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PREFACE

A high technology company with an aggresive approach to innovation, OKI has been
supplying single-chip microcontrollers since 1975. OKI's single-chip microcontrollers
find wide application in various types of electronic equipment in the consumer and the
“industrial fields. Our products have been enjoying a good reputation for their high
quality and high performance. The most outstanding feature employed in all of OKI’s
microcontrollers is CMOS technology which ensures low power operation.
OKI will continue to enhance the its microcontroller series and program development
systems to cater to cutomers’ requirements.

OKI makes no warranty for the use of its products and assumes no
responsibility for any errors which may appear in this document nor
does it make a commitment to update the information contained
herein.

OKI retains the right to make changes to these specifications at
any time, without notice.
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PROGRAM DEVELOPMENT SYSTEMS
OKI MICROCONTROLLERS

OLMS-40 SERIES

FOR

AN
target chip development tool standard software adaptor module field debugging
g package name (included in package) (if necessary) tool

MSM5840 EASE 40 DB400 debugger

(SERIAL INTERFACE) ASMA40 cross assembler -
MSM5842 (BUS INTERFACE)
MSM58421 MPB421 MPB202
MSM58422 MPB422

dedicated hardware
MSM5847 simulator -
[Note]

1. Thestandard software DB400 and ASM40 are avalable on CP/M-80 for most of personal computers, or ISIS-11 for

INTEL MOS.

+ CP/Mis aregistered trade mark of Digital Research, and ISIS-1I, MDS of Intel.

LOW POWER SERIES

target chip development tool package name standard software

MSM5052

EASE5052/56
MSM5056 AMS50

cross assembler

MSM5054

EASE5054/55
MSM5055 EASE

host
MSM6051 (EASE6051) monitor ASM6351
MSM6351 ASM6351
(EASE6351/6353)
MSM6353 ASM6353
MSM6052 EASE6052, (EASE6352/6052) ASMS0
MSM6352 (EASE6352/6052) ASM6352
[Note]

1. The standard software is avilable under following operating system.

CP/M-80 for most of personal computers
MSDOS for OKIif800, NEC PC9801 etc.
PCDOS for IBM PC-XT, AT, IBM 5550



® PROGRAM DEVELOPMENT SYSTEMS o

OLMS-64 SERIES

. development tool 170 adaptor standard software field debugging "
target chip ' package hame module (included in package) tool Pigay back
MSM6408 - -
MSM6404 - ASM6408 .- MSM6404VS
MSM6402 - -
MSM6422 EASE6400 PAM6422 EASE ASM6404 PEM6422
host -
MSM6411 PAM6411 monitor PEM6411
MSM6442 (PAM6442) (PEM6442)
MSM6431 PAM6431 PEM6431
MSC6458 EASE6458 - ASM6458 - MSC6458VS
[Note] The standard software is available under following operating system. !
EASE, ASM6400 ... CP/M-80 for most of personal computers,
MSDOS for OKI if800, NED PC9801 etc.
PCDOS for IBM PC-XT, AT, IBM 5550
ASM6408,
ASM6458 .......... CP/M-80 for most of personal computers
OLMS-65 SERIES
. development tool standard software . .
target chip package name (included in package) field debugging tool
) ' EASE65
MSM6502/6512 I;ASE6502 ASM6502 MPB6502EVA
[Note] The standard software is available under CP/M-80, MSDOS, or PCDOS.
8 BIT SERIES (INTEL compatible)
target chip development tool standard software optional software piggy back
MSM80C48
MSM80C49 - EASE80C49 EASE49 - -
ASM49
MSM80C50
MSM80C51 EASE See Note 1. MSM80C51VS
MSM83C154 EASE80CS5 1mKil ASM51 MSM85C154VS
[Note]

1. Optional Software for MSM80C51/83C154
PASM preprocessor, MAC51 relocatable assembler, RL51 object linker, LIBS1 librarian SID51 symbolic debugger
2. The softwares are available under following operating system.

EASE49

PASM, MAC51,RL51, LIB51

SiD51

CP/M-80, ISIS-lI

. CP/M-80, ISIS-II

CP/M-80 for OKI if 800, NEC PC8801 etc.
MSDOS for OKI if800, NEC PC9801 etc.
PCDOS for IBM PC-XT, AT, IBM 5550
MSDOS for OKI if80, NEC PC9801 etc.
PCDOS for IBM PC-XT, AT, IBM 5550



8 BIT SERIES (OKI original)

® PROGRAM DEVELOPMENT SYSTEMS o n

. development tool standard software .
target chip package name (included in package) optional software
MSM66301 EASE66301* ASME6301 See Note 1.
EASE
. ASM62580
MSM62580 EASE62580 EASE

* under development
[Note]

1. Optional Software for MSM66301
c-compiler (VMS for uvVAX-Il)
relocatable assembler (VMS)
object linker and librarian (VMS)
cc66 debuger (VMS)
symbolic debugger (VMS)

* under development
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e OLMS-40 SERIES

FOWER
cLOCK ROM | RAM |INPUT 1o TIMER | INTER- INSTRUC-| MACHINE | POWER CONSUMPTION
TYPE NO. | PROCESS| SUPPLY OUTPUT PORT STACK PACKAGE REMARKS
L | FREQUENGY | @M | @M | PORT PORT | COUNTER | RUPT TON | CYCLE acrve TSTANDBY \
MSM5840 CMOS 5V 4.2MHz 2048x8 | 128x 4 6 16 8 8 Bit R/IW 2 4 98 7.6uS 1.6mA - 42DIP/44FLAT
Msms8a2 | cMos 5V 42MHz | 768x8| 32x4| s 8 8 8 Bit - 1 52 7.645 | 1.5mA - 28DIP/32FLAT
MSMs8421 | CMOS 5V 4.2MHz | 1536x8| 40x4| 5 | 35KCD Seg. 8 12 Bit - 1 52 7.64S | 2.0mA - 60FLAT
. 5LCD Seg. or LOGIC Ok .
MsM58422 | CMOS 5v 4.2MHz | 1536x8| 40x4| 5 | /XSFLT Seg. 8 12 Bit - 1 52 7.64S | 2.0mA - 6OFLAT
5 Discreate
MsMs847 | cMos av 32kHz | 1536x8| 96x4| — 24x 3LCD Seg. 7 13 Bit - 2 43 61048 504A - 44FLAT/CHIP
* OLMS-50/60 SERIES
TvPE No. | PROCESS | Sumiy | cLock ROM | RAM |INPUT | (o oo 110 TIMER | INTER:| oo INSTRUC.| MACHINE | POWER CONSUMPTION | pu ience REMARKS
vorTaoe | FREQUENCY | @M | @M | PORT PORT | COUNTER | RUPT TION | "CYGLE [—aerve STANDBY
26 x 2LCD Seg. Built-in temper-
MsM5052 | CMoS 1.5v 32kHz  [1280x14) 62x4| 8 | 28%AC - - - - 42 1228 3A - CHIP Buitin temper
MSM5054 | CMOS | 15v/av |  32Hz  [1024x14] 62x4| 6 | 34%2LCDSea. - - - - 40 | 12248 3A - CHIP
MSM5055 | CMOS | 1.5V/3V 32Hz  [1792x14) 96x4| 8 | SOX2CDSes. - - - - 42 1228 A - CHIP
A 38 x 2LCD Seg. Connection with
MSM5056 | CMOS 1.5V 32kHz  [1792x14 90x4| 4 | 38XAC - - - - 42 12248 A - CcHIP Connection it
MSM6051 cMos | 1.5v/av 32kHz  |2560x 14| 120x4| 9 fi’ag';g" Seg. - - 1 2 59 91.6u8 3uA - CHIP
59 x 3LCD Seg. or Under
MSM6351 cmos | 1.5v/av a2z |4096x151024x4 - | 227300 3¢ 20 - 3 7 65 61.045 A - CHIP/OOFLAT | Shoer
MSM6052 | CMOS av 3.58MHz  |2048x 14| 640x4| 12 12 4 48it 1 5 52 17945 | 12mA | 0.24A | 28DIP/40DIP | Builtin DTMF
Builtin DTMF
MSM6352 | CMOS v 3.58MHz  |2048x 14| 640x4| 12 12 4 4 8it 1 5 52 17945 | 12mA | 0.24A | 28DIPI4ODIP | nder
development

® SOILSIH3LOVHVHO 1VIOIdAL ANV dN-3NIT



ol

* OLMS-64 SERIES

POWER

TIMER

CLOCK ROM | RAM |INPUT 1o INTER- INSTRUC-| MACHINE | POWER CONSUMPTION
TYPE NO. | PROCESS | SUPPLY . OUTPUT PORT STACK PACKAGE REMARKS
VOLTAGE | FREQUENCY | (BT) | (8 | FORT PORT | COUNTER | RUPT TION | ‘CYCLE [~actve TSTANDBY
] . 12 Bit
MSMB404 cMos 5V 42MHz | 4000x8 | 256%4| 4 - 32 | 128tRW 5 a2 121 95208 6mA 1A | 42DIP/44FLAT
8 bit RIW
] 12 Bit
MSM6408 | CMOS sV 4.0MHz | 8000x8|256x4| 4 - 32 | 128tRwW 5 32 121 148 6mA 1A | 42DIP/44FLAT
8 Bit RIW
MSM6411 cmos sV 4.2MHz | 1024x8| 32x4| 4 - 8 - 2 8 63 | 9528 6mA 1WA | 24DIP/44FLAT
MSM6422 | CMOS sv 4.2MHz | 2048x8| Baxa| 1 - 18 | 128t 2 16 63 | 95208 6mA TuA 16DIP
! Built in A/D
MSM6431 cmos 5v 4.2MHz | 1024x8| 48x4| 4 1 10 | 108t 3 8 53 | 95208 6mA 1WA | 24Dij24pLaT | Buitin A
MSM6442 cMos 5V 4.2MHz | 2048x8| 128x4| 1 46x 2LCD Seg. 16 8 Bit RIW 4 16 76 952nS 6mA 1WA 8OFLAT fr‘(‘:l'l';’/‘D';Sgr“"‘
i 12 Bt 64 Shrink DIP/ | Built-in FLT C
MSC6458 Bi-CMOS sV 4.3MHz | 8000x8|512x4| 9 12x 12FLT Seg. 24 16 Bit RIW 8 32 147 930nS 9mA 1A rin uilt-in FLT Con-
8 Bit RIW . 64 FLAT troller/Driver
* OLMS-65 SERIES
TvPE No. | PROGESS| SoPRLy. | . CLOCK ROM | RAM |INPUT| o oo 110 TIMER | INTER-| o1 o INSTRUC-| MACHINE | POWER CONSUMPTION |  pacince REMARKS
vl | FREQUENGY | @M | (BT | PORT PORT | COUNTER | RUPT TION | CYCLE | acrve  stanpsy| -
MSM6502 cMos av 32kHz | 2000x8 | 128x4| 4 108LCD Seg. 8 12 Bit 3 32 68 91545 | 45A 304A 44FLAT
MSME512 - | CMOS 3v 32kHz . | 2000x8|128x4| 4 108LCD Seg. 8 12 Bit 3| a2 68 91545 | 30A 124A 44FLAT

© SOLLSIHALOVHVHD TVOIdAL ANV dN-3NIiT ©
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¢ 8 Bit SERIES (INTEL compatible)

POWER
CLOCK * ROM RAM | INPUT [l{e] TIMER INTER- INSTRUC-| MACHINE | POWER CONSUMPTION
TYPE NO. | PROCESS| SUPPLY OUTPUT PORT STACK - PACKAGE REMARKS
VOLTAGE FREQUENCY (BIT) (BIT) | PORT PORT COUNTER RUPT TION CYCLE ACTIVE | STAND-BY .
MSMB0C35 CMOS 3% 11MHz —_ 64x8 - - 24 8 Bit R/IW 2 8 m 1.36xS 10mA 1uA 40DIP/44FLAT
MSM80C39 CMOSs 5V 11MHz - 128x8 - - 24 8 Bit RIW 2 8 1M1 1.364S 10mA 1A 40DIP/44FLAT
MSM80C40 CMOS 5v 6MHz - 256x8 - 24 8 Bit R/W 2 8 11 2.5,S 10mA 1A 40DIP/44FLAT
MSM80C31F| CMOS 5V 16MHz - 128x8 32 16 Bit R/IW x 2 5 64 11 0.75uS 20mA 1A 40DIP/44FLAT
MSM80C154; CMOS 5V 16MHz - 256x8 32 16 Bit R’'W x 3 6 128 m 0.75uS 20mA 1eA 40DIP
MSM80C48 CMOS 5V 11MHz 1024x8| 64x8 24 8 Bit R/W 2 8 11 1.364S 10mA TuA 40DIP/44FLAT
MSM80C49 CMOS 5V 11MHz 2048 x8|128x8 24 8 Bit R/W 2 8 111 1.364S 10mA TuA 40DIP/44FLAT
MSM80C50 CMOSs 5V B6MHz 4096 x 8| 256 x 8 24 8 Bit R/IW 2 8 111 2.54S 10mA 1pA 40DIP/44FLAT
MSMB80C51F| CMOS 5v 16MHz 4096 x8|128x8 32 16 Bit R/W x 2 5 64 111 0.754S 20mA 1A 40DIP/44FLAT
MSM83C154| CMOS 5V 12MHz 16384 x 8| 2656 x 8 32 16 Bit RIW x 3 6 128 11 S 20mA 1A 40DIP
« 8 BIT SERIES (OKI original)
- POWER
CLOCK ROM RAM | INPUT 110 TIMER INTER- INSTRUC-| MACHINE | POWER CONSUMPTION
TYPE NO. | PROCESS| SUPPLY OUTPUT PORT STACK PACKAGE REMARKS
VOLTAGE FREQUENCY (BIT) (BIT) | PORT PORT COUNTER RUPT . TION CYCLE ACTIVE | STAND-BY
Fan IC cards
MSM62580 CcMOS 5V 4.9MHz 3072x8 | 128x8 1 - 32 95 860nS 4mA 10pA T.B.D under develop- -
ment
Under develop-
. ment
64 Shrink DIP/ « AIDC 8ch, 10bit
MSM66301 CMOS 5V 10MHz 16384 x8/512x8 8 40 16 Bitx 4 17 256 99 400nS - - 68 PLCC/ « USART ’
64 FLAT .« PWM

¢ Chapter register

e SOILSIHIALOVHVHD TVOIdAL ANV dN-3NIT ¢



o LINE-UP AND TYPICAL CHARACTERISTICS ¢

LOW POWER

OLMS-65 SERIES

POWER
ROM RAM
TYPE NO. (BYTE) (NIBBLES) CO#ISOL'O\'MP- LCD SEGMENT
MSM6502 2000x8 128 704A 108
MSM6512 2000x 8 128 55uA 108
OLMS-50/60 SERIES
POWER
ROM RAM
TYPE NO. (BYTE) (NIBBLES) CONSUMP- REMARK
TION

MSMB5052 | 1280x 14 62 A On-chip: Temperature Delection

Circuit 52 Set LCD Driver
MSM5054 | 1020x 14 62 3pA 88 Seg. LCD Driver
MSM5055 | 1792x 14 96 3uA 120 Seg. LCD Driver

Connection with solar
MSM5056 | 1792x 14 90 3pA cell available

76 Seg. LCD Driver
MSM6051 | 2560x 14 120 3uA 189 Seg. LCD Driver
MSM6351 | 4096x 15 1024 3uA 232 Seg. LCD Driver
MSM6052 | 2048 x 14 640 1.2mA Built-in DTMF
MSM6352 | 2048x 14 640 1.2mA Built-in DTMF

12

HIGH SPEED

OLMS-64 SERIES

TYPENO. | BOM | M| MACHINE 1/0 PORT
MSM6404 | 40008 256 (A;ﬁz) 36
MSM6408 | 8000x 8 256 (4:1»4‘;1) 36
MSM6411 | 1024x8 32 (414‘51) 2
MSM6422 | 2048x8 64 (4%1‘31) 19
MSM6431.| 1024x8 48 s 14
MSM6442 | 2048x8 | 128 i 7
MSC6458 | 8000x8 | 512 A 33

OLMS-40 SERIES

TveENo. | BT | igsles) | OVOLE REMARK
MSM5840 | 2048x8 128 anis ) | Vo port; 40
MSM5842 768x 2 32 ] 4%511) 1/0 port; 21
MSM58421 | 1536x8 46 . ﬁmz) 35 Seg. LCD Driver
MSM58422 | 15368 46 ’ o255, | 35 Sea. FLT Driver
MSM5847 | 1536x8 96 (gg&ﬁ) 72 Seg. LCD Driver

4 BIT




® LINE-UP AND TYPICAL CHARACTERISTICS o

HIGH PERFORMANCE

COMPATIBLE WITH INTEL’S

8 BIT MICROCONTROLLER
ROM RAM MACHINE
TYPE NO. (BYTE) (BYTE) CYCLE
1.364s
MSM80C48 1024 64 (11 MH2)
1.36us
MSM80C49 2048 128 (11 MHz)
2.5u8
MSM80C50 4096 256 (6 MH2)
0.75us
MSM80C51F 4096 128 (16 MHz)
SM83C154 256 o
M 16384 (12MHz)
1.368
MSM80C35 - 64 (11 MHz)
1.36us
MSM80C39 - 28 (11 MH2)
2.5us
MSM80C40 - 256 (6 MHz)
0.75us
MSMB80C31F - 128 (16 MHz)
MSM80C154 256 Jns
- (12 MHz)

8 BIT

13






CODE ENTRY |







® CODEENTRY o

CODE ENTRY

The program code ENTERING method is outlined below.

1. USABLE MEDIA
(1) 2 pieces of same type EPROMs containing identical DATA n

EPROM specification
2716

— 2732

—27C32

—27C32A

— 2764

-27C64

—27128

L. 27256

(2) 1 copy of object machine code list

17



® CODEENTRY e
2. SINGLE CHIP MICROCONTROLLER DEVELOPMENT STAGES

USER 1 @ Program with OKI development tool.

® Prepare 2 pcs of EPROM and programming list

EPROM Printout

00000000
00000000

@ Print out identical EPROM data.

@ Engineering Sample
Actual production sample of your microcontroller

@ Volume production of single chip microcontrollers.

START
PRODUCT/SYSTEM
MANUFACTURE

18
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PACKAGING

PACKAGE/PIN COUNT
DIP FLAT PLCC
MSM5840 42PIN 44 PIN -
MSM5842 28PIN 32PIN -
MSM58421 - 60 PIN -
MSM58422 - 60 PIN -
MSM5847 - 44 PIN -
MSM5052 - 56 PIN -
MSM5054 - 56 PIN -
MSM5055 - 80 PIN -
MSM5056 * - - -
MSM6051 * - - -
MSM6351 - 100 PIN -
MSM6052 28/40PIN 44 PIN -
MSM6352 28/40 PIN 44 PIN -
MSM6404 42 PIN 44 PIN 44 PIN
MSM6404VS 42PINPIGGY BACK - -
MSM6408 42PIN 44 PIN 44 PIN
MSM6411 16 PIN - -
MSM6422 24 PIN 24PIN -
MSM6431 24PIN 24 PIN -
MSM6442 - 80 PIN -
MSC6458 64 PIN SHRINK 64 PIN 68 PIN
MSC6458VS 64 PIN SHRINK - -
PIGGY BACK

NOTE: * means DIE SALES.

21




® PACKAGING ®

PACKAGE/PIN COUNT

DIP FLAT PLCC
MSM6502 - 56 PIN(S) -
MSM6512 - 56 PIN(S) -
MSM62580 T.B.D. T.B.D T.B.D.
MSM66301 64 PIN SHRINK 64 PIN 68 PIN
MSM80C35 40PIN 44 PIN 44 PIN
MSM80C39 40PIN 44PIN 44PIN
MSM80C40 40PIN 44PIN 44PIN
MSM80C31 40PIN 44PIN 44PIN
MSM80C48 40 PIN 44 PIN 44PIN
MSM80C49 40PIN 44PIN 44 PIN
MSM80C50 40 PIN 44 PIN 44PIN
MSMB80C31F 40PIN 44 PIN 44PIN
MSM80C51FVS 40 PINPIGGY BACK - -
MSM80C51F 40PIN 44 PIN 44 PIN
MSM80C154 40 PIN 44 PIN 44 PIN
MSM83C154 40PIN 44PIN 44PIN
MSM85C154VS 40 PINPIGGY BACK - -

22



® PACKAGING o
® 16 PIN PLASTIC DIP

20.0 Max : (Unit: mm)

©)
O e

LT LI T T T T T
/¥ INDEXMARK 8

6.7 MIN
7.5 Max

7.622030

0.6~ 4\

o o
~

0
SEATING PLANE

2.5410.2 5

® 18 PIN PLASTIC DIP

24 5M% (Unit: mm)

@®
13 r,

| SRS iy SR (AN R NN B SN |
D - =
INDEX MARK 7.62%080

6.7 |
1

0‘3MIN

MIN
2.54 | 5.1Mm
T

0'6MAX v :

0.65"* ||
T

0~15°
SEATING PLANE
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® PACKAGING ®
® 24 PIN PLASTIC DIP

32.3Mmx )
7 E) (Unit: mm)
imimiainicaininininieinis
w i
N
=
D D
® ®
INDEX MARK
152410430
z
!g g_‘
N o
0.65 44 “ z 0.6~ -
=
2.54%¥025 E’; °
el Nl0~15

SEATING PLANE

® 28 PIN PLASTIC DIP

38.0MAX (Unit: mm)
2 g
s W B e B e B e B e O o O e O O e O e O
3
=
N
<
uuuuuuuuuubuuu@,
/ D oEx MaRK * “ 15.24%030
2 5.24
; >
z
1
S
0.65MAx ”. 3 B
N
0°~15°

SEATING PLANE
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® PACKAGING ¢

® 40 PIN PLASTIC DIP

52.8MAX

(Unit: mm)

1
A n ﬁl—ll_ll_lnl_ll_lr—ll—ll_lf—l@

14.2 Max

i)

R—

| SN gy Sy | B SN [y GHND  SANG SR [ GED R SN gy SHE ) SED g SN gy SN gy SuS R NS )

/ ~  INDEX MARK

T

=L

0.65MAx

SEATING PLANE

® 42 PIN PLASTIC DIP

52.8MAX (Unit: mm)

1 |

canMoonooOonnonn nnn@

N

/ | S8 [ S gy o | 6
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1524*%%°

=

2.5410.2 5
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03MIN

254 MN 5 1 Tuax

e oemx |\

SEATING PLANE
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© PACKAGING ¢

® 64 PIN SHRINK DIP

+025 0~15
. 1778 SEATING PLANE

58.0™7 (Unit: mm)
)
o Y s O e e N I s e e Y e B e B e O e
2
=
o
§ =
T o oy e e e e e e e g =
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19051030
z % :
: 3
@ | 3
(=X
i | =3t
b
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® PACKAGING e

® 24 PIN PLASTIC FLAT

2
*03 .
16.0 | g

TN iy

® 32 PIN PLASTIC FLAT

A |
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© 2|3
o
NELERALERLEELL
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® PACKAGING

® 44 PIN PLASTIC FLAT

, (Unit: mm) -
| 14504
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nuoounneeeny !
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- PACKAGING o

® 60 PINPLASTIC FLAT
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17.650

INDEX MARK

® 44 PIN PLASTIC PLCC

® PACKAGING e

A4

23.62
- 22.61
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% 25.270
17650 E|E 25.020 24332
7400 jccea /.mu.\ © . ....24130 @
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® 68 PIN PLASTIC PLCC
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¢ PACKAGING o
* 40 PIN PIGGY BACK

(Unit: mm)
54.0 M**
cElelellellellelelel:]e )
>
B9908988688880
NNNoOn000annann. O— 0 0
U\IH\!WHH\IH\(HH ‘3_ )l [ s
0.6 MA* “_ | |2 +02 tm_(.)d.,__.
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D ;
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® PACKAGING o

* 64 PIN SHRINK PIGGY BACK

(Unit: mm)
]L 58.00 7‘
[e[s[e[e[s]e[e[e[e[e[]s]8] T
>
l Es/slsls/ss/sls]s[s[s]s[s A
a 33.02 s | ‘ |
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IJ-W J.o. MX 1_;—3-;35 % 0.2520.1
: ) j}«—— 19.05f—l
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1. INTRODUCTION

Semiconductor devices play a leading role in the
explosive progress of semiconductor technology.
They use some of the most advanced design and
manufacturing technology developed to date.
With greater integration, diversity and reliability,
their applications have expanded enormously.
Their use in large scale computers, control
equipment, calculators, electronic games and in
many other fields has increased at a fast rate.

A failure in electronic banking or telephone
switching equipment, for example, could have far
reaching effects and can cause incalculable
losses. So, the demand, for stable high quality
memory devices is strong.

We, at Oki are fully aware of this demand. So we
have adopted a comprehensive quality assur-
ance system based on the concept of consisten-
cy in development, manufacturing and sales.
With the increasing demand for improvement in
function, capability and reliability, we will expand
our efforts in the future. Our quality assurance
system and the underlying concepts are outlined
briefy below.

2. QUALITY ASSURANCE SYSTEM
AND UNDERLYING CONCEPTS

The quality assurance system employed by Oki can
be divided into four major stages: device planning,
developmental prototype, production prototype, and
mass production. This system is outlined in the fol-
lowing block diagram (Fig. 1).

1) Device planning stage

To manufacture devices that meet market demands
and satisfy customer needs, we carefully consider
functional and failure rate requirements, utilization
form, environment and other conditions. Once we
determine the proper type, material and structure,
we check the design and manufacturing techniques,
and the line processing capacity. Then we prepare
the development planning and time schedule.

2) Developmental prototype stage

We determine circuits, pattern design, process

settings, assembly techniques and structural re-

quirements during this stage. At the same time,
we carry out actual prototype reliability testing.

Since device quality is largely determined during

the designing stage, Oki pays careful attention

to quality confirmation during this stage.

This is how we do it:

(1) After completion of circuit design (or pattern
design), personnel from the design, process
technology, production technology, installa-
tion technology and reliability departments
get together for a thorough review to ensure

design quality and to anticipate problems
that may occur during mass production.
Past experience and know-how guide these
discussions.

(2) Since many semiconductor memories in-
volve new concepts and employ high level
manufacturing technology, the TEG evalua-
tion test is often used during this stage.
Note: TEG (Test Element Group) refers to

the device group designed for stabili-
ty evaluation of MOS transistors,
diodes, resistors, capacitors and
other circuit component element
used in LSI memories.

(3) Prototypes are subjected to repeated relia-
bility and other special evaluation tests. In
addition, the stability and capacity of the
manufacturing process are checked.

3) Production prototype stage

During this stage, various tests check the relia-
bility and other special features of the production
prototype at the mass production factory level.
After confirming the quality of a device, we pre-
pare the various standards required for mass
production, and then start production. Although
reliability and other special tests performed on
the production prototype are much the same as
those performed on the developmental prototype,
the personnel, facilities and production site
differ for the two prototypes, necessitating
repeated confirmation tests.

4) Mass production

During the mass production stage, careful
management of purchased materials, parts and
facilities used during the manufacturing process,
measuring equipment, manufacturing conditions
and environment is necessary to ensure device
quality first stipulated during the designing
stages. The manufacturing process (including in-
spection of the completed device) is followed by
a lot guarantee inspection to check that the
specified quality is maintained under conditions
identical to those under which a customer would
actually use the device. This lot guarantee in-
spection is performed in three different forms as
shown below.

(1) Group A tests: appearance, labels, dimen-
sions and electrical charac-
teristics inspection

(2) Group Btests: check of durability under
thermal and mechanical envi-
ronmental stresses, and
operating life characteristics

(3) Group Ctests: performed periodically to
check operational life, etc.,
on a long term basis.

Note: Like the reliability tests, the group B tests

conform to the following standards.
MIL-STD-883B, JIS C 7022, EIAJ-IC-121
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Figure 2 Manufacturing Process

Devices which pass these lot guarantee inspec-
tions are stored in a warehouse awaiting ship-
ment to customers. Standards are also set up for
handling, storage and transportation during this
period, thereby ensuring quality prior to delivery.
Figure 2 shows the manufacturing flow of the
completed device.

5) At Oki, all devices are subjected to thorough
quality checks. If, by chance, a failure does
occur after delivery to the customer, defective
devices are processed and the problem rectified
immediately to minimize the inconvenience to
the customer in accordance with the following
flowchart.
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! results of
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Figure 3 - Failure report process
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3. EXAMPLE OF RELIABILITY TEST
RESULTS

We have outlined the quality assurance system
and the underlying concepts employed by Oki.
Now, we will give a few examples of the reliability
tests performed during the developmental and
production prototype stages. All reliability tests
performed by Oki conform to the following stan-
dards.

MIL-STD-883B, JIS C 7022, EIAJ-IC-121

Since these reliability tests must determine per-
formance under actual working conditions in a
short period of time, they are performed under
severe test conditions. For example, the 125°C
high temperature continuous operation test per-
formed for 1000 hours is equivalent to testing
device life from 2 to 300 years of use at Ta =
40°C.

By repeating these accelerated reliability tests,
device quality is checked and defects analyzed.
The resulting information is extremely useful in

- improving the manufacturing processes. Some

of the more common defects in LS| elements and
their analysis are described on next page.
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MICROCONTROLLER LIFE TEST RESULTS

Part name MSM80C31/51- MSMB80C35/39/48/49- MSM83C154-
XXRS XXRS ' XXRS
Function 8 BIT ONE CHIP 8 BIT ONE CHIP 8 BIT ONE CHIP | Referred
MICROCONTROLLER({MICROCONTROLLER|MICROCONTROLLER| standard
Test Test Sample| Test (Failures{Sample| Test |Failures|Sample| Test |Failures
item condition size |hours size |hours size |hours
(pcs) (pcs) (pcs)
Operating Ta=125°C 88 (2000 0 88 (2000f O 88 |2000 0 MIL-
life test Vee =6V H) (H) (H) STD-883C
METHOD
1005
Temperature Ta=85°C 100 (2000( O 100 [2000f O 100 |2000|, O
humidity test RH =85% H) (H) (H)
Vce =6V
Temperature |—55°C=RT=2150°C| 100 | 500 0 100 | 300 O 100 | 500 O MIL-STD-
cycling test | (30 min) 1t (30 min) (cy) (cy) (cy) 883C
(5 min) METHOD
1010
Pressure Ta=121°C 50 | 200 0 50 200 0 50 | 200 0
cooker test RH =100% (H) H) (H)
2 atm
- Part name MSM6404-XXJS MSM80GC31JS
Function 4 BIT ONE CHIP 8 BIT ONE CHIP Referred
MICROCONTROLLER|{MICROCONTROLLER| standard
Test Test Sample| Test |Failures{Sample| Test |Failures
item condition size |hours size (hours
(pcs) (pcs)
Operating Ta=125°C 88 (2000 0 88 2000 0 MIL-
life test Vce =6V (H) (H) STD-883C]
METHOD
1005
Temperature Ta=85°C 100 {2000 0 100 |2000 0
humidity test RH =85% (H) (H)
Vee =6V )
Temperature |—55°C2RT=150°C| 100 | 500 0 100 | 500 O MIL-
cycling test |(30 min) 1 (30 min) (cy) (cy) ISTD-883C
(5 min) 1 © |[MEJTHOD
1010
Pressure Ta=121°C 50 | 2000 O 50 200f O
cooker test RI;: 100% (H) H)
atm
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MICROCONTROLLER ENVIRONMENTAL TEST RESULTS
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MSMB80C31/51- MSMB80C35/39/48/49- MSM83C154-
Part name XXRS XXRS
Function 8 BIT ONE CHIP 8 BIT ONE CHIP 8 BIT ONE CHIP Referred
MICROCONTROLLER | MICROCONTROLLER | MICROCONTROLLER| Standard
Test Test Sample Failures Sample | Failures Sample | Failures
item condition size (pcs) size (pcs) size (pcs)
Soldering 260°C . 2 ° 2 ° 2 O | srobeac
Heat Test 10 SEC METHOD
. 2003
¥
Temperature | —55°C=RT=150°C 22 0 22 0 22 0 MiL-
Cycling Test [ (30min) (5min) (30min) STD-883C
| 20 cycles METHOD
1010
¥ :
Thermal 100°C=0°C 22 0 22 0 22 [} MIL-
Shock (5min) (5min) STD-883C
Test 10 cycles METHOD
1011
Lead Tensile 500 g 10 SEC MiL-
Integrit 1 0 1 0 1 0 STD883C
9™ | Bending| 250 90° BEND METHOD
3 TIMES 2004
Solderability 230°C 5 SEC 22 0 22 0 22 0 MIL
STD883C
METHOD
2003
|
Part name MSM6404 MSMB80C31JS
XXJS
[
Function 4 BIT ONE CHIP 8 BIT ONE CHIP Referred
MICROCONTROLLER |MICROCONTROLLER| standard
Test Test - Sample Failures Sample Failures‘
item condition size (pcs) size (pcs)
PRE-Bake Bake
: (125°C, 6 hrs)
g .
- ¥
= Soldering Vapor Phase Reflow
2 (215£2°C,90 + 10, - Osec)
£ | Heat Test > times | oo
€
c
2 + 22 0 22 0
uC>_| Temperature - | —55°C®2RT=150°C MIL-
— | Cycling Test (30min) (5min) (30min) STD-883C
g 20 cycles METHOD
& ) 1010
3
£ ¥
1 Thermal 100°C=0°c MIL-
Shock (5min)  (5min) . STD-883C
Test 10 cycles .. METHOD
1011
% | Solderability Bake (125°C, 24tes) | 22 0 22 0
t § Immerse into Flux
_2 /O Immerse into Solder
6 (215+2°C 10+ 1sec)




4. SEMICONDUCTOR MEMORY
FAILURES

The life-span characteristics of semiconductor
elements in general (not only semiconductor IC
devices) is described by the curve shown in the
diagram below. Although semiconductor
memory failures are similar to those of ordinary
integrated circuits, the degree of integration
(miniaturization), manufacturing complexity and
other circuit element factors influence their inci-
dence.

< A luctor El

Failure Rate Curve

Initial SHIPPING

1 i Wear-out

o | failure Random | failure

H failure

o

o m>1

e

5 I

& General //
electronic /
devices

. - Time
Semiconductor
elements

"
Debugging by burn-in
screening

1) Surge Destruction

This is destruction of the input/output stage cir-
cuits by external surge currents or static elec-
tricity. The accompanying photograph shows a
point of contact between aluminum and poly-
silicon that has been dissolved by a surge cur-
rent. A hole has formed in the substrate silicon,
leading to a short circuit. This kind of failure is
traceable in about 30% of defective devices re-
turned to the manufacturer. Despite miniaturiza-
tion of semiconductor memory component ele-
ments (which means the elements themselves
are less resistant), these failures usually occur
during assembly and other handling operations.
At OKi, all devices are subjected to static elec-
tricity intensity tests (under simulated operation-

Example of surge destruction

® RELIABILITY INFORMATION e

al conditions) in the development stage to
reduce this type of failure. In addition to checking
endurance against surge currents, special pro-
tective circuits are incorporated in the input and
output sections.

Al
2 o7 Input section
i 2/
Aluminum Z 44\,{74_ 7L

wire T Poly Si
Destruction
position

2) Oxide Film Insulation Destruction (Pin Holes)
Unlike surge destruction, this kind of failure is
caused by manufacturing defects. Local wea-
kened sections are ruptured when subjected to
external electrical stress. Although this problem
is accentuated by the miniaturization of circuit
elements, it can be resolved by maintaining an
ultra-clean manufacturing environment and
through 100% burn-in screening.

3) Surface Deterioration due to lonic Impurities

Under some temperature and electric field condi-
tions, charged ionic impurities moving within the
oxide film previously resulted in occasional dete-
rioration of silicon surfaces. This problem has
been eliminated by new surface stabilization
techniques.

4) Photolithographic Defects

Integrated circuits are formed by repeated pho-
tographic etching processes. Dust and
scratches on the mask (which corresponds to a
photographic negative) can cause catastrophic
defects. At present, component elements have
been reduced in size to the order of 10 cm
through miniaturization. However, the size of
dust and scratches stays the same. At Oki, a
high degree of automation, minimizing human in-
tervention in the process, and unparalleled
cleanliness, solves this problem.

Photolithographic Defect

a
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5) Aluminum Corrosion

Aluminum corrosion is due to electrolytic reac-
tions caused by the presence of water and
minute impurities. When aluminum dissolves,
lines break. This problem is unique to the plastic
capsules now used widely to reduce costs. Oki
has carefully studied the possible cause and
effect relationship between structure and manu-
facturing conditions on the one hand, and the
generation of aluminum corrosion on .the other.
Refinements incorporated in Oki LSIs permit su-
perior endurance to even the most severe high
humidity conditions.

6) Alpha-Particle Soft Failure

This problem occurs when devices are highly
miniaturized, such as in 1 megabit RAMs. The in-
version of memory cell data by alpha-particle
generated by radio-active elements like uranium
and thorium (present in minute quantities, mea-
sured in ppb) in the ceramic package material
causes defects. Since failure is only temporary
and normal operation restored quickly, this is
referred to as a “soft” failure. At Oki we have
eliminated the problem by coating the chip sur-
face of 1 megabit RAMs with a resin which effec-
tively screens out these alpha-particles.

Package ceramic
//// cover

Silicon oxide
film

Substrate silicon

R «a-particle
lonization along

the a-particle path
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7) Degradation in Performance Characteristics
Due to Hot Electrons

With increased miniaturization of circuit ele-
ments, internal electric field strength in the chan-
nels increases since the applied voltage remains
the same at 5V. As a result, electrons flowing in
the channels, as shown in the accompanying dia-
gram, tend to enter into the oxide film near the
drain, leading to degradation of performance. Al-
though previous low-temperature operation tests
have indicated an increase of this failure, we
have confirmed by our low-temperature acceler-
ation tests, including checks on test element
groups, that no such problem exists in Oki LSlIs.

Drain
+VD
+Vg [}
—l | .
Gate i
ons
Source Vg Hot electr:
Gate +Vp

| Silicon oxide ©© Drain

+ 18 \+
Lt

Substrate silicon

Characteristic deterioration caused
by hot electrons

With further progress in the miniaturization of cir-
cuit components, failures related to pin hole
oxide film destruction and photolithography have
increased. To eliminate these defects during
manufacturing, Oki has been continually improv-
ing its production processes based on reliability
tests and information gained from the field. And
we subject all devices to high-temperature burn-
in screening for 48 to 96 hours to ensure even
greater reliability.
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OXK I semiconductor
MSM5840

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER

GENERAL DESCRIPTION

The OKI MSM5840 microcontroller is a low-power, high-performance single chip device imple-
mented in complementary metal oxide semiconductor technology. Integrated within this one chip are
16K bits of mask program ROM, 512 bits of data RAM, 30 Input/Output lines, a programmable
timer/counter, and oscillator. Program memory is byte wide and data-paths are organized in 4 bit nib-
bles. RAM and I/0 lines are bit addressable. Up to 4K of external ROM interfaces to the 8 bit bidirec-
tional bus. 98 instructions include binary, BCD, logical operations; bit set, reset, test, 8 bit I/0; relative
jumps; multifunctional instructions (increment, modify, skip); 8 bit wide table output; subroutine call
and return. 94% of instructions are single byte, single cycle operations.

FEATURES

® |ow Power Consumption — 8mW Typical ® Expandable Memory and 1/0

® 100% Static Logic — 50uW Standby, Typical ® 2 Interrupt Levels

® 2K X 8internal ROM ® 4 Stack Levels

® Upto4K X 8 External ROM ® Operating Temperature

® 128 X 4internal RAM : —40° to +85°C

® 301/0 Lines Incl. 8 Bit Data Bus ® 3V to 6V Operating Vpp

® Programmable 8 Bit Timer/Counter o Battery Powered or Battery Backup
® Self-contained Oscillator e TTL Compatible (with pullups)

®' 98 Instructions .

7.6us Cycle Time @4.2MHz (Vpp 5V 10%)

FUNCTIONAL BLOCK DIAGRAM

PROGRAM ROM
- DATA RAM (2048 x 8)

(16 x 8 x 4)

AX LACHZ ¥ X W
XLACHZ Y X Wi . .,
FEDCBAOE 765432710
\ DEC L = '¢—05V
Cn L -
| - 5
4> 1098i76 543210 GND

RESET

STACKO
STACK1
STACK2
STACK3

7 COUNTER 0

Ho|[H1fIINTHT™M

MMD}TTHEM .

ADRK

21032103210 32103210 "FT‘TW 32103210RDWR
\pa \opp— \pg—t \—pp—t \_p—t \_pA— \—pp— L e o5
PF also x1098 76543210
open drain N \——ADR _/

Instruction
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PIN CONFIGURATION (Top View)

42 PIN PLASTIC DIP (RS) 44 Pin Plastic Flat Package
Q
£$<24i48cdaa s
42| vpp hoaaa>zaaan b
e 2 [l HE E R [
Ge) -
=] o w0 5]
E) on I — : [37] oW
R osc. [ 30] PGs
E Gz 0sCo 5 -2_—9|sz
G WR 6 78] PG:
5 == o e
[z r Pro 8 26 ] PFs
= - PR [ 9 35 PF.
27 Fo PK: (70 ] 34) PF.
&l e P [T 53] PF.
175) € .
7@ «
2 ¥ ST 8 T 0 Qe = 5o .
gegegekgedy

ﬂ PIN DESCRIPTION

Designation Pin No. Function
GND 21 Circuit GND potential
Vpp 42 Main power source (+5V)
OSCo 10 Crystal OSC input, external clock input
OSC1 9 Crystal OSC input, external clock output (not TTL compatible)
PA, PB 1to4 Pseudo-bidirectional ports for 4-bit parallel 1/0.Used as a pair for 8-bit 1/0.Used
i 38to41 to output 8 LSBs of address in external ROM mode. Used to read external
instruction during IF.
PD, PE, . 17t020 Output ports for 4-bit paraliel output and bit set/reset. Specified by internal
PE, PG 23t034 port pointer, Bit position specified by set/reset instruction. PD also used for
' instruction address MSBs in external ROM mode during IF.
PK 13to16 4-bit parallel or bit test input port (unlatched)k
.PH 36and 37 | 2-bitinput port with latched memory (negative level sensitive)
RESET 7 RESET has priority over every other signal. (see MSM5840 user’s manual for
initialization sequence)
MODE 8 Used to enable external ROM mode during RESET and also to enable STOP mode
during execution (for stepping program)
iNT 6 Negative edge sensitive external interrupt signal associated with El and DI
’ instructions. Vectors to location 200H. )
CIN 35 Negative edge sensitive external input for counter associated with ECT and DCT
instructions. Vectors to location 100H. (same as timer)
SYNC 5 General purpose synchronizingsignal output at the beginning of each machine
B cycle. Used for address strobe during external ROM mode.
RD 12 Read strobe pulse occuring when port A or Bisread (1A,1B,1 AB)
WR 11- Write strobe pulse occurring when port A or B is written (OA, OB, OAB, OBS, OTD)
F 22 Read strobe pulse occurring during an instruction fetch from external ROM.
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FUNCTIONAL DESCRIPTION

Program ROM

The MSM5840 will address up to 4K bytes of
program ROM and can have 2K bytes of internal
masked ROM, or all ROM may be located exter-
nally. External EPROM may be used for program
development with conversion to internal ROM oc-
curring after program debug and system check-
out and verification. All instructions are byte
wide. Only three of the 98 instructions require
two bytes of program code. The instructions are
routed to a programmed logic array which gener-
ates the necessary internal control signals.

Data RAM

Data is organized in 4 bit nibbles. Internal
data RAM consists of 128 nibbles, 8 nibbles of
which are dedicated registers accessible directly
under program control. These are the general
purpose registers, W, X, Y and Z, and the 4 save
-(exchange) registers, CH, A, L, and AX. All other
DATA RAM must be addressed indirectly
through the DP (data po.nter) registers, a seven
bit pointer (directly accessible by numerous in-
structions) consisting of 4 bit DPL register and a
3 bit DPH register. Any nibble of internal data
RAM can be accessed through the DP registers.
Some instructions automatically change the con-
tents of the DP registers allowing efficient array
processing.

Input/Output Ports

PA, PB — These two ports are pseudo-
bidirectional ports which can be used as simple
1/0 lines or used as either a 4-bit or 8-bit parallel
bus. An instruction fetches the external ROM
data through these ports by outputting the 8 low
order bits of address during SYNC followed by
an IF (instruction fetch) cycle. In addition,
synchronized data transfers are possible
throuvg%these ports with the I/0 pin signals RD
and associated with certain input/output in-
structions dedicated to these ports. In short, PA
and PB can be used as a multiplexed address/
instruction/data bus.

PD, PE, PF, PG — These four output ports are
addressed indirectly through the TWO BIT port
pointer whose contents are changed through
certain instructions. These ports are bit
(set/reset) addressable. PD is also used for the
high order bits of address during an external in-
struction fetch. PF and PG are open drain out-
puts and PG is set high by a hardware RESET.

PK is an input port without memory, ad-
dressable either as a nibble or bit level input.

PH is a two-bit input port with memory, which
can be tested and reset under program control.

External Interrupt

The INT pin can be tested under program
control or enabled to cause a vectored interrupt
to location 200H. It is negative edge sensitive.

® MSM5840 ¢

Timer/Counter

The timer/counter is an 8-bit counter whose
input is selected under program control to be
either an external signal (CIN) or an internal
square wave of 1/128 the frequency of the OSCo
input (2 MHz/128 = 15.625 kHz). The
timer/counter can be enabled or disabled under
program control as can be associated internal in-
terrupt which vectors to location 100H and has
higher priority than the external interrupt.

Stack-

The stack is an LIFO queue for storing return-
from-interrupt and return-from-subroutine ad-
dress information. It is eleven bits wide and 4
levels deep.

Program Counter (PC)
The program counter is 11 bits wide and
loaded under program control.

Accumulator .

The accumulator register is the data path
focal point of the CPU. Approximately one-half of
the instructions involve the accumulator. Its con-
tents are the source and destination for many
ALU operations and port operations. CASE state-
ments (computed GOTOs) are possible by using
the Jump with Accumulator (JA) instruction.

Flags
The MSM5840 is endowed with the following
set of flags.

Z — zero flag : Indicates that the result
of the previous operation
was zero

F — all ones : Indicates a carry from the
DP|_register

O — all zeros : Indicates a borrow from
the DPy_register

C — carry : Indicates a carry from the
previous operation

T — timer : Indicates that the timer/

counter is specified as a
timer
: Indicates that the timer/
counter is specified as a
counter
: Indicates an overflow of
the timer/counter register
: Latching memory flag for
the external interrupt
: Indicates that interrupts
have been enabled
: Indicates that an input
has been detected on the
Hoinput
Hi1 : same as Ho except H1
input
: 0 indicates internal ROM,
1 indicates external
ROM. If all external ROM,
(2)Kindicates first bank of

CT — counter

TM — timer flag
INT — interrupt
INTE — interrupt

enable
Ho— Ho memory
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INSTRUCTION SET
| Instruction Code .
Mnemonic Description Byte | Cycle
7 6 54 3 2 10
CLA Clear Accumulator 00O0100O0TO0| 1 1
CLL ClearDP|_ 0010000 O0]| 1 1
CLH Clear DPH 011 00O0O0OTGO 1 1
LAl Load Accumulator with Immediate 0O 0 0 1 Isa'lz2 Ih Io 1 1
LLI Load DP_with Immediate 0O 01 0 s l2 It lo 1 1
LHI Load DPH with Immediate 01 100 k21l 1 1
L Load Accumulator with Memory {1-0 01 01 0O 1 1
LM Load Accumulator with Memory then ModifyDPy |1 0 0 1 0 1 It 1o| 1 1
LAL Load Accumulator with DP|_ 0101010 1] 1 1
_ A Load DP|_ with Accumulator 010101001 1
' § LAW Load Accumulator with W Register 1000010 0|1 1
-g LAX Load Accumulator with X Register 1 0000 1T O0 1 1 1
d'%_ LAY Load Accumulator with Y Register 1 0 00 0 1 10 1 1
§|LAz. | Load Accumulator with Z Register 100001 1 1] 1 1
‘1’;» Si Store Accumulator to Memory then Increment DP_ 10 01 00 00| 1 1
§ SMI. Store Accumulator to Memory then Modify DPy 100100 It lof| 1 1
and Increment DP_ ‘
LWA - Load W Register with Accumulator 1 0000 O OO 1 1
LXA Load X Register with Accumulator 1 00 00 0 O 1 1 1
LYA Load Y Register with Accumulator 1 000 O0OT1TO0 1 1
LZA Load Z Register with Accumulator 100000 1 1 1 1
LPA Load Port Pointer with Accumulator 01011000 1 1
LTI Load Timer with Immediate 01t 101 00O 2 2
. I7 e Is la I3 d2 11 o
RTH Read TimerH o1 101 010 1 1
RTL Read timerL o1 1 01 0 11 1 1
XA Exchange Accumulator with Save Register A 01 00 1 0 0 1 1 1
XL ‘Exchange DPL with Savé Register L 01 001 01O 1 1
gi XCH Exchange DPy and Carry with Save Register CH 01 001 00O 1 1
£]x Exchange Accumulatorwith Memory 100110001 [ 1
| xm Exchange Accumulator with Memory then Modify 1 0 01 1 0 Ih lof 1 1
DPyY
XAX Ekchange Accumulator with Save Register AX o1 00101 1 1 1.
— | INA | Increment Accumulator W , 000O0O0O0O 1] 1 1
8| N Increment DP|_ lo1 0101 1 1] 1| 1
% INM Increment Memory 0101110 1|1 1
g INW Increment W Register ~ SkipifZero 10001 000 1 1
8 | INX Increment X Register 1000100 1|1 1
g1 INY Increment Y Register 1000101 0] 1 1
£ Increment Z Register 1000 1.0 1 1| 1 1

INZ
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INSTRUCTION SET (CONT.)

Instruction Code
Mnemonic Description Byte | Cycle
7 6 56 4 3 2 10
DCA Decrement Accumulator — Skip if Not All Ones oOoo0oo0O0 11 1 1 1 1
T | DbCL Decrement DP_ 01010110} 1 1
§{pcM | Decrement Memory 010111001 |1
§ DCW Decrement W Register Skipif All Ones 100011 00 1 1
=
§ DCX Decrement X Register 100011 01 1 1
&1 bcy Decrement Y Register 100011 101 1
2 DCz Decrement Z Register 10001 1 1 1 1 1 .
DCH Decrement DPy — Skip if All Ones and C = Zero o101 1 1 11 [ 1
CAO Complement Accumulator of One o1t 01 0O0O00O 1 1
< | AND And Accumulator with Memory 010001 O0O 1 1
'§ OR Or Accumulator with Memory 01 00O0 10 1 1 1
| EOR Exclusive or Accumulator with Memory 01000110 1 1
RAL Rotate Accumulator Left through Carry 010001 1 1 1 1
AC Add Memory to Accumulator with Carry o1 0011 .00 1 1
ACS Add Memory to Accumulator with Carry, Skip o1 o001 1 01 1 1
. if Carry '
AS Add Memory to Accumulator, Skip if Carry o1 001110 1 1
2| AIS Add Immediate to Accumulator, Skip if Carry 0O 0 0 0 Is I2 Ih |o 1 1
_g DAS - Decimal adjust Accumulator in Subtraction o101 1010 1 1
E CM Compare Accumulator with Memory, Skip if Equal o101 1 110 1 A1
AWS Add W Register to Accumulator, Skip if Carry 100111 00 1 1
AXS Add X Register to Accumulator, Skip if Carry 1001 1 1 01 1 1
AYS And Y Register to Accumulator, Skip if Carry 10011110 1 1
AZS Add Z Register to Accumulator, Skip if Carry 100 1 1 1 1 1 1 1
SPB Set Port Bit 1 01 1 0 0 It 1 1
RPB Reset Port Bit 1 01 1 0 1 Il 1 1
SMB . | SetMemory Bit 1 01 1 1 0 Irlo 1 1
RMB Reset Memory Bit 1 01 1 1 1 Il 1 1
3| TAB Test Accumulator Bit ) 101 00 0 It lof 1 1
% T™B Test Memory Bit 1 01 0 0 1 h I 1 1
8|1KB | TestkPortBit 10101 0| 1|1
§ THB | TestH PortBit f Skipif One 101 01 1 0 lof 1 1
AR Test Interrupt flag 1 01t 01 1 1 1 1 1
™ Test Time flag io1 011 10 1 1
TC Test Carry flag J 01 00O0O0T11TO0 1 1
SC Set Carry flag 01 00 O0O0O0OD O 1 1
RC Reset Carry flag 010 0O0O0O01 1 1
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INSTRUCTION SET (CONT.)

Instruction Code

Mnemonic | Description: Byte | Cycle
7 6 5 4 3 210

ol J Jump 0 1 1 0 lole s 2 2

£ Iz le Is 14 la 12 11 o

g Jc Jump in Current Page 1T 1 s la_la 1z 11 lo] 1 1

3| A Jump with Accumulator 0 0000 1 1] 1 1

5| CAL Call Subroutine 0 11 o lo 8| 2 2

[ Iz le Is la Is 12 11 lo

@ RT Return from Subroutine 01 01100 1 1 2
OBS Output Byte String O1 11 00O00O0 1 2~17
OTD Output Table Data o111 0 0 O 1 1 2
OA Output Accumulator to Port A o1t 110010 1 1

- OB Output Accumulator to Port B o1 1100 1 1 1 1

E- OoP Output Accumulator to Port P designated Port o111 01 00 1 1

3 Pointer

‘E_ OAB 1 Output Memory and Accumulator to Ports A and B o1 1 1 'O 1 0 1 1 1

£| oPM Output Memory to Port P designated Port Pointer ot 1 101 10 1 1

k 1A Iﬁput Port Ain Accumulator o1 1 11010 1 1
1B Input Port B in Accumulator o1 11 10 1 1| 1 1
IK Input PortK in Accumulator o111 11 00 1 1
IAB Input Ports A and B in Memory and Accumulator o1 1 1 1 1 01 1 1
E! Enable Interrupt o1 01 00 1 1 1 1
DI Disable Interrupt 01010010 1 1
ET Enable Timer o1 1 0 1 1 1 1 1 1

5 DT Disable Timer o1101 1 10 1 1

‘g ECT Enable Counter o1 1 1 1 1 1 1} 1 1

©! per Disable Counter o111t 11 10 1 1
HLT Halt o110 1 1 01 1 1
EXP Exchange Program 0110100 1] 1 1
NOP No Operation 000 0O O0O00O0 1 1
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- ABSOLUTE MAXIMUM RATINGS

® MSM5840 ¢

Parameter Symbol Conditions Limits Unit
Supply Voltage Vpp Ta=25°C —-0.3t07 \
Input Voltage ' Ta=25°C —0.3to VDD Vv
Operating Voltage PF PG Vo Ta=25°C —-0.3t025 Vv
Storage Temperature Tstg —5510+150 °C

Note: Stresses above those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the

device. This is a stress ratingonly and functional operation of the device at these or at any other condition above
those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

OPERATING CONDITIONS
Parameter Symbol Conditions - Limits Unit
Supply Volt v @1 MHz 3t06 \"
u oltage
PPl < DD @4.2 MHz 45t05.5 Vv
Operating Temperature Top —40to +85 °C
MOS Load 15
Fan Out N
TTL Load 1
D.C. CHARACTERISTICS
(Vpp =5V+=10%, Ta =—20° to +70°C)
Parameter Symbol Conditions Min. Typ. Max. Unit
High Input Voltage ViH, - 3.6 ) \"
Low input Voltage ViL® - 0.8 v
High Output Voltage (1) VOH 10 =—40pA 4.2 v
Low Output Voltage VoL lo=1.6mA 0.4 v
' iH 25
0OSColnput Leak Current Vi=Vpp/ov nA
e -25
— [IT"] 1
RESET, MODE Leak Current | Vi=Vppsov 50 uA
IL n
hH 1
Input Leak Current(2) | Vi=Vpp/ov ] uA
PA, PB High Output Current loH VoH=0.4V -1 mA
High Output Current(1) IOH VoH =25V -0.25 mA
Low Output Current loL VoL =0.4V 1.6 mA
PF, PG Output Breakdown Voltage BVoH lo=10uA 20 v
K f=1MHz
Input Capacitance C Ta = 25C 5 pF
i f=1MHz
Output Capacitance Co Ta = 25°C 7 pF
'pp Vi=Vbpsov 10 | 200 | wA
Current Consumption (3) DD Vi=Vpp/ov 16 4 mA
f=4.2MHz

Notes: (1) Except PA, PB (see graphs)
(2) Except OSCo, RESET, MODE

(3) Typical Value of Vpp is 5V
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A.C. CHARACTERISTICS (INTERNAL ROM MODE)
(VDD = 5V=:10%, Ta = —40° to +85°C) '

Symbol

Parameter .Conditions Min. Typ. Max. Unit
CycleTime toy 76 uS
Sync Pulse Width tsw 0.95 uS
RD Pulse Width tRw 1.9 uS
Sync1toRD | tRD C =50pF 1/2tcy +0.5 uS
WR Pulse Width tww 0.95 us
Sync1toWR | twp CL =50pF 13/16tgy +0.5 uS
Port Input Setup Time tpsr 4/16tcy ' uS
Port Input Hold Time tOHR 0 0.8, uS
J— . PA,PB
WR | to New Data Valid toow C| =50pF 0.8 nS

. PD, PE, PF, PG
Sync 1 to New Data Valid tpps CL =50pF 13/16tcY+0.5 nS
PHo, PH1 Input Pulse Width tHw (1) - 500 nS
CIN Input Pulse Width tcw 250 nS
INT Input Pulse Width HNTW (1) 500 nsS
Note: (1) The processor logic will ignore the following events:
1. An INT falling edge occurring during T)\yH of a T| instruction.
2.APHoorPH1low level occurring only during Ty\yH of a THB instruction.
TIMING CHARTS
tey
- TSW
SYNC Y
—
' tRD ! TRW——]
BD \{ 4
wo ww_|
WR
' - t D DW
PA, PB " INPUT DATA NEW QUTPUT
f=—-1tDSR —| tDHR
PK DON'T CARE *JNPUT DATA DON'T CARE
tDDS
PD, PE \
OLD DATA NEW DATA
PF, PG
~tHW
PHo, PH, C
tcw
CIN
INT
INT ,
e 1/2tCY !r‘ tINH ,I
(7/16 tcy) 11610y

Note: (1) All‘ONES’ must be output before reading port A or B.
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A.C. CHARACTERISTICS (EXTERNAL ROM MODE)
(VDD =5V=10%, Ta =—40° to +85°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
Cycle Time toy 7.6 ’ uS
Sync Pulse Width tsw 0.95 uS
TF Pulse Width tw 1.425 uS
Sync 1tolF | tip CL =50pF 3/16tgy +1 uS
Address Low Delay tLAD CL =50pF 0.8 uS
Address Low Hold tAH | 1/16tcy 1/16tgY+1 uS
Instruction Setup tis 1/16tcy uS
Instruction Hold tiH 120 nS
Data Recovery tbr Cp =50pF 0 0.8 nS
Address High Delay tHAD Cp =50pF 0.5 unS
Address High Hold tHAH . 0 0.5 uS
tcy -
tsw
SYNC /|
F
tH
PA, PB DATA
= tHAD —— DR
PD DATA ADDRESS HIGH DATA
—— tHAH
Cycle Dependent Timings 4MHz 2MHz 1MHz 500kHz

1/16tgy 0.5u8 1uS 2uS 4uS

1/16tCy 41 1.5u8 2us . 3uS 5uS

3/161cy 41 2.5u8 4usS 7uS 13u8S

4/16tcy—4 18 3u8 7uS 15u8

1/2tcy 41 5uS 9uS 17uS 33uS

7/16tcy 3.5u8S TusS 14uS - 28uS

13/16tCy+1 7.5u8 14uS 27uS 53u8
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TYPICAL PERFORMANCE CURVES |

Supply Current vs Supply Voltage
(Ta = 25°C, No Load)

Supply Current vs Oscillator Frequency

(Ta =25°C, No Load)

10m 10m l
Vpp =6V
1
4MHz 5V
1 // ! N /4 _‘
m 1= 2M|hz Tm
= 2 //w
fa)
T g //
oo [~ 100kHz 100u Y
< T _/
[a) 1 L~ 10kHz %
10u 10u
10K 100K ™ 10M
0 £ (0SC) (Hz)
Tu //
A1
0.1u
0o 1 3 5 7 10
Vpp (V)
Oscillator Frequency vs Supply Voltage Oscillator Frequency vs Temperature
(Ta = 25°C, C|_ = 50pF) (CL = 50pF)
10 10
8 T 8
) ()
8 / 3
- 4 v // 4
2 2
V]
01 3 5 7 10 =50 0 50 100
Vpp (V) Ta (°C)
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'Low Current Out vs Voltage High Current Out vs Voltage

(Ta = 25°C, Except PA, PB)

20 / Vpp = 6V | -10
/ VDD =5V -8
15 DD =
g -
- \Y] = = =
c_)' 10 / pD = 4V g DD - &V
- - -4 'Vbp -
Vo =50
5 _~—Vpp =3V Vpp \
— 4V
VoD - N
v \
0 0 \
0 1 3 5 7 10 0o 1 3 5 7 10
Vo (V) Vo (V)

Fall Time vs Load Rise Time vs Load

(Ta =25°C, PA, PB, PD, PE, RD,WR, TF, SYNC) (Ta = 25°C, PD, PE, RD, WR, IF,

tTHL(ns)

R, IF, SYNC)
1000 1000
800 800
. o . /VDD =5V
3 /
400 “ 400 ‘ v
Vpp =5V , P
200 — 200 {——{—
0
10 20 50 100 200 500 1000 10 20 50 100 200 500 1000
Cy (pF)

Cp (pF)
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OKI semiconductor
MSM5842

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER

GENERAL DESCRIPTION

The OKI MSM5842 microcontroller is a low-power, high-performance single chip device imple-
mented in complementary metal oxide semiconductor technology. Integrated with this one chip are
6K bits of mask program ROM, 128 bits of data RAM, 21 Input/Output lines, an 8-bit binary
timer/counter, and oscillator. Program memory is byte wide and data paths are organized in 4 bit nib-
bles. RAM and I/0 lines are bit addressable. 52 instructions include binary, BCD, operations; bit set,
reset, test; 8-bit I/0; relative jumps; multifunctional instructions (increment, modify, skip); 8-bit wide
table output; subroutine call and return. 94% of instructions are single byte, single cycle operations.

Available in plastic (RS) package.

FEATURES

® Low Power Consumption — 7mW Typical ® 52 Instructions

® 100% Static Logic — 100uW Standby ® 1 Stack Level

® 768 X 8Internal ROM ® —20°to +70°C Operating Temperature
® 32 X 4lInternal RAM ® 3V to 6V Operating Vpp

® 21 1/0 Lines Incl. 8 Bit Data Bus ® Battery Powered or Battery Backup

o 8 Bit Binary Timer/Counter ® TTL Compatible (with pullups)

® Self-contained Oscillator L

7.6us Cycle Time @4.2MHz

FUNCTIONAL BLOCK DIAGRAM

I . 32x4 RAM jo @“
P S Y A, 1

L
FEDCBAO98 76 5 43 210

\ DEC

'

M-bus
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PIN CONFIGURATION (Top View) '

28 PIN PLASTIC DIP (RS) 32 Pin Flat Package
PHo [ VoD PA: [T O 32] PA:
PE PAs [2] 31 ] PAo
SYNC 12 i PBo [ 3 30] RESET
0sC. [3] PE: PB, 2] 25 0SCo
0sCo [4] PE: PB: [5 ] 58] OSC:
RESET [5] PEo PB. [6] 57 SYNC
PA. [6] PDs NC [7] [ 261 PHo
pa [T PD. GND [(B] 251 NC
ore [ PO, oN 3 221 Yop
i Pks [0 (73] ne
PAs [2] PDo Pk, [11] 72] PE:
PB. [i0 PKa PK. [T2] 217 PE:
PB. 1] PK2 PKs [13] 20 PE:
PB: [12] PK: NC [14] 1 19] PEo
PB; [13 PKo ‘ ngo :112 1: r‘zg:
GnD [i2 CIN tH '
PIN DESCRIPTION
Designation Pin No. Function
GND 14 Circuit GND potential
Vbp 28 Main power source (+5V)
OSCo 4 Crystal OSC input, external clock input .
OSCi 3 Crystal OSC input, external clock output (not TTL compatible)
PA, PB 6t013 Quasi-bidirectional ports for 4 bit paraliel 1/0. Used as a pair for 8 bit /0.
PD, PE 20to 27 Output ports for 4 bit parallel output and bit set/reset. Specified by internal port
pointer. Bit position specified by set/reset instruction.
PK 16to19 4 bit parallel or bit testinput port (unlatched)
PH 1 1 bitinput port with latched memory (negative level sensitive)
RESET 5 RESET must be low for more than one machine cycle and has priority over every
other signal. (see MSM5842 user’s manual for initialization sequence)
. CIN 15 Negative edge sensitive external input for timer/counter.
SYNC General purpose synchronizing signal output at the beginning of each machine
cycle.
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" FUNCTIONAL DESCRIPTION

Program ROM

The MSM5842- will address up to 768 bytes
of program ROM. All instructions are byte wide.
Only three of the 52 instructions require two
bytes of program code. The. instructions are
routed to a programmed logic array which gener-
ates the necessary internal control signals.

Data RAM

Data is organized in 4 bit nibbles. Internal
data RAM consists of 32 nibbles and one nibble
which is a dedicated general purpose register,
W, accessible directly under program control.
DATA RAM must be addressed indirectly
through the DP (data pointer) register, a five bit
pointer (directly accessible by numerous instruc-
tions) consisting of a 4 bit DP|_ register and a 1
bit DPH register. Any nibble of internal data RAM
can be accessed through the DP registers. Some
instructions, automatically change the contents
of the DP register allowing efficient array pro-
cessing.

Input/Output Ports

PA, PB — These two ports are pseudo-
bidirectional ports which can be used as simple
1/0 lines or used as either a 4 bit or 8 bit parallel
bus. )

PD, PE — These two output ports are ad-
dressed indirectly through the ONE BIT port
pointer whose contents are changed through
certain instructions. These ports are bit (set/
reset) addressable.

PK is an input port without a Latch circuit, ad-
dressable as a nibble input. ’

Timer/Counter

The timer/counter is an 8-bit counter whose -
input is an external signal (CIN). The TM flag is
set when the timer/counter generates a carry.

Stack
The stack is a single register for storing
return-from-subroutine address information. It is

- ten bits wide.

Program Counter (PC)
The program counter is ten bits wide.

Accumulator

The accumulator register is the data path
focal point of the CPU. Approximately one-half of
the instructions involve the accumulator. Its
contents are the source and destination for
many ALU operations and port operations. CASE
statements (computed GOTOs) are possible by
using the Jump with Accumulator (JA) instruc-
tion.

Flags
The MSM5842 is endowed with the following
set of flags.

Z — zero flag . Indicates that the result
of the previous operation
was zero

C —carry : Indicates a carry from the
previous operation

TM —timer flag : Indicates an overflow of

the timer/counter register
: Indicates that an input
has been detected on the

Ho — Ho memory

PH is a one bit input port with a Latch circuit, Hoinput
whi¢ch can be tested and reset under program
control.
INSTRUCTION SET
Instruction Code s
Mnemonic Description Byte | Cycle
7 6 5 43 2 10
CLA Clear Accumulator 0001 0O0O0O0 1 1
CCL ClearDPy. 0O 01 0O O0O0O0 1 1
CLH Clear DPy 011 000 0O 1 1
§ LAI Load Accumulator with Immediate 0 0 0 1 Is k2 It lo 1 1
O LL Load DP_with Immediate 0 01 0 la Iz Ih lof 1 1
g LHI Load DP with Immediate 01 1 0 0 0 0 lo| 1 1
oL Load Accumulator with Memory 1001 01 0O 1 1
g LAL Load Accumulator with DP|_ 0101010 1} 1 1
o | LLA Load DP|_with Accumulator 010101 00| 1 1
B | LAW Load Accumulator with W Register t000O011T 0O 1 | 1
3 Sl Store Accumulator to Memory then Increment DP_ 1001 0O0O00O0 1 1
LWA Load W Register with Accumulator 1 00 00O OO 1 1
LPA Load Port Pointer with Accumulator o101 1000 1 1
LTI Load Timer with All Zeros 011,01 0 0O 1 1
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INSTRUCTION SET (CONT.) ' :

Instruction Code
Mnemonic Description Byte | Cycle
: 7 6 5 43 210
&
g X Exchange Accumulator with Memory 1 0011000 1 1
i
;«':; INA Increment Accumulator 0O 0 00 OOTG O 1 1 1
g INL Increment DP_ Skip if Zero 0101011 1] 1 1
9 INM Increment Memory o101 1101 1 1
g INW Increment W Register 10 001 0O0O 1 1
& | DCA Decrement Accumulator — Skip if Not All Ones 0O 00O 1T 1 11 1 1
§ DCL Decrement DP|_ } SKipif AllOnes 010101 10| 1 1
c | bCM Decrement Memory o1 011 100 1 1
§ CAO Complement Accumulator of One 01 01 00 OO 1 1
g’ RAL Rotate Accumulator Left through Carry o1 0O0O0T11T 1 1 1 1
o AC Add Memory to Accumulator with Carry 01 00O 1 00 1 1
| AS Add Memory to Accumulator, Skip if Carry 01 00 110 1 1
E AlS Add Immediate to Accumulater, Skip if Carry 0O 0 0 O Is 12 11 o 1 1
E DAS ‘ Decimal adjust Accumulator in Subtraction o101 1010 1 1
CM Compare Accumulator with Memory, Skip if Equal o1t 011110 1 1
SMB Set Memory Bit 1 01 1 1 0 h I 1 1
% RMB Reset Memory Bit 101t 1 1 1 Il 1 1
21| TAB Test Accumulator Bit 1 01 0 0 0 It lo 1 1
3| ™™B TestMemory Bit 10100 1 I lof 1 1
&’ THB TestH Port Bit 1 01 0 1 1 0 o 1 1
3| TT™ Test Timer flag 10101 1 1 0| 1 1
€l Test Carry flag 0100001 0] 1 1
@ sc Set Carryflag 01 0O0O0O0OOD O 1 1
RC Reset Carry flag 01 0 0O0O0O0 1 1 1
e J Jump O 01 1 0 O lo ls 2 2
E : 17 le Is la 13 12 |1 lo
g JC Jump in Current Page 1 1 s ls Iz f2 v lo| 1 1
(3’, JA Jump with Accumulator 01 00 O0O0 1 1 1 1
£|ca Call Subroutine 0011101 8| 2 2
5 Iz le Is la la 12 11 lo
o | RT Return from Subroutine 0101 100 1 1 2
oTD Output Table Data 0111000 1| 1 2
OA Output Accumulator to Port A o1t 110010 1 1
= oB Output Accumulator to Port B o111 00 1 1 1 1
2| oP Output Accumulator to Port P designated Port 0111 0100 1 1
3 Pointer
§ OPM Output Memory to Port P designated Port Pointer o111 0110 1 1
gl Input Port A in Accumulator 011110 10| 1 1
1B Input-Port B in Accumulator o111 1 0 11 1 1
IK Input Port Kin Accumulator ot 111100 1 1
5|
‘g NOP No Operation 0O 0 00 0O OO 1 1
O
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Supply Voltage Vpbp " Ta=25°C -0.3t07 \
Input Voltage \ Ta=25°C —-0.3toVDD Vv
Storage Temperature Tstg —55t0+150 °C

Note: Stresses above those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the

_ device. This is astress rating only and functional operation of the device at these or atany other condition above
those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum

rating conditions for extended periods may affect device reliability.

OPERATING CONDITIONS
Parameter Symbol Conditions Limits Unit
1MHz 3t06 \
Supply Voltage Vpp
4.2MHz 45t05.5 \"
Operating _Tem perature Top —40t085 °C
MOS Load 40
Fan Out
TTL Load 1
D.C. CHARACTERISTICS
(Vpp =5V=+10%, Ta = —40° to +85°C)
Parameter Symbol Conditions Min. Typ. Max. Unit
High Input Voltage VIH - 3.6 Vv
Low Input Voltage ViL - 0.8 %
High Output Voltage (1) VoH Io =—40pA 4.2 v
Low Output Voltage VoL lo=1.6mA 0.45 v
hH 25
OSColnput Leak Current Vi=Vpp/ov rA
I -25
R 1 : 1
RESET Leak Current v Vi=Vpp/ov - nA
: e -20
- . T 1
Input Leak Current(2) | V|=Vpp/ov ; wA
IL ~
PA, PB High Output Current loH VoH=0.4V -1 mA
High Output Current(1) I0H VOH =25V -0.25 mA
Low Output Current loL VoL =0.45V 1.6 mA
) : f=1MHz
Input Capacitance ) C Ta=b5oG 5 pF
. f=1MHz
Output Capacitance Co Ta = 255G 7 pF
Ipp Vi=Vpp/ov 20 200 | pA
Current Consumption(3) DD Vi=Vpp/ov 15 4 mA
f=4.2MHz

Notes: (1) Except PA, PB (see graphs)
(2) Except OSCo, RESET
(3) Typical Value of Vpp is 5V
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A.C. CHARACTERISTICS
(Vpp =5V=+10%, Ta =—40° to +85°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
CycleTime tcy Ogc =4MHz 7.6 uS
Sync Pulse Width tsw 0.95 uS
Port Input Invalid Time tpiv 1/2tcy +0.5 uS
Port Input Valid Time tpv 2 uS
Sync { to New Data Valid tpps | PD,PEC =50pF 13/16tcy +0.5 | uS
PHo Input Puise Width tHw (1) 250 nS
CiNInput Pulse Width tow "~ 250 nS

Notes: (1) The processor logic may ignore the following event:
A PHolow level occurring only during Ty of a THB instruction.
(2) All‘'ONES’ must be output before reading port A or B.

TIMING CHARTS

ey
[--tSW
SYNC —/ /
PAPB N INPUTDATA Jf  \NEW OUTPUT DATA
Note 2 \———-
tpyv DV
PK DON'T CARE X INPUT DATA X DON'T CARE
tDDS
PD,PE OLD DATA X NEWDATA
i tHW
PHO ’
tew
CIN
|
|e———————————1/2 toy -l tINH 1/16 toy
l 7/16 toy |
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TYPICAL PERFORMANCE CURVES

Supply Current vs Supply Voltage Supply Current vs Oscillator Frequency
(Ta =25°C, No Load) (Ta=25°C, C|_=15pF)
10m 1 10m
. / J(OSC) =8MHz
— 4MHz Vbp = 5\7
1m (4,/ 2MHz _| im
L~ 1MHz _ /
// 100KHZ| /
—~ 100u ! = 100u —
< <
Q a /
o o
10, 10
" / OHz #
1 / 1w
0.1u : 0.1u
01 3 5 7 10 10K 100K 1M 10M
Vpp (V) J(OSC)(H2)
Oscillator Frequency vs Supply Voltage Oscillator Frequency vs Temperature
(Ta=25°C, C|_=50pF) 1A (CL =50pF)
12 ‘ / " 12 <o o
DD =
5 10 / = 10 \‘
T , T NS
-3 s 2
z 8 = 6
4 4
2 2
0 0
i 3 5 7 10 -50 0 50 100
Vpp (V) Ta(°C)
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Low Current Out vs Voltage High Current Out vs Voltage
(Ta=25°C) (Ta=25°C)
20 -4
z 15 —~ -
£ z 8
= E Vhp=5v |PD,PE
3 5 N\ Veo SYNC
Vpp =5V - \
_1|VDD=
5 "5V (Pa, PB)
0 0
01 3 5 7 10 0 1 3 5 7 10
Vo(V) Vo(V)
Fall Time vs Load Rise Time vs Load
(Ta=25°C, PA, PB, PD, PE, SYNC) (Ta =25°C, PD, PE, SYNC)
1000 1000 /
_ 800 800
2 ‘ 2 / Vpp =5V
T 600 3 600
oy F y
400 400 V4
200 — Vop =8V 200 .__"/
ol T—T| 0
10 20 50 100200 500 1000 10 20 50 100 200 5001000
Cy(pF) C(pF)
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OKI semiconductor
MSM58421

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER WITH LCD DRIVER

GENERAL DESCRIPTION

The OKI MSM58421 is a low-power, high-performance 4-bit single-chip microcontroller imple-
mented in complementary metal oxide semiconductor technology.

Integrated within this one chip is a 5 digit 7-segment LCD driver and PLA which can change the
character font for the 7 segments freely under the control of the mask programmable data.

Also integrated in this chip are mask ROM of 1536 X 8 bits for programming, data RAM of 40 X 4
bits, 13 general-purpose input/output ports, 12-bit timer, and clock oscillator to facilitate easy appli-
cation to equipment with an LCD display.

FEATURES
® Low Power Consumption CMOS 4-bit ® 52 Instructions
One-Chip Microcomputer ® 94% of the 52 Instructions are 1 Byte and 1
® 100% Static Logic Machine Cycle
® 1536 X 8 bits Mask ROM ® Integrated with 13 Input/Output Ports and 40
® 40 X 4 bits Data RAM Static LCD Driver Circuit
e 1 Static Register ® +5V Single Power Supply, 60-Pin Mold Flat
B ® Built-in 12-bit Timer (with 32 Hz Common Package
Output) ® 7-Segment Character User Programmable
® All Input Ports Contain Schmitt Trigger Font (32 Words X 7 Segments) o
Circuits ® Various Functions Changeable under Mask
o 8-bit Interface Bus Program Control

FUNCTIONAL BLOCK DIAGRAM

DATA MEMORY (RAM) 40W

pEC] PROGRAM
ROM
M 1536 x 8 bit
FEDGCBA 98 7 6543210
\ DEC / -
. DEC
’ 10 PC [
M BUS

h K i} U U {L . 3z A
[PLCOS[ PLCOS I PLCOAI PLCO3 l chozl PLCOTh [ e ] Lo [fraoBiiadie o Jr—"s TIMING

CONTROL

000 6 L14dd 448d JL
54321 gfedcbagfedcba gfedcbaigfedcba'gfedcba ¢ 3 2 1 0o PH 3210 3210 sROOVpPG
<} YESS N
\-PLCD6~ \-PLCD5~ \-PLCD4—"~PLCD3~ -PLCD2~\-PLCD1~ — PK — \—pa— \—pg—r NSCC o
CE10
T

M
M
[o]
N

* Crystal Oscillator 4.194304 MHz, SYNC = 7.63 usec LCD common signal 32 Hz
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LOGIC SYMBOL PIN CONFIGURATION
D AN I i A G G R
= S——
TF —— L Ll R R L A
HESET BiE——= |roRTe
RESET ——=q H a—
* PLCDS—c (1] [36] PLCD3-e
al o PLCD3-a [2_] O 45 ] PLCD3-d
‘ ] PLCO 1 . pLCD3-b (3] @3] pLcD3—c
: " pLeos—d (] [ 43] PLCD6-5
PORT H———q H ' ] PLCD 2 pLco2-f (5] 47 ] PLCD2-e
9 PLCO2-a (6| [31] pLcD2-d
° ] PLCD 3 PLCDS—e [T 30 pLcD2-c
j—% 9 pLco2-b [E_] [39] PLcD2—g
FORT K [::l 53 2 pLCD a4 pLCD1—f (3] [387] PLcD1-e
' ° pLcDs—f (10 377 pLcoi—
2 pLCD 1-a (1] [36] PLCD 1
9 J fLcos PLCD1-b [ 12 35 ] PLCD1—g
1 PLCD5—g (T3] [34] pLcD6-!
5 ] PLCD 6 [isrs 33 | GND
SYNC {15 32 | coMmON
+5y ——— VoD = O8] % PORT K;
ov GNo —= SYNC SIGNAL OUTPUT
= COMMON SIGNAL OUTPUT F HHHHHHHHHH )
JEiiiisisiiiis
CEEEEE BEEEEE
PIN DESCRIPTION
Designation Pin No. Function
GND 33 Circuit GND potential
Vpp 23 Main power source (+5V)
0SCo 17 Crystal OSC input, external clock input
0OSCH 16 Crystal OSC input, external clock output (not TTL compatible)
PA,PB 19to22 Pseudo-bidirectional ports for 4-bits parallel [/0. To input data from these ports, itis
24t027 necessary to write “1” to them beforehand. When nothingis applied to their
terminals, the content of output ports is written in them, so they can alsobe used as
registers. In addition, it is possible to use them for make 8-bit parallel output
depending on instructions.
PK 28to 31 Input ports for 4-bit parallel input with no latching function.
PH 14 Input port with latching function to be set by negative logical signal.
Thatis, this terminal is set at the time when the negative logical signal is applied to it
from the outside.
It is reset automatically after execution of the test instruction of this port.
RESET 18 The RESET signal which input has priority over all of other signals and performs the
following functions:
(1) Resets all bits of the program counter;
(2) Resets the timer counter and timer flag;
(3) Resets the port pointer;
(4) Resets the accumulator;
(5) Resets I/0 ports PA and PB;
(6) Resets the input port PH flag;
(7) Initializes the output port PLCD for LCD;
(8) Resets the machine cycle to M.
Since the RESET terminal is pulled up to Vpp by an internal resistor (approx. 800
kQ), itis possible to make power ON/reset by connecting it with an external
capacitor.
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PIN DESCRIPTION (CONT.)

Designation Pin No. Function

SYNC 15 General-purpose synchronizing signal output. The signal is output at the beginning
of each machine cycle. Output constantly, this signal is used also as clock pulse to
external units.

The cycle of SYNC becomes 32 times that of the original oscillation (8 us when the
clock pulseis 4 MHz).

PLCD 1t013 PLCD 1 ~6 (Pins1 ~ 13 and 34 ~60)

1~6 34 t060 7-bitand 5-bit parallel output ports, respectively. They are used to direct drive an
LCD (static type). Specification of each port is done by the port pointer (PP) as
shown in the tabie below:

Contentof PP
bs | b2 [ b1 | bo Port Specified
x| 000 PLCD1
X 0 0 1 PLCD2
X ° ! 0 PLCD3
I L L PLCD4
o L L PLCDS
X ! o 1 PLCD6 1 ~4
x| 1 ! 0 PLCD6 5 and Bl
X 1 1 1 _

X: Don’tcare

Bl: 7 Segment Decoder PLA Blank Input
The data of by, of the internal 4-bit bus is written to 5 of PLCD6, and that of bs to
BI.

COMMON 32 COMMON (Pin 32)

COMMON output terminal. This output signal is connected to the common electrode
of static type LCD. The frequency of the COMMON signal output is given with the
following equation:

ficom) =f(osc)/2"

Where the basic clock f(og) is 4.19304 MHz, f(coM) becomes 32 Hz (duty ratio:
50%).

MASK OPTION TABLE f(osc)=4.194304MHz
Port KO Port K2 Port K3 Commom .

