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MITSUBISHI LSls 

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 LSI 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 LSls for the M5L 8085A P 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. 

• MITSUBISHI 
..... ELECTRIC 

January. 1980 

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

Type Former Str'ucture 
Circuit function and organization Application notes 

(Note 11 designation (Note 21 

Static RAMs 
MSL 2101AP,S·2 -

. Separate data Input/output OD terminal . 
MSL 2101AP,S - 1024-Blt (256x4) Static RAM 2 chip-selects N. S,. ED 

MSL 2101 AP ,S·4 M58721 P. S 
MSL 2111AP,S·2 -

Common data Input/output OD terminal. 
MSL 2111AP,S - 1024-Blt (256x4) Static RAM 2 chip-selects N. S,. ED 

MSL 2111AP,S-4 M58722P. S 
MSL 2112AP ,S·2 -

MSL 2112AP ,S - 1024-81t (256x4) Static RAM Common data Input/output N,. SI. ED 

MSL 2112AP,S-4 M58723P. S 

MSL 2102AP,S-4 M58751P. S 1024-Blt (1024x 1) Static RAM N. S,. ED 

MSL 2114LP ,S·2 M58724P. S2 

MSL 2114LP ,S·3 M 58724P. S-3 4096-81t (1024x4) StatiC RAM Common data Input/output N. S,. ED 

MSL 2114LP ,S M58724P. S 

MST 4044P,S·20 M 58754P. S-2 
MST 4044P ,S·30 M 58754P. S-3 4096-81t (4096x 1) Static RAM Separate data Input/output N. SI. ED 
MST 4044P ,S·4S M58754P. S 

Dynamic RAMs 

MSL 21 07BP ,S M 58755P. S-l 4096-Blt (4096x 1) Dynamic RAM N. SI 

MSK 4116P,S-2 M58759P.S-15 
MSK4116P,S·3 M 58759P. S-20 16,384-Blt (16384x 1) Dynamic RAM N. SI 
MSK 4116P,S·4 M 58759P. S-25 

CMOS Static RAMs 
MSLS101LP·1 1 024-B11 (256x 4) CMOS StatiC RAM Common data Input/output 

MS8981S·4S 4096·Blt (1024x4) CMOS Static RAM 

Non-Volatile Static RAM 
I MS86S6S I 1024-81t (256x4),Non-Volatlle Static RAM, I Common data Input/output P. AI 

Mask ROMs 
MS8730·XXXS - 8192-Blt(1024x8) Mask Programmable ROM Manufactured to order N. S, 

MS8730·001 S - 8192-Blt(1024x8) Mask Programmed ROM Subroutine 1: integer arithmetic operations N. S, 

MS8731·XXXP,S 16,384-Blt(2048xS) Mask Programmable ROM Manufactured to order N S,. ED 

MS8731·001 S - W384-Blt(2048x8) Mask Programmed ROM With MELPS 8 BOM-B BaSIC operating monitor N. S,. ED 

MS8333·XXXP * - 32 768-Bit( 4096 X 8) Mask Programmable ROM Manufactured to order N. AI 

MS8334·XXXP * - 65 536-Bit(8192x8) Mask Programmable ROM Manufactured to order N. AI. ED 

Field-Programmable ROMs (EEPROMs, EPROMs, PROMs) 

MSG 1400P * M58654P 
1400-Blt (100x 14) 

Electrical progra,mmmQ and erasing P. AI Electrrcally Alterable ROM 
MSL 2708K,S M587325 8192-Blt (1024x8) Erasable and Electrrcal programming. ultraviolet 

N. 51. FA 
MSL 2708K,S·6S M5873251 Electrically Reprogrammable ROM erasing 

MSL 2716K * - 161384-Blt (2048x8) Erasable and Electrical programming. ultraviolet 
N. 51. FA 

MSL 2716K·6S * - Electrrcally Reprogrammable ROM erasing 

MS4700K,P,S -
1024-Blt (256x4) Field-Programmable NI-Cr fuse programming B ROM with Open-Collector Outputs 

MS4730K,P,S - 256-Blt (32 X 8) Field-Programmable N,-Cr fuse programming B ROM with Open-Collector Outputs 

* = New product: * * = Under development Note t 
2 AI=Aluminum gate. 

N =N-channel. 
B =Bipolar, C=CMOS, ED=Enhancement depletion mode. FA=FAMOS. 

1-2 

P =P-channel. S =Schottkey. SI =S,!rcon gate 
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INDEX BY FUNCTION 

Supply voltage Electrical characteristics Interchangeable products 

Clock Typ pwr Max Max Max TTL Pack-

VSS voltage dissi- access cycle fre- com- age Page 
VDD Vee Vss time Mfr Type 

GND V,(¢) patien (nsl tIme quency pati- (Note 31 

(mWi (Not. 41 (nsl ' (MHzl bifity 

200 250 250 p, C2101A-2 

- 5V±5% OV - - 175 350 350 Yes 
22Pl INTEL p, C2101A 4-25 - 22S1 

150 450 450 p, C2101A-4 

200 250 350 p, C2111A-2 

- 5V±5% OV - - 175 350 350 Yes 18Pl INTEL p, C2111A 4-39 - 18S1 
150 450 450 p, C2111A-4 

200 250 250 p, C2112A-2 

- 5V±5% OV - - 175 350 350 Yes 16Pl INTEL p, C2112A 4-43 - 16S1 
150 450 450 p, C2112A-4 

- 5V±5% OV - - 100 450 450 Yes 
16Pl INTEL p, C2102A-4 4-29 - 16S1 

300 200 200 
p, C2114L-2 
TM S4045-20JL, N L 

- 5V± 10% OV - - 250 300 300 Yes 18Pl 
INTEL p, C2114L-3 4-49 - TI TMS4045-30JL, NL 18S1 

P,C2114L 
200 450 450 TM S4045-45JL, N L 
300 200 200 TMS4044-20JL, NL 

- 5V±10% OV - - 250 300 300 - Yes 18Pl TI TMS4044-30JL, NL 4-57 

200 450 450 18S1 TMS4044-45JL, NL 

12V±100/0 5V±10% OV -5V±100/0 Voo±l V 300 200 400 Yes 
22Pl INTEL C2107B 4-33 - 22S1 TI TM54060-2JL 

-4.5 -
280 150 375 MK4116-2 

12V±100/0 5V±100/0 QV 2.lV 280 200 375 Yes 
16Pl 

MOSTEK MK4116-3 4-13 
-5,lV - 16S1 

260 250 410 MK4116-4 

P5101L-l 

1-15V+5% 1 5V+5% 500 1 1500 1 1750 1 Yes 11851 1 TOSHIBA 1 TMM142C 4-3 

12V±5% 5V±5% OV -5V±5% - 250 850 - - Yes 2451 INTEL C8308 5-19 

12V±5% 5V±5% OV -5V+5% - 250 850 - - Yes 2451 - - 5-22 

- 5V±5% OV 200 850 Yes 
24P1 INTEL P8316A 5-23 - - - - 2451 C8316A 

- 5V+5% OV - - 200 850 - - Yes 2451 - - 5-26 

- 5V±5% OV - - 300 650 - - Yes 24P1 - - 5-15 

- 5V+5% OV - - 300 650 - - Yes 24Pl - - 5-17 

- 5V±5% OV - - 200 201'5 - 16.8KHz Yes 14P4 GI 1400 5-27 

-5V±5% 
600 450 - 24Kl0 INTEL D, C2708 

5-31 12V±5% 5V±5% OV -
600 650 

- Yes 24510 - - -
300 450 - 24Kl0 

INTEL D2716 
5-35 - 5V±5% OV - -

300 650 
- Yes 

- - -
16Kl 6300J 

- 5V±5% OV - - 450 60 60 - Yes 16Pl MMI 6300 5-6 
1651 6300D 
16Kl 6330J 

- 5V±5% OV - - 450 50 50 - Yes 16Pl MMI 6330 5-11 
1651 6330D 

Note 3 : Package code. 24 S 1 

~Number of pins 
Package structure: 
K=Glass-sealed ceramic: P=Molded plastic: S=Metal-sealed ceramic 
Package outline: 
1 =DIL without fin; 2 =Flat without fin; 
4 =DIL without fin (improved); 1 Q=DIL WiD fin, and w/quartz lid 
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Type Former 
Circuit function and organization Application notes 

Structure 
(Note I) designation (Note 2) 

Single-Chip Microcomputers 

M58840-XXXP - Single-Chip 4-Blt Microcomputer 68 instructions, 2K-word by 9-bit mask-prog, 
P. AI. ED with 8-Bit A/D Converter ROM. 12B-word by 4-bit RAM 

M588428 - MELPS 4 System Evaluation DeVice 68 instructions. 128-word by 4-bit RAM P AI. ED 

M58494-XXXP ** - Single-Chip 4-8it CMOS Microcomputer 
93 instructions.4K-word by 10-blt mask-prog. 

C.AI ROM. 32-word by 4-bit RAM 

Microprocessors 

M5l 8080AP.8 M58710P. S 8-Blt Parallel CPU 78 Instructions N. Si 

M5L 8085AP.S • M58712P. S Single-Chip 8-Blt N-Channel 
80,nstrucllOns N. SI. ED M5L 8085AP .S-20 * M 58712P. S-20 Mlcroorocessor 

LSls for Peripheral Circuits 

M58609-04P.8 - Keyboard Encoder JIS code standard product P. AI 

M58609-09P.8 - Keyboard Encoder USASCII code standard product p. AI 

M58620-001 S - Keyboard Encoder JIS code standard product P.AI 

M58741P - TV Interface 64x64 color-segment display N. S'.ED 

* 90 instructions. 1 K-word by 8-b~ mask-prog. M5l8041A-XXXP - Universal Peripheral Interface ROM. 54-word by 8-b~ RAM N.SI.ED 

M5L8212P M54552P 8-Blt Inpul/Output Port W~h three-state outputs B. S 

M5L8216P M54553P 4-Blt Parallel Bidirectional Bus Driver With three-state non-invert outputs B.S 

M5L8224P M54550P 
Clock Generator and Driver for 

B. S M5L 8080AP. S CPU 

M5L8226P M54554P A-Bit Parallel BidirectIOnal Bus Driver W~h three-st~e Invert outputs B. S 

M5L8228P M54551 P 
System Controller and Bus Driver for Bidirectional.lfar data bus isolation B. S M5L 8080AP. S CPU 

M5L8243P * - Input/Output Expander Fa r 4-bit I/O ports N. SI. ED 

M5L8251AP * - Programmable Communication Interface Synchronous/asynchronous operatIOn N. Si. ED 
M5L8253P * Programmabl.e Interval Timer 3 independent 16-bit counters N.Si.ED M5L8253P-5 * 

-

M5L8255AP * Programmable Peripheral Interface 24 programmable I/O pins N. Si. ED M5l8255AP-5 * -
M5l8257P * -

Programmable DMA Controller Priority DMA request logiC N. Si. ED M5L8257P-5 * -
M5l8279P M58743P Programmable Keyboard/Display Far 54- or 128-key contact-sw~ch keyboards 

and dual 8- or 16-character alphanumeric N.Si.ED 
M5L8279P-5 - Interface dISplays 

General Purpose MOS LSls 
M58412P - CMOS LCD Dlg~al Alarm Clock Circuit 4.2MHz oscillator/divider C. AI 
M58413P - CMOS LCD Dlg~al Alarm Clock Circuit 32kHz oscillator/divider C. AI 
M58434P - CMOS Analoq Clock CirCUIt 4.2MHz oscillator/divider C. SI 
M58435P - CMOS Analoq Clock Circuit 4.2MHz oscillator/divider C. SI 
M58436-001 P * - CMOS Analoq Clock CirCUit 4.2MHz oscillator/divider C. AI 
M58437-001 P * - CMOS Analoq Clock CirCUit 32 kHz oscillator/divider C. AI 
M58478P - 17-Stage Oscillator /Dlvider 17-staqe binary divider C. AI 
M58479P - CMOS Counter/Timer 50ms - 4800h timer C. AI 
M58482P - CMOS Counter/Timer 50ms - 4800h timer C. AI 
M58480P * - 30-Functlon Remote Control Transmitter C. AI 
M58484P * - 30-Functlon Remote Control Transmitter C. AI 
M58481P * - 30-Function Remote Control Receiver C. AI 
M58485P * - 29-Functlon Remote Control Receiver C. AI 
M58487P * - 22-FuncllOn Remote Control Receiver C. AI 
M58872P * - Slnqle-Chip Prlntina Calculator P, AI. ED 

Note 1 * =New product. * * - Under development 
2: AI=Aluminum gate. B =Bipclar, C=CMOS. ED=Enhancement depletion mode. FA=FAMOS. 

N = N-channel. 

1-4 

P =P-channel. S=Schottkey, Si =Silicon gate 
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INDEX BY FUNCTION 

Supply voltage Electrical characteristIcs Interchangeable products 

Clock Typ pwr Max Max Max TIL Pack-

VSS voltage dissi- access cycle fre- com- age Page 
VDD Vee Vee time Mfr Type 

GND V,(</» pation Insl time quency pati- INote 31 
ImWI INote 41 Insl IMHzI bility 

-15V±10% - OV - - 250 - 10000 0.6 Yes 42Pl - - 6-3 

-15V±10% - OV - - 250 - 10000 06 Yes 64S1 - - 6-19 

- 5V± 5% OV - - 5 - 6600 0455 Yes 6SP2 - - 7-3 

12V±lV 5V±5% OV -5V±5% VDo+1V 780 2 Yes 40Pl INTEL p, CSOSOA 8-3 -9V - - 40S1 

5V±5% OV 600 ~ Yes 40P1 INTEL p, CSOS5A 
8-29 - - - - - 2 40S1 

-12V±1V OV 5V±10% - - 70 - 01 Yes 40P1 - - 9-,3 - 40S1 

-12V±lV OV 5V±10% - - 70 - 0.1 Yes 40Pl - - 9-9 - 40S1 
-12V±10% OV 5V±10% - - 350 - - - Yes 4OS1 - - 9-11 

- 5V±5% OV - - 300 - - - Yes 40Pl - - 9-19 

- 5V±10% OV - - 300 - - 6 Yes 40P1 INTEL PS041A 9-23 

- 5V±5% OV - - 450 35* - - Yes 24P1 INTEL PS212 9-27 

- 5V±5% OV - - 475 25* - - Yes 16P4 INTEL PS216 9-31 

- 5'1±5% OV - - 450 - - - Yes 16P4 INTEL PS224 8-17 

- 5V±5% 0'1 - - 425 25* - - Yes 16P4 INTEL PS226 9-31 

- 5V±5% OV - - 550 - - - Yes 2SP1 INTEL PS22S 8-23 

- 5V+10% OV - - 50 - - - Yes 24P1 INTEL PS243 9-35 
- 5V±5% OV - - 300 - - 3 Yes 2SP1 INTEL PS251 A 9-39 

5V±5% OV 300 2 Yes 24P1 INTEL P8253 
9-55 - - - - - P8253-5 

5V±5% OV 250 Yes 40P1 INTEL P8255A 9-63 - - - - - - PS255A·5 

5V±5% OV 300 3 Yes 40Pl INTEL PS257 9-79 - - - - - P8257·5 

- 5V±10% OV - - 650 - -
2 PS279 

9-87 
~ Yes 40P1 INTEL 

PS279·5 

-2.4--3.SV -12--1.9V 
-2.2--4V -11--2V 

OV 
OV 

0045 
0.003 

Yes 60P2 
Yes 60P2 

10-3 

1.2-1.9V OV 0.045 Yes SP1 
1.2-1.9V 
11-19V 

OV 
OV 

0.045 
0.053 

Yes SP1 
Yes SP1 

10-11 

11-1.9V OV 0.003 Yes SP1 
4.75-S.5'1 0'1 16 Yes SP1 10-15 

0.2 

Yes 14P4 
Yes 14P4 

10-19 
7.4-9V 

3-9'1 
0'1 
OV 

Yes 16P4 
10-23 

Yes 16P4 
2.2-S'I 
2.2-SV 

OV 
OV 

4.5-8V OV Yes 28P1 10-27 
S-14'1 0'1 Yes 2SP1 10-31 
4.5-S'I 0'1 Yes 2SPl 10-35 

-12--14'1 0'1 50 Yes 40P1 10-39 

24 S 1 Note 3 : Package code: 

~Number of pins 
Package structure: 
K=Glass·sealed ceramic: P=Molded plastic: S=Metal·sealed ceramic 
Package outline: 

Note 4 : ,,: Indicates propagation time. 

1 =DIL without fin: 2 =Flat without fin: 
4 =DIL without fin (improved): 1 Q=DIL w(o fin, and w(quartz lid 
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INDEX BY FUNCTION 

Type Function Application notes 

Microcomputer Systems 

PCA0801 
MELCS 8/2 Single-Board 

USing M5L8080AP Computer 

PCA0802 MELCS 8/2 Memory and 
I,For PCA0801 )/0 Expansion Bo'ard 

PCA0803 MELCS 8/2 Program 
For I PCA0801 ,PCA0802 Checker 

PCA0804G01 * MELCS 8/2 Color TV USing M5L8080AP, Sand 
DIs play Single-Board PCA0804G02* Computer M58741P 

PCA8501 G01 * MELCS 85/2 Single-Board 
USing M5LSOB5AP PCA8501 G02* Computer 

PC8500 * 
MELCS 85/1 Portable For microcomputer system 
Microcomputer Console 

Note 1 The standard product contains one M5L 270SK lK-byte EPROM 
2 The PCAOB04GOl does not contain the M5L270BK EPROM 
3 The standard product contains one M5L2716K 2K-byte EPROM 

Microcomputer Support Systems 

PCA0401 MElCS 4 Single-Board USing single-chip 4 bit 
System-Evaluation Computer microcomputer 

PCA0402 MELCS 4 Capacitive For PCA0401 Touch Keyboard 

PCA0403 MELCS 4 Program For PCA0401 PCA0402 Checker 

Note 1 * New Product 

Memory capacity 

RAM 1 ROM 
(bytes) (bytes) 

256 
2K 

(Note 1) 

1K 
4K 

(Note 1) 

- -

2K 1 K 
(Note 2) 

lK 
4K 

(Note 3) 

- -

128 2K 

- -

- -

1-6 
• MITSUBISHI 

.... ELECTRIC 

Ambient 
I/O Supply Dimensions 

port 
operating 

voltage (IXwXh) Page 

(bits) 
temp 

Ta (0C) 
(V) (mm) 

48 0-55 5 125x145x17 11-3 

24 0-55 12,5,-5 125x145x17 11-7 

- 0-55 5 170x 200x 27 11-11 

24 5-40 12,5,- 5 125x145x30 11-13 

48 0-55 5 125x145x17 11-19 

- 10-40 AC100 350x 370x 140 11-23 

34 0- 55 7,-15 180x 190x20 12-3 

0-55 
-15 

180x 180x 20 12-7 - 0--120 

0-55 
7,-5 

200x 270x 27 12-9 -
-10,-15 
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INDEX BY TYPE DESIGNATION 

Type Structure Function Circuit function Page 

M54700K 

M 54700P B PROM 
1024-bit (256-word X 4-bit) field-programmable ROM 

5-6 
-- with open-collector outputs 

M54700S 

M 54 730K 
.. - 256-blt (32-word X S-bit) field-programmable ROM 

M54730P B PROM 5-11 

M54730S 
with open-collector outputs 

M58333-XXXP N, AI ROM 3276S-bit (4096-word X S-blt) mask-programmable ROM 5 --15 
--------. 

M58334 -XXXP N, AI, ED ROM 65536-blt (8192-word X 8-bit) mask-programmable ROM 5-17 

M58412P C, AI Clock CMOS LCD digital alarm clock circuit 10-3 

M58413P C, AI 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 

M 58436 -00 1 P C, AI Clock CMOS analog clock CIrCUit 10-11 

M 58437 -00 1 P C, AI Clock CMOS analog clock CIrcuit 10-11 
-

M58478P C, AI Counter 17-stage oscillator/divider 10-15 

M58479P C, AI Counter CMOS counter/timer 10-19 

M58480P C, AI Remo-con 30-function remote-control transmitter 10-23 

M58481P C, AI Remo-con 30-function remote-control receiver 10-27 

M58482P C, AI Counter CMOS counter/timer 10-19 

M58484P C, AI Remo-con 30-function remote-control transmitter 10-23 

M58485P C, AI Remo-con 29-function remote-control receiver 10-31 

M58487P C, AI Remo-con 22-function remote-control receiver 10-35 

M58494-XXXP C, AI CPU Single-chip 4-bit CMOS microcomputer 7-3 

M58609-04P 
p, AI 1'0 Keyboard encoder (JIS code standard product) 9-3 

M58609 -04S 

M58609-09P 
p, AI 1/0 Keyboard encoder (USASCII code standard product) 9-9 

M58609 -09S 

M 58620 -00 1 S p, AI I/O Keyboard encoder (JIS code standard product) 9-11 

M58656S p, AI RAM 1024-bit (256-word X 4-blt) nQn-volatile static RAM 4-3 

M 58730 -00 1 S N, SI ROM 8192-bi~ (1024-word X S-bit) mask-programmed ROM 
subroutine 1 Int_eger anthmetlc operations 5-22 

M58730-XXXS N, SI ROM 8192-bit (1024-word X S-bit) mask-programmable ROM 5-19 

M58731-001S N, ED ROM 16 384-blt (2048 word )( 8 bit) mask-programmed ROM 
with MELPS 8 ROM-8 basIc operating monitor 5-26 

M58731-XXXP N, ED ROM 16384-bit (204S_word X S-bit) mask-programmable ROM 5-23 
~ 

M58731-XXXS N. ED ROM 163S4-bit (2048-word X 8-bit) maSk-programmable ROM 5-23 

M 58741 P N, SI, ED 1/0 TV interface 9-19 

M58840-XXXP p, AI. ED CPU Single-chip 4-blt microcomputer with S-bit NO converter 6-3 

M 58842S p, AI, ED CPU MELPS 4-system evaluation device 6-19 

M58872P p, AI. ED Calculator Single-chip printing calculator 10-39 

M58981 S-45 C, S, RAM 4096-bit (1024-word X 4-blt) CMOS static RAM 4-9 

M5G 1400P p, AI ROM 1400-bit (100-word X 14-bit) electrically alterable ROM 5-27 

M5K4116P-2 

M5K4116S-2 

M5K4116P-3 
N, S, RAM 16 3S4-bit (16 3S4-word X l-blt) dynamic RAM 4-13 

M5K4116S-3 

M5K4116P-4 

M5K4116S-4 

Note 1 : AI=Alumlnum 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. I/O =input!output device, PROM=Programmable read-only memory, 
RAM=Random-access memory, Remo-con =Remote controller, ROM = Read-only memory 
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INDEX BY TYPE DESIGNATION 

Type Structure 

MSL 2101A P 

MSL 2101A S 

MSL 2101 A P-2 
N. SI. ED 

MSL 2101 A S-2 

MSL 2101 A P-4 

MSL 2101 A S-4 

MSL 2102A P-4 
N. SI. ED 

MSL 21 02A S-4 

MSL 2107B P 
N. S, 

MSL 2107B S 

MSL 2111A P 

MSL2111AS 

M5L2111AP-2 
N. SI. ED 

M5L 2111A S-2 

M5L 2111 A P-4 
--

M5L 2111 A S-4 

M5L 2112A P 

M5L 2112A S 

M5L 2112A P-2 
N. SI. ED 

M5L 2112A S-2 

M5L 2112A P-4 

M5L 2112A S-4 

M5L2114LP 

M5L 2114L S 

M5L 2114L P-2 
N. SI. ED 

M5L 2114L S-2 

M5L 2114L P-3 

M5L 2114L S-3 

M5L 2708 K 

M5L 2708 S 
N. SI. FA 

M5L 2708 K -65 

M5L 2708 S-65 

M5L 2716 K 
N. SI. FA 

M5L 2716 K-65 

M5L 5101 L P-1 C. S, 

M5L 8041A-XXX P N. SI. ED 

M5L 8080A P 
N. SI 

M5L 8080A S 

M5L 808SA P 

M5L 808SA S-20 
N. SI. ED 

MSL 808SA P-20 

MSL 808S AS-20 

MSL 8212 P B. S 

MSL 8216 P B. S 

M5L 8224 P B. S 

MSL 8226 P B, S 

MSL 8228 P B, S 

MSL 8243 A P N. SI. ED 

MSL 8251A P N, SI, ED 

1-8 

Function 

RAM 

RAM 

RAM 

RAM 

RAM 

RAM 

ROM 

ROM 

RAM 

1'0 

CPU 

CPU 

liD 

liD 

liD 

liD 

liD 

liD 

liD 

Circuit function 

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

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

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

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

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

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

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

electrically reprogrammable ROM 

16384-bit (2048-word X 8-bit) erasable and 

electrically reprogrammable ROM 

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

Universal peripheral interface 

8-bit parallel CPU 

Single-chip 8-bit N-channel microprocessor 

8-bit input/output port 

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

Clock generator and driver for M5L8080AP. S CPU 

4-blt parallel bidirectional bus driver (with Invert outputs) 

System controller and bus driver for M5L 8080AP, S CPU 

Input/output expander 

Programmable communication interface 

• MITSUBISHI 
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4-29 

4-33 

4-39 

4-43 

4-49 
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5-35 

4-53 
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8-3 

8-29 
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8-17 
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Type Structure Function Circuit function 

M5L 8253P 
N. 5,. 

M5L 8253P-5 
ED I/O Programmable interval timer 

M5L 8255AP 
N. Si, 

M5L 8255AP-5 
ED I/O Programmable peripheral interface 

M5L 8257P 
N. 51. 

M5L 8257P-5 
ED I/O Programmable DMA controller 

M5L 8279P 
N. 5i. 

M5L 8279P-5 
ED I/O Programmable keyboard/display interface 

M5T 4044P-20 

M5T 40445-20 

M 5T 4044P-30 
4096-blt (4096-word X 1-blt) static RAM N. 51. ED RAM 

M 5T 40445-30 

M 5T 4044P-45 

M 5T 40445-45 

Type Function 

PC8500 MELCS 85/1 Portable Microcomputer Console 

PCA0401 MELCS 4 Single-Board System-Evaluation Computer 

PCA0402 MELCS 4 Capacitive Touch Keyboard 

PCA0403 MELCS 4 Program Checker 

PCA0801 MELCS 8/2 Single-Board Computer 

PCA0802 MELCS 8/2 Memory and I/O Expansion Board 

PCA0803 MELCS 8/2 Program Checker 

PCA0804G01 

PCA0804G02 
MELC5 8/2 Color TV Display Single-Board Computer 

PCA8501G01 

PCA8501G02 
MELCS 85/2 Single-Board Computer 

Note 1: AI=Aluminum gate. B=Bipolar. C=CMOS. ED=Enhancement depletion mode. FA=FAMOS. 
N =N-channel. P=P-channel. S=5chottkey. 5i =Silicon gate 

2: CPU =Central processing unit. I/O =inputjoutput device. PROM=Programmable read-only memory. 
RAM=Random-access memory. Remo-con =Remote controller. ROM =Read-only memory 
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Page 

9-55 

9-63 

9-79 

9-87 

4-57 

Page 

11~23 

12~3 

12~7 

12~9 

11~3 

11--7 

11~11 

11~13 

11~19 
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GUIDE TOINTERCHANGEABLILITY 

Func- Mitsubishi 

tion Electric 

M 58840-XXXP 

M58842S 

M58494-XXXP 

M5L 8080AP 
'" .:::J M5L 8080AS "-u 

M5L 8085AP 

M5L 8085AS 

M 5L 8085AP-20 

M5L 8085AS-20 

M5L 2t01AP-2 

M5L 2101AS-2 

M5L 2t01AP 

M5L 2101AS 

M5L 2101AP-4 

M5L 2101AS-4 

M5L 2111AP-2 

M5L 2111AS-2 
--

M5L 2111AP 

M5L2111AS 

M5L 2111AP-4 

M5L 2111AS-4 

M5L 2112AP-2 

M5L 2112AS-2 

~ M5L 2112AP 
<>: M5L 2112AS cc 
.~ M5L 2112AP-4 1;5 
iii M5L 2112AS-4 

M5L 2102AP-4 

M5L 2102AS-4 

M5L 2t 14LP-2 

M5L 2114LS-2 

M5L 2114LP-3 

M5L 21 t4LS-3 

M5L2114LP 

M5L2tt4LS 

M 5T 4044P-20 

M 5T 4044S-20 

M 5T 4044P-30 

M 5T 4044S-30 

M 5T 4044P-45 

M 5T 4044S-45 

1-10 

Circuit organization 

Single-chip 4-bit 

MELPS 4 system evaluation device 

Single-chip 4-bit CMOS 

S-bit parallel 

S-b~ parallel 

Single-chip S-bit N-channel 

Single-chip S-bit N-channel 

Single-chip S-bit N-channel 

Single-chip S-bit N-channel 

256x 4-bit 

256x 4-bit 

256x 4-bit 

256x 4-bit 

256X 4-bit 

256X 4-bit 

256X 4-bit 

256 x 4-bIt 

256X 4-blt 

256X 4-bit 

256x 4-bit 

256x 4-blt 

256x 4-blt 

256 x 4-bit 

256X 4-bit 

256X 4-bit 

256X 4-bit 

256X 4-blt 

t024Xl-bit 

t024 Xl-bit 

1024X 4-oit 

t024X 4-bit 

t024X 4-blt 

1024X 4-bit 

t024X 4-bit 

1024X 4-bit 

4096X l-bit 

4096X l-bit 

4096X l-bit 

4096X l-bit 

4096X l-bit 

4096X l-bit 

• MITSU81SHI 
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Advanced 

Micro 

Devices 

AM9080A 

AM8085A 

AM2101 

AM91 L 14E 

AM91L14C 

AM91L14B 

AM4044-20 

AM4044-30 

AM4044-45 

American Electronic 

Microsystems Arrays 

S3102 

S2114L-2 

S2114L-3 



Fairchild 

Semiconductor 
Fujitsu Hitachi 

HM45102 

MB8101 

MB8111 

MB8112 

21021 MB8102 

2114L-3 

2114L 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABLILITY 

Intel 

P8080A 

C8080A 

P8085A 

C8085A 

P2101A-2 

C2101A-2 

P2101A 

C2101A 

P2101A-4 

C2101A-4 

P2111A-2 

C2111A-2 

P2111A 

C2111A 

P2111A-4 

C2111A-4 

P2112A-2 

C2112A-2 

P2112A 

C2112A 

P2112A-4 

C2112A-4 

P2102A-4 

C2102A-4 

P2114L-2 

C2114L-2 

P2114L-3 

C2114L-3 

P2114L 

C2114L 

• MITSUBISHI 
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Monolithic 
Intersil Mostek 

Memories 

IM7552-1CPE MK4102P-1 

IM7552-1COE 

2114L-2 

2114L-3 

2114L 

IM7141-2 

IM7141-3 

IM7141 

1-11 

II 



MITSUBISHI LSls 

GUIDE TOINTERCHANGEABLILITY 

Func- Mitsubishi 

tion Electric 

M58840-XXXP 

M58842S 

M58494-XXXP 

M5L 8080AP 
~ 

:::> M5L 8080AS CL 
u 

M5L 8085AP 

M5L 8085AS 

M 5L 8085AP- 20 

M 5L 8085AS-20 

M5L 2101AP-2 

M5L 2101AS-2 

M5L 2101AP 

M5L 2101AS 

M5L 2101AP-4 

M5L 2101AS-4 

M5L 2111AP-2 

M5L 2111AS-2 

M5L2111AP 

M5L2111AS 

M5L 2111AP-4 

M5L 2111AS-4 

M5L 2112AP-2 

M5L2112AS-2 

:'!i M5L2112AP 
<{ M5L2112AS a: 
u 

M5L 2112AP-4 ~ 
~ 

V5 M5L 2112AS-4 

M5L 2102AP-4 

M5L 2102AS-4 

M5L 2114LP-2 

M5L 2114LS-2 

M5L 2114LP-3 

M5L 2114LS-3 

M5L 2114LP 

M5L 2114LS 

M 5T 4044P-20 

M 5T 4044S-20 

M5T 4044P-30 

M5T 4044S-30 

M 5T 4044P-45 

M 5T 4044S-45 

1-12 

Motorola 

Circuit organization Semiconductor 

Products 

Single-chip 4-bit 

MELPS 4 system evaluation device 

Single-chip 4-bit CMOS 

8-bit parallel 

8-bit parallel 

Single-chip 8-bit N-channel 

Single-chip 8-bit N-channel 

Single-chip 8-bit N-channel 

Single-chip 8-bit N-channel 

256X 4-bit 

256 X 4-bit 

256X 4-bIt 

256X 4-blt 

256X 4-bit 

256 X 4-bit 

256X 4-bit 

256X 4-bit 

256X 4-bit 

256x 4-bit 

256 X 4 -bit 

256X 4-bit 

256X 4 -bit 

256X 4 -bit 

256 X 4 -bit 

256X 4 -bit 

256 X 4-bIt 

256 X 4 -bit 

1024X I-bit 

1024X I-bit 

1024X 4-bit 

1024X 4-blt 

1024X 4-bit 

1024X 4-bit 

1024X 4-bIt 

1024X 4-bit 

4096X I-bit 

4096X I-bit 

4096X I-bit 

4096X I-bit 

4096X I-bit 

4096x I-bit 

MCM21 L 14-20P 

MCM21 L 14-20S 

MCM21 L 14-30P 

MCM21 L 14-30S 

MCM21 L 14-45P 

MCM21 L 14-45S 

MCM66L41-20P 

MCM66L41-20S 

MCM66L41-30P 

MCM66L41-30S 

MCM66L41-45P 

MCM66L41-45S 

• MITSUBISHI 
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National Nippon 

Semiconductor Electric 

INS8080A 

MM2101AN-4 

MM2101AJ-4 "PD2101A 

MM2111AN-4 

MM2111AJ-4 ,uPD2111A 

MM2112AN-4 

MM2112AJ-4 

MM2102AN-4 

MM2102AJ-4 

MM2114N-2 

MM2114J-2 

MM2114N-3 

MM2114J-3 

MM2114N 

MM2114J 

MM5257N-2 

MM5257 J-2 

MM5257N-3 

MM5257J-3 

MM5257N 

MM5257J 



Texas 
Toshiba 

Instruments 

TMS8080 

TMS808P 

T3374 

TMS4.039 

TMM311P 

TMS4042 TMM311C 

TMM312P 

TMS4043 TMM312C 

TMM313P 

TMS4033 TMM313C 

TMS4045-20NL 

TMS4045-20JL 

TMS4045-30NL 

TMS4045-30JL 

TMS4045-45NL 

TMS4045-45JL 

TMS4044-20NL 

TMS4044-20JL 

TMS4044-30NL 

TMS4044-30JL 

TMS4044-45NL 

TMS4044-45JL 

Signetics 

MP8080A 

2101A-4 

2111A-4 

2112A-4 

~---

2602 

2614-20 

2614-30 

2614-45 

2613-20N 

2613-201 

2613-45N 

2613-451 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABLILITY 

Genera! 

Instrument 

RA9-1101A 

• MITSUBISHI 
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GUIDE TO INTERCHANGEABLILITY 

Func- Mitsubishi 
Circuit organization 

tion Electric 

M5L 21078P 4096X 1 -bit 

M5L 210788 4096X 1 -bit 

~ M5K4116P-2 16384X 1 -bit 

~ M5K 41168-2 16384X 1 -bit 
u 

~ M5K 4116P-3 16384 X 1 -bit 

6 M5K41168-3 16384 X 1 -bit 

M5K 4116P-4 16384X 1 -bit 

M5K41168-4 16384 X 1 -bit 

CMOS M5L 5101LP-1 256X 4-bit 
Static 
RAMs M589818-45 1024 X 4 -bit 

ti~nRtJ~ M586568 256X 4 -bit 

M58730-XXX8 1024X 8 -bit 

M 58730-00 1 8 1024 X 8 -bit (programmed) 

~ M58731-XXXP 2048X 8 -bit 
0 
a: M58731-XXXS 2048X 8-bit 

:i1 M58731-001S 2048 X 8 -bit (programmed) 

M58333-XXXP 4096X 8-bit 

M58334-XXXP 8192X 8-bit 

EEPROM M5G 1400P 100 X 14 -bit FAMOS 

M5L 2708K 1024 X 8 -bit FAMOS 

~ M5L 2708S 1024 X 8 -bit FAMOS 
0 M5L 2708K-65 1024 X 8 -bit FAMOS 
~ M 5L 2708S-65 1024 X 8 -bit FAMOS 

M5L 2716K 2048 X 8 -bit FAMOS 

M5L 2716K-b5 2048 X 8 -bit FAMOS 

M54700K 256X 4 -bit 
<Il M54700P 256X 4 -bit L 

~ M547008 256X 4-bit 
<Il M54730K 32X 8-bit 0 
L 

M54730P 32X 8-bit :1: 
M54730S 32X 8-bit 

Note: EEPROM ~ Electrically erasable and programmable ROM 
EPROM ~ Electrically programmable ROM 

1-14 
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Advanced 
American Electronic 

Micro 
Microsystems Arrays 

Devices 

AM9060E 84021-1 

AM9016E 

AM9016D 

85101L-1 

AM2708 EA2708C 

AM9760 



Fairchild 
fujitsu Hitachi 

Semiconductor 

3524-5 M88103 HM3503 

93417P 

93417D 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABLILITY 

Intel 

P21078 

C21078 

P5101L-1 

C8308 

P8316A 

C8316A 

02708 

C2708 

02716 

• MITSUBISHI 
"ELECTRIC 

Intersil 

IM6551 

Monolithic 
Mostek 

Memories 

MK4006-6P 

MK4116-2 

MK4116-2 

MK4116-3 

MK4116-3 

MK4116-4 

M K4116-4 

6300J 

6300 

6300D 

6330J 

6330 

6330D 

1-15 
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GUIDE TO INTERCHANGEABLILITY 

Func- Mitsublshi 
Circuit organization 

tion Electric 

M5L 2107BP 4096X 1-bit 

M5L 2107BS 4096X 1-bit 

:!1 M5K 4116P-2 16384 Xl-bit 
<{ 
0:: M5K 4116S-2 16384 X 1 -bit 
u 

~ M5K 4116P-3 16384 X 1 -bit 

is M5K 4116S-3 16384 X 1-bit 

M5K 4116P-4 16384 X 1 -bit 

M5K 4116S-4 16384 Xl-bit 

CMOS M5L 5101LP-1 256X 4 -bit 
Static 
RAMs M58981S-45 1024X 4-bit 

on- 0 a- M58656S 256X 4-bit tile RAMs 
M58730-XXXS 1024X 8-bit 

M58730-001S 1024 X 8 -bit (programmed) 

:!1 M58731-XXXP 2048 X 8 -bit 
0 

M58731-XXXS 2048 X 8 -bit 0:: 

~ 

M58731-001S 2048 X 8 -bit (programmed) ::l 
M58333-XXXP 4096 X 8 -bit 

M58334-XXXP 8192X 8-bit 

EEPROM M5G 1400P 100 X 14 -bit FAMOS 

M5L 2708K 1024 X 8 -bit FAMOS 

:!1 
M5L 2708S 1024 X 8 -bit FAMOS 

0 M 5L 2708K -65 1024 X 8 -bit FAMOS 0:: 

~ M 5L 2708S-65 1024 X 8 -bit FAMOS 

M5L 2716K 2048 X 8 -bit FAMOS 

M5L 2716K-65 2048 X 8 -bit FAMOS 

M 54700K 256X 4 -bit 
if> M 54700P 256 X 4 -bit ;;; 
0 M54700S 256 X 4 -bit 0:: 
"-
if> M 54730K 32X 8 -bit 0 
;;; 

M54730P 32X 8-bit ~ 
M54730S 32X 8-bit 

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

Motorola 

Semiconductor 

Products 

MCM4116L-15 

MCM4116L-20 

MCM4116L-25 

MCM145101-1P 

MCM2708L 

1-16 
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National Nippon 

Semiconductor Electric 

MM5280N ,uPD411D 

MM5290J-2 

MM5290J-3 

MM5290J-4 

MM2708 

I DM74S387N 

DM74S387J 

DM74S188N 

DM74S188J 



Texas 
Toshiba 

Instruments 

TMS4060-2JL 

TMS4116-15 

TMS4116-20 

TMS4116-25 

TMM142C 

TMS4700 

TMM331C 

TMS27L08 

Signetics 

2680 

2690-2-N 

2690-2-1 

2690-3-N 

2690-3-1 

2690-4-N 

2690-4-1 

2708 

N82S32 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABLILITY 

General 

Instrument 

R03-9316A 
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Func- Mitsublshi 

tlon Electric 

M58609-04P 

M58609-04S 

M58609-09P 

M58609-09S 

M 58620-00 1 S 

M58741P 

M 5L 8041A- XXXP 

M5L 8212P 

M5L8216P 
5 

M5L 8224P ~ 
u 

~ 
M5L 8226P 

15. M5L 8228P 

& M5L 8243P 

M5L 8251AP 

M5L 8253P 

M5L 8253P-5 

M5L 8255AP 

M 5L 8255AP-5 

M5L 8257P 

M5L 8257P-5 

M5L 8279P 

M5L 8279P-5 

M58412P 

M58413P 

M58434P 

M58435P 

~ M 58436-00 1 P 
<f) M58437-001P 0 
2 M58478P 
§ 

M 58479P 
~ 
9- M58480P 

i M58481P 

to M58482P 

M58484P 

M58485P 

M58487P 

M58872P 

1-18 

Circuit organization 

Keyboard encoder 

Keyboard encoder 

Keyboard encoder 

Keyboard encoder 

Keyboard encoder 

TV interface 

Universal peripheral interface 

S-bit I/O port 

4-bit parallel bidirectional bus dnver(non-invert outputs) 

Clock generator and driver 

4-bit bidirectional bus driver (invert outputs) 

System controller and bus driver 

Input/output expander 

Programmable communication interface 

Programmable interval timer 

Programmable interval timer 

Programmable peripheral interface 

Programmable peripheral interface 

Programmable DMA controller 

Programmable DMA controller 

Programmable keyboard/display Interface 

Programmable keyboard/display Interface 

CMOS LCD digital alarm clock circuit 

CMOS LCD digital alarm clock CIrCUit 

CMOS analog clock circuit 

CMOS analog clock circuit 

CMOS analog clock circuit 

CMOS analog clock circuit 

17-stage oscillator/divider 

CMOS counter/timer 

3D-function remote-control transmitter 

30-functlon remote-control receiver 

CMOS counter/timer 

3D-function remote-control transmitter 

29-functlon remote-control receiver 

22-function remote-control receiver 

Single-chip printing calculator 

• MITSUBISHI 
"ELECTRIC 

Advanced 
American 

Micro 
ElectroniC 

Devices 
Mrcrosystems Arrays 

AM8212 

AM8216 

AM8224 

AM8226C 

AM9555C 

AM8279 



Fairchild 

Semiconductor 
Fujitsu Hitachi 

MB471 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABLILITY 

Intel 

P8041A 

P8212 

P8216 

P8224 

P8226 

P8228 

P8243 

P8251A 

P8253 

P8253-5 

P8255A 

P8255A-5 

P8257 

P8257-5 

P8279 

P8279-5 

• MITSUBISHI 
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Intersil Mostek 

Memories 
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Func· Mitsubishi 

tion Electric 

MS8609-04P 

M58609-04S 

MS8609-09P 

MS8609-09S 

M 58620-00 1 S 

MS8741P 

MSL 8041A-XXXP 

MSL 8212P 
l!l 

MSL 8216P ·5 
~ 
·0 MSL 8224P 

~ 
.c MSL 8226P 
"- MSL 8228P ·c 
If 

MSL 8243P 

MSL 82S1AP 

MSL 82S3P 

MSL 82S3P-S 

MSL 82SSAP 

MSL 82SSAP-S 

MSL 82S7P 

MSL 82S7P-S 

MSL 8279P 

MSL 8279P-S 

MS8412P 

MS8413P 

MS8434P 

MS843SP 

'!i MS843S-001P 
</) 
0 M 58437-00 lP 
~ 

~ MS8478P 

e- MS8479P 
" 'i> MS8480P 
~ 
~ MS8481P 
Q) 

'" MS8482P 

MS8484P 

MS8485P 

MS8487P 

MS8872P 

1-20 

Circuit organization 

Keyboard encoder 

Keyboard encoder 

Keyboard encoder 

Keyboard encoder 

Keyboard encoder 

TV interface 

Universal peripheral interface 

8-bit I/O port 

4-bit paralleLbidirectional bus driver(non-invert outputs) 

Clock g.enerator and driver 

4-bit bidirectional bus driver (invert outputs) 

System controller and bus driver 

Input/output expander 

Programmable communication interface 

Programmable interval timer 

Programmable interval timer 

Programmable peripheral interface 

Programmable peripheral interface 

Programmable DMA controller 

Programmable DMA controller 

Programmable keyboard/displaY,interface 

Programmable keyboard/display interface 

CMOS LCD digital alarm clock circuit 

CMOS LCD digital alarm clock circuit 

CMOS analog clock circuit 

CMOS analog clock circuit 

CMOS analog clock circuit 

CMOS analog clock circuit 

17-stage oscillator/divider 

CMOS counter/timer 

30-function remote-control transmitter 

30-function remote-control receiver 

CMOS counter/timer 

30-function remote-control transmitter 

29-function remote-control receiver 

22-function remote-control receiver 

Single-chip printing calculator I 

.• MITSUBISHI 
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Motorola 
National Nippon 

Semiconductor 
Semiconductor Electric 

Products 

DP8212 ,uPB8212 

DP8216 

DP8224 ,uPB8224 

DP8226 

DP8228 ,uPB8228 

INS82SSA 



Texas 
Toshiba Signetics 

Instruments 

8255A 

MITSUBISHI LSls 

GUIDE TO INTERCHANGEABLILITY 

General 

Instrument 
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GUIDE TO SELECTION OF RAMs, PROMs AND ROMs 

Words 
1 

32 

256 

1024 
RAMs 

M5L2102AP. S-4 

2048 

RAMs 
M5L 2107BP. S 

4096 M5T4044P. S 

M5T 4044P. S-2 

M5T 4044P. S-3 

8192 

RAMs 

16384 
M5K4116P. S-2 

M5K4116P. S-3 

M5K4116P. S-4 

1-22 

Bits/word 

4 

RAMs 

M58656S 

M5L2101AP. S-4 

M5L2111AP. S-4 

M5L 2112AP. S-4 

M5L5101LP-4 

PROMs 

M54700K. p. S 

RAMs 

M58981S-45 

M5L 2114LP. S 

M5L2114LP. S-2 

M5L 2114LP. S-3 

• MITSUBISHI 
"ELECTRIC 

8 

PROM 

M54730K. p. S 

ROMs 

M 58730- X X X S 

M 58730-001 S 

PROMs 

M5L 2708K. S 

M5L 2708K. S-65 

ROMs 

M58731-XXXP. S 

M58731-001P. S 

PROMs 

M5L 2716K 

M5L 2716K-65 

ROMs 

M58333-XXXP 

ROMs 

M58334-XXXP 
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MITSUBISHI LSI • . 

ORDERING INFORMATION 

FUNCTION CODE 
Mitsubishi integrated circuits may be ordered using the following simplified alphanumeric 

type-codes which define the function of the ICs and the package style. 

For Mitsubishi Original Products 

Example: M 5 8. 81 5 45 

1 
a - -r-

~ 

M: Mitsubishi integrated circuit prefix 

Temperature range 
5: Standard industrial/commercial 

(0 to 70/75°C or -20 to 85°C) . 
• : High reliability (military) 

Series designation using 1 or 2 alpha· 
numeric characters. 
0: 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 
8.: CMOS 
.: DTL 
SO-52: Schottky TTL (equivalent to 

Texas Instruments' SN74S 
series) 

Circuit function identification code using 2 
digits. 

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

Electrical characteristic identification code 
using 1 or 2 digits. 

• MITSUBISHI 
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ORQERING INFORMATION· 

For Second Source Products 

Example: M 5 K 4116 5 - 2 

T 
-- r 

'---

PACKAGE CODE 

M: Mitsubishi integrated circuit prefix 

Temperature range 
5: 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: I ntel'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 
5: 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: 

2-4 

1_-tP 

__ 
1

t-___ Number of pins 

'---+---Package structure 
K: Glass·sealedceramic 
P: Molded plastic 
5: Metal·sealed ceramic 

'-----Package outline 
1: DILwithoutfin 
2: 
4: 

10: 

Flat without fin 
DIL without fin (improved) 
D I L without fin and with quartz lid 

'. MITSUBISt .. 
.... ELECTRIC 
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PACKAGE OUTLINES 

TYPE 8P1 8-PIN MOLDED PLASTIC DIL 

1 10.7MAX 'I 

CJ 
.r--\(', MAX n Dll~5'O 

I 0.5 3 0 I ~ , MIN MIN 

--tt--O.6MAX 

174M'AX 2.54±O.25 

TYPE 14P1 14-PIN MOLDED PLASTIC DIL 

I' 19.5MAX. "I 

e:::: ~~II 
RWrn1~~~' 

2.13MAX 2. 54±O .25 0.6 MAX 

• MITSUBISHI 
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PACKAGE OUTLINES 

TYPE 16P4 16-PIN MOLDED PLASTIC OIL 

19.5MAX 

F1 
r 0 25 +0.1 I -.1[." -0.05 

• 7.6~6·0 

TYPE 16K1 16-PIN GLASS-SEALED CERAMIC OIL 

~ . +0.1 , 
-,[25_ 0 . 05 I 

7.62~6·0 

2~6 

20.0MAX 

__ tJ~~' 
1.11MAX 2.S4±0.25 0.6MAX 

• MITSUBISHI 
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PACKAGE OUTLINES 

TYPE 16S1 16-PIN METAL-SEALED CERAMIC OIL 

20.8MAX 

I. 
JY1?TI?lf1 ~. .~ 0.55 ~:X , " MIN MIN 

, ~t--+--J.l..-
1.65MAX 2.54±O.25 0.6MAX 

TYPE 18P1 18-PIN MOLDED PLASTIC OIL 

r 'iT 1 
1'10 25 + 0.1 , 

-11~' -0.05 I 
7.6~~·0 

22.9MAX 
-.----~ 

'-' ....... ........ ....... '--' '--' '--' ........ ........ 

JJ~~,-l~:' I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~MIN 
1- ·1 j. + 

1.29MAX 2.54±0.25 0.6MAX 

• MITSUBISHI 
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PACKAGE OUTLINES 

TYPE 18S1 l8-PIN METAL-SEALED CERAMIC OIL 

I' 23.2MAX "I 

[]~:: ~ ~5J 
JUUY1ur~f.1 !~;: 
1.65MAX 2.54±O.25 O.6MAX 

TYPE 22Pl 22-PIN MOLDED PLASTIC OIL 

2-8 

I 28.5MAX 

i: : : : : : : : : : :il 
~I I o1r~:X , , ~TIMIN 

. -+-+ -4l--
1.55MAX 2.54±O.2S O.6MAX 

•. MITSUBISHI 
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PACKAGE OUTLINES 

TYPE 22S1 22-PIN METAL-SEALED CERAMIC OIL 

27.94MAX 

.~,. ~~~~i' , , . MIN MIN 

--i--i--
1. 65 MAX 2.54 ±O. 25 0.6 MAX 

TYPE 24P1 24-PIN MOLDED PLASTIC OIL 

~ "II" ~ 
_11~·25~~:65 .1 

15.2~6·8 

31.6MAX 

nnnnnnnnnnnn 

uuuuuuuuuuuu 

.~. I ':71~:X , " ~MIN 
+- -+--i----I-/.-

1.83MAX 2.54±O.25 O.6MAX 

• MITSUBISHI 
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PACKAGE OUTLINES 

TYPE 24K10 24-PIN METAL-SEALED CERAMIC OIL WITH QUARTZ LID 

e·25 + 0 . 1 
-'- -0.05 

-_._-

15.24~6·7 

J~7~AA7~i.ijwootll~i' lrU_~U~U~ 
2.28MAX 2.54±0.25 0.56MAX 

TYPE 24S1 24-PIN METAL-SEALED CERAMIC OIL. 

2-10 

~tt-r MAX 

I . I I 0 8 3.3 ~:=M," 
1.65MAX 2.54±O.25 O.56MAX 
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PACKAGE OUTLINES 

TYPE 24510 24-PIN METAL-SEALED CERAMIC DIL WITH QUARTZ LID 

30.8MAX . 

,..,,..,,..,,..,,..,,..,,...,,...,,...,,..., ........ 

lO 
~r MAX 

I I I '0.8 3.3 .~~M" 
1.65MAX 2.54±0.25 0.56MAX 

TYPE 28P1 28-PIN MOLDED PLASTIC DIL 

O 25 + 0.1 
----'"'~. --0.05 

~;ll~:, ~MIN 
> JL 

1.84MAX 2.54±0.25 0.6MAX 

• MITSUBISHI 
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PACKAGE OUTLINES 

TYPE 40P1 40-PIN MOLDED PLASTIC OIL 

[ : : : : : : : : ~~A~ : : : : : : : 11 

~
~5.5 
r7n=U~.~X 
~MIN 

. -+--+ -IJ..-
1.87MAX 2.54±0.25 0.6MAX 

TYPE 40S1 40-PIN METAL-SEALED CERAMIC OIL 

2-12 

r:6.0MAX I 

~ I I ~ 
+0 1 

-1112 .25 - 0: 05 i 
15.24:::U~ 

I iid~iX 
-H- --1--1+ + 

1.65MAX 2.54±O.250.56MAX 

• MITSUBISHI 
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PACKAGE OUTLINES 

TYPE 42P1 42-PIN MOLDED PLASTIC OIL 

52.0MAX 

-tL --lL JL 
3.l4MAX 2.54 +0.25 06MAX 

TYPE 60P2 60-PIN MOLDED PLASTIC FLAT 

r······I··~ 
l6± 0.5 

INDEX MARK 

CD 

@ 

• MITSUBISHI 
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PACKAGE OUTLINES 

TYPE 64S1 64-PIN METAL-SEALED CERAMIC OIL 

C. 82.0MAX 'I 

EQ=:J 
I' 23.2MAX l 
r 1 
III 025 ~0.1 I 

'" 0.05, 

I 22.61 ± 0 . 35 I 

~~lx JL ~L JL 0.8MIN ~PN 
1.6MAX 2.54±0.25 0.56MAX 

TYPE 68P2 68-PIN MOLDED PLASTIC FLAT 

2-14 

M 

o 
+1 
N 
,.... 

,.... -o . x 
17.2±O.3 0 0 <I: 

+1 +1 ::?! 
'" '" 00 ~ r--: ..... 

~ ........ ; ........ ~==l! I 
I. I 
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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 

mobife hole density_ 

P-typesemiconductor 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 whi ch 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 asa single unit_ 

Note: A micrOCirCUit may be a mlcroassembly or an Integrated (micro) circuit. 

Integrated circuit A circuit in which a number of circuit 

elements are inseparably associated and electrically inter-
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connected, so that, for the purpose of specification, 

testing, commerce and maintenance, it is considered 

indivisible_ 

Note For this definition. a circulI, 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 associate.d 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 CirCUlI 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 nucroc..:ircUlf 

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 multi chip 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. ~nd 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 

mlcroassembly . 

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 
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Binary signal A digital signal with only two possible ranges Elementary combinatorial circuit A binary combinatorial 

of values. (digital) circuit which has only one output terminal, and 

Note For convenience. each range of values can be represented by a Single value- in which the output signal accepts the value occurring 
eg .. the nominal value only once in the function if, and only if, the signals 

Low range (of a binary signal) The range of least positive applied to all the input terminals are either all in the 

(most negative) levels of a binary signal. H-range or all in the L-range. 

Note: This range is often denoted by 'L-range.' and any level in the range by 'l-Ievel ' Note 1 Because the output signal value (occurring only once in the function table) 

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-Ievels and H-Ievels at the input 

terminals at a given instant. 

Output configuration (output pattern) (of a binary circuit) 

A combi nation of the L-Ievels and H-Ievels 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-Ievel or H-Ievel) 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 circu~t 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 

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 Land H to the binary 

values 0 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., Land 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 

LiH or X. 

Truth table (for a relation between digital variables) A 

representation of the logic relationship between one or 

more independent digital variables and one or more 

dependent digital variables, by means of a table which, 

for each possible combination of the values of the inde

pendent variables, gives the appropriate values of the 

dependent variables. 

Note: The distinction between 'function table' and 'truth table' is fundamentally 

necessary, because the same digital circuit may fulfill several different logic 

operations, according to the arbitrary assignment of the values of the digital 

variables to the values of the digital electrical quantities 

Input loading factor (of a bipolar digital circuit) A factor 

which indicates the ratio of the input current of a 

specified input terminal of a digital circuit to the input 

current of a particular circuit which is chosen as a 

reference load. 

Note: The reference load should preferably be chosen in such a way that the input 

loading factor becomes an integer 
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Output loading capability (of a bipolar digital circuit) A 

factor which indicates the ratio of the maximum output 

current of a specified output terminal of a digital circuit 

to the input current of a particular circuit which is 

chosen as a reference load. 

Note: The reference load should preferably be chosen in such a way that the output 

loading capability becomes an integer. 

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 

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 condltlonS-8.Q .. lransltlon times for the 

input levels. delay time. duration of the Input configuration to produce a 

desired new output 'configuration 

SEQUENTIAL CIRCUITS 
Master-slave arrangement An arrangement of two bistable 

circuits such that one of them, called the 'slave: repro, 

duces the output configuration of the other circuit, 

called the 'master.' The transfer of information from the 

master to the slave is produced by means of an appro

priate signa I. 

Register An arrangement of bi stable 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 
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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

fiCient to accomplish the setup. A minimum value is specified which is the 

shortest interval for which correct operation of the digital Circuit is guaranteed 

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 (th) (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 

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 

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 timet tres)(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 speclf!ed values Within the transitions 

of the Signal levels 

The resolution time IS the actual time between two pulses and may be In

suffiCient to ensure that both pulses are recognized, A minimum value IS 

specified which is the shortest Interval for which correct operation of the 

digital circuit is guaranteed 
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SWITCHING TIMES' OF BINARY CIRCUITS 
High-level to low-level (low-level to high-level) propagation 

time (tPHL and tPLH) 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-Ievell delay time 

(tOHL and tOLH) 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 specified networks. 

High-level to low-level (low-level to high-Ievell transition 

time (tTHL andtTLH) The time interval between specified 
reference points on the edge of the output pulse when 

the output is going to the low (high) level and when a 
specified input signal is applied through a specified 

network and the output is loaded by another specified 

network. 

INTEGRATED CIRCUIT MEMORIES 
Memory cell (memory element) The smallest subdivision of 

a memory into which a unit of data has been or can be 

entered, in which it is or can be stored, and from which 

it can be retrieved. 

Integrated circuit memory An integrated circuit consisting 

of memory cells (elements) and usually including associ
ated circuits such as 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 

c9ntent 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 ~hich 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. 

2: Such repetitive application of the control signals is normally called a refresh 

operation. 

3: A dynamic memory may use static addressing or sensing circuits. 

4: This definition applies whether the control signals are generated inside or 

outside the Integrated circuIt. 

Volatile memory A memory whose data content is lost 

when the power supply is disconnected. 
Random-access memory (RAM) A memory that permits 

access to any of its address locations in any desired 

sequence. 
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MICROPROCESSOR INTEGRATED CIRCUITS 

Microprocessor integrated circuit An integrated circuit 

capable of: 

1. Accepting coded instructions at one or more ter· 

minals. 

2. Carrying out, in accordance with the instructions 

received, all of: 

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

storage; 

b. arithmetic and logical operations on the input data 

together with any relevant data stored in the 

microprocessor integrated circuit; 

c. the del ivery 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 lEe publication 147-0. Some of the 

terms for integrated circuit memories and micro

processors are under consideration. 
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FOR DIGITAL INTEGRATED CIRCUITS 
Symbol 

C , 

Co 

C'io 

C ,( ¢) 

f 

II" ) 
I 

Iss 

IBB(AV) 

Icc 

ICC(AV) 

ICC(Po) 

100 

IOO(AV) 

IGG 

IGG(AV) 

II 

IIH 

IlL 

10H 

10L 

loz 

10ZH 

10ZL 

los 

Iss 

Pd 

R, 

RL 
ROFF 

RON 

ta 

ta(AO) 

ta(CE) 

t arcs) 

te 

te (REF) 

te (RO) 

te(RMW) 

te(WR) 

t dV(AO) 

tdV(CE) 

tdv(cs) 

td 

td( ¢) 

tOHL 

tOLH 

It 
th 

th(AO) 

th(CE) 

th(CS) 

th(OA) 

3-8 

Input capacitance 

Output capacitance 

Input/output terminal capacitance 

Input capacitance of clock Input 

Frequency 

Clock frequency 

Parameter-definitIOn 

Current- the current Il1to an Integrated CirCUit terminal IS defined as a positive value and tile current out of a terminal IS defined as a negative value 

Supply current from VSS 

Average supply current from VBS 

Supply current from V cc 

Average supply current from Vee 

Power-down supply current from Vee 

Supply current from VO D 

Average supply current from VOD 

Supply current from V GO 

Average supply current from VOG 

Input current 

High-level Input current-the value of the Input current when VOH is applied to the input considered 

Low-level input current-the value of the input current when VOL IS applied to the Input considered 

High-level output current-the value of the output current when VOH is applied to the output considered 

Low-level output current-the value of the output current when VOL is applied to the output conSidered 

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 

Off -state (hlgh-Impedance-state) output current, with high-level voltage applied to the output 

Off-state (high-impedance-state) output current, With low-level voltage applied to the output 

Short-circuit output current 

V S8 supply current 

Power dissipation 

Input resistance 

External load resistance 

Off-state output resistance 

On-state output resistance 

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 

Address access time-the time interval between the applicatIOn of an address input pulse and the availability of valid data Signals at an output 

Chip enable access time 

Chip select access time 

Cycle time 

Refresh cycle time-the time Interval between successive signals that are Intended to restore the level In a dynamic memory cell to its anginal level 

Read cycle time-the time interval between the start of a read cycle and the start of the next cycle 

Read-modlfy-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 

Write cycle time-the time interval between the start of a write cycle and the start of the next cycle 

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 

Data valid time With respect to chip enable-the time interval following chip enable during which output data continues to be valid 

Data valid time With respect to chip select-the time Interval following chip selecl during which output data continues to be v<;lfld 

Delay time-the time between the specified reference points on two pulses 

Delay time between clock pulses-e g., symbology: delay time. clock 1 to clock 2 or clock 2 to clock 1 

HlQh-level to low-level delay time) the time Interval between specified reference pOints on the Input and on the output pulses, when the output 
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. 

Fall time 

Hold time-the time Interval during which a signal IS retained at a specified Input terminal after an active tranSition OCC1Jrs at another speCified Input terminal 

Address hold time 

Chip enable hold time 

Chip select hold time 

Data hold time 
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Symbol Parameter-definition 

th(RD) Read hold time 

th(WR) Write hold time 

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

tPLH Low-lev&1 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 Setuptime"':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(AD) Address setup time 

tSU(AD-WR) Address setup time with respect to write 

tSU( CE-P) 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( DA) Data setup time 

tSU(P-CE) Precharge setup time with respect to chip enable 

tSU(RD) Read setup time 

tSU(WR) Write setup time 

lTHL High-level to low-level transition time I the time interval between specified reference points on the edge of the output pulse when the output is going to 

lTLH 
. . . . the low (high) level and when a specified input signal is applied through a specified network and the output IS 

Low-level to hIgh-level transition time loaded by another specified network 

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(WR) Write pulse width 

tW(¢) Clock pulse width 

twr Write 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 

VBB VBB supply voltage 

VCC VCC supply voltage 

VDD Voo supply voltage 

VGG V GG supply voltage 

VI Input voltage 

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

VIL Low-level input voltage-the value of the permit1ed 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 lEe publication 148 . 
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QUALITY ASSURANCE AND RELIABILITY TESTING 

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

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

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

2. QUALITY ASSURANCE SYSTEM 
The Quality Assurance System imposes quality controls 
on Mitsubishi products from the initial conception of a 
new product to the final delivery of the product to the 
customer. A diagram of the total system is shqwn 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 
confirmed that it can be manufactured to meet quality and 
reliability specifications. The controls, tests and inspection 

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

3. RELIABILITY CONTROL 

3.1 Reliability Tests 
The newly established Reliability Center for Electronic 
Components of Japan has established a qualification system 
for electronic components. Reliability test methods and 
procedures are developed to mainly meet MI L-STD-883 
and EIAJ-IC-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 Test condition 
High temperature 
operating life Maximum operating ambien~ temperature 1,OOOh 

1 High temperature 
storage life MaXimum storage temperature l000h 
HumIdity (steady 65'C 95%RH 500h state) life 

Soldenng heat 260'C lOs 

2 
Thermal shock Q-l00'C 15 cycles. 10min/cycle 

Temperature cycle Minimum to maximum storage temperature. 
10 cycles of lh/cycle 

S?ldering 230·C, 55, use rosin flux 

Lead Integrity 
Tension: 340g 30s 
Bending stress: 225g. ±30", 3 times 

3 
Vibration 

20G. X. Y. Z each direction. 4 times 
100-2000Hz-4 min/cycle 

Dropping 75cm. 3 times. wood plate. Y1 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 

1. External 
e.xamination 

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 

o Use of stereo microscopes. metallurgical microscopes. X·ray 

photographiC equipment. fine leakage and gross leakage 

testers in the examination 

o Checking for open circuits. short circuits and parametric 

degradation by electrical parameter measurement 

o Observation of characteristics by a synchroscope or a curve 
2. Electrical tests 

3. Internal 
examination 

4. Chip analysis 

tracer and checking of important physical characteristics 

by electncal 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 

o Moasurmnent of electrical characteristics by probes, 

,I apphcable 

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 

o Analysis of oXIde film defects 

o Analysis of diffusion defects 
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Fig. 1 Quality assurance system 
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QUALITY ASSURANCE AND RELIABILITY TESTING 

4. TYPICAL RESULTS OF RELIABILITY TESTS AND Fig. 7 DC biased test procedure (for M5L2102AP 1K-bit 

FAILURE ANALYSES static RAM) 
r---------~--~~---r----_. 

4.1 Results ?f Reliability Test 
Formerly, sufficient reliability for memory MOS LSls 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 I ife 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~1O-9/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 A8 A7 As Voo CE As A4 A3 R:W 

9 

DINDOUTAo AI 

CE=CHIP ENABLE D'N=DATA INPUT 

CS=CHIPSELECT DOUT=OATA OUTPUT 

R/W=REAO/WRITE NC=NO CONNECTION 

OPERATING LIFE TEST CONDITIONS 

Ao 1I1111111111111111111111111111111111111111111111111111111~~111111111111111111111111111111111111[1111111111111111111111111111111111111111111111111111111111111111 
All 

R/W 

DIN 

Note 3 A 0 ~ A 11 are binary count timing 

l/BIT 

Ao 1,--' __ ...... 4/1----"L 
CE 

VBB=-5V VSS=V'L=OV VOO=V'H(CE)=12V 
VCC=VIH (EXCEPT CE) =5V 

GND 

Vce 
(5.5V) 

Table 3 Typical results of memory MOS LSI life tests 

Type Temp No of Component No of 
Package Test sam- fail- Remarks 

number 'c pies hours ures 

Operating 80'C 40 80,000 0 

16-pln life 125°C 173 213,000 0 

MSL 2102AP Ptastlc- DC biased 
molded 

12St 40 80,000 0 

OIL Hi-temp 150t 5 5,000 0 

Sig 200t 5 5,000 0 

Operating 80"C 22 44,000 0 

18-pin life 12S'C 22 44,000 0 

M5L 2111AP 
plastlc-

DC biased 12St: 22 44,000 0 molded 
OIL 

HI-temp 12S'C 22 22.000 0 

stg lS0'C 22 22,000 0 

22-pln Operating 80'C 39 88.000 0 Functional 

metal- failure 
M5L 2107B5 sealed life 125t 149 271/000 I lat 240hl 

ceramic 
OIL DC biased 125°C 66 137,000 0 

l8-pln Operating 125'C 44 88,000 0 life 
metal-

125"C 22 0 MSL 2114LS sealed DC biased 66,000 
cermiC HI-temp 
DIL stg 150'C 22 22,000 0 

16-pm Operating 12S'C t72 234,000 0 life 
metaf-

MSK 41165 sealed HI-temp 150"C 44 44,000 0 
ceramic stg DIL 200t 22 22,000 0 

16-pln Operating 125'C 152 152,000 0 
plastlc- life 

M5K 4116P 
molded HI-temp 
DIL 150"C 38 38,000 0 

stg 

22-pln Operating 125"C 88 110,000 0 
plastlc- life 

M5L 5101LP molded Hi-temp 
DIL stg 150°C 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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QUALITY ASSURANCE AND RELIABILITY TESTING 

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 
coefficieQts 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 

Fig. 8 
Corrosion of vapor
deposited aluminum 
interconnection. 
analyzed by metallur
gical 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' requ irements. 
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.9 Lift off of bonded gold inner 
lead. analyzed by metallurgical Fig. 10 Surge destruction. analyzed 

by metallurgical microscope 
Fig.ll Enlargement of aluminum bridge 

in Fig. 10. analyzed by XMA-AI ka 

Fig.12 Hot spot at bonding head. ana
infrared microscanner 

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

• MITSUBISHI 
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Fig. 14 Electromigration of aluminum 
interconnection, analyzed by 
SEM 
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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 (gm) 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/lSls 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 with in 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/lSls 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/lSls 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 1 M n resistor. Be sure that 

the grounding meets national regulations on personnel 

safety. 
2. Current leakage from electric equipment must be 

prevented not only for personnel safety, but also to 

avert the destruction of MOS IC/lSI s, as described 

above. Items such as testers, curve-tracers and synchro

scopes must be checked for current leakage before being 

grounded. 

4. PRECAUTIONS FOR MOUNTING OF MOS 
IC/LSls 

1. The printed wiring lines to input and output terminals 

of MOS IC/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, wh ich may result in the destruction of the 

device. 

2. When inputloutput, or input andlor output, terminals 

of MOS IC/LSls (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. 

3. A filter circuit should be inserted in the AC power 

supply line to absorb surges which can frequently be 

strong enough to destroy aMOS IC/lSI. 

4. Terminal connections should be made as described in the 

catalog while being careful to meet specifications. 

5. 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. 

6. 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. 
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M58656S 

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

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 Vss 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_5/-1s (max) 

• The chip-enable signal facil itates the expansion of mem-
ory capacity 

• Outputs are three-state, with OR-tie capability 

• RAM/ROM use is allowed by means of NR signal 

• Interchangeable with Toshiba TMM 142C 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_ 

BLOCK DIAGRAM 

1--

1"'" 
~ A111 ::J 10 

ADDRESS INPUTS A2 12 '" r-
A313 ::J 

"-

A4 14 
~ 

CHIP ENABLE INPUT ~ 
READ/WRITE SPECIFIED INPUT R/W 6 ::J 

'" - NON-VOLATILE NR 7 r-
READ CONTROL INPUT ::J 

"-
MEMORY GATE INPUT MG 8 ~ 

PIN CONFIGURATION (TOP VIEW) 

DATA 
INPUTS/OUTPUTS 

CHIP ENABLE INPUT 
READ/WRITE 
SPECIFIED INPUT R/W'" 6 

~fl't;~~L:-i~gL INPUT NR'" 7 

MEMORY GATE INPUT 

(5V) Vss 

Outline 18S1 

VDD (-15V) 

ADDRESS INPUTS 

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_ 

ADDRESS INPUTS 
I 

DATA INPUTS/OUTPUTS 
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MS86S6S 

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 Vss 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 V MGE and tw (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 VMGW and tw (MGW1) is applied as the MG input 

with V DD more negatively biased than VWT' 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 VDD and the memory gate input MG are 

caused to rise gradually against Vss and the latter is then 

allowed to reach the specified value VMGR and return to 

the Vss 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 MNOS 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 M58656S is 

shown below. 

DIAGRAM OF EQUIVALENT CIRCUIT FOR NON-VOLATILE MEMORY CELL 

4-4 

D VDD 

-r---+---+4-~-+------,Ar-----~~~~---+---1--MG 

~---+---++---~---------------r----++---+--~--MG' 

Vss 

~---+----------------------------------_--~-- ADDRESS 

MT1. MT2 : MNOS FET 
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M586565 

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

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions limits 

Voo Supply voltage 0.3~ -30 

VI(MG) Memory gate Input voltage 40~ -40 

VI Input voltage 
With respect to V ss 

0.3~-30 

Va Output voltage 0.3~ -30 

tMG Memory gate input pulse width 1 

Pd Maximum power dissipation Ta ~25"(; 875 

Topr Operating free-air ambient temperature range 0~70 

Tstg Storage temperature range -55~'150 

RECOMMENDED (For Read/Write Memory) (Ta~0~70"(;. unless otherwISe noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Voo Supply voltage -14.25 -15 -15.75 V 

Vss Supply voltage 4.75 5 5.25 V 

VIH High-level Input voltage Vss -1.5 Vss+0.3 V 

VIL Low-level Input voltage -3 0.8 V 

ELECTRICAL CHARACTERISTICS ITa ~O~ 70"(;. Voo~ -15V ±5%. Vss~5V ±5%. unless otherwise noted) 

Svmbol Parameter 

VIH High-level input voltage 

VIL Low-level input voltage 

IIH High-level input current 

IlL Low-level input current 

10 Output leakage current 

VOH High-level output voltage 

10H High-level output current 

VOL Low-level output voltage 

10L Low-level output current 

100 Supply current from VOO 

VI(MG) M G input voltage 

II(MG) M G input current 

Ci Input capacitance 

Co Output capacitance 

Note 1 Current flowing Into an Ie IS pOSItIVe (no sign) 

Test conditions 

VI~VSS 

VI~-3V 

VI(CE) ~VIH or VI(R/W)~VIL 

VO~OV~VSS-1V 

IOH~-0.4mA 

VOH~4V 

IOL~1.6mA 

VOL~-0.6V. Ta ~ 70"(; 

lo=OmA, Typical values are at Ta =25"C 

VI(MG)~Vss+1V 

VI~OV. f~1MHz. Ta ~ 25"(; 

Vo~OV. f~1MHz. Ta~~~ 

• MITSUBISHI 
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Limits 

Min Typ Max 

VsS-1.5 Vss+0.3 

-3 0.8 

1 

±1 

±10 

Vss-1 

-0.4 

0.4 

5 

-25 -40 

Vss-1 Vss Vss+ 1 

0.1 

8 

10 

Unit 

V 

V 

V 

V 

s 

mW 

"(; 

·C 

Unit 

V 

V 

J-lA 

J-lA 

J-lA 

V 

mA 

V 

mA 

inA 

V 

mA 

pF 

pF 
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MS.8SS6'S 

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

TIMING REQUIREMENTS, (Ta=0-70'C, Voo=-15V ±5%. Vss=5V±5%. unless otherwise noted) 

Read Cycle 

Symbol Parameter Test conditions 
Min 

tC(RO) Read cycle time Input pulse 1750 

tSU(AO-OE) Address setup time with respect to CE VIH=VsS-l.5V. VIL=0.8V 50 

th(AO-OE) Address hold time with respect to CE t r =tf::;>25ns 250 

Write Cycle 

Symbol Parameter Test conditions 
Mir;, 

tC(WR) Write cycle time 1000 

tSU(AO-OE) Address setup time with respect to CE 50 

tsu (AO-R/W) Address setup time with respect to R(IN 
Input pulse 

50 

th(AO-CE) Address hold time with respect to CE 
VIH=Vss-l.5V 

250 

tW(WR) 
VIL=0.8V 

Write pulse width 500 

tSU(OA) Data setup time 
tr=tf:;>25ns 

400 

thIDA) Data hold time 200 

limits 
Unit 

Typ Max 

ns 

ns 

ns 

limits 
Unit 

Typ Max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

SWITCHING CHARACTERISTICS (For Read Cycle) (Ta=0-70'C. VDD= -15V±5%. Vss=5V±5%. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

ta(AD) Address access time 

ta(OE) Chip enable access time Load = !TTL. CL=100pF 

tpxz Output disable time 

TIMING DIAGRAMS 
Read Cycle (MG=VI(MG). NR=VIH) 

tC(RO) 

~ 
90% 

10% 

tSU(AD-CE) ta(CE) th(AD-CE) 

CE 
il0% / 

90% 

I 
tpxz 

00-03 
(DATA OUTPUT) VOL ~ 

4V \\\\ 
DATA OUT VALID 

jill 0.4V 

ta(AD) 

Write Cycle (MG=VI(MG). NR=VIH) 

VIH 

Ao-A7 

VIL 
) 90% 

10% 

tSU(AD-CE) 

VIH 

CE 

VIL 
il0% 

VIH 

R/W 

VIL 
\ 

tsu (AD-R/W) 
10% 

VIH 

00-03 

(DATA INPUT)" VIL 

4-6 

C(WR) 

90% 

tW(WR) 

II 
90% 

10% 

tSU(DA) thIDA) 

90% ){90% DATA IN STABLE K 10% 
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10% 

th(AO-CE) 

Unit 
Max 

1500 ns 

1450 ns 

600 ns 

). 90% 

10% 

) 90% 

10% 
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M586565 

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

NON-VOLATILE OPERATIONS 
Electrical Characteristics (Operations 1 and 2) (Ta=0-70"C, Voo=-15V±5%, Vss=5V±5%. unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

VMGE MG erase voltage with respect to VSS tW(MGEl) =tW(MGw1)=O. 75-1.25ms 28 29 31 

VMGW MG write voltage with respect 10 VSS VMGE~lvMGwl -26 -28 -30 

VMGR MG read voltage with respect to Vss -10 -15 

VWT Supply voltage with respect to Vss necessary to MG write -15 

tW(MGE/W,1) MG pulse width (1) 0.75 1 1.25 

tWIMGE/W,2) MG pulse width (2) 10 

treMOR) MG read shape rise time VMGR-VSS-10V 20 

tr( Voo) Supply voltage shape rise time 20 

1rlfollR)/trIVOO) MG read, supply voltage shape rise time ratio VOO=OV-VMGR 0.9 1 1.1 

ts Unpowered nonvolatile data retention time VMGE=28V 1 

Nw Number of erase write cycle VMGw=-28V 
IW(MGE/W. 1) =lms 

105 

I,(MG) MG input current VMGE = 30V, VMGW = - 30V ±0.4 

Timing Requirements (Operation 2) (Ta=0-70"C. Voo= 15V±5%, Vss=sV±S%. unless otherwise noted) 

Symbol Parameter 

Isu( NR'MG) NR setup time with respect to MG 

th(NR'MG) NR hold time with respect to MG 

Timing Diagrams 

Operation 1 (NR=VIH) 

OV 

Voo-Vss 

OV 

MG-Vss 

tr(MGR) 

V,L 

OV 

MG-Vss 

VMGR 

READ/WRITE MEMORY MODE 

Test conditions 

READ/WRITE MEMORY MODE 

VMGE 

~10% f-l0% 

ISU(NA'MG) th(NA·MGl 

"I ~ VMGR 

I 
tr( MGR) 

NON-VOLATILE READ MODE 2 

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 

Non-volatile read mode 1 is warranted only In the case of custom specification. 
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Limits 

Min Typ Max 

1.45 

0 

VWT 

tW( MGWn 

READ/WRITE MEMORY MODE 

Unit 

V 

V 

V 

V 

ms 

ms 

Vlms 

Vlms 

-

year 

times 

mA 

Unit 

"s 
"s 
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M586565 

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

TYPICAL CHARACTERISTICS 

4-8 

ADDRESS ACCESS TIME VS. 

1600 
SUPPLY VOLTAGE Voo 

-;; 
-5 1400 

VSS=4.75V 

~I CL=100pF 

13 
" E 1200 

;:g 
1000 F 

ui 
t2 
u 

800 u 

" 

LIMITS 

l\ ~ 

1,\ w 
~ 

'\ ~ [;0 
Ta=70-c ~ 

" U) 

t2 
a: 600 0 
0 

" 

Ta =25-c ~ 

I~ 400 
-6 -8 -10 -12 -14 -16 -18 

SUPPLY VOLTAGE Voo (V) 

ADDRESS ACCESS TIME VS. 

1600 
AMBIENT TEMPERATURE 

Vss-4.75V 

'" -5 
1400 

Voo=-14.25V 
CL=100pF --- --

0 
" E 1200 

;:g 
F 1000 
U) 
U) 
UJ 
U 
u « 800 
U) 

t2 
a: 

=-t--
I---f----~ 

0 600 
0 « 

400 
o 25 50 75 100 

AMBIENT TEMPERATURE Ta ("C) 

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

« 
E 

-' 
~ 

r- 4 
~ 
a: 
a: 
:0 

VSS=4_ 75V 

Ta l=25 0C 
Voo=-14.25V 

_f...--f--
k.t70-c 

=-~!-- I 
I 

U 
r-
ei' 
r-
:0 
0 
~ 
UJ 

~ 
:i: 
g 

o 
-1.2 -0.8 0.4 0.4 0.8 1-2 

LOW-LEVEL OUTPUT VOLTAGE VOL (V) 

ADDRESS ACCESS TIME VS. 

1600 
LOAD CAPACITANCE 

Vss-4.75V 
Voo=-14.25V 
Ta =25-c '" -5 1400 

o 
" E 1200 

UJ 
:> 
F 
U) 

t2 
u 
u « 
U) 

t2 
a: 
0 
0 
« 

« 
E 

I 
~ 

r-
~ 
0: 
a: 
:0 
U 
~ 
UJ 

~ 
I 
CJ 
I 

L V 

~ 
V 

1000 

800 

V / 
600 

400 
o 100 200 300 400 500 600 

LOAD CAPACITANCE C L (p F) 

HIGH-LEVEL OUTPUT CURRENT VS. 

-5 

HIGH-LEVEL OUTPUT VOLTAGE 

4 

Vss=4.75V 
Voo=-14.25V 

HIGH-LEVEL OUTPUT VOLTAGE VOH (V) 

MEMORY GATE ERASE VOLTAGE VS. 

0 
MEMORY GATE WRITE VOLTAGE 

6 

3 2 

2 8 

2 4 

0 

6 1 
-16 

I 
II 

I 

20 

tweMGEl) - twe MGWl) -lms 
VWT=-15V 

' VMGR=-10V 

) trCMGRJI=20V/ms 

~ 
/ 

OPERATING REGION!} 

../ 

24 28 32 36 40 

MEMORY GATE WRITE VOLTAGE VMGW (V) 
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M58981S-45 

4096·BIT (1024.WORD BY 4.BIT) CMOS STATIC RAM 

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 15JlA (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 I/O terminals. 

FEATURES 

• Access time: 450ns (max) 

• Low power dissipation in 
the standby mode: 151lA (max) 

• Single 5V power supply 

• Data holding at 2V supply voltage 

• No external clock or refreshing operation required 

• Both inputs and outputs are directly TTL-compatible 

• Outputs are three-state, with OR-tie capability 

• Simple memory expansion by chip-select signal 

• Data terminals are common for both inputs and outputs 

• Pin configuration is identical with that of Mitsubishi's 
M5L 2114LP N-channel 4K static RAM, Intel's 2114, 
and Tl's TMS4045 

APPLICATION 
• Battery-driven or battery back-up small-capacity memo

ry units 

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

BLOCK 
DIAGRAM 

ADDRESS INPUTS 

1024~WORD x 4~BIT 

RAM 

(64 ROWS, 

64 COLUMNS) 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUTS 

CHIP SELECT INPUT 

(OV)GND 

Outline 1851 

Vee (5V) 

ADDRESS INPUTS 

DATA 
INPUTS/OUTPUTS 

During a write cycle, when a location is designated by 
address signals Ao~A9 and signal R/W goes low, the data 
of the I/O at that time is written. 

During a read cycle, when a location is designated by 
address signals Ao~A9' and signal R/W goes high, the data 
of the designated address is available at the I/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 (h igh-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 
151lA (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. 

r---

ffi f---
w g; I--
VJ ~ 
z "- I--w :;; 
VJ '" I--

....... ,--

r---

t- a: 
::> w 
"- ~ 
t- ~ 
::> ::> o CIl 

'-r;-r 

R/W 
CONTROL 

CIRCUIT 

I-----

~ Vee (5V) 

1:) 
GND (OV) 

'''J ~ 1/02 DATA 

~ 1/03 INPUTS/OUTPUT 

~ I/O, 

CHIP SELECT INPUT C S 8 J 
READ/WRITE INPUT R/ W 10)----------------------' 

-~ 
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M58981 5-45 

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

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits 

Vee Supply voltage -0.3-7 

VI Input voltage With respect to GND -0.3-Vee+0.3 

Va Output voltage O-Vee 

Pd Maximum power dissipation Ta~25"C 1000 

Topr Operating free-air ambient temperature range 0-70 

Tstg Storage temperature range - 65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=O -7O'c. unless otherwise noted) 

limits 
Symbol Parameter Units 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

VIL Low-level input voltage -0.3 0.65 V 

VIH· High-level input voltage 2.2 Vee V 

ELECTRICAL CHARACTERISTICS (Ta =0-70"C. Vee="5V ± 10%. unless otherwISe noted) 

limits 
Symbol Parameter Test conditions 

Min Typ 

VIH High-level input voltage 2.2 

VIL Low-level input voltage -0.3 
-

VOH High-level output voltage IOH=-1mA 2.4 

VOL low-level output voltage IOL=2mA 

II Input current VI=0-5.5V 

lazH Off-state high-level output current V I (es) = 2. 2V. Va=2.4V-Vee 

laZL Off-state low-level output current VI(es)=2.2V. Va=0.4V 

leel Supply current from V CC 
CS ;;;;0. 01V. other inputs = Vee, 

9 
Output open 

lee2 Supply current from Vee 
CS;;;;0.01V. other inputs=2.2V. 

13 
Output open 

lee3 Supply current from Vee VI(es)=Vee 

CI Input capacitance, all inputs VI =GND. V,=25mVrms. f= 1MHz 4 

Co Output capacitance Vo=GND, Va =25mVrms. f= 1MHz 8 

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

TIMING REQUIREMENTS (For Write Cycle) (Ta =0-70"(;, Vee=5V ± 10%. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

to(WR) Write cycle time Input pulse 450 ns 

tSU(AD) Address setup time with respect to write pulse VIH=2.2V 130 ns 

tW(WR) Write pulse width VOH=0.65V 250 ns 

Iwr Write recovery time Ir= Ij=20ns 50 ns 

ISU(DA) Data setup time Referen ce level = 1 .5V 250 ns 

Ih (DA) Data hold time Load = 1T T L. 0 ns 

Isu(CS) Chip select setup time CL= 100pF 350 ns 

Ipxz (WR) Output disable time with respect to write pulse 100 ns 

SWITCHING CHARACTERISTICS (For Read Cycle) (Ta =0 - we. Vee c 5V ± 10%.unless otherWISe notedl 

Symbol Parameter 

IO(RD) Read cycle time 

la(AD) Address access time 

la'(es) Chip select access time 

IpXZ(eS) Output disable time with respect to chip select 

ldv(AD) Data valid time with respect to address 

4-10 

Test conditions 

Input pulse 

VIH=2.2V, 
VOH=0.6V 
I r =lj=20ns 

Reference level = 1 .5V 
Load = 1TTL. 
CL= 100pF 

• MITSUBISHI 
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Limits 
Unit 

Min Typ Max 

450 ns 

450 ns 

450 ns 

130 ns 

0 ns 

Max 

Vee 

0.65 

0.4 

±1 

1 

-1 

25 

30 

15 

8 

12 

Unit 

V 

V 

V 

mW 

"C 

"C 

Unit 

V 

V 

V 

V 

/.<A 

/.<A 

/.<A 

mA 

mA 

/.<A 

pF 

pF 



TIMING DIAGRAMS 
Read Cycle 

Ao-Ag 

1/0,-1/0, 
(OUTPUT MODE) 

Write Cycle 

Ao-Ag 

R/W 

1/0,-1/0, 

(INPUT MODE) 

I/O, -I/O. 

(DATA OUTPUTS) 

MITSUBISHI LSls 

M58981 5-45 

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

IC(RD) 

ta(AD) 

lares) 

tC(WR) 

IsU(AD) ____ f-----t_---...:.t.::W-'-(W::..R::..)C---__ +-------t_-lwr 

tsu(OS) 

tSU(DA) 

DATA IN VALID 

tPXZ(WR) 

DATA OUT INVALID 

Note 2. Hatching indicates the state IS unknown 

__ ... )<....~'--~ LThe cen'er hne indicates a floating (high-impedance) state 
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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) 

Symbol Parameter Test conditions 

Vee(po) Power-down supply voltage 

VI(CS) Power-down chip select input voltage 
2.2V;>;Vee(pD);>;Vee 

2V;>;Vec(PD);>;2.2V 

lee(pD) Power-down supply current from V CO Vee-2V. all inputs-2V 

Note 3 . Current flowing Into an Ie '~ positive. out IS negative. 

Timing Requirements (Ta =0-70·C. Vcc=5 V ± 10%. unless otherwise noted) 

Symbol Parameter 

tsu(PD) Power-down "setup time 

tA(PD) Power-down recovery time 

Timing Diagram 

Vcc-----~ 

4-12 

limits 

Min Typ Max 

0 

to (AD) 
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limits 

Min Typ Max 
Unit 

2 V 

2.2 V 

Vce(pD) V 

15 ,.,A 

Unit 

ns 

ns 
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MSK 4116 P-2, 5-2; P-3, 5-3; P-4, 5-4 

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

DESCRIPTION 

This is a family of 16 384-word by l-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) (tvp) 
(ns) (ns) (mW) 

M5K 4116 P-2, 5-2 150 320 330 
M5K 4116P-3, 5-3 200 375 280 

M5K4116P-4,5-4 250 410 260 

• Standard 16-pin package 

• Voltage range on all power supplies 

(VDD, Vee, Vss): ±10% 

• Low standby power dissipation: 19.8mW (max) 

• Low operating power dissipation: 462mW (max) 

• Unlatched output enables two-dimensional chip selec

tion and extended page boundary 

• Early-write operation gives common I/O capability 

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

• All input terminals have low input capacitance and are 

directly TTL-compatible 

• Output is three-state and directly TTL-compatible 

PIN CONFIGURATION (TOP VIEW) 

( -5V) VBB Vss (OV) 

DATA INPUT COLUMN ADDRESS 
STROBE INPUT 

READ/WRITE 
14 -+DOUT DATA OUTPUT CONTROL INPUT 

ROW ADDRESS 
STROBE INPUT 

ADDRESS INPUTS 
ADDRESS INPUTS 

(12V) VOD Vee (5V) 

Outline 16P1 (M5K4116P) 
16S1 (M5K4116S) 

• Interchangeable with Mostek's MK4116 in both electrical 

characteristics and pin configuration 

APPLICATION 
• Main memory unit for computers 

FUNCTION 
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
write. The input conditions for each are shown below. 

Inputs Output 

Remarksj Operation Re-
Row Calum 

RAS CAS R/w D'N address DouT fresh 
addres 

Read ACT ACT NAC DNC APD APD VLD YES Page mode 
Identical 

Write ACT ACT ACT VLD APD APD OPN YES except 
Read-modify- ACT ACT ACT VLD APD APD VLD YES refresh IS 

write NO 
RAS-only refresh ACT NAC ONC DNC APD DNC OPN YES 

Standby NAC DNC DNC DNC DNC DNC DPN NO 

• 128 refresh cycles Note ACT active. NAC nonactive: DNe don't care; VLD valid, APD applied. OPN open 

BLOCK DIAGRAM 
DATA INPUT DIN 

READ/WRITE INPUT R Iw 

CDLUS~~O~~DI~~tf CAS ~f===~=~~~~~~~~~~~~ ROW ADDRESS R AS 4 
STROBE INPUT 

14 

Voo (12V) 

Vee (5V) 

Vss (OV) 

VBB (-5V) 

0: 

Al ZW 
:;;tt 
::J::J 
~'" 14 

ADDRESS INPUTS A3 8~ 
A4 

o/lw 

:;::5 
As 10 00 

0:« 

A6 13 

ffi 
0 
0 

ill 
0 

:;: 
0 
a: 

128 SENSE AMPLIFIER 

8192 WORD x I-BIT RAM 

(64 ROWS x 128 COLUMNS) 
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MSK 4116 P-2, 5-2; P-3, 5-3; P-4, 5-4 

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

SUMMARY OF OPERATIONS 

Addressing 
To select one of the 16384 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 td (RAS-CAS) is set 

between the minimum and maximum values of the 

limits_ In this case, the internal CAS control signals are 

inhibited almost until td (RAS-CAS) max ('gated CAS' 

operation). The external CAS signal can be applied with 

a margin not affecting the on-chip circuit operations, 

e_g_ access time, and the address inputs can be easily 

changed from row address to column address_ 

2_ The delay time td (RAS-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 R/W input makes its negative 

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

is strobed by CAS, and the negative transition of CAS is set 

as the reference point for set-up and hold times. In the 

read-write or read-modify-write cycles, however, when the 

R/w input makes its negative transition after 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 1 OMS). 
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 I/O 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 RAS, because 

once the row address has been strobed, RAS is maintained_ 

Also, the time required to strobe in the row address for 

the second and subsequent cycles is eliminated, thereby 

decreasing the access and cycle times_ 

Refresh 
The refreshing of the dynamic cell matrix is accomplished 

by performing a memory operation at each of the 128 

row-address locations within a 2ms time interval. Any 

normal memory cycle will perform the refreshing, and 

RAS-only refresh offers a significant reduction in operating 

power. 

Power Dissipation 
Most of the circuitry in the M5K 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 M5K 4116 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 VBB supply be applied first and 

removed last. VBB should never be more positive than 

Vss when power supply is applied to VDD . 

Some eight dummy cycles are necessary after power is 

applied to the device before memory operation is achieved. 

4-14 
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MSK 4116 P·2, 5·2; P·3, 5 .. 3; P.4, 5·4 

16 384·BIT (16 384·WORD BY 1.BIT) DYNAMIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits 

VOO Supply voltage -0.5-20 

Vee Supply voltage -0.5 -20 

VSS Supply voltage With respect to V BB -0.5 -20 

V, Input voltage -0.5-20 

Vo Output voltage -0.5-20 

Voo Supply voltage -1-15 

Vee Supply voltage 
With respect to V S5 

-1-15 

Vss-Vss Supply voltage VOo-VSS>O 0 

10 Output current 50 

Pd 
I M5K4116S Ta-25"C 1000 

Power dissipation I M5K4116P Ta-25"C 700 

Topr Operating free-air temperature range 0-70 

Tstg Storage temperature range 
I M5K4116S -65 -150 

I M5K4116P -40-125 

RECOMMENDED OPERATING CONDITIONS (Ta = 0 --70"C, unless otherwise noted. Nota 1) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Voo Supply voltage 10.8 12 13.2 V 

Vee Supply voltage (Note 2) 4.5 5 5. 5 V 

Vss Supply voltage 0 0 0 V 

VBB Supply voltage -4.5 -5 -5. 7 V 

V,Hl High-level input voltage. R AS, CAS, R/W 2.7 7 V 

V,H2 High-level input voltage. Ao - A6, DIN 2 4 7 V 

V,L Low-level input voltage. all inputs -1 0.8 V 

Note1: All voltages with respect to V 55 . Apply V BB power supply first. prior to other power supplies, and remove last. 

2 : The output voltage will swing from V 55 to V cc when output loading current is zero. In standby mode V cc may be reduced to V 55 

without affecting refresh operations or data retention. but the V OH min specification is not guaranteed in this mode. 

ELECTRICAL CHARACTERISTICS 
(Ta=0-70"C. Voo=12V±10%. Vee=5V±10%, Vss=OV, -5.7V,;;VBB,;;-4.5V. unless otherwise noted) 

Symbol Parameter Test conditions 

VOH High-level output voltage (Note 2) IOH=-5mA 

VOL Low-level output voltage (Note 2) IOL=4.2mA 

loz Off -state output current 
DOUT floating 

OV';;VoUT';;5. 5V 

II Input current 
VBB= -5V, OV o;;V,No;;7V 

All other pins - OV 

1001(AV) Average supply current from VOO. operating 
RAS, CAS cycling 

leel(AV) Average supply current from Vee. operating (Note 4) 

IBB1(AV) Average supply current from V BB. operating tC(RO) =tC(WR) =min 

1002 Supply current from Voo, standby 
RAS=V,H 

Icc, Supply current from V. ee. standby 

IBB2 Supply current from VSB . standby 
DOUT = floating 

1003(AV) Average supply current from Voo . refreshing 
RAS cycling CAS=V,H 

lee3(AV) Average supply current from Vec . refreshing 

I BB3(AV) Average supply current from V BS . refreshing 
tC(REF) ~'min 

I 004 (AV) Average supply current from VOO . page mode 
RAS=V'L, CAS cycling 

lee4(AV) Average supply current from Vee. page mode (Note 4) 

IBB4(AV) Average supply current from V BS . page mode 
tC(PG) =min 

Ci(AO) Input capacitance. address inputs 

Ci(DA) Input capacitance. data input V,=VSS 

Ci(RfW) Input capacitance. read/write control input f= lMHz 

Ci(RAS) Input capacitance. R A S input Vi=25mVrms 

Ci(eAS) Input capacitance. CAS input 

Co Output capacitance Vo=Vss. f=lMHz, VI=25mVrms 

Note 3 Except for '88. current flowing Into an Ie IS POSitive; out IS negative. 

4 : V ce is connected only to the output buffer. so that I oe 1 and I e04 depend upon output loading. 
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Min 

2.4 

0 

~10 

-10 

-10 

-10 

Limits 

Typ 

Unit 

V 

V 

V 

V 

V 

V 

V 

V 

mA 

mW 

mW 

"C 

"C 

"C 

Max 
Unit 

Vee V 

0.4 V 

10 t-/ A 

10 t-/ A 

35 mA 
-

200 t-/A 
1.5 mA 

10 t-/ A 
100 t-/A 
27 mA 

10 t-/ A 

200 t-/ A 
27 mA 

-

200 t-/A 
5 pF 

5 pf" 

7 pF 

10 pF 

10 pF 

7 pF 
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MSK 4116 P-2, 5-2; P-3, 5-3; P-4, 5-4 

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

TIMING REQUIREMENTS (For Read. Write. Read-Modify-Write. Refresh. and Page-Mode Cycles) 
(Ta ~ 0 - 70~. Voo= 12V ± 10%. VCC = 5V t 10%. V SS~ OV. -5. 7V s:VssS: -4. 5V. unless otherwISe noted. See notes 6. 6. and 7.) 

M5K 4116 P-2. 5-2 M5K4116P-3.S-3 M5K 4116 P-4. 5-4 
Alternative 

SymbGl Parameter Symbol limits Limits Limits Unit 

Min Max Min Max Min Max 

leiREF) Refresh cycle time tREF 2 2 2 ms 

IWiRASH) R A S high pulse width tRP 100 120 150 IlS 

IWiRASLi R A S low pulse width tRAS 150 10000 200 10000 250 10000 IlS 

IWiCASLi CAS low pulse width (Note 8) tCAS 100 135 165 IlS 

IhIRAS-CAS) CAS hold time with respect to R A S tCSH 150 200 250 ns 

th (CAS-RAs) R A S hold time with respect to' CAS tRSH 100 135 165 IlS 

IdIRAS-CAS) Delay time. R A S to CAS (Note 9) IRoo 20 50 25 65 35 85 ns 

Id(GAS-RAS) Delay time. CAS to RAS 10RP -20 -20 -20 ns 

tSU(RA-AAS) Row address setup time with respect to R A S tASR 0 0 0 ns 

Isu(CA-CAs) Column address setup time with respect to CAS tASC -10 -10 -10 ns 

IhIRAS-RA) Row address hold time with respect to R A S tRAH 20 25 35 IlS 

IhleAS-CA) Column address hold tme with respect to CAS tOAH 45 55 75 ns 

IhIM'S-CA) Column address hold time with respect to R A S tAR 95 120 160 ns 

IrHL 
Transition time tT 3 35 50 3 50 tTLH 3 ns 

Note 5 After power supply is applied. some eight dummy cycles are required before memory operation IS achieved. RASjCAS 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 3p:s before the dummy cycles. or to keep the RAS high 

pulse width tW(RASH) more than 3p:s for a minimum of one dummy cycle. 

The switching characteristics are defined as tTHL -= tTLH':O:O 51ls 

7; Reference levels of Input signals are V,Hl mlll.VIH2 mil) and VIL max· Reference levels for tranSItion time are also betweenVIHl or VIH2 and V,L 

8 Assumes that td (RAS- CAS) £: td (RAS-CAS) max If td (RAS- cAs) < td (RAS- CAS) ma x' tW{CASL) will be increased by the amount that td (RAS-CAS) 

has decreased. 

: The maximum value of td(RAS-CAS) does not define the limit of operation. but is specified as a reference pOint only; If td(RAS-CAS) IS greater than the specified 

td(RAS-CAS) max IimiL then access time IS controlled exclusively by taWAS). 

SWITCHING CHARACTERISTICS lTa~0-70"c. VDD=12V±10%. Voo~5V±1O%. VSs=OV. -5.7VS:VSB$;-4.5V.unlessotherwisenotea 

Read Cycle 

M5K4116 P-2, S-2 

Symbol Parameter Alternative 
limits 

Symbol 
Min Max 

IC(RD) Read cycle time tAO 320 

IsuIRD-CAS) Read set-up time With respect to CAS tRCS 0 

Ih(CAS-RD) Read hold time With respect to CAS tROH 0 

Ih (CAS-OUT) Data-out hold time tOFF 0 40 

la(CAS) CAS' access time (Note 10) tOAO 100 

laIRAS) R A S access time (Note 11) tRAC 150 

Note 10 This IS the value when td (RAS-CAS) ~ td (RAS-CAS)max Test conditIOns. Load = 2T T L . CL=l OOpF 

11 This IS the value when td (RAS-CAS) < td (RAS-CAS)max When td (RAS-CAS) ~ td(RAS-CAS) max-

M5K4116 P-3. 5-3 

Limits 

Min Max 

375 

0 

0 

0 50 

135 

200 

ta (RAS) increases by the amount of Increase of td (RAS-CAS) Test conditions. Load =. 2T T L , CL=1 OOpF 

Write Cycle 

Symbol Parameter 

le(WR) Write cycle time 

ISU(WR-GAS) Write set-up time with respect to CAS (Note 12) 

Ih (CAS-WR) Write hold time with respect to CAS 

IhIRAS-WR) Write hold time with respect to R A S 

Ih(WR-RAS) R A S hold time with respect to write 

th(WR-GAS) CAS hold time with respect to write 

tWIWR) Write pulse width 

tSU(OA-CAS) Data-in setup time with respect to CAS 

Ih(CAS-DA) Data·in hold time with respect to CAS 

Ih(RAS'DA) Data¥in hold time with respect to R A S 

4-16 

M5K4116 P-2. S-2 
Alternative 

limits 
Symbol 

Min 

tRO 320 

twcs -20 

tWOH 45 

tWOR 95 

tRWL 50 

towL 50 

twp 45 

tDS 0 

tDH 45 

tDHR 95 

• MITSUBISHI 
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Max 

M5K4116 P-3. 5-3 

limits 

Min Max 

375 

-20 

55 

120 

70 

70 

55 

0 

55 

120 

M5K 4116 P-4. 5-4 

limits Unit 

Min Max 

410 ns 

0 ns 

0 ns 

0 60 ns 

165 ns 

250 ns 

M5K 4116 P-4. 5-4 

Limits Unit 

Min Max 

410 ns 

-20 ns 

75 ns 

160 ns 

85 ns 

85 ns 

75 ns 

0 ns 

75 ns 

160 ns 



MITSUBISHI LSls 

MSK 4116 P-2, 5-2; P-3, 5-3; P-4, 5-4 

16 384·BIT (16 384·WORD BY 1.BIT) DYNAMIC RAM 

Read-Write and Read-Modify-Write Cycles 
M5K 4116 P-2, S-2 M5K 4116 P-3, S-3 M5K 4116 P-4, S-4 

Parameter 
Alternative 

Limits Limits Limits Symbol symbol 
Min Max Min Max Min 

IcIRMW) Read-modify-write cycle time tAWO 320 405 500 

ICIRW) Read-write cycle time IAWC 320 375 425 

IhIWR-RAS) R A S hold time. with respect to write tAWL 50 70 85 

IhIWR-CAS) CAS hold time with respect to write tOWL 50 70 85 

IWIWR) Write pulse width twp 45 55 75 

'SUIRD-CAS) Read setup time with respect to CAS. tACS 0 0 0 

'dIRAS-WR) Delay time_ RAS to write (Note 12) tAwO 110 145 175 

Id(CAS-WR) Delay time_ CAS to write (Note 12) towo 60 80 90 

IsuIDA-WR) Data-in set-up time with respect to write tos 0 0 0 

Ih(WR-DA) Data-in hold time with respect to write tOH 45 55 75 

IhICAS-OUT) Data-out hold time with respect to CAS tOFF 0 40 0 50 0 

laICAS) CAS access time (Note 10) tCAO 100 135 

laIRAS) RAS access time (Note II) tAAO 150 200 

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. arid the data output keeps the high-impedance state. 

When td(AAS-WA) <::: td (RAs-WA)mln and td(CAS-WA) <::: td (CAS-WA) min _ a read-modify-write cycle is performed. and the data 

of the selected address will be read out on the data outputs. 

For all conditions other than those described .above the condition of data output is not defined. 

Page-Mode Cycle 

Max 

60 

165 

250 

M5K 4116 P-2, S-2 M5K 4116 P-3, S-3 M5K 4116 P-4, S-4 

Symbol Parameter 

tc(PG) Page-mode cycle time 

tW(CASH) CAS high pulse width 

Alternative 
symbol 

Min 

tpo 170 

tcp 60 

• MITSUBISHI 
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limits LImits Limits 

Max Min Max Min Max 

225 275 

80 100 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 
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MSK4116 P·2, 5·2; P·3, 5·3; P·4,· 5 .. 4 

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

r-r-------------tC(RO)--'------~-------__4 

TIMING DIAGRAMS 
Read Cycle 

r----------tW(RASL)------------<-i 

r---------th(AAS-CAS)------------"--I1 

V,HI _-----..... 1 t------th(AAS-CA)----~-~1 

R W 

DOUT 

V,L -

VIH1-

V,L -

VIH1-

I I 
----<_+----'-th (CAS- RAS)-----,-o-l 

f-----7- t W(CASL)'-------

COLUMN 
ADDRESS 

V,L -....l(.;"""~t::.i.I.oi.U~,i;..;.U::.1:iJ L-ta (CAS)------I 

r--------ta(RAS)--------~ 

VOH -
---------- HIGH-IMPEDANCE STATE --------+~ DATA VALID 

VOL -

Write and Early Write Cycles 

Ao ~ A6 

R/W 

DOUT 

4-18 

r----------------tC(WA)--------------------~ 

1----------------- t W(AASL)---------------------1 

_____ """ 1 I---------------th (RAS-CAS)-----------------.. -ll 
V,Hl - 1-----th(AAS-CA) I 
V,L -

VIH1-

i-o-----'-----th (CAS- AAS) --------'--1 

-~_+-----'------tW(CASL) -------1 

V,L -~~~~~~~~~~--~--~---~~~~~~~JW~~~~~~LJ~~JW~~JW~ 

VIH2-~~~~~~~j\,~~\A~ 

V,L -':O";.:.:.:...lI..l(.:.;.U~4-.:L.l~~'.:.IJ 

I--------t h (AAS-OA)----------<-j 

VOH -
VOL ---------------- HIGH-IMPEDANCE STATE --------------------

• MITSUBISHI 
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MITSUBISHI LSI. 

MSK 4116 P-2, 5-2; P .. 3, 5-3;P-4,. 5-4 

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

Read-Write and Read-Modify-Write Cycles 

Ao-A6 

R/W 

DOUT 

D'N 

~~-----------------------------tO(RMW)----------------------------------__ ~ 

~-------------------------tW(RASL)--------------------------__ -4 
1-------_----------------th(RAS-CAS)------------------------_-l 

I-----th (RAS-CA)-----------fl 

VIH1- AI\.IV""VV 

V,L -~~~~"~:t..J/ 

I------:----------th (CAS-RAS)----------------:-I 

-----I-------'----------tW(CASL)---------------I 

COLUMN 
ADDRESS 

,ltd (RAS-WR) 

1-. _---td(CAS-WR)-------l 

--.....;.-----HIGH-IMPEDANCE STATE -----~~ 
VOH -

VOL - I. I---------------ta (RAS)------------------l 

V'H2-

V'L -

RAS-Only Refresh Cycle 

RAS 

Ao-A6 

DOUT 

i----------------------tC(RD) ----------------------___ -1 

!-----tW(RASL)-------f ------------------1 ,,---------------~I 
V'H'-

V'L -

V'H2-

V'L -

VOH -

----------------- HIGH-IMPEDANCE STATE ----------------
VOL -

Note 13: CAS=V'H', R/W=don', care. 

.MITSUBISHI 
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mlT~UBI5HI L51s 

MSK 4116 P-2, 5-2; P-3, 5-3; P-4, 5-4 

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

Page-Mode Read Cycle 

~~----------------------------tW(RASL)----------------------------------~ 

RAS 

AO-AS 

DOUT 

R/W 

VIH1-

V,L -

V,H2 -

V,L -

~th(CAS-RD) VIH1_~~~~~~----------------~~~~-------------------f/j'~----------------------------~~~~~~~~~~ 
V,L - .......... ,.,..;.g 

Page-Mode Write Cycle 

Ao-As 

R/W 

D,N 

Note 14; 

4--20 

VIH1-

V,L -

~--------------------------------tW(RASL)------__________________________ ~ 

Indicates the don't care input. 

The center-line indicates the high-impedance state. 

• MITSUBISHI 
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MIT SUB ISH I Lsis 

MSK 4116 P-2, 5-2; P-3, 5-3; P-4, 5-4 

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

TYPICAL CHARACTERISTICS 

NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE Voo 

1.4 

Ta= 25"C 

2 

........... 

~ 0 --r--

8 

O. 6 
10 11 12 13 14 

SUPPLY VOLTAGE VDD(V) 

NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE Vss 

1.4..---,.----,-----,------, 

Ta =25"C 
,U; 

i~ 1.21---+---+---+---1 

~ 
;:: 
~ 1. 01------1---+---+---1 

~ 
o 
w 
~0.8'~--1----r--~--~ 

::; 
[5 
z 
0.6L---:-l-:----:.l-:--~::---....".-I 
-4.0 -4.5 -5.0 -5.5 -6.0 

SUPPLY VOLTAGE VSS(V) 

NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE Vee 

1.4..---,.-----,---.....,-----, 

Ta=25"C 

I~ 1.21---+---+---+---1 
:J 
w 
::; 
;:: 
~ 1. 01------1---+---+---1 

a 
o 

~0.8r---+---+---+--_I 
:§ 
a: a z 

0.6!-::-_......, ........ __ "..",..-_..."...,,--_....,,.-I 
4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE Voc(V) 

NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 

1.4 
VDD= 12V 
Vco=5V 
Vss= -5V 

2 

~ 
~ 

O~ 
~ 

25 50 75 100 

AMBIENT TEMPERATURE Ta("C) 

AVERAGE SUPPLY CURRENT FROM Voo. 
OPERATING MODE VS. SUPPLY VOLTAGE 

0 

Ta =25i 

Vss=-4.5V 

0 
tc= 375n8 

-j...---~=500n8 
0 

r--- ~o=750n8 -~ -I-
0 

o 
10 11 12 13 14 

SUPPLY VOLTAGE VDD(V) 

AVERAGE SUPPLY CURRENT FROM Voo. 
OPERATING MODE VS. AMBIENT TEMPERATURE 

40 

o 
o 

VDD=13.12V 
Vss=-4.5V 

t o =375n8 

tl = 500n8 

I 
t o -750n8 

25 50 75 100 

AMBIENT TEMPERATURE Ta("C) 

• MITSUBISHI 
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IIIlTltUliniHI L51S 

MSK41,16 P",2, 5.2; P.3, 5·3; P.4,S .. 4 

16 384·BIT (16 384.;.WORD BY I-BIT) DYNAMIC RAM 

4-22 

AVERAGE SUPPLY CURRENT FROM Voo. 
OPERATING MODE VS. FREQUENCY 

4 0 
Ta=25"C 

Voo= 13.2V 

/ o VBB=-4.5V 

0 1/ 
/ 

0
1

/ 

0 
2 3 4 

FREQUENCY f (¢) (MHz) 

SUPPLY CURRENT FROM Voo. 
STANDBY MODE VS. SUPPLY VOLTAGE 
1.4 

Ta =25"C I 
VBB=-4.5V 

./ 
V 

, ,/ 
0.6 

10 11 12 13 

SUPPLY VOLTAGE VOO(V) 

SUPPLY CURRENT FROM Voo. 

14 

STANDBY MODE VS. AMBIENT TEMPERATURE 
1. 4 

Voo= 13.12V 

VBB=-4.5V 

2 

at--- -r--t--

8 

O. 6 o 25 50 75 100 

AMBIENT TEMPERATURE Ta("C) 

AVERAGE SUPPLY CURRENT FROM'Voo • 
REFRESH MODE VS. SUPPLY VOLTAGE 

201.----....---..,..........,,.----=,......, 
6 Ta=25"C 

" > 
::; 151----d.".o""""'-'---l--
~ 
~;; 

~~ o g 10~--+---~~~~~~~ 
,.
~w 
"-0 
:00 
"'::; 
~.~ 51---+----l----+--~ 

ffi~ >w 
«<r 

11 12 13 

SUPPLY VOLTAGE Voo(V) 

14 

AVERAGE SUPPLY CURRENT FROM Voo. 
REFRESH MODE VS. AMBIENT TEMPERATURE 

" " > 
~ a:. 
I-~ 
iii E 
<r ~ 
a: '" 

5 

2 a 

o g 15 

~UJ 
"-0 
:00 
"'::; 

~ V5 1 
ffi~ 
>tt 
«<r 

a 

5 o 

-, 
Voo= 13.2V 

VBB=-5.5V 

t C(REF)-375ns 

T 
tC(REF) 500ns 

r 
tC(REF) = 750ns 

25 50 75 100 

AMBIENT TEMPERATURE Ta ("C ) 

AVERAGE SUPPLY CURRENT FROM Voo. 
REFRESH MODE VS. FREQUENCY 

25 
Ta =25"C 

V Voo=13.2V 

VBB=-4.5V 
a -; 
5 1/ 

0 
/ 

V 
/ 

5 o 4 

FREQUENCY f (¢) (MHz) 
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MITSUBISHI LSls 

MSK 4116 P.2, 5.2; P·3, 5·3; P.4, 5-4 

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

AVERAGE SUPPLY CURRENT FROM Voo,. 
PAGE MODE VS. SUPPLY VOLTAGE 

20r-----,-----,-----,-----, 

" o 
> 
::;; 

~ 
f
Z 
w ~ 

Ta =25"C to (PG) = 250ns 

15r------r--~~~----4-----_4 

~ « a ~ 10r---~1F--~~~~~~~~_i 
>- 0 

&.9 
DS~ 
~ ~ 5r------r-----1------t-----_i 
o:w 
~~ 
«0.. 

11 12 13 14 

SUPPLY VOLTAGE Voo(V) 

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

2 0 
Voo-13.2V. Vss=-4.5V _I. 

t o (PG)-250ns 

5 

to(PG)=375ns 

to(PG)-500ns 

0 

5 

0 o 25 50 75 100 

AMBIENT TEMPERATURE Ta("C) 

AVERAGE SUPPLY CURRENT FROM Voo. 

o 
o 
> 

20 

~ 15 
fz w ~ 

§§~ 
u":;; 10 
>- 0 
--" 0 
il::-
V5~ 
wO 

~ ~ 5 
we:> >« « 0.. 

o 
o 

PAGE MODE VS. FREQUENCY 

Ta=25'C ' 

Voo=13.2V 

./ Vss=-4.5V 

V 
io""'" 

L 

/ 
V 

2 

FREQUENCY f(¢)(MHz) 

RAS, CAS, R/W INPUT VOLTAGE 
V,HIo V,L, VS. SUPPLY VOLTAGE 

2: 25 

--' 
> 

~ 20 
> 
w 

~ 
~ 1.5 
f-

~ 
~ 

~ 
;;: 1. 0 

I~ 

1 
Ta=25'C 

Vss=-5V 

-

len 0.5 
« 10 
a: 

11 

J 
~'(mln) 

.1. 
V,L1(max) -

12 13 14 

SUPPLY VOLTAGE Voo(V) 

RAS, CAS, R/W INPUT VOLTAGE 
V'H', V,L, VS. SUPPLY VOLTAGE 

;- 2.5 

--' 
:> 

~ 2.0 
> 
w 

~ 1. 5 
f
::> 
0.. 
~ 

~ 
;;: 1.0 

I~ 

Ta =25'C1 

Voo= 12V 

len 0.5 
~ -4.0 -4.5 

I V,H,(mln) 

0'L ,(max) -

-5.0 -5.5 -6.0 

RAS, CAS, R/W INPUT VOLTAGE 
~ V'H1, V,L1 VS. AMBIENT TEMPERATURE 
2. 2. 

--' 
:> 

5 

Voo= 12J 

Vss=-5V 

52 . 0 - V,H,(min) w 

~ o 
> 1. 
f-

~ 
~ 

~ 

5 

;;: 1. 0 

I~ 
leno.5 
« 0 
a: 

"[,(max) 

25 50 75 100 

AMBIENT TEMPERATURE Ta('C) 

• MITSUBISHI 
..... ELECTRIC 4-23 

II 



MITSUBISHI LSls 

MSK4116 P-2, 5-2; P-3, 5-3; P-4, 5-4 

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

'j 
:> 

5 

1!2.0 
:> 
w 
co 

~ 
§2 1. 5 
t
::l 
Il. 
~ 

Z 
01.0 

-£ 
I 

~0.5 

2. 
> 
'j 

:> 
~2. 
I 

:> 
w 

~ g 1. 

t-

fi' 
~ 
z 1. 
o 
-£ 
~o. 

5 

0 

5 

0 

5 

INPUT VOLTAGE Ao-As. D'N VS. 
SUPPLY VOLTAGE V,H2. V,L2 

Ta=25J 

Vss=-5V 

Z2(mln) 

- ,I, 
V,L2(max) 

10 11 12 13 14 

SUPPLY VOLTAGE Voo(V) 

INPUT VOLTAGE Ao-As. D'N VS. 
SUPPLY VOLTAGE V,H2. V,L2 

Ta =25·cl 
Voo=12V 

V,H2(mm) 

I 
V,L2(max) 

'" 

INPUT VOLTAGE Ao-As. D'N VS. 
AMBIENT TEMPERATURE V,H2. V,L2 
5 

'j 
:> 
~2.0 
:> 

-£ 
I 

c.1 o. 

RAS 

5 

Voo= 12l 

Vss=-5V 

V,H2(min) 

V,L2(max) 

25 50 75 100 

AMBIENT TEMPERATURE Ta( 'C) 

SUPPLY CURRENT VS. TIME 

LONG RAS/CAS CYCLE 

RAS ONLY CYCLE 

E CAS 
If) 
If) 

'" -4.0 4.5 5.0 5.5 6.0 

1. 2 

I~ 
51. 1 

1. 0 

o. 9 

o. 8 

SUPPLY VOLTAGE Vss(V) 

NORMALIZED ACCESS TIME VS. 
LOAD CAPACITANCE 

..-=--: ~ 

~ --
50 100 150 

LOAD CAPACITANCE (pF) 

200 
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MSL 2101A P, 5; P-2, 5-2; P-4, 5-4 

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. 

FEATURES 

Parameter M5L2101AP,S-2 M5L 2101 AP,S M5L2101AP,S-4 

Access time (max) 250ns 350n8 450n8 
---~ 

Cycle time (min) 250n8 350n8 450n8 

• Low power dissipation: 150tlW/bit (typ) 

• Single 5V supply voltage 

• 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 0 R-tie capability 

• Simple memory expansion by chip select input 

• Separate data inputs and outputs 

• Interchangeable with Intel's 2101A series in pin configu
ration and electrical characteristics 

APPLICATION 
• Small-capacity memory units 

FUNCTION 
These devices provide separate data input and output 
terminals. During i1 write cycle, when a location is desig
nated by address signals Ao-A7 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 Ao-A7 and R/W goes high, data of the 
designated address is available at the DO term ina!. 

When signal CS 1 is high or CS2 is low, the chip is in the 

BLOCK DIAGRAM 

ADDRESS 
INPUTS 

A6 
A7 

1------'--

(f)cr: 
(f)W 

256·WORD x 4·BIT 

RAM 

(32 ROWS X 

32 COLUMNS) 

~ § 1-+---' 
o u 
ow 
<! 0 

I 
L._._._. 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUTS 

DATA INPUT 

DATA OUTPUT 

DATA INPUT 

Vee (5V) 
ADDRESS INPUT 

20 - R/W READ/WRITE INPUT 

19 -CS \ CHIP SELECT INPUT 

18 .... OD OUTPUT DISABI~~UT 

17 .... CS 2 CHIP SELECT INPUT 

DATA OUTPUT 

DATA INPUT 

DATA OUTPUT 

DATA INPUT 

DATA OUTPUT 

Outline 22P1 (M5L2101AP) 
22S1 (M5L2101AS) 

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 00 is high, the output is in the floating 
state, so that 00 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. 

-_._---_., 
~vee (5V) 

~ GND (OV) 

R/W DI\DI2DI3DI4 OS; CS2 OD 

READ/WRITE 
INPUT DATA INPUT CHIP SELECT INPUTS 

• MITSUBISHI 
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MSL 2101A P, 5; P-2, 5-2; P-4, 5-4 

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

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Limits 

Vee Supply voltage -0.3-7 

V, Input voltage With respect to GND -0.3-7 

Vo Output voltage -0.3-7 

I MSL 2101 AP 700 
Pd Maximum power dissipation Ta=25'C 

I MSL 2101AS 1000 

Topr Operatjng free-alf ambient temperature range 0 70 

IMSL21D1AP -40-125 
Tstg Storage temperature range 

I MSL2101AS -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta =0 -IO'C. unless othe,w<se notedl 

limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.75 5 5.25 V 

V,L low-level Input voltage 0 0.8 V 

V,H High-level Input voltage 2.2 Vee V 

ELECTRICAL CHARACTERISTICS (Ta =0 -70'C. Vee =5V ±5% unless otherw<se notedl 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

V,H High-level Input voltage 2.2 Vee 

V,L Low-level Input voltage 0 0.8 

VOH High-level output voltage IOH=-200,uA 2.4 

VOL low-level output voltage IOL =3. 5mA 0.45 

II Input current VI=O -5.25V 10 

10ZH Off-state high-level output current V,(esl)=2.2V. VO=2.4V-Vee 10 

IOZL Off-state low-level output current V,(est)=2.2V, VO=0.4V -10 

Icc Supply current from V CO VI =5. 25V (all Inputs). output open. Ta=2S'C 30 60 

Ci Input capacitance. all inputs V,=GND. f=lMHz,. 25mVrms 3 5 

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

Note 1 Current flOWing Into an Ie IS pOSitive. out IS negative 

SWITCHING CHARACTERISTICS (For Read Cycle) lTa=0-70'C. Vee=5V±5%. unless othe,wise notedl (Note 21 

M5L 2101 AP, S~2 M5L 2101AP, S 

Symbol Parameter limits limits 

Min Typ Max Min Typ Max 

tC(RO) Read cycle time 250 350 

ta(AD) Address access time 250 350 

tales) Chip select access time 180 180 

ta(OD) Output disable access time 130 150 

tpxz Output disable time (Note 3) 100 100 

tdv(AD) Data valid time with respect to address 40 40 

Note 2 Test conditions Input pulse VIH= 2 . 2V, V IL = o. BV t r - t f - 20ns ; reference level ~1 5V. load=2TIL. C L = 1 OOp F 

Note 3 tpxz is With respect toCSI, CS2. or 00. whichever occurs first 

M5L 2101 AP, S~4 

Limits 

Min Typ Max 

450 

450 

180 

150 

100 

40 

TIMING REQUIREMENTS (For Write Cycle) lTa=0-70'C, Vee=5V±5% . unless othe,wlSe notedl (Note 21 

M5L 2101AP. S~2 M5L 2101AP. S M5L 2101AP, S~4 

Symbol Parameter 

tC(WR) Write cycle time 

tW(WR) Write pulse width 

tSU(AD) Address setup time With respect to write 

twr Write recovery time 

tSU(OD) Output disable setup time With respect to data In 

tSU(DA) Data setup time 

thiDA) Data hold time 

tsu (es) Chip select setup time 

4-26 

Limits 

Min Typ Max 

170 

150 

20 

0 

20 

100 

0 

150 

• MITSUBISHI 
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Limits limits 

Min Typ Max Min Typ Max 

220 270 

200 250 

20 20 

0 0 

20 20 

150 170 

0 0 

200 250 

Unit 

V 

V 

V 

mW 

mW 

'c 
'c 
'c 

Unit 

V 

V 

V 

V 

,uA 

,uA 

,uA 

mA 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MITSUBISHI LSls 

MSL 2101A P, 5; P-2, 5-2; P-4, 5-4 

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

TIMING DIAGRAMS 
Read Cycle 

IC(RD) 

Write Cycle 

CSt 

IC(WR) 

I su (OS) 

INote4)D 

~--------------------~---------+------
00 

01 

R/W 

Note 4 Hatching Indicates the state IS unknown 
lsu (AD) 

Isu (OA) 

DATA IN 
STABLE 

IW(WR) 

Indicates that during this penod the data out IS Invalid for this definition of tdV(AO) and IS In the floating state for this definition of tpxz 

00 may be kept low for the full cycle except dUring common Input/output operation 

POWER-DOWN OPERATION (OPTIONAL) These ch~racteristics are guaranteed only under custom specifications. 

Electrical Characteristics ITa=0-70'C. unless othecwise noted) 

Symbol Parameter Test conditions 

VOC(PO) Power-down supply voltage 

2.2V~Vco(po)~VCC 
V, (c511 Power - down chip select Input voltage 

1.5V~Vcc(po);£2.2V 

I CC(POt) Power-down supply current from V cc Vcc=I.5V.alllnputs=1 .5V 

I CC(PDZ) Power-down supply current from Vee Vcc=2.0V. all inputs =2 OV 

Timing RequirementsITa=0-70'c, Vcc=5V±5%. unless othecwise noted) 

Symbol Parameter 

tsu(PO) Power-down setup time 

tR(PO) Power- down recovery time 

Timing Diagram 

VCC------------~I 

Test conditions 

• MITSUBISHI 
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Limits 

Min Typ 

1.5 

2.2 

VCC(po) 

15 

20 

Limits 

Min Typ 

a 

IC(RO) 

lh (OA) 

DATA IN 
CAN CHANGE 

lwr 

Unit 
Max 

V 

V 

V 

30 mA 
40 mA 

Max 
Unit 

ns 

ns 
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M5L 210lA P, 5; P-2, 5-2; P-4, 5-4 

1024·BIT (256.WORD BY 4·BIT) STATIC RAM 

TYPICAL CHARACTERISTICS 

ADDRESS ACCESS TIME VS. ADDRESS ACCESS TIME VS. 
AMBIENT TEMPERATURE LOAD CAPACITANCE 

500 
(f) Vee~4.75V 

50 -;; 0 
Vee=4.75V 

S 
0 
:5 400 

LOAD -2TTL 
CL =100pF 

S 
0 
" 40 

LOAD - 2 TTL 
Ta .: 2S"C 

0 

'" '" 
w w 
:;; 

300 ;:: 
[/) -~ 

:;; 30 ;:: 
</) 

0 

[/) rtl w 
tl 

200 « ----~ w 
U 

~ 20 ol,......-~ 
I'"" 
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~ 
w cr: 
Q 
Q 100 « 

5 

-;: 
~ 4 
o 
> 
w 3 

~ 
>-- 2 

~ 
o 

~ 
1 

o 
o 20 40 60 80 

AMBIENT TEMPERATURE T a ("C) 

DATA INPUT/OUTPUT 
TRANSFER CHARACTERISTICS 

Vee=5V 

Ta=25"C 

2 3 4 

DATA INPUT VOLTAGE VI (oAl (V) 

</) 
rtl w 
cr: 
0 
Q 
« 

100 

5 

« 
E 

10 0 

o 

50 

~ 40 

" 9 

'" ;; 30 

20 

10 

o 
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o 

o 

100 200 300 400 500 

LOAD CAPACITANCE CL( pF) 

SUPPLY CURRENT FROM Vee 
VS. SUPPLY VOLTAGE Vee 

Ta =2S"C 

~ --~ 

/ 
I 

2 3 

SUPPLY VOLTAGE Vee (V) 

5 



MITSUBISHI LSls 

MSL 2102A P-4, 5-4 

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

DESCRIPTION 

This is a family of 1024-word by 1-bit N-channel silicon
gate MOS static RAMs, designed for appli'cations 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: 450ns (max) 

• Low power dissipation: 100l-lW/bit (typ) 

• Single 5V power supply 

• 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 capabil ity 

• 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 Ao-A9 and R/W goes low, DIN at that 
time is written; during reading operation, when a location 
is designated by address signals Ao-A9 and R/W goes high, 

data of the designated address is available at the DOUT ter

minal. 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUTS 

READ/WRITEc INPUT 

ADDRESS INPUTS 

ADDRESS INPUTS 

CHIP SELECT INPUT 

12 -+ DOUT DATA OUTPUT 

11 ... D,N DATA INPUT 

Vee (5V) 

GND (QV) 

Outline 16P1 (M5L2102A P-4) 
16S1(M5L2102AS-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 0 R-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. 

r-'-- . __ . __ . __ ._-_., 

ADDRESS 

INPUTS 

~ 
ffi 
0 
0 

~ 10 ~ 
"' 0 
f- <f) 

12 iil 
<; ce 

0 
x 0 

"" x 

ffi 
~ 0 

0 

~ 
10 

~ 
CD 0 

f- (f) 

~ ~ Cl. ce. <; 0 
>- 0 

"" >-

32 

32 

1024·WORD x 1·81T 

RAM 

(32 ROWS x 

32 COLUMNS) 

~VCC 
~GNO 

I 

(5V) 

(OV) 

DATA 
OUTPUT 

CHIP SELECT 
INPUT 

L. ____ . __ . __ . __ 
D,N DATA INPUT R/W READ/WRITE INPUT 
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MSL2102AP-4,S-4 

1024 .. BIT (1024-WORD BY I-BIT) STATIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage With respect to GND 

Vo Output voltage 

I M 5L21 02A P-4 
Pd Power dissipation Ta =2S·C 

I M5L21 02A S-4 

Topr Operating free-air temperature range 

I M5L21 02A P-4 
Tstg Storage temperature range I M5L21 02A S-4 

RECOMMENDED OPERATING CONDITIONS (Ta = 0 - 70·C . unless otherwISe noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vec Supply voltage 4. 75 5.0 5.25 V 

VIL Low-level input voltage 0 0.65 V 

VIH High-level input voltage 2 2 Vee V 

ELECTRICAL CHARACTERISTICS (Ta =0 -70·C, Vee= 5V ± 5% . unless otherwISe noted) 

Symbol Parameter Test conditions 

VIH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage IOH=~200"A 

VOL low-level output voltage IOL=2.1mA 

II Input current VI =0-5.25V 

IOZH Off-state high-level output current VI(es)=2.2V, VO=2.4V-Vee 

IOZL Oft-state low-level output current VI(es)=2.2V, VO=0.4V. 

Icc Supply current from Vee VI =5.25(all inputs). output open. Ta = 25"C 

C, Input capacitance .. all inputs VI=GND. Vi=25mVrms , 1=1 MHz 

Co Output capacitance Vo=GND, Vo =25mVrms. 1=IMHz 

SWITCHING CHARACTERISTICS (Ta =0-70'C. VCC=5 V ±5%. unless otherwISe noted) 

Read Cycle 

Symbol Parameter 

tG(RD) Read cycle time 

ta(AD) Address access time 

ta(cs) Chip select access time 

tdv (AD) Data valid time with respect to address 

tdv(CS) Data valid time with respect to chip select 

4-30 

Test conditions 

Input pulse VIH=2.2V 

VIL=0.65V 

tr=tl=20ns 

Reference level 1.5V 

Load ~lTTL, CL=100pF 

.MITSUBISH. I 
;"ELECTRIC 

Limits Unit 

~0.3 7 V 

~0.3- 7 V 

~0.3-7 V 

700 mW 

1000 mW 

0-70 ·C 

~40-12S ·C 

~ 6S-150 ·C 

Limits 
Unit 

Min Typ Max 

2.2 Vcc V 

0 0.65 V 

2.4 V 

0.4 V 

10 /LA 

10 IlA 

~10 /LA 

20 40 mA 

3 5 pF 

7 10 pF 

Limits 
Unit 

Min Typ Max 

450 ns 

450 ns 

230 ns 

40 ns 

0 ns 



MITSUBISHI LSls 

MSL 2102A P-4, 5-4 

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

TIMING REQUIREMENTS ITa=0-70'C. Vcc=5V±5% unless otherwISe noted I 

Write Cycle 

Symbol 

to(WRI Wnte cycle time 

tSU(AD) Address setup time 

tW(WR) Write pulse width 

thiDA) Data hold time 

tsu (DA) Data setup time 

tWR Write recovery time 

tSU(CS) Chip select setup time 

TIMING DIAGRAMS 
Read Cycle 

Ao~ Ag 

CS 

R/W 

DOUT 

Parameter 

to(RD) 

ta (6S) 

POWER-DOWN OPERATION 

Test conditions 

Input pulse VIH=2.2V 

VIL=0.65V 

tr=\j=20ns 

Reference level = 1.5V 

Load~lTTL . CL= 100pF 

Write Cycle 

R/W 

DATA CAN CHANGE 

Electrical Characteristics (T a = 0 - 70'C unless otherWise noted I 

Symbol Parameter Test conditions 

VCC(PD) Power -down supply voltage 

2 .2V ~VCC(PD) ~Vcc 
VI(CS) Power-down chip select voltage 

t .5V~VCC(PD)~2.2V 

ICC(PDt) Power -down su pply current VcC=I.5V. all inputs=1.5V 

ICC(PD2) Power-down supply current VCC=2.0V. all inputs=2.0V 

Note Current flowing Into an Ie is positive; out is negative. 

Timing Requirements (Ta=0~70'C. Vcc=5V ±5%. unless otherwise notedl 

Symbol Parameter 

~(PD) Power -down setup time 

tR(PD) Power-down recovery time 

Timing Diagram 

Vec 

VeC(PD) 

Test conditions 

• MITSUBISHI 
~ELECTRIC 

limits 
Unit 

Min Typ Max 

450 ns 

20 ns 

300 ns 

0 ns 

300 ns 

0 ns 

300 ns 

tC(WR) 

DATA STABLE 

Limits 
Unit 

Min Typ Max 

1.5 V 

2.2 V 

VCC(PD) V 

13 25 rnA 

15 30 rnA 

Limits 
Unit 

Min Typ Max 

0 ns 

to(RD) ns 
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MITSUBISHI LSls 

MSL 2102A P-4,S-4 

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

TYPICAL CHARACTERISTICS 
ADDRESS ACCESS TIME VS. 

soo AMBIENT TEMPERATURE 
VCC-4.7SV 

LOAO=1TTL 

C; 400 
::-

CL= 100pF 

V 
-.......-

~ 
.300 

200 

100 

.......-
",.-

20 40 60 80 100 

AMBIENT TEMPERATURE T a ("C) 

DATA INPUT-OUTPUT TRANSFER 
CHARACTERISTICS 

o 

Voo=SV 

Ta =2S"C 

VILmax V1Hmin 

LIMIT LIMIT 

2 

DATA INPUT VOLTAGE VI(DA) (V) 

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

-10 

" \ Voo=4.7SV 

\ Ta = 2S"C 

~\ 
Ta=70-N 

r\. , 
\. , 

" o ~ 
2 3 4 

HIGH·LEVEL OUTPUT VOLTAGE VOH (V) 

ADDRESS ACCESS TIME VS. 

SOO 
LOAD CAPACITANCE 

VCC-4.7SV 

'" c: 
LOAD=1TTL 

:::400 
51 
~ 
~ 300 
>= 
~ 
UJ 

13 200 
-0: 

~ 
gs 100 
Q 
-0: 

o 
o 

Ta=2S"C 

_I-" --

100 200 300 400 SOO 

LOAD CAPACITANCE CL (pF) 

LOW-LEVEL OUTPUT CURRENT VS. 

-0: 
E 

LOW-LEVEL OUTPUT VOLTAGE 

VOO=4.7SV Ta =2S"C 

Ta=70"C 
~ 10r----+----+---~~~,_---; 
o 

0.2 0.4 0.6 0.8 1.0 

LOW·LEVEL OUTPUT VOLTAGE VOL (V) 

SUPPLY CURRENT FROM Vee VS. 
SUPPLY VOLTAGE Vee 

Ta =2S"C 

,.. ..-
""'-~ 

~ 
/ 

/ 

2 3 4 

SUPPLY VOLTAGE Voo (V) 
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MITSUBISHI LSls 

MSL 2107BP, 5 

4096-BIT (4096-WORD BY I-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: 

• Fast cycle time: 

• Low active power: 
• Low standby power: 

200ns (max) 

400ns (min) 

300mW (typ) 
O.03J,lW!bit (typ) 

• Voltage range for all power 

supplies(VDD. Vee, Vee): ±10% 

• Refresh interval: 2ms (Ta = 0-70°C) 

• Refresh addresses: Ao, AI, A 2 , A 3 , A 4 , As 

• All inputs except CE terminal are directly TTL com
patible 

• Memory expansion is enabled by chip select input 

• Output can be in the floating (high-impedance) state 

when CS is high or CE is low. 

• Interchangeable with Intel's 21078 and TI's TMS4060 

APPLICATION 
• Main memory unit for computers 

FUNCTION 
A location is designated by address signals Ao-All , and 

reading from and writing to that location is controlled by 

RIW. When CS is high, the chip is in the non-selectable 
state, disabling both read and write operations. 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

(-5V) Vee (OV) 

ADDRESS INPUTS 

CHIP ENABLE INPUT 

ADDRESS INPUTS 

-.... __ --'-12 +-R/W READ/WRITE INPUT 

NO "0" NO CONNECTION 

Outline 22P1 (M5L2107BP) 
22S1 (M5L2107BS) 

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 Ao-As. 

,---'--'--'--'--'--'--- --_'! 

ADDRESS 
INPUTS 

ROW DECODER 

AND 

BUFFER 

REGISTER 

)------<~ COLUMN DECODER 

"AND 

BUFFER 

REGISTER 

64 

64 

4096·WORD x '·BIT 

RAM 

(64 ROWS x 64 COLUMNS) 

( t2V) 

(5V) 

(ov) 

(-5V) 

r1---,o-__ -.(7 DOUT DATA OUTPUT 

L ...... _--...J----<s D,N DATA INPUT 

L. _______ . 17 

CHIP ENABLE INPUT CE 

• MITSUBISHI 
.... ELECTRIC 

CHIP SELECT INPUT 
R/W READ/WRITE INPUT 
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MITSUBISHI LSls 

MSL 2107BP, 5 

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

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VOO Supply voltage 

Vee Supply voltage 

Vss Supply voltage With respect to V BB (substrate) 

V, Input voltage 

Vo Output voltage 

I M5L 2107BP Ta=25t 
Pd Power dissipatron I M5L 2107BS Ta=25t 

Topr Operating free-air temperature range 

I M5L 2107BP 
T8tg Storage temperature range 

I M5L 21078S 

RECOMMENDED OPERATING CONDITIONS (Ta =0-70·0. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VOO Supply voltage 10 .8 12 13.2 V 

Veo Supply voltage 4 .5 5 5.5 V 

Vss Supply voltage 0 V 

VBB Supply voltage -4.5 -5 -5.5 V 

VIH(OE) High-level chip enable Input voltage Voo-I Voo+1 V 

V,H High-level input voltage. aU Inputs except chip enable 2.4 Voo+l V 

VIL(eE) Low-level chip enable Input voltage -I I V 

V,L Low-level input voltage. all Inputs except ChiP, enable -1 0.6 V 

ELECTRICAL CHARACTERISTICS 
(Ta=0-70·0, Voo=12V±10%, Voo=5V±10%. Vss=ov, VBB=-5V± 10%. unless olherwlSe noted) 

Symbol Parameter 

V,H(OE) High-level chip enable Input voltage 

V,H High-level Input voltage, all inputs except chip enable 

VIL(OE) Low-level chip enable Input voltage 

V,L Low-level Input voltage. all inputs except chip enable 

I, (OE) Input current, chIP enable input 

II Input current, all inputs except chip enable 

VOH High-level output voltage 

VOL low-level output voltage 

loz Off-state output current 

1001 Supply current from V DO 

1002 Supply current from V DO 

100 Supply current from V cc 

IBS Supply current from V BB 

100(AV) Average supply current from V DO 

Cr (OE) Input capacitance. chip enable input 

Cr Input capacitance. all inputs except chip enable 

Co Output capacitance 

Note 1 Current flowing into an Ie is positive; out is negative 

4-34 

Test conditions 

V, =VOO+1V 

VI =6.5V 

IOH= - 2rnA 

I OL= 2rnA 

VOZ=O-VOC 

VIL(OE)= -IV - 0.6V 

VIH(OE)=VIH, VIL(OS) ~ V,L 

VIL(OE)=VIL or VIH(OS)=VIH 

tw(OE)= 230n8 , to = 400n8 

VIL=VSS, VBB=-5V, f =fMHz 

VIL=VSS, VBB=-5V, f=IMHz 

VOL=VSS, VBs=-5V, f=IMHz 

• MITSUBISHI 
"ELECTRIC 

Limits Unit 

-0.3-20 V 

-0.3-20 V 

-0.3-20 V 

-0.3-20 V 

-0.3-20 V 

700 rnW 

1000 rnW 

0-70 t 

-40-125 t 

-65-150 ·0 

Limits 
Unit 

Mrn Typ Max 

Voo-l Voo+l V 

2 4 Voo +1 V 

-I I V 

-1 0.6 V 

0.01 2 

0.01 10 
f1A 

2 4 VOO V 

0 0.45 V 

±10 f1A 

10 200 f1A 

10 25 rnA 

0.01 10 f1A 

0 01 100 f1A 

25 40 rnA 

17 25 pF 

5 7 pF 

5 7 pF 



MITSUBISHI LSI. 

MSL 2107BP, 5 

4096·BIT (4096.WORD BY 1.BIT) DYNAMIC RAM 

TIMING REQUIREMENTSITa=0-70·c. VDD=12V±10%. Vcc=5V±10%. Vss=ov. Vss=-5V±10%.unlessotherwisenoted) 

Read, Write or Read-Modify-Write Cycle 
Limits 

Symbol Parameter Test conditions Unit 
Min Typ Max 

to(REF) Refresh cycle time 2 ms 

tW(CEL) Chip enable low pulse width 130 ns 

trICE) Chip enable putse rise time 40 ns 

tf(CE) Chip enable pulse fall time 40 ns 

tSU(AD) Address setup time 0 ns 

tsu(CS) Chip select setup time 0 ns 

th(AD) Address hold ,time 100 ns 

th(CS) Chip select hold time 100 ns 

Read Cycle 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

to(RD) Read cycle time tr=tf=20ns 400 ns 

tw(CEH) Chip enable high pulse width 230 4000 ns 

tsu(RD) Read setup time -10 ns 

thIRD) Read hold time 0 ns 

Write or Read-Modify-Write Cycle 

Symbol Parameter Test conditions 
Limits 

Unit 
Min Typ Max 

to(WR) Write cycle time 400 ns 

Read-modify-write cycle time 
tr=tf=20ns 

to(RMW) 520 ns 

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(RD) Read setup time -10 ns 

thiRD) Read hold time 180 ns 

tSU(WR) Write setup ti~e 150 ns 

tw(WR) Write pulse width 50 ns 

td(WR) Write delay time 150 ns 

tSU(OA) Data setup time 0 ns 

thiDA) Data hold time 0 ns 

SWITCHING CHARACTERISTICS iTa=0-70·C. VDO=12V±10%. Vcc=5V±10%. Vss=ov. Vss=-5V±10%. un .. ssotherwise 

~~. ~ 

Symbol Parameter 

ta(CE) Chip enable access time 

ta(AD) Address access time 

tdv(CE) Data valid time with respect to chip enable 

Read-Modify-Write Cycle 

Symbol Parameter 

ta(CE) Chip enable access time 

ta(AD) Address access time 

tdv(CE) Data valid time with respect to chip enable 

Test conditions 

CL=50pF. Load~1 TTL. VREF=2. OV 

tsuIAD)=Ons. tr=tf=20ns 

Test conditions 

CL=50pF. Load-l TTL. VREF=2.0V 

tsu(AD)=Ons. tr=tf=20ns 

•. MITSUBISHI 
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Limits 
Unit 

Min Typ Max 

180 ns 

200 ns 

0 ns 

Limits 
Unit 

Min Typ Max 

180 ns 

200 ns 

0 ns 
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MIT5UBI5HI LSls 

MSL 2107BP, 5 

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

TIMING DIAGRAMS 
Read Cycle 

V,H ..,....,....,..,....,,,..,.,.. 0<..",..-+------(2),.,.... 
STABLE 

CD 

th(AD) 
t SU (AD) 1------;(-:-1-=-00")----1 

te(RD) 

(400) 

V,H --- --- -- --::---~(;;;O:\) rt.~-..:..:.:::::.:.---------_, 
~------_t~W~(~CE7H~)------~_t@) 

(230) 
CE 

cr> t W(CEL) 

( 130) 
V,L 

V,H 
th(CS) 

os (100) 

V,L 

R/W 

ta(CE) 

(180) 
(0) tdV(CE) 

STABLE 

::~ ~~~:~~~~:G _______ '-________ V_D_H_m_In-'+V_A_L_1 D ... C~~~~~~~~~~~~'__ ________ _ 
ta(AD) 

(200) 

Write or Read-Modify-Write Cycle 

CE 

R/W 

DOUT 

VOH 

STABLE STABLE 

VOL 
th(AD) 

t S U (AD) t------:-(:-:1-':-00=")"-------I 

VIH ------=--T(CO00) I-~r_--~~~-----------___. 

VIL ___ +_JI 

VIH 

VOH-----

tW(CEH) 

(230)WRITE CYCLE 

(350) READ-MODIFY -WRITE CYCLE 

(NOTE 8) 
DON'T CARE AT 

_ ~ 5.11 LC..)' ..QH__ _ _ -:lo,.,;;:.-_-.-:;;-L ...... ;.....:. ...... '-..<:-f1i-'-'::....:;. ...... ;.....:. ...... ::....:;...:....'-..<:-"'-...... ;.....:...:....'-..<:..;...,;.. 

STABLE 

tdV(CE) 
(0) 

"-___________ V_o_H_m_' .. n +-V_A_L_I D .... ! _____ -___ ~~:~~~~~~~~~~L 
ta(AD) 

(200) 

Note 2 Hatching indicates the state is unknown or chan91ng. 
5 The transition time (tr) of the CE Pulse is defined as the transition time from@ 

to @) and from @) to @ 
3 Vss+O.6V is the reference level for point CD,and Vss+2.4V for point (g), 

4 Vsst2.oV is the reference level for point @,andVDo-2.0V for point@. 
6 The level of the dotted line should be kept high during read-modify-wrlte cycle 

7 Numbers in parentheses ( ) indicate the minimum timing value in ns. 
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MSL 2107BP, 5 

4096·BIT (4096.WORD BY I.BIT) DYNAMIC RAM 

TYPICAL CHARACTERISTICS 
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o 25 50 75 100 

AMBIENT TEMPERATURE T a ( "C ) 

REFRESH CYCLE TIME VS. 
AMBIENT TEMPERATURE 

VDD -12V 
VIH(OE)=VDD-IV 

'\ V,H =3. 5V 

..... 
VSS=-5V 
VOO=5V 

..... 1'.. 

"', , 
'" ~ 

a 50 -100. 

AMBIENT TEMPERATURE T a ("C ) 
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MSL2107BP,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 Ao~A5 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 

COM PONENTS M54601 p .••.... 1 

2SC714· ••..•.• 1 

RESISTORS' •••• 2 

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, refresh!ng can be 

performed with the output terminal DouT in the floating 
(high-impedance) state. Thus all the M5L 2107BP, S used 

in the memory system can be refreshed in only 64 cycles. 

-~~-----1>-- V oo( 12V) 

,---------------- -
FROM CE TERMINAL OF TTL 

, 
I 

GND 

SELECT SIGNAL FOR CE PULSE GND 

(
HIGH-LEVEL. CE PULSE IS ACTIVE 

LOW-LEVEL CE PULSE IS NOT ACTIVE 

4-38 

Note 1 R1 is determined according to a required rise time of the CE pulse. For example. when Cl capaCItance load for the CE pulse IS 300pF. 

1 
R 1 IS set at 30OS~ (2-W). then, rise time t r = 301ls; fal' time t f= 30ns. t PHL = 20n5; t PLH = 20115 

2 One M54601 P dual peripheral positive AND driver CirCUit should be used for each CE driver Circuit. 
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MSL 2111A P, 5; P.2, 5·2; P.4, 5·4 

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 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 00 
terminal is provided. 
FEATURES 

Parameter M5L 2111ARS-2 M5L2111 AP, S M5L 2111AP,S-4 

Access time {max} 250ns 350ns 450ns 

Cycle time (min) 250ns 350ns 450ns 

• Low power dissipation: 1501lW/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 10caHon is desig
nated by address signals Ao-A" the 00 signal is kept high 
to keep the I/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 Ao-A" the 00 signal is kept low to keep 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

Vee (5V) 

ADDRESS INPUT 

READ/WRITE INPUT 

ADDRESS INPUTS CHIP SELECT INPUT 

DATA 
INPUTS/DUTPUTS 

(OV)GNO 

OUTPUT DISABLE 00 -+ 9 CHIP SELECT INPUT 

Outline 18P1 (M5L2111A P) 
18S1 (M5L2111AS) 

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

When signal CS1 or CS2 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. 

1----------------------- ----OJ 

ADDRESS 
INPUTS 

I 
I L---, ______ , ______ _ 

256-WORD x 4-BIT 

32 RAM 

(32 ROWS X 

32 COLUMNS) 

R/W 1/0,1/021/031/04 
READ/WRITE INPUT DATA INPUTS/OUTPUTS 

• MITSUBISHI 
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~vee (5V) r GND (OV) 

'5 cs, ) CHIP SELECT 

'0 C S2 INPUTS 

I 
9 __ ,_,J 

o D OUTPUT DISABLE INPUT 
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MSL' 2111A P, 5; P·2, 5·2; P-4, 5-4 

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

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Limits 

Vee Supply voltage -0.3-7 

VI Input voltage With respect to GND -0.3-7 

Va Output voltage -0.3-7 

lM5L2111AP 700 
Pd Maximum power dissipation Ta=25·C 

iM5L2111AS 1000 

Topr Operatjng free-air ambient temperatu~ ... range 0-70 

IM5L 2111AP -40 125 
Tstg Storage temperature range 

IM5L 2111AS -65-150 

RECOMMENDED OPERATING CONDITIONS (T a =0 -I o·c . unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.75 5 5.25 V 

VIL Low-level input voltage 0 0.8 V 

VIH High-level Input voltage 2.2 Vee V 

ELECTRICAL CHARACTERISTICS (Ta=O -70·C. Vee=5V ±5%. unless otherwISe noted) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

VIH High-level Input voltage 2.2 Vee 

VIL Low-level Input voltage 0 0.8 

VOH High-lever output voltage IOH=-200pA 2.4 

VOL Low-level output voltage IOL=3.5mA 0.45 

II Input current VI=O -5.25V 10 

10ZH Off-state high-level output current VI(es,)=2.2V, VO=2.4V-Vee 10 

10ZL Off-state low-level output current VI(es,)=2.2V, VO=0.4V -10 

ICC Supply current from Vee VI =5. 25 V (all inputs). output open.T a = 25'C 30 60 

CI Input capacitance, aU inputs VI=GND, f=IMHz, 25mVrms 3 5 

Co Output capacitance VO=GND, f=IMHz, 25mVrms 8 12 

Note1: Current flowing Into an IC is positive; out IS negative. 

SWITCHING CHARACTERISTICS (For Read Cycle) (Ta =0 -70·C, Vee=5v ±5% . unless otherwise noted) (Note 21 

MSL 2111 A p, S-2 M5L 2111A.P,S 

Symbol Parameter limits Limits 

Min Typ Max Min Typ Max 

tC(RO) Read cycle time 250 350 

ta(AO) Address access time 250 350 

ta(es) Chip select access time 180 180 

tatoo) Output disable access time 130 150 

tpxz Output disable time (Note 3)· 100 100 

tdV(AO) Data valid time with respect t6 address 40 40 

Note 2 : Test conditions: Input pulse VIH=2. 2V VIL = O. 8V t r= tf= 20ns. reference level -1.5V, load-2ITL. CL= 100pF. 

Note 3: tpxz is with res~ct tOCSl, OS2, or DO. whichever occurs first. 

MSL 2111A P,S-4 

limits 

Min Typ Max 

450 

450 

180 

150 

100 

40 

TIMING REQUIREMENTS (For Write Cycle) (Ta=0-70·C, Vee=5V+5% . unless otherwise noted) (Note 21 -

M5L 2111A P. S 2 M5L 2111 A P. S M5L2111AP,S 4 

Symbol Parameter 

tC(WR) Write cycle time 

IW(WR) Write pulse width 

ISU(AO) Address setup time with respect to write 

Iwr Write recovery time 

Isu (00) Output disable setup time with respect to data in 

tsu (OA) Data setup time 

Ih(OA) Data hold time 

Isu (es) Chip select setup time 

4-40 

limits 

Min Typ Max 

170 

150 

20 

0 

20 

100 

0 

150 

•. MITSUBISHI 
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limits limits 

Min Typ Max Min Typ Max 

220 270 

200 250 

20 20 

0 0 

20 20 

150 170 

0 0 

200 250 

Unit 

V 

V 

V 

mW 

mW 

·C 

·C 

·C 

Unit 

V 

V 

V 

V 

pA 

pA 

pA 

mA 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MSL 2111A P, 5; P-2, 5-2; P-4, 5-4 

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

TIMING DIAGRAM 
Read Cycle 

CS2 

00 

liD 
(OUTPUT MODE) 

to(RO) 

ta(cs) 

Note 4 Hatching indicates the state is unknown 

Write Cycle 

00 

liD 
(INPUT MODE) 

R/w 

to(WR) 

DATA IN 
STABLE 

t W(WR) 

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 
The input signals from the external circuits should not be applied to the 110 terminals, for during this period they are in output mode 

POWER-DOWN OPERATION (OPTIONAL) These characteristics are guaranted only under custom specifications. 

Electrical Characteristics (Ta=0-70'C. unless otherw"e noted) 

Symbol Parameter Test conditions 

VCC(PO) Power-down supply voltage 

VI (CSt) Power-down chip select Input voltage 
2. 2V"; VCC(PD)";VCC 

1 . 5V"; Vcc(po)";2. 2V 

I CC(poll Power-down supply current from V cc VCC=1 . SV"all inputs = t .5V 

I CC(P02) Power-down supply current from Vee Vee=2.0V, all Inputs =2. OV 

Timing Requirements ITa=0-70'C, Vec =5V ±5%. unless otherWise noted) 

Symbol Parameter 

tsu(PO) Power- down setup time 

tR(PO) Power- down recovery time 

Timing Diagram 

VCC------------------~I 

Test conditions 

• MITSUBISHI 
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Limits 

Min Typ 

1.5 

2 .2 

VCC(PO) 

15 

20 

Limits 

Min Typ 

0 

le(RO) 

DATA IN 
CAN CHANGE 

twr 

Unit 
Max 

V 

V 

V 

30 mA 
40 mA 

Max 
Unit 

nS 

ns 
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MSL 211lA P, 5; P-2, 5-2; P-4, 5-4 

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

TYPICAL CHARACTERISTICS 

"' c: 

'0 
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<! 400 
<0 

:g 
i= 300 

~ 
u 
u 
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o 
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LOAD~2TTL 
GL =100pF 

-
~ 
~ --~ 

20 40 60 80 100 
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ADDRESS ACCESS TIME VS. 
LOAD CAPACITANCE 

Vee=4.75V 
LOAD~2TTL 

Ta =25'C 

--~ ~ 

o 

o 

100 200 300 400 

LOAD CAPACITANCE GL( pF) 

SUPPLY CURRENT FROM Vee 
VS. SUPPLY VOLTAGE Vee 

Ta =25'C 

, 

~ ~ 
~ 

1/ 
4 

SUPPLY VOLTAGE Vee (V) 
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MSL 2112AP, 5; P.2, 5·2; P.4, 5·4 

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. They operate from a 
single 5V supply, as does TTL, and are directly TTL
compatible. 

The input and output terminals are common. 

FEATURES 
Parameter MSL2111A P. S'1 MSL2111A P,S MSL 1111AP,S-4 

Access time (max) 250n8 350n8 450n8 

Cycle time (min) 250n8 350n8 450n8 

• Low power dissipation: 150MW/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 Ao~A7 and signal R/W goes low, the 
data of the I/O signal at that time is written. 

During a read cycle, when a location is designated by 
address signal AoNA7 and R/W goes high, data of the de
signated address is availatlle at the I/O terminals. 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUTS 

(OV)GND 
1--_---1 

Vee (5V) 

ADDRESS INPUT 

READ/WRITE INPUT 

CHIP SELECT INPUT 

11 *1/03 DATA 

12 *1/04) 

10 -1/01 INPUTS/OUTPUTS 

9 *1/01 

Outline 16P1 (M5L2112A P) 
16S1 (M5L2112AS) 

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. 

,'--'--'--'--'--'--'--'--'--'l 

ADDRESS 
INPUTS 

I 
L._._. 

256-WDRD x 4-81T 

RAM 

(32 ROWS x 

. 32 COLUMNS) 

$vee (sv) 

~ GND (ov) 

I 
13 CS CHIP SELECT INPUT 

I 
~~c==.~~.==._._.~ 

DATA INPUTS/OUTPUTS 
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MSL2112A P,5; P-2, 5-2; P-4, 5-4 

1024·BIT (2S6.WORD BY 4.BIT) STATIC RAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage With respect to GND 

Vo Output voltage 

Pd 
I MSL2112AP 

Ta=25"C Maximum power dissipation I MSL2112AS 

Topr Operatjng free~ajr arpbient temperature range 

Tstg Storage temperature range 
lMSL2112AP 

I MSL~112AS 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70"C. unless otherWise noted) 

Limits 
Symbol P.arameter Unit 

Min Nom Max 

Vee Supply voltage 4.75 5 5.25 V 

V'L Low~level input voltage 0 0.8 V 

V'H High-level Input voltage 2.2 Vee V 

ELECTRICAL CHARACTERISTICS ,Ta=O -70"C. Vee=5V ±5%. unless otherwise notedl 

Symbol Parameter 

V'H High-level Input voltage 

V,L Low-level input voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

Ii Input current 

IOZH Off-state high-level output current 

IOZL Off-state low-level output current 

Ice Supply current from Vee 

Ci Input capacitance, aU inputs 

Co Output capacitance 

Note1: Current flowing into an IC is positive; out is negative. 

4-44 

Test conditions 

IOH=-200p A 

IOL=3.5mA 

V,=0-5.25V 

V,(cs)=2.2V. Vo=2.4V-Vee 

V,(cs)=2 .2V, VO=0.4V 

V, =5.25 V (aU inputs). output open. T a =2S'C 

V,=GND. 1=1 MHz, 25mVrms 

Vo=GND, 1=1 MHz, 25mVrms 

'MITSUBISHI 
"'ELECTRIC 

Limits Unit 

-0.3-7 V 

-0.3-7 V 

-0.3-7 V 

700 mW 

1000 mW 

0-70 ·C 

-40-125 ·C 

--'65-150 ·C 

limits 
Unit 

Min Typ Max 

2.2 Vee V 

0 0.8 V 

2.4 V 

0.45 V 

10 pA 

10 pA 

-10 pA 

30 60 mA 

3 5 pF 

8 12 pF 
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MSL 2112A P, 5; P-2, 5-2; P-4, 5-4 

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

SWITCHING CHARACTERISTICS (For Read Cycle) (Ta = 0 - 70·C. Vcc= 5V ± 5% unless otherwISe noted) (Note 2) 

M5L 2112A p. 5-2 M5L2112AP. 

Symbol Parameter limits limits 

Min Typ Max Min Typ 

te (RO) Read c yele time 250 350 

ta(AO) Address access time 250 

ta (OS) Chip select access time 180 

tpxz (Os) Output disable time with respect to chip select 40 40 

TIMING REQUIREMENTS lTa=0-70·C. Vce=5V±5% unless otherwISe noted) (Note 2) 

Write Cycle 1 

M5L 2112A p. 5-2 M5L 2112AP. 

Symbol Parameter limits Limits 

Min Typ Max Min Typ 

lc(WR'), Write cycle tme 170 220 

tSU(AO), Address setup time with respect to write pulse 20 20 

tW(WR}J Write pulse width 150 200 

twr, Write recovery time 0 0 

tSU(OA)t Data setup time 100 150 

th (OA), Data hold time 0 0 

th(oS), Chip select hold time 0 0 

tSU(WR)t Wnte pulse setup time with respect to chip select 0 0 

tsu (OS), Ch IP select setup time 100 150 

5 

Max 

350 

180 

5 

Max 

Note 2 Test conditions Input pulse VIH = 2. 2V V 1L = O. 8V tr = t f -- 20ns. reference level=1 5V. load=2TTL. C L= 1 OOp F 

Write Cycle 2 (Note 2) 

Symbol Parameter 

tC(WR), Write cycle time 

tSU(AO)2 Address setup time with respect to write pulse 

tW(WR), Write pulse Width 

twr2 Write recovery time 

tSU(DA)2 Data setup time 

th (DA), Data hold time 

th (OS), Chip select hold time 

tsu (CS), Chip select setup time 

tpxz (WR)2 Output disable time with respect to wnte pulse 

M5L 2112A P. 5-2 

Limits 

Mn Typ Max 

170 

20 

150 

0 

100 

0 

0 

0 

50 
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M5L 2112AP. 5 

limits 

Min Typ Max 

220 

20 

200 

0 

150 

0 

0 

0 

50 

M5L 2112A p. 

Limits 

Min Typ 

450 

40 

M5L 2112A p. 

limits 

Min Typ 

270 

20 

250 

0 

170 

0 

0 

0 

170 

M5L 2112A p. 

Limits 

Min Typ 

270 

20 

250 

0 

170 

0 

0 

0 

5-4 

Unit 

Max 

ns 

450 ns 

180 ns 

ns 

5-4 

Unit 

Max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

5-4 

Unit 

Max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

80 ns 

a 
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MSL 2112A P, 5; P-2, 5-2; P-4, 5-4 

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

TIMING DIAGRAMS 
Read Cycle 

IC(RD) 

AO~A~ Ij 
----1 \'--______ -J i\'--__ 

la(CS) r--- Idv(AD) 

I/O W 
(OUTPUT MODE) /\ DATA OUT VALID ____ -+ ________ .-J 

-(NOTE 3):· 
..... : ..... :. 

I a (AD) 

Note 3 In this period, the data out is valid for a definition of tdV(AD) and is in the floating state for a definition of tpXZ(CS) 

Write Cycle 1 Write Cycle 2 
lO(WR)' 10 (WR)2 

!SU(CS)2 

lW(WR)' Iwr1 

t su(DA)' 

R/W 

(NOTE 4) I/O 
(INPUT MODE) 

(NOTE 4) 

Note 4 : The input signals from the external circuits should not be applied to the I/O terminals (keeping them three-state), for during thiS period the I/O terminals are in the 

output moo'e 

4-46 

The input signals from the external circuits can be applied to the 1/0 terminals since the signal CS IS delayed In relation to signal R/W 
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MITSUBISHI LSls 

MSL 2112A P, 5; P-2, 5-2; P-4, 5-4 

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

POWER-DOWN OPERATION (OPTIONAL) These characteristics are!guaranteed only under custom specifications. 

Electrical Characteristics (Ta =0 -70·C. unless otherwISe noted) 

Symbol Parameter Test conditions 

Vee(po) Power-down supply voltage 

VI(es) Power- down chip select input voltage 
2. ZV::O Vee(po)::O Vee 

1.5V::OVee(po)::OZ.ZV 

lee(P01) Power-down supply current from V cc Vee=1.5V. allinputs=1.5V 

I ee(P02) Power-down supply current from Vee Vee=Z.OV. all inputs=2.0V 

Timing Requirements (Ta=0-70'C, Vee=5V ±5%. unless otherwise noted) 

Symbol Parameter 

tsu(PO) Power-down setup time 

t R(PO) Power -down recovery time 

Timing Diagram 

Power-Down (Optional) 

Vee -------, 

cs 

Limits 

Min Typ 

0 

te (RO) 

• MITSUBISHI 
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Max 

limits 

Min Typ 
Unit 

Max 

1.5 V 

2.2 V 

Vee(po) V 

15 30 rnA 

20 40 rnA 

Unit 

ns 

ns 

4-47 
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MSL 2112A P, 5; P-2, 5-2; P-4, 5-4 

l024-BIT (256-WORD BY 4-BIT) STATIC RAM 

TYPICAL CHARACTERISTICS 

ADDRESS ACCESS TIME VS. 
AMBIENT TEMPERATURE 

500 
VCC=4.7SV 
LOAD -2TTL 
CL=100pF 

-------~ 
a 

a 20 40 60 80 100 

AMBIENT TEMPERATURE Ta('C) 

'" c: 

500 

o 3 400 

'" ~ 
UJ 

~ 300 
(f) 

~ 
(l 
'" 200 
(f) 

~ 
a: 
o 
~ 100 

a 

ADDRESS ACCESS TIME VS. 
LOAD CAPACITANCE 

VCC=4.7SV 
LOAD -2TTL 
Ta =2S'C 

--~ -
a 100 200 300 400 500 

LOAD CAPACITANCE CL(pF) 

LOW-LEVEL OUTPUT CURRENT VS. HIGH-LEVEL OUTPUT CURRENT VS. 

:;: 
E 

..J ::: 
f-

iE 
a: 
a: 
:J 
U 
'f-
:J 
Q.. 
f-
:J 
0 
~ 

~ 
,; 
g 

:;: 
E 

0 
':3 
0 
0 
> 
:;; 
0 s: 
f-

iE 
a: 
a: 
:J 
u 

~ 
Q.. 

