Y
Pd Power dissipation MSB73I-XXXP Ta=25°C 1000 mw
M58731-XXXS 1500 mw
Topr Operating free-air temperature range 0~70 °C
Tstg Storage temperature range MS58731-XXXP —40~ 125 G
M58731-XX XS — 65~ 150 °C
RECOMMENDED OPERATlNG CONDIT'ONS (Ta=0~70°C . unless otherwise noted)
Symbol Parameter - dmits Unit
Min Nom Max
Vce Supply voltage 4.75 5 5.25 \
GND 4] \
ViH High-level input voltage 2 - |Veet 1 \
ViL Low-level input voltage —0.5 0.8 \%
ELECTRICAL CHARACTERISTICS (Ta=0~70°Cc , Vecc=5V £5%. unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
VoH High-level output voltage loH=—100 A 2.2 \
VoL Low-level output voltage foL=2mA 0.45 \%
lce Supply current from Voo All inputs-=5.25V, output open 40 98 mA
1] Input current V)=0V~Vcec 10 A
loz Off-state input current Floating state, V) =0.45V ~ Vcc —20 10 uA
Ci Input capacitance 0V except test terminal, 1MHz, a4 10 pF
Co Output capacitance Ta=25°C 8 15 oF

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

MITSUBISHI
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M58731-XXXP, S

Alternative Designation 8316A

16 384-BIT (2048-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM

SWITCHING CHARACTERISTICS (Ta=0~70°C, Vec=5V+5%.

unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
ta Access time 400 850 ns
CL=100pF 300 ns
hi lect 1
ta(cs) Chip select access time RL=2.1kQ
(Note 2)
tdv(cs) Data valid time with respect to chip select 0 300 ns
Note 2 : Load circuit diagram :
TIMING DIAGRAM
Vee
¥
Ao~Ai10 RL
MB8731-XXX P, S
ouTPUT
y (Do~D7) cL
Cs1,CS2.CS A q 7')—7' |
4
Do~D7 \\
e
ta tdv(cs) alcs
THE CENTER LINE INDICATES A FLOATING
(HIGH-IMPEDANCE) STATE.
Input pulse level 0.45~2.4V
Input pulse rise time tr (10%~90%) 20ns
Input pulse fall ime t (10%~90%) 20ns
Referance voltage at timing measurement
Input 0.8~2.00V
Output 0.8~2v
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M58731-001S

16 384-BIT (2048-WORD BY 8-BIT) MASK-PROGRAMMED ROM
MELPS 8 BOM-B BASIC OPERATING MONITOR

DESCRIPTION
The M58731-001S is an M58731-X X XS that has been devel-
oped for use with an M5L8080A CPU. It contains the
BOM-B basic operating monitor for an M5L 8080A CPU.
BOM-B is a monitor program that controls the execution
and debugging of user’s programs and is contained in 2K
bytes of memory.

FEATURES

® A standard mask ROM useful for microcomputer control
and program debugging

® Three macroinstructions and nine monitor commands

® User’s monitor commands are easily added

® The BOM-B program cannot be destroyed by a user’s
program

FUNCTION
The BOM-B has 9 monitor commands and 3 macroinstruc-
tions as shown in Table 1. They are used for the following
functions:

1. Controlling program execution

2. Loading programs

3. Punching memory

4. Debugging programs

5. Controlling input and output

Start of Execution of BOM-B Program
The execution is started at address 6800;4. The following
message is printed out and then a monitor command can
be typed in: MELPS8 BOM-B AO01

//

Conditions for Hardware

1. Reserved Memory Locations
Memory locations 6800, to 6FFF,s are reserved.
In addition a 78-byte RAM region, locations 3FCE,4
to 3FFF,4, is reserved for executing the ROM
programs.

2. Input/Output Device Number
PTR, for keyboard input  7B;¢ (IN 7B#)
PTP, for print output 7B16 (OUT 7B#)
Status input 3Bj¢ (IN 3B#)
Where the status bits are defined as follows:

1 0 BIT

7 6 5 4 3 2
LAAAAAA ]
-

(BIT VALUE 1 IS TRUE)

INPUT BUSY
OUTPUT BUSY

Table 1 A list of the 9 monitor-commands and the 3 macroinstructions for BOM-B

Names of monitor commands

Monitor command input format or

Function . Parameter
or macroinstructions calling sequence
/@ para 1(a): Start address
ti -
G Go to program execution parai(4) _,[ para2(4)] CRLF para 2(4): Change start address
R Program restart //BGR LF —_
L MELPS 8 binary loader /" /L CRLF -
H MELPS 8 hexadecimal loader /' /HCRLF _
. ara 1(a): First address
MELPS 8 binary punch text ' Toaral(e).para2@)chLr P
Command T block of memory data 7 I—F’——Lﬂ-—-—“— para 2(a): End address
E MELPS 8 binary punch end block //E [para 1 (4)] CRLF para 1(4): Start address
; 1(4)" First address
Print hexadecimal text block Y4 para
arai(4),para2(@)CcRLF .
P of memory data Pparatw,parazaicat para 2(a): End address
S Substitute memory / /S parai(@)CRLF para 1(4): Change address
M Print and modify register data //_M_CR LF —
EXIT Exit the end of a program CALL 6806 #
Macroinstruction PAUSE Pause program execution CALL 6803 #
EXIO Execution input/output control !
CALL 6EBC #--—----- Execute EXIO macroinstruction.
Note 1: Para n(m) ; A hexadecimal number (0,1,2,3,4,5,6,7,8 9 A,B,C,D, DADR DCB1 --—-------— First address of data control
E, F ) of the nth parameter in one command (of an operator’s input or '
a monitor's print-out), which has a valid length of 1 to m. If the length ! block (DCB).
exceeds m, the least-significant digits are valid. DCB1 DEF | OD ---10D for PTR is 52 # for PTP is 50 #,
2: (underline) : Indicates an input by an operator. DADR DA ---, for KEYBOARD is 4B #, for PRINT is 44 #
3:1 ! The parameter may be omm‘ed, DADR DL - Set the first address of input/output data area.
4. # : Indicates a hexadecimal number in assembler language. | N\
! --Set the data length of input/output data.
DA Input/output
data store DL bytes
memory
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MSG 1400P

1400-BIT (100-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM

DESCRIPTION
PIN CONFIGURATION (TOP VIEW
The M5G1400P 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 (V) vss  [1] 1] wm(ne)
bidirectional bus. (-35V) Voo IZ E NG
2 - DATA INPUT/
FEATURES oo g e S
[} Word-by-Yvord electrically alterable . NG E 7 T e
® Non-volatile data storage: 10 years (min) 8
® Write/erase time: 20ms/word N [B]0® 0] ~c
® Single 35V power S_Upply . ) CLOCK INPUT CLK_..E [9]—cs ]
® Number of erase-write cycles: 10° times (min) MODESCONTROL
. . INPUT.
® Number of read access unrefreshed:  10° times (min) MODE CONTROL G —»[—7j 8] —c2 |
® Interchangeable with GlI’s ER1400 in pin configuration
and electrical characteristics
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 Cy, 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.
BLOCK DIAGRAM
(1) vss(ov)
I DATA REGISTER (14 BITS) }‘ o e Vga(-35V) .
ﬁ BUFFER (12)1/0 pATA 110
HE il |
I S e Doy
o ad MODE
5; ] 84 - oo gy [T SELECT 8)C2 » MODE CONTROL INPUTS
1y Ty 14-BIT) ERASE
o8| |28 C3
2 2 T
cLocK P——%CLK CLOCK INPUT
LOW-ORDER BIT GENER-
ADDRESS DECODER ATOR
|
ADDRESS REGISTER

MITSUBISHI
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MSG 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.
1/0 110 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.
Vaa 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

C1 C2 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 /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 1/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.
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MSG 1400P

1400-BIT (100-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vga Supply voltage 0.3~—40 \2
Vi Input voltage With respect to Vgs 0.3~—-20 \Y
Vo Output voltage 0.3——20 \Y
Tstg Storage temperature range —40~ 125 T
Topr Operating free-air temperature range —10~70 T
RECOMMENDED OPERATING CONDITIONS (Ta=—10~70C. unless otherwise neted.)
Limits
Symbol Parameter Unit
Min Nom Max
VaG Supply voltage —32.2 —35 —37.8 \Y
Vss Supply voltage (GND) 0 \Y
ViH High-level input voltage Vss—1 Vss+0.3 \Y
ViL Low-level input voltage Vss— 15 Vss—8 \%
ELECTRICAL CHARACTERISTICS (Ta=—10~70C, Vog = —35V + 8 %. unless otherwise noted.)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VIH High-level input voltage Vss—1 Vss+0.3
ViL Low-level input voltage Vss—15 Vss—8
e Low-level input current V)=—15V +10 HA
lozL Off-state output current, low-level voltage applied Vo=—15V +10 ~A
VOH High-level output voltage lon = —200uA Vss=1
VoL Low-level output voltage loL = 10uA Vss—12
Iga 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, Vgs = —35V+ 8 %. unless otherwise noted.)
Symbol Parameter Alternative Test conditions g Unit
symbols Min Typ Max
f( ) Clock frequency fo 1.2 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 Rise time, fall time tr, tf 1 us
tsu(c— @) | Control setup time before the fall of the clock puise tcs 0 ns
th(g—c) Control hold time after the rise of the clock pulse teH 0 ns
SWITCHING CHARACTERISTICS (Ta=—10~70C, Vgg=—35V+ 8 %. unless otherwise noted.)
Symbol Parameter Alternative Test conditions Lmits Unit
symbols Min Typ Max
. Von =Vss —2V
ta(c) Read access time tpw CL = 100pF, VoL =Vss—8Y 20 y7r
Ts New=104 , :x i:::g:: 10 Year
ts Unpowered nonvolatile data retention time
Ts New=10s , (W) 20MS ! Year
tw(g) =20ms
New Number of erase/write cycles Nw 10° Times
NRA Number of read access unrefreshed NRA 109 Times
tdv Data valid time tpw 20 us
MITSUBISHI
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MSG 1400P

1400-BIT (100-WORD BY 14-BIT) ELECTRICALLY ALTERABLE ROM

TIMING DIAGRAM
Accept Data Mode

o ]
o ]

o]

1/0

ADDRESS LOCATION 90_';30l70’l‘ea"L50ﬂ|40J_‘30’L20J’4OJ;O

SLS"L7>|"6;L5_|"4"L3’L2 LI_LD

MOST SIGNIFICANT DIGIT

LEAST SIGNIFICANT DIGIT

Note 2 : The address is designated by two one-of-ten-coded digits. The figure shows

Read Mode

CLK_rL”-U

designation of the address 99.

UuuuuL

C1

Cz2

C3

1 CLOCK CYCLE

Write Mode

oL

[

C2

C3

tw(w)

Erase Mode

Shift Data Output Mode

CLK Il

tsu(c-¢)

UL

m

th(¢-c)

a(n

C3

1/0

\_
L taco

14 CLOCK CYCLES

tdv

Accept Data Mode

C1 Cs )
4t
"
— I
C2 N 170 "
N 14 CLOCK CYCLES
¢
C3 tw(E)
MITSUBISHI
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ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

MITSUBISHI LSIs

MSL 2708K, S; K-65, S-65

8192-BIT (1024-WORD BY 8-BIT)

DESCRIPTION

This is a family of FAMOS (floating-gate avalanche-
injection MOS) ultraviolet-light erasable and electrically
reprogrammable 8192-bit (1024-word by 8-bit) EPROMs.
They incorporate N-channel silicon-gate MOS technology,
are designed for microcomputer system applications, and
have direct TTL-compatibility for all inputs and outputs,
without extra interface circuits.

FEATURES
® Fast programming:
® Access time:
M5L 2708K, S: 450ns (max)
M5L 270K-65, S-65:  650ns (max)
Low power dissipation during programming
No clocks required; the circuitry is entirely static
Data inputs and outputs TTL-compatible during read
and program modes

100s/8192 bits (typ)

® Easy memory expansion by chip-select/write-enable
(CS/WE) input
® Typical power supply voltages: 12V, 5V, -6V

For large volume production; pin compatible with the
Mitsubishi M58730-XXXS mask-programmable ROM
Interchangeable with Intel’s 2708 in pin configuration
and electrical characteristics

APPLICATION
® Computers and peripheral equipment

FUNCTION

Read—Set the CS/WE terminal to the read mode (0~5V).
Low-level input to CS/WE and address signals to the address
input (Ag~Ag) make the data contents of the designated

PIN CONFIGURATION (TOP VIEW)
A7 =[] Vee (5V)
As —[2] e As
As _’E B2« As ADDRESS INPUTS
ADDRESS | Ad —[2] ves (—5V)
INPUTS oS CHIP SELECT/WRITE
e §1 2+~ OS “WE enasLe iNpUT
Az —[6 5 B Voo (12v)
At —[7 :o; B« PROGRAM FIOGRAM
Ao —[8 a [17) e D7
pata {P° ”E %”DG OATA
INPUTS/ { D1 «» 10! 15/ «» Ds
INPUTS/OUTPUTS
OUTPUTS |, 4[] @) «» Da
(ov)vss [Z] 13« D3
Outline 24K10 (M5L 2708K)
24S10 (M5L 2708S)
address location available at the data inputs/outputs

(Do~D5). When the CS/WE signal is high, data inputs/
outputs (Do ~D) are in a floating state.

Write—Set the CS/WE terminal to the write mode (12V).
A program pulse will effect the write operation for the
data at each address loaded via data inputs/outputs
(Do~D-). For details refer to the description of the pro-
gramming mode.

Erase—Erase is effected by exposure to ultraviolet light
through the transparent window.

BLOCK DIAGRAM

|

@) Ves(—5V)
(2 vss(0V)
1024-WORD BY 8-BIT
Vpp(12V
FOM (9 Voo(12V)
(64 ROWS x 16 COLUMNS x 8 ARRAYS) 2) Ve (5V)

Y GATE CIRCUIT

( As@)
As @)
A7 (1) X DECODER
As (2
ADDRESS INPUTS < 5 (3)
As (@)
A3z (s
Az (s
e Y-DECODER
Ao (8

CHIP SELECT CIRCUIT

OUTPUT BUFFER |

|
CHIP SELECT/ ~—
WRITE ENABLE INPUT CS/WE
PROGRAM INPUT PROGRAM (ig

= {O-HDHEDGHEDHEHD— - —

Do Dt D2 D3 Da Ds De D7
“ J
~—

DATA OUTPUTS

MITSUBISHI

ELECTRIC




MITSUBISHI LSIs

MSL 2708K, S; K-65, S-65

8192-BIT (1024-WORD BY 8-BIT)
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

FUNCTIONAL OPERATIONS

Programming Procedure

These devices are in the ‘1" state (with high-level out-
put) after erase, and go into the ‘0’ state (with low-level
output) after programming. All bits of the M5L 2708S, S-65
are initially in the ‘1’ state, and must be programmed
according to the following procedures.

The chip enters the program mode when 12V is supplied
to the CS/WE input (pin 20). Data to be programmed are
présented, 8 bits in parallel, to the data inputs/outputs
(Do~D~) and the addresses are set up by the address inputs.
After address and data set-up, one program pulse is applied
to the program input (pin 18) for each address from 0 to
1023. This pass through all addresses, known as a program
loop, must be repeated a number of times, N, which
depends upon the width of the program pulse and must
satisfy the condition N -ty (p)2 100ms.

Erase Procedure

These devices can be erased by exposure to high-
intensity short-wave ultraviolet light at a wavelength of
2537A through the transparent lid provided. The required
exposure is approximately 15Ws/cm?. If the energy of the
lamp used is unknown, find the total time (tg) required to
erase all bits and use a short-wave ultraviolet-light exposure
time of 3 to 5 times this value.

HANDLING PRECAUTIONS FOR FAMOS DEVICES

In addition to general handling precautions for MOS

devices, the following points apply to FAMOS devices.

1. High voltages are used when programming, and the
conditions under which it is performed must be carefully
controlled to prevent the application of excessively high
voltages.

2. Before erasing, clean the surface of the transparent lid to
remove completely oily impurities, which may impede
irradiation and affect the erasing characteristics.

3 This ultraviolet-light erasable PROM is erasable by
ultraviolet-light with wavelengths under 4000A. For
use involving long exposure to direct sunlight or to
lamps radiating at these wavelengths, the transparent
window should be covered with opaque tape.

MITSUBISHI
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MSL 2708K, S; K-65, S-65

8192-BIT (1024-WORD BY 8-BIT)
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vi Input voltage, Vpp and CS/WE write mode —0.3~20 \
Vi2 Input voltage. Voo . Vgg . address and data signal With respect to Vgg —0.3~15 \
Vi3 Input voltage, program mode —0.3~35 \%
Topr Operating free-air temperature range 0~70 ‘c
Tstg Storage temperature range —65—~125 c

READ OPERATION
Recommended Operating Conditions (Ta=0~70C. unless otherwise noted)
Symbol Parameter Limits Unit
Ain Nom Max
Vee Supply voltage 4.75 5 5.25 \Y%
Voo Supply voltage 11.4 12 12.6 \%
Ves Supply voltage —4.75 -5 —5.25 \Y
Vss Supply voltage (GND) 0 \%
ViL Low-level input voltage Vss 0.65 \
ViH High-level input voltage 3 Veoo+1 v !
Electrical Characteristics
Ta=0~70°C, Vgoc=5V=+5%, Vpp=12V £5%, V= —5V *+5%, Vss=0V. unless otherwise noted, Note 1)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
[ITY Low-level input current, address, chip select input V|1=5.25V 10 ©A
loz Off-state (high-impedance-state) output current Vo=5.25V, Vo(CS/WE) =5V 10 uA
Ipp Supply current from Vpp Worst case, 50 65 mA
lcc | Supply current fromV o all inputs high 6 10 mA
1B | supply current from Veg Vo(CS/wWE) =5V, Ta=0T 30 45 mA
VoL | Low-level output voltage loL=1.6mA 0.45 \Y
VoH1 High-level output voltage loH=—100uA 3.7 \%
VoHz High-level output voltage loH=—1mA 2.4 Vv
Pd Power dissipation Ta=70TC 800 mwW
Ci Input capacitance 4 6 pF
Co Output capacitance VI=0V, f=1MHz 8 12 pF

Note 1 : Typical values are at Tq =25 °C and nominal supply voltage.

Switching Characteristics (Ta=0~70C, Veo=5V+

5%, Vpp=12V +5%,

V= —5V £5%, Vss=0V. unless otherwise noted)

5 Limits .
Symbol Parameter Test conditions Unit
Min Typ Max

MSL 2708K, S 280 450 ns

ta(aD) Address access time
MSL 2708K-65, S-65) 650 ns
ta(cs) Chip select access time 60 120 ns
tdv(csLH) Data valid time with respect to chip select low-to-high 0 120 ns
tdv(aD) Data valid time with respect to address 0 ns

Timing Diagram

ViH
Ao ~Ag X
ViL

| 1
tdv(ap)—= i s e
ViH : | Fave Test Conditions for Switching Characteristics
|
CS/WE | ]' P Input voltage - Vi =0.65V, ViH=3V
ViL | et - t Reference voltage at timing measurement : Input 0.8 ~2.8V
Vors b ta (Do — pleves output 0.8 ~2.4V
Do—~D7 DAT‘A INVALID >< DATA VALID >
VoL )
|
H The center line indicates a floating (high-impedance) state.
MITSUBISHI
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MSL 2708K, S; K-65, S-65

8192-BIT (1024-WORD BY 8-BIT)
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

PROGRAM OPERATION
Recommended Operating Conditions (Ta=25T, Voc=5V+5%, Vpp=12V+5%, Ves=—5V 5%, Vss=0V., unless otherwise noted)

Limits .

Symbol Parameter Unit
Min Nom Max

ViL1(p) Low-level input voltage, except program input Vss 0.65 \
VIH1(P) High-level input voltage, address, data input 3 Vee+1 \
ViHz (P) High-level input voltage, CS /WE. 11.4 12.6 \%
ViH3(P) High-level input voltage, program mode 2 25 27 \%
ViLz(p) Low-level input voltage, program mode 3 Vss 1 \%

Note 2 : With respect to Vgg
3 : Where ViH3(P) — ViL2(P) =25V (min)

Electrical Characteristics (Ta=25C, Vco=5V+£5%, Vpp=12V£5%, Ves=—5V +5%, Vss=0V. unless otherwise noted)

X L Limits i
Symbol Parameter Test conditions Unit
Min Typ Max
LiLip) Low-level input current, address, chip select input Vv, =5.25V 10 uA
liL2(pP) Low-level input current, program input 3 mA
hH1(P) High-level current, program input 20 mA
Iop Vpp supply current Worst case. 50 65 mA
lce Ve supply current all inputs high4 6 10 mA
(o) Vg supply current CS/WE=5V, Ta=0T 30 45 mA’
Note 4 : Typical values are at Tqa =25°C and nominal supply voltage.
Timing Requirements (Ta=25C, Voc=5V +5%, Vpp=12V+5%, Veg=—5V +5%, Vss=0V. unless otherwise noted)
. Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tsu(PRO-AD) Program setup time with respect to address 10 “s
tsu(PRO-WE) Program setup time with respect to WE low-to-high 10 “s
tsu(PrO-DA) Program setup time with respect to data 10 us
th(ap-PRo) | Address hold time with respect to program 1 S
th(we-Pro) | WE hold time with respect to program 0.5 us
th(pa-pro) | Data hold time with respect to program 1 us
tw(P) Program pulse width 0.1 1 ms
tr(p) Program rise time 0.5 2 “S
tf(P) Program fall time 0.5 2 “S
Switching Characteristics (Ta=25C, Voc=5V+5%, Vpp=12V+5%, Veg=—5V+5%, Vss=0V. unless otherwise noted)
Symbol Parameter Test conditions Lirnits Unit
Min Typ Max
ta(pA-wE) Access time with respect to WE high-to-low 10 us
tdv(pa-Cs) | Data valid time with respect to CS low-to-high 0 120 ns
Timing Diagram
Program Mode From Program Mode to Read Mode
{¢
ViHz (P) 'y i
J— t*— READ MODE
CS/WE /tsu(pRO_WE) Virz(P)
ViL1(P) CS/WE .
h(wEe-
ViH1(P) \ if \ [ Vi) MNEEIR
Ao~ Ag x /ADDRESS|0 (ADDRESS1 ADDRE/S\S ViH1(P) § i
VIL1(P) \ 1 Ao~ A9 ADDRESS 1023 >< ADDRESS 0
tsu(PRo-AD) th(AD-PRO) VILI(P) ¢ /
VIH1(P) La th(ap-PROY [—ta(AD)—
Do~D7 ( X ViHi(P) ¥ DA(TA) OATA
ViLie) ff Do~Dy INVALD | VALID
ter= *tpw=| [~ tpr ViLie) §
VIH3 (P) - et —
tSu(PRO-DA) h(DA-PRO) Vika(P) a(DAWE)
PROGRAM PROGRAM
- v L
ViLz(p) IL2(P)
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MSL 2716 K, K-65

16 384-BIT (2048-WORD BY 8-BIT)
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

DESCRIPTION PIN CONFIGURATION (TOP VIEW)
These are ultraviolet-light erasable and electrically re-

programmable 16 384-bit (204 8-word by 8-bit) EPROMs.

They incorporate N-channel silicon-gate MOS technology, Al —~ 1 Voo (5v)
and are designed for microprocessor programming ap- As — 2] 23— As  appRESS
plications. As —[3] R+ g INPUTS
ADDRESS As—[a 21 vep (5. 25v)
Az —[5 5 P OF  ENABLE IpuT
FEATURES A2 —[E o 5« Aip  ADDRESS INPUT
® Fast programming : 100s/16 384 bits (typ) Al—[] ;‘; e CE  CHP o
e Access time M5L2716K . 450ns (max) ~ “% = 5*’ o1 l
X 0« 16] «* Dg
M5L 2716K-65 : 650ns (max) DATAOIBIRE)J%/{ 01 [ T o> D5 | QATAINRUTS/
® Static circuits are used throughout Dz =[] 73] «+ D,
@ Inputs and outputs TTL-compatible in read and program GND [z 3] 0;

modes

® Single 5V power supply for read mode
(25V power supply required for program) Outline 24K10
® Low power dissipation: Operating: 525mW (max)
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 ’ ’ ’ |

A10

As (2) . @Dvee (5V. 25V)
' 2048-WORD x 8-BIT

As % | ROM @)voe (5v)

A7 X DECODER : (128 ROWS X

2 (3) 16 COLUMNS x @eno (ov)

o 8-BIT CELL MATRIXES)

ADDRESS INPUTS

Ag o

A3 (5

Az (6 |

NP Y DECODER ! Y GATING CIRCUIT

Ao (8

. PROGRAM AND SENSE AMP
CHIP ENABLE INPUT CE (18 POV&/FFQRCB'(%WN —f

OUTPUT BUFFERS
QUTPUT & 20 CHIP SELECT
ENABLE INPUT OF CIRCUIT

i : DOOELCEDE

Do D1 D2 D3 Da Ds Dg D7
M
DATA INPUTS/OUTPUTS
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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 OE and address signals to the

address inputs (Ag~Ajp) 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~ 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 Vpp power supply input and OE is at

high-level. A location is designated by address signals

Ao~ Ajg, 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 2537,& at an intensity of approximately

15Ws/cm?2.

PRECAUTIONS FOR READ OPERATION

1. Voec should be turned on with or before vy, and
turned off with or after Vpe.

2. Vep should be connected directly to Vec except
during programming. For supply current design,
therefore, Vep and Vcc 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-
fully controlled to prevent the application of excessively

Specifically, the voltage applied to

Vep should be kept below 26V including overshoot.

high voltages.

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.
Mode selection (Unit: V)
Mode Pin CE OE Vpp Vee
Read ViL ViL 5 5 Output
Deselect ViL~ViH ViH 5 5 Floating
Power down ViH  IVIt-Vin 5 5 Floating
Pulsed |
Program VIL to \m 25 5 Input
ViH
Program verify ViL ViL 50r25 5 Output
Program inhibit ViL ViH 25 5 Floating
MITSUBISHI
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MSL 2716 K, K-65

16 384-BIT (2048-WORD BY 8-BIT)
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

ABSOLUTE MAXIMUM RATING

Symbol Parameter Conditions Limits Unit
Vih Input voltage. Vpp —0.3~26.5 \
—— With respect to GND
Vi2 Input voltage. Vcc. address, OE, CE, data —0.3~6 \Y%
Topr Operating free-air temperature range 0~70 C
Tstg Storage temperature range —65~125 c
READ OPERATION
Recommended Operating Conditions (Ta= 0 ~70C. unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vce Supply voltage 4.75 5 5.25 \
Vpp Supply voltage (Vep=Vce) \Y
GND Supply voltage 0 \%
ViL Low-level input voltage —0.1 0.8 \%
v"." High-level input voltage 2.2 Vec+ 1 \%
Electrical Characteristics (Ta= 0 ~70C, Voc=5V+ 5%. Vep=Vcc. unless otherwise noted)
Limits
Symbol Parameter Test conditions oo Unit
Min (Note 1) Max
he High-level input current, address. OE. CE Vi=5.25V 10 uA
loz Off-state output current Vo=5.25V, OE= 5V 10 uA
IPP1 Supply current from Vpp Vpp=5.85V 6 mA
lcct Supply current from Voo (standby) CE=Viy, OE=V|_ 10 25 mA
lcc2 Supply current from Voc (operating) OE=CE=V_ 57 100 mA
VoL Low-level output voltage lo=2.1mA 0.45
VoH High-level output voltage lon= —400uA 2.4
Switching Characteristics (Ta= 0 ~70C, Voo= 5V 5%. Vep=Vcc. unless otherwise noted)
Limits
Symbol Parameter Test conditions oo Unit
Min (Note 1) Max
MSL 2716K o 450 ns
ta(a) Address access time OE=CE=V)_ tr=20ns
MS5L 2716K —65 650 ns
tf=20ns
MS5L 2716K o 450 ns
ta(ce) Chip enable access time OE=V|L ViL=0.8V
MS5L 2716K — 65 650 ns
ViH=2.2V
MSL 2716K . 80 150 ns
ta(oE) Output enable access time CE=V)L
MS5L 2716K —65 300 ns
tv(0E) Data valid time after output enable OE=ViL 0 100 ns
tv(cE) Data valid time after chip select CE=V)L 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
Vin Ao —~A10 x
) f X v
Ao~A1o L
ViL V(A VK
VIH ta(oE) —_— CE
oE |, v e | tacon
L
ta(a) L VOH =Y} /7
V(0E) Do~D7
VoH JW \Y
VoL
Do~D7
VoL —»__«_ Note 2: The center line indicates
a floating (high-impedance)
state
MITSUBISHI
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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
Vce Supply voltage 4.75 5 5.25 \
Vpp Supply voltage 24 25 26 \
GNG Supply voltage 0 v
ViL Low-level input voltage —0.1 0.8 \
ViH High-level input voltage 2.2 Voo +1 \
Electrical Characteristics (Ta=25+ 5T, Voo=5V+ 5%, Vpp=25+ 1V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
e High-level input current. address, OE, CE ViN=5.25V 10 uA
Ipp1 Supply current from Vpp CE=ViL 6 mA
Ipp2 Supply current from Vpp CE=V 30 mA
lcc Supply current from Vg 100 mA
Timing Requirements (Ta=25+5 T, Veo=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 “s
tsu(pg—ce) | Data input setup time before chip enable 2 us
th(ce-a) Address hold time after chip enable 2 us
th(ce-0E) Output enable hold time after chip enable 2 us
th(ce -pQ) 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+ 5T, Voo=5V+ 5%, Vpp=25+ 1V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tv(0E) Data valid time after output enable 0 120 ns
MS5L 2716K 150 ns
ta(oE) Output enable access time
MS5L 2716K—65 300 ns

Timing Diagram (for Program and Verify)

ViH

Ao~Ai10 Xr ADDRESS N ADDRESS N+1
ViL

tsu(a-GE) th(ce-A)

ViH/VoH ]
o5 AT DL A

ViL/Vou
ta(oE )| t
Vin af—‘—L— v (OE)

" \_J

Vie tsu(og-ce)| tw(ce) |th(ce-oQ)
el ey

ViH
CE tsu(oe-ce) th(ce-oE) f
ViL

tr(cE)- tf(cE)
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DESCRIPTION
The M58840-XXXP is a single-chip 4-bit microcomputer
developed using P-channel aluminum-gate ED-MOS
technology encased in a 42-pin plastic DIL package. It
contains an 8-bit A/D converter and an analog input port.
It is ideal for applications using a capacitive touch panel,
because it is designed for systems that require the
upgraded reliability that is assured by the elimination of
mechanical switches from the control panels, and for
systems requiring control based on analog signals re-
ceived from sensors for temperature, humidity, light
intensity, pressure velocity, etc.
FEATURES
® Basic machine instructions: 68
® Basic instruction execution time
(at 600kHz frequency):  10us
® Large memory: ROM: 2048 words X 9 bits
RAM: 128 words X 4 bits

® Single —15V power supply
® internal A/D converter with +1.2% accuracy
® Two data pointers for stack operations
® Subroutine nesting: 3 levels
® Analog input port (K): 15 bits

(Can be used for a capacitive touch panel or analog

inputs.)

@ |/0 port (S): Output: 8-bit X 1
Input: 4-bit X 2
@ |/O port (D): Output: 1bit X 1
Sense input: 1bit X 11
@ |/O port output voltage V : —33V (max)
® |/0O port output current: lon(port S): —8mA (max)
lon(port D): —15mA (max)

(Direct drive for large fluorescent display tubes is
possible.)

MITSUBISHI MICROCOMPUTERS
M58840-XXXP
SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER
PIN CONFIGURATION (TOP VIEW)
Dg e [7 T lme Dy
I/0PORTDS Dg [z [« D6
D1o »E a0]e> Ds
TIMING ~ =—,
ORENCE Toe e 214> Da 1/0 PORT D
VOLMGE NPOT V Rer —» [ 38)e> D3
(Kiz =[5 3] D2
Ke =»[7 36 D1
Ks =3 35}« Do
K1 —»[3 34)¢ XN CcLOCK INPUT
o[ & [E- Xour Gl
Kg —=[n & [32] > S7
Ks —»[iz] ‘3 3T« S3
é”?LP%%‘erK* K1z =13 § 30]«> S¢
K11 —» (14 >_é E» S2
Ks >[5 Fe S ¥1/0 PORT S
K7 —[16 [27]e» S
Kz »[17 [26]e» Sy
Ks —[i8 [25]e» So
K1o —»[i9 20 Voo (—15V)
K1a —»[20 23]« CNVss (0V)
(0V)vss [ 2]+ INT [SOEUFT
INPUT
Outline 42P1

@ Interrupt function:
® Internal (programmable logic array) for the output

decoder:

1-level

16 inputs X 8 outputs

® On-chip clock generator

APPLICATIONS

® Microwave ovens, air conditioners, washing machines,
home sewing machines

® Office equipment and copying machines

BLOCK DIAGRAM rerruPT

TIMING OUTPUT INPUT  (0V) (—15v) (ov)
Ti INT CNVss Voo  Vss XN XouT

T T
[ beKERSfor

REGISTER B(4) 4 Ti~Te )
1
CARRY SELECTOR ,DATA POINTER DP
)

RAM
(128 WORDSx*4 BITS)

ADDRESS DATA

(r————————
STACK REGISTERS SK2 (11

ROM
STACK REGISTERS SK1(11)|(2048 WORDSx9 BITS

STACK REGISTERS SKo(11))

!

IADDRESS DATA

" T s

PROGRAM COUNTER PC
REGISTER A Z [ x@] o) [Fono [ Por RECISTER )
ZM[x@] v | —
DATA POINTER DP . L TS—W'
N N 2 N 4 1 CIRCUI 9
CONTROL SIGNALS,
4 4 3
REGISTER | REGISTER 1 REGISTER C(3) ‘ 4 1
. E E(4
MULTIPLEXER 8
REGISTER | REGISTER MULTIPLEXER
s H(4) seread | ]
[PorTs@ [ PoRT S@ ] | REGISTER J(15) ] "
|__D-A CONVERTER |
) ORT D)
""l"lll
29-26-31-29-2D-25 DR Ead) - @939 39-39— - —
57 S6Ss5Ss 53525150 \KuKnKmKuKng K; K7 K Ks Ka K3 Kz K1 Kg, REFE E CE D!oDs Da D’IDG Ds Da 53 020‘ Do,
/0 PBRT S ANALOG |NPUT PORT K VOLTAGE INPUT I/O PORT D
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MITSUBISHI MICROCOMPUTERS

M58840-XXXP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

FUNCTIONS

The device is composed of a 2048-word X 9-bit mask-
programmable ROM, a 128-word X 4-bit RAM, a 4-bit
arithmetic logic unit, a clock generator, 1/0 ports, an A/D
converter, and an interrupt circuit.

The ROM stores 16 128-word pages of program,
addressed by the program counter. The return addresses
for subroutines and interrupts are saved in the 3 11-bit
stack registers.

The RAM stores 8 16-digit files of data which are
addressed by one of two data pointers.

Instructions (RAM addressing, register-to-register
transfer, PLA output, RAM-to-accumulator transfer,
arithmetic, etc. are executed through the 4-bit register A
(accumulator). Any 4-bit data code from register A can
be converted to a predetermined 8-bit code through the
output S’ programmable logic array (PLA), because the
output code of the PLA can be programmed during
manufacture of the ROM mask.

The analog input port K is composed of 15 inputs.
Analog voltage applied through these inputs is compared

PERFORMANCE SPECIFICATIONS

with the internal reference voltage Vyef, which is gener-
ated by the D-A converter from the value in register H-L,
and the result is stored in register J.

Once the analog input signal is converted to 8-bit
digital form, it can be freely handled by the processor.

The 1/0 port S is composed of 8 bits, and an 8-bit latch
circuit is provided on its output side to latch the 8-bit data
transferred from register A via the output S PLA, or data
transferred directly from registers A and B, or data
transferred from register E. An 8-bit signal applied to
port S is transferred to register A in 4-bit units.

Eleven 1/0 lines are provided for the I/0 port D, each
of which can be operated independently as an input or
output line. Latches are provided for all output bits. After
designating a particular bit position with the contents of
Y in the data pointer, any one of the lines can be output
or sensed.

When port S or port D is used as input, its output has
to be cleared and changed to a low-level state before
sensing any input data.

Parameter Performance
Basic machine instruction 68
Basic instruction execution time 10us (at 600kHz frequency)
Clock frequency 300~ 600kHz
ROM 2048 words x 9 bits
Memory capacity
RAM 128 words x 4 bits
K Input 1-bitx 15
s Output 8-bit x 1
1/0 port Input 4-bit x 2
Output 1-bit x 11
D -
Sense input 1-bit x 11

A/D conversion circuit

Internal (+1.2% accuracy)

Touch panel interface

Internal

Subroutine nesting

3 levels (including 1 level of interrupt)

Clock generation circuit

Internal (external CR or IF ceramic filter is provided)

1/0 port output voltage =33V (max)
g'()pgl;lgracter istics Port S output current ~8mA (max)
Port D output current =15mA (max)
Suoply vol VbD ~15V (nom)
upply voltage
9 Vss ov

Device structure

P-channel aluminum-gate ED-MOS

Package 42-pin plastic molded DIL
Power dissipation 700mW (max)
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M58840-XXXP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

OPERATION OF BASIC FUNCTION BLOCKS

Function Operation
Program Used for designating ROM address and determining readout sequence of the instructions stored in the ROM. The PC is a pure binary counter
cougmer consisting of 11 bits, of which the high-order four (PCH) designate the ROM page and the low-order seven (PCL) the address on each page.
pC Each time an instruction is executed, PCL is incremented by one step. Its value is set to the designated address when a branch, subroutine call

or return instruction is executed.
Stack Temporarily stores the contents of the PC. while executing subroutine or interrupt programs, until the program returns to its original routine. The
registers (SKs) are organized in 3 words of 11 bits each, enabling up to 3 levels of subroutine nesting. If one word is used for an interrupt routine, the remaining
SKO. SK1, SK2 two levels can be used for subroutine calls.

Program storage

This 2048-word x 8-bit mask-programmable ROM can be programmed with any machine instruction code in accordance with the customer's

memory ROM specification. It consists of 16 pages. each containing 128 words of instructions.
Instruction Stores the 9-bit instruction code fetched from the ROM. Control signals are then transferred to the logic circuit through the PLA instruction decoder.
register The skip flag circuit determines the skip condition of the XAMI instruction, and this should be specified when the ROM is ordered.
Data Assigned to designate RAM address, bit position for the 1/O port D and register J. Each data pointer is composed of a 7-bit register. Register Z (the
ointors most significant bit of the DP) designates the RAM file group; register X {the succeeding two bits) designates a RAM file, and register Y (the least
‘I::.)P op significant four bits) designates the digit position of the RAM file. At the same time, register Y designates bit positions of the 1/O port D and
: register J.
Data This 612-bit (128 word x 4-bit) RAM stores both processing and control data. Bit manipulation is possible over the entire area of storage. All of
memory 128 words can be treated as an organization of 2 file groups x 4 files x 16 digits x 4 bits. When any instruction related to the RAM is to be executed,
RAM it is essential that the desired selector CPS and data pointer DP are selected.

4-bit arithmetic

This unit executes 4-bit arithmetic and logic operations through the 4-bit adder and its related logic circuits. The arithmetic logic unit performs

logic unit subtraction, addition, logical comparison, arithmetic comparison, and bit manipulation.

Register Register A is an 4-bit accumulator that constitutes the center of the microcomputer. Data processing procedures such as arthmetic and logical
Aand operations, data transfer, exchange. conversion, and data input/output are executed through this register. Overflow of register A is stored in the
carry carry flags CY and CY1 after execution of arithmetic or logical operations. The carry flags can also be used as 1-bit flags. Carry flags and data pointer

flag CY DP selection is by the selector CPS.

Registers 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.

Bgnd € Register E is composed of 8 bits, and is used not only as an 8-bit temporary data storage, but also as a temporary storage register for 1/0

port S.

Output S 4-bit data from register A is translated into a one-of-16 code by the decoder and applied to the PLA to generate an 8-bit code output. The customer

UPT.: can specify the output code of the PLA when ordering the mask ROM. However, the code of output S PLA of the M568842S system evaluation

device has already been programmed with the standard code.

A/D conversion

This consists of register C. register H-L, D-A converter, register J and 15 comparators. The D-A converter generates the analog output signal Vref
for the value in register H-L. All analog inputs to port K are compared with this value, and the results set/reset register J. Register C is used for bit

ircuit .
creut designation of register H-L.
Interrupt INTE is a 1-bit flip-flop and controls interrupt operation. When INTE="1", the CPU is ready to accept an interrupt, but it inhibits interrupts when
flag INTE INTE="0". When the instruction El is executed INTE is set to “1”, and reset to “O" when the instruction DI is executed.

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M58840-XXXP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

PIN DESCRIPTIONS

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 |Vret 1>V (y)liis met. This port is utilized for receiving input signals from the touch panel or receiving analog inputs from
Kia port K temperature and other sensing devices. It can also be used as a value threshold digital signal input port when the Vgt is
properly selected.
Sp 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
§ 1/0 Infout for directly driving segments of a large fluorescent display tube. It has an 8-bit output latch and can perform to drive 8 bits
port S ou simultaneously. When the output of port S is programmed to low-level, it remains in the floating (high-impedance) state so that
Sy it can be used as an input port.
Do The 1/O port D is composed of 11 bits that can be used as independent I/O units. Latches are provided on the output side to
§ 1/0 Infout maintain individual output signals. When port D output is programmed to low-level, to keep it in floating (high-impedance) state.
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
Do is high or low by executing a skip instruction.
Clock As the clock generator is contained internally, clock frequency is determined by connecting an external CR circuit or an IF ceramic
XN inbut In filter between the pins XN and XOUT. In case an external clock source is to be used. it should be connected to the pin
P X|N . leaving the pin XOUT open.
XouT Clock out This pin generates the clock frequency from the internal clock oscillation circuit. The oscillation frequency is controlled by
output connecting the CR circuit or IF ceramic filter between this pin and the pin XIN.
Interrunt This signal is used for requesting interrupts. Whether high or low-level interrupt signals are is used for requests is selected by

INT e uespt In means of the program. When the instruction INTE is executed. interrupt is accepted with a high-level signal. and accepted with a

I: ut low-level signal when the instruction INTL is executed. When an interrupt is requested and accepted, program execution is jumped
it to address O of page 12. The instruction RTI is used for the return instruction.

T4 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.
External A reference voltage input is applied to the D-A converter from the external terminal. Its nominal value is VREF = -7V. The
reference 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

VRer voltage 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,

. inpt?t automatic reset signal input. When a high-level is applied to the VREF input. it actuates the automatic reset circuit, and then
the VREF input is changed to low-level ready to start the program from address O of page O.
CNVss CNVss input In This input terminal should be conected with the Vgg and have a high-level input (OV) applied.

ROM Address Map

One word of the ROM is composed of 9 bits, one page
is composed of 128 words (address 0~127), and it has
16 pages (page O0~15). Total memory capacity is
composed of 2048 words (128 words X 16 pages) X 9
bits. The ROM address map is shown in Fig. 1.

The page is designated by the high-order four bits of
the program counter PCy, while the address is designated
by the low-order 7 bits of the program counter PC .
After the execution of an instruction stored in address 127
of a page, the program returns to the address O of the
same page. To change the page, the following branch
instructions are used:

BL, BML, BLA, and BMA.

Pages 14 and 15, however, constitute special pages for
subroutine call. Page 14 is specially designed for storage
of subroutines. When a subroutine call instruction BM
or BMA is executed in any page other than page 14, the
page is automatically changed to 14. In other words,
instructions BM and BMA can call a subroutines program
on page 14 with just one instruction.

However, when instruction BM or BMA is executed on
page 14, it performs similar branch instruction B or BA.
If the instruction B or BA is executed on page 14, the
program will jump to the specified address on page 15.

MITSUBISHI
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M58840-XXXP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

Fig. 1 ROM address map
PCH

Page designation

PCL 0 1 2 3

2 B ceeerierenenns 13 14 15

Bit designation|8|7|6(5(4(3]|2|1(0(8|7|6(5|4|3|2[1|0[8|7|6|5|4|3|2{1|0|8|7]6[5]4|3[2]1

7|6(5|4|3[2{1!0

0

W N |n|s|lw|N|=

Address designation

120

121

122

123

124

125

126

127

] ...................................

RAM Address Map
One word of the RAM is 4 bits, and the total capacity of
the RAM is 128 words X 4 bits. The address is designated
by the data pointer; the most significant bit of the data
pointer is designated register Z, while the next two bits
are designated register X and the least significant four
bits register Y. The address map of the RAM is shown
in Fig. 2.

It is considered that there are 8 files (FO~F7) in the
RAM, and each file is composed of 16 words X 4 bits.
Fig. 2 RAM address map

It would be convenient to use a file as a register of 16
digits. These files are designated by the registers Z
and X.
Instructions
TAM, XAM, XAMD, and XAMI,

can serve to change the file assignment by the value of
the j-modifier after the execution of the instruction, so
that these instructions are useful to program for shifting
and transferring the data between files.

File Register Z 0 1
designation Register X 0 1 2 3 0 1 2 3
File name Fo F1 F2 F3 Fa F5 Fé F7
Bit designation 3[2[1]o[3[2]1]0[3[2]1]o]3[2]1]o]3[2[1]0]3]2][1]o[3]2[1]0[s]2[1]0
; |
1
2
s 3 L
5 4 J
3
2 5
c 6
S
§ 7
= s
P 9
8
E 10
< 11
12
13
14
15
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M58840-XXXP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

A-D CONVERSION CIRCUIT
The following functional blocks are implemented in the
A/D conversion circuit. Its diagram is shown in Fig. 3.
Comparators
Each comparator is composed of a single-channel MOS
circuit employing chopper-type amplification. All input
signals Vk(v, (where, (Y)=0~14) from port K are
compared with the Vref from the D-A converter by these
comparators.
Register J

Register J is composed of fifteen 1-bit registers, and
the comparison results of each comparator are stored
simultaneously in all the 1-bit registers.

The value of comparison is;

“1", when |Vref | > | Vk(y) [, and
"0, when [Vref| <|Vkm I,

where (Y) represents bit position in register J which is
designated by register Y.