No. 28 pin 30 pin 31 pin 32pin Timer
(0] Ko K2 Ks 32Hz - 12bit

1 Ko BUZZER COMMON 32Hz 12 bit
2 Ko BUZZER Ka 32Hz 12bit
3 Ko BUZZER Ks 64Hz 11 bit

4 Ko K Ks 64Hz 11 bit

5 Ko Kz Ks 128Hz 10bit

6 Ko BUZZER Ks 128Hz 10bit

7 Ko Kz Ks 256Hz 9 bit

8 Ko K2 Ks 512Hz 8 bit

9 Ko BUZZER Ks 512Hz 8 bit

f (BUZZER)=2048Hz
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Power Supply Voltage Vpp . Ta=25°C -0.3t07 \
Input Voltage \ Ta=25°C -0.3toVpp v
Power Dissipation Pp Ta=25°C per 1 package 200 mwW
Storage Temperature Tstg -551t0+150 °C
OPERATING RANGE
Parameter Symbol Conditions Limits Unit
Power Supply Voltage Vpbp flosc) =0to 4.2 MHz 4106 v
Operating Temperature Top - —40 to +85 °C
MOS Load 15
Fan Out (excluding COM, SEC) N -
TTL Load 1
D.C. CHARACTERISTICS
(Vpp =5V+10%, Ta = —40 to +85°C)
Parameter Symbol Conditions Min. Typ. Max. Unit
“H” Input Voltage ViH 3.6 v
“L” Input Voltage ViL 0.8 \
“H” Output Voltage(1) VOoH | lo=-80upA \_/8_51’ v
“H” Output Voltage(2) VOH | lo=—20pA Yg? v
“H” Output Voltage(3) VOH | lo=—40uA 4.2 v
“H” Output Voltage(4) VOH | lo=—15upA 42 v
“L” Output Voltage(1) VoL | lo=80upA 0.1 v
“L” Output Voltage(2) VoL | lo=20uA 0.1 \
“L” Output Voltage(5) VoL | lo=1.6mA 0.4 \
OSColnput Leak Current | liy/lj | Vy=Vpp/V|=0V 10/—10 | pA
Input Current(6) WL | Vi=Vpp/Vi=0v 1/-20 | pA
PA “H
PB loH Vo =0.4V -1 mA
Output Current
“H” Output Current(3) IoH | Vo=25V -0.25 mA
“L” Output Current(4) oL | Vo=04V 16 mA
Input Capacity C, | f=1MHz Ta=25°C pF
Output Capacity Co | f=1MHz,Ta=25°C pF
Current Consumption IpD L;:" : ;‘:1304 MHz, 2 5 mA

Notes: (1) Applied to COMMON
(2) Applied to SEGMENT
(3) Applied to SYNC
(4) Applied to PA, PB
(5) Applied to SYNC, PA, and PB
(6) Applied to RESET, PK, and PH
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SWITCHING CHARACTERISTIC

(Vpp =5V£10%, Ta = —40° to +85°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
SYNC Delay Time from _
Clock (OSCo) ted CL =50pF 800 ns
Clock (OSCo) Pulse WH
Width t;WL 115 ns
Cycle Time toy (1) us
SYNC Pulse Width tsw @ us
PA
PB Data Valid Time tpv CL =50pF 3) us
PK
PA
PB Data Invalid Time tpiv C =50pF 4) ns
PK
Data Delay Time tbps Cy. =50pF 500 ns
Port H Set Pulse Width(7) thw 500 ns
COMMON Delay Time _
from SYNG tscd | CL=50pF 2 Ks
SEGMENT Delay Time _
from COMMON fcsd | CL=50pF 1 us
\fpWH, 1 teWL,
CLOCK (0SCy)
tod

SYNC
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(1) ,

t,
tsw(2) ey
SYNC
(4) (3)
toiv j—1pV
(6)
PA,PB, PK IN VALID VALID IN VALID
INPUT MODE
tpps (6) i
PA,PB .
OUTPUT ><
o OLD DATA NEW DATA
PH tHW
THB INSTRUCTION CYCLE
SYNC / \ / \
/ /]
! TINH !
16x1/f(0sc) 15x1/fiosc)  1x1/f(osc)

Notes: (1) toy =32 X 1/f(0s0)
(2)tgw =4 x 1/f(0sC)
(3)tpy =8 x 1/f(0sC)
@) tply =16 X 1/(0SC) +0.5us
(6) tpps =26 X 1/f(0SC) + 1 us

(6) When data is input from PA or PB, set the contents of PA or PB to “1” prior to reading instruction.
(7) Atexecution of the THB instruction, any input made during a period of Ty (15 X 1/f(0sC)) shown inthe

above figure may be neglected.

SYNC / \

4096 PULSE

tscd tscd
P—
COMMON y \\
tesd t
I I
SEGMENT

(WHEN THE DISPLAY
CONTENT IS FIXED)
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DESCRIPTION OF TERMINALS

GND (Pin 33)
Circuit grounding potential

Vpp (Pin 23)
Main power supply

0SCo(Pin17) )
Input of internal oscillation circuit at one side
of crystal resonator and ceramic vibrator.

OSC 1 (Pin 16)

Output of internal oscillation circuit at the-

other side of crystal resonator and ceramic vibra-
tor (not TTL compatible)

PA, PB (Pins 19 ~— 22 and 24 ~ 27)

These are quasi-bidirectional ports for 4-bit
parallel I/0. To input data from these ports, it is
necessary to write “1” to them beforehand.
When nothing is applied to their terminals, the
content of output ports is written in them, so they
can also be used as registers. In addition, it is
possible to use them to make an 8-bit parallel
output depending on instructions.

PK (Pins 28 ~ 31)
Input ports for 4-bit parallel input with no
latching function.

PH (Pin14)

Input port with latching function to be set by
negative logical signal.

This terminal is set at the time when the nega-
tive logical signal is applied to it from the outside.
It is reset automatically after execution of the
test instruction of this port.

RESET (Pin 18)

Reset must be active for greater than 1 ma-
chine cycle.

The RESET signal, when input, has priority
over all of other signals and performs the follow-
ing functions: ‘
(1) Resets all bits of the program counter;

(2) Resets the timer counter and timer flag;

(3) Resets the port pointer;

(4) Resets the accumulator;

(5) Resets I/0 ports PA and PB;

(6) Resets the input port PH flag; ,
(7) Initializes the output port PLCD for LCD; and
(8) Resets the machine cycle to M.
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Since the RESET terminal is pulled up to Vpp
by an internal resistor (approx. 800k(Q), it is
possible to activate power ON/reset by connect-
ing it to an external capacitor.

SYNC (Pin 15)

This is a general-purpose synchronizing
signal output. The signal is output at the begin-
ning of each machine cycle. Output constantly,
this signal is used also as clock pulse to externa
units. N . :

The cycle of SYNC becomes 32 times that of
the original oscillation (8us when the clock pulse
is 4MH2z).

PLCD 1 ~6 (Pins1 ~ 13 and 34 — 60)

These are 7-bit and 5-bit parallel output
ports,. respectively. They are used to directly
drive an LCD (static type). Specification of each
port is done by the port pointer (PP) as shown in
the table below;

Contentof PP
Port Specified
bs b2 b1 bo
X 0 0 0 PLCD1
X 0 0 1 PLCD2
X 0 1 0 PLCD3
X 0 1 1 PLCD4
X 1 0 0 PLCDS
X 1 0 1 PLCD6 ~4
X 1 1 0 PLCD6 5 and Bl
X 1 1 1 —
X: Don’tCare

Bl: 7 Segment Decoder PLA Blank Input
The data of bo, of the internal 4-bit bus is written to
5 of PLCDS, and that of bato BI.

COMMON (Pin 32)

This is a COMMON output terminal. This
output signal is connected to the common elec-
trode of static type LCD. The frequency of the
COMMON signal output is given with the follow-
ing equation:

flcom) =f(osc)/2"

Where the basic clock f(0sC) is 4.19304 MHz,
f(coM) becomes 32 Hz (duty ratio: 50%).
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INSTRUCTIONS LIST
. - Instruction Code
Mnemonic Description 7 6 5 4 3 2 1 0 Byte | Cycle
CLA Clear Accumulator 0O 001 OO0 OO 1 1
CLL Clear DP_ 001 0O0OO0OTO 1 1
CLH Clear DPy 011 000O0O00O0 1 1
LAl Load Accumulator with Immediate 0O 0 0 1 s l2 11 lo 1 1
LLI Load DP|_with Immediate 0O 01 0 Is 2 lh lof| 1 1
LHI Load DPy with Immediate 01 1 0 0 lo It lof 1 1
L Load Accumulator with Memory 1001 0100 1 1
LAL Load Accumulator with DP_ 01010101 1 1
LLA Load DP|_with Accumulator 01010100 1 1
LAW Load Accumulator with W Register 1 00001 00O 1 1
SI Store Accumulator to Memory then Increment DP_ 1001 00O0O0O]| 1 1
LWA Load W Register with Accumulator 1000 O0OOG O 1 1
LPA Load Port Pointer with Accumulator o1 011 00O 1 1
LTI Load Timer with Immediate “0” (Clear Timer & TMF) 01101 00O0{1 1
X Exchange Accumulator with Memory 1001 1 0O0O 1 1
INA Increment Accumulator 0O 0 0 0 OO0 O 1 1 1
INL Increment DP o1 0101 11 1 1
INM Increment Memory o101 11 0 1 1 1
INW Increment W Register 1 0001 0O OO 1 1
DCA Decrement Accumulator o o0o0O0 11T 1 1 1 1 1
DCL Decrement DP_ 01010110 1 1
DCM Decrement Memory o1 011100 1 1
CAO Complement Accumulator of One 01 01 0O0O00O0 1 1
RAL Rotate Accumulator Left through Carry o1 0 O0O0 1 1 1 1 1
AC Add Memory to Accumulator with Carry 01001100 1 1
AS Add Memory to Accumulator, Skip if Carry 01 o0o01T1 1O 1 1
AIS Add Immediate to Accumulator, Skip if Carry 0 0 0 0 Is I2 I bo 1 1
DAS Decimal adjust Accumulator in Subtraction o101 1 010 1 1
CM Compare Accumulator with Memory o101 1 1 10 1 1
SMB Set Memory Bit 101 1 1 0 I lof 1 1
RMB Reset Memory Bit 1 01 1 1 1 b lo| 1 1
TAB Test Accoumulator Bit 1 01 0 00 I b 1 1
T™MB Test Memory Bit 1 01 0 0 1 It lof 1 1
THB Test H Port Bit 10101100 1 1
T™ Test Time flag 10101110 1 1
TC Test Carry flag 01 00O0OT11TO 1 1
SC Set Carry flag 010 0O0O0OTOO 1 1
RC Reset Carry flag 01 0 0 O0O0O0 1 1 1
J Jump 0 01 1 0 lols s 2 2
Iz le Is 14 13 12 11 lo

JC Jump in Current Page 1 1 s la Is I2 I o 1

JA Jump with Accumulator o1 00O0O 11 1

CAL Call Subroutine 0 0 1 1 1 lole s 2 2

Iz le Is la I3 l2 |1 lo

RT Return from Subroutine 01 01 1 0 0 1 1 1
OTD Output Table Data 0111 00 0 1]|1~15 2
OA Output Accumulator to Port A o111 0010 1 1
OB Output Accumulator to Port B o111 00 1 1 1 1
oP Output Accumulator to Port designated Port Pointer o111 0100 1 1
OPM Output Memory to Port P designated Port Pointer o111 01 10 1 1
1A Input Port A in Accumulator o111 1 010 1 1
1B Input Port B in Accumulator o1 111011 1 1
IK Input PortK in Accumulator o111 1100 1 1
NOP No Operation 0 000 OOO0OTDO 1 1
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TYPICAL PERFORMANCE CURVES

Output Current (IgL) TYP

(Vpp =5V, Ta= 25°C)

/ (COMMON terminal)
-~
/ (PA, PB, SYNC terminal)

20
15 j

o/

Output current Iy (mA)

(SEGMENT terminal)

1 3 5 7 10
Output voltage Vg (V)

tTHL — CL Characteristic TYP

(Ta = 25°C)

1000

800

600

400

Output fall time tTH|_ (ns)

200

VpD= 8V

————)

10 .20 50 100 200 500 1000

Load capaéity Cy (pF)
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Output Current (IgH) TYP

(Vpp =5V, Ta=25°C)
~10

(COMMON terminal)

I~ \V(SY NC terminal)

B A\

—

o 1 3 5 7 10

Output current IgH (mA)

(SEGMENT terminal)

L-(PA, PB terminal)

Output voltage Vg (V)

tTLH — CL Characteristic TYP

(Ta = 25°C)
1000 =

L 200 Vpp=5v
£
5
= 600
[
2 | /
2 400 ‘ /
5 /
5 )/
O 200 —

: q—

0 .

10 20 50 100 200 500 1000

Load capacity Cy_ (pF)
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f(osc) — Ta Characteristic TYP

(C = 15pF, Ta = 25°C) (CL = 15pF)

/

12

~

/

10 Vpp=5V

8 S~

™~

Maximum clock frequency f(osc) (MHz2)

3 5 7
Power supply voltage VDD (V)

Ipp — Vpp Characteristic TYP

(4]
10 ~50 0 50 100
Ambient temperature Ta (°C)

Ipp — f(0SC) Characteristic TYP

10m

m

(CL = 15pF, Ta =25°C) (C =15pF, Ta= 25°C)
10m (—
I i
e
40../
&\050\

100u

10u

100u /

Current consumption Ipp (A)

Current consumption Ipp (A)

/

10u
10K 100K ™ 10M

Clock frequency f(gsc) (Hz)

Tu

0.1u

/

3 5 7
Power supply voltage Vpp (V)
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OKI‘ semiconductor
MSM58422

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER WITH FLT DRIVER

GENERAL DESCRIPTION

OKI's MSM58422 is a low-power, high-performance 4-bit single-chip microcontroller imple-
mented in complementary metal oxide semiconductor technology.

Integrated within the one chip is a mask ROM of 1536 X 8 bits, RAM of 40 X 4 bits, 10 input/out-
put ports 11-bit timer-counter, clock oscillator, 4-bit parallel arithmetic circuit, 40 static FLT drivers
etc.

MSM58422 has an instruction set which consists of 4-bit arithmetic instructions, Boolean (bit)
manipulation instructions (bit-set, bit-reset, bit-test), data input/output instructions, and 8-bit code
translation (Table data out) instructions.

Also the pseudo-bilateral ports are used for connection to the buses of other 8- blt systems.

FEATURES
® | ow Power Consumption CMOS 4-bit ® 60-Pin Flat Package
One-Chip Microcomputer ® Built-in 11-bit Timer
® 100% Static Logic ® 94% of the 52 Instructions and 1 Byte and 1
® 1536 X 8 bits MASK ROM Machine Cycle
® 8-bit interface Bus o |ntegrated with 10 Input/Output Ports and 40
® 1 Stack Register Static FLT Driver Circuit
® 52 Instructions ® PK and PH Input contain Schmidt Trigger
® 5V Single Power Supply Circuits

FUNCTIONAL BLOCK DIAGRAM

o
DATA RAM 40W 4 %“
2

FEDCBA9876548210
DEC

WR
M BUS |

[ PP 5 lo7
—— Segment

BlI_PLA

owm|t| PROGRAM
- gp|i| ROM
VIRke| [ox |l {1538 8bit
INST DEC E

i BUS

10 STACK 0

E

=
| Fvwv v v 1 B - | |
Dimmer HT™M 1011 Bit PA PB TIMING
rPFLTe—I PFTLS I PFLT4 l PFTL3 I PFLT2 I PFTLY Hﬂ“ rol J I TIMER r “ l CONTROL
LT
¥ 1 l 88
54321 gfedcba gfedcba gledcba gfedcba gfedcba 64Hz 2 1 B PK  ppy 3210 3210 gRpoo v
, ; DM U EPA——J T YESS D
PFLT6 PFTLS PFLT4 PFTL3 PFLT2 PFTL1 Z NSCC D
. z CE10
E T
R

OSC 4.194304 MHz. SYNC =7.63 usec
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PIN CONFIGURATION LOGIC SYMBOL

44 Pin Flat Package
TERPTIIRYPERLY
CEPTITVODOTT ¢+ D
BEEEEEEEEEESEY
T T VT I U TR TR TU T T TR T
[ S N - W W W W T T WY M W W
HRRRARRHARRE —
X'tat [ 08¢ Aot <:> PORT A
—»0| 0sC:
PFLT 5-c (1] [ 46] PFLT 3-e B 1K > PORTB
PFLT3-a [Z] O |35 PFLT3-d SYNC «———] SYNC
PFLT3-b 3] [4a] PFLT3—c TEST ———»O| RESET
PFLT5-d 2] 23] PFLT6-5 PELT1 :>
— - a—g
PFLT 2-1 (5] [2Z] PFLT 2-e PORTH ———#0| Ho
PFLT2-a [&]| [a7] PFLT 2-d PELT2 8
PFLT5—e [T Fa prLT2-c PORT K ———1 K o[>
PFLT 2-b (5] [55] PFLT 2-g PELT38— _:'>
PFLT 1—f I35 PFLT 1-e om (T DM b FLT DRIVE
PFLT5—f O [37] PFLT 1—d ———| DIM: PFLT4a~g :> (OUTPUT)
PFLT 1-a [1T] 367 PFLT 1-c
BUZZER +———| BUZZER
PFLT 1-b [1Z] 551 PrLT1-g PRLTSa~g [ >
PFLT 5-g (3T] [32] PFIT5-1 64Hz +———{ 64Hz .
PFLTPH [1E] 531 GND sv —— Vpp PFLT6 1~5 :>
PFLTSYNC (15} [32] 64Hz OV ————»4 GND
PFLTOSC: (G5} .30 Pk
HHHHEEHEHEHERE
e r o s s-as o
< : < < < € < w
g“w‘%g’&& aEEEEﬁgg
SERRRRLSFRRRR553

ABSOLUTE MAXIMUM RATING

Parameter Symbol Conditions Limits Unit
Supply Voltage VDD Ta =25°C -03~7 \'
Input Voltage Vi Ta =25°C —-0.3 ~Vpp \
Output Voltage (FLT) Vo Ta =25°C Vpp —~ 30 \%
Power Dissipation Pp Ta = 25°C per 1 package 200 mwW

Ta=25°C per1FLT 8
Storage Temperature Tstg - —-55 ~+125 °C
OPERATING CONDITIONS

Parameter Symbol Condition Limits Unit
Supply Voltage VDD f(OSC) =010 4.2 MHz 4~6 \'
Operating Temperature Top - —40 ~ +85 °C
Output Voltage (FLT) Vo - Vpp — 26 \Y
Fan Out (excluding FLTs) N MOS Load 15 -

TTL Load 1
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DC CHARACTERISTICS
(Vpp =5V=+10%, Ta = —40 ~ +85°C)
\ Parameter Symbol Conditions Min. |Typ. Max. Unit

“H” Input Voltage ViH 36 v
“L” Input Voltage ) ViL 0.8 v
“H” Output Voltage (1) VOH 10 =—15 uA 42 v
“H” Output Voltage (2) VOH lo=—40 uA 4.2 '
“L” Output Voltage (3) VoL lo=1.6mA 0.4 v
OSCo Input Leak Current v/l V| =Vpp/0oV 10/-10 | uA
Input Current (4) hH/L V| =Vpp/0V 1/-20 | uA
“H” Output Current (1) IoH Vo=04V —1 mA
“H” Output Current (5) IoH Vo=25V -0.25 mA
“H” Output Current (6) IoH Vo=3V -1 mA
“L” Output Current (3) loL : Vo =04V 1.6 mA
FLT Output Leak Current ILo Vo=Vpp—-26V -10 nA
Input Capacity Cy f=1MHz, Ta =25°C pF
Output Capacity Co f=1MHz, Ta=25°C 7 pF
Current Consumption IbpD f =4.2 MHz at no load 5 mA

Notes: (1) Appliedto PA, PB
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(2) Applied to SYNC, BUZZER, 64 Hz and PFTL
(3) Applied to PA, PB, SYNC, BUZZER and 64Hz
(4) Applied to PH, RESET, DIM and PK

(5) Applied to SYNC and 64Hz

(6) Applied to BUZZER and PFLT
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SWITCHING CHARACTERISTICS
(Vpp =5V=£10%, Ta = —40 ~ +85°C)

Parameter Symbol Conditions Min. | Typ. Max. Unit
SYNC Delay Time from _
Clock (0SCo fgd CL =50pF 800 | ns
Clock (OSCo) Pulse Width tgWH 115 ns

tewL

Cycle Time Tcy (1) - us
SINC Pulse Width  tgw . (2) | us
PA -
PB Data Valid Time tpv CL =50pF (3) us
PK :
PA
PB Data Invalid Time tpv CL =50pF (4) us
PK
Data Delay Time tpps CL =50pF (5) ns
Port H Set Pulse Width (8) tHw 500 ns
64Hz Delay Time ‘ _
from SYNC 'SFD CL =50pF A 2| ms
BUZZER Delay Time _
from SYNC 'sBD CL =50pF 2 pe
SEGMENT Delay Time _
from SYNC tssp CL =50pF (8) 2 ps

Notes: (1) tcy =32 X 1/f(0sC)
(2) tsw =4 X 1/f(0sC)

(3) tpy =8 x 1/f(0sC)
(4) tply =16 X 1/f(0sc) +0.5 us

(8) tpps =26 x 1/f(0sC) + 1 us

[OWH, towe,

CLOCK (0SCo)

SYNC \
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SYNC

(6)
PA,PB, PK
INPUT MODE

PA,PB
OUTPUT
MODE

PH

(1)

T ]
tsw(2) cY
/
(4) (3)
v tpIv f—tpV

IN VALID & VALID IN VALID

}t——————tpps (5)
X OLD DATA NEW DATA

THW

Notes: (6) When data input from PA or PB, set the contents of PA or PB to “1” prior to reading in-

struction.

(7) Alteration by the instructions relative to output ports PFLT (It is in the case that the out-
puts of open drain are pulled down to GND by a resistor below 20 k).

SYNC

THB INSTRUCTION CYCLE

7\

A\

|

16x1/f(0sc)

TINH
15x1/f(0sC) 1x1/f(0sC)

Notes: (8) At execution of the THB instruction, any input made during a period of T)yH (15 X
1/f(osc) shown in the above figure may be neglected.
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L 1024 pulses |
I 32 pulses N 32 pulses { !
I T
swe [ 1ot _____JL
tsBD tsBD tsBD
—— —— —ﬁ ------- __J
BUZZER % _______ ]
| lsFD
64Hz
L 32 pulses
|
DIM: DIM. swwe JLLJULL o JUUH UL
SEG |\
- - tssD
H L SEG
tssD
L H SEG |\

tssp

Notes: (9) The waveform shown above is in lighting up state, in the case that that open-drain output
of FLT driver is pulled down to GND by a resistor below 20 k().

DIM1and DIM:zinputs must be in the state specified above.
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DESCRIPTION OF TERMINALS

GND (Pin 33)

Circuit grounding potential
Vpp (Pin 23)

Main power supply
0SCo(Pin17)

Input of the internal oscillation circuit at one
side of the crystal resonator and ceramic
vibrator. ’

OSC 1 (Pin 16) ‘

Output of the internal oscillation circuit at the
other side of the crystal resonator and ceramic
vibrator (not TTL compatible)

PA, PB (Pins 19 ~— 22 and 24 ~ 27)

These are quasi-bidirectional ports for a 4-bit
parallel 1/0. To input data from these ports, it is
necessary to write a “1” to them beforehand.
When nothing is applied to their terminals, the
content of the output ports is written into them,
so they can also be used as registers. In addi-
tion, it is possible to use them to make an 8-bit
parallel output depending on instructions.

PK (Pin 31)
1-bit input port with no latching function. Con-
tains Schmidt a Schmidt Trigger Circuit.

PH (Pin 14)

Input port with latching function to be set by
negative logical signal.

This terminal is set at the time the negative
logical signal is applied to it from the outside. It is
reset automatically after execution of the test
instruction at this port.

RESET (Pin 18)

Reset must be active for greater than 1
machme cycle.

The RESET signal input has priority over all
of other signals and. performs the following
functions:

(1) Resets all bits of the program counter;

(2) Resets the latches of I/0 ports PA, PB and
output port PFLT6;

(3) Resets the timer flag (TMF);

(4) Resets the accumulator;

(5) Resets the skip F/F circuit;

(6) Resets the machine cycle to Ml;

(7) Resets the output port PFLT5—1 to the data
of 7 Seg PLA address 0;

Since the RESET terminal is pulled up to Vpp
by an internal resistor (approx. 800 kQ), it is
possible to activate power ON/reset by
connecting it to an external capacitor.

SYNC (Pin 15)

This is a general-purpose synchronizing
signal output. The signal is output at the
beginning of each machine cycle. Output
constantly, this signal is used also as & clock
pulse to external units.

One SYNC cycle is 32 times that of the

original oscillation (8 us when the clock pulse is
4 MHz).
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PFLT 1 ~ 6 (Pins 1 ~ 13 and 34 ~ 60)

These are 7-bit and 5-bit parallel output
ports, respectively. They are used to directly
drive an FLT (static type). Specification of each
port is accomplished by the port pointer (PP),
which is a 4-bit register and is set to the
contents of the accumulator by the LPA
instruction.

Latching data of each port is output through
the logical AND operation with the DIMA signal
(later described) and via buffer circuits. (When
the data in the latch is 1, DIMA is output. When it
is 0, the output is at high impedance.)

Content of PP
ba ba b bo Port Specified
X o] (o] (o] PFLT1
X 0 o] 1 PFLT2
X 0 1 0 PFLT3
X o] 1 1 PFLT4
x 1 0 0 PFLT5
X 1 0 1 PFLT6-1 ~4
X 1 1 ] PFLT6-5, Bland BZ
X 1 1 1 -

X: Don’tcare
Bl: 7 Segment Decoder PLA Blank Input
BZ: Control Signal output for the buzzer output

The inputs with the latching function of ports
PFLT1~5 are connected to the outputs of the 7
segment decoder PLA and that of PFLT6 directly
to the internal buses.

DIM1, DIM2 (Pins 28, 29)
Input terminals for the dimmer control of
output ports PFLT1-6.

DIM1 DIM2 DIMA
0 0 1/4 duty
1 0 1/8 duty
0 1 1/16 duty
1 1 1
BUZZER (Pin 30)

This terminal outputs the value of the logical
AND operation between latching bit 2 of output
port PFLT6 and the timer output (Q5).

By externally connecting a resistor and a
transistor, this BUZZER output terminal is used
to control an alarm, buzzer etc.

64 Hz (Pin 32)

This is an output terminal, whose frequency
is 1/65536 of the OSCO. For example, when the
frequency of oscillator is 4.194304 MHz, the
frequency of the 64 Hz signal output is given 64
Hz.

‘This output pulse is used for adjusting the
frequency. Its duty is 50%.
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INSTRUCTIONS LIST
. . Instruction Code
Mnemonic Description 76 5 4 3 2 10 Byte | Cycle
CLA Clear Accumulator 0001 0O0O0O0O]| 1 1
CcLL Clear DP 001 0O0OODO 1. 1
CLH Clear DPY - 011 00O0O0OO O 1 1
LAI Load Accumulator with Immediate 0 0 0 1 Is 12 Ih b 1 1
LLI Load DP|_with Immediate 001 0 Il lof 1 1
LHI Load DP with Immediate 0O 1 1 0 0 o 11 lof 1 1
L Load Accumulator with Memory 1 00101 00O 1 1
LAL Load Accumulator with DP_ 01 010101 1 1
LLA Load DP|_with Accumulator 01t 01 010O0f 1 1
LAW Load Accumulator with W Register 1 0000 1t OO 1 1
Si Store Accumulator to Memory then Increment DP_ 1001 0O0O0O 1 1
LWA Load W Register with Accumulator 1000 O0OODO 1 1
‘LPA Load Port Pointer with Accumulator 01 011 00O 1 1
LTI Load Timer with Immediate “0” (Clear Timer & TMF) o1 1 01 0 00O 1 1
X Exchange Accumulator with Memory 10011 00O 1 1
INA Increment Accumulator 0 00 O0OOTU O 1 1 1
INL Increment DP 010101 11 1 1
INM Increment Memory o1 o011 1 01 1 1
INW Increment W Register 1 0001 00O 1 1
DCA Decrement Accumulator o o0oo0o0 11t 1 1 1 1 1
DCL Decrement DP_ 0101011 0} 1 1
DCM Decrement Memory o1 0111 00 1 1
CAO Complement Accumulator of One 01 01 0O0O0ODO 1 1
RAL Rotate Accumulator Left through Carry 01 0O0OT“1T 11 1 1
AC Add Memory to Accumulator with Carry 01 0011 00O 1 1
AS Add Memory to Accumulator, Skip if Carry o1 0011 1 o0 1 1
AlIS Add Immediate to Accumulator, Skip if Carry 0 0 0 O Is Iz b lo 1 1
DAS Decimal adjust Accumulator in Subtraction o101 1010 1 1
CM Compare Accumulator with Memory o101 1110 1 1
SMB Set Memory Bit 1 01 1 1 0 h lo| 1 1
RMB Reset Memory Bit 1 01 1 1t 1 b lof 1 1
TAB Test Accoumulator Bit 1 01 0 0 O I lo 1 1
T™MB Test Memory Bit 1 01 0 0 1 Il 1 1
THB Test H Port Bit 1 01011 00O 1 1
TT™ Test Time flag 1 0101110 1 1
TC Tegt Carry flag 01 00O0O0T1TO0 1 1
SC Set Carry flag 01 00 O0OOTO O 1 1
RC Reset Carry flag 4 01 00 O0OOO 01 1 1
J Jump 0 01 1 0 lwols s 2 2
I7 ls Is ta 13 12 |11 lo
JC Jump in Current Page ! 1 1 Is la I3 l2 hh o 1 1
JA Jump with Accumulator o1 00 O0O0 1 1 1 1
CAL Call Subroutine 0 0 1t 1 1 lwols s 2
Iz e Is la 13 12 1 o

RT Return from Subroutine o1 01 1 0 0 1 1 1
oTD Output Table Data 011100 0 1[1~15] 2
OA Output Accumulator to Port A o111 0010 1 1
OB Output Accumulator to Port B o1 1100 11 1 1
oP Output Accumulator to Port designated Port Pointer o111 01 00 1 1
OPM Output Memory to Port P designated Port Pointer o1 1t 1t 0110 1 1
1A Input Port A in Accumulator o1t 1 11 010 1 1
1B Input Port B in Accumulator o1 1 11 0 1 1 1 1
IK Input Port K in Accumulator o111 1100 1 1
NOP No Operation 0 00O O OOU 1 1
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OXKI semiconductor

‘MSMS5847

CMOS 4 BIT SINGLE CHIP MICROCONTROLLER WITH LCD DRIVER

GENERAL DESCRIPTION

OKI's MSM5847 microcontroller is a low-power, high performance single-chip device implement-

ed in complementary metal oxide semiconductor technology. Integrated onto single chip are 1536 X
8 bits of mask program ROM, 96 X 4 bits of data RAM, 7 input/output lines, 1 output line, a timer, LCD
Driver and oscillator. Program memory is byte wide and data paths are organized in 4 bit nibbles. RAM

is bit addressable. 43 instructions include binary, logical operations; bit set, reset, test; multifunction-

al instruction (increment, skip); subroutine call and return. 95% of instructions are single byte, single

cycle operations.

FEATURES

® Low Power Consumption 50 uA Typical

1.5K X 8 Internal ROM

96 X 4 Internal RAM

7 1/0 lines, 1 output line including 8 bit data
bus

13 bit Timer

Self-contained Oscillator

FUNCTIONAL BLOCK DIAGRAM

43 Instructions

2 Stack Levels

—20° to +70°C Operating Temperature
3V Operating VDD

610us Cycle Time @32.768 kHz

44 pin Flat Package

Chip Form

T ",
o 4 PROGRAM
L DSPRAM {1 MEMORY
| DATA MEMORY (RAM) SlcK— (MASK
| 16X 6 x4 bit 3 ) ROM)
1. DEC .
- J 1,536 X 8bit
Wl i i PR S I n i L A i L 5
FEDCBA987 6543210
DEC
o]
' 1BUS
‘ MBUS .
D - STACKO
10 STACK1 g
LCD DRIVER PAooutput
Timing
1/3 duty1/3 bias Control PA | PB ]
Ll o Timing
I__ Control
iy W 4 : 28! HHH
22 20 18 16 14121 76543210 — —_— .
232119171513 11 \ a‘;s 3210 3210 sggg\é’ﬁ
Common z PA PB NSCCDD
Segment z CEO1
. E T
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LOGIC SYMBOL PIN CONFIGURATION
44 Pin Flat Package
[}
N
o 5
fosco Ao ’ O Sl g E
P Al o - oZ OROQIO 5
/ 0sC Az f—> PortA 5555553E883
s I 10000011000
S ol 33959335355
RESET ———=C| RESET g; ~— lpronts PBo —]1 33— Segment 22
Bale o | PBy —2 32— Segment 21
PB2 —3 31— Segment 20
SEGMENT O }—= Y Segmento PBs ——4 30— Segment 19
$ Segment0 —5 29— Segment 18
S Segment 23 Segment 1 —16 28— Segment17
23— / Segment 2 —7 27 = Segment 16
34 Hz [~ 34 Hz Output Segment 3 —8 26— Segment15
BUZZER [ Buzzer Output Segment 4 ——{9 25 =1 Segment 14
SYNC }——» Synchronized Segment5 —10 24— Segment 13
Signal Segment6 .—11 23— Segment12
NOLTODONDO QO =N
+3V ————Vpp gOMMON1 —"gommom e e e = = NN
OMMON 2 ommon 2
OV —————— GND COMMON3 f— .~ Common3 UUU U ” U “ U U UU
~NONAQ QN0 OO
ccecIZ OogregEr
C00YOC>GEGGE
EEE® ECEEOD
EEE DE ODOE
8838 B3B38
%) 7]
ABSOLUTE MAXIMUM RATING
Parameter Symbol Conditions Limits Unit
Supply Voltage Vbp -03~7 \"
Input Voltage 4 Ta =25°C -0.3 ~Vpp \
Output Voltage Vo -0.3 ~Vpp \
Storage Temperature Tstg - —-55 ~+125 °C
OPERATING CONDITIONS
Parameter Symbol Condition Limits Unit
Supply Voltage Vbp f(OSC) =32.768 kHz 27~33 \Y
Operating Temperature Top - —20 — +70 °C
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AC CHARACTERISTICS
(VDp = 3V+10%, Ta = —20 ~ +70°C)
Parameter Symbol Condition Min. Typ. Max. Unit
SYNC Delay Time _ _ _
from Clock (OSCo) 6 CL=50pF 5 | w8
_— toWH
Clock (OSCo) Pulse Width tﬁw ) B 15 _ _ us
Cycle Time tcy - Note (1)}| — - s
SYNC Pulse Width tsw - Note (2) | — - | ws
PA, PB Data Valid Time tpv - Note (3)| - - us
PA, PB Data Invalid Time tpiv C=50pF - — |Note (4)| wus
Data Delay Time tpDs - - — |Note (5)| wus
Note: (1) tcy =20 x 1/#(0SC) F£(0OSC) =32.768kHz
(2) tsw =2 x 1/F(0SC) tcy =610us
(3) tpy =4 x 1/£(0SC) tsw =61us
(4) tpjy =8 x 1/ (0SC) +20 uS tpy =122us
(5) tppg =17 X 1/£(0SC) + 40 uS tply  =264us
: tpps =558.5us
teWH tewL
CLOCK(OSCo)
tpD
SYNC -J \___.__.
t
_llsw
SYNC / I: \
. toiv tov
PA, PB
Input mode INVALID VALID INVALID
- tobs v
OLD DATA * NEW DATA

PA, PB
Output mode
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DC CHARACTERISTICS
(Vpp = 3V=£10%, Ta =—20 ~ +70°C)
Parameter Symbol Condition Min. Typ. Max. Unit
“H" Input Voltage ViH - Voo | _ - v
-0.2
“L” Input Voltage ViL - - - 0.3 \)
Vo 0] - 0.2
1/3Vpp| _ |1/3VpD
Vi _ -0.2 +02 |V
*1 Applicable to
Common, Segment Common 1~3 2/3V 2/3V
Output Voltage Ve Segment 0~23 —0.2D | - +0.2D Dl v
Vs VoD - VbD v
-0.2
“H” Output Voltaée : VbD _ _
*2+3%4 VOH | 1g=1uA -0.2 : v
“L” Output Voltage *2 VoL lo=1uA - - 0.2 v
“L” Output Voltage *3 *4 VoL lo=1mA - - 1.0 v
OSCo Input Current e/l VI=Vpp/V|=0V - - 5/-5 uA
RESET Input Current I/ | Vi=Vpp/V|=0V - - 1/-15 | pA
| Vpp=38V
Current Consumption Ibp #=32.768kHz, - 50 100 pA
no load

Note: *1 Applicable to PAo~2, PBo~3, SYNC and 34 Hz
*2 Applicable to PAs
*3 Applicable to BUZZER

Level of Output Voltage for Common, Segment

—— - — — — — — —\5
_l-_- —_——— — - V2
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IoH (mA)

& MSM5847¢

I, 12 (wA)

TYP. Output Current (IQH) vs Output
Voltage (VOH) for High—level State

(Vpp=3V, Ta=25°C)
-2.0

-1.8
-1.6
-1.4
-1.2
-1.0
-0.8
-0.6
—-0.4
-0.2

0

34 Hz terminal

SYNC terminal

- COM
te(mirlal
SEG

—PAI, PBI terTian
2 3 4 5 6 7 8 9
VoH (V)

0 1 10

TYP. Output Current (I, I2) vs
Output Voltage (V 1, V2) for Middle
—level State

(Vpp=3V, Ta=25°C)

, SEG terminal

‘01 2 3 45 6 7 8 9

V1, V2(V)

10

88

TYP. Output Current (IoL) vs Output
Voltage (VoL) for Low-level State

(Vpp=3V, Ta=25°C)

10
9
8
7
T
- PAsterminal
G 11
4 —_—
BUZZER terminal
3 / e ]
2 34 Hz terminal
I — 1 ]
1 PAo— 2, PBo— 3, SYNC terminal
| COM,SEGterminal | | |
0O 1 2 3 4 5 6 7 8 9 10
VoL V)
Supply Current (Ipp) vs
Supply Voltage (Vpp)
(Ta=25°C, No Load)
10m
Sm
im
500u
<
8
= 100u - 3
o —~ f(osC) =32.768 kHz 3
M Y
L2
OHz
10u
S5u
Tu
500u
100"
0O 1 2 3 4 5 6 78 9 10

Vpp (V)



OLMS-50/60 SERIES






OKI semiconductor
MSM5052

CMOS 4 BIT SINGLE CHIP VERY LOW POWER MICROCONTROLLER WITH
TEMPERATURE DETECTION CIRCUIT AND LCD DRIVER

GENERAL DESCRIPTION

The OKI MSS5052 is a low-power and high-performance single-chip microcontroller employing
complementary metal oxide semiconductor technology. Integrated onto a single chip are a 4 bit ALU,
18K bits of mask programmable ROM, 248 bits of data RAM, crystal oscillator, voltage doubler, timer,
LCD driver, input port, output port and CR oscillator for temperature detection.

The MSM5052 is widely used in electronic products requiring low power operation, for example,
thermometer and clinical thermometer with a time piece.

FEATURES

Low Power Consumption 3 uA Typical
1280 X 14 Internal ROM
62 X 4 Internal RAM

L4 42 Instructions
°

°

® 4 X 2Input Port

°

°

°

1.5V Operating Voltage

32.768 kHz Crystal Oscillator

122.1 us Instruction Cycle

—20 to 75°C Operating Temperature
61 pad die

5 Output Port

4 X 4 Key Matrix Input (K1—~K4, M1 ~M4)
26 LCD Driver

(1/2 Duty, 1/2 Bias, 52 Segment)

FUNCTIONAL BLOCK DIAGRAM

ol —
DIN3  DATA RAM
BUZZER DOUT, 62 word x 4 bit
BB DRIVER DOUT,
; AB~A4 A3~AO

L0 ouTPUT N SEGMENT
PORT —Y| oisPLAY ¢
LATCH : >
—x an'p‘a‘ivsn SEGMENT
My qureut — ouT26
? [—* com
My ¥ | Mi~Ma) comp
K1 INPUT
: -# DOUT 3~ DOUT,
Ka (K1~K4) ® ° INSTRUC-
A A0 FEOCNODER
St INPUT A’ PROGRAM ROM
S o sa H 19 4 280 word x 14 bit
4 ! FMT -
REGISTER|

|

T™H

osc1 TIMING

0SC2<—— GENERATOR | [ CR.

0S¢ 3 ~—o| OSCILLATOR I | l l I I l ’ j ] I
R

CIN VoD Vss, Vss, Vcp Vem ACT Ty T3 TaTs
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LOGIC SYMBOL

CHIP PAD LAYOUT

SECMENT OUT
[ = A i ]
—~]0SC1 SEGMENT SEG26
OSCILLATION | =] OSC2 ouT1— COM2
~—osc:
osc3
]St
INPUT PORT | —={S2 s LCDDRIVER osc2 |/
81~84) —={S3
—=184  SEGMENT osct
K1 OUT26 |—=
INPUT PORT | —=—{K2 COM1 p—u
(K1~K4) [“‘" K3 COM2 }—
Tke VDD
— ™ THI—=7 OSCILLATION AC
OUTPUT PORT | =——{M2 g [~ | CIRCUIT FOR = -
(M1~M4) vs <= ) TempeRaTURE ver |08
OUTPUTPORT =—{LD DETECTION
RESET Cgo BD|— BUZZEROUTPUT
—{vss1 Tt VCM
-——vss2 12— '
POWERSOURCE | __1ycp 13— |TEST st
—1vC™m T4 p~—
S s2
s3
s4

SEG1

[COM 1

1|80
™ |vop

VSS2

VSSs1

M4LD K1 K2K3 K4 C IN R ™

M1 M2M3

CHIP SIZE 4.77 X 4.36 (mm)

PIN DESCRIPTION
Designation Function
VDD Circuit ground potential
Vss, Power source (—1.5V)
Vss, Power source for LCD driver (—3.0 V)
This terminal is connected to Vpp terminal through a 0.1 uF capacitor.
Vep, Vem Booster capacitor connection terminals
Vcp terminal is connected to VG M terminal through a 0.1 uF capacitor.
0OSC1,08C3 Input and output terminals of oscillator inverter,
32.768 kHz crystalis connected to these terminals.
T1~T5 Terminals to test internal logic, T1 ~ T3 and T5 are pulled down to Vgg,.
T4 is output. Test pins must be normally open.
AC Terminal to clear internal logic pulled down to Vgg,.
After power is turned on, the MSM5052 must be reset by this terminal.
BD Buzzer output
TH,R,C,IN Terminal to CR oscillation circuit for temperature detection,

fundamental resistor, thermistor, capacitor connection terminal.
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FUNCTIONAL DESCRIPTION

A block diagram of the MSM5052 is given on
page 91. Each block of logic will be briefly
discussed. For more information, please refer to
the MSM5052 user’'s manual.

Program ROM

The MSM5052 addresses up to 1.25 K
words of internal mask programmable ROM.
Each word consists of 14 bits and all
instructions are one word. The instructions are
routed to a programmed logic array which
generates the signals necessary for control of
logic.

Data RAM

Data is organized in 4-bit nibbles. Internal
data RAM consists of 62 nibbles.

The RAM is addressed by page address and
column address. Normally page address is
specified with page register, but direct
addressing is available in Page O.

Column address is directly addressed by
operand of various instructions.

" ALU
The ALU performs 4-bit parallel operation on
RAM and ACC contents, or RAM contents and
an immediate digit. It sets or resets the flags (Z,
C) depending on the condition.

Program Counter (PC)

The program counter is 11 bits wide and
specifies the address of the program ROM.

The PC is incremented by one every
execution of the instruction, and then specifies
the next instruction to be executed. However, the
contents of the PC are rewritten by the execution
of the Jump or Branch instruction.

There is no boundary in the ROM, so a Jump
or Branch instruction can be put anywhere in the
ROM.

Input/Output Port

Input Port (S1 ~ S4)

The input port (S1 ~ S4) is a 4 bit parallel
input port. Each pin of the port is pulled down to
Vss1 by an internal resistor, and the status of
the port is fetched by an input instruction.

® MSM5052 ¢

Input Port (K1 ~—K4)

The input port (K1 ~ K4) is a 4 bit parallel
input port. Each pin of the port is pulled down to
Vss1 by an internal resistor, and the status of
the port is fetched by an input instruction.

Output Port (M1 ~ M4)

The output port (M1 ~ M4) is a 4 bit parallel
output port. This port consists of data latches
and buffers, and the contents of the data latches
are rewritten by an output instruction.

Output Port (LD)

The output port (LD) is single output port.
This terminal is used for loading of M1 to M4
data. ‘

Display Function

The MSM5052 is provided with a segment
output terminal which can directly drive a 1/2
bias, 1/2 duty LCD and the common drive output
terminal COM1 and COM2.

The segment drive circuit consists of the
display data latch, multiplexer and driver. If the
data is sent to the display data latch with a
display instruction, the LCD drive waveform is
output to the segment drive output terminal.

Time Base
The time base for the CPU is provided by
connecting a 32.768 kHz crystal to the OSC1
and OSC3 pins. One machine cycleis 122.1us.
A hardware divider up to 1 Hz is provided
enabling programs to implement a clock function
by counting signals between 16 and 1 Hz.

Temperature Detection Circuit

The temperature detection circuit is
composed of an external thermistor, a
fundamental resistor, a capacitor and a built-in
CR oscillation circuit.

Two types of temperature measurement
circuit, as shown below, are available.

IN IN
C F
HCc  msmsos2 R
R Therrnorneter) —A—R  Thermometer
™ (R, TH series] A TH (R, TH parallel)
A TH

93




¢ MSM5052

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits - Unit
Supply Voltage 1 Vpp — VSS\1 Ta=25°C —0.3to +2.0 v
Supply Voltage 2 Vpp — Vss» Ta =25°C —0.3t0 +4.0 v
Input Voltage VIN, Ta=25°C Vgs—0.3to +0.3 Vv
Storage Temperature - Tstg . 55 to 125 °C

- OPERATING CONDITIONS
Parameter Symbol ~ Limits Unit
Operating Voltage Vpp—Vss: 1.25t01.65 v
Operating Temperature Topr —-20to 75 °C
DC CHARACTERISTICS
(Vpp =0V, Vgs,=—1.55V, Vgg, =—3.0V, C| = 30k, Ta = 25°C)
Limits
Parameter Symbol Condition Unit
Min. (Typ. |Max.
Power supply current 1 | Ipp, | Temperature sampling off = 30 | — |wmA
Power supply current 2 Ipp, | Temperature sampling on - |100 | - nA
Oscillation start Within 10 seconds 1.45 | — - v
voltage —-Vosc | Vgg, terminal
IoH, | VOH;=-0.2V -4 | - - ‘
Output current 1 IOM+ 'VOM1=VSS1i0-2V 4/—4 | — _ A
loLy | VoL,=-2.8V 4 - -

Output current 2 IOH: | VOH.=—0.2V -04 | - | -

SEGMENT oL, | VOL.=—2.8V 04 | — |
Output current 3 IOHs | VOHs=-04V —400) - | -
C.R.TH loLs | VOLs=—1.15V 200 | = | = |*
Output current 4 IOH4 | VOH4=-0.4V -100| - | -
M1~M. LD 10Ls | VOL.=—115V P B e R
Output current 5 10Hs [ VOHs=—04V -50 | - |-500
BD I0Ls | VOLs=—1.15V o e e e
Input current iH, | VIH, =0V 1 | 10 | 100
$1~84 Ki~K4 WL, | ViL,=—155V e ey e
Ogetatorbuitn | cp - s |- |
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MEASURING CIRCUIT
VCP 55 =
s N vem —
e 0SC3 a4
——AAW— R 0sC1 | I X-tal
N BV C1
TH VDD VSS1 VSS2
C3_L c1 : 20 pF
T T C2,C3 : 0.1 uF
C4 : 3000 pF
X-tal  :32.768 kHz
R TH :10KQ
TYPICAL APPLICATION
LCD
TH COM2 SEGMENTS COM1
M
T ! HI } Alarm output
" R M2 Lo
Re _‘_.E__m Ma Data }s "
erial data
c MSM5052 - LD }—— = Latch )
W 0SC1
e (CD=25pF)
32.768 khz| 0SC3
L —Vep =
c3 R1=33kQ
T {vem R2=20kQ
VSS2KsS2 S Sa Kz Kz Ki TH  40BT-5
: 40K Q+10% at 25°C
B = 3550+2%
L 9 © ?
c4] o I- o|- TS o TS - C1=680pF
*0 C2=5~35pF
Cs=0.1uF
L | , 1 ! Ca=0.1uF
C/F S2 St
nn 3 B *1. Inner switch or pad on PCB

*2. Bonding option

Thermometer one-
second sampling

Thermometer 10-
second sampling

The h@%st
temperature alarm

“The lowest
temperature alarm

Nl =

Clock
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® MSM5052 ¢
DESCRIPTION OF INSTRUCTIONS

Instruction Code

Mnemonic Operation
131211109 8 7 6 56 4 3 2 1 0
ADDACC,AP |0 0|0 0 0 P|0O 1 0 O A AP — (AP) + (ACC)
ADD #D, AP o 1] 0P A AP — (AP) — D
ADC AP 0 0|0 O PO 1T 01 A AP < Decimal adjust
{(AP) + (ACC) + (C)}
§ [susAcc, AP oloo1Plo1o0o0 A AP — (AP) — (ACC)
g SUB #D, AP 0 1]1 0 1 A AP — (AP) — D
& |sBC AP 00/001P[0O1O1 A AP — Decimal adjust
2 {(AP) - (ACC) - (C))
E |CMPACC,AP [0 0[O0 0 1 P[1 1 10 A (AP) — (ACC)
ZcvP#D, AP |0 1]0 1 1 P A (AP) — D
INC AP 01(100FP[00O 1 A AP — (AP) + 1
DEC AP o1(101Pl00O0I1 A A—(AP) — 1
XORACC,AP |0 0(0 0 0 P[0 1 1 1 A AP — (AP)(ACC)
XOR#D,AP |0 1|1 1 1 P A AP — (AP) %D
BIT ACC, AP 0 0{0 00FP|1T 110 A (AP) V {ACC)
g |BIT #D, AP o1/01 0P A (AP) VD
§ |BISACC, AP 00l00OOFP[O1 10 A AP — (AP) V (ACC)
8 [mis#D, AP 0o1/0 00FP A AP — (AP) VD
@ |BICACC, AP 00f001P[0110 A AP — (AP) A(ACC)
BIC #D, AP 0 1j00 1P A AP — (AP)AD
= |ASRAP 0 0[00O0FP|OO 11 A -0 0= ;ap 2
& [ASLAP 0 0/001PlOO11 A (C) — (AP) —0O
cLz 0 0/000DO0|1010|/000O00O0| Z—0
5 |ce 00l0O0ODOO[100T1(000GO0]|C—o0
§CLA 0 0[0000O0[1011](0000] z—0C—0
& |sez 0 o0loo10l1010[0000][z—1
§sec 0 o0loo0o 10100 1[0000][C—1
SEA 00/0010[1011[0000]|z—1C—1
MOVACC,AP |1 1]1 1 0 P|O O O O A AP — (ACC)
MOV ACC,AX |1 1|1 1 0 00 X A AX — (ACC)
g MOV#D,AP [0 1|1 1 0 P A AP —D
§ MOV AP,ACC |1 1|1 1 1 P[0 O 0 O A ACC — (AP)
g [Movax,Acc [1 1[1 1 1 olo X A ACC — (AX)
© I'cHg AP 1 1/1 00P|000O A (ACC) — (AP)
CHG AX 1 1/1 00 o0[l0 X A (ACC) — (AX)
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OX I semiconductor

MSM5054

CMOS 4 BIT SINGLE CHIP VERY LOW POWER MICROCONTROLLER WITH
LCD DRIVER

GENERAL DESCRIPTION

The OKI MSM5054 is a low-power, high-performance single-chip microcontroller employing
complementary metal oxide semiconductor technology. Integrated onto a single chip are 4-bit of ALU,
14K bits of mask programmable ROM, 248 bits of data RAM, crystal oscillator, voltage doubler, timer,
LCD driver, input port and output port.

The MSM5054 is widely used in electronic products requiring low power operation, for example,
Clocks, Timers and Games.

FEATURES

® Low Power Consumption 3 uA Typical ® 40 Instructions

® 1024 X 14 Internal ROM ® 1.5V or 3V Operating Voltage

® 62 X 4Internal RAM (Masking Option)

® 6 Input Port ® 32.768 kHz Crystal Oscillator

® 4 Output Port ® 122.1us Instruction Cycle

® 4 X 4 Key Matrix Input (S1~S4, M1~M4) ® —20to 75°C Operating Temperature
® 44 LCD Driver - ® 74 paddie

(1/2 Duty, 1/2 Bias, 88 Segment)

FUNCTIONAL BLOCK DIAGRAM

R
DIN3  DATA RAM

DOPTO 62 word x 4 bit
]

BD

BUZZER
DRIVER

t ' AG~A4 A3~AQ
MPX
P
REGISTER
SEGMENT
) —JoispLAY] ouT,
N LATCH §
My TPUT Noriven SEG%EUNTIA
ouTPU v
N {—{rort I [_{E | —>com,
a (Mi~M4) ] —»COM;
INPUT
Ki c—) PORT [—

K2 (K\~Ka) DOUT;3~ DOUT,

INSTRUC-
TION

A,
prOGRAM—\| }°

?
COUNTER A, PROGRAM ROM
1024 word x 14 bit

Sy INPUT DECODER

Sa (81~84

MT )
| REGISTER

XT ——+ 1iminG
XT +—— GENERATOR

YU i

Vbp Vss, Vss, VEE VcP Vem AC Ty T, T3 Tq Ts 32Hz
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e MSM5054 ® —
LOGIC SYMBOL ‘ CHIP PAD LAYOUT |

com | |

OSCILLATION [ JXT SEG%&“}{T . \%g i
p— ‘ XxT
s
e [__“ bS] S S Leo
) SEGMENT DRIVER
Pk (G OUTaa— s
M, v S
OUTPUT PORT | ~—] M, OMz === 77eR VEE
MMa T BO[—= QUTPUT K
RESET AC LDp— LAMP OUTPUT Kz i i
= "
OWER |+—]vag! - '
SOURGE | ] \\;ﬁz 32?: [ Me
P 33’« % [ | TesT Ms |1
;‘5’ e Ma |
coM: || [ oo
. SEGMENT QUTPUT
CHIP SIZE 4.68 x 4.23 (mm)
PIN DESCRIPTION
Designation Function
Vpp Circuit ground potential
Vss. Power source (—1.5 V)
Vss, Power source for LCD driver (—3.0 V)
This terminal is connected to Vpp terminal through a 0.1 uF capacitor.
VEE Power source for internal logic (—1.5 to —3.0 V)
This terminal is connected to Vpp terminal through a 0.1 uF capacitor.
Vep.VeM Booster capacitor connection terminals ‘ )
Vcp terminal is connected to VoM terminal through a 0.1 uF capacitor.
XT, XT Input and output terminals of oscillator inverter,
32.768 kHz crystal is connected to these terminals.
T1~Ts Terminals to test internal logic, T+ ~ Tsand Ts are pulled down to Vss
Tais output. Test pins . must be normally open.
AC Terminal to clear internal logic pulled down to Vgg,.
After power is turned on, the MSM5054 must be reset by this terminal.
BD Buzzer output ‘
LD Lamp output
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FUNCTIONAL DESCRIPTION

A block diagram of the MSM5054 is given on
page 97. Each block of logic will be briefly
discussed. For more information, please refer to
the MSM5054 user’s manual.

Program ROM

The MSM5054 addresses up to 1 K word of
internal mask programmable ROM. Each word
consists of 14 bits, and all instructions are one
word. The instructions are routed to a
programmed logic array which generates the
signals necessary for control of logic.

Data RAM

Data is organized in 4-bit nibbles. Internal
data RAM consists of 62 nibbles.

The RAM is addressed by page address and
column address. Normally page address is
specified by the page register, but direct
addressing is available in Page 0.

Column address is directly addressed by the
operand of various instructions.

ALU :

The ALU performs 4-bit parallel operation of
RAM and ACC contents, or RAM contents and
an immediate digit. It sets or resets the flags (Z,
C) depending on the condition.

Program Counter (PC) ‘

The program counter is 10 bits. wide and
specifies the address of the program ROM.

The PC is incremented by one at every
execution of the instruction, and then specifies
the next instruction to be executed. However, the
contents of the PC are rewritten by the execution
of the Jump or Branch instruction.

There is no boundary in the ROM, so the
Jump or Branch instruction can be put anywhere
in the ROM.

® MSM5054 ¢

Input/Output Port

Input Port (S1 — S4)

The input port (S1 ~ S4) is a 4-bit paraliel
input port. Each pin of the port is pulled down to
Vgs1 by an internal resistor, and the status of
the port is fetched by the SWITCH instruction.

Input Port (K1 ~K4)

The input port (K1 ~ K2) is a 2-bit parallel
input port. Each pin of the port is pulled down to
Vss1 by an internal resistor, and the status of
the port is fetched by the KSWITCH instruction.

Output Port (M1 ~ M4)

The output port (M1 ~ M4) is a 4-bit parallel
output port. This port .consists of data latches
and buffers, and the contents of the data latches
are rewritten by a matrix instruction.

Display Function

The MSM5054 is provided with a segment
output terminal which can directly drive a 1/2
bias, 1/2 duty LCD, and the common drive
output terminal COM1 and COM2. The segment
drive circuit consists of the display data latch,
multiplexer and driver. If the data is sent to the
display data latch with a display instruction, the
LCD drive waveform is output to the segment
drive output terminal.

Time Base

The time base of the CPU is provided by
connecting a 32.768 kHz crystal to the XT and
XT pins. One machine cycle is 122.1 us.

A hardware divider of up to 1 Hz is provided,
enabling programs to implement a clock function
by counting signals between 32 and 1 Hz.
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® MSM5054 ¢

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Supply Voltage 1 Vpp —Vss;, Ta=25°C —0.3t0 +2.0 v
Supply Voltage 2 Vpp - Vss. Ta=25°C -0.3t0o +4.0 v
Supply Voltage 3 VDD — VEE Ta =25°C —0.3t0 +4.0 v
Input Voltage VIN:, Ta=25°C Vgs,—0.3t0+0.3 v
Storage Temperature " Tstg ~55to 125 °C
OPERATING CONDITIONS

Parameter Symbol Limits Unit
Operating Voltage VDD—Vss: 1.25t01.65 \Y
Operating Temperature Topr —20t0 75 °C

DC CHARACTERISTICS
(Vpp =0V, Vss,, VEE = —1.55V, Vgs, = —3.0V, C| = 30k, Ta = 25°C)
Limits
Parameter Symbol Condition Unit
Min. | Typ. [ Max.
Power supply current | Ipp y - (30| — | uA
Oscillation start ‘Within 5 seconds
voltage - —VOSC | Vgg, terminal 1450 — | = |V
IOH, VOH,=-0.2V -4 | - -
Output current 1
on IOM: | VOM,=Vss, =+ 0.2V a/-a| — | — | puA
loL, VoL,=—-2.8V 4 - -
Output current 2 lOH. | VOH,=-0.2V 04| - 1 - A
SEGMENT 0L, | VOL.=-2.8V 04 | - | -
Outp;é current 3 IOHs - | VOH3=—04V ¥S§ ,:_—11..225:5\\// -50 | — |-500 A
loLs VoLs=—-0.8V Vss, =—2.4V 25 | - 75
Output current 4 I0H. VOH,=~0.55V ggg 1 =_—2 1.42\/5\/ -21| — | -83 A -
LD loL: | VoLs=-1.18V | V§s,=-2.4V 1 -] -
Output current 5 10Hs | VOHs=—0.5V —100) - | - A
M1~ M. loLs | VOLs=—1.0V 15| - |75
Input current 1 H: | ViH =0V 1o jso |
S1~84 L, ViL, = —1.55V - | - |-02
Input current 2 IIH- VIH, =0V 25|16 | 12 uA
1, Ke s VL, =—1.55V - | - |-02
Oscillator built-in
capacitor cD - |20 | - | PF
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® MSM5054 ¢
MEASURING CIRCUIT

Ver L.
Vemp—ox ™
VEE XTH—
XT 5 xTAL
Vpp Vss, "—104

C;,Cy,C3: 0.1uF
Cq : 30pF
XTAL : 32.768kHz

TYPICAL APPLICATION

LCD

Lamp
S; L COM; SEGMENTS COM, U5
32 -4 1

s J‘if 32 Lb
53 ~ > BD
*0 0 Sa MSM5054 N~ 0
— Vss,
—1xT L
X-tal (CD=20pF) VpD

P 1]

: 5~ 35pF
Cz, Cs, C4 : 0 1uF

: 1.5V
L : 20mH
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& MSM5054 ¢

DESCRIPTION OF INSTRUCTIONS

lbnstruction Code
Mnemonic Operation
131211109 8 7 6 5 4 3 2 1 0|

ADDACC,AP |0 00 0 O P|O 1 0 O A AP — (AP) + (ACC)
ADD #D, AP o1l1o00P D A AP — (AP) +D
SUBACC,AP |0 0|0 0 1 P|O 1 00O A AP — (AP) — (ACC)

g:. SUB #D, AP 01/1 01P D A AP — (AP) - D

§ ADJUSTN,AP |1 1]/0 0 O P| N+1 A AP —N adjust {(AP)}

o |lcMpacc,AP o ofo o 1 P{1 1 1 0 A (AP) — (ACC)

E’ CMP#D,AP |0 1|0 1 1 P D . A (AP) -~ D

g INC AP 01/1 00P|0OOO 1 A AP — (AP) + 1
DEC AP 01{1 01FP 00 1 A A<—(AP) —1
XORACC,AP [0 0|0 0 O P|O 1 1 1 A AP «— (AP)V"(ACC)
XOR#D,AP |0 1|1 1 1 P D A | AP—(AP)¥D
BITACC,AP |0 0]0 0 0 P|1 1 10 A (AP) V (ACC)

S |BIT#D, AP 0101 0P D A (AP) VD

T [BISACC,AP |0 0{0 0 0 PlO 11 0| A APV (ACC)

°§ BIS #D, AP 01/000FP D A (AP)VD

@ [BICACC,AP |0 0{0 0 1 P[0 1 10 A AP A (ACC)
BIC #D, AP 0 1|00 1P D A APAD

& |ASR AP 0 0l00O0OPOO 1 1 A bc)0o— (aP)d

@ [ASL AP 00[00 1 PlOO 1 1 A (C) — (AP) —0
cLz 0 0/00O0O|1010|/000O0O0|Z—0

_§CLC 00/000O0|100T1/0000O0|C<0

s [cLA 0 0/000O0|/1011{000O0|Z—0C~0

§SEZ o 0j0 01 o0l1010|/00O0O0|Z—1

& |SEC .0 0/001o0[100T1(0000O0[C—1
SEA 00[0010[1011]/0000|Z—1C—1

_ |MOVACC,AP |1 1|1 1 0 P|0 00O A AP — (ACC)

2 |MovAacc,Ax [1 11 1 0 0[]0 X A AX — (ACC)

§ MOV #D,AP |0 1{1 1 O P D A AP —D

& [MOVAP,ACC |1 1]1 1 1 PO 0O O A ACC — (AP)

“ IMOVAX.ACC |1 1]1 1 1 0|0 A ACC — (AX)
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DESCRIPTION OF INSTRUCTIONS (CONT.)

® MSM5054 ¢

Instruction Code
Mnemonic Operation
131211109 8 7 6 6 4 3 2 1 O
JMP Adrs 1 0[O0 O a, agla; ag a5 a4|a; a, a, a,| PC+—Adrs
JMP @AP 0 0|00OO0P|1T 101 A PC — (PC) + (AP) + 1
JMPIO @AP 0O 0|00 1 P|1T 1 1 A PC —(PC) + {(AP)A?H }+1

:% ggg :: 0 0{0 1 1 0[0 1 0 n,nsnyn, ny| PC—(PC)+n+1}if Z=1
o I 0 0[0 11 0|1 1 0 nyn,n,n, ng| PC—(PC)+n+1,if 2=0
BCS +n 0 0{0 1 1 0|0 O O n,nsn,n, ng| PC—(PC)+n+1,if C=1
BCC +n 0 0[O0 1 1 01 0 0 n,lngn,n, ny| PC—(PC)+n+1,if C=0
SWITCH AP 1 1/(01 0 PO OO 1 A AP —INPUT PORT (S1 ~ S4)
KSWITCH AP 1101 0P|OO1O A AP — INPUT PORT (K1 ~ K2)
MATRIX AP 1 1j/0 11 PlOO 1O A OUTPUT PORT (M1~ M)

3 —(AP)

8 MATRIX Mn 0 0{0 1 0 0|0 0 1 0{MsMaM2M:+| OUTPUT PORT (M1~M.)

= —Mn (n=1,2,3,4)

2 |BUZZERfreq., |0 0|0 1 0 0|1 1 O 0|bs bz by bo| Freq«— freq, Mreg — sound

~ |sound Buzzer start
BSO 0 0j0 1 00O 1 0 0/0 O O O | Buzzerstop
LAMPON/OFF {0 0|0 1 0 O[O0 O O 0 O bt bo| LD ON/OFF
DSP digit, AP 0 0|1 OO0FP digit A Digit — (AP), (ACC)

E FORMAT AP 1101 1P 0 1 A FMT reg. — (AP)

g FORMAT N 0 0|01 OO|OO0 1 1 N FMT reg.—N
DSPF digit, AP {0 0|1 1 O P digit A Digit — (AP) via table
HALT 0O 0]0O1 O O|jO O O 0|0 O O O Halt
MRS 8 91 1 98159y b3 89 g enametmer

(2

i S R MR R T

g INTMODE AP 11/01 0O P|O1 OO A AP — Interrupt mode

£ |PAGE A0 11/0110/0101 A Preg — (AO)

S |PAGEN 00(0100(0101 N Preg —N -

g RATE AP 1101 0 P|1 O O 1 A AP — DIVIDER (8 Hz~1 H2)
RSTRATE 0 0|01 001 OO Of1 O O O] DIVIDER (8 Hz~1 Hz) —0
BACKUP 0 0|0 1 0 0|0 O O 1|bsb2 0 O| BackupON/OFF
ON/OFF
NOP O 0/0 O O O|O O O O{|0O O O O| Nooperation
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OKI semiconductor

MSM5055

CMOS 4 BIT SINGLE CHIP VERY LOW POWER MICROCONTROLLER WITH
LCD DRIVER

GENERAL DESCRIPTION

The OKI MSM5055 is a low-power, high-performance single-chip microcontroller employing
complementary metal oxide semiconductor technology. Integrated onto a single chip are 4 bits of
ALU, 25K bits of mask programmable ROM, 384 bits of data RAM, crystal oscillator, voltage doubler,
timer, LCD driver, input port, output port and interface circuit for voice LS| (MSM6212).

The MSM5055 is widely used in electronic products requiring low power operation, for example,
multi-functioned watches, voice synthesizer watches and games.

FEATURES
® [ ow Power Consumption 3 A Typical ® 42 |nstructions
® 1792 X 14 Internal ROM ® 1.5V or 3V Operating Voltage
® 96 X 4 Internal RAM (Masking Option)
® 4 X 2Input Port ® 32.768 kHz Crystal Oscillator
® 4 X 1 Output Port ® 122.1 uS Instruction Cycle
® 4 X 4 Key Matrix Input (K1~K4, M1~M4) ® —20 to 75°C Operating Temperature
® 60 LCD Driver ® 94 pad die
(1/2 Duty, 1/2 Bias, 120 Segment)
FUNCTIONAL BLOCK DIAGRAM
DINO
DlNé DATA RAM
BD BUZZER
ACC DOUTO 96 word x4 bit
' ' DOAJGTéAft A3~AO0

F M
IREGISTER) |REGISTER|

P A
w0 |REGISTEFJ [;EG'STERI
M1 _Joutput — ‘ SEGMENT
J PORT — Nt
s -y ————oispLAY
LATCH SEGMENT
ouTeo

K1 .:>:§‘5’“TT I DRIVER | _ o\
3 R
K4 (K1~Ka4) ‘ l > | come
$ P— ey DOUT13~DOUTO
S‘ POF‘zJT o %[\:Smuu.
4 (S1~54) 1ON

PROGRAM a0 PROGRAM ROM DECODER

COUNTER 1792 word x 14 bit

XTOUT —
AC2 =

TIMING

XT — | GENERATOR VSS1  VEE

5 LT

vDD VSS2 VvCP ACT1 T2 T3 T4 T5
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- MSM5055 o

LOGIC SYMBOL CHIP PAD LAYOUT
| seGat
VoD
vss2
osciLation [T SERENTL vep
—is1
INPUT PORT | —=S2 g S s
s1~s4) S8 LCD DRIVER .
— Jk1  SEGMENT
INPUT PORT | —={K2 ouTeo™ vss1
(K1—K4) [: K3 ooMt i~ 80
outeuTPORT [ It 80| BUZZEROUTPUT o
(M1—M4) —ms LD[—— LAMPOUTPUT AC
g | xtout| = SLRBETU-SE i
n;c;:s ] ;c AC? | RESET T
——~JvDD
—Jvss1 T f—
POWER SOURCE [_—: 3222 % :J TEST
—lvep T4 f~— Ta
—=1VCM T5 p=— Ta
Ts
SEG30
SEGMENT OUTPUT
CHIP SIZE 5.49 X 4.71 (mm)
PIN DESCRIPTION
Designation Function
VbD Circuit ground potential
Vss; Power source (—1.5 V)
Vss, Power source for LCD driver (—3.0 V)
This terminal is connected to Vpp terminal through a 0.1 uF capacitor.
Vv Power source for internal logic (—1.5 to —3.0 V)
E

This terminal is connected to Vpp terminal through a 0.1 uF capacitor.

Vcp, VeMm Booster capacitor connection terminals
Vcp terminal is connected to VoM terminal through a 0.1 wF capacitor.

Input and output terminals of oscillator inverter,

XT, XT 32.768 kHz crystal is connected to these terminals.

T1~T5 Terminals to test internal logic, T1 — T3 and T5 are pulled down toVgs,.
T4 is output. Test pins must be normally open.

AC Terminal to clear internal logic pulled down to Vgg,.
After power is turned on, the MSM5055 must be reset by this terminal.

BD Buzzer output

LD Lamp output

LO Load data terminal of M1to M4

AC2 Reset terminal for external circuit

XT OUT Clock output for external circuit
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® MSM5055 e

FUNCTIONAL DESCRIPTION

A block diagram of the MSM5055 is given on
page 104. Each block of logic will be briefly
discussed. For more information, please refer to
the MSM5055 user’s manual.

Program ROM
The MSM5055 addresses up to 1 K word of
internal mask programmable ROM. Each word
consists of 14 bits, and all instructions are one
word. The instructions are routed to a
- programmed. logic array which generates the
signals necessary for control of logic.

Data RAM

Data is organized in 4-bit nibbles. Internal
data RAM consists of 62 nibbles. i

The RAM is addressed by page address and
column address. Normally page address is
specified by the page register, but direct
addressing is available in Page O.

Column address is directly addressed by the
operand of various instructions.

ALU

The ALU performs 4-bit parallel operation of
RAM and ACC contents, or RAM contents and
an immediate digit. It sets or resets the flags (Z,
C) depending on the condition.

Program Counter (PC)

The program counter is 10 bits wide and
specifies the address of the program ROM.

The PC is incremented by one at every
execution of the instruction, and then specifies
the next instruction to be executed. However, the
contents of the PC are rewritten by the execution
of the Jump or Branch instruction.

There is no boundary in the ROM, so the
Jump or Branch instruction can be put anywhere
in the ROM. )
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Input/Output Port

Input Port (S1 ~ S4)

The input port (S1 ~ S4) is a 4-bit parallel
input port. Each pin of the port is pulled down to
Vss1 by an internal resistor, and the status of
the port is fetched by the SWITCH instruction.

Input Port (K1 ~K4)

The input port (K1 ~ K2) is a 2-bit parallel
input port. Each pin of the port is pulled down to
Vgs1 by an internal resistor, and the status of
the port is fetched by the KSWITCH instruction.

Output Port (M1 ~ M4)

The output port (M1 ~ M4) is a 4-bit parallel
output port. This port consists of data latches
and buffers, and the contents of the data latches
are rewritten by a matrix instruction.

Display Function

The MSM5055 is provided with a segment
output terminal which can directly drive a 1/2
bias, 1/2 duty LCD, and the common drive

- output terminal COM1 and COM2. The segment

drive circuit consists of the display data latch,
multiplexer and driver. If the data is sent to the
display data latch with a display instruction, the
LCD drive waveform is output to the segment
drive output terminal.

Time Base .

The time base of the CPU is provided by
connecting a 32.768 kHz crystal to the XT and
XT pins. One machine cycle is 122.1 us.

A hardware divider of up to 1 Hz is provided,
enabling programs to implement a clock function
by counting signals between 32 and 1 Hz.



ABSOLUTE MAXIMUM RATINGS

® MSM5055 ¢

‘Parameter Symbol Conditions Limits Unit
Supply Voltage 1 VpD — Vss: Ta =25°C —-0.3t04+2.0 \"
Supply Voltage 2 Vpp —Vss: Ta =25°C —0.3to +4.0 \Y,
Supply Voltage 3 VoD — VEE Ta =25°C —-0.3t0 +4.0 \Y
Input Voltage VIN1 Ta=25°C Vgs;—0.3to +0.3 \
Storage Temperature Tstg -551t0125 °C

OPERATING CONDITIONS
Parameter Symbol Limits Unit
Operating Voltage Vpp—Vss: 1.25t01.65
Operating Temperature Topr —-20t0 75 °C
DC CHARACTERISTICS
(VDD =0V, Vgg,, VEE = —1.55V, Vg5, = —3.0V, C| = 30k}, Ta = 25°C)
Limits
Parameter Symbol Conditions
Min. | Typ. |Max.
Power supply current | Ipp - 3.0 -
Oscillation start —Vosc| Within 5 seconds 1.45 | — -
voltage Vss, terminal
I0H; VoH;=-0.2V —4 - -
Output current 1 1OM VOM; =Vss, =+ 0.2V 4/—4 | — _ wA
loLs VoL, =-2.8V 4 - -
Output current 2 IOH: | VOH:=-0.2V -04 | - - i
SEGMENT oL, | VOL.=-2.8V 04 | - | -
Output current 3 I0Hs | VOHs=-0.5V -10| - | - A
AC2 LOAD, XTOUT I0Ls | VOLs=—1.05V 10 | - -
Output current 4 IOHs | VOH.=-0.5V =100} - | —
M1~M4 nA
0L VoLs=—1.0V 1.5 - |127
Output current 5 IOHs | VOHs=—0.55V Vss,=-1.25V |-21.6] — |-83
D VEE =—-2.4V 2A
L IoLs | VoLs=—-1.15V Vss,=—2.4V 1| - | -
Output current 5 IOHs | VOHe=—0.4V Vss,=VEE -50 | — -
8D =—1.25V RA
IOHe VOoLe=—0.8V Vgg,=—2.4V - 5 -
input current 1 lH+ ViH. =0V 1 10 |.50 A
§1—84 L ViL, =—1.55V - | - |-02
Input current 2 lH: ViH. =0V 25| 6 |12 A
K1~Ka Lo VL, =—1.55V - | - |-02 ‘
Oscillator built-in
capacitor CcD - |20 | = | pF
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® MSM5055 e

MEASURING CIRCUIT

VEE

Vpp Vss;

Vep 1 ca
Ve b——mT

XT

R

C1.C2.C3:0.1uF

5 XTAL

L
XT _—IC4

c4 :30 pF
X-tal :32.768 kHz
TYPICAL APPLICATION
LCD

Lamp
S, — COM;. SEGMENTS COM,
1
s, 2.0 Sy L
25 O S, LD ’
S3 5o S3
Sy - , BD b I :
oo S4 MSM5055 b —10H
- . Vss, .
X — B
X-tal ,:3—[ (CD=20pF) VDD
[) Yadl T XT
\}
/éll Vcp V,CM AC VS_S; EE
L
- Ti- T ) T )
Cy : 5~ 3bpF
C,;.C3,C4 : 01uF
B 1.5V
L 20mH
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® MSM5055 o
DESCRIPTION OF INSTRUCTIONS

Instruction Code
Mnemonic T Operation
131211109 8 7 6 5 4 3 2 1 0
ADDACC,AP |0 0]0 0 0 P[0 1 0 O A AP — (AP) + (ACC)
ADD#D,AP |0 1|1 0 O P D A AP — (AP) +D
SUBACC,AP |0 00 0 1 P|O 1 0 O A AP — (AP) — (ACC)
Slsu#p,AP [0 1]1 0 1P| D A AP — (AP) — D
g ADJUSTN,AP [1 1/0 0 0 P| N+1 A AP —N adijust {(AP))
S |CMPACC,AP [0 00 0 1 P[1 1 10 A (AP) — (ACC)
SlcMP#D,AP [0 1[0 1 1 P| D A (AP) — D
£ [INCAP o011 oo Plooo1 A AP — (AP) + 1
< [pEC AP 01(101P|0OOO1 A A — (AP) — 1
XORACC,AP [0 0[0 0 0 P|O 1 1 1 A AP — (AP) ¥ (ACC)
XOR#D,AP |0 1|1 1 1 P D A AP —(AP) D
BITACC,AP |0 0|0 0 O P[1 1 1 0 A (AP) V (ACC)
S |BIT #D, AP 01|01 0P D A (AP VD
S |BISacc, AP [0 olo 0o Plo1 10 A APV (ACC)
8'[Bis #D, AP o1looopP D A (AP)VD
@ [BICACC,LAP (0 0|0 01 P|lO1 10 A AP A (ACC)
BIC #D, AP 01{001P D A AP AD
£ |[ASRAP 0 0fo0o0P[0OO 11 A Lo o—@ap~2
® [ASLAP 00l0o01P|lOO 11 A (C) — (AP) —0
cLz 00[000O0|/1010[0000O0]|z—0
§ [cLe 0o0/l0o0O0O[10O01/000O0|C—0
g loLa 00(000O0|/1011]/000O0]|z—0C—0
§SEZ 00[0010[1010[0000]|Zz—1
T [sEC 00/0010[/1t001/000O0|C—1
SEA 00[0010[/1011]0000]|zZ—10C—1
MOVACC,AP |1 1|1 1 0 P[0 0 0 O A AP — (ACC)
% MOVACC,AX |1 1|1 1 0 0|0 X A AX — (ACC)
S [Mov#D,AP [0 1(1 1 0P D A AP —D
€ IMOVAP,ACC [1 1[1 1 1 P|[0 0 0 O A ACC — (AP)
© IMOvVAX,ACC |1 1|1 1.1 0lo X A ACC — (AX)
JMP adrs 1 0|0 a, ay agla; ag a5 a4|a; a, a, a,| PC—adrs
o |IMP @AP 0 0[00OFP|[1 101 A PC — (PC) + (AP) +1
5§ lumpio@aP [0 0fo 0 1 P[1 1 0 1 A PC — (PC) + {(AP) A 7H} +1
pea n 00011 0[0 1 0nn,n,n, ny| PC—(PC)+n+1,ifZ=1
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DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code

110

Mnemonic Operation
131211109 8 7 6 5 4 3 2 1 0 ;
o v 0 010 1 101 1 0 nyny g0,y | PC—(PC)+n+1,ifZ=0
3|BCS +n 0 0|01 1 0|0 0 O n,ngn,n, ny| PC—(PC)+n+1,if C=1
BCC +n 0001 1 0|1 0 0 n,ngn,n, ny| PC—(PC)+n+1,ifC=0
SWITCH AP 1 1/01 0OP|O OO 1 A | AP —INPUT PORT (S1 ~ S4)
|KSWITCHAP |1 1|01 O P/OO 1O A AP —INPUT PORT (K1 ~ K4)
MATRIX AP 1101 1 PlOO10O A OUTPUT PORT (M1 ~ M4)
- ~ —(AP)
2 [MATRIX Mn 00|01 00|00 1 0|MiMsM2Mi4| OUTPUT PORT (M1~M4)
3 —Mn (n=1,2,3,4)
% XTCPON/OFF [0 0|0 1 O Of1 O O 0|0 O bibo| XTOUT ON/OFF
= [FREQN oolo1o0o0[t1001 N Freq —N
BUZZERsound {0 00O 1 O O{1 1 O O|bs b2 1 0| Mreg—sound, Buzzer start
BSO 0001 0OO|1 1 00|00 O O Buzzerstop
LAMP.ON/OFF {0 0{0 1 O 0|0 O O 1{0 O b bo| LDON/OFF
DSP digit, AP |0 Of1 O O P digit A Digit (Low part) < (AP), (ACC)
DSPH digit, AP |0 0|1 0 1 P| digit A Digit (High part) — (AP), (ACC)
5. |FORMAT AP 1101 1 P|O0O 01 1 A FMT reg. — (AP)
;gFORMATN 00/01 000|001 1 N FMT reg. —N
O |DSPFdigit, AP [0 0|1 1 O P digit A Digit (Low-part) — (AP)
via table
DSPFH digit, AP| 0 0|1 1 1 P digit A Digit (High part) — (AP)
: via table
HALT 00jo1o00f|0 0 0|0 O O Of Halt
D e I
e
(2] .
2 LINTMODE AP 1 101 0 P|IO1T OO A AP < Interrupt mode
g PAGE AO 1101 1-0|0 101 A Preg «— (AO)
S |PAGEN * 0o0(0100/0101 N Preg —N
S |ADRs AP 11011 Plo1 10 A Areg — (AP)
Z |ADRSN 00/0100{01 10 N Areg —N
© [RATE AP 11|01 0 P{1 0O 1 A AP —DIVIDER (8 Hz~1 Hz)
RSTRATE 0 0{0100|/1 000|100 O DIVIDER (8 Hz~1 Hz) —0
BACKUP . 0 0{0 1 0 0[O0 O 0 1|bab20 0| BackupON/OFF
ON/OFF '
NOP 0O 0|0 O O O|O O O O[O0 O O O| Nooperation



OX I semiconductor

MSM5056

CMOS 4BIT SINGLE CHIP VERY LOW POWER MICROCONTROLLER WITH
LCD DRIVER

GENERAL DESCRIPTION

The OKI MSM5056 is a low-power, high-performance single-chip microcontroller employing
complementary metal oxide semiconductor technology. Integrated onto a single chip are a 4-bit ALU,
25K bits of mask programmable ROM, 360 bits of data RAM, crystal oscillator, voltage doubler, timer,
LCD driver, input port, output port and overcharge protection circuit for connection to a solar cell.

The MSM5056 is widely used in electronic products requiring low power operation, for example,
solar calculator watches and games.

