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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 consurner 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.
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PROGRAM DEVELOPMENT SYSTEMS FOR
OKI MICROCONTROLLERS

OLMS-40 SERIES

target chip development tool standard software adaptor module field debugging

9 package name (included in package) (if necessary) tool

MSM5840 EASE 40 DB400 debugger
(SERIAL INTERFACE) ASM40 cross assembler —
MSM5842 (BUS INTERFACE)
MSM58421 MPB421 MPB202
MSM58422 MPB422
MSM5847 dedica}ed hardware _ _
simulator
[Note]

1. The standard software DB400 and ASM40 are avalable on CP/M-80 for most personal computers, or ISIS-|1 for
INTEL MDS.
= CP/Mis aregistered trade mark of Digital Research, and ISIS-Il, MDS of Intel.

LOW POWER SERIES
target chip development tool package name standard software
MSM5052
EASE5052/56
MSM5056
MSM5054
EASE5054/55
MSM5055 Er:,sz ASM50
MSM6051 (EASE6051) monitor cross assember
MSM6351
(EASE6351/6353)
MSM6353
MSM6052 EASE6052, (EASE6352/6052)
MSM6352 (EASE6352/6052)
[Note]

1. Thestandard software is avilable under following operating system.
CP/M-80 for most of personal computers
MSDOS for OKI if800, NEC PC9801 etc.
PCDOS for IBM PC-XT, AT, IBM 6550



® PROGRAM DEVELOPMENT SYSTEMS e

OLMS-64 SERIES

. development tool 170 adaptor standard software field debugging .
target chip package name module (included in package) tool Piggy back
MSM6404 - _
MSM6408 - (ASM6408)* - MSM6404VS
MSM6402 - —
EASE6400 EASE ASM6400
MSM6422 PAM6422 host PEM6422
monitor
MSM6411 PAM6411 PEM6411
MSM6442 PAM6442 PEM6442
MSC6458 EASE6458 - ASM6458 - MSC6458VS
[Note] The standard software is available under following operating system.
EASE, ASM6400, ASM6458 ...... CP/M-80 for most personal computers,
MSDOS for OKI if800, NEC PC9801 etc.
PCDOS for IBM PC-XT, AT, IBM 5550
*ASM6408 .............iiinnnn. CP/M-80 version.
ASM6400 Covers MSDOS and PCDOS for MSM6408.
OLMS-65 SERIES
. development tool standard software . .
target chip package name (included in package) field debugging tool
EASE65
MSM6502/6512 EASE6502 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
EASE49
M 4 C49 — —
MSM80C49 EASES80 ASM49
MSM80C50
MSM80C51F EASE See Note 1.
MSM83C154 EASE80C51mKill ASM51 MSM85C154VS
[Note]

1. Optional Software for MSM80C51/83C154
PASM preprocessor, MAC51 relocatable assembler, RL51 object linker, LIB5 1 librarian SID51 symbolic debugger
2. The softwares are available under following operating system.

EASE49 ...l CP/M-80, ISIS-II
ASMA9. ... ... .. CP/M-80, ISIS-Il
EASE&ASMS51 ....................... 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

PASM, MAC51,RL51, LIB51
SID51
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8 BIT SERIES (OKI original)

. development tool standard software .
target chip package name (included in package) optional software
MSM66301 EASE66301 ASME6301 SeeNote 1.
EASE
AS62580

MSM62580 EASE62580 EASE
[Note]
1. Optional Software for MSM66301

c-compiler (VMS for uVAX-il) * under development

relocatable assembler (VMS)

object linker and librarian (VMS) "
cc66 debuger (VMS) "
symbolic debugger (VMS) "
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* OLMS-40 SERIES

POWER
cLocK ROM | RAM | INPUT 1o TIMER | INTER- INSTRUC-| MACHINE | POWER CONSUMPTION
TYPE NO. | PROCESS| SUPPLY OUTPUT PORT STACK PACKAGE REMARKS
VOLTAGE | FREQUENCY | (@M | @) | PORT PORT | COUNTER | RUPT TION | CYCLE ove TSTANDBY
MSM5840 cMos sv 42MHz | 2048x8|128x4| 6 16 8 8 Bit RIW 2 4 98 7.66S | 1.6mA - 42DIP/44FLAT
MsMsga2 | cmos sv 42MHz | 768x8| 32xa| s 8 8 8 Bit - 1 52 7645 | 1.5mA - 28DIP/32FLAT
35LCD Seg. ]
MsSM58421 | CMOS 5v a2mmz | 1536x8| d0xa| 5 | JRCOSe o 8 12 Bit - 1 52 7.64S | 2.0mA - 6OFLAT
MSM58422 | CMOS 5V 4.2MHz | 1536x8| 40xa4| 5 | 7XSFLT Seg. 8 12 8it - 1 52 7.645 | 2.0mA - 6OFLAT
) 5 Discreate s :
MSM5847 | CMOS av 32kHz | 1536x8| 96x4| - 24x 3LCD Seg. 7 13 Bit - 2 43 61048 50uA - 44FLAT/CHIP
* OLMS-50/60 SERIES
TvPE No. | PROCESS | SuRpLY | . CLOCK ROM | RAM [INPUT| oo poos 1o TIMER | INTER-| oo o INSTRUC| MACHINE | POWER CONSUMPTION |  Laciace REMARKS
VolTAGE | FREQUENCY | @M | @M | PORT PORT | COUNTER | RUPT TION | CYCLE —2cTve TSTANDBY
26 x 2LCD Seg. Built-in temper-
MSM5052 | CMoS 1.5v 32z |1280x14) e2x4| 8 | ZB7AC - - - - 42 1228 A - CcHIP Bt i Lemper
MSMS054 | CMOS | 1.5v/3v 32kHz  [1024x14] 62x4| 6 :‘L’aé'l'g[’ Seq. - - - - 20 12248 A - CHIP
60x 2LCD Seg. _ VOICE
MSMS056 | CMOS | 1.5v/3v 32kHz  [1792x14 96x4| 8 | SOXAC - - - - 42 12248 A cHIP CONTROLLER
8 38x 2LCD Seg. Connection with
MSM5056 | CMOS 1.5V 32kHz  [1792x14 90xa| 4 | 3BXAC - - - - 42 12248 3A - cHIP o e
MSM6051 cMos | 1.5vi3v 32Hz  [2560x 14| 120x4| o | §33LCD Seq. - - 1 2 59 91.5,8 3A - CHIP
— 59 x 3LCD Seg. or _ _
MSM6351 cMos | 1.5viav 32kHz  |4096x 151024 x4 Soaico s 20 3 7 65 61.048 A CHIP/100FLAT
_ _ _ _ CHIP/
MSM6353 | CMOS | 15v/3v 32kHz  |4096 x 15[1024 x4 20 3 7 60.0uA 3uA NS DI
MSM6052 CcMOS 3v 3.568MHz |2048x 14| 640x4| 12 12 4 4 Bit 1 5 52 17.945 1.2mA 0.2uA iﬁgﬁ';/TWDlP/’ Built-in DTMF
MSM6352 | CMOS v 3.58MHz  [2048x 14| 640x4| 12 12 4 48it 2 5 52 17.9,5 | 18mA | 0.24A | 28DIP/40DIP/ | Built-in DTMF
44FLAT on-hook dialing

¢ SOLLSIH3LOVHVHO TVIIdAL ANV dN-3NIT @
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¢ OLMS-64 SERIES

POWER

cLoCK ROM | RAM | INPUT 1o TIMER | INTER- INSTRUC-| MACHINE | POWER CONSUMPTION
TYPE NO. | PROCESS| SUPPLY OUTPUT PORT STACK PACKAGE REMARKS
Y | FREQUENCY | (8IT) | (8IT) | PORT PORT | COUNTER | RUPT TION | CYCLE [aoTve TSTAND.BY
12 Bit
MSMB404 cMos 5V 42MHz | 4000x8 | 256x4| 4 - 32 | 12BitRW 5 32 121 95208 6mA 1WA | 42DIP/44FLAT
8 bit RIW
12 Bit
MsM6408 | CMOS s5v 240MHz | 8096x8|256x4| 4 - 32 | 12BtRW 5 32 121 1S 6mA 1A | 42DIP/44FLAT
8 Bit R/W
MSM6411 cMos sv 42MHz | 1024x8| 32x4| 4 - 8 - 2 8 63 | 95208 6mA 1A | 16DIP/24FLAT
MSM6422 | CMOS 5V 4.2MHz | 2048x8| 6axa| 1 - 18 | 128t 2 16 63 | 95208 6mA 1A | 16DIP/24FLAT
MSM6442 cMos 5v 42MHz | 2048x8| 128x4| 1 46x 2LCD Seg. 16 8 Bit RIW 4 16 76 952nS 6mA 1A 8OFLAT B im0 Con-
12 Be 64 Shrink DIP/ | Built-in FLT Con-
MSC6458 Bi-CMOS 5V 43MHz | 8192x8|512x4| 9 12x 12FLT Seg. 24 16 Bit RIW 8 32 147 930nS 9mA 1A o4 FLAT ulit-in FLY Lon
8 Bit RIW troller/Driver
* OLMS-65 SERIES
vrE No. | PROCESS | UMY cLocK ROM | RAM |INPUT| (oo oo 110 TIMER | INTER-| g1 o INSTRUC-| MACHINE | POWER CONSUMPTION ' PACKAGE REMARKS
SupPLY | FREQUENCY | (@I | (@I | PORT PORT | COUNTER | RUPT TION | CYCLE | acrve  STAND-BY
MSM6502 cmos av 32kHz | 2000x8 |128x4| 4 108LCD Seg. 8 12 Bit 3 32 68 91ES | 45uA 304A | 44FLAT/CHIP
MSM6512 | CMOS 3v 32kHz | 2000x8|128x4| 4 108LCD Seg 8 12 Bit 3 32 68 91545 | 304A 124A | 44FLAT/CHIP

SOILSIHILOVHVHD TVOIdAL ANV dN-3NIT e
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* 8 Bit SERIES (INTEL compatible)

POWER
cLock ROM | RAM | INPUT 1o TIMER | INTER- INSTRUC-| MAGHINE | POWER CONSUMPTION
TYPE NO. | PROCESS| SUPPLY . OUTPUT PORT STACK PACKAGE REMARKS
VoL TAGE | FREQUENCY | (8T) | (BIT) | PORT PORT | COUNTER | RUPT TION | CYCLE [ AcTive | STANDBY
MSM80C35 | CMOS sV 11MHz - 6axg| — 24 8 Bit RIW 2 8 | 1m 13648 | 10mA WA | 40DIP/AAFLAT
MSM80C39 | CcMos 5V 11MHz —  |128x8| — 24 8 Bit RIW 2 8 | 1 1.3648 10mA WA | 40DIP/A4FLAT
MSM80C40 | CMOS 5v 6MHz — | 256x8| — 24 8 Bit RIW 2 8 | 1 2548 10mA WA | 40DIP/a4FLAT
MSM8OC31F!  CMOS 5v 16MHz —  |128x8| — 32 |16BtRWx2| & 64 11 0.7548 20mA 12A ﬁg&g‘“mw
MSM80C154| CMOS 5v 16MHz —  |2s6x8| — 32 |16BtRWx3| 6 128 111 0.7548 20mA 1A ﬁg"f(’: /c 44FALT/
MSM80C48 | CMOS 5V 1IMHz | 102ax8] 64x8| — 24 8 Bit RIW 2 8 | 111 1.3648 10mA A | 40DIP/A4FLAT
MSM80C49 | CMOS 5v 1IMHz | 20488 128x8| — 24 8 Bit RIW 2 8 | 1m 1.3648 10mA 1A | 40DIP/A4FLAT
MSM80C50 | CMOS 5V 6MHz | 4096x8|256x8| — 24 8 Bit RIW 2 g | 1 25,8 10mA 1wA | 40DIP/AaFLAT
MSMBOC51F| CMOS sv 16MHz | 4096x8| 128x8| — 32 | 16BtRWx2| 5 64 11 0.754S 20mA 1A ﬁg'L’::/c“FLAT/
MSM83C154| CMOS 5V 16MHz | 16384 x8 266x8| — 32 |1eBtRWx3| 6 128 11 0.7548 20mA 14A ﬂg'&/c 44FLAT/
* 8 BIT SERIES (OKI original)
TrENo. | PROGESS | oMl ocK ROM | RAM | INPUT | (oo o o 110 TIMER [ INTER-| o1 INSTRUC.| MACHINE | POWER CONSUMPTION | bacace REMARKS
voroe | FREQUENCY | BT | (BT | PORT PORT | COUNTER | RUPT TION | CYCLE [ active | STANDBY
For IC cards
MSM62580 | CMOS s5v 5MHz 3072x8 | 128x8| — 1 - - 32 95 800nS amA 104A COB. under develop-
ment
Under develop-
64 Shrink D1y | e (PGB type)
MSM66301 | CMOS sv 10MHz  |16384x8]512x8, 8 40 16 Bitx 4 17 | 256 | 9o 40008 - — | espce * O Beh. 10t
64 FLAT

* PWM
* Chapter register

® SOILSIH3LOVHVYHO TVIIdAL ANV dN-3NIT @



e LINE-UP AND TYPICAL CHARACTERISTICS ¢

LOW POWER

HIGH SPEED

OLM-50/60 SERIES OLM-64 SERIES
TYPENO. | ROM | RAM |CONSUMP- FEATURES TYPENO. | ROM | Ram | MACHINE FEATURES
TION CYCLE
MSM5052 | 1280 x 14 62x4 3pA 52 Seg. LCD Driver MSM6404 | 4000x8 | 256x 4 952nS 1/0; 36
MSMS054 |1024x14 | €2x4 |  3uA 88 Seg. LCD Driver MSVE408 | 8096x8 | 256x4 | 952nS 110,36
MSMS0S5 | 1792x14 | 96x4 | BuA 120 Seg. LCD Driver MSMB411 | 1024x8 | 32x4 | 952ns 11011
MSMS056 | 1792x14 | 90x4 | BuA 76Seg. LCD Driver MSMB422 | 2048x8 | B4x4 | 95208 10;19
MSME0ST |2560x14 | 120x4 |  3uA 189 Seg. LCD Driver MSM6442 | 2048x8 | 128x4 |  952nS 92Seg. LCD Driver
MSMB0S2 |o08x14 | eaox4 | 12mA DTMF Generator MSMB458 | 8192x8 | 512x4 | 930S 144 Seg. FLT Driver
MSM6351 | 4096 15 | 1024x4 |  3uA 232 Seg. LCD Driver
MSM6353 | 4096x 15 | 1024x4 | 3uA N e R enronised/
OLM-40/65 SERIES
TYPENO | ROM | RAM Mé%‘:’;s FEATURES
MSM5840 | 2048x8 | 128x4 7.6uS 1/0; 30 lc CARD
MSMS842 | 768x8 | 32x4 | 764 10; 21
MSM58421 | 1536x8 | 40x4 | 7645 35 Seg. LCD Driver
MSM58422 | 1536x8 | 40x4 7.6uS 35Seg. FLT Driver
MSMSBA7 | 1636x8 | %6x4 | GIuS | 72Seg.LCDDriver ONE CHIP MICROCOMPUTER FOR IC CARD
MSMB502 | 2000x8 | 128x4 | 91545 108 Seg. LCD Driver TYPENO. | ROM | Ram | MACHINE FEATURES
MSM6512 | 2000x8 | 128x4 | 91545 104 Seg. LCD Driver MSMB2580 | 3072x8 | 128x8 |  800nS Built-in EEPROM 2048 x 8
4BIT 8BIT

=

OKI ONE CHI



HIGH PERFORMANCE

MSMB80C154 SERIES

HIGH PERFORMANCE
nX SERIES

OLMS-66K SERIES

o LINE-UP AND TYPICAL CHARACTERISTICS o

TYPE NO. ROM RAM MECHINE TYPE NO ROM RAM Mé$gL'gE
MSMBIC154 16384x8 256x8 75008 MSMES301* |, 16384x8 512x8 40005
MSMBOC154 - 256x8 750nS 16BIT

MSMB80C51 SERIES
TYPE NO. ROM RAM ravais
[—— 409 x8 128x8 0758
MSMBOC31/31F - 128x8 07548
MSMB80C48 SERIES
TYPE NO. ROM RAM MACHINE

MSMB80C48 1024x8 64x8 1.36uS

MSMB0C49 2043x8 128x8 13648

MSMBOCS0 40958 256x8 25,8

MSMB0C35 - 64x8 13645

MSMB0C39 - 128x8 13648

MSMBOCA0 - 256x8 258
8BIT

1

1ICROCOMPUTER

13
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® 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

EPROM specification n

2716

— 2732
—27C32
—27C32A
—2764
—27C64
—27128
L 27256

(2) 1 copy of object machirie code list

17



® CODE ENTRY o
2. SINGLE CHIP MICROCONTROLLER DEVELOPMENT STAGES

USER @ Program with OKI development tool.