:J 
(f) 
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LOW-LEVEL OUTPUT VOLTAGE 

Vcc=4.7SV 
Ta =2S'C 

10 

0.2 0.4 0.6 0.8 I . a 
LOW-LEVEL OUTPUT VOLTAGE VOL (V) 

SUPPLY CURRENT FROM Vee VS. 
SUPPLY VOLTAGE Vee 

50 

Ta =2S'C 

40 

:;: 
E 

I 

'l 
f-

iE 
a: 
a: 
:J 
U 
f-

ii' 
f-
:J 
0 
~ 

~ 
I 

'" I 

« 
E 

o 
o 

o 

HIGH-LEVEL OUTPUT VOLTAGE 

, Ta =2s1c 
VCC~4. 7SV 

Ta ' ~ =70'C 

10 

\ 
i\ 

'\ 
a ~ 

a 3 4 

HIGH-LEVEL OUTPUT VOLTAGE VOH (V) 

SUPPLY CURRENT FROM Vee VS. 
AMBIENT TEMPERATURE 

50 

40 

30 
~ 

.......... ""- ......... ~ 30 

20 

10 

a 
a 

,,~ 
~ 

( 
I 

2 

SUPPLY VOLTAGE V CC (V) 

:;; 
o s: 
f
Z 
UJ a: 
a: 
:J 
u 
>-
0:' 
Q.. 
:J 
(f) 
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MSL 2114L P, 5; P-2, 5-2; P-3, 5-3 

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 M5L2114LP.S-3 M5L2114LP.S 

Access time (max) 200ns 300ns 450ns 

Cycle time (min) 200ns 300ns 450ns 

• Low power dissipation: 50JLW/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 I/O terminals 

• Interchangeable with Intel's 2114L and Tl's TMS4045 in 
pin configuration and electrical characteristics 

APPLICATION 
• Small-capacity memory units 

FUNCTION 
These devices operate with a single 5V power supply, and 
the' inputs and outputs are directly compatible with TTL. 
All circuits are completely static, rendering external clock 
and refresh operations unnecessary, and ma~ing the mem
bers of the series extremely easy to use. /::ommon data 
input and output terminals are provided. i 

BLOCK ! DIAGRAM 

5r-~ r--Ao 

~ 
'fl 

AI 'fl 1024-WORD x 4·BIT UJ >=< l- iI: 
A2 r~ ~ §ffi ~ RAM 
4~ ~ffi A3 «0 

~~~ :;:0 (64 ROWS x 
A4 0&3 64 COLUMNS) 
A5 ~a:OJ 

a:o 
~ '--

ADDRESS INPUTS 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUTS 

CHIP SELECT INPUT OS -+ 8 

(OV)GND 

Vee (5V) 

:: ::: 1 ADDRESS INPUTS 

15+-A9 

14*1/01] 
13*1/02 DATA 

12 * 1/03 INPUTS/OUTPUTS 

11*1/04 

10 +- R/w READ/WRITE INPUT 

Outline 18P1 (M5L2114LP) 
18S1 (M5L2114LS) 

During a write cycle, when a location is designated by 
address signals Ao~A9 and the R/W signal goes low, the 
data at the I/O terminals is written. 

During a read cycle, when the RIW signal goes high and a 
location is designated by address signals Ao ~A9' the data 
of the designated address is available at the I/O terminals. 

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

r-- -
I--a: I- a: UJ 

LU g; I-- ::J UJ 
0.. ~ 

'fl -' I--
I- ~ 

z 0.. ::J ::J 
UJ ::> o OJ 
'fl « r--
~ -..,;-

R/W 

'----'-'1H---I CONTROL 
CIRCUIT 

---

~ Vee (5V) 

GND (OV) 

14 

'/OJ 'l3 1/0 2 'DATA 
>,"2 1/03 INPUTS/OUTPUT 

~ 1/0 4 

CHIP SELECT INPUT OS 8 J 
READ/WRITE INPUTR/W 101}--------------------...J 

'--------------- ------ -----_. 
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MSL 2114L P, 5; P-2, 5-2; P-3, 5-3 

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

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions limits 

Vee Supply voltage -0.5-7 

V, Input voltage With respect to GND -0.5-7 

Vo Output voltage -0.5-7 

I M5L 2114L P Ta=25t 700 
Pd Maximum power diSSipation J M5L 2114L S Ta=25'C 1000 

Topr Operating free-air ambient temperature range 0-70 

I M5L2114LP -40-125 
Tstg Storage temperature range I M5L 2114L S -65-150 

RECOMMENDED OPERATING CONDITIONS ITa = 0 -70t. unless otherwise noted) 

limits 
Symbol Parameter Units 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

V,L Low-level input voltage -0.5 0.8 V 

V,H High-level Input voltage 2 Vee V 

ELECTRICAL CHARACTERISTICS ITa =0 -70'C. Vee = 5V ± 10%. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

V,H High-level input voltage 2 Vee 

V,L low-Jevel input voltage -0.5 0.8 

VOH High-level output voltage I OH = -2001' A. Vcc=4.5V 2.4 

VOH High-Jevel output voltage IOH=-lmA. Vee=4.75V 2.4 

VOL low-level output voltage IOL=2.1mA 0.4 

I, Input current V, oc O-5.5V 10 

IOZH Off-state high-level output current VI(eS)=2V. Vo=2.4V-Vce 10 

IOZL Off-state low-level output current VI(eS)~2V. VO=0.4V -10 

ICC Supply current from Vee V,=5.5V. (all inputs). output open,Ta=25-C 40 65 

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

Co Output capacitance Vo=GND. Vo=25mVrms. f= 1MHz 5 8 

Note 1 Current flOWing Into an IC is positive; out IS negatIVe. 

TIMING REQUIREMENTS (For Write Cycle) I Ta=0-70'C. VCC=5V± 10%. unless otherwise noted) (Note 2) 

MSL 2114L P-2, S-2 MSL 2114L P-3, S-3 MSL2114LP,S 

Symbol Parameter 
AI! 

Limits limits Limits 
symbol 

Min Typ Max Min Typ Max Min Typ Max 

to(WR) Write cycle time twc 200 300 450 

tSU(Ao) Address setup time with respect to write pulse 0 0 0 

tW(WR) Wrrte pulse width tw 120 150 200 

twr Write recovery time tWR 0 0 0 

tSU(oA) Data setup time tow t20 150 200 
-

th(DA) Data hold time toH 0 0 0 

tsu(CS) Chip select setup time 120 150 200 

tPXZ(WR) Output disable time with respect to write pulse tOTw 40 80 100 

SWITCHING CHARACTERISTICS (For Read Cycle) (Ta=0-70t. Vec=5V ± 10%. unless otherwISe noted) (Note 2) 

Symbol Parameter 

te(Ro) Read cycle time 

ta(Ao) Address access time 

tales) Chip select access time 

tpxz(es) Output disable time with respect to chip select 

tdV(AO) Data valid time with respect to address 

tpzx(CS) Chip select to output active 

4-50 

M5L 2114L P. S-2 
All. 

symbol 
Limits 

Min Typ Max 

tRC 200 

tA 200 

teo 80 

tOTO 40 

tOHA 50 

tex 20 

• MITSUBISHI 
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M5L 2114L P, S-3 M5L 2114L p.S 

limits Limits 

Min Typ Max Min Typ Max 

300 450 

300 450 

100 120 

80 100 

50 50 

20 20 

Unit 

V 

V 

V 

mW 

mW 

t 

'C 

t 

Unit 

V 

V 

V 

V 

V 

,uA 

,uA 

,uA 

mA 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 



TIMING DIAGRAMS 
Read Cycle 

1/0,-1/0. 
(DATA OUTPUTS) 

Write Cycle 

Ao-Ag 

MITSUBISHI LSI. 

MSL 2114L P, 5; P-2, 5-2; P-3, 5-3 

4096-BIT (102~WORD BY 4-BIT) STATIC RAM 

tC(RD) 

DATA OUT VALID 

_+--+_tdV(AD) 

tC(WR) 

tsU(AD) __ +-----+ __ ----t.:..:W.:.:(W.:..:R:..;.)---_+-___ +_ twr 

R/W 

1/0,-1/0. 
(DATA INPUTS) 

1/0,-1/0. 
(DATA OUTPUTS) 

Note : 2 Test conditions 

Input pulse level 

Input pulse rise time 

Input pulse fall time 

Reference level, 

0.S-2V 

20ns 

20ns 

Input 1.5V 

Output 1.5V 

Load=1TTL, CL=100pF 

tsu(CS) 

tSU(DA) 

DATA STABLE 

- __ +---+-~t PXZ(WR) ....... -I----+--t pXZ(CS) 

DATA OUT INVALID 

Note 3 : Hatching indicates the state is don't care. 

__ .. )'-'~w~ C The center line indicates a floating (high·impedance) state. 
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MIT5UBI5HI LSls 

MSL 2114L P, 5; P-2, 5-2; P-3, 5-3 

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

TYPICAL CHARACTERISTICS 

NORMALIZED ACCESS TIME VS. NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE 

o 
-5 1.4 

:J 

a 

1.3 

1.2 

f.l 

1.0 

~ 0.9 

~ ;;; O.B 
a: 

Ta=70"C 
LOAD = lTTL 
CL= 100pF 

-
~ 0.7 

0.6 
4.0 5.0 6.0 

SUPPLY VOLTAGE V 00 ( V ) 

-

OUTPUT LOAD CAPACITANCE 

~ 1.4 

~ 1.3 
u.J 
;;; 1.2 
i= 

i2 1.1 
u.J 
u 
~ 1.0 

~ 0.9 
::; 
~ 0.8 
a: 

Ta=70"C 
LOAD= IT T L 
CL=lOOpF 

----
~ 0.7 

0.6 
100 200 

--~ ~ 
300 400 500 

OUTPUT LOAD CAPACITANCE C L (pF) 

600 

OUTPUT SINK CURRENT VS. OUTPUT SOURCE CURRENT VS. 

« 
E 

..J 

:l 
.... 
iE 
a: 
a: 
:::J 
u 

"'" z 
U5 
.... 
;;: .... 
:::J 
0 

OUTPUT VOLTAGE 

VOO=4.5V 
Ta=70'C 

10.0 

V 
5.0 

/ 
/ 0.0 

0.0 0.2 0.4 

V 
/ 

/ 

0.6 O.B 

OUTPUT VOLTAGE VOL (V) 

1.0 

« 
E 

:c 
:l 
.... 
iE 
a: 
a: 
:::J 
u 
u.J 
u a: 
OJ 
0 
VJ 
.... 
OJ 
"-.... 
OJ 
0 

10.0 

5.0 

0.0 
0.0 

OUTPUT VOLTAGE 

Voo=4.5V 

,\ Ta= 70'C 

\ 
\ 

1\ 
\ 
~ 

1.0 2.0 3.0 4.0 

OUTPUT VOLTAGE VOH (V) 

TYPICAL APPLICATION (for an M5L8080A P CPU) 

4-52 

ADDRESS BUS (A 15~AO, A 15: MSB) 

CSO CSl CS2 CS3 

MSB 
4-81T 

LSB 
4-BIT 

MEMR ---".-----.. 

MEMW--4-----~---~-~--~~_4---~-~---~-+__ 

DATA BUS 

M5L2114LPXB (BK BYTES) 
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MITSUBISHI LSls 

MSL S101LP·l 

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

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 j and CS2 • 

While maintained in the chip non-select state, the device 
consumes power at the low value of only 1tlA (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 I/O terminals. 

FEATURES 

• Access time: 450ns (max) 

• Low power dissipation in 
the standby mode: 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 
• Outputs are three-state, with OR-tie capability 

• Simple memory expansion by chip-select signals 
• Input and output data terminals are separate 

• Interchangeable with Intel's 5101 L-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. 

BLOCK DIAGRAM 

,--'-'-'-' 
ADDRESS INPUTS 

L._._._. 

256·WORD x 4-BIT 
RAM 

(32 ROWS x 
32 COLUMNS) 

PIN CONFIGURATION (TOP VIEW) 

Veo (5V) 

ADDRESS INPUTS CHIP SELECT INPUT 

DATA INPUT 

DATA OUTPUT 

DATA INPUT 

Outline 22P1 

OUTPUT 
DISABLE INPUT 
CHIP SELECT INPUT 

DATA OUTPUT 

DATA INPUT 

DATA OUTPUT 

DATA INPUT 

DATA OUTPUT 

During a write cycle, when a location is designated by 
address signals Ao-A7 and signal R/W goes low, the data of 
the 01 inputs at that time is written. 

During a read cycle, when a location is designated by ad
dress signals Ao-A7, and signal R/W goes high, the data of 
the designated address is available at the DO terminals. 

When signal CS j is high or CS2 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 00 is high, the output is in the floating 
state, so that 00 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. ._._._._., 

~voo (5V) 

Cf> ONO (ov) 

R/W 01,012013014 00 

READ/WRITE 
INPUT DATA INPUT CHIP SELECT INPUT 

• MITSUBISHI 
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OUTPUT DISABLE INPUT 
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M5L 5101LP-.l 

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

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Limits 

Vcc Supply voltage -0.3-7 

V, Input voltage With respect to GND -0.3- Vce+0. 3 

Va Output voltage o-voo 

Pd Maximum power dissipation Ta =25"C 700 

Topr Operating free-air ambient temperature range 0.-70 

Tstg Storage temperature range -40-125 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70"C. un'ess otherWise noted) 

Symbol Parameter 
limits 

Unit 
Min Nom Max 

Veo Supply voltage 4.5 5 5.5 V 

VSS Supply voltage 0 0 0 V 

V'L Low-level input voltage -0.3 0.65 V 

V'H High-level input voltage 2.2 Vee V 

ELECTRICAL CHARACTERISTICS ITa = 0 -70"C. Vce= 5V ± 10%. unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Min Typ 

V'H High-level input voltage 2.2 

V'L Low-level input voltage -0.3 

VOH High-level output voltage 10H= -1mA 

VOL low·level output voltage IOL=2mA 2.4 

I, Input current V, =0-·5.5V 

IOZH Off-state high-level output current V,(est)=2.2V. Vo=2.4V-Vce 

10ZL Off-state low-level output current V, (es1) =2 .2V. Vo=0.4V 

IC01 Supply current from Vee 
CS 1 ";0.01V. other inputs =VOC. 

9 
Output open 

1002 Supply current from Vee CS t ";O.OlV. other Inputs=2.2V. 
13 

Output open 

ICC3 Supply current from Vee CS2 ";0.2V 

C, Input capacitance. all Inputs V, =GND. V,=25mVrms. 1= 1MHz 4 

Co Output capacitance Vo=GND. Va =25mVrms. 1= 1MHz 8 

Note 1 Current flowmg Into an Ie IS positIve: out IS negative 

TIMING REQUIREMENTS (For Write Cycle) (Ta=0-70"C. Veo=5V± 10%. unless otherwise noted) 

Symbol Parameter Alt. 
Test condItions 

limits 

symbol Min Typ 

Ie (WR) Write cycle time twe 450 

IW(WR) Write pulse width twp Input pulse 250 

Isu (AD) Address setup time with respect to write pulse tAW V'H=2.2V 130 

Iwr Write recovery time tWR V'L =0.65V 50 

Isu (00) 00 setup time with respect to data-In tos Ir=II=20ns 130 

Isu (OA) Data setup time tow Reference level = 1 .5 V 250 

Ih (OA) Data hold time tOH Load = lTTL. CL = 100pF 50 

Isu (eS1) Chip select setup time leWl 350 

Isu (eS2) Chip select setup time tew2 350 

SWITCHING CHARACTERISTICS (For Read Cycle) (T a = 0 -70"C. Veo=5V ± 10%. unless without noted) 

All. 
Test conditions Symbol Parameter 

symbol 

to(RO) Read cycle time tRO 

tA 
Input pulse 

la (AD) Address access time 

teo1 
V'H=2.2V 

la (CSt) Chip select access time 
V'L =0.65V 

la (eS2) Chip select access time te02 

too 
Ir=II=20ns 

la(oo) 00 access time 

tOF 
Reference level' = 1 . 5 V 

tpxz Output disable time (note 2) 

Data valid time with respect to address tOHl 
Load = lTTL • CL = 100pF 

Idv (AD) 

Note 2 tpxz is from CSt. CS2' or 00, whichever occurs first. 

4-54 
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Limits 

Min Typ 

450 

0 

Max 

Vee 

0.65 

0.4 

+1 

1 

-1 

22 

27 

1 

8 

12 

Max 

Max 

450 

400 

500 

250 

130 

Unit 

V 

V 

V 

mW 

"C 

"C 

Unit 

V 

V 

V 

V 

pA 

pA 

pA 

rnA 

rnA 

pA 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MITSUBISHI LSls 

MSL S101LP-l 

1024·BIT (256.WORD BY 4.BIT) CMOS STATIC RAM 

TIMING DIAGRAMS 
Read Cycle 

00 

DO 

Write Cycle 

AO -A7 

CS, 

CS2 

00 

01 

R/W 

te(RD) 

ta (651) 

ta (eS2) 

ta (00) 

ta (AD) 

(NOTE 4) 
DATA OUT VALID 

te (WR) 

tsu (CSl) 

tsu (OS» 

th (DA) 

tsu (00) tsu (DA) 

DATA IN STABLE DATA IN VARIABLE 

tW(WR) twr 

tsu (AD) 

Note 3 Hatching Indicates the state is unknown 

4 Indicates that dunng this penod the data-out IS invalid for this 

definition of td v (AD) and IS In the floating state for this definition 

of tpxz. 

__ ... >-L.2...J) ~ The center line Indicates a lloatlng (high-Impedance) state 
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Mil ~Utsl~"1 UjlS 

MSL S101LP·l 

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

POWER-DOWN OPERATION 

Electrical Characteristics (Ta =0 -70'C, unless otherwise noted) 

Symbol Parameter Test conditions 
Min 

VCC(PD) Power-down supply voltage 2 

2,2V";Vcc(po)";VCC 2,2 
VIICS) Power- down chip select Input voltage 

2 V ";VCCIPO)";2 ,2V VCCIPO) 

ICCIPD) Power-down supply current from Vee Vcc=2 V, all inputs =2V 

Timing Requirements ITa =0-70'C. Vcc=5V ±lO%, unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max 

tsulPO) Power-down setup time 0 ns 

tR(PO) Power-down recovery time tC(RO) ns 

Timing Diagram 

Vee 
tsu I PO )---.,'--+-0' .... - -,.4+--+- t RIPD) 

os, 

OV 

4'-56 
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Limits 

Typ Max 
Unit 

V 

V 

V 

1 pA 
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M5T 4044 P.20, 5·20; P·30, 5·30; P·45, 5·45 

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

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 M5T4044 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: 50tlw/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 

• I nterchangeable 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 
refresh ing, and all inputs and outputs are directly com
patible with TTL. 

During a write cycle, when a location is designated by 
address signals Ao-A11 and the R!W signal goes low, the 
DIN signal data at that time is written, 

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

BLOCK DIAGRAM 

! 

ADDRESS ,INPUTS 

12 
a: 

~ 
:::J 
OJ 

DATA INPUT 

<f) 

.ff] 
a: 
0 
0 
<>: 
z 
:; 
'3 
0 
U 

4096-WORD x 1-81T 

RAM 

64 

(64 ROWS x 

64 COLUMNS) 

PIN eON FIGURATION (TOP VIEW) 

,~DDRESS INPUTS 

DATA OUTPUT DOUT+-- 7 

READ/WRITE INPUT Rj W -+ 8 

(Ov) GND 

(5V) 

ADDRESS INPUTS 

DATA INPUT 

CHIP SELECT INPUT 

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

and a location is designated by address signals Ao-A11 , 

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. 

R/W 

CONTROL 

CIRCUIT 

SENSE 

AMPLIFIER 

OUTPUT 

BUFFER 

(5V) 

7 0 OUT DATA OUTPUT 

READ/WRITE INPUT R/W 8~---------------------' 

CHIP SELECT INPUT os 10)-----------------------' 
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M5T 4044 P-20, 5-20; P-30, 5-30; P-45, 5-45 

4096·BIT (4096.WORD BY I.BIT) STATIC RAM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter ConditIOns Limits 

Vee Supply voltage -0. S-7 

V, Input voltage With respect to GND -0.S-7 

Va Output voltage -0.S-7 

I MST 4044P Ta=2S"c 700 
Pd Maximum power diSSipation 

I 1000 MST 4044S Ta=2S"c 

Topr Operating free-air ambient temperature range 0-70 

I MST 4044P -40-12S 
Tstg Storage temperature range 

I -6S-1S0 MST 4044S 

RECOMMENDED OPERATING CONDITIONS ITa ~ 0·· 70"C. unless olherwlSe nOled) 

Limits 
Symbol Parameter Units 

Min Nom Max 

Vee Supply voltage 4.S S S. S V 

V,L low-level Input voltage -O.S 0.8 V 

V,H High-level Input voltage 2 Vee V 

ELECTRICAL CHARACTERISTICS (Ta e 0 -. 70·C. Vee~ SVt 10%. unless olherwlSe noled) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

V,H High-level Input voltage 2 Vee 

V,L low"level Input voltage -O.S 0.8 

VOH High-level output voltage IOH= -200,uA. Vce=4 SV 2.4 

VOH High-level output voltage 10H= -1.0mA. Vee=4 7SV 2.4 

VOL Low-level output voltage IOL=2.1mA 0.4 

'I Input current V, =O-S.SV 10 

laZH Oft-state high-level output current V,(eS)=2V. Vo=2.4V-Vee 10 

laZL Off-state low-level output current V,les) ~2V. Va=0.4V -10 

Icc Supply current from Vee VI = 5. 5V, (all inputs). output open,Ta =25"C 40 6S 

C, Input capacitance. all Inputs V, =GND. V,=2SmVrms. f= lMHz 3 S 

Co Output capacitance Vo=GND. Vo=2SmVrms, f=lMHz S 8 

Note 1 Current flowing Into an IC IS positive. out IS negatIVe 

TIMING REQUIREMENTS (For Write Cycle) (Ta~O·- 70"C. Vee = sv ± 10%. unless olherw"e nOled) (Nole 2) 

MST 4044P-20,S-20 MST 4044P-30.S-30 MST 4044P-4S,S-4S 

Symbol Parameter Limits limits Limits 

Mn Typ Max Min Typ Max Mn Typ Max 

te(WR) Write cycle time 200 300 4S0 

tSU(AD) Address setup time with respect to write pulse 0 0 0 

tW(WR) Write pulse width 120 ISO 200 

twr Wnte recovery time 0 0 0 

tSU(DA) Data setup time 120 ISO 200 

thiDA) Data hold time 0 0 0 

tsu(es) Chip select setup time 120 ISO 200 

tPXZ(WR) Output disable time with respect to write pulse 40 80 100 

SWITCHING CHARACTERISTICS (For Read Cycle) (Ta =0- 70"C. Vee~ 5V ± 10%. unless olherwlse noted) (Nole 2) 

Symbol Parameter 

te(RD) Read cycle time 

ta(AD) Address access time 

taICs) Chip select access time 

tpxz(es) Output disable time with respect to chip select 

tdV(AD) Data valid time with respect to address 

4-58 

MST 4044P-20.S-20 

limits 

Min Typ Max 

200 

200 

70 

40 

50 
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M ST 4044P-30.S-30 MST 4044P-4S.S-4S 

Limits Limits 

Mn Typ Max Min Typ Max 

300 4S0 

300 4S0 

100 100 

80 100 

SO SO 

Unit 

V 

V 

V 

mW 

mW 

"C 

"C 

"C 

Unit 

V 

V 

V 

V 

V 

,uA 

,uA 

,uA 

mA 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 
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MST 4044 P-20, 5-20; P-30, 5-30; P-4S, 5-45 

TIMING DIAGRAMS 
Read Cycle 

DOUT 

Write Cycle 

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

IC(Ro) 

~-+-----+- la (CS) 

DATA DUT VALID 

la(Ao) 
_+--+_ldV(Ao) 

IC(WR) 

tSU(AD)_+----t-~----I...:w...:(-'-W-'-R-'-) ----i-----t-- Iwr 

R/W 

DOUT 

Note 2 Test conditIOns 

Input pulse level 8-2V 

Input pulse rise time 20n8 

Input pulse fall time 20n8 

Reference level 

Input 1.5 V 

Output 1.5V 

Load = lTTL. CL= 100pF 

IslI(CS) 

ISlI(oA) 

DATA STABLE 

- __ +---+_1 PXZ(WR) __ -1----+_1 PXZ(CS) 

DATA OUT INVALID 

Note 3 Hatching Indicates the state IS don't care 

>>> <.L The center line Indicates a floating (high-Impedance) state 
___ .L.. 

• MITSUBISHI 
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MST 4044 P.20, 5·20; P·30, 5·30; P·4S, 5-4S 

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

TYPICAL CHARACTERISTICS 

NORMALIZED ACCESS TIME VS. NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE 

o 
,5 1. 4 

:J 1.3 

1.2 

1.1 

1.0 

til NO.9 

iii 
2 0.8 

'" ~ 0.7 

Ta=70'C 
LOAD = lTTL 
CL=100pF 

i--

0.6 
4.0 5.0 6.0 

SUPPLY VOLTAGE Vee (V) 

-

OUTPUT LOAD CAPACITANCE 

~ 1.4 

:J 1. 3 

1.2 

1.1 

1.0 

~ 0.9 
:J « 
2 

'" o z 

0.8 

0.7 

Ta-70'C 
LOAD = IT T L 
CL=100pF 

.--......-

0.6 
100 200 

--~ 
300 400 500 

OUTPUT LOAD CAPACITANCE C L (p F) 

600 

OUTPUT SINK CURRENT VS. OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 

<l 
E 

..J 
0 

>-
as 
'" '" :::J 
U 

"" z 
Vi 
>-
:::J 
Q. 

>-
:::J 
a 

Vee=4.5V 
Ta=70'C 

10.0 

V 
5.0 

V 
0/ o. 
0.0 0.2 0.4 

/ 
II 

V 

0.6 0.8 

<l 
E 

I 

53 
>-
as 
'" '" :::J 
U 
w 
u 
0: 
:::J a 
(/) 

>-
:::J 
Q. 

>-
:::J a 

1.0 

10.0 

5.0 

0.0 
0.0 

Vee=4.5V 

1\ Ta = 70'C 

l 
\ 

1\ 
\ 

1'\ 
1.0 2.0 3.0 4.0 

OUTPUT VOLTAGE VOL (V) OUTPUT VOLTAGE V OH (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 

SK BYTES MEMORY SYSTEM M5T 4044P x 16 

ADORESS INPUTS 

A11 TO ALL 
I RAMS' 

Ao ADDRESS 
INPUT 

MEMORY WRITE SIGNAL -'t-<I ]>~--------H :;»---------t-+--"-t-t--A.--J 
(LOW ACTIVE) 

MEMORY READISIGNAL __ ~;----1 
(LOW ACTIVE) <> 0 

I 
N N 

f- f- f-
::0 

~ 
::0 

~ 
::0 

~ 0 0 0 

~ ~ ~ ~ <l ~ 
f- f- f- f- f- f-
<l <l <l <l <l <l 
0 0 0 0 0 0 
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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/1Jl cross compiler. 
It accepts either paper tape or magnetic tape as the input 

medium. 
An EPROM in w~ich 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 ME LPS 8/85 cross assembler or 
a PL/1Jl cross compiler can be used. 

MASK ROM DEVELOPMENT PROCESS 

FROM CUSTOMER 

• The hexadecimal and BNPF forms are Intel-compatible. 

• The character code can be ASCII or ISO, with or with
out parity. 

OBJECT PROGRAM MEDIA 

• Paper tape: 
• Magnetic tape: 

• EPROM: 

8-level, 25.4 mm (1 inch) wide 

9-track, 800BPI, odd parity 

The M5L 2708K, S, or M5L 2716K, 
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/1Jl cross com
piler. 

See a MELPS 8/85 cross assembler reference manual 

(GAM-SROO-02A) or a MELPS 8/85 PL/1Jl cross compiler 

reference manual (GAM-SROO-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. 

• 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. 

MITSUBISHI ELECTRIC 

ROM TEST PROGRAM 

TESTER 

• WAFER 
TEST 

• FINAL 
TEST 

L-__ J\r----!--'-"''''(~~~I--------I. QA TEST 

5- 2 
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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 
EXAMPLE OF BNPF FORM 
-- LOW TO HIGH ADDRESS DIRECTION 

BNNPNNPPNF BNNPP NNNPF~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ B P P N N ''',,' ( 
~COMMENTS MAY BE INSERTED I 

INSTRUCTION CODE END OF DATA MARK 
B)B, B, B, BJ B2 B, Bo 
0 0 1 0 0 1 1 0 

-- 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 tlian 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 ISO, 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 

:1,1,' 

'"°°,,1 
J,-- +, ------- :000 00000 i -r 

l ~~~ ~:~ END OF DATA MARK 

NUMBER BCC CODE COMMENT MAY BE INSERTED 
FIRST II ADDRESS INSTRUCTION CODE 

DATA LENGTH 

~rc~TRgFMARK Note Character coded In ASCII 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. 

• 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 BCC CODE CHECKING 

08 

~g 00 
00 - 86 
01 ~ 

20 1 31 
A2 
43 
10 ,TWO'S COMPLEMENT 

+ 37 I 
~86i------_...J 

• Record mark: 

• Data length: 

• First address: 

• Record type: 

• I nstruction code: 

• BCC code: 

Note The high-order carry IS Ignored 

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 QJ 

and the low-order digit Q2. 

Four hexadecimal digits give the 

first address (address of dOl) 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 QJ Q2' 

The BCe 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 

BCe 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 ISO, 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. 

4. Minato-Hexadecimal Form 
• The paper tape should be supplied according to the form 

shown in reference manual GAM-SROO-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 ·tr 

Customer 

DATE TEL 

OBJECT PROGRAM FORMAT 

Format 1. MElPS 8/85 binary 2 Hexadecimal 3 BNPF 

Medium 4. Paper tape (2 sets) 5. Magnetic tape (2 sets) 

Character code 

---------------------------
6. ASCII 7. ISO 

Parity ~ B Odd 9. Even 10. None 

ROM 1st address ~ 
11 All regions 

~~ ~~~-~-Region to be 
12 ROM region 

masked 

13 RAM region 

Instruction 
14 Punched bit programmed as high-level 16 1'8 bit programmed as high-level 

code 
15 Punched bit programmed as low-level. 17 I's bit programmed as low-level 

20. Punched bit programmed as high-level. 22 I's bit programmed as high-level 
Address 

21 Punched bit programmed as low-level 23 i's bit programmed as low-level 

DATA OUTPUT 1. Positive Logic 

ADDRESS INPUT 1. Positive Logic 

ACTIVE CHIP-SELECT INPUT LEVEL 

5- 4 

Type number 

-~,-" 
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18 p's bit programmed as high-level 

19 P's bit programmed as low-level 

~ 
2. Negative Logic 

2. Negative Logic 

CS2 CS3 
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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. I and O) or dashes 

LIST TO BE PRESENTED 

SOURCE LIST PRESENTATION 

COMMENTS 

DO NOT WRITE BELOW THIS LINE 

1. Yes ( sets) 

1 . Necessary ( sets) 

• MITSUBISHI 
..... ELECTRIC 

2. No 

2. Not Necessary 
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M54700K, P, 5 

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: OAOmW/bit 
• Fast access time: 50ns (typ) 

• 5V±5% single supply voltage 

• Inputs and outputs TTL-compatible 

• Open collector outputs 

• Two chip enable inputs (E;, E2 ) for easy memory 

expansion 

• Organized as 256 words of 4 bits 

• 16-pin ceram ic or plastic package 
• Interchangeable with MMI's 6300 in pin configuration 

and electrical characteristics 

APPLICATION 
• Programmable memory for the M5l8080A8-bit parallel 

CPU. Used for prototype design, microprogramming and 
control storage. 

FUNCTION 
This device is accessed by address inputs Ao~A7' selecting 
one of 256 words. The 4-bits are read out in parallel on 
data outputs 0 1 ~04' All inputs are TTL-compatible. An 

BLOCK DIAGRAM 

MS8~ " 

ADDRESS 
INPUTS 

CHIP {Ei 
ENABLE INPUTS E2 

PIN CONFIGURATION (TOP VIEW) 

Vee (SV) 

15 +-A7 ADDRESS INPUTS 

ADDRESS INPUTS 

14 +- E;} 
_ CHIP ENABLE INPUTS 

13 +-El 

DATA OUTPUTS 

(DV) GNO- 8 

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 

OI~04' 

256-WORD BY 4-BIT 

MEMORY ARRAY 

(32 ROWS x 32 COLUMNSI 

DATA OUTPUTS 

-1vce (5V) 

1"'" '"" 

__ J 
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M54700K, 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) 

Symbol Parameter Conditions 

VCC Supply voltage 

V, Input voltage 

Va Output voltage 

Topr Operating tree-air temperature range 

Tstg Storag~ temperature range 

Va Output apply voltage 

VE Chip enable apply voltage In. case of programming 

tw(P)/tc (P) Duty cycle 

READ OPERATION 
Recommended Operating Conditions (Ta = 0-75'C. unless otherwise noted) 

limits 
Symbol Parameter 

I Min Nom I Max 

VCC Supply voltage 4.75 I 5 I 5.25 

Electrical Characteristics (Ta = 0 -75'C . unless otherWiSe noted) 

Symbol Parameter Test conditions 

VOL Low-level output voltage I OL= (6mA 

IOH High-level output current VOH=5.25V 

IlL Low-level input current VI=O. 4V 

VI=2. 4V 
IIH High-level input current 

VI=4. 5V 

Icc Supply current from V cc 

V'C Input clamped voltage I, = -lOrnA 

Note 1 Typical values are at Vcc=5V, Ta=25°C 

Switching Characteristics (Vee = 5V. Ta = 25'C . unless otherwise noted) 

Symbol Parameter Test conditions 

ta (AD) Address access time (Note 3) 

ta(CE) Chip enable access time See Timing Diagrams and Note 4 

tdv(CE) Data valid time with respect to chip enable 

Timing Diagrams 
tr tf 

--+-t- -H-
1 I I 1 
i 1 H-------3.0V 
I 90% , I 
I ____________ :\-________ f .5V 

1 ,10% I 
____ .....1,' : ' '-____ OV 

i r------1'---.,-------VOH 

0,-04 

"L"-"H" 

I I I I 
I ta(AO) Ita(AD) 1 _____ 1.5V 

I 1 
1 1 

1 
I 
I 
I 

VOL 

Unit 

V 

Min 

Min 

Limits Unit 

7 V 

5.5 V 

VCC V 

0-75 'c 
-55-125 'c 

27 V 

35 V 

25 % 

Limits 
Unit 

TYP(Note!) Max 

0.3 0 45 V 

100 IIA 

-1 .6 rnA 

40 

60 
IIA 

85 125 mA 

-( .5 V 

Limits 
Unit 

Typ Max 

60 ns 

35 ns 

35 ns 

t r, 

iT 
1 1 
1 1~-----3.0V 
I 
I 
1 ---------1.5V 

1 

'--------'1+---------- ov 
I VOH 
I 

tdV(CE)1 

I 

1 1 
I 1 

VOH Note 2 Rise time tr ~5ns; fall time Itf ~5ns 
0 , -04 

"H"-"L" 
Ita(AD) -----1.5V 

1 
1 '-_____ '---J. ______ VOL 

3 The chip enable inputs Ii and: E2 should be low-level at measurement time during 
address access time 

4 Load circuit: capacitance (ell includes stray capacitance and input capacitance 

-----"-----------------OV 

CL =30P~ RI =300Q 

F Y R2=600Q 

• MITSUBISHI 
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MS4700K,P, 5 

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

PROGRAMMING OPERATION 
Recommended Operating Conditions 

Symbol Test conditions 
Min 

VI (CEP) Chip enable program input voltage 29 

VO(P) Output apply voltage 

VCC(P) Program input voltage 5.40 

VCC(v) Program verify input voltage 4.10 

Timing Requirements 

Symbol Test conditions 
Min 

t r ( P) Pulse rise time 10 

tw(P) Pulse width 0.04 

tW(P)/tC(P) Duty cycle 

Timing Diagram 

::::x
TTL'~~'_' _____________________ ~ 

Ao-A7 "---
TTL"L-" -------------

VI(CEP) 

0, -04 

VO(P) ";";''';;''';'';'';'-i1 

10V 1 10V 

1----'--'-'--11 1. 5 V I 
II!'---------J : 
I t O(P) • I 

-.l.-VOP=25V I 
I 
I 
1f.5V 

II'--______ T;,.T.;...;;.L...; .. L:;,.. .. 

--rt-
lOOns MIN 

\~ _________ V~C~C~(V) 

TTL"H" 
VERIFICATION r-------'" 'L _________ _ 

TTL"L" I. PROGRAMMING .\ \. VERIFICATION \ 

limits 

Nom Max 
Unit 

33 V 

25 V 

5.50 5.60 V 

4.20 4.30 V 

Limits 
Unit 

TVp Max 

25 100 "s 
100 ms 

25 % 

Programming Circuit 

B 

CHIP ENABLE 

TO BIT 
DECODER 

E 

r----i.-.. .-~~-~J OUTPUT 
01 

TO 
OUTPUT 
BUFFER 

5. After programming is completed, apply an additional 
three programming pulses. 

6. Test the pr,ogrammed memory to verify that the outputs 
are low-level or high-level as desired. Both chip enable 

inputs ~ and ~ must be low-level for testing. 

The word decoder circuit selects anyone of 32 columns, 

and sets the transistor Tr2 to the on state. The bit decoder 

circuit selects any four of 32 rows, and supplies the base 

Programming (Writing) Procedure current to transistor Trl from chip enable input E;'. 
The fuse link is opened not by the base current, but by 

All 1024 Ni-Crfuse-link memory elements are manufactured the collector current which is supplied to transistor Trl 
in a high-logic-level (fuse closed) output conditon. To pro- from the selected output OI~04' plus the base current. At 

gram: this time, the other three fuse links of the selected word 
1. Ap'ply 5.5V to the supply voltage Vee and select a fuse line are in a half-selected stage and the remaining 1020 fuse 

link to be programmed with address inputs Ao~A7' links are in a non-selected state. 
2. Apply a high-logic-level to the chip enable input E2. 

3. After applying a program pulse VI (CEP) to the chip 

enable input EI (see Timing Diagrams). apply an output 

pulse VO(P) to the fuse link of the output to be pro

grammed. The output pulses should be separately applied 

Typical Programming Conditions 

to each output. 

4. After programming, the fuse link is open and the output 

level is changed to a low-logic-level. 

Condition 

sequence 

1 

2 

3 

4 

5-8 
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Pulse 

sequence 

1-4 

5-8 

9 -12 

13-19 

Pulse width 
Chip enable 

program voltage 
tw(P) (ms) 

V'(CEP) (V) 

0.5 29 

1 29 

5 30 

20 33 

Output 
voltage 
(V) 

25 

25 

25 

25 
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MS4700K, P, S 

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

APPLICATIONS 

Chip Enable Circuit 
The chip enable inputs E7 and E2 are used for activating or 

inhibiting output 0,-04, E, and E2 are NORed. Output 
is inhibited when any of the inputs are high-logic-level. 

Chip enable inputs E;" and E2 allow easy memory.expan

sian by one of the following procedures: 

1. Expanding the Number of Bits in a Word 

For example, using three 1024-bit ROMs, each organized as 

256 words of 4 bits, the number of bits in a word can be 

expanded as described below: 

1. Apply a low-logic-level to both chip enable inputs E, and 

E2 of each ROM. 
2. Connect address inputs Ao-A7 of each ROM in parallel. 

Memory is thus expanded and reorganized as 256 words 

of 12 bits. 

Fig. 1 Expansion of number of bits 

A7 
As 04 
As 
A4 1024 '03 
A3 BIT 
Az ROM Oz 

r- ~~ .01 
El Ez 

Xr;(' 
A7 
As 04 
As 
A4 1024 · 03 
A3 BIT 
Az ROM Oz 

~ r- AI 
r-- AD 01 

El Ez 

~ ~ 
A7 
As 04 
As 
A4 1024- 03 

>--

A3 BIT 
Az ROM Oz 

f- AI 
f- AD 01 

El Ez 
) :> 1rt A7 As As A4 A3 Az AI AD 

r--O. OIZ 

~ 
~ 
~ 

011 

010 

09 

~. Os 

07 

as 

05 

f--o 
~ 
r----o 

f-o 
r----o 
~ 
r----o 

03 

Oz 

01 

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 E2 of each 

ROM to the decoder while keeping the remaining input 

at low-logic-level. 

2. Connect the outputs from each ROM with AND-tie con

nections so that each output is an open-collector output 

circuit or a three-state output. Memory is thus expanded 

and organized as 768 words of 4 bits. 

Fig. 2 Expansion of number of words 

~U 
'" 0 r--&l 
'" "---

---r-
~ 

f--
.--

( 

A7 AsAsA4A3Az~ AD 

A7 
AS 04 

~:1024-03 
A3 BIT 
Az ROM Oz 

~~ 01 
EI Ez 

3. Expanding the Number of Words in Memory and 
the Number of Bits in a Word 

For example, using nine 1024-bit ROMs, each organized as 

256 words of 4 bits, and by combining procedures 1 and 2 

above, the number of words in memory along with the 

number of bits in a word, can be expanded as described 

below: 

1. The chip enable input E2 of all ROMs is connected in 

parallel for module selection. 

2. The chip enable input E7 activates selected ROMs the 

same as 2 above. 

Memory is thus expanded and reorganized as 768 words 

of 12 bits. 

• MITSUBISHI 
;"ELECTRIC 5-9 



"" I ;:,u.,l;:,nl L~IS 

MS4700K, P, 5 

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

Fig. 3 ROM module 

MODULE 

SELECT A9 
A8 

-
-- ~ 

t---

ADDRESS 

8 

1 
AO_A7 04 

E2 1024- 03 -
BIT 02 -Ef 

ROM Of _ 

T DRIVER 
ADDRESS A) 

BUS I 
I 8 I 8 , 

J I , , 
AO_A7 04 I -Ao 

03 I-t- I-
E2 1024-

BIT 02 r-I-
L- Ef ROM Of I-

8 

1 
Ao-A7 04 

E2 
1024- 03 l-t- r-
BIT 02 l-t-~ E1 

ROM Qf I-

) 

Pull-up Resistors 
The outputs are open collectors; therefore, AND-tie con

nections are also possible, and normal loads can be 

connected. The resistance of a pull-up resistor RL that may 

be connected between the voltage supply and the collectors 

of the output transistors should be determined by equations 

(1) and (2) as shown below: 

RL( max) 
M·loH+N·I,H 

----( 1) 

where, M : number of AND-ties 

N : number of fanouts (num ber of loads) 

Vee: maximum value of supply voltage 

VOH : minimum value of high-level output voltage 

IOH : maximum value of high-level output 

current at the open collector output 

TiH : maximum value of high-level input current 

RL(mln) (2 ) 
IOL-N·IIL 

where, Vee: minimum value of supply voltage 

then, 

iJOL : maximum value of low-level output voltage 

IOL : maximum value of low-level output current 

iiL : maximum value of low-level input current 

RL(mln)< RL< RL(max) --------------(3) 

1 1 
AD_A7 04 AD-A7 

04 

E2 
i024- 03 t---

E2 
1024-'03 r--

BIT 02 t-- BIT 02 r---Ef 
ROM Of t- Ef 

ROM Of t-

l 1 
AO_A7 04 Ao -A7 04 

1024- 03 1024- 03 r-t- I-
E2 E2 

BIT 02 1-1- BIT 02 r-t-
Ef ROM Of l-

E! 
ROM Of r-

i ! 
AD-A) 04 Ao_A7 04 

E2 1024_ 03 
E2 1024-03 t-I-t-

BIT 02 r-t- BIT 02 r-r-'-< Ef Ef' 
ROM 0, I- ROM Of r-

) 
05 06 0) Os 

The resistance of a pull-up resistor RL should be within the 

range as shown in equation (3). RL (min) and RL (max) 

should be calculated using the appropriate number of AND

ties and fan outs. Calculation examples of TTL load are 

shown below: 

(1) When 

M= 4, N= 3, Vee=525V, VOH=2,4V. IOH=100,uA, 

TiH=40,uA 

VCC-VOH 
RL (max) =--===-------::=-

M ·IOH+N ·I,H 

(2) When 

5,25V -2.4V 

4X(100,uA) + 3X(40,uA) 

=5090Q 

N= 3. Vcc=4,75V, VOL=0.45V. iOL=16mA, 1IL=1.6mA 

RL (min) 
IOL - N· IlL 

4.75V - 0,45V 

16mA - 3X(1 ,6mA) 

=38412 

5--10 
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M54730K,· P, 5 

256.BIT (32.WORD BY a.BIT) FIELD· PROGRAMMABLE ROM 
WITH OPEN COLLECTOR OUTPUTS 

DESCRIPTION 
The memory cells of the M54730K, p, S are a 32-word 
by a-bit matrix of diodes and Ni-Cr fuse links. Data can 

be electrically programmed by open-circuiting fuses in the 
field with simple programming equipment. These 256-bit 
field programmable ROMs (PROMs) are composed of an 
address decoder, memory, output and chip enable TTL 
circuits. 

FEATURES 
• Field programmable ROM 

• Low power dissipation: 1.5mW/bit 

• Fast access time: 45ns (typ) 

• 5V±5% single supply voltage 

• Inputs and outputs TTL-compatible 

• Open-collector outputs 

• Chip enable inputs (E) for easy memory expansion 

• Organized as 32 words of a bits 
• l6-pin ceramic or plastic package 
• Interchangeable with MMl's 6300 in pin configuration 

and electrical characteristics 

APPLICATION 
• Programmable memory for the M5Ll8OaOA!a-bit parallel 

CPU. Used for prototype design, microprogramming and 
control strage. 

FUNCTION 
This device is accessed by address inputs Ao -~, selecting 
one of 32 words. The a bits are read out in parallel on data 
outputs 01-0S' All inputs are TT L-compatible. An external 

1/32 

ADDRESS INPUTS DECODER 

CHIP ENABLE INPUT E 

(5V) Vee ~ 

(OV)GND t=. __ _ 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

31 1 

01 

PIN CONFIGURATION (TOP VIEW) 

Vcc(5V) 

DATA OUTPUTS 

(OV)GND 

Outline 16K1 (M54730K) 
16P1 (M54730P) 
16S1 (M54730S) 

CHIP ENABLE INPUT 

ADDRESS INPUTS 

DATA OUTPUT 

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 01-0S' 

32·WORD BY B·BIT 

MEMORY ARRAY 

(32 ROWS x 1 COLUMNS x 8 ARRAYS) 

07 Os -MSB 

DATA OUTPUTS 

•.. MITSUBISHI 
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M54730K,'.P, S· 

256,B11 (32-WORD BY 8-BIT) FIELD-PROGRAMMABLE ROM 
WITH OPEN COLLECTOR OUTPUTS 

ABSOLUTE MAXIMUM RATINGS (Ta = 2S"C. unless otherwise noted) 

Symbol Parameter Conditions 

VCC Supply voltage 

V, Inpui voltage 

Vo Output voltage 

Topr Operating free-air "temperature range 

Tstg Storage temperature range 

Vo Output apply voltage 
In, case of programming 

tw(P)/tc(P) Duty cycle 

READ OPERATION 
Recommended Operating Conditions (Ta = 0-7S·C. unless otherwise noted) 

Limits 
Symbol Parameter 

I I Unit 
Min Nom Max 

Vee Supply voltage 4.75 I 5 I 5.25 V 

Electrical Characteristics (Ta = 0 - 7S·C . unless otherwise noted) 

Symbol Parameter Test conditions 

VOL Low-level output voltage IOL=16rnA 

IOH High-level output current VOH=S.2SV 

IlL Low-level· input current VI =0.4V 

IIH 
VI=2.4V 

High-level input current 
VI =4.SV 

lec Supply current from Vee 

V'C Input clamped voltage II =-10rnA 

-Notel: TYPical values are at Vec-5V, Ta=25 C. 

Switching Characteristics (Vcc= SV, Ta = 2S·C . unless otherwise noted) 

Symbol Parameter 

ta(AD) Address access time 

ta(CE) Chip enable ,access time 

tdv(eE) Data valid time with respect to chip enable 

Timing Diagrams 

ai-Os 
"L"-"H" I 

tl 
-1--1-

VOL 

Test conditions 

See Timing Diagrams 

tf tr 
--L.4- -1-1-

I I I I 

~i90% ir--3 . 0V 

E ~~-_-_-~~~I.SV 
: I-------OV 

--------r~ !v-----VOH 

04-0S K------b------1. 5V 

t~(CE). ta'(CE) VOL 

Min 

Min 

VOH Note 2 : Rise time tr ~Sns; lalltime tl :;;5ns 

limits Unit 

7 V 

5.5 V 

Vee V 

0-75 ·C 

-55-125 ·C 

27 V 

25 % 

Limits 

TYP(Notel) Max 
Unit 

0.3 0.45 V 

100 I,A 

-1.6 rnA 

40 

60 "A 

85 125 rnA 

-1.5 V 

Limits 
Unit 

Typ Max 

50 ns 

30 ns 

30 ns 

3 : The chip enable input E should be low·level at measurement time during address 
access time. 

--------------------------0 V 

5-12 

; Load circuit: capacitance (CLl includes stray capacitance and input capacitance. 
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.... ELECTRIC 

~vcc RI =300Q 

CL =30pF 
R2=600Q 



MITSUBISHI LSI. 

M54730K, P, S 

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

PROGRAMMING OPERATION 
Recommended Operating Conditions 

Symbol Test conditions 

V, (CEP) Chip enable program input voltage 

VO(P) Output apply voltage 

VCC(P) Program input voltage 

VCO(V) Program verify input voltage 

Timing Requirements 

Symbol Test conditions 

tr(P) Pulse rise time 

tw(P) Pulse width 

tW(P)/tC(P) Duty cycle 

Timing Diagram 

Min 

29 

20 

5.40 

4.10 

Min 

10 

0.04 

TTL "H" 
Ao-A~~------------------~X 

TTL"L" :"----
I 
I 
TTL"H" 

" " !' ("-' 
TTL"L" 10 11: . _ 

" ~_t~W~(~P1) ___ I~~=---------~-~., . I I I I te(p) I I 
, I I 
I I 
I -i---- VO(P) I 

0,-08' , I 
VO(P) TTL"W , I I , TTL "H" 

I, '1.5V 
I I I 

++- " , OOns MIN .JL -,,--
TTL "L" 

lOOns MIN 

Vee(p) 

Vee "~ ______ v~e~e~(v~) ____ __ 

·1 I' 
PROGRAMMING VERIFY 

Programming (Writing) Procedure 

All 256 Ni-Crfuse-link memory elements are manufactured 

in a high-logic-level (fuse closed) output conditon. To pro
gram: 

1. Apply 5.5V to the supply voltage Vee and select a fuse 
link to be programmed with address inputs Ao-A.. 

2. Apply a high-logic-level to the chip enable input E. 
3. After applying a program pulse V, (CEP) to the chip 

enable input E (see Timing Diagram), apply an output 
pulse VO(P) to the fuse link of the output to be pro
grammed. The output pulses should be separately applied 
to each output. 

4. After programming, the fuse link is open and the output 
level is changed to a low-logic-level. 

5. After programming is completed, apply an additional 
three programming pulses. 

Limits 

Nom Max 
Unit 

33 V 

25 V 

5.50 5.60 V 

4.20 4.30 V 

limits 
Unit 

Typ Max 

25 100 I-'S 

100 ms 

25 % 

Programming Circuit 

E B E 

ZENER 

R 

OUTPUT 0, 

TO 
OUTPUT 
BUFFER 

TO WORD 
DECODER 

6. Test the programmed memory to verify that the outputs 
are low-level or high-level as desired. Chip enable input E 
must be low-level for testing. 

As the chip enable input E is kept high-level during pro
gramming, transistor Trl maintains' the off state. The word 
decoder circuit selects anyone of 32 words, and sets the 

transistor Trl to the on state. The collector current of the 
transistor Tr2, which is supplied from the selected output 
0 1, opens the fuse links. At this time, the other seven fuse 
.links of the selected word line are in a half-selected state 
and the other 248 fuse links are in a nonselected state. 

Typical Programming Conditions 

Condition Pulse Pulse width Chip enable Output 

program voltage voltage 
sequence sequence tw(P) (ms) 

V'(CEP) (V) 
(V) 

I 1 -4 0.5 29 25 
2 5-8 1 29 25 
3 9 -12 5 30 25 
4 13-19 20 33 25 

• MITSUBISHI 
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MS47·30K, p,.S 

256-BIT (32-WORDBY a-BIT) FIELD-PROGRAMMABLE' ROM. 
WITH, OPEN,COL.LECTOR OUTPUTS 

APPLICATIONS 
Chip Enable Circuit 
The chip enable input E is used for activating or inhibiting connected. The resistance .of a pull-up resistor RL that may 

output 01-0S' Chip enable E allows easy memory expan- be connected between the voltage supply and the collectors 

sion by one of the following procedures: of the output transistors should be determined by equations 

1. Expanding the Number of Bits in a Word (1) and (2) as shown below: 

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 A o-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 

F~r 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 o-A4 commonly. 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. 

ADDRESS 
BUS 

AS 
As 

INPUTS A4 

Ao 

ROM modu 

= 

ADDRESS 

T DRIVER , 
I , , , 
1 

Ie 

Pull-up Resistors 

= 5 
;. 

Ao-A4 
256-
BIT OSr 

E'ROMOf' 

5 5 
~ 

Ao-A4 

~~toSl 
'-c E ROM Of' 

5 

Ao-A4 

I-c 
256- OSl 

E :gM O,: 

Ao-A4 
256-

I-- BIT Os, I--
E ROM Of' 

j 
Ao-A4 

- 256-0s 

E RBgM 01: 
-

Ao-A4 

- 256- as -
E :gM Of' 

- -
01 Os 

The outputs are open collectors; therefore, AND-tie con

nections are also possible, and normal loads can be 

VCe-VOH 
RL (max) = -,-. --=. =---==--

M·loH+N.I,H 
-----------------( 1) 

where M : number of AND-ties 

N :. number of fanOlHs (number of loads) 

Vee: maximum value of supply voltage 

VOH : minimum value of high-level output voltage 

IOH : maximum value of high-level output 

current at the open collector output 

iiH : maximum value of high-level input current 

Vee-VOL 
RL (min) = -==::=--=

I OL -N ·!riL1 
-------. -----.- ( 2 ) 

where Vee: minimum value of supply voltage 

then 

VOL : maximum value of low-level output voltage 

iOi: : maximum value of low-level output current 

iiL : maximum value of low-level input current 

RL (min) < RL < RL (max) -------------- ( 3) 

The resistance of a pull-up resistor RL should be within the 

range as shown inequation (3). RL (min) and RL (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, Vee=5.25V. 

VOH=2.4V, IOH= 1001lA, 

iiH=401lA 

Ao - A4 
256-
BIT Os, I--

ERaMO,' 

RL (max) 

. ~ 
Ao -A4' 

~~6- OSr t--
E ROMOf' 

Ao-A4 
256-0s 

E :gM01' f-

--

(2) When 

5.25V - 2.4V 

4X (1001lA) + 3X (40IlA) 

=5090Q 

N=3, Vee=4.75V. 

VOL=0.45V, IOL=16mA. 

TiL=1.6,mA 

RL(min) 
IOL - N ·llld 

4.75V - O.45V 

16mA - :3X(1.6mA) 

=38402 

5-14 
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MS8333-XXXP 

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

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 OIL 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: 650ns (max) 

• 8-bit parallel output 
• Easy memory expansion using two chip select inputs 

(CS, 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 

APPLICATION 
'. Microcomputer memories 

FUNCTION 
Address inputs Ac - Al are decoded to select one of the 
4096 words. and the contents of that address are read 
out to data outputs 00-07. Chip selects (CS1 and CS2 ) 

are used to expand memory using two or more M58333-

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

Ao 8 

DATA OUTPUTS D 1 {

Do 9 

D2 

(ov) GND 12 

:!: 
U1 
co 
w 
w 
w 

~ 
"C 

Outline 24P1 

Vee (sv) 

AS } ADDRESS INPUTS 
A9 

21 OS, '/CS~ CHIP SELECT 

20 CS1/0S1jlNPUTS 

19 Al0} 
ADDRESS INPUTS All 

17 D7 

XXXP ROMs. The contents of the ROM can be read only 
when Cs, and CS, are at specific input levels. Otherwise. 
data outputs 00- 07 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 
ROM mask. 

-----------------~ 

" Vee (5V) 

12 GNO (ov) 

ADDRESS 
INPUTS 

I 

ADDRESS 
INPUT 

BUFFER 

x- 256 4096-VVORD BY 8-BIT 8 X 16 
DECODER MASK-PROGRAMMABLE 

ROM 

CHIP SELECT 
INPUT BUFFER 

, 

CHIP I' 
SELECT 
LOGIC 

~----~~~----~- -------------------~ 
I 

L ___ 20 

, OSl/CS1. OS2/CS2, 

CHIP SELECT INPUTS 
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MS8333-XXXP 

32768-BIT(4096-WORD BY 8-BIT)MASK-PROGRAMMABLE ROM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits 

Vee Supply voltage -0.5-7 

V, Input voltage 
With respect to GND 

-0.5 -7 

Vo Output voltage 
(atVee=5Vfor V, andVO) 

-0.5 -7 

Pd Power dissipation Ta=25'C 1000 

Topr Operating free-air temperature range 0-70 

Tstg Storage temperature range -40-125 

RECOMMENDED OPERATING CONDITIONS (Ta=O -7O'C. unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Nom Max 

Vee 4.75 5 5.25 V 

GND 
Supply voltage 

0 V 

V,H High-level Input voltage 2 Vee+1 V 

V,L Low-level input voltage -0 .5 0.8 V 

ELECTRICAL CHARACTERISTICS (Ta=O -7O'C, Vee=5V+5%. unless otherwise noted) 

Symbol Parameter 
limits 

Test conditions 
Min Typ 

VOH High-level output voltage I OH= -400 I"A 2.2 

VOL Low-level output voltage 10L = 2 mA 

I, Input current V,=O-Vce -10 

loz Off-state output current V, =0.45-Vee -10 

Icc Supply current from V CO Output open Ta =25"C 80 

C, Input capacitance Vee=5V, VI=VO=OV, 

Co Output capacitance f = 1 MHz, 25mVrms, Ta =25'C 

SWITCHING CHAPACTERISTICS (Ta=0-70'C, Vee=5V+5%. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

ta(AD) Address access time CL = 100pF, RL =2.1 kQ (Note 11 400 

tpzx Chip select propagation time 

tpxz Chip non select propagation time 0 

TIMING DIAGRAM Note t Load circuit diagram 

AO-A 11 

CSt/CSt 

CS2/CS2 
Note 2: 

Unit 

V 

V 

V 

mW 

'c 
'c 

Unit 
Max 

V 

0 .45 V 

10 I"A 

10 I"A 

120 mA 

10 pF 

15 pF 

Unit 
Max 

650 ns 

150 ns 

150 ns 

Vee 

RL 

Do - D 7 ---+--+Hl 

~ THE CENTER LINE INDICATES -.!JJ ... -'L ~J;T~ATING (HIGH·IMPEDANCE) 

tpzx 

a(AD) 
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Input pulse level: ........... 0.45 - 2.4 V 
Input pulse rise timet r :····· 20ns 

Input pulse fall time t f····· 20ns 

Reference voltage for sWltchig 

characteristic measurement 

Input VIH 2V 

V,L 0.8V 
Output VOH 2V 

VOL. 0.8V 
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MS8334-XXXP 

65536-BIT(a192-WORD BY a-BIT) MASK-PROGRAMMABLE ROM 

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 EO-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 

BLOCK DIAGRAM 
r-----

As 

A7 ADDRESS 
ADDRESS 

As INPUT 
INPUTS BUFFER 

PIN CONFIGURATION (TOP VIEW) 

Outline 24P1 

FUNCTION 

Vee (5V) 

:~ )ADDRESS 
INPUTS 

21 ...... A,2 

...... CS/CS ~H~ElELECT 

19 ...... AIO ) ADDRESS 
18 ...... Al1 INPUTS 

DATA 
OUTPUTS 

Address inputs Ao- A'2 are decoded to select one of the 
8192 words, and the contents of that address are read 
out to data outputs 0 0 - 0 7 • 

The address input Ao is the low-order bit, and A'2 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 0 0 - 0 7 are held in the floating (high

impedance) state. 

-@VCC (5V) 

~GND (OV) 

Do 

A, 256 8192·WORD BY 8·BIT 8 X 32 DATA 
OUTPUTS A3 

MASK· PROGRAMMABLE 
ROM 

CHIP SELECT 
INPUT BUFFER 

CHIP 
SELECT • 
LOGIC I 

~. 201)----- --------------~ 
CS/CS 

CHIP SELECT INPUT 
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MS8334-XXXP 

65536-BIT (8192-WORD BY 8.BIT)MASK-PROGRAMMABLE ROM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions limits Unit 

Vee Supply voltage -0.5--7 V 

V, Input voltage With respect to GND -0.5-7 V 

Va Output voltage -0.5-7 V 

Pd Power dissipation 1000 mW 

Topr Operating free-air temperature range 0-70 "(; 

Tstg Storage temperature range -40-125 "(; 

RECOMMENDED OPERATING CONDITIONS (Ta= 0 -70"(;. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee 4.75 5 5.25 V 
Supply vOltage 

GNO 0 V 

V,H High-level Input voltage 2 Vee+ 1 V 

V,L Low-level input voltage -0.5 0.8 V 

ELECTRICAL CHARACTERISTICS (Ta= 0 -70"(;. Vee= 5 V± 5 %. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

VOH High-level output voltage IOH= - 400,uA 2.2 V 

VOL low-level output voltage IOL= 2mA 0.45 V 

Icc Supply current from V cc Output open 70 120 mA 

I, Input leakage current V,= 0 V-Vee -10 10 ,uA 

laz Off-state output current Floating state, VI = O. 45V - Vee -20 10 ,uA 

C, Input capacitance OV except test terminal 4 10 pF 

Co Output capacitance 1 MHz. Ta=25°C 8 15 pF 

SWITCHING CHARACTERISTICS (Ta= 0 -70°C. Vee= 5 V± 5 %. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

ta(AO) Address access time 450 650 ns 

tpxz(es) Chip non select propagation time 
CL = 100pF . RL=2.1KQ 

150 ns 
(Note 1) 

tpzx(es) Chip select propagation time 0 150 ns 

TIMING DIAGRAM 
Note 1 . Load~CirCUit diagram Vee 

RL 

00-07 

lCL IL 

Note 2 

J-C 
THE CENTER LINE INDICATES 

A FLOATING (HIGH-IMPED

ANCE) STATE 

ta(AD) 

5-18 
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Input pulse level: ............ 0.45- 2.4 V 
Input pulse rise timetr ;. .... 20ns 
Input pulse fall time t f: .. · .. 20ns 
Reference voltage for switching 

characteristics measurement 

Input VIH . 

VIL 

Output VOH 

VOL 

2V 

0.8V 
2V 
0.8V 
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MS8730-XXXS 
Alternative Dealgnation 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 appl ications 

such as program storage with an M5L8080A 8-bit parallel 
CPU. The inputs and outputs are TTL-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 (CSt, CS 2 ) for easy memory 
expansion 

• Three-state output; OR-tie capability 

• Inputs and outputs are TTL-compatible 

• Input protection circuits for all inputs 

• Pins compatible with Intel's 8308 

APPLICATION 

• Microcomputer memories 

FUNCTION 
Address inputs Ao~A9 are decoded to select one of the 

1024 words, and the contents of that address are read out 

BLOCK 
DIAGRAM r--' 

ADDRESS INPUTS 

(12Y) VDD l'S 
(5Y) Vee 24 

(oy) V 55 12 

(-5V) Vss 21 

----

PIN CONFIGURATION (TOP VIEW) 

ADDRESS INPUTS 

(OV)VSS 

Outline 24S1 

Vcc(5V) 

20.- CS, CHIP SELECT 1 

VDD(12V) 
18...- CS2 CHIP SELECT 2 

DATA OUTPUTS 

to data outputs B t~B8. Chip select 1 (CStl and chip 
select 2 (CS 2 ) are used to connect two or more M58730-

XXXS ROMs. When CS, is high or CS2 is low, all outputs 

are disabled and will assume a floating (high-impedance) 

state. 

1024-WORD BY 8-81T 

MASK- PROGRAMMABLE 

ROM 

(16 ROWS x 
64 COLUMNS x 

8 ARRAYS) 

CHIP SELECT 1 C S, 

I 
._.J 

CHIP SELECT 2 

DATA OUTPUTS 

B8 
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M58730-XXXS 
Alternative Designation 8308 

8192·BIT (1024.WORD BY 8.BIT) MASK·PROGRAMMABLE ROM 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions limits Unit 

Voo Supply voltage -0.3-20 V 

Vee Supply voltage -0.3-20 V 
With respect to V B8 

V SS Supply voltage -0.3-20 V 

VI Input voltage -0.3-20 V 

Pd Power dissipation Ta =2S·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 
Limits 

Unit 
Min Nom Max 

VOO Supply voltage 11.4 12 12.6 V 

Vee Supply voltage 4 75 5 S.25 V 

Vss Supply voltage 0 V 

Vss Supply voltage -4.75 -S -S.25 V 

VIH High-level input voltage 3.3 Vee+l V 

VIL Low-level input voltage Vss-l 0.8 V 

ELECTRICAL CHARACTERISTICS (Ta=0-70·C. Voo= 12V ± 5%, Vee=5V ± S%. Vss=OV, Vss= -5V ±5%. unless otherwise noted). 

Symbol Parameter Test conditions 

VOH High-level output voltage 10H=-IOO,uA 

VOL Low-level output voltage IOL=I.9mA 

II Input current VI -OV-Vee 

Vo=OV-Vee (cs,andCSl are in a 
loz Off-state output current 

floating condition See Timing Diagram) 

100 V DO supply. current 

Icc V cc supply current Output open 

IsS V BB'supply current 

C, 
Ta =25·C, VI =OV, IMHz, 2SmVrms 

Input capacitance 
Voo=Vee=Vss=OV (Note 2) 

Co 
Ta=25'C, VI =OV, lMHz, 25mVrms 

Output capacitance 
VDD=VeC=Vss=OV (Note 2) 

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

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

Min Typ Max 
Unit 

Vee-I V 

0.45 V 

±IO .uA 

10 

-100 
,uA 

60 mA 

100 IIA 

-0.01 -I mA 

10 pF 

10 pF 
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MS8730-XXXS 
Alternatlv. D •• I.natlon 8308 

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

SWITCHING CHARACTERISTICS (Ta=0-70·C, Voo=12V±5%. Voo=5V ±5%, Vss=OV, Vee=-5V±5%,unlessotherwisenoted) 

Symbol Parameter Test conditions 

ta Access time CL=IOOpF, RL=2.1kQ (Note 3) 

ta(OSll Chip select access time 

ta(OS,l Chip select access time 

tdv(OSI) Data valid time with respect to C S 1 

tdv( OS,) Data valid time with respect to C 52 

Note 3 ; Load circuit diagram: 

M58730-XXXS 

Vee 

RL 

OUTPUT Q---..... --... I-..... -II't-.... ..-.... h 
(91- 9 a) 

TIMING DIAGRAM 

Ao-Ag 

CSz 

91-9a 

Chip select 1 Chip select 2 

CSI CSz 

L L 

H L 

L H 

H H 

2.4V 

0.8V 

Data output 

91-9a 

Z 

Z 

0 

Z 

Notel: """'\\\ I1T THE CENTER LINE INDICATES A FLOATING 
~ (HIGH-IMPEDANCE) STATE 

2 : H indicates high·level inputs: L indicates low-level inputs. 

3 : Z indicates floating (off) state. 

4 : 0 indicates that outputs are enabled. 

5 : Rise time t r ~ 20n5. 

~all time t f :::;; 20n5 . 

• . MITSUBISHI 
..... ELECTRIC 

Limits 
Unit 

Min Typ Max 

400 850 ns 

100 300 ns 

100 300 ns 

100 300 ns 

lao 300 ns 

II 
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MS8730·001S 

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 M5L 8080A 8-bit 
parallel CPU. 

• I 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 M5L8080A 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 _2 15 to 2 15 -1. 

• Double word length: 

An operand consisting of 4 bytes (32 bits). I n decimal 

form it is equivalent to 7 decimal digits. In binary form it 

is capable.of expressing numbers from _2 31 to 2 31 -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 _2 15 to 215 -1. 

jSIGN 
o . POSITIVE. 1 NEGATIVE 1- BINARY POINT 

JO~I I 

ADDRESS M + 1 ADDRESS M 
ADDRESS M 1 I I I I I o 0 

e.g -4 ADDRESS M + 1 III 1 1 1 1 I I 

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 -231 to 231 -1. 

rSIGN o : POSITIVE. 1 NEGATIVE DECIMAL POINT ~ 

rO"/i1 J J J 
ADDRESS M + 3 ADDRESS M + 2 ADDRESS M + 1 ADDRESS M 

ADDRESS M 0 0 0 0 0 f 0 0 
ADDRESS M + 1 0 0 0 0 0 0 0 0 
ADDRESS M + 2 0 0 0 0 0 0 0 1 

e.g +65540 ADDRESS M + 3 010 0 o 0 o 0 0 

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 10 7 -1. 

I SIGN 
0,6 POSITIVE. F,6 . NEGATIVE DECIMAL POIN~ 

101S/F,,1 10' I 10' I 104 .1 10' .1 10' 1 10' .1 100 _I 
---v--

ADDRESS M + 3 ADDRESS M + 2 ADDRESS M + 1 ADDRESS M 

ADDRESS M 0 0 1 0,0 1 0 1 
ADDRESS M+ 1 1 o 0 1 : 0 0 1 r 
ADDRESS M + 2 0 o 0 0:0 0 o 0 

e.g -9325 ADDRESS M + 3 1 f 1 1 10 0 o 0 

SUBROUTINE REFERENCE 

(USER'S PROGRAM) (TRANSFER VECTOR) (SUBROUTINE) 
TVTBEOU24576 r---STAG EOU TVTB+3 
LDDL EOU TVTB+6 TVTB JMP LDAG LDAC 

_["m+' JMP STAC ~ r---
TVTB+6 STAG 

l~ TVTB+9 
JMP LDDL 
JMP STDL 

LDDL 
CALL STAC ® r--DADR DATI 

(® STDL 
@ r--

Note: The processing order is (il, ®, (J), @. @. A transfer vector is used to set the 

entry address of each subroutinG 

SUBROUTINE FUNCTIONS 

• Load 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. 

• Logical 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. 

• Binary integer divide 

The double word (4 bytes) data in the pseudo accumulator 

is divided by a specified single word (2 bytes) data, and the 

result is retained in the pseudo accumulator. 

RESERVED MEMORY LOCATIONS 

Memory locations 6000 16 to 63FF 16 are reserved by ROM. 

In addition, a 50-byte RAM region, locations 3FCE 16 to 

3F F F16, is reserved for executing the ROM programs. 
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MS8731-XXXP, S 
Alternative Designation S316A 

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

DESCRIPTION 

The M58731-XXXP, S are 16384-bit parallel output, static 

read-only memories organized as 2048 words of 8 bits. 

They are fabricated using N-channel silicon-gate ED-MaS 

technology. They have a single supply voltage. The inputs 

and outputs interface with TTL circuits without additional 

circuits. The M58731-XXXP, S are designed for high-density 

fixed-memory applications such as program storage for an 

M5L 8080A 8-bit parallel CPU. Programming is performed 
by Mitsubishi in accordance with the customer's specifi
cations by changing a single mask during the manufacturing 
cycle. 

FEATURES 
• 2048-word by 8-bit organization 

• Single 5V power supply 

• Low power dissipation: 31.4J1W/bit (max.) 

• Read access time: 850ns (max.) 

• Three programmable chip select inputs (CS 1 , CS 2 , 

CS 3 ) 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 (Ao~Al0)' the contents of that address 

in the ROM are read out to the data outputs (Do~D7). Ao 

is the least-significant bit and A 10 is the most-significant bit 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

Vee (5V) 

ADDRESS INPUTS 
DATA OUTPUTS 

CHIP SELECT 1 

CHIP SELECT 2 

CHIP SELECT 3 

Outline 24P1 (M58731-XXXP) 
24S1 (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~D7) 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. 

AlO 

,._--
r-
5 
u a: 

--------------------------~ 

14 Vee (5V) 

11 GND (OV) 

U 

~ 
ADDRESS As 

INPUTS A4 

::J 
CD 

r-
et 
~ 
Ul 
if, 
w 
a: 
o 
o 
<[ 

ffi 
o 
o 
b:i 

2048-WORD BY 8-BIT 

MASK - PROGRAMMABLE 

ROM DATA OUTPUTS 

o 
x 

(16 ROWS x 
128 COLUMNS x 

8 ARRAYS) 

I 
L._. 

CHIP SELECT 

INPUT BUFFER 

CIRCUIT 

CHIP SELECT 

PROGRAM

MABLE ROM I 
--------~ 

CHIP SELECT INPUTS 
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M58731.XXXP,S 
Alternatlv!I De.icnation 8316A 

163M-BIT (2048-WORD BY a-BIT) MASK-PROGRAMMABL.E ROM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VOO Supply voltage 

VI Input voltage With respect to GND 

Vo Output voltage 

LM58731-XXXP 
Pd Power dissipation Ta=25'C 

!M58731-XXXS 

Topr Operating free-air temperature range 

Storage temperature range 
IM58731-XXXP 

Tstg I M58731-XXXS 

RECOMMENDED OPERATING CONDITIONS (Ta = 0 -70'C . unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VOO 4.75 5 5.25 V 

GND 
Supply voltage 

V 0 

VIH High-level input voltage 2 Voo+ 1 V 

VIL Low-level input voltage -0.5 0.8 V 

ELECTRICAL CHARACTERISTICS (Ta = 0 - 7O"C, Voo = 5V ± 5%. unless otherwise noted) 

Symbol Parameter 

VOH High-level output voltage 

VOL Low-level output voltage 

100 Supply current from V CO 

II Input current 

loz Off-state input current 

Ci Input capacitance 

Co Output capacitance 

Note1: Current flowing into an Ie is positive; out is negative. 

5-24 

Test conditions 

10H= -1001lA 

IOL=2mA 

All inputs- 5 . 25V , output open 

VI=OV-VOO 

Floating state. VI = 0 .45V - VOO 

o V' except test terminal, 

Ta=25'C 

• MITSUBISHI 
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lMHz, 

Min 

2.2 

-20 

Limits Unit 

-0.5-7 V 

-0.5-7 V 

-0.5-7 V 

1000 mW 

1500 mW 

0-70 'c 
-40- 125 'c, 
-65-150 'c 

Limits 
Unit 

Typ Max 

V 

0.45 V 

40 98 mA 

10 IlA 

10 IlA 

4 10 pF 

8 15 pF 
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MS8731-XXXP,S 
Alternative Designation S3lSA 

16 384·BIT (2048·WORD BY a.BIT) MASK-PROGRAMMABLE ROM 

SWITCHING CHARACTERISTICS (Ta = 0 -70·C, Vee= 5V ± 5%. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

ta Access time 400 850 ns 

CL= 100pF 
300 tales) Chip select access time ns 

RL=2.1k\l 
(Note 2) 

tdv(cs) Data valid time with respect to chip select 0 300 ns 

TIMING DIAGRAM Note 2 : Load circuit diagram 

Ao-Ato ) 

)r--') ,CS 

1-

~ i :~ .. c 
M58731-XXX P. S _ _ _ 

OUTPUT O_-I---tl.-.......... H ........... ~hl 
(00-07) CL 

;J; CSt,CS2 

00-07 ). \.\\ A 
ilil '\~ 

~ td~~ ~) 

~ nrr;.,.E CENTER LINE INDICATES A FLOATING 
~GH-IMPEDANCE) STATE. 

Input pulse level 

Input pulse rise time tr (10%-90%) 

Input pulse fall time tf (10%-90%) 

Referance voltage at timing measurement 

Input 

Output 

0.45-2.4V 

20ns 

20ns 

0.8-2.00V 

0.8-2V 
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M58731-001S 

16 384-BIT (2048-WORD BY 8-BIT) MASK-PROGRAMMED ROM 
MELPS8 BOM-B BASIC OPERATING MONITOR 

DESCRIPTION 
The M58731-001S is an M58731-XXXSthat has been devel- Start of Execution of BOM-B Program 

oped for use with an M5L 8080A CPU. It contains the The execution is started at address 680016 . The following 

BOM-B basic operating monitor for an M5L8080A CPU. message is printed out and then a monitor command can 

BOM-B is a monitor program that controls the execution be typed in: ME L P S 8 B OM- B AO 1 

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 

Conditions for Hardware 
1. Reserved Memory Locations 

Memory locations 6800 16 to 6FFF 16 are reserved. 

In addition a 78-byte RAM region, locations 3FCE 16 

to 3FFF I6 , is reserved for executing the ROM 

programs. 

2. Input/Output Device Number 

PTR, for keyboard input 

PTP, for print output 

Status input 

7B 16 (IN 7B#) 

7B 16 (OUT7B#) 

3Bj6 (IN 3B#) 

Where the status bits are defined as follows: 

6 4 3 2 0 BIT 

IZVVl/1ZVI Yo I Yo I 
(BIT VALUE 1 IS TRUE) L L- INPUT BUSY 

OUTPUT BUSY 

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

Names of monitor commands 
Function 

Monitor command input format or Parameter 
or macroinstructions calling sequence 

//§. para 1 (4): Start address 
G Go to program execution 

para 1(4) [para2 (4) JCR LF para 2(4): Change start address 

R Program restart //RcRLF 
L MELPS 8 binary loader / /L CR LF -

H MElPS 8 hexadecimal loader / /HCRLF -

MELPS 8 binary punch text / / T par a 1 (41, para2(4)CR LF 
para 1 (4): First address 

T 
Command block of memory data para 2(4): End address 

E MELPS 8 binary punch end block / /E [para 1 (4)J CRLF para 1 (4): Start address 

Print hexadecimal text block / /P paral(4),para2(4)CR LF 
para 1 (4): First address 

P of memory data 2(4): End address para 

S Substitute memory //S eara 1 (4) CR LF para 1 (4): Change address 

M Print and modify register data / /MCRLF -

EXIT Exit the end of a program CALL 6806 #: 
Macroinstruction PAUSE Pause program execution CALL 6803 #: 

EXIO Execution input/output control I 

CALL 6 E 8 C #---------- Execute EX10 macroinstruction. 
Note 1 Para n(m) ; A hexadecimal number (0, 1,2,3,4,5.6,7.8,9, A, B, C. D, DADR DCBl ----------- First address of data control 

E,F) of the nth parameter in one command (of an operator's input or 
I 

a monitor"s print-out). which has a valid length of 1 to m If the length block (DeB) 
exceeds m, the least-significant digits are valid. DCBl DEF I OD ---100 for PTR IS 52 II. for PTP is 50 II. 

2 __ (underline) : Indicates an input by an operator DADR DA --\ for KEYBOARD IS 4B II. lor PRINT IS 44 II 
3 [ ] . The parameter may be omitted. 

DADR 4 # . Indicates a hexadecimal number in assembler language I 

DL --'\'-- Set the first address of input/output data area. 
I '- Set the data length of input/output data. 

DA 
Input/output 
data store 

DL bytes 
memory 
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MSG1400P 

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

DESCRIPTION 
The M5G 1400P is a serial input/output 1400-bit electri
cally erasable and reprogrammable ROM organized as 100 
words of 14 bits, and fabricated using MNOS technology. 
Data and addresses are transferred serially via a one-bit 
bidirectional bus. 

FEATURES 
• Word-by-word electrically alterable 

• Non-volatile data storage: 10 years (min) 

• Write/erase time: 20ms/word 
• Single 35V power supply 

• Number of erase-write cycles: 105 times (min) 
• Number of read access unrefreshed: 10· times (min) 
• Interchangeable with Gl's ER1400 in pin configuration 

and electrical characteristics 

PIN CONFIGURATION (TOP VIEW) 

(OV) Vss 

(-35V) VGG 

NC 

NC NC 

NC NC 

CLOCK INPUT ClK_ 

MODE CONTROL C, _ +- C2 
INPUT -'--___ I-

DATA INPUT/ 

OUTPUT 

1 MODE CONTROL 

!INPUTS 

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 Cl , C2 , and C3 . Data 

is stored by internal negative writing pulses that selec
tively tunnel charges into the Si02-Si3N4 interface of the 

gate insulators of the MNOS memory transistors. 

BLOCK DIAGRAM 1·_· __ ·----: 
1 Vss(OV) 

2 VGG( -35V) 

MEMORY 
TRANSISTOR 

ARRAY 
(lOO·WORD BY 

14·BIT) 

READ 

WRITE 

ERASE 

• MITSUBISHI 
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7 Cll 
8 C2 MODE CONTROL INPUTS 

9 C3 

6 ClK CLOCK INPUT 
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MSG1400P 

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

PIN DESCRIPTION 

Pin Name 

I/O I/O 

VM Test 

VSS Chip substrate voltage 

VGG Power supply voltage 

CLK Clock input 

C, ~C3 Mode control input 

OPERATION MODES 

C, C2 C3 

H H H 

H H L 

r' L H 

H L L 

L H H 

L H L 

L L H 

L L L 

5-28 

Functions 

In the accept address and accept data modes. used for input 

In the shift data output mode, used for output. 
In the standby, read, erase and write modes, this pin is in a floating state 

Used for testing purposes only It should be left unconnected during normal operation 

Normally connected to ground, 

Normally connected to -35V. 

14kHz timing reference Required for all operating modes. High-level input is possible during standby mode 

Used to select the operation mode 

Functions 

Standby mode: The contents of the address registers and the data register remain unchanged The output buffer is held 

in the floating state 

Not used. 

Erase mode The word stored at the addressed location is erased The data bits after erasing are all low-level 

Accept address mode: Data presented at the I/O pin is shifted into the address registers one bit with each clock pulse. The 

address is designated by two one-of-ten-coded digits 

Read mode: The addressed word is read from the memory into the data register. 

Shift data output mode The output driver is enabled and the contents of the data register are shifted to the I/O pin one bit 

with each clock pulse 

Write mode The data contained in the data register is written into the location designated by the address registers 

Accept data mode The data register accepts senal data from the I/O pin one bit with each clock pulse. 
registers remain unchanged. 

• MITSUBISHI 
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MITSUBISHI LSls 

MSG 1400P 

1400·BIT (IOO.WORD BY 14.BIT) ELECTRICALLY ALTERABLE ROM 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VGG Supply voltage 

V, Input voltage With respect to Vss 

Va Output voltage 

Tstg Storage temperature range 

Topr Operating free-air temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta= -10-70"(; unless otherwise neted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VGG Supply voltage -32.2 -35 -37.8 V 

Vss Supply voltage (GND) 0 V 

V,H High-level Input voltage VSS-l Vss+O.3 V 

V,L low-level input voltage VSS-15 Vss-8 V 

ELECTRICAL CHARACTERISTICS (Ta= -10-70"(;, VGG = -35V± 8 %, unless otherwise noted) 

Symbol Parameter Test conditions 
Min 

V,H High-level input voltage VSS-l 

V,L Low-level input voltage VsS-15 

IlL Low-level Input current V,=-15V 

IOZL Off-state output current low-level voltage applied Va = -15V 

VOH High-level output voltage IOH' = - 200fl A Vss~ 1 

VOL Low-level output voltage IOL = 10flA 

IGG Supply current from V GG IO=OflA 

Note 1 TYPical values are at Ta~25'C and nommal supply voltage. 

TIMING REQUIREMENTS (Ta= -10-70"(; VGG = -35V+ 8 % unless otherwise noted) -

Alternative 
Symbol Parameter 

symbols 
Test conditions 

Min 

1(1'1) Clock frequency l¢ 11.2 

D(¢) Clock duty cycle D¢ 30 

tw(w} Write time tw 16 

tW(E} Erase time te 16 

tr, tf Rise time, fall time tr. tf 

tsu(e- 1'1) Control setup time before the fall of the clock pulse tos 0 

th(¢-e) Control hold time after the rise of the clock pulse tOH 0 

SWITCHING CHARACTERISTICS (Ta= -10-70"(;, VGG = -35V+ 8 %, unless otherwise noted.) -

Symbol Parameter 

ta(e) Read access ti me 

ts Unpowered nonvolatile data retention time 

NEW Number of erase/write cycles 

NRA Number of read access unrefreshed 

tdv Data valid time 

Alternative Test conditions 
symbols 

tpw CL = 100pF, 

TS NEW= 10' , 

Ts NEW= 105 , 

NW 

NRA 

tpw 

• MITSUBISHI 
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VOH =VSS -2V 

VOL =Vss-8V 

tw(w)=20ms 

tw (E)=20 ms 

tw(W) =20ms 

tW(E) =20ms 

Min 

10 

1 

105 

109 

limits Unit 

0.3--40 V 

0.3- - 20 V 

0.3- -20 V 

-40-125 "(; 

-10-70 "(; 

Limits 
Unit 

Typ Max 

Vss +0.3 V 

Vss-8 V 

± 10 flA 

± 10 flA 

V 

Vss -12 V 

5,5 8,8 mA 

limits 
Unit 

Typ Max 

14 16.8 kHz 

50 55 % 

20 24 ms 

20 24 ms 

1 pS 

ns 

ns 

limits 
Unit 

Typ Max 

20 flS 

Year 

Year 

Times 

Times 

20 flS 
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MSG 1400P 

1400-BIT (IOO-WORD BY 14-BIT) ~L~CTRICALLY ALT~RABL~ ROM 

TIMING DIAGRAM 

Accept Data Mode 

CLK 

I/O -U _________________ U _________________ _ 

Note 2 : The address is designated by two one-of-ten-coded digits. The figure shows 
designation of the address 99. 

Read Mode Shift Data Output Mode 

CLK 

CLK 

1 CLOCK CYCLE 

Write Mode 
I/o 

CLK JUlM)1J1J1IL tat C) 

14 CLOCK CYCLES 

C, ~I--jl ----,I 

CC32~1~" ,,~I - ;:~ -I 

tw(w) 

Accept Data Mode 

CLK 

tdv 

Erase Mode C1 IL..-__ --I .. ~ 

CLK JUlM)1J1J1IL 

C21 n I 
I. I'~ J C3 tW(E) 

5-30 

C21'--___ ----Il~ 

C31 I~ 

I/O !--I ---f:~:------11 
I 14 CLOCK CYCLES I 
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M5L 2708K, 5; K-65, 5-65 

a192-BIT (1024-WORD BY a-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 

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 TIL-compatibility for all inputs and outputs, 
without extra interface circuits. 

FEATURES 

• Fast programming: 

• Access time: 
M5L2708K,S: 
M5L 270K-65, 5-65: 

100s/8192 bits (typ) 

450ns (max) 
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 

• Easy memory expansion by chip-select/write-enable 
(CSM/E) input 

• Typical power supply voltages: 12V, 5V, -5V 

• 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 CSM/E terminal to the read mode (O~5V). 
Low-level input to CSM/E and address signals to the address 
input (Ao ~ A9 ) make the data contents of the designated 

BLOCK DIAGRAM 

X DECODER 

PIN CONFIGURATION (TOP VIEW) 

ADDRESS 
INPUTS 

Vee (5V) 

2 +-A8} 
2 +- A9 ADDRESS INPUTS 

21 VBB (-5V) 

2 +- C S i W E ~~:BC~~~~~tRITE 
19 Voo (12V) . 

lB'-PROGRAM :;:~~RAM 
17 *07 

DATA 
INPUTS/OUTPUTS 

(OV) Vss 

Outline 24K10 (M5L2708K) 
24S10 (M5L2708S) 

address location available at the data inputs/outputs 
(Do ~D7). When the CSM/E signal is high, data inputs/ 

outputs (Do ~D7) are in a floating state. 
Write-Set the. CSM/E 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 ~D7). For details refer to the description of the pro
gramming mode. 
Erase-Erase is effected by exposure to ultraviolet light 

through the transparent window. 

1024·WORD BY 8·BIT 

ROM 
ADDRESS INPUTS 1-__ -.1 (64 ROWS x 16 COLUMNS x 8 ARRAYS) 

Y·DECODER Y GATE CIRCUIT 

CHIP SELECT CIRCUIT OUTPUT BUFFER 

PROGRAM INPUT PROGRAM 18}--------------' 

Do 01 02 03 04 07 
, r-___ ~J 

• . MITSUBISHI 
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M5L 2708K, 5; K-65, 5-65 

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 

presented, 8 bits in parallel, to the data inputs/outputs 

(Do~D7) 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 .tW(p)~ lOOms. 

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 2 . If the energy of the 

lamp used is unknown, find the total time (tE ) 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 MaS 

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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M5L 2708K, 5; K-65, 5-65 

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

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits Unit 

VI1 Input voltage, V DO and C S /W E write mode -0.3-20 V 

V,2 Input voltage, V Cc ' V 5S . address and data signal With respect to V BB -0.3-15 V 

V,3 Input voltage. program mode -0.3-35 V 

Topr Operating free-air temperature range 0-70 'c 
Tstg Storage temperature range -65-125 'c 

READ OPERATION 
Recommended Operating Conditions (Ta =0 -70 t. unless otherwISe noted) 

Limits 
Symbol Parameter Unit 

tvlin Nom Max 

Vee Supply voltage 4 75 5 5 .25 V 

VOO Supply voltage 11 .4 12 12 .6 V 

VBB Supply voltage -4. 75 -5 -5.25 V 

VSS Supply voltage (GND) 0 V 

V,L Low-level input voltage Vss 0.65 V 

V,H High-level input voltage 3 Vee+1 V 

Electrical Characteristics 
Ta=0-70t. Vee=5V±5%. VDO=12V±5%. VBB=-5V±5%. Vss=OV. unless otherwISe noted. Note 1) 

Test conditions 
limits 

Symbol Parameter Unit 
Min Typ Max 

I,L Low-level input current address. chip select input VI=5.25V 10 J,lA 

loz Off-state (high-impedance-state) output current VO=5.25V. VOleS/wE) =5V 10 J,lA 

100 Supply current from V DO Worst case, 50 65 mA 

Icc Supply current from Vee all inputs high 6 10 mA 

IBB Supply current from V BB VOICS/WE) =5 V. Ta =0 t: 30 45 rnA 

VOL Low-level output voltage IOL='1.6rnA 0.45 V 

YOH1 High-level output voltage IOH = -100J,lA 3.7 Y 

VOH2 High-level output voltage IOH=-1 mA 2.4 V 

Pd Power dissipation Tacc 7O 'C 800 mW 

C, Input capacitance 4 6 pF 

Co Output capacitance 
V,=OV. f=1 MHz 

12 8 pF 

Notel: Typical values are atTa=2SoC and nominal supply voltage. 

Switching Characteristics (Ta=0-70t. Vee=5V±5%. Voo=12V±5%. VBB=-5V±5%. Vss=OV. unless otherwISe noted) 

Symbol Parameter Test conditions 
Limits 

Unit 
Min Typ Max 

I M5L 2708K. 5 280 450 ns 
talAO) Address access time 

iM5L 2708K-65. 5-65 650 ns 

ta(Cs) Chip select access time 60 120 ns 

~~(eSLH) Data valid time with respect to chip select 'Iow-ta-high 0 120 ns 

tdV(AO) Data valid time with respect to address 0 ns 

Timing Diagram 

I I 
VIH~--X 

VIL~ '1 \-.------

AO-A9 

I r-tdv(AO)-I 

CS/ W E Y,H -----'-I ---."{ ):--+1--- Test Conditions for Switching Characteristics 

Input voltage V,L =0.65V. V'H=3V 

V,L l..---.t I--ta(es)-I ~ I...-td ( ) 

::: DATA INVALI:(AD)~ DATA VALID ~s 
Reference voltage at timing measurement· Input 0 . 8 - 2 8 V 

output ·0.8-2 4V 

~ The center line Indicates a floating (h,gh"mpedance) state. 
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M5L 2708K, 5; K-65, 5-65 

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

PROGRAM OPERATION 
Recommended Operating Conditions (Ta =2S"c. Voo=5V ±S%. Voo=12V ±S%. Vss= -sv ±S%. Vss=ov. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nqm Max 

VILt(P) Low-level input voltage, except program input VSS 0.65 V 

V'H1(P) High-level input voltage, address, data input 3 VCC+l V 

V'H2(P) High-level input voltage. as/WE 11.4 12.6 V 

V'H3(P) High-level input voltage. program mode 2 25 27 V 

V'L2(P) Low-level input voltage. program mode 3 VSS 1 V 

Note 2 With respect to VSS 

3: Where V'H3(P) -V,L2(P) =25V(min) 

Electrical Characteristics (Ta =2S"C. VoO=5V ±S%. VOO=12V ±5%. VSS= -5V ±5%. VSS=OV. unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

I'Lt(P) Low-level input current, address. chip select input V,=5.25V 10 

I'L2(P) low-level input current. program input 3 

I'Hl(P) High-level current, program input 20 

100 V DD supply current Worst case, 50 65 

100 V cc supply current all inputs high 4 6 10 

IsS V BB supply current CS/WE=SV. Ta =O"C 30 45 

Note 4 : Typical values are at T a =25 C and nominal supply Voltage. 

Timing Requirements (Ta=25"C. Voo=5V ±5%. Voo=12V ±5%. Vss= -5V ±5%. Vss=OV. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tSU(PRO-AO) Program setup time with respect to address 10 

tSU(PRO-WE) Program setup time with respect to WE low-to-high 10 

tSU(PRO-DA) Program setup time with respect to data 10 

th(AO-PRO) Address hold time with respect to program 1 

th(WE-PRO) WE hold time with respect to program O.S 

th(OA-PRO) Data hold time with respect to program 1 

tW(P) Program pulse width 0.1 1 

triP) Program rise time 0.5 2 

!tIP) Program fall time 0.5 2 

Switching Characteristics (Ta=25"C. Voc=5V±5%. Voo=12V±S%. Vss=-5V±5%. Vss=OV. unless otherwise noted) 

Symbol Parameter 

ta(OA-WE) Access time with respect to WE high-to-Iow 

tdV(OA-CS) Data valid time with respect to CS low-to-high 

Timing Diagram 

Program Mode 

CS/WE 

AD-As 

VILt(P) 

VIHt(P) 

V'Ll(P) 

V'H3(P) 

PROGRAM 

V'L2(P) 

5-34 

Test conditions 
limits 

Min Typ Max 

10 

0 120 

From Program Mode to Read Mode 

V'H2(P) 

CS/WE 

V,L liP) 

I-- READ MODE 

th(WE-PRO) 

I 
V'Hl(P) 

AD-As A'ODRIESS 1 023 X ADDRESS 0 
V'Lt(P) 

th(AO 
V'Ht(P) 

00- 0 7 

V'Ll(P) 

V'H3(P) 

PROGRAM 
V'L2(P) 
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-PRO 

~ 

_ta(AO)_ 

DATA DATA 
INVALID VALID 

I--ta(DA-WE)~ 

Unit 

I-'A 

mA 

mA 

mA 

mA 

mA 

Unit 

I-'S 

I-'S 

1-'8 

1-'8 

1-'8 

1-'8 

m8 

j18 

1-'8 

Unit 

1-'8 

n8 
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MSL 2716 K, K-6S 

16384·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 (2048-word by 8-bit) EPROMs. 

They incorporate N-channel silicon-gate MOS technology, 

and are designed for microprocessor programming ap

plications. 

FEATURES 

• Fast programming: 100s/16384 bits (typ) 

• Access time M5L2716K: 450ns (max) 

M5L2716K-65: 650ns (max) 

• Static circuits are used throughout 

• Inputs and outputs TTL-compatible in read and program 

modes 

• Single 5V power supply for read mode 

(25V power supply required for program) 

• 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 

X DECODER 

ADDRESS 
INPUTS 

DATA INPUTS!~ 
OUTPUTS I 

GND 

2048-WORD X 8-BIT 
ROM 

(128 ROWS X 

Outline 24K10 

As 

ADDRESS INPUTS As 

16 COLUMNS X 
I---~ 8-BIT CELL MATRIXES) 

Y DECODER Y GATING CIRCUIT 

SENSE AMP 
CHIP ENABLE INPUT CE 18)----<:1 

OUTPUT BUFFERS 

ENABL~Y~~~i OE 20I)-----Cl L-___ -' 

DATA INPUTS/OUTPUTS 

• MITSUBISHI 
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Vee (5V) 

ADDRESS 
INPUTS 

Vpp (5V.25V) 
OUTPUT 
ENABLE INPUT 

ADDRESS INPUT 

CHIP 
ENABLE INPUT 

DATA INPUTS! 
OUTPUTS 
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M5L 2716 K, K-65 

16384·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 (Ao-A10) make the data contents of the 

designated address location available at the data inputs/ 

outputs (Do - b7 ). When the CE or OE signal is high, 

data inputs/outputs (0 0 - 0 7) 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'iocation is designated by address signals 

Ao - A10 , and the data to be programmed must be applied 

at 8 bits in parallel to the data inputs Do - 07. 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~t w(eE)~ 55ms. 

Erase 

Erase is effected by exposure to ultraviolet light with a 
o 

wavelength of 2537A at an intensity of approximately 

15Ws/cm2. 

Mode selection (Unit VI 

M~n CE OE Vpp Vee 

Read V,L V,L 5 5 Output 

Deselect V'L-V'H V,H 5 5 Floating 

Power down V,H V'L~ V,H 5 5 Floating 

Pulsed 
Program V,L to V,H 25 5 Input 

V,H 

Program verify V,L V,L 50r25 5 Output 

Program inhibit V,L V,H 25 5 Floating 

PRECAUTIONS FOR READ OPERATION 

1. Vee should be turned on with or before Vpp and 

turned off with or after V pp . 

2. Vpp should be connected directly to Vee except 

during programming. For supply current design, 

therefore, Vpp and Vee 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 

high voltages. Specifically, the voltage applied to 

Vpp should be kept below 26V including overshoot. 

Special precautions should be taken at the time of 

power-on. 

3. Before erasing, clean the surface of the transparent lid 

to remove completely oily impurities or paste, which 

may impede irradiation and affect the erasing charac

teristics. 
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MSL 271"6 K, K·65 

16384·BIT (2048.WORD BY 8·BIT) 
ERASABLE AND ELECTRICALLY REPROGRAM MABLE ROM 

ABSOLUTE MAXIMUM RATING 

Symbol Parameter Conditions Limits Unit 

V" Input voltage. Vpp -0.3-26.5 V 
With respect to GND 

V,2 Input voltage. Vee. address. DE. CEo data -0.3-6 V 

Topr Operating free·air temperature range 0-70 "(; 

Tstg Storage temperature range -65-125 "(; 

READ OPERATION 
Recommended Operating Conditions (Ta= 0 -70"(;. unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Nom Max 

VOO Supply voltage 4.75 5 5.25 V 

Vpp Supply voltage (Vpp=Voo) V 

GND Supply voltage 0 V 

V,L Low-level input voltage -0.1 O.S V 

V,H High·level input voltage 2.2 Voo+l V 

Electrical Characteristics (Ta= 0 -70"(;. Voo= 5 V± 5 %. Vpp=Voo. unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Typ Unit 
Min (Note 1) Max 

IlL High·level input current. address. DE. CE VI=5.25V 10 J.'A 

loz Off-state output current Vo=5.25V. OE= 5V 10 J.'A 

IpPt Supply current from Vpp Vpp=5.S5V 6 rnA 

lOOt Supply current from Voo (standby) CE=V'H. OE=V,L 10 25 rnA 

1002 Supply current from Voo (operating) OE=CE=V'L 57 100 mA 

VOL Low·level output voltage IOL=2.1rnA 0.45 V 

VOH High-level output voltage IOH=-400J.'A 2.4 V 

Switching Characteristics (Ta= 0 -70"(; Voo= 5 V ± 5 % Vpp=Voc unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Typ Unit 
Min (Note 1) Max 

M5L 2716K 450 ns 
la(A) Address acoess ti me OE=CE=V,L Ir",20ns 

M5L 2716K-65 650 ns 
If",20ns 

M5L 2716K 450 ns 
\a(OE) Chip enable access time OE=V,L V'L=O.SV 

M5L 2716K-65 650 ns 
V'H=2.2V 

M5L 2716K SO 150 ns 
la(OE) Output enable access time CE=V,L 

M5L 2716K-65 300 ns 

IV(OE) Data valid time after output enable OE=V'L 0 100 ns 

IV(OE) Data valid time after chip select CE=V,L 0 100 ns 

Iv(A) Data valid time after address OE=CE=V'L 0 ns 

Power-Down Mode 

Note 1. at Ta=25'C and normal supply voltage. 

Timing Diagrams (Read Operation) 
When Power-Down Mode Not Used VIH ---------'1 r----------

Ao-AIO X VIH 
Ad -.A10 

VIL 

VIH---+--~ 

VIL 

00-07 

IV(Al 

VIL '-----------

V,H r 
VIL-----'~) 

DO_D7
VOH J 
VOL------~~ 

\ ~,.,j; 
VOL-----------J~------~w J--C Note 2' The center line indicates 

a floating (high-impedance) 
state . 
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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 'C, unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.75 5 5,25 V 

Vpp Supply voltage 24 25 26 V 

GNG Supply voltage 0 V 

V,L Low·level input voltage -0.1 0.8 V 

V,H High·level Input voltage 2.2 Vcc+ 1 V 

Electrical Characteristics (Ta=25± 5 'C. Vcc= 5 V± 5 %. Vpp=25+ 1 V. unless otherwise noted) -

Symbol Parameter Test conditions 
Mn 

I,L High-level input current. address, ~E, CE V'N=5,25V 

IpPl Supply current from Vpp CE=V,L 

IpP2 Supply current from Vpp CE=V,H 

Icc Supply current from Vcc 

Timing Requirements (Ta=25± 5 'C, Vcc= 5 V ± 5 %. Vpp=25 ± 1 V, unless otherwise noted) 

Symbol Parameter Test conditions 
Min 

tSU(A-CE) Address setup time before chip enable 2 

tSU(OE-CE) Output enable setup time before chip enable 2 

tSU(DQ-CE) Data Input setup time before chip enable 2 

th(CE-A) Address hold time after chip enable 2 

th(CE-OE) Output enable hold time after chip enable 2 

th(CE-OQ) Data input hold time after chip enable 2 

twICE) Chip enable pulse width 45 

trICE) Chip enable pulse rise time 5 

tI(CE) Chip enable pulse fall time 5 

Switching Characteristics (Ta=25± 5 ·C. Vcc= 5 v ± 5 %. Vpp=25± 1 V, unless otherwise noted) 

Symbol Parameter Test conditions 

tV(OE) Data valid time after output enable 

Output enable access time i 
M5L 2716K 

ta(OE) 
M5L 2716K-65 

\ Timing Diagram (for Program and Verify) 

V,H -----. ,..----------. r-----
AD-A'D V,L ___ ..J~ _____ .,..... ___ p _____ _ 

V,H/vOH ___ --. I-b~;;;;!j~_~.-"=~;;::~ ...... 
DD-D7 

V,L/VOL -----I 
V,H 

V,L----II 

CE 
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Min 

0 

Limits 
Unit 

TVp Max 

10 !-'A 

6 mA 

30 mA 

100 mA 

limits 
Unit 

TVp Max 

!-'s 

!-,S 

!-,S 

!-'s 

!-'s 

!-,S 

50 55 ms 

ns 

ns 

limits 
Unit 

TVp Max 

120 ns 

150 ns 

300 ns 
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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 OIL 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): 10}Ls 

• Large memory: ROM: 
RAM: 

2048 words X 9 bits 

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.) 

• I/O port (S): Output: 
Input: 

• I/O port (D): Output: 

8-bit X 1 

4-bit X 2 

1 bit X 11 

Sense input: 1 bit X 11 

• I/O port output voltage Vo: -33V (max) 
.1/0 port output current: IOH(port S): -8mA (max) 

IOH(port D): -15mA (max) 

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

BLOCK DIAGRAM INTERRUPT 
REQUEST CLOCK CLOCK 

TIMING OUTPUT INPUT (OV) (-15V) (OV) INPUT OUTPUT 

I-~~~! INT -n-
INTE 
(1) 

I 

XIN XOUT 
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SINGLE-CHIP 4-BIT MICROCOMPUTER 
WITH a-BIT AID CONVERTER 

PIN CONFIGURATION (TOP VIEW) 

1(0 PORT D{ ~: : 1 

DlO _ 

J0¥~~¥ T 4' .. 

vOL~1~~~~~3~ V REF -+ 5 

ANALOG IN· 
PUT PORT K 

K13 -+ 6 

K9 -+ 7 

25_ So 

1(0 PORT D 

CLOCK INPUT 

1(0 PORT S 

VDD (-15V) 
23 .... CNVss (OV) 

(OV) Vss 

Outline 42P1 

• Interrupt function: 1"level 

INTERRUPT 
REQUEST 
INPUT 

• Internal (programmable logic array) for the output 
decoder: 16 inputs X 8 outputs 

• On-chip clock generator 
APPLICATIONS 
• Microwave ovens, air conditioners, washing machines, 

home sewing machines 

• Office equipment and copying machines 

RAM 
(128 WORDSx4 BITS) 

11 

I(Q peJRT D 
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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, I/O ports, an AID 
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 

Parameter 

Basic machine instruction 

8asic instruction e)(ecution time 

Clock frequency 

ROM 
Memory capacity 

RAM 

K Input 

S 
Output 

I/O port Input 

0 
Output 

Sense input 

AID conversion circuit 

Touch panel interface 

Subroutine nesting 

Clock generation circuit 

I/O port output voltage 
1/0 characteristics 
of ports Port S output current 

Port D output current 

VDD 
Supply voltage 

VSS 

Device structure 

Package 

Power dissipation 

with the internal reference voltage Vref , 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 I/O 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 I/O lines are provided for the I/O 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. anyone of the lines can be output 
or sensed. 

When port S or port 0 is used as input, its output has 
to be cleared and changed to a low-level state before 
sensing any input data. 

Performance 

68 

lOps (at 600kHz frequency) 

300-600kHz 

2048 words x 9 bits 

128 words x 4 bits 

l·bit x 15 

8wbit xl 

4-bit x 2 

l·bit x 11 

l-bit)( 11 

Internal (±1.2% accuracy) 

Internal 

3 levels (including. 1 level of interrupt) 

Internal (external CR C;>r IF ceramic filter is provided) 

-33V (max) 

-8mA (max) 

-15mA (max) 

-15V (nom) 

OV 

P·channel aluminum-gate ED·MOS 

42-pin plastic molded DIL 

700mW (max) 
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OPERATION OF BASIC FUNCTION BLOCKS 

Function 

Program 

counter 

PC 

Stack 

registers 
SKO. SK1. SK2 

Program storage 

memory ROM 

Instruction 

register 

Data 

pOinters 

DP.DP' 

Data 

memory 
RAM 

r------' 
4-bit arithmetic 

logic unit 

Register 
A~and 

carry 

flag CV 

Registers 

Band E 

Output S 

PLA 

A/D conversion 

circuit 

Interrupt 

flag INTE 

Operation 

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

Temporarity stores the contents of the PC. while executing subroutine or interrupt programs, until the program returns to its original routine The 

(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 
two levels can be used for subroutine calls 

This 2048-word x 9-bit m~sk-pragrammable ROM can be programmed with any machine instruction code in accordance with the customer's 

specification It consists of 16 pages. each containing 128 words of Instructions 

Stores the 9-bit instruction code fetched from the ROM Control signals are then transferred to the logic circuit through the PLA instruction decoder 

The skip flag circuit determines the skip condition of the XAMI instruction. and this should be specified when the ROM is ordered 

ASSigned to designate RAM address. bit position for the I/O port D and register J Each data pointer is composed of a 7-bit register Register Z (the 
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 
significant four bits) designates the digit position of the RAM file At the same time. register Y designates bit positions of the I/O port D and 
register J 

This 512-bit (128 word x 4-bitl RAM stores both processing and control data Bit manipulation is .possible over the entire area of storage All of 
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. 
it is essential that the desired selector CPS and data pointer DP are selected 

This unit executes 4-bit arithmetic and logic operations through the 4-bit adder and its related logic circuits. The arithmetic logic unit performs 
subtraction. addition. logical comparison, arithmetic comparison, and bit manipulation. 

Register A is an 4-bit accumulator that constitutes the center of the microcomputer. Data processing procedures such as arthmetic and logical 

operations, data transfer, exchange. conversion. and data input/output are executed through this register Overflow of register A is stored in the 
carry flags CY and CY1 after execution of arithmetiC or logical operations The carry flags can also be used as l-bit flags. Carry flags and data pointer 
DP selection is by the selector CPS 

Register B is composed of 4 bits. and can be used as a 4~bit temporary storage register or for 8-bit data transfer in conjunction with register A 

Register E is composed of 8 bits, and is used not only as an 8-bit temporary data storage. but also as a temporary storage register for I/O 

port 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 

can specify the output code of the PLA when orderirrg the mask ROM However. the code of output S PLA of .the M58842S system evaluation 

device has already been programmed with the standard code. 

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 

designation of register H-L 

INTE is a l-bit flip-flop and controls interrupt operation. When INTE='T", the CPU is ready to accept an interrupt, but it inhibits interrupts when 
INTE="O" When the instruction EI is executed INTE is set to 'T'. and reset to "0" when the instructior:1 01 is executed. 
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PIN DESCRIPTIONS 
Input 

Pin Name or Function 

output 

Ko 
Analog port K has 15 independent analog input terminals All signals applied to the 15 input lines of port K are simultaneously 

Analog compared with the V re f generated by the O-A converter. Corresponding bits of register J are set when the condition 

\ Input In IVref 1>IVK(y)I,1S met This port IS utilized for receiving input signals from the touch panel or receiving analog inputs from 

K14 port K temperature and other sensing devices It can also be used as a value threshold digital signal input port when the Vref IS 

properly selected. 

So 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 

\ 1/0 
In/out 

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 simultaneously When the output of port S IS programmed to low-level. It remains in the floating (high-Impedance) state so that 
57 It can be used as an Input port 

Do The I/O port 0 IS composed of 11 bits that can be used as independent I/O units Latches are provided on the output side to 

\ 1/0 
In/out 

maintain Individual output signals When port 0 output is programmed to low-level. to keep it in floating (high-impedance) state. 

port 0 It can be used as a sense Input port The level of the rnput signal IS sensed at the Input terminal and IS tested to determine If it 
D10 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 

XIN In filter between the pinS X IN and X OUT In case an external clock source IS to be used. It should be connected to the pin 
Input 

XIN. leaving the pin XOUT open 

XO UT 
Clock 

Out 
This pin generates the clock frequency from the internal clock OSCillation circuit The oscrllation frequency is controlled by 

output connecting the CR Circuit or IF ceramic frlter between this pin and the pin XIN 

Interrupt 
This Signal is used for requesting Interrupts Whether high or low-level rnterrupt signals are IS used for requests is selected by 

INT request In 
means of the program When the Instruction INTE is executed. Interrupt IS accepted with a high-level signal. and accepted with a 

Input 
low-level signal when the instruction INTL IS executed. When an interrupt IS requested and accepted, program execution IS Jumped 

to address 0 of page 12 The instruction RTI is used for the return instruction 

n 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 

A reference voltage Input is applied to the D-A converter from the external terminal Its nominal value is VREF = -7V. The 
External 

value (n-a.5) VREFI /256 IS generated by the O-A converter. and is compared with the analog signals from the input port K, where 

VREF 
reference 

In n represents the contents of the register H-L, but when n = a, the output voltage is treated as av It can also be used as an, 
voltage 

automatic reset signal Input When a high-level is applied to the VREF input. it actuates the automatic reset circUit. and then 
Input 

the VREF input IS changed to low-level ready to start the program from address a of page a. 

CNVSS CNVss Input In This input terminal should be conected with the VSS and have a high-level input (OV) applied 

OPERATION 
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 0-15). 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. 

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. The page is designated by the high-order four bits of 

the program counter PCH, while the address is designated 
by the low-order 7 bits of the program counter PCL. 

After the execution of an instruction stored in address 127 
of a page, the program returns to the address 0 of the 

same page. To change the page, the following branch 

instructions are used: 

BL, BML, BLA, and BMA. 

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. 
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~CH~ ______ -,,-______ -, ________ -, _____ p~ag~e_d_eSr,g~n_atl_on ____ -, __________________ ,, ____ ----,-------~ 

PCL~ 3 5 ............... 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 0 8 7 6 5 4 3 2 1 0 876543210876543210 

0 

1 

2 

3 

4 

5 

6 

c 

.~ 
9 '" ~ 

~ 
~ 
." 

::i' 

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 

File I Register Z 0 

designation Register X 0 1 2 3 0 

File name FO F1 F2 F3 F4 

Bit designation 3 2 1 o 3 2 1 o 3 2 1 o 3 2 1 o 3 2 1 

0 

1 

2 

~ 
3 

* 
4 

l 5 

c 6 
0 
.~ 7 

'" 8 ~ 
~ 

9 

-15 10 
~ 11 

12 

13 

14 

15 

o 3 

1 

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. 

1 

2 3 

F5 F6 F7 

2 1 o 3 2 1 o 3 2 1 0 
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A-O CONVERSION CIRCUIT 
The following functional blocks are implemented in the 

A/D cQnversion 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 VKIY) (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 1 Vref 1 > 1 VK(Y) I, and 

"0", when 1 Vref 1 < 1 VK(Y) 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 I/O operations. 

Register H-L 
The two 4-bit registers Hand 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. 

O-A Converter 
The D-A converter converts the digital value stored in 

register H-L, referencing with the external reference 

voltage VREF applied from the terminal VREF, to the analog 

value of the internal reference voltage Vref. 

The theoretical value of the internal reference voltage 

Vref is expressed with the following equations; 

n-0.5 
V re f=2s6 XVREF, where, n=l ,2,"""255 

Vref= OV, where, n=O 

Th.e value n is the contents of the register H-L. 

A-O 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 IVK(Y)I is smaller than 1 Vref I, the 
data is unchanged. If IVKml is greater than IVref I, 

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 VK(Y) is 

compared with the internal reference voltage Vref. As a 

result, if IVK(YJI is greater than IVref I, the contents of 

register H-L is incremented by one, and if IVK(y)1 is smaller 

than IVK(Y)i, 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 AID conversion circuit block diagram 

K14K13 K12 Kl Ko 

ANALOG I N PUTS 

VREF 
EXTERNAL REFERENCE 

VOLTAGE INPUT 

6-8 
• MITSUBISHI 

;"ELECTRIC 



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 XIN, 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 

XIN XOUT 600kHz 

34 33 

10 - 20kQ 130 -SOpF 

Fig. 6 External synchronization circuit 

INTERRUPT 

M 58840 
-xxxp 

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 0 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 RTI 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 0 of page 12 is set in the 

program counter. 

(2) I nterrupt flag I NTE 

The flag I NTE 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 

MITSUBISHI MICROCOMPUTERS 
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SINGLE-CHIP 4-BIT MICROCOMPUTER 
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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 VDD 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 0 of page 0, 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 0 of page 0 

(PC)<--O. 

(2) Interrupt mode is in the interrupt disable state 

(lNTE)+-O. This is the same state as when the 

instruction 01 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) .... O 

(5) All outputs of the port 0 are cleared to low-level. 
(0)+-0 

(6) The carry and data pointer selector CPS is reset to 0 

to designate the OP and CY side. (CPS)<--O 

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 VREF . If VREF is kept high for more than 
50ms after VDD has turned low, the microcomputer will 

be reset. The program is then ready to start from address 

o as soon asVREFis turned low (-7V). 

Fig. 7 Power-on reset Signal 
POWER IS T~~NED ONI 

Voo - 15V 

\.IS RESET HERE 
OV------+-----------~ 

VR£F 

-7V ~50ms 

TEST TERMINAL ;;;;lOms 

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). 
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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 M5L 2708S EPROM 

using the PCA040 1 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 ASCII 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 ASCII 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 I/O port S or register E. The desired output 

levels of the outputs SO~S7 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 

M58842S) 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 

code 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

Y values that will cause a skip of 

the next instruction 
(Y)=O, 1 ,2""""'15 
(Y) = 1 ,3 ,5 ,7 ,9 , 11 , 13 , 15 
(y) =2 ,3,6 , 7 , 10, 11 , 14 , 15 
(Y)=3,7,11,15 
(Y) =4,5,6,7,12,13,14,15 
(Y)=5,7, 13, 15 
(Y)=6,7,14,15 
(y) =7 , 15 
(Y)=8,9, 10, 11,12,13,14,15 
(Y) =9 , 11 , 13, 15 
(Y)=10,11,14,15 
(Y) =11, 15 
(Y) =12,13,14,15 
(Y)=13,15 
(Y) =14,15 
(Y) = 15 

The standard mask designation code is 1111. 

6-10 
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Method of Masking Designation for XAMI Skip Conditions 

MITSUBISHI MICROCOMPUTERS 

M58840-XXXP 

SINGLE-CHIP 4-BIT MICROCOMPUTER 
WITH a-BIT AID CONVERTER 

MASK 

DESIGNATION CODE 
THE COLUMN NUMBER WHERE SKIP CONDITION IS EFFECTIVE IN THE RAM FILES F o-F 7 

o 0 0 0 

o 0 0 1 

o 0 1 0 

o 0 1 1 

o 1 0 0 

o 1 0 1 

o 1 1 0 

o 1 1 1 

15 14 13 12 11 10 9 

1 0 0 0 

1 0 0 1 

1 0 1 0 

15 

1 0 1 1 

15 14 13 12 

1 1 00 

1 1 01 

1 1 1 0 

1111 

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 

100-200kO, 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 

capacitive touch panel is used. They are internally 
contained, and all of the input lines of the port K on the 

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. 

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 

confi rmation sheet. 
(4) Skip condition for the instruction XAMI: punched 

cards or listed on the confirmation sheet. 

(5) Load resistors for input port K: punched cards or listed 

on the confirmation sheet. 
(6) Discharging transistors for input port K: punched 

cards or listed on the confirmation sheet. 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M58840",XXXP 

SINGLE-CHIP 4-BIT MICROCOMPUTER 
WITH a-BIT AID CONVERTER 

BASIC TIMING CHART 

~ Machine cycle 

~ Tl Tz Signal name sYmbol 

Clock input X,N ~ r---L-
Clock output XOUT ~ ~ 
Timing output 1'1 

Port 0 output Do -010 
(Output) 

Port 0 input Do -010 
XX X .XXXX (Input) 

Port S output SO-S, 
(Output) 

Port S Input SO-S, [>(XXXX)(,XX XXXXXXXX (Input) 

Port K input Ko -K 14 !XXXXXXXX 
Interrupt request Input INT XXXXXXXX 

Note 1: ill" indicates invalid signal input 

INSTRUCTION FETCH TIMING 

~Machlne cycle M, 

Signa State 
Signal name~ Tl Tz T3 T4 Ts T6 

Instruction fetch ---- ----- 1--

Instruction execution 

Ml 

T3 T4 

~ ~ 
~ .~ 

L---' 
X 

XXX X 

X 
XXXXXXYX xxxxXXX 

xxxxXXX 
lXXXXXXXX XXXXXXXX 

Mlt-l 

Tl Tz I T3 T4 Ts T6 

----- ----I(Note 2 1--

(Note31 

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. 

1/0 INSTRUCTION EXECUTION TIMING 

~ Machine cycle M, Mlt-l 

.~ T1 Tz T3 T4 Ts T6 Tl Tz T3 T4 Ts T6 Signal name SVrnbo/ 

Port 0 output Do 010 
(Output) 

Port 0 Input Do -010 !XXX !XXX "-(Input) r---
Port S output So -S, X (Output) 

So -S, i---.. 
Port S Input X X~ (Input) 

Port K Input Ko -K'4 !XXX !XXX lXXX XXX !!\AX lX.X- .)'J(. XXX XXX !XXX 
Instruction CPA 
IS In execution f- (Note 5) 
Instruction ePAS [ (Note 6) 

is in execution f-(NO~r Instruction ePAE 
(Note 6) 

is in execution 

Ts T6 

L-'~ 
~!\ r--

XXXXXX XXXXXXX 

XXXX XXXXXXXX 
XXXXXXXX XXXXXXXX 
[XX XXXXXX IXx-xx-x-xX-X-

MI+2 

Tl Tz T3 T4 Ts T6 

----- -----

MI1-2 

Tl T2 T3 T4 Ts T6 

IXXX XX XX XXX I!\XJ\ XXX 

X .XX XX XXX X XX 

!XXX XXX X X X I'x'XX 
(Note 7) 

L--
(Note 9) 

rate 8) 

Note 5 . By short-circuiting port K Inputs With the V ss 10VI. 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 Vre! 
7 . Analog value applied to port K inputs is read until the next ePA or ePAS instruction is executed. 
8 - The state of Note 6 IS maintained until an instruction ePAE IS executed. during which time the analog value applied to port K is not read. This 

time should be less than 100!,s to assure the accuracy of the A/O conversion 
9 . The condition of Note 8 is released 

6-12 
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MITSUBISHI MICROCOMPUTERS 

MS8840-XXXP 

SINGLE·CHIP 4·BIT MICROCOMPUTER 
WITH 8·BIT AID CONVERTER 

BRANCH AND SUBROUTINE CALL INSTRUCTION EXECUTION TIMING 
~ Machine cycle Mi Mi+l Mi+2 

operat~te Tl Tz T3 T4 Ts Ts Tl I Tz I T3 T4 Ts Ts Tl Tz T3 T4 Ts 

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 
Execution of the branch instruction Execution of the instruction stored in the branched address 

Instruction Bxy (to be operated as the branch instruction to page 15, when the instruction BM or BMA was not executed before). 

ROM address 

Execution of program 
Execution of the branch instruction Execution of the instruction stored in the branched address on page 15 

Instruction BMxy (subroutine call instruction). 

Program counter 

ROM address 

Stack register 

Execution of program 
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 

1 ~ L ,1,1. 
Temporary ~p TOI~Toe)+I' rster 

I I I 
Page number is stored temporarily 1 ~xecution of branch instruction 1 Execution of the instruction stored 

I----------------'--'-"""---=---=.:---=----'---'----'----~--'---'----~---~--~--'--in the branched address 
Instruction BML p, xy (subroutine call instruction) 

Program counter 

ROM address 

Stack register 

Execution of program 

J ~ ~I ,I 
Tem~orary _p (POL) ...... ( POL) + 1 

register 

(SKZ 

Ts 

Page number is stored temporarily 1 Execution of the subroutine call instruction Execution of the instruction stored 
L.. ___ ..... ____ -:~~~__:_;:.::;;.:.;;:;;,;~~;;.;;;~.;;....;:;.;~~-_:_.,I.,;;;;;;;.;;;;;;;..;;;..;O;;"~;;o;;;,;;;;,;,.;;;;;..~~~~_:::_ in" the subroutine ca~led address~ 
Note 10 : For Instrucllons BA. BMA. BLA and BMLA In the preceding cycle of the execution of the Instrucllon 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 M, M;+l Mi+2 

State Tl T2 T3 T4 Ts Ts Tl Tz T3 T4 Ts Ts Tl Tz T3 T4 Ts Ts 

Interrupt request input INT ~ r---- .XX .x X :'1. xX I)(XX lX'XX DCXX XXX IIx'XX XXX XXX IXXX IIx'XX 

Program counter (PO) 
(POe)- (POe) + 1 

------ (;il1) 
(POHI-1Z (POLI-(POe) + 1 (POe)- (POe) + 1 
(POLI-O 

ROM address I 
(ROM address)- (POI (ROM address)- (PO) 

Stack register LJ I 
(SKZI-(SKll 1- (YOI - rOI 

Execution of program I Jump to address 0 of page 12 executed 

Note 11 : When the instruction executed in the machine cycle M i + 1 is not a SA. BMA. BL. BML. BLA or BMLA instruction. the interrupt takes effect at the 
next state T, without executing (POL) ~(POL) + 1 . 
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MIT5UBI5HI MICROCOMPUTERS 

M58840 .. XXXP 

SINGLE-CHIP 4-BIT MICROCOMPUTER 
WITH a-BIT AID CONVERTER 

00 

rM_ATC_H_IN_E~IN_S_T_RU_C_T_'_O_NS __ r~! i~------------~----~-r-----------------------' 
Tvpe of Mne- Instruction code 8 '0 Functions Skip t> 
~~~~ruc- moniC 08 D7D6DsD4 03020100 n~~~j~n ~ ~ conditions ~ Description of operation 

LX Y x,V 

LZ z 

INY 

DEV 

o l1xx 'iYYY OCy 1 1 (X)--- ><, where, x-o 3 
(Y)~·--y, where. y=O~'5 + 

x 

00100 1012 a 4,! 1 

z 
000000010 002 1 

00000001110031 

1 (Z)~z, where, z=O,l 

1 (Y) .... -(Yl+l 

I (Y)-(Y)-1 

Written 
successively 

(Y)= 15 

x Loads value of "x" into register X, and of "y" into Y. When 
LXY is written successively, the first is executed and successive 
ones are skipped 

x Loads value of "z" into register Z 

x Increments contents of register Y by 1. Skips next instruction 
when new contents of register Yare "0" 

X Decrements contents of register Y by 1. Skips next instruction 
when new contents of register Yare "15" 

LCPS i 0 01 0 a 0 a a I a 4 ill (CPS)<-i, where, i=O,l X DP and CY are active when i=O; DP' and CY'. when i=l 

* 

TAB 
TBA 
TAY 

TYA 
TLA 

THA 
TEAB 

~ TEPA 

E TAJ 
'-

* 'g> 
a: 

XAL 
XAH 

TAM j 

XAM j 

XAMDj 

XAMI j 

LA n 

AM 

SC 
RC 
SZC 
CMA 

~ SB j 

.g RB i 

~ 
0' SZB j 

,ij 

00001111001E 1 
00001110001C 1 
000011101010 1 
o 0000 1100 OOC 1 
0000110010191 
001011001059 1 

~ ~~~: ~~:~ ~ ::1: 
00000110100011 

000011000 0181 

001011000058 1 

a 01 10 01 j j 

0011000jj 

o 64 
+ 
j 

o 6 j 

00110 10jj 0681 
+ 
j 

00110 l1jj 06C 1 
+ 
j 

a 1011 nnnn 0 Bn 1 

a 0000 1010 a OA 1 

00000 1110 a OE 1 

a 0000 1111 0 OF 1 

o 1010 n n n n 0 An 1 

001001001 
001001000 
o 0010 11 1 1 
a 10 0 a 1 1 1 1 

a a 10 0 1 1 j j 

a 0101 1 1 j i 

0001000jj 

o 49 1 
a 48 1 
a 2 F 1 
a SF 1 

a 4C 1 

r 
o 5C 1 

+ 
a 2 ~ 1 

1 (A)-(B) 
1 (B)-(A) 
1 (A)-(Y) 

1 (Y)~(A) 

1 (L)-(A) 

1 (H)-(A) 
1 (EI-E4)..--(B), (E3-Eo).--(A) 
1 (EI-Eo)-through PLA--(A) 

1 (Y1Yo)=owhen: (A) ..... "(J3J2J1JO) 
(Y1Yo)=lwhen : (A)<-(J7J6JSJ4) 
(Y1Yo)=2when: (A)<--(JllJl0J9Ja) 
(Y1YO) =3 when: (A)<-(O J14JI3 Jll) 

1 (A)~(L) 

1 (A)~(H) 

1 (A)-(M(DP» 

(X}-(X)V), where'. j=0-3 

1 (A )-(M(DP» 
(X)-(X)Vi. where. j=0-3 

1 (A)~(M(DP», (Y).-(Y)-1 
(X),--,(X)V i. where, j=0-3 

1 (A)~(M(DP»), (Y)-(Y)+1 
(X)-(X)Vj, where, j ""0-3 

(A)-n, where, n=D--15 

(A)-(A)+(M(DP» 

1 (A)-(A)+ (M(DP»+ (OY) 
(CY)~ carry 

1 (A)--(A)+(M(DP»+(CY) 
(2) (cy)..--carry 

1 (A)-(A)+n.where. n=0-15 

1 (CY)<---1 
1 (CY)<'----(} 

1 (M) (OP»_1, where, i-O 3 

1 (Mj (OP»)----O, where. j=0-3 

(Y)=masked 
skip 

condition 

Written 
successively 

(CY)=l 

x Transfers contents of register B to register A. 
x Transfers contents of register A to register B. 
x Transfers contents of register Y to register A. 
X Transfers contents of register A to register Y. 
X Transfers contents of register A to register L 
x Transfers contents of register A to register H 
X Transfers contents of registers A and 8 to register E 
x Decodes contents of register A in the PLA and transfers result 

to register E 
x Transfers designated contents of register J to register A 

x Exchanges contents of register A with contents of register L 
x Exchanges contents of register A with contents of register H 
x Transfers the RAM contents addressed by the active DP to 

register A Register X is then "exclusive OR-ed" with the 
value j in the instruction, and the result stored in register X. 

x Exchanges the contents of the RAM DP and register A. Contents 
of X are then "exclusive OR-ed" with the value j. and the result 
stored in reQister X 

X Exchanges the contents of the RAM and register A Contents of X are 
then "exclusive OR-ed" with the value j in the instruction. and the 
result stored in register X. The cOl'\tents of register Yare decremented 
by 1, and when the result is 15, the next instruction is ski ped 

X Exchanges the contents of the RAM and register A Contents 
of X are then "exclusive OR-ed" with the value j in the instruc
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 

x Loads the value n into register A When LA is written consecu
tively the first is executed, and successive ones are skipped 

X Addsthecontents of the RAM to register A. The result is retained 
in register A. and the contents of flag CY are unaffected 

011 Adds the RAM contents addressed by the active DP and contents 
of flag CY to register A The result is stored in register A. alld 
the carry in the active flag CY 

011 Adds the contents of the RAM and flag CY to register A The 
resulJ is stored in register A and the carry in the CY. but the 
next Instruction is skipped when a carry IS produced. 

A carry is not X Adds value n in the instruction to register A The contents of 
produced and flag CY are unaffected and their next instruction is skipped if 

(CY)=O 

a carry is not produced. except when n=6 
1 Sets active flag CY. 
o Resets active flag CY. 
X Skips next instruction when contents of the active flag CY are 0 
X Stores complement of register A in register A. 

X Sets the jth bit of the RAM addressed by the active DP (the 
bit designated by the value j in the instruction) 

X Resets the jth bit of the RAM addressed by the active DP (the 
bit designated by the value j in the instruction) 

(Mj (OP) X Skips next ,instruction when the contents of the jth bit of the 
=0 RAM addressed by the active DP (the bit which is designated 

WhereJ = (t--3 by the value j in the instruction) are 0 
~ SEAM a a a 1 0 0 1 1 0 a 26 1 1 (M(DP» - x Skips next instruction when contents of register A are equal to 
~ (A) the RAM contents addressed by the active DP 
E SEY Y a 00 11 y Y Y Y a 3y 1 1 (Y)=YWhere, Skips next instruction when the contents of registerYare equal 
~8~~ __ -+~~~~~~-+~~~~~~~~ __________________ ~_Y~=~O~-_'~5~~+,~o~t~he~~~lu~e~Y~i~n~t~he~'n~s1~ru~c~tio~n~ __________________ ~ 

LC7 0 01 01 01 1 1 a 57 1 1 (0)-7 X Loads 7 to register C. 
DEC 00000 1001 009 1 1 (C)--(O)-1 (C)=7 x Decrements contents. of register C by 1; when result is7,skips n ext 
SHL 00100 0010 042 1 1 (C2)=lwhen : (H(Cl-CO)-l - x Sets the bit in registerLor H designated by register C. The box instruction. 

RHL 001010010 052 1 

CPA 00000 1000 008 1 

I CPAS o a 1 a 1 a 0.0 1 0 5 1 1 

8 
~ CPAE 001010000 a 50 1 

SZJ 000101001029 1 

6--14 

(C2)=Qwhen: (L(Cl-CO)-l shows the relationship between C 7 6 5 4 3 2 1 0 
register C and bit pOSItion. Bit Hl Hz HI Ho LJ Ll LI lo 

1 (Cl)=l when: (H(Cl-CO))<---{J - x Resets the bit in register Lor H that is designated by register 
(c;»=owhen: (UCI-CO)<---{J C. 

1 I v ref i > I V K( i ) I when : (J ( i ) )<--1 X Reads all analog values from input port K for comparison with 
(2) i Vref I< I V K( i ) I when : (J ( i) )-0 D-A converter outpu,t V ref, and either' sets the respective bit of 

I =0-14 register J to the next instruction cycle. wherever! V ref I' > ,'VK( 1)1 

is true, Of resets it, wherever IVref 1< IVK( i)1 is true. I 
1 IVrefl>IVK(i)lwhen: (Ji;l)-l 

IVrefl<IVK(i)iwhen: (J(i)<'----(} 
i =0-14 

1 Execution of the instruction CPAS is 
over, and no more changes will made 
in (J Cy)} 

• MITSUBISHI 
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X Read~ and stores temP.orarilY all analog .values fr?m inP. ut port 
K, which are then unaffected by changes In port K Inputs. These 
values are compared With the D-A converter outputV ref, calcu-
lated from contents of registers Hand L. and respe~tive bits of regis-
ter J are set/reset. Repeated when contents of registers H-L are changed 

X Terminates execution of instruction CPAS. Contents of register 
J remain unaffected, maintaining the value immediately before 
termination, and input port K is again ready to receive inputs 

x Skips next instruction when the bit in register J. designate.d by 
register y, IS 0, The next instruction is unconditionally skipped 
when the contents of register Yare 15 



c 
.2 m 
:6 ~ c~pe of Instruction code 5 

Mne~ . " '0 nstruc-
Ion monic 16mal .9- ci D. D106D!iO .. 03020100 "otation ~ Z 

B xy • 1 x x x y y y y • By 1 1 
+ 
x 

BL _xy 0 0111 pppp o 7_ 2 2 

• 1 x. x y y y y 1 'I' l'l. x 

~ BA xX 0 0000 0001 o O. 2 2 

• 1 x x x xxxx • BX 
+ 
x 

BLA p,xx 0 0000 0001 0 O. 3 3 
0 0111 pppp 0 7_ 
1 1 x x x xxxx • ax 

j; 
BM xv • o x x x V y V V • xy 1 1 

0 

~ BML px 0 0111 pppp o 7_ 2 2 

" c • Oxxx y y y y • xy 

S BMA xX 0 0000 0001 o O' 2 2 
e 1 o x x x xxxx • xX 
-§ 
Vl 

BMLA 
_xx 0 0000 0001 o O' 3 3 

0 01 1 1 pppp o 7_ 

• o x x x xxxx 1 xX 

RTI 0 0100 0110 0 46 1 1 
E0 
~E 

RT 0 0100 a 10 0 0 4. 1 1 g~ 
ol:~ RTS 0 0100 0101 0 4. 1 2 

SD 0 0001 0101 0 1 • 1 1 

RD 0 0001 0100 0 14 1 2 

SZD 0 0010 1011 0 2S 1 1 
'5 
% 
0 OSAB 0 0001 1011 0 'B 1 1 
S OSPA 0 0001 0111 0 .7 1 1 
c. 
.s 

OSE 0 0000 1011 0 os 1 1 
lAS I 0 0101 010 i 0 .4 1 1 

+ 
; 

CLD 0 0001 0011 0 .3 1 1 
CLS 0 0001 0000 0 .0 1 1 
CLDS 0 0001 0001 0 ., 1 1 

EI 0 0000 0101 0 05 1 1 

E. 
DI 0 0000 0100 0 04 1 1 

E INTH 0 0000 0110 o 06 1 1 

~ INTL 0 0000 0111 o 07 1 1 

Mise NOP 0 0000 0000 o 00 1 1 

Functions 

(POL) ......... 16x+y 

(PCH)_15. (PCL)-16x+y 

(PCH)-p 
(POL)-16 K+Y 

(PCL}-16x+(A) 

(POH)-15. (PCL)-16x+(A) 

(PCH)-p 
(PCL)-16x+(A) 

(SK2)-(SK 1 )-(SKO )-(PC) 
(PCH)-14. (PCL)-,16x+y 
(PCH)-14. (PCL)_16x+y 

(SK2)-(SK 1 )-(SKO)-(PC) 
(PCH)-P. (PCL)-16x+y 
(SK2)-(SK 1 )-(SKO)-(PC) 
(PCH)-14. (PCL}-16x+ (A) 

(PCH)-14. (PCL)-16x+ (A) 

(SK2)-(SK 1)-(SKO)-(PC) 
(POH)-p, (POL)-16x+(A) 

(PC )-(SK O)-(SK 1 )-(SK2) 
Resets interrupt flip-flop 
(PC)-(SKO)-(SK 1)-(SK2) 

(PC)-(SKO)-(SKl )-(SK2) 

(0(Y))-1, where, (Z)-1.{Y)-O 10 

(O(Y))-O, where, {Z)=1.{Y)=O-lO 

where, {Z)=1, {Y)=O-lO 

(57- 54) ...... (8), (53-S0)-(A) 
(51-So)-through PLA ...... (A) 

(5)-(E) 
i =0: (A) ...... (S7-S4) 
i=l: (A)-(53-S0) 

(0)0-(] 
(S)-O 
(0)0-(] (S)-o 

(INTE)-1 
(INTE)O-(] 

(lNTP)-l 

(INTP)-o 

(PC)-(PC)+1 

MITSUBISHI·MICROCOMPUTERS 

MS8840-XXXP 

SINGLE·CHIP 4·BIT MICROCOMPUTER 
WITH a·BIT A/D CONVERTER 

~ Skip Description of operation g> conditions 
u: 

- X Jumps to address XV of the current page 

Jumps to address XV on page 15 when executed. provided that 
none of instructions RT. RTS. BL, BML. BLA. or BMLA was 
executed after execution of instruction 8M or BMA. 

X Jumps to address XV of page p. 

X Jumps to address x(A) of the current page. 

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. 

X Jumps to the address x(A) of page p. 

X Calls for the subroutine starting at address xX on page 14. 

Jump~ to address ~ of page 14 provided that none of instruc-
tions AT, RTS, BL, BML, BLA or BMLA was executed after the 
execution of instructions BM or BMA. 

X Calls for the subroutine starting at address xx of page p. 

- X Calls for the subroutine starting at address x(A) of page 14. 

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. 

Calls for the subroutine starting at address x(A) of page p. 
- X 

- X Returns from interrupt routine to main routine. The internal flip-
flop is restored to the value held immediately before the interrupt. 

X Returns to the main routine from the subroutine. 

Uncondi- X Returns to the main routine from the subroutine, and uncondi-
tional skip tionally skips the next instruction. 

- X Sets the bit of port D that is designated by register y, when the 
contents of register Z are 1. 

- X Resets the bit of port D that is designated by register y, when 
the contents of register Z are 1. 

(D(Y))=O X Skips the next instruction if the contents of the bit of port D that 
is designated by register Yare 0 and the contents of register Z 
are 1. 

X Outputs contents of registers A and B to port S. 
X Decodes contents of register A by PLA and the result is output 

to port s . 
X Outputs contents of register E to port S. 
X Transfers from port S to register A. The high-order four bit.s of 

portS are transferred when the value of i in the instruction is 0, 
or the low-order four bits are transferred wh'en the value of i is 1 

X Ciears port"D. 
X Clears port S. 
X Clears ports Sand D. 
X Sets interrupt flag INTE to enable interrupts. 
X Resets interrupt flag INTE to disable interrupts. 

X Sets interrupt polarity flag lNTP to enable int~rrupts when the 
interrupt request signal is turned high. 

X Resets interrupt polarity flag INTP to enable interrupts when the 
interrupt request signal is turned low. 

X No operation 

Symbol Contents Symbol Contens Symbol Contents 

A 
8 
C 
E 
H 

L 
X 
Y 
Z 
OP 
PCH 
PCL 
PC 

4-bit register (accumulator) SKO 
4-bit register 5K 1 
3-bit register SK2 
a-bit register OY 
4-bit register xx 
15-bit register yyyy 
4-bit register z 
2-bit register nnnn 
4-bit register I 

l-bit register ii 
7-bitdata pointer, combination of registers,Z. XandY. XXXX 
The high-order four bits of the pr9gram counter. I 0 
The low-order seven bits of the program counter. K 
l1-bit program counter, combination Of"PCH and.pOL. 5 

ll-bit stack register 
l1-bit stack register 
l1-bit stack register 
l-bit carry flag 
2-bit binary variable 
4-bit binary variable 
l-bit binary variable 
4-bit binary constant 
l-bit binary constant 
2-bit binary constant 
4-bit unknown binary number 
11-bitport 
l5-bitport 
a-bit port 

. • . MITSUBISHI 
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INTE 
INTP 
INT 

( ) 
y 

X 
xy 
px, 
CPS 
o 
+ 
x 

Interrupt enable flag 
Interrupt polarity flag 
Interrupt request signal 
Shows direction of data flow 
Indicates contents of the register. memory, etc. 
Exclusive OR 
Negation 
Indicates flag is unaffected by instruction execution 
Label used to indicate the address xxyyyy 
Label usedto indicate the addressxxyyyy of page pppp. 
Indicates which data pointer and carry are active. I 
Hexadecimal number C + binary number x. 
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MITMlBUiHI MICROCOMPUTERS 

MS8840-XXXP 

SINGLE-CHIP 4~BIT MICROCOMPUTER 
WITH a-BIT AID CONVERTER 

LIST OF INSTRUCTION CODES 

~~ 00000 a 0001 a 0010 a 0011 00100 a 0101 00110 

Hexa-
03- decimal a a a 1 a 2 a 3 a 4 a 5 a 6 

Do ~?J~-

SZB SEY LOPS XAM 
0000 a NOP OLS OPAE 

a a a a 
BA SZB SEY LOPS XAM 

0001 1 BMA OLOS OPAS 
BLA 1 1 1 1 

BMLA 

SZB SEY XAM 
0010 2 INY * SHL RHL 

2 2 2 

SZB SEY XAM 
0011 3 DEY OLD - -

3 3 3 

SEY lAS TAM 
0100 4 01 RO * RT 

4 a a 

SEY lAS TAM 
0101 5 EI SO * RTS 

5 1 1 

SEY TAM 
0110 6 INTH TEPA SEAM RTI * 6 2 

SEY TAM 
0111 7 INTL OSPA * * L07 

7 3 

SEY XAMO 
1000 8 OPA XAL * RO XAH 

8 a 

SEY XAMO 
1001 9 DEO TLA SZJ SO THA 

9 1 

SEY LZ XAMO 
1010 A AM TEAB * * 10 0 2 

SEY LZ XAMO 
1011 B OSE OSAB SZO * 11 1 3 

SEY SB RB XAMI 
1100 0 TYA TBA * 12 a 0 0 

SEY SB RB XAMI 
1101 0 TAJ TAY * 13 1 1 1 

SEY SB RB XAMI 
1110 E AMO TAB * 14 2 2 2 

SEY SB RB XAMI 
1111 F AMOS * SZO 

15 3 3' 3 

a 0111 a 1000 01001 a 1010 a 1011 a 1100 a 1101 a 1110 

a 7 a 8 a 9 a A a B a 0 a 0 a E 

BL A LA LXY LXY LXY 
- -

BML a a 0,0 1,0 2,0 

BL A LA LXY LXY LXY - -
BML 1 1 0,1 1,1 2,1 

BL A LA LXY LXY LXY - -
BML 2 2 0,2 1,2 2,2 

BL A LA LXY LXY LXY - -
BML 3 3 0,3 1,3 2,3 

BL A LA LXY LXY LXY 
- -

BML 4 4 0,4 1,4 2,4 

BL A LA LXY LXY LXY 
- -

BML 5 5 0,5 1,5 2,5 

BL A LA LXY LXY LXY 
- -

BML 6 6 0,6 1,6 2,6 

BL A LA LXY LXY LXY 
- -

BML 7 7 0,7 1,7 2,7 

BL A LA LXY LXY LXY 
- -

BML 8 8 0,8 1,8 2,8 

BL A LA LXY LXY LXY 
- -

BML 9 9 0,9 1,9 2,9 

BL A LA LXY LXY LXY - -
BML 10 10 0,10 1,10 2,10 

BL A LA LXY LXY LXY 
- -

BML 11 11 0,11 I,ll 2,11 

BL A LA LXY LXY LXY - -
BML 12 12 0,12 1,12 2,12 

BL A LA LXY LXY LXY 
- -

BML 13 13 0,13 1,13 2,13 

BL A LA LXY LXY LXY - -
BML 14 14 0,14 1,14 2,14 

BL A LA LXY LXY LXY 
OMA -

BML 15 15 0,15 1,15 2,15 

Note 1 2 : This list shows the machine codes and corresponding machine 
instructions. 03 - Do indicate the low-order 4 bits of the 
machine code and 08-04 indicate the high-order 5 bits. 
Hexadecimal numbers are also shown that represent the codes. 
An instruction may consist of one. two, or three words. but only 
the first word is listed. Coc!e combination indicated with asterisk 
(') and bar (-) must not be of used. 

Note 1 3 : Two-word instruction 
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8L 
8ML 
8A 
8MA 

Three-word instruction 

L 8LA 
L 8MLA 

Second worq 

1 lxxx YYYY 
1 Oxxx YYYY 
1 lxxx XXXX 
1 Oxxx XXXX 

Second word 

o 0111 pppp 

o 0111 pppp 

1 0000 1 1000 
a 1111 ! ! 

1 0111 1 1111 

a F 10-17 18-1F 

LXY 
BM B 

3,0 

LXY 
BM B 

3,1 

LXY 
BM B 

3,2 

LXY 
BM B 

3,3 

LXY 
BM B 

3,4 

LXY 
BM B 

3,5 

LXY 
BM B 

3,6 

LXY 
BM B 

3,7 

LXY 
BM B 

3,8 

LXY 
BM B 

3,9 

LXY 
'BM B 

3,10 

LXY 
BM B 

3,11 

LXY 
BM B 

3,12 

LXY 
BM B 

3,13 

LXY 
BM B 

3,14 

LXY 
BM B 

3,15 

Third word 

1 lxxx XXXX 
1 Oxxx XXXX 



ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter 

VOO Supply voltage 

VI Input voltage, port Sand D inputs 

VI Input voltage, other than port Sand 0 inputs 

Vo Output voltage. port Sand 0 outputs 

Vo Output voltage. other than port Sand 0 outputs 

Pd Power dissipation 

Topr Operating temperature 

Tstg Storage temperature 

MITSUBISHI MICROCOMPUT~K~ 

MS8840·XXXP 

SINGLE·CHIP 4·BIT MICROCOMPUTER 
WITH a.BIT AID CONVERTER 

Conditions limits Unit 

0.3--20 V 

0.3- -35 V 

With respect to V 55 0.3- -20 V 

0.3- -35 V 

0.3- -20 V 

Ta=25'C 700 mW 

0-70 'C 

-40·-125 'C 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VOO Supply voltage -16.5 -15 -13.5 V 

VSS Supply voltage 0 V 

VIH High-level Input voltage -1.5 0 V 

VIH(¢) High-level clock input voltage -1.5 0 V 

VIL low-level input voltage: other than port D and S inputs VOO -4.2 V 

VIL Low-level input voltage: port 0 and S inputs -33 -4.2 V 

VIL(¢) Low-level clock Input voltage VOO VOO+2 V 

VI (K) Analog input voltage; port K input VREF 0 V 

VREF Reference voltage -7 -5 V 

VOL Low-level output voltage; port 0 and S outputs -33 0 V 

t(¢) Internal clock oscillation frequency 300 600 kHz 

ELECTRICAL CHARACTERISTICS (Ta=O -70'C, VOO= -15V ± 10%, VSS=OV, t( ¢) =300-600kHz, unless otherwise noted) 

Symbol Parameter 

VIH High-level input voltage, port D and S inputs 

VIL Low-level input voltage, port 0 and S Inputs 

VOH High-level output voltage, port D outputs 

VOH High-level output voltage. port S outputs 

II Input current port K inputs 

II (¢) Clock input current 

IOH High-level output current port D outputs 

IOH High-level output current. port S outputs 

IOL Low-level output current port D and S outputs 

100 Supply current from VDO 

IREF Current from VREF 

Gj Input capacitance. port K inputs 

G, (¢) Clock input capacitance 

A-D conversion linearity error 

A-D conversion zero error 

A-O conversion full-scale error 

Conditions 

VoO=-15V, IOH=-15rnA, Ta=25'C 

Voo=-15V, IOH=-8rnA, Ta=25'C 

To be measured when the instruction CPAS or 
CPA IS not being executed; VI=-7V 

VI(¢)=-15V, Ta=25'C 

VOO=-15V, VOH=-2.5V, Ta=25'C 

VOO=-15V, VOH=-2.5V, Ta=25'C 

VOL=-33V, Ta=25'C 

Voo=-15V, Ta=25'C 

VREF= -7V, Ta=25'C 

V OO=V I=VO =V ss, 1=1 MHz 

25rnVrrns 

VOO=XOUT=VSS, 

25rnVrms 

VREF= -7V 

VREF=-7V 

VREF= -7V 

•. MITSUBISHI 
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1=1 MHz 

Limits 
Unit 

Min Typ Max 

-1.5 0 V 

-33 -4.2 V 

-2.5 V 

-2.5 V 

-7 f.J.A 

-20 -40 f.J. A 

-15 rnA 

-8 rnA 

-33 f.J.A 

41 rnA 

0.7 rnA 

7 10 pF 

7 10 pF 

±3 LSB 
±3 LSB 
±3 LSB 
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M58840·XXXP 

SINGLE-CHIP4-BIT· MICROCOMPUTER 
WITH 8-BIT AID CONVERTER 

TIMING REQUIREMENTS (Ta =0 -70·C. Voo = -lSV ± 10%. Vss =ov. unless otherwise noted) 

Symbol Parameter Conditions 

tsU(D-XIN) Data setup time before clock input. port 0 input 

tSU(S-XIN) Data setup time before clock input. port S ,input 

tsU(K-X'N) Data setup time before clock input port K input 

tsu(INT-XIN) Data setup time before clock input. tNT input 

t h (O-X'N) Data hold time after clock input. port 0 input 
f (¢) =600kHz 

t'h(S-~'N) Data hold time after clock input. port S input 

!h(K-X'N) Data hold time after clock input. port K input 

t h(INT-X,N) Data hold time after clock input. INT input 

t r(VDDL) Supply voltage V DO rise time. at the time of power-on reset 

t r (VREFL) Reference voltage V REF rise time. at the time of power-on reset 

t h (VREFH) High-level reference voltage V REF hold time. at the time of power-on reset 

Min 

0 

0 

0 

0 

0 .4 

0.4 

0.4 

0.4 

50 

SWITCHING CHARACTERISTICS (Ta =0 -70·C. Voo = -15V ± 10%. Vss = 0 V. unless otherwise noted) 

Symbol Parameter 

tPLH(XlwO) low to high-level data output propagation time between clock input and port. port 0 output 

tPLH(XlwS) Low to high-level data output propagation time between clock input and port. port S output 

tPHL(XlwO) High to low-level data output propagation time between clock input and port. port 0 output 
c----------- ----

tPHL(XlwS) High to low-level data output propagation time between clock input and port. port S output 

Note 14 : Measuring circuit diagram 

TIMING DIAGRAM 

XIN 

Do - 0 10 (OUTPUT) 

Do - 0 10 (INPUTI 

s 0 - S 7 (OUTPUTI 

So - S 7 (INPUTI 

INT 
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Conditions 
Min 

f (¢)=600kHz 
CL= 100pF (Note 141 
RL=6.8kQ 

Limits 
Unit 

Typ Max 

,"8 

,"8 

,"S 

,"s 

,"8 

,"8 

,"8 
--

,"8 

10 m8 

10 ms 

m8 

limits 
Unit 

Typ Max 

0.6 1 /.lS 

0.9 1.5 ,"8 

2 6 ,"8 

2.6 ,"8 



DESCRIPTION 
The M58842S MELPS 4 system evaluation device is de

signed to emulate the M58840-XXXP single-chip 4-bit 

microcomputer. It has been developed using P-channel 
aluminum-gate ED-MOS technology, and has a 64-pin 

ceramic OIL package. By taking the mask-programmable 

ROM out of the M58840-XXXP, the M58842S facilitates 

fast development of new systems for the customer. 

FEATURES 

• Except for the mask ROM, all functions are equivalent 
to the M58840-XXXP. 

• Large capacity: (128-word x 4-bit) RAM 

• Single -15V power supply 

• Built-in AID converter with ±1.2% accuracy 

• Two data pointers 

• Subroutine nesting: 

• Interrupt: 

• I nternal clock generator 

3 levels 

1 level 

• Internal PLA (programmable logic array) 

• 

• 
• 
• 

• 

• 

for the decoder of port S: 16 inputs x 8 outputs 
Analog input port (port K): 15 bits 
(Convenient to accept signal from a capacitive touch 

panel or any analog devices.) 