FEATURES ,
® | ow Power Consumption 3 A Typical ® 42 Instructions
.® 1792 X 14 Internal ROM ® “1.5 V Operating Voltage
® 90 X 4 Internal RAM {The solar cell can be connected.)
® 4 Input Port e 32.768 kHz Crystal Oscillator
® 4 Output Port ® 122.1 us Instruction Cycle .
® 4 X 4 Key Matrix Input (K1~Kas, M1~M4) ® —20to 75°C Operating Temperature
® 38 LCD Driver ® (8 pad die

(1/2 Duty, 1/2 Bias, 88 Segment)

FUNCTIONAL BLOCK DIAGRAM

ﬁ‘ AEE DINo
DINs

BD = BUZZER DATA RAM
DRIVER

pouT, 90word x 4bit

i DOUTs
l——_— _r A6—A4 A3~A0
l—— F— MPX
‘_ ALU \ REGISTE SEGMENT
S uT,
[ 2] =< DISPLAY !
: ﬂ!n — — O ) seouent
and OUT3g
7 ] DRIVER | com,
— com
S T 3% - T N e
\ NPUT |_-
¢ T fporT [ [ oo
Ka (Ki~KJ) : OUT1s~ DOUTo
: ; N |psgeee
MPX PROGRAM V|4 ProGRAM ROM | |pECODER
T - COUNTER 101792 word x 14 bit
REGISTER
0SC; —=f
TIMING

osey < ST RERNREN AR

VDD VSS: Vsc VCM
VSS: VEE VCP VIN AC Ty T, T3 Ta Ts
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® MSM5056 *

LOGIC SYMBOL

CHIP PAD LAYOUT

OSCILLATION

I

INPUT PORT
(K~ Kg)

HI 1

OUTPUT PORT [

SOURCE

SOLAR CELL CRAMP

gsc, SEGMENT|

OSC

Kz
Ka

RESET —*AC

|

POWER | T]VSS:

il

ADJUSTMENT for—=fV

ouT,

S LCD
SEGMENT] DRIVER
OUT3g+—
COM; |—
COMzf—

80— BUZZER OUTPUT| VCM
LD LAMP OUTPUT

VOLTAGE

;| SEG1

SEGMENT OUTPUT

SEG38;
COM1
0SCs
0sC2

OSC1
vDD
AC
vep

Ts
Te
Ts

SEG17

COM:2

T

T2
VEE

& LD

BD
vsc

vDD

VSS:2
VSSy
VIN
SEG16

SEG8M: M2 Ms M+ Ki Kz Ka K4 SEG9
CHIP SIZE 5.42 X 4.13 (mm)

PIN DESCRIPTION

Designation Function
VpD Circuit ground potential
Vss, Power source (1.5 V)
Vsc Solar cell connection terminal
Vss. Power source for LCD driver (—3.0 V)
This terminal is connected to Vpp terminal through a 0.1 wF capacitor.
VEE Power source for internal logic (—1.5 to —3.0 V)
This terminal is connected to Vpp terminal through a 0.1 [.LF capacutor
Vcp. VeMm Booster capacitor connection terminals
Vcp terminal is connected to Vo terminal through a 0.1 uF capacitor.
XT. XF Input and output terminals of oscillator inverter,
’ 32.768 kHz crystal is connected to these terminals.
Ti~Ts Terminals to test internal logic, T+ ~ Ta and Ts are pulled down to Vgg,.
Tais output. Test pins must be normaly open.
AC Terminal to clear internal logic pulled down to Vgg,.
After power is turned on, the MSM5056 must be reset by this terminal.
BD Buzzer output
LD, Lamp output
VIN Adjustment for solar cell cramp voltage

- This terminal is connected to Vgg, terminal through 50 ~ 200 kQ resistor.
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FUNCTIONAL DESCRIPTION

A block diagram of the MSM5056 is given on
page 111. Each block of logic will be briefly
discussed. For more information, please refer to
the MSM5056 user’'s manual.

Program ROM

The MSM5056 will address up to 1.756 K
words of internal mask programmable ROM.
Each word consists of 14 bits and all
instructions are one word. The instructions are
routed to a programmed logic array which
generates the signals necessary for control of
logic.

Data RAM

Data is organized in 4 bit nibbles. Internal
data RAM consists of 90 nibbles.

The RAM is addressed by page address and
column address. Normally page address is
specified with the page register, but direct
addressing is available at Page O.

Column address is directly addressed by the
operands of various instructions.

ALU

The ALU performs 4-bit parallel operation of
RAM and AC contents, or RAM contents and an
immediate digit. It sets or resets the flags (Z, C)
depending on the condition.

'

Program Counter (PC)

The program counter is an 11-bit wide
counter and specifies the address of the
program ROM.

The PC is incremented by one at every
execution of an instruction, and then specifies
the next instruction to be executed. However, the
contents of the PC are rewritten by the execution
ofa Jump or Branch instruction.

There is no boundary in the ROM, so a Jump
or Branch instruction can be put anywhere in the
ROM.

Input/Output Port

Input Port (K1 ~K2)

The input port (K1 ~ K4) is a 4-bit parallel
input port. Each pin of the port is pulled down to
Vgs1 by an internal resistor, and the status of
the port can be fetched by an input instruction.

Output Port (M1 ~ M4)

The output port (M1 ~ M4) is a 4-bit parallel
output port. This port consists of data latches
and buffers. The contents of data latches are
rewritten by an output instruction. A key matrix
is used in combination with K1 to K4.

-6 MSM5056 ©

ANV ANV ANV ANy
S MDD
\ND ANV ANV ANV
ANV ANV ANV ANV
PN MDD D
ANV ANV ANV

=
=2

v
,11_

Display Function

The MSM5056 is provided with a segment
output terminal which can directly drive a 1/2
bias, 1/2 duty LCD and common drive output
terminals. COM1 and COM2. The segment drive
circuit consists of the display data latch,
multiplexer and driver. If the data is sent to the
display data latch with the display instruction,
the LCD drive waveform is output to the segment
drive output terminal.

Time Base

Time base of the CPU is provided by
connecting a 32.768 kHz crystal to the OSC1
and OSC3 pin. One machine cycle is 122.1us.

A hardware divider up to 1 Hz is provided
enabling programs to implement and a clock
function by counting signals between 16 and 1
Hz.

Solar Cell Overcharge Protection Circuit

When a solar cell is connected to prolong the
usefull life of the battery, a resistor is inserted
between the V|N pin and Vggst to adjust the
overcharge protection voltage.

Vss,

—yl—{Vin
—1 Fvsc

MSM5056
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ABSOLUTE MAXIMUM RATINGS

~ Parameter Symbol Conditions Limits . Unit
Supply Voltage 1 Vpp — Vss; Ta=25°C N —-0.3t0 +3.0 v
Supply Voltage 2 VbD —‘Vsc Ta =25°C —-0.3t0 +3.5 \
Supply Voltage 3 VpD - VsS:» Ta =25°C —0.3t0 +6.0 %
Supply Voltage 4 Vpbp — VEE Ta=25°C . —0.3to+6.0 v
Input Voltage VIN, Ta=25°C Vgs, —0.3t0 +0.3 v
Storage Temperature Tstg —-55t0125 °C
OPERATING CONDITIONS
Parameter Symbol Limits Unit
Operating Voltage VpD— Vss, 1.25t01.65 v
Operating Temperature Topr —20t075 °C
DC CHARACTERISTICS
(Vpp =0V, Vss,, VEE =—1.55V,Vgg, = —3.0V, C; =30k}, Cg = 30pF, Ta = 25°C)
Limits
‘Parameter Symbol ‘Condition Unit
) ‘ Min. | Typ. | Max.

" Operating voltage 1 —-Vss, | Vss, terminal 1251585120 | V
Operating voltage 2 -Vsc | Vscterminal 0 |20(80 | V
Power supply current | Ipp Vss, terminal - 30| — | mA
Oscillation start _ Within 10:seconds’
voltage Vosc Vss, terminal 145 ) v

IoH: | VOH:=-0.2V -4 | - | -
Output current 1 KA
o lom; | VOM:=Vss;+0.2V 4/-4] - | -
‘ loL+ VoL,=-28V 4 | - | -
Output current 2 IoH: | VOH.=-0.2V -04| — | - A
SEGMENT oL, | VoL.=-2.8V , 04| — | -

Output current 3 IOHs | VssuVEE—1.25V | VOHs—04V |—100| = | — i
M1~ M. loLs | Vss,—2.3V VOL;—0.85V 3| -] 8}
Output current 4 IOH: | VOH,=—-04V —-50 |-100|-200 iA

BD loLs | VoL.=-1.15V '3 (10| 30
Input current H, VIN=-0V 10|15 A
K1~ Ke I, VIN=—1.55V - | - [-02
Oscillator built-in
capacitor cD - 20 | - |. pF
Solar battery cramp VSS;=—-1.8V
resistor RIN le terminal 50 - 200 kQ
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® MSM5056 ®

MEASURING CIRCUIT

:?@ Ve
Vss1
A—VIN
0OSC108C3Vep VgMm Vss2  VEE
’1Hﬂl—l L_“——] C3F Ca¥F
CiF Xtal €y
Cl H 30pF
C,,C3,C4q : 0.1uF
X-tal : 32.768kHz

TYPICAL APPLICATION

LCD

=

TR2
COM, SEGMENT COM,

BD

LD}

V331 2

MSM5056 B
VDDj-e—s
solarlé
Vsc cell T

R
VIN _Wfi
Vcp Vem V,SS2 Vegg OSC; OSC; AC

LG Cal Cal  _¢4oH
T TCal, 32.768
Tee ]

kHz .

Cg :5~35pF
Ci,Cy,C3: 0.1uF
TR1, TR2 : hfe~ 200"
TR2: Vgg, > 35V

L; :20~30mH

B :15V" :

R ' : 50~ 200k$2
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e Msmsose .
DESCRIPTION OF INSTRUCTIONS

Instruction Code

Mnemonic Operation
131211109 8 76 5 43 2 1 0
ADDACC,AP |0 0]0 0 O P|O 1 O A AP — (AP) + (ACC)
ADD#D,AP |0 1]1 0 O P A AP — (AP) — D
ADC AP oo0loooP|O1 01 A AP — Decimal adjust
v {(AP) + (ACC) +(C))

§ |SUBACC, AP olo 1 PlO10O A AP — (AP) — (ACC)

S [suB #D, AP o1/101 P A AP —(AP) — D

& [secar 00/001FPlO1O01 A AP — Decimal adjust

% {(AP) — (ACC) — (C)]

E [cMPACC,AP [0 00 0 1 P|1 1 1 0 A (AP) — (ACC)

T icMP#D,AP |0 1]0 1 1 P A (AP) — D
INC AP o1/100°P 01 A AP — (AP) + 1
DEC AP o011t 01p 1 A A—(AP) — 1
XORACC,AP |0 0|0 0 0 P|O A AP — (AP)V-(ACC)
XOR#D,AP |0 1[1 1 1 P A AP —(AP)VD
BITACC,AP |0 0|0 0 0 P|1 1 10 A (AP) V (ACC)

c |BIT#D, AP o1/010p A (AP) VD

% BISACC,AP |0 0|0 0 0 P|O 1 1 0 A AP — (AP) V (ACC)

8 [Bis #D, AP 01/00o0FP A AP — (AP) VD

& |sicacc,ap [0 ojo o 1 Plo1 10 A AP — (AP) A(ACC)
BIC #D, AP 0 1/00 1P A AP — (AP)AD

= |ASRAP 00/00OFP|OO 11 A =00 = An~

& |AsLAP 00[(001PlOO11 A (C) — (AP) — 0
cLz 0 0/000O0|1T010|{0000O0]|zZ—0

s [cc 00/000O0|1001]|0000O0]|C—0

S oA 0 0/000O0|1011]/0000]|z—0C—0

§ ez 00/0010[1010|{0000]z—1

uiz;’s&c: 00/0010|[1001]/0000]C—1

sea 00/0010[1011[(0000]zZ—1C—1
MOVACC,AP |1 1|1 1 0 P|0 0 0 O A AP — (ACC)
MOVACC,AX |1 1|1 1 0 0 X A [AX—(ACC)

% MOV#D,AP |0 1|1 1 0 P A AP —D

§ MOVAP,ACC |1 1|1 1 1 P|O O 0 O A ACC — (AP)

S [MOVAX.ACC [1 1|1 1 1 0|0 X A ACC — (AX)

© [cHe AP 11(100P|00O0O A (ACC) — (AP)
CHG AX 1 1]1 000/0 X A (ACC) — (AX)
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DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code

Operation

Mnemonic
131211109 8 7 6 56 4 3 2 1 0

JMP adrs 1 0|0 aygag agla; ag as a4laz a, a; ag | PC <—adrs
JMP @AP 0 0/00O0OFP|1T1O01 A PC — (PC) + (AP) + 1
JMPIO @AP 0 0[O0 1 P[1T 1 01 A PC — (PC) + {(AP)ATH } + +1
ggg j_’: 0 0[0 1 1 0|0 1 0 ngngnynyng|PC—PCI+n+1,ifZ=1
BNE +n .

g. BNZ +n 0 0{0 1 1 0|1 1 O ngnzgnyn,ng [PC—(PC)+n+1,ifZ=0

=}

3
gETS _:': 0 0/0 1 1 0[0 O 1 n4lnznyn,ng |[PC—(PC)4n+1,ifC=1
ggg I: 0 0{0 1 1 01 0 1 nynznynyng |PC—(PC)+n+1,ifC=0
BGT +n 0.0/0 1 1 0[1 1 1 nyngn,nyn, |PCTPC+n+1iF220
BLE +n 0 0/0 1 1 0[0 1 1 nynsn,nyn, |PCTRCOI+n+1ifZ=1
INP Port, AP 1 101 0P Port A AP — (Port)

S5

3 &| OUT AP, Port 1 1/]01 1P Port A Port — (AP)

::

=O|oUT#D,Port [0 0|0 1 O O Port D Port —D

= | DSP digit, AP 0 0|1 00 P digit A digit — (AP), (ACC)

Q

2 | DSPFdigitt AP |0 0|1 1 O P digit A digit — (AP) via table

D | HALT 00 1 0 0/0O 0O 0 6|0 O O O |HaltCPU

DO—‘

gé NOP 00 0 0 0|0 O 0 O/|0 0O O O |NoOperation
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OKI s\emic/onduvcto‘r

MSM6051

CMOS 4BIT HIGH PERFORMANCE SINGLE CHIP VERY LOW POWER
MICROCONTROLLER WITH LCD DRIVER

GENERAL DESCRIPTION

OKI's MSM6051 is a low-power and high-performance single-chip microcontroller employing
complementary metal oxide semiconductor technology. Integrated onto a single chip are a 4-bit ALU,
35K bits of mask programmable ROM, 480 bits of data RAM, crystal oscillator, voltage doubler, timer,

" LCD driver, input port and output port.

The MSM6051 is widely used in electronic products requiring low power operation, for example,

stopwatches with lap time memory, calculator watches and handy terminals.

FEATURES ;

® | ow Power Consumption 3 uA Typical ® 59 Instructions P

® 2560 X 14 Internal ROM ® 1.5Vor 3V Operating Voltage

® 120 X 4 Internal RAM (Masking Option)

® 9 Input Port ® 32.768 kHz crystal Oscillator

® 4 Output Port ® 91.5 us Instruction Cycle

® 4 X 4 Key Matrix Input (K1~K4, M1~M4) ® —20to 75°C Operating Temperature
® 66 LCD Driver (including 3 common) e 101 paddie

(1/3 Duty, 1/3 Bias, 189 Segment)

FUNCTIONAL BLOCK DIAGRAM

DINO DATARAM
DIN

DOUTO 120 word X 4 bit

MELODY
CIRCUIT

[=]0 JES—

Main

Interrupt

§ OUTPUT
<: PORT

LO ——{M1~Ma)

SEGMENT

DISPLAY]

LATCH
and
DRIVER

SEGMENT
0OuTes,

Ks INPUT
( C>ponT

Ka (K1 ~K4)
s
é‘ {PoRT DOUT13~DOUTO
~ INSTRUC-| |
« (S1--84) ; INSTT
Q  PROGRAMROM DECODER
TION —ofPuT Al1
opmol _.::Z)oFﬁ’Tom 256 word X 14 bit
XTOUT VSS1  VSS3 VCP
AC2 ~—]TIMING r1111$t 1111!‘1
XT GENERATOR .
T - VDD VSS2, VEE VCM ACT1 T2 T3 T4 T5 32Hz
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® MSM6051 o

osciLLation [TJ5F SEGMENTL
s1
INPUT PORT | — o 52 s
(s1~s4) [ —ds3 LCD DRIVER
—=]s4
]y  SEGMENT
I(NPUT P?RT [—-‘ g ouTes [~
K1~K4) |~
—p
BD[—= BUZZEROUTPUT
OPTIONINPUT —= 3!:TION Bl — Campouteur
T PORT [ =] CLOCK PULSE
TPy OFT | —— M2 XTOUTI—= GUTPUT
—ma [ RESET
LOAD =—{LO
RESET —={AC
—={ VDD
e =
2 32Hz [
POWER SOURCE | =283 TE= W
¢ |=—]vee 12— | estT i[5 G
-—]vcp T3~
—"vcm Ta— .
T SEGMENT OUTPUT

CHIP SIZE 5.85 X 4.10 (mm)

PIN DESCRIPTION

Designation ) Function

VbD ‘| Gircuit ground potential

Vss, Power source (—1.5V)

Vss, Power source for LCD driver (—3.0 V)

This terminal is connected to Vpp terminal through a 0.1 uF capacitor.

Vsss Power source for LCD driver (—4.5 V)
This terminal is connected to Vpp terminal through a 0.1 uF capacitor.

VEE Power source for internal logic (—1.5 to —3.0 V)
This terminal is connected to Vpp terminal through a 0.1 uF capacitor.

Vep. VoM Booster capacitor connection terminals
Vcp terminal is connected to VoM terminal through a 0.1 uF capacitor.

Input and output terminals of oscillator inverter,

XT,XT 32.768 kHz crystal is connected to these terminals.

T1~Ts Terminals to test internal logic, T1 ~ Tsand Ts are pulled downtoVgs,.
T4 is output. Test pins must be normally open.

AC ‘| Terminal to clear internal logic pulled down to Vgg ;.
After power is turned on, the MSM6051 must be reset by this terminal.

BD Buzzer output

LD Lamp output

Lo Load data terminal of M1 to Ma.

AC2 Reset terminal for external circuit.

XT OuUT Clock output for external circuit.
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FI.'I>NCTIONAL DESCRIPTION

A block diagram of the MSM6051 s given on
page 118. Each block of logic will be briefly
discussed. For more information, please refer to
the MSM6051 user’s manual.

Program ROM

. The MSM6051 addresses up to 2.5 K words
of internal mask programmable ROM. Each word
consists of 14 bits, and all instructions are one
word. The instructions are routed to a
programmed logic. array which generates the
signals necessary for control of logic.

Data RAM
Data is organized in 4 bit nibbles. Internal
" data RAM consists of 120 nibbles.

The RAM is addressed by page address and
column address. Normally page address. is
specified the with page register, but direct
addressing is available at Page 0.

Column address is directly addressed by
operand of various instructions.

ALU
' The ALU performs 4-bit parallel operation of
. RAM and ACC contents, or RAM contents and
an immediate digit. It sets or resets the flags (Z,
C, G) depending on the condition.

Program Counter (PC)

The program counter is 12 bits wide and
specifies the address of the program ROM.

The PC is incremented by one at every
execution of the instruction, and then specifies

the next instruction to be executed. However, the |

contents of the PC are rewritten by the execution
of a Jump, Call or Branch instruction.
There is no boundary in the ROM, so a Jump

or Branch instruction can be put anywhere in the

ROM. -

Stack

The MSM6051 has a 3 level stack apart from
data RAM. The contents of the PC are loaded
into the stack when a call instruction is executed
or an interrupt is generated.

120 ~~ >

Input/Output Port

Input Port (S1 ~— S4)

The input port (S1 ~ S4) is a 4-bit parallel
input port. Each pin of the port is pulled down to
Vgs, by an internal resistor, and the status of
the port is fetched by a SWITCH instruction.

Input Port (K1 ~ K4)

The input port (K1 ~ K4) is a 4-bit parallel
input port. Each pin of the port is pulled down to
Vsg, by an internal resistor, and the status of
the port is fetched by a KSWITCH instruction.

Input Port (OPIN)

The input port (OPIN) is single input port.
OPIN is pulled down to Vgg, by an internal
power save circuit, and the status of the port is
fetched by an input instruction.

Output Port (M1 — M4)

The output port (M1 ~ M4) is a 4-bit parallel
output port. This port consists of data latches
and buffers, and the contents of data latches are
rewritten by a matrix instruction.

Display Function

The MSM6051 is provided with the- segment
output terminal which can directly drive a - 1/3
bias, 1/3 duty LCD, and the common drive
output terminals COM1, COM2 and COMS3.

The segment drive circuit consists of the
display data latch, multiplexer and driver. If the
data is sent to the display data latch with the
display instruction, the LCD drive waveform is
output to the segment drive output terminal.

Time Base

The time base of the CPU is provided by
connecting 32.768 kHz crystal to the XT and XT
pin. One machine cycle is 91.5 us.

A hardware divider up-to 1 Hz is provided
enabling programs to implement a clock function

‘by counting signals between 32 and 1 Hz.

Also, a 1/100 second digit counting function
is provided as a hardware feature to make for -
easy implementation of a stopwatch function.



ABSOLUTE MAXIMUM RATINGS

® MSM6051 ¢

Parameter Symbol ~ Conditions Limits Unit
Supply Voltage 1 Vpp —Vss, Ta=25°C —2.0t0 +0.3 \
Supply Voltage 2 Vpp —Vss. Ta =25°C —4.0t0 +0.3 \Y
Supply Voltage 3 VDD —VsSs Ta=25°C —6.0to +0.3 \
Supply Voltage 4 VDD — VEE Ta=25°C —40t0+03 v
Input Voltage VIN: Ta=25°C Vgs,—0.3t0 +0.3 v
Storage Temperature Tstg —55t0125 °C
OPERATING CONDITIONS
Parameter Symbol Limits Unit
Operating Voltage VpD— Vss: 1.25t01.65 \Y
- Operating Temperature Topr —-20to 75 °C
DC CHARACTERISTICS
(VDD =0V, Vss,, VEE =—1.55V, Vgg, = —3.0V, Vgg, = —4.5V, C| = 30k 2, Ta = 25°C)
Limits
Parameter Symbol - Conditions Unit
Min. | Typ. | Max.
Power supply current Ipp Vss terminal - 30| - HA
Oscillation start Within 5 seconds 145 | — - \
voltage —Vosc Vss, terminal
IoH: |VOH:=-0.2V —4 - -
Output current 1 IOMH1{ VOMH1=Vsg,+ 0.2 4/=41 =1~ | kA
CcoMm IOML: | VOML, = Vss, = 0.2 a-a] - | -
loLs |[VoL,=—-4.3V 4 - -
I0H2 |VOH2=-0.2V -4 - -
Output current 2 IOMH:z| VOMH: =Vsg,+0.2 4/-4) — - A
SEGMENT loML: | VOML. =Vss,+0.2 a4 - | -
loL. | VOL.=—4.3V 4 - -
Output current 3 IOHs |VOHs=-0.5V -10| - - A
AC2 LOAD XTOUT I0Ls | VOLs = —1.15V 10 — —
Output current 4 loHs | VOHs=-0.5V —-100| - | -
: A
M1~ M4 loLs | VOLs=—1.0V 2 | —|10]*
Output current 5 IoHs | VOHs =—0.55V Vgs,;=—1.25V [-12.5| —25| —83
LD - VEE =—2.0V ' nA
loLs | VOLs= —0.85V Vgs,=-2.0V 1 - -
Output current 6 IoHs | VOHe =—0.55V Vgg,=—-1.25V | —-17 | —-30| —62
BD . VEE =-2.0V uA
loLs | VoLe=—0.85V Vgg, =—2.0V - 5 -
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® MSM6051 o

Limits
Parameter Symbol Conditions Unit
Min. [ Typ. |Max.
Input current 1 IIH:  |VIH,=0V 2 20 | 100
S1~S - A
14 L, ViL,=—1.55V - - |-0.2
Input current 2 lH2 | VIH2=0V 5 |13 »26 A
Ki~Ks L. |ViL,=-1.55V - | - |-02
Input current 3 HHs  |VIHa=0V - |30 | 45
OPIN HA
liLs ViLs=—1.65V - - |-0.2
Oscillator built-in
capacitance CcD - |20 | - | pF
MEASURING CIRCUIT
VCP o L C1.C2.C3.C4:0.1 uF
ca . . . 01
veM— cs : 30 pF
___ X-tal :32.768 kHz
XT——= ~ :
=
VEE XT
(o]
VDD VSS1VSS2  vsSs3
ci %\D@_—T c2 cal
TYPICAL APPLICATION
C1 : 5~35pF
LCD C2toC5 : 0.1uF
B: 15V
L: 20mH
Lamp
1 SEGMENTS COM1 to COM3
55 s1
J S2 s2 LD — L
83 55 s3 .
Losagg e, BD ' EDH
MSM6051
F Vss; o
X-tal _ —
= (Cp=20 pF) VDD
Wt
c1 VCP Vem Ac Vss: Vsss

LJ

L
I Tcs

c2

=
F

Tcs
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DESCRIPTION OF INSTRUCTIONS

¢ MSM6051 o

Instruction Code
Mnemonic Operation
131211109 8 7 6 5 4 3 2 1 0O
ADDACC,AP |0 0]0 0 O P[0 1 0O A AP — (AP) + (ACC)
ADD #D, AP o1{toowpP D A AP —(AP) +D
ADC AP 0O0i{0OO0O0FPO1TO01 A AP — Decimal adjust
{(AP) + (ACC) + (C)}
ADCN AP 11/000FP N A AP —N adjust {(AP) + (C)}
SUBACC,AP [0 00 01 PO 100 A AP — (AP) — (ACC)
- |SUB#D, AP 011t 01P D A AP — (AP) — D
% SBC AP 00001P|0O1.01 A AP — Decimal adjust
5 ) {(AP) — (ACC) — (C)}
§ SBCN AP 11001 P N A AP — N adjust {(AP) — (C)}
fg CMPACC,AP (0 00 O 1 P(1 110 A (AP) — (ACC)
£ |CMP#D,AP |0 10 1 1 P D A (AP) - D
< [INcAP 11/1.00P|00O0O A AP — (AP) +1
INC AX 111 0000 X A AX — (AX) +1
DEC AP 11/t 01P|0O0O0O A AP — (AP) — 1
DEC AX 1 1{1010]|0 X A AX — (AX) — 1
XORACC,AP |0 00 0 O PO 1 11 A AP — (AP) 'V (ACC)
XOR #D, AP 01t 1 1P D A AP — (AP) V' D
BIT ACC, AP oojoooPl1 110 A (AP) V (ACC)
S |BIT #D, AP o1l010P D A (AP) VD
§ BISACC,AP |0 0|0 0 0 PO 110 A (AP) V (ACC)
S |BIS #D, AP o1looo0P D A (AP) VD
@ BICACC,AP |0 0|0 01 PO 110 A (AP) A (ACC)
BIC #D, AP 0100 1P D A (AP) AD
& |RORAP 00l00O0P0OO0T10O A =0 — (AP)—
%ROLAP oofoo1Ploo1o0 A 0 —@ap 3
T |ASRAP 000 0O0P[0OO 11 A =) 0—;ap—1
2 [ASLAP 00/001P|0O 11 A (C) — (AP) —0
cLz 00l00O0OO|1 010[000TGO0|Z—0
5 |cLc 00l00O0Of1t001(0000O0|C—0
§CLG 00/000O0|1000{000O0O0|G~0
& [cLA 00{000O0|1011(0000|Z—0C~—0G—0
§sez 00{0010{1010(00O0GO0|Z—1
SEC 00/0010{1001{000O0|C—1
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‘® MSM6051 ®— ,
DESCRIPTION OF _INSTRUCTION'S (CONT.)

‘ Instruction Code .-
Mnemonic Operation
: 131211109 8 7 6 5 4 3 10
SEG ooloo1o0|1To0O00O 0 G+—1
SEA 0 0{00010|1011/0000|Z—1,C—1,G~1
MOVACC,AP (1 11 1 0O P|O O OO A AP — (ACC)
;‘7," MOVACC,AX |1 1[1.1 0 0(0 X A AX — (ACC)
E MOV #D,AP |0 1{1 1 0 P D A AP <D
2 |MOvVAP,ACC |1 1|1 1 1 PlOOOO A ACC —(AP)
e MOVAX,ACC |1 1|1 1 1 0|0 X A ACC — (AX)
CALL adrs 1 0|1 1 a8y ag|a; @ a5 84a; a, a; 8| STACK —(PC), PC —adrs
o|RET 0 0/00O0O0[1100[0O0O0 0|PC—(STACK)+1
&5 PC — (STACK) + 1, or
ao » PC — (STACK)
RTI 0 0/0010|1 100000 0|ACC—ACC,Z—Z,C—C
G —G’,Preg —P'reg
JMP adrs 1 0la;,a,08 a5|a; @5 a5 a4|a; a, a, a,| PC+—Adrs .
JMP @AP 0 0/000O 1101 A PC — (PC) + (AP) +1
JMPIO@AP |0 0|0 O 1 P|1 1 0 1 A PC —(PC) + {(AP) A TH} +1
ggg I 0 0fo1 100 1 Qr;,, Ny Ny Ny Ng| PC— (PC)+n+1, if Z=1
o n 00[0 11 101 0 n,nyn,n, ng| PC—(PC)—n,if 2=1
3?}5 m 0 0/0 11 0[1 1 0 nynsn,n, ny| PC—(PC)+n+1,ifZ=0
gzg - 0 0[0 1 1 1]1 1 0 nylnsn,n, ng| PC—(PC)—n,ifZ=0
a BCS +n 10 0/0 1 1 0|0 O 0 n,{nz n, ny ng| PC— (PC)4+n+1,if C=1
E |BCS -n 0 0{0 1 1 1|0 0 0 n,ngn,n, ng| PC—(PC)—n,ifC=1
~ [Bcc +n 0 0{0 1 1 0[1 0 0 nyln, nyn, ng| PC— (PC)+n+1,if C=0
BCC -n 0 0|0 1 1 1|1 0 O nyngn,n, ny| PC—(PC)—n,if C=0
BGT +n: 0 0|0 1.1 0|0 O 1 n,n;n, n, ng| PC—(PC)+n+1,ifG=1
BGT -n 0 0[O0 1 1 1|0 O 1t n,nsn,n, ny| PC—(PC)—n,if G=1
BLE +n 0 0{0 1 1 01 0 1 n,{n,n,n, ng| PC—(PC)+n+1,if G=0
BLE -—n 0 0/0 1 1 11 0 1/m,n,n,n, ny,| PC—(PC)—n,ifG=0
BGE +n 0 0j0 1 1 0|0 1 1 ngnzn,n, ny,| PC—(PC)+n+1,if Z=10or G=1
BGE ,'—n 10 001 1 1]0 1 1 n,n;n,n, n,| PC—(PC)=n,ifZ=1 or G=1
BLT +n 00|01 1 0|1 1 1 n,nsn,n,ny| PC—(PC)+n+1,ifZ=0 _
i and G=0
BLT -n 0 0]0 11 1 ngnz n, n, ny| PC+—(PC)—n, if Z=0 and G=0
3 3|SWITCHAP 1 1/0 1 0P|0OOOC 1 A AP —INPUT PORT (S1~S4)
_%g KSWITCHAP |1 1/0 1 0 P|0 O 1 O A AP — INPUT PORT (K1~K4)

1
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DESCRIPTION OF INSTRUCTIONS (CONT.)

® MSM6051 ®

Instruction Code

Mnemonic Operation
131211109 8 7 6 6 4 3 2 1 O
MATRIX AP 1101 1 P[OO 10 A OUTPUT PORT (M1~M4) —
(AP)
MATRIX Mn 0 0|0 1 0 0f0O O 1 O|M;M;M,M,| OUTPUT PORT (M1~M4) —
= Mn (n=1,2,3,4)
% XTCPON/OFF |0 OO0 1 0|1 0 0 0[O0 O b, by| XTOUT ON/OFF
g PITCHN 0 0|0 0 Of1 00 N PITreg. —N
2 [MSA adrs 1 0|1 O 1 agla;, ag a5 a,|a; a, a, a,| Stack —(PC), PC «—adrs,
Melody start
MSO 0 0l0Ot1t OO 01 0{0 O O 0| Melody stop
LAMPON/OFF {0 0|0 1 0 0|0 O O 0 O b, by| LD ON/OFF
DSP digit, AP 0 0|1 00FP digit A Digit (Low part) — (AP), (ACC)
DSPH digit, AP |0 0|1 O 1 P digit ‘A Digit (High part) — (AP), (ACC)
T |FORMAT AP 11/01 1 Pl0OO0O 11 A FMT reg. — (AP)
2 [FORMATN |0 00 1 0 0J0 0 1 1 N FMT reg. —N
DSPF digit, AP |0 O|1 1 O P digit A Digit (Low part) < (AP) via table
DSPFH digit, AP| O O|1 1t 1 P digit A Digit (High part) < (AP) via table
HALT 0 0/{0 1 00[/00O0O0(OO0 O O] Halt
g‘g?gf\; g g g : g g ; ? ; :) t:a g :1 g Enable timer interrupt
1 o(f1 0 1 1 1
%T/?g}t\zB g 2 g p g olo 1 0o z b2 g :0 Disable timer interrupt
ACTIVATE 0 0{0O 100|100 1,00 0 0] Activate main routine
INTMODE AP 1101 0O P|IO1 0O A AP — Interrupt mode
» |KENAB 0 0j0O1 0O0jO0O 1T 1 11 O O | Enable INPUT PORT (K1~K4)
§ KDSAB 0 0|01 00|01 1 1]0 0| Disable INPUT PORT (K1~K4)
8 | STATUS AP 11/01 0P|1 O10O0 A AP — Status
£ [PAGE A0 1101 10{0101 A Preg — (AO)
8 [PAGEN 00/0100[0101 N Preg —N
E-:; ADRS AP 1101 1 P|O 1 10 A Areg — (AP)
ADRS N 0 0|01 0O0O(O0O1 10O N Areg —N
RATE AP 11101 0 P|1 O 0 1 A AP — DIVIDER (8 Hz~1 H2)
RSTRATE 0 001 0 0|1 OO Oft O O O] DIVIDER (8 Hz~1Hz) —0
FLAGIN AP 11/01 0P|1T 110 AP —S1 on flag, S2 on flag
S1RATE AP 1101 0P|1T 1 00 A AP —S1reg.
S2RATE AP 1 10 1 0 P|1 1 0 1 A AP —S2reg.
BACKUP 0O 0j0 1 0 0{0 O O 1{bs b2 O 0| Backup ON/OFF
ON/OFF
NOP O 00O O O O|0O O O O/{0 O O O} Nooperation
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OKI semiconductor

MSM6351

CMOS 4BIT HIGH PERFORMANCE AND VERY LOW POWER SINGLE CHIP
MICROCONTROLLER WITH LCD DRIVER

GENERAL DESCRIPTION

OKl's MSM6351 is a low-power, high-performance single-chip microcontroller employing- silicon
gate CMOS technology. Integrated onto a single chip are 4-bit ALU, 61K bits of mask programmable
ROM,- 4096 bits of RAM, 20 bits of 1/0 port, serial 1/0 port, time-base counter, LCD driver, 3

interrupts, crystal oscillator and voltage tripler.

The MSM6351 is widely used in electronic products requiring low power consumption, a large

number of LCD drivers and a large size of memory.

FEATURES

\
® | ow Power Consumption 3 A Typical
4096 X 15 Internal ROM
1024 X 4 Internal RAM
20 Input/Port Ports
62 LCD Drivers
1/3 Duty, 1/3 Bias or 1/4 Duty 1/3 Bias
(Selectable by software)
® Serial I/0 Port
8 bits or 5 bits data frame mode
Asynchronous or synchronous
receiver/transmitter mode
Internal or external clock mode
® 15 stages Time Base Counter
Watch Dog Timer
® Capture function by external trigger signal

126

3 Interrupt Sources

Real time interrupt

External interrupt

Serial I/0 port interrupt

Melody Circuit

65 Instructions

Sub-routine Nesting: 7 levels
32.768 kHz Crystal Oscilator
Machine Cycle: 61.0 usec.

Power Supply: 1.5V or 3.0V (selectable by
mask option)

100 pad die or 100 Pin Flat Package
Silicon gate CMOS Process



® MSM6351 @

FUNCTIONAL BLOCK DIAGRAM

sT-w— sout SCLK
. SERIAL /O
o B g M seere |
mee o] | o ese] | ([ h
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3R ommn S
eSS T I 10 ] I
Come] Ceae] || |
P21 0 % — 2 et [ moRTe lExMDo[nExMMIIEKMD?!
P23 0 Cj INTERRUPT CONTROL I'ROEX'—_'>
P30
et 7]
P32 g T
P33 O 14 — r [
PROGRAM
o ) Woorrs
o | —
R g
ADDER
XouT O TIMER BASE COUNTER MELODY BD
INSTRUCTION REG
X1 osc (R).
T D
systemcLocK
. A prs— Jsm —
DECODER 7level f—0 SEG2
TESTI D— + Le0ER [——o sees
TEST2 O—= : !
TEST3 O—= ' ! SEGE!
VOLTAGE Vss1
REGURATOR Vss2
Vssa
= qvee
l—o ey
<~ PO.O SIN |——
poRTO| <+ P01 SOUT ————j SERIAL PORT
<= P0.2 BCK
= P03 ‘
g0 BD |— BUZZER
PORT1 S0 DRIVER
~—{ P13 SEGO [——
SEG1
T P20 seaz [——
PORT2| 7 —sg«; SEG3 |
Py SEGd [——
+~—= P30 LcD
PORT3| <+—* P31 DRIVER
«~—— P32
<« P33
«~—{ P40
| P41 SEGS8 [
PORT4 SEGS59 |+
o
| P43 SEGE0 [
SEGe1 [——
CLOCK OUT +—— XTOUT
Vop ﬂ—]_‘—‘ xT VoD fe—r
I X7 Vst b—
RESET ——»{ RESET Vss2 —— | power
Vss3 —s SUPPLY
——=! TEST1
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127



® MSM6351 o

PIN DESCRIPTION

Designation Function

P0.0 ~P0.3 4 bits input/output port.
P0.0 and P0.1 have a secondary function of capture trigger signal input pins.

P1.0~P1.3 | 4 bits input/output port.

P2.0 ~P2.3 4 bits input/output port.
P2.0, P2.1 and P2.2 have a secondary function of external interrupt signal
input pins.

P3.0 ~P3.3 4 bits input/output port.
P4.0 ~P4.3 4 bits input/output port.

. SIN Serial input port.
SOouT Serial output port.
SCK Serial port clock input/output pin.

SEGO.~ SEG61 | LCD drivé output pins. :
These outputs can derive 1/3 duty-1/3 bias LCD which has 177 segments or -
1/4 duty-1/3 bias LCD which has 232 segments.

Designation | . Function

BD Buzzer drive output pin.

XTOUT Clock output pin.

XT, XT Input and output pins of oscillator inverter.

RESET System reset input pin pulled down to Vggq.

TEST1 ~3 Internal logic test pin pulled to Vgg1. .
Vbb Circuit ground potential

Vss1 Power source (—1.5V)

Vss2 Power source for LCD driver (—3.0V)

This pin is connected to Vpp pin through a capacitor.

Vss3 Power source for LCD driver (—4.5V)
This pin is connected to Vpp pin through a apacitor.

VEE' Power source for internal logic.
This pin is connected to Vpp pin through a capacitor.

Vepr,. VoM Booster capacitor connection pins.
Vcp pin is connected to VoM pin through a capacitor.
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OKI semiconductor

MSM6052

CMOS 4BIT SINGLE CHIP LOW POWER MICROCONTROLLER FOR

TELEPHONE

GENERAL DESCRIPTION

The OKI MSM6052 is low-power, high-performance single-chip 4-bit microcontroller employing
complementary metal oxide semiconductor technology, especially designed for use in sophisticated
telephone sets. Integrated onto a single chip are 4 bits of ALU, 28K bits of mask programmable ROM,
2560 bits of data RAM, programmable timer, oscillator, 12-bits of input port, 12-bits of output port and
4-bits of input/output port. In addition to these units, a DTMF generator is provided.

With the MSM6052, sophisticated telephone sets become feasible through a single chip instead

of the conventional 3-chip configuration.

FEATURES

® Low Power Consumption 0.3mA Typical @3V
(DTMF output off)

2048 X 14 Internal ROM

640 X 4 Internal RAM

3 X 4 Input Port

3 X 4 Output Port

1 X 4 Input/Output Port

DTMF Generator

Buzzer Sound Output

4-Bit Programmable Timer Applicable for
Output of Dial Pulse

FUNCTIONAL BLOCK DIAGRAM

Interrupt by Progammable Timer

5 Level Stack

Power Down Mode

52 Instructions

Instructions Useful for Data Management
(Data Search and Block Data Transfer)
2.5 to 6.0V Operating Voltage

3.58 MHz Oscillator :

17.9 us Instruction Cycle

—20 to 75°C Operating Temperature
28 Pin DIP or 40 Pin DIP

OPOUT DTMF OUT BD

T |

PROGRAMMABLE
TIMER

AN

DTMF
CIRCUIT gﬁ:curr

A

DATA RAM
° 1 640 word x 4 bit

Eon= Eon- pon= o0

L loop counter

AR2,
B :bankregister
P :pageregister

AR‘} address register

mm R
89 COQ0 COOO ——== TIDVI TVDD

£03 U
EO4

INSTRUCTION
DECODER

1dNYY3 NI

TIMING
32kHz =—  GENERATOR

D13 ~DO

A10 PROGRAM ROM
A0 2048 wordx 14bit

AC TEST vpp Vss
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® MSM6052 ¢

PIN CONFIGURATION

(Top View) 40 Lead Plastic DIP

(Top View) 28 Lead Plastic DIP

J

e02 [T} EO1 r1[] g)c1
Eos[2]- c1 r2[3] 27 c2
EO4 [§1  c2 R3[ 3] 26] c3
A1 [4] c3 R4 [4] 25) c4
Rz 3] c4 Rs (3] 73] 13
R4 g 13 re 6| 23] 01
Rs [7] 02 rR7[7] 23 03
Re [g] 01 As 8] 21] 04
Rr7 [9] 03 14 (8] [20] oP OUT
R8s [10] 04 11 [i9] [19] DTMF  OUT
R3 |1‘j DPOUT 12 [17] 78 Voo
s [iz] DTMF OUT xT[ig] 178D
14 [13] 104 XT[3] 6] A
11 [14] 103 TEST[14] 5] Vss
12 E‘ 102
xT 18] 101,
XT[T] Vbp
32kHz [18] 28] BD
10€ [79] AC
TEST [20] Vss
LOGIC SYMBOL
KevBoarD [ —— 1 hs Eo? J
INPUT —__rs Eos OUTPUT PORT
~——={R4 EO3
KEYBOARD f— 4 102
JNPUT | R 103 f— 10 PORT
(= ol o
INPUTPORT | 112 DPOUT OUTPUT
(——1a DTMF OUT DTMF OUTPUT
KEYBOARD r D 8; BD BUZZER OUTPUT
outPUT | ———¢3 32kHz [——— ' 32kHz OUTPUT
) o AC |=—— RESET
OUTPUT 02 TEST[~—— TEST
L & VoD [T} PoweR
HOOK SWITCH S VssIm
osciLLation [ X1
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® MSM6052 ¢
PIN.DESCRIPTION

Designation Function

VbD Pource source

Vss Circuit ground potential

AC Terminal to clear internal logic, pulled down to Vgg.
After power is turned on, the MSM6052 must be reset by this terminal.

TEST Terminal to test internal logic, pulled down to Vgg.
This terminal must be open in normal operation.

XT XT Input and output terminals of oscillator inverter.

! 3.58 MHz ceramic resonator is connected to these terminals.

HS Input terminal connected to the hook switch, pulled up tp Vpp.

DP OUT Output terminal of dial pulse.
Dial pulse rate (10 pps or 20 pps) and Make Break ratio (40% or 33 %) can
be selected by software.

DTMF OUT Output terminal of DTMF signal

BD Output terminal of buzzer sound

32 kHz Output terminal of 32 kHz clock

Ri1~Ru4 Input port pulled down to Vgg.

Rs ~Rs

l1~1a Input port having clocked pull-down resistor to Vgg.
Only when this port is accessed, pull-down resistors are connected to this
port.

Ci1~Cas Output port

01~0a4

101 ~104 Tri-state bidirectional port

IOE Output terminal
When |01 ~ 104 is accessed, input completion signal (when read) or
load signal (when written) is output from IOE terminal.
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- MSM6052 ¢

FUNCTIONAL DESCRIPTION
A block diagram of the MSM6052 is given on

page 129. Each block of logic will be briefly -

discussed. For more information, please refer to
-the MSM6052 user’s manual.

Program ROM

The MSM6052 will address up to 2 K words
of internal mask programmable ROM. Each word
consists of 14-bits and all instructions are one
word. The instructions are routed to a
programmed logic array which generates the
signals necessary for control of logic.

Data RAM

Data is organized in 4-bit nibbles
data RAM consists of 640 nibbles.

All locations are addressed by 10-bit
address registers (AR, AR2), 2-bit bank register
(B), 4-bit page register (P) or a part of the
instruction’s operand.

ALU

The ALU performs a 4-bit parallel operation
on RAM and ACC contents, or on RAM contents
and an immediate digit. It sets or resets the three
flags (Z, C, G) depending on the condition.

. Internal

Program Counter (PC) !

The program counter is an 11-bit wide
counter that specifies the address of program
ROM.

The PC is incremented by one at every
execution of the instruction, and then specifies
the next instruction to be executed. However, the
contents of the PC are rewritten by the execution
of a Jump, Call or Branch instruction.

As there is no boundary in the ROM, and a

Jump, Call or Branch instruction can be put

anywhere in the ROM.

Stack

The MSM6052 has a 5 level stack apart from
the data RAM. The contents of the PC are loaded
into stack when a Call instruction is executed or
an interrupt is generated. Nesting of subroutines
within subroutines can continue up to 4 times,
including the interrupt.

® Input Port

Port (R1 ~R4)
~ 4-bit input port. Each pin of the port is pulled
down to Vgg by an internal resistor, and status
of the port is fetched by an input instruction.

Port (R5 ~R8) .

down to Vgs by an internal resistor, and the
status of the port is fetched by an input
instruction.
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Port (11 ~I4)
4-bit input port. Each pln of the port is pulled

down to Vgg by an internal resistor and

transistor. Only when it is desired to fetch status
of the port, input current flows through these
pins. Status of the port is fetched by an input
instruction.

. ® Output Port

Port (C1 ~C4) )

4-bit output port. These ports consist of data
latches and buffers, and the contents of the data
latches are rewritten by an output instruction.

Port (O1 —04)

4-bit output port. This port consists of data
latches and buffers, and the contents of the data
latches are rewritten by an output instruction.

Electrical characteristics of O3 and O4 are
different from those of O1 and 02. O3 and 04 of
the ports are used as XMIT MUTE and MUTE
normally.

Port (EO1 — EO4)

4-bit output port. This port consists of data
latches and buffers, and the contents of data
latches are rewritten by an output instruction.

¢ [nput/Output Port

Port (101 ~104) :

4-bit bidirectional port. This port consists of
data latches, output buffers and input buffers.
The contents of the data latches are rewritten by
an output instruction, ‘and status of the port is
fetched by an input instruction.

Address Registers (AR1, AR2)

The address registers are used to specify the
10-bit address of data RAM, when a data search
instruction (RDAR) or block data transfer
instruction (MVAR) is executed.

This register is an up/down counter, and is
incremented or decremented by 1 with
execution of the instruction.

Timing Generator

By connecting a 3.58 MHz ceramic resonator
to the XT and XT terminal, the timing generator
generates a basic timing signal to control the
MSM6052.

The MSM6052 can operate in 2 modes,
normal operating mode and power down mode.
STOP instruction is used to place the MSM6052
in the power down mode. The oscillation stops
and all functions are stopped. However, .the

_ contents of RAM and all registers are maintained.
4-bit input port. Each pin of the port is pulled



Programmable Timer

The programmable timer consists of a 4-bit
down counter and a 1/100 prescaler.

Any of a 7990.1 Hz clock, 1997.5 Hz clock
and 998.8 Hz clock is input to the 1/100
prescaler. Output of the 1/100 prescaler
decrements the 4-bit down counter by 1.

When the contents of the 4-bit down counter
is decremented to O, the programmable timer
generates an interrupt. '

This programmable timer can be used as a
dial pulse generator. The dial pulse rate (10 pps,
20 pps) and Make/Break ratio (40%, 33%) of the

ABSOLUTE MAXIMUM RATINGS

e MSM6052 ®

dial pulsé which the programmable timer
generates are selectable.

DTMF Circuit

DTMF circuit is used to generate a DTMF
signal. 12 kinds of DTMF signal (0 to 9, #, *) can
be output by an output instruction.

BD Circuit

The BD circuit generates the square wave
which can be used as the confirmation sound,
warning sound and so on. 15 kinds of sound
(4.66 to 0.82 kHz) are output by an output
instruction specifying the frequency.

Parameter Symbol Conditions Limits Unit
Supply Voltage VbD Ta =25°C —-03t07.0 \'
Input Voltage \ Ta=25°C —0.3toVpp+0.3 v
Output Voltage Vo Ta =25°C —0.3to Vpp+0.3 \"
Storage Temperature Tstg — -55t0 125 °C
Power Dissipation Pp Ta=25°C 200 mwW
OPERATING CONDITIONS
Parameter Symbol Limits Unit
Operating Voltage VbD 251t06.0 \
Memory Retension 1.2t06.0 . \'
Vv
Voltage DDM
Operating Temperature Topr —20to 75 °C
DC CHARACTERISTICS
(VDD =3V, Ta=—20to 75°C)
. Limits
Parameter Symbol Conditions Unit
Min. |Typ. [Max.
Vpp=3V 22 | - - \'
“H” Input Voltage VIH
Vpp=6V 4.4 - - Vv
Vpp=3V - - |08 v
“L” Input Voltage ViL
Vpp=6V - - 1.6 \"
“H” Output Current (1) | IoH;, 03, 04 VoH=2.6V —-200| — - | uA
“L” Output Current (1) | oL, bpPouT VoL=0.4V 500 | — | — | pA
“H” Output Current (2) | IQH, Ci—c VOH=2.6V -1 | - - | mA
1~ U4
“L” Output Current (2) | IoL, VoL=0.4V 10 | - - | pA
“H” Output Current (3) | IoHs VoH=2.6V -20 | — - | pA
01,02,BD -
“L” Output Current (3) | loL, VoL=0.4V 10 | — - | pA
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DC CHARACTERISTICS (CONT.)

. Limits
Parameter Symbol - Conditions Unit
’ Min. | Typ. | Max.
“H” Output Current (4) | IoH, :01 ~104 VOH=2.6V. -150| - = | pA
- OE
“L” Output Current (4) | I, Eo,~EQ. VoL=0.4V 300 | - — | nA
“H” Output Current (5) | lOHs 32 kHz VoH=2.6V —4Q - — | uA
“L” Output Current (5) | IoLs VoL=0.4V 25 - — | uA
Pull-up Resistance Rup HS 17 | — | 150 | kQ
Pull down Rdwon 1| R1~Rs 33 | — |300 |kQ
Resistance (1)
Pull down Rdwon 2| |1~ |4, AC, TEST 10 100 | kQ
Resistance (2)
Input Leak Current L o~ 104 0 =VI|N<VDD - - | x2 | pA
' Vpp= 2.5 t0 6.0V
Current IDDP | DTMF output Vpp=3V - | 03/06 mA
Consumption (1) ‘ off VDD= 6V _ 12 1 24 | mA
Current IDDT | DTMF output VbD=3V - [ 12]24  mA
Consumption (2) on Vpp=6V ~ | 35|70 | mA
Memory retention IDDM ON HOOK Ta=25°C : - 1001102 | kA
Current Vpp=2.5V Ta=—20t075°C | — | — | 2 | uA
AC CHARACTERISTICS
(VDD =3V, Ta=-20 to 75°C)
Limits
Parameter Symbol Conditions : Unit
! Min. | Typ. | Max.
Key Input Time TKIN | Vpp=2.5to6.0V ‘ 33| - | - | ms
Vpp=2.5V 150 | 250 | 350
Tone Output Voltage | VouT ‘;‘E‘;’fﬂ'{l VbD=4.0V 200 | 350 | 570 | v
Vpp=6.0V 300 | 480 | 850 | FmMs
~ High/Low Level Ratio | dBGR | Vpp=2.5t0 6.0V 1] 2| 3 |dB
Distortion Ratio %DIS RL=1kQ - 1 5 %
t - - 0.5
Rise/Fall Time (1) TLH: | Os 04 DPOUT uS
trhL, | “L70P - | - |05
. : ' tTLH2 | Ci~Ce - | - |os
Rise/Fall Time (2) ‘ ; S
tTHL, | CL=SOPF IR
t ' - - 5
. Rise/Fall Time (3) TtHs | Qv Oz BD, 32kkz { us
| trhHL, | CL=SOP - -]
. t —~ —~ - - 1
Rise/Fall Time (4) TLHe | 101104 10E, EO1 ~ EO« ~ 1 uS
) tTHL, L=o0Up . - - 1
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DESCRIPTION OF INSTRUCTIONS
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Instruction Code

Mnemonic - Operation
1312/1110 9 8|7 6 5 4|3 2 1 0
ADDAGC,AP |0 0|0 0 O P|O 1 0 O A AP — (AP) + ACC
ADD#D,AP |0 1|1 0 0 P D A AP — (AP) +D
o [ADC AP 0oo0looo0P|O1 01 A AP — (AP) + ACC +C
Z{suBAacc,AP |0 0|0 01 PlO10O| A AP — (AP) — ACC
ElsuB#D,AP |0 1]1 0 1 P D A AP — (AP) — D
£ [sBC AP oo0loo1P[o1o0 A AP — (AP) — ACC - C
Elcmpacc,ap [0 ofo 0 1 P ol A (AP) — ACC
Z[CMP#D,AP |0 1]0 1 1 P D A (AP) - D
XORACC,AP |0 0|0 0 0 P|O 1 1 1 A AP — (AP)V'ACGC
XOR#D,AP |0 1]1 1 1 P D A AP — (AP)¥'D
BITACC,LAP |0 0|0 0O P|1 110 A (AP) V ACC
c | BIT #D, AP 01/01 0P D A (AP) VD
S |BISACC,AP |0 0]0 0 0 P[0 1 1 0 A AP — (AP) V ACC
Sleis#D,AP |0 1|00 0P| D A AP — (AP) V D
@ [BICACC,AP |0 0|0 01 PlO1 10 A AP — (AP) AACC
BIC #D, AP 0100 1P D A AP —(AP) AD
ROR AP 00/00O0POO0T10O A Cap —c -
£ |ROL AP 0o0/0o01PlOOT1O A CtaP) —Cc -
S [AsRr AP 00/000FP|0OO 11 A 0— (AP)—C
ASL AP 00/001FPlOO1 1 A C—(AP) —0
SEZ 00/0010/1010|/000O0O0| z—1
cLz 00/0000O0/1010|/000O| z—0
g [sEC 00/0010/1001]/000O0|C—1
gloe 0 00 00Of1 0010000 C—0
S | SEG 0 0j]0OO0O 1 0l10O0O0|0OO0O0O| G—1
ué'fcn_e 00/0000O0/100O0|0O0OO| G0
SEA 00/0010/1011]|0000] zZ—1,C—1,G—1
CLA 0 0/0000O0[/101 1|0 000/ Z—0C—0,G—0
MOVACC,AP |1 1|1 1 0 1|0 0 0 0 A AP — ACC
5 |MOvAcC,AX [ 1 11 1 0 0 X A AX —ACC
2[MOV#D,AP |0 1/1 1 0 P| D A AP —D
s|MOvAP,ACC |1 1]1 11 1|00 0 0] A ACC — (AP)
A [MOVAX,ACC |1 1]1 1 1 0 X A ACC — (AX)
CHG AP 1110010000 A (AP) — ACG
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DESCRIPTION OF INSTRUCTIONS (CONT.)

Mnemonic

Instruction Code

1110 9 -8
1 1 1

Operation

Data transfer

CHG AX

00O

(AX) — ACC

RDAR

00O00O

ACC — (AR1)

RDAR + (-)

00O

1 D/I

ACC — (AR1), AR1+—AR 11

RDAR+(-),Z

00

D/I

ACC — (AR1)
if (AR1)=0 then PC —PC + 1
else AR1—AR1 =1, repeat

RDAR + (-),N

D/I

ACC —(AR»)
if (AR1)0 then PC —PC + 1
else AR1+— AR %1, repeat

RDAR +(-),Z,L

—
—_

D/I

ACC —(AR1),L—L—-1

if (AR1)=0 or L=0

then PC—PC+1

else AR1— AR =1, repeat

RDAR + (-), N, |

—_
[y

D/

ACC — (AR1),L—L -1

if (AR1)s#0 or L=0

then PC —PC + 1

else AR+ —AR1 =1, repeat

MVAR

ARz —(AR1)

MVAR + (-)

-
-

1 D/1|0

ARz2+— (ARY),
AR1—AR1+=1,AR2—ARz=*=1

MVAR + (=), Z

D/i

AR:2+— (ARY),

if (AR1)=0 then PC —PC +1
else AR1 —AR11*1,
AR2—AR2x1, repeat.

MVAR + (=), N

D/I

ARz — (ARY)

if (AR1)5£0 then PC —PC +1
else AR1+—AR:1=* 1,
AR2—AR:2z1, repeat

MVAR + (-), L

—_
Py

D/I

ARz — (AR, L—L—1
if L=0 then PC —PC +1
else AR1—AR1+= 1,
AR2—AR2+1, repeat

MVAR +(-),Z,L

ey
—_

D/I

ARz —(AR1),L—L -1
if (AR1)=0 or L=0
then PC —PC +1
else AR1—AR1=*= 1,
AR2 — AR2+1, repeat

MVAR + (=), N, L

—_
oy

0 D/

ARz2— (AR, L—L—1
if (AR1)s£0 or L=0
then PC —PC +1

else ARi—AR1=*+= 1,
ARz —AR2 =1, repeat

| Sub routine

CALL adrs

-

1 a,,a, ag|a; a

a; a,

a3 4, ay Qg

STACK — (PC), PC «—adrs

RET

0 0O0O1 1

0o

00O

PC — (STACK) + 1

RTI

00 1 0f1 71

00

00O0O

PC — (STACK) or
PC —(STACK) +1
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DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code
Mnemonic Operation
131211109 8|7 6 5 43 2 1 0
| L L 1 1 L 1 L 1 1
a JMP adrs 1 0|0 a, a, ag|a, ag a5 a+|a; a, a, a,| PC—adrs
g JMP @AP 0 0j00OO0FP|1T 1O01 A PC —(PC) + (AP) + 1
3
JMPIO @AP 00|00 1t1TP|1T 101 A - PC —(PC) + {(AP) A7H} +1
BEQn if Z=1 then PC—PC — nor
(BZE n) 1 1j1 01 PO 1 0 n,ngn,n, ng| PC—PC+n+1
else —PC —PC +1
BNEn if Z=0 then PC—PC —n or
(BNZ n) 1 1|1 01 P[1.1 0 ngngn,n, ng| PC—PC+n+1
else PC —PC +1
if C=1 then PC —PC —n or
BCSn 1t 1(1 01 P|O O O nginygn, n, ng| PC—PC+n+1
else PC —PC +1
. if C=0then PC—PC —nor
BCCn 1 1{1 01 P{1 0 0 n,|ng ny n, ny| PC—PC+n+1
5 else PC —PC +1
s if G=1 then PC —PC — n or
m |BGTn 1t 141 01 P|O O 1 n,ingn, n, ng|f PC—PC+n+1
) : else.PC —PC +1
" if G=0 then PC —PC —nor
BLEn 1 1}1 01 P{1 0 1 n,{ngn,n, nyg| PC—PC+n+1
‘ else PC —PC +1
if G=1 or Z=1
BGEn 111 01 P|O 1 1 n,n;n,n, n,| thenPC—PC—nor
PC —PC+n+1,
else PC —PC +1
k if G=0 and Z=0
BLT n 111 01 P|1 1 1 n,in;n,n, ny| thenPC—PC —nor
PC —PC+n+1
else PC —PC+1
. |INPORT, AP 0 0|01 0P PL A AP — (PORT)
S~
S &[ouTAP,PORT [0 01 0Py P| P A PORT — (AP)
3
ZO|ouT#D,PORT |0 0]1 1Py O PL D PORT —D
STOP 00f1110/0O00O0O0|0 0 0 OfStopsystem clock
o [HALT 00{1110/0O0O0T1T/0 0 0 O]HaltCPU
2 |AcT 00/1110/0010/00 0 0]ActivateCPU
©
T |El 0 0{1 11 0/01 1 0|1 O O O] Enabletimerinterrupt
-g [o]] 00|11 1 0/01 1 0|0 1 0 0] Disabletimerinterrupt
§ ET 00/1 11001100 0 1 0fEnabletimeractivate
o
E DT 0 0f1t 110011 0/0 0 0 1| Disabletimeractivate
O |EC 001110011 1|1 0 0 0Enableoutputport(Ci~C4)"
DC 00|11 10/0111/0 1 0 0 Disableoutputport(Ci~C4)
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DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code

Operation

Mnemonic - -
1312|1110 9 8|7 6 6§ 4|13 2 1 0
1 Al 1 1 L 1 1 1 1 1
oM 0 0{1 11 0/01 1 1]0 0 1 0| Setl/Oport(I01~I04) to
5 output mode
=2
€ 9[IM 0 0/t 110011 1/00 0 1]Setl/Oport(l01~I04)to
o5l input mode
20
%g RST o1 1 0 0 0 O O 0| Resetdivider
NOP olo oo 0 0 0j{0 O 0 | No operation
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OXK I semiconductor s
MSM63 X
CMOS 4BIT SINGLE CHIP LOW POWER MICRCCONTROLLER FOR
TELEPHONE
GENERAL DESCRIPTION
The OKI MSM6352 is a low-power, high-performance single-chip 4-bit microcontroller employing
complementary metal oxide semiconductor technology, especially designed for use in sophisticated
telephone sets. Integrated onto a single chip are a 4-bit ALU, 28K bits of mask programmable ROM,
2560 bits of data RAM, programmabile timer, oscillator, 12-bits of input port,12-bits of output port and
4-bits of input/output port. In addition to these units, a DTMF generator is provided. ‘
With the MSM6352, sophisticated telephone sets become feasible through a single chip instead
of the conventional 3-chip configuration.
FEATURES
® Low Power Consumption 0.3mA Typical @3V e Interrupt
(DTMF output off) Programmable Timer-Interrupt
® 2048 X 14 Internal ROM : Real Time Interrupt
® 640 X 4 Internal RAM ® 5 Level Stack
® 3 X 4 Input Port e Power Down Mode
® 3 X 4 Output Port ® 52 |nstruction Set
o 1 X 4 Input/Output Port o Instructions Useful for Data Management
e DTMF Generator (Single Tone Mode or Dual (Data Search and Block Data Transfer)
Tone Mode) : ® 1.5t0 5.0V Operating Voltage
® Buzzer Sound Output ® Low Voitage Detector
e 4 Bits Programmable Timer Applicable for e 3.58 MHz Oscillator
Output of Dial Pulse ® 17.9 us Instruction Cycle
® Watch Dog Timer ® —20to 75°C Operating Temperature
® On Hook Dialing and Off Hook Dialing e 28 PinDIP or 40 Pin DIP
Function o Software Compatibility with MSM6052
FUNCTIONAL BLOCK DIAGRAM
DPOUT DTMF OUT
Rt DATA RAM
gé_ 640 word x 4 bit
gs
v EZ E DTMF
1" TIMER CIRCUIT
& |
8 i oo e
EO1 Li L P :pageregister
I
123
:82_ 3 D13 ~00
oE 3 INSTRUCTION
As § DECOOER A10 PROGRAM ROM
A0 204Bwordx 14 bit
x_‘l‘ ——
XT ——]
azkrz —  GEncaaToR ADDRESS
AC TEST vpp Vss
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PIN CONFIGURATION

(Top View) 40 Lead Plastic DIP

(Top View) 28 Lead Plastic DIP

eo2 [T} EO1 r1[d]
o3 2] ct r2[2]
04 3] g c2 rR3[3]
R1 [2] c3 Rra[4]
Rr2 5] ca Rrs 5]
R4 6] 13 re [6]
Rrs [7] 402 R7[7]
re [ 01 [
Rr7 9] 03 14 9]
R8s [10] 04 11 [i0] [i9]oT™MF  oUT
Ra [} DP OUT 12 7] 7§ Vop
HS[12] DTMF OUT xT[i2] [17] 8D
14 [i3] 104 XT[13] 6] AC
11 [ia] 103 TEST[74] 15] vss
12 [i5] 102
x7 [i§] 101
X7 [17] VbD
32kHz [18] BD
10€ [19) AC
TEST [20] 21 vss
LOGIC SYMBOL
¢ R1 E01 —=
kevBoaRD [ — = Ro EO2|—=
INPUT B A3 £oa OUTPUT PORT
(——{Ra EO3|——
KEYBOARD | ——={R6 2 [~
NPUT e 103 10 PORT
—1Rs 104 f=—w
IOE |——=" OUTPUT ENABLE
—11
— DIAL PUSLE
INPUT PORT 12 DPOUT OUTPUT
: (——14 DTMF OUT }——= DTMF OUTPUT
(=—c1 BD |—— BUZZEROUTPUT
KEYBOARD| ———|C2
oUTPUT | ——]¢3 32kHz |——  32kHz OUTPUT
AC|—— RESET
(=—o1
ouTPUT| =02 TEST[~— TEST
PORT | =———03
~ VD —
vaD ) Power
HOOK SWITCH HS
osciation [ 1%
-
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PIN DESCRIPTION

Designation Function

Vpp Pource source .

Vss Circuit ground potential

AC Terminal to clear internal logic, pulled down to Vgg.
After power is turned on, the MSM6052 must be reset by this terminal.

TEST Terminal to test internal logic, pulled down to Vgs.
This terminal must be open in normal operation.

XT. XT Input and output terminals of oscillator inverter.

! 3.58 MHz ceramic resonator is connected to these terminals.

HS Input terminal connected to the hook switch, pulled up tp Vpp.

DP OUT Output terminal of dial pulse.
Dial pulse rate (10 pps or 20 pps) and Make Break ratio (40% or 33 %) can
be selected by software.

DTMF OUT Output terminal of DTMF signal

BD Output terminal of buzzer sound

32 kHz Output terminal of 32 kHz clock

Rt ~Rs Input port pulled down to Vgg.

Rs ~Rs .

I~ 1l Input port having clocked pull-down resistor to Vgg.
Only when this port is accessed, pull-down resistors are connected to this
port.

Ci1~Cu4 Output bort

01~0a

101~ 104 Tri-state bidirectional port

I0E Output terminal
When 101 ~ 104 is accessed, input completion signal (when read) or
load signal (when written) is output from IOE terminal.

141






OLMS-64 SERIES






OKI semiconductor
MSM6404

HIGH-SPEED 4-BIT SINGLE CHIP MICROCONTROLLER

GENERAL DESCRIPTION

The OKI MSM6404 microcontroller is a low power, high-performance single-chip device
implemented in complementary metal oxide semiconductor technology. 32K bits of mask program
ROM, 1024 bits of data RAM, 36 Input/Output lines, a programmable timer/event-counter, and
oscillator are integrated onto one chip. Program memory is byte wide and data-paths are organized in
4 bit nibbles. RAM and 1/0 lines are bit addressable. 122 instructions include binary, BCD
operations; bit set, reset, test; 8 bit 1/0; relative jumps; multifunctional instructional (increment,
modify, skip) 8 bit wide table output; subroutine call and return.

FEATURES

® 4000 X 8 MASK ROM
An evaluation board is available for up to 8k
X 8.
® 256 X 4 RAM (including the stack area)
® 9 X 4 Ports, 36 1/0O lines
4 lines for input ports having a latch, and the
other 32 lines for bit operation are available. -
® Three built-in counters
12-bit time-base counter
12-bit programmable timer
8-bit high-speed programmable timer/event
counter
® Built-in 8-bit serial 1/0 register (with 3-bit
counter)
® Five interrupts with five priority levels
(4 internal, 1 external)

BLOCK DIAGRAM

32 stack levels (in RAM)
Power down features
Instruction execution time
952 ns 4.2 MHz clock
Instruction systems suitable for control
122 instructions
Mask option
P60-63 for input port
Full static operation
Low power consumption
TYP 0.4uW at Vpp=2V
TYP 5uW at Vpp=5V OHz clock
5V single power supply, 42-pin DIP or
44-pin FLAT

RAM
18 X 16 X 4 A ROM
4000 x 8
== T
Le Jf Lnpe o]
8 n 8 J
1 !
Interrupt PB
[1200mmer o] sutmc |[Pa] sbisa | Conlrol +— osco
I L} Timing | — &8C:
Controt | —=TeST
12bit TBC I ~—RESET

%ﬁﬁﬁﬁ%#ﬁﬁL o

3210 3210 3210 3210 3210 3210 32103210 3210
To LLSLN_LLLsﬁ o ok

MO Logo

Tk st
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PIN CONFIGURATION
(Top View) 42-pin Plastic DIP (Top View) 44-pin Plastic Flat Package
‘P40EO [32] vpp §§g£§§§§§§§
P41 EZZ E P53 ' <o | =] O] |2 (2 {5 wl [¥
P42 E E P52 N AR R R R R R ] ] M) [
pa3 [4] 39 P51 :
p30 [5] [38] 5o pat (1 33)
p31 [6 [37] P63 paz 2] O 33 ] pez
[32] Pe1
P32 |7 E P62 P33 E 31 | P60
P33 [8] [35] P61 i
osc,[9] 34] P60 0800 [47] | 30 Ne
o8¢, [10 53] P73 0se. L5 [ 29] P73
RESET[11 [32] P72 RESET [6_] 58] P72
Test[iz [31] P71 TesT [T} 57 P71
P20 [13 [30] P70 P20 [ 26 ] P90
p21 [14 5] P83 P21 (9 25 ) P83
p22 [i5] E P82 P22 [0 ] P82
p23 [16] 27] P81 P23 (11 23] P8t
poo [17] [26] peo
po1 [18] 25] P13
Po3 [20] 23] P11 - -
GND [Z1] 22] P10 §8§§§§§a§§§
PIN DESCRIPTION
Pin name lnput/qutput Function When reset
gg? /8CK 4-bit input/output port.
P02/S0O Input/output P01 to PO3 are also used as serial interface “q”
PO3/SI terminals.
P10/CIN
P11/TMO . 4-bit input port with latch. wan
P12/TCK Input/output Built-in pull up register for all bitinput. 1
P13 '
gg? /INT 4-bitinput port with a latch. P20 is shared with INT The latch is
Input input. (Fall trigger input) P21 ~ 23 are level input.
P22 L . s reset.
p23 Built-in pull up register for all bit input.
P30-33 Input/output 4-bit input/output port wyn
P40-43 Input/output 4-bit input/output port “0”
8-bit output port
P50-53 Input/output 4-bit input/output port “0”
P60—63 Input/output 4-bit input/output port *1 “0”
P70-73 Input/output 4-bit input/output port “0”
P80—-83 Input/output 4-bit input/output port “o”
0SCo g " . ot Oscillation
0SC. Input/output X'tal connection terminal for system clock oscillation wave
TEST Output (Test terminal for Maker) Pulse output
RESET Input System reset input terminal
\élr)\lDD Power source voltage supply

Note: When each port is used for output, it is possible todrive one TTL (one input).
*1 Canbe made as a port dedicated to input (mask option).
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INSTRUCTION LIST

® MSM6404 o

Mnemonic Description Code Byte Cycle
LAl n A+—n 9n 1 1
LLl n Len 8n 1 1
LHLI nn HL ~nn 15nn 2 2
LMI nn M(w) —nn 14nn 2 2
LAL A—L 21 1 1
LLA L—A 2D 1 1
LAH A+—H 22 1 1
LHA H—A 2E 1 1
LAM A—M 38 1 1
LMA M—A 2F 1 1
LAM+ A—M,L—L+1,SkipifL=0 24 1 1
é LAM— A—M,L—L-1,8SkipifL=F 25 1 1
fg_ LMA+ M«—A,L—L+1,8SkipifL=0 26 1 1
g LMA— M«—A,L—L-1,SkipifL=F 27 1 1
- LAMM  n. A—M,H—HVn: 39-38 1 1
LAMD mm A —Md 10mm 2 2
LMAD mm Md —A 11mm 2 2
LMTD mm Md(w) —T (M(w), A), T=ROM table 19mm 2 3
LMCT Mw) —CT 3E59 2 2
LCTM CT —M(w) 3E51 2 2
LMSR M(w) —SR 3ES5A 2 2
LSRM SR —M(w) 3E52 2 2
" LTMM T™ —(M(w), A) 3E50 2 2
PUSH ST+—C,A H,L, SP—SP-4 iC 1 3
POP C,A HL— ST SP—SP+4 1D 1 3
, X A—M 28 1 1
S | xm ne A—MH—HVn: 29-28 1 1
f:; X+ A*—'M,L—L+1,SkipifL=0 3C 1 1
* X— A—M,L—L-1,SkipifL=F 2C 1 1
,\:_, *é INA A —A+1,SkipifA=0 30 1 1
% 5| mm M —M-+1,SkipitM=0 33 1 1
28 L —L+1,SkipifL =0 31 1 1
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INSTRUCTION LIST (Continued)

Mnemonic Description Code Byte Cycle
INH H—H-+1,SkipifM =0 32 1 1
£ INMD mm Md —Md+1, Skip if Md =0 12mm 2 2
§ DCA A —A-1,SkipifA=F 34 1 1
é DCM M —M-1,SkipifM =F 37 1 1
% DCL L —L-1,8kipifL =F 35 1 1
2 DCH H—H-1,SkipifH=F 36 1 1
DCMD  mm Md —Md—1, SkipifMd =F 13mm 2 2
ADS A —A+M, Skipif Cy =1 02 1 1
ADCS A, C —A+M+C, Skip if Cy=1 o1 1 1
ADC. A,C —A+M+C 03 1 1
AlS n A —A-+n, Skipif Cy =1 3E4n 2 2
DAA A—A+6 06 1 1
DAS A—A+10 0A 1 1
AND A—AVM oD 1 1
"é OR A—AVM 05 1 1
g EOR A—AVM 04 1 1
CMA A—A 0B 1 1
CIA A —A+1 oc 1 1
RAL Rotate Left with C OE 1 1
RAR Rotate Right with C oF 1 1
TC Skipif C =1 09 1 1
sC c—1 o7 1 1
RC c—0 08 1 1
CAI‘ n Skip if A=n 3EOn 2 2
° cLl n SkipifL =n 3E2n 2 2
é cPI p.n Skip f Pp=n 17pn 2 2
S cMmi n Skipif M =n 3E1n 2 2
CAM Skipif A =M 16 1 1
TAB nz Skip if Abit (n2) =1 54-57 1 1
§ RAB n2 Abit (n2) —0 64-67 1 1
g SAB ne Abit (n2) —1 74-77 1 1
'E% T™B nz Skip if Mbit (n2) =1 58-58 1 1
RMB  n: Mbit (n) —0 68-68 1 1




INSTRUCTION LIST (Continued)

® MSM6404 ¢

Mnemonic Description Code Byte Cycle
SMB n Mbit (n2) —1 78-78 1 1
TFB ne Skip if Fbit (n2) =1 5C—5F 1 1
RFB ne Fbit (n2) —0 6C-6F 1 1
. | srB ne Fbit (n2) —1 7G-7F 1 1
% P8 ne Skip if Pbit (n) =1 50-53 1 1
8 | res ne Pbit (n2) —0 60-63 1 1
B | spre n Pbit (n2) —1 70-73 1 1
TPBD  pn: Skip if Ppbit (n2) =1 3D po~s 2 2
RPBD  pn: Ppbit () =0 3D pa~1 2 2
SPBD  pne Ppbit (n2) =1 3D pe~8 2 2
MEI MEIF —1 3E60 2 2
MDI MEIF —0 3E61 2 2
EITB EITBF —1 30C9 2 2
EITM EITMF —1 3DCA 2 2
EICT EICTF —1 3DCB 2 2
EIEX EIEXF —1 3pCc8 2 2
DITB EITBF —0 3DC5 2 2
DITM EITMF —0 30C6 2 2
DICT EICTF —0 3DC7 2 2
DIEX EIEXF —0 3DC4 2 2
‘g TITB Skip If EITBF =1 3DC1 2 2
g TIT™M Skip If EITMF =1 3DC2 2 2
TiCT Skip IfEICTF =1 30C3 2 2
TIEX Skip If EIEXF =1 3DC0 2 2
TQEX Skip If IRGEX =1 3020 2 2
TQTB Skip IfIRQTB =1 3000 2 2
TQT™ Skip If IRQTM =1 3DD1 2 2
TQcT Skip IfIRQCT =1 3DD2 2 2
TQSR Skip If IRQSR =1 30D3 2 2
RQEX IRQEX —0 3024 2 2
RQTB IRQTB —0 30D4 2 2
RQTM IRQTM —0 3DD5 2 2
RQCT IRQCT —0 3DD6 2 2
RQSR IRQ SR —0 30D7 2 2
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e MSM6404 o

INSTRUCTION LIST (Continued)

Mnemonic Description Code Byte Cycle

ECT CTF —1 (start) 3DBB 2 2
_5| Esm SRF 1 (start) 3DBA 2 2
£% | por CTF —0 (stop) 30B7 2 2
DSR SRF —0 (stop) 3DB6 2 2
:‘gé TCT Skip If CTF =1 3DB3 2 2
8 | TsR Skip If SRF =1 3DB2 2 2
Jep as PC —as CO~FF 1 1
JP an PC «—a 4a12 2 2
czpP a Sp_hot.PC—2a, Ba 1 4
CAL ar S CESt2.PCman Aas 2 4

-

§ | oer Pl 18 N
RT PC —ST, SP —SP+4 IE 1 4
RTS ggl ;;1?120?1’; i;i_oir;I-M’ IF 1 4
JA PC — (PC —A)+1 1A 1 1
M PG — (M(w), A) 1B 1 2
< | P A—P 20 1 1
§ IPD p A—Pp 3DpD 2 2
3| or P—A 23 1 1
= OPD p Pp —A 3DpC 2 2
_ NOP No Operation 00 1 1
) ‘g HALT Halt CPU 3DB8 2 2
©° [ srop Stop Clock 3DB9 2 2
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ABSOLUTE MAXIMUM RATINGS

® MSM6404 ¢

Parameter Symbol Conditions Limits Unit
Supply Voltage Vpp -03t07. \
Input Voltage V| Ta=25°C -0.3toVpp v
Output Voltage Vo —0.3toVpp v
Ta = 25°C per package 200 max. mWwW
Power Dissipation Pp
Ta =25°C peroutput 50 max. mwW
Storage Temperature Tstg - —55t0+150 °C
OPERATING RANGE
‘ Parameter Symbol Conditions Limits Unit
flosc) S1MHz 3t06 v
Supply Voltage Vpp
fosc) S4.2MHz 451055 v
Data-Hold Voltage VDDH f(OSC) =0Hz 2t06 v
Operating Temperature Top - —40 to +85 °C
MOS Load 15
Fan Out N TTL Load ] -
DC CHARACTERISTICS
(Vpp =5V=+10%, Ta =—40 to +85°C)
Parameter Symbol Conditions Min. Typ. Max. Unit
“H” Input Voltage™1,"2 VIH - 2.4 - Vpp v
“H” Input Voltage™3,"4 VIH - 36 - Vpp %
“L” Input Voltage Vi - -0.3 - 0.8 v
“H” Output Voltage™1,"5 VOH I0=—15uA 42 - - v
“L” Output Voltage™ 1 VoL lo=1.6mA - - 0.4 v
“L” Output Voltage"S VoL lo=15pA - - 0.4 v
Input Current™3 I V| =Vpp/0OV - - |15/-15| uA
Input Current™2,"4 /L V| =Vpp/oV - - [ 1/-30 | pA
“H” Output Current™1 IOH Vo =24V -0.1 - - mA
“H” Output Current™1 I0H Vo= 0.4V - - -1.2 | mA
Input Capacity C f=1MHz - 5 -
Output Capacity Co Ta=25°C - 7 - Pk
Current Dissipation VDDTzazz\gsnfgoad - 0.2 5 KA
(when stop condition) pps
No load - 1 100 HA
Current Dissipation IpD ?::ESH??::T;?S - 6 12 mA

*1 AppliedtoPO, P1,P3, P4,P5, P6, P7 and P8

*2 AppliedtoP2

*3 Applied to OSCo

*4 Applied to RESET

*5 Applied to OSC:
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® MSM6404 ¢

AC CHARACTERISTICS
(Vpp =5V£10%, Ta = —40° to +85°C)

Parameter ‘ Symbol Conditions | Min. Typ. Max. Unit
Clock Pulse Width t _
Clock (OSC) oW 119 - - ns
Cycle Time tcy - 952 - - " nS
Input Data Setup Time tps - 120 - - nS
Input Data Hold Time toH - 120 - - ns
Input Data, Input _ _ _ )
Clock Pulse Width tow 120 ns
SR Data Setup Time tss - 120 - - nS
SR Data Hold Time tsH - 120 - - nS
Data Delay Time tpR CL=15pF - - tcy +300 nS
Data Delay Time at _ _ _
Mode Switching tDCR CL=15pF 7/8tcy +300 nS
Data Delay Time at _ _ _
OPT Instruction tpi1 CL=15pF 6/8tcy +300 nS
Data Delay Time at
OPT Instruction tpi2 CL=15pF - - 7/8tcy +300 nS
CT/TM Data Delay _
Timeusing TBC Clock | {CT/ATT | CL=15pF | - - 2/8tcy +360 ns
SR/TM Data Delay _
Time using PR Clock tSR/tTR | CL=15pF - - tcy +480 nS
CT Data Delay Time _ :
using PR Clock tcR CL=15pF - - 10/8tcy +480 nS
CT Data Delay Time _
using External Clock tcp CpL=15pF - - 2/8tcY +360 nS
SR/TM Data Delay
Time using External tsp/ttp | CL=50pF - - . 360 nS
Clock :
SR Clock Invalid Time tSINH - 2/8tcy | — - nS
INT Invalid Time tINH - 1/8tcy - - nS
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® MSM6404 ¢

TIMING CHARTS
Output Condition
imCc
°s°°\__/_\/ \/\/\/\
tCY ———

Po. Py, Py 0,1,3
Pe.Ps.Ps pa=4,56
Py, Py 70r8

| tDR .
Po1
Pos PA=9o0r A
Pus f tDCR -+
P, OPT INST.

| t

I~ DIl J
Py OPT INST.

|

[ D12 {
Pos cT
P,, TBCclock .\,

tcT
tTT
Pos P,, clock* SR
P P,, clock* TM
tSR
tTR
Poy P,, clock* CT i
iCR

F
Pio.Por. Py, EXTclock )(
Poy CT

—tcP
Po, SR
Py ™
— t§P [——
—s tTP fo—— )
* Output Data to port will be clock for SR, TM or CT.
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® MSM6404 o

Input Condition

osc, N}

MM —m8M

/

aAvaw

W | tpw
P,,P,,P |
pp INPUT
S DATA
P6 . P7 ’ PS
DS [tDH
Poy SR clock
Py, TM clock
P2
Pos SR clock
INPUT
Pos sl DATA B
tss | tSH
b 1mC

osc,

[\

AYAWE

tl INH

tS INH

tS INH: Py, (SR clock) INH period during LMSR INST.
(Note: P, isused for clock of SR)

t] INH: P, (interrupt) INH period during RPB and RPBD INST.
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® MSM6404 ¢

TYP. Current vs Voltage for High State Output TYP. Current vs. Voltage for Low State Output

(loH) (Von) (lov) (Voo
(Ta=25°C) (Ta=25°C)
-1.0 20 r —
—VDD =5V
-0.9 18 6V/ yd
08 WL
-0.7 ™ 14 /
06 Vpp =6V l L — 4V
< F— < 12
g -0.5 I~ \ g /
T & N | 2 10
5 04 \ o /
-0.3 —=gV N ° L—t3v
A
-0.2 3v \ A\ 6 <
. N
01 \ \ \ 4
0 : 2
1 2 3 4 5 6 17
0
Vou (V) 1 2 3 4 5 6 7 8 9 10
VoL V)
TYP. Maximum Oscillator Frequency vs TYP. Maximum Oscillator Frequency vs.
f(0sC) Temperature f(osc) Supply Voltage
(Ta) - (Vpp)
(CL =15 pF) (Ta=25°C, CL = 15 pF)
1 1"
10 10
9 9
8 \\ ) /
~
N/DD =5V ‘ /
~ 7 ~ 7
I I~ I
% 6 P~ § 6
o o
g g . //
4 4 v
3 3
2 2
1 1
0 : 0
40 -20 0 20 40 60 80 100 1 2 3 4 5 6 7 8
Ta (°C) Vpp (V)
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TYP. Supply Current vs. Supply Voltage

No Load

(ipp) (Vpp)
(Ta=25°C)
10m ——+F—+
1(?SC)=4MHZ::
- 1
— 2MHz
/”"V i
4 1MHz
im =+
500kHz
- 100kHz
100u
<
Q
o
10u
’ ¥ OHz
T ;/
.
/]
7
100n — -
(o] 1 2 3 4 5 6 7 8 9 10
Vpp (V)



OKI sem‘iconductor
MSM6404VS

MSM6404 PIGGY BACK

GENERAL DESCRIPTION

The MSM6404VS is a device whose built-in ROM is replacéd by external EPROM using the piggy-
back method.