® Prepare 2 pcs of EPROM and programming list

EPROM Printout

0c00000O0O
00000000

@ Print out identical EPROM data.

® Engineering Sample
Actual production sample of your microcontroller
chip prepared for final approval.

KI 5 ' ® 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 28 PIN 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 42 PINPIGGY BACK - -
MSM6408 42PIN 44 PIN 44 PIN
MSM6411 16 PIN 24 PIN -
MSM6422 24PIN 24 PIN -
MSM6442 - 80 PIN -
MSC6458 64 PIN SHRINK 64 PIN 68 PIN
MSC6458VS 64 PIN SHRINK - -
PIGGY BACK

NOTE: * CHIP TYPE is available.

21




¢ PACKAGING e

PACKAGE/PIN COUNT

DiP FLAT PLCC

MSM6502* - 56 PIN(S) -

MSMe512* - 56 PIN(S) -

MSM62580 - COB (5PIN) -

MSM66301 64 PIN SHRINK 64 PIN 68 PIN
MSM80C35 40PIN 44 PIN 44PIN
MSM80C39 40PIN 44 PIN 44 PIN
MSM80C40 40PIN 44 PIN 44 PIN
MSMB80C31 40 PIN 44 PIN 44 PIN
MSM80C48 40PIN 44PIN 44PIN
MSM80C49 40PIN 44 PIN 44 PIN
MSM80C50 40PIN 44 PIN 44PIN
MSMB80C31F 40PIN 44 PIN 44 PIN
MSMB80C51FVS 40 PINPIGGY BACK - -

MSMB80C51F 40 PIN 44 PIN 44PIN
MSMB80C154 40 PIN 44 PIN 44PIN
MSM83C154 40PIN 44 PIN 44 PIN
MSM85C154VS 40 PINPIGGY BACK - -

NOTE: (S) means Small pachage

22



® PACKAGING e
® 16 PIN PLASTIC DIP

20.0 MAx (Unit: mm)
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® PACKAGING ¢

® 24 PIN PLASTIC DIP
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® PACKAGING e

® 40 PIN PLASTIC DIP
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® 42 PIN PLASTIC DIP
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® 64 PIN SHRINK DIP
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® PACKAGING e

® 24 PIN PLASTIC FLAT
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® PACKAGING ®

® 44 PIN PLASTIC FLAT

(Unit: mm)
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® PACKAGING o

® 60 PIN PLASTIC FLAT
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® PACKAGING ¢

® 44 PIN PLASTIC PLCC

INDEX MARK
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® PACKAGING e
* 40 PIN PIGGY BACK

(Unit: mm)
54.0 "**
HEBEEPEEEERBEE )
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BpEEBPREBERERE T
imininininininininininininin [
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1. INTRODUCTION

Semiconductor devices play a leading role in the
explosive progress of technology. They use some of
the most advanced design and manufacturing tech-
nology developed to date. With greater integration,
diversity and reliability, their applications have ex-
panded enormously. Their use in large scale com-
puters, 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 C tests: 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.

Failure
report

Sales
Department

Report of
investigation

Request for

technical
improvement
Engineering
r—a-————— Qﬂﬁment
Report on
! results of

investigation
& improvement

€
S © ©c
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Assurance 202l |ET
Department SEQ c 2
gogl |fo

QoE

Report on x~-=

results of
investigation
& improvement

Manufacturing

\@nment

)

Request for
manufacturing
improvement

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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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 |2000 0 88 (2000 0 MIL-
life test Vce =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)
Vee=6V
Tenl1perature —55°C=2RT=150°C| 100 | 500 0 100 (30;) 0 100 (50;) 0 Mlé'égTD-
cycling test | (30 min) 1 (30 min) (cy) cy! cy, C
(5 min) METHOD
1010
Pressure Ta=121°C 50 | 200| O 50 200 O 50 { 200f O
cooker test RH=100% (H) (H) (H)
2 atm
Part name MSM6404-XXJS MSM80C31JS
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 Vee=6V (H) (H) STD-883C
METHOD
1005
Temperature Ta=85°C 100 {2000 0 100 |2000 0
humidity test RH =85% (H) (H)
Vce =6V
Temperature |[—55°C=2RT=150°C{ 100 | 500 0 100 | 500 O MIL-
cycling test | (30 min) t (30 min) (cy) (cy) STD-883C|
(5 min) MEJTHOD
1010
Pressure Ta=121°C 50 | 200 O 50 2001 O
cooker test RI;: 100% (H) (H)
atm
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MSMB80C31/51- MSMB80C35/39/48/49- MSM83C154-
Part name XXRS 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 ° 22 ° 2 ° MIL:
Heat Test 10 SEC S10-883C
METHOD
. 2003
v
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 0 MIL-
Shock (5min)  (S5min) STD-883C
Test 10 cycles METHOD
1011
Lead Tensile 500g 10 SEC MiL-
Integrity 8 0 " 0 11 0 STD883C
Bending| 250 9 90° BEND METHOD
3 TIMES 2004
Solderability 230°C 5 SEC 22 0 22 0 22 0 MiL
STD883C
METHOD
2003
Part name MSM6404 MSM80C31JS
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)
@
& +
= Soldering Vapor Phase Reflow
] (215+2°C,90 + 10, ~ Osec)
g Heat Test 2 times oc
€
c
£ + 22 (! 22 0
E Temperature —-55°C2RT=150°C MiL-
— | Cycling Test  [(30min) (5min) (30min) STD-883C
£ 20 cycles METHOD
= 1010
] N
£ \ 4
Thermal 100°C=0°c MiL-
Shock (5min)  (5min) STD-883C
Test 10 cycles METHOD
1011
E‘ Solderability Bake (125°C, 24hrs) 22 0 22 0
t § immerse into Flux
2 Immerse into Solder
5 (216+2°C 10+ 1sec)




4. SEMICONDUCTOR MEMORY
FAILURES

The life-span characteristics of semiconductor
elements in general (not only semiconductor IC
devices) are 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.

Q : ductor El

t Failure Rate Curve

+ | Initial SHIPPING Wear-out

o | failure Random | failure

H failure

[+

® m>1

5 /

& General /
electronic /

X - 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 semicenductor 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 o

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 27 Input section
Aluminum Z f{j_ﬂlﬁfl

wire § Poly Si
Destruction
position

2) Oxide Film Insulation Destruction (Pin Holes)
Unlike surge destruction, this kind of failure is
caused by manufacturing defects. Locally 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.

B 4
Photolithographic Defect
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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

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 LSls.

Drain
+Vp
+VGI '
1
Gate 1
lectrons
Source g Hot el
. Gate +Vp
Sojﬁ\ [Siticon oxide @ © Drain

6N+///

Substrate silicon

Nt // ’é‘/é’/

P

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 /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

@ Low Power Consumption — 8mW Typical e Expandable Memory and I/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 4 Internal 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)
F (16 x8 x4)

TACKO
TACK1
TACK2
TACK3 0

TIMER
7 COUNTER 0

lPG"PFIPE P0 || Pk

11]111113111 8488434846
321032103210 32103210 - 32103210 o
N pg~ \-pF—/ \—pg—/ \—pD~/ \-pK~/ [ \—pa—/ \—pg—/ [ SNC st
PF also x1098 76543210

open drain rorny \——ADR —/

Instruction
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PIN CONFIGURATION (Top View)

42 PIN PLASTIC DIP (RS)

44 Pin Plastic Flat Package
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40
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ﬂ PIN DESCRIPTION

Designation Pin No. Function
GND 21 Circuit GND potential
Vpp 42 Main power source (+5V)
0OSCo 10 Crystal OSC input, external clock input
0SC1 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
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 parallel output and bit set/reset. Specified by internal
PE, PG 23t0 34 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)
PH 36 and 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 synchronizing signal output at the beginning of each machine
cycle. Used for address strobe during external ROM mode.
RD 12 Read strobe pulse occuringwhen port Aor Bisread (1A, 1B, 1AB)
WR 1 Write strobe pulse occurring when port A or B is written (OA, OB, OAB, OBS, OTD)
F 22 Read strobe pulse occurringduring 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
through these ports with the 1/0 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.

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 DP_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
Ho input
Hi : same as Ho except H:
input
: 0 indicates internal ROM,
1 indicates external
ROM. If all external ROM,
OKindicates first bank of
2K.

CT — counter

TM — timer flag
INT — interrupt
INTE — interrupt

enable
Ho— Ho memory
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INSTRUCTION SET
Mnemonic Description Instruction Code Byte | Cycle
7 6 5§ 4 3 210
CLA Clear Accumulator 0 0 1 00 0O 1 1
CLL Clear DP_ 001 0O0O0OU O| 1 1
CLH Clear DPyy 01 1 00O00O0O0O] 1 1
LAI Load Accumulator with Inmediate 0O 0 0 1 Is l2 i Io 1 1
LLI Load DP_ with Immediate 0O 0 1 0 Is l2 1 o 1 1
LHI Load DPy with Immediate 0O 1 1 0 0 I2 It lo 1 1
L Load Accumulator with Memory 1001 01 00O 1 1
LM Load Accumulator with Memory then Modify DP 10 01 0 1 W lo 1 1
LAL Load Accumulator with DP|_ 0101 010 1 1 1
.| LLA Load DP|_ with Accumulator 01010100 1 1
g LAW Load Accumulator with W Register 100 001 O0O 1 1
'g LAX Load Accumuiator with X Register 1 0 00 0 1 0 1 1 1
nq’; LAY Load Accumulator with Y Register 1 00001 10O 1 1
g LAZ Load Accumulator with Z Register 1000 0 1t 1 1 1 1
2- SI Store Accumulator to Memory then Increment DP_ 1 001 00O O} 4 1
§ SMI Store Accumulator to Memory then Modify DPH 1 0 01 0 0 It o 1 1
and Increment DP
LWA Load W Register with Accumulator 1 00 00 0 OO 1 1
LXA Load X Register with Accumulator 10 000 O 0 1 1 1
LYA Load Y Register with Accumulator 10 000 O 1T O 1 1
LZA Load Z Register with Accumulator 1 00 00O 1 1 1 1
LPA Load Port Pointer with Accumulator 01011000 1 1
LTI Load Timer with Immediate 011 01000 2 2
I7 le Is la 13 12 11 o
RTH Read TimerH 01101010 1 1
RTL Read timer L 011 010 11 1 1
XA Exchange Accumulator with Save Register A 010010 0 1 1 1
XL Exchange DP|_with Save Register L o1 001010 1 1
% XCH Exchange DP and Carry with Save Register CH 01 001 0O0O0 1 1
-g X Exchange Accumulator with Memory 10011 00O 1 1
i XM Exchange Accumulator with Memory then Modify 1t 001 10 Il 1 1
DPy
XAX Exchange Accumulator with Save Register AX o1 0010 11 1 1
- | INA Increment Accumulator ) 000 O0OOT O 1 1 1
é INL Increment DP_ 01 01 01 11 1 1
% INM Increment Memory 0101 110 1|1 1
g INW Increment W Register ~ SkipifZero 1 0001 O0O0O0O0 1 1
5| INX Increment X Register 1000100 1] 1 1
21Ny Increment Y Register 1 000101 0[ 1 1
£l INz Increment Z Register 1000101 1|1 1
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INSTRUCTION SET (CONT.)

Instruction Code

Mnemonic Description Byte | Cycle
76 5 4 3 2 10
DCA Decrement Accumulator — Skip if Not All Ones 0O 00O0T11T 1 1 1 1 1
S| DCL Decrement DP_ 010101 10| 1 1
§| bcm Decrement Memory 010111001 1
§ DCW Decrement W Register Skip if AllOnes 100011 00O 1 1
<
E DCX Decrement X Register 1000110 1 1 1
£| DCY Decrement Y Register 100011101 1
‘_2 DCz Decrement Z Register 10001 1 11 1 1
DCH Decrement DP — Skip if All Ones and C = Zero o101 1 1 11 1 1
CAO Complement Accumulator of One 01 01 0O0O0O0 1 1
+ | AND And Accumulator with Memory 01 00O0T1TO0O 1 1
% OR Or Accumulator with Memory 01 0O0O0 1T O0 1 1 1
-| EOR Exclusive or Accumulator with Memory 01 00O0T1TT1TO0 1 1
RAL Rotate Accumulator Left through Carry o1t 0O0O0 1 1 1 1 1
AC Add Memory to Accumulator with Carry 0O1 001100 1 1
ACS Add Memory to Accumulator with Carry, Skip o1 00110 1 1 1
if Carry
AS Add Memory to Accumulator, Skip if Carry o1 001110 1 1
21 AIS Add Immediate to Accumulator, Skip if Carry 0O 0 0 O Is I2 It lo 1 1
_% DAS Decimal adjust Accumulator in Subtraction o1 011010 1 1
E CM Compare Accumulator with Memory, Skip if Equal o101 1110 1 1
AWS Add W Register to Accumulator, Skip if Carry 100111 00 1 1
AXS Add X Register to Accumulator, Skip if Carry 10011 10 1 1 1
AYS And Y Register to Accumulator, Skip if Carry 10011110 1 1
AZS Add Z Register to Accumulator, Skip if Carry 1001t 1 1 11 1 1
SPB Set Port Bit 1 01 1 0 0 I lo 1 1
RPB Reset Port Bit 1 01 1.0 1 It o 1 1
SMB Set Memory Bit 1 01 1 1 0 il 1 1
RMB Reset Memory Bit 1 01 1 1 1 Il 1 1
;‘0: TAB Test Accumulator Bit ) 1 01 0 0 0 Ih lo 1 1
% T™MB Test Memory Bit 1 01 0 0 1 I lo 1 1
é TKB Test K Port Bit 101 01 0 Il 1 1
S
g THB TestH Port Bit ? Skipif One 1 01 01 1 0 o 1 1
ﬁ TI Test Interrupt flag 10101 1 11 1 1
T™ Test Time flag + 01 011 10 1 1
TC Test Carry flag 01 0O0O0O0OT1TO 1 1
SC Set Carry flag 01 00 O0OTOTP OO 1 1
RC Reset Carry flag 01 00 O0OO0 1 1 1
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INSTRUCTION SET (CONT.)