ROM data input: 9 bits 
ROM address output: 11 bits 
I/O port (port S): 

Output: 8-bits x 1 
Input: 4-bits x 2 

I/O port (port D): 

Output: 1-bitx11 
Sense input: 1-bit x 11 

I/O port output voltage (Vo): -33V (max) 

BLOCK DIAGRAM 

TIMING I~I~uREfrT CLOCK CLOCK 
OUTPUT INPUT (-15V) (OV) (-15V) ('V) INPUT OUTPUT i-t-:' ~:-ttttt--

, GE~~~~foR 

II 

ANALOG INPUT PORT K 

MITSUBISHI MICROCOMPUTERS 

MS88425 

MELPS 4 SYSTEM EVALUATION DEVICE 

PIN CONFIGURATION ~TOP VIEW) 

(nv) Vss 
(-ISV) Voo 

ROM 10_ 
DATA INPUT! Ao _ 

ROM AI·_ 

~~~o¥~ ::: 
A7 _ 

I/O PORT s1 ~: ~ 5, .. 
5 ... 
53 .. 
57 .. 

CLOCK OUTPUT x OUT -

cLO::~;~:l~f ~ 
OUTPUTS A.-

AIO +-

TIMI:: ~:::U:l ~ ~ 
D ... 
05 .. 
D ... 

1 

~ 
s 

~ 
8 

Ii% 
~ 12 

3 
I. ~ 

~ U1 

~ co 
co 

18 
..,. 

~ '" en 
20 
21 
22 

~ 2. 
25 

~ IH 
~ ~ 30 

~ 

~ 
P, 
~ ra 

7 

~ ss 

I 
I In 
• 4 

• 
2 

I 38 
37 

~ ; 

Vss (nv) 

+- It } ROM DATA INPUTS 
+- I, 
+- CNVoo ( -1SV) 
+- INT INTERRUPT 
+- 13 } REQUEST INPUT 
+- I. 

:: :: ROM DATA INPUTS 

-17 -I, 
_ K, ) 
_ K, 

- Kl0 

- K14 
_ K 1 ANALQG INPUT 

PORT K 
- K5 _ K. 

_ K'3 
_ Kll 

+- K3 
NO 

+- K7 } 
- Ko ANALOG INPUT 
- K4 PORT K 
- K, 
...... K12 

- VREF REFERENCE 
.. 010 }VOLTAGE INPUT 

: ~: I/O PORT D 

.. 07 

Outline 64S1 

• I/O port output current: 
IOH (port S): -8mA (max) 
IOH (port D): -15mA (max) 

• (Capable of direct drive of large size fluorescent display 
tubes) 

APPLICATIONS 

• System development and prototyping of equipment 

using the M58840-XXXP single-chip 4-bit microcom
puter. 

ROM ADDRESS OUTPUTS ROM DATA INPUTS 

I/O PORT D 
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MS8842S 

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 (Ao - A 10 ) and 

instruction input pins (1 0 - 18). 
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 

Register A 

Hexade~imal 
notation A3 A2 A1 Ao So S1 

0 0 0 0 0 H H 

1 0 0 0 1 L L 

2 0 0 1 0 H L 

3 0 0 1 1 L L 

4 0 1 0 0 L H 

5 0 1 0 1 L H 

6 0 1 1 0 H H 

7 0 1 1 1 L H 

8 1 0 0 0 H H 

9 1 0 0 1 L H 

A 1 0 1 0 H L 

B 1 0 1 1 L L 

C 1 1 0 0 H H 

D 1 1 0 1 H H 

E 1 1 1 0 L L 

F 1 1 1 1 L L 

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 2, the 

ROM address signal appears on the ROM address output 

pins Ao - A 10 . Then ROM data corresponding to this 
address should be applied to the ROM data input pins 

10 -18 during state T 6. For further details, refer to the 

instruction fetch timing diagram. During this application 

the input pin CNVoo should be connected to Voo. 

Port S output 
Display 

S2 S3 S4 S5 S6 S7 

L L H H H H II 
I.J 

L L L H H L I 
I 

H L H H L H d 
H L H H H H I 

=1 
H L L H H L LI 

I 

H L H L H H 5 
H L H L H H b 
L L H H H L II 

I 

H L H H H H l=l 
H L H H H H U 

_I 

H L L L H H 0 
L H L L L L -
H L H L L H C 
L L H L L H I 

I-

H L L L L L -
L L L L L L Blank 
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PIN DESCRIPTIONS 
nput 

Pin Name or 
output 

Ko Analog 

I input In 
Kl4 port K 

50 
I I/O 

In/out 
57 port 5 

Do 
I I/O In/out 

010 port 0 

Ao ROM I Out 
Ala address output 

10 ROM I In 
18 data input 

ClOCK X IN In 
input 

XOUT 
Clock 

Oul 
output 

Interrupt 
INT request In 

input 

External 
reference 

VREF In 
voltage 
input 

n Timing output Out 

CNVDD CNVDD input In 

MITSUBISHI MICROCOMPUTERS 

MS8842S 

MELPS 4 SYSTEM EVALUATION DEVICE 

Function 

Analog pon K has 15 independent analog input terminals". All signals applied to the 15 input lines of port K are simultaneously 
compared with the V re f generated by the D-A converter. Corresponding bits of register J are set when the condition. 

IVrel I>IVK(y)I is met. This port is utilized for receiving input signals from the touch panel or receiving analog inputs from 

temperature and other sensing devices. It can also be used as a value threshold digital signal input port when the Vref is 
properly selected.: 

The I/O port S can be used as either an a-bit output port or a pair of 4-bit input ports. Since it has open-drain circuits, it is suitable 

for directly driving segments of a large fluorescent display tube. It has an' 8~bit output latch and can perform to drive 8 bitS 

simultaneously. W1en the output of port S is programmed to 10w~level. it remains In the floating (high~impedance) state so that 

It can be used as an input pan. 

The I/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· 

maintain individual output signals. When port 0 output is programmed to 10w~level. to keep it in floating (high~impedance) state. 

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. 

The address output is composed of 11 bits that output the contents of the program counter PC to the external program memory 
(ROMI 

The data input is composed of 9 bits that are used to fetch the instruction code for the CPU from the external program memory 
(ROMI. 

As the clock generator is contained internally. clock frequency is determined by connecting an external CR circuit or an IF ceramic 

filter between the pins X IN and XOUT. In case an external clock source is to be used. it should be connected to the pin 

XIN. leaving the pin XOUT open 

This pin generates the clock frequency from the internal clock oscillation circuIt. The oscillation frequency is controlled by 

connecting the CR circuit or IF ceramic filter between this pin and the pin XIN . 

This signal is used for requesting interrupts. Whether high or low-level interrupt signals are in used for requests is selected by 

means of the program. When the instruction INTH is executed. interrupt is accepted with a high-level signal. and accepted with a 
low~level signal when the instruction INTl is executed. When an interrupt is requested and accepted, program execution is jumped. 
to address 0 of page 12. The instruction RTI is used for the return instruction. 

A reference voltage input is applied to the D~A converter from the external .terminal. Its nominal value is VREF "" -7V. The 
value (n~a.5) VREF /256 is generated by the D~A converter. and is compared with the analog signals from the input port K; ~ere 

n represents the contents of the register H-L. but when n "" O. the output voltage is treated as av. It can also be used as an, 

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 0 of page O. 

This pin generates a part of the basic timing pulse This signal is used for testing other devices incorporated in the system. 

This input terminal should be conected with the Voo and have a low-level input (-15V) applied. 
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MS8842S 

MELPS 4 SYSTEM EVALUATION DEVICE 

BASIC TIMING CHART 

~e MI 

. i9,., State TI T2 T3 T4 Signal name aJ $'Yrnbol 

Clock input XIN 

~ I ~'t r----L-~ I Clock output XOUT ~ 
Ti ming output n ~ 
Port D outputs Do-DIO X (Oulputl 

Port 0 inputs Do-Dto IXXXXXXXX IXXXXX)()()( XXXXXXXX (Input) 

Port S outputs SO-S, X (Outputl 

Port S inputs So -S, 
IX XXX xXX>< XXXXXXX)< !XX)()( )( )( )( Y)()(XXXX)< (Inputl 

Port K inputs Ko -K14 IXXXXXXX)< XXXXXXXX 

Interrupt request input INT XlXlXXXXXJ., IXXXXXXX)< XXXX Y 

ROM address outputs Ao -AlO 

ROM data inputs 10 -18 t>0<YX'X)OO< XXX)'., "XX fXY'>()()()()(' XXXX)()(X)( 

Note 1: Mindicates invalid signal input 

INSTRUCTION FETCH TIMING 

-=- Machine cycle Mj Mlt-1 

~I~ Signal name Ig~rnbO{ State TI T2 T3 T4 T5 Ts Tt T2 

Instruction fetch --- --- f-- --- ---
Instruction execution 

ROM address outputs Ao-AIO -D< D< -
ROM data inputs 10-18 XXX IXXX XX XXX XXX -y Xx x 

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. 

T3 T4 T5 

(Note2 

'XX ~ 'X'XX 

4 : The execution of the instruction and addressing of ROM and RAM are performed simultaneously. 

I/O INSTRUCTION EXECUTION TIMING 

~e Mj Mi+1 

Signal name Si naf Symbol State Tl T2 T3 T4 T5 TS Tl T2 T3 T4 TS 

Port D outputs Do Dto X (Outputl 

Port D inputs Do-DIO i--- D<XX ~X ~lXY (Inputl X X 
f--

Port S outputs SO-S, X (Outputl 

Port S inputs SO-S, rxxx tx'x'X X~ :XX '')( :')( ''XX 'X 'X X (Inputl 
t-" 

Port K inputs Ko-KI4 :XX IXXX lXXX ~X 
Instruction CPA 
is in execution I--(Note 5) 
Instruction CPAS I (~ote 6) 

is in execution ~~~:t~~I __ Instruction CPAE 
(Note 61 

is in execution --- ---- --- --- -- ---

Ts 

-
INote31 

--y 

TS 

:'XX 

X 

Ts Ts 

r----L-r--L-
~ ~ 

XXXXX)( I~)(X 

X)(Y IYXX :XXXX 

)(XXXXXX IXXXXXXXX 

xXXXX IXXXYXXXX 

:XY)()(Y·)(X )()0('X' 

Mi+2 

TI T2 T3 T4 Ts Ts 

--- ----

){ 

'XYX XX 'X 'X 'XX 'TN =>< 

Mi+2 

Tl T2 T3 T4 TS T6 

)( ·X X 'X 

''XX :XX ~X .X9. 1'X""X'l( I'X"X"'S< 

)('1. 'XX IXX)( )('1. ')()( !XXX 
(Note 71 

L ___ 
(Note 91 

Tote 8) 

Note 5 : By short-circuiting port K inputs with the V 55 (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 V ref 
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 1001'S to assure the accuracy of the AID conversion. 
9 : The condition of Note 8 is released. 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits Unit 

VDD Supply voltage 0.3 ~20 V 

VI Input voltage, port Sand 0 Inputs 0.3- ~35 V 

VI Input voltage. other than port Sand 0 Inputs With respect to V S5 0.3-~20 V 

Vo Output voltage. port Sand 0 outputs 0.3-~35 V 

Vo Output voltage, other than port Sand D outputs o .3- ~20 V 

Pd Power diSSipation Ta=25'C 700 rnW 

Topr Operating temperature 0-70 'c 
Tstg Storage temperature ~40-125 'c 

RECOMMENDED OPERATING CONDITIONS ITa=0~·70'C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VDD Supply voltage ~16.5 -15 ~13 .5 V 

Vss Supply voltage 0 V 

VIH High-level Input voltage ~1.5 0 V 

VIH(¢) High-level clock Input voltage ~1.5 0 V 

VIL Low-level Input voltage. other than port D, port Sand INT VDD ~4 .2 V 

VIL Low-level mput voltage, INT input 
Inputs 

VDD ~7 V 

VIL low-level mput voltage; port 0 and S Inputs ~33 ~4.2 V 

VIL(¢) Low-level clock Input voltage VDD VDD+2 V 

VI(K) Analog Input voltage. port K Input VREF 0 V 

VREF Reference voltage ~7 ~5 V 

VOL LOW-level output voltage: port 0 and S outputs ~33 0 V 

VOL Low-level output voltage. ROM address output VDD a V 

f (¢) Internal clock oscillation frequency 300 600 kHz 

ELECTRICAL CHARACTERISTICS ITa=0-70'C, VDD=~15V±10%, Vss=OV, f(¢)=300-600kHz, unless otherwise noted) 

Symbol Parameter 

VIH High-level Input voltage. port D and S Inputs 

VIH High-level Input voltage. ROM data mputs 

VIL Low-level input voltage, port 0 and S inputs 

VIL Low-level Input voltage. ROM data inputs 

VOH High-level output voltage. port 0 outputs 

VOH High-level output voltage, port S outputs 

VOH High-level output voltage. ROM address outputs 

Input current. port K inputs 

Clock Input current 

IOH High-level output current port 0 outputs 

IOH High-level output current port S outputs 

tOL Low-level output current. ports D and S outputs 

Low-level output current. ROM address outputs 

OJ Input capacitance. port K inputs 

0, (¢) Clock Input capacitance 

A-D conversion linearity error 

A-D conversion zero error 

A-D conversion full-scale error 

Conditions 
Min 

~1.5 

~1.5 

-33 

VOD 

VDD=~15V, IOH=~15rnA, Ta=25'C ~2.5 

VDD=~15V, IOH=~8mA, Ta=25'C 

VDD=-15V, IOH=-2mA, Ta~25'C 

To be measured when the instruction CPAS or 

CPA is not being executed. V I = -7V 

VI(¢)~~15V, Ta=25'C 

VDD= ~ 15V, VOH= -2.5 V, Ta =25'C 

VDD=~15V, VOH=~2.5V, Ta=25'C 

VOL= ~ 17V, Ta=25'C 

VDD=VI=VO=VSS, f=1MHz 

25rnVrrns 

VDD=XOUT=VSS, f=1MHz 

25rnVrrns 
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-2.5 

~2 

Limits 
Unit 

TVp Max 

V 

V 

~4.2 V 

~4.2 V 

V 

V 

V 

~7 

~20 ~40 

-15 rnA 

~8 rnA 

~33 

~17 

10 pF 

10 pF 

±3 LSB 
±3 LSB 
±3 LSB 
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EXAMPLE OF APPLICATION 

--------------------
(OV)VSS~----------------------------~--------------------------"Vss(OV) 

7V 7V 

(_15V)VOO[~~~~~~~~~~~~~~~~~~~~~~~~~~~~~'VOO(_15V) RESET SIGNALJ - 15 V~- 5V REGULATOR -10V 
REFERENCE 

VOLTAGE ' -5V R~~ET fI.l2NALJ 
CVREFH CVREF eOL!f~~E E 

INTERRU~INTH t--~M---t--~------------------------------------------->-1' CINTH ~~TJ~~~nIGNAL 

a: 

~ 
w 
:I: 
u 

CARD EDGE 
CONNECTOR 

REQUEST 
SIGNAL 

AlO 
VREF INTr-----r::::::,=::::~=======;==~~~~~J=~ 

MEMORY ~ 
CONTROL SIGNAL to 

~2~0T~ CP11H 
OUTPUT CPSOH 
PORT D CPD 10H ' 

dtff!rJ-f cp6 0 H 

PORT K CP~14H 
INPUT CPK 0 H 

INPUT CPKOH 

EMULATOR 
CHIP 

M58842S 

TOUCH-PANEL PORT D CPD2H 3 
(PCA04021 OUTPUT CP60H 18-10 f--------'L---------------L-----.<-~ {

PORT K CP~1H' 8 8 

6-24 

( -15V) VOD -"';';"';;';"'=:";";;;.J CONNECTOR '~XOUT XON 

(0- - 120V)V •• 
(0--120V)V.. J;., 

-----------------------------
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a: 
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M58494·XXXP 

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER 

DESCRIPTION 

The M58494-XXXP is a single-chip 4-bit microcomputer 

fabricated using CMOS technology in a 68-pin plastic flat 

package_ It has a 4096-word by 10-bit mask-programmable 

ROM and a 32-word by 4-bit RAM. RAM capacity can 

be expanded to as much as 4096 words by 4 bits by direct

ly connecting generally available CMOS RAMs. 

This device is designed for applications where the low 

power dissipation of CMOS is essential. 

FEATURES 

• Single 5V power supply 

• Basic machine instructions: 92 

• Basic instruction execution time 
(at 455 kHz clock frequency): 6.6Ms 

• Large memory capacity: 

ROM: 

Internal RAM: 

External RAM: 

• Saving of last data pointer: 

• Subroutine nesting: 

• Internal timer: 

Prescaled: 

Timer: 

4096-word x 10-bit 

32-word x 4-bit 

4096-word x 4-bit (max) 

4-level 

12-level 

14-bit 

4-bit 

• Internal event-counter: 4-bit 

• I/O port for external RAMs (all three-state) 

Address (port A): 12-bit 

PIN CONFIGURATION (TOP VIEW) 

M58494-XXXP 

Outline 68P2 

• I/O port (serial data port): 2-bit 

• Output ports (port S, port T): 2 x 8-bit 

• Output port 
(port U, three-state output): 4-bit 

• Event-counter input (port EC): 1-bit 

• Interrupt function (priority interrupt type): 

4-factor, 1-level 

APPLICATIONS 
Control signals (RIW, 00): 2-bit 

Data I/O (port D): 

• General-purpose registers: 

4-bit 

4 x 8-bit 

8-bit 

• Electronic cash registers, electronic calculators (with 

printer and/or programmable) 

• I/O port (port Q): 

• I/O port (port R): 

BLOCK DIAGRAM 

I 
I 

• Office machines, intelligent terminals, data terminals 

2 x 4-bit 
• Sewing machines, knitting machines, etc_ 

(5V) (ov) 

EVA EVT .T1l 
12 

DATA 

10 

10 

----;il>-----@-- ---- ---4i}-<~36 5 1 68 7 2 61 57 54 5 51 48 4 46 43 1 

RESET INTA EC elK DATAQoQ1QIQlQ~Q\Q6Ql ROR1R1RJR4R5R6R,SOSlS2SlS4S~S6SJ ToT,T1T,TlT,T6T) 

'-----v-----' '----........--~~~'------v------' 

RESET INTERRUPT Cb'GE~JER SDEAR.fAAL INPUT/OUTPUT INPUT/ OUTPUT OUTPUT 
INPUT REQUEST INPUT INPUT/ PORT Q OUTPUT PORT SPORT T 

INPUTS OUTPUT PORT PORT R 
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MS8494-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/ 

output 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 0 address 0; for the I NT A signal, to page 0 address 

2. For the carry signal of either the timer or the event 

counter it is reset to page 0 address 8, and for the INT B 

signal, to page 0 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 instFuctions, 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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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 

input/output port elK is normally in floating status, it 

generates A shift clock pulse synchronized with trans-

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 

are used as a discrete unit or in combination for multiple 

applications. 

PIN DESCRIPTIONS 

Pin Name 
Input or 

At reset output 

XIN Source oscillation 
clock input lnput -

XOUT 
Source oscillation Output -clock output 

RESET Reset signal Input ~ 

INTA Interrupt request signal A Input Disable 

INTB Interrupt request Signal B Input Disable 

EC Event counter input Input ~ 

AO-A" Address output port A Output Floating 

00- 0 3 Data input/output port D Input/ 
Floating 

output 

00 External RAM read Signal Output Floating 

R/W External RAM write Signal Output Floating 

UO-U3 Output port U Output Floating 

QO-Q7 Input/output port Q 
Input! Input 
output 

Input/ 
Ro -R7 Input/output port A output Input 

SO-S7 Output port S Output LOW-level 

To-T7 Output port T Output Low-level 

DATA Senal data port Input/ Floating 
output 

~---

eLK Serial data shift clock Input/ 
Floating Signal output 

Function 

Incorporates the clock oscillation circuit. for setting of the oscillation frequency The OSCillation 
reference device such as a ceramic filter for IF IS connected between X IN and XOUT When an 
external clock IS used. connect the clock osclliatlon source to the X IN pin and leave the X OUT 
pin open 

Resets the program counter PC and mode registers. and performs the reset initiation of the 
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 
these external Input signals, the interrupt requests T from timer 2/event counter are also received 
In the relative order RESET >INT A> INTT >INT B. Since the Interrupt requests are held 
at each latch, there will be none undetected 

The input Signal for the event counter, which programs 2 0 - 2 4 events of the event mode This 
value is set as an initial value and countdown starts from thiS value to reach F16, which then 
generates interrupt request Signal INT T 

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 
before switching to MM mode IS transferred to the auxiliary latch (4 bits) prior to read-out 
However, the lower 8 bits of the address signal (Ao-A7) are not affected by this mode. since 
data pointers X and Z are not related to latch operation 

A 3-state input/output port to execute data transfer in 4-blt units to/from an externally connected 
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 
connected main memory {RAM}. DUring a read cycle, It be'comes 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-
nally connected main memory (RAM) During a write cycle, It IS au~omatlcally set to low-level. 

The output port enables 3-state setting per l-bit unit The 3-state condition IS mOdified by the 
data content of register B, and the data of register A IS output The output setting of port U. 
however. IS made either by instruction SU unconditionally or by the Instruction TPRA. or TPAN, 
which transfers the data of the general-purpose register to ports Q, R, Sand T. 

The input/output port for 8-bit data transfer to/from register Q Register Q enables data transfer 
between register A and register B By Instruction OP!. thiS port also functions to load the value 
(8-bit) of the Immediate field of the AOM to register Q Port Q data can be transferred to registers 
A and B as an input signal of 8 bits. 

The Input/output port for 8-blt data transfer to/from register R. Register R enables data transfer 
between register A and register B By instruction OP!. this port also functions to load the value 
(8-bit) of the data field of the ROM to register A When port A IS used as the input signal of a 
4-blt 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 
between register A and register B By instruction OPI, thiS port also functions to load the value 
(8-blt) of the data field of the ROM to register S. 

The output port for 8-blt data transfer to register S Register T enables data transfer 
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 senal data of the 32-bit general-purpose 
register. At output mode, data of the least significant bit of the general-purpose register (the least 
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 
above serial data port At output mode. a shift clock pulse synchronized with the data transmis-
sian is generated, and at the input mode, a shift pulse synchronized with the rate of data receiving 
is applred. 

• MITSUBISHI 
.... ELECTRIC 7-5 

II 



MITSUBISHI MIC~~MPUTERS 

M58494·XXXP 

SINGLE-:CHIP 4·BITCMOS MICROCOMPUTER 

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 0, address 0 

(2) In case of interrupt signal INT A page 0, address 2 

(3) In case of interrupt signal INT T page 0, address 8 
(4) In case of interrupt signal INT B page 0, address 4 

INT T is the interrupt request signal from timer" 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 (a, R, Sand 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 General-
address BMAB. TNAB. TPRN and TRPN purpose 

N I, 10 
register to 

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 savi ng 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 a 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 OP 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 SOP, 

and is restored by instruction LOP. Address signals Ao

An for the external main memory are output from the 

contents of OP in the MM mode, except in case of inter

ruption or the execution of instructions BM, BMA, RT, 

RTS, RTL SOP, and LOP. In the SM mode the address 

signals, except for Ao- A 7 , are output from OP 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, SOP or LOP, the partial address is secured 

independent of the mode. This is designated by Z=Q (ex

ternal basic main memory), X=O, 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=O) and RAM map 

I~ 
File designation 

Register Y 0 1 2 3 4 5 6 7 8 9 A B C 0 E F 

0 PCl PCM PCH 

1 

2 

3 

4 
c 

5 
~ 
0> 6 

~ 7 
~ 8 
~ 

" 9 ~ 
A 

B 

C y X 

, ) 0 

E 

F 

Table 2 Address designation of data pointer stack 

Value of data field during execution of Instructions Stack DP 
SDP and LDP (file des!gnated 

h 10 
by register Y ) 

0 0 C 

0 1 0 

1 0 E 

1 1 F 

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 II 
conversion, logic arithmetic comparison, arithmetic com- ; 

parison, bit processing, etc. 

• MITSUBISHI 
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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 X IN , divided by fourteen_ The timer performs 

accurate counting and the period is given by the following 

formula: 

(Fundamental output frequency X IN ) x 

25 (TM L) X 24 (TMM) X 25 (TM H) = cycle time of 

timer 1 

By the continuous use of instructions T ATM and TBTM, 

the contents of TMM are stored in register B, the con

tents of the lower 4 bits of TMH in register A, and the 

high-order bit of TMH 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 O. 

Fig_ 2 Outline of timer 1 configuration 

XOlJT 

REGISTER B (4) ,REGISTER 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°_24 )] 

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 I NT T generation from the start

ing value is given by the following formulas: 

Timer mode 

Machine cycle x [1 + (20~24) x (2°_24)] 

Event mode 

EC input period x (2° _24) 

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 elK output is set by the 

mode SDM=1, RVM=O 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_ 

SYSTEM CLOCK 
(MACHINE CYCLE) 

INTERRUPT REOUEST 
SIGNAL INTT 

REGISTER A 

(2) Event mode: When TMM=O is set by the instruction 

SMR1 

EVENT COUNTER 

EC INPUT ~ _I EVC(4) I _ INTERRUPT REQUEST 
~ r-- SIGNAL INTT 

I 
REGISTER A 
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General-Purpose Registers a, 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 1ST, which shifts the data by reading the 

data of the serial data input data. Instruction 1ST, except 

in the mode where SDM=O 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=O and 

RVM = 1, it reads the data at the rising edge of the clock 

input elK 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 

elK 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 elK generated by the 

period programmed in timer 2 (from the least significant 

bits of the general-purpose register). I n 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 T ABN 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 

MITSUBISHI MICROCOMPUTERS 

MS8494-XXXP 

SINGLE·CHIP 4·BIT CMOS MICROCOMPUTER 

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 

INT A and INT B as external signals; and the interrupt 

request signal INT T by the internal event counter. The 

order of priority is determined as follows: 

RESET> INTA> INTT > INTB 

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 A and INT B. 

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 registers are employed as a 32-bit shift register 

I SDM 0 
Mode flag I RVM 0 

DATA terminal Input 

elK terminal Floating 

--------s;;;t;d~ta ISST, RST Immediate field data 

Input I 1ST DATA terminal autpt 

Shift clock pulse Instructions SST. RST, 1ST 

Transmission. receiving Receiving (only In instruction 1ST) 

0 

1 

Input 

Input (rising edge trigger) 

DATA terminal input 

eLK input 

Receiving 

• MITSUBISHI 
"ELECTRIC 

1 

0 

Output 

Output (generated by timer 2) 

Immediate field data 

DATA terminal output 

Instructions SST. RSllST 

Transmission 

1 

1 

Output 

Output I(generated by shift instruction) 

Immediate field data 

DATA terminal output 

Instructions SST. RSl 1ST 

Transmission 
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Mode Register The mode setting by instruction SMR1 is shown in Table 

6. 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 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 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 flag determines whether all the three-state 

signals for the external main memory (RAM). Ao-O u , 

0 0 - 0 3 , 00 and R/W, are in floating or activated state. 

The mode flags IMR j and IMR2 select the use of the 

input/output port R for input or for output in 4-bit unit. 

The mode flag lCO will select the instruction that 

activates output port U. In case of status '0', only 

instruction SU is valid. In case of status T, 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 lCO=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, Sand T for the segment outputs. 

The mode flags RVM and SOM select the functions of 

the terminals OATA 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 5 SMR mode setting 

Bits of Mode flag (contents of 
Status register A register A are stored) 

0 
AO IMQ 

1 

0 

A, LCD 
1 

0 
A2 IMRl 

1 

0 
A3 IMR2 

1 

Table 6 SMR 1 mode setting 

Bits of Mode flag 
Status register A (contents of register A are stored) 

0 

Ao TMM 
1 

0 

A, SF 

1 

0 
A2 RVM 

1 

0 
A3 SDM 

1 
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Table 4 Three-state-condition setting of output port U 

Contents of register B Contents of register A 
State of port U (when exe-
cuting SU, TPRN or TRRA) 

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. 

Function 

Port Q is used as an 8-blt input port 

Port Q is used as an 8-bit output port. 

Port Q is used as an 8-bit output port 

For output port U, Instructions TPRN and TPRA for port 0, R, Sand T can 
also set port U 

Port R 1 IS used as a 4-bit Input port. 

Port R 1 IS used as a 4-blt output port 

Port R 2 IS used as a 4-bit input port 

Port R 2 is used as a 4-bit output port. 

Function 

Event mode" event counter IS used with EC Input 

Timer mode. event counter IS used In combination with timer 2 

All signals (A l1-AO' 03- 00.00 and R/wj for external main memory 
(RAM) are put in floating 

AJI signals (A l1-AO' 03- Do. 00 and R/W) for external main memory 
{RAM} are activated. 

When the general-purpose registers are used as a 32-blt shift register. 
functions oftransmission/rec8Ivlng. terminals DATA and eLK are employed 
properly by RVM. SOM flags 
general-purpose register 

• MITSUBISHI 
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For further details. refer to explanation of the 

Mode flag at reset 

0 

0 

0 

0 

Mode flag at reset 

0 

0 

0 

0 
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Outline Specifications of M58494-XXXP 
Item Performance 

Number of basic Instructions 92 

Execution time of basIc instructions 6.6ps (at Vee ~5V, f~455kHzl 

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) 

Address (port A) 12 bits x 1 (3 states) 
Input/output port 

Control signal (port 00 and RIW) 2 bits (3 states) 
for external RAM .-. 

Data bus (port OJ 4 bits x 1 (3 states) 

Input 8 bits xl 
Q 

Output 8 bits xl 

Input 4 bits x 2 
R 

Output 8 bits x 1 

Input/output port S Output 8 bits xl 

T Output 8 bits xl 

DATA Senal data 1 bit (Input/output port) 

ClK Synchronizing pulse 1 bit (Input/output port) 

U Output 4 bit x 1 (3-5tate) 

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 Absolute maximum rating voltage Vee 

characteristics Input/output characteristics Interchangeable with CMOS logiC series 

Vee 5V (nominal) 
Power supply voltage 

VSS OV 

Element structure CMOS 

Package 68-pin plastic molded flat package 

Power diSSipation 5 mW (at Vee "5V, f~455kHzl 

Note 2 Ports to be used will be determined in accordance with user's specifications. 
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MACHINE INSTRUCTIONS 

~ 
Code 

Clas- Symbol 
siti- ISl8 171&1514 13121110 n~~:.'!i~n cation 

MM 0010000010 082 

8M 0010000000 080 

LY y 01 1000 yyyy 18y 

LX x 01 1011 xxxx lBx 

L2 z 01 1010 zzzz lAz 

INY 000111 1100 07C 

DEY 0001111000 078 
0 

TAY 0000100000 020 ~ 
"C TAX 0000100010 022 al 
:;; TAZ 0000100011 023 ..: a: 

TYA 0001000000 040 

TXA 0001000010 042 

TZA 0001000011 043 

SDP I 000111011j 074 
+ 
I 

LOP I 0011110111 OF4 
+ 
J 

TSM 0010111100 OBC 

T8MI 001111 1100 OFC 

~ TM8 0010111110 OBE 
c 
~ TM81 0011111110 OFE 

* 
TAB 0010100000 OAO 

.~ TBA 0011000000 OCO 

! TA8P 0010100010 OA2 
1* T8PA 0011000010 OC2 .0, 

" a: TACM 0010000100 084 

TCMA 0011001100 OCC 

TAM I 00001001jj 024 
+ 
I 

XAM j 00011001 j j 064 
+ 
J 

XAMD j 0001101011 088 
+ 
I 

XAMI j 0001101111 06C 
+ 
j 

XAMDI I 00111010jl OE8 
+ 
I 

XAMII I 001110111 I OEC 
+ 
I 

TMA 0001000100 044 

LA " 01 1001 nnnn 19" 
AM 0001100000 060 

AMC 0001100010 062 

AMCS 0001100011 063 

A " 000101 nnnn 05" 
8C 0010001010 08A 

RC 0010001000 088 

8ZC 0010111000 OB8 

CMA 0010111010 OBA 
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" 
~1 ~ '0 

'0 0 z 

1 1 

1 1 

1 1 

1 1 

1 1 

.1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 3 

1 3 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

Function 

(MF)+-l, Selects external main memory. 

(M F) +- 0 • Selects internal scratch-pad memory. 

(y)~y, where y = 0 -15 

(X)~x, where x= 0 -15 

(Z)~z, where z= 0 -15 

(Y)~(Y)+l 

(Y)-(Y)-l 

(A)-(Y) 

(A)-(X) 

(A)~(Z) 

(Y)-(A) 

(X)-(A) 

(Z)~(A) 

(Mj)-(OP), where j= 0, - 3 

(OP)+-(Mj), where ,j= 0 - 3 

(SM(OP» ~ (MM(OP» 

(SM(OP» ~ (MM(OP», (Y)-(Y)+l 

(MM(OP» +- (SM(OP» 

(MM(OP» ~ (SM(OP», (y)+-(y)+ 1 

(A)-(B) 

(B)-(A) 

(A)+-(SP) 

(SP)~(A) 

(A)+-(N, MF, CY), where A3-2=N, Al=MF, 

(N, MF, CY)~(A), where A3-2=N, Al=MF, 

(A)-(M(OP», 

(X)~(X)-\tj, where j= 0 - 3 

(A)-(M (OP» 

(X)-(X)V':j, where j= 0 - 3 

(A)<-->(M(OP», (Y)-(Y)-l 

(X)+-(X)Vj, where j= 0 - 3 

(A)<-->(M(OP», (Y)+-(Y)+ 1 

(X)+-(X)Vj, where = 0 - 3 

(A)<-->(M(OP». (Y)+-(Y)-l 

(X)+-(X)Vj, where j= 0 - 3 

(A)<-->(M (OP», (Y)-(Y)+l 

(X)-(X)-\tj, where j= 0 - 3 

(M(OP»-(A) 

(A)-n, where. n= 0 -15 

(A)-(A)+(M(OP» 

(A)-(A) + (M(OP» +(CY), (CY)-Carry 

(A)-(A) + (M(OP» -HCY), (CY)~Carry 

(A)-(A)+n, where. n= 0 -15 

(CY)+-1 

(CY)+-O 

(A)~(A) 

• MITSUBISHI 
.... ELECTRIC 

Skip conditions 
~ 
g> 
u: 

- -
- -

Consecutively described -

Consecutively described -

Consecutively described -

(Y)= 0 -

(Y)=15 -
- -
- -
- -

- -

- -

- -

- -

- -

- -

(Y)= 0 -

- -

(Y)= 0 -

- -
- -

- -
- -

Ao=CY - -
Ao=CY - -

- -

- -

(Y)=15 -

(Y)= 0 -

(Y)=3, 7, 11, 15 -

(Y) =4, 8, 12, 0 -

Consecutively described -

- -

- 0/1 

Carry = 1 0/1 

Carry = 0 -

- 1 

- 0 

(CY)= 0 -

- -



~ 
-1l 

<D 

Code ~ 00 
Clas- Symbol z~ 15 
sifl- 1918 1,161514 13121,10 16mal 15 ci 

cation notation z 

sa j 00100011ii 08C 1 1 
+ 
i 

c 
RB j 001010 lli i OAC 1 1 .~ + 

"S j "-c sza j 000011 10i i 038 1 1 E + 
ijj j 

SZM j 000000 Oli i 004 1 1 
+ 
j 

SEAM 0011100000 OEO 1 1 

~ SEY " 000001 n"nn 01" 1 1 

E 
0 
u SEI n 001001 nnnn 09" 1 1 

B xy 01 Oxxx YYYY 1xy 1 1 

BL xy 11 Oxxx yyyy 3xy 1 1 

BA i 001101 Oi i i ODi 1 1 

.c 
u 
c 
~ BMAB r 00110010rr oca 1 1 co 

+ 
r 

LP p 01 110p pppp 1CO 1 1 
++ 
pp 

TPAC 0011000100 OC4 1 1 

TACP 0010100100 OA4 1 1 

BM xy lllxxxyyyy 38y 1 3 
+ 
x 

i3 
<D 
c ." 
~ BMA i 001101 li i i 008 1 3 2 .g + 

if) j 

RT 0011111000 OF8 1 3 

RTS 0011111010 OFA 1 4 
c 
~ 

1D 
cr; 

RTI 0011111001 OF9 1 3 
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Function 

(B{j»~1. where. j= 0 - 3 

(B(J»~O. where, j= 0 - 3 

(PCL)~Y. (PCM)~X 

where 16x+y=0-127 

(PCL)~Y. 

(PCM)~(PO. x) 

(PCH)~(P4. P3. P2. P,) 

where 16x + Y = 0 - 127 

(PCL)~(AO. i) where, 1= 0 - 7 

(PCM)~(PO. A3. A2. A,) 

(PCH)~(P4. P3. P2 • p,) 

(PCL)~(A) 

(PCM)~(B) 

(PCH)~(P4. P3, P2. P,) 

but returns unconditionally after one machine cycle 

Input/output address r = 0-3 designates general-purpose register. 

(p)~p where memory page number (p = 0, 1. 2, 3, 4. 5. .. 30. 

corresponds to decimal notation 0. 16. 1. '7. 3. 18 .. 

(P)~(CY. A) 

(CY. A)~(P) 

(PCL)~Y 

(PCM)~(PO. x) . where 16x + Y = 0-127 

(PCH)~(P4. P3. P2. p,) 

(M(SP»~(pC) 

(SP)~(SP)+ 1 

(PCL)~(Ao, i). where, j=O-7 

(PCM)~(PO. A3. A2. A,) 

(PCH)~(P4. P3. P2. p,) 

(M(SP»~(pC) 

(SP)~(SP)+ 1 

(PC)~(M(SP» 

(SP)~(SP)-1 

(PC)~(M(SP» 

(SP)~(SP)-1 

(PC)~(PC)+ 1 

(PC)~(M(SP» 

(SP)~(SP)-1 

Resets the interrupt control. 

• MITSUBISHI 
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15. 3' 

>-
Skip conditions 

u 
g> 

G: 

- -

- -

(s(j)=0 -

where, j=0-3 

(Mj(DP»= 0 -

where, j=0-3 

(A)=(M(DP» -
(Y)=n 

where, n=0-15 -

(A)=n 

where. n=0-15 -

- -

- -

- -

- -

31) Consecutively descnbed -

- -

- -

- -

- -

- -

Unconditionally -

- -
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£ Code 

Cras· Symbol 
sifi- Igl8 171&1514 '3'2'1'0 

16mal 
catton notation 

EIA 0000001001 009 

e EIB 0000001010 OOA 

§ EIAB 000000 1011 OOB 
<> 

0000001000 008 a EIT 
b. 

DIA 000000 1101 OOD ;;: 

~ DIB 0000001110 OOE 
t 

~ DIAB 0000001111 OOF 

DIT 0000001100 OOC 

TBTM 0000101111 02F 

TATM 0010100111 OA7 

:;; 
E 
i= RTM 0010110100 084 

STM 0011000111 OC7 

SEC 0011000110 OC6 

ID 0000101110 02E 

CD 0001001100 04C 

OPI • 10 S". S,,8 2ss 

~ TNAB r 00010010rr 048 
5 + .g r 
~ 

TABN 00001010rr 028 ~ r 
+ 
r 

10 0010101000 OA8 

IRI 0000101100 02C 

IR2 0000101101 02D 

SMR 0000110100 034 

SMRI 0000110110 036 

SST 0000111100 03C 

~ RST 00 0011 1101 03D 
8 

1ST 0000111110 03E 5 
% SU 0001001110 O4E 
a 

J CLP 0000000001 001 

TPRA 0010110000 OBO 

TPRN r 00111100rr OFr 

TRPN r 00011100rr 07r 

i!! 
J! NOP 0000000000 000 
0 

7-14 

" .-E ~ 
~~ 0 

0 ci 
Z 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

Function 

Enables interruption of INT Asignal. 

Enables interruption of INT BSignal. 

Enables interruption of INT A and INT B signals. 

Enables interruption of INTTsignal. 

Disables interruption of INT A signal. 

Disables interruption of INT B signal. 

Disables interruption of INT A and INTe signals. 

Disables interruption of INTT: signal. 

(B)~(TMM) 

(A)~(TMH3. TMH2. TMHI. TMHO) 

(CY)~(TMH4) 

(TML)~O . (TMM)~O • (TMH)~O 

(TMII)~(A) 

(EVC)~(A) 

(B)~(D). (OD)~ low level 

(D)~(B). (R!W)~ low level 

(R(r»~s 

Where the general-purpose register is designated with r = 0-3. 

(R(r»~(A. B) 

Where the g~neral-purpose register is designated with r "" 0-3 . 

(A. B)~(R( r» 

Where the general-purpose register is desiQnated with r = 0 -3. 

(A. B)~(P(Q» 

(B)~(P(Rl» 

(B)~(P(R2» 

(MR)~(A) 

(MR1)~(A) 

(R(Qo»~ 1. R(AII)~ I-bit shift R (Alii 

(R(Qo»~ o. R(AII)~ I-bit shift R (All) 

(R(Qo»~(DATA). R(AII)~ I-bit shift R (Alii 

(U)~(A). when (8)i =1, (U)~ floating, 

(P(AII»~O 

(P(AII»~(R(AII» 

(P( r »~(R( r» 

(R(r»~(P(r» 

No operation 

• MITSUBISHI 
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when (8)i = 0 

~ 
Skip conditions g> 

u:: 

- -

- -

- -
- -

- -

- -

- -

- -

- -

- -

- -

- -

- -
- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -
- -

- -

- -

- -

- -

- -



Symbol 

A 

Ai 

B 

B(j) 

CY 

D 

DATA 

DP 

EVC 
M(DP) 

Mi 

M,(DP) 

MF 

MM(DP) 

M(SP) 

MITSUBISHI MICROCOMPUTERS 

M58494-XXXP 

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER 

D~tails 

4-bit register (accumlator) 

Indicates the bits of register A Where i =: O~3 

4-bit auxitiary register 

The bit of register 8. addressed when j = 0-3 

'-bit carry flag 

4-bit input/output port (3-s1ale) 

l-bit input/output port for serial data 

12-bit data pointer composed of registers X. Y and Z 

4-bit event counter 

4-bit data memory addressed by the data pointer DP 

12-blt data from the scratch-pad memory addressed by j = 0-3 

(data pointer number in the fixed area) 

Symbol 

P(Q) 
peR,) 

P(Rz) 

R(AII) 

R(QO) 

R(r) 

R/W 

SM(DP) 

SP 

4-bit data from external memory addressed by the contents data TM 1 

pointer DP. where i = 0- 3 TM2 

l-bit flag for selection of internal scratch-pad memory (MF +---- 0 at TMH 

instruction SM) or external main memory (MF +- 1 at instruction MM) TMHI 

TML 
4-bit external main memory data addressed by the data pointer DP TMM 

U 

12-bit data from external memory addressed by the stack pointer SP X 

(return address stored in the fixed area) 

a-bit port Q 

4-bit port R 1 

4-bit pqrt Rz 

Details 

Indicates all the 8-bit registers. Q. R. S. T (32-bit) 

1 st bit of register a 
The register selected by r (r corresponds with registers O. R. S. and T 

where r """ 0-3) 

l-bit output port which is used for the write signal of the external main 

memory 

The 4-bit internal scratch-pad memory addressed by the data pointer DP 

4-bit stack pointer 

14-bit counter composed of .TML. TMM and TMH counters 

4-bit counter 

5-bit counter 

Indicates the bit of TMH counter. where i = 0-4 

5-bit counter 

4-bit counter 

4-bit output port (3-state) 

4-bit register where X = 0-15. addressing the field of 16 words by 4 

bits per fi Ie 

M R 4-bl' mode flag (IMO. LCD. IMRI. IMR2) 

MRl 

OD 

P 
p, 

PC 

p( r) 

4-bit mode flag ITMM. SF. RVM. SDMI 

l-blt output port used for the read signal for external main memory 

5-bit page register 

Indicates the bits of register P. where i = 0-4. 

l2-bit program counter composed of counters POL' PCM and 

PCH 

4-bit counter 

4-bit counter 

4-bit counter 

Indicates all the a-bit ports. Q. R. S. T (32-bit) 

The port selected by r (corresponds with ports Q. R. S. and T at r = 0-3) 

Y 

z 

"' 

4-bit register where Y """ 0-15. which addresses the word unit of 16 

words by 4 bits. 

4-bit register where Z '" 0-15. which addresses 16 files x 16 words x 

4 bits 

3-bit binary variable 

2 -bit binary constant 

nnnn 4-bit binary constant 

ppppp 

rr 

5-bit binary constant 

Input/output address to select one of the general-purpose registers 

O. R. Sand T. {r = 0-31 

2-bit binary constant 

SSSS SSSS 8-bit binary constant 

xxxx 4-bit binary variable 

YYYY 4-bit binary variable 

ZZZZ 4-bit binary variable 
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INSTRUCTION CODE LIST 

~' 000000 000001 000010 000011 000100 000101 000110 00 0111 00 1000 00'1001 00 1010 001011 001100 

16mal 
n~atlon 00 01 02 03 04 05 06 07 08 09 OA OB OC 

13-1• 

SEY A TRPN SEI 
0000 0 NOP TAY - TYA AM SM TAB TPRA TBA 

0 0 0 0 

SEY A TRPN SEI 
0001 1 CLP * - * * * * * * 1 1 1 1 

SEY A TRPN SEI 
0010 2 - TAX - TXA AMC MM TASP * TSPA 

2 2 2 2 

SEY A TRPN SEI 
0011 3 - TAZ - TZA AMCS * * * * 3 3 3 3 

SZM SEY TAM A XAM SOP SEI 
0100 4 SMR TMA TACM TACP RTM TPAC 

0 4 0 4 0 0 4 

SZM SEY TAM A XAM SOP SEI 
0101 5 * * * * * * 1 5 1 5 1 1 5 

SZM SEY TAM A XAM SOP SEI 
0110 6 SMRl * * - - SEC 

2 6 2 6 2 2 6 

SZM SEY TAM A XAM SOP SEI 
0111 7 * * * TATM - STM 

3 7 3 7 3 3 7 

SEY TABN SZB TNAB A XAMO SEI BMAB 
1000 8 EIT OEY RC IQ SZC 

8 0 0 0 8 0 8 a 
SEY TABN SZB TNAB A XAMO SEI BMAB 

1001 9 EIA * * * * 9 1 1 1 9 1 9 1 

SEY TABN SZB TNAB A XAMO SEI BMAB 
1010 A EIB * SC * CMA 

10 2 2 2 10 2 10 2 

SEY TABN SZB TNAB A XAMO SEI BMAB 
1011 B EIAB * * * * 11 3 3 3 11 3 11 3 

SEY A XAMI SB SEI RB 
1100 C OIT IRl SST 00 INY TSM TCMA 

12 12 0 0 12 0 

SEY A XAMI SB SEI RB 
1101 0 DIA IR2 RST * * * * 13 13 1 1 13 1 

SEY A XAMI SB SEI RB 
1110 E DIB 10 1ST SU * TMS * 14 14 2 2 14 2 

SEY A XAMI SB SEI RB 
1111 F OIAB TBTM * * * * * 15 15 3 3 15 3 

- --

Note 3 13-1. indicate the low-order 4 bits of the machine code and 19-1, show the high-order 6 bits. 
Hexadecimal expressions of the codes are also given. All instructions are one word. 
*,' - : Do not use these codes. 

01 0000 01 pOO 01 1110 100000 110000 11 1000 
001101 00 1110 001111 I 01 1000 011001 011010 01 1011 I I I I 

01 0111 011101 01 1111 101111 11 0111 11 1111 

00 OE OF 10-1 18 19 lA lB lC-lD lE-lF 20-2F 30-37 38-3F 

BA TPRN LY LA LZ LX 
SEAM B LP - OPI BL BM 

0 0 0 0 0 0 

en !:! i 
G) "'= r- ODe: 1"1 .,.!! • n U)I % 
i .... ~ 

BA TPRN LY LA LZ LX 

* B LP - OPI BL BM 
1 1 1 1 1 1 

BA TPRN LY LA LZ LX 

* B LP - OPI BL BM 
2 2 2 2 2 2 

.,. . -
• ><i 
l1li 

=8 ::; 
n 
~ " .~ BA TPRN LY LA LZ LX 

* B LP - OPI BL BM 
3 3 3 3 3 3 

0 e: 
en -t 

11'1 
BA LOP LY LA LZ LX 

- B LP - OPI BL BM 
4 0 4 4 4 4 

~ ::II 

ii 
(II 

::a 
BA LOP LY LA LZ LX 

- B LP - OPI BL BM 
5 1 5 5 5 5 

BA LOP LY' LA LZ LX 

0 

i 
- B LP - OPI Bt.: BM 

6 2 6 6 6 6 " C 
BA LOP LY LA LZ LX 

- B LP - OPI BL BM 
-t 
III 

7 3 7 7 7 7 ::a 
BMA XAMOI LY LA LZ LX 

RT B LP - OPI BL BM 
0 0 8 8 8 8 

BMA XAMOI LY LA LZ LX 
RTI B LP - OPI BL BM 

1 1 9 9 9 9 
I 

BMA XAMOI LY LA LZ LX , 
RTS B LP - OPI BL BM ' 

2 2 10 10 10 10 
-" 

BMA XAMOI LY LA LZ LX 

* B LP - OPI BL BM 
3 3 11 11 11 11 

BMA XAMII LY LA LZ LX 
TSMI B LP - OPI BL BM 

4 0 12 12 12 12 

BMA XAMII LY LA LZ LX 

* B LP - OPI BL BM 
5 1 13 13 13 13 

BMA XAMI1 LY LA LZ LX 
TMSI B LP - OPI BL BM 

6 2 14 14 14 14 . 

BMA XAMII LY LA LZ LX 

* B LP - OPI BL BM 
7 3 15 15 15 15 

-
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The M5L8080A p, S is an 8-bit parallel central processing 
unit (CPU) fabricated on a single chip using a high-speed N

channel silicon-gate MOS process,in a ceramic D I L package. 

FEATURES 
• Basic machine instructions: 78 

• Execution time (at clock frequency 2M Hz): 2ps 

• Directly accessible memory capacity: 65536 bytes 

• Number of input/output ports: 256 each 

• Multi-level interruption 

• Direct memory access (DMA) operation 

• All outputs are fully TTL-compatible; I OL = 1.9mA 

• Unlimited subroutine nesting 

• Interchangeable with the Intel's 8080A in pin-to-pin con

nections and machine instructions 

BLOCK DIAGRAM 

INT 

MITSUBISHI MICROCOMPUTERS 

MSL 8080A P, 5 

8 -BIT PARALLEL CPU 

PIN CONFIGURATION (TOP VIEW) 

A1Q'" 1 

(OV) Vss 

DATA BUS 

( -5V) 

HOLD REQUEST HOLD'" 13 

INTERRUPT REClIJEST I NT ... 14 

CLOCK ¢2 ¢2'" 15 

~~6E~ER~6~¢~g~OVY~JTE'" 16 

~~~~ ~~~TROL DBINH7 
WRITE CONTROL 

SYNCHRONIZE 

ADDRESS 
BUS 

VDD (12V) 

ADDRESS 
BUS 

WAIT STATE 

23 .... READy READY 

22 .... .p, CLOCK ¢I 

(5V) Vee 21 "'HLDA HOLD 
ACKNOWLEDGE 

Outline 4OP1 (M5L 8080AP) 
4OS1 (M5L 8080AS) 

--~--~ 

READ/WRITE CIRCUIT (8) READ/WRITECiiiCuiTi8iI ! 

TEMPORARY REGISTER Z (8) 

L (8) 

D 181 E (8\ 

B (8) C (8) 

STACK POINTER (16) 

PROGRAM COUNTER (16) 

READ/WRITE CIRCUIT (16) 
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8 -BIT PARALLEL CPU 

PIN DESCRIPTIONS 

Pin Name 
Input or 
output 

Ao 

I Address bus Out 

A" 

Do 

I Data bus InlOut 

0, 

SYNC Synchronizing signal Out 

GBIN 
Data bus input 

Out 
control signal 

READY Ready signal In 

Wait state 
WAIT Out 

signal 

-
WR Write control signal Out 

HOLD Hold request signal In 

HLDA 
Hold acknowledge 

Out 
signal 

Interrupt enable 
INTE 

control signal 
Out 

Interrupt request 
INT In 

signal 

RESET Reset Signal In 

8-4 

Function significance 

Provides the address signal to external memory up to 65 536 bytes or denotes the I/O device number for up to 256 input and 256 

output devices. Address terminals are three·state. and remain in the floating state during the HL T instruction execute cycle 17WFf or 

in the hold state. 

'Provides bidirectional transfer of instructions and data between CPU and the external memory or the I/O ports. Status signals are 

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 

status signals are sent on the data bus. synchronizing with SYNC. Like the address bus. the data bus maintains the floating state 

during the·HLT instruction execute cycle (TWH) and in the hold state. 

Indicates the beginning of machine cycles fv11 through Ms. The status signals for each cycle are sent out on the data bus while 

SYNC is active. and a.re latched in the external registers during SYNC. 

Indicates to the external circuits that the data bus is in the input mode. in which the CPU receives instructions or data from memory 

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 

the T2 state. the CPU will enter a waiting state (T w) and the WAIT signal goes high. When READY is high. its state advances from 

T20rTwtoT3 This READY signal is used to synchronize the CPU with slower memory or input/output ports. 

Indicates that the CPU has entered a waiting state. When the WAIT signal is high. the CPU is in a waiting state (Tw) and the 

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 

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 (T WH L 
• the CPU is in t~e T 2 or T w 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. 

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. 

When high. indicates that an interruption will be accepted by the CPU. It is set to high by instruction EI and is reset to low by 

instruction 01. It is automatically reset to low at state T 1 of machine cycle:M l' when an interrupt is accepted. and is also reset by 

the RESET signal. 

Indicates to the CPU M5l8080A P that an interrupt is being requested. When the INT is high. the interrupt request will be accepted 

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' prqgram counter is reset to '0' and instruction NOP is set to the instruction register.IN1E is reset to low. and the 

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 O. 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. 

•. MITSUBISHI 
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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 

There are five machine cycles (M 1, M2 , M3 , M4 and Ms) 

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 (Tio T2, T3, 

T 4 and T s). 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 1>1 clock. (500ns at 

a clock frequ"ency of 2MHz)_ 

There is also another state, T w, situated between T 2 and 

T 3 (see Fig. 2) and controlled by the external signals 

READY and HOLD, and instruction H LT. The duration of 

T w is an integral multiple of the clock cycle. 

The first machine cycle (M d 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. -T4 or Tl -T5 , 

as shown in Fig. 2. Machine cycles M1 , M3, M4 and Ms are 

MITSUBISHI MICROCOMPUTERS 

MSL 8080A P, 5 

8 -BIT PARALLEL CPU 

usually composed of three states (T.-T3), with the excep

tion of the instruction XTH L, which requires five states: 

T1 -T5· 
When the clock period is 500ns and there is no T w, Ml 

requires 2ps or 2.5ps, and the other machine cycles require 

1.5ps to execute an instruction. When T w exists, the 

execution time increases accordingly. Since the minimum 

instruction cycle requires four states (T1-T4 ) of machine 

cycle M1, the minimum instruction execution time is 2ps. 

Fig. 2 Machine cycle states (hatched blocks indicate a 
state that may not be required) 

M, I T, I T2 ~~ T3 I T4 [f;j 

M20 M3 • M4 • M5 • T, T2 ~~ T3 

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 Ml 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 I, 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. 
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MSL 8080A P, 5 

8 -BIT PARALLEL CPU 

Fig. 3 Basic instruction cycle 
LYLL" M, (,= I -5) 

ISIG~ .~TATE T, T, fW(rWH) I, T. Ts 

CLOCK ¢, ¢, h r\ ~ n h n 
CLOCK ¢, ¢, ~ n~ n~ ./L 

SYNCHRONIZING SYNC ~ \ 
SIGNAL r----- X 1 ___ ._. 

ADDRESS BUS A1S-Ao 
I UNKNOWN 

-.:::: r-----
X X DATA BUS 07- 0 0 , ~ '''"~U~~- L FLOATING 

-1 
-DATA EUS WRITE MCDE DATA BUS 

READY SIGNAL READY 

WAIT STATE WAIT I \ 
SIGNAL 

DATA BUS INPUT 
DBIN I INPUT THE \ 

CONTR~~N~~~' 
DATA 

WRITE iVA 
~Ti ''''VNMA' IU" 1\ I SIGNAL 

EXTERNAL REGISTER I OUTPUT THE DATA 

I/D DEVICE NUMBER HOLD SIGNALS: 
A,,- Ao :ADDRES:!;l TEST DF READY & !OPT,?NAL STATE 

iHALl ) 
FETCH DATA OR OPTIONAL INSTRUCTION EXECUTION 

OPERATION 0,-0 0 : OUTPUTS TESTOFEXECUTION I~'~E ADJUST ACCES~ 
INSTRUCTION. OR 

IF REQUIRED 
~TATUS I OF INSTRUCTION HL T WRITE DATA 

• Besides the states shown in Fig.3. there is a state T H. in 

which the CPU stays in the hold state after the machine 

cycle. 
• States T w. T 4 and T 5 are optional. 

Table 1 Status information 
Data Signal 

Status information designation Function bus symbol 

Goes high when the CPU 
00 INTA Interrupt acknowledge accepts the interrupt request 

signal from the INT terminaL 

Goes high when the current 

0, WO Write mode 
machine cycle is in a read 
mode, and faUs when in a write 
(output) mode. 

Goes high when the address 

0, STACK Stack bus holds the pushdown 
stack address from the stack 
pointer. 

Goes high when the CPU 
0, HLTA HLT instruction acknowledge executes the Hl T instruction 

and maintains the halt state 

Goes high when the address 
bus contains the address of' 
Cln output device and the data 

Output instruction 
bus contains the output data 

D. OUT (The address of an output 
acknowledge device is contained simulta~ 

neously' in the upper 8 bits 
and the lower 8 bits of the 
address bus.) 

Goes high when the CPU is in 
Ds M, M, status the fetch cycle for the first 

byte of an instruction. 
Goes high when the address 
bus contains the address of 
an input device and the data 

o. INP Input instruction acknowledge 
bus receives the input data. 
(The address of an output. 
device is contained simulta-
neously in the upper 8 bits 
and the lower 8 bits of the 
ddress bus). 

D, MEMR Memory read 
Goes high when the data bus 
is used for memory read data. 

• 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 W depends on the condition of the 

READY signal. 

STATUS INFORMATION 
The M58710S sends out 8 bits of status information on 

data bus (D7~Do) at the first state of each machine cycle 

(Mi'Td synchronizing with signal SYNC that indicates the 

function of each machine cycle. The status signal will be 

latched in the external register by signal SYNC·cf>l. Table 1 

gives the functions of the status information that will be 

sent out on the data bus. 

Table 2 Status 
Sta~No. 

Information 1 2 3 4 5 6 7 8 9 10 

~ 

E -;; 1j, -;; 
~ .c 0 "0 g 

~ c 
~ $ 

15 ~ i g "lj ~ ·f j "l @' c ~ 
"0 0 ro_ 

D ~ ~ ~ Ci ~ -m ~ 
~ 0 E ~~ 0 :; 

l'l ~ 

~ 
~ :; ~ ~ % 8 l'l ! " ~ ~ $£ l'l "-

(/) :;; (/) .£ .£ ~ :;; 0 

Do INTA 0 0 0 0 1 0 1 0 0 0 

D, WO 1 1 1 1 1 1 1 0 0 0 

D, STACK 0 0 1 0 0 0 0 0 1 0 

D, HLTA 0 0 0 0 0 1 1 0 0 0 

D. OUT 0 0 0 0 0 0 0 0 0 1 

D5 M, 1 0 0 0 1 0 1 0 0 0 

D, INP 0 0 0 1 0 0 0 0 0 0 

D, MEMR 1 1 1 0 0 1 0 0 0 0 

8-6 
• MITSUBISHI 

..... ELECTRIC 



CPU STATE TRANSITION DIAGRAM 

STATE 

Tw 

T3 

T4 

------

Ts 

TH 

CPU STATE TRANSITION DIAGRAM 
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8·BIT PARALLEL CPU 

MACHINE INSTRUCTIONS 
1!l }; >-

Instruction code 
u 

~ '0 '0 '0 
Jnstr. Mnemonic 6m.1 0 0706 050403 0201 Do notam ~ 0 
class. z z 

MOV r!.r .. o 1 D D D S S S 5 1 1 
MOV M, , o 1 1 1 0 S S S 7 1 2 
MOV " M o 1 D D D 1 1 0 7 1 2 
MV, , , n o 0 D D D 1 1 0 7 2 2 

(82) 

MV, M, n o 0 1 1 0 1 1 0 3 • 10 2 3 
(B2> 

LX' 
• ,m 

o 0 o 0 0 o 0 1 o 1 10 3 3 
(B2> 
(B3> 

LXI o ,m o 0 o 1 0 o 0 1 1 1 10 3 3 
(B2> 
(8s> 

LX'I H ,m o 0 1 o 0 o 0 1 2 1 '0 3 3 
<82> 
<8s> 

LX, SP,m o 0 1 1 0 o 0 1 3 1 10 3 3 
<B2> 
(83) 

.IE 
SPHl 1 1 1 1 1 o 0 1 F 9 5 1 1 
STAX B o 0 o 0 0 o 1 0 o 2 7 1 2 1" STAX 0 o 0 o 1 0 o 1 0 1 2 7 1 2 

~ LDAX B o 0 o 0 1 o 1 0 o A 7 1 2 

~ LDAX 0 o 0 o 1 1 0 1 0 1 A 7 1 2 
STA m o 0 1 1 0 o 1 0 3 2 13 3 4 

(B2) 

(B> 
LOA m o 0 1 1 1 o 1 0 3 A 13 3 4 

(B2) 

(8s> 
SHL 0 m o 0 1 o 0 o 1 0 2 2 ,. 3 5 

<82> 
<8s> 

LHLD m o 0 1 0 1 o 1 0 2 A ,. 3 5 
<82> 
<8S> 

XCHG 1 1 1 o 1 o 1 1 E B 4 1 1 
XTHL 1 1 1 o 0 o 1 1 E 3 " 1 5 

IADD · 1 0 o 0 0 S S 5 4 1 1 
ADD M 1 0 o 0 0 1 1 0 •• 7 I 2 
AD, n 1 1 o 0 0 1 1 0 C • 7 2 2 

<82> 
ADC , 1 0 o 0 1 S 5 S 4 1 , 
ADC M 1 0 o 0 1 1 1 0 B E 7 , 2 
AC, n 1 1 o 0 1 1 1 0 C E 7 2 2 

<82> 
DAD B o 0 o 0 1 0-0 1 o 9 10 , 3 
DAD D o 0 0 1 1 o 0 1 1 9 10 , 3 
DAD H o 0 1 o 1 o 0 1 2 9 10 1. 3 

I'! 
DAD SP o 0 1 1 1 o 0 1 3 9 '0 I 3 
SUB , 1 0 o 1 0 5 S S 4 1 1 

~ SUB M 1 0 o 1 0 1 1 0 9 • 7 1 2 E 5U, n 1 1 o 1 0 1 1 0 o • 7 2 2 0 
u <82> 

~ SBB · 1 0 o 1 1 S 5 S 4 , 1 
SBB M 1 0 o 1 1 1 1 0 9 E 7 1 2 

.8' 5B, n 1 1 o 1 1 1 1 0 DE 7 2 2 

.~ 
<82> 

ANA · 1 0 1 o 0 S S S 4 1 1 

E ANA M 1 0 1 o 0 1 1 0 A 6 7 1 2 

:g AN, n 1 1 1 o 0 1 1 0 E 6 7 2 2 ... <82> 
XRA · 1 0 1 o 1 S 5 S 4 1 1 
XRA M 1 0 1 o 1 1 1 0 A E 7 1 2 
XR, n 1 1 1 o 1 1 1 0 E E 7 2 2 

<82> 
ORA · 1 0 1 1 0 5 5 S 4 1 1 
ORA M 1 0 1 1 0 1 1 0 B • 7 1 2 
OR, n 1 1 1 1 0 1 1 0 F 6 7 2 2 

(82) 
CMp · 1 0 1 1 1 S S S 4 1 1 
CMp M 1 0 1 1 1 1 1 0 B E 7 1 2 
CP, n 1 1 1 1 1 1 1 0 F E 7 2 2 

(B> 
, NR · o 0 ODD 1 o 0 5 1 1 

i: ' NR M o 0 1 1 0 1 o 0 3 4 10 1 3 

" OCR · o 0 000 1 o 1 5 , 1 
E OCR M o 0 1 1 0 1 o 1 3 5 10 1 3 I'! , NX B o 0 o 0 0 o 1 1 o 3 5 1 1 frl 
" 

,Nx 0 o 0 o 1 0 0 1 1 1 3 5 , 1 

E ,NX H o 0 1 o 0 o 1 1 2 3 5 1 1 

.~ " 
,NX SP o 0 1 1 0 o 1 1 3 3 5 1 1 

E DCx B o 0 o 0 1 o 1 1 o B 5 1 1 
I'! DCx D o 0 o 1 1 0 1 1 1 B 5 , 1 
u DCX H o 0 1 o 1 0 1 1 2 B 5 1 1 a: .&; 

DCX SP o 0 1 1 1 o 1 1 3 B 5 1 1 
RLC o 0 o 0 0 1 1 1 o 7 4 1 1 

~o.9 RRC o 0 o 0 1 1 1 1 OF • 1 1 
clj(l)..!S! _ :J 

§2~ RAL o 0 o 1 0 1 1 1 1 7 4 , 1 

~8~ RAR o 0 o 1 1 1 1 1 1 F 4 1 1 

~~~u~~ .. CMA o 0 1 o 1 1 1 1 2 F 4 1 , 
DAA o 0 , o 0 1 1 1 2 7 4 1 1 

STC o 0 1 1 0 1 1 1 3 7 4 1 1 
Carry sa t CMC o 0 1 1 1 1 1 1 3 F 4 i 1 

8-8 

Functions 

(r,)-(rz) 
(M)~(') Where, M~(H) (L) 
(r)-(M) Where. M~(H)(L) 

(r) --n 

eM) ....... n Where, M~(H) (L) 

(0) -(82) 

(B)"- <83) Where, m =<83><82) 

(E) <-(B2) 

(D) -(83) Where. m =<83>(82) 

(L) +- <B2) 
(H) --(B3) Where, m =(83)<82) 

(SP) <--'m 

SP .- (H) L) 
«8)(e)) - (A) 
«0) (E)) - (A) 

(A) - «8) (e)) 
(A) - «D) (E)) 
(m) -(A) 

CA) --em) 

(m) <-. (L) 
(m +-1) <-- (H) 

(L) <-. (rn) 
(H)--(m+l) 

H) (L -(O)(E) 
(H) (Ll ~-.. «SP) t· 1) «SP» 

(A +--. A t e 
(A) ----(A) t(M) Where, M-=-(H) (L) 
(A) --(A) t n 

(A) • (A) '-(r) f (OY2) 
(A) • (A)' (M) j (OY2) Where, M co (H) (L) 
(A)"- (A)-+ " t (OY2) 

i~~ i~~~· (HI i~~ ; i~i i~~ 
(H)(Ll (L) f (H) (L) 

H L (L) 1 (SP) 
(AI ·-(A) • (el 
CA) ,-- -(M) Where. M ~ (H) (l) 

(AI - - " 
(A)' (A)· (e) . ~,,~,! 
(A) ,. (AI· (M)· Where. M ~(H) (Ll 
(A)' -(A)- " 
(A) -:i~: A(e) 
CA) A{M) Where, M -::. (H) (L) 
(A) II n 

i~:~i~i~i~ Where. M:: (H) (L) 
(A) ~- n 

(A)---(Ah (r) 
(A) -(AI \ (MI Where. Moo (H) (Ll 
(A) ----(A) \ " 
(A) (el 
(AI - (MI Compare: !Where. M -. .o(H) (Ll 
(A) - " 
(e)- (r)t-1 

(M)'- (M) 1-1 Where. M -::.(H) (Ll 
(r) .-( r) -1 
(M)'-(M) -1 Where. M "- (H) (Ll 

(81 (e)' (81 (e) c 1 
(D) (E) <- (D) (E)-f-.1 
(H) (L) ~ (H) (LI c 1 

(SP '-(SP)t1 
(8) (e) - (8)(e) 1 
(D) (E) --- (D) (El - 1 
(H) (Ll <--. (H) (L) - 1 

(SP) --(SP) 1 

left shift CY2 D-----l~? A6· ........ ..:.:~· .. AIAo !f-I 

Right shift eY2Q ~ . ..... A1AO~ 

left shift CY2~6" ........ A1AO~..J 

Right shift CY2~A7A6' ......... A1Ao h 
(A) - TAl 

Hesuts 0 Inary adalOOn are adJuste to BCD 
OY2 --- 1 

(OY2) ..... GYz 

• ·MITSUBISHI 
"ELECTRIC 

Flags 'Address bus Data bus 

s z p CYz cy, .contents Mach 
Contents I/O ~~~+ cycle * 

x x x x X 
x X x x X M M. (.) 0 M. 
x x X x X M M. (M) I M. 
x x X x x <82> I M. 

x x x x X M M, <B2> I M, 

x x x x x <82> I M, 
<83> I M3 

X X X X X <B2) I M, 
(B3) I M3 

x x x x x <B2) I M, 
<83> I M3 

X X X X X (82) I '" (83) I M, 

x x x x X 
x x x x x (8) (e) M. (A) 0 M. 
x x x x x (0) (E) M. (A) 0 M. 
x x x x x (8) (e) M. 1(8) (e)) I M. 
x x x x x (D) (E) M. liD) (E)) 

~ I ~: x x x x X m M. (A) 

x x x x X m M. (m) I M. 

x x x x X m M. (e) 0 M. 
m ·j-1 MS (H) 0 Ms 

x x x x X m M. (m) I M. 
mot 1 Ms (m + 1) I Ms 

x x x x X 
x x x x x (SP) M, «SP) ) I M, 

(SP) -f-.1 M3 (SP)+l) I Mj 
00000 
00000 M M. (M) I M. 
00000 <B2> I M. 

00000 
100000 M M. (M) I M. 
00000 <B2> I M. 

x x x o X 
x x x o X 
x x x 0 x 
x x x 0 X 
00000 
00000 M M. (MI I M. 
00000 <B2) I M. 

00000 
00000 M M. (MI I M. 
00000 82> I M. 

000 0 0 
000 0 0 M M. (MI I M. 
000 0 0 <82) I M. 

000 0 0 

1000 0 0 M M. (MI I M. 
000 0 0 <8» I M. 

000 0 0 
000 0 0 M M. (M) I M. 
000 0 0 <B2> I M. 

00000 
00000 M M. (MI I M. 
00000 <B2> I M. 

000 X 0 
000 x 0 M M. ..LM) I M. 
000 X 0 
OOOx 0 M M. (M) I M. 
X X X X x 
x x X x x 
x X X X X 
x X x x x 
x x X x x 
x X X X X 
x X X X x 
X X X X X 
x x x 0 x 

i x 
x x o X 

IX x x o x 

x x x o x 

x x x x X 

00000 
X X X 1 X 
x X x o x 

*. State IS Tl . t· StatelsT 2 · 
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Instruction code 16- ~T~ 

I~ Inst ., Mnemonic 
0706 050403 D2D'Oo~b~h ~ ~ class. 

JUP m 1 1 a a a a 1 1 C. 10 3 
<." 
<Ba> 

PCHL 1 1 1 01 a a 1 EO • 1 
JC m 1 1 01 1 01 0 OA 10 3 

<Ba> 
<Ba> 

JNC m 1 1 a 1 a a 1 a D. '0 3 
<B2> 
<B2> 

JZ m 1 1 001 a 1 a CA '0 3 
<112> 
<112' 

0. 
E JNZ m 1 1 000 a 1 a c. '0 3 

~ <112' 

"'" JP m 1 1 1 1 a a 1 a F • 10 3 
<112' 
<112' 

JM m 1 1 1 1 1 a 1 a FA 10 3 
<112' 
<112' 

JPE m 1 1 1 0 1 o 1 a E A '0 3 
<112' 
<." 

JPO m 1 1 1 a a o 1 a E. 10 3 
<112' 
<Ba, 

CALL m 1 1 001 1 a 1 co '7 3 
<112' 
<Ba' 

RST n 1 1 A A A 1 1 1 
11 , 

CC m 1 1 a 1 1 1 0 a DC ", 3 
<112' 
<Ba' 

CNC m 1 1 a 1 a 1 a a d. 1711 3 
<112' 

'8 <Ba' 
CZ m 1 1 001 1 a a CC 17'11 3 

.~ 
(82) 

<Ba' 

e CNZ m 1 1 000 1 a a c. 11'11 3 
.0 <112' 

" <Bs> 
'" CP m 1 1 1 1 a 1 a a F • ", 3 

(82) 

(8s> 
CM m 1 1 1 1 1 1 a a Fe 1711 3 

(82) 

<Bs> 
CPE m 1 1 1 a 1 1 a a E C 17'11 3 

<." 
<Ba' 

CPO m 1 1 1 a a 1 a a E. 17'" 3 
<112' 

"'" RET 1 1 a a 1 00 1 CO 10 1 

RC 1 1 a 1 1 o a a 08 1115 , 
RNC 1 1 a 1 0 a a a DO 1115 1 

~ RZ 1 1 a 0 1 a a a C8 11/5 , 
" 

RNZ 1 1 000 a a a CO \1/5 1 
Il: RP 1 1 1 1 0 a a a F 0 11'5 , 

RM 1 1 1 1 1 o a a F 8 11'5 , 
RPE 1 1 1 01 a a a Ee Il'S , 
RPO 1 1 1 0 a a a a EO 1115 1 

InpOt! IN n 1 1 o 1 1 a 1 1 DB '0 2 

output (82) 

control 
OUT n 1 1 O<~,O a 1 1 D. 10 2 

Interrupt E 1 1 1 1 1 1 a 1 1 F • • , 
Lcontrol 01 1 ,. 1 1 a a 1 1 F • 4 1 

eU5" '5W 1 1 1 a 1 o 1 F • " 1 

PUSH • 1 1 a a a 1 0 1 C. " 
, 

PUSH D 1·1 a 1 a 1 a 1 D5 " 
, 

~ 
PUSH H 1 1 1 a a 1 a 1 E. " 

, 
0 POP psw 1 1 1 1 a a a 1 F 1 10 , 
u 

t 
j9 

POP • 1 1 a a a a a 1 C 1 '0 
, 

'" POP D 1 1 a 1 a a a 1 01 10 , 
POP H 1 1 1 0 a a a 1 E 1 '0 , 

Others 
HL T 01 1 1 a 1 1 0 7 e 7 1 
NOP o a a 0 a a a a 00 4 1 

Symbol Meaning 

, Register 
m Two-bvte data· 
n ne-byte oata 

<82> Second byte of instruction 
<S3> Ir I byte 0 Instruction 
AAA Binary representation for RST instruction n 

F ~-bit data from the most to the least significant 
bit 5, Z, 0, CY" 0, P, 1, CY2 

PC Pr ram counter 
SP Stack pointer 

> u 
"6 Functions 
ci z 
3 (PC)-m 

, (PC)~(H) (L 
3 (CYz) , 
3 (CYz)= 0 If condition is true 

(PC)-m 

3 ( Z )= 1 

3 ( Z ) == a 

3 ( S )= 0 If condition is false 
(POl-CPO) + 3 

3 ( 5 ) = 1 

3 ( P )= 1 

3 ( P ) ~O 

5 ((SP) .1) (SP) 2)--(PC) t3, (PC)-m 

(SP) ~ (SP)-2 

3 «SP)-1) «SP)--2)-(PC) +1. (PC)-nXB, 
esp) 00- esp) -2 Where O";;:n,£7 

5/3 (CYz) , 
5/3 (CY2)=O 

If condition is true. 

5/3 ( Z ) -.., 1 ((SP)-1) ((SP)-2)~(PC). 3 

(PC)-m 
5/3 ( Z ) = 0 

{SP)~(SP)-2 

5/3 ( 5 )=-0 

5/3 ( S )=1 .If condition is false 

(PO) ...... CPO) t- 3 
5/3 ( P )~, 

5/3 ( P )~ 0 

3 (PC) -( (SP) +1) «SP». (SP)-(SP)+2 

3" (CYz) t If condition is true 
311 (CYz)= 0 
311 ( Z )~, (PC)~( (SP).1) ((SP)} 
311 ( Z )~ 0 (SP)-(SP)+2 
31' ( 5 )~ 0 
311 ( 5 )~, If condition is false 
3/' ( P )~, (PC)~(PC) +' 
311 ( P )- 0 

MITSUBISHI MICROCOMPUTERS 

MSL aGaGA P, 5 

8 ·BIT PARALLEL CPU 

Flags Address bus Data bus 

s z p ancy, Contents 
Mach. t/O~~~. cycle" Contents 

x x x x x (82) 1 M, 
(83) 1 M, 

X X X X X 
x x x x X 

x x x x x If condition is true. 

j 
X X X X X (82) 1 M, 

(83) 1 M, 

x x x x x 

x x x x x If condition is false. 

X X X X X 

X X X X X 

x x x x X 

x x x x x (82) 1 M, 

M. 
<83> 1 M, 

(SP)-l «PO)+3>15-1 a M. 
(SP)- 2 M, «PO)t1>7-0: 0 M, 

x x x x x (sP)- , M. «PC)+I)15-1 a 
~: (SP) 2 M «PC)+Ol-0' 0 

x x x x X 

X x x x x 
If condition is true 

X X X X x (82) 1 M, 
(B3) I M, 

(SP)-l M. «PO)+3>1S-1 0 M. 
x x x x x 

(SP)-2 M, «PO)+3>l-O 0 M, 

x x x x x 

x x x x x 

x x x x X 

x x x x x 

X X X x xl~;~l+, M. ((SP) ) 1 M. 
M, ((SP) .1) 1 M, 

x x x x x If condition is true. 
x x x x x 
x x x x x (SP) I M. I ((SP)} 1 M. 
X X X X X {SP)+l M, «SP)+t) I M, 
X X X X X 
x x x x x If condition is fj'se. 
x x x x x 
x x x x x 

3 (A) ~ (Input builer) - (Input device oj number n). x x x x X 
M I> (Inp~~~ata) ~ M. 

(82) 82) M, 
3 (Output device of number n) ..... CA) 

I (INT-E)---l , :(INTQ~O 
3 ~~~~) ~1is;i~;' l (SP) 

2)~(F) 

3 ( (SP) -1) ~ (8). ( (SP) -2) ~ (C) 
(SP) -(SP)-2 

3 ((SP)-1) ~(O). ((SP)-2) ~(E) 
(SP) ...... (SP)-2 

3 ((SP)-1) ~(Hl. ((SP)-2) ~ (L) 
(5';, ~ SP -2 

3 (F) ~ ((SP)). (A) ~((SP)+1) 
(SP) ~(SP)rz 

3 (C) ~(SP)). (8) ~((SP) >" 
(SP) ~(SP)+2 

3 (E) ~.( (SP)). (D) ~((8P)·H) 
esP) "'-(SP)+2 

3 (L) ~((SP) l. (H) ~((8P).1) 
SP - SP +-2 , (PO) -(PC)+1 , (PC) -(PC)+l 

Symbol Meaning 

555 

or 

DOD 

Bit pattern desig~ Register 
nating register or 

memory or memory 
8 
C 
0 
E 
H 
L 
M Where, 
A 

M~(H)(L) 

. 'MITSUBISHI 
.... ELECTRIC 

(Input data) 

Symbol 

-555 ( ) or 
DOD v 
o 0 0 'fr 
001 
o 1.0 

A 

o 1 1 
1 o 0 X , 01 a 1 , 0 , , 1 1 

0 

x x x x X <B;~ 0 ~: (82)<82) M, 0 
X X X X x 
x x x x X 
x x X x x (SP) , M. (A) 0 M. 

(SP)-2 M, (F) 0 M, 
x x x x x (8P)-' M. (8) 0 M. 

(SP)-2 M, (C) 0 M, 
x x X x x (SP)- , M. (0) 0 M. 

(SP)-2 M, (E) 0 M, 
x x x x X (SP)-l M. (H) 0 M. 

(SP)-2 M, L) 0 M, 
00000 (SP) M. (SP) ) I M. 

(SP)+l M, ((8P) +1) I M, 
X X X X x (SP) M. «SP) ) I M. 

(SP)+l M, «(SP)+1) I M, 
x x x x x (SP) M. «(SP) ) I M. 

(SP)+1 M, ( (8P)+1) I M, 
x x x x x (SP) M. ((SP) ) 1 M. 

SP +1 M, SP +1 I M, 
x x x x X 
x x x x x .. *. State IS T1. **. State IS T2· 

Meaning 

Data is transferred in direction shown 
Contents of register or memory location 
Inclusive OR 
Exclusive OR 
Logical AND 
1's complement 
Content of fla is not changed after execution 
Content of flag is set or reset after execution 
Input mode 
Output mode 

8-9 
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8 -BIT PARALLEL CPU 

INSTRUCTION CODE LIST 

-D. 0000 0001 0010 0011 0100 0101 0110 Dill 1000 1001 1010 1011 1100 1101 1110 1111 

notation 

0000 

0001 

0010 

0011 

0100 

0101 

011 0 6 

0111 

1000 

1001 

1010 A 

1011 B 

11 00 C 

11 01 0 

1110 E 

1111 F 

2 3 6 8 A B C o E F 

MOV MOV MOV MOV ADD SUB ANA ORA 

B 
RP 

M,B B 
NOP (NOP (NOP) (NOP) 

B,B D,B H,B 
RNZ RNC 

B B 
RPO 

MOV MOV MOV MOV ADD SUB ANA ORA POP POP POP POP 

B, C 0, C H, C M, C C C C C B 0 H PSW 

MOV MOV MOV MOV ADD SUB ANA ORA 

B, 0 0, 0 H, 0 M,D o o o o 

INX 1NX INX INX MOV MOV MOV MOV ADD SUB ANA ORA 

B 0 H SP B, E 0, E H, E M, E E E E E 

INR INR INR INR MOV MOV MOV MOV ADD SUB ANA ORA 

B o H M B, H 0, H H, H M,H H H H H 

OCR OCR OCR OCR MOV MOV MOV MOV ADD SUB ANA ORA 

B o H M B, L 0, L H, L M,L 

MOV MOV MOV 

B, M 0, M H, M 
HLT 

L L L L 

ADD SUB ANA ORA 

M M M M 

MOV MOV MOV MOV ADD SUB ANA ORA RST RST RST RST 

B, A 0, A H, A M,A A A A A o 2 6 

MOV MOV MOV MOV ADC SBB XRA CMP 
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 

B o H SP C, C E, C L, C A, C C C C C 

LDAX LDAX MOV MOV MOV MOV ADC SBB XRA CMP 
LHLD LOA 

B o C, 0 E, 0 L, 0 A, 0 o o o o 

DCX DCX DCX DCX MOV MOV MOV MOV ADC SBB XRA CMP 

B o H SP C, E E, E L, E A, E E E E E 

INR INR INR INR MOV MOV MOV MOV ADC SBB XRA CMP 

C E L A C, H E, H L, H A. H H H H H 

OCR OCR OCR OCR MOV MOV MOV MOV ADC SBB XRA CMP 

C E L A C, L E, L L, L A, L L L L L 

MOV MOV MOV MOV ADC SBB XRA CMP 

C,M E,M L,M A,M M M M M 

MOV MOV MOV MOV ADC SBB XRA CMP 

C, A E, A L, A A, A A A A A 

This list shows the machine codes and corresponding 
machine instructions, 0 3 -00 indicate the lower 4 bits of 
the machine code and 0 7-04 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, 

8-10 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parametfr 

VOO Supply voltage 

Vee Supply voltage 

VSS Supply voltage 

VI Input voltage 

Pd Maximum power dissipation 

Topr Operating free-air temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter 

Vss Supply voltage 

Vee Supply voltage 

Voo Supply voltage 

Vss Supply voltage 

V,H High-level input voltage 

V,L Low-level input voltage 

VIHI¢) High-level clock Input voltage 

V'LI¢) Low-level clock Input voltage 

Topr Operating iree-air temperature 

Conditions 

With respect to V BB (substrate) 

Ta = 2S·C 

Limits 

Min Nom Max 

-4.75 -5 -5.25 

4.75 5 5.25 

11 .4 12 12.6 

0 

3.3 Vee+l 

-1 0.8 

9 VOO+ 1 

-1 0.8 

0 70 

MITSUBISHI MICROCOMPUTERS 

MSL 8080A P, S 

8 ·BIT PARALLEL CPU 

Limits Unit 

-0.3-20 V 

-0.3-20 V 

-0.3-20 V 

-0.3-20 V 

1500 mW 

0-70 ·C 

-65 - 150 ·C 

Unit 

V 

V 

V 

V 

V 

V 

V 

V 

·C 

ELECTRICAL CHARACTERISTICS ITa= 0 -70·C, Voo=12V ±5%, Vee= 5V ±5%, Vss= -5V ±5%, Vss=ov. unless otherwise noted) 

Symbol Parameter 
Limits 

Test conditions 
Min Typ 

VOL Low-level output voltage IOL=1 .9mA. All output 

VOH High-level output voltage IOH=-150,uA 3.7 

ISS V BB supply current -0. 01 

Icc V cc supply current } Operating at to(¢)=480ns. Ta=25·C 60 

100 V DD supply current INote 2) 40 

II Input current. except clock and data bus O~VI~Vee 

II(¢) Clock input current O~VI (¢) ~Voo 

IIIOS) input current. data bus I Note 3) 
O~VIIOS) ~VIL 

VIL~Vllos) ~Vee 

IIIHOLO) Input current during hold. address or data bus At hold state 0.45V ~Vo~Vce 

C'I¢.) Input capacitance. clock input ( ¢1) 

"'''~"') 
20 

Ci I¢,) Input capacitance. clock input ( ¢2) V(¢,)=OV 15 

Input capacitance. any Input except clock 
f =1MHz, 2SmVr.m.s 

S CI VI =OV 

Co Output capacitance VO=OV 5 

Note 1 Current flowing into an Ie is positive; out is negative 

2: to 1¢)=tdl¢1H'¢')+ Ir 1¢2)+t w I¢,)+tf (¢,)+ td I¢,-¢.)+ tr I¢.) 

: Active pull-up resistors will be switched on to the data bus when DBIN is high and data input voltage is more positive than VrH min. 

• MITSUBISHI 
...... ELECTRIC 

Unit 
Max II 
0.45 V 

V 

-1 mA 

75 mA 

70 mA 

±10 ,uA 

±10 ,uA 

10 
,uA 

-100 

10 ,uA 
-100 
-2 mA 

25 pF 

20 pF 

10 pF 

20 pF 

8-11 
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MSL8080AP,S 

8 ·BITPARALLEL CPU 

TIMING REQUIREMENTS (Ta= 0-70·C, Voo=42V±5%, Vcc=5V±5%, VBB=-5V±5%, Vss=oV: unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max 

toe,,) Clock cycle time (Note 4) 480 2000 ns 

tr (01) Clock rise time 0 50 ns 

tf (01) Clock fall time 0 50 ns 

t w(,," Clock 1 pulSe width 60 ns 

tw(.» ClOCk 2 pulse width 220 ns 

td(¢,L-¢» Delay time. clock 1 to clock 2 0 ns 

td (.,-01,) Delay time. clock 2 to clOCK 1 70 ns 

td ( •• H-¢" Delay time, clock: 1 high' to clock 2 80 ·ns 

tsu(DA- 01') Data setup time with respect to clock 1 30 ns 

tSU(DA- .,) Data setup time with respect to clock 2 t 50 ns 

lSU(HOLD) Hold setup time 140 os 

tsu(lNT) Interrupt setup time 420 ns 

lSU(RDY) Ready setup time 420 ns 

th (DA) Data hold time tPD(DBI) ns 

th (HOLD) Hold input hold time 0 ns 

th (I NT) Interrupt hold time 0 ns 

th (RDY) Ready hold time' 0 ns 

Note 4 : tc<.)=td( •• L-¢,) + tr (¢,)+tw(.,)+tr (.,)+td(.,- .,)+ tr ( •• ) 

SWITCHING CHARACTERISTICS (Ta= 0-70·C, VDD= 12V± 5%, Voo= 5V± 5%,VBB= -5V ± 10%,Vss= OV; unless otherwise noted) 

Symbol Parameter Test conditions (Note 5) 

tPD(AD) Propagation delay time, clock 2 to address outputs RL=2.1kQ, CL= tOOpF 

tPD(DA) Propagation delay time, clock. 2 to data bus RL=2.1kQ, CL=100pF 

tPD(CONT) Propagation delay time, clocks to control outputs RL=2.1kQ, CL=50pF 

tPD(DBI) Propagation delay time, clock 2 to DB IN output RL=2.1Ul, CL-50pF 

tPD(INT) Propaga!ion delay time. clock 2 to INTE output RL=2.1kQ, CL=50pF 

tPD(DI) Time for data bus to enter input mode 

tpxz Disable time to high-impedance state during hC?ld ,address output and data bus 

td(~-AD) De:lay time. write signal to address output RL=2.1kQ, CL= 100pF 

td(AD-WR) Delay time. address output to write signal RL=2.1kQ, CL=100pF 

td(WFi-DA) Delay time. write signal to data output RL-2.1kQ, CL-l00pF 

td (DA- WI'I) Delay time. data output to write signal RL=2.1kQ, CL-tOOpF 

Note 5 : Load circuit : 

i :~C 
M 5871 OS ---.--~"" __ -+--I"N--I"II--I""""" 

OUTPUT 0 I....,.,,.,,., 1 
;J; 

CL 

Note 6 : td (AD-Wl'i)= 2tc(¢)-td (¢.H-¢,)- l r(¢)-140ns 

7: td(DA-Wl1)=tc(.)-tc (.,H-.,)-t r (.)-170ns 
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Min Typ Max 
Unit 

200 ns 

220 ns 

420 ns 

25 440 ns 

200 ns 

tPD(DBI) ns 

120 ns 

td (4)lH-o;2) ns 

Note 6 ns 

td (1IIIH-1II2) ns 

Note 7 ns 
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MSL 8080A P, S 

8-BIT PARALLEL CPU 

. TIMING DIAGRAM 

te( ¢) 

W(¢I)-

Kt~ h il r- td (¢IL-¢2)r\ 

F\ ---1 
~ !"""""""" ~ n 

td(¢1~ i----.<td(¢2-¢1 } WO(OA} 

A15 -Ao 

SYNC 

DBIN 

WR 
READY 

WAIT 

HOLD 

HLDA 

INT 

INTE 

X 
tPO(AO} ---I 

)[ 
IpO(OA} -------I 

tPO(dNT} 
-I l-

th(OA)1 I Y 
tpO(OI}-i DATA INl -j' Hd(AO WR} I-Hld(WR 

I r:: lI. 3)]( DATA OUT Y 
t su(OA- ¢1}---L-.:=J' I-- ,.-.I J t t SU(OA-¢2)i td(OA-WR} Id(WR-OA) 

I PO( CONT} 1: \, 
-I 'I-tpO(OB~!.... ~ 

tpO(OBl} 
I h( HOLD} lI:. I- Ipo( CONT} ...... IPD(CONT} 

I@ I:I Jr@ :r tPD(CONT} t su (ROyj 1== r1i"h( R,OY) j::::= H 
- 1Isu(ROY} "1 I 

IPO(CO;:;'} 
Hlh(HOLO} 

-X® 
I sue HOLO}-j I-

r@ II 
ISU'(~~h(INT} =t 

J 

Note This timing diagram shows timing relationships only; it does not represent any specific machine cycle 

f\ 

W-
- I--

""" ,. 
AD) 

". . 
- I-

Ipxz 

IpO(CONT} 

--l-

X-

Time measurements are made at the following reference voltages: Clock voltage H =8 av. L = 1 av. Input voltage. H =3.3V. L =0 BY; output voltage. H =2.0V, L=O BV 

10 Data on the data bus must be stable for this period In the Input mode ReqUirements t su ( DA - .pi ). t s u ( OA - rft2), t h (OA) must be satisfied 

1 1 The ready signal must be stable for this period dunng state T 2 or T W. External synchronization is required 

1 2 The hold signal rnust be stable for this I period dUring state T 2 or T w when entering the hold mode and during states T 3, T 4, T 5, T WH and T H when In the hold 

mode External synchronization IS not required 

1 3 The Interrupt signal INT must be stable for the penod immediately before the last state of any Instruction In order to be recognized on the following machine cycle M! 

External synchronization is not required 

• MITSUBISHI 
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MSL 8GaGA P, 5 

8-BIT PARALLEL CPU 

APPLICATIONS 
A Basic System Using the M5L8080A p, S 
The configuration of a system using the M5L 8080A P, 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 

BIDIRECTIONAL DATA BUS (B-BIT) 

Ei 

DBIN 

INT 

WR :J C/l 
a. D.: 0 WAIT « co 0 

HLDA 
U) 00 

0 SYNC a. 00 ...J -' w Il) DEVICE 
VDD :2 :!: 
Vee INP 

(256 PORTS) 

Vss 

VBB <l: (8) (8) 
1 

ADDRESS BUS (16-BIT) 

1. After the CPU receives the two phase clocks ¢! and ¢2 

from the clock generator and the external reset signal, 
the address bus provides the address to memory location 
zero_ 

2. At the same time the CPU sends out status signals, whic.h 
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 ttl 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 biqirectional data bus across the 
multiplexer. 

3. 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 

DBIN INTA INTA 
E 
'" MEMR rB 

OUT 

STACK J: 

HLTA ~ 
OUT I/) 

:::> 
>-M, >! 

INP 
I/) 

INTERRUPT 
INSTRUCTION MEMR 

MEMORY GENERATOR 

(65536 
BYTES) SYNC·¢1 

in the next machine cycle (Note 1). The memory write 
in operation is executed by write control signal WR. 

4. During input and output operation, the CPU outputs the 

I/O device number to the address bus, outputs a status 
signal (lNP in the input mode; OUT in the output mode) 

and executes the read/write operation to the I/O devices 
using the bidirectional data bus. 

5. 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 registeHo-register 
transfer or arithmetic instruction. instruction fetching and execution are 

carried out by machine cycle M 1 but memory access instructions. or 2-byte 
or 3-byte instructions reql,lire more than one machine cycle. 

15 : The interrupt acknowledge signal goes high when the CPU accepts an 

interrupt request (INT) signal. 

8-14 
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Push-Down Stack Operation 

The M58710S has a last-in first-out stack_ This stack has a 

pointer that maintains the address of the next available 

stack location in memory and can be initialized to use any 

position of memory_Since the stack pointer has a 16-bit 

register, it can locate any sta'ck location up to 65536 

bytes according to memory capacity, An example of the 

interrupt request is shown in Fig, 2 and the operation of 
the stack pointer in Fig, 3, 

Fig_ 2 Processing an interrupt request 

MAIN PROGRAM 
b PUSH PSW 

},' 11."+' 
PUSH B 

PUSH 0 

a- 3 MOV L,O (2) PUSH H 
(i) 

INTERRUPT a - 2 MOV H,B RST EI (4) 

REOUEST a- i MOV A,M ;-' (5) .... a ADD B 01 

r:: 
a+ I POP H 
a+ 2 POP 0 
a + 3 POP B 

1\+"' 
POP PSW 

b+n- 1 EI (8) 

b+n RET (9) 

Fig_3 Operation of the push-down stack 

(0 RST (3) PUSH PSW 

MITSUBISHI MICROCOMPUTERS 

MSL 8080A P, 5 

8 -BIT PARALLEL CPU 

Fig. 2 is explained as follows: 

1. An external interrupt request occurs when the CPU 
executes the instruction stored at location a in the main 

program. 

2. Instruction RST is fetched, the content of the program 

counter is incremented and pushed onto the push-down 

stack. Then the CPU jumps to the first location b of the 

interrupt operation program. 

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 CY2 , CY1 , Z, P and S. These are, from the most to 

the least significant bit, S, Z, 0, CY1 , 0, P, 1, CY2 • 

4. Instruction EI 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. 

7. The contents of registers are popped off the stack. 

8, Instruction EI is executed, enabling the CPU to accept 

the interrupt request after return to the main program. 

9. The content of the program counter is returned to 

location a+1 of the main program. 

The operation of the push-down stack shown in Fig. 2 is 

described in Fig. 3, where SP indicates the content of the 

stack pointer before the interrupt is requested. Instruction 

LXI SP should be used to initialize the stack pointer. 

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. 

PUSH H (7) POP PSW (9) RET 

SP-IOI> (L) 

SP- 21> a+ 1 LOWER 

a + 1 UPPER 

S P - 4 I> I---,(_F':"')_--l 

(A) 

I> a+ 1 LOWER 

a + 1 UPPER 

(H) 

I> (E) 

(D) 

(0) 

(B) 

(F) 

(A) 

a + 1 LOWER 

a + 1 UPPER 

:> -----------------

SP- 21> a+ i LOWER 

a + 1 UPPER 

SPI> 

t>: Memory location selected by the stack pointer 

.,'. Memory location selected by the stack pointer before the execution of instruction 

• MITSUBISHI 
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EXAMPLE OF APPLICATION CIRCUIT INTERRUPT REQUEST HOLD REQUEST 

SYSTEM RESET INPUT 

CLOCK ¢ 2(TTL) 

CRYSTAL OSCILLATOR FREQUENCY 
OUTPUT REAOY INPUT 

STATUS STROBE 

MEMORY READ CONTROL 
MEMORY WRITE CONTROl: 

DATA BUS 

WAIT STATUS 

INTERRUPT ENABLE 

RESET SIGNAL OUTPUT 

I/O READ CONTROL 

I/O WRITE CONTROL 

HOLD ACKNOWLEDGE 

INTERRUPT ACKNOWLEDGE 

ADDRESS BUS 

CRSIL 

CCL2H 

COSCH 

CROYH 

CSTBL 

CMERL 
CMEWL 
COB7H 

I 
COBOH 
CWAIH 

CITEH 

CRSOH 

CIORL 

CIOWL 

CHLAH 

CITAL 

CAB15H 
I 

CABOOH 

CINTL CHLOL 

~. 
5V XTAL 

Dr-T8MH Z y y 
I~ X~AL2 XTALI 2M Hz 

¢I 
INT HOLO 

~~~l24P :: 2MHz 
¢2 GENERATOR 

READY READY f1(TTLI 
RESET OSC RESET 

RDYIN fIC SYNC SYNC 

C t-c RESIN i" 
l1'F;,;:: ~ M5L8080A 

CPU 
A 

STSTB 
A,s-Ao M5L8228P 

SYSTEM 
16 

CONTROLLER WR WR 
DBIN OBIN 

..--+-
8 

DB7-DBo D7-Do 
8 

07-00 

HLDA HLOA 
cr: ~ 

i:': 5: a: :z 2: 
00 w w 

~ ::::::- ~-, 2 :z WAIT INTE 

'tV 
1 

8 

12~L 1k 
R2 , , 

J 

16 

-

t i 
DC-DC DC DC 

MEMORY AND CONVERTER CONVERTER 

CD 3:! I 

III cn= ::; r- C 

: QD; 
5V 1= 0= 
GNO r- QD~ 

r- On 1"1'1 ;a.! r-
I/O DECORDER 5V~12V 5V~- 5V 

,----- , l I l 
I 

L 12V 5V -5V 
8 
MEMORY 
ADDRESS 
SELECT 

(') .,.s ." c: .. ~ 

Ut;g 
-I 
1'1'1 
:II 
(It 

flO 2K 110 
8 256 8 

BYTES BYTES 

A, Ao CS Ag-Ao CS A7-Ao CS, A7-Ao CS, 
CSz CS2 

M5L2708K M5L2708K 
EPROM EPROM M5L2111AP M5L2111AP 

OR OR RAM RAM 
M58730-XXXS M58730-XXXS 11K BITS) 11K BITS) 

MASK ROM MASK ROM 
11K'BYTE) 11K-BYTE) I iO,- J/04 ~ 

07- 0 0 07- Do ODWR liO, OD W!R liD, 

8 8 1 t 407 - 041 1 4 03 
I 

-0 

8 8 

6 6 ~ 
WR RO 07 Do CS WR RO 07-00 CS 

M5L8255AP PPI M5L8255A P PPI 
RESET 

PAD PBD PCD 
L-. RESET 

PAD PBD PCD 

Al AD 
I I I I I I 

PA7 PB7 PC7 Al AD PA7 PB7 PC7 

2) 2 ) I 
8 8 8 8 8 8 

CPOlH CP17H CP2lH CP47H CP57H CP67H 
I I I I I I 

CPOOH CPlOH CP20H CP40H CP50H CP60H 
INPUT/ INPUT/ INPUT/ INPUT/ INPUT/ INPUT/ 

OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 
PORT A PORT B PORT C PORT A PORT B PORT C 
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MSL8224P 

CLOCK GENERATOR AND DRIVER FOR MSL 8080A P, 5 CPU 

DESCRIPTION 

The M5L8224P is a clock generator/driver for M5L8080A 
P,S CPUs. It is controlled by a crystal, selected by the user, 
to meet a variety of system speed requirements. It is fabri
cated by using Schottky TTL technology. 

FEATURES 

• Crystal controlled for stable clock frequency generation 

• Clock outputs ¢I, ¢2, and ¢2(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 XTAL 1 and 

XTAL2, clock outputs ¢I, ¢2, and ¢2(TTL level). along 

with oscillator output, are brought out for a CPU with a 

basic cycle time of 500ns. At this time, ¢1 pulse width is 

110ns (2X55ns). ¢2 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 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

RESET OUTPUT RESET +- I 

RESET INPUT RESIN- 2 

READY INPUT RDYIN- 3 

READY OUTPUT READY +- 4 

SYNCHRO~~~~~ SYNC- 5 

CLOCK ¢~~~;~+ ¢ 2( TTL) +- 6 

STATUS STROBE STSTB +- 7 
OUTPUT 

(OV) GND 

Vee (5V) 

15 .- XT AL 1 f~~~T~~L 1 

14 .- XT AL2 f~~~T~kL 2 

13 .- TANK TANK TERMINAL 

OSCILLATOR 
OUTPUT 
CLOCK ¢ I 
OUTPUT 
CLOCK ¢ 2 
OUTPUT 

Voo (12V) 

Outline 16Pl 

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. 

CRYSTAL 
TERMINAL 1 XTAL 1 

-------- --------, 
TANK 

TERMINAL TANK 

OSCILLATOR 

CLOCK ¢1 
OUTPUT 

(12V) Voo CLOCK GENERATOR 

~ 9 
CLOCK ¢2 
OUTPUT 

L _..-___ --.--..J1-------------..(6 ¢2( TTL) ;Wf~L) 
- OUTPUT 

(5V) Vee 

(OV) GNO 

SYNCHRONIZING 
INPUT b--'{ 7 STSTB ;~~6~~ 

RESET INPUT RESIN 2)---d ~r-------+---~O 
OUTPUT 

~--~T O~-----~------~1 RESET ~~~~1T 

READY INPUT ROY IN 3)--------------+----10 01--------------1 

L. _______ ~~~=~_T __________ . ___ .j 
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MSL8224P 

CLOCK GENERATOR AND DRIVER FOR MSL 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. 
'Oivide-By-Nine' Counter 
The oscillation frequency is divided by this counter to 
create two clocks necessary for the M5L 8080A p, S CPU. 
A TTL level phase 2 clock signal ¢2(TTU 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 
16, (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 

to 

I I 
, I 

B :-! -----:-----"'--+--+----t---+----JF I L 
I 

I I , 

</>2 -'-_L--li A 

I 

,-----,--,----,-----,I B i c D ! E 

Reset Input (RESIN) 
When this signal turns low-level, output from terminal 
RESET goes high-level, synchronizing with the B on clock 
162 (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 

-0- Vee 

~ 

MCJOl 100kQ 

r--.... --+----~~ RESIN 

1" + 
l,uFTa M5L8224P I CAPACITANCE 

Ready Input (ROYIN) 
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). 

8-18 
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MSL8224P 

CLOCK GENERATOR AND DRIVER FOR MSL 8080A P, S CPU 

USAGE 
When the M5LB224P clock generator is used with the 

M5L BOBOA P CPU, crystal oscillator frequency (fx) must 

be 9 times the desired CPU cycle time (tel. For example 

if tc is to be 500ns, fx will be: 

1 
500X10 gX9=18(MHz) 

However, tc limits are 2ps (max) and 4BOns (min) so that 

fx must be selected within a range of 4.5-1B.75MHz. It 
is recommended that the fundamental be used. If a higher 

harmonic (overtone) is to be used, an LIC network must 

be connected to terminal TANK as shown in Fig. 4. If a 
fundamental of 10M Hz 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: 

Tolerance: 0.005% between 0-75°C 

Series resonance: 

Load capacitance: 

Fundamental 

20-35pF 

Equivalent resistance: 750 or less 

Fig. 3 Typical M5L8224P connection 

XTAL 

15rD~~ 
12V ---l XTAL 1 XTAL2 

Voo 
READY 4 23 READY 

4;r5V 
M5L8224P 11 22 

16 <P1 <P1 

MC t100k Q2 

Vee 
15 10 <P2 301 <P2 M5L8080AP 

RESIN 5 19 

r~w~ 
SYNC SYNC 

GND 1 12 
RESET RESET 

STSTB 

:~ 
STSTB 

M5L8228P 

Fig. 4 Example of use of a crystal oscillator in an overtone 

circuit 

13 
TANK 1----.., 

lie NETWORK 

M5L8224P 

Fig. 5 Example of use of a crystal of 10MHz or above 

M5LB224P 

Precautions 
1. Do not short clocks ¢ 1 or ¢2 to ground. 

2. Application of nominal Voo (12V) before application of 

nominal Vee (5V) may damage the device. Proper 

switching order must be observed. 

• MITSUBISHI 
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MSL8224P 

CLOCK GENERATOR AND DRIVER FOR MSL 8080A P, S CPU 

ABSOLUTE MAXIMUM RATINGS ITa=0~75·C. unless otherwise noted) 

Symbol Parameter Conditions Limits Unit 

Vee Supply voltage 7.0 V 

Voo Supply voltage 13.5 V 

VI Input voltage 7.0 V 

Vo Output voltage, all outputs except¢1 and "'2 - Vec V 

Pd Power dissipation BOO mW 

Topr Operating 'free+air temperature range o ~75 'C 

Tstg Storage temperature range ~55~125 'C 

RECOMMENDED OPERATING CONDITIONS ITa=O ~75·C. unless otherwise noted) 

Limits 
Symbol Parameter 

Min Nom Max 
Unit 

Vee Supply voltage 4.75 5.0 5.25 V 

Voo Supply voltage 11.4 12 12. 6 V 

10H High-level output current, ¢I .¢2. READY,RESET ~100 J,./A 

10H High-level output current, all other outputs ~I mA 

10L low-level output current, ¢t.1>2 I'EADY.RESET,STSTB 2.5 mA 

10L Low-level output current , all other outputs 16 mA 

frmax Maximum repetition frequency 27 MHz 

ELECTRICAL CHARACTERISTICS ITa=O ~7S'C unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max Unit 

VIH High-level input voltage, RES I N 2.6 V 

V,H High-level input voltage, all other inputs 2.0 V 

VIL Low-level input voltage 0.8 V 

V'H-V'L Input hysteresis voltage. RES IN Vec=5.0V, Voo=12.0V 0.25 V 

VIC Input clamped voltage Vee=4.75V. Ile=~SmA ~1.0 V 

VOH High-level output voltage. ¢1 , ¢2 Vec=4. 7SV. Voo =11 . 4V, IOH= ~1 OOJ,./A 9 .4 V 

VOH High-level output voltage, REA 0 y, RESET VCC=4.75V, Voo=11 .4V, IOH=~100J,./A 3 .6 V 

VOH High-level output voltage, other outputs Vec=4 75V, VOO=11 .4V,IOH=~lmA 2.4 V 

VOL Low·level output voltage.¢l.1>2,READY. RESET.STSTB Vcc~4 75V, Voo=11 .4V,loL =2.5mA 0 5 V 

VOL Low-level output voltage. all other outputs Vce=4 7SV, Voo=11 .4V,IOL=16mA 0.5 V 

I'H High-level input current Vce=5.2SV. Voo=12.6V. VI=S.25V 10 J,./A 

IlL Low-level input current Vce=5.2SV, VOD=12.6V. V,=0.5V -0 25 mA 

Short-circuit output current (Note 3) 
Vee=5 .OV, VOO=12.0V 

-10 -60 mA los 
Vo=OV, VIH=4.5V. V'L=OV 

Icc Supply current from Vee Vce=S .25V. Voo=12.6V ,VIH=4 .SV 115 mA 

V,L = OV 
100 Supply current from V DO 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. 

: Current flowing into an Ie is positive; out is negative. The, maximum and minimum values are defined in absolute values 

8-20 

: 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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MSL8224P 

CLOCK GENERATOR AND DRIVER FOR M5L 8080A P, S CPU 

TIMING REQUIREMENTS (Ta=2S'C, Vee=SV, Voo=12V. unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

RDYIN setup time with respect to STSTB 
S T S T B output terminal SO_4~o ns tsu(ROYIN) CL =ISpF 

ROYIN hold time with respect to STsffi 
RL1=2kQ 4tc 

th (ROYIN) -9- ns 
RU=4kQ 

SWITCHING CHARACTERISTICS (Ta=2S' C, Vee=SV, Voo=12V. unless otherwise noted) 

Limits 
Parameter Symbol Test co ndltions (Note 4) Unit 

Min Typ Max 

tW(¢I) Clock ¢ I pulse width ~-20 ns 

twt¢') Clock ¢2 pulse width CL=20-S0pF ~-3S ns 

tdt¢IL-¢2U Delay time from ¢1 low-level to r/J2 low-level RU==Q, RL2==Q 0 ns 

td(412L-o;tIlL) Delay time from ¢2 low-level to ¢i low-level ~-30 ns 

td(,ptH-¢2U Delay time from ¢t high-level to ¢2 low-level ~-S ~+2S ns 

tTLH Transition time. low-to-high-level ¢1 and </>2 CL=20-S0pF 20 ns 

!THL Transition time. high-to-Iow-Ievel ¢i and r:/>2 RU==Q. RL2==Q 20 ns 

tdt¢2-¢2tTTU) Delay time from ¢2 to ¢2 (TT U 
¢2(TTU output 

CL=30pF, RU=300Q, RL2=600Q 
-fa 20 ns 

td(o;tI2-STSTB) Delay time from ¢2 to STSTB STSTB output ¥-30 .6t" ns 

tW(STSTB) STSTB pulse width CL =15pF, RU=2kQ , RL2=4kQ ~-IS ns 

IdtREAOY-¢2) Delay time from READY to ¢2 READY, RESEToutput 
~-2S 

Delay time from RESET to ¢2 CL =10pF, RU=2kQ, RL2=4kQ 
ns 

IdtRESET-¢2) 

Note 4 : Measurement circuit: Vee 

Ru 
Voltage measurement points; 

~ RL2 
SOQ J9L 

TIMING DIAGRAM REFERENCE LEVEL-1.5V 
0 

¢f 

tTLH 
tw¢f 

tTHL 
a.lov 

I I 
1.0V 

¢2 

td(¢fL-¢2L) 

~ ... a.ov td(¢2L-¢fU 

-y tW(¢2) 

1\G.ov td (¢tH-¢2LJ 

J 
td(¢2-¢2(TTLJ ) ~" ..• .,"" 

td (¢ 2-STSTB) tW(STSTB) Note 5 

~LI 
------ ---""'\ r----------

~~ ~ 
\ I 

tsu (STSTS) 

th(STSTS) 

RDYIN 
-,1/ \i\ ) 

\~ --:V 
I 

READY 

td (READY-¢2) 

Y 
td(RESET-¢2) 

RESET V 
) Note 5 ; The wave from is as shown by the dotted line when RESET is low. 
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MSL8c224P 

CLOCK GENERATOR AND DRIVER FOR MSL 8080A P, 5 CPU 

TYPICAL APPLICATION CIRCUIT 

GND 
2 

Aa 
25 

5V 
20 

A. 
26 

-5V 
11 

A2 
27 

12V 
28 

A3 
29 

A4 
30 

As 31 

As 32 

A7 
33 

As 
34 

13 35 SYSTEM DMA REO HOLD s:: As 
C11 A.o 1 r-
OO AI1 

40 
0 

14 00 AI2 37 
SYSTEM INT. REO INT 0 38 }> A .3 

INT. ENABLE---.!.§. INTE 
."lJ 

A .4 39 

TANK 

OSC 
11I2(TTL) 

RDYIN 

RESIN 
f2V 
5V 

GND 

8-22 

~ 
---ll 
.........2 
---1 

2 

§ 
~ 
~ ---'0 

[jorrL 

14 15 
XTALZ XTALl 11 
.TANK ¢-, 10 
esc g,2 

92{TTL) 

4 
ADYIN READY 

RESIN RESET 1 

M5L8224P 
5 

SYNC 
STsrB 

r 

22 ¢. 
15 

¢2 

~ WAIT 
23 

READY 

12 
RESET 

19 SYNC 

S'fSTB 

rn 40 
n A.s 

13 
"lJ WR 

2141 J c 
DBIN 17 

HLDA 21 

DO 
10 15 6~LA DBIN W~BO 13 

D. 9 17 01 

D2 8 12 D2 

D3 7 10 0, 

s:: D4 3 6 o. .<11 

DS 
4 19 Os 

DS 5 21 06 

D7 6 8 0, 

5V~ 
GND-4 

1 
STSTB 

22 
BUSEN BUSEN 
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25 
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MSL8228P 

SYSTEM CONTROLLER AND BUS DRIVER FOR MSL 8080A P, S CPU 

DESCRIPTION 

The M5L 8228P is a system controller and bus driver for 
M5L 8080A p, 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 status signal generation for 

M5L 8080A p, S CPU 

FUNCTION 
The bidirectional bus driver provides high system TTL 
fanout, as well as isolation for an M5L 8080A p, S CPU 

data bus from memory and I/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 I/OR, 

input/output write I/OW, and interrupt acknowledge I NT A) 

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-

BLOCK DIAGRAM 

Do 
Dl 

02 
03 

CPU DATA BUS 04 

Ds 
Ds 
DJ 

,------

~ 17 

~ 10 
BI DIRECTIONAL 

6 BUS DRIVER 

:!:! 21 

8 

PIN CONFIGURATION (TOP VIEW) 

STROBE CON1ROL ---
INPUT 5T5TB .... 1 

HOL~~~KNOWL HLOA .... 2 

WRITE OCNTROL W R.... 3 
DATA BUS INPUT OBIN .... 4 
OCNTROL 

SYSTEM DATA BUS 064" 5 

DATA BUS 04" 6 

SYSTEM DATA BUS OBJ" 7 

DATA BUS OJ" 8 

SYSTEM DATA BUS OB3- 9 

SYSTEM DATA BUS OB2" 11 

DATA BUS 02" 12 

SYSTEM DATA BUS DBa .. 13 

Vee (5V) 
27 .... 1/ OW 1/0 WRITE CONTROL 

26 .... MEMW &l'Mil~WRITE 
25 .... I/OR 110 READ CONTROL 

24 .... MEMR MEMORY READ 
-_ CONTROL 

23 .... 1 NT A INTERRUPT ACKNOI'A.-

22 ..... BU 5E N ~~E ~~:;L~OI~pJ 
DATA BUS 

SYSTEM DATA BUS 

DATA BUS 

18 .. OBs SYSTEM DATA BUS 

DATA BUS 

(OV)GNO _14"'-____ ~ 

SYSTEM OAT A BUS 

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 1 kQ resistor is connected to the 

acknowledge output I NT A. 

- --'"1 
~ 
~ 
~ 

9 

S 

8 

}!l 

DBO 
DBI 
DB2 

DB3 SYSTEM DATA BUS 
DB4 
DBs 
DBs 
DB) 

(OV) GND ; u: DRIVER 'CONTROL 

~ 1 
B 

MEMR ~~~~READ 

MEMW ~~~~ WRITE 
(SV) Vee 

STROBE CONTROL INPUT STSTB 
DATA BUS INPUT CONTROL SIGNAL DB IN 

WRITE CONTROL SIGNAL W R 

HOLD ACKNOWLEDGE SIGNAL HLDA 

28 

~ 
~ 
~ 2 

L-. 

STATUS 

LATCH 
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f=: GATING 

ARRAY 
I70R 1/0 READ CONTROL 

H 
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MSL8228P 

SYSTEM CONTROLLER AND BUS DRIVER FOR MSL 8080A P, 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 
I/O devices. Its flow is controlled .by the gating array. 
The system data bus output is provided with ample load
driving capacity(loL =10mAl. It can be turned to the 
high-impedance state by the bus enable (BUSEN) input 
in order to separate the memory and I/O devices from the 
CPU. 
Status Latch 
Latches status information from the CPU and is used in 
deriving the memory and I/O control signals. Status 

information from CPU terminals 0 0 - 07 is latched at the 
rising edge of STSTB. Terminal STSTB is usually 
connected to output terminal STSTB of the M5L8224P 

clock generator. 

FUNCTION OF THE STATUS SIGNALS 
Data Signal name Status information Functions bus 

Turns high when CPU ac~ 

Do INTA Interrupt acknowledge knowledges interrupt re-
quest by INT. 

0, WO Write mode discriminating 
Turns high when CPU IS in 
read mode, and turns low 
when in write mode. 

Turns high during that part 
of the machine cycle when 

0, STACK Stack 
the value in the stack pointer, 
that is, the address of the 
push down stack is output 
on the address bus. • 
Turns high during that part 

0, HLTA HLT instruction acknowledge 
of the machine cycle when 
the CPU halts on executing 
the HLT instruction. 

Turns high during that part of 
the machine cycle when the 
output port number is carried 

Output instruction to the address bus and the 
D. OUT data is carriedtothedata bus. 

acknowledge The output port number is 
output on both the upper and 
lower eight bits of the ad-
dress bus at the same time. 

Turns high during that part 

0, M, M, of the machine cycle when 
the CPU fetches the first byte 
to the instruction. 
Turns high during that part 
of the machine cycle when 
the input port number IS 

carried to the address bus 

D. INP Input instruction and the data bus becomes 
acknowledge the input mode. The input 

ggll, 7~~~~p~~ ~~~Ib:e~ 
eight bits of the address bus 
at the same time. 

Turns high during that part 

0 7 MEMR Memory read 
of the machine cycle when 
the data bus is utilized to 
fetch the memory contents. 

Gating Array 
Memory and I/O control signals are generated from this 
circuit after logically combining the contents of the status 
latch and signals DBIN, WR and HLOA from the CPU. 

The relationship between the CPU status information 
and the M5L 8228P control signal is tabulated below. 

STATUS INFROMATION AND THE TYPES OF THE 
MACHINE CYCLES 

Sta~mber 
information i 2 3 4 5 6 7 8 9 10 

0; " " C 07 

" 
07 

07 {i '0 07 '0 
.;;; " '0 i .j :0 ~ ~ 1 1 '0 ~ 1 i ·i 3 ~ c ~ ~ 

c 
.c 1;; 0 2-

~ g~ 
2-;; U 0 1\ " 0 ~ ~ ~ '0 2 E 3l c. g. g.J!: E u 

.s ro '5 
0 

~ ] ~ ~ 
:; 

i~ 
~ 0; 0 

<t 
z :g r 

.s~ 

Do INTA a a a a i a 1 a 0 a 
0, WO i i I i i i 1 a a a 
0, STACK a a i a a a a a 1 a 
0, HLTA a a a a a I 1 a a a 
D. OUT a a a a a a a a a I 

0, M. i a a a 1 a i a a a 
D. INP a a a 1 a a a a a a 
0 7 MEMR 1 1 1 a a i a a a a L JJ-L I(OW 

MEMW 

MEMW 

INTA 

(NONE) 

INTA 

I(OR 

MEMR 

MEMR 
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MSL8228P 

SYSTEM CONTROLLER AND BUS DRIVER FOR MSL aOaOA P, S CPU 

Use Of TerminallNTA 
1. When Interrupt Instruction is Applied Externally 

Fig. 1 Typical external interrupt instruction 

M5L8228P 

INTA 

TO SYSTEM DATA BUS 
087 DB, DBs DB. DB] DB2 OS, DBc 

INTERRUPT INSTRUCTION 

( M53325P X 2 ) 
OR M5L 8212Px 1 

Fig. 2 In case priority is given to an interrupt instruction 
TO SYSTEM DATA BUS 

DBl DB6 DBs 094 003 082 OBI DBo 

TO TERMINAL 
INT OF CPU 

I 

INTERRUPT INPUT 

Fig. 3 Typical M5L 8228P connection 

PRIORITY ENCODER 

(M53348P) 

(5V)VCC~ INTA 

(OV)GNO~ 
lOR 21 22 

HLOA 
T 

BUSEN 
2 

HLOA lOW 

WR 18 3 
WR 

17 4 MEMR 
OBIN OBIN 

MEMW 
6 8 

07 CO~WJtfER OB7 07 
5 21 

06 06 AND BUS OB6 
CPU 4 19 DRIVER 

05 05 M5L8228P OBs 
M5L8080AP 

04 
3 6 

04 OB4 

03 
7 10 

03 OB3 

02 
8 12 

02 OB2 

0, 
9 17 

0, DB, 
10 15 

Do OBo Do 
STSTB 

1r 

2. When Interrupt Instruction is Generated from the 
M5L8228P 

When terminallNTA is connected to the 12V line through 
a 1kO resistance, an instruction coded "FFle" (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 ofthe status latch within the M5L8228P 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 =De ="1" is latched, as the pull-up 
resistance is connected with D2 and De in the M5L8228P. 

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 BUS EN turns high-level, all.the data bus buffers 
and control output buffers of the M5L 8228P 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 

23 1kQ ! 
"r-- ""'-- } I OR 

27~5.1~ 
~ 5.1~QOW DATA BUS (MEMORY 1/01 

24 MEMR 

26~5.1~ 
MEMW 

7 
OB7 

20 
OB6 XTAL 

18 

1£OH2 

OBs 
5 OB4 

CONTROL BUS 9 
OB3 (MEMORYI/OI 

XTAL2 XTAL 1 
11 

OB2 
16 DB, 
13 

OBo 

STSTB 7 
STSTB 

CLOCK GENERATOR 
AND DRIVER 

M5L8224P 
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MSL8228P 

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 

Vee Supply voltage 7.0 V 

V, Input voltage, Do~D7 and STSTB input Vee V 

V, Input voltage. all other inputs 7,0 V 

Vo Output voltage Vee V 

Pd Power dissipation 1.0 W 

Topr Operating free-air temperature 0-75 ·C 

Tstg Storage temperature -55-125 ·C 

RECOMMENDED OPERATING CONDITIONS (Ta=O-75°C unless otherwISe noted) 

limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4,75 5,0 5 25 V 

10H High-level outpvt current. 00- 07 outputs -10 IJ-A 

10H High-level output 'current. 311 other outputs --1 mA 

10L Low-level output current, Do -- D7 outputs 2 mA 

10L low-level output current. all other outputs 10 mA 

ELECTRICAL CHARACTERISTICS (Ta = 0-75·C. unless otherwISe noted) 

Symbol Parameter 
Limits 

Test conditions Unit 
Min Typ Max 

V,H High-level input voltage 2,0 V 

V,L low-level input voltage 0 a V 

V'c Input clamp voltage Vee=4,75V, l,e=-5mA --1,0 V 

High-level output voltage, Oo~ 07 outputs 
Vee-4,75V, V'H-2,OV, V,L - 0, av, 

3,6 

VOH 
IOH=-10"A 

V 

High-level output voltage. all other outputs 
Vee=4,75V, V'H=2 OV, V'L=O av, 

2,4 
IOH=-1mA 

00--07 outputs 
Vcc=4,75V, VIH=2 OV, V'L=O av, 

Low-level output voltage. 0,5 
IOL~2mA 

VOL V 
Low-level output voltage. ell other outputs 

Vee=4,75V, V'H=2 OV, V'L=O, av, 
0,5 

IOL=10mA 

Three-state output current 
Vce=5,25V, V'H=2, OV, V'L=O av, 

20 

10Z 
Vo~5 ,25V 

Three-state output current 
Vee=5,25V, V'H=2 OV, V'L=O, av, "A 

-20 
Vo=0,5V 

High-level input current. STSTB Input 100 

IIH High-level input current. DBo~OB7 inputs 
VcC=5,25V, V'H~4,5V, V'L=OV, 

20 IJ-A 

High~level input current, all other inputs 
V,=5,25V 

100 

Low-level input current, STSTB Input -0,5 

Low-level input current. 02, 06 inputs Vec=5,25V, V'H=4,5V, V'L=OV, ~O, 75 
IlL mA 

Low-level input current, Do, 01, 04, 05, 07 inputs V,=0,5V -0,25 

Low-level input current, all other inputs - 0,25 

los Short-circuit output current (Note 3) Vee=5,OV, V'H=4,5V, V'L=OV -15 - 90 mA 

II(INTA) I NT A terminal current Voo=12V, RL=1kQ ±10% 5 mA 

Icc Supply current from Vee Vee=5,25V, V'H=4,5V, V'L=OV 190 mA 

Note 1: All voltages are with respect to GND terminal. Reference voltage (p!n 14) IS considered as OV,and all maximum and mln!mum values are defined In absolute values 

2 Current flowing into an Ie 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) 

Symbol 

tw(STSTS) 

tsu (OA) 

tSU(OS) 

lh(DA) 

th(DS) 

8-26 

Parameter 

STSTB pulse width 

DO~D7 setup time with respect to STSTB 

DBo~OB7 setup time with respect to HLOA 

Do ~ ~7 hold time with respect to S T S T B 

DBO~DB7 hold time with respect toHLDA 

Test conditions 

• MITSUBISHI 
.... ELECTRIC 

Limits 
Unit 

Min Typ Max 

22 ns 

a ns 

10 ns 

5 ns 

20 ns 
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MSL8228P 

SYSTEM CONTROLLER AND BUS DRIVER FOR MSL 8080A P, S CPU 

SWITCHING CHARACTERISTICS (Ta = 25"C, Vee = 5V. unless otherwise noted) 

limits 
Parameter Test conditions (Note 4) 

Min Typ 

tPHL(STSTB' MEMR} 
High-to-Iow-Ievel output propagation time, from input 

20 
STSTBto output MEMR, liaR and INTA VIH=4.5V. VIL=OV, 

t PLH(OBIN- MEMR) 
Low-to-high-Ievel output propagation time. from input CL=100pF. RL1=500Q. RL2=1kQ 

DBINto output MEMR, liaR and 

tPZL(OBIN-O} 
Z-to-Iow-Ievel. Z-to-high-Ievel, high-to-Z-Ievel 

tPZH(OBIN·O} 

tpHZ(OBIN'D} 
and low-to-Z-Ievel output propagation time, from 

t PLZ(OBIN-O} 
input DBIN to outputs 00-07 CL=25pF, RL1 =4kQ. RL2 = OClQ 

tPHL(OB-O} High-to-Iow-Ievel and low-to-high-Ievel output propagation 

tPLH(OB-O} time, from inputs oBO-DB7 to outputs OO-D7 

tPHL(WR-MEMW} High-to-Iow-Ievel and low-to-high-Ievel output propagation 
5 

time, from inputWR to outputs MEMW and I/OW t PLH(w;[' MEMW} 

t PZL(STSTB- OBI Z-to-Iow-Ievel and Z-to-high-Ievel output propagation 

tpZH(STSTB-OB) time, from input ST STB to outputs OBo- DB? 

tPHL(O-OB} High-to-Iow-Ievel and low-to-high-Ievel output propagatIOn 
5 

tPLH(O-OB} time. from inputs 00-07 to outputs OBo-oB7 

t~ZL(BUSEN-OB} 
CL= 100pF. RL1 = 500Q. RL2~1kQ 

tPZH(BUSEN-DB} 
Z-to-Iow-Ievel. Z-to-high-Ievel. high-to-Z-Ievel and 

low-to-Z-Ievel output propagation time. from input 
t PHZ(BUSEN-OB) 

BUSEN to outputs OBo-OB7 
tPLZ(BUSEN·OB) 

tPLH(HLOA-MEMR) 
Low-to-high-Ievel output propagation time. from input 

HLDA to outputs MEMR. )IOR and }NTA 

Note 4 : Measurement circuIt: 

TIMING DIAGRAM REFERENCE LEVEL~1.5V 

¢. 

Do-D7 

OBIN 

tPLH(DBIN.-MEMR) 

HLDA 

INTA, i7QR, MEMR -------, 
tPLH(HLDA-MEMR) 

(AT HLDA) 'j----I-r--+", 
DBo-DB7 

~J:;:::::~+~I----------------
(AT WRITE CYCLE) 

Do- D7 
(AT READ CYCLE) 

DBo-DB 

(AT WRITE CYCLE) 

BUSEN 

DBo-DB7 

-----------, ---
_____ 2:~~~~:.:PLH(DB-D»h ..... -,I.r--'-...... ""- ________________ _ 
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Max 
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55 ns 

40 ns 

55 ns 

40 ns 
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MSL8228P 

SYSTEM CONTROLLER AND BUS DRIVER FOR MSL 8080A P, S CPU 

TYPICAL APPLICATION CIRCUIT 

TANK 

OSC 

¢2( TTL) 

RDYIN 

8-28 

RESIN 

12V 
5V 

GND 

GND 

5V 
-5V 

12V 

SYSTEM DMA REO 

SYSTEM INT. REO 

INT. ENABLE 

~01TAL 
14 15 

--Jl XTAL2 XTAL1 11 
TANK ¢, 10 

--11. ase ¢2 

---2 ¢2(TTL! 

--1 4 
RDYIN READY 

-f 1 
RESIN RESET 

9 
~ M5LB224P 

~ 5 
SYNC 

----+ STSTS 

r 

2 

20 

11 

28 

13 
HOLD 

14 
INT 

16 
INTE 

22 
15 ¢' 

¢2 

~ WAIT 
23 

READY 

12 
RESET 

19 SYNC 

STSTB 

Ao 
25 

AI 
26 

A2 
27 

A3 
29 

A4 
30 

As 31 

A6 32 

A7 33 

As 
34 

s: 35 0'1 A9 r- 1 ex> A 10 
0 40 
ex> AI1 
0 

A12 
37 » 

:c 38 A13 
CJ) A '4 

39 
('") 

A,s 
40 

-0 13 C WR 

DBIN 17 

2141 J HLDA 21 

DO 
10 t 5 HDLA oalN WR 13 

DO 08.0 

0, 9 17 01 OBI 16 

02 
8 12 D2 082 '1 

03 
7 10 03 DB) 9 

04 3 s: 6 0. 5 
0'1 DB. 

05 
4 19 05 r- 085 18 

ex> 
06 5 21 06 '" DBo 20 

'" 07 6 8 0, ex> DB7 7 
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-0 23 

INTA 
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24 

1 26 STSTS MEMW 

22 1/0 R 
25 
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GENERAL DESCRIPTION 

MITSUBISHI LSls 

MSL SOSSAP, S; P-20, 5-20 

SINGLE-CHIP a·BIT N·CHANNEL MICROPROCESSOR 

PIN CONFIGURATION (TOP VIEW) 

CLOCK PULSE { X 1_ 1 

RESET O~~:~~ X2-+ 
RESET OUT ... 3 

oUTPunlj(~k SOD 

:NPunlj(~k SID 

TRR~lilTt~T TRAP 6 

Vee (SV) 

39 "'HOLD HOLD INPUT 
. HOLD 

38 -+ H L D A tb~~S¥"LEDG 

31 -+0 L K gD~~DrULSE 
36 .... RESET INI~E~J.;r 

35 READy:lit-STY 

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 compatible with that 

of the M5L8080A, this device is designed to improve on 
the M5L8080A with higher system speed. 
FEATURES RESTART{'RST 7. ~ 1 34 -+10 / M g~~~~~t~SJfpUT 

• Single 5V power supply 

• Software compatibility with the M5L8080A (with two 
additional instructions) 

• Instruction cycle: 
M5L8085AP, S: 
M5L8085AP-20, S-20: 

1.3,us (min) 
2.0,us (min) 

• Clock generator (with an external crystal or RC circuit) 

• Built-in system controller 
• Four vectored interrupts (one of which is non-maskable) 

• Serial I/O 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 
• 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 

BLOCK DIAGRAM eLK x, 

IN~€~~~rr RST 6.S-+ 

'INPUTS RSTS.S-+ 9 

IN~€~~~rr INTR,-+ 
INPUT 

INTERRUPT 
ACKNOWLEDGE 

OUTPUT 

BIDIREC· 
TIONAL 

ADDRESS 
AND 

DATA BUS 

(OV) 

STATUS 1 I OUTPUT 
READ CONTROL 
OUTPUT 
WRITE CONTROL 
OUTPUT I 
ADDRESS LATCH 
ENABLE OUTPUT 

So 5L~WJ~O 

AS 

ADDRESS BUS 
OUTPUT 

Outline 40P1 (M5L8085AP). 4OS1 (M5L8085AS) 

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 
I/O. For bus control, the device provides RD, WR, and 
10/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. 

iNTA ~~~ ~S~ SOD HLDA READY S, ALE WR AD RESEfiN 
INTR RST TRAP SID HOLD So 101M 

6.5 
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PIN DESCRIPTIONS 

Pin 

As-AI5 

ALE 

So. 51 

RD 

WR 

RST5.5 
RST6.5 
RSn .5 

TRAP 

RESET IN 

RESET OUT 

Xl. X2 

CLK 

IO/M 

READY 

HOLD 

HLDA 

INTR 

SID 

SOD 

8-30 

Name 

Address bus 

Bidirectional address 

and data bus 

Address latch enable 

Status 

Read control 

Write control 

Restart Interrupt 

request 

Trap interrupt 

Reset input 

Reset output 

Clock mput 

Clock output 

Data transfer 

control output 

Ready input 

Hold 

request signal 

Hold 

acknowledge signal 

Interrupt 

request signal 

Interrupt acknowledge 

control Signal 

Serial inp~t data 

Serial output data 

Input or 

output 

Out 

In/out 

Out 

Out 

Out 

Out 

In 

In 

Functions 

Outputs the high-order 8 bits of the memory address or the 8 bits of the I/O address. 
It remains in the high-impedance state during the HOLD and HALT modes. 

The low-order (I/O address) appears during the first clock cycle. During the second and third clock cycles, it becomes 

the data bus. It remains in the high-impedance state during the HOLD and HALT modes 

This signal is generated during the first clock cycle. to enable the address to be latched into the latches of pe
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: 

HALT 
WRITE 
READ 
FETCH 

51 So 
o 0 

o 1 
1 0 
1 1 

The 51 signal can be used as an advanced A/IN status. 

Indicates that the selected memory or I/O address is to be read and that the data bus is active for data transfer. 

It remains in the high·lmpedance 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 

WA. It remains the high·impedance state during the HOLD and HALT modes. 

Input timing is the same as for INTR for these three signals. They aU cause an automatic insertion of an internal 
RESTART. RST 7.5 has the highest priority while RST 5.5 has the lowest. All three signals have a higher priority 

than INTR 

A non·mas~able restart Interrupt which is recognized at the same time as an INTR It is not affected by any mask 

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 

In and HLD~ 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. 

Out 

In 

Out 

Out 

This 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 

These 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 . 

Clock pulses are available from this pin when a crystal or CR circuit is used as an input to the CPU. 

This signal indicates whether the read/write is to memory or to I/Os. 

It remains in the high·ipedance state during the HOLD and HALT modes 

When it is at high-level during a read or write cycle the READY mdicates that the memory or peripheral is ready 

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. 

When the CPU receives a HOLD request, it relinquishes the use of the b~ses as soon as the current machine 

In cycle is completed The CPU can regain the use of buses only after the HOLD state is removed Upon acknow

ledging the HOLD signal, the address bus. the data bus, RE, WR and 101M lines are put in the high· impedance state. 

By this signal the processor acknowledges the HOLD request signal and indicates that it will relinquish the buses in 

Out the next clock cycle. The signal IS returned to the low-level state after the HOLD request is completed The 

processor resumes the use of the buses one half clock cycle after the signal HLDA goes low. 

In 

Out 

In 

Out 

This signal is for a general purpose interrupt and is sampled only during the last clock cycle of the instruction 

When an interrupt is acknowledged. the program counter (PC) is held and an INTA signal is generated. During this 

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. 

This signal is used Instead of AD dunng the instruction cycle after an INTR is accepted. 

This is an input data line for serial data, and the data on this fine is moved to the 7th bit of the accumulator 

whenever a RIM instruction is executed. 

This is an output data line for serial data. The output SOD may be set or reset by means of the 51M instruction. 

'.MITSUBISHI 
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STATUS INFORMATION 
Status information can be obtained directly from the 

M5L 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/ilil cycle 
status signal is also obtained directly. Decoded So and 

S,signals carry: 

HALT 

WRITE 

READ 

FETCH 

S, 
o 
o 

So 
o 
1 

o 

S 1 can 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 1/0 
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 non mask

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: 

I nterrupt Address 
TRAP 24,6 
RST 5.5 2C'6 
RST 6.5 34'6 
RST 7.5 3C'6 

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 

M1 

T1 T2 T3 T4 

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 I/O 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 

I/O port address is stored in both the address bus and the 

address/data bus during the I/O write and read cycle. To 

enable the M5L8085A 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 
M2 M3 

T1 T2 T3 T1 T2 T3 

CLK - Lr ~ ~ LJ L.r1--J 
As-A1S A - ~ ADO-AD7 X PCL 

~ ALE 

- -
RD 

WR 

101M - 1\ 
STATUS - ~ - t-" 

PCH HIGH·ORDER ADDRESS )( (PCL + 1 ) H HIGH·ORDER ADDRESS X. 
.--i~I_ INSTRUCTION 

(PC+1) L - OUT OUT n 
- INST!CTiON"F'ETCH- - -- -- - SECOND WORD 

~ (OUT n) 

\ I 

S1=1, So= 1 (FETCH) 

\ 

X 1,0 (READ) 
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MACHINE INSTRUCTIONS 
Instruction code 

~~ Instr Mnemonic 
0201 00 ~~~~~ class 

0706 DsD.DJ 

MaY ,1.r2 01 DDD S S S 
MaY M •• 01 1 1 0 S S S 
MaY • .M 

01 DDD 1 1 0 
MYI '. n 00 D D D 1 1 0 

<112> 
MYI M. n 00 1 1 0 1 1 0 3 • 

<"'> 
LXI a.m 00 000 00 1 o 1 

<112> 
<110> 

LXI D.m 00 01 0 00 1 1 1 
<112> 
<aa> 

LXI H.m 00 1 0 0 00 1 
• 1 <112> 

<110> 

i 
LXI .P,m 00 1 1 0 o 0 1 

• 1 <112> 
<112> 

~ SPHL 1 1 1 1 1 00 1 F • 
rn STAX a o 0 000 o 1 0 o • 
1;; 

STA~ D 00 o 1 0 0 1 0 1 • 0 
LDAX a o 0 00 1 0 1 0 o A 
LDAX D 00 o 1 1 0 T 0 T A 
STA m o 0 1 1 0 o 1 0 • • 

<112> 
<112> 

LDA m 00 1 T T o 1 0 3 A 
<112> 
<8s> 

SHLD m 00 1 00 01 0 • • 
<112> 
<112> 

LHLD m 00 1 01 o T 0 2 A 
<112> 
<112> 

XCHG T 1 T 01 0 T 1 E a 
XTHL -, 1 1 00 0 1 1 E 3 

I;~~ 
, 1 0 ~ g g ~ ~ ~ M 1 0 • • ADI n 1 1 o 00 1 1 0 C. 

<112> 
ADC · 1 0 o 0 1 S S S 
ADC M ' 1 0 o 0 1 1 1 0 

• E ACI n 1 T 001 1 1 0 C E 
<112> 

DAD a 00 001 001 o 0 
DAD D 00 o 1 T 00 1 1 • 
DAD H 00 1 01 o 0 1 2 • 
DAD S. 00 1 T 1 00 1 

• 0 ~ sua , 1 0 o 1 0 S S S 
~ SUa M 1 0 o T 0 1 1 0 • • E SUI n 1 1 o 1 0 1 1 0 D • 
8 <112> 

e SBO , 1 0 o 1 1 S S S 
sa. M 1 0 o 1 1 1 1 0 

• E '0, sa, n 1 T o 1 1 1 T 0 D E g 
<112> 

d ANA , 1 0 1 00 S S S 
.~ 

ANA M 1 0 1 o 0 1 1 0 AS 

~ ANI n 1 1 1 0 0 1 1 0 E • 

~ 
(82) 

XRA , 1 0 1 0 T S S S 
XRA M 1 0 1 01 1 1 0 A E 
XRI n 1 T 1 0 T 1 1 0 E E 

(82) 
ORA , 1 0 1 1 0 S S S 
ORA M 1 0 1 1 0 1 1 0 a • 
ORI n 1 1 1 1 0 1 1 0 F • 

(82) 
CM. · 1 0 1 1 1 S S S 
CM. M 1 0 1 1 1 1 1 0 a E 
C., " 1 1 1 1 1 1 1 0 F E 

<"'> 
I NR , o 0 D D D 1 0 0 

c I NR M 00 T 1 0 TOO 3 4 

~ ~~: 
, 00 D D D 1 01 

'" 
M 00 1 1 0 1 0 1 • • CoU : ~~ a o 0 o 0 0 01 1 o 3 

ti~ D 00 o 1 0 0 1 1 1 3 
'0,:;::'- I NX H 00 1 0 0 0 1 1 

• 3 '"c INX s. 00 1 1 0 0 1 1 3 3 a:~ u .. X a 00 o 0 1 0 T 1 o a 
~ DCX D o 0 o 1 1 0 1 1 1 a u 
,S DCX H 00 1 0 T o 1 1 

• a DCX S. 00 T 1 1 01 1 3 a 
IRLC o 0 o 0 0 1 T 1 07 

~o8 RRC o 0 00 1 1 T 1 OF 
cncn~ 
c?:SE~ 

*~~ RAL o 0 0'1 0 1 1 1 1 7 

~8~ RAR o 0 o 1 1 1 1 1 1 F 

Accumu CMA o 0 1 0 1 1 T 1 2 F 
compen . DAA o 0 1 00 1 1 1 

• 7 Carry set S1C o 0 1 T 0 1 1 1 3 7 
C 0 1 1 T 1 1 1 

• F 

8-32, 

i:l ;:. ~ .0 

'0 '0 '0 
0 0 0 
Z Z Z 

4 1 1 
7 1 2 
7 1 2 
7 2 2 

10 2 3 

10 3 3 

10 3 3 

10 3 3 

10 3 3 

6 1 1 
7 I 2 
7 T 2 
7 1 2 
7 1 2 
13 3 • 
13 3 4 

16 3 5 

16 3 5 

4 1 1 
16 1 5 

• 1 
7 I 2 
7 2 2 

• 1 1 
7' I 2 
7 2 2 

10 1 3 
10 1 3 
10 1 3 
10 I 3 
4 1 1 
7 I 2 
7 2 2 

4 I 1 
7 1 2 
7 2 2 

• I 1 
7 1 2 
7 2 2 

• I 1 
7 1 2 
7 2 2 

• 1 1 
7 1 2 
7 2 2 

4 1 1 
7 1 2 
7 2 2 

4 1 1 
10 1 3 

• I 1 
10 1 3 
6 1 1 
6 1 1 
6 1 T 
6 1 1 
6 1 1 
6 1 1 
6 1 1 
6 I 1 
4 1 1 

4 1 I 

4 1 1 

4 1 1 

4 I 1 
4 1 1 

• 1 1 
4 1 1 

Functions 

(r1)-(r2) 
(M)~(d Where. M~(H) (Ll 
(')~(M) Where. M~(H) (Ll 
(r)-n 

(M)~" Where. M~(H) (Ll 

(0)-<82) 
(8)-<83) \lVhere, m = <83) (82) 

(E)-<Bl) 
(0)-<83) Where, m = (83) <82) 

(L)"-<Bz) 
(H)-<B3) Where. m = <83) (82) 

(SP)-m 

SP - H L 
«B)(C) )~(A) 
«0) (E) )~(A) 

(A)~ «B)(C» 
(A)~ «O)(E» 
(m)~(A) 

(A)~(m) 

(m)~(L) 
(m+1)-(H) 

(L)~(m) 
(H) ---(m+l) 

H L - 0 E 
(H) (L) -( (SP)" 1) «SP» 

A ...... A + r 
(A) -(Al+(M) Where, M =:: (H) (L) 
(A)-(A)+ n 

(A)-(A)+(r) +(CY2) 
(Al -(A) +(M) +(CYz) Where, M-=:(H) (L) 
(A)-(A)+ " +(CYz) 

(H) (L) ~(H) (L) t(B) (C) 
(H) (L) ~(H) (Ll+(O) (E) 

(~) (~) :~~~ ~~):~~~~L) 
(A)~(A) (d 
(A)~(A)--(M) VVhere, M=(H) (L) 
(A)-(A)- " 

(A)-(A) (e) (CYz) 
(A) ~ (A)-(M)-(CY') Where, M = (H) (L) 
(A)-(A)- " -(Cyz) 

(A) - (Al A(d 
(A) -(A) A(M) Where, M=(H)(L) 
(A) ..... (A)" n 

(A)-'(A)V(d 
(A) -(A)V(M) Where. M = (H) (L) 
(A) --(A)...,. n 

(A)-(AlV(,) 
(A)~(A) V(M) Where. M=(H) (Ll 
(A)-(A) v " 
(A) (d 

~ Compare; Where .. (A) - (M) M~(H) (Ll 
(A) - " 
(r)-(r)+l 
(M)~(M)+I. Where. M -= H) Ll 

(~,,:~~~-: Where. M~(H) (Ll 

~~~ ~~l: ~~~ ~~~ :: 
(H!i~~: ~~~~~)t 1 

(B) (0) ~ (B) (C) 1 
(O)(E)~(D)(E)-l 

(H!i~l: ~~~~~),-1 
Left shift CY2 D-----{A7A& ......... .... A1A~ 

Right shift Cy,Q iA7A6 .............. A1AO~ 
~ 

Left shift on Q------1 A 1 A6" ............ A1Ao It-J 

Right shift CYz Q-------!I A7 A6" .......... A'AOf-j 

(A)--TA! 
Results of binary addition are ad usted to BC 

Cyz _ 1 

(CYz)- y, 

• MITSUBISHI 
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Flags Address bus Data bus 

S Z P CYZCYI Contents 
Mach 

Contents I/O ~;,~~;, cycle· 

x x X X X 
X X X X X M M. (d 0 'M. 
X X X X X M M. (M) I M. 
X X X X X <B2) I M. 

X X X X X M M. (82) I 'M. 

X X X X X <B2) I M, 
<B3) I M, 

X X X X X (82) I M, 
(83) 1 M, 

X X X X X (B2) 1 M, 
(83) I M, 

X X X X X (82) I M. 
(B3) I M, 

X X X X X 
X X X X x (B) (C) M. (A) a M. 
X X X X X (O)(E) M. (A) 0 M. 
X X X X X (B) (C) M. iLB) (C» 1 M. 
X X X X x (O)(E) M. ( 0) (Ell I M. 
X X X X X m M. (A) 0 M. 

X X X X X m M. (m) 1 M. 

X X X X X m M. (Ll 0 M. 
m+l M. (H) 0 Ms 

X X X X X m M. (m) 1 M. 
m+l Ms (m+1) I Ms 

X X X X X 
x x x x x ~~:~+1 M, (i~~1~ I M, 

M, 1 M, 

I~~~~~ M M. (M) 1 M. 
00000 (82) I M. 

00000 
01:)000 M M. (M) 1 M. 

00000 (8z) I M. 

x x x o X 
x x x o X 
x x x 0 X 
X X X 0 X 
00000 
00000 M M. (M) I M. 
00000 (8z) 1 M. 

00000 
00000 M M. (M) I M. 
00000 {8z) 1 M. 

000 0 T 
000 0 1 M M. (M) 1 M. 
000 0 1 (82) I M. 

000 0 0 
000 0 0 M M. (M) 1 M. 
000 0 0 (82) 1 M. 

000 0 0 
000 0 0 M M. (M) 1 M. 
000 0 0 (8z) 1 M. 

00000 
00000 M M. (M) 1 M. 
00000 (8z) 1 M. 

000 x 0 
OOOx 0 M M. (M 1 M. 
000 x 0 
000 x 0 M M. (M) I M. 
x x x x x 
X X X X X 
x X x x x 
X X X X x 
x X X X X 
X X X X X 
x X x x X 
X X x x X 
X X X 0 x 

x X X o x 

x x x o x 

X X X o x 

x x x x x 
00000 
X X X 1 X 
x x x o x 

* . State IS Tl **: State IS n. 
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~em Instruction code 
~·i·~ Flags Address bus Data bus 
'0 Mnemonic 

Inst~ """ D7D6 DsD4DJ D2 01 Do 16mal ci 
class noteltn z 

JMP m , , o 0 0 o , , 
<I,.> 
<Ill> 

PCHL , , , o , 00' 
JC m , , o , , o , 0 

<Ill> 
<Ill> 

JNC m , , o , 0 o , 0 
<Ill> 
<Ill> 

JZ m , , o 0 , o , 0 
<Ill> 
<Ill> 

c. JNZ m , , o 0 0 o , 0 

~ <1'2> 
<Ill> 

JP m , , , , 0 o , 0 
(82) 

<Ill> 
JM m , , , , , o , 0 

<1'2> 
<Ill> 

JPE m , , , 0 , o , 0 
(82) 

<Ill> 
JPD m , , , o 0 0' 0 

<Ill> 
<Ill> 

CALL m , , 00 , , o , 
<Ill> 
(8S> 

"8T n , , A A A , , , 
CC m , 1 01 1 1 0 0 

(82) 

<Ill> 
CNC m 1.1 o 1 0 1 0 0 

< .. > 
(83) 

~ CZ m 1 1 001 , o 0 

'" 
(82) 

c <Ill> 
S CNZ m 1 , 000 , o 0 
e < .. > .g <Ill> 
(/) CP m 1 1 1 1 0 1 00 

(82) 

<Ill> 
CM m , , 1 1 , 1 o 0 

< .. > 
<Ill> 

CPE m , 1 1 0 1 1 00 
<82> 
<Ill> 

CPO m , 1 1 00 1 00 
<82> 

" •• > 
"ET , 1 001 001 

"C 
, 1 o , , o 0 0 

§ 
"HC 1 1 01 0 000 
RZ , 1 o 0 1 o 0 0 

;; "NZ 1 1 o 0 0 000 
ex: RP , 1 1 1 0 o 0 0 

"M 1 1 , 1 1 000 
RPE , 1 , 0 1 000 
"PD 1 1 , 0 0 o 0 0 

Inpu" 'N n 1 1 o 1 1 o 1 1 

output < .. ' 
OUT n 1 1 o 1 0 o 1 1 

control < .. > 
Interrupt EI 1 , 1 1 1 o 1 1 
control 01 1 , 1 1 0 01 1 

IPUSH paw 1 , 1 1 0 , o 1 

PUSH a 1 , o 0 0 1 0 1 

PU·SH 0 1 , o 1 0 1 0 , 

e 
C PUSH H 1 , 1 00 1 o , 

8 
pOP PSW 1 , 1 , 0 00 , 

u 
5 
(/) POP a 1 , 000 00 , 

POP 0 1 , o , 0 00 , 

POP H 1 1 , 00 00 , 

Others 
HLT o , , 1 0 1 , 0 
NOP o 0 o 0 0 000 

00 R1M 00 1 00 000 c 
-0 
m-U 
~~ 
.~.!:: 81M 00 1 1 0 000 

Symbol Meaning 

Register 

Two·byte ·data 

One-byte data 

(82) Second byte of InstructIOn 

(83) Third byte of instruction 

AAA Binary representation for RST Instruction n 

a-bit data from the most to the least 
significant bit S, Z,~. CY1.~ P,X, CY2 

PC Program counter 

SP Stack pOII~ter 

C. 10 

E. S 
DA 0/1 

D. 10/1 

CA 10/1 

c. 10/1 

F. 10/1 

FA 10/1 

E A 10/1 

E. 10/1 

CD 18 

12 

DC 18/9 

D. 18/9 

CC 18/9 

C. 18/9 

F • 18/9 

F C 18/9 

E C 18/9 

E. 18/9 

C. 10 

D8 12/6 
DO 12/6 
C8 12/6 
CO 12/6 
F 0 12/6 
F 8 12/6 
E8 12/6 
EO 12/6 
Da 10 

D. 10 

F B 4 
F, 4 
F 5 12 

C5 12 

D5 12 

E. 12 

F 1 10 

C 1 10 

D 1 10 

E 1 10 

7. 5 
00 4 

20 4 

3 4 

'0 
0 z 
3 

1 
3 

3 

3 

3 

3 

3 

3 

3 

3 

1 

3 

3 

3 

3 

3 

3 

3 

3 

1 

1 
1 
1 
1 
1 
1 
1 
1 
2 

2 

1 
1 
1 

1 

1 

1 

1 

1 

1 

I 

1 
1 

1 

1 

'0 Functions Mach Mach 
0 5 Z P CYzCy, Contents cycle- Contents I/O cycle·· Z 
3 (PC)·-m x x x x x (82) I M. 

(83) 1 M3 

1 PC .0--- H) L) x x x x x 
3/2 (on) -, x x x x x 

3/2 (CYz)=o If condition is true x x x x , If cond1tion is true. 
(PC)---m 

3/2 I Z )= 1 X X X X X (82) I M. 
(83) 1 M3 

3/2 I Z )=0 x x x x x 

3/2 ( 5 )= 0 If condition is false x x x x x 
(PC)-- (PC) I 3 

3/2 ( 5 )= 1 X X X X X 

3/2 ( P )= 1 X X X X X 

3/2 ( P )= 0 x x x x x 

5 «SP) - 1) «SP) 2)<--(PC) t3, (PC)--m x x x x x <82> I M. 

(sp) -- (SP)-2 M. 
<83) I M3 

(sp)- , (PC)+3 0 M. 
(SP)-2 M. (PC)+3 0 M. 

3 (eSp) -1) «SP)--2)-(PC) t-1. (PC)-nX8, x x x x X (SP)-1 M. ~g:: 0 M. 
(SP) -- (SP)-2 Where O~n~7 esp) - 2 M 0 M. 

5/2 (CYZ)-l x x X x x 

I 5/2 (CYz) = 0 x x x x x 
If condition is true. If condition is true. 

5/2 ( z )=, «SP) -1) «SP) -2).-(PC) t 3 x x X x x (82) I M, 
(83) 1 M3 

(PC)<-m (SP)-1 M. (PC) +-3 0 M. 
5/2 ( Z )= 0 x x x x x 

(Sp) ..... (SP) 2 (SP) ·-2 M. (PC) +-3.0 M. 

5/2 ( 5 )= 0 x x x x x 

5/2 ( 5 ) "", If conditIon is false x x x x x 

(PC)"-(PC) t 3 
5/2 ( P )= 1 X X X X x 

5/2 ( P )= 0 x x x x x 

3 (PC) -( (SP) r1) I (SP)). (5P)-(SP) + 2 x X X X x (SP) M. «5P) ) 1 M. 
eSP)+ 1 M. ( (SP)+1) 1 M. 

3/1 ICy,) 1 Ilf condi'ion IS "ue. x x x x x If condition is true 
311 (CY2) = 0 x x x x X 
311 I Z )=1 (PC)-«SP)t1) liSP)) x x x x x (SP) M. «SP) ) 1 M. 
3/1 I Z ) = 0 (SP)-(SP)t2 X X X X x (SP)+ 1 M. ilSP)+11 1 M. 
3/1 ( 5 )=0 r x x x " X 
3/1 ( S ) = 1 If condition is false x x x x X 
3/1 (P )=1 (PC)...-(PC)+1 x x x x X 
3/1 P -0 x x x x x 
3 A)"'- (Input buffer) 0- (Input device of number n) x x x x x (82) 0 M. 

(Input data) (82) 82) M. (Input data) 1 M. 
3 (Output device of number n) 0- (A) X x x x x 'c";l 0 M. 

(82)<82) M, 0 M. 
1 ~:~;~~:~ x x x x x 
1 X x X X X 
3 . ~~~~) -?s;i~;' «SP) 

2)-(F) x x x x x (SP) 1 M. (A) 0 M. 
(SP)-2 M. (F) 0 M. 

3 «SP)-I) -(9). «SP)-2) -(C) x x x x x (SP)-1 M. (9) 0 M. 
(SP) , (SP)-2 (SP)-2 M. (C) 0 M. 

3 «SP)-1) - (D). «SP)-2) -(E) x x x x X (SP)-1 M. (0) 0 M. 
(SP) -(SP)-2 (SP)-2 M. (E) 0 M, 

3 «SP)-1) - (H). ( (SP) -2) - (Ll x x x x 
x ~~:l::: M. (H) 0 M. 

(SP) - (SP)-2 M. (L) 0 M. 
3 (F) - «SP) 1. (A) -( (SP)+1) 00000 (SP) M. (SP) ) 1 M. 

(SP) ...- (SP) +2 (SP)+l M. { (SP)+l) 1 M. 
3 (C) -( (SP)). (9) - «SP) >1) x x x x x (SP) M. «SP) ) 1 M. 

(SP) -- esp) +2 (SP)+l M. ilSP) +1) I M. 
3 (E) -( (SP)). (D) - «SP)+I) x X x x x (SP) M. «SP) ) 1 M. 

(SP) ..... esp) +-2 (SP)+ 1 M. ilSP)+I) I M. 
3 (L) -( (SP) 1. IH) -( (SP) >1) x x x x x (5P) M. «SP) ) 1 M. 

SP -- SP +2 SP + 1 M. SP +1 I M. 
1 PC) :-~:gl~~ x x x x X 
1 (PC) x x x x x 

All RST interrupt masks. any pending RST interrupt 
1 requests. and the serial input data from the SID pin x X x X x 

are read into the accumtator. 
Mask is enabled (or disabled) to the RST interrupt 

1 
corresponding to tlie contents (bit pattern) of the 
accumulator. The serial output is enabled and the X X X X X 

serial output bit is loaded into the SOD latch. 

*. State IS Tlo .* : State IS T20 

Symbol Meaning Symbol Meaning 

Bit pattern Register 
Data is transferred In direction shown 

555 Contents of register or memoy location 
designating or or 
register or memory DOO InclUSive OR 

555 memory. B o 0 0 
..,. Exclusive OR 

C o 0 1 logical AND 
or D o 1 0 

1's complement 
DDO E o 1 1 

H 1 o 0 X Content of flag IS not changed after execution 
L 1 01 '0 Content offlag IS set or reset after execution 

Where M 1 1 0 
M ~(H)(L) A 1 1 1 Input mode 

Output mode 

8 33 



MSL 808SAP, 5; P-20, 5-20 

SINGLE-CHIP a-BIT N-CHANNEL MICROPROCESSOR 

INSTRUCTION CODE LIST 

-D. 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

Hex-
0,- adeclmal 0 2 3 8 A B C o E F 

notation 

MOV MOV MOV MOV ADD SUB ANA ORA 
RNZ RNC RPO RP Nap (-) RIM SIM 0000 o 

B B B B B, B 0, B H, B M, B 

MOV MOV MOV MOV ADD SUB ANA ORA POP POP POP POP 
0001 

0010 2 

0011 

0100 

0101 

0110 6 

B, C 0, C H, C M,C C C C C 

MOV MOV MOV MOV ADD SUB ANA ORA 

B,D 0,0 H,D M,D o o o o 

INX INX INX INX MOV MOV MOV MOV ADD SUB ANA ORA 

B 0 H SP B, E 0, E H, E M, E E E E E 

INR INR INR INR MOV MOV MOV MOV ADD SUB ANA ORA 

B 0 H M B, H 0, H H, H M, H H H H H 

OCR OCR OCR OCR MOV MOV MOV MOV ADD SUB ANA ORA 

B o H M B, L 0, L H, L M. L 

MOV MOV MOV 

B,M D,M H,M 
HLT 

L L L L 

ADD SUB ANA ORA 

M M M M 

B o H PSW 

MOV MOV MOV MOV ADD SUB ANA ORA RST RST RST RST 
0111 RLC RAL DAA STC 

B. A 0, A H, A M,A A A A A o 2 6 

1000 (-) (-) (-) 
MOV MOV MOV MOV ADC SBB XRA CMP 

(-) 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 
1001 

B o H SP C, C E, C L, C A, C C C C C 

LDAX LDAX MOV MOV MOV MOV ADC SBB XRA CMP 
LHLD LOA A 1010 o C. 0 E, 0 L. 0 A, 0 o o B o o 

DCX DCX DCX DCX MOV MOV MOV MOV ADC SBB XRA CMP 
B 1011 

SP C, E E, E L, E A. E B o H E E E E 

INR INR INR INR MOV MOV MOV MOV ADC SBB XRA CMP 
C 1100 

C E A C, H E, H L, H A, H L H H H H 

OCR OCR OCR OCR MOV MOV MOV MOV ADC SBB XRA CMP 
11 01 0 

C E L A C, L E, L L, L A, L L L L L 

MOV MOV MOV MOV ADC SBS XRA CMP 
1110 E 

C. M E, M L, M A. M M M M M 

MOV MOV MOV MOV ADC SBS XRA CMP 
1111 F 

C, A E, A L, A A, A A A A A 

This list shows the machine codes and corresponding 

machine instruction. 03- 00 indicate the low-order 4 bits 

of the machine code and 07 - 04 indicate the high-order 

4 bits. Hexadecimal numbers are also used to indicate 

this code. The instruction may consists of one, two, or 

three bytes, but only the first byte is listed. 

8-34 
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MITSUBISHI LSls 

MSL 808SAP, 5; P-20, 5-20 

SINGLE-CHIP 8-BIT N-CHANNEL MICROPROCESSOR 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Limits 

Vee Supply voltage -0.3 7 

VI Input voltage 
With respect to Vss 

-0.3 7 

Pd Power dissipation Ta-25"C I .5 

Topr Operating free-air temperature range 0-70 

Tstg 
I M5L SOS5A5 -65-150 

Storage temperature range 
I M5L SOS5AP -40 125 

RECOMMENDED OPERATING CONDITIONS (Ta= 0 -70·C. unless otherwise notedl 

limits 
Symbol Parameter Unit 

M,n Nom Max 

Vee Supply voltage 4.75 5 5.25 V 

VIH High-level Input voltage 2.2 Vee+0.E V 

VIL Low-level Input voltage -0.3 o .S V 

VIH (RESIN) High-level reset input voltage 2.4 Vee+0.5 V 

VIL IRESIN) Low-level reset input voltage -0.3 o .S V 

ELECTRICAL CHARACTERISTICS (Ta=0-70"C. Veo=5Vt5%. VSs=OV.unless otherwise notedl 

Symbol Parameter Test conditions 

VOL Low-level output voltage IOL=2mA 

VOH High-level output voltage IOH= -400,uA 

loe Supply current from Vee 

II Input leak current except RESIN (Note 1) VI=VOO 

IOZL Output floating leak current 0.45V;;;Vo;;;VOO 

VIH-VIL Hysterlsls, RESIN Input 

Note 1. The input RESET IN is pulled up to VOO with the resistor 3kQ Itypl when VI~VIH(RESIN) 

TIMING REQUIREMENTS (Ta= 0 -70'C. VOO = 5 V ± 5 %. Vss = 0 V. unless otherwise notedl 

M5L SOS5AP. 
Alternative 

Symbol Parameter limits 
symbol 

Mn Typ 

tCIOlK) Clock cycle time TCYc 320 

tSUIDA-AD) DA input setup tl me -tAD -575 

\suIDA-RD) DA Input setup time -tRD -300 

\hIDA-AD) DA Input hold time tRDH 0 

tSU(ADY -AD) READY Input setup time -tAAY -220 

tSUI ADY - CLK) READY Input setup time -tAYS 110 

\hIADY-ClK) READY Input hold time tRYH 0 

tSUIDA-AlE) DA Input setup time -tLDR -460 

tsuIHlD-ClK) HOLD Input setup time tHDS 170 

to IHlD-CLK) HOLD Input hold time tHDH 0 

tSullNT -ClK) Interrupt setup time tiNS 160 

to liNT -CLK) Interrupt hold time tlNH 0 

Note 2: The Input voltage level of the input voltage level is VIL =0. 45V and VIH= 2. 4V 

• MITSUBISHI 
..... ELECTRIC 

5 

Max 

2000 

Limits 

Mm Typ Max 

0.45 

2.4 

170 

-10 10 

-10 10 

0.25 

M5L SOS5AP-20. 5-20 

Limits 

M,n Typ Max 

500 2000 

-1040 

-590 

0 

-510 

150 

0 

-720 

250 

0 

250 

0 

Unit 

V 

V 

W 

"C 

"C 

'C 

Unit 

V 

V 

mA 

,uA 

,uA 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MSL 808SAP, 5; P-20, 5-20 

SINGLE-CHIP a-BIT N-CHANNEL MICROPROCESSOR 

SWITCHING CHARACTERISTICS (Ta= 0 -70"C, Vcc= 5 V± 5 %, Vss=OV, unless otherwise noted) 

M5L 808SAP, 5 M5L 808SAP-20, 5-20 
Alternative 

Symbol Parameter Limits Limits Unit 
symbol 

Min Typ Max Min Typ Max 

IwlQ[i() elK output low-level pulse width .11 80 170 ns 

IWICLK) eLK output high-level pulse width 12 120 210 ns 

lr(CLK) eLK output rise time Ir 30 30 ns 

If(CLK) eLK output fall time If 30 30 ns 

!dIAO-ALE) Delay time. address output to ALE signal tAL 45 13S ns 

!d(ALE-AO) Delay II me. ALE signal to address output tLA 100 180 ns 

tWIALE) ALE pulse width tLL 140 230 ns 

!dIALE-CLK) Delay II me. ALE to elK tLCK 100 180 ns 

!dIALE-CONT) Delay time. ALE to control signal tLC 130 200 ns 

tOXZIRO-AO) Address disable time from read tAFR 0 0 ns 

lozxIRO-AO) Address enable time from read tRAE 150 210 ns 

!dICONT-AO) ADdress valid time after control signal tCA 120 190 ns 

!d(OA-WR) Delay time, data output to WR signal low 420 670 ns 

!dIWR-OA) Delay time. WR signal to data output two 100 170 ns 

tWICONT) Control signal pulse width tcc 400 670 ns 

!d(CLK-ALE) Delay time. eLK to ALE signal teL 50 120 ns 

!dICLK-HLOA) Delay time. eLK to HLDA signal tHACK 110 180 ns 

IOXZIHLOA-BUS) Bus disable time from HLDA tHABF 240 330 ns 

tOZX(HLDA-BUS Bus enable time from HLDA tHABE 240 330 ns 

!d(CONT-CONT) Control signal disable time tRY 400 6S0 ns 

!dIAO-CONT) Delay time. address output to control signal tAC 240 420 ns 

Note 3 atAg-A15; and IO/M td(AD-cONTjafter the release of the high-impedance state IS lOOns 

4 Conditions of measurement: MSL 8085AP,5 IC(CLK) ;';320ns, CL= 150pF 

M5L 8085AP-20,5-20 tCICLK) ;';SOOns, CL= 150pF 

5 Reference evel for the input/output voltage is VOL ~ O.8V. VOH ~ 2V. 

Parameters described in the timing requirements and 

switching characteristics take relevant values in accord-
ance with the relational expression shown in Table 1 
when the frequency is varied. 

Table 1 Relational expression with the frequency T (tC(CLK)) in the M5L SOS5A 
Symbol Parameter 

tSU(DA-AD) DA Input setup time 

IsuIDA-REi) DA input setup time 

tSUIRDY-AO) READY Input setup time 

Note 6; N Indicates the total number of walt cycles. 

T=tC(CLK) 

8-36 
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MSL 808SAP, 5; P-20, 5-20 

SINGLE·CHIP 8·BIT N·CHANNEL MICROPROCESSOR 

Table 1 (continued) 

Symbol Parameter 

tW(CLK) elK output low-level pulse width 

tW(CLK) elK output high-level pulse width 

td(AD-ALE) Delay time. address output to ALE signal 

td (ALE-AD) Delav time. ALE signal to address output 

tW(ALE) ALE pulse width 

td (ALE-CLK) Delav time. ALE to eLK 

td (ALE-CONT) Delay time. ALE to control signal 

tDZX(RD-AD) Address enable time from read 

td(CONT-AD) Address valid time after control signal 

td (DA-WR) Delay time. data output to WR signal 

td(WR-DA) Delay time. WR signal to data output 

tW(CONT) Control signal pulse width 

td( CONT-ALE) Delay time. CONT to ALE signal 

td(CLK-HLDA) Delay time. elK to HLDA signal 

IOXZ(HLOA-BUS) Bus disable time from HLDA 

IOZX(HLDA-BUS) Bus enable time from HLDA 

td (CONT-CONT) Control signal disable time 

td (AD-CONT) Delay time, address output to control signal 

TIMING DIAGRAM 
Read Cycle 

I Tl 

CLK 

I 

tdCALE-CLK) 

Aa-A15 ) ADDRESS 

Alternative symbol Test conditions 

t 1 

t2 

tAL 

tLA 

tLL 

tLCK 

tLC 

tRAE 

tCA 

tDW 
CL = 150pF 

tWG 

tcc 

tCL 

tHACK 

tHABF 

tHABE 

tRY 

tAC 

T2 I TWAIT 

tsuCDA-AD) 
, 

ADD-AD7 ) ADDRESS "'- Jf/II 

ALE 

tw(ALE) tdCALE- AOlJ tOXZ(AO -lAD) 
tsuc O'A ALE) 

t \ 
td(AO-ALE) 

tsu(OA-AO) 

,I tw(CONTl 
td(ALE - CONT) "-tdCAO-'CONT) 

tsu(POY-AD) 
th(RDY- CLK) 

~SU(ROY CLKif-
J 

READY 

Write Cycle 
T2 TWAIT 

CLK / 
tldIALE-eLK)1 

" 
AB-A'5 J ADDRESS 

I 
ADo-AD7 ) ADDRESS X 

tw(ALE) IdIALE-AD) 1 L tdCOA WR) 

ALE~,~ tdCAO-ALE) 
tw(CONT) 

WR tdCALE-CONT) 

tdCAO-CONT) I 
tsu(ROY-AO) 

READY 

1h ( ROY - CLK) 

\SUCROY CLK1 

• MITSUBISHI 
.... ELECTRIC 

, 

Relational expression (Note 6) Limit 

( '/ 2lT-80 Min 

( '/ 2lT-40 Min 

( '/ 2lT-115 Mn 

( '/ 2lT-60 Min 

( '/ 2lT-20 Min 

(1/2lT -.60 Min 

( '/ 2)T-30 Mn 

( '/ 2lT-l0 Min 

( '/ 2lT-40 Min 

(3/2+ N lT-60 Min 

( '/ 2lT-60 Min 

(3/2+ N lT-80 Min 

( '/ 2lT-ll0 Min 

( 'hlT-50 Min 

( '/ 2lT+80 Max 

( '/2lT+80 Max 

(3/2lT - 80 Min 

T-80 Min 

I T3 I Tl 

td(CONT-AO) 

X. 
thCOA--AO) tozxC AD -AD) 

-~ 

1/1;1/) DATA iN "'-

td(CONT-ALE) 

't 

-¥ 

T3 

/ 

K 
tdCCONT-AO) 

X 
tdCWR-DA) 

I-
I 

td(CONTJALE) 

8-37 



mil ::tUBUjHI L51s 

MSL 808SAP, 5; P-20, 5-20 

SINGL£-CHIP 8-BIT N-CHANNEL MICROPROCESSOR 

Hold Cycle 

T2 T3 THOLD THOLD Tl 

CLK ""\ \ / \ \ 

HOLD t t ,~ 
t su (HLD -CLK) I I' td(OLK-HLDA) 

th(HLD-OLK) -~ 
"\ l tDXZ(HLDA-SUS) 

I 1 tOZX(HLOA-SUS) 

HLDA 

I I. 
BUS (ADDRESS, CONTROLS) ~ 

I I 

Interrupt and Hold Cycle 

Tl T3 T4 Ts T6 I THOLD I Tl T2 

ADo-7 CALL INST 

BUS FLOATING 

ALE 

RDt---------------r---~--------------~L--~r---------

• Ilhd(HLD-CLK) 

HLDA 

------------- tDXZ(HLDA-BUS) 
td(CLK-HLDA) 

HOLD 

------~--:":"'--.~ 

Clock Output Timing Waveform 

tw(CLK) 

8-38 
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MSL 808SAP, 5;P·20, 5·20 

SINGLE·CHIP a·BIT N·CHANNEL MICROPROCESSOR 

TRAP INTERRUPT AND RIM INSTRUCTIONS 
TRAP generates interrupts regardless of the interrupt 

enable filp-flop (lNTE 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 (lNTE 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 

MEMORY 
a-2 ADDRESS 

~2416 
TRAP a-1 (2) 

INTERRUPT- a Nap 

~ 
RET 

(1) a+1 Nap 

a+2 

a+3 RIM 

a+4 RIM 

Below are the explanations of Fig. 2. 
1. The TRAP interrupt request is issued while the instruc

tion in address a is being executed. 
2. The TRAP interrupt causes the same action as an RST 

instruction and then jumps to address 24,6. 
3. It returns to address a + 1 after executing the RET 

instruction. 
Table 2 shows the information in the INTE FF when 

the instructions EI and/or 01 are executed at addresses 

a-1 and a+2. 
Fig. 3 is a flow chart of the TRAP interrupt processing 

routine. 

Fig. 3 TRAP interrupt processing routine 

TRAP 
INTERRUPT ~ a 
REQUEST 

ADD D l:2416 

2716 

CALL 

(x) 

(y) 

RET 

Table 2 TRAP interrupt and RIM instructions 
~mber 

Condition 1 2 3 4 5 6 

Instruction in address a-1 EI EI EI DI DI DI 

Instruction in address a + 2 EI Nap DI EI Nap DI 

Contents of (A13 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 
0+3 

Contents of (Al3 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 
0+4 

Note 3 The contents of (Ab after the excutlon of the RIM Instruction IS 

an information of the INTE FF. The INTE FF assumes state "1" 

when it is in the EI state. and "0" when it is in the 01 state 

Table 3 TRAP interrupt and INTE FF processing 

yx PUSH' SAVING REGISTER 

SAVING INTE FF 

TRAP INTERRUPT 

PROCESSING PROGRAM 

POP 
PSW 

ANI 
08,6 INTE FF RETURN PROCESSING 

JZ 
(xa) 
(xb) 

\ POP- . } RETURNING REGISTER 
\ EI 
\---- RET 

\xbxa POP-' - } RETURNING REGISTER 
'L__ RET 

• MITSUBISHI 
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SINGLE-CHIP a-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 3kO (typ) when the 
condition V,;;:; V IHlRESIN) 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 

Vee 

Fig. 5 RESET IN input current vs input voltage 

(mA) 

O.6r- - - - --
r
Z 
w 
a: 
a: 
::J 
u 
f
::J 
0-

?: 

V,H 

INPUT VOLTAGE 
(V) 

DRIVING CIRCUIT OF Xt AND X2 INPUTS 
Input terminals, X 1 and X2 of the M5L 8085A 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 Fig. 7 Connections when 
crystal is used for RC network is used 
Xl and X2 inputs for Xl and X2 inputs 

1 

10PFI ~ 
X, 

1 
X, 

mo'! T 2 
X2 "'lOkQ 

10PFr 
~ X2 

OSCILLATION FREQUENCY 
A ,- 6 MHz PARALLEL RESONANT OSCILLATION FREOUENCY 
CRYSTAL OSCILLATOR IS USED ABOUT 3MHz 

WAIT STATE GENERATOR 
Fig. 8 shows a typical1-wait state generator for low speed 
RAM and ROM applications. 

Fig. 8 l-wait state generator 

,----r-- READY 
M5L BOB5AP 

RELATION OF RIM AND SIM INSTRUCTIONS WITH 
THE ACCUMULATOR (SUPPLEMENTARY DESCRIP
TION). 
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.s11 6.s11 ssllE 1M7·sIM6.sIMs.sj 
CONTENTS OF 
ACCUMULATOR 

~ ~ 

~ STATE OF INTERRUPT MASK 
("1" WHEN THE MASK IS SET) 

STATE OF INTERRUPT ENABLE 
FLAG ("1" WHEN ENABLE) 

STATE OF UNFULFILLED 
INTERRUPT REQUEST 

17.5 STATE OF PENDING FLlp·FLOP 

165} STATE OF TERMINALS. I 5.5 RST 6.5 AND RST 5.5 

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 81M instruction 
with the accumulator 

7 6 5 4 3 2 1 0 

)I! EI I) ill 01, sl sll 51 CONTENTS OF SOD SSE x R7.S MSE M7.S M6.S MS.5 ACCUMULATOR 

I C MASK SET/RESET OF RST 5.5. 

MASK SET/RESET OF RST 6.5 

MASK SET/RESET OF RST 5.5 
SET = 1 INTERRUPT DISABLE 
RESET = 0: INTERRUPT ENABLE 

MASK SET ENABLE 
ENABLES SET/RESET OF MASKS 
FOR BITS 0- 2. WHEN MSE IS "1" 

RST 7.5 PENDING RESET 
PENDING FLlP·FLOP OF 
RST 75 IS RESET WHEN R7.5 IS ",". 

NOT USED 

SOD SET ENABLE 
VALUE IN BIT 7 IS TRANS' 
FERRED TO SOD LATCH WHEN 
SSE IS ''1''. 

SERIAL OUTPUT DATA 

8-40 
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M58609.04P, 5 

KEYBOARD ENCODER eJiS 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 MaS technology and is packaged 

in a 40-pin OIL package. It 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, V 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-X 7 ) of the 8-bit ring counter and inputs (V 0-

V 10) of the 11-bit comparator are wired to the keyboard to 

form an 8 x 11 (88-cross points) switch matrix. 

When the key connected with Xi and Vi is depressed, a 

path is formed between them. When the level of Vi 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 

BLOCK DIAGRAM PARITY INVERT INPUT 
PI 

--------

STROBE OUTPUT STO 16 

PARITY OUTPUT 

PIN CONFIGURATION (TOP VIEW) 

(5V) Vss 
FREOUENCY CONTROL B F B --. 2 

SHIFT INPUT 

CONTROL INPUT 

PARITY INVERT INPUT 

PARITY OUTPUT B9 <- 7 

DATA OUTPUTS 

Bl <- 15 

STROBE OUTPUT STO<-16 

(OV) VDO 
(-12V) VGG 

STROBE CONTROL INPUTST C--' 19 

DATA STROBE OS 1--' 20 
INVERT INPUT "--1.. _____ .r--" 

Outline 40P1 (M58609-04P) 
4OS1 (M58609-04S) 

FREOUENCY 
CONTROL A 

TO KEYBOARD 
MATRIX 
INPUTS 

FROM 
KEYBOARD 
MATRIX 
OUTPUTS 

to the ring counter and data outputs (8 1-89 ) 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_ 

STROBE CONTROL INPUT 

STC 

DATA OUTPUTS 
3168 (88X4X9) BIT 

MASK-PROGRAMMABLE ROM 

FROM 
KEYBOARD 
MATRIX 
OUTPUTS 

I 
L_ 

TO KEYBOARD MATRIX INPUTS 

• MITSUBISHI 
..... ELECTRIC 

FREOUENCY 
CONTROL A 
FREOUENCY 
CONTROL B 

Fe FREOUENCY 
CONTROL C 
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MS8609·04P, 5 

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT) 

FUNCTION (Data Output and Parity Output) 
The relationships between B,-B8 in the code table and B, 
-B8 in data outputs are shown in Table 1, and those be

tween the parity output B9 and the parity bit, in Table 2. 
The parity bit in the table is defined as a '0' when the 
number of '1 's in the code B ,-B8 is odd and a '1' when it is 

even. 

Table 1 Relationship between code table and data outputs 

Mode selection is shown in Table 3. 

CODE TABLE (JIS C-6220-1969) 

NUMBE 
OF BITS R I 

* B9 B8 

PARITY BIT 

I 
B7 

t 
B6 B5 B, 

0 

0 

0 

0 

0 

0 

0 

0 

1 

I 
1 
1 
1 

1 

1 

1 

B3 B2 
0 0 

0 0 

0 1 

0 , 
1 0 

1 0 

1 1 
I 1 

0 0 

0 0 

0 1 

0 1 
1 0 , 0 
1 1 

1 1 

0 0 
0 0 
0 0 
0 , 

B, ',COL 
ROW', 0 1 

0 0 NUL OLE 
1 1 SOH 
0 2 STX 
1 3 ETX 
0 4 EaT 
1 5 ENQ NAK 
0 6 ACK SYN 
I 7 BEL ETB 
0 B BS CAN , 9 HT EM 
0 10 LF SUB 
1 11 VT ESC 
0 12 FF 
I , 3 CR 
0 14 so 
I 15 SI 

8,-88 Data strobe Data output 
Invert Input 

Code table OSI 8.-88 

1 L H 

1 H L 

0 L L 

0 H H 

Table 2 Parity output 

Parity bit 
Panty Invert Input 

PI 

1 L 

1 H 

0 L 

0 H 

Table 3 Mode selection 

Shift Input Control Input 

S C 

L L 

H L 

L H 

H H 

0 0 0 0 0 0 , 1 , 1 
0 0 , 1 1 , 0 0 0 0 
I 1 0 0 1 1 0 0 1 1 
0 1 0 1 0 1 0 1 0 I 
2 3 4 5 6 7 B 9 '0 11 

SP 0 Ca p -

! 1 A Q 7' 
" 2 B R r ..,-

" 3 C S J ? 
$ 4 0 T ::t: 

% 5 E U oj-

&. 6 F V '7 :JJ 
7 G W 7' '1'-

( B H X l' 7 
) 9 I Y ? 'r 

* J Z I :oJ 

+ ; K ( { .. it 
< L ¥ : .,. y 

- M ) "- A 

> N ~ . 1:! 
/ ? 0 DEL '~ '/ 

* 8gls an odd panty bit for the 8-bit code (8t ~B8) 

Logic 

Positive logic 

Negative logic 

Positive logic 

Negative logic 

Parity output 

89 

H 

L 

L 

H 

Selected mode 

1 

2 

3 

4 

1 , , 1 
1 1 1 , 
0 0 1 , 
0 1 0 1 
12 13 14 15 

:!J 0 

7- A 
.y ;< 

T 't 

~ '" T .:l. 

"" 3 

)< '7 

* I) 

/ J. 
" V 

t: " 7 '7 
---. / 

* 
'" 

Note 1 A T or '0" In the code table Indicates that the output level goes high for T and low for '0' when Input OSI and PI are low-level 

9-4 
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M58609-04P, 5 

KEYBOARD ENCODER (JiS CODE STANDARD PRODUCT) 

CODE ARRANGEMENT TABLE 

~ Mode Xo X, X2 X3 X, X, X. X, 
Yi 

1 NUL OLE A 0 ; L 0 9 

Yo 2 NUL OLE NUL + NUL NUL ) 
3 NUL OLE ..... '7 0..- IJ "7 3 

4 NUL OLE NUL 7 NUL NUL NUL • 
1 SOH 6 0 / K I 8 

Yl 2 SOH 6 0 - ? NUL NUL ( 
3 SOH 6 0 * JI / - .::L 

4 SOH 6 0 NUL NUL NUL ~ 

1 STX 7 1 P J U 7 

Y2 2 STX 7 1 NUL > NUL NUL 
3 STX 7 1 -\! , ... "'" -r ~ 

4 STX 7 1 NUL NUL NUL .,. 
1 ETX 8 2 H Y 6 

Y3 2 ETX 8 2 I < NUL NUL & 
3 ETX 8 2 0 "'- 11 ;..-

"" 4 ETX 8 2 r NUL NUL ot 
1 EOT 9 3 ¥ M G T 5 

y, 2 EOT 9 3 I NUL NUL NUL % 
3 EOT 9 3 'E 'I'- :tJ I 

4 EOT 9 3 NUL NUL NUL NUL '" 1 ENQ NAK 4 BS N F R 4 

y, 2 ENQ NAK 4 BS NUL NUL NUL :8 
3 ENQ NAK 4 BS , 

" ;;<. '7 
4 ENQ NAK 4 BS NUL NUL NUL ., 
1 ACK SYN 5 NUL B 0 E 3 

Y. 2 ACK SYN 5 NUL NUL NUL li 
3 ACK SYN 5 tl " Y l' 7' 
4 ACK SYN 5 NUL NUL NUL -( 7' 

1 BEL ETB + ) V S W 2 
2 BEL ETB + I NUL NUL NUL " y, 
3 BEL ETB + .t. ~ l- T 7 
4 BEL ETB + NUL NUL NU NUL 
1 - CAN SP CR C A Q I 

YB 2 CAN SP CR NUL NUL NUL ! 
3 CAN SP CR '/ 7- ~ )! 

4 - CAN SP CR NUL NUL NUL NUL 
1 SO EM LF X FF HT @ 

Yg 2 SO EM LF NUL FF HT 
3 SO EM LF -<t FF HT 
4 SO EM LF NUL FF HT NUL 
1 SI SUB DEL Z ESC VT : 

y" 
2 SI SUB DEL NUL ESC VT * 3 SI SUB DEL ')I ESC VT 'r 
4 SI SUB - DEL " ESC VT NUL 

SYMBOLOGY 
Col/Row X/V /Mode in code Symbol Code name 

'n code table arrangement table ~ymbol CoU8 name 
Col/Row ,J. X/V /Mode in code 

'n code table. arrangement table 
SP Space 2/0 
! Exclamation mark 2/1 

" Quotation mark, umlaut 2/2 
li Number sign 2/3 
$ Dollar sign 2/4 
% Percentage 2/5 
& Ampersand 2/6 

. Apostrophe. acute accent 2/7 
( Left parenthesis 2/8 
) Right parenthesis 2/9 

* Asterisk, multiplication sign 2/10 
+ Positive sign. plus sign 2/11 

Comma 2/12 
Negative sign, subtraction sign 2/13 

Period 2/14 
/ Slash, virgule, division sign, per 2/15 
: Colon 3/10 
; Semicolon 3/11 
< Less than sign 3/12 

Equal sign 3/13 
> Greater than sign 3/14 

2/8/1-4 ? Question mark 
7/8/2 @ At mark 
7/7/2 ( Left bracket 
7/6/2 ¥ Yen sign 
7/5/2 ) Right bracket 
7/4/2 
7/3/2 

~ Circumflex accent 

7/2/2 Underline 
7/1/2 Grave accent 
7/0/2 { Left brace 
7/10/2 I Separate sign, logical add sign 
2/7/1 4.4/0/2 } Right brace 
4/3/1 Overline, logical not sign 
2/10/1 4.3/1/1 Japanese period 
2/9/1 4.4/2/1 r Japanese initial quotation mark 
4/1/1 J Japanese final quotation mark 
7/10/1 Japanese comma 
4/0/1 Middle dot 
4/3/2 Long vowel mark 
0/8/1 4.3/1/2 Voiced consonant mark 
4/2/2 Semi~voiced consonant mark 

• MITSUBISHI 
..... ELECTRIC 

3/15 4/1/2 
4/0 7/9/1 
5/11 3/3/1 
5/12 3/4/1 
5/13 3/7/1 

5/14 2/0/1 

5/15 3/6/2 
6/0 7/9/2 
7/11 3/3/2 
7/12 3/4/2 
7/13 3/7/2 
7/14 2/0/2 
10/1 4/2/4 
10/2 3/3/4 
10/3 3/7/4 
10/4 4/3/4 
10/5 4/1/4 
11/0 3/4/3 
13/14 7/9/3 
13/15 3/3/3 

9-5 
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MS8609-04P, S 

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT) 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter ConditIOns limits 

VGG Supply voltage 0.3--20 

VOO Supply voltage With respect to VSS 0.3- -20 

VI Input voltage 0.3- -20 

Topr Operating free-air temperature range -20-75 

Tstg Storage temperature range -40-125 

RECOMMENDED OPERATING CONDITIONS (Ta = - 20- 75'C. unless otherwise noted) 

Limits 
Parameter 

Max 
Unit 

Min Nom 

VaG Supply voltage -11 -12 -13 V 

Voo Supply voltage 0 V 

Vss Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage Vss-I V 

VIL Low-level Input voltage 0 .8 V 

f (¢) Clock frequency 20 50 100 kHz 

to(STO) Strobe delay time 1.5 ms 

ROFF Switch off resistance 10 MQ 

RON Switch on resistance 300 Q 

ELECTRICAL CHARACTERISTICS (Ta=-20-75'C. VGG=-12±lV. Vss=5±0.5V, VDo=OV.unlessotherwisenoted) 

Symbol Parameter 

VOH(B,.STO) High-level output v~:dtage, B 1- 89 and STO 

VOH(X,) High-level output voltage. X 0 - X 7 

VOL(Bi.STO) Low-level output voltage, B 1- B 9 and STO 

VOL(X,) Low-level output voltage. X 0 - X 7 

RI Input resistance. S. C. DSI and PI 

Pd Power dissipation 

CI Input capacitance 

Note 2 Current flowing Into an IC IS pOSItIVe; out IS negative 

TIMING DIAGRAM 
. ON 

(XI'YI)KEy~1 
(NOTE 4) 

(Xi, YJ) KEY ______ ..;;g""~.,;.F .... nJ I 

Test conditions 

I OH= -100"A 

IOH=-100"A 

10L= 1.6mA 

IOL=I"A 

VI =-12V 

Ta =25'C 

V, =OV. f=lMHz, Ta=25'C 

____ --, .. ______ y 1 BIT TIME 

____ ;;J~r -' L-
yl (INTERNAL -------,H 

OUTPUT) ~L,,-___ ~ 

1 BIT TIME 
H 

Xi L 

Y J (INT5~~~T) ______ +-_____ .....,.H.., 

STO Note 3 DSI="L" 

limits 

Min Typ Max 

Vss-l 

Vss-1.3 

0.4 

-3 

1 

70 200 

15 

Unit 

V 

V 

V 

'c 
'c 

Unit 

V 

V 

V 

V 

MQ 

mW 

pF 

r---:--
Bl- Ba _______ J (XI, Yi) 

4 : (X I, Y i) KEY indicates the key sWitch that is located at the cross point 

of X I and Y I of the keyboard matrix 

9-6 
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(NOTE 51 
DATA EFFECTIVE TIME DATA EFFECTIVE TIME 
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(X I, Y I) OUTPUT indicates the code output of the key that IS selected 

by the (XI, YI) KEY. 
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MS86~9-04P, 5 

KEYBOARD ENCODER (JiS CODE STANDARD PRODUCT) 

FUNCTION TABLES 

Data (81--89) Invert Strobe (STO) Invert Parity (89) Invert Mode Select 

OSI Code table Data output 
(Pin@) (B, -Bs) (B, -Bs) 

OSI Internal STO 
(Pin,@) 

strobe 
(Pin@) (Note 3) 

Pi Code table Bs 
(Pln®) (Bs) (PlnCl) 

S C 
~Pin@) (Pin@) Mode 

H t L H H L H t L L L MI 

L t H L H H L t H H L M2 

H a H H L H H a H L H M3 

L a L L L L L a L H H M4 

Note 6 The Internal signal of the strobe output (STO) becomes high-level when the strobe signal is genflrated. 

TYPICAL APPLICATION CIRCUIT 

r-'t------l" ~r s V 

AI ltC~-t'2V 
16 14 Is 19 

r-=!P":'"I ~S-C~~;;JO-:-:V-G"'G 18 

~ STO 0 VDD " 

Xo XI 
+-~-f-Y,o 

~ 
I Y9 

'{EY SWITCH 
7 VSS~2~'------~ ---t- B9 YIO H2~2.--------------f-,1-+H++-f-
~ Ba Y9H2~3~-----------r~rt~rt~ --TIf Bl ya~2~4~------------~~+4~+-~ 

:i B6 Y7 '1-'2~St:======~~~itRt"::1= B5 M58609-04P. S ~~ ~26 KEYBOARD I-
13 B4 1-'2!;C7~------------~ MATRIX I---nr B3 Y'~~------------~~~~~~ 
~ B2 Y3~~~~------------r+-r+4-r+-1-
~ BI Y21-'3~0~------------~~+4~+-~ 

YI 31 
20 YO~~------------~+H++-f---=- D S I FA t-'4"'0'--_--. 

r-tOlrI..,.., N "-C()FSr-q2 
XX><XX>< X)(lJ.. 02 

N ("t) ..::t U1 r..D r- 00 0") MI R2 
M (V)M(,,)C"')C"')M -I 

Note 7 R1 = 1. 5M Q. 01 = 0.001 /J.F provides approximately 1_5ms delay time 

8 R2 = 75k Q, 02 = 50pF provides approximately 50kHz clock frequency. 

Fig. 1 Measures against coupling 

Yo I ;j;C3 
0 
D 

YI I ;j;C, 0 
Y'I ;j;c; 0 

M58609-04P. S Y3 ;j;C6 0 
y, ;j;c, D 

KEYBOARD 
Ys ;!;C8'~D MATRIX 

Y6 ;i;C,'~D 
Y7 ;j;C"~D 
Ya :;:t;:Cll 0 
Yg $Cll 

0 
X7 X6 Xs X, X, X, X, Xo YlO :;t;r:13 

llllllll 8 

Insert diodes and capacitors (C3- 013 should be approx. 50~ 1 OOpF) between the 
keyboard matnx and the Y Inputs 

Cautions in Use 
1 . Coupling at the Keyboard Matrix 
Depending on the capacitance of the keyboard matrix 

wiring, depressing one key while another is depressed gives 

rise to capacitance coupling, which may result in repetition 

of the strobe output, the same condition that would occur 

if a single key were depressed twice. In this case, proceed 

as shown in Fig. 1. 

2. N-Key Rollover 
This device is for 2-key rollover; when 3 or more keys are 

depressed simultaneously, code output is indeterminate. 

3. Maximum Chatter Times 
1. With Key Off (tKOFF) 

tKOFF is defined as the maximum time that, when a key is 
turned on but because of faulty contact, etc. the key input 

signal chatters, the chattering can be disregarded. This 

may vary according to ambient temperature, power supply 

conditions, etc., but is approximately 100ns. 

2. With Key On (tKON) 

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 tKOFF~l/f¢ tKoN~100ns 

when tKOFF> 1 / f ¢ tKON~ tSTD + tsc 

where: f ¢ = clock frequency 

tSTD = strobe delay time 
tsc = scanning time 

Fig. 2 Timing diagram for maximum chatter time 

KEY SWITCH 

STC 

STO L1l,----

• MITSUBISHI 
;"ELECTRIC 9-7 
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MS8609 .. 04P, 5 

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT) 

TYPICAL CHARACTERISTICS (VGG=-12V. Voo= 0 V. Vss= 5 V) 

w 
U 
Z 
~ 2 
(/) 

v; 
w 
a: 

o 
o 

RESISTANCE VS. 
STROBE DELAY TIME 

Ta=25OC C, =1000pF C, =2000pF 

II / 
I / 

/ / 
/ 1/ 

/ 1/ 
I / 

V / 
IV 

10 

STROBE DELAY TIME to(STO) (ms) 

ON RESISTANCE OF OUTPUT DRIVER 
VS. POWER SUPPLY VOLTAGE 

~200 
COl 

z 
o 
o 
a: 
t'j 150 
z 
;0 
(I) 

~ 
a: 
Z 
o 

100 

Ta= 25"C 

1\ lo=100,uA 

'\ 
'\ 

'" " 

N 
I 

120 

100 

C 80 

~ -G 60 
t5 
::0 

:Ii 40 e: 
" u 
g 20 
u 

o o 

120 

100 

CLOCK FREQUENCY VS. 
RESISTANCE 

Ta=25"C 

C2=50pF 

\ 
\ , 
~ r---

100 200 

RESISTANCE R2 (kQ) 

POWER DISSIPATION VS. 
AMBIENT TEMPERATURE 

.......... ;;: 
-5 80 
"0 
0.. 
z 
o 60 

~ 
(/j 
(I) 

i5 40 
a: 

~ 
2 20 

~ ............ ...... - I-

300 

-5 -7 -9 -11 -13 -15 -17 
o 
-20 20 40 60 80 100 

SUPPLY VOLTAGE V GG (V) 

9-8 
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MS8609-09P, S 

KEYBOARD ENCODER (US'ASCII CODE STANDARD PRODUCT) 

DESCRIPTION Table 1 Relationship between code table and data outputs 
The M58609-09P, S has the 7-bit codes specified in US 

ASCII "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,-B 8 in the code table and B, 
-B 8 in data outputs are shown in Table 1, and those be

tween the parity output B9 and the parity bit, in Table 2. 

The parity bit in the table is defined as a '0' when the 

number of '1 's in the code B,-B 8 is odd and a '1' when it is 

even. 

Mode selection is shown in Table 3. 

CODE TABLE 

NUMBER 
OF BITS 

I I 

B9* BB I B7 I B6 I B5 

o 

o 
o 

o 

o 

~COL 
ROW~ 

o 

4 

6 

10 

11 

12 

13 

14 

15 

B,-B. Data strobe Data output 
invert input 

Code table DSI B,-B. 

I L H 

1 H L 

0 L L 

0 H H 

Table 2 Parity output 

Parity bit 
Parity invert input 

PI 

1 L 

1 H 

0 L 

0 H 

Table 3 Mode selection 

Shift input Control Input 

S C 

L L 

H L 

L H 

H H 

o 
o 

NUL OLE SP @ P 

SOH DCl A Q 

STX DC2 B R 

ETX DC3 3 C S 

EaT DC4 $ 4 o T 

ENQ NAK % 5 E U 

ACK SYN & 6 F v 
BEL ETB G w 
BS CAN H x 
HT EM Y 

LF SUB * z 
VT ESC + K 

FF FS < L 

CR GS M 

SO RS > N /\ 
SI US / a 

'* Ba IS an even panty bit for the 8-blt code (80 - 87); 89\ IS an odd panty bit 

Logic 

Positive logic 

Negative logic 

Positive logic 

Negative logic 

Parity output 

B9 

H 

L 

L 

H 

Selected mode 

1 

2 

3 

4 

q 

c 

w 

m 

a DEL 

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 OSI and 
PI are low-level. 

• MITSUBISHI 
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M58609·09P, S 

KEYBOARD ENCODER (USASCII CODE STANDARD PRODUCT) 

CODE ARRANGEMENT TABLE 

~ y, Mode Xo X, X, X3 X, X5 

1 / ; p 0 I 
2 ? + p 0 > L 

Yo 3 / ; DLE 0 FF 
4 ? + DLE 0 > FF 
1 ; @ k 

2 * " - < K 
Y, 

3 @ VT 
4 * " ~ < VT 
1 " ( 1 m I 
2 I I I M J 

Y, 
3 FS ESC OS CR LF 
4 FS ESC as CR LF 
1 as LF ~ n h 

2 as LF N H 
Y3 3 as LF us RS SO BS 

4 as LF US RS SO BS 
1 FS DEL CR BS b 9 

2 FS DEL CR BS B a 
Y, 

3 FS DEL CR BS STX BEL 
4 FS DEL CR BS STX BEL 
1 RS US BEL NUL v f 

2 RS US BEL NUL V F 
Y5 3 RS US BEL NUL SYN ACK 

4 RS us BEL NUL SYN ACK 
1 0 1 4 7 c d 

2 0 1 4 7 C D 
Y6 3 0 1 4 7 ETX EaT 

4 0 1 4 7 ETX EOT 
1 2 5 8 x s 

2 2 5 8 X S 
Y7 3 2 5 8 CAN DC3 

4 2 5 8 CAN DC3 
1 - 3 6 9 z a 

2 - 3 6 9 Z A 
YB 3 ~ 3 6 9 SUB SOH 

4 - 3 6 9 SUB SOH 
1 + * / SP LF 
2 + - * / SP LF 

Y, 
3 + - * / SP LF 
4 + - * / SP LF 
1 ENQ ACK SUB EM CR DEL 
2 ENQ ACK SUB EM CR DEL 

Y,o 3 ENQ ACK SUB EM CR DEL 
4 ENQ ACK SUB EM CR DEL 

SYMBOLOGY 

Symbol Code name 
I Col/Row X/Y IMode in code 
in code table arrangement table Symboli Code name 

SP Space 2/0 4/9/1-4 Colon 
! Exclamation mark 2/1 7/8/2.4 ; Semicolon .. Ouotation mark. umlaut 2/2 7/7/2.4 < Less than sign 

II Number sign 2/3 7/6/2.4 - Equal sign 
$ Dollar sign 2/4 7/5/2.4 > Greater than sign 

% Percentage 2/5 7/4/2.4 ? Question mark 
& Ampersand 2/6 7/3/2.4 @ At mark 
, Apostrophe, acute accent 2/7 7/2/2.4 [ Left bracket 
( Left parenthesis 2/8 7/1/2.4 1 Right bracket 
) Right parenthesis 2/9 7/0/2.4 

* Asterisk, multiplication sign 2/10 2/9/1 4, 1/1/2.4 
~ Circumflex accent 

+ Positive sign, plus sign 2/11 0/9/1-4,1/0/2.4 - Underline 
Comma 2/12 0/2/1 4,4/1/1 .3 I left brace 
Negative sign, subtraction sign 2/13 1/9/1 4,3/1/1 .3 I Separate sign, logical add sign 

Period 2/14 

/ Slash. virgule"division sign, per 2/15 

9-10 

0/1/1 -4, I Right brace 
0/7/1-4,4/0/1 .3 " Reverse slant 

3/9/1 4,0/0/1 .3 Swung dash 
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X6 X7 

0 9 
a ) 
SI 9 
SI ) 
, 8 
I ( 

HT 8 
HT ( 
u 7 
U 

NAK 7 
NAK 

y 6 
Y & 

EM 6 
EM & 

t 5 
T % 

DC4 5 
DC4 % 

r 4 
R $ 

DC2 4 
DC2 $ 

e 3 
E II 

ENQ 3 
ENQ II 

w 2 
W .. 

ETB 2 
ETB 

q 1 
Q ! 

DCl 1 
DCl ! 
ESC HT 
ESC HT --
ESC HT 
ESC HT 
FF VT 
FF VT 
FF VT 
FF VT 

I~n ~~~:~:I 
X/V IMode in code 

arrangement table 

3/10 1/1/1,3 
3/11 1/0/1.3 
3/12 4/1/2.4 
3/13 0/8/1 4,3/1/2.4 
3/14 4/0/2.4 
3/15 0/0/2.4 
4/0 2/1/2.4 
5/11 2/2/1 
5/13 3/2/1 

5/14 3/3/1 

5/15 2/3/1.2 
7/11 2/2/2 
7/12 1/2/2 
7/13 3/2/2 
5/12 2/1/2.4,1/2/1 
7/14 3/3/2 
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MS8620·001S 

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 

MaS technology. 

PIN CONFIGURATION (TOP VIEW) 

TEST INPUT TEST ... 1 Vaa (-12V) 
39 VDD (OV) 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. 

38 VSS (5V) 
37 +-DAK gfp1~ ACKNOWLE GE 

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 

FUN~TION 
The output of each keyboard switch is connected to 2-key 
inputs selected from K 1-K14 (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 

INPUT 
CONTROL INPUT 

KEY INPUTS 

SHIFT INPUT 5'" 17 

CONTROL INPUT C ... 18 

36 +-STC l'JrSfE CONTROL 

35 +- R C m:tM T CONTROL 

+-CE CHIP ENABLE INPU 

33 "'5TO STROBE OUTPUT 

32 ... AKD ~~fpW DOWN 

31 +-PI ~Ap~V INVERT 

PARITY OUTPUT 

DATA OUTPUTS 

~~~fROL INPUTSC"'19 

DATA INVERT INPUT D I ... 20 ---.. _____ .r-' 

Outline 40S1 

control input. 