FEATURES
e Supply Voltage: 5V +=5% @ Frequency:DC ~4.2MHz e Operating Temperature: 0 ~ 70°C

Note: There are a few differences in the electrical characteristics of this chip and the evaluation chip.
Please refer to next page for the detail.

PUTTING METHOD OF ROM

Please refer to drawing below.

M6404VS
OKI
JAPAN 4X30

M6404VS
OKI
JAPAN 4X30

PIN CONFIGURATION

Pin Connection between MSM6404VS and EPROM

Vece
A12
A1
10 ol

R —
8
7
_ 6
ToAO ~A12 <] ADDRESS 5
of MSM6404VS 4
3
2
1
AO
DO
1
2
ToD10 ~D7 DATA s
of MSM6404VS 4
5
6
' A o7

Note: When putting 2732A,

pin 1,2, 27, 28 are not used. GND
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® MSM6404VS ®

'DIFFERENCES BETWEEN MSM6404 AND MSM6404VS (PIGGY-BACK)

Item

6404

6404VS (P'iggy-Back)

. Port
- initialization
during reset

Port PO, 1, 3 are set to “1” and port
2,4,5,6,7,8 arereset to “0”
directly by signal put into the
RESET.,

Port PO, 1, 3 are set to “1” and port 2,
4,5,6,7,8 arereset to “0” during reset
cycle being executed.

It is undecidable whether the timer

2. Timer After being reset, timer stops
Operation counting until data are setin it. starts counting or not after being reset.
Therefore, the timer should be
“initialized by software.
3. Shiftregistor | Serial Out F/F (SOF/F) is set to “0” It is undecidable whether Serial Out
after being reset. F/F (SOF/F) is setto “‘0" or “1” after
being reset. Therefore Serial Out F/F
should be initialized by software.
4. Port o
input/output | 'nternal clock —J—LJ—-I— Internal clock .__.I—]_l—l_
timing
Data are input Data are input
at this moment at this moment
Synchronized
Internal clock with falling edge | Internal CIOCK__'_L.J—[_
Data are output Data are output
at this moment at this moment
TTLFO=1 ) LSTTL FO=1
5. Port (loL =1.6 mA0.4V) (loL=0.4 mkA 0.4V)
input/output
(maracteris-
tics) VoD Voo VDD
P20~3 P20~3 ' % i]‘ |
D Dc
TTL compatible input CMOS input
PO0O~P83 D-———DO—— POO~83 n____Do_.
(Except P20~3) (Except P20~3)
Available 4K byte Accessible up to 8K byte
ROM capacity
IPL call Not available Available
instruction
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OKI semiconductor
MSM6408

HIGH-SPEED 4-BIT SINGLE CHIP MICROCONTROLLER

GENERAL DESCRIPTION

The OKI MSM6408 microcontroller is a low power, high-performance single-chip device
implemented in complementary metal oxide semiconductor technology. 64K bits of mask program
ROM, 1024 bits of data RAM, 36 Input/Output lines, a programmable timer/event-counter, and
oscillator are integrated onto one chip. Program memory is byte wide and data-paths are organized in
4-bit nibbles. RAM and 1/0 lines are bit addressable. 122 instructions include binary, BCD
operations; bit set, reset, test; 8-bit I/0; relative jumps; multifunctional instructional (increment,
modify, skip) 8-bit wide table output; subroutine call and return.

FEATURES

e 8000 X 8 MASK ROM
An evaluation board is available for up to 8K
X 8.

® 256 X 4 RAM (including the stack area)

® 9 X 4 Ports, 36 1/0 lines
4 lines for input ports having a latch, and the
other 32 lines for bit operation are available.

® Three built-in counters
12-bit time-base counter
12-bit programmable timer
8-bit high-speed programmable timer/event
counter

e Built-in 8-bit serial 1/0 register (with 3-bit
counter)

32 stack levels (in RAM)
Power down features
Instruction execution time
1.0 us 4.0 MHz clock
Instruction systems suitable for control
122 instructions
Mask option
P60-63 for input port
Full static operation
Low power consumption
TYP 0.4uW at Vpp=2V
TYP 5uW at Vpp=5V OHz clock
5V single power supply, 42-pin DIP or
44-pin FLAT

® Five interrupts with five priority levels
(4 internal, 1 external)

BLOCK DIAGRAM
16 x 16 x 4 c $ lrsg{:ﬂ »30%8% 8
G220/ I oo BN | VS [ | SR
DEC
pes W L F I i1 PC 0
S e e
T3 1 Interrupt PB
[ 120nmimer |[po] suirTic ” Pa | 6bi|SR] Contret 9%
Timing ~—0SC,
&
Control | —* TEST
12 bit TBC <+— RESET
~——Vpp
~—GND

BhER R oE

3210 3210 3210 3210 3210 3210 321_321 3210
I_C'" L’—scx CTO CLK
mo so

ﬁso
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® MSM6408 ¢

PIN CONFIGURATION

(Top View) 42-pin Plastic DIP 44 Pin Plastic Flat Package
pao 3] (O 2] voo BETIESB2E 88
P41 E zﬂ P53 O} |0 I 0| |
a2 [3] 0] P52 319 1S [<1 [ (9] 18 SHH
paz [4] [39] P51
30 (5] 38] P50 Pat 1] O 55 re2
pat [e] 31 P63 : P32 [2] i [327] Pe1
P32 [7] [36] P62 2
P33 [8 [35] pe1 Pas [T} | 3T Peo
oscn% [34] Peo e [ 30] NG
RESET[11] 32] P72 - RESET 6 2] P72
Test[12] 131] P71 TesT [ 7] 27] P71
P20 [13] 130] p70 P20 8] 26 | P90
p21 [1a] 29) pg3 P21 [5] (5] pe3
p22 [15] (28] p82 P22 (10 74 P82
p23 [16] [27] P81 P23 [11 53] et
roo [17] 126] P80
o1 [18] [25] P13
PO3 |20 23] P11
o B = BeEpseciszs
PIN DESCRIPTION
Pinname Input/output Function When reset
Eg? /8CK 4-bit input/output port.
P02/SO Input/output PO1 to PO3 are also used as serial interface “1”
PO3/SI terminals.
P10/CIN
P11/TMO 4-bit input port with latch. wan
P12/TCK Input/output Built-in pull up register for all bit input. 1
P13
P20 /INT 4-bit input port with a latch. P20 is shared with INT .
P21 ) " ; R The latchis
| Input input. (Fall trigger input) P21 ~ 23 are level input.
P22 Ay . o reset.
P23 Built-in pull up register for all bit input. ’
‘'P30-33 Input/output 4-bit input/output port “r
P40-43 Input/output 4-bit input/output port . “0”
8-bit output port
P50-53 Input/output 4-bit input/output port “0”
P60-63 Input/output 4-bit input/output port *1 “0”
P70-73 Input/output 4-bit input/output port “0”
P80--83 Input/output 4-bit input/output port “0”
OSCo , : . . _—— Oscillation
osC, Input/output ' X'tal connection terminal for system clogk oscillation wave
TEST Output (Test terminal for Maker) Pulse output
RESET Input .System reset input terminal
vbD P It 1
GND - ower source voltage supply

Note: When each port is used for output, it is possible to drive one TTL (one input).
*1' Can be made as a port dedicated to input (mask option).
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© MSM6408

INSTRUCTION LIST

Mnemonic Description Code Byte Cycle
LAI n A«n 9n 1 1
LLI n L—n 8n 1 1
LHLI nn HL «—nn 15nn 2 2
LMt nn M(w) —nn : 14nn 2 2
LAL A—L 21 1 1
LLA L—A 2D 1 1
LAH A—H 22 1 1
LHA He—A : 2E o 1
LAM A—M 38 1 1
LMA M—A 2F ‘ 1 1
o LAM+ A—M,L —L+1,SkipifL=0 24 1 1
'E LAM— A—M,L—L~1,8kipifL=F 25 1 1
é’ LMA+ M —A,L—L+1,SkipifL=0 26 1 1
g LMA- M—A,L—L-1,SkipifL=F 27 1 1
- LAMM  n: A—M,H—HVn: 39-3B 1 1
LAMD  mm A—Md 10mm 2 2
LMAD  mm Md —A ) 11mm 2 2
LMTD  mm Md(w) —T (M(w), A), T=ROM table 19mm 2 3
LMCT M(w) —CT _ 3E59 2 2
LCTM CT —M(w) 3E51 2 2
LMSR M(w) —SR 3E5A 2 2
LSRM SR —M(w) 3E52 2 2
LTMM T™ —(M(w), A) 3E50 2 2
PUSH ST —C, A H,L, SP—SP-4 1C 1 3
POP C,AH,L, —ST SP —SP+4 1D 1 3
X A—M ' 28 1 1
% XM n: A—MH—HVn2 » 29-28B 1 1
g X+ A«——M,L—L+1,SkipifL=0 3C 1 1
X~ A——M,L—L-1,SkipifL=F 2C 1 1
2E | _INA A—A+1,Skipif A=0 30 1 1
% §1 mwm A —M-+1,SkipifM=0 33 1 1
28 | L—L+1,SkipifL =0 31 1 1
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® MSM6408 ¢

s

INSTRUCTION LIST (Continued)

Mnemonic Description Code Byte . Cycle
INH H«—H+1,SkipifM =0 ’ 32 1] 1
H INMD mm Md —Md+1, Skip if Md =0 12mm 2 2
§ DCA A —A-1,SkipifA=F 34 1 1
§ DCM M —M—1,SkipifM=F 37 1 1
g DCL L —L~1,SkipifL =F 35 1 1
2 | ocH H —H—1, SkipifH =F 36 1 1
DCMD  mm Md —Md—1, Skip if Md =F “13mm 2 2
ADS A —A+M, Skip if Cy =1 02 1 1
ADCS A, C —A+M-+C, Skip if Cy=1 o1 1 1
ADC A, C—A+M+C 03 1 1
AlS n A —A+n, Skipif Cy =1 3E4n 2 2
DAA A—A+6, 06 1 1
DAS A—A+10 : 0A 1 1
o AND A—AVM , oD 1 1
g OR A—AVM - 05 1 1
'E EOR A—AVM 04 1 1
CMA A—A 0B 1 1
CIA A —A+1 oc 1 1
RAL Rotate Left with C OE 1 1
RAR Rotate Right with C OF 1 1
TC Skipif C =1 09 1 1
sC Cc—1 07 1 1
RC c—o0 08 E 1
CAl n Skip if A =n ‘ 3EOn 2 2
o CLI n SkipifL =n . 3E2n 2 2
§ CPI . p,n Skipif Pp=n ; 17pn 2 2
8 CcM! n SkipifM =n ) . 3E1n 2 2
CAM Skip.if A=M' 16 1 1
TAB ne Skip if Abit (n2) =1 | 54-57 1 1
§ RAB n: Abit (n2) —0 64-67 1 1
g SAB nz Abit (n2) —1 74-77 1 1
g T™MB ne Skip if Mbit (n2) =1 , 58—5B 1 1
RMB nz | Mbit(nd —0 68—6B 1 1
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INSTRUCTION LIST (Continued)

® MSM6408 o

Mnemonic Description Code Byte Cycle
SMB n Mbit (n2) —1 78-7B 1 1
TFB nz Skip if Fbit (n2) =1 5C:—5F 1 1
RFB nz Fbit (n2) —0 6C-6F 1 1
c SFB n2 Fbit (n2) —1 7C-7F 1 1
é TPB n2 Skip if Pbit (n2) =1 50-53 1 1
§ RPB nz Pbit (n) —0 60-63 1 1
@ SPB n Pbit (n2) —1 70-73 1 1
TPBD pnz Skip if Ppbit (n2) =1 3D po—~s 2 2
RPBD pnz Ppbit (n2 =0 3D pa—r 2 2
SPBD pn2 Ppbit (n2) =1 3D ps~B 2 2
MEI MEIF —1 3E60 2 2
MDI MEIF —0 3E61 2 2
EITB EITBF —1 3DC9 2 2
EITM EITMF —1 3DCA 2 2
EICT EICTF — 3DCB 2 2
EIEX EIEXF —1 3DC8 2 2
DITB EITBF —0 3DCS 2 2
DITM EITMF —0 3DC6 2 2
DICT EICTF —0 3DC7 2 2
DIEX EIEXF —0 3DC4 2 2
TITB Skip If EITBF =1 3DC1 2 2
g‘ TITM Skip If EITMF =1 3DC2 2 2
% TICT Skip fEICTF =1 3DC3 2 2
TIEX Skip If EIEXF =1 3DCO 2 2
TQEX Skip If IRQEX =1 3D20 2 2
TQTB Skip If IRQTB =1 3DDO 2 2
TQT™ Skip If IRQTM =1 3DD1 2 2
TQCT Skip If IRQCT =1 3DD2 2 2
TQSR Skip If IRQSR =1 3DD3 2 2
RQEX IRQEX—0 3D24 2 2
RQTB IRQTB—0 3DD4 2 2
RQTM IRQTM —0 3DD5 2 2
RQCT IRQCT —0 3DD6 2 2
RQSR IRQSR —0 3DD7 2 2
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® MSM6408 o

INSTRUCTION LIST (Continued)

Mnemonic Description Code Byte Cycle
ECT CTF «~1 (start) 3DBB 2 2

=% | ESR SRF —1 (start) 3DBA 2 2

=]

@<= | per CTF «0 (stop) * 3DB7 2 2
- DSR SRF «0 (stop) 3DB6 2 2
5 '
§ TCT Skip If CTF =1 3DB3 2 2
(&

TSR Skip If SRF =1 3DB2 2 2
Jop as PC —as CO~FF 1 1
JP ain PC a1 4a12 2 2
LJP an PC —a1s 3F 3 4
ST —PC+1,PC —2a,
CzpP a SP —SP—4 Ba 1 4
S
=4 - —
g | ca ae ST ECot2.PC—an Aaie 2 4
RT PC —ST,SP —SP+4 IE 1 4
PC —ST,SP —SP+4,
RTS Skip unconditional IF 1 4
JA PC «—(PC —A)+1 1A 1 1
M PC — (M(w),A) B 1 2
IP A—P 20 1 1
3
£ IPD p A—Pp 3DpD 2 2
o
e oP P—A 23 1 1
g
- OPD p Pp —A 3DpC 2 2
NOP No Operation 00 1 1
I

a‘é‘ HALT Halt CPU 3DB8 2 2

[&]

STOP Stop Clock 3DB9 2 2
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® MSM6408

ABSOLUTE MAXIMUM RATINGS

Parameter ) Symbol Conditions Limits Unit
Supply Voltage : Vpp -0.3to7 v
Input Voltage \ Ta=25°C -0.3t0 Vpp v
Output Voltage Vo -0.3toVpp ‘ \
Ta =25°C per package 200 max. mwW
Power Dissipation Pp
Ta =25°C per output 50 max. mwW
Storage Temperature Tstg - —-5510 +150 °C
OPERATING RANGE
Parameter Symbol Conditions Limits Unit
t S1MHz 3t06 \
Supply Voitage Vpbp (0SC)
: f(OsC) = 4.0MHz 451055 v
Data-Hold Voltage VDDH f(OSC) =0Hz 2to6 \"
Operating Temperature Top - —40to +85 °C
MOS Load 15
Fan Out N -
TTL Load . 1
DC CHARACTERISTICS

(Vpp =5V+10%, Ta = —40 to +85°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
“H” input Voltage™1,*2 m - 2.4 - Vpp
“H” Input Voltage"3."4 VIH | - 3.6 - Vbp v
“L” Input Voltage ViL - -0.3 - 0.8 \
“H” Output Voltage™ 1,5 VOH lo=—15uA 4.2 - - v
“L” Output Voltage™1 VoL lo=1.6mA - - 0.4 v
“L” Output Voltage"S VoL lo=15pA - - 0.4 v
Input Current”3 1 hm/Me Vi =Vpp/OV - - | 15/-15 | wA
Input Current*2,"4 . H/L V) =Vpp/0OV - - 1/-30 | pA
“H” Output Current™1 10H Vo =2.4V -0.1 - - mA
“H” Output Current” loH Vo =04V - - -1.2 mA
Input Capacity C f=1MHz - 5 -
Output Capacity Co Ta=25°C - 7 - pF
Current Dissipation VDDT21\2;°(:Z:I°ad - 02 5 KA
(when stop condition) Ipps _
Noload - 1 100 uA
Current Dissipation IbD ?::ﬁﬁ‘ﬁg?xg - 6 12 mA
*1 AppliedtoPO, P1,P3, P4, P5, P6, P7 and P8 - o
*2  Applied to P2 *3  Appliedto OSCo *4 Applied to RESET *5 Appliedto OSC
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AC CHARACTERISTICS
(Vpp =5V+10%, Ta =—40 to +85°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
Clock Pulse Width
Clock (OSC) tsw - 128 - - ns
Cycle Time toy — 1 - — uS
Input Data Setup Time tps - 120 - - ns
Input Data Hold Time toH - 120 - - nS
Input Data, Input
Clock Pulse Width tbw - 120 | - - ns
SR Data Setup Time tss - 120 - - nS
SR Data Hold Time tsH - 120 — — - ns
Data Delay Time tbR CL=15pF — — tcy +300 nsS
Data Delay Time at _
Mode Switching tocr CL=15pF - - 7/8tcy +300 ns
CT/TM Data Delay _
Time using TBC Clock ter/trt CL=15pF - - 2/8tcy +360 nS
SR/TM Data Delay _ ,
Time using PR Clock tSR/tTR CL=15pF - - tcy +480 nS
CT Data Delay Time _
using PR Clock tcr CL=15pF - - 10/8tcy +480 ns
CT Data Delay Time _
using External Clock tcp - OL=15pF - - ~2/8tcY +360 ns
SR/TM Data Delay i
Time using External tsp/ttp C=50pF - - ‘360 nS
Clock
SR Clock Invalid Time tSINH - 2/8tgy| - - nS
INT Invalid Time HiINH - 1/8tcy| - - nS
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TIMING CHARTS
Output Condition
imMC N
osco\_/ WAYAWEAYE
tCY —¥] .

Py, Py, Py o, 1" 3
PO'Ps'Ps PA=4,5,6
Py, Py 7or8

I tDR

' 1
Po,
Pos PA=9or A
P lg tDCR -
Pox CT
P,y TBC clock ™ J

\ cT
' 7T
Pos P,, clock* SR
P P,, clock* T™M
TR

Pos P,, clock* CT

i rrm

I c
Pio.Por, Py, EXTclock ‘)(
Pos cT

——tcP
" Pos SR
Py ™
—»f tSp [——
— tTP F__
* Output Data to port will be clock for SR, TM or CT:
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Input Condition

°

1MC
osc, \ / / \ / \ /
t¢W
1
Por Pi P l INPUT
Ps PPy DATA
Ps.P,, P
tDS |tDH
Poy SR clock
P, TM clock
2
P, SR clock {
INPUT
Pos sl DATA
1SS | tsH
M —
osc

RUAW

tS INH: Po; (SR clock) INH period during LMSR INST.
(Note: P,, is used for clock of SR)

t] INH: P,, (interrupt) INH period during RPB and RPBD INST.
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TYP. Current vs Voltage for High State Output
(low)  (Von)

(Ta=25°C)
-1.0
09
08

fr—
0.7 <

Vpp = 6V

_06 NP0

Yy — < \
04 ~
-03[—~4v

-0.2 3V \ \\ \
or NI\

loH (mA)

VoH (V)

TYP. Maximum Oscillator Frequency vs

f(0SC) Temperature

(Ta)

(CL =15 pF)

11

10

9

f (OSC) (MHz)

-40 -20 O 20 40 60 80 100
Ta (°C)
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TYP. Current vs. Voltage for Low State Output
(ioL) (Voo)

(Ta = 25°C)
12: & ][ oo~
/[
16 /
14 l[ —w
3 12
£ |
o 10
N/
Z ,ﬂf—-sv
4
2
0

1 2 3 4 5 6 7 8 9 10

TYP. Maximum Oscillator Frequency vs.

f(0scC) Supply Voltage
(Vpp)

(Ta=25°C, CL = 15 pF)

11

10

9

£ (0SC) (MHz)
(3]
\
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»OKI semiconductor

MSM6411

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER

GENERAL DESCRIPTION

The OKI MSM6411 microcontroller is a low-power, high-performance single-chip device
implemented in complementary metal oxide semiconductor technology. 1024 X 8 bits of program
ROM, 32 X 4 bits of data RAM, 11 Input/Output lines and oscillator. Program memory is byte wide
and data paths are organized as 4-bit wide. 63 instructions include binary, logical operations; bit set,
reset, test; multifunctional.

FEATURES

® 1024 X 8 Internal ROM ® 63 Instructions

® 32 X 4 Internal RAM ® Self-Contained Oscillator

® 111/0 Lines (8 1/0 Lines, 3 Input Lines) ® —40 to +85°C Operating Temperature
® 8-bit serial I/0 Register ® 3to 6V Operating Vpp

® 2 Interrupt Levels ® |ow Power Consumption 5 uW Typical
® 8 Stack Levels (STOP, Vpp =5V, no load)

® 952 ns 4.2MHz (Vpp 5V+10%) ® Mask Option Crystal/Ceramic

Oscillator

ﬂ FUNCTIONAL BLOCK DIAGRAM

INST.
DEC.
ACC
3 0

ALU

PO ] 4_17| SR o’-1 INT.
210 3210 3210 7 ¢ 0
TG.

INT _ siso RESET OSCo OSC- VDD GND

SCK
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LOGIC SYMBOL

PIN CONFIGURATION

(Top View)

16 PIN PLASTIC DIP (RS)

A4
5V —=1 Vpp 3 . Slfe—> P1 QE E Vpp
OV———=|GND 2 SOf—=2 o P13[2] 5P
PO =
"RESET—»| RESET 1 SCKfe— 1 |9 P20/iNT[ 3] fiqrio
—0SCo Y «— 0 P21[4 13/P03/sI
CLOCK . D E
~—dosc; 3 =3 p22[5] fidPozsso
o 2 — 2 I é 0sC: [6] 1 Po1/5CK
o« P2
S| 1 —q 1 J 1 e 0sCo[7] 1dPoo
Lo TINT O 0 GND[B (o] RESET
PIN DESCRIPTION
Designation Input/Output Pin No Function Reset
P0OO 10 4 Bits 1/0 port.
P01/SCK 11 PO1 to PO3 are used both i/0 g
P02/SO Input/Output 12 port-and terminal of shift resister 1
P0O3/SI 13
P10 14
g}; Input/Output 1 ? 4 Bits 1/0 port “r
P13 2
P20/INT 3 3 Bits input port with latch. Latch is reset.
P21 input 4 P20 is used as both input port and (“0”)
P22 .5 input terminal of INT (input of
falling edge trigger).
0OSCo Input 7 Input terminal of system clock. Clock pulse In
Oscillation circuit consists of
0OSCoand OSC.
OSC 1 Output 6 Oscillation_circuit consists of
OSCo and OSCa.
RESET Input 29 Input terminal of system reset
VpD 16 Main power source and circuit
GND Input 8 GND potential.
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FUNCTIONAL DESCRIPTION

ROM

ROM is organized in 1024 words by 8 bits. It
is used to stored developed application
programs (instructions). It is addressed by the
program counter (PC).

PC
The PC consists of a 10-bit binary counter
and is used to address ROM.

Stack and Stack Pointer

An interrupt or CAL instruction causes the
contents of the PC to be saved in the stack. The
PC is restored from the stack by RT instruction.

All RAM locations (up to 8 levels) are
available as the stack. Note that four words of
RAM are used for each level.

The stack pointer is a 5-bit up-down counter
that points to the address of the next stack to be
used. It allows the RAM locations to be used as a
push-down stack.

RAM
RAM consists of up to 32 words 4 bits wide. It

is addressed by the H- and L-registers or by the
contents of the second byte of an instruction.

L-REGISTER

A 4-bit register which specifies RAM
locations A3-A0.
H-REGISTER

A 1-bit register which specifies RAM location
A4.
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ALU
A 4-bit logic circuit that provides arithmetic
and logical operations.

ACC

Consisting of a 4-bit register, the
accumulator holds the result of operations or the
data present on ports.

CFLAG
The flag that holds a carry generated from the
result of operations.

INPUT/OUTPUT Ports (2 X 4 bit)

Organized into 4 bits, 2 ports are provided for
effecting and controlling data transfer to and
from an external source. The ports are selected
by codes included in instructions.

Input Ports (1 X 4 bit)

Contained port 2 (P2), which is an input port
with latching function. P20 is set at falling edge
of the input signal P21 and P22 are set at “0”
level inputs. Also, P20 is used as an interrupt
request flag. When P20 is set and an interrupt
operation occurs, it is automatically reset.

TIMING CONTROL (TC)

A 0 level on the RESET pin for longer than 2
machine cycles initializes the internal circuitry.

Clock pulses are supplied to the XT pin from
an external ‘'source. Also, by mask-option, it
organizes a circuit of oscillation with P20 and
produces clock pulses (by connecting externally
to crystal, ceramic or CR).
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INSTRUCTION LIST

Mnemonic E Description Code Byte Cycle
LAl n A—n 90 - OF 1 1
LLI n L—n 80 - 8F 1 1
LHLI nn HL —nn 15nn 2 2
LAL A—L 21 1 1

8 LLA L—A 2D 1 1
‘;, LAM A—M 38 1 1
21 va M—A 2F 1 1
'§ LAMD mm A —Md 10mm 2 2
- LMAD mm Md—A 11mm 2 2

LMSR M(w) — SR 3E5A 2 2
LSRM SR — M(w) 3E52 2 2
PUSH ST—C, A, H,L, SP—SP—1 1C 1 3
POP C,A H,L—ST, SP —SP+1 1D 1 3
= 3 IPD p A—Pp 3DpD 2 2
23| oo p Pp—A 3DpC 2 2
ADS A+—A+M, SKIPIFCy="1" 02 1 1
ADC C, A —C+A+M 03 1 1
AlS n A —A+n, SKIPIFCy="1" 3E4n 2 2
DAS A—A+10 oA 1 1
AND A—AAM . oD 1 1

2 | EOR | A—AwM ’ 04 1 1
_5:. CMA A—R 0B 1 1
<! cam SKIPIFA=M T 1 1

sc C—*1" 07 1 1

RC C—“0" 08 1 1

TC SKIPIFC="1" 09 1 1
A/

. RAL [C—3—2—1—0— OE ! !
52| X A—M 28 1 1
3| N L+—L+1,SKIPIFL="0" 31 1 1
%5 INH H —H+1, SKIP IF H = “0” 32 1 1
_::‘_3 § INM M —M-+1, SKIP IF M = “0” 33 1 1
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INSTRUCTION LIST (CONT.)

Mnemonic Description Code Byte Cycle
~y| INMD_ mm Md — Md-+1, SKIP IF Md = “0” 12mm 2 2
gg DCL L—L—1,SKIPIFL ="“F" 35, 1 1
Eg _ beH H—H-1 36 1 1
DCM M —M-—1, SKIP IF M = “F” 37 1 1
TAB  n2 SKIP IF [A bit n2] = “1” 54-57 1 1
TMB  n2 SKIP IF [M bitn2] = 1" 58-5B 1 1
S| RMB n2 [M bit n2] — “0” 68—68 1 1
§ SMB  n2 [M bitn2] —*1” 78-7B 1 1
r:-g TPBD p,n2 | SKIPIF[Ppbitn2] =“1” 3D p0~3 2 2
RPBD p,n2 [Pp bit n2] —“0” 3D p4~7 2 2
SPBD © p,n2 [Pp bit n2] —*1” 3D p8~B 2 2
JCP a6 PC —a6 CO~FF 1 1
s | op al0 | PC—al0 4043 2 | 2
c
5| cAL - ato | STRer2PC-ato, o I PR
RT PC ST, SP — SP+1 1E 1 4
MEI MEIF — 1" 3E60 2 2
MDI MEIF — “0” 3E61 2 2
EICT EICTF —*“1” 3DCB 2 2
EIEX EIEXF —*1” 3DC8 2 2
‘ DICT EICTF —“0” 3DC7 2 2
‘51 " DIEX EIEXF < “0" 3DC4 2 2
:2\ TICT SKIP IF EICTF = *“1” 3DC3 2 2
= SKIP IF EIEXF = “1” 3DCO 2 2
TQEX SKIP IF IRQEX = “1” 3D20 2 2
TQSR SKIP IF IRQSR = “1” 3DD3 2 2
RQEX ~ IRQEX — “0” 3D24 2 2
RQSR IRQSR — “0” 3bD7 2 2
5| ESR SRF —*“1” 3DBA 2 2
£2! DSR SRF —*“0” 3DB6 2 2
2
TSR SKIP IF SRF = “1” 3DB2 2 2
3| sTop STOP CLOCK 3DB9 2 2
&5 Nop NO OPERATION 00 1 1
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ABSOLUTE MAXIMUM RATING

Parameter Symbol Conditions Limits Unit
Supply Voltage VpbD -03~7 \"
Input Voltage \ Ta=25°C —-0.3 ~VpDp \
Output Voltage Vo -0.3~Vpp \"

per?n: ggél?age 200 max. mw
Power Dissipation Pp Taz 25°C
per one output 50 max. mw
Storage Temperature Tstg -55 ~ +150 °C
OPERATING CONDITIONS

Parameter Symbol Condition Limits Unit

Supply Voltage Vop f(0SC) < 1MHz 3~6 v

f(OSC) < 4.2MHz 45~55 v

Data-Hold Voltage VDDH f(OSC) = OHz 2~6 v

Operating Temperature Top — —-40 ~ +85 °C

Fan Out N MOS Load 15 3
TTL Load 1
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DC CHARACTERISTICS

(VDD = 5V=+10%, Ta=—40 ~ +85°C)

Parameter Symbol Condition Min. | Typ | Max. {Unit
“H” Input Voltage *1, *2 VIH 24 | - | Vpp | V
“H” Input Voltage *3, *4 ViH 36 | — | Vpp | V
“L” Input Voltage ViL -03 | — 08 \"
~ “H” Output Voltage *1,*5 |  VoH | lo=—15uA 42 | - | - |v
“L” Output Voltage *1 VoL | lo=1.6mA - | -] 04 |V
“L” Output Voltage *5 VoL lo=15uA - -1 04 |V
input Current *3 'I%L V| =Vpp/oV I %3 nA
Input Current *2, *4 hH i | vi=vop/ov - | - %o A
“H” Output Current *1 |OH VO =24V -0.1 | — - | mA
“H” Output Current *1 'CH VO =0.4V - - | —-1.2 |mA
Input Capacitance C . c - 5 -
= 1MHz, Ta = 25° pF
Output Capacitance Co - 7 =
Vpp = 2V, no load _
(Pso_\ruoer )Consumption Ta = 25°C 02| 5 |uA
P Ibps
No load - 1 100 | A
Ibb Crystal oscillation, _ 6 12 | ma

Power Consumption

No load, 4.2MHz

*1 Applied to PO and P1.
*2 Applied to P2.

*3 Applied to OSCo

*4 Applied to RESET

*5 Applied to OSCH
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AC CHARACTERISTICS
(Vpp = 5V+10%, Ta= —40 ~ +85°C)

Parameter Symbol Condition Min. | Typ {Max. | Unit
Clock (OSCo) Pulse Width tow - 119 | — | - ns
Cycle Time tcy - 952 | - - | ns
Input Data Setup Time tps - 120 | — - ns
Input Data Hold Time tpH - 120 | - - ns
Input Data/Input Clock = _ _
Pulse Width tow 120 ns
SR Clock Pulse Width tsw - tow | — - ns
SR Data Setup Time tss - 120 | — - ns
SR Data Hold Time . tsH - 120 | — - ns
. _ tcy
Data Delay Time DR - CL=15pF - = |+300| M
. tcy
SR Data Delay Time* tsR | Cp=15pF - = l+a80] M8
SR Data Delay Time _ _
Using External Clock tsp CL=15pF - 360 | ns
SR Clock Invalid Time tSINH - 2/8 | _ | _ | s
tcy

* When SR clock is oscillated by alternate output of “1" or “0” to PO1.
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TIMING CHART
1MC
' tcy
0SCo \ { \ / \ / \ / \ / \
oW | toW '
PO, P1,P2 BATA
DS tDH
PO, P1 ~ X
DR .
P02/S0 *
tSR—— |
PO1,/SCK \ | \ j
tsw | tsw
YinPUT
P03/SI DATAA
tss tsH
P02/S0 * X
tsp
P2 L j
tpw
' 1MC
0SCo \{L / \ / \ \ / \
’ t
PO1 SCK inhibit period SINH—
during LMSR INST.
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TYP. Maximum Oscillator Frequency
f(0SC)

vs Supply Voltage Ta= 25°C
(voD) CL=15pF
10
9
8 /’/
7 /
N
6
I
S s
@ 4
(@)
= 38
2
1
0

1 2 3 45 6 7 8 910

VDD(V)

TYP. Maximum Oscillator Frequency
f(OSC)

vs Temperature
(Ta) CL=15pF
10
9 T~
SN~
8 NV\\
7 VDD= 5V
T e
2 5
Q4
Q
- 3
2
o ‘
-40 (o] 40 80 120
-20 20 60 100
Ta(°C)

IoH (mA)

TYP. Current vs Voltage for High State Output

-1.0
—-0.9
-0.8
-0.7
—0.6
-0.5
-0.4
-0.3
—0.2
—0.1

TYP. Current vs Voltage for Low State Output

20
18
16
14
12
10

loL (mA)
N A O

o

® MSM6411 o

(lon) (Von)
Ta = 25°C
N VDD =6V
AN
5V \L
4V \\ \
N \
—=0 NN

1 23 456 7 8 9 10

VoH (V)

(oL (Vor)
Ta =25°C
&V T Vpp =5V
/
[/
- -4V
//
L3y
)4

1 2 3 45 6 7 8 9 10

VoL (V)
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TYP. Supply Current vs Supply Voltage

(lpp) (Vpp)
Ta=25°C
g No Load
10m
P f(OSC) =4MHz
// '
b 2MHz
// T
L 1MHz
LT
im ,/ - 500kHz
7 //
7
/, 100kHz
100u ,/
/
<
o)
a
10u
” OHz
i / /
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OKI semiconductor
MSM6422

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER

GENERAL DESCRIPTION

The OKI MSM6422 is a low power, high performance single-chip device implemented in
complementary metal oxide semiconductor technology.

Integrated onto a single chip are 16K bits of mask program ROM; 256 bits of data RAM; 18
Input/Output lines and oscillator. Program memory is byte wide and data-paths are organized in 4 bit

nibbles. RAM and 1/0 lines are bit addressable. 63 instructions include Binary, BCD operations; Bit
set, Reset, Test; Subroutine call and return.

FEATURES

® Low power consumption — 30 mW Typical ® —40 to +85°C Operating Temperature
® 2048 X 8Internal ROM ® 4.5t05.5V Operating Vpp at 4.2 MHz
® 64 X 4Internal RAM 3 to 6V Operating Vpp at 1MHz

e 181/0 Lines include 8 Bit Data Bus e TTL Compatible

® Self-contained Oscillator ® 952ns Cycle Time @ 4.2MHz

® 63 Instructions (Vpp 5V +=10%)

o 2 Interrupt Levels

e 16 Stack Levels

FUNCTIONAL BLOCK DIAGRAM

ROM
< INST
DEC r 2048x%8

. interrupt
GControl
Timing
) P2 &
Control
12bit TBC
3210

10 3210 3210 3210 ? av 5o R
' T N D $s E
N DD ¢ g
1
T T
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LOGIC SYMBOL (Top View)

24PIN PLASTIC DIP (RS) 24 PIN FLAT PACKAGE
— \
P20/INT [1] b4 voo
poo [2] PS1 P20/INT [1 | O ~ [24] vpp
po1 [3] P50 Poo [Z] 23] P51
poz [4] P43 Po1 3] [22] P50
po3 [5] P42 P02 (4] 21] P43
Po3[5| 120] P42
::) % Pat P10[6} [19] P41
pao P11 [7] 78] P40
p12 [8] P33 P12[8] P33
P13 [9] P32 P13 (9] %Paz
05C+ [ig| P31 OsC, % [15] P31
osco [0 . 08C, [11 [14] P30
ano i3 meser GNp [12] [73] RESET
PIN DESCRIPTION
Terminal symbol Input/Output Function heset
,'38? ‘ 4-bit 1/0 ports
PO2 1/0 (pseudo bidirectional “1”
PO3 . configuration)
P10 4-bit 1/0 ports
P12 1/0 (pseudo bidirectional “q”
P13 configuration)
Fso 4-bit 1/ ports
P32 1/0 (pseudo bidirectional “17
P33 configuration)
EZ? 4-bit 1/0 ports
P42 1/0 (pseudo bidirectional “0”
P43 configuration)
P50 2-bit 170 ports
P51 170 (pseudo bidirectional “Q”
configuration)
1-bit input port with a latch.
TR d Combined use with an The latch is
P20/INT Input interruptinput(falling edge reset to “0”.
trigger input) ’
: System clock (SYSCLK)
input terminal. This provides
0S8Co Input an oscillation circle with -
OSCterminal.
System clock output
ar— terminal. This provides an
OSC: Output oscillation circle with -
0OSCoterminal.
RESET Input * RESET input terminal. -
VDD ' .
GND nput Power Supply terminals. -
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FUNCTIONAL DESCRIPTION

Program ROM

Organized into as many as 2,048 words by 8
bits, ROM is used to store developed application
programs (instructions). It is addressed by the
program counter (PC).

Data RAM

RAM consists of up to 64 words 4 bits wide. It
is addressed by the H- and L-registers or by the
contents of the second byte of an instruction.

Input/Output Ports

18 input/output port lines are provided for
effecting and controlling data transfer to and
from an external source. The ports are selected
by codes included in instructions.

P20/INT PIN (1 line)

A low on this interrupt input pin sets the
interrupt request flag. The flag is automatically
reset when an external interrupt occurs.

The line can be used as an input port when
interrupt is not used. ‘

12-BIT TIME BASE COUNTER (TBC)

The time base counter consists of a 12-bit
binary counter. An interrupt request is generated
each time an overflow occurs from the division of
OSCoinput signals by 212,

PROGRAM COUNTER (PC)

The program counter (PC) consists of a
11-bit binary up counter. It is used to address
ROM.

STACK AND STACK POINTER (SP)
An interrupt or subroutine call (CAL) causes
the contents of the program counter to be saved

ABSOLUTE MAXIMUM RATING

® MSM6422 o

in the stack. The program counter is restored
from the stack by the RT instruction.

All RAM locations (up to 16 levels) are
available as the stack. Note that four words of
RAM are used for each level.

The stack pointer is a 4-bit up-down counter
that points to the address of the next stack to be
used. It allows the RAM locations to be used as a
push-down stack.

L-REGISTER
A 4-bit register which specifies RAM lo-
cations A3-A0.

H-REGISTER
A 4-bit register whose two low-order bits
specify RAM locations A5-A4.

ALU
The 4-bit logic circuit that provides arithmetic
and logical operations.

ACCUMULATOR (Acc)

Consisting of a 4-bit register, the accu-
mulator holds the result of operations or the data
present on ports.

C-FLAG
The flag that holds a carry generated from the
result of operations.

TIMING CONTROL (TC)

A O level on the RESET pin for longer than a
predetermined period initializes the internal
circuitry and ports.

Clock pulses are supplied to the OSC, pin
from an external source. A crystal or ceramic
oscillator may be connected to OSC, and OSC
to form an oscillator circuit to produce clock
pulses.

Parameter Symbol Conditions Limits Unit
Supply Voltage Vpp —-03~7 Y
Input Voltage \ Ta=25°C -0.3 ~Vpp \
Output Voltage Vo -0.3 ~VpD \

per-l;?n: gasglgage 200 max. mw
Power Dissipation Pp Ta—25°C
per one output 50 max. mw..
Storage/Temperature Tstg — —55 ~ +150 °C
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OPERATING CONDITIONS
Parameter Symbol Condition Limits Unit
Suonly Vot o f(OSC) < 1MHz 3~6 v
upply Voltage
pD f(OSC) < 4.2MHz 45~55 v
Memory-Hold Voltage VDDH - 2~6 v
Operating Temperature Tor - —40 ~ +85 °C
MOS Load 15 =
Fan Out N
TTL Load 1 -
DC CHARACTERISTICS
(Vpp =5V=+10%, Ta = —40 ~ +85°C)
Parameter Symbol Condition Min. Typ. | Max. [Unit
“H” Input Voltage *1,*2 ViH — 24| - |Vpp | V
“H” Input Voltage *3, *4 VIH - 4.2 - {Vpp | V
“L” Input Voltage ViL - -03| — |08 |V
“H” Output Voltage *1,*5 VOH lo =—15uA 4.2 - - \"%
“L” Output Voltage *1 VoL lo=1.6mA - - 0.4 \"
“L” Output Voltage *5 VoL | lo=15uA — | = |o4 |V
* ' 1 5
Input Current *3 ’H/'IL V| =Vpp/0V - - 215 | uA
o * | 1
Input Current *2, *4 ”%IL V| =Vpp/OV . A&O KA
“H” Output Current *1 IoH Vo =24V -01{ - - mA
“H” Output Current *1 loH Vo =0.4V - - |—-1.2 | mA
Input Capacity C . - 5 -
f =1MHz, Ta = 25°C pF
Output Capacity Co - 7 -
Vpp = 2V, no load _ s
Current Consumption Ta =25°C 02| 5 |wA
(STOP) IbDs
No load - 1 100 | uA
Current Consumption IDD ﬁgylsg:éofﬁ'gité%zMHz - 6 12 | mA

*1 Applied to PO, P1, P3, P4, and P5

*2 Appliedto P2

*3 Applied to OSCo
*4 Applied to RESET
*5 Applied to OSC,
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AC CHARACTERISTICS
(Vpp =5V=+10%, Ta =—40 — +85°C)
Parameter Symbol Condition Min. Typ. Max. Unit
Clock (OSCo) Pulse Width tow - 119 - - ns
Cycle Time tcy - 952 - - ns
Input Data Setup Time tps - 120 - - ns
Input Data Hold Time tDH - 120 - - ns
Input Data/Input Clock _ _ _
Pulse Width tbw 120 ns
Data Delay Time tDR CL=15pF - - tcy +300 ns
1 MC |
tcy
toW | tow
Po,P1,Ps INPUT
P4Ps DATA
tps | toH
Po,P1,P3
P4Ps
DR
I o
P2o/INT ' |
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INSTRUCTION SET

Mnemonic Hex op code Byte Cycle Description
LAl n 90 - 9F 1 1 Acc —n
LLI n 80 — 8F 1 1 L—n
LAL 21 1 1 Acc —L
LLA 2D 1 1 L —Acc
LAH 22 1 1 Acc —H
LHA 2E 1 1 H«—Acc
- LAM 38 1 1 Acc —M
§ LMA 2F 1 1 M —Acc
X 28 1 1 Acc —M
LMI nn 14-nn 2 2 M(W) —nn
LHLI nn 15-nn 2 2 HL —nn
LAMD mm 10 -mm 2 2 Acc —Md
LMAD mm 11 -mm 2 2 Md — Acc
IPO p 3D-pD 2 2 Acc —Pp
OPD 3D-pC 2 2 Pp — Acc
MEI 3E-60 2 2 MEIF —*“1”
MDI 3E - 61 2 2 MEIF —*“0”
EIEX 3D-C8 2 2 EIEXF —*“1”
EITB 3D-C9 2 2 EITBF —*“1”
DIEX 3D-C4 2 2 EIEXF —“0”
° DITB 3D-C5 2 2 EITBF —*“0”
§ TIEX 3D-Co 2 2 SKIP IF EIEXF=“1"
TITB 3D-Ct 2 2 SKIP IF EITBF="1"
TQEX 3D-20 2 2 SKIP IF IRQEX="1"
TQTB 3D-DO 2 2 SKIP IF IRQTB="1"
RQEX 3D-24 2 2 IRQEX —“0” - l
RQTB 3D-D4 2 2 IRQTB —“0”
INL 31 1. 1 L —L+1, SKIP IF L="0"
INH 32 1 1 H«— H-j-1 , SKIP IF H="0"
P INM 33 1 1 M —M+1, SKIP IF M="0"
g g DCL 35 1 1 L —L-1, SKIP LF L="F"
E g DCH 36 1 1 H —H-1, SKIP IF H="F"
=% [oeum 37 1 1 M —M-1, SKIP IF M="F"
INMD  mm 12-mm 2 2 g&?layl‘\jﬁ;!‘ﬂ"
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INSTRUCTION SET (CONT.)
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Mnemonic. Hex op code Byte Cycle Description
TAB n2 54-57 1 1 SKIP IF (Acc-Bitn2) = “1”
T™MB n2 58 -5B 1 1 SKIP IF (M-Bit n2) =“1”
RMB  n2 68 -6B 1 1 (M-Bitn2) —“0”
2 | SMB  n2 78-7B 1 1 (M-Bitn2) — 1"
2 | TPBDp n2 3D - p0~3 2 2 SKIP IF (Pp-Bitn2) = “1”
g RPBDp n2 3D -p4~7 2 2 (Pp-Bitn2) —*“0"
SPBDp n2 3D -p8~B 2 2 (Pp-Bitn2) — 1"
TC 09 1 1 SKIPIFC =*“1"
RC 08 1 1 C —“o”
SC 07 1 1 C ="
Acc — Acc+M,
ADS 02 1 1 SKIP IF Cy—e1"
ADC 03 1 1 C, Acc — C+Acc+M
Acc — Acc+n,
AlS n 3E-4n 2 2 SKIP IF Gy—i "
DAS 0A 1 1 Acc — Acc+10
) AND oD 1 1 Acc — AccAM
g | or 05 1 1 Acc — AccVM
K=
; EOR 04 1 1 Acc — ACC¥M
CMA 0B 1 1 Acc — AGG
CAM 16 1 1 SKIP IF Acc=M
CAl n 3E-0On 2 2 SKIP IF Acc=n
Acc
7 —/\
RAL OE 1 1 —C—fB2—1—0
Jep a6 CO-FF 1 1 PC —ab .
40-47
§ JP att 00 - FF 2 2 PC —ait
«©
N " AO- — —all,
RT 1E 1 4 PC — STACK, SP — SP+1
o C, Acc, H, L —STACK,
g | PP 0 ! s SP—SP+1
O | stop 3D-B9 2 2 CLOCK STOP
NOP 00 1 1 NO OPERATION
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TYP. Current (IgH) vs Voltage (VoH)

for High state Output
‘ (Ta = 25°C)
-1.0
-0.9
-0.8
~0.7
= Vpp=6V
‘é —06 DD
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0
0123456 7 8 910
VoH (V)

TYP. Maximum Oscillator Frequency
£(OSC) vs Supply Voltage (Vp)
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OKI semiconductor
MSM6431

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER
WITH BUILT-IN A/D CONVERTER

GENERAL DESCRIPTION

OKI MSM6431 is low-power, high-performance single-chip microcontroller implemented in
complementary metal oxide semiconductor technology.

Integrated onto a single chip are 1K byte of mask program ROM, 48 x 4 bits of data RAM, 10 inpu-
t/output lines, oscillator and 8 bit A/D converter. RAM and I/0 lines are bit addressable.

FEATURES

Low power consumption —
30 mW Typical

1 interrupt level

—40 to +85°C Operating Temperature
1024 X 8 internal ROM 4.5t0 5.5V Operating Vpp at 4.2 MHz
48 X 4 Internal RAM 952 ns Cycle Time 4.2 MHz

10 1/0 lines include 8 bit Data Bus (Vpp 5V =10%)

Self-contained Oscillator Internal 8 bit A/D converter

53 Instructions Package: 24 pin DIP/24 pin FLAT

FUNCTIONAL BLOCK DIAGRAM

INST ROM
RAM DEC. | 1024x8 bit
16x3x4 bit K=

PC

N

ozZ0O > —>
—HZ = —] -
-0

Wz -
NZ—->
—“Z->
oz->

4O
ozo—»
o<
~0n0o|e—I
cono — 7
O

—Amvm3|—>
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PIN CONFIGURATION

MSM6431-XXRS MSM6431-XXGS
24 Lead Plastic DIP 24 Lead Plastic Flat
P001 [ ~ 23] vpp Poo1 [1] O 24 vpp
P01 [2] 23] vR Po1 [2] 23] vR
P02 [3] 22] AIN3 po2 (3] [22] AIN3
Po3 (4] 121] AIN2 po3 (4] 21] AIN2
P10 E 20] AIN1 P1OE 20] AIN1
P11 6 [19] AINO P11 E EAINO
P12[7 18] ¢ P12 [7] (18] ¢
P13 8] [17] AGND P13 (8] [17] AGND
RESET [9] [16] P62 RESET (9] 116] P62
osc, [10] [15] P61 0sc, [10] [15] P61
osc, [11] [12]) P60 - osc, [11] [14] P60
GND [12] [13] INT GND [12] [13] INT
PIN DESCRIPTION
Designation Input/Output Function Reset
POO 4 bit Input/Output port
PO1 (Pseudo-bidirectional port) g
o2 Input/Output 1
P03
P10 4 bit Input/Output port
P11 : (Pseudo-bidirectional port) (g
P12 Input/Output 1
P13
P60 2 bit Input/Output port “n
P61 Input/Output (Pseudo-bidirectional port) 0
P62 Output 1 bit Output port “0”
AINO
AIN1 Input Analogue Input Pin AINO
AIN2
AIN3
C Output Pin to external capacitor for A/D conversion -
VR Input Analogue Reference Voltage Input -
AGND Input Analogue Reference GND Input -
INT Input Interrupt Input -
Input terminal of system clock.
0S8Co Input Oscillation circuit consists of 0SCoand OSC 1 -
OSC Output Oscillation circuit consists of 0SCoand OSC -
RESET Input RESET Input ' -
VDD GND Input Power Supply -
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FUNCTIONAL DESCRIPTION

ROM

Organized into 1024 words by 8 bits, ROM is
used to store developed application programs
(instructions). It is addressed by the program
counter (PC).

Program Counter (PC)
The program counter consists of a 10-bit
binary counter. It is used to address ROM.

Stack and Stack Pointer

An interrupt or CAL instruction causes the
contents of the program counter to be saved in
the stack. The program counter is restored from
the stack by RT instruction.

All RAM locations (up to 8 levels) are availa-
ble as the stack. Note that four words of RAM are
used for each level.

The stack pointer is a 5-bit up-down counter
that points to the address of the next stack to be
used. It allows the RAM locations to be used as a
push-down stack.

RAM

RAM consists of up to 48 words 4-bit wide. It
is addressed by H- and L-registers or by the con-
tents of the second byte of an instruction.

® MSM6431 ¢

L-Register
A 4-bit register which specifies the column
address of RAM.

H-Register
A 2-bit register which specifies the row ad-
dress of RAM.

ALU
A 4-bit logic circuit which provides arithmetic
nd logical operations.

ACC

Consisting of a 4-bit register, the accumulator
holds the result of operations or the data present
on ports.

C-Flag
The flag which holds a carry generated from
the result of operations.

Input/Output Ports (11)

11 input/output ports are provided for effect-
ing and controlling data transfer to and from an
external source. The ports are selected by
codes included in instructions.

Analogue Input (4)

4 analog input terminals AIN3-0 are provided.
When not converting analog to digital, these are
used as input ports.

INT Terminal

The INT terminal is the input pin for interrupt-
ing. A interrupt request flag is set at the falling
edge of INT. With an interrupt occurring, this flag
is reset automatically.

Timing Control (T.C)
A “0” level on RESET pin initializes the inter-
nal circuitry.
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INSTRUCTION LIST

Mnemonic Hex op code | Byte | Cycle Description
LAl n 90 — 9F 1 1 Acc < n
LLIn 80 — 8F 1 1 L<n
LAL 21 1 1 Acc+ L
LLA 2D 1 1 L« Acc
LAM 38 1 1 Acc— M
LMA 2F 1 1 M« Acc
g X 28 1 1 Acc —M
LHL! nn 15 « nn 2 2 HL < nn
LAMD mm 10 « mm 2 2 Acc < Md
LMAD mm 11« mm 2 2 Md « Acc
IPD p 3D « pD 2 2 Acc < Pp
OPDp 3D+ pC 2 2 Pp <« Acc -
LMTD mm 19 » mm 2 3 Md(w) < T (M(w), A)
MEI 3E - 60 2 2 MEIF « ‘1"
MDI 3E - 61 2. 2 MEIF « 0"
g EIEX 3D - C8 2 2 EIEXF « 1"
S | piex 3D - C4 2 2 EIEXF « 0"
TQEX 3p-20 | 2 2 SKIP IF IRQEX = “1"
RQEX 3D -24 2 2 IRQEX « ‘0"
INL 31 1 1 L<L+1,SKIPIFL="0"
INH 32 1 1 H<H+1,SKIPIF H="0"
E’E INM 33 1 1 M<«<M+1,SKIPIFM="0"
EE | DCL 35 1 1 L<L—1,SKIPIFL="F"
E;-? DCH 36 1 1 HeH—1
DCM 37 1 1 M«M —1,SKIPIFM="F"
INMD mm 12« mm 2 2 Md < Md + 1, SKIP IF Md = 0"’
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Mnemonic Hex op code { Byte | Cycle Description
TAB n2 54 — 57 1 1 SKIP IF (Acc — Bit n2) = 1"
TMB n2 58 — 5B 1 1 SKIP IF (M — Bitn2) = 2"
RMB n2 68 — 6B 1 1 (M — Bit n2) < 0"
o | SMBn2 78 — 7B 1 1 (M — Bit n2) < *“1"*
;% TPBD p n2 3D+ p0~3 2 2 SKIP IF (Pp — Bitn2) = 1"
g RPBD p n2 3D -p4~7 2 2 (Pp — Bit n2) « "0’
© | sPBDpn2 |3D-p8~B | 2 2 (Pp — Bitn2) < 1"
TC 09 1 1 SKIP IF C="1"
RC 08 1 1 C«"0"
SC 07 1 1 C+"1"
ADS 02 1 1 Acc < Acc M, SKIP IF Cy = ‘1"
ADC 03 1 1 C,Acc+<C+Acc+M
AlSn 3E - 4n 2 2 Acc < Acc +n, SKIP IF Cy = “1"
§ DAS 0A 1 1 Acc < Acc+ 1.0
E AND oD 1 1 Acc < Acc AM
E EOR 04 1 1 Acc < Acc ¥M
CMA 0B 1 1 Acc < Acc
CAM 16 1 1 SKIP IF Acc=M
RAL 0E 1 1 —— Acc ——
—Ce 3«2« 1«0
JCP a6 CO—FF 1 1 PC < a6
g JP 210 - 2 2 PC <al10
o
CAL a10 pr e 2 4 STACK « PC +, PC < a10, SP < SP — 4
RT 1E 1 4 PC < STACK,SP <SP + 4
PUSH 1c 1 3 STACK < C, Acc, H, L,SP <SP — 4
é POP 1D 1 3 C, Acc, H, L < STACK, SP <SP + 4
© | stop 3D - B9 2 2 CLOCK STOP
NOP 00 1 1 NO OPERATION
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RATING

ABSOLUTE MAXIMUM
Parameter Symbol Conditions Limits Unit

Supply Voltage Vpp -03~7 \"
Input Voltage V| -0.3~Vpp \"
Output Voltage Vo T,=25°C -0.3~ Vpp v
Analogue Reference Voltage VR -0.3~Vpp \Y;
Analogue Input Voltage Vai ~-0.3 ~ VR \

T,=25°C

per one package 200 max. mW
Power Dissipation Pp "

Ta=25"C :

pear one output 50 max. mw
Storage Temperature Tstg -55 ~ +150 °C

ﬂ OPERATING CONDITIONS
Parameter Symbol Condition Limits Unit

flosc) £ 1 MHz 3~6 v
Supply Voltage Vop flosc) < 4.2 MHz 45~55 v
Data-Hold Voltage VDDH fosc) = 0 Hz 2~6 \
Analogue Reference Voltage VR flosc) =4 ~ 4.2 MHz 26~35 \Y
Operating Temperature Top, -40 ~ +85 °c

MOS Load 15 —
Fan Out . N

TTL Load 1 -
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DC CHARACTERISTICS
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(Vpp =5V +10%, T4 = -40 ~ +85°C)

Parameter Symbol Condition Min Typ | Max | Unit
“H” Input Voltage1: *2 VIH - 36 - |"'Vpp
“H*" Input Voltage o *4 ViH - 47 - |vpp| Vv
“L*” Input Voltage*il*z' *3 ViL - -0.3 - 0.8 \%
“L" Input Voltage 4 ViL - -03 | - 05 v
“H” Output Voltage™ 1+ 6 VOH | 1, =-15uA 42 - - Y
“H* Output Voltage 2 VOH | l,=-2mA 2 - - v
“L” Output Voltage™ ! VoL |1, =1.6mA - - 0.4 v
“L* Output Voltage VoL |1, =15uA - - 0.4 v
Input Current” 2 WH/WiL | V, =Vpp/oOV - - | 1/-150| kA
Input Current” 3 iw/1e | V, =Vpp/oV - — [15/-15] uA
Input Current™4 WRML | V, = VDp/OV - — | 1-1 | wA
“H" Output Current " ! IoH |V =24V -0.1 - - mA
“H* Output Current” ! IOH | V, =04V - - | <12 | pA
{oniogue Reference Input VR | fosc=4~4.2MHz 26 | - | 35 | Vv
Analogue Input Voltage VAIN fosc =4 ~ 4.2 MHz 0 - VR \%
Resolution n fosc =4 ~ 4.2 MHz — - 8 bit
Linearity Deviation Ratio”™/ EL fosc = 4 ~ 4.2 MHz - - | 1/-3 | LSB
Conversion Ratio tc fosc =4 ~ 4.2 MHz - - 4 ms
Input Capacite‘mce ' .flf)s‘;z;o“émz — 5 - oF
Output Capacitance C, a - 7 -
gtt)wer Consumption IDDS ¥5|—-32_520Vl no losd. - 0.2 5 kA
op

no load - 1 100 KA

Crystal Oscillation,
Power Consumption Ipp no load - 6 12 mA

fosc = 4.194304 MHz

NOTE: *1 Applied toP,,P,, P,
*4 Applied to RESET

*2 Applied to INT
*5 Applied to P62

*3
*6

Applied to OSC,
Applied to OSC,
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*7 AD Conversion Characteristic
FFF———"— === =—==
]
|
|
|
’ |
-
|
2 / |
5 ’
8 |
= AT 3se |
=4 /7 (Max) |
= . | |
e /4 i
Y I |
Y/, | |
2, ' l
| I
I |
1' L— VR
> VR
Analog Input
AC CHARACTERISTICS ‘
ﬂ (VDp =5V £10%, Ty = -40 ~ +85°C)
Parameter Symbol Condition Min Typ Max Unit
Clock (OSC, ) Pulse Width tow - 119 - - ns
Cycle Time tcy - 952 - — ns
Input Data Setup Time tps - 120 - - ns
Input Data Hold Time tpH — 120 — - ns
Input Data/Input Clock
Pulse Width tow - 1 - - ns
Data Delay Time tpR CL =15 pF - - tCY+300 ns

*1 tpw = tey + 120 (ns)
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0sC,

PO, P1,P6

PO, P1,P6

INT

tow

1MC
toy

tow

N

/

DR

tpw
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TYP. Current (IgH) vs Voltage (VOH,
PO, P1, P6) for High State Output

Ta=25°C

-1.0
-0.9
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-0.3\ av \\
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TYP. Current (I5L) vs Voltage (VVOL)
for Low state Output
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Vpp =6V
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N
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10H (mA)

fosc) (MHz)

TYP. Current (IQH) vs Voltage (VOH,
P62) for High state Output

Ta=25°C
-20
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ﬁ\g/DD =6V
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TYP. Maximum Oscillator Frequency
f (OSC) vs Supply Voltate (Vp)
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TYP. Maximum Oscillator Frequency

f (OSC) vs Temperature (T3)
CpL=15pF

TYP. Supply Current {(Ipp) vs
Supply Voltage (Vpp)

Ta =25°C, No Load

Ipp (A)

10 <
9
8 ™.
g Vpp = 5\/\
¥ 6
=
D
&
g 4
T3
2
1
0 -40-20 0 20 40 60 80100 120 140
Ta (°C)
10m
5m | flosc) =4 MHz
L~ 2 MH.
1 MH
im / o 1 IZ
T T
500 kHz
5004 —1 |
o
100 kHz
100u /,
50u -
10u
L OH,
P /]
500m v
//
100n

0 1 2 3 4 5 6 7 8 9 10
Vpp (V)
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OX I semiconductor
MSM6442

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER WITH LCD DRIVER

GENERAL DESCRIPTION

The OKI MSM6442 is a low power, high performance single chip device implemented in
complementary metal oxide semiconductor technology with 46 segment outputs and 2 commons.
Also integrated onto this chip are 16K bits mask program ROM, 512 bits of data RAM, 28
Input/Output lines and oscillator. 71 instructions include binary, BCD, logical operations; bit set,
reset, test; subroutine call and return.

FEATURES

o Low Power Consumption 30mW (typ)
® 2048 X 8Internal ROM
® 128 X 4 Internal RAM
® Two built-in counters
12-bit time-base counter —40 to +85°C Operating Temperature
8-bit programable timer/event counter 4.5 to 5.5V Operating Vpp at 4.2 MHz
® 16 Input/Output Ports and 46 LCD 3.0 to 6.0V Operating Vpp at 1 MHz

Self-contained Oscillator
71 Instructions

4 Interrupt Levels

16 Stack Levels

Output Port and 2 Common Output ® TTL Compatible
FUNCTIONAL BLOCK DIAGRAM
RAM 9 ST I ROM
16x8x4 [ AC DEC 2048%8
........ i1

‘

—
[72}
Y
—
I
-
-
E)— ’
10

INTEF PC

INTRQF___PD : b— 0SC,
INT.CONT — JEST1

f— TEST2

TzbiTec - H | —

C —

LCD DRV TC PE Ja Pf1 i RESET
1T [ T ==

Vicp COM2 SEG46  SEG1 XT XT TEST3 INT 3210 3210 3210 3210

VM COM1  SEG16 BZ INTOUT CIN

DIVIDER

[ BUFFER: REG
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2§388¢8 8833
- EERERRERERRERRE
V — r ST hb—— 7
o ) ssf—< BEENEERARNANAERER
RESET INPUT f— so|—
RESETOUTPUT  +— A T 10—y cow2 g g seoa2
pam— — ™ secs
TES [ 1R —
T —J1esta - oo 0 O (2 e
CLOCK [ — 1 == [eD seoze
T —1 = [ seo
LCD CLOCK C XT 1 i Testa (5] 58] seo:
INTERRUPT INPUT _ ——od 18 [+
INT] ERRUPTOUTPUT -—q TI'E;W 1 »—-‘ > e e
BUZZEROUTPUT _+—1 BZ s20 = 3¢ (] b s
?‘_._4 POO s21 21 ps2 (5] [ seaz
PORTO [2: Pos ]po 2 P20 (o] [E] seoz
B [ 2 fo 0] seczz
o= =25 po ol scan
PORT1 - [5"— 3] ]m }-—'___.?,? SEGMENT paz (] e seazo
g— ;3 3 SEG — Pas (5] [0 seo
1 +— P31 oscT (GE] [30] seare
PORT3 2+ ]paz P3 — osco [iE] o
3+—— P33 — P o
] - o ozl Fa seare
1+— Pa1 FEsEow (18] ho seo
PORT 4 P4
Eham 91 } e ] fo s
POWERSUPPLV ——{ VLCD RESET (5] 38 searn
i — T s
COMMON 2 — = ] [ s
1 2 e [z searo
SEGMENT [ oyl — oo | jio s
45 [~ 48
Lsa6 [ —~4pJ

PIN DESCRIPTION

. Input/ . When
Terminal Output Function reset
POO ~ P03 “Input/ 1/0 port . .
P10 ~P13 Output 1/0 port (P10 and count input CIN are in e
common)
P30 ~ P33 1/0 port
. Input/ “wpr
P40 ~ P43 Output 1/0 port 0
SEG1 ~SEG16 LCD output port (can be assigned to data “or*
Output* output in 4 bit wide) .
SEG17 — SEG46 LCD output port
COM1 x LCD common output terminal 1 .
COM2 Output LCD common output terminal 2 0
iNT Input Input port of external interrupt -
INT OUT Output Interrupt output port “1”
RESET Reset input port -
RESET OUT Output Reset output terminal “1”
BZ Output ‘Buzzer pulse output port in 2048 KHz “or
0SCo Input/ Crystal OSC or ceramic OSC connection
OSC Output Crystal OSC or ceramic OSC connection -
(System clock)
XT Input/ 32.768kHz crystal oscillator connectnon _
XT Output (use for LCD control)
TEST 1 TEST terminal 1 (open) (Connected to Vpp)
TEST 2 - TEST terminal 2 (open)
TEST 3 - TEST terminal 3 (open)
Vbb Input Power supply (6V) -
VLcb Input Power supply for LCD -
VM Input/, (VpD—VLcD)/2 supply voltage output wgre
- Output or supply voltage input
GND Input Power supply (OV) -

*“Q” indicates fhe VLCD voltage level
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FUNCTIONAL DESCRIPTION

ROM

Organized into 2048 words by 8 bits, ROM
is used to store developed application programs
(instructions). It is addressed by the program
counter (PC).

PROGRAM COUNTER (PC)
The program counter consists of a 11-bit
binary counter. It is used to address ROM.

STACK

An interrupt or CAL instruction causes the
contents of the PC to be saved in the stack. Also,
the PUSH instruction causes the contents of
accumulator, carry-flag, H- and L-register to be
saved in it. These are allowed to be restored by
the RT instruction or POP instruction.

RAM

Organized into 128 words of 4 bits, RAM is
addressed by the H- and L-register or the con-
tents of the second byte of an instruction.

L-REGISTER

A 4-bit register which specifies the row
address of RAM and the port-address in the port
operation instructions. It is also used as a
working register.

H-REGISTER :

A 4-bit register which specifies the column
address of RAM and is used as a working
register.

ALU
A 4-bit logic circuit which provides
arithmetic and logical operations.

ACCUMULATOR (ACL)

Consisting of a 4-bit register, the
accumulator holds the result of operations or the
date present on ports.

C-FLAG
The flag that holds a carry generated from
the result of operations.

INPUT/OUTPUT Ports (16 bits)

16 input/output ports are provided for
effecting and controlling data transfer to and
from an external source. The ports are selected
by codes included in the instructions.

12-bit TIME-BASE COUNTER

The time base counter consists of a 12-bit
binary counter. It is used to devide the frequency
of the OSCo input by 2'2-and generate the
interrupt request at every over-flow signal.

® MSM6442 ¢

8-bit TIMER EVENT COUNTER

The timer event counter consists of a 8-bit
counter (8-bit) register, comparing and
controlling circuits. It is used to count pulses of
an internal or external source. Coincidently, if
value between the counter and the register
causes interrupt request occur.

LCD DRIVER

The LCD driver is used to effect LCD display
by transferring data in a program to the register
assigned as port 5 and 6. It is available to select
driving in static or dynamic operation (1/2 duty
cycle) and frame frequency (128 Hz/64 Hz) and
to drive up to 92 segments at 1/2 duty. Also, 16
outputs(SEG1~—SEG16)of the segment terminals
can be used as normal data outputs.

A standard LCD clock is produced by the
oscillation dividing a crystal oscillator (32.768
kHz) connected to XT and XT terminals. This is
also used as standard clock of displaying, clock
interrupting and watch dog timer. (This clock can
be also produced by dividing a frequency of
4.194304 MHz. Note the selection of the frame
frequency, when the crystal oscillator is used
without a frequency of 4.194304 MHz.)

INTERRUPT

As shown below, 1 ~ 4 is available to interrupt;

1. External interrupt at the falling edge of INT
signal input

2. Clock interrupt at every second (32.768 kHz
crystal oscillator)

3. Time base counter interrupt at the occurance
of an overflow of the timer base counter.

4. Timer event counter interrupt coinciding
between the signals of the 8-bit counter and
register..

Interrupts 1 and 2 are also used to release the

power down mode.

WATCH DOG TIMER (WDT)

A timer for detecting the overrunning of the
program. This timer produces the overflow signal
by dividing the 64 Hz frequency by 4 generated
from the oscillation of a frequency of 32.768
kHz. It can be also halted, when unused.

TIMING CONTROL (T.C)

A 0O level on the RESET pin for longer than
predetermined period initializes the internal
circuitry and ports.

Clock pulses are supplied to the OSCo pin
from an external source. A crystal or ceramic
oscillator may be connected to OSCo and OSC+
to form an oscillator circuit to produce clock
pulses.

203




® MSM6442 o

INSTRUCTION SET
Mnemonic Hex op code Byte Cycle Description
LAI n 90 — 9F 1 1 Acc —n
LLI n 80 — 8F 1 1 L«n
LAL 21 1 1 Acc —L
LLA 2D 1 1 L —Acc
LAH 22 1 1 Acc —H
LHA 2E 1 1 H—Acc
LAM 38 1 1 Acc —M
o | LMA 2F 1 1 M —Acc
S [ x 28 1 1 Acc — M
LMI nn 14-nn 2 2 M(W) —nn
LHLI nn 15-nn 2 2 HL «nn
LAMD mm 10-mm 2 2 Acc — Md
LMAD mm 11-mm 2 2 Md —Acc
LMCT 3E-59 2 2 M(W) —CT
LCTM © 3E-51 2 2 CT —M(W)
IPD 3D -pD 2 2 Acc —Pp
OPD 3D -pC 2 2 Pp —Acc ;
MEI 3E-60 2 2 MEIF —*“1"
MDI 3E-61 2 2 MEIF —“0”
EIEX 3D.C8 2 2 EIEXF —“1”
EICT 3D-CB 2 2 EICTF —*“1”
DIEX 3D-C4 2 2 EIEXF —*“0”
S | picT 3D-C7 2 2 EICTF —“0"
é TIEX 3D-CO 2 2 SKIP IF EIEXF="1"
TICT 3D-C3 2 2 SKIP IF EICTF="1"
TQEX 3D -20 2 2 SKIP IF IRQEX="1"
TQCT 3D-D2 2 2 SKIP IF IRQCT="1"
RQEX 3D-24 2 2 IRQEX «— “0"
RQCT 3D -D6 2 2 IRQCT —“0”
INL 31 1 1 L —L+1, SKIP IF L="0"
INH 32 1 1 H —H+1, SKIP IF H="“0"
= ‘ﬂ,-:; INM 33 1 1 M — M+1, SKIP IF M=*“0"
g S DCL 35 1 1 L —L-1, SKIP IF L="F"
Eé DCH 36 1 1 H —H-1, SKIP IF H="F"
. DCM 37 1 1 M —M-1, SKIP IF M="“M"
INMD mm 12-mm 2 2 Md — Md+1, SKIP IF
' Md="0"
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INSTRUCTION SET (CONT.)

® MSM6442 o

Mnemonic Hex op code Byte Cycle Description

TAB n2 54 - 57 1 1 SKIP IF (ACC—Bitn2) = “1"

TPB n2 50-53 1 1 SKIP IF (P—Bitn2) = “1”

RPB n2 60-63 1 1 (P—Bit n2) —“0”

SPB n2 70-73 1 1 (P—Bitn2) —“1”

T™B n2 58 -5B 1 1 SKIP IF (M—Bitn2) =“1"
£ |RMB  n2 68 - 6B 1 1 (M-Bit n2) —“0”

2 ['sMB n2 78-78 1 1 (M—Bitn2) —“1”

.*E TPBDp n2 3D -p0~3 2 2 SKIPIF (Pp—Bitn2) =*“1”
RPBDp n2 3D .p4~7 2 2 (Pp—Bitn2) —“0”
SPBDp n2 3D.p8~B 2 2 (Pp—Bitn2) —“1”

TC 09 1 1 SKIPIFC=“1"

RC 08 1 1 C—"“0"

SC 07 1 1 C—"1"

ADS 02 1 1 Acc — Acc+M, SKIP IF
Cy="1"

ADC 03 1 C, Acc — C+Acc+M

AIS n 3E-4n 2 2 Acc — Acc+n, SKIP IF
Cy="1"

DAS OA 1 1 Acc —Acc+10

% AND oD 1 1 Acc — AccAM

E OR 05 1 1 Acc —AccVM

z EOR 04 1 1 Acc — Acc¥M
CMA oB 1 1 Acc —Acc
CAM 16 1 1 SKIP IF Acc=M
CAl n 3E-0n 2 2 SKIP IF Acc=n

" —AcCc—
RAL OE 1 1 rC —3—2—1 «—0-—1
JCP a6 CO-FF 1. 1 PC —a6

5 JP a1 gg-;‘:; 2 2 PC —al1

& |caL  at gl 2 4 STACK —PC+2,

RT ) 1E 1 4 PC —STACK, SP — SP+1
PUSH 1C 1 3 STACK —C, Acc, H, L,
SP—SP—1

@ | POP 1D 1 3 C, Acc, H, L — STACK,

2 \ SP—SP+1

© | sTop 3D-B9Y 2 2 CLOCK STOP
NOP 00 1 1 NO OPERATION ‘
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OXKI semiconductor

‘MSC6458

OKI 4-BIT 1-CHIP MICROCONTROLLER

GENERAL DESCRIPTION

to support relatively large control systems.

FEATURES

¢ ROM: 8000 x 8 bits

® RAM: 512 x 4 bits

® Ports: 1/0 24 ports (8 having IOL = 20 mA)

Input 9 (2 also serving as interrupt inputs)

® FLT drivers (Withstand 12 (IOH = 20mA)

voltage 40V): 12 (IOH = 6mA)

Interrupts: 7 lines (2 external, 5 internal)

Built-in counters: 12 bits, timebase counter
16 bits, programmable counter
8 bits, high-speed
programmable timer/event
counter

ﬂ 'BLOCK DIAGRAM

The MSC6458 is a high-speed, 4-bit 1-chip microcontroller wnth bunlt-ln FLT drivers/controllers developed

Serial I/0: Built-in 8-bit SIO register
Oscillation circuit: Crystal or ceramic oscillation
Number of instructions: 147

Cycle time: 930 ns (4.3MHz)

Operating ranges: 4.5 t0 5.5V (4.3MHz)
Voltage: 3.0 to 6.0V (1MHz2)
Temperature: —40 to +85°C

Power dissipation (typical)

(display off): 9mA ( 5V, 4.3MHz)
2mA ( 3V, 1MHz)
Power down: STOP instruction
. Package: 64-pin shrink DIP/64- pin FLAT

S

n0”

210 3210 3210 3210 3210

i bhd

VFLT'——L
10 ~——r7
ROM
T -———
V — 8000 x 8
S
; - N I I oy B e | e & T
S | \_= 7
T -y ]
B F PC
SEGOe— & 12 ]
seg1—] §
e =1 +
| — T
Vel !
E : Interrupt PC.INT PB
[ 16 bit Timer “P9 son‘r/cl PA! 8bit SR Control  |PD. IRQ 0SC,
SEG 11 =—— f Tlrr;:ng — 353,
Control | —>TEST
mm TBC Ul
~—voD
~—aND

321 3210

L CN | |58k
INTI 0| L go
TCK sl
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LOGIC SYMBOL ‘ PIN CONFIGURATION (TOP VIEW)
< 64 PIN PLASTIC _~3 0o =
o —=] osce [ ~] SHRINK DIP .
<—q oscC. 0 |
R L
5v—s{ VoD m[f ""] PORT4
OV — GND 0 o
FLT Power ——s{ VFLT P5[ :; 0—’] sonts
PORTO[H%E:&(] 0 éb_.
Pe[f E] PORTE
PORI![:: f;ﬁ‘é] N
OCIN 11—
PORT2[ e vl ] I jz:’;‘f{""“'
POR‘I“I(—— é ] o ‘; ;
PORTS —"f ] i 'soei%::;:mompm
e mq
PIN DESCRIPTION
. Input/ . When
Terminal Output Function reset
POO 1/0 port
P01/SCK Input/ 1/0 port (also used as serial clock input SCK) wyn
P02/SO Output 1/0 port (also used as serial data output SO)
P0O3/SI 170 portv(also serial data input SI)
P10/CIN_ 1/0 port (also used as count input CIN)
P11/TMO Input/ 1/0 port (also used as timer output TMO) “q”
P12/TCK Output 1/0 port (also used timer clock input TCK)
P13 1/0 port
P20/INTO " Input Input Port with Latch (falling edge sensitive)
P22/INTT also used as interrupt input INTO -
Input Port with Latch (‘O’ level sensitive)
also used as interrupt input INT1
_ Input/ wqn
P30 ~P33 Output 1/0 port 1
. Input/ “y
P60 — P63 Output 1/0 port 0
P40 — P43 Output/ _ “y
P50 ~ P53 Input 1/0 port (Io. =20mA MAX) 0
P70 — P72 Input Input port with pull down register
P80 — P83 pu Pull down'register of P70 ~ P72 can be removed
\ } by instruction
SEGO ~SEG11 Output FLT segment driver (dynamic) “0”
T11/SEG12 Output FLT segment driver (dynamic)/Timing output “0”
~T8/SEG15
T7/0UT7
~TO/0OUTC Output FLT segment driver (static)/Timing output “0”
0OSCOo Input/ Crystal connection terminal for system clock -
OSC1 Output oscillation
RESET Input System reset input -
TEST Output Test pin (Open) -
VFLT Input Power supply for FLT driving -
\(i‘.?\l% Input ’System Power Supply -
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FUNCTIONAL DESCRIPTION

1. ROM
The ROM, organized in 8 bits, has a
maximum capacity of 8000 bytes.

. 2. RAM

The RAM is organized in 4 bits per word,
with a capacity of 512 words.

It is separated into two banks. each 256
words long. Bank selection is accomplished via
internal ports. The RAM location in the banks is
addressed by the H and L registers or by the
second byte of each instruction.

3. Ports (24 1/0, 7 input)

The 24 pseudo-bidirectional 1/0 ports effect
or control the exchange of data with external
sources. The ports are specified by the L
register or by codes contained in instructions.
Ports 4 and 5 may draw IOL up to 20mA.

The seven input ports have buiit-in pulldown
resistors. Up to 84 keys can be scanned by
assembling them in key matrices with the timing

outputs of the FLT drivers (with 12 segments X

12 timings on display; also during automatic
_ display).

4. Interrupt Input Pins (2 terminals)

The INTO/P20 and INT1/P22 pins are
interrupt input pins. External interrupt request
flags of INTO/P20 pin and INT1/P22 pin can be
set by using interrupt input pins:

INTO/P20 pin ... positive edge or negative edge
input.
INT1/P22 pin ... “0” level input.

These flags are automatically reset when
the appropriate external interrupts occur. These
pins are available for use as input ports when not
used as interrupt input pins.

5. FLT Drivers/Controllers {Automatic Display)
The FLT drivers have a withstand voltage of
40V in the positive direction from the GND level.
They comprise 12 ports that can draw 20mA as
I0H (Timing outputs) and 12 ports that can draw
6mA as such (Segment outputs).
A choice of four display modes is supported

as listed below. A display RAM area is allocated

as part of the RAM space. Data is automatically
displayed when transferred to the display RAM.
(Two different display frequencies are
selectable.) Static output data can be displayed
by controlling the FLT drivers by programming.
Display modes (@4.194304 MHz)
(1) 12 Segmentsx 12 Timings
1/12 duty (85.3/341.3 Hz)
(2) 16 Segments x 8 Timings
1/8 duty (128/512 Hz)
(3) 16 Segments x4 Timings +4 output*
1/4 duty (256/1024Hz)
(4) 16 Segments+8 output*
Program controlled
*output: static outputs

208

6. Stack (STACK) and Stack Pointer (SP)

The PC is saved in. the stack when an
interrupt occurs or a CAL instruction is
executed. It is recovered by the execution of an
RT instruction.

One fourth of the RAM space (128 words
maximum, 32 levels) is available as a stack area.
A 4-word RAM area is used for “one” level in the
stack.

The stack pointer is an 8-bit up-down
counter (the MSB and 2 bits from LSB being
fixed at ‘1’) indicating the next stack address to
use. It enables the RAM space to be used as a
pushdown stack. Data can also be tran&ferred
between stack pointer and the H/L registers.

7. Interrupts
Seven interrupt lines are provided for eight
sources and eight levels of interrupts as follows
(two external inputs):
(1) Display interrupt
- Update to timing signals (positive edge)
(2) External interrupt1
Negative edge on the INTO/P20 pin
(3) External interrupt2 o
Positive edge on the INTQ/P20 pin
(4) External interrupt3 -
‘0’ input on the INT1/P22 pin
(5) Timebase interrupt
12-Bit timebase counter overflow
(6) Timer interrupt
16-Bit timer and timer register matched signal
(7) Counter interrupt
8-Bit counter and counter register matched
signal
(8) Serial/O interrupt
8-Bit shift register shift end signal

8. 12-Bit Timebase Counter

The timebase counter is made up of a 12-bit
binary counter. It generates an interrupt request
every time it overflows as a result of dividing the
OSCO input 212,

9. 16-Bit Programmable Timer/Event Counter

Comprising a 16-bit register, a 16-bit binary
counter, a comparator circiut, and a control
circuit, the programmable timer generates an
interrupt request when the register and counter
values are matched.

10. 8-Bit High-Speed Programmable

Timmer/Event Counter

The high-speed programmable timer/event
counter comprises an 8-bit register, an 8-bit
binary counter, a comparator circuit, and a
control circuit. Starting and stopping the counter
can be controlled by instructions. It generates an
interrupt request when the register and counter
values are matched.



11. 8-Bit Seriall/O

Serial I/0 consists of an 8-bit shift register,
a 3-bit shift counter, and a control circuit. It is
used for serial data input and output. Serial data
input and output takes place synchronized with
a shift clock, which is selectable between
internal and external clocks. The shift counter
automatically terminates a data transfer on
counting eight shift clock pulses and generates
an interrupt request.

12. Registers (Acc, H, L, F)

The accumulator (Acc) is a 4-bit register
used to perform data transfers or calculations
with the RAM, other registers, ports and so on.

The H and L registers are each a 4-bit
register. They transfer data to and from Acc and
SP (stack pointer) and address the RAM. The L
register is also used to specify ports to use.

The F register is made up of four
independent flip-flops. It can be used as a
program “flag” or general-purpose register
because each of these flip-flops permits
set/reset testing and transferring 4-bit parallel
data to and from Acc by instructions.

13. Timing Control (TC)

A ‘O’ input on the RESET pin for a certain
period initializes internal circuitry and ports.

As the input side of clock pulses, the OSCO
pin accepts clock pulses from an external
source. Clock pulses’ may also be obtained by
configuring an oscillation circuit with a crystal
oscillator or ceramic resonator connected to
OSCO and OSCH1.