Each bit of these comparison results can be checked
by the instruction SZJ.
Register A
This register is a 4-bit accumulator which is designed to
be the center of major data-processing functions of the
microcomputer, performing functions such as arithmetic,
control and 1/0 operations.
Register H-L
The two 4-bit registers H and L are capable of transferring
and exchanging data to/from register A. The 8-bit digital
data for the D-A converter is transferred from these, the
high-order four bits from H and the low-order four bits
from L.
Register C
This 3-bit register is a counter which is used to designate
bit positions in the register H-L.
D-A Converter
The D-A converter converts the digital value stored in
register H-L, referencing with the external reference
voltage Vrer applied from the terminal Vger, to the analog
value of the internal reference voltage Vyef.

The theoretical value of the internal reference voltage
Vref is expressed with the following equations;

~se < Vrer, where, n=1,2,---:255
Vref= 0V, where, n=0
The value n is the contents of the register H-L.

n
Vref=

A-D CONVERSION ALGORITHMS

The A-D conversion on the M58840-XXXP chip, uses one
of two conversion algorithms, successive approximation
or sequential comparison. The choice is made by
program.

Successive Approximation

In this algorithm register H-L is first cleared, and in most
significant bit (MBS) is set to ““1”". Then the analog input
signal Vk(y) is compared with the internal reference
voltage Vref, and if |Vk(y)| is smaller than |Vref|, the
data is unchanged. If [Vk(y)| is greater than |Vref|,
the compared bit is reset to “°0”’, and the next bit is set
to “1”. The same procedure is repeated until the least
significant bit (LSB) is compared. The 8-bit digital value
which is converted from the analog value of the input
signal is stored in register H-L.

With this method, the conversion time is constant
regardless of the signal level of the analog input, and is
therefore suitable for detecting rapid variable analog
signals or detecting different analog values of multi-
channels. Time required for 8-bit A/D conversion is about
0.6ms at 600kHz.

Sequential Comparison

In this algorithm, the analog input signal Vi) is
compared with the internal reference voltage Vref. As a
result, if |Vi(v)l is greater than|Vyef|, the contents of
register H-L is incremented by one, and if [Vk(y)| is smaller
than|Vk)|, it is decremented by one. The same
procedure is repeated until such a time that the data is
increased and decreased alternately. Then the 8-bit
digital value which is converted from the analog value of
the input signal is stored in register H-L.

This method is suitable for applications where variation
of analog value is already known to be small and
conversion speed is faster than the Successive Approxi-
mation Algorithm. However, considerable conversion
time is required to find the initial value.

Fig. 3 A/D conversion circuit block diagram

14
N
[ MULTIPLEXER ] la Lagy  INSTRUCTION LC7
DESIGNATION f3
[rafrauid-=-====—Tu1 ]| H(4) [ L(a) REGISTER C
RESISTOR
——- D-A CONVERTER
Vior 2de]  [cran
KiaKiz Kiz K1 Ko VREF

EXTERNAL REFERENCE
VOLTAGE INPUT

ANALOG INPUTS
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MS58840-XXXP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

CLOCK GENERATION CIRCUIT

The clock pulse is easily generated by connecting an
external CR circuit or IF ceramic filter between the pins
Xin and Xout, because a clock generation circuit is
contained on the chip. In case the clock signal is to be
supplied from an external source, the clock oscillation
source should be connected to pin X, leaving pin
Xout open. Examples of such circuits are shown in Fig.
4~6.

Fig. 4 Externally provided Fig. 5 Ceramic filter circuit

CR circuit

M 58840
- XXXP

M58840
- XXXP

XiN XouT 600kHz 455k Hz

4] 33|
10 ~20kQ

J;30 ~50pF

XN XouT]

4 3!
Cm 4709_1:‘”4[1*:{.00”
100~220¢JFI l1no~2zooF

Fig. 6 External synchronization circuit
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OSCILLATION_ 0y
CIRCUIT
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 is
reset to disable further interrupt, after which the program
jumps from the main program to address O of page 12,
where the interrupt program is stored. When the interrupt
routine is executed, one of the three stack registers is
used for the interrupt, leaving the other two stack registers
available for subroutines.

After the interrupt routine is completed the program
will return to the main program using the instruction RTI,
but it is necessary to be sure to save the contents of the
registers—such as the data pointer DP, register A, carry
flag CY and other registers that might be used in the in-
terrupt program—by means of a program that is executed
at the start of the interrupt program, and also be sure to
restore those data to the respective flags and registers at
the end of the interrupt program before the RT| instruction
is executed.

When an interrupt request signal is applied, the internal
state of the microcomputer is changed as follows:

(1) Program counter
Current address of the main program is stored in a
stack register, and address O of page 12 is set in the
program counter.

(2) Interrupt flag INTE
The flag INTE is reset to disable further interrupts.
The disable state will continue even after the program
has returned from the interrupt routine to the main
program by the instruction RTI. It can be released
only when the flag INTE is set to ““1”". When the
instruction INTH has been executed, interrupt is

enabled with the high-level INT signal input. The
interrupt is not enabled as long as the interrupt
request signal INT remains high-level. But interrupt
will be enabled as soon as the interrupt request signal
INT is turned to high-level after it has once been
changed to low-level.

(3) Skip flags
Skip flags are provided to discriminate skip instruc-
tions and consecutively described skip instructions.
Each flag has its own stack within which the skip
condition is retained.

POWER-ON RESET FUNCTION

When the power is turned on, and the power-on signal

applied to the power supply terminal Vpp meets with the

requirement described in Fig. 7, the microcomputer is
reset by the internally provided automatic reset circuit.

The reset operation is automatic, and the program counter '

is set to address O of page O, where the program will

start. After the power-on reset function is activated, the
following functions are initialized:

(1) The program counter is set to address O of page O
(PC)«<o0.

(2) Interrupt mode is in the interrupt disable state
(INTE)«<O. This is the same state as when the
instruction DI is executed.

(3) Turning the interrupt request signal INT to high-level
produces the interrupt enable state, the same condi-
tion as when instruction INTH is executed.

(4) All outputs of the port S are cleared to low-level.
(S)<0

(5) All outputs of the port D are cleared to low-level.
(D)<0

(6) The carry and data pointer selector CPS is reset to O
to designate the DP and CY side. (CPS)<0O
In the event that the power-on reset function can-

not be operated satisfactorily due to the inadequate rising

characteristics of the power supply, the same perfect
power-on reset function can be obtained by applying such

a waveform as shown in Fig. 7 to the external reference

voltage input Vger. If Vrer is kept high for more than

50ms after Vpp has turned low, the microcomputer will
be reset. The program is then ready to start from address

0 as soon as Vger is turned low (—7V).

Fig. 7 Power-on reset signal
POWER IS TURNED ONy

=10ms
OV___{
Voo — 15V

|

Y5 RESET HERE
ov

VRer

-7V
TEST TERMINAL
Even though the pin T, is provided for timing output from
the internal logic of the LSI, it is not required for the
operation of the microcomputer, so that it should be
connected with the pin Vss (OV). The pin CNVss should
also be connected with the pin Vss (OV).

=50ms

"<10ms
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METHOD OF MASKING DESIGNATION

The following items can be specified by a customer for

programming and masking the microcomputer M58840-

XXXP:

(1) ROM data: 2048 words X 9 bits

(2) Output S PLA data: 16 outputs X 8 bits

(3) Skip conditions for the instruction XAMI: 4 bits

(4) Load resistors and discharging transistors for the port
K: 15 inputs
When the above specifications have been supplied, an

automatic mask design program for the single chip

microcomputer generates the following in order to meet

the customer’s specifications accurately and promptly:

(1) The plotter instructions for automatic mask specifi-
cation.

(2) A check list for verifying that the customer’s
specifications have been met correctly.

(3) A test program to assure that the production micro-
computers meet specifications.

ROM Data

Data to be stored in the ROM is a program of 2048

words X 9 bits. This program should be supplied in one

of the following three formats:

(1) MELPS 4 source program.

(2) MELPS 4 absolute object program in Takeda format.

(3) MELPS 4 absolute object program in Minato format.
The source program should be prepared in the

assembly language provided for the MELPS 4 cross

assembler. The object program should be prepared in

hexadecimal format applicable for the PROM writer, and

be separated in blocks of 1024 bytes each. In other

words, the object program should be separated into two

sections, each having 1024 words of the object program

containing the low-order 8 bits of the program, and

another two sections of the program, each having 1024

words of the object program containing the high-order 1

bit of the program. This is the same procedure as in

evaluating the program with the M5L2708S EPROM

using the PCA0401 MELCS 4 system evaluation

computer. It has format interchangeability with Takeda

Riken and Minato Electronics PROM writer tapes. These

object programs can be prepared automatically by using

the MELPS 4 PROM writer tape generation program.

Source Program Format and Medium

The source program should be prepared in MELPS 4

assembly language.

Punched card: 80 columns/line (equivalent to the IBM
punched card). Character codes should be in
Hollerith code and the cards compatible with the
IBM 029 key punch.

Paper tape: 8-channel, 25.4mm width. Character
codes should be in ASCIl code with even parity.

Object Program Format and Medium
The object program should be prepared in absolute format

and be separately prepared in blocks of 1024 bytes in
hexadecimal format.
MELPS 4 Takeda format: Interchangeable with Takeda
Riken’'s PROM writer tape format.
MELPS 4 Minato format: Interchangeable with Minato
Electronics’ PROM writer tape format.
Paper tape: 8-channel, 25.4mm width. Character
codes should be in ASCIl code with even parity.
Output S PLA Data
The S PLA is a mask-programmable logic array which, on
the basis of 4-bit data from register A, generates an 8-bit
output for the /O port S or register E. The desired output
levels of the outputs S,~S; of port S should be specified
by using ““H"" (high-level: OV) or “L"” (low-level: —33V)
corresponding to the 16 possible inputs (contents of
register A 0~15). For the code specification form, refer
to the output S PLA code list in the data sheet prepared
for the MELPS 4 system evaluator device M58842S.
Skip Condition for the Instruction XAMI
Standard products (the single-chip 4-bit microcomputer
M58840-XXXP and the MELPS 4 system evaluator device
M588425S) are designed to skip the next instruction when
(Y)=15 before execution,
(A) < (M(DP)), and
(Y)—(Y) + 1.
Finally the next instruction is executed or skipped
depending on the initial contents of (Y). Because of this
function, the test instruction SEYn, which tests (Y)=n,
may be eliminated to reduce program steps when (Y)=15.
As an optional feature any of the following skip
conditions may be substituted for the condition (Y)=15.
This feature is useful for handling data of various lengths
by providing a number of small capacity registers within
the files.
Mask designation codes for the optional skip condition
should be specified with one of the following 4-bit binary
numbers.

Mask designation Y values that will cause a skip of

code the next instruction

0000 (Y)=0,1,2--" 15

0001 (¥Y)=1,3,5,7,9,11,13,15
0010 (Y)=2,3,6,7,10,11,14,15
0011 (¥)=3,7,11,15

0100 (Y)=4,5,6,7,12,13,14,15
0101 (Y)=5,7,13,15

0110 (Y)=6,7,14,15

01 (Y)=7,15

1000 (Y¥)=8,9,10,11,12,13,14,15
1001 (Y)=9,11,13,15

1010 (Y)=10,11,14,15

1011 (Y)=11,15

1100 (Y)=12,13,14,15

1101 (Y)=13,15

1110 (Y)=14,15

111 (Y)=15
The standard mask designation code is 1111.

MITSUBISHI

6—10

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M58840-XXXP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

Method of Masking Designation for XAMI Skip Conditions

MASK
DESIGNATION CODE

0000

0001

0010

THE COLUMN NUMBER WHERE SKIP CONDITION IS EFFECTIVE IN THE RAM FILES Fo~F 7

0011

0100

Load Resistors for the Input Port K

Load resistors for input lines of the port K can be provided
on the M58840-XXXP chip as an optional feature. An
enhancement-type MOS transistor, whose resistance is
100~200kQ, is used for the load resistors. But this load
resistor is not provided on the M58842S MELPS 4 system
evaluation device. Mask designation format details for
this option can be found in the masking confirmation
sheet.

Discharging Transistors for the Input Port K
Discharging transistors for input lines of the port K can
be provided on the M58840-XXXP as an optional feature.
These discharging transistors are necessary when the

Materials Required with Order

The following information should be given when the

masking is ordered:

(1) MELPS 4 masking confirmation sheet.

(2) ROM data: one set of the program should be prepared
when punched cards are to be used, but two copies
are required if punched paper tape is to be used.

(3) Output S PLA data: punched cards or listed on the
confirmation sheet.

(4) Skip condition for the instruction XAMI:
cards or listed on the confirmation sheet.

(5) Load resistors for input port K: punched cards or listed
on the confirmation sheet.

punched

capacitive touch panel is used. They are internally (6) Discharging transistors for input port K: punched
contained, and all of the input lines of the port K on the cards or listed on the confirmation sheet.
M58842S system evaluation device have been provided
with these transistors.
Mask designation format details for this option can be
found in the masking confirmation sheet.
MITSUBISHI
ELECTRIC 6—11
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M58840-XXXP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

BASIC TIMING CHART

Machine cycle M1
S,
Signal name el SYmbo; State T1 T2 T3 Ta Ts Te
Clock input XIN \ \ \ \ \ { \
Clock output Xout -\__I_——L I I ) \ I / \ ’
Timing output ﬁ
Do~D1o
Port D output {Output) X
. Do~D
Port D input (?nput) 10 XX XXXXXX
So~S7
Port S output (Output) X
Port S input So~S7 XXX
(Input)
Port K input Ko ~K1a XXX ><><><><
Interrupt request input INT ><><><><><>< ><><>< >§>§><>< ><><><>< X
Note 1 mmdicates ihvalid signal input.
INSTRUCTION FETCH TIMING
Machine cycle Mi Mi+1 Mi+2
Si
Signal name 224/ Yooy State | Ty | T, | T3 | Ta | Ts | Te | To | Te| Ta| Ta|Ts | Te| Ta|Te| Ta| Ta| Ts| Ts
Instruction fetch Note 2
Instruction execution Note3
Note 2 : Instruction fetch time can differ depending on the types of the instructions.
3 : The instruction which was fetched in the preceding cycle is executed.
4 : The execution of the instruction and addressing of ROM and RAM are performed simultaneously.
170 INSTRUCTION EXECUTION TIMING
Machine cycle Mi Mi+1 Mi+2
5
Signal name ’9’76/%%/ Sate | Ty | T2 | Ta | Ta| Ts | Te | T1 | Te | Ta| Ta | Ts | Te| T | Te| Ta| Ta| Ts| Te
Do ~D1o
Port D output (Output) X
; Do ~D1o
Port D input (Input)
So~S7
Port S output (Output) X
. So~S7
Port S input (Input)
Port K input Ko ~Kig4
Instruction CPA
is in execution = (Note 5} Note 7)
Instruction CPAS N 5 (Note 6])
is in execution — (Note 5) |
Instruction CPAE | (Note GI) (Note 8)
is in execution R s E . A [~ T | (Note 9)

Note 5 : By short-circuiting port K inputs with the V ss (OV), capacitance connected to the port K input is discharged.
6 : Analog value applied to port K inputs is maintained to be compared with the reference voltage Vref .

7 . Analog value applied to port K inputs is read until the next CPA or CPAS instruction is executed.
8 : The state of Note 6 is maintained until an instruction CPAE is executed, during which time the analog value applled to port K is not read. This
time should be less than 100us to assure the accuracy of the A/D conversion.

9

' The condition of Note 8 is released.

6—12
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BRANCH AND SUBROUTINE CALL INSTRUCTION EXECUTION TIMING

Machine cycle

Mi

Mi+1

Mi+2

Operation State

T||T2]T31T4\T5]Ts

T T[T [Ta]Ts [T

T e[ Ta[Ta]Ts | T

Instruction Bxy (to be operated as the branch instruction, when the instruction BM or BMA was not executed before).

Program counter

ROM address

Execution of program

—

(PCL) «xy

T

(PGL) —~(PCL) + 1

(ROM address) —(PC)

L B

(PCLY—(PCL) + 1

(ROM address) «—(PG)

Execution of the branch instruction

| Execution of the instruction stored in

the b

ranched address

Instruction Bxy (to be operated as the branch instruction to page 15, when the instruction BM or BMA was not executed before).

Program conter

ROM address

Execution of program

[
(PCr) 15 (PCL)«(PCL) + 1
(PCL)~—xyI
(ROM address) «— (PC)

Ll

| (PCL)<(PCL)

(ROM address) < (PC)

+1

Execution of the branch instruction

| Execution of the instruction stored in

the branched a

ddress on page 15

Instruction BMxy (subroutine

call instruction).

Program counter

ROM address

Stack register

Execution of program

T 1
(PCH) <14 (PCL)«(PCL) + 1
(PQL)‘—xy |

— |
(ROM address) < (PC)

(SK2)—(SK1)«(SK0)«—(PC)

|

(PCL)'_FCL)“' 1

ROM address) —(PC)

Execution of the subroutine call instruction

Execution of the instruction stored in

the subroutine

called address

Instruction BL p, xy (branch instruction)

Program counter

ROM address

Execution of program

T 1

Temporary _ (PC)«—(PCL) +
register

(ROM address) «— (PC)

7 T
(PCH)  Temporary (PCL)«(PCL) + 1
(PCL)‘_xyreglster

1

(PCL)(PCL) + 1

ROM address) —(PC)

Page number is stored temporarily

|

{Execuuo'n of branch instruction

Execution of the instruction stored

Instruction BML p, xy (subroutine call instruction)

in the branched address

Program counter

ROM address

Stack register

Execution of program

T

Temporary _ (PCL)—(PCL) + 1

register

T T
! — Temporary (pGy )«

(PCH) Tegister (PCL)—(PCL) +1
(PCL) «xy ‘

(ROM address)

(PC)

(SK2)« (SK1)«(SK0) — (PC)

(PCL)—(PCL) + 1

(ROM address) « (PC)

Pagevnumber is stored temporarily

Execution of the subroutine call instruction

Execution of the instruction stored
in the subroutine Called 3ddress

Note 10 : For instructions BA, BMA, BLA and BMLA in the preceding cycle of the execution of the instruction B, BM, BL and BML, respectively, extra period
is added, in which the flag is set to replace the low-order 4 bits of the program counter with the contents of the register A.

INTERRUPT EXECUTION TIMING
Machine cycle Mi Mi+1 Mi+2
State T1 | T2 | T3 | Ta| Ts | Te | T1| T2 | T3 | Ta | Ts | Te | T1 | T2 | T3 | Ta | Ts | Te
Interrupt request input INT
—_— e JEI) —_— —
Program counter (PC) (PCL)« (PCL) + 1 (PCL)« (PCL) + 1 (PCH)«< 12| (PCL)«(PCL) +1
(PCL)«<0
ROM address p— L
(ROM address) < (PC) (ROM address) < (PC)
Stack register
(SK2)« (SK1) <« (SK0)« (PC)

Execution of program

l Jump to address O of page 12 executed

Note 11 : When the instruction executed in the machine cycle Mi+1 is not a BA, BMA, BL, BML, BLA or BMLA instruction, the interrupt takes effect at the
next state T1 without executing (PCL) «—(PCL) + 1.

MITSUBISHI
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SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

X are

pped.

instruction

regis-

MACHINE INSTRUCTIONS  §
sk
Ty[pe of| Mne- Instruction code g g Foncti Skip b
instruc-| - onic omarl el o unctions conditions | @ Description of operation
tion Ds D1DsDsD4 D3D2D1D0 notation| & § e
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
M (Y)+-y; where, y=0~15 successively LXY is written successively, the first is executed and successive
3 ones are skipped
§ Lz z 00100 1012z |0 A1 |1 (Z)+z, where, z=0,1 Loads value of “z" into register Z.
2
z
§ INY 0 0000 0010 [0 021 |1 [(Y)e(Y)+1 (Y)=0 X |Increments contents of register Y by 1. Skips next instruction
s when new contents of register Y are “0".
§ DEY 0 0000 00110 031 {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 0001 |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 11100 1E| 1 {1](A)(B) - X |Transfers contents of register B to register A.
TBA 0 0001 1100 (0 1C |1 | 1](B)—(A) - X |Transfers contents of register A to register B.
g TAY 0 0001 1101 |0 1D |1 |1 [(A)=(Y) - X |Transfers contents of register Y to register A.
% | TYA 0 0000 1100 (0 O0C |1 | 1][(Y)—(A) - X (Transfers contents of register A to register Y.
E TLA 0 0001 1001 (0 19 |1 [ 1][(L)—(A) - X |Transfers contents of register A to register L.
T | THA 0 0101 1001|059 |1 |1 [(He«(A) - X [Transfers contents of register A to register H
% TEAB 0 0001 1010 |0 1A |1 | 1| (E/~Ee)—(B), (E3~Eo)(A) - X |Transfers contents of registers A and B to register E.
‘9 TEPA 0 0001 0110 |0 16 | 1 |1 |(Er~Eo)—through PLA—(A) - X |Decodes contents of register A in the PLA and transfers result
‘c.; to register E.
i TAJ 0 0000 1101 |0 OD |1 |1 |(Y1Yo)=0when : (A)—(J3J2J1Jo) - X |Transfers designated contents of register J to register A.
3 (Y1Yo; when @ (A)«(Jr1J6JsJa)
g, (Y1Yo)=2 when : (A)«—(Ji1JwJsJs)
& (Y1Yo)=3when : (A)«—(0 JiaJ1a iz)
XAL 0 0001 10000 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 (0641 (1 |(A)-(M(DP)) - X |Transfers the RAM contents addressed by the active DP to
+ (X)«(X) ¥ i, where, |=0~3 register A. Register X is then “exclusive OR-ed” with the
g ! value j in the instruction, and the result stored in register X.
“g XAM j 0 0110 00jj |06j | 1] 1][(A)(M(DP)) - x | Exchanges the contents of the RAM DP and register A. Contents
g (X)«(X) % j, where, j=0~3 of X are then “exclusive OR-ed” with the value j, and the result
g stored in register X.
% [XAMDj [0 0110 10jj [0 68| 1|1 |(A)=(M(DP)), (Y)—(Y)—1 (Y)=15 X | Exchanges the contents of the RAM and register A. Contents of
3 + (X)=(X)¥j, where, j=0~3 then “exclusive OR-ed” with the value j in the instruction, and the
§ I result stored in register X. The contents of register Y are decremented
8 by 1. and when the result is 15, the next instruction is ski
S IxaMIj [0 0110 11 |D6c| 1|1 |(A)=(MDP)), (Y)—(Y)+1 (Y)=masked | x | Exchanges the contents of the RAM and register A. Contents
b + (X)—=(X)¥j, where, j=0~3 skip of X are then “exclusive OR-ed” with the value j in the instruc-
é J condition tion and result stored in register X. The contents of register Y
are incremented by 1, and when the result meets the next
instruction is skipped with the marked skip condition
LA n 0 1011 nnnn {0 Bn |1 |1](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 1010 0 O0A |1 |1 |(A)—(A)+(M(DP)) - X | Addsthecontents of the RAM to register A. The result is retained
in register A, and the contents of flag CY are unaffected.
§ AMC 0 0000 1110|0 0E |1 |1 |(A)—(A)+(M(DP))+(CY) - 0/1]Adds the RAM contents addressed by the active DP and contents
b (CY )« carry of flag CY to register A. The result is stored in register A, and
5 the carry in the active flag CY.
g |amcs 0 0000 11110 OF |1 [ 1](A)—(A)+(M(DP))+(CY) (cY)=1 0/1|Adds the contents of the RAM and flag CY to register A. The
o @)} (CcY)«carry result is stored in register A and the carry in the CY. but the
b . next instruction is skipped when a carry is produced.
E (An 0 1010 nnnn |0 An |1 | 1 | (A)(A)+n,where, n=0~15 A carry is not| x |Adds value n in the instruction to register A. The contents of
£ produced andi flag CY are unaffected and their next instruction is skipped if
< n%x6 a carry is not produced, except when n=6.
sc 0 0100 10010 49 |1 [ 1[(CY)e—1 - 1 [Sets active flag CY.
RC 0 0100 1000|0 48 (1| 1|(CY)—0 - 0 |Resets active flag CY.
szc 0 0010 1111(0 2F |1 |1 . (cy)=o0 X | Skips next instruction when contents of the active flag CY are O.
CMA 0 1000 1111 /0 8F |1 |1]|(A)—(A) — X | Stores complement of régister A in register A.
@ SB j 0 0100 11jj|0 4$ 1 {1 [ (Mj(DP))<1, where, j=0~3 - X |Sets the jth bit of the RAM addressed by the active DP (the
S i bit designated by the value j in the instruction).
% |RB i 0 0101 11jj|05C 11 |(Mj(DP))—0, where, j=0~3 X |Resets the jth bit of the RAM addressed by the active DP (the
E T bit designated by the value j in the instruction)
o |SZB j {0 0010 00jj |0 2j |1 1 (Mj(DP)) | X |Skips next instruction when the contents of the jth bit of the
5 = RAM addressed by the active DP (the bit which is designated
Where.j = 0~3 by the value j 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
8 (A) the RAM contents addressed by the active DP.
£ | SEY vy 0 0011 yyyy |0 3y |11 (Y)=yWhere, Skips next instruction when the contents of register Y are equal
S y=0~15 to the value y in the instruction.
Lc7 0 0101 01111057 1| 1]|(C)e7 X |Loads 7 to register C.
DEC 0 0000 1001 {0 09 |1 1](C)—(C)—1 (C)=1 X |Decrements contents of register C by 1; when result is 7, skips next
SHL 0 0100 0010 (0 42| 1|1 |(C)=1when : (H(ci~co))1 - X | Sets the bit in register L or H designated by register C. The
(C2)=0when : (L(c1-co))«1 shows the relationship between [ (C) |
register C and bit position.
» |RHL 0 0101 0010/0 52| 1|1 [(C2)=1when : (Hci~c0))0 - X |Resets the bit in register L or H that is designa
S (C2)=0when : (L(ci~c0))«0 C.
= |CPA 0 0000 1000 {0 08 1|1 |[Vref|>|Vk(i)lwhen : (J¢j))—1 X | Reads all analog values from input port K for comparison with
g ()| IVref I<IVkeiylwhen @ (J¢j))—0 D-A converter output Vref. and either-sets the respective bit of
g =0~14 register J to the next instruction cycle, wherever |Vref | > Vk(i)!
5 is true, OF resets it, wherever |Vref | <|Vk(i)lis true.
£ [CPAS | 0 0101 000110 51| 1|1 |[Vref>[Vk(i)lwhen :(J(i)1 - X | Reads and stores temporarily all analog values from input port
2 IVret I <IVk(i)Iwhen @ (J(j))—0 K. which are then unaffected by changes in port K inputs. These
& i=0~14 values are compared with the D-A converter outputVref’, calcu-
© lated from contents of registers H and L. and respective bits of
9 ter J are set/reset. Repeated when contents of registers H-L are changed.
< |cpae 0 0101 0000 )0 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 unaffected. maintaining the value immediately before
in (Jey)) termination, and input port K is again ready to receive inputs.
szJ 0 0010 1001 |0 291 (1 (Jn))=0 X | Skips next instruction when the bit in register J, designated by
(Y)=1s register Y, is 0. The next instruction is unconditionally skipped
when the contents of register Y are 15.
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M58840-XXXP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

@
2
I : 3 -
Tape of Instruction code ° . S - )
|nsgruc— Mne- | IS} Functions r;SdEIt?ons > Description of operation
tion MONIC | by D1DeDsD4 DaDZDIDo | 1OMa 9 co £
otatior z
B xy 1 1xxx yyyy|1 8y 1 | (PCL)«—16x+y - X [Jumps to address xy of the current page
t (PCH)«=15, (PCL)«16x+y Jumps to address xy on page 15 when executed, provided that
none of instructions RT, RTS, BL, BML, BLA, 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 1xxx yyyy |1 8y (PCL)+—16x+y
» +
g. x
3 BA xX) 0 0000 00010 01| 2| 2| (PCL)~16x+(A) - X [Jumps to address x(A) of the current page.
1 1xxx XXXX[1 8X (PCH)«—15, (PCL)«16x+ (A) Jumps to 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| (PCH)«p - X | Jumps to the address x(A) of page p.
0 0111 pppp (0 7p (PCL)«16x+ (A)
1T 1Txxx XXXX|[1 8x
+
x
BM xy |1 Oxxx yyyy|1 xy [ 1] 1[(SK2)—(SK1)—(SK0)—(PC) - X | Calls for the subroutine starting at address xX on page 14.
(PCH)«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
o execution of instructions BM or BMA
S [BMLpxy 0 0111 pppp [0 7p [ 2| 2 [ (SK2)—(SK1)«—(SK0)~(PC) - X | Calls for the subroutine starting at address xx of page p.
2 1 Oxxx yyyy |1 xy (PCH)«—p, (PCL)«16x+y
5 [BMA xX| 0 0000 0001 (0 01 2| 2 [ (SK2)—(SK1)—(SK0)—(PC) - X { Calls for the subroutine starting at address x(A) of page 14
g 1 Oxxx XXXX[1 xX (PCH)«14, (PCL)«16x+(A)
=
@ (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
O 0111 pppPP |0 7P (PCH)«p, (PCL)«—16x+(A)
1 Oxxx XXXX |1 xX
RTI 0 0100 01100 46 1| 1 [(PC)—(SK0)—(SK1)«—(SK2) - X [ Returns from interrupt routine to main routine. The internal flip-|
g 2 Resets interrupt flip-flop flop is restored to the value held immediately before the interrupt.
gé RT 0 0100 0100|0 44| 1| 1| (PC)—(SK0)—(SK1)«—(SK2) — X | Returns to the main routine from the subroutine.
& 2 R7s 0 0100 0101 |0 45| 1| 2 | (PC)—(SKO0)«—(SK1)«—(SK2) Uncondi- X | Returns to the main routine from the subroutine, and uncondi-
tional skip tionally skips the next instruction.
SD 0 0001 0101 (0 15[ 1| 1 |(D(Y))1, where, (Z)=1. (Y)=0~10 - 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| 2| (D(Y))0, where, (Z)=1, (Y)=0~10 - X | Resets the bit of port D that is designated by register Y, when
the contents of register Z are 1
szp 00010 1011(0 2B | 1|1 where, (Z)=1, (Y)=0~10 (D(Y))=0 | X | Skips the next instruction if the contents of the bit of port D that
‘g is designated by register Y are O and the contents of register Z
£ arel.
§ OSAB 0 0001 1011(0 1B | 1| 1| (S7~S4)—(B), (S3~S0)«(A) X | Outputs contents of registers A and B to port S.
5 | osPA 0 0001 0111({0 17| 1| 1 (S7~So)«through PLA—(A) X | Decodes contents of register A by PLA and the result is output
o to port S.
c
~ | ose 0 0000 1011[(0 0B | 1|1 (S)—(E) X [ Outputs contents of register E to port S.
IAS i 0 0101 010 {0 54| 1|1 i=0:(A)—(S1~8Se) X | Transfers from port S to register A. The high-order four bits of
+ i : (A)«(S3~S0) port S are transferredwhen the value of i in the instruction is O.
i or the low-order four bits are transferred whien the value of i is 1
CLD 0 0001 00110 13| 1|1 |(D)—0 X | Clears port D.
cLs 0 0001 0000 |0 10| 1| 1][(S)—0 X | Clears port S.
CLDS 0 0001 0001(0 11| 1(1{(D)—0 (S)—0 X | Clears ports S and D.
El 0 0000 0101005 1| 1| (INTE)«1 X | Sets interrupt flag INTE to enable interrupts.
PRLS 0 0000 0100|004 1} 1 |(INTE)—0 X | Resets interrupt flag INTE to disable interrupts.
Q
§ INTH 0 0000 01100 06 1| 1| (NTP)—1 X | Sets interrupt polarity flag INTP to enable interrupts when the
g interrupt request signal is turned high.
< |[INTL 0 0000 0111({007 (1| 1]|(NTP)—0 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| (PC)—(PC)+1 X | No operation
Symbol Contents Symbol Contens Symbol Contents
A 4-bit register (accumulator) SKO 11-bit stack register INTE |Interrupt enable flag
B 4-bit register SKi1 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 cY 1-bit carry flag - 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 ¥ Exclusive OR
L 4-bit register z 1-bit binary variable - Negation
X 2-bit register nAnnn 4-bit binary constant X Indicates flag is unaffected by instruction execution
Y 4-bit register i 1-bit binary constant xy Label used to indicate the address xxyyyy
z 1-bit register i 2-bit binary constant pxy Label usedtoindicate the address xxyyyy of page pppp.
DoP 7-bitdata pointer, combination of registers,Z, XandY. XXXX | 4-bit unknown binary number CPS Indicates which data pointer and carry are active.
PCx The high-order four bits of the program counter. D 11-bit port c Hexadecimal number C + binary number x.
PCL The low-order seven bits of the program counter. K 15-bit port :
PC 11-bit program counter, combination of PCn and.PCL. S 8-bit port |

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M58840-XXXP

SINGLE-CHIP 4-BIT MICROCOMPUTER

WITH 8-BIT A/D CONVERTER

LIST OF INSTRUCTION CODES

Dg—Da 1.0000|1 1000
00000 |0 0001 |0 0010|0 0011}0 0100|0 0101 001100 0111]0 1000| 0 1001 0 10100 10110 1100|0 1101 |0 11100 1111 : 31” §
0 11111
Hexa-
Dy—\decmalg o | 01 | 02 | 03|04 |05 | 06|07 |08 |09 |0af0oB|[0C|0D|0E]|o0F/ [10~7[184F
Do \tion
SZB | SEY [LCPS XAM | BL LA | LXY | LXY | LXY | LXY
0000 [0 | NOP | CLS CPAE - - B8M B
0 0 0 0 BML 0 0 0,0 1,0 2,0 3,0
B‘?\,“‘A SZB | SEY |LCPS XAM | BL A LA | LXY [ LXY | LXY | LXY
0001 | T BLa |OLPS 1 I ] IR =V B 1 v ot L e [BMB
BMLA ' ! ! !
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 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 3 0,3 1,3 2,3 3,3
SEY IAS | TAM | BL A LA | LXY | LXY | LXY | LXY
0100 |4 ]| DI RD * RT - - BM B
4 0 0 BML 4 4 0,4 1,4 2,4 3,4
SEY IAS | TAM | BL A LA | LXY | LXY | LXY | LXY
o101 |5| EI SD * RTS - - BM B
5 1 1 BML 5 5 0,5 1,5 2,5 3,5
SEY TAM | BL A LA | LXY | LXY | LXY | LXY
0110 |6 | INTH | TEPA |SEAM RTI * - - BM B
[3 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 7 0,7 1,7 2,7 3,7
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 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 9 0,9 1,9 2,9 3,9
SEY Lz XAMD| BL A LA LXY | LXY | LXY | LXY |
1010 (A| AM |TEAB| x * - - BM B
10 0 2 BML 10 10 0,10 | 1,70 | 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 1 1 0,11 | 1,11 | 2,11 | 3,11
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 | sB 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 A 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 SB 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 12 : This list shows the machine codes and corresponding machine . X
S ” : -word instruction
instructions. D3 ~Dyg indicate the low-order 4 bits of the Note 13 : Two-word
machine code and Dg~Djy indicate the high-order 5 bits. Second word
Hexadecimal numbers are also shown that represent the codes.
An instruction may consist of one, two, or three words, but only BL 1 Ixxx yyyy
the first word is listed. Code combination indicated with asterisk BML 1 0xxx yyyy
(*) and bar (-) must not be of used. BA T Txxx XXXX
BMA 1 Oxxx XXXX
Three-word instruction
Second word Third word
BLA 0 0111 pppp 1 Ixxx XXXX
BMLA 0 0111 pppp 1 0xxx XXXX
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MITSUBISHI MICROCOMPUTERS

M58840-XXXP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Voo Supply voltage 0.3~—20 \%
V) Input voltage, port S and D inputs 0.3——35 \%
\2 Input voltage, other than port S and D inputs With respect to V sg 0.3~—-20 \
Vo Output voltage. port S and D outputs 0.3——-35 \"
Vo Output voltage, other than port S and D outputs 0.3~—20 A\
Pyq Power dissipation Ta=25°C 700 mwW

* Topr Operating temperature 0~70 °C
Tstg Storage temperature —40~125 °C

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

Limits

Symbol Parameter Yy Nom ox Unit
Voo Supply voltage —16.5 | —15 —13.5 \%
Vss Supply voltage 0 \YJ
ViH High-level input voltage —1.5 0 \Y
ViH(g) High-level clock input voltage —1.5 0 \Y)
ViL Low-level input voltage; other than port D and S inputs Voo —4.2 \}
Vi Low-level input voltage: port D and S inputs —33 —4.2 \Y
ViL(g) Low-level clock input voltage Voo Vpp+2 \Y
Vi(K) Analog input voltage; port K input VREF 0 \%
VRer Reference voltage -1 —5 \Y)
VoL Low-level output voltage: port D and S outputs —33 0 \Y%
f(g) Internal clock oscillation frequency 300 600 kHz

ELECTRICAL CHARACTERISTICS (Ta=0~70"c. Vpp=—15V +10%. Vss=0V, f(¢)=300~600kHz. unless otherwise noted)

Symbol Parameter Conditions timits Unit
Min Typ Max
ViH High-level input voltage, port D and S inputs —1.5 0 \Y
Vi Low-level input voltage, port D and S inputs —33 —4.2 \%
VoHn High-level output voltage, port D outputs Vop=—15V, lou=—15mA, Ta=25C{ —2.5 \"
VoH High-level output voltage, port S outputs Vpp=—15V, loH=—8mA, Ta=25C —2.5 \
1 Input current, port K inputs ‘Ic't;:e measured vwhen the instruction CPAS or 9 uA
is not being executed: V|=—7V
11 (¢) Clock input current Vi(g)=—15V, Ta=25°C —20 —40 LA
loH High-level output current, port D outputs Vpp=—15V, Vou=—2.5V, Ta=25°C —15 mA
lon High-level output current, port S outputs Vpp=—15V, Vou=—2.5V, Ta=25°C —8 mA
loL Low-level output current, port D and S outputs [ Vor=—33V, Ta=25°C —33 zA
[[s]5) Supply current from Vpp Vpp=—15V, Ta=25T 1M mA
IREF Current from VREF VRep=—7V,Ta=25TC 0.7 mA
Ci Input capacitance, port K inputs Vop=Vi=Vo=Vss, f=1MHz 7 10 pF
25mVrms
Ci(g) Clock input capacitance Voo=Xour=Vss. f=1MHz 7 10 pF
25mVrms
A-D conversion linearity error VRer=—7V +3 LSB
A-D conversion zero error VRer=—7V +3 LSB
A-D conversion full-scale error Vgep=—17V +3 LsSB

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M58840-XXXP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

TIMING REQUIREMENTS (Ta=0~70"C. Vop=—15V £10%. Vss=0V. unless otherwise noted)

X Limits
Symbol Parameter Conditions Unit
Min Typ Max
tsu(D-Xin) Data setup time before clock input, port D input ] 0 us
tsu(S-Xin) Data setup time before clock input, port S input 0 MS
tsu(K-Xin) Data setup time before clock input, port K input 0 us
tsu(INT-XIN) Data setup time before clock input. INT input 0 us
- - - f($)=600kHz
th(D-Xin) Data hold time after clock input, port D input 0.4 us
th(S-Xin) Data hold time after clock input. port S input 0.4 us
th(K-XiN) Data hold time after clock input, port K input 0.4 us
thONT-XIN) Data hold time after clock input, INT input 0.4 us
tr(voolL) Supply voltage V pD rise time, at the time of power-on reset 10 ms
tr(VRerL) Reference voltage V REF rise time, at the time of power-on reset- 10 ms
t h(VRerH) High-level reference voltage V ReF hold time, at the time of power-on reset 50 ms
SWITCHING CHARACTERISTICS (Ta=0 ~70°C. Voo =—15V + 10%. Vss = 0 V. unless otherwise noted)
Limits
Symbol Parameter Conditions Unit
Min Typ Max
tPLH(Xin-D) | Low to high-level data output propagation time between clock input and port, port D output 0.6 1 us
tPLH(Xin-S) | Low to high-level data output propagation time between clock input and port. port S output {)( @) TOS(JOO;:_I!IZ( ) 0.9 1.5 us
L= ote
tPHL (Xin-D) | High to low-level data output propagation time between clock input and port. port D output | R | =6 .8?(&2 ' 2.6 us
tPHL (XiN-S) | High to low-level data output propagation time between clock input and port, port S output 2.6 us
Note 14 : Measuring circuit diagram T — 15V
RL
QUTPUT -—I
St
TIMING DIAGRAM
T T2 T3 Ta Ts Te
I l L L |

XIN

Dg ~D o (OUTPUT)

Do ~Dg (INPUT)

Sg~S; (OUTPUT)

Sp~S; (INPUT)

[

tPLH(XiN—D)

X |

Lsu(D—Xin)—eH

e—th(D—Xin)

tPHL(XiNn—D)

XXX

TPLH(Xin—S)

X

tPHL(XIN—S)

o

th(s—xm)

KXO000X

Tsu(s—Xxmn)3*1
UK

Lsu(K—Xn)

th(K—Xn)

KoK X XLOCOOOOCOOOOCOONK
TSUCINT = XIN) —ste— th(INT =X in)
7
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MITSUBISHI MICROCOMPUTERS

M58842S

MELPS 4 SYSTEM EVALUATION DEVICE

DESCRIPTION
The M58842S MELPS 4 system evaluation device is de-

signed to emulate the M58840-XXXP single-chip 4-bit PIN CONFIGURATION (TOP VIEW)

microcomputer. It has been developed using P-channel

) (0V) Vss Vss (0V)
aluminum-gate ED-MOS technology, and has a 64-pin (=15v) "D“) = }ROM DATA INPUTS
. . ROM 10
ceramic DIL package. By taking the mask-programmable DATA INPUT Ao« [2 I61] « crwoo( —15V)
. A1 60i = INT INTERRUPT
ROM out of the M58840-XXXP, the M58842S facilitates A0pARd ] As 55 « 13 REQUEST INPUT
OUTPUTS | A I
fast development of new systems for the customer. n P
So ES « . (ROM DATA INPUTS
FEATURES Sa 55 « 17
S [54] « 18
® Except for the mask ROM, all functions are equivalent 1/0 PORT S 25 g - ';2
2 « Kb
to the M58840-X XXP, Se z 51l + Ko
. . S3 150 « Kia
® Large capacity: (128-word x 4-bit) RAM s7 2 5+ K, ANALOG INPUT
i CLOCK OUTPUT XouT @ 48] « Ks
® Single —15V power supply CLOCK INPUT  Xin = [I 2 - i,
ota * . A
® Built-in A/D converter with £1.2% accuracy e @ o pas
® Two data pointers ADDRERES A¢ i ;é
. . OUTPUTS
® Subroutine nesting: 3 levels As 32 « K7
Ao + Ko LOG INPUT
® [nterrupt: 1 level TIMING OUTPUT ~ T@ [30] « Ka ORF
Do 6 39] « Ks
® |Internal clock generator D1 “ Kiz
. D2 [37) < VrRer REFERENCE
® Internal PLA (programmable logic array) 1/0 PORT DY D3 i - Dw VOLTAGE INPUT
Da 0} 35| » Do
for the decoder of port S: 16 inputs x 8 outputs Ds w31 57+ Ds '/O PORT D
. . D 33+ D
® Analog input port (port K): 15 bits o - ’
: : " Outline 6481
(Convenient to accept signal from a capacitive touch
panel or any analog devices.) e 1/0 port output current:
® ROM data input: 9 bits lom (portS): —8mA (max)
® ROM address output: 11 bits lon (port D): —15mA (max)
® 1/O port (port S): ® (Capable of direct drive of large size fluorescent display
Output: 8-bits x 1 tubes)
Input: 4-bits x 2
® 1/0 port (port D): APPLICATIONS
Output: 1-bit x 11 ® System development and prototyping of equipment
Sense input: 1-bit x 11 using the M58840-XXXP single-chip 4-bit microcom-
® |/O port output voltage (Vg): —33V (max) puter.
BLOCK DIAGRAM
TIMING ’EIRE%RREUSPT CLOCK CLOCK ROM ADDRESS OUTPUTS ROM DATA INPUTS
OUTPUT "INPUT  (-15v) (V) (—1sv) (ov) INPUT OUTPUT '
T INT CNVDD Vss Voo Vss XN Xour AmAs Ag A7 Ag As Ag A3 Az Ay Ao 18 17 16 15 la 13 12 11 lo
—-——?»f € @---6—O—0—- (B -
RAM STACK REGISTER SK2(11) REGISTER (9)
INTE CLOCK
REGISTER B (4 GENERATOR (128 WORDSx4 BITS) | 1 o REGISTER SKT a 1"
- ADDRESS DATA| STACK REGISTER SKO(11)
1 4 n
REGISTER A (4) b TTe INSTRUCTION '
4 CARRY  SELECTOR ,—DATA POINTER, DP~ PROGRAM COUNTER, pc | DECODER PLA
ov(1) oPS z(0] X Y, [ Powa [ pouini |
oY’ (1) ({2 )] X2 Y .
T < :
3 DATA POINTER. DP '~ !
OUTPUTS|
¢ ! CONTROL
! 2 . SIGNAL
4 4 3
REGISTER | REGISTER ¢ REGISTERC(3) [ ' ¢ "
. . £ e i
MULTIPLEXER —”——-|LE&|(SIER RegisteR] [ mowmpeR
) L
15 8 "
[PORT S (4 JPORT S (4)] [ REGISTER J (15) ] |
| [ D/A CONVERTER ] | PORT D (11) ]
L WOV @)—- - -— (66966000 )E— - —
S7 Se Ss Sa S3 Sz S1 So KieKiaKizKi11Kig K9 Kg K7 Ke Ks Ke K3 K2 K1 Ko VREF Dio Dg Dg D7 De Ds Da D3 Dz D1 Dy
RENCE
1/0 PORT S ANALOG INPUT PORT K VOTRSENEUT 1/0 PORT D
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MITSUBISHI MICROCOMPUTERS

M58842S

MELPS 4 SYSTEM EVALUATION DEVICE

FUNCTIONS

The M58842S MELPS 4 system evaluation device has the
same functions as the M58840-XXXP single-chip 4-bit
microcomputer except for the program memory ROM,
which must be provided for from an external source con-
nected through the address output pins (Ag~ Ajo) and
instruction input pins (lo ~ 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 correc-
tion is needed. This would naturally call for simulation 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 pro-
gramming it into a mask-programmable ROM.

LIST OF S-OUTPUT PLA CODES

Sq

s s
‘|32|5

—S3

S S
nls_’Is

SUMMARY OF OPERATIONS

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~Ajo. Then ROM data corresponding to this
address should be applied to the ROM data input pins
lo~lg during state Tg¢. For further details, refer to the
instruction fetch timing diagram. During this application
the input pin CNVpp should be connected to Vpp .