When a key is depressed, the output of that keyboard 

switch is applied to two key inpu~s selected from K1-K I4 ; 

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. 

~------------~------------------------------------------------~ 
BLOCK DIAGRAM 

(-12V) VGG 40 
INPUT 

CONTROL 
INPUT 

Ko 
K1 

KEY INPUTS Ko 

ANY KEY DOWN OUTPUT REPEAT CONTROL INPUT STROBE CONTROL INPUT 
AKD AC STC 

CHIP ENABLE INPUT 
CE 

.---L-------...1..S-T-RO-B-E-T-IM-IN-G-CI-RC-U-IT....L..-----.1-..... ~ "3 DAK :1~ ACKNOWLEDGE 

1 2 

1----:----iK t 

K14 

KIN 33 S T 0 STROBE OUTPUT 

3640(91 x 4X 10) BIT 

MASK~PROGRAMMABLE ROM 

ADDRESS ROM 

SHIFT INPUT 

CONTROL INPUT 

'.MITStJBISHI 
.... ELECTRIC 

DATA OUTPUTS 

PARITY OUTPUT 

PARITY INVERT INPUT 

DATA INVERT INPUT 

'-------..(1 TEST TEST INPUT 

SHIFT CONTROL INPUT 

9-11 
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MS8620-00lS 

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT) 

FUNCTION (Data Output and Parity Output) 
Table 1 Relation between code table and outputs 

The relationships between 8 1-8 8 in the code table and 8 1 

-88 in data outputs are shown in Table 1, and those be
tween the parity output (8 10 or 8 9 ) 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 (8 1-88 or 8 1-87 ) 

is odd and a '1' when it is even. 
Mode selection is shown in Table 4. 

CODE TABLE (JIS C-6220-1969) 

NUMB 
OF BI ER I 

I 
TS 

I 
1 B. 1 B71 B61 B5 B4 83 B2 

0 0 

0 0 

0 0 

0 1 

BI ROWCOl 0 1 

0 

0 

1 
0 

2 

8,-8. Data invert Input Data output 

in code table DI 8,-8. 

1 L H 

1 H L 

0 L L 

0 H H 

Table 2 Parity output of 8-bit code 

Parity bit 
Parity invert output 

PI 

1 L 

1 H 

0 L 

0 H 

Table 3 Parity output of 7-bit code 

Panty bit 
Data Invert input 

DI 

1 L 

1 H 

0 L 

0 H 

Table 4 Mode selection 

Shift input Control Input Shift control Input 

S C SC 

L L L 

H L L 

L H L 

H H L 

L L H 

H L H 

L H H 

H H H 

0 0 0 0 0 1 I I 1 

0 1 1 1 1 0 0 0 0 

1 0 0 1 1 0 0 1 1 

1 0 1 0 I 0 1 0 1 

3 4 5 6 7 8 9 10 11 Blot 89* 

PARITY 

BIT 

0 0 0 0 0 NUL OLE SP 0 Ca p 

0 0 0 1 1 SOH DCI ! 1 A Q 7' 
D 0 1 0 2 STX DC2 2 B R c -1 
0 0 1 1 3 ETX DC3 " 3 C S J ? 
0 1 0 0 4 EaT $ 4 0 T :r: 

0 1 0 1 5 END NAK % 5 E U ". 
0 I 1 0 6 ACK SYN & 6 F V '7 17 
0 I 1 1 7 BEL ETB 7 G W 7 '\' 
1 0 0 0 8 BS CAN ( 8 H X 1 :7 
1 0 0 1 9 HT EM ) 9 I Y ., 7-
I 0 1 0 10 LF SUB * J Z I ::J 

I 0 I 1 11 VT ESC + ; K ( { " -It 
1 1 0 0 12 FF < L ¥ I " y 

1 1 0 1 13 CR - M ) } ~ A 

I 1 I 0 14 so > N ~ , 1! 
1 1 I 1 15 51 / ? a - DEL " 'J 

* 89 is an odd panty bit for the 7-bit code (S,-87) 

t BlO IS an odd parity bit for the 8-blt code (8,-S8) 

logic 

Positive logic 

Negative logic 

Positive logic 

Negative logic 

Parity output 

810 

H 

L 

L 

H 

Data output 

B9 

H 

L 

L 

H 

Selected mode 

1 

2 

3 

4 

4 

-

-

-

I 1 1 1 
1 1 1 1 
0 0 1 1 
0 1 0 I 
12 13 14 IS ,. ~ 

T A 

'/ ;< 

T 'E 

" -v 
-j- -'l. 

- 3 

'" "7 

* I) 

/ )" 
/, c-
t:: " 7 '7 

"- ;.--

* <' 

Note 1 I When Inputs 01 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 
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M58620-001S 

KEYBOARD ENCODER (JiS CODE STANDARD PRODUCT) 

CODE ARRANGEMENT TABLE 

~ Kn Mode K, K3 K4 Ks Ks K7 Kg Kg KID 

1 Z X C V B N M 
2 < > KI 
3 'Y it '/ 1:0 '" 

, 'E * )~ 

4 '~ 

1 

I~ 
D F G H J K L ; 

2 + K, 
3 Y " '\' 7 "'7 / I} l.-

4 
1 

~ 
E R T Y U I 0 

2 
K3 

3 -1 ;r. ;i) ,.. -r - 7 

4 _-L , 

~ 
2 3 4 5 6 7 

K4 
2 11 $ % & 
3 7 7' ., ::t: 

"" -\"' 
4 7 ? x .. -\" , 

~ 
A ¥ DEL SP SOH 

Ks 
2 I DEL SP SOH 
3 ~ DEL SP SOH 
4 DEL SP SOH , 

-------------
ACK BEL BS HT 

Ks 
2 AOK BEL BS HT 
3 ACK BEL BS HT 
4 ACK BEL BS HT 
I SO SI DLE 

K7 
2 SO SI OLE 
3 SO SI DLE 
4 SO SI DLE , SYN ETB 

Kg 
2 SYN ETB 
3 SYN ETB 
4 SYN ETB 
I NUL 
2 NUL Kg 
3 NUL 
4 NUL , --KID 
2 
3 
4 = 1 

K" 
2 
3 
4 , 
2 

KI2 
3 
4 
1 

K'3 
2 
3 
4 

SYMBOLOGY 
Symbol Cod~ name CoI/Row Jm/kn/Mode in code 

n code table arrangement table 
Symbol Code name 

SP Space 2/0 Kg I K 5 I 1 4 ? Question mark, 
! Exclamation mark 2/ , K'4/K3/2 @ At mark .. Ouotation mark. umlaut 2/2 Ks I K4 I 2 ( Left bracket 

11 Number sign 2/3 Ks I K4 I 2 ¥ Yen sign 
$) Dollar sign 2/4 K7 I K4 I 2 ) Right bracket 
% Percentage 2/5 Kg I K4 I 2 
& Ampersand 2/6 Kg I K4 I 2 

A 

Circumflex accent 

Apostrophe. acute accent 2/7 K'D/K4/2 - Underline 
( Left parenthesis 2/8 K11/K4/2 Grave accent 
) Right parenthesis 2/9 K12/K4/2 { Left brace 

* Asterisk, multiplication sIgn 2/10 Kl1/K2/2 I Separate sign, logical add sign 
+ . Positive sign, plus Sign 2/11 K1D/K,/2 * } Right brace 

Comma 2/12 Kg I KI I 1 Overline, logical not sign 
- Negative sign, subtraction sign 2/13 K'4 I K4 I 1 * Japanese period 

Period 2/14 K'D/KI/1 * Japanese initial quotation mark 
/ Slash. virgule division sign, per 2/15 K" I KIll J Japanese final quotation mark 
: Colon 3/10 K11/K2/1 Japanese comma 

; Semicol9n 3/1' K1D/K2/1 Middle dot 

< Less than sign 3/12 Kg I K 1 I 2 Long vowel mark 
- Equal sign 3/'3, K14/K4/2 * Voiced consonant mark 
> reater than sign 3/14 KID I K. I 2 Semi-~oiced consonant mark 

--

• MITSUBISHI 
"'ELECTRIC 

Kl1 K12 K13 K14 

/ A S 
? -
;l '" 7- ~ 

: ) 0 W 

* I 
T A 9 7" 

J 

P @ ( I 
I 

it " r 

8 9 0 
( ) 

.::L 3 '7 * "- a ? 

STX ETX EOT ENO 
STX ETX EOT ENO 
STX ETX EOT ENO 
STX ETX EOT ENO 
LF VT FF OR 
LF VT FF CR 
LF VT FF CR 
LF VT FF CR 
DC, DC2 DC3 NAK 
DCI DC2 DC3 NAK 
DC, DC, DC3 NAK 
DC, 002 DC3 NAK 
CAN EM SUB ESC 
CAN EM SUB ESC 
CAN EM SUB ESC 
CAN EM SUB ESC 
+ 
+ - -
+ -
+ -
1 2 3 4 
1 2 3 4 , 2 3 4 
I 2 3 4 

5 6 7 
5 6 7 
5 6 7 
5 6 7 

8 9 
8 9 
8 9 
8 9 

0 
0 
0 
0 

I;, Col/Row jkm/kn/Mode in cod 
in code table. arrangement table 

3/15 K"/KI/2 
4/0 K12/K31 1 
5/11 Ku/K31 1 
5/12 K7 I K 5 I l 
5/13 K12/K21 1 

5/14 Ks I K 5 I 1 

5/15 K12/KI/2 
6/0 K12/K3/2 
7/11 K43/K3/2 
7/'2 K7 I K 5 I 2 
7/13 K12/K2/2 
7/'4 Ks I K. I 2 
10/1 K1O/Kt/4 
10/2 K13/K3/4 
10/3 K12/K2/4 
'0/4 Kg I KI 14 
10/5 Kl1/K1/4 
11/0 K7 I Ks I 3 
13/14· KJL K3 3 
13/15 K'3 I K3 3 

9-13 
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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 anyone 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 anyone or more of the 91 keys are depressed, an in

ternal any-key signal is transferred from the address ROM 

9. Input Control Input 

When input control input (lC) is high, key inputs (K I-K I4 ) 

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 tdCST-B), which 
depends on the internal delay circuit when the strobe con-

trol input terminal is connected toVss. 

11. Test Input 

Data outputs (8 1-8 10 ) can be independently set either high 

or low irrespective of the 3640-bit ROM outputs. When 

test input (TEST) is high, 8 1-810 goes high if both 01 and 

PI are low, and 8 1-810 goes low if both 01 and PI 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. 

to the timing circuit where an any-key-down signal (AKO) Pull-up resistors 

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 appl ied 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 

VOD 

~ ",. ,,', f 
Vss 

(a)IC = "W (b)IC= "L" 

K,-K14 INPUT 

S. C. ~ 
RC. CE b 

Vss 

S. C. SC. RC. 
CE INPUT 

Table 1 Data-output level in 
relation to data invert (01), 

Vaa 

~ 
IC. TEST 

OAK. PI 

01 

IC. TEST 

OAK. PI. 01 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 (OAK). 

parity invert (PI) and chip Table 2 Function table of 
enable (CE) the mode select circuit 

7. Data Invert and Parity Invert Inputs 

The level of each output 8 1-89 and 810 can be inverted 

when data invert input (01) and parity invert input (PI) are 

high-level. 

8. Chip Enable Input 

Data outputs 8 1-810 , 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. 

~OM CODE OI,PI CE 81-810 

H L L 
I 

L L H 

H L I H 
0 r-- L L I L 

H H Z 
I 

L H Z 

H H Z 
0 

L H Z 

Note 2 Z Indicates a floating state 

3 The code table is descnbed In 

pOSItive logic, for outputs B 1 

- 8 10, when 01 and PI are low 

• MITSUBISHI 
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S C SC MODE 

H H H -

L H H -

H L H -

L L H M. 
H H L M. 

L H L MJ 

H L L M2 

L L L M, 
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M58620-001S 

KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT) 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits 

VOO Supply voltage 0.3- -20 

VOO Supply voltage With respect to V 55 0.3- -20 

V, Input voltage 0.3--20 

Pd Power dissipation Ta=2S·C 1.0 

Topr Operating free-air temperature range -20-75 

Tstg Storage temperature range -40-t25 

RECOMMENDED OPERATING CONDITIONS (Ta = - 20-75·0. unless otherwise noted) 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Voo Supply voltage -to.8 -12 -13.2 V 

Voo Supply voltage 0 V 

V55 Supply voltage 4.5 5 5.5 V 

VIH High-level input volta.ge. all inputs except STC VS8-t.5 VSS V 

V,L Low-level in put ~oltage VOO Vss-3.5 V 

Ir Rise time (10- 90%). all inputs except OAK I I'S 

If Fall time .(10-90%) 1 I'S 

Ir(oAK) Rise time (10- 90%), OAK 100 I'S 

If (OAK) Fall time (10-90%), OAK 100 1'8 

ELECTRICAL CHARACTERISTICS (Ta=-20-7S·C, Voo= - 12V±10%, Voo=ov, Vss=5V±10%, unless otherwise noted) 

Symbol Parameter 

VOH High-level output voltage 

VOL Low-level input voltage 

11(1) Input current, TEST, 10, 01, PI, and OAK 

II (2) Input current, K 1 ~ K 14 

R,(I) Input resistance,IO, PI, 01, OAK,and TEST 

R,(2) 'Input resistance, S, 0, SO, OE,and RO 

R,(3) Input resistance. K1-Kt4 

R,(4) Input resistance, K 1 - K , 4 

Pd Power dissipatiqn 

Oi Input capacitance 

Note 4: Current flowing into an Ie is positive; out is negative. 

5: When all outputs are at IOL= t .6mA, VOLmax=0,6V 

Test conditions 

IOH=-100I'A 

I OL= t ,6mA, (Note 2) 

VI =VOO 

VI =Voo, VI(lC)=VIH 

VI =V5S, Ta=2S"C 

VI =VOO, Ta=2S"C 

V, =Vss, VI(lO)=VIH, Ta=2S"C 

VI =VOO, VI(lO)=VIL, Ta=2S"C 

Ta=2S"C 

All terminals except the tested terminal are av. 
VI=OV, Vrms=25mV, f=IMHz 

•. MITSUBISHI 
1-& ELECTRIC 

limIts 

Min Typ Max 

Vss-t 

0.4 

-0,01 - to 

-0.02 -20 

tOO 180 300 

5 30 

to 20 40 

2 5 15 

350 500 

15 

Unit 

V 

V 

V 

W 

·C 

·0 

Unit 

V 

V 

I'A 

I'A 

kQ 

kQ 

kQ 

kQ 

mW 

pF 

9-15 
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KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT) 

SWITCHING CHARACTERISTICS (Ta=25"C, Voo=-12V± 10%, VOO=OV, Vss=5V ±10%, unless otherwise noted) 

Symbol Parameter Test conditions (Note 6) 

tTLH Low-to-high-Ievel output transition time CL=50pF, IOH=-O.lmA 

tTHL High-to-Iow-Ievel output transition time CL=50pF, IOL=I.6mA 

Iw(KI) Key input pulse width * " Iw 

Id(K ILH'K1HL) Delay time from key 1 low-to-h'9h-level * 2, Ix 

Ih (K1-K,) Key 1 h old time with respect to key 2 * 3, Ix 

Isu (M-KON) s, C. SC setup time with respect to key' Input (ON) * 4, Ix 

IO(B-KON) Delay time from key input (ON) to 8 f - B 1 0 * 5, Ix 

IO(AK-KON) Delay time from key input (ON) to AKD * 6, Ix 

Id (ST-B) Delay time from B 1 - 8 Iota STO * 7, lx, CL=50pF, STC-Vss shorted 

IO(AK-KOF) Delay. time from key input (OFF) to AKD * 8, lx, CL ~ 50pF 

IO(ST-KOF) Delay time from key input (OFF) to STO * 9, lx, CL=50pF 

I (ST-RC) Delay time. from RC to STO * 10, IX,CL=50pF 

IO(ST-OAK) Delay time from OAK to STO * II, tx,CL=50pF 

IW(OAK) OAK pulse width * 12, Iw 

IW(RC) RC pu Ise width * 13, Iw 

Iw(STO) STO pulse width Iw, CL=50pF, STO-OAK shorted 

Note 6 See the Timing Diagram for 'twO and 'tx' Numbers 1 through 13 in the diagram correspond to *1 through *13 above 

TIMING DIAGRAM 

Keyl 
(KI, Ki) 

Key2 

ON 

OFF 

(Km, Kn_) __ -+ ________ ~ 

OAK 

limits 

Min Typ 

0.7 

0.5 

30 

10 

10 

2 7 

0.5 

1 5 

0.5 

4 

3.5 

4 

10 

15 

1 4 

01, PI / 

--------------------------~ 

Max 
Unit 

2 t.lS 

1.5 t.lS 

t.lS 

t.lS 

t.lS 

1.5 t.lS 

15 t.lS 

2 t.lS 

12 t.lS 

2 /-<S 

10 /-<S 

20 t.lS 

10 t.lS 

t.lS 

t.lS 

10 t.lS 

CE ______________________________________________________________ ~~~ ______ _ 
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M58620-001S 

KEYBOARD ENCODER (JiS CODE STANDARD PRODUCT) 

TYPICAL CHARACTERISTICS (VGG=-12V. Voo=OV. Vss=5V) 

STROBE DELAY TIME VS. 

'" E 

MEASUREMENT III 
CIRCUIT e-

!'3 
STC :3 

C R ~ 
i= 

M 58620 >-

d 
VSS 0 

( 5 V) w 
CD 
0 
a: 
l-
(/) 

MEASUREMENT (iJ 

CIRCUIT 

STO 0 
>-

R i'! 

OAK ~ 

JC 
I 
I-

M58620 0 

~ 
VSS w 

CD 
( 5 V) 0 

a: 
l-
(/) 

CAPACITANCE 
10r---~----~--~----~--~ 

Ta=2S"C 
R=I.7MQ 

°O!;-----;:-:20::'::0:::-0 --::-4::':00::-:;0:---::6~00;::0:---::B:-::'00::-:0:--7:1 O~OOO 
CAPACITANCE C (pF) 

STROBE WIDTH VS. 
CAPACITANCE 

100r----~----r----;---~ 

50 

0 
0 

Ta= 25"C 
R= 15.Bk\1 

2000 4000 6000 BOOO 

CAPACITANCE C (pF) 

• MITSUBISHI 
"ELECTRIC 

'" E 

STROBE DELAY TIME VS. 
RESISTANCE 

10r-----~-----r----~----_, 

Ta=25"C 
C =4700pF 

~ 5r-----~----~----_T----~ 
i= 
>-:s 
w 
o 
u.J 
CD 
o 
a: 
tn 

0~0---~----~2--~--~4 

RESISTANCE R (M Q ) 

STROBE WIDTH VS. 
RESISTANCE 

0 

0 
Ta= 25"C 
C = 1000pF / 0 

/ 
V 

0 

V 0 
J 

0 
10 20 30 

RESISTANCE R (k Q) 
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KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT) 

TYPICAL APPLICATION CIRCUIT 

61 1 J 
2 K1 Ie TEST OE 34 

3 
K2 01 

20 

4 
K3 B1 21 

5 K4 B2 22 

7 Ks B3 23 

8 K6 B4 ~-
9 K7 Bs 25 

10 Ks 
M5g620-001S 

B6 26 

11 K9 B7 27 

12 
KlO Bs 28 

13 Kll B9 29 

14 
K 12 BlO 30 

15 
K13 PI 

31 

16 K14 AKO 32 

L~~_ JtJ --1L S 

KEY SWITCH 
- ~ 0 STO r-1L----
~ SO RO STO OAK rE---: 

I 
35 36 I L __ 

--

D-REPEAT PULSE 
I -/',,"v\~,------

REPEAT COMMAND I 

Note 8 

9-18 

Use a key SWitch having outputs that are open-collector, 
or mutually separated by diodes 
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M58741P 

TV INTERFACE 

DESCRIPTION 
The M58741P is a color TV interface device designed for 
use with an 8-bit parallel M5L8080AP CPU as a graphic 
display controller using an NTSC home color television 
set. This device is fabricated using N-channel silicon gate 
ED-MaS technology for a single supply voltage. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Graphic display interface for NTSC color TV sets 

• 64 by 64 color elements 
• Every element can be displayed in 8 colors (including 

black and white) 

• Every element can be blinked by external hardware 
• Compatible with M5L 8080AP, Sand M5L 8085AP, S 

CPUs 

• Single 5V power supply 

APPLICATION 
• Home computers, TV games 

FUNCTION 
The M58741P and a MELPS 8 or similar 8-bit micro
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 . 

ADDRESS 
OUTPUTS 

EXTERNAL 
MEMORY Ao~ 5 

S6b~~IA RAMSED- 6 

E~~~8~ RAMSEL 1~ 7 

smf~u~ NC 8 
NC 

ADDRESS j 
INPUT/ 

OUTPUT 

ADDRESS J 
OUTPUTS 1 

NC 

NC 

NC 

NC 

NC 

NC 

ADDRESS 
OUTPUT 
CLOCK 
INPUT 

~~Nf~~l 
37 ~ VIDEO 0~6~6 SIGNAL 

Vee(5V)OUTPUT 

~~~~~MtffR-1 
CHROMA B 
OUTPUT 
HOLD REQUEST 
OUTPUT 

32 ~INT ~~'\5~r~r 
31 -COLORO) OUTPUT 

30 -COLOR1 fi.J%q.~ DATA 

29 -COLOR2 

CHROMA A 
OUTPUT 

PROGRAM 

~JL~2nUTPUT 
ADDRESS 
INPUT/OUTPUT 

24 ~ DBIN m9X~~~ 

Outline 40P1 

Vee (5V) READ INPUT 

ADDRESS 
OUTPUT 

GND (OV) 

NC MUST BE OPEN 

.--------------'1..-
BLOCK DIAGRAM PRO~rt&'\~~MORY INtST~~Gf~UT CLOCK INPUT ~ 

(5V) Vee 

(OV) GND 

! COLORO 

COLOR DATA INPUTS COLO R 1 

COLOR2 

L_ 
INT HOLD 

INTERRUPT REQUEST HOLD REQUEST 
OUTPUT OUTPUT 

38 
BR 
BLINKING CONTROL 
INPUT 

• MITSUBISHI 
.... ELECTRIC 

CH ROMA A OUTPUT 

CHROMA B OUTPUT 

3 CHREF CHROMA REFERENCE OUTPUT 

VIDEO SIGNAL OUTPUT 
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M58741P 

TV INTERFACE 

PIN DESCRIPTION 
Symbol Name 

AD-AS Address output 

A6-As Address output 

Address input/output 

A12 Address input 

RAMSEL1 External memory select 1 

RAMSEL 2 External memory select 2 

ROMEN Program memory select 

HOLD Hold request output 

INT Interrupt request output 

DBIN Program memory read input 

Color data inputs 

BR Blinking control input 

VIDEO Video signal output 

CH A 

CH B Color signal outputs 

CH REF 

CLK Clock input 

9-20 

Input or output 

Out 

Out 

Inlout 

In 

Out 

Out 

Out 

Out 

Out 

In 

In 

In 

Out 

Out 

In 

Function 

VVhen hold request output is high, a row 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 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. 

A12 Atl AID Ag PIN I 
0 0 X X eoM'N'-i' 0 1 0 0 RAMSEL 1 

0 1 0 1 RAMSEL 2 

0 1 1 X Inhibit 

Notel: ROMEN=DBIN· All· A12 

When high-level is applied to this pin, internal address decoder goes 

inactive. 

When A12 . All • A10 . AS is high. RAMSEL 1 goes low. 

When A 12· All· AlD • Ag is high. RAMSEL 2 goes low. 

When DBIN. All • A 12 is high. ROMEN goes low. 

High-level indicates the M58741P occupies the address bus lines. 

After one flame is swept, this output keeps high about 65,.us (both HOLD 

and INT are high in 30.us). 

When HOLD is low, high-level input makes ROM EN active. 

Color data inputs from the refresh memory designates the color of 

displayed element. 

COLOR 2 COLOR 1 COLOR 0 COLOR 

0 0 0 magenta 

0 0 1 red 

0 1 0 green 

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 
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. 

A 4-level baseband video signal including the sync signal can be derived. 
A color subcarrier and a color signal are not superimposed. 

Two-3-level outputs and its reference bias output are generated for the 

M51342P: NTSC TV game modulator. 

1.79MHz, 25% duty clock input signal is required. 

• MITSUBISHI 
.... ELECTRIC 



ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage With respect to GND 

Va Output voltage 

Pd Maximllm power dissipation Ta=25'"C 

Topr Operating freewair ambient temperature range 

Tstq Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70'"C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.75 5 5.25 V 

V,H High-level input voltage 2 V 

V,L Low-level input voltage 0.8 V 

tC(CLK) Clock cycle time 558.7 ns 

ELECTRICAL CHARACTERISTICS (Ta=0-70'"C. Vcc=5V±5%. unless otherwise noted) 

Symbol Parameter 

Icc Supply current from Vee 

VOH High-level output voltage 

VOL Low-level output voltage 

VSYNC Video sync level voltage 

VPED Video pedestal level voltage 

VDARK Video dark level voltage 

VSRIGHT Video bright level voltage 

VeHO Color signal 0 level voltage 

VeHl Color signal 1 level voltage 

VeH2 Color signal 2 level voltage 

VeHREF Color reference signal level voltage 

Note 2 : Measurement circuit 1. 

OUT 

5SkQ 

Conditions 

IOH=-100,uA 

IOL=1mA 

(Note 2) 

.• MITSUBISHI 
.... ELECTRIC 

MITSUBISHI LSls 

MS8741P 

TV INTERFACE 

Limits Unit 

-0.5-7 V 

-0.5-7 V 

-0.5-7 V 

SOO mW 

0-70 '"C 

-40-125 '"C 

Limits 
Unit 

Min Typ Max 

100 mA 

2.4 V 

0.4 V 

O.BoVce V 

0.7'Vee V 

O.S·Vee V • 0.50\1ee V 

O.S·Vee V 

0.G8·Vee V 

O.7S'Vee V 

0.S8·Vee V 
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MS8741P 

TV INTERFACE 

TIMING REQUIREMENTS (Ta=0-70"C. Voo=5V±5%,. unless otherwise noted) 

Symbol Parameter Conditions 

tC(~) Clock cycle time 

tW(~) Clock pulse width 

IsU(CLR-CLK) Color signal setup time before clock 

Ih(CLK-CLR) Color signal hold time after clock 

IsU(BRIG-CLK) Blinking control setup time before clock 

Ih(CLK-BRIG) Blinking control hold time af~er clock 

SWITCHING CHARACTERISTICS (Ta=0-70"C. Voo=5V±5%,. unless otherwise noted) 

Symbol Parameter Conditions 

tp(A) Propagation time from clock to address CL =50pF. Load lLSTTL 

tp(OH) Propagation time from clock to color CL=10pF. RL =50kQ 

tp(VIDEO) Propagation time from clock to video CL=10pF. RL =50kQ 

tpWBIN-ROM) Propagation time from DBIN to program memory select CL=50pF. Load 1 LSTTL 

tp(A-SELl Propagation time from address to external memory select CL =50pF. Load 1 LSTTL 

TIMING DIAGRAM 

ClK 

Ao-A" 

COLORO 

-COLOR2 

CHA. CHB 

VIDEO 

9-22 

tW(¢) 

tp(A) 

~----l>I---+E-th(OLK-OLR) 
ISU(OLR-OLK) 

--.;,.,f---k- t p (OH) 

-_--IE- tp(VIDEO) 

• MITSUBISHI 
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limits 
Unit 

Min Typ Max 

558.7 ns 

120 300 ns 

50 ns 

100 ns 

50 ns 

100 ns 

limits 
Unit 

Min Typ Max 

200 ns 

150 ns 

150 ns 

250 ns 

200 ns 



DESCRIPTION 
The M5L 8041A-XXXP is a general-purpose, program

mable interface device designed for use with a variety of 

8-bit microcomputer systems, This device is fabricated 

using N-channel silicon-gate ED-MaS technology, 

FEATURES 
• Mask ROM: 
• Static RAM: 
• 18 programmable I/O pins 

1024-word by 8-bit 

64-word by 8-bit 

• Asynchronous data register for interface to master 

processor 

• 8-bit CPU, ROM, RAM, I/O, timer, clock and low power 

standby mode 

• Single 5V supply 
• Alternative to custom LSI 
• Interchangeable with Intel's 8041A in function, electri

cal characteristics and pin configuration 

APPLICATION 
• Alternative to custom LSI for peripheral interface 

FUNCTION 
The M5L 8041A-XXXP contains a small stand-alone 

microcomputer, 
When it is used as a peripheral controller, it is called the 

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 LSI as a slave 

computer, and can be accessed the same as other stand

ard peripheral devices, Because M5L8041A-XXXP is a 

BLOCK DIAGRAM 
DATA BUS INPUT/OUTPUT PORT 1 

MITSUBISHI LSls 

MSL 8041A-XXXP 

UNIVERSAL PERIPHERAL INTERFACE 

PIN CONFIGURATION (TOP VIEW) 

TEST PIN a 
CLOCK 1 

CLOCK 2 

RESET RESET -+ 4 

SINGLE STEP 

CHIP SELECT 

EXTERNAL EA -+ 7 
ACCESS (NOTE 1) , 

READ RD -+ 8 

ADDRESS 

WRITE 

SYNCHR~~~~ SYNC - 11 

Do .... 12 

DATA BUS 

(OV) Vss 

(5V) 

TEST PIN 1 

INPUT/OUT, 
PUT PORT 1 

(5V) 
EXTERNAL 
I/O 
CONTROL 

INPUT/ 
OUTPUT 
PORT 2 

complete microcomputer, it is easy to develop a user
oriented mask-programmed peripheral LSI only by 
changing control software, 

INPUT/OUTPUT PORT 2 

P24/0BF 
P25/IBF 
P26/DRQ 

c5.=~~::£:::£:~;;<"P27 /DACK 

X, x, 
~ 
CLOCK 

-----, 

SYNC PROG 
EXTERNAL I/O CONTROL 

SYNCHRONIZED 
SIGNAL 

RESET 

SINGLE STEP 

TEST PIN a 
TEST PIN 1 

READ 

WRITE 

CHIP SELECT 

ADDRESS 

EXTERNAL ACCESS 

• MITSUBISHI 
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MSL8041A-XXXP 

UNIVERSAL PERIPHERAL -INTERFACE 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditi~ns 

Vee Supply voltage 

V, Input voltage With respect to Vss 

Va Output voltage 

Pd Power dissipation Ta=25"C 

Topr Operating freewair temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS 
limits 

Symbol Parameter Unit 
Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 V 

V,H High-level input voltage 2 V 
, 

V,L Low-level input voltage O.B V 

1(91) Operating frequency 1 6 MHz 

ELECTRICAL CHARACTERISTICS (Ta=-20-70"C, Vee=5V±10%:. unless otherwise noted) 

Symbol Parameter Conditions 

V,L Low-level input voltage (all except X I. X 2) 

V,Hl High-level input voltage (all except X 1. XZ, RESETI 

V,H2 High·level input voltage IX 1. X2. RESETI 

VOLt Low·level output voltage iDo- D7. SYNC) IOL=2mA 

VOLZ Low-level output voltage (all except Do - 07. SYNC, PROG) IOL = 1.6mA 

VOL3 Low-level output voltage (PROG) IOL= 1 mA 

VOHI High-Jevel output voltage (0 0 ~ 07) IOH= -400,uA 

VOHZ High-level output voltage (all other outputs) IOH=-SO,uA 

I, Input leakage current ITo. Tt. RD. WR. cs. AO.I Vss;iV,;iVee 

IOZL Off-state output leakage current (00 - 07) Vss+0.45;i Vo;iVee 

liLt Low-level input current (P 10- P 17, P zo-P z71 VIL=O.BV 

IIL2 Low-level input current (RESET. SS) V'L.=O.BV 

100 Supply current from VOO 

lee+loD Total supply current 

Note 2 : AC lest conditIOns 

9-24 

Input pulse level: 0.45-2.4V 
Input pulse rise limetr (10%-90%): 20ns 
Input pulse fall lime tf (10%-90%): 20ns 
Reference voltage for switching characteristic measurement. 

_'nput VIH. 2V VIL O. BV 
Oulput VOH. 2V VOL. O.BV 

• MITSUBISHI 
"'ELECTRIC 

limits Unit 

-0.5-7 V 

-0.5-7 V 

-0.5-7 V 

1000 mW 

-20-70 "C 

-40-125 "C 

Limits 
Unit 

Min Typ Max 

-0.5 O.B V 

2 Vee V 

3 Vee V 

0.45 V 

0.45 V 

0.45 V 

2.4 V 

2.4 V 

±10 ,uA 

±10 ,uA 

0.5 rnA 

0.2 mA 

20 mA 

135 mA 
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MSL 8041A~XXXP 

UNIVERSAL PERIPHERAL INTERFACE 

TIMING REQUIREMENTS (Ta= -20-70'C. VCC= 5 V± 10%. unless otherwise noted) 
DBB Read 

Alternative 
Symbol Parameter Test conditions 

symbol 

to(\I» Cycle time tCY 

tW(R) Read pulse width tRR to(\I»=2.5I1- s 

tsU(CS-R) Chip-select setup time before re~d tAR 

th(R-CS) Chip-select hold time after read tRA 

trec(RW) Recovery tIme between read and/or write tRv 

DBB Write 
Alternative 

Symbol Parameter Test conditions 
symbol 

tw(W) Write pulse width tww 

t~m~;-=-:~v CS, Ao. setup time before write tAW 

f~~~=~;? CS, Ao hold tie after write tWA 

tSU(OQ-W) Data setup time before write tow 

theW-DQ) Data hold time after write two 

Port 2 
Alternative 

Symbol Parameter Test conditions 
svmbol 

tW(PR) PAOG pulse width tpp 

tSU(PC-PR) Port control setup time before PROG tcp 

th(PR-PC) Port control hold time after PROG tpo 

tSU(Q-PR) Output data setup time before PROG top 

tSU(D-PA) Input data hold time before PROG tps 

thePA-D) Input data hold .time after PROG tPF 

DMA 
Alternative 

Symbol Parameter Test conditions 
symbol 

tsu(DAOK - R) Data acknowledge time before read tAOO 

th(R-OAOK) Data hold time after read tOAO 

tsu (DAOK - W) Data setup time before write lAoo 

th(W-DACK) Data hold time after write tOAO 

SWITCHING CHARACTERISTICS (Ta = - 20-70"C. VOC= 5 V ± 10%. unless otherwise noted) 
DBB Read 

Symbol Parameter 

tPZX(OS-DQ) Data enable time after CS 

tpZX(Ao-DQ) Data enable time after address 

tPZX(R-DQ) Data enable time after read 

tPXZ(R-DQ) Data disable time after read 

DMA 

Symbol Parameter 

PZX(DACK-DQ Data enable time after DACK 

PHL(R-DRQ) ORQ disable time after read 

PHL(W-DRQ) ORQ disable time after write 

Alternative 
Test conditions 

symbol 

tAD CL=150pF 

lAD CL=150pF 

tRO CL=150pF 

tRDF 

Alternative 
Test conditions 

symbol 

tAOO 100pFLoad 

tCRQ 100pFLoad 

tCRQ 100pFLoad 

•. MITSUBISHI 
..... ELECTRIC 

Limits 
Unit 

Min Typ Max 

2.5 15 I1-S 

250 ns 

0 ns 

0 ns 

300 ns 

Limits 
Unit 

Min Typ Max 

250 ns 

0 ns 

0 ns 

150 ns 

0 ns 

limits 
Unit 

Min typ Max 

1400 ns 

110 ns 

140 ns 

220 ns 

700 ns 

110 ns 

Limits 
Unit 

Min Typ Max 

0 ns 

0 ns 

0 ns 

0 ns 

Limits 
4nit 

Min Typ Max 

225 ns 

225 ns 

225 ns 

100 ns 

Limits 
Unit 

Min Typ Max 

225 ns 

200 ns 

200 ns 
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MSL 8041A-XXXP 

UNIVERSAL PERIPHERAl,. INTERFACE 

TIMING DIAGRAMS 
Read 

CS, AD 

00-07 

Write 

CS, AD 

) 
tSU(CS-R) 
tSU(Ao-R) tW(R) , 

tPZX(R-DQ) 

/~ 

tpZX(AO-DQ) tPZX(CS-D~ 

tW(W) 

K 
th(R-CS) 

j~ 
tPXZ(R-DQ) 

VALID DATA ~ 

tSU(D-W) th(W-D) 

DO -07 

Port 2 

SYNC / 
_---I ,'----_--../ ,------1\_-

EXPANDER PORT 
OUTPUT 

EXPANDER PORT 
INPUT 

PROG 

DMA 

00-07 

DRQ 

9-26 

P20-P23 DATA 

P20-P23 DATA 

\ 
tSU(DACK-R) , 

tW(R) 

X 
tpZX(OACK-OQ) 

U 
tPHL(R-DRQ) 

tSU( D-PR) 

) PORT CONTROL K OUTPUT DATA K 
tS U(D- PR2.:::ti::: ~ th(PR-D) 

) PORT CONTROL V '\ ~"I-INPUT DATA 

tsu(PC PRJ 
th(PR- PC) 

tW(PR) 

\. 

\ I 
I th(R-DACK) 

I 
J 

tSU(DACK-W) th(W-DACK) 

.I , 
tW(W) 

u~~~· 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL les 

MSL8212P 

a·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 

bipolar Schottky TTL technology. 

FEATURES 

• Parallel 8-bit data register and buffer 

• Service request flip-flop for interrupt generation 

• Th ree-state outputs 

• Low input load current: I,L = absolute 250,uA (max) 

• High output sink current: IOL = l6mA (max) 

• H igh·level output voltage for direct interface to a 

M5L8080AP, S CPU: VOH = 3.65V (min) 

• Interchangeable with Intel's 8212 in terms of electrical 

characteristics and pin configuration 

APPLICATION 

• Input/output port for a M5L8080AP, S 

• Latches, gate buffers or multiplexers 

• Peripheral and input/output functions for microcom· 
puter systems 

PIN CONFIGURATION (TOP VIEW) 

DEVICE SELECT 

MODE INPUT 

DATA INPUT DATA INPUT 

DATA OUTPUT 

DATA INPUT 

DATA OUTPUT 

DATA INPUT 

DATA OUTPUT 

DATA INPUT 

DATA OUTPUT 

14 +-CLR CLEAR STROBE INPUTSTS-11 

(OV)GNO --... _____ .r'-3 +-OS2 DEVICE SELECT 

Outline 24P1 

request flip-flop SR is set. Also, the strobed input STB is 

active, the data inputs DII-Dl s are latched in the data 

latches, and the service request flip-flop SR is reset. 

When MD is high, the data in the data latches is trans-
FUNCTION ferred to the data outputs. When DS I is low and DS2 is 

Device select 1 (DSI ) and device select 2 (DS2 ) are used for high, the data inputs are latched in the data latches. The 

chip selection when the mode input MD is low. When low-level clear input' CLR resets the data latches and sets 

DSI is low and DS2 is high, the data in the latches is 

transferred to the data outputs DOl-DOs; and the service 
the service request flip-flop SR, but the state of the output 

buffers is not changed. 

BLOCK DIAGRAM r---
MODE INPUT M 0 ffi-----+-r-;=-f:L../ 

DEVICE SELECT OS; 1~--:=r)...L.l-==--I-;::t..J 
DEVICE SELECT OS2 L..:=======t====-+-r---:J 

DATA INPUTS 

015 

016 

017 

CLEAR 

---- --- ---- ----.---- ----.~ 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MSL8212P 

a-BIT INPUT/OUTPUT PORT WITH 3-STATE OUTPUT 

ABSOLUTE MAXIMUM RATINGS (Ta=0-75'C. unless otherwise noted) 

Symbol Parameter Conditions Limits Unit 

VCC Supply voltage 7.0 V 

V, Input voltage. 0 S I, MD inputs VCC V 

V, Input voltage. all other inputs except 0 S I, MO 5.5 V 

Vo Output voltage Vcc V 

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 Unit 

Min Nom Max 

Vcc Supply voltage 4.75 5.0 5.25 V 

IOH High-level output current -1 mA 

10L Low-level output current 16 mA 

ELECTRICAL CHARACTERISTICS (Ta = 0-75'C. unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Unit 
Min Typ Max 

V,H High-level input voltage 2 V 
V,L LOW-level input voltage O. 85 V 

V'C Input clamp voltage Vce-4.75V, Ilc--5mA -1 V 

VOH High-level output voltage 
Vee- 4 . 75V , V,H=2V, 

3.65 V 
V,L =0. 85V, IOH=-1mA 

VOL Low-level output voltage 
Vee=4.75V, I(IH=2V, 

0.5 V 
V'L=0.85V, IOL=16mA 

loz Three-state output current 
Vec- 5. 25V, V,H-2V, 

20 /.LA 
V'L=0.85V, Ve=5.25V 

Vec = 5.25V, V'H=2V, 
10Z Three· state output current -20 /.LA 

V'L=0.85V, VO=0.5V 

IIH 
High-level input current, STB, OS2, CLR, 

Vcc~5 .25V, V,=5 25V 
01'-'018Inputs 

10 /.LA 

IIH High-level Input current, MO Input Vee=5 25V, V,=5 25V 30 f.lA 

IIH High-level Input current, OS 1 input Vce=5 25V, V,=5 25V 40 /.LA 

IlL 
low-level input current, STB, OS2, CLR, 

011-018 inputs 
Vee=S.25V, V,=0.5V -0 25 mA 

IlL low-level input current, MO Input VcC=5.25V, V,=0.5V -0. 75 mA 

IlL lOW-level Input current, OS 1 input Vee=5.25V, V,=0.5V -1 mA 

los Short-circuit output current (Note 3) Vcc=5.25V -20 -65 mA 

Icc Supply current from V qc Vec=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 

Current flowing into an IC IS positive: out is negative. The maximum and minimum values are defined in absolute values 

All measurements should be done quickly. and two outputs should not be measured at the same time. 

TIMING REQUIREMENTS (Ta =25'C, Vcc=5 V. unless otherwise noted) 

Symbol 

tw(DS2) 

tW(CLR) 

tSU(DA) 

th(DA) 

9-28 

Parameter 

Input pulse width, DSl, DS2 and STB 

Input pulse width ClR 

Data setup time with respect to DS1, DS2 and STB 

Data hold time with respect to 581. DS2 and STB 

Test conditIOns 

• MITSUBISHI 
"ELECTRIC 

limits 

Min Typ Max 
Unit 

30 ns 

45 ns 

15 ns 

20 ns 

--



MITSUBISHI BIPOLAR DIGITAL Ie. 

MSL8212P 

a-BIT INPUT/OUTPUT PORT WITH 3-STATE OUTPUT 

SWITCHING CHARACTERISTICS (Ta=25' C. Vee=5V. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions (Note 4) Unit 

~in Typ Max 

!PHL (01-00) High-to-Iow-Ie\lsl and low-to-high-Ievel output propagation 

!PLH(OI-OO) time, from input 01 to output DO 
35 ns 

!PHL(OS~OO) High-to-Iow-Ievel and low-to-high-Ievel output propagation CL=30pF • .RL1=300Q. RL2=600Q 

!PLH(OS~OO) time. from inputs DS1. DS2 and STB to output DO 
50 ns 

!PHL(STB-INT) • Hgi-to-klw-Ievei output _lion tirre_ from irpJ! STB to output INT 40 ns 

!PZL(MD-OO) Z-la-Iow-Ievel and Z-ta-high-Ievel output propagation 

tPZH(MD-DO) time, from inputs MD. OSl and DS2 to output DO 
CL=30pF, RL1=lkQ. RL2=lkQ 70 ns 

!PHZ(MD-DO) High-to-Z-Ievel and low-to-Z-Ievel output propagation 
CL=5pF, RL1=lkQ. RL2=lkQ 

!PLZ(MD-DO) time. from inputs MD. OS1 and DS2 to output DO 
45 ns 

!PHL(CLR-OO) 
'High-to-Iow-Ievel output propagation time. from input 

CL=30pF,RL1=300Q, RL2=600Q 55 
CLR to output DO 

ns 

Note 4 
-'~.'.""~ Vee 

Ru 
PG IN OU 

RL2 
50Q CL 

TIMING DIAGRAMS REFERENCE LEVEL-l.5V 

Oil-Dis 

~-------------------
OSl, 052, STB~ __________ ...;,, __ J 

1-'-":::":'=::""::""'" 

~--------------------------

---------------------~ 

011-018 
~(--------------- ...... v 

-----------", su DA) h(DA) /r'--------------------

OSl, OS2, STB ~:~~~~';-~~) ~-----------------------------a 
~~ . 

DOl-DOs 

OSl, OS2, MO 

DOl-DOS 

STB 

INT 

CLR 

DOl-DOS 

----------------- -,/ ,----------------------

{ tw 

1; 
tw 

tPZL(MD-DO) 
tPZH(MD-DO) 

1 
;r 

~HL(STB-INT) 

~HL(m:I'I-DD) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MSL8212P 

a-BIT INPUT/OUTPUT PORT WITH 3-STATE OUTPUT 

APPLICATION CIRCUIT 

ALE 30 

M5L8085AP. S 

CPU AD7 19 

AD6 18 

ADs 17 

AD, 
16 

AD3 
15 

AD, 14 

ADI 13 

ADo 
12 

9-3~ 

5V 

-0-

24 141 2\ 
Vee CLR MD 

13 
OS, 

22 
Dis 

20 
017 

18 016 

16 
M5L8212P 

015 INPUT/OUTPUT 
9 

01, 
PORT 

7 013 

5 
012 

3 Oi, 

DSI GND 

1L... 

T7 

• MITSUBISHI 
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O.OI,uF 

:~ 

DOs 
21 

007 
19 

006 17 

005 15 

DO, 
10 

003 8 

DO, 6 

DO, 4 

A7 

A6 

As 

A, 

A3 

A2 

AI 

Ao 

06 

05 

Do 

ADDRESS 
BUS 

BIDIRECTIONAL 
DATA BUS 



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 

M5L 8080AP, S (8080A). They are fabricated by using 
bipolar Schottky TTL technology, and have high fan-out. 

FEATURES 
• Parallel 8-bit data bus buffer driver 
• Low input current OlEN, CS: IlL =-500pA(max) 

01. DB: IlL =-250pA(max) 

• High output current M5L 8216P 
DB: 10L =55mA(max) 

IOH =-10mA(max) 

DO: IOH=-lmA(max) 
M5L8226P 

DB: IOL =50mA(max) 

IOH =-10mA(max) 

DO: IOH =-lmA(max) 

• Outputs can be connected with 
the CPU M5L8080AP, S: VOH =3.65V(min) 

• Three-state output 
• The M5L8216P has interchangeability with Intel's 8216 

in pin configuration and electrical characteristics, and 

the M5L8226P with Intel's 8226. 

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. 

BLOCK DIAGRAM M5L8216P 

vee 

r---·-®-------·i 
DATA INPUT 01 0 ~ 

. 3 OBo 
DATA OUTPUT 000 2 }<---t--< .. -+_---.J 

DATA INPUT 01, 7 }----t----l>--+_~ 

DATA OUTPUT DO, 5 }<---t--< .. -+----.J 

PIN CONFIGURATION (TOP VIEW) 

CHIP SELECT INPUT cs-+ vee 

DATA OUTPUT 000 +- 15 +- OlEN ~~~LE INPUT 

DATA INPUT 01,-+ 

GNO 

Outline 16P4 

DATA OUTPUT 

BIDIRECTIONAL 
DATA BUS 

DATA INPUT 

DATA OUTPUT 

BIDIRECTIONAL 
DATA BUS 

DATA INPUT 

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 
OlEN. 

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. 

M5L8226P 

DATA I N PUT 010 4 )--------j:>o--t--, 

DATA OUTPUT 000 2r---t--o<J--t-~ 

DATA INPUT 01, 7 )-->--t----l:»-t--, 

DATA OUTPUT DO, 5 }<--+_---<>Cf--t---' 

DATA INPUT 01, 9 j--..-+----l>---+_, 
BIDIRECTIONAL 
DATA BUS 

DATA INPUT 01, 9p-+--l:»-t--, 
BIDIREOIONAL 
DATA BUS 

DATA OUTPUT DO, 11)<--+--< .. -+_---' DATA OUTPUT DO, 11)--+--o<I--+---' 

DATA INPUT 013 DATA INPUT DI3 12}---+--l:>O--+__--, 

DATA OUTPUT 003 DATA OUTPUT 003 14r--+--o<f--t--' 

k---~-~-{1 CS ~~C~CT INPUT 
ENABLE I~~~~ DIEN 15)--;.-1--------' 

~--++--'o-{ 1 CS ~~C~CT INPUT 
DATA 

ENABLE INPUT 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MSL8216P, MSL 8226P 

4-BIT PARALLEL BIDIRECTIONAL BUS DRIVERS 

ABSOLUTE MAXIMUM RATINGS (Ta=O-75"C, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage, CS. OlEN, 01 inputs 
~Vlth respect to GND 

V, Input voltage, DB input 

Vo High-Ievel:,output voltage 

Pd Power dissipation Ta=25"C 

Topr Operating free-air temperature range 

Tstg Storage temperaturerange 

RECOMMENDED OPERATING CONDITIONS (Ta=0-75"C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supplv voltage 4,75 5 5,25 V 

10H High-level output current DO output -1 mA 

10H High,level 0u.tput current, DB output -10 mA 

10L Low-level output current. DO output 15 mA 

10L Low-level output current. 08 output 25 mA 

ELECTRICAL CHARACTERISTICS (Ta =0-75"C, unless otherwise noted) 

Symbol Parameter Conditions 

V,H High-level input voltage 

V,L Low-level input voltage 

V'C Input clamp voltage Vee=4,75V, l,e=-5mA 

VOH High-level output voltage, DO output 10H= -1 mA 

VOH High-level output voltage. DB output IOH=-10mA 
Vee=4,75V 

VOLl Low-level output voltage. DO output 10L = 15mA 
VIH=2V 

VOLl Low-level output voltage, DB output IOL=25mA 

I M5L 8216P 
V'L=0,95V 

10L =55mA 
VOL2 Low-level output voltage. DB OlJtput 

I M5L 8226P 10L =50mA 

10ZH Off-state output current. DO output 
VO=5,25V 

10ZH Off-state output current. DB output 
Vce=5,25V 

10ZL Off-state output current. DO output 
Vo=0,5V 

10ZL Off-state output current DB output 

I'H High-level input current OlEN. CS inputs Vee=5.25V, V'H=4.5V 

I'H High-level input current. DI. DB inputs V,L=OV, V,=S.25V 

I,L Low-level input current. DIEN CS intputs Vee=5.25V, V'H=4,5V 

I,L low-level input current. 01. DB input V'L=OV, V,=0.5V 

los Short-circuit output DO output (Note 2) 
Vee=5,25V, VO=OV 

los S~DB output (Note 2) 

Icc Supply current Vce=5.25V 

Notel: Current flowing into an IC is positive, out is negative 
2 : All measurements should be done quickly, and not more than one output should be shorted at a time . 
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Limits Unit 

7 V 

5,5 V 

Vee V 

Vee V 

700 mW 

0-75 "C 

-55-125 "C 

Limits 
Unit 

Min Typ Max 

2 V 

0,95 V 

-1 V 

3.65 V 

2,4 V 

0,5 V 

0,5 V 

0,7 V 

0.7 V 

20 J.lA 

100 J.lA 

-20 J.lA 

-100 J.lA 

20 J.lA 

10 J.lA 

-500 J.lA 

-250 J.lA 

-15 -65 mA 

-30 -120 mA 

130 mA 



MITSUBISHI BIPOLAR DIGITAL IC. 

MSL 8216P, MSL 8226P 

4-BIT PARALLEL BIDIRECTIONAL BUS DRIVERS 

SWITCHING CHARACTERISTICS (Vcc=5V, Ta=25'C, unless otherwise noted) 

Symbol Parameter Conditions 
INote 3) 

I PHL (DB- DO) High-to-Iow-and low-ta-high output propagation time. 
from input DB to output DO 

CL=30pF, RLl =300Q, RL2 =600Q 
IpLH(OB-OO) 

I PHL (01- DB) High-ta-Iow and low-ta-high output propagation time, 
from input 01 to output DB 

CL=300pF, RLt =90Q, RL2=180Q 
I PLH (01- DB) 

IpHZ(Cs-OO) High-to-Z and low-to-Z output propagation time. CL=5pF, RLl = 10kQ, RL2= 1kQ 

I PLZ(Cs-OO) 
from inputs OlEN. CS. to output DO CL=5pF, RLl=300Q, RL2 =600 Q 

M5L 8216P 
IpZH(Cs-OO) C(.=30pF, RLl =10kQ, RL2= 1kQ 

Output enable time. M5L 8226P 

from inputs OlEN, CS to output DO 
M5L 8216P 

t PZLiCs- DO) CL=30pF, RLl =300 Q, RL2=600 Q 
M5L 8226P 

tPHZ(Cs-OB) Output disable time. from inputs OlEN. CS. to CL=opF, RLl =10kQ, RL2= 1kQ 

tpLZ(Cs-OB) 
output DB 

CL=5pF, RLl=90Q, RL2 = 180 Q 

M5L 8216P 
tPZH(Cs-OB) CL=300pF, RLl = 10kQ, RL2= 1kQ 

Output enable time, from inputs M5L 8226P 

OlEN, CS to output DB M5L 8216P 
tPZLiCs-OB) CL=300pF, RLl =90Q, RL2=180Q 

M5L 8226P 

TIMING DIAGRAM (Reference level = 1 .5V) 
Note 3 : Measurement circuit 

OBo -OB3 
010 - 01 3 ____ J ,_-:-____ --". ___ ...,._ 

tpLH(OB--OO), tpLH(OI-OB) 
tPHLiOB--OO), tpHL(OI -DB) 

000 -003 OBo-OB3 _____ -' '-_________ __ 

OlEN, CS 
_---::_J 

tpZL(Os - DO), tPZL(Os -- OB~,).J..-___ ~~ 

tpHZ(Os-OB) 

tPLZ(OS-OB) 
000-003 n 
OBo-OB3------~ '~-----

TYPICAL APPLICATIONS 
Fig_ 1 shows a pair of M5L8216PS or M5L8226PS which 
are directly connected with the M5L 8080A CPU data bus, 
arid their control signal. Fig. 2 shows an example circuit 
in which the M5L8216P or M5L8226P is used as an 
interface for memory and I/O to a bidirectional bus. 

Fig. 1 Data bus buffer 

DBIN-

• MITSUBISHI 
"'E'-ECTRIC 

limits 
Unit 

Min Typ Max 

25 ns 

30 ns 

35 ns 

65 ns 

54 ns 

65 ns 

54 ns 

35 ns 

65 ns 

54 ns 

65 ns 

54 ns 

Vee 

RLl 

RL2 

15 

SYSTEM DATA BUS 
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, MITSUBISHI BIPOLAR DIGITAL ICs 

MSL 8216P, MSL 8226P 

4·BIT PARALLEL BIDIRECTIONAL BUS DRIVERS 

Fig. 2 Memory and 1/0 interface to bidirectional data bus 

MEMORY 

is s 

4 f4 4 f4 4 t4 
01 DO 01 DO 01 DO 

:-~ CS~ 15 CS~ i!oR ~ OlEN r< OlEN OlEN 

M5LB216P M5LB216P M5LB216P 
OR OR OR 

M5LB226P M5L8226P M5L8226P 

DB DB DB 

liDsEN 
4 4 4 

S 

BIDIRECTIONAL OATA BUS 
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I/O 
INTERFACE 

is s 

4 14 
01 DO 

1 15 1 
CSp- r< OlEN CS 0-

M5LB216P 
OR 

M5L8226P 

DB 

4 



MITSUBISHI L$ls 

MSL8243P 

INPUT/OUTPUT EXPANDER 

DESCRIPTION 
The M5L 8243P is an input/output expander fabricated 

using N-channel silicon-gate ED-MOS technology. This 

device is designed specifically to provide a low-cost means 
of I/O expansion for the MELPS 8-48 single-chip micro
computer and M5L8041A-XXXP. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
.16 Input/output pins ( IOL =5.0mA(max)) 

• Simple interface to MELPS 8-48 microcomputers 

• Single 5V power supply 

• Low power dissipation: 50mW(typ) 
• Interchangeable with Intel's 8243 in pin configuration 

and electrical characteristics 

APPLICATION 
• I/O expansion for the MELPS 8-48 single-chip micro

computers. 

FUNCTION 
The M5L8243P is designed to provide a low-cost means 

of I/O expansion for the M5L 8041A-XXXP universal 

peripheral interface and the M5L 8048 and M5L 8049 

single-chip microcomputers. The M5L 8243P consists of 

four 4-bit bidirectional static I/O ports and one 4-bit port 
which serves as an interface to the M5L 8041A-XXXP and 

M5L8048/9. Thus multiple M5L8243Ps can be added 

to a single master. 

Using the original instruction set of the master, the 

M5L 8243P serves as the in resident I/O facility. Its I/O 

ports are accessed by instructions MOV, ANL and ORL. 

BLOCK DIAGRAM PORT 2 
CHIP SELECT PROGRAM ~ 

P'0 P71P72 P73 
'---.r--' 

PORT 7 

CS PROG P20 P21 P22 P23 

P60 P 61P62P63 
'-v------J 

PORT 6 

11 10 9 8 

PSOPSl PS2 PS3 
'----.r-----' 

PORT 5 

• MITSUBISHI 
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Outline 24P1 

P40P41 P 42P43 
'--v----' 

PORT 4 

~ Vcc(sv) 

12 GND(OV) 
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MITSUBISHI·LSls 

MSL8243P 

INPUT/OUTPUT EXPANDER 

PIN DESCRIPTION 
Symbol Name Input or output Function 

A high-ta-Iow transition on PROG signifies that address (PORT 4-7) and control are available on PORT 2. and 

PROG Program In a low-ta-high transition signifies that the designated data is available on the disignated port through PORT 

2 The designation is shown in Table 1. 

Chip select input. A high on CS causes PAOG input to be regarded high inside the M5L8243P. then this CS Chip salect In 
inhibits any change of output or internal status. 

P20-P23 Input/output port 2 In/out 
The 4-bit bidirectional port contains the address and control bits shown in Table 1 on a high-ta-Iow transition 

of PROG. During a low-ta-high transition it contains the input (output) data on this port. 

P40- P 43 Input/o~tput port 4 
The 4-bit bidirectional I/O port. May be programmed to be input. low-impedance latched output or a 

PSO-PS3 Input/output port 5 
In/out 

three-state. This port is automatically set output mode when it is written. ANLed or ORLed. then continues 

PSO-PS3 Input/output port 6 its mode until next read operation. After reset on a read operation, this port is in high-impedance and input 

P70-P73 Input/output port 7 
mode. 

OPERATION 
The M5L8243P is an input/output expander designed 
specifically for the M5L8014A-XXXP and MELPS 8-48 
single-chip 8-bit microcomputer. The M5L 8041A-XXXP 
and MELPS 8-48 already have instructions and PROG pin 
to communicate with the M5L8243P. 

An example of the M5L 8243P and the M5L 8041A
XXXP is shown in Fig. 1. The following description of the 

M5L8243P basic operation is made according to Fig. 1. 
Upon initial application of power supply to the device, 

and then about 50ms after, resident bias circuits become 
stable and each device is ready to operate. And each port 
of the M5L 8243P is set input mode (high-impedance) by 

means of a resident power-on initialization circuit. 
When the microcomputer begins to execute a transfer 

instruction 

MOVD A, Pi i = 4, 5, 6,7 
which means the value on the port Pi is transferred to the 

accumulator, then the signals are sent out on the pins 
PROG and P20-P23 as shown in Timing Diagram. 

On the high-to-Iow transition of the pin PROG, the 
M5L8243P latches the instructions (ex. 0000) into itself 
from pins P20-P23 and transfers them to the instruction 
register (CD in Timing Diagram). During the low-level of 
PROG, the M5L8243Pcontinuously outputs the contents 
of the specified input (output) port (in this case port P,) to 
pins P20 -P23 (Z):in Timing Diagram). The microcomputer, 
at an appropriate time, latches the level of pins P20 -P23 
and resumes high-level of PROG. 

The next example is the case in which the microcom
puter executes 

MOVD Pi, A i = 4, 5, 6,7 
the transfer (output) instruction. 

In this case, as in the previous case, on the high-to
low transition of the pin PROG, the M5L 8243P latches 

the instructions (ex. 0110) into itself from pins P20-P23 

and transfers them to the instruction register (CD in Timing 
Diagram). 

After this, the microcomputer sends out high to the 
pin PROG, transferring the data to pins P20-P23 which is 
an output data to input/output port. Then the M5L 8243P 
transfers the data of pins P20-P23 to the port latch of the 
designated input/output port (in this case Pel. In a few 
seconds after a low-to-high transition on the PROG, the 
designated port (Pe) becomes in an output mode and the 

data of the port latch are transferred to the port pins 
((J) in Timing Diagram); 

When instructions 

ANlD 
ORlD 

Pi, A 
Pi, A i = 4, 5, 6,7 

are executed, the microcomputer generally operates as 
same function as MOVD Pi ,A. 

It only differs in that the data of port latch after @ in the 
Timing Diagram is ANDed or ORed with the data of port 

latch before @ and the data of pins P20-P23. 
When instructions 

MOVD 
ANlD 
ORlD 

Pi, A 
Pi, A 
Pi, A i = 4,5,6,7 

are executed toward the port in an output mode, the 
outputs are generated on the port as soon as low-to-high 
transition on the PROG occurs. 

When the mode of the output port is going to be 
changed during the execution and the instruction 

MO V 0 A , Pi i = 4, 5, 6, 7 
is executed, it is preferable to execute one dummy 
instruction. Because it takes a little time to turn the 
designated port into a high-impedance state after high
to-low transition on the PROG, the result may be that the 
first instruction is not read correctly. 
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MITSUBISHI LSI. 

MSL8243P 

INPUT/OUTPUT EXPANDER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Limits Unit 

Vee Supply voltage -0.5-7 V 

VI Input voltage With respect to Vss -0.5-7 V 

Vo Output voltage -0.5-7 V 

Pd Maximum power dissipation Ta=25'C 600 mW 

Topr Operating free-air temperature range -20-70 'C 

Tstg Storage temperature range -40-125 'C 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-70'C. Vee=5V±10%. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply '.'ollago 0 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

ELECTRICAL CHARACTERISTICS (Ta=·-20-70'C. Vcc=5V±10%, unless otherwise noted) 

Symbol Parameter 

VIL Low-level input voltage 

VIH High-level input voltage 

VOLI Low-level output voltage, ports 4-7 

VOL2 LOW-level output voltage, port 7 

VOL3 Low-level output voltage. port 2 

VOHI High-level output voltage, ports 4-7 

VOH2 High-level output voltage, port 2 

hI Input leakage current. ports 4-7 

h2 Input leakage current. port 2. CS. PROG 

ICC Supply current from Vee 

IOL Sum of all IOL from 16 outputs 

Table 1 Instruction and address codes 

Instruction code P23 P22 Address code P2. 

Read 0 0 port 4 0 

Write 0 1 port 5 0 

ORLO 1 0 port 6 1 

ANLO 1 1 port 7 1 

P20 

0 

1 

0 

1 

Conditions 
Min 

-0.5 

2 

IOL= 5 rnA 

IOL=20mA 

IOL = 0.6mA 

IOH=200t'A 2.4 

IOH = 100t'A 2.4 

OV~in~Vce -10 

OV~Vin~Vce -10 

IOL=5mA Each pin 

Fig. 1 Basic connection 

5V 

M5L8048/9 or M5L804. A-XXXP 

PROGI-----~ 

P20~=====~ P2.1-
P22i------"i 
P23r----1.::~Q,till 

• MITSUBISHI 
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limits 
Unit 

Typ Max 

0.8 V 

VCC+ 0.5 V 

0.45 V 

V 

0.45 V 

V 

V 

20 t'A 

10 ",A 

10 20 rnA 

80 rnA 
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MITSUBISHI LSls 

MSL8243P 

INPUT/OUTPUT EXPANDER 

TIMING REQUIREMENTS (Ta=-20-70'C, Vcc=5V±10%, Vss=OV, unless otherwise noted) 

Alternative 
Symbol Parameter Test conditions 

symbol 

tsu (INST -PRJ Instruction code setup time before PROG tA 80pF Load 

th (PR-INST) Instruction code hold time after PROG tB 20pF load 

tSU(DQ-PR) Data setup time before PROG tc 80pF Load 

th(PR-DQ) Data hold time after PROG to 20pF Load 

tW(PR) PROG pulse width tK 

tsu (cs" PR) Chip-select setup time before PROG tcs 

th(PR-CS) Chip-select hold time after PROG tcs 

tsu (PORT-PAl Port setup time before PROG tiP 

th(PR-PORT) Port hold time after PROG tiP 

SWITCHING CHARACTERISTICS 

Alternative 
Symbol Parameter Test conditions 

symbol 

ta (PR) Data access tlmle after PROG tACC 80pF Load 

tdv(PR) Data valid time after PROG tH 20pF Load 

tpHL(PR) Output valid time after PROG tpo 100pF, Load ~~(PR) 

l~~~i~~i Input/output switching time -

TIMING DIAGRAM 

tW(PR) 

tSU(INd ~Q) ~NST) l~U(DQ-PR) 

PROG 

PORT 2 CD 

ta(PR) 
~tdv(PR) 

K 
® '\ 

\. J-
PORT 2 

tpZX(PR) 

tPHL(PR) 
~PR) 

PORTS 4-7 

PORTS 4-7 @ 

tpXZ(PR) 

PORTS 4-7 '-
J-

Isu(~ th (PR-PORT) 

PORTS 4-7 

tSU(CS-PRL th(PR-CS) 

Note 1 AC test conditions 
Input pulse level 0 _ 45 - 2. 4V 
Input pulse rise time tr (10%-90%) 20ns 
Input pulse fall time If (10%-90%) 20ns 
Reference voltage for sWitching characteristic measurement 

Input V,H 2V VIL O. 8V 
Output VOH 2 V VOL 0 _ 8V 
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Limits 
Unit 

Min Typ Max 

100 ns 

60 ns 

200 ns 

20 ns 

700 ns 

50 ns 
--

50 ns 

100 ns 

100 ns 

Limits 
Unit 

Min typ Max 

0 650 ns 

0 150 ns 

700 ns 

800 ns 



MITSUBISHI LSls 

M5L8251AP 

PROGRAMMABLE COMMUNICATION INTERFACE 

DESCRIPTION 
The M5L 8251AP is a universal synchronous/asynchronous 

receiver/transmitter (USART) IC chip designed for data 

communications use. It is produced using the N·channel 

silicon·gate ED·MOS process and is mainly used in combina· 

tion with 8·bit microprocessors. 

FEATURES 
• Single 5V power supply 

• Synchronous and asynchronous operation 
Synchronous: 

5~8·bit characters 

Internal or external synchronization 

Automatic SYNC character insertion 

Asynchronous system: 

5~8·bit characters 

Clock rate-1, 16 or 64 times the baud rate 

1, 1 'h, or 2 stop bits 

False·start·bit detection 

Automatic break·state detection 

• Baud rate: DC~64K-baud 

• Full duplex, double·buffered transmitter/receiver 

• Error detection: parity, overrun, and framing 

• Pin connection and electrical characteristics compatible 

with Intel's 8251A 

APPLICATIONS 
• Modem control of data communications using micro· 

computers 

• Control of CRT, TTY and other terminal equipment 

FUNCTION 
The M5L 8251AP is used in the peripheral circuits of a 

CPU. It permits assignments, by means of software, of 

operations in all the currently used serial·data transfer 

systems including IBM's 'bi·sync: 

BLOCK DIAGRAM 

BIDIRECTIONAL DATA BUS 

CLOCK INPUT 

CONTROL/DATA-CO~~~8\' 

READ-DATA CONTROL INPUT 

WRITE-DATA CONTROL INPUT 

CHIP-SELECT INPUT 

DATA-SET READY INPUT 

DATA-TERMINAL READY INPUT 

CLEAR-TO-SEND INPUT 

REOUEST-TO-SEND OUTPUT 

DATA 
BUS 

BUFFER 

PIN CONFIGURATION (TOP VIEW) 

BIDIRECTIONAd 02 ..... 1 
DATA BUS) 03 ..... 2 

RECEIVERi~~0~ RxO -> 3 

(DV) Vss 4 

1 
04 ..... 5 

BIDIRECTIONAL 05 ..... 6 
DATA BUS 06 ..... 7 

I 07 .... 8 

l BIDIRECTIONAL 
DATA BUS 

Vee (5V) 
RECEIVER· 
CLOCK INPUT 
DATA-TERMINAL 
READY OUTPUT 
REOUEST-TO
SEND OUTPUT 
DATA-SET 
READY INPUT 
RESET INPUT 

T~t8t:tllf;W~T CLOCK INPUT 

cONV~bYi~~(;~ 19 -> TxO b~~~so~gm 
CHIPSr~~3+ 18 -> TxEMPTY I~Am~0t~~T 

88Nt~8tJPNAl~i 17 ~ CTS~~~'6RI~~UT 
CONf~tei~~0~ RO -> 13 16 ..... ~6NDETI ~~~El6lfflf 
READ~E8ol/~~i RxRDY +- 14 15 -> TxRDY ~~~~1~(;W~-T -.... ___ -1 

Outline 28P1 

The M5L8251AP receives parallel·format data from the 

CPU, converts it into a serial format, and then transmits 

via the T xD pin. It also receives data sent in via the RxD 

pin from the external circuit, and converts it into a 

parallel format for sending to the CPU. 

On receipt of parallel·format data for transmission from 

the CPU or serial data for the CPU from external devices, 

the M5L8251AP informs the CPU using the TxRDY or 

RxRDY pin. In addition, the CPU can read the M5L 

8251AP status at any time. 

The M5L 8251AP can detect the data received for 

errors and inform the CPU of the presence of errors as 

status information. Errors include parity, overrun and 

frame errors. 

RxO 

TRANSMITTER-DATA OUTPUT 

TRANSMITTER-READY OUTPUT 

TRANSMITTER-EMPTY OUTPUT 

TRANSMITTER-CLOCK INPUT 

RECEIVER-DATA INPUT 

RECEIVER-READY OUTPUT 

RECEIVER-CLOCK INPUT 

16 SYNDET/BD SYNC DETECT/BREAK DETECT 
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OPERATION 
The M5L 8251AP interfaces with the system bus as shown 

in Fig. 1, positioned between the CPU and the modem or 

terminal equipment, and offers all the functions required 
for data communication. 

Fig. 1 M5L8251AP interface to 8080A standard system bus 

16 ADDRESS BUS 
Ao 

CDNTRDL BUS 

4 i70R VOW RESET ¢2(TTLl 

8 DATA BUS 

8 

C/D CS Do 07 RD WR RESET ClK 

M5L8251AP 

When using the M5L 8251AP, it is necessary to program, 

as the initial setting, assignments for synchronous/asynchro

nous mode selection, baud rate, character length, parity 

check, and even/odd parity selection in accordance with the 

communication system used. Once programming is 

completed, functions appropriate to the communication 

system can be carried out continuously. 

When initial setting of the USART is completed, data 

communication becomes possible. Though the receiver is 

always in the enable state, the transmitter is placed in the 

transmitter-enable state (TxEN) by a command instruction, 

and the application of a low-level signal to the CTS pin 

prompts data-transfer start-up. Until this condition is 

satisfied, transmission is not executed. On receiving data, 

the receiver informs the CPU that reading of the receiver 

data in the USART by the CPU has become possible (the 

RxRDY terminal has turned to '1'). Since data reception 

and the entry of the CPU into the data-readable state are 

output as status information, the CPU can assess USART 

status without accessing the RxRDY terminal. 

During receiving operation, the USART checks errors 

and gives out status information. There are three types of 

errors: parity, overrun, and frame. Even though an error 

occurs, the USART continues its operations, and the error 

state is retained until error reset (ER) is effected by a 

command instruction. The M5L 8251AP access methods 

are listed in Table 1. 

Table 1 M5L8251AP Access Methods 

C/O RO WR CS Function 

l l H l Data bus +-IOata in USART 

l H l l USAAT +- Data bus 

H l H l Data bus.+-IStatus 

H H L L Control +- Data bus 

X H H L 3-State +- Data bus 

X X X H 3-5tat8 +- Data bus 

Data-Bus Buffer 
This is an 8-bit, 3-state bidirectional bus buffer through 

which control words, command words, status information, 

and transfer data are transferred. Fig. 2 shows the 
structure of the data-bus buffer. 

Fig. 2 Data-bus-buffer structure 

~'ID7 
Do 

I I TD INTE 
Do 

I 
STATUS BUFFER 

I 
RNAL DATA BUS 

H RECEIVE·DATA BUFFER r-
~ CDNTRDL BUFFER ~ 

Y TRANSMIT-DATA ~ r-BUFFER 

Read/Write Control LogiC 
This logic consists of a control word register and command 

word register. It receives signals from the CPU control bus 

and generates internal-control signals for the elements. 

Modem Control Circuit 
This is a general-purpose control-signal circuit designed to 

simplify the interface to the modem. Four types of control 

signal are available: output signals DTR and RTS are 

controlled by command instructions, input signal DSR is 

given to the CPU as status information and input signal 

CTS controls direct transmission. 

Transmit Buffer 
This buffer converts parallel-format data given to the data

bus buffer into serial data with addition of a start bit, stop 

bits and a parity bit, and sends out the converted data 

through the TxD pin based on the control signal. 

Transmit-Control Circuit 
This circuit carries out all the controls required for serial

data transmission. It controls transmitter data and outputs 

the signals required by external devices in accordance with 

the instructions of the read/write control logic. 
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Receive Buffer 
This buffer converts serial data given via the RxO pin into a 

parallel format, checks the bits and characters in accordance 

with the communication format designated by mode setting, 

and transfers the assembled characters to the CPU via the 

data-bus buffer. 

Receive Control Circuit 
This circuit offers all the controls required for normal 

reception of the input serial data. It controls receiver data 

and outputs signals for the external devices in accordance 

with the instructions of the read/write control logic. 

Clock Input (ClK) 
This system-clock input is required for internal-timing 

generation and is usually connected to the clock-output 

(¢2ITTLI) pin of the M5l8224P. Although there is no 

direct relation with the data-transfer baud rate, the clock

input (ClK) frequency is more than 30 times the 'iXC 
or RxC input frequency in the case of the synchronous 

system and more than 4.5 times in the case of the asynchro

nous system. 

Reset Input (RESET) 
Once the USART is shifted to the idle mode by a high-level 

input, this state continues until a new control word is set. 

Since this is a master reset, it is always necessary to load a 

control word following the reset process. The reset input 

requires a minimum 6-clock pulse width. 

Data-Set Ready Input (DSR) 
This is a general-purpose input signal, but is usually used as 

a data-set ready signal to test modem status. Its status can 

be known from the status reading process. The 0 7 bit of 

the status information equals '1' when the OSR pin is in 
the low state, and '0' when in the high state. 

OSR = l .... 0 7 bit of status information = 1 

OSR = H .... 0 7 bit of status information = 0 

Note: OSR indicates modem status as follows: 

ON means the modem can transmit and receive; 

OFF means it cannot. 

Data-Terminal Ready Output (DTR) 
This is a general-purpose output signal, but is usually used 

as a data-terminal ready or rate-select signal to the modem. 

The OTR pin is controlled by the 0\ bit of the command 

instruction; if 0\ = 1, OTR = L, and if 0\ = 0, OTR = H. 

0\ of the command register = 1 .... OTR = L 

0\ of the command register = 0 .... OTR = H 

Chip-Select Input (CS) 
This is a device-select signal that enables the USART 

by a low-level input. Usually, it is connected to the address 

bus directly or via the decoder. When this signal is in the 

high state, the M5L 8251AP is disabled. 

Write-Data Control Input (WR) 
Data and control words output from the CPU by the low

level input are written in the M5L 8251AP. This terminal is 

usually used in a form connected with the control bus 

I/OW of the CPU. 

Read-Data Control Input (RD) 
Receiver data and status information are output from the 

CPU by a low-level input for the CPU data bus, 

Control/Data Control Input (C/O) 
This signal shows whether the information on the USART 

data bus is in the form of data characters or control words, 

or in the form of status information, in accordance with 

the RO and WR inputs while the CPU is accessing the 

M5L8251AP. The high level identifies control words or 

status information, and the low level, data characters. 

Request-To-Send Output (RTS) 
This is a general-purpose output signal but is used as a 

request-to-send signal for the modem. The RTS terminal 

is controlled by the 0 3 bit of the command instruction, 

When 0 3 is equal to '1', RTS = L, and when 0 3 is 0, RTS 

= H. 

Command register D3 = 1 .... RTS = L 

Command register 0 3 = 0 .... RTS = H 

Note: RTS controls the modem transmission carrier as 
follows: 

ON means carrier dispatch; 

OFF means carrier stop. 

Clear-To-Send Input (CTS) 
When the T xEN bit (Do) of the command instruction has 

been set to '1' and the CTS input is low, serial data is sent III 
out from the T xO pin, Usually this is used as a clear-to- • 

send signal for the modem. 

Note: CTS indicates the modem status as follows: 

ON means data transmission is possible; 

OFF means data transmission is impossible. 

Transmission-Data Output (T xD) 
Parallel-format transmission characters loaded on the M5L 

8251AP by the CPU are assembled into the format desig

nated by the mode instruction and sent in serial-data form 
via the T xD pin. Data is output, however, only in cases 

where the Do bit (T xEN) of the command instruction is 

'1' and the CTS terminal is in the low state. Once reset, this 

pin is kept at the mark status (high level) until the first 

character is sent. 

Transmitter-Ready (T xRDY) 
This signal shows that the data is ready for transmission. 

It is possible to confirm the status of serial-data transmis

sion by using it as an interruption signal for the CPU or 

by allowing the CPU to read the Do bit of the status 

information by polling. Since the T xROY signal shows that 
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the data buffer is empty, it is automatically reset when a 

transmission character is loaded by the CPU. The T xRDY 

bit of the status information means that the transmit·data 

buffer shown in Fig. 2 has become empty, while the 

TxRDY pin enters the high·level state only when the 

transmit·data buffer is empty, TxEN equals '1', and a low· 

level input has been applied to the CTS pin. 

Status (Do): Transmit-data buffer (TDS) is empty and '1'. 

TxRDY terminal: When (TDS is empty)· (TxEN = 1)· 

(CTS = 0) = 1 or resetting, it becomes 
active. 

Transmitter-Empty Output (T xEMPTY) 
When no transmisison characters are left in the transmit 

buffer, this pin enters the high state. In the asynchronous 

mode, the following transmission character is shifted to 

the transmit buffer when it is loaded from the CPU. Thus, 

it is automatically reset. In the synchronous mode, a SYNC 

character is loaded automatically on the transmit buffer 

when no transfer-data characters are left. In this case, 

however, the T xEMPTY does not enter the low state when 

a SYNC character has been sent out, since T xEMPTY = H 

denotes the state in which there is no transfer character 

and one or two SYNC characters are being transferred or 

the state in which a SYNC character is being transferred as 

a filler. T xEMPTY is unrelated to the T xEN bit of the 

command instruction. 

Transmitter-Clock Input (T xC) 
Th is clock controls the baud rate for character transmission 

from the T xD pin. Serial data is shifted by the rising edge 

of the T xC signal. I n the synchronous mode, the T xC 

frequency is equal to the actual baud rate. I n the asynchro

nous mode, the frequency is specified as 1, 16, or 64 times 

the baud rate by the mode seWng. 

Example When the baud rate is 110 bauds: 

TxC = 110Hz (1X) 

TxC= 1.76kHz (16X) 

TxC = 7.04kHz (64X) 

Receiver-Data Input (RxD) 
Serial characters sent from another device are input to this 

pin and converted to a parallel-character format to serve as 

data for the CPU. Unless the '1' state is detected after a 

chip-master reset procedure (this resetting is carried out to 

prevent spurious operation such as that due to faulty 

connection of the RxD to the line in a break statel. the 

serial characters are not received. This applies to only the 

asynchronous mode. When the RxD line enters the low 

state instantaneously because of noise, etc., the mis-start 

prevention function starts working. That is, the start bit is 

detected by its falling edge but in order to make sure that it 

.is the correct start bit, the RxD line is strobed at the middle 

of the start bit to reconfirm the low state. If it is found to 

be high, a faulty-start judgment is made. 

Receiver-Ready Output (RxRDY) 
This signal indicates that the received characters have 
entered the receiver buffer, and further, the receiver-data 

buffer in the data-bus buffer shown in Fig. 2. It is possible 

to confirm the RxR DY status by using this signal as an 

interruption signal for the CPU or by allowing the CPU to 

read the D1 bit of the status information by polling. The 

RxRDY is automatically reset when a character is read by 

the CPU. Even in the break state in which the RxD line is 

held at low, the RxRDY remains active. It can be masked 

by making the RxE (D 2 ) of the command instruction '0'. 

Receiver-Clock Input (RxC) 
This clock signal controls the baud rate for the sending in 

of characters via the RxD pin. The data is shifted in by 

the rising edge of the RxC signal. In the synchronous mode, 

the RxC frequency is equal to the actual baud rate. In the 

asynchronous mode, the frequency is specified as 1, 16, or 

64 times the baud rate by mode setting. This relationship is 

parallel to that of T xC, and in usual communication-line 

systems the transmission and reception baud rates are 

equal. The T xC and RxC terminals are, therefore, used 

connected to the same baud-rate generator. 

Sync DetectlBreak Detect Output-Input 
(SYNDET IBD) 
In the synchronous mode this pin is used for input and 

output operations. When it is specified for the internal 

synchronous mode by mode setting, this pin works as an 

output terminal. It enters the high state when a SYNC 

character is received through the RxD pin. If the M5L 

8251AP has been programmed for double SYNC characters 

(bi-sync), a high is entered in the middle of the last bit of 

the second SYNC character. This signal is automatically 

reset by reading the status information. 

On designation of the M5L8251AP to the external 

synchronous mode, this pin begins to serve for input opera

tions. Applying a high signal to this pin prompts the M5L 

8251AP to begin assembling data characters at the next 

rising edge of the RxC. For the width of a high-level signal 

to be input, a minimum RxC period is required. 

Designation of the asynchronous mode causes this pin 

to function as a SD (output) pin. When the start, data, 

and parity bits and a stop bit are all in the low state, a high 

is entered. The SD (break detect) signal can also be read as 

the D6 bit of the status information. This signal is reset 

by resetting the chip master or by the RxD line's recovering 

the high state_ 
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PROGRAMMING 
It is necessary for the M5L 8251AP to have the control 

word loaded by the CPU prior to data transfer. This must 
always be done following any resetting operation (by 

external RESET pin or command instruction IR). There are 
two types of control words: mode instructions specifying 

general operations required for communications and com

mand instructions to control the M5L 8251AP's actual 

operations. 
Following the resetting operation, a mode instruction 

must be set first. This instruction sets the synchronous or 

asynchronous system to be used. In the synchronous 

system, a SYNC character is loaded from the CPU. In the 
case of thll bi-sync system, however, a second SYNC 
character must be loaded in succession. 

Loading a command instruction makes data transfer 

possible. This operation after resetting must be carried out 
for initializing the M5L8251AP. The USART command 

instruction contains an internal-reset I R instruction (D6 

bit) that makes it possible to return the M5L 8251AP to 
its reset state. The initialization flowchart is shown in Fig. 
3, and the mode-instruction and command-instruction 

formats are shown in Figs. 4 and 5_ 

Fig. 3 Initialization flow chart 

Fig_ 4 Mode-instruction format 

SYNCHRONOUS 
MODE 

ASYNCHRONOUS 
MODE 

SYNC CHARACTER 
SINGLE CHARACTER SYNC I I-SINGLE I I O-DOUBLE 

. SYNC DETECTION 

EXTERNAL SYNC DETECT I I-EXTERNAL I 
-l O-INTERNAL 

PARITY CHECK 

EVEN PARITY I I-EVEN I I 0-000 

PARITY 

PARITY ENABLE I I-ENABLE I L O-DISABLE 

CHARACTER LENGTH 

o loll 111 
01110111 
5 6 7 8 

IscslEsol EP IPENt L2/ L, / 0 I 0 I (C/O=l) 
07 06 05 04 03 02 0, Do WR-O 

Lsd s, / EP /PEN'/ L2 I L, I B2 I Bl I -
~AUDRATE o , 0 , 

o 0 , 1 
IXI1X 161161' 

CHARACTER LENGTH 
o , 0 , 
01 01' 111 
5 6 7 8 

PARITY 

PARITY ENABLE J 1-ENABLE I L O-DISABLE 

PARITY CHECK 

EVEN PARITY I 1-EVEN I 1 0-000 

STOP BITS 

01'10111 
01011111 

IX 11.52 

Fig. 5 Command-instruction format 

Rx ENABLE 

(CI5=I. WR=O) 

TRANSMISSION ENABLE 
1-ENABLE 
O-DISABLE 

DATA-TERMINAL READY 
'~OTR=O 

RECEIVER ENABLE 
1-ENABLE 
O-DISABLE 

'---ER_R--'O_R_R-"E __ SE'--T ____ ""'~~m:~~ELI ERROR FLAGS 
(PE, OE. FE) I 

REQUEST TO SEND TRANSMISSION-CARRIER 
'--------------;ol CONTROL 

'~RTS=O 

INTERNAL RESET iNTERNAL RESET 
'-----------------+1 1--+TO INITIALIZATION 

ENTER HUNT MODE ENTER HUNT MODE 
'---------------~ 1--+ENABLE SEARCH FO 

SYNC CHARACTERS 
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Asynchronous Transmission Mode 
When data characters are loaded on the M5L 8251AP after 

initial setting, the USART automatically adds a start bit 

(low), an odd or even parity bit specified by the mode 

instruction during initialization, and a specified number of 

stop bits (high). After that, the assembled data characters 

are transferred as serial data via the T xD pin if transfer is 

enabled (T xEN = l·CTS = L). In this case, the transfer data 

(baud rate) is shifted by the mode instruction at a rate of 

lX, 1/16X, or 1/64X the TxC period. 

If the data characters are not lo~ded on the M5L 

8251AP, the TxD pin enters a mark state (high). When 

SBR K is programmed by the command instruction, break 

characters (low) are output continuously through the 

TxD pin. 

Asynchronous Reception Mode 
The RxD line usually starts operations in a mark state 

(high), triggered by the falling edge of a low-level pulse 

when it comes to this line. This signal is again strobed at 
the middle of the bit to confirm that it is a perfect start bit. 

The detection of a second low indicates the validity of the 

start bit (restrobing is carried out only in the case of l6X 

and 64X). After that, the bit counter inside the M5L 

8251AP starts operating; each bit of the serial information 

on the RxD line is shifted in by the rising edge of RxC, 

and the data bit, parity bit (when necessary), and stop bit 

are sampled at the middle position. 

The occurrence of a parity error causes the setting of a 

parity-error flag. If the stop bit is in the low state, a frame

error flag is set. Attention should be paid to the fact that 

the receiver requires only one stop bit even though the 

program has designated 1 Y, or 2 stop bits. 

Reception up to the stop bit means reception of a 

complete character. This character is then transferred to the 

receiver-data buffer shown in Fig. 2, and the RxRDY 

Fig. 6 Asynchronous transmission format I (transmisSion) 

START 
BIT 

CPU~USART [5-8 8ITS/CHARACTER) 

DATA CH~RACTER 

ASSEMBLED DATA FORMAT 

DATA CHARACTER [5-8) PARITY STO: BITS I 
BIT [LI 5.2) 

TRANSMIITER DATA OUTPUT [TxD) 

ST5P1 

'--"'''-L---'''--ir----'~:.:-J [1 ~l"f?2) L-

becomes active. In cases where this character is not led by 

the CPU and where the next character is transferred to the 

receiver-data buffer, the preceding character is destroyed 

and an overrun-error flag is set. 

These error flags can be read as the M5L 8251AP status 

information. The occurrence of an error does not stop 

USART operations. The error flags are cleared by the ER 

(D4 bit) of the command instruction. 

The asynchronous-system transfer formats are shown in 
Figs. 6 and 7. 

Synchronous Transmission Mode 

In this mode the T xD pin remains in the high state until 

initial setting by the CPU is completed. After initialization, 

the state of CTS = Land T xEN = 1 causes serial transmis

sion of SYNC characters through the T xD pin. Then, data 

characters are sent out and shifted by the falling edge of the 

T xC signal. The transmission rate equals the T xC rate. 

Thus, once data-character transfer starts, it must con

tinue through the T xD pin at the same rate as that of 

T xC. Unless data characters are provided from the CPU 

before the transmitter buffer becomes empty, one or two 

SYNC characters are automatically output from the T xD 

pin. In this case, it should be noted that the TxEMPTY pin 

enters the high state when there are no data characters left 

in the M5L 8251AP to be transferred, and that the low 

state is not entered until the USART is provided with the 

next data character from the CPU. Care should also be 

taken over the fact that merely setting a command instruc

tion does not effect SYNC-character insertion, because 

the SYNC character is sent out after loading of the data 

characters. 

In this mode, too, break characters are sent out in 

succession from the T xD pin when SB R K is designated 

(D3 = 1) by a command instruction. 

Fig. 7 Asynchronous transmission format II (reception) 

RECEIVER INPUT (RxD) 

STbPl 
BI~S", L-L-_"'-_-"'-~r-_--'L-...;;.--' (1.1 5.2) 

RECEIPTION FORMAT ( @ DATA BITS PARITY STOP BIT 
(5-8) BIT (t 1 5.2) 

J 

USART~CPU (5-8 BITS/CHARACTER) 

DATA CHAR;irER (5-8) 

Note When the data character is 5. 6. or 7 bits/character length. 
the unused bits (for USART - CPU) are set to zero. 

9-,44 
• MITSUBISHI 

..... ELECTRIC 



MITSUBISHI LSls 

M5L8251AP 

PROGRAMMABLE COMMUNICATION INTERFACE 

Synchronous Reception Mode 
Character synchronization in this mode is carried out 
internally or externally by initial-setting designation_ 

Programming in the internal synchronous mode requires 
that an EH instruction (D 7 = 1, enter hunt mode) is 

included in the first command instruction. Data on the 
RxD pin is sampled by the rising RxC signal, and the 

receiver-buffer contents are compared with the SYNC 
character each time a bit is input. Comparison continues 
until an agreement is reached. When the M5L 8251AP has 
been programmed in the bi-sync mode, data received in 
further succession is compared. The detection of two 

SYNC characters in succession makes the USART end the 
hunt mode, setting the SYNDET pin to the high state. 
This reset operation is prompted by the reading of the 

status information. When the parity has been programmed, 

SYNDET is not set in the middle of the last data bit but in 
the middle of the parity bit. 

In the external synchronous mode, the M5L 8251AP 
gets out of the hunt mode when a high synchronization 

signal is given to the SYNDET pin. The high signal requires 

a minimum duration of one RxC cycle. In the asynchronous 

mode, however, the EH signal does not affect the operation 

at all. 
Parity and overrun errors are checked in the same way 

as in the asynchronous system. During hunt-mode opera

tions the parity bit is not checked, but parity checking is 

carried out even when the receiver is disabled. 
The CPU can command the receiver to enter the hunt 

mode, if synchronization is lost. This prevents the SYNC 

character from erroneously becoming equal to the received 

data when all the data in the receiver buffer is set to '1'. 

Attention should be paid to the fact that the SYNDET F/F 

Fig. 8 Synchronous transmission format I (transmission) 

CPU~ USART (5-8 BITS/CHARACTERI 

I DATA C~~RACTER I 
ASSEMBLED TxD OUTPUT 

is reset each time status information is read irrespective of 

the synchronous mode's being internal or external. This, 

however, does not return the M5L 8251AP to the hunt 

mode. Synchronism detection is carried out even though it 
is not the hunt mode. The synchronous transfer formats 
are shown in Figs. 8 and 9. 

Command Instruction 
This instruction defines actual operations in the communi

cation mode designated by mode setting. Command instruc
tions include transmitter/receiver enable error-reset, 

internal-reset, modem-control, enter-hunt and break 
transmission instructions. 

The mode is set following the reset operation. A SYNC 

character is set as required, and the writing of high-level 
signals on the control7data pin (C/O) that follows it is 
regarded as a command instruction. When the mode is set 
all over again from the beginning, the M5L 8251AP can be 

reset by using inputting via the reset terminal or by internal 
resetting based on the command instruction. 
Note 1: The command error reset (ER), internal reset (lR) 

and enter-hunt-mode (EH) operations are only 

effective when the command instruction is loaded, 

so that these bits need not be returned to '0'. 

2: When a break character is sent out by a command, 
the T xD enters the low state immediately irrespec

tive of whether or not the USART has sent out 
data. 

3: Operations of the USART's receiver section which 

is always in the enable state cannot be inhibited. 
The command instruction RxE = 0 does not mean 

that data reception via the RxD pin is inhibited; 

it means that· the RxRDY is masked and error flags 
are inhibited. 

Fig. 9 Synchronous transmission format II (reception) 

SERIAL INPUT OATA (RxDI 

USART ~ CPU (5-8 BITS/CHARACTERI 

87ARACTER 

Note: When the data character is 5. 6. or 7 bits/character length. 
the unused bits (for USART - CPU) are set to zero 
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Status Information 
The CPU can always read USART status by setting the 

C/O to T and RD to '0'. 
The status information format is shown in Fig. 10. In 

this . format RxRDY, TxEMPTY and SYNDET have the 

same definitions as those of the pins. This means that these 
three pieces of status information become '1' when each 

pin is in the high state. The other status information is 

defined as follows: 
DSR: When the DSR pin is in the low state, status 

information DSR becomes '1'. 

Fig. 10 Status information 

06 05 02 DO 

I OSR ISYD~bl FE I OE 1 PE -1 TxE -TR"ADJTXRD~ (C/5~1 

I 
I 

FE: 

DE: 

PE: 

The occurrence of a frame error in the receiver 
section makes the status information FE '1'. 

The occurrence of an overrun error in the receiver 

section makes the status information DE '1'. 
The occurrence of a parity error in the receiver 

section makes this status information PE '1'. 
TxRDY: This information becomes '1' when the transmit· 

data buffer is empty. Be careful because this has 

a different meaning from the TxRDY pin that 
enters the high state only when the transmitter 
buffer is empty, when the CTS pin is in the low 

state, and when T xEN is '1 '. 

RO=O), 

1 FOR TRANSMIT DATA BUFFER IS EMPTY 

SAME DEFINITION AS RxRDY PIN I 
SAME DEFINITION AS TxEMPTY PIN 

~,PE IS SET WHEN A PARITY ERROR IS DETECTED. IT IS RESET BY THE ER BIT OF THE 
COMMAND INSTRUCTION. PE DOES NOT INHIBIT OPERATION OF THE B251A 

IOE IS SET WHEN THE CPU D~ES NOT READ A PrHARACTER BEFORE THE NEXT ONE 1 BECOMES AVAILABL!fr IT IS R SET BY THE ER BI OF THE COMMAND INSTRUCTION, 
OE DOES NOT INHIBI OPERATION OF THE B251A 

J FE IS SET WHEN A VALID STOP BIT IS NOT DETECTED AT THE END OF EVERY CHAR· 
lACTER I§ISYNC ONLY+ IT IS RESET BY THE ER BIT OF THE COMMAND INSTRUCTION 

APPLICATION EXAMPLES 
Fig, 11 shows an application example for the M5L 8251AP 

in the asynchronous mode. When the port addresses of the 

M5L8251AP are assumed to be 00# and 01# in this figure, 

initial setting in the asynchronous mode is carried out in 

the following manner: 

MYI A, B6:1j: Mode setting 

OUT 01:1j: 

MYI A, 27:1j: Command instruction 

OUT 01:1j: 

In this case, the following are set by mode setting: 

Asynchronous mode 

6 bits/character 
Parity enable (even) 

1 Yo stop bits 

Baud rate: 16X 
Command instructions set the following: 

RTS = 1 ~ RTS pin = L 

RxE = 1 
DTR = 1 ~ DTR pin = L 

TxEN = 1 
When the initial setting is complete, transfer operations are 
allowed. The RTS pin is initially set to the low·level by 

setting RTS to '1', and this serves as a CTS input with 

FE DOE NOT INHIBI OPERATION OF THE 8251A ' 

SAME DEFINITION AS SYNDETjBD PIN I 
1 FOR DSR-LOW·LEVEL, 0 FOR bSR-HIGH·LEVEL 

T xEN being equal to T. For this reason the same defini· 

tion applies to the status and pin of TxRDY, and '1' is 

assigned when the transmit·data buffer is empty. Actual 

transfer of data is carried out in the following way: 
IN 01 :Ij: Status read 

The IN instruction prompts the CPU to read the 
USART's status. The result is: if the T xRDY equals '1' 

transmitter data is sent from the CPU and written on the 
M5L8251AP. Transmitter data is written in the M5L 

8251AP in the following manner: 

MYI A, 20:lj: 2D 16 is an example of 
transmitter data, 

OUT OO:lj: USART<- (A) 

Receiver data is read in the following manner: 

IN OO:lj: (A) <- USART 

I n the above example, the status information is read and 

as a result, the transmitter data is written and read. Inter
ruption processing by using the TxROY and RxROY pins 

is also possible. 
Fig. 12 shows the status of the TxO pin when data 

written in the USART is transferred from the CPU. When 
the data shown in Fig. 12 enters the RxD pin, data sent 
from the M5L8251AP to the CPU becomes 2016 and bits 
D 6 and D7 are treated as '0', 

9-46 
• MITSUBISHI 

"'ELECTRIC 



MITSUBISHI LSls 

MSL82S1AP 

PROGRAMMABLE COMMUNICATION INTERFACE 

Fig. 11 Example of circuit using the asynchronous mode 

1 rD_1 
XTAll XTAl2 

BAUD RATE 
RESIN 

GENERATOR RDYIN (DIVIDER) 
TxC 

L; ClK ¢2(TTL) ¢2 

RxC RxRDY CLDCK ¢1 
TxRDY IGENERATDR 

M5L8224P READY 

C RTS 1 RESET SYNC 
CTS STSTB 

RESET Y 
USART ~ 

M5L8251AP 
STSTBBUSEN 

TD EXTERNAL CIRCUIT { ==: DTR RD I!OR HlDA 

DSR WR I/OW WR 

'~ 
DBIN 

TO TRANSMISSION LlNE{ == TxD INTA 

RxD OJ SYSTEM OJ 8 8 I CDNTRDLLER \ 
Do M5L8228P 

Do 

CS C/O MEMW MEMR 

FRDM D!CDDER 

ABo FRDM DATA 

I L BUS 

Fig. 12 Example of data transmission 

SAMPLING 

START BITJ 

8 

STOP BIT (15 BITSI 

DATA 

• MITSUBISHI 
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~ 
¢2 INT---

¢1 HlD---

READY 

SYNC 

RESET 
CPU 

M5L8080AP 

HlDA 

WR 

DBIN 

DBJ AS,S 16 
I I 

DBa ABo 

}TO MEMORY 

E l' CI 

ROM 
XTERNAL 
RCUIT 

ADDRESS 
BUS 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions limits 

Vee Power,supply voltage -0.5- 7 

V, Input VOltage With respect to V 5S -0.5- 7 

Va Output voltage -0.5- 7 

Pd Power dissipation 1000 

Topr Operating free-air temperature range 0-70 

Tstg Storage temperature range -40- 125 

RECOMMENDED OPERATING CONDITIONS (Ta= 0 -70'C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.75 5 5.25 V 

Vss Power-supply vOltage 0 V 

V,H High-level input voltage 2.2 Vee V 

V,L low-level Input vo1ltage -0.5 0.8 V 

ELECTRICAL CHARACTERISTICS (Ta= 0 -70'C. Vee= 5 V± 5 %. Vss = OV. unless otherwise noted) 

Symbol Parameter 

VOH High-level output voltage 

VOL low-level output voltage 

lee Supply current from Vee 

I'H High-level input current 

I,L Low-level input current 

10Z Off-state input current 

Cr Input capacitance 

CI/O Input/output capacitance 

9-48 

Test conditions 

10H = - 400.uA 

IOL=2.2mA 

All outputs are high 

V,=Vee 

V, =0.4SV 

VSS=OV. V, =0.4S-S.2SV 

Vee =Vss. f = lMHz. 25mVrms. Ta=25'C 

Vee =Vss. f = lMHz, 2SmVrms. Ta=25'C 

• MITSUBISHI 
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Limits 

Min Typ 

2.4 

-10 

-10 

-10 

Unit 

V 

V 

V 

mW 

'C 

'C 

Unit 
Max 

V 

0.45 V 

100 mA 

10 .uA 

10 .u A 

10 .uA 

10 pF 

20 pF 
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TIMING REQUIREMENTS (Ta= 0 -70"C Voo= 5 V± 5 % Vss- 0 V unless otherwise noted) -

Alternative 
Symbol Parameter Test conditions 

symbol 

to(",) Clock cycie time (Notes 1. 2) tOY 

tw(",) Clock high pulse width t", 

tW(",) Clock low pulse width t~ 

tr Clock rise time tR 

If Clock fall time tF 
1 x baud rate hx 

fTx 
Transmitter input clock 

fTX 16 x baud rate 
frequency 

fTX 64 x baud rate 

Transmitter Input clock low lX baud rate tTPW 
tW(TPWL) 

pulse width l6X, 64X baud rate tTPW 
Transmitter input clock high lX baud rate ITpo 

tW(TPWH) 
pulse width l6X, 64X baud rate tTPO 

lX baud rate fRx 

fRX 
Receiver input clock 

fRx l6X baud rate 
frequency 

fRX 64X baud rate 

Receiver input clock low lX baud rate tRPW 
tW(RPWL) 

pulse width l6X, 64X baud rate tRPW 

Receiver input clock high lX baud rate tRPO 
tW(RPWH) 

pulse width l6X. 64X baud rate tRPO 

tSU(A-R) Address setup 1ime before read (CS. C/O) (Note 3) tAR 

th(R-A) Address hold time after read (CS. C/D) (Note 3) tRA 

tW(R) Read pulse width tRR 

tSU(A-W) Address setup time before write tAW 

th(W-A) Address hold time after write tWA 

tw(W) Write pulse width tww 

tSU(OQ-W) Data setup time before write tow 

th(W-OQ) Data hold time after write two 

tSU(ESO-RxC) E·SYNDET setup time before RxC tES 

tSU(O-R) Control setup time before read tOR 

tRv Write recovery time between wntes (Note 4) tRV 

tSU(RxO-IS) RxD setup time before internal sampling pulse tSRx 

th(IS-RxO) RxD hold time after internal sampling pulse tHRx 

Nete : The TxC and RxC frequencies have the following limitations with respect to ClK. 
For IX baud rate fTx. fRx:>;)/(30to(,,». For 16X. 64X baud rate fTx. fRX:>;I/(4.5tO(¢» 

2 : Reset pulse width~6 to( ¢) minimum; system clock must be running during reset. 
3 : CS. C/i) are considered as address. 

limits 
Unit 

Min Typ Max 

3~0 1350 ns 

150 10(#)-90 ns 

90 ns 

5 20 ns 

5 20 ns 

DC 64 kHz 

DC 310 kHz 

DC 615 kHz 

12 to(,,) 

1 to(,,) 

15 to(,,) 

3 to(,,) 

DC 64 kHz 

DC 310 kHz 

DC 615 kHz 

12 to(,,) 

1 to(",) 

15 to(,,) 

3 to(,,) 

50 ns 

50 ns 

250 ns 

50 ns 

50 ns 

250 ns 

150 ns 

80 ns 

16 to(,,) 

20 to(,,) 

6 to(,,) 

2 I'S 

2 I'S 

4: This recovery time is for mode initialization only. Write data is allowed only when TxRDY~I. Recovery time between writes for asynchronous 

mode is 8tO("), and that for synchronous mode IS 16tO(¢). 

SWITCHING CHARACTERISTICS (Ta= 0 -70"C. Voo= 5 V+ 5 %. VSS= 0 V. unless otherwise noted.) -

Symbol Parameter 
Alternative 

Test conditions (Note 7) 
symbol Min 

PZV(R-OQ) Output dQta enable time after read (Note 5) tRO CL=150pF 

PVZ(R-OQ) Output data disable time afer read tOF 10 

PZV(TxC-TxO) TxD enable time after falling edge of TxC tOTx 

PLH(CLB-TxR) Propagation time from center of last bit to TxRDY clear(Note 6) tT xADY 

PHL(W-TxR) Propagation time from write data to TxRDY (Note 6) tTxROY CLEAR 

PLH(CLB-RxR) Propagation time from center of last bit to RxRDY (Note 6) tRxROY 

PHL(R-RxR) Propagation ti me from read data to AxADY clear (Note 6) tRxROY CLEAR 

PLH(RxC-SYD) ~~~~%~tiO~o~':~ from rising edge of Axe to internal tiS 

PLH(CLB-TxE) Propagation time from center of last bit to TxEMPTY (Note 6) tTxEMPTY 

PHL(W-C) Propagation time from rising edge of WR to co~trol (Note 6) two 

Note 5 : Assumes that· address IS valid before failing edge of RD. 
6 : Status·up data can have a maximum deley of 28 clock periods from the event affecting the status. 
7 : Input pulse level 0.45-2.4V Reference level Input 

Input pulse rise time 20ns Output VIH= 2 V. VIL=0.8V 

Limits 

Typ Max 

200 

100 

1 

8 

180 

24 

150 

24 

20 

8 

2V 

420Q 

Unit 

ns 

ns 

#s 

to(",) 

ns 

to(,,) 

ns 

to(,,) 

to(,,) 

to(,,) 

Input pulse fall time 20ns load VOH= 2 V. VOL=0.8V 

2.4--Y2 2V--
FROMM~~1"2U5Tl ~~ O-~:~-+--"""':lOUT 

0.4--A;::;0.:::8 _____ ..:0:.;.:::,.8A--
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TIMING DIAGRAMS 

System Clock (ClK) 

~ 
If 

CLK 

Transmitter Clock & Data 

TXC( lX) 

TxC(16X) 

TxD 

Receiver Clock & Data 

RxD 
Rx-BIT COUNTER STARTS HERE 

START BIT 

RxC( lX) 

RxC(16X) 

INTERNAL 
SAMPLING 
PULSE 

9-50 

t W( RPwL) 

tsu (RxO-IS) 

Ic( ¢) 

"p tw(¢) , 

tW(RPWH) 

th(IS-RxO) 

• MITSUBISHI 
..... ELECTRIC 

tW(¢) y 

DATA BIT 

-----

DATA 
BIT 



Write Control Cycle (CPU ---> USARn 

Do-D7 
(DATA IN) 

c/o 

Read Control Cycle 

Do-D7 
(DATA IN) 

c/o 

DON'T CARE 

MITSUBISHI LSls 
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X 
tW(W) tpHL(W-C) 

tSU(DQ-W) !& th (W-DQ) 

). DATA STABLE K DON'T CARE 

kSU(A-W) 
theW-A) J 

, tSU(A-W) 
th(W-A)_ 

I 
l- i 

'i 
tSU(C-R) tW(R) 

~ 

tPZV(R-DQ) 
I 

(// 
DATA VALID 

\\\-

L tSU(A-R) 

~ tSU(A-R) , 

• . MITSUBISHI 
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-1 

tpVZ( R-DQ) 

(\\ 
~/ / 

th(R-AI 

th(R-A) 

If 
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Write Data Cycle 

TxROY 

00-07 
(DATA IN) 

c/o 

cs 

Read Data Cycle 

RxROY 

RO 

00- 0 7 
(DATA IN) 

c/o 

cs 
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DON'T CAAE 

, 
\-

tPHL~ 
lw(w) 

ISU(DQ-W) 

) DATA STABLE 

ISU(A-W) 
~ , 
ts~ , 

\ 
\ 

tPHL~ 

tW(W) 

~ZV(R-DQ) 

/!.~ 
DATA VALID 

\\\ 
ISU(A-A) 

1 
ISU(A-A) 

~ 
k-
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~-DQ) 

X DON'T CAAE 

l~h(W~) 

~ 

~A) 

I 

"l-

I 
MZ(R-DQ) 

\\\ 
11/ 
~) 

V 

~) 

If 
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Transmitter Control & Flag Timing (Async Mode) 

TxEMPTY 

TxRDY 
(STATUS) 

TxRDY 
IPIN) 

c/o 

WR 

TxD 

IpLH(CLB-TxE) 

II' 
I~----------------~------------~ 

Note 8: Example format = 7 bits/character with parity & 2 stop bits. 
9 : TxRDY (pin) = 1 <- (Transmit-data buffer is empty) . (TxEN = 1) . (CTS =0) = 1 

10 : TxRDY (status) = 1 +- (Transmit-data buffer is empty) = 1 

Receiver Control & Flag Timing (Async Mode) 

BD 
(PIN) 

OE 
(STATUS) 

RxRDY 

c/o 

RxD 

r---4 

'DiiiA2' 
LOST 

IPLH(CLB-Rx R) 

11. l 
~ 

RID DATA 1 R'-D DATA 3 

-1 \ \ I J ~ I ~ L 
WRRxE WR R 

W;Jiy \J 

u J 

\SIoN2X3X4X5X6xP!STP\SjOX1}.213l415161Pf. T!\s/oI1121314l516XpfSTR BREAK STATE 

DATA 1 DATA 2 

Note 11 : Example format = 7 bits/character with parity & 2 stop bits 

• MITSUBISHI 
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Transmitter Control & Flat Timing (Sync Mode) 

----.., 

""'-
TxEMPTY 

TxADY 
(STATUS) 

TxADY 
(PIN) 

c/o 

TxD 

r' 

W-- r 
I~ .~ 

It----< Lr r-- ~ 

f\ I 

WA ~ATA 1 WA DATA 2 WR DATA 3 WR DATA 4 

'\ .~ 
~ 

\Olll2l314~ 1Ol1l213l41 =Wll2J;ll4flO11~ 'll\ll2l314J '1Ol1l2R4J 
MARK STATE DATA 1 DATA 2 SYNO OHl SYNO OH2 DATA 3 DATA 4 

Note 12 : Example format = 5 bits/character with parity. bi-sync characters. 

Receiver Control & Flag Timing (Sync Mode) 

SYNDET 
(PIN) 

SYNDET 
(STATUS) 

OE 
(STATUS) 

AxADY 
(PIN) 

Cl/D 

INTERNAL SYNC MODE 

-----1 
WA EH. AxE 

I 
tPLH (RxO-SYD) 

DATA 2 
LOST 

'---- 1'----' 

r 

~ 

~ 

LJ II 
--

WRS~~DjA5 

MARK 
STATE 

[\----< 

r 

Ir 

\.~J 

BREAK 
STATE 

EXTERNAL 
SYNC 
MODE 

~L-

- -

'-

MARK 
STATE 

\Olll2l3l4l 'lOIl12U4l'1Ol 
DATA 5 SYNO OHl 

SYNO OH2 

tSU(ESD-RxO) 

'---< 

DATA 2 
LOST 

1\ 1\ ,--
WA EA WA EH 

AxD 

9-54 

U W 
RDSYNC RD RD 

RD Dv-tJSTATUS l1V -i1S 
STATUS 

!XAX!XAX !XAXXOllXZl'lX4HOIll2I314 Ol112l314Jl toX1X2I314J JJll12X3141 IOX112X3l41 toll x Pll12l'lX4 
SYNC CHl SYNC CH2 ' DATA 1 DATA 2 ,DATA 3 SYNC CHl SYNC CH2 I D TA 1 ; r CAARAcTER ASSEMBLY BEGINS 

JlJ1JU1Jl 
l XITS H NT MODE E U 

SYNDET SET 

Note 13 : Example format = 5 bits/character with parity. bi-sync characters. 
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EXITS HUNT MODE 
SYNDET SET (STATUS) 

RD DATA 1 

U 

1011 ~4 I 
DATA 21 

~~ SYNDET SET 
(STATUS) 
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DESCRIPTION 
The M5L 8253P is a programmable general-purpose timer 
device developed by using the N-channel silicon-gate 
ED-MOS process. It offers counter and timer functions in 
systems using an 8-bit parallel-processing CPU. The use of 
the M5L 8253P frees the CPU from the execution of looped 

programs, count-operation programs and other simple 

processing involving many repetitive operations, thus 

contributing to improved system throughputs. The M5L 

8253P works on a single power supply, and both its input 

and output can be connected to a TTL circuit. 

FEATURES 
• M5L8253P-5 is suitable for use with MELPS85 
• 3 independent built-in 16-bit down counters 

• Clock period: DC-2MHz 
• 6 counter modes freely assignable for each counter 

• Binary or decimal counts 
• Single 5V power supply 
• Pin connection and electric characteristics compatible 

with Intel's 8253 

APPLICATIONS 
Delayed-time setting, pulse counting and rate generation 

in microcomputers. 

FUNCTION 
Three independent 16-bit counters allow free programming 

based on mode-<:ontrol instructions from the CPU. When 

roughly classified, there are 6 modes (0-5). Mode a is 

mainly used as an interruption timer and event counter, 

mode 1 as a digital one-shot, modes 2 and 3 as rate gene-

BLOCK DIAGRAM 

(5V) 

(ov) 

BIDIRECTIONAL DATA BUS 

RIOAD INPUT 

WRITE INPUT 

CHIP-SELECT INPUT 

vee~ 
GND~ 

DATA
BUS 

BUFFER 

t!v1il~~ 
LOGIC 
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PIN CONFIGURATION (TOP VIEW) 

vee (5V) 

WRITE INPUT 

READ INPUT 
BIDIREC· CHIP-SELECT 

TIONAL INPUT 
DATA BUS +-A, 1 ADDRESS 

jlNPUTS 

CLOCK INPUT 
COUNTER 
OUTPUT 

CLOCK INPUT GATE INPUT 
COUNTER CLOCK INPUT OUTPUT 

GATE INPUT GATE INPUT 

(ov) GND COUNTER 
OUTPUT 

Outline 24P1 

rators, mode 4 for a software triggered strobe, and mode 
5 for a hardware triggered strobe. 

The count can be monitored and set at any time_ The 

counter operates with either the binary or BCD system_ 

INTERNAL 
DATA BUS 

9 CLKO CLOCK INPUT 

11 GATEO GATE INPUT 

10 OUTO COUNTER OUTPUT 

15 CLK1 CLOCK INPUT 

14 GATE1 GATE INPUT 

13 OUT 1 COUNTER OUTPUT 

16 GATE2 GATE INPUT 

17 OUT2 COUNTER OUTPUT 
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DESCRIPTION OF FUNCTIONS 
Data-Bus Buffer 
This 3-state, bidirectional, 8-bit buffer is used to interface 

the M5L 8253P to the system-side data bus. Transmission 

and reception of. all the data including control words for 

mode designation and values written in, and read from, the 

counters are carried out through this buffer. 

Read/Write Logic 
The read/write logic accepts control signals (RD, WR) from 

the system and generates control signals for each counter. 

It is enabled or disabled by the chip-select signal (CS); 

if CS is at the high-level the data-bus buffer enters a floating 

(high-impedance) state. 

Read Input (RD) 
The count of the counter designated by address inputs 

Ao and Alan the low-level is output to the data bus. 

Write Input (WR) 
Data on the data bus is written in the counter or control

word register designated by address inputs Ao and Alan 

the low-level. 

Address Inputs (Ao, Ad 
These are used for selecting one of the 3 internal counters 

and either of the control-word registers. 

Table 1 Basic Functions 

CS RD WR A, 

0 1 0 0 

0 1 0 0 

0 1 0 1 

0 1 0 1 

0 0 1 0 

0 0 1 0 

0 0 1 1 

0 0 1 1 

1 X X X 

0 1 1 X 

Ao 

0 

1 

0 

1 

0 

1 

0 

1 

X 

X 

Chip-Select Input (CS) 
A low-level on this input enables the M5L 8253P. Changes 

in the level of the CS input have no effect on the operation 

of the counters. 

Control-Word Register 
This register stores information required to give instructions 

about operational modes and to select binary or BCD 

counting. Unlike the counters, it allows no reading, only 

writing. 

Counters 0, 1, and 2 
These counters are identical in operation and independent 

of each other. Each is a 16-bit, presettable, down counter, 

and has clock-input, gate-input and output pins. The 

counter can operate in either binary or BCD using the fail

ing edge of each clock. The mode of counter operation and 

the initial value from which to start counting can be desig

nated by software. The count can be read by input instruc

tion at any time, and there is a "read-on-the-fly" function 

which enables stable reading by latching each instantaneous 

count to the registers by a special counter-latch instruction. 

Function 

Data bus _ Counter 0 

Data bus _ Counter 1 

Data bus - Counter 2 

Data bus - Control-word register 

Data bus «------ Counter 0 

Data bus - Counter 1 

Data bus - Counter 2 

3-51ate 

3-5tate 

3-s1at8 

9-56 
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CONTROL WORD AND INITIAL-VALUE LOADING 
The function of the M5L 8253P depends on the system 

software. The operational mode of the counters can be 

specified by writing control words (Ao, AI = 1, 1) into the 
control-word registers. 

The programmer must write out to the M5L8253P the 

programmed number of count register bytes (1 or 2) prior 

to actually using the selected counter. 
Table 2 shows control-word format, which consists of 

4 fields. Only the counter selected by the D7 and D6 bits 

of the control word is set for operation. Bits Ds and D4 are 
used for specifying operations to read values in the counter 

and to initialize. Bits D3 -D, are used for mode designa
tion, and Do for specifying binary or BCD counting. When 
Do = 0, binary counting is employed, and any number 

from 000016 to FFFF'6 can be loaded into the count 
register. The counter is counted down for each clock. The 

counting of 0000'6 causes the transmission of a time-out 
signal from the count-output pin. 

The maximum number of counts is obtained when 

0000'6 is set as the initial value. When Do = 1, BCD count

ing is employed, and any number from 000010 to 999910 

can be loaded on the counter. 

Neither system resetting nor connecting to the power 
supply sets the control word to any specific value. Thus 
to bring the counters into operation, the above-mentioned 

control words for mode designation must be given to each 
counter, and then 1-2 byte initial counter values must be 

set. The following is an example of this programming step. 
To designate mode 0 for counter 1, with initial value 

8253 16 set by binary count, the following program is used: 

MYI A. 70,8 Control word 70,6 
OUT n, n, is control-word-register address 
MYI A. 53,8 Low-order 8 bits 

OUT n2 n 2 is counter 1 address 
MYI A. 82,6 High-order 8 bits 

OUT n2 n 2 is counter 1 address 
Thus, the program generally has the following sequence: 
(1) Control-word output to counter i (i = 0, 1,2). 
(2) Initialization of low-order 8 counter bits 
(3) Initialization of high-order 8 counter bits 

The three counters can be executed in any sequence. It is 

possible, for instance, to designate the mode of each 
counter and then load initial values in a different order. 
Initialization of the counters designated by RLl and RLO 

must be executed in the order of the low-order 8 bits and 
then the high-order 8 bits for the counter in question. 

MITSUBISHI LSI. 

MSL 82S3P, P-S 

PROGRAMMABLE INTERVAL TIMER 

Table 2 Control-Word Format 

D7 D6 Ds D4 D3· D2 D1 Do 

SC1 SCO RL1 RLO M2 M1 MO BCD 

~SC----+----R~~--+-------M-------4-BCD~ 

e SC (Select Counter) 

SC1 SCO 

0 0 Select counter 0 

0 1 Select counter 1 

1 0 Select counter 2 

1 1 Prohibited combination 

e RL (Read/Load) 

PL 1 RLO 

0 0 Operation. 

0 1 Read/load low-order 8 bits only 

1 0 Read/load high-order 8 bits only 

1 1 Read/load low-order 8 bits and then high-order 8 bits 

eM (Mode) 

M2 M1 MO 

0 0 0 Mode 0 

0 0 1 Mode 1 

X 1 0 Mode 2 

X 1 1 Mode 3 

1 0 0 Mode, 4 

1 0 1 Mode 5 

eBCD 

Binary counter (16 bits) 

Binary-coded decimal counter (4 decades) 

'. " MITSUBISHI 
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MODE DEFINITION 
Mode 0 (Interrupt on Terminal Count) 
Mode set and initialization cause the cOllnter output 
to go low-level (see Fig_ 1). When the counter is loaded with 
an initial value, it will start counting the clock input. When 
the terminal count is reached, the output will go high and 
remain high until the selected count register is reloaded 

with the mode. This mode can be used when the CPU is 
to be interrupted after a certain period or at the time of 
counting up. 

Fig. 1 shows a setting of 4 as the initial value. If gate 
input goes low, counting is inhibited for the duration of 
the low-level period. 

Reloading of the initial value during count operation will 
stop counting by the loading of the first byte and start the 
new count by the loading of the second byte. 
Mode 1 (Programmable One-Shot) 
The gate input functions as a trigger input. A gate-input 
rising edge causes :the generation of low-level one-shot 
output with a predetermined clock length starting from the 
next clock. Fig. 2 shows an initial setting of 4. While the 
counter output is at the low-level (during one-shot), loading 
of a new value does not change the one-shot pulse width, 
which has already been output. The current count can be 
read at any time without affecting the width of the 
one-shot pulse being output. This mode permits retriggering. 

Mode 2 (Rate Generator) 
Low-level pulses during one clock operation are generated 
from the counter output at a rate of one per n clock inputs 
(where n is the value initially set for the counter). When a 
new value is loaded during the counter operation, it is 
reflected on the output after the pulses by the current 
count have been output. In the example shown in Fig. 3, 
n is given as 4 at the outset and is then changed to 3. 

In this mode, the gate input provides a reset function. 
While it is on the low-level, the output is maintained high; 
the counter restarts from the initial value, triggered by a 
rising gate-input edge. This gate input, therefore, makes 
possible external synchronization of the counter by 
hardware. 

After the. mode is set, the counter does not start count
ing until the rate n is loaded into the count register, with 
the counter output remaining at the high-level. 

Mode 3 (Square Rate Generator) 
This is similar to Mode 2 except that it outputs a square 
wave with the half count of the set rate. When the set value 
n is odd, the square-wave output will be high for (n + 1 }/2 
clock-input counts and low for (n - 1 }/2 counts. When a 

new rate is reloaded into the count register during its opera

tion, it is immediately reflected on the count directly 
following the output transition (high-to-Iow or low-to-high) 
of the current count. Gate-input operations are exactly 
the same as in Mode 2. Fig. 4 shows an example of Mode 
3 operation. 
Mode 4 (Software Triggered Strobe) 
After the mode is set, the output will be high. By loading a 
number on the counter, however, clock-input counts can 
be started· and on the terminal count, the output will go 
low for one input-clock period and then will go high again. 
Mode 4 differs from Mode 2 in that pulses are not output 
repeatedly with the same set count. The pulse output is 
delayed one clock period in Mode 2, as shown in Fig. 5. 
When a new value is loaded into the count register during 
its count operation, it is reflected on the next pulse output 
without affecting the current count. The count will be 
inhibited while the gate input is low-level. 

Mode 5 (Hardware Triggered Strobe) 
This is a variation of Mode 1. The gate input provides a 
trigger function, and the count is started by its rising edge. 
On the terminal count, the counter output goes low for on 
one clock period and then goes high. As in Mode 1, ret rig
gering by the gate input is possible. An example of timing 
in Mode 5 is shown in Fig. 6. 

As mentioned above, the gate input plays different roles 
according to the mode. The functions are summarized in 
Table 3. 

Table 3 Gate Operations 

I~ Low or going low Rising High 

Mode 

0 Disables counting Enables 
counting 

(1) Initiates counting 
1 (2) Resets output 

after next clock 

2 
(1) Disables counting 

Initiates counting 
Enables 

(2) Sets output high counting 
immediately 

3 
(1) Disables counting 

Initiates counting Enables 
(2) Sets output high counting 

immediately 

4 Disables counting Enables 
counting 

5 Initiates counting 
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Fig.1 Mode 0 

eLK 

WR(n~ 
4 3 2 11 

OUT(GATE="H"): : 
, i 

o 

WR~ 

GATE--------~;I r-+'-----------------
A h 

OUT ________ ~: ________ ~ ________ ~ 

Fig. 2 Mode 1 

eLK 

WR(n~ 
GAT E ________ --' 

4 3 

OUT I 

GATE LJ 
2 1 4 

OUT ________________________ -' 

Fig. 3 Mode 2 

eLK 

4 
OUT(GATE="H" ) 

GATE~ 
4 3 

OUT 

COUNTER MONITORING 

3 2 14 j---",__,2=--1 4 3 
U U--

Sometimes the counter must be monitored by reading its 

count or using it as an event counter. The M5L 8253P 

offers the following two methods for count reading: 

Read Operation 
The count can be read by designating the address of the 

counter to be monitored and executing a simple I/O read 

operation. In order to ensure correct reading of the count, 

it is necessary to cause the clock input to pause by external 

logic or prevent a change in the count by gate input. An 

example of a program to read the counter 1 count is shown 

below. If R L 1, R LO = 1, 1 has been specified in the control 

word, the first I N instruction enables the low-order 8 bits 

to be read and the second IN instruction enables the high

order 8 bits_ 

IN n2' •.. n2 is the counter 1 address 

MOV D, A 

IN n2 

MOV E, A 

The IN instruction should be executed once or twice by 

the RLl and RLO designations in the control-word register. 
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Fig. 4 Mode 3 

Fig. 5 Mode 4 

eLK 

OUT 

GATE 

o 
LJ 

L--J 
4 3 2 0 

OUT----------~----~~~~'--'~ 

Fig. 6 Mode 5 

eLK 

o 
OUT~(n---4~)~~~~--~;L_Jr--------------

GATE~L ______ _1~--:__:--~~---
430 

OUT~(n~4~)~--~--------~~--~~~L_Jr 

Read-on-the-Fly Operation 
This method makes it possible to read the current count 

without affecting the count operation at all. A special 

counter-latch command is first written in the control-word 

register. This causes latching of all the instantaneous counts 

to the register, allowing retention of stable counts. An 

example of a program to execute this operation for counter 

2 is given below. 

MVI A ,1000XXXX· ... Ds = D4 = 0 designates counter 

latching 

OUT n1 •••. n 1 is the control-word-register address 

IN n3' ••• n3 is the counter 2 address 

MOV D, A 

IN n3 

MOV E, A 

In this example, the IN instruction is executed twice. Due 

to the internal logic of the M5L 8253P it is absolutely 

essential to complete the entire reading procedure. If two 

bytes are programmed to be read, then two bytes must be 

read before any OUT instruction can be executed to the 

same counter. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter 

Vee Power supply voltage 

VI Input voltage 

Va Output voltage 

PrJ Maximum power dissipation 

Topr Operating free-air temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter 

Vee Power supply voltage 

GND Supply voltage 

VIH High-level input voltage 

VIL Low-Iavel irtput voltage 

Conditions 

With respect to GND 

Ta=25'C 

Limits 
Unit 

Min Nom Max 

4.75 5 5.25 V 

0 V 

2.2 Vee V 

-0.5 0.8 V 

ELECTRICAL CHARACTERISTICS (Ta=0-70'C. Vee=5V±5%, unless otherwise noted.) 

Symbol Parameter Test conditions 

VOH High-level output voltage GND=OV (Note II 

VOL Low-level output voltage GND=OV (Note 21 

hH High·level input current GND=OV. VI=5.25V 

hL LOW-level input current GND=OV. VI=OV 

IOZ Off-state output current GND=OV. VI=O-Vee 

lee Power supply current GND= OV 

Oi Input capac;:itance VIL=GND.f= IMHz.25m'kms. Ta=25'C 

Oilo Input/output capacitance VI/O~GND. f= lMHz.25m'kms.Ta=25'C 

Note 1 . MSL 8253P : IOH= -ISOpA. M5L 82S3P-5 : IOH= -400pA 

2: MSL 82S3P : IOL=I.SmA. MSL 82S3P-S: IOL=2.2mA 
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~jmjts Unit 

-0.5-7 V 

-0.5-7 V 

-0.5-7 V 

1000 mW 

0-70 'C 

-40-125 'C 

Limits 
Unit 

Min TyP Max 

2.4 V 

0.45 V 

±10 pA 

±IO pA 

±10 pA 

140 mA 

10 pF 

20 pF 
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TIMING REQUIREMENTS (Ta=0-70'C, Vcc=5V±5%, GND=OV. unless otherwise noted.) (Note 3) 

Read Cycle 

Alternative 
Symbol Parameter 

symbol 
Min 

tW(R) Read pulse width tRR 400 

tSU(A-R) Address setup time before read tAR 50 

th(R-A) Address hold time after read tRA 5 

treO(R) Read recovery time tRY 1000 

Write Cycle 

Alternative 
Symbol Parameter 

symbol 
Min 

tw(W) Write pulse width tww 400 

tsu(A-W) Address setup time before write tAW 50 

th(W-A) Address hold time after write tWA 30 

tsu(OQ-W) Data setup time before write tow 300 

th(W-DQ) Data hold time after write two 40 

treo(w) Write recovery time tRY 1000 

Clock and Gate Timing 

Alternative 
Symbol Parameter 

symbol 
Min 

tw ("H) Clock high pulse width tPWH 230 

tw(<'l-) Clock low pulse width tPWL 150 

to(,,) Clock cycle time tOLK 380 

tW(OH) Gate high pulse width tow 150 

tw(OL) Gate low pulse width tOL 100 

tsu(O-¢) Gate setup time before clock tos 100 

th("-O) Gate hold ti me after clock tOH 50 

Note 3: Test conditions:M5L 8253P: CL= 100pF, M5L 8253P-5: CL=150pF 

•. MITSUBISHI 
"'ELECTRIC 

M5L 8253P M5L 8253P-5 

limits Limits Unit 

Typ Max Min Typ Max 

300 ns 

50 ns 

5 ns 

1000 ns 

M5L 8253P M5L 8253P-5 

Limits limits Unit 

Typ Max Min Typ Max 

300 ns 

50 ns 

30 ns 

250 ns 

30 ns 

1000 ns 

M5L 8253P M5L8253P-5 

Limits Limits Unit 

Typ Max Min Typ Max 

230 ns 

150 ns 

DC 380 DC ns 

150 ns 

100 ns 

100 ns 

50 ns 
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SWITCHING CHARACTERISTICS (Ta=0-70"C. Vcc=5V±5%. Vss=OV. unless otherwise noted.) (Note 4) 

Alternative 
Symbol Parameter 

symbol 

tPZX(R-DQ) Propagation time from read to output tRD 

tPXZ(R-DQ) Propagation time from read to output floating tDF 

PZX(G-DQ) Propagation time from gate to output tODO 

PZX(¢-DQ) Propagation time from clock to output tOD 

Note 4: Test conditions: M5L 8253P: OL=IOOpF. M5L 8253P-5: OL=150pF 

TIMING DIAGRAMS (Reference Voltage: High = 2.2V. Low = O.SV) 

Read Cycle 

tSU(A-R) 

D7-DO-- -------- -------

Write Cycle 

AI. Ao. OS )f 
tSU(A-W) 

)< 

Clock and Gate Cycle 

elK 

tsu(G-¢) 

GATE --------------------
OUT 

M5L 8l53P 

limits 

Min Typ 

25 

tsu (DQ-W) 

t tw(W) 

tPZX(G-OQ) 
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Limits 

Max Min Typ 

300 

125 25 

300 

400 

>< 
~ 

th (w-OQ) 

~~ 

:I 

Unit 

Max 

250 ns 

100 ns· 

300 ns 

400 ns 

K 
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DESCRIPTION 
This is a family of general-purpose programmable input/ 

output devices designed for use with the M5L 8085A 8-bit 

parallel CPU as input/output ports. These devices are 

fabricated using N-channel silicon-gate ED-MOS technolo

gy for a single supply voltage. They are simple input and 

output interfaces for TTL circuits, having 24 input/output 

pins which correspond to three 8-bit input/output ports. 

FEATURES 
• 24 programmable I/O pins 

• Single 5V supply voltage 

• TTL-compatible IOL =2.5mA (max) 

• Fully compatible with MELPS 8 microprocessor series 

• Direct bit setlreset capability 

• Interchangeable with Intel's 8255A in terms of 

function, electrical characteristics and pin configu

ration 

PIN CONFIGURATION (TOP VIEW) 

lPA3 ... I 

INPUT IOUTPUT PA2" Z 
PORTA PA,_3 

PAO_ 4 

READ INPUT 

CHIP SELECT CS_ 6 

(OV) GND 

PORT ADDRESS 
INPUTS 

INPUT /OUTPUT 
PORT C 

BI-DIRECTIONAL 
DATA BUS 

(5V) 

APPLICATION {
PBO_ 18 

INPUT/OUTPUT P B 1 _ 19 

INPUT /OUTPUT 
PORT B 

• Input/output ports for MELPS 85 microprocessor 

FUNCTION 
These PPls have 24 input/output pins which may be 

individually programmed in two 12-bit groups A and B 

with mode control commands from a CPU. They are used 

in three major modes of operation, mode 0, mode 1 and 

mode 2. 

Operating in mode 0, each group of 12 pins may be 

programmed in sets of 4 to be inputs or outputs. In mode 1, 

the 24 110 terminals may be programmed in two 12-bit 

groups, group A and group B. Each group contains one 8-

bit data port, which may be programmed to serve as input 

PORT B 
PB2_ 20 

-..------"-

Outline 40P1 

or output, and one 4-bit control port used for handshaking 

and interrupt control signals. Mode 2 is used with group A 

only, as one 8-bit bidirectional bus port and one 5-bit 

control port. 

Bit set/reset is controlled by CPU. A high-level reset 

input (RESET) clears all internal registers, and all ports 

are set to the input mode (high-impedance state). 

BLOCK ,-----.--- ---- ----
DIAGRAM I 

(5V) VCC~16. 
(OV) GNO~ - GROUP 

A 

CONTROL 

GROUP 

A 

PORT A 

83381 PAl 
1----_-@IPA 6 
1--__ ""f:Y3'!19 . PA s 
I----"":tl, PA 4 INPUT/OUTPUT 
1-___ "">7'.'1) PA 3 PORT A 

1--__ ""'11 PA 2 
8 - (B -BITI 1-----(>3' PA 1 

OJ f'),-- I 11-~~~;.==t===:f1 PA 0 06~ L-__________ ~--~ r I 
~!~ DATA BUS ;-H Gp~OR~t L ~~ :~~ 

DATA BUS 03 "3i)---- BUFFER 8 I I (MOST SIGNIFI I IZ POs 

02~ ~~C:A~N~T~4~B~IT~S:I;========a13P04 'E["-- 8-BIT 
01 ~ H GROUP B 11 P03 
Do '34)--- INTERNAL 4 I J PORT C I------(~ POz 

~ r DATA BUS I I(LEASTSIGNIFI L 15 PO , 
- rH CANT 4 BITSI 11 POo 

READ INPUT R°t=8:.r-I-----------+---;LI- ~ PBj 

WRITE INPUT W R READ/WRITE 8 GROUP ;g P B6 

{
GROUP 8 ;g PBs 

ADDRESS A 1 ~----. CONTROL B 8 B ;g P B4 

INPUTS Ao ~ LOGIC r~ PORT B ~ PB3 
9 CONTROL (8-BIT) ~ PB2 

RESET INPUT RESET 35 '--L ____ J--------\,g PB, 
r - 18PBo 

CHIP SELECT 0 S ch. L--'I'\"""''1-~--------------------------.....J 
~. _______________________ . .J 
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INPUT /OUTPUT 
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FUNCTIONAL DESCRIPTION 

Data Bus Buffer 

This three-state, bidirectional. eight-bit buffer is used to 

transfer the data when an input or output instruction is 
executed by the CPU. Control words and status informa

tion are also transferred through the data bus buffer. 

Read/Write Control Logic 
The function of this block is to control transfers of both 

data and control words. It accepts the address signals (Ao, 

AI, CS) from the CPU, I/O control bus outputs (RD, WR) 
from the system controller, and RESET signals, and then 

issues commands to both of the control groups in the PPI. 

CS (Chip-Select) Input 
At low-level, the communication between the PPI and the 

CPU is enabled. Wh ile at high-level. the data bus is kept in 
the high-impedance state, so that commands from the CPU 

are ignored. Then the previous data is kept at the output 

port. 

RD (Read) Input 
At low-level, the status or data at the port is transferred to 
the CPU from the PPI. In essence, it allows the CPU to read 

data from the PP I. 

WR (Write) Input 
At low-level. the data or control words are transferred from 

the CPU and written in the PPI. 

Ao ,AI (Port Address) Input 
These input signals are used to select one of the three ports: 
port A, port B, and port C, or the control register. They 
are normally connected to the least significant two bits of 

the address bus. 

RESET (Reset) Input 
At high-level, all internal registers, including the control 
register, are cleared. Then all ports are set to the input 

mode (high-impedance state). 

Group A and Group B Control 
Accepting commands from the read/write control logic, the 

control blocks (Group A, Group B) receive 8-bit control 
words from the internal data bus and issue the proper 

commands for the associated ports. Control group A is 

accociated with port A and the four high-order bits of port 

C. Control group B is associated with port B and the four 

low-order bits of port C. The control register, which stores 
control words, can only be written into. 

Port A, Port B and Port C 
The PPI contains three 8-bit ports whose modes and input/ 

output settings are programmed by the system software. 

Port A has an output latch/buffer and an input latch. 

Port B has an I/O latch/buffer and an input buffer. Port C 

has an output latch/buffer and an input buffer. Port C can 

be divided into two 4-bit ports which can be used as ports 

for control signals for port A and port B. 

The basic operations are shown in Table 1. 

Table 1 Basic Operations 

AI Ao CS RO WR Operation 

a a a a 1 Data bus - Port A 

a 1 a a 1 Data bus ~- Port B 

1 a a a 1 Data bus - Port C 

a a a 1 a Port A - Data bus 

a 1 a 1 a Port B - Data bus 

1 a a 1 a Port C - Data bus 

1 1 a 1 a Control register - Data bus. 

X i X 1 X X Data bus IS In high-Impedance state 

1 1 0 a 1 Illegal condition 

Where, "0" indicates low level 

"1" indicates high level 

Bit Set/Reset 
When port C is used as an output port, anyone bit of the 
eight bits can be set (high) or reset (low) by a control word 
from the CPU. Th is bit set/reset can be operated in the 
same way as the mode set, but the control word format is 

different. This operation is also used for I NTE set/reset in 

mode 1 and mode 2. 

Fig. 1 Control word format for port C set/reset 

Sit set/reset flag 

I Active =0 I 
Don't care 

Bit selection code 

Port C 
03 02

1
01 Brt selected 

-~~-. 

PC, 1 1 1 

PC6 1 1 a 
~ 

PCs I 1 a 1 
f-------

PC, 1 a a 
-----Pc 3 a 1 1 

PC2 a 1 a 
PC, I a a 1 

-c--
PCo a a a 

~ S6t/reset code 

Sel (high) = 1 I 10,10610510.1031021011001 Reset (low) = 0 
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BASIC OPERATING MODES 

The PPI can operate in anyone of three selected basic!modes. 

Mode 0: Basic input/output (group A, group B) 

Mode 1: Strobed input/output 

Mode 2: Bidirectional bus 

(group A, group B) 

(group A only) 

The mode of both group A and group B can be selected 

independently. The control word format for mode set is 

shown in Fig. 2. 

Fig. 2 Control word format for mode set. 

r---------- Mode set flag 

I Active = 1 

,------ Port A input/output set 

I 'Output - 0 

. Input = 1 

0, 
1 

X 

,----- Port C (high-order four bits) input/output set 

I output 0 I 
. Input = 1 . 

I Mode 0,=0 I 
Mode 1 =1 ~ 

Group B mode set 

1. Mode 0 (Basic Input/Output) 
This functional configuration provides simple input and 

output operations for each of the three ports. No "hand· 

shaking" is required; data is simply written in, or read from, 

the specified port. Output data from the CPU to the port 

can be held, but input data from the port to the CPU 

cannot be held. Anyone of the 8·bit ports and 4·bit ports 

can be used as an input port or an output port. The diagrams 

following show the basic input/output operating modes. 

0,06050403020,00 0,0605 0 403 0 20,00 

11101010101010101 11101010101010111 
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0,060504 0 30 ,0,00 

11101010101011101 

0,06050403020,00 

11101010111010101 

PA, -PAo 

D,D6DsD4D3D2D,Do 

11101010111011101 

0,06 0 50 403 0 20,00 

I, 101011101010101 

0,060504 0 30 20 , 0 0 

11"1 0 I 0 11 I 0 I 0 11 I 0 I 

D,D6DsD4D3D2D1Do 

11 10 I 0 11 11 10 I 0 I 0 I 

0,06050403020,00 

11 10 I 0 11 11 10 11 10 I 

0,060504 0 30 20,00 

11 I 0 I 0 I 0 I 0 I 0 ;" 11 I 

0,06 0 504 0 30,0,00 

I, 101010111010111 

0,060504 0 30 ,0,00 

[ 1 I 0 I 0 I 0 11 I 0 11 11 I 

0,060504 0 302 0 ,00 

11101011101010111 

0,060504030,0,00 

11 10 I 0 I i I 0 10 11 11 I 

PA,-PAO 

0,06050403020,00 

11 10 I 0 11 1110 I 0 111 

0,060504 0 30 ,0,00 

11 10 1 0 11 11 10 I 0 11 I 
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2. Mode 1 (Strobed Input/Output) 
This function can be set in both group A and B. Both 

groups are composed of one 8·bit data port and one 4·bit 

control data port. The 8·bit port can be used as an input 

port or an output port. The 4·bit port is used for control 

and status signals affecting the 8-bit data port. The follow· 

ing shows operations in mode 1 for using input ports. 

STB (Strobed Input) 
A low·level on this input latches the output data from the 

terminal units into the input register of the port. I n short, 

this is a tt>ck for data latching. The data from the terminal 

units can be latched by the PPI independent of the control 

signal from the CPU. This data is not sent to the data bus 

until the instruction I N is executed. 

IBF (Input Buffer Full Flag Output) 
A high·level on this output indicates that the data from the 

terminal units has been latched into the input register. IBF 

is set to high·level by the falling edge of the STB input, and 

is reset to low·level by the rising edge of the R D input. 

INTR (Interrupt Request Output) 
This can be used to interrupt the CPU when an input device 

is requesting service. When INTE (interrupt enable flag) of 

the PPI is high·level, INTR is set to high·level by the rising 

edge of the STB input and is reset to low·level by the falling 

edge of RD input. 

INTEA of group A is controlled by bit setting of PC4 . 

INTEB of group B is controlled by bit setting of PC2 . 

Mode 1 input state is shown in Fig. 3, and the timing 

chart is shown in Fig. 4. 

Fig. 3 An example of mode 1 input state 

CONTROL WORD 

INTRA 

I/O 

CONTROL WORD 

07 D 6 D5 D4 D3 D2 D, Do 

111xlxlxlxll111xl 

Fig. 4 Timing chart 

IBF 

RD 

INTR 

PORT 

INPUT --+--41---1 ~----+----11--
INPUT 

LATCH ----'"''-.e--------+--4I-t----
Do 
-D7 ------------------

Note1: When INTE is low-level, INTR is always low-level 

The following shows operations using mode 1 for output 

ports. 

OBF (Output Buffer Full Flag Output) 
This is reset to low·level by the rising edge of the WR signal 

and is set to high·level by the falling edge of the ACK 

(acknowledge input). In essence, the PPI indicates to the 

terminal units by the OBF signal that the CPU has sent data 

to the port. 

ACK (Acknowledge Input) 
Receiving this signal from a terminal unit can indicate to 

the PPI that the terminal unit has accepted data from a 
port. 

INTR (Interrupt Request) 
When a peripheral unit is accepting data from the CPU, 
setting INTR to high·level can be used to interrupt the CPU. 

When INTE (interrupt enable flag) is high and OBF is set to 

high·level by the rising edge of an ACK signal, then INTR 

will also be set to high·level by the rising edge of the ACK 

signal. Also, INTR is reset to low·level by the falling edge of 

the WR signal when the PPI has been receiving data from 

the CPU. 
INTEA of group A is controlled by bit settingofPC6 • 

INTEB of group B is controlled by bit setting of PC2 • 

Mode 1 output state is shown in Fig. 5, and the timing 
IBFB chart is shown in Fig. 6. 
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Fig, 5 Mode 1 output example 

CONTROL WORD 

CONTROL WORD 

07 06050, 03020, Do 

1, I x Ix I x I X 1, I 0 I x I 

Fig. 7 Mode 1 port A and port B I/O example 

CONTROL WORD 

PC •• PC s 
1 ~ INPUT 
O~ OUTPUT 

RO 

PCo 

PORT A (STROBED INPUT) 
PORT B (STROBED OUTPUT) 

INTRA 

10 

OBFs 

ACKs 

INTRs 

IBFs 

INTRs 
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Fig. 6 Timing diagram 

OBF--I--__ 

ACK -,1-----/------..... 
INTR 

(Note 21 

PORT OUTPUT _____ .... '-____________ _ 

Note 2 When INTE is low-level, then the output of INTR IS always low-level 

Fig. 8 Mode 1 port A and port B I/O example 

RO 

CONTROL WORD 

WR 

PCo 

PORT A (STROBED OUTPUT) 
PORT B (STROBED INPUT) 

I/O 

OBFs 

ACKS 
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3. Mode 2 (Strobed Bidirectional Bus Input/Output) Fig. 9 Mode 2 timing diagram 

Mode 2 can provide bidirectional operations, using one 

8·bit bus for communicating with terminal units. Mode 2 

is only valid with group A and uses one 8·bit bidirectional 

bus port (port A) and a 5·bit control port (high-order five 

bits of port C). The bus port (port A) has two internal 

registers, one for input and the other for output. On the 

other hand, the control port (port C) is used for communi· 

eating control signals and bus·status signals. These control 

signals are similar to mode 1 and can also be used to control 

interruption of the CPU. When group A is programmed as 

mode 2, group B can be programmed independently as 

mode 0 or mode 1. When group A is in mode 2, the follow· 

ing five control signals can be used. 

OBF (Output Buffer Full Flag Output) 

The OBF output will go low·level to indicate th~t the CPU 
has sent data to the internal register of port A. This signal 

lets the terminal units know that the data is ready for 

transfer from the CPU. When this occurs, port A remains in 

the floating (high·impedance) state. 

ACK (Acknowledge Input) 

A low·level ACK input will cause the data of the internal 

register to be transferred to port A. For a high·level ACK 
input, the output buffer will be in the floating (high· 

impedance) state. 

STB (Strobed Input) 
When the STB input is low-level, the data from terminal 

units will be held in the internal register; and the data will 

be sent to the system data bus with an RD signal to the PPI. 

IBF (Input Buffer Full Flag Output) 

When data from terminal units is held on the internal 

register, I BF will be high level. 

INTH (Interrupt Request Output) 
This output is used to interrupt the CPU and its operations 

the same as in mode 1. There are two interrupt enable flags 

that correspond to INTEA for mode 1 output and mode 

1 input. 

INTEl is used in generating I NTR signals in combination 

with OBF and ACK. INTEl is controlled by bit 

setting of PC6 • 

is used in generating INTR signals in combination 

with TBF and STB. INTE2 is controlled by bit 

setting of PC4 • 

Fig. 9 shows the timing diagram of mode 2, and Fig. 10 

is an example of mode 2 operation. 

INTR 

ACK--------~-----------h 

IBF ______ J-I---~ 

DATA FROM. TERMINAL UNITS (DATA FROM CPU) 

PORT A------------- -c::=::»----
RD--------------------~----~ 

Note 3 INTR=IBF' MASK·STB· RD+OBF·MASK·ACK·WR 

Fig. 10 An example of mode 2 operation 

RD WR 

1(0 IBF A STBA ACKA OBF A I/O INTRA 

CONTROL WORD 

PCz-PCa 
'------. 1 = INPUT 

0= OUTPUT 

PORT 8 
'------. 1 = INPUT 

0= OUTPUT 

GROUP 8 MODE 
'---------.~ 0 = MODE 0 

1.0 MODE 1 
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4. Control Signal Read 
In mode 1 or mode 2 when using port C as a control port, 

by CPU execution of an IN instruction, each control signal 

and bus status from port C can be read. 

5. Control Word Tables 
Control word formats and operation details for mode 0, 

mode 1, mode 2 and set/reset control of port C are given in 

Tables 3, 4, 5 and 6, respectively. 

Table 3 Mode 0 control words 

Control words 

D7 D6 D5 D. D3 D2 Dl Do Hexadecimal Port A 

1 a a a a a a a 8 a OUT 

1 a a a a a a 1 I 8 1 OUT 

1 a a a a a 1 a 8 2 OUT 

1 a a a a a 1 1 8 3 OUT 

1 a a a 1 a a a 8 8 OUT 

1 a a a 1 a 0 1 8 9 OUT 

1 a a a 1 a 1 a 8 A OUT 

1 a a a 1 a 1 1 8 B OUT 

1 a a 1 a a a a 9 a IN 
1---

1 a a 1 a a a 1 9 1 IN 

1 a a 1 a a 1 a 9 2 IN 

1 a a 1 a a 1 1 9 3 IN 

1 a a 1 1 a a a 9 8 IN 

1 a a 1 1 a a 1 9 9 IN 
--

1 a 0 1 1 0 1 0 9 A IN 

1 a a 1 1 a 1 1 9 B IN 

Note 4 OUT Indicates output port. and IN Indicates Input port 

Table 4 Mode 1 control words 

MITSUBISHI LSls 
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Table 2 Read-out control signals 

~ Mode 
07 06 05 D. 03 02 0, Do 

Mode 1. input 10 10 IBFA INTEA INTRA INTEa IBFa INTRa 

Mode 1, output OBFA INTEA 10 10 INTRAllNTEa OBFE INTRE 

Mode 2 OBFA INTE 1 IBFA INTE2 INTRA By group B mode 

Group A Group B 

Port C (high order 4 bits) Port C (low order 4 bits) Port B 

OUT OUT OUT 

OUT IN OUT 

OUT OUT IN 

OUT IN IN 

IN OUT OUT 

IN IN OUT 

IN OUT IN 

IN IN IN 

OUT OUT OUT 

OUT IN OUT 

OUT OUT IN 

OUT IN IN 

IN OUT OUT 

IN IN OUT 

IN OUT IN 

IN IN IN 

Control words Group A Group B 

Hexa- Port C 
D7 D6 D5 D4 D3 D2 0, Do Port A f----~ 

decimal PC7 PC6 PC5 PC. 

A4 
OBF A I 

--
1 a 1 a a 1 a x OUT ACKA OUT 

A5 

A6 
OUT 

-- --
OUT 1 a 1 a a 1 1 X A7 OBFA ACKA 

AC --
1 a 1 a 1 1 a x 

AD 
OUT OBFA ACKA IN 

AE -- --
1 a 1 a 1 1 1 X 

AF 
OUT OBFA ACKA IN 

B4 --
1 a 1 1 a 1 a x 

B5 
IN OUT IBF A STBA 

B6 
STBA 1 a 1 1 a 1 1 X 

B7 
IN OUT IBF A 

1 a 1 1 1 1 a x BC 
IN IN IBF A STBA 

BD 

BE 
STBA 1 a 1 1 1 1 1 X BF 

IN IN IBFA 

Note 5 Mode of group A and group B can be programmed Independently 

It is not necessary for both group A and group B to be In mode 1. 

• MITSUBISHI 
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Port C 
Port B 

PC3 PC2 PC, PCo 

~-~ --
INTRA ACKa OBFa INTRa OUT 

INTRA STBa IBFa INTRa IN 

--
INTRA ACKa OBFa INTRa OUT 

--
INTRA STBa IBFa INTRa IN 

--
INTRA ACKB OBFa INTRa OUT 

--
INTRA STBa IBFa INTRa IN 

INTRA ACKa OBFa INTRa OUT 

--
INTRA STBa IBFa INTRa IN 
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Table 5 Mode 2 control words 

Control words Group A Group B 

Hexa- Port C Port C 
0, Os 05 0_ 03 Dz 0, Do decimal Port A 

I I (Ex.) PC, PCG PCs PC_ PC3 PCz PC, PCo 

1 1 X X X 0 0 0 CO Bidirectional OBFA ACKA IBFA STBA INTRA OUT bus 

1 1 X X X 0 0 1 C1 Bidirectional OBFA ACKA IBFA STBA INTRA IN bus 

1 1 X X X 0 1 0 C2 Bidirectional OBFA ACKA IBF A STBA INTRA OUT bus 

1 1 X X X 0 1 1 C3 Bidirectional OBFA ACKA IBFA STBA INTRA IN bus 

1 1 X X X 1 0 X C4 Bidirectional OBFA ACKA IBF A STBA INTRA ACKB I OBFB IINTRB DUS 

1 1 X X X 1 1 X C6 Bidirectional OBFA ACKA IBFA STBA INTRA STBB I IBFB IINTRB bus 

Table 6 Port C set/reset control words 

Control words Port C Remarks 

0, Os 05 D. 03 Dz 0, DO 
Hexa- PC, PCs PCs PC. PC3 PCz PC, PCo decimal 

0 X X X 0 0 0 0 00 0 

0 X X X 0 0 0 1 01 1 

0 X X X 0 0 1 0 02 0 

0 X X X 0 0 1 1 03 1 

0 X X X 0 1 0 0 04 0 INTEs set/reset for mode 1 input 

0 X X X 0 1 0 1 05 1 I N T E B' setl reset for mode 1 output 

0 X X X 0 1 1 0 06 0 

0 X X X 0 1 1 1 07 1 

0 X X X 1 0 0 0 08 0 INTEA set/reset for mode 1 input 

0 X X X 1 0 0 1 09 1 IN T E 2 set/reset for mode 2 

0 X X X 1 0 1 0 OA 0 

0 X X X 1 0 1 1 OB 1 

0 X X X 1 1 0 0 OC 0 IN TEA set/reset for mode 1 output 

0 X X X 1 1 0 1 00 1 INTE 1 set/reset for mode 2 

0 X X X 1 1 1 0 OE 0 

0 X X X 1 1 1 1 OF 1 

Note 7 The terminals of port C should be programmed for the output mode, before the bit set/reset operation IS executed. 

8 . Also used for controlling the interrupt enable flag (lNTE). 

9-70 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage With respect to GND 

Vo Output voltage 

Pd Power dissipation Ta ~25'C 

Topr Operating free-air temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS lTa~0-70'C. unless otherWISe noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.75 5 5.25 V 

GND Supply voltage 0 V 

V,H Hgh-Ievel input voltage 2 Vee V 

V,L low-Ievel"input voltage -0.5 0.8 V 

ELECTRICAL CHARACTERISTICS (Ta ~O -70'C, Vec ~5V ± 5%, GND~OV. unless otherwise noted) 

Symbol Parameter Conditions 

Data bus 10H= -400!,A 
VOH High-level output voltage GND~OV 

Port 10H= -200!,A 

Data bus IOL=2.SmA 
VOL Low-level output voltage GND~OV 

Port 10L =1. 7mA 

10H High-level output current (Note 10) GND~OV, VOH~I.5V, REXT~750Q 

ICC Supply current from Vee GND~OV 

IIH High-level Input voltage GND~OV, V,~5.25V 

I,L Low-level input voltage GND~OV, V,~OV 

10Z Off-state output current GND~OV, V,~0-5_25V 

Gj Input capacitance V,L =GND, f=IMHz, 25mVrms Ta=25'C 

Gi/o Input/ output terminal capacitance VI/OL ~GND, f=IMHz, 25mVrms Ta=25'C 

Note 9 Current flowing into an Ie is positive; out IS negative 

10 It is valid only for any 8 input/output pins of PB and PC 

TIMING REQUIREMENTS ITa=O-70'C, Vcc~5V+5%, GND~OV.unlessotherwisenoted) 

Symbol Prameter 

tWIRl Read pulse width 

tSU(PER) Peripheral setup time before read 

th(R-PE) Peripheral hold time after read 

tSU(A-R) Address setup time before read 

th(R-A) Address hold time after read 

tw(W) Write pulse width 

tSU(DQ-W) Data setup time before write 

th(W-DQ) Data hold time after write 

tSU(A-W) Address setup time before write 

theW-A) Address hold time after write 

tW(ACK) Acknowledge pulse width 

tWISTS) Strobe pulse width 

tSU(PE-STB) Peripheral setup time before strobe 

th(STB-PE) Peripheral hold time after strobe 

to(RW) Read/write cycle time 

Alternative 
M5L 8255AP 

symbol Min 

tRR 300 

t'R 0 

tHR 0 

tAR 0 

tRA 0 

tww 400 

tDW 100 

tWD 50 

tAW 0 

tWA 40 

tAK 300 

tST 500 

tps 0 

tpH 180 

tRY 850 

• MITSUBISHI 
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Typ 

Limits 

Max 

Min 

2_4 

-1 

Min 

300 

0 

0 

0 

0 

300 

100 

50 

0 

40 

300 

500 

0 

180 

850 

Limits Unit 

- 0.5-7 V 

- 0.5-7 V 

- 0.5-7 V 

1000 mW 

0-70 'C 

-40-125 'C 

Limits 

Typ Max 
Unit 

V 

0_45 V 

-4 mA 

120 mA 

±IQ J.'A 

±10 J.'A 

±10 tJ-A 

10 pF 

20 pF 

M5L 8255AP-5 Unit 

Typ Max 

ns 

ns 

ns 

ns 

o ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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SWITCHING CHARACTERISTICS'(Ta =0 -70·C. vcc=5V ±5%. unless otherwise noted) 

Alternative 
Symbol Parameter 

lpZX(R-DQ) Propagation time from read to data output 

lpXZ(R-DQ) Propagation time from read to data floating (Note 12) 

lpHL(W-PE) 
Propagation time from write to output 

!PLH(W-PE) 

tpLH( STB-IBF) Propagation time from strobe to ISf flag 

!PLH(STB-INTR) Propagation time from strobe to interrupt 

!PHL( R-INTR) Propagation time from read to Interrupt 

!PHL( R-IBF) Propagation time from read to ISF flag 

!PHL(W-INTR) Propagation time from write to interrupt 

!PHL(W-OBF) Propagation time from write to OaF flag 

!PLH(ACK-OBF) Propagation time from acknowledge to OBF flag 

!PlH(ACK-~TR) Propagation time from acknowledge to interrupt 

!PZX(ACK-PE) Propagation time from acknowledge to data output 

!PXZ(ACK-PE) Propagation time from acknowledge to data output (Note 11) 

Note 1 1 : Measurement conditions; 
CL = 100pF for M5L8255AP.5 
CL = 150pF for M5L8255AP-5. 5-5 

1 2 : Measurement conditions of note 11 are not applied. 

TIMING DIAGRAMS REFERENCE LEVEL ~ "H"=2V. "L"=0_8V 

Mode 0 Basic Input 

1\ 
tSU(PE-R) 

INPUT 

tSU(A-R) 

CS.At. A 0 X 

symbol 

tRO 

tOF 

tWB 

tSIB 

tSIT 

tRIT 

tRIB 

tWIT 

twos 

tAOS 

tAIT 

tAD 

tKD 

tW(R) 

M5L 8255AP 

Limits 

Min Typ Max 

250 

150 

350 

300 

300 

400 

300 

850 

700 

350 

350 

300 

250 

1 
th(R-PE) 

th(R-A) 

M5L 8255AP-5 

limits Unit 

Min Typ Max 

250 ns 

100 ns 

350 ns 

300 ns 

300 ns 

400 ns 

300 ns 

850 ns 

700 ns 

350 ns 

350 ns 

300 ns 

250 ns 

X 
tPZX(R-OQ) tPXZ(R-OQ) 

1 

---------------~~ X 

Mode 0 Basic Output 

DO-D7 

CS. At. Ao )l 

OUTPU T 

9-72 
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Mode 1 Strobed Input \W(STB) , ~ 
tPLH( STB-IBF) 

IBF 

tPLH( STB-INTR) tpHL( R-IBF) 

Y ''"~ I 

J 
tSU(PE-STB) th (STB-PE) 

F 

INTR 

I I 

---~ »r--------------------INPUT 

Mode 1 Strobed Output tW(W) 

WR 
I. " I 

\ tPHL( W-OBF) tPLH( AOK-OBF) 

.1 

\ tW(AOK) .,;: \PLH(AOK-INTR) 

~ / ~~ \PHL( W -INTR) / \PHL(W-PE) " J 
\PLH(W-PE) 

INTR 

I 
OUTPU T X 
Mode 2 Bidirectional 

INTR 

STB 
\PLH( STB-IBF) 

IBF 

INPUT-- ------

Note 13: INTR=IBF-MASK-STB-RD+OBF-MASK-ACK-WR 

• MITSUBISHI 
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Circuit Examples for Applications 

1. Mode 0 

An example of a circuit for an application using mode 0 is 

shown in Fig. 11. 

Fig. 11 Circuit example for an application using mode O. 

PORT A 

PORT C 

PORT C 

PORT B 

RESET~--~-------+----------~ 

PPI 
M5L8255AP 

W R p.~---<ct 

R D p..~---<:t lOR 

FROM 
ABo 

Ao 

D7 
I 

Do 
A, 

FROM 
AB, 

DATA 
BUS 

SYSTEM 
CONTROLLER 
M5L8228P 

DB7 
I 

DBo Do 
MEMW MEMR 

INT 

HLD 

HLDA CPU 
M5L8080AP, S 

AB'5 16 
I ADDRESS BUS 

ABo 

FROM 
ADDRESS 
DECODER 

'-----} TO MEMORY 

In this example, the PPI is in mode 0, and the control 

word should be 10010000 (9016 ). 

MVI 

OUT 

A, 90 # 

03# 

The PPI will be initialized by executing the above two in

structions. 

Then, for example, to read data from port A and to 

output data to port Band C, the following three instructions 

can be used. 

IN 

OUT 
OUT 

o 0 # CPU A register +- Port A 

o 1 # Port B +- A register 

o 2 # Port C +- A register 

After setting the mode each port operates as a normal port. 

After setting the mode, as shown in Fig. 11, to read data 

from port A, to output to port B, and to set the first bit of 

port C "1 ", the following four instructions can be used. 

IN 

OUT 
MVI 

OUT 

00# 

01# 

A, 01 # 
03# 

CPU A register +- Port A 

Port B +- A register 

Bit-setting control word for PCo 
Outputting to control address 

(CS = "0", Al = Ao = "1") 

The other bits of port C, in this case, are unknown. 

9-74 
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2. Mode 1 
An example of a circuit for an application using mode 1 is 
shown in Fig. 12. 

Fig. 12 A circuit for an application using mode 1 

INPUT { 
DATA 

DATA STROBED 
SIGNAL 

.., r STBA 
L...J IBFA 

INTRA 

PAO 
PAl 
PAz 
PA3 
PA. 
PAs 
PA6 PPI RD 
PA 7 M5L 8255AP 

PC. 

PCs 

FROM ADDRESS A I 
FROM ADDRESS A 0 
FROM DECODER 
FROM CLOCK 

GENERATOR 
FROM SYSTEM CONTROLLER 

Ilow 
FROM SYSTEM CONTROLLER 

IIOR 

CPU 
'---------_ TO INT 

(INTERRUPT INPUT) 

Transferring data from a terminal unit to port A and 
sending a strobe signal to PC4 will hold the data in the 
internal latch of the PPI, and PCs (I B F input buffer full 
flag) is set to "1 ". If a bit·set of PC4 has been executed in 
advance, the CPU can be interrupted by the INTR signal of 
PC3 when the input data is latched in the PPI. In this way, 
port A becomes an interrupting port; and at the same time, 
port B can select its mode independently. 

MITSUBISHI LSls 
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The actual program for the circuit of Fig. 12 is as follows: 

MVI A, BO:i* Control word is 10110000, port A 
is the mode 1 input and the others 
are output. 

OUT 03:i* Outputting to the control address 
MVI A, Og:i* PC4 bit·set 00001001 
OUT 03:i* Outputting to the control address 

EI Interrupt enable 

HLT Halt 

If the data has been set in a terminal unit, and the strobe 
signal has been input; then the data will be latched in port 
A and the CPU INT goes high·level. In the case of Fig. 11, 
this is followed by outputting instruction RST 7 from the 
system controller as an interrupt command. Then a jump to 
0038 16 is executed to continue the program as follows: 

003816 01 

IN 

RET 

o 0 :i* CPU register A .... Port A 

pe3 interrupt signal becomes 
low-level 

. 'MITSUBISHI 
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3. Mode 2 
An example of a circuit for an application using mode 2 is 

shown in Fig. 13. 

In Fig. 13, the data bus of the slave system is connected 

with the corresponding PPI port A bit of the master station. 

The input port consists of a three·state buffer and gate B 

which allow the slave CPU to read flag outputs (IBF, OBF) 

of the PPI as data. 

When the following instruction is executed in this exam· 

pie, the action is as described: 
I"N 0 1 # I (reading in from'01 16 input port) 

The data which is made up of the least significant bit 

(Do), the OBF (output buffer full flag output) and the next 

least significant bit (Dd of the IBF (input buffer full flag 

output) will be read into the slave CPU. 

When the following instruction is executed, the action is 

as described: 

I N 00 # (reading in from 00 16 input port) 

ACK (PC6 ) of the PPI becomes low·level by gate C, and 

the contents of the port A output latch will be read into 

the slave CPU. 

When the following instruction is executed, the action is 

as described: 

OUT 0 0 # (writing out to 0016 output port) 

STB (PC4 ) of the PPI becomes low·level by gate D, then 

the contents of the slave CPU register A will be written into 

the port A input latch of the PPI. 

Actual operations are as follows: 

1. PPI is set in mode 2 by the master CPU (03 address). 

2. The master CPU writes the data, which is transferred 

to the slave CPU, into port A of the PPI (in turn, OBF 

becomes low-level). 

3. The slave CPU continues to read the state of flags (OBF 

and iBF) as data, while OBF is high-level (i.e. no data 

from the master CPU). 

Fig. 13 A circuit for an application using mode 2 

( PPI MODE SET ADDRESS) 
0316 

4. When the slave CPU senses that OBF has become. low· 

level, the slave CPU starts to read the data from 0016 

(which is the input address for the preceding data) which 

is in the output latch of port A ( in turn, OBF returns to 
high-level). 

5. During this period, the master CPU reads the status flags 

(reading in from 02 of port C) and checks the states of 

both the bit 7 (OBF) and bit 5 (IBF). If OBF is low-level, 

it indicates that the slave CPU has not yet received the 

data; so the master does not write new data. If OBF is 

high-level, the master CPU writes the next data. 

6. When data is to be transferred to the master CPU, the 

contents of the slave CPU A register will be transmitted 

to the port input latch of the PPI. The slave CPU trans

fers the data to address 00 16 (in turn, the IBF becomes 

high-level). 

7. The master CPU transfers data to port C and then checks 

the status flag. If the input latch contains data from the 

slave CPU, which is indicated by IBF having a high-level 

output, the data is read from port A (00 16 ) (in turn, the 

IBF returns to low-level). 

8. The slave CPU reads the status flag from 02 16 to deter

mine if IBF has returned to low-level. If it has not, new 

data will not be written as long as IBF is high-level. 

9. In this way, data can be exchanged. Since there are two 

sets of independent registers, input latch and output 

latch, used by port A of the PPI, it is not necessary to 

alternate input/output transfers. 

A program which has operating functions as described 

above, is explained as follows. 

The operation, in mode 2, for group A of the PPI is 

considered here. 

MASTER 
CPU 

!iNPUT' 
[~~~E~~~~~~ ________ ~S~LA_V_E_S~Y_S_TE_M_O_A_T_A_B_U_S ____ ~ 

LldlfljJ B "0116" 

SLAVE 
CPU 

9-76' 

AD 
\ h.L-_--f--<..j 

A,S 

00'-07 

D~0l----"-r-_'" 
SYSTEM DB7 
CONTROLLER 

I/ORP----q 
I/OWP----q 

MASTER SYSTEM 

PCS 

PC7 

PC6 

PC4 

Do PC3 
I 

07 

RD 
PPI 

WR 

TO CPU 
INT TERMINAL 

STBA 
INTR 

I 
I 
I 
I 
I 
I 
I 
I 
I 

_J 3 STATE 
BUFFER 

C 

D 

• . MITSUBISHI 
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OECO
r----f--,·7""·0-0-16"'.,-IDER 

OBo 
I 

D B 7 

16 AD 
I 

A1S 

Do-D7 

8 

'---------11/0 R Do -- D 7 
SYSTEM 
CONTROLLER 

1.----------11/0 W 

SLAVE SYSTEM 



1. Master CPU subroutine for transmitting data to the slave 

CPU. 

Program example 

MOUT PUSH PSW 

OBF IN 02:1=\' 

ANI 80:1=\' 

JNZ OBF 

POP PSW 

OUT 00:1=\' 

RET 

RET 

3. Slave CPU subroutine for transmitting data to the master 

CPU. 

Program example 

SOUT PUSH PSW 

IBF I.N 02:1=\' 

ANI 02:1=\' 

JNZ IBF 

POP PSW 

OUT 00:1=\' 

RET 

RET 

MITSUBISHI LSI. 
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2. Subroutine for receiving data from the slave CPU. 

Program example 

MIN IN 02:1=\' 

ANI 20:1=\' 

JZ MIN 

IN 00:1=\' 

RET 

RET 

4. Subroutine for receiving data from the master CPU. 

Program example 

SIN IN 02:1=\' 

ANI 01:1=\' 

JZ SIN 

IN 00:1=\' 

RET 

RET 

• MITSUBISHI 
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4. Address Decoding 
Address decoding with multiple PPI units is shown in Figs. 
14 and 15. These are functionally equal. 

The same address data is output to both the upper and 

lower a-bit address bus with the execution of IN and OUT 
instructions by the CPU. 

Fig. 14 PPI address decoding (case 1) 

CPU 
M5L8080AP, 5 

A7 
ADDRESS A6 

BUS As 

A4 

A3 

A2 

Al 

Ao 

A B C D 

M53242P 

o 1 2 7 8 9 

ru----rrr 

TO 
ADDRESS 
BUS 

~ '-----v----' 
TO PORT ADDRESS INPUTAo AND Al TO THE CHIP SELECT INPUTCS OF' 
OF EACH PPI EACH PPI 

Fig, 15 PPI address decoding (case 2) 

CPU 
M5L8080AP, S 

ADDRESS 
A,S 

BUS 
A14 

A'3 

A 12 

All 

AlO 

Ag 

As 

A B C D 

M53242P 

o 1 2 7 8 9 

10----n r 

TO 
ADDRESS 
BUS 

~~ 
TO PORT ADDRESS INPUT A 0 AND A 1 TO THE CHIP SELECT INPUT CS OF 
OF EACH PPI EACH PPI 

5. PPI Initialization 
It is advisable to reset the PPI with a system initial reset 

and to select the mode at the beginning of a system pro

gram. The initial state of the PPI used as an output port is 

shown in Fig. 16. 

Fig. 16 PPI initialization 

POWER 
SUPPLYVoo 

RESET 

PORT 

::J ov 

--fl--
1 SELECTING MODE AT THE 
: OUTPUT PORT OUTPUT=..,.· 

UNSTABLE »~----------LJ 
FLOATING 

(INPUT MODE) 

Note 14 : Period of reset pulse must be at least 50#5 during or after 
power on. Subsequent reset pulse can be 500ns minimum. 
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DESCRIPTION 
The M5L8257P is a programmable, 4-channel direct 

memory access (DMA) controller. It is produced using the 

N-channel silicon-gate ED-MOS process and is specifically 

designed to simplify data transfer at high speeds for micro

computer systems. The LSI operates on a single 5V power 

supply. 

FEATURES 
• 4-channel DMA controller 

• Single 5V power supply 

• Single TTL clock 

• Priority DMA request logic 

• Channel-masking function 

• Terminal count and Modulo 128 outputs 

• Compatible with the MELPS 8 microprocessor series 

• Pin connection and electrical characteristics compatible 

with Intel's type 8257 programmable DMA controller 

APPLICATIONS 
• DMA control of peripheral equipment such as floppy 

disks and CRT terminals that require high-speed data 

transfer. 

FUNCTION 
The M5L8257P controller is used in combination with 

the M5L8212P 8-bit input/output port in 8-bit micro

computer systems. 

It consists of a channel section to acknowledge DMA re

quests, control logic to exchange commands and data with 

the CPU, read/write logic, and registers to hold transfer 

addresses and count the number of bytes to be transferred. 

When a DMA request is made to an unmasked channel 

from the peripherals after setting of the transfer mode, 

transfer-start address and the number of transferred bytes 

for the registers, the M5L 8257P issues a priority request 

BLOCK DIAGRAM 

DATA INPUTS/OUTPUTS 

I/O READ INPUT/OUTPUT 
I/O WRITE INPUT/OUTPUT 

CLOCK INPUT eLK 12 
RESET INPUT RESET 13 

ADDRESS INPUTS/OUTPUTS 

CHIP SELECT INPUT 

ADDRESS OUTPUTS {::: 

A7 40 

READY INPUT READY 6 
HRQ OUTPUT HRQ 10 
HLDA INPUT HLDA 7 

MEMORY READ OUTPUT MEMR 3 
MEMORY WRITE OUTPUT MEMW 4 

ADDRESS ENABLE OUTPUT AEN, 

DATA BUS 
BUFFER 

READ(WRITE 
LOGIC 

CONTROL 
LOGIC 

AND 
MODE SET 
REGISTER 

B-BIT 
INTERNAL 

BUS 
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MSL82S7P, P-S 

PROGRAMMABLE DMA CONTROLLER 

PIN CONFIGURATION (TOP VIEW) 

I/O READ 
INPUT/OUTPUT 

INPUlm)~~~0~ 
MEMORY READ 

OUTPUT 
MEMORY WRITE 

OUTPUT 

MARK OUTPUT 

i70R- 1 

MEMR+- 3 

READY INPUT READY .... 6 

HOLDEt~~~8mT HLDA .... 7 

ADDRESS 
STROBE OUTPUT 

ADDRESS 
ENABLE OUTPUT 
HOLD REQUEST 

OUTPUT 
CHIP SELECT 

INPUT 

CLOCK INPUT 

RESET INPUT 

DMA( ACKNOWLEDGE 
OUTPUTS 2. 3 

DMA 
REQUEST 

INPUTS 0-3 

GROUND 

ADDRESS 
OUTPUTS 
4-7 

---+A, 
TERMINAL 
COUNT 
OUTPUT 

ADDRESS 
INPUT/ 
OUTPUTS 
0-3 

Vee (5V) 

DATA 
INPUT/ 
OUTPUTS 

Outline 40Pl 

for the use of the bus to the CPU. On receiving an HLDA 

signal from the CPU, it sends a DMA acknowledge signal to 

the channel with the highest priority, starting DMA 

operation. 

During DMA operation, the contents of the high-order 8 

bits of the transfer memory address are transmitted to the 

M5L 8212P address-latch device through pins Do~D7' The 

contents of the low-order 8 bits are transmitted through 

pins Ao ~A7' After address transmission, DMA transfer 

can be started by dispatching read and write signals to the 

memories and peripherals. 

19 DRQo ~ml~~~EST 

5 DACK. g~f'pdf~NH0i;'LEDGE 

18 DRQ, ~~l~~~EST 

2 DACK, gttpdf~~0t'LEDGE 

17 DRQ, ~~dl~~U2EST 

14 DACK, g~Mf~NHOfLEDGE 

1 DRQ, PN~dn~U3EST 

15 BACK; g~Mf~NHOfLEDGE 

TERMINAL COUNT 
OUTPUT 
MARK OUTPUT 

ADDRESS STROBE ouTPUT AD$T8'1':=-:::==:===== ____________________ -' 
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OPERATION 
Data-Bus Buffer 
This three-state, bidirectional, 8-bit buffer interfaces the 

M5L 8257P to the CPU for data transfer. During a DMA 

cycle the upper 8 bits of the DMA address are output to the 

M5L 8212P latch device through this buffer. 

I/O Read Input/Output (I/OR) 
When the M5L 8257P is in slave-mode operation, this three

state, bidirectional pin serves for inputting and reads the 

upper/lower bytes of the 8-bit status register or 16-bit 

DMA address register and the high/low order bytes of the 

terminal counter. 

I n the master mode, the pin gives control output and is 

used to obtain data from a peripheral equipment during the 

DMA write cycle. 

I/O Write Input/Output ([lOW) 
This pin is also of the three-state bidirectional type. When 

the M5L 8257P is in slave-mode operation, is serves for in

putting and loads the contents of the data bus on the 

upper/lower bytes of the 8-bit status register or 16-bit DMA 

address register and the upper/lower bytes of the terminal 

counter. 

Clock Input (ClK) 
This pin generates internal timing for the M5L 8257P and 

is connected to the t/>2(TIL) output of the M5L 8224P 

clock generator. 

Reset Input (RESET) 
This asynchronous input clears all registers and control lines 

inside the M5L 8257P. 

Address Inputs/Outputs (Ao-A3) 
The four bits of these input/output pins are bidirectional. 

When the M5L 8257P is in slave-mode operation, serve 

to input and address the internal registers. I n the case of 

master operation, they output the low-order 4 bits of the 

16-bit memory address. 

Chip-Select Input (CS) 
This pin is active on a low-level. It enables the lORD and 

IOWR signals output from the CPU, when the M5L 8257P 

is in slave-mode operation. 

I n the master mode, it is disabled to prevent the chip 

from selecting itself while performing the DMA function. 

Address Inputs/Outputs (A.-A7) 
These four address lines are three-state outputs which con

stitute bits 4 through 7 of the memory address generated 

by the M5L 8257P during all DMA cycles. 

Ready Input (READY) 
This asynchronous input is used to extend the memory 

read and write cycles in the M5L 8257P with wait states if 

the selected memory requires longer cycles. 

Hold Request Output (HRa) 
This output requests control of the system bus. H RQ will 

normally be applied to the HOLD input on the CPU. 

Hold Acknowledge Input (HlDA) 
This input from the CPU indicates that the system bus is 

controlled by the M5L 8257P. 

Memory Read Output (MEMR) 
This active-low three-state output is used to read data from 

the addressed memory location during DMA read cycles. 

Memory Write Output (MEMW) 
This active-low three-state output is used to write data into 

the addressed memory location during DMA write cycles. 

Address Strobe Output (ADSTB) 
This output strobes the most significant byte of the 

memory address into the M5L 8212P 8-bit input/output 

port through the data bus. 

Address Enable Output (AEN) 
This signal is used to disable the system data bus and 

system control bus by means of the bus enable pin on the 

M5L 8228P system controller. It may also be used to in

hibit non-DMA devices from responding during DMA cycles. 

Terminal Count Output (TC) 
This output signal notifies that the present DMA cycle is 

the last cycle for this data block. 

Mark Output (MARK) 
This signal notifies that the DMA transfer cycle for each 

channel is the 128th cycle since the previous MAR K 

output. 

DMA Request Inputs (DRaO-DRa3) 
These independent, asynchronous channel-request inputs 

are used to secure use of the DMA cycle for the peripherals. 

DMA Acknowledge Outputs (DACKO-DACK3) 
These active-low outputs indicate that the peripheral equip

ment connected to the channel in question can execute the 

DMA cycle. 
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Table 1 Intemal Registers of the M5L8257P 

Address Input Bi-directional data bus 
Register Byte F/L 

A3 A2 Al AD 07 Os Os D. 03 02 0, 

Channel 0 Low-order 0 0 0 0 0 A7 As As A. A3 A2 Al 

DMA address High-order 0 0 0 0 1 A,S A,. A'3 A'2 All AID Ag 

Channel 0 Low-order a a a 1 a C7 Cs Cs C. C3 C2 C, 

termmal count High-order a a 0 1 1 Rd Wr C13 C'2 C" C,O Cg 

Channel 1 Low-order 0 0 1 0 0 A7 A6 As A. A3 A2 Al 

DMA address High-order 0 a 1 a 1 A,S A14 A13 A'2 All AlO Ag 

Channel 1 
Low-order 0 0 1 1 0 C7 C6 Cs C. C3 C2 C, 

terminal count High-order 0 0 1 1 1 Rd Wr C'3 C'2 C" ClO Cg 

Channel 2 Low-order 0 1 0 0 0 A7 A6 As A. A3 A2 Al 

DMA address High-order 0 1 0 0 1 A,S A14 A13 A'2 All AID Ag 

Channel 2 Low-order 0 1 0 1 a C7 C6 Cs C. C3 C2 C, 

terminal count High-order 0 1 0 1 1 Rd Wr C13 C'2 C" ClO Cg 

Channel 3 Low-order 0 1 1 0 a A7 As As A. A3 A2 Al 

Ofv\A address High-order 0 1 1 0 1 A,S Au A13 A'2 All AID Ag 

Channel 3 Low-order 0 1 1 1 0 C7 Cs Cs C. C3 C2 C, 

terminal count High-order 0 1 1 1 1 Rd Wr C13 C'2 Cll C,O Cg 

Mode setting - 1 0 0 a 0 AL TCS EW RP EN3 EN2 ENl 
(for write only) 

Status - 1 0 0 0 0 0 0 0 UP TC3 TC2 TCl 
(for read only) 

Ao-A,s 
CO-C13 
Rd, Wr 

: Addresses of the memories for which OMA will be carried out from now on. In initialization. OMA start addresses must be written. 
Terminal counts-in this IC (the number of remaining transfer bytes minus 1) 

: Used for OMA-mode setting by the following convention: 

Rd Wr Mode to be set 

0 a OMA verify 

0 1 OMA read 

1 a OMAwrite 

1 1 Prohibition 

Do 

AD 

As 

Co 

Cs 

AD 

As 

Co 

Cs 

AD 

AS 

Co 

Cs 

AD 

As 

Co 

Cs 

ENO 

TCO 

AL : Automatic load mode. When this bit has been set. contents of the channel 3 register are written. as are. on the channel 2 register when 
channel 2 DMA transfer comes to an end. This mode allows Quick. automatic chaininQ operations without intervention of the software. 

EW : Extended write signal mode. When this bit has been set. write signals can be transmitted in advance to memories and peripheral equipment 
requiring long access time. 

TCS : Terminal count stop. When a OMA transfer process is complete, with terminal-count output. the channel-enable mask of that channel is 
reset. prohibiting subsequent OMA cycles. 

RP : Rotating priority mode. The setting of this mode allows the priority order to be rotated by each byte transfer. 
ENO-EN3: Channel-enable mask. This mask prohibits or allows the OMA request. 
UP : Update flag. This is set when register contents are transferred in an automatic load mode from channel 3 to channel 2. 
TCO-TC3 : Terminal-count status flags. Al the time of terminal-count output, the flag corresponding to the channel is set. 
F /L : First/last flip-flop. This is toggled when program and register-read operations for each channel are finished, and specifies whether the next 

program or read operation is to be for the upper bytes or the lower bytes. This means that write and read operations for each register 
must be carried out for a set of lower and higher bytes. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions limits Unit 

Vee Power-supply voltage -0.5-7 V 

V, Input voltage With respect to GND -0.5-7 V 

Vo Output voltage -0.5-7 V 

Pd POINer dissipation (max,) 1000 rnW 

Topr Operating free-air temperature range Ta=25'C 0-70 'C 

Tstg Storage temperature range -65-150 'C 

RECOMMENDED OPERATING CONDITIONS (Ta= 0 -75'C. unless otherwise noted.) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Power-supply voltage 4.75 5 5.25 V 

VSS Power-supply voltage (GND) 0 V 

V,H High-level input voltage 2 V 

V,L Low-level input voltage 0.8 V 

ELECTRICAL CHARACTERISTICS (Ta= 0 -70'C, Vee= 5 V± 5 %. unless otherwise noted.) 

Symbol Parameter Conditions 
limits 

Unit 
Min Typ Max 

VOL Low-level output voltage IOL=1.6rnA 0.45 V 

VOH1 High-level output voltage for AB. DB and AEN 10H= -150,uA 2.4 Vee V 

VOH2 High-level output voltage for HAG 
IOH=-80,uA 

3.3 Vee V 

VOH3 High-level output voltage for others 2.4 Vee V 

Icc Power-supply current from Vee 120 rnA 

I, Input current V,=Vee- 0 V -10 10 uA 

loz Off-state output current V,=Vee- 0 V -10 10 u A 

C, Input capacitance Ta=25'C Vee=Vss=OV 10 pF 
Pins other than that under measurement are set 

C,IO Input/output terminal capacitance to oV. fc=lMHz 20 pF 

TIMING REQUIREMENTS (Ta= 0 -70'C, Voc= 5 V± 5 %. Vss= 0 V, V'H=VOH= 2 V, V'L=VOL=0.8V. unless otherwise noted.) 

M5L 8257P 
Alternative 

Symbol Parameter limits 
symbol 

Min Typ 

tW(R) Read pulse width TRR 250 

I~~(A R) Address or CS setup time before read TAR 0 R 

I~~: ~) Address or CS hold time after read TRA 0 

tSU(R-oQ) Data setup time before read TRo 0 

th(R-oQ) Data hold time after read ToF 20 

tw(W) Write pulse width Tww 200 

tSU(A-W) Address setup time before write TAW 20 

theW-A) Address hold time after write TWA 0 

tsu (oQ-W) Data setup time before write Tow 200 

th(w-oQ) Data hold time after write TwO 0 

tw(RST) Reset pulse width TASTW 300 

tSU(Vcc-RST) Supply voltage setup time before reset TASTD 500 

tr Input signal rise time Tr 

If Input signal fall time Tt 
ISU(RST-W) Reset setup time before write TASTS 2 

to(¢) Clock cycle time Tey 0.32 

Iw(¢) Clock pulse width TQ 120 

ISU(oRQ-¢) DRO setup time before clock TQS 120 

Ih(HLOA-oRQ) DRO hold time after HLDA TQH 0 

ISU(HLoA-¢l HLDA setup time before clock THS 100 

ISU(Roy-¢) Ready setup ti me before clock TRS 30 

th(¢-ROY) Ready hold time after clock TRH 20 

Notel: Measurement conditions: M5L 8257P CL=100pF, M5L 8257P-5 CL=150pF 
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limits Unit 

Max Min Typ Max 

250 ns 

0 ns 

0 ns 

300 0 200 ns 

150 20 100 ns 

200 ns 

20 ns 

0 ns 

200 ns 

0 ns 

300 ns 

500 US 

20 20 ns 

20 20 ns 

2 tc(¢) 

4 0.32 4 US 

O. Blo( ¢) 80 0.8tc(¢) ns 

120 ns 

0 ns 

100 ns 

30 ns 

20 ns 
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SWITCHING CHARACTERISTICS (Ta= 0 -70"(;, Vcc= 5V± 5%, Vss= OV, VOH=2V, VOL=0.8V. unless otherwise noted.)(Note 2) 

M5L 8257P M5L 8257P-5 
Alternative 

Symbol Parameter Limits limits Unit 
symbol 

Min Typ Max Min Typ Max 

tPLH( ¢-HRQ) 
Propagation time from clock to HRG (Note 3) TOQ 

tPHL(¢-HRQ) 
160 160 ns 

tPLH(¢~HRQ) 
Propagation time from clock to HRG (Note 5) TOQI 

tPHL( ¢-HRQ) 
250 250 ns 

tPLH(¢-AEN) Propagation time from clock to AEN (Note 3) TAEL 300 300 ns 

tPHL( rp-AEN) Propagation time from clock to AEN (Note 3) TAET 200 200 ns 

tPZV(AEN-A) Propagation time from AEN to address active (Note 6) TAEA 20 20 ns 

tpZV( ¢-A) Propagation time from clock to address active (Note 4) TFAAB 250 250 ns 

tpVZ(¢-A) Propagation time from clock to address ftoating (Note 4) TAFAB 150 150 ns 

tsu (¢-A) Address setup time after clock (Note 4) TASM 250 250 ns 

th(¢-A) Address hold time after clock (Note 4) TAH 
tsu(¢- tsu(¢-

ns A)-50 A)-50 

th(R-A) Address hold time after read (Note 6) TAHR 60 60 ns 

th(W-A) Address hold time after write (Note 6) TAHW 300 300 ns 

tpZV(¢-OQ) Propagation time from clock to data active TFAOB 300 300 ns 

Propagation time from clock to data floating (Note 4) TAFOB 
tpHL(I-

250 
tPHLil-

170 tpvz(¢-oQ) 
ASTS)+10 ASTS) +10 

ns 

tPHL(A-ASTB) Propagation time from address to address strobe (Note 4) TASS 100 100 ns 

th(ASTB-A) Propagation time from address strobe to address hold (Note 6) TAHS 50 50 ns 

tpLH(¢-ASTB) Propagation time from clock to address strobe (Note 3) TSTL 200 200 ns 

tpHL(¢-ASTB) Propagation .tirne' from clock to address strobe (Note 3) TSTT 140 140 ns 

tW(ASTB) Address strobe pulse width (Note 6) TSTW 
tc( ¢) tc(¢) 

ns 
-100 -100 

tPHL(AS-R) Propagation time from address strobe to read or 
TASC 70 70 ns 

tPHL(AS-WE) extended write (Note 6) 

th(oQ-R) Read or extended write hold time after data 
TOBO 20 20 ns 

th(OQ-WE) iNote 61 

tPLH( ¢-OACK) 
TAK 

tPHL(;- Te/MARK) 
Propagation time from clock to DACK or TC/MARK 250 250 ns 

tPLH(;~Te/MARK) 
(Notes 3. 7) 

tPHL(¢-R) 

tPHL( ¢-W) Propagation time from clock to read. write or extended TOOL 200 200 ns 

tPHL( ¢-WE) 
write (Notes 4, 8) 

tPLH( ¢-R) Propagation time from clock to read or write 
TOCT 200 200 ns 

tPLH(¢-W) (Notes 4. 9) 

tpzv( ¢-R) Propagation time from clock to read active or write 
TFAC 300 300 ns 

tpzv(¢-w) active (Note 4) 

tpVZ(¢-R) Propagation time from clock to read floating or 
TAFC 150 150 ns 

tpVZ(¢-W) write floating (Note 4) 

Read pulse width (Note 6) TRAM 
2tc(¢) + 210(1)+ 

tW(R) ns ns 
tw(¢)-50 tWil)-50 

tw(W) \yrite pulse width (Note 6) TWRM 
tcC¢) tc(¢) 

ns 
-50 -50 

tW(WE) Extended write pulse width TWWME 
2to( 1'1) 2to( 1'1) 

ns 
-50 -50 

Note 6 : Tracking specification Note 2 : Reference level is VOH'= 3. 3V. 

3: Load = lTTL. 

4: Load = 1 TTL+50pF. 

7: 6tPLH(¢-OAcK)<50ns, 6tPHL(¢-TC/MARK)<50ns, 6tPLH(¢-TC/MARK)<50ns. 

8: 6tPHL(¢-R)<50ns, 6tPHL(¢-w)<50ns, 6tPHL(¢-WE)<50ns 

5' Load = 1 TTL+(RL=3.3kQ), VOH=3.3V. 9: 6tPLH(¢-R)<50ns, 6tPLH(¢-w)<50ns 
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TIMING DIAGRAMS 
DMA Mode 

Sl I Sl I SO Sl I S2 I S3 I S4 I Sl I S2 I S3 I S4 I Sl Sl I so 

OLK 

oROo - oR03 

HRO 

HLoA 

AEN 

AD-A, 
(LOWER ADDRESS) 

00-0, 
(UPPER ADDRESS) 

AoSTB 

oAOKo

oAOK3 

MEMR/I/O R 

MEMW/I/O W 

READY 

TO/MARK 

t PLH( ¢- HAQ)--;.f-+- tpHL( ¢- HAQ) 
1----+~_+~~--~--+-~+-------~--~~ 

______ ~--JT r-i-' th(HLDA-DAQ) 

tSU(HLDA-¢)+~ 

____ --J1.-H---iH-+--+--+-+--+------ -\ ___ I 
tPLH(¢-AEN)-"1~_I-+ __ +-_-"_I-+ __________ tR~ tPHL(¢-AEN 

___________________ --J 

tpZV(¢-A)~ ~f-t::.tSU(¢-A) h tpVZ(¢-A) 

--------------------------~~-+~~M ~ 
~-~--I---+-.,-~'t·~h(~.--A~)--------r-~ 

tPZV(¢-DQ)-> J..::>jtPVj¢-DQ) --;o~ ~th(ASTB-A) 

---------------~~ ~I ~ ~I~-------+--------
tpLH(¢-ASTB)-> II ~~tPHLI(¢-ASTB) R tPHL(A-ASTB) 

------------------~ ~---------+--------
I -->~ t PHL! ¢-IDACK ) tpLH( ¢ - DACKlr--/-,- tPHL(ASTB - A) -------------__ --,i I \ tPHL(ASTB-WEjrt------

tpZV(¢-A)~~~~~~.__1--~I~~~~t~P~L~H~(¢~A~)~~~I~W~(R~)~!hr+-~ 
_______________ ~///f \l'-:-'~_+__'I J ~~----

tPHLi¢-A) H .!:~W) f-+----tPLH(¢-W) 

//7 \. __ ri--It 
• _ _ _ _ _ _ _ _ _ tSU(ADY ¢~t:jth(¢ ROY) 

. _____ ____ _____________ ----J! \~------------....I/ \'---______ ___ 
tPLH(¢-TCiMAAKlnPHL(¢-TCiMAAK) ~ 

----------------------------~~--~------------~--~---------

Slave Mode (Reference voltage: 'H' ~ 2V T' ~ Q,8V) 

Write 
tSU(CS-w) 

OS 

00-0, 
---------' 

I/OW 

RESET 

tSU(Vcc-RST) 

v CC _______ ./ 

9-84 

Read 

OS 

th(W--DQ) 

oo-o,----------------------~====~~-------
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I 51 I 52 I 53 I 54 I 51 I 51 I 50 I 51 I 52 I 53 I 5W I 5W I 54 I 51 I 51 I 51 

OlK 

DRQo-DRQ3 

HRO 

~--~--~-+------~-------~ \ HlDA 
'-----

AEN 

~ ___ AO-A7 
~ ____ -+-____ -+-______ 'L/ (LOWER ADDRESSES) 

Do-D7 
~ __ ~I~~------t------~~ ___ .JL/~-+-----+-----------(~UPPER ADDRESSES) 

o 
Note 10: 
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TYPICAL APPLICATION CIRCUIT 

As-A'5 

ALE 

ADo-ADs 

M5L 8085AP, S 

RD 

WR 

RESET 
RESETIN 

10/M 

HOLD 

HOLDA 

OLK(OUT) 

RESET OUT 
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PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 

DESCRIPTION 
The M5L8279P is a programmable keyboard and display 

interface device that is designed to be used in combina

tion with an 8-bit microprocessor such as the Mitsubishi 

MELPS 8 CPUs. This device is fabricated with N-channel 

silicon-gate technology and is packed in a 40-pin DI L 

package. It needs only single 5V power supply. 

FEATURES 

Parameter M5L8279P M5L 8279P-5 

Output enable time after read (max) 300n5 250n5 

Output enable time after address (max) 450n5 250n5 

Clock cycle time (min) 500n5 320n5 

• Single 5V power supply 

• Keyboard mode 

• Sensor mode 
• Strobed entry mode 
• I nternally provided key bounce protection circuit 

• Programmable debounce time 

• 2-key/N-key rollover 

• 8-character keyboard FIFO 

• Internally contained 16 X 8-bit display RAM 

• Programmable right and left entry 

• Interchangeable with Intel's 8279/8279-5 in pin configu
ration and electrical characteristics 

APPLICATIONS 

• Microcomputer I/O device 

• 64- or 128-contact key input device for such items as 
electronic cash registers 

• Dual 8- or single 16-alphanumeric display 

BLOCK DIAGRAM 

CONTROL/DATA SELECT INPUT Ao 

WRITE STROBE INPUT WR 11 

READ STROBE INPUT RD 10 

CONTROL INPUT CNTL 37 

RETURN LINE INPUTS 

PIN CONFIGURATION (TOP VIEW) 

RETURN LINE I R2 -+ 1 
INPUTS \ R3 -+ 2 

CLOCK INPUTCLK -+ 3 

REQUE~~T6~~~0t INT +- 4 

RETURN LINE [ :: : ! 
INPUTS R6 -+ 7 

R7 -+ 8 

RESET INPUT RESET -+ 9 

READ Sj~S~~ RD -+ 10 

WRITE Sj~~~1f W R -+ 11 

Do .... 12 

BIDIRECTIONAL 
DATA BUS 

(OV) 

Vee (5V) 

3 +- CNTL CONTROL INPUT 

3 +- SHIFT SHIFT INPUT 

27 -+ OAOl 
2 -+ OA 1 DISPLAY (AI 
5 -+ OA2 r OUTPUTS 

2 -+ OA3 

B\$6!nUTPUT 
CHIP SELECT 
INPUT 

~~at~OM~e1A 

Outline 40P1 

FUNCTIONS 
The total chip, consisting of a keyboard interface and a 

display interface, can be programmed by eight 8-bit 

commands. 

The keyboard portion is provided with a 64-bit key 

debounce buffer and an 8 X 8-bit FIFO. It operates in 

anyone of the scanned keyboard mode, scanned sensor 

mode or strobed entry mode. 

The display portion is provided with a 16 X 8-bit dis

play RAM that can be organized into a dual 16 X 4 

configuration. Also, an 8-digit display configuration is 

possible by means of programming. II 
BIDIRECTIONAL 

DATA BUS 

~ 
SCAN TIMING 

OUTPUTS 

I 

I 
._J 
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PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 

PIN DISCRIPTON 

Pin Name 
Input or 
output 

Functions 

00- 0 , Bidirectional data bus In/out All data and commands between the CPU and the chip are transferred through these lines. 

CLK Clock input In Clock signa) from the system which is used to generate internal timing. 

RESET Reset input In 
Resets the chip when this signal is high. After the reset it assumes B-digit,left-entry, encode display, and 2-key rollover 
mode, and the prescale value of the clock becomes 31 The display RAM. however, is not cleared 

CS Chip select input In Chip select is enabled when this signal is low 

Ao Control/data select input In 
When this signal is high, it indicates that the signals in and out are either command (in) or status (out). When low. it 
indicates they are data (in/out). 

RO Read strobe input In Functions to control data transfer to the data bus. 

WR Write strobe input In Functions to control command/data transfer from the data bus 

When there is any data in the FIFO during the keyboard mode or the strobed mode, this signal turns high-level so as 
INT Interrupt request output Out to request Interrupt to the CPU It turns low each time data is read, but if any data remains in the FIFO it will turn 

high again and request interrupt to the CPU 

These signals are used to scan the key switch. the sensor matrix, or the display digit They can be either decoded or 

SO-53 Scan timing outputs Out encoded. but it requres an external decoder in the encode mode Signals SO- S3 are all turned to low-level when 
RESET is high 

These are the return lines which are connected with the scan lines through the keys or sensor switches, and are used 
Ro-R, Return line inputs In for 8-bit input in the strobed entry mode They are provided with internal pull ups to maintain them high until a switch 

closure pulls one low. They become active at low-level 

SHIFT Shift input In 
In the keyboard mode, the shift input becomes the s'econd highest bit of the key input Information and is stored In the 
FIFO This input is ignored in the other modes It is constantly kept at high-level bv an internal pull resistor 

In the keyboard mode. the control input becomes the most significant bit of the key input information and IS stored in 

CNTL Control input In 
the FIFO The signal is active at low-level In the strobed entry mode. it becomes the strobe signal and stores the 
return input data in the FIFO at the rising edge of the input It affects nothing Internal In the sensor mode It is I 

constantly kept at high-level by an internal pullup resistor 

OAo-OA3 Display (A) and 
These output ports can be used either as a dual 4-bit port or a single 8-bit port depending on an application, and the 

OBo-OB3 (B) outputs Out contents of the display RAM are output synchronizing with the scan timing signals. These two 4-bit ports may be I 
blanked independently. Blanking may be activated with either high- or lOW-level signal by means of clear command., 

-
Blanking display output Out This signal is used in preventing overlapped display during digit switching It also may be brought to low-level by display 

BO blanking command. 

OPERATION 
Of the three operating modes, the keyboard mode is the 

most common, and allows programmed 2-key rollover and 

N-key rollover. Encoded timing signals corresponding with 

key input are stored in the FI Fa through the key

debounce logic, and the debouncing time of the key 

is also programmable. In the sensor mode, the contents of 

the 8 X 8 key contacts are constantly stored in the FIFO/ 

sensor RAM, generating an interrupt signal to the CPU each 

time there is a change in the contents. In the strobed entry 

mode, the CNTL input signal is used as a strobe for storing 

the 8 return line inputs to the FI Fa/sensor RAM. 

ration. Also, an 8-digit display configuration is possible by 

means of programm ing. I nput to the register can be 

performed by either left or right entry modes. I n the auto 

increment mode, read and write can be carried out after 

designating the starting address only. 

Both the keyboard and display sections are scanned by 

common scan timing signals that are derived from the basic 

clock pulse. This frequency-dividing ratio is changeable by 

means of programming. There are decode and encode 

modes for the scanning mode; timing signals that are 

decoded from the lower 2 bits of the scan counter are out

put in the decode mode, while the 4-bit binary output from 

the scan counter is decoded externally in the encode mode. The display portion is provided with a 16 X 8-bit display 

RAM that can be organized into a dual 16 X 4-bit configu-

9-88 
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PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 

COMMAND DESCRIPTION 
There are eight commands provided for programming the 

operating modes of the M5L8279P. These commands are 
sent on the data bus with the signal CS in low-level and the 
signal Ao in high-level and are stored in the M5L8279p at 

the rising edge of the signal WR. 
,_ Mode Set Command 

MSB LSB 

Code: 1 0 I 0 I 0 I 0 I 0 I K I K I K 1 

DD (Display mode set command) 

00 8-8-bit character display-left entry 
o 1 16-8-bit character display-left entry1 

1 0 8-8-bit character display-right entry 
1 1 16-8-bit character display-right entry 
KKK (Keyboard mode set command) 
o 0 0 Encoded display keyboard mode - 2-key rollover 1 

00 1 Decoded display keyboard mode - 2-key rollover 
o 1 0 Encoded display keyboard mode - N-key rollover 
o 1 1 Decoded display keyboard mode - N-key rollover 

1 0 0 Encoded display, sensor mode 

101 Decoded display, sensor mode 
1 1 0 Encoded display, strobed entry mode 

1 1 1 Decoded display, strobed entry mode 
Notel: Default after reset, 

2. Program ,Clock Command 
MSB LSB 

Code: 1 0 I 0 I 1 I pip I pip I p 1 

The external clock is divided by the prescaler value PPPPP 

designated by this command to obtain'the basic internal 
frequency. 

When the internal clock is set to 100kHz, it will give a 

5.1ms keyboard scan time and a 10.3ms debounce time. 
The prescale value that can be specified by PPPPP is from 
2 to 31. In case PPPPP is 00000 or 00001, the prescale is 

set to 2. Default after a reset pulse is 31, but the prescale 
value is not cleared by the clear command. 

3_ Read FIFO Command 

MSB LSB 

Code: 1 0 11 I 0 J All x I A I A I A 1 X =Don't care 

This command is used to specify that the following data 

readout (CS'Ao'RD) is from the FIFO. As long as data is 

to be read from the FIFO, no additional commands are 
necessary. 

AI and AAA are used 'only in the sensor mode. AAA 
designates the address of the FIFO to be read, and AI is 

the auto-increment flag. Turning AI to "1" makes the 

address automatically incremented after the second read 
operation. This auto-increment bit does not affect the 
auto-increment qf the display RAM. 

4. Read Display RAM Command 

MSB LSB 

Code: 1 0 I 1 I 1 I AI I A I A I A I A 1 

This command is used to specify that the following data 

readout (CS'Ao'RD) is from the display RAM. As long as 
data is to be read from the display RAM, no additional 
commands are necessary. 

The data AAAA is the value with which the display RAM 

read/write counter is set, and it specifies the address of the 
display RAM to be read or written next. 

AI is the auto-increment flag. Turning AI to "1" makes 
the address automatically incremented after the second 

read/write operation. This auto-increment bit does not 
affect the auto-increment of FIFO readout in the sensor 

mode. 

5. Write Display RAM Command 

MSB LSB 

Code: 11 I 0 I 0 I AI I A I A I A I A 1 
With this command, following display RAM read/write 

addressing is achieved without changing the data readout 

source (FIFO or display RAM). Meaning of AI and AAAA 
are identical with read display RAM command. 

6. Display Write Inhibit/Blanking Command 

MSB LSB 

Code: 11 I 0 11 I X IIW IIW I BLI BLI X =Don't care 
A B A B 

The IW is a write inhibit bit to the display RAM that 

corresponds with the output A or B. Inhibit is activated by 9 
turning the IW "1". 

The BL is used in blanking the out A or B. Blanking is 
activated by turning the BL "1", Setting both BL flags 

makes the signal SD low so that it can be used in 8-bit 
display mode. 

Resetting the flags makes all IW and BL turn "0". 

7. Clear command 
MBS LSB 

Code: 1111 I olColColColcFlcAI 

CD: Clears the display RAM. 

CD CD CD 
o X X No specific performance 

o X Entire contents of the display RAM are 

turned "0". 
o The contents of the display RAM are 

turned 20H (00100000 = OA30A20A10Ao 
OB30B20B10Bo), 

Entire contents of the display RAM are 

turned "1". 
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CF : Clears the status word and resets the interrupt signal 
(INT). 

CA : Clears the display RAM and the status word and resets 
the interrupt signal (INT). 

Clearing condition of the display RAM is determined by 

the lower 2 bits of the CD, 

Clearing the display RAM needs a whole display scan 

cycle and causes the display-unavailable status (DU) in the 

status word to be "1 ". The display RAM is not accessible 
for the duration of a scan cycle (scan time for 16 digits), 

even if the display mode was in 8-digit display mode or a 

decoded mode. 

As both CF and CA function to reset the internal key

debounce counter, the key input under counting is ignored, 

and the internal FIFO counter is reset to make the inter

rupt signal low-level. 

CA resets the internal timing counter, forcing 50-53 to 

start from 5352 5) 50 = 0000 after the execution of the 

command. 

S. End Interrupt/Error Mode Set Command 
MSB LSB 

Code: 11 11 11 I E I x I x I x I x I x =Don't care 

I n the sensor matrix mode, an interrupt signal is generated 

at the beginning of the next key scan time to inhibit further 

writing to the FIFO when there is a change in the sensor 

switch, but execution of this command makes the inter

rupt signal released so as to allow writing to the FIFO. 

When E is kept in "0", depression of any sensor makes 

the second highest bit of the status word "1". When E is 

kept in "1 ", the status is kept "0" all the time. 

When E is programmed to "1" in the N-key rollover 

mode, the execution of this command makes the chip 

operate in special error mode, during which time depression 

of more than two keys in a key scan time causes an error 
and sets the second highest bit of the status word "1". 

Status word 
MSB LSB 

IOU!S/EI 0 I U I FIN I N I N I 
NNN: Indicates the number of characters in the FI FO 

during the keyboard and strobed entry modes_ 

F: I ndicates that the FI FO is filled up with 8 

characters. 

U: 

0: 

5/E: 

DU: 

The number of characters existing in the FI FO 
(0-8 characters) can be known by means of the 

bits NNN and F (FNNN = OOOO-FNNN = 1000). 

Underrun error flag 

This flag is set when a master CPU tries to read 

an empty FIFO. 

Overrun error flag 

This flag is set when another character is strobed 

into a full FI FO. 

The bits U and 0 cannot be cleared by status 
read. They will be cleared by the clear command_ 

5ensor closure/multiple error flag 

When "111 EXXXX" is executed by turning E = 0, 

the bit 5/E in the status word is set when there is 

at least one sensor closure. 

When "111 EXXXX" is executed by turning E = 1 
(special error mode), the bit 5/E is set when there 

are more than two key depressions made in a key 

scan time. 

Display unavailable 

This flag is set during a whole display scan cycle 
when a clear display command is executed, and 

announces that the display RAM is not accessible. 

9-90 
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CPU INTERFACE 
1 . Command Write 
A command is written on the rising edge of the signal WR 

with CS low and Ao high. 

2. Data Write 
Data is written to the display RAM on the rising edge of 

the signal WR with CS and Ao low. 

The address of the display RAM is also incremented on 

the rising edge of the signal WR if AI is set for the display 

RAM. 

3. Status Read 
The status word is read when CS and RD are low and Ao 

is high. The status word appears on the data bus as long as 

the signal RD is low. 

4. Data Read 
Data is read from either the FIFO or the display RAM with 

CS = RD = 0 and Ao = 1. The source of the data (FIFO or 

display RAM) is decided by the latest command (read 

display or read FIFO). The data read appears on the data 

bus as long as the signal RD is low. 

The trailing edge of the signal RD increments the address 

of the FIFO or the display RAM when AI is set. After the 

reset, data will be read from the FIFO, however. 

CS Ao RD WR Operation 

0 1 1 0 Command write 

0 0 1 0 Data write 

0 1 0 1 Status read 

0 0 0 1 Data read 

1 X X X No operation 

KEYBOARD INTERFACE 
Keyboard interface is done by the scan timing signals 

(SO~S3), the return line inputs (Ro~R7), the SHIFT and 

the CNTRL inputs. 

In the decoded mode, the low order of two bits of the 

internal scan counter are decoded and come out on the 

timing pins (SO~S3)' In the encoded mode, the four binary 

bits of the scan counter are directly output on the timing 

pins, thus a 3-to-8 decoder must be employed to generate 

keyboard scan timing. 

The return line inputs (Ro~R7), the SHIFT and the 

CNTL inputs are pulled up high by internal pullup transis· 

tors until a switch closure pulls one low. 

The internal key debounce logic works for a 64-key 

matrix that is obtained by combining the return line inputs 

with the scan timing. 

For the keyboard interface, M5L8279P has four dis

tinctive modes that allow various kinds of applications. In 

the following explanation, a "key scan cycle" is the time 

needed to scan a 64-key matrix, and a "key debounce 

cycle" needs a duration of two "key scan" cycles. (In the 

decoded mode 32 keys, unlike 64 keys in the encoded 

mode, can be employed for a maximum key matrix due to 

the limit of timing signals. However, both the key scan 

cycle and the key debounce cycle are the same as in the 
encoded mode.) 

1_ 2-Key Rollover (Scanned Keyboard mode) 
The detection of a new key closure resets the internal 
debounce counter and starts counting. At the end of a key 

debounce cycle, the key is checked and entered into the 

FIFO if it is still down. An entry in the FIFO sets the IRQ 

output high. If any other keys are depressed in a key 

debounce cycle, the internal key debounce counter is reset 

each time it encounters a new key. Thus only a single-key 

depression within a key debounce duration is accepted, but 

all keys are ignored when more than two keys are 

depressed at the same time. 

Example 1: Accepting two successive key depressions 

KEY 1 

KEY DEBOUNC~ i CYCLE 

KEY 2 

KEY DEBOUNCE CYCLE 

Note 2: . Debounce counter reset 

Key input 

Example 2: Overlapped depression of three keys 

KEY 1 

KEY 2 

KEY 3 LrLJ 
t t 

Note 3 : Only key 2 is acceptable. 

KEY DEBOUNCE CYCLE 
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2. N-Key Rollover (Scanned Keyboard Mode) 
Each key depression is treated independently from all 

others so as to allow overlapped key depression. Detection 

of a new key depression makes the internal key debounce 

counter reset and start to count in a same manner as in the 

case of 2ckey rollover. But, in N·key rollover, other key 

closures are entirely ignored within a key debounce cycle so 

that depression of any other keys would not reset the key 

debounce counter. I n this way, overlapped key depression 

is allowed so as to enable the following key input: 

KEY 1 

KEY 2 

KEY 3 

The scanned key input signal does not always reflect 

the actual key depressing action, as the key matrix is 

scanned by t~e timing signal. 

With N-key rollover, there is a mode provided with 

which error is caused when there are more than two key 

inputs in a key scan cycle, which can be programmed by 

using the end interrupt/error mode set command. In this 

mode (special error mode), recognition of the above error 
sets the IRQ signal to "1" and sets the bit S/E in the 

status word. 

In case two key entries are made separately in more 

than a scan cycle, there would be no problem, as key 

depression is clearly identified. And no problem exists for 

2-key rollover, as the both keys are recognized invalid. 

Example of error 

KEY 1 ~ U 
I I 

KEY 2 

Ik'~~U~~~, I ~~~~EC~ 
Example of no error 

KEY 1 ---"L.J-----. 
KEY 2 

KEY SCAN 
CYCLE 

KEY DEBOUNCE CYCLE 

u 

3. Sensor Matrix Mode 
The key debounce logic is disabled in this mode. As the 

image of the sensor switch is kept in the F I Fa, any change 

in this status is reported to the CPU by means of the inter
rupt signal INT. Although a debounce circuit is not used 

in this mode, it has an advantage in that the CPU is able 

to know how long and when the sensor was depressed. 

In the sensor matrix mode with the bit E = a of the 

end interrupt/error mode set command, the second most 
significant bit of the status word (S/E bit) is set to ''1'' 

when any sensor switch is depressed, 

4. Strobe Mode 
The data is entered into the FI Fa from the return lines 

(R o-R 7 ) at the rising edge of a CNTL pulse. The INT goes 
high while any data exists in the FIFO, in the same 

manner as in the keyboard mode. The key debounce circuit 

will not operate. 
Formats of data entered into the FIFO in each of the 

above modes are described in the following: 

Keyboard matrix 

MSB LSB 

I I I I I I I I 
I \~~'-~~~~~-> ENCODED RETURN 
,~ INPUT 

CNTL SHIFT SCAN TIMING SIGNALS (S2. S,. ANDSol 

Sensor matrix mode 

MSB LSB 

I R71 R61 Rsl R41 R31 R21 R11 Rol 

CNTL AND SHIFT INPUTS ARE IGNORED 

Strobe mode 

MSB LSB 

I R71 R61 Rsl R41 R31 R21 R11 Roj 

CNTL.AND SHIFT INPUTS ARE IGNORED. 
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DISPLAY INTERFACE 
The display interface is done by eight display outputs 

(OAo-OA3 , DBo-DB 3 ). a blanking signal (BD), and scan 

timing outputs (So-53 ), 

The relation between the data bus and the display 

outputs is as shown below: 

OA3 OA2 OA, OAo OB 3 OB2 OB, aBo 

Clearing the display RAM is achieved by the reset 

signal (9·pin) but requires the execution of the clear 

command. 

The timing diagrams for both the encoded and decoded 

modes are shown below. 

For the encoded mode, a 3·to·8 or 4·to·16 decoder is 

required. according to whether eight or sixteen digit display 

used. 

(1) Encoded mode 

So 

S, 

(2) Decoded mode 

L 
L 

Note 4 . Here Pw IS 640ps if the internal clock frequency is set to 100kHz . 

Timing relations of 5. BD. and display outputs (OAo-

OA3• OBo-OB3) are shown below: 

So IEnc:! ... ___ -, 
mode) 

BO 

II II II II 
OAO-OA3----v.~nr-IN-.-,I-'h~~~~N-'h--i~7.t-I-N-+,~lt-h-~v.n----
OBo-OB3 ____ ~~~ __ DA_T_A~~~ __ DA_T_A~~~ __ D_A_JA __ ~~~ ___ 

Note 5 Values of the output data shown in the slantd line areas are decided 
upon the clear command executed last to become the value of the 
display RAM after 'he reset. The values in the slanted areas after 
reset will go low. In the same manner. the values OAo-OA3. 
OBo-OB3are dependent on the clear command executed last. 
When the both A and B are blanked. the signal BD will be in 
low-level. 
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KEY ENTRY METHODS 
1 . Left Entry 
Address 0 in the display RAM corresponds to the leftmost 

position (S3S2S1 So = 0000) of a display and address 15 
(or address 7 in 8-character display) to the rightmost 

position (S3S2S1S0 = 111 or S2S1S0 = 111). The 17th 

(9th) character is entered back into the leftmost position. 

14 15 ~DISPLAY RAM 

1 st entry ~ - - - - II] ADDRESS AS SEEN 
FROM THE CPU 

----

14 15 

2nd entry r;-r;T - - - - II] 
~----

1 14 15 

16th entry ~ = = = = EGJ 
14 15 

17th entry EE[ = = = = EGJ 
14 15 

18th entry EE = = = = EGJ 
LEFT ENTRY 

Auto-increment mode 

2 3 4 5 6 7 ~DISPLAY RAM 

1 st entry 

a 1 234 567 

2nd entry ... 1 _1 ... 1 _2 .... I---'-~---l.--I---''--' 

Execution of a 1 2 3 4 5 6 7 

the command 11 I 2 I 
1 00 1 0 1 0 1 L...-.L..-"---'--..I--...J.........L........J......J 

ADDRESS AS SEEN 
FROM THE CPU 

ENTER NEXT AT LOCATION 5. AUTO-INCREMENT 

234567 

3rd entry 

23456 7 

4th entry 

2. Right Entry 
The first data is entered in the rightmost position 

(S3S2S1S0 = 0000 in 16-character display) of a display. 

From the next entry, the display is shifted left one 

character and the new data is placed in the rightmost 

position. A display position and a register address as 

viewed from the CPU change each each time and do not 

correspond. 

2 14 15 a ~DISPLAY RAM 

1 st entry 
[II -_ -_ -_ I ADDRESS AS SEEN 

..... _'---'--1 .... 1 FROM THE CPU 

2 3 15 a 

2nd entry [II=== I 11121 

3 4 

3rd entry [II = = = I I 2 I 3 I 

a 1 13 14 15 

16th entry [2EI = = = 1141151161 

1 2 14 15 a 

17th entry ~ = = = 1151161171 

2 3 15 a 1 

18th entry [2EI = = = 1161171181 

Auto-increment mode 

2 3 4 5 6 7 a _DISPLAY RAM 

1 st entry 
ADDRESS AS SEEN 

L--..L-....J....-I..-.J._1..-..I........J........J1 I FROM TH E CPU 

2345670 

2nd entry 11 I 2 I 

Execution of 2 3 4 5 6 7 0 1 

the command I 11 I 2 I 
10010101 

ENTER NEXT AT LOCATION 5. AUTO-INCREMENT 

3 4 5 6 701 2 

3rd entry I 3 I 1 I 2 I 

45670 1 2 3 

4th entry I 3 I 4 I 11 I 21 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage With respect to VSS 

Vo Output voltage 

Pd Maximum power dissipation Ta=25"C 

Topr Operating free-air temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=0-70"C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage (Note 6) V 

Vss Supply voltage 0 V 

V,H(RL) 
High-level input voltage. return line Inputs, shift input and 2.2 V 
control Input 

V,H High-level input voltage, all others 2 V 

V,L(RL) Low-level Input voltage, return line Inputs, shift input and 
VsS~0.5 1.4 V 

control input 

V,L Low-level input voltage. all others Vss~0.5 0.8 V 

Note 6 M5L8279P. Vee=5V ±5% ; M5L8279P~5. Vee=5V ±1 0% 

ELECTRICAL CHARACTERISTICS iTa =0-70"C Vee ~ (Note 6). Vss=OV. unless otherwise noted) 

Symbol 

VOH 

VOH(INT) 

VOL 

lee 

I,(RL) 

II 

loz 

C, 

Co 

Parameter Test conditions 

M5L 8279P IOH=-100).LA 
High-level output voltage 

MSL 8279P~5 IOH=-400).LA 

Low-level output voltage, interrupt M5L 8279P IOH=-100,uA 

request output M5L 8279P-5 IOH= - 300,uA 

M5L 8279P IOL=1.6rnA 
Low-level output voltage 

M5L 8279P~5 IOL=2.2rnA 

Supply current from Vee 

Input current, return line inputs, shift Input and control VI=Vee 

input 

Input current. all others 

Off-state output current 

Input capacitance 

Output capacitance 

V,=OV 

VI=Vce-OV 

V,=VCC-OV 

VI=Vce 

Vo=Vee 

• MITSUBISHI 
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Min 

2.4 

3.5 

-100 

-10 

-10 

5 

10 

Limits Unit 

-0.5-7 V 

-0.5-7 V 

-0.5-7 V 

1000 rnW 

0-70 "C 

-40-125 "C 

Limits 
Umt 

TVp Max 

V 

V 

0.45 V 

120 rnA 

10 ).LA 

).LA 

10 ,uA 

10 ).LA 

10 pF 

20 pF 
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MITSUB.ISHI LSls 

MSL8279P,MSL 8279P-S 

PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 

TIMING REQUIREMENTS (Ta=0-70"C, Vcc= (Note 6), Vss=OV, unless otherwise noted.} 

Read Cycle 

M5L8279P 
Alternative 

Symbol Parameter Test conditions limits 
symbol 

Typ Min 

to(A) Read cycle time tACY 1000 

tW(A) Read pulse width tAA 420 

tSU(A-A) tAA 
(Note 7) 

Address setup time before RD 50 

th(A-A) Address setup time after RD tAA 5 

Write Cycle 

M5L8279P 
Alternative 

Symbol Parameter Test conditions Limits 
symbol 

Min Typ 

tW(W) Write pulse width tww 400 

tSU(A-W) Address setup time before WR tAW 50 

th(W-A) Address hold time after WR tWA (Note 71 20 

tSU(OQ-W) Data input setup time before WR tow 300 

th(W-OQ) Data input hold time after WR two 40 

Other Timings 

M5L8279P 
Alternative 

Symbol Parameter Test conditions Limits 
symbol 

Typ Min 

to( ¢) Clock cycle time tOY 500 

tW(¢) Clock pulse width 
(Note 71 

t¢w 230 

For an internal clock frequency of 100kHz 

Max 

Max 

Max 

• Key scan cycle time: 5,1ms • Single digit display time: 
• Key debounce cycle time: 10,3ms 

• Single-key scan time: 80,us 

• Display scan time: 10.3ms 

Note 7 . Test oondltions: 
Input pulse level' 
Input pulse rise time: 

• Blanking time: 
• Internal clock cycle: 

High-level input referenoe level: 2V 
Low-level input reference level: O.8V 

M5L8279P-5 

Limits 

Min Typ Max 

1000 

250 

0 

0 

M5L8279P-5 

Limits 

Min Typ Max 

250 

0 

0 

150 

0 

M5L8279P-5 

Min 

320 

120 

Limits 

Typ Max 

490,us 
150,us 

10,us 

Input pulse fall time' 

0.45-2.4V 
20ns 
20ns M5L8279P, CL =1 OOpF; M5L8279P-5, CL =150pF 

SWITCHING CHARACTERISTICS iTa=0-70"C, Voo=(Note 1), Vss=OV, unless otherwise noted} 

Symbol Parameter 

tPZV(A-OQ) Output enable time after read 

tPZV(A-OQ) Output enable time after address 

tPVZ(A-OQ) Output disable time after read 

Note 8 : Test oondltions 
Input pulse level: 0.45-2.4V 
Input pulse rise time: 20ns 
Input pulse fall time 20ns 
High-level input reference voltage: 2V 

9-96 

M 5L8279P M5L8279P-5 
Alternative 

Test conditions Limits Limits 
symbol 

Min Typ Max Min Typ Max 

tRO 300 250 

tAD (Note 31 450 250 

tOF 10 100 10 100 

Low-level input referenoe voltage: 0.8V 
High-level output reference voltage: 2V 

M5L8279P, CL=100pF; M5L8279P-5, CL=150pF 

• MITSUBISHI 
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Unit 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

Unit 

ns 

ns 

ns 



TIMING DIAGRAM 

Read Mode 

CS or Ao 

tPZV(A-DQ) 

00-07 ___________ _ 

(DATA OUTPUTS) 

Write Mode 

CS or Ao 

Do~D7 

(DATA INPUTS) 

Clock Input 

CLK 

=> 
ISU(A-W) 

.1 

\ 

MITSUBISHI LSls 

MSL 8279P, MSL8279p·S 

PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 

le(R) 

tWIRl Ih(R-A) 

IpVZ(R-DQ) 

K 
tW(W) lh(w-A) 

'I 

Isu(DQ-W) Ih(W-DQ) 

)( K 

1 

~ 
~--------------

te(¢) 
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MITSUBISHI LSls 

MSL 8279P, MSL 8279P·S 

PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 

TYPICAL APPLICATION CIRCUIT 

CNTL 
CONTROL 

SHIFT 
SHIFT S x S x 2 KEY 

KEYBOARD 
RETURN MATRIX 

8 LINES S·ROW 
KEY 
CODE 

Vee(5V) 
37 36 S LINES 

CNTL SHIFT Ro-R7 

INT 4 ~ INTERRUPT REQUEST INT Vee 8 

8 BIDIRECTIONAL Vss 
20 

BUS ~GNO(OV) DATA BUS 00- 0 7 

S·BIT 
MICROPROCESSOR RD SYSTEM 

CONTROL I WR 

RESET 

CS 

ADDRESS SUS ( 
Ao 

CLOCK 
CLK 

M5L8080AP,S 

M5L8085AP,S 

9-98 

M5L8279P 

10 
RO 

11 
WR SO-53 

9 
RESET 

22 
CS 

21 
Ao 

3 
CLK BO 

23 

OBo-OB3 OAo-OA3 

4 

4 

• MITSUBISHI 
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3 .~ 8 DECODER 

3 

4 SCAN LINE 

4 

4 -16 DECODER 
DRIVE 

B5 

16 

BLANKING ADDRESS 

DISPLAY 
DATA 

DISPLAY 
{8 DIGITS OR 16 DIGITSI 
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MITSUBISHI LSls 

MS8412P, MS8413P 

CMOS LCD DIGITAL ALARM CLOCK CIRCUITS 

DESCRIPTION 
The M58412P and M58413P CMOS aluminum-gated LSls 

serve 4-digit liquid-crystal display (LCD) digital alarm 

clocks employing quartz oscillators of 4.2 MHz and 32 

kHz respectively. 

FEATURES 
• Low current consumption. Under ordinary conditions, 

M58412P consumes 30/lA at an oscillator frequency of 

4.2 MHz and Vss (I) level of -1.5V, while M58413P 

consumes 2/lA at 32 kHz and VSS (1) of -1.5V. 

• The 12-hour clock-display function shows AM or PM 

hours and minutes; the 24-hour system shows hours 

and minutes alone. 

• Separate switches enable independent setting of hours 

and minutes. 

• Five alarm output signals are provided: a continuous 

alarm-bell signal, intermittent alarm-bell signal, external 

bell-oscillator-circuit-drive signal, external electronic

apparatus switching signal, and 12 min or 120 min DC 

signal. 

• The alarm bell output can continue for up to 12 min. 

• A 10 min 'snooze' function is incorporated. 

• The LSI causes the whole display to flash on and off 

when battery voltage drops below the specified level. 

• Two LCD mark outputs are provided: alarm and sleep. 

The display offers immediate indication of the function 

in current operation. 

• The LSls enable sleep and auto-recording timers to be 

set at"any time during a 59-minute period. A 120-minute 

output mode is also available with auto-recording timers. 

BLOCK DIAGRAM 

LCD 
OUTPUTS 

COM 1 

VOLTAGE DOUBLER 
TERMINALS 
~ 
CF CT 

BATTERY 
DETECTOR 

COM -- 1 

SL.MARK -

83 -

M58412P 
OR 

M58413P 

Outline 60P2 

APPLICATIONS 
• Alarm clocks with a 'snooze' function 

• Sleep timers 
• 'Travel watches 

• Switching timers for electronic apparatus 

• Auto-recording timers for audio equipment 

FUNCTIONS 
Normal clock, alarm clock, 'snooze' timer, sleep timer, 

electronic-apparatus switching timer, and audio-equipment 

auto-recording timer functions are provided by the oscilla

tor and frequency divider (4.2 MHz for M58412P and 

32 kHz for M58413P). 

(-3V) (-1.5V) (GND) 
VSSl21 VSS:11 Voo 

==-=tTT" 
QUARTZ CRYSTAL 
TERMINALS 
~ 

XTAL2 XTAL 1 

56 55 
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M58412P, M58413P 

CMOS LCD DIGITAL ALARM CLOCK CIRCUITS 

OPERATION 
The following figures and tables show the LCD-electrode 

arrays on the LCD panel, the segment codes, and the dis
play modes. 

An LCD-electrode arrangement and names of segments and marks (12-hour clock display) 

AM K F1 B1 COL 

K A1 

AM I F11 IB1 • G1 

PM E11 I C1 • 
D1 COL 

(COLON) 

PM G1 E1 D1 C1 G2 

Table 1 12-Hour Clock Display 

Mode 

Normal clock 
ordinary display 

I 
PM I 

Display 

r-, :.~C r (., ~I 0 _ -e--J 
, , ' 

F2 

Fzl 

Ezi 

E2 

A2 BZ F3 A3 B3 SL.MARK COM 

SL.MARK 
AZ A3 

fJ I B2 F31 I B3 
G2 G3 (SLEEP MARK) 

I cz E31 I C3 
(ALARM MARK) . 

4 
D2 D3 

AL.MARK 

D2 CZ G3 E3 D3 C3 AL.MARK 

Meaning of mark display 

n -..... Sleep timer is in operation 

ill - ---- Alarm timer ·is being set. 

t-----~---.t------------------_+---------------___I 

AM 
Alarm 

Sl8ep~time 

Note 1. The symbol ->;f indicates a 2sec on-off flash. 

10-4 

e 
e 

, , 

-~ -:- -r---. Alarm time is displayed: adjustment possible 
, , ' 

, I , 

_.1"1. -I-- Sleep time is displayed: adjustment possible. 
/~ ,J" 

ill -f--.. Alarm timer is being set. 
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MITSUBISHI LSls 

M58412P, M58413P 

CMOS LCD DIGITAL ALARM CLOCK CIRCUITS 

An LCD-electrode arrangement and names of segments and marks (24-hour clock display) 

AO 
DO 
EO 
GO 

EO I 

CO 

BO 

AO 

GO 

DO 

G1 

F1 A1 

A1 

I BO F 1 I 
G1 

I CO Ell 

D1 

E1 D1 

Table 2 24-Hour Clock Display 

Mode 

;:1 rl Normal display 

I_I 

Alarm display 
-I 

I 

Sleep-time display 

Note 2 The symbol 7;{- Indicates a 2sec on-off flash 

B1 COL F2 A2 B2 F3 A3 B3 SLMARK COM 

SL.MARK 
A2 A3 

J1 I B1 • F21 I B2 F31 I B3 
G2 G3 (SLEEP MARK) 

I C1 • E21 I C2 E31 I C3 
(ALARM MARK) 

4 
COL D2 

(COLON) 

C1 G2 E2 D2 

Display 

_",_ r I- n -
('; -I 1:1 ,. 
-,~; - -

• I-I rl '- I / 

• I_I I_I -~--
/ I " 
" I / 

_I I-I ~~~-
~ I_I .. -

• MITSUBISHI 
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D3 
AL.MARK 

C2 G3 E3 D3 C3 AL.MARK 

Meaning of mark display 

~ Sleep timer is in operation 

~ Alarm timer IS being set 

- Alarm time is displayed: adjustment possible 

- Sleep time IS displayed; adjustment possible 

.....-.. Alarm timer is being set. 
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MITSUBISHI LSls 

M58412P, M58413P 

CMOS LCD DIGITAL ALARM CLOCK CIRCUITS 

FUNCTIONS OF INPUT AND OUTPUT PINS 
Input Pins 
The potential drop to the level of Vss (1) (-1.5V) or VSS (2) 

(-3V) achieved inside the LSI ensures that all the input 

pins are used in the floating-state condition. The input pins 

A, , A 2, A 3, S, , and S6 have the potential of V ss (1), while 

all the other input pins have VSS (2). Signal input requires 

the use of the VOD(GND) level for all input pins. 

8, Pin 
Every push of the 5, push-button switch advances 1 minute 

in normal clock-time adjustment, alarm-time setting and 

sleep-time setting. Raising to the hour digit is prohibited in 

this operation. In the normal-clock ordinary-display mode, 

the S, pin also serves as a start/stop input pin for the sleep 

timer. A sleep mark flashing on and off displays the sleep 

timer's operation. It will disappear when the sleep timer 

stops operation, or as soon as the time initially set on the 

sleep timer is reached. 

82 Pin 
Every push of the S2 push-button switch advances 1 hour 

in normal clock-time adjustment and alarm-time setting. In 

the normal-clock ordinary-display mode, the S2 pin also 

serves as an input pin to bring the sleep output to the 

VSS (!) level. This function makes it possible to switch off 

a radio or other electronic apparatus before the time initial

ly set on the sleep timer is reached. 

83 Pin 

When the A3 pin is held at the V DO level, a momentary 

switch should be used to enable the input with the S3 -pin 

potential to change momentarily to the V DO level. Pushing 

the S3 switch changes the mode cyclically in the sequence: 

normal-clock ordinary display; alarm-time display (alarm

time setting is possible); and sleep-time display (sleep-time 

setting is possible). However, when the A3 pin is in the 

floating state (the inside-LSI potential is -1.5V), it is re

commended to use a lock switch to retain the V DD level at 

the S3 pin. While Srpin potential is kept at V DO, the 

alarm-time display mode is effective (alarm-time setting is 

possible). Disconnecting the S3 pin restores the normal

clock ordinary-display mode. The sleep-timer mode cannot 

be used when the A3 pin is in the floating state. In this 

case, however, there are convenient applications (for travel 

watches, etc.) free from the problem of alarm-time lags 

behind the set time which sometimes arise from the use of 

momentary switches due to their accidental operation. 

84 Pin 
When the normal-clock normal-display mode of the basic 

clock is effective, maintaining this pin at the V DO level 

causes entry to the normal-clock time-adjustment mode. 

After time adjustment with the 8 1 and 8 2 pins, clock 

operation starts with the '00' second of the adjusted time as 

soon as S4 is disconnected from the V DD level. 

85 Pin 
This pin is used to provide alarm-timer set input. Main

taining this input pin at the V DO level causes the alarm 

mark to stay on. When the normal clock time coincides 

with the alarm time, two types of alarm output, AL. OUT1 

and AL. OUT2, generate alarm signals. (The alarm signal 

with a pulse width of 250ms is generated only once after 

the coincidence takes place.) When cancellation of the 

alarm signal is desired, disconnecting the S5 pin from the 

V DO level causes both the alarm mark and alarm signal to 

disappear. No alarm signals will be generated when the 

normal clock time coincides with the alarm time, unless 

the S5 pin is at the V DO level. 

86 Pin 
This pin has three functions: 'snooze' timer-setting input, 

sleep-timer resetting input, and LCD lamp switching at 

night. When an alarm signal is generated in the normal

clock ordinary-display mode, bringing the S6 potential 

momentarily to V DD stops the alarm signal for a moment 

and generates it again after 9 ~ 1 0 minutes. (The 1-pulse 

alarm signal with a 250ms pulse width cannot be generated 

again.) The 'snooze' function can be repeated at every sig

nal input made to the S6 pin. However, it does not operate 

after an alarm signal has continued for 12 minutes. This 

function is useful for 'snooze' clocks and other appli

cations. 

When no alarm signals are generated in the normal-clock 

ordinary-display mode, or when the 'snooze' function is 

not in operation, bringing the S6 potential momentarily to 

V DD makes it possible to reset the sleep time to 59 min

utes and to make the sleep output level V DO' This means 

that when a stereo or other apparatus connected is to be 

switched off after 59~60 minutes, it is unnecessary to use 

the 59 minute setting in the sleep-time display mode: It is 

only necessary to push the S6 push-button switch and then 

push the S,-pin start button, giving great ease of operation. 

The S6 pin, at a potential level of -1.5V, also serves as an 

LCD lamp power terminal at night (See Fig. 1). Care should 

be taken, however, over the fact that every time the LCD 

lamp is turned on a 'snooze' timer set input or sleep-timer/ 

reset input is entered. 

Fig. 1 An LCD lamp circuit 

Voo o---o--O~ TOS6
P1N 

SW 
LAMP 

o 
VSS(1)(-1.5V) 

10-6 
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MITSUBISHI LSls 

MS8412P, MS8413P 

CMOS LCD DIGITAL ALARM CLOCK CIRCUITS 

A1 and A2 Pins T1, T2 and T3 Pins 

AL. OUT1 pin alarm output in different modes is generated The T 3 pin is a clock-input pin for high-speed test use. 

in accord with a combination of the AI - and A2-pin po- Combinations of T I and T2 pin potentials control the test 

tentials. Table 3 shows four modes and their applications. mode and options, as shown in Table 4. 

Table 3 AL. OUT1 Pin Alarm Output Table 4 Test Mode 

A, A, Output waveform of AL DUn Main applications 

Operation of bells 

~ 1024Hz buzzers and other 
Voo 

N.C. N.C. VSS(,)J IIIIIIII ~ IIIIIIIL sound sources without 

~------" oscillator Circuits 15 1 s 
(Intermittent sound) 

Operation of sound 

Voo N.C. 
Voo~ sources with oscillator 

V S S ( ,) l..-.--.i----I 
Circuits (Intermittent 1 s 1 s 
sound) 

Operation of sound 
__ 1024Hz 

sources without 
N.C. Voo ~~~(,)JIIIIIIIIIIIIII--- __ "' 

oscillation CirCUits 

(continuous sound) 

Voo Voo Voo Jl SWitching of 

VSS(') ..LL electronic apparatus 250ms 

A3 Pin 
This pin controls mode shifts between normal-clock ordina

ry-display mode, alarm-time display mode, and sleep-time 

display mode by the S3 pin. When the A3 pin is not con

nected (N .C.). it operates in the alarm-time display mode 

so long as the S3 pin is at the V DD level. When the S3 pin 

is disconnected from the V DD contact, the S3 pin enters 

the normal-clock ordinary-display mode, but not the sleep

time display mode. When the A3 pin is at the VDD level, 

mode shifts occur cyclically in the sequence: normal-clock 

ordinary display; alarm-time display; sleep-time display; 

and normal-clock ordinary display, each time the S3 pin. is 

momentarily at the V DD level. 

12/24 Pin 
Bringing the 12/24-hour pin to the VDD level turns the 

12-hour cycle display into the 24-hour cycle display. 

T, T, Mode 

N.C. N.C. Normal operation 

1-------

Vuo r'>J.c Normal-clock ordinary display with the colon kept ON 

(Without colon on-off flash) 

The counter IS reset and 'AM 12 00' (0. 00 for 24-hour cycle) 

N.C. Voo 
IS displayed In the normal-clock ordlnary- display mode Here. 

the alarm time IS AM 12 00 (0 00 for 24-hour cycle) and the 

sleep time IS 59 minutes 

Carryover from the minute to the hour digits IS prohibited The 

Voo Voo 
common output IS held at the VSS(2) level. and the segment 

and mark output for display IS at the Voo level High-speed 

testing IS possible 

OUTPUT PINS 

Output Pins for Segments, COM, COM AL. MARK, 
and SL. MARK 
The COM output pin common signal has a frequency of 

32Hz. Segments and mark· output pins which are not dis

played give common signals, while segments and mark 

output pins displayed give inverse-phase signals of common 

signals. The COM output is used for permanently-displayed 

segments or marks. 

AL. OUT1 (Alarm output 1) Pin 

When the normal-c!ock ordinary-display time coincides 

with the alarm time, alarm signals with the waveforms 

shown in Table 3 are generated at the AL. OUT1 pin for 

12 minutes. The 250 ms pulse-width alarm output, how

ever, is given only once aftenhe coincidence. 

Coincidence in the alarm-time display mode causes the 

AL. OUTl to be given for one minute. When they coincide 

in the normal-clock time-adjustment mode, continuous 

alarm signals are generated until the time is advanced. 

AL. OUT2 (Alarm Output 2) Pin 

When both the AI and A2 pins are at the V DD level (when 

the AL. OUT1 is the 250 ms pUlse-width alarm output). 

the AL. OUT2 pin gives a DC output for 110~ 120 min. In 

cases of the alarm-time minute digit set to integral multiples 

of 10 minutes from 10 to 50 min., a DC output is sent out 

for 120 min. This signal is useful for controlling electronic 

apparatus for 2-hour auto-recording. When both the 

AI and A2 pins are at other than the V DD level, a DC out

put is given for 11 ~ 12 min by the AL. OUT2 pin. 

Fig. 2 Alarm output waveforms 

A 1, A, = ~=====;==-;=====--=-=! Voo 
VOO level --r-- 110-120 minutes -L VSS(l) 

• COincident with alarm time 

Al,A2= ~Voo 
other than Voo level 11-12m1nutes VSS(l) 
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MIT5UBI5HI L51s 

MS8412P, MS8413P 

CMOS LCD DIGITAL ALARM CLOCK CIRCUITS 

SL. OUT (Sleep Output) Pin 
This pin can be used not only for sleep timers but also for 

turning on and off radios, TVs, cassette decks, and VTRs. In 

the normal-clock ordinary-display mode, the 5L. OUT pin 

can be brought to the VDD level, i.e., the switch-on stage, 

by starting the sleep timer with the 51 pin, or by bringing 

the 56 pin potential momentarily to VDD after 12 minutes' 
issuance of the alarm signal or when the 'snooze' function 

is not in operation. As soon as the sleep ti me becomes 

59 minutes in the normal-clock ordinary-display mode 

(the sleep timer does not display the time elapsed), or by 

bringing the 52 -pin potential momentarily to V DD in the 

normal-clock ordinary-display mode, the switch-off state, 

i.e., the Vss(J) level, holds. Fig. 3 shows 5L. OUT-pin out

put waveforms: (1) when the switched-off state is entered 

at the sleep time set; (2) when the timer is stopped after 

the start of the sleep timer and started again; and (3) when 

the switched-off state is entered before the sleep time set. 

Input pins to be used are shown in parentheses. When the 

sleep output is turned to the V DD level by using the 56 pin, 

this level is maintained unless the sleep timer is started 

with the 51 pin. Use of the 5L. OUT pin as a maximum 

60-minute auto-recording pin requires that both the AI and 

A2 pin potentials are set to V DD and the AL. OUT1 pin is 
connected with the 51 pin as shown in Fig. 7. In this case, 

sleep output assumes the VDO level when the alarm time 

coincides with the normal time. 

Fig. 3 SL. OUT output waveforms 

Start ( 3 I) to: Sleep time set 

(1) ~f--' __ ---=t-"-o ---~. L 
Start ( 3 1 ) Stop ( 3 1) Start (3 I) 

Voo 

VS5(1) 

(2) 
1;...--.--_1:.-___ --:.._....,..,::-;----0 Voo .J==il--i to t 1 L .--'-''--"-'--.-1 V 55 ( I ) 

Start ( 3 1 ) Sleep-out cancelling ( 3, ) 

(3) JI----i-'. ==-=-,+111..... t~o _--,--' _ 
V55(1) 

Voo 

POWER CIRCUITS 
VOD • VSS (l). VSS(2). CF. and CT Pins 
The electrical power supply is a 1.5V battery (=V DO

VSS(J)). Use of O.1JlF condensers between the CF and CT 
pins and between the VSS (2) and VOO(GNO) pins gives volt

age about double the power voltage, making possible direct 

operation of the LCD. 

BD (Battery Detector) Pin 
By connecting a resistor between the BD and VSS(I) pins 

which has a proper temperature characteristic and a resist

ance between 15kn and 750n, the segments and marks dis

played flash on and off in a 2sec period, a visual remi.nder 

of the necessity to replace the battery, when the battery 

voltage drops to any specified level in the detectable voltage 

range of VOD=-1.2~-1.5V. This flashing can be stopped 

by making the 56 potential momentarily VOD . However, it 

will start again at the next sampling time (max. one minute 

later) until the battery is replaced. 

OPERATIONAL METHODS 

Fig. 4 Operation when the A3 Pin is N.C. 

adjustment -. 
(3 1 ) AM_I 

Hour L 
adjustment 

• • 

Minute j 
(3,) L-__________ -l 

Normal-clock 
adjustment mode 

Resel to ·00· sec I Start from ·00' sec 

AM ;:1 :t5 _I I I Normal-clock ordlnary

display mode 

~------------~ 

(33) 1 
Minute 
adjustment ~ 

(3 , ) e · n I-I 1/ 

H PM _I • LI U_:""-ad~~~tment -- 'W (3,) L-__________________ ~/~I~' 

Note 3 The symbol ~:~ shows a 2sec-period on-off flash 

4 Lock SWitches are used In the S 3, S 4 and 55 pins 

Alarm time dlsplay/ 
adjustment mode 

Fig. 5 Operation when the Aa, pin is at the VDD level 

Minute j I Normal-clock 
adjustment AM - -. - adjustment mode 

( 3 tl _I • -,_I !-'I 
Hour L· I,..",.J 
adjustment -

(3,) '-------------1 

Sleep timer 
startlstop( 5 

Resel to '00 sec I ( S 4) l Slart from '00· sec 

1)--Sleep output 
cancel (52 ),.-

Minute 
adjustment 

(s tl 
Hour 
adjustment 

(3, ) 

Minute 
adjustment 

(3,) 

l-

I-

I---

AM 2 

PM 
e 
-' 

(33 ) 

-:~'~ 3 EI _'.'-',' 

~ (33 ) 

nn • 
• LI LI ,1/ 

-~ /,, 

~ (33 ) 

3n U 
~'1~ 

I 
Note 5 The symbol j:~ shows a 2sec-perlod on-off flash. 

6 Lock SWitches are used In the 54 and 55 pins. 

Normal-clock ordinary
display mode 

Alarm time display! 
adjustment mode 

Sleep-time display! 
adjustment mode 
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MITSUBISHI LSls 

MS8412P, MS8413P 

CMOS LCD DIGITAL ALARM CLOCK CIRCUITS 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VSSll) Supply voltage 

VSS(2) Supply voltage Voo =GND 

V I (1) Input voltage for V S S I 1 ) supply Ta =25'C 

V, (2) Input voltage for VSS(2) supply 

Topr Operating free-air ambient temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS ITa =25'C. except where otherwise specified) 

Symbol Parameter Conditions (Note 6) 

M58412P C'N= 15pF, COUT = 10pF Ro ~20 Q 
VSSll) Supply voltage 

M58413P CIN= 15pF. COUT=30pF Ro=30kQ 

Supply voltage 
MS8412P C'N= lSpF, COUT = 10pF Ro =20 Q 

VSS(2) 
M S8413P C'N=lSpF, CouT=30pF Ro=30kQ 

ELECTRICAL CHARACTERISTICS 
IT a =2S'C , Voo =GND, MS8412P: f =4. 1943M Hz, MS8413P: f =32. 768kHz. except where otherwISe speCified) 

Symbol Parameter 

100 Supply current from VOD 

V'(OSC) Oscillator input voltage 

lOLl COM) Low-level output current (common) 

IOH(COM) High-level output current (common) 

IOL(SEG) Low-level output current (segment) 

I OH( SEG) Hlgh~level output current (segment) 

IOL(AL! Low-level output current (alarm, sleep) 

IOH(AL! High-level output current (alaim. sleep) 

I,L Low-level input current 

I'H High-level input current 

VO(2) Doubler output voltage 

V,(SO) Battery detector voltage range 

Note 7 Ro refers to a crystal impedance. 

Test conditions (Note 6) 

M58412P 
VSS(1)=-l 5V,C'N = 15pF, COUT= lOpF 

C I =C2 =0. 11'F, Ro=20Q 

M 58413P 
VSS( 1) = -1. SV,C IN= lSpF,COUT=30pF 

C,=C2=0.lpF, Ro=30kQ 

MS8412P 
C'N= 15pF, COUT= 10pF, Ro=20Q 

within 1 sec of oscillation 

MS8413P 
C'N= 15pF, COUT=30pF, Ro=30kQ 

within 5sec of oscillation 

VSS(2)=-3V, Vo L =-2. 9V 

VSS(2) =-3V, VOH=-O. 1V 

Vss(2)=-3V, VOL=-2. 9V 

Vss(2)=-3V, VOH= -0. lV 

VSS(I)=-l.SV, VOL=-1V 

VSS(l)=-1.SV, VOH= -0 . SV 

VSS(1)=-3V, VIl_=-3V 

except for test input terminals 

VSs(2)=-3V, V'H=OV 

except for test input terminals 

VSS(t) = -l.SV, C 1 =C2 =0. l;1F 

IO=2IlA 

lSk Q ;;;;Rso ;;;;7S0k Q 

• MITSUBISHI 
.... ELECTRIC 

Limits Unit 

O. 1--3 V 

O. 1--7 V 

VSSll) -Voo V 

VSS(2) -Voo V 

-20 -65 'C 

-30 -80 'C 

Limits 
Unit 

Min Nom Max 

-1 .2 - 1.5 -1.9 V 

-1. 1 -l.S -2 V 

-2.4 -3 -3.8 V 

-2 2 -3 -4 V 

limits 
Unit 

Min Typ Max 

30 80 pA 

2 5 pA 

-1.2 V 

-1.2 V 

30 "A 
-30 pA 

5 pA 

- S pA 

100 pA 

-100 pA 

-0. 2 ;,A 

0.2 pA 

-2 8 V 

-1 .2 -1.S V 
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MITSUBISHI LSls 

MS8412P, MS8413P 

CMOS LCD DIGITAL ALARM CLOCK CIRCUITS 

TYPICAL APPLICATION CIRCUITS 
Fig. 6 An alarm clock with 'snooze' and sleep functions 

f-iVV'\r-_--=s"'"!l A L . 0 U T 1 

.--+-_--.J\M~--S40 B 0 
TO SWITCHING CIRCUITS ..... ______ -:S:.::-I3 VOO 

FOR ELECTRICAL E.Q.U_IP_M_E_NT+_+-_=---;=c--__ -:S7I4 S L . 0 U T 

j-.:.:4.."-,,,,,,_-"S.,S X TAL 1 