® MSC6458 ¢
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Load Instructions, etc.

Mnemonic Code Bytes Cycles Description
LAl n 90-9F 1 1 Aen
L n 80—8F 1 1 Len

LHI n 3E-7n 2 2 |Hen
LHLI nn 15 - nn 2 2 HL «<nn
LMI nn 14 - nn 2 2 M (W) < nn
LAL 21 1 1 Al
LLA 2D 1 1 L<A
LAH 22 1 1 |A<H
LHA 2E 1 1 He<A
LAM 38 1 1 A<M
LMA 2F 1 1 M<A
LAM+ 24 1 1 A<M, L<L+1,SkipifL = “0”
LAM- 25 1 1 A<M,L<«L-1,SkipifL="“F
LMA+ 26 1 1 M <A, L« L+1, Skipif L = “0”
LMA— 27 1 1 M <A, L<L-1,SkipifL = “F"
LAMM  n2 39-38 1 1 |A<MH<Hw¥R
LAMD  mm 10 - mm 2 2 |AeMd

LMAD  mm 11 - mm 2 2 |[MdeA
X 28 1 1 AesM
X+ 3C 1 1 A<« M, L«L+1, Skipif L = “0”
X— 2C 1 1 A M,LL-1,SkipifL=“F
XM n2 29-28 1 1 A< MHe<—Hw¥n2
LMT mm 19 - mm 2 4 M (w) < T (Md (w), A)
LAF 3E - 54 2 2 |A<F
LFA 3E - 5C 2 2 |FeA
LHLS 3E - 53 2 2 |HL<SP
LSHL 3E - 5B 2 2  |SP<HL )
P 20 1 1 |AeP
oP 23 1 1 P—A
IPD p 3D - pD 2 2 |A<Pp
OPD p 3D - pC 2 2 Pp <A
OPT 18 1 3 |P4,P5—TMMW),A)
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Interrupt Control Instructions

Mnemonic . Code Bytes Cycles Description
MEI 3E - 60 2 2 MEIF « “1”
MDI 3E - 61 2 2 MEIF « “0" i
EIXD 3D-E8 2 2 EIXDF « “1”
EIXU 3D - E9 2 2 EIXUF « “1”
EIXL 3D - EA 2 2 EIXLF < “1”
EIDP 3D - EB 2 2 EIDPF « “1”
EITB 3D - D8 2 2 EITBF « “1”
EITM 3D - D9 2 2 EITMF « “1”
EICT 3D - DA 2 2 EICTF « “1”
EISR 3D - DB 2 2 EISRF « “1”
DIXD 3D - E4 2 2 EIXDF « “0”
DIXU 3D - E5 2 2 EIXUF « “0”
DIXL 3D - E6 -2 2 EIXLF « “0”
DIDP 3D - E7 2 2 EIDPF « “0”
DITB 3D - D4 2 2 EITBF « “0”
DITM 3D-D5 2 2 | EITMF < “0”
DICT 3D - D6 2 2 EICTF « “0”
DISR 3D - D7 2 2 EISRF < “0”
TIXD 3D - EO 2 2 Skip if EIXDF = *“1”
TIXU . 3D-E1 2 2 Skip if EIXUF = “1”
TIXL . 3D-E2 2 2 Skip if EIXLF = “1”
TIDP 3D-E3 2 2 Skip if EIDPF = “1”
TITB 3D - DO 2 2 Skip if EITBF = “1”
TIT™M 3D - D1 2 2 Skip if EITMF = “1”
TICT 3D - D2 2 2 Skip if EICTF = “1”
TISR ' 3D-D3 2 2 Skip if EISRF = “1”
TQXD 3D - 20 2 2 Skip if IRQXDF = “1”
TQXU 3D - 21 2 2 Skip if IRQXUF = “1”
TQXL 3D-22 2 2 Skip if IRQXLF = “1”
TQDP 3D - 23 2 2 Skip if IRQDPF = “1”
TQTB 3D - CO 2 2 Skip if IRQTBF = “1”
TQT™M 3D - Ct 2 2 Skip if IRQTMF = “1”
TQCT 3D - C2 2 2 Skip if IRQCTF = “1”
TQSR 3D C3 2 2 Skip if IRQSRF = “1”
RQXD 3D- 24 2 2 IRQXDF « “0”
RQXU 3D - 25 2 2 IRQXUF « “0”
RQXL 3D - 26 2 2 IRQXLF « “0”
RQDP 3D - 27 2 2 IRQDPF « “0”
RQTB 3D-C4 2 2 IRQTBF « “0”
RQTM 3D-C5 2 2 IRQTMF « “0”
RQCT 3D-C6 2 2 IRQCTF « “0”
RQSR 3D - C7 2 2 IRQSRF « “0”
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Increment/Decrement Instructions

Mnemonic Code Bytes | Cycles | Description
INA 30 1 1 A «—A+1, Skipif A = “0”
INL 31 1 1 L «L+1, Skipif L = “0”
INH 32 1 1 H « H+1, Skipif H = “0”
INM 33 1 1 M « M+1, Skip if M = “0”
DCA 34 1 -1 A <« A-1,Skipif A = “F”
DCL 35 1 1 L<—L-1,SkipifL = “F"
DCH 36 1 1 H <« H-1, Skipif H = “F”
DCM 37 1 1 M «M-1, Skip if M = “F”
INMD mm 12 - mm 2 2 Md « Md+1, Skip if Md = “0”
DCMD mm 13 - mm 2 2 Md <— Md-1, Skip if Md = “F”

Bit Handling Instructions, etc.

Mnemonic Code ~ Bytes Cycles Description
TAB  n2 54-57 1 1 Skip if A (n2) = “1”
RAB n2 64-67 1 1 A (n2) «“0”
SAB n2 74-77 1 1 A (n2) «“1”
TPB n2 50-53 1 1 Skip if P (n2) = “1”
RPB n2 60—-63 1 1 P (n2) « “0”
SPB n2 70-73 1 1 P (n2) « “1”
T™MB n2 58-5B 1 1 Skip if M (n2) = “1”

'RMB n2 68-6B 1 1 M (n2) < “0"
SMB n2 78-7B 1 1 M (n2) « “1”
TFB n2 5C—5F 1 1 Skip if F (n2) = “1”
RFB n2 6C—6F 1 1 F (n2) « “0”
SFB n2 7C-7F 1 1 |F@m2) 1"
TPBD  p,n2 3D - p0~3 2 2 Skip if Pp (n2) = “1”
RPBD  p,n2 3D - p4~7 2 2 Pp (n2) « “0”
SPBD  p,n2 3D - p8~B 2 2 Pp (n2) « “1”
TC 09 1 1 Skipif C = “1”
RC 08 1 1 C «“0” '
07 1 1

sC
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Arithmetic Instructions
Mnemonic Code Bytes Cycles Description

ADCS 01 1 1 C,A < C+A+M, Skipif C = “1”

ADS 02 1 1 A A+M, Skip if Cy = “1”

ADC 03 1 1 C,A < C+A+M

AlS n 3E - 4n 2 2 A « A+n, Skip if Cy = “1”

DAA 06 1 1 A —A+6

DAS 0A 1 1 A —A+10

AND oD 1 1 A—AAM

OR 05 1 1 A—~AVM

EOR 04 1 1 A—ANMM

CMA 0B 1 1 A<A

CIA oC 1 1 A «—A+1

RAL 0E 1 1 cC« g2 <A_—17—\0<)

RAR OF 1 1 CC—» 3/—>_2 iT:\O D)

CAM 16 1 1 Skipif A=M

CAl n 3E-0n 2 2 SkipifA=n

CMI n 3E-1n 2 2 Skipif M =n

CLI n 3E-2n 2 2 SkipifL=n

CPI p,n 17 -pn - 2 2 Skipif Pp =n

Branch Instructions, etc.
Mnemonic Code Bytes Cycles Description

JCP a6 CO-FF 1 1 PC a6

JA 1A 1 2 PC « (PC « A) +1

JM 1B 1 2 PC — (M (w), A)

JP a12 P 2 2 |PC<at2

CAL a2 e 2 4 | ST PC+2 PC«al2, SP « SP-4

czpP a Ba 1 4 ST « PC+1, PC « 2a, SP « SP-4
3F 3F

LJP a3 00—-1F 3 4 PC < ait3
00 FF

; 3F 3F

LCAL al3 80—-9F 3 4 ST < PC+3,PC < a13,SP « SP—-4
00 FF

RT 1E 1 4 PC « ST, SP « SP+4

1 4 PC « ST, SP « SP+4, then Skip

RTS

1F
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Counter Control Instructions, etc.

Mnemonic Code Bytes Cycles Description
LCT™M 3E- 51 2 2 CTR <M (w)
LMCT 3E - 59 2 2 M (w) «CT

\ ECT : 3D - BB 2 2 CTF « “1”  (Counter Start)
DCT ~ 38D:-B7 2 2 CTF < “0" (Counter Stop)
TCT 3D - B3 2 2 Skip if CTF = “1”
LTMM 3E - 50 2 3 TMR < M (2w)
LMTM 3E - 58 2 3 M(2w) «T™M
LSRM ' 3E - 52 2 2 SR « M (w), SC < “0” SC: Shift Counter
LMSR 3E - 5A 2 2 M (w) < SR
ESR 3D - BA 2 2 SRF « “1” (Shift Register Start)
DSR 3D - B6 2 2 SRF « “0” (Shift Register Stop)
TSR 3D - B2 2 2 Skip if SRF = “1”
B CPU Control Instructions, etc.

Mnemonic Code Bytes Cycles ' Description
PUSH 1C 1 3 ST« C,A H,L,SP « SP-4
POP 1D 1 3 |C,AH,L<ST,SP—SP+4
HALT 3D - B8 2 2 Halt CPU
STOP 3D - B9 2 2 Stop CPU

NOP 00 B 1 | No Operation
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Explanations of Instruction Symbols

X, Y)
TXY) :
n

nn
(n2)

aX
mm

Cy

: Accumulator (4-bit)

: H register (4-bit)

: L register (4-bit)

: F register (4-bit)

: RAM word addressed by the H and L registers

: RAM word addressed by second byte of an instruction code

: Two RAM words addressed by the H and L register/H3-0 and L3-1 (8-bit)
: Two RAM words addressed by second byte of an instruction code (8-bit)
: Four RAM words addressed by the H and L register/H3-0 and L3-2 (16-bit)
: Four RAM words (16-bit) allocated as a stack area

: Stack pointer (8-bit)

: Program counter

: Port specified by the L register (4-bit)

: Port specified by 4 high-order bits of second byte of an instruction code (4-bit)
: 8-Bit counter/register

: 8-Bit programmable counter

: Programmable counter start flag

: 16-Bit timer/register

: 16-Bit programmable timer

: 8-Bit shift register

: Shift register start flag

: ROM address data specified by a11-4 as X and a3-0 as Y (12-bit)

ROM table data specified by a11-4 as X and a3-0 as Y (8-bit)

: Immediate data (4-bit)

: Immediate data (8-bit)

: Two low-order bits of an instruction code

: Bit specified by the two low-order bits of an instruction code
: ROM address data

: ROM address data (X-bit)

: RAM address data (8-bit)

: Carry flag

: Flag indicating a carry in a calculation result
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MSC6458VS

MSC6458 PIGGY BACK

GENERAL DESCRIPTION

The MSC6458VS is a device whose built-in ROM is replaced by external EPROM using the
piggyback method.

FEATURES

® Supply Voltage: 5V+5% ® Operating Temperature: 0 ~ 70°C
® Frequency: DC —4.3MHz ' )

ROM INSERTION

Please refer to drawing below. -

C6458
OKI
JAPAN

PIN CONFIGURATION

Pin Connection between MSC6458 VS and EPROM

Vece J[
A13
A12
A1l —
10 ——
9 —— Vep [t
8 - A12 2
7 A7 3
ToAO ~A13 G ADDRESS 6 A6 [Ja
5 As 5
of MSC6458VS : A HR
3 a3 47
2 A2 H8
1 A1 9
A0 A0 110
DO oo 11
1 o112
2 0213
~GND[]14
bl DATA
MSC6458VS 3
’ 5
. 6
Note: When insertinga 2764, D7
pin 26 is not used. GND
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OKI semicond,uctor
MSM6502/6512

CMOS 4 BIT SINGLE CHIP MICROCONTROLLER WITH LCD DRIVER

GENERAL DESCRIPTION

+ The OKI MSM6502/6512 is a low-power, high-performance 4 bit single-chip microcontroller im-
plemented in complementary metal oxide semiconductor technology.

Integrated within this one chip is a 108 (4 x27) dot LCD Driver. Also integrated in this chip are
16K bits of mask program ROM, 512 bits of data RAM, Input/Output lines, a programmable
timer/counter, and oscillator.

The advantages of the MSM6502/6512 in comparison with the OLMS-40 Series include, among
other features, a lower drive voltage, multiplexed interrupts, a larger number of drivable liquid crystal
elements, a buzzer output, and larger memories.

FEATURES
e ROM : 2000 X 8bit ® Stack : Nesting RAM stack
o RAM : 128 X 4 bit pointer =7 bits
o Number of : 68 e Power down : Halt mode available
Instructions ® Operatingpower : 2.4V —3.6V
® Clock Oscillation : Crystal 32.768 kHz supply voltage
® Cycle Time : 91.5us ® Consumption MSM6502
e Timer Interrupt : Dual (16 & 128 Hz) current : 45, A (Typical)
® /0 Ports : 4 bit X 2 Port (Vpp=3V, 30uA (Halt mode)
e Input ports 1 4 bit X 1 Port OSC = MSM6512
® LCD Drive : 108 (4x27) 32.768 kHz) 1 30uA (Typical)
picture elements 12uA (Halt mode)
® Buzzer : 2K/1K/512 Hz/Soft e Package : 56 pin FLAT (Small type)
® Interrupt : Three types
) (external, two timer
types)

FUNCTIONAL BLOCK DIAGRAM

INSTRUC-
TION

DECODER
PLA

R
0|
oM
A PROGRAM
x MEMORY
2000x88IT

aBIT 8 4BIT wa

{ BUS 8 BIT

1
v| INT. TBF
CONTROL
A
:74 (]
i CONT.
g r_——'— DATA MEMORY
COCo G = ——
a!
4BIT M4BT GraBIT TIMING GENERATOR ﬂ
’ ”_}_ ”H: t, [t TDriver ]
P2:~o Pls~o POa~o 82/82 OO IR 323 n VG 8‘ JL
Ss e N
ces st 7 o b CcoMi~4 SEG0~26
01 :
T
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® MSM6502/6512 @

LOGIC SYMBOL PIN CONFIGURATION (TOP VIEW)
Crystal
resonator %‘ PORT 00 Port0
connection SC+ §; !:: (input/output ports)
3
Reset -——d Reset :? — Port1
Interrupt T }g :J (input/output ports)
—— TESTT BE= Port2
Testpins{ —q E §§ [~ | (inputports)
——] TEST4 COM1 }——
2 LCD
g E J common output
Seg0 |——
11—
27 | oo
: 2 segment output
25 ——
26 {——
+3V——V,
oo BZ — J Buzzer output
ov ——{ GND BZ

PIN DESCRIPTION

Designation Pin No. Function
GND 24 Circuit GND potential
Vbp 21,49 | Main power source
0SCo 22 Crystal OSC input, internal clock input
OSC+ 23 Crystal OSC input, internal clock output
PO, P1 1to4 Pseudo-bidirectional ports for 4-bits parallel I/0. To input data from these ports,
5t08 it is necessary to write “1” beforehand.
The port to be selected is specified by the L register. The register contents and
the corresponding specified ports are listed below.
Contentof L register Port Specified
0.8 PO
1.9° P1
2.0 AH P2
3.0BH P3
4.0CH P4
5.0DH P5
6.7.0EH. OFH No designation
Note: P3, P4, P5 are internal ports.
P2 9to12 | Input ports for 4-bit parallel input with no latching furnction.
INT 16 Input pin to request an interrupt from the external circuit. Theinput flagis set by
the fall of the input signal.
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Designation Pin No.

Function

RESET 15

The reset mode starts after “0” is input to the RESET pin for more than 2
machine cycles.
The reset signal has priority over all of other signals and performs the following
operations automatically:

(1) Resets all bits of the PC (Program counter) to “0”.

(2) Sets all bits of the parallel I/0 ports (POO to P13) to “1".

(3) Resets theinternal resister (H, L, ACC, C, P3, P4, P5).

(4) Resets the skip flag.

(5) Resets all bits of the time base counter (TBC).

(6) Resets the interrupt request flag (IRQF).

(7) - Resets the interrupt enable flag (EIF).

(8) Resets the master interrupt enable flag (MEIF).

(9) Sets all bits of the stack pointer (SP) to “1”.

(10) Initializes the segment and common outputs.

(11) Sets all bits of the index register (IDR) to “1”.

Since the RESET pin is pulled up to Vpp by an internal resister (approx. 800
kQ), itis possible to achieve power ON/reset by connecting it with an
external capacitor.

L CD Drive Pins
SEGO —26 29to 48
501056

COM1~4 25t028

A special AC waveform designed to comply with liquid crystal properties is
required for liquid crystal drive purpose. The MSM6502B is equipped with a
1/4 duty 1/3 bias liquid crystal drive circuit with four common output ports and
27 segments to enable displays of 108 picture elements. On/off selection of
picture element displays involves writing “0” or “1” in the corresponding bits in
the RAM O0OH to thru 1AH display area, and subsequent automatic hardware
controlled display. The frame frequency is 64 Hz.

BZ/BZ 13,14

BZ and BZ are used in the generation of alarms and other sounds. The
selectable frequencies include three hardware frequencies (TBC output) 512,
1024, and 2048 Hz, and a software type based on P50 data. These frequencies
are selected at P3.

When one of the hardware frequencies is selected by P3, output of that
frequency is continuous. But selection of the software type results in output of
P50 contents to generate a melody by program.

INSTRUCTION LIST

Grouping Mnemonic Code Byte Cycle Function
LAl n 8n 1 1 Acc —n
LLI n - 7n 1 1 L—n
LHLI n8 6A n8 2 2 HL —n8
LXI n8 69 n8 2 2 X+~—n8
LAM BO 1 1 Acc —M<HL>
Load LAL B1 1 1 | Acc—L
LAH B2 1 1 Acc —H
LMA B4 1 1 M<HL> —Acc
LLA B5 1 1 L —Acc
LHA B6 1 1 H+—Acc
LMAD m7 1B m7 2 2 M<m7> «—Acc
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INSTRUCTION LIST (CONT.)

Grouping Mnemonic Code Byte Cycle - Function
LAMD . m7 1A m7 2 2 Acc‘—M<m7_> X
LMT 67 1 2 | M<HL+1><HL> —ROM<X>
PUSH HL BC 1 2 STACK —HL, SP —SP-2

Load,
PUSH CA BD 1 2 STACK +C, Acc, SP —SP-2
POP HL BE 1 2 HL —STACK, SP —SP+2
POP CA v BF 1 2 C, Acc—STACK, SP —SP+2
XAM B8 1 1 Acc —— M<HL>

Exchange XAMD m7 1C m7 2 2 Acc —— M<m7>
XHS 3F 1 1 | HL——sP
INA 10 1 1 Acc —Acc +1, Skipif Acc=0
INL - 11 1 1 L<—L+1,Skip if L=0
INM 12 1 1 M<HL><—M<HL>+1,Skip if

" Increment M<HL>=0

and

decrement INX 5C - 1 1 X—=X+1
DCA 14 1 1 Acc —Acc—1, Skip if Acc=F
DCL l 15 1 1 L—L-1 SkipifL=F
DCM 16 1 1 'h:/I<HL><—M<HL>—1,SkipifM<HL>=
DCX 5D 1 1 Xe—=X-1
DSC 60 1 1 | C,Acc—C+Acc+M<HL>, Adjust if C=0
DAC 61 1 1 8,A80<—C+Acc+(M <HL>+6), Adjust if
ADS 62 1 1 Acc —Acc+M<HL >, Skip if Cy=1
ADCS 63 1 1 C,Acc —C+Acc+M <HL>,Skipif C=1
AS  n on 1 1 | Acc—Acc-+n, Skipif Cy=1
CMA 65 1 1 | Acc—Acc
EOR 66 1 1 Acc —Acc¥M<HL>

Operation AND 4C 1 1 Acc —AcCAM<HL>
OR 4D 1 1 Acc —AccVM <HL>
CAM 6B 1 1 Skip if Acc =M<HL>
CPAL 6C 1 1 Skipif Acc =L
CAXL 6D 1 1 | SkipifAcc=XL
CAXH 6E 1 1 SkipifAcc=XH .
SC 1F 1 1 C <—f‘1 ”
RC 1E/ 1 1 | c—vo
TC 4E 1 1 SkipifC=“1"
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INSTRUCTION LIST (CONT.)

Grouping Mnemonic Code Byte Cycle Function
— Acc
. RAL 18 1 1 (*) —C —3—2—1 4_—6\.—(-)
Operation
‘ — AcC —
RAR 19 1 1 (*) — C — 3—2—1 —0—(*)
SMB n2 30 ~33 1 1 M<HL> bitn2 —“1”
50 53 . : “wqn
SMBD m7,n2 m7" m7 2 2 M<m7> bitn2 —*“1
SPB n2 20~23 1 1 Pbitn2 —“1”
RMB n2 34 ~37 1 1 M<HL> bitn2 —“0”
Bit RMBD m7,n2 ;47~5r:7 2 2 | M<m7> bitn2 —<0”
Operation
RPB n2 24 ~ 27 1 1 Pbitn2 —*“0”
TMB  n2 38 ~3B 1 1 Skip if M<HL> bitn2 =“1"
58 5B - o agn
TMBD m7,n2 m7™ m7 2 2 Skip ifM<m7> bitn2 =1
TPB  n2 28 ~2B 1 1 Skip if P bitn2 =“1"
TAB n2 2C ~2F 1 1 Skip if Accbitn2 =“1"
TIRB n2 49 — 4B 1 1 if IRQF bit n2="1" Skip & IRQF bitn2 —“0”
El 5E 1 1 MEIF —“1”
Interrupt
DI 5F 1 1 MEIF —*“0"
J ali 9000~97CF 2 2 | PCo~o—all
CAL ati AO00~A7CF 2 3 | STACK—PC+2, SP—SP-3,PCio~o+all
Branch JCP ab CO~FF 1 1 PCs~o0—ab
RT 3C 1 2 PC —STACK, SP—SP+3
RTS 3D 1 1 PC — STACK, SP—SP+3, then Skip
Input/ IP B3 1 1 Acc—P
Output op B7 1 1 | P—Acc
CPU HALT 4F 1 1 HLF —*“1
Control NOP 00 1 1 No Operation
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ELECTRICAL CHARACTERISTIC
ABSOLUTE MAXIMUM RATING

Parameter Symboi Conditions Limits Unit
Power Supply Voltage Vpp -03~7 "
Input Voltage Vi Ta=25°C -0.3~Vpp v
Output Voltage Vo -0.3~Vpp v
Power Dissipation Pp pl? : aii;cg:e 200 mv
StorageTemperature Tstg —_— -565 ~+150 °C

OPERATING RANGE

Parameter Symbol Conditions Limits Unit
Power Supply Voltage VoD f(osc)=32.768 kHz 24~36 \"
Operating Temperature Top —_ -20~+70 °C
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D.C. CHARACTERISTICS
(Vpp =3V, Ta =—20 ~ +70°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
“H” Input Voltage VIH - 2.6 - - v
“L” Input Voltage Vi - - - 0.4 v
“H” Output
Voltage(1) VOH lo=-1.0mA 20 | - - v
“L” Output .
Voltage(2) VoL lo=1.0mA - - 1.0 v
MSM6502 | Ig=—5uA
Vi o 2.8 - 3.0 \
MSM6512 | Io=—-2puA
MSM6502 | Ig =2 puA
V2 1.8 - 2.2 \%
LCD Drive MSM6512 | Ig=-£0.5 uA
Output Voltage(3) MSM6502 | Ig==2uA
Vi 0.8 - 1.2 \
MSM6512 | Ig=:£0.5uA
MSM6502 | Ig=5uA
Vo ° 0.0 - 0.2 v
MSME512 | Ig==+2uA
OSColnput Current /e (V1=Vpp/V|=0V - - 2/-2 | upA
Input Current(4) W/ [Vi=Vpp/Vi=0V - - 1/-10 A
Input Current(5) /L | Vi=Vpp/V|=0V - - 1000/-1 | pA
Input Current(6) /L [Vi=Vpp/V|=0V - - 1/-40 nA
PO, P1
“H” Output Current loH Vo=0V - - -50 uA
b MSM6502 | f(osc) =32.768KkHz |~ 45 0 JA
MSMes12 | atnoload - 30 55
Current : MSMB502 | {(ssc) =32.768 kHz _ 30 40 A
Consumption DDHLT MSM6512 at HLT execution — 12 . 25
MSM6502 - 15 25
Ibps Statis wA
MSM6512 - 5 15
Oscillation Start
Timel Tosc - - - 10 SEC
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(1) AppliedtoBZ, BZ
(2) AppliedtoBZ, BZ, PO, P1
(3) Applied to COMMON, SEGMENT

(4) Applied to RESET, INT
-(5) Appliedto P2 (When input is unable)
(6) AppliedtoP2 (When inputis able)

SWITCHING CHARACTERISTIC
(Vpp =3V, Ta=-20 ~ +70°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Clock (OSCo) Pulse Width oW - 15 - - - uS
Cycle Time toy - (1) - - uS
PO
P1 Data Valid Time tpv - (2) - - uS
P2
PO
P1 Data Invalid Time tpiv - - - (3 uS
P2 . .
£9 Data Delay Time bDs CL =50pF - - ) S

(1) tgy =3 X 1/f(osc)

(2) tpy=1/2 X 1/f(osc)

() tpjy =1 X 1/f(osc) +10uS

(4) tppg=5/2 x 1/i(osc) +15uS

e

1MC toy
0OSCo ' —\ ~ ’
tow | tow
|
PO
P1 Input mode INVALID VALID INVALID
P2
tpiv tpv
| ]
PO :
pq OutputMode OLD DATA NEW DATA
tbps
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TYPICAL PERFORMANCE CURVES for MSM6502

High-level Output Current (IoH) Low-level Output Current (Io)
— Output Voltage (VoH) — Output Voltage (VoL )
(Vpp =3V, Ta=25°C) ‘o (Vpp=3V, Ta=25°C)
-5
9
—4 8
7
2 [ |ez Bztermina) g °
é " erminal % 5
T
o -2 \ ° 4
\ 3 (PO, P1 terminal)
Ve —T 1
1 \ : 5 /| _—+—1(BZ, BZ terminal)
- A}
(COMMON, SEGMENT terminal) / | ]
1 1 11 ] 1 1 1 1
é l “(PO,P‘I terminal) (COMMON SEGMENT terminal)
0 =—— = N I 1 0 ) | | I 1} 11
01 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5.6 7 8 9 10
VoH V) VoLV
Middle-level Output Current (11, 12) Current Consumption (Ipp) ﬂ
— Output Voltage (V1,V2) — Power Supply Voltage (Vpp)
(Vpp= 3V, Ta=25°C) (Ta=25°C, No load)
25 10m
20 ' 5m
15
V1 |yvo
10 / / im
5
z / 500u
3 o0
e (COMMON, SEGMENT terminal)
- / 100y
—10 __| HOSC) = 32,768 KHz
z 50u v l
18 a / OHz
—20 o 7
—25 | | ! 10u
01t 2 3 45 6 7 8 9 10 5u
\‘ Vi, V2 (V)
T
500n
100n
0O 1 2 3 4 5 6 7 8 9 10

Vpp (V)
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TYPICAL PERFORMANCE CURVES for MSM6512

IoH (mA)

14, 12 (uA)
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High-level Output Current (IoH)
— Output Voltage (VOH)

(Vpp =3V, Ta=25°C)

-5
-4
-3
(BZ, BZ terminal)
-2
\\
» \
(COMMON, SEGMENT terminal)
| 1 11 | ] i i
£ l N (PO, P1 terminal)
o 1 1 1
0o 1 2 3 4 5 6 7 8 9 10
VoH V)
Middie-level Output Current (11,12)
— Output Voltage (V1, v2)
(VDD= 3V, Ta= 25°C)
25
20
15 v
1 vz
10
L 1//
0
5 (COMMON, SEGMENT terminal)
o i
-15
-20
—-25
o 1 8 9 10

2 3 45 6 7
Vi, Va(V)

Low-level Output Current (Io)

— Output Voltage (VoL)
(Vpp=3V, Ta=25°C)
10 ~\VDD
9
8
7
z 6
E 5
-
2 4
3 (PO, P1 terminal)
7 T—T 1
» /| _—+—1(BZ, BZ terminal)
! COMMOIN SI|EGI\AlENTItem}inal)l
0 |
0O 1t 2 3 4 5 6 7 8 9 10
VoLV)
Current Consumption (Ipp)
— Power Supply Voltage (Vpp)
(Ta=25°C, Noload)
10m
5m
1m
500u
100u
5 f(OSC) = 32,768 KHz
g S A
8 / OHz
10u /
Su /
Tu
500n
100n _
o 1 2 3 4 5 6 7 8 9 10

Vpp (V)
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OKI semiconductor
MSM62580

CMOS 8-BIT SINGLE CHIP MICROCONTROLLER WITH 1 6K BIT E2PROM

GENERAL DESCRIPTION

The MSM62580 is a CMOS one-chip microcontroller with on-board 16K bit E2PROM for appli-
cations such as IC-cards, etc.

The powerful instruction set consists of 95 instructions including special instructions for IC cards,
executed by the 8-bit CPU in 800 ns at 5.0 MHz clock frequency.

The MSM62580 has improved hardware and software for security. Consequently, this chip suits
application such as IC cards of low cost, high security and high reliability.

APPLICATION EXAMPLES

e |ICCards

e Mechanical Controls
e Automobile Controls
e Industrial Controls

Compact Disc Players
Audio/Video Equipment
Household Appliances
Musical Instruments

FEATURES

High speed instruction cycle
High number of instructions, and an efficient instruction set
(For example)

® Instructions for e Instructions for
serial interface : SIN, SOUT, DLY auto increment
¢ Index addressing and auto crecre-
e 1 byte call addresing : CZP ment : INC, DEC

Small package size

e Simplified EZPROM write/erase operation by using control ROM.
From D.C to 5 MHz clock frequency

e 9600 baud-rate serial interface using ““DLY”’ instruction.

SPECIFICATIONS
¢ Single chip, low power CMOS e Clock frequency : 0~ 5.0MHz
e 8-Bit Microcontroller ¢ Instrucion cycle : 800ns @ 5 MHz
e 3K Bytes program ROM e Number of instructions: 95
e 512 Bytes control ROM e Operation current 1 4 mA typ.
e 2K Bytes E2PROM e Ambient range : 0to 70°C
e 128 Bytes data RAM e Number of pads : 5
e Supply voltage : 45V = 10%
¢ Die size : 50 x 45mm
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BLOCK DIAGRAM

S-1/0 -
VDD
] DATA E2PROM
2 R/:‘\M Lcor;uggg#&ons ACCUMULATOR 2kx8
RES £ (STACK)
:}—»—' cz) 128x8 i Parity flag B-REGISTER
o Half carry flag
[=] Zero flag ROM
CLK 5 Carry flag 3k\>< 8
— ¢ B ~
b3
GND = (oA TA-SONTER) ALU
C— STACK- PROGRAM
POINTER COUNTER
INTERNAL BUS
* E2PROM is not used as instruction area.
ALU : Arithmetic Logic Unit
E2PROM . Electrically Erasable-Programmable ROM
ROM : Read Only Memory
RAM : -Randam Access Memory (Data memory)

PIN DESCRIPTION

Description Input/Output Function

S0 Input/Output Serial data input/output port.
Quasi bidirectional I/O port.
Set “1” level after ‘‘Reset”.

Vbp — Main power source
GND — Circuit GND potential
RES Input ‘‘Reset’’ has priority over every other signal.

RES input initialize the processor.
Active 0" level.

CLK Input External clock input
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REGISTER DIAGRAM

Accumulator

|7 :l B-register
1 1 1 J — L L

NPHZC coR

l 7 o—l D-register
1 1 1 1 1 1 1

Il 0 l Stack pointer (SP)
1 1 1 A i L 1

ln 0 ' Program Counter (PC)
1 1 1 1 1 1 1 1 1 1 1
6K i 17FFy
EPROM
1Fu
F 1En
1Du
1000y
E 1Cu
4K ’
booe e E0On
—
T N———
1
7 I stack | e 3K BFFu —_
—_—— ]
1 v 7 : R7
() Re 3 6
ROM
5 Rs 5
4 Rs : 2 4
3 R; 3
2 2% 1 2
1 R 1F, 1
7 R l ” z® " 0 0
0 n 0 Ro )
R; : local resister (when instruction “DINZ”, n=4 to 7) ZP : is Zero Page address called by instruction ““CZP”’
(a) RAM map . (b) ROM, E2PROM map
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Supply Voltage VbD Ta = "25°¢ -05t07 v
Input Voltage - Vi Ta = 25°C -0.3to Vpp +0.5 \"
Output Voltage Vo Ta = 25°C —0.3to Vpp +0.5 v
Storage Temperature Tstg 0to +70 °C
OPERATING CONDITIONS
Parameter Symbol Limits Unit
Supply Voltage VDD 4510 5.5 \
Operating Temperature TorP Oto +70 °C
D.C. CHARACTERISTICS
(Vpp =5V 10%, Ta =0to +70°C)
Parameter Symbol Conditions Min Typ Max | Unit
Operating Current Ipb f =5 MHz — 4 10 mA
CLK -0.3 — 0.5
Low Input Voltage RES ViL — —O.é — 0.5 v
SIo ’ -0.3 — 0.8
CLK 24 | — | Vpp
High Input Voltage RES VIH — 4 — VbD Vv
SIO 2.0 — VbD
Low Output Voltage VoL loL MAX =1.6mA , 0 —_ 0.4 \'
High Output Voltage VOH IoH MAX= -100>A | 2.4 — VbD \'
Input Current (CLK, RES) H1MLA — — 20 pA
V|=0/Npp
Input Current (SIO) liH2/lL2 — — -1 mA
Input Capacitance Ci fo 1MHz’ — 15 — 'pF
Output Capacitance Co Ta=25°C — 20 — pF

Notes: = CLK, RES has poll down resistance SIO has pull up resistance.
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A.C. CHARACTERISTICS
(Vpp =5V 10%, Ta =0 to +70°C)

Parameter Symbol Min . Typ Max Unit
CLK Cycle Time Tcy 200 — — ns
CLK Cycle Low Width ToL 0.4+TCy — 0.6+Ty ns
CLK Cycle High Width TCH 0.4+Tcy —_ 0.6xTCcy ns
CLK Cycle Rise Time TCR - — 5.0 s
CLK Cycle Fall Time TCR — — 5.0 us
RES Pulse Width TRW 8«Toy - — us
SIO INPUT Rise Time TSR — — 5.0 us
SIO INPUT Fall Time TsF — — 5.0 us

Note: at output capacitance Co = 30pF

TIMING CHARTS

Sio

TsR TsF

TRw

RES
0.8v 0.8V
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INSTRUCTION LIST
MNEMONIC opr OPERATION BYTE| CYCLE FLAGS
C|P|H
MOV A, opr A<B 1 1
D A+<D 1 1
@D A < (D) 1 1
@D+ A<([D), D«D+1 1 2
@D- A«<(D), D~D-1 1 2
N A< (N) 2 2
N+D A < (N+D) 2 3
#N A < #N 2 2
MOV opr, A B B<A 1 1
D D<A 1 1
@b (D) < (A) 1 1
@D+ (D)~A, DD +1 1 2
@D- (D)<A, D—D-1 1 2
N (N) < A 2 2
N+@D (N+D) « A 2 3
MOV D, opr Rn D < Rn 1 2
#N D < #N 2 2
MOV Rn, opr D Rn <« D 1 2
#N Rn « #N 2 3
MOV @BA, opr @D (BA) < (D) 1 4
MOV @D, opr @BA (D) < (BA) 1 4 ‘\
MOV @D+, opr #N (D)« #N,D<D+ 2 2
MOVW @D+,0pr|  BA (D)<A, D+1)«<B 1 3
MOVW BA, opr @D A<(D), B« (D+1) 1 3
MOVW BA, opr #N A< #N1, B—#N2 . 3 3
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MNEMONIC opr OPERATION BYTE| CYCLE FLAGS
C|P|H| Z
XCH A, opr B A-B 1 2 *
D A<D 1 2 *
@D A<(D) 1 2 *
N A« (N) 2 2 *
XCH D, opr B DB 1 2
sP D o SP 1 2
XCH C, opr P CeP k 1 1 * Lok
ADD A, opr @b A < A+(D) 1 1 * * ok
N A< A+(N) 2 2 * * | x
#N A< A+ #N 2 2 * * ) ok
ADC A, opr @b A<A+(D)+C 1 1 * * | *
N A<A+(N)+C 2 2 * * | o=
#N A=A+ #N+C 2 2 * * |k
DAA Decimal adjust 1 1 * *
CMP A, opr @D A < (D) 1 1 * *
N A< (N) 2 2 * *
#N A« #N 2 2 * * o o*
CMP @D, opr| - @BA (D) < (BA) 1 4 * *
EOR A, opr @D A < AV(D) 1 1 *
N A < AV(N) 2 2 *
#N A < AV#N 2 2 *
OR A, opr @D A < AV(D) 1 1 *
N A < AV(N) 2 2 *
#N A < AV#N 2 2 *
AND A, opr ‘@b : A< A (D) 1 1 *
N A« A #(N) 2 2 *
#N A<A %N 2 2 *
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MNEMONIC opr OPERATION BYTE| CYCLE FLAGS
‘ P|H
INC opr A A<« A+1 1 1
D« D+1 1 1
@D (D) < (D)+1 1 1
N (N) < (N)+1 2 2
DEC opr A A< A-1 1 1
D D« D-1 1 1
‘ @D (D) « (D)-1 1 R
N (N) « (N)—1 2 2
RRC opr A GCo A7 ~02 B
@D Gc - (D)7~02 1 1
N Gc > (Ny7~0- 2 2
RLC opr A CLCe—A7~04d 1 1
@D Cc<(Dy7~04d 1 1
N Lc < (N7~04 2 2
PUSH opr PSW g&«;g,@;q )<CCR, 1 3
D (SP)«<D, SP<SP-1 1 2
POP opr PSW ggﬂgész—n, A«(sp—z), 1 3 « | x
D D<SP+1, SP<SP +1 1 2‘
JZ opr addr if Z=1, PC—PC+2+addr 2 213
JNZ opr addr if Z=1, PC~PC+2+addr 2 2/3
JC opr addr if C=1, PC—PC+2+addr 2 213
JNC opr addr if C=1, PC—PC+2+addr 2 2/3
JB opr baddr,addr | if(baddr)=1,PC~PC+ 3+ addr 2 3/4
JNB opr baddr,addr | if(baddr)=1, PC—~PC+3+addr 2 3/4
DJNZ opr Rnaddr | BACRE s e in=a~7) 2 | s
JMNE opr #N,addr | if (D) # #N, PC—~PC+3+addr | 3 3/4
JDNE opr ~ #N,addr if D # #N, PC~PC+3+addr 3 3/4
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FLAGS
MNEMNIC opr OPERATION BYTE| CYCLE
C|P|H|Z
. JMP opr addr PC<addr(0 ~ 4K) 2 2
CAL opr addr S:)_«—Sllzcz+ 2, PC+~addr(0 ~4K) > 4
CZP opr addr (SP)<PC+2,PC+ZP,SP+SP-2 1 4
RT PC—(SP), SP<SP +2 1 3
NOP No Operation 1 1
CLR opr A A<0 1 1 1
RC C«<o 1 1 0
SC C«<1 1 1 1
RB baddr (baddr) < 0 2 2
SB baddr (baddr) < 1 2| 2
CPL opr A A<A 1 1 *
c cC<C 1 1 *
CHK opr P P«<C, if A=0dd, C~1 ELSE C<0| 1 1 * o
SIN C < SIO 1 1 *
SouT SII0 <« C 1 1
DLY opr #N DELAY N+3 CYCLES 2 | 3~258
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OKI semiconductor

MSM66301

OKI ORIGINAL HIGH PERFORMANCE

CMOS SINGLE-COMPONENT 8/16-BIT MICROCONTROLLER

GENERAL DESCRIPTION

The OKI MSM66301 is a an new generation, high performance single component microcontroller
inplemented in sillicon gate complementary metal oxide semiconductor technology (CMOS).
Integrated within this chip are 16-bit ALU, 16K bytes of mask program ROM, 512 bytes of data RAM,
48 1/0 lines, built-in 16-bit timers, 10-bit A/D converter, serial 1/0 port pulse, width modulator (PWM),

and oscillator.

FEATURES

8-Bit External Data Bus Interface
® 16-Bit Internal Architecture
® 64K address space for program memory
(including 16K bytes onchip ROM)
512K address space for data memory
(including 512 bytes onchip RAM)
High speed execution
Minimum Cycle for Instruction: 400ns
(10MHz)
The Abundance of Powerful Instructions
8/16 data transfer operation
8/16 bit arithmetic operation
16(8) bit X 16(8) bit — 32(16) bit
32(16) bit/16 (8) bit — 32(16) bit
16(8) bit == 16(8) bit — 16(8) bit
8/16 logic operation
Bit operation
String operation
User stack operation
ROM table access operation
~® The same instruction allows both byte'and
word width operation according to Data
Descriptor.
That is to say, the same algorithm and the
same source program lines are applicable to
byte and word width data manipulation with
only changing Data Descriptor.
® Many Addressing Modes
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8 Input lines, 40 Input/Output lines
Built-in 16 bit timer X 4
Each timer has the following 4 modes.
Auto reload timer mode
Clock out mode
Capture register mode
‘'Real time output mode
Serial Port X 1ch.
(variable bit length, baud rate generators for
transmitter & receiver)
Asyncronous normal mode
Asyncronous multi processor
communication mode
Syncronous normal mode
Syncronous multi processor
communication mode
16 bit Pulse Width Modulator X 2
Transition Detector X 4
10 bit:A/D converter (8 channel)
1 non-maskable interrupt, 16 maskable
interrupts
Stand-by Function
software Clock stop
software CPU stop
hardware CPU stop
64 pin Shrink DIP/64 pin plastic flat
package/68 pin PLCC
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'PIN CONFIGURATION

ADO/POO VDD
AD1/PO1 VREF
AD2/PO2 AGND
AD3/P03 PS7/AIT
AD4/PO4 P56/AI6
ADS5/P0S P55/AI5
AD6/P08 P54/A14
AD7/POT P53/AI3
AB/P10 g Ps2/A12
A9/P11 PS1/AI
A10/P12 P50/AI0
A11/P13 P47/TRANS3
A12/P14 P46/TRANS2
A13/P15 P45/TRANS1
A14/P16 P44/TRANSO
A15/P17 PA3/PWM1
A16/P20 P42/PWMO
A17/P21 P41/TMICK
A18/P22 P40/TMOCK
CLKOUT/P23 P37/TM3I0
RESOUT P36/TM2I0
ALE P35/TM110
PSEN P34/TMOIO
RD P33/INT1
WR P32/iNTO
READY - (26} P31/RXD
EA [27] P30/TXD
FUT 28 P27/RXC
RES [29] 6 P2e/TxC
0sco [39] P25/HLDA
OsC1 fa1] P24/HOLD
| GND [32 M

TMCK1 — INSTRUCTION
TMCKO —{ DECODER
TMIOS <]  TIMER A ssP LRB STR
pos e e | [ ] [ [en] .
TMIO1 «—»f
TMIOO <+ INSTRUCTION — READY
[REGISTER e ALE
RXD —*| . FSEN
RXD +—| PsE
SERIAL — 7D
RXC —] ~
e 3 — WR
rranSs —] A [ psw ]
TRANS2 —>ITRANSMITION ROM
TRANS! —={  DETECTOR ¢ ’ < AD7
K= aoo
VREF —»] Acc
- AD -
AI7 ~AI0 E=X GONVERTER > ] [ A18
AGND —»] ~" a8
.
wot
- ]
PWMO
U N
SYSTEM CONTROL! ) PORT RAM
VG OOCRRFHHTT ﬁﬁﬁ@ﬁ
DN SSLEEFOLNN Ps P4 P3 P2 P1 PO
DD CCKSSFTLDOTT
6G1OEO ' DAI1O
urt u
TT
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PIN DESCRIPTION

Designation Input/Output Function

Poo— Por/ PO: 8-bit I/0 port. Each bit can be assigned to input or
output.

ADo— AD~ 1/0 AD: Outputs the lower 8 bits of program counter during
external program memory fetch, and receives the
addressed instruction under the control of PSEN.
Also outputs the address, Outputs or inputs data
during an external data memory access
instruction, under control of ALE, RD, and WR.

Pio—Pi7/ 1/0 P1: 8-bit I/0 port. Each bit can be assigned to input or
output. '

As—Ass A: Outputs the middle 8 bits of program counter
(PCs-15) during external program memory fetch.
Also outputs the middle 8 bits of address during
an external data memory access instructions.

P20o— P22/ P2: 8-bit I/0 port. Each bit can be assigned to input or
output.

Ate— Ais A:  Outputs the upper 3 bits of address during external
data memory access instructions.

P23/CLKOUT CLKOUT: clock output pin. Output frequency range is

equal to or twice the system clock.

P24 /HOLD 170 HOLD: Input pin to request the CPU to enter the
hardware power-down state.

P2s/HLDA HLDA: HOLD ACKNOWLEDGE: the HLDA signal
appears in reponse to the HOLD signal and
indicates that the CPU has entered the
power-down state.

P26 /TxC TxC: Transmitter clock input pin.

P27 /RxC RxC: Receiver clock input pin.

P3o/TxD P3: -8-bit I/0 port. Each bit can be assigned to input or

output. )

Ps1/RxD TxD: Transmitter data output pin.

P32 /INTO RxD:  Receiver data input pin.

P33 /INT1 170 INT: Interrupt Request Input pin.

Falling edge trigger or level trigger is
selectable. .

P34 /TMOIO TMOIO ~ TM3IO: One of the following signals is output

or input:

P3s /TM110 “® clock twice the frequency range of the 16

bit timer overflow

P3s /TM210 ® |oad trigger signal to the capture register

input
o setting value output
The signal that is input or output depends on the mode.
P37 /TM3IO
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PIN DESCRIPTION (Continued)

® MSM66301 o

Designation Input/Output Function
P40 /TMOCK. P4: 8 bit I/0 port. Each bit can be assigned to input or
output.
P41/TM1CK TMOCK, TM1CK: clock input pins of timer O, timer 1.
P42 /PWMO 1/0 TRNS: Transition Detector.
The input pins which sense the falling edge
and set the flag.

P43 /PWM1 PWM: Pulse Wide Modulator output pin.

Pas—Paz/

TRANSO — TRNS3

Pso— Ps7/ INPUT P5: 8 bit input port.

AlO — Al7 Al: analog sygnal input pin to A/D converter.

RESOUT OUTPUT Output ‘H’ level when the CPU is in RESET cycle.
Reset to ‘L’ level by program.

ALE OUTPUT Address Latch The timing pulse to latch the lower
Enable: 8 bit of the address output from

port O when the CPU accesses the
external data memory.

PSEN OUTPUT Program Store The strobe pulse to fetch to exter-
Enable: nal program memory.

RD OUTPUT Output strobe activated during a BUS read.
Can be used to enable data on to the bus from the
external data memory.

WR OUTPUT dutput strobe during a bus write.
Used as write strobe to external data memory.

READY INPUT Used when the CPU accesses low speed peripherals.

EA INPUT Normaly set to ‘H’ level.
If set to ‘L’ level, the CPU fetches the code to external
program memory.

FLT INPUT If FLT is ‘H’ level, ALE, WR, RD, PSEN are set ‘H’ level
when reset. -
If FLT is set to ‘L', ALE, WR, RD PSEN are set to floating
level when reset.

RESET INPUT RESET input pin
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PIN DESCRIPTION (Continued)

Designation Input/Output Function

0SCo, 0SC Oscillation circuit consists of OSCo, OSCa.
NMI INPUT non maskable interrupt input pin (falling edge)
VREF reference voltage input pin for A/D converter
AGND ground for A/D converter
vDD system power supply
GND ground

REGISTERS s .

m  ACCUMULATOR ACC —I

m CONTROL REGISTERS (CR)

PROGRAM STATUS WORD [ pSW ]
PROGRAM COUNTER L PC ]
LOCAL REGISTER BASE L LRB I
SYSTEM STACK POINTER L ssp ]
L
= POINTING REGISTERS (PR) =
.
[
INDEX REGISTER1 X1
INDEX REGISTER2 ; x2
DATA POINTER DP
USER STACK POINTER : usP
m LOCAL REGISTERS
er0 . ro
er1 r3 “r2
er2 5 r4
er3 r7 e

m SPECIAL FUNCTION REGISTERS (SFR)
_ All of the I/0 functions are controlled by SFRs.Also, some of the internal functions (Timer, WDT,
etc,...) are controlled by SFRs. SFRs are located in the top of RAM space (000H ~ 007FH).
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MSM66301 Special Function Registers [1]

® MSM66301

8/16 When
Address Name Abbrebiation | R/W | Operation reset

0000 System Stack Pointer SSPL R/W 8/16 FF
0001 SSPH FF
0002 Local Register Base LRBL R/W 8/16 unknown
0003 LRBH
0004 Program Status Word PSWL R/W 8/16 00
0005 PSWH 00
0006 Accumulator ACCL R/W 8/16 00
0007 ACCH 00
0008 Source Index Register Sl R/W 16 unknown
0009 for Block Transfer
000A Destination Index Register DI R/W 16 unknown
000B for Block Transfer

Counter Register CX R/W 16 unknown
000C

for Block Transfer

Source/Destination BSDI R/W 8 unknown

000E
Bank Register

0010 Stand-By Control Register SBYCON R/W 8 00
0011 Watch Dog Timer wDT R/W
0012 Peripheral Control Register PRPHF R/W 01
0016 Work Area for Emulator R/W 16 unknown
0017
0018 Interrupt Request Flag IRQL R/W 8/16 00
0019 IRQH 00
001A Interrupt Enable Flag IEL R/W 8/16 00
001B IEH 00
001C External Interrupt EXICON R/W 8 00

Control Register
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MSM66301 Special Function Registers [2]

8/16 When
Address Name Abbrebiation | R/W | Operation reset
0020 Port O Data Register PO R/W 8 Unknown
0021 Port 0 Mode Register POIO R/W 8 00
0022 Port 1 Data Register P1 R/W 8 unknown
0023 Port 1 Mode Register P110 R/W 8 00
0024 Port 2 Data Register P2 R/W 8 unknown
0025 Port 2 Mode Register P210 R/W 8 00
0026 Port 2 Special Function P2SF R/W 8 00
Control Register
0028 Port 3 Data Register P3 R/W 8 unknown
0029 Port 3-Mode Register P310 R/W 00
002A Port 3 Special Function P3SF R/W 0o
Control Register
002C Port 4 Data Register P4 R/W unknown
002D Port 4 Mode Register P410 R/W 00
002E Port 4 Special Function P4SF R/W 00
Control Register .
O02F Port 5 P5 R
0030 Timer O Counter T™O R/W 16 00
0031 00
0032 Timer O Register TMRO R/W 16 00
0033 00
0034 Timer 1 Counter T™M1 R/W 16 00
0035 00
0036 Timer 1 Register TMR1 R/W 16 0o
0037 00
0038 Timer 2 Counter T™M2 R/W 16 00
0039 00 -
003A Timer 2 Register TMR2 R/W 16 00
003B 00
003C Timer 3 Counter T™M3 R/W 16 00
003D 00
003E Timer 3 Register TMR3 R/W 16 00
O03F 00
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MSM66301 Special Function Registers [3]

8/16 When

Address Name Abbrebiation | R/W | Operation reset
0040 Timer O Control Register TCONO R/W 8 00
0041 Timer 1 Control Register TCON1 R/W 8 00
0042 Timer 2 Control Register TCON2 R/W 8 00
0043 Timer 3 Control Register TCON3 R/W 8 00
0046 Transition Detector Reg. TRNS R/W 8 00
0013 Stop Mode Buffer Flag R/W 8 00
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MSM66301 Special Function Registers [4]

: 8/16 When
Address Name Abbrebiation | R/W | Operation reset
0046 Transition Detector TRNS R/W 8 _00
0048 Transmitter Clock Generator STT™M R/W 8 00
0049 Transmitter Clock Generator STTMR R/W 8 00
Control Register
004A Transmitter Control Register STTMC R/W 00
004C Receiver Clock Genérator SRTM R/W 8 00
004D Receiver Clock Generator SRTMR R/W 8 00
Control Register
004E Receiver Control Register‘ SRTMC R/W 8 00
0050 Transmitter Mode Control Register STCON R/W 8 00
0051 Transmitte‘r Data Buffer STBUF w 8 “funknown
0054 Receiver Mode Control Register SRCON R/W 8 00
0055 Receiver Data Buffer SRBUF 8 unknown
0056 Receiver Eroor Status Register SRSTAT 8 00
0058 A/D Scanning Mode Register ADSCAN 8 00
0059 A/D Select Mode Register ADSEL R/W 8 00
0060 A/D Convert Result Register 0 ADCROL
) R 8/16 unknown
0061 ADCROH
0062 A/D Convert Result Register 1 ADCR1L
R 8/16 unknown
0063 ADCR1H
0064 A/D Convert Result Register 2 ADCR2L
- R 8/16 unknown
0065 ADCR2H
0066 A/D Convert Result Register 3 ADCR3L
R 8/16 unknown
0067 ADCR3H
0068 A/D Convert Result Register 4 ADCR4L
R 8/16 unknown
0069 ADCR4H
006A A/D Convert Result Register 5 ADCR5L
8/16 unknown
006B ADCRS5H
006C A/D Convert Result Register 6 ADCR6L
R 8/16 unknown
006D ADCR6H
006E A/D Convert Result Register 7 ADCR7L
R 8/16 unknown
006F ADCR7H
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& MSM66301 ¢

8/16 When
Address Name Abbrebiation | R/W | Operation reset
0070 PWM 0 Counter PWMCOL 00
R/W 8/16
0071 PWMCOH 00
0072 PWM O Register PWMROL 00
—— R/W 8/16
0073 PWMROH 00
0074 PWM 1 Counter PWMC1L 00
R/W 8/16
0075 PWMC1H : 00
0076 PWM 1 Register PWMR1L 00
R/W 8/16
0077 PWMR1H 00
0078 PWM 0 Control Register PWCONO R/W 00
007A PWM 1 Control Register PWCON1 R/W 00
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ADDRESSING MODE

The MSM66301 supports 512KB (64KB x 8BANKs) 05 data space and 64KB of progfam space
with verious types of addressing methods. These methods divide into the following types.

1. RAM ADDRESSING (FOR DATA SPACE)

1.1 Register Direct Addressing
ex.

ROR DP

1.2 Displacement Addressing
a) Zero Page

ex.
[ L A, 10H 000H
—_— RAM
R 77/] 0010H
b) Direct Page
ex.
ST A, off XX10H xx00H
—_— " RAM
:
Leeeeeaes 77777 xx10H

1.8 Pointing Register Indirect Addressing
a) Data Pointer (DP) Indirect
ex.

SLL [DP]
== RAM
[ OP 77
b) User Stack Pointer (USP) Indirect
ex.
SRL 10H [usP]
[ ose ] RAM
0-255 ‘L
v w0 Y,
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c) Indexregister (X1, X2) Indirect

—— ex.

INC 300H [x11]
RAM
0-65535
D > AN,
1.4 Immediate Addressing
—  ex.
mov sSSP, #
2. ROM ADDRESSING (FOR-PROGRAM SPACE)
2.1 Direct Addressing
ex.
JMP 200H ROM
[ 0200H
2.2 Pointing Register Indirect Addressing
a) Data Pointer (DP) Indirect
e ex.
Lc [DP]
= ROM
[ 'DP e
b) User Stack Pointer (USP) Indirect
ex.
J 10H [USP]
USP ROM
0-255
> > 7
c) Pointing Register (X1, X2, DP, USP) Indirect with 16bit displacement
—— ex.
CMPC 300H X1}
P T
: ]
ROM
0-65535
l -
> >
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INSTRUCTIONS
Data Transfer
Instruction Function Instruction Function
L Ax | A — » LB A | AL — =
ST Ax | A — « STB Ax | AL — =
MoV * A * — A MOVB A+ Al —=x
MoV = # | » — Imme. MOVB A |+ — AL
MOV er« | er — MoOvB “# | *+ — Imme.
MOV d, * (d) « = MOVB r* r — *
MOV DP, « DP « = MOVB d, d) — =
MOV X1, = X1 — = MOVB PSWO, = PSWO « =«
MOV X2, * X2 «— # MOvB SCB, * SCB « +«
MOV USP, « USP «— =
MOV PSW, « PSW «— =
MOV SSP, « SSP «— =«
MOV LRB, « SSP «—
CLR * * — 0 CLRB * * — 0
SWAP Ais-s —— Ao SWAPB A7-4— As-o
XCHG Ao Ae—x XCHGB AL —=
XNBL A, H Azo——*3-0
TRNS USP, LRB USPis-3 < LRB12-0
USPz2-0 — O
TRNSLRB,USP | LRBi>o — USPis-3
LRB1s-13 — O
Push & Pop
Instruction Function Instruction Function
PUSHU * + — USERSTACK PUSHUB R . USER STACK
POPU A | A — USERSTACK POPUB A | AL < USERSTACK
PUSHS * | =+ — SYSTEM STACK
POPS * | = «— SYSTEM STACK
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Rotate & Shift

Instruction Function Instruction Function
ROL * Rotate — ROLB * Rotate —
ROR * Rotate — RORB * Rotate —
SLL * Shift «— Logical SLLB * Shift — Logical
SRL * Shift — Logical SRLB * Shift — Logical
SRA * Shift — Arithmetic SRAB x| Shift — Arithmetic
Increment & Decrement

Instruction Function Instruction Function
INC * x — %41 INCB x| % — k41
DEC * * o x—1 DECB * * o= x—1
ROM Table Reference

Instruction Function Instruction Function
LC A+ | A — «(ROM) LcB A+l AL — +(ROM)
CMPC Ax | A—«(ROM) CMPCB A x| AL—*(ROM)
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Arithmetic Operation

Instruction Function Instruction Functioﬁ
MUL erl:A — AXer0 MULB A — ALXO
DIV er0:A — er0: Aler2 DIVB A — AN0
ADD >A,* A — A+=x ADDB A, * AL — AL ++
ADD A | = x+A ADDB LA | = AL
ADD wd |+ — +4(d) ADDB wd |+ — ++(d
ADD * H# * «— x4+ Imme. ADDB *, H# * «— % +Imme.
ADC A+ | A — A+x4C ADCB A+ | AL — AL+*+C
ADC CHA | e —  +A+C ADCB A |+ — x+A_+C
ADC xd |+ — x+(d+C. ADCB wd | » — »+(d+C
ADC W# |+ — «+Imme. +C ADCB W# |+ — ++imme.+C
suB Ax | A = A-—x SUBB CAx | AL — AL—*
suB A | % — x—A SUBB A | % = x— AL
suB cond |+ o= x—(d) SuUBB sd | = — x—(d
SuUB *, # * — +—[mme. SUBB *, # ¥ < x—|mme.
SBC A+ | A — A—x~C SBCB A« | AL — AL—*C
SBC A | + — +—A-C SBCB A | » — x—A —C .
SBC £d | » — +—(d-C SBCB x,d | + —x—(d-C
SBC * # * «— x—Imme.—C SBCB *, * — +—|mme.—C
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Logical Operation

® MSM66301

Instruction Function Instruction Function
AND Ax A — Aand= ANDB A, * AL — Apand+
AND * A * — xandA ANDB * A * «— xand AL
AND *,d x «— xand (d) ANDB *,d * «— xand(d)
AND * # | *+ < xandImme. ANDB * # | =+ < =andImme.
OR A+ | A — Aorx ORB A+ | AL — Aporx
OR A | » — sorA ORB oA |+ — xorA_
OR xd [ = «— =xor(d) ORB sd | = «— =xor(d)
bR *# | *+ < =orlmme. ORB «# | * — xorimme.
XOR A+ | A — Axorx XORB A+ | AL — ALxor*
XOR *»A | + — s+xorA XORB * A * — = xor AL
XOR x,d | = — =xor(d) XORB #d | = «— =xor(d
XOR * H# + <« xxor Imme. XORB *, # * «— xxormme.
Comparisqn

Instruction Function Instruction Function
CMP A * A—=x CMPB A, * AL — =
cMmP LA | «—A CMPB  +A | «—A_

CMP d [ x—(d) CMPB *d | *—(d)
*— Imme. CMPB *, # * — Imme.

CMP *, #
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Stack Operation
Instruction Function
ADD A. [+USP] USP «— USP+2,A — A+[USP]
ADC A. [+USP] USP «— USP+2,A — A+[USPI+C
SUB A. [+USP] USP «— USP+2,A — A—[USP]
SBC A. [+USP] USP «— USP+2,A — A—[USPI-C
AND A.[+USP] USP «— USP+2,A — Aand[USP]
OR A.[+USP] USP «— USP+2,A — A [USP]
XOR A. [+USP] USP — USP+2,A — AyorlUSP]
CMP A. [+USP] USP — USP+2,A-[USP]
Decimal Adjust
Instruction ’ Function
DAA Decimal Adjust for Add
DAS Decimal Adjuét for Substruct
Bit Operation
Instruction Function Instruction Function
SBR * bit — 1 SB * bit — 1
RBR « | bit — O RB * | bit — O
MBR C,+ C « bit MB C,» | C « bit
MBR *,C bit — C MB *C | bit — C
TRB * Z — bit
Execute
Instruction Function
EX * Execute Specified Data as the’'Instruction
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Jump & Call
Instruction Function Instruction Function
SJ adrs Short Jump SCAL adrs | Short Call
J * Jump CAL * | Call Subroutine
JC EQ, adrs Jump if ‘=’ JC NE, adrs Jump if ‘# >'%x
JC LE, adrs Jumpif‘< =’ JC LT, adrs Jumpif ‘# <
JC GE, adrs Jumpif‘> ="’ JC ‘ GT, adrs Jumpif ‘< =’
JBS bit, adrs ‘“Jump if bit-on JBR bit, adrs Jump if bit-off
JRNZ, DP, adrs Loop Function VCAL adrs Vector Call
Return .
Instruction Function
RT Return from Subroutine
RTI Return from Interrupt
String Operation
Instruction Function
SMOVI String Transfer with Increasing Pointers
SMOVD String Transfer with Decreasing Pointers
SCMP String Compare
Others
Instruction Function Instruction Function
SC C — 1 RC C — 0
SS STACKFLAG +«— 1 BRK Software Reset
NOP No Operation
(Note)

‘# and ‘imme.’

“—and‘—

Immediate value
Bit-shift direction

Addressing expression (See Addressing mode)

® MSM66301 ®







8 BIT SERIES (INTEL COMPATIBLE)







OKI semiconductor

MSM80C35/48
MSM80C39/49
MSM80C40/50

CMOS 8-BIT SINGLE CHIP MICROCONTROLLER

" GENERAL DESCRIPTION

The OKI MSM80C48/MSM80C49/MSM80C50 microcontroller is a low-power, high-performance
8-bit single chip devicer implemented in silicon gate complementary metal oxide semiconductor
technology. Integrated within these chips are 8K/16K/32K bits of mask program ROM,
512/1024/2048 bits of data RAM, 27 1/0 lines, built-in 8 bit timer/counter, and oscillator. Program
memory and data paths are byte wide. Eleven new instructions have been added to the NMOS ver-
sion’s instruction set, thereby optimizing power down, port data transfer, decrement and port float
functions.

Available in 40-pin plastic DIP (RS) or 44-pin plastic flat packages (GSK).

FEATURES

® | ower power consumption enabled by CMOS ® Two sets of working registers
silicon gate process ® External and timer interrupts
® Completely static operation ® Two testinputs
® [improved power-down feature ® Built-in 8-bit timer counter
® Minimum instruction cycle 1.36 us (11MHz) ® Extendable external memory and /0 ports
@\Vge =15V £10% ® |nput/output ports : Input/output ports
11 MHz version of MSM80C50 (6 MHz < — 8 bits X 2
XTAL1.2 < 11 MHz) is under development. : Data bus input/output
— 8 bits X 1
® Every signal input terminal is provided with a ® Single-step execution function
Schmitt circuit, except XTAL1 Pin. ® Every signal input terminal is provided with a
® Every signal output terminal is capable of Schmitt circuit, except XTAL 2 Pin
driving a standard TTL, except XTAL2 Pin. ® Every signal output terminal is capable of
® 111 instructions driving a standard TTL, except X'tal 2 Pin.
® Allinstructions are usable even during ® Wide range of operating voltage, from +2.5V
execution of external ROM instructions. to +6V of V.
® Operation facility ® High noise margin action
Addition, logical operations, and decimal ® Two kinds of package; 40-pin plastic DIP and
adjust 44-pin plastic flat package
® Program memory (ROM) : 1K X 8 bits ® Compatible with Intel's 8048, 8049 and 8050
(MSM80C48) :
;- 2K X 8 bits
(MSM80C49)
: 4K X 8 bits
(MSM80C50)
® Data memory (RAM) . 64 X 8bits
‘ ) (MSM80C48)
: 128 X 8 bits
(MSM80C49)
: 256 X 8 bits
(MSM80C50)
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e MSM80C35/48, 80C39/49, 80C40/50 @

FUNCTIONAL BLOCK DIAGRAM

(PORT 2)
PORT 2 BUS BUFFER I PROGRAM MEMORY
oz LATGH HIGH PROGRAM (ROM) S Kt N era
(oner COUNTER (4) 1K x 8 BIT MSM80C48RS REGISTER i
2K x 8 BIT MSMB0C49RS .
4K x 8 BIT MSMBOCS0RS
BUS LAWH
+ TIMER/EVENT LOWER PROGRAM AND LO
0SC FREQ ﬁ p— COUNTER (8) COUNTER  (8) I :CEZF#’E.;
@ BUS
{}'\ BUFFER
®) @
ACCUMU- [=— TESTO éﬁ«% [MULTI PLEXER
LATOR (8) b TEST? nE;;m—ER )
e INT REGISTER 1
REGISTER 2
ACCUMULATOR [=— FLAGO REGISTER 3_|
LATCH (8] CONDI- | FLAGT G
TIONAL |, 1imeR FLAG REGISTER &
BRANCH
LOGIC f=— CARRY & [REGISTER 7 |
o
Acc S ek - PoRTI
=1 /1\;;—‘:
ACC BIT TEST e OPTIONAL BUFFER
N AN
O g:g:(STER LATCH (PORT 1)
CONTROL AND TIMING
INT RESET PROG __EA XTALI XTAL2 ALE _ PSEN_S§S ? WR DATA STORE
INTERRUPT | prOM/ O?C!LATOR 1 :A'R,%zﬁm READ STHOEEI )
EXPANDER XTAL ENABLE
- ADDRESS LATCH, WRITE STROBE DGA‘T:BM,;SN:AOESX;BRRASM)
INITIALIZE  CPUMEMORY  pATA LATCH 128 x 8 MSMB0CA49RS
SEPARATE g{ggzﬁ CYCLE g#hé?,LE 256 x 8 MSMBOC50RS
(Top View) 40 Lead Plastic DIP
T0 [T] Vee
XTAL1 T Pin Name
XTAL2 P24
RESET P2, P19 ~ P15 : Input/output port (PORT1)
S P2 P2p ~ P27 : Input/output port (PORT2)
N & P2, DBy ~ DB5 : Data bus port (BUS PORT)
EA [T7] P14 T0, T1 : Test
RO [2 Plg INT : Interrupt
PSEN Pls RD : Read
WR Pl WR : Write
ALE P13 ALE : Address Latch Enable
DB, Pl PSEN : Program Store Enable
DB; P1 RESET : Reset
DB, P1g SS : Single Step
DB3 Vbp EA : ROM Mode .
DB, PROG XTAL 1,2 : Crystal Controlled Oscillato
DB; P23
DBg P2;
DB, 122] P2, .
Vss 121} P2y
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PIN DESCRIPTION
Designation Input/Output Function

Plo~P17 Input/Output | 8-bit quasi-bidirectional port

(PORT 1)

P20 ~P27 Input/Output | 8-bitquasi-bidirectional port

(PORT 2) The high-order four bits of external program memory addresses can be
output from P20-P23, to which the I/O expander MSM82C43RS may also
be connected.

DBo ~ DB~ Input/Output | Bidirectional port

(BUS) The low-order eight bits of external program memory address can be

output from this port, and the addressed instruction is fetched under the
control of PSEN signal. Also, the external data memory address is output, and
data is read and written synchronously using RD and WR signals.
The port can also serve as either a statically latched output portor a
non-latchinginput port.

TO Input/Output Theinput can be testéd with the conditional jump instructions JTO and

(Test0) JNTO. The execution of the ENTO CLK instruction causes a clock output to
be generated.

T1 Input The input can be tested with the conditional jump instructions JT1 and
JNT1. The execution of a STRT CNT instruction causes an internal
counter inputto be activated.

INT Input Interrupt input. If interrupt is enabled, INT input initiates an interrupt.

(Interrupt)

Interrupt is disabled after a reset.
Alsotestable with a JNI instruction. Can be used to terminate the
power-down mode. (Active “0” level)

RD Output A signal to read data from external data memory. (Active “0” level)
(Read)

WR A signal to write data to external data memory. (Active “0” level)
(Write)

ALE This signal is generated in each cycle. It may bz used as a clock output.
Address & External data memory or external program memory is addressed upon the
Data Latch falling edge. For the external ROM, this signal is used tolatch the bus port

Clock data upon the ALE signal rise-up after the execution of the OUTL BUS, A
instruction.
PSEN Output A sighal tofetch an instruction from external program memory
Program (Active “0” level)
Store Enable
RESET Output (RESET) input initialize the processor. (Active “0” level)
Used to terminate the power-down mode.
ss Output A program is executed step by step. This pin can also be used to control
(Single Step) internal oscillation when the power-down mode is reset.
(Active “0” level)
EA Input When held at high level, all instructions are fetched from external memory.
(External Access) (Active “1” level) :
PROG Output This output strobes the MSM82C43RS 1/0 expander.
(Expander Strobe)
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PIN DESCRIPTION (CONT.)

Designation Input/Output Function
XTAL1 Input One side of the crystal input for the internal oscillator. An external source can
(Crystal 1) alsobe input.
XTAL 2 Output Other side of Crystal input for internal oscillator.
(Crystal 2) : '
Vee — Power supply terminal
Vpbp - Standby control input. Normally, “1” level. When set to “0” level,
oscillation is stopped and processor goes into standby mode.
Vss - GND

Note: The required RESET pulse duration is at least two machine cycles under the condition that the power supply
and the oscillator have been stabilized.
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ADDED FUNCTIONS OF MSM80C48, MSM80C49 AND MSM80C50

The MSM80C48, MSM80C49 and
MSMS80C50 basically incorporate the capabili-
ties of Intel's 8048, 8049, and 8050 plus the fol-
lowing new functions:

1. Power-Down Mode Enhancements

11
(1)

Power-down by software

Clock (See item 4, “Power-down mode”, for

details.)

a. Crystal-controlled oscillator halt (HLTS
instruction)

Power requirements can be minimized.

b. Clock supply halt (HALT instruction)
Restart is accomplished without oscilla-
tor wait.

1/0 ports (See Table 4-1 and 4-2 for

details.) ‘

1/0 port floating instructions

Power consumption resulting from inputs/

outputs can be minimized with FLT and

FLTT instructions.

Port floating is cancelled b

FRES instruction, “0” level at IN

level at pin. .

Six types of power-down can be done by a

combination of HLTS/HALT and FLT/FLTT

instructions.

Power-down by hardware (See 4.3,
Power-down mode by Vpp pin utilization
for details.)

Crystal-controlled oscillators can be halted
by controlling the Vpp terminal, thereby floating
all I/0 ports for minimum power consumption.

2. Additional Instructions (11)

2

executing
pin or “0”

@)

1.2

HLTS MOV A, P2
HALT MOV P1, @ R3

- FLT MOVP1 P, @ R3
FLTT DEC @Rr

. FRES DJNZ @ R, addr
MOV A, P1

3. Improved Uses of BUS Po ~ 7,P10~ 7,
P20 ~ 7,and SS terminals

BUS Po~7 :
The MSM80C48, MSM80C49, and
MSMB80C50 remove the limitation on the use of
OUTL BUS, A instructions during the external
ROM access mode by having an independent
data latch and external ROM mode address
latch in BUS Po ~ ~.

Consequently, there is no need to relocate
bus port instructions when in the external ROM
access mode.

3.2 Plo~rand P20~~~

The MSM80C48, MSM80C49 and
MSM80CS50 are designed to minimize power
consumption when P10 ~ rand P20 ~ - are used
as input/output ports, to maximize the perfor-
mance of CMOS. i

When these ports are used as output ports,
the acceleration circuit is actuated only- when
output data changes from “0” to “1”, thus speed-

3.1

ing up the rise time of the output signals.

When these ports are used as input ports,
the internal pullup resistance becomes approxi-
mately 9 kQ when input data is “1”

The internal pullup resnstance rises to ap-
proximately 100 kQ when input data is “0”.
Thus, a high noise margin can be obtained by
selecting the impedance and thus the outflow of
current is minimized whenever these ports are
used as output or input ports.

3.3 Clock generation control via the SS§

terminal

When the crystal-controlled oscillator is
halted in the HLTS or hardware power-down
mode, the SS terminal is pulled down by a resis-
tor of 20 — 50 kQ, while its internal pullup resis-
tor of 200 — 500 kQ is isolated from Vgc. When
the power-down mode is cancelled, the internal
resistor of the SS terminal is changed from puli-
down to pullup. Consequently, the CPU can be
halted for any period of time until the crystal-
controlled oscillator resumes normal oscillation
when a capacitor is connected to the SS termi-
nal.

4. Power-Down Mode

The MSM80C48, MSM80C49, and
MSM80C50 power-down mode can be enabled
in 2 different ways-through software by a combi-
nation of clock control and port floating
instructions, and through hardware by control of
the Vpp pin.

4.1 Software power-down mode
Power-down mode can be done by a combi-
nation of the following instructions.

(1) HALT (clock supply halt to control circuit)

Instruction P) 00 OIO 00 1J
code:
Although crystal-controlled

Description:

: oscillator operation is con-
tinued, the clock supply to
the CPU control circuit is
halted and CPU operations
suspended. When cancelling
this software mode, restart is
accomplished without os-
cillator wait. Timing charts
are outlined in Figs. 4-1 and
4-2.

(2) HLTS (oscillation stop)

Instruction 100000O01 OJ
code: L
Description: The oscillator operation is

halted and CPU operafions
suspended. In cancelling
this power down mode, con-
necting a capacitor to the SS
pin enables a reasonable
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)]

4)
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wait period :to be accom-
plished before normal opera-

tion is resumed. [Except in-
. the case of using the RESET

‘pin] «
Timing charts are outlined in
Figs. 4-3 and 4-4.
FLT (floating P10 ~7, P20 ~ 7, and BPo ~ 7)

Instruction l 1010 . 00 1 OJ
code:
Description:
Internal ROM External ROM mode
mode
P1 Floating Floating
" P20 ~ 3 operation
P2 Floating P24 ~ 7 floating
BP Floating Operation

Details of IC pin status as a result of execut-

ing the FLT instruction are shown in Table
4-1. ' ‘
FLTT (floating of all output pins)

Instruction

1100001 0]
code: ‘ v
Description:
lnte:::;l:OM External ROM mode
ALE Floating Operation
PSEN Floating Operation
PROG Floating Floating
WR Floating Floating -
RD Floating Floating
TOOUT Floating ) Floating
P1 Floating Floating
" P20 ~ 3 operation
P2 Floating P24 ~ 7 floating
BP Floating Operation )
XTAL Operation Operation

Details of IC pin status as a result of execut-
ing the FLTT instruction are shown in Table
4-2,
Example 1: Power-down mode accom-
plished by stopping oscillation.
O Setting by execution of
HLTS [82H] instruction.

Power-down mode accom-
plished by stopping the clock
supply to the CPU control
circuit.

O Setting by execution of
HALT [01H] instruction.
Power-down mode by floating
of P1o ~ 7, P20 ~ 7 and BPo ~
7, and subsequent stopping of

CPU oscillation.

Example 2:

Example 3:

O Setting by first executing
the FLT[A2H] instruction
and then the HLTS[82H] in-
struction.

Power-down mode by floating

P1o ~ 7, P20 ~ 7 and BPo ~ 7,

and then stopping the clock

supply to the CPU control cir-
cuit.

O Setting by first executing
the FLT[A2H] instruction,
and then the HALT[O1H] in-
struction.

Power-down mode by floating

all output pins, followed by

stopping oscillation.

O Setting by first executing
the FLTT[C2H] instruction
followed by execution of
the HLTS[82H] instruction.

Power-down mode by floating

all output pins, followed by

stopping of the clock supply to
the CPU control circuit.

- O Setting by first executing
the FLTTI[C2H] instruction,
followed by execution of
the HALT[O1H] instruction.

Example 4:

Example 5:

Example 6:

4.2 Cancellation of software powér-down

mode .
The power-down mode status outlined

above in examples 1 to 6 can be cancelled by
using either the interrupt pin or the RESET pin.
(1) Use of the INT pin during external interrupt

(2)

(3

enabled mode (i.e. following execution of

EN I instruction).

O The clock generator is activated and the
CPU started up when a “0” level is ap-
plied to the INT pin. If this “0” level is
maintained until at least 2 ALE output
'signals occur, an external interrupt is
generated, and execution proceeds from
address 3. If, however, the power-down
mode has been done during the interrupt
processing routine, execution is
resumed just after the power-down
instruction.

Use of the INT pin during external interrupt

disabled mode (i.e. following execution of

" DIS | instruction or hardware reset)

O The clock generator is activated and the
CPU started up when a “0” level is ap-
plied to the INT pin. If this “0” level is
maintained until at least 2 ALE output
signals occur, execution is resumed just
after the power-down instruction.

" Use of the RESET pin

O The clock generator is activated and the
CPU started up when a “0” level is ap-
plied to the ET pin. If this “0” level is
maintained until at least 2 ALE output
signals occur, the CPU is reset and exe-
cution proceeds from address 0.In case
cancellation is done in oscillation stop
mode, the “0” level must be input to the
RESET PIN until oscillation is stabilized. -
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Table 4-1 Details of Pin Status Following Execution of FLT Instruction

Pin No. Pin Name Internal ROM External ROM
1P TO Active Active
2P XTAL1 Active Active
3P XTAL2 Active Active
4P RESET Active Active ‘
5P S 200 ~ 500 k(L pullup 200 ~ 500 kQ pullup
6P . INT Active Active
7P EA Active Active
8P RD Active Active
9P PSEN Active Active

10P WR Active Active
11P ALE Active Active
12P DBO Floating Active
13P DB1 Floating Active
14P DB2 | Floating Active
15P DB3 Floating - Active
16P DB4 Floating Active
17P DBS Floating Active
18P DB6 .- Floating Active
19P DB7 Floating Active
20P Vss (JJ\Y] ) 1Y
21P P20 Floating Active
22P P21 Floating Active
23P P22 : Floating Active
24P - P23 Floating . Active
25P PROG Active Active
26P Vbp “1” level “1”level
27P - P10 - : Floating \ Floating
28P P11 Floating Floating
29P P12 Floating Floating
30P. P13 Floating Floating
31P P14 Floating Floating
32P , P15 Floating Floating
33P P16 Floating Floating
34P P17 Floating ) Floating
35P P24 Floating Floating
36P P25 * Floating Floating
37P P26 Floating Floating
38P P27 Floating Floating
39P T Active Active
40P Vee +2to+6 [V] ) +2to+6[V]

Note: The FLT mode itself is reset by executing the FRES instruction, or supplying “0” level to INT or RESET pin.
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Table 4-2 Details of Pin Status Following Execution of FLTT Instruction .

Pin No. Pin Name internal ROM External ROM
1P TO Floating if output enabled Floating if output enabled
2P XTAL1 Active Active
3P XTAL2 Active Active
4P RESET Active Active
5P - - 88 200 to 500 kQ puilup 200 to 500 kﬂ/pullup
6P INT Active Active
7P EA Active Active
8P RD Floating Floating
9P PSEN Floating Active

10P . WR Floating Floating

C11P ALE Floating « Active

12P DBO Floating Active
13P DB1 Floating Active
14P DB2 Floating Active
15P DB3 Floating Active
16P DB4 Floating Active
17P DB5 Floating Active
18P DB6 Floating Active
19P DB7 Floating Active
20P Vss o[Vl oVl
21P P20 Floating Active
22P P21 Floating Active
23P - P22 Floating Active
24P P23 Floating Active
25P PROG Floating Floating
26P o)) “1” level “1” level
27P P10 Floating Floating
28P P11 Floating Floating
29P P12 Floating Floating
30P P13 Floating Floating
31P P14 Floating Floating
32P P15 Floating Floating
33P P16 Floating Floating
34P P17 Floating Floating
35P P24 Floating Floating
36P P25 Floating Floating
. 37P P26 Floating Floating
38P P27 Floating Floating
39P M Active Active
40P Vee +2.5t0+6 [V] +2.5t0+6[V]

Note: The FLTT mode itself is reset by executing the FRES instruction, or supplying “0” level to INT or RESET pin.
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Fig. 4-3 HLTS [82H] Instruction Execution Timing Chart
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Fig. 4-4 HLTS [82H] Instruction Execution Timing Chart

4.3 Hardware power-down mode

In the MSM80C48, MSM80C49 and
MSMB80CS50, forcing the level at the Vpp pin [pin
26] to a “0” during either external ROM or inter-
nal ROM mode results in suspension of the os-
cillator function and subsequent floating (high
impedance) of all the 1/0 pins except the RESET,
SS and XTAL 1/2 pins. The CPU is thereby
stopped while maintaining internal status.
Details of the IC pin status at this time are out-
lined in Table 4-3. .

4.4 Cancellation of hardware power-down
mode
(1) Use of RESET pin .
O The clock generator is activated and the
* CPU started up when a “1” level is applied
to the Vpp pin while a “0” level is input to
the RESEE pin. If this “0” level is kept ap-
plied to the RESET pin until oscillation
become stable, the CPU will be reset and
will' start executing from address 0. The
timing chart is outlined in Fig. 4-5.
Use of the INT pin during external interrupt
enabled status (i.e. following execution of
EN I instruction)
The clock generator is activated and the
CPU started up when a “1” level is applied
to the Vpp pin while a “0” level is applied to
the INT pin.

(2)
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If this “0” level is maintained until at least 2
ALE output signals occur, an external inter-
rupt is generated, and execution starts from
address 3. . )

However, if the power-down mode is started
during an interrupt processing routine, exe-
cution will be continued on the next instruc-
tion after the present instruction. The timing
chart is outlined in Fig. 4-6.

Use of the INT pin during external interrupt
disabled mode (i.e. following execution of
DIS linstruction or hardware reset) ‘
The clock generator is activated and the
CPU started up when a “1” level is applied
to the Vpp pin while a “0” level is applied to
the INT pin. If this “0” level is maintained
until at least 2 ALE output signals occur, ex-
ecution is continued on the next instruction
after the present instruction. The timing
chart is outlined in Fig. 4-6.