Register A Port S output
Hexadecimal A3 Az A1 Ao So S1 Sz Sa Sa Ss Se P Display
notation
0 0 0 0 0 H H L | v H H H H D
1 0 0 0 1 L L L L L H H L I
2 0 0 1 0 H L H L H H L H El
3 0 0 1 1 L L H L H H H H :}
4 0 1 0 0 L H H L L H H L I.}
5 0 1 0 1 L H H L H L H H I:I
6 0 1 1 0 H H H L H L H H E'
7 0 1 1 1 L H L L H H H L |_I
8 1 0 0 0 H H H L H H H H E:
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 O
B 1 0 1 1 L L L H L L L L —
c 1 1 0 0 H H H L H L L H E
D 1 1 0 1 H H L L H L L H [
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
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MITSUBISHI MICROCOMPUTERS .

M58842S

MELPS 4 SYSTEM EVALUATION DEVICE

PIN DESCRIPTIONS

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(V)| is met. This port is utilized for receiving input signals from the touch panel or receiving analog inputs from
Ka port K temperature and other sensing devices. It can also be used as a value threshold digital signal input port when the \Y is
9 ref
properly selected.:
s The I/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
SO 110 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
S7 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.
D The 1/O port D is composed of 11 bits that can be used as independent I/O units. Latches are provided on the output side to.
50 110 Injout maintain individual output signals. When port D output is programmed to low-level. to keep it in floating (high-impedance) state,
D1o 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
A‘O ROM out The address output is composed of 11 bits that output the contents of the program counter PC to the external program memory
Ao address output (ROM).
l? 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 input In filter between the pins X |N and XOUT . In case an external clock source is to be used. it should be connected to the pin
XN . leaving the pin XOUT open.
XouT Clock out This pin generates the clock frequency from the internal clock oscillation circuit. The oscillation frequency is controlled by
output connecting the CR circuit or IF ceramic filter between this pin and the pin XIN.
Interrupt This signal is used for requesting interrupts. Whether high or low-level interrupt signals are in used for requests is selected by
INT ne ru; In means of the program. When the instruction INTH is executed. interrupt is accepted with a high-level signal, and accepted with a
eque{ low-level signal when the instruction INTL is executed. When an interrupt is requested and accepted, program execution is jumped.
inpu to address O of page 12. The instruction RTl is used for the return instruction.
External A reference voltage input is applied to the D-A converter from the external terminal. Its nominal value is VREF = -7V. The
refer nae 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
VRerF iolt: C 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,
i gte automatic reset signal input. When a high-level is applied to the VREF input. it actuates the automatic reset circuit. and then
npu the VREF input is changed to low-level ready 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 CNVDD input In This input terminal should be conected with the Vpp and have a low-level input (-15V) applied.
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BASIC TIMING CHART
Machine cycle M1
Signal name 'Gna] SYmbor State T T2 T3 Ta Ts Te
Clock input XN \ \ \ _\ \ L
Clock output XouT ~ ’ \ / \ / \ j__- \ ’ \ ’
Timing output Ta
Port D outputs ?&EBJW
Port D inputs D(?n;,[.?m
Port S outputs ?Cl)]u;;ust; X
Port S inputs s(?n;u§7
Port K inputs Ko~K1g X><><><
Interrupt request input INT
ROM address outputs Ao ~A1g )(
ROM data inputs lo~1lg ><><><>\ XXXX

Note 1: Mindicates invalid signal input.

INSTRUCTION FETCH TIMING

Machine cycle Mi

Mi 1

Mi+2

-
Signal name - O gymps SRt | T1 | T2 [ Ty | Ta | Ts | Te | T

T2

Ta

Ts | Te

Ta

Ts | Te

Instruction fetch

(Note 2

(Note3

Instruction execution

ROM address outputs Ap~A1o

ROM data inputs lo~18

XXX

—

Note 2 : Instruction fetch time can differ depending on the types of the instructions.

3 : The instruction which was fetched in the preceding cycle is executed.

4 : The execution of the instruction and addressing of ROM and RAM are performed simultaneously.

170 INSTRUCTION EXECUTION TIMING

Machine cycle Mi Mi+1 Mi+2
5

Signal name 20l gpn Stete | Ty | Tp | T3 | Ta | Ts | Te | To | T2 | T3 | Ta | Ts | Te | T1 | T2 | T3 | Ta| Ts | Te
Port D outputs ?gu;\R)]O )(

Port D inputs D(?H;E))‘U

Port S outputs s((%u;n?t; X

Port S inputs S(lljn;u(s)7

Port K inputs Ko~Ki4

Instruction CPA

is in execution f— (Note 5) (Note 7),
Instruction CPAS (Tme 6)

is in execution = (Note 5) -
Instruction CPAE (’;lote 6) (Note 8)
is in execution i F———f——-= i TNote 9)

Note 5 : By short-circuiting port K inputs with the V ss (OV), capacitance connected to the port K input is discharged.
6 : Analog value applied to port K inputs is maintained to be compared with the reference voltage Vref
7 : Analog value applied to port K inputs is read until the next CPA or CPAS instruction is executed.
8 : The state of Note 6 is maintained until an instruction CPAE is executed, during which time the analog value applied to port K is not read. This

time should be less than 100us to assure the accuracy of the A/D conversion.

9 : The condition of Note 8 is released.
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
VoD Supply voltage 0.3~—20 \")
Vi Input voltage. port S and D inputs 0.3~—35 \"
Vi Input voltage. other than port S and D inputs With respect to V ss 0.3—~—20 \"
Vo Output voltage. port S and D outputs 0.3——35 \%
Vo Output voltage. other than port S and D outputs 0.3~—20 \Y
Pd Power dissipation Ta=25°C 700 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

VDD Supply voltage —16.5 —15 —13.5 \
Vss Supply voltage 0 \
VIH High-level input voltage —1.5 0 \
VIH(¢) High-level clock input voltage —1.5 0 \%
Vi Low-level input voltage, other than port D, port S and INT VoD —4.2 \Y
ViL Low-level input voltage, INT input inputs Voo -7 Vv
ViL Low-level input voltage: port D and S inputs —33 —4.2 \Y
ViL(¢) Low-level clock input voltage Vob Vob+2 \Y
Vi(K) Analog input voltage; port K input VREF 0 \Y
VREF Reference voltage —7 -5 \Y%
VoL Low-level output voltage: port D and S outputs —33 0 \%
VoL Low-level output voltage. ROM address output Vb 0 \
f(s) Internal clock oscillation frequency 300 600 kHz

ELECTRICAL CHARACTERISTICS (Ta=0~70°C., Vpp=—15V+10%. Vss=0V, f(¢)=300~600kHz. unless otherwise noted)

Symbol Parameter Conditions - timits Unit
Min Typ Max
VIH High-level input voltage. port D and S inputs —-1.5 0 A\
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-level input voltage, ROM data inputs VoD —4.2 \%
VoH High-level output voltage, port D outputs Vobo=—15V, loH=—15mA, Ta=25C| —2.5 \%
VoH High-level output voltage, port S outputs Vopo=—15V, loH=—8mA, Ta=25°C —2.5 \Y
VOoH High-level output voltage, ROM address outputs Vpo=—15V, loH=—2mA, Ta=25C -2 \%
1 Input current, port K inputs I;:e i;ne::::r«:;::er;:::ultr;sdt;ruc{;(:r\:CiA.,S VO § -1 HA
11 () Clock input current Vi(g)=—15V, Ta=25°C —20 —40 uA
1oH High-level output current, port D outputs Vop=—15V,VOH=—2.5V,Ta=25°C —15 mA
loH High-level output current, port S outputs Vop=—15V, VOH= —2.5V, Ta=25°C —8 mA
loL Low-level output current, ports D and S outputs VoL=—33V, Ta=25°C —33 A
loL Low-level output current, ROM address outputs VoL=—17V, Ta=25C —17 uA
Vob=VI=Vo=Vss, f=1MHz
Ci Input capacitance, port K inputs 7 10 pF
25mVrms
Ci(¢) Clock input capacitance Vop=XouT=Vss, f=1MHz 7 10 pF
25mVrms
A-D conversion linearity error VRep=—7V +3 LSB
A-D conversion zero error VRer=—7V . +3 LSB
A-D conversion full-scale error VRer=—7V +3 LSB
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EXAMPLE OF APPLICATION

(0V)Vss Vss(0V)
v v
(—15V)Vop Voo(—15V)
RESET SIGNAL/ — 18V~ 3V REGULATOR l —lov
S | | e o g |8
cvcalzx CVREF UGLTAGE g
/ INTERRUPT g
INTERRUPT [~ W CINTH  REQUEST SIGNAL | ©
REQUEST s
SIGNAL VRer  INT COSH  MEMORY g
C%l\?h[l)EE‘;I')CG)E i e OUTPUT BUFFER CONTROL SIGNAL | &
EMEHE O° CS CONTROL A~ "[CAB1° ADDRESS BUS | &
M58842S o
I
PI(’\%'F;EJTS CPS‘7H . APAo Ag~ Ao CABSL ';
oOTPUf crson| B So 10 §10 1o Tio OUTPUT BUFFER[ 10 | cagoL APDRESS BUS &
Plcl\)lFF{’IJ'ID CPD‘WH Ag~Ap Ag~ Ao Ag~Ag Ag~Ag o«
oOFRf cro o ™7 D1w0~Do cs CS CS cs =]
CPK14H EPROM EPROM EPROM EPROM 8
PIC?\JRPTUT P - K1a ~ Ko MSL 2708S] [MsL 2708S] JMsL 27085| |MsL 2708S] 2
o
| o Do 01 Do L COBBH 1\7a BUS INPUT |
§
PORT K g:s;: H Is ] Te ] INPUT BUFFER| 8 | cpBoH
TOUCH-PANEL | pogr p CPD2H |, 3 %s }9
(PCA0402) { OUTPUT cpgon |~ la~1o {]'e~ o coB8L
CONNECTOR oo Xout Xy 9 oUTPUT BUFFER[ s | coBoL 83;@&“5
(0——1zov)vM:l L"‘"‘i
(0~—120V)Vaa r
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M58494-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

DESCRIPTION
The Mb58494-XXXP is a single-chip 4-bit microcomputer

fabricated using CMOS technology in a 68-pin plastic flat ﬁﬂﬁﬁﬂﬂﬂﬂﬂﬂﬁﬂﬁﬂﬂﬂﬂ
@)

PIN CONFIGURATION (TOP VIEW)

package. It has a 4096-word by 10-bit mask-programmable ; ::'J
ROM and a 32-word by 4-bit RAM. RAM capacity can 3 %
be expanded to as much as 4096 words by 4 bits by direct- : %
ly connecting generally available CMOS RAMs. E—] |

This device is designed for applications where the low E MBB484-300KP __:::i]
power dissipation of CMOS is essential. B ) %
FEATURES % =)
® Single 5V power supply E %
® Basic machine instructions: 92 T )
® Basic instruction execution time l:gj %

(at 455 kHz clock frequency): 6.6us = =

® | arge memory capacity: HUHUHLMHLJHLJQLJUH 333

ROM: 4096-word x 10-bit
Internal RAM: 32-word x 4-bit .
. Outline 68P2
External RAM: 4096-word x 4-bit (max)
® Saving of last data pointer: 4-level ® |/O port (serial data port): 2-bit
® Subroutine nesting: 12-level ® Qutput ports (port S, port T): 2 x 8-bit
® |nternal timer: ® Qutput port
Prescaled: 14-bit (port U, three-state output):  4-bit
Timer: 4-bit ® Event-counter input (port EC): 1-bit
® |Internal event-counter: 4-bit ® |nterrupt function (priority interrupt type):
® |/0 port for external RAMs (all three-state) 4-factor, 1-level
Address (Pon A): 12-F:ut APPLICATIONS
Control signals (R/W, 0D): 2-bit . . . .
X ® Electronic cash registers, electronic calculators (with
Data 1/O (port D): 4-bit .
X . printer and/or programmable)
® General-purpose registers: 4 x 8-bit . . . . . .
3 ® Office machines, intelligent terminals, data terminals
® |/0O port (port Q): 8-bit . . L .
i ® Sewing machines, knitting machines, etc.
® /0O port (port R): 2 x 4-bit
BLOCK DIAGRAM
DATA INPUT/ _RAM CLOCK FOR
R e S 5 U A
i st My
Uy U U Up D3 D, DiDe OD R'W  AuAuAs AtAt AsAs AtAs Ao A Ay XN XouT Voe Vee GND EVA EVT
— e O i e ?
OR; Ul PORT D] EXTERNAL RAM 1232 Wobs sy ORRGTEN )
ﬁA-BIT) l(4-BIT[))|CQNTH05 CIRCUIT 4 BITS —_— 12 4096 YYOHDS BY
STATUS ADDRESS DAI/J — 7 |ADDRESS
Cgp{gﬁ%L S PROGRAM COUNTER PG
d
DATA
CARRY FLAG ~— z(4) 10
REGISTER B
o (4-BIT) ~ <DATA
4-BI Lt 10
RITH-ICARRY STACK POINTER| PAGE REGISTER

| sP(4) l I (5) ] FKIPTE%T INSTRUCTION

TIMER 2
TMII(4)

[
SMR | SMR,
(a) (a)

MODE REGISTER

- - -
RESET  INTERRUPT EVENT-  SERIAL INPUT/QUTPUT INPUT UTPUT TPUT
INPUT  REQUEST COUNTER  DAIA pURS it iy BEre R

> QUTPUT PORT PORT
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M58494-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

FUNCTION

The M58494-XXXP consists of a mask ROM and RAM,
a 4-bit arithmetic logical unit, a clock generator, input/
oufput ports, interface for a multiprocessor system, timers,
an event counter and interrupt circuit. RAM capacity can
be expanded by connecting CMOS RAMs externally.

The ROM stores 32 pages by 128 words of program and
its addressing is performed by a program counter. The pro-
gram counter consists of a 7-bit binary sequential counter
and a 5-bit page register. After the execution of the instruc-
tion at address 127 of each page is completed, the page
designation counter is automatically incremented, and the
7-bit binary counter is reset to zero (goes to address 0 of
the next page). The return addresses from a subroutine or
interrupt are saved in the 12-bit by 12-level stack registers
which are reserved in the fixed area of the external RAMs.
When an interrupt occurs, the jump address is fixed as
follows: in the case of a reset signal, the address is reset
to page O address O; for the INTA signal, to page O address
2. For the carry signal of either the timer or the event
counter it is reset to page O address 8, and for the INTg
signal, to page O address 4.

The internal RAM is used to store data in the form of
two files each consisting of 16 words by 4 bits. The ex-
ternal RAM can be expanded up to 4096 words by 4 bits.
These addresses are designated by a 12-bit data pointer. The
contents of the data pointer can be saved for up to 4 levels
in the stack region (fixed region in the external RAMs) by
execution of a special instruction. The external RAM can
be easily expanded without any extra interface circuits by
connecting a 12-bit address signal, the 2-bit RAM control
signal and the 4-bit data input/output signal. These signals
can address external RAMs for up to 4096 X 4-bit words,
thus incrementing the basic external minimum RAM organi-
zation of 256 x 4-bit words.

The RAM addressing instructions, RAM-to-accumulator
transfer instructions, arithmetic instructions, register-to-
register transfer instructions, input and output instructions,
input and output control instructions, and timer instruc-
tions are executed mainly with register A (accumulator).

RAM contains general registers of 32 bits for use by
the arithmetic processing unit, which consists of the
accumulator etc., and input/output ports. They are four
8-bit shift registers basically, and control the functional
combinations of the serial input, the parallel input, the
serial output and the parallel output by means of instruc-
tions. They execute the data transfer between output or
input/output ports, loading the 8-bit value of the DATA
field in the ROM, sending out internal serial data and
receiving external serial data.

The input/output port Q@ consists of 8 bits. It has an 8-bit
output latch and is connected to the 8-bit general-purpose

register Q. Register Q is connected in parallel with registers
A and B, and also with port Q for parallel data transfer,
and is connected in serial with the external serial input for
the serial data transfer. It can load the 8-bit data of the
data field in the ROM. Thus, register Q stores the data
transferred from registers A and B, the internal or external
serial data, and data from the 8-bit data field in the
ROM. The 8-bit input data to port Q can also be transferred
to register A or B. The 8-bit data can be transferred be-
tween port Q and register Q at the same time by the input/
output instructions.

The input/output port R consists of 8 bits, has an 8-bit
output latch and is connected to the 8-bit general-purpose
register. Register R has the same function as the previously
described register Q except that the serial data is read from
the least significant bit of register Q. It stores the data
transferred from registers A and B, serial data, and the 8-
bit value of the immediate field in the ROM. An 8-bit
signal applied to port R can be transferred to register B
4 bits at a time. The 8-bit data can also be transferred be-
tween port R and register R at the same time by input/
output instructions.

The output port S consists of 8 bits, has an 8-bit output
latch and is connected with the 8-bit general-purpose
register S. Except that the serial data is read starting from
the least significant bit of register R and that port S is not
used for input, register S has the same configuration as that
of register Q described above. It stores data transferred
from registers A and B, and also serial data and the 8-bit
value of the data field in the ROM. By use of an input/
output instructions, port S and register S can transfer 8-bit
data in parallel.

The output port T consists of 8 bits, has an 8-bit output
latch and is connected with the 8-bit general-purpose regis-
ter T. Except that the serial data is read from the least
significant bit of register S for transfer of serial output from
the port data, register T has the same configuration as that
of register S described above. It stores the data transferred
from registers A and B, serial data, and also the 8-bit value
of the data field in the ROM. By suitable input/output
instructions, port T and register T can transfer the 8-bit
data in parallel.

By input/output instructions, the 8-bit data of port
Q, port R, port S and port T can be transferred to each
general-purpose register.

When port Q or port R is used for input or output, it is
necessary to set the input or output mode by SMR instruc-
tions.

When the general-purpose register is used as a serial input
or serial output shift register, the value of the data field
stored in the register is shifted in the register, or ‘0°/’1’ con-
trol data is entered as the input from the most significant
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

bit of the general-purpose register Q for shift control, and
data is also transferred from the least significant bit of the
general-purpose register T through the serial input/output
port, DATA. External serial data are received at the serial
input/output port DATA, and read into the most signifi-
cant bit of the general-purpose register Q. Though the

mitting data in the output mode, and reads the external
shift clock pulse synchronized with receiving data.

Timer1, the basic source oscillation frequency (1/3
of one machine cycle) or an external reference oscillation
frequency, divided by 14, is used as a pre-scaler.

Timer 2 and the event counter consist of 4 bits each and

input/output port CLK is normally in floating status, it
generates A shift clock pulse synchronized with trans-

are used as a discrete unit or in combination for multiple
applications.

PIN DESCRIPTIONS

Pin Name Input or At reset Function
output
XIN Source oscillation Input Incorporates the clock oscillation circuit. for setting of the oscillation frequency. The oscillation
clock input P reference device such as a ceramic filter for IF is connected between X and XOUT. When an
X Source oscillation Output . external clock is used, connect the clock oscillation source to the XIN pin and leave the X oyt
out clock output P! pin open
Resets the program counter PC and mode registers, and performs the reset initiation of the
RESET Reset signal Input —_— related input ports and output ports. For input/output ports, refer to the column for “At reset”
- of this table.
. Input signals for interrupt request. Request is accepted on the rising edge of the signal. Besides
I : N N
INTA Interrupt request signal A nput Disable these external input signals, the interrupt requests T from timer 2/event counter are also received
in the relative order RESET >INT o >INT1>INTg. Since the interrupt requests are held
INTB Interrupt request signal B Input Disable at each latch, there will be none undetected.
The input signal for the event counter, which programs 20 ~ 24 events of the event mode. This
EC Event counter input Input —_— value is set as an initial value and countdown starts from this value to reach Fig, which then
generates interrupt request signal INT 1.
The address signal for main memory (RAM) externally connected, in the form of a 3-state output.
At MM mode where external memory is used. the data of the data pointer DP is read out directly.
. In SM mode where internal memory (RAM) is used, the data of the data pointer Y immediately
Ap~A P X i~ ; ;

0 " Address output port A Output Floating before switching to MM mode is transferred to the auxiliary laich (4 bits) prior to read-out
However. the lower 8 bits of the address signal (Ag~A7) are not affected by this mode, since
data pointers X and Z are not related to latch operation.

. Input/ . A 3-state input/output port to execute data transfer in 4-bit units to/from an externally connected
Do~D ort D f b : : h :
0 3 Data input/output p output Floating main memory (RAM). Switching of input-output is made automatically by instruction.
. . The output port is 3-state and the read signal is generated at the data input cycle of the externally
oD ;
Extornal RAM read signal Output Floating connected main memory (RAM). During a read cycle. it becomes automatically set to low-level
. The output port is 3-state and the write signal generated at the data write cycle is in the exter-
R/W f N
/ External RAM write signal Output Floating nally connected main memory (RAM). During a write cycle, it is automatically set to low-level.
The output port enables 3-state setting per 1-bit unit. The 3-state condition is modified by the
Ug~ data content of register B, and the data of register A is output. Thg output setting of port U,
0o~Us Output port U Output Floating however, is made either by instruction SU unconditionally or by the instruction TPRA, or TPRN,
which transfers the data of the general-purpose register to ports Q, R, S and T.
The input/output port for 8-bit data transfer to/from register Q. Register Q enables data transfer
- Input/ between register A and register B. By instruction OPI. this port also functions to load the value
Qo~Qr Input/output port Q output Input (8-bit) of the immediate field of the ROM to register Q. Port Q data can be transferred to registers
A and B as an input signal of 8 bits.
Input/ The input/output port for 8-bit data transfer to/from register R. Register R enables data transfer
between register A and register B. By instruction OPI, this port also functions to load the value
Ro~R7 Input/output port R output Input (8-bit) of the data field of the ROM to register R. When port R is used as the input signal of a
4-bit unit, the data, 4 bits each, can be transferred to register B.
The output port that enables 8-bit data transfer to/from register S. Register S enables data transfer
So—~S9 Output port S Output Low-level between register A and register B. By instruction OPI, this port also functions to load the value
(8-bit) of the data field of the ROM to register S
The output port for 8-bit data transfer to register S. Register T enables data transfer
To~T1 Output port T Output Low-level between register A and register B. By instruction OPI, this also functions to load the value (8-bit)
of the immediate field of the ROM to register T.
The input/output port normally is floating to handle the serial data of the 32-bit general-purpose
. Input/ Floati register. At output mode. data of the least significant bit of the general-purpose register (the least
DATA Serial data port output oating significant bit of register T) is read out, and at the input mode. the input is to the most significant
bit of the general-purpose register (the most significant bit of register Q).
The input/output port is normally floating to generate a shift clock pulse synchronized with the
CLK Serial data shift clock Input/ Floati above serial data port. At output mode, a shift clock pulse synchronized with the data transmis-
signal output ng sion is generated, and at the input mode, a shift pulse synchronized with the rate of data receiving
is applied.
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BASIC FUNCTIONAL BLOCKS AND THEIR
OPERATIONS

Program Counter PC

The program counter consists of 12 bits, the upper 5 bits
of which compose the page register, and the lower 7 bits
the binary counter. It designates the address of the 4096
words of 10 bits mask-programmable ROM, and controls
the read-out sequence of instructions stored in the ROM.
The ROM is composed of 32 pages of 128 words, and when
program execution completes instruction at address 127,
the binary counter is set to 0 and the next page is auto-
matically incremented in the page-designation register. In
the page register of the program counter, the contents of
register P are loaded by instructions BL, BA, BM, and BMA.
The binary counter is incremented as every single instruc-
tion is executed, but in the execution of instructions B, BL
and BM, the value of the data field of the ROM is loaded,
becoming the value of the specified address. In the execu-
tion of instructions BA and BMA, the contents of register
A are loaded in the upper 4 bits of the binary counter, and
the value of the data field is loaded in the lower 3 bits.
Thereby a multi-branch instruction modified by the con-
tents of the A register can be carried out.

There are three instructions relating to register P: in-
struction LP loads the value (5 bits) of the data field of
the ROM, and instructions TPAC and TACP transfer data
between register A and carry flag CY.

The 12-bit contents of the program counter PC can
be saved for up to 12 levels in the fixed stack area of the
external main memory (RAM). In the execution of
instructions BM and BMA, control can be returned to
a former routine by storing the contents of the program
counter before branching, in the execution of instructions
RT, RTS, and RTI. The fixed addresses to be jumped to and
the priority order of four factors in the interrupt request
are defined as follows:

(1) In case of by reset signal RESET page O, address O

(2) In case of interrupt signal INTo page O, address 2

(3) In case of interrupt signal INT+ page O, address 8

(4) In case of interrupt signal INTg page O, address 4

INT+ is the interrupt request signal from timer Il and
the event counter.

Instruction BMAB is provided for easy handling of data
conversion or using ROM as data tables, and usually by
application of this instruction in combination with the
instruction OPI. In two machine cycles it can load the 8-bit
value of the data field of the ROM addressed by the
contents of registers A and B into an arbitrary general-
purpose register (Q, R, S and T).

Instruction BMAB branches unconditionally to the
address derived by using the contents of register A for the
low-order 4 bits of the 12-bit PC, those of register B for

the middle 4 bits, and those of the upper 4 bits of the
5-bit register P for the upper 4 bits, and then executes the
instruction OPI of the branch, and simultaneously returns
automatically.

Instruction OPI loads one of the four general-purpose
registers selected by the input/output address r with the
value (8 bits) of the data field. The input/output address
r is latched with the contents of the lower 2 bits of the
data field in the execution of the instructions BMAB,
TNAB, TABN, TPRN and TRPN and determines the
register which loads data in the execution of the instruction
OPI. To enable independent use of instruction OPI, the
input/output address r, along with the carry flag CY and
the mode flag MF, gives and takes data to and from the
register by instructions TACM and TCMA. Thereby data
can be saved and returned at interrupt time.

Table1 Relationship between input/output address r and
general-purpose registers

Input/output | Immediate data: r in execution of the instructions N
P addross BMAB, TNAB, TPRN and TRPN General
register to

N 1 lo be selected

0 0 0 Register Q

1 0 1 Register R

2 1 0 Register S

3 1 1 Register T

Stack Pointer SP

A stack of 12 levels is provided for saving of the program
counter PC in the fixed address area within the external
main memory (RAM), and the contents of the stack pointer
are used during addressing. The contents of the stack
pointer are incremented by an interruption or in the
execution of instructions BM and BMA, and are decre-
mented in the execution of instructions RT, RTS and RTI.
Data Pointer DP
This is a register of 12 bits addressing memory, being
composed of registers X, Y, and Z, having 4 bits each.
Register X addresses 16 files, each of which comprises
16 words. By making an exclusive OR with 2 bits of the
data field in the execution of instructions TAM, XAM,
XAMD, and XAMI, the lower 2 bits can modify the next
file designation. Register Y addresses data of 16 files (a file
comprises 16 words), being incremented and decremented
by the arithmetic unit in the execution of the instructions
INY, DEY, XAMI, XAMD, TSMI, and TMSI. When the
contents become an O or F which is the boundary of a file,
control skips execution of the next instruction. Register
Z permits address specification such that data memory
may be extended up to maximum of 16 sets of 4096 words
by 4 bits, where one unit comprises 16 files (256 words by
4 bits).

Since the address of the external main memory (4096
words by 4 bits maximum) and the internal scratch-pad
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memory (32 words by 4 bits) are designated identically,
the external main memory is selected by instruction MM,
and the internal scratch-pad memory by instruction SM.

The contents of DP can be saved for up to 4 levels in
the fixed stack region of the external main memory. This
pointer is saved during the execution of instruction SDP,
and is restored by instruction LDP. Address signals Ag~
A;; for the external main memory are output from the
contents of DP in the MM mode, except in case of inter-
ruption or the execution of instructions BM, BMA, RT,
RTS, RTI, SDP, and LDP. In the SM mode the address
signals, except for Ag~A-,, are output from DP after
latching the contents of the data pointer to the auxiliary
output latch, but prior to changing the mode. During an
interrupt or execution of instructions BM, BMA, RT,
RTS, RTI, SDP or LDP, the partial address is secured
independent of the mode. This is designated by Z=0 (ex-
ternal basic main memory), X=D, E or F where Y=the
contents of the stack pointer SP of the program counter
PC, or the value of the data field (indicated save level of
the data pointer), as shown in the following figure. When
the data pointer stack is not used, all of the stack region
can be used as program counter stack for a total of 16
levels.

Fig. 1 External basic main memory (Z=0) and RAM map

When the internal scratch-pad memory is addressed in
the SM mode, only five bits (four bits of register Y plus
the least significant bit of register X) are employed.

Accumulator (Register A), Carry Flag CY

Register A is an accumulator forming the central unit of
a 4-bit-wide microcomputer. Data processing operations
such as arithmetic, data transfer, data exchange, data con-
version, input/output, etc. are executed principally with
this register.

The carry flag CY stores the carry or borrow from the
most significant bit of the arithmetic unit in the execution
of specific arithmetic instructions, and is available for
multipurpose uses as a one-bit flag.

Auxiliary Register (Register B)

Register B is composed of four bits. It is employed for
bit operating functions, temporary memory of four-bit data
and transfer of eight-bit data when coupled with register A,
etc.

Four-Bit Arithmetic Logic Unit (ALU)

This unit carries out four-bit arithmetic and logical func-
tions, and is composed of a four-bit adder and a logic cir-
cuit associated with it. It carries out addition, complement
conversion, logic arithmetic comparison, arithmetic com- |
parison, bit processing, etc.

Register X File designation
Register Y 0|1/2|3|4(5/6/7|8(9|/A|B|C|D|E|F
0 PCL [PCMPCH
1
2
3 )
S 5 ~
E =
5 | 6 g
% ]
§ |7 o
0 ™ a
8 8
T I
A
B
C Y{X|Z
D %%
a8
E &=
F
Table 2 Address designation of data pointer stack
Value of data field during execution of instructions Stack DP
SDP and LDP (file designated
by register Y)
I lo
0 0 C
0 1 D
1 0 E
1 1 F
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Timers and Event Counter
This block is composed of a 14-bit timer 1, a 4-bit timer 2
and a 4-bit event counter.

Timer 1 is a standard timer that continuously counts the
frequency Xy, divided by fourteen. The timer performs
accurate counting and the period is given by the following
formula:

(Fundamental output frequency Xy) x

25 (TML) x 2* (TMy) x 2° (TMy) = cycle time of

timer 1

By the continuous use of instructions TATM and TBTM,
the contents of TMy, are stored in register B, the con-
tents of the lower 4 bits of TMy in register A, and the
high-order bit of TMy in carry flag CY, respectively.
The contents of timer 1 can be accessed. Instruction
RTM clears the contents of timer 1 and resets it to 0.

Fig. 2 Outline of timer 1 configuration

TIMER 1
XouT ‘_"ITML(S)HTMM(A)I—)'TMH(5)
4 4 L
REGISTER B (4) iREGISTER A (4)

CARRY FLAG CY

Timer 2 is composed of a 4-bit counter and a 4-bit
latch. The contents of register A are stored as the starting
value in the latch and the counter by an STM instruction,
whereupon counting down starts in synchronization with
each machine cycle. When the contents of the counter
become F during countdown, the pre-programmed starting
value is restored in the counter from the latch.

Fig. 3 Outline configuration of timer 2 and event counter

(1) Timer mode: When TMM=1 is set by the instruction
SMR1

The cycle period of timer 2 is given by the following
formula:

Machine cycle x [1 + (2°~2%)]

Where the timer mode is set by SMR1 instruction, timer
2 is connected to the event counter. Every time the con-
tents of timer 2 become F the event counter counts down
once. For the event counter, the contents of register A
can be stored in the counter and used as a starting value
by using instruction SEC.

When the event mode is set using instruction SMR1, the
event counter is counted down by sensing the rising edge
of external event counter input EC.

In both timer mode and event mode, the event counter
is counted down from a starting value, and an interrupt
request signal is generated when the contents become F.

The time necessary for INTt generation from the start-
ing value is given by the following formulas:

Timer mode

Machine cycle x [1+ (2°~2%) x (2°~2%)]

Event mode

EC input period x (2°~2%)

The recurrence period of the shift clock pulse CLK
which is generated in synchronization with data trans-
mission for series data transmission is given by the period
programmed by timer 2. The CLK output is set by the
mode SDM=1, RVM=0 of instruction SMR1. It is
generated with a period determined by the contents of the
latch of timer 2 and by the execution of the instruc-
tions SST and RST.

TIMER 2 EVENT COUNTER
sz O o w | s
4
LATCH (4) REGISTER A
4
REGISTER A

(2) Event mode: When TMM=0 is set by the instruction
SMR1

EVENT COUNTER

REGISTER A

INTERRUPT REQUEST

EC INPUT© SIGNAL INTT
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General-Purpose Registers Q, R, S, and T

These general-purpose registers comprise a set of four 8-bit
shift registers. When using combinations of functions such
as serial input, serial output, parallel input and parallel out-
put, by properly selected instructions, they are employed
for data transfer between register A and register‘B, data
transfer between output ports or input/output ports, data
storage of the data field of the ROM value (8 bits),
transmission of internal serial data, receiving of exter-
nal serial data, etc.

When the general-purpose registers are used as a single
32-bit shift register, four kinds of modes as shown in
Table 3 can be set by instruction SMR1. The shift instruc-
tions comprise instruction SST, which shifts 32 bits of data
by setting the shift register input to “1’; instruction RST,
which shifts 32 bits of data and resets the input to ‘0’;
and instruction IST, which shifts the data by reading the
data of the serial data input data. Instruction IST, except
in the mode where SDM=0 and RVM=1, reads the serial
data of the DATA terminal (which is used as the input or
the output terminal). In the mode where SDM=0 and
RVM=1, it reads the data at the rising edge of the clock
input CLK and shifts the data. Note that it cannot
respond to data input that has a transfer rate faster than the
machine cycle rate, since detection of the rising edge of
CLK is carried out by using the internal clock pulse. In the
mode where SDM=1 and RVM=0, data is output synchro-
nized with the clock pulse output CLK generated by the
period programmed in timer 2 (from the least significant
bits of the general-purpose register). In the mode where
SDM=1 and RVM=1, data is output synchronized with
the shift instruction and is transmitted from the least
significant bit of the general-purpose register.

Instruction TNAB stores 8-bit data from registers A
and B in one of the general-purpose registers designated
by the input/output address r, which is defined by 2 bits
of the data field.

Instruction TABN transfers 8-bit data from one of the
general-purpose registers designated by the input/output
address r, which is defined by 2 bits of the data field into
A and B registers.

Instruction OPI stores the 8-bit value of the data field
in one of the general-purpose registers designated by the
input/output address r by using it in combination with
instruction BMAB or by using instruction OPI alone, as

described in the explanation of the program counter func-
tion.

Instruction TPRN stores the contents of the register
designated by the input/output address r in the latch of the
output port corresponding to the input/output address r,
which is then usable.

Instruction TRPA stores the contents of the 32-bit
register in corresponding latches of all the output ports.
These are then valid at the outputs.

Instruction TRPN can restore from the contents of the
output latch port designated by the input/output address r
into the register corresponding to the input/output address
r.

Interrupt Function

This microcomputer has a hardware interrupt function
for four conditions by one-level. The interrupt requests
comprise: the RESET signal; the interrupt request signals
INTA and INTg as external signals; and the interrupt
request signal INTt by the internal event counter. The
order of priority is determined as follows:

RESET > INTA> INTT > INTs

The interrupt enable instructions comprise EIA, EIB,
EIAB and EIT and the interrupt disable instructions com-
prise DIA, DIB, DIAB and DIT. A RESET signal restores
the hardware to the initial state, independent of any current
instruction.

In an interrupt enable state, the interrupt is accepted at
the rising edge of interrupt request signals INT 5 and INTg.
When an interruption is requested in an interrupt disable
state, the interrupt is not executed. If the interrupt disable
state is removed thereafter and a corresponding interrupt
enable instruction is executed, the interrupt routine will be
executed immediately because the interrupt request has
been held in the latch. The current interrupt request, held
in a latch during the interrupt disable state, is reset by the
interrupt disable instruction.

When two and more interrupt requests of four factors
occur simultaneously, the interrupt processing is by order
of the highest priority routine. The interrupt request of
lower priority order is held in the corresponding latch in an
interrupt disable state. When the interrupt disable state is
removed by the interrupt enable instruction (after com-
pletion of the interrupt process of upper priority order),
the interrupt request of next lower priority is initiated.

Table 3 Mode setting by instruction SMR 1; when the general-purpose registeré are employed as a 32-bit shift register

SDM 0 0 1 1
Mode flag RVM 0 1 0 1
DATA terminal Input Input Output Output
CLK terminal Floating Input (rising edge trigger) Output (generated by timer 2)  Output (generated by shift instruction)
Shift data SST, RST Immediate field data Immediate field data Immediate field data
input IST DATA terminal outpt DATA termins input DATA terminal output DATA terminal output
Shift clock pulse Instructions SST, RST, IST CLK input Instructions SST, RST, IST Instructions SST, RST, IST
Transmission, receiving Receiving (only in instruction IST) Receiving Transmission Transmission
MITSUBISHI
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Mode Register
The mode register is composed of 10 bits, and can select
operation modes and functions, etc. of the associated input
port or output port by setting or resetting the mode flag
corresponding to a bit in register A.

The mode setting by the instruction SMR is shown in
Table 5.

The mode flag IMQ will select the use of the input/
output port Q for input or output.

The mode flags IMR; and IMR, select the use of the
input/output port R for input or for output in 4-bit unit.

The mode flag LCD will select the instruction that
activates output port U. In case of status ‘O’, only
instruction SU is valid. In case of status 1", port U can
be set by instruction SU and by instructions TPRN and
TPRA, which move the contents of the general-purpose
register to the output port. Every bit of port U, as shown in
Table 4, can be programmed for three states as determined
by the contents of registers A and B. For example, by
using instruction TPRA in LCD=1, we can drive a 1/2-
duty liquid crystal display panel by the 1/2 voltage equal-
ization method, where port U is used for the common out-
put and the ports Q, R, S and T for the segment outputs.

Table 5 SMR mode setting

The mode setting by instruction SMR1 is shown in Table
6.

The mode flag TMM determines whether the event
counter is in the independent event mode or in the timer
mode by connecting with timer 2.

The mode flag determines whether all the three-state
signals for the external main memory (RAM), Ag~Dy;,
Do~ D3, 0D and R/W, are in floating or activated state.

The mode flags RVM and SDM select the functions of
the terminals DATA and CLK, which are the transmission/
receiving and input/output ports, when the 32-bit general-
purpose register is used as a shift register. For further
details, refer to the explanation of the general-purpose
register.

Table 4 Three-state-condition setting of output port U

Contents of register B Contents of register A ZL‘{{§Q°'SB?thpLF’;,§Wg,e?Re€X;
0 0 Floating
0 1 Floating
1 0 0
1 1 1

Note 1: Registers A, B, and port U correspond to one another in regard to
ther bit order

Bits of Mode flag (contents of X
register A register A are stored) Status Function Mode flag at reset

0 Port Q is used as an 8-bit input port.

Ao IMQ 0
1 Port Q is used as an 8-bit output port.
0 Port Q is used as an 8-bit output port.

A1 LCD For output port U, instructions TPRN and TPRA for port Q, R, S and T can 0
1 also set port U.
0 Port R 1is used as a 4-bit input port.

Az IMR1 - - 0
1 Port R 1 is used as a 4-bit output port.
0 Port R is used as a 4-bit input port.

A IMR2 S

3 1 Port R is used as a 4-bit output port. 0
Table 6 SMR 1 mode setting
Bits of Mode flag
register A (contents of register A are stored) Status Function Mode flag at reset

0 Event mode: event counter is used with EC input

Ag TMM 0
1 Timer mode: event counter is used in combination with timer 2.
0 All signals (A 11~Ag. D3~ Dg. OD and R/W) for external main memory

(RAM) are put in floating.

Ay BF 0

1 All signals (A 11~ Ag. D3~Dg. OD and R/W) for external main memory
(RAM) are activated.

0

Az RVM When the general-purpose registers are used as a 32-bit shift register. 0
1 functions of transmission/receiving. terminals DATA and CLK are employed
0 properly by RVM, SDM flags. For further details, refer to explanation of the

A3 SDM p general-purpose register. 0

7—10
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Outline Specifications of M58494-XXXP

Item Performance
Number of basic instructions 92
Execution time of basic instructions 6.6us (at Voo =5V, f=455kHz)
Clock frequency 200~455kHz
ROM 4096 words by 10 bits
Memory capacity RAM (built-in) 32 words by 4 bits
RAM (external) 4096 words by 4 bits (max.)