Instruction Code

Mnemonic Description 7 6 5 43 2 10 Byte | Cycle
.g ! ume 17 le |15 |14 Ic:)s ll‘zo :: Iao 2 2
g JC Jumpin Current Page 1 1 s la Is I2 11 lo 1 1
@| A Jump with Accumulator 01t 00001 1]1 1
S| CcAL Call Subroutine 0011 11lole s| 2 2
® Iz le Is la I3 l2 It lo
@ Ry Return from Subroutine 0101100 1| 1| 2

OBS Output Byte String o111 0000 1 2~17
OoTD Output Table Data o1 11000 1 1 2
OA Output Accumulator to Port A o111 0010 1 1
.| oB Output Accumulator to Port B o111 00 1 1 1 1
zl OoP Output Accumulator to Port P designated Port 0111 0100 1 1
3 Pointer
‘\"a OAB Output Memory and Accumulator to Ports A and B o111 010 1t 1 1
£| orPm Output Memory to Port P designated Port Pointer o1 110110 1 1
1A Input Port A in Accumulator o1 111010 1 1
1B Input Port Bin Accumulator o1t 111011 1 1
IK Input Port K in Accumulator o1t 1111 00 1 1
IAB Input Ports A and B in Memory and Accumulator o1 1111 01 1 1
El Enable Interrupt o1 0100 1 1 1 1
DI Disable Interrupt o1 010010 1 1
ET Enable Timer o110 11 11 1 1
5 DT Disable Timer o1 101110 1 1
‘g‘ ECT Enable Counter o1 1 11 1 11 1 1
©| bcT Disable Counter 01 111110 1 1
HLT Halt 01101101 1 1
EXP Exchange Program o111 0100 1 1 1
NOP No Operation 000 O0OO OO OO 1 1
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Supply Voltage Vbbp Ta=25°C —0.3to7 Vv
Input Voltage \ Ta=25°C —0.3to VDD v
Operating Voltage PF PG Vo Ta=25°C -0.3t025 Vv
Storage Temperature Tstg —55to0 +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
s v Volt Vi @1 MHz 3to6 \
u oltage
PRy g oD @4.2 MHz 45t05.5 \"
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 0 =—40pA 4.2 v
Low Output Voltage VoL lo=1.6mA 04 v
1 25
OSColInput Leak Current I Vi=Vpp/ov Py nA
IL -
— IH 1
RESET, MODE Leak Current y V|=Vpp/ov 50 nA
IL -
IH 1
Input Leak Current(2) I Vi=Vpp/ov ] RA
IL -
PA, PB High Output Current IoH VoH =0.4V -1 mA
High Output Current(1) I0H VoH =25V -0.25 mA
Low Output Current loL VoL =0.4V 1.6 mA
PF, PG Output Breakdown Voltage BVoH lo=10rA 20 v
i f=1MHz
Input Capacitance Ci Ta=255C 5 pF
i f=1MHz
Output Capacitance Co Ta=25C 7 pF
o]o) Vi=Vpp/ov 10 | 200 | pA
Current Consumption(a) IDD 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 Vppis 5V
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A.C. CHARACTERISTICS (INTERNAL ROM MODE)
(Vpp =5V=+=10%, Ta =—40° to +85°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
CycleTime tcy 7.6 uS
Sync Pulse Width tsw 0.95 uS
RD Pulse Width tRw 1.9 uS
Sync 1toRD | tRD C| =50pF 1/2tcy +0.5 uS
WR Pulse Width tww 0.95 uS
Sync {toWR | twp CL =50pF 13/16tcy +0.5 uS
Port Input Setup Time tpsR 4/16tcy uS
Port Input Hold Time tDHR 0 0.8 uS
J— . PA,PB
WR | to New Data Valid toow C| =50pF 0.8 uS

. PD, PE, PF, PG
Sync 1 to New Data Valid tpps CL = 50pF 13/16tcy+0.5 uS
PHo, PH1Input Pulse Width tHw (1) 500 nS
CIN Input Pulse Width tcw 250 nS
INT Input Pulse Width HNTW (1) 500 ns
Note: (1) The processor logic will ignore the following events:
1. An INT fallingedge occurring during Ty of a T instruction.
2. A PHoor PH1low level occurring only during T\\yH of a THg instruction.
TIMING CHARTS
tcy
- TSW
SYNC y—
—
tRD ! TRW———]
RD #
twn ‘WW l
WR ./
| | [—=]ioow
PA,PB " INPUT DATA ‘T\ NEWQUTPUT
f=—tDSR—— tDHR
PK DON'T CARE INPUT DATA DON'T CARE
tDDS ' I
PD, PE
OLD DATA NEW DATA
PF, PG *
tHW
PHo, PH;
tcw '
CIN
INT
INT
1/2tcy —l|= tINH 1
(716 tcy) 116ty
Note: (1) All‘ONES’ must be output before reading port A or B.

54




® MSM5840 o

A.C. CHARACTERISTICS (EXTERNAL ROM MODE)
(VDD =5V=£10%, Ta =—40° to +85°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
Cycle Time tcy 7.6 uS
Sync Pulse Width tsw 0.95 uS
TF Pulse Width tw 1.425 uS
Sync {tolF | tip CL =50pF 3/16tgy +1 uS
Address Low Delay tLAD CL=50pF 0.8 uS
Address Low Hold tLAH 1/16tcy 1/16tcy+1 uS
Instruction Setup tis 1/16tgy nS
Instruction Hold i1 20 nS
Data Recovery bR Cp =50pF 0 0.8 uS
Address High Delay tHAD CL =50pF 0.5 nS
Address High Hold tHAH 0 0.5 nS
tcy |
tsw
SYNC __ /
F
tH
PA,PB DATA
— tHAD —— DR
PD DATA ADDRESS HIGH DATA
— tHAH
Cycle Dependent Timings 4MHz 2MHz 1MHz 500kHz
1/16tcy 0.5uS 1uS 2uS 4uS
1/16tcy 41 1.5uS 2uS 3usS 5uS
3/16tcy 41 2.5u8 4uS 7uS 13uS
4/16tcy—q 1uS 3uS 7nS 15uS
1/2tcy+1 5uS 9uS 17u8 33uS
7/16tcy 3.5u8 7uS 14uS 28uS
13/16tcy+1 7.5uS 14,8 27uS 53uS
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TYPICAL PERFORMANCE CURVES

Supply Current vs Supply Voltage
(Ta = 25°C, No Load)
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Oscillator Frequency vs Supply Voltage
(Ta=25°C, C_= 50pF)
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Supply Current vs Oscillator Frequency
(Ta = 25°C, No Load)
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Low Current Out vs Voltage
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OXK I 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 1/0; 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 4Internal RAM ® 3Vto 6V Operating Vpp

® 211/0 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

32x4 RAM _‘Io
TR S WY SN W S W S SN S S T l‘
FEDCGBAGS98 76543 210

< oe 7 prs
=] I

M-bus
™ ]I.. 8BIT TIMERl
~—0Vpp
~—0GND
Ho
0000 000 i
3 2 1 0 PHg 3210 3210 TIN SC; 0SC, RESET SYNC
N——pk—— —pa~ P~/
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PIN CONFIGURATION (Top View)

28 PIN PLASTIC DIP (RS) 32 Pin Flat Package
B 17 58 Voo PA: [ 1 32] PA,
SYN X [2: PEs PA: [2 O [ 31] PAo
__C H PBo [3_] 30 ] RESET
o8¢, [3] § PE: PB: 7] 25 osco
08¢, [4] PE B, [5] [28] osc,
RESET [5] PEo PB: [ | 27 SYNC
PAo (6] PDs NC [7 267 PHo
PA: [7] PD: GND [8 ] [25] NC
CIN [ [247] Yop
PA: [8] PD:
PKo [10 23] NC
PA: [9] PDo PR, [11 [22] PE.
PBo [i0) PKs PK. [12] [ 21] PE:
pe. [i] PKz PKs [13] [ 20] PE.
PB: [12] PK; NC [14] 19 ] PEo
PBa PKo PDo [15] [18] PDs
PD: [16 17 ] PD.
GND [14] CIN
PIN DESCRIPTION
Designation Pin No. Function
GND 14 Circuit GND potential
VoD 28 Main power source (+5V)
0OSCo 4 Crystal OSC input, external clock input
OSC1 3 Crystal OSC input, external clock output (not TTL compatible)
PA,PB 6t013 Quasi-bidirectional ports for 4 bit parallel I/0. Used as a pair for 8 bit I/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 test input port (unlatched)
PH 1 1 bit input 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 2 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
which can be tested and reset under program
control.
INSTRUCTION SET
Instruction Code
Mnemonic Description Byte | Cycle
7 6 56 43 2 10
CLA Clear Accumulator 0001 0O0O0OO0 1 1
CCL ClearDP|_ 001 0O0O0O0TO 1 1
CLH ClearDPy 01 1 0O0O0O0O 1 1
§ LAI Load Accumulator with Inmediate 0 0 0 1 s I2 Ih lo 1 1
6_ LLI Load DP|_with Immediate 0O 01 0 s l2 It |o 1 1
§ LHI Load DPp with Immediate 01 1 0 0 0 0 I 1 1
oL Load Accumulator with Memory 1001 01 00O 1 1
g LAL Load Accumulator with DP_ 01010101 1 1
?/'5_ LLA Load DP|_with Accumulator o1 010100 1 1
B | LAW Load Accumulator with W Register 1 00 0OT1O00O0 1 1
3 SI Store Accumulator to Memory then Increment DP_ 1001 0O0O0O0O] 1 1
LWA Load W Register with Accumulator 1 00 00 O0OUOO 1 1
LPA Load Port Pointer with Accumulator o101 1000 1 1
LTI Load Timer with All Zeros o1 101 00O 1 1
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INSTRUCTION SET (CONT.)

. L Instruction Code
Mnemonic Description Byte | Cycle
7 6 5§ 4 3 2 1 0
Q
g
Six Exchange Accumulator with Memory 1 0011 0O0O0 1 1
u%
§ INA Increment Accumulator 0O 0 0 OO0 O O 1 1 1
€
5 INL Increment DP_ Skipif Zero o101 0 1 11 1 1
o [ INM Increment Memory o101 11 0 1 1 1
[
1 Nnw Increment W Register 1 0 00 1 00 Of 1 1
é DCA Decrement Accumulator — Skip if Not All Ones 0O 00O 1 1 11 1 1
g DCL Decrement DP| Skip if All Ones 01010110 1 1
< DCM Decrement Memory o1 011100 1 1
E CAO Complement Accumulator of One 01 o1 00 OO0 1 1
_'8’ RAL Rotate Accumulator Left through Carry 01 0O0O0 1 11 1 1
o AC Add Memory to Accumulator with Carry o1 00O 1 00 1 1
E AS Add Memory to Accumulator, Skip if Carry o1 o0o0 1 1t 10 1 1
_E AlS Add Immediate to Accumulater, Skip if Carry 0 0 0 O Is 12 11 |o 1 1
§ DAS Decimal adjust Accumulator in Subtraction o1 01 1 010 1 1
CM Compare Accumulator with Memory, Skip if Equal o101 1110 1 1
SMB Set Memory Bit 1 01 1 1 0 Il 1 1
‘«7; RMB Reset Memory Bit 101 1 1 1 Ihle 1 1
2| TAB Test Accumulator Bit 1 01 0 0 0 h lo} 1 1
<
i‘mp TMB Test Memory Bit 1 01 0 0 1 h o 1 1
&| THB TestH Port Bit 1 01 01 1 0 Il 1 1
3| TT™M Test Timerflag 101 01 1 1 0] 1 1
21 1c Test Carry flag 0100001 0f 1 1
2l sc Set Carry flag 0100000 Of 1 1
RC Reset Carry flag 01 00 O0 O0 O0 1 1 1
e J Jump 0O 01 1 0 O s Is 2 2
g Iz le Is la 13 12 11 |o
g JC Jump in Current Page 1 1 Is la Is 12 I lof 1 1
& JA Jump with Accumulator 01 0 O0O0O0 1 1 1 1
£|CAL Call Subroutine 0011101 s 2 2
g Iz le Is la I3 12 11 o
@ | RT Return from Subroutine 0101100 1 1 2
oTD Output Table Data o111 000 1 1 2
OA Output Accumulator to Port A o1 110010 1 1
= OB Output Accumulator to Port B o111 00 1 1 1 1
2| oP Output Accumulator to Port P designated Port o111 0100 1 1
3 Pointer
E OPM Output Memory to Port P designated Port Pointer o111 0110 1 1
2 1A Input Port A in Accumulator o1 1t 11 010 1 1
1B Input Port B in Accumulator ot 1 11 0 11 1 1
1K Input Port K in Accumulator o111 11 00 1 1
<
‘g NOP No Operation 0O 0 00 0 OOUO 1 1
Q
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ABSOLUTE MAXIMUM RATINGS

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

Note: Stresses above those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the
device. Thisis a stress rating only 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
1MHz 3to6 \"
Supply Voltage Vbp
4.2MHz 4.5t05.5 v
Operating Temperature Top —40t0 85 °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 - 36 v
Low Input Voltage ViL - 0.8 \
High Output Voltage (1) VOH Io=—40uA 42 v
Low Output Voltage VoL lo=1.6mA 0.45 v
IH 25
OSColnput Leak Current Vi=Vpp/ov KA
Ui 25
[E— H 1
RESET Leak Current Vi=Vpp/ov HA
h -20
hH 1
Input Leak Current(2) I V|=Vpp/ov ] nA
IL -
PA, PB High Output Current IoH VoH =0.4V -1 mA
High Output Current(1) I0H VOH =25V -0.25 mA
Low Output Current loL VoL =0.45V 16 mA
. f=1MHz
Input Capacitance Ci Ta=25°C 5 pF
j f=1MHz
Output Capacitance Co Ta = 255G 7 pF
Ipp Vi=Vpbp/ov 20 | 200 | wA
Current Consumption(3) Ibb V|=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
Cycle Time tcy Ogc =4MHz 7.6 uS
Sync Pulse Width tsw 0.95 uS
Port Input Invalid Time tpoiv 1/2tcy +0.5 unS
Port Input Valid Time tpv 2 uS
Sync 1 to New Data Valid tops | PD,PEC| =50pF 13/16tcy +0.5 | uS
PHoInput Pulse Width tHw (1) 250 nS
CIN Input Pulse Width tow 250 nS

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

TIMING CHARTS

toy
[—-tSW
—
sYnNe —/ /
PAPB N INPUTDATA f \NEWOUTPUT DATA
Note 2
tpjv tov
PK DON’T CARE X INPUT DATA X DON'T CARE
tDDS
PD,PE OLD DATA )( NEW DATA
tHW
PHo
tcw
CIN
| 11
1/2tcy 1 tINH /16 tcy
l 7/16 toy P
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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 g 10m
- J(0SC) =8MHz
- 4MHz Vpp = 5\/
im '/,// 2MHz _ m
C A 1MHz /
// 100KH2 /
= 100p z 100u -
< <
Q a /
o o
10 10,
" / OHz "
1u / 1
01p 0.1u
0 1 3 5 7 10 10K 100K 1M 10M
Vpp (V) J(0SC) (H2)
Oscillator Frequency vs Supply Voltage Oscillator Frequency vs Temperature
(Ta=25°C, C|_=50pF) 14 (C=50pF)
12 / 12 oo
DD =
5 10 / ~ 10 \‘
T I NS
2 8 2 8
S s = 8
4 4
2 2
0 (o]
1 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 —_ -
£ E: 8 q
£ E Vnn—5v  |PD,PE
e 10 Y AN 0D SYNC
Vpp =5V =
_1{VoD=
5 5V Pa,PB)
0 o]
01 3 5 7 10 01 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 /
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400 400 //
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_._—-—i—/‘/ 0
0
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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
One-Chip Microcomputer

100% Static Logic

1536 X 8 bits Mask ROM

40 X 4 bits Data RAM

1 Static Register

Built-in 12-bit Timer (with 32 Hz Common

Output)

All Input Ports Contain Schmitt Trigger
Circuits

8-bit Interface Bus

FUNCTIONAL BLOCK DIAGRAM

52 Instructions

94% of the 52 Instructions are 1 Byte and 1
Machine Cycle

Integrated with 13 Input/Output Ports and 40
Static LCD Driver Circuit

+5V Single Power Supply, 60-Pin Moid Flat
Package

7-Segment Character User Programmable
Font (32 Words X 7 Segments)

Various Functions Changeable under Mask
Program Control

DATA MEMORY (RAM) 40W

FEDCBA 98 7 65 43 2 10

\ DEC /

IDEC| PROGRAM
- ROM
R 1536 x 8 bit
DEC
10 PC 0

JJ}{;&{; L

l PLCDBI PLCOS PLCO4 PLCO3 PLCO2 l PLCO1

54321 gfedcbagfedcbagfedcbajgfedcbagfedcba

“PLCD6~ “-PLCDS ~/ \~PLCD4—""-PLCD3— ‘-PLCD2~/\-PLCD1~

zozzo00 o-—-——-——-:r

N
v

] Eo?é?'] froZerBhe[ P2 ][ e TIMING

CONTROL

! SR NEEY

SR
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\—pPA—/ “—pB— NS
CE

T

* Crystal Oscillator 4.194304 MHz, SYNC = 7.63 usec LCD common signal 32 Hz
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LOGIC SYMBOL

MSM58421 o

PIN CONFIGURATION

I;F:

RESET —=q

IV E—

ov -

0sCo
osc,

RESET

M- © s ©.ew-% 0~ e

SYNC

COMMON |-

[ ——= SYNC SIGNAL OUTPUT

60 PLCD3—f
[597] PLCDA-b
58] PLcDS-b
[57] pLcpa-a
561 pLcDat
551 pLcDS-a
53] pLcDE-4
| 53] PLCD6-3
[ 52] PLcD6-2
[ 51] pLcD4—g
[ 50] PLcDa—e
| a9] PLCD4—d
28] PLCD4—c
[a7] PLCD3—g

PLCDS—c (1] [46 ) PLCD3-0
PLCD3-a [2_] O PLCD3-d
PLCD3-b (3] % PLCD3—c
PLCOS—d (4 | [43] PLCD6-5
pLco2—f (5] a2 ] pLcD2-e
pLcD2-a (6] 31 ] pLcD2-d
PLCDS—e [7_] [40] PLcD2—c
pLcD2-b (8| [ 39] pLcD2—9
pLco1—f (9] [38] PLCD1-e
pLcD 5 (10 37 PLCO1-d
pLCD 1—a (01 % PLCD 1-¢
pLCD 1-b (32 35 ] PLCD1—g
pPLCDS5-g (13| [34] pLcD6-!
[Zyerm [33] eno
syne (08 32] COMMON
osc: (6] [ 31] PORT K,

—— COMMON SIGNAL OUTPUT

voo 23]
PORT Bo [24]
PORT B, [75 |
PORTB; [26 ]
PORT B3 [27 ]
PORTK, [28 ]
PORTK, [29 ]
PORTK, [30 ]

RESET

osc, (7]
[WEN

PORT Ao (18]
PORTA, [20]
PORTA, [21 ]
PORTA; [22]

PIN DESCRIPTION

Designation Pin No. Function
GND 33 Circuit GND potential
Vop 23 Main power source (+5V)
OSCo 17 Crystal OSC input, external clock input
OSC: 16 Crystal OSC input, external clock output (not TTL compatible)
PA,PB 19to22 Pseudo-bidirectional ports for 4-bits parallel 1/0. 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 28 to 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.
That is, this terminal is set at the time when the negative logical signal is applied to it
from the outside.
Itis 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 cycletoM1.