Use of Vpp pin only

The clock generator is activated and the
CPU started up when a ““1” level is applied
to the Vpp pin while a “1” level is also ap-
plied to both the RESET and INT pins. In
this case, execution is resumed from the
stopped position. The timing chart is out-
lined in Fig. 4-7.
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Table 4-3 Details of Pin Status during Hardware Power-Down Mode

PinNo. Pin Name (o Vop o0 leve)
1P T0 Active Floating if output enabled
2P XTAL1 Active Active
3P XTAL2 Active Active
4P RESET Active : Active
5P ] SS 200 to 500 k pullup 20 t0 50 kQ pulldown
6P INT Active Active
7P EA Active Active
8P RD Active Floating
9P PSEN _Active Floating

10P WR Active Floating
11P ALE Active Floating
12P DBO Active Floating
13P DB1 Active Floating
14P DB2 Active Floating
15P DB3 Active Floating
16P DB4 Active Floating
17P DB5 Active Floating
18P DB6 Active Floating
19P DB7 Active Floating
20P Vgs o[Vl o[Vl
21P P20 Active Floating
22P P21 Active Floating
23P P22 | ] Active Floating
24P P23 Active Floating
25P PROG Active Floating
26P Vbp “1” level “0” level
27P P10 Active Floating
28P P11 Active Floating
29P P12 Active Floating
30P P13 Active Floating
31P P14 Active Floating
32P P15 Active Floating
33P P16 Active Floating
34P P17 Active Floating
35P P24 Active Floating
36P P25 Active Floating
37P P26 Active Floating
38P P27 Active Floating
39P T Active Active
40P Ve +21t0 +6 [V] +2to +6 [V]
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35 o1 l 1 ‘ [ T A 1
9 ~— | I T
55 200~500KQ #88200 INTERRUPT EXECUTE - :

PULLUP 500K PULLUP
SS 20~50K 2 PULLDOWN

* Cancellation Condition: Use the INT pin.

Fig.4-6 Hardware Power-Down Mode Timing Chart
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- ol - .
' T1: 72173 T4 175! T1!T2!1T3:T4!T5! 71172/ 73! T4! 715!
o
' o AR, 1, JHIJUIJHUHUUHUUUUUHUHHIJIIUUHHUHUHUUHUUHUUL
e O FLOATINGm R R T R R R
1 ! { I|4—-|I |
ALE 0_'__:__‘_!_\—:5—(—‘ L N ! ! [ ', 1! i | : :
l b ]
CPU MODE Jl—RUN—H-—STo——Jl—-c | +RUN—! +——1
X'tal 1-2 +——4RUN-L—~STOP—] _josc E?’O'TE A RUN—+—} | oy
|
When a 0. 47 uF capacitor is - 50 e L R
connected to the §? pin, ms L
50~60 ms wait. WAIT’ S N R R R T R A
" e
I N T O T O B B
Vob 0 or 174 | | L T i
Zeiies - ——— e A
S T e
RESET R [ o g
e —_ ——tm
o S
IN_T | T T ~T =T 1 | I T | T | ] 1 [} T
JE O A E R
— | 41 1 ! i ! | | | .
S5 o T R R
1 1 — ! |
359200~ $5200~ 1 RESTART————
55200 SOSSfLUP I 500K$2 PULLUP
§520~50K 2 PULLDOWN
* Cancellation Condition: Use the Vpp pin on condition
RESET and INT| pinsarein “1” level.

Fig. 4-7 Hardware Power-Down Mode Timing Chart

.
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MSM80C48/MSM80C49/MSM80C50 lNSTRUCTIbN TABLE

0S/0¥D08 ‘6v/6£208 ‘8Y/SEIOSNSH

0 1 2 3 4 5 6 7 8 9 A B c D E F
‘oooo0fooo1{oo010f{0011fo100/o101|0o110[0111|1000{1001{1010[{1011|{1100|1101{1110{1111
o NoP HALT |ouTLBUS| ADDA, | JmP ENI DECA [INSA,BUS| INAP1 | INAP2 MOVD A,
Added | - A #data Pp
00
INC @, RO| INC @,R1| JBOaddr | ADDCA, | CALL Disi | JTFaddr [ INCA | INGRr
! #data
00
XCHA®, [xcHA@, MOVA, | JMP |ENTCNTI|JNTOaddr{ GCLRA | XCHA.Rr
2 RO R1 #data
01
XCH )
3 I%:% A%Fﬁ JB1 addr CALL |DISTCNTI| JTO addr CPLA OUTLP1, [ OUTL P2, MOVD Pp,
01 i 1 A A A
ORLA, | ORLA, [ MOVA,T| ORLA, | uMP |STRTCNT|UNT1addr| swaPA | ORLA,Rr
4 @RO @R1 #data :
10 )
ANLA, | ANLA, | JB2addr| ANLA, | calL | STRTT | JTiaddr| DAA | ANLARr
s @RO @R1 #data
10
ADDA, | ADDA, MOV A, P1 sToP
6 @ RO @Rt | MOVTA [ 2ideq | IMP TONT RRCA | ADDA,Rr
11
ADDGA, | ADDCA, | MOV A, P2
7 @Ro @R1 addr | “added | CALL |ENTOGLK| JF1addr | RRA |ADDCA,Rr
11
MoVXA, | Movxa, | HLTS ORLBUS,| ORLP1, | ORLP2, ORLD Pp,
8 @R0 @R1 | Added | RET JMP | CLRFO | UN1addr #data | #data | #data A
0.0
R MovX | Movx . ANLBUS,| ANLP1, | ANLP2, ANLDPp,
@RO,A | @R1,A |JB4addr| RETR | CALL | CLRFO | NZaddr | CLRC | #data | #data | #data A -
0o
MOV MoV FLT | MovPa,
A | @Ro,A | @R1,A | Added @A JMP | CLRF1 CPLC | MOVAr,A
01
s |Moverolmov eAr, MOVR,
#data | #data | JBSaddr |JMPP@A| CALL | CPLF1 | JFOaddr #data
01
DEC @RO|DEC@R1| FLTT [MOVP1P.@ . MOV A,
c Added | Added | Added |R3Added | JMP' | SELRBO| JZaddr | ‘pgy ' | DECRr
10
] , | xAL XRLA, MOV PSW.
D Xg',;g ng‘ JBBaddr | oot | CALL | SELRB1 o A XALA, Rr
10
DJNZ @RO|DUNZ @R1]| FRES |MOVP3A,
E Added | Added | Added @A JMP | SELMBO | UNCaddr| RLA | DUNZRr
11
P1,
F ngg' M@?X,A‘ JB7 addr ';ngLe? cALL | SELMB1] Jcaddr | RLCA |MOVA.Rr
11




& MSM80C35/48, 80C39/49, 80C40/50 ¢
EXPLANATION OF INSTRUCTION SYMBOLS

Symbols are listed below.

A : Accumulator
AC : Auxiliary carry PC . Program counter
addr : 12-bit program memory address or Pp : Portindicator (p =4 ~7)
its part PSW : Program status word
Bb : Bitindicator (b=0~7) Rr : Resister indicator (r=0~7)
BS . Bank switch SP . Stack pointer
BUS : BUSPORT T : Timer
C . Carry TF .. Timer flag
CLK : Clock TO,T1 : TestpinsTOand T1
CNT : Counter X . External RAM
D : 4-bitdata # : Symbol denoting immediate data
data : 8-bit numerical value @ : Symbol denoting indirect address
DBF : Memory data bank flip-flop (X) : ‘Denotes contents of X
FO,F1 : FOflag and F1 flag ((X)) : Denotes contents addressed by X
|

. Interrupt : - . Transference

LIST OF INéTRUCTIONS

Classi- : Instruction Code

foation Mnemonic br De Ds De Ds Ds D Do dgg?:al Byte|Cycle Description
ADD A, Rr 0O 1 1 0 1 r2 ri ro|68~6F| 1 1 [(AC), (C), (A) —(A) +(Rr)
ADD A, @Rr 0 1 1 0 0 0 O ro|60~61| 1 | 1 |(AC)(C),(A)—(A)+((RN)
ADD A, #data e e Sd dlees] 2| 2 koL@ A~ +data
ADDC A, Rr 1 1 1 1 r2 ri ro |78~7F| 1 1| (AC), (C), (A) — (A) + (Rr) +(C)
ADDC A, @Rr 11 1 0 0 0 r[70~71| 1] 1 |(AC)(C), (A)—(A)+((Rr) +(C)

e o & dr do | Bym2 | 2| 2 [(ACL(C) (M) —(A) +data+(C)

Qolo|o
o

ADDC A, #data

o
5
2o
a
£
Q
8
a
5
a

1 1 r2 ri ro|58~5F| 1 1 | (A)—(A) AND (Rr)

ANL A, Rr 01 0
w |ANLA @Rr 0 1 0 1 0 0 0 ro|50~51| 1| 1 |(A)—(A)AND(R)
c
g ,
g 010100 1 1| 53
S [ANLA #data d7 ds ds de ds dz di do| Bytez | 2 | 2 [ —(AANDdata
2 |oRLARr 0 1 0 0 1 r2 1 ro|48~4F| 1| 1 |(A—(AOR®
c
£ |oRLA @Rr 0 1 0 0 0 0 0 ro|40~41] 1 | 1 |(A)—(AOR (RN
]
8 |oRLA #data o ds o o S G dh dolBye2| 2| 2 |W—oORdaa
]
5 |XRLARr 110 1 1 r2 v 1o [D8~DF| 1 | 1 |(A—(A)XOR(RN
g
3 [xALA @Rr 1 101 0 0 0 ro|DO~DT| 1| 1 |(A—(AXOR(RN)
Q
<
XRL A, #data dr do G di o G 0y do| Butez | 2| 2 |W—(AIXORdata
INCA 00 o0 1t 0 1 1 1 17 1 1 A=A +1
DECA 00000 1 1 1] 07 | 1|1 |wW—w-1
CLRA 00100 1 1 1| 20 | 1|1 {W—0
CPLA 00 1 1 0 1 1 1 37 11 [ w—-@

Add 6 to bits 0 ~ 3 when contents of

accumulator bits 0 ~ 3 exceed 9 or

when auxiliary carry (AC) is 1. Then

) add 6 to bits 4 ~ 7 when the resuit of
. adding the carry from the lower0 ~ 3

DAA o1 01 0 t 1 1 57 1 1 | exceeds9,orwhencarry(C)is1.

! Set 1 in the carry flag if an overfiow
is generated in the end result, or when
the carry prior to adjustmentis 1.
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LIST OF INSTRUCTIONS (CONT.)

Classi- Instruction Code Hexa-
" Mnemonic : Byte | Cycle| Description
fication Dr Do Ds Ds Ds Dz D: Do | decimal

SWAP A o1 0 0 0 1 1 1 47 1 1 | (Ae~7) S(A0~d)

(7]

c

S |RLA 111 00 1 1 1] €7 1)1 L{A" As As A4 A3 Az A, Aﬂ’]

S Rotate accumulator contents to the

£ left by 1 bit.

£

o

S |RLCA 11 1 1 0 1 1 1] F7 1] 1 L.'{ A7A6 As Aq Az Az Ay f‘ﬂj

g Rotate accumulator contents with

§ carrytotheleft by 1 bit.

5

5 |RRA 01 1 1 0 1 11 77 1] Ll”" As As Agq Az Az A AO}J

5 Rotate accumulator contents to the

H rightby 1 bit.

Q

<
RRC A 01 100 1 1 1 67 1|1 |HCHALA A Ad Ay A; A Aol

Rotate accumulator contents with
carry totheright by 1 bit.
INA, P1 00 100 1 09 1 2 | (A —(P1)
INA, P2 0 o0 1.0 1 0 0A 1 2 | (A —(P2)
OUTLP1,A 00 1 1 1 0 0 1 39 1 2 | (P1) —(A)
OUTLP2,A 001 1 10 0 3A 1 2 | (P2) —(A)
ANLPL#data |4 & S 4o dy o o do| Buagz | 2 | 2 | PN —(P1ANDdata
1.0 0 1 1 0 1 0 9A
ANL P2, #data dr do ds de ds dz i do| Byte2 | 2 | 2 | (P2)—(P2)ANDdata
1.0 0 0 1 0 0 1 89 _

g |ORLPI#dala | do ds de ds d: d do| Bytez | 2| 2 | (P —(P1IORdata

3 1.0 0 01 0 1 0] 8A

% ORL P2, #data d7 de ds ds ds d2 di do | Byte2 2 2 (P2) —(P2) OR data

;§ INS A, BUS 00 0 1 0 0 08 1 2 | (A) —(BUS)

Q

3 |ouTLBUS,A 0 0 0 0 0 1 0f 02 1 2 | (BUS) —(A)

2

E] 1 0 01 1 0 0 O 98 !

2 |ANLBUS#data |4, g ds de ds dz di do| Byte2 | 2 | 2 | (BUS)—(BUS)AND data
ORLBUS.#data |4 & o o ds o o o | Bug2 | 2 | 2 | (BUS)—(BUS)ORdata °
MOVD A, Pp 0 0 0 1 1 Pi1 Po|OC~OF | 1 2 | (Ao~3) —(Pp) p=4~7

(As~7) —0
MOVD Pp, A 0 0 1 1 1 1 Py Po|3C~3F | 1 2 | (Pp) ~—(Ao~d) p=4~7
ANLDPp, A 1 0 0 1 1 1 Pi1 Po|9C~9F | 1 2 | (Pp) —(Pp) AND (Ao~3) p=4~7
ORLDPp,A 1 0 0 0 1 1 Py Po|8C~8F | 1 2 | (Pp) —(Pp) OR (Ao~3) p=4~7
«» |[INCRr 0’0 O 1 1 r2 ri ro|18~1F | 1 | 1 |(R) —(R0)+1
- e
g%% INC @Rr 0 0 0 1 0 0 0 ro|10~11 1 | 1 |(RD)—(RN+1
D= S -
g85 |pEChr 1 1 0 1 ror or|C8~CF | 1| 1 |(R) —@®)-1
£
DEC @Rr 11 0 0 0 O r |CO~Ct1 | 1 1 | (R0) —(RnN) ~1
o2 (PCs~10) ~—addr8~10
£2 [IMPaddr ao a a O O 1 O O [¢4~E4| 2 2 | (PCo~7) +addro~7
S ar as as as« as a2 ar ao | Byte2 (PC11) —DBF
[E]
@2 |JMPP @A 1 01 1 00 1 1| B3 1] 2 | (PCo~1) —((A) -
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LIST OF INSTRUCTIONS (CONT.)

Instruction Code
Classi- . Hexa- :
Mnemonic ¢ Byte [Cycle Description
fication D7 Ds Ds Ds Ds D2 Di Do |decimal
(Rr)- ~—(Rr) — 1
DJNZ Rr, addr oA Ao 1 et o (EB~ER) 5 | 5 | (PCo~n) —addrif(RN =0
7 8 8 & & & a1 20 | pye2 (PC) —(PC) +2if (Rr) =0
((Rn) —((Rr) -1
DINZ@Rraddr |1 1 1 0 0 0 0 ro |EO~E1| 5 | 5 |(pCo~p) «—addrif ((RF) =0
ar @ as a4 a3 az ar A | pye? (PC) —(PC) +2if ((RM) =0
111 1 0 1 1 0 F6é (PCo~7) +«addr ifC=1
JC addr lar ae as as as a2 a1 a0 |Byte2| 2 | 2 | (pC) —(PC) +2ifC =0
11100 1 1 0 E6 (PCo~7) «—addr ifC=0
JING addr ar as as as as az ai ao |Byte2| 2 | 2 |(PC) —(PC) +2ifC=1
1100 0 1 1 o] c6 (PCo~7) «~—addr ifA=0
JZadar ar as as a« as az ar ao | Byte2 2 R ~—(PC) +2ifA%0
10 01 0 1 1 0 96 (PCo~7) +—addr ifA=0
g JINZ addr ar as as as« as a2 ai ao | Byte2 2 2 | (pc) —(PC) +2ifA=0
B 001101 1 0| 36 (PCo~7) ~—addr ifTO=1
% JToaddr ar as as a+ as az ar ao | Byte2 2 2 | (Po) —(PC)+2ifTO=0
@ -
> 001001 10 26 (PCo~7)  «—addr ifTO=0
.E JNTO addr a7 ae as as as a2 a1 ao | Byte2 2 2 (PC) —(PC) +2if TO=1
[}
5 01t 0101 10 56 (PCo~7)  ~—addr ifT1=1
S [|JTtaddr ar as as as as az ar ao |Byt2| 2 | 2 |(PC) —(PC) +2ifT1 =0
o1 000110 46 (PCo~7) «—addr ifT1=0
JNT1 addr Jar as as as as a2 a1 a0 |Byte2| 2 | 2 |(pC) —(PC) +2if T1 =1
1 01 1 01 10 B6 (PCo~7) +—addr fFO=1
JFOadar ar as as a« as az ar ao |Byte2 | 2 2 | (o) —(PC) +2ifFO=0
01 11041 10 76 (PCo~7) «addr ifF1=1 -
JF1 addr ar as as a+ as az ai ao | Byte2 2 2 | (pC) —(PC) +2ifF1 =0
(PCo~7) —addr}
00010 1 10 16 FTE=
JTF addr ar as as a4 as az ar ao | Byte2 2 2 (F!‘:C) :?PC) _,,'g:ﬁg =0
1 00 00O 1 1 0 86 (PCo~7) «—addr ifINT=0
JNIaddr ar as as as as az ar ao [Byte2| 2 | 2 |(PC) —(PC)+2 if INT =1
b bs be 1 0 O t 0 [12~F2 (PCo~7) +addr ifBb=1
JBbaddr ar as as as as az ai ao | Byte2 2 2 | (o) —(PC)+2if Bb =0
((SP)  —(PC)+2,(PSW4~7)
ao a as 1 0 1 0 O [14~F4 (PCe~1d) '_agdrg~;o
2 g CALL addr ar as as as« as a2 a: ao Byte2 2 2 égg?:;’) :‘BB?-!
§ ,% (SP) ~—(SP) +1
T (SP) —(SP) —1
§ % RET 100 0 0 0 1 1 83 1 2 | (Fo) Z(sP)
: (SP) —(SP) — 1
RETR 100 1 0 0 1 1 93 1 2 | (PC) —((SP)
(PSWa4~7) —((SP)) INTEND
CLRC 1 00 1 0 1 1 1 97 1 1 |l© +—o
Sa CPLC t 0ot 0 0 1 1 1 A7 1 1 [ —@©@
= C
g% CLRFO 1 0 0 0 0 1 0 1 85 1 1 |(FO) 0
Q
SE [CPLFO 1 0010 1 0 1] 95 1 |1 |[Fo) —FO)
« C
T~ |CLRF1 1 01 00 1 0 1 A5 1 1 |F) 0
ICPLF1 1 01 1 0 1 0 1 B5 1 1 | F1) —FD
82 |MOVA,Rr 11 1 1 1 r2 rn ro |[F8~FF| 1 1@  —Rn
23
s g MOV A, @Rr 1 1.1 1 0 0 0 r |FO~F1| 1 1 [ =R
£3 001000 1 1 23
8E |MOVA #data dr de ds de ds d2 di do |Byte2| 2 | 2 | data
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LIST OF INSTRUCTIONS (CONT.)

Instruction Code

f%:?ii: Mnemonic br De De De Ds Ds Dr Do dgg;::;l Byte| Cycle Description

MOVRr, A 1 1 0 1 r2 1 | AB~AF | 1| 1 [@®D —(A)
MOV @Rr, A 1 1 0 0 0 0 ro|] AO~A1 | 1| 1 |(R) —A
MOVRr#data g, & ds de ds & o) ol Boes | 2| 2 | —dam
MOVGRr#data |4 & di de o o or 0| s | 2 2 |(®) et
|MOVA,PSW 11 0 1 1 1| c7 11w —(PSW)

g2 [movesw,A - 110 1 0 1 1 1 D7 1 1| (PSW)  —(A)

S |xcHARr 0 01 01 r2n ro|28~2F| 1| 1 [ =(Rr)

€ |xcHa aRr 0 01 0 0 0 0 rof20~21] 1] 1 [(A) =((Rr)

% XCHD A, @Rr 0 0 1 1 0 0 0 ro| 30~31] 11 1 | (A~9S((Rro~3)

% MOVX A, @Rr 1. 0 0 0 0 0 0 ro/] 80~81] 1] 2 [(A —((Rr)) External RAM
S |movxeRra 1 0 0 1 0 0 O r|9~81| 1| 2 |((R))  —(A)ExternalRAM
MOVP A, @A 101 0 0 0 1 1 A3 1 2| (A ~((PCe~10,A))
MOVP3 A, @A 111 0 0 0 t 1 E3 1 2 [ (A —((PCo11, A))

MOVP1 P, @R3 1100 0 0 1 1| cs3 10 2 [P) —(PCo~7)—((R3N))
MOV P1,@R3 11 1 1 0 0 1 1 F3 1 2 | (P1) —((R3)) .
MOV A, P1 01 100 0 1 1 63 11 |w —(P1) Latch data
- |MOVA, P2 01 1 1 00 1 1 73 1] 1 |w —(P2) Latch data
ENTCNTI 00100 1 0 1 25 1 | 1 | TINTEnableF/F—1
DISTCNTI 001 1 0 1 0 1 35 1| 1 | TINTEnableF/F —0
ENI - 000 00 1 0 1 05 1| 1 | EXINT Enable F/F —1
DiS| 00010 1 0 1 15 1 | 1 | EXINT Enable F/F —0
SEL RBO 1100 0 1 0 1| C5 11 1]|@) —0
§ SEL RB1 1 1.0 1 0 1 0 1| D5 10 1]®) 1
2 [seLmeo 1 1100 10 1| E5 1] 1| 0BR ~0
-? SEL MB1 11 1 1 0 1 0 1 F5 10 1| OBF) 1
‘g ENTOCLK 01 1 1 0 1 0 1 75 11 1]70 —~1/3XTAL 1
° lrr 101 0 0 0 1 0| A2 1| 1 | P1,P2,BUSFloating
FLTT 110 00 0 1 0] C2 1.| 1 | cPuOutputSignalFloating
FRES 111 00 0 1 0| E2 1| 1 | FLT,FLTTRESET
HLT 00 00 O0O0 0 1 o1 1 | 1 | CPUControl Clock Stop
HALTS 1 00 0 o0 0 1 0 82 1] 1 | XTAL1-2Stop
. MOVA, T 01 o0 o001 0 42 1 11 —(M
*?:’;é MOVT,A 01 100 0 1 0| 62 11 ]m —(A)
85 |stATT 0101 01 0 1| 55 11 (m —~f32}= 15}—xTAL
Eg STRTCNT 01 00 0 1 0 1 45 1 1M —T1 Clock '
STOP TCNT o1 1 0 0 1 0 1 65 1| 1 | (T cCountStop
gg § [noP 0000000 o0f o0 ‘1] 1]®) PO+t
c
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ABSOLUTE MAXIMUM RATINGS

o MSM80C35/48, 80C39/49, 80C40/50 ¢

Parameter Symbol Conditions Limits Unit
Supply Voltage Vee Ta=25°C —0.3to7 'V
Input Voltage \ Ta=25°C -03toVce \"
Storage Temperature Tsig —55t0+150 °C
OPERATING RANGE
Parameter Symbol Conditions Limits Unit
Supply Voltage Vece fosc =DC~11 MHz* +2.5t0+6 \
RAM Retention Voltage Vee +2t0 +6 \
Ambient Temperature TA —40to +85 °C
MOS load 10
Fan Out N
TTL load 1

* 11 MHz version of MSM80CS50 (6 MHz < XTAL1.2 <11 MHz) is under development.
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DC ELECTRICAL CHARACTERISTICS
(VoG =5V=:10%, Ta = —40 to +85°C)

Parameter : Symbol ' Conditions Min. Typ. Max. Unit Mt(a:a's,ur'ing
ircuit
“L” Input Voltage ViL -0.3 0.8 v
“H” Input Voltage (1) ViH 2.2 Voo v
“H” Input Voltage (2) VIH 3.8 Vee | Vv
“L" Output Voltage (3) VoL IoL=2mA 0.45 v
“L”’ Output Voltage (4) VoL loL=1.6mA ‘ 0.45 v 1
“H” Output Voltage (3) VOH IOH =400 pA 2.4 v
“H” Output Voltage (4) VOH IOH =50 A 2.4 v
“H"” Output Voltage (3) VoH IoH =20 A 4.2 v
“H" Output Voltage (4) VoH loH=10uA 4.2 J Vv
Input Leak Current T8 Vss<VINEVee +=10 HA 2
Output Leak Current (5) loL Vss<Vo<Vce *+10 | uA 3
RESET Pull up RR VINZ VIH</ 20/500 50/750| kQ
Resistance ) VINEVIL 2
§S Pull up Resistance Rss Oscillation 20/200 50/500{ k@
(6) stop/oscillation
P1,P2Pull up Rp1,p2 | VINZViH/ 5/75 15/150] kQ 3
Resistance VINSVIL
At hardware power
down Vgg=2V 1 10 nA
(TA=+25°C) (7)
AtHLTS execu-
tion *Vgc=2V 1 10 A
(TA =+25°C) (7)
* 4
Power Supply Current Icc AtHALT (6 MHz2) 15 3 mA
AtHALT (11 MH2) 25 5 mA
Atexecution 5 10 mA
(6 MHz)
At execution ' 10 20 mA
(11 MH2)

Notes: (1) This does not apply to RESET, XTAL 1, XTAL2, and Vpp.
(2) RESET, XTAL1, XTAL2, Vpp
(3) BUS, RD, WR, PSEN, ALE
(4) Other outputs
(5) High-impedance state
(6) This operates as a pull-down resistor when the oscillation is stopped in the HLTS or hardware power-down
mode and as a pull-up resistor in other states.
(7) This does not contain flow out current from I/0 Ports and Signal pins.
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AC CHARACTERISTICS
(Vocc =5V+10%, TA = —40°C to +85°C)
Limits
Parameter Symbol | 11 MHzClock Variable Clock (0 — 11 MHz) Unit
Min. Max. Min. Max.

Cycle Time tcy 1.36 1.36 uS
ALE Pulse Width tLL 150 7/30tcy—165 ns
Address Set up ALE tAL 70 2/15tcy—110 ns
Address Hold from ALE tA 50 1/16tcy—40 ns
Bus Port Latch Data Setup tBL 110 5/30tcy—115 ns
toALE
Bus PortLatch DataHold LX) 90 3/30tcy—45 ns
from ALE
Control Pulse Width tce 300 6/15tcy—245 ns
(PSEN, RD, and WR)
Data Setup before WR tow 250 6/15tcy—295 ns
Data Hold after WR twpD 40 2/15tcy—140 ns
Data Hold after RD tpR 0 100 o} 100 ns
PSEN, RD to Data-in trRD 200 5/15tcy—250 ns
Address Setup to WR taw 200 6/15tcy—345 ns
Address Setup to Data-in tAD 400 | 8/15tcy—325 ns
Address Float to RD, PSEN taAFC 0 0 ns
Port Control Setup to PROG tcp 100 2/15tcy—80 ns
Port Control Hold from PROG tpc 60 4/15tcy—300 ns
PROG to P2 Input Valid tpp | - 650 9/15tcy—165 ns
Output Data Setup tpp 200 6/15tcy—345 ns
Output Data Hold tpp 20 3/15tgy—250 ns
Input Data Hold from PROG tpg 0 150 0 150 ns
PROG Pulse Width tpp 700 10/15tcy—205 ns
Port 2 1/0 Setup to ALE tpL 150 9/30tcy—255 : ns
Port 2 I/0 Hold from ALE tLp 20 3/30tcy-115 ‘ ns

Note: Control output: Cp =80pF

Bus output: C =150 pF [for 20 pF (twp)]

281



® MSM80C35/48, 80C39/49, 80C40/50 o
MSM80C49 OPERATION GUARANTEE RANGE

Ta=-40 to +85°C

| 1

I i

! ]

! I
(u sec) | I

[
100
Operation Guarantee Range

3
< 10 ~— 1.5MHz

\
£
[
° \
[%]
& \

~— 3 MHz
\
\\
M80C40/50*
MSM8 —~=— 6 MHz
\\
~=— 11 MHz
1
2 3 4 5 6 (V)

Supply Voltage (Vcc)

* 11 MHz version of MSM80C40/50 is under development
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TIMING CHART
Instruction Fetch (from external program memory)
f=— tcy
TLL—=
ALE
‘ f\_
tAFC
[—tcc—
FEEN 4
taLltLa| [ tRD tDR_|tBL | LB |
BUS LATcH M ADD-\ FLOA-\f INSTRUC- LATCH ADD-
DATA /N RESS TING /Y  TION DATA RESS
tAD

Read (from external data memory)

tcc

BUS J FLOA-
%’\DDRESS TING
I tAD
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Write (to external memory)

|t t CC —————
WR \ ,/
tAW——={ tDW——==t=tWD
BUS ADD- V/FLOA-

RESS

TING DATA ADDRESSX

4 low-order bits input/output of port 2 when expanded /0 is used

(in external program memory access mode)

ALE _/——_—\

e

tpL tLP ft——t DP——— - P D
foas, PORT PORT M
utpu :
(outpy X PCH PoRY CONTROLX‘ OUTPUT DATA
tpR—— tPE
P2p~3 4
PORT
{Input PCH X PORT / \
(b >< , DATA CONTROL
1
Ch e P C —omet
tpp :
PROG \ }1
k.
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MEASUREMENT CIRCUIT
> 2
.___.' I_L
1 L
Vce (2) (4] Vee
VIHO—= — 5 -
—5 20 I 5o
o
@) 5 E a B
F 3 oo- o3
Vi O—= : : o
T GND l GND
3 4
Vee (2) Vee =
v | - o)
1H O—= - 5 L o O—s - is
2 @ 15 =
B g = 3 2 E
= =) 'z )
ViL O—= ! o O !
—  GND l —  GND
5
|
;"__l INPUT T ViH
L WAVEFORM / Yvie
Vee (2)
VIH —e .. 5 {
@i 12 .é’_o ICL ouTPUT VoH
B = — WAVEFORM kVOL
ViIL O—= ' o E——
[ |_GND OUTPUT
'_l_ WAVEFORM VoH
= oo |/
Tyxxx txxx

Notes: (1) This is repeated for each specified input pin.
(2) This is repeated for each specified output pin.
(3) Input logic for setting the specified state.
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OXKI semiconductor

MSM80C31F/MSM80C51F

CMOS SINGLE-COMPONENT 8-BIT MICROCONTROLLER

GENERAL DESCRIPTION

The OKI MSM80C31F/MSM80C51F microcontroller is a low power, high performance 8-bit single
component device implemented in OKl’s isilicon 'gate-.complementary :metal ioxide semiconductor
process technology. Integrated within the device is 4K bytes of mask programmable ROM
(MSMB80CS51F only), 128 bytes of data RAM, 32 I/0 lines, two 16-bit timer/counters, a five-source
two-level interrupt structure, a full duplex serial port, and an on chip oscillator and clock circuitry. In
addition, the device has two software selectable modes for further power reduction — Idle and Power
Down. Idle mode freezes the CPU’s instruction execution while maintaining RAM and allowing the
timers, serial port and interrupt system to continue functioning. Power Down mode saves the RAM
contents but freezes the oscillator causing all other device functions to be inoperative.

FEATURES

® Operating temperature: —40 — +85°C ® 32 Input/Output lines

® Operating frequency: 0.5 ~16 MHz ® 4069 X 8 bits on chip ROM (MSM80C51F)

® CMOS technology, 2um Silicon gate ® 128 X 8 bits on chip RAM

® Minimum instruction cycle: ® 64K address space for program memory
1.0us (@ 12MHz, Vcc =5V+20%) ® 64K address space for external data memory
0.75us (@ 16MHz, Vcc = 5V+10%) ® Two 16-bit timer/counters

® |Low power consumption: ® Five source two-priority level interrupt
Normal Operation 16 mA @ 5V, 12MHz structure
Idle Mode 3.7mA @ 5V, 12MHz ® Full duplex serial port
Power Down Mode 50uA @ 2V ® Boolean processor .

® |nstruction set includes 111 instructions ® CMOS and TTL compatible

® 8-bit CPU ® CMOSROM LESS development device

® On chip oscillator and clock circuitry (MSMB80C31F)

DIFFERENCES BETWEEN MSM80C31F/MSM80C51F AND
MSM80C31/MSM80C51

[ Operatung frequency :
05~16MHz............. MSM80C31F/MSM80C51F

05~12MHz............. MSM80C31/MSM80C51

® External clock inputterminal ’
XTALY ..o MSM80C31F/MSM80C51F
XTAL2 ...l MSM80C31/MSM80C51

® Emulation mode
Output impedance of ALE and PSEN pins becomes about 20kQ while CPU is being reset in
MSM80C31F/MSM80C51F.

Any other functions and electrical characteristics of MSM80C31F/MSM80C51F except for the above
three differences are the same as those of MSM80C31/MSM80C51.
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® MSM80OC31F/80CS51F @

PIN CONFIGURATION

rocfr ~ 40
P2 39
P.2]3 38
P3]e 37
Par]s 36
Pmsc]e z 3
me]7 3 34
P7Cje 8 33
RESETLJe & 32
RXD/P30J10 3, 31
ORI F 30
NToP3212 & 29
iNTiP33C]13 8 28
ToP34 14 O 27
TI/P35C315s T 26
WR/P3.6 (] 16 2%
RD/P3.7 ] 17 2
XTAL2 ] 18 23
XTAL1 . 19 22
Vvss ] 20 21

MSM80C51F-XXRS/MSM80C31FRS
(Top View) 40-Lead Plastic DIP

MSMB80C51F-XXGSK/MSM80C31FGSK
(Top View) 44-Lead Plastic FlatPackage

33z
NOoo»
PO B

4 =3 P0.0/ADO
¢ [z P0.1/AD1
% = P0.2/AD2

sF—P13
sFr—opP12
sFr—oP1a
sFr—o P10
[ ==—=R"7%
P ==X

o

|—— P0.4/AD4
|—— P0.5/AD5
f—=o P0.6/AD6

‘E PO.7/AD7
EA

F=—IALE
——PSEN
——3 NC

[—1 P2.7/AD15
—— P2.6/AD14
—— P2.5/AD13

RESET —] =2
NC — @®
RXD/P3.0 —] 38
TXD/P3.1 —— w0
NTo/P3.2 —=—] a5
TNT1/P3.3 —=—= ~
To/P3.4 ——
TI/P35sC—n
12 1314 15 16 17 18 19 20 21
ONAN™ NORDO ~
g2 $28855
N S aS29<<g
BR<*  g533
BN

MSM80C51F-XXJS/MSM80C31FJS
(Top View) 44 Lead Plastic Leaded Chip Carrier

RESET[ g’

P3.0/RXD
NC

P3.1/TXDL K

P3.2/INTO
P3.3/INT1
P3.4/T0

P3.6/T1 [T

=
=d

41€008W
/415008

31
83
s
-2d
-

3

-

L

s

xTAL2[ 83

XTAL1

Vss[R3
NC
P20["%3
P21
P22l
P2.3[83
P2.4

P2.4/AD12 c—x] NRypnpungsgeyyf— P03/AD3
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PIN DESCRIPTIONS

Designation

Description

Vss

Ground potential

Vee

Supply voltage during Normal, Idle and Power Down operation

Port 0

Port O is an 8-bit open drain bidirectional I/0 port. It is also the multiplexed
low-order address and data bus during accesses to external memory.

Port 1

Port 1 is an 8-bit bidirectional I/0 port with internal pullups. It can drive CMOS
inputs without external pullups.

Port 2

Port 2 is an 8-bit bidirectional 1/0 port with internal pullups. It receives the
high-order address byte during accesses to external memory. It can drive
CMOS inputs without external pullups.

Port 3

Port 3 is an 8-bit bidirectional 1/0 port with internal pullups. It also serves the
functions of various special features, as shown below:

Port Pin Alternate Fucntion

P3.0 RXD  (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt)

P3.3 INT1  (externalinterrupt)

P3.4 TO (Timer O external input)

P3.5 T1 (Timer 1 external input)

P3.6 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)

It can drive CMOS inputs without external puliups.

RESET

Reset input pin. A reset is accomplished by holding the RESET pin high for at
least 1 1 second, even if the oscillator has been stopped. The CPU responds
by executing an internal reset. An internal pulldown resistor permits Power-On
reset using only a capacitor connected to Vg . .

This pin does not receive the power down voltage since the function has been
transferred to the Vg pin.

ALE

Address Latch Enable output for latching the low byte of the address during -
accesses to external memory. For this purpose, ALE is activated twice every
machine cycle or at a constant rate of 1/6 the oscillator frequency, except

.during an external memory access at which time one ALE pulse is skipped. It

can drive CMOS inputs without an external pullup.

Program Store Enable output is the read strobe to external Program Memory.
PSEN is activated twice each machine cycle during fetches from external
Program Memory. (However, when executing out of external Program Memory,
two activations of PSEN are skipped during each access to external Data
Memory.) PSEN is not activated during fetches from internal Program Memory.
It can drive CMOS inputs without an external pullup.

External Access input pin. When EA is held high, the CPU executes out of
internal Program Memory (unless the Program Counter exceeds OFFFH).
WhenEA is held low, the CPU executes only out of external Program Memory.
EA must not be floated.

XTAL1

Crystal 1 pin. It is an input to the inverting amplifier which forms the internal
oscillator. It also receives the external clock signal when an external oscillator
is used. (External clock signal should be at 50% duty and C-MOS level).

XTAL2

Crystal 2 bin. It is an output of the inverting amplifier that forms the internal
oscillator.
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS*

Item Symbol Conditions Rating Units
Supply Voltage Vce —-0.5t0 +7.0
Voltage from any Pinto Vgg VAP | —0.5toVgc +0.5
Storage Temperature TSTG —-551t0 +150 °C
Power Dissipation PD ‘ 1.0 w

OPERATING RANGE

Item Symbol Conditions Rating Units
Supply Voltage Vce fosc =0.5~16 25t0+6.0 Vv
MHz
RAM Retention Voltage VPD Power Down 2.0to +6.0 Vv
Operating Temperature TOP —40to +85 °C

*NOTICE: Stresses at or above those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to
the device. This is a stress ratingonly and functional operation of this device at these or any other condi-
tions above those indicated in the operational sections of this specification is not implied. Exposure to
absolute maximum rating conditions may affect device reliability.

** DC and AC characteristics in therange of 12 MHz < f <16 MHzand 2.5 V <Vcc < 4 V will be specified elsewhere.

DC CHARACTERISTICS
(TA =-40°Cto +85°;, Voo =410 6V: Vgg =0V)

Item Symbol Condition Min. Typ. Max. _ Unit
Input Low Voltage ViL - -0.5 - 0.2Vgc—0.1 v
(Except EA)
Input Low Voltage ViL1 - -0.5 - 0.2Vgc—0.3 v
ToEA
Input High Voltage VIH - 0.2vgc+09 | — Vcc+0.5 v
(Except XTAL1, RESET)
Input High Voltage ViH - 0.7Vce - Vcc+0.5 v
(XTAL1 and RESET)
Power Down Voltage VpD - 2.0 - 6.0 v
to Vcg in PD mode
Output Low Voltage VoL loL=1.6mA - - 0.45 v
Ports 1,2, 3 (Note 1)
Output Low Voltage VoL1 loL=38.2mA - - 0.45 \
Port 0, ALE, PSEN
(Note 1) ,
Output High Voltage VOH IoH =—10uA 0.9Vce - S = v
Ports 1,2,3 i

‘ IoH = —30uA 0.75Vce - = '

IoH =—60rA 24 - - v

NOTE 1: V(| isdegraded when the 80C31F/80C51F rapidly discharges external capacitance. This AC noise is
most pronounced during the emission of address data. When using external memory, locate the latch or
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DC CHARACTERISTICS (CONT.)
(TA =—40°C to +85° VoG = 4 to 6V: Vgg = 0V)

Item Symbol Condition Min. Typ. | Max. | Unit
Output High Voltage " VOH1 IOH =—40pA 0.9Vgoe - - \
Port O(in External Bus Mode), (Note 2)
ALE, PSEN
loH =—150uA 0.75V¢c - - \
IOH = —400uA 2.4 - - v
Logical O Input,Current I Vin =0.45V - - | —200| uA
Ports 1,2,3
Logical 1 To O Transition ITL Vin =2.0V - - -500| wA
Current-Ports 1,2, 3
Input Leakage Current I Vss<Vin<Vgcc - - +=10 | uA
Port 0, EA
Maximum Power Supply Icc Vece = 4V 5V 6V
Current Normal Operation
(Note 3) fosc =12 MHz 12 16 20 mA
fosc =8 MHz 8.3 11 14 | mA
fosc = 3.5 MHz 4.3 5.7 7.5 mA
fosc =0.5 MHz 1.6 2.2 3 mA
Maximum Power Supply Icct fosc =12 MHz 25 3.7 5 mA
Current Idle Mode (Note 4)

: fosc =8 MHz 1.8 2.7 3.7 mA
fosc =3.5 MHz 1.1 1.6 2.2 mA
fosc =0.5 MHz 0.6 0.9 1.2 mA

Maximum Power Supply Icc Vee = 4.5V 5V | 5.5V
Current Normal Operation
(Note 3) fosc =16 MHz 18 20 23 mA
fosc=12MHZ 14 16 18 mA
fosc_—‘sMHZ 10 1 125 mA
fosc =1.2 MHz 2.0 23 26 mA
Maximum Power Supply lcci fosc =16 MHz 4.0 5.0 6.0 mA
Current Idle Mode (Note 4)
fosc =12 MHz 3.0 3.7 5.0 mA
fosc =8 MHz 2.3 2.7 3.2 mA
fosc =1.2 MHz 1.4 1.5 1.6 mA
Power Supply Current Ipp Vce =2.0V - - 50 nA
(Power Down Mode) (Note 5)
RESET Pulldown Resistor RRsT 20 40 125 | kQ
Capacitance of I/0 Buffer Cio fc =1MHz - - 10 pF
Ta =25°C
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NOTE 2: Capacitiveloadingon Ports 0 and 2 may cause the Vo on ALE and PSEN to momentarily fall below the
0.9 Vi specification when the address bits are stabilizing. .
‘NOTE 3: Igc is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL =10ns, Vj_ =Vgs
+0.5V, Vi =Vg —0.5V; EA =RESET =PORT 0 = V. lcc may be higher if a crystal oscillator is used.
NOTE 4: Idleicc is measured with all output pinsdisconnected; XTAL1 driven with TCLCH, TCHCL =10ns, V)=
Vgg +0.5V, Vi =Vgc —0.5V; EA =PORT 0 =Vc.Icc may be higher if a crystal oscillator is used.
NOTE 5: Power Down Ipp is measured with all output pins disconnected; EA =PORT 0 =Vcc; XTAL2N.C.; RESET
=Vgs.
Dat Emitting Degraded VoL
atum Ports I/0 Lines (peak/max)
Address P2,PO . P1,P3 08V
Write Data PO P1,P2,P3 0.8V
CLOCK PARAMETERS
Variable Clock
Item Symbol freq =0.5 MHz to 16 MHz
. Min. Max. Unit
Oscillator Period ToLcL 62.5 - ns
High Time TCHCX 20 - ns
Low Time TcLex 20 - ns
Rise Time TCLCH 20 ns
Fall Time TcHcL - 20 ns
EXTERNAL CLOCK DRIVE
XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
L
TCLCH TCHCL
— |- — -
Vog-05"" 77
0.2Vgg-0.1
045V <«—TCLCX —>
TCLCL

*XTALA1

Input to the inverting oscillator amplifier and input to the internal clock generator circuits.

*XTAL2

Output from the inverting oscillator amplifier.
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AC CHARACTERISTICS

¢ MSM80OC31F/80C51F ®

(Top =—40°C t0 85°C; Vg = 4V to 6V; Vgg =0V; 0.5 to 12 MHz; Load Capacitance for Port 0, ALE
and PSEN = 100pF; Load Capacitance for all other outputs = 80 pF)

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

Item Symbol Min. Typ. Max. Unit
ALE Pulse Width TLHLL 2TCLCL-40 - - ns
Address Valid to ALE Low TAVLL TCLCL-40 - - ns
Address Hold after ALE Low TLLAX TCLCL-35 - - ns
ALE Low to Valid Instr. In TLLIV - — | 4TCLCL-100 | ns
ALE Low to PSEN Low TLLPL TCLCL-25 - - ns
PSEN Pulse Width TPLPH 3TCLCL-35 - - ns
PSEN Low to Valid Instr. In TPLIV - — | 3TCLCL-105 | ns
Input Instr. Hold after PSEN TPXIX 0 - - ns
Input Instr. Float after PSEN TPXIZ - — | TCLCL-20 | ns
PSEN to Address Valid TPXAV TCLCL-8 - - ns
Address to Valid Instr. In TAVIV - — | 5TCLCL-105 | ns
PSEN Low to Address Float TPLAZ - - - ) ns

EXTERNAL DATA MEMORY CHARACTERISTICS

Item Symbol Min. Typ. Max. Unit
RD Pulse Width TRLRH 6TCLCL-100 - - ns
WR Pulse Width TWLWH 6TCLCL-100 - - ns
Data Address Hold after ALE Low TLLAX TCLCL-35 - - ns
RD Low to Valid Data In TRLDV - — | 5TCLCL-165 | ns
Data Hold after RD TRHDX 0 - - ns
Data Float after RD TRHDZ - - 2TCLCL-70 ns
ALE Low to Valid Data In TLLDV - — | 8TCLCL-150 | ns
Address to Valid Data In TAVDV - — | 9TCLCL-165 | ns
ALE Low to WR or RD Low TLLWL 3TCLCL-50 — | 3TCLCL+50 | ns
Address to WR or RD Low TAVWL 4TCLCL-130 - - | ns
Data Valid to WR Transition TQVWX TCLCL-60 - - ns
Data Valid to WR High TQVWH 7TCLCL-150 - - ns
Data Hold after WR TWHQX TCLCL-50 - - ns
RD Low to Address Float TRLAZ - - 0 ns
RD or WR High to ALE High TWHLH TCLCL-40 — | TCLCL+40 | ns
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AC TIMING DIAGRAMS

ALE

PSEN

PORT 0

PORT 2

ALE

PSEN

PORT 0

PORT 2

PORT O

PORT 2

EXTERNAL PROGRAM MEMORY READ CYCLE

)

' 12 TCLCL
l«— TLHLL—>|«—— TLLIV —
TJLLPL TPLPH |
N \
TLLAX - TPLIV-=
N TPXAV \ /
_/ TAVLL | — —TPX12
| [*TPLAZ I1pxix—l |«
INSTR IN A0-A7 INSTR IN ™ A0-A7
TAVIV o ‘
ADDRESS % L -
OR SFR_P2 ADDRESS A8—A15 X ADDRESS A8—A15

EXTERNAL DATA MEMORY READ CYCLE

TLLDV TWHLH— F—
_/—\\
/ TLLWL ,
e——TLLAX—> TRLRH
Y TRHD2
N /
TAVWL TRLOV— TRHDX—»|  jo—o
N o N
A0-A7 § DATA IN S>> ><
VoV~ ~—TRLAZ
ADDRESS \
OR SFR.P2 ><# ADDRESS A8—A15 OR SFR—P2 \
EXTERNAL DATA MEMORY WRITE CYCCLE
TWHLH — F
f\
/ TLLWL
TAVWL. -TWLWH
.
p——
Tavwx 43\\ /]
le—TLLAX ] |+ TWHOX ]
D_< AO—A7 ' DATA OUT 5
TQVWH

ADDRESS A8—-A15 OR SFR—-P2

ADDRESS /
OR SFR—P2 \.
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AC TESTING INPUT/OUTPUT, FLOAT WAVEFORMS

INPUT/OUTPUT FLOAT
} FLOAT |
24 20 20 24 2.0 20
TEST POINTS
045 08 08 4 oas 08 08

AC inputs during testing are driven at 2.4V for a logic “1” and 0.45V for a logic “0”. Timing measurements are
made at 2.0V for a logic “1” and 0.8V for a logic “0". For timing purposes, the float state is defined as the point
at which a PO pin sinks 3.2 mA or sources 400uA at the voltage test levels.

SERIAL PORT TIMING

1/0 EXPANSION MODE

(TA =—40°C to +85°C; V¢ = 4 to 6V; Vgg =0V, 0.5 to 12 MHz; Load capacitance = 80 pF)

Symbol Parameter Min. Max. Units
TXLXL Serial port clock cycle time 12TCLCL - - us
TQVXH | Outputdata setup to clock rising edge 10TCLCL-133 - ns
TXHQX | Output data hold after clock rising edge 2TCLCL-117 - ns
TXHDX | Input data hold after clock rising edge 0 - ns
TXHDV | Clock rising edge to input data valid - 10TCLCL-133 | ns

SERIAL PORT (I/0 EXPANSION MODE)

MACHINE CYCLE | o | 1| 2| 3 | 4 | s | & | 7 | 8 |
[=Txxs|
TQVXH |+——s| |«-TxHOX
OUTPUT DATA o X 1 X 2 X 3 X 4 X 5 X 6 X 1/
| S———
WRITE #o SBUF TXHDV |+—| | | == TXHDX

INPUT DATA T 6T @ D @ I @ I @ I @ I i I
—

CLEAR R1

295




® MSM80C31F/80C51F @
CLOCK WAVEFORMS

BASIC TIMING CHART

| DATA STABLE

DPH & PORT DATA

|
|

|
Instruction:exeqution

PC+1
i
11
|

|

I

|

I

|

|

|

l

i I
Instruction de::ord ing
,' |
PC+1
o

PORT NEW DATA

7

e

72

fzz

{ DATASTABLE [

PORT OLD DATA

1

|

!
Instruction execution

T

1
|
T
'
| TM+
T
x
|
|
|
|
|
|
|

]

I| A
PC+1
o

|

| Instruction decording

b
Instruction execution
PC+1
4——.}
|
|
|
I
|
I
|
|
I
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[
PC+1
ft—|

0

©
gl 5
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<
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©
n
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296




e MSM80OC31F/80C51F e

EXTERNAL PROGRAM MEMORY FETCH

XTAL 1

ALE

PSEN

PORTO

PORT2

XTAL 1

ALE

PSEN

PORTO

PORT 2

M1 M1 orM2
§S1 82 , S3 , S84 S5, S6 | St , S2, S3 , S4 | S5, S6 | SI
t T T
o—_”L
| | |
1 | i L
| |
o ! } T
|
I I [ ] f l
| | | i |
0 | ! t
I | : | I'
1
INSTIN I I INSTIN INST IN ‘ INSTIN INSTIN
! PCL PCL PCL | | PCL
- ouT [ ouT out [ out
0 T | T — | T
| | | | ! | | | | | t
; | | i | ] | | ] | | 1
PCHOUT PCHOUT PCHOUT PCHOUT PCHOUT
0
READ CYCLE 1 (MOVX A, @Rr)
M1 M2
S1 82, S3 sS4 , S5, S6 | S1_ | S2 | S3 ; S4 , S5 | S6 | S1
| | I | ] |
°] |
Coob ! | |
1 | | | | -
| | | |
0 " | H
i P
1 % | | | L _—
1T
| | |
o | | oo
| ' I | I ' i I I
1 + I - 1 I | ! + —t
| | I I | I | e |
R oo b |
°“"""{"“‘T“|—_T—“‘I—‘“ I T T ‘:“‘“'“""—_l'“
. 1
INSTIN L : | 'l | ; RAM DATA IN l INSTIN
1 | 1
PCL | ! Rr | PCL
- out [T 1 out EXTRAM DATA out
0 T | ! T T T
| I | | I | | | ] |
3 1 1 l 1 ) | 1 1 1
PCHOUT PCHOUT PORT 2 LATCH DATA OUT PCHOUT
0
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READ CYCLE 2 (MOVX A, @DPTR)

—
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WRITE CYCLE 1 (MOVX, @Rr, A)
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INSTRUCTION SET DETAILS
M K Instruction Code Hexa- Byte | Cycl Explanati
nemonic : e | Cycle xplanation
D7 De Ds D« Ds D2 D1 Do | decimal y
ADD A, Rn 0O 1 0 1 nz2n1no|28~2F 1 1 (A) —(A) + (Rn)
ADD A, direct 0O 01 0O 101 25 2 1 (A) —(A) + (direct)
ar as as as as az a1 ao | Byte2
ADD A, @Ri o1 11 1 |26~27| 1 1| (A —(A) +((Ri)
ADD A, #data 0 0100100 24 2 1 (A) — (A) + #data
d7 de ds ds ds d2 di1 do | Byte2
ADDC A, Rn O 1 1 1 n2nino({38~3F| 1 1 (A) —(A) +(C) + (Rn)
ADISCA, direct 0O o011 01 01 35 2 1 (A) —(A) +(C) + (direct)
ar ae as as as az ai ao | Byte2 '
ADDC A, @Ri 0 11 11 1(36~37| 1 | 1 | (A—(A+(©+URi)
ADDC A, #data o 01101 00O 34 2 1 (A) —(A) + (C) + #data
d7 de ds da ds d2 di do | Byte2
SUBBA,Rn 1 1 1 nznino |98~9F| 1 1 | (A)—(A)=((C) +(Rn))
SUBB A, direct 100 10101 95 2 1| (A)—(A) —((C) +(direct))
ar as as as as az ar ao | Byte2
- SUBB A, @Ri 1 o 1 11 1(96~97| 1 1 | (A —(A) = ((C) +((Ri)))
é SUBB A, #data 1 001 01 0O 94 2 1 (A) —(A) - ((C) + #data)
g d7 de ds de ds d2 di do | Byte2
S | INCA 00100]| o4 1] 1 | W—mw+1
B | INCRn 0 1 nanino|08~0F| 1 | 1 | (Rn)—(Rn)+1
L
€ | INCdirect 0 00O0T1TO01 05 2 1 (direct) — (direct) + 1
< ar.ae as a4 as a2 a1 ao| Byte2
INC @Ri 0O 00 OO 1 1 1]06~07 1 1 ((RD)) — ((Ri)) +1
INCDPTR - 101 00 O 1 1 A3 1 2 (DPTR) — (DPTR) + 1
DECA 000101 O0O0O] 14 1 1 (A) —(A) -1
DECRn O 0 0O 1 1 n2ninof|i18~1F 1 1 (Rn) —(Rn) -1
DEC direct 00010101 15 2 1 (direct) — (direct) — 1
ar as as a4 as a2 ar ao
DEC @Ri 00010 1 1 1{16~17| 1 1| (Ri) —((R)) -1
MUL AB 101 00100 A4 1 4 (B1s~ ), (A7~ o —(A) X (B)
DIVAB 10 00100 84 1 4 | (A1s~4),(Br~d —(A)/(B)
DAA 11 i 0100 D4 1 1 Contents of Accumulator are BCD,
IF [[(As~ o > 9l or [(AC) =11]]
THEN(As~ o —(Aa~o) +6
AND
IF[[(A7~ & > 9] ORI[(C) =1]]
THEN (A7~ 4 — (A7~ 4 +6
ANL A, Rn 0O 1 0 1 1 nz2nino 58~5F‘ 1 1 (A)—(A) AND (Rn)
ANL A, direct 01010101 55 2 1 (A) — (A) AND (direct)
» ar as. as as as az_ar ao| Byte2
-_—
gs% ANLA, @Ri 0101 11 1[56~57| 1 1 | (A ~(A) AND ((Ri))
o
S 81 ANLA, #data o101 0100 54 2 1 (A) — (A) AND #data
° , de ds ds ds d2 di do| Byte2
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INSTRUCTION SET DETAILS (CONT.)

M i Instruction Code Hexa- | gyte | cycle Explanation
nemonic p
D7 De Ds Ds Ds Dz D1 Do | decimal Y P
ANL direct, A o1 010010 52 2 1 (direct) — (direct) AND (A)
ar as as a+ as a2 ai ao | Byte2 .
ANL direct, 01010011 53 3 2 | (direct) — (direct) AND #data
#data ar ae as as4 as az a: ao | Byte2
d7 de ds ds ds d2 d+ do | Byte3
ORLA,Rn O 1 0 O 1 n2nt no [48—~4F 1 1 (A) — (A) OR (Rn)
ORL A, direct 01 00O 1T O0 1 45 2 1 (A) — (A) OR (direct)
ar ae as as« as az a: ao | Byte2
ORL A, @Ri 01 00O 1 11 ‘46~47 1 1 (A) — (A) OR ((Ri))
ORL A, #data 01000100 44 2 1 (A) ~— (A) OR #data
d7 de ds ds ds dz d1 do | Byte2
ORL direct, A 01 00O0OO0OT11TO 42 2 1 (direct) — (direct) OR(A)
ar as as as« as az a ao | Byte2
ORL direct, 0100001 1 43 3 2 | (direct) — (direct) OR #data
#data ar as as a« as a2 ai ao | Byte2
d7 de ds ds ds d2 d1 do | Byte3
XRL A, Rn 0 1 10 1 nanino|68~6F| 1 | 1 | (A—(AXOR(RN
XRL A, direct oO11 001 0 1 65 2 1 (A) — (A) XOR (direct)
ar as as a« as az ar ao | Byte2 )
XRL A, @Ri o1 1 00 1 1 1 |66~67 1 1 (A) — (A) XOR ((Ri))
XRL A, #data 01100100 64 2 1 (A) — (A) XOR #data
d7 de ds ds« ds d2 di do | Byte2
@ | XRLdirect, A 01100010 62 2 1 | (direct) — (direct) XOR (A)
L ar ae as as« as a2 a1 ao | Byte2
©
] XRL direct, o011 0 0O0 1t 1 63 3 2 (direct) — (direct) XOR #data
§ #data ar as as a« as a2 ar ao | Byte2
§ d7 ds ds ds ds d2 d+ do| Byte3
g |
S | ctrA 11100100/ E4 1 1 | w—o
CPLA 1t 1110100 F4 1 1 | (A—@A)

A7 As[AslAalAalAzlAa’Aﬂj
The contents of the accumulator
RLA 001t 00O 11 23 1 1 are rotated left by one bit.

o TR e e A T [

The contents of the accumulator
RLCA 001100 1 1 33 1 1 and carry are rotated left by one bit.

I—'.[A1 IAs [Asl A4{Aa l AzTAu IA;’-J
The contents of the accumulator
RRA 000 O0 OO 1 1 03 1 1 are rotated right by one bit.

LA TR R A A A A

The contents of the accumulator

RRCA 0001 O0O0 1 1 13 1 1 and carry are rotated right by one
' bit. i
SWAP A 11000100 c4 1 1 | (As~d S(Ar~4)
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INSTRUCTION SET DETAILS (CONT)

Mnemonic Instruction Code A He?<a- Byte [Cycle Explanatioh

D7 Ds Ds D« Ds Dz D1 Do | decimal

MOV A, Rn 1 1 1 0 1 nznino|E8~EF| 1 1 | (A —(Rn)

MOV A, direct 111 001 01 ES 2 1 (A) — (direct)
ar as as as as az a1 ao| Byte2

MOVA, @Ri 111 001 1 1 |E6~E7 1 1 (A) —((Ri))

MOV A, #data o 1 1> 1 01 0O 74 2 1 (A) — #data
d7 de ds ds4 ds dz di do| Byte2

MOVRn, A 1 1 1 1 1 nz2nitno|F8~FF 1 1 (Rn) —(A)

MOV Rn, direct 1 0 1 0 1 nz2nino|A8B~AF| 2 2 | (Rn) —(direct)
ar as as as as az air-ao | Byte2

MOV Rn, #data 01 1 1 1 n2ninof78~7F| 2 1 (Rn) — #data
d7 de ds ds« ds dz di do | Byte2

MOV direct, A 1111 01 01 F5 2 1 (direct) — (A)
ar as as as as az ar ao | Byte2

MOV direct, Rn 1 0 0 O 1 n2n1no|88~8F 2 2 | (direct) —(Rn)
ar as as as as az ai ao | Byte2

MOV direct 1, 1 000 0 1 01 85 3 2 (direct 1) ~— (direct 2)
direct 2 as a3 af a3 aj aj aj aj | Byte2
a} al al a} a} aj} a} aj | Byte3

MOVdirect,@Ri |1 0 0 0 O 1 1 1 |86~87]| 2 2 | (direct) — ((Ri))

% ar as as as as az ar ao | Byte2

c

s MOV direct, o111 010 1 75 3 2 (direct) — #data
s #data ar as as as as az a: ao | Byte2

«

Q

d7 de ds ds ds d2 di do| Byte3

MOV @Ri, A 111101 11]|f6~F7] 1] 1 |(RN—A

MOV @Ri,direct { 1 0 1 0 O 1 1 1 |A6~A7| 2 2 ((Ri)) — (direct)
ar as as as as az ar ao| Byte2

MOV @Ri,#data |O 1 1 1 O 1 1 1 |76~77| 2 1 ((Ri)) — #data
d7 de ds ds da d2 di do| Byte2

MOV DPTR, 1 0 01t OO0O0O 90 3 2 (DPTR) — #datase
#data 16 disdisdizdi2dirdio do ds| Byte2 | .

d7 de ds ds ds d2 di do| Byte3
MOVC A, @A+ 1 00100 11 93 1 2 | (A)—((A) + (DPTR))
DPTR
MOVCA,@A+PC{ 1 0 O 0.0 O 1 1 83 1 2 (PC) —(PC) + 1, (A) — ((A) + (PC))
MOVX A, @Ri 111 00 0 1 1 |E2~E3 1 2 (A) —((Ri)) External RAM
MOVXA,@DPTR| 1 1 1 0 O O O O EO 1 2 (A) —((DPTR)) - External RAM
MOVX @Ri, A 111100 1 1|F2~F3 1 2 ((Ri)) —(A) External RAM
MOVX @DPTR,A|{1 1 1 1 0 0 O FO 1 2 ((DPTR)) —(A)  External RAM
PUSH direct 1100000 co 2 | 2 [(SP)—(SP)+1

ar as as as« as az ai ao | Byte2 ((SP)) — (direct)
POP direct 1101 00 00 DO 2 2 | (direct) —((SP))

‘|'a7 as as as as az a: ao | Byte2 (SP) —(SP) -1

XCHA,Rn 1 1 0 O 1 nz2ntno|C8~CF 1 1 (A)= (Rn)
XCHA, direct 110 00 1t 0 1 c5 2 1 (A) = (direct)

ar. as as as+ as az ar ao| Byte2
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INSTRUCTION SET DETAILS (CONT.)

M i Instruction Code Hexa- Byte |Cycl Exolanatl
nemonic : e |Cycle xplanation
D7 De Ds Ds Ds D2 D1 Do | decimal Y P
g XCHA, @Ri 110001 1 1|ce~c7| 1 1 (A SR
Sc
8 S| XCHDA, @Ri 110101 1 1(D6~D7| 1 1 [ (As~d Z(Ris~0d)
CLRC 11000 1 1| c3 111 [©-0
CLRDbit 11 000O0T1TO0 c2 2 1 (bit) —0
b7 be bs bs bs b2 b1 bo| Byte2
SETBC 1101001 1| D3 11 -1
SETB bit 11 010010 D2 2 1 (bit) —1
- b7 be bs bs bs b2 b1 bo| Byte2
S
% | cPLC 10110 11 B3 1 1 1©0-0©
3
g‘ CPL bit 10110010 B2 2 1 (bit) — (bit)
g b7 be bs bs bz b2 br bo| Byte2
2 | ANLC,bit 1 000001 0| 8 2 | 2 |(0)—(C)AND (it
2 b7 be bs bs bs b2 b1 bo| Byte2
[
: ANL C,/bit 1 01 1 0 00O BO 2 2 (C) — (C) AND (bit)
3 b7 be bs bs bs b2 bi bo| Byte2
r§ .| ORLC, bit o111 0010 72 2 2 (C) —(C) OR (bit)
br bs bs bsa bs b2 b1 bo| Byte2
ORL C,/bit 101 000 0 OO AO 2 2 (C) —(C) OR (bit)
b7 be bs bs bs bz b1 bo| Byte2 ’
MOV C, bit 101000 10| A2 2 | 1 |-t
b7 be bs bs bs b2 b1 bo| Byte2
MOV bit,C 1001 0010 92 2 2 (bit) — (C)
’ b7 be bs bs bs b2 b1 bo| Byte2
ACALL addr 11 awoas as 1 0 O O 1| Bytet 2 2 | (PC)—(PC) +2
az as as as as a2 a: ao| Byte2 (SP) —(SP) +1
((SP)) —(PC7~ )
(SP) —(SP) +1
((SP)) —(PC15~ )
, (PC) — page address
LCALL addr 16 0001 O0O0OT1O0 12 3 2 (PC) —(PC) +3
ais ais ais @iz @ awo as as| Byte2 (SP) —(SP) +1
ar as as as as az a1 ao| Byte3 ((SP)) —(PC7~0)
(SP) —(SP) +1
o ((SP)) — (PC1s~9)
:g (PC) —addris~o
[5]
S | RET 00100010 22 1 | 2 [(PCis~a—((SP)
s (SP) —(SP) —1
£ (PC7~d —((SP))
§‘ (SP) —(SP) —1
@ | Rem 0011001 0| 32 1 | 2 [(PCis~a —((SP)
(SP) —(SP) —1
(PC7~d —((SP)
(SP) —(SP) -1
AJMP addr 11 ana as 0 0 O 0 1| Bytet 2 2 | (PC)—(PC)+2
ar ae as as as az ar ao| Byte2 (PC 10 ~ o) — page address
LJMPaddr16 0O 0 0O0OOOOT11TO 02 3 2 (PC) —addris~o
ais ats a1z a1z an awo as as| Byte2
az as as as as a2 a1 ao| Byte3
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INSTRUCTION SET DETAILS (CONT.)

M . Instruction Code Hexa- Byte |Cycle Explanation
nemonic : e |Cyc xplanati
D7 De Ds D4 Ds Dz D1 Do | decimal Y
SJMP rel 1°00000O0O0OTO 80 2 2 (PC) —(PC) +2
r7 re fs rsa 3 r2 r1 ro | Byte2 (PC) —(PC) +rel
JMP@A+DPTR [0 1 1 1 o1 1] 73 1 | 2 | (PC)—(A) +(DPTR)
JZ rel 011 00 O0O0TDO 60 2 2 (PC) —(PC) +2
r7 re s s 3 2 r1 fo Byte . IF (A) =0 THEN (PC) — (PC) +rel
JNZrel o111 00O00O0 70 2 2 (PC) —(PC) +2
r7 re s rsa rs r2 ri ro | Byte2 IF (A) # O THEN (PC) — (PC) +rel
JCrel . 01 0 0O0OOTP®O 40 2 2 (PC) —(PC) +2
r7 e fs rsa ra r2 ri ro | Byte2 IF (C) # 1 THEN (PC) — (PC) +rel
JINCrel 01010000 50 2 | 2 |(PC)—(PC) +2
r7 fe Is rs fa r2 ri ro| Byte2 IF (C) #£0 THEN (PC) — (PC) +rel
JB bit, rel 0O 01 OO OOTDO 20 3 2 (PC) —(PC) +3
b7 be bs bs bs b2 b1 bo | Byte2 IF (bit) =1 THEN (PC) — (PC) +rel
r7 re s ra ra rz2 ri ro | Byte3
JNB bit, rel 0011 0O0O0O0 30 3 2 (PC) —(PC) +3
b7 be bs bs bs b2 b1 bo | Byte2 IF (bit) =0 THEN (PC) — (PC) +rel
r7 re s ra rs rz ri ro| Byte3
JBC bit, rel 0O 001 0 OOTDO 10 3 2 (PC) —(PC) +3
b7 be bs bs bs b2 b1 bo | Byte2 IF (bit) =1 THEN (bit) —0
rr re s ra rs r2 ri ro | Byte3 (PC) —(PC) +rel
[}
£ CJINE A, direct, 101 1 01 0 1 BS 3 2 (PC) —(PC) +3
S | rel a7 as as a+ as a2 a1 ao | Byte2 IF (direct) < (A) THEN (PC) — (PC)
] r7 re rs rse ra r2 ri ro | Byte3 +reland (C) —0
o IF (direct) > (A) THEN (PC) — (PC)
15 +reland (C) —1
<3
4 CJUNE A, #data, 1011 01 00O B4 3 2 (PC) —(PC) +3
& orel d7 de ds ds ds d2 d+ do | Byte2 IF #data < (A)
r7 re rs rsa ra r2 ri ro | Byte3 THEN (PC) — (PC) +rel and
(C)—o0
IF #data> (A) THEN (PC) — (PC) +
reland (C) —1
CJUNE Rn, #data, 1 0 1 1 1 n2 ni no |B8~BF 3 2 (PC) —(PC) +3
rel d7 de ds ds ds d2 di1 do | Byte2 IF #data < (Rn) THEN (PC) — (PC)
r7 re rs ra ra r2 ri ro | Byte3 +reland (C) —0
IF #data> (Rn) THEN (PC) — (PC)
+reland (C) —1
CJNE @R;i, 1 01 1 01 1 1 |(B6~B7 3 2 (PC) —(PC) +3
#data, rel d7 de ds ds da d2 di do | Byte2 IF #data < ((Ri)) THEN (PC) —
rr re rs rs« rs r2 r1 ro | Byte3 (PC) +reland (C) —0
IF #data> ((Ri)) THEN (PC) —
) (PC) +reland (C) —1
DJNZRn, rel 1 1 0 1 1 nz2 ny no{D8~DF 2 2 (PC) —(PC) +2
r7 re rs ra ra rz ri ro| Byte2 (Rn) —(Rn) —1
IF (Rn) #0 THEN (PC) — (PC) +rel
DJNZ direct, rel 11 01 01 0 1 D5 ‘ 3 2 (PC) —(PC) +3
az as as as as a2 a1 ao | Byte2 (direct) —(direct) — 1
r7 re rs ra ra r2 ri ro| Byte3 IF (direct) # 0 THEN (PC) — (PC)
+rel
NOP 0O 000 0O O OOTP O 00 1 1 (PC) —(PC) +1
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NOTES ON THE INSTRUCTION SET AND THE ADDRESSING MODES

Rn — Register R7-R0 of the currently
selected Register Bank.
direct — 8-bit internal data location’s address.

This could be an Internal Data RAM

location (0 — 127) ora SFR [i.e., 10

port, control register, status register,
etc. (128 — 255)].

@Ri — 8-bit internal data RAM location (0 —
255) addressed indirectly through
register R1 or RO.

#data . — 8-bit constant included in instruction.

#data 16 — 16-bit constant included in instruction.

addr16 — 16-bit destination address. Used by
LCALL & LUMP. A branch can be
anywhere within the 64K-byte
Program Memory address space.

addr 11— 11-bit destination address. Used by
ACALL & AJMP. The branch will be
within the same 2K-byte page of
program memory as the first byte of

: : the following instruction.

rel — Signed (two’s complement) 8-bit offset
byte. Used by SUMP and all conditional
jumps. Range is —128 to +127 bytes
relative to first byte of the following
instruction.

bit — Direct Addressed bit in Internal Data
RAM or Special Function Register.

INSTRUCTIONS THAT AFFECT FLAG SETTINGS 1

INSTRUCTION FLAG INSTRUCTION FLAG
C OVAC C OVAC

ADD X|X|X CLRC (¢]
ADDC X |X|X] CPLC X
susB X|X|X ANL C, bit X

MUL O X ANL C,/bit X

DIv OlX ORL C, bit X

DA X ORL C, /bit X

RRC X MOV C, bit X

RLC X CJUNE X
SETBC |

' Note that operations on SFR byte address 208 or bit
addresses 208-215 (i.e., the PSW or bits in the PSW) will
also affect flag settings.
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APPLICATION EXAMPLES

sV L 5V
) I = l2a |12 =
, had 2 Vee ovo 12
;  — 2
19 L sraL o Vee S po B [ K W
. 2 P42 (3
10pF P11 p=— 3
P P2 B Pa3 |5
= Ky Ea .
- P14 %. 1o P50 oo
~10pF 18 P15 P51
1 AL B
XTAL 2 P16 OI MSM82C43 P52 '!Tz_'
8.2K P17 b— 170 P53 = o
[ VvV 21 20
I \ p20 |22 ::’ poo EXPANDER x? 20
= p21 P21 i
+5v—e——|(—o—>] reseT P22 o2 22 P62 o
10uf MSM8OC51F P23 |22 P23 P63 |-
P24 26 7 13
:g‘g 57 Ll PROG :;? K3
N ler p27 22 folcs prz 12
10 39 P73
-17] P30 (RXD) P00 35
—32] P31 (TXD) PO 55 Lo
331 P3.2 (INTO) P0.2 36
vod —ir] P33 (NTD) P03 o2
=51 P34 (T0) P04
2 rssm) P05 3
—'—‘17 P3.6 (W_T” P0.6 32
— — 4
PR7(RD) .  msen P07 PE
B |29

The following software driver is required to interface to the 82C43

IN82C43

IN82C43

Mixing Parallel Output, Input, and
Control Strobes on Port 2.

INPUT DATA FROM AN 82C43 I/0 EXPANDER
CONNECT TO P23-P20

P25 & P24 MIMIC CS/ & PROG

P27-P26 USED AS INPUTS

PORT TO BE READ IN ACC

MOV A, #11010000B .
MOV P2,A ;OUTPUT INSTRUCTION CODE
CLR P2.4 ;FALLING EDGE OF PROG
ORL ' P2,#00001111B ;SET FOR INPUT
MOV A,P2 - ;READ INPUT DATA
SETB P24 ;RETURN PROG HIGH
T
Address i Instruction
P21 P20 Code : P23 P22 Code
o o0 Pota 1 0 0O Read
0 1 Port5 | O 1 Write
1 0 Port6é | 1 0 ORLD
1 1 Port7 1 1 1 ANLD
1

1/0 Expansion 'Using an 82C43
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APPLICATION EXAMPLES (CONT.)

- MSMB80C31F/80C51F ®

Ielefeleisiclele [isislotsislats (e

Wi Wiwlwiwiw NN NN
[elfeislslsle SRR (oMo

+5V | I
|4o 20
v, V.
19 xtAL1 CC€ S po
10pF P11
- P1.2
= P13
=, T I‘:B . P14
10pF XTAL 2 P15
P16
8.2K P17
"E— 10 uf P2.0
ST L P2.1
+5V 1y RESET P2.2
MSM80C51F P23
P24
P25
P2.6
. 5y 2.7
121 p3.0 (RXD) P0.0
. P3.1 (TXD) PO.1
—=4 p3.2 (INTO) P0.2
- p3.3 (INTT) P03
241 p3.4 (TO) PO.4
/o —1-:] P35 (T1) P05
—71 P36 (WR) P0.6
— P3.7 (RD)ALE PSEN P0.7
Iao |29
+5V —
|4o 20 ~
19 Vv Vv
XTAL1 C€ S$  po
10pF P11
P12
- P13
= T I s P14
“10pF XTAL 2 :}2
82K P1.7
— 10 uf P2.0
" eV —y (45 RESET k21
1> P2.2
MSMBOC51F  py3
Y P24
P2.5
P26
A plen 2.7
r 101 3.0 (RXD) P0.0
® 7] P3.1 (TxD) PO.1
5 P32 (iNT0) P0.2
= P33 (INTT) P0.3
vod e r3ao PO.4
= P35 (1)) P05
7] P3.6 (V_VE) P0.6
7] p3 — PO,
PIT(RD), o e P07
|3o rzs

Multiple 80C51F’s Using Half-Duplex Serial Communication

—

? 1/0

~

> 1/0
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APPLICATION EXAMPLES (CONT.)

+5V
Iw 20 ~
Vv Vs
2] xraL 1 C S po b
1oer ] em
(=] M3 -
T | ra - o
e 18 s 6
10pF XTAL 2 P15 F5—
P16 |-
82K 52
0 p20 §21
5V {—o»] ReseT 98 ¥ ¥V GND
104 MSMB80C51F p23 %‘ |40 |20
r2a f2 Hio
P25 |25 Vee AESI i
= sl B ear |22
EA P27 = PA2 52—
PA3
1% ¢3.0 (RXD) roo |32 ———12] ano pad 125
P3.1 (TXD) po 152 ] 201 Pas |20
P3.2 (INTO) po2 3T — 1+ ane pas |2
P33 (INT1) P03 s—— 76§ AD3 pa7 25
P34 (T0) 2N & S—— 1
P35 (T1) P05 A
P3.6 (WR) pog k33 181 ans )
P37(RD) ¢ psEn PO7 P AD7 rct |-
) Msms1css e BT |0
oo e 1o 5] e
LN P PC5 (5
5
10
- 129
WA P80 55
1 pe1 3~
3
ALE PB2 o5~
PB3 I35
= PB4 155
_[-_""CE PBS F3e-
= sfresermER  tmer D% P36 J
™ out IN
CAN BE SUPPLIED BY SYSTEM RESET - T
OR PORT LINE OF 80C51 v
TIMER
Adding a Data Memory and I/0 Expander
Y
I4o 20 ~
v
o _LT"> xtaL1Vee S pro - W
OP| - [ARY =
coecron  1OPF =5 P12 |3
NVERTERS L_} P13 2
DEVICE ! —— P14 ._:__
! t 10pF 8 | xraL2 P15 -
P16 g
P -
Lo ] e
DEVICE 5V J—4 RESET P21 o5 P 110
2 b 1 (3] EXN
10uf MSM80CS51F 722 o~
+5V P25 —g—‘;—
31— P26 55~
' EA P27 F—
DEVICE | o w®
3 >°‘ P3.0 (RXD) P0.0]
"°{ T eai xo) vt P
- 5] P32 (NTO) r02 i
. —a] P33 (INT1) P03 3~ )
3 P34 im0l pos 32—
DEVICE 1o{ —] ras P05
4 7] P36 (WR) ro6 |55
2 r7RO ¢ Er PO7

I:w
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Multiple lnterfupt Sources
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MSM80C31/MSM80C51 INSTRUCTION CODES

¢ MSM80C31F/80C51F

L 0 1 2 3 4 5 6 7
H 0000 0001 0010 0011 0100 0101 0110 0111
R AIMP e ¥ ING
0000 NOP address 11 |address 16 RRA INCA direct INC @RO INC @R1
(Page 0)
1 JBCbit, | ACALL | LCALL A DEC
0001 "0 |address 11 |address 16 | RRCA DECA o> | bEC@RO | DEC @R
(Page 0) |
. AIMP
2 JBbit, ADDA, | ADDA, | ADDA, | ADDA,
0010 rel a‘:g;?;;‘ RET RLA #data direct @RO @R1
‘ . ACALL
3 JNBbit, ADDCA, | ADDCA, | ADDCA, | ADDCA,
0011 rej  |8ddress11 ) RETI RLCA #data direct @RO @R1
< (Page 1)
A 4
4 JC bit, AIMP ORL ORL ORLA, y ORLA, | ORLA, | ORLA,
address 11 . direct, .
0100 rel (Page 2) dlrgct, ‘A A #data #data direct @RO @R1
5 ACALL ANL ANL ANLA, ANLA, ANLA, | ANLA,
o101 | JNCrel jaddressti ) o, | direct, #data direct @RO @R1
(Page 2) ! #data
I 4 XRL
o | e (e[ o | o T [ | e | s
* (Page 3) ' #data
| 4 I 4 | @
7 Nzrel |a dﬁf&‘;‘-‘ , [ oRLc, JMP MOV A, d';‘fg; MOV @RO, | MOV @R,
o111 9§ (Page 3) bit @A+DPTR #data #data #tdata #data
AJMP MOV MOV MoV
, :00 SIJMPrel |address 11 A'l‘;tc' %ﬂﬁé’ DIVAB | direct1, | direct, direct,
(Page 4) direct 2 @RO @R1
9 MOV DPTR, | _ dﬁ?‘;“s'-s'] ;| Movbit | MOVCA, [ sUBBA, [ SUBBA, | SUBBA, | SUBBA,
1001 | #data1e c @A+DPTR | #data direct @RO @R1
(Page 4)
AJMP
A MOV C, MOV @Ro, | MOV @R1,
1010 ORL C/bit | address 11 bit INCDPTR MUL AB direct direct
(Page 5) + {
B _ ACALL CINEA, ¥ CUNE A, Y CUNE @RON CUNE @R1,
1011 ANL C/bit | address 11 CPL bit CPLC #data, direct, #data, #data,
(Page 5) A rel rel rel rel
C PUSH [ A 1| cLbit | olRc | swapa U xcua, | xcra, | xcha,
1100 direct direct @RO @R1
(Page 6)
" ACALL DINZ
; 1% , d’?g'; address 11| SETBbit | SETBC DAA direct, | XCHDA, | XCHDA,
' (Page 6) ) : rel @RO @R1
E MOVXA, | d:;’e";‘; o | MOVXA, | MOVXA, | o pa MOVA, | MOVA, | MOVA,
1110 @DPTR @RO @R1 direct @RO @R1
(page 7) )
F movx [ d‘(‘j‘f:s';h 1| movx MOVX CPLA MOV MOV MOV
1111 | @DPTR,A @RO,A | @R1,A direct A | @RO,A | @R1,A
- (page 7) h L
V oevie 3BYTE
MNEMONIC
\ 2CYCLE 4CYCLE
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® MSM80C31F/80C51F ¢

8 9 A B c D E F
1000 1001 1010 1011 1100 1101 1110 1111
INC RO INCR1 INCR2 INCR3 INCR4 INC RS INC R6 INCR7
DEC RO DEC R1 DEC R2 DECRS3 DEC R4 DEC RS DEC R6 DECR7
ADD A, RO ADD A, R1 ADD A, R2 ADDA,R3 ADDA, R4 ADD A, RS ADD A, R6 ADDA,R7
ADDCA,RO | ADDCA,R1 | ADDCA,R2 | ADDCA,R3 | ADDCA,R4 | ADDCA,R5 | ADDCA,R6 | ADDCA,R7
ORLA, RO ORLA, R1 ORLA,R2 ORLA,R3 ORLA,R4 ORL A, RS ORLA, R6 ORLA,R7
ANL A, RO ANL A, R1 ANLA, R2 ANL A, R3 ANL A, R4 ANL A, RS ANL A, R6 ANL A, R7
XRL A, RO XRLA, R1 XRLA, R2 XRL A, R3 XRLA,R4 XRL A, RS XRL A, R6 XRLA,R7
MOV RO, MOV R1, MOV R2, MOVRS3, MOV R4, MOVRS, MOV R6, MOVR7,
#data #data #data #data #data #data #data #data
MOV MOV MOV MOV MOV MOV MOV | 4 MOV
direct, direct, direct, direct, direct, direct, direct, direct,
RO R1 R2 R3 R4 RS R6 R7
SUBBA, SUBBA, SUBBA, SUBBA, SUBBA, SUBBA, SUBBA, .| SUBBA,
RO R1 R2 R3 - R4 RS R6 R7

MOV RO, MOV R1, MOV R2, MOV R3, MOV R4, MOV RS, MOV R6, MOV R7,
direct direct direct direct direct direct direct direct
CJNE RO, CJNERT, CJUNERZ2, CJNER3, CJINE R4, CJUNERS, CJNE RS, CJUNER?7,
#data, #data, #data, #data, #data, #data, #data, #data,
A rel rel rel rel rel rel rel rel
 XCH A, XCHA, XCHA, XCHA, XCHA, XCHA, XCHA, XCHA,
RO R1 R2 R3 R4 RS R6 R7
4 4 4 4
DJNZ RO, DJNZR1, DJNZR2, DJNZ R3, DJUNZ R4, DJNERS, DJNE RS, DJNER?7,
rel rel rel P rel rel rel rel rel
MOVA,RO | MOVA,R1 MOVA,R2 | MOVA,R3 | MOVA,R4 | MOVA RS | MOVA/R6 | MOVA,R7
MOVRO,A | MOVR1,A | MOVR2,A | MOVR3,A | MOVR4,A | MOVR5,A | MOVR6,A | MOVR7,A

310




OKI semiconductor
MSM80C51FVS

M80C51PIGGY BACK

GENERAL DESCRIPTION

The MSMB80C51FVS is a device whose built-in ROM is replaced by external EPROM using the
piggy-back method. External EPROM capacity is up to 4K bytes. It can be used for evaluation of pro-
grams for MSM80C51F.