Input/output port
for external RAM

Address (port A)

12 bits x 1 (3 states)

Control signal (port OD and R/W)

2 bits (3 states)

Data bus (port D)

4 bits x 1 (3 states)

Input 8 bits x 1
Q Output 8 bits x 1
Input 4 bits x 2
R Output 8 bits x 1
Input/output port s Output 8 bitsx 1
T Output 8 bits x 1
DATA Serial data 1 bit (input/output port)
CLK Synchronizing pulse 1 bit (input/output port)
U Output 4 bitx 1 (3-state)
EC Input 1 bit
Subroutine nesting 12 levels

Interrupt request

4 factors 1 level

Saving of data pointer

4 levels

Clock generation circuit

Built-in (oscillation reference element is outside)

Ports input/output

characteristics

Absolute maximum rating voltage

Veeo

Input/output characteristics

Interchangeable with CMOS logic series

Voo 5V (nominal)
Power supply voltage

Vss ov
Element structure CMOs

Package

68-pin plastic molded flat package

Power dissipation

5 mW (at Voo =5V. f=455kHz)

Note 2 : Ports to be used will be determined in accordance with user's specifications.
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MACHINE INSTRUCTIONS

e Code 8 Qg o]
g',?.s Symbol o e e ol Zoz -g Function Skip conditions §
cation inotation| 2

MM 00 1000 0010 | 082 | 1 1 (MF )<«—1, Selects external main memory. — —
SM 00 1000 0000 (080 | 1 1 (MF )<= 0, Selects internal scratch-pad memory. —
LY y 01 1000 yyyy | 18y | 1 1 (Y)Y, where y=0~15 Consecutively described | —
LX x 011011 xxxx | 1Bx | 1 1 (X)«x, where x=0~15 Consecutively described | —
Lz z 011010222z | 1Az | 1 1 (Z)«z, where z=0~15 Consecutively described | —
INY 0001111100 [07C | 1 | 1 (Y)—=(Y)+1 (v)=0 —
DEY 0001111000 (078 | 1 | 1 (Y)—(Y)—1 (Y)=15 —
¢ | TAY 0000100000 {020 | 1 | 1 | (A)—(Y) - —

3 | TAX 0000100010 (022 | 1 |1 | (A)(X) — —

s | Taz 0000100011 | 023 |1 |1 | (A)—(Z) — —

“ | Tva 0001000000 (040 | 1 [ 1 | (Y)«—(A) — —

TXA 0001000010 {042 | 1 | 1 | (X)«—(A) — -

TZA 0001000011 (043 | 1 | 1 | (Z)—(A) - -

SDP j | 00011101jj | 074 | 1 | 3 | (Mj)<—(DP), where =0~ 3 — —
H

LDP j | 00111101jj |OF4 [ 1 | 3 | (DP)—(Mj), where j=0~ 3 - —
i

TSM 0010111100 |OBC | 1 | 1 (SM(DP)) « (MM(DP)) — -

_ | Tsmi 0011111100 |OFC | 1 | 1 (SM(DP)) «— (MM(DP)), (Y)—(Y)+1 (Y)=0 —

3 | TMS 0010111110 |OBE | 1 | 1 | (MM(DP)) « (SM(DP)) — -

£ | T™sI 0011111110 |OFE | 1 | 1 | (MM(DP)) « (SM(DP)), (Y)«(Y)+1 (Y)=0 —

% | TAB 0010100000 {0AO | 1 | 1 | (A)—(B) — -

g | TBA 0011000000 [0CO | 1 | 1 | (B)—(A) . —

T | TASP | 0010100010 [0A2 [ 1 |1 | (A)(sP) - —

2 | TSPA 0011000010 {0C2 [ 1 |1 | (SP)«<(A) — —

€ | TACM 0010000100 |084 | 1 [ 1 | (A)—(N, MF, CY), where A3—2=N, A1=MF, Ag=CY — —

TCMA 0011001100 [O0CC | 1 | 1 | (N, MF, CY)—(A), where A3—2=N, A1=MF, Ag=CY — -
TAM j | 00001001jj (024 |1 | 1 | (A)«—(M(DP)), - —

" T (X)«—(X)¥j, where j=0 ~ 3

T | XAM j | 00011001jj os:_ 11| (A)—(M(DP)) — —

§ i (X)«=(X)Vj, where j=0~ 3

§ XAMD j| 000110 10jj om:L 1|1 (A)«—>(M(DP)), (Y)«(Y)—1 (Y)=15 —

5 j (X)«—(X)¥j, where j=0~ 3

g XAMI j | 000110 11jj °°§. 1 {1 ] (A)—=(M(DP)), (Y)—(Y)+1 (Y)=0 —

g j (X)—(X)Vj, where =0~ 3

Z | XAMD1 j| 00111010jj |OE8 | 1 | 1 | (A)«—(M(DP)), (Y)«(Y)—1 (Y)=3,7, 11,15 | —

s T (X)—(X)¥j, where j=0 ~ 3

S | XAMIT j| 00111011jj |OEC | 1 |1 | (A)=(M(DP)), (Y)—(Y)+1 (Y)=4,812,0 |—

- H (X)—(X)Vj, where j=0~ 3

TMA 0001000100 {044 | 1 | 1 | (M(DP))«(A)

LA n 011001 nnnn | 19n | 1 1 (A)«<n, where, n=0~15 Consecutively described | —
AM 0001100000 (060 [ 1 | 1 | (A)«(A)+(M(DP)) — —
AMC 0001100010 (062 (1 | 1 | (A)«(A)+(M(DP))+(CY), (CY)<«Carry — 0/1

2 | AMCS 0001100011 {063 | 1 | 1 (A)«(A)+(M(DP))+(CY), (CY)<«Carry Carry =1 0/1

E A n | o000t0tnnan [05n | 1 | 1| (A)—(A)+n, where, n=0~15 Cary =0 | —

% | sc 0010001010 |08A | 1 | 1 | (CY)—1 — 1

RC 0010001000 (088 | 1 | 1 | (CY)«<0 — 0
szc 0010111000 (OB8 | 1 | 1 (cy)=0 —
CMA 001011 101Q (OBA | 1 | 1 (A)—(RA) — —
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item Code § %; >
cias?\ | Symbol S8l 5 Function Skip conditions E
cgifii(;n lolg 17lglsla I3l2hlo n‘ostgt‘iaoln k) g c
SB | 00 1000 11j j osg 101 | (B(j)))=1, where, j(=0~3 — —
i
& | RB j 00 1010 11j j OA$ 1 1] (B(j))—0, where, j=0~3 — —
H i
é SzB j | 000011 10jj os_a'_ 1 {1 BG)N=0 |—
5 i where , j=0~3
SZM j 00 000001jj | 004 | 1 1 (Mj(DP))=10 —
-l!- where , j=0~3
SEAM 0011100000 (OEO | 1 | 1 (A)=(M(DP)) -
o SEY n | 000001 nnnn [ O1n | 1 | 1 (Y)=n
é where, n=0~15| —
S8 | sBl n | 001001 nnnn 08N | 1 |1 (A)=n
where , n=0~15| —
B xy 01 0xxx yyyy |1xy | 1 [1 (PCL)«y, (PCm)+x - -
where 16x +y=0~127
BL xy | 110xxxyyyy |[3xy [ 1 | 1 | (PCL)«y, - -
(PCm)—(Po, x)
(PCH)«—(Pa, P3, P2, Py)
where 16x +y= 0 ~127
BA i 001101 0iii | ODi 1 1 (PCL)<(Aq, i) where, i=0~7 — —
(PCm)—(Po, A3, Az, Ay)
§ (PCH)«—(Pa, P3, P2, P1)
S | BMAB r| 00110010rr [OC8 | 1 | 1 (PCL)«(A) — —
¥ (PCM)—(8)
(PCh)«(Pa, P3, P2 P1)
but returns unconditionally after one machine cycle.
Input/output address r = 0~3 designates general-purpose register.
LP p 01110ppppp | 1CO| 1 | 1 (P)«<—p where memory page number (p = 0, 1. 2, 3, 4. 5....30, 31) | Consecutively described | —
‘;:; corresponds to decimal notation O, 16, 1,17, 3, 18......15, 31 |
TPAC 0011000100 | OC4 | 1 1 (P)—(CY, A) — —
TACP 0010100100 | OA4 | 1 1 ey, A)—(P) — —
BM xy | 111xxxyyyy |38y |1 | 3 (PCL)«y — —
M (PCm)«(Po, x), where 16x +y =0~127
(PCH)«—(Pa, P3, P2, P1)
3 (M(SP))«(PC)
2 (SP)«—(SP)+ 1
2 | BMA i | 001101 1iii |0D8 | 1 | 3 | (PCL)—(Aq i), where K j=0~7 — —
3 H (POM)«(Po, A3 Az A1)
(PCH)<(Pa, P3, P2, P1)
(M(sP))«(PC)
(sP)—(sP)+1
RT 0011111000 [OF8 | 1 | 3 | (PC)<(M(SP)) — —
(SP)«—(sP)—1
RTS 0011111010 |OFA | 1 | 4 | (PC)—(M(SP)) Unconditionally —
£ (sP)«—(sP)—1
& (PC)«(PC)+1
RTI 0011111001 |[OF9 | 1 | 3 | (PC)«(M(SP)) — —
(SP)«(sP)—1
Resets the interrupt control.
MITSUBISHI
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ftem Code B %; >
Clas) Symbol g g’ % Function Skip conditions %
s Iolg I7llsla lzltlg | 192 | 5| o z
EIA 00 0000 1001 | 009 | 1 1 Enables interruption of INT asignal. —_ —_
g EIB 00 0000 1010 (O0A | 1 | 1 | Enables interruption of INT gsignal. — —
S | EaB 0000001011 [ O0B | 1 | 1 | Enables interruption of INT aand INT g signals. — —
§ EIT 00 0000 1000 | 008 | 1 1 Enables interruption of INT T signal. — —
E DIA 0000001101 | OOD | 1 | 1 | Disables interruption of INT asignal. — —
g DIB 00 0000 1110 | OOE | 1 1 Disables interruption of INT g signal. — —
:2 DIAB 00 0000 1111 | OOF | 1 1 Disables interruption of INT A and INT g signals. —_ —
T | o 000000 1100 | 00C | 1 | 1 | Disablesinterruption of INT 7signal — —
TBTM 0000101111 | O2F | 1 1 (B)«(TMm) — —
TATM | 0010100111 | OA7 | 1 | 1 | (A)<—(TMH3, TMH2, TMH1. TMho)
2 (CY)«—(TMHna)
= RTM 0010110100 | OB4 | 1 1 (TML)«<=0, (TMM)«<—0, (TMy)<0 — —
STM 0011000111 | OC7 | 1 1 (TMII)«(A) - —
SEC 0011000110 (0C6 | 1 | 1 | (EVC)«(A) — —
D 0000101110 | 02E | 1 | 1 (B)«=(D), (OD)<« low level — —
oD 0001001100 [ 04C | 1 1 (D)—(B), (R/W)<« low level — —
OPl s 108sss 8888 | 2ss | 1 1 (R(r))«s — —
Where the general-purpose register is designated with r = 0~3.
2 | TNAB r| 00 010010rr | 048 | 1 | 1 | (R(r))«(A, B) - -
é T Where the general-purpose register is designated with r = 0~3.
2 | TABN r| 000010 10rr 028 | 1 | 1| (A B)—(R(1) — —
r Where the general-purpose register is designated withr=0~3
[} 0010101000 | OA8 | 1 | 1 | (A, B)—(P(Q)) - -
IR1 0000101100 |02C | 1 | 1 | (B)—(P(R1)) - -
IR2 0000101101 [ 02D | 1 | 1 | (B)<—(P(R2)) - —
SMR 000011 0100 | 034 | 1 1 (MR)<«(A) — -
SMR1 0000110110 | 036 | 1 1 (MR1)<(A) — —
5 SST 0000111100 | 03C | 1 1 (R(Qg))«1, R(AIl)< 1-bit shift R (All) — —
g | RST 0000111101 | 03D | 1 | 1 | (R(Qo))«—0, RCAI)« 1-bitshift R (All) — —
s | 1sT 0000111110 [O3E | 1 | 1 | (R(Qo))<—(DATA), R(AIll)<« I-bitshift R (Al) — —
‘3 sSuU 0001001110 | O4E | 1 1 (U)«—(A), when (B)i =1 (U) <« floating. when (B)i=0 — —
E CLP 00 0000 0001 | OO1 | 1 1 (P(AIl))<0 - —
£ TPRA 0010110000 {OBO | 1 | 1 (P(AI)<—(R(AIDN) - -
TPRN ri 00111100rr |OFr | 1 | 1 | (P(r))«(R(r)) — -
TRPN r | 000111 00rr | O7r | 1 1 (R(r))—(P(r)) — —
>
gf NOP 0000000000 | 000 | 1 | 1 | Nooperation — —
MITSUBISHI
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M58494-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Symbol Details Symbol Details
A 4-bit register (accumlator) P(Q) 8-bit port Q
Ai Indicates the bits of register A. Where i = 0~3 P(R1) 4-bit port Ry
B 4-bit auxiliary register P(R2) 4-bitport R
B(j) The bit of register B. addressed when j = 0~3 R(AIll) Indicates all the 8-bit registers, Q. R, S, T (32-bit)
CY 1-bit carry flag
D 4-bit input/output port (3-state) R(Qo) 1st bit of register Q
DATA 1-bit input/output port for serial data R(r) The register selected by r (r corresponds with registers Q, R, S, and T
DP 12-bit data pointer composed of registers X, Y and Z where r = 0~3)
EVC 4-bit event counter R/W 1-bit output port which is used for the write signal of the external main
M(DP) 4-bit data memory addressed by the data pointer DP memory
SM(DP) The 4-bit internal scratch-pad memory addressed by the data pointer DP
Mi 12-bit data from the scratch-pad memory addressed by i = 0~3
(data pointer number in the fixed area) SP 4-bit stack pointer
Mi(DP) 4-bit data from external memory addressed by the contents data | TM1 14-bit counter composed of TM . TMm and T My counters
pointer DP, where i = 0~3 TM2 4-bit counter
MF 1-bit flag for selection of internal scratch-pad memory (MF «— O at| TMy 5-bit counter
instruction SM) or external main memory (MF «— 1 at instruction MM) | TMpy;i Indicates the bit of TMy counter, where i = 0~4
TML 5-bit counter
MM(DP) 4-bit external main memory data addressed by the data pointer DP TMMm 4-bit counter
U 4-bit output port (3-state)
M(SP) 12-bit data from external memory addressed by the stack pointer SP ] X 4-bit register where X = 0~15, addressing the field of 16 words by 4
(return address stored in the fixed area) bits per file.
MR 4-bit mode flag (IMQ. LCD. IMRI. IMR2)
MR1 4-bit mode flag (TMM, BF, RVM, SDM) Y 4-bit register where Y = 0~15, which addresses the word unit of 16
words by 4 bits.
oD 1-bit output port used for the read signal for external main memory. z 4-bit register where Z = 0~15, which addresses 16 files x 16 words x
4 bits
P 5-bit page register
Pi Indicates the bits of register P, where i = 0~4. iii 3-bit binary variable
PC 12-bit program counter composed of counters PC_ . PCpm and ii 2-bit binary constant
PCx
nnnn 4-bit binary constant
PCH 4-bit counter pPPPP 5-bit binary constant
PCL 4-bit counter r Input/output address to select one of the general-purpose registers
PCm 4-bit counter QR.SandT (r=0-3)
P(AIl) Indicates all the 8-bit ports, Q, R, S, T (32-bit) " 2-bit binary constant
S$8SS $SSS | 8-bit binary constant
P(r) The port selected by r (corresponds with ports Q, R, S, and T at r =0~3)| XXXX 4-bit binary variable
yyyy 4-bit binary variable
2222 4-bit binary variable

MITSUBISHI
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INSTRUCTION CODE LIST

To~1a To1 0000 01 1100[07 1110] 10 0000] 11 0000] 11 1060}
00 0000|00 0001{00 0010{00 0011J00 0100{00 0101/00 011000 umloo 1000]00-1001{00 1010]00 1011]00 1100[00 1101/00 1110[00 1111]_ § |01 1000|01 1001|01 101001 1011 § s g s
o 010111 01 1101)01 1111}10 111111 011111 1111
mal
,jQaton 00 | o1 | 02 | 03 | 04 | 05 | 06 | 07 08 | 03 | 0A | 0B JoC | 0D | OE | OF 10~17 18 | 19 | 1A | 18 |1c~1|1E~1F|20~2 |30~37 |38~3F
3o
SEY A TRPN SEI BA TPRN LY | LA | LZ | LX
0000 | 0 | NOP TAY - TYA AM SM TAB [TPRA| TBA SEAM B LP — OPI BL BM
0 0 0. 0 0 0 0 0 0 0
SEY A TRPN SEI BA TPRN LY | LA | Lz | Lx
0001 | 1 [CLP * | — | = * * * * * * B P | — |oPl | BL | BM
1 1 1 1 1 1 1 1 1 1
SEY A TRPN SEI BA TPRN LY | LA | Lz | Lx
0010 | 2 - TAX - TXA AMC MM TASP * |TSPA * B LP - OPI BL BM
2 2 2 2 2 2 2 2 2 2
SEY A TRPN SEI BA TPRN LY | LA | Lz | X
0011 | 3| — Taz | — |T1zA AMCS * * * * * B8 P | — jor | BL | BM
3 3 3 3 3 3 3 3 3 3
SZM | SEY |TAM A |xAM | sDP SEI BA LOP LY | LA | Lz | X
0100 | 4 SMR | TMA TACM TacP|RTM |TPAC - B P | — |or | BL | BM
0 4 0 4 0 0 4 4 0 4 4 4 4
SZM | SEY | TAM A |XAM | spP SEI BA LDP LY | LA | Lz | Lx
0101 | 5 * * . * * * * - B LP - OPI BL BM
1 5 1 5 1 1 5 5 1 5 5 5 5
SZM | SEY | TAM A |XAM | sDP SEI BA LDP LY | LA | LZ | LX
0110 | 6 sMR1| * * - | - |sec - B tp | — |om | BL | BM
2 6 2 6 2 2 6 6 2 6 6 6 6
SZM | SEY | TAM A |xAM | spP SEI BA LDP LY | LA | Lz | x
o1 | 7 * * * TATM| — [sTM™ - B P | — |om | BL | BM
3 7 3 7 3 3 7 7 3 7 7 7 7
SEY [TABN|SzB [rnaB| A |[xAMD SEI BMAB| BMA |XAMD1 LY | LA | Lz | x
1000 | 8 | EIT DEY | RC 1Q |szc RT | B P | — |Jor | BL | BM
8 0 0 0 8 0 8 0 0 0 8 8 8 8
SEY (TABN|[SZB [TNAB| A |XAMD SEI BMAB| BMA |XAMD1 LY | LA | Lz | ux
1001 | 9 | EIA * * * * RTI| B P | — |or | BL | BM
9 1 1 1 9 1 9 1 1 1 9 9 9 9
SEY |[TABN|SZB [TNAB| A [XAMD SEI BMAB| BMA |XAMD1 LY | LA | LZ | LX
1010 A | EIB * | sc * |CcMA RTs | B tp | — |or | BL | BM
10| 2 2 2 | 10 2 10 2 2 2 10| 10 10| 10
SEY |TABN|SzB [TNAB| A |XAMD SEI BMAB|BMA |XAMD1 LY | LA | Lz | X
1011 | B [E1AB * * * * * | B P | — |oP | BL | BM
n 3 3 3 1 3 1 3 3 3 1 1 1" 1
SEY A XAMI SB SEI RB BMA | XAMI1 LY LA Lz LX
100 | ¢ | OIT IR1 | ssT | oD INY TSM [Tcma Tsmi| B P | — |or | BL | BM
12 12 0 0 12| o 4 0 12 ] 12| 12| 12
SEY A XAMI SB SEI RB BMA | XAMI1 LY LA LZ LX
1101 | 0 | DIA IRz |RST | * * * | * | B P | — |oP | BL | BM
13 13 1 1 13 1 5 1 13 13 13 13
SEY A XAMI SB SEI RB BMA | XAMI1 LYy LA LZ LX
1Mo | E | DB D |1sT | su * T™S| * T™si| B P | — |op | BL | BM
14 14 2 2 | 2 6 2 14| 14| 14| 1a
SEY A |xami sB | SEl | RB - BMA | XAMI1 LY | LA | Lz | Lx
1111 | F |DIAB TBTM| * * * * * * B LP - OPI BL BM
15 15 3 3 15 | 3 7 3 15 15 | 15 | 15

Note 3 : 13~1lg indicate the low-order 4 bits of the machine code and I3—~14 show the high-arder 6 bits.

Hexadecimal expressions of the codes are also given. All instructions are one word.
*,” — Do not use these codes.
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MITSUBISHI MICROCOMPUTERS

MSL 8080AP, S

8-BIT PARALLEL CPU

The M5L8080A P, S is an 8-bit parallel central processing PIN CONFIGURATION (TOP VIEW)

unit (CPU) fabricated on a single chip using a high-speed N-

. S
channel silicon-gate MOS process,in a ceramic DIL package. Ao «(T] 40— Aty
(ov) Vss [Z 35— Arq
Da+[3] 38—+ A13
FEATURES Ds+[4] 37> Ar2
® Basic machine instructions: 78 Ds [ 136+ Ais
L 6
® Execution time (at clock frequency 2MHz): 2us DATA BUS D7« [g] 35> Ag ADDRESS
- . . D3+ (1] 132] > Ag BUS
® Directly accessible memory capacity: 65 536 bytes Dz e (8] 33> A7
® Number of input/output ports: 256 each Dy« 3] E 32> As
® Multi-level interruption Do+ [10] P 31> As
. . -5V Vi " (=} 30> A
® Direct memory access (DMA) operation (=5V) s [ © 30 As
. RESETRESET —[2] )? 29—+ A3
® All outputs are fully TTL-compatible; |oL = 1.9mA HOLD REQUEST HOLD —[H] > 5 Voo (12V)
® Unlimited subroutine nesting INTERRUPT REQUEST |NT —»[1d] 27> Az
. ., - . ADDRE!
® Interchangeable with the Intel’s 8080A in pin-to-pin con- |\ k9K, 82 #2—>[8 B> At TS
nections and machine instructions LE[)?E gg’s\‘TROL INTE‘_ = 2> Ao
INPUT ConTROL  DBIN <+ 28]+ WAIT WAIT STATE|
WRITE CONTROL ~ WR + 23}«-READY READY
SYNCHRONIZE  SYNC < [19] [22]« ¢y CLOCK 41
(8V)  Vee [21-»HLDA HoLD
ACKNOWLEDGE
Outline 40P1 (M5L 8080AP)
40S1 (MI5L 8080AS)
BLOCK DIAGRAM D7 Ds Ds Da D3 D2 Dy Do Vss Vec Voo Ves
- - 660000‘9 - -
DNPUT/OUTPUT BUFFER(B)I 8
[} i
ACCUMULATOR (8) | TEMPORA NSTRUCTION | reap/waiTE CIRCUIT (8) | READ/WRITE CIRCUIT(®) | !
REGISTER (8) REG ISTER ® ) 3 {
ol s TEMPORARY REGISTER W (8) | TEMPORARY REGISTER Z (8)
! ek 22 |2 H(8) L (8)
Z3 z i 7] D (8) E (8)
[ACCUMULATOR'LATCH®) SE S = «
o 5%+ 5 & B (8) C(8)
1 w = 2a o 1%}
| 8-BIT PARALLEL 2 g ;»'—j S x o STACK POINTER (16)
ARITHMETIC UNIT £z zu g = PROGRAM COUNTER (16) !
O w
=3
L READ/WRITE CIRCUIT (16) ]
s |z ]r[ovor, 1T
FLAG FLIP-FLOPS [ INCREMENTER/DECREMENTER (16) ]
TIMING -
i INTERRUPT C GENERATOR :> L ADDRE?S} LATCH (16) ]
CONTROL V
e L ADDRESS DRIVER (16) ]
- (12—~~~ ~E-EIEIED-EH D)) GHGIHE)EIHDED)
INT INTE HOLD HLDA WAIT WR SYNC RESET g2 P Ass Ata Az Arz At Ao As As A7 As As Aa Az Az At Ao
DBIN READY
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MSL 8080AP, S

8-BIT PARALLEL CPU

PIN DESCRIPTIONS

" Input or . I
Pin Name output Function significance
Ao Provides the address signal to external memory up to 65 536 bytes or denotes the I/0 device number for up to 256 input and 256
§ Address bus Out output devices. Address terminals are three-state, and remain in the floating state during the HLT instruction execute cycle TwHl or
Ass in the hold state.
Provides bidirectional transfer of instructions and data between CPU and the external memory or the /0 ports. Status signals are
Do Data bus In/Out also transferred. When WR is low, data goes to memory or output ports. When DBIN is high, the data is received by the CPU. The
n/Ou
DS status signals are sent on the data bus, synchronizing with SYNC. Like the address bus, the data bus maintains the floating state
7
during the HLT instruction execute cycle (Typ) and in the hold state.
- : Indicates the beginning of machine cycles My through Ms. The status signals for each cycle are sent out on the data bus while
SYNC Synchronizing signal|  Out . )
SYNC is active, and are latched in the external registers during SYNC.
DBl Data bus input Indicates to the external circuits that the data bus is in the input mode, in which the CPU receives instructions or data from memory
BIN QOut . -
control signal or input ports. The CPU receives instructions or data on the data bus when DBIN is high.
Indicates to the CPU that data from memory or input/output ports is valid on the data bus. When the READY signal is not high in|
READY | Ready signal In the T, state, the CPU will enter a waiting state (Ty ) and the WAIT signal goes high. When READY is high, its state advances from
T2 or Ty to T3 This READY signal is used to synchronize the CPU with slower memory or input/output ports.
WAIT Wait state o Indicates that the CPU has entered a waiting state. When the WAIT signal is high. the CPU is in a waiting state (Ty) and the
ut
signal output on the address bus and the data bus is kept stable.
—_ . Indicates timing of a data write-in operation to memory or output ports. When WR is low, data on the data bus is valid; when
WR Write control signal Out
the WAIT signal is high, it is kept low.
When READY is high, the CPU enters the hold state provided that:
- the CPU is in the HLD instruction execute state (Tyyy ),
HOLD Hold request signal In - the CPU is in the T, or Ty, state and the READY signal is high.
When the CPU is in the hold state, the data bus and the address bus will be in the floating state, and will be used with the memory
or input/output ports regardless of CPU operation.
Hold acknowledge
HLDA anal QOut When high, indicates that the CPU is in the hold state and the address bus and the data bus will be in the floating state.
signa
-
Interrupt enable When high, indicates that an interruption will be accepted by the CPU. It is set to high by instruction El and is reset to low by
INTE control signal Out instruction DI. It is automatically reset to low at state T, of machine cycle:M;'when an interrupt is accepted, and is also reset by
the RESET signal.
Interrupt request Indicates to the CPU M5L8080AP that an interrupt is being requested. When the INT is high, the interrupt request will be accepted
ues
INT signal In by the CPU unless HLDA is high or INTE is low. If INT is accepted, INTE will go low and status information INTA will be transferred
to the data bus as an interrupt request signal.
When high, the program counter is reset to ‘0" and instruction NOP is set to the instruction register.INTE is reset to low, and the|
RESET | Reset signal n CPU will not accept interrupts. While RESET is high, the address bus and the data bus remain in the floating state; when RESET goes
low, the program will start at location 0. The data registers, accumulator, stack pointer and flag flip-flops are not reset by this signal.
No synchronization is necessary for the RESET signal, but the high level must be kept for a minimum of 3 clock cycles.
A
8—4 ELECTRIC



MITSUBISHI MICROCOMPUTERS

MS5SL 8080AP, S

8-BIT PARALLEL CPU

BASIC TIMING

Execution of instructions proceeds in two stages: 1) fetch,
and 2) analyze and execute.

Fig. 1 shows the consecutive relationship between stages
1 and 2, after which it is determined whether or not there
has been an interrupt request. If there has not, the next
instruction is fetched immediately; if there has, it is
fetched after completing the necessary interrupt processing.
One cycle of this loop completes the execution of one
instruction.

Fig. 1 Execution of basic instructions

usually composed of three states (T; ~T3), with the excep-
tion of the instruction XTHL, which requires five states:
T ~Ts.

When the clock period is 500ns and there is no Ty, M;
requires 2us or 2.5us, and the other machine cycles require
1.5us to execute an instruction. When Ty exists, the
execution time increases accordingly. Since the minimum
instruction cycle requires four states (T;~T4) of machine
cycle M;, the minimum instruction execution time is 2us.

Fig. 2 Machine cycle states (hatched blocks indicate a
state that may not be required)

|

INSTRUCTION FETCH

!

INSTRUCTION EXECUTE

INTERRUPT
REQUEST ?

INTERRUPT
PROCESSING

J

There are five machine cycles (M, M,, M3, M, and M)
and the fetching, analysis, and execution of a single instruc-
tion requires from 1 to 5 machine cycles.

Each cycle consists of from three to five states (T, T,, T3,
T, and Ts), the actual number depending upon the instruc-
tion being executed. The duration of one state is defined by
successive low-to-high transitions of the ¢; clock. (500ns at
a clock frequency of 2MHz).

There is also another state, Tyy, situated between T, and
T3 (see Fig. 2) and controlled by the external signals
READY and HOLD, and instruction HLT. The duration of
Tw is an integral multiple of the clock cycle.

The first machine cycle (M,) in every instruction cycle
is a fetch cycle, and the address for memory read is sent on
the address bus. M; is composed of states T, ~T; or T, ~Ts,
as shown in Fig. 2. Machine cycles M;, M3, My and Mg are

ce 77
My T T fEA] e | e BT
A
T, | T, Bl
Mz, Ms, Ms4, Ms, 1 2 KT Ts

INTERRUPT

When an interruption is requested, the decision whether
to accept it or not is taken after the instruction in progress
is completed; that is, during the last state of the last
machine cycle.

When interrupt is requested and the CPU is in the inter-
rupt-enable state (signal INTE is high), the CPU accepts the
interrupt and begins a special interrupt machine cycle M; in
which the program counter is not incremented and the CPU
sends out status information INTA (the interrupt ac-

‘knowledge signal). During state T3 of special interrupt

machine cycle M;, the external interrupt control circuit
sends the interrupt instruction corresponding to inter-
rupt factors on the data bus, and the CPU fetches and
executes this instruction. This instruction is a special one-
byte call (instruction RST) or a special three-byte call
(instruction CALL) which facilitates the processing of
interrupts.

MITSUBISHI
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MSL 8080AP, S

8-BIT PARALLEL CPU

Fig. 3 Basic instruction cycle

MACHINE CYCLE]

STATUS INFORMATION

Mi (1=1~5)
S'GN’:";\ME SN STATE Ty T Tw(Twn) Ts Te s
CLOCK #¢ # \ [0\ \ \
CLOCK #: ¢ J \ % / % / \ } \ /—\_

SYNCHRONIZING |  SYNG ———[ \

SIGNAL — —

X X UNKNOWN
ADDRESS BUS | Aw~Ao fmmmmmdo— V14V p b A j
X X ______ 1 T RoATNG
DATA BUS 07 ~Do / READ MODE
DATA BUS WRITE MODE DATA BUS

READY SIGNAL READY
WAIT STATE [

SIGNAL WAIT
DATA BUS INPUT / INPUT THE \

CONTROL SIGN\A DBIN DATA

WR
“g?g:AEONTROL 1 STATUS INFORMATION| \ [
|S LATCHED IN THE
XTERNAL REGISTER | OUTPUT THE DATA
Ars~Ao:ADDRESS OR TEST OF READY & |OPTIONAL, ST
1}2) DE:/ICE NUMBER|] HOLD SIGNALS: HALT<TWH)S ATE FETCH DATA OR OPTIONAL, INSTRUCTION EXECUTION
OPERATION D7~Do : QUTPUTS| TEST OF EXECUTION |OR MEMORY ACCESS NSTRUCTION, OR |F REQUIRED

OF INSTRUCTION HLT

TIME ADJUST WRITE DATA

® Besides the states shown in Fig.3, there is a state Ty, in
which the CPU stays in the hold state after the machine

cycle.
® States Ty, T4

and Ts are optional.

Table 1 Status information

® Hatched portions indicate periods during which input
data should be kept stable.

® The address data is valid during the period designated by
solid lines.

® The period of T,y depends on the condition of the

Data Signal . 3 N 3 X
bus symbol Status information designation Function READY si
signal.
Goes high when the CPU g
Do INTA Interrupt acknowledge accepts the interrupt request STATUS INFORMATION
signal from the INT terminal.
Goes high when the current The M58710S sends out 8 bits of status information on
— . machine cycle is in a read ~ 1 i
Dy Wwo Write mode mode. and tals whemina write data bus (D;~D,) at the flrs‘t state of each m.acrtlne cycle
(output) mode. (M;j-T;) synchronizing with signal SYNC that indicates the
Goes high when the address function of each machine cycle. The status signal will be
bus holds the pushdown . . H
TAC tack .
D2 STACK | Stac stack address from the stack latched in the external register by signal SYNC-¢,. Table 1
pointer. gives the functions of the status information that will be
Goes high when the CPU
Ds HLTA HLT instruction acknowledge |executes the HLT instruction sent out on the data bus.
and maintains the halt state. Table 2 Status
Goes high when the address St Mode No
bus contains the address of atus - A 21314 (5|61|7;8]9]10
%n output device and the data information
) 5 us contains the output data.
Dy ouT Output instruction (The address of an output g 3|83
acknowledge device is contained simulta- 2 S 21812 @
neously- in the upper 8 bits| 3 ® 2|3 £ % £ € 2
and the lower 8 bits of the @ |3 ci®|lo|o|®|2|8.2]2]|%
address bus.) F @ S| |18 |8 |s|%|agz|s]|:2
@ el &S =13 S S 3
Goes high when the CPU is in 2 2 é g ke 3l s % 58 5 g 1
Ds My My status the fetch cycle for the first o »n 2l s|ale|E|2|ef=2|a|O
byte of an instruction.
Goes high when the address
bus contains the address of Do INTA 0jo0jojojH 01 0jo0jo
an input device and the data Dy WO 1 1 ] ] ] 1 1 o|0]|oO
) bus receives the input data.
De INP Input instruction acknowledge (The address of :ar?uoutput D. STACK 0011 ojlo0o|0|0}|0]|1 0
device is contained simulta-
neously in the upper 8 bits Ds HLTA 0 0 0 0 0 ! ! 0 0 0
and the lower 8 bits of the Ds ouT ojojojojojofo|0|0]1
address bus).
Ds My 1{o0|lo|0f{41/0|1j0|0)0
D, MEMR | Memory read Goes high when the data bus De INP ojojoj1|ojo|ofo]oalo
is used for memory read data.
D, MEMR 1 1 1 0|0 1 0ojo0|j0]|0O
8—6 ELECTRIC



MITSUBISHI MICROCOMPUTERS

MSL 8080AP, S

8-BIT PARALLEL CPU
CPU STATE TRANSITION DIAGRAM
STATE CPU STATE TRANSITION DIAGRAM
T YES T
< e
T2 T2
HOLD F/F=1
INT-iNTE =)
Tw
T3
NO
TwH
Ta
INT F/F=1
Ts
S
NO o
I SR —— -4 _.._“\ N e o I
[}
\\\ :
~ I
N 1
TH !
|
!
MITSUBISHI
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MSL 8080AP, S

8-BIT PARALLEL CPU

MACHINE INSTRUCTIONS 8 g8
S.378 .

Jtem Instruction code 5055 Flags "Address bus Data bus
nstn Mnemonic emal 5| 5| g Functions Mach Mach,
lclass. D7D DsD4D3 D2D1Do | hei| g 2 S S Z P CY2CY1|Contents cycle® Contents|!/0] cyclet

MOV 1,2 01 DDD SSS BERE (r1)«(r2) X X X X X
MOV M, r 01 110 SS8S 17112 M) «~(r) Where, M=(H)(L) | X X X X X M Ma (r) [0 Me
MOV  r, M 01 DDD 110 7|12 (r) (M) Where, M=(H)(L) | X X X X X M Ma (M) | Ma
MV .n 00 DDD 110 1122 (r)«n X X X X X B2> | 1| Ma
82>
MV M, n 00 110 110/|36(10(2]3 (M) «n Where, M=(H) (L) X X X X X M Ms <B2> | Ms
<B2>
LXI B,m |00 000 O0O1 [0O1[10[3][3 (C) —<B2> X X X X X B> | 1| M2
<B2> (B) —<B3> Where, m =<B3><B2> B3> M3
B3>
LXt D,m (00 010 001 {1 1(10{3]|3 (E) —<B2> X X X X X B> | 1| M2
<B2> (D) «— B3> Where, m =<B3><B2> B3> I M3
<B3>
LXI H,m (00 100 001 21[10|3]|3 (L) —<B2> X X X X X ®> |1 M2
<B2> . (H) —<B3 Where, m =<B3><B2> {B3> 1 M3
<Bs>
LX! SP,m/00 110 001 |31/10]3]|3 (SP) «m X X X X X B> | 1| M2
<B2> ®» (1] M
<B3>
5 | SPHL 11 111 001 [Fo[s[1]1 _(SP)«—(H) (L) X X X X X
‘% |STAX B 00 000 010 [02]7[1][2][((B)NC))—(A) X X X X X[ (B)Y(©)| Mas (A) o] Ma
S |STAX D 00 010 010 |12/7[1]|2]|(D)(E))—(A) X X X X X | (D)(E)| Ma (A) |Of Ma
= LDAX B 00 001 010 ([0A|7[1]2 (A) - ((B)(C)) X X X X x| (B)(C)[| Ma [((B)(C)]I M4
8 LDAX D 00 011 o010 |1Al7]1]2 (A) — ((D) (E)) X X X X X|(D)(E) Ma_ [ ((D) (E))] | M4
S [STA m ©0 110 010 (321334 (m) —(A) X X X X X m Ma (A) [0 Ma
<B2>
<B3>
LDA m 00 111 o010 ](3A[13[3]4 (A) —(m) X X X X X m Ma (m) 1| Ma
<B2>
<B3)>
SHLD m 00 100 010 [22[16]3]5 (m) (L) X X X X X m Ma (L) o] Ma
<B2> (m+1) «(H) m+1 Ms (H) 0 Ms
<B3>
LHLD m 00 101 010 [2A[16(3][5 (L)« (m) X X X X X m Ma (m) 1] Ma
<B2> (H) = (m+1) m+1 Ms (m+1) |1 Ms
<B3>
XCHG 11 101 0411 [EB[4 1|1 (H) (L) (D) (E) X X X _X X
XTHL 11 100 o011 E3|I8[1]5 (H) (L) <+ ((sP)+ 1) ((sP)) X X X x X[ (sP) Mz | ((sP)) | 1] M2
(SP) +1 M3 i((sP)+D)] 1 M3
ADD 70 000 SSS IRERE (A) < (A +(1) O O0OO0OO0O0
ADD M 10 000 110 (86|7|1]2 (A) «=(A) +(M) Where, M=(H)(L) [O O O O O M Ma (M) 1 Ma
ADI n 11 o000 t10]|cef7|2]|2 (A)«(A) +n 00000 B> [ 1| Mas
<B2>
ADC r 10 001 SSS a1 (A)— (A) +(r) +(CY2) OO0O0O0O0
ADC M 10 001 110 |8E|7|1]|2 (A)«-(A)+ (M) +(CY2) Where, M=(H)(L) |O OO OO M Ma (M) | Ma
ACI n 11 001 110 |CE|(7(2]2 (A) < (A)+ n +(CY2) OO0OO0O0OO0 <B2> 1 Ma
<B2>
DAD B 00 001 001 091013 (H) (L) < (R) (L) + (8) (C) X X X O X
DAD D 00 011 001 19)10|1]3 (H) (L) < (H) (L) + (D) (E) X X X O X
DAD H 00 101 001 29|10 1L)3 (H) (L) < (H) (L) + (H) (L) X X x O X
® DAD sP 00 111 001 [39]10/1]3 (H) (L) = (H) (L) t (SP) X_X_ X Q X
g SuUB r 10 010 S§S8S 4| (A) «=(A) -(r) [eeNeNeNe)
g suB M 10 010 110196 [7]|1]2 (A) < (A) ~(M) Where, M=(H)(L) [O OO OO M Ma (M) 1] Ma
8 su) n 11 010 110 |D6|7]|2)|2 (A) «=(A) = n (e eNeNeNe] <B2> 1 Ma
<B2>
ko SBB r 10 011 S§8S 4 {1 (A) «=(A) - (r) —(CY2) O OO0 0O
Q sBg M 10 011 110 (|9E|7|1]2 (A) <= (A)-(M)-(CY2) Where, M=(H)(L) O OO OO M Ma (M) | Ma
8 |(sBi = 11 011 110 |DE|7|2]|2 (A)<=(A) - n -(CY2) 00000 B> | 1| Mas
5 <B2>
€ [ANA 7 170 100 S§88 NERE (A) < (A) A 00000
£ ANA M 10 100 110 |A6|7|1]2 (A) = (A) A(M) Where, M=(H)(L) |O O O 0 O M Ma (M) | Ma

£ (AN n 11 100 110 E6|7|2]|2 (A)=(A)A n 00000 B> [ 1| M

<B2>

< fxRR 10 101 sSss NERE (A) —=(A)¥ (1) OO0 00 0

XRA M 10 101 110 |AE|7]|1]2 (A) « (A) (M) Where, M=(H)(L) [O O O 0 0 M Ma (M) | Ma
XR1 n 11 101 110 |[EE|7 2 2 (A) <= (A)¥ n OO0OO0Oo0 o0 B2 I Ma
<B2>
ORA 10 110 SsSS a1 (A) —(A)\ (r) OO0OOo0 o0
ORA M 10 110 110 (B6[7|1]|2 (A) —(A)\ (M) Where, M=(H)(L) O O O 0 0o M Ma (M) 1. Ma
OR} n 11 110 110 |F6|7|2]|2 (A)—=(A)\v n OO0O0Oo0 o0 <B2> I Ma
<B2>
CMP ¢ 10 111 SSS a1 (A) = (r) [eNeNeNeNe]
CMP M 10 111 110 BE|7(1[2 (A) = (M) Compare; ‘Where, M=(H) (L) |O O O O O M Ma (M) 1| Me
CPI  n 11 111 110 FE|7|2]2 (A) = n O 0000 ®2> | 1| Ma
<B2>
INR 1 00 DDD 100 HERE ()= (r)+1 O 00 x O
2 [INR M 00 110 100 34f|i0/1]3 (M) = (M) F1 Where, M=(H)(L) 1O O O X O Ma (M) 1] Ma
@© [DCR [ 00 DDD 101 s () —=(ry -1 OO0OO0OXx O
§, DCR M 00 110 101 |35]|10]1]3 (M)=(M) -1 Where, M-(H)(L) |O OO x O M Ma (M) 1] M
g TNX B 00 000 O11 (083|511 (B)(C)—(B)(C) 1 X X X X X
S|iNx D 00 010 011 |13[s|1|1 (D) (E) «- (D) (E) +1 X X X X X
S [INX H 00 100 011 (23511 (H) (L) < (H) (L) +1 X X X X X

. S lINX  spP 00 110 011 |33|5/|1/[1 (SP) «—(SP) + 1 X X _X_X_X

gg DCX B 00 001 011 |0B|S5|1]1 (8) (C)—(B) (C) -1 X X X X X

‘g;; DCx D 00 011 o011 [1Bl5|1]|1 (D) (E) (D) (E) -1 X X X X X

& g|pcx H 00 101 011 |28Bf5]|1]1 (H) (L) = (H) (L) =1 X X X X X

= |pcx _sp 00 111 o011 |3B|5]|1 |1 (SP)«(SP) 1 X X X X X
RLC 11 1 X X X X
- G0 000 1 074 T et it ove <]
%5 8[RAC 00 001 111 [0F[al1 ] 1] N X X X O X
a0l Right shift cvz [
c
ﬁ«g’%"“ 00 010 111 17l I et shift ove X X X O X
& 8 §[RAR 00 o1 i T T [TF| 4T T e ove X X X O X
[Accumu cmMa 00 101 111 [2F[4[11]1 (A) —(A) X X X X X
compen.[DAA 00 100 111 | 27|41 |1 |Resultsof binary addition are adjusted to BCD 00000
lca sTC 00 110 111 [37[4a]T]7 (CYz) —1 X X X 1 X
Iy Setl cme 00 111 111 aF[alill (CY2) —(0V2) X X X O X
*: Stateis Ty. t: Stateis T,.
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8-BIT PARALLEL CPU

8 g 8
s_x.%
Instruction code “61 ;g %’ Flags Address bus Data bus
Mnemonic LANE Bl B Bt Functions Mach. Mach.
D7Ds DsDaD3 D2Dy D“ch;?aatln EIEIE $ Z P CY20v1|Contents| ol + | Contents|l/0f oy cie+
JMP m 71 000 011 |C3[10]|3]3 (PCYem X X X X X B2> ||| M
<B2> <B3> | M3
<B3>
PCHL 11 101 001 |E 1 (PC)e=(H) (L) X X X X X
Jc m 11 011 010 [DA[103 |3 [(CY2)=1 X X X X X
<B2>
83>
JNC m 11 010 010 [D2|10|3 |3 (Cv2)=0 |If conditionis true X X X X X If condition is true.
<B2> (PC)em
B3>
Jz m 11 001 010 [CA[10]3]3|(2Z)=1 X X X X X 82> 1 Mz
82> B3> ' M3
B3>
g |wz m 11 000 010 |C2|10|3{3][(Z)=0 X X X X X
3 <B2>
= <B3> Jition i
JP m 11 110 o010 [F210|3]|3((s)=0]Ifconditon is false x x x x x |f If condition is false.
<B2> (PC)—(PC) + 3
B3>
JM m 11 111 010 FA[10/3[3((s)=1 X X X X X
<B2>
B>
JPE m 11 101 010 [EA[10/3|3|(P)=1 X X X X X
<B2>
<B3>
JPO m 11 100 010 [E2|10[3|3|[(P)=0 X X X X X
<B2>
<B3>
CALL m 11 001 101 |CD|17]3]5]|((SP)~1)((SP)~2)(PC)+3.(PC)e—m X X X X X B2 [1] Mz
<B2> - - ®» | 1| Ms
<B3> (sP) = (sP)~2 (sP)=1| M locrins-s O | Ms
RST n 11 AAA 111 (SP)=2| Ms |(PC)sD1-0, O | Ms
11 [ 3] ((SP)=1) ((SP)~2)«=(PC) +1.(PC)enx8, X X X X X|(SP)=1| M4 [(PC)+DE~8 0| Ma
(SP) « (SP) -2 Where 0=n=1 (SP) 2| Ms |(PC)+D1-0 o | Ms
cc m 11 011 100 |DCJI1| 3 [5/3 (CYe) =1 X X X X X
<B2>
<B3>
CNC m 11 010 100 [D4|IN|3 |53 (C¥2)=0 X X X X X
<B2> If condition is true. If condition is true
= <B3> -
8 |cz m 11 001 100 [CC M3 |5/3(Z)=1|((SP)=1) ((SP)=~2)«(PC)+ 3 X X X X X @ 1| Mz
3 <B2> <B3> | M3
= <B3> (PC)+em (sP)—1 Ma  [(PC)+Dws~3| O Ma
3 |eNnz m 11 000 100 |[Cafim3(s3/(z)=0 X X X X X
8 <B2> (sP)«—(SP)-2 (SP)=2| Ms |«PC)+D1-0| O | Ms
3 B3>
cp m 11 110 100 [Fa7n]3(s3/(s)=0 X X X X X
<B2>
B3>
cM m 11 111 100 (FCWn 3 (53 (s)=1 |Ifconditionis false X X X X X
<B2>
<B3> (PC)«—(PC) + 3
CPE m 11 101 100 |EC[1M| 3|53 (P )=1 X X X X X
<B2>
<B3>
CPO m 11 100 100 [E4|IN|[353/(P)=0 X X X X X
<B2>
<B3>
RET 11 001 001 [C9[10] 1|3 [(PC) —((SP)+1)((SP)).(SP)—(SP)+2 X X X X X|[(sP) Ms [ ((SP)) |1 Ma
(sP)+1] Ms |((SP)+1)| 1 Ms
RC 11 011 000 D8 IS 1 13/1)(Cv2) =11 | condition is true XX XXX |t condition is true.
o |mNc 11 010 000 DO [1/5 1 (3/1/(CY2)=0 X X X X X
5 |Rz 11 001 000 [C8|iI/5 1 |3/1(2Z 1 1 (PC)«=((SP)+1) ((sP)) X X X X X||(sP) Me | ((sP)) |1 Ma
% |RNZ 11 000 000 |Co (15l 1 (3/1|( Z)=0|(SP)e—(SP)+2 X X X X X({(SP)+1[ Ms |((SP)+D| 1| Ms
< |[RP 11 110 000 FoO/ls 1(3/1/(S)=0 X X X X X
RM 11 111 ooo |F8|ns 1 [31|(s)=1|If condition is false X X X X X || If condition is false.
RPE 11 101 000 [E8 15/ 1 (3/1[( P)=1[(PC)—(PC)+1 X X X X X
RPO 11 100 000 lEO K1 31/(P)=0 X X X X _X
Input/ | TN n 171 011 011 [D8[10]2]3](A) (Input buffer) < (Input device of number n). X X X X X B2> [O0] Ma
output <B2> (Input data) <B2> B2>| Ms (Input data) | Ms
ouT n 11 010 011 |D3|10|2]| 3| (Outputdevice of number n) «(A) X X X X X <B2> [ Ma
control B B BD| Ms (A) o M
Tnterrupt| E 1 T 11 011 [FB| 4|1 |1 |(NTE)—1 X X X X X
control | D 1 11 110 011 [F3|a|1 |1 [(NTE)e—0 X_X_X_X_X
PUSH PSW T1 110 101 [F5]11]1]3]((SP)—1)«—(A).((SP)=-2) «(F) X X X X X [(sP) 1| Ma (A) |0 M
(sP) «(sP)-2 (sP)—2| Ms (F) 0| Ms
PUSH B 11 000 101 [C5 1|1 [3][((SP)=1)«(B).((SP)-2)«(C) X X X X X |(SP)=1| Ma (8) 0] Ms
(sP) —(sP)-2 (sP)—2| Ms (©) 0| Ms
PUSH D 11 010 101 |D5|1|1]3]((SP)=1)«(D).((SP)=2)«(E) X X X X X[|(SP)=1| Ms (D) 0| Ma
(SP) «(sP)-2 (sP)—2| Ms (E) 0| Ms
S |PUSH H 11 100 101 [E5|1]113[((SP)—1)(H).((SP)-2)« (L) X X X X X[(SP)=1| Ma (H) [0 Ma
£ (SP) «(sP)—2 (sP)—2]| Ms (L) |0 Ms
g |[POP PSW 11 110 001 [F1]10]1|3]|(F) <« ((SP)).(A)—((SP)+1) O O O OO|(sP) Ma (sP)) | 1| Ma
™ (SP) «—(sP)+2 (SP)+1[ Ms [((SP)+1)| 1 Ms
S (pop B 11 000 001 [C1[10] 13 (C) «((SP)).(B)«((SP)+1) X X X X X|[(sSP) Ma | ((SP)) |1 | Ma
» (sP) «(sP)+2 (SP)+1| Ms [((SP)+1)| I Ms
POP D 11 010 001 [D1[10[1[3](E) «((SP)). (D)« ((SP)+1) X X X X X|(sP) Ma | ((SP)) | I Ma
(SP) «(sP)+2 (SP)+1| Ms |((SP)+1)| 1 | Ms
POP H 11 100 001 |[E1[10]1(3]|(L) «—((SP)).(H)—((SP)+1) X X X X X|(sP) Ma | ((sP)) |1 Ma
(SP) «—(SP)+2 (sP)+1] Ms [((SP)+1)| | Ms
ALT 01 110 110 76| 7[1]1](PC) —(PC)+1 X X X X X
Others | nop 00 000 00 (oolalilil(c) —(Pc)+i X_X X _X_X
*: State is T1. *x ! State is Tz
Symbol Meaning Symbol Meaning Symbol Meaning
r Register - Data is transferred in direction shown
m Two-byte data Bit pattern desig- [Register | s s 5 () | Contents of register or memory location
- nating register or or -
n One-byte data memory| poD v Inclusive OR
B2 Second byte of instruction ssg |OF memory 5 o0 ey Exclusive OR
<B3> Third byte of instruction or c 001 A Logical AND
AAA Binary representation for RST instruction n D 010 — 5 9
~ DDD I3 011 1's complement
c 8-bit data from the most to the least significant H 100 X Content of flag is not changed after execution
bit 8.2,0.Cv1,0,P.1,0v2 M I O__| Content of flag is set or reset after execution
PG Program _counter Where, A 110 | Input mode
SP Stack pointer M=(H) (L) 0 Output mode