~~~~--~9XTAL2 

3-23pF ,---""-'iCF 
C1. O.l/,F 

,--_.:.S,8 CT 
C2 

..... ___ 0_°;....._1-'.'_, F_--,S",9'i V SSI2 I 

1--_ ..... _"-60, VSSI II 

Fig. 7 An alarm clock with 'snooze' and auto-recording 
functions 

TO SWITCHING { 
CIRCUIT FOR 
UNATTENOED 
TAPE RECOROING 

D\ 
tf 

I 
Sl 

AL.OUT1 

52 AL.OUT2 
54. 

SL.OUT 
53 

Voo Hl1SPF 55 XTAL1 ::h XTAL 
IJ'" !:f4.19MHZ56 

3 ~ 23p F 57 
XTAL2 

CF 
C1=r°.1/IF 

58 
CT 

C2 
O.l/IF 

59 VSS'2. 

I 1.5V 60 
I VSS 1, 

50 BO 

SEGMENT OUTPUT 

M58412P 

SEGMENT OUTPUT 

SEGMENT OUTPUT 

:rt 

M58412P 

SEGMENT OUT PUT 

Al 
30 

} NC 
A2 

29 

A3 
28 

Tl 
27 

}NC T2 
26 

2S 
T3 

24 --'--
SI 

22 --L-
S2 

21 --'--
S3 

S4 
20 

S5 
19 

S6 
18 

I ,--0--(0-
Al 

30 1.-0----. 

A2 
29 

A3 
28 

Tl 
27 

~}NC T2 

r.?2... T3 

SI 
24 ---L-o----. 

S2 
22 -Lo----. 

21 -" 1_0----. 
S3 

20 -0----. S4 

S5 
19 -0----. 

S6 
18 -"" 10...-

MOMENTARY 
SWITCH 

--L-
--<> 0-

LOCK SWITCH 

~o-

TWO-WAY 
TWO-POLE 
SWITCH 

~o
~o-

MOMENTARY 
SWITCH 

--L
~ 0-

LOCK SWITCH 

----0--0-

Note 8 : The circuit of Fig. 6.gives intermittent alarm-bell tones. 

9 : The circuit of Fig. 7 gives continuous alarm-bell tones. 

10: Use of Type M58413P in Fig. 6 and Fig. 7 reqUires the employment 

of a 32kHz quartz oscillator and a 5 - 35p F variable condenser. 

Note 11 Use is made of AL. OUT2 for ,11 0 - 120 minute fiXed-time auto-recording 

output and of the SL. OUT pin for maximum 50' minute non-fixed-time 

auto-recording output 
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MITSUBISHI LSls 

M58434P, M58435P 
M58436-001P, M58437-001P 

DESCRIPTION 

This family of CMOS circuits is particularly suited for crys· 

tal-controlled clocks where induction motors or stepping 

motors are used. 

Type Process Crystal oscillator 

M58434P 
Silicon~gate 

4.1943MHz 
CMOS 

M58435P Silicon-gate 4.1943MHz 
CMOS 

M58436 Aluminum-gate 4.1943MHz 
-OOlP CMOS 

M58437 Aluminum-gate 32.768KHz 
-OOlP CMOS 

FEATURES 

• Low power dissipation: 

M58434P, M58435P: 

M58436·001P: 

M58437·001P: 

• Low voltage operation: 
M58434P, M58435P: 

Motor 

Induction 
motor 

Stepping 

motor 

Stepping 

motor 

Stepping 
motor 

Alarm sound 

1024Hz 

1024Hz 

4096X8X 1Hz 

4096X8X 1Hz 

30llA (typ) 

351lA (typ) 

21lA (typ) 

1.2V (min) 

M58436·001 P: 1.1 V (min) 

• Direct drive of ceramic resonator (M58436·001 P and 

M58437·001 P only) 

APPLICATIONS 

• Crystal-controlled alarm clock 

• Precision timepiece for electronic apparatus 

• Frequency divider for electronic apparatus 

BLOCK DIAGRAM 

CMOS ANALOG CLOCK CIRCUITS 

PIN CONFIGURATION (TOP VIEW) 

(1.5V) _ XTAL, QUARTZ 
OSCILLATION 
INPUT 

MOTOR DRIV
ING OUTPUT 

FUNCTION 

(OV) 7 ..... XTAL2 g~~lmTION 
OUTPUT 

6 ..... ALARM ~\ii~I~G8ELL 
OUT OUTPUT 

MOTOR DRIV
ING OUTPUT 

Notel: This pin is non-connected for 
M58434P. 

Outline 8P1(M58434P) 
(M58435P) 
(M58436-001P) 
(M58437-001P) 

Circuitry consists of an oscillator, frequency divider, bridge· 

type driver circuit for an induction motor (M58434P) or a 

stepping motor (M58435P, M58436·001P, M58437·001P), 

and an alarm bell driver circuit. The oscillator frequency is 

32.768 kHz for the M58437·001 P and 4.1943 MHz for the 

other types. 

QUARTZ OSCIL
LATION INPUT 

OSCILLATION 
,-------, CIRCUIT 

FREQUENCY 
DIVIOING CIRCUIT 

OUTPUT 
BUFFER 
CIRCUIT 

QUARTZ OSCIL· 
LATION OUTPUT 

RESET INPUT 
(NOTE 21 

ALARM 
OUTPUT 
BUFFER 
CIRCUIT 

MOTOR 
DRIVING OUTPUT 

ALARM ALARM BELL 
6 OUT DRIVING OUTPUT 

(OV) vssL' _ ~VDD(1.5V) 
------ -------- ------~ 

• MITSUBISHI 
..... ELECTRIC 

Note 2 M58434P has no reset input pin 
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MITSUBISHI LSls 

M58434P, M58435P 
M58436-001P, M58437-001P 

CMOS ANALOG CLOCK CIRCUITS 

FUNCTIONAL DESCRIPTION 
Oscillation Circuit 
This circuit is completed by connecting a crystal between 

XTAL, (oscillation input) and XTAL2 (oscillation output) 

and capacitances between both terminals and GND. 

Motor Driver Circuit 
This circuit amplifies motor driving current at the output 

frequency of the last divider. In M58434P and M58435P, 

Outputs OUT, and OUT2 are always in a mutually reversed 

phase, while in the M58436·001P and M58437-001P, 

OUT, has a wave-form delayed 1sec from OUT2 . It is 
realized by continuous movement or stepped movement 

when the M58434P is connected to an induction motor 

(M58434), to a stepping motor with series-connected 

capacitance (M58435P) or a stepping motor (M58436-

001 P and M58437-001 Pl. The size of the capacitance for 

M58435P is determined by the·total current consumption 

and the required motor torque, and with a 47!-tF capacitor, 

SUM-2 manganese dry cells will last for about one year. 

Reset Input (RESET) 
When the RESET terminal of the M58435P is held at Vss 

level, outputs OUT, and OUT2 hold their current states of 

that time, and invert 0.97~1.0sec after the reset terminal 

is released from the Vss level. In the M58436-001 P and 

M58437-001P, OUT, and OUT2 go to the Vss level, and 

0.97~1.0sec after the reset terminal is released from Vss 

level, a 31ms pulse is generated from the output opposite 

to the one that emitted a 31ms pulse immediately before 

the reset. If the RESET terminal is connected with the Vss 
during the 31ms pulse, the reset will be started completely 

after the pulse ends. This prevents inadvertent interruption 

of complete action of the motor owing to the resetfunc

tion. The M59434P has no reset function. 

Alarm Output Buffer Circuit 
This circuit consists of an N-channel open-drain MOS tran

sistor and generates a signal to drive a ceramic resonator or 

magnetic speaker (see p. 10-14). The alarm output is a 

1024 Hz signal, with a duty cycle of 50% for M5843P and 

M58435P, and burst signals of 4096Hz, 8Hz, and 1Hz, 

each of 50% duty, for M58436-001P and M58437-001P. 

Direct drive of the ceramic resonator by M58436-001P 

and M58437-001P is possible because of the high alarm 

output breakdown voltage. 

Table 1 Output Waveforms on the OUT1, OUT2, and ALARM OUT terminals 

Type 

M58434P 

M58435P 

M58436-001 P 

M58437-001 P 

10-12 

OUT 1 and OUT2 waveform Pulse Width (ms) 

UUlSL voo OUT, 
'ISS 

--~ 

JLrlJlrvoo OUT2 
l....--.-.J v ss 

15.6ms 50% duty cycle 

OUT,l I L VOO 

VSS 

OUT2 l 
IE 23 50% duty cycle 

~I IE T 

OUT, n 
11 

1s .1 
OUT2 

I. 28 

r--VOO --~ 

VSS 

VOO 

Vss 

it VOD 

31 

VSS 

.1 
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ALARM OUT waveform 

/1024HZ 50% duty cycle 

VOO JIIIIII 11111111111111111111- -- ----
VSS 

1 s 
~I I'" 

~:: llllnlllnlllnllli 1IIIr 
~LJ 125ms 

4096Hz 

50% duty cycle for 4096Hz. 8Hz, and 1 Hz 



ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VOO Supply voltage 

Pd Maximum power dissipation 

MITSUBISHI LSls 

M58434P, MS843SP 
MS8436-001P, M58437-001P 

CMOS ANALOG CLOCK CIRCUITS 

Conditions Limits Unit 

Wit,h respect to Vss -0.3-5 V 

Ta~25"C 300 rnW 

Topr Operating free-air ambient temperature range -20-70 "C 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta~25"C. unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Nom Max 

VOO Supply voltage 1.5 V 

VSS Supply voltage IGND) 0 V 

M58434P 

M58435P 4.1943 
fosc Crystal oscilatlon frequency -MHz 

M 58436-001 P 

M58437-001 P 32.768 kHz 

M58434P 

Crystal impedance of crystal M58435P 30 60 Q 
Ro 

oscillator M 58436-001 P 

M58437-001 P 20 30 kQ 

GIN External input capacity 20 pF 

GOUT External output capacity 20 pF 

ELECTRICAL CHARACTERISTICS (Ta~25"C. VSS~ 0 V. unless otherwise noted) 

Symbol Parameter 

Voo Supply voltage 

100 Supply current 

Motor driving output saturation 

RON(P+N) resistance 
{p-channel + N-channel) 

Alarm bell driving output saturation 

RON(AL) resistance 
(N-channel) 

Isw Reset input current 

Test conditions 

M58434P 
GIN~GOUT~20pF. Ro~30Q 

M58435P 

M58436-001 P GIN~GOUT~20pF. RO~30Q 

M58437-001P CIN~COUT~20pF, RO~20k Q 

M58434P 
VOO= 1. SV, CIN= COUT =20pF, Ro=30 Q 

M58435P 

M 58436-001 P Voo= 1.SV, CIN=COUT =20pF, Ro= 30 Q 

M 58437-001 P Voo= 1.SV, CIN=COUT =20pF, Ho=20kQ 

M58434P 
Voo~ 1.5V, IOUT~ ± 3 mA 

M58435P 

M 58436-00 1 P 
Voo=1.5V,IOUT~± 3mA 

M 58437-001 P 

M58434P 
VOD~ 1.5V.loUT~ 3 rnA 

M58435P 

M58436-001 P 
VDO~ 1.5V, IOUT~ 3 mA 

M 58437-001 P 

M58435P 

M 58436-001 P VOO~ 1.5V, 

M 58437-001 P 

• MITSUBISHI 
.... ELECTRIC 

-40-125 "C 

Limits 
Unit 

Min Typ Max 

1.2 1.5 1.9 V 

1.1 1.5 1.9 V 

30 50 J1A 

35 70 J1A 

2 5 J1A 

150 300 Q 

100 200 Q 

0.5 1 kQ 

100 200 Q 

1 J1A 
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MITSUBISHI LSls 

MS8434P, MS843SP 
MS8436·001P, MS8437·001P 

CMOS ANALOG CLOCK CIRCUITS 

TYPICAL APPLICATION CIRCUITS 
1. Ceramic resonator with M58434P 2. Magnetic speaker with M58435P 

CERAMIC RESONATOR 

3. Ceramic buzzer with M58436-001 P 
or M58437-001 P 

CRYSTAL C'N 
OSCILLATOR 

4.1943MHz 
(32.768kHz) 

COUT 

RESET SWTICH 
CERAMIC 

RESONATOR 

MOTOR 

COUT 

MAGNETIC SPEAKER 

ALARM 
ACTIVATING 
CONTACT 

4. Magnetic speaker with M58436-001 P 
or M58437 -001 P 

CRYSTAL C'N 
OSCILLATOR 

4.1943MHz 
(32.768kHz) 

COUT 

RESET SWITCH 

I ) ) MAGNETIC 
SPEAKER 

Vss 
Voo 

MJl ALARM ACTIVATING 
CONTACT 

\--4-----if 

ALARM ACTIVATING 
CONTACT 

1.SV 

10-14 
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GENERAL DESCRIPTION 
The M58478P is a frequency divider manufactured by 

aluminum CMOS technology. It produces a frequency 

of 1/59719 or 1/88672 of the input frequency (3.58MHz 

to 60Hz or 4,43MHz to 50Hz). 

FEATURES 
• Makes possible a crystal oscillator circuit 

• Capable of handling small-amplitude input signals as low 

as O.3Vpp 

• Frequency-dividing ratio selected through terminal N 

• Reset function 
• Produces a shaped-waveform output of the same 

frequency as the input signal or oscillation output 

• Derives a vertical scanning frequency from TV color 

subcarrier 

APPLICATIONS 

• Frequency divider for VTR 

SUMMARY OF FUNCTIONS 
The M58478P has a programmable counter consisting of a 

17-stage binary frequency divider, which delivers 60Hz or 

50Hz output from an input of 3.58MHz or 4,43MHz, 

depending on the state of terminal N. 

BLOCK DIAGRAM 

MITSUBISHI LSls 

MS8478P 

17-STAGE OSCILLATOR/DIVIDER 

PIN CONFIGURATION (TOP VIEW) 

FRE8iY~~t~ OUT +- 1 
OUTPUT 

(OV) Vss 

FREQUENCY· 
DIVIDING 

RATIO-SELEC
TION INPUT 

~~~IH RESET-+ 4 

Voo (4.75-8.5V) 

7 -+ TUNER 

5 +- OSC IN 

Outline 8P1 

OSCIL
LATION 
INPUT 

OSCILLfJ~(m a sc IN 5 17-STAGE BINARY FREQUENCY DIVIDER 

OSCI~~t~~~ OSC OUT 6 

SHAPED
WAVEFORM 

OUTPUT 

RESET INPUT 

TUNER 7 

RESET 4~--------------~ 

RESET PULSE GENERATOR 

• MITSUBISHI 
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~VDD 
~VSS 

FREQUENCY
DIVIDING RATIO
SELECTION INPUT 

(4.75-8.5V) 

(OV) 
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MITSUBISHI LSls 

M58478P 

17 ·STAGE OSCILLATOR/DIVIDER 

FUNCTIONAL DESCRIPTION 
Crystal Oscillator 
A crystal oscillator is obtained by connecting a quartz 

resonator element between terminals OSC IN and OSC 

OUT, and capacitances CLI and CLO between the two 

terminals and Vss. (A feedback resistor is contained 

on·chip.) An amplifier is contained in terminal OSC IN, 

allowing even a small amplitude signal to be input via the 

coupling capacitor Ce . 

Output Frequency 
When the input N is open (high), the frequency-dividing 

ratio is set at 59719, producing a 60Hz output from a 

3.58MHz input. When N is'low, the ratio is 88672, 

producing 50Hz from 4.43MHz input. Figure 1 shows the 

waveform of the divided frequency output. 

Shaped-waveform output of the same frequency as the 

input signal or oscillation frequency is produced on the 

TUNER output. 

Reset Function 
When the RESET input is changed from high to low (edge 

trigger reset of the active. low), the output OUT turns 

low. 

Pull-up Resistance 
There is a pull·up resistor in both terminals Nand RESET, 

eliminating the need for any external resistor. Resistance of 

the standard pull·up resistor is 20kU. 

Frequency Dividing Ratio 
The frequency-dividing ratio is determined by the data 

contents of the programmable counter. 

Change of the Frequency-Dividing Ratio 
Different frequency-dividing ratios are available. Any 

frequency-dividing ratio from 5 to 131071 (=217_1) can 

be provided by changing the data input to the program

mable counter. 

Fig.1 Waveform of divided-frequency output 

When input N is open (high): 

OUT--' I L 
NO OF I I I 
8b~~~s .• 32766 COUNTS ~ 
SUPPLIED 26953 COUNTS 

When input N is low: 

OUT--' I L 
NO. OF L I I 
Sb~~~s 55906 COUNTS ---I-- 32766 COUNTS ~ 
SUPPLlEO 

Note 1 The frequency-dividing ratio In the following cycle is decided by 
the state Input N lust before the output OUT turns from high to 
low. 
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MITSUBISHI LSls 

MS8478P 

17-STAGE OSCILLATOR/DIVIDER 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits 

VOO Supply voltage -0.3 -9 

VI Input voltage 
With respect to VSS 

VSS;:; VI;:;VOO 

Pd Maximum power dissipation Ta=25·C 250 

Topr Operating free-air temperature range -30-70 

Tstg Storage temperature range - 40-125 

RECOMMENDED OPERATING CONDITIONS (Ta= -30-WC unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VOO Supply voltage 4.75 8.5 V 

VSS Supply voltage 0 V 

VIH High-level input voltage VOD"O .5 V 

VIL Low-level input voltage 0.5 V 

VI Oscillation input amplitude voltage 0.3 Vpp 
-

Input frequency. with the terminal N in high-level 3.58 5 .5 MHz 
f 

Input frequency. with the terminal N in low-level 4.43 5 .5 MHz 

ELECTRICAL CHARACTERISTICS (Ta=25·C. Voo=6.5V. Vss=OV. fIN=4.5MHz. unless otherwise noted) 

Symbol Parameter 

VOO Operational supply voltage 

~- Supply current 

VIH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output vOltage 

VOL Low-level output voltage 

IOH High-level output current 

IOL Low~level output current 

RI Pull-up resistance, N and RESET inputs 

Vi Oscillation input amplitude voltage 

f MAX Maximum operating frequency 

Test conditions 

Ta=-30-70·C 

N, RE SE T Input/output open 

Vo=Vss 

Vo=VOO 

VOO=4.75V 

VOD-4.75V 

• MITSUBISHI 
~ELECTRIC 

Limits 

Min Typ 

4.75 

VOo-O.5 

VOO 0 .5 

-2 

2 

20 

0.3 

5.5 

Unit 

V 

V 

mW 

·C 

·C 

Unit 
Max 

8.5 V 

5 mA 

V 

0.5 -y--
V 

0.5 V 

rnA 

mA 

kQ 

Vpp 

MHz 
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MS8478P 

17 -STAGE OSCILLATOR/DIVIDER 

TYPICAL APPLICATION CIRCUIT 

Crystal Oscillator (with Built-In Feedback Resistance) 

5 OSC IN 

[-'""" 
External Input Signal Connections 

10-18 

INPUT SIGNAL 

0---j~ OSC IN 

1000pF 

M58478P OUT 1 

Vss 

2 

, GND 

-0- 4. 75-8.5V 

Voo 

M58478P OUTr----

Vss 
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GENERAL DESCRIPTION 
The M58479P and M58482P are electronic timer ICs 

developed by aluminum-gate CMOS technology. Use of 

these ICs makes possible timer devices without mechanical 

elements, which have reduced power dissipation, superior 

reliability, and higher noise immunity. The M58479P is 

specifically designed for high noise immunity while the 

M58482P particularly features, low power dissipation. 

FEATURES 
• Low power dissipation 

M58479P: 2mW '(typl, 7.5mW (max) 

M58482P: 200fJW (typl, 750J.lW (max) 

• Superior noise immunity 
• Single power supply with a zenor diode 

• Internal RC oscillator 
• Precise oscillation frequency regulating capability 

• Extremely broad time-delay range (50ms-4800h) 

• Time-delay settableto 1 0, 60, or 600timesfundamental 

time (1024 times oscillation period) 

• M58479P has automatic-reset function during power 

engagement 

• Built-in reset and inhibit functions 

• Residual time display possible by adding Mitsubishi's 

M53290P and M53242P Ie 

APPLICATIONS 
• Electronic timer or counter with broad time-delay range 

(50ms-4800h) 

BLOCK DIAGRAM 

MITSUBISHI LSls 

MS8479P, MS8482P 

CMOS COUNTER/TIMERS 

PIN CONFIGURATION (TOP VIEW) 

(ov) Vss 

PREfilSE 
0F%!~lf'E~'t~ A 0 J -+ 2 

:JC~L~:;~{:::: : 
OUTPUTS 

0534-5 

RESET INPUT RESET -+ 6 

INHIBIT 
INPUT 

VDD C34=~0~~~::~~~) 
ZO ZENOR DIODE 

Outline 14P4 

SUMMARY OF FUNCTIONS 
These devices make possible extremely long clock perform

ance, by counting pulse signals from the RC oscillator. It 

has precise oscillation frequency adjustment, automatic
reset, reset, and inhibit functions. 

There are three outputs. When the time duration is up, 

OUT1 turns from low to high and OUT2 from high to low. 

OUT3 can be connected to M53290P and M53242P TTLs 

for residual time display. 

DIVIDING RATIO SELECTIVE INPUT 
FOR COUNTER 

INPUT/OUTPUTS OS 2 
OSCILLATION{O 5 1 3 

o S 3 r-L-,-.-.....-.....r 
PRECISE 

OSCILLATION 
FREQUENCY 

ADJUSTMENT 

INH RESET 

INHIBIT RESET 
INPUT INPUT 

,---A---, 
01 02 

• MITSUBISHI 
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14 Voo (7.4- 9 V:M58479P) 
3 - 9 V : M 58482P 

----~----~1 Vss (OV) 

'-----(13 ZO ZENOR DIODE 
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MS8479P;MS8482P 

CMOS COUNTER/TIMERS 

FUNCTIONAL DESCRIPTION 
Voltage Regulator 
A zenor diode is on-chip, making it easy to obtain a 

constant voltage regulator circuit. Since the zenor diode 
terminal (ZD) is independent of the power terminal (Voo ), 

it can be used as a constant voltage power supply for the 

total system. 

Oscillator 
Oscillation is obtained by connecting, an external resistor 

(feedback resistor RFcl between terminals OS1 and OS3 
and an external capacitor (oscillation capacitor CFC ) 

between terminals OS1 and OS2. The values of the external 

resistor and capacitor can then be changed to vary the 

oscillation period and thus change the time delay. Oscilla
tion period To is obtained by the following equation: 

To= -R FC • cFc{ln V~~VBE + In ~~~~~:: } ... (1) 

Where, 

R FC: Resistance of external resistor 
CFC : Capacitance of external capacitor 

VTR : Transition voltage of the first inverter in the 
oscillation circuit 

V 00: Supply voltage 
VBe : Forward rising voltage of the diode in terminal 

OS1 (0.3-0.7V) 

Automatic-Reset Function 
The M584 79P has a power-supply voltage-detection circuit 
on·chip, so that the counter is automatically reset by the 

rising edge of the supply voltage when power is turned on. 

The reset is then released, making the oscillator ready to 

function and the counter ready to start counting. 

The M58482P can also be. provided with the same 

automatic-reset function by connecting capacitor between 

terminals RESET and Vss. 

Reset Function 
When the RESET input turns low (Vss). oscillation of the 
oscillator can be stopped and the counter reset. 

Inhibit Function 
When terminal INH turns low (Vss) while the timer is in 

action, the oscillation halts. When input IN H is turned high 

or returned to OPEN afterwards, it starts to count residual 
time. 

Counter 
This counter consists of an 11-stage 1/2 frequency divider, 
a 2-stage 1/10 frequency divider and a l-stage 1/6 frequency 

divider. As shown in the table below, timer duration can be 
changed by varying the number of pulses counted according 

to the combination of the input levels on terminals 01 and 

02. 

01 02 Number of pulses 
counted 

Time delay Typical til"(18 
delay applied 

H H 1024 Tl 1 mLn 

L H 1024 X 10 T, X10 10min 

H L 1024X10X6 T,X10X6 1h 

L L 1024 X 10 X 6 X 10 T, X10X6X10 10h 

Where. T, =To X 1024 

To is the value obtained from equation (1) 

Output Circuits 
The chips have three outputs: OUT1 changes from .Iow to 
high and OUT2 from high to low as soon as the time 

duration is up. Either can be used to drive a transistor by 
connecting it to the transistor base. OUT1 can drive a 

thyristor when connected to the thyristor gate. . 
OUT3 is an open-drain output with period 1/8 of the 

time delay, and can be used to drive a TTL in a separate 

(5V) power supply line. Thus, if a M53290P counter and a 
M53242P binary-to-decimal decoder are connected to 

OUT3, with their output connected to a light-emitting 

diode, residual time will be displayed on the LED. When 

not in use,OUT3 should be connected to Vss. 

Fine Adjustment of Oscillation Period 
A variable resistor can be connected between terminals 

ADJ and Vss , enabling precise adjustment of the period of 

the oscillator_ However, when not used for fine adjustment, 

ADJ should be connected to Vss. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VOO Supply voltage 

V, Input voltage 
With respect to V 55 

Pd Maximum power dissipation Ta=25'C 

Topr Operating free-air temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta = -30~75'C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

I M58479P 7 .4 9 V 
VOO Supply voltage 

I M58482P 3 V 9 

Izo Zenor current 10 mA 

RFO Feedback resistance 0.005 10 MQ 

CFO Oscillation capacitance 0.001 1 ,uF 

RAOJ ReSistance for fine-adjustment of oscillation frequency 0 100 kQ 

ELECTRICAL CHARACTERISTICS (Ta=25'C. unless otherwise noted) 

Symbol 

VZD 

IDD 

VRE 

VTR 

R, 

IOH 

IOL 

IOZH 

IOL 

IOL 

VOL 

Parameter Test conditions 

Zenor voltage 
Izo=2mA 

IZD= 10mA 

M58479P 
VDD=7.SV, CFO=O.Ol,uF, RFO= 1 MQ 

Supply current 
RADJ=OQ, Input/output open 

M58482P 
VDD=7,SV, CFo=O.Ol,uF, RFO= lMQ 

RADJ=OQ, Input/output open 

Supply voltage at the time of 
automatic-reset release MS8479P 

---~ 

TranSition voltage of first inverter in the oscillator VDD=7 .5V, RADJ=OQ 

Pull-up resistance: RESET, INH. D1. D2 MS8479P 
Inputs M58482P 

High-level output current. OUT1 and OUT2 outputs VDD=7 .5V, VO=OV 

Low-level output current. OUT1, OUT2, and OUT3 outputs VDD=7,5V, VO=7.5V 

Off-state output current. OUT3 output VOD=7 .5V, Vo=7 .SV 

Low-level output current; OUT1, OUT2, and OUT3 outputs VDD=7 ,5V, VO=O .4V 

Low-level output current; OUT1, OUT2, and M58482P VDD=4.5V,Vo=0 .4V OUT3 outputs 

Low-level output voltage: OUT1, OUT2. and OUT3 outputs VDD=7,5V 

• MITSUBISHI 
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CMOS COUNTER/TIMERS 

Limits Unit 

-0.3~9 .5 V 

VSS~V,~VOO V 

250 mW 

~30~75 'c 
-40~125 'c 

Limits 
Unit 

Min Typ Max 

7 .4 8.2 9 V 

7.5 8.2 9 V 

0.25 1 mA 

25 100 ,uA 

3.1 S .4 V 

2,9 4,8 V 

10 20 30 kQ 

25 SO 75 kQ 

5 10 mA 

10 20 mA 

1 ,uA 

1.6 mA 

1,6 mA 

0.1 V 
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CMOS COUNTER/TIMERS 

TYPICAL APPLICATION CIRCUIT 
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30-FUNCTION REMOTE-CONTROL TRANSMITTERS 

DESCRIPTION 

The M58480P and M58484P are 30-function remote

control transmitter circuits manufactured by aluminum

gate CMOS technology for use with in television receivers, 

audio equipment and the like, using infrared for transmis

sion. They convey 30 different commands on the basis of 

a 6-bit PCM code. In the M58480P, entry priority is given 

to the first key pushed, while in the M58484P each key has 

an assigned priority. These transmitters are intended to be 

used in conjunction with an M58481, M58485P or 

M58487 P receiver. 

FEATURES 

• Single power supply 

• Wide supply voltage range: 

• Low power dissipation: 
Non-operating condition (V DD = 3V) 

• On-chip oscillator 

2.2V 8V 

3nW (typ) 

3p.W (max) 

• Low-cost LCjL or ceramic oscillator used in determining 

reference frequency (480 kHz or 455 kHz) 

• Low external component count 

• Low transmitter duty cycle (3.6%) for minimal power 

consumption 

APPLICATIONS 

• Remote-control transmitters for TV and other applica

tions 

BLOCK DIAGRAM 

KEY INPUT 

15 

16 

l_ 

KEY·IN 
ENCODER 

SCANNER 

1>A 1>8 1>c 1>0 1>E 

~ 

PIN CONFIGURATION (TOP VIEW) 

(OV) 

OSCILLATOR 

SCANNER 
OUTPUT 

Vss 

{ 
OSCIN -+ 2 

OSCOUT - 3 

VDD (2.2-8V) 

OUTPUT 

KEY INPUT 

Outline 16P4 

FUNCTION 

The M58480P and M58484P transmitter circuits for infra

red remote-control systems consist of an oscillator, a timing 

generator, a scanner, a key-in encoder, an instruction 

decoder, a code modulator, and an output buffer. With 

a 6 x 5 keyboard matrix, 30 commands can be transmitted 

by 6-bit PCM code. Oscillation is stopped when none of 

the keys are depressed, to minimize power consumption. 

I 

INSTRUCTION DECODER 

~VDD (2.2-8V) 

r ,"c (""' 

TIMING CODE 
GENERATOR MODULATOR 

OSCIN OSC OUT OUT 

~ 
SCANNER OUTPUT OSCILLATOR INPUT/OUTPUT OUTPUT 
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30.FUNCTIONREMOTE·CONTROL TRANSMITTERS 

FUNCTIONAL DESCRIPTION 

Oscillator 
As the oscillator is on chip, oscillation frequency is easily 

obtained by connecting an external LC network or ceramic 

resonator between the OSC IN and OSC OUT terminals. 

Figs. 1 and 2 show typical oscillators. 

Fig. 1 An example of an oscillator (using a ceramic resonator) 

M58480P 
OR 

M58484P 

CERAMIC RESONATOR: SFB455R OR 
CSB455A 
(MADE BY MURATA 
SEISAKUSHO) 

I-=';;;":':";"_";;";;;';;"=...;.....! Cu. CLO : 30pF(Voo=3V) 

SOpF(Voo=4.5. 6V) 

Fig. 2 An example of an oscillator (using an LC network) 

M58480P 
OR 

M58484P 

L : 2.SmH 

Cu. CLO: 90pF 

C : O.I.uF 

Setting the oscillation frequency to 480 kHz (or 455kHz) 
will also set the signal transmission carrier wave to 40 kHz 

(or 38kHz). 
Power consumption is minimized by stopping oscillation 

in the oscillator when none of the keys are depressed. 

Key Input 
Thirty different commands can be input by a 6 x 5 key

board matrix consisting of inputs It -16 and scanner 
outputs cpA-cpE. 

In the M58480P, key with first-key entry is given 
priority, and next-key entry is not allowed unless all keys 

are released. 
In the M58484P, with assigned priority, simultaneous 

depression of more than two keys makes the key with higher 

priority effective. Order of key priority for scanner out

puts is cpA, cpS, cpc, cpO, and cpE, and in the same scanner 

output, 11, h, 13 , 14, Is,and 16 • 

When more than two keys are depressed at the same 

time, however, commands may not function due to short

circuiting among scanner outputs. 

Table 1 shows the relationship between the keyboard 

matrix and the transmission commands. 

Table 1 Relation between the keyboard matrix and the 
transmission commands 

~r output 
Key input 

¢E ¢o ¢c ¢s ¢A 

I, CHI CH2 CH3 CH4 
POWER 
ON/OFF 

12 CH5 CH6 CH7 CH8 
CH 
UP 

13 CH9 CH10 CHll CH12 
CH 
DOWN 

14 CH13 CH14 CH15 CH16 
va 
UP 

Is 
BR BR BR 

MUTE 
va 

UP DOWN 1f2 DOWN 

Is 
CS CS CS 

CALL 
va 

UP DOWN 1f2 1fJ 

Transmission Commands 
Table 2 shows the 30 commands that can be transmitted 

by 6-bit PCM codes (01 - 0 6 ). 

The code 000000 is not assigned· for preventing error 
operations. 

Table 2 Relation between the commands and the trans
mission codes 

Transmission code 
Function Remarks 

0,02 03 0 4 05 Os 

1 0 0 0 0 0 CH UP 

0 1 0 0 0 0 CH DOWN 

1 1 0 0 0 0 va UP 

0 0 1 0 0 0 va DOWN 

1 0 1 0 0 0 BR UP 
Analog control 

0 1 1 0 0 0 BR DOWN 

1 1 1 0 0 0 CS UP 

0 0 0 1 0 0 CS DOWN 

1 0 0 1 0 0 MUTE 

0 1 0 1 0 0 VO('I3) 

} Normalization of analog 1 1 0 1 0 0 BR('I2) 

0 0 1 1 0 0 CS(1f2) 

1 0 1 1 0 0 CALL 

0 1 1 1 0 0 POWER ON/OFF 

0 0 0 0 1 0 CH 1 

1 0 0 0 1 0 CH 2 

0 1 0 0 1 0 CH 3 

1 1 0 0 1 0 CH 4 

0 0 1 0 1 0 CH 5 

1 0 1 0 1 0 CH 6 

0 1 1 0 1 0 CH 7 

1 1 1 0 1 0 CH 8 
Channels selected directly 

0 0 0 1 1 0 CH 9 

1 0 0 1 1 0 CH 10 

0 1 0 1 1 0 CH 11 

1 1 0 1 1 0 CH 12 

0 0 1 1 1 0 CH 13 

1 0 1 1 1 0 CH 14 

0 1 1 1 1 0 CH 15 

1 1 1 1 1 0 CH 16 
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30·FUNCTION REMOTE·CONTROL TRANSMITTERS 

Transmission Coding 
When oscillation frequency fosc is 480kHz, transmission 

of data code is executed as follows: when f osc is other than 

480 kHz, period is multiplied by 480 kHz/fosc and its 

frequency by fosc/480 kHz. 

A single pulse is amplitude-modulated by a carrier of 

40 kHz, and the pulse width is 0.5ms. Therefore a single 

pulse consists of 20 clock pulses of 40kHz (see Fig. 3). 

The distinction between "0" and "1" bits is made by 

the pulse interval between pulses, with a 2msec interval 

corresponding to "0", and a 4msec interval representing 

"1" (Fig. 4). 

One command word is composed of 6 bits, that is, of 

7 pulses, and it is transmitted in the 48ms cycle while a 

matrix switch is depressed. 

APPLICATION EXAMPLE 

POWER ;
SOURCE_,_ 

I 

As mentioned above, adoption of this code means that 

the period during which output is high (i.e. signal emitting 

LED is lit) is shorter than in continuous wave transmission. 
Indeed the LED is on for only half the 7 -pulse period or 

1.75ms, which is 3.6% of the 48ms entire cycle. This not 

only saves in total power consumption, but it also improves 

LED reliability. Put another way, emission can be in

creased on the same power consumption. 

Fig. 3 A single pulse modulated onto carrier (40kHz) 

O.5ms 

,I 1.25,us 

Fig. 4 Distinction between the bits "1" and "0" 

O.5ms 
I I' 

--fLJL 
~ 
~ 

I, 4ms ,I 
Fig. 5 Synthesis of one word (the code below shows 

010100) 
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30·FUNCTION REMOTE·CONTROL TRANSMITTERS 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VOO Supply voltage With respect to Vss 

V, Input voltage 

Vo Output voltage 

Pd Maximum power dissipation Ta=25'C 

Topr Operating free-air temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS 
Limits 

Symbol Parameter Unit 
Min Nom Max 

VOO Supply voltage 2.2 8 V 

455 kHz 
foso Oscillation frequency 

480 kHz 

ELECTRICAL CHARACTERISTICS lTa=25'C. unless otherwise noted) 

Symbol Parameter Test conditions 

VOO Operational supply voltage Ta= -30-70·C. fosc=455kHz 

100 Supply voltage during operation 

100 Supply voltage during non-operation 

R, Pull-up resistances. 11 ~ 16 

IOL Low-level output currents, cPA - ¢E 

IOH High-level output current OUT 

10-26 

I Voo= 3 V 
fosC=455kHz 

I Voo= 6 V 

VOO= 3 V 

VOO= 8V 

Voo= 3 V. Vo= 3 V 

Voo= 6 V. Vo= 6 V 

Voo= 3 V. Vo= 0 V 

VOO= 6 V. Vo= 0 V 

• MITSUBISHI 
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Limits Unit 

-0.3- 9 V 

Vss;;;;V, ;;;;Voo V 

Vss;;;;Vo;;;;VOO V 

300 mW 

-30-70 'C 

-40-125 'C 

Limits 
Unit 

Min Typ Max 

2.2 8 V 

0.1 0.5 rnA 
0.5 2 rnA 

1 I"A 
5 I"A 

20 kQ 

0.2 0.5 rnA 
1 2 rnA 

-5 -10 rnA 
-15 -30 rnA 
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30-FUNCTION REMOTE-CONTROL RECEIVER 

DESCRIPTION 

The M58481 P is a 3D-function remote-control receiver 

circuit manufactured by aluminum-gate CMOS technology 

for use in television receivers, audio equipment, and the like 

using infrared for transmission. It enables direct control of 

16 functions at the receiver. 

The M58481 P is intended for use with an M58480P or 

M58484P transmitter. 

FEATURES 

• Single power supply 

• Wide supply voltage range: 4.5V -8V 

• Low power dissipation 

• On-chip oscillator 

• Low-cost LC or ceramic oscillator used in determining 

reference frequency (480 kHz or 455 kHz) 

• Information is transmitted by pulse code modulation 

• Good noise immunity-instructions are not executed 

unless same code is received three or more times in 

succession 

• Single transmission frequency (40 kHz or 38 kHz) for 

carrier wave 

• 16 TV channels selected directly 

• Three analog functions-volume, brightness and color 

saturation-are independently controlled to 64 stages 

by three 6-bit 0/ A converters. 

• 16 commands are controlled at the M58481 P receiver 

as well 

• Has large tolerance in operating frequency between 

the transmitter and the receiver 

• Can be connected with an M51 231 P or equivalent 

touch-control channel selector. 

BLOCK DIAGRAM 
(S-14V) 

AUTOMATIC CLEAR INPUT 

KEY INPUTS 

TRANSMISSION SIGNAL INPUT 51 2 

12 . 13 

IR 05CIN OSCOUT 

PIN CONFIGURATION (TOP VIEW) 

(OV) 

RANSMISSION 
SIGNAL INPUT 

POWER-ON 
RESET INPUT 

'~"MI 
SCANNERi 

OUTPUTl 

¢O+-11 

OSCILLATOR I 05CIN -- 2 
INPUT/OUTPUT l OSCOUT +- 13 

(4.5-8V) Voo 

Outline 28P1 

APPLICATIONS 

2S--IR FJ81tF'1~~~ 
27 --+ CH RESET I OUTPUT 

__ CHANNEL 
26 -- CH UP r" CONTROL 
~_ OUTPUT 

25 --CHOOWN 

CHANNEL 
CONTROL 
OUTPUT 

b~¥"'e~~TN~OL 
OUTPUT 
CONTROL 
OUTPUT 
SOUND MUTE 
INDICATION 
OUTPUT 

\D/A OUTPUT 

• Remote-control receiver for TV or other applications 

FUNCTION 

The M58481 P is designed to decode and execute instruc

tions after three successive receptions of the identical 

instruction code, providing a good noise immunity. 

Instructions comprise direct selection of 16 channels, 

channel position high and low, volume high and low, bright

ness high and low, color saturation high and low, normaliza

tion of volume, brightness and color saturation, sound mute 

on and off, TV main power on and off, and output CALL 

on and off. 

In addition, 16 functional instructions can be entered 

from the receiver. 

'--v-----' 
RECEPTI8N OSCILLATOR CONTROL 
INBL1~lhN INPUT/OUTPUT OUTPUT 

Po P1 P, P3 
~ 

CONT~,&N~lJfPUTS 
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30-FUNCTION REMOTE-CONTROL RECEIVER 

FUNCTIONAL DESCRIPTION 

Oscillator 
As the oscillator is on-chip, oscillation frequency is easily 

obtained by connecting an external LC network or ceramic 

resonator between the OSC IN and OSC OUT terminals. 

Figs. 1 and 2 show typical oscillators. 

Fig. 1 An example of an oscillator (using ceramic resonator) 

M58481P 

CERAMIC RESONATOR SFB455R OR 
CSB455A 
{MADE BY MURATA 
SEISAKUSHQ/ 

: 50-150pF 

Fig. 2 An example of an oscillator (using LC network) 

M58481P 

L : 2.SmH 

CLI. CLO: 90pF 

C : O.I,uF 

Reception Signal Input Circuit and Demodulation 
Circuit 
The reception signal caught by the photo detector is am· 

plified in the amplifier and added to the SI, where it is 

converted into a pulse signal in the input circuit to be sent 

to the demodulation circljit. In the demodulation circuit, 

the pulse interval of the pulse signal is judged and then 

converted into the digital code to be sent to the instruction 

decoder. 

SI is applied as amplified, either through a capacitor 

coupling (Fig. 3) or directly as a pulse signal (Figs. 4 and 5). 

A Schmitt trigger circuit is provided in the SI input circuit 

for preventing spurious operation due to noise. 

Fig. 3 SI input waveform (when applied through a capaci

tor coupling) 

Fig. 4 SI input waveform (when applied directly) . 

voo nnw-h--n n I------nn 
vss---.J~~L-- JUI'--_______ . j~L 

Fig. 5 SI input waveform (when applied directly) 

:::mm_-_:::~ ~~LJr 

Instruction Decoder 
The instruction decoder starts to function after receiving 

the same instruction code three or more times in succession 

from the demodulation circuit. 

Table 1 shows the relations between the reception code 

and instruction function. To prevent spurious operation, 

there is no code 000000. 

Table 1 Relations between reception codes and instruc

tions 
Reception code 

D, D2 . D3 D4 Ds D6 
function Remarks 

1 0 0 0 0 0 CH UP Channel up 

0 1 0 0 0 0 CH DOWN Channel down 

1 1 0 0 0 0 va UP 

0 0 1 0 0 0 va DOWN 

1 0 1 0 0 0 BR UP 
Analog control 

0 1 1 0 0 0 BR DOWN 

1 1 1 0 0 0 CS UP 

0 0 0 1 0 0 CS DOWN 

1 0 0 1 0 0 MUTE Sound mute on/off 

0 1 0 1 0 0 VO('h) 

} Normalization of analog control 1 1 0 1 0 0 BR('h) 

0 0 1 1 0 0 CS( '12) 
1 0 1 1 0 0 CALL Output CALL on/off 

0 1 1 1 0 0 POWER ON/OFF Power on/off 

0 0 0 0 1 0 CH 1 

1 0 0 0 1 0 CH 2 

0 1 0 0 1 0 CH 3 

1 1 0 0 1 0 CH 4 

0 0 1 0 1 0 CH 5 

1 0 1 0 1 0 CH 6 

0 1 1 0 1 0 CH 7 

1 1 1 0 1 0 CH 8 

0 0 0 1 1 0 CH 9 
Channels selected directly 

1 0 0 1 1 0 CH 10 

0 1 0 1 1 0 CH 11 

1 1 0 1 1 0 CH 12 

0 0 1 1 1 0 CH 13 

1 0 1 1 1 0 CH 14 

0 1 1 1 1 0 CH 15 

1 1 1 1 1 0 CH 16 

Key Inputs 
16 different instructions can be input by a 4 x 4 keyboard 

matrix consisting of inputs 11 ~16 and scanner outputs 

I/JA~I/JE. Protection is also available against chattering with· 

in 10ms. 
Entry priority is given to the first key depressed, and 

subsequent key entry is not allowed unless all keys are 

released. When two or more keys are depressed at the same 

time, scanner outputs may short-circuit, disabling all func

tions. 

While one of the keys is depressed, instructions from the 

transmitter are ignored. 

10-28 
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30-FUNCTION REMOTE-CONTROL RECEIVER 

Table 2 Relations between keyboard matrix and instruc

tions 
~ Scanner output 

<Po <Pc <ps <PA 
Key input ~ 

" 

CH CH CH POWER 
RESET DOWN UP ON/OFF 

I, MUTE 
va va 

VOC '13) 
DOWN UP 

VOC '13) 
BR BR 

13 BRC '/,) BRC '/2 ) 

CSC 1/,) 
DOWN UP 

I. CALL 
CS CS 

csC '/,) 
DOWN UP 

Indication of Reception 
As soon as an identical code is received three times, output 

I R turns from low-level to high-leveL Thus reception of an 

instruction from the transmitter can be indicated by an 

LED connected to output IR_ Table 2 shows the relations 

between the keyboard matrix and the instructions. 

Analog Outputs (VO, BR, CS) 
As three 6-bit D/ A converters are contained internally, 

three kinds of analog values can be controlled to 64 stages 

independently. The D/A converters are pulse-width modu

lator, the repetition frequency is 1.25 kHz (when fosc= 

480 kHz) and minimum pulse width is 12.5Jls. 

Analog values can be incremented/decremented at a 

rate of about 1 step/0.1sec through the remote control or 

key input, The time required for increasing the analog value 

from the minimum to the maximum is about 6.6 seconds 

(when fosc=480kHz). 

It is also possible to set the analog values to 1/3 (Val. 

1/2 (BR, CS) of these maximum values by means of the 

remote control or the key input (normalization). 

Sound Mute 
Sound mute on/off is controlled through the remote con

trol or the key input. When sound mute is on, output va 

goes low, and output MUTE goes high. 

Sound mute is automatically released from ON when 

va is either incremented or decremented by remote con

trol or the key input. 

Channel Control 
It is possible to employ either of two channel-control 

methods: parallel control by outputs PO-P3 , and serial 

control by outputs CH UP, CH DOWN, and CH RESET. 

In parallel control, a 4-bit address corresponding to a 

selected channel number appears at output PO-P3 • Table 3 

shows the relation between channel numbers and outputs 

PO-P3 • 

In serial control, a single pulse appears on the output 

CH RESET first, and then the pulses whose number is 

deducted by one from the selected channel number appear 

on the output CH UP, as shown in Fig. 6. Up and down 

Fig. 6 Timing chart of serially controlled channel selection 
(when fosc =480kHz) 

CHRESET~ 

CH UP 

channel switching, is controlled by a single pulse appearing 

at output CH UP or CH DOWN, allowing connection to the 

M51 231 P or equivalent touch-control channel selector IC. 

During direct channel selection or up-down channel 

switching, output va goes low for 25-50ms. 

Table 3 Relations between channel number and address 
output PO~P3, 

Channel number 
Address outputs 

Po P, P, P3 

1 0 0 0 0 

2 1 0 0 0 

3 0 1 0 0 

4 1 1 0 0 

5 0 0 1 0 

6 1 0 1 0 

7 0 1 1 0 

8 1 1 1 0 

9 0 0 0 1 

10 1 0 0 1 

11 0 1 0 1 

12 1 1 0 1 

13 0 0 1 1 

14 1 0 ,1 1 

15 0 1 1 1 

16 1 1 1 1 

Power On/Off 
The remote control or the key input makes it possible to 

turn the POWER ON/OFF output from low to high or vice 

versa, effecting on/off control of the TV set. 

While POWER ON/OFF is low, all channel and analog 

controls through the remote control are disabled, as are all 

through the keyboard, except CH RESET (4)D-ltl, va 

(1/3), BR (1/2), and CS (1/2) (4)D-1 3 ). 

Output CALL 
The output CALL is turned high or low by remote control 

or the key input. This output effects on/off control of 

channel number indication or change of receiving modes 

of multi-channel broadcasting. 

Power-on Reset 
Attaching a capacitor to terminal AC activates the power

on reset function when power is on to the M58481P. 
Activation of the power-on reset function sets outputs 

va, BR, and CS to 1/3,1/2, and 1/2, respectively, of their 

maximum value, turns POWER ON/OFF and CALL out

puts low, and turns outputs PO-P3 to 0000. 

• MITSUBISHI 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

VOO Supply voltage With respect to Vss 

V, Input voltage 

Vo Output voltage 

Pd Maximum power dissipation Ta=25'C 

Topr Operating free-air temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VOO Supply voltage 4.5 8 V 

fose 
455 kHz 

Oscillation frequency 
480 kHz 

V, Input voltage. SI 3 Vp.p 

ELECTRICAL CHARACTERISTICS (Ta =25'C, unless otherwise noted) 

Symbol Parameter Test conditions 

VOO Operating supply voltage Ta=-30-70°C, fosc=455kHz 

Voo=5V, fosC=455kHz 
100 Supply current 

Voo=8V, fosC=455kHz 

R, Pull-up resistors. 11-1, 

IOL Low-level output currents, ¢A ~ ¢o Voo=8V, Vo=8V 

IOL Low-level output currents, CH UP, CH DOWN, CH RESET Voo=8V, Vo=8V 

IOZH Off-state output currents, CH UP. CH DOWN, CH RESET Voo=8V, Vo=8V 

IOH High-level output currents, Po ~ P3 Voo=8V, VO=OV 

IOL Low-level output currents, Po ~ P3 Voo=8V, Vo=8V 

IOH High-level output currents, VO, SR. CS Voo=8V, VO=OV 

IOL Low-level output currents. VO. SR. CS Voo=8V, Vo=8V 

IOH Hlgh~level output currents. POWER ON/OFF. CALL. MUTE VoO=8V, Vo=OV 

10L Low-Ieve) output currents. POWER ON/OFF. CALL. MUTE Voo=8V, Vo=8V 

IOH High-level output current, IR Voo=8V, VO=OV 

IOL Low-level output current. IR Voo=8V, Vo=8V 

An example of an application circuit 

160,uH 

10-30 

RECEPTION 
INDICATION 

CHANNEL NUMBER ~ 
DISPLAY ON/OFF CONTR;OL S~~~ 

CHANNEL POWER CATION ;); 
::'6~-'t~L& C~ru.pt6L 1/ 

,...-----''----, 

ANALOG OUTPUT 

M58481P 

(+1 POWER SOURCE 
(4.5-8V) 
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Limits Unit 

-0.3-9 V 

VSS";V, ";Voo -

VSS";Vo ";Voo -

300 mW 

-30-70 'C 

-40-126 'C 

Limits 
Unit 

Min Typ Max 

4.5 8 V 

0.4 1 mA 

1.5 3 mA 

20 kQ 

3 mA 

15 mA 

1 f.J.A 

-0.5 mA 

15 mA 

-5 mA 

10 rnA 

-15 mA 

3 rnA 

-10 mA 

3 mA 
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29-FUNCTION REMOTE-CONTROL RECEIVER 

DESCRIPTION 

The M58485P is a 29-function remote-control receiver 

circuit manufactured by aluminum-gate CMOS technology 

for use in television receivers, audio equipment, and the 

like using infrared for transmission. It enables direct con

trol of 12 functions at the receiver. 

The M58485P is intended for use with an M58480P or 

M58484P transmitter. 

FEATURES 

• Single power supply 

• Wide supply voltage range: 8V -14V 

• Low power dissipation 

• On-chip oscillator 

• Low-cost LC or ceramic oscillator used in determining 

reference frequency (480 kHz or 455 kHz) 

• Information is transmitted by pulse code modulation 

• Good noise immunity-instructions are not executed 
unless the same code is received three or more times in 

succession 

• Single transmission frequency (40 kHz or 38 kHz) for 

carrier wave 

• 16 TV channels selected directly 

• Three analog functions-volume, brightness, and color 

saturation-are independently controlled to 64 stages 

by three 6-bit Df A converters. 

• 12 instructions are controlled at the M58485P receiver, 

as well. 

• Has large tolerance in operating frequency between the 

transmitter and the receiver 

• Can be connected with an M51 231 P or equivalent 

touch-control channel selector 

BLOCK DIAGRAM (8·- 14V) 

AUTOMATIC CLEAR INPUT 

KEY INPUTS 

TRANSMISSION SIGNAL INPUT SI 

12 

IR OSCIN OSCOUT 

PIN CONFIGURATION (TOP VIEW) 

POW1~p~~ POWER DN~ 1 

(ov) Vss 2 
TRANSMISSION 

SIGNAL INPUT 
POWER·ON 

RESET INPUT 

KEY INPUT l 
SCANNER j 

OUTPUT l 
¢o-11 

OSCILLATOR I OSCIN~ 12 
INPUT/OUTPUT \ OSCOUT-1 

(S-14V) Voo 

RECEPTION 
INDICATING 
OUTPUT 

\ 
CHANNEL 
CONTROL 
OUTPUT 

CHANNEL 
CONTROL 
OUTPUT 

b~¥"'e~t9TNdoL 
OUTPUT 
CONTROL 
OUTPUT 
SOUND MUTE 
INDICATION 
OUTPUT 

\ D/A OUTPUT 

Outline 28P1 

APPLICATIONS 

• Remote-control receiver for TV or other applications 

FUNCTION 

The M58485P is designed to decode and execute instruc

tions after three successive receptions of the identical 

instruction code, providing a good noise immunity. 

Instructions comprise direction selection of 16 channels, 

channel position high and low, volume high and low, bright

ness high and low, color saturation high and low, normaliza

tion of volume, brightness and cotor saturation, sound mute 

on and off, TV main power on and off, and output CALL 

on and off. 

In addition, 12 functional instructions can be entered 

from the receiver. 

20 6~7oEF~ b'DWu\ ON/OFF CONTROL 

1 POWER POWER ON INPUT 
ON 

CHANNEL CONTROL 
OUTPUTS 

'-----v------' 
RECEPTION OSCILLATOR CONTROL 
IN8LCfI,1J9N INPUT/OUTPUT OUTPUT 

~ 
CHANNEL 

CONTROL OUTPUTS 
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FUNCTIONAL DESCRIPTION 

Oscillator 
As the oscillator is on-chip, oscillation frequency is easily 
obtained by connecting an external LC network or a ceram
ic resonator between the OSC IN and OSC OUT terminals. 
Figs. 1 and 2 show typical oscillators. 

Fig.l An example of an oscillator (using ceramic resonator) 

M58485P 

CERAMIC RESONATOR, SFB455R OR 
CSB455A 
(MADE BY MURATA 
SEISAKUSHOj 

: SO-lS0pF 

Fig. 2 An example of an oscillator (using LC network) 

M58485P 

L : 2.SmH 

CLI. CLD: 90pF 

C : O.l,uF 

Reception Signal Input Circuit and Demodulation 
Circuit 
The reception signal caught by the photo detector is am· 
plified in the amplifier and added to the SI, where it is con· 
verted into a pulse signal in the input circuit to be sent to 
the demodulation circuit. In the demodulation circuit, the 
pulse interval of the pulse signal is judged and then con
verted into the digital code to be sent to the instruction 
decoder. 

SI is applied as amplified either through a capacitor 
coupling (Fig. 3) or directly as a pulse signal (Figs. 4 and 5). 
A Schmitt trigger circuit is provided in the SI input circuit 
for preventing spurious operation due to noise. 

Fig. 3 81 input waveform (when applied through a capaci
tor coupling) 

Above 2'sH -~~,-----~~[--'n~_ 
Above 2,SV u_J~~ijijLJu 

Fig. 4 81 input waveform (when applied directly) 

Voo nnn--uunn I-----L 
Vss---.JUUl. _. _ .lUI . 

Fig. 5 81 input waveform (when applied directly) 

:::-U.~~~:~ ~~L._r 

Instruction Decoder 
The instruction decoder starts to function after receiving 
the same instruction code three or more times in succession 
from the demodulation circuit_ 

Table 1 shows the relations between the reception code 
and instruction function. To prevent spurious operation, 
there is no code 000000. 

Table 1 Relations between reception codes and instruc
tions 

Reception code 
Function Remarks 

01 0 2 0304 0506 

1 0 0 0 0 0 CH UP Channel up 

0 1 0 0 0 0 CH DOWN Channel down 

1 1 0 0 0 0 va UP 

0 0 1 0 0 0 va DOWN 

1 0 1 0 0 0 SR UP Analog control 

0 1 1 0 0 0 SR DOWN 

1 1 1 0 0 0 CS UP 

0 0 0 1 0 0 CS DOWN 

1 0 0 1 0 0 MUTE Sound mute on/off 

0 1 0 1 0 0 VO(llJ ) 
} Normalization of analog control 

1 1 0 1 0 0 SR( '12), Os( 1/2 ) 

1 0 1 1 0 0 CALL Output CALL on/off 

0 1 1 1 0 0 POWER ON/OFF Power on/off 

0 0 0 0 1 0 CH 1 

1 0 0 0 1 0 CH 2 

0 1 0 0 1 0 CH 3 

1 1 0 0 1 0 CH 4 

0 0 1 0 1 0 CH 5 

1 0 1 0 1 0 CH 6 

0 1 1 0 1 0 CH 7 

1 1 1 0 1 0 CH 8 

0 0 0 1 1 0 CH 9 
Channels selected directly 

1 0 0 1 1 0 CH 10 

0 1 0 1 1 0 CH 11 

1 1 0 1 1 0 CH 12 

0 0 1 1 1 0 CH 13 

1 0 1 1 1 0 CH 14 

0 1 1 1 1 0 CH 15 

1 1 1 1 1 0 CH 16 

Key Inputs 
It is possible to input 12 different instructions by the 3 x 4 
keyboard matrix consisting of inputs 10-13 and scanner 
outputs q,A<'-'q,D. Protection is also available against chat
tering within 10ms. 

As entry priority is given to each key, depression of 
more than two keys at the same time makes the key with 
higher priority effective. For the scanner output, priority 
is given in the order of q,A, q,B, q,C, and q,D, and in the 
order of 11, 12 , and 13 if scanner output is the same. When 
two or more keys are depressed at the same time, scanner 
outputs may short-circuit, disabling all functions. 

While one of the keys is depressed, instructions from the 
transmitter are ignored. 

Table 2 shows the relations between the keyboard 
matrix and the commands. 

10-32 
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Table 2 Relations between keyboard matrix and instruc
tions 

~t 
Key input 

¢D ¢c ¢e ¢A 

h 
OH va BR os 
UP UP UP UP 

12 
OH va BR os 
DOWN DOWN DOWN DOWN 

POWER VO(%) 
13 MUTE BR(llz ) CALL 

ON/OFF cst 1fz) 

Indication of Reception 
As soon as an identical code is received three times, the 

output IR turns from low-level to high-level. Thus reception 
of a command from the transmitter can be indicated by an 

LED connected to output IR_ 

Analog Outputs (CO, BR, CS) 
As three 6-bit D/A converters are contained internally, 

three kinds of analog values can be controlled to 64 stages 

independently. The D/A converters are pulse-width modula-. 
tor, and the repetition frequency is 1.25 kHz (when f osc = 

480 kHz) and minimum pulse width is12.5~_ 

Analog values can be incremented/decremented at a rate 

of about 1 step/O.l sec through the remote control or the 

key input. The time required for increasing the analog value 
from the minimum to the maximum is about 6.6 seconds 

(when fosc=480 kHz). 
It is also possible to set the analog values to 1/3 (VOl. 

1/2 (BR, CS) of these maximum values by means of the 

remote control or the key input (normalization)_ 

Sound Mute 
Sound mute on/off is controlled through the remote con

trol or the key input. When sound mute is on, output VO 

goes low, and output MUTE goes high_ 

Sound mute is automatically released from ON when VO 
is either incremented or decremented by remote control 

or the key input_ 

Channel Control 
It is possible to employ either of two channel control 
methods: parallel control by outputs PO-P3 , and serial 

control by outputs CH UP, CH DOWN, and CH RESET. 

In parallel control, a4-bit address corresponding to a 

selected channel number appears at output PO-P3 • Table 3 
shows the relations between channel. numbers and outputs 

PO-P3 • 

In serial control, a single pulse appears on the output 

CH RESET first, and then the pulses whose number is 

deducted by one from the selected channel number appear 

on the output CH UP, as shown in Fig. 6. Up and down 
channel switching is controlled by a single pulse appearing 

at output CH UP or CH DOWN, allowing connection to the 

M51 231 P or equivalent touch-control channel selector IC. 

Table 3 Relations between channel number and address 

output Po-Pa. 

Channel number 
Address outputs 

Po Pl P2 P3 

1 0 0 0 0 

2 1 0 0 0 

3 0 1 0 0 

4 1 1 0 0 

5 0 0 1 0 

6 1 0 1 0 

7 0 1 1 0 

8 1 1 1 1 

9 0 0 0 1 

10 1 0 0 1 

11 0 1 0 1 

12 1 1 0 1 

13 0 0 1 1 

14 1 0 1 1 

15 0 1 1 1 

16 1 1 1 1 

Fig. 6 Timing chart of serially controlled channel selection 
(when fosc =480kHz) 

cH::s::rl .. ~ 
25.6ms 0.8ms .O.8ms 

During direct channel selection or up-down channel 

switching, output VO goes low for 25-50ms. 

Outputs, CH UP, CH DOWN, CH RESET, and PO-P3 , 

are the open-drain type of N-channel transistor. 

Power on/off . 
The remote control or the key input makes it possible to 

turn the POWER ON/OFF output from low to high or vice 

versa, and it is possible to change the POWER ON/OfF I"" 
output from low to high by means of the POWER ON IiiI 
input. 

While POWER ON/OFF is low, all channel and analog 

controls through the remote control are disabled, as are all 
through the keyboard. 

Output CALL 
The output CALL is turned high or low by remote control 

or the key input. This output effects on/off control of 

channel number indication or change of receiiling modes 
of multi-channel broadcasting. 

Power-on Reset 
Attaching a capacitor to terminal AC activates the power

on reset function when power is on to the M58485P_ 
Activation of the power-on reset function sets outputs 

VO, BR, and CS to 1/3, 1/2, and 1/2, respectively, of their 
maximum value, turns POWER ON/OFF and CALL outputs 

low and turns outputs PO-P3 to 0000. 

• MITSUBISHI 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

VOO Supply voltage With respect to Vss 

V, Input voltage 

Vo Output voltage 

Pd Maximum power dissipation Ta=25'C 

Topr Operating free-air temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS 
Limits 

Symbol Parameter Unit 
Min Nom Max 

VOO Supply voltage 8 12 14 V 

455 kHz 
10SO Oscillation frequency 

480 kHz 

V, Input voltage, SI 5 Vp-p 

ELECTRICAL CHARACTERISTICS (Ta=25'C. Voo=12V. unless otherwise noted) 

Symbol Parameter Test conditions 

VOO Supply voltage Ta=-30-70'C. 10so =455kHz· 

100 Supply current 

R, Pull-up resistance. 11 ~13 

10L low-level output currents, ¢A - ¢D 

10L Low-level output currents, CH UP. CH DOWN, CH RESET 

10ZH Off-state output currents, CH UP. CH DOWN. CH RESET 

10L Low-level output currents. Po - P3 

10ZH Off-state output currents, PO~P3 

10H High-level output currents, YO, SR, CS 

IOL low-level output currents, va, SR, CS 

IOH High-level 'output currents, POWER ON/Off, CALL. MUTE 

10L low-level output currents, POWER ON/OFf. CAll, MUTE 

IOH High-level output current, IR 

10L low-level output current. IR 

An example of an application circuit 

28 

RECEPTION 
INOICATION 
~ CHANNEL 
'7 c6~fj!~bL 
~ 

loSO=455kHz 

VO=12V 

VO=12V 

Vo=12V 

Vo=12V 

VO=12V 

VO= 0 V 

Vo=12V 

VO= 0 V 

Vo=12V 

VO= 0 V 

Vo=12V 

limits 

-0.3-15 

Vss";V,";VOO 

Vss";V~Voo 

300 

-30-70 

-40-125 

limits 

Min Typ 

8 12 

2 

20 

5 

20 

20 

-7 

7 

-20 

5 

-15 

5 

L-----+---------------------------------~_o(+)POWERSOURCE 
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Unit 

V 

-

-
mW 

'C 

'C 

Unit 
Max 

14 V 

5 mA 

kQ 

mA 

mA 

1 J.lA 

mA 

1 J.lA 

rnA 

mA 

mA 

mA 

mA 

mA 
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DESCRIPTION 
The M58487P is a 22-function remote-control receiver 

circuit manufactured by aluminum-gate CMOS technology 

for use in television receivers, audio equipment, and the 

like, using infrared for transmission. It enables direct 

control of 8 functions at the receiver. 

The M58487P is intended for use with an M58480P or 

M58484P transmitter. 

FEATURES 

• Single power supply 

• Wide supply voltage range: 8V~14V 

• Low power dissipation 

• On-chip oscillator 
• Low-cost LC or ceramic oscillator used in determining 

the reference frequency (480kHz or 455kHz) 

• Information is transmitted by means of pulse code 

modulation 

• Good noise immunity-instructions are not executed 

unless same code is received three or more times in 

succession. 
• Single transmission frequency (40kHz or 38kHz) for 

carrier wave 

• 16 TV channels selected directly 

• Three analog functions-volume, brightness, and color 

saturation-are independently controlled to 64 stages by 

three 6-bit Df A converters 

• 8 commands are controlled at the M58487P receiver 

• Has large tolerance in operating frequency between the 

transmitter and the receiver 

• Can be connected with an M51231P or equivalent 

touch control channel selector IC 

PIN CONFIGURATION (TOP VIEW) 

(OV) VSS 

TRANSMISSION 51 ---+ 
SIGNAL INPUT 

POWER-ON AO ---+ RESET INPUT 

KEY INPUT! 

11 ---+ 

12 ---+ 

¢A <-

¢8 <-
SCANNER 

OUTPUT ¢c <-

(ose IN ---+ 10 
OSCILLATOR 

INPUT/OUTPUT ose OUT +- 11 

Outline 22P1 

APPLICATIONS 

NO 

VOD 

POWER-ON 
INPUT 
RECEPTION 
INDICATING 
OUTPUT 

b~re~~TruOL 
OUTPUT 
CONTROL 
OUTPUT 
SOUND MUTE 
INDICATION 
OUTPUT 

D/A OUTPUT 

(8-14V) 

NC NO CONNECTION 

• Remote-control receiver for TV or other applications 

FUNCTIONS 
The M58487P is designed to decode and execute instruc

tions after three successive receptions of the identical 

instruction code, providing a good noise immunity. 

Instructions comprise direct selection of 16 channels, 

channel position up and down, volume up and down, 

brightness up and down, color saturation up and down, 

normalization of volume, brightness and color saturation, 

sound mute on and off, TV main power on and off, and 

output CALL on and off. 

In addition, 8 functional instructions can be entered 

from the receiver side. 

BLOCK DIAGRAM 
Voo(S-14V) Vss (Ov) 

r----------@------{j)--------- ----

POWER-ON RESET INPUT AC 

{
Il 4 

KEY INPUTS 

12 

¢B 
SCANNER OUTPUTS 

{

¢A 

TRANSMISSION 
SIGNAL INPUT 

<Pc 

<Po 

INSTRUCTION 
DECODER 

RECEPTION ~ 
INDICATION OSCILLATOR CONTROL 

OUTPUT INPUT/OUTPUT OUTPUT 
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CHANNEL 
CONTROL LOGIC 

19 CH UP I 

SOUND MUTE 
INDICATION OUTPUT 

D/A OUTPUT 

POWER ON/OFF INPUT 

18 CH DOWN \ 3~~~~& OUTPUTS 

20 CH RESd 
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FUNCTION DESCRIPTION 
Oscillator 
As the oscillator is on-chip, oscillation frequency is easily 

obtained by connecting an external LC network or ceramic 

resonator between the OSC I Nand OSC OUT terminals. 

Figs. 1 and 2 show typical oscillators. 

Fig. 1 An example of an oscillator (when a ceramic 

resonator is used) 

M58487P 

CERAMIC RESONATOR SFB455A OR 
CSB45SA (MADE 
BY MURATA 
SEISAKUSHOI 

CLI. CLO : SO-lS0pF 

Fig. 2 An example of an oscillator (when a LC network is 

used) 

M58487P 

CLI ro LO 

L : 2.SmH 

CLI. CLO: 90pF 

C : O.l,uF 

Reception Signal Input Circuit and Demodulation 
Circuit 
The reception signal caught by the photo detector is 

amplified in the amplifier and added to the SI, where it is 

converted into a pulse signal in the input circuit to be sent 

to the demodulation circuit. In the demodulation circuit, 

the pulse interval of the pulse signal is judged and then 

converted into the digital code to be sent to the instruction 

decoder. 

SI is applied as amplified, either through a capacitor 

coupling (Fig. 3) or directly as a pulse signal (Figs. 4 and 

5). A Schmitt trigger circuit is provided in the SI input 

circuit for preventing spurious operation due to noise. 

Fig. 3 SI input waveform (when applied through a capaci

tor coupling) 

Above 25U~~---I.------~~~~_-__ -_-_~_~ _ 
Above 2.51~~~_____ .~~[ ~~r 

Fig. 4 SI input waveform (when applied directly) 

VDD nnnh----nn nnw--h-nn 
vss~~L- __ JUI _______ ______'lm J~L 

Fig. 5 SI input waveform (when applied directly) 

~::Iill[:::~ ~ ___ hr 

Instruction Decoder 
The instruction decoder starts to function after receiving 

the same instruction code three or more times in succession 

from the demodulation circuit. 

Table 1 shows the relations between the reception code 

and instruction function. To prevent spurious operation, 

there is no code 000000. 
Table 1 Relations between reception codes and 

instructions 
Reception code 

Function Remarks 
Dt 02 0 3 D. 05 0 6 

1 1 0 0 0 0 va UP Volume up 

0 0 1 0 0 0 va DOWN Volume down 

1 0 0 1 0 0 MUTE Sound mute on/off 

0 1 0 1 0 0 VO(th) Normalization of volume 

1 0 1 1 0 a CALL Output CALL on/off 

0 1 1 1 0 0 POWER ON/OFF Power on/off 

0 0 0 0 1 0 CH 1 

1 0 0 0 1 0 CH 2 

0 1 0 0 1 0 CH 3 

1 1 0 0 1 0 CH 4 

0 0 1 0 1 0 CH S 

1 0 1 0 1 0 CH 6 

0 1 1 0 1 0 CH 7 

1 1 1 0 1 0 CH 8 Direct channel 

0 0 0 1 1 0 CH 9 selection 

0 CH 10 
(Olrect access) 

1 0 0 1 1 

0 1 0 1 1 0 CH 11 

1 1 0 1 1 0 CH 12 

0 0 1 1 1 0 CH 13 

1 0 1 1 1 0 CH 14 

0 1 1 1 1 0 CH 15 

1 1 1 1 1 0 CH 16 

Key Inputs 
8 different instructions are input by a 2X4 keyboard matrix 

consisting of inputs 11 ~12 and scanner outputs CPA-CPO. 

Protection is also available against chattering within 10ms. 

As entry priority is given to each key, depression of 

more than two keys at the same time makes the key with 

higher priority effective. For the scanner output, priority 

is given in the order of CPA, CPB, cpC, and cpO, and 11 takes 

precedence over 12 if the scan output is the same. When 

two or more keys are depressed at the same time, scanner 

outputs may short-circuit, disabling all functions. 

While one of the keys is depressed, instructions from the 

transmitter are ignored. 

T~ble 2 shows the relations between the keyboard 

matrix and the instructions. 

Table 2 Relations between keyboard matrix and 
instructions 

~ output 
Key input <DD <Dc <DB 

It POWER va UP MUTE ON/OFF 

12 CALL va DOWN VO(th) 

<DA 

CH UP 

CH DOWN 
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Indication of Reception 
As soon as an identical code is received three times, output 

I R turns from low-level to high-level. Thus reception of an 

instruction from the transmitter can be indicated by an 

LED connected to the output I R_ 

Output VO 
As the 6-bit D/A converter is contained internally, analog 

value can be controlled to 64 stages independently_ The 

D/A converter is pulse-width modulator, the reception 

frequency is 1_25kHz (when fosc = 480kHz) and minimum 

pulse width is 12.5~s. 

Analog value can be incremented/decremented at a 

rate of about 1 step/O.l second through the remote control 

or the key input. The time required for increasing the 

analog value from the minimum to the maximum is about 

6.6 seconds (when fosc = 480kHz). 

It is also possible to set the analog value to 1/3 of its 

maximum value by means of the remote control or the key 

input (normalization). 

Sound Mute 
Sound mute on/off is controlled through the remote 

control or the key input. When sound mute is on, output 

va goes low, and output MUTE goes high. 

Sound mute is automatically released from ON when the 

output va is either incremented or decremented by remote 

control or the key input. 

Channel Control 
Channel control is attained through outputs CH UP, 

CH DOWN and CH RESET. With respect to direct channel 

selection by the remote-control operation, a single pulse 

appears on output CH RESET first, and then the pulses 

whose number is deducted by one from the selected 

channel appear on the output CH UP. Up and down 

channel switching is controlled by presenting a single pulse 

on the output CH UP or CH DOWN. Thus it can be con

nected with an M51231 P or equivalent touch-control 

channel selector IC. 

Fig. 6 Timing chart of channel control (when fosc 

480kHz) 

CH RESE~;--.J 

25.6ms 

During direct channel selection, up or down, output va 
goes low for 50~100ms. 

Outputs, CH UP, C"H ....... D""O"'W....-;;-;'N, and CH RESET are the 

open-drain type of N-channel transistor. 

MITSUBISHI LSls 

MS8487P 

22-FUNCTION REMOTE CONTROL RECEIVER 

Power On/Off 
The remote control or the key input makes it possible to 

turn the POWER ON/OFF output from low to high or vice 

versa. While the POWER ON/OFF output is low, all channel 

and analog controls through the remote control are dis

abled, as are all through the keyboard. 

Output CALL 
The output CALL is turned high or low by remote control 

or the key input. This output effects on/off control of 

channel number indication or change of receiving modes of 

multi-channel broadcasting. 

Power-on Reset 
Attaching a capacitor to terminal AC activates the power

on reset when power is on to the M58487P. 

Activation of the power-on reset function sets output 

va to 1/3 of its maximum value and turns the POWER 

ON/OFF and CALL outputs to low-level. 

An Example of an Application Circuit 

(+) POWER SOURCE 
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22·FUNCTION REMOTE· CONTROL RECEIVER 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

VOO Supply voltage With respect to Vss 

V, Input voltage 

Vo Output voltage 

Pd Maximum power dissipation Ta=25"C 

Topr Operating free-air temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VOO Supply voltage 8 12 14 V 

fosc 
455 kHz 

Oscillation frequency 
480 kHz 

V, Input voltage. 51 5 Vp-p 

ELECTRICAL CHARACTERISTICS ITa=25"C. Voo=12V. unless otherwise noted) 

Symbol Parameter Test conditions 

VOO Operating supply voltage Ta= -30-70"C. fosc=455kHz 

100 

R, 

IOL 

IOL 

IOZH 

IOH 

IOL 

IOH 

IOL 

IOH 

IOL 

10-38 

Supply current fosC=455kHz 

Pull-up resistances, 11, 12 

Low-level output currents, ¢A - ¢D Vo=12V 

Low-level output currents, CH RESET CH UP. CH DOWN VO=12V 

Off-state output currents, CH RESET, CH UP. CH DOWN VO=12V 

High-level output current, va 
low-level output current. VO 

High-level output currents. POWER ON/OFF, 

low-level output currents, POWER ON/OFF. 

High-level output current, IR 

low-level output current. IR 

Vo= 0 V 

Vo=12V 

CALL. MUTE VO= OV 

CALL. MUTE VO=12V 

VO= OV 

Vo=12V 

• MITSUBISHI 
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limits Unit 

-0.3-15 V 

VSS",V,,,,VOO V 

Vss",Vo;3;Voo V 

300 mW 

-30-70 "C 

-40-125 "C 

Limits 
Unit 

Min Typ Max 

8 12 14 V 

2 5 mA 
20 kQ 

5 mA 
20 mA 

1 f.lA 
-7 mA 

7 mA 
-20 mA 

5 mA 
-15 mA 

5 mA 



DESCRIPTION 

The M58872P is a single-chip printing calculator with 10-

digit display and one memory using a P-channel aluminum 

ED-MOS process, and it is packed in a 40-pin OIL package. 

Load resistors for display are built-in on the chip, en

abling the direct driving of a small fluorescent display tube. 

Power dissipation as low as 50mW (typ). including that of 

load resistors for display, suits this device for compact 

printing calculators that use Shin Seiki's M710, M722, 

M723 or other microprinter. The M355 printer can also 

be driven by adding an external circuit on the reset pulse 

input terminal (terminal RP). 

FEATURES 

• Drives microprinters such as Shin Seiki's M710, M722, 
M723 (item 1-3-1). and M355. 

• Printout format: 13 digits (10 numerical + 1 decimal 

point + 2 symbols) with floating-minus, leading zero 

suppression, and two color printout (M355 only). 

• Display format: 11 digits (10 numerical + 1 sign + 3 

punctuation marks) with floating-minus and leading zero 

suppression features. 

• Adding machine operating method: 5-key method 

• Independent memory: 1 register 

• Arithmetic functions: 
Four basic arithmetic operations, continuous calcula

tion, percent, surcharge and discount, add mode calcula

tion, gross margin, constant-factor calculations (X, +, %, 
gross margin), repetitive calculation (all four arithmetic 

operations), power calculation, memory calculation, 
rounding (truncation, round-off), item counting (OOO~ 

999), non-print/result only printout feature, date memo-

KEY ARRANGEMENT 

MIT5UBISHI L51s 

MS8872P 

SINGLE·CHIP PRINTING CALCULATOR 

PIN CONFIGURATION (TOP VIEW) 

KEY INPUT 

(-30V) Vp 

MAGNET SIGNAL 
OUTPUTS AND 

SEGMENT 
OUTPUTS 

DIGIT OUTPUT 

RESET PULSE 
INPUT 

(Ov) 

Outline 40P1 

1 I KEY INPUTS 

~~~~R-ON 
TERMINAL 

VGG (-13V) 

,DIGIT OUTPUTS 

MODE SWITCH 
INPUT 

25 -. MT f51el~JTDRIVING 

24 +- M 5, 1~8Bf SWITCH 

23 +- TP TIMING PULSE 
bN(&TK 

~~~~~~LNG 
SlY-nUT 

rlzlng feature, key chattering and bouncing protecting 

function, 2-key rollover function, and key input buffer 
(6 keys). 

• Choice of floating decimal point (F) and fixed decimal 

point (0, 1,2,3,4, A). 

• Direct fluorescent display tube driving capability (built
in load resistors). 

• Low power dissipation (including display resistors): 

50mW (typ) 

I 
EPSON 

M710,722,723 I 

Q--()--{)--O--O [][] [J] ~ DIll LI 
A 0 1 2 3 4 F P NP RP.- 5/4 Ie = =/ * # /0 II 

[I][£]~ 
[Q]~ 
[Q]Ej 
[@[@J 

[I][[]m 
II][KJ[]] 
ITJIlJ[I] 
[Q]&Q10 

0[%]~ 
~EJ~ 
El~~ 
[±]EJ~ 
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KEY FUNCTIONS 
Symbol Key nama 

[QJ-[]J Numerical 

c:::J Decimal point 

[±] Add 

El Subtract 

~ Multiply 

El Divide 

§] Equals key 

~ Percent key 

~ Gross margin key 

[Q) Subtotal key 

~ Total key 

~ Memory pi us key 

E0 
Memory minus key 

~ Memory sub-total key 

~ Memory total key 

~ Non-add/date key 

[QJ 
Date key 

[EJ Print key 

10 Exchange key 

~ Change sign key 

@Il Clear entry key 

[Q] Clear key 

[Q] Paper feed key 

10-40 

Function 

Entry of numerals 0-9. 

Setting of decimal point is set with this key. When key is depressed more than once during entry 
of a number, the first depressed decimal point is effective. 

Adds to the accumulator. Continuous depression of this key performs repetitive addition. 
immediately after the ~ key effects surgharge calculation. 

Depressing 

Subtracts from the accumulator. Continuous depression of this key performs repetitive subtraction. 
Depressing Immediately after the [%I key effects discount calculation. 

Sets up multiplication which is executed upon depression of the next function key. Continuous 
depression of this key performs repetitive multiplication. 

Sets up division which is executed upon depression of the next function key. Continuous depression 
of this key performs repetitive division. 

When multiplication or division is preset. depression of this key executes that instruction. If the 
~ mode is on and when multiplication or division is not set. depression of this key reads out the 
contents of the accumulator. 

If the condition was set for multiplication or division previously. depression of this key executes 
percentage multiplication or division. 

If the condition was set for division previously. depression of this key executes gross margin 
calculation. 
The following key procedure is required for the gross margin calculation: 

AElB~ --->A!( 1 -l~O) 
AElB~[@] --->A!( 1 +l~O) 

However. in the case of B>100. resultant symbol will coincide with the symbol of A. 

Depression of this key reads out the contents of the accumulator. But the contents of the accumu-
lator are not affected. 

Depression of this key reads out the contents of the accumulator. and then the contents of the 
accumulator are cleared. 

If the [gJ or 1±1 key w~s depressed before. depression of this key executes multiplication or divi-
sian with its result being added to the memory register If neither the [8J nor the [±] key was 
depressed before, the contents of the display register are added to the memory register. 

If the [8J or GJ key was depressed before. depression of thiS key executes multiplication or divi-
sion with its result being subtracted from the memory register. If neither the [8J nor the ill key 
was depressed before. the contents of the display register are subtracted from the memory register. 

The contents of the memory register are read out. but remain unchanged. 

The contents of the memory register are read out. and cleared. 

When the decimal point key has been depressed twice or more. it operates as a date printout key 
("0" is printed in the svmbol column). If the decimal point key has been depressed less than 
twice. it operates as a non-add key ("#" is printed qut on most significant digit). Meanwhile. if 
the 00 mode is on. the key is operated as a non-add key only. Up to two decimal points are 
available. 

The date is stored in the date register by the depression of this key. with the date being printed 
out on the tally roll {"O" is printed out on the symbol column}. Up to tINO decimal points are 
available. Depression of this key without previous numerical key entry will read out the contents 
of the date register. 

The contents of the display register are printed out. 