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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® MSM58421 o

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 pulse is 4 MHz).
PLCD 1t0o13 PLCD 1 ~6 (Pins 1 ~ 13 and 34 ~ 60)
1~6 34t060 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 table below:
Content of PP
Port Specified
ba 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 1 ~4
X 1 1 0 PLCD6 5 and BI
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 PLCD6, and that of bato
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:
fcom) =fosc)/2"”
Where the basic clock f(ogc) 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
Timer
No. 28 pin 30 pin 31 pin 32pin
0 Ko K2 Ka 32Hz 12 bit
1 Ko BUZZER COMMON 32Hz 12bit
2 Ko BUZZER Ka 32Hz 12bit
3 Ko BUZZER Ka 64Hz 11 bit
4 Ko K2 Ks 64Hz 11 bit
5 Ko K2 Ks 128Hz 10 bit
6 Ko BUZZER Kas 128Hz 10 bit
7 Ko K2 Ka 256Hz 9 bit
8 Ko K2 Kas 512Hz 8 bit
9 Ko BUZZER Ka 512Hz 8bit
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® MSM58421 o
ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Power Supply Voltage Vbbp Ta=25°C -0.3to7 v
Input Voltage \ Ta=25°C -0.3toVpp V'
Power Dissipation Pp Ta =25°C per 1 package 200 mW
Storage Temperature Tstg -551t0+150 °C
OPERATING RANGE
Parameter Symbol Conditions Limits Unit
Power Supply Voltage Vpbp f(osc) =0to4.2 MHz 4t06 \
Operating Temperature Top - —40to +85 °C
MOS Load 15
Fan Out (excluding COM, SEC) N -
TTL Load 1

D.C. CHARACTERISTICS
(VDD = 5V=10%, Ta = —40 to +85°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
“H” Input Voltage ViH 3.6 \
“L” Input Voltage ViL 0.8 \
“H” Output Voltage(1) VoH | lo=-80rA ‘_’8_? v
“H” Output Voltage(2) VOH | lo=—20uA \_/00[1’ v
“H” Output Voltage(3) VoH | lo=—40uA 42 v
“H” Output Voltage(4) VOoH | lo=-15pA 42 v
“L” Output Voltage(1) VoL | lo=80uA 0.1 v
“L” Output Voltage(2) VoL | lo=20nA 0.1 v
“L” Output Voltage(5) VoL | lo=1.6mA 0.4 v
OSColnputLeak Current | g/l | V=Vpp/V|=0V 10/-10 | upA
Input Current(6) /L | Vi=Vpp/Vi=0V 1/-20 | pA
PA
PB loH Vo =0.4V -1 mA
Output Current
“H" Output Current(3) IoH | Vo=25V -0.25 mA
“L” Output Current(4) loL | Vo=0.4v 16 mA
Input Capacity C f=1MHz, Ta=25°C 5 pF
Output Capacity Co f=1MHz, Ta=25°C 7 pF

i f=4.194304 MHz,

Current Consumption IpD at noload 2 5 mA

Notes: (1) Applied to COMMON
(2) Applied to SEGMENT
(3) Applied to SYNC
(4) Appliedto 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) tod CL =50pF 800 | ns
Clock (OSCo) Pulse tHWH
Width tf;w,_ 118 ns
Cycle Time tcy (1) us
SYNC Pulse Width tsw ) s
PA
PB Data Valid Time tpv CL =50pF (3) us
PA
PB Data Invalid Time tpiv C =50pF 4 us
PK
Data Delay Time tpps Cp =50pF 500 ns
Port H Set Pulse Width(7) tHw 500 ns
COMMON Delay Time
fomSYNG tscd | CL=50pF 2 Ks
SEGMENT Delay Time _
from COMMON tcsd | CL=50pF 1 us

f¢WH| 1toWL
CLOCK (0SCyq)
ted

SYNC
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(1) ,

¢
tgw(2) cy
SYNC /
(4) (3)
DIV f=—tDV
(6)
PA, PB, PK IN VALID VALID IN VALID
INPUT MODE
et tpps (5)
PA,PB
OUTPUT
o K OLD DATA NEW DATA
PH tHW
THB INSTRUCTION CYCLE
SYNC /' \
_/ //_\_
- TINH
16x1/f(osc) 15x1/f(osc)  1x1/f(osc)

Notes: (1) tcy =32 X 1/f(0sC)
(2)tgw =4 X 1/f(0sC)
(3) tpy =8 x 1/f(0sC)
@) tply =16 X 1/40SC) +0.5ps

(5) tpps =26 X 17(0SC) +1 us
(6) When data is input from PA or PB,

(7) At execution of the THB instruction, any input made during a period of T\yH (15 X 1/f(0gC)) shown in the

above figure may be neglected.

set the contents of PA or PB to “1” prior to reading instruction.

SYNC J\\_-- L

SEGMENT

COMMON

4096 PULSE
tsed tscd
——
4 \\ /
tesd tesd
——‘ ~—

(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

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

OSC:(Pin16)

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 1/0. 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 M1.
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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 external
units.

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

PLCD 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 LCD (static type). Specification of each
port is done by the port pointer (PP) as shown in
the table below;

Content of PP
b b ™ o Port Specified
X 0 0 0 PLCD1
X (0] 0 1 PLCD2
X [o] 1 o] PLCD3
X 0 1 1 PLCD4
X 1 0 0] PLCDS
X 1 (] 1 PLCD6 ~ 4
X 1 1 0] PLCD6 5 and B!
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 PLCDG6, 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:

ficom) =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 765 43 2 10 Byte | Cycle
CLA Clear Accumulator 0 001 O0O0O0UOO 1 1
CLL Clear DP_ 001t OO0OOO OO O 1 1
CLH Clear DPy 011 00O0O0O 1 1
LAl Load Accumulator with Iimmediate 0 0 0 1 Is 12 11 lo 1 1
LLI Load DP|_with Imnmediate 0O 0 1 0 Is l2 Ih lo| 1 1
LHI Load DPR with Immediate 01 1 0 0 lo It lo| 1 1
L Load Accumulator with Memory 1001 01 0O0 1 1
LAL Load Accumulator with DP_ 01 010101 1 1
LLA Load DP|_with Accumulator 01010100 1 1
LAW Load Accumulator with W Register 10 000 1 00O 1 1
Si Store Accumulator to Memory then Increment DP_ 1001 0O0O0OO 1 1
LWA Load W Register with Accumulator 1 000 0 0O OO 1 1
LPA Load Port Pointer with Accumulator 01 011 00O 1 1
LTI Load Timer with Immediate “0” (Clear Timer & TMF) 01101000 1 1
X Exchange Accumulator with Memory 1001 1 00O 1 1
INA Increment Accumulator 0O 00 O0O0O0O0O 1 1 1
INL Increment DP_ 010101 11 1 1
INM Increment Memory o1t 01110 1 1 1
INW Increment W Register 10001000 1 1
DCA Decrement Accumulator o0 o001 1 1 1 1 1
DCL Decrement DP|_ 0101011 0} 1 1
DCM Decrement Memory o1 011100 1 1
CAO Complement Accumulator of One o1 01 0O0O0O0 1 1
RAL Rotate Accumulator Left through Carry o1 0O0O0 1 11 1 1
AC Add Memory to Accumulator with Carry o1 0011 00O 1 1
AS Add Memory to Accumulator, Skip if Carry o1 001110 1 1
AIS Add Immediate to Accumulator, Skip if Carry 0O 0 0 0 Is I2 Ih |o 1 1
DAS Decimal adjust Accumulator in Subtraction o1 011 010 1 1
CM Compare Accumulator with Memory o101 1110 1 1
SMB Set Memory Bit 1 01 1 1 0 hh lof 1 1
RMB Reset Memory Bit 101 1 1 1 I o 1 1
TAB Test Accoumulator Bit 1 01t 00 O I lo 1 1
T™MB Test Memory Bit 1 01 0 0 1 11 o 1 1
THB Test H Port Bit 10101100 1 1
T™ Test Time flag 1t 01t 01110 1 1
TC Test Carry flag 01 00O0O0OT1TO0 1 1
SC Set Carry flag 01 0 0O0OOO OO 1 1
RC Reset Carry flag 0O 1 0 0 0 O O 1 1 1
J Jump 0O 0 1 1 0 lols s 2 2
Iz le Is la I3 l2 11 lo
JC Jump in Current Page 1 1 Is la s 12 b lo 1 1
JA Jump with Accumulator 01 0O0O0O0 11 1 1
CAL Call Subroutine 0 01 1 1 lole s 2 2
Iz le Is la la 12 |1 lo
RT Return from Subroutine o101 1 00 1 1 1
oTD Output Table Data o111 0 0 0 1]|1~15] 2
OA Output Accumulator to Port A o111 0010 1 1
OB Output Accumulator to Port B o011 100 11 1 1
oP Output Accumulator to Port designated Port Pointer o111 0100 1 1
OPM Output Memory to Port P designated Port Pointer o1 110110 1 1
1A Input Port A in Accumulator o1t 111 010 1 1
1B Input Port B in Accumulator o1 11 1 0 11 1 1
IK Input Port K in Accumulator o111 1100 1 1
NOP No Operation 0O 0 0 00O O OO 1 1
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TYPICAL PERFORMANCE CURVES

Output Current (IgL) TYP

(Vpp =5V, Ta=25°C)

/ (COMMON terminal)

20

-
(PA, PB, SYNC terminal)

o/

Output current Igy (mA)

(SEGMENT terminal)

-

3 5 7 10
Output voltage Vo (V)

tTHL — CL Characteristic TYP

(Ta=25°C)

1000

800

600

400

Output fall time tTpy_ (ns)

200

Vpp=5V

0
10 20 50 100 200 500 1000

Load capacity C_ (pF)
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Output Current (IoH) TYP

(Vpp =5V, Ta=25°C)
-10

(COMMON terminal)

(SYNC terminal)

-4 \\
\\/ (SEGMENT terminal)
-2

-(PA, PB terminal)

Output current gy (mA)

0o 1 3 5 7 10
Output voltage Vg (V)

tTLH — CL Characteristic TYP

(Ta=25°C)
1000 /
L 0 Vbp=5v
£
3
I 600
8 400 //
5
Q
5 //
O 200 p——
0 : :
10 20 50 100 200 500 1000

Load capacity C_ (pF)



f(0osc) — VDD Characteristic TYP

® MSM58421 o

f(0sc) — Ta Characteristic TYP

(CL = 15pF, Ta = 25°C) (CL = 15pF)

/

12

/

10

\ VDD=5V
N

8 S

~

Maximum clock frequency f(ogc) (MH2)

12
N
I
2 10
3}
[72]
o
&
Z 8
c
Y
<
o
L
e 6
X<
Q
o
%}
§ 4
£
%
©
=
0

3 5 7
Power supply voltage Vpp (V)

Ipp — VpD Characteristic TYP

10 -50 (] 50 100
Ambient temperature Ta (°C)

Ipp — f(0sC) Characteristic TYP

(CL = 15pF, Ta=25°C) (CL = 15pF, Ta=25°C)
10m I - 10m
W2
e
; A‘y
vy <
«\0‘5 B
im
8 m VDD:gy
c
0
a
E
8100k < 100
c e /
S 5
a (5]
: /'
c
8 10u 10
T ) Hz 10K 100K ™ 10M
g Clock frequency f(osc) (Hz)
o /
1u /
4
0.1u
0 3 5 7 10

Power supply voltage Vpp (V)
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OKI semiconductor
MSM58422

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER WITH FLT DRIVER

GENERAL DESCRIPTION

OKlI'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-bit 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 ® [ntegrated with 10 Input/Output Ports and 40
® 1 Stack Register Static FLT Driver Circuit
® 52 Instructions ® PK and PH Input contain Schmidt Trigger
® 45V Single Power Supply Circuits

FUNCTIONAL BLOCK DIAGRAM

ooy ey
DATARAM 40W @p o-MPx |

L“_i_____z T‘ ;
FEDCBA9876543210 c ACC. INSTOEG | |
~ Iﬂ |

I l M BUS | i BUS

5] Tor
R Segment
BI_PLA (——

— —j =
| S T T T | S— L]
HTM 101181 $ PA PB TIMING
[rure | i ' A
LJ

I PROGRAM
ROM

H
+ [1536 - 8bit

ontrol

PFTLS ‘ PFLT4 ‘ PFTL3 I PFLT2 l PFTLI !-{2""‘"9'

54321 gledcba gfedcba gfedcba gfedcba gfedcba 64Hz 1
DIM

k]
=

]

T

3210 3210 gp

——— I~ A B
PFLT6 PFTLS  PFLT4 PFTL3 PFLT2 PFTLY

IJmNNCm'Oo—_O:_
N

OSC 4.194304 MHz. SYNC =7.63 usec
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PIN CONFIGURATION

LOGIC SYMBOL

® MSM58422 ¢

44 Pin Flat Package
TERPTIPIONDPYIREY
OTDLITVOOOTT T TO
SEEEEESEEEEE5E
toaoddatdadbaat
BER AR HR AR AR EE
PFLT5-¢ (1] | 26] PFLT 3~
PFLT3-a (2| O [F5] PFLT 3-
PFLT3-b (3] [aa] PFLT3-
PFLT5-d [ |52 PFLT 6-
PFLT2-1 (5] (37 PFLT 2-
PFLT 2-a (| 7] PFLT 2-
PFLT5-e [30] PFLT 2
PFLT 2-b % [39]) PFLT 2~
PFLT 11 [38] PFLT 1
PFLT5-f (10 [37] PFLT 1
PFLT 1-a [1i] (36 PFLT 1 -
PFLT 1-b (12} [35] PFLT 1~
PFLT5-g (O3] [34] PFLTS
PFLTPH (2] [33] GND
PFLTSYNC [G%] 132] 64Hz
PFLTOSC: (G&] [31] PK
THE B HEEREHERE
L<<<d <<<< [
P e N <1
286658 868585225
orxacadaa>4aaacaaoo0m

e

-d

c
5
e
d
c
9

e
-d
c
9

-1

Xtal [ 0sC.
———0| OSC

SYNC +—— SYNC
TEST ——O| RESET

PORT K ———{ K

~—————{ DIM "
————*{ DIM.