FUNCTIONAL BLOCK DIAGRAM

CONTROL SIGNALS  P/W SIGNALS

= S 0

| K o sreca |
| FUNCTION
P20 -p27< ﬁ Nk REGISTER
; e n ADDRESS | |
| DECODER |
Lo |
POO - PO7 <g|::> & |
e
I ! ' |
xtaL — g = 1 i [
XTAL2 g [ opH] R/W. AMP e [
ALE =
FEEN 2 RAM Qé I
A 5 126WORDI18 R |
, 2 [se] | x £33 I
RESET — T I I |
| M
o RS G G P e - |
27 e fueeme) e ol | Ce ) L) |
1 ] '
[ L TIMER/COUNTER I :E_"fT_Ef'ﬁU_p.T_ _JL__ _SERALIO | :
| (28 DA © B
P30 - P37 <;> & i [
[
a
| L |
L _!

INSTALLATION METHOD FOR EXTERNAL ROM
Recommended EPROMS — 2764, 2732

M80C51VS M80C51VS
OKI OKI
Japan 5101 Japan 5101

EPim For 2764 ’ l—Pin 1 For2732

Pin 1 For 80C51VS ROM Sbcket Pin 1 For 80C51VS ROM Socket
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OXKYIX semiconductor
MSM80C154/ MSM83C154 | [

CMOS 8-bit One-Chip Microcontroller

GENERAL DESCRIPTION

The MSM83C154/MSM80C154 is a high performance 8-bit one-chip microcontroller implementing large
integration, high speed and low power consumption by 2 um silicon gate CMOS process technology.

The MSM83C154 features 16K byte ROM, 256 byte RAM, 32 I/O ports, three 16-bit timer/counters,
multifunctional serial port and clock generator. In addition, the MSM83C154 has three standby modes

enabling further power reduction.
The MSM80C154 is identical to the MSM83C154 except the omission of 16K byte ROM.

312

FEATURES
"e Fully static circuit
e On-chip program memory : 16K x 8 bit ROM (MSM83C154 only)
® On-<hip data memory : 256 x 8 bit RAM
e External program memory address space : 64K bytes
e External data memory address space : 64K bytes
® 1/0 ports
(Port 1, 2, 3, impedance programmable) : 32
® 16-bit timer/counters )
(includes watch dog timer & 32 bit timer) : 3
e Multifunctional serial port’ : 1/O Expansion mode
: UART mode (featuring error detection)
6-source 2-priority level )
interrupt and multi-level
interrupt available by programming IP and |IE registers
e Memory-mapped special function registers
e Bit addressable data memory and SFRs
® Minimum instruction cycle : 0.75 us @16 MHz operation
16 MHz version of MSM83C154 (12 MHz < XTAL1 -2
. < 16 MHz) is now under development.
e “Multiply’/"'divide’ instruction cycle : 3 us @16 MHz operation
e Standby functions : Idle mode (CPU halt) '
: Power down mode (Oscillator stop)
Activated by Software or Hardware; Providing ports with
floating or active status
The software power down mode is terminated by
interrupt signal enabling excution from the interrupted
address.
e Lower power consumption achieved by 2 um silicon gate CMOS process
e Upward compatible with MSM80C51/80C31
® Packages : 40-pin DIP, 44-pin flat package and 44-pin PLCC
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P0.0 K: — b F————> FUNCTION
PR { ol 1ekworo || orr KD PLA REGISTER
D @ x8bit ADDRESS
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® MSM80C154/83C154 o

PIN CONFIGURATION

P1.0/T2(T}

Pmszex%
P1.2

P1.3(4]
P1.4( 5]
P1.5(75]
P1.6( 7]
P1.7CE]

RESET|

) P3.0/RXD|
P3.1/TXD(IT]
P3.2/INTo1Z]
P3.3/INT1 (3]
P3.4/TO(14]
P3.5/T1/HPDITH]

P3.6/WR
P3.7/RBIT]
XTAL2(TE]
XTAL1[T]
Vss[20]

MSM83C154-XXRS/MSM80C154RS
(Top-View) 40 Lead Plastic DIP

MSM83C154-XXGS/MSM80C154GS ™1
(Top-View) 44 Lead Plastic Package

X
8o
| 4
\J %wc. NS gy aman
P0.0 saai5a>28888
[38]P0.1 |
[371P0.2
361 P0.3 444342 41 40 3938 37 36 3534
[381P0 4 P1.5 ——1 BE—— P04
331P0.5 :1.761:2 (o] 32F—— P05
1.7 —33 N pE—P0.6
g %:0'6 RESET —4 oga 30— p0.7
2 P07 NC——]s 8 20— FA
9 [STIEA P3.0/RXDc——6 E BF—— ALE
8 ALE P3.1/TXD——7 3 27— PSEN
Q PSEN P3.2/INTO——|8 @ 26F——INC
g (781P2.7 P3.3/INT1 ——9 > 5F——p27
P2.6 P3.4/T0 —— 0 24— P26
(27)P2. P3.5/T1/HPDI——{ 11 23—=—P25
[26)P2.5 121314151617 1819 202122
[25]P2.4
zir2 AT AR
P2.2
%PZJ Eﬁigﬁzddoﬁdu
= aaaoo
P2.0 Qrib
- ™ mXX .
a o

MSM83C154-XXJS/MSM80C154JS *1
(Top-View) 44 Lead Plastic Leaded Chip Carrier

x
&
EE
TON =S gQnN®
- =9 000500
a0 oaaoZ>4Aa44a
AT IEITISIT I
P15[T O {3]Po.4
P1.6[7, (38| P0.5
P17[39) [31P0.6
RESET[) = :‘_3:&:1 PO.7
P3.0/RXD[7] 2 [ EA
NCIT 9 tEINC
P3.1/TXD [5 3 (T ALE
P3.2/INTOI74; Q (32| PSEN
P3.3/INT1[i& 3,27
P3.4/T0[&) 3|P2.6
P3.5/T1/HPDI [7] . Be2s
o - S Coen ey e
REEREREEREY
R EEEREREREE
E JIdZdaaa o
2 = < <« [N W W W W
9N EkE
”m oM™ X X
a o

*1.Flat package type and PLCC type is being developed.

PIN FUNCTIONS

Pin Name Description
P0.O ~ P0O.7 Bidirectional 1/O ports. They are also the data/address bus (input/output
of data and output of lower 8-bit address when external memory is accessed.
They are open drain output when used as 1/O parts, but tri-state output when used
as data/address bus.
P1.0~P1.7 P1.0 to P1.7 are quasi-bidirectional 1/O ports. They are pulled up internally when

used as input ports. Two of them have the following secondary functions:
eP1.0(T2) . Used as external clock input pin for the timer/counter 2.
eP1.1 (T2EX) : Used as trigger input for the timer/counter 2 to be reloaded
' or captured; causing the timer/counter 2 interrput.
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® MSM80C154/83C154 ¢

PIN FUNCTIONS (CONT.)

Pin Name Description

P20 ~ P27 P2.0 to P2.7 are quasi-bidirectional 1/0 ports. They also output the higher 8-bit
address when an external memory is accessed. They are pulled up internally when
used as input ports.

P3.0 ~ P3.7 P3.0 to P3.7 are quasi-bidirectional 1/O ports. They are pulled up internally when
used as input ports. They also have the following secondary functions:

e P30 (RXD)
Serial data input/output in the 1/O expansion mode and serial data input in the
UART mode when the serial port is used.
eP3.1 (TXD)
Synchronous clock output in the 1/O expansion mode and serial data output in
the UART mode when the serial port is used.
eP3.2 (INTO)
Used as input pin for the external interrupt 0, and as count-up control pin for the
timer/counter 0.
e P33 (INT1)
Used as input pin for the external interrupt 1, and as count-up control pin for the
timer/counter 1.
oP3.4 (TO)
Used as external clock input pin for the timer/counter O.
eP35 (T1)
Used as external clock input pin for the timer/counter 1 and power down mode
control input pin.
eP3.6 (WR)
Output of the write strobe signal when data is written into external data memory.
eP3.7 (RD)
Output of the read strobe signal when data is read from external data memory.

ALE Address latch enable output for latching the lower 8-bit address during external
memory access. Two ALE pulses are activated per machine cycle except during
external data memory access at which time one ALE pulse is skipped.

PSEN Program store enable output which enable the external memory output to the bus
during external program memaory access. Two PSEN pulses are activated per
machine cycle except during external data memory access at which two PSEN
pulses are skipped. )

EA When EA is held at “’H" level, the MSM83C154 executes instructions from
internal program memory at address 0000H to 3FFFH, and executes instructions
from el(iernal program memory above address 3FFFH.

When EA is held at “L" level, the MSM80C154/MSM83C154 executes instructions
from external program memory for all addresses.

RESET If this pin remains ““H’’ for at least 1 u second, the MSM80C154/MSM83C154 is
reset. Since this pin is pulled down internally, a power-on reset is achieved by
simply connecting a capacitor between Vcc and this pin.

XTAL1 Oscillator inverter input pin. External clock is input through XTAL1 pin.

XTAL2 Oscillator inverter output pin.

Vee Power supply pin during both normal operation and standby operations.

Vss

GND pin.
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® MSM80C154/83C154 ¢

DATA MEMORY AND SPECIAL FUNCTION REGISTER
LAYOUT DIAGRAM

OFFH R oFgH [ 10CON
OFOH B
OEOH ACC
0DOH PSW
OCDH TH2
0CCH TL2
OCBH| RCAP2H
ocAH| RcAP2L
oc8H| T2CON
0B8H IP
0BOH P3
0A8H IE
0AOH P2
99H SBUF
98H SCON
90H P1
Z 8DH TH1
5 8CH THO
'2 . 8BH TLI
e 8AH TLO
89H TMOD
88H TCON
87H PCON
83H DPH
82H DPL
81H SP
80H 80H PO
7FH )
30H f
2FH |7F BIT 78
ADDRESSABLE
204 |7 RAM ° | <« DIRECT BIT ADDRESSING
1FH [R7 A ,
BANK 3
18H | RO
17H |R7
BANK 2
10H 1Ro <« REGISTER ADDRESSING
OFH [R7
BANK 1
08H DIRECT BYTE ADDRESSING
o7H |R7
BANK 0 <« INDIRECT ADDRESSING
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® MSM80C154/83C154 o

DETAILED DIAGRAM OF DATA MEMORY (RAM)

OFFH 255 )
7FH 127 )
2FH 7F {7E | 7D | 7C | 7B | 7A | 79 | 78 a7 )
2EH 77 |76 |75 | 74 | 713 {72 | 71 | 70 46
2DH 6F | 6E | 6D | 6C | 6B | 6A | 69 | 68 45
2CH 67 | 66 | 65 |64 | 63 | 62 | 61 | 60 44
2BH | 5F | 5E | 5D | 5C | 5B | A | 59 | 58 | 43 o | 2
- 2 lo| o
2AH |57 | 66 | 65 | 54 | 53 | 52 | 51 | 60 | 42 2| 3| 2
o [72]
29H | 4F | 4E | 4D |4c | 4B | 4A | 49| 48| 4 g g ﬁ
, <
28H 47 | 46 | 45 | 44 | 43 | 42 | 41 | 40 40 fg w >§
; = =
27H | 3F | 3E | 3D|3c| 38| 3A| 39| 38| 39 & | ok
= w
26H |37 |36 |35 |34 |33 (32313 38 oo«
25H : | & S
2F | 2E | 2D | 2C | 2B | 2A | 29 | 28 37 a al 2
24H 27 | 26 | 256 | 24 | 23 |22 | 21 | 20 36
23H 1F | 1E | 1D | 1C | 1B | 1A| 19 | 18 35
22H 17116 [ 15 | 14 | 13 | 12 | 11 | 10 34
21H OF | OE | oD | OC | 0B | OA| 09 | 08 33
20H 07 |06 |05 | 04 | 03|02 01| 00 2 )
1FH 31 )
Bank 3 . QO
=4
18H 24 5
17H 23 a
Bank 2 z
10H 16 ?g
OFH 15 «
Bank 1 e
w
O08H 8 o
07H 7 gg
Bank O
00H o ) ) )
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DETAILED DIAGRAM OF-SPECIAL FUNCTION REGISTERS

Direct

Byte

Address Bit Address
(MSB) (LsB)
WDT T32 SERR 1Z2C P3HZ P2HZ P1HZ ALF

ore [FF [ FE [FD | Fc [ FB | FA ['Fo | 8]

oron [ F7 [ Fe [ Fs | Fa [ F3 | F2 ] F1 | Fo]

OEOH rE7|E6|E5|E4IE3[E2lE1lEO]

Cy AC FO RS1 RSO o0V F1 P

opoH [ D7 | D6 | s [ pa | b3 | b2 [ D1 | Do |
OCDH Not Bit Addressable »
OCCH Not Bit Addressable

OCBH Not Bit Addressable

OCAH Not Bit Addressable

TF2 EXF2 RCLK TCLKEXEN2 TR2 C/T2 CP/RL2

ocgH [cF [ce [co [cc [ce [ca[ce | ca ]
PCT PT2 PS PTH PX1__ PTO PXO
osH [BF | - |BD [Bc [ BB |BA [ BO [ B8 |
oBoH [ B7 [B6 | B85 [ B4 | B3 | B2 | BT [ BO |
EA ET2 ES ETI EX1 ETO EXO
oasH [AF | — [aD [ ac [aB [AA [ a9 | s |

oaoH [ A7 [ a6 | as [ a4 [ A3 [ A2 [ a1 [ a0 |

99H. ’7 * Not Bit Addressable ]

SMO SM1 SM2 REN TBE RBE TI R
os+ [ oF [oe [9p |oc B [9a |99 [ o8 |

9oH [97 [96 [95 |94 |03 |92.]91 | 90 |

Special
Function

- Register

Symbol

I0CON
B

ACC

PSW

TH2
TL2

RCAP2H
RCAP2L

T2CON

P2

SBUF

SCON

P1
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Direct
Byte
Address Bit Address
(MSB) (LsB)

8DH Not Bit Addressable
8CH Not Bit Addressable
8BH Not Bit Addressable
8AH Not Bit Addressable
89H Not Bit Addressable

TF1 TR1 TFO TRO IE1 IT1 IEO ITO
ssH [ 8F |8 [ 8D | 8c | 88 [ 8a | 80 | 88
87H Not Bit Addressable
83H Not Bit Addressable
82H Not Bit Addressable
81H Not Bit Addressable
goH |87 [8 [85 |84 [83]82] 81 [ a0

Special
Function
Register
Symbol

TH1
THO
TLY
TLO
TMOD

TCON
PCON

DPH
DPL
SP
PO
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SPECIAL FUNCTION REGISTERS
Timer mode register (TMOD)

’ MSB LSB
NAME ADDRESS 7 6 5 4 3 2 1 0
TMOD 89H GATE | C/T | M1 MO | GATE | C/T | M1 MO
BIT LOCATION FLAG FUNCTION
TMOD.O MO M1 .: MO E Timer/counter 0 mode setting
_____ S
o , O i 8-bit timer/counter with 5-bit prescalar.
0 f 1 1 16bit timer/counter.
1 : 0 : 8-bit timer/counter with 8-bit auto rel~oad-i.ng—.-—_““
TMOD.1 M1 1 1 1 | Timer/counter 0 separated into TLO (8-bit) timer/
' i counter and THO (8-bit) timer/counter. TFO is set
! ! by TLO carry, and TF1 is set by THO carry.
TMOD.2 C/T Timer/counter O count clock designation control bit,
XTAL1 - 2_1_1ivided by 12 clocks is the input applied to timer/counter
0 when C/T = "'0".
The external clock applieg to the TO pin is the input applied to
timer/counter O when C/T = *"1",
TMOD.3 GATE When this bit is *0’’, the TRO bit of TCON (timer control register) is
used to control the start and stop of timer/counter O counting.
If this bit is *1’’, timer/counter O starts counting when both
the TRO bit of TCON and INTO pin input signal are '‘1'’, and stops
counting when either is changed to ‘‘0"’.
T™MOD.4 MO M1 | MO ! Timer/counter 1 mode setting.
R g e
0 ! 0 ! 8bittimer/counter with 5-bit prescalar.
0 i 1 E 16-bit timer/counter.
1 1 0 | 8bit timer/counter with 8-bit auto reloading.
TMOD.5 M1 R B s et e
1 o1 ! Timer/counter 1 operation stopped.
TMOD.6 c/T Timer/counter 1 count clock designation control bit.
XTAL1 -2 divided by 12 clocks is the input applied to timer/counter
1 when C/T = 0", .
The external clock applied to the T1 pin is the input applied to
timer/counter 1 when C/T = 1",
TMOD.7 GATE When this bit is “0’’, the TR1 bit of TCON is used to control

the start and stop of timer/counter 1 counting.

If this bit is **1'’, timer/counter 1 starts counting when both

the TR1 bit of TCON and iNT1 pin input signal are 1", and stops
counting when either is changed to “0".
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Power cohtrol register (PCON)

NAME

‘ADDRESS

MSB i LSB
7 6 5 4 3 2 1 0

PCON

87H

SMOD HPD RPD - GF1 GFO PD IDL

BIT LOCATION

FLAG

FUNCTION

PCON.O

IDL

IDLE mode set when this bit is set to ““1’", CPU operations are
stopped when IDLE mode is set, but XTAL1-2, timer/counters 0, 1,
and 2, the interrupt circuits, and serial port remain active. IDLE mode
is cancelled when the CPU is reset or when an interrupt is generated.

PCON.1

PD

PD mode set when this bit is set to 1", CPU operations and XTAL1:2
are stopped when PD mode is set. PD mode is cancelled when the CPU
is reset or when an interrupt is generated.

PCON.2

GFO

General purpose bit.

Testing this flag when IDLE mode is cancelled by an interrupt shows
whether the interrupt is a normal interrupt or an IDLE mode release
interrupt.

PCON.3

GF1

General purpose bit.

Testing this flag when PD mode is cancelled by an interrupt shows
whether the interrupt is a normal interrupt or a PD mode release
interrupt. '

PCON A4

Reserved bit, The output data is ‘1" if the bit is read.

PCONS5

RPD

Bit used to specify cancellation of CPU power down mode (IDLE or
PD) by interrupt signal.

Power down mode cannot be cancelled by interrupt signal if interrupt
is not enabled by IE {interrupt enable register) when this bit is “’'0’’.

If the interrupt flag is set to “'1”" by an interrupt request signal when
this bit is *1’ (even if interrupt is disabled), the program is executed
from the next address of the power down mode setting instruction.
The flag is reset to 0"’ by software.

PCON.6

HPD

The hard power down setting mode is enabled when this bit is set to
e

If the level of the power failure detect signal applied to the HPDI pin
(pin 3.5) is changed from ‘“1’’ to "’0’* when this bit is 1", XTAL1 -2
oscillation is stopped and the system is put into hard power down
mode. HPD mode is cancelled when the CPU is reset.

PCON.7

SMOD

When the timer/counter 1 carry signal is used as a clock in mode 1,
2 or 3 of the serial port, this bit has the following functions.

The serial port operation clock is reduced by 1/2 when the bit is
“0" for delayed processing. And when the bit is ““1”, the serial port
operation clock is normal for faster processing.
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Timer control register (TCON)

. . . MSB LSB
NAME ADDRESS | 7 6 5 4 3 2 1 0
TCON 88H TF1 TR1 TFO TRO IE1 IT1 IEO ITO
BIT LOCATION FLAG FUNCTION
TCON.O ITO E xternal interrupt O signal used in level detect mode when this bit is
*0’’,and in trigger detect mode when ‘1",
TCON.1 IEQ Interrupt request flag for external interrupt 0.
Bit is reset automatically when interrupt is serviced,
Bit can be set and reset by software when ITO = 1",
TCON.2 1T External interrupt 1 signal used in level detect mode when this bit is
“0’"", and in trigger detect mode when ‘1",
TCON.3 IE1 Interrupt request flag for external interrupt 1.
Bit is reset automatically when interrupt is serviced.
Bit can be set and reset by software when IT1 = 1",
TCON A4 TRO Counting start and stop control bit for timer/counter 0.
Timer/counter O starts counting when this bit is *“1’’, and stops
counting when 0",
TCON.b TFO Interrupt request flag for timer interrupt 0.
Bit is reset automatically when interrupt is serviced.
Bit is set to ‘1 " when carry signal is generated from timer/counter 0.
TCON.6 TR1 Counting start and stop control bit for timer/counter 1.
Timer/counter 1 starts counting when this bit is **1'", and stops
counting when 0",
TCON.7 TF1 Interrupt request flag for timer interrupt 1.

Bit is reset automatically when interrupt is serviced.
Bit is set to ‘1’ when carry signal is generated from timer/counter 1.

322



¢ MSM80C154/83C154 ¢

Serial port control register (SCON)

NAME

ADDRESS

MSB LSB
7 6 5 4 3 2 1 0

SCON

98H

SMO0 SM1 SM2 REN TB8 RB8 Tl RI

BIT LOCATION

FLAG

FUNCTION

SCON.0

RI

“End of serial port reception’’ interrupt request flag.

This flag must be reset by software during interrupt service routine.
This flag is set after the eighth bit of data has been received when in
mode 0, or by the STOP bit when in any other mode. In mode 2

or 3, however, Rl is not set if the RB8 data is ‘0"" with SM2 = "'1"",
Rl is set in mode 1 if STOP bit is received when SM2 = *'1",

SCON.1

Ti

“End of serial port transmission’’ interrupt request flag. This flag
must be reset by software during interrupt service routine.

This flag is set after the eighth bit of data has been sent when in
mode 0, or after the last bit of data has been sent when in any other
mode.

SCON.2

RB8

The ninth bit of data received in mode 2 or 3 is passed to RBS8.
The STOP bit is applied to RB8 if SM2 = ‘0" when in mode 1.
RB8 can not be used in mode 0.

SCON.3

TB8

The TB8 data is sent as the ninth data bit when in mode 2 or 3.
Any desired data can be set in TB8 by software.

SCON 4

REN

Reception enable control bit
No reception when REN = 0"’
Reception enabled when REN = ““1"’,

SCON.5

Sm2

If the ninth bit of received data is ‘0’ with SM2 = 1" in mode 2 or
3, the “end of reception’’ signal is not set in the R flag.

Nor is the “‘end of reception’’ signal set in the RI flag if the STOP
bitis not 1" when SM2 = “1”" in mode 1.

SCON.6

SM1

SCON.7

SMo

2 | 9bit UART 1/32 XTAL1, 1/64 XTAL1
' baud rate '

1 ; 3 ': 9-bit UART variable baud rate
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Interrupt enable register (IE)

MSB LSB
NAME ADDRESS 7 6 5 4 3 2 1 0
IE 0A8H EA — ET2 ES ET1 EX1 ETO | EXo
BIT LOCATION FLAG FUNCTION
IE.0 EXO0 Interrupt control bit for external interrupt 0.
Interrupt disabled when bit is 0",
Interrupt enabled when bit is 1",
IE1 ETO Interrupt control bit for timer interrupt 0.
Interrupt disabled when bit is ‘0",
Interrupt enabled when bit is 1",
IE.2 EX1 Interrupt control bit for external interrupt 1'.‘
Interrupt disabled when bit is ‘0",
Interrupt enabled when bit is ‘1",
1E.3 ET1 Interrupt control bit for timer interrupt 1.
Interrupt disabled when bit is 0",
Interrupt enabled when bit is **1'’.
IE.4 ES Interrupt control bit for serial port.
Interrupt disabled when bit is ““0"’.
Interrupt enabled when bit is *1",
IE5S ET2 Interrupt control bit for timer interrupt 2.
Interrupt disabled when bit is ‘0",
Interrupt enabled when bit is ““1""..
IE.6 — Reserved bit. The output data is *'1’’ if the bit is read.
|E.7 EA Overall interrupt control bit,

All interrupts are disabled when bit is ““0"’.

All interrupts are controlled by IE.O thru IE.5 when bitis *'1"",
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Interrupt priority register (IP)

MsB LSB
NAME ADDRESS 7 6 5 4 3 2 1 0
P 0B8H PCT - PT2 PS PT1 PX1 PTO PXO0
BIT LOCATION FLAG FUNCTION
PO PXO0 Interrupt priority bit for external interrupt 0.
Priority is assigned when bit is '1"",
IP.1 PTO Interrupt priority bit for timer interrupt 0.
Priority is assigned when bit is ‘1",
1P.2 PX1 interrupt priority bit for external interrupt 1.
Priority is assigned when bit is ‘1",
IP.3 PT1 Interrupt priority bit for timer interrupt 1.
Priority is assigned when bit is *'1"’,
P4 PS Interrupt priority bit for serial port.
Priority is assigned when bit is **1"’.
IP.5 PT2 Interrupt priority bit for timer interrupt 2.
Priority is assigned when bit is *“1"’.
IP.6 - Reserved bit. The output data is **1”" if the bit is read.
IP.7 . PCT Priority interrupt circuit control bit.
The priority register contents are valid and priority assigned
interrupts can be processed when this bit is *’0’’, When the bit is
‘1", the priority interrupt circuit is stopped, and interrupts can only
be controlled by the interrupt enable register (IE).
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Program status word register (PSW)

MSB LSB
NAME ADDBESS 7 6 5 4 3 2 1 0
PSW ODOH cY AC FO RS1T | RSO ov F1 P
BIT LOCATION FLAG FUNCTION
PSW.0 P Accumulator (ACC) parity indicator,
“1'" when the ‘“1" bit number in the accumulator is an odd number
and “0’" when an even number,
PSW.1 F1 User flag which may be set to ‘0" or *'1’" as desired by the user.
PSW.2 ov Overflow flag which is set if the carry C6 from bit 6 of the ALU or
' CY is 1" as a result of an arithmetic operation. The flag is also
set to ““1"" if the resultant product of executing a. multiplication
instruction (MUL AB) is greater than CFFH, but is reset to ‘0"’
if the product is less than or equal to OFFH.
PSW.3 RSO RAM register bank switch
RS1 RSO BANK RAM ADDRESS
0 0 O0H — O7H
PSW .4 RS1 1 1 08H — OFH
1 0 2 10H —17H
1 1 3. 18H — 1FH
PSW.5 FO User flag which may be set to ‘0"’ or ‘’1’* as desired by the user.
PSW.G AC Auxiliary carry flag. :
This flag is.set to /1" if a carry C, is generated from bit 3 of the
ALU as a result of executing an arithmetic operation instruction.
In all other cases, the flag is reset to ““0"".
PSW.7 CcY Main carry flag.

This flag is set to **1'"’ if a carry C, is generated from bit 7 of
the ALU as result of executing an arithmetic operation instruction.
If a carry C, is not generated, the flag is reset to "'0"’.
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® MSM80C154/83C154 ¢

MsSB LSB
NAME ADDRESS 7 6 5 4 3 2 1 0
IOCON OF8H WDT T32 SERR | 1ZC | P3HZ | P2HZ | P1HZ ALF
BIT LOCATION FLAG FUNCTION
IOCON.O ALF If CPU power down mode (PD, HPD) is activated with this bit set to
*1", the outputs from ports 0, 1, 2, and 3 are switched to floating
status.
When this bit is 0", ports 0, 1, 2, and 3 are in output mode.
IOCON.1 P1HZ Port 1 becomes a high impedance input port when this bitis ‘“1"’.
IOCON.2 P2HZ | Port 2 becomes a high impedance input port when this bitis ‘1",
IOCON.3 P3HZ Port 3 becomes a high impedance input port when this bitis ‘1",
IOCON 4 1Z2C The 10 kohm pull-up resistance for ports 1, 2, and 3 is switched off
when this bit is *“1"’, leaving only the 100 kohm pull-up resistance.
IOCON.5 SERR Serial port reception error flag.
This flag is set to ‘1"’ if an overrun or framing error is generated
when data is received at a serial port.
The flag is reset by software.
IOCON.6 T32 Timer/counters O and 1 are connected serially to form a 32-bit
timer/counter when this bit is set to 1",
TF1 of TCON is set if a carry is generated in the 32-bit timer/counter.
IOCON.7 WDT Watchdog timer mode is set when this bit is set to */1"’. And if TF1

is set to "’1"’ after watchdog timer mode has been set, the CPU is
reset and the program is executed from address 0.
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Timer 2 control register (T2CON)

NAME ADDRess | MSB 5 s 3 | ) , | e
T2CON 0C8H .TF2 | EXF2| RCLK | TCLK | EXEN2 | TR2 | C/T2 |CP/RL2
BIT LOCATION | FLAG . FUNCTION
T2CON.O CP/RL2 Capture mode is set when TCLK + RCLK = 0" and CP/RL2 = *“1"".

16-bit auto reload mode is set when TCLK + RCLK = 0" and :
CP/RL2 ="0".
CP/RL2 is ignored when TCLK + RCLK = 1",

T2CON .1 Cc/T2 Timer/counter 2 count clock designation control bit.

The internal clocks (XTAL1+2 + 12, XTAL1+2 + 2) are used when
this bit is “0"*, and the external clock applied to the T2 pin is passed
to timer/counter 2 when the bit is “1"".

T2CON.2 TR2 Timer/counter 2 counting start and stop control bit.
Timer/counter 2 commences counting when this bit is 1" and stops
counting when 0",

T2CON.3 EXEN2 T2EX timer/countgr 2 external control signal control bit.
Input of the T2EX signal is disabled when this bit is “0"’, and
enabled when ‘1",

T2CON .4 TCLK Serial port transmit circuit drive clock control bit.

Timer/counter 2 is switched to baud rate generator mode when this
bitis ““1’’, and the timer/counter 2 carry signal becomes the serial
port transmit clock.

Note, however, that the serial ports can only use the timer/counter 2
carry signal in serial port modes 1 and 3.

T2CON.5 RCLK Serial port receive circuit drive clock control bit.

Timer/counter 2 is switched to baud rate generator mode when this
bit is ““1'’, and the timer/counter 2 carry signal becomes the serial
port receive clock.

Note, however, that the serial ports can only use the timer/counter 2
carry signal in serial port modes 1 and 3.

T2CON.6 EXF2 Timer/counter 2 external flag.

. This bit is set to ‘1" when the T2E X timer/counter 2 external
control signal level is changed from “1’" to "0’ while EXEN2 = "'1".
This flag serves as the timer interrupt 2 request signal. If an interrupt
is generated, EXF2 must be reset to ;‘0’’ by.software.

T2CON.7 TF2 Timer/counter 2 carry flag.

This bit is set to **1”’ by a carry signal when timer/counter 2 is in
16-bit auto reload mode or in capture mode.

This flag serves as the timer interrupt 2 request signal. If an interrupt
is generated, TF2 must be reset to ’0’’ by software.
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LIST OF INSTRUCTIONS

LIST OF INSTRUCTION SYMBOLS

—
=

x
o
=

VALt T®#*

bit address
code address
data

: Accumulator

: Register pair

. Auxiliary carry flag

“: Arithmetic operation register
: Carry flag

. Data pointer

: Program counter

: Register indicator (r =0 ~ 7)
: Stack pointer

: Logical product

: Logical sum

: Exclusive OR

: Addition

: Subtraction

: Multiplication

: Division

: Denotes the contents of X ]
: Denotes the contents of address determined by the contents of X
: Denotes the immediate data
: Denotes the indirect address
. Equality

: Non equality

: Substitution

: Substitution

: Negation

: Smaller than

: Larger than

: RAM and the special function register bit specifier address (b, ~ b,)
: Absolute address (A, ~ A, ;)
: Immediate data (I, ~ |,)
relative offset: Relative jump address offset value (R, ~ R,)

® MSM80C154/83C154 o

direct address: RAM and the special function register byte specifier address (a, ~ a,)
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MSM80C154/MSM83C154 INSTRUCTION TABLE

L 0 1 2 3 4 5 6 7
H 0000 0001 0010 0011 0100 | 0101 0110 0111
AIMP 4
0 LIMP INC
oovo | NOP a?g;g:so1)1 adidP ol RRA | INcA | JNC | iNc@Ro | INC @RI
- ACALL N
1 | JBChit, v LCALL DEC
0001 rel 1ac(!;!;§:sb1)1 "address 16 RRC A DEC A direct DEC @RO | DEC @R1
AJMP ,
2 JB bit, ADD A, |ADDA,| ADDA, | ADDA,
0010 rel | 3?38'992311)1 RET RL A #data | direct @RO @R1
ACALL
3 | B, ADDC A, [ADDC A, ADDC A, | ADDC A,
0011 a‘(’,;’a'gzs“)’ RETI | RLCA ( #data | direct @RO @R1
' *—'”—r
4 i, P [ ORL Bl TORLA, [ORLA,[ ORLA, | ORLA,
0100 (Page 2) dlrect A N direct @RO @R1
5 ING rel a(ﬁj‘i:s';h ANL ; ANLA,| ANLA, | ANLA,
0101 (Page 2) J‘ direct, A #data | #data dlrect @RO @R1
6 JZ rel add;Jel\:sPH i‘ XRL d)if’ch{ *XRL A, | XRLA, | XRLA, XRL A,
0110 (Page 3) 1 direct, A \, #data J' #data direct @RO @R1
7 | Nzvel agﬁﬁs's-';] ORLC, | JMP_ [ MOV A, | MOV Tyov ero, [Mov eRrt,
0111 (Page 3) } bit @A+DPTR #daté k#data #data #data
l AJMP MOV MOV MOV
1og | SIMPrel address 11 ANEC. [MOVCA. | )y Ap }direct 1, direct, direct,
I (Page 4) ’ adirect 2 @RO ‘@R1
| -
9 | OV LACALL "MOV bit, | MOVC A, [ SUBB A, [SUBBA,| SUBBA, | SUBB A,
1001 #data 16 (Page 4) | C @A+DPTR #data - direct @RO @R1
A _|ORALC,bit | adﬁv:je'\s/lspﬂ MOV C, | INC | vy AB MOV @RO, | MOV @R1,
1010 (Page 5) bit DPTR direct | direct
8 }ACALL ‘ cINE A, YeINE AYCINE @RoN CINE @r1 Y
' 1011 ANL C,bit |address 11| CPL bit CPLC #data, direct, #data, #data,
(Page 5) ‘ rel rel rel rel
AIMP
PUSH . XCH A, | XCH A, XCH A,
1100 | direct 3?;’;;:561)‘ CLRbit | CLRC | SWAPA | " act @RO @R1
ACALL ' DINZ
1101 | dior. laddress 11| SETBbit | SETBC | DAA | direct, | XCHOA | XCHA.
(Page 6) rel il
E | MOVXA, [ AMMP I MOVX A, [MOVXA,| o ra [MOVA,| MOVA | MOVA,
1110 @ppTR’ (el TaRo. I @R1 direct @RO @R1
F movx | ACALL | movx | movx Y MOV MoV MOV
address 11 CPL A .
@DPTR, A (Page 7' @ RO,A)@FH,A direct, A| @RO,A | @R1,A

2 BYTE 3BYTE
; MNEMONIC
2 CYCLE 4 CYCLE
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L 8 9 A B c D E F
H 1000 1001 1010 1011 1100 1101 1110 111
00%0 INC RO | INC R1 INCR2 | INCR3 | INCR4 | INCR5 | INCR6 | INCR?
00101 DECRO | DECR1 | DECR2 | DECR3 | DECR4 | DECR5 | DECR6 | DEC R7
2 ADDA, | ADDA, | ADDA, | ADDA, | ADDA, | ADDA, | ADDA, | ADD A,
0010 RO R1 R2 R3 R4 R5 R6 R7
3 | ADDCA, | ADDC A, | ADDCA, | ADDC A, | ADDC A, | ADDC A, | ADDC A, | ADDC A,
0011 RO R1 R2 R3 R4 R5 R6 R7
4 ORLA, | ORLA, | ORLA, | ORLA, | ORLA, | ORLA, | ORLA, | ORLA,
0100 RO R1 R2 R3 R4 R5 R6 R7
5 ANL A, | ANLA, | ANLA, | ANLA, | ANLA, | ANLA, | ANLA, | ANLA,
0101 RO R1 R2 R3 R4 RS R6 R7
6 XRLA, | XRLA, | XRLA, | XRLA, | XRLA, | XRLA, | XRLA, | XRLA,
0110 RO R1 R2 R3 R4 ‘ RS R6 R7
| 4
7 [ MOV RO, | MOV R1, | MOV R2, | MOV R3, | MOV R4, MOV RS, | MOV R6, | MOV R7,
0111 #data #data #data #data #data ; #data #data #data
| v
g | ‘Mov MoV MOV MOV mov ¥ mov 7 mov r MOV
1000 direct, direct, direct, direct, direct, } direct, | direct, direct,
RO R1 R2 R3 | R4 A RS A R6 L R7
9 | SUBBA, | SUBBA, | SUBBA, | SUBBA, | SUBBA, | SUBB A, ; SUBB A, | SUBB A,
1001 RO R1 R2 R3 R4 | R5 | R6 R7
A | MOV RO, | MOV R1, | MOV R2, | MOV R3, | MOV R4, | MOV R5, | MOV R6, rMOV R7,
1010 | direct direct - direct direct direct  direct direct direct
g | CINE RO,J CJNE R1,] CINE R2,] CINE R3,‘,‘CJNE R4,‘}CJNE R5, )
1011 #data, #data, #data, #data, | #data, #data, #data, #data,
rel rel rel rel k rel rel rel rel
!
c XCHA, | XCHA, | XCHA, XCH A, | XCHA, | XCHA, | XCHA, | XCHA,
1100| RO R1 R2 [ R4 | R5 R6 R7
| 4
D | DIJNZ RO | DIJNZ R1 [DJNZ R2, [ DIJNZ R3, [ DINZ R4, | DJNE R5, | DIJNE R6, | DINE R7,
1101 rel rel rel rel rel rel rel rel
| A
E MOV A, || MOV A, | MOV A, | MOV A, | MOV A, | MOV A, | MOV A, | MOV A,
1110 RO R1 R2 R3 R4 R5 R6 R7
F | MOV RO, | MOV R1, | MOV R2, | MOV R3, | MOV R4, | MOV R5, | MOV R6, | MOV R7,
mn A A A A A A A A
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INSTRUCTION SET DETAILS

2 Instruction Code
> Mnemonic Bytes [Cycles Description
L D, Dy D; D, D, D, D, D,
ADD A, Rr 0 0 1T 0 1 ry3ry rof 1 1 (AC), (0V), (C), (A) < (A)+(Rr)
ADD A, direct 0010010 1|2 1 (AC), (0V), (C), (A) < (A) +(direct
a; ag as a4 a3 a8, a; ao address)
ADD A, @Rr 001 00 1 1 rof 1 1 (AC), (OV), (C), (A) < (A)+((Rr))
ADD A, #data 0 000 1 00| 2 1 (AC), (OV), (C), (A) < (A)+#data
Iy le Is 1a 13 15 1y g
ADDC A, Rr 0 0 1T 1 1 ryaryrof 1 1 (AC), (0V), (C), (A) < (A)+(C)+(Rr)
ADDC A, direct 0011010 1|2 1 (AC), (OV), (C), (A) < (A)+(C) +(direct
a7 ag as a4 as a; a; ao address)
. | ADDCA, @Rr 001 101 1 rof 1 1 (AC), (OV), (C), (A) < (A)+(C)+((Rr))
c
-2 ADDC A, #data 0 0 0] 2 1 (AC), (0V), (C), (A) < (A)+(C)+#data
4 I be Is 1a 13 13 1y o
£ | SUBBA,Rr 1.0 01 1 rpryrel 1| 1] (AC),(0V),(C), (A) < (A)—=((C))+((Rr))
c
2 | suBB A, direct 1001010 1) 2 1 (AC), (0V), (C), (A) « (A)—((C)+(direct
L a; @ as a4 as a; a; ao address))
Q
8 SUBB A, @Rr 1 00 1,0 1 1 rof 1 1 (AC), (0V), (C), (A) « (A)—({C)+((Rr))
GE; SUBB A, #data 1 1 0| 2 1 (AC), (OV), (C), (A) < (A)—((C)+#data)
£ Iy le 1s 1a 13 15 1y g '
< | MUL AB 101 00 1T0O0}1 4 | (AB) < (A) x (B)
DIV AB 1 00001 O0O0]| 1 4 | (A) quotient,
(B) remainder < (A)/B)
DA A 1101 01 00| 1 1 When the contents of accumulator bits
0 thru 3 are greater than 9, or when
auxiliary carry (AC) is 1, 6 is added to
bits O thru 3. Bits 4 thru 7 are then ex-
amined, and when bits 4 thru 7 follow-
ing compensation of lower bits O thru
3 is greater than 9, or when carry (C)
is 1, 6 is added to bits 4 thru 7. As a
result, the carry flag can be set, but
cannot be cleared.
CLR A 111001 00| 1| 1] (A)<O
€ | CPL A 111101 00| 1| 1| (A«<T(A)
g IRL A 0010001 1| 1]1 Accumulator
65 l—(«l«—l«-l«l«l*—l«k
55 Z °
53
2.
E7l RLC A 0011001 1| 1]1 Accumulator
3]
<

l*lf!*T*l*l*lﬁo]}
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INSTRUCTION SET DETAILS (CONT.)

© Instruction Code
S Mnemonic Bytes (Cycles| Description
= D7 D5 Ds 04 D3 Dz Dl DO
RR A 0 00O0OOTI11 1 1 Accumulator
[ =4
CEEEEEEEN
- 7 0
I w
§o
-
S S| RRC A 0001001111 Accumulator
© I~
22 ~[=[=[-1-]-]-]-
3 7 0
Q
<
SWAP A 110001001 1] (A,~,)=(A,~,)
INC A 0 00O0OT1TOO|1 1 (A) < (A)+1
INC Rr 0 00 0 1 rpryro| 1 1 (Rr) < (Rr)+1
INC direct 000O0O0O0T11T01]|21|1 (direct address) < (direct addréss)+1
E, a7 @ as a4 as az ap ao ,
E|INC @Rr 00000 1 1 rg| 1| 1| (R «((RA+I
_§ INC DPTR 101 000 11 1 2 (DPTR) < (DPTR)+1
€/ peEC A 000101001 1] (A<(A-1
€
£ | DEC Rr 0001 1 ryryrel 1| 1| (Rr)e(Rr)-1 '
c
~ | DEC direct 0001010121 (direct address) < (direct address)—1
a7 8¢ as ag as az a; ao
DEC @Rr 0001 01T 1 ro] 1 1 ((Rr)) < ((Rr))—1
ANL A, Rr 0101 1 ryrre| 1| 17 (A)«(A)AND (Rr)
ANL A, direct 01010101 2 i1 (A) < (A) AND (direct address)
@7 8¢ a@s a4 as a; a, ao
ANL A, @Rr 01 0101 1 ro| 1 1 (A) < (A) AND ((Rr))
2 | ANL A, #data 0 01010 0] 2 1| (A)<I(A)AND #data
2 I lg Is lg 13 1y 1y lo
©
2 | ANL direct, A 0101 0010|2 |1 (direct address) < (direct address)
E a7 Q¢ As aq as a2 a; ao AND (A)
c
2 | ANL direct, 01 01 00 1 1|3 | 2| (directaddress) < (direct address)
© #data @7 @ as a4 a3 a; a; ao AND #data
g I 1 1s Lo 13 1o Iy 1o v
9
E ORL A,Rr 01 0 0 1 rz2rp rof 1 1 (A) < (A) OR (Rr)
@
9 | ORL A, direct 0100010 1] 2] 1] (A)<(A)OR (direct address)
a7 Q¢ As ag as a2 ai ao
ORL A, @Rr 01 000 1 1 rof1 1 (A) < (A) OR ({(Rr))
ORL A, #data 01 00O01TO0O0]|2 1 (A) < (A) OR #data
[ PR PR PR PR PR PR Y
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INSTRUCTION SET DETAILS (CONT.)

o ) Instruction Code
IS Mnemonic Bytes Cycles| Description
F ' D+ D¢ Ds D4y D3 D, Dy Do
ORL direct, A 01 0000 1 0| 2| 1| (directaddress) < (direct address) OR
a; ag as a4 a; a, a; ao (A)
ORL direct, 01 0 0 0 O0 1 1| 3 | 2 | (directaddress) < (direct address) OR
#data a; ag as a4 as a; a; ao . #data '
4 1, 1 1s g 13 15 1y g
Rl -
g XRL A,Rr 01 1 0 1 rpryrol 1 1 (A) < (A) XOR (Rr)
g’ XRL A, direct 0110010 1]2 1 (A) < (A) XOR (direct address)
= a; as as as a3 az ar ao
o ;
’é XRL A, @Rr 01 100 1T 1 rof 1 1 (A) < (A) XOR ((Rr))
]
8 | XRL A, #data | 0 0010 0|2 1| (A«<I(A)XOR #data
© [ P PR PR PR PR PR I
Q
& | XRL direct, A, | 0 1 1 0 0 0 1 0| 2 | 1 | (direct address) < (direct address)
d7 @ as dg az a; A QAo XOR(A)
XRL direct, 0 11 000 1 1| 3] 2| (directaddress) < (direct address) XOR
#data a7 a¢ a@s as as a ai ao #data
|7 ‘6 15 |4 |3 |2 Il I0
@ MOV A, #data 0 1 101 0 0] 2 1 (A) « #data
5 Iy T ds 1a 15 I Iy T
3IMOV Rr#data | 0 1 1 1 1 rarro| 2| 1 | (Rr) < #data
i Iy g Is by 13 12 1y 1y
£
2 | MOV direct, 01 11 01 0 1] 3] 2| (directaddress) « #data
k= #data a; ag as as as a, ai ao
8 | R AR PR P PO PR PR
]
g MOV @Rr, #data| 0 1 1 0 1 1 ro) 2 1 (Rr)) < #data
® e Is bs s 12 1y lo
8 -
B | MOV DPTR, 1001 00O0O03 2 (DPTR) <« #data 16
€ #data 16 lis hia hia hia iy Lo bg s
£ e Is lo 1a 12 1y Lo
CLR C 110 0 00 11 1 1 (C) <0
SETB C 110100 11 1 1 (C) <1
w B ——
§|cPL ¢C 101 100 1 11 ]1](C<(C)
3 | ANL C,bit 100000 10| 2] 2] (C)(C)AND (bit address)
‘g bs bs bs by bs b, by bo
. S | ANL cCbit 1011000 0| 22| (C)«I(C)AND (bit address)
= by bs bs b bs bz by bo ‘
g .
g' ORL C,bit 011100102 2 (C) < (C) OR (bit address)
o b, be bs by bs b, by bo ’
> | ORL  C,/bit 1010000 0] 2| 2] (C)I(C)OR (bit address)
(SD b, be bs bs bs by by bo .
MOV C, bit 101 000102 1 (C) < (bit address)
b, be bs bs by by by by '
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INSTRUCTION SET DETAILS (CONT.)

Instruction Code
Mnemonic Bytes [Cycles| Description
D, D¢ Ds D, D; D, D, Dy

Type

MOV bit,C 1001 00 1 0] 2] 2] (bitaddress)« (C)
b, bg bs b, by b, b, by

SETB bit 110100 10| 2| 1| (bitaddress) < 1
b, bs bs by by b, by by

CLR bit 110000 1 0| 2| 1] (bitaddress) <0
b, bg bs b, by b, by by

Bit operation
instructions

CPL bit 10110010} 211 (bit address) « (bit address)

MOV A,Rr 1 1 1 0 1 ryry rof 1 1 (A) < (Rr)

MOV A, direct 1110010121 (A) < (direct address)

MOV A, @Rr 11100 1 1 rg| 1 1 (A) < ((Rr))
» | MOV Rr, A 11 1 1 1 ryry gl 1 1 (Rr) < (A)
e
‘% MOV Rr,direct 1 01 0 1 ryry ro] 2| 2 | (Rr)« (direct address)
=} a7 @ as a4 a3 az a ao ‘
®
£ | MOV direct, A 111 10 1 0 1| 2| 1| (directaddress) < (A)
5 a; ag as as asz a, a; ao
K
® | MOV direct, Rr 1 000 0 1 rzr; rol 2 | 2 | (direct address) < (Rr)
‘; a; @ as a4 az a, a, ao
s
©
O | MOV direct, 1 0 00 0 1 1 rol 21| 2 | (directaddress) < ((Rr))
@Rr a7 a¢ as a4 az a; a; ao
MOV @Rr, A 11T 1T 1 0 1 1 rof 1 1 ((Rr)) < (A)
MOV @Rr, 101 00 1 1 ro| 2 2 ((Rr)) < (direct address))
direct a7 8¢ @s as a@s az a; ao
MOVC A, 1001 00 11 1 2 (A) < ((A) +(DPTR))
@A+DPTR

MOVC A,@A+PC 1 000O0O0T1TT1T]1 2 | (PC) < (PC)+1
(A) < ((A) + (PC))

IConstant code|
instructions

XCH A, Rr 110 0 1 rpryref 1 1 | (A)=(Rr)

XCH A, direct 11700010121 (A) = (direct address)

a7 Q¢ ds a4 Az a8, ap ao

XCH A,@Rr 11000 1 1 r| 1 1 (A) = ((Rr))

Data exchange
instructions

XCHD A, @Rr 110101 1 | 1|1 | (Ag~3)=URrg~,)
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INSTRUCTION SET DETAILS (CONT.)

2 Instruction Code
> Mnemonic Bytes|Cycles Description
= D, D¢ Ds D4 D; D, D, D,
PUSH direct 11000000} 2 )2 (SP) « (SP)+1
a; @ as a4 @3 a, 8, @ ({SP)) « (direct address)
POP ' direct 11701 00 0 0| 2| 2| (direct address) < ({SP))
a; ag a@s a4 a3 a, a,; ap (SP) < (SP)—1 )
ACALLaddr11 | AjlAs Ay 1 0 0 0 1| 2 | 2 | (PC)« (PC)+2
A, Ag As Ay A3 A A Ay (SP) « (SP)+1
S (SP) « (SP)+1
b ((SP)) « (PCy ~ ;)
2 (PCo~10) < Ao~10
£ | LCALL addr 16 00O010O0T1TO0]|3 2 (PC) < (PC)+3
.g ) AisA1AI3AL AL ALcAy Ag (SP) « (SP)+1
g As A As Ay Az Az Ay A ((SP)) < (PCy~,)
o (SP) < (SP)+1
< ((SP)) < (PC4~,5)
n (PCo~15) < Ao~ s
RET 0010001012/ (PCsm~is)<((SP)
(SP) < (SP)—1
(PC0~7)<~((SP))
(SP) « (SP)—1
RETI! 001100 1 0] 1] 2| (PCsg~ys)<«((SP))
(SP) « (SP)—1
(PCo~4) < ((SP))
(SP) « (SP)—1
AJMP addr 11 AAs Ag O 0 00 1 2 2 (PC) < (PC)+2
e A, As As Ay Az A, Ay Ay (PCo~10) < Ao~10
(] .
5 | LIMP addr 16 0 00OOOT1TO]|3 2 (PCo~15) « Ao~1s
E AISAI4AI3A12A11A10A9 A8
'g» AsAs As Aj A3 A A Ay )
g | SIMP rel 1000000 02| 2] (PC)«(PC)+2
3 Rs Rs Rs Ry R3 R2 R; Ro ) (PC) < (PC)+relative offset
JMP @A+DPTR| 0 1 1 1 0 O 1 1 1 2 (PC) < (A)+(DPTR)
CJINE A, direct, 101 1 010 1 3 2 (PC) < (PC)+3
rel a; ag as a4 as a, a; ao IF (A) # (direct address)
R, R¢ Rs R4 R3s R2 R; Ro THEN
(PC) « (PC)+relative offset
IF (A) < (direct address)
2 THEN
‘g (C) <1
8 ELSE
§ (C) <0
= |CINE A, #data, | 1 0 1 1.0 1 0 0| 3| 2 | (PC)« (PC)+3
2 rel A T T P N P S IF (A) + #data
2 R, R¢ Rs Ry R3 R2 Ry Ry THEN
@ (PC) < (PC)+relative offset
IF (A) < #data
THEN
(C) <1
ELSE
(C)<o0
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INSTRUCTION SET DETAILS (CONT.)

8 Instruction Code
> Mnemonic Bytes|Cycle Description
- D,Ds Ds D, D; D, D, D,
CJINE Rr, #data, 1 01 1 1 r2rrof 3 2 (PC) « (PC)+3
rel | P P P P PR PR PR P IF ((Rr)) # #data
R, R, R; R, Rs R, R, Ry THEN

(PC) < (PC)+relative offset

IF ((Rr)) < #data
THEN
(C) <1
ELSE
(C) <0
CIJNE @Rr, 1 01 1 01 1 r| 3 2 (PC) < (PC)+3
#data, rel Iy de bs g 15 15 1y 1o IF ((Rr)) # #data
R, R¢ Rs Ry R3 R R Ro THEN

(PC) < (PC)+relative offset
IF ((Rr)) < #data

THEN
‘ (C) <1
ELSE
(C)<0
DJNZ Rr,rel 1 1 0 1 1 ryryrof 2 2 (PC) < (PC)+2
R, R¢ Rs R4 R3 R2 Ry Ro (Rr) < (Rr)—1
2 IF (Rr) 0
2 THEN
S (PC) < (PC)+relative offset
2 | DUNZ directrel | 1 1 0 1 0 1 0 1|3 | 2| (PC)« (PC)+3
< a; ag as a4 as a, a; ao (direct address) < (direct address)—1
2 R, Rs Rs Ry R3 R, Ry Ro IF (direct address) + O
il THEN
o (PC) < (PC)+relative offset
Jz rel 011 000O0O0)|2 2 (PC) < (PC)+2
R, R Rs Ry R3 R2 R; Ro \F (A) =0
THEN

(PC) < (PC)+relative offset

JNZ rel 011100002 2 (PC) «< (PC)+2
R; R¢ Rs R4 R3 R, R Ry IF (A) +0
THEN
(PC) < (PC)+relative offset
JC rel 01 000O0O0O0O]|2 2 (PC) « (PC)+2
R7 Ra Rs R4 R3s R: Rl Ro IF (C)=1
THEN
(PC) < (PC)+relative offset
JNC rel 0101 000O00O0)|2 2 (PC) « (PC)+2
R, Rs Rs Ry R3 R; R, Ro IF (C)=0
THEN
(PC) « (PC)+relative offset
JB bit, rel 0010 00O0O| 3] 2] (PC)«(PC)H3
b; bg bs by bs b, b; by IF . (bitaddress) =1
R; R¢ Rs R4 R3 R2 R Ro THEN
(PC) « (PC)+relative offset
JNB bit, rel 0001 1 0000]| 3] 2] (PC)«(PC)+3
b, bs bs by by by by by IF (bit address) = 0
R, Re¢ Rs Rs R3; R, R; Ro THEN

(PC) « (PC)+relative offset
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INSTRUCTION SET DETAILS (CONT.)

o Instruction Code J '
& Mnemonic Bytes|Cycle Description
- D7 D6 DS D4 Da 02 Dl DO
< E|JBC  bit, rel 0001000 0|3]|2](PC)e(PC)H3
8'; b, b5 bs b4 bs b, b] bo IF (bit addl’ess) =1
& 3| R, R¢ Rs Ry R3 Ry Ry Ry , THEN
o (bit address) < 0 °
£ (PC) «< (PC)+relative offset
2 .| MovX A, @Rr 1110001 |1 2] (A<((Rr)) EXTERNAL RAM
g c
22| MOVX A,@PTR| 1 1 1 00 00 0] 1] 2] (A«I((DPTR)) EXTERNAL RAM
2
g £| MOVX @Rr, A 1111001 r| 1| 2] (R)<(A) EXTERNAL RAM
o c - .
%7/ MOVX@DPTR,A[ 1 1 1 1 0 00 0| 1| 2| ((DPTP) « (A) EXTERNAL RAM
_ & nop 0000000O0O|1]|1](PC)e(PCI+
£%
©g
£
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Conditions Rating Unit
Supply voltage Vce Ta=25°C —05~7 \
Input voltage Vi Ta=25°C —0.5~Vcc+05 \Y
Storage temperature Tstg —55 ~ + 150 °c

Operational Range

Parameter Symbol Conditions Rating Unit
Supply voltage Vcc *1 fosc = DC-16 MHz 25~6 \Y)
Memory hold voltage Vce 2~6 \"
Ambient temperature Ta —40 ~ + 85 °c

*1: 2.5V < Vcec <4V DC characteristics will be specified elsewhere.
16 MHz version of MSM83C154 (12 MHz < XTAL 1:2 < 16 MHz) is being developed.

DC Characteristics
(Voo =5V+10%, Ta = —40 to +85°C)

Meas-
Parameter Symbol Conditions Min. Typ. Max. Unit | uring
circuit
Input Low Voltage ViL —05 0.2Vcc—0.1
Input High Voltage ViH Except XTAL1 and | 0.2 Vec 109 Vec + 05 Vv
RESET :
_Input High Voltage ViHI XTAL1 and RESET" 0.7 Vce Vec +0.5
Output Low Voltage VoL loL=1.6mA 0.45
(PORT 1,2,3) .
Output Low Voltage VoLt - loL=32mA 0.45 \
(PORT 0, ALE, PSEN)
1
Output High Voltage VOH lgH = —60 uA 24 \
(PORT 1,2,3) Vee =5V £ 10%
IoH = —30 A 0.75 Vce
loH = —10 A 09 Vce
Output High Voltage VOHI IoH = —400 A 2.4
(PORT 0, ALE, PSEN) Vec=5V+ 10%
loH = —150 uA 0.7 Ve
loH = —40 kA 09 Vce \%
Logical O Input Current he V=045V -10 —200 MA
(PORT 1,2, 3) )
Logical 1 to O Transition L V=20V ' —500 RA
Current (PORT 1,2, 3)
Input Leakage Current [T} Vgs < V| <Vcc +10 LA 3
{PORT O floating, EA)
RESET Pulldown Resistor | RRgT 20 40 125 KQ 2
Pin Capacitance Cio Ta=25°C, f=1MHz 10 pF
’ . 5V (except XTAL1)
Power Down Current D Vec=2~6V 1 50 HA 4
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Maximum Power Supply Current
Normal Operation Icc (mA)

Maximum Power Supply Current
Idle Mode Icc (mA)

Vee av 5V 6V Vee av | sV 6V
- Freq Freq
0.5 MHz 16 2.2 3 0.5 MHz 0.6 0.9 1.2
3.5 MHz 43 5.7 7.5 3.5 MHz 1.1 1.6 2.2
8 MHz 8.3 11 14 8 MHz 1.8 27 3.7
12 MHz 12 16 20 12 MHz 25 3.7 5
*1: 25V < Vg <4V DC characteristics will be specified elsewhere.
Maximum Power Supply Current Maximum Power Supply Current
Normal Operation icc (mA) Idle Mode Icc (mA)
Vee a5V 5V 55V Vee 45V 5V 55V
Freq. Freq.
1.2 MHz 20 2.3 2.6 1.2 MHz 14 1.5 1.6
8 MHz 10 1 12,5 8 MHz 2.3 2.7 3.2
12 MHz 14 16 18 12 MHz 3.0 3.7 50
16 MHz 18 20 23 16 MHz 4.0 5.0 6.0
Measuring Circuits
1 2
vVee (Note 2) ‘(Note 1) vVco
ViHos| ® e '5 - =
e 1> al— 5 o
S M3 5 13 =
ViLos| Z 115 3 o W® 1 3
=T T1[=T
3 4
= ——®H ]
Vee (Note 2) Vee =
oy = R \Y) —~ [ [ —o0
V|H o—> :: _5 2__0 IH o—> ‘2 __,5 SLo
g 2 el W® g 12 E
ViLo—] 2 : (e} Vi o—> £ N o
—  Vss l —__Vss

;

Note 1. Repeated for specified input pins.

2. Repeated for specified output pins.
3. Input logic for specified status.
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External Program Memory Access AC Characteristics
(Vec =5V £20%, Vgg =0V, XTAL1:2=12MHz, Ta=—-40°Ct085°C
Vee =5V £10%, Vss =0V, 12 MHz < XTAL1:2 <16 MHz, Ta=-40 °Cto85°C

PORT 0, ALE, and PSEN connected with 100 pF load, other connected with 80 pF load)

Ratings
Parameter Symbol | 16 MHz clock Variable clock from Unit
Min. Max. Min. Max,
XTAL1 -2 Oscillator Period tCLCL 62.5 62.5 ns
ALE Pulse Width tLHLL 85 2tCLCL-40 ns
Address Valid to ALE Low tAVLL 1856 1tCLCL-44 ns
Address Hold After ALE tLLAX 275 1tCLCL-35 ns
Low
ALE Low to Valid Instr In tLLiv 150 - 4tCLCL-100 ns
ALE Low to PSEN Low tLLPL 325 1tCLCL-30 ns
PSEN Pulse Width tPLPH | 1525 | 3tCLCL-35 ns
I:STJ Low to Valid Instr tPLIV 825 3tCLCL-105 | ns
n
jnput Instr Hold After tPXI1X 0 0 ns
PSEN .
Input Instr Float After tPX1Z 425 1tCLCL-20 ns
PSEN
PSEN to Address Valid tPXAV 425 1t1CLCL-20 ns
Address to Valid Instr In tAVIV 2075 5tCLCL-105 ns
Address Float to PSEN tAZPL 0 0 ns
Low '

External program memory read cycle

tHLL  —]
ALE / \
TAVLL| tLLPL PLPH :
v —|
fe— LIV
PSEN /
tLLAX| tAZPL
o224

PORTO »—< A0 ~A7
TAVIV
A8 ( A8
PORT2 ! A8 ~ A15 !
A5 \ A15




® MSM80C154/83C154 ¢

External Program Memory Access AC Characteristics
(Vcc =5V +20%, Vgg=0V, XTAL1-2=12MHz, Ta=—40°Cto85°C
Vee =5V £10%, Vss =0V, 12 MHz < XTAL1:2 < 16 MHz, Ta = —40 °C to 85°C

PORT 0, ALE, and PSEN connected with 100 pF load, other connected with 80 pF load)

Ratings
Parameter Symbol 16 MHz clock Va‘r)iacb:g ﬁlchk’_f‘rzom ) Unit
) Min. Max. Min, . Max,
XTAL1 -2 Oscillator Period tCLCL 625 62.5 ns
ALE Pulse Width . tLHLL 85 2tCLCL40 ns
Address Valid to ALE Low tAVLL 185 11CLCL44 ns
ﬁgwess Hold After ALE tLLAX 275 1tCLCL-35 ns
RD Pulse Width tRLRH 275 6tCLCL-100
WR Pulse Width tWLWH 275 6tCLCL-100 ns
RD Low to Valid Data In tRLDV 2075 5tCLCL-105 | ns
Data Hold After RD tRHDX 0 0 ns
Data Float After RD tRHDZ 55 ' 2tCLCL-70 | ns
ALE Low to Valid Data In tLLDV 400 8tCLCL-100 ns
Address to Valid Data In tAVDV 457.5 9tCLCL-105 ns
ﬁLE Low to RDor WR tLLWL | 1475 | 2275 | 3tCLCL40 | 3tCLCL+40 ns
ow ‘ .
Address to RD or WR Low tAVWL 180 4tCLCL-70 . ns
Data Valid to WR tQvwx 225 1tCLCL40 ns
Transition '
Data Valid to WR High tQVWH 3325 ) 7tCLCL-105 1 ns
Data Hold After WR tWHQX 75 ) 2tCLCL-50 ns -
Address Float to RD Low tAZRL 0 0 ns
ﬁ_g o WR High to ALE tWHLH 325 | 1025 | 1tCLCL-30 1CLCL+40 | ns
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External data memory read cycle

tLHLL
-

tWHLH
ALE
PSEN m \
tLLDV
tLLwW
r-.u‘ E tRLRH —»]
. /
RD \ J
. tRHDZ
tAVLL [tLLAX
[ o tRLDV —= tRHDX
tAZRL —
INSTR EHA‘””} o DATA IN
PORT O N PCL Rr B‘i’L
F~tAVWL —
tAVDV

PORT 2 PCH X A8 ~ A15PCH

A

P2.0 ~P2.7 DATA or A8 ~ A15 DPH

%8 ~ A15 PCH

External data memory write cycle

tLHLL tWHLH
Y
ALE
N/ ___ / |
TLLWL
- WLWH
WR
!LLAX\L
/ tQVWH tWHQX
tAVLL} .
QWX
INSTR |\ ‘ A0~ AT
PORTO |\ . ( DATA (ACC) PCL)_
tAVWL—

A8 ~ A15 -
PORT 2 PCH X A8 ~ A15 PCH

P2.0 ~ P2.7 DATA or A8 ~ A15 DPH

XAB ~ A15PCH
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Serial Port (1/0 Extension Mode) AC Characteristics
Vee =5V £20%, Vgg=0V, XTAL1:2 =12 MHz, Ta=—40°Cto 85°C
Ve =5V £10%, Vgg=0V, 12 MHz < XTAL1:2 < 16 MHz, Ta=—40°C t0 85 °C

Parameter Symbol Min, Max. Unit
Serial Port Clock Cycle Time tXLXL 12tCLCL ns
Output Data Setup to Clock Rising Edge tQVXH 10tCLCL-133 ns
Output Data Hold After Clock Rising Edge tXHQAX 2tCLCL-75 ns
Input Data Hold After Clock Rising Edge tXHDX 0 ns
Clock Rising Edge to Input Data Valid tXHDV 10tCLCL-133 ns

MACHINE CYCLE | | | | | I | | I

ALE

e

sWFTClock  —— [~ [ 1 L _J L L L 1]
I—uovxn<l |~txuox
OUTPUT DATA \ X X X X X X X 7

INPUT DATA
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AC Characteristics Measuring Conditions

1. Input/output signal

v
VoH ViH ViH o

TEST POINT

ViL ViL

VoL VoL

* The input signals in AC test mode are either Voi (logic *1°')
or VoL llogic “0") input signals where logic *“1"’ corresponds
to a CPU output signal waveform measuring point in excess of
V|H. and logic “0” to a point below V.

Floating
VOH VoH
ViH ViH
ViL Vi
VoL VoL

*The port O floating interval is measured from the time the
port O pin voltage drops below V) after sinking to GND at
2.4 mA when switching to floating status from a *1" output,
and from the time the port O pin voltage exceeds V| after
connecting to a 400 uA source when switching to floating
status from a 0’ output.

2. Floating

XTAL1 External Clock Input Waveform Conditions

Parameter Symbol Min. Max. Units
Oscillator Freq. 1/tCLCL DC 16 MHz
High Time tCHCX 20 ns
Low Time tCLCX 20 ns
Rise Time tCLCH 20 ns
Fall Time tCHCL 20 ns

EXTERNAL CLOCK DRIVE WAVEFORM

Veg 05 0.7 Vee \ /
TC
045V 0.2Vcc041 Hex

TCLCX—=t2 ,TCLCH

TcHoLS TCLCL |
NC
XTAL2
EXTERNAL
OSCILLATOR XTALT
SIGNAL

_[__' =
S —
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OXKI semiconductor
MSM85C154VS

M83C154 PIGGY BACK

GENERAL DESCRIPTION

The MSM85C154 is a device whose built-in ROM is replaced by external EPROM using the piggy-

back method. External EPROM capaC|ty is up to 16K bytes. It can be used for evaluation of programs
for MSM83C154.

SOCKET

~

ClE

tle CONTROL SIGNAL R/W SIGNAL
P27

EXTERNAL SPECIAL

P0.0 o ROM F——=) FuncTiON

e < 16KWORD PLA REGISTER

- S x8bit ADDRESS
07 < & = DECODER

ih :

XTALT —] T n AIR
s i i
PEN | 2 '

ol = & 4
“ES:—‘“ c: TIMER/COUNTER? 2™ R/W = 1> ‘.—{ACC—- TR2 LTq

1 zseF\‘NAc’;nRD RAM oK) :
[RCAP2LI [1'2coNl bzcxxpzﬁl x8bit PSW
7
g ¢ & Al
S I L A
Fn—n M i) ] I THO ,E;>, TLo] [TMOD] {Tcom] [ IE J I P l

TIMER/COUNTER O & 1 INTERRUPT SERIAL 10

INSTALLATION METHOD FOR EXTERNAL ROM

oleololeleiolclelolelclelele

M85C154
) 27128 oKl
JJAPANX XX X|

C[SSlEIRIECRISE ISRl

LPin 1 For 27128

* The MSM85C154VS pin layout of bottom side is the same as the pin
layout for MSM83C154-X XRS.
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EASE40 PROGRAM DEVELOPMENT SUPPORT SYSTEM

for the
OLMS40 Series 4-Bit, 1-Chip Microcontroller

EASE40 PROGRAM DEVELOPMENT SUPPORT SYSTEM

The OKI EASE40 Program Development Support System designed for use with the CMOS 4-bit,
1-chip microcontroller OLMS40 Series consists of the MPB400 (evaluation board) and the
MPB400DS (key & display board), plus a number of EASE40 microcontroller interface boards. These
components can also be connected by MULTIBUS interface or serial I/0 interface to the “80 series”
of development tools or serial I/0 terminal units for even more efficient program development.

m Since the MPB400 includes a MULTIBUS interface, it can be connected online to “80 series” development
systems equipped with an existing MULTIBUS interface to enable direct use of the system console and
1/0 units.

m With an MPB401 connected to the MPB400, online connections are also possible to serial
interface systems (such as the if800 personal computer).

m A floppy disk based assembler/debugger is available for use in online type systems. (CP/M®,
1SIS-Il base)

Note: (CP/M@is the registered trademark of Digital Research Inc. (USA).
ISIS-1land MULTIBUS are registered trademarks of Intel Corp (USA).
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SYSTEM CONFIGURATION

[1] SERIAL INTERFACE TYPES

User's application ,
circuit

FDD

={<]
=]
@)

=
=

800 OKI personal
computer

>

Serial ”

Note: 1. Where “80 series” development
systems other than the if800 are
used, the system must be capable
of using CP/M.

2. The MPB401 is connected
directly tothe MPB400 via a
socket.

[2] BUS INTERFACE TYPES

MPB400DS

Display

Interface

User's application
circuit

ﬁgu T cwzﬂ" <2=‘—-(>
<)
@
&al

EPROM
writer

MULTIBUS equipped “80
series” development system
(Intel: MDS System

DSCC System)

64K byte memory

Note: ForBusinterfacetypes, an
online/offline switch located on
MPB400DS is set to “online”
position.

350

FEATURES

The serial interface type employs serial interface
equipped development tools available on the
market or personal computers, together with the
MPB400 board and MPB401.

HOST COMPUTER REQUIREMENTS

1. CP/M-80 version 2.0 or 2.2 must be operable as
the operating system.

2. The host computer memory capacity must be large

enough to operate at least 52K bytes of CP/M.

. Interface must be RS232C, TTL, or 20 mA current

loop.

4. The RS232C serial port must be accessible
when the CP/M system calls function No. 6
(direct console 1/0), on condition that a
logical device CON: is assigned to a physical
device TTY.

Oki personal computers if800 model 20 and

model 30 are standard host computers which

satisfy these requirements.

w

FEATURES

Bus interface types employ MULTIBUS equipped
development tools available on the market, e.g.,
the MPB400, and MPB400DS. Use of an FDD
unit (floppy disk drive) which the development
system has as standard equipment, enables
disk base editing, assembling, and debugging.
When debugging especially, a disk based
‘‘debugger” enables loading, excuting and
correcting of users’ application programs from a
development system console.

HOST COMPUTER REQUIREMENTS

1. Intel 8080A microprocessor or equivalent pro-
cessor is used as the CPU.

2. Intel MULTIBUS or equivalent bus system is
used.

3. ISIS-Il or CP/M-80 msut be operable as the
operating system.

4. 00 is not used as the 8080A (or equivalent)
microprocessor /O address.
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[3] FIELD DEBUGGING TYPES

FEATURES

Field debugging types are used for final field evaluation
of application circuits and programs after program
User's application debugging with serial interface or bus interface types

circuit has been completed. The small and compact MPB202
board used for this purpose is equipped with a socket
for program EPROMs.

MPB202

[4] OLMS40 SERIES EVALUATION

FEATURES ﬂ

User's application ' The dedicated boards indicated in the diagram
circuit are required for a program evaluation of the
OLMS421 or OLMS422 microcontroller.

MPB421 (for OLMS421)
Dedicated board or
MPB422 (for OLMS422)

MPB400
or
MPB202
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ASSEMBLER

ASM40 is a floppy disk based high-performance assembler which operateé under CP/M and ISIS-II.
This assembler is used to translate source files generated on disk by using an editor (available on the market),
thereby generating object files (Intel HEX format), assembly list files and symbol files in the specified

devices. | ~ LIST OF PSEUDO-INSTRUCTIONS
FEATURES | Pseudo-

instruction

- ) Function

1. Free descriptive format source files

2. Enables description of up to nine types
arithmetic expressions in the source program

EQU | Assignment of operand value to name.

operandfield ) ORG | Setting of program start address
3. Symbol file generation capacity
4. Six types of pseudo-instructions available END | Indication of end of program
5. A type setting pseudo-instruction enables checking
the limitation of basic instruction sets for each Setting of 0 in the 4 lower order bits of
OLMS40 microcontroller. the assembiler location counter, and
NSE addition of 16. The NOP instruction is

assigned to blank areas where no
machine language instruction has been
assigned.

TYP | Indication of the OLMSA40 series type
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DEBUGGER

The EASE40 debugger can be used for effective debugging in both serial interface and bus interface
type systems.

FEATURES EXAMPLE OF USE OF COMMANDS

1. Simple input format for debugging commands = LOAPaHaB:TEST.HEX

entered from the console of the connected LISTa:F1:LIST1.001

development tool (personal computer) DEFINEa.START=1AC
2. Efficient loading/saving and display/change of rEmMovEa.Jo0B1..END?2
object codes URAMagaTOalFF

. Real-time execution and step execution
. Display/change of microcontroller contents

. Use of assembler symbols permitted (only in
bus Wﬂeﬁacetypes) GOaURAMaFROMa123aTILLaPC=7TA444&10

GOaTILLaPF=4

STEPaFROMa500aCOUNTa30
VERIFYa0aA:SAMPL2.0BJaUROMa400aTOa7FF
SAVEa!F1:J0B1.0024a0aT0a?FF

PC=789
URAMa100=48s849a12

(S0

Command name Command input format
LOAD LOAD [ A H/O] A Pathname [ A EXT]
LIST LIST A Pathname/OFF
DEFINE DEFINE A Symbol + expr
REMOVE REMOVE A Symbol [, Symbol, .....]/SYMBOLS
Display Keyword [ A address]
Change Keyword = data-ref
Keyword A addr = [, data, data....., data]
ESET RESET
EXIT EXIT
GO GO [ A URAM/UROM] [ A FROM A addr-exp]

[ATILLAPC =/</> addr-exp[ & &n]][ A ASM]
GO [ &~ URAM/UROM] [ A FROMOaddr-exp]
[ A TILL A Port-exp = data-exp] [ & ASM]

STEP STEP [ A URM/UROM] [ A FROM A addr-exp]
’ [ A COUNT AN][ A ASM]
@ @
VERIFY VERIFY [ A H/O] A Pathname [ A EXT] [ A URAM/UROM] [address]
SAVE SAVE [ A H/O] A Pathname [ A URAM/UROM] [address]

A ...Space, [.].... May be omitted, /... Slash denoting “or”.
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DEBUGGER COMMAND SAMPLES

DB400

<< DB400 >>
OLMS40 SERIES ON LINE DEBUGGER

VERS 1.3
*LOAD A:SAMPL1.HEX
*IB ‘
<< INITIAL BUFFER >> _
FEDTC CDBA A Y9 8 7 6 5 4 3 210
0: 00 000 0 0000 00O0O0 O
1: 0 0 00O O 0 0 OOTU OGCOOO OO0
2: 0 0 0 0O0O 00 0O OO O0OOUOOO
3: 0 0 00 0O O 0-00 00 00 O0UO
4: 0 0 0 0 0 00 0:0 0 0 0 O0O0UO0UO
5: 00000 O0O0O OO0 000000
6: 0 0 0 00O OO 0 O0OOOTU OO OO OO )
7: 0 0 0 00 0O OO O OO O0OOOO0OO
RW=0 RX=0 RY=0 RZ=0 XCH=0 A=0
ACC=0 CY=0 DPH=0.DPL=0 PP=0
PF=0 PG=0
*GO URAM FROM 7A1 TILL PC=7CF &2
MODE: IB TO FB Y/N/E ? Y
PC=07CF 74 PA=F PB=F PD=C PE=5 PF=0 PG=0 PK=B PI=A
PC=07CF 74 PA=F PB=F PD=0 PE=5 PF=0 PG=0 PK=B PI=4
%GO FROM 7A1 TILL PF=9
MODE: IB TO FB Y/N/E 2 N
MODE=NON TO FB
PC=07CF 74 PA=F PB=F PD=F PE=F PF=9 PG=0 PK=B PI=A
*FB ;
<< FINAL BUFFER >>
FEDGCUBAG9S87 65 43210
0: 0 0 000 0O OO0 O OOOCOOO0ODO0O
1: 0000 00000000000 O
2: 00000 O0O0OOO0O0O0O0O0 00
3. 00 00 00 000 0 0O O0O0O0OTO
4: 00 0 0 0000 OGOOO0O OO0 00
5: 0 0 00000 0O 00 O0O0OUO0OCO0OO0O O
6: 0 0 0 0 00 00O 0 0 O0OOO0OOO
7: 0 F x *x 9 E 4 F o0 000 O0O0O0O
RW=F RX=4 RY=E RZ=9 XCH=% A=%
ACC=9 CY=1 DPH=2 DPL=0 PP=%
PA=F PB=F PD=F PE=F PF=9 PG=0

PK=B PH=2 CIN=0 INT=1
*STEP FROM 7A1 COUNT 6

PC=07A1Y-3700 PA=F PB=F PD=C PE=0 PF=9 PG=0 PK=B PIl=A
PC=0700 AC PA=F PB=F PD=C PE=0 PF=9 PG=0 PKX=B PI=4A
PC=0702 AD PA=F PB=F PD=C PE=0 PF=9 PG=0 PK=B PI=A
PC=0704 65 PA=F PB=F PD=C PE=0 PF=9 PG=0 PK=B PI=A
PC=0705 26 PA=F PB=F PD=C PE=0 PF=9 PG=0 PK=B PI=A
PC=0706 37A3 PA=F PB=F PD=C PE=0 PF=9 PG=0 PK=B PI=4A
*EXIT ) ’
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SELECTION OF MICROCONTROLLER AND EVALUATION BOARDS/SOFTWARE

User's own development tool

Microcontroller Dedicated board Evaluation board (personal computer)
bl ; - —
[ [ .
! Serial interface type EPROM writer
] OKI ] '
OLMS40 a2 r— MPB400 MPB401 | Heooete. [ EPROMwiter | |
|
OLMS42 .
r—J Bus interface type , EPROM writer
] s N MPB400 MBsec. F— EPROMwriter !
1 L OLMSa21 { MPBa2t - H
i
L OLMS422 } { MPB422 J—_J
|
\ Field debugger type
j
s |
H
Dedicated hardware
L OLms47 ]_ simulator l
S —

EVALUATION MICROCONTROLLERS
OLMS40 |MSM5840 |MPB400 board accessories

OLMS42 |MSM5840 |MPB400 board accessories

OLMS421|MSM5840 |MPB421 board accessories

OLMS422|MSM5840 (MPB422 board accessories

SOFTWARE

FD40S-CP/M Assembler/(serial) debugger CP/M single side single density 8-inch

Serial interface type Two (serial) monitor software EPROMs

FD40B-ISIS Assembler/(bus) debugger 1SIS-Il single sided single density 8-inch
Two (bus) monitor software EPROMSs

Bus interface type
o ] Assembler/(bus) debugger CP/M single sided single density 8-inch
PD40B-CP/M | Ty (bus) monitor software EPROMS
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MPB400 Board

The MPB400 board is used for OLMS-40 Series
microcontroller program generation and evaluation.
With the MSMB8085A used for control purposes,
several system configurations can be achieved in
combination with other boards and software.
Dimensions: 202 x 305 (mm)

MPB401 Board

The MPB401 board, used together with the MPB400
board, consists of interface circuit with the development
system and transfer speed converter unit.
Dimensions: 105 x 205 (mm)

80 X 115 (mm)

MPB202 Board

The MPB202 board is equipped with an evaluation
microcontroller and 4K bytes of program EPROM
sockets. This miniature size board is used effectively
in mounting evaluations when built into application
equipment for final testing of debugged programs.
Dimensions: 95 x 120 (mm)
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MPB421

The MPB421 board has been designed for OLMS-421
microcontroller program evaluation, and is used con-
nected to the MPB400. This board is equipped with
LCD driver circuits and PLA EPROM sockets.
Dimensions: 145 x 180 (mm)

e EASE40 o
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EASE6400 PROGRAM DEVELOPMENT SUPPORT SYSTEM

for the

OLMS-64 SERIES CMOS 4-Bit, 1-Chip Microcontroller

EASE6400 PROGRAM DEVELOPMENT SUPPORT
SYSTEM

The EASE6400 Program Development Support System has been specifically designed for-rapid and
efficient program development of Oki's OLMS-64 series of CMOS 4-bit, 1-chip microcontroller.
(Target chips: MSM6404, MSM6402, MSM6422, MSM6411, MSM6431, MSM6442 and MSM6408)

FEATURES

1.

In-circuit emulation when connected to an
RS232C interface equipped a host computer
or to an input/output device such as a CRT
terminal and the EASES (option).

. Six types of break conditions (for interruption

of emulation) including execution address
and machine cycle counter.

EPROM writer (for 2732, 2732A, 2764) to
enable programming, transfer, and
verification of user program area contents.

User program debugging operations directed
by debug commands entered from the key-
board of the connected input/output device.

Program evaluation by use of dedicated eval-
uation chip (MSM6400E), thereby enabling
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the same operations to be executed as when
the MSM6404 chip is used.
7. Built-in system diagnostic program.

HOST COMPUTER REQUIREMENTS

1. Operating system is one of the follows.
(1) CP/M®-80 (ver 2.0 or later)
memory capacity of the host computer
must be sufficient to run at least 52K
CP/M.
(2) MS-DOS® (ver 1.25,ver2.11)
(3) PC-DOS® (ver 1.25,ver2.11)

2. At least one RS232C communication port is
implemented.

3. Data transfer is performed through RS232C
communication port using BDOS function
call 6 on condition that console device is
assignedto TTY:.
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SYSTEM CONFIGURATION ® 7 bits, 2 stop bits, even parity

® 7 bits, 2 stop bits, odd parity (switchable)
The EASE6400 Program Development Support
System consists of the EASE6400 Emulator (a
high performance program emulator which Users aplcat
includes the EASE Host Monitor, the EASE6400 s 2pplcation ® EASE
Evaluation, and the host computer) and the ® ASM6400
ASM6404 Assembler. With the EASE6400 H

Evaluation connected online to the host
computer equipped with an RS232C interface,
the system covers all operations from assembly
of the source program through program

evaluation and debugging. Host
EASE6400 computer
Evaluation Kit

FDD

COMMUNICATION WITH HOST

hE; el

COMPUTER ‘
ICs used

e Communication interface MSM82C51A l u :

o Driver/receiver "SN75188N, SN75189N - l
Transmission format --

® 110 to 9600 bps (switchable) Note: CP/Mis a registered trademark of Digital

® 8 bits, 2 stop bits, non-parity Research Inc. (U.S.A)

EASE and ASM6404 for PC-DOS, MS-DOS are
optional softwares.
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ASM6400 ASSEMBLER

The ASM6400 is a floppy disk based high-performance assembler which operates on CP/M-80,
MS-DOS, or PC-DOS. )
This assembler is used to translate source files generated on disk by using an editor (available on the
market), thereby generating object files (Intel HEX format), assemble list files, and cross-reference
list files in the specified devices.