MITSUBISHI
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INSTRUCTION CODE LIST

D7~Da 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1040 | 1014 | 1100 | 1404 | 1140 | 1444
Hexadecimal
D3~Do\ notation 0 1 2 3 4 5 6 7 8 9 A B [¢] D E F
MOV { MOV | MOV | MOV | ADD | SUB | ANA | ORA
0000 0 NOP [(NOP)[(NOP)|(NOP) RNZ | RNC | RPO RP
D,B|H. B|M,B B B B B
0001 ; MOV | MOV | MOV | ADD | SUB | ANA | ORA | POP | POP | POP | POP
D,C| H, C| M,C [¢] 6] C [¢] B D H PSW
MOV | MOV | MOV | ADD | SUB | ANA
0040 2
D,D|{H D| MD D D D
bo11 3 MOV | MOV | MOV | ADD | SUB | ANA
B D H SP B,E|D E|H E|ME E E E
0100 4 INR INR INR INR | MOV | MOV | MOV | MOV | ADD | SUB | ANA
B D H M B,H|D, H|H H|MH H H H
0101 5 DCR | DCR | DCR | DCR | MOV | MOV | MOV | MOV | ADD | SUB ['ANA PUSH|PUSH|PUSH
B D H M B,L|{D, L|H L|ML L [ L
MOV | MOV | MOV ADD | SUB | ANA
0110 6 HLT
B.M|D,M | H M M M M
MOV | MOV | MOV | MOV | ADD | SUB | ANA
0111 7 RLC | RAL | DAA | STC
B,A|D A|H A|MA A A A A 0 2 4 6
MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP
1000 8 |(NOP)|[(NOP)|(NOP)|(NOP) RZ RC RPE RM
C,B|E,B|L,B|A B B B B B
DAD | DAD | DAD | DAD | MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP
10014 9 RET [(RET)|PCHL| SPHL|
B D H SP C,C|E,C|[L,C|AC C C C C
LDAX[LDAX MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP
1010 A LHLD| LDA
B D C,D|E,D|L,D|AD D D D D
B DCX | DCX | DCX | DCX | MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP
1011
B D H SP |C,E|E, E|L E | AE E E E E
G INR INR INR INR | MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP
1100
C E L A CCH{E,H|L H|A,H H H H H
1101 b DCR [ DCR | DCR | DCR | MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP
C E L A C,LIE, L{L L|aA L L L L L
1o £ MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP
CCM | EMI LM AM M M M M
MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP | RST | RST | RST | RST
1M1 F RRC | RAR | CMA | CMC
C,A|E.A|L A| A A A A A A 1 3 5 7

This list shows the machine codes and corresponding
machine instructions. D3~D, indicate the lower 4 bits of
the machine code and D;~D4 indicate the upper 4 bits.
Hexadecimal numbers are also used to indicate this code.
The instruction may consist of one, two, or three bytes,
but only the first byte is listed.

indicates a three-byte instruction.

indicates a two-byte instruction.

is not a formal instruction, but if this code
is accessed, the instruction in parentheses
may be executed. This is not, however,
guaranteed.
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ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Limits Unit
VDD Supply voltage —0.3~20 vV
Vce Supply voltage ) —0.3~20 \
With respect to VBB (substrate)
Vss Supply voltage —0.3~20 \
Vi Input voltage —0.3~20 \2
Pd Maximum power dissipation Ta=25C 1500 mWwW
Topr Operating free-air temperature range 0~70 °C
Tstg Storage temperature range —65~150 °C
RECOMMENDED OPERATING CONDITIONS
Limits
Symbol Parameter Unit
Min Nom Max
VBB Supply voltage —4.75 —5 —5.25 \Y
Vce Supply voltage 4.75 5 5.25 \
VoD Supply voltage 11.4 12 12.6 \%
Vss Supply voltage 0 \Y
ViH High-level input voltage 3.3 Vec+1 \%
ViL Low-level input voltage —1 0.8 \Y
ViH(g) High-level clock input voltage 9 Vop+ 1 \%
ViL(g) Low-level clock input voltage —1 0.8 v
Topr . Operating free-air temperature 0 70 °C

ELECTRICAL CHARACTERISTICS (Ta=0~70°C, VoD=12V+5%, Vcc="5V+£5%, VBB=—5V+5%, Vss=0V., unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VoL Low-level output voltage loL=1.9mA. Al output 0.45 \Y
VoH High-level output voltage loH=— 150 A 3.7 \%
BB VB8 supply current —0.01 | —4 mA
lcc V cce supply current Operating at tc(¢)=480ns, Ta=25°C 60 75 mA
DD V DD supply current (Note 2) 40 70 mA
1 Input current, except clock and data bus 0=Vi=Vce +10 uA
11(g) Clock input current 0=Vi(g)=VDD +10 uA
0=Vi(DB)=VIL 10
l1(DB) Input current, data bus (Note 3) VIL < Vi(os) Voo — 100 uA
10 A
11(HOLD) Input current during hold. address or data bus At hold state 0.45V =Vo=Vce —100 mA
-2

Ci (¢1) Input capacitance, clock input (¢1) V(g )=0V 20 25 pF
Ci Input capacitance, clock input V(g2)=0V 15 20 pF

(%2 - (¢2) ’e f =1MHz, 25mVr.m.s
Ci Input capacitance, any input except clock Vi=0V 5 10 pF
Co Output capacitance Vo=0V 5 20 pF

Note 1: Current flowing into an IC is positive; out is negative.
2: to(g)=td(s1H-92) T tr (g) +Tw(g2)+1f (g2)+ td (g2 p1)+ tr(g0)
3 : Active pull-up resistors will be switched on to the data bus when DBIN is high and data input voltage is more positive than V(4 min.
ELECTRIC 8—11
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TIMING REQUIREMENTS (Ta= 0~70°C, Voo=12V+5%, Voc=5V+5%, VeB=—5V +5%, Vss=0V: unless otherwise noted)

Symbol Parameter tmits Unit
Min Typ Max

to(g) Clock cycle time (Note 4) 480 2000 ns
tr(¢) Clock rise time 0 50 ns
tf(¢) Clock fall time 0 ) 50 ns
tw(g) Clock 1 pulse width 60 ns
tw(¢d Clock 2 pulse width 220 ns
td (pel-¢2) Delay timie, clock 1 to clock 2 0 ns
td (g2-41) Delay time, clock 2 to clock 1 70 ns
td (piH-92 Delay time, clock 1 high to clock 2 80 ns
tsu(DA- ¢1) Data setup time with respect to clock 1 30 ns
tsu(DA-¢2 | Data setup time with respect to clock 2 150 ns
tsu(HOLD) | Hold setup time 140 ns
tSu(NT) Interrupt setup time 120 ns
tsu(RDY) Ready setup time 120 ns
th (DA) Data hold time tPD(DBI) ns
th (HOLD) Hold input hold time 0 ns
th (INT) Interrupt hold time 0 ns
th (RDY) Ready hold time’ 0 ns

Note 4 : to(#)=1d (giL-g2) + tr (g2) + tw(g2) +tr (g2) + td (g2- ¢4)+ tr (#9)

SWITCHING CHARACTERISTICS (Ta= 0~70°C, Vpp= 12V + 5%, Vo= 5V + 5%.,Vea= — 5V + 102,Vss = 0V, unless otherwise noted)

Symbol Parameter Test conditions (Note 5) - Limits Unit
Min Typ Max
tPD(AD) Propagation delay time, clock 2 to address outputs RL=2.1kQ, CL=100pF 200 ns
teo(DA) Propagation delay time, clock 2 to data bus RL=2.1kQ, CL=100pF 220 ns
tPD(CONT) | Propagation delay time, clocks to control outputs RL=2.1kQ, CL=50pF 120 ns
tro(DBI) Propagation delay time, clock 2 to DBIN output RL=2.1kQ, CL=50pF 25 140 ns
tPD(ONT) Propagation delay time, clock 2 to INTE output RL=2.1kQ, CL=50pF 200 ns
trD(DI) Time for data bus to enter input mode . tPD(DBI) ns
tpxz Disable time to high-impedance state during hold address output and data bus 120 ns
td (WR-AD) Delay time, write signal to address output RL=2.1kQ, CL=100pF td (¢1H-¢2) ns
td (AD-WR) Delay time, address output to write signal RL=2.1kQ, CL=100pF Note 6 ns
td (WR-DA) Delay time, write signal to data output RL=2.1kQ, CL=100pF td (#1H- 62) ns
td (DA-WR) Delay time, data output to write signal RL=2.1kQ, CL=1{00pF Note 7 ns
Note 5 : Load circuit : Vee
RL
M58740S
OUTPUT

5
Note 6 : td (AD-WR)=2tc(#)—td (siH-g2)— L () — 140ns
7 Wd(OA-WR)=tc (¢) — to(gH-¢2)—Lr(¢)—170ns
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:TIMING DIAGRAM

to(g) ta ,
tw(d4) — — td (¢1L-¢2
ﬁ tw(g2) ﬂ 3
& _ . I\ }F\ /F\
. I3 | 1Y 3 ) fo\
——ltd(¢2-¢1) PD(DA) e
1d(p1 H-¢2 I th -
Ats—Ag —msl2id2) (0N — X _ po
tpo(ap) ——  tPon—- |— DATA IN Ht-t d(AD—WR) | -t d(WR—AD)
D7-Do L= IH©) ¢ I DATA OUT -
tpp(DA) f—— tsu(a-¢1) | L] | 1. | L
tsu(pa—g¢2 —WR WR—
SYNG ( $2)) td(DA—-WR td(WR—DA) texz
tPD(COII:l_T) ; =
— PD(CONT) "'—\
DBIN 4
] /| tro(DBt Yl
WE teo(DB1) Y
th(HOLD)H |~  [—{teD(coNT) F—| t PD(CONT)
READY —tr
_%. ._ij%v_x_ 1PD(CONT)
tsu(rDY) th(RDY)
— tsu(roY) |
WAIT l
: [ F—{th(HoLD)
PD(CONT t
HOLD (CoNT) X® - PD(CONT)
tsu(HoLo)=  H- ' - E
HLDA
INT _x ®
— —t
INTE tsu(INT) hONT) ™ ]
Note 8 : This timing diagram shows timing relationships only: it does not represent any specific machine cycle
9 : Time measurements are made at the following reference voltages: Clock voltage H =8.0V, L =1.0V; input voltage, H =3.3V, L=0.8V: output voltage, H =2.0V, L=0.8V.
10 : Data on the data bus must be stable for this period in the input mode. Requirements tsy(DA—¢1), tsu(DA—g¢2), th(DA) must be satisfied.

11 : The ready signal must be stable for this period during state T or Ty,. External synchronization is required.

12

mode. External synchronization is not required

External synchronization is not required.

The hold signal must be stable for this:period during state T, or Ty, when entering the hold mode and during states T3 T4, Ts, Tywy and Ty when in the hold

The interrupt signal INT must be stable for the period immediately before the last state of any instruction in order to be recognized on the following machine cycle My
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MITSUBISHI MICROCOMPUTERS

MSL 8080AP, S

8-BIT PARALLEL CPU

APPLICATIONS

A Basic System Using the M5L8080A P, S

The configuration of a system using the M5L8080AP, S
will depend on the functions of the system. A typical

basic system is shown in Fig. 1, and a summary of its
operation is as follows:

Fig. 1 An example of a basic system using the M5L8080A P, S

CONTROL CIRCUIT
O > 2 -BIT
Zwada a BIDIRECTIONAL DATA BUS (8-BIT) .
= 0 O« { ‘ ‘
WTuw 5 : |,
c o« L — 1 y  DBIN
DBIN-—' A OUT-WH—‘ w DBIN-—-‘ 4 INTA = INTA
-— wo @
DBIN MEMR~— < e
INT » INP~] MULTIPLEXER MULTIPLEXER MULTIPLEXER| MULTIPLEXER =] STACK z
2 a =
WR 2_) o - o ‘T HLTA <
= [%}
WAIT = o & DATA OUTPUT READ g WRITE —jout 8
HLDA ' INPUT INPUT ~ OUTPUT y DATA DATA -~ M, =
o - n
SYNC o & OuTPUT TERRUPT INP
= INPUT DEVICE! INTERRU
v ‘§ [ DEVICE MEMORY <J INSTRUCTION - MEMR
DD PORT.
= (256 PORTS) (256 PORTS) GENERATOR
Vee [~ INP |=-ouT
Vss . A [ (65536
Ves < ‘,(8) r(s) BYTES) SYNC - ¢1
l P ‘ P
w — R
#1 2 ADDRESS BUS (16-BIT)
CLOCK GENERATOR

1. After the CPU receives the two phase clocks ¢, and ¢, in the next machine cycle (Note 1). The memory write

from the clock generator and the external reset signalb,
the address bus provides the address to memory location
zero.

. At the same time the CPU sends out status signals, which
are latched temporarily in the status latch (flip-flops in
which status information is latched). The status signals
alert external circuits as to the state of the machine
cycle that the CPU is ready to execute. When the
CPU calls for data or instructions t0 be read from
memory, status signal MEMR is applied to the multi-
plexer, and the 8-bit data from memory is read into the
CPU through the bidirectional data bus across the
multiplexer.

. The 8-bit data coming from memory is decoded as an
instruction. If it is a register-reference-arithmetic instruc-
tion, it is executed in the CPU; if it is a move-to-memory
instruction, the CPU outputs the memory location to
the address bus and data to be written on the data bus

in operation is executed by write control signal WR.

. During input and output operation, the CPU outputs the

1/0 device number to the address bus, outputs a status
signal (INP in the input mode; OUT in the output mode)
and executes the read/write operation to the |/O devices
using the bidirectional data bus.

. If there is a signal from terminal INT to the CPU, the

CPU is in the interrupt enable state, and it sends out
status information INTA (Note 15), and an interrupt
instruction is sent to the CPU from the interrupt instruc-
tion generator across the multiplexer. By executing this
interrupt instruction, the CPU can jump to the interrupt
processing subroutine.

Note 14 : Each instruction may have five machine cycles. For register-to-register

transfer or arithmetic instruction, instruction fetching and execution are
carried out by machine cycle M, but memory access instructions, or 2-byte
or 3-byte instructions require more than one machine cycle.

15 : The interrupt acknowledge signal goes high when the CPU accepts an
interrupt request (INT) signal.

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MSL 8080AP, S

8-BIT PARALLEL CPU
Push-Down Stack Operation Fig. 2 is explained as follows:
The M58710S has a last-in first-out stack. This stack has a 1. An external interrupt request occurs when the CPU
pointer that maintains the address of the next available executes the instruction stored at location a in the main
stack location in memory and can be initialized to use any program.
position of memory. Since the stack pointer has a 16-bit 2. Instruction RST is fetched, the content of the program
register, it can locate any stack location up to 65536 counter is incremented and pushed onto the push-down
bytes according to memory capacity. An example of the stack. Then the CPU jumps to the first location b of the
interrupt request is shown in Fig. 2 and the operation of interrupt operation program.
the stack pointer in Fig. 3. 3. The contents of the register are pushed onto the stack.

F (in Fig. 3) indicates 8-bit data of flag flip-flops includ-
ing CY,, CY,, Z, P and S. These are, from the most to
the least significant bit, S, Z, 0, CY,, 0, P, 1, CY,.

Fig. 2 Processing an interrupt request . . .
9 9 P que 4. Instruction El is executed, enabling the CPU to accept

the next interrupt request.
5. The interrupt operation is carried out.
6. The CPU enters the interrupt disable state.
MAIN PROGRAM b SUSH Pow ] . . rrup e )
b+ ¢ [Pusn B . The contents of registers are popped off the stack.
PUSH D (3) 8. Instruction El is executed, enabling the CPU to accept
(4) a—3| MovLG 2 PUSH H the interrupt request after return to the m.am program.
INTERRUPT a— 2 | MOV H.B RST El (4) 9. The content of the program counter is returned to
REQUEST s— 4 [ MOV A.M ~ = (5) location a+1 of the main program.
a ADD B o ®
at A POP H The operation of the push-down stack shown in Fig. 2 is
a+ 2 POP D (7) described in Fig. 3, where SP indicates the content of the
a+ 3 POP B stack pointer before the interrupt is requested. Instruction
‘;J”‘_ f POP PsSw LX| SP should be used to initialize the stack pointer.
+n—11EI . .
bn T iz)) The content of the stack pointer is SP-4 at (3), but at
(9), after the execution of instruction RET, it returns to
the initial state, and the content of the stack point is SP.
Fig.3 Operation of the push-down stack
(1) RST (3) PUSH PSW woooevmrrennnenee PUSH H  sooeeemseeeene (1) POP PSW (9) RET
sP—i0> (L)
(H)
> (E)
(D)
cvescnce (c) cecaneen
(B)
SP— 4D (F) ’ (F)
(A) (A)
SP— 2 [>| a+ 1 LOWER >| a+ 1 LOWER a+ 1 LOWER SP—2D>[ a+ 1 LOWER
a+ 1 UPPER a+ 1 UPPER a+ {1 UPPER a+ 1 UPPER
SPD>
> © Memory location selected by the stack pointer
Memory location selected by the stack pointer before the execution of instruction
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EXAMPLE OF APPLICATION CIRCUIT

INTERRUPT REQUEST
CINTL CHLDL

HOLD REQUEST

© 5V XTAL
OF18mHz o
100k ]F "_-I l—l F ;
R XTAL2  XTALT INT HOLD
M5LE224P g —tHZ 14, DC-DC DC-DC
SYSTEM RESET INPUT  CRSIL gléggsATOR b2 2MHz b2 MEMORY AND CONVERTER CONVERTER
CLOCK ¢2(TTL) GGL2H T aDy READY 1/0 DECORDER 5V—12V 5V— - 5V
CRYSTAL OSCILLATOR FREQUENCY COSCH 0SC RESET RESET ‘ l ‘ ’L
ouTPUT READY INPUT  CRDYH RDYIN © SYNC SYNC |
1CFdL-—0 RESIN 8 12v 5V —5V
uFx MBL8080A MEMORY
STATUS STROBE  CSTBL ———i CcPU ADDRESS
. SELECT
STSTB g
M5L8228P As~Ao %
SYSTEM 2K 8 256 8
CONTROLLER WR 10 10
b-—f—d wR & BYTES &S & BYTES
DBIN DBIN As—Ap CS Ag~Ag CS A7~Ag 881 A7~Ag GCS1
M5L2708K MS5L2708K Sz CS2
DB;~DBg D7~Dg D7~Dg EPROM EPROM MS5L2111AP M5L2111AP
8 8 OR OR RAM RAM
HLDA HLDA M58730-XXXS MB58730-XXXS (1K BITS) (IK BITS)
x = MASK ROM MASK ROM
2 Ex=3 (1K-BYTE) (1K-BYTE) 1/04-] 1704~
E WAIT INTE D7~Do D7~Do ODW'R_1/0; 0D W/R 1701
000 ~
MEMORY READ CONTROL ~CMERL Ty 8 8 I 4D7Da 4D3-Do
MEMORY WRITE CONTROL ~ CMEWL 1
© CDB7H
DATA BUS g
CDBOH [
WAIT STATUS ~ CWAIH & °
INTERRUPT ENABLE ~ CITEH
RESET SIGNAL OUTPUT ~ CRSOH
1/O READ CONTROL ~ CIORL
1/0 WRITE CONTROL ~ CIOWL g T L
HOLD ACKNOWLEDGE ~ GHLAH Lg é) é)
12V. WR RD D7~Dg CS WR RD D7~DgCS
' ;{k REsp T MSL8255AP PRI RESET MSL828SAP PRI
2 A PAo PBp PCy PAo PBg PCo
h
INTERRUPT ACKNOWLEDGE ~ CITAL  |e————0-J At_Ao PA; PBy PCy Ai__Ac PA7 PB7 POy
CAB15H ZJ ZJ f
ADDRESS BUS § m / i
CABOOH ‘ s ks ks 8 8 {8
CPO7H CP17H CP27H CP47H CPS57H CP67H
§ § § g s §
CPOOH CP10H CP20H CP40H CP50H CPBOH
INPUT/ —INPUT/  INPUT/ INPUT/  INPUT/  INPUT/
QUTPUT OQUTPUT OUTPUT OUTPUT OQUTPUT OQUTPUT
PORTA PORTB PORT C PORTA PORTB PORT C

5v
GND

Ndd 1371vyvd 119-8

S ‘'dv0808 1S

SYILNAINOIO0UDIN IHSIGNSLIN



MITSUBISHI LSIs

MSL 8224P

CLOCK GENERATOR AND DRIVER FOR M5L 8080A P, S CPU

DESCRIPTION

The M5L 8224P is a clock generator/driver for M6L8080A
P,S CPUs. It is controlled by a crystal, selected by the user,
to meet a variety of system speed requirements. |t is fabri-
cated by using Schottky TTL technology.

FEATURES

® Crystal controlled for stable clock frequency generation
® Clock outputs ¢y, ¢, and ¢,(TTL level), and an oscilla-
tor output are brought out

Power-up reset for CPU auto-reset

Status latch signal

Synchronizing ready signal output

Interchangeable with Intel’s 8224 in terms of pin con-
figuration and electrical characteristics

APPLICATION

@ Single chip clock generator/driver for M5L 8080A P, S
CPUs

FUNCTION

When an 18MHz crystal is connected between XTAL1 and
XTAL2, clock outputs ¢y, ¢, and @,(TTL level), along
with oscillator output, are brought out for a CPU with a
basic cycle time of 500ns. At this time, ¢; pulse width is
110ns (2X55ns), ¢, pulse width is 275ns (5X55ns). When
an overtone mode crystal is used, the external LC network
is connected to the TANK input to provide additional
gain.

If an external RC network is connected to RESIN at

PIN CONFIGURATION (TOP VIEW)

RESET OUTPUT RESET «[i] B Vec (5V)
RESET INPUT  RESIN—(Z] [T+~ XTAL1 GEXSTAL
CRYST,
READY INPUT  RDYIN—+[3] z [« XTAL2 St I
READY OUTPUT READY «[2] &  [Ble TANK TANK TERMINAL
SYNCHRONIZING ©
CLOCK ¢ ('T'ft’)T SYNO~D § A0S0 Gliwb "
SurpuiP2(TTL)+[E] ® [ ¢, grocK g
STATUS STROBE STETR C
outeur o1 918+ 0] O->d2 G
(ov) GND [B] 9] Voo (12V)

Qutline 16P1

system power-up time, a reset signal is generated; and the
system is reset automatically. When a signal from a CPU is
applied to the SYNC, STSTB is generated. The RDYIN
input sends a synchronous ‘‘wait request’ signal to the in-
ternal D-type flip-flop, and a synchronized READY signal
is generated.

BLOCK DIAGRAM

CRYSTAL !
TERMINAL T XTAL 1 N
CRYSTAL OSCILLATOR 1V 12)0scC OS?‘LL¢TOR
TERMINAL 2 X TAL 2 ‘ o
i CLOCK ¢t
TERMINAL  TANK l'> QID PR
t2v) voo (9) CLOCK GENERATOR N i CLOCK #2
L9 1> 10) 42 OUTPUT
(V) vee (18) so(TLy 6K
6)g2(TTL) ¢2(TTL)
(V) GND . gUTPUT
SYNCHRONIZING : ———— STATUS
weur SYNC(s STSTB gtROBE
OUTPUT
RESET INPUT RESIN(2 4>° b :
SCHMITT CIRCUIT
! TG RESET
Q DRESET ourpur
READY
ReaDy INPUT RDYIN (3 D Q 4)READY PEADY.
L - |
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MSL 8224P

CLOCK GENERATOR AND DRIVER FOR MS5L 8080A P, S CPU

SUMMARY OF OPERATIONS

Oscillator

This circuit delivers the basic oscillation frequency to the
system. A crystal must be connected between terminals
XTAL1 and XTAL2. The oscillation frequency is buffered
and taken out to the terminal OSC to be utilized as a basic
frequency source for other system timing signals.
‘Divide-By-Nine’ Counter

The oscillation frequency is divided by this counter to
create two clocks necessary for the M5L 8080AP, S CPU.
A TTL level phase 2 clock signal #2(tTuL) is also available
for external timing purposes.

Status Strobe Output (STSTB)

This signal is used in latching the status information from
the CPU and is generated in synchronism with F of clock
#1 (see Fig.1) when the SYNC signal from the CPU is
supplied to terminal SYNC, and SYNC is in high-level. It
is applied to input terminal STSTB of the M5L8228P
system controller.

Fig. 1 Clock signal timing diagram
< tc
[ |

0oscC l

Reset Input (RESIN)

When this signal turns low-level, output from terminal
RESET goes high-level, synchronizing with the B on clock
#2 (see Fig.1). This signal input is connected with the
Schmitt trigger, providing a power-on-reset function as
in the typical reset circuit shown in Fig.2.

Fig. 2 Typical reset circuit

Vee
MC301 'y 100k Q
2
6 —C RESIN
e L
1uFTa M5L8224P
CAPACITANCE

Ready Input (RDYIN)

When this signal turns low-level, terminal READY also
turns low-level, synchronizing with the B on clock #2. It
serves to issue wait requests to the CPU (see Fig.1).

MITSUBISHI
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MSL 8224P

CLOCK GENERATOR AND DRIVER FOR M5L 8080A P, S CPU

USAGE
When the M5L8224P clock generator is used with the
M5L 8080AP CPU, crystal oscillator frequency (fy) must
be 9 times the desired CPU cycle time (tc). For example
if tc is to be 500ns, fx will be:
1

500 < 107°
However, tc limits are 2us (max) and 480ns (min) so that
fx must be selected within a range of 4.5~18.75MHz. It
is recommended that the fundamental be used. If a higher
harmonic (overtone) is to be used, an L/C network must
be connected to terminal TANK as shown in Fig. 4. If a
fundamental of 10MHz or more is used, a capacitance of
about 10pF must be inserted in series with the crystal (see
Fig. 5).

Crystals must satisfy following conditions:

X9=18(MHz)

Tolerance: 0.005% between 0~75°C
Series resonance: Fundamental
Load capacitance: 20~ 35pF

Equivalent resistance: 75Q or less

Fig. 3 Typical M5L 8224P connection

XTAL
aH
15 14
12y 9[XTALT XTAL2
Vob 4 23
READY READY
-6-5V
M5L8224P |, 22
16 #1 #1
Vee 10 15
MG301 % 100k Q #2 #2  M5L808OAP

RESIN 5 19
SYNC SYNC

2
IR
Sw I#Fa 1 12
i GND RESET RESET
STSTB

Fig. 4 Example of use of a crystal oscillator in an overtone
circuit
XTAL

15[‘DH1|4_1

XTAL1 XTAL2

13
TANK

1/C NETWORK
M5L8224P

Fig. 5 Example of use of a crystal of 10MHz or above

XTAL 10pF

[

XTALN XTAL2

M5L8224P

Precautions

STSTB 1. Do not short clocks ¢1 or ¢2 to ground.

2. Application of nominal Vpp (12V) before application of
nominal Vge (BV) may damage the device. Proper
switching order must be observed.

M5L8228P
MITSUBISHI
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MSL 8224P

CLOCK GENERATOR AND DRIVER FOR MSL 8080A P, S CPU

ABSOLUTE MAXIMUM RATINGS (Ta=0~75°C. unless otherwise noted)

Symbol Parameter Conditions Limits Unit

Vce Supply voltage 7.0 \

VpD Supply voltage 13.5 \

] Input voltage 7.0 \

Vo Output voltage, all outputs except @y and &, - Vecc Vv

Pd Power dissipation 800 mw
Topr Operating free-air temperature range 0 ~75 °C

Tstg Storage temperature range —55~125 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0 ~75°C. unless otherwise noted)
Limits

Symbol Parameter Vin Norm Max Unit

Vee Supply voltage 4.75 5.0 5.25 \Y

VbD Supply voltage 1.4 12 12.6 \Y

10H High-level output current, 1,42, READY,RESET —100 uA

loH High-level output current, all other outputs —1 mA

oL Low-level output current, 1,42 READY,RESET,STSTB 2.5 mA

loL Low-level output current, all other outputs 16 mA

frmax Maximum repetition frequency 27 MHz

ELECTRICAL CHARACTERISTICS (Ta=0~75C. unless otherwise noted)
Limits
Symbol Parameter Test conditions Vin Tvo Mo Unit
VIH High-level input voltage. RE STN 2.8 v
ViH High-level input voltage, all other inputs 2.0 \Y
ViL Low-level input voltage 0.8 \%
VIH—ViL | Input hysteresis voltage. RES TN Vee=5.0V, Vpp=12.0V 0.25 \%
Vie Input clamped voltage Vco=4.75V, liIc=—5mA —1.0 \%
VOH High-level output voltage, ¢1, ¢2 Voc=4.75V, Vop=11.4V, lon=—100pA 9.4 \Y
VoH High-level output voltage. READY, RESET Voc=4.75V, Vpp=11.4V, Ioy=—100pA 3.6 \%
VoH High-level output voltage, other outputs Voc=4.75V, Vpp=11.4V, loH=—1mA 2.4 \
VoL Low-level output voltage, 1,42 READY, RESET,STSTB| Vcc=4.75V, Vpp=11.4V, loL=2.5mA 0.5 Y
VoL Low-level output voltage, all other outputs Voe=4.75V, Vpp=11.4V, lo-=16mA 0.5 \
1H High-level input current Voc=5.25V, Vpp=12.6V, yv|=5.25V 10 LA
i Low-level input current Vee=5.25V, Vpp=12.6V, V|=0.5V —0.25 mA
los Short-circuit output current (Note 3) Voo=5.0V, Vop=12.0v —10 —60 mA
Vo=0V, Viy=4.5V, v, =0V
lcc Supply current from V cC Veoe=5.25V, Vpp=12.6V v|y=4.5V 115 mA
ViL=0V
10D Supply current from V pp 12 mA

Note 1: All voltages are with respect to GND terminal. Reference voltage (pin 8) is considered as OV, and all maximum and minimum values are defined in absolute values.

2 : Current flowing into an IC is positive; out is negative. The maximum and minimum values are defined in absolute values.

3 : All measurements should be done quickly, and two outputs should not be measured at the same time. Outputs @1 and ¢2 should not be short-circuited to GND.
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MSL 8224P

CLOCK GENERATOR AND DRIVER FOR MSL 8080A P, S CPU

TIMING REQUIREMENTS (Ta=25°C, Vgcc=5V, Vpp=12V . unless otherwise noted)

Limits .
Symbol Parameter Test conditions Unit
Min Typ Max
ith TSR ST STB output terminal 50 _4tc ns
tsu(RDYIN) | RDYIN setup time with respect to CL=15pF )
t YIN hold time with SH] ALi=2ka =X
i ith respect to 9 ns
h (RDYIN) | RDYIN hold time with respe RL 2=4KQ ]
SWITCHING CHARACTERISTICS (Ta=25"C, Vco=5V, VDb=12V, unless otherwise noted)
Limits
Symbol Parameter Test conditions (Note 4) Unit
Min Typ Max
twigi) Clock ¢ | pulse width 2le_p0 ns
tw(g2) Clock #2 pulse width CL=20~50pF S _3g ns
td(giL-g2L) Delay time from ¢1 low-level to @2 low-level RLI=®Q, RL2=%°Q 0 ns
td(geL-giL) Delay time from @2 low-level to ¢1 low-level %9—30 ns
1A ( giH-g2L) Delay time from @1 high-level to ¢2 low-level 2—59—5 3%94-25 ns
tTLH Transition time, low-to-high-level ¢1and ¢$2 C_=20~50pF 20 ns
tTHL Transition time, high-to-low-level ¢4 and ¢2 RLI=®Q, RL2=%°Q 20 ns
$2(TTL) output
td(gz-g2(TTL))| Delay time from ¢2 to ¢2 (TTL) —10 20 ns
# T CL=30pF, RL1=300Q , R 7=600Q
td(g2-57578)| Delay time from $2 to STSTB STSTB output e 30 slo ns
tw(5TsTe) | STSTB pulse width CL=15pF, RL1=2kQ , RLz=4kQ s ns
td(Reapny-¢2) | Delay time from READY to g2 READY, RE SE T output a1 -
- - ns
td(reseT-¢2) | Delay time from RESET to ¢2 CL=10pF, RL1=2kQ , R 2=4kQ 9
Note 4 : Measurement circuit: Vee
R Voltage measurement points:
L1
IN OUT e
L
50Q x
TIMING DIAGRAM REFERENCE LEVEL =15V to
1
tTLH twé tTHL
8.0V
P1
1.0V
td(giL-¢2L)
— f 8.0V td(g2L-¢iL)
$2 tw( ¢2)——-——°\ 1
td (p1H-¢2L) A 1.0V
— td(e2-¢2(TTL)) td(g2-g2(TTL)
@ (TTL)
td(#2-57578) IW(STSTB),  Note 5
D ———— [————— e ———
R 5 \ v
STSTB —‘k P
N\ ]
i
tsu(5TsTB)
th(STSTB) .
RDYIN /
RESIN
td(READY-82)
READY
| td(RESET-#2)
RESET

Note 5 : The wave from is as shown by the dotted line when RESET is low
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MSL 8224P

CLOCK GENERATOR AND DRIVER FOR MSL 8080A P, S CPU

TYPICAL APPLICATION CIRCUIT

GND zf; Ao ;: Ao ]
5V el At o At
_5\/.___12.% A2 29 A2
12V ———— A3 30 A3
Aa Aa
As 3 As
As 22 As
AT I A7 L ADDRESS BUS
13 As 35 As
SYSTEM DMA REQ———={HOLD & A3 Ag
‘rﬂ At0 1 Ato
8 Att 40 Att
14 © A2 37 A2
SYSTEM INT. REQ——={INT ~ O 38
16 5 A5 A
INT. ENABLE =————1INTE = Afaf== Ata
Ats A1s
% WR E =
YTAL < peinpT
l—4 P"] HLDA }&
5 2[ 443
TANK—”‘ XTALZ XYAL: AR 22 4 0o 10 15 SSLA Dawwgm13 DBo
OSC# osc 82 10 13 P2 D1 9 17 D1 DBy 16 DB1
p2(TTU=—— 4o rr0) 280w AT D2f8 125, STS%! L " ¥=Y
RDYIN—E RDYIN READY 23 READY D3 z 19, < D83 ‘9‘_"‘_“'—'D53
2 12 Daf 6o & oaf bgs | DATA BUS
RESIN hesn reser] RESET st LE] 8 ; DBs E:DBS
12v M5L8224P De}S 2Uoe N osef20 . g
5 el oo of—to & el o
STST8 5V 3 INTA og%-——-——-‘l—m
J— GND-—T MEMR pzs—»m
~QqsTSTE  MEMW P_“MEMW CONTROL BUS
BUSE Q——Eé BUSEN ,I/;O; D—.Cﬂ%qv
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SYSTEM CONTROLLER AND BUS DRIVER FOR M5L 8080AP, S CPU

MITSUBISHI LSIs

MSL 8228P

DESCRIPTION

The M5L 8228P is a system controller and bus driver for
M5L 8080AP, S CPUs. It generates all signals required to
directly interface the MELPS 8 series RAMs, ROMs and
input/output devices. A bidirectional bus driver, along with
system control signals, provides for high system TTL fan-
out. It is fabricated using Schottky TTL technology.

FEATURES

® Built-in bidirectional bus driver for data bus isolation
Built-in status signal

High system TTL fan-out

User selected single level interrupt vector (RST 7)
Interchangeable with Intel’s 8228 in terms of pin con-
figuration and electrical characteristics

APPLICATION
® Data bus driver and
M5L8080AP, S CPU

FUNCTION

The bidirectional bus driver provides high system TTL
fanout, as well as isolation for an M5L8080AP,S CPU
data bus from memory and 1/O devices.

Status signals from a CPU are latched in the internal
status latch when the status strobe signal STSTB goes low.
The gating array generates control signals (memory read
MEMR, memory write MEMW, input/output read 1/OR,
input/output write T/OW, and interrupt acknowledge INTA)
by gating the output of the status latch with the control sig-
nals DBIN, WR and HLDA from a CPU. The bus enable
input BUSEN forces the data bus output buffers and con-

status signal generation for

PIN CONFIGURATION (TOP VIEW)

SRR Oy 5TSTB -0 e 7 Voo (5V)
HOLD ACKNOWL- H|_DA (2] 27— 1/ OW 1/0 WRITE CONTROL
WRITE CONTROL WR —(3] ZI—'M_LW %EMNOR'gWR'TE
8&5’% BUS INPUT DSIN—»[2 [25—*1/OR /0 READ CONTROL
SYSTEM DATA BUS DBg«[5 2—+MEMR MEMORY READ
DATABUS  Dg+»[E] = 23— INT A INTERRUPT ACKNOWL-
SYSTEM DATA BUS DB7 (7] % 22]«-BUSEN Eaus ENAB1LF:EOI‘;\]PUT
DATABUS D7 <»[8] S [27]¢» D DATA BUS
SYSTEM DATA BUS DB3 +»[3] S 20> DBg SYSTEM DATA BUS
DATABUS D3 +»[iQ] [Ble»Ds  DATA BUS
SYSTEM DATA BUS DB, <»[f] 18]+» DB5 SYSTEM DATA BUS
DATABUS Dy «»(12] 17]e> Dy  DATABUS
SYSTEM DATA BUS DBg +»([T3] [16]+» DB SYSTEM DATA BUS
(0OV)GND  [1] [5]e» Do DATA BUS
Outline 28P1

trol signal buffers to high-impedance state if they are in
the high-state.

An RST 7 instruction gated to the bus as an interrupt is
acknowledged when the DBIN input is active and a 12V
supply in series with a 1k resistor is connected to the
acknowledge output INTA.

BLOCK DIAGRAM

CPU DATA BUS BUS DRIVER

BIDIRECTIONAL

{3)DBo
16)DB1
1)DB2
3)DB3
T
DB 4 SYSTEM DATA BUS
8)DBs
20)DBe
7)DB7

[ DRIVER*CONTROL
(ov) GND Q9 L
— ———— MEMORY READ
(5V) Voo (9 STATUS  —+] QuENH m WRITE
LATCH [ COMEMW (onmroL
i —! i:;":\f 29 1/0R  1/0 READ CONTROL
STROBE CONTROL INPUT STSTB(§ Y i70W
DATA BUS INPUT CONTROL SGNAL DBIN (3 &) 170w lNIT/SR:ﬂIE Aim
WRTECONTROLSIGNAL ~ WR (3 @ INTAepee controL. |
HOLD ACKNOWLEDGE SIGNAL HLDA (2
BUSEN BUS ENABLE INPUT
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MSL 8228P

SYSTEM CONTROLLER AND BUS DRIVER FOR MSL 8080AP, S CPU

SUMMARY OF OPERATIONS

Bidirectional Bus Driver

An 8-bit bidirectional bus driver is provided to buffer the
data bus of the M5L8080A CPU from the memory and
1/0 devices. Its flow is controlled by the gating array.
The system data bus output is provided with ample load-
driving capacity (Iop.=10mA). It can be turned to the
high-impedance state by the bus enable (BUSEN) input
in order to separate the memory and 1/0 devices from the

CPU.

Status Latch

Latches status information from the CPU and is used in
deriving the memory and /O control signals.
information from CPU terminals Do~ D5 is latched at the
Terminal STSTB is usually
connected to output terminal STSTB of the M5L8224P

rising edge of STSTB.

clock generator.

FUNCTION OF THE STATUS SIGNALS

Status

Data
bus

Signal name

Status information

Functions

Do

INTA

Interrupt acknowledge

Turns high when CPU ac-
knowledges interrupt re-
quest by INT.

D,

Write mode discriminating

Turns high when CPU is in
read mode, and turns low
when in write mode.

D

STACK

Stack

Turns high during that part
of the machine cycle when
thevalue in the stack pointer,
that is, the address of the
push down stack is output
on the address bus :

Ds

HLTA

HLT instruction acknowledge

Turns high during that part
of the machine cycle when
the CPU halts on executing
the HLT instruction.

Ds4

ouT

Output instruction
acknowledge

Turns high during that part of
the machine cycle when the
outputportnumber s carried
to the address bus and the
dataiscarriedtothedatabus.
The outout port number is
output on both the upper and
lower eight bits of the ad-
dress bus at the same time.

Ds

Turns high during that part
of the machine cycle when
the CPU fetches the first byte
to the instruction.

Ds

INP

Input instruction
acknowledge

Turns high during that part
of the machine cycle when
the input port number is
carried to the address bus
and the data bus becomes
the input mode. The input
port number is output on
both the upper and lower
eight bits of the address bus
at the same time

D,

MEMR

Memory read

Turns high during that part
of the machine cycle when
the data bus is utilized to
fetch the memory contents.

Gating Array

Memory and 1/0 control signals are generated from this

circuit after logically combining the contents of the status

latch and signals DBIN, WR and HLDA from the CPU.
The relationship between the CPU status information

and the M5L8228P control signal is tabulated below.

STATUS INFROMATION AND THE TYPES OF THE
MACHINE CYCLES

Mode number

Status
information

N
w
s
&
o
~
o
7]
=

Data bus bit
Name of status signal
Instruction fetch
Memory read
Stack read
Input read
Interrupt acknowledge
HALT acknowledge
Interrupt acknowledge
Memory write
Stack write
Output write

while HALT.

Do INTA
Dy WO
D: STACK
D3 HLTA
Da ouT
Ds My
D¢ INP
D MEMR

o

~lol~lojo|lo|—~

~|lojlo|jlo|o|o|~|O
~|loj0|lo|jO|=|~|O
o~ 0o|l0oj0ojOo|~|0O
olo|j~|o|o|o|~|~
~olo|lo|~lo|~|0
olo|l~|o|~|o|~|~
ololojio|lo|lo|lo|o

o|lolo|jlo|o|~|O|O
I-—QQO‘OOQO

B
B
<

<
m
<
3

INTA
(NONE)
INTA

T/0R

<
m
Bl

8—24

MITSUBISHI
ELECTRIC



MITSUBISHI LSis

MSL 8228P

SYSTEM CONTROLLER AND BUS DRIVER FOR M5L 8080AP, S CPU

Use Of Terminal INTA
1. When Interrupt Instruction is Applied Externally

Fig. 1 Typical external interrupt instruction

TO SYSTEM DATA BUS
DB7DBs DBs DB4 DB3 DBz DB1 DBo

peettttd

i

TPTTTTtY

INTERRUPT INSTRUCTION

TO THREE-STATE
GATING BUFFER

M5L8228P
<M53325P X2 )

OR M5L 8212Px 1

Fig. 2 In case priority is given to an interrupt instruction

TO SYSTEM DATA BUS
0B7 0Bs DBs DB4 DB3 DBz DB) DB

ERREEN

TO TERMINAL
INT OF CPU

PRIORITY ENCODER
(M53348P)

-

i

NTERRUPT INPUT

-l

Fig. 3 Typical M5L 8228P connection

2. When Interrupt Instruction is Generated from the
M5L 8228P
When terminal INTA is connected to the 12V line through
a 1kQ resistance, an instruction coded ‘FFig’ (RST 7) is
automatically generated on the CPU data bus at the next
DBIN which follows the cycle when the CPU issued the
INTA status (interrupt acknowledge).
State After Initial Power-On Time
State of the status latch within the M5L 8228P is unstable
immediately after the initial power-on, however, the
STSTB signal is sent to the M5L8228P when the
M5L 8224P clock generator sends the reset signal to the
CPU. Even if the CPU data bus is in the high-impedance
state at this time, D2=D¢="1"" is latched, as the pull-up
resistance is connected with D2 and Ds in the M5L 8228P.
As the internal flip-flop is reset this way, there will not
be any unrequired control signals being issued during the
power-on time.
Use of Terminal BUSEN
Fig.3 shows typical M5L8228P connection. When
terminal BUSEN turns high-level, all the data bus buffers
and control output buffers of the M5L8228P turn to the
high-impedance state. Therefore, the data and control
buses of the system can be controlled externally when
signal HLDA (hold acknowledge) is issued from the CPU
as the HOLD request was applied to the CPU, if the
terminal HLDA of the CPU is connected with the
terminal BUSEN of the M5L8228P. This feature is very
useful in direct memory accessing DMA.

5V 12v
1KQ
(SV)Vcc—fj— INTA p23
(OV)GND——=1 $5.1kQ
21 22 1 'OR bzim:_»—, oR
oA P ———y——aq BusEn . oo
HLDA | OW D——m’:—bwow
WR p'8 3: WR " 5.1kQ DATA BUS (MEMORY 1/0)
17 4 MEMR D—&-——»MEMR
DBIN DBIN e 5. 1K0
MEMW DLMEMW
6 - 8 SYSTEM 7 e
D7 5 - 21 O7 conthoLLer PB7 20 DB7
De - Ds A[’)\‘F?IVBE%S DBg f——»—<-—DBs XTAL
19 18
cPuU Ds |4 — Ds msLg228p DBs [~ —*—<*——D0Bs oM
M5L8080A P 3 6 5
b 7 10 D DBa 7 PB4 L controL BUS 14 15
——t————— .|
D3 1= - D3 DB3 - DB3 | (MEMORY./0) TAL? XTAL]
D2 D2 DBz b—=—<—D8B2
D1 S - 7 D1 DB1 16 o DB1
10 15 13
D — Do DBg [——*—<—DBo
° STSTB
! STSTB dsTsTB
CLOCK GENERATOR
AND DRIVER
M5L8224P
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MSL 8228P

SYSTEM CONTROLLER AND BUS DRIVER FOR MSL 8080A P, S CPU

ABSOLUTE MAXIMUM RATINGS (Ta= 0~ 75°C. unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vce Supply voltage 7.0 \Y
Vi Input voltage, Dg~ D7 and ST STB input Vce \
Vi Input voltage, all other inputs 7.0 \%
Vo Output voltage Vce \Y
Pd Power dissipation 1.0 w
Topr Operating free-air temperature 0~75 °C
Tstg Storage temperature —55~125 °C
RECOMMENDED OPERATING CONDITIONS (Ta=0~ 75°C. unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vce Supply voltage 4.75 5.0 5.25 \
loH High-level output current, Do~ D7 outputs —10 A
loH High-level output current, all other outputs —1 mA
loL Low-level output current, Do~ D7 outputs 2 mA
loL Low-level output current , all other outputs 10 mA
ELECTRICAL CHARACTERISTICS (Ta=0~75°C, unless otherwise noted)
Limit:
Symbol Parameter Test conditions il Unit
Min Typ Max
ViH High-level input voltage 2.0 \%
ViL Low-level input voltage 0.8 \Y
Vic Input clamp voltage Vec=4.75V, lic=—5mA —1.0 \%
Vecc=4.75V, VIH=2.0V, V,;_=0.8V,
High-level output voltage. Do~ D7 outputs ce H It 3.6
1OH= —10 LA
Yo Voe=4.75V, ViH=2.0V, ViL=0.8V, v
High-level output voltage, all other outputs ce=4. » VIH= LAY, VIL=0.SY, 2.4
loH=—1mA
Vece=4.75V, ViH=2.0V, V,.=0.8V,
Low-level output voltage. Do~-D7 outputs 0.5
v loL=2mA v
oL
Low-level output voltage , all other outputs Vee=4.75V, ViH=2.0V, Vi =0.8V, 0.5
loL=10mA
Three-state output current Ve =5.25V. ViH=2.0V, ViL=0.8V, 20
Vo=5.25V
loz Vers — — A
Three-state output current €C=5.25V, VIH=2.0V. ViL=0.8V, —20
Vo=0.5V
High-level input current, ST ST B input 100
= = =0V
™ High-level input current, D Bo~ D B7 inputs Veo=5.25V, Vig=4.5V. ViL=0V, 20 #A
- - - Vy=5.25V
High-level input current, all other inputs 100
Low-level input current, STSTB input —0.5
| Low-level input current, D2, De inputs Vee=5.25V, ViH=4.5V, V|L=0V, —0.75 A
L m
Low-level input current, Do, D4, Da, Ds, D7inputs Vi=0.5V —0.25
Low-level input current , all other inputs —0.25
los Short-circuit output current (Note 3) Vcc=5.0V, ViH=4.5V, ViL=0V —15 — 90 mA
NANTA) INTA terminal current Vpp=12V, RL=1kQ +10% 5 mA
lcc Supply current from Vcc Vee=5.25V, VIH=4.5V, V|L=0V 190 mA

Note 1 : All voltages are with respect to GND terminal. Reference voltage (pin 14) is conisidered as OV, and all maximum and minimum values are defined in absolute values

2 : Current flowing into an IC is positive; out is negative. The maximum and minimum values are defined in absolute values.