BUZZER «——— BUZZER
64Hz +——— 64Hz
sv. —1 Voo

OV ————»{ GND

Ant <:> PORT A
811 <:> PORTB

PFLT1a~g : >
PFLT2a~g [ >

PrLT3a~g [ > | rirpRive
)
PrLTaa-g [ | OUTPUT

PFLT5a-g >

PFLT61~5 >

ABSOLUTE MAXIMUM RATING

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

Ta=25°Cper1FLT 8
Storage Temperature Tstg - -55 ~+125 °C
OPERATING CONDITIONS

Parameter Symbol Condition Limits Unit
Supply Voltage Vpbp f(OSC) =0to 4.2 MHz 4~6 %
Operating Temperature Top - —40 ~ +85 °C
Output Voltage (FLT) Vo - Vpp ~ 26 \%
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 3.6 v
“L” Input Voltage ViL 0.8 \%
“H” Output Voltage (1) VOH lo=—15uA 4.2 \Y
“H” Output Voltage (2) VOH lo =—40 uA 4.2 Vv
“L” Output Voltage (3) VoL lo=16mA 04 v
OSCo Input Leak Current hH/hL Vi =Vpp/0V 10/-10 | pA
Input Current (4) hH/iL 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) loH Vo=3V -1 mA
“L” Output Current (3) loL Vo=04V 1.6 mA
FLT Output Leak Current ILo Vo=Vpp—26V -10 uA
Input Capacity Ci f=1 MHz, Ta = 25°C pF
Output Capacity Co f =1 MHz, Ta = 25°C pF
Current Consumption IbD f = 4.2 MHz at no load 5 mA

Notes: (1) Applied to PA, PB
(2) Appliedto 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
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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 (OSCo) tgd CL =50pF 800 | ns
Clock (OSCo) Pulse Width tywH 115 ns

towL

Cycle Time Tcy (1) us
SINC Pulse Width tsw (2) us
PA
PB Data Valid Time tpv C| =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 2 | e
BUZZER Delay Time _
from SYNC 'sBD CL =50pF 2 | s
SEGMENT Delay Time _
from SYNG tssp | CL=50pF(8) 2 ue

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

fOWH, toWL,

CLOCK (0SCyq)

SYNC \
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(1)
te 4
tsw(2) cy
SYNC /
(4) (3)

[———tDIV tpv
(6)
PA,PB,PK IN VALID VALID IN VALID
INPUT MODE

je———————tpps (5)
PA,PB
OUTPUT
MODE X OLD DATA NEW DATA

t

PH HW

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 kQ2).

THB INSTRUCTION CYCLE

SYNC /m / \

=|I TINH
16x1/f(0sC) 15x1/f(osc)  1x1/f(osc)

Notes: (8) At execution of the THB instruction, any input made during a period of TyyH (15 X
1/f(0sc) shown in the above figure may be neglected.
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L 1024 puises |
[ 32 pulses -+ 32 pulses _} ]
|
swe 1 1 __JU Lt _____JL__
_|tsBD _|tsBD _|tsBD _|'sBD
BUZZER * % % _______ ‘%
| tsFD | tsFD
) S
32 pulses |
F s
DIM; DIM: swwe [T oo JUu L L
L L SEG tssD \
: - SEa ,tsso —
L H SEG \

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 kQ.

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
machine 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 1/0 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 0O;

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 a 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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PFLT1 ~6 (Pins1 ~ 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
bs ba by bo Port Specified
X 0 o] 0 PFLT1
X o] 0 1 PFLT2
X 0 1 (o] PFLT3
X o] 1 1 PFLT4
X 1 0 0 PFLTS
X 1 (o] 1 PFLT6-1 ~4
X 1 1 0 PFLT6-5, Bland BZ
X 1 1 1 -

X: Don'tcare
Bl: 7 SegmentDecoder 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 (] 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 7 65 43 2 10 Byte | Cycle
CLA Clear Accumulator 0001 0O0O0O0OTO 1 1
CLL Clear DP_ 001 0O0O0OO0ODO 1 1
CLH Clear DPyy 01t 1 0O0O0O0OTO0O 1 1
LAl Load Accumulator with Immediate 0 0 0 1 s 12 I o 1 1
Lu Load DP_with Immediate 0 0 1 0 I3 Iz Ih lof 1 1
LHI Load DPy with Inmediate 0O 1 1 .0 0 lo Ih lof 1 1
L Load Accumulator with Memory 1 001 01 0O 1 1
LAL Load Accumulator with DP|_ 01t 010101 1 1
LLA Load DP|_with Accumulator 010101 O0O] 1 1
LAW Load Accumulator with W Register 1000O01O00O0 1 1
Sl Store Accumulator to Memory then Increment DP_ 1001 0O0O0OTOO 1 1
LWA Load W Register with Accumulator 1 000O0O0O0OO 1 1
LPA Load Port Pointer with Accumulator o1 o011 0O00O0 1 1
LTI Load Timer with Immediate “0” (Clear Timer & TMF) 011 01 00O 1 1
X Exchange Accumulator with Memory 1 0011 0O0O0 1 1
INA Increment Accumulator 0O 00O0OOO O 1 1 1
INL Increment DP_ o1 0101 11 1 1
INM Increment Memory o101 11 01 1 1
INW Increment W Register 1 0001 0O0O 1 1
DCA Decrement Accumulator 0O0O0O0T11T 1 11 1 1
DCL Decrement DP 01010110} 1 1
DCM Decrement Memory o101 1100 1 1
CAO Complement Accumulator of One 0101 0O0O0O 1 1
RAL Rotate Accumulator Left through Carry o1t 00O0 1 1 1 1 1
AC Add Memory to Accumulator with Carry o1 0011 00O 1 1
AS Add Memory to Accumulator, Skip if Carry o1 001110 1 1
AIS Add Immediate to Accumulator, Skip if Carry 0O 0 0 O Is l2 It lo 1 1
DAS Decimal adjust Accumulator in Subtraction o101 1 010 1 1
CM Compare Accumulator with Memory o101 1t 1 10 1 1
SMB Set Memory Bit 1 01 1 1 0 h lof 1 1
RMB Reset Memory Bit 101 1 1 1 I b 1 1
TAB Test Accoumulator Bit 1 01 00 0 I o 1 1
T™MB Test Memory Bit 1 01 0 0 1t I lof 1 1
THB Test H Port Bit 10101100 1 1
™ Test Time flag 1 01 01110 1 1
TC Test Carry flag 01 00O0O0T1TO 1 1
SC Set Carry flag 0Ot 0O0O0OOODO 1 1
RC Reset Carry flag 01 0 O0O0O0O0 1 1 1
J Jump O 0 1 1 0 lwole s 2 2
Iz le Is la 13 12 11 lo
JC Jump in Current Page 1 1 s le Ia I2 It o 1 1
JA Jump with Accumulator 01 00O0O0T1T 1 1 1
CAL Call Subroutine 0 0 1 1 1 lols s 2 2
I7 le Is la I3 I2 11 lo
RT Return from Subroutine o1 01100 1 1 1
oTD Output Table Data o1t 11000 1|1~15 2
OA Output Accumulator to Port A o1 110010 1 1
oB Output Accumulator to Port B o1 1t 100 1t 1 1 1
oP Output Accumulator to Port designated Port Pointer o111 0100 1 1
OPM Output Memory to Port P designated Port Pointer o1 110110 1 1
1A Input Port A in Accumulator o111 1010 1 1
B Input Port B in Accumulator o1 1 110 1 1 1 1
IK Input Port K in Accumulator o111 1100 1 1
NOP No Operation 0 00 O0O0OOOT OO 1 1
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OXK I semiconductor
MSM5847

CMOS 4 BIT SINGLE CHIP MICROCONTROLLER WITH LCD DRIVER

GENERAL DESCRIPTION

OK/I'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

® | ow Power Consumption 50 uA Typical ® 43 Instructions
® 1.5K X 8Internal ROM ® 2 Stack Levels
® 96 X 4 Internal RAM ® —20° to +70°C Operating Temperature
® 7 1/0 lines, 1 output line including 8 bit data ® 3V Operating VDD
bus ® 610us Cycle Time @32.768 kHz
® 13 bit Timer ® 44 pin Flat Package
® Self-contained Oscillator ® Chip Form

FUNCTIONAL BLOCK DIAGRAM

T T ™10
L 4|0 PROGKRAM
i DSPRAM  |1|E p| | MEMORY
| DATAMEMORY (RAM) 2[C El | mask
[ 1exex4bit 3lm C ROM)
14 pec 1,536 X 8bit
- 4 h |
WJ e eemeeee— " 5 x
FEDCBA9876543210
g DEC
DPL LDPH I w0 PC o
L
: 1BUS
-
MBUS
H STACKO
10 STACK1 o
LCDDRIVER PAooutput
Timing
1/3 duty1/3 bias Control PA | .p8 |
Il Timing
[ Control
‘ T [ I [ 1 l [ l
614 12109876543210 321 3898 5
2 20 18 16 14 121 54321 — -_— .
2321191715‘:”' N a‘;s 3210 3210 ségg‘élﬁ
\ c z PA PB NSCCDD
Segment z CEO01
E T
R
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LOGIC SYMBOL PIN CONFIGURATION
44 Pin Flat Package
o
N
s _ 5
0 Q o -
m L :2225 80880 5
7 OsC: AzE: PortA fEf&fnSaldolon
F g o - 110010000
Bo N
o b SHEFEEET
RESET RES s PortB PBo 33— segment 22
Ba PB: [—— Segment 21
- PB2 — Segment 20
SEGMENTO f—-= PB3 [— Segment 19
S Segment0 Segment0 [— Segment 18
Segment 1 [— Segment 17
28— Segment 23 Segment 2 [— Segment16
34 Hz [ 34 HzOutput Segment 3 [— Segment 15
BUZZER |—-= Buzzer Output Segment 4 — Segment 14
SYNC }——= Synchronized Segment 5 — Segment13
Signal Segment 6 — Segment12
+3V Vpp COMMON 1 [~ Common 1
COMMON 2 |— Common 2
ov GND COMMON 3 }—— Common3
- i‘ QO aQ~N~oo0
ccc Z0ETEED
Q900 >gEBQEC
EEE® ESEEQD
EEE oE oo E
O 00 '] g DO
Q00 ngong
ABSOLUTE MAXIMUM RATING
Parameter Symbol Conditions Limits Unit
Supply Voltage VbD -03~7 \"
Input Voltage \ Ta=25°C -0.3 ~VpDp \"
Output Voltage Vo -0.3~VpD \"
Storage Temperature Tstg - —55 ~+125 °C
OPERATING CONDITIONS
Parameter Symbol Condition Limits Unit
Supply Voltage Vpp f(OSC) = 32.768 kHz 27 ~33 v
Operating Temperature Top - —-20 ~+70 °C
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AC CHARACTERISTICS
(VDD = 3V=+10%, Ta = —20 ~ +70°C)
Parameter Symbol Condition Min. Typ. | Max. | Unit
SYNC Delay Time _ _ _
from Clock (OSCa) ¢ CL=50pF 5 | w8
. t¢w|.|
Clock (OSCo) Pulse Width AV 15 _ _ us
Cycle Time tcy - Note (1) | — - us
SYNC Pulse Width tsw - Note (2) | — - us
PA, PB Data Valid Time tpv - Note (3)| - - us
PA, PB Data Invalid Time toiv C=50pF - — |Note (4)| us
Data Delay Time tpps - - — |Note (5)| us
Note: (1) tcy =20 x 1/£(0SC) f(OSC) =32.768kHz
(2) tsw =2 x 1/ (0SC) tcy =610us
(3) tpy =4 X 1/F(0SC) tsw =61us
(4) tpjy =8 x 1/ (0SC) + 20 uS tpy =122us
(6) tppgs =17 X 1/(0SC) +40 uS tplv  =264us
tpps =0558.5us
toWH tewL
CLOCK(OSCo)
tPD
SYNC _J _
tsw
a,:(
SYNC / \
toiv tov
PA,PB
Input mode INVALID VALID INVALID
B tpps .
g;\\}tht mode x OLD DATA * NEW DATA
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DC CHARACTERISTICS
(Vpp = 38V+10%, Ta=—20 ~ +70°C)
Parameter Symbol Condition Min. Typ.| Max. Unit
“H” Input Voltage VIH - Yg% - - v
“L” Input Voltage ViL — - - 0.3
Vo 0 - 0.2
Vi 1/3Vpp| _ {1/3VpD Y
. -0.2 +0.2
* Applicable to
Common, Segment Common 1~3 2/3V 2/3V,
Output Voltage V2 Segment 0~23 08P | - |TFoRP | v
Va Vbb | | vpp | v
-0.2
“H” Output Voltage VbD _ _
"D *3%4 VOH | |5=1uA -0.2 v
“L” Output Voltage *2 VoL lo=1uA - - 0.2
“L” Output Voltage *3 *4 VoL lo=1mA - - 1.0 \'
OSCo Input Current H/IL Vi=Vpp/V|=0V - - 5/-5 | pA
RESET Input Current hw/hie | Vi=Vpp/Vi=0V - - 1/-15 | uA
Vpp =3V
Current Consumption Ipp F=32.768kHz, - 50 100 nA
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
| — ——— — e — — — — — /3
_J— —— — — — V2
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10H (mA)

I, 12 (uA)

o MSM5847 ¢

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

(Vpp=3V, Ta=25°C)

-2.0
-1.8
-1.6
-1.4
12 34 Hz terminal
N
SYNC terminal
-0.8
-0.6
—-0.4 FCOM
terminal
-02 [sEa .
o S -PA, PB terminal
01 2 3 4 5 6 7 8 9 10

VoH (V)

TYP. Output Current (14, 12) vs
Output Voltage (V 1, V2) for Middle
—level State

(Vpp=3V, Ta=25°C)

SEG terminal

01 2 3 4 5 6 7 8 9

V1, V2(V)

10
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TYP. Output Current (IoL) vs Output
Voltage (VoL ) for Low-level State

(Vpp=3V, Ta=25°C)

10
9
8
7
< 6
- 5 _| PAsterminal
2, L]
/ | BUZZER terminal
3 | 1
)
2 I 34 Hz terminal
- 1 i
1 PAo— 2, PBo—3, SYNC terminal
- COM,SEGterminal | | |
0 41 2 3 45 6 7 8 9 10
VoL V)
Supply Current (Ipp) vs
Supply Voltage (Vpp)
(Ta=25°C, No Load)
10m
S5m
im
5004
<
8
£ 100
" f(0SC) = 32.768 kHz
50u /'I
4
OHz
10u
Sp
Tu
500u
100"
0 1 2 3 4 5 6 7 8 9 10

Vpp (V)
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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 ® 42 Instructions

® 1280 X 14 Internal ROM ® 1.5V Operating Voltage

® 62 X 4Internal RAM ® 32.768 kHz Crystal Oscillator

® 4 X 2|nput Port ® 122.1 us Instruction Cycle

® 5 Output Port ® —20 to 75°C Operating Temperature
® 4 X 4 Key Matrix Input (K1~K4, M1~M4) ® 61 paddie

® 26 LCD Driver

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

FUNCTIONAL BLOCK DIAGRAM

R e

DIN3  DATA RAM
BUZZER DOUT, 62 word x 4 bit

8D DRIVER DOUT
T ] A6~A4 A3~A0

,_
o
! ~

SEGMENT
OUTPUT OUT1
o
LATCH S
4 g’»‘adlvsn SEGMENT
M, ouTPUT — ouT2s
? PORT ] j N | > com1
My (M1~Ma) |—» com2
=" | '
) (K1~K4) =

DOUT,3~ DOUT,o
INSTRUC-

40 TION
? DECODER
PROGRAM ROM

1280 word X 14 bit

—)
S, INPUT
2 PORT
Sq (s1--s4)

< v'% I COUNTER

0SC 1 ——
TIMING
0SC2 +—— GENERATOR C.R.

o o ST

IN Voo Vss, Vss, Vcp Vem AC T Ty T3 T4 Ts
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LOGIC SYMBOL CHIP PAD LAYOUT
SECMENT OUT
JOlCICIL) B0 LI
—={OSC1 SEGMENT SEG26 ‘| SEG1
OSCILLATION | =] 8285 ouT1[— com2|: COM 1
st S S 0SC3 |:
:gy‘pk{rsz?gr {: gg LCDDRIVER 0862
—=184 SEGMENT 0sCt
—{K1 ouT26 —
INPUT PORT | —={K2 COM1 f—=
(K1~K4) [—- K3 COM2|—, b .
—={K4 VDD | m
ourpuT poRT | ——]M2 R E= | Sheuir Fon AC 1L T2
M1~M4) N &[F— ] TEMPERATURE vep T4
OUTPUTPORT —=—LD DETECTION
RESET —]AC BD [—— BUZZEROUTPUT : ™
—-{VDD "
—{vss1 71— VeMm 80
POWER SOURCE :ﬁg? ;g ™ | rest s1 ™ lvoo
—{vcm g — 2 vss2
s3 Vvss1
sa |iTA IR .
M1 M2M3 M4LD Ki K2K3 K4 C IN ™
CHIP SIZE 4.77 X 4.36 (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.
Vep, VeMm Booster capacitor connection terminals
Vcp terminal is connected to VoM terminal through a 0.1 uF capacitor.
0SC1,0S8C3 Input and output terminals of oscillator inverter,
32.768 kHz crystal is connected to these terminals.
T1 ~T5 Terminals to test internal logic, T1 ~ T3 and T5 are pulled down to Vgs,.
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 0.