~~~;:~t~001 t~fe t~~'t~~~C~~~~~di~j~fo~~~~~t~n~~et~:t:r~sPlay register to be exchanged with the 

Depression of this key changes the sign of the display register. 

Depression of this key clears the numerical entry. Also. this key is used in releasing overflow 
condition of the key input buffer. 

Depression of this key clears all registers and -operating states except the memory register. 

Depression of this key advances tally rolf. 

• MITSUBISHI 
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MODE SWITCH FUNCTIONS 
Symbol Switch name Function 

TAB Floating/fixed decimal pOint selection sWitch With this sWitch, function of floating (F) or fixed decimal pOint (0. l 2, 3. 4, A) is designated 

IBl Round 15/4} When off. rounding (retain 5. strike 4) (5.4) is performed 

OQJ Item prrnt When on. contents of the Item counter are printed 

When at the NP. all printouts except by the [EJ key are disabled. When at RP. results by [3. [%] 
~ Non-pnnt and lQM] key. and add-on/discount calculation are printed out. and depression of ~. [~l ~. 

~. [9.~. [Q] and [E] keys also print out When OFF. all printouts are performed. 

[!] Punctuation selection 
When at OFF POSition. punctuation IS indicated at the upper-left corner of the relevant columns. 
If ON. It IS Indicated at the lower-right corner of the relevant columns 

I2fl Equal total mode 
If thiS switch IS located at the POSition OFF, the B key functions as an equal key dUring multlpll-
cation/division operation. If this sWitch IS located at the position ON. the B key functions as an 
equal key during multipicatlon/dlVlslon operation. otherwise. as a total key 

@] Non-add mode sWitch If thiS key IS located at the POSition ON. depression of the ~ performs only the non-add function 

PIN FUNCTIONS 

Symbol Pin name Input or output Functional significance 

Ko-K3 Key Input Input 
Consists of four Independent lines and IS used to Identify key engagement In conjunc-
tion With the matrix composed With the digit outputs 0 1 - 0 9. 

MS1 Mode sWitch input conSists of two Independent lines and is used to Identify the mode 
Mode sWitch Inputs Input 

in conjunction With the matrix composed With the digit outputs 0 1 - 0 9 MS2 

ThiS terminal IS used for a digit designation signal which IS supplied for dynamic 
00-010 Digit outputs Output displaYing of a fluorescent display tube 01 - 09 constitutes the matriX with the 

key and mode sWitch inputs 

The output terminals P2- P 14 are used to supply signals with which the printer 
hammer triggering magnets are controlled The signal P 1 IS used in driving ink-

P,-P'4 Magnet signal outputs Output ribbon sWitching mechanisms for the type M355 pnnter Signals P2-P6· Pa. 
Pg. P 11 and P 12 are used In common with the fluorescent tube segment driving 
outputs S', S', S9 - Sa 

TP Timing pulse Input Input Input terminal for receiving the printer timing pulse 

RP Reset pulse Input Input Input terminal for receiving the printer reset pulse 

MT Motor drive output Output Output terminal for motor driVing output 

VC Clock oscillation terminal Input 
An external CR network IS connected through this terminal for setting the oscillation 
frequency In the Internal clock oscillation circuit. 

ACL Power-on reset terminal Input 
An external CR network is connected through thiS terminal for attaining power-on 
reset during power-on time 

CONDITIONS FOR ESTABLISHING POWER-ON 
RESET FUNCTION 

(2) In such a case the power switch has to be operated 

repeatedly, and the residual voltage in the supply 

voltage (VGG ) during switch opening time must be 

dropped to the GND level completely, 
(1) In order to satisfy the following waveform against 

the supply voltage (V GG), it is necessary to decide the 

constant factor for the Ca and Ra of the external 

circuit, 

VGG 

ACL 

MORE NEGATIVE THAN -8V 

(3) Connection of the terminal ACL with the external 

circuit should be as short as possible so as to avoid 

noise in the ACL terminal. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Limits Unit 

VGG Supply voltage 0.3--22 V 

V, Input voltage With respect to GND 0.3--22 V 

Vo Output voltage 0.3--33 V 

Pd Power dissipation Ta=25'C 250 mW 

Topr Operating free-air temperature range 0-50 'C 

Tstg Storage temperature range -40-125 'C 

RECOMMENDED OPERATING CONDITIONS (Ta= 0 -50'C. unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Nom Max 

VGG Supply voltage -12 -13 -14 V 

V'H High-level input voltage 0 -3 V 

V'L Low-level input voltage -8 -14 V 

IOH High-level output current -4 mA 

VOL Low-level output voltage -28 -30 V 

Vp Supply voltage for display section -30 V 

Rf Frequency setup resistance 31.4 33 34.6 kQ 

Cf Frequency setup capacitance 64.6 68 71.4 pF 

toon Key contact duration 60 ms 

toll Key off duration 80 ms 

CKS Keyboard capacitance 30 pF 

Note 1. The Rfshould be connected between the terminals VC and VGG. and Cf between VC and GND. 
in the shortest distance possible. . 

ELECTRICAL CHARACTERISTICS (Ta= 0 -50'C, VGG= -13± 1 V. Vp= -30V, Rf=33kQ. Cf=68pF. unless otherwise noted.) 

limits 
Symbol Parameter Test candtitions Unit 

Min Typ Max 

V'H High-level input voltage 0 -3 V 

V'L Low-level input voltage -7 -13 -14 V 

VOH High-level output voltage IOH=- 4 mA -2 V 

VOL Low-level output voltage -28 -30 V 

"L Low-level input current V,= -14V -14 t'A 

C, Input capacitance V,- OV. f-1MHz, 25mVrms 7 pF Ta=25"C 

IGG Supply current Ta=25'C -2.5 -4 mA 

Ip Supply current for display section Ta=25'C -0.6 -2 mA 

Pd Power dissipation VGGXIGG+VpXlp Ta=25'C 49 116 mW 

SWITCHING CHARACTERISTICS (Ta= 0 -50'C. VaG= -13± 1 V. Vp=-30V, Rf=33kQ, Cf=68pF. unless otherwise noted.) 

Symbol Parameter 

fr Repetitive frequency 

ts Interval of scanning pulse 

to Comparison time of print data 

10-42 

Test conditions 

Ta=25'C, 1/6 of the original 
oscillation frequency 

Ta =25'C 

Ta =25'C 

• MITSUBISH .. 1 
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Unit 

Min Typ Max 

54 70 90 kHz 
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SCHEMATIC DIAGRAM FOR M710. M722. AND M723 

Vp 
VPR 

J 
IIF 
"1 

r 
-

MT 

M58872P 

26 MS, 
VGG 

24 MS, 

VGG f£-
A 654321 3 

K3 RP 43210 F # [ 0 00000 k· 9 8 
o r------Jg 

P nNP IC 5/4 II ,=1* 6 .'1~6~0, 7 r-------:: K, 

~\ '\ \ *0%- X +~ K, VcfL-
0 0 

C CE GM P EX M + M • 1 
Ko 

I 

Rf 

Cf 

10 21 Do GND 

20 35 0 , 

30 34 0 , 

, a 40 33 03 

f l-;jb 50 32 0 , VGG 

t e/-/e 60 31 05 

T' 70 30 Os 
ACL 

~ 80 29 07 

90 28 Os 

27 0 , 100 
GNO fL 

abodefg.,110 18 0lO 

Ca 

Ra 

000000000 

vplL-! 

I 4 P, 

Vp 

5 P3 

6 P, 

7 Ps 

8 Ps 

9 P, 

10 Ps 

11 P, 

12 PlO 

13 P11 

14 P12 

15 P13 

I 16 p,. 

I I 19 RP 

1;; I I I IM5LL J I I I 23 TP 

Vp ~ OR M54533P x 3 OR M54534 x 3 

ErM' 
(WHERE. CLAMP DIODE IS NOT NECESSARY) 

~~d11~, 1 20 

M[ l,-._-_. MODEl 710 

._-_._--. 
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SCHEMATIC DIAGRAM FOR M355 

M58872P 

r-~~----------------~----------------__ ~26~MS, 
VGG 

~~ __ r-________ +-________________ ~2~4MS, 

,flj t' AD 6 5 4 3 2 1 0 ~ K3 

VGG~ 

P ~ IC 5/4 # ~I* 4 3 2 1 0 F #' + 7 ~ K, 
~NP 6\66 00000601 II ~OOO~:-: ~ 8 +~K' 

o 0 IlJ C CEG P EX M+M.M 1 Ko 

R 

'" 21 Do 10 

20 35 0 , 

~ 
30 34 0, 

40 33 03 , _a_ 

f / 9 /b 50 32 0 , 

e/-/e 60 31Ds 

70 30 06 -d-' 
80 29 OJ 

90 28 Dg 

100 27 0 , 

abedefg-"10 18 010 
000000000 

3 P, 

4 P, 

5 P3 

6 P, 

7 Ps 

8 P6 

9 PJ 

10 Pg 

11 P, 

12 PlO 

13 P" 

14 P12 

15 P'3 

16 P14 

IN~E 21 

I v 19 RP 

t~ nW 

-

7 6 5 4 3 2 1 7 6 5 4 3 2 1 i I VGG 25 

.r 8 M54517P 8 M54517P f tL ~~M=T~~~~l 
,-;" 9 10 11 12 1314 15 10 11 12 13 14 15 16 ~ VPR 

~~"'''~':':':'=:;Jl1 u (~( 'e 
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Note 2 . Delay of the RP from the TP should be within 1 clock cycle (about lOps). 
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PRINT WHEEL ARRANGEMENTS 
M710. M722. AND M723/1-3-1 

13 12 11 10 

0 0 0 0 0 0 0 0 0 

1 1 1 1 1 1 1 1 1 

2 2 2 2 2 2 2 2 2 

3 3 3 3 3 3 3 3 3 

4 4 4 4 4 4 4 4 4 

5 5 5 5 5 5 5 5 5 

6 6 6 6 6 6 6 6 6 

7 7 7 7 7 7 • 7 7 7 

8 8 8 8 8 8 8 8 8 

9 9 9 9 9 9 9 9 9 

# 
- - - - - - - - -

FOR M355 
13 12 11 10 6 

0 0 0 0 0 0 0 0 0 

1 1 1 1 1 1 1 1 1 

2 2 2 2 2 2 2 2 2 

3 3 3 3 3 3 3 3 3 

4 4 4 4 4 4 4 4 4 

5 5 5 5 5 5 5 5 5 

6 6 6 6 6 6 6 6 6 

7 7 7 7 7 7 7 7 7 

8 8 8 8 8 8 8 8 8 

9 9 9 9 9 9 9 9 9 

# 
- - - - - - - - -

4 

0 0 0 

1 1 1 
2 2 G 

3 3 G 

4 4 K 

5 5 K 

6 6 M 

7 7 P 

8 8 if 
9 9 C 

E 

- - -

2 

0 0 0 

1 1 1 
2 2 G 

3 3 G 

4 4 2: 

5 5 2: 

6 6 M 

7 7 P 

8 8 K 

9 9 C 

E 

- - -

+ 
-

X 

= 

% 

0 

* 
S 

T 

M 
+ 
M 
-

+ 
-

X 

= 

% 

0 

* 
S 

T 

M 
+ 
M 

o 

5 

6 

8 

9 

10 

11 

10 

11 
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EXAMPLE OF SYMBOL PRINTOUT 

Column 
Key 

13 3 2 1 

+ 
[±] + 

* 
-

E] -

* 
~ X 

G:l 

I%l 
% 

* 
= 

B 
* 

121 0 
[}] * 
~ 

# 

0 

[lTI 0 

[Q] C 

§] 
G 

* 
[ill 1 

M 
+ 

~ = 
M 
-
M 
-

~ = 
M 
-

~ S 

§] T 

* 
E 

(OVF) 
T 

E 

(Poe) c 

Note 3 . For the type M355 printer. printout is 
carried out in red when the results are 
negative or when theE] or EM] key 
(in the case of·memory subtraction) 
is depressed 

(SP) 

(SP) 

(SP) 

(Sp) 

(SP) 

(Sp) 

(SP) 

(Sp) 

(SP) 

(SP) 

(SP) 

(SP) 

(SP) 
(SP) 
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OPERATIONAL EXAMPLES 
The notation "Red" in the printout column shows print
out in red when the type M355 printer is used. 

1 . Addition and Subtraction 2. Multiplication and Division 
(1) 123x3= (5) 12X12= 

(2) 123x3";-2= (6) 12.12x12.12= 

(1) 10+11+12+12+13-14= 

(2) 1 + 2 +( 1 +2)+ 5 =(T,) 

(3) - (T,) - (T,) + (T,) + 3 = 
(4) 1.23+ 12. 1234+ 4 + 0.05= 

(3) 2";- 4 = (7) 12.456X 12XO.346";-1.4567= 

Mode switch 

TAB % 10 NP # , '/. Key operetion Display 

2 ON OFf 0 FF OFF OFF OFf 
1O[±] 10.00 

11 [±] 21.00 

12 [±] 33.00 

[±] 45.00 

[;l 45.00 

13 [±] 58.00 

14 El 44.00 Red 

[IJ 

44.00 

F I[±] 1. 

2[±] 3. 

(4) [;l 3. 

[±] 6. 

5[±] 11. 

(6) [IJ 

11. 

El -11. Red 

El 
I 

-22. Red 

[±] -11. 

~ -11. 

3.0 ~ 3.0 

~ 3.0 

[±] -8. 

[IJ Red 

8. 

A ON 123 [±] 1.23 

12.1290 [±] 13.35 

4. !3: 17 .35 

5[±] 17.40 

[;l 

[*l 
17 .40 

17.40 

[IJ 

o. 

10-46 

(4) 2";-3= 

Mo de switch 
Printout 

TAB % 10 NP # ,% 
2 OFF OFF OF OFF OFF OFF 

10.00 + 
11.00 + 
12.00 + 
12.00 + 
45.00 ;0 A 

13.00 :+ 
14.00 -

44.00 * 
(lSP) 

1. + 
2. + 
3. ;0 
3. + 
5. + 

11. * 
(ISP) 

11. ;-

11. -

11. ;+ 
# -11. 

#3.0 

#3.0 

3. :+ 
8. * 

(ISP) 

1.23 :+ 
12.12 :+ 
4.00 ;+ 
0.05 :+ 

004 :0 17 .40 
004 1 

17 .40 * 
(lSP) 

000 

o. * 
(lSP) 

• . MITSUBISHI 
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(8) 12.3x 12.3";-12.3X 1 = 

Key operation Display Printout 

123 [><: 123. 123. !x 
3 , __ 3. := 

369.00 * 
369.00 (lSP) 

123 [><] 123. 123. ;X 
3E1 369. 3. ;+ 
2E1 2. := 

184.50 * 
184.50 (ISP) 

2E1 2. 2. ;+ 
4E1 4. ;= 

0.50 * 
0.50 (ISP) 

2E1 2. 2. ;+ 
3E1 3. = 

0.67 * 
0.67 (lSP) 

12 [><] 12. 12. X 

EI 12. = 

144.000 * 
144.000 (lSP) 

1.212 [><] 12.12 12.12 X 

EI 12.12 = 

146.894 * 
146.894 (ISP) 

12.456 [><] 12.456 12.456 X 

12[><] 149.472 12. X 

0.346 EI 51.717312 0.346 :+ 
1.4567 EI 1. 4567 = 

35.503 * 
35.503 (lSP) 

12.3 [><] 12.3 12.3 :X 

12.3 El 151. 29 12.3 ;+ 
[Ql 12.3 151.29 ! 

12.3 [><] 12.3 12.3 X 

lEi 1. ;= 

12.3 * 
12.3 (lSP) 



3. Multiplication/Division Using Constant Factor and 
Power Calculation 

(1) 1.0SX100= 

(2) 150-:- 3 = 

(3) 2 4 = 

Mode switch 

TAB % IC NP jj: , % 
F o FOFF OFF OFF OFF OFF 

1 .05 X 200 = 1 . OS X 300 = 

6-:-3= 2-:-3= 

2X2X2X2~ 

Key operation Display Printout 

1.05 [8J 1.05 1. 05 

100 El 100. 

105. 

105. (lSP) 

200 El 200. 

210. 

210. (lSP) 

300 El 300. 

315. 

315. (lSP) 

150 tEl 150. 150. 

3El 3. 

50. 

50. (lSP) 

6El 6. 

2. 

2. (lSP) 

2El 2. 

0.666666666 

0.666666666 (lSP) 

2[><] 2. 2. 

El 2. 

4. 

4. (lSP) 

l=l 4. 

8. 

8. (lSP) 

El 8. 

16. 

16. (lSP) 

2[><] 2. 2. 

[><] 4. 2. 

[><] 8. 2. 

[£J 8. 8. 

El 2. 

16. 

16. (lSP) 

X 

:= 

* 

= 

* 

:= 

* 

:-0-

= 

* 

= 

* 

:= 

* 

X 

:= 

* 

;= 

* 

:= 

* 

X 

X 

X 

= 

* 

: 
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4. Percentage Calculation 

(1) 200 X 3 % 200 X 4 % = a 200 X a% 

(2) 123-:-200% 6 -:-200% 

(3) 200X 5 % 200X (100- 5)% =/3 /3X (100+ 10)% 

Mod e switch 
Key operation Display Printout 

TAB % IC NP jj: , % 
F OFF OFF OFF OFF OFF OFF 

200 [8J 200. 200. X 

3 !ill 3. 
i% 

6. 6. * 
(lSP) 

4 !ill 4. i% 

8. 8. * 
(lSP) 

!ill 8. i% 

16. 16. * 
(lSP) 

123 El 123. 123. :-0-

200 !ill 200. :% 

61.5 61.5 * 
(lSP) 

6~ 6. i% 

3. 3. * 
(lSP) 

200 [><] 200. 200. :x 
5 !ill 5. i% 

10. 10. * 
(lSP) 

El Red ;-

190. * 
190. (lSP) 

[><] 190. 190. X 

10 !ill 10. i% 

19. 19. * 
(lSP) 

I±l + 
209. * 

209. ( lSP) 

!ill 10. :% 

19. 19. * 
(lSP) 

[9 0.1 Ci 

o. (lSP) 

10 !ill 10. NO-OP 

123 10'123. 
i 
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5. Combined Calculation 

(1) 15+16X 2 -17X 3 -15-;- 2 = 

(2) (1+2+3)X(4+5)= 

(3) (1 + 2 + 3 ) X ( 6 - 7 ) = 

Mode switch 
Key operation Display 

TAB % 10 NP ** ,% 
OFF OFF OFF OFF OFF 

153:: 15.00 

16 ~ 16. 

2;;;-
~ 

32.00 

:± 41.00 

172S 17. 

3;;;-
~ 

51.00 

c -4.00 ~ 

15 :± 15. 

2e 

7.50 

El -11.50 

~ 
-11.50 

1;£ 1.00 

2'± 3.00 

33:: 6.00 

[!] 

6.00 

:R 6.00 

43:: 4.00 

53:: 9.00 

~ 
9.00 

e 
c 

54.00 

63:: 6.00 

7 e 
'--- -1.00 

!'i ,""-
-1.00 

!e ,.=. 

-6.00 

10-48 

Red 

Red 
I 

Red 

Red 
I 

Red 

I 
Red 

I 

i 

6. Memory Calculation 

(1) 11. 111111 - 22 . 22 + 55 . 55555 = 

(2) - (123X 11) +34=a a-a= 

(3) (2X3)+0.04-(5X6)-0.07= 

Mod e switch 
Printout Key operation Display 

TAB % 10 NP ** ,% 
4 OFF OFF OFF OFF OFF OFF 

11.111111 :3] 15.00 + 11. 1111 

16. X . 22,22 :~ 22.2200 

2. = 55. 55555 :3] 55.5555 

32.00 • iiQii 44.4466 

(lSP) [Qii] 44.4466 
2 

32.00 + F ~ 
17. X 44.4466 

3. = [Qii] O. 

51.00 • 123 ~ 123. 

(lSP) 11:~ 
51.00 -

15. 1'353. 

2. = :~ 1'353. 

7.50. • 22 :e 

(lSP) 

7.50 - 29'766. 

-11.50 • 34 13] 34. 

(lSP) [Qii] -1'319. 

1.00 + :~ -1'319. 

2.00 + :~ 
3.00 + -0. 

6.00 • 2:~ 2. 

(lSP) 3 :3] 
6.00 X 

4.00 + 6.00 

5.00 + 4 ::±M 0.04 

9.00 • 5:~ 5. 

(lSP) 6 :::M: 

9.00 = 

54.00 • 30.00 

(lSP) 7::M: 0.07 

6.00 + ~ 
7.00 - -24.03 

-1.00 • 
(lSP) 

-1.00 = 

-6.00 • 
(lSP) 

• MITSUBISHI 
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Printout 

M 11. 1111 + 
22.2200 ~ 

55.5555 M 
+ 

4.44466 S 

44.4466 S 

44.4466 T 

(lSP) 

O. S 

123. X 

11. = 
1353. M 

-
(lSP) . 

1353. X 

22. = 

29766. • 
(lSP) 

M 34. + 
Red -1319. S 

I M Red -1319. -I 
Red -0. T 

(lSP) 

2. X 

3. = 

6.00 M 
+ 

(lSP) 

0.04 M 
+ 

5. X 

6. = 

30.00 M 
-

(lSP) 

Red 0.07 M 
-I 

Red -24.03 T 

(lSP) 



7. Gross Margin Calculation 
(1) 200-'-.10 [Q@ 

(2) 200-'-.10 ~ ~ 

(3) 600-'-.20 ~ 

(4) 6000-'-.20~~ 

Mode switch 

TilB % IC NP II 
Key operation 

, % 
2 ON (fF OFF OFF OFF OFF 

El 200 

10 I@] 

200 El 
lOtd 

I@] 

600 El 
20 

6000 

20 

8. Overflow Error 
(1) 9999999999+ 1000= 

(2) -9999999999-1000= 

(3) 1111111111 X 1000 = 

(4) 1111111111X lOX 

I@] 

El 
td 
I@] 

Display 

200. 

222.22 

200. 

-10. 

181.81 

600. 

750. 00 

6000. 

-20. 

5000. 00 

(5) 1111111111 -'-. 0 . 00000000 1 = 

(6) 1111111111-'-.0.000000001% 

(7) 1-'-.0= 

(8) 9999999999 IRl 1.5 IRl 

Mode switch 
Key operation Display 

TilB % IC NP II .% 
F OFF ON (fF OFF OFF OFF :± 9'999'999'999. 9999999999 

1000 :± 

[ 1.000000099 

:~ 
o. 

9999999999 ::= -9'999'999'999. 

MITSUBISHI LSls 

MS8872P 

SINGLE-CHIP PRINTING CALCULATOR 

Mode switch 

TilB % IC N P II , / 
F OFF ON (fF (fF OFF (fF 

Printout 

200. ;.;-

10. G 

222.22 * 
(lSP) 

200. :.;-

Red -10. G 
1 

181. 18 * 
(lSP) 

600. :7 

20. G 

750.00 * 
( lSP) 

6000. :7 

Rei 
-20. G 

5000. 00 * 
(lSP) : 

OFF 

Printout 

9999999999. i+ 
1000. + 

002 

10000000099 * 
E 

(lSP) 

O. C 

(lSP) 

Re~ 9999999999 . ;-

• MITSUBISHI 
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Key operation Display Printout 

J 1000 El 1000. ~-

1
002 

Red 1000000999 ,- * 
E 

E 1. 000000099 (lSP) 

:~ o. C 

O. (lSP) 

1111111111 ~1'111'111'111. 1111111111. X 

1000 El 1000. ~= 

111.1111111 * 
E 

[ 111.1111111 (lSP) 

[QJ O. C 

O. (lSP) 

11111111111 ~ 1'111'111'111. 1111111111. X 

10 ~ 10. X 

1.111111111 * 
E 

[ 1.111111111 (lSP) 

[QJ O. C 

O. (lSP) 

1111111111 El 1'111'11'1111. 111111111111 :7 
O. 00000000 1 El 0.000000001 := 

111111111. 1 * 
E 

[ 111111111.1 (lSP) 

fQ] O. C 

(lSP) 

1111111111 El 1'111' 111' 111. 11111111111 :7 
0.000000001 !ill 0.000000001 :% 

1. 111111111 * 
E 

[ 1.111111111 (lSP) 

[QJ O. C 

O. (lSP) 

11<::: 
I~ 

1. 1. 

0 1,= 
I~ 

O. ;= 

O. * 
E 

[ O. (lSP) 

:~ O. C 

O. (lSP) 

9999999999 :3:11 .9'999'999'999. 9999999999. i~ 
1.5 fffil 1.5 :~ 

10000000000 T 

E 

[ 1.000000000 (lSP) 

[QJ 0.1 C 

O. (lSP) 
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9. Other Calculations 

Mode switch 

TAB % IC NP # ,% 
Key operation Display 

OFF ON RP OFF ON ON 
(POC) 

O. 

78.10.2 [[j] 78.102 

56789 [±] 56.789.00 

45632 :~ 11. 157.00 

38426 El -27.269.00 

Ie 
IL 

-2,726,900 

El 27.269.00 

El 54. 538.00 

:&> 54.538.00 

EJ 

54. 538.00 

200 [><] 200. 

25 EJ 

5.000.00 

2EJ 

400.00 

[±] 400.00 

[±] 800.00 

3 1,= 
1"-

800.00 

Ie 
IL 

O. 

12.34 ~ 1.234 

12.3.4 ~ 12.34 

ON 53.4.6 Ie;;-; 
53.46 1",0 

:~ 53.46 

:Q: 
O. 

OFF 2[><] 2. 

3~ 

6.00 

4 12<: . 4. 

5 :di ' 
20.00 

1ffi.1 . -14.00 

9999999999 EM] 

10-50 

Re, 

IRe, 

Mode switch 
Printout 

TAB % IC N P # , % 
2 OFF RPONONON 

(lSP) 

O. C 

(lSP) 

78.10.2 
1 0 

003 

-27269.00 * 
(lSP) 

002 

54538.00 :(: 
002 

54538.00 * 
(lSP) 

5000.00 * 
(lSP) 

400.00 * 
( lSP) 

002 

800.00 * 
(lSP) 

000 

o. :* 
(lSP) 

# 1. 234 

12.3.4 D: 

#53.4.6 

78.10.2 D 

O. C 

(lSP) 

-14.00 S 
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Key operation Display Printout 

R.l10000000013 

: 
- T 

E 

E 1. 000000001 (lSP) 

[QJ O. C 

O. ( lSP) 

[0 O. T 

O. (lSP) 
~ 
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DESCRIPTION 
The PCA0801 is a single-board computer that is fabri

cated on a single 125 x 145 mm printed circuit board using 

the MELPS 8 CPU (Mitsubishi Electric LSI Processor: 
M5L 8080AP). It is designed for applications where ease 

of use as a built-in component in a user's cabinet and high 

performance rei iability are requi red. 

FEATURES 

• Capacity of RAM: 
• Capacity of EPROM or mask ROM: 

• Programmable I/O ports: 

256 bytes 

2K bytes (max) 

8-bit x 6 (48 bits) 

• Interrupt: Hevel (externally expandable up to 8-level) 

• Single 5V power supply 
• Easy memory and I/O port expansion by using the 

PCA0802 memory and I/O expansion board 

• Compact dimensions (L x W x H): 125 x 145 x 17mm 

APPLICATIONS 
• Personal computers 
• Small automatic testing or control equipment 

• Data-communication terminal equipment 

• Data loggers and data-collection equipment 

• Process-control equipment 
• Instrument monitoring controllers 

Mitsubishi PCA0801 microcomputer 

MITSUBISHI MICROCOMPUTERS 

PCA0801 

MELCS 8/2 SINGLE-BOARD COMPUTER 

FUNCTION 
The PCA0801 is a highly reliable single-board computer 

designed around Mitsubishi's M5L8080AP CPU and its 

LSI family, The 8-bit parallel CPU is fabricated by the 
N-channei silicon-gate MOS process. 

The standard version of the PCA0801 comes with 1 K

byte of electrically programmable read-only memory 
(EPROM) in the form of one M5L 2708K, but an auxiliary 

socket on the board enables a second 1K-byte M5L 2708K 

EPROM to be plugged in to provide a 2K-byte total. The 

standard board also comes with 256 bytes of static random

access memory (RAM) in the form of two M5L 2111APs. 

For its I/O ports, the PCA0801 contains 'two pro
grammable peripheral interfaces (PPI: M5L 8255APX 2). 
providing 48 input/output pins that comprise six 8-bit 
programmable input/output ports. DC-DC converters are 
provided for 12V and -5V power supplies, so that only 
a 5V external power supply is needed. 

Optional features of the PCA0801 include the PCA0802 

m~mory and 1/.0 expansion board and the PCA0803 pro
gram checker. 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

PCA0801 

MELCS 8/2 SINGLE-BOARD COMPUTER 

OPERATIONS 
When an 18MHz crystal oscillator is connected externally 

between pins XTALl and XT AL2, clocks ¢! and ¢2 for the 

CPU with a basic cycle of 500ns and ¢2 (TTL) for oscillator 
source are generated by the M5L8224P clock generator. 

By connecting an RC circuit to the reset input terminal 

RESIN, the reset signal RESET is generated when the 

system power supply is turned on. When the SYNC signal 

from the CPU is applied to the SYNC terminal, the STSTB 

signal is generated for latching the status. When the CPU 

receives the RESET signal, the CPU is then reset at the 

rising-edge of ¢! so as to clear the contents of the program 

counter and instruction register to 0, and flip-flops INTA 

and H LDA are also reset. I nterrupt is being inhibited, and 

both the address bus and the data bus are in the floating 

state at this moment. All the control signals generated 

from the CPU are also reset. As the content of the program 

counter is at 0 upon completion of the RESET signal, pro

gram execution is started from the address O. 
The system controller functions to separate the data 

bus of the CPU M5L8080AP from the memory and I/O 

ports (PPI); it generates all the necessary signals for directly 

controlling the memory and the I/O ports. 

The strobe signal STSTB latches the status information 

from the CPU into the internal status latch. Depending on 

the control signals from the CPU (DB IN, WR, and HLDA) 

and the contents of the internal status latch, the following 

five control signals are generated: memory read (MEMRl. 

memory write (MEMW), input/output read (l/OR), input/ 

output write (I/OW) and interrupt acknowledge (I NT A). 

These control signals control read/write data transfer be

tween the ROM, RAM and I/O ports. 

The decoder for the memory and I/O ports reads the 

address of the memory and I/O ports from the address bus, 

and sends the control signal to the corresponding memory 

and I/O port address. 

The PCA0801 contains lK-byte of EPROM (M5L 2708K 

x 1) and 256 bytes of static RAM (M5L2111AP x 2). A 

socket for an additional EPROM is provided to give a maxi

mum of 2K bytes. 

Two PPls (M5L 8255AP) are provided on the board to 

be used as 48-bit programmable I/O ports (8-bit x 6). 

Basically, they consist of three 8-bit three-state bidirection

al buffers: they transfer data according to instruction IN 

and instruction OUT from the CPU. 

BLOCK DIAGRAM 
INTERRUPT HOLD 

SYSTEM RESET INPUT CRSIL 

CLOCK ¢ I?(TTL) CCL2H 

2~~5G~~t?yS~G~~0~R COSCH 
READY INPUT CRDYH 

STATUS STROBE OSTBL 

MEMORY READ CONTROL CMERL 
MEMORY WRITE CONTROL CMEWL 

DATA BUS CD~7H 
CDBOH 

WAIT STATUS CWAIH 

INTERRUPT ENABLE CITEH 

RESET SIGNAL OUTPUT CASOH 

liD READ CONTROL CIORL 

liD WRITE CONTROL CIOWL 

HOLD ACKNOWLEDGE CHLAH 

INTERRUPT ACKNOWLEDGE CITAL 

CA815H 
ADDRESS BUS \ 

OABOOH 

11-4 

~-:" lOOk I D118MH ' T XTAL2 XTALI 2MH, 
M5t~224P <PI 2MHz 
GENERATOR ¢2 

" 
READY 
RESET 

- - RDYIN e SYNC 

C ~ RESIN ;:: 
l.u FJ;. (j) 

STST8 
M5L8228P 
SYSTEM 
CONTROLLER WR 

OBIN 

r'g DBl DBa OJ Do 

HLDA 
~ ~ 

~ 
~ a: ~ :2 
00 W LLI 
....... -...::2:::2: 

'tV 

a 

72~L 'k 
R, 

, 

16 

REOUEST REQUEST 

a 

CINTL CHLDL 

~7 ~'7 

INT HOLD ., 
¢, MEMORY 

AND READY 
1/0 DECODER RESET r---

SYNC 

I M5L8080AP 8 

CPU MEMORY 
ADDRESS 
SElECT 

A IS -Ao 
'6 

flO 1 2K j, 
WR ~10 

DBIN A, Ao CS A, Ao OS 

M5L2708K M5L2708K 
07 - Do EPROM OR EPROM OR 

M58730-XXXS M58730-XXXS HLDA MASK ROM MASK ROM 

WAIT INTE 0, DD 0, Do 

Js {a 

j j 

8 ,.---

6 b 
~fWR RD 0, DOCS., 

M5L8255AP PPI 
RESET. PAa PSa PCa 

\ \ \ 
A1 Ao PA7 PB7 PC 

2 J ! 
a a a 

CP07H CP 17H CP27H 
\ , \ 

CPOOH CP10H CP20H 
PORT A PORT B PORT C 
INPUT INPUT INPUT 
AND AND AND 

OUTPUT OUTPUT OUTPUT 
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I 
I 

-

I 
I 

--iSV 

--ioND 

DC-DC DC-DC 
CONVERTER CONVERTER 

5V---- 12V 5V--SV 

I ,l.. 5V 
I ,l.. 

,2V -5V 

1 256 8 8 
BYTES 
~ 

A7- Ao' os) A7 Ao cs, 
cs, cs, 

M5L2111AP M5L2111AP 
RAM RAM 

11K-BIT) I1K·BITI 
1/0,- 1/0,-

00 W/R· 1/01 00 W/R 1/01 

j..4D7~D4 t ,OJ -0 

1 
a 

b 1 Y WR RD 0, Does 
M5L8255AP PPI 

RESET P~o P~o Pro 

Al Ao PA7 PS7 PC7 

2 J 
a fa fa 

CP47H CP57H CP67H 
\ \ \ 

CP40H CP50H CP60H 
PORT A PORT B PORT C 
INPUT INPUT INPUT 
AND AND AND 

OUTPUT' OUTPUT I OUTPUT 



SPECIFICATIONS 
Processing Method 

Method: S-bit parallel operation 

CPU: M5LSOSOAP 

Word length: 

Instruction: S, 16,24 bits 

Data: S bits 

Cycle time: 

Basic cycle ti me:: 2J.1s 
CPU clock frequency: 

2MHz ±1% (Ta=0~55° C, Vcc=5V ±5%) 

(Quartz oscillation frequency; lSMHz ±1%) 

Memory Address and Memory Capacity 
EPROM (M5L 270SK) 

Memory address: 

#1: 000016~03FF16 

#2: 040016~07FF16 

Memory capacity: 

#1: 1 K-byte (An EPROM is fitted to the standard 
product) 

#2: lK-byte (Only a socket is provided on the 

standard product) 

RAM (M5L2111AP x 2) 

Memory address: 

400016 ~ 40F F 16 

Memory capacity: 

256 bytes 

~xternally expandable up to a maximum of 64K

bytes 

I/O Address and I/O Capacity 
I /lJ address: 

PPI (M5LS255S x 2): 

110 Port Signal name 

PA CPOOH-CP07H 

PB CP10H-CP17H 
ttl 

PC CP20H-CP27H 

C.W. Control word 

PA CP40H - CP47H 

tt 2 
PB CP50H - CP57H 

PC CP60H-CP67H 

C.W. Control word 

Address 

00,6 

01,6 

02,6 

03,6 

04,6 

05,6 

06,6 

07,6 

As two PPls (Programmable Peripheral Interfaces) are pro-

vided on the board, the PCAOSOl has I/O ports of 4S bits 

(S-bit x 6). 

The number of I/O devices can be expanded externally 

to a maximum of 256. 

Interrupt 
The PCAOSOl incorporates a one-level interrupt function. 

The instruction RST 7 is automatically generated by 

means of the board logic function. 

When an external interrupt circuit is to be used, this 

can be achieved by short-circuiting the interrupt terminals 

on the board using a jumper wire. 

MITSUBISHI MICROCOMPUTERS 

PCA0801 

MELCS 8/2 SINGLE·BOARD COMPUTER 

Interface 
Bus: all signals TTL compatible 

I/O: signals TTL compatible 

DMA 
Accessible 

Connectors 
Bus extension connector (connector PMA): 

Straight pin header, T type, 50 pins 

I/O port connector (connector PMB): 

Angle pin header, L type, 50 pins 

PIN CONFIGURATION (CONNECTOR PM A) 

12V 2 1 -5V 

GND 4 3 GND 
GND 6 5 GND 

5V 8 7 5V 

DATA BUS{ 

CDB1H+-+ 10 9 +-+CDBOH 

) DATA BUS 
CDB3H ..... 12 11 +-+CDB2H 
CDB5H+-+ 14 13 ..... CDB4H 
CDB7H .... 16 15 ..... CDB6H 

MEMORY READ CMERL+- 18 17 -CIORL 110 READ 
MEMORY WRITE- C MEW L +- 20 19 -CIOWL 110 WRITE 

INTERRUPT CITAL+- 22 -021 -CITEH INTERRUPT ENABLE ACKNOWLEDGE 
WAIT STATUS CWAIH+- 24 $:23 +-CINTL INTERRUPT REQUEST 
READY INPUT CRDYH- 26»25 +-CRSIL RESET INPUT 

STATUS STROBE CSTBL+- 28 27 -CRSOH RESET OUTPUT 

~gk~OWLEDGE CHLAH+- 30 29 -CCL2H CLOCK'~'(TTL) 

HOLD REQUEST CHLDL_ 32 31 - COS C H CRYSTAL OSCILLATOR 
34 33 fREQUENCY OUTPUT 

CAB01H+- 36 35 -CABOOH 
CAB03H+- 38 37 -CAB02H 
CAB05H+- 40 39 -CAB04H 
CAB07H+- 42 41 --CAB06H 

ADDRESS BUS 
CAB09H+- 44 43 -CAB08H 

ADDRESS BUS 

CABllH+- 46 45 -CAB 10H 

CAB 13H+- 48 47 --CAB12H 

CAB15H+- 50 49 -CAB 14H 

PIN CONFIGURATION (CONNECTOR PMB) 

r CPllH
-

2 1 -CP10H} 
NO.1 1/0 CP 13H .... 4 3 +-+CP 12H NO 1 liD 
PORT B ....CP14H PORT B 1 CP 15H .... 6 5 

CP17H- 8 7 ....CP16H 

r CP21H- 10 9 -CP20H 1 
NO.1 1/0 CP23H .... 12 11 .... CP22H NO 21/0 
PORTC 1 CP25H .... 14 13 ....CP24H j PORT C 

CP27H .... 16 15 -CP26H 

r CP01H .... 18 17 -CPOOH 1 
NO.2 110' CP03H- 20 19 .... CP02H NO.2 110 

PORT A 1 CP05H .... 22 21 ....CP04H j PORT A 
CP07H .... 24 -023 .... CP06H 

GND 26 $:25 GND 

r CP51R .... 28 tpOZ7 -CP50H 1 
NO.1 1/0 CP53H- 30 29 -CP52H NO.1 110 
PORT B 1 CP55H .... 32 31 -CP54H j PORT B 

CP57H- 34 33 -CP56H 

r CP61H .... 36 35 -CP60H 1 
NO 1 110 CP63H .... 38 37 .... CP62H NO 2 liD 
PORT C 1 CP65H- 40 39 - CP64H I PORT C 

CP67H- 42 41 -CP66H 

{ CP41H .... 44 43 .....CP40H I 
NO.2 liD CP43H- 46 45 +-+CP42H NO.2 110 
PORT A CP45H .... 48 47 +-+CP44H j PORT A 

CP47H .... 50 49 -CP46H 
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PCA0801 

MELCS 8/2 SINGLE-BOARD COMPUTER 

PhYSical Dimensions 
(L xW x H) 125 x 145 x 17mm 

Memory and I/O Address 

MEMORY ADDRESS 

,-
EPROM As memory and I/O addresses are fixed in this single-board 

computer, it is necessary to designate extra addresses 
besides those already assigned, if any additional external 

memory or I/O devices are to be employed. 

0000,6 
o 3FF,6 
0400,6 
07 FF,6 
0800,6 
OBFF,6 
OCO 0'6 
OFFF,6 
1000,6 
13FF,6 
1400,6 
17FF,6 

EPROM 

:It 1 

:It 2 

PCAOSOI 
TOTAL 2K -BYTES 
(FOR REFERENCE) 

-
EPROM :It 3 

EPROM 

I/O ADDRESS EPROM 

:It 4 

:It 5 

PCA0802 
TOTAL 41( -BYTES 
(FOR REFERENCE) 

EPROM :It 6 
1-

PPI #1 PPI #2 PPI #3 

Port Port Port 
C.W 

Port Port Port C.W Port Port Port C.W A B C A B C A B C 

1

1/0 ,00,6 01,6 02'6 03,6 04,6 05'6 06,6 Ad- 07,6 OS'6 09,6 OA'6 OB'6 
dress 

PCA0801 PCAOS02 

Blank 
. , 

3COO'6~' RAM '~ PCAOS02 
3FFF'6 lK-BYTES 

4000,6 RAM PCA080 1 
40FF,6 : : 256 BYTES 

(for reference) 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions limits 

Vee Supply voltage 7 

VI Input voltage With respect to GND 5.5 

Vo Output voltage 5.5 

Topr Operating free-air ambient temperature range 0-55 

Tstg Storage temperature range -30-70 

RECOMMENDED OPERATING CONDITIONS (Ta = 0 - 55"C unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.75 5 5.25 V 

VIH High-level input voltage 3 Vee V 

VIL Low-level input voltage 0 0.65 V 

ELECTRICAL CHARACTERISTICS (Ta=0-55"C Vcc=5V±5% unlesso'herw,se no,ed) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

CPOOH 
VOH High-level output voltage I IOH=-50,uA 2.4 

CP07H 

CCL2H 
COSCH 
CSTBL 
CMERL 

VOH High-level output voltage CMEWL IOH=-lmA 2.4 
CIORL 
CIOWL 
CITAL 
CRSON 

VOH HIgh-level output voltage Others IOH=-100,uA 2.4 

VOL Low-level output voltage CRSOH IOL=2.5mA 0.5 
CSTBL 

VOL LOW-level output voltage 
COSCH IOL=16mA 0.5 CCL2H 

EMERL 
CMEWL 

VOL Low-level output voltage CIORL IOL=10mA 0.5 
CIOWL 
CITAL 

VOL Low-level output voltage Others IOL= LOmA 0.4 

lee Supply current from V CO With two EPROMs in use O.S 

EXPANSION BOARD 
The PCA0802 memory and I/O expansion board is provided 
for expanding memory capacity and I/O ports-as follows: 

EPROM or mask ROM capacity: 4K-bytes, and 
Programmable I/O ports (3 x 8 bits =24 bits). 

Physical dimensions (L x W x H) 125 x 145 x 17mm RAM capacity: 1 K-byte, 

11-6 
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MITSUBISHI MICROCOMPUTERS 

PCA0802 

MELCS 8/2 MEMORY AND I/O EXPANSION BOARD 

DESCRIPTION 
The PCA0802 is a memory and I/O expansion board 

that is used with the PCA0801 single-board computer to 
expand the capacity of RAMs, EPROMs and I/Os_ It is 

assembled on a 125 x 145 mm printed circuit board. The 
PCA0802 can be easily attached to the PCA0801 single

board computer by using the bus-extending connector. 

FEATURES 

FUNCTION 
The basic PCA0802 memory and I/O expansion board con

sists of upto 4K bytes of EPROM (M5L2708K X 4; a 1K
byte EPROM is fitted to the standard product, and a fur
ther three EPROMs can be plugged into the sockets pro

vided on the board). 1K byte of RAM (M5L 2102AP 

X 8) and a PPI (programmable peripheral interface: 
M5L8255AP). 

The PPI (M5L8255AP) comprises three programmable 

• Memory capacity of RAM: 1 K byte 8-bit I/O ports, so that it can be used as 24-bit input or 

• Memory capacity of EPROM or mask ROM: output terminals. 
4K bytes (max) 

• Programmable I/O ports: 48 bits (8-bit x 6) 

• Power supply from the PCA0801 single-board computer 
• Compact dimensions (L x W x H): 125 x 145 x 17mm 

APPLICATIONS 
• Personal-computer expansion modules 

• Small-size automatic testing or control equipment 
modules 

PCA0802 memory and 1/0 expansion board 

'~'>""--------

',MITSUBISHI 
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MIT$UBI5,H,;,MlCIIQCOMPUTERS 

PCA,0802 

ME:LC$ 8/a', MEMORY AND I/O EXPANSION BOARD 

OPERAT,IONS 
The data bus (CDBOH~CDB7H) is connected to each of 

the data inputlfnes, of the memory via the bidirectional 
data-bus buffer; The signalERDSl (data-bus control signal) 

is normally kept at the high-level to maintain the data bus 

in the input mode. When the low-level signal is applied, the 

data bus then changes to the output mode. 

Memory consists of a maximum of 4K bytes of 
M5l2708K EPROM (a 1K-byte EPROM is fitted to the 

standard product, and a further three EPROMs can be 
plugged into the sockets provided on the board), and 1K 

byte of M5L 2102P static RAMs is installed on the board. 

BLOCK DIAGRAM 

To perform memory read, memory write, 110 read and 

I/O write operations, the memory and I/O address from 

the address bus is first decoded by the memory, and I/O 

decoder, and then the memory read/Write and I/O read/ 

write signals are sent out from the -control signal buffer by 

CMERl, OMEWl, CIORl and CIOWl control signals 

generated by the PCA0801 single board computer. 
One M5L 8255AP PPI is mounted on the expansion board 

and is used as 24-bit programmable I/O ports. FUl1damen; 
tally these I/O ports are three units of S-bit three-state 
bidirectional buffer, and they function to transfer data in 

accordance with instructions IN and OUT from the CPU. 

12V 
5V 

110 READ EIORL ~~~~~~~~~~~~~~~~~~~l 110 WAITE CIOWL 
MEMORY WRITE CMEWL 

MEMORY READ CMEAL 

-5V 
OND 

r-______ +.-___ -lCD~OH DATA BUS INPUT 
ODB7H 

ADDRESS BUS CAB~H 
INPUT CAB1SH '---------~ERDSL ~~T~CTION 

M5i.2102AP 
STATK: RAM 
~024 WORDS 

-Xl BIT) 

RESET S\~~~i CRSOH I-U-,--l========~=::::;--:~r-t-t--t-~4r--J,.-t-

16 

EDBOH EABDDH 
I I 

ED87H EAB15H 

DATA BUS ADDRESS BUS 
OUTPUT OJT AJT 

11-8 
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EIORl I/O READ 
EJOWL \/0 WRITE 
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CRDYH READY-IN 



MITSUBISHI MICROCOMPUTERS 

PCA0802 

MELCS 8/2 MEMORY AND I/O EXPANSION BOARD 

SPECIFICATIONS 
Memory Address and Memory Capacity 

EPROM (M5L 2708K) 

Memory allocation: 

3: 0800 16 - OBFF 16 
4: OC00 16 - OFFF 16 
5: 100016 _13FF16 

6: 140016 -17FF 16 
Memory capacity: 

3: 1 K byte (an EPROM fitted to the standard 

product) 

4: 1K byte (socket 

product) 

5: 1K byte (socket 

product) 

6: 1K byte (socket 

product) 

Total: 4K bytes 

RAM (M5L2102AP x 8) 

Memory allocation: 

3C0016 3FFF 16 
Memory capacity: 

provided on the standard 

provided on the standard 

provided on the standard 

1 K byte, expandable up to the maximum 64K 

bytes 

1/0 Address and 1/0 Capacity 
I/O address 

PPI (M5L8255AP): 

1/0 port Signal name 

PA EPOOH~EP07H 

PB EPlOH~EP17H 

PC EP20H~EP27H 

C.W. Control word 

Address 

08 ,6 

09,6 

OA'6 

DB 16 

One PPI is mounted on the board providing three 8-bit pro

grammable I/O ports, which permits up to 256 I/O devices 

to be connected externally. 

Interface 

Bus: all signals TTL compatible 

I/O: all signals TTL compatible 

Connectors 
For bus connection (connector PFC): 

Straight dip type, 50 pins 

For bus connection (connector PMD): 

Straight pin header, T type, 50 pins 

For I/O ports (connector PME): 

Angle pin header, L type, 30 pins 

For debugging (connector PMF): 

Angle pin header, L type, 40 pins 

PIN CONFIGURATION 
(CONNECTORS PFC AND PM D) 

12V 2 1 -5V 

GND 4 3 GND 
GND 6 5 GND 

5V 8 7 5V 
CDB1H ..... 10 9 -CDBOH 

DATA BUS { CDB3H ..... 12 11 -CDB2H } DATA BUS 
INPUT AND 

CDB5H ..... 14 13 ..... CDB4H 
. INPUT AND 

OUTPUT OUTPUT 
CDB7H ..... 16 15 -CDB6H 

MEMORY READ C MER L --+ 18 17 +-CIORL 1/0 READ 
MEMORY WRITE C MEW L--+ 20 19 +-CIOWL 1/0 WRITE 

22 21 
24 -0 23 

26 s: 25 
28 

0 
27 +-CRSOH RESET 

SIGNAL INPUT 
30 29 
32 31 
34 33 

CAB01H--+ 36 35 +-CABOOH 
CAB03H--+ 38 37 +-CAB02H 
CAB05H --+ 40 39 +-CAB04H 

ADDRESS CAB07H-+ 42 41 +-CAB06H ADDRESS 
BUS CAB09H--+ 44 43 +-CAB08H BUS 

CAB 11H--+ 46 45 +-CAB10H 
CAB 13H--+ 48 47 +-CAB12H 
CAB 15H--+ 50 49 +-CAB14H 

PIN CONFIGURATION (CONNECTOR PM E) 

5V 2 1 5V 
GND 4 3 5V 
GND 6 5 GND 

{ EP01H ..... 8 7 .....EPOOH} PPI EP03H ..... 10 9 -EP02H PPI 
1/0 PORT A 

EP05H ..... 12 11 ..... EP04H 1/0 PORT A 

EP07H ..... 14 -0 13 .....EP06H 

{ EP11H ..... 16 s: 15 .....EP10H} PPI EP13H ..... 18 m 17 -EP12H PPI 
1/0 PDRT B 

EP15H ..... 20 19 -EP14H 1/0 PORT B 

EP17H- 22 21 -EP16H 

r EP21H- 24 23 ..... EP20H} PPI EP23H- 26 25 -EP22H PPI 
1/0 PORT C I EP25H ..... 28 27 -EP24H 1/0 PORT C 

EP27H .... 30 29 .....EP26H 

PIN CONFIGURATION (CONNECTOR PFC) 

{ EDB1H ..... 2 1 .....EDBOH 
EDB3H ..... 4 3 ..... EDB2H 

DATA BUS EDB5H ..... 6 5 ..... EDB4H DATA BUS 
EDB7H- 8 7 

MEMORY READ EMERL+- 10 9 -EDB6H 

MEMORY WRITE EMEWL+- 12 11 -+EIOWL 1/0 WRITE 
1/0 READ EIORL+- 14 13 +-CRDYH READY IN 

~E1J~r~nIGNAL C I N T L -+ 16 15 +-E R D 5 L CONTROL SIGNAL 

1"'"'"-
18 17 -+EABOOH 

EAB03H+- 20 
-0 

19 -+EAB02H s: 
EAB05H+- 22 ..." 21 -+EAB04H 

EAB07H+- 24 23 -+EAB06H 
ADDRESS BUS 

~'" ""'I "'""- 26 25 -+EAB08H 

EAB11H+- 28 27 -+EAB10H 

EAB13H+- 30 29 -+EAB12H 

EAB 15H+- 32 31 -+EAB14H 

INTERRUPT CITAL 34 33 -+CRSOH RESET SIGNAL 
ACKNOWLEDGE 36 35 OUTPUT 

GND 38 37 
GND 40 39 GND 

'MITSUBISHI 
.... ELECTRIC 11-9 



MITSUBISHI MICROCOMPUTERS 

PCA0802 

MELCS 8/2 MEMORY AND I/O EXPANSION BOARD 

Physical Dimensions 
(LxWxH): 125x145x17mm 

Memory and I/O Addresses 
As memory and I/O addresses are fixed in this expansion 

board, it is necessary to designate extra addresses besides 
those already assigned if any additional external memory 

or I/O devices are to be employed. 

I/O ADDRESS 

PPI #1 PPI #2 PPI #3 

Port Port Port CW Port Port Port C.W Port Port Port C.W A B C A B C A B C 

MEMORY ADDRESS 

0000'6 
o 3FF'6 
0400,6 
07FF'6 
0800,6 
OBFF'6 
OCO 0'6 
OFFF,6 
1000,6 
13FF'6 
1400,6 

17FF'6 

EPROM 

EPROM 

EPROM 

EPROM 

EPROM 

EPROM 

Blank 

,-
#1 

#2 

1--
#3 

#4 

#5 

#6 
-

\;1/0 
, , 

00,6 Oh6 02,6 03,6 04,6 05,6 06,6 07,6 08,6 09,6 OA,6 OB'6 Ad-
dress :~;;::~I 

4000,6 ~==:1 PCA080 llFor reierence) PCA0802 
40FF'6: : 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

Vee Supply voltage 
With respect to GND 

Vee Supply voltage 

Vee Supply voltage With respect to V BB 

V, Input voltage With respect to GND 

Vo Output voltage With high-level output 

Topr Operating free-air ambient temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS ITa =0-55"0, unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.75 5 5.25 V 

Vee Supply voltage -5.25 -5 -4.75 V 

Vee Supply voltage 1.4 12 12.6 V 

V'H High-level Input voltage 3 Vee V 

V'L Low-level input voltage 0 0.65 V 

ELECTRICAL CHARACTERISTICS ITa = 0 - 55"0. Vee = 5 V ± 5%, unless otherwise noted) 

Symbol Parameter 

VOH High-Ievel'output voltage 

VOH High·level output voltage 

VOH High-level output voltage 

VOH High-level output voltage 

VOH High-level output voltage 

VOH High-level output voltage 

VOH High-level output voltage 

VOL Low-level output voltage 

VOL Low-level output voltage 

VOL Low-level output voltage 

VOL Low-level output voltage 

VOL Low.-Ievel output voltage 

VOL low-level output voltage 

VOL Low-level output voltage 

11-10 

Test conditions 

CDB7H-CDBOH IOH=-10mA 

EMERL. EIORL I OH= -740,uA 

EMEWL. EIOWL I OH= -800,uA 

CRSOH IOH=-lmA 

EP27H - EPOOH IOH=-50,uA 

EDB7H-EDBOH IOH=-lmA 

EAB 15H - EABOOH IOH=0_94mA 

CDB7H -CDBOH IOH=25mA 

EMERL. EIORL I OH= 14.4mA 

EMEWL. EIOWL IOH=16mA 

CRSOH IOH=2.5mA 

EP27H-EPOOH IOH=I.6mA 

EDB7H-EDBOH IOH=15mA 

EAB15H-EABOOH IOH=14.4n'fA 

• MITSUBISHI 
;"ELECTRIC 

limits 

7 

-15-0.3 

-0.3-20 

5.5 

Vee 

0-55 

-30-70 

Limits 

Min Typ 

2.4 3 

2_4 

2.4 

2.4 

3_65 4 

3.65 

0.3 

0.22 

0.22 

0.3 

PCA0801 
TOTAL 2K-BYTES 
(FOR REFERENCE) 

PCA0802 
TOTAL 4K-BYTES 

PCA0802 
lK-BYTE 

PCA0801 
256 BYTES 
IFOR REFERENCE) 

Unit 

V 

V 

V 

V 

V 

"0 

"0 

Unit 
Max 

V 

V 

V 

V 

V 

V 

V 

0._45 V 

0.4 V 

0.4 V 

0_5 V 

0.4 V 

0.45 V 

0_5 V 



DESCRIPTION 
The PCAOB03 program checker is simple to use, and is suit

able for testing the functioning of equipment that employs 

the PCAOB01 single-board computer and the PCAOB02 

memory and I/O expansion board without requiring any 

extra software monitor program. 

The PCAOB03 program checker is useful both in design 

evaluation and system troubleshooting in field mainte

nance. 

FEATURES 
• Single-step function: After halting the CPU at any des

ignated address, allows step-by-step execution of the 

program instructions in successive single machine cycies. 

• Breakpoint function: Halts the CPU at any designated 

address. Program execution can then be started from 

this address. 

• Memory read/write function: Enables data to be read or 

written from/to any desired memory location. 

• Reset function: Can reset the M5l8080AP CPU. 

• Complete with bus cable: A special bus cable, approx. 

800 mm long, is provided for connection. 

• Supply voltage: 5V ±5% 

• Supply current: 0.6A (typ) 

• Compact dimensions (L x W x H): 170 x 200 x 27mm 

APPLICATIONS 
• For design evaluation of equipment embodying the 

PCA0801 single-board computer and the PCA0802 

Mitsul:iishi PCA0803 program checker 

MITSUBISHI MICROCOMPUTERS 

PCA0803 

MELCS 8/2 PROGRAM CHECKER 

memory and I/O expansion board, as well as for field 
system troubleshooting. 

FUNCTION 
Software and hardware debugging can be readily achieved 

by simply connecting the PCA0803 program checker to 
the equipment testee. Because the PCA0803 is a hardware 

device, it does not require any extra software monitor 

programs. The PCA0803 program checker is capable of 

performing single-step program execution,breakpoint oper

ation, CPU resetting, and memory read/write operations. 

APPEARANCE 

E 

~ 

MELCS 8/2/PCA0803 PROGRAM CHECKER 

ADDRESS BUS 

000010000000010000 
15 14 13 12111 10 9' 8 7 6 5 4 I 3 2 1 0 

EXT DATA DATA BUS 

o 00010 000 0 0 0 010 0 0 0 
76541321076541321 0 

OOWo 01 

SINGL£ ADDRESS SET 

HHEf ill ffi ill ffi Dar 
MAi~U ~~~~~- J..MITSU.SII ELECTRIC 

I--- 200mm- ---I 

• MITSUBISHI 
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MIT,UBISlIIMICROCOMPUTERS 

PCAoa03;\ 

MELCS 8/2 PROGRAM CHECKER 

FUNCTION 
1. Display Panel 
The display panel indicates the operating status of the 
address bus, data bus and control signals. 
2. Address/Data Switches 
The ADDRESS/DATA switches are used in setting the 
address and data for the designated RAM area. 
3. H/L Address Set Switch 
The H/L ADDRESS SET switch is used in latching the 
address to the address/data latch circuit. The address is 
latched to the address/data latch circuit in two operations, 
the most significant 8 bits and then the least significant 
8 bits. 
4. Data Set Key 
This key is used for data setting. 

5. MEM Read/MEM Write Keys 
These keys are used in reading or writing data fromlto the 
designated memory location. 

BLOCK 
DIAGRAM 

INPUT IQUTPUT 
DATA BUS 

1/0 WRITE CIOWL 
lID READ CIORL 

MEMORY READ CMERL 

~::/:::::: {'f!!l~ 
DATA aus COBlH 

CD82H 
COBIH 
coeOH 

RESET SIGNAL 

STATUS STROBE 

HOLD RECM:ST SjGNAL 

AESETIN 

HOLD ACKNOWlEDGE 
SIGNAL 

C:;~E~_BU"EA .. \ :]~iIAL 
Pl CA&£ 

TO CONNECTORS 
PMAIPMO OF THE 
PCA0801/PCA0802 

C:ONTROL BU 
DATA BUS 

~----------~----~0 

t=================~ ~ 5 ,- UlU 

f------------------\ ~ ~ 3 

,--------------r-l ~ 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Topr Operating free-air ambien~ temperature range 

Tstg Storage temperature range 

6. Manu/Auto Selection Switch 
In the AUTO position, the system executes sequential'pro
gram instructions. In single·step or breakpoint operation, 
this switch should be set to the MANU position. 
7. Single Stepl'Breakpoint Selection Switch 
In the SINGLE STEP position, depression of the STEP key 
causes step-by·step execution of the program instructions 
during successive single machine cycles. When the switch is 
set to the BREAKPOINT position, the program execution 
halts at the designated address. 
8. Step Key 
Each time this key is depressed, it executes one program 
step. 

9. Reset Key 
This key resets the M5L8080AP CPU. Theprogralh 
counter is cleared to '0', and both the data bus and the 
address bus are kept in the floating state. 
10. Model Selection Circuit 
This circuit receives various signals from each of the opera· 
tional switches and sends out selected signals corresponding 
to the mode assigned. 

EXT. OATA DATA BUS 

ADDRESS/DATA SW 

Conditions Limits 

7 

5.5 

0-55 

-30-70 

I I 

j 

EXT. 
DATA 

}5V 
}GND 

Unit 

V 

V 

"C 

"C 

RECOMMENDED OPERATING CONDITIONS iTa=0-55"C unless otherwise noted) 

Symbol Parameter 

Vee Suppy voltage 

VIH High·level input voltage 

VIL Low-level input voltage 

11-12 

Limits 

Min Nom Max 

4.75 5 5.25 

3 Vee 

0 0.65 
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MITSUBISHI MICROCOMPUTERS 

PCA0804G01,G02 

MELCS 8/2 COLOR TV DISPLAY SINGLE-BOARD COMPUTER 

DESCRIPTION 
The PCA0804 is a single-board computer that is composed 

of the MELPS 8 LSI family and TV interface circuits and 

fabricated on a single 125 X 145mm printed circuit board. 

It enables 8-color 64 X 64 dot matrix color display on a 

TV screen just by connecting it to the antenna terminal of 

a home-use color TV receiver. In addition to the board 

computer itself, there is a kit that contains a keyboard; one 

M5L 2708K EPROM, in which a monitor program and 

character display subroutines are stored; and one blank 

M5L 2708K EPROM for the user's program storage. 

FEATURES 
Type Contents 

PCA0804GOI Single-board computer only 

PCA0804GOl single-board computer 1 pc 

PCA0805 keyboard switch 1 pc 

PCA0804G02 M5L 2708K (005) EPROM with monitor program and 
character or dot-line display subroutine stored 1 ;OC 

User blank M5L 2708K EPROM for user's program storage: 1 pc 

Instruction manual: 1 pc 

• A single-board computer complete with CPU, memory, 

I/O and TV interfaces. 

• Enables 8-color 64 x 64 dot matrix color display on a 

screen of a home-use color TV receiver. 

• Capacity of EPROM or mask ROM: 2K bytes (max) 

• Capacity of RAM: 1 K bytes 

• Programmable I/O port: 24 bits (3 X 8-bit) 

• Enables frame interrupt (per each frame sweep) 

• Compact dimensions (L x W x H): 124 x 145 x 30mm 

APPLICATIONS 

• TV game machines 

• Personal computers 

• Simple color graphic display 

• Display terminals for equipment using microcomputers 

• Store-front commercial display 

• Slave computer for the MELCS 8/2 

FUNCTION 

The PCA0804 is a single-board computer with TV display 

functions designed around Mitsubishi's M5L8080AP CPU, 

its LSI family and color LSI M58741P TV interface. The 

PCA0804 comes with 2K bytes of electrically program

mable read-only memory (EPROM) in the form of two 

M5L 2708Ks and 1K bytes of random-access memory in 

the form of two M5L 2114LPs. 

For its I/O ports, the PCA0804 has one M5L8255AP 

programmable peripheral interface (PPJ), providing 8 

bits X 3 = 24-bit programmable I/O ports. 

The TV interface consists of the M58741 TV interface 

LSI and the M51342P RF modulator IC, and three M5T 

4044P 4K static RAMs are employed for the screen display 

memory. 

The 64 X 64 dot matrix color image can be displayed 

on a screen by feeding the RF signal from the board to the 

antenna terminal of a home-use color TV receiver. 

• MITSUBISHI 
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MIT~UBI.IIIMK:IIOCOMPUTERS 

PCA0804G01,G02 

MELCS 8/2.COLOR TV DISPLAY SINGLE-BOARD COMPUTER 

OPERATIONS 

The M5L 8080P CPU executes programs stored in the 
M5L2708K ROM or M5L2114LP RAM. Data transaction 

with the external source is carried out through thePPI 

M5L8255AP. 

Three M5T 4044P RAMs which are employed for the 
screen display can be used as a simple memory to store the 
display data, perfectly independent from the CPU opera

tion_ As the CPU comes to the hold state after the TV inter

face M58741P has generated a hold request signal to the 
CPU synchronizing with the video synchronous pulses, it 
reads out the contents of the screen display RAM 
sequentially by controlling the address bus and control bus. 

The data thus fetched from the screen display RAMs is 
combined and converted into the image signal by the TV 

interface_ This screen signal is applied to the RF modulator 

M51342P and is modulated into the TV wave of either 
channel 1 or channel 2. 

BLOCK DIAGRAM 

0, 

PA, 
__ AESET I 

PB, 

ROI>-
asp.--

tt 
0, A, 0 I I 
Do AoOS 

M5L210BK 
EPROM 

-

SPECIFICATIONS 
Item Description 

Method 8-bit parallel operation 

CPU component Mitsubishi's M5L8080AP (equivalent to Intel's 8080A) 

Cycle time Basic cycle time 2.23,us (at clock frequency 1.79MHz) 

EPROMs 
Capacity: 2K bytes (M5L2708K x 2) 
Address: 000016- 07FF 16 
RAMs 

Memory Capacity: 1K bytes (M5L2114LP x 2) 
Address: 400016-43FF16 
Screen display memory 
Capacity: 4K x 3 bits (M5T 4044P x 3) 
Address: 000016- FFFF16 

Programmable port 
I/O Capacity: 8-bi1 x 3 (PPI. M5L8255AP) 

Address: 800016-800316 (memory mapped I/O) 

Video output NTSC system. Japan channel CH 1 or CH 2 

Display method 64 x 64 dot matrix. in color (black + 7 other colors) 

Interrupt Per each frame sweep or external interrupt 

Power supply 12V. 5V. -5V 

Applicable Straight pin header. T-type. 50 pins for bus extension. 
connector Angle pin header. L-type. 50 pins for port connection. 

PhYSical dimensions (L x Wx H) 124 x 145 x 30mm 

UJ ~ L~ D1 Ag 1I04.~g IIp4 \9 
I I 

Do AoCS '-< I/O, A, 1101 Ao 
es Ai' es Aiw 

M5L210BK M5L2114LP M5L2I1ILP 
EPROM RAM RAM 

-Voo(12V) 

- Vaa(5V) 
- Vss(-5V) 

'--- '--- '--- - GND(OV) 8 18 f8 
'--~T"IT"'A~L-T"'R,!;S"'0;-;H-~T"'P;l:A7"'H·TT.P~BC;;7H"--'T""P"'C7;;;H'-- -------------- ------------" 

INTERRUPT RESET \ \ \ 
ACKNOWL· SIGNAL TPAOH TPBOH TPCOH 

EDGE OUTPUT P~~T P~~T P~~T 
ABC 

11-14 
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MITSUBISHI MICROCOMPUTERS 

PCA0804G01,G02 

MELCS 8/2 COLOR TV DISPLAY SINGLE-BOARD COMPUTER 

PIN CONFIGURATIONS 
Connector RMA 

12V 

GND 
GND 

5V 

DATA BUS! 

TDlH - 10 

TD3H - 12 
TD5H - 14 

I TD7H _ 16 

READ Cgm~8f TRDL - 18 
WRITE C Nt~Df TWRL - 20 

INTE~RU~T TITAL - 22 
ACKNOWLEDGE 

NC 24 

NC 26 

NC 28 

EXTERNAL! TCS44L ~ 30 
MEMORY SELEcT! TCS84L ~ 32 

ADDRESS 

NC 34 

TA1H- 36 

TA3H - 38 
lASH _ 40 

TA7H - 42 
TA9H _ 44 

TA11H- 46 
TA13H _ 48 

TA15H-SO 

-5V 

GND 
GND 

5V 
9 -TDOH 

11 ++ TD2H 

13 - TD4H 
15 _ TD6H 

17 NC 

19 NC 
21 NC 

23 - TINTH 

25 - TRSIL 
27 - TRSOH 
29 NC 
31 NC 

33 NC 
35 ....... TAOH 
37 ....... TA2H 
39 ....... TA4H 

41 - TAGH 
43 ....... TASH 

45 ....... TAtOH 

47 ....... TA12H 

49 ....... TA14H 

) DATA BUS 

INTERRUPT 

~!tK~R"Y~tH~E1} 
RESET INPUT 

~D~~"Lf'GNAL 

ADDRESS BUS 

Notel: This signal is only effective when It is connected with pin 14 
(INT) signal) of the CPU M5L 8080AP by an inline connector. 

2 : NC indicates no connection 

Connector PMB 

GND 1 -TPA7H 

GND 3 -TPA6H 
GND 5 -TPA5H 
GND 7 -TPA4H 

GND 10 9 -TPA3H I/O PORT A 

GND 12 11 -TPA2H 

GND 14 13 - TPA1H 
GND 16 15 - TPAOH 

GND 18 17 -TPC7H 

GND 20 19 -TPC6H 

GND 22 21 -TPC5H 

GND 24 23 ++ TPC4H 

GND 26 25 -TPC3H PORT C 

GND 28 27 -TPC2H 

GND 30 29 -TPC1H 

GND 32 31 -TPCOH 

GND 34 33 -TPB7H 
GND 36 35 -TPB6H 

GND 38 37 -TPB5H 

GND 40 39 -TPB4H 

GND 42 41 -TPB3H I/O PORT B 

GND 44 43 -TPB2H 
GND 46 45 ++ TPB1H 

GND 48 47 -TPBOH 

GND 50 49 -TSNDI SOUND INPUT 

Connector PMC PROGRAM EXAMPLE 

~ 
MYI A,07# 

12V STA COOO# 
5V 

POWER MYI A,OO# 
-5V 

SUPPLY 

STA COO1# 
GND UPPER LEFT CORNER 

OF THE SCREEN: MAGENTA 

RIGHT OF THE ABOVE: BLACK 

MEMORY ADDRESS MAP 

I EPROM ICl 000016 ] 

~ ! ~ ~:: 1---------; ~~OB~~~ AREA. 

I EPROM IC2 

~ ! ~ ~~: 1-, --------l, 
I , NOT USED I 

3 F F F16 : I 

• °1° 016 1 1'1 DATA AREA. 
4 3 F F16 • RAM 103, 104 .~ lK BYTES 

440016, , 
7 FIF F16 : NOT USED : (EXTERNALLY EXPANDABLE) 

~ g 6 ~~: ~g~i ~ MEMORY MAPPED I/O 
800016 ] 

8 0 0 316 CONTROL REGIS E 
8 0 0 416 I I 

I , NOT USED ' (EXTERNALLY EXPANDABLE) 
B F F F16 I I 

COO 016 SCREEN DISPLAY 1 SCREEN DISPLAY 
F F F F16 MEMORIES; IC5.IC6.IC7 ~ RAM REGION 

INTERRELATION OF SCREEN DISPLAY 
MEMORY WITH THE COORDINATE 

ADDRESS 
FF3F16 

GREEN IS DISPLAYED WHEN THE CONTENTS OF THE 
ADDRESS FE0116 ARE "XXXXX101 .. 

COLOR CODE DESIGNATION 

D2 D1 DO Col9r 

1 1 1 Magenta 

1 1 0 Red 

1 0 1 Green 

1 0 0 White 

0 1 1 Orange 

0 1 0 Cyan 

0 0 1 Blue cyan 

0 0 0 Black 
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PCA0804G02 FUNCTIONAL SUMMARY. 
The PCA0804G02 consists of a PCA0804GOl single

board computer, a keyboard and one M5L2708K in which 

are contained a monitor program and character or dot

line display subroutines. These capabilities offer very 
convenient means of programming and picture generation. 

1. Keyboard and Monitor Program 

The keys have the following functions, as the arrangement 

in the block diagram shows: 

(1) EXM (EXAMINE): 

This key displays the set address and its designated 

contents. 

(2) ENXT (EXAMINE NEXT): 

This key displays the set address and its designated 

contents sequentially. 

(3) DEP (DEPOSIT): 

An instruction or data which is set from the key

board is written to the address designated by the EXM 

key. 

(4) START: 

Depression of this key starts program execution from 

the set add ress. 

(5) RESET: 

Depression of this key sends out a reset signal to the 

CPU and the program returns to its initial state. 

With above procedures, a color image is displayed 

on a TV screen. Successive depression of the EXAM, 

ENXT and DEP keys makes relevant five addresses 

and their contents are displayed on the screen. 

2. Line or Block Display Subroutines 

If the top address, its color and length of a display pattern 

are set to the register in the CPU before calling the fol· 

lowing subroutines, it allows easy generation of specific 

patterns. 

PCA0804G02 BLOCK DIAGRAM 

I 
PCA0804G01 

005 

Iljlj GND ~ #1 #2 
POWER { -5VO.2A 
SUPPLY 5V lA 3 PMB 12V 0.3A u 4 

I 

PCA0804G02 

(1 ) TATE: Horizontal line at desired location, color and 

length. 

(2) YOKO: Vertical line at desi red location, color and 

length. 

(3) MEN: Rectangle at desired location, color and di-

mensions. 
Use of these subroutines makes generation of compli

cated patterns much easier. 

3. Character Display Subroutine 

When a specific character-displaying position, its color, 

number of characters, and their character codes are set in 

a certain RAM area, those specific characters can be 

displayed easily by calling this subroutine. 

The number of characters applicable on a display frame 

is 10 characters X 6 lines with 8 colors (black + 7 other 

colors) selective. The following 44 characters and symbols 

are applicable: 

0123456789 

ABCDEFGHIJKLMNOPQRSTUVW~ 

Y Z + - = (blank) • , ? / 

4. An Example of Typical PCA0804G02 Operation 

A simple program is stored in the RAM area starting from 

the address 400016 , and then the program is executed. 

(1) Example Program 

Address Mnemonic Machine code 
4000 DEMO LXI H, coco:t:l 21 CO CO 

4003 XRA A AF 

4004 DEM* MOV M, A 77 

4005 INR A 3C 

4006 INR H 24 

4007 INR L 2C 

4008 JNZ DEM* C3 0440 

400B HLT 76 
This example program displays a diagonal line from the 

upper left corner to the lower right corner. 

I ~OOW"Th 
I 
~ 

COAXIAL CABLE 1 
i 

FLAT CABLE -~ 
-L... 

~§]0~00 
~0000 
~0000 

§J0C!J00 I 
KEYBOARD 

Note 3 . #1 M5L2708K (005): Contains the monitor program. and line. block. and character display program. 

11-16 

#2 M5L 2708K: Blank EPROM for user's program storage. 
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(2) A program is written from the address 400016' 

!pOWER ONI 

COLOR 

01 SPLAY 

3FFC XX 
3 F F 0 XX 
3FFE XX 
3FFF XX 
4000 XX 

3FFC XX 3FFD XX 
3FFD XX 3FFE XX 
3FFE XX 3FFF XX 
3FFF XX 4000 2 1 
4000 XX 4001 XX 
XX21 

@]@]@]~ 
(Note 41 

3FFD XX 
3FFE XX 
3FFF XX 

3FFE XX 
3FFF XX 
4000 2 1 

4000 2 1 4001 CO 
4001 XX 4002 
XDCO 

0~~ 4007 2C 4008 C3 
4008 C3 4009 04 
4009 04 

~ 
400A 40 

400A 40 4008 78 
400B XX 400C XX 
XX76 

Note 4 : Ignore the error data and retain continue entry. 

(3) The content of program is checked from the address 

! 
! 
i (Note 5) 

, , , , , 

4008 
4009 
400A 
400B 
400C 
4000 

C3 
04 

~~ ~ 

3FFC 
3FFD 
3FFE 
3FFF 
4000 

3FFD 
3FFE 
3FFF 
4000 
4001 

4000 
4001 
4002 
4003 
4004 

4007 
4008 
4009 
400A 
400B 

XX 
XX 
XX 
XX 
2 1 

XX 
XX 
XX 
2 1 
CO 

2 1 
CO 
CO 
AF 
77 

2C 
C3 
04 
40 
76 

Note 5 : Check contents of program in succession by referring to the 
program data on the screen, and correct the error data by 

depressing 0 0 ~ 

(4) The program is started ffom the address 400016. 

(Note 61 

D~D 
TURNS TO ORANGE 
DISPLAY 

AFTER 2 SECONDS 

EXECUTION OF 
PROGRAM 

PROGRAM TO HALT 

(SCREEN IS 
CLEAREDI 

COLOR 

DISPLAY 

Note 6 : Shows the screen after the reset key is depressed 

(5) Example of display using the line and block display 

subroutine. 
Various complicated patterns can be generated easily 
by using the subroutine stored in the M5L 2708K 
(005). 

(6) Writing data directly into the screen memory area 
(GOOO 16-FFFF 16). 

BI~ugl~~t:y{8~~RT~CE05~p~U ~ 
LEFT CORNER OF THE 

PROGRAMMED ADDRESS CODE 
COO 016 

CYAN COLOR (COLOR 021 IS'
DISPLAYED IN THE POSITION 

OF THE PROGRAMMED 
ADDRESS CODE COO 116 

BFFC 
BFFD 
BFFE 
BFFF 
COOO 

0 

COOO 
COOl 

DO 

COCO 
COOl 
COO2 

XX 
XX 
XX 
XX 
XX 

F9 
XX 

F9 
FA 
XX 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits 

VCC Supply voltage 0-7 

VSS Supply voltage 0.3- -6.5 
With respect to GND 

VOO Supply voltage -0.3-20 

V, Input voltage 5.5 

Topr Operational free-air ambient temperature range 5-40 

Tstg Storage temperature range -10-70 

Note 7 : Basically the power should be applied in the sequence of Vss .... VCC .... VOD. and turned off In the reverse sequence 

RECOMMENDED OPERATING CONDITIONS (Ta=5-40"C, unless otherwise noted.) 

limits 
Symbol Parameter Unit 

Min Nom Max 

VCC Supply voltage 4.75 5 5.25 V 

Vss Supply voltage -4,75 -5 -5,25 V 

VOO Supply voltage 11.6 12 12,6 V 

V,H High-level Input voltage 2 V 

V,L low-level input voltage 0,8 V 

ELECTRICAL CHARACTERISTICS (Ta=25l:, Vcc=5V±5%, Vss=-5V±5%, Voo=12V±5%. unless otherwise noted) 

Symbol Parameter 

VOH 
High-level output voltage. TITAl. TCS4l. TCS8l. TRSOH 

TRDl. TWRl 

VOH High-level output voltage, others 

VOL 
Low-level output voltage. TITAl. TCS4l. TCS8l. TRSOH 

TRDl 

VOL Low-level output voltage. others 

Icc Vee supply current 

Iss VBB supply current 

100 Voo supply current 

Ir CPU clock frequency 

11-18 

Test conditions 

IOH= -300,uA 

IOH= -100,uA 

IOL =10mA 

IOL= 1.6mA 

When two M5L 2708K EPROMs are un use 

• MITSUBISHI 
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Min 

2,4 

2,4 

Limits 

Typ Max 

0.4 

0,4 

1 

0,2 

0,3 

1. 79 

Unit 

V 

V 

V 

V 

"C 

"C 

Unit 

V 

V 

V 

V 

A 

A 

A 

MHz 



DESCRIPTION 
The PCA8501 is a general-purpose single-board computer 

that is composed of a memory and an I/O interface around 
the M5L 8085AP 8-bit microprocessor and fabricated on 

a single 125 x 145mm printed circuit board. As it has been 

designed so compactly in its dimensions, it may be easily 
attached to the board currently used. There are two types 

available: the PCA8501G01, which is implemented with 
the M5L2114LP NMOS RAMs, and the PCA8501G02, is 
implemented with the M58981S CMOS RAMs. 

FEATURES 
Type Contents 

Consists of the single-board computer only, 

Two M5L2114LP NMOS RAMs are mounted for its RAM. 
PCA850lGOI excluding both a battery backup circuit and a wait signal 

generation circuit. and one M5L2716K EPROM is attached 

separately 

Consists of the single-board computer only. 

PCA850lG02 Two M58981S CMOS RAMs are mounted for its RAM. in-

cluding a battery backup circuit and a wait signal generation 
circuit. and one M5L2716K EPROM is attached separately 

• A single-board computer comprised of the CPU, memo
ry, I/O interface and a timer. 

• Capacity of EPROM: 

• Capacity of RAM: 

• Programmable I/O port: 

4K bytes (max) 

1 K bytes 

48 bits (8-bit x 6) 

MITSUBISHI MICROCOMPUTERS 

PCA8501G01,G02 

MELPS 85/2 SINGLE-BOARD COMPUTER 

• Internally contained 12 L timer: One of the following 8 

timer outputs can be selected (1.6/o1s, and 0.1, 0.2, 0.4, 
0.8, 1.6, 3.3 and 6.6ms). 

• Single 5V power supply 
• Compact dimensions (L x W x H): 125 x 145 x 17mm 

APPLICATIONS 

• Personal computers 

• Small automatic testing or control equipment 
• Data-communication terminal equipment 

• Data loggers and data-collection equipment 

• Process-control equipment 

• Instrument monitoring controllers 

FUNCTION 

The PCA8501 is a highly reliable single-board computer 

designed around Mitsubishi's M5L8085AP CPU (equivalent 

to Intel's 8085A) and its LSI family .. The 8-bit parallel 

CPU is fabricated by the N-channel silicon-gate EO-MOS 
process. The PCA8501 comes with 4K bytes of electrically 
programmable read-only memory (EPROM) in the form of 

two M5L 2716Ks and 1K bytes of random-access memory 

in the form of two M5L 2114LPs or two M58981Ss. 
For its I/O ports, the PCA8501 contains two M5L8255AP 

programmable peripheral interfaces (PPI) providing 8 
bits X 6 = 48 bits programmable ports. 

A timer circuit and a battery backup circuit (which is 

available only for the PCA850G02) are mounted on the 

board, allowing timer interrupt and memory backup. 

• MITSUBISHI 
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OPERATIONS 

As soon as the power is applied, the M5L8085A CPU is 

reset by the power-on reset circuit and starts to execute 

the program from the address 000016 . 

As the timer IC is provided on the board, it enables 

timer interrupt by means of the RST 7.5 or timer output to 

the external circuit. 

The low-order 8 bits of the address are multiplexed with 

data and sent out through the CPU terminals. They are 

latched in the address latch circuit so as to compose an 

address bus with the high-order 8 bits of the address. 

BLOCK DIAGRAM NOTATION 

If an external extension signal is used, it makes easy the 

external expansion of memory capacity for both ROMs and 

RAMs. 

Use of CMOS RAMs enables memory backup by means 

of the battery backup circuit and batteries so that the 

contents of the RAM are maintained even after the power 

is turned off. 
Either of the ROMs, M5L 2708K (1K bytes) or 

M5L2716K (2K bytes) can be used by using a jumper 

socket, but the standard version is arranged for the use of 

the M5L2716K. 

Parallel data can be read/written through the PPls, and 

serial data through the SID and SOD of the M5L 8085AP 

CPU. 

BLOCK DIAGRAM 

Name of block 

CPU power-on 
reset 

Address latch 
circuit 

Address 
decoder 

EPROM 

RAM 

RAM battery 
backup 
circuit 

1/0 port 
(PPI) 

Timer 

Wait signal 
generation circuit 

Function 

Execution is carried out in accordance with the contents of a 
program 
turned on 

System reset signa~ is generated when the power is 

Latches the low-order 8-bit address signal on the multiplexed 
data bus 

Decodes the high-order bits of the address, and generates the 
memory and 110 chip select signals 

Both erasable M5L2716K and M5L2708K can be used 

Allows the use of the M58981S CMOS RAMs other than the 
M5L2114LPs. which enables battery backup 

Enable maintaining the contents of the memory by the backup 
circuit with batteries in use, when the CMOS RAMs are used 

It· is a programmable 110 interface consisting of 48-bit I/O 
signal terminals. corresponding to six 8-bit 110 ports 

This generates 7 different signals after dividing the clock signal 
from the CPU, allowing RST 7.5 interrupt by using a jumper wire 

~a~;no~hee ~~~Sti~e~s (f~i~n f~~~ur~aii~ S~go~ala~Sai?ae~~rai~edt~~ 
PCAS 501 G01) 

---r=;===================1 RAM EXPANSION MEMSL OUTPUT 
ROMSL ROM EXPANSION 

,-____ ,-~~---------,------~~ OUTPUT 

RESET INPUT RSIL 

HOLD INPUT HLDLr------9---j 

TRAP INTERRUPT 
INTE~~0~t TRPL f-++-of>--J 

REQUEST INPUT INTL ~ti$=~=j 
READY INPUT RDYHf-

ADDRESS BUS 

RESTART I RJ5L 

'NTERRUPT INPUT I ~~~[t==tT=2==~~~~J DB7H ) DATA BUS 

SERIAL,2~Dt SIDl F)==I=H=I===~~~~Jrl[]~~~~~§~~I~~~~~~~~~~~~~~~~~E~~ ADDRESS LATCH SERI~u9~0~ SODl ~L:HH ~~t~LK&UTPUT 
FWCL DATA TRANS 

11-20 

'c"C;;A'L '--;C-C:-L"KH:;---'TIMH ST1H STOH 

INTER· CLOCK TIMER STATUS STATUS 
RUPT OUTPUT OUTPUT 1 0 

ACKNOWL- OUTPUT OUTPUT 
EDGE 

OUTPUT 

~~g~ OJ~~EDJ?~?G. 
RESET OUTPUT 

·~rr=1=~$=~~====~~-r~~r---~BA~~Y 
~fR~01~ 

PCIOH PC10H 

PORT PORT PORT 
ABC 

6~hW/T cl~r;~IJT 61[\~~IJT 

VCc(5V) 
GND(OV) 

VOO( 12V) 
VBB( -5V) 

~~VBAT (MEMORY BACKUP) 

~~~P~B~27~H~P~Cl~7H~--
'.1 I \ 

PA20H PB20H PC20H 

PORT PORT PORT 
ABC 

6I[\M/TlCj~hW/T 61[\~~IJT 

Notel: The wait signa) generation circUit and the RAM ba1tery backup circuit are not mounted on the PCA8501G01. 
2: The M5L21114LPs are mounted on lhe PCA8501G01. Inslead of M58981Ss. 
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SPECIFICATIONS 

Processing Method 
Method: 8-bit parallel operation 

CPU: M5L8085AP 

Word length: 

Instruction: 8,16,24 bits 

Data: 8 bits 

Cycle time: 

Basic cycle time: 1.6tls 
CPU clock frequency: 

2.4576 MHz ±1% (Ta=0-55°C, Vcc=5V ±5%) 

(Quartz oscillation frequency: 4.9152 MHz ±1%) 

Memory Address and Memory Capacity 
EPROM (M5L2716K) 

Memory address: 

#1: 000016-07FF16 

#2: 0800 16 -OFFF 16 
Memory capacity: 

#1: 2K bytes (An EPROM is fitted to the standard 
product) 

#2: 2K bytes (Only a socket is provided on the 

standard product) 

RAM (M5L2114LP x 2 or M58981S x 2) 

Memory address: 

4000 16 -43FF 16 
Memory capacity: 

1 K bytes 

Externally expandable up to a maximum of 

64K bytes 

liD Address and liD Capacity 
I/O address: 

PPI (M5L8255AP) 

1(0 port Signal description 

PA PA 10H-PA 17H 

PPI PB PB10H-PB17H 

jl:1 
PC PC 10H - PC 17H 

C.W. Control word 

PA PA20H-PA27H 

PPI PB PB20H - PB27H 

jl:2 PC PC20H - PC27H 

C.w. Control word 

Address 

6000,6 

6001,6 

6002,6 

6003,6 

7000,6 

7001 ,6 

7002,6 

7003 ,6 

As two PPls (Programmable Peripheral Interfaces) are 

provided on the board, the PCA8501 has I/O ports of 48 

bits (8-bit x 6) in total. 

Interrupt 
5 Interrupts: 

Five interrupts such as TRAP, RST 7.5, RST 6.5, RST 5.5, 
and INTR are provided. The TRAP has the highest priority, 

while the INTR has the lowest priority. The RST 7.5 will 

enable timer interrupt by means of a jumper wire. 

PCA8S01G01,G02 

MELPS 85/2 SINGLE-BOARD COMPUTER 

Connectors 
For bus extension (connector J1): 

Straight pin header, T-type, 50 pins 

For I/O port connection (connector J2): 

Angle pin header, L-type, 60 pins 

PIN CONFIGURATIONS 
Connector J1 

12V 

5V 

DATA BUS I 

READ C8~W8~ 
WRITE CONTROL 

OUTPUT 
INTERRUPT 

ACK OUTPUT 
ROM EXPANSION 

OUTPUT 
READY INPUT 

ADDRESS LATCH 
ENABLE OUTPUT 

HO~~8'mH~J-T 
HOLD INPUT 

RESTART INTER, 
RUPT INPUT 

ADDRESS BUS 

(MSB) 

Connector J2 

(5V) 

SERIAL DATA 

RESTARH-I}iE~T 
RUPT INPUT 

PPI #1 j 
1/0 PORT AI 

PPI #1 i 
1/0 PORT B I. 

PPI #1 I 
I/O PORT CI 

VDD 2 

GND 4 

GND 6 

Vee 8 
DB1H .... 10 

DB3H ..... 12 

DB5H - 14 
DB7H .... 16 

RDCL +- 18 

WRCL +- 20 

ITAL +- 22 

ROMSL+- 24 

RDYH~ 26 

ALEH+- 28 

HLAH +- 30 

HLDL --t 32 

R75L~ 34 

ABIH +- 36 

AB3H +- 38 

AB5H +- 40 

AB7H +- 42 

AB9H +- 44 

ABBH +- 46 

ABDH +- 48 

ABFH +- 50 

Vee 

GND 

SODL +

R55L~ 

NC 

PAllH ..... 

PA13H .... 

PA15H .... 

PA17H ..... 

PBl1H ..... 

PB13H ..... 

PB15H ..... 

PB17H ..... 

PCllH ..... 

PC13H

PC15H ..... 

PC17H .... 

PA2IH ..... 

2 

4 

6 

8 

10 
12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

12 

34 

36 

PPI #21 PA23H-
I/O PORT A PA25H ..... 

PA27H-

38 

40 

42 

I 

PPI #2J 
1/0 PORT BI 

PPI #21 1/0 PORT C 

PB21H ..... 

PB23H ..... 

PB25H .... 

PB27H ..... 

PC21H .... 

PC23H .... 

PC25H ..... 

PC27H ..... 

GND 

44 

46 

48 

50 

52 

54 

56 

58 

60 

1 VBB '5V 

3 GND 

5 GND 

7 Vee 5V 

9 .... DBOH I(LSB) 
11 ..... DB2H 

13 ..... DB4H [DATA BUS 

15 ..... DB6H 

17 ~STOH 
ISTATUS OUTPUT 

19 ~ST1H 

21 ~IOMH DATA TRANSFER 
CONTROL OUTPUT 

23 -INT!.... INTERRUPT 
REQUEST INPUT 

25 +- RSIL RESET INPUT 

2J ~RSOH RESET OUTPUT 
29 ~ CLKH CLOCK OUTPUT 

31 ~MEMSL RAM EXPANSION 
OUTPUT 

33 +- TRPL TRAP INTERRUPT 
INPUT 

35 ~ ABOH 

37 --. AB2H 

39 --. AB6H 

41 --. AB6H 
ADDRESS BUS 

43 --. AB8H 

45 --. ABAH 
I 47 --. ABCH 

I 49 --. ABEH 

1 (5V) 
3 

Vee 

GND 

+- SIDL 

+- R65L 

5 rJ~~~L DATA 
RESTART INTER· 
RUPT INPUT 7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

47 

49 

51 

53 

55 

57 

59 

~ TIMH TIMER OUTPUT 

..... PAIOH) 

..... PA12H PPI #1 

..... PA14H 1/0 PORT A 

.....PA16H 

.....PB10H I 

..... PB12H PPI #1 

..... PB14H 1/0 PORT B 

-P816H i 

.....PC10H 1 

..... PC12H PPI #1 

..... PC14H 11/0 PORT C 

..... PC16H 

..... PA20H I 

..... PA22H I PPI #2 

..... PA24H 11/0 PORT A 

.... PA26H 

.... PB20H i 

.... PB22H PPI #2 

.... PB24H 1/0 PORT B 

.... PB26H 

..... PC20H • 

- PC22H 1 PPI #2 
.... PC24H r I/O PORT C 

.... PC26H 

GND 

Note 3 . NC indicates no connection. 
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Memory and I/O Addresses 
As memory and I/O addr-esses are fixed in this single
board computer, it is necessary to designate extra 
addresses besides those already assigned, if any addi
tional external memory or I/O devices are to be employed. 
I/O Address 

Memory Address Map 

\ 
PPI jj:l PPI jj:2 

Port Port Port Port Port Port 
cw. Cw. 

A B C A B C 

Memory 
mi)sed 600016 600116 600216 600316 700016 700116 700216 700316 
address 

The following addresses are inhibited from expanding 
externally, because there is no perfect redundancy in the 

decode of the PPls: 6 a a a 16 ~ 6 F F F 16 

70 a 0,6 -7FFF '6 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter 

Vee Supply voltage 

Vss Supply voltage 

a 0 a a 16 

a 7 F F 16 
a 8 a a 16 

OFF F 16 
I 

I 

4 a 0 a 16\ 

4 3 F F 16 

I 
I 

6 0 a 016 

6 F F F 16 
7 a a a 16 

7 F F F 16 

COr.dltlons 

Vaa Supply voltage With respect to GND 

V, Input voltage 

Vo Output voltage 

Topr Operating free-air ambient temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=0~55·C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.75 5 5.25 V 

Vss Supply voltage -4.75 -5 -5.25 V 

Vaa Supply voltage 11.6 12 12.6 V 

V,H High-level input voltage 2 V 

V,L Low-level input voltage 0.8 V 

EPROM #1 

EPROM #2 

NOT USED 

RAM 

NOT USED 

PPI #1 

PPI jj:2 

NOT USED 

ELECTRICAL CHARACTERISTICS (Ta=0~55"C. Vee=5V±5% unless otherwise noted) 

Symbol Parameter Test conditions 
Min 

VOH High-level output voltage, PA11H-PC26H outputs IOH = -50,uA 2.4 

VOH High-level output voltage. ABOH-AB7H outputs IOH=-900,uA 3.65 

VOH High-level output voltage, CLKH output IOH= -300,uA 2.4 

VOH High-level output voltage. MEMSL output and ROMSL output IOH= -300,uA 2.4 

VOH High-level output voltage. other outputs IOH= -400,uA 2.4 

VOL Low-level output voltage. PA11H-PC26H outputs IOL=1.8mA 

VOL Low-level output voltage, ABOH-AB7H outPUTS IOL=16mA 

VOL Low-level output voltage, CLKH output IOL =1.9mA 

VOL Low-level output voltage. MEMSL output and ROMSL output IOL=4mA 

VOL Low-level output voltage. ALEL output IOL =0.8mA 

VOL Low-level output voltage. other outputs IOL=1.9mA 

lee Vee supply current 

I 
I 
I 

J PROGRAM AREA. 
4K BITES 

11 DATA AREA. 
~lKBITES 

limits 

0~7 

0.3~-15 

-0.3~20 

5.5 

0~5.5 

0~55 

-30~70 

Limits 

Typ Max 

a 
0.5 

0.45 

0.4 

0.4 

0.45 

0.9 

feKL CPU clock frequency 4.866 4.9152 4.965 
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MITSUBISHI MICROCOMPUTERS 

PC8S00,PCA8S03 

MELCS 85/1 PORTABLE MICROCOMPUTER CONSOLE 

DESCRIPTION 
The PC8500 portable microcomputer console is a micro

computer system embodying the PCA8502 board com
puter. Not only it does operate as a general-purpose 

microcomputer, but it also can be used as a debugging 

system, in which the M5L 8085AP MELPS 85 8-bit micro
processor (identical with Intel's 8085A) is used. The 
PCA8503 is a buffer module that interfaces the debugged 

system with the PCB500 through an IC socket of the 

M5L8085AP, S, when the PC8500 is used as a debugging 

system. 

FEATURES 

• Can be used as a debugging system in which a micro

processor identical with the M5L8085AP is used. 

• Interfacing of the PC8500 with the debugged system 
through an Ie socket of the microprocessor on the 

debugging system. 

• The PCA8503 is provided for the interface. 
• Feasible to use the PC8500 as a customized unit by 

adding an optional board to the general-purpose micro

computer PC8500. 
• The 24-key keyboard and the eight 7-segment LED dis

play are furnished as input/output devices_ 

• Contains a circuit for a system typewriter on the board. 

• The PC8500 is housed in a portable carrying case. 

MELCS 85/1 SYSTEM CONFIGURATION 

BUFFER MODULE 
PCA8503 

APPLICATIONS 

• Debugging unit: 

PC8500 

OPTIONAL 
BOARD 

INDEPENDENTLY 
DESIGNED BY 

USERI 

AC100V 

Hardware and software development of a system in which 

an 8-bit microprocessor identical with the M5L 8085A 

is used. 
Testing for board computer. 

Maintenance and inspection systems that use a board 
computer. 

• General-purpose microcomputer: 

Application system that is customized by the user (e.g. 
PROM writer, data logger, board checking system, etc). 

• MITSUBISHI 
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MIT5UBI5HI·I't1SROCOMPUTERS 

PC8$OO,PCA8503 

MELCS 8$/1 PORTABLE ,MICROCOMPUTER CONSOLE 

FUNCTION 

The PC8500 is composed of the board computer PCA8502 

and the power supply unit, as shown in the block diagram. 

The functions of the PCA8502 comprise the following 

hardware functional blocks: 
(1) CPU 

(2) Program memory 
(3) RAM 
(4) Keyboard display interface 
(5) Parallel I/O interface 

(6) Serial I/O interface 
(7) Special logical circuit designed for the debugging 

system 
The PCA8502 offers 1 K bytes of EPROM and 4K bytes 

of RAM and also releases the M5L 8255AP PPI (8-bit X 
3 programmable I/O ports) for a parallel I/O interface. 

Program monitoring is provided by a monitor that 

controls the keyboard and the LED display of the PCA8502 
and a monitor that controls the system typewriter 

The PCA8503 is a buffer module employed in interfacing 

the PC8500 (PCA8502) with a user system (debugged 
board), as shown in the block diagram, and supplied as an 

optional board. 

PCA8502 BLOCK DIAGRAM 

CONNECTOR J 11----.;-1 1~~~~¢ffE2i 
SEING DESUGGED 

CPU 

BLOCK DIAGRAMS 
PC8500 "I . PCAS502 -II' 

SOARD COMPUTER 

L--_I_p_O_W_ER_SU _P_PL_Y_U_N_IT_lr' 

PCA8503 

r--' -~ 
_ J CPU DRIVER/RECEIVER1. _ 

CONNECi3~~~ ~ FO~ls~~~GGED r f8~~~CJ8~WOF 
C~~N~21~~6~ ~ ~~h~~~~SED 

MONITOR 
CONTROL 

LOGIC 

OSCILLATION ~jRCUIT 
OF CRYSTAL ~. 
OSCILLATOR L ' 

12V_} 
5V -- CONNECTOR J, 

(POWER SUPPLY) 
5V-

EPROMs FOR 
MONITOR 
PROGRAM 

jo;--_ ..... ---..I PA~~5 ~1X~[lt:D f->----.. CONSOLE 
INTERFACE PANEL 

11-24 

RAMs 
FOR 

WORKING 

SYSTEM 

INTERFACE TYPEWRITER } 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

PC8S00,PCA8S03 

MELCS 85/1 PORTABLE MICROCOMPUTER CONSOLE 

HOW TO OPERATE THE PANEL 

CD LED WHICH SHOWS THE @ 7·SEGMENT + '·DOT LED 
OPERATING STATUS 8 PIECES 

~ r~--------------~"'~--------------~, 

~ ~,--------------------~V--------------------~/ 
HARDWARE ® SOFTWARE CONTROLLED SWITCHES 
SWITCHES 

RES (RESET) 

Resets the I/O controllers of the system, including the 
CPU, and the CPU enters the WAIT state. 

MON CALL (MONITOR CALL) 

With this switch, the control of the CPU is removed to 
the monitor area. As this switch was depressed following 

the depression of the "RES" switch, the CPU enters 
the monitor command request state after executing the 
monitor program. 

RST 0 (RESTART 0) 

As this switch was depressed after depressing the "RES" 

switch, it makes the CPU perform from the address O,s. 
MEN EN (MEMORY ENABLE) 

Depression of this switch enables the pseudo program 
memory, and the RAM address provided in the system 

is changed to the area of 0000'6-0FFF'6 superseding 
the ROM area. While it is disabled, it can be used as 
an ordinary RAM that will have addresses designated 

by the mini-switches provided in the system. 

5 

6 

7 

Software control keyboard 

This keyboard consists of 24 2-key rollover scanning 

keys, and is used for entering commands for the monitor 
program. It can also serve as a user-specified input 

device, when a user's program is prepared for it. 

7-segment LED display 

It is composed of 8 pieces of 7-segment LEOs and used 

as an output device for the monitor. It can also serve 
as a user-specified output device when a user's program 

is prepared for it. 

Status indicating LEOs 
The MEN EN indicator LED displays the state of the 

pseudo program memory; it indicates that the pseudo 

program is enabled when the LED is on. 
The HOLD indicator LED shows that the CPU is in 

the HOLD state. 

The TRAPMK indicator LED lights to show that the 
TRAP interrupt signal is being masked. It remains lit as 
long as the monitor program is in execution or the 

command designating TRAP interrupt is valid. 

• MITSUBISHI 
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PC8500,PCA8503 

MELCS 85/1 PORTABLE MICROCOMPUTER CONSOLE 

SPECIFICATIONS OF THE PCA8502 
Item Description Item Description 

Method 8-bit parallel processing unit 

CPU M5L8085AP 

Cycle time 1.3,us basic cycle at crystal oscillator 6.144MHz 

ROM: F80016- FFFF 16 = '2K bytes for a monitor 
As a system monitor, there are two types of monitors; the 

program E keyboard monitor. which uses the keyboard and the LED 

ROM: F40016-F7FF16 = lK bytes for user released ~ 
display as I/O device. and a TlY monitor. which uses the 
system typewriter as I/O device 

System area 
RAM: F30016-F3FF16 = 256 bytes for monitor used g' 

use area 
area 5> Functions of the monitor are: 

~ 
g> (1) Verifying the contents of the memory 

0 -g System {2} Verifying registers of the CPU 
E 

Inhibited area: 
"0 monitor (3) Execution of user's program 

~ F00016- F2FF 16 ro (4) Executing a program after setting breakpoint address 
~ 
ro (5) Step-by-step execution of program 
c (6) Verifying I/O registers 0 

User RAM: *00016- *FFF,6, max 4K bytes, j (7) Block transferring of data 
released Where * indicates any number from '016 -E16' (8) Setting and resetting interrupt mask 

area Can be used as a pseudo program memory (9) Data dump and load to the memory (hexadecimal 
notation is available in the case of the TTY monitor) 

Keyboard display interface 
F016. F116: interface for panel switch 
data command indication 

USART 
Available for expansion of the CPU bus F416.F516; system typewriter interface 

data command 
Optional board A single optional board (approx 140 x 31Omm) can be 

added 
1/0 Parallel port: interface 

F816-FB16; system control interface J 1 (50 pins): for the interface with the user's system 

I/O address of the area.FOI6- FFI6; other than the above J2 (50 pins) for the parallel I/O port and the system 
are inhibited from use. Connectors typewriter interface 

Programmable I/O port released for user's purpose J3 (50 pins) for CPU bus 

* 016, * 116, * 116, * 316 J4 (10 pins)· for power supply connection 
Where' * indicates any number fromlD 16 -E 16. 

Keyboard Keyboard: 24 keys. with 2-key rollover scanning method 5V, 2.5A (typ) 
display Display: 7-segment LED x 8 pes Power supply 1 2V, 1 50mA (typ) 

-5V, 90mA (typ) 

Driver/receiver' 20mA current loop (with 
source power supply) Dimensions (W x L x H): 310 x 300 x 22mm nl level (I/O under negative 
logic) 

System 
typwriter Signal lines Serial data input. serial data SPECIFICATIONS OF THE PCA8503 

output. and reader start signal interface 

User released 
1/0 port 

Applicable CPU 

CPU clock 

Interface with 

E user system 

i 
0> 
c 
5> 
0> 
~ User's 

~ address 

ro area 
~ 
ro 
~ 
c 
0 

j 
Interrupt 

Pseudo 
program memory 

11-26 

lines Item Description 
Applicable transfer speed: 110, 1200, 2400, and 4800 

baud 
Interfaces the board computer PCA8502 with a user's 

Capable of connection with ASR-33. Casio Typuter. etc Function system which has a CPU identical to the M5L8085A. 
Fu!nished with the driver/receiver and an extension cable. 

8-bit x 3 1/0 programmable ports Connectors 50 pins and 40 pins 

Power supply Supplied from the PCA8502. 5V/350mA (typ) 

M5L8085AP (identical with Intel's B085A) Cable Approx. 1 m long 

Can be operated with clock from the user's system (3.125MHz max) Dimensions (WxLxH) 120 x 100 x 25mm 

Operating free-air 0-50"C 
To be connected with the IC socket of the CPU of user's temperature 
system through the buffer module (PCA8503) 

SPECIFICATIONS OF THE PC8500 
Item 

All the address areas except those below. which must be 

used by the debugging unit. are released to users. Function 
Address area FOOO16-FFFFI6 
I/O address area; F016-FF'6 Supply power input 

Internal 

All interrupt signals to the CPU are released for users. 
supply power 

As for TRAP interrupt. it is possible to mask it by the monitor Operating free-air 
command. temperature 

Dimensions 
It is possible to substitute the address area 000016- (carrying case) 
OFFF 16 of the user's system with the RAM in the 
debugging system. Weight 

• MITSUBISHI 
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Description 

In compliance with function of the PCAB502 Implemented 

AC100V±1O%. 50Hz/60Hz 

5V/5A, 12V/300mA, -5V/300mA 
Those used in the board are 5V/2.5A. 12V/150mA 
-5V/90mA (typ). 

10-401: 

(Wx Lx H): 370 x 350 x 140mm 

7kg 



MITSUBISHI MICROCOMPUTEK~ 

PC8500,PCA8503 

MELCS 85/1 PORTABLE MICROCOMPUTER CONSOLE 

SYSTEM ADDRESS AREAS 

Among the address areas used by the system, the memory 

addresses 000016-EFFF16 and the I/O device addresses 

0016-EF16 are all released for the user, and the rest of 
the areas are used by the system. So the user should stay 

within the prescribed areas. 
Furthermore, the RAM area released for the user may be 

switched over of its address in the unit of 4K bytes using 

the mini-switches. 

MEMORY ADDRESS AREA 

0000 --1 
* 000 ---

* FFF ---
. F300 '. 

F400 ---

F800 ---

Feoo ---

FFFF ---

USER'S AREA 

USER RELEASED 
RAM AREA 

USER'S AREA 

ROMj:!: 1 

ROMj:!:2 

ROMj:!:3 

1/0 ADDRESS AREA 

USER'S AREA 

V '/ '/ / 

USER RELEASED 

1 

] 
F 
1-
1--, 

I......, 

'-

-

'< 

~//; / / },~:~,R,~,/ / / //, 

USER'S AREA 

Fa. Fl KBjDP INTERFACE 

NOT USED 
, 

F4. F5 

NOT USED 

F8 
SYSTEM CONTROL 

INTERFACE 
FB /, / / /. 

NOT USED 

,-

4K BYTES 
RELEASED FOR USER 

256 BYTES 

WORK AREA RAM 
USER RELEASED ROM 
lK BYTES 

SYSTEM MONITOR ROM 
2K BYTES 

USER RELEASED 
AREA 

00-EF16 

SYSTEM USE 
AREA 

FO-FF16 

PSEUDO PROGRAM MEMORY 

Among the address areas in the user's system, it is possible 

to substitute the area 000016-0FFF16 with the RAM 

within the system. 
Substitution is enabled by depressing the I ~ENMI key, 

which allows the RAM to access the area 000016 -
OFFF 16, enabling the execution of a user's program, and 

altering the contents of the RAM. 

OPTIONAL BOARD 
It allows expansion of the system as the bus lines of the 

CPU are extended to the connector J a. 

It allows addition of one extra board whose size is about 

140 X 310mm as an optional board with which a user
specified device may be obtained by preparing it with the 

user's own design. 

SYSTEM-USED 
ADDRESS AREA 

FOOO-FFFF16 

• MITSUBISHI 
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PCA0401 

MELCS 4 SINGLE-BOARD SYSTEM-EVALUATION COMPUTER 

DESCRIPTION 

The PCA0401 is a single-board system-evaluation computer 

for the M58840-XXXP single-chip 4-bit microcomputer. It 

is designed around the MS8842S MELPS 4 system evalua
tion device and MSL2708K, electrically erasable and re

programmable ROMs and is similar in function to the 
MS880-XXXP,which contains a mask-programmable ROM. 

The PCA0401 is suitable for debugging, correcting and 
testing the application program in development before 
masking it. 

FEATURES 

• Single-board computer equivalent in function to the 

M58840-XXXP 

• Easy program alteration by means of EPROMs 

• Can be mounted with four MSL2708K 1 K-byte EPROMs 

• Can be connected with the PCA0402 touch-panel 

• Programs can be checked by means of the PCA0403 
program checker 

• Can be connected with equipment through the 68-pin 
card-edge connector 

• Dimensions (L x W x H): 190 x 180 x 20mm 

APPLICATIONS 

• System development of application program for the 

MsB840-XXXP single-chip 4-bit microcomputer, and 

prototyping of application equipment. 

FUNCTIONS 

In applying a single-chip 4-bit microcomputer for the con
trol of equipment operation, the operating sequence of 

the equipment must be entered into a program. Errors can 
be costly and time-consuming when discovered after the 
mask has been prepared. With the PCA0401, however, the 

program is stored in erasable PROMs (EPROMs). allowing 
errors to be easily corrected as soon as they are detected. 

Basically identical in function with the MS8840-XXXP, 

the PCA0401 consists of an MS8842S system-evaluator 
device and up to four M5L2708K EPROMs. The only dif

ference is that the M58842S has address output pins (Ao-

A10 ) and data input pins (10-18) for external connection 
of the EPROMs. 

• MITSUBISHI 
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PCA0401 

MELCS 4 SINGLE-BOARD SYSTEM-EVALUATION COMPUTER 

SUMMARY OF OPERATIONS 

EPROM 
Since the instruction word length of the M5880-XXXP is 

9 bits, the PCA0401 was designed to store instructions by 

using a pair of EPROMs: one for the low-order 8 bits of 

the instruction code, and the other for the high-order bit. 

Thus the use of four EPROMs provides the same 2048-

word X 9-bit memory as the M58840-XXXP. 

Because address output of the M58840-XXXP is com

posed of the output lines Ao-AI6, lines Ao-A9 can sim

ply be connected with input lines A,o-A9 of the EPROM, 

with line A IO assigned to chip select. A memory control 

signal line allows the output of the EPROM to be kept in 
the floating state by means of an external control signal, 

for use as a program checker. 

Clock Generator 
Like the M58840-XXXP, the M58842S has an on-chip 

clock generator and oscillates in the 300 kHz-600 kHz 

range by connecting a CR circuit or ceramic filter between 

the pins X 1N and XOUT ' External synchronization may be 

effected by connecting an external clock source through 

terminal X 1N • The PCA0401 is designed to oscillate at 

500kHz. 

Reference Voltage and Reset Signal Input 
The input pin V REF is designed to accept the reference 

voltage for A/D conversion, and it can also be used to ap

ply a reset signal from an external source. 

BLOCK DIAGRAM 

Interrupt 
The 1-level of interrupt can be carried out by applying the 

interrupt request signal to the INT terminal. 

Input/Output Ports 
I/O port S has 8.bit I/O lines, outputting information in 

8-bit units, and receiving input in 4-bit units. Port S con

verts 4-bit data in register A to 8-bit information using a 

Programmable Logic Array (PLA). As the PLA code struc

ture can be determined freely at the time of masking, it is 

highly suitable for driving segments of the numerical and 

character display device. The port S output is also ~apable 

of directly driving a large fluorescent display tube. The 

standard codes are masked in the S-port output PLA. For 

further details on these codes, see the code table for the 

S-output PLA of the M58842S. 

I/O port D has 11-bit I/O lines, and each bit can be set/ 

reset when used for output. Port D is also capable of direct

ly driving a large fluorescent display tube, and can be used 

to test input signals when port D is used for input. 

Port K has 15 bits of input lines. It is used not only 

for receiving digital data, but also in manipulating analog 

signals and in interfacing with a touch keyboard by means 

of the on-chip AID converter. 

------- ------------------------------

CARD-EDGE 
CONNECTOR 

(OV) Vss f--------------...------------~ Vss(OV) 
7V 7V 

-5V 
RESET SIGNAL (-15V)VDD [1~~~~~~~~~~[~~~~~~~~~~~~~~' VDO( -15V) 

ENt~~6\.Efl& ' -10V RESET SIGNAL 
CVREFH CVREFH AND REFERENCE ffi 

INTERRUP?NT~ !---'\II/v---j---1r----------------------o--i' CINTH '~Jaf§n,GNAL ~ 

REB~~~I r--r====r==~===~=k~~~H MEMORY CON- i5 
VREF ~~: TROL SIGNAL :;; 

EVA~~~'ON CAB 10 L ADDRESS BUS g 
M58842S ~ 

~2~/;T~ CP.17H 
OUTPUT CPSOH 
PORT D CPO 10H I 

dU-frYJ-f cp6 0 H 11 

PORT K CPK 14H 
INPUT cp~ 0 H 15 

ADDRESS BUS 

CDB8H DATA BUS 
CD~OH INPUT 

"
cr 
2 
cr 

9 
z 
z 
8 

TOUCH-PANEL PORT D CPD2H 3 
(PCA0402) OUTPUT CpdOH "-'0 I--'-__ ---L ______ -'--__ ~.... 'CD~8L DATA BUS { 

PflWu~ ~:~:: 8 8 

CONNECTOR ~'XOUT X,N L._~~.:J 9 COBOL OUTPUT 
(-15V)VDD 

(0--120vlvAA 

(0--'20V)VAA ;J;, 
------------- ------------------
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MITSUBISHI MICROCOMPUTt:RS 

PCA0401 

MELCS 4 SINGLE-BOARD SYSTEM-EVALUATION COMPUTER 

Power Supply Source 

The PCA0401 requires external power supplies of -15V, 

(from which it produces -5V and -10V internally) and 7V. 
It supplies -15Vto the M58842S and7V, -5V, and -10V 
to the EPROMs. In addition, 0--120V power can be 

supplied for the PCA0402 touch keyboard through an input 

terminal on the PCA040l. 

Terminals 
The card-edge connector of the PCA0401 has the same I/O 

signal lines as the M58840-XXXP, so the equipment 

control can be effected by connecting to the terminals of 

the card-edge connector instead of to the pins of the 

M58840XXP. 

The PCA0402 touch keyboard can easily be connected 

to the PCA0401 via a connector-one of the major advan

tages of the M58840·XXXP. 

For the PCA0403 program checker, another connector 

is provided to control program execution by fetching ad

dress and data information from the M58824S through the 

buffer or by applying instructions for program testing. 

PIN CONFIGURATION OF PMA CONNECTOR 

(0- -120V) VAA 2 1 ~CPKOH 

(0--120V) VAA 4 3 NC 
NC 6 5 ~CPK lH 

(-15V) Voo 8 7 NC 

(-15V) Voo 10 9 ~CPK2H 

NC 12 11 NC 
(OV) Vss 14 -c 13 ~CPK3H 
(0 v) vss 

NC 
16 S 15 
18 » 17 

NC PORT K 
INPUTS 

~CPK4H 

CPD2H~ 

NC 

e,"" { CPD lH~ 
OUTPUTS NC 

CPDOH~ 

NC 

20 19 
22 21 
24 23 
26 25 
28 27 
30 29 

NC 
~CPK5H 

NC 
~CPK6H 

NC 
~CPK7H 

PIN CONFIGURATION OF PMP CONNECTOR 

(OV) Vss 
(-15V) Voo 

NC 
7V 
NC 

CPS6H-

eo"" { CPS4H-
INPUTS; 

CPS2H-OUTPUTS 
CPSOH-

NC 

{ 

CPDO H-
CPD 2 H-

PORT 0 CPD 4 H-

ciJ~~;£ CPD 6 H-
CPD 8 H
CPD10H

RES~M\\'ENN~L~ CVREFH-

IN¥~~At~f CINTH-
REQUEST SIGNAL V AA 
(0--120V) CPK14H-

CPK 13H-
CPK 12H-
CPK 11 H-
CPK 10H_ 
CPK 9 H-
CPK 8 H-

PORT K 
CPK 7 H-INPUTS 
CPK 6 H-
CPK 5 H-
CPK 4 H-
CPK 3 H-
CPK 2 H-
CPK 1 H_ 
CPK 0 H-

1 A 1 B Vss (0 V) 
2 A 2B Voo (-15V) 
3 A 3B NC 
4A 4 B 7V 
5 A 5B NC 
6 A 6 B-
7A 7 B~ 
8A 8 B-
9 A 9 B-

CPS7H 
CPS5H }~"'" INPUT 
CPS3H OUTP6TS 
CPS1H 

lOA lOB NC 
llA llB -
12A 12B -
13A 13B -
14A 14Br 
15A 15B -

CPD1H 
CPD3H }~'" CPD5H INPUTS; 
CPD7H OUTPUTS 

CPD9H 
16A -c 16B-NC 
17AS17B-CXOUTH CLOCK OUTPUT 
18A -c 18 B CT4'H TIMING OUTPUT 
19A 19B VAA (0--120V) 
20A 20B NC 
21 A 21 B NC 
22A 22B NC 
23A 23B NC 
24A 24B NC 
25A 25B NC 
26A 26B NC 
27A 27B NC 
28A 28B NC 
29A 29B NC 
30A 30B NC 
31A 31 B NC 
32A 32B NC 
33A 33B NC 
34A 34B NC 

PIN CONFIGURATION OF PMC CONNECTOR 

m,"","",{ 
- 2 
~ 4 
~ 6 - 8 - 10 - 12 
~ 14 
~ 16 
~ 18 

DATA BUS{ OUTPUTS 

CAB10L 
CAB 8 L 
CAB 6 L 
CAB 4 L 
CAB 2 L 
CAB 0 L 
CDBl L 
CDB 3 L 
CDB 5 L 
CDB 7 L ~ 20 

DATA BUS{ INPUTS 

NC 
CDBl H 
CDB 3 H 
CDB 5 H 
CDB 7 H 

NC 
TIMING OUTPUT CT4' H 

CLOY~T~~A~~t CXOUTH 
REQUEST SIGNAL CINTH 
RES~M\\'mL~ CVREFH 

VOLTA8E _ 5 V 

( -15V) 
(0 V) 

-10V 
7V 

Voo 
Vss 

22 - 24 - 26 - 28 - 30 
32 

~ 34 - 36 
~ 38 
~ 40 

42 
44 
46 
48 
50 

-c 
S 
(") 

1 ~ 

3 ... 
5 ... 
7 ... 
9 -
11 -

CCSH 
CAB9L 
CAB7L 
CAB5L 
CAB3L 
CAB1L 
CDBOL 
CDB2L 
CDB4L 
CDB6L 
CDB8L 
CDBOH 
CDB2H 
CDB4H 
CDB6H 
CDB8H 
NC 

13 ... 

15 -
17-
19 ... ' 
21 ... 
23 ~ 
25 ~ 
27 ~ 
29 ~ 
31 ~ 

33 
35 
37 
39 
41 
43 

NC 
NC 
NC 
-5V 
-10V 

45 
47 
49 

7V 
Voo 
Vss 

MEMORY 
CONTROL SIGNAL 

} """,,, ""' 

} 
DATA BUS 
OUTPUTS 

} 
DATA BUS 
INPUTS 

( -15V) 
(0 v) 
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PCA0401 

MELCS 4 SINGLE-BOARD SYSTEM-EVALUATION COMPUTER 

SPECIFICATIONS 

Memory Capacity 

Instruction Timing 
Execution time: 10~-20~s (variable) 

ROM: 2048 words x 9 bits Oscillation frequency: 300 kHz-600 kHz (variable) 

[With 4 x EPROM (M5L2708S) in use] 

RAM: 128 words x 4 bits 

(Implemented in the M58842S) 

1/0 Ports 
Analog input port (port K): 15 bits 

(with the internal touch-keyboard interface and 
the data-manipulation circuit: 

I/O port (port S): 8 bits 

Output: 8 bits 
Input: 4 bits X 2 

Connectors 
For I/O terminals (PMP connector): 

card-edge type, 68-pin (34 pins on one side) 

For the touch keyboard PCA0402 (PMA connector): 
straight pin header, 30-pin 

For the program checker PCA0403 (PMC connector): 
angle pin header, 50-pin 

Power Supply 

Voo: 
7V: 

-15, 0.4A (typ) 

7V, O.lA (typ) 

I/O port (port D): 
Output: 1-bit X 11 

VAA : 

Dimensions (L x W x H): 
Maximum 0--120V, O.lA 
190x 180x20mm 

Sense input (sense high or low-level): 1-bit X 11 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

VDD Supply voltage 

7V Supply voltage 

VAA Supply voltage 

VI Input. except program checker With respect to Vss 

Vo Output voltage, port D and S outputs. except program checker 

VI Input voltage. program checker. except power source, CVREFH and CINTH 

Vo Output voltage. program checker. except the power source, CVREFH and CINTH. 

Topr Operating free·air temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=O -70"C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

VDD Supply voltage , -16.5 -lS -13.5 V 

7V Supply voltage 6.S 7 7.5 V 

VAA Supply vortage -120 a V 

VIH High~level input" voltage, port 0 and S inputs -1.5 0 V 

VIL Low~level input voltage, port.D and S inputs -33 -4.2 V 

VI Analog input voltage, port K input VREF 0 V 

VI Digital input voltage VDO 0 V 

VREF Reference voltage -7 -S '1/ 

ELECTRICAL CHARACTERISTICS (Ta=O -70'C. unless otherwise noted) 

Symbol Parameter 

VIH High~level input voltage, port 0 a~d S inputs 

VIL Low~level input voltage, port 0 and S inputs 

VI Analog input voltage, port K input 

VI Digital input voltage 

VOH High~level output voltage, port.o output 

VOH High~level output voltage, port S output 

VOL Low-level output voltagE!. port D and S outputs 

IOH High-level output current, port D output 

IOH High~level output current. port S output 

IOL Low-level output current. port 0 and S outputs 

12-6 

Test conditions 

VOO=-lSV,loH=-lSmA, Ta=2S'C 

Voo=-lSV,loH=-8mA, Ta=2S'C 

VOO=.-15V, VOH=-2.5V, Ta=2S'C 

Voo=-lSV, VOH=-2.SV, Ta=2S"C 

VOL=-33V 

. •. MITSUBISHI 
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Limits Unit 

-20-0.3 V 

-5.3-15 V 

-130-4 V 

-20-0.3 V 

-35-0.3 V 

-5.5-0.S V 

-5.S-0 V 

0-70 "c 
-40-12S "c 

limits 
Unit 

Min Typ Max 

-1.5 0 V 

-33 -4.2 V 

V REF 0 V 

VDD 0 V 

-2.5 V 

-2.S V 

-33 0 V 

-lS 0 rnA 

-8 0 rnA 

-33 ,..A 



DESCRIPTION 

The PCA0402 is to be used with the PCA0401 single-board 

computer for evaluating the program of the M58840-XXXP 

MELPS 4 single-chip 4-bit microcomputer. Fabricated on 
a 180 x 180 mm printed circuit board, the PCA0402 is 

put into use by connecting it with the PCA0401. 

FEATURES 

• Programmed detection of touch contact by means of 
program 

• Completely isolated from the equipment 

• Number of keys: 24 
• Dimensions (L x W x H): 180 x 180 x 20 mm 

APPLICATIONS 

• For the PCA0401 single-board computer designed to 
evaluate the program of the M58840-XXXP MELPS 4 

single-chip 4-bit microcomputer 

FUNCTIONS 

The PCA0402 touch-keyboard comprises 3 rows X 8 
columns = 24 touch plates. The plates can be assigned 
for independent use. Touch keyboards actually employed 

on the equipment will be of glass; this plate assembly 
permits the testing of panel operation in combination with 

the PCA0401 system evaluation computer. 

BLOCK DIAGRAM 

MITSUBISHIMICROCOMPUTERS 

PCA0402 

MELCS 4 CAPACITIVE TOUCH KEYBOARD 

PIN CONFIGURATION OF PMB CONNECTOR 

(0 - -120V) VAA 2 1 --CPKOH 
(0 - -120V) VAA 4 3 NC 

NC 6 5 --CPK 1 H 
(-15V) Voo 8 7 NC 
(-15V) Voo 10 9 --CPK2H 

NC 12 11 NC 
(0 v) Vss 14 -c 13 --+ CPK3H 
(Ov) Vss 

Nt 
16 s:: 15 
18 co 17 

NC PORT K 
INPUTS 

--CPK4H 
20 19 
22 21 
24 23 
26 25 
28 27 

CP02H --
NC ~;o{ CP01H--OUTPUTS 
NC 

CPO OH--

NC 
--CPK5H 

NC 
--CPK6H 

NC 
NC 30 29 --CPK7H 

PUATES 
CPOOH 

--::-l 
~--~----~----~----~----~----~----~----~ 

PCA0401 
PORT D 

OUTPUTS CPO 1 H 

, 

(0 - - 120 V ) V AA f---''-----' 

(-1SV)VDD 

L' -u- -u- Lr Lr ""U" Lr "lr -U-

______ -'-_ -::-::...L----' 

CPKOH CPK1H CPK2H CPK3H CPK4H CPKSH CPK6H CPK7H 

PORT K INPUT TO PCA0401 

• MITSUBISHI 
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MIT=tUBI=tHI MICROCOMPUTERS 

PCA0402 

MELCS 4 CAPACITIVE TOUCH KEYBOARD 

SUMMARY OF OPERATIONS 

As shown in Fig. 1, each touch plate is formed of three 

electrodes; one is on the component side of the printed 

circuit board, and two on the soldered side. The electrode 

on the soldered side is applied with an inverted pulse from 

the port D output, while the others are connected to input 

port K. Capacitance is thus formed between the electrodes 

on the component and soldered sides. Fig.2 shows the 

equivalent circuit. Pulses from port D are conducted to port 

K through that particular capacitance, but the level de· 

creases to 1/1O~ 1/30 of the original owing to capacitance 

in other plates, stray capacitance of lead wires, and input 

capacitance in the M58842S system evaluation device. 

When one touches the touch plate the effect is as though a 

capacitance of about 100~200pF were connected between 

the touch plate and ground, so the level pulse carried to 

input port K is significantly reduced. The pulse signal is 

sampled and compared with the reference voltage from the 

D/A converter under the control of the program. 

Inverted pulses from the port D outputs D2~Do are 

supplied to 3 rows, each consisting of 8 electrodes. Pulses 

that have passed through capacitances in each touch key 

in this. way are conducted to the respective input liners of 

port K after being attenuated with stray capacitance. 

The pulse supplied from the port D output is simultane

ously amplified and inverted, and its level can be changed 

freely in the 0~-120V range. Owing to the differences in 

capacitance of glass touch keyboards and the stray capaci

tance of lead wires, it is impossible to determine in advance 

what the precise input pulse level to port K of the M58840-

XXXP would be in actual application. Therefore design 

provides that the level of the input pulse to the PCA0401 

may be adjusted in accordance with port K input pulse 

level in each case by adjusting the pulse voltage. This is 

done by varying the inverter source voltage for port D 

of the PCA0402. 

Be sure that the equipment is effectively grounded, 

because touch-key operation depends on the capacitance 

between the ground and the body of the operator. 

The port D output, port K input and power supply 

can be connected to and disconnected from the PCA0401 

by means of the connector. 

Fig. 1 Touch-keyboard construction 

PLATE FOR TOUCH 
PORT D PLATE 

PLATE FOR 
PORT K 

PRINTED 
CIRCUIT BOARD 

Fig. 2 Equivalent circuit of touch keyboard 

I K INPUT 

l_L 1 
T -r T' CAPACITANCE 
1~ OF K INPUT 

I \TRAY CAPACITANCE 

CAPACITANCE IN OTHER KEYS 

GOT: Capacitance between plate for port D and touch plate 

CTK: Capacitance between plate for port K and touch plate. 

SPECIFICATIONS 

Safe and Satisfactory Operation 

As the touch keyboard utilizes capacitance between the elec

trodes on the circuit board or glass frame, it is completely 

isolated from the circuit of the equipment, for operational 

safety. To assure satisfactory performance the. equipment 

must be grounded. 

Touch-Plate Inspection Operation by Means of 
Program 

Because the comparison voltage for touch-plate operation is 

produced through the on-chip AID converter by means of 

software, the comparison voltage must be pre-programmed 

within a range of -7V ~OV. It is also possible to set up in

dividual comparison voltage for each individual touch plate 

for greater freedom in system design. 

Number of Touch Plates 
The 24-plate (3-row x 8-column) configuration of the 

PCA0402 should be sufficient for most applications, but 

both the M58840-XXXP and the M58824S are furnished 

with further potential for comprising more touch plates. 

Connection to PCA0401 
Electrical connection of the PCA0402. to the PCA0401 

computer is effected simply through 30-pin connectors 

provided on both sides. 

Power Supply 
Power at -15V is supplied automatically from the PCA0401 

once connection to the PCA0402 is made, and a 0~-120V 

variable power supply is available through the card-edge 

connector of the PCA0401 to allow control of the input 

voltage to port K of the PCA0401 in accordance with 

the actual K port input voltage of the M58840,XXXP. 

Connector 
Receptacle: straight, 30-pin (PMB connector) 

This connector can be attached to the PCA0401 through 

screw holes at the four corners. 

Physical Dimensions 
Lx W x H: 180 x 180 x 20mm 

12-8 
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DESCRIPTION 

The PCA0403 is a simple program checker, not requiring 

a monitor program, that can test the functions of systems 

comprising the PCA0401 MELCS 4 single-board system

evaluation computer and the PCA0402 touch keyboard. 

Use of the PCA0403 facilitates program testing and 

system eval uation. 

FEATURES 

• Single-step function allows step-by-step program execu

tion for each machine cycle with the CPU halted at any 

designated address. 

• Breakpoint function causes the CPU to halt at any 
designated address, so that the program execution 

resumes from that address. 

• Program execution is possible from any desired address. 

• Reset function applies a reset signal to the CPU, so that 

the program will start from address 0 of page O. 

• Depression of the INT switch causes generation of 
interrupt signal. 

• Uses special bus cable approx. 1000mm in length. 

• Compact dimensions (L x W x H): 200 x 270 x 27 mm 

APPLICATIONS 

• Program test and system evaluation for systems com

prising a MELPS 4 single-chip 4-bit microcomputer. 

BLOCK DIAGRAM 

ROM INSTRUCTION 

MITSUBISHI MICROCOMPUTERS 

PCA0403 

MELCS 4 PROGRAM CHECKER 

FRONT VIEW TO PCA0401 
~ 

o 
o 

/. 

EXTERNAL POWER SOURCE 
INPUT CONNECTOR BUS CABLE 

i-=-_~(50W(RES) 

M ADDRESS 

\6 9 '? 9 9 9 919 9 0 c;;> 1 
R I STRUCTION 

o 0 o 0 010 0 0 0 
8 7 6 5 4 3 1: 1 0 

PC SET 

o 
SINGLE 

11800 INT RESET 

DO 
MANU BREAK

POINT J..MITSUBISHI ELECTRIC 

270mm ./ 

FUNCTION 

Since the PCA0403 is hardware-oriented and has no soft

ware requirement, simply connecting it to the system under 

test provides easy debugging of software and hardware. 

With the PCA0403, the program can be started from any 

desired address and program execution is a single-step 

program. It also serves for analyzing and determining 

interfacing requirements between the touch keyboard and 
the system-evaluation device. 

ROM ADDRE-S"'S,------- ----- -----, 

r+~~~~~+--~~+_~~1_~~~0~'---5V J 
(VALUE WITHIN 

~ THE CARD) ~~~\{l~ CONTRO~~t<l~~II ~:::~, i' 
CAB8l4 

CAB? L 5 

ADDRESS BUS CAB 5 L 6 

INPUTS ~::: ~ ~ 
:CAB3L 9 

'lCAB2 L 10 
CAB1L I 11 

CABOl12 

r 
COBOL 13 

CDBIl14 

CDB2l15 

DATA BUS1' COO" " 
OUTPUTS ~~~:~ :~ 

CDB6L ,g 

CD87L 1 20 

COBEl 21 

COBOH 23 

DATA BUS 
INPUTS 

COB2H 25 

CDB3H 26 

COB4H 27 

CD85H 28 

CDB6H,29 
CD87H 30 

INSTRUCTION 
DECODER 

11 

ONE·WORD INSTRUCTION 
(EXCLUDING SKIP COMMAND) 

11 

CONTROL 
CIRCUIT 

" D~~~~f]tff-tt-rtl_t1_t1~~~ f~~CRKE6~~~T ~YJ~~r cc~~~: ~: '----'''''';=--' 
TIMING OUTPUT CT3DT 34 ~~~E ~I 

RESET SIGNAL! 
REFERENCE VOLTAGE " 

- 5V 42 
- \OV 43 

-IOV I 44 

7V 45 
7V 46 

(-15V){ VDD 47 
VDO 48 

(Ov) {~:: 49 

11 tittttt tnt. OV ' 

ADDRESS SET THE CARD) 

10 9 8 7 6 5 4 3 2 1 a (VALUE WITHIN .J 

---- ---- ----- ---- --- -------_. 
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MIJ:!t.UIIIl5HI MICROCOMPUTERS 

PCA0403 

MELCS 4 PROGRAM CHECKER 

FUNCTIONS 

1. Display 
When the CPU is halted, the address display indicates the 

address to be executed, and the instruction-display sec
tion indicates the instruction code that is in the address 
where the CPU halts. 

2. Instruction-Code Latch 
Latches and holds the instruction code. 

3. Address Latch 
Latches and holds the next address to be executed. Address 

latch timing differs depending on whether the instruction 

is of one, two, or three words. Thus with the PCA 0403, 

it is not possible to latch the address during execution of 

jump instructions. Instead, the address after the execution 
of the jump instruction is latched. Similarly for skip in· 

structions, the address after the execution of the skip 

instruction is latched. 

4. Instruction Decoder 
Decodes instruction codes and sends out appropriate con· 

trol signals to the control circuit in accordance with the 

number of words in the instruction. When a two- or three

word instruction, such as a jump instruction, is fetched, 
the decoder sends out a control signal to suppress the ad

dress latch signal and latch the address after the execution 
of the instruction. 

5. Address-Selection Circuit 
Selects the system address signal and the address signal 

from the ADDRESS SET switch. 

6. Address Comparator Circuits A, B 
When a program is to be started from the designated 

address or a breakpoint is set, these circuits compare the 

system address signal with the address signal from the 

ADDRESS SET switch, and output a signal to the control 
logic when these addresses match. 

7. NOP /BL Instruction Generation Circuit 
Generates an NOP instruction when the CPU is to be halted, 

and a B L instruction to resume the program execution from 
the next instruction. 

8. Control Circuit 
Generates various timing pulses required inside the program 

checker and controls execution procedures according to 

the instruction code given. It also generates control signals 

corresponding to each of the function switches to control 
the operation. 

9. ADDRESS SET Switches and PC SET Switch 
The ADDRESS SET switches are used in setting a specific 

starting address and breakpoint (stopping) address for the 
execution of a program. After setting the starting address, 
the PC SET switch is depressed, and the breakpoint 
address is set. 

10. INT Switch 
Generates a 100j.tS interrupt signal pulse when turned on. 

11. RESET Switch 
When this switch is on, the CPU starts to execute instruc· 
tion from address 0 of page O. 

12. SINGLE STEP/BREAKPOINT Switch 
If this switch is turned to the BREAKPOINT side, the 
desired address is entered through the ADDRESS SET 
switches, and the CPU is set to RUN, the CPU continues 
to execute instructions until that specific address is 
reached, at which point it stops. 

If the CPU is set to RUN with the switch turned to the 

SINGLE STEP side, the program is executed step by step 

each time the RUN switch is depressed. If single-step opera

tion is to be carried out up to and including page 14, the 

STEP switch must be turned on, and the AUTO/MANU 
switch must also be kept on the MANU side while this 
process is continued. 

13. AUTO/MANU Switch 
When the RUN switch is depressed with the AUTO/MANU 
switch set to the AUTO side, the CPU starts to run under 

the automatic operation mode and executes the instruc
tions in order. 

14. STEP and RUN Switches 
Once the desired starting address and breakpoint address 
are set (see §9 above). the instructions from start to 

breakpoint can be executed by depressing the STEP switch 
when the start address in on the current page, and the 
RUN switch when it is not. 

12-10 
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SOFTWARE CODES 
Software prod~cts for Mitsubishi's MELPS microprocessors are designated by the following alphanumeric codes. 

1. PROGRAMS 
Example: GAl AS 0101 T- - ,-r-

~ 

G: Mitsubishi MELPS microprocessor software 

Kind of microprocessor 
A: MELPS 8/85 8·bit parallel CPU C: Single·chip 8·bit microcomputer 
B: Single-chip 4-bit microcomputer Z: General 

Operation system 
1: For host computer systems 
2: For target computer systems 

Kind of program 
AP: Application program 
AS: Assembler 
CR: Control program 
DP: Diagnostic program 
OS: operation system 

Identifying serial number 

SB: Subroutine 
SM: Simulator 
SP: Service program 
TL: Compiler 
TS: Test program 

2_ MANUALS AND SUPPORT MATERIALS 

Example: GAM - SR 00 - 01 A (6 2 B 0> T -, -, --- r 

13-2 

'---+--t---I----if--+--+--+--+--+--- G: Mitsubishi MELPS microprocessor software 

L--I---\---j---+-+--+--I-l-- Kind of microprocessor 
A: MELPS 8/85 8-bit parallel CPU 
B: Single-chip 4-bit microcomputer 

L--+---+--+-+-j--j--j---Langua~ 
E: English 
M: Japanese 

L-_-\-_--II--+-+-+-+-_ Kind of Material 
H R: Hardware manual 
PS: Program manual 
SH: Consumables 

C: Single-chip 8-bit 
microcomputer 

Z: General 

SR: Software manual or operating manual 
SS: Software support materials 

'----+--+-+-+-+- Identifying serial number 

L-+-+-+-+-_ Availability 
A: Unrestricted 

L-..J'-t-t- Year of issue-last digit, starting from 1976 = 6 

L-..J-t- Month of issue 
1: Ja~uary 

9: September 
X: October 
Y: November 
Z: December 

'--l--- Fully revised edition 
A: First 
B: Second 
etc. 

'---- Partial revision (advance of full revision resets to 0) 

• MITSUBISHI 
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MELPS 4/41 SOFTWARE 

AVAILABLE MATERIALS 

HOST PROGRAMS 
Program Program code number Source language 

MELPS 4 Cross Assembler-MELCOM 70 GBIASOOOl Magnetic tape FORTRAN .(part in assembler) 

MELPS 4 Cross Assembler-MELCOM 7000 or COSMO 700 GBIASOO02 Magnetic tape FORTRAN 

MELPS 4 Simulator-MELCOM 70 GBISMOOOl Magnetic tape FORTRAN (part in assembler) 

MELPS 4 Paper-Tape Generation Program for PROM Wnters- GBISPOOOl Magnetic tape FORTRAN (part in assembler) MELCOM 70 

MELPS 4 Paper-Tape Generation Program for PROM Writers-
GBISPOO02 Magnetic tape FORTRAN MEL COM 7000 and COSMO 700 

MELPS 41 Cross Assembler-MELCOM 70 GBIASOO03 Magnetic tape FORTRAN (part in assembler) 

MELPS' 41 Simulator-MEL COM 70 GBISMOO02 Magnetic tape FORTRAN (part in assembler) 

MELPS 41 Pape~-Tape Generation Program for PROM Writers-
GBISPOO03 Magnetic tape FORTRAN (part in assembler) MELCOM 70 

Manuals (in Japanese) Manual number Number of pages 

MELPS 4 CROSS ASSEMBLER MANUALS 
MELPS 4 Assembler Language Manual GBM-SROO-01A 127 

MELPS 4 Cross Assembler Manual-MELCOM 70 GBM-SROO-02A 68 

MELPS 4 Cross Assembler Operating Manual-MELCOM 70 GBM - SROO- 03A 16 

MELPS 4 SIMULATOR MANUALS 
MELPS 4 Simulator Manual-MELCOM 70 GBM-SROO-04A 102 

MELPS 4 Simulator Operating Manual-MELCOM 70 GBM-SROO-05A 23 

MELPS 4 PAPER-TAPE GENERATION PROGRAM MANUALS FOR PROM WRITERS 
MELPS 4 Paper-tape Generation Program Manual for PROM Writers-MELCOM 70 GBM-SROO-06A 

MELPS 4 Paper-Tape Generation Program Operating Manual for PROM Writers-MELCOM 70 GBM-SROO-07A 

MELPS 4 HANDBOOK 

MITSU81SHI MELPS 4 Single-Chip 4-8it Microcomputer Handbook-Support Software (Note 1) GBM-SR10-01A 

Notel: Includes contents of all above manuals concerning MELPS 4 software. 

MELPS 41 CROSS ASSEMBLER MANUALS 
MELPS 41 Assembly Language Manual GBM-SROO-OBA 

MELPS 41 Cross Assembler Marlual-MELCOM 70 GBM-SROO-09A 

MELPS 41 Cross Assembler Operatil"!g Manual-MELCOM 70 GBM-SROO-l0A 

MELPS 41 SIMULATOR MANUALS 
MELPS 41 Simulator Manual GBM-SROO-llA 

MELPS 41 Simulator Operating Manual GBM-SROO-12A 

MELPS 41 PAPER-TAPE GENERATION PROGRAM MANUALS FOR PROM WRITERS 
MELPS 41 Paper-Tape Generation Program Manual for PROM Writers- MELCOM 70 

MELPS 41 Paper-Tape Generation Program Operating Manual for PROM Writers-MELCOM 70 

• MITSUBISHI 
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GBM-SROO-13A 

GBM-SROO-14A 

17 

8 

200 

162 

75 

8 

93 

9 

8 

11 
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MELPS 4/41 SOFTWARE 

GENERAL DESCRIPTION 

MELPS 4/41 software is the name used to designate a 
software series provided by Mitsubishi for development 
application programs for equipment in which single-chip 
microcomputers are used. 

MELPS 4/41 software is used as a tool to develop 
application programs, and comprises all the programs 
-assembly, PROM programming and mask making
necessary to the manufacture of single-chip micro
computers. 

MELPS 4/41 SOFTWARE CONFIGURATION 

13-4 

Translates a symbolic source program written In 
assembly language and produces as output an 
object program in machine language 

There are many kinds of control data and 
instruction codes and other functions can be 
changed easily 

In MELPS 41. the codmg format of IS free and 
a number of Input media can be used to input the 
source program 

Executes and checks a user's program on the pseudo 
CPU of the host computer This allows more effiCient 
program debuggmg and prOVides more extenSive 
checking than can be accomplished by hardware. 

Both MElPS 4 and MELPS 41 Simulators feature: 
.Many flexible control commands 
.Trace output, halt table and deleting 
.Interrupt operations capable of cycliC interruptions 
.Asslgnment 01 I/O porJ.s and data 

The MELPS.41 simulator also has 
.Reverse assembler 
.Setting execution time count 
.Asslgnment of memory protect region 

'.MITSUBISHI 
.... ELECTRIC 

Translates assembler binary object programs and 
outputs paper tape in hexadecimal form. 

Generates paper tape for PROM writers of 
Mlnato Electronics or Takeda Aiken 

M58840·XXXP and M58494-XXXP single-chip 
4-bit microcomputers can be automatically 
programmed to customer's specifications. The 
plotter instructions for ~utomatlc mask production 
and the program· to test the production ROMs 
are automatically generated from the object program 
prOVided by the customer. 



MlTSUBISHI LSI. 

MELPS 4/41 SOFTWARE 

DEVELOPMENT OF APPLICATION PROGRAMS 

The user can develop his application programs using 

MELPS 4/41 software as follows: 
The cross assembler is used for object-program 

generation, and the simulator is. used for program 
debugging. When the application program is finalized, 

the paper-tape generation program for PROM writers is 
used to generate a paper tape for the PROM writer. 
1. EPROM: Newly developed application programs are 

programmed in EPROMs, using the PROM writer; then 

PROGRAM DEVELOPMENT 

PROGRAM GENERATION ON HOST COMPUTER 

these EPROMs are ready to be installed in sockets of 
an evaluation breadboard computer or other single
chio microcomouter. 

2. Mask-programmable single-chip microcomputer: Mitsu
bishi Electric has developed a system to produce a 
mask-programmable single-chip microcomputer to the 
user's specifications. The object program can be in the 
PROM-writer format of either Minato Electronics or 
Takeda Riken. 

EPROM PROGRAMMING MASK ROM CODING FOR 
SINGLE·CHIP MICROCOMPUTER 

MELCOM 7000 SERIES 
COSMO 700 SERIES MELCOM 70 SERIES MELCOM 70 SERIES. MINATO 

OR TAKEDA PROM WRITERS MELCOM 70 SERIES 

~ 
SOURCE PROGRAM 

PAPER TAPE FOR 
PROM WRITER 

MASK DRAFTING DATA TEST PROGRAM t:=1 ___ ..J (NOTE 21 

~--------~--~I~"J 

PAPER TAPE FOR 
PROM WRITER 

l __ __ _ 

, 
I 
I 

RESULT I 
I 

____________________ ....J 

EPROM 

EPROM 
INSTALLED 

DS~~~bMQNT 
MI~oIW[~ER 

Note 2 : With MELPS 41. paper-tape can also be used for source program input. 

• MITSUBISHI 
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II 
SINGLE-CHIP MICROCOMPUTER 
LSI INSTALLED 
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MELPS 8/85 SOFTWARE 

AVAILABLE MATERIALS 

Program Program code number Source language 

HOST PROGRAMS 
MELPS 8/85 PLjl,u Cross Compller~MElCOM 7000 (S-version) GAlTL0100 Magnetic tape FORTRAN IV 

MELPS 8/85 Cross Assembler-MELCOM 70 (A-version) GA1AS0100 Magnetic tape FORTRAN IV (part in assembler) 

MElPS 8/85 Simulator-MElCOM 70 (S-verslon) GA1SM0100 Magnetic tape FORTRAN IV (part In assembler) 

MELPS 8/85 Paper Tape Generation Program for PROM Wrlters- MElPS 70 GA1SP0100 Magnetic tape FORTRAN IV (part in assembler) 

TARGET PROGRAMS 
MELPS 8/85 Self assembler GA2AS0100 Paper tape MELPS 8/85 assemble, 

MELPS 8185 EdliN GA2SP0103 Paper tape MELPS 8/85 assemble, 

MELPS 8 BOM-PTS BasIc Operating Monitor GA20S0100 Paper tape MELPS 8/85 assemble, 

MELPS 8 BOM-B Basic Operating Monitor GA20S0101 Paper tape MELPS 8/85 assemble, 

MELPS 8/85 Subroutine 1 Integer Anthmetic Operations GA2SB0100 Paper tape MELPS 8/85 assemble, 

Manuals (In Japanese) Manual number Number of pages 

MELPS 8/85 PLilp CROSS COMPILER MANUALS 
MELPS 8/85 PL/lp Compiler Summary (B-version) GAM-SROO-07A 74 

MELPS 8/85 PL/lp Compiler Language Manual (S-verslon) GAM-SROO-08A 80 

MELPS 8/85 PL/lp Cross Compiler Operating Manual (B-verslon) GAM-SROO-09A 52 

MELPS 8185 PL/lp Cross Compiler Operating Manual-MELCOM 7000 GAM-SROO-10A 28 

MELPS 8/85 CROSS ASSEMBLER MANUALS 
MELPS 8/85 Assembly Language Manual (A-version) GAM-SROO-01A 90 

MELPS 8/85 Cross Assembler Operating Manual (A-version) GAM-SROO-02A 40 

MELPS 8/85 Cross Assembler and Simulator Operating Manual-MELCOM 7000 GAM-SROO-04A 16 

MELPS 8/85 SIMULATOR MANUAL 
MELPS 8185 Simulator Operating Manual (B-verslon) GAM-SROO-03A 40 

MELPS 8/85 SELF ASSEMBLER MANUALS 
MELPS 8/85 Self Assembly Language Manual {B-verslon} GAM-SROO -25A 84 

MELPS 8/85 Self Assembler Manual-PTS GAM-SROO-19A 22 

MELPS 8/85 Self Assembler Operating Manual GAM-SROO-24A 32 

MELPS EDITOR MANUALS 
MELPS Editor Manual-PTS GAM -SROO-26A 20 

MELPS Editor Operating Manual-PTS GAM-SROO -27 A 32 

MELPS 8 BASIC OPERATING MONITOR MANUALS 
MELPS 8 BOM-PTS Basic Operating Monitor Manual GAM-SROO-18A 18 

MELPS 8 SOM-S BasIc Operating Monitor Manual GAM-SROO-23A 14 

MELPS 8/85 SUBROUTINE MANUALS 
MELPS 8/85 Subroutine 1 (Integer Arithmetic Operations) Manual GAM-SROO-17 A 18 

PAPER-TAPE GENERATION PROGRAM MANUAL FOR PROM WRITERS 
Paper-Tape Generation Program Manual for PROM Wmers-MELCOM 70 
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MELPs 8/85 SOFTWARE 

GENERAL DESCRIPTION 

MELPS 8/85 software is the name used to designate a soft

ware series provided by Mitsubishi for developing application 

programs or operating systems for equipment in which 
MELPS 8/85 CPUs are used_ 

the second is that used as a part of appl ication programs 

for MELPS 8/85 CPUs. MELPS 8/85 software can also 
be divided into two classifications: the first. host pro

grams, which are developed to run on a host computer; 
and the second. target programs, which are developed to 
run on a MELPS 8/85 microcomputer. 

MELPS 8/85 software is divided into two parts. The first 
is that used as a tool to develop application programs, and 

SOFTWARE CONFIGURATION 

Compiles' a source program written in 
PL/l,u language and produces as output 
an object program In machine language 
The complete Intel PL/M language is a 
subset of PUlp. Therefore, any program 

written in PL/M can be compile<;i using a 
PL/lp compiler. Additional functions have 

been Included In PUlp that make it easy 

wntten in assembly language and produces 
as outpu t an object program in machine 

language. Parts of a program can be trans
lated and tested. after which they can be 

combined and hnked because the indi
vidual outputs are relocatable. This makes 
it easy to develop modules and then com

bine them to form a compl~te program 

written in machine language for execution 
on the microcomputer. 
Paper-tape IS used as the source-program 
Input medium. 
The assembled object program IS In 

MELPS 8/85 binary object format and is 
punched out on paper tape. 
Functions and language specifications of 
the assembler are Included In the specifi
cations of the cross assembler. 

Executes and checks a user's program on 
the pseudo CPU.in a host computer This 
allows more efficient program debugging 
and provides more extensive checking 
than can be accomplished by hardware. 

FEATURES. 
• Provides traces and other debugging 

aids 
• Provides Simulated 110 operations 
• Provides simulated interrupt operations 
• Simplifies program modifications 
• provides flexibility for symbolic 

addresses 
• Provides data for evaluation of exe

cution time 
• Batch or conversational processing can 

be used 

ThiS is a baSIC operating monitor program 
to control execution of a program. as well 
as to facilitate debugging a program. This 
program has a structure that makes it 
easy to expand or reduce the functions. 
The monitor can be used for a MELPS 
8/85 CPU with any memory arrangement 
or organization 

FUNCTIONS 
• Program execution control 
• Program debugging 
• Input/output control 

• Program loading 
• Memory readou t 

MEMORY CAPACITY 
aOM-a 2K byte 
80M·PTS: 7.5K byte 
80M· a IS stored in 1he M58731·0001S 
mask-programmed ROM 

generated by a cross compiler or a cross 
assembler The tapes contain translated 

absolute object programs. 
Many kinds of paper tapes can be gen

erated for the PROM writers of Takeda 

Riken. Mlnato Electronics. DATA I/O and 
PRO· LOG 

M58730·XXXS. M58731-XXXS and 
M58332·XXXS 1K-4K·byte mask· 
programmable ROMs can be automati
cally programmed to customer's specifi

cations. 
The plotter Instructions for automattc 

mask production and the program to test 
the production ROMs are automatically 
generated from the object program 

Increases the efftclency of program 
development. 

FUNCTION 
Loading the text from a keyboard or a 

paper-tape reader to the work area, 
editing the text by means of commands 
from a keyboard and controlling I/Os. 

10 subroutines are provided that can 
perform arihmetic operations with binary 
or decimal integers and logical opera

tions. 
These subroutines faCIlitate handlmg of 

information of 16 bits or 32 bits for 
expressions of larger value 
This program is stored In the M58730-
001S mask-programmed ROM. 

•. MITSUBISHI 
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MELPS 8/85 SOFTWARE 

DEVELOPMENT OF APPLICATION PROGRAMS 

The user can develop his application programs using MELPS 

8/85 software in any of three ways. 

1. On a host computer: the ME LPS 8/85 cross compiler or 

cross assembler is used for object-program generation, 
and the simulator is used for program debugging. 

2. On a microcomputer: the MELPS 8/85 assembler is used 
for object-program generation, and the microcomputer 

is used for execution and implementation of programs. 

3. On a combination of host computer and microcom

puter: object programs are produced by the MELPS 8/85 

cross compiler and/or the MELPS 8/85 cross assembler 

on a host computer. The object programs are debugged 

and implemented on a MELPS 8/85 microcomputer 

under control of the basic operating monitor. 

The user can develop MELPS 8/85 programs using 

general-purpose subroutines for functions such as arithmetic 

PROGRAM DEVELOPMENT 

operations, input/output control and logical operations. 

Full utilization of these subroutines can facilitate pro· 

gram development, debugging and implementation. The 

final media of a developed program can be any of the 

following: 

1. Paper tape: There are four basic forms of object pro

grams on paper-tape: MELPS 8/85 binary, simple (lPL) 

binary, hexadecimal and BNPF. Object programs on 

paper tape are stored in RAMs and are loaded by the 

appropriate loader. 

2. PROM: The developed program is programmed in a 

PROM using the PROM writer; then this PROM is 

installed in the appropriate PROM socket of the micro· 

computer. 
3. Mask ROM: Mitsubishi Electric is ready to produce a 

mask ROM to a user's specifications. The object program 

can be in MELPS 8/85 binary, hexadecimal or BNPF form. 

PROGRAM GENERATION ON 
HOST COMPUTER 

PROGRAM GENERATION 
WITH MICROCOMPUTER PROM PROGRAMMING MASK ROM CODING 

MELCOM 7000 SERIES 
COSMO 700 SERIES 

MELCOM 70 SERIES MELCS DEBUG MACHINE MELCOM 70 SERIES MELCOM 70 SERIES 

~ o PROGRAM 

PAPER W~HpR PROM 

OBJECT PROGRAM 

~:{n'NG 

~ 
MANUFACTURING 

PROCESS 

________ ~_ OO"Cffi~~ ~------

13-8 

OBJECT PROGRAM 

MELPS 8/85 BINARY 0 
HEXADECIMAL ~ 

BNPF 
BOARD COMPUTER 
MICROCOMPUTER 

CONSOLE EPROM ASSEMBLY 

DEVE L~~~A~ 6~ PPORT t;:l::M==A==S==K ==R==O==M=A=S=S E==M=B==L y====::::!.l 
MICROCOMPUTER 

APPLICATION 
EQUIPMENT 
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DESCRIPTION 
The MELPS 4 cross assembler has been prepared for the de

velopment of application programs suitable for equipment 

using the M58840-XXXP single-chip 4-bit microcomputer. 

This cross assembler not only provides many pseudo 

instructions, control commands, and control data for 

improving programming efficiency, but it also provides 

program versatility for changing instruction codes and 

functions. 

FEATURES OF THE CROSS ASSEMBLER 
• 21 types of control data 

• I nstruction codes and functions easily changed 

• Catalogs the control data in disk storage 
• Constants can also be expressed in non-decimal notations 

• Expandability using pseudo instructions 

• Printouts available from the tables and cross-reference 

lists 

• Execution computer: MELCOM 70 (memory capacity 
more than 24K words, monitor BOOS) 

• Implementation language: FORTRAN IV (parts are 

written in assembly language) 

FEATURES OF THE ASSEMBLY LANGUAGE 
• 6 pseudo instructions 

• 10 simulator control commands 

• 68 machine instructions 
• Decimal numbers can be used to define the constants 

of the machine instruction operand field. 

PROCESSING SYSTEM 

CONTROL DATA 

MITSUBISHI MICHOCOMf"UT':;H:lt 

MELPS 4 SOFTWARE 

INPUT/OUTPUT MEDIA 
• Source input: 

• Control data input: 

CROSS ASSEMBLER 

Punched cards and magnetic 

disk 

Punched cards and magnetic 

disk 

• Control data command: Punched cards 

• Execution command: 

• Object output: 

• Output lists: 

FUNCTIONS 

System typewriter keyboard 

Magnetic disk 

Line printer 

This cross assembler converts source programs written in 

the MELPS 4 assembly language to machine instruction 

codes that are filed in disk storage in the form of binary 
absolute object codes. 

The MELPS 4 cross assembler is a 2-pass translator that 

provides data and control command analysis along with 
cataloging functions. 

Modifying the number of bits in an instruction code and 

setting mnemonic tables and numeric tables to constants 

can easily be accomplished by means of the control data. 

In this way, programming versatility is provided for chang

ing functions, allowing the user free selection in defining 

the mnemonics of the machine instructions, etc. 

The standard version of the MELPS 4 assembly language 

has 7 assembler control commands (see Table 1). In addi

tion 6 pseudo instructions and 10 system simulator control 

commands (Table 2) can all be used in the source language 

program. 

SOURCE PROGRAM 

---------------------------------------------- -----------, 

i 
--------~-------- ! 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SOURCE PROGRAM FILE 
CONTROL-DATA FILE 

L _______________________ , 

~~~~8t m~GRAM LIST I 

> 

! I 
TRANSLATION PROCESS BY I 

CROSS ASSEMBLER 

ASSEMBLING PHASE 
PASS 1 & PASS 2 

CONTROL-DATA ANALYZER 

r~~~~~~2~ ______________ J 
I 
I 
I 
I 

COMMAND ERRORS 

~~--.---D 
CONTROL DATA LIST I 

ERROR WARNING LIST : OBJECT FILE 

: (PROGRAM AND CONTROL DATA) L ________________________ _ 

PROGRAM ORDERING INFORMATION 

Program 8ame Ordering number Program and software manuals included 

MELPS 4 Assembler Language Manual 
MELPS 4 cross assembler GBIASOOOl MELPS 4 Cross Assembler Manual 

MELPS 4 Cross Assembler Operating Manual 
G B M-S R 1O-01A (93AO) 

• MITSUBISHI 
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MELPS 4 SOFTWARE 

CROSS ASSEMBLER 

CROSS ASSEMBLER 
This cross assembler facilitates assembly by the use of the 

control commands shown in Table 1. Basically, it only 

requires the source program and control commands input 

by punched cards with control data being utilized only 

when necessary. All input is stored and filed in disk storage. 

The control data is processed by the control command 

analyzing processor, and the symbol table is created in pass 

1. This is followed by pass 2, where each instruction is con

verted to machine language, while control data, labels and 

the assembly list are printed out as specified by the control 

commands. On the assembly list, the control commands, 

sequence numbers, location numbers and addresses are 

printed out, along with error and warning messages, fol

lowed by the ROM page list and the cross-reference list. 

OBJECT LANGUAGE 
The object file is composed of a name section and a text 

section. 

The name section is filed on sector 0 of the object file 

and stores overall information such as the total number of 

instructions in the text section, control data, file name, 

source program file name, size of a single page and the 

module name. 

The text section contains the data that controlled the 

conversion of the source program to instruction codes and 

other related data necessary for execution by the simulator. 