3 : All measurements should be done quickly, and two outputs should not be measured at the same time.

TIMING REQUIREMENTS (Ta=0~75°C. unless otherwise noted)

Limits .

Symbol Parameter Test conditions o - e Unit
tw(STSTB) | STSTB pulse width 22 s
tsu(DA) Do~ D7 setup time with respect to STSTB 8 ns
tsu(oB) DBo~D 57 setup time with respect to HLDA 10 ns
th(pa) Do~ D7 hold time with respect to ST ST B 5 ns
th(pB) DBo~DB7 hold time with respect to HLDA 20 ns

MITSUBISHI
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MSL 8228P

SYSTEM CONTROLLER AND BUS DRIVER FOR MSL 8080AP, S CPU

SWITCHING CHARACTERISTICS (Ta= 25°C, Voo =5V, unless otherwise noted)

Limits
Parameter Test conditions (Note 4)
Min Typ Max
| High-to-low-level output propagation time, from input
TPHL(STSTB-MEMR) g— UM g___ _p 20 70 ns
STSTB to output MEMR, |/OR and INTA ViH=4.5V, ViL=0V,
____ | Low-to-high-level output propagation time, from input CL=100pF, RL1=500Q, RL2=1kQ
1 PLH(DBIN-MEMR) PE—— 40 ns
DBINto output MEMR, 1/0R and
TezL (0BIN-D) _ )
Z-to-low-level, Z-to-high-level, high-to-Z-level
TpzH(0BIN-D) N
and low-to-Z-level output propagation time, from
Upnz(DBIND) ) 55 ns
input DBIN to outputs Do~D7 CL=25pF, RL1=4kQ, RL2=coQ
trLz(0BiND)
tpHL(0B-D) High-to-low-level and low-to-high-level output propagation 0 ns
TPLH(DB-D) time, from inputs DBo~ DB7 to outputs Do~ D7
LPHL(WR-MEWW) High-to-low-level and low-to-high-level output propagation s 55
P R _— ns
tPLH(Wﬁ-MEMw) time, from input WR to outputs MEMW and I/OW
1pzL(STSTE-08) Z-to-low-level and Z-to-high-level output propagation %0
= ns
tpzH(STSTE-08) | time. from input STSTB to outputs DBo~DB7
PHL(D-08) High-to-low-level and low-to-high-level output propagation 5 50 s
tPLH(D-0B) time, from inputs Do~ D7 to outputs DBg~DB7
CL=100pF,RL1=500Q, RL2=1kQ
P20 (BUSEN-08)
— Z-to-low-level, Z-to-high-level, high-to-Z-level and
TPzH(BUSEN-08) o )
t low-to-Z-level output propagation time, from input 40 ns
PHZ(BUSEN- 08! —_—
HEBUSEN08) | BUSEN 1o outputs DBo~DB7
tPLZ(BUSEN-08)
th OA-TEWTR) Low-to-high-level output propagation time, from input 15 ns
LH(HLDA- I R
( HLDA to outputs MEMR, T/0R and INTA

Note 4 : Measurement circuit:

Voo
R_4
PG IN OUT| fL
L
50Q ],’:’L

TIMING DIAGRAM REFERENCE LEVEL =15V

¢1_/_\L' / \Iz

/ \Iz / \I:

/\12

@
@2 ¢2 / \ / \ / . / \
1w (STSTB)
STSTB \_‘( \ /
Do~D7
— tsu(STSTB)
tsu(STSTB
DBIN su( ) / N
1PLH(DBIN-MEMR)
NTA, [7OR, MEMR ™\ 1
tPHL(STSTB- MEMR)
HLDA /
-t~ tPLH(HLDA-MEMR)
INTA, [/OR, MEMR j
(AT HLDA) tsu(HLDA) | th (HLDA)
DBo~DB1 :D ————— =
(AT WRITE CYCLE) l— tPLZ(DBIN-D) tPHZ(DBIN-D)
b o tPHL (DB-D) IPLH(DB-D), 8 »
0~ D7 ——————— e ————— - — S
(AT READ CYCLE) }[PZL(DBIN-D)
o PZH(DBIN-D)
WR
tPHL(WR-MEMR) ‘:," tPLH(WR-MEMR)
I/OW, MEMW N
Do~y — )
LPHL (D-DB)
DBo~DB @ = em——— PRI — IDLH(D-DB)
(AT WRITE CYCLE) 1Pzl (STSTB-DB)
{PZH(STSTB-0B)
BUSEN
tPzH(BUSEN-DB) tPHZ (BUSEN-DB)
tpzL (BUSEN-DB) tPLZ(BOSEN-DB)
DBo~DB7 R S iy iyt - - - o = — = o
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SYSTEM CONTROLLER AND BUS DRIVER FOR MSL 8080AP, S CPU

TYPICAL APPLICATION CIRCUIT

GND Ao J23 Ao’
20 26
5V—17 A1 27 At
—-5V-———k Az A2
12v—28 A3 gz A3
As As
as L As
As zi As
/A“ ) 2’ - ADDRESS BUS
13 = s ’
SYSTEM DMA REQ———={HOLD C'll A9 Ag
8 Ao l A1o
ch At 33 A1
14
SYSTEM INT. REQ———=INT 2 2‘2 38 Atz
< 13 A13
1
INT. ENABLE SINTE @ An i?] Ata
g A5 Ats
WR -
17
XTAL DBINF
[—'D’j HLDA
14 15 2] 443
TANK :z ’?2"‘4‘;2 KTA;: 11(1’ ?i " 0o 10 I5 ;?LA oawwgm13 8o -
OSC~—!osc #2 $2 9 17 16
D1 Dt [o):1] LA I— Y-V
s2(TTO~— v ._{2‘; WAIT D22 125, Y L Y%
U e .
RDY|N——1 RDYIN READY 4 2 READY D3 3 100, z oes | DB3
2 1 12 D4 8o & osdS pes [DATA BUS
RESIN RESIN  RESET RESET Dsl 4 1985, g DBs &_—.____[)35
12V —2=1 msL8224p Def2 2oe N om0 .. np
5V —-7=f 5
8 SYNC 19 SYNC orfe 22 D7 % 087 P e————DB7 B
GND—= s7s78 5V — INTA o———-—-—23 INTA]
T7 STSTB N e o2 ———— 7R
26
qsTsTe  memw OF—MEMW—CONTROL BUS
[ o——————1/
BUSEN Zéausm 1/0R po 1/0 R
owpsl 70w
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SINGLE-CHIP 8-BIT N-CHANNEL MICROPROCESSOR

MSL 8085AP, S; P-20, S-20

MITSUBISHI LSIs

GENERAL DESCRIPTION
This is a family of single-chip 8-bit parallel central
processing units (CPUs) developed using the N-channel
silicon-gate ED-MOS process. It requires a single 5V
power supply and has a basic clock rate of 3MHz. With
an instruction set that is completely corr{patible with that
of the M5L808O0A, this device is designed to improve on
the M5L8080A with higher system speed.
FEATURES
® Single 5V power supply
® Software compatibility with the M5L8080A (with two
additional instructions)
@ Instruction cycle:
M5L8085AP, S: 1.3us (min)
M5L 8085AP-20, S-20: 2.0us (min)
® Clock generator (with an external crystal or RC circuit)
® Built-in system controller
® Four vectored interrupts (one of which is non-maskable)
® Serial /0 port: 1 each
® Decimal, binary, and double precision arithmetic opera-
tions
® Direct addressing up to 64K bytes of memory
® Interchangeable with Intel’'s 8085A in pin connection
and electrical characteristics
APPLICATION
o Central processing unit for a microcomputer
FUNCTION
Under the multiplexed data bus concept adopted, the
high-order 8 bits of the address are used only as an
address bus and the low-order 8 bits are used as an
address/data bus. During the first clock cycle of an
instruction cycle, the address is transferred. The low-
order 8 bits of the address are stored in the external latch

PIN CONFIGURATION (TOP VIEW)
cocrgse { 70 R
RESET OUTPUT -

R;;;:LT oUT+({3] [38]-+ HL DA ACKNOWLEDGE
OUTPUE gﬁlﬁ SOD«{7] [37]-+CLK 8b0Tg5TPULSE
‘NPUT OATA S | D-(F] [36]+RESET IN[ESE

ROpT INRUT TRAP-{E] [Ele-READY REET?TY
gestaar [ RST7-5 [5]-+10/M Zontaoe outh
INTERRUPT £ RST 6.5-+(F] T+S1 SARGT
WRUTS | msTs.5-{3] E WFD  READ CONTROL
MEGE wTe® L EewR SRR
ouTpuT [ ADO > [22+S0  SureuT
AD1 A -’A‘ﬂ
soiec. | 02 A
(R | nos o
para’Bus | AP Atz \. ADDRESS BUS
ADs Bl onq, [ OUTPUT
ADs [7h-+A10
AD7e[19] [22}+ A9
(ov) Vss [z0] 2T} As )
Outline 40P1 (M5L 8085AP), 40S1 (M5L 8085AS)

by the address latch enable (ALE) signal. During the sec-
ond and third clock cycles, the address/data bus functions
as the data bus, transferring the data to memory or to the
1/0. For bus control, the device provides RD, WR, and
I0/M signals and an interrupt acknowledge signal INTA.
The HOLD, READY and all interrupt signals are synchro-
nized with the clock pulse. For simple serial data transfer
it provides both a serial input data (SID) line and a serial
output data (SOD) line. It also has three maskable restart
interrupts and one non-maskable trap interrupt.

X2

BLOCK DIAGRAM
®

AD7 ADg ADs ADsa AD3 AD, AD1 ADgp

002020,

Voc  Vss

¥

12

1.
| pataBus BuFFeR/LATCH =
i 8
8-BIT INTERNAL DATABUS 8
! B 8 ¢ i
J’—? I"l—l'{ﬂ?zl TRUCTIO }._
ACCUMULATOR(8)] TEMPORARY| s|z}rlov 8 GISTER(8): TEMPORARY! MULT'PLEXER. s
o
REGISTER(8) ECAG FUP-FLOP fs 5 [{ReECISTER W 1§ TEMPORARY REGISTER |z 8)
1 TNSTRUCTION Z i L g !
ACCUMULATOR 8 DECODER/ - [ €W
LATCH(8) 8-BIT PARALLE’LJ MACHINE  [*1 |5 -
I 8 ARITHMETIC CYCLE [ Bls; c
LOGIC UNIT .4 LENCODER ] 2 STACK POINTER (16)
| 3 PROGRAM COUNTER (16
DECIVAL COMPEN-
B <o | INCREMENT/DECREMENT ADDRESS
LATCH (16)
| ] 16
_ CONTROL CIRCUIT [ ADDRESS BUFFER (16) j—‘
INTERRUPT CONTROL

— - Ais Au A Az An Ap As A
INTA AST  AST  s0p HLDA READY S;  ALE WR ADRESETIN B A Sn fiz An e B Ae
INTR  oor 1gap SID HOLD  So * 1O/M RESET OUT
6.5
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MS5L 8085AP, S; P-20, S-20

SINGLE-CHIP 8-BIT N-CHANNEL MICROPROCESSOR

PIN DESCRIPTIONS

Input or
Pin Name P Functions
output
- Outputs the high-order 8 bits of the memory address or the 8 bits of the I/O address.
Ag~Ais Address bus Out It remains in the high-impedance state during the HOLD and HALT modes.
AD AD Bidirectional address The low-order (I/O address) appears during the first clock cycle. During the second and third clock cycles, it becomes
0 1 and data bus Injout the data bus. It remains in the high-impedance state during the HOLD and HALT modes
ALE This signal is generated during the first clock cycle. to enable the address to be latched into the latches of pe-
Address latch enable Out ripherals. The falling edge of ALE is guaranteed to latch the address information. The ALE can also be used
to strobe the status information. but it is kept in the low-level state during bus idle machine cycles.
Indicates the status of the bus:
S1 So
HALT 0 0
So. S1 Status Out WRITE 0 !
READ 1 0
FETCH 1 1
The S1 signal can be used as an advanced R/W status.
== Indicates that the selected memory or I/O address is to be read and that the data bus is active for data transfer.
RD Read control Out . . .
It remains in the high-impedance state during the HOLD and HALT modes
- Indicates that the data on the data bus is to be written into the selected memory at the trailing edge of the signal
WR Write control Out _ .
WR. It remains the high-impedance state during the HOLD and HALT modes
RSTS5.5 Restart interrupt Input timing is the same as for INTR for these three signals. They all cause an automatic insertion of an internal
RST6.5 In RESTART. RST 7.5 has the highest priority while RST 5.5 has the lowest. All three signals have a higher priority
RST7.5 request than INTR
. A non-maskable restart interrupt which is recognized at the same time as an INTR. It is not affected by any mask
TRAP Trap interrupt In )
or another interrupt. It has the highest interrupt priority.
This signal (at least three clock cycles are necessary) sets the program counter to zero and resets the interrupt enable
RESET IN Reset input In and HLDA flip-flops. None of the other flags or registers (except the instruction register) are affected. The CPU
is held in the reset mode as long as the signal is applied.
Ti | t t the CP h t I i
RESET OUT Reset output Out his signal indicates that the CPU is in the reset mode. It can be used as a system RESET. The signal is
synchronized to the processor clock.
Tt i | | ircui he i
X1. Xz Clock input in hese pins are used to connect an external crystal or CR circuit to the internal clock generator.
An external clock pulse can also be input through X 1.
CLK Clock output Out Clock pulses are available from this pin when a crystal or CR circuit is used as an input to the CPU.
IO/F\_/I Data transfer out This signal indicates whether the read/write is to memory or to 1/Os
u .
control output It remains in the high-ipedance state during the HOLD and HALT modes
When it is at hugh-lével during a read or write cycle the READY indicates that the memory or peripheral is ready
READY Ready input In to send or receive data. When the signal is at low-level, the CPU will wait for the signal to turn high-level before
completing the read or write cycle.
Hold When the CPU receives a HOLD request, it relinquishes the use of the buses as soon as the current machine
o
HOLD | In cycle is completed. The CPU can regain the use of buses only after the HOLD state is removed. Upon acknow-
request signa —_ i i .
q 9 ledging the HOLD signal, the address bus, the data bus. RE. WR and I0/M lines are put in the high-impedance state
Hold By this signal the processor acknowledges the HOLD request signal and indicates that it will relinquish the buses in
HLDA " tedh | Out the next clock cycle. The signal is returned to the low-level state after the HOLD request is completed. The
acknowledge signal
96 sig processor resumes the use of the buses one half clock cycle after the signal HLDA goes low.
This signal is for a general purpose interrupt and is sampled only during the last clock cycle of the instruction
INTR Interrupt | When an interrupt is acknowledged, the program counter (PC) is held and an INTA signal is generated. During this
n
request signal cycle, a RESTART or CALL can be inserted to jump to an interrupt service routine. Immediately after an interrupt
is accepted it may be enabled and disabled by means of software. The interrupt request is disabled by the RESET.
—_— Interrupt acknowledge . = .
INTA Out This signal is used instead of RD during the instruction cycle after an INTR is accepted.
control signal
o This is an input data line for serial data. and the data on this line is moved to the 7th. bit of the accumulator
SID Serial input data In ) o
whenever a RIM instruction is executed.
SOD Serial output data Out This is an output data line for serial data. The output SOD may be set or reset by means of the SIM instruction.
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MSL 8085AP, S; P-20, S-20

SINGLE-CHIP 8-BIT N-CHANNEL MICROPROCESSOR

STATUS INFORMATION

Status information can be obtained directly from the
MBEL 8085A. ALE is used as a status strobe. As the status
is partially encoded, it informs the user in advance what
type of bus transfer is being performed. The 10/M cycle
status signal is also obtained directly. Decoded Soand

Sisignals carry: S, So
HALT (0] 0
WRITE (o} 1
READ 1 0
FETCH 1 1

Sican be used in determining the R/W status of all
bus transfers.

In the M5L 8085A the low-order 8 bits of the address
are multiplexed with data. When entering the low-order
of the address into memory or peripheral latch circuits,
the ALE is used as a strobe.

INTERRUPT AND SERIAL 170

The M5L 8085A has five interrupt inputs—INTR, RST 5.5,
RST 6.5, RST 7.5, and TRAP. INTR has the same function
as INT of the M5L8080A. The three RST inputs, 5.5,
6.5, 7.5, are provided with programmable masks. TRAP
has the same function as the restart interrupt, except that
it is non-maskable.

When an interrupt is enabled and the corresponding
interrupt mask is not set, the three RST interrupts will
cause the internal execution of the RST. When nonmask-
able TRAP is applied, it causes the internal execution of an
RST regardless of the state of the interrupt enable or

masks. The restart addresses (hexadecimal) of the
interrupts are:

Interrupt Address

TRAP 2418

RST 5.5 2Cis

RST 6.5 3444

RST 7.5 3Cis

Two different types of signal are used for restart
interrupts. Both RST 5.5 and RST 6.5 are sensitive to
high-level as in INTR and INT of the M5L 8080A, and are
acknowledged in the same timing as INTR. RST 7.5 is
sensitive to rising-edge, and existence of a pulse sets the
Fig. 1 Basic cycle

RST 7.5 interrupt request. This condition will be
maintained until the request is fulfilled or reset by a SIM
or RESET instruction.

Each of the restart interrupts may be masked indepen-
dently to avoid interrupting the CPU. An interrupt request-
ed by an RST 7.5 will be stored even when its mask is
set and the interrupt is disabled. Masks can only be
changed in the RESET mode. When two enabled inter-
rupts are requested at the same time the interrupt with the
highest priority will be accepted. The TRAP has the
highest priority followed in order by RST 7.5, RST 6.5,
RST 5.5 and INTR. This priority system does not take
into consideration the priority of an interrupt routine that
is already started. In other words, when an RST 5.5
interrupt is reenabled before the termination of the RST
7.5 interrupt routine, it will interrupt the RST 7.5.

The TRAP interrupt is very useful in preventing
disastrous errors and bus errors resulting from power
failures. The TRAP input is recognized in the same manner
as any other interrupt, but it has the highest priority, and
is not affected by any flags or masks. The TRAP input
can be sensed by either edge or level. TRAP should be
maintained high-level until it is acknowledged. But, it will
not be acknowledged again unless it turns low and high
again. In this manner, faulty operation due to noise or
logic glitches is prevented.

The serial 1/0 system is also considered to be an
interrupt as it is controlled by instructions RIM and SIM.
The SID is read by instruction RIM and the SOD data is
set by instruction SIM.

BASIC TIMING

The M5L 8085A is provided with a multiplexed data bus.
The ALE is utilized as a strobe with which the low-order
8 bits of the address on the data bus are sampled. Fig.1
shows the basic cycle in which an out instruction is fetch-
ed, and memory is read and written to the I/O port. The
1/0 port address is stored in both the address bus and the
address/data bus during the /0 write and read cycle. To
enable the M5L 8085A to be used with a slow memory,
the READY line is used for extending the read and write
pulse width in the same manner as in the M5L 8080A.

M1 M2 M3
T1 T2 T3 Ta T T2 T3 T1 T2 T3
—
oLK _/ /] /S \ /[ \/
Ag~A15 X PCH HIGH-ORDER ADDRESS X (PCL+1)H HIGH-ORDER ADDRESS X n (PORT NO.)
apo~a0r T X oo DN -~ PR RNV D GITTH i1 o N G
INSTRUCTION FETCH SECOND WORD
ALE / \ (OUT n) / \ / \
RD
R |/ |/
WR \ /]
10/M \ /7
STATUS S1=1.S0=1 (FETCH) X 1.0 (READ) 0.1 (WRITE)
h— - g 1 .
MITSUBISHI
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MSL 8085AP, S; P-20, S-20

SINGLE-CHIP 8-BIT N-CHANNEL MICROPROCESSOR

2 0 B
o -
MACHINE INSTRUCTIONS £ 83
ftorm Instruction code ; g e Flags Address bus Data bus
Mnemonic 16mall - Functions Mach Mach
Instr 3| . e
cr;ass D7Ds DsDaD3 D2D1Do n i S| Q| § z P Cvzcvi|Contents| cyuejor | Contents|1/0] cycle

MOV ri,r2 | O1 DDD SSS 411 (r1) < (r2) X X X X X

MOV M, r 01 110 888 17112 M) —(r) Where, M=(H) (L) | X X X X X M Ma (r) |of ‘Ma

MOV .M o1 DDD 110 7112 (r) (M) Where. M=(H) (L) X X X X X M Ma (M) 1 Ma

MVI  r,n o0 DDD 110 1122 (r)+<n X X X X X B2> | 1| Ms
82>

MVI M,n (0O 110 110 36[10[2]3 (M) «n Where, M=(H) (L) X X X X X M Ms 82> 1| Ms
<B2)

LXI B,m (00 000 001 [0O1[10[3][3 (C) —<B2> X X X X X <B2> 1 Mz
<B2> (B) «—<B3> Where. m =<B3><B2> <B3> | M3
88>

LXI D,m [00 010 001 [11[10[3]3 (E) «—<B2> X X X X X <B2> 1| M2
<B2> (D) «+<B3> Where. m =<B3><B2> <B3> | M3
B3>

LXI H,m [00 100 001 (21{10(33 (L)« <B2> X X X X X 82> | M2
<B2> (H) —<B3> Where. m =<B3><B2> B3> 1 M3
B3>

5 LXI sSP,m| 00 110 0O 31(10[3]3 (SP) «—m X X X X X <B2> 1 M2
B <B2> B3> I M3
S B3>

s SPHL 11 111 001 [Fo[6 11 (SPY —(H) (L) X X X X X

o STAX B 00 000 010 027 [1]2]((B)(C))—(A) X X X X x[(8)(C)| M (A) [o] M
8 STAX D 00 010 010 |12[7|1]2]|((D(E))—(A) X X X X X | (D)(E) | Ma (A) o] Ma

LDAX B 00 001 010 [OA|[7 |12 A~ ((8)(0)) X X X X x| (B)Y(C)| Ms [((BY(CN[ | Ma

LDAX D 00 011 010 |1A[7|1]|2 (A) < ((D) (E)) X X X X X|(D)(E)]| Ma J(D)EN/ 1] Ma

STA m 00 110 010 (321334 (m) <~ (A) X X X X X m Ma (A) [0 Ma
82>
B3>

LDA m 00 111 o010 (3A[13]3]4 (A) —(m) X X X X X m Ma (m) 1| Me
82>
<B3>

SHLD m 00 100 010 [22(16[3]5 (m) —(L) X X X X X m Ma (L) (o] M
<B2> (m+1) = (H) m+1 Ms (H) (0] Ms
<B3>

LHLD m 00 101 010 [2A|16|3|5 ) —(m X X X X X m Ma (m) 1| Ma
<B2> (H) —(m+1) m+1 Ms (m+1) |1 Ms
<B3>

XCHG 11 101 o011 [EB[4]1 1 (H) (L) ~ (D) (E) X X X X X

XTHL 11 100 011 |E3|16|1]5 (H) (L)« ((SP) + 1) ((SP)) X X X X X | (sP) Mz | ((SP)) | I M2

(sP)+1] M3 l((sP)F1)| 1| M3

ADD 1 70 000 SSS a7 “(A) —(A) + (1) OO0 00O

ADD M 10 000 110 (86|72 (A) — (A)+(M) Where. M=(H) (L) {O O O O O M Ma (M) 1l Ma

ADI n 11 000 110 (C6|7|2]2 (A) —(A)+n O000O0 82> 1| Ma
<B2>

ADC 0O 001 SSS ERE (A) —(A)+(r) +(CY2) 00000

ADC M 10 001 110 (BE|[7}1|2 (A) —(A)+(M)+(CY2) Where.M=(H)(L) |OD O O O M Ma (M) [ Ma

ACI  n 1 001 110 |CE|7|2]|2 (A) «<(A)+ n +(CY2) [eNeNecNeNe) <B2> 1| Mae
<B2>

DAD B 00 001 001 09|10 1|3 (H) (L) < (R) (L) »(B) (C) X X X O X

DAD D 00 011 001 (1910(1]3 (H) (L) « (H) (L) + (D) (E) X X X O X

DAD H 00 101 001 (291013 (H) (L)« (H) (L) + (H) (L) X X X O X

DAD _SP 00 111 001 (39[10/1]3 (H) (L) <= (H) (L) +(SP) X X X O X

e [sus 10 010 SS§S [ABRE (A)—(A)- (0 00000

g |suB ™ 10 010 110 (96 |7(1]2 (A) «—(A)~(M) Where. M=(H)(L) |O O O O O M M (M) 1| Ms
E SUl n 11 010 110 De6|7[2]2 (A) —(A)— n 00000 <B2> 1| Ma
) <B2>

= [sBB ¥ 10 011 SSSs a1 (A)—(A)—(r) —(CY2) 00000

o SBB M 10 011 110 [9E|7(1]2 (A) < (A)=(M)~=(CY2) Where, M=(H) (L) [eeNeNeoNe) M Me (M) | Ma
2 |s81 n 11 011 110 |[DE|7[2]2 (A)—(A)= n —(CY2) 00000 B2 1| Ma
= <B2>

g ANA 1 10 100 SsS a1 (A) —(A) A(1) 00001

ué ANA M 10 100 110 |(AB|7 1|2 (A) < (A) A(M) Where. M=(H)(L) |O O O 0 1 M Ma (M) 1 Ma
£ AN n 11 100 110 |E8|7|2]|2 (A) < (A)A n OO0 o 01 <B82> | Ma
= <B2>

< XRA r 10 101 SSS a1 ] (A) «-(A)¥(r) OO0OO0o0 o0

XRA M 10 101 110 |AE|7|1 ]2 (A) = (A)¥ (M) Where. M=(H)(L) |O O O 0 0 M Ma (M) 1| Ma

XRI n 11 101 110 |EE[7|2]|2 (A) = (A)%¥ n OO0O00 0 82> 1 M
<B2>

ORA 10 110 sss AERE (A) —(A) v (r) OO0 000

ORA M 10 110 110 (B6[7|1]2 (A) —(A) V(M) Where, M=(H) (L) [O O O 0 0 M Ma (M) 1| Ma

ORI n 11 110 110 ([Fe6|7|2]2 (A)—(A)v n Q0000 B2> 1l M
<B2>

CMP 1 10 111 888 a1 (A) = (r) O 0000

CMP M 10 111 110 |BE|7]1]2 (A) = (M) % Compare; Where.. M=(H)(L) |O O O.O O M Ma (M) | Ma

cPi n 11 111 110 (FE|7}2]|2 (A) = n [eeeNeNe) <B2> | Ma
<Bg> L

INR 1 00 DDD 100 a1 () —(r)+1 OO0 X O

2 |INR_M 00 110 100 |34]i0|1]3 (M) —=(M)+1. Where. M-(H)(L) |O O O x O M Ma (M) L] M
g‘b‘ca 2 00 DDD 101 AEEE M= (r)=1 Q00X O
S |bcR m 00 110 101 (35|10]1]3 (M) (M)—1 Where. M=(H)(L) |O O O x O M Ma (M) 1| Ma
$0 [INX B 00 000 O11 (03611 (B)(C) = (B)(C)+1 X X X X X
B8 |VNX D 00 010 011 (133|611 (D) (E) (D) (E) +1 X X X X X
o2 [INX H 00 100 011 (23611 (H) (L) < (H) (L) +1 X X X X X
o |INX SP 00 110 011 33611 (SP) «-(SP) ¢ 1 X X X X X
g DCX B 00 001 011 [0B|s6 |1 |1 (B)(C)+«(B)(C)-1 X X X X X
5 |P€x D 00 011 011 |[1B|6|1[1 (D) (E) (D) (E)—1 X X X X X
€ |DbCX H 00 101 011 |28B[6|1/[1 (H) (L) < (H) (L) =1 X X X X X
DCX _ SP 00 111 011 |3B|l6/1]1 (SP) «—(SP)-1 X X X X _X
- - RLC 00 000 11 (07 a1 T L X X X O X
£58
sc‘i’% RRC 00 oo T foF 4l i o chin CYzI:J X X X O X
c
%%5 RAL 00 o010 111 |1 ST Left shift oz X X X O X
<= O
308
2°& [RAR 00 o1 1 [TF 4T [Rioh chit ove X X X O X
JAcCumu.| CMA 00 101 111 [2F |41 ]1 (A) «(A) X _X X X X
compen.[pAA 00 100 111 | 27|41 [ [Results of binary addition are adjusted to BCD [oeXeXeXe)
fcarry sSTC 00 110 111 [37[4a[1]1 (CYz) — 1 X X X 1 X
lcme 00 111 111 [arfaltln (CYz) —(CV2) X X X O X
*: State is T *x @ State is T2
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MSL 808SAP, S; P-20, S-20

SINGLE-CHIP 8-BIT N-CHANNEL MICROPROCESSOR

8.5 8
srsie
ltern Instruction code > :‘; - Flags Address bus Data bus
Mnemonic T6mall © Functions Mach Mach
g;:lsfs 0706 DsD4D3 Dz01Do llg?;?n § § % S z P cy2CY1|Contents cycle* Contents (170 cycle
JMP m 71 000 011 |C3[i0]|3]3 (PC)+ m X X X X X ®2> | 1| M2
<B2> B3 | M3
<B3>
PCHL 11 101 001 |E9[6[1 ][ (PC)e—(H) (L) X X X X X
Jc m 11 011 o010 [DAJ0O/T 3|3/2/(Cy2)=1 X X X X X
<B2>
<B3>
JNC m 11 010 010 |D2|10/7 3 3/2](cve)=0 | If condition is true X X X x x || If condition is true
<B2> (PC)—m
<B3>
Jz m 11 001 010 |[CA0/7 3|32 (2z)=1 X X X X X 82> | M2
<B2> B3 | M3
<B3>
g [z m 11 000 010 [C2|w0/73]3/2(z)=0 X X X X X
5 <B2>
S <B3> ’
JP m 11 110 o010 |[F2om|3|3/2/(s)=o|lfconditon is false X X X X x|
<B2> (PC)+ (PC) + 3
<B3> R
M m 11 111 o010 [FANhI3([3/2(s)=1 X X X X X
<B2>
B3>
JPE m 11 101 010 |EA0/7]3(3/2(CP)=1 X X X X X
<B2>
<B3>
JPO m 11 100 010 [E20/73 3/2((P)=0 X X X X X
<B2>
<B3>
CALL m 11 001 101 |CD|[18]3]5]|((SP)-1)((SP)-2)—(PC) +3.(PC)e-m X X X X X B> | 1| Mz
<B2> P - ®» 1| M3
81> (8P = (sPy =2 (sP)=1| M¢ (pg)i3 of Ma
RST n 11 AAA 111 (sP)—21 ms (PC)+3 o] Ms
1211 )3 |((SP)=1)((SP)--2)«(PC) +1,(PC)+nX8, X X X X X|(sP)-1 Ma  (PC)+1 0 Ma
(SP) +- (SP)-2 Where 0sns7 (SP)-2] Ms (PC)+! 0l Ms
cc m 11 o011 100 |DcC[18/3]3[s/2[(cvay=n1 X X X X X
<B2>
<B3>
CNC m 11 010 100 |[Da|18/9] 3|52]|(Crz)=0 X X X X X
<B2> If condition is true If condition is true
— <B3>
® |cz m 11 001 100 |CC1§/93[5/2)( z)=1[((SP)=1) ((SP)-2)—(PC)+ 3 X X X X X 82> | M2
° 82> ®@» 1] M3
< <B3> (PC)=m (SP)=1| Ma | (PC)+3| 0| Ma
=1 CNZ m 11 000 100 |(Ca |89 3]5/2(C(Zz)=0 X X X X X
2 <B2> (sP)—(sP) 2 {SP)-2| Ms | (PC)+3|L0| Ms
] <B3>
2 cp m 11 110 100 |Falig/9)3|52{(s)=0 X X X X X
<B2>
B3>
c™m m 11 111 100 |Fc[1893[s/2]Cs)=1] If condition is false X X x x X
<B2>
B3> (PC)+-(PC) + 3
CPE m 11 101 100 |ECI/8/9] 3]52|(P)=1 X X X X X
<B2>
B3>
CPO m 11 100 100 |Ea4 189 3][52/(P)=0 X X X X X
<B2>
B3> _
RET 11 001 001 [C9[10f1[3[(PC) «((SP)+1)((SP)).(SP)—(SP)+2 X X X X X|(SP) Ma | ((SP)) |1 Ma
(sP)+1] Ms_J((sP)+N)]| | Ms
RC 11 011 000 [D8 [12/6) V [3/1](CY2)=1 | |f condition is true X X X X X)) If condition is true
- |mNC 11 010 000 |DoO [i2/6 1 [3/1](CY2)=0 X X X X X
5 |Rz 11 001 000 [C8 12/6] 1 (3/1]( 1| (PG)«—((SP) +1) ((SP)) X X X X X [|(sP) Ma | ((SP)) [ 1] Ma
% |RNZ 11 000 000 |{CoO/I2/6) 1|31 ( Z)=01|(SP)—(SP)+2 X X x x x|[[(sP)+1| Ms [((SPY+D| 1| Ms
< |RP 11 110 000 [Fo (126 1(3/1{( S)=0 X X X X X
RM 11 111 000 |F812/6)1 [3/1{(S 1 | If condition is false X X X X X
RPE 11 101 000 [E8(12/6{1 (31[( P)=1 [(PC)—(PC)+1 X X X X X
RPO 11 100 000 |Eol2/6f1]31[(P)=0 X_X X X X
Input/ N n 11 011 011 [DB|10[2]3][(A) (Input buffer) < (Input device of number r) X X X X X <B2> 6} Ma
output <B2> (Input data) <B2> B2 Ms  |(Input data)| 1 Ms
OUT n 11 010 011 (D3 [10]2]|3|(Outputdevice of number n) « (A) X X X X B> |0 Ma
control B B2 B Ms A) o] Mms
Interrupt| E 1 T1 111 011 [FB|4a |11 |ONTE)—1 X X X X X
control | D 11 110 011 F3lalt|1 |ONTED—D X X X X X
PUSH PSW T1 110 101 [F5[12[1]3][C(SP)—1) (A ((SP)—2) (F) X X X X X|(SP) 1| Mas (A [0 Ma
(SP) «—(sP)-2 (sP)—2| Ms (F) |o| Ms
PUSH B 11 000 101 [C5|12|1|3]|((SP)=1)«(B).((SP)-2)(C) X X X X X[(SP)=1| Ma (8) o Ma
(sP) « (sP)-2 (sP)-2| Ms ©) |o| Ms
_ PUSH D 11 010 101 |D5|12[1]3]((SP)=1)«(D).((SP)-2)(E) X X X X X [(SP)-1{ Mas (D) 0| Ma
o (sP) «—(sP)-2 (sP)—-2| Ms (E) 0| Ms
b PUSH H 11 100 101 |[ES5[12]1 |3 [((SP)=1)«(H).((SP)-2)« (L) X X X X X|[(sP)—-1 Ma (H) (o} Ma
8 (sP) «(sP)—2 (sP)—2]| Ms (L) 10| Ms
- POP PSW 11 110 o001 [Frlwo|[1][3[(F) «—((sP))(A)—((sP)+1) O O O O Of(sP) Ma (sP)) | 1 Ma
8 (SP) «(SP)+2 (sP)+11 Ms [((SP)+1)| 1| Ms
& POP B 11 000 001 |[C1[10|1]3[(C) «((SP)).(B)« ((SP)+1) X X X X X|[(sP) Ma [ ((SP)) [ Ma
(SP) «(SP)+2 (sP)+1| Ms [((sPY+1)| 1| Ms
POP D 11 010 001 |{D1[10[1]3]|(E) «((SP)).(D)+((SP)+1) X X X X X|[(sP) Ma | ((SP)) |1 Ma
(SP) «—(sP) +2 (SP)+1| Ms [((SP)+1)| 1| Ms
POP H 11 100 001 [E1[10|1[3]|(L) «((SP)).(H)«((SP)+1) X X X X X|[(sP) Me [ ((sP)) | 1| Ma
(SP) «—(SP)+2 (sP)+11 Ms [((SP)+1)] | Ms
Others | FET 01 110 110 (76]|5]|1]1](PC) —(PC)F1 X X X X X
NOP 00 000 010041 ]1](PC) « (PC)HI X X X X X
All RST interrupt masks, any pending RST interrupt
2 [RIM 00 100 000 (20| 4| 1| 1| requests, and the serial input data from the SIDpin { X X X X X
52 are read into the accumlator
23 Mask is enabled (or disabled) to the RST interrupt
%2 . ]
LG corresponding to the contents (bit pattern) of the
Sc |SM 00 110 000 |3 41 1| 7| accumulator. The serial output is enabled and the | X X X X X
serial output bit is loaded into the SOD latch.
* :State is T1, ** :State is Tz,
Symbol Meaning Symbol Meaning Symbol Meaning
r Register Bit patt - Data is transferred in direction shown
m Two-byte data 't pattern Register | ss's [ Contents of register or memoy location
n One-byte data designating or or v Tnciusive OR
®2 Second byte of insiruction register or memory| 00D et
(B3> Third byte of instruction Sss memory. B 000 ¥ xelusive
c 001 A Logical AND
AAA Binary representation for RST instruction n or D 010 =3 5
bDD E 011 1's complement
F 8-bit data from the most to the least H 100 X Content of flag is not changed after execution
significant bit S, Z,, CY1,x, P, X, GY2 Wher bl : ? (1’ e Content offlag is set or reset after execution
PC Program counter M (:)(L) A 11 | Input mode
SP Stack pointer 0 Output mode
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INSTRUCTION CODE LIST

D;~Ds | 0000 | 0001 | 0010 | 00t1 | 0100 | 0101 | 0110 | 0111-| 1000 | 1001 | 1010 | 1014 | 1100 | 1101 | 1440 | 4414
Hex-
D3~Do\ adecimal| 0 1 2 3 4 5 6 7 8 9 A B o] D E F
notation
MoV | MoV [ MOV | MOV | ADD | SUB | ANA | ORA
0000 o | NOP| (=) ]| RIM| SIM RNZ | RNC | RPO | RP
B,B|D,B|H B|MB| B B B B
000 , | | mov | Mov [ Mov | mov | ADD | suB | ANa | ORA | POP | POP | POP | POP
004
B,.c|D, Cc|H C|McC] ¢ c c c B D H |Psw
o010 | Mov | Mov | MoV | MOV | ADD | SUB | ANA
] 2
B,.D|D.D|HD{MD| D D D
0014 s MOV | MOV | MOV | MOV | ADD | SUB | ANA
B.E|DE|HE|ME]| E E E
0100 . INR | INR | INR | INR | MOV | MOV | MOV | MOV | ADD | SUB | ANA
i
B D H M |BH|{DH|HH|MH| H H H
0101 s DCR | DCR | DCR | DCR | MOV | MOV | MOV | MOV | ADD | SUB | ANA PUSH|PUSH|PUSH
B D H M |B.L|{D L{H L|ML] L L L B D H
MOV | MOV | MOV ADD | SUB | ANA
0110 6 HLT
B.M|D,M|HM M M M
MOV [ MOV | MOV | MOV | ADD | SUB | ANA | ORA | RST | RST | RST | RST
0111 7 | RLC | RAL | DAA | STC
B,A|D,A|H A|MA] A A A A 0 2 4 6
MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP
1000 8 (=) | (=) | (=) ] (=) RZ RC | RPE | RM
c.BlE.B|L,B|AB] B B B B
DAD | DAD | DAD | DAD | MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP
1001 9 RET | (—) |PCHL| SPHL]
B D H sP |c.c|E,c|L cCc|AC]| C o] c [¢]
LDAX|LDAX MOV | MOV | MOV | MOV | ADC | SBB | XRA
1010 A LHLD| LDA
B D C,D|E,D|L D|A D] D D D
R DCX | DCX | DCX | DCX | MOV | MOV | MOV | MOV | ADC | SBB | XRA
1014
B D H sp |Cc,E|E.E|L,E|AE]| E E E
o INR | INR [ INR | INR | MOV | MOV [ MOV | MOV | ADC | SBB | XRA
110
0 c E L A |CH|EH|LH|AH| H H H
‘o1 o DCR | DCR | DCR | DCR | MOV | MOV | MOV | MOV | ADC | SBB | XRA
E.L|L LJ|A L L L L
t10 e MOV | MOV | MOV | ADC | SBB | XRA
EEM|LM|laM] M M M
1 . MOV | MOV | MOV | ADC | SBB | XRA | CMP | RST | RST | RST | RST
E.A[L AlA Al A A A A 1 3 5 7

This list shows the machine codes and corresponding this code. The instruction may consists of one, two, or
machine instruction. D3~ Do indicate the low-order 4 bits three bytes, but only the first byte is listed.

of the machine code and D7~ D, indicate the high-order ] indicates a three-byte instruction.

4 bits. Hexadecimal numbers are also used to indicate [ indicates a two-byte instruction.
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SINGLE-CHIP 8-BIT N-CHANNEL MICROPROCESSOR

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Voo Supply voltage —0.3~7 \%
v Input voltage With respect to Vss 037 v
Pd Power dissipation Ta=25°C 1.5 w
Topr Operating free-air temperature range 0~70 °Cc

MS5L 8085AS —65~150 °c
Tstg Storage temperature range
M5L 8085AP —40~125 : C
RECOMMENDED OPERATlNG COND|T|0NS (Ta= 0 ~70°C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Ve Supply voltage 4.75 5 5.25 \
ViH High-level input voltage 2.2 Vgc+0.5 \
ViL Low-level input voltage —0.3 0.8 \Y
V IH (RESIN) High-level reset input voltage 2.4 Vog+0.5 vV
ViL (RESIN) Low-level reset input voltage —0.3 0.8 \Y
ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vgo=5V +5%, Vgs=0V.unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VoL Low-level output voltage loL=2mA 0.45 A%
VoH High-level output voltage lop= —400 A 2.4 \%
lcc Supply current from Vee 170 mA
Iy Input leak current, excé& RESIN (Note 1) Vi=Vcc —10 10 uA
lozL Output floating leak current 0.45V=Vo=Vge —10 10 uA
VIH—VIL | Hysterisis, RESIN input 0.25 \
Note 1: The input RESET IN is pulled up to Vcc with the resistor 3kQ (typ) when V=V 4 (RESIND
TIMING REQUIREMENTS (Ta=0 ~70C, Vocc=5Vx 5%, Vss= 0V. unless otherwise noted)
MS5L 8085AP, S M5L 8085AP-20, S-20
Alternative
Symbol Parameter Limits Limits Unit
symbol
Min Typ Max Min Typ Max
te(oLk) Clock cycle time Teye 320 2000 500 2000 ns
tsu(pa-aD) DA input setup time —taD —575 —1040 ns
tsu(DA—FD) DA input setup time —tRD —300 —590 ns
th(DA-TD) DA input hold time tRDH 0 0 ns
tsu(rRoY —AD) READY input setup time —tARY —220 —510 ns
tsu(RDY-CLK){ READY input setup time —tRys 110 150 ns
th (RDY—-CLK) READY input hold time tRYH 0 0 ns
tsu(pa-ALE) | DA input setup time —1tLoR —460 —720 ns
tSU(HLD—CLK)| HOLD input setup time tHDS 170 250 ns
th(HLD~GLK) | HOLD input hold time tHOH 0 0 ns
tSU(INT—CLK) |  Interrupt setup time tins 160 250 ns
th (INT-CLK) Interrupt hold time tiINH 0 0 ns
Note 2: The input voltage level of the input voltage level is Vi_=0.45Vand ViH=2.4V
MITSUBISHI
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MS5L 8085AP, S; P-20, S-20

SINGLE-CHIP 8-BIT N-CHANNEL MICROPROCESSOR

SWITCHING CHARACTERISTICS (Ta= 0 ~70C, Voc=5V+ 5%, Vss=0V . unless otherwise noted)

MSL 8085AP, S M5L 8085AP-20, S-20
Alternative
Symbol Parameter Limits Limits Unit
symbol
Min Typ Max Min Typ Max
tw (GCK) CLK output low-level pulse width Lt 80 170 ns
tw(cLK) CLK output high-level pulse width t 120 210 ns
tr (OLK) CLK output rise time tr 30 30 ns
tf(oLK) CLK output fall time tf 30 30 ns
td (AD-ALE) Delay time, address output to ALE signal taL 45 135 ns
td (ALE-AD) Delay time, ALE signal to address output tLA 100 180 ns
tW(ALE) ALE pulse width tLL 140 230 ns
td (ALE-CLK) Delay time. ALE to CLK tLek 100 180 ns
td (ALE-CONT) Delay time, ALE to control signal tLe 130 200 ns
toxz(RD-AD) Address disable time from read tAFR 0 0 ns
tbzX(RD-AD) Address enable time from read tRAE 150 210 ns
td (CONT-AD) ADdress valid time after control signal tca 120 190 ns
td(0A-WR) Delay time. data output to WR signal tow 420 670 ns
td (WR—0A) Delay time. WR signal to data output twp 100 170 ns
tw(CONT) Control signal pulse width tce 400 670 ns
td (CLK—ALE) Delay time, CLK to ALE signal toL 50 120 ns
td(cLk—HLDA) | Delay time. CLK to HLDA signal tHACK 110 180 ns
toxz(HLDA-BUS)| Bus disable time from HLDA tHABF 240 330 ns
tozx(HLDA-BUS) Bus enable time from HLDA tHABE 240 330 ns
td (GoNT—conT) | Control signal disable time tRv 400 650 ns
td (AD—CONT) Delay time, address output to control signal tac 240 420 ns

Note 3: atAg~Ass; and I0/M td(AD—CONT) after the release of the high-impedance state is 100ns
4: Conditions of measurement: M5L 8085AP, S te(cLk) 2320ns, CL= 150pF
M5L 8085AP-20,5-20  tc(cLk) =500ns, CL= 150pF
6: Reference evel for the input/output voltage is VoL = 0.8V, VoH = 2V.