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.

—e 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
Vgs1 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.

e IN T IN
¢ msMmsos2 o Momsosz
IR Thermometer R Thermometer
™ (R, TH series) 14 (R.TH parallel
TH TH
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Supply Voltage 1 Vpp — Vss; Ta =25°C -0.3t0 +2.0 \'
Supply Voltage 2 Vpp — Vss.» Ta =25°C —0.3to +4.0 \
Input Voltage VIN, Ta =25°C Vss,—0.3t0 +0.3 v
Storage Temperature Tstg —-55t0125 °C

OPERATING CONDITIONS
Parameter Symbol Limits Unit
Operating Voltage VDD— VsS: 1.25t01.65 v
Operating Temperature Topr —-20to 75 °C
DC CHARACTERISTICS
(VDD =0V, Vgs,=—1.55V, Vg, = —3.0V, C| = 30k, Ta = 25°C)
Limits
Parameter Symbol Condition Unit
Min. |Typ. |Max.
Power supply current 1 | Ipp, | Temperature sampling off - 3.0 - A
Power supply current2 | Ipp, | Temperature sampling on - 100 | — nA
Oscillation start Within 10 seconds 145 | — - \'
voltage -Vosc Vgs, terminal
IOH:1 | VOH,=-0.2V -4 | - | -
Output current 1 IOM: | VOM,: = Vss, =+ 0.2V a/—a | — N
loL: | VoL=—2.8V 4 - -
Output current 2 IOH: | VOH2=-0.2V —04 | — - A
SEGMENT IoL. | VOL.=—2.8V 04 | - | -
Output current 3 IOHs | VOHs=-04V —-400| — - A
C.R.TH 10Ls | VOLa=—1.15V 400 | - | - | *
Output current 4 IOHs | VOHs=-0.4V -100| — -
A
M1~Ms LD 10Ls | VOLs=—1.15V |- |- |*
Output current 5 IOHs | VOHs =—0.4V —50 | — |-500
A
BD IoLs | VOLs=—1.15V 4 | - | = |*
Input current IIHy | VIH =0V 1 |10 [100
A
S1~84 Ki~K4 L, ViL,=—1.55V - - 02| *
Oscillator built-in
capacitor cD - |25 | = | PF

94
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MEASURING CIRCUIT
VCP Fe5=
ca N vem—7T
t+—iHc
—nR OSC3I™ g y g
R OSC1 —q
L—mA—{TH C1
TH VDD VSS1 VSS2
C3_|_ Ct : 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
TH M: HI } Alarm output
4 R M2 LO
1
IN M4 Data
Rz I C1 } Seri
erial data
—c MSM5052 LD}—— = Latch
H- 0SCH BD
o B9 (CD=25pF) v =
32.768 kHz|OSC3 VSS' H —
L—|Vep DD €20 g,
C3 1=33 k()
T _lvem ACl—5 o R2=20kQ
VSS2KaS2 81 Ss K2 Ks Ki *1 TH 40BT-5
40K Q +10% at 25°C
B =3550+2%
obb -t
) —_-———— - C1=680 pF
C4l 9.,9 6 C:=5~35pF
C3=0.1 uF
‘ . . —a o Ca=0.1uF
C/F S2 S1
B *1. Inner switch or pad on PCB
*2. Bonding option
1 | Thermometer one-
second sampling
2 | Thermometer 10-
second sampling
3| The hlghest
temperature alarm
4 The lowest
temperature alarm
5| Clock
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® MSM5052 o

DESCRIPTION OF INSTRUCTIONS

Instruction Code
Mnemonic Operation’
131211109 8 7 6 56 4 3 2 1 0
ADDACC,AP (0 0|0 0 O P[0 1 0 O A AP — (AP) + (ACC)
ADD #D, AP 01{100°P D A AP — (AP) — D
ADC AP 0O 0|0 OOP[O 1T O 1 A AP < Decimal adjust
{(AP) + (ACC) + (C)}
§ [SuBACC,AP |0 0|0 0 1 P[0 100 A AP — (AP) — (ACC)
S [sus#p.AP |0 1P D A AP — (AP) — D
& [sBCcAP 0 ofo0 Plo 1 01 A AP — Decimal adjust
= {(AP) — (ACC) — (©)}
E |[CMPACC.AP [0 0[O0 0 1 P|1 110 A (AP) — (ACC)
T [cmp #D, AP o1lo1 1P D A (AP) — D
INC AP 0 1 00P|OOO 1 A AP —(AP) + 1
DEC AP 01(101Pjl0O0O 1 A A—(AP) — 1
XORACC,AP [0 0|0 0 0O P{O 1 1 1 A AP — (AP)V-(ACC)
XOR #D, AP 01{1 1 1P D A AP — (AP} %D
BIT ACC, AP 00{000FP[(1 110 A (AP) V {ACC)
g |BIT #D, AP 01/010°P D A (AP) VD
T |BISACC, AP 00{(00O0FP|O1T 10 A AP — (AP) V (ACC)
8 [Bis#D, AP 0o 1]o 00 P D A AP — (AP) V D
@ |BICACC, AP 0o0joo0o1P|O1 10 A AP — (AP) A(ACC)
BIC #D, AP 0100 1P D A AP — (AP)AD
£ |ASRAP 0 0loo0o0FP[OO 11 A 00— AP
& [ASLAP 0 0/001P|lOO 11 A (C) — (AP) <0
cLz 0 0/oo0oo0oo0[to1o0[o000][z—0
5 |cLe 00/00O0O|1001|/0000]|C—0
§CLA 0 0/000O[1011(0000](zZ<0C—0
& |sez 0 0|0 010|/1010[/0000/ z—1
§SEC 0 0/0010[1001/0000]|C—1
SEA 00/0010[(1011]/0000]|z—1C—1
MOV ACC,AP |1 1|1 1 0 P|lO O 0 O A AP — (ACC)
MOV ACC,AX |1 1|1 1 0 O X A AX — (ACC)
:g MOV #D, AP o011 10P D A AP —D
§ MOVAP,ACC (1 1|1 1 1 P|0 0 0 O A ACC — (AP)
€ [MOVAX,ACC |1 11 1 1 0|0 X A ACC « (AX)
© cHG AP 111 00P|00O0O A (ACC) — (AP)
CHG AX 1 1{1 0 0 0|0 X A (ACC) — (AX)
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® MSM5052 ¢

DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code
Mnemonic Operation
13121109 8 7 6 5 4 3 2 1 0

JMP adrs 1 0|0 aa, ag|a, as a5 a,|a; a, a, a,| PC«adrs
JMP @AP 0 0{000FP[1 101 A PC < (PC) + (AP) + 1
JMPIO®AP [0 0({0 0 1 P|1 1 0 1 A PC « (PC) + [(AP)ATH] + +1
B In 0 0{0 11 0[0 1 0 nyn,n,n, ng|PC—(PC)+n+1,ifZ=1
. BNz In 0 0/01 10|11 0n,nn,n n|PC(PC)+n+1,ifZ=0
3
clas o 0 0{0110[/001n,nn,n n|PCe(PC+n+1,ifC=1
B 0 0/01 10|10 1n,n,n,n n|PCe(PClen+1,ifC=0
PC—(PC)+n+1,ifZ=0
BGT +n 0 0|01 1 01T 1 1 n,n;n,n, ng andC=0
BLE +n 0 0/0110[011n]nn,n,n,|PCPOrn+LifZ=1
" INP Port, AP 110 1 0 P Port A AP « (Port)
=3
32| OUTAP,Port |1 110 1 1 P Port A Port < (AP)
c
£3
OUT #D,Port (0 0|0 1 0O O Port D Port < D
% | DsPdigit,t AP [0 0|1 0 0 P| digit A digit < (AP), (ACC)
Q
Z | DsPF digit, AP [0 0|1 1 0 P| digit A digit < (AP) via table
S| HALT 0 0/0100/0000[00O0 OfHaltcPu
2c
& | NoP 0 0/{0 00O0|00O0O[0OO O O NoOperation
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OKI 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
® | ow Power Consumption 3 uA Typical ® 40 Instructions
® 1024 X 14 Internal ROM ® 1.5Vor3V Operating Voltage
® 62 X 4 Internal 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 1.CD Driver ® 74 paddie
(1/2 Duty, 1/2 Bias, 88 Segment)
FUNCTIONAL BLOCK DIAGRAM
[ONo
B, ST
w0 UTo 67 word x 45t
e e ] [ PU5, o

N SEGMENT
LD- DISPLAY| ouT,y
N LATCH :> §
—NDRiver [ SEGMENT
My OUTPUT — a4
1 {__Jrort [—>com,
Mg (Mi~M4) —»COM,

DOUT 3~ DOUT,
(Ky~Ka) 13 o INSTRUC-
Ao TION
“JPROGRAM| b DECODER
= COUNTER A, PROGRAM ROM
Sq (S1~84 1024 word x 14 bit

XT ———>1 TiminG
XT +——— GENERATOR

REREREEREREE

Vbb Vss, Vss, VEE Vcp Vem AC Ty T T3 T4 Ts 32Hz
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LOGIC SYMBOL

® MSM5054 ¢

CHIP PAD LAYOUT

S —xT
OoCILLATION[ XT
JR—
INPUTPORT | ] §§
(81~ S4) s
INPUT PORT (K
(Ky, Ka) l—+K,
-~ I\A1
OUTPUT PORT | +—— M,
(Mi~M4) M3
~—m
RESET —{AC
—VoD
—ves
POWER |+—]Vsg)
SOURCE |~—] Vg
“—]Vce
—Vem

}|SEG23

SEGMENT | vss:
ouT, vcP
S s veMm
LCD s
SEGMENT DRIVER
Wl — o
COM,; |— s
COM, —= 8D
BUZZER w0
BDI—= OUTPUT
LD}—= LAMP OUTPUT

TEST

SEGMENT OUTPUT
CHIP SIZE 4.68 X 4.23 (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.
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 Vg 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.
Ti~Ts Terminals to test internal logic, T+ ~ Tsand Ts 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 MSM5054 must be reset by this terminal.
BD Buzzer output
LD Lamp output
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® MSM5054 ¢

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.

100

Input/Output Port

Input Port (S1 — S4)

The input port (81 ~ S4) 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 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.



ABSOLUTE MAXIMUM RATINGS

® MSM5054 ¢

Parameter Symbol Conditions Limits Unit
Supply Voltage 1 Vbp —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 VpD — VEE Ta=25°C —0.3t0 +4.0 v
Input Voltage VIN; Ta=25°C Vss,;—0.3t0 +0.3 \
Storage Temperature Tstg -55t0125 °C
OPERATING CONDITIONS
Parameter Symbol Limits Unit
Operating Voltage VpD— Vss; 1.25t01.65 v
Operating Temperature Topr —-20to 75 °C
DC CHARACTERISTICS
(Vpp =0V, Vss,, VEE = —1.55V, Vgs, = —3.0V, C| = 30k 2, Ta = 25°C)
Limits
Parameter Symbol Condition Unit
Min. | Typ. | Max.
Power supply current | Ipp - 1380 ]| - nA
Oscillation start Within 5 seconds
voltage —VOSC | Vgg, terminal 145] - - v
o IOH; VOH;=-0.2V -4 - -
utput current 1
o IOM: | VOM:=Vss, = 0.2V 44| - | = |pua
loLs VoL,=-2.8V 4 - -
Output current 2 IOH: | VOH.=-0.2V -04| - | - A
SEGMENT 10L2 VoL, =-2.8V 0.4 — _
IOH VOH;=—-0.4V Vgg,=—1.25V -50 | — [-500
Outpéjécurrent 3 3 3 VEE T 1.5V A
loLs VoL;=—0.8V Vgs, =—2.4V 25 - 7.5
Output current 4 IOH.4 VOH,=—0.55V ¥2§ 1==__2~14%/5V Bl uA
lOL4 VOL4=-1.15V VSS,=—2.4V 1 - -
Output current 5 IOHs | VOHs=-0.5V —100| - | - A
M1~ M. IoLs | VOLs=—1.0V 15| — | 75
Input current 1 lH+ VIH, =0V 1 ]10 50 A
S1~S. L, | ViL,=—155V - | - [-02
Input current 2 liH: ViH. =0V 25| 6 | 12 A
K, K2 L, VL, =—1.55V - | - |-02
Oscillator built-in
capacitor cD - |20 - PF
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® MSM5054 ¢

MEASURING CIRCUIT

o

T

Cl,Cz, C33
C

4
XTAL

0.1uF
: 30pF
: 32.768kHz

TYPICAL APPLICATION

LCD

Sy —L COM; SEGMENTS COM,
2.5 3 LD
——=0 o—s,
-
450 Sa MSM5054 N 0
— Vss, -
E—— XT =B
X-tal =5 (CD=20pF) VpD
w1 EE
Cy VCP Vem  AC V532
L-"—J % l- % T )

5 ~ 35pF
0.1uF

: 1.5V
L : 20mH
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DESCRIPTION OF INSTRUCTIONS

® MSM5054 ¢

Instruction Code

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

ADDACC,AP |0 0|0 0 0O P|O 1 0O A AP — (AP) + (ACC)
ADD #D, AP o1|/1too0P D A AP —(AP) +D
SUBACC,AP |0 0/0 0 1 P|0O 1 0O A AP — (AP) — (ACC)

.§ SUB #D, AP 01|11 01P D A AP — (AP) —D

g ADJUSTN,AP |1 1(0 0 0 P| N+1 A AP —N adjust {(AP)}

o |empacc,ap [0 oo 0 1 P[1 1 1 0 A (AP) — (ACC)

E CMP #D, AP 01|01 1P D A (AP) - D

§ INC AP 0 1|/1 00 P[OOO1 A AP — (AP) +1
DEC AP 01|11 01P 0 0 1 A A —(AP) —1
XORACC,AP |0 0|0 0 O P 11 A AP — (AP)V"(ACC)
XOR #D, AP 0111 1P D A AP — (AP) VD
BIT ACC, AP 00(00O0FP|1T 110 A (AP) V (ACC)

s |BIT #D, AP 01(01 0P D A (AP)VD

‘S |BISACC, AP 0 0|00O0FP(O110 A APV (ACC)

“g’ BIS #D, AP o1/looo0P D A (AP) VD

@ [BICACC,AP |0 0[O0 0 1 P|O1 10 A AP A (ACC)
BIC #D, AP 01|00 1P D A APAD

& |ASRAP 0 0|0 00 P|{OO 11 A Lc)o—ap)-

@ [ASLAP oo0/oo1Ploo 11 A (C) — (AP) —0
cLz 0 0/00O0O|1 010(0000O0|Z0

_§CLC 0 0/000O0|1 0O0T1(000O0|C—0

S lcLa 0 0|0 00OO|1011|/0000O0|Z—0C—0

§sez 0 0/0010|1010[(000O0O0|Z~1

 [sec 0 0[0010|10O0T1/000O0|C—1
SEA 0 0/0010|1011|0000|Zz—1C—1

_ [MOVACC,AP |1 1|1 1 0 P[0 0 OO A AP — (ACC)