FEATURES

1.
2.

o O A

Free descriptive format source files
Capacity to describe up to ten types of operators
in the source program operand column

. Ability to specify the number of characters

per line and the number of lines per page in
assembly list files

. Cross-reference list file generation capacity
. 13 types of powerful pseudo-instructions available
. Object codes where internal page jump instruc-

tions and all page jump instructions are assigned
automatically can be obtained by branch pseudo-
instructions

. Control of assembly list file outputs by LIST

or NLST pseudo-instruction
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LIST OF PSEUDO-INSTRUCTIONS

Pseudo-

instruction Function
TYP | Specifies a type of target chip
EQU | Assignment of operand value to name.
SET Same as EQU pseudo-instruction, but
with redefinition capacity
ORG | Setting of program start address
END | Indication of end of program
Automatic conversion to internal page or
B all page jump instruction after checking
branch destination
DB 8-bit data or ASCII character definition
DS Reserves memory area for specified
: number of bytes
Setting of 0 in the 4 lower order bits of
the assembiler location counter, and
'NSE addition of 16. The NOP instruction is
assigned to blank areas where no
machine language instruction has been
assigned. ‘
DATE | Insertion of date in assemble list title
PAGE | Execution of assemble list page feed
TITL | Insertion of assemble list title
LIST | Designation of assemble list output
NLST | Inhibition of assemble list output




EASE6400 EMULATOR

® EASE6400 ¢

Consisting of a host computer and the EASE6400 Program Evaluation Kit, the EASE6400 Emulator
supports a wide .range of development debugging operations efficiently and effectively. OLMS-64
application programs can be debugged without user application circuits just as easily as completed

systems.

FEATURES

1. Real-time tracing function does not effect
execution time

The EASE6400 Evaluation Kit incorporates a
realtime trace area for 2048 machine cycles.
When the tracing for a particular user program
area address has been set, the address,
operation code, port, and probe status are traced
each time the specified address is executed.

2. Execution time measurement

The user program execution time can be mea-
sured by using the cycle counter on the
EASE6400 Evaluation Kit. (Max. 16,777,215 cycles)

This counter can also be used as a pass counter
to indicate the number of times a specified ad-
dress is executed. And emulation can be
stopped after a specified address has been ex-
ecuted a specified number of times.

3. Mass storage

With an 8192-bytes of static RAM area in the
EASE6400 Evaluation Kit for use as a user
program area, there is no problem with
inadequate memory area during debugging. And,
needless to say, user programs can be
loaded/saved from the host computer.
Furthermore, with an EPROM writer included on
this board, the user program area contents can
be written into EPROMs, and the EPROM
contents can be read out.

4. Ample break functions
The emulator can suspend (break) program execu-
tion by any of the following six break conditions.
a) Breakpoint break
Break upon execution of specified address. (Any
address may be specified.)
External break
Break by application of external break signal.
¢) Halt/stop instruction break

Break by execution of HALT or STOP instruction.
d) Trace buffer full break

Break when overflow of trace area occurs.
e) Cycle counter overflow break

Break when overflow of cycle counter occurs.
f) Probe match break

Break when probe data matches set data.

b

-

5. Extensive range of debugging commands

In addition to display/updating of all register, port, and
RAM contents, the following commands enable
all debugging operations to be executed
efficiently.

a) User program execution

Input format:

STP number of instructions, start address
Input of this command results in the specified
number of instructions in the user program being
executed from the specified address (start
address).

Input format:
G start address, break address (n)

Input of this command results in the user program

being executed from the specified address (start

address). Emulation is subsequently stopped

when the specified address (break address) is

executed n times.

Note: Program execution is suspended temporarily each
time the specified address is executed.

Input format:
G start address, break address RAM
(address—n)

Input of this command results in the user program
being executed from the specified address (start
address). Emulation is subsequently stopped if
the contents of the specified RAM address are n
when the specified address (break address) is
executed. In this case, too, program execution is
suspended temporarily whenever the specified
address is executed.

Use of floppy disks

b

~

Input format:
LOD filename -

Input of this command enables the specified
file contents (user program) to be loaded into
the EASE6400 Evaluation Kit code memory
which serves as the OLMS-64 masked ROM
area.

Input format:
SAV filename start address, end address

Input of this command enables the contents of the
specified range of code memory to be saved at
the specified filename.

Input format:
DIAG 2

Input of this command enables execution of com-
mands within the specified file.

This execution can be suspended temporarily by
using the PAUSE command.
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c) Instruction executed bit memory

The EASE6400 Emulator includes an instruction
executed bit memory which indicates which user
program addresses have been executed. Pro-
gram flow can be determined by examination of
the contents of this memory.

6. Easy to remember command format

The EASE6400Emulator debugging commands con-
sist of command mnemonics followed by parameters
(address or mnemonic).

Command mnemonic configuration

a)

b)

362

First character

Denotes the function to be executed by the
emulator. )

Second and following characters

Name of function to be executed by the
emulator— that is, MSM6400E evaluation
chip or EASE6400 Evaluation Kit register,
memory, or port name (abbreviation).

Example:

: denotes wait for command input from emulator

: denotes display of contents of specified object

: data memory (equivalent MSM6400E RAM area)
designation

. start address of contents to be displayed

: end address of contents to be displayed
carriage return denoting end of command input

O o0To

o Q
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EASE6400 EMULATOR MEMORY CONFIGURATION

" The EASE6400 emulator memory area,which can be used by theuser, is outlined in the following diagram. The
sections enclosed in boxes represent the register and memory areas which can be accessed from the host
computer keyboard, and which can be displayed/updated by debugging command.

PROGRAM
COUNTER ACCUMULATOR PORT9 PORT C
PC AC CMR EIF
o™ 13 4 4 4
CODE STACK
MEMORY POINTER CARRY PORT A PORT D
SP cY SMR IRQ
81928 8 1 4 4
HL FLAG
REGISTER REGISTER PORTB
FR CFR
DM 8 4 4
DATA
MEMORY PORT 0 PORT 1 PORT 2 PORT 3
) P1 P2 P3
4 4 4 4
PORT 4 PORT 5 PORT 6 PORT 7 PORT 8
P4 P5 P6 p7 P8
4 1 4 4 4
PROBE EXECUTION BREAK BREAK
COMPARE PROBE MODE CONTROL STATUS
REGISTER MASK REGISTER REGISTER REGISTER
CR PM EM BC BS
8 8 4 6 6
IE | SO
BP | TR CE T " R s
INITIAL FINAL
TRACE MEMORY BUFFER BUFFER
8192| 8192|8192 | 8192 | 8192
X1 X1 X1 X1 X1 2048x66 139%x8 210%8
]
Y CYCLE COUNTER ENABLE BIT MEMORY
SYNC OUTPUT BIT MEMORY
INSTRUCTION EXECUTED BIT MEMORY
TRACE ENABLE BIT MEMORY BLK
BREAKPOINT BIT MEMORY
‘ BLOCK
CYCLE COUNTER TRACE POINTER MEMORY
cc ; ™
24 11 81921
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MAJOR MEMORY OPERATIONS

1. Code memory

The code memory is an 8192 X 8-bit RAM area
which corresponds to the OLMS-64 masked
ROM area where user programs are stored.

{The MSM6404 ROM capacity is 4000 bytes)

2. Data memory
The data memory is a 256 x 4-bit RAM area corres-
ponding to the MSM6400E RAM area.

3. Instruction executed bit memory

This memory is an 8192 x 1-bit RAM area which has
addresses identical to the code memory. When a
code memory program is executed, the bits corres-
ponding to the excuted addresses are setto “1”. The
program flow can thus be determined by checking the
contents of this memory.

4. Break point bit memory

The break point bit memory is also an 8192 x 1-bit
RAM area which has addresses identical to the code
memory. If a particular bit in this memory is “1”, pro-
gram execution is suspended immediately after the
code memory contents corresponding to that bit are
executed. .

5. Trace enable bit memory

The trace enable bit memory is another 8192 x 1-bit
RAM area which has addresses identical to the code
memory. If a particular bit in this memory is “1”, port/
register contents, etc., are stored in the trace
memory when the code memory contents
corresponding to that bit are executed.
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6. Sync. ouput bit memory

The sync output bit memory is another 8192 x 1-bit
RAM area which has addresses identical to the code
memory. When the code memory contents are exe-
cuted, the corresponding bits in the sync output
memory are checked, and if a “1” bit is found, an out-
put sync signal (active LOW) is passed to the probe
terminal.

7. Cycle counter enable bit

The cycle counter enable bit memory is also another
8192 x 1-bit RAM area which has addresses identi-
cal to the code memory. When the code memory
contents are executed, the corresponding bits in the
cycle counter enable bit memory are checked,
and if a “1” bit is found, the cycle counter is
counted up in step with that machine cycle.

8. Probe comparison register/probe mask

The conditions for generating a break by input data
from the probe (probe match break) can be changed
by altering these two settings.

9. Initial/final buffers

These two memories are 210 x 8-bit RAM areas
used to store the initialized settings of the MSM6400E
evaluation chip or the MSM6400E status immediately
after a break when real-time emulation is executed.

10. Trace memory
The trace memory is a 2048 x 66-bit RAM area used

- to store traced data.

The trace instruction is given by the trace enable bit.



LIST OF DEBUGGING COMMANDS

® EASE6400 ¢

Load, save, and Verify Commands

LOD [dr : ] filename /
SAV [dr : | filename [address, address] </
VER [dr : ] filename [address, address] /

Load programs into code memory
Save code memory program
Verify file with code memory

EPROM Commands

PPR address, address [, address]
TPR address, address [, address] ./
VPR address, address [, address} ./

Program Code Memory into EPROM
Transfer EPROM into Code Memory
Verify EPROM with Code Memory

Commands Used to Display/Change Internal Status of Evachip

PC DPC Display Program Counter
CPC address / Change Program Counter

SpP DSP </ Display Stack Pointer
CSP data «/ Change Stack Pointer

AC DAC < Display Aoc
CAC data </ Change Acc

cy DCY < Display Carry Flag
CCY data / Change Carry Flag

HL DHL </ Display H-L Registers
CHL data </ Change H-L Registers

FR DFR / Display Flag Register
CFRdata «/ Change Flag Register

PO~ P8 DPn </ (n=0,1,2,3,..8) Display Portn

CPndata n=0,1,2,3,...8) Change Portn

P9 DCMR Display Counter Mode Register ~ (port9)
CCMR data / Change Counter-Mode Register

PA DSMR / Display Shift Mode Register (port A)
CSMR data «/ Change Shift Mode Register

PB DCFR Display Control Flag Register (port B)

* Change CFR command is not permitted

PC DEIF ~/ Display Enable Interrupt Flag (port C)
CEIF data «/ Change Enable Interrupt Flag

PD DIRQ Display Interrupt Request Flag (port D)

* Change IRQ command is not permitted
MEI DME I / Display Master Enable Interrupt Flag

CME | data «/ Change Master Enable Interrupt Flag
D/ Display all internal status -~

Data & Code Memory Display, Change, and Fill Commands

FCF address, address, data ./

DDM address [, address] </ Display Data Memory
DM CDM address.»  datadata... / Change Data Memory

FDM address, address, data ./ Fill Data Memory

DCM address [, address] «/ Display Code Memory
CM CCMaddress ~/ datadata... / Change Code Memory

Fill Code Memory
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Attribute Memory Display, Enable, and Reset Commands
DBP address [, address] / Display Break Point Bits Memory
BP EBP address [, address] ./ Enable Break Point Memory
RBP address [, address] ./ Reset Break Point Bits Memory
DTR address [, address] «/ Display Trace Enable Bits Memory
TR ETR address [, address] ./ Enable Trace Enable Bits Memory
RTR address [, address] «/ Reset Trace Enable Bits Memory
IE DIE address [, address] «/ Display Instruction Executed Bits Memory
RIE address [, address] / Reset Instruction Executed Bits Memory
DCE address [, address] ./ Display Cycle Counter Enable Bits Memory
CE ECE address [, address] / Enable Cycle Counter Enable Bits Memory
RCE address [, address] ./ Reset Cycle Counter Enable Bits Memory
DSO address [, address] ./ Display Sync Out Enable Bits Memory
SO ESO address [, address] ./ Enable Sync Out Enable Bits Memory
RSO address [, address] «/ Reset Sync Out Enable Bits Memory
Trace'Memory Display Commands '
™ DTM Display Trace Memory
DTL Display Trace List
Other Hardware Display and Change Commands
cc DCC < Display Cycle Counter
CCC number «/ Change Cycle Counter
DBC < . Display Break Condition Register
SBC [[£] mnemonic, ...] Set Break Condition Register
mnemonic means one of following key words
BC here.
BB ... Break at Break Point
XB ... External Break
CO........ Cycle Counter Over Flow
TF .o Trace Memory Full
PM........ Probe Match
HS ... HALT/STORP Instruction Executed
BS DBS «/ Display Break Status Register
PM DPM Display Probe Mask Register
CPMdata «/ Change Probe Mask Register
CR DCR </ Display Probe Compare Register
CCR data / Change Probe Compare Register
DEM Display Execution Mode Register
CEM mode-ref </ Change Execution Mode Register
mode-ref means one of following keywords
here. :
EM IF e IB TOFB
IN ......... IB TONON
NN ........ NON TO NON
NF ........ NON TO FB
FF e, FB TOFB
DBL address [, address] «/ Display Block Memory
BLK | SPB address [, address] .’ Set Block Memory into Program Block
‘ SDB address [, address] Set Block Memory into Data Block
BANK | BANK 1 or2 Set Attribute Memory Bank Register
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Initial Buffer & Final Buffer

DIB</
DFB«
Cl key-word data ./

1B CIDM address </ datadata... ./
FB CF key-word data /
CFDM address datadata... ./

FIDM address, address, data <.
FFDM address, address, data ./

Display Initial Buffer

Display Final Buffer

Change elements of Initial Buffer
key-word...AC, HL, FR, SMR, CMR, MEI,
EIF,CY,Pn(n=0,1,3,4,..,8)

Change Initial Buffer Data Memory

Change elements of Final Buffer
key-word...AC, HL, FR, SMR, CMR, MEI,
EIF,CY,Pn(n=0,1,3,4, .., 8)

Change Final Buffer Data Memory

Fil Initial Buffer Data Memory

Fill Final Buffer Data Memory

Assemble & Disassemble Commands

ASM address / mnemonic... ./
DASM address [, address] ./

Assemble to Code Memory
Disassemble to Console

Emulation Commands

Go (Start Real Time Emulation)

G [start-address] [, break-parameter, ......] </
GD [start-address] [, break-parameter, .....] /| Go Direct (Start Real Time Emulation)
break-parameter format is shown below
1) address
2) asddress (n)
3) addres (n) & address (m)
4) addres RAM (address — data)
: 1<n, m<65535
STP [number] [, address] ./ Start Step Execution
Other Commands
@ [-n]< (n=1,2,...9) | Command — Repeat
HELP ./ Display Help File (EASE 64, HLP
EXIT ~/ Exitto CP/M '
RES </ Reset EASE 6400 system
RESE< Reset Eva — chip (MSM 6400E)
SIOHoOrF </ Set I/0 Mode
DEV < CH2_ port Output Control
ST mnemonic / Family Set
FDD[dr...dr] Flopy Disk Unit Set

DIR [dr:] ./

Display file directory
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EASE6502 PROGRAM DEVELOPMENT SUPPORT SYSTEM

for the

- MSM6502 CMOS 4-Bit, 1-Chip Microcontroller

EASE6502 PROGRAM DEVELOPMENT SUPPORT SYSTEM

The EASE6502 Program Development Support System has been specifically designed for rapid and efficient
program development of Oki's MSM6502 CMOS 4-bit, 1-chip microcontroller.

FEATURES

1. Connecting the MPB6502 Evaluation Board
to a host computer or to an 1/0 terminal such
as a CRT terminal includes an RS232C
interface circuit. All debugging operations
can be entered from the console keyboard.

2. Executes user programs with the trace in real
time-or in single step mode.

3. Mass storage user program area (4K bytes).

4. Six types of break conditions, including
execution address and machine cycle
counter.

5. EPROM programmer (for 2716, 2732, 2732A) to
enable programming, transfer, and verifing with
user program area contents.

6. The same operation as the MSM6502,
because OKi designed the original evaluation
chip (MSM6502E). :

7. Built-in system diagnostic program.

HOST COMPUTER REQUIREMENTS

1. Operating system is one of the follows.
(1) CP/M®-80 (ver 2.0 or later)
memory capacity of the host computer
must be sufficient to run at least 52K
CP/M.
(2) MS-DOS® (ver 1.25,ver2.11)
(3) PC-DOS® (ver 1.25,ver2.11)

2. At least one RS232C communication port is

implemented.

3. Data transfer is performed through RS232C
communication port using BDOS function
call .6 on condition that console device is
assignedto TTY:.

COMMUNICATION WITH HOST
COMPUTER

ICs used
o Communication interfface MSM82C51A
® Driver/receiver SN75188N, SN75189N
Transmission format
® 110 to 9600 bps (selectable)
® 8 bits, 2 stop bits, non-parity
7 bits, 2 stop bits, even parity
7 bits, 2 stop bits, odd parity (selectable)
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- SYSTEM CONFIGURATION

The EASE6502 Program Development Support
System consists of the EASE6502 Emulator (a
high performance program emulator which
includes the EASE65 Host Monitor, the
MPB6502 Evaluation Board, and the host
computer) and the ASM6502 Assembler. With
the MPB6502 Evaluation Board connected
online to the host computer equipped with an
RS232C interface, the system covers all
operations from assembly of the source program

. through to program evaluation and debugging.

User's application
circuit

® EASE65
E ® ASM6502

FDD

Host
computer

MPB6502
Evaluation Board

RS232C

ol

External
power
supply

+5V +12V —12V
(4.5A) (0.2A) (0.2A)

Note: CP/M is the registered trademark of Digital Research
Inc. (US.A)

EASE65 and ASM6502 for MS-DOS, PC-DOS
are optional softwares.

—
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ASM6502 ASSEMBLER

o EASE6502 o

The ASM6502 is a floppy disk based high-performance assembiler.

This assembler is used to translate source files generated on disk by using an editor (available on the
market), thereby generating object files (Intel HEX format), assembly list files, and cross-reference
list files on the specified devices.

FEATURES

1.
2.

o0

Free descriptive format source files
Capacity to describe up to ten types of arithmetic
in the source program operand field

. Ability to specify the number of characters per line

and the number of lines per page in assembly
list files

. Cross-reference list file generation capacity
. 13 types of powerful pseudo-instructions available
. Object codes where all page jump instructions and

inter-page jump instructions are assigned
automatically can be obtained by branch pseudo-
instructions

. Control of assemble list file outputs by LIST or

NLST pseudo-instruction

LIST OF PSEUDO-INSTRUCTIONS

Pseudo- .
instruction Function
EQU | Assign the operand value to the name.
SET Same as EQU pseudo-instruction, but
with redefinition capacity
ORG | Define assembler location counter.
END | Terminte assembly.
Automatic conversion to all-page or
B inter-page jump instruction after check-
ing branch destination
DB 8-bit data or ASCII character string
definition
DS Reserve n bytes area of uninitialized
storage
Setting of 0 in the 4 lower order bits of
the assembler location counter, and
NSE addition of 16. The NOP instruction is
assigned to blank areas where no
machine language instruction has been
assigned.
DATE | Insertion of date in assemble list title
PAGE | Execute page eject
TITL | Insert assemble list title
LIST | Turn on assemble list output
NLST | Turn off assemble list output
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EASE6502 EMULATOR

Consisting of a host computer and the MPB6502 Program Evaluation Board, the EASE6502 Emulator
supports a wide range of development debugging operations efficiently and effectively. MSM6502
application programs can be debugged without user application circuits just as easily as completed

systems.
FEATURES

1. Real-time tracing function does not effect
execution time_

The MPB6502 Evaluation Board incorporates a real-
time trace area for 2048 machine cycles. When trac-
ing for a particular user program area address has
been set, the port, HL register, and MEI flag status
are traced each time the specified address is executed.

2. Execution time measurement

The user program execution time can be measured
by using the cycle counter on the MPB6502 Evalua-
tion Board. (Max. 16,777,215 cycles)

This counter can also be used as a pass counter
to indicate the number of times a specified
address is executed. Emulation can be stopped
after a specified address has been executed a
specified number of times.

3. Mass storage user program area

With a 4096-byte static RAM area in the
MPB6502 Evaluation Board for use as a user
program area, there is no problem with
inadequate memory area during debugging. And,
needless to say, user programs can be
loaded/saved from the host computer.
Furthermore, with an EPROM programmer
included on this board, the user program area
contents can be written into EPROMs, and the
EPROM contents can be read out.

4. Ample break functions
The emulator can suspend (break) program execu-
tion by any of the following six brteak conditions.
a) Breakpoint break
Break upon execution of specified address. (Any
address may be specified.)
b) External break ,
Break by application of external break signal.
¢) Halt instruction break -
Break by execution of HALT instruction.
d) Trace buffer full break
Break when overflow of trace ‘area occurs.
e) Cycle counter overflow break
Break when overflow of cycle counter occurs.
f) Probe match break
Break when probe data matches set data.
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5. Extensive range of debugging commands

In addition to display/updating of all register, port, and
RAM contents, the following commands enable all
debugging operations to be executed efficiently.

a) User program execution

Input format:
STP number of instructions, start address

Input of this command results in the specified
number of instructions in the user program being
executed from the specified address (start
address).

And if the terminal to be used to display the con-
tents has been specified by SDF command at this
time, the display can be put into an easy to read
format.

Input format:
G start address, break address (n)

Input of this command results in the user program

being executed from the specified address (start

address). Emulation is subsequently stopped

when the specified address (break address) is

executed n times. -

Note: Program execution is suspended temporarily each
time the specified address is executed.

Input format:
G start address, break address RAM
(address—n)

Input of this command results in the user program
being executed from the specified address (start -
address). Emulation is subsequently stopped if
the contents of the specified RAM address are n
when the specified address (break address) is

" executed. In this case, too, program execution is
suspended temporarily whenever the specified
address is executed.

'
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b)

c)

Use of floppy disks

Input format:
LOD filename

Input of this command enables the specified file
contents (user program) to be loaded into the
MPB6502 Evaluation Board code memory which
serves as the MSM6502 masked ROM area.

Input format:
SAV filename start address, end address

Input of this command enables the contents of the
specified range of code memory to be saved at
the specified filename.

Input format:
DIAG filename

Input of this command enables execution of com-
mands within the specified file automatically.
This execution can be suspended temporarily by
using the PAUSE command.

Input format:
LIST filename
NLIST

If the list command is entered, the emulator creat
the CP/M file and write into it the any characters
which are output to the console till entering the
NLST command.

Instruction executed bit memory

The EASE6502 Emulator includes an
instruction executed bit memory which indicates
which user program addresses have been exe-
cuted. Program flow can be known by examina-
tion of the contents of this memory.

6. Easy to remember command format

The MPB6502 Emulator debugging commands con-
sist of command mnemonics followed by parameters
(address or mnemonic).

Command mnemonic configuration

a) First character

Stand for the emulator function (display/update)

b) Second and following characters

Represent one of the MPB6502 Evaluation Board
or the MSM6502E evaluation chip element (regis-
ter, memory or port name).

Example:
*DDM 0, 1F <
N [V
ab ¢ d e f

a: denotes wait for command input from emulator
b: denotes display of contents of specified registter/
memory/board
c: data memory (equivalent MSM6502 RAM area)
designation

: start address of contents to be displayed

e: end address of contents to be displayed
carriage return denoting end of command input

o Q
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EASE6502 EMULATOR MEMORY CONFIGURATION

The EASE6502 emulator memory area which can be used by the user is outlined in the following diagram. The
sections enclosed in boxes represent the register and memory areas which can be accessed from the host
computer keyboard, and which can be displayed/updated by debugging command.

INSTRUCTION EXECUTED BIT MEMORY
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TRACE ENABLE BIT MEMORY SYNC OUTPUT BIT MEMORY
BREAKPOINT BIT MEMORY -I r ECYCLE COUNTER ENABLE BIT MEMORY
VM ™M
™
VERIFY CODE B|T|I]|sS|C
MEMORY MEMORY P|R|E|O|E TRACE MEMORY
4096x8 40968 2048%66
409|e></5 TRACE POINTER
DM SG TP i
DATA SEGMENT
MEMORY MEMORY CYCLE COUNTER
128x4 208x8 cc 24
PROGRAM - HL STACK INSTRUCTION
COUNTER ACCUMULATOR REGISTER POINTER DATA
PC AC 4 HL g sP D
PORT 0 PORT 1 PORT 2 PORT 3 PORT 4 PORT 5
P!
PO, P, P2, P8 P4, 5
INDEX EMULATION
CARRY MEI FLAG REGISTER MODE
oy MEI IDR 8 EM
PROBE ) BREAK BREAK
COMPARE PROBE EXTERNAL CONTROL STATUS
REGISTER MASK PROBE REGISTER 'REGISTER
CR ¢ PM g XP g BC 4 BS ¢
B FB BLK
INITIAL FINAL BLOCK
BUFFER BUFFER MEMORY
139x8 139x8 4096x1
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MAJOR MEMORY OPERATIONS

1. Code memory

The code memory is an 4096 x 8-bit RAM area
which corresponds to the MSM6502 masked ROM
area where user programs are stored.

(The MSM6502 ROM capacity is 2000 bytes)

2. Data memory
The data memory is a 128 X 4-bit RAM area corres-
ponding to the MSM6502 masked RAM area.

3. Verify memory

The verify memory is a RAM area with addresses
identical to the code memory. When a user program
is loaded into the code memory identical contents are
also set in this memory.

Comparrison of this memory with the code memory
enables the operator to determine what sections of
the user program have been changed after loading.

4. Instruction executed bit memory

This memory is an 4096 x 1-bit RAM area which has
addresses identical to the code memory. When a
code memory program is executed, the bits corres-
ponding to the executed addresses are set to “1”.
The program flow can thus be known by checking the
contents of this memory.

5. Break point bit memory

The break point bit memory is also an 4096 x 1-bit
RAM area which has addresses identical to the code
memory. If a particular bit in this memory is “1”, pro-
gram execution is suspended immediately after the
code memory contents corresponding to that bit are
executed.

6. Trace enable bit memory ;
The trace enable bit memory is another 4096 x 1-bit
RAM area which has addresses identical to the code
memory. If a particular bit in this memory is “1”, port/
register contents, etc., are stored in the trace
memory when the code memory contents corre-

sponding to that bit are executed.

7. Sync ouput bit memory

The sync output bit memory is another 4096 x 1-bit
RAM area which has addresses identical to the code
memory. When the code memory contents are exe-

cuted, the corresponding bits in the sync output .

memory are checked, and if a “1” bit is found, an out-
‘put sync signal (active LOW) is passed to the probe
terminal.

8. Cycle counter enable bit

The cycle counter enable bit memory is also another
4096 x 1-bit RAM area which has addresses identi-
cal to the code memory. When the code memory
contents are executed, the corresponding bits in the
cycle counter enable bit memory are checked, and if
a “1” bit is found, the cycle counter is counted up in
step with that machine cycle.

9. Probe comparl register/probe mask

The conditions for generating break by input data
from the probe (probe match break) can be changed
by altering these two settings.

10. Segment data memory

The segment data memory is a 208 x 8-bit RAM
area with coordinates 0 thru 7 on the vertical axis and
A thru Z on the horizontal axis. This memory is used
to display the status of each bit of the MSM6502 RAM
liquid crystal display area at the specified coordinate
and by the specified character.

Displaying the status of this memory provides an
image of the liquid crystal display status.

11. Initial/final buffers

These two memories are 139 x 8-bit RAM areas
used to store the initialized settings of the MSM6502E
evaluation chip or the MSM6502E status immediately

- after a break when real-time emulation is executed.

12. Trace memory
The trace memory is a 2048 x 66-bit RAM area used
to store traced data.
The trace instruction is given by the trace enable bit.
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DEBUGGING COMMAND TABLE

Load, Save, and Verify Commands

. LOD [dr:] filename .

. SAV [dr:] filename [address, address]
. VER [dr:] filename [adress, address]
.-LSG [dr:] filename [address, address]
. SSG [dr:] filename

. VCM address [, address]

oA WN =

Load Program into Code Memory
Save Code Memory Program

Verifty File with Code Memory

Load Segment data

Save Segment data

Verify Code Memory with Verify Memory

EPROM Commands

1. PPR address, address [, address]
2. TPR address, address
3. VPR address, address [, address}]

Program Code Memory into EPROM
Transfer EPROM into Code Memory
Verify EPROM with Code Memory

Display Commands

D

DAC

DHL

DCY

DSP

DLD

DEI

DPn

DPC

10. DCC

11. DCR

12. DPM -

13. DBC

14. DBS

15. DEM

16. DIB

17. DFB

18. DSG

19. DBP address [, address
20. DCE address [, address
21. DSO address [, address
22. DIE address [, address
23. DTR address [, address
24. DDM address [, address

CINOO AWM~

All Register, Flag, Port

Acc Register

HL Register

Carry Flag

Stack Pointer :
LCD Driver ON/OFF status (Port 4-0 bit)
Enable Interupt Flag (MEI, TBC El, ext. INT EI)
PortN (n=0, 1, 2, 3,4)

Program Counter

Cycle Counter

Probe Compare Register

Probe Mask Register

Break Condition

Break Status

Emulation Mode

Initial buffer & Final buffer

Final buffer & Initial buffer

Segment Data Status

Break Point Bit Memory

Cycle Counter Enable Bit Memory
Sync Output Enable Bit Memory
Instruction Executed Bit Memory
Trace Enable Bit Memory

Data Memory (M6502E Internal RAM)

25. DCM address [, address Code Memory
26. DVM address [, address Verify Memory
27. DTM tp-address, line-number Trace Memory
28. DTL -number, line-number Trace List
Change Commands
1. CAC data Acc Register
2. CHL data HL Register
3. CCY Oor1 Carry Flag
4. CSP data Stack Pointer
5. CLD Oor1 LCD Driver ON/OFF Status
6. CEl [data] Enable Interrupt Flag
7. CIR data Index Register
8. CPn data Portn (n=0, 1, 3,4,5)
9. CPC address Program Counter
10. CCC (+ or —) data Cycle Counter
11. CCR data probe Compare Register
_12. CPM data Probe Mask Register
13. CBZ Oor1 Buzzer Output Select Hard or Soft
14. CEM mode Emulation Mode
*m e*
IF 1B to FB
IN 1B to NON
NN NON to NON
NF NON to FB
. FN FB to NON
15. Cl key-word data Initial Buffer
16. CF key-word data Final Buffer
17. CSG Segment data
18. CCM address Code Memory :
19. CDm address Data Memory (M6502E Internal RAM)
20. BANK Oor1 Attribute Memory Bank
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3. FIDM address, address, data
4. FFDM address, address, data

Enable Commands
1. EBP address [, address] Break Point Bit Memory
2. ECE address [, address] Cycle Counter Enable Bit Memory
3. ESO address [, address] Sync Output Enable Bit Memory
4. ETR address [, address] Trace Enable Bit Memory

Reset Commands
1. RBP address [, address] Break Point Bit Memorg
2. RCE address [, address] Cycle Counter Enable Bit Memory
3. RIE address |, address| Instruction Executed Bit Memory
4. RSO address [, address] Sync Output Enable Bit
5. RTR address [, address Trace Enable Memory
6. RES E M6502E Eva-chip
7. RES MPB6502 Board

Fill Commands
1. FCM address, address, data Code Memory
2. FDM address, address, data Data Memory

Initial Data Memory
Final Data Memory

Emulation Commands

1. G [st-address] [, break-parameter, ----]

2. GD [st-address] [, break-parameter, ----]
If the optional st-address is given, emulator will begin emulation from st-address. And if optional break-
parameter is given, emulation will break on the first break-parameter to be satisfied.

Break-parameter = break-address
= break-address (pass count)
= break-address (pass count) & break-address (pass count)
= break-address RAM (RAM address-data)

Begin Emulation
Begin Emulation

. LIST [dr:] filename

3. STP  [number] |, st-address] Single Step
Other Commands
1. ASM address Assemble to Code Memory
2. DASM address [, address] Disassemble to Console

List Console Output into Disk File

3

4. NLST End listing
5
6. SPB address [, address]
7.
8
9

. SlIO ForH Set Emulator to I/0 terminal mode
. EXIT Return to CP/M

. DBLK address [, address] Display Block Memory
Set Program Block
. SDB addres [, address] Set DB Block

10. PAUSE Stop Command File Execution
11. DIAGI Start Sell Check Program
12. DIAG [dr:] filename Execute Command File
13. @ [-n] Repeat Command
14. HELP Display HELP File
15. SBC (+ or —) mnemonic [, (+ or —) mnemonic. ---]
Set/Reset Break Condition Register
* mnemonic*
Break when Break Point Reached
XB External Break
cO Break on Cycle Counter Overflow
TF Break when Trace Buffer Full
PM Break on Probe Match
HT Break on HALT Instruction
16. SDF (+ or —) mnemonic [, (+ or —) mnemonic, ---]
Set/Reset Dump Format
<CONTROL KEY>
1. DEL Delete the last character entered
2. Cntrl/C Return to CP/M
3. Cntr/P Copy all subsequent console output to the currently assigned list device
4. Cntrl/Q Continue normal dispaly
5. Cntrl/S Stop display
6. Cntrl/R Echoe current input line
7. ESC Abort any command inprogress
8. @ [-n] Repeat the command
Note: The MSM6502 RAM area corresponds to the EASE6502 Emulator data memory, and the-mask ROM corresponds to

the code memory.
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SAMPLES
A>EARSESBS
<< EASESS >> Preliminary #1.0
Sep. 33,1983 OKI electric ind.co.,ltd
Now, start up HPB6502 board
w*xkx HARD WARE SELF CHECK xwxx
[ NORMAL END ] '
<< MPBE502 EMULATOR PRELIMINARY #1.5 >
COPYRIGHT OKI ELECTRIC IND. CO., LTD. 1984
ACTIVE BREAK CONDITION ---> BREAK POINT BRERK
HALT INSTRUCTION BREAK
*x NOW DEVICE NO. = A,B *x
[ KEY IN OTHER DEVICE NO. ]
[PRESENTED DEVICE NO.=A:B:]
* DIAG INIT?1
* 3 INITIALIZATION START
* FCH *
* LSG PIC.DAT
SGRAM SET-UP COMPLETED
* LOD RAMSET
LOAD COMPLETED NEXT ADDRESS=0020
* LIST CRT.LST
* ; NOW INITIALIZATION END AND LIST START
N .
DIRG COMHMAND END
* GD 0,1F
BANK : 1 EXECUTION MODE : NON TO NON
(RESET TRACE POINTER)
*%x EMULATION GO xx
PARAMETER=001F ( 0)
ADDRESS BREARK
[BREAK PC=01F NEXT PC=0201
[NEXT TRACE POINTER=17]
*x DDM 0,3
LOC=03-00 555 2
* DTH 4,3
LOC=012 82 LAl 2 PBRT(0-2)=FF0 HL=00 CY=0 MEI=0 XP=FF TP=4
LOC=013 B4 LMA PORT(0-2)=FF0 HL=00 CY=0 MEI=0 XP=FF TP=5
L0C=014 11 INL PORT(0-2)=FF0 HL=00 CY=0 MEI=0 XP=FF TP=6
*x DIE 0,20
L0C=000 1100 0000 0000 0000 1111 1111 1111 1101
LO0C=020 [
* DASH 0,13
LOC=000 SF o1
L0C=001.00 JCP. 010 -
LOC=002 bB 00 00 00 00 00 00 00 00 00 00 00 00 00 00
LOC=010 6A0OC LHLT 00
LOC=012 82 LAl 2
L0C=013 B4 LMA
* NLST
* EXIT
A>
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EASE6502 PROGRAM DEVELOPMENT SUPPORT SYSTEM
for the MSM6502 CMOS 4-BIT 1-CHIP MICROCONTROLLER

Category Model Title
Hardware MPB6502 4-bit 1-chip microcontroller evaluation board
EASE65 Floppy disk based host monitor
Software -
ASM6502 Floppy disk assembler*
Manual TM-6502 EASE6502 Development Support System — User’'s Manual
TCU-6502 User application circuit connection cables
TCSA1 Host CP/M® computer connecting cables (for if800 model 10/20/30)
Accessories TCP-1 Power supply cables (+5V, 4.5A) (+12V, 0.2A) (—12V, 0.2A)
TCX-1 External probe cables
TCCA1 Board connecting cables

* Available under following operating system
® CP/M-80 (ver 2.0 or later)
® MS-DOS (ver 1.25,ver 2.11)
® PC-DOS (ver1.25,ver2.11)

OPTIONS
Option name Remarks
MPB6502 EVA A simplified evaluation board consisting of the MSM6502E plus EPROM sockets,
Board and designed for the MSM6502. Programs are evaluated by inserting the EPROM
where the user program is stored into an EPROM socket.
Dimensions: 160 x 127 (mm)
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EASE 80C49 PROGRAM DEVELOPMENT SUPPORT SYSTEM

for

MSMB80C48RS/MSM80C49RS/MSMB80CS0RS CMOS 8-Bit Microcontrollers

EASE80C49 PROGRAM DEVELOPMENT SUPPORT

SYSTEM

The EASE80C49 Program Development Support System has been sbecifically designed for rapid and
efficient program development of Oki's MSM80C48RS, MSM80C49RS and MSM80C50RS CMOS

8-bit, 1-chip'microcontrollers.

FEATURES

1. In-circuit emulation when connected to an RS232C
interface equipment host computer or to an
input/output device such as a CRT terminal.

2. 4K byte user program area available for code

transfer to/from floppy disk, collation/updating of

area contents, and continuous/step execution.

3. Eight types of break conditions (for interruption
of emulation) including execution address and
machine cycle counter.

4. EPROM programmer (for 2716, 2732, 2732A) to
enable writing, transfer, and comparison of user
program area contents. .

5. User program debugging operations directed by
debug commands entered from the keyboard of
the connected input/output device.

6. Built-in system diagnostic program.

HOST COMPUTER REQUIREMENTS

1. Operating system is one of the follows.
(1) CP/M®-80 (ver 2.0 or later)
memory capacity of the host computer
must be sufficient to run at least 52K
CP/M.
(2) MS-DOS® (ver 1.25,ver2.11)
(3) PC-DOS® (ver 1.25,ver2.11)

2. At least one RS232C communication port is
implemented.

3. Data transfer is performed through RS232C
communication port using BDOS function
call 6 on condition that console device is
assignedto TTY:.

MPB800 EVALUATION BOARD DATA
TRANSFER SYSTEM

ICs used
o Communication interface MSM82C51A
® Driver/receiver SN75188N,
: ‘ SN75189N
Transmission format
® 110 to 9600 bps (Switchable)
® 8 bits, 2 stop bits, non-parity

378

SYSTEM CONFIGURATION

The EASE80C49 Program Development Support
System consists of the EASE80C49 Emulator (a high
performance program emulator which includes the
EASE49 Host Monitor, the MPB800 Evaluation
Board, and the host computer) and the ASM-49
Assembler. .
With the MPB800 Evaluation Board connected
online to the host CP/M computer (such as an
if800) equippped with an RS232C interface, the
system covers all operations from assembly of
the source program through to program
evaluation and debugging.

User sc::::z:;canon o EASE49
o ASM49

H FDD

Host
computer

MPB800
Evaluation Board

supply

Extomal
power

+5V +12V —12v
(4.5A) (0.2A) (0.2A)

Note: CP/M is a registered trademark of Digital
Research Inc. (U.S.A)

When the EASE80C49 is used on the
MSM80C50, the MSM80C39 evaluation chip
on the emulation board is to be replaced by
MSM80C40.

EASE49 and ASM-49 for PC-DOS, MS-DOS are
optional softwares.
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ASM-49 CROSS-ASSEMBLER

The ASM-49 is a floppy disk based high-performance assembler.
It translates source files generated on disk by using an editor, thereby generating object code files and

LIST OF PSEUDO-INSTRUCTIONS

assembly list files.

FEATURES

1. Free descriptive format source files
2. 35 types of powerful pseudo-instructions
available for assembler control purposes
3. Macro definition ability
4. 11 types of pseudo-instructions to enable
conditional assembly
. Assembly repetition processing (loop processing)
. Determination of variable values in the
source program by input from a console
during assembly, and linking to existing
source programs. (INPUT and LINK pseudo-
instructions)
7. Capacity to describe up to 13 types of operators in
the source program operand column

[e N6}

Pseudo-instructions

Function

ORG Expression

Location counter value defined
as nnn. (Expression=nnn)

- | DS Expression

Reserves memory area for n
number of bytes. The first and
last byte values may be
changed.

Use ORG $+n to prevent
change of values.
(Expression=n)

DW Expression 16-bit data definition

DB Expression 8-bit data or ASCII character
string definition

EQU Assignment of operand value
to name

SET Same as EQU pseudo-

instruction, but with
redefinition capacity

IF Expression

Evaluate expression value,
and skip to next ENDIF, END
or EDF (end of file) if result is
zero. Assemble the next
instruction if result is not zero.

NIF Expression

Evaluate expression value,
and skip to next ENDIF, END
or EDF (end of file) if result is
not zero.

END Expression End of assembly

MACRO Macro definition

GO TO Label Branch the subsequent
assembly to the destination
indicated in the lahel

REPT Expression | Denotes repetition block.
Assembly is executed the
number of repetitions indicated
by the expression value.

REPND Definition of end of repetition
block

LIST Pass option invalidated, and
output of full assembly list

NOLST Inhibition of assembly list
outputs apart from error
messages

TITLE Allocation of title at head of

assembly list page
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EASE80C49 EMULATOR

Consisting of a host computer and the MPB800 Program Evaluation Board, the EASE80C49 Emulator
supports a wide range of development debugging operations efficiently and effectively.
MSM80C49RS and MSM80C50RS application programs can be debugged without user application
circuits just as easily as completed systems.

FEATURES

1.

Real-time tracing function does not effect
execution time_

The MPBB800 Evaluation Board .incorporates a
real-time trace area for 1024 machine cycles.
When tracing for a particular user program area
address has been set, the port, program counter,
and probe data status are traced each time the
specified address is executed.

. Execution time measurement

The user program execution time can be measured
by using the cycle counter on the MPB800 Evalu-
ation Board. (Max. 16,777, 215 cycles)

This counter can also be used as a pass counter
to indicate the number of times a specified address
is executed.

. 4096-byte user program area

A 4096-byte static RAM area in the MPB800
Evaluation Board is used as a user program area,
and user programs can be loaded/saved from the
host computer into this area. Furthermore,
with an EPROM programmer inciuded on this
board the user program area contents can be
written into EPROMs, and EPROM contents
can be read.

. Ample break functions

The emulator can suspend (break) program
execution by any of the following eight break
conditions.
a) BB (Breakpoint Break)
Break upon execution of specified address.
(Any address may be specified.)
b) EB (External Break) :
Break by application of external break signal.

~ ¢) CO (Cycle counter Overflow break)

Break when overflow of cycle counter occurs.
d) TF (Trace Full break)

Break when 4097 tracings executed.
e) PM (Probe Match break)

Break when probe data matches set data
f) IF (Instruction Fetch)

Break when machine code is fetched.
g) MX (MovX)

Break by MOVX mslructlon
h) ER (Error code)

Break if incorrect machine code is fetched.
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5. Extensive range of debugging commands

In addition to display/updating of all register, port,
and RAM contents, the following commands
enable all debugging operations to be executed
efficiently.

a) User program execution

Input format:
STP number of instructions, start address

Input of this command results in the specified
number of instructions in the user program
being executed from the specified address
(start address).

Input format:
G [, start address]

Input of this command results in the user pro-
gram being executed from the specified address
(start address). If no start address is specified,
‘execution is started from the address indicated
by the program counter at that time.

b) Use of floppy disks

Input format:
LOA filename

Input of this command enables the specified file
contents (user program) to be loaded into the
MPBB800 Evaluation Board code memory which
serves as the MSM80C49RS/MSM80C50RS
.masked ROM area.

The same contents can also be loaded into the
utility buffer by using the LDU command.

Input format:
SAV, stan address, end address, filename

Input of this command enables the contents of
the specified range of code memory to be saved
at the specified filename.
¢) Instruction excuted bit memory
The EASE80C49 Emulator includes an instruc-
tion executed bit memory which indicates which
user program addresses have been executed.
Program flow can be determined by examination
of the contents of this memory.



® EASE8S80C49 ¢

6. Easy to remember command format

The ‘MPB800 Emulator debugging commands
consist of command mnemonics followed by
parameters (address or mnemonic).
Command mnemonic configuration
a) First character
Denotes the function to be executed by the
emulator.
b) Second and following characters
Name of function to be executed by the
emulator—that is, MSM80C39 microcomputer or
MPB800 Evaluation Board register, memory, or
port name (abbreviation).

Example:
*DDM O, 1F |
NV
ab cde f
: denotes wait for command input from emulator
: denotes display of contents of specified register/
memory/board
:data memory (equivalent MSM80C49RS/
MSMB80C50RS RAM area) designation
: start address of contents to be displayed
: end address of contents to be displayed
: carriage return denoting end of command input

[2] T o

-0 Q

MAJOR MEMORY OPERATIONS

1.

Code memory

The code memory is an 4096 x 8-bit RAM area
which corresponds to the MSM80C49RS/
MSMBO0C50RS program area (masked ROM)
where user programs are stored.

. Data memory

The data memory is a 128 x 8-bit RAM area
corresponding to the data memory (RAM) on the
MSMB8O0C49RS chip. The data memory area for
MSMB8OC50RS is 256 X 8-bits.

. Utility buffer

The utility buffer is a 4096 x 8-bit RAM area used
in temporary saving from the emulator when a
load, save, or transfer command is entered.

. Break point bit memory

The break point bit memory is also an 4096 x 1-bit
RAM area which has addresses identical to the
code memory. If a particular bit in this memory is
“1”, program execution is suspended immediately
after the code memory contents corresponding to
that bit are executed.

. Trace enable bit memory

The trace enable bit memory is another 4096 x 1-bit
RAM area which has addresses identical to the
code memory. If a particular bit in this memory is
“1”, port and probe data is stored in the trace
memory when the code memory contents corre-
sponding to that bit are executed.

. Sync output bit memory

The sync output bit memory is another 4096 x 1-bit
RAM area which has addresses identical to the
code memory. When the code memory contents
are executed, the corresponding bits in the sync
output memory are checked, and if a “1” bit is
found, an output sync signal (active LOW) is
passed to the probe terminal.

. Cycle counter enable bit

The cycle counter enable bit memory is also
another 4096 x 1-bit RAM area which has
addresses identical to the code memory. When
the code memory contents are executed, the
corresponding bits in the cycle counter enable bit

. memory are checked, and if a “1” bit is found, the

cycle counter is counted up in step with that
machine cycle.

. Probe comparison register/probe mask register

The conditions for generating a break by input
data from the probe (probe match break) can be
changed by altering these two settings.

. Trace memory

The trace memory is a 1024 X 56-bit RAM area
used to store traced data.

The trace instruction is given by the trace enable
bit.
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EASE80C49 EMULATOR MEMORY CONFIGURATION‘

The EASE80C49 emulator which consists of a host CP/M® computer and the MPB800 Evaluation Board has
been designed for efficient debugging of MSM80C49RS and MSM80CS50RS application programs.

The various sections of the EASE80C49 Emulator which can be used are outlined in the following diagram.
The sections enclosed in boxes represent the register and memory areas which can be accessed from the
host computer keyboard, and which can be displayed/update by emulator command.

INSTRUCTION EXECUTED BIT MEMORY

TRACE ENABLE BIT MEMORY

BREAKPOINT BIT MEMORY—I

SYNC OUTPUT BIT MEMORY

I—-—CYCLE COUNTER ENABLE BIT MEMORY

BT s|c
CcM P|R OJ|E uB
CODE uTILITY ™
MEMORY BUFFER TRACE
4096 % 8 4096 % 8 MOMORY
1024 x 56
4096 x 1
TRACE POINTER
DM TP 10 °
DATA
MEMORY CYCLE COUNTER.
128x8 l CcC 24 I
PROGRAM COUNTER ACCUMULATOR INSTRUCTION DATA PROGRAM STATUS WORD
- o Lo [od [
EXTERNAL
MEMORY PROBE. .
COMPARE  PROBE BREAK CONTROL BREAK STATUS
256x8| REGISTER  MASK REGISTER REGISTER TIMER ERROR CODE
R N B T R
PR o PM BC BS T EC
EXTERNAL PORT 0
INTERUPT VDD  PROBE TESTO TEST1  (BusPort) PORT 1 PORT 2

[ fof e d B ) [ [ [=d
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EXECUTION EXAMPLE

n this sample program, 1 byte is read from port 1, and a parity check is executed on the first 7 bits. The MSB
(most significant bit) is set to “1” if parity is odd parity, and reset to “0” if even parity. The result is then passed
to port 2. Note that errors have been intentionally included in this program for demonstration purposes. Various
emulator commands are used to correct the errors.

It is assumed that the program has already been assembled, and the object code has been stored in hexa-
decimal format in a file called “PARITY.HEX” in drive A.

Program list

0000 Dok ok ok ok ok ok ok ok ok k ok ok k ok ok ok k ok k ok k ok k ok k k k *k
0000 B

0000 H

0000 H

0000 ; This program reads a byte from Port 1 and checks

0000 ; bits 0 thru 6 for parity. If Parity is odd, then

0000 H bit 7 in the byte will be set and the result will

0000 ; be output to Port 2. If the Parity is even, bit 7

0000 H will be reset before the byte is output to Port 2.

0000 Dok ok ok ok ok sk ok ok ko k ok ok ok k ko k k ok ok ok ok k ok ok k ok ok ok
0000 H

0000 ; sk ok k k ok ok ok ok ok ok ok ok %

0000 ; *  MAIN PROGRAM *

0000 ; * % %k k %k %k k ok k k ok k k ok

0000 B

0000 H

0000 PARITY ORG 0

0000 09 IN A P1 ; Input byte from P1
0001 537F ANL A, #7FH ; Mask out bit 7
0003 140C CALL PAR 0

0005 E609 JNC PAR 1 ; Jump if even parity
0007 4308 ORL A #8H ; Set bit 7

0009 3A PAR 1 OUTL P2, A ; Output byte to P2
000A 040A WAIT JMP WAIT

000C H * %k %k k k %k ok ok Kk ok ok K ok ok

000C ; * SUBROUTINES *

000C ; * % ok ok ok k ok ok k ok ok %k ok ok

000C BA 038 PAR 0 MOV R2, #8 ; Set loop count
000E 97 CLR C ; Initialize Carry Flag
000F 1212 PAR 2 JB 0,PAR 3 ; Jump if bit 0 = 1
0011 A7 CPL C ; Toggle Carry Flag
0012 77 PAR 3 RR A

0013 EAOF DJNZ R2,PAR 2 ; Loop 8 times and ret ,
0015 83 RET

0016 END

0000 ERRORS

SYMBOL TABLE

PAR 0 000C PARI 0009 PAR 2 000F PAR3 0012
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A>EASE49
MPB800 80C49 EMULATOR, VER 4.3 .
~COPYRIGHT JUNE.1982, OKI SEMICONDUCTOR

«FCM 0 FFF FF—- Code memory is filled with FFH )
«LOA PARITY . Contents of the “PARITY.HEX" file are transferred to the code memory

*DCM 0 1F ———— Code memory location contents from address OH thru 1FH are displayed

000=09 53 7F 14 0C E6 09 43 08 3A 04 0A BA 08 97 12
010=12 A7 77 EA OF 83 FF FF FF FF FF FF FF FF FF FF
=EBP A
*EBP 17 FFF

Break point at address AH is set to “1”.
Break point bits from address 17H thru FFFH are st to “1”

*DBP 0 2F ———— The break point bit status from address OH thru 2FH is displayed

000=000000O0O0O0OO0CI10O00O0O00O0
010=0000000111111111
020=1111111111111111

*+CP1 0 ————— Port 1is set to “0” (even parity)
»CP2 0 —————— Port2is setto “0”
«G 0 ————————— Start of emulation from address OH

EMULATION BEGUN"
PC=00A TERMINATED PO=FF P1=00 P2=00 TO0=1 Ti=1 XP=FF AC=00 R0=

R1=CA —— Port 2 is correct in respect to even parity
«CP1 1 ————— Port 1 is set to “1” (odd parity)

*SDF —AL Pl P2 AC —— Dump format is changed

+G 0 ———————— Start of emulation from address OH

EMULATION BEGUN .
PC=00A TERMINATED P1=01 P2=09 AC=09— Port 2is not correct in respect to odd parity

*»CP1 3 ————— Port 1.is set to “3” (even parity)
*CP2 0 ——— Port2is set to “0”
*G@ 0 ——————— Start of emulation from address OH

EMULATION BEGUN
PC=00A TERMINAT

«CP1 4 ——— Port 1is set to “4” (odd parity)
*CP2 0 ———— Port2is setto “0”
*G 0 ————————— Start of emulation from address OH
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EMULATIOM BEGUN
PC=00A TERMINATED P1=04 P2=0C AC=0C — Port 2 is not correct in respect to odd parity

«DTM —-10-10

Trace contents of the last ten cycles are displayed

PC=015 RET PO=FF P1=04 P2=00 TO0=1 Ti1=1 IN=1 XP=FF TP=0058
PC=005 JNC 09 PO=FF P1=04 P2=00 TO=1 T1=1 IN=1 XP=FF TP=0060
POSSIBLE INTERRUPT ----er-e- SEE APPENDIX3

PC=007 ORL A,#08 PO=FF P1=04 P2=00 TO0=1 T1=1 IN=1 XP=FF TP=0062
PC=009 OUTL P2,A PO=FF P1=04 P2=0C TO0=1 T1=1 IN=1 XP=FF TP=0064
PC=00A JMP 00A PO=FF P1=04 P2=0C TO0=1 T1=1 IN=1 XP=FF TP=0066

*EBP 5 The break point bit at address 5H is set to “1”
“*CP2 0 Port 2 is set to “0”

*G 0 Start of emulation from address OH

EMULATION BEGUN ,

PC=007 TERMINATED P1=04 ,P2=00 AC=04

*STP 5 Five steps (instructions) are executed

PC=007 ORL A,#08 ©P1=04 P2=00 AC=0C
PC=009 OUTL P2,A P1=04 P2=0C AC=0C

PC=00A JMP 00A P1=04 P2=0C AC=0C
PC=00A JMP 00A P1=04 P2=0C AC=0C
PC=00A JMP 00A ‘P1=04 P2=0C AC=0C
*DCM 0 F Code memory location contents from address OH thru FH are displayed

000=09 53 7F 14 0C E6 09 43 08 3A 04 0OA BA 08 97 12
*CCM 8 80 Code memory location contents at address 8H are changed to “80H”
*DCM 0 F Code memory location contents from address OH thru FH are displayed
000=09 53 7F 14 0C E6 09 43 80 3A 04 0OA BA 08 97 12

*RBP 5 ——————— The break point bit at address 5H is set to “0” (reset)

*CP1 1 - Port 1 is set to “1” (execution of odd parity again)

*CP2 0

*G 0

EMULATION BEGUN

PC=00A TERMINATED P1=01 P2=81 AC=81—

*CP1 7F Port 1 is set to “7F” (execution of odd parity again)

*CP2 0

*G 0

EMULATION BEGUN

PC=00A TERMINATED P1=7F P2=FF AC=FF— Port 2 is correct in respect to odd parity
*SAV 0 1F PRTY 1— Program with file name of “PRTY1.HEX” is stored

*FCM 0 FFF FF-—— Code memory is filled with FFH

*VPR 0 FFF 0—— EPROM is inserted into an EPROM socket and a blank check is
executed

Program with file name of “PRTY.HEX” is transferred to code memory
*PPR 0 1F 0 Transferred contents are written in the EPROM

*VPR 0 1F 0 EPROM contents are compared with code memory contents

*1C No error message (EPROM and code memory contents are identical)
> T Return to CP/M® control

*LOA PRTY1
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LIST OF DEBUGGING COMMANDS

Characters which can be used

AaBbCcDdEeFfGgHhIiJjKkLIMMNNOoPpQqgRrSsTtUuVvWwXxYyZz 1234567890.,@+ —
Cntl/C Cntl/P Cntl/Q Cntl/R Cntl/T Escape Space

Display Commands

DAC

. DBP, 000 [,FFF]
DBS

DCC

DCE, 000 [,FFF]
. DCM, 000 [FFF]
. DDM, 00 [,7F]

. DIE, 000 [,FFF]
DPO

10. DP1

11. DP2

12. DPC

13. DPS

14. DRG

15. DSK

16. DSO, 000 [,FFF]
17. DTI

18. DTM, XXX, YYYY
19. DTP

20. DTR, 000 [,FFF]
21. DVD

22. DXM, 00 [FF]
23. DXP

CONPORWN A

Display Accumulator

Display Breakpoint Bit(s) Status

Display Break Status

Display Cycle Counter

Display Cycle Counter Enable Bit(s) Status

Display Code Memory

Display Data Memory

Display Instruction Executed Bit(s) Status

Display Port 0 (Bus Port)

Display Port 1

Display Port 2

Display Program Counter

Display Program Status Word, Test 0, Test 1, Interrupt Pin
Display Registers RO thru R7

Display Stack

Display Sync Output Bit Memory

Display Timer

Move Trace Pointer (XXXX) and display Trace Memory (YYYY)
Display Trace Pointer

Display Trace Enable Bit(s) Status

Display Vdd Pin

Display External Memory

Display External Probe Byte, Probe Mask and Probe Compare Register

Change Commands

CCM, FFF, FF
CDM, 7F, FF
CPO, FF
CP1,FF

CP2, FF

. CPC, FFF

. CPM, BBBBBBBB
10. CPR, BBBBBBBB
11. CPS, FF

12. CTI,FF

13. CXM, FF, FF

CONOOAWN

Change Accumulator

Change Cycle Counterr (ZZZZ2772 is a positive or negative decimal number)
Change Code Memory

Change Data Memory

Change Port 0 (Bus Port)

Change Port 1

Change Port 2

Change Program Counter '

Change Probe Mask (BBBBBBBB is a binary number)

Change Probe Compare Register (BBBBBBBB is a binary number)
Change Program Status Word

Change Timer

Fill Commands

Change External Memory

1. FCM, 000, FFF, FF
2. FDM, 00, 7F, FF
3. FXM, 00, FF, FF

Fill Code Memory
Fill Data Memory
Fill External Memory

Enable Commands

1. EBP, 000 [,FFF]
2. ECE, 000 [,FFF]
3. ESO, 000 [,FFF]
4. ETR, 000 [,FFF]

Enable Breakpoint Bit(s)
Enable Cycle Counter Bit(s)
Enable Sync Output Bit(s)
Enable Trace Bit(s)
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Reset Commands

1. RBP, 000 [,FFF] Reset Breakpoint Bit(s)
2. RCE, 000 [,FFF] Reset Cycle Counter Enable Bit(s)
3. RIE, 000 [,FFF] Reset Instruction Executed Bit(s)
4. RSO, 000 [,FFF] Reset Sync Output Bit(s)
5. RTR, 0000 [,FFF] Reset Trace Enable Bit(s)
6. RES Reinitialize MPB800 System
Utility & Disk Input/Output Commands
1. CUB, FFF, FF Change Utility Buffer
2. DUB, 000 [,FFF] Display Utility Buffer
3. FUB, 000, FFF, FF Fill Utility Buffer
4. TCM, 000, FFF Transfer Code Memory into Utility Buffer
5. TUB, 000, FFF Transfer Utility Buffer into Code Memory
6. TST Test
7. LOA, filename Load Program into Code Memory
8. LDU, Filename Load Program into Utility Buffer
9. SAV, 000, FFF, flename  Save Code Memory Program
10. SVU, 000, FFF, filename  Save Utility Buffer Program

EPROM Writer Commands

1. PPR, 000, FFF, FF Pogram Code Memory onto EPROM
2. VPR, 000, FFF, FF Verify EPROM with Code Memory
3. TPR, 000, FFF Transfer EPROM into Code Memory

Emulation Commands

1. G[HHH] Begin real time emulation. HHH is the start address (hex).
2. STP [EEEE] [,HHH] Step emulation, where EEEE is the decimal number of instruction to execute,
and HHH is the start address (hex).

3. SBC, mnemonic Set/Reset Break Control Bit
[,mnemonic] ’

4. SDF, mnemonic Set/Reset Dump Format
[,mnemonic]

Command Line Editing & Keyboard Operation

1. Rubout Delete the last character entered

2. Cntl/C Return to CP/M

3. Cntl/P Copy all subsequent console output to the currently assigned list device.
Output is sent to both the list device untill the next Cnt/P is typed.

4. Cnt/lQ Continue normal display

5. Cntl/R Echoe current input line

6. Cntl/S Stop display

7. Escape Abort any command inprogress

8. @ Repeat last command
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EASES80C49 8-BIT 1-CHIP MICROCONTROLLER
PROGRAM DEVELOPMENT SUPPORT SYSTEM

Category Model Title
Hardware MPB800 8-bit 1-chip microcontroller evaluation board
EASE-49 Floppy disk based emulator*
Software -
ASM-49 Floppy disk based assembler*
Manual TM-800 Program Development Support System—User’'s Manual
TCU-800 User application system connecting cables
) TCS-8 Host CP/M(R) computer connecting cables (for if800 model 20/30)
Accessories
TCP-8 Power supply cables (+5V,3.5A) (+12V, 0.2A) (—12V,0.2A)
TCX-1 External probe emulation purposes
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* Available under following operating system
® CP/M-80 (ver 2.0 or later)
® MS-DOS (ver 1.25,ver2.11)
® PC-DOS (ver 1.25,ver2.11)




EASE80CS 1 mkii ‘PHOGHAM DEVELOPMENT SYSTEM

for

MSM83C154/80C51 CMOS 8-BIT, 1-CHIP MICROCONTROLLER

\

EASES80C51mkil PROGRAM DEVELOPMENT SYSTEM

The EASE80C51mkll Program Development System is a high-performance dedicated system
featuring Oki’s exclusive technology, and which has been specifically designed for rapid and efficient
program development of the Oki MSM83C154/80C51 8-bit single-chip microcontroller.

SYSTEM CONFIGURATION

The EASE80C51mkil Program Development
System consists of the EASEB0C51 Emulator (a
high performance program emulator which in-
cludes the EASE Host Monitor, the EASE8051m-
kil Emulation Kit, and the host CP/M® or
PC-DOS computer) and the ASM51 Assembler
(a powerful assembler operated in CP/M® or
PC-DOS. With the EASE80C51mkll Emulation
Kit connected online to the host CP/M computer
(such as the if800) equipped with an RS232C
interface, the system covers all operations from
assembly of the source program through to
program evaluation and debugging.

HOST COMPUTER REQUIREMENTS

1. Operating system is one of the follows.
(1) CP/M®-80 (ver 2.0 or later)
memory capacity of the host computer

must be sufficient to run at least 52K
CP/M.

(2) MS-DOS® (ver 1.25,ver2.11)

(3) PC-DOS® (ver 1.25,ver2.11)

2. At least one RS232C communication port is
implemented.

3. Data transfer is performed through RS232C
communication port using BDOS function
call 6 on condition that console device is
assignedto TTY:.

EMULATOR DATA TRANSFER

ICs used
o Communication interface MSM82C51A
e Driver/receiver SN75188N,
: SN75189N

Transmission format
® 300 to 19200 bps (Switchable)
® 8 bits, 2 stop bits, non-parity
® Asynchronous
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User's
application
circuit

User cable

(P ) Host
computer

RS232C

FOD
K———2 EASE80C51mKil
Emulation

Kit

[} AC power supply

(1) Connection to host computer

Note 1. CP/Mis aregistered trademark of Digital Research Inc. (U.S.A.)

User's
application
circuit

User cable

Terminal Unit
(CRT terminal etc.)
RS232C

EASE80CS51 mkll

e
Emulation
Kit

* AC power supply

(2) Connection to terminal unit

Fig. 1 System configuration

2. The AC power supply can be switched to 90—132V and 180V—264YV at a terminal inside the emulation kit.
3. PC-DOS stands for IBM personal computer DOS.
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ASM51 ASSEMBLER

The ASM51 is a floppy disk based high-performance assembler.

This assembler is used to translate source files generated on disk by using an editor (available on the market),
thereby generating object files (Intel HEX format), assembile list files, cross-reference list files, and symbol list
files in the specified devices.

OUTPUT FILES PART OF PSEUDO-INSTRUCTIONS LIST
1. Object files (Intel HEX format) Pseudo-instructions Function
2. Assembly list files
3. Cross-reference list files EQU Assignment of operand value
4. Symbolic list files to name
SET Same as EQU pseudo-
FEATURES instruction, but with
L . redefinition capacity
1. Free descriptive format source files
2. Capacity to describe up to ten types of operators | ORG Setting of program start
in the source program operand column address

3. Ability to specify the number of characters per line END

Indication of end of program
and the number of lines per page in assemble list : prog

files JMP Automatic change to relative,
4. 24 powerful pseudo-instructions internal 2K page, or all pages
5. Control of assemble list file outputs by LIST or jump instruction after checking
NOLIST pseudo-instruction branch destination

6. Output file and output device can be specified

when the assembler is started. CALL Automatic chang to relative,

internal 2K page, or all pages
call instruction after checking

ASM51 ASSEMBLER FUNCTIONAL branch destination
BLOCK DIAGRAM RADIX Radix changed to 2, 8, 10, or

16 depending on value of
Source file operand

DB 8-bit data or ASCII character
definition

DW 16-bit data definition

DS Reserves memory area for
specified number of bytes

NSE Setting of 0 in the 4 lower
gssegnf'ly :'?tl files order bits of the assembler
Obiet f L Symbol list files location counter, and addition
ecte Cross reference of 16. The NOP instruction is
assigned to blank areas
where no machine language
instruction has been assigned.

ASM51

DATE Insertion of date in assemble
list title

EJECT Assemble list page feed
operation

TITLE Insertion of assemble list title

LsT Designation of assemble list
output

NOLIS Zuhibition of assemble list
output
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EASE80CS51mkil EMULATOR

Connected to the host computer via an RSS232C interface, the EASE80C51mkll Emulator supports a
wide range of development debugging operations efficiently and effectively.
MSM83C154/80C51 application programs can be debugged without user application circuits just as

easily as completed systems.

FEATURES

1. Real-time emulation

Real-time emulation without msertlon of a wait
state is possible because of the MSM83C154E
evachip.

2. Execution time measurement

The user program execution time can be mea-
sured with the cycle counter in the Emulation Kit.
(Max. 4,294,836,225 cycles)

This cycle counter start/stop is effected accord-
ing to the cycle counter start address/stop ad-
dress set by the command.

3. Mass storage user program area

This emulator provides a 64K-byte RAM area,
(which is the entire address space of
MSM83C154/80C51) as the code memory
(user program area). So, the largest program for
MSM83C154/80C51 can be fully loaded in this
RAM area.

It is also possible to assign 4K-byte units of program
memory area to the RAM area on the emulation kit or
the ROM on the user’s application circuit by using
the mapping command.

This emulator further provides the EPROM pro-
grammer to enable the user program area con-
tents to be written to the EPROM or the EPROM
contents to be read.

(EPROMSs supported: Intel 2732, 2732A, 2764
or 27128 or equivalent:)

4. Ample break functions

The emulator can suspend (break) program exe-

~ cution by any of the following break conditions.

All conditions can be set and cancelled as

desired. -

a) Breakpoint break
Break upon execution of the address where a
break point has been set. (Any address to be
specified.)

b) Address break
Break execution of the address specified
when the emulation command input was ap-
plied. It is also possible to specify a break
after the specified address has been execut-
ed n times.

c) Power down break
Break occured when evachip going to the
power down mode.

d) Break by external forced break svgnal

- Break by input of low level break signal from
outside via the attached probe cable.
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e) Break by trace memory overflow
Break occurs when the trace memory is filled
up with trace data.

f) Break by cycle counter overflow

g) Break by internal RAM/SFR area contents
Break occurs when the contents of the speci-
fied RAM/SFR in the MSM83C154E matched
with the specified contents the specified
number of times upon execution of the pro-
gram at the specified address.

5. Comprehensive real-time trace functions
This emulator has the following two real time
trace areas not affecting the execution time.

1. Trace memory

This is the memory to trace (store) the status of

the ports, carry flag and accumulator of the

MSM83C154E when an instruction ‘in the pro-

gram memory area is executed. (Up to 2048 ma-

chine cycles)

Tracing is instructed in three ways as shown

below.

a) To start tracing each time the specified ad-
dress is executed.

b) To start tracing upon execution of a special
instruction (ACALL, AJMP, LCALL, LJMP,
RET, RETI, PUSHor POP)

c) To cause tracing by trace start/stop bit

2. Flash trace memory

The memory to trace status of the whole internal

RAM or SFR area in the MSM83C154E, when

the instruction at the address specified by the

emulator command (debug command) being
executed.

The contents of the internal RAM or SFR area

can be stored up to 16 times in this memory.

6. Easy-to-use emulator commands
The emulator command (debug command) of
this emulator consists of the command mnemon-
ic and succeeding parameter(s) (address or
mnemonic).
Command mnemonic structure
a) First letter
Represents the function to be performed by
the emuiator.
b) Second letter and on
Represent MSM83C154E evachip (or EA-
SE80C51mklil emulation kit) register, memory, or
port name.



Example:
*DDM 0 1F,|/
f

I

H
ab ¢ d

a: Indication of waiting for command input from
emulator

b: Instruction of displaying contents of specified
object

c: Instruction of data memory (equivalent to internal
RAM area in MSM83C154E) '

d: Start address of contents to be displayed

e: End address of contents to be displayed

f: Carriage return indicating end of command input

This emulator provides various emulator com-
mands not only for display/modification of the
contents of each register and port of the special
evaluation chip MSM83C154E but also for
efficient debugging operation.

Input format:
STP number-of-instructions start-address

Inputting the above command causes the user
program to be executed for as much as the
specified number of instructions from the
specified addresses (start address).

It is possible to modify the display format to be
easier to read by specifying the object of
contents display by the SSF command.

Input format:
G start-address, parameter
Parameter input format ,
(1) Break-address, . . ., break-address
(2) Break-address (n)
(3) Break-address RAM ram-address (byte-n)
(4) Break-address sfr-mnemonic (byte-n)

Inputting the command as shown in (1) causes the
user program to be executed from the specified ad-
dress (start address), and breaks the program execu-
tion upon execution of any of the specified break ad-
dresses.

Inputting the command as shown in (2) causes the
user program to be executed from the specified start
address, and breaks the program execution when it
has passed the specified break address in times.
Inputting the command, as shown in (3), causes the
program to be executed from the specified address
(start address). When the user program at the
specified break address is executed, the contents of
the specified address (ram address) of the internal
RAM in the MSM83C154E are compared with
the specified contents (byte) and the program ex-
ecution is broken if they agree the specified
number of times (n).

Inputting the command, as shown in (4), causes the
user program to be executed from the specified ad-
dress (start address). When the user program at the
specified break address is executed, the contents of
' the specified SFR in the MSM83C154E are

® EASE8S80C51mkil ®

checked. If the contents agree with the specified
value (byte) the specified number of times (n),
breaking occurs.

Input format:
(1) LOD filename
(2) SAV filename start-address end-address
(3) VER filename start-address end-address

Inputting the command, as shown in (1), enables the
contents (user program) of the specified file on
the host computer to be loaded into the code
memory on the EASE80C51mkil emulation kit
corresponding to the program memory area
(user program area) of the MSM83C154/80C51.
Inputting the command, as shown in (2), enables the
block of code in the specified range of the code
memory to be saved using the specified file name.
Inputting the command, as shown in (3), enables the
block of code in the specified file to be compared with
the block of code in the code memory.

Input format:
(1) DIAG filename
(2 M
@) @

Inputting the command, as shown in (1), enables the
command in the specified file to be executed auto-
matically. Use of the PAUSE command in combina-
tion enables execution of the command in the file to
be suspended temporarily.

Inputting the command, as shown in (2), enables the
command line defined by the MAC command to be
executed.

Inputting the command, as shown in (3), enables the
last command to be executed again.

Input format:
(1) LIST filename
(2) NLST

If LIST command is entered, the emulator create
the CP/M file on the host computer and writes
into it any characters which are output to the
console until entering the NLST command.

Use of the above “DIAG” command in combination
enable the debugging work to be executed and stored
in the file automatically.

Input format:
S tm-mnemonic data number

Using the S command, you can search out the trace
information in the trace memory. :
Where the “tm-mnemonic” is the element of the
trace information in the trace memory that you
wish to search, and “data” is a value of that
element. “number” is the time of an agreement.
For example, Entering “S” PO 2 3", the emulator
searches through the trace memory from the top
and finds the position where the trace PO data is
equal to 2, three times, and displays the trace
information at that position.
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DISK ACCESS COMMANDS
1. LOD [dr:] filename Load Program into Code Memory
2. SAV [dr:] filename [address adress] Save Code Memory Program
3. VER [dr:] filename [address adress] Verify File with Code Memory
4. DIAG [dr:]filename Execute command file
5. LIST [dr:] filename List console Output into Disk file
6. NLST End listing
7. HELP Display HELP File
8. FDD dr:...dr: Set Disk Drive

EPROM PROGRAMMER COMMANDS

1. PPRaddress address [address]
2. TPRaddress address [address]
3. VPRaddress address [address]

Program Code Memory into EPROM
Transfer EPROM into Code Memory
Verify EPROM with Code Memory

4. TYPE mnemonic Set EPROM type

ASSEMBLE COMMANDS
]

1. ASM address Assemble to Code Memory

2. DASM address Disassemble to Console

3. DBLK address [address] Display Block Memory

4. SPB address [address] Set Program Block

5. SDB address [address] Set Data Block
TRACE COMMANDS

1. DTM-number number Display Trace Memory

2. DFTMnumbernumber Display Flash Trace Memory

3. DTG Display Trigger Mode

4. DFA Display Flash Trace address

5. S mnemonic data number Search Trace Memory data

6. SFFmnemonic Set Flash Trace Display format

7. STG mnemonic Set Trigger Mode

8. SFAaddress|[...address] Set Flash Trace address

9.  RFAaddress[... address] Reset Flash Trace address
10. RTG Reset Trigger Mode
EMULATION COMMANDS

1. STPnumber [number]

2. Glst-address] [,break-parameter]

_If the optional st-address if given, emulator will begin emulatlon from st-address.
. And if optional break-parameter is given.
emulation will break on the first break-parameter to be satlsﬁed.

break-parameter = break-address, ....., break-address (max. 10)
break-address (pass count)
break-address RAM ram-address (byte-pass count)
break-address sfr-mnemonic (byte-pass count)
3. SSF (+/-) mnemonic [...(+/—) mnemonic]
Set STP Command Display format

DISPLAY COMMANDS
1. D Display Register Flag Port
2. Dsfr-mnemonic Display sfr-mnemonic data
3. DSFR mnemonic [...mnemonic] Display mnemonic data
4. DPC Display Program Counter
5. DREG Display all Register Bank
6. DSBUF Display receiver data

394



® EASEB0C51mkll @

CHANGE COMMANDS
.1. Csfr-mnemonic data Change sfr-mnemonic
2. CSFR[mnemonic...mnemonic] Change SFR
3. CPCdata Change Program Counter
4. CREGdata Change Register bank
5. CSBUFdata Change Transmitter data
CODE MEMORY & DATA MEMORY COMMANDS
1. DCM address [address] Display Code Memory
2. DDM address [address] Display Data Memory
3. DXDM address [address] Display External Data Memory
4. CCMaddress Change Code Memory
5. CDMaddress Change Data Memory
6. CXDM address Change External Data Memory
7. FCMaddress address byte Fill Code Memory with byte
8. FDMaddress address byte Fill Data Memory with byte
9. FXDM address address byte Fill External Data Memory with byte

ATTRIBUTE MEMORY COMMANDS

DBP address [address]
DTR address [address]
DSO address [address]
DIE address [address]
EBP address ... address
ETRaddress ... address
ESO address ... address
FPB address address byte
FTR address address byte
10. FSO address address byte
11. RBRaddress... address
12. RTRaddress... address
13. RSO address ... address

CONOGOA®LN S

Display Break Point Bit Memory

Display Trace Enable Bit Memory
Display Sync Output Enable Bit Memory
Display Instruction Executed Bit Memory
Enable Brak Point Bit

Enable Trace Enable Bit

Enable Sync Output Enable Bit

Fill Break Point Bit Memory with byte

Fill Trace Enable Bit Memory with byte
Fill Sync Output Enable Bit Memory with byte
Reset Break Point Bit

Reset Trace Enable Bit

Reset Sync Output Enable Bit

14. RIE Reset Instruction Executed Bit Memory
BUFFER MEMORY COMMANDS

1. DBUF Display Buffer Memory

2. TBUF Transfer Data Memory & SFR Data into Buffer Memory

3. LBUF Load Buffer Memory into Data Memory & SFR
CYCLE COUNTER COMMANDS

1. DCC Display Cycle Counter

2. CCCdata Change Cycle Counter

3. TIMEdata Set 1 cycletime
BREAK CONDITION & STATUS COMMANDS

1. DBC Display Break Condition

2. DBS Display Break Status

3. SBC (+/-) mnemonic.. (+/—) mnemonic

Set Break

OTHER COMMANDS

RES
RESE
SIOForH
PAUSE
EXIT
DIR[dr:]
MAP [address]
MAC

M

10. @

11. M80C51
12. M83Ci154

©CONDO AN

EASE80C51mKIl System initialization
MSMB83C154E Evachip reset

Set Emulator to I/0 terminal mode

Stop command file execution and wait key-in
Return Host computer’'s OS

Display file directory

Mapping

Define command execution

Execute Defined command

Repeat front command

Set Emulator to the MSM80C51 checking mode
Set Emulator to the MSM83C154 checking mode
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EASE8S80C51mkll PROGRAM DEVELOPMENT SUPPORT SYSTEM
for the MSM83C154/80C51 CMOS 8-BIT 1-CHIP MICROCONTROLLER

Clock select switch

AC power
connector

Reset switch
Mode switch Power
switch
Baud rate
Crystal oscillator __|] s;ﬁchra | Probe cable
connector connector
EPROM programmer
User cable
connector
RS232C 300 (W) x 105 (D) X 210 (H) mm
connector
Category Model name Component name
Hardware EASE80C51mkil Emulation kit for MSM83C154/80C51
Emulation kit
Software EASE Host monitor for floppy disk based (Note 2)
ASM 51 Assembler for floppy disk based (Note 2)
Manuals TM-80C51 EASE80C51mkll Emulator User's Manua
AM-80C51 ASM51 Assembler User's Manual ‘
Accesories TCU-80C51 User application circuit connection cable
TCS-n Host computer connection cable (3) (Note 3)
TCP-2 AC power supply cable
TCX-2 Emulation probe cable

Note 1. Refertothe ASM51 Assembler User’s Manual for assembler details.
Note 2. PCDOS 51/4 floppy disk, PC format, double-side double-density (8 sectors X 40 tracks X 2)
PC DOS stands for IBM personal computer DOS.
CP/M-80 8-inch floppy disk, IBM3740 soft-sectored format, single-side single-density.
CP/M-80 is the registered trademark of Digital Research Co. '
Note 3. Two cables are used for connecting the if800 or equivalent computer to the EASES80C5 1 mkl|
Emulation Kit-one to the CH1 port, and the other to the CH2 port. (Model name, TCS-2)
The third cable is for connection of an IBM PC or equivalent computer to the EASE80C5 1 mkili
Emulation Kit. This calbe is connected to the CH1 port. (Model name, TSC-3).
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OPTIONAL SOFTWARE
oS
Name Supplied software
CP/M-80 | MS-DOS PC-DOS VMS UNIX
PASM (] (o] O * . | Pre-Processor
MACS51 (o] O O * . Macro-Assembler
RLS1 O O (@] . . Linker
LIBS1 (e} (e} (o] * * Librarian
SID51 . (@] (@] M * Symbolic Debugger
OBJHEX -t @] (o] . . Object Converter
» ----Being developed
OPTIONAL HARDWARE
Type Remarks
Handy I/0 terminal
EASES8 EASES can be used as a terminal unit for the EASE80CS51mk!| Emulation Kit.
(Convenient portable model)
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MAC51 SUPPORT SOFI'WAHE‘ PACKAGE

“for the

MSM80C51 CMOS 8-BIT MICROCONTROLLER

FEATURES

1. Symbolic relocatable assembly language pro-
gramming for 80C51/154 microcontrollers

2. Produces Relocatable Object Code which is
linkable to other 8051 Object Modules

3. Encourages modular program design for
maintainability and reliability

4. Macro Assembler features conditional as-
sembly and macro capabilities

MAC51 SUPPORT SOFTWARE PACKAGE
The following MAC51 programs are available
to develop user programs.

PASM Pre-processor

PASM is used to expand macro calls,
conditional assembly statements, and INCLUDE
statements included in user generated source
programs, thereby generating expanded source
programs. A number of items of development
information are inserted in these developed
source programs for MAC51. '

MACS51 Assembler

MACS51 converts source praograms into
relocatable codes to form relocatable object files
(OBJ files). Print, symbol, cross reference, and
error files are generated as assembly
information.

‘'LIB51 Librarian

The LIB51 program manages OBJ files for
each module. Files consisting of a number of
relocatable object modules (OBJ modules)
generated by LIB51 are called the object library.
LIB51 handles object library generation, and
OBJ module addition, deletion, and upgrading.

RL51 Linker

RL51 links and relocates one or more OBJ
modules to generate one absolute object
module. RL51 also generates a list file
consisting of symbol table and link map as link
information. OBJ modules which serve as the
RL51 input can be OBJ files generated by
MAC51, and OBJ modules located within the
object library generated by LIB51. -

SiD51 Symbolic debugger

SID51 is used when a symbol using
debugger is selected. Absolute object files are
converted to Intellec HEX format files.

Outline of Program Development

The procedures involved in the processing
from source program generation' through ROM .
loading are described below in the sequence
indicated in Figure 1-1.
individual utilities,
manuals.

For further details of
refer to the respective
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1. Generation of MAC51 assembly language

source program by the editor.

Source programs can contain basic and
pseudo instructions, and assembler control,
macro call, conditional assembly, and
INCLUDE statements.

. When macros are used, macro definitions are
generated in macro library files (with MAC
extension) by the editor. Macro call
statements are described within source
programs.

. Where macro call, conditional assembly
statement, and INCLUDE statement
descriptions are included in a source
program, there are expanded by PASM to
form an expanded source program.

Object library
LB

Editor

Expanded
source program
.SOR

® MAC51 o

. Source programs or expanded source

programs are assembled by MAC51 to form
relocatable object files.

. A group of relocatable object files can be

managed by LIB51 together in a relocatable
object library files (LIB extension). When
required, object modules can be called from
this object library by RL51.

. Relocatable object files are converted to

absolute object files by RL51. At this stage,
one or more relocatable object files can be
linked to relocatable object modules in the
library file.

. ABS modules are converted by SID51 or

OBJHEX to Intellec HEX format files. With
EASE80C51mkll, HEX file contents can be
written into EPROM devices .

Macro library
.MAC

EASE80CS51mKIL

Fig. 1-1 Program development flow
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