Parameters described in the timing requirements and ance with the relational expression shown in Table 1
switching characteristics take relevant values in accord- when the frequency is varied.

Table 1 Relational expression with the frequency T (tc(cLk)) in the M5L 8085A

Symbol Parameter Alternative symbol Test conditions Relational expression (Note 6) Limit
tsu(pa-AD) DA input setup time —taD 225—(5/24N)T Vin
tsu(DA-RD) DA input setup time —tro 180— (3/24N)T i
1SU(RDY-AD) READY input setup time —taARY 260— (3/2)T in

Note 6: N indicates the total number of wait cycles.
T=tc(cLK)

MITSUBISHI
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MSL 8085AP, S; P-20, S-20

SINGLE-CHIP 8-BIT N-CHANNEL MICROPROCESSOR

Table 1 (continued)

Symbol Parameter Alternative symbol Test conditions Relational expression (Note 6) Limit
tw(CLK) CLK output low-level pulse width 14 (1/2)T—80 Min
tW(CLK) CLK output high-level pulse width t2 (1/2)T—40 Min
1d (AD-ALE) Delay time. address output to ALE signal tAL (1/2)T—115 Min
td (ALE-AD) Delay time. ALE signal to address output tLA (1/2)T—60 Min
tW(ALE) ALE pulse width L (1/2)T—20 Min
1d (ALE-CLK) Delay time. ALE to CLK tLek (1/2)T—s60 Min
td (ALE-CONT) Delay time. ALE to control signal tLe (1/2)T—30 Min
tpzX(RD-AD) Address enable time from read tRAE (1/2)T—10 Min
td (CONT-AD) Address valid time after control signal tca ( 1/2)1'_40 Min

p— CL =150pF
1d (DA-WR) Delay time. data output to WR signal tpow (3/2+N)T—60 Min
td (WR-DA) Delay time. WR signal to data output two (1/2)T—60 Min
tW(CONT) Control signal pulse width tce (3/2+N)T—80 Min
1d(CONT-ALE) Delay time. CONT to ALE signal toL (1/2)T—110 Min
td (CLK-HLDA) Delay time, CLK to HLDA signal THACK (1/2)T—50 Min
1 DXZ(HLDA-BUS) Bus disable time from HLDA tHABF (1/2)T+80 Max
1 DZX(HLDA-BUS) Bus enable time from HLDA tHABE (1/2)T+80 Max
td (CONT-CONT) Control signal disable time tRvV (3/2)T—80 Min
td (AD-CONT) Delay time. address output to control signal tac T—80 Min

TIMING DIAGRAM

Read Cycle
CLK
T4(ALE —CLK) td(CONT —AD)
As~A1s X ADDRESS )

Z
| tsu(pA-AD) th(DA—AD) [LDZX(RD-AD)
! AiDA-RD) |

N 7
ADo~AD7 ){ ADDRESS }—@ / />g‘DATA iN 4

tw(ALE) | td(ALE -AD)

|
[ E—— 1DxZ(AD -RD)

fou(OA - ALE) td(CONT—ALE)

ALE f At \

,
ta(AD—ALE) 1su(DA -RD)
_ \ tw(conT) |
RD/INTA ‘M\L - . 4
td(AD - CONT)
Isu(RDY -AD)

{ th(RDY- CLK) ,
C:] ‘
READY tsu(RDY CLK)

Write Cycle
T | T2 | Twait | T3 | T

CLK \ / k ] \ / \ / \ /
g td(ALE-CLK)
4
~. -
As~A1s )g: ADDRESS K

’ td(CONT - AD)

ADo~AD7 ADDRESS K P l
tw(ace)_ | ta(aLe—an)| | taoa WR) To(WR oA
1
ALE y
td(AD—ALE)
|- tw(conT)
— \-\L s
WR td(ALE —CONT) P A taccontacer
td(AD—CONT) 0
tsu(RDY - AD) ) th(RDY - CLK)
tsu(RDY —GLK) =i/
READY ¢
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Hold Cycle
T2 T3 THOLD THOLD T
o \__ /N h [
~ f
HOLD \ (b \
tsu(HLD—CLK) td(GLK—HLDA) v
th(HLD—GLK) 9 F
HLDA tDXZ(HLDA‘—BUS)
tDZX(HLDA—BUS)
|
4
BUS (ADDRESS, CONTROLS) -
i ) S —
Interrupt and Hold Cycle

ADo~7 X
BUS FLOATING

ALE /_\ /_\

RD ~N y
{

€
=
€
INTE A Lo A
tozx(HLDA—BUS)
e
Trr7
INTR//// L \ ,

Tsu(INT —CLK)

th(INT—CLK)

ey

rr N 14
HOLD L/l/l/ '1?\-_’/ \
tsu(HLD—CLK) th(HLD—CLK)
I e
HLDA ’ }-\

tDxZ(HLDA—BUS)

Id(CLK—HLDA{

Clock Output Timing Waveform

te tw(CLK)
b R
tr S
tw(CLK) t
to(COLK)
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SINGLE-CHIP 8-BIT N-CHANNEL MICROPROCESSOR

TRAP INTERRUPT AND RIM INSTRUCTIONS

TRAP generates interrupts regardless of the interrupt
enable filp-flop (INTE FF). The current state of the INTE
FF is stored in flip flop A (AFF) of the CPU and then the
INTE FF is reset. The first RIM instruction after the
generation of a TRAP interrupt differs in function from
the ordinary RIM instruction. That is, the bit 3 (INTE FF
information) in the accumulator ((A)3) after the execution
of the RIM instruction contains the contents of the A FF,
regardless of the state of the INTE FF at the time the RIM
instruction is executed. These details are shown in Fig.2,
Tables 2 and 3.

Fig. 2 TRAP interrupt processing

Table 2 TRAP interrupt and RIM instructions

Number
Condition Y 1 2 3 4 5 6
Instruction in address a—1 El El El o)) Di [o]]
Instruction in address a+ 2 El [NOP | DI El {NOP | DI
Contents of (A)3 after the execu-
tion of the RIM instruction in 1 1 1 0 0 0
address a+3
State of INTE FF after the execution
of the RIM instruction in address 1 0 0 1 0 0
a+3

Contents of (A)3 after the execu-
tion of the RIM instruction in 1 0 0 1 0 0
address a+4

State of INTE FF after the execution
of the RIM instruction in address 1 0 0 1 0 0
at+4

Note 3: The contents of (A)3 after the excution of the RIM instruction is
an information of the INTE FF. The INTE FF assumes state 1"
when it is in the El state. and “0” when it is in the DI state

MEMORY Table 3 TRAP interrupt and INTE FF processing
a—2 ADDRESS
241
TRAP a-1 2)
INTERRUPT—= @ [ NOP (3) RET
(90 a+1| NOP /_— Ho @
a+2 YES
a+3] RIM
A FF<INTE FF
a+a|l RIM INTE FF<0
- - NO
Below are the explanations of Fig. 2.
1. The TRAP interrupt request is issued while the instruc- YES
tion in address a is being executed. (A)z—A FF
2. The TRAP interrupt causes the same action as an RST A FFINTE FF
instruction and then jumps to address 24+6.
3. It returns to address a+1 after executing the RET Rim 7 >-NO
instruction. YES
Table 2 shows the information in the INTE FF when (A)3
the instructions El and/or DI are executed at addresses INTE FF
T
a—1and a+2.
Fig. 3 is a flow chart of the TRAP interrupt processing END
routine.
Fig. 3 TRAP interrupt processing routine
yx [PUSH-|} SAVING REGISTER
RIM
PUSH }SAVING INTE FF
PSW
2416 CALL !
TRAP (x) : TRAP INTERRUPT
INTERRUPT—> a [ADD D (y) ; PROCESSING PROGRAM
REQUEST 27i6| RET :
POP
PSW
ANI
0816 | INTE FF RETURN PROCESSING
Jz
(xa)
(xb)
\ POP---| } RETURNING REGISTER
\ El
\v-——-‘ RET
\xbxalpop. .| } RETURNING REGISTER
“-— RET
MITSUBISHI
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MS5L 8085AP, S; P-20, S-20

SINGLE-CHIP 8-BIT N-CHANNEL MICROPROCESSOR

PULL-UP OF THE RESET IN INPUT

In order to increase the noise margin, the RESET IN input
terminal is pulled up by about 3kQ (typ) when the
condition Vi=2 Vn®esiv is satisfied. Fig. 4 is a connection
diagram of the RESET IN input, and Fig. 5 shows the
relation between input voltage and input current.

Fig. 4 Connections of RESET IN input

INSIDE CPU

RESET IN

Fig. 5 RESET IN input current vs input voltage

(mA)

06 ~— ==

INPUT CURRENT

0 ViH (V)

INPUT VOLTAGE

DRIVING CIRCUIT OF X1 AND X2 INPUTS

Input terminals, X1 and X2 of the M5L8085A can be
driven by either a crystal, RC network, or external clock.
Since the drive clock frequency is divided to 1/2 internally,
the input frequency required is twice the actual execution
frequency (6MHz for the M5L8085A, which is operated
at 3MHz). Figs. 6 and 7 are typical connection diagrams
for a crystal and CR circuit respectively.

Fig. 6 Connections when

crystal is used for
X1 and Xz inputs

Fig. 7 Connections when
RC network is used
for X;1 and X3 inputs

1

X1
IOpF'[ Tix,
l 7z l

20pF
21 x, P l §:10k9
I 2 X2

OSCILLATION FREQUENCY:
A 1~ 6 MHz PARALLEL RESONANT

10pF

OSCILLATION FREQUENCY

CRYSTAL OSCILLATOR IS USED ABOUT 3MHz

WAIT STATE GENERATOR
Fig. 8 shows a typical 1-wait state generator for low speed
RAM and ROM applications.

Fig. 8 1-wait state generator

MSL 8085AP

CLK(OUT) READY

MSL 8085AP

1D MM4LST4P

} 20 2CK 20
iRD_10K 10

ALE
+5V M5L 8085AP
S

RELATION OF RIM AND SIM INSTRUCTIONS WITH
ﬁ:)EN‘\CCUMULATOR (SUPPLEMENTARY DESCRIP-

The contents of the accumulator after the execution of a
RIM instruction is shown in Table 4.

Table 4 Relation of the instruction RIM
with the accumulator

7 6 5 4 3 2 1 0
ISIDII 7.5|I G.SII 545LIE [M7.51M6.S M5.5

CONTENTS OF
ACCUMULATOR

(STATE OF INTERRUPT MASK

WHEN THE MASK IS SET)

STATE OF INTERRUPT ENABLE
FLAG ("1" WHEN ENABLE)

STATE OF UNFULFILLED
INTERRUPT REQUEST

17.6: STATE OF PENDING FLIP-FLOP

} 25 : STATE OF TERMINALS,
RST 6.5 AND RST 6.5

SERIAL INPUT DATA (SID)

The contents of the accumulator after the execution of
a SIM instruction is shown in Table 5.

Table 5 Relation of the SIM instruction
with the accumulator

7 6 5 4 3 2 1 0
|soo|sssl X LRISLMSE[MISIMG.SIMSEI P UTIA Y

MASK SET/RESET OF RST 5.5
MASK SET/RESET OF RST 6.5.
MASSK SET/RESET OF RST 5.5.

ET = 1: INTERRUPT DISABLE
RESET = 0. INTERRUPT ENABLE
L MASK SET ENABLE:

ENABLES SET/RESET OF MASKS
FOR BITS O~2. WHEN MSE IS "1".

L———————— RST 7.5 PENDING HESET

PENDING FLIP-FLOP Ol
RST75 1S RESET WHEN R751S "1".

NOT USED
SOD SET ENABLE:

VALUE IN BIT 7 IS TRANS!
FER O SOD LATCH WHEN
SSE S

SERIAL OUTPUT DATA.
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MITSUBISHI LSIs

M58609-04P, S

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT)

DESCRIPTION

The M58609-04P,S is a keybord encoder for reed
switches of terminal equipment. It is fabricated using P-
channel aluminum-gate MOS technology and is packaged
in a 40-pin DIL package. [t contains a 3168-bit mask-
programmable read-only memory, and the 8-bit codes
specified in JIS C-6220-1969 ““Codes for Information
Interchange’ are stored in the ROM. The output consists
of an 8-bit code and a parity bit. The address is selected
by the 8-bit and 11-bit ring counters.

FEATURES

® TTL/DTL-compatible (except X, Y terminals)

Two-key rollover operation

Self-contained clock generator circuit

Strobe delay circuit for eliminating key contact bounce
External control for output polarity (positive or negative
logic)

® External control for selecting odd or even parity

APPLICATION
® Encoder for full-keyboard terminal equipment

FUNCTION

Outputs (Xo~X5) of the 8-bit ring counter and inputs (Yo~
Y 10) of the 11-bit comparator are wired to the keyboard to
form an 8x 11 (88-cross points) switch matrix.

When the key connected with X; and Y; is depressed, a
path is formed between them. When the level of Yj matches
that of Xi, which comes from the 8-bit ring counter, the
comparator generates a coincidence signal for clock control
and delay circuit. This clock control stops the clock signals

PIN CONFIGURATION (TOP VIEW)

(5V)Vss [0 ~ 40«—Fp FREQUENCY
FREQUENCY CONTROL B Fg—»[Z] [33}-» Xg ) CONTROL A
FREQUENCY CONTROL C F¢—»[3] 38+ X
SHIFT INPUT ~ S—>[2] 37—+ X2
CONTROL INPUT  C—(5] 36> X3 | 10 KEVBOARD
PARITY INVERT INPUT P1—>[6] [35]-» Xa | INPUTS
PARITY OUTPUT [ Be<+[T] 134+ Xs
Bs+[8] 33> Xs
B+ (9] cgn 32—+ X7
Be +[10] > 131« Yo
DATA OUTPUTS{ Bs + [1] 8 30}« Y1
Bs«[12] g 23]« Y2
B3« [13 o LZ__B}c—Y3
B2« [12] 27}« Y4 | FROM
Bi«[H B« Y5 § KEYBOARD
STROBE OUTPUT ST O +-ig] 25+ Yg gﬁ;ﬁ&ﬁ's
(0V) Vop [T 22+ Y7
(—12V) Vo [@ Vs
STROBE CONTROL INPUTST C—+[19] 2]« Y
DATA STROBE DS | -+ [20] [21«Y 1o

INVERT INPUT

Outline 40P1 (M58609-04P)

40S1 (M58609-04S)

to the ring counter and data outputs (B;~Bj) stabilizing
the selected 9-bit code. The stabilization is indicated by a
valid signal on the strobe output. A strobe output signal is
generated at the time set by the externally controlled delay
circuit which receives the coincidence signal. Data outputs
and strobe output remain stable until the key is released.

BLOCK DIAGRAM PrARITY INVERT INPUT STROBE CONTROL INPUT
Pl STC
— G .
: ?) Vss (5V)
ELAY @ Voo (ov)
STROBE OUTPUT STO (©) D!
CIRCUIT (® Ve (—12v)
y10 @) Yo
PARITY OUTPUT (B9 (De— o y9 & Ys
o o
Bs(®)=—— = Eys > Vs
87 (3) S ER 5 29 Y7
Bs (0) 3 3168 (88x 4% 9) BIT g vs Eé 5 ve | FROM
DATA OUTPUTS 85 (D 2 MASK-PROGRAMMABLE ROM Qs g 29 Y5 ¢ KETIORRO
Ba (1) = @ Y4 P ‘——;? Y4 | QuTPUTS
Q o]
B3 (3 S £y 3 Y3
B2 (%) = < y2 592
81 n 30) Y4
MiM2M3Ma yo 3) Yo
: [ I [I I li L ( I t f l l_——l FREQUENCY
MODE CLOCK cLocK (a0 F A CONTROL A
. ] FREQUENCY
SeLCT 8-BIT RING COUNTER CoNTROL ) ceneanton—@ Fe FREQUENCY
! ® Fo Frequency
] T CONTROL C
- —(O—O)— —G)-GICICIGHE)GIGI S —— |
Dsi S C X7 X6 X5 X4 X3 X2 X1 Xo
NTROL
DATA STROBE INVERT INPUT e (,:,\?Pm OL 10 KEYBOARD MATRIX INPUTS
MITSUBISHI
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M58609-04P, S

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT)

FUNCTION (Data Output and Parity Output)

The relationships between B;~Bg in the code table and B;  Table 1 Relationship between code table and data outputs
~Bg in data outputs are shown in Table 1, and those be-

N 8 4 th b Table 2 Bi ~Bs Data strobe Data output
een the parity outpu an e parity bit, in Table 2. invert input Logic
tw t. P .'Yo tput By ) t 'p 4 Code table DS B ~Bs
The parity bit in the table is defined as a ‘0’ when the -
tar - . 1" wh L. 1 L H Positive logic
number of ‘1’s in the code B;~Bg is odd and a ‘1" when it is p 5 L Negative Iogic
even, 0 L L Positive logic
Mode selection is shown in Table 3. 0 H H Negative logic
Table 2 Parity output
Parity bit Parity invert input Parity output
Pl Bg
1 L H
1 H L
0 L L
0 H H
Table 3 Mode selection
Shift input Control input
Selected mode
S o]
L L 1
H L 2
L H 3
H H 4

CODE TABLE (JIS C-6220-1969)

0 0 oJoJoJoJo 0 [ I A I T 11
gf"éﬁzﬁ 0 o To o v 11 1 o Jo ool [t 1]
0 0 t [1]Jo] o1 1 o JoJ 1t T rJolo[ 1]
. | 0 1 o 1ol 1o 1 ol 1o+ JoTr] o]
B[ Bs [ B[ B[ Bs [ Ba| B3] Bz B [aow®] 0 1 2 13]afs s 7 8 | 9 101112 ]13]1a]15

PARITY BIT o lo]ofo 0 NUL | DLE [sP 0 @ | P | EERE

) o o[ o1 [ SOH IHEEENE . |7 F &

o [0 [ 0 2 STX 12 1B|R Tla |y | X

0 0 1 1 3 ETX # 3 |C}|s J 7| T | ®

o J1]o]o 4 EOT $ |[a[D ([T B EEIES

o [ 1 ]o1 5 ENQ | NAK [ % [ 5 [E U IEIERE

o [1 [ 10 6 ACK [ sYN & 6 [F [V s »]=13

o [+ ] 1 [ 7 BEL | ETB 1716 [w LA EAERE

1 o] oo 8 BS CAN ({8 ]H[x 1 |z ]1x ]V

1t [o]o 1 9 HT EM ) 9 [ 1 |v s 1y 17 1

1t o[ 1+ o[ 10 JLF suB | x| [J |z EIRE

1 0| 1 1" | vr ESC [ + [ [ K ( { # ¥ le|n

1t [ 1] oJo | 12 |FF R <L [ | v [~ 1719

[HEREEN 13 ] CR - =M T al=x[~T>

1t 1 [ 1 o] 1a] so >IN~ - NMEEERE

[ I B 15 | S 1710 = DEL vy lvi= 1"

* Bgis an odd parity bit for the 8-bit code (B~ Bg)
Note 1: A ‘1" or ‘0" in the code table indicates that the output level goes high for ‘1" and low for ‘0" when input DSI and Pl are low-level.

MITSUBISHI
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M58609-04P, S

(JIS CODE STANDARD PRODUCT)

CODE ARRANGEMENT TABLE

Xi Mode Xo X4 X2 X3 Xa Xs X6 X7
Yi
1 NUL DLE ~ 0 H L %] 9
Yo 2 NUL DLE - NUL + NUL NUL )
3 NUL DLE ~ 7 v ') 4 3
4 NUL DLE NUL 7 NUL NUL NUL 3
1 SOH 6 0 = / K | 8
Yy 2 SOH 6 0 = ? NUL NUL (
3 SOH 6 0 B b / = a
4 SOH 6 0 NUL . NUL NUL ES
1 STX 7 1 P J U 7
Yo 2 STX 7 1 NUL > NUL NUL .
3 STX 7 1 + )2 < > v
4 STX 7 1 NUL o NUL NUL hd
1 ETX 8 2 ( , H Y 6
Y3 2 ETX 8 2 i < NUL NUL &
3 ETX 8 2 ° * 2 > *
4 ETX 8 2 r ) NUL NUL s
1 EOT 9 3 ¥ M G T 5
Ya 2 EOT 9 3 | NUL NUL NUL %
3 EOT 9 3 — £ * » x
4 EOT 9 3 NUL NUL NUL NUL x
1 ENQ NAK 4 BS N F R 4
vs 2 ENQ NAK 4 BS NUL NUL NUL $
3 ENQ NAK 4 BS 2 /N 2 1z
4 ENQ NAK 4 BS NUL NUL NUL 2l
1 ACK SYN 5 NUL B D E 3
Ye 2 ACK SYN 5 _ NUL NUL NUL #
3 ACK SYN 5 =] a e 1 7
4 ACK SYN 5 NUL NUL NUL A 7
1 BEL ETB + )] V S W 2
e 2 BEL ETB + t NUL NUL NUL "
3 BEL ETB + L | b T 7
4 BEL ETB + 3 NUL NUL NUL NUL
1 = CAN SP CR C A Q |
Ys 2 = CAN SP CR NUL NUL NUL !
3 = CAN SP CR v F 2 2
4 = CAN SP CR NUL NUL NUL NUL
i SO EM LF X FF HT @
Yo 2 SO EM LF NUL FF HT N
3 SO EM . LF i FF HT =
4 SO EM LF NUL FF HT NUL
1 Sl sSuB — DEL 4 ESC VT :
Y10 2 Sl suB — DEL NUL ESC VT *
3 Sl suB — DEL k4 ESC VT r
4 S| sSuB — DEL 22 ESC VT NUL
SYMBOLOGY
! X/Y/Mode in code ! Col/Row | X/Y/Mode in code
Symbol Code name 'nccoolt/ﬂgiawbb arrangement table ymbol Coue name in code table, arrangement table
SP | Space 2,0 |2/8/1~4 ? | Question mark 3,715 | 4/1/2
! Exclamation mark 2/1 |1/8/2 @ | At mark 40 |1/9/1
" Quotation mark. umlaut 2/2 (1/1/2 (| Left bracket 5./11 | 3/3/1
# Number sign 2/3 |1/6/2 ¥ | Yensign 5 742 | 3/4/1
$ Dollar sign 2/ 4 7/5/2 ] Right bracket 543 | 3/7/1
o
f z:\f;(-zer::aed - 2 ; : ;;g;; ~ | Circumflex accent 5714 | 2/0/4
' |. Apostrophe, acute accent 21 |1/2/2 — | Underline 515 |3/6/2
( Left parenthesis 2/8 7/1/2 N Grave accent 6.0 7/9/2
) Right parenthesis 2,/9 7/0/2 { Left brace 7/ 41 3/3/2
* Asterisk, multiplication sign 2 /10 |7/10/2 | Separate sign, logical add sign 7./42 |3/4/2
+ Positive sign, plus sign 2/1 2/7/1~4,4/0/2 } Right brace 713 |3/7/2
) Comma 2,12 | 4/3/1 — | Overline, logical not sign 7./14 |2/0/2
— | Negative sign, subtraction sign 2./13 | 2/10/1~4,3/1/1 .| Japanese period 10,/ 1 | 4/2/4
. Period 2/14 |2/9/4~4,4/2/1 r | Japanese initial quotation mark 10/ 2 3/3/4
/ Slash, virgule, division sign, per 2./45 |4/4/1 J Japanese final quotation mark 10/ 3 3/7/4
. Colon 3,10 [7/10/4 s Japanese comma 10/ 4 4/3/4
; Semicolon 311 4/0/4 . Middle dot 105 4/1/4
< Less than sign 3,12 |4/3/2 - Long vowel mark 1,0 3/4/3
= Equal sign 3,13 |0/8/1~4,3/1/2 Voiced consonant mark 13714 [7/9/3
> | Greater than sign 3,14 |4/2/2 Semi-voiced consonant mark 1315 ]3/3/3
MITSUBISHI
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MS58609-04P, S

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT)

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vaa Supply voltage 0.3~—20 \Y
VbD Supply voltage With respect to Vgg 0.3~ —20 v
Vi Input voltage 0.3~—20 \
Topr Operating free-air temperature range —20~75 °C
Tstg Storage temperature range —40~ 125 °C

RECOMMENDED OPERATING CONDITIONS (Ta=—20~75°C, unless otherwise noted)
Limits .
Parameter Vin Nom Max Unit

Vag Supply voltage —11 —12 —1{3 \

Vobp Supply voltage 0 \Y

Vss Supply voltage 4.5 5 5.5 \%

ViH High-level input voltage Vss—1 \%

Vie Low-level input voltage 0.8 \2

f(g) Clock frequency 20 50 100 kHz

tp(sT0) Strobe delay time 1.5 ms

ROFF Switch off resistance 10 MQ

Ron Switch on resistance 300 Q

ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Vae=—12+1V, Vss=5+0.5V, VDD=0V. unless otherwise noted)
" Limits
Symbol Parameter Test conditions o Tvo o Unit
VOH(Bi,STO)| . High-level output voltage, B1~ B9 and STO loH=—100xA Vss—1 \
[V OH(Xi) High-level output voltage, X0 ~ X7 lop=—100xA Vss—1.3 \4
VOL(Bi,STO)| Low-level output voltage, B1~ B9 and STO loL=1.6mA 0.4 \
VoL(xi) Low-level output voltage. X g~ X7 loL=1uA -3 \%
Ri Input resistance, S, C, DSI and PI Vi =—12v 1 MQ
Pd Power dissipation Ta=25°C 70 200 mw
Ci Input capacitance V=0V, f=1MHz, Ta=25C 15 pF

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

TIMING DIAGRAM

ON
OFFI ||| l

(Xi, Yi) KEY

(NOTE 4)

e YT L
(XJ, Yi) KEY OFF
1 BIT TIME
N B

Xi L
yi (INTERNAL H

OUTPUT) L I

1 BIT TIME ’Ho
H
Xj L [ |
(INTERNAL H
Y1 outeuT) T |
S}ROBE DELAY TIME }\
STO t‘ T l I Note 3: DSI="L"
L 4 (Xi, Yi) KEY indicates the key switch that is located at the cross point
| e N o of Xi and Yi of the keyboard matrix.
Bi—Bs ___ 1 | XiYD ) gL YDL . . . .
Bg OUTPUT OUTPUT 5: (Xi, Yi) OUTPUT indicates the code output of the key that is selected
by the (Xi, Yi)KEY.
(NOTE 5)
DATA EFFECTIVE TIME  DATA EFFECTIVE TIME
MITSUBISHI
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MITSUBISHI LSIs

MS58609-04P, S

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT)

FUNCTION TABLES

Data (B1—Bs) Invert Strobe (STO) Invert Parity (Bg) Invert Mode Select
DSI | Code table |Data output DSl Internal sTO Pt Code table| Be s c
(Pin @) |(B1~B9)|(B1~Bs) Pn@®) | oo | (Pn®) Fn®) | (Bs) | (Pn@) Pn@) | (Pn®) | Moce
H 1 L H H L H [ L L L M
L 1 H L H H L [ H H L M2
H 0 H H L H H 0 H L H M3
L 0 L L L L L [} L H H Ma
Note 6 : The internal signal of the strobe output (STO) becomes high-level when the strobe signal is generated.
TYPICAL APPLICATION CIRCUIT Cautions in Use
5V 1. Coupling at the Keyboard Matrix
| .I. Xo X4 Depending on the capacitance of the keyboard matrix
R12 =0 —fav —» vio  Wiring, depressing one key while another is depressed gives
IG L I5 ,gu - rise to capacitance coupling, which may result in repetition
16 P_Ir S C ° ://GG :g / Yo of the strobe output, the same condition that would occur
"‘T STO » st’g E—I_”" KEY SWITCH if a single key were depressed twice. In this case, proceed
SZ ?;’ 57 as shown in Fig. 1.
o vefs 2. N-Key Rollover
; Bs M58609-04p, S Y6 gg KEYBOARD +—  This device is for 2-key rollover; when 3 or more keys are
3 gg Jf 27 ATRIX T~ depressed simultaneously, code output is indeterminate.
e ¥s 3 3. Maxi Chatter Times
515 ve gg . Maximum r
13 31 1. With Key Off (tkorr)
—20 Sl .. Fa »%0—1 tkorr IS defined as the maximum time that, when a key is
XXXFRRXXREE 2 =G turned on but because of faulty contact, etc. the key input
g I "‘*”w'\wm”l L__T signal chatters, the chattering can be disregarded. This
)JJJ may vary according to ambient temperature, power supply

8 )

conditions, etc., but is approximately 100ns.
Note 7 : Rt =1.5MQ, Cy=0.001 «F provides approximately 1.5ms delay time. 2. With Key On (tkon)

8: R2=75kQ, C2=50pF provides approximately 50kHz clock frequency. Conversely, tkon is the maximum time that, when a key is
turned off, but the input signal chatters, the chattering
condition can be disregarded.

when tkorr=1/f4 tkon=100ns

when tkorr>1/f4 tkonStstp+tsc

where: fy = clock frequency
tsto = strobe delay time
tsc = scanning time

Fig. 1 Measures against coupling

Fig. 2 Timing diagram for maximum chatter time

M58609-04P, S

KEYBOARD ON
MATRIX
KEY SWITCH t
tkoFF tkorF KON
o ¢ OFF — —
b I
A}

X7 X6 X5 Xa X3 X2 X1 Xo Y10 I Io€E \
LLL ‘ LL L L o

8 JJ) ) ) )

) STO
keyboard matrix and the Y inputs.

t
Insert diodes and capacitors (C3~ G13 should be approx. 50~ 100pF) between the Lﬂ l_

MITSUBISHI
ELECTRIC 9—7
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M58609-04P, S

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT)

TYPICAL CHARACTERISTICS (Vee=—12V, Vop= 0V, Vss= 5 V)

RESISTANCE VS.
STROBE DELAY TIME

1 | ' ) T T T
Ta—25t | C1=1000pF |Ci=2000pF|

CLOCK FREQUENCY VS.
RESISTANCE

Ta=25C
C2=50pF

100 \
80

ELECTRIC

~ N
S / $
Z s s \
it —
5 g «
@ 2
& ¥ \
! T S 20
Q
0 0
0 2 4 6 8 10 0 100 200 300
STROBE DELAY TIME tD(sTO) (ms) RESISTANCE Rz (kQ)
ON RESISTANCE OF OUTPUT DRIVER POWER DISSIPATION VS.
VS. POWER SUPPLY VOLTAGE AMBIENT TEMPERATURE
120
Ta= 25°C
\ 10=100 A
200 100
3 N\ <
H N\ <
=1 a
5150 \ 5 60 \\
[s) =
=z °<(- —
L
D o 40
g N «
S 2
100 g 20
0
-5 —7 —9 —{f —13 —15 —17 —20 0 20 40 60 80 100
SUPPLY VOLTAGE Vgg (V) AMBIENT TEMPERATURE Ta (°C)
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MITSUBISHI LSIs

M58609-09P, S

KEYBOARD ENCODER (USASCIl CODE STANDARD PRODUCT)

DESCRIPTION

The M58609-09P, S has the 7-bit codes specified in US
ASCIl "“Codes for Information Interchange’”. The codes
can be odd or even parity. The function, pin configuration
and electrical characteristics are the same as those of an
M58609-04P, S.

FUNCTION (Data Output and Parity Output)
The relationships between B;~Bg in the code table and B,

~Bg in data outputs are shown in Table 1, and those be-
tween the parity output By and the parity bit, in Table 2.

Table 1 Relationship between code table and data outputs

B1~Bs Pa‘a strobe Data output
invert input Logic
Code table DsSI B1~Bs
1 L H Positive logic
1 H L Negative logic |
0 L L Positive logic
0 H H Negative logic

Table 2 Parity output

The parity bit in the table is defined as a ‘0’ when the Parity bit Parity invert input Parity output
number of ‘1’s in the code B;~Bg is odd and a ‘1’ when it is Pl Bs
even, 1 L H
Mode selection is shown in Table 3. 1 H L
0 L L
0 H H
Table 3 Mode selection
Shift input Control input
s c Selected mode
L L 1
H L 2
L H 3
H H 4
CODE TABLE
NUMBER 0 0 0 0 1 1 1 1
OF BITS 0 0 1 0 0 1 1
T 0 1 o 1 0 0 1
Bs" Ba | B7|Be|Bs| 84| BB B | O 0 1 2 3 4 5 6 7
o|ofo0ofo 0 NUL | DLE sP 0 e P p
oo o0 |1 1 SOH | DC1 ! 1 A Q a q
o] o0 |1 0 2 STX | DC2 ” 2 B R b r
0| 0|1 1 3 ETX | DC3 # 3 o] S c s
0 | 1 0| o0 4 EOT | DCa $ 4 D T d t
0 | 1 0|1 5 ENQ | NAK % 5 E U e u
0 | 1 1 0 6 ACK | SYN & 6 F % f v
0 | 1 1 1 7 BEL | ETB 4 7 G w g w
1 o| oo 8 BS CAN ( 8 H X h x
1 o 0|1 9 HT EM ) 9 I Y i y
1 [ 0 10 LF suB * : J z i z
1 0 1 1 1 VT ESC + 5 K ( k {
1 1 1} 0 12 FF FS ’ < L AN | i
1 1 0 1 13 CR GS = = M ) m |
1 1 1 0 14 S0 RS > N A n ~
1 1 1 1 15 Sl us / ? 0 — o DEL

* Bg is an even parity bit for the 8-bit code (Bg~B7); Bg'lis an odd parity bit.
Note 1: A 1" or ‘0" in the code table indicates that the output level goes high for ‘1’
Pl are low-level.

and low for ‘0" when input DSI and

MITSUBISHI
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MS58609-09P, S

KEYBOARD ENCODER (USASCIl CODE STANDARD PRODUCT)

CODE ARRANGEMENT TABLE

9—10

ELECTRIC

vi Xi Mode Xo X1 X2 X3 Xa Xs Xe X7
1 / 5 P 0 . | o 9
" 2 7 ¥ P 0 > L 0 )
° 3 / ; DLE 0 - FF Si 9
4 ? + DLE 0 > FF SI )
1 : @ — ’ k i 8
vy 2 * N\ = < K | (
3 : @ — ’ VT HT 8
4 * N = < VT HT (
1 . N C )] m ] u 7
Y 2 . | { I M J u ’
2 3 . FS ESC GS CR LF NAK 7
4 ’ FS ESC GS CR LF NAK ’
1 GS LF - ~ n h y 6
2 GS LF - ~ N H Y &
Y3 3 GS LF Us RS SO BS EM 6
4 GS LF uUs RS SO BS EM &
1 FS DEL CR BS b 9 t 5
Ya 2 FS DEL CR BS B8 G T %
3 FS DEL CR BS STX BEL DC4 5
4 FS DEL CR BS STX BEL DC4 %
1 RS us BEL NUL v f r 4
v 2 RS us BEL NUL v F R $
3 RS us BEL NUL SYN ACK DC2 4
4 RS US BEL NUL SYN ACK DC2 $
1 0 1 4 7 c d € 3
Ye 2 0 1 4 7 C D E #
3 [o] 1 4 7 ETX EOT ENQ 3
4 o] 1 4 7 ETX EOT ENQ *
1 . 2 5 8 X S w 2
Y 2 2 5 8 X S w "
3 2 5 8 CAN DC3 ETB 2
4 2 5 8 CAN DC3 ETB ”
1 = 3 6 9 Z a q 1
2 = 3 6 9 z A Q !
Y8 3 = 3 6 9 suB SOH DC1 1
4 = 3 6 9 suB SOH DC1 !
1 + - * / SP LF ESC HT
Y. 2 + — * / SP LF ESC HT
9 3 + — * / sP LF ESC HT
4 + — * / SP LF ESC HT
1 ENQ ACK suB EM CR DEL FF VT
v 2 ENQ ACK sSuB EM CR DEL FF VT
10 3 ENQ ACK SuB EM CR DEL FF VT
4 ENQ ACK SuUB EM CR DEL FF VT
SYMBOLOGY
! 1" Col/Row | X/Y/Mode in code Col/Row | X/Y/Mode in code
Symbol Code name inccode table] arrangement table (Symbol Code name n code tablel arrangement table
SP | Space 2/0 4/9/1~4 : Colon 3/10 1/1/1,3
! Exclamation mark 2/1 7/8/2.4 3 Semicolon 3/11 1/0/1.3
" Quotation mark, umlaut 2/2 1/1/2.4 < Less than sign 3/12 4/1/2.4
# | Number sign 2/3 7/6/2.4 = Equal sign 3/13 0/8/1~4,3/1/2.4
B Dollar sign 2/4 7/5/2.4 > Greater than sign 3/14 4/0/2.4
% | Percentage 2/5 7/4/2.4 ? Question mark 3/15 0/0/2.4
& | Ampersand 2/6 7/3/2.4 @ At mark 4/0 2/1/2.4
’ Apostrophe, acute accent 2/1 7/2/2.4 ( Left bracket 5/11 2/2/1
( Left parenthesis 2/8 7/1/2.4 ) Right bracket 5/13 3/2/1
) Right parenthesis 2/9 7/0/2.4
* | Asterisk, multiplication sign 2/10_|2/9/1~4,1/1/2.4 ~ | Ciroumflex accent 514 3/
+ | Positive sign, plus sign 2/11 0/9/1~4,1/0/2.4 — | Underline 5/15 2/3/1.2
. Comma 2/12_|0/2/1~4,4/1/1.3 { Left brace 7/11 2/2/2
— Negative sign, subtraction sign 2/13 1/9/1~4,3/1/1.3 | Separate sign, logical add sign 7/12 1/2/2
] 0/1/1~a, [ Right brace 7/13 3/2/2
Period 218 o/11~a,4/0/1.3 X[ Reverse slant 5712 |2/1/2.4,1/2/1
/ Slash, virgule, division sign, per 2/15 3/9/1~4,0/0/1.3 ~ Swung dash 7/14 3/3/2
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M58620-001S

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT)

DESCRIPTION
The M58620-001S is a keyboard encoder for solid-state
switches and is fabricated with P-channel aluminum-gate
MOS technology.

It contains a 3640-bit mask-programmable read-only
memory, and the 7-bit and 8-bit codes specified in JIS
publication C-6220-1969 ‘“‘Codes for Information Inter-
change’” are stored in the ROM. The mode shift is
selected by the combination of shift input, control input
and shift control input. The output consists of a 9-bit
plus parity bit code. All inputs and outputs are
TTL-compatible.

FEATURES

All inputs and outputs are TTL-compatible

Output buffer register

Strobe inhibit circuit for unused codes

One shot output (the pulse width is variable) or static

output for strobed output

Chip enable terminal

® 2-key rollover capability (N-key rollover is also available,
if the logic output of the switches is pulsive)

APPLICATION
® Encoder for full-keyboard terminal equipment

FUNCTION

The output of each keyboard switch is connected to 2-key
inputs selected from K;~K;; (2 of 14) to form 91 ad-
dresses. Therefore, the character code for output is selected
by 2 of 14 key inputs, shift input, control input and shift

PIN CONFIGURATION (TOP VIEW)
TEST INPUT TEST (1] hd 5 Vg (—12V)
Ky —[Z] 38 Vop (0V)
Kz (3] 38 Vss (5V)
KEY INPUTS
K3 —[d] e DAK DATA ACKNOWLEDGE
oUT Kq —[5] 36l¢-STC ISNTDEUOTBE CONTROL
controL weur 'C ] [35]¢-RC  REPEAT CONTROL
Ks —[T] 3« CE CHIP ENABLE INPUT]
Ke —+[8] =z 33—+ STO STROBE OUTPUT
a ANY KEY DOWN
K1 (3] 2 321> AKD OUTPUT
Kg —*[10] N [Fe-Pl  PARITY INVERT
o J
ey nputs 4 K9 ] S 30-»B10 PARITY OUTPUT
K|0_’@ Q @—ng
K11 -’Iﬁ @ @—ng
Ki2—»[14] 27-»B7
K|3"!1_—54 E—»Bs
Ky4—+[i6] 125]—+Bs5 ¢ DATA OUTPUTS
SHIFT INPUT  S—>(17] 22-+B4
CONTROL INPUT  C—»[g] 73—+B3
SHIFT
ConTROL INpUT SC—{1) 22—+B2
DATA INVERT INPUT DI —»[20] [21]—+B1
Outline 4081

control input.

When a key is depressed, the output of that keyboard
switch is applied to two key inputs selected from K;~K,4;
the address ROM generates an address that is used for input
to the 3640-bit ROM. After the encoded data from the
ROM is transferred to the buffer register, a strobed output
is generated, validating the encoded data.

ANY KEY DOWN OUTPUT REPEAT CONTROL INPUT STROBE CONTROL INPUT ~ CHIP ENABLE INPUT
BLOCK DIAGRAM o~y o ot o
T A SR & T
(65v) Vss (9 B)oak PATA ACKNOWLEDGE
STROBE TIMING CIRCUIT INPUT
(ov) Voo (39 I AK KIN DST ce |—G9sTo strose oureuT
(~12V) Vac @0) t i 1 !
contROL 1C DS
INPUT — — 22 B2
(] — ¢ | « @) B3
Ka — 5 g 22)Ba
K3 3640(91X 4 10) BIT Ll Q= & (25 Bs( DATA OUTPUTS
o =
Ka MASK-PROGRAMMABLE ROM —1 =[] =2 986
Ks - — & —{ 5 @) By
Ke 3 —— 32 — © (29 Bs
K1 & — ] (29 B9
o
KEY INPUTS < g s MMZM";‘ _— G) B1o PARITY OUTPUT
1
Ke g !
ot ) Em—— 111 L
"2 o DPI  PARITY INVERT INPUT
Kit (3) MODE
Kiz (12) 7 K1 SELECT %001 DATA INVERT INPUT
! ADDRESS ROM CRCUIT
Ki3(19) : 1) TEST TEST INPUT
K14(16) Kia
11819 ————j
SHIFT INPUT S G SC SHIFT CONTROL INPUT
CONTROL INPUT

MITSUBISHI
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M58620-001S

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT)

FUNCTION (Data Output and Parity Output)

The relationships between B;~Bg in the code table and B,
~Bg in data outputs are shown in Table 1, and those be-
tween the parity output (B;, or Bg) and the parity bit, in
Tables 2 and 3. The parity bit in the tables is defined as a
‘0’ when the number of ‘1’s in the code (B;~Bg or B;~B5)

is odd and a ‘1’ when it is even.
Mode selection is shown in Table 4.