< [MOVACC,AX |1 1|1 1 0 0|0 X A AX — (ACC)

§ MOV #D,AP |0 1|1 1 0 P D A AP—D

£ |movar,acc |1 1|1 1 1 PlOOOO A ACC — (AP)

e MOVAX,ACC |1 1|1 1 1 0|0 X A ACC — (AX)
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® MSM5054 ¢

DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code

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

JMP Adrs 1 0|0 O ag agla, a5 a5 a,|a; a, a, a,| PC—Adrs
JMP @AP 0 0/{00OP[1 101 A PC —(PC) + (AP) + 1
JMPIO @AP 00(0O01P[1 101 A PC — (PC) + {(AP)ATH } +1

g oed o 0 0[0 1 1 0[01 0 n,nyn,n, ng| PC—(PO)+n+1,if Z=1
v 00[0 11 0[1 1 0n,nn,n,n,| PC—(PC)+n+1,ifz=0
BCS +n 0 0(0 11 0|0 0 0n,nyn,n,n,| PC—(PC)+n+1,if C=1
BCC +n 0 0|0 1 1 0|1 0 O n,n;n,n, n,| PC«—(PC)+n+1,ifC=0
SWITCH AP 11/01 0P[O OO 1 A AP — INPUT PORT (S1 ~ S4)
KSWITCHAP |1 1|0 1 O P/O O 1 O A AP —INPUT PORT (K1 ~ K2)
MATRIX AP 11011 P[OO01O A OUTPUT PORT (M1 ~ Ma)

2 —(AP)

3 |MATRIX Mn 0 0{01 00|00 1 0|MsMaM2M1| OUTPUT PORT (M1~Ma)

= —Mn (n=1,2,3,4)

2 BUZZERfreq., [0 0|0 1 0 O|1 1 O O|bs b2 b1 bo| Freq« freq, Mreg — sound

~ |sound Buzzer start
BSO 00|01 OO 1 0 0|0 O O O | Buzzerstop
LAMPON/OFF [0 OO0 1 0 0|0 0 © 0 O b1 bo| LDON/OFF
DSPdigit, AP |0 Of1 0O O P digit A Digit — (AP), (ACC)

Z |FORMAT AP 11/01 1 P|0OO 11 A FMT reg. — (AP)

g FORMAT N 00[o100[00 11 N FMT reg. —N
DSPF digit, AP {0 Of1 1 O P digit A Digit — (AP) via table
HALT 0 0(0O10O0|0OOOO|O0O O O O] Halt
e S R A R T

[2]

SRR 8318830850388 omeeina

g INTMODEAP (1 1{0 1 0 P|0O 1 0 O A AP — Interrupt mode

£ |PAGE A0 1 1/o01 1 0]0 10 1 A Preg — (AO)

8 |PAGEN 00/0100[0101 N Preg —N

§ RATE AP 1 1/0 1 0 P|1 0 0 1 A AP —DIVIDER (8 Hz~1 Hz)
RSTRATE 0 0|01 0O0|1 OO0 O[1 0 O OfDIVIDER(8 Hz~1Hz) —0
BACKUP 0 0{0 1 0 0O|O O O 1|bab2 O O/ Backup ON/OFF
ON/OFF
NOP O O|0O OOO|O O O 0|0 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

® Low Power Consumption 3 uA Typical ® 42 Instructions

® 1792 X 14 Internal ROM ® 1.5V or 3V Operating Voltage

® 96 X 4 Internal RAM (Masking Option)

® 4 X 2|nput 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 paddie

(1/2 Duty, 1/2 Bias, 120 Segment)

FUNCTIONAL BLOCK DIAGRAM

DINO
DING  DATA RAM

BUZZER
DRIVER

BD —

96 word X 4 bit
DOUT
DOUT
AB~A4 A3~AQ

MPX

=
LD REGISTER|
— — SEGMENT
M ouTPUT L] e
Ma PORT
Lo iy ~{DISPLAY| :> {
LATCH SEGMENT
ouTe0
K1 INeuT I ] Bven | _ o
s C->fpoR
K4 (K1~Ka)| > | coms
i [ DOUT13~DOUTO
( PonT 20 INSTRUC
S (51~54) ; NS
PROGRAM| at0 PROGRAM ROM DECODER
COUNTER 1792 word X 14 bit
xTouT ——]
Ac2 =]
TIMING
XT —-o] GENERATOR VSS1  VEE VCM
T RNREE RN

VDD VSS2 VCP ACT1 7273 T4 T5
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® MSM5055 o

LOGIC SYMBOL CHIP PAD LAYOUT

SEGMENT
osciLLATION [ZJ3T MENTL
——{s1
INPUT PORT | —={S2 g S
b _—
®1=sa T LCDDRIVER
K1 SEGMENT
UT PORT | —=K2 ouTeo
K D@ [— ks COM1 |~
—Jka comz2| =
— M1
BD|—— BUZZEROUTPUT
—m2
o Chna OFT {~~ M3 LD}—— LAMPOUTPUT
—|ma —— CLOCKPULSE
— XTOUT \QSKT
LOAD Lo QUT|— SuTey
RESET —{AC
—dvop
—={VSS1 T1 o
——Jvss2 T2f—
POWER SOURCE vss 12 rest
—lvep T4
—Jvem T5

SEGMENT OUTPUT
CHIP SIZE 5.49 X 4.71 (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 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 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 ~T5 Terminals to test internal logic, T1 ~ T3 and T5 are pulled down to Vgs,.
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 exiernal circuit
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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.

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.

® MSM5055 o

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
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
Vgg1 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.
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Supply Voltage 1 VDD — Vssi Ta=25°C -0.3to+2.0 v
Supply Voltage 2 VpD — Vss: Ta =25°C —0.3to +4.0 Y
Supply Voltage 3 Vpp — VEE Ta=25°C —0.3to +4.0 \"
Input Voltage VIN, Ta =25°C Vss,;—0.3t0 +0.3 '
Storage Temperature Tstg —55t0125 °C
OPERATING CONDITIONS
Parameter Symbol Limits Unit
Operating Voltage Vpp— Vss: 1.25t01.65 v
Operating Temperature Topr —-20to 75 °C
DC CHARACTERISTICS
(VDD =0V, Vgs, VEE = —1.55V, Vgg, = —3.0V, C| = 30k (2, Ta = 25°C)
Limits
Parameter Symbol Conditions Unit
Min. | Typ. |Max.
Power supply current | Ipp - |80 | - nA
Oscillation start —Vosc| Within 5 seconds 145 | — - \
voltage Vgs, terminal
IOH 1 VOH;,=-0.2V -4 - -
Outiut current 1 IoM: | VOM;=Vss, =+ 0.2V ai-a| — | - | pA
loLs VoL,=-2.8V 4 - -
Output current 2 IOH2 | VOH2=—0.2V -04| — | - A
SEGMENT oLz | VOLo=—2.8V 04 | - | - | ¥
Output current 3 IOHs | VOHs =-0.5V -10] - | - A
AC2 LOAD, XTOUT loLs | VoLa = —1.05V o = 1 - |#
Output current 4 IOHs | VOH.=-0.5V -100| - | - A
M1~M4 IoLs | VOL.=-1.0V 15 | — |127| "
Output current 5 IOHs VOHs = —0.55V Vgs,=—-1.25vV |-216| — |-83
LD VEE =—2.4V uA
loLs VoLs=—-1.15V Vss, =—2.4V 1 - -
Output current 5 IOHs VOHe =—0.4V Vss:=VEE =50 | - -
I0He VOLe =—0.8V Vsg,=—2.4V - 5 -
Input current 1 I1H+ VIH, =0V 1|08}
S1~84 WL, | ViL,=—1.55V N R Y
Input current 2 liH, ViH, =0V 25| 6 |12 A
Ki~Ks4 L2 VL, =—1.55V = ~02 ®
Oscillator built-in
capacitor CcD - |20 | - pF
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MEASURING CIRCUIT

® MSM5055 ¢

vep [ Lcs
Vemb—or
| VEE XT
T 5 XTAL
Vpp Vss;
C1.C2.C3:0.1 uF
C4 : 30 pF
X-tal : 32.768 kHz
TYPICAL APPLICATION
LCD
[ [
Lamp
S, —L COM; SEGMENTS COM,
S, L
52 5-'_0 S, LD
S3 L
S 21.0 83 BD
g
p—200—— 54 MSM5055 N D
_ Vss,
XT L g
X-tal =.E (CD=20pF) VDD 1
/%'Z T VEE
c, VCP Vem  AC Vss,
L"—J %I- %Ca J )

5 ~ 35pF
0.1uF
1.5V
20mH
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® MSM5055 o

DESCRIPTION OF INSTRUCTIONS

Instruction Code
Mnemonic 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 0|0 0 1 P{O 1 0 O A AP — (AP) — (ACC)
S[sus#D,AP |0 1|1 01 P| D A AP — (AP) — D
§ ADJUSTN,AP [1 1|0 0 0 P| N+1 A AP —N adjust {(AP)}
o |CMPACC,AP |0 0|0 0 1 P|1 110 A (AP) — (ACC)
S /cMP#D,AP [0 1/0 1 1 P|[ D A (AP) - D
£ [INnc AP 01/t 00Pl0OOO 1 A AP «— (AP) +1
= [DEC AP 01/1 01P|{0OOO 1 A A—(AP) — 1
XORACC,AP |0 0|0 0 O P 11 A AP —(AP) ¥ (ACC)
XOR#D,AP |0 1]1 1 1 P D A AP« (AP) V- D
BITACC,LAP |0 0/0 0 O P|1 1 1 0 A (AP) V (ACC)
s |BIT #D, AP 01/j01 0P D A (AP)VD
® |BISACC,LAP |0 0|0 0 0 P[0 1 10 A APV (ACC)
§ BIS #D, AP o1/loo0o0P D A (AP) VD
@ [BICACC,AP |0 0/0 0 1 PlO 1 1 0 A AP A (ACC)
BIC #D, AP o1{o0 1P D A AP AD
& |ASRAP 00/00O0FP[OOT1 1 A T o— (AP~
% [ASL AP 00l001P|lOO 11 A (C) — (AP) —0
cLz 00/00O0OI1010[00O0O0|Z—0
§ |cLe 00lo0O0O[100T1/0000|C—0
§CLA 00/000O0(1011/0000|Z—0C+—0
§sez 00/001O0[1010[000O0O0|Z—1
& |sec 00(0010[1001{0000]|C+—1
SEA 00/0010|tO011/0000|Z—1,C—1
MOVACC,AP {1 1|1 1 0 P[0 O 0 O A AP — (ACC)
% MOVACC,AX |1 1{1 1 0 0|0 X A AX — (ACC)
S[move#p AP [0 1|1 1 0P| D A AP —D
£ IMOVAP,ACC |1 1|1 1 1 P|{0O O OO A ACC — (AP)
© Imovax,acc |1 1[1 11 0 X A ACC — (AX)
JMP adrs 1 00 a,,a, agla; ag a5 a,|a; a, a, a,| PC—adrs
o |JMP @AP 00/00O0FPI1 101 A PC — (PC) + (AP) +1
5 JMPIO@AP [0 0|0 O 1 P[1 1 0 1 A PC —(PC) + {(AP) A 7H} +1
oee 0 0[0 1 1 0[0 1 0 n,lnyn,n, ng| PC—(PC)+n+1,ifZ=1
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DESCRIPTION OF INSTRUCTIONS (CONT.)

® MSM5055 o

Instruction Code

Mnemonic Operation
131211109 8 7 6 56 4 3 2 1 0
o v 0 0[(0 11 0|1 10 n,ngn,n, ng| PC—(PC)+n+1,if Z=0
3|BCS +n 0 0|0 1 1 0{0 O O n,|nz n, n, ny| PC—(PC)+n+1,if C=1
BCC +n 0 0|0 1 1 0|1 O O n,ngn,n, ny| PC—(PC)+n+1,if C=0
SWITCH AP 1 1/0 1 0 P|[O OO 1 A AP —INPUT PORT (S1 ~ S4)
KSWITCHAP |1 1|0 1 O P{O O 1 O A AP —INPUT PORT (K1 ~ K4)
MATRIX AP 11|01 1 P|OO1O A OUTPUT PORT (M1 ~ M4)
- —(AP)
.a MATRIX Mn 0 0(0O1 0 0|0 0 1 0|MsMaM2M1f OUTPUT PORT (M1~M4)
3 —Mn (n=1,2,3,4)
‘\‘g_ XTCPON/OFF {0 O|0O 1 O O[1 O O 0|0 O bibo| XTOUT ON/OFF
EFF!EQN 00|01 O0OO|1 1 01 N . Freq—N
BUZZERsound |O O|0O 1 O O|1 1 O Ofbasb2 1 0| Mreg+—sound, Buzzer start
BSO 0 0|O1 0O 0|1 1 0 0|0 O O Of Buzzerstop
LAMPON/OFF |[O OO 1 O O(0O O O 1|0 O bt bo| LDON/OFF
DSP digit, AP 00|11 OO0FP digit A Digit (Low part) — (AP), (ACC)
DSPH digit, AP |0 0|1 O 1 P digit A Digit (High part) < (AP), (ACC)
5. |FORMAT AP 1 1/01 1 P|OO 11 A FMT reg. — (AP)
2 [FORMATN o oo 1 0 0fo 0 1 1 N FMT reg. —N
O |DSPFdigit, AP [0 0|1 1 0 P digit A Digit (Low part) — (AP)
via table
DSPFH digit, AP{ O O|1 1 1 P digit A Digit (High part) — (AP)
via table
HALT 0O 00O 1 O 0O|0O OO O|0 O O O] Halt
'3”2352’*3 0001 00|t 01 {1000}
0 0/0O1 O0OO0|O01O0O0O0OO0T1TO
25?3’“3 ©00100j101 1j0t 00}
@ 0 0|0O1t OOIO1TOOIO0OO0O1
2 | INTMODE AP 1 1]01 0 PIO1 0O A AP — Interrupt mode
§ PAGE AO 11011 0(0 101 A Preg < (A0)
2 [PAGEN 0001 O0O0(O0O1O01 N Preg —N
S [oRs AP 11011 Pl0o110 A Areg — (AP)
Z |ADRSN 0 0|01 O0O0(O0O1 10O N Areg —N
© RATE AP 1 1]0 1 0 P{1 OO 1 A AP —DIVIDER (8 Hz~1 Hz)
RSTRATE 0 0/j0 1 0 Oft O O O|1 O O O| DIVIDER (8 Hz~1 Hz) —0
BACKUP 0 0/|0 1 0 O[O0 O O 1|bsb2 0 O| Backup ON/OFF
ON/OFF
NOP O 0O/0O O O O[O O O O(0 O O O| Nooperation
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OKI 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

4 Input Port
4 Output Port

Low Power Consumption 3 uA Typical
1792 X 14 Internal ROM
90 X 4 Internal RAM

4 X 4 Key Matrix Input (K1~Ka, M1~Ma)
38 LCD Driver

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

FUNCTIONAL BLOCK DIAGRAM

42 Instructions

1.5 V Operating Voltage

{The solar cell can be connected.)
32.768 kHz Crystal Oscillator

122.1 us Instruction Cycle

—20 to 75°C Operating Temperature
68 pad die

BUZZER
BD= DRIVER

FaN

w‘

DATA RAM
DO’UTo 90word x 4bit

DOUTs

AB—A4 A3~A0

—

Ky INPUT
. C4PoRT |
Ka (Ki~Ka)

0SCy —»
TIMING

0SC3 +—

0SC2 +— GENERATOR

/ MPX \
G
‘_ ALU IR GISTEQ SEGMENT
L4t ouT,
T 7S — DISPLAY !
m e | LATCH SEGMENT
| — P OUTs
DRIVER s com,
i T =% T > CoMa
[ 1 | v
DOUT 3~ DOUT,
-\ NP INSTRUC-
MPX PROGRAM !