Table 1 Assembler control commands 

Command Format 

Execution start / / /RUN 

Execution end / / / END 

/ / /ASMB4, x, y, Z 

Input/output function assignment 

Control data / / /CDISK, XXXXX 
Fde 

Source program / / / S DIS K, XXXXX assignment 
control 

Object / / /BDISK, XXXXX 

/ / / IN PUT, x, y 

Input/output device assignment 

ASSEMBLY LANGUAGE 
The assembly language that the MELPS 4 cross assembler 

accepts consists of machine instructions and pseudo 

instructions. 

1. Machine Instructions 

There are 68 basic machine instructions. These are con

verted to their corresponding machine codes and then 

assembled into an object program. For the mnemonics, 

instruction codes and their functional descriptions, please 

refer to the data sheet provided for the M58840-XXXP 

single-chip 4-bit microcomputer. 

2. Pseudo Instructions 
Although the pseudo instructions are written in the source 

program together with machine instructions, they are not 

converted to instruction codes but are used to control the 

assembler and the simulator. The instruction codes will be 

written in the ROM. 

The system simulation control instructions are among 

the pseudo instructions along with assembler-control 

instructions, numeric symbols defining instructions and list

control instructions. The pseudo instructions are shown in 

Table 2. 

Function 

Starts execution of the cross assembler 

Terminates execution of the cross assembler 

Assignment of assembly execution and control data and assembly listings 

x=(:) x : Assembly control 

A : Assembly needed 

y=(~) p : Designation of cataloging function 

y : Assembly listing 

Z =(~) z : Control data listing 

L: listing needed 

N: No listing needed 

Assignment of the control file name (max. 6 characters) 

Assignment of the source program file name (max. 6 characters) 

Assignment of the object file name (max. 6 characters) 

Assignment of Input device for the control data and source program 

x=(~) x: Control data Input 

y: Source program input 

y= (~) C : Punched card Input 

p : Disk Input 

13-10 
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CROSS ASSEMBLER 

Table 2 Pseudo instructions 

Classification Mnemonic Instruction Function 

TTL Program title declal·ation Declares the program title 

Assembler control PAGE Program counter paging Sets the counter to the top address of the next page 

instructions ORG Program counter setting Sets the counter to the top address of the program 

END End declaration Declares the end of the program 

Symbol value equlv-
alenca instruction EOU Symbol value setting Sets a numeral value to the specific numeral symbol 

list control instruction EJE Page eject declaration Advances the printout form to the next page during output 

SIN Data Input Reads the Input data 

RIN Mode cancellation Cancels" * *" mode Input 

SOlS Display content prtntout Prints cut the contents of th~ display 

RDIS SOlS presetting Enables execution of the SDIS instruction 

System simulator sse Step counter selection Selects the step counters 

control Instructions RSe sse presetting Enables execution of the sse instruction 

wse Step counter content printout Prints out the contents of the step counters 

RWSe wse presetting Enables execution of the wse instruction 

SINT Terminal input Starts Input from the terminal Jsslgned 

RINT SINT presetting Validates execution of the SINT instruction 

3. Language Format 
The following format should be used in coding programs in 

this cross assembler. 

The single-line statement is composed of the label, in

struction, operand, comment, and identification fields. 

The format of the source statement is fixed as indicated in 

Fig. 1. Although the constant is usually a decimal number, 

it may be expressed by hexadecimal notation when defined 

by pseudo instructions and control data. 

An asterisk (*) in the first column of a line indicates 

that the entire statement is used as a comment field. 

The following are valid characters for use in'statements: 

Alphabetics: A-Z 

Numerics: 0-9 
Special characters: ;=,T@$+-*/!&( ).#%< 

> ? (space) 

Fig. 1 Source statement format 

1 2 3 4 5 6 7 8 9 101112131415 16 ~~~ 7172 73 74· 80 

IIInS1rUC1ioni ~ Ilden1lflca~ 
Label field field Operand and comment field tlon field 

-----t 

(1) Label field 

The value of the program counter at that time is set to 

the label. The number of characters used for a label is 

limited to a maximum of 6, and any of the alpha

numerics and special characters specified above can be 

used. However, an asterisk n cannot be used in the 

first column of the label field. 

(2) Instruction field 

Mnemonic codes are written in this field, left-justified. 

For pseudo instructions, any of the mnemonics among 

the assembler-control instructions, numeric symbol 

definition instructions, list-control instructions, and 

system simulator control instrtJctions may be used. 

(3) Operand field 

Parameters of the instruction are specified in this field. 

This field contains the label, defined symbol, or numer
ical value. The operand is stated from the 14th column, 

left-justified. 

(4) Comment field 

Whenever the operand is followed by more than one 

space to the end of the statement, the successive 

columns may be used for comments. 
(5) Identification field 

The use of this field is optional. Many find it conven

ient to use this field for a sequential identification card 

number. 

• MITSUBISHI 
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MELPS 4 SOFTWARE 

CROSS ASSEMBLER 

ASSEMBLY LIST FORMAT $$$$$$$ERROR xxx$ 

A source program prepared and assembled in the format 
indicated in the preceding paragraph may produce source, 

symbol table, cross reference, and ROM page list printouts. 
The format of an assembly list produced as an example is 

shown in Fig. 2. Please note that pages, locations, and 

object codes are indicated in hexadecimal notation. 

where "x x x" indicates the type of error by a numerical 

code. 
In the case of warnings, the following message is printed 

between SEQ (sequential number) and LOe (location 

number): 
*Wx * (where "x" indicates the degree of warning) 

MESSAGE FORMAT 
Error and warning messages are printed out on the assemble 
list. In the case of errors, the message is printed out under 
th'e respective statement in the following format: 

In addition the total numbers of errors and warnings are 
printed on the last line of the assembly list. The cross

reference list, however, will not be produced when any 

errors are indicated. 

Fig. 2 Assembly list format 

TITLE SPECIFICATION STATEMENT 

...------ PAGE OF ROM ADDRESS (HEXADECIMAL FORM) 

(XX PAGE) 
PAGE OF LlST--:L-, 

SEQ. L 0 C. B R P / A. 0 B J. 
.~ 

XXXX*WX *xx 00100 XXXX~. * - - - • 7 * ... 8 

I- ! --+- -+---f 
SEQUENTIAL 1 

~ ~~ ~I'------------------+~----~~ l L SOURCE STATEMENT ~IFICA~ 

NUMBER 

WARNING 

LOCATION 

Example of an assembly list 
An actual example of an assembly list, for 
an assembly made with the MELPS 4 
cross assembler, is shown in Fig. 3. 

FIELD 

OBJECT CODE (HEXADECIMAL FORM) 

BRANCH PAGE AND ADDRESS DESIGNATION 

E)(APlPL.E !lROGRAM P. 1 
( 00 PAGE ) 

SEC. I..OCI.BRP/A. OBJ ............ l ••••••••• Z .... S"URCE STATfMENT ••••••••• 5 ••••••••• 6 ••••••••• 7 ••••••••• 8 

TTL. EXAMPLE PR OGRAJIII------ ------------- - --.- --- - -- ------------ ---------~ 

• FILE g:*A E~C~ANGE ::::::::::::::::::::::::::::::::::::::::::::::::::"(1) · Fig. 3 Example of an assembly list 
DIGMAX EOU 

00 '" LZ 
01 OEIOO 100 " 

13 
0 
)(CGOZ 

OIGMAX=13 -----------~---------- - -------------@ 

EXCHANGE FO & F2 ---------------------------(3) 

EXAOOOIO 
EXA00020 
EXAOO030 
EXAOO040 
EXAOOOSO 
EXAOO060 
EXAOO070 
EXAooooa 
EXA00009 

<D, The program name is declared as "EXAMPLE 
PROGRAM". 

(2) It shows that the start of the program was set to page 
o address 0 by means of the program counter setting 
instruction. 

@ An asterisk (*) In the first column indicates that the 
entire statement is a comment. 

@ Numeric value 13 (decimal number) is assigned to the 
symbol DIGMAX by means of the symbol value 
equivalence instruction.' 

13-12 

~;~~::~~ ~~ : ~~ :::::::::::::::::::::::::::~ d OZ :JEIOI IOl " .(CG13 

• 03 I'IE/07 l07 3M ICCGZ3 
Hi 04 000 "'. II -------.. ~ --------- --- --- ---_. --- -- -- -. -. --- -. ---. <Il EXAOO 100 

12 ORG E,O 
13 ... SUBROUTINE FILE EXCHANGE 
l4 · l> EXCHAr..GE FILE M( 2,X,o-DIGMAX I 

EXAOOllO 
EXAOO120 
EXAOOllO 
EXA00140 
EXA00150 
EXA00160 
EXAOO170 
EXA00180 
fXA00190 
EXAOO200 
EXAOO210 
EXAOO220 
EXAOO2l0 
EXAOO930 
EXAOIOIO 
EXAOI020 
EXAOI030 
EXAOI040 
EXAOI050 
EXAOI060 
EXAOI070 
EXAOIoao 
EXAOI100 

,. · 11 00 OCO ;(CG02 LXV O,DIGMAX 
18 01 ODD XCGll LXV ltDIG"AX 
19 · 20 oz 0 •• LSL4 TAM , 
21 03 0.2 <A, , 
22 04 06. XA"D 0 
23.WO*05 l02 ., LBL,4 

" O. ". OT 

" 2. 01 CEO XCG23 LX' 2913 

" · COM "ON ROUT! NE !JTART ,. · ,. '" O.S L8L5 TA. 1 
3. O. O., XAM 1 
3l OA D •• XAMD 0 
32."'0*08 108 8. LSL5 
3l oc " . .T .. END 

@ The label XCG02 is assigned by means of the 8M 
instruction during the assembly process. and calls the 
subroutine starting at page 14 address 00. 

@ The label XCG13 is assigned by means of the 8M 
instruction during the assembly process. and calls the 
subroutine starting at page 14 address 01. 

(f) The label XCG23 is assigned by means of the 8M 
instruction during the assembly process. and calls the 
subroutine starting at page 14 address 07. 

@ This whole statement line is used as a comment field. 

• MITSUBISHI 
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EXCHANGE FO :g:g:~=:~~ ~ ~~~~:g~~=:~~:$' EXCHANGE Fl 

8M IS EQUIvALENT WITH B ON PAGE 14/--"-@ 

EXCHANGE Fz (O-DIGMAn & F3(0"OIGMAXI 

@ The numerical value 0 is loaded in register X of 
the data pointer and 13 (decimal number) in register 
Y by means of the LXV instruction. As written. 
the results of this LXV instructio'n are nullified by the 
re.sults of the following LXV instruction. 

@! The ·numerical value 1 is loaded in register X of the 
data pointer and 13 (decimal number) in register V 
by means of the LXV instruction. 

® The 8M instruction in this case assigns the branch 
address of the label LBL4 to address 02 of page 14. 



DESCRIPTION 
The MELPS 4 simulator software has been prepared for 

facilitating program debugging for application programs 

suitable to equipment using single-chip 4-bit microcom

puters. It also allows a significant saving of program

development time. 

With this simulator, each instruction of the microcom

puter is executed on a host computer just as though the 

program were being executed on an actual microcomputer 

system. This allows confirmation that the operations and 

sequences of a program are correct before the microcom

puter system is built. Various control commands such as 

traces and halt tables are available for use during program 

development. The program, which was assembled and 

stored in disk storage by the MELPS 4 cross assembler, 

can then use this simulator to simulate its execution. The 

results of the simulation are printed out along with other 

helpful information for verification and debugging of a 

program under development. 

FEATURES 
• Trace and halt tables 

• 20 control commands 

• 10 control instructions that can be used along with 

pseudo instructions during source-program preparation 

• Selective printout of input data for verification 

• Selection of display digits (1~12 digits) 

• Indication of each register, I/O port and memory file, 
etc 

INPUT/OUTPUT MEDIA 
• Object input: 

• Control commands: 

• Execution commands: 

• Trace dump: 

• Simulation: 

• Messages: 

APPLICATIONS 

Cartridge disk storage 

Punched card/keyboard and 

input data 

Keyboard input 

I nput/output of the table by 

paper tape 

Output of the result through 

the line printer or the system 

typewriter 

System typewriter 

• In conjunction with the MELPS 4 cross assembler as a 

tool for developing application programs for 4-bit 

microcomputers 

• Especially useful for debugging programs prepared for 
the M58840-XXXP 

FUNCTIONS 
Various control commands are provided by the MELPS 4 

simulator to help determine if the program is operating 

properly according to original specifications. These control 

commands can set operating conditions and halt program 

PROGRAM ORDERING INFORMATION 
Program name Ordering number 

MELPS 4 Simulator Manual 

MITSUBISHI MICROCOMPUTERS 

MELPS 4 SOFTWARE 

SIMULATOR 

process, while indicating the system status, CPU state, and 
memory contents_ 

This simulator has 20 control commands, including trace 

dump, trace and halt tables, clear, printout of tables, set 

registers or stack pointers and carry flags, selective print

out of input data, input/output of paper tape, etc. that 

may be used to facilitate debugging. 

It also has 10 simulator-control pseudo instructions 

that may be assigned during the preparation of the source 

program. 

MELPS 4 SIMULATOR PROCESSING SYSTEM 

S 
EXECUTION 
COMMAND 

MESSAGE 

<:3 

Simulator 

BINARY OBJECT PROGRAMS 

Binary object codes stored in the disk file (BDISK), 

generated by the MELPS 4 cross assembler, are processed in 

this program according to the conditions given by the 

control commands, and the result can be selectively printed 

out on the line printer or the system typewriter. Input and 

control data can be input through the card reader or the 

keyboard depending on the mode selected. 

Input data format 

I nput data format of the simulator is shown below: 

XXYY'Jnl nl nl nl nlUn2 n2 n2 n2 n2 
where, "XX" (or *, $) indicates the input symbol, and 

"YY" (or", **. ON, OFF) the input mode symbol. 

• "nl nl nl nl nl" the analog value (digital) under on-state. 

"n2 n2 n2 n2 n2" the analog value (digital) under off-state. 

Control command input format 

Normally, the control commands are expressed in the 

following format, but its relation with control commands 

is described in Table 1. 

/ / /XX u(parameter) 

where, "XX" indicates the mnemonic of the control 

command. II 
There are two input modes: type-in mode or batch mode., 

But the simulator start ST command should be entered 

from the keyboard. 

Software manuals included 

MElP$ 4 simulator OBI SM 0001 MELPS 4 Simulator Operating Manual GBM-510-01A(93AO> 
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Table 1 Simulator control commands 

~tem 
Functional 
classification 

-g 
E 
E 
8 

~ 
8 
c 
0 

'5 
~ 
Jj 

Start condition setup 

Load program 

Command input 
reassignment 

Finish simulation 

Trace 

Halt 

Data setup 

Data printout 

Dump table 

Data input 

Program start 

TYPICAL APPLICATION 

Control commands 

Action 

Starts simulation 

Loads the object program 

Reassigns the control command input 

Stops simulation 

Trace region assignment started 

Trace region assignment discontinued 

Printout of the trace table 

Halt-point assignment started 

Halt-point assignment discontinued 

Printout of the halt-point table. 

Initialization of the program counter. registers, 
memory file, etc 

Resets of the program counter registers. 
memory file. etc 

Printout of the data in the program counter. 
register, memory file. etc 

Dumps the trace and halt-point tables 

Reads the trace and halt-point tables 

Printout of the input data 

Release of input data printout 

Oevice assignment for data Input 

Continuance of program execution 

Program execution 

Once the command ST and its parameter are typed in 

through the system typewriter keyboard, successive com

mands may be entered through punched cards or the 

system typewriter keyboard_ The command input device 

may be changed at any time by using the CM command. 

Simulation is started on the object file in the disk storage 

that was stored there, after assembling, by the MELPS 4 

cross assembler. When the MELCOM 70 is used, the simu

lator program should be called by the command EXEC 

SIML4 to start simulating operation. 

The following commands must be assigned when tracing 

and executing the simulated program. Assignment of the 

input and printer devices, along with selection of the 

desired list printout, is entered by the ST command in 
the format ST, X, y, Z. Here X represents the input device 

(S for the system typewriter and C for the card reader). 

Y represents the output device on which the simulation 

result is printed out (L for the line printer device and S for 

the system typewriter and W for both). Z represents the 

Mnemonic 

ST 

LO 

OM 

FN 

TS 

TO 

PT 

HS 

HO 

PH 

MM 

OL 

OM 

OT 

RT 

PK 

NK 

OV 

RN 

RS 

Functions 

Designates the control command input device and the 
simulation result output device and assigns control data output. 

loads the absolute object program 

Changes the command input device to another device 

Terminates the program execution, and control is returned to 
the monitor 

Assigns trace regions where the contents of the program 
counter. registers. and memory file will be printed out while 
being executed 

Discontinues trace region assignment 

Prints out the trace table 

Assigns halt points by page number, address and times of 
execution 

Discontinues halt-point assignment 

Prints out the halt-point table 

Sets the initial data to the program counter, registers, I/O ports, 
memory file. etc. 

Resets the program counter. registers. I/O ports, memory file, 
etc 

Dumps the contents of the program counter. registers. I/O 
ports. memory file. etc 

Outputs the contents of the trace and halt-point tables on 
paper tape 

Inputs the data of the trace and halt-point tables from paper 
tape 

Prints out the contents of the periodical Input data while the 
program is in execution 
Releases printout of the contents of the periodical input data 
while the program is in execution 

Assigns the input device for the input data 

Starts to execute the program without changing the contents 
of the program counter. registers. I/O ports, memory file, etc. 

Starts to execute the program after initializing the contents of 
the program counter, registers. ilO ports. memory file, etc. 

need for the control data list output (L to output the 

control data list and N for omitting output). 

The stored object program (BDISK file) is loaded by the 

simulator with the LO command in the format: LO file 

name. 
The CL and MM commands should be used when initiali

zation is required. When the program counter, registers, I/O 

ports, and memory file are to be cancelled, the command 

CL may be used. The format of the MM command is: 

MM XXXX = nnnn 

It is used in setting initial values. XXXX represents the 

symbol or numerical figure by which the program counter, 

registers, I/O ports or memory files are designated. And 

nnnn represents a parameter to be given. 

Entry of the HS command: 

HS pp: aa, nnnn 

will make the machine halt at address aa of page pp after 

that instruction has been executed nnnn times. 

Entry of the TS command: 

TSPIPl:a\a\,P2P2:a2a2 LRJ LMJ 
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sets flags to make a trace effective from address a1a1 of 

page P1P1 to address a2a2 of page P2P2. R designates the 
output of the contents of the registers and M the memory 

file. 
When the OM command is executed, the contents of 

each register and memory file at the time are printed out. 
Program execution is commenced with the RS or RN 

command and continues until a location is reached that 
has been designated by the parameter of an HS command 

to print out its result. The RS command designates a start 

after cancelling the contents of the program counter, 

registers, I/O ports and memory file. 
The assignment of the trace region is discontinued with 

the TO command, and the halt-point assignment with the 

HO command. The trace table is printed out with the PT 

..... :tUD.~n. m."'K"'-Vmr-U. o;,K-. 
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command, and halt-point table with the command PH, 
whenever required. Paper-tape dump and input of the trace 
and halt-point table is assigned with the OT and RT 
commands. To set up for input data, there are the PK 
command, which prints out the contents during the execu
tion of selected data input, and the NK command, which 

discontinues printing. For the assignment of the input 
device, the OV command is provided. 

Besides the above commands, 10 simulator-control 

pseudo instructions are used during source-program prepa
ration and during simulation. 

A typical example of the use of the MELPS 4 simulator 
control commands is shown in Table 2, and the results of 
a simulation example of the assembled program of Fig. 1. 
is shown in Fig. 2. 

Table 2 Example of the use of simulator control commands 
r--A typical example of 

control commands Function of the control command and its parameter(s) 

ST S,L.N To start simulation, the I/O are assigned and control data is omitted or output. In this example, command input is assigned"to the system typewriter. 
printout is assigned to the line printer. and the list of the control data is omitted. 

LO BFILE The file stored in the disk (BDISK) whose file name is BFILE is loaded. 

CL The program counter, registers. 110 ports and file memory are cleared and set to intial values. 

HS 0: 5 , 2 This aSSIgns a halt-point. In this\example it will halt after the second execution of the instruction in address 5 of page O. 

TS 0: 1,E: F,R, This command designates a trace from address 1 of page 0 to address F of page E. and orders display of the' contents of the program counter, 
registers, and I/O ports after completing tracing. 

PT This command prints out the, trace-dump table. Assignments made by TS commands can be verified by this command. 
PH This command prints out the halt-point table. Assignments made by HS commands can be verified by this command. 
MM 0, 1-2 The contents of column 1 of the memory file F 0 are set to 2. 
OM The contents of the program counter, registers, I/O ports and memory file at the time this command is executed are printed out. 
RN Program is started without changing the contents of the program counter, registers, I/O ports and memory file 

Fig. 1 Example of assembled program 

EXAMPLE PROGRAM P. 
( 00 PAGE ) 

SEC. LOC~.8Rl>/A. OBJ ••••• * •••• 1 •••• * •••• 2 •••• SOURCE STATEMENT ••••••••• 5 •••• * •••• 6 ••••••••• 7 ••••••••• 8 

1 
2 
3 
4 
5 
6 00 04A 
7 01 PE/OO 100 
8 02 CElOl 101 
9 0.3 IlEl07 107 

10 04 000 
11 

12 
13 
14 
IS 
16 
17 00 OCD 
IB 01 ODD 
19 
20 02 Ob6 
21 03 062 
22 04 068 
23*WO",05 102 
24 00 044 
25 
26 07 OED 
27 
28 
29 09 065 
30 09 061 
31 OA 068 
32*WO",Oa 108 
33 OC 044 
34 

TTL I!-XAMPLE PR OGRAM --------- -- -- - --- ------ ------------ --- -- - ------ ---.CD 
ORG 0.0 ------------------------------.-------------------@ 

'" riLE DATA EXCHANGE - -- ---_. ----- - ------ --------------------- ---.-----@ .. 
DIGMAX EOU 13 D IGMAX= 13 --- --------.---- --------- ------ --- --@ 

LZ 0 
8M l(CG02 EXCHANGE FO & F2 -------.-------------------@ 
6M )(CGI3 E.XCHANGE Fl & ~~ :::::::::::::::::::::::::::~ 8M XCG23 EXCHANGE F2 .. 
NOP .. --------------------------------------------------@ 

ORG E.O .. 5Uol<OUTINE FILE EXCHANGE .. .. EXCHA~GE FILE M( 2.X. O-DIGMAX) 

'" XCG02 U(y 
XCr,13 LXV 

* LBL4 TAM 
XAM 
XAMD 
8M 
In .. 

XCG23 LXV 
* COMMON 
* 
L6L5 TAM 

XAM 
l(AMD 
BM 
~T 
END 

O.DIGMAX EXCHANGE FO (O-DIGMAX) 
I.DIGMAX EXCHANGE F1 (O-DIGMAX) 

2 
2 
0 
LBL4 8M I:; fOUIVALENT WITH 

2013 
ROUTINE 

1 
1 
0 
LBLS 

EXCHANGE 
Sf A~T 

• MITSUBISHI 
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F2 (O-DIGMAX) 

& F2(0-DIGMAXl--$ 
& F3(0-DIGMAXI'-

B ON PAGE 14-----,@ 

& F3(0-DIGMAX) 

EXAOOOIO 
EXAOOO20 
EXAOO030 
EXAOO040 
EXAOO050 
EXAOO060 
EXAOOO70 
EXAOOOO8 
EXAOOO09 

EXAOoioo 

EXAOOllO 
EXAOO120 
EXAOO130 
EXAOO140 
EXAOO150 
EXAOO160 
EXAOO170 
EXAOO180 
EXAOO190 
EXA00200 
EXA00210 
EXA00220 
EXA00230 
EX.A00930 
EXAOIOIO 
EXA01020 
EXAOI030 
EXAOI040 
EXAOI050 
EXAOI060 
EXAOI070 
EXAOI080 
EXAOIIOO 
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Fig. 2 Example of simulation results 

•• START $IIIULATOR Of "ELPS 4 •• 

1111..0 OFiL E --- ------------------ ------ ----- --- -- -- --- -- ---- --- -- --- ------- <D 

EXA"PLE I'ROGRAM 

CONTROL 9ATA f ILE=Cf ILE 
SOURCE flL E=$F ILE 
OBJECT F ILE=OF ILE 

IIICL 

IIIHH PRoc,=O:O 

lilTS O:O~O:4,R,H 

IIIHS 0:4.1 

II lTD 

lilTS O:O.O:5,R,M 

II/PT 

--- --- --- ----------- --- ---- --- -- ---- --- ---- ----- --- -- -- --- ----- <Z> 

------- -- -.---- - - -- - -- --- -- -- -- - -- -- -- -- --- -- - -- - - -- -- - -- - -- ---- @ 

--- -- --- - --- --- --- --- --- -- - --- --- -- -- --- -- --- --- --- --- --- -- ---- @ 

--- ---- -- --- --- -- ---- --- -- -- -- --- --- ------ -- --- ------ --- --- --- - C5l 

-- ---- --- --- --- --- -- - - - - --- --- -- -- -- --- --- - ----- -- --- --- ---- -- - @ 

--- -- -- - -- -- - -- - - - - -- - -- -- -- - - - -- - -- - - - - -- - -- --- - -- -- - -- - -- - --- (j) 

- -- - - -- - -- - - - -- -- -- - - - -- -- - - - - - -- - -- -- - - - -.-- -- - - - -- - - - - - -- - -- - @ 

-- -- -- -- ---- -- ---- -- -- -- ------ -- - -------- -- -- -- - -- -- -- --- -- -- -- @ 

••• TRACE DUM!> TABLE ••• 

NO.1 .. _- 00:00 00:05 R.M 

IIIOH -- -- ---- -- -- -- -- -- -- ---- -- ---- -- - -- -- -- -- -- -- -- - --- -- - -- -- -- -- - @ 

.PC = 00:00 1/'/51. 00:00 IYA 5KO 00:00 SKI = 00:00 $K2 = 00:00 -------- ® 

CP$ = 0 ACC " CYI = 0 DPI Z ,x tY g:g:~ } ._.---.---.------------------------- @ 
02 = 0 OP2 Z ,x tY 

PORT. O-E OOOOOO~OOOOOOOO 0 O-A ggggo ggggoo }-__________________________ 0 0-7 0000 0000 $ 0-7 

INT = 0 I NTEF = 0 1t4IHL = H ------------------------------------------ 9 

REG. B = 0 ~ = 0000 0000 C -.---------------------------------------- @ 

A 9 4 3 i 0 

FO • 3 P 0 0 0 0 0 2 0 0 0 0 0 I 
FI A 9 ~ 0 0 0 0 0 0 7 (] 0 0 0 0 6 
F2 F E 0 0 0 0 0 0 0 C 0 0 0 0 0 B ---------------- @ 
F3 B 7 6 0 0 0 0 0 0 5 0 0 0 0 0 4 
F. a a 0 0 0 a 0 0 0 0 a 0 0 0 0 0 
FS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
F6 0 0 0 0 0 0 0 tJ 0 Q 0 0 0 0 0 0 
F7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

II/RN --------------------------------------------------------------- @ 

IIIDH -------.------------------------------------------------------- @ 

••• DUMP OF HEMOP.I" ••• 

PC = 00:0:..0 INST. 00:0. ~P SKO 00:00 SKI 00:00 SKZ 00:00 

CPS = /ICC CYl = 0 DPI Z,X,Y 0,2,F 
CY2 = 0 DP2 z.x.y 0,0,0 

PORT. J O-E 000000'100000000 0 O-A 00000 000000 
E 0-7 0000 0000 $ 0-7 = 0000 0000 

JNT = 0 I "TEF = ~ It4THL = H 

REG. B = 0 H = 0000 0000 0 

A 9 8 7· 6 0 

FO 5 • 0 0 0 0 0 o· 0 c 0 0 0 0 0 B 
FI A 9 6 0 0 0 0 0 0 5 0 0 0 0 0 4 
FZ F E 8 0 0 0 0 0 0 7 0 0 0 0 0 6 ---------------- @ 
F3 B 7 3 0 0 0 0 0 0 2 0 0 0 0 0 I 
F4 0 0 0 0 0 0 0 0 0 () 0 0 0 0 0 0 
FS (1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
F6 = 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
F7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

IIIFN ---- ----- --- -- -- ----- -- - -- - - - - -- - -- ---- ---- - ---- -- --- -- -- --- - -- @ 

•• ENil Sir-ULMON OF MELPS 4 •• 
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<D The file stored in the BDISK whose file name is OFILE 

is loaded. 

<2> The program title that was declared at the time of 

source program preparation is printed out. 

(3) The contents of the program counter. stack pointer. 

registers. I/O ports and memory file are cancelled and 

set to initial conditions. 

@ The contents of address 0 of page 0 of the object 

program is printed out on the system typewriter by 

means of the data setup command in order to allow 

alteration in the program code and to identify correct 

loading of the program. 

@ Tracing is directed from address 0 of page 0 to 

address 4 of page 0 and the contents of the registers 

are displayed. 

@ This assigns a halt after once executing the program 

in address 4 of page O. 

(j) Tracing designation in step (5) is discontinued by 

releasing the trace-region assignment. 

@ A new trace region is assigned. In this example. 

tracing is directed from address 0 of page 0 to address 

5 of page O. and the contents of the registers and 

memory file are to be printed out. 

<ID The trace table is printed out in order to confirm that 

the trace has been registered correctly. 

@! This prints out the contents, in their initial states, of 

the program counter. registers, stack pointer, I/O ports 

and memory file. 

@ The. contents of the program counter, stack pointer. 

etc .. are printed out. 

@ The contents of CPS, (either one of a pair of the data 

pointers or the carry is selected). ACC (accumulator), 

CYl and CY2 (carry). DPl and DP2 (data pointer), Z 

(file assignment) and Y (digit designation in the file) 

ar~ printed out. 

@ This indicates each bit in the contents of the ports 0 

and S and the registers J and E. 

~ This indicates the contents of the interrupt request INT. 

interrupt acknowledge flag INTEF and the condition 

given for the INTHL. 

@ This indicates the contents of the registers. B. H. Land 

C, respectively. 

@ The contents of the memory file before the execution 

of the program are printed. 

@> The program execution is started. and trace is carried 

out in accordance with the assignment given at 

step @ and continues to indicate the contents of 

registers and memory file and then to halt at the halt 

point designated in step @ . 

o The DM command is ente'red to print the contents of 

registers, etc .. at the time the execution is terminated 

@ This shows that each file in.F 01 and 'F 2' is exchanged 

with F 1 and F 3: after executing the program shown 

in Fig. 1. 

@ The simulation is now terminated, and control has 

returned to the monitor. 
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PAPER-TAPE GENERATION PROGRAM FOR PROM WRITERS 

DESCRIPTION 
MELPS 4 PROM writer paper tape generation programs are 

used to convert the absolute binary object program 

generated by the MELPS 4 cross assembler into another 

format that can be used in a PROM writer. The program 

is output on paper tape in the new format. 

With this program, a binary object program can easily be 

converted to hexadecimal object format that can be pro

grammed directly into a PROM. It can produce paper tapes 

that meet the requirements for various types of PROMs and 
PROM writers because of its functional versatility. 

FEATURES 
• Outputs the binary object program in the disk storage 

to paper tape in hexadecimal format 

• Paper tape output can be partitioned with a simple 

control command 

• May be used in conjunction with the MELPS 4 cross 

assembler 

• Execution computer: MELCOM 70 Minicomputer 

(memory capacity more than 16K words, monitor 

BDOS) 

• Programming language: FORTRAN IV (parts are written 

in assembly language) 

PROCESSING SYSTEM 

INPUT/OUTPUT MEDIA 

• Input: 

• Output: 

Cartridge disk storage 

Paper tape (ASCII code, even 

parity) 

• Control command input: Through the keyboard of the 

system typewriter 

• Messages: System typewriter printout 

APPLICATIONS 
• For preparing programs for 1 K words X 8·bit EPROMs 

(M5L2708S), etc., which are to be programmed by 

PROM writers supplied by Takeda Riken or Minato Elec· 

tronics. 

FUNCTIONS 
This program is used for converting the absolute binary 

object format programs generated by the MELPS 4 cross 

assembler to hexadecimal object format compatible with 

the PROM writers manufactured by Takeda Riken (T310) 

and Minato Electronics (model 1380). The paper-tape 

output is partitioned in accordance with PROM capacity 

(number of bytes). 

GENERATED BY MELPS 4 
CROSS ASSEMBLER 
(BDSIK FILE) 

MESSAGES 

PAPER TAPE GENERATION 
PROGRAM 

(OBJECT CONVERSION 
ROUTINE) 

PROCESSED BY MELCOM 70 

~---~--____ ~--I~--~ 

~ ~ 
HEXADECIMAL PAPER TAPE FOR 
TAKEDA RIKEN PROM WRITER 

HEXADECIMAL PAPER TAPE 
FOR MINATO ELECTRONICS 

PROM WRITER 

PROGRAM ORDERING INFORMATION 
Program name Ordering number Program and software manuals inctuded 

MELPS 4 GBISPOOOl MELPS 4 paper tape generation program for PROM writer manual 

paper tape generation program for PROM writer MELPS 4 paper tape generation program for operating manual GBM-SRlO-01 A(93AO > 
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PAPER·TAPE GENERATION PROGRAM FOR PROM WRITERS 

PROGRAM PROCESSING Example of Object Conversion 

The program has conversion routines for Takeda Riken's 

and Minato Electronics' PROM writer. Select T 1 mode (for 

Takeda Riken's PROM writer) or Ml mode (for Minato 

Electronics' PROM writer) through the system typewriter 

keyboard. Then the object program is converted to paper 

tape compatible with the selected PROM writer. When a 
(BDISK file) file name is called, a paper tape is output for 

The program at present can output 1 K-word units of paper 

tape up to a total of 4K words. An example is shown in 

Fig. 3. 

Error Processing 

When an error is encountered during object conversion, a 

message will be printed out in the following format: 

$$$$$$$ XXX$ 

the PROM writer. When a number of programs are to be 

converted from the same file, successive calls can be made 

until all the programs are converted. Termination of the job 

is directed with the E command, and control is then 

returned to the monitor. 

where, XXX indicates the error code. 

Fig. 3 Example of object conversion 

ABSOLUTE 
BINARY OBJECT 

The object file consists of name and text segments. The 

data to be converted is contained in the text segment. In

struction codes stored after sector 1 of the disk that 

correspond to machine instructions are converted to 

hexadecimal codes and output to paper tape. 

OOOEJ _ ::§; 
_ 3FF 

000 
3FF 
000 

Example of Hexadecimal Paper Tape Format 
3FF 

This program can generate paper tapes for Takeda Riken's 

PROM writer and Minato Electronics' PROM writer. Exam
ples of both formats are shown in Figs. 1 and 2. 

Fig. 1 Example of hexadecimal paper tape format of Takeda Riken 

< f I I 1~1~1#lololol,I~I~IDIDI'I--1----m-I)I~I~1 H) 
~ '---v-----' ~ '----y---' '--v-~ 

SPROCKET TITLE I DATA SPROCKET 
HOLES (MAX 25 ~ BIT 0-7 HOLES 

MORE THAN CHARACTERSI PAGE PRINT MORE THAN 
100 HOLES (PAGE 0-7 100 HOLES 

OR 
PAGE B-FI 

BIT 0-7 

'-----v---' '-..-- ~ 
TITLE PAGE PRINT DATA SPROCKET 

(PAGE 0-7 (BIT 8. HOLES 
OR REMAINING 

PAGE 8 - FI BITS 01 
BIT 8 

MORE THAN 
200 HOLES 

Fig. 2 Example of hexadecimal paper tape format of Minato Electronics 

< I [:1 ~ 1 ~ 1 [ 1 ~ 1 ~ 1 # I a 1 a 1 a I ~ 1 ~ 16 1 DID 1 L+ -n n ___ I ] I ~ 1 ~ 1 I) 
'----v--'~ ~,~ 
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SPROCKET TITLE I DATA SPROCKET 
HOLES (MAX 25 • BITO-7 HOLES 

MORE THAN CHARACTERSI PAGE PRINT MORE THAN 
100 HOLES (PAGE 0-7 100 HOLES 
. OR 

PAGE 8-FI 
BIT 0-7 

\ I 1~1~1[1~1~1#IOIOIOI~I~16IDIDI6Inhn_--IJI~I~1 ) 
'-------.r--"- ~ '--v----' 

TITLE PAGE PRINT DATA SPROCKET 
(PAGE 0-7 (BIT 8. HOLES 

OR REMAINING MORE THAN 
PAGE 8-FI BITS 01 200 HOLES 

BIT 8 
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DESCRIPTION 
The MELPS 41 cross assembler has been prepared for the 

development of application programs suitable to equipment 

using the M58494-XXXP single-chip 4-bit CMOS micro

computer. 

This cross assembler allows coding in free formats for 

improved programming efficiency and permits the use of 

various input media. It also provides program versatility 

for changing instruction codes and functions thanks to the 

control commands and control data employed. 

FEATURES 
Of the Cross Assembler 
• Free-format coding. 
• Various source-input media available' 

• I nstruction codes and functions easily changed 
• Catalogues the control data in disk storage 

• Constants can also be expressed in non-decimal formats 

• Numerical formula in the operand field can be processed 

• Printouts available from the tables and cross-reference 

lists 
• Execution computer: MELCOM 70 (memory capacity 

more than 24K-words, monitor BOOS) 

• Implementation language: FORTRAN IV (parts are 

written in assembler language) 

Of the Assembly Language 
• 9 pseudo instructions 

• 1 macro instruction 

• 93 machine instructions 
• The constants of the machine-instruction operand 

field can be defined using decimal numbers. 

THE PROCESSING SYSTEM 
CONTROL DATA 

CJt:Jtj 

.SOURCE PROGRAM FILE 
eCONTROL-DATA FILE 

.ASSEMBLY LIST 

.CONTROL-DATA LIST 
eSYMBOL LIST 
eCROSS-REFERENCE LIST 

MITSUBISHI LSI. 

MELPS 41 SOFTWARE 

CROSS ASSEMBLER 

INPUT/OUTPUT MEDIA 
• Source input: Punched cards, punched tapes, 

magnetic disk, and magnetic 

tape 

• Control-data input: Punched cards, punched tapes 

and magnetic disk 

• Control-data command: Punched cards and system-

• Object output: 

• Output lists: 

FUNCTIONS 

typewriter keyboard 

Magnetic disk and punched 

tapes 
Line printer and system type

writer 

This cross assembler converts source programs written in 
the MELPS 41 assembly language to machine instruction 

codes, which are filed in disk storage in the form of binary 

absolute object codes. 

The MELPS 41 cross assembler is a 2-pass translator that 

provides data and control command analysis along with 

cataloging functions. 

Modifying the number of bits in an instruction code and 

setting mnemonic tables and numeric tables to constants 

can easily be accomplished by means of the control data. In 

this way, programming versatility is provided for changing 

functions, allowing the user free selection in defining the 
mnemonics of the machine instructions, etc. Codes corre

sponding to .the MELPS 41 mnemonics are displayed in a 

1 O-bit form. 

The MELPS 41 assembler language has 9 assembler 

COMMAND ERRORS 

CONTROL 
COMMANDS 

eERRoR AND WARNING LIST •. 
OBJECTS 

~--~------------------~. 
PROGRAM ORDERING INFORMATION 

Program name 

MELPS 41 cross assembler 

Ordertng number Program and software manuals included 

MELPS 41 Assembler Language Manual 

GB1ASOOio3 MELPS 41 Cross Assembler Manual 

MELPS 41 Cross Assembler Operating Manual 

• MITSUBISHI 
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control commands listed in Table 1 and 9 pseudo instruc· 

tions (see Table 2). 

CROSS ASSEMBLER 
This cross assembler facilitates assembly by using the com· 

mands listed in Table 1. The source program and control 
data can be input by punched cards, punched tapes, 

magnetic tapes and magnetic disks. The control data can 

also be input by using these types of media. It is very con· 
venient to prepare standard control data and store it in 
the magnetic disk if it rarely needs changes. The control 
data is processed by the control-command analyzing proc
essor, and the symbol table is created in pass 1. This is 

followed by pass 2, where each instruction is converted to 

machine language, while control data, labels and assembly 
lists are printed out as specified by the control commands. 
I n this case, the object codes in the assembly list are dis· 
played in hexadecimal form. The control commands, 

sequence numbers, location numbers for all pages, locations 
of the pages to be jumped to, and source statements are 

printed out. In addition, error and warning messages are 
displayed, followed by the output of ROM-page and 

cross-reference lists. 

OBJECT LANGUAGE 
The disk object file is composed of a name section and a 

text section. In the case of punched tapes, the file con
sists of a name section, text section and an end·of·tape 
section. 

The name section of a disk object file is filed on sector 

0, and stores information such as the total number of in

structions in the text section and control data. 
Table" Assembler control commands 

Command Format 

The text section is filed from sector 1, and con

tains the data that controlled the conversion of the source 

program into instruction codes and other related data 
necessary for execution by the simulator. 

ASSEMBLEV LANGUAGE 
The assembly language that the MELPS 41 cross assem
bler accepts consists of machine instructios, pseudo 

instructions, and macro instructions. 

1. Machine Instructions 
There are 93 basic machine instructions. These are con

verted to their corresponding machine codes and then 

assembled into an object program. For the mnemonics, in
struction codes and. their functional descriptions, please 
refer to the machine-instruction list of the M58494-XXXP. 

2. Pseudo Instructions 
Although the pseudo instructions are written in the source 
program together with machine instructions, they are not 

converted to instruction codes but are used to control the 
assembler. The instruction codes will be written in the 
ROM. 

The pseudo instructions include assembler-control 

numeric·symbol defining, list·control, and memory·address 
setting instructions. 

3. Macro Instructions 
These instructions give one·word expressions for combined 
used of several machine instructions. When internal or ex

ternal memory-address setting is to be carried out by using 

'LXx: 'L Yy: and 'LZz' RAM address instructions, for 

instance, the macro instruction (LZXY symbol) can be used 

instead. 

Function 

Assignment of assembly execution, object output. and control-data and assembly listings 

Input/output function assignment 

Input-device assignment control 

Output-deVice assignment control 

Control date 
File 

assignment 
control 

Program 

Object 

Date assignment control 

Execution-start control 

Execution-end control 

13-20 

IIIASM41 , X, Y, U,Z 
X = (A) X: Designation of assembly execution U = (0) U: Designation of object output 

P A: assembly needed P :'Cataloging function NO: Object output needed 

y = (N) Y: Designation of assembly listing Z = (L) Z: Designation of control·data 

L L : Listing needed N:I No listing needed N listing 

Assignment of input devices for the control data and source program and of magnetic-tape codes. rr o •• o.~ "-",.," ,~. n 
DC: Card reader 0 : Disk y _ 0 Y: Designation of source-

II/INPUT,X, Y,Z X = P P: Punched-tape reader M: Magnetic tap~ P program input 

N N: No input M. 

z=(~) Z : Code assignment E : EBCDIC code A :. ASCII code 

Assignment of object-output device and "character selection for the single output-list line 

lllOUTPUT, X, Y X =(D) X: Designation of object-output de.:~( c f: ~~:;~~~;~7no~ tl~:e no of 

P 0: Disk P: Punched tape Blank Ie: 80 characters Blank:'120.charact 

IIICDISK, XXXXXX .A.ssignment of the control-data file name (max. 6 characters) 

IIISDISK, XXXXXX Assignment of the source-program file name (max. 6 characters) 

II/BDlSK, XXXXXX Assignment of the oject file name (max. 6 characters) 

IIICDATE, YV, MM, DO Assignment of the year. month and day YY; Vear (2 digit) MM: Month (2 digit) DD; Day (2 digit) 

II/RUN 

IIIEND 

Starts execution of the cross assembler 

Terminates execution of the cross assembler 
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Table 2 Pseudo instructions 

Classification Mnemonic Instruction Function 

TTL Program title declaration Declares the program title 

ORG Program counter setting Sets the counter to the top address of the following program 
Assembler~ 

control PAGE Program counter paging Sets the counter to the top address of the next page 

instructions 
PAUSE Assembly pausing Stops the assembly for a short time (effective only for pass 1 execution) 

END End declaration Declares the end of the program 

Symbol value equi-
valence instruction EQU Symbol value setting Sets a predetermined value to a specific numeral symbol 

List-control EJE Page eject declaration Advances the printout form to the next page during output instruction 

Memory-address INTM Internal-memory-address setting Sets the internal-memory address to the specified symbol 

setting EXTM External-memory-address setting Sets the external-memory address to the specified svmbol 

Table 3 Macro instructions 

Instruction Function 

(1 )When the 4 is set by the INTM instruction, expansion is 

LZXY U±nl made into LXx and LYy instructions. 

(2)When the 4 is set by the EXTM instruction. expansion is 

made into LZz. LXx and LYy instructions 

Notel: i is specified by the INTM or EXTM instruction; symbol n is 
hexadecimal and O~n~4095 

4. Language Format 
The following format should be used in coding programs in 
this cross assembler. 

The single-line statement of the source program is com

posed of the label, instruction, operand, comment, and 
identification fields. Format of the source statement is 

free, as indicated in Fig. 1. Although the constant is usually 
a decirpal number, it may be expressed by hexadecimal 

notation when defined by pseudo instruction.s and control 

data. 

The following are valid characters for use in statements. 
Alphabetics: A-Z 
Numerics: 

Special characters: 
0-9 
;=,T@$+-*/!&( ).#% 
<>? (blank) 

(1) Label field 

The value of the program counter at that time is set to 

the label. Any of the alphanumerics and special char
acters specified above can be used. The character: 
(colon) is placed at the rear end of the label field. 

Fig. 1 Source statement format 

1 

However, an asterisk (') cannot be used in the first 
column of the label field. 

(2) Instruction field 

Mnemonic codes are written in this field. In addition 
to the machine instructions, use can be made of pseudo 
instructions such as the· assembler-control, numeric· 
symbol definition, list-control, and memory-address 
setting instructions. 

(3) Operand field 
Parameters of the instruction are specified in this field. 
The field contains the label, defined symbol, or numeri
cal value. It is usually necessary to leave a blank of one 

character or more behind the instruction. 
(4) Comment field 

This field is used for writing notes for the statement 

and is not converted to an object in the process of 
changing the source statement into its corresponding 

object. 

Writing an asterisk(*) in the first column of the source 

statement enables the whole statement to be used as a 

comment. 
Whenever the instruction or operand field is followed 

by more than one space, the successive characters may be 

regarded as comments. 
(5) Identification field 

The use of this field is optional. Many operators find 
it convenient to use it for the sequential identification 

card number. 

)j .In 731 180 

LABEL FIELD2 INSTRUCTION FIELD OPERAND FIELD COMMENT FIELD IDENTIFICATION FIELD 

Note 2 : I A colon (:) is placed behind the label. 
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ASSEMBLY LIST FORMAT MESSAGE FORMAT 
A source program coded and assembled in the format 

indicated in the preceding paragraph may produce as

sembly-list, symbol-table-list, cross-reference-list, and ROM-

Error and warning messages are printed out on the assembly 

list. I n the case of errors, the message is printed out under 

the respective statement in the following format: 

page-list printouts. The format of an assembly list $$$$$$$ERRORuxxxu$u (Error message) 
produced as an example is shown in Fig. 2. Please note 

that pages, addresses, locations, and object codes are 

indicated in hexadecimal notation. 

where 'xxx' indicates the type of error by a numerical 

code. The total number of errors is printed on the last line 

of the assembly list. The cross-reference list, however, will 

not be produced when any error is indicated. 

Fig. 2 Example of an assembly list 

MELPS 41 EXAMPLE PROGRAM 
C 00 PAGE ) 

SEC. LOC'. BR'PI'A. OBJ ••••• * •••• 1.- ••• *.- ••• 2 •••• SljURCE STATEMENT •••• *., ••• 5 •••• * •••• 6 •••• * •• , •• 7 •••• * •••• 8 

1 
Z 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 

14 
15 
1.6 
17 
IB 
1.9 
20 
21 
22 
23 
24 
25 
26 
27 
28 

10 
11 
12 
13 
14 
15 
I~ 

17 
18 
19 
III. 

0.1 
01 
02 

03 
04 
O~ 

19A 
036 
Ie 1 
lA2 
IBO 
180 

01/03 383 
1B1 
180 

01/00 380 
000 

OFC 
01/00 100 

OF8 

OFE 
01/03 103 

OFB 

TTL 

* A: EOU 
REG1: EXTM 
REG2: IN.TM 

ORG 
lA 
SMR1 
lP 
lZXY 

MElPS 41 

10 
200 
10 

0010 
A 

1 
REG1 

EXAMPlEPROGRAM .......... ···· ............ · .. · ........ · .. ·· ...................... Ul EXAOOOOO 
........................... . ......................... (2) EXA00010 

SYMBOL' A' IS EOUAl TO 10' .................................... Ql EXA00020 
Z:X:Y=2:0:0 TOP ADDRESS OF REGISTER NO.l .... ® EXA00030 
X:Y=1'!O TOP ADDRESS OF REGISTER NO.2 .... @ EXA00040 

EXA00050 
................................................................. @ EXA00055 
............................................ .. .... (f) EXA00060 

RESET BUS FLOUTING MODE SETCMR1) EXA00070 
EXA00080 

................................... ® EXA00090 
.............................. @ 

BM HHEX REGI STER NO.1 SAVE OUT EXTERNAL MEMORY ............ @ EXA00100 
llXY REG2 ................................................................. @ EXA00110 

* 

BM 
NOP 

PAGE 
* ;; MEMORY 
* NOTE. 
EXTIN: TSHI 

B 
RT 

* NOTE. 
INTEX: TMSI 

B 
RT 

* END 

E)tTlN REGISTER NO.2 RESTORE IN INTERNAL MEMORY ........ 1[lI 

;; = ORG 1.0 = ;; .............. .. ........................... 0) 
DATA TRANSFER SUBROUTINE •• 
MEMORY FROM EXTERNAL TO INTERNAL 

CY)=CY)+l • IF CCY).EO.O) RETURN SUBROUTINE 
fXTIN 

MEMORY FROM INTERNAL TO EXTERNAL 
CY)=CY)+l • IF CCY).EO.O) RETURN SUBROUTINE 

IrHEX 

EXA00120 
EXA00130 
EXA00140 
EXA00150 
EXA00160 
EXA00170 
EXA00180 
EXA00190 
EXA00200 
EXA00210 
EXA00220 
EXA00230 
EXA00240 
fXA00250 
EXA00260 

CD The program name is declared as "MELPS 41 EXAMPLE PROGRAM." 

® An asterisk (*) in the first column indicates that the entire statement is a comment 

@ Numericvalue 10 (decimal number) is assigned to the symbol A by means of the symbol-value equivalence instruction 

@) The value Z: X: Y = 2 0: 0 is assigned to the symbol REG 1 by means of the external-memory address-setting instruction. 

@ The value X: Y: 1 : 0 is assigned to the symbol REG 2 by means of the internal-memory address-setting instruction. 

® 'The following program is assigned to address 10 (hexadecimal number) of page 0 by means afthe program-counter setting instruction. 

(j) The numerical value 10 (decimal number) assigned to the symbol A is loaded in register A. 

CID The numerical value 1 is loaded in the page register. 

® 'The value assigned to symbol REG 1 is expanded in LZ, LX and LY instructions. 

@ The labeliNTEX is assigned by means of the BM instruction during assembly process and calls the subroutine starting at page 1 address 3 

GJ) The value assigned to symbol REG2 is expanded in LX and LY instructions. 

o The label EXTIN is assigned by means of the BM instruction during assembly process and calls the subroutine starting at page 1 address O. 

(jJ :The program-counter page number is advanced to that of the next page. 
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DESCRIPTION 
The MELPS 41 simulator software has been prepared for 

facilitating program debugging of application programs 
suitable to equipment using the M58494-XXXP CMOS 

single-chip 4-bit microcomputer or microprocessors. It 
also allows a significant saving of program-development 

time. 
With this simulator, each instruction of the microcom

puter is executed just as though the program were being 
executed on an actual microcomputer system. This allows 
confirmation that the operations and sequences of a pro

gram are correct from a software point of view before the 

microcomputer system is built. Simulations using various 
simulator control commands are possible, and the results 

of the simulations are printed out along with other help

ful information for verification and debugging of the 

program under development. 

FEATURES 
• An ample 26 control commands 
• Production and deletion of trace and halt tables are 

possible 

• I nterruption-generation setting and periodical interrup-

tion are possible 

• I/O port -setting function 

• Oata-setting function 
• Execution-time counting function 

• Reverse assembly is possible 
• Memory-protection area-setting function 
• Execution computer: MELCOM 70 (memory: 24K

words or larger) 
• Implementation language: FORTRAN IV (parts are 

written in assembler language) 

INPUT/OUTPUT MEDIA 
• Object input: Cartridge-disk storages, punched 

tapes 

• Control commands: Punched cards and system-type-
writer keyboard 

• I ntermediate results: Punched tapes 

• Simulation results: 

• Messages: 

APPLICATIONS 

Line printers and system type

writers 
Line printers and system type

writers 

In conjunction with the MELPS 41 cross assembler as a 
series of tools for developing application programs for 

single-chip 4-bit microcomputers. Especially useful for 

debugging programs prepared for the M58494-XXXP CMOS 

microcomputer. 

PROGRAM ORDERING INFORMATION 
Program name Ordering number 

MELPS 41 simulator GBISMOOO2 

MITSUBISHI MICROCOMPUT~Ka 

MELPs 41· SOFTWARE 

SIMULATOR 

MELPS 41 SIMULATOR PROCESSING SYSTEM 

eOBJECT 
PROGRAM 
FILE 

eCONTROL 
DATA FILE 

FUNCTIONS 

RESULTS OF SIMULATION 
(THROUGH LINE PRINTER 
OR SYSTEM TYPEWRITER) 

eCONTROL COMMAND 
,eINPUT DATA 

Various simulator control commands are provided by 

the MELPS 41 simulator to help determine if the program 

is operating properly according to original specifications. 
These control commands can set operating conditions and 
halt program processes, while indicating the system status, 

CPU state and memory contents in a trace mode. Inter
ruption-generation setting is also possible. 

This simulator allows the production and deletion of 
trace and halt tables, table printouts, and the setting and 

printed indication of registers, stack pointers, carry flags, 

memories, and I/O ports. The 26 control commands can 
also be used for interruption generation, timer setting and 

reverse assembly. 

SIMULATOR 
Binary object codes stored in the disk file (BOISK), 

generated by the MELPS 41 cross assembler, are proc
essed in this program, and a simulation is carried out 

according to the conditions given by the simulator control 

commands. The results of the simulation can be selectively 

displayed on a line printer or system typewriter. It is also 
possible to output or input intermediate results by means 

of punched tapes. 
The simulator control commands are classified into (1) 

simulator control instructions for starting and ending 

simulations, loading and saving programs, and changing I/O 
devices, and (2) execution-control instructions for control
ling simulation-execution status. 

Control-Command Input Format 
/ / /XX u (parameter) 

XX: Specified by a 2-character symbol (26 kinds). 

Parameter: A required parameter can be selected from 
those which have been defined in the control 

Software manuals included 

MELPS 41 Simulator Manual 

MELPS 41 Simulator Operating Manual 
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Table 1 Simulator control commands 

~tem Control commands 
Function r--------------,----j 
classification Action ~nemoniC 

Functions 

Simulator start-up Specification of simulation-start conditions 

Execution-program setting Execution-program loading 

ST 

LO 

Designates the control-command input devices and the simulation-result output, 
device. and sets them to start status. 

Loads the absolute object program (designates input-device file name). 

~ 
OEr------------t--------------~-S-V-~o-u-tP-u-ts-i-nt-.-rm-.-d-ia-t.-r-.-su-It-s-o-ft-h-.-p-ro-g-ra-m-co-n-te-n-t.-r.-g-is-t.-r-.p-o-rt-.-F/-F-.T-im-.r-.-an-d-l 
1ii E Program saving Execution-program saving memory in punched tape. 

~~r----------t--------------~--~-------------------------~ 
U5 e Designation of Selection of command-input and simulation-

DV 
Designates the command-input device and simulation-result output device by using 
the device symbol. § simulation output device result output devices 

~~S-im-u~la-to-r-t.-r-m~in-a~tio-n---r~S~im-u~la-ti~o-n--t.-r-m~in-a~tio-n-d~e-S~ig-na-t~io-n------~~F~N~~T~e-rm~i-na-t-.s-t~h-.-p-r~--ra-m--~-.-cu-ti~o-n.-a-n~d-c-on~t-ro~17is-r-~~u-rn-e~d~to~th-.-m-o-n7it-or-.-----I 

~ 

11 
E 
E 
8 

1 
c 
o 

] 

Trace 

Halt 

Data setting 

Data printout 

Port control 

Trace-region assignment started 

Trace-region assignment discontinued 

Printout of the trace table 

Halt-point assignment started 

Halt-point assignment discontinued 

Printout of the halt-point table 

Initialization of the program counter. registers. 
memory. file. etc. 

Reset of the program counter, registers, 
memory file, etc. 

Printout of the data in the program counter. 
registers. ports. flip-flop devices. memory. 
timer. etc. 

Input-port control 

Export-port control 

Interruption-generation assignment started 

Sets starting and termination addresses to the traco region. traces. and ·executes 
HS while printing out the contents" of the registers. ports, timer and memory as 

specified. 

TO Discontinues tracewregion assignment by table-number designation. 

PT Prints out the trace table. 

HS Assigns halt points by page number. address and times of execution. 

HD Discontinues halt-point assignment. 

PH Prints out the halt-point table. 

M M Sets the initial data to the program counter. registers. 110 ports. memory file. etc. 

CL 

DM 

IN 

OT 

IT 

Resets the program counter. registers. 110 ports. memory file. etc. 

Dumps the contents of the program counter. r~gisters, I/O ports. memory. flip-flop 
device. timer. etc. 

Controls the input-port data read-in device and the input port by print-mode 
designation. 

Designates an output device for the data obtained from the output port. 

Sets interruption conditions such as interruption type. interruption generation, head 
address. and generation cycle number. 

Interruption 
Interruption-generation assignment discontinued. I D Deletes the interruption-generation table. 

Execution step time 

Memory protection 

Execution start 

Reverse assembly 

Printout of the interruption-gene:ration table 

Execution-timer.setting and printout 

Memory-protection-region assignment started 

Memory~protection-region assignment 
f-::..,-----'-'-::..,-----"--=--=-:::....,discontinued 

Printout of the memory-protection region 

Program-execution start-up 

Program execution 

Reverse assembly control 

command. A comma (,) is used to divide one 
parameter from another. 

The following are parameter-configuration examples: re

served word, address indication, numerical-value setting, 
numerical-value indication, and time setting. 

1. Reserved word 
This symbol is classified according to its function in 

the simulator, and specifies a predetermined character 
symbol, program counter (PC). memory, register, and 
port. 

///MMLJREGS A = 9 
2. Address indication 

Address indications for the internal memory, ex
ternal memory and ROM are possible. 

///DMLJEXTM, 0:1:E, 0:A:5 External memory ad

dress indication 

PI 

TI 

PS 

Prints out the interruption-generation table. 

Sets the execution timer and prints out the number of execution steps. 

Designates the kind of memory. starting and termination addresses of the protected 
regIon, and inhibits write-in steps. 

PO Discontinues the memory-protection assignment by the memory-protection table number. 

PP Dumps the contents of the memory-protection table. 

RN 

GO 

PA 

Starts simulation execution. Termination by executing the halt point and the 
execution-limit step number. 

Starts simulation execution. Termination by halt-point execution. Trace-region 
assignment is invalid here. 

Reverse-assembles the specified region and prints out the source list. 

///DMLJINTM, 0:0,1:0 

///MMLJPROG,OF:23 

3. Numerical value setting 

Internal memory ad

dress indication 
ROM address indica
tion 

A numerical value is set for each function parameter. 

///MMuFFLG, CY = 1 
4. Numerical value indication 

Decimal or hexadecimal notation is used. 

///MMLJTIME, T1 = E 

5. Time setting 
The specified time is set. 

///TILJSET, 8: 15:3 

(Note: This parameter means 8ms, 15, 31-1 sec.) 
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TYPICAL APPLICATIONS 
Once the command 5T (this is used for specifying simu

lati'em-start conditions) and its parameter are typed in 

through the system-typewriter keyboard, successive 

commands may enter through punched cards or the system

typewriter keyboard. It is also possible to designate 

command-input and result-printer devices by setting the 

DV-command parameter. 

Simulation is started on the object file in the disk 

storage that was stored there, after assembling, by the 

MELP5 41 cross assembler. When the MELCOM 70 is used, 

the simulator program should be called by the command 

/ /EXECuSI M41 to start simulating operation. The follow

ing are examples of command assignment in the case of 

tracing and execution during system-application program 
simulation. 

Assignment of the input and printer devices is entered 

by the ST command in the format STuX, Y, where X rep

resents the input device (S for the system typewriter, and 

C for the card reader; no designation equals the 5 designa

tion in effect), and Y represents the output device on which 

the simulation result is printed out (L for the line printer 

and 5 for the system typewriter; no designation equals the 

L designation in effect). 

The stored object program (BDI5K file) is loaded by the 

simulator with the LO command in the format LOu file 

name. The CL command should be used for clearing the 

initial values and the MM command for setting initial 

values. 
When the program counter, registers, I/O ports and 

memory file are to be cancelled, the command CL may be 

used. The MM command in the format of MM u XXXX,nnnn 

Table 2 Examples of the use of simulator control commands 

Typical exmaples of control command 

MIT5UBI5HI MICROCOMPUTERa 

MELPS 41 SOFTWARE 

SIMULATOR 

can be used for setting their values. Here XXXX represents 

the symbol or numerical figure by which the program 

counter, registers, I/O ports or memory files are designated, 

while nnnn represents a parameter to be assigned. 

Designating the halt command H5 PP: aa nnnn will make 

the machine halt at address aa of page PP after that instruc

tion has been executed nnnn times. 

Entry of the TS command 

T5uPI PI :alal, P2P2:a22, R, P, I. XI:YI , X2:Y2L E, ZI: 

XI :YI ,Z2:X2: Y2) 

makes possible the assignment that a trace is to be carried 

out from address al al of page PI PI to address a2a2 of page 

P2 P2· Here R designates the output of the contents of the 

registers and F/F print; P designates the ports and timer 

print; and I and E respectively designate print modes for 

the internal and external memories. 

When the OM command is executed, the contents of 

each register, port, flip-flop device, memory, timer, and 

program counter are printed out. 

I nterruption can be carried out by the IT, ID and PI 

commands. The IT command designates the kind of inter

ruption, the head address of interruption generation, and 

the number of generation cycles. ID discontinues the inter

ruption-generation assignment, and PI effects interruption

generation table prinouts. 

the TI command can be used for execution timer setting 

and printouts. The PS, PO and PP commands are provided 

for memory protection. PS designates the memory-protec

tion-region assignment, PO discontinues the memory

protection-region assignment in accordance with the 

memory-protection table number, and PP prints out the 

contents of the memory-protection-region. 

Function of the conrol command and Its parameters 

///STuS, L To start simulation. the command-Input and Simulation-result pnntout deVices are assigned In this example. 

///LOuD, BFILE 

/ / /CLuINTM, 0:0, O:F 

/ //HSu5: F, 2 

///TSuO: 5, E: F, R, P 

///ITuINTA, O:F, 5 

///PT INTA, O:F, 5 

///PH 

/ / /MM,uPORT, Q=A5 

/ / /MMuINTM, 0:0 
0:0 0=1 
0: 1 0=-

/I/DM 

///RN 50 

command Input S IS assigned to the system typewnter, and printout L to the line printer. 

The file stored in the disk (BDISK) whose file name is BFILE is loaded 

The deSignated internal memory is cleared from digit 0 to digit F of the 0 file. 

This aSSigns a halt POint; In thiS example It will halt after the second execution of the Instruction in address F of 
page 5 

This command deSignates a trace from address 5 of page 0 to address F of page E. and orders display of the 
contents of each register. flip-flop device. port and timer after completing tracing. 

ThiS effects the generation of Interruption A starting at address F of page 0 and after every 5 steps after that 

This command prints out the trace table. ASSignments made by TS commands can be verified by thiS command 

ThiS command prints out the halt-point table Assignments made by HS commands can be verified by thiS 
command 

. ThiS sets A5 to port 0 

ThiS command changes the value 0 In digit 0 of file 0 to 1 

The contents of the program counter. registers. I/O ports. flip-flop ·devices. memory. and timer at the time t~is 
command is executed are printed out. 

This starts the execution of simulation. which is stopped when the halt-pOint address is reached or when the 
number of execution steps reaches 50. 
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Fig. 1 Example of simulation results 

... START 511'1' LATOR Of HELPS 41 ... 

/lIS.T 

!lILO D.BF Ilf 

............................................................ (j) 

............................................................ ® 

................................................... ·········crl /IIM", INTI'hO:O 
0:0 O:cl 
0:1' 0=2 
0:2 0=. 

111M" JnH·tO:F 
O:F 0=3 
1:0 o=-. 

INf'll'! EXTrh2:1:0 
Z:l!:'O 0='''' } ......................... @ Z: 1':1 0=·. 

11"1'1'" E'XTH·,2: I:E 
Z: I':E 0=,6 
2: N'r 0=·( 
2:2:0 0";. 

............................................................ @ 

lIlTS DQ:l.6,OO':17.E.2:0:0,2:1':F , .•..••......••....••••..•...............•.....•.••..•....•• @ 

....................................................... .... (J) 

INti'S 00:1/",1 ........................................................... ® 
.......................................................... ® 1110 H RfGS 

II/P,T 

IIIT'J SET 

II/R'N 100 

00/'17 un 

DONe; .5'80 

(REGS) 
PC PRFG ACC TR Q FI 5 T U Z x Y 5P K 

aOHoroo. 0 0 00 00 Ou 00 00 0 0 0 F 00:00 

.......................................................... @ 

....... 
TBl.NO 

-I 
2 
3 
4 

TRACE DUMP TABU: 
TRACE .ADD TRACE. HODE 

00:1600:17 E(Z:O:O,2:1:FI 
00':1600:16 

'00:1900:1" l(o:ot!:F) 
00: 19 00:19 'R 

• CATALOG counT = ... 
............................................................ I[j) 

..... HALT POItH TABLE ..... 
161.:. NO HALT .ADD EXEC .HUH 

OO:1A 

• CATALOG (aUKr., 1. 

............................................................ @ 

........................................................... @ 

03 

(REGS I 
PC PRlG Ace fR (oJ R 5 T U Z x Y !:IP K 

01':03(02) A 0 0000000000 200 0 00:00 

IFFlG) 
CY INTF INT 

(A) (T) (Sl CA) (1) (8) 
000 000 

([XT,. ) 

f'lF MR MRI MRl lOA 
(ZllO){ SR8r) (--AI) 
0000 1010 0000 

2:0:0 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 } ........................ @ 
2:1:0 AOQ,QOOQOOOOoOOBC 

LX 01 

(EXT'" ) 
2:0:0 1 2 0 0 0 0 0 0 0 Q 0 0 0 0 0 l 
2:'1:0 A 0 0 0 0 0 0 0 0 00 0 0 0 B C 

} ......................... @ 

00 

(REGS) 
PC PklG Ace TR Q R 5 T U Z x y SP K 

01':00(02) ,. 0 00 00 00 -00,00 2 1 0 0 00:00 

IF FLG) 
CY INTF INT 

CA) (T) eB) CA) (T) CB) 
000 000 

( INTI'll 

Mf MR HR 1 MR2 HI" 
(ZOllQ)C SRBr J (--AI) 
0000 1010 0000 

0:0 I 2 0 0 0 0 0 0 0 0 0 0 0 0 0 3 } ........................ @ 
1 :0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

00/'1 A ') 00 NOP 

('INTH) 
0:0 1 2; 0 0 0 0 0' 0 0 0 0 0 0 0 0 3 
-1: 0 A 0 0 0 0 0 0 0 0 0 0 0 0 0 B C l .. ··· .. ·· .... ··· ........ 1[j) 

/I1T I 'DIS 

... EXECUTION COUNTER ••• 
15TfP' 'TIMEI } ........................ @ 

75. 0 /II S .. 7 ••••••••...••••....••••••..••••••. ···········@ 
INr:N 

Execution is started by the RN and GO commands, 

and it is continued to the point specified by the HS 

parameter. In the case of RN the machine is 

stopped by executing the limit-step number and 

the IDLE instruction. In the case of GO, termination 
is effected after the execution of the I DLE instruc

tion, and the trace-region assignment becomes 
invalid. 

The assignment of the trace region is discon
tinued with the TD command, and the halt-point 

assignment with the HD command. The trace table 
is printed out with the PT command, and halt-point 

table with the command PH, whenever required. 

The IN and aT commands can be used for 

f I/O-port control. The DV command is provided for 
designating devices for command input and sim

ulation-result printout . 

Typical examples of the use of the MELPS 41 

simulator control commands are listed in Table 2, 

and the results of '8 simulation example are shown 

in Fig. 1. 

CD The operation start-up of the MELPS 41 simulator is designated . 
At this time. it is specified that the control command is to be 
input through the system typewriter and the results of 
simulation output on the line printer 

® The program is loaded from the file 8FILE of the disk 
@ Data is set from the 0:0 of the internal memory. 

The value 0 of the memory 0:0 is set to 1. 
The value 0 of the memory 0:1 is set to 2 
The assignment is ended without changing the value 0 of 
memory 0:2. 

@ Data is set from 2:1:0 of the external memory 
The value 0 of the memory 2:1:0 is set to A (hexadecimal 
number) 
The assignment is ended without changing the value 0 of 
memory 2:1:1 

@The address inside the program-counter page is set to 10 
(decimal number) 

@ Tracing of the region from address 16 of page 0 to address 17 
at page 0 is designated. and the contents of the region from 
2:0:0 to 2:1:F of the external memory are printed out. 

(j) When address 16 of page 0 is executed. the con-tents of the 
flip-flop device and register are printed out. 

@ With the halt point set to address lA of page O. termination 
after a single execution is specified 

® The contents of the registers and flip-flop device are printed. 
out. 

@>The trace-region table is printed out 
(j]) The halt-point table is printed out 
OJ The execution counter is initialized 
QJ The program execution is started Trace is carried out in 

accordance with the assignment given by steps ,@. and 
(1). and is terminated at the halt point designated by itep@. 
Otherwise. termination is entered when 100 steps are executed 

QJ The contents of the external memory before transferring the 
contents of the internal memory to it are printed. 

@ This shows that the 16-digit data from 0:0 to O:F in the 
internal memory have been transferred to the region 2:0:0-
2:0:F of the external memory. 

@ The contents of the internal memory before transferring the 
contents of the external memory to it are printed. 

@iThis shows that 16-digit data from 2:1;0 to 2:1:F in the 
external memory have been transferred to the region 1:0 - 1:F 

o The number of steps executed and the execution time are 
printed 
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MITSUBISHI MICROCOMPUTERS 

MELPS 41 SOFTWARE 

PAPER-TAPE GENERATION PROGRAM FOR PROM WRITERS 

DESCRIPTION 
The MELPS 41 PROM writer paper-tape generation pro

gram is used to convert the absolute binary object pro

grams generated by the MELPS 41 cross assembler into 

another format that can be used in a PROM writer. The 

program is output on paper tape in the new format. This 

program also allows converting paper tapes in hexadecimal 

form into binary objects. 

With the MELPS 41 program, a binary object program 

can easily be converted to hexadecimal object format that 

can be programmed directly into an EPROM. It can 

produce paper tapes that meet the requirements for various 

types of EPROMs and PROM writers because of its 

functional versatility. 

FEATURES 
• Outputs the binary object program in the disk storage 

to paper tapes in hexadecimal format 

• Converts hexadecimal-form paper tapes into binary 

objects 

• Comparison function 

• Outputs PROM-writer format selectively 

• Paper-tape output can be partitioned with a simple 

control command 

• May be used in conjunction with the MELPS 41 cross 

assembler 

• Execution computer: MELCOM 70 minicomputer 

(memory capacity, more than 16K·words; monitor, 

BOOS) 

• Programming language: FORTRAN IV (parts are written 

in assembly language) 

INPUT IOUTPUT MEDIA 
• Input: Cartridge-disk units, paper tapes (ASCII code, 

even parity) 

• Output: Paper tapes (ASCII code, even parity). car
tridge-disk units 

• Control-command outputs: Through system-typewriter 

keyboard 

• Message: System-typewriter printout 

APPLICATIONS 
• For preparing programs for EPROMs (M5L 2708K, S 

M5L 2716K, etc.) that are to be programmed by PROM 

writers supplied by Takeda Riken (T310) or Minato 

Electronics (Models 1830 and 1802). 

FUNCTIONS 
This program is used for converting the absolute binary 

object programs that were generated by the M ELPS 41 

cross assembler in the disk area to a hexadecimal object 

format compatible with Minato Electronics Models 1830 

PROGRAM ORDERING INFORMATION 
Program name Ordering number 

MELPS 41 
GB1SPOOO3 

Paper-tape generation program for PROM writers 

PROCESSING SYSTEM 
BINARY OBJECT HEXADECIMAL DBJECT 

tJ 0 Folg Fo~;LIKEN 
MODE AND 
OBJECT·FILE 
INPUT 

L.:B::;:D.:;:ISc;.;.K.;..FI;.:;LE:...,.. __ ---' PROM WRITER PROM WRITER 

STWK~--________ ~ 

MESSAGE 

BINARY 
OBJECT 

PAPER-TAPE 
GENERATION PROGRAM 
(OBJECT-CONVERSION 

ROUTINE) 

HEXADECIMAL 
OBJECT 

HEXADECIMAL
OBJECT 

DUMP LIST 

and 1802 and Takeda Riken (T310). The paper-tape output 

is partitioned in accordance with EPROM capacity (number 

of bytes). The program also permits the processing of 

hexadecimal-format object paper tapes for input conversion 

and storage in the disk in a binary object format. Outputs 

on paper tapes are also available. 

PROGRAM PROCESSING 
The program has routines for selectively converting binary 

objects processed with the MELPS 41 cross assembler into 

paper tapes for Takeda Riken's and Minato Electronics' 

PROM writers. 

Object conversion can be carried out by designating the 

input and output modes. For example, select BD mode for 

input and TI mode for output (for Takeda Riken's PROM 

writer) or BD mode for input and MI mode for output (for 

Minato Electronic~' PROM writer) through the system

typewriter keyboard. Then the object program is converted 

to paper tapes compatible with the selected PROM writer 

only by calling the object file (BDISK file) into which it is 

to be converted and then putting in the num ber of paper

tape outputs. By putting the paper tapes after conversion 

into the disk of file 1 when the original data are in file 2, 

their contents can be compared with each other. The file

comparison function allows easy checking of the validity of 

the converted paper tapes. 

It is also possible to input hexadecimal-format paper 

tapes, to store them in the disk as a binary-object file, and 

to output them on paper tapes. I n this case, the binary· 

object paper tapes are composed of name, text and end 

segments. After completion of the conversion, control can 

be returned to the monitor by the EN command. 

Program and software manuals included 

MELPS 41 paper-tape generation program for PROM writer manual 

MELPS 41 paper-tape generation program for PROM writer operating manual 
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MELPS 41 SOFTWARE 

PAPER-TAPE GENERATION PROGRAM FOR PROM WRITERS 

The object disk file consists of name and text segments. Fig. 4 Example of object conversion 

The data to be converted is contained in the text segment. 

Instruction codes stored after section 1 of the disk that 

correspond to the machine instructions are converted into 

hexadecimal codes and output to paper tapes. 

Example of Hexadecimal Tape Output 
This program can generate paper tapes for Minato Electron

ics' and Takeda Riken's PROM writers. It can output B 

paper tapes in 1 K-byte units at maximum. Examples are 

shown in Figs. 1-3. 
Example of Object Conversion 

ABSOLUTE 
BINARY OBJECT 

Error Processing 

-

This program can output 1 K-word units of paper tape up 

to a total of BK-words. Fig. 4 shows an example in which 

conversion is made from an absolute binary object (disk) 

to paper tape. 

When an error is encountered during object conversion, an 

error message will be printed out in the following format: 

$$$$$$$ERRORUXXX$ 
where XXX indicates the error code. 

Fig. 1 Example of hexadecimal paper-tape output 
BIT 0-7 DATA BIT 8-9 DATA 
~~ 

<FEEDER I PAGE 0-7 I FEEDER I PAGE 0-7 I FEEDER .< 
~ ~ ~ 

(EEDXER I PAGE 8-F I FEE:ER I PAGE 8-F I FEEDE: .< 
PAGE 10-17 

PAGE 18-1F 

~ ~ 

PAGE 10-17 

PAGE 18-1F 

'-r---' 
Z 

Note: X, Y and Z denote the numbers of 
the sprocket holes: X: 100 or more 
Y: 200 or more Z: 200 or more. 

Fig. 2 Example of hexadecimal paper-tape format of Takeda Riken 
.Bit O~ 7 Data Format 

.Bit 8-9 Data Format 

< I $1 I ~ I ~ I ~ I a I 0 I a I ' I 0 I 0 I-I 0 I 0 1-1---------1 ) I ~ I ~ I \ 
'----v----''----v----' '---v--' '--..----' 

TITLE PAGE PRINT DATA DATA 
(BIT 8-9. (BIT 8-9. 

REMAINING REMAINING 
BITS 0) BITS 0) 

Fig. 3 Example of hexadecimal paper-tape format of Minato Electronics 
.Bit O~7 Data Format 

<~~~~I~~I~~I[I~~I~~I+~lol~+~I+~H~+~H-_----_----~----IJ~I~~I~I~ 
'-----v-----''----v------' '---...---' '-v---' 

TITLE I DATA DATA 
(MAX. 25 + BIT 0-7 BIT 0-7 

CHARACTERS) PAGE PRINT 

.Bit 8-9 Data Format 

<~~~L~~J~~I~I~[I~I~~I~~I+~lol~A~~I+~~~+I~-----_----~----I~JI~~I~I~ 

13-28 

TITLE PAGE PRINT DATA (BIT 8-9. DATA (BIT 8-9. 
REMAINING BITS 0) REMAINING BITS 0) 
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DESCRIPTION 
The MELPS B-4B cross assembler has been prepared for 

aiding the development of application programs suitable for 

equipment using the M5L 8041 -XXXP and M5L B049-

XXXP single-chip B-bit microcomputers_ 

This cross assembler allows conversion of source 

programs written in the MELPS BAB assembler language by 

using a host computer into objects in the MELPS B binary 

language. 

The assembler language has machine and pseudo instruc

tions. The full equipment of pseudo instructions and 

control commands ensures high programming and debugging 

efficiency. Coding can be carried out in a free format. 

FEATURES OF THE CROSS ASSEMBLER 

• Flexibility in assembler-language changing 

• Various inputloutput media available 

• Object output: Punched tapes, magnetic tapes, magnetic 

disks 

FEATURES OF THE ASSEMBLER LANGUAGE 
• 13 pseudo instructions 

• Numerical formula used 

• Character constants and strings used 

• In addition to decimal notation as the standard format, 

octal and hexadecimal notations can be used 

• Machine-instruction compatibility with Intel Corpora

tion's cross assembler 

CROSS-ASSEMBLER PROCESSING SYSTEM 

OBJECT 
MODULE j 
LIBRARY 

t:J 6 ~ 
ABSOLUTE OBJECTS 

6 ASSEMBLY 
LIST 

PROGRAM ORDERING INFORMATION 

Program name Ordering No. 

MITSUBISHI MICROCOMPUTERS 

MELPS 8-48 SOFTWARE 

CROSS ASSEMBLER 

INPUT IOUTPUT MEDIA 
• Source input: Punched cards, punched tapes, 

magnetic tapes, magnetic 

disks 

• Control-command input: Punched cards 

FUNCTIONS 
This cross assembler converts source programs written in 

the MELPS BAB assembler language to machine-instruction 

codes, wh ich are output as absolute objects. 

The MELPS BAB cross assembler functions in two 

phases: control-command analyzing phase and assembly 

phase (intermediate-language-generation and listing phases). 

The assembly-control commands listed in Table 1 are 

available. They cover use for execution start-up, termina

tion assignment, 1/0 assignment, file assignment, link 

control and relocation assignment. 

This cross assembler permits the use of the machine

instruction codes applica~le to I ntel's Models B041, 

804B and B049 and of the 10 pseudo instructions listed in 

Table 3. 

• Free-format coding 

• Output of the symbol table inside the object 

• Execution computer: MELCOM 70 minicomputer 

(Memory capacity, more than 24K-words, monitor, 

BOOS) 

• Implementation language: FORTRAN IV (parts are 

written in assembler language) 

CROSS ASSEMBLER 
With various control commands and pseudo instructions, 

the MELPS BAB cross assembler ensures easy program 

debuggirrg. 

Source programs can be input by means of punched 

cards, punched tapes, magnetic tapes, and magnetic disks. 

When the control commands are read in, parameters to 

control assembly processing are generated by designating 

the assembly-control command. 

I n the assembly-processing stage, the source program is 

read in, and the intermediate language is generated in phase 

1. This intermediate language and the source program are 

stored in the disk, and the absolute object is then produced. 

That can be output on punched tape, magnetic tape, 

magnetic disk or other media as specified. 

Program and software manuals included 

Source program 

MELPS 8-48 cross assembler GC1AS0200 MELPS 8-48 Assembler language Manual GCM-SROO-01A 

MELPS 8-48 Cross-Assembler Manual GeM-SROO-02A 
MELPS 8-48 Cross-Assembler Operating Manual GCM-SROO-03A 
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MELPS 8-48 SOFTWARE 

CROSS ASSEMBLER 

CROSS-ASSEMBLER OBJECT LANGUAGE 2. Pseudo Instructions 
The objects produced by this cross assembler basically 
consist of name, symbol and text sections. An end section 

is placed at the rear end of an object. Fig. 1 shows the 
object-module configuration. Each name section is placed 
at the head of each object module, and serves for recording 

information such as the name of the object module, ROMI 
RAM information, and the number of symbols. The symbol 

sections are used to record information concerning the 

numeric symbols (labels) written in the source program. 
The text sections have data on the conversion of the source 

program to the instruction code. The end section specifies 

the termination of one object program. 

Although the pseudo instructions are written in the source 

program together with machine instructions, they control 

the cross-assembler execution during assembly processing. 
That is, they are not converted into instruction codes 
to be written in the ROM but are used to control the 

assembler. 
These instructions include those used for assembly 

control, numeric-symbol and memory·content definition, 
area securing, and list control. Table 3 lists the pseudo 
instructions. 

Fig. 1 Object-module configuration 

ASSEMBLY LANGUAGE 
Module 1 Module 2 Module n Machine instructions and pseudo instructions can be used 

in the MELPS 8-48 cross assembler. 
,..----"---" ~ ~ 

1 . Machine Instructions 
A total of 96 basic machine instructions are available. They 

are converted to their corresponding machine codes and 
then assembled into an object program. A classification of 

these instructions is given in Table 2. 

For the mnemonics, instruction codes and their func

tions, please refer to the data sheet provided for the single

chip 8-bit microcomputers M5L 8041-XXXP and M5L 

8049-XXXP. 

Table 1 Control commands and their functions 

Command Format 

c 
0 

i 
~ z 

[' ill i 
<5 

~ I" J; rn 
c 

ill rn 
0 c 0 

~ i o " 
" u 

~ 
<5 j ---- j 
~ z J; 

Function 

Execution-start control IIIRUN Starts execution of the cross assembler In accordance with the command deSignated 

Execution-end control IIIEND Terminates execution of the cross assembler 

c 
0 

ill ill i i :8 
~ I" ] 

U) 

Designates the use of source-program list and assigns the source-program input device and object output 

Input/output 11/ ASMB48. X, Y, Z assignment control 

///SDISK. XXX XX 

File-assignment control IIIODISK. YYYYY 

IIIBDISK. ZZzzz. 

Link control /IILlNKG, W, Z, Y. F1, F2'" 

Relocation-assignment 
control IIILKLOC, xxxxx, yyyyy 

for the internal numeric-symbol table 

(~) 
X : Designation of assembly list 

X~ L : Listing needed 
N : No listing needed 

y~ {~} 
y : DeSignation of source-program input device 
C : Card reader 
p : Punched-tape reader 
M: Magnetic tape 
o : Magnetic disk 

Z~ (~) Z : Designation of internal-numeric-code object output 
S : Output needed 
N : No output needed 

Designates the source-program file name (max 5 characters) 

Outputs the object after assembly, and designates the file name (max 5 characters) 

Outputs the object after linkage. and designates the file name (max 5 characters) 

Assignment control for the object output at the time of linkage 

@ 
w: Oblect designation 

W~ A : Absolute object 
R : Relocatable object 

(~) 
Z : Designation of internal-numeric-code object output 

Z~ S : Output needed 
N : No output needed 

y~ {~} 
Y : Designation of object-output media 
P : Punched tape 
M: Magnetic tape 
o : Magnetic disk 

Fl. F 2 ......... File names (designation in 5 or less characters is possible up to 20 names) 

Assigns the ROM and RAM head addresses in the case of absolute-object generation 
xxxxx'--'-' ROM-area head address (hexadecimal in max. 4 digits) 
yyyyy-_ •... RAM-area head address (hexadecimal in max. 4-digits) 
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3. Language Format 
The following free format should be used in coding 
programs in this cross assembler. 

The single-line statement of the source program is 
composed of label, instruction, operand, comment, and 
identification fields. The format of the source statement 
is free, as shown in Fig. 2, allowing easy coding and punch

ing without the fear of dislocated columns. The following 
characters can be used in statements. 

• Alphanumeric ..•.............. A-Z 

• Numerics ......................... 0-9 

• Special Characters ........... : ; =, T @ $ + - * / ! & ( ). 
#% < >? (blank) 

Table 2 A classification of machine instructions 
Function 

classification 

Data-transfer 
instruction 

Adding logic 
operation 

Functions of the instruction 

Direct data setting 
Between registers 
Between memories and regIsters 

Addition. AND, OR. EXOR logic operations. 
Accumulator increase and decrease. clear and rotation shift. 
decimal correction 

Register increase Register Increment, register decrement data-memory 
and decrease Increment 

Flag control Carry clear. carry correction. clear-flag 0, 1 and flag 0, 1 
correction 

Subroutine control Subroutine jump, return from subroutine return and status 
restore 

Interruption control 

External interruption possible 
External interruption prohibited 
Register-bank and me!nory-bank selection 
Clock-output marble 

Between port and accumulator 
Port and Immediate-data OR and AND 

Input/output Between bus and accumulator 
control Bus and immediate-data OR and AND 

Between expander port and accumulator 
Expander-port and accumulator OR and AND 

Unconditional jump 
Indirect jump 
Register decrement skip 
Jump by carry 0, 1 
Jump by accumulator 0 or non-zero 

Jump instructions Jump by TO = 0 or 1 
Jump by Tl : 0 or 1 
Jump by FO : 1 or F 1 : 1 
Jump at the time of timer flag 
Jump at the time of iNT = 0 
Jump by accumulator bit 

Timer/counter read 
Timer/counter load 

Timer-counter Timer start, counter start 
control Timer/counter stop 

Others 

Timer/counter interruption allowed 
Timer/counter interruption prohibited 

No operations 

Fig. 2 Source-statement format 

1 72 73 80 

\ 

I) 
nS\~~FJior Identification 

Label field Operand field and comment field field 

MITSUBI5HI MlCK(K;UMI"'UT':;Ka 

MELPS 8·48 SOFTWARE 

CROSS ASSEMBLER 

1. Label field 

The value of the program counter at that time is set to 
the label. The number of characters used for a label is 
limited to a maximum of 6. The character: is placed 
at the back of this field. However, a semicolon (;) 
cannot be used in the first column of the label field. 

2. Instruction field 

Mnemonic codes of the machine and pseudo instruc
tions are written in this field. 

3. Operand field 

Arguments (formula, data, parameters, etc.) for the 
instructions are written in this field. The label, defined 
symbol. formula, or numerical value is contained 

within it. 
4. Comment field 

This field is used for writing notes for the statement 

and is not converted to an object. Placing a semicolon 

(;) in the first column makes the whole statement a 

comment. When a semicolon (;) is placed halfway 

through the statement, the section after the sem icolon 
is regarded as a comment. 

Table 3 Pseudo instructions 
~ 'Item 

Classification _____ 

Assembler-control 
instructions 

Mnemonic 

NAM 

ORO 

ROM 

RAM 

Instruction 

Program-name declaration instruction 

Program-counter setting instruction 

ROM-region declation instruction 

RAM-region declaration instruction 

END End-declaration instruction 

EQU Numeric-symbol definition instruction 
Numeric-symbol and 

memory-content definition 
instructions 

Region-sec;:uring 
Instruction 

DB Data-setting instruction 

OW Address-setting instruction 

os Region-securing instruction 

List-control 
instruction EJ E Page-feed declaration instruction 

Table 4 Expression formats for numeric values, 
character constants and formula 

Item ExpreSSion 

Binary -

Numeric 
Octal nQ 

values Decimal n 

Hexadecimal nH 

A II -byte) ~A' 

Character 
AB 12·byte) -AB' constants 

A'B 13-byte) -A ~ B' 

4 Arithmetic-rule operations +, - *. 
Formula 

Logic formula -

Others Program counter $ 

/ 
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5. Identification field 

The use of this field is optional. Many operators find it 

convenient to use it for the sequential identification 

card number. 

CODING FORMAT 
Programs written in the MELPS 8-48 assembler language 

can be coded in free formats. 

General formats for using the control commands and 

program coding for this cross assembler are described 

below, together with a citation of a few examples. 

1 . Control Commands 
1. Control-command general format 

LABEL STATEMENT AND 

1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 1 a 19 20 21 22 23 24 25 26 27 28 29 30 31 3233 

IIIXYZ.Pl.P2.P3.· ........ ·.'" , I I I I ! I ! 

I I I I I I ! ! J I I I I I 

XYZ: Assembly-control-command symbols 

P1, P2, P3···· .... · . , Assembly-control parameters 

2. Example of assembly control 

LABEL STATEMENT AND 

1 2345678 9101112131415161718192021222324252627282930313233 

IIIAS,M48.L.C.N .LLL 
IIISDISK.XXXXX 

, , , , , , , , , , , , 
, , , , , , , , , , , 

, , , , , , , , , , , , , , , , , 
II I RUN LLf--L1 , , , , , , , , , , 

The source program IS Input through the card reader. and an assembly list is output. 

3. Example of link control 

LABEL STATEMENT AND 

1 2 3 4 5 6 7 8 9 10111213 141516 n 1819 20 21222324252627282930313233 

IIILIN KG.A.S. D. Fl. F,2. 
I II BD I SK.AF10 
IIIRUN 

.L 

After assembly, files F 1 and F 2 of the relocatable objects stored In the disk Bre linked 

to generate an absolute object In File AF1 ° 

2. MELPS 8/48 Assembler-Language Program 
1. General format of program coding 

LABEL I IDENTIFICATION 
S SEQUENCE 

1 2 3 4 5 6 7 8 9 1011 1213 14151617181920 2122 72737475 7677 787980 

LABEL: IIIINE,III\ OP E; CO,III\III\ SEQ 000 
010 
020 

LABEL: ......... A colon (.) IS always placed behind the label name 

MNEM·" ....... Instruction symbol (mnemonic) 

OPE ............ Operand (lor more blanks must always be Included.) 

;COMM ........ Comment (A semicolon (;) is always placed at the head) 

SeQ· ... . .. Sequential No. (columns 73-80) 

2. Example of program 

LABEL STATEMENT AND COMME 

1 23456 7 89101112131415161718192021222324252627282930313233 

,1 
*** PROGRA,III EXAMPL.E ***,f, .. · .... ·~ 
* 0 E C I MA LAD 0 I T ION , ! J, ! , , • , , 

NAM EXAM .... · .... · .. · ... · .......... · ........ · ....... · .. CV 

x EQU 10 ,1: 
Y EQU 50 ,} ................ @ 

CNT EQU 10 ,J 
ORG 500H· .. · .. · .... ·· .. :· ...... · ......................... @ 

IMOV RO.#X ,1 
IMOV R 1 • # Y ,} ................ ,(Q1 
IMOV R2. #CNT, ,J ' 
C L R C ; C LEA R. CAR R Y ........... · ... ·CZJ 

BR: IMOV A.@RO ........ · ... · ............................... @ 

ADDC A.@Rl ........ ·•·· .... ·· .......... · .. · ...... · ... ·@ 
DA A .... · .. · .. ···· ........ · ..................................... ® 
IMOV @RO. A .. ·...... ..~ 

INC RO ,1 

OUT L Pl. A ............................ : ... @ 

END··················· ......... ". ................ ." .. [&, .L 

I I I I I I 

CD The lines having a semicolon (;) In the first column are regarded as 

comments 
® The program name IS declared as "EXAM" by the NAM pseudo 

Instruction 
cr> The following lines are regarded as a ROM region 
@The deCimal numbers 10, 50, and 10 are assigned respectively to 

symbols X. Y. and CNT 
@The program start address is address 500 In hexadeCimal notation 

® The values #X, #Y, and #CNT are respectively put Into registers RO. 

R1.andR2 
(j) The carry is cleared 
® The contents of label SR memory at RO (at the address to be jumped 

to; the colon ( ) shows a label) are put into accumulator A 

®IThe contents of the carry and data memory at Rl are added to each 

other, and put Into the accumulator 

@ The accumulator contents are deCimal-corrected. 
(jJ) The accumulator contents (deCimal-corrected results of the addition) 

are put into the memory data at RD 

@The contents of registers RO and Rt are Incremented. 

@ Register R2 IS decremented and if the contents are not ° (zero), 

branching to SR follows If 0, execution proceeds to next step. 
@The contents of the accumulator are output In port 1 . 

@ The end of program is declared. 
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PAPER·TAPE GENERATION PROGRAM FOR PROM WRITERS 

DESCRIPTION 
This program is used to convert absolute binary object 

formatted programs, which are produced by the MELPS 

8-48 cross assembler, into other language formats and then 
produce a paper tape that can be used as input for a PROM 
writer_ 

The functional configuration of this program offers 

automatic conversion of object programs from one format 
to another format as well as comparison processing. In 
addition, it provides extensions suitable to various 

applications. 

FEATURES 
• It selectively produces partitioned, punched paper tapes 

with simple control commands. 

• It converts MELPS 8 binary object programs stored on 
disks into various hexadecimal formats on paper tape. 

• It converts various hexadecimal-format paper tapes into 
MELPS 8 hexadecimal format. 

• Comparison-matching control functions for MELPS 8 
hexadecimal format paper tape as well as other formats. 

• Output of various block sizes as specified by the block 
size (i.e., paper-tape partition) parameter. 

• Sorting capability to put files in address sequence. 

• Execution computer: MELCOM 70 minicomputer 
(memory capacity: more than 24K-words; program: 

about 5,000 steps). 

• Implementation language: FORTRAN IV (parts are 
written in assembler language). 

INPUT/OUTPUT MEDIA 
• Conversion of MELPS 8 binary to hexademimal paper 

tapes 
I nput: cartridge disk units 
Output: paper tapes (even-parity ASCII code) 

THE TAPE PROCESSING SYSTEM 
TYPED-IN 

INFORMATION 

HEXADECIMAL 
OBJECT 

HEXADECIMAL HEXADECIMAL 
OBJECT FOR OBJECT 

MINATD FOR TAKEDA 

PROGRAM ORDERING INFORMATION 

MElPS 8 
HEXADECIMAL 

OBJECT 

Program Program code no. 

• Conversion of other hexadecimal paper tapes to MELPS 
8 hexadecimal paper tapes 

Input: paper tapes in other hexadecimal format 
(even-parity ASCII code) 

Output: paper tapes in MELPS 8 hexadecimal format 
(even-parity ASCII code) 

• Comparison of MELPS 8 hexadecimal with other hexa
decimal paper-tape formats and self comparison 

I nput: paper tapes (even-parity ASCII code) 

Output: printed on system typewriter 

• Control-command input 
Through system-typewriter keyboard 

APPLICATIONS 
• Programs are applicable to the M5L 2708K and -S (1 K

word by 8-bit). M5L 2716K (2K-word by 8-bit). and 
other similar ROMs when prepared by a PROM writer 

produced by Takeda Riken, Minato Electronics, Pro-log, 
and Data I/O. 

FUNCTION 
This program converts absolute binary object programs 

(abbreviated MELPS 8 binary), created in the disk area by 

the MELPS 8-48 cross assembler, into hexadecimal object 
programs. These hexadecimal object programs can be used 
to program PROMs on PROM writers produced by Takeda 
Riken (T310), Minato Electronics (Type 1830), Pro-log 
Ltd. (Series 90), and Data I/O (abbreviated hereafter as 

Takeda, Minato, Pro-log, and Data 1/01. This program also 
converts absolute binary object programs into the MELPS 

8 hexadecimal format and creates paper tapes with blocks 
of suitable size. The program can also convert paper tapes 

of Takeda, Minato, Pro-log and Data I/O into MELPS 8 

hexadecimal format and compare the object paper tapes. 

-- - - CONVERSION FROM PAPER TAPE 

Program and software manuals included 

Paper-tape preparation program for 
GA1SPDllD 

Paper-Tape Preparation Program for 
GAM-SRDD-SOA 

MELPS 8148 PROM writers MELPS 8148 PROM Writers Manual 
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PAPER-TAPE GENERATION PROGRAM FOR PROM WRITERS 

PAPER-TAPE PROCESSING 
The program provides for both conversion and comparison 

of various object programs. Table 1 shows a summary of 

the conversion processing indicating various combinations 

of object programs and media that the program is capable 

of processing. Table 2 shows a summary of the comparison 

processing indicating the various combinations of object 

programs and media that the program is capable of proc

essing. Examples of all the object conversions listed in 

Table 1 are iII\!strated in Fig. 1. 

Table 1 Object conversions 

~nYs PROM writer Hexadecimal paper tapes for PROM writers that 

Paper tape block size can be converted from MELPS 8 binary (on disk) 

256 bytes Data 1/0. Pro-log, Takeda 

1024 bytes Data I/O. Pro-log. Takeda. Mlnato, lOA-SO 

204S bytes MELP$ 8 hexadecimal (for mask ROM) 

Table 2 Comparison processing of object paper tapes 

~red 
Comparison 

MELPS 8 hexadecimal self comparison 

Comparison of MELPS 8 hexadecimal 
with Mlnato hexadecimal 

Comparrson of MELPS 8 hexadecimal 
with Takeda hexadecimal 

Comparison of MELPS 8 
with Pro-log 

Comparison of MELPS 8 hexadecimal 
with Data I/O hexadecimal 

Fig. 1 Medium conversion 

CONVERSION FROM MELPS S BINARY (ON DISK) 

.256-BYTE BLOCKS 

HEXADECIMAL 
FOR DATA I/O. 

MELPS S PRO-LOG AND 
BINARY TAKEDA 

'""tJ """ill 
OFF 
000 
OFF , - , 
000 ' 
OFF 

CONVERSION TO MELPS 8 HEXADECIMAL 

.256-BYTE SLOCKS 

HEXADECIMAL 
FOR DATA I/O. 
PRO-LOG AND MELPS 8 

TAKEDA HEXADECIMAL 

"""ill """0 OFF a a a EIGHT 

OFF : ~ 
a a a ' 
OFF 7FF 
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MELPS 8 hexadecimal 

Object Media 

MELPS 8 
Paper tape 

absolute hexadecimal 
.1 024-byte block 
.204S-byte block 

MELPS 8 
Paper tape 
.1 024-byte block 

absolute hexadecimal .2048-byte block 

Paper tape MELPS .1 024-byte block 
absolute .2048-byte block 

MELPS Paper tape 
absolute e2048-byte block 

MELPS 8 Paper tape 
absolute hexadecimal .2048-byte block 

.1 024-SYTE BLOCKS 
MELPS S 

HEXADECIMAL 
FOR DATA 1(0. 

PRO-LOG 
MELPS S TAKEDA AND 
BINARY MINATO 

3FF 
a a a "'"tJ 3FF . """m ---"'000 : 
a a a 
3FF 

.1 024-SYTE BLOCKS 

HEXADECIMAL 
FOR DATA 1(0. 

MELPS S PRO-LOG. TAKEDA 
AND MINATO HEXADECIMAL 

TVVO """)] """)] ~ 

3FF 3FF 
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Hexadecimal paper tapes for PROM writer that can be 
converted Into MELPS 8 hexadecimal paper tape 

Conversion from eight blocks of Data 1/0. Pro-log 
or Takeda to one 2048-byte block 

Conversion from one block of Data I/O. Pro-log. 
Takeda or Minato to one 1024- or 2048-byte block 

Comparison object 

Object Media 

MELPS 8 
Paper tape 

absolute hexadecimal 
.1 024-byte block 
.2048-byte block 
Paper tape 

Hexadecimal for Mlnato .1 fl24-byte block 
.Two 2048-byte blocks 

Paper tape 

Hexadecimal for Takeda .Elght 256-byte 
.One 1 024-byte 
.Two 1 024-byte blocks 

Paper tape 
Hexadecimal for Pro-log .Elght 256-byte 

.Two 1 024-byte 

Paper tape 
Hexadecimal for Data I/O .Elght 256-byte blocks 

.Two 1 024-byte blocks 

.204S-BYTE BLOCKS 

MELPS 8 MELPS S 
BINARY HEXADECIMAL 

'""tJ """~ 7FF 
a a 0 

_7FF : 
a a a ' 
7FF 



DESCRIPTION 

This cross compiler is supplied on magnetic tape to users 
of MELPS 8/85 CPUs. It is written in FORTRAN IV for 
execution of the MELCOM 7000 and can be easily run 

on other host computers with a FORTRAN IV compiler. 

The PL/I,u language gives MELPS 8/85 microcomputer 

users the same advantages that users of mini and large 

computer systems have with the high level programming 

languages that are currently available. It has the same 

language structure as PL/I and has been designed to take 

advantage of the system architecture of the microprocessor. 

System designers can use PL/IJ! to quickly and easily 

implement new applications. In addition, programs written 

in PL/IJ! are self-documenting; so they can be easily 

changed and maintained. PL/IJ! is recognized as one of the 

best suited languages for programming microcomputer 

applications because the user retains the control and 
efficiency of an assembly language. 

FEATURES 
Of the PL/l,u Cross Compiler 
• Conditional compile with preprocessor 

• Inline assembly 

• Source program editing at compile time 

Fig. 1 PLII,u cross compiler processing system 

( SOURCE PROGRAM) 

·MITSUBISHI MICROCOMPUT~Ka 

MELPS 8/85 SOFTWARE 

PL/l/J CROSS COMPILER 

• Assignment of programs to ROM or RAM regions 

• Generates a relocatable object program 

• Linking function 

• Easily understood error messages 
• Flexibility in input/output media 

• Execution computer: MELCOM 7000 (BPM/UTS 
monitor) 

• Implementation computer: MELPS 8/85 microcomputer 
• Implementation language: FORTRAN IV 

PL/IJ! has a preprocessor that allows user to modify pro· 
grams under development at compile time through the use 

of conditional compile, exchange, exclude and include 

functions. A program is divided into fixed and variable 

segments, and these segments are automatically assigned to 

the appropriate memory (RAM or ROM) during compiling. 

The link editor can link up to 20 object programs (files). 