Table 1 Relation between code table and outputs

B(~Bs Data invert input Data output Logic
in code table DI B1~Bs
1 L H Positive logic
1 H L Negative logic
0 L L Positive logic
0 H H Negative logic

Table 2 Parity output of 8-bit code

. Parity invert output Parity output
Parity bit
Pl B1o
1 L H
1 H L
0 L L
0 H H

Table 3 Parity output of 7-bit code

Data invert input Dat tput
Parity bit invert inpu ata outpu
DI Bs
1 L H
1 H L
0 L L
[1} H H
Table 4 Mode selection
hift input Contrel input Shift control input
Shift inpu b : P Selected mode
S c SC
L L L 1
H L L 2
L H L 3
H H L 4
L L H 4
H L H -
L H H -
H H H —
CODE TABLE (JIS C-6220-1969)
0 0 0 0 0 0 0 Q 1 1 1 1 1 1 1 1
’\g::MBBrst 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1
0 0 1 1 0 0 1 1 0 -0 1 1 0 0 1 1
[ 0 1 [} 1 0 i 0 1 0 1 0 1 0 1 0 1
B1of Be*[Bs [ B7] B6[ Bs [ Ba| B3| Bz | Bt [sow™] 0 1 2 | 3]l als5 6 7 8 | 9 101112 [13[1a]1s
PARITY 0 0 0 0 0 NUL DLE |SP] O @ P ~ - El 2
8IT 0 0 0 1 1 SOH DC1 ! 1 A Q ° 7 F N
0 0 1 0 2 STX DC2 " 2 B R " 1 Y b
0 0 1 1 3 ETX DC3 z 3 C S J 7 T E
0 1 0 0 4 EOT $ 4 8] T . s b ad
0 1 0 1 5 ENQ NAK % 5 E U . * Al =y
0 1 1 0 6 ACK SYN & 6 F Vv 7 h = 3
0 1 1 1 7 BEL ETB ! 7 G W 7 * X 2
1 0 0 0 8 BS CAN ( 8 H X 1 7 | & Y
1 0 0 1 9 HT EM ) 9 | Y ] e / P2
1 0 1 0 10 LF suB * . J Y4 x 3 /N 2
[ NN ENETE % ESC | + [ 5 | K ( { | H | e |8
1 1 0 0 12 FF . < L ¥ | hd e 7 7
1 1 0|1 13 CR - |l=1M1) ) a | A |~ |~
1 1 1 0 14 SO . > N ~ - a + * N
1 1 1 1 15 Sl L1210 DEL v | V=
* Bg is an odd parity bit for the 7-bit code (B1~B7).
t B1o is an odd parity bit for the 8-bit code (B1~ Bs).
Note 1: {When inputs DI and Pi are low-level, a ‘1" in the code table indicates that the output level goes high. a ‘0’ that it goes low
9—12 ELECTRIC
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M58620-001S

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT)

CODE ARRANGEMENT TABLE

Kn Km Mode K2 K3 Ka Ks Ke K7 Ks Ko K1o K14 K12 K3 K1a
1 4 X C B M . . . A S
2 < > ? —
K 3 5 b2 Y = a N = * n # a F 3
4 ) . N
1 D F G H J K L ; : ) Q w
2 . + * \
Kz 3 ) ~ * 2 < 7 0] % L4 L 2l 7
4 i)
1 E R T Y U | o) @ ( 1
2 ! N { !
Ka 3 1 = B > Ea = > « - ’ S
A 4 G
1 2 3 a4 5 6 7 8 9 0 -
Ka 2 ) # $ % & . ( ) =
3 7 7 iz T * hd 1 2 7 R
4 7 2 x * il EY a 2
1 ~ ¥ DEL SP SOH STX ETX EOT ENQ
Ks 2 — | DEL SP SOH STX ETX EOT ENQ
3 ~ — DEL SP SOH STX ETX EOT ENQ
4 DEL SP SOH STX ETX EOT ENQ
1 ACK BEL BS HT LF VT FF CR
Ke 2 ACK BEL BS HT LF vT FF CR
3 ACK BEL BS HT LF VT FF CR
4 ACK BEL BS HT LF VT FF CR
1 SO Sl DLE DC1 DC2 DC3 NAK
K7 2 SO Sl DLE DC1 DC2 DC3 NAK
3 SO Sl DLE DC1 DC2 DC3 NAK
4 SO S| DLE DC ¢ DC2 DC3 NAK
1 SYN ETB CAN EM sSuB ESC
Ks 2 SYN ETB CAN EM suB ESC
3 SYN ETB CAN EM suB ESC
4 SYN ETB CAN EM SuUB ESC
1 NUL + - = .
Ks 2 NUL + — =
3 NUL + — =
4 NUL + — = .
1 1 2 3 4
2 1 2 3 4
Ko 3 1 2 3 4
4 1 2 3 4
1 5 6 7
2 5 6 1
K 3 5 3 7
4 5 6 1
1 8 9
2 8 9
K1z 3 A 3 L
a4 8 9
1 0
2 0
K13 3 0
4 0
SYMBOLOGY
| Col/Row - [km/kn/Mode in codd} 4 | i
Symbol Code name n code table, rgrrarr‘:gernent table Symbol Code name in Egé: ?:é;lkra?,/aizgvnﬁ? II;b(If de
SP_| Space 2/0 {Kg /Ks/1~4 ? | Question mark, 315 [K1n/Ki/ 2
! Exclamation mark 2./ 1 K14 / K3/ 2 @ | At mark 4,0 |Ki2/K3/ i
‘| Quotation mark, umlaut 2/2 |Ks /Ka/2 (| Left bracket 5/11 [ K3/ Ka/ |
# | Number sign 2/3 |Ke /Ka/2 ¥ | Yensign 5712 [K7 /Ks/ 1
$ Dollar sign 2/ 4 K71 /Ka/2 ) Right bracket 5,13 | K2/ K2/ 4
‘f ij:::':gnz : ; : :: ; i: ; ; ~ | Circumflex accent 5/14 | Ke /Ks/ 1
Apostrophe, acute accent 2/1 K10/ Ka / 2 __ | Underline 5,15 | K2 /Ky /2
( Left parenthesis 2/8 |Kim/Ka/2 | Grave accent 6/0 |Ki2/K3/2
) | Right parenthesis 2/9 |K12/Ka/2 { | Left brace 7/11 [ K43/ Ks/2
* Asterisk, multiplication sign 2/10 | K1 / K2/ 2 | Separate sign, logical add sign 7/12 | K1 /Ks /2
+ Positive sign, plus sign 2/ |Kiwo/Kz2/2 x } Right brace 71/13 [ K12/ K2/ 2
, Comma 2/12 |Kg /K1 /1 — | Overline, logical not sign 744 | Ke /Ks/ 2
— | Negative sign, subtraction sign 2/13 | K1a/Ka/ 1 * o Japanese period 10/ 1 Ko /Ki/4
. Period 214 | Ko/ K1 /1 % ™| Japanese initial quotation mark 10/ 2 K43 / K3/ 4
/| Slash, virgule division sign, per 2715 | K11 /K1 /1 1 Japanese final quotation mark 10/ 3 Ki2/ K2/ 4
: Colon 310 | K11/ K2/1 ’ Japanese comma 104 Keg /K1 /4
; Semicolon 3/11 | K1/ Kz2/1 . Middle dot 105 Kt/ K1/ 4
< Less than sign 312 |Kg / K1/ 2 — Long vowel mark 110 | K7 /Ks/3
= Equal sign 3./43 |K1sa/Ka/2 * M Voiced consonant mark 1314 | K12 /K3 / 3
> Greater than sign 3,14 [Kw / Ka / 2 ° Semi-voiced consonant mark 13,715 [ Kiza / K3 / 3
*SeelK11~K ¢a/Kg/1~4
MITSUBISHI
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M58620-001S

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT)

OPERATION
1. 2-Key Rollover (N-Key Lockout)
When more than 2 keyboard switches are depressed at the
same time, all outputs 1~ 91 of the address ROM go high-
level, and the 3640-bit ROM is not addressed. The internal
key input signal also is not applied to the timing circuit; as
a result, a strobe signal is not generated. Also, the coded
outputs hold the preceding state. Then, if any one key (key
1) is not released while the other keys are, key 1 becomes
valid.
2. N-Key Rollover
If the key input signals are pulsive, the primary depressed
key (key 1) is read; after the coded output of key 1 is trans-
ferred to the buffer register, a strobe signal is generated and
the coded output becomes valid. Then, if a second key is
depressed while key 1 is in the depressed state, the second
key (key 2) is read; and the coded output of key 2 is trans-
ferred to the buffer register succeeding the coded output of
key 1 described above. A strobe signal is generated, and the
coded output becomes valid. Then if a third, fourth . .. Nth
key is depressed while preceding keys are still in the de-
pressed state, its code will become valid as described above.
3. Any-Key-Down Output
When any one or more of the 91 keys are depressed, an in-
ternal any-key signal is transferred from the address ROM
to the timing circuit where an any-key-down signal (AKD)
is generated.
4. Strobe Inhibit When an Unused Code Is Addressed
If either an unused mode of the 4 modes or an unused key
is selected (its ROM code is 0000000000), the strobe output
is inhibited and it makes the key invalid. The data output
still holds the preceding state.
5. Repeat Function
When a repeat signal is applied to the repeat control input
(RC), a strobe signal is repeatedly generated so that any
character can be repeated. The strobe signal is inhibited
when the RC terminal is high.
6. Data Acknowledge Input
The strobe output is reset by applying a data acknowledge
input. The pulse width of the strobe signal output can be
adjusted with a resistor and a capacitor connected between
the strobe output terminal (STO) and the data acknowledge
input terminal (DAK).
7. Data Invert and Parity Invert Inputs
The level of each output B;~Bg and B,, can be inverted
when data invert input (DI) and parity invert input (PI) are
high-level.
8. Chip Enable Input
Data outputs B;~B,o, strobe output and any-key-down
output are in the floating state when chip enable input (CE)
is high.

This floating state means a high-impedance state and is
equivalent to an open-circuit output.

9. lnpﬁt Control Input )

When input control input (IC) is high, key inputs (K;~K4)
can be operated with high-level signals.

10. Strobe Control Input

The strobe delay time can be set by the strobe control
input STC terminal. The delay time is set to tgcsT-s), Which
depends on the internal delay circuit when the strobe con-
trol input terminal is connected toVss.

11. Test Input

Data outputs (B;~Bjp) can be independently set either high
or low irrespective of the 3640-bit ROM outputs. When
test input (TEST) is high, B;~B;o goes high if both DI and
Pl are low, and B, ~B;, goes low if both DI and Pl are high.
12. Pull-up Resistors

External resistors are not required because pull-up resistors
are built-in at all input terminals. But if the strobe control
input terminal is not used, it should be connected to Vss.
To determine. the value of the resistor required, see Elec-
trical Characteristics.

Pull-up resistors

Voo Vae
Ky~ Kiya
K1~ K
S. C. sC IC. TEST
RC. CE DAK, PI
DI
Vss Vss
(@)IC="H" (b)IC="L" S. C. SC. RC. |c. TEST
K1~K14 INPUT CE INPUT DAK, bl, DI INPUT

Table 1 Data-output level in
relation to data invert (DI),
parity invert (Pl) and chip
enable (CE)

Table 2 Function table of
the mode select circuit

ROM CODE| DI, P1 CE |Bi~Buj S o] SC MODE
H L L H H H -

! L L H L H H -

H L H H L H -

0 L L L L L H Ma

. H H z H H L Ma

L H z L H L M3

o H H z H L L M2

L H z L L L M

Note 2 : Z indicates a floating state:
3 : The code table is described in
positive logic, for outputs B
~ B0, when DI and P! are low.
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MITSUBISHI LSIs

M58620-001S

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT)

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions _ Limits Unit
VGG Supply voltage 0.3~—20 \
VoD Supply voltage With respect toV g5 0.3~—20 \
V) Input voltage 0.3~—20 \
Pd Power dissipation Ta=25°C 1.0 w
Topr Operating free-air temperature range —20~175 °C
Tstg Storage temperature range —40~125 °C

RECOMMENDED OPERATING CONDITIONS (Ta=—20~75°C. unless otherwise noted)

Symbol Parameter Limits Unit
Min Nom Max
Vae Supply voltage —10.8 | —142 —13.2 \Y
VoD Supply voltage 0 \]
Vss Supply voltage 4.5 5 5.5 \
ViH High-level input volta_ge, all inputs except STC Vss—1.5 Vss \
ViL Low-level input voltage VoD Vss—3.5 \Y
tr Rise time (10~ 909%). all inputs except DAK 1 “s
tf Fall time (10~90%) 1 us
tr (DAK) Rise time (10~ 90%). DAK 100 ”s
tf (DAK) Fall time (10~ 90%5). DAK 100 us

ELECTRICAL CHARACTERISTICS (Ta=—20~75°C, Vac=—12V+10%, VDD=0V, Vss=5V +10%. unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min Typ Max
VoH High-level output voltage loH=—100 A Vss—i1 \%
VoL Low-level input voltage loL=1.6mA, (Note 2) 0.4 \
@) Input current, TEST, 1C, DI, PI, and DAK Vi =VGG —0.01 | — 10 uA
11(2) Input current, K1 ~K 14 Vi =VoD, VI(C)=VIH —0.02( —20 uA
Ri1) Input resistance, IC, PI, DI, DAK,and TEST Vi =Vss, Ta=25C 100 180 300 kQ
Ri(2) “Input resistance. S, C, SC, CE,and RC Vi=VpD, Ta=25C 5 30 kQ
Ri@3) Input resistance, K1~ K14 Vi=Vsgs, VI(1C)=ViH, Ta=25C 10 20 40 kQ
Ry(4) Input resistance, K1~K 14 Vi =Vop, Vi(C)=ViL, Ta=25T 2 5 15 kQ
Pd Power dissipation Ta=25T 350 500 mw
Gi Input capacitance All terminals except the tested terminal are OV. 15 oF
V=0V, Vrms =25mV, f=1MHz
Note 4 : Curfem flowing into an IC is positive; out is negative.
5: When all outputs are at loL=1.6mA, VoLmax=0.6V
MITSUBISHI
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MITSUBISHI LSIs

M58620-001S

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT)

SWITCHING CHARACTERISTICS (Ta=25C, Vga=—12V£10%, VDD=0V, Vss=5V +10%. unless otherwise noted)

Symbol Parameter Test conditions (Note 6) " Lmie Unit
Min Typ Max

tTLn Low-to-high-level output transition time CL=50pF, loH=—0.1mA 0.7 2 s
tTHL High-to-low-level output transition time CL=50pF, loL=1.6mA 0.5 1.5 us
tw(Kl) Key input pulse width *1, tw 30 us
td(K ILH-K2HL ) | Delay time from key 1 low-to-high-level *2, tx 10 us
th (Ks-Kz) | Key 1 hold time with respect to key 2 * 3, tx 10 us
tsSu(M-KON)| S. C, SC setup time with respect to key'input (ON) *4, tx 1.5 us
tD(B-KON) | Delay time from key input (ON) toB1~B1g *5, tx 2 7 15 us
tD(AK-KON) | Delay time from key input (ON) to AKD * 6, tx 0.5 2 S
td (sT-B) | Delay time from B~ B0 to STO *7, tx, CL=50pF, STC-Vss shorted 1 5 12 us
1D (AK-KOF) | Delay, time from key input (OFF) to AKD * 8, tx, CL=50pF 0.5 2 us
to(sT-koF)| Delay time from key input (OFF) to STO . *9, tx, CL=G50pF 4 10 us
t(sT-RC) | Delay time from RC to STO * 10, tx,CL="50pF 3.5 20 us
TD(ST-DAK)| Delay time from DAK to STO * 11, tx,CL=50pF 4 10 us
tw(DAK) | DAK pulse width *12, tw 10 us
tw(RC) RC pulse width *13, tw 15 “s
tw(sTO) | STO pulse width tw, CL=50pF, STO-DAK shorted 1 4 10 uSs

Note 6 : See the Timing Diagram for ‘tw’ and ‘tx’. Numbers 1 through 13 in the diagram correspond to *1 through *13 above.

TIMING DIAGRAM

Key 1

(Ki, Kj) ’ 3

ON

/

OFF 2

Key2

(Km, Kn)

DAK

OFF

I A

-

RC

S, C, sC

o

By~Byo

A A

STO

o O\

NN\

7185

Heg
DI, PI /
CE
“90% 1025
50% 50%
10% 90% tw Note 7 : M Center line indicates the
floating state.
T o
tTLH 50%
tx
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MITSUBISHI LSIs

M58620-001S

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT)

TYPICAL CHARACTERISTICS (Vee=—12V, Vop=10V, Vss=5V)

STROBE DELAY TIME VS. STROBE DELAY TIME VS.
10 CAPACITANCE 0 RESISTANCE
E Ta= |25°c é Ta=25°C
= R=1.7MQ = C=4700pF /
MEASUREMENT 3 o
CIRCUIT e 5
STC = / s
c Rog 5 g 5
= =
M58620 z ks
ves B / B
(5V) w w
¢ | ~ 2 /
% %
0 0
0 2000 4000 6000 8000 10000 0 1 . 3 2
CAPACITANCE C (pF ) RESISTANCE R (MQ)
STROBE WIDTH VS. STROBE WIDTH VS.
CAPACITANCE RESISTANCE
100 50 -
Ta=257C 10
MEASUREMENT R=15.8kQ o
CIRCUIT Ta=25¢

C=1000pF /

7
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50 //
/
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N
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>
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MITSUBISHI LSis

M58620-001S

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT)

TYPICAL APPLICATION CIRCUIT

J |

2 [ 1C TEST ]34
3 20
K2 DI p——
4 K3 B1 L.-El-_—_—»
5 ks B2 22 o
7 {ks By 28
8 Ke Y
k) K7 Bs | 25
M58620-001S
10 ks Be |28 =
LN P By L2
iE2 S Bs |28
13 K11 Bg R
LN W Broh3 o
15 fkis P 3L o
ol 16 lkia AakD 32— o
INININE 1111 1]
NN LI
18 33
KEY SWITCH ¢ sTo R T b
19 7 >
—215C 5 gro DAK — :;
3] 36 toq
Ly
1
-
JUUL  aepear puse AAA T
— [ RepeaT commanp A
L | 5V
— J U [N

Note 8 : Use a key switch having outputs that are open-collector,
or mutually separated by diodes.
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MITSUBISHI LSIs
TV INTERFACE
DESCRIPTION
. . . . PIN CONFIGURATION (TOP VIEW)
The M58741P is a color TV interface device designed for
use with an 8-bit parallel M5L 8080AP CPU as a graphic e[ 1% 0 —ns  APREESS
display controller using an NTSC home color television As—[Z] 390k Q8K |
i ice i H i ~ il ADDRESS —
set. This device is fabricated using N-channel silicon gate DRESS Ag<—|§ 38]—BR Igéﬁﬁ%({
ED-MOS technology for a single supply voltage. EXTERNAL A1 +—[3] %_. VIDEO \(SIDgOU§IGNAL
MEMORY Ag+[5] 36|  Voe(5v)
SELECT 1 . o
e oo S
L . EX RAMSELT
® Graphic display interface for NTSC color TV sets MEMORY NC‘—I;: %I_’ SOHLBD HOLD REQUEST
.
® 64 by 64 color elements OUTPUT NG E z %_’INT L RAUPT
® Every element can be displayed in 8 colors (including NC [ a (37— COLORD “38¥§3¥
. ~
black and white) Ne [ 3 30— GOLORT | GU0R PATA
® Every element can be blinked by external hardware NG [ o [25] «— COLOR?
® Compatible with M5L8080AP, S and M5L8085AP, S Ne [ 28 —~cHa SRR A
NC [@ 271 NC
Spus o SR
- —
® Single 5V power supply [ 26— ROVE SELECT OUTPUT!
An«[i6 25] A ADDRESS
M cen e
INPUT/ Age
APPLICATION ouTPUT po s I3 = VCC(SWrﬁAEe%om T
® Home computers, TV games
P 9 ADDRESS{ Ag«—[19 23— A BOREGES
OUTPUTS A7+ [29] 21 GND (ov)
FUNCTION
The M58741P and a MELPS 8 or similar 8-bit micro- Outline 40P1 NC - MUST BE OPEN
computer can display the 64 by 64 color elements on the
CRT screen of the television set.
The M58741P reads out the color data from RAMs and
it is very easy to change or move the image on the screen.
It is effective to reduce the software programming time.
The smallest color graphic display system using the
M58741P, requires only 10 chips including the M51342P
modulator IC, CPU, ROM and RAMs.
|
PROGRAM MEMORY  ADDRESS
BLOCK DIAGRAM ROSEAD INPUT INPUT/OUTPUT  CLOCK INPUT
DBIN A;z CLK
- 28)(25)39
!
A
(5V) Vee g m 10 » ADDRESS INPUT/OUTPUT
[CONTROL| @
(ov) GND @) Loaic 6 %g ADDRESS OUTPUTS
o 8=
H w
S S—
PROGRAM MEMORY SELECT 8 T
EXTERNAL MOELt:/{gLF{\T( _ ROMEN (cf 9 & &g
SELECT 1 OUTPUT RAMSELT (7) S AR & 158
BXJERNAL MEMORY RAMSELZ () q 33 ADDRESS OUTPUTS
g —
COLOR0O (31) !
3
COLOR DATA INPUTS< COLOR1 (30 d D/A CONVERTER ‘® CHA CHROMA A QUTPUT
COLOR2 (29) CHB CHROMA B OUTPUT
(39 CHREF CHROMA REFERENCE OUTPUT
- (37)VIDEO  VIDEO SIGNAL OUTPUT
: —@—6)— ——G8 ‘
INT HOLD BR
INTERRUPT REQUEST  HOLD REQUEST  BLINKING CONTROL
QUTPUT  OUTPUT INPUT

MITSUBISHI
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MITSUBISHI LSIs

M58741P

TV INTERFACE

PIN DESCRIPTION

Symbol Name Input or output Function
Ao~ As Address output Out When .hold request output is high, a row location of the refresh memory
is designated.
Ag~Asg Address output out When hqld reguest output is high, a column location of the refresh
memory is designated.
When hold request output is high, a column location of the refresh
memory is designated.
When hold request output is low. RAMSEL 1, RAMSEL 2, ROMEN
become active according to the data from these inputs.
Ag~A11q Address input/output Infout Atz An Ao As PIN
0 0 X X ROMEN (Note 1)
0 1 0 0 RAMSEL 1
0 1 0 1 RAMSEL 2
0 1 1 X Inhibit
Note 1: ROMEN=DBIN - A1q - Atz
Az Address input In Wheh high-level is applied to this pin. internal address decoder goes
inactive.
RAMSEL 1 External memory select 1 Out When A1z + A1y + Aqg - Ag is high, RAMSEL T goes low,
RAMSEL 2 External memory select 2 Out When A1z + Aqq - Ajg - Ag is high, RAMSEL 2 goes low.
ROMEN Program memory select Out When DBIN. Aqq + Aqz is high, ROMEN goes low.
HOLD Hold request output Out High-level indicates the M58741P occupies the address bus lines.
INT Interrupt request output out Aifter one flame is swept, this output keeps high about 65us (both HOLD
and INT are high in 30us).
DBIN Program memory read input In When HOLD is low, high-level input makes ROMEN active.
Color data inputs from the refresh memory designates the color of
displayed element.
COLOR2 | COLOR1 | COLORO COLOR
0 0 0 magenta
COLORO 0 0 1 red
§ Color data inputs In 0 1 0 green
COLOR 2 0 1 1 white
1 0 0 orange
1 0 1 syan
1 1 0 blue syan
1 1 1 black
High-level inhibits display. turning the CRT screen black. Thus high-low
BR Blinking control input In switching results in blinking of the screen display. This input is sampled
one clock cycle earlier than color data inputs. Blinking frequency can
be selected.
. i i i i be derived.
VIDEO Video signal output out A4-level basebgnd video signal lpcludlng the sync sngnal can be deri
A color subcarrier and a color signal are not superimposed.
CH A
CH B Color signal outputs Oout Two-3-level outputs and its reference bias output are generated for the
M51342P : NTSC TV game modulator.
CH REF
CLK Clock input In 1.79MHz, 25% duty clock input signal is required.
9—20 ELECTRIC




MITSUBISHI LSis

MS8741P

TV INTERFACE

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Veco Supply voltage —0.5~7 \Y
V) Input voltage With respect to GND —0.5~7 \
Vo Output voltage —0.5~7 \
Pd Maximum power dissipation Ta=25C 600 mwW
Topr Operating free-air ambient temperature range 0~70 c
Tstq Storage temperature range —40~125 c

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
ViH High-level input voltage 2
ViL Low-level input voltage 0.8
to(coLk) Clock cycle time 558.7 ns
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Vcc=5V+5%. unless otherwise noted)
Limits
Symbol Parameter Conditions Unit
Min Typ Max
lcc Supply current from Voo 100 mA
VOH High-level output voltage lon= —100uA 2.4 \Y
VoL Low-level output voltage loL=1mA 0.4 \%

VsyYNC Video sync level voltage 0.8Vce \Y

VPED Video pedestal level voltage 0.7Vce \Y,

VDARK Video dark level voltage 0.6Vce \Y,

VBRIGHT | Video bright level voltage 0.5%cc \
(Note 2)
VCHO Color signal O level voltage 0.69Vco \Y,
VCH1 Color signal 1 level voltage 0.68s\VcC \
VCH2 Color signal 2 level voltage 0.76eVcC \Y
VCHREF Color reference signal level voltage 0.68\VoC A\
Note 2 : Measurement circuit 1.
DUT
56kQ
MITSUBISHI
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- MITSUBISHI LSIs

MS58741P

TV INTERFACE

TIMING REQUIREMENTS (Ta=0~70C, Voc=5V£5%: unless otherwise noted)

Limits
Symbol Parameter Conditions Unit
Min Typ Max
to(g) Clock cycle time 558.7 ns
tw(g) Clock pulse width 120 300 ns
tsu(cLR—CLK) | Color signal setup time before clock 50 ns
th(CLK—CLR) Color signal hold time after clock 100 ns
tsu(BRIG—CLK) | Blinking control setup time before clock 50 ns
th(CLK —BRIG) Blinking control hold time after clock 100 ns
SWITCHING CHARACTERISTICS ( Ta=0~70C, Vgoc=5V+5%. unless otherwise noted)
Limits
Symbol Parameter Conditions Unit
Min Typ Max
tp(a) Propagation time from clock to address CL="50pF, Load 1LSTTL 200 ns
tp(CH) Propagation time from clock to color CL=10pF, RL_=50kQ 150 ns
tp(viDEO) Propagation time from clock to video ) CL=10pF, RL=50kQ 150 ns
ID(DBIN—ROM) Propagation time from DBIN to program memory select CL=50pF, Load 1LSTTL 250 ns
tp(a—sEL)| Propagation time from address to external memory select CL=50pF, Lload 1LSTTL 200 ns

TIMING DIAGRAM

to(y)

tw(g)

CLK i L f_—L

tpca)

Ag~Ar; XL X X

COLORO 74 A\ X 7

B 4 2/ < r—
/.__

I th(cLk -CLR)
tsu(CcLR—CLK)

CHA, CHB

tp(cH)

VIDEO x

—> tp(viDEO)
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MITSUBISHI LSIs
MSL 804 1A-XXXP
UNIVERSAL PERIPHERAL INTERFACE
DESCRIPTION _ PIN CONFIGURATION (TOP VIEW)
The MBL8041A-XXXP is a general-purpose, program-
mable interface device designed for use with a variety of TesTrNO  To—L1] Voo (5V)
8-bit microcomputer systems. This device is fabricated clock1  X1—[2] 39)+— Ty TEST PIN 1
using N-channel silicon-gate ED-MOS technology. cockz  Xe—l3 = Pan/DATK
ReseT RESET — [4] * Ps/DRO | |\puT/QUT-
55 —[5] B8]« p,/ige | PUT PORT 2
FEATURES SINGLE STEP 99 25/1BF
. . cHip seLect S — |6} «> Py/0BF
° Mas!< ROM: 1024-word by 8.-b|t EXTERNAL (No'?:é\n_" s P17
o Static RAM: 64-word by 8-bit ReAD RO —[B] 5 — P
® 18 programmable 1/0 pins ADDRESS ~ Ao—[3] % B2+ P15
® Asynchronous data register for interface to master WRITE WR— Q —Pia INPUT/OUT-
processor YNcnRgrgﬁg‘D_ SYNC +—[i] ; - Py PUT PORT 1
® 8-bit CPU, ROM, RAM, |/0, timer, clock and low power Do+ g > P2
standby mode g‘“ B - ':‘
o Single 5V suppl e e
Al 9 i PPy LSI DATA BUS D3> Voo (sv)
e Alternative to custom Dees [ — PROG F/XTERNAL
@ Interchangeable with Intel’s 8041A in function, electri- Dses - P2 CONTROL
cal characteristics and pin configuration Dg <+ 18] 73« P22 INPUT/
ouTPUT
D7+ [19] [22] +> P21 PORT 2
APPLICATION (0V)  Vss + Pz
® Alternative to custom LS| for peripheral interface
Outline 40P "° " 30 Sonanon ™
FUNCTION
The M5L8041A-XXXP contains a small stand-alone complete microcomputer, it is easy to develop a user-
microcomputer. oriented mask-programmed peripheral LS| only by
When it is used as a peripheral controller, it is called the changing control software.

slave computer in contrast to the master processor. These
two devices can transfer the data alternatively through
the buffer register between them. The M5L 8041A-XXXP
contains the buffer register to use this LS| as a slave

computer, and can be accessed the same as other stand-
ard peripheral devices. Because M5L8041A-XXXP is a |
BLOCK DIAGRAM INPUT/OUTPUT PORT 2
S —
DATA BUS INPUT/OUTPUT PORT 1 P24/0BF

P Pis_ P71 P

11 P13 Pis 21
Piz Pia Pis Pao P22

!
Vcc (5v)
Voo (5V)
20) Vss (0V)
4)RESET  RESET
1K x 8 ROM 5)5S SINGLE STEP
[ PLéxen NTo TEST PIN O
] 39Ty TESTPIN 1
8)RD READ
CONTROL WR
LoGIC (OWR WRITE
6)CS CHIP SELECT
1 Ao ADDRESS
|—j)ta\ EXTERNAL ACCESS
- -—Q)- - (NOTE 1)

X1 X2 SYNCPROG
—— EXTERNAL 1/O CONTROL
CLOCK  gYNCHRONIZED
SIGNAL

MITSUBISHI
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MITSUBISHI LSIs

MS5L 8041A-XXXP

UNIVERSAL PERIPHERAL INTERFACE

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~7 \%
Vi Input voltage With respect toVss —0.5~7 \%
Vo Output voltage —0.5~7 \
Pd Power dissipation Ta=25T 1000 mw
Topr Operating free-air temperature range —20~70 T
Tstg Storage temperature range —40~125 c

RECOMMENDED OPERATING CONDITIONS
Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \Y
Vss Supply voltage 0 \V
ViH High-level input voltage 2 \
ViL Low-level inpult voltage 0.8 \
f(p) Operating frequency 1 6 MHz
ELECTRICAL CHARACTERISTICS (Ta=—20~70C, Voc=5V+10%. unless otherwise noted)
Limits
Symbol Parameter Conditions Unit
Min Typ Max
ViL Low-level input voltage (all except X1. X 2) —0.5 0.8 \%
ViH1 High-level input voltage (all except X 1. X 2, RESET) 2 Vee \Y
ViH2 High-level input voltage (X 1, X2, RESET) 3 Vce \%
VoL1 Low-level output voltage (Dg~ D7. SYNC) loL=2mA 0.45 \%
Vor2 Low-level output voltage (all except Dg~ D7,SYNC, PROG)| loL=1.6mA 0.45 \

VoL3 Low-level output voltage (PROG) loL= 1TmA 0.45 \Y

VoH1 High-level output voltage (Do~ D7) lon= —400uA 2.4 \%

VoH2 High-level output voltage (all other outputs) loH= —50uA 2.4 \%

Iy Input leakage current (To, T1, RD, WR. CS, Ag) Vss=Vi=Vce +10 A

lozL Off-state output leakage current (Dg~—~D7) Vss+0.45=Vo=Vce +10 uA

1T} Low-level input current (P19~P 17, P2o~P27) ViL=0.8V 0.5 mA

L2 Low-level input current (RESET, SS) ViL=0.8V 0.2 mA

lop Supply current from VDD 20 mA

lcc+1pp | Total supply current 135 mA

Note 2 : AC test conditions
Input pulse level: 0.45~2.4V
Input pulse rise time tr (10%~90%):  20ns
Input pulse fall time tf (10%~90%) 20ns
Reference voltage for switching characteristic measurement
Input  VIH 2V ViL: 0.8v
Output Vou 2V VoL: 0.8V

MITSUBISHI
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MITSUBISHI LSIs

MSL 804 1A-XXXP

UNIVERSAL PERIPHERAL INTERFACE

TIMING REQUIREMENTS (Ta=—20~70C. Vce= 5V +10%. unless otherwise noted)
DBB Read

Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
to( ) Cycle time tey 2.5 15 Ms
tw (R) Read pulse width tRR to(¢)=2.5us 250 ns
tsu(cs—R)| Chip-select setup time before read tAR 0 ns
th(r—cs) Chip-select hold time after read tRA 0 ns
trec (RW) Recovery time between read and/or write tRv 300 ns
DBB Write
Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
tw(w) Write pulse width tww 250 ns
%gggff_‘xﬁ)) CS. Ag setup time before write taw 0 ns
{R?W:g?)) CS. Aghold tie after write twa 0 ns
tsu(pQ—w)| Data setup time before write tow 150 ns
th(w-DQ) Data hold time after write two 0 ns
Port 2
Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min typ Max
tw(PR) PROG pulse width tep 1400 ns
tsu(pc—pR) | Port control setup time before PROG tep 110 ns
th(PR—PC) Port control hold time after PROG tec 140 ns
tsu(Q-PR) Output data setup time before PROG tor 220 ns
tsu(p-PR) Input data hold time before PROG tps 700 ns
th(Pr-D) Input data hold time after PROG teF 110 ns
DMA
Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
tsu(DACK —R)| Data acknowledge time before read tace 0 ns
th(r—DACK) | Data hold time after read tcac 0 ns
tsu(DACK—Ww)| Data setup time before write tacc 0 ns
th(W—DACK) | Data hold time after write tcac 0 ns
SWITCHING CHARACTERISTICS (Ta=—20~70C, Voc= 5V+10%. unless otherwise noted)
DBB Read
Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
tpzx(cs-DQ)| Data enable time after cs tap CL=150pF 225 ns
tPzx(Ao—DQ)| Data enable time after address tap CL=150pF 225 ns
tPzx(R—DQ) | Data enable time after read trRD CL=150pF 225 ns
tPxz(R—DQ) | Data disable time after read tRDF 100 ns
DMA
Alternative Limits
Symbol Parameter Test conditions Unit
symbol . Min Typ Max
tPzx(DACK—DQ) Data enable time after DACK tacD 100pF Load 225 ns
tPHL(R—DRQ) DRQ disable time after read tcrQ 100pF Load 200 ns
tPHL(W—DRQ) | DRQ disable time after write tcro 100pF Load 200 ns
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MSL 804 1A-XXXP

UNIVERSAL PERIPHERAL INTERFACE

TIMING DIAGRAMS

Read

CS, Ao

X

tsu(cs-R)

X
tsu(a-R)

tw(r)

th(r-cs)
th(R-Ao)

. { ]

1pzx(R-DQ) tPxZ(R-DQ)
74
Do~D7 VALID DATA
\
tPZX(Ag-DQ) 1PZX(CS- DO\ Y
Write
CS, Ao
Tsu(Ag-w) oo
| tsu(cs-w) _ Tw(w) tﬂmgj))
WR ?l
tsu(p-w) | |th(w-D)

Port 2
SYNG , \ /_—\—

[\

tsu(p-PR)
EXPANDER PORT P20-P23 DATA X PORT CONTROL j OUTPUT DATA
OUTPUT
tsu(p-PR) th(PR-D)
EXPANDER PORT { L
INPUT P20-P23 DATA x PORT CONTROL y \\. J INPUT DATA
th(PR-PC)
tsu(Pc-PR) e
tw(PR)
PROG \{ j/
DMA
DACK \ / \
X : k 1!
. lsu(DAack-R) e th(r-pACK)
< 1
fo WL 7
tsu(DACK-W) th(w-DACK)
tw(R)
I 'y _
WR s {
tw(w)
X XX
' t - 1
PZX(DACK:DQ) tsu(p-w) |{th(w-D)
e fe—>]
DRQ \

tPHL(R-DRQ) tPHL(W-DRQ)

MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

MSL 8212P

8-BIT INPUT/OUTPUT PORT WITH 3-STATE OUTPUT

DESCRIPTION

The M5L8212P is an input/output port consisting of an
8-bit latch with 3-state output buffers along with control
and device selection logic. Also included is a service
request flip-flop for the generation and control of
interrupts to a microprocessor. It is fabricated using

PIN CONFIGURATION (TOP VIEW)

DEVICE SELECT DSi—[T] Vee (5V)
bipolar Schottky TTL technology. MODE INPUT MD—[Z] ->TNT INTERRUPT CONTROL
DATA INPUT  DI1—+[3] ZZ«-Dlg DATA INPUT
FEATURES DATA OUTPUT DOj+[7] z 21-+D0g DATA OUTPUT
® Parallel 8-bit data register and buffer DATA INPUT  Dl2—+{5] a Z0«-DI7 DATA INPUT
. . . . DATA OUTPUT DO2+[€] ® [199+>D07 DATA OUTPUT
® Service request flip-flop for interrupt generation DATA INPUT DI3—(T] N «-Dlg DATA INPUT
® Three-state outputs DATA 0UTPUT DO3<[3] 5 T7->D0s DATA OUTPUT
® |ow input load current: | = absolute 250uA (max) DATA INPUT DIa»@ [16]¢-Dl5 DATA INPUT
® High output sink current: loL = 16mA (max) DATA oUTPUT DOg<—[i0 5]-+D0s DATA OUTPUT
® High-level output voltage for direct interface to a STROBE INPUTSTB—+[i1 [4]+-CLR CLEAR
M5L808OAP, S CPU: Vou = 3.65V (min) (0V)GND 2 3+ DSz DEVICE SELECT

Interchangeable with Intel’s 8212 in terms of electrical
characteristics and pin configuration

APPLICATION

® |nput/output port for a M6L8080AP, S
® Latches, gate buffers or multiplexers

puter systems

FUNCTION

Device select 1 (DS;) and device select 2 (DS, ) are used for
chip selection when the mode input MD is low. When
DS, is low and DS, is high, the data in the latches is

Outline 24P1

request flip-flop SR is set. Also, the strobed input STB is
® Peripheral and input/output functions for microcom- active, the data inputs DI;~Dlg are latched in the

latches, and the service request flip-flop SR is reset.

data

When MD is high, the data in the data latches is trans-
ferred to the data outputs. When DS, is low and DS, is

transferred to the data outputs DO;~DOyg; and the service  buffers is not changed.

high, the data inputs are latched in the data latches. The
low-level clear input CLR resets the data latches and sets
the service request flip-flop SR, but the state of the output

BLOCK DIAGRAM

l @9 vee (5V)
GND (0V
STROBE INPUT STB (11 ®, INTE;RUPT
MODE INPUT  MD (2 3 5= CONTROL
) > INT
DEVICE SELECT DSy (3 l—- ’ @ SIGNAL
DEVICE SELECT DS2 (13 :
oL @ ‘![T)RO:[ P1> 4) DO1 Y
DIz (5§ ID OI ' {,\ §) DO2
D13 (7 315—0" [ Wi\ g) DO3
pia G 5 aF ]y‘ W DOs | para
DATA INPUTS 4 T e i OUTPUTS
Dis (16 DR 1> 15) DOs
Dl (18 _%:‘E‘__‘ {,k 17) DOs
DI7 (20) _!#_']] .—?} 19) DO7
Dis % _—@_ DOs |
CLEAR CLR (4 —>o ;
MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

MSL 8212P

8-BIT INPUT/OUTPUT PORT WITH 3-STATE OUTPUT

ABSOLUTE MAXIMUM RATINGS (Ta=0~75°C... unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Vce Supply voltage 7.0 \
Vi Input voltage. DST, MD inputs Voo \%
\ Input voltage, all other inputs except DSI, MD 5.5 \
Vo Qutput voltage Vece \%
Pd Power dissipation 800 mwW
Topr Operating free-air temperature range . 0~75 °C
Tstg Storage temperature range —55~125 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0~75°C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Nom Max
Vce Supply voltage 4.75 5.0 5.25 \
loH High-level output current —1 mA
loL Low-level output current 16 mA

ELECTRICAL CHARACTERISTICS (Ta=0~75°C, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max N
ViH High-level input voltage 2 \Y
ViL Low-level input voltage 0.85 Vv
Vic Input clamp voltage . Vecec=4.75V, lic=—5mA —1 \Y
Voc=4.75V, V=2V,
VoH High-level output voltage H 3.65 Y
ViL=0.85V, loH=—1mA
Veec=4.75V, Viu=2V,
VoL Low-level output voltage wH 0.5 \

ViL=0.85V, loL=16mA

Vee=5.25V, V=2V,
loz Three-state output current 20 HA

ViL=0.85V, Vg=5.25V

Vee=5.25V, V=2V,
loz Three-state output current —20 uA

ViL=0.85V, Vo=0.5V

High-level input current. STB, DS2, CLR,

1G] DIt~ Dlg nputs Vee=5.25V, VI=5.25V 10 uA

lH High-level input current, M D input Vee=5.25V, V|=5.25V 30 A

] High-level input current , DST1 input Vecc=5.25V, V|=5.25V 40 A
Low-level input current, STB, DS2, m,

= ) Vee=5.25V, Vi=0.5V —0.25 mA
Dl1~Dlsg inputs

he Low-level input current, MD input Vee=5.25V, Vi=0.5V —0.75 mA

he Low-level input current , DSt input Vee=5.25V, V|=0.5V —1 mA

los Short-circuit output current (Note 3) Vece=5.25V —20 —65 mA

lcc Supply current from V g Voe=5.25V 130 mA

Note 1 : All voltages are with respect to GND terminal. Reference voltage (pin 12) is considered as OV and all maximum and minimum values are defined in absolute values.
2 : Current flowing into an IC is positive; out is negative. The maximum and minimum values are defined in absolute values.
3 : All measurements should be done quickly, and two outputs should not be measured at the same time.

TIMING REQU'REMENTS (Ta=25°C, Voc="5V . unless otherwise noted)

Limits
Symbol Paraméter Test conditions Vi . o Unit
tw(DS2) | Input pulse width, DS, DS2 and STB 30 ns
tw(CLR) | Input pulse width CLR 45 ns
tsu(pA) | Data setup time with respect to DS1. DS2 and STB 15 ns
th(pa) Data hold time with respect to DS1. DS2 and STB 20 ns

MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

MSL 8212P

8-BIT INPUT/OUTPUT PORT WITH 3-STATE OUTPUT

SWITCHING CHARACTERISTICS (Ta=25°C, Vco=5V. unless otherwise noted)

Limits
Symbol Parameter Test conditions (Note 4) Min Typ Max Unit
tPHL (0I-00) High-to-low-level and low-to-high-level output propagation 35
ns
tPLH(DI-DO) | time, from input DI to output DO
tPHL(DS2D0) | High-to-low-level and low-to-high-level output propagation CL=30pF, RL1=300Q, RL2=600Q 50
— ns
tPLH(DS2D0) | time. from inputs DS1, DS2 and STB to output DO
fPHL(STB-W) ' Hw-lcriow-leve! output propagation time, from input STB to output INT 40 ns
IPZL(MD-DO ) | Z-to-low-level and Z-to-high-level output propagation 70
— = F. =1kQ = ns
tPzH(MD-D0) | time, from inputs MD, DS1 and DS2 to output DO CL=30pF, RL1=1kQ, RLz=1kQ
tPHZ (MD-DO) | High-to-Z-level and low-to-Z-level output propagation
. . — CL=5pF, RL1=1kQ, RL2=1kQ 45 ns
tpLz(MD-D0) | time. from inputs MD, DS1 and DS2 to output DO
J— High-to-low-level output propagation time, from input
tPHL(CLR-00) | ~— CL=30pF, RL1=300Q, RL2=600Q 55 ns
CLR to output DO
Note 4 : Measurement circuit - vce
RL1
IN OUT
RL2
50Q oL
TIMING DIAGRAMS REFERENCE LEVEL =15V
o e e e e
DI1~Dls %
- ——— ————— ——— N o o e o e o . = o —————————
Tw ,_th(DA)
I tsu(pa) i
DSy, DS2, STB ) tPHL (DS2-DO)
1PLH(DS2-D0)
o ——— - - — ——— o — i ——
DO1~DOs
—————— ——— ——— — — —— ——— - ——r
o o o o e . e . o
DI4~Dlsg
-—— o — ——— — ——— | S U ——————
tsu (DA) | th (DA) |
DSy, DS2, STB tPHL(DI-DO)
tPLH(DI-DO)
e e e e e e -——
DO1~DOs
————————————— o o = o 2 o
DSy, DS2, MD
tPzL(MD-DO) tPHL (MD-DO)
PZH(MD-DO) tPLZ(MD-DO)
DO1~DOsg /’;,-;L,_-._.___——__.._ e
AN i/ /
sTB \
} tw { tPHL(STB-INT)
INT *
JE— Iw "
CLR \
{ tPHL (CCR-DO)
DO1~DOs
MITSUBISHI

ELECTRIC 9—29



MITSUBISHI BIPOLAR DIGITAL ICs

MSL 8212P

8-BIT INPUT/OUTPUT PORT WITH 3-STATE OUTPUT

APPLICATION CIRCUIT

5V
<
0.01uF
]
1
20y 181 2
Vec CLR MD
aLel<2 3o,
M5L8O85AP, S
cPU AD7j=12 22 101 pogftl— 4
ADé =18 2 o1 Yo} LY
ADsj=1L 18 _1p, - DOsPl— A
L .
16 16 15
ADa , Dls lNPU;/ORL%TPUT D05—1-0————~ As ADDRESS
ADzj=t2 Dla o [YeY] L S— BUS
AD =14 ? 1ol [YeY) B MY
ADy =23 2o, DO 4
ADoh= 2 2o, D01 A A0
DS;  GND
1T 12
ans
D7
De
Ds
D4 \, BIDIRECTIONAL
Ds DATA BUS
D2
D1
Do
/
MITSUBISHI
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MITSUBISHI BIPOLAR DIGITAL ICs

MSL 8216P, MSL 8226P

4-BIT PARALLEL BIDIRECTIONAL BUS DRIVERS

DESCRIPTION

The M5L8216P and M5L8226P are 4-bit bidirectional
bus drivers and suitable for the 8-bit parallel CPU
M5L8080AP, S (8080A). They are fabricated by using
bipolar Schottky TTL technology, and have high fan-out.

FEATURES
o Parallel 8-bit data bus buffer driver
® Low input current DIEN, CS: liL = —500uA(max)

DI, DB: liL =—250uA(max)
® High output current M5L 8216P
DB: loL =55mA(max)
loH = —10mA(max)
DO: lon = —1mA(max)
M5L8226P
DB: loL =50mA(max)
lon = —10mA(max)
DO: lon =—1mA(max)

® Qutputs can be connected with
the CPU M5L 8080AP, S:
® Three-state output
® The M5L 8216P has interchangeability with Intel’s 8216
in pin configuration and electrical characteristics, and
the M5L8226P with Intel’s 8226.

VoH =3.65V(min)

APPLICATION
Bidirectional bus driver/receiver for various types of
microcomputer systems.

FUNCTION
The M5L8216P is a noninverting and the M5L8226P is
an inverting 4-bit bidirectional bus driver.

PIN CONFIGURATION (TOP VIEW)

Vee

CHIPSELECTINPUT CS —'E E]

==y DATA
E‘—D'EN ENABLE INPUT

[14] — DO;

DATA OUTPUT DO

BIDIRECTIONAL
ECTIONAL Dy e [3] DATA OUTPUT

BUS

= =z
paTaINPUT Dlg—[4] & a i3]+ DBy BRIRGCIEONAL
)
RESS
oataouteur 00+ [5] & 2 [Z]05  oatameur
v U
BIDIRECTIONAL
ECTIONAL D, +»[6 | [17)—00, DATA QUTPUT

|
[10]++ DB, BIDIRECTIONAL

Eo—Dlg

ol —[7]
ano [8]

DATA INPUT

DATA INPUT

Outline 16P4

When the terminal CS is high-level, all outputs are in
high-impedance state, and when low-level, the direction
of the bidirectional bus can be controlled by the terminal
DIEN.

The terminal DIEN controls the data flow. The data
flow control is performed by placing one of a pair of
buffers in high-impedance state and allowing the other to
transfer the data.

BLOCK DIAGRAM

M5L8216P
Veo
@ |
DATA INPUT DIy Aﬁ: '
DATA OUTPUT DOg Q}_ O
DATA INPUT DIy L1
DATA OUTRUT 00, Ty | e
DATA INPUT Dl 1
DATA OUTPUT DO (i I 4 Qoe.
DATA INPUT Di3 —g
DATA OUTPUT DO; (i ﬁ\’} oss

ENABLE INPUT DIEN

DATA OUTPUT DOy (2) Q___
DATA INPUT Diy (7) —-&::
6)DB;
DATA OUTPUT DO, ,\,j" H
BIDIRECTIONAL
DATA BUS »
V-"[

~= CHIP

CS SELECT INPUT
DAT,

ENABLE INPUT

M5L8226P

Vo