FMT
REGISTER

[COUNTER

RERNRRN

VDD VSS: Vsc VCM
vsS: VEE VCP VIN

TION
|2 PROGRAM ROM | lpecoDER

A101792 word x 14 bit

Pt

ACT; Ty T3 Tq Ts
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® MSM5056 ¢
LOGIC SYMBOL CHIP PAD LAYOUT

SEGMENT OUTPUT

SEG38|; SEG17
—~osc
OSCILLATION [.__ gsc; SEGME’;‘_T gg:;nz ) [coM:
— - 3
S g osce |1l T
—K, LCD oscH | T
INPUT PORT | —*|K2  SEGMENT| - | DRIVER : vee
Ky~ Ka) | T3 OUT3g— VoD | (]
—Kq COM; |—= AC LD
" COMa|— vor |
-1
RT [ ~—M: Vi
OU"}L:/.T 2 [<— M3 8D [— BUZZER OUTPUT CTT
! ~—Ms BD
LD[—= LAMP OUTPUT . :
RESET —|AC Ts vsC
—{VDD
s B vop
] e 20 | vest
SOURCE | —]vse Taf— VSS:
—ver Tsf— VSS:
—Vém " VIN
ADJUSTMENT for—= v\ SEG1 B |secie
SOLAR CELL CRAMP ;
VOLTAGE

SEG8M: M2 M3 Ms KiKz Ks KiSEGY

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 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.

Input and output terminals of oscillator inverter,

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

Ti~Ts Terminals to test internal logic, T+ ~ Tsand Ts are pulled down to Vgg,.
Tsis output. Test pins must be normaly open.

AC Terminal to clear internal logic pulled down to Vgsg,.

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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® MSM5056 ¢

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 1.75 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 parallei 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
of a 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.
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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 cycleis 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 Vgg1 to adjust the
overcharge protection voltage.

Vss;,

yA—Vin
———iF——VSC

MSM5056




ABSOLUTE MAXIMUM RATINGS

® MSM5056 ¢

Parameter Symbol Conditions Limits Unit
Supply Voltage 1 Vpp — Vss: Ta=25°C -0.3t0 +3.0 \Y
Supply Voltage 2 Vpp - Vsc Ta=25°C -0.3t0 +3.5 v
Supply Voltage 3 Vpp — VsS: Ta=25°C —-0.3t0 +6.0 \'
Supply Voltage 4 Vpp — VEE Ta=25°C —0.3t0 +6.0 \"
Input Voltage VIN: Ta=25°C Vss;—0.3to +0.3 v
Storage Temperature Tstg -55t0125 °C
OPERATING CONDITIONS
Parameter Symbol Limits Unit
Operating Voltage Vpp— Vss: 1.25t01.65 \
Operating Temperature Topr —20to 75 °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 125|1565| 20 | V
Operating voltage 2 —-Vsc | Vsc terminal 0 20 | 30 \"
Power supply current | Ipp Vss, terminal - 30| - uA
o | ~voso| Yann i DEEE
IoH: | VOH,=-0.2V 4| - | -
Output current 1 IoM: | VOM, = Vss, £ 0.2V e - | - | ™
loL, VoL,=-28V 4 - -
Output current 2 I0H: VOH.=-0.2V -04| - -
SEGMENT loL. | VOL.=-2.8V oa| = | = |**
Output current 3 IOHs | Vss. VEE—1.25V | VOH;—04V |-100| - -
M1~ M. loLs | Vss,—2.3V VoL, —0.85V 3| -] 8 uh
Output current 4 IOHs | VOH,=-0.4V -50 (—100|—200
BD IoLe | VOL.=—1.16V s |10 30"
Input current NH VIN=-0V 5 | 10| 15
K1 ~Kas L, VIN = —1.55V - | - |-o02 wh
Ggetlatorbuitin | oo | - | w
e L 0| = [0] uo
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® MSM5056 o
MEASURING CIRCUIT

A Voo
@ Vsc
Vssi
W—]ViN

0OSC108C3Vep Vom Vss2  VEE

C o C3T CaT j

X-tal C,
Cy : 30pF
C,,C3,Cq : 0.1uF
X-tal : 32.768kHz

TYPICAL APPLICATION

LCD

4 >

COM, SEGMENT COM;

MSM5056
VDpDl-o—¢
solarlf
Vsc cell T
‘| R

ViN|—yA

Vcp Vem Vss, VEE OSCy 0SC; AC g? C:250~3 ?58':1 e
L?‘ Cayl Csl ¢-HoH [B TR1, TR2 : hfe ~ 200
= = CG_Q 32.768 TR2: Vg, > 35V
7 L; :20~30mH
kHz
B :15V

” R : 50~ 200k
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DESCRIPTION OF INSTRUCTIONS

- MSM5056 ¢

Instruction Code

Mnemonic Operation
131211109 8 7 6 5 4 3 2 1 0
ADDACC,AP |0 0|0 0 O P|O0 1 O O A AP — (AP) + (ACC)
ADD #D,AP [0 1(1 0 O P D A AP — (AP) — D
ADC AP 00/00O0OFP[O1O01 A AP — Decimal adjust
{(AP) + (ACC) + (C)}
5 [suBacc, ap olo o1 Plo1o0oO A AP — (AP) — (ACC)
’g SUB #D, AP 11 01 D A AP — (AP) — D
& [sBc AP ooloo1Plo1 01 A AP — Decimal adjust
2 {(AP) - (ACC) - (C))
E [CMPACC,AP [0 00 0 1 P[1 1 10 A (AP) — (ACC)
Zlcmp#p,ap |0 1|0 1 1 P D A (AP) — D
INC AP 01/100FP[0OO 1 A AP — (AP) + 1
DEC AP 011 01P[0O0O 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) VD
BIT ACC, AP 00/00O0FP[1 110 A (AP) V (ACC)
c |BIT #D, AP o1/010FP D A (AP)VD
"g BISACCLAP |0 0|0 0 0 P|O 1 1 0 A AP — (AP) V (ACC)
8 [Bis #D, AP o1/000FP D A AP — (AP) VD
& [BicACCLAP |0 0[O0 O 1 PlO1 10 A AP — (AP) A(ACC)
BIC #D, AP 01/001FP D A AP — (AP)AD
= |ASRAP 00/00O0FP|[OO11 A 00— a2
& |ASLAP 00{001P[0OO 11 A (C) — (AP) — 0
cLz 00/000O0|1010/00O0O0] z—0
s |cLc 00/000O0|1 001/0000O0]|C—0
':é;cux 0 0/000O[1011(0000]zZ—=0C—0
& [sez 0 0/0010[1010[0000] z—1
§sec 00/0010/1001[(0000]|C—1
SEA 00/0010/1011/0000]|z—1C—1
MOVACC,AP |1 1|1 1 0 P[0 O 0 O A AP — (ACC)
MOVACC,AX |1 1|1 1 0 0|0 A AX — (ACC)
8 [Mov#p,AP |0 1]1 1 0 P D A AP —D
§ MOVAP,ACC |1 1|1 1 1 P|0O O O O A ACC — (AP)
£ [MOvVAX,AcC [1 1[1 1 1 00 X A ACC — (AX)
© [cHe AP 11/100¢Pl00O0O A (ACC) — (AP)
CHG AX 11/1000[0 X A (ACC) — (AX)




® MSM5056 ¢

DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code
Mnemonic Operation
131211109 8 7 6 56 4 3 2 1 0O
JMP adrs 1 0[O0 a,pag agla; ag as as|as a, a; ap |PC—adrs
JMP @AP 0o o0foo0oo0P|1 101 A PC — (PC) + (AP) + 1
JMPIO @AP 0O 0[O0 1TP|1T 1 O01 A PC — (PC) + {(AP)A7H } + +1
ggg ;_'": 0 0{0 1 1 00 1 0 nynsnynyng |PC—(PC)+n+1,ifZ=1
BNE +n .
§ BNZ +n 0 0{0 1 1 0|1 1 O ngnzny,n, ng |[PC—(PC)+n+1,ifZ=0
3
ngs _:: 0 0[0 1 1 0[0 0 1 nylngnyn, ng |PC—PC)4n+1,ifC=1
ggg I: 0 0[0 1 1 01 0 1 nyngsnyny ng |PC—PC)+n+1,if C=0
BGT +n 0 0[0 1 1 0[1 1 1 nynsnyngng |PCTPCIEn+1i rz=9,
BLE +n 0 0{0 1 1 0[0 1 1 nyngnynyng|PCTPCI+n+1,i Fz=1
INP Port, AP 1101 00pP Port A AP — (Port)
=5
38|0ouTAPPort |1 1(0 1 1 P Port A Port — (AP)
=}
=0 [ouT#D,Port |0 0|0 1 0 0| Port D Port —D
% |DSPdigit AP [0 0[1 0 0 P| digit A digit — (AP), (ACC)
Q
2 | DSPFdigitt AP |0 © 1o0P digit A digit — (AP) via table
S | HALT o0o|lo1 00|00 o00[0 0O O |Hatcpu
D‘-’
%g NOP 0 0|0 0 0 0lo 00O 0|0 O 0O O |NoOperation
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OKI semiconductor
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

® |Low Power Consumption 3 A Typical ® 59 Instructions

® 2560 X 14 Internal ROM ® 1.5Vor3V Operating Voltage

® 120 X 4 Internal RAM (Masking Option)

® 9 Iinput 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 pad die

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

FUNCTIONAL BLOCK DIAGRAM

D'Ng DATA RAM
0 MELODY DIN
CIRCUIT bouTo 120 word X 4 bit
DOUT3
A AB~A4 A3~AO
PIT
MPX MPX.
PREG |[PREG A
o MAIN J| INT REGISTER,
DRIVER
M <Hourpur
f SEGMENT
PORT K= DISPLAY|
AR U LATCH out
and S
‘. . DRIVER SEGMENT
INPUT
{ CroRT > I ouree
Ka (K1~K4) “>
S INPUT l I
DOUT13~DOUTO
D PORT =
AT INSTRUC-
4 (S1~84) TION
AQ  PROGRAMROM DECODER
INPUT Al
OPTION —=4 mrom}—— 256 word X 14 bit
l/ 1V
crout vsS SS3  VCP
Rz e REREENEETNN
XT ——{ GENERATOR
VDD VSS2 VEE VCM ACT1 T2 T3 T4 T5 32Hz
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® MSM6051 o

LOGIC SYMBOL CHIP PAD LAYOUT

osciLaTion [TJ5F  SEGMENT]
— 51
INPUT PORT [ —a]S2 s
(s1~s4) [—Js3 LCD DRIVER
—{S4
o]k  SEGMENT
INPUT PORT | —={K2 ouTee [—=
(K1~K4) " S
opTIONINPUT —~foPTION I~ BUZZER OUTRUT
— M1
OUTPUT PORT [ = M2 CLOCK PULSE
(M1~M4) ~——wm3 XTOUT{—= ouTPUT
~q M4 RESET
LOAD =—{LO
RESET —={AC
N
=—]vss2 32Hz |—= .
POWER SOURCE —vsse T ot e
2 p— o -
E ves ] TEST I
vom =
SEGMENT OUTPUT

CHIP SIZE 5.85 X 4.10 (mm)

B 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.

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 1F capacitor.

Vcp. VoM Booster capacitor connection terminals
Vcp terminal is connected to Vg 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.
Ti~Ts Terminals to test internal logic, T+ ~ Tsand Ts are pulled down to.Vgs,.
Tais output. Test pins must be normally open.
AC Terminal to clear internal logic pulled down to Vgsg,.
After power is turned on, the MSM6051 must be reset by this terminal.
BD Buzzer output
LD Lamp output
» LO Load data terminal of M1to Ma.
AC2 Reset terminal for external circuit.
XT OUT Clock output for external circuit.
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FUNCTIONAL DESCRIPTION

A block diagram of the MSM6051 is 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 O.

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.

® MSM6051

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
Vgs, 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 Vgs, 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 COM3.

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 signais 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.
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Supply Voltage 1 VpD —Vss: Ta=25°C —2.0t0 +0.3 \'
Supply Voltage 2 VpD — Vss: Ta=25°C —4.0t0 +0.3 \"
Supply Voltage 3 VDD — Vsss Ta=25°C —6.0t0 +0.3 v
Supply Voltage 4 Vpp — VEE Ta=25°C —4.0t0 +0.3 v
Input Voltage VIN+ Ta=25°C Vsg;—0.3t0 +0.3 \'
Storage Temperature . Tstg -55t0125 °C
OPERATING CONDITIONS
Parameter Symbol Limits Unit
Operating Voltage VbD—- VssS: 1.25t01.65 v
Operating Temperature Topr —20t0 75 °C
DC CHARACTERISTICS
(VDD =0V, Vss,, VEE =—1.55V, Vgs, =—3.0V,Vgg, = —4.5V, C| = 30k 2, Ta = 25°C)
Limits
Parameter Symbol Conditions Unit
Min. | Typ. | Max.
Power supply current IDD Vss terminal - 30| - nA
Oscillation start Within 5 seconds 145 — - \
voltage -Vosc | Vs, terminal
I0H: | VOH:=-0.2V -4 | - | -
Output current 1 IOMH+| VOMH: =Vgs, £ 0.2 4/-41 = | = | uA
IOML1| VOML:1=Vss,*+0.2 4-4 - | -
loLs |VoLi=—-4.3V 4 - -
IOH2 | VOH:=-0.2V —4 - -
Output current 2 IOMH2| VOMH2 =Vs§s,%+0.2 4/-4| - - A
SEGMENT IOML: | VOML. = Vs§,£0.2 ar-4| - | -
loL: | VoL.=—4.3V 4 - -
Outputcurrent3 IOHs | VOHs=—-05V -10| - | - A
AC2 LOAD XTOUT IOLs | VOLs=—1.15V 10 — —
Output current 4 IOHs | VOH4=—0.5V —-100| — -
A
M1~ M4 loLs |VoLs=—1.0V 2 | - | 10"
Output current 5 IOHs | VOHs=-0.55V Vgg,=—1.25V |-12.5| -25| —83
LD VEE =-2.0V nA
loLs |VoLs= -085V | Vgg,=-2.0V 1 - -
Output current 6 IOHe | VOHe =—0.55V Vgg,=—-1.25V | —17 | =30} —62
BD VEE =—2.0V wA
IoLs | VOLe= —0.85V Vss,=-2.0V - 5 -
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Limits
Parameter Symbol Conditions Unit
Min. | Typ. [Max.
Input current 1 IH:  |VIH, =0V 2 20 | 100
S1~8Sa4 pA
! I|L1 V||_1 =-1.55V — — -0.2
Input current 2 IIH2 | VIH, =0V 5 |13 | 26 A
Ki~Ks L | ViLe=—1.55V - | - |-02
Input current 3 lIHs [ VIHs =0V - | 30 | 45 A
PN liLs  |[ViLs=—1.55V 2 02
Oscillator built-in
capacitance CcD - 20 | - pF
MEASURING CIRCUIT
VCP I C1.C2.C3.C4:0.1 uF
4 . . . 01w
vom[-S4T cs : 30 pF
_ X-tal :32.768 kHz
XT—2
VEE XT —ﬂ:
C5
VDD VSS1VSS2 VSS3
c1 %\)@J{ c2]  cal
TYPICAL APPLICATION
C1 : 5~35pF
LCD C2t0C5 : 0.1 uF
B: 15V
L: 20mH
Lamp
s1 SEGMENTS COM1 to COM3
—r
55 s1
) S2 52 LD — L
83 ——
0 o 83
84575 laa BD 1 Em__‘
MSM6051 v
XT SS1 A
X-tal _
= (Cp=20 pF) VDD
u[/ T
’(rn VT_: VeMm Ac Vss: Vsss '
T RE T
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DESCRIPTION OF INSTRUCTIONS

Instruction Code

Mnemonic Operation
131211109 8 7 6 5 4 3 2 1 0
ADDACC,AP [0 00 0 O P[0 1 0 O A AP — (AP) + (ACC)
ADD#D,AP [0 1|1 0 0 P D A AP — (AP) + D
ADC AP oolooopPlo1 o1 A AP — Decimal adjust
{(AP}) + (ACC) + (C)}
ADCN AP 1t1looop N A AP — N adijust {(AP) + (C)}
SUBACC,AP |0 0/0 0 1 P[0 1 0 O A AP — (AP) — (ACC)<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>