Of the PLlI,u Language 

• Bit operations 

• Three·level structure 

• One·dimensional arrays 

• Allocation of variables to specified absolute addresses 

• Multi-entry function 

• Interrupt function 

~OB CONTROL LANGUAG9 

9 CJ 

r;==::::====;--~/ 
CROSS COMPILER 

~~~.~C~OM~PI~LE~~--~ MELCOM 

7000 
• LINK 

PROGRAM ORDERING INFORMATION 
Program name Ordenng number 

MELPS 8/85 PL/I" cross compiler GAITL0110 

Manuals 
Manual name 

MELPS 8/85 Pljlp Compiler Summary Manual (S-version) 

MELPS 8/85 PL/lp Compiler Language Manual (B-version) 

MELPS 8{85 Plflp Cross Compiler Operating Manual (B-version) 

MELPS 8{85 Assembly Language Manual (A-version) 

MELPS 8{85 Cross Assembler Operating Manual (A-version) 

MELPS 8{85 Simulator Operating Manual (B-version) 

MELPS 8 Hardware Manual 

Program and software manuals included 

Source Program 

MELPS B/85 Pl/lp Compiler Summary Manual (B-lJersion) GAM-SROO-07A 

MELPS 8/85 Pl/lp Compiler Language Manual (B-version) GAM-SROO-08A 

MELPS 8/85 Pl/lp Cross Compiler Operating Manual (B-version) GAM-SROO-09A 

MELPS 8/85 MELCOM 7000 PL/I" Cross Compiler Operating Manual GAM-SROO-1OA 

'. MITSUBISHI 
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Manual number 

GAM-SROO-07A 

GAM-SROO-08A 

GAM-SROO-09A 

GAM-SROO-34A 

GAM-SROO-02A 

GAM-SROO-35A 

GAM-HROO-01A 
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FUNCTIONS 
lYsers of PL/IJ,I will find it flexible and easy to use because 
of its many special features such as the preprocessor, the 

link editor and the memory manager. 
The preprocessor has 10 statements that can be used at 

compile time to edit a PL/I,u source program. These can 

generate, exchange or delete program text, as well as 
modify definitions, references and macro instructions. 

Fig. 2 Linking of two programs 

!z[J [J W Wf-

~ A ~~ A ¢ 
C/') 1 0:(9 2 
o «w 
W > U) 

if 

co I[] ::;; weD -'2 « ~L.U B a: 
8 U). 1 a: ~ 2 
a: 0 «w 
0. ~ >U) 

IT: 

PLII P LANGUAGE 

The link editor is able to link up to 20 object programs 

that have been generated by MELPS 8/85 software. The 
memory manager divides PL/IJ,I programs into fixed and 
variable segments and assigns the segments to the appro
priate memory. A fixed segment 1s assigned to a non-write 
area (ROM) while a variable segment is assigned to a write 
area (RAM) during compiling; at the same time, the starting 
address of each segment is recorded for linking (see Fig. 2). 

ADDRESS ASSIGNMENT 

I I 
L. L. 

'" 
f- A f- A 2 2 2 

>2 ~ 1 ~ 2 
2 '" fil :::l W 

a: U) U) 

~ 0 ~ W x B co B « IT: ~ 
1 a: 2 ;; 

The PL/lJ,llanguage is a subset of the popular PL/llanguage procedures. The statements are categorized as follows: 
with the addition of special functions to take advantage of 
the microprocessor's architecture. The main features of the 
PL/IJ,llanguage are as follows: 

Easy to Read and Write 
The statements are written in free format and are independ
ent of columns and lines. The statements are formatted 
in natural language. It is easy to express, read and under· 
stand the programs. Pr~grams written in PLiIJ,l are self· 
documenting. 

Block-Structured Language 
Programs written in PL/lp consist of one or more blocks 
that are called procedures. A procedure (block) can be 

thought of as a subroutine. The block structure of PL/IJ,I 
simplifies modular programming. Each procedure can be 
conceptually simple and therefore easy to formulate and 
debug. 

BASIC LANGUAGE SPECIFICATIONS 

1. Statements 
The basic unit of the PL/IJ,I language is called a statement. 
A procedure (block) is composed of one or more state· 
ments, and a program is composed of one or more 

Statements - Procedure definition: PROCEDURE 
statement 

Declaration: DECLARATIVE 
statement 

Condition: IF statement 
Non-condition: Assignment state· 

ment, DO group, 
and others 

The last character of a statement must be a, semicolon 
(;). A statement may have a label (identifier) that is the 
name of the statement. 
Example E XAMPL E: X=Y+Z; 

2. Identifiers 
PL/lp identifiers are used to name variables, procedures, 
macrQ instructions and statements. An identifier may be up 
to 31 characters in length, and the first character must be 
an @, ? or alphabetic (A-Z) character. The remaining 30 
characters may be alphanumeric (A-Z, 0-9), @or? 

Reserved words may not be used as identifiers in the 
PL/lp language. 
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3. Data Elements 
The PL/IJ.[ data elements represent constants or variables 
(1-16 bits in length), arrays (1 dimension) and 3-level 

structure. Constants can be expressed in several different 

ways in PL!IJl. PL!IJl accepts constants in binary, octal, 

decimal and hexadecimal bases and character strings (ASCII 

or ISO code). 

Example of a PL/I,u program 

12345678 9 101112131415161718192~21222312M2~26272829303132333M3536373839404142434M4~464748495051525354/555657585~60[61626364/656~676~6~7 
~* THI SIS A SAMPLE F,QR Ai CATALOG i*/ ....................... ; ............................. , ........................ (D 

DECLARE ~,OREiVER :: =:=~: ~ ~ ~. I N I Til,AL (1) ; ...... ;.. ............................ \ ....................... ®, 
, , , , 

1* IF VA!RIABLE, F,O,R!E,V,E,R, ,!,S, ,T,RiUE,., ,T,I1E, ,S,TiA,T,EMENTS 
UP T~ THE CORRE:SP,OND I N,G E:ND ,ARE EXE:CUTED * I: 

0,0 W,H I LE F:OREVER; ..... ; ............................. ; ............................. ; ............................ ; ........................ ,Q) 

1* READ :INPUT P,ORT: 10 AND SAivE IN V,A,RI:ABLE I */i 
, , , , I 

1=1 NPUTi (10); ........ ; ............................. ; ........... : .. : .. : .. : .. : .. : .. ; ............................. ; .............. j ........ ;@ 

1* THIS :V,A,LUE I lSi USED T,O SiELECT O,N,E iOF 
THE SiT,A, T E,M,E N T S :0 F 0,0 - C,A,S Ei T,O EX E,CU T:E * I 

0,0 ,CA,S Ei I ........•.•... j .........•.•.•............... i ............................. ; ............................. j .............. : ........ ;® 

0,0; 

" , 
" , 

IQUTPUT !( S) -OSH; .. j ............................. :, .................... ·········i·····························j·············· ......... ;(§J 
HALT; 
END; 

OUTPUT :(S)-SOH; 

1* \-2 i* I 

IOU T PUT i ( S ) -40 H ; 
EN,C; 

END; 

CD. Comments are preceded by '/*' and followed by ,*/ '. 
®. The initial value of a type declared variable 'FOREVER' 

is 1. 

@. DO-WHILE group. 

@. The device number of an input instruction is expressed 

using a number. 

@" DO-CASE group. 

@. 08H used in the output instruction indicates a hexa

decimal number of value 0816• 
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LANGUAGE SPECIFICATIONS 

Item 

Character set 

Comments 

Identifiers 

Reserved words 

Constant types 

Variable declaration option 

Operators 

Arrays 

Structures 

Expressions 

Statements 

DO group 

Library functions 

Preprocessor statements 

13-38 

Specification 

55-character set 

Alphabetic: A-Z,Currency unit ($). Numeric: 0-9 
Special: =+-*/, : ; < > % '( )Ca 7 (blank) 

1* *1 
31 or less alphanumeric characters 

ADDRESS DO INITIAL PLUS 
ALIGNED ELSE INTERNAL PROCEDURE 
AND ENABLE INTERRUPT RELOCATE 
BASED END LABE L RETURN 
BINARY ENTRY LITERALLY THEN 
BY EOF MAIN TO 
BYTE EXTERNAL MINUS UNALIGNED 
CALL GENERATE MOD WHILE 
CASE GO NOT XOR 
DATA GOTO ON 
DECLARE HALT OPTIONS 
DISABLE IF OR 

Binary, octal. decimal. hexadecimal character string 

BINARY(n) 1;;;;n;;;;15, BIT(m) 1 ;;;;m;;;;16 
LABE L INITIAL BASED DATA BYTE ADDRESS 
EXTERNAL INTERNAL ALIGNED UNALIGNED 

* / MOD + - PLUS MINUS 
< <= <> = )= ) 

NOT AND OR XOR 
One-dimensional. 1-- 255 elements 

Three-level. array structure 

Arithmetical expression. logical expression. structured expression 

Insert statement, CAL L statement, DEC LA REstatement, DIS A B L E statement. 
DO group, E NAB LEstatement, E NT R Ystatement, GE NE RAT E statement, 
GOT 0 statement, HA L Tstatement, I F statement,N U L Lstatement, ONstatement, 
P R OCE DU REstatement, R E L OCA TE statement, RET U R Nstatement, 

DO WHI LE, repeat DO, DO CASE 

CARRY LENGTH ROL TIME 
DEC LOW ROR ZERO 
HIGH MEMORY SHL 
INPUT OUTPUT SHR 
LAST PARITY SIGN 

% insert statement. %ACT I VA T E statement, %D E ACT IVA T E statement, 
%E N D statement, %E XC L U DE statement, %G 0 T 0 statement, % I F statement, 
% I NC LU DE statement, %MACR o statement, %NU L Lstatement 

6MITSUBISHI 
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DESCRIPTION 
This cross assembler is used to convert source programs in 

assembly language to object programs in MELPS 8/85 format 

(8-bit binary format) on a host computer. The assembly 

language consists of mnemonic instructions (each mnemonic 

instruction corresponds to a machine language instruction), 

pseudo instructions and macro instructions. It is obvious 

that the assembly language makes programming and modi

fication of programs easy. The pseudo instructions and 

control commands in this cross assembler give the user flexi

bility and improve programming efficiency. 

FEATURES 
Of the Cross Assembler 
• Generates a relocatable object program 

• Linking function 

• Multi-assembly 

• Conditional assembly 

• Flexibility in input/output media 

• Output of symbolic table of the object program 

• Execution computer: MELCOM 70 (memory capacity 

more than 24K words, monitor BOOS) 

CROSS ASSEMBLER PROCESSING SYSTEM 

( SOURCE PROGRAM) 

OOg 

MITSUBISHI MICROCOMPUTERS 
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• Implementation language: FORTRAN IV (parts are 

written in assembly language) 

Of the Assembly Language 

• 13 pseudo instructions 

• Algebraic expressions 

• Character constants and strings 

• Octal, decimal and hexadecimal numbers 

• The mnemonic codes of the mach ine instructions are the 

same as Intel's 

INPUT/OUTPUT MEDIA 

• Source input: Punched card, paper tape, 

magnetic tape and magnetic 

disk 

• Object input: Magnetic disk 

• Control command input: Punched card 

• Object output: Paper tape, magnetic tape and 

magnetic disk 

( CONTROL COMMANDS) ( JOB CONTROL LANGUAGE) 

DC] 

CROSS ASSEMBLER 

• ASSEMBLER MELCOM 70 

PROGRAM ORDERING INFORMATION 
Program name Ordering number Program and software manuals included 

Source Program 

MELP$ 8)85 Assembly Language Manual (A-version) GAM-SRO(J-34A 
MELPS 8/85 cross assembler GA1AOll0 

IMElPS 8/85 Cross Assembler Operating Manual (A-version) GAM-SROO-02A 

I"MELPS 8/85 Cross Assembler & Simulator Operating Manual (on MELCOM 70) GAM-SROO-04A 

Manuals 
Manual name 

MELPS 8/85 Assembly Language Manual (A-version) 

MELPS 8/85 Cross A~sembler Operating Manual (A-version) 

MELPS 8/85 Simulator Operating Manual (B-version) 

MELPS 8 Ha'rdware Manual 

• MITSUBISHI 
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Manual number 

GRM-SROO-34A 

GAM-SROO-02A 

GAM-SROO-35A 

GAM-HROO-01A 
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CROSS ASSEMBLER FUNCTIONS 
The control commands and pseudo instructions in this cross 

assembler give the user flexibility and improve the efficien· 

cy of programming. The cross assembler allows linking, 

multi·assembly and conditional assembly. 

The control commands are shown in Table 1, and the 

features and their limitations are shown in Table 2. 

Table 1· List of control commands 

Classification Control command name MnemoniC 

Execution start 
Assembler control 

RUN 
End END 
Input/output assignment ASMB8 

~ 
Assembly Block assignment BLOCK 
control SDISK 

8 command 
c File assignment ODISK 
~ BDISK 
~ Link control 

LINKG 
command 

Link assignment 

link location assignment LKLOC 

Table 2 Cross assembler features and their limitations 

Features Limitations 

Relocatable object programs ~ 
link editor Maximum 20 programs on the disk 

Program segmented to non-write ~ area (ROM) and write area (RAM) 

Multi-assembly Maximum 9999 programs 

Conditional assembly Maximum 20 blocks 

Flexibility in liD media selection Card, disk, paper tape. magnetic tape 

,. Multi-Assembly 

Many programs can be batch·assembled in one run. 

SOURCE PROGRAMS CONTROL COMMANDS 

NAM I 
END 

fNAMI 
~ 
I NAM 

END 
$$ 

I I I A SM B 8, L, C , S 
IIIRUN,n 

n source programs 

where 1" n " 9999 

2. Conditional Assembly 
Only the designated blocks of a source program are 

assembled. 

SOURCE 
PROGRAM 

CONTROL 
COMMAND 

OBJECT 
PROGRAM 

I BLK 0 

I BLK 1 

I BLK 2 

I BLK 0 

I BLK 3 

V 
ASMB8, L, 0, s 1 BLK 0 

:~~JK' 2 ~ BLK 2 
r---- BLK 0 

L Only the block deSignated with th" 

number is assembled 

3. Linking of ROM/RAM Regions 
ROM and RAM regions are linked separately. 

SOURCE CONTROL OBJECT 
PROGRAM COMMANDS PROGRAM 

~O" NAM PRI Ir MOV 
C,D FIRST 

RAM / / / LKLOC, 0, 1000 I r MV I B,20 ADDRESS OF 
MOV A,B 

ROM REGION 
ORG 100;1: 
MOV B,C h 100:1 

ROM 
MOV B,C 

MOV C,D 
RAM 
MOV D,E t--n l~OO;1: END 

L 
MOV A,B FIRST 

NAM PRZ MOV D,E ADDRESS OF RAM 
MVI A,50 - f-J MVI A,50 RAM REGION 

ROM J 
MVI C,10 

MVI B,20 - ADD C 
I 

RAM 
I 
I 

MVI C,10 
, , 

ADD C 
, 
I 
I 

END 

CROSS-ASSEMBLER OBJECT PROGRAM 
The cross-assembler object program is composed of many 

object modules, and each module is composed of a name, a 

symbol ic part and a text part. A final part ends each object 

program. 

The symbolic part contains the symbolic name corre· 

sponding to symbols. It is possible to program using 

symbolic names because each module contains a symbolic 

part. 

The object is composed of an 8·bit binary code, and one 

byte of the instruction code is expressed with one character 

(8 bits). 

Fig.1 Structure of object modules within an object program 

MODULE 1 MODULE 2 MODULE n 
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ASSEMBLY LANGUAGE FUNCTIONS 
The assembly language consists of mnemonic instructions 

(each corresponding to a machine language instruction), 

pseudo instructions and macro instructions. 

Pseudo instructions are executed by the cross assembler 

when a source program is being assembled, and they modify 

the object program. Macro instructions are converted to 

small segments of machine instructions that are then in

serted in the object program. These inserted segments 

execute the functions of the macro instruction. 

Algebraic expressions, alphanumeric constants, character 

strings, Qctal numbers, decimal numbers, hexadecimal num

bers and symbols may be used as an operand in instructions. 

1. Machine Instructions 
There are 78 basic machine instructions. These are converted 

to their corresponding machine language instructions and 

then inserted in the object program. 

A summary of the machine instructions is given in Table 3. 

Table 3 Summary of machine instructions 

Classification Instruction functions 

Direct data set 

Data transfer instructions Between registers 

Between memory and registers 

Addition. subtraction, logical Addition, subtraction', comparing and logical oper-

operations and compare ations using the accumulator together with reg-

instructions isters, memory or carry flag 

-Increment and decrement Registers. register pairs and memory incremented 

instructions . or decremented 

Circulate and shift instructions Circulate or shift the accumulator's contents 

Accumulator adjust instructions Complement decimal adjus t 

Carry instructions Complement, set 

Jump instructions 
Unconditional jump 

Conditional jump 

Subroutine ca!1 instructions 
Unconditional subroutine call 

,Conditional subroutine cal! 

Return instructions 
Unconditional return 

Conditional return 

Input/output control, instructions Input and output control 

Interrupt control instructions 
Enable interrupts 

Disable interrupts 

Stack operation instructions 
Saves the contents of registers 

Restores the contents of registers 

CPU halt 
Others 

No operation. 
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2_ Pseudo Instructions 
Pseudo instructions control the execution of the cross 

assembler while source programs are being assembled. They 

are not assembled as instructions in the object programs. As 

shown in Table 4, there are 13 pseudo instructions. 

Table 4 List of pseudo instructions 

Classification Mnemonic Name symbol 
~ss~bler control NAM Program na me declaration 
instructions ORG Program counter setting 

ROM ROM region declaration 

RAM RAM region declaration 

BlK Block declaration 

END End declaration 

Link: ),mbol assignment ENT Entry name declaration 
instructions EXT External reference symbol declaration 

Memory contents EaU Value symbol setting 

definition instructions DEF' Data setting 

DADR· Address setting 

Storage allocation instructions BSS·· Storage allocation 

List control instructions EJE Page eject declaration 

*'OEF and DADR pseudo instructions set the data or the address in the memory location 

where the instruction is. See Fig. 2 

**18SS pseudo instruction sets the program counter to the value of the operand, 

Fig. 2 Example of DEF and DADR pseudo instructions 

lAB DEF 
DEF 
DADR 
DADR 

r LAB 

10~ A~ 
'A',l F:lj:.-J---.J 
1 5 B-----.J -L 
265~ 

CONTENTS 
OF MEMORY 

o 0 0 a 1 a 1 a 
a 1 0 a 0 a a 1 

a a a 1 1 1 1 1 

00001101 

00000000 

0000100 1 

00000001 

3. Macro Instructions 

Macro instructions are converted to object program segments 

in machine language that executes the macro instruction 

functions. The following two macro instructions are 

included in this cross assembler. 

Table 5 Macro instructions· 

Instructions 

GET i , j 
PUT i , j 

where 

Name Corresponding statement 

Data input instruction IN n 
Data output jnstruction OUT n 

i 
~ '\ 

1 A 71 A6/ Asl A41 A3/ A21 A 1 1 Ao 1 
n=64i+j 
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CODING EXAMPLES 
Examples of coding using control commands and the 

assembler language of the cross assembler follow. 

1. Control Commands 

1. Control commands are in the following general form: 

123456 7 8 9 1011 1213 1415161718192021222324252627282930313233 

/ / /S,Y/Il bol [ ,p a r am,e t e r: L i sJ.!J ] 

2. Two source programs are read in from the card reader, 

and the assembly lists are printed. 

1 234 5 6 7 8 9101112131415161718192021222324252627282930313233 

3. Four object programs (files) F11, F12, F13 and F14 on 

the disk are linked together, and a relocatable object 

program is generated and filed in R F 11 on the disk. 

1121314]516 7 8j 9110111112l13 'A'!illE!.ll1!81i&2!!1?l 22 23 24 25 26 27 28 29 3D?' 3233 

I I I I ( ! : ! I ! I~L--.L_~_~j_ 
II/LIN KG,R,N, 0, F~:1121,IFI1131"FI114:_L-L 
/,/,/BO I SK,RFll I I I I I I ~ ... _.L........L 

///RUN .LLL.L~-'--

---L.-LJ_--7-LL...J.....--.L_l..l-----.L.L~L 

2. Assemb"y Language 
1. A statement is of the following general form: 

, , 

f-l--'-~-L-H-L-~-L--'--t-L-~~~L...L....J._LJ-.--L...LJ-_--L : 

where L.J indicates a blank, and [ 1 defines a field that is 

optional. 

2. This example evaluates the data in address INDATA 

against the table at address TA01. It then jumps to the 

appropriate processing program according to the evalua

tion. The first address of the corresponding processing 

program is located at address SENS. 

12345678 91011121314151617'8'920212223242526272829303'3233 

* 1: 
* *** EXAMPLE ,OF C,OOil N,G *** ~······CD 
~-L : _1.'£-"-_Lo;: 

NAM P RO,M,········:·····························:······(l) 

MAl N EQU * .............. ; ............................. ; ...... @ 

I ° f-'-...1....J.-'--4-+.:L~X~1 L-I..-'---l==HL2.'.c:Tc'!A:!CO:::J...!.l 4:·...L·· . ...J. •• ...J .. '_"J...." '.L' • ...L .•. ...J. •• ...J ... _. 'J....' •• +: . ...L .•• ...J.. '(]j""l7 

~,._L.L-L~I~MM~~~:~-'--E~~:~~~B~ .. ~ .. ~.;.~ .. _ ... L •• ~ •• ~ ••• ~ •• _ •• "._ ••• L.,~ ••• ~ •• ~.:.~ .• _ •. ~.® 
LOA I NOATA 

LOOPl CMP M I I I I I I I I 

JZ LQOP2 
15~~-L~-r.I~N~X~L.L~H~~~-L~-L~~L.L~~~~ 

INR C 

MVI H, 0 
M,QV L, C : 
LXI B,SENS 
DAD H 

25 f-l-...J....L.....L.-"-+--+"'O:J.::A="'o?--L.L-fB:o:'--J..-l....J....'-'--'--'....J....-l....J....J....L.L...L.'--.,--'-'-t 

f-l-,~LL-"-+~P~C~H~LL-L+-LL~,...L~'"""LL~-L~--'-~...L.~ 
f'*CLJ....LCLJ+tJ~CLJ....L+~ I I I I I ! I I ! ! I 

RAM ...................................................... ; ...... @ 

30 I NOATA OEF 4S# ........ ,.... .. .......... : ...... @ 

* ROM 
TAOl OEF ~,M,ELPS8:~ ....................... : ...... @ 

SENS OAOR TAB 1 ' ......................... :, ...... @ 

OAOR TAB2 
35 ~..J....'-'-...L....j-t=:D:c:A::l'D?:::RL.L-tT~A"':B""3?-, '=T:1-A:-::B::-'-:4L.L...L.L.....L....1....J.-'--:-'---'---t 

OADR TABS, T A:B6 

* END 
40~-L~-L~-L~-L~-L~-L~-r~-L~-'-~-L+-L~ 

CD An asterisk in the first column indicates that the entire 

statement is a comment. 

® The program name is declared as 'PROM'. 

Q) The external programs referenced by this program are 

declared. 

@ The external programs that reference this program are 

declared. 

® The program segment from here to the next RAM 
pseudo instruction is regarded as a ROM region. 

® The symbol MAIN refers to the value in the program 

location counter at this source program statement. 

(J) Locations can be referred to by symbols. 

@ Octal numbers can be used. 

® Expressions can be used in the operand field. 

@ The statement following a blank after an operand field is 

a comment. 

<[j) Declares the start of a RAM region. 

© Hexadecimal numbers can be used. 
@ Character constants in ASCII code can be used, 

Ij]I The address of symbol TAB 1 is set to the location of 

address SENS and SENS+1. 
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DESCRIPTION 
A pseudo CPU and a pseudo memory are modeled in the 

host computer by the simulator, and programs in the 

pseudo memory are executed by the pseudo CPU to debug 

and test programs. 

The simulator contains a powerful set of 26 control 

commands for efficient program debugging. 

FEATURES 
• Set of 26 powerful control commands 

• Batch and conversational processing 

• Symbolic addressing 

• Execution time calculations 

• I ntermediate results saved in specified format 

• Binary, octal, decimal and hexadecimal numbers are 

selectable 

• Assignment of program segments to ROM or RAM region 

• Memory protection 

• I nterrupt function 

• Flexibility in input/output media 

• Continuous processing of input/output data 

• Execution minicomputer: MELCOM 70 (memory capac

ity more than 24K words, monitor BDOS) 

SIMULATOR PROCESSING SYSTEM 

MELPS 8/85 SOFTWARE 

SIMULATOR 

• Programming language: FORTRAN IV (parts are written 

in assembly language) 

FUNCTIONS 
The trace command function assigns a specific trace region 

so that it traces only the specified program steps. Execution 

of the simulation can be halted by a breakpoint that can 

be assigned to any location. Program debugging efficiency 

can be expected to increase by the use of these functions. 

Memory protect and ROM regions are simulated. This 

means the simulator will not allow writing in a ROM region 

and will not allow either reading or writing in a memory 

protect region. Therefore, the program under simulation is 

completely simulated, including the state of the memory in 

the object computer system. 

Input/ output media 

• Object program input: 

• Control command input: 

• Simulation intermediate 
results output: 

Paper tape, magnetic tape and 

magnetic disk 

Punched card and keyboard 

Magnetic tape and magnetic 

disk 

• Simulation result output: List 

• Input/output data: Punched card, keyboard, 

paper tape and magnetic tape 

( ABSOLUTE OBJECT PROGRAM ) ( CONTROL COMMANDS) ( JOB CONTROL COMMANDS) 

QQ CJ 
l 

D 
j 

Cl 
1 

CJ 
I 

MELCOM 70 

I SIMULATOR 

[ 
INTERMEDIATE RESULTS ) ( EXECUTION RESULTS AND MESSAGES 

-( ---r--"I )-------'0-----' 0 d 
PROGRAM ORDERING INFORMATION 

Program name Ordering number Program and software manuals Included 

Source Program 

MELPS 8/85 simulator (B-verslOn) GA1SMOll0 MElPS 8/85 Simulator Operating Manual (B-verslon) GAM-SROO-35A 

\ MELPS 8(85 Cross Assembler & Simulator Operating Manual (on MELCOM 70)G AM -3 ROO -04A 

I' 

Manuals 
Manual name Manual number 

MELPS 8/85 Assembly Language Manual (A-verSion) GAM-SROO-34A 
--

MElPS 8/85 Cross-Assembler Operating Manual (A-verSIOn) GAM-SROO-02A 

MELP$ 8/85 Simulator Operating Manual (B-version) 

MELPS 8 Hardware Manual 

• MITSUBISHI 
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METHOD OF CODING CONTROL COMMANDS 
The input formats for control commands are shown in Fig. 1. 

Fig. 1 Input formats for control commands 

Column no 1 72 73 80 

Contents Blank Command Blank Parameter list Blank Comment Sequence number 

The number of 1 or more 
The number of lor more 

No. of colum ns 1 or more characters in the characters in the Free 8 columns 
columns command columns parameter list 

columns 

Remarks The command. parameter list and comment Not required if the command is 

must be less than 73 columns typed in from the system typewriter 

CONTROL COMMANDS 
The simulator includes 26 control commands as shown in Table 1. 

Table 1 List of control commands and their functions 

~ 
Control commands 

Comments 
Functions Action Mnemonic command 

Start simulation START Starts simulation and designates the input unit for control commands. 

-g Start Sets the state to the same state it was after the START command execution was 

E ReinitiaJize .!lE..INIT completed. 
E End End simulation mD Returns to the monitor when executed during simulation. 8 

~ Program loading or Load object program LOAD The absolute object program or the saved intermediate partially executed program is 
loaded 

8 saving intermediate 
All information such as executed commands. contents of registers and flags. and so 

~ 
results Save intermediate results ~VE forth. are saved in external memory 

"5 Changing control Changes to card reader' MTCH The command input unit is changed to the card reader. 
E 
iii command input unit Changes to system typewriter TYPE The command input unit is changed to the system typewriter. 

Starts execution of the object go The stop point can be designated by either an address or the number of 
program instructions to be executed. Start Starts execution of the object 
program RUN Continues execution until a HL T instruction is encountered. 

Assigns a breakpoint !UlEAK A breakpoint is assigned by an address or a range. 

Stop Releases an assigned breakpoint .1 NOBREAK A breakpoint assigned is released. 

Steps STEP Breakpoints are assigned after every specified number of machine instructions 

Assigns a ROM region ROM It is declared that region assigned with this command is the ROM region. 

Assigning memory Releases an assigned ROM region NOROM The assigned ROM region is released 
~ Assigns a memory protection TI regions c region ffiOT A memory protect (unaccessible) region is assigned. E 
E Releases an assigned memory NOPROT An assigned memory protect region is released. 8 protect reg ion 

g Assigns a trace region TRACE Printing out the contents of registers. the program counter and flip-flops along with 

8 the executed instruction codes while executing the instructions in a trace region. 
Trace 

·i Releases an assigned trace region NOTRACE The assigned trace region is released. 

Jj 
Set data ~ET 

Registers. stack pointers. program counter. flag flip-flops. 1/0 ports and the contents 
of memory are set. 

Interrupt lliTER If interrupt is enabled. within 3-byte instruction associated with thiS command is executed 

Counts the number of cycles .I..! ME Counts the total number of cycles of the machine instructions executed before this 
command is encountered. 

Assigns a base ~ASE A base I for printing is assigned. 

Printing out 
Prints out ~I SPLAY The contents of registers, stack pointers. program counter, flag flip-flops, lID ports. and 

memory are printed according to the assigned base. 

Conversion of values CONY The current progralm counter or the assigned value is printed out in binary, octal. 

f--8, . decimal or hexadecimal. 

o ~I . Input simulated J.l>. Defines an input string for a machine instruction IN. 
::, ~'llnpUtiOutput Simulation 

OP Defines an output string for a machine instruction OUT. 8 Output simulated 

Note1: The underlined part of the mnemonic command can be used as a short mnemonic. 

2 The control command START is the first command. and its input unit must be the card reader. 
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EXAMPLE OF SIMULATION 
The program shown in Fig. 2 is simulated using the control 

command in the sequence shown in Table 4. The program 

in Fig. 2 is named 'CON102'. It converts a decimal integer 

{O-65,535} to a binary number. 

The decimal number to be converted is stored in ad· 

dresses DED1-DED5 in ASCII code, and the converted 

result is stored in addresses BID and BID+1 {see Table 2}. 
Further, if characters other than 0-9 are found in addresses 

DED1-DED5, the A register is set to ' 1 ' as an error flag; 

and if the converted result is more than 65,535, the carry 

flip-flop is set to' 1 ' as an error flag. 
The simulation is executed in three segments as follows: 

1. The test values are set in memory addresses DED1-

DED5. 

2. The program is executed. 

3. The simulator confirms that the contents of addresses 

BID and BID+1 are the correct value for the conversion 

of data in addresses DED1 {address 9113}-DED5 

{address 9117}. At the same time, it confirms that the 

contents of register A and the carry flip-flop are 

correct. 
Fig. 2 Assembly listing of the objective program "CON102" 

MITSUBISHI MICROCOMPUTERS 
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SIMULATOR 

The objective program listing is shown in Fig. 2, and 

explanations of the simulation control commands using this 

example are shown in Table 4. 

Table 2 Memory location and contents 

Address Contents Explanation of contents 

DED1 a 

DED2 b The 5-digit decimal integer is a X 104 + b X 103 + C 

DED3 c X 1 0 2 + d X 1 0 + e ' and a, b, c. d and e are set in 

DED4 d ASCII code. 

DEDS e 

BID Converted Low-order 8 bits are stored in BID and high-order 8 bits 

BID+1 results in 81D+1 

Table 3 Error flags for conversion 

~ 
Error and no error display 

Converted result Number to 
be converted A register Carry flip-flop 

Integer 0-65.535 0 0 Correct 

More than 65,535 a 1 Not correct 

, ~~~i~~tledioJt~er than 1 a Not converted 

**CROSS ASSEMBLER OF 8 - BIT MICROPROCESSOR 

0001* * 
0002* CON102 * 
0003* * 
0004 2328 ORG 
0005 2328 219923 CON102 LXI 
0006 232B 0605 MVI 
0007 2320 7E C0100 MOV 
0008 232E FE3B CPI 
0009 2330 OA9423 JC 
0010 2333 FE3B CPI 
0011 2335 029423 JNC 
0012 2338 23 INX 
0013 2339 05 OCR 
0014 233A C22C23 023 JN2 
0015 2330 3A9023 COOOO LOA 
0016 2340 0630 SUI 
0017 2342 2600 MVI 
0018 2344 6F MOV 
0019 2345 3A9C23 COO01 LOA 
0020 2348 0630 SUI 
0021 234A 110AOO LXI 
0022 2340 CA5523 C01 01 JZ 
0023 2350 19 DAD 
0024 2351 3D OCR 
0025 2352 C34023 JMP 
0026 2355 3A9B23 COO02 LOA 
0027 2358 0630 SUI 
0028 235A 116400 LXI 
0029 2350 CA6523 C0102 JZ 
0030 2360 19 DAD 
0031 2361 3D OCR 
0032 2362 C35023 JMP 

0033 2365 
0034 2368 
0035 236A 

9000 0036 2360 
H"DE01 0037 2370 
B,5 0038 2371 
A,M 0039 2372 
48 0040 2375 
ER 0041 2378 
59 0042 237A 
ER 0043 2370 
H 0044 237F 
B 0045 2382 
C0100 0046 2385 
OE05 0047 2386 
48 0048 2387 
H,O 0049 238A 
L,A 0050 2380 
OE04 0051 2390 
48 0052 2391 
0,10 0053 2394 
COO02 0054 2396 
0 0055 2397 
A 0056 2398 
C01 01 0057 2399 
OE03 0058 239A 
48 0059 239B 
0,100 0060 239C 
COO03 0061 2390 
0 0062 239E 
A 0063 2328 
C0102 
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3A9A23 COO03 LOA OE02 
0630 SUI 48 
11E803 LXI 001000 
CA7523 C0103 JZ COO04 
1 9 DAD 0 
3D OCR A 
C36023 JMP C0103 
3A9923 COO04 LOA OE01 
FE37 CPI 37:ti: 
029023 JNC OV 
0630 SUI 48 
111027 LXI 0,10000 
CABA23 C0104 JZ COO05 
19 DAD 0 
3D OCR A 
C38223 JMP C0104 
229E23 COO05 SHLO BID 
C39723 JMP COO06 
37 OV STC 
C39723 JMP COO06 
3E01 ER MVI A, 1 1 
A7 ANA A 
00 COO06 NOP 
76 HL T 
00 OE01 OEF 0 
00 OED2 DEF 0 
00 OED3 OEF 0 
00 OED4 OEF 0 
00 OED5 OEF 0 
0000 BID OAOR 

END 

13-45 



MITSUBISHI MICROCOMPUTERS 

MELPS 8/85 SOFTWARE 

SIMULATOR 

Table 4 Example of the use of simulation control commands 

STA RT M70,CARD MELCOM 70 is used as the host computeL and the input unit for the control commands is select-
ed to be the card reader. 

LOAD START,5 The object program is input from the paper-tape reader (device number 5) 

SET CPU SP=10000 PC=9000 The stack pointer is set to the value 10,000, and the program counter is set to the value 9,000. 

SET MEMORY,DED1=31j:!: Data is set in memory. 31 #: is stored in location DED1, 32# in OED2. 33# in DED2 + 1.35# 

SE M,DED2: DED5=32j:!:,33j:1:, 35j:1:,37j:1: in DED2 + 2. and 37# in OED5. 

BREAK COOO2,COOO3,COOO4,COOO5 Breakpoints are assigned. 

DISPLAY CPU,SP,PC Displays the contents of the stack pointer (SP) and the program counter (PC) for confirmation. 

Confirms whether or not the correct value is set in memory. Here, D is the abbreviated command 
0 M, OED' :DED5 

for DISPLAY and M for MEMORY. 

The program is executed until the machine instruction HL T is encountered. printing out the 

GO * contents of the PC and SP registers and flip-flops at each breakpoint that was assigned by 

BREAK above. 

Confirms whether the conversion is correct or not. displaying the result of the conversion in 

0 M,9119:9120«Q) binary form. It can also be confirmed by finding the change of the contents of registers Hand L 

in the list that is printed out during execution. 

TIME The number of cycles executed is counted, 

NOBR COOO2,COOO3,COOO4,COOO5 The breakpoints assigned with BREAK are released 

S M,DED1-36j:1: 
S M,DED2:DED5=35j:1: 36~ is set in address DED1. 35# in addresses DED2 -- DED5 and 43# in address DED4 

S M,DED4=43j:1: 
S CP,PC=9000 9.000 is set in the program counter. 

GO Executes until a HLT instruction is encountered. 

The data and the result are printed in the hexadecimal because the BASE command is not used, 

0 M,9113:9120 In this case, including a character other than 0--9 confirms whether or not a' 1" is set in the A 

register after execution. 

SAVE 2,SAV1 Intermediate results are saved in file SAV1 of the disk, 

START M70.,C MElCOM 70 is used as the host computer. and the input unit for the control commands is 
selected to be the card reader. 

LO CONT,2,SAV1 The intermediate results that were saved are loaded from the disk. The file name is 'SAVl', 

TYPE The input unit for control commands is changed from the card reader to the keyboard. 

S CUP,SP=10000,PC=9000 The program counter and the stack pointer are set 

: OED5=37j:!:,35j:1: 
37# is set in address DED1. 35# in DEDl + 1. 37# in OED 1 + 2. 35# in OED 1 +3 and 37# 

S M,DED1 
in DED5. 

Executes until a Hl T instruction is encountered, Confirms whether or not a ":1' is set in the carry 
GO 

flip-flop because the data exceeded 65.535. 
--

S CPU,PC=9000 The start address is set 

S M,DED1 :OED5=30j:!: 301# is set in addresses OED1- DED5. 

GO Executes until an HlT instruction is encountered. 

0 M,9113:9120 Confirms the conversion result. 

S CPU,PC=9000 The start address is set. 

S M,9113=36j:!: 
36# is set in address 9113, 35i# in address 9115 

S M,9115=35j:1: 

GO Execution starts. Executes until ,an I HLT instruction is encountered. 

0 M,9113:9120 Confirms the conversion result. 

END Declares the end of simulation. 
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PAPER-TAPE GENERATION PROGRAM FOR PROM WRITERS 

DESCRIPTION 

This program is used to convert absolute binary object for

matted programs, which are produced by the MELPS 8/85 

cross-assembler, into other language formats and then pro

duce a paper tape that can be used as input for a PROM 

writer. 

The functional configuration of this program provides 

for automatic conversion of object programs from one for

mat to another format. In addition, it provides extensions 
suitable to various applications. 

FEATURES 

• Producing, selectively, punched paper tapes with simple 
control commands 

• Converting MELPS 8 binary object programs stored on 

disks into various hexadecimal formats on paper tape 

• Converting various hexadecimal formatted paper tapes 

into MELPS 8 hexadecimal format 

• Matching control functions for MELPS 8 hexadecimal 

formatted paper tape as well as other formats 

• Output of various block sizes as specified by the block-
size parameter 

• Sorting capability to put files in address sequence 

• Executing computer is a MELCOM 70 minicomputer 

• Implementation language: FORTRAN IV (parts are 
written in assembler language) 

INPUT/OUTPUT MEDIA 
• Converts MELPS 8 binary to hexadecimal paper tape. 

Input: cartridge disk 

Output: paper tape (everi-parity ASCII code) 

• Converts other hexadecimal paper tapes to MELPS 8 

Paper-Tape Processing System For PROM Writers 
HEXADECIMAL r---1 
OBJECT FOR TAKEDA l-----.-.-J "-1 

, 
HEMDECIMAL r----l .. ~ 
OBJECT FOR MINA TO l-----.-.-J : , 

HEXADECIMAL c::J: 
OBJECT FOR ""'" 

PRO I OG AND DATA I/O 

hexadeci mal paper tapes. 

Input: Paper tape in other hexadecimal format 

(even-parity ASCII code) 

Output: Paper tape in MELPS 8 hexadecimal for· 

mat (even-parity ASCII code) 

• Compares MELPS 8 hexadecimal with other hexadecimal 

paper-tape formats. 

Input: Paper tape (even·parity ASCII code) 

Output: Printed on system typewriter. 

• I nputs system commands. 

Input using the keyboard of the system typewriter 

APPLICATIONS 

• Programs are applicable to the M58563S (256·word by 

8·bit), M5L2708K, S (1024-word by 8-bit,M5L2716K 

(2048-word by 8-bit) or other similar ROMs when being 

programmed by a PROM writer made by Data I/O, Pro

log, Takeda or Minato Electronics. 

FUNCTIONS 
This program converts absolute binary object programs 

(abbreviated MELPS 8 binary), created on the disk by the 

MELPS 8/85 cross assembler, into hexadecimal object pro

grams. These hexadecimal object programs can be used to 

program PROMs on PROM writers such as those made by 

Data I/O, the Series 90 made by Pro-log Ltd., the T-310 

made by Takeda Riken and the 1830 made by Minato 

Electronics (abbreviated elsewhere to Data I/O, Pro-log, 

Takeda and Minato). This program also converts absolute 

binary object programs into MELPS 8 hexadecimal format 

and creates a paper tape with blocks of suitable size. The 

program can also convert paper tapes of Data I/O, Pro-log, 

Takeda and Minato into MELPS 8 hexadecimal format and 

compare the functions of each. 

'--~-.... 

MELPS 8 
HEXADECIMAL 
OBJECT 

HEXADECIMAL 08JECT 
FOR TAKEDA 

HEXADECIMAL OBJECT 

........ ~_ .... FOR MINA TO 

HEXADECIMAL OBJECT FOR 
PRO·LOG AND DATA I/O 

..... --. CONVERSION FROM 

PAPER TAPE 

HEXADECIMAL OBJECT MELPS 8 HEXADECIMAL HEXADECIMAL OBJECT HEXADECIMAL OBJECT FOR 

FOR TAKEDA OBJECT FOR MINATO PRO·LOG AND DATA 110 

PROGRAM ORDERING INFORMATION 
Program Prugram code number Program and software manuals Included 

Paper tape preparation program 
GA lSP0100 

for PROM writers 
Paper-Tape Preparation Program 

for PROM Writers Manual 
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PAPER-TAPE PROCESSING SYSTEMS FOR PROM 
WRITERS 
The program provides for both conversion and comparison 

of various object programs. Table 1 shows a summary of 

the conversion processing indicating various combinations 

of object programs and media that the program is capable 

of processing. Table 2 shows a summary of the comparison 

processing indicating the various combinations of object 

programs and media that the program is capable of process

ing. Examples of all the object conversions listed in Table 1 

are illustrated in Fig. 1. 

Table 1 Object conversions 

~~each Hexadecimal paper tapes for PROM writers that company's PROM writer 

P~per tape block size 
can be converted from MELPS binary (on disk) 

256 bytes Data I/O. Pro-log, Takeda. 

MELPS 8 hexadecimal (for mask ROM), Data 1/0, 
1024 bytes 

Pro-log. Takeda, Minato 

2048 bytes 
MELPS 8 hexadecimal. Takeda, Mlnato (for mask 

ROMI 

Table 2 Comparison processing of object paper tapes 

--~ts compared 
Comparison - ______ 

MElPS 8 hexadeCimal self comparrson 

Comparrson of MELPS 8 hexadeCimal 
with Mlnato 

Comparrson of MELPS 8 hexadecimal 
with Takeda 

Comparison of MELPS 8 hexadecimal 
with Pro-log 

Comparrson of MELPS 8 hexadecimal 
with Data 1/0 

Fig. 1 Medium conversion 

CONVERSION FROM MELPS 8 BINARY (ON DISKI 

• 256-BYTE BLOCKS 
HEXADECIMAL 

FOR DATA 1/0 
MELPS 8 PRO-LOG AND 
BINARY TAKEDA 

OO"EJ """m 
OFF 
000 
OFF , - , , 
000 ' 
OFF 

CONVERSION TO MELPS 8 HEXADECIMAL 

• 256-BYTE BLOCKS 

HEXADECIMAL 
FOR DATA 1/0. PRO-LOG MELPS 8 

AND TAKEDA HEXADECIMAL 

"""m """0 
OFF 
000 
OFF : E~OCKS 

000 ' 
OFF 7FF 
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MELPS 8 hexadecimal 

Object Media 

MElPS 8 absolute 
Paper tape 
.1D24-byte block 

hexadecimal .2048-byte block 

MELPS 8 absolute Paper tape 

hexadecimal 
.1024-byte block 
.2048-byte block 

Paper tape MELPS 8 absolute 
hexadecimal 

.1024-byte block 

.2048-byte block 

MELPS 8 absolute Paper tape 

hexadeclma I 
.1024-byte block 
.2048-byte block 

Paper tape MElPS 8 absolute 
hexadecimal 

.1024-byte block 

.2048-byte block 

• 1024-BYTE BLOCKS 
HEXADECIMAL 

FOR DATA 1/0, 

MELPS B PRO-LOG, TAKEDA 

BINARY AND MINATO 

3FF 
000 

"""EJ 3FF . ""Om ~ooo : 
000 
3FF 

• 1024-BYTE BLOCKS 

HEXADECIMAL 
FOR DATA 1/0, PRO-LOG MELPS 8 
TAKEDA AND MINATO HEXADECIMAL 

""D""B '~'"")T"o 3FF BLOCKS 
000 ---.... 

3FF 3FF 3FF 7FF 

OR OR 
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Hexadecimal paper tapes for PROM writers that can 
be converted Into MELPS 8 hexadecimal paper tape 

Conversion from eight blocks of Data I/O. Pro-log or 

Takeda to one 2048-byte block 

Conversion from one block of Data I/O. Pro-log, 
Takeda or M,nato to one 1024-byte block or two 

blocks to 2048-byte block 

Conversion from one block Takeda, Minato to 

2048-byte block 

Comparison object 

Object Media 

MElPS 8 absolute Paper tape 
.1024-byte block 

hexadecimal .2048-byte block 
Paper tape 

Hexadecimal lor Mlnato .1024-byte block 
.2048 byte block 
Paper tape 

Hexadecimal for Takeda 
.eight 256-byte blocks 
.two 1024-byte blocks 
.2048-byte block 

Paper tape 

Hexadecimal for Pro-log 
.elght 256-byte blocks 
.two 1024-byte blocks 
.2048-byte block 

Paper tape 

Hexadecimal for Data 1/0 
.elght 256-byte blocks 
.two 1024-byte blocks 
.2048-byte block 

• 2048-BYTE BLOCKS 

MELPS B MELPS 8 

BINARY HEXADECIMAL 

OO"EJ """~ 7FF 
000 

~7FF i 
000 
7FF 

• 2D48-BYTE BLOCKS 

TAKEDA MELPS 8 
MINATO HEXADECIMAL 

"'"Q """0 O~K 

7 FF 7FF 



DESCRIPTION 
The MELPS 8/85 self assembler is a target program that 

has been prepared for the development of application pro

grams suitable to microcomputers using the MELPS 8/85 

CPU and devices utilizing microprocessors. 

The PTS-A version of the MELPS 8/85 self assembler 

requires fewer control commands than the cross assem

bier, and is capable of assembly, even without a host mini

computer, using an inexpensive debug machine. 

The coding for this self assembler is easy, since input 

data in the MELPS 8/85 self assembler language (B

version) may be handled in free format. 

FEATURES 
Of the Self Assembler 
• May be used on either 3-pass or 2-pass system 

• Source input may be in free format 

• Source input may be prepared either with paper tape or 

from the keyboard 

• The number of symbols can be increased in accordance 

with memory capacity expansion 

• The execution computer is the MELCS 8/1 and III1ELCS 

85/1 debug machine (with memory more than 8K-bytes 

and using the BOM-PTS monitor) 

• The MELPS 8/85 assembler language (A-version) is used 

as the implementation language 

Of the Self Assembler Language 
• 8 pseudo instructions 

• Algebraic expressions 

MITSUBISHI MICROCOMPUTERS 
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SELF ASSEMBLER 

• Character constants 

• Octal, decimal, and hexadecimal numbers 

• The mnemonic codes of the machine instructions are the 

same as those for the MELPS 8/85 cross assembler and 

Intel's. 

INPUT IOUTPUT MEDIA 
• Source input: Keyboard or paper tape 

• Control command input: Keyboard 

• Object output: Paper tape or debug machine 

memory 

• Program supply media: Paper tape (object) 

FUNCTIONS 
This self assembler converts source programs written in the 

MELPS 8/85 self assembly language (B-version) into absolute 

objects in the MELPS 8 binary format utilizing the debug 

machine. 

This self assembler can handle 4 control commands for 

input device assignment, object output device assignment, 

assembly execution contrOl, and end designation control, 

and can use both machine and pseudo instructions. The 

machine instructions, in one-to-one correspondence with 

machine language, consist of 80 basic instructions (the same 

as the M ELPS 8/85 cross assembler) that are to be sub

ject to object conversion. The pseudo instructions are 

divided into assembly control, data setting and storage 

allocation instructions, and consist of eight instructions. 

SELF ASSEMBLER PROGRAM PROCESSING SYSTEM 
CONTROL COMMANDS C,..--SO-U-R-C-E-P-RO-G-R-A-M-.... ) 

~--'---, 

ASSEMBLE LISTING AND 
ERROR LISTING 

MELPS 8 BINARY FORMAT 

PROGRAM ORDERING INFORMATION 
Program name Ordering number 

MElPS 8/85 self assembler GA2AS0100 

Manuals 
Manual name 

MELPS 8 Editor Manual (PTS·A-version) 

MELPS 8 Editor Operating Manual (PTS-A-version) 

MELPS 8 Basic Operating Monitor (BOM-B) Manual 

MELPS 8 Basic Operating Monitor (BOM-PTS) Manual 

MELPS 8 Hardware Manual 

Program and software manuals included 

Self Assembly Language Manual (B-version) 

Self Assembler Manual (PTS-A-version) 

Self Assembler Operating Manual (PTS-A-version) 

• MITSUBISHI 
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GAM-SROO-25A 

GAM-SROO-19A 

GAM-SROO-24A 

Manual number 

GAM-SROO-26A 

GAM-SROO-27A 

GAM-SROO-23A 

GAM-SROO-18A 

GAM-HROO-01A 
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This self assembler facilitates assembly by the use of the 

control commands shown in Table 1. The assembly consists 

of the creation of the symbol table in pass 1, where source 

programs are read from the keyboard or paper tapes, the 

creation of the assembly list in pass 2, where source pro

grams are read from paper tapes and each instruction is con· 

verted into machine language, and the output of absolute 

objects in pass 3. 

SELF ASSEMBLER OBJECT LANGUAGE 
The cross assembler is composed of many object modules, 

and each module is composed of a name part, a symbolic 

part, a text part and a final part. This self assembler outputs 

only the text part and the final part in response to the 

object output control command. 

ASSEMBLY LANGUAGE FUNCTIONS 
The assembly language that this self assembler accepts 

consists of the following machine instructions and pseudo 

instructions. 

1 . Machine Instructions 
There are 80 basic machine instructions. These are con-

Table 1 List of control commands for the self assembler 

Functional clasSification Mnemonic 

Input device assignment command / / / S P u (S T ) 
SK . 

Object output device assignment III OB u (~~J. 

Assembly execution control 

1110' u Pl[ 
None 

A NJ 
None • 

G) (2) 

(fl Listing control 

ct; Object output control 

End designatIOn control command II/ED. 

Table 2 List of pseudo instructions 

~ 
Instruction 

Functional mnemonic Name of Instruction 
claSSification symbol 

ORG Program counter setting 

Assembly-control NAM Program name declaratIOn 

Instructions PAUS Assemble Slap 

END End declaration 

E au Value symbol sewng 

Data-setting Instructions DB Data setting 

OW Address setting 

Storage allocation OS Storage allocation 
Irlstructlon 

verted to their corresponding machine codes and then ;:'\

serted in the object program. The mn&;,,_ all the 

other instructions are the same as for the ME LPS 8/85 cross 

assembler; for these please refer to the Cross Assembler 

Manual. 

2. Pseudo Instructions 
The pesudo instructions that this self assembler accepts 

consist of ORG, NAM, PAUS, and END as assembler-con

trol instructions; EQU, DB, and DW as data-setting instruc

tions; and DS as storage allocation instruction. These 

instructions are summarized in Table 2. 

3. Language Format 
The Self Assembler Language Manual (B-version) is applic

able to the language formats for the ME LPS 8/85 self assem

bier; these are equivalent to those for the MELPS 8/85 cross 

assembler, with some restrictions, and may be handled in 

a similar manner. In the source program, a statement 

starts with CR (carriage return) and ends with CR (carriage 

return). consisting of label, command, operand, comment, 

and identification fields. 

Function 

Input device assignment for pass 1 

ST Paper tape reader 
SK Keyboard 

Object output device assignment 
ST Paper tape punch 

OM Debug machine memory 

Assembly execution start assignment and control of source listing 

and of object output 
(1) Listing control 

LS Source listing needed 

LC Commentless condensed listing needed 

LE lrstlng of error statements only needed 

None Source listing unnecessary 

(2) Object output control 
AN Output of absolute objects without symbol parts 

None No object output 

End of assembly execution designated 

Table 3 Labels. characters. numerals. and expressions 
Sort Item Symbol 

Label expression L: 
Inlttal characters for labels A ~Z, @, ? 

Label Characters. except the initial 
ones. for labels A ~Z, @, ? o ~9 
Number of label characters From one to f,ve(e 9 LAB L 1 :J 

A 1 byte "'A '" Character 
AB 

constant 
2 bytes "'A B '" 

A"'B3bytes "'A"''''B''' 
Octal number nO 

Numeral DeCimal number n 

Hexadecimal number n H 

Add + 
Subtract -

ExpreSSion 
Multiply * 
Divide / 

Others 
Program counter $ 
Opera tional order From left to right 

13-50 
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A comment is preceded by a semicolon (;). Since the 

format is free, any column may be used if the delimiters are 

properly placed. (Note that the printout for columns 35-72 

and 81 and over are neglected.) 

Table 3 summarizes the labels, characters, numerals, 

and expressions, etc. 

1. Label field 

One-five characters may be used. Only A-Z, @, and? 

may be used as the first character and A-Z, @, ?, and 

0-9 may be used as the remaining characters. A colon is 

to be added at the end of the character stri ng. 

Label example L 1: M OV A, B 

LABL5: 

@ABCD: 

2. Instruction field 

A 123?: 

?AB01 : 

Instruction mnemonic codes are placed in this field. 

Machine instructions are formed with the same codes 

as in the MELPS 8/85 cross assembler. The pseudo 

instructions available are, ORG, NAM, PAUS, and END 
as assembler-control instructions; EQU, DB, and DWas 

data-setting instructions; and DS as storage allocation 

instruction. 

Fig. 1 Source program format 
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3. Operand field 

Operands 1 and 2, the first and second operands of the 

instruction parameters, may be written. When both the 

operands 1 and 2 are necessary, a comma as a delimi· 

ter should be written. 

Octal, decimal, and hexadecimal numbers may be 

used as numerals, formats such as ~A~, ~AB~ ,~A~ ~B-'; 

etc. as character constants, expressions combined with 

operators (+, -, *, / ) as expressions, and $ as the pro

gram counter. 

4. Comment field 

A line preceded by a semicolon (;) and a character string 

following a semicolon (;) placed at the end of a command 

or at an arbitrary position along a line are regarded as 

comments. 
Comment examples; THIS LINE IS COMMENT 

; COMMENT 

LI: MOVA, B;COMMENT;ABC 

5. Identification field 

The field is composed of the characters in columns 73-

80 or from 1 to 8 characters following!. This field is 

placed at the end of one statement and may be omitted. 

Label field Instruction field Operand field Comment field IdentificatIOn field 

r..-----;\ CD~ CV 
Label I: LJ (Instruction I LJ 

LAB1:uMVI 

u MV I 

Note Mark LJ denotes space. 

u 
u 

Fig. 2 Assemble list format 

First operand 

A 

A 

CD 
U 

u, 

u, 

CD 
ul 

u 

u 

CD Spaces that may be omitted 

CID One. or more spaces needed. 

Item 

ABC 

1 0 

CD+CD 
u u 

._:--_...,' CD I \ CD I , 
Item I LJ ; I Comment I LJ I Identification 

u+u XYZ 
u;A=10 

u A=B uSAL001 

u SAL002 

I i 1:' :,,:~"~ 1. ~IF:-al-------s-ou-rc-e-s-ta-.!-m-en-t-fr-om-th-e-----...,51 Ir:-o-,u-m-nS-7-1-_-80-O-f-th"'~"' 
(2 to 6 characters) first column source statement 

Memory address in hexadecimal (4 digits) 

'----- Statement number in decimal (4 digits) 

• MITSUBISHI 
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FORMATS FOR SOURCE PROGRAM AND 
ASSEMBLE LIST 
The coding of source programs is in free format like that 

shown in Fig. 1. 
The format of assemble lists is shown in Fig. 2 and an 

example of the list is given in Fig. 3. 

OBJECT TAPE FORMAT 
The object program which is generated in pass 3 is an 
absolute object program in MELPS 8 binary format. 

Fig. 3 Example of assemble list 

1 4 6 911 1618 
L--.-J '---' ' I I 

ASSEMBLE EXAMPLES 
Examples of execution of passes 1, 2, and 3 are given in 

Fig. 4 for paper-tape input and in Fig. 5 for keyboard input. 

ERROR MESSAGE FORMAT 
Error messages are divided into two types: one for control 

commands and the other for assemble. 

Errors for control commands ... * Q * 
Errors for assemble ... ? LJ * x * x: Error code 

5153 60 , , , 
0001 SUBROUTINE (1) .......... , MUL T AT-02000 

Fig. 4 
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0002 
0003 
0004 
0005 
0006 
0007 0000 OE08 
0008 0002 210000 
0009 0005 110000 
0010 0008 57 
0011 
0012 0009 7A 
0013 OOOA OF 
0014 OOOB 57 
0015 OOOC 7C 
0016 0000 021100 
0017 0010 80 
0018 
0019 0011 lF 
0020 0012 67 
0021 0013 70 
0022 0014 lF 
0023 0015 6F 
0024 
0025 0016 79 
0026 0017 0601 
0027 0019 4F 
0028 001A C20900 
0029 0010 7A 
0030 001E C9 
0031 
0032 0000 

Paper tape input 

:///Sp. 
: I I lOB. 

Input from a tape reader 

:///OP LS,AN. 
Pl START 
P 1 END 
: I I I GO. Continue pass 2 

L@OOl: MV I 
LXI 
L X I 
MOV 

L@002: MOV 
RRC 
MOV 
MOV 
JNC 
ADD 

L@003: RAR 
MOV 
MOV 
RAR 
MOV 

MOV 
SUI 
MOV 
JNZ 
MOV 
RET 

END 

P 2 S TAR T Assemble listing start 

0001 NAM EXAMPl 
ORG 1000 

LOO 1 : MOV A, C 
L002:MVI A,2 
L003:MOV C,B 

0002 03EB 
0003 03EB 
0004 03E9 
0005 03EB 
0006 03EC 
0007 0000 
P2 END 

79 
3E02 
4B 
00 

:IIIGO. 
P3 START 

NOP 
END 

AT-02020 

* DATA (A)········MULT AT-02030 
(B)········MULT AT-02040 

* RESUL T (H) (L)· ... PROD AT-02060 
AT·02070 

C, 8 AT·02080 
H, 0 AT·02090 
0, 0 AT-02100 
0, A AT·02110 

AT·02120 
A, 0 AT-02130 

RI G AT·02140 
0, A AT-02150 
A, H AT·02160 
L@003 AT·02170 
B ; (A) AT·02180 

AT·02190 
R· S AT-02200 

H, A AT-02210 
A, L (A) AT-02220 

R· S AT·02230 
L, A AT·02240 

AT·02250 
A, C (A) AT-02260 
1 (A) AT-02270 
C, A AT·022BO 
L@002 AT-02290 
A, 0 AT-02300 

AT·02310 
AT·02320 
AT·03330 

Fig. 5 Keybord input 

: I I I S P S K .......••. Input from a keyboard 

: /.I lOB. 
:IIIOp LS,AN. 
Pl START 

NAM EXAMPl 
ORG 1000 

L001:MOV A,C 
L002:MVI A,2 
L003:MOV C,B 

NOP 
END 

Pl END 

1 Statements that are 

j typed in from a keyboard 

:IIIGO. 
P2 START 
0001 

••••••••••• Assemble listing start 

0002 03EB 
0003 03EB 
0004 03E9 
0005 03EB 
0006 03EC 
0007 0000 
P2 END 
:IIIGo. 
P3 START 

79 
3E02 
4B 
00 

NAM EXAMPl 
ORG 1000 

LOOl :MOV A,C 
L002:MVI A,2 
L003:MOV C,B 

NOP 
END 
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DESCRIPTION 
The MELPS editor program was developed to make 

modifications of programs at the source language level 

easy. This design feature also makes it a useful tool in 

program development for microcomputers and micro· 

processors. 

FEATURES 
• Fifteen easy·to·use control commands 

• Convenient loading from the keyboard or by paper tape 

• Variable work area to match the application require· 
ments 

• Versatile input control 

• Easy·to·use buffer·pointer control 

• Flexible output control 

• Data editing made easy 

• String command is possible 

• The repetition function of commands shortens input 
commands 

• The command format is similar to that used in the 

MELCOM 70 editor 

• Debugging and execution are done on a MELCS 8/1 and 

MELCS 85/1 (memory 8K-bytes, monitor BOM-PTS) 

MELPS Editor 
Processing System 

SOURCE PROGRAM TO BE EDITED 

MELPS EDITOR PROGRAM 

ORDERING INFORMATION 
P m rogra 

Program Program code number 

MITSUBISHI MICROCOMPUTERS 
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EDITOR 

• The programming language is MELPS assembler (A 
version) . 

INPUT IOUTPUT MEDIA 
• Programs for editing: 

• Control commands input: 

• Output after editing: 

FUNCTIONS 

Keyboard or paper tape 

Keyboard 

Printer or paper tape 

The MELPS editor loads text from paper tape or key

board into the work area where the text is modified and 

edited. Control commands for the editor are entered 

through the keyboard. The edited text is punched out 

on paper tape, and at the same time the copy can be 

printed. 

The powerful control commands are divided into five 

functions as shown in Table 1. There are a total of 15 

easy-to-use control commands. One instruction can 

delete, insert or replace from one character to a number 

of lines. This is facilitated by the flexible control provided 

for the buffer pointer. The edited results can be punched 

on paper tape and printed simultaneously. 

CONTROL COMMANDS 

OUTPUT LISTING AFTER EDITING 

Program and software manuals Included 

Source Program 

MELPS 8 Editor GA2SP0103 

Reference Manuals for Separate Ordering 
Manual name 

MELPS 8 Self Assembler Language Manual (S-version) 

MELPS 8 Self Assembler Manual (PTS-A version) 

MELPS 8 Self Assembler Operating Manual (PTS-A version) 

MELPS 8 Basic Operating Monitor (BOM-B) Manual 

MELPS 8 Basic Operating Monitor (BOM-PTS) Manual 

MELPS 8 Hardware Manual 

MELPS Editor Manual (PTS-A version) 

MELPS Editor Operating Manual (PTS-A version) 

• MITSUBISHI 
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GAM-SROO-26A 

GAM -S ROO-27 A 

Manual number 

GAM-SROO-25A 

GAM-SROO-19A 

GAM-SROO-24A 

GAM-SROO-23A 

GAM-SROO-18A 

GAM-HROO-01A 
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FUNCTIONAL OPERATIONS 

The MELPS editor is designed to increase the effectiveness 

of modifying, editing, and debugging programs. There 

are five groups of control functions: input control, buffer· 

pointer control, output control, data-editing control and 

editor end control. There are a total of fifteen control 

commands listed in Table 1. An explanation of the action 

of each control command is also given in Table 1. The 

general format of a control command for input is shown 

in Fig. 1. 

1. String commands 

The control commands can be used independent· 

Iy or they can be combined into a string as shown in 

the example that follows. 

IIIBP$5TW$2CP$3DL$RPA$B$$ 

2. Command repetition 

The format for repetition of a command is as 

follows: 

n <command string <command string < .... < ... »> 

Where n is a decimal number and Inl;;;; 255, if n is nega· 

tive, it is converted to a positive number. The command 

string between' < and> will be repeated n times, Repe· 

tition command nesting of < and> is limited to eight levels, 

An example of command formats and how they can be 

stringed follows. The contents of the work area before 

and after execution are also shown in Fig. 2. 

Fig. 1 General format of input commands 

/ / / c:::::=J $ CJ $ $ 
@ 

(V This 15 an Input command message Editor program IS ready to accept 

a command 

(2)\4) Editor control commands and necessary arguments. 

(J) Delimiter (one ESC) (ESC = Escape) 

® End of command delimiter (two ESC) 

Fig. 2 Typical editor command 

An editor command 

IIIBP$RPI $1 O$2CP$OL$BP$FPPOP O$IN ;C$$ 
(ZJ @ ® 

Before the above command 15 Alter the above command 
executed and the modificatIOns 
are made 

PUSH H CD 

MYI D, CV 

MOY E, A (J) 

SHLD XV (4) 

POP D ® 

(1) Not modifYing 

(g) Replace 1 with 10 

Q) Delete one line (MOV EA) 

@ Not modifying 

IS executed and the 
modifications are made 

PUSH H 

MYI D, 10 

SHLD XV 

POP D ;'C 

@ Search the string for the data (POP D) and set the buffer 

pOinter to the end location of the data 

Insert the assigned string (:C) in the work area starting at 

the location Indicated by the buffer pOinter 

CD 

CZl 

® 

(]) 

Table 1 Editor control commands and an explanation of their actions 

Control function Control command 

Input control Source load 

Buffer -pointer initial setting 

Buffer-pOinter control 
Buffer-pointer character setting 

Buffer-pointer line setting 

Buffer-pointer end setting 

Print typewriter 

Output control 
Line punch 

Punch work area 

Punch sprocket holes 

Delete character 

FInd and buffer-pointer setting 

Data-editing control Replace 

Delete line 

Insert 

Editor end control End 

13-54 

Mnemonic Action 

LD ASSign the Input device for text load an d load text 

BP Set the buffer pOinter to the first address of the work area 

CP Move the buffer pointer n characters 

LP Move the buffer pOinter n lines. 

EP Move the buffer painter to the end of the work area 

TW Print n lines 

PN Punch n lines from the first line of the work area. 

PP Punch all the contents of the work area 

PS Punch sprocket holes for n bytes 

DC Delete n characters 

FP Search the string or the data and set the buffer pointer to the end 
location of the data. 

RP Locate data to be replaced and replace with the new data 

DL Delete n lines 

IN 
Insert the assigned string In the work area starting at the location 
IndIcated by' the buffer Qointer 

EN End of editor processing 
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MELPS 8· BOM-PTS 

BASIC OPERATING MONITOR-PAPER·TAPE SYSTEM 

DESCRIPTION 
The 80M-PTS basic operating monitor was developed for 
microcomputers that use the M5L 8080A 8-bit parallel 
CPU. It controls execution and debugging of the user's 
program. The 80M-PTS has a program capacity of 7.5K
bytes and drives the system typewriter (Casio Typuter, 

Model 500 or 501) as its I/O unit. 

FEATURES 
• Has 3 macro instructions and 22 monitor commands 
• Provides trace, snapshot, and address halt commands 

for effective program development and debugging 

• Has pseudo I/O and PROM write functions 

FUNCTIONS 
The BOM-PTS 22 monitor commands and 3 macro instruc
tions provide the following functions: 

1. Program execution control 

2. Program loading 
3. Memory punching 

4. Program debugging (trace, snapshot, and halt commands) 

5. I/O control and pseudo I/O processing 

6. Memory and register data display, and data alteration 

7. PROM writing function 

FLOWCHART 

COMMAND SYMBOL 
PARAMETER ERROR PROCESSING 

Starting BOM-PTS Execution 
When the BOM start switch on the panel of the debugging 

machine MELCS 8/1 is turned on, the following message 
is printed out. After the printout, monitor commands can 
be entered. 

BOM-PTS AOO 'READY' 

// 
Hardware Limitations 
1. Memory Configuration 

Memory locations in the ROM are: 

E00016 -FCF F 16 

In addition to the ROM, the following 78 bytes of RAM 
area are required: 
FOOOI6 -EDFF I6 

2. Input/Output Device Addresses 
PTR, for keyboard input: 7B 16 (IN 78#) 

PTP, for printout: 78 16 (OUT 78#) 
Status input: 78 16 (IN 78#) 

The structure of the status bits is as follows: 

7 6 5 4 3 2 OBIT 

IZVk1ZVVI Yo I Yo I 
(True when bit is 1) 

NO 

L L- INPUT BUSY 

OUTPUT BUSY 

OPERATOR MODE 
RETURN PROCESSING 

PROGRAM ORDERING INFORMATION 
Program name Ordenng number Program and software manuals included 

MELPS 8 basic operatlmg monitor 
(BOM-PTS) 

GA20S0l00 Source program. Object program 
BaSIC Operating Monitor Manual (~OM-PTS) 

Manuals 
Manual name 

MELPS 8 Basic Operating Monitor Ma-nual (80M-B version) 

MELPS 8/85 Self-Assembler Language Manual (8 version) 

MELPS 8/85 Self-Assembler Manual (PTS-A version) 

MELPS 8/85 Self-.Ass~mbler Operating Manual (PTS-A ver.sion) 

MELPS 8 Hardware Manual 

• MITSUBISHI 
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GAM-SROO-18A 

Manual number 

GAM-SROO-23A 

GAM-SROO-25A 

GAM-SROO-19A 

GAM-SROO-24A 

GAM-HROO-01A 
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MELPS 8 BOM·PTS 

BASIC OPERATING MONITOR-PAPER·TAPE SYSTEM 

MONITOR COMMANDS AND MACRO INSTRUCTIONS FOR BOM-PTS 

Name Function 
Command designation, parameter Input arm at. 

Parameter and calling sequence 

G Start program 
//G paral (4): Starting address 

paral (4)_.-.{para 2(4)J OR LF para2 (4): Altered starting address 

R Restart program / /RCR LF 

U User pseudo I/O processing / /Uparal(4PR LF 
para1 (4): First address of the user pseudo 

---- IjO procesSing routine 

LM MELPS 8 binary loader / /LMparalI4),para2{4)CA para3(2jCR LF 
paral (4): ROM start address(when relocatablel 
para2 (4): RAM start address(when relocatable) 
para3(4): LE(Load End indlcatlnQ key word) 

Dump memory data, MELPS 8 binary test / /DMpara 1 (1), para214), para3(4pR LF 
paral (1): para 1 (1)- T 

portion (to paper tape punch) para2(4): Start address 
DM para3 (4): End address 

Dump MELPS 8 binary end portion (to paper / /DMparpl(l) Lpara4(4)]CR LF para 1 (1): para 1 (l)-E 
tape punch) para4 (-'I): Starting address 

PR Pnntout register data m hexadeCimal form / /PRCR LF 

PM Printout memory data in hexadeCimal form / /PMparall4J, para2(4}CR LF 
para 1 (4): Starting address 
para2 (4): End address 

paral (4): Starting address 
pa ra2(4): End address 

PA Reverse assembler / /PAparal (4),para2(-'I), para3(1)OR LF para3(1): No reverse assembly is done to 
the operand when para 3 (1)= t 

MR Alter the register data / /MRoR LF 

MM Alter the memory data / /MMl2arat\4l0R LF para 1 (4): Starting address 

MC Complement the memory data / / MCpara t (4), Para2 (4)OR LF 
parpt (4): Starting address 
para2 (4): End address 

parat (4): Starting address 
MS Set up constants In memory / / M5para 1 (4), para2 (4), para3(2)0R LF para2(4) : End address 

para3(2) : The constant 

Transfer memory data m blocks 
parat \4): Starting address 

MT / /MT parat (4), para2(4), para314)OR LF para2(-'I) : End address IWhlCh transfer IS made 
para3(4): Starting address of the memory to 

para 1 (1): Enables machine Interrupt when 

I Enable machme Interrupt / /1 para 1 (lPR LF para 1 (1)= 1, and disables mter-
Command rupt when para 1 (1) =1. 

PT Pn nt debug tabl e / /PTOR LF 

C Clear debug table / /C CR LF -
parat (1): parat (1)-5 

Prepare halt and debug table / /Hpara 1 (I), para214J, para3 (4)OR LF para2(-'I): Halt address 

H 
para3(4): Number of passes before halt is acti ve 

/ /Hparal (1), para2(1) paral(1): parat(l)=D 
Cancel halt and debug table L,·· ,para9 (l)J OR LF 

para211)-para911) : 0 -7 (table number), 
W (whole table) 

parat (1): parat (1)-$ 
para2(4): Snapshot executing address 

Prepare snapshot and debug table //5 para 1 (1). para2(4), para3(6), para4 (4), para3(6) : Snapshot symbol 
para5(4)[ ,para6(1)] OR LF para4 (4): Memory data display starting addres 

paraS(4) : Memory data display end address 

S para6(1) : para6(1)=R 

Cancel snapshot and debug table / /Sparat (1),para2(1) [, .. ,para9 (1)J OR LF 
paral(l): paral(l)-D 
para2 (1)-para9 (1): 0 -7 (table number), 

W (whole table) 

paral (ll: paral (1) S 
para2(4) : Trace region starting address 
para3(4) : Trace region end address 

/ /T para 1 (1), para2(4), para3 (4), para4(4). para4\-'I) : Memory data display starting addres 
Prepare trace and debug table pa raS (4) !. , para6 (1)!. , para 7 (l)J ] OR LF paraS(4) : Memory data display end address 

T para6(1) : para 6(1)=R specifies register 
data display. para 7(1)=8 specI-
fies to trace only while the debug 

para7(1) instruction IS In execution 

Cancel trace and debug table / /Tparal(1),para211)~, --, paraS (1)J OR LF 
para1 (1): para·t (1)-0 
para2 (1)- paraS (1): 0 -3 (table number). 

W (whole table) 

FP Write PROM / /FP paralI4), para2(4), para3(2jCR LF 
para 1 (4): Starting address 
para2 (4): End address 
para3(2): PROM writing address 

FT Transfer wfltlng address / /FTQaral\4!CR LF paral (4): Starting address 

FC Compare PROM data with main memory data / /FCQara 1 (4lcR LF paral(4): Starting address 

EXIT End declaration of program CALL F01511 
Macro PAUSE Temporary stop of program execution CALL F01211 mstructlon 

EXIO I/O control 

Note 1 : paran (m! n ~ the nth parameter (Input by the operator 
CALL FOOC II - Execution of the EXIO macro Instruction 
DADR DCB1~~ .. - Starting address of the data control block 

or printout by the monitor) in a command. and IS a (DCBI 
hexadecimal parameter l-m digits. If the number of DCBl DEi: laD - DeSignation of 1/0 operation. PTR (100=52#). PTP (~50#1. 

digits In the parameter exceeds m, only the first m digits keyboard (=4B#), printout (=44#) 

are valid. DADR DA - - - Setup of the 1/0 data-stormg memory starting address 

2 _(underlining): Represents and input by the operator. 
DADR DL - - - Setup of the I/O data-stormg memory length 

3 . [ I (blocking): Represents input by the operator that DA 
can be omitted. 

I 
1/0 data-

I ! 4. #: Indicates hexadecimal number in the assembler storing DL bYie 

language. memory 
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MELPS 8 BOM-B 

BASIC OPERATING MONITOR-BASIC SYSTEM 

DESCRIPTION 
The MELPS 8 BOM-B basic operating monitor was de

veloped for microcomputers that use the M5L8080A 

8-bit parallel CPU. It controls execution and debugging of 

the user's program. It is contained in 2K-bytes of memory 

and drives the system typewriter (Casio Typuter Model 

500) as its I/O unit. 

FEATURES 
• Available as a standard mask ROM (M58731·001S) 

It can also be programmed into a ROM for a micro

computer configuration that incorporates program de

bugging functions. 

• Has 3 macro instructions and 9 monitor commands 

• Allows addition of user's monitor commands 

• Cannot be destroyed by a user's program 

FUNCTIONS 
The 9 monitor commands and 3 macro instructions provide 

the following functions: 

1. Program execution control 

2. Program loading 

3. Memory punching 

4. Program debugging 

5. I/O control 

FLOW CHART 

COMMAND SYMBOL 
PARAMETER ERROR PROCESSING 

YES 

Starting BOM-B Program Execution 

When program execution is started at address 680016 , the 

following message is printed out. 
UMELPS 8 BOM-B A01 
// 
After the printout, monitor commands can be entered. 

Hardware Limitations 
1. Memory Configuration 

Memory locations in the ROM are: 

6800 16 -6FFF I6 

I n addition to the ROM, the following 78 bytes of 

RAM area are required: 

3F8016 -3FCD I6 

2. I nput/Output Device Addresses 

PTR, for keyboard input: 7B 16 (In 7B#) 

PTP, for printout: 78 16 (OUT 7B#) 

Status input: 78 16 (IN 7B#) 

The structure of the status bits is as follows: 

ERRORS 

4 2 OBIT 

1/1/121712171 Yo 1 Yo 1 
(True when bit is 1) 

NO 

L ~INPUT BUSY 

OUTPUT BUSY 

OPERATOR MODE 
RETURN PROCESSING 

ORDERING INFORMATION 
Program 

Program name Ordering number Program and software manuals included 

MELPS 8 basic operating monitor (BOM-B) GA20S0101 Source program, Object program 
Basic Operating Monitor Manual (BOM-B version) 

Reference Manuals for Separate Ordering 
Manual name 

MELPS 8 Basic Operating Monitor Manual (BOM-B version) 

MELPS 8/85 Self-Assembler Language Manual (8 version) 

MELPS 8/85 Self-Assembler Manual (PTS-A version) 

MELPS $/85 Self-~ssembler Operating Manual (PTS-A version) 

MELPS 8 Hardware Manual 
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Manual number 

GAM-SROO-18A 

GAM-SROO-25A 

GAM-SROO-19A 

GAM-SROO-24A 

GAM-HROO-OIA 
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MELPS 8 BOM·B 

BASIC OPERATING MONITOR-BASIC SYSTEM 

Monitor commands and macro instructions for BOM-B. 

Name Function 

G Change start address 

R Restart of program 

L MELPS 8 binary loader 

H MELP$ 8 hexadecimal loader 

Commands T 
Punch MElPS 8 binary text block afthe memory 
data 

E Punch MELPS 8 binary end block 

P Print hexadecimal test block of the memory data 

S Substitute memory 

M r~tnt and modify register data in hexadecimal 
f rmat 

EXIT End of program 
Macro 

PAUSE Pause program execution 
instruction 

EXIO Input/output control 

Note 1 : para n (m) This designation shows the nth parameter in a 
command (operator input or monitor printout), and also shows 
it to be a hexadecimal parameter (0, 1, 2, 3, 4, 5, 6, 7, 8, g, A 
B, C, D, E, F) of which the significant digits are 1-m, If the 
length exceeds m, the least significant digits are valid. 

2 _ (underline); Indicates input by an operator. 

3: [ J (blocking); Indicates input by an operator that can be 
omitted 

4: # Indicates a hexadecimal number in assembler language. 

HOW TO IMPLEMENT USER'S OWN MONITOR 
COMMANDS 
It is feasible to implement new monitor commands, which 

are prepared by a user for his own need, by correcting four 

bytes (3FC716~3FCAI6) of the record in the RAM. The 

user's monitor commands are then added as follows: 

1. Set the data in "4BI6" to SYMBOL. 

2. Set the data in "C316 " to SYMBOL + 1. 
3. Set the starting address of the user's monitor command 

processing routine (YCR) low-order into SYMBOL + 2 

and high-order into SYMBOL + 3. 

4. Then a symbol parameter analysis routine and command 

processing routine are prepared as required for the user's 

command. 
5. Command symbols used for the user's monitor com

mands should not be identical with any of the 9 com

mand symbols used in BOM-B. 
6. Both command symbol and parameter errors are 

checked in the YCR. and a jump is executed to address 

68F9,s, where the error processing routine of the BOM

B is residing, when an error is found, A question mark 

(7) will be printed out in case an error is found, 

7. The last step of the YCR must be a jumped to address 

6901,s. where the monitor command termination 

processing routine is stored. 

Command designation and parameter input Parameter 
format or calling sequence 

//~ para 1 (4): Start address 

para 1(4) ~ [para214)1 CR LF para2(4F Change start address 

//RCRLF -

/ / L CR LF -

//HCR LF -

/ / T para 1141. para2(41 CR LF 
para 1 (4): First address 

para2(41: End address 

//E [paral(4)] CRLF Pilra 1 (4): Start address 

/ / P para 1 (41. para2 (41 CR LF 
para 1 (4): First address 

para2(4): End address 

//S ~ara1(4ICR LF para 1 (4): Change address 

//MCRLF -

CALL 6806l* 
CALL 6803 l* , 

CALL 6 E Be #---------- Execute EXIO macro instruction 

DADR DCBl ----------- First address of data control block 
, IDCB) 

DCBl DEF I 0 D --- I/O operation designation: PTR (IOD=52#L PTP 

DADR DA --\ (~50#1. keyboard 1~4B#I. printout (~44#1 

DADR DL ---\'- Set up the first address of I/O data area , 
\ Set up the data length for J/O data 

DA 

I/O data-
storing DL byte 
memory 

PROCESS FLOW OF USER'S MONITOR 
COMMANDS 

SYMBOL(3FC7,6) 

4B'6 

C3'6 

LOWER HALF ADDRESS OF THE USER'S MONITOR 
COMMAND PROCESSING ROUTINE IYCR) 

UPPER HALF ADDRESS OF THE USER'S MONITOR 
COMMAND PROCESSING ROUTINE (TCRI 

USER'S MONITOR COMMAND 
PROCESSING ROUTINE (YCRI , 

I USER'S MONITOR COMMAND SYMBOL M'" PARAMETER ANALYSIS ROUTINE 
IYCCPRI 

( ADDRESS 68F9,6 
IERROR PROCESSING ROUTINE OF BOM-BI 

I COMMAND PROCESS ROUTINE OF I USER'S OWN COMMANDS 
IYCCR) , 

ADDRESS 6901,6 ) (MONITOR co~~e~I~J~FMJ~~I~IN PROCESSING 

13-58 
• MITSUBISHI 

"ELECTRIC 



APPLICATIONS 





MITSUBISHI LSls 

APPLICATION OF 16K-BIT DYNAMIC RAM 

INTRODUCTION 
The M5K 4116P, S are 16 384-word by 1-bit dynamic RAMs, 

fabricated by the N-channel silicon-gate MOS process, and 

ideal for large-capacity memory systems where high speed, 
low power dissipation, and low costs are essential. The 

use of double-layer polysilicon process technology and 
single-transistor dynamic storage cells provide high circuit 
density at reduced costs, and the use of dynamic circuitry 

including sense amplifiers assures low power dissipation. 
Multiplexed address input permits both a reduction in pins 

to the standard 16-pi n package configuration and an 

increase in system densities. 
Table 1 compares the M5K 411616 384-bit dynamic RAM 

with a 4096-bit static RAM. 

Table 1 Comparison of the 16384 dynamic RAM 
and 4K static RAM 

~ (Note 

Characteristios 
16K dynamic RAM 

4K static RAM 

Total power 462mW max 440mW max 

Power/bit 28.2,.,W 107.4,.,W 

Speed ta=150ns ta =200ns 

Powerx speed/bit 4.23pJ 21. 5pJ 

Note 1 M5L2114S·2 

1) 

As can be seen, the power X speed per bit of the 16K 

dynamic RAM is 4.23pJ only 1/5 that of the 4K static RAM. 

Fig. 2 Block diagram 

DATA INPUT 

READ/WRITE INPUT 

(MSK 4116P, 5) 

Fig. 1 Pin configuration (top view) 

( -5V) VBB Vss (OV) 

DATA INPUT 
COLUMN ADDRESS 
STROBE INPUT 

READ/WRITE 
14 .... 0 OUT DATA OUTPUT CONTROL INPUT 

ROW ADDRESS 
STROBE INPUT 

ADDRESS INPUTS 

(12V) VDD Vee 

Outline 16P1 (M5K4116P) 
16S1 (M5K4116S) 

ADDRESS INPUTS 

(5V) 

Table 2 compares that the requirements of the two RAM 

types when a 16K-byte memory system is constructed. 

Table 2 Requirements for a 16K-byte memory system 

Device 
Number 

Voltage Current 
Over-all Relative Relative 

of RAMS power power size 

4K·bit 
32 SV @2.S6A 12.8W 1 1 

static RAM 

16K·b,t 5V * 
dynamic. 8 12V @0.28A 3.37W 0.26 0.25 

RAM -SV @2mA 

*Current from Vee is neglected because Vee is only connected to output buffer 

COLUS~~O~~~~~~~ CAS ~f=====~~~~~~~$~~§~ ROW,ADDRESS RAS 4 
STROBE INPUT 

Vaa (12V) 

Vee (Sv) 

Vss (OV) 

VBS (-SV) 
14 

AO 8192·BIT RAM 

At z ffi (64 ROWS x 128 COLUMNS) :;; 
3 0 

A2 14 0 

ADDRESS INPUTS 
0 irl 128 SENSE AMPLIFIER A3 u 

DOUT DATA OUTPUT 
o/l 

0 

A. S S 
0 

As 0 a: a: 
A6 13 
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APPLICATION OF 16K-BIT DYNAMIC RAM 

(MSK4116P, S) 

FUNCTIONS Table 3 Input conditions for each mode 
In addition to normal read, write, and read-modify-write 

operations, the M5K 4116P, S provide a number of other 

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

write. The input conditions for each are shown in Table 3. 

If you interchange address pins as shown in Fig. 3, you 

can get a sequential location map for the 16,384 memory 

bits. 

Operation 

Read 
Write 
Read-
mondify-
write 

RAS-only 
refresh 

Standby 

RAS CAS 

ACT ACT 
ACT ACT 

ACT ACT 

ACT NAC 

NAC ONC 

Input 
Row Column 

R/W D,N 
address address 

NAC DNC APD APD 
ACT VLD APD APD 

ACT VLD APD APD 

DNC DNC APD ONC 

DNC ONC DNC ONC 

Oulpul 
Re-

Remarks 
DOUT fresh 

VLD YES Page 

OPN YES mode 
is identical 
except 

VLD YES refresh is 
NO. 

OPN YES 

OPN NO 

Note 2 ACT: active NAC; non-active-DNC; don't care VLD; valid APD: applied OPN: open 

Fig. 3 Method for converting sequential address Fig. 4 M5K 4116P, S memory map. 

/SEQUENTIAL I 
ADD COUNTER 

IOUTPUT I 
:u: 
~D-A6 &L- iA, 

~ .A2 

ROW ADDRESS ~ • A4 ROW ADDRESS 

&I ."A3 

I5l . As 

[5] 'AO 

~~;: 
151 • A2 

COLUMN 
ADDRESS (5g] ; A4 COLUMN ADDRESS 

I5iI ' A3 

[5il , As 

~ .. Ao 

64 

64 

OJ MEMORY LOCATION 
63 8K 16319 

[ 16256} 

_ . FOR THE OUTP.UT 
64 n--"'S,"EN-"S"'E~A~M~P~r 16320 OF SEOUENTIAL 1 8K ADD COUNTER 

127 -!;L-____ 'O 16383 

ROW DECODER 
~ 

AAAAAAA , 3 , 0 5 1 , 
0 0 0 o 0 0 I 
0 0 0 o 0 o 0 
0 o 0 0 0 1 0 
0 o 0 0 0 1 1 
1 o 0 0 o 0 1 

o 1 1 0 1 1 0 
o 1 1 0 1 1 1 
1 1 1 0 1 0 1 
1 1 1 0 1 0 0 
1 1 1 0 1 1 0 
1 1 1 0 1 1 1 

A2A3A4AoAsA, A 

o 0 0 1 0 0 1 
o 0 0 1 0 0 0 
o 0 0 1 0 1 0 
o 0 0 1 0 1 1 
1 0 0 1 0 0 1 

o 1 1 1 1 1 0 
o 1 1 1 1 1 1 
1 1 1 1 1 0 1 
1 1 1 1 1 0 0 
1 1 1 1 1 1 0 
1 1 1 1 1 1 1 

A, 

A, 

COLUMN 
A5 

DECODER Ao 
A, 

AJ 

A, 
, 

64 16319 
0 16256 

8192-BIT MEMORY ARRAY 

DATA 

J, 

128 MEMORY SENSE AMPLIFIER CIRCUITS 

8192-BIT MEMORY ARRAY 

DATA 

63 16320 
127 16383 

o 1 1 0 a 1 1 0 0 1 1 0 \\ 1 0 1 1 o 0 1 1 o 0 1 1 0 
001100110011 \\ 1 0 0 1 1 0 0 1 1 o a 1 1 
000000000000 1111 11 11 1 1111 
000000000000 111111 111 1 11 1 
00000000'1 11 0000011 11 1 11 1 
000000000000 11 11 11 11 11111 

o 0 0 0 1 1 1 1 0 0 0 0 0111100001 111 . 
128 
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APPLICATION OF 16K-BIT DYNAMIC RAM 

(MSK 4116P, 5) 

N-CHANNEL DOUBLE-LAYER POLY-SILICON GATE 
MOS PROCESS 

In order to fabricate the M5K 4116P, S series, single tran- memory capacitor because of the use of the double poly-

sistor memory cells and the N-channel double-layer poly- silicon gate MOS process, so that the memory cell area is 

silicon gate MOS process are used. There is no diffusion reduced by 75% from that of the previous process. 
area between switching transistor Q and the data-storage 

Fig. 5 Structure of memory cell 

Si0 2 ___ 

\ 
\ 
\ 

SI02 --------,. 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

WORD LINE 

DATA LINE 

WORD LINE 

Cs 

P-SUBSTRA TE 

Voo 

Voo 

1ST 
POLYSILICON 

----------+-------.---------------WORD LINE 

L-___ -; 1-------<0 Voo 

DATA LINE 

• MITSUBISHI 
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APPLICATION OF 16K-BIT DYNAMIC RAM 

(MSK 4116P, S) 

Fig. 6 Wafer manufacturing process 

FIELDIDOPING(BORON) 

T 

I ==:.1 

PHOTO RESIST 

p-

MASK 1 

Deposit silicon nitride (Si3N4l on wafer and coat with 

photo resist. 

Define active area with MASK 1 and implant fields. 

}t-------p'"--------J--l Si02 

Remove photo resist and grow field oxide using nitride as 

mask. 

1ST GATE POLYSILICON 

1ST GATE OXIDE 

T p-

Si02 (1ST GATE) 

T 
p-

T 

SI02 (2ND GATE) 

T p- T 

p-

14-6 

MASK2 

MASK 3 

Grow 1st gate oxide and deposit 1st polysilicon. 

Define 1st polysilicon gate using MASK-2. 

Define 2nd polysilicon gate and diffuse phosphorus N+ 

dopant for source and drain. 

Deposit oxide and define aluminum contact with MASKs 4 
MASKs 4. 5 and 5. 

MASK 6 

MASK 7 

Deposit aluminum and define bonding pad metal inter

connect with MASK 6. 

Deposit passivation oxide and define bonding pad openings 

with MASK 7. 
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APPLICATION OF 16K-BIT DYNAMIC RAM 

SUMMARY OF OPERATIONS 

Addressing 
To select one of the 16384 memory cells in the M5K 

4116P, S, the 14-bit address signal must be multiplexed in
to 7 address signals, which are then latched into the on-chip 

Table 4 Maximum multiplex time 

Type number t MUX td(i'iAS'OAS) 

M5K4116P. S'2 35ns 50 ns 

M5K4116P.5·3 45ns 65ns 

M5K4116P.5·4 55 ns 85 ns 

(MSK 4116P, S) 

th(RAS-RA) tSU(CA'CAS 

20 ns -IOns 

25 ns -IOns 

35ns -IOns 

latch by two externally applied clock pulses. First, the Note 3 : tT =5n8 

negative-going edge of the row-address-strobe pulse (RAS) 

latches the 7 row address bits; next, the negativelloing 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. 

Fig. 7 Address multiplex 

1. The delay time from RAS to CAS td(RAS-CAS) is set 
between the minimum and maximum values of the 
limits. In this case, the internal CAS control signals are 

inhibited until almost td(RAS-CAS)max ('gated CAS' 
operation). The external CAS signal can be applied with 
a margin not affecting the on-chip circuit operations 
(e.g. access time), and the address inputs can easily be 
changed from row address to column address. This inter· 
val is called the 'multiplex time'. Eq. 1 gives the multi· 
plex time. 

tMux =td( RAS-CAS) -tT -th( RAS-RA) -tsu (CA -CAS) 
.... Eq. 1 

In the next conditions, the multiplex time (tMUX) is 
maximized. 

~(RAS.CAS)= max 

th(RAS-RA)=min 
tsu(CA.CAS)= min 

Table 4 shows the maximum multiplex time in the case 

where the access time is not greater than ta(RAS)MAX' 

2. The delay time ~(RAS-CAS) is set greater than the maxi· 
mum value of the limits. In this case the internal inhi· 
bition of CAS has already been released, so that the 
internal CAS control signals are controlled by the ex
ternally applied CAS, which also controls the access 
time. 

Fig. 8 Read access time vs. delay time 

----~ 
DELAY TIME MIN. MAX. 

td(i'iAS-'CAS) 

Data Input 
Data to be written into a selected cell is strobed by the 
later of the two negative transitions R/W input and CAS 

input. Thus, when the R!W input makes its negative tran· 
sition prior to the CAS input (early write), the data input is 
strobed by the CAS, and the negative transition of the CAS 

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

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

set-up and hold times. 

Data Output Control 

Fig. 9 Read cycle 

• MITSUBISHI 
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APPLICATION OF 16K-BIT DYNAMIC RAM 

(MSK 4116P, 5) 

The output of the M5K 4116P, S isin the high-impedance 
state when the CAS is high. When the memory cycle in prog

ress is a read, raad-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 condi· 

tion, this condition will be maintained until the CAS goes 

high, irrespective of the condition of the RAS (to a maxi· 

mum of lOtLS). 

The output will remain in the high-impedance state 

throughout the entire cycle in an early-write cycle. 

Fig. 10 Write cycle 

R/W 

READ-WRITE 
k-----'"i READ· MODIFY· 

EARLY WRITE DELA YEO WRITE 
WRITE 

Table 5 Output state in write cycle 

Operation mode Output state 

Earlyl write High impedance 

Read-write, read-modify-wnte Data valid 

Others Unspecified 

These output conditions of the M5K 4116P, 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 applica

tions, such as the following. 

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 I/O 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, the CAS is not required to 

maintain the output of selected chips in the matrix in a 

high-impedance state. This means that the CAS and/or the 

RAS can both be decoded for chip selection. 

4. Extended-Page Boundary 
By.decoding CAS, the page boundary can be extended be

yond the 128 column locations on a single chip. In this 

case, the 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 as

sociated with the negative-going edge of the RAS because 

once the row address has been strobed, the RAS is main· 

tained. Also, the time required to strobe in the row address 

for the second and subsequent cycles is eliminated, thereby 

decreasing access and cycle times. 

Refresh 
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 the RAS

only refresh offers a significant reduction in operating 

power. 

Power Dissipation 
Most of the circuitry in the M5K 4116P, S is dynamic, and 

most of the power is dissipated when the addresses are 

strobed. Both the RAS and the CAS are decoded and ap

plied to the M5K 4116P, S as chip-select in the memory sys· 

tem, but if the RAS is decoded, all unselected devices go 

into stand-by independent of the CAS condition, minimiz· 

ing system power dissipation. 

Stand-By Current-Refresh Only 
The 100sB (stand-by current of Voo ) and the IBBsB 
(stand·by current of VBB) are calculated by the following 

equations. 

1. RAS/CAS refresh 

100sB=1001(Av) X{128 x-t tc } + C(REF) 

1002 X{1-(128 x-t tc )} "" Eq. 2 C(REF) 

IBBSB=IBB1(AV) X{128 x-t tc }+ C(REF) 

IBB2 X{1-(128X t tc l}""Eq.3 
C(REF) 

Assuming that tc=375ns, 1001 (AV )=35mA, 

IBBl (AV)=200I-lA, 1002=1.5mA, 

IBB2=1001-lA, tC(REF)=2 ms, 

we can obtain following results: 

100sB=35mA x 0.024 + 1.5mA x 0.976=2.3mA 

IBBs B=200I-lA x 0.024 + 100l-lA x 0.976=102I-1A 
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Fig. 11 Distribution of average 100 

20 

Ta=25"C 

15 Voo=13.2V 
Vss= -4.5V 
RAS. CAS CYCLING 

10 to(RO) = to (WR) 
=375n8 
N=50(5 LOTS) 

5 

23 

AVERAGE I DO (rnA) 

2. RAS'only refresh 

100ss=1 003 (AV) X{128 x-t tc } + 
C(REF) 

1002 X{1-(128X-t tc l} .... Eq.4 
C(REF) 

Issss= ISB3 (AV) X{128 X-t tc }+ 
C(REF) 

IBB2 X{1-(128 X-t tc l} .... Eq. 5 
C(REF) 

Assuming that 1003 (Av)=27mA, ISB3 (AV)=200J.(A, 
we obtain the following results: 
100SB=27mA x 0.024 + 1.5mA x 0.0976=2.1mA 
IBBSB =200J.(A x 0.024 + 100J.(A x 0.0976=102J.(A 

Stand-by current is about 2.1mA. Therefore, by using 

low-power refresh and external circuits, it is possible to use 
a battery back-up system, 

Table 6 Change of stand-by current 

~ 
#1 #2 

Condition 1001(AV) 1002 1001(AV) 1002 

Vss=-5V 25.3 0.71 26.0 0.73 

Vss=OV 28.0 0.76 28.8 0.78 

Change +% +10.7 +7.0 +10.8 +6.8 

(MSK 4116P, 5) 

Fig. 12 Distribution of stand-by 100 
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15 
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:J 
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z 

5 
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STAND·BY 100 (rnA) 

Power Supplies 

Although the M5K4116P, 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 V SB supply be applied first and removed last. VSB 
should never be more positive than Vss when power is ap

plied to Voo. Generally, when Voo is applied and VBB 
is not applied, stand-by current is larger than that in the 
normal state. Table 6 shows this effect. 

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

Dummy cycles must be executed by the RAS/CAS refresh 
cycles or RAS-only refresh cycles. 

#3 #4 
Unit 

1001(AV) . 1002 1001(AV) 1002 

25.9 0.69 24.9 0.72 rnA 

28.7 0.74 27.6 0.76 rnA 

+10.8 +7.2 +10.8 +5.6 % 
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(MSK 4116P, S) 

APPLICATIONS FOR DYNAMIC RAM 
Dynamic RAM (Random-Access Memory) can be a very ef

fective component in the implementation of reliable, high
performance, low-cost memory systems. However, this de

vice has several requirements that should be considered. 

Bit-Cell Structure 
First, consider the dynamic memory bit cell, which is quite 

unlike the cell of a static RAM. Fig. 13 shows a typical 

single-transistor memory bit cell. The bit cell consists of 

a transistor and a capacitor that constitute a "sample and 

hold" circuit. 

Fig. 13 Single-transistor memory bit cell 

w 
Z 
::0 
f
in 

,- ---- ------1 
I 
I 

I rl 
L _______ ~~ __ J 

SINGLE-TRANSISTOR 
BIT CELL 

WORD LINE 

During the write operation, the selected word line is 

brought to an active state (high). This causes the bit cell 
transistor 0 1 to turn "On" and the data that is placed on 

the bit line is stored in the capacitor C1 • The stored data is 

retained even if transistor 0 1 turns "Off". 

During the read operation, the selected line is brought 

to an active state (high) again, and the capacitor voltage is 
placed on the bit line. At this time, the read-out data is am

plified and rewritten on the capacitor internally_ 

Because of the theory governing dynamic memory stor

age, capacitor charge in the cell will gradually leak off, and 

the stored data will be lost. 

For example, a 1 nA leakage current discharging a 1 pF 

capacitor results in a voltage change of 1V per ms. The stor

age time of M5K 4116P, S is shown in Fig_ 14_ If data is to 

be retained for longer than the self-discharge time of the 

cell storage capacitor, typically 2ms, the data must be 
sensed before it is lost and then restored to its original 

voltage level. 

Fig_ 14 Storage time vs_ ambient temperature 
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Refresh 

Thus one can see that the refresh function is a very im
portant requirement for a charge-storage memory, Le_, a 

dynamic RAM_ The dynamic memory controller must as

sure that every bit cell is refreshed periodically enough to 

maintain data integrity. The refresh interval is specified by 

the vendor, and a typical requirement is that each bit cell be 

refreshed every 2ms. 

The M5K 4116P, S are 16 384-bit memories constructed 

with 128 rows and 1128 columns_ All columns in a single 

row in an array are refreshed simultaneously. This means 

that the user must supply 128 refresh cycles each 2ms. 

In order to supply the refresh row address, a refresh 

counter (7 bits) is required and is incremented after each 

refresh cycle_ A "two imputs to one output" multiplexer 

is also used to multiplex either the system-supplied memory 

address or the refresh counter-supplied address onto the 

dynamic memory row address inputs. 
Refresh Techniques 
In most memory systems it is difficult to guarantee that 

normal memory operations will cause all the rows within a 

memory to be sensed within the specified refresh interval. 

For this reason, most dynamic memory systems have special 

circuitry that will cause all rows of memory cells to be 

sensed within the 2ms interval. 

There are three commonly used techniques for refreshing 

the memories. The first is "burst mode refresh" where all 

memory accesses are inhibited for a fixed period of time 

while all rows are continuously accessed_ This mode is 

shown in Fig. 15 (a). The second is "cycle steal mode," 

where a single memory cycle is periodically stolen from the 

processor in order to refresh a single row_ This mode is 

shown in Fig. 15 (b). The third is called "invisible or trans-

14-10 
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parent mode," where refresh cycles are introduced at the 

times when the memory is not being accessed and thus 

refresh is invisible to the processor. (The processor sees no 

delay due to the refresh function.) This mode is shown in 
Fig. 15 (c). The memory cycle of the invisible refresh mode 

is generally longer than that of the first or second method 

because single memory access continues after single memo· 

ryaccess. 

In designing dynamic memory systems, it is important to 

decide whether the memory refresh will be synchronous or 

asynchronous. In synchronous refresh, the designer uses a 

system clock to trigger the refresh function. In asynchro· 

Fig. 15 Refresh techniques 
2 MS MAX. 

"N~O::::R:::.M~A:::.-L ::,M:::EM:::.O'C.R~Y--,C:cY.:cCLo:,E-k--_~ REFRESH CYCLE 
~ (128 CYCLES) 

(a) Burst refresh mode 
2 MS MAX 

~, ,w W 
NORMAL MEMORY NEXT MEMORY 
CYCLE CYCLE 

(b) Cycle steal refresh mode 

SINGLE 
REFRESH 

SINGLE MEMORY CYCLE I I' . 
~)~I------~~==~===r----~ 

SI~?LE MEMORY ACCESS 1 SINGLE REFRESH .1 

(c) Invisible refresh mode 

Fig. 17 Address multiplexing logic 

16 

A, 

Ao (LSB) 
ADDRESS 

U 1 'LS393 
U2-US 'S158 
U6 'LS138 

A7 

AS 

A9 

2Y 

(MSK 4116P, s) 

nous refresh, the designer must provide for a local timer to 

trigger the refresh. With an asynchronous refresh, there will 

usually be cases when a system memory request and local 

refresh request occur simultaneously. To resolve these 

simultaneous asynchronous requests, some arbitration logic 

must be present in the memory controller. This block dia· 

gram is shown in Fig. 16. 

Fig. 16 Memory Controller Block Diagram 

SYSTEM INTERFACE SIGNAL 

r---;~MULTIPLEXER 

An example of address multiplexing logic is shown in 

Fig. 17. In the memory cycle, row address (AD - A6) or 

column address (A7 - A 13) are multiplexed by the signal 

MUX. CONTROL. In the refresh cycle, signal REFRESH 

goes high and the refresh address is placed on the AD - A6 

outputs. The RAS and CAS signals are introduced by RAS 

ENABLE and CAS ENABLE. Typical memory timing of 

this type is shown in Fig. 18. The designer must design a 

memory control logic which will suit the desired system 

bus. Fig. 19 shows M5K4116P, S 64K x 8·bit memory 

array. 

AO 

A4 

As 

A6 

'sao 

1A US 
1B 1Y 
2A 

'S04 
I----[>O--~ Ao 

.t----{;>o---~A, 

r---,.".---A 2 

'----""'--~ A3 

A4 
2B 2Y As 
3A 
3B A6 

R1-R4 
RASa 
RAS1 

RAS2 
RAS3 

22Q 

'S37 R5-R8 
CASO 
CAS1 
CAS2 
CAS3 

22Q 
RAS ENABLE--------------------~ 

MUX. CONTROL===============================================~ ______ ~ CAS ENABLE 

• MITSUBISHI 
.... ELECTRIC 14-11 

III 



MITSUBISHI LSls 

APPLICATION OF 16K-BIT DYNAMIC RAM 

(MSK 4116P, S) 

Fig. 18 Example of memory timing 

(a) Read-write cycle time 

START MEM. CYCLE \~--------------~I 
RAS CONTROL ___ --II \~------

MUX. CONTROL _____ --11 \~------
CAS CONTROL --_____ ~I \ 

LATCH 
__________ ~r__\~ __________ _ 

READ DATA « VALID ~ 

R/W \'--------', 
WRITE DATA _____________________ ~)(~ ______ D __ A_T_A_V_A __ L_ID ____ ~)(~ __________________ _ 

MEM. ACKNOWLEDGE LJ 

(b) Refresh cycle time 

REFRESH REOUEST ______ ~ 

START REFRESH \ 
1 \ RAS CONTROL ------' 

I \ MUX.CONTROL ____ ---.I 

1 CAS CO NT ROL - ________________ .J \ 
ALL RAS I 
ALL CAS 

MEM. ACKNOWLEDGE \'--_ ..... 1 

Note 4 START MEM CYCLE 15 generated by memory timing logic when the timing logiC receives the request (read/write) from the system 

14-12 

If the memory control logiC receives the request at a time when memory IS under refresh cycle. MEM. ACKNOWLEDGE must go low until the 

refresh cycle IS completed 
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(MSK 4116P, S) 

Fig. 19 M5K4116P. S 64K X a-bit memory array 
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Power Distribution and Decoupling Techniques 
It should always be remembered that dynamic memories. 

while appearing to be rather simple digital devices. are in 
fact highly complex analog systems. They include differ
ential sensing amplifiers that must detect deci-volt signals 
buried in noise and must operate in tens of nano

seconds. For these reasons. the designer should respect the 

complexity involved and take the steps necessary to insure 

a trouble·free design. 

The layout of dynamic memories is of special impor' 

tance. Typical ,00 • IBB and Iss current waveforms for the 

M5K4116P. S are shown in our data sheets. Distribution 

and decoupling techniques must be used to suppress these 

noises. which can cause data loss. 
The layout should have an effectively gridded power

supply distribution network to supply adequate current and 
to minimize inductive effects. The distribution of circuit 

grounding is most important in reducing ground noise and 
inductive effects. and to provide a ground plane for the 
signal lines. An example of the power grid of the M5K 

4116P. S is shown in Fig. 20. in which the decoupling 
capacitors are not shown. 

In order to increase the effectiveness of the power grid. 

decoupling capacitors should be used. The capacitors re
quired fall in to two categories. The first consists of capaci
tors of small size and low inductance such as monolithic 
and other ceramic capacitors. which are adequate for 

suppression of transient noise. The second type consists of 

larger bulk capacitors used to prevent power supply drop. 

These also should be included within the memory array for 
good distribution. 

The decoupling capacitors used in the memory array 

should be of a type that exhibits good high-frequency 

characteristics. It is recommended that a 0.1~F ceramic 

capacitor be connected between Voo and Vss at every 

other device in the memory array. It is also recommended 

that a 0.1 ~F ceramic capacitor be connected between V BB 

and Vss at every other device in the array. preferably the 

devices alternate to the Voo decoupling. Decoupling of the 

V cc is fairly noncritical. The capacitors are connected at 
the top and bottom of each column of memories. 

In addition to the ceramic capacitor. it is recommended 

that a 2 - 5~F tantalum or equivalent capacitor be con

nected between V 00 and V ss adjacent to the array for 
each group of 16 memory devices. Use of a slightly smaller
value bulk capacitor is also recommended between V BB and 

Vss. An example of capacitor placement is shown in Fig. 

21. 

Fig. 20 Suggested power grid for M5K41116P. S 

~-j~"I!1--~I---- Vaa 

voo 

VBB 

VOO 

Vss 

Note 7 : The dotted lines show the soldered side of the P.C. board. 

Fig. 21 Effective capacitor placement 
for the M5K4116P. S 
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Signal Lines Effects 

A=O.l,uF from VDD 

to Vss 

B=O.l,uF from Vss 

to Vss 

C=O.l,uF from Vee 

to Vss 

D=4.7,uF from VOD 

to Vss 

E= l,uF from Vss 

to Vss 

By carefully laying out the circuit to minimize signal path 
length, one can reduce effects due to the transmission-line 

properties of the P.C. board. However. this may not be suf· 

ficient. It is necessary to add a series-terminating resistor 
to the output of the clock driver in order to match line im

pedances and damp out reflections caused by mismatching 

between the driver's source impedance and the character-

istic impedance of the line. 

In order to avoid to cross-talk problems. all signal lines 
should be kept as short as possible. This implies that the 

signal drivers and receivers should be physically close to the 
memory array. 
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APPLICATION OF CMOS STATIC RAMs 

(M5L 510lLP lK-BIT, M58981S 4K-BIT) 
FOR DESIGNING NON-VOLATILE MEMORY SYSTEMS 

INTRODUCTION 
Mitsubishi M5L 5101L P and M58981 S are static RAMs that 

are fabricated with a CMOS technology. The M5L 5101L P 

is organized as 256 words of 4 bits, and the M58981 S is 
organized as 1024 words of 4 bits. They are fully TTL

compatible, and use only a single 5V supply voltage Vcc. 

The purpose of this application note is to describe the 

outline of various circuit techniques for battery-supported 

non-volatile memory systems. Electronic information re
garding the two RAMs can be found in the previous pages. 

Fig. 1 Non-volatile memory system 

NON-VOLATILE MEMORY SYSTEM 
We can relatively design a large non-volatile memory system 

with a small additional interface logic by using CMOS 

RAMs. The block diagram of the basic computer system 

that uses CMOS RAMs is shown in Fig. 1, and the power 
supply on-off timings of the system are shown in Fig. 2. It 

is usually necessary to have advanced warning that AC 

power has been lost. This warning signal produced by the 

power-fail-detect circuit interrupts the processor, which 
stores the volatile data in the non-volatile area (CMOS 

RAMs) before the system's DC source drops down. And 

after the RAMs have been protected, their power source 

is replaced Vee by VBAT, as shown in Fig. 2. 
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Fig. 2 Power on-off timing 
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APPLICATION OF CMOS STATIC RAMs 

(MSL SIOILP IK-BIT, MS8981S 4~BIT) 
FOR DESIGNING.NON-YOLATILE MEMORY SYSTEMS 

EXAMPLE OF CMOS NON-VOLATILE MEMORY 
SYSTEM 
Power-Failure Detection 
The power-fail-detect circuit watches a separate power
supply point to provide an advanced warning of power 

failure_ As described before, this warning signal (power 

fail) can interrupt the processor or merely protect the 
CMOS RAMs. 

Fig. 3 Power-fail-detect circuit 

AC 
POWER 

SOURCE 

Power-Switching Circuit 

+ 

The power-switching circuit replaces the main source 

Vee by the back-up power source VBAT when the Vee 

drops. and replaces the VB AT by the Vee when the Vee 

voltage rises enough to enable normal operation. 
Two types of power-switching circuit are shown in Fig. 

4 and Fig. 5. The diode-coupled circuit in Fig. 4 requires 

the main DC supply Vee to be above the required VBAe 

voltage by the amount of drop through the diode (about 
O.6-0.7V). Fig. 5 shows a transistor-coupled circuit, which 
has better performance than the circuit in Fig. 4. In this 
case it is recommended to use a transistor with low 
collector-base staturation for Q1. 

Fig. 3 shows the abstract of the power-fail-detect circuit. 

This shows that the power failure is detected from the 
secondary transformer output, which is not regulated. The 
Zener-diode voltage and RC time constant should be well 
selected to prevent AC power failure from shutting down 
the memory system. 

TO SYSTEM POWER Vee 
r-~~------------~~ 

POWER-FAIL SIGNAL 

Fig. 4 Diode-coupled switching circuit 
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SYSTEM 
POWER 
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Fig. 5 Transistor-coupled switching circuit 
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APPLICATION OF CMOS STATIC RAMs 

(M5L 510lLP lK-BIT, M58981S 4K-BIT) 
FOR DESIGNING NON-VOLATILE MEMORY SYSTEMS 

TYPICAL APPLICATION CIRCUIT 
An Example of M5L5101L\P Application 
An example of a 1K-byte non-volatile M5101LP memory 

system is shown in Fig. 6. In this case, the memory
protect signal is detected from the voltage of power source 

Vcc. But it is better to watch the unregulated voltage (see 

Fig. 3) to produce the memory-protect signal that protects 

RAMs at the time when the Vcc is droppin!) or rising as 

shown in Fig. 2. The CE2 terminal is used for decoding 

the RAM array. When the RAMs are not selected (i.e. CE2. 

= low-level). they enter a stand-by mode, and the 

power-supply current is extremely low. 

Fig. 6 Example of M5L5101LP 
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APPLICATION OF CMOS STATIC RAMs 

(MSL S101LP lK-BIT, MS8981S 4K-BIT) 
FOR DESIGNING NON-VOLATILE MEMORY SYSTEMS 

An Example of 1Vi58981 S 
The M58981 S is a CMOS RAM which is full pin compatible 
with M5L 2114L p, S and is organized as 1024 words of 4 

bits. The M58981 S has two control inputs, CS and R/W. 
The CS can control normal memory operation and stand-by 
operation. When the RAM is in the stand-by mode (i.e. CS 

~2.2V), the power supply current is extremely low. 

Fig. 7 shows the memory signal timings at the time when 
AC power turns on and off. An example of 4K-byte non
volatile memory system using M58981 S is shown in Fig. 
8. 

Fig. 8 Example of M5898tS 

10 

Fig. 7 Power on-off timing (M58981'S) 
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" ,.,--Voo '-______________ .J.'---___ VBAO 

--- - - - -'- - --- - -- ---- -- --- -- ----. OV 

M58981 S ~ 8 4K-BYTE CMOS RAM ARRAY 

TANTALUM 

~-----------,-----r~----~--------~+_~~--+_4_--~--4__+--~--_+~--~ 

M EM R ----~-------<lI~ 

DATA BUS 8 

""M:;:E""M:::cOR"'"Y;-;_P"'RO:O:T;;:E:;:;CTo--t---------<:IDBIN 
Ci'RCUIT 

Voe 

Other Recommendations 

BUS BUFFER 
M5L 8216PX2 

1. Nickel-cadmium batteries are available for the memory 
back-up power source because of its rechargeable opera
tion and wide variety of capacities, sizes and styles. For 
the details of this, see related articles. 

2. In order to decrease DC power-source impedance, de
coupling capacitors whose leak currents are small should 

be used. It is also necessary to place 0.01-0.1,uF 
monolithic-type capacitors and 2-5,uF tantalum types 
effectively. 

Voe 
----,~>. 

SYSTEM 
POWER 

POWER
SWITCHING 

CIRCUIT J,. 
Ni-Cd 

BATIERY 

VBAe 

Re 

Re : ~~~I~¥~~G 

3. When CMOS gates are used for decoding logic as shown 
in Fig. 6 and Fig. 8, it should Ibe carefully ascertained 

that the propagation time of CMOS gates does not 

exceed the access time of memory, and also that the 
stand-by voltage of the gates does not drop below 3V. 
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MITSUBISHI LSI. 

APPLICATION CIRCUITS 
FOR lK-BIT NON-VOLATILE STATIC RAM 

DESCRIPTION 
To operate the M58656 S as a non-volatile random-access 

memory, it is necessary to apply erase, write and read 

signals to the memory gate (MG) terminal. 

Since the operation is executed at a transient state of 

power on-off, circuit configuration of power supply is 

critical. 

For the first requirement, an MG signal driver circuit with 

non-volatile read mode 2 is given as an example, and for the 
second requirement, an example of a power cut-off detec

tion circuit is shown. 

EXAMPLE OF MG SIGNAL DRIVER CIRCUIT 
Timing Diagram 

CD Setting of erase pulse width t W( MGE 1 ) 

® Pulse interval between erase and write 

determined by load capacitance (Rl is variable) 

Q) Setting of write pulse width tw (MGWl ) 

@ Setting of NR signal low-level duration 

@Setting of tSU(NR-MGl 
@ Pulse width setting for read signal 

The read signal is determined by@ and the values of R2 andC1 

(M58656S) 

Schmitt Trigger Circuit 
The on-off detection voltage of power supply VCC' is 

variable depending on the values of RC1, RB2. 

The data for reference is as shown below. (Vcc = 5V, 

Voo =-15V) 

f
::> 
o 
> 

(v) 

6 Rc, =100Q 

RB2= ON 

470Q FF 330Q 

----1--mf390Q 

O~O~r----~----~----~·~(V) 

VIN 

(v) 

6 Rc,=200Q 

f- . ----~-~~ ::> 
0 
> 

0 :\ I .. 0 4 5 (v) 

VIN 

(v) 

6 Rc,=150Q 

f- rn--i ::> 
0 
> 

0 
I __ J 

.; I I 
0 3 5 (v) 

VIN 

Supply Current 

Power supply Voltage condition Current 

VCC 5V 150mA 

VOO -15V 50mA 

VMGE 34V O.3mA 

VMGW -23V O.3mA 

Note 1 :IThe above measurements are at Ta=25"C with four M53322Ps 
aslTIL I 

Other Recommendations 
1. For gate protection, connect MG terminal to MG signal 

through 1 kn resistance in series. 

2. Connect TTL output to input terminal through 1 kn 
resistance placed between Vss. 
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MITSUBISHI LSls 

APPLICATION· CIRCUITS 
FOR lK-BIT NON-VOLATILE STATIC RAM 

Power Cut-Off Detection Circuit 
For non-volatile configuration of the memory system, the 
non-volatile mode must be realized during the period from 
the detection of abnormal power supply to the actual drop 
of the power. That is, the specified voltage must be 
maintained to the point where erase and write modes of 
non-volatile operation are completed. 

For the detection of abnormal power supply, therefore, 
an independent circuit apart from the stabilized power 
supply must be provided so as to report abnormal condi

tions to the system before the stabilized power supply 
(system power) starts to drop. 

Fig. 2 shows an example of such a detection circuit. 

Fig. 2 Typical detection circuit 

AC POWER 

(M58656S) 

The detection point of abnormal power· is near the 

secondary, where the Schmitt trigger functions to warn of 

power cut-off when the rectified secondary voltage falls 
below the set voltage by the Zener diode. 

The C2 and R2 are so adjusted as not to sense the voltage 

variation within the range not influential over RAM opera

tion but to warn of abnormal variation before the system 
power falls. 

Abnormal power is processed during the time lag 
between the detection and the drop of the system power 
due to the delay of the C, and a constant-voltage circuit. 

CONSTANT·VOLTAGE CIRCUIT 1--...,....-_ SYSTEM POWER 

...... --_ ABNORMAL POWER DETECTION 

'.MITSUBISHI 
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MITSUBISHI LSI. 

APPLICATION CIRCUITS 
.FOR lK·BIT NON-VOLATILE STATIC RAM 

(MS8656S) 

M58656S Memory Cell Configuration 

LINE 
DECORDER 

A7 

0 
0 
0 
0 
1 
1 
1 
1 
0 

0 
0 
0 
1 
1 
1 
1 

0 
0 
0 
0 

1 
1 
1 
1 

0 
0 
0 
0 
1 
1 
1 
1 

A6 

0 
0 
1 
1 

0 
0 

1 
1 
0 

0 
1 
1 

0 
0 

1 
1 

0 
0 
1 
1 
0 
0 

1 
1 

0 
0 
1 
1 
0 
0 

1 
1 

As 

0 

1 
0 
1 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 

0 

1 

0 
1 

0 
1 
0 
1 
0 

1 

0 
1 
0 
1 

0 
1 
0 
1 

31 30 

63 
95 

127 
159 
191 
223 
255 

255 

255 

~ 
~ 

1 0 1 o 1 o 1 o 1 

1 1 o 0 1 1 o 0 1 

1 1 1 1 o 0 0 0 1 

o 1 

1 0 

1 1 

x INDICATE MEMORY ADDRESS 
32 ( -ADDRESS LINE) ..471 

//11 
....•....... 3 2 1 0 

32 

256·INORD.MEMORY ARRAY 
64 
96 

00 128 
8 IY-ADDRESS LINE) 

160 
192 
224 

0 
32 

256-INORD MEMORY ARRAY 

01 
8 

0 

32 

256·INORD MEMORY ARRAY 
8 

02 

0 
32 

256-INORD MEMORY ARRAY 
8 

03 

o 1 0 1 o 1 o 1 o 1 o 1 o 1 o 1 o 1 0 1 0 Ao 

0 1 1 0 o 1 1 o 0 1 1 0 o 1 1 0 o 1 1 0 0 

1 0 0 0 o 1 1 1 1 0 o 0 o 1 1 1 1 0 0 0 0 

1 1 1 1 1 1 1 1 o 0 0 0 0 0 0 o 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 o 0 0 0 0 000 0 o 0 

COLUMN DECODER 

Memory Cell Circuit (for one word) 
Voo 

-I--+--?+--+-~f--+---I+--+-I-M G 

~r-+-~--+-------+---H-1--+-MG' 

-I--+-----------...... -t-X-ADDRESS 

Note 2 : As for the address, "0" is for high-level and "I" is for low-level. 
3 : In the memory cell circuit. the flip-flop node is not fixed either at 

"0" or at "0" 
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MITSUBISHI MICROCOMPUTERS 

MELPS 4 PROGRAM LIBRARY 

DESCRIPTION 
Examples of subroutines for the MElPS 4 single-chip 4-bit 

microcomputer are described below_ The subroutine calling 

sequence is also explained_ 

Subroutine Mnemonic 
Program 

I ist reference 

• A-D conversion by 
ADC1 Fig. 4 

successive approximation. 

• A-D conversion by 
ADC2 Fig. 5 

sequential comparisons. 

• Clear file. CF.CFM Fig. 11 

• Right-shift file. RSF Fig. 11 

• Left-shift file. lSF Fig. 11 

• Transfer of file. TF Fig. 12 

• Exchange of file. EXF Fig. 13 

• Increment memory. INM Fig. 13 

• Decrement memory. OEM Fig. 13 

• Skip non-zero memory. SNM Fig. 13 

• Skip non-zero file. SNFMA.SNFMI Fig. 16 

• BCD addition of files. ADF Fig. 17 

• BCD subtraction of file. SBF Fig. 17 

• Sign change of file. SCF Fig. 17 

1 . Effective Subroutine Program Procedures 
These procedures are effective in reducing memory size of 

the program and increasing program execution speed. 

Convenient instructions that are used in subroutines are 

discussed. 

1.1 Subroutine call instructions 

The following four instructions can be used as subroutine 
call instructions: 

BM, BMA, BML, BMLA 

The BM and BMA instructions are one-word instructions 

that can call all the subroutine stored in page 14. These 

instructions are designed to designate page 14 automatical

ly by hardware action. If the entrance of a subroutine is 

programmed on page 14. the subroutine can be called by 

these one-word instructions. which reduces programming 

memory requirements. 

When the BM. BMA. B or BA instruction is executed on 
page 14 (in other words, when any of these instructions are 

used on page 14) the BM and BMA instructions will operate 

as a branch on page 14 and the Band BA instructions will 

operate as a branch on page 15. When any of the RT, RTS, 

Bl, BlA, BML and BMlA instructions is executed, this 

special function is cancelled and BM, BMA, Band BA no 

longer have a special function. That is, the BM and BMA 

instructions operate as subroutine call instructions on page 

14 and the Band BA instructions as on-page branch in
structions. Details of these functions are explained in Fig. 1. 

In case the whole subroutine cannot be stored on page 

14. only the entrance to the subroutine should be stored on 

page 14. The balance of the subroutine programs should be 

SUBROUTINES 

stored on another page and branched to. Page 14 can be 

used without any problems for programs other than sub

routines. 

Fig. 1 Subroutine call instructions 

BRANCH 
INSTRUCTION 

PAGE@BAON_PAGE O' BRANCH 

PAGE BL. BLA ~~ci~'DE 
1 ( BRANCH 

I I 
I I 

I I 

SUBROUTINE CALL 
INSTRUCTION 

r BM. BMA 

( BML. BMLA 

I I 
I I 
I I 

I I 

SUBROUTINE 

CALLS A SUB· 
ROUTINE STORED 
ON PAGE.14 

CALLS A SUB· 
ROUTINE STORED 
OUTSIDE THE PAGE 

PAGE al BM. BMA I ~~~~ 
14 B. BL BRANCHES ~~\J~N"E W~RED 

PAGE 15 OUTSIDE 

~I I 

TO, BML. BMLA 

PAGE HE PAGE 
15 

T 

Note 1 . The Band BA instruction Will branch on page 15. 
and the BM and SMA instruction will branch on 
page 14 if executed without executing an RT. RTS. 
BL. BLA. BML or BMLA instruction after the 
execution of a BM or BMA instruction. 

1.2 Consecutively described skip instructions 

If either arithmetic lA or RAM addressing lAX instruc
tions appear in sequence. only the first instruction will be 

executed and the successive same instructions are skipped. 

It is useful for clearing files as shown in Fig. 7. 

1.3 In-RAM file designation changing instructions 
The following four instructions: 

TAM (where, j = O~3) 

X A M j (where, j = O~3) 
X A MD j (where, j = O~3) 
X A M I j (where, j = O~3), 

automatically change the contents of the X register depend

ing on the contents of the Z register. File designation is 

made by the immediate modifier j (j = O~3). Its designat

ing rules are shown in Table 1. These instructions are very 

useful for shifting and transferring data within files. 

Table 1 In-RAM file designation changing rules using the 
TAM, SAM, SAMD and SAM I instructions. 

I~~:?~t (Z)=o (Z)=l Z register 
Value of J 

0 No change No change 

FO-.:':F1 F4-.:':F5 
1 

F2-.:':F3 F6~F7 

FO-.:':F2 F4-.:':F6 
2 

F1-.:':F3 FS-.:':F7 

FO-.:':F3 F4-;:::!:F7 
3 F1-.:':F2 F5-.:':F6 
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MITSUBISHI MICROCOMPUTERS 

MELPS 4 PROGRAM LIBRARY 

SUBROUTINES 

2. A-D Conversion Programs 
A-O conversion is performed by comparing the input 

voltage of the analog input port K with Vref, which is 

generated by the O-A converter, and checking the contents 

of the H-L register until they at are the same level. Register 
Y designates the port K input. For example, the input Ky is 

sele.cted when the contents of the Y register are y, 

There are two methods, successive approximation and 

sequential comparison, for A-O conversion, Either is 
selected by means of the program. 

2.1 Successive approximation method 
Program Operation 
In this method, the input voltage in the analog input 

port K(y) is converted to an a-bit digital value using the 

successive approximation technique, and the result is stored 
in the H-L register. 

Its program flow is shown in Fig. 2. The H-L register is 

first cleared, and then the C register is set to designate the 

most significant bit (MSB) of the H-L register. When the 

instruction CPA is executed after "1" has been set in the 

MSB, the input voltage in the analog input port K(y) is 

compared with the O-A conversion output Vref. 

When 

IVref I> IVK(YI I 

is met during the execution of the next instruction (during 

the execution of the NOP instruction), J(y) is set to "1", 
Otherwise it will be reset to "0", 

If 

IVrefl>IVK(YII i.e.J(y)=l 
the MSB of the H-L register is reset to "0". 

If 

IVrefl< IVK(YI I i.e.J(y) =0 
the MSB will remain as "1", Then (e) is decremented 

by 1, and the above procedure is repeated eight times until 

reaching the least significant bit (LSB). 

This successive approximation method has a constant 

conversion speed-approximately 0.6ms at 600kHz-and 

thus it is suitable for examining analog value with large 

variations and detecting different analog values from 

multiple channels. 

Subroutine Call 

The subroutine is called after designating the terminal of 

the analog input port K and the bit position of the J 
register with the Y register. A-O conversion is performed 

for the port Ko in the following example. 
LXV 0,0 

8M ADC1 

Fig. 2 A-O conversion subroutine flow chart for 
the successive approximation method 

NO 

(C) IS INITIALIZED TO 7. 
THE MOST SIGNIFICANT 

BIT OF THE H-L REGISTER 
IS DESIGNATED BY (C) 

THE BIT OF THE H-L 
REGISTER THAT IS 
DESIGNATED BY (C) 

IS SET TO "I" 

THE BIT OF THE H-L 
REGISTER THAT WAS 
DESIGNATED BY (C) 

IS RESET TO "0" 

NO(IVK(YJI > IVr.d) 

YES (IVK(YJI > I Vr.1 I) 
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2.2 Sequential comparison method 

Program Operation 

In this method, the input voltage in the analog input port 

K(v) is converted to an 8-bit digital value using the 
sequential comparison technique, and the result is stored 

in the H-L register. 

Its program flow is shown in Fig. 3. First the appropriate 

contents of the H-L register are D-A converted, and 

the V,ef is compared with the input VK(V). 

If 

IVref I > IVK(Y) I then (Cy ) is set to "1" 
and if 

I Vref I < I VK(Y) I then (Cy ) is reset to "0" 

The H-L register is decremented when (CY) is 1 and 

decreases I Vref I by VREF 1256. Otherwise, the H-L 

register is incremented, when (CY) is 0, and increases 

IVref I by VREF/256. The comparison will come to an 

end when the magnitudes of I V ref I and I V K(Y) I are ex

changed. 

The contents of the Hand L registers are stored in the 

. A register, and the contents of the A register are either 

incremented or decremented. First, the low-order 4 bits 

(L register) are incremented or decremented, followed by of 

the high-order 4 bits (H register), and then the L register 
again. 

To increment the A register, 1 is added to that register. 

Testing whether the (A) is 15 or not is performed by the A 

instruction and by checking if the carry is 1. To decrement 

the A register, 15 is added to the A register. Testing whether 

(A) is 0 or not is performed by the A instruction and by 
checking if the carry is O. 

It will test (H) = 0, when V,ef =~VAEF is met, and 

will test (H) = 15, when V,ef =~VREF is met. 

Subroutine Call 

The subroutine call is executed after designating the 

terminal of the analog input port K and the bit position of 

the J register with the Y register. A-D conversion is per

formed for the port Ko in the following example. However, 

it will reduce conversion time if the subroutine is called 

after setting an expected value in the Hand L registers, in 

cases where the digital value can be anticipated. 

LXV 0,0 
------, 

(H) <- expected value 

(L) <- expected value 

BM ADC2 

MITSUBISHI MICROCOMPUTERS 

MELPS 4 PROGRAM··LIBRARY 

SUBROUTINES 

Fig. 3 A-O conversion subroutine flow cha~ for 
the sequential comparison method. 
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MELPS 4 PROGRAM LIBRARY 

SUBROUTINES 

Fig. 4 ADC1 program list 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 00 
17 01 
18 02 
19 03 
20 04 
21 05 
22 06 
23 07 
24 08 
25 09 
26*WO*OA 
27 08 
28 

Fig. 5 ADC2 program list 

29 
30 
31 
32 OC 
33 00 
34 OE 
35 OF 
36 10 
37 11 
38 12 
39*WO*13 
40 14 
41 15 
42 
43 16 
44*WO*17 
45 18 
46*WO*19 
47 1A 
48*WO*lB 
49 1C 
50 10 
5hWO*lE 
52 IF 
53 20 
54 21 
55*WO*22 
56 23 
57 24 
58*WO*25 
59 26 
60 27 
61 28 
62 29 
63*WO*2A 
64 
65 

14-26 

ORG E.O 
* 
* 
MAX Eeu 7 
MIN Eeu 12 
J Eeu 0 
SIGN EQU 12 
* 
* 
*11#11##11#111111 ( MELPS 4 LIBLARY NO.1 ) 1111111111#11# 1111* 

* ************************************************************ 
*SUBR: ADCl 8-BIT A-D CONVERSION, BY SUCCESSIVE APPROXIMA.* 
************************************************************ 

OBO ADC1 LA 0 CLEAR A. (A)=O 
019 TLA CLEAR L. (u=o 
059 THA CLEAR H. (H)=O 
057 LC7 (C).7 
042 ADC 10 SHL SET H-L. BI IT I SASS IG NED BY (C) 
008 CPA COM PARE PORT K & VREF 
000 NOP SET J IF ABS VRET.GT.ABS VK(Y) 
029 SlJ SKIP IF (J(Y»=O 
052 RHL RES ET H-L 
009 DEC (C)=(C)-l.SKIP IF (C)=O 
104 BM ADClO REPEAT 8 TIMES 
044 RT END OF AD01 

* 

************************************************************ 
*SUBR: ADC2 8-BIT A-D CONVERSION, BY SECUENTIAL COMPARISON* 
************************************************************ 

008 ADC2 CPA COMPARE PORT K & VREF 
048 RC (CY )=0 
029 SlJ SKIP IF (J(y»=O 
049 SC (CY)=l 
008 ADC21 CPA COMPARE PORT K & VREF 
018 XAL (A) EX (L) 
029 SlJ SKIP IF (J(Y»=O 
llA 8M ADC23 ACTS AS INSTRUCTION S ON PAGE 14 
02F SlC SKIP IF (CY)=O 
044 RT RETURN.CONVERSION FINISHED 

OA1 
126 
019 
110 
02F 
11D 
044 
OAF 
118 
019 
058 
OAF 
124 
OBO 
059 
110 
019 
058 
OA1 
OBF 
124 

* 
ADC22 

ADC23 

ADC24 

ADC25 

ADC26 

* 
* 

A 
BM 
TLA 
BM 
SlC 
BM 
RT 
A 
BM 
TLA 
XAH 
A 
BM 
LA 
THA 
BM 
TLA 
XAH 
A 
LA 
BM 

1 
ADC26 

ADC21 

ADC24 

15 
ADC22 

15 
ADC25 
o 

ADC21 

1 
15 
ADC25 

(A)=(A)+I,SKIP IF CARRY=O 
ACTS AS INSTRUCTION B ON PAGE 14 
(U=(A) 

ACTS AS INSTRUCTION B ON PAGE 14 
SKIP IF (CYl=O 
ACTS AS INSTRUCTION 8 ON PAGE 14 
RETURN.CONVERSION FINISHED 
(Al=(A)+15,SKIP IF CARRY=O.(A)=(Al-l 
ACT S AS INSTRUCTION B ON PAGE 14 
(U=(A) . 

(A) EX (H) 

(A)=(A)+15,SKIP IF CARRY=O. (A)=(Al-1 
ACTS AS INSTRUCTION B ON PAGE 14 
(A)=O 
(Hl=(A) 
ACTS AS INSTRUCTION B ON PAGE 14 
(U=(A) 

(Al EX (H) 
(A)=(A)+I. SKIP IF CARRY=O 
(A)=15 
ACTS AS INSTRUCTION B ON PAGE 14 
END OF ADC2 
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MELPS 4 PROGRAM LIBRARY 

SUBROUTINES 

3. Clear File 
Program Operation 
These are subroutines that are used in clearing files 

FO-F7, which are formed in the RAM area and are 
organized as up to 16 words each. The file organization 
is shown in Fig. 6. These are subroutines, selected 

by the Z register, that clear the addresses O~MAX (MAX 
= 0~15) or that clear the addresses MIN~15 (MIN = 

O~15). After MAX and MIN have been initialized and then 
an LXV instruction that desi{jnates the file number is 

branched, only the first LXV instruction will be executed, 

and the successive ones are skipped. 
To use CFM to make a subroutine that clears the 

addresses MIN-MAX designated by the Y register of each 
file, the instruction set SEY max is inserted after the XAMI 
o instruction. 

Subroutine Call 
An example of subroutine call is shown in Fig. 7. The 

constants MAX and MIN first have to be equated by a 
pseudo instruction. A file group is then selected by the Z 
register as shown below: 

When (Z) = "0": FO, Fl, F2, F3 

When (Z) = "1": F4, F5, F6, F7 

then the 8M instruction calls a subroutine of each file 

unit. 

Fig. 7 How to call the clear-file subroutines 

MAIN 

Fig. 6 Function of clear-file subroutine 

Iz)=o IZ)=1 Ix 
FO, F4 

F1. F5 

F2. F6 

F3. F7 

Iy) 
) 15 14 13 12 11 10 
0 

1 

2 

3 

15 MIN=12 
CLEAR FILE 
112-151 

9 8 1 6 5 4 

MAX= 1 
CLEAR FILE 

(0-71 

MAX E QU 
MIN EQU 

7 
1 2 

................................. MAX IS Intlalized to 7 during assembly 

........................... -,_ ...• - ...•.•....•• MIN IS initialized to 12 dunng assembly. 

3 

LZ 
8M 

0 
CFO 

............................................... File groups FO. F 1, F2 and F3 are selected 

............................................... Clears FO (0-71 

8M 
8M 
8M 

CF1 
CF2M 
CF3M 

.•••...•.............•.....••..••......•...•... Clears F 1 (0-71 

..••...•........•....•....••..•..•........•.... Clears F2 (12-151 

..•....••...••............•.....•.•..•......... Clears F3 {12-151 . 

2 

LZ ...... ...... •• - ................................ The file groups F4. F5. F6. and F7 are selected. 

8M 
8M 

SUBROUTINES (ON PAGE 141 

CFO 
C F 1 
CF2 
CF3 

LXV 
LXV 
LXV 
LXV 

CFO 
CF2M 

0, MAX 
1, MAX 
2, MAX 
3, MAX 

SUBROUTINE COMMON PROCESSING 

RT 

..•....•....•............••.......•............ Clears F4 (0-71. 

......•••...•............••.....•.•.•.......... Clears F6 (12-151. 
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4. Right-Shift File 
Program Operation 
This is a subroutine that is used to right-shift the files 

Fo-F7, as shown in Fig. 8. The contents of address 0 

-MAX (MAX = 0-15) in a file designated by the Y register 

are shifted right one digit. The most significant digit (MSD) 

is filled with 0 and the contents of the least significant digit 

(LSD) are stored in the A register. 

Subroutine Call 

The constant MAX has to be equated by using a pseudo 
instruction. Then the appropriate file group is selected by 

the X register before calling the subroutine. An example 

is shown below, in which the digit numbers 0-7 of the file 

F are shifted right 2 digits 
MAX EQU 7 

LZ 
8M 
8M 

1 

RSF1 
RSF1 

Fig. 8 Example of'right-shift file execution 

A REGISTER 

EXE~ITT?S~ 0 
EXEC6~T6~ 0 

5. Left-Shift File 
Program Operation 

FILE 

MAX RIGHT-SHIFT 0 

This is a subroutine that is used to left-shift the files 
FO-F7, as shown in Fig. 9. The contents of address MIN 
-15 (MIN = 0-15) in a file designated by the Y register 

are shifted left one digit. The least significant digit (LSD) 

is filled with 0 and the contents of the most significant digit 

(MSD) are stored 17 the A register. 

A subroutine that is to left-shift MIN-MAX can be 

made by inserting 

SEY max 

following the XAMI 0 instruction. When MIN = 0 is 

equated, it performs the same digits as the right-shift file 

subroutine. The instruction SEY, however, may be omitted 

when the skip condition is altered by the optional XAMI 

instruction. 

Subroutine Call 

The constant MIN has to be equated by using a pseudo 
instruction. Then the appropriate file group is selected by 

the Z register before calling the subroutine. An example 

is shown below, in which the digit numbers 12-15 of the 

file F7 are shifted left one digit. 

MIN EQU 12 

LZ 
8M 

1 

LSF3 

Fig. 9 Example of left-shift file execution 

A REGISTER FILE. 

15 LEFT-SHIFT 

6. Transfer of File 
Program Operation 

This is a subroutine that is used for transferring the 

contents of the files FO-F7. The data (MAX + 1 words) 

in the addresses O-MAX (MAX = 0-15) of the file desig· 

nated by the Y register is transferred. 

As already discussed in section 1.3, changing file desig· 

nation in the RAM is automatically performed by the 

TAM j and XAMD j instructions. An example is shown in 

Fig. 10, in which the contents of the file FOare transferred 

to the file F1. Each time the TAM 1 and XAMD 1 instruc· 

tions are executed, the designated file changes to FO-+ 

A-+F1 ... and so on. 

Data-transfer subroutines of the address MIN-15 can 

be made by changing MAX to MIN and the XAMD j 

instruction to XAMI j. 
Subroutine Call 

The constant MAX has to be equated by using a pseudo 

instruction. Then the appropriate file group is selected by 

the Z register before call ing the subroutine. An example is 

shown below, in which file FO is transferred to file F1 and 

F5 to F7. Digits transferred in each file are 0-7. 
MAX EQU 7 

LZ 0 
8M TF10 
LZ 
8M TF31 

Fig. 10 File transfer example of (F1) +--- (FO) 

TRANSFER 

MAX FILE TRANSFER 

Note 2 : The arrows show how the file is changed. 
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Fig. 11 CF. CFM. RST and LSF program lists 

66 
67 
68 
69 26 
70 2e 
71 2D 
7Z 2E 
73 2F 
J4 30 
75*WO*31 
76 32 
77 
78 
79 
80 
81 33 
82 34 
83 35 
84 36 
85 37 
86 38 
87 *WO*39 
88 3A 
89 
90 
91 
92 
93 38 
94 3C 
95 30 
96 3E 
97 3F 
98 40 
99*WO*41 

100 42 
101 
102 
103 
104 
105 43 
106 44 
107 45 
108 46 
109 47 
110 48 
111 *WO*49 
112 4A 
113 

Fig. 12 TF program list 

114 
115 
116 
117 4B 
118 4e 
119 4D 
120 4E 
121 4F 
122 50 
123*WO*51 
'124 52 
125 
126 53 
127 54 
128 5~ 
129 56 
130 57 
131 58 
132*WO* 59 
133 SA 
134 
135 5B 
136 5C 
131 50 
138 5E 
139 SF 
140 60 
14hWO*61 
142 62 
143 

•••••••••• ** •••• ** •••• * ••••••••• *** •••••• ***.*** •••••••••• ** 
*SUBR: CF CLEAR FILE FX(O-MAX)=O • 
••••• *** •••••••• ** •••••••••••••••••••••••••••••••••••••••••• 

OCl CFO LXY O.MAX FO(O-MAX)=O OR F4(0-HAX)=0 
007 CFI LXV I.MAX FI(O-MAX)=O oR F5(0-MAX)=0 
OE7 CF2 LXY 2.MAX F2(0-MAX)=0 OR F6(0-MAX)=0 
OFl CF3 LXY 3.MAX F3(0-HAX)=0 OR Fl(O-HAX)=O 
0110 eFOI LA 0 (A) =0 
068 XAMD 0 (H) EX (Ah (Y)a(Yl-ltSKIP IF (Y)=o 
12F BH eFOI ACTS AS I NSTRUCTI ON B ON PAGE 14 
044 IH END OF CF 

• •• *** ••••• * •• ** •••••••••••••••••••••••••••••••• * •••••••• **** 
*SUBR: eFH CLEAR FILE FX(MIN-15)=0 • 
.*** ••••••••••• ** •••••••••• ** ••••••••••••••••••••••••••••••• 

oee CFOM' LXY O.MIN FO(MIN-'IS)=O OR F4(HIN-15)=0 
ODC CFIM LXY I.MIN FI(MIN-IS)=O OR FS(MIN-IS)=O 
OEC eF2M LXY 2.MIN F2(MIN-IS)=0 OR F6(MIN-IS)=0 
OFe CF3H LXY 3.HIN F3( MIN-'IS)=O OR F1(MIN-IS)=O 
OBO CFOMI LA 0 (A)=O-
06C XAHI 0 (H) EX (A). IV)=(Y)+I.SKIP IF (Y)=IS 
137 IlH CFOMI ACTS AS INSTRUCTION B ON PAGE 14 
044 RT END OF CFM 

* •••••••• *** •• * •••••••••••••••••••••••••••••••••••••••• *.* •••• 
• SUBR: RSF RIGHT-SHIFT FILE FX(O-MAX).FX(MAX)=O.(A)=FX(O). 
••••••••••••••••••• ******* ••• *.****** ••••• **** •••••••• *****.* 

OCl RSFO LXY O.HAX FO(O-MAX) R-S. FO(MAX)=O. (A)=FO(O) 
001 RSFI LXY I.HAX FH O-MAX) R-S. f.HMAX )=0. (A)=FUO) 
OE7 RSF2 LXY 2.MAX F2( O-MAX) R-S. F2(MAX )=0. (A)=F2(0) 
OFl RSF3 LXY 3.HAX f~O-MAX) R-S. F3(MAX~=0. (A)=F~(O) 
OBO LA 0 (A)=O 
068 RSFOI XAHO 0 (M) EX (Alt IV)=(VI-l. SKIP IF (Yl=O 
140 BM RSFOI ACTS AS INSTRUCTION B ON PAGE 14 
044 RT END OF RSF 

**.* ••• ** ••• ** ••••••• * •••• *** ••••••••••••••••• ******* •• **** •• 
*SUB~: LSF LEFT-SHIFT FILE FX(MI~-15).FXIMIN)=0.(A)=FX(15)* 
•• *** •• *** ••••••••••••••• ** ••••••••••••••••• * •• * ••• * •••• *.*** 

oec LSFO LXY O.MIN FO( MIN-IS) L-S. FO(MIN)=O. (A)=FOIlS) 
ODC LSFI LXY I.PlIN FI(MIN-IS) L-S. Fl(MIN)=O. (A)=FI(15) 
OEC LSF2 LXY 2.MIN F2(MIN-15) L-S. F2(MIN)=0. (A)=F2IlS) 
OFe LSF3 LXY 3.HIN F3(MIN-15) L-S. F3(MIN)=0. (A)=F31IS) 
OBO LA 0 (A)"O 
06C LSFOI XAMI 0 (M) EX (Alt (VI=IV)-It SKIP IF' (VI=15 
148 BM LSFOI AeTS AS INSTRUCTION B ON PAGE 14 
044' RT END OF LSF 

* 

•• *.* ••• * •• ***.* •• * •••• ****.*.* ••••• ***.**.*.**.** •••• * •• *** 

Del 
001 
OEl 
OFl 
065 
069 
14F 
044 

OCl 
001 
on 
OFl 
066 
06A 
151 
044 

OCl 
007 
OEl 
on 
067 
06B 
ISF 
044 

*SUBR: TF TRANSFER OF FILE FX1(0-MAX)=FX2(0-MAX) * 
***** ••• *******.**.*.*.**.*.*.*** •• ***.*****.** ••••••••••••• 
TFlO 
TFOI 
TF32 
TF23 
TF 101 

• 
TF20 
TF31 
TF02 
TF13 
TF201 

• 
TF30 
TF21 
TFI2 
TF03 
TF301 

* 

LXY O.MAX FI(O-MAX)=FO(O-MAX) 
LXY I.MAX FO(O-MAX)=FI(O-HAX) 
LXY 2.MAX F3(0-MAX)=F2(0-MAX) 
LXY 3.MAX F2(0-MAX)=F3(0-MAX) 
TAM I (A)·=IM(DP» 
XAMD I (A).(M(OP).(Y)=(Y)-I,SKIP IF 
BM TFIOI AeTS AS INSTRUCTION B ON PAGE 
RT END OF TF·IO 

LXY O.MAX F2(0-MAX)=FO(0-MAX) 
LXY I.MAX F3tO-MAX)=FI(0-MAX) 
LXY 2.MAX FO(0-MAX)=F2(0-MAX) 
LXY 3.MAX FIIO-MAX)=F3(0-MAX) 
TAM 2 (A),=(M(OP) ) 
XAMD 2 (A)=(M(OP).(Y)=(Y)-I.SKIP IF 
BM TF201 ACT S AS INSTRUCTION B ON PAGE 
RT END OF TF 20 

LXY O,MAX F3(0-MAX)=FO(0-MAX) 
LXY I.MAX F2( O-MAX)=FHO-MAX) 
LXV 2."AX FI(0-MAX)=F2(0-MAX) 
LXY 3.MAX FO(0-MAX)=F3(0-MAX) 
TAM 3 (A) =(M(OP» 
XAMD 3 (A)=(MIOP».(V)=(Y)-I.SKIP IF 
BM TF301 ACT S AS INSTRUCTION 6 ON PAGE 
RT END OF TF 30 
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7. File Exchange 
Program Operation 
This is a subroutine that is used for exchanging the 

contents of the files Fo-F7. The data (MAX + 1 words) in 

the addresses of o-MAX (MAX = 0-15) of the designated 

files is exchanged. 

Exchanging of in-RAM files is performed by the TAM j 

and XAM j instructions. 

Data-exchange subroutines of the address MIN-15 

(MIN = 0-15) can be made by changing MAX to MIN and 

the XAMD 0 instruction to XAMI O. 

Subroutine Call 

The constant MAX has to be equated by using a pseudo 
instruction. Then the appropriate file group is selected by 

the Z register before calling the subroutine. An example is 

shown below, in which file FO is exchanged with file Fl 

and F4 with F7. Digits exchanged in all files are 0-7. 
MAX EQU 7 

LZ 0 
BM EXFOl 

LZ 
BM EXF03 

8. Increment/Decrement Memory 
Program Operation 

This is a subroutine that is used to increment or decre

ment the contents of a specific word in the RAM. The 

specific addresses that can be incremented or decremented 
are shown below. 

M (z,O,O) 

M (z, 1, 11) 

M (z, 2,13) 

(FOo or F4o) 

(Fl 11 or F5 11 ) 

(F213 or F6 l3 ) 

M (z, 3, max) (F3max or F7max l 
Other addresses can be programmed by changing the 

LXY x, y instruction. 

Subroutine Call 

The appropriate file group is selected by the Z register 

before calling the subroutine. An example is shown below, 

in which M (0, 0, 0) is incremented and M (1, 2, 13) is 
decremented: 

LZ 0 

BM I NMOOO 

LZ 
BM DE M2 1 3 

9. Skip Non-Zero Memory 
Program Operation 
This is a subroutine that is used in test if the contents 

of specific words in the RAM are O. The specific addresses 

that can be tested are shown below. 

M (z, 0, 0) (FOo or F4o) 

M (z, 1, 11) (F 111 or F511 ) 

M (z, 2,13) (F213 or F6 l3 ) 

M (z, 3, max) (F3max or F7max ) 

If the contents of the specified address of the RAM 

are 0, the program execution returns to the instruction 

following the one that called the subroutine. If the contents 

are not 0, this instruction is skipped, and the return is to 

the second instruction following the call. 
Other addresses can be tested by changing the LXV x, 

y instruction. 

Subroutine Call 
The appropriate file group is selected by the Z register 

before calling the subroutine. When the contents of the 
RAM are 0, execution returns to the following instruction. 

When the contents of the RAM are not 0, the execution 

returns to the second instruction. 
The following is an example in which the contents of 

M (1, 1, 11) are tested: 

LZ 
BM SNMlll 

INST 1 .... Return if "0" 

INST 2 .... Return if "1" 

10. Skip Non-Zero File 
Program Operation 

This is a subroutine that is used to test if all the words 

of files FO-F7 are O. There are two subroutines applicable: 

one for testing the addresses o-MAX (MAX = 0-15) and 

the other for testing the addresses MIN-15 (MIN = 0-15). 

If the contents of the specified file are 0, the program 

execution returns to the instruction following the one 
that called the subroutine. If the contents are not 0, this 

instruction is skipped, and the return is to the second 

instruction following the call. 

In case of digit MIN-MAX, a program can be made by 

inserting SEY MAX next to the instruction XAMI 0 of the 

subroutine SNFMI. 

Subroutine Call 

The appropriate file group is selected by the Z register 

before calling the subroutine. In case the contents of the 

file are 0, the program execution returns to the instruction 

following the one that called the subroutine. If the contents 

are not 0, the program execution skips this instruction. An 

example is shown below, in which the contents of the file 
FOo-F07 are tested. 
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Fig. 13 EXT. IMN. OEM and SNM program lists 

144 
145 
146 
147 63 
148 64 
149 65 
150 66 
151 67 
152*WO*68 
153 69 
154 
155 6A 
156 6B 
157 6C 
158 6D 
159 6E 
160*WO*6F 
161 70 
162 
163 71 
164 72 
165 73 
166 74 
167 75 
168*WO*76 
169 77 
170 
171 
172 

11 
12 
13 
14 
15 
16 00 
17 01 
18 02 
19 03 
20 04 
21 OS 
22 06 
23 07 
24 08 
2S 09 
26 OA 
27 OB 
28 OC 
29 00 
30*WO*OE 
31 
32 
33 
34 
3S OF 
36 10 
37 11 
38 12 
39 13 
40 14 
41 IS 
42 16 
43 
44 

OC7 
OE7 
065 
061 
068 
165 
044 

OC7 
007 
066 
062 
068 
16C 
044 

OC7 
007 
067 
063 
068 
173 
044 

OCO 
ODB 
OED 
OF7 
OBI 
OOA 
060 
OBO 
044 
OCO 
ODB 
OED 
OF7 
OBF 
105 

OCO 
ODB 
OED 
OF7 
064 
OAF 
045 
044 

************************************************************ 
*SUBR: EXF EXCHANGE OF FILE FXICO-MAX) EX FX2CO-MAX) * 
************************************************************ 
EXF01 LXY O,MAX FOCO-MAX) EX FICO-MAX) 
EXF23 LXY 2,MAX F~ O-MAX) EX F3(0-MAX) 
EXF001 TAM 1 CA)=(MCDP» 

XAM 1 CA) EX CM(DP» 
XAMD a CA) EX (MCDP»dY>=CYl-loSKIP IF (Y)=O 
BM EXF001 ACTS AS INSTRUCTION ~ ON PAGE 14 
KT END OF EXF01 

* EXF02 
EXF13 
EXF002 

* EXF03 
EXF12 
EXF003 

LXY 
LXY 
TAM 
XAM 
XAMD 
BM 
RT 

LXY 
LXY 
TAM 
XAM 
XAMD 
BM 
RT 

* 
*11**#**#l1li11 

END 
*1111 11#1111# NIl # 

O. MAX 
1.MAX 
2 
2 
o 
EXF002 

O.MAX 
1. MAX 
3 
3 
o 
EXF003 

FOCO-MAX) EX F2CO-MAX) 
F l( O-MAX) EX F3 CO-MAX) 
C A ) = C M ( DP ) ) 
C A) EX C M C DP » 
CA) EX CMCDP».CY)=CY)-I.SKIP 
ACTS AS INSTRUCTION B ON PAGE 
END OF EXF02 

FOCO-MAX) EX F3(0-MAX) 
FHO-MAX) EX F2(0-MAX) 
( A) = C M C DP ) ) 
(A) EX (M(DP» 
CA) EX CMCDP».cY)=Cy)-I.SKIP 
ASTS AS INSTRUCTION B ON PAGE 
END OF EXF03 

MELPS 4 LIBRARY END ) ###II#NlllI#h 

MELPS 4 LIBRARY NO.2 ) ##########* 

IF (Y>=O 
14 

IF CY>=O 
14 

************************************************************ 
*SUBR: INM INCREMENT MEMORY FXCY)=FX(Y)+1 * 
*SUBR: DEM DECREMENT MEMORY FXCY)=FX(Y)-1 * 
************************************************************ 
INMOOO LXY 
INMlll LXY 
INM213 LXY 
INM3MA LXY 

LA 
INM AM 

XAM 
LA 
RT 

DEMOOO LXY 
DEMlll LXY 
DEM213 LXY 
DEM3MA LXY 

* 

LA 
BM 

0.0 
1.11 
2013 
3.MAX 
1 

o 
o 

0.0 
1.11 
2.13 
3.MAX 
IS 
INM 

FOCO) =FOCO) +1 OR F4CO) =F4(0) +1 
FHll) =Fl(Il> +1 OR F5(1l) =F5(1l) +1 
F2( 13) =F2(13) +1 OR F6( 13) =F6CI3) +1 
F3CMAX)=P3CMAX)+1 OR F7CMAX)=F7CMAX)+1 
C A) =1 
( A) = (A ) + C M CDP ) ) 
C A) EX (M C DP ) ) 
(A)=O 

FOC 0) =FOCO) -lOR F4(0) =F4CO) -1 
FlCU) =Fl<ll) -lOR FS(ll> =fSCll)-l 
F2C 13) =F2(l3) -lOR F6(l3) =F6(13) -1 
F3CMAX>=F3(MAX)-1 OR F7CMAX)=F7CMAX)-1 
CA'=lS 
END OF INM AND OEM 

************************************************************ 
*SUBR: SNM SKIP NON-ZERO MEMORY FX(Y).NE.O? * 
************************************************************ 
SNMOOO LXY 0.0 FOCO) .NE.O? OR F4CO) .NE.O? 
SNMlll LXY I,ll FlC 11) .NE.O ? OR F5( 11) .NE.O ? 
SNM213 LXY 2013 F2C 13) .NE.O ? OR F6(113) .NE.O ? 
SNM3MA LXY 3,MAX F3CMAX).NE.0? OR F7CMAX).NE.0 ? 

TAM 0 CA)=(MCDP» 
A 15 (A)=CA)+IS,SKIP IF CARRY=O 
RTS RETURN IF FXCY).NE.O 
RT RETURN IF FX(Y).EO.O 

* E® ~ ~M 

* 
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MAX EOU 7 

L Z 

8M 

o 
SNFOMA 

Instruction 1 +- Return if (FOo-F07 = 0) 

Instruction 2 +- Return if not (FOo-F07 = 0) 

11 . BCD Addition of Files 
Program Operation 

This is a subroutine that is used to perform addition in 

the BCD mode among the files FO-F7. It performs BCD 

addition of 16-MIN digits in the addresses MIN-15 

(MIN = 0-15). The flowchart is shown in Fig. 14, and an 

example is shown in Fig. 15. 

First, the carry CY has to be cleared. The file FX 1 is 

BCD compensated by adding 6 to its contents. Then the 

contents of the FX2 are added to the contents of the FX1 

and the carry is checked. When the carry is off, 10 is added 

to its contents, which is the same as subtracting 6, and 

there is no need to BCD adjust. The files FX 1 and the FX2 

can be alternated by the TAM j and XAM I j instructions. 

When the BCD addition of the most significant digit is com

pleted, the contents of the carry CY are checked. If (CY) 

= 0, the program execution returns to the main program 

after skipping the instruction following the call. When (CY) 

= 1, indicating an overflow, the program execution will 

return to the instruction following the call. It is possible to 

test for overflow state by testing the CY. In this case, the 

instruction following the instruction SZC is replaced with 

the instruction RT. 

Selection of the files FX1 and the FX2 is made by 

changing x of the LXY x, y instruction and j of the TAM j 

and XAMI j instructions. 

SUB· X J (FX1) <--(FX1) + (FX2) 
ROUTINE 

ADF10 0 (Fl) <-- (Fl) + (FO) or (F5) <--(F5) +(F4) 

0 2 (F2) <--(F2) + (FO) or (F6) <--(F6) + (F4) 

0 3 (F3) <--(F3) + (FO) or (F7) <--(F7) + (F4) 

ADF01 (FO) <--(FO) + (F1) or (F4) <-- (F4) + (F5) 

2 (F3) <--(F3) + (F1) or (F7) <-- (F7) + (F5) 

3 (F2)<--(F2)+(F1) or (F6) <-- (F6) + (F5) 

ADF32 2 (F3) <-- (F3) + (F2) or (F7)<--(F7) + (F6) 

2 2 (FO)<--(FO)+(F2) or (F4) <--(F4) + (F6) 

2 3 (Fl) <--(F1) + (F2) or (F5) <--(F5) + (F6) 

ADF23 3 1 (F2) <--(F2)+ (F3) or (F6) <-- (F6) + (F7) 

3 2 (F1) <--(F1) + (F3) or (F5) <--(F5) + (F7) 

3 3 (FO) <--(FO) + (F3) or (F4) <-- (F4) + (F7) 

Subroutine Call 

The value j has to be equated by using a pseudo instruction. 

The appropriate file group is selected by the Z register 

before calling the subroutine. The program execution will 

skip the instruction following the subroutine call when the 

result of the BCD addition is correct, and return to this 

instruction when there is an overflow. An example of 

(F0 1S -F012 ) +- (F0 1S -FO I2 ) + (F1 1S -F1 12 ) is shown 

below: 

MIN 
J 

EOU 

EOU 

LZ 

8M 

2 

o 
ADF01 

Instruction 1 +- Return if overflow 

Instruction 2 +- Return if no overflow 

Fig. 14 BCD file addition subroutine flowchart 

START 

(X)~x 

(Y)~min 

(CY)~O 

(A)~(FXj) 
FXl IS ALTERNATED WITH FX2 

(A)~(A) + 10 
6 IS SUBTRACTED SINCE THERE IS' 

r-r.""""",,",.j~~=-:!====:r NO NEED TO BCD ADJUST 

Fig. 15 BCD file addition (example of (FO) <-- (FO)+(F1)) 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

FO 

:~1~: : : : 

I I I 

: : : : : : 
(FO) 

-(FO)+(Fl) Fl 
I I I 

15 BCD ADDITION. MIN 

Note 3 The arrows show how the file is changed. 
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12. BCD Subtraction of Files 
Program Operation 
This is a subroutine that is used to perform subtraction in 

the BCD mode among the files FO-F7. It performs BCD 

subtraction of 16-MIN digits of the address MIN-15 

(MIN = 0-15). 

It has the same program procedure as BCD addition, 

performing subtraction by adding the 1's complement. 

When the borrow is 1, BCD adjustment is performed by 

adding 10. 

MIN EQU 12 

J E Q U 2 

LZ 

BM SBF32 

Instruction 1 +- Return if overflow 

I nstructi.on 2 +- Return if no overflow 

13. Sign Change of file 
Program Operation 

File selection of the files FX1 and FX2 is made by 

changing x of the LXV x, y instruction and j of the TAM j 

and XAMI j instructions, as in BCD addition. Please refer to 

the procedure given in the section for BCD addition. 

Subroutine Call 

This is a subroutine that is used to invert the sign in the 

sign digit, SIGN (SIGN = 0-15), of the files FO-F7. The 

positive state is indicated when the 8 bit is 0, and the 

negative state when the 8 bit is 1. Thus inversion is attained 

by adding 8 to memory. 
The value j has to be equated by using a pseudo instruction. 

An appropriate file group is selected by the Z register 

before calling the subroutine. The program execution will 

skip the instruction following the subroutine call when the 

result of the BCD subtraction is correct, and return to the 

next instruction when subtraction results in a carry. An 

example of (F7 IS -F7 12 ) +- (F7 IS -F7 12 ) - (F5 Is -F5 12 1 
is shown at right: 

Fig. 16 SNFMA and SNFMI program lists 

45 
46 
47 

************************************************************ 
*SUBR: SNFMA SKIP NON-ZERO FILE FX(O-MAX).NE.O ? * 

48 17 
49 18 
50 19 
51 lA 
52 113 
53 lC 
54 ID 
55 lE 
56*WO*lF 
57 20 
58 
59 
60 
61 
62 
63 21 
64 22 
65 23 
66 24 
67 25 
68 26 
69 27 
70 28 
7hWO*29 
72 2A 
73 
74 

************************************************************ 
OC7 SNFOMA LXY O.MAX FO(O-MAXI.NE.O? OR F4(0-MAX).NE.0 ? 
OD7 SNF1MA LXY 1,MAX Fl(O-MAX).NE.O? OR F5(0-MAX).NE.0 ? 
OE7 SNF2MA LXY 2,MAX F~ O-MAX).NE.O ? OR F6(0-MAX).NE.O ? 
OF7 SNF3MA LXY 3,MAX F3(0-MAX).NE.0? OR F7(0-MAX).NE.0 ? 
OBO SNF4 LA 0 (A)::O 
026 SEAM SKIP IF (A).EC.(MIDP» 
045 RTS RETURN IF FX(O-MAX).NE.O 
068 XAMD 0 (A):::(M(DP»'(y)::(y)-1,SKIP IF (Y)=O 
IlB BM SNF4 ACTS AS INSTRUCTION B ON PAGE 14 
044 RT RETURN IF FX( O-MAX).EC.O 

* END OF SNFMA 

* 
************************************************************. 
*SUBR: SNFMI SKIP NON-ZERO FILE FX(MIN-15).NE.O? * 
************************************************************ 

OCC SNFOMI LXV O,MIN FO( MIN-1S).NE.0 ? OR F4(MIN-1S).NE.0 ? 
ODC SNF IMI LXV 1,MIN F l( MIN-IS ).NE.O ? OR FS( MIN-15 ).NE.O ? 
OEC SNF2MI LXV 2,MIN F2( MIN-IS loNE.O ? OR F6(MIN-1S).NE.0 ? 
OFC SNF3MI LXV 3.MIN F3( MIN-IS).NE.O ? OR F7(HIN-1S).NE.0 ? 
OBO SNF5 LA 0 (Ar=o 
026 SEAM SKIP IF (A).EC.(M(DP» 
04S IHSRETURN IF FX( MIN-1S). NE.O 
06C XAMI 0 (A)=(M(DP»,(Y)=(Y)+l,SKIP IF (Y)=lS 
125 8M SNFS ACTS AS INSTRUCTION B ON PAGE 14 
044 RT RETURN IF FX(MIN-IS).EC.O 

* END OF SNFMI 

* 
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Fig. 17 ADF, SBF and SCF program lists 

75 
76 
77 
78 23 
79 
80 
81 2C 
82 
83 
84 2D 
85 
86 
87 2E 
88 
89 
90 2F 
91 30 
92 31 
93 32 
94 33 
95 34 
96 35 
97;*1010*3& 
98 
99 

100 
101 
102 
103 
104 
IDS 
106 
107 
108 

37 
38 
39 

3A 

109 3B 
110 
111 
112 3C 
113 
114 
lIS 3D 
116 
117 
118 3E 
119 3F 
120 40 
121 41 
122 42 
123 43 
124*110*44 
12 S 4S 
126 46 
127 47 
128 
129 
130 
131 
132 48 
133 49 
134 4A 
13 S 4B 
136 4C 
137 4D 
138 4E 
139 4F 
140 
141 
142 

14-34 

*********************************************************************, 
*SUBR: ADF BCD ADDITION OF FILE FXICMIN-IS)=FXICMIN-IS)+FX2CMIN-IS)' 
*********************************************************************' 

OCC ADFIO LXY O.MIN J=l: Fl(MIN-lS)=Fl(MIN-IS)+FO(MIN-IS) 
* J=Z: FZ(MIN-15)=FZ(MIN-1S)+FO(MIN-IS) 
* J=3: F3(MIN-lS)=F3(MIN-IS)+FO(MIN-IS) 

ODC ADFOI LXY I.MIN J=l: FO(MIN-lS)=FO(MIN-IS)+FICMIN-IS) 
* J=2: F3CMIN-IS)=F3(MIN-IS)+Fl(MIN-lS) 
* J=3: F2( MIN-lS)=F2( MIN-lS)+FI (MIN-IS) 

OEC ADF32 LXY 2.MIN J=l: F3(MIN-lS)=F3(MIN-lS)+F2CMIN-IS) 
* J=2: FO(MIN-lS)=FO( MIN-IS)+F2C MIN-IS) 
* J=3: Fl(MIN-lS)=FlCMIN-IS)+F2(MIN-IS) 

OFC ADF23 LXY 3.MIN J=I: F2(MIN-lS)=F2(MIN-lS)+F3(MIN-IS) 
* J=2: FlCMIN-lS)=FlCMIN-15)+F3(MIN-IS) 
* J=3: FO(MIN-15)=FO(MIN-IS)+F3CI'IIN-15) 

048 RC (CY )=0 
064 ADFOII TAM J (A)=(M(DP» 
OA6 A 6 (A)=(A)+6 
OOF 
OAA 
000 
06C 
130 
02F 
044 
045 

OCC 

ODC 

OEC 

OFC 

049 
064 
08F 
OOF 
OAA 
06C 
13F 
02F 
04S 
044 

OCC 
ODC 
DEC 
OFC 
OB8 
OOA 
060 
044 

* 

AMCS 
A 
NOP 
XAMI 
BM 
SZC 
RT 
RTS 

( A) = (A) + ( M( DP) ) + (CY ) • (C Y )=CARR Y 
10 (A)=(A)+IO.SKIP IF CAR~Y=O.BCD ADJUST 

(A)=(A)-6 
J (A) EX (M(DP»,cY>=(Yl+I.SKIP IF (Y)=IS 
ADFOII ACTS AS INSTRUCTION B ON PAGE 14 

SK I P IF (C Y ) = 0 
RETURN IF OVERFLOW 
END OF ADFol 

***************************************************************** 
*SUBR: SBF BCD SUBTRACTION OF FILE * 
* =FXI(MIN-IS)-FX2CMIN-15) * 
***************************************************************** 
SBFIO LXY O.MIN J=l: Fl(MIN-lS)=FI(MIN-lS)-FO(MIN-lS) 
* J=2! F2( MIN-IS )=F2( MIN-IS)-FO(MIN-15) 
* J=3! F3(MIN-15)=F3(MIN-IS)-FOCMIN-15) 
SBFOI LXY I.MIN J=I: FO(MIN-lS)=FO(MIN-lS)-Fl(MIN-lS) 
* J=2: F3(MIN-lS)=F3(MIN-lS)-FlCMIN-lS) 
* J=3: F2(MIN-lS)=F2(MIN-IS)-FICMIN-IS) 
SBF32 LXY 2.MIN J=I: F3CMIN-IS)=F3(MIN-IS)-F2(MIN-lS) 
* J=2: FO(MIN-lS)=FO(MIN-15)-F2(MIN-lS) 
* J=3: FlC MIN-IS )=FlC MIN-IS)-F2( MIN-IS) 
SBF23 LXY 3.MIN J=l: F2(MIN-IS)=F2(MIN-lS)-F3(MIN-lS) 
* J=2: FlCMIN-lS)=FlC MIN-IS)-F3(MIN-IS) 
* J=3: FO( MIN-IS)=FO( MIN-IS )-F3C MIN-IS) 

SC (CY)=I 
SBFOll TAM J (A)=CM(DP» 

CMA COMPLEMENT (A) 
AMCS (A)=CA)+(M(DP»+(CY),(CY)=CARRY 
A 10 (A)=(A)+lO.SKIP IF CARRY=O.BCD ADJUST 
XAMI J (A) EX (M(DP»,(Y>=(y)+l.SKIP IF (Y)=15 
BM SBFOll ACTS AS INSTRUCTION B ON PAGE 14 
SZC SKIP IF (CY)=O 
RTS END OF SBFOI 
RT RETURN IF OVERFLOW 

* ************************************************************ 
*SUBR: SCF SIGN CHANGE OF FILE FX(SIGN) EX * 
************************************************************ 
SCFO LXY O.SIGN FO(SIGN) EX 
SCFl LXY 1.SIGN Fl(SIGN) EX 
SCF2 LXY z.SIGN F2(SIGN) EX 
SCF3 LXY 3,SIGN F3(SIGN) EX 

LA 8 (A)=8 
AM (A)=(A)+(M(DP» 
XAM 0 (A) EX CM(DP» 
RT END OF SCFO 

* U######### 
END 

MELPS 4 LIBRARY END 
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MITSUBISHI MICROCOMPUTERS 

APPLICATION OF MELPS 4 
SINGLE·CHIP 4·BIT MICROCOMPUTER 

DESCRIPTION 
A typical example of an application in which a Mitsubishi 

MELPS 4 single-chip 4-bit microcomputer is used in the 

microwave oven. 

The system is designed to control the magnetron, fan 

and buzzer of the microwave oven by the touch-keyboard 

input, and to display the time and temperature, along with 

the power, on the large fluorescent display tube, as well as 

displaying the MODE on the LEDs (8 pieces). Its features 

include controls for designating the start-up time and 

controlling the defrosting process (time and power). the 

cooking process #1 (time, temperature and power) and the 

cooking process #2 (time, temperature and power). In 

addition, the clock can be used as an independent timer. 

The program for the microwave oven application is 

stored in the M58840-001P. 

FEATURES 
• Programmed operation for DEFROST, COOK 1 and 

COOK 2 processes 

• Time, temperature and power controls 

• Clock and timer 

• Display of the time, temperature and power on the large 

fluorescent display tube 

• The simplification in circuit design facilitates cost 

reduction and miniaturization of the oven. 

FUNCTIONS 
1. Microwave Oven Function 
(1) Outline of operation 

When the start key is depressed after setting up the 

cooking conditions (time, temperature and power) 

through the touch key, the oven starts operating in the 

following sequence regardless of the order the conditions 

were keyed in. 

As soon as one process is completed, the next process 

is started, skipping those processes that are not 

designated, until finished. In addition, the clock can be 

used as an independent timer. 

(2) Clock 

The clock has a 12-hour dial and indicates hours and 

minutes. 

(3) Timer 

The timer actuates the buzzer at the specific time 

designated in minutes and seconds. 

(4) Start time 

It designates the start time and starts the cooking when 

that specific time is reached. 
(5) Defrosting 

Power and time can be selected for defrosting , but 
when no power setting is made, the oven automatically 

uses a 50% setting. During the set time, the system 

(MS8840-XXXP) IN A MICROWAVE OVEN 

controls the magnetron, on and off, to maintain the 

power specified, and turns the magnetron off as soon as 

the specific period is over. The oven is kept in this halt 

condition for the duration. 

(6) COOK 1 

The operating power, temperature and time can be 

selected for this process. I f no specific power is desig

nated, the oven automatically uses a 100% setting. The 

operating temperature can be selected in the range of 

35°C~95°C. The magnetron is operated, on and off, 

at the power setting after the cooking has started until 

the selected temperature is reached. Although the 

magnetron is turned off after reaching the selected 

temperature, it is turned on again when the temperature 

in the oven falls 3°C below the selected temperature. 

This procedure is repeated until the time is reached for 

completion of the COOK 1 process. 

When no temperature setting is made, the oven oper

ates at the power specified and completes the COOK 1 

process when the set time is reached. 

(7) COOK 2 

The procedures for COOK 2 are the same as those for 

COOK 1. 

(8) Clear 

The clear switch is used to change key entries or to 

advance to the next process and discontinue the process 

in operation. 

(9) Reset 

Depressing the reset key term inates the entire cooking 

process and shifts to clock operation. 

(10) Stop 

When the stop key is depressed or the door is opened, 

the cooking process is interrupted. The start key has to 

be depressed again if the operation is to be resumed. 

(11) Display 

The operating time, power and temperature are dis

plyed on the fluorescent display tube. The tube displays 

key-entry data during the key entry. The clock is dis

played on the screen by the use of the CLOCK key. It 

usually indicates remaining cooking time during the 

cooking operation, but memory contents can be recalled 

for the clock, power and temperature settings. The oven 

temperature can also be displayed. 

The cooking mode is indicated on the LED. 

2. Inputs 
(1) Key input: Ko~K7 

22 keys are arranged in a matrix through the K ports 

and the D ports, using the touch keyboard for input. All 

inputs are checked 8 times in a lOOms period before 

being accepted as valid. This is done to prevent errors 

in operating the oven. Furthermore, successive key entry lflii 
cannot be made until it is confirmed 8 times in a period .. 

of lOOms that there were no keys depressed. 
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SINGLE·CHIP 4·BIT MICROCOMPUTER 
(M58840.XXXP) IN A MICROWAVE OVEN 

The following 22 keys are provided: defrost (DEFR). 

cook 1 (COOK 1). cook 2 (COOK 2). temperature 

(TEMP). power (POWER). start (START). stop (STOP). 

clear (CLEAR). reset (RESET). timer (TIMER). clock 

(CLOCK). start time (5. TIME) and numbers (0-9). 

(2) Time detection input: KI3 

This input is used to count the time. Rectified AC 

waveform from the power source is applied. 

(3) 50/60Hz switching input: K9 

This input is used to compensate for the power source. 

50Hz or 60Hz. 

(4) Temperature sensor input: Kll 

Voltage appropriate to the temperature is applied from 

the thermistor located in the temperature probe. 

(5) Temperature probe SW input: Kg 

This input is used in checking whether the temperature 

probe is operating. 

(6) Door SW input. KIO 

This input is used to check whether the door is open. 

(7) Touch keyboard comparison voltage setup input: K14 

This is an input with which the detection level is set 

up for the touch keyboard. It very useful when the 

specifications of the touch keyboard are altered. 

3. Outputs 
(1) Magnetron control output: D4 

The magnetron is activated with a high-level output. and 

disabled with a low-level output. Alternate on/off 

operations are repeated with the designated power 

(duty) in units of 30 seconds. For instance, the magne

tron is activated for a period of 9 seconds and disabled 

for a period of 21 seconds. when the power setting is 
30%. It also provides on/off action for controlling the 

temperature. 

(2) Fan output: D3 

The fan is started as soon as the DEFROST, COOK 1 or 

COOK 2 process is begun. and is turned off as soon 

as the stop switch is depressed or the cooking process 

is completed. 

(3) Buzzer output: Ds 

There are three buzzer-control outputs. 

O.2-second buzzer ... This buzzer is activated each 

time a validated key entry is made. 

0.5-second buzzer ... This buzzer is activated each 

time one stage is completed. 

3-second buzzer ... This buzzer repeats 0.2-second 

intermittent actuation for a period of 3 seconds when 

the timer completes its counting or the cooking 

process is completed. 

(4) Fluorescent display tube: So-57• D6 -D9• D2 

A large fluorescent display tube can be driven directly 

with these outputs. (With maximum output voltage of 

33V. and maximum of 15mA for the D ports and a 

maximum of 8mA for the 5 ports.) 

The display is activated dynamically, and its duty is 

about 1/14. with an on duration of 0.9ms. 

The following type of a display is taken into consid

eration. When indicating the temperature and a "C" 

is displayed in the least significant column. the colon 

in the center of the display is not displayed. Also for 

power display the colon is not displayed. and a "P" is 
displayed in the least significant column. 

°a·oo u ·UU 

(5) LED display: So-57• DIO 

Key entry number or the cooking mode is displayed on 

the LED. and the contents of one or more of the 

following are displayed: [5. TIMEl. [DEFRl. [COOK 

1], [COOK 2], [TIMER], [START], [STOP], and 

[TEMPl. 

The LED is activated dynamically. and its duty is about 

70%. with an on duration of about 9ms. 

(6) Capacitive panel detection outputs. Do-D2 
Inverted D-port outputs are amplified and supplied to 

the touch keyboard in order to identify the key depressed 

in the matrix through the K ports. 
Output D2 is used for displaying the colon on the 

fluorecent display tube. 

4. Key Entries 
After depressing a function key. a number key is depressed. 

Then the data thus entered will be stored in the RAM, after 

another function key has beed depressed, if no error was 

detected in the data. 

(1) Setting the time 

Setup of hours and minutes: 

Used to set the CLOCK and S. TIME. Must be set 

within the range of 1 :00-12:59. 

Setup of mi nutes and seconds: 

Used to set the TIMER, DEFR, COOK 1 and COOK 2 

periods. 

Must be set within the range of 1 second-99 minutes 

and 59 seconds .. 

Error: 

When key en!ry is made over the above upper limits or 

more than 6 digits are entered, an error indication 

(EE :EE) is displayed. 

An example of setting the clock operation is shown in 

the following illustration: 

Example of key entry (1) 

KEY 

1 ST STEP (CLOCK) 

2ND STEP ( 

3RD STEP ( 2 

4TH STEP ( 3' 

5TH STEP ( 4 

6TH STEP (START) 

DISPLAY 

01 
: 1 

1 ::231 
112:3YI 
II 2:3 L: 1 

14-36 
',MITSUBISHI 

"ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

APPLICATION OF MELPS 4 
SINGLE-CHIP 4-BIT MICROCOMPUTER 

When a key entry error is detected in the fifth or sixth 

step, an error indication "EE:EE" is displayed, after 

the CLEAR key has been depressed. Then the data must 

be reentered. When there is no error in the key entry, 

the clock operation will start as soon as the start key 
is depressed. 

(2) Setup of duty for the magnetron 

The operating power must be set in the following 

sequence: [POWER] ..... [DEFR, COOK 1, or COOK 

2] ..... [NUMBERS]. Power duty in the range of 0 

-100% can be used for COOK 1 and COOK 2 opera

tions, but for the DEFR operation the range is 0-50%. 

Even though the rate is set over 50% for DEFR, a rate 

of only 50% will be used because of the limit. 

Entry of power duty settings 0-90% is made by 

depressing one number key that is the desired setting 

to the closest 10%. An entry of 100% is made by 

depressing the 1 followed by a O. Deviating from this 

will cause an error. 

Example of key entry (2) 
KEY 

1 ST STEP (POWER) 

2ND STEP (OOOK 1) 

3RD STEP ( 2 

4TH STEP (COOK 2) 

DISPLAY 

pi 
:00,01 
20 pi 

01 
Automatically 100% of the duty is recalled from the 
memory in the second step, 20% is displayed in the 

third step, 20% is stored in the RAM in the fourth 

step, and then the time of the COOK 2 is recalled trom 
the memory. (But only [0] is displayed in this case, 

because the data for COOK 2 has not yet been entered. 

·(3) Setup of temperature 

The operating temperature must be set in the sequence 

of [TEMP] ..... [COOK 1 or COOK 2] ..... [NUMBERS]. 

The temperature must be within the range of 35°C 

-95°C. Exceeding this range w(1I cause an error. 

5. Data Display 
(1) Before the start 

Data during key entry is displayed in the manner 
mentioned previously, but this data can be recalled 

from memory by depressing the appropriate function 

key when needed for reference. 

Example of key entry (3) 
KEY DISPLAY 

1 ST STEP (CLOCK) 

2ND STEP (TEMP) 

3RD STEP (COOK 2) 

4TH STEP (COOK 1) 

5TH STEP (POWER) 

6TH STEP (COOK 2) 

I : ::551 
cl 

62cl 
5:301 

,01 
:5 0,01 

(M58840.XXXP) IN A MICROWAVE OVEN 

In the first step the present time is displayed from the 

clock. Then the temperature setting for COOK 2 is 

recalled from memory in the second and third steps. 

The time setting for COOK 1 is recalled in the fourth 

step. Then the power setting for COOK 2 is recalled 
from memory in the fifth and sixth steps. 

(2) After the start 

After the start key is depressed, the remaining cooking 

time is displayed, but the following data can be recalled 

and displayed for 3 seconds. 

Power: Depression of the [POWER] key displays 

the current power setting. 

Clock: Depression of the [CLOCK] key displays 

the time. 

Operating temperature: Depression of the [TEMP] 

key once displays the current operating tempera

ture setting. 

Measured temperature: Depression of the [TEMP] 

key twice displays of the measured temperature at 

the present stage. 

6. Correction of Data 
As the function keys are depressed to recall data, correction 

of the data can be made by entering the new corrected data 

after the key operation in the usual manner. To correct 

the data while in operation, the stop key must first be 

depressed to stop the operation. 

7. General flowchart 
A flowchart of the M58840-001 P is shown in the following 
illustration. 

START 

RAM CLEAR 
. PRESET THE 

MAGNETRON DUTY 

TEST EACH SWITCH 

MEASUREMENT OF 
TEMPERATURE 

• MITSUBISHI 
.... ELECTRIC 14-37 

II 



MIT5UBI5HI MICROCOMPUTERS 

APPLICATION OF MELPS 4 
SINGLE·CHIP 4·BIT MICROCOMPUTER 

(MS8840.XXXP) IN A MICROWAVE OVEN 

8. Routines for Other Applications 
Program routines of .the M58840-001 P that may be suita

ble for other applications are shown below. 

(1) Temperature measurement 

After measurement of the temperature. the data. output 

as Hand L signals. is converted to BCD. 

(2) Counting seconds 

Up to 60 seconds can be counted by supplying the 

power-supply waveform to the K'3 port. 

(3) Counting hours and minutes 

Up to 12 hours can be counted. 

(4) Use of touch keyboards 

Depression of a touch-keyboard key can be detected. 

(5) Key identification 

Up to 22 keys can be identified. 

(6) Displaying 

A fluorescent display tube and LEDs can be displayed 

dynamically. 

(7) Temperature comparison 

Temperature comparison can be made to detect a 2°C 

fall in temperature for temperature control. 

(8) 0.5-second flickering 

Display "C" or the LED can be flickered in units of 

0.5 seconds. 

(9) Count of time 

The time settings can be decremented each second. and 

Example of application circuit (microwave oven 
M58840-001 P) 

u 
Z 

F M Z 
A A E 
N G R 

:Jr M58840-
00lP 

used to terminate or start operations when the count 

reaches O. 

(10) Buzzer control 

Buzzer actuation can be controlled for a duration of 

0.2.0.5 or 3 seconds. The 3-second actuation is on-off 

at 0.2-second intervals. 

(11) Time monitoring 

Time can be monitored and used to terminate or start 

operations when the time setting is reached. 

9. Typical control circuit of a microwave oven 
A typical example of a microwave oven circuit is shown. 

Details of input and output performance are as previous

ly described. Please refer to the information provided for 

the PCA0402 in regard to capacitive touch-keyboard 

operation. The diode D" is provided to prevent counterflow 

because D2 is also used for the colon output and display. 

The temperature-detection circuit K" compensates for the 

nonlinear output of the temperature probe and facilitates 

easy temperature conversion. 

The touch-keyboard interface and the AID conversion 

circuit are contained in the M58840-XXXP. The wide range 

of S ports and high maximum output voltage of the Sand 

D ports simplify circuit design. This results in cost reduc

tion. improved performance and improved reliability be

cause fewer parts are required. The use of fewer parts 

also helps miniaturization. 

/, II II I{ II I{ I, II 

10kX12 

(FLUORESCENT: l;TIME. POWER. TEMP 
DISPLAY TUBE) R43 

'Ok 
01_8(MC301--<8) 

LED1_a -30V 

3.3kX8 

R (MODE DISPLY) 
Dl0 41 04 

. J.. 2.2k I!ZSC620 RPH 
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JL 

10k Rzo 
RI8 82k 

~
22kQ3 
R'9 2SB 
22k 528 

~ -JC---,..---- 02 

'--------10, 

10k?R42 I 
-a-30Y 

i- 15V 

VREF~iVR 

K'~~PPROBESW 
K"~::=t:~:~H' SW 

RS6 09 Rss ~ 

o~n K, SW3 looo,!R SW 
-15V rr- -15V -15V 

~F ~gQ R48 

33k 4.7k 33k ~Yk R49 

AC WAVEFORM RS7 TEMP ~ RS3 ~jOQ 
010 PROBE V 12k (HL SET CIRCUIT FOR 

L~_ TOUCH KEYBOARD) 

lAC RECTIFYING CIRCUIT) R" 1.5k ITEMPERATURE~ 
DETECTION CIRCUIT), 
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MELPS 8/85 PROGRAM LIBRARY 

1 . CODE-CONVERSION PROGRAMS 
There are 4 code-conversion programs for conversions 
between hexadecimal numbers and their corresponding 

ASCII code in binary notation, Details of these programs 
are given below, 

Table 1 Correspondence of number formats 
Hexadecimal Ma~hine language ASCli code In binary notation for 

symbols binary number hexadecimal symbols 

0 0000 00110000 
I 000 I 00110001 
2 001 0 00110010 
3 001 1 001100tf 
4 01 00 OOtfOIOO 
5 0101 001 1 0 I 0 I 
6 01 1 0 00110110 
7 o I I I 00110111 
8 I 000 001 II 000 
9 1001 00111001 
A 1 01 0 01000001 
B 101 I 01000010 
C I 1 00 01000011 
0 1 1 0 1 01000100 
E 1 1 1 0 01000101 
F 1111 01000110 

1.1 Binary (4 Bits) to ASCII (1 Character) 
Conversion (BTA) 

This program converts the low-order 4 bits in the A 
register (a hexadecimal number O~F) to the corre

sponding 8-bit ASCII-coded hexadecimal symbol '0' ~'F', 

The result is retained in the A register, Registers B. 

C. D. Hand L are not affected. 

Register Status 

Register Contents at start Contents at return 

A Bmary number to be converted 8-blt ASCII code 
In the low-order 4 bits 

B, C, D, E, Contents at start 
Hand L 

Flow Chart 

IN ASCII CODE 

~ J 
J 

RETURN ) 
Program Listing 

I 2 3 4 5 6 7 8 9 10 II I~ I 14 15 1617 18 192021i2212312425262728293031 323 

* 
* *** SUB,( BTAI) */BINARY TO ASCI I 
* 
BTA ANI OF# 

5 
CPI 10 
JNC B1 
ADI 48 
RET 

B1 ADI 55 

10 
RET 

SUBROUTINES 

1 .2 Binary (8 Bits) to ASCII (2 Characters) 
Conversion (BTA 2) 

This program converts the 8 bits in the C register (a 2-digit 

hexadecimal number OO~FF) to the 2 corresponding a-bit 
ASCII-coded hexadecimal symbols 'O'~'F', The results 

are retained in registers H (high order) and L (low order). 

The B. D and E registers are not affected, 

Register Status 

Register Contents at start Contents at return 

A 8-blt ASCII code for the high-order 
hexadecimal symbol 

C Binary number to be converted Binary number to be converted 

H 

L 

B. D and E 

Flow Chart 

8-bit ASCII code for the high-o~der 
hexadecimal 5 mbol 
a-bit ASCII code for the low-order 
hexadecimal svmbol 

Contents at start 

CONTENTS OF THE A REGISTER 

SHIFTED 4 BITS TO RIGHT 

BTA 

Program Listing 
I 2 3 4 5 6 7 8 '9 10 II 12 13 1415161718192021222324252627282930313233 

' , 

* 
' , 

* *** SUB,(BTA 2) * : 

* *BIN ARY TO TWO ASC:I I CHARACT:ERS 

* : : 

5 BTA2 M,OV A.C 
CALL BTA : : 

Mov L.A 
Mov A.C 
RRC : 

RRC " : 
10 

RRC 
RRC : 

CALL BTA 
MOV H.A : 

15 
RET 

• MITSUBISHI 
~ELECTRIC 14-39 



10 

15 

MITSUBISHIMICROCOMPUTERS 

MELPS 8/85 PROGRAM LIBRARY 

SUBROUTINES 

1.3 ASCII (1 Character) to Binary (4 Bits) 
Conversion (ATB) 

This program converts the a-bit ASCII code in the C 

register (a hexadecimal symbol 'O'-'F') to a 4-bit binary 
number 0000-1111. The result is retained in the low-order 
4 bits of the A register. If the C register contains a code for 

a character other than a hexadecimal symbol o-F, it is 

recognized as an error; the carry flip-flop is set, and the 

program is exited. Registers B, 0, E, Hand L are not 
affected. 
Register Status 

Register 

A 

D 

B.:D. E, Hand L 

Flow Chart 

Contents at start 

ASCII coded hexacfecimal symbol 
to be converted 

(CY z) SET TO 1 

AS ERROR FLAG 

Program Listing 

Contents at return 

Hexadecimal number in binary 
form in the low ord~r 4 bits I 
ASCII coded hexadecimal 

'symbol to be converte~ 

Contents at start 

123456 78910111213 141516171819202122232425262728293031323 

* 
* *** SUB(ATB) 

* 
*/iASCII TO B: NARY 

ATB Mov A.C : 
CPI 65 
JC A1 : 
CPI 71 
JNC A3 : 
SUI 55 
RET : 

A1 CPI 48 
JC A3 
CPI 58 
JNC A3 

A2 SUI 48 
RET 

A3 STC 
RET 

1.4 ASCII (2 Characters) to Binary (8 Bits) 
Conversion (ATB 2) 

This program converts the two a-bit ASCII codes in the 

Hand L registers (2 hexadecimal symbols 'O'-'F', high 

order in the H register and I.ow order in the L register) to 
an a-bit binary number (0-25510 ). The result is retained 

in the A register. If the H or L register contains a code 

for a character other than a hexadecimal symbol 'O'-'F', 
it is recognized as an error; the carry flip-flop is set, and the 

program is exited. The 0 and E registers are not affected. 

Register Status 

Register Contents at start Contents at return 

A a-bit binary number 
(2!hexadecimal diglis). 

B 4-bit binary number in the hig~~order 4-bfts 
conversion of ~h-order hexadecirl!al symbol 

C Low-order ASCII coded hexadecimal 
symbof tc;> he -c.bnverted 

H High-order ASCII coded hexadecima 
symbol to be converted 

High-order ASCII coded hexadedma 
Isyfnbol to be converted 

L low-order ASCII coded hexadecimal low-order ASCII coded hexadecima 
symbol to be converted symbol to be converted 

D and E Contents at start 

Flow Chart 

RETURN 

Program Listing 
123456 7 8 9 10 II 12 13 141516171819202122232425262728293031323 

* 
, 

* *** SUB,( ATB 2, ) * : : 

* I TWO ASCI I CHARAC:T:ERS TO B I NiARY 
* : : 

5 ATB2 M.OV C.H : : 

C,ALL ATB : 
RC : : 
RLC : 
RLC : 

RLC : : 
10 

RLC : : 
M,QV B.A : : : 
MOV C,L : 

--". 
1r.·A,LL ATB : 

IR.C. : 
15 

ADD B : : 
RE,T : : 
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MITSUBISHI MICROCOMPUTERS 

MELPS 8/85 PROGRAM LIBRARY 

SUBROUTINES 

2 .. SORTING PROGRAM (SORT) 

This program sorts records (1 byte in length) in descending 

order. Up to 65 535 records can be sorted. The binary num· 
ber 255 10 cannot be used as data because it is reserved for 
the end·of·data mark. This data is stored in descending 

order according to its rank. 
The program sorts by comparing a data item with all 

other data items, thus determining its rank. The data is 
then stored in descending order according to that rank. 

This program can also recall the data associated with any 

rank. If the rank k (1 ~ k ~ 65535) is stored in memory 

locations ORD and ORD+1, the 1·byte data associated with 

that rank is stored in the A register, and then control is 
returned to the user's program. If k is specified as zero, the 
A register is reset to zero and control is returned to the 

user's program. 

Register Status 

Register Use during execution Contents changed at return 

A Calculates and recalls data 01 rank k yes 

B Storage for data being compared yes 

C Not used no 

0 Memory address for storing data after yes 

E ranking i yes 

H yes 

L 
Memory address of data to be ranked 

yes 

Symbolic Memory Address 

Symbolic address Use dUring execution No. of bytes Cont~r~~t~~~nged 
ORO k (the1rank of data to bejrecalled 2 no 

* PRO Storage area for records to be 
n+l 

sorted (PRO is the first address) no 
" 

~ Storage area for sorted data ::J MAX n+l (MAX is the first address) yes 

DADO Address In PRO of record 
2 

being sorted 
no 

~ RADD Address In MAX for storing 2 no 
~ result 

0 Ml u Address of record to be ranked 2 yes 

M2 Address of record being compared 2 yes 

COUNT ICounter for number of records 2 yes 

Flow Chart 

INITIALIZE ADDRESS J TO 
PRO; J IS THE RECORD TO 

BE RANKED 

INITIALIZE ADDRESS j TO PRO, 

THESE ARE THE RECORDS TO 
BE COMPARED 

INITIALIZE ADDRESS k TO MAX, 

k IS THE ADDRESS OF THE kth 

RANKED RECORD'S DATA 

LOWER RANK BY 1 

k-k+ I 

STORE DATA OF RECORD J IN 

OUTPUT FILE CORRESPONDING 

TO ITS RANK k 
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MITSUBISHI MICROCOMPUTERS 

MELPS 8/85 PROGRAM LIBRARY 

SUBROUTINES 

Program Listing 

I 2 3 4 5 6 1 8 9 10 II 1213 14 I~ 16 I 1819202122 23 2~25 26 2128 29 30 313233 

* : , , 
* *** SUBR,QUT I ,NE, (S,QR!T ) *** 
* :-LL 
* / S,QR TIN,~ PR Q~RA,M 
* : 

NA,M S,QRT · .. · .... j· .... ·· .. · .. · .......... ·· .... i .. ;CI) 

* <USE RS DATA ARE,A> :*,";";";";";";";";":";® 
QRD DADR 0 : LL : 

PR,Q DEF 1 : 

10 DEF 55 
DEF 100 .;,.; .. : .. ;,,;,,; .. ;.; .. ; .. ;,,; .. ;,.:.",cr) 

DEF 15 
-L-~ 

I I I I I I I I I I 
DEF F Fjj: ........ ·.- 1 • • , • • , • • • • • • • • • • • • ....... :.;@ 

MAX BSS IN\A X -P R,d"j I I I I I 'i~~'~ 
* I I I I I I I I I I I 

15 

* <CON TR,QL DA TA~REA> 
DADD DA~-'-IPIR,q I I :--"-L~~LL-
RADD DADR IN\AX . , 

1N\1 DADR 0 : ~_ . .L 

M,2 DAD R-.Ll. 0 I I I I I I : -'--'--
COUNT DADR---, 0 I I I I ,--' 

20 

*, ~I I I I I I I I I I : --.l_J_ 

* *** PROGRAM START *** * 
* '--1-L-1 

25 

R,QM, .... . . . , . . . . . . . . . . . . . . . 'j"i"i"i':i::L:i:~~ , I I I I I 

~QRT LHLD DADD :.~---'--
XCH,~ : 

LXI H,O 
R1 SHLD COU:NT -.J I I I I I I I I I 

30 

LHLD RAD:D -'--L.LL 

XCH~ 

* ~i....c....L_LLLL-
R2 IM,QV B,M 

CPI F Fjj:: .1..1 I I I I I 
35 

JZ RS --'---'----'--i-'---'--.L...L..L..L 
SHLD M,1 
LHLD DA,D:D, I I 

R3 !MOV A,"" 
SHLD M,2 ----i----L-
I~p I FF#! .L 

40 

JZ R7 ---.--.LL-l.~ 
C,M,P B 
JC R6 
JNZ RS : 45 

PUSH P ~-'--.L.L.L 
LHLD 1M, 1 : 
LDA 1M,2 
SUB L : : 

LDA 1M,2 +:1 , 
50 

JC R4 : 

POP PSW 
J,MP R6 . ....L.L-.J---'--'---

55 R4 P.OP PSW : 

I 2 3 4 5 6 18 910 111213141516111819202122f232425126212829(3~3132f33 

RS INX D : : --'-....L-'--L 
R6 INX H I 

JM.P R3 

* 
60 

R7 LHLD M,1 : 
INX H : 
M,OV A, B: 
STAX D : : 
XCHG 
LHLO COUNT : 

JNX H 
65 

JM.P R1 

* , 

RS LHLO , COUNT 
XCHG 
LHLO RAO:O 

70 

-L.LL. P,AO 0 
L Mov M,,/\.: 

* LHLO ORO: : 

Mov A, L: 
75 

ORA H 
JZ R9 

, OCX H : 
XCHG 
LHLO RAO~ 

80 

DAD 0 : 
Mov A, M: 

R9 RET 

Explanation Keyed to Program Listing 

CD The program name is defined as 'SORT'. 

CZllf column 1 of a statement is '*', it is considered a 

comment. 

Q) Defines the value of data. 
@ The '#' in FF# indicates that FF is a hexadecimal 

number. 

® Reserves a region to store the results. 

@The above program is defined as a RAM region because 

its contents are variable at time of execution, and this is 

a ROM region because its contents are fixed. 
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MITSUBISHI MICROCOMPUTERS 

MELPS 8/85 PROGRAM LIBRARY 

SUBROUTINE 1: INTEGER ARITHMETIC OPERATIONS 
IN 8K-BIT MASK-PROGRAMMED ROM (MS8730-001S) 

DESCRIPTION 2. RESERVED MEMORY LOCATIONS 

The MELPS 8/85 Subroutine 1 'Integer Arithmetic Operation' Memory locations 600016-63F F 16 of the ROM region are 

is programmed on a standard M58730-001 S mask ROM. It reserved. In addition, a 50-byte RAM region, locations 

includes 18 subroutines for a MELPS 8/85 CPU. Although 3FCE I6-3FFF 16 • is reserved for executing the ROM 

the basic unit of a MELPS CPU is 1 byte (8 bits). units of 2 subroutines. 

bytes (16 bits) and 4 bytes (32 bits) can be easily processed 

using these subroutines. 

These subroutines contain sections of common coding; 

therefore, when using the subroutines, the CPU must be 

running in the interrupt disable mode. 

These subroutines can be divided into the following 

general classifications: 

• Addition routines 

• Subtraction routines 

• Multiplication routines 

• Division routines 

• Shift-operation routines 

• Logic-operation routines 

FEATURES 

• All programs implemented using a pseudo accumulator 

in a RAM region 

• Easy processing of 2·byte or 4·byte data 

• Jump to subroutines via transfer vectors 

1. SUBROUTINE CALL 

In a user's program, the subroutine call is as follows: 

Fig. 1.1 Subroutine call 

(USER'S PROGRAM) (TRANSFER VECTOR) (SUBROUTINE) 
TVTB EOU 24576 r------ST AC EOU TVTB +3 
LDDL EOU TVTB+6 TVTB JMP LDAC LOAC J-W; ,+, 'Me ""f-'1'--r------

j TVTB+6 JMP LDDL STAC 

CD TVTB+9 JMP STOL 

CALL STAC ® 
LODL 

I---
DAOR DATI 

j@ - STOL 

® I---

Note'l . The processing order is CD, (2). Q), @ ,and ®. A transfer vector is used 

to set the entry address of each subroutine 

2 : Transfer vectors are used for subroutine cails because they are not affected by 

changes in program size 

3 . The absolute address of a subroutine or its transfer vector must be defined 

before it is called. 

4 . The absolute address of a subroutine or its transfer vector refers to the table 

of subroutine functions 

3. DATA PROCESSING UNITS OF SUBROUTINES 

The MELPS 8 CPU processes data units of 8 bits (occasion· 

ally 16 bits) while these subroutines process data units of 

2 bytes (16 bits) or 4 bytes (32 bits). 

3.1 One Word Length (2 bytes) 

A data unit of 2 bytes (16 bits) can represent three 

binary coded decimal digits, 16 logical elements, a binary 

number with a range of -2 15 _2 15_1, or two characters. 

This data structure is shown in Fig. 3.1. 

Fig. 3.1 Data structure of one word length (2 bytes) 

15 8 7 o 

I : : : : : :: I : : : : : : : I 
1 BYTE (8 BITS) I 1 BYTE (8 BITS) 

1 WORD LENGTH (2 BYTES) 

3.2 Double Word Length (4 bytes) 
A data unit of 4 bytes (32 bits) can represent seven binary 

coded decimal digits, a binary number with a range of -231 

-231 _1, or four characters. The data structure is shown in 

Fig .• 3.2. 

Fig. 3.2 Data structure of double word length (4 bytes) 

31 2423 1615 87 0 

I I 
1 BYTE (8 BITS) 11 BYTE (8 BITS) 1 BYTE (8 BITS) I 1 BYTE (8 BITS) 

1 WORD LENGTH (2 BYTES) 1 WORD LENGTH (2 BYTES) 

DOUBLE WORD LENGTH (4 BYTES) 
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MITSUBISHI MICROCOMPUTERS 

MELPS 8/8S PROGRAM LIBRARY 

SUBROUTINE 1: INTEGER ARITHMETIC OPERATIONS 
IN 8K·BIT MASK· PROGRAMMED ROM (MS8730-001S) 

4. NUMERICAL EXPRESSIONS 
Numbers can be organized in 16·bit or 32·bit units as 

shown below. 
4.1 16-Bit Binary Number 
This binary number of 16 bits is organized as one unit~ 

Negative numbers are in 2's complement form. The number 
has a range of -2 15_2 15_1 (-32768-32767). 

Fig. 4.1 Organization of 16-bit binary number 

15 8 7 o 

!~:: : : :: I: : : : :: 
SIGN (S) POSITIVE : 0 

NEGATIVE: 1 

:L 
DECIMAL POINT 

THE LEAST SIGNIFICANT BYTE IS IN LOCATION M, AND THE MOST SIGNIFICANT BYTE IS IN LOCATION M + 1. 

15 8 7 0 

ADDRESS M + 1 Is: : : : : : : I ADDRESS M I : : : : : : : I 

4.2 32-Bit Binary Number 
This binary number of 32 bits is organized as one unit. 
Negative numbers are in 2's complement form, The number 
has a range of _231 _231 _1 (-2147483648-2147483647). 

Fig. 4.2 Organization of 32-bit binary number 

31 2423 1615 8 7 0 

If:::::: I::::::: I::::::: I::::::] 
SIGN (S) POSITIVE: 0 NEGATIVE: 1 DECIMAL POINT 

THE LEAST SIGNIFICANT BYTE IS IN LOCATION M, AND THE MOST SIGNIFICANT BYTE IS IN LOCATION M + 3. 

15 8 7 0 

ADDRESS M + 1 I : : : : : : : I ADDRESS M I : : : : : : : I 
31 24 23 16 

ADDRESS M + 31 s: : : : : : : I ADDRESS M + 21 : : : : : : : I 
4.3 32-Bit Decimal Number 
This decimal number of 32 bits consists of a 7-decimal digit 
numerical part and a 1-digit sign part. The number has a 

range of -107+1-107-1 (-9999999-9999999). 

Fig. 4.3 Organization of 32-bit decimal number 

31 24 23 16~15 

I ~ I 10 6 I 10' I 10" I 10' 
I I I I "I "I I I I 

SIGN (S) POSITIVE: 0" NEGATIVE.: Ft. 

87 0 

THE L6AST SIGNIFICANT BYTE IS IN LOCATION M, AND THE MOST SIGNIFICANT BYTE IS IN LOCATION M + 3. 

14-44 

15 8 7 O. 

ADDRESS M + 1 I : I?': I : 19': ! ADDRESS M I : 1?': I : 17°: I 
31 24 23 16 

ADDRESSM+3! : + : ! :1?6: I ADDRESS M + 21 : IH I : 1?": I 
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MITSUBISHI MICROCOMPUTERS 

MELPS 8/85 PROGRAM LIBRARY 

SUBROUTINE 1: INTEGER ARITHMETIC OPERATIONS 
IN 8K-BIT MASK-PROGRAMMED ROM (M58730-001S) 

5. SUBROUTINE FUNCTIONS 

Subroutine 
;o.bsolute add res 

Transfer vector Processing time Function and error condition Number of steps in hexadecimal 
name (in decimal) 

symbolic address (max) in ms 

LDAC 19 
60B7 TVTB 

Load one word (2 bytes) data Into the pseudo accumulator (Note 5) (24759 ) (Note 2) 
0 .2 

STAC Store one-word (2 bytes) data of the pseudo accumulator in the location specified by 14 
60CA 

TVTB+ 3 0 .2 
the operand address (24778) 

LDDL Load double-length (4 bytes) data Into the pseudo accumulator. 20 
6008 

TVTB+ 6 0 .3 (24792) 

STDL Store double-length (4 bytes) data of the pseudo accoumulator in the location specified 
20 

60EC 
TVTB+ 9 0 .3 

by the operand address (24812 ) 

Shift left double-length (4 bytes) data In the pseudo accumulator n bits When n does 6100 
SLDL not statisfy the inequality 1~n;;;;32. it IS considered an error conditon Then the A register 39 TVTB+21 0.3 

is set to 1. and the pseudo accumulator IS not shifted 
(24832) 

Shift right double-length (4 bytes) data in the pseudo accumulator n bits When n does 6127 
SRDL not statisfy the inequality 1~n~32, it is considered an error condition Then register A 39 TVTB+24 0.3 

IS set to 1, and the pseudo accumulator is not shifted 
(24871 ) 

Arithmetic shift right double-length (4 bytes) data in the pseudo accumulator n bits 614E 
ARDL When n does not satisfy the inequality 1~n~31. it is considered an error condition Then 64 TVTB+27 0.3 

the A register IS set to 1. and the pseudo accumulator IS not shifted 
(24910) 

XRAC 
Exclusively OR the pseudo accumulator (2 bytes) data and the operand. The result IS 

18 
618E 

TVTB+18 O. 2 
retained In the pseudo accumulator (24974) 

NDAC 
Add the pseudo accumulator (2 bytes) data and the operand. The result is retained in 

18 
61AO 

TVTB+12 0 .2 
the pseudo accumulator (24992) 

ORAC 
Inclusive OR the pseudo accumulator (2 bytes) data and the operand The result is 

18 
61B2 

TVTB+15 O. 2 
retained in the pseudo accumulator (25010) 

Add the contents of the pseudo accumulator (2 bytes) and the operand The sum is 
12+ (20) 61C4 

ADAC retained in the pseudo accumulator. If a carry is generated by the additon. the A register TVTB+30 0.3 
is set to 1 (over'flow); otherwise. it is reset to 0 (Note 8) (25028) 

Add the contents of the double-length pseudo accumulator (4 bytes) and the operand 12+ (22) 6100 
ADDL The sum IS retained In the pseudo accumulator If a carry IS generated bY' the addition, (25040) 

TVTB+36 0.3 
(Note 8) 

the A register is set to 1 (overflow): otherwise, it IS reset to 0 

Subtract the operand from the contents of the peudo accumulator (2 bytes) The 12+(20) 61 FO 
SBAC difference is retained in the pseudo accumulator. If a borrow is generated by the 

(25072) 
TVTB+33 0.3 

subtraction, the A register is set to 1 (overflow). otherwise. It is reset to 0 
(Note 8) 

Subtract the operand from the double-length pseudo accumulator (4 bytes) The 12+ (22) 61FC 
SBDL difference IS retained in the pseudo accumulator If a borrow is generated by the sub-

(25084) 
TVTB+39 0.3 

traction. the A register IS set to 1 (overflow); otherwise. it is reset to 0 
(Note 8) 

MLAC 
Multiply the contents of the pseudo accumulator (2 bytes) by th!'l operand The product 

67 
621E 

TVTB+42 12.0 
is retained in the pseudo accumulator (25118) 

Divide the contents of the pseudo accumulator (4 bytes) by the 2-byte The 
quotient IS retained in the high"order 2 bytes, and the remainder in the 2 

6261 
DVAC bytes of the pseudo accumulator. If the 2-byte operand (divisor) IS greater than or equal 195 TVTB+45 15.0 

to the high-order 2 bytes of the dividend or is O. it is considered an error condition (25185) 
Then the A register is set to 1. and the contents of the pseudo accumulator are unaltered 

Decimally add the contents of the pseudo accumulator (4 bytes) and the operand The 

sum is retained in the pseudo accumulator If a carry is generated by the addition 12+ (155) 6324 
TVTB+48 0.7 DCAD 

(overilowl, it is conSidered an error condition; and the A register is set to 1 (Note 3) (25380 ) 

Decimally subtract the operand from the contents of the pseudo accumulator (4 bytes) 
12+ (155) 6330 

DCSB The difference is retained in the pseudo accumulator If a carry is generated by the TVTB+51 1.3 
subtraction (overflow), it is considered an error condition. and the A register is set to 1. 

(Note 3) (25392) 

Note 5 .The pseudo accumulator is a double-length (4-byte) register reserved in the 

RAM 
: The starting address of the transfer vector table (TVTB) is 24759 . 
. The number rn ( ) is the number of steps in common routines 

Note 8 The subroutines occupy 800 bytes of memory. The transfer vector table 

occupies 54 bytes of memory. The save registers B. C. D. E, Hand Land 

return routines occupy 129 bytes of memory. Total memory requirement is 

983 byte.s. 
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MIT5UBI5HI MICROCOMPUTERS 

MELPS 8/85 PROGRAM LIBRARY 

SUBROUTINE 1: INTEGER ARITHMETIC OPERATIONS 
IN 8K-BIT MASK-PROCRAMMEDROM (MS8730-001S) 

6. BASIC CALLING SEQUENCE 

Label Instruction Operand 

I 2 3 4 5 6 7 8 9\10\11\12\13 14\15\16\17\18\19\20 

CALL SUB --_._- Describes the subroutine named 'SUB' qeing called. 

DADR IABC Symbolic address' of the operand (ABC) used by the called subroutine. 

ABC BSS Defines the operand (ABC) and reserves memory 'for it. 

, 

In this example using thisl subroutine, the program' adds 

two 4·byte' binarYlnurilbers and stores the sum in locations 

WORK-WORK+3. 

Label Instruction 
123456 7 8 9 10 II 1213 

I I QRG 
TVT,B EQU 
LDDL EQU 
STDL EQU 
ADDL EQU 
DA,TAI DEF 

DEF 
DEF 
DEF 

ABC DE F 
DEF 
DEF 
DEF 

~ORK BSS 
CALL 
DADR 
CALL 
DADR, 
CALL 
DADR 
END 

Operand 
I~ 151617181920 

3700# 
24759 
TVT IBI+16, 
L~~~ 

!~!B+3.t-
2A# 
45# 
03#~ 
09:1t 

t-23:1t 
19:1t 
OA:It 
4 
,L,D,D,L 

t= ,DA,TAI 
,ADDL 
'ABC 
STDL } WORK 

I I I I I I 

Absolute address of the program's start. 

Absolute address of the transfer vector table's start. 

Absolute address of subroutine LDDL's transfer vector. 

Absolute address of subroutine STDL's transfer vector. 

Absolute address of subroutine ADDL's transfer vector. 

Operand 

Operand 

Reserves a 4-byte region to store the sum. 

Loads operf.md (DATA 1) into the pseudo accumulator. 

Adds operand (ABC) to the contents of the pseudo accumulator and retains the result in the pseudo 
accumulator. 

Stores the sum in locations WORK ......... WORK + 3. 

Note: '#' flags a hexadecimal number. 
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APPLICATION OF MELCS 8/2 SINGLE-BOARD COMPUTER 

(PCA 0801) IN DATA TRANSMISSION 
THROUGH A MASTER·SLAVE MULTICOMPUTER SYSTEM 

DESCRIPTION 
Three PCA0801 single-board computers are connected to 

form a master-slave microcomputer data-transmission 

system. Such a system contributes significantly to reducing 

the load on the host computer and to improving the 

operational efficiency and functions of the system. This is 

an example of a mode 2 application of the M5L8255AP 

programmable peripheral interface (PPI). 

FUNCTIONS 
One of the three PCA080 1 s serves as the master computer, 

and the other two as the slave computers that complete 

the system. When the No.1 PPI (C.W.=03,s) is set to 

mode 2, data is transmitted between the master and either 

of the slaves usi ng the I/O port PA as a bidirectional data 

bus. 

OPERATIONS 
The master computer, storing 200 bytes of the trans

mission data within its No.2 EPROM (M5L 2708K), starts 

to transmit that data to the No. 1 slave computer via the 

I/O port PA (PAo~PA7). After receiving the data, the 

slave computer inverts the data and stores it in its RAM 

(M5L2111AP). This inverted data is then sent back to the 

master computer, after which it is stored in the master 

computer's RAM. 

The master computer now starts to transmit 200 bytes 

of the RAM data to the No. 2 slave computer, where the 

data is inverted and stored in the RAM to be sent back to 

the master computer. 

The master computer, having completed storage of the 

data in its RAM, executes an inspection routine for the 

stored data, and compares the 200-byte contents of the 
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EPROM and the RAM for discrepancies. 

If all the data is correct, LED 1, which acts as an in

dicator, is turned on. If not, LED 2 is lit, and execution 

is terminated. 

The operational status of the LEDs (on or off), and 

their significance, are shown in Table 1. These status in

dications are shown in the sequence of CPU progress, so 

that the operating status of the master computer may be 

readily recognized from the combination of LED O~LED 

2 i nd icators. 

Table 1 Status as Indicated by the LED Display 

'-CPU LED LED LED 
Description of the status Indicated Se· 0 1 2 quence 

0 0 0 System IS not transmitting data 

0 0 1 
System is not operating. because no line IS connected 
between the master and th8 slave computer NO.1 

1 0 0 
Data is being transmitted between the master and 
slave computer NO.1 

.--
Data transmiSSion to computer No , has been 

0 0 0 completed 
System is in the 5-second delay routine 

0 0 1 
System the idle condition, with no transmiSSion 
between master' and slave computer No 2 

1 1 1 
Data IS trDnsmltted between the master and 
slave No.2 

t- O 1 0 
Data transmission has been completed, haVing trans-
mitted the data correctly 

c.- O 0 1 
Data transmission has completed, but a transmission 
error has been found. 

Note 1 "ON" indicates where the LED turns on, and "OFF"' where the LED turns off 
2 The slave computers, NO.1 and No 2. must be in operation prior to the en

gagement of the master computer 
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Fig. 2 Master microcomputer flow chart 
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MITSUBISHI MICROCOMPUTERS 

APPLICATION OF MELCS 8/2 SINGLE-BOARD COMPUTER 

Fig. 3 Slave microcomputer flow chart 
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MlTaUBlaHI. MICROCOMPUTERS 

APPLICATION OF MELCS 8/2 SINGLE·BOARD COMPUTER 

(PCA0801) IN DATA TRANSMISSION 
THROUGH A MASTER·SLAVE MULTICOMPUTER SYSTEM 

MASTER MICROCOMPUTER MAIN PROGRAM LIST 
**CROSS ASSEMBLER OF 8-BIT MICROPROCESSOR 

0070 0081 3ACC40 LOA FLAG 
OOOh** MASTER MICROCOMPUTER MAIN PROGRAM *** 0071 0084 67 ORA A 
0002 0400 ROM2ST Eeu 04001f 0072 0085 C20101 JNZ SUM 
0003 4000 RAMST Eeu 40001 0073 0088 3ACE40 LOA TEI'IPRY 
0004 40CS OSTNTl Eeu 40C8' 0074 008B EB XCHG 
0005 40CA DSTNT2 Eeu 40CA' 0015 008C 77 MOV M,A 
0006 40CC FLAG Eeu 40CC# 0076 0080 00 OCR C 
0007 40CO COUNT Eeu 40CO' 0077 008E EB XCHG 
0008 40CE TEMPRY ECIU 40CE. 0078 008F C2FCOO JNZ YET 
0009* 0079 0092 3EOO MVI A,OO' 
0010* 0080 0094 0305 OUT OS. 
0011 0000 ORG 0000. 0081 0096 78 MOV A,S 
0012 0000 3EC2 MASTER MVI A ,C2# 0082 0097 FE02 CPI 0211 
0013 0002 0303 OUT 0311 0083 0099 C2CFOO JNZ S2ENO 
0014 0004 3E01 MVI A,Olll 0084 009C C01201 CALL TIMEC 
0015 0006 0303 OUT 0311 0085 009F 3E69 MVI A ,6911 
0016 0008 3E03 MVI A,0311 0086 OOAI 0300 OUT 00; 
0017 OOOA 0303 OUT 0311 0087 00A3 3E02 MVI A ,0211 
0018 OOOC 3E80 MVI A ,8011 0088 00A5 D303 OUT 03, 
0019 OOOE D307 OUT 0711 0089 00A7 3E02 MVI A,0211 
0020 0010 3EOO MVI A,OOIr 0090 00A9 D307 OUT 0711 
0021 0012 D305 OUT OS, 0091 OOAB 3C INR A 
0022 0014 3EFF MVI A,FFII 0092 OOAC 0307 OUT 0711 
0023 0016 0306 OUT 0611 0093 OOAE 3E03 MVI A,03, 
0024 0018 3EAA MVI A ,AA:I 0094 0080 0303 OUT 03' 
0025 001A 0304 OUT 04. 0095 00B2 CD2EOI CALL TIMED 
0026 001C 31FF40 LXI SP,40FF' 0096 00B5 3EOA MVI A,OAII 
0027 001F 0602 MVI 8,2 0097 00B7 0307 OUT 0711 
0028 0021 21D001 LXI !-I ,X 0098 00B9 3EOO MVI A,OOIl 
0029 0024 22C840 SHLD OSTNTI 0099 OOBB 0303 OUT 0311 
0030 0027 21E501 LXI H,Y 0100 OOBD 3C INR A 
0031 002A 2ZCA40 SHLD OSTNT2 0101 OOBE 0303 OUT 0311 
0032 002D AF XRA A 0102 OOCO 3EOB MVI A,OBII 
0033 002E 32CE40 STA TEMPRY 0103 00C2 D307 OUT 07; 
0034 0031 32CD40 STA COUNT 0104 00C4 OBOO IN 0011 
0035 0034 3E59 MVI A,59' 0105 00C6 066B SUI 6611 
0036 0036 32CC40 STA FLAG 0106 00C8 CZOB01 JNZ NOCOMC 
0037 0039 CD1201 CALL TIMEC 0107 OOCB 3E07 MVI A,07' 
0038 003C 3E69 MVI A ,69' 0108 OOCO D305 OUT OS. 
0039 003E 0300 OUT 0011 0109 OOCF 210040 S2ENO LXI H ,RAMST 
0040 0040 3E02 MVI A,0211 0110 00D2 54 MOV O,H 
0041 0042 0303 OUT 0311 0111 0003 50 MOV E,L 
0042 0044 3EOO MVI A,OOIl 0112 00D4 05 OCR B 
0043 0046 D307 OUT 07' 0113 0005 C27200 JNZ RPT2 
0044 0048 3C INR A 0114 0008 OEC8 MVI C,200 
0045 0049 D307 OUT 07, 011 5 OODA 110004 LXI D,ROM2ST 
0046 004B 3E03 MVI A,0311 0116 OOOD lA SCAN LOAX D 
0047 004D 0303 OUT 0311 0117 OOOE BE CMP M 
0048 004F C02E01 CALL TIMED 0118 OOOF C2F500 JNZ TRMERR 
0049 0052 3E08 MVI A,08' 0119 00E2 13 INX 0 
0050 0054 0307 OUT 07. 0120 00E3 23 INX H 
0051 0056 3EOO MVI A ,00, 0121 00E4 00 OCR C 
0052 0058 0303 OUT 03" 0122 00E5 C2DDOO JNZ SCAN 
0053 005A 3C INR A 0123 00E8 3E02 MYI A,021 
0054 0058 0303 OUT 03' 0124 OOEA 0305 OUT OS, 
0055 0050 3E09 MVI A ,0911 0125 OOEC 3AC040 N02 LOA COUNT 
0056 005f 0307 OliT 0711 0126 OOEF 0304 OUT 04. 
0057 0061 OBOO Ir-I 00' 0127 00F1 00 N01 NOP 
0058 0063 066B SuI 6B, 0128 00F2 C3F100 JMP N01 
0059 0065 C20BOI JNl NOCOI1C 0129* 
0060 0068 3E01 MVI A,oa 0130 00F5 3E04 TRMERR MVI A ,04' 
0061 006A 0305 OUT OS. 0131 oon 0305 OUT OS. 
0062 006C 210004 LXI t1,RCM2ST 0132 00F9 C3ECOO JMP N02 
0063 006F 110040 L X I o ,PArIST 0133* 
0064 0072 OEC8 RPT2 MVI C,2:)? 0134 OOFC 23 YET I NX H 
0065 0074 7E RPTl MCV At M 0135 OOFO 13 INX D 
0066 0075 C05501 (/IlL Me 0136 OOFE C37400 JMP RPTI 
0067 0078 C02E01 CAl L r IM[1 0131* 
0068 0076 C06001 CALL. I'll 0138*** tlO-PASS SUM *** 0069 007E 32CE40 STII TEMPR"1 0139* 
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APPLICATION OF MELCS 8/2 SINGLE-BOARD COMPUTER 

(peA 0801) IN DATA TRANSMISSION 
THROUGH A MASTER-SLAVE MULTICOMPUTER SYSTEM 

0140 0101 3ACD40 SUM LDA COUNT 0211* 
0141 0104 3C INR A. 0212 0160 D5 I'll PUSH D 
0142 0105 32CD40 ~TA COUNT 0213 0161 110202 LXI Dt202, 
0143 010t! C37400 JMP RPTl 0214 0164 CDA201 CALL DECODI 
0144* 0215 0167 DBOO IN 00' 
0145* 0216 0169 Dl POP 0 
0146*** NOCOMMUNICATE *** 0217 016A C9 RET 
0147* 0218* 
0148 010B 3E04 NOCOMC MVI At04, 0219* 
0149 0100 D305 OUT OS, 0220*** SUBROUTINE DECODO *** 
0150 010F C3F100 JMP N01 0221* 
0151* 0222 016B E5 DECODO PUSH H 
0152*** SUBROUTINE TI MEC *** 0223 016C D5 PUSH D 
0153* 0224 016D 2AC840 LHLD DSTNTl 
0154 0112 1E32 TIMEC MVI Et50 0225 0170 DBOI MIBF IN OU 
0155 0114 CD2E01 T IMEC 1 CALL TIMED 0226 0172 A6 ANA M 
0156 0117 10 DCR E 0227 0173 C29B01 JNZ I1IBFP 
0157 0118 CAIEOI JZ TIMEC2 0228 0176 3E02 MVI At021 
0158 011B C31401 JMP TIMEC1 0229 0171l D303 OUT 03, 
0159 011E C9 TIMEC2 RET 0230 017A 23 INX H 
0160* 0231 017B 7E MOV Il.tM 
0161* 0232 017C D307 OUT 071 
0162* 0233 017E 3C INR A 
0163*** SUBROUTINE TIMEF *** 0234 017F D307 OUT 071 
0164 011F D5 TlMEF PUSH D 0235 0181 3E03 MVI At03, 
0165 0120 lEOA MVI Etl0 0236 0183 D303 OUT 03, 
0166 0122 CD2EOl TIMEFl CALL TIMED 0237 0185 79 MOV AtC 
0167 0125 10 DCR E 0238 0186 D601 SUI OU 
0168 0126 CA2COl JZ T IMEF 2 0239 0188 CA9701 JZ fINEl 
0169 0129 C32201 JMP TIMEFI 0240 0186 26 DCX H 
0170 0120 Dl TIMEF2 POP D 0241 018C 22C840 S TOR E 1 SHLD DSTNT1 
0171 012D C9 RET 0242 018F 3E24 MVI At 24' • 
0172* 0243 0191 32CC40 STA FLAG 
0173*** SUBROUTINE TIMED *** 0244 0194 D1 NOIBF POP 0 
0174* 0245 0195 E1 POP H 
0175 012E F5 TIMED PUSH PSW 0246 0196 C9 RET 
0176 012F C5 PUSH 6 0247 019( 23 F I NEl INX H 
0177 0130 D5 PUSH D 0248 0198 C38C01 JMP STORE1 
0178 0131 E5 PUSH H 0249 0198 15 1'1 IBF P DCR D 
0179 0132 1614 MVI 0,20 0250 019C C27001 JNZ /'IIBF 
01110 0134 OEl4 MVI C,20 0251 019F C39401 JMP NOIBF 
0181 0136 06C8 TIMED6 MVI BtZOO 0252* 
0182 0138 3EC8 ~1 V I At200 0253* 
0183 013A C33DOl TIMEDI JMP T 1'1ED2 0254*** SUBROUTINE DECODI *** 
0184 0130 C34001 THIED2 JMP TIMED3 0255* 
0185 0140 05 T I ME D3 DCR B 0256 01A2 E5 DECOD I PUSH H 
01116 0141 3D DCR A 0257 01A3 D5 PUSH D 
0187 0142 CA4801 JZ TlMED4 0258 01A4 2ACA40 LHLD DSTNT2 
0188 0145 C33AOl JMP TIMEDI 0259 01A7 DBOI MClBF IN 0111 
0189 0148 15 T I ME D4 DCR D 0260 01 A9 A6 ANA M 
0190 014.9 00 DCR C 0261 01AA C2D601 JNZ 110BFP 
0191 014A CA5001 JZ TIMED7 0262 OlAD 23 INX H 
0192 014D 03601 JMP TIM ED6 0263 01AE 7E MOV A,H 
0193 0150 El TIMED7 POP H 0264 OlAF D307 OUT 071# 
0194 0151 D1 POP D 0265 0181 3EOO MVI A,OO, 
0195 0152 Cl POP 6 0266 0163 D30'3 OUT 03* 
0196 0153 F1 POP PSW 0267 0185 3E01 MVI A,Oll 
0197 0154 C9 RET 0268 01B7 D303 OUT 03' 
0198* 0269 0189 7E MOV A,M 
0199* 0270 01BA 3C INR A 
0200*** SUBROUTINE MO *** 0271 01B6 D307 OUT OH 
0201* 0272 01BD 79 MOV O\,C 
0202 0155 D300 MO OUT 00/# 0273 01BE D601 SUI OU 
0203 0157 D5 PUSH D 0274 01CO CAD201 JZ FINE2 
0204 0158 110202 LXI 0,2021 0275 010 2B DCX H 
0205 0156 CD6B01 CALL DECODO 0276 01C4 22CA40 STORE2 SHLD D S TNT 2 
0206 015E D1 POP D 0277 01C7 3ACC40 LDA FLAG 

III 0207 015F C9 RET 0278 01CA D624 SUI 24' 
0208* 0279 01CC 32CC40 STA FLAG 
0209* 0280 01CF D1 NOOBF POP D 
0210*** SUBROUTINE MI *** 0281 01DO E1 POP Ii 
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0282 OlDl C9 RET 0295 OlEl 04 DEF 04* 
0283 01D2 23 FINE2 INX H 0296 01E2 04 DEF 04' 
0284 OlD3 C3C40 1 JMP STORE2 0291 01E3 08 DEF 08* 
0285 01D6 10 MOBFP DCR E 0298 01E4 06 DEF 06' 
0286 01D1 C2A701 JNl MOSF 0299 01E5 10 y DEF 10' 
0281 01DA C3CFOl JMP NOOI3F 0300 01E6 08 DEF 08' 
0288* 0301 01E7 20 DEF 20' 
0289* 0302 01E8 OA DEF OAf 
0290* 5 ELE CTl VE CHARACTER 0 TEIGI SURU * 0303 01E9 40 DEF 4-0* 
0291 01DD 01 X DEF all 0304 OlEA OC DEF OCt 
0292 OlOE 00 DEF 00' 0305 01ES 80 DEf 80H 
0293 01DF 02 DEF 0211 0306 OlEC OE DEF OEII 
0294 OlEO 02 DEF 021# 0301 0000 END MASTER 

SLAVE MICROCOMPUTER MAIN PROGRAM LIST 
**CROSS ASSEMBLER OF 8-BIT MICROPROCESSOR 

0001*** SLAVE MICROCOMPUTER MA I N PROGRAM "'** 0055* 
0002* 0056*** SUSROUT INE 51 *** 
0003* 0051* 
0004 4000 RAMST Eau 400011 0058 0055 D5 51 PUSH D 
0005 40DO SCHTCH Eau 40DO' 0059 0056 DB02 SI6F IN 021# • 
0006 40D1 Fl Eau 40DlI 0060 0058 E620 ANI 20' 
0001 40D2 FZ Eau 40D2* 0061 005A C26700 JNZ SIN 
0008* 0062 005D 15 DCR D 
0009 0000 ORG 0000# 0063 005E C25600 JNZ S ISF 
0010 0000 3ECO SLAVE MVI A.COII 0064 0061 AF XRA A 
0011 0002 D303 OUT 03' 0065 0062 32D140 STA Fl 
0012 0004 3E81 MVI A.8'11 0066 0065 Dl SIND POP D 
0013 0006 D307 OUT 0111 0061 0066 C9 RET 
0014 0008 31FF40 LXI SP.4CFF# 0068 0067 3EOl SIN MVI A.Olll 
0015 00013 DBOO WAIT IN 00' 0069 0069 32D140 STA F1 
0016 OOOD D669 SUI 69* 0070 006C D600 IN 00' 
0017 OOOF C20BOO JNl WAIT 0071 006E C36':100 JMP SIND 
0018 0012 3E6B MVI A.6B' 0072* 
0019 0014 D300 OUT 00# 0073* 
0020 0016 AF XRA A 0014*** SUBROUT INE SO *** 
0021 0017 32D140 STA Fl 0075* 
0022 001A 320240 STA F2 0076 0071 F5 SO PUSH PSW 
0023 OOlD 110202 LXI 0.20211 0071 0072 D5 PUSH D 
0024 0020 210040 LXI H.RAMST 0078 0073 DB02 SOBF IN 0211 
0025 0023 CD 5 50 0 BACK 1 CALL SI 0079 0075 E680 ANI 8011 
0026 0026 2F CMA 0080 0077 C28500 JNZ SOUT 
0021 0027 32D040 STA SCRTCH 0081 007A lD DCR E 
0028 002A 3A0140 LDA Fl 0082 0076 C27 300 JNZ SOBF 
0029 002D 67 ORA A 0083 001E AF XRA A 
0030 002E CA4DOO Jl NOPASI 0084 007F 320240 STA F2 
00.31 0031 3AD040 LDA SCRTCH 0085 0082 Dl POP D 
0032 0034 C07100 CALL SO 0086 0083 Fl POP PSW 
0033 0037 3AD240 LDA F2 0087 0084 C9 RET 
0034 003A 137 ORA A 0088 0085 3EOl SOUT MVI A,Oll 
0035 0036 CASI00 JZ NOPASl 0089 0087 32D240 STA F2 
0036 003E 3AD040 LOA SCRTCH 0090 008A Dl POP D 
0037 0041 77 MOV M.A 0091 00813 F1 POP PSW 
0038 0042 23 INX H 0092 008C D300 OUT 0011 
0039 0043 70 MOV A,L 0093 008E C9 RET 
0040 0044 FEC8 CPI C8' 0094 0000 END SLAVE 
0041 0046 OA2300 JC BAC Kl 
0042 0049 00 NO NOP 
0043 004A C34900 JMP NO 
0044* 
0045*** NOPASS 1 *** 
0046* 
0047 004D 37 NOPASI STC 
0048 004E C32300 JMP BACKl 
0049* 
0050*** NOPASS 2 *** 
0051 0051 3F NOPAS2 CMC 
0052 0052 C32300 JMP BACK1 
0053* 
0054 EJE 
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JAPAN 
Electronics Overseas Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex: 24532 MELCO J 
Telephone: (03) 218-3473 

HONG KONG 
Ryoden Electric Engineering Co., Ltd. 
22nd fl., Leighton Centre 

77, Leighton Rd. 
Causeway Bay, Hong Kong 
Telex: 73411 RYODEN HX 
Telephone: 5-7907021 

TAIWAN 
Mitsubishi Electric Corporation 
Taipei Representative Office 
Room 1303, 13th fl., Huei Fong Bldg. 
27, Sec. 3, Chung Shan N. Road 
Taipei, R.O.C. 
Telex: 11211 MITSUBISHI 
Telephone: (597) 3111 

U.S.A. 
MELCO Sales Inc. 
3030 East Victoria St. 
Compton CA 90221, U.S.A. 
Telex: 0673278 MSI CMTN 
Telephone: (213) 537-7131 

MELCO Sales Inc. 
7045 North Ridgeway Avenue 
Lincolnwood, IL 60645, U.S.A. 
Telex: 724493 MSI LCWD 
Telephone: t312) 973-2000 

WEST GERMANY 
Mitsubishi Electric Europe GmbH 
Brandenburger Str. 40 
4030 Ratingen, West Germany 
Telex: 8585070 MED D 
Telephone: (02102) 44089-44094 






