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® OKI MICROCONTROLLERS LINE-UP @
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® LINE-UP AND TYPICAL CHARACTERISTICS @

LINE-UP AND TYPICAL CHARACTERISTICS

LOW POWER HIGH SPEED

OLMS-50/60 SERIES OLMS-64/65 SERIES

PRODUCT POWER PRODUCT MACHINE
NAME ROM RAM | CONSUMP. FEATURES NAME RoM RAM CYCLE FEATURES
MSM6404 4000 x 8 256 x4 952 nS | VO: 36
MSM5052 1280 x 14 62x4 3 PA | 52 Seg. LCD Driver
MSM6408 8096 x 8 256 x4 1000 nS | 1/O: 36
MSM5054 1024 x 14 62x4 3 pA | 88 Seg. LCD Driver
MSM6411 1024 x8 32x4 952nS | VO: 11
MSMS5055 1792 x 14 96 x4 3 A | 120 Seg. LCD Driver
MSM6422 2048x8 64x4 952nS | VO: 19
MSM5056 1792x 14 90 x4 3 PA | 76 Seg. LCD Driver
MSM6434/
MSM6051 | 2560x 14 | 120x4 31A | 189 Seg. LCD Driver 6ap34 4000x8 | 2564 952 nS | A/D Converter
MSM6352 2048 x 14 640x4 0.4mA | DTMF Generator MSM6442 2048 x8 128x4 952n$ | 92 Seg. LCD Driver
MSM6351 | 4096x 15 | 1024 x4 3pA | 232 Seg. LCD Driver MSC6458 8192x8 | s12x4 930ns | 144 Seg. FLT Driver
Serial Port MSM6502/
MSM6353 4096 x 15 1024 x4 3 PA | (Synchronised/ 2000 x8 128x4 91.5 1S | 108 Seg. LCD Driver
Asynchronised) 6512

IC CARD

4 BIT

OLMS-62K SERIES

PRODUCT MACHINE
NAME ROM RAM CYCLE FEATURES
MSM62780 6144 x8 192x8 800 nS Built-in E£PROM
8198 x8 for IC Card
ilt-in E2
MSM62720 3072x8 128x8 800 nS Built-in EPROM
2048 x 8 for IC Card
MSM62408 15360 x 8 352x8 930 nS | 384 Seg. FLT Driver
162G408

8 BIT

OKI SINGLE CHIP



® LINE-UP AND TYPICAL CHARACTERISTICS o

HIGH PERFORMANCE
HIGH PERFORMANCE nX SERIES

INTEL COMPATIBLE SERIES OLMS-67K SERIES
PRODUCT MACHINE PRODUCT MACHINE
NAME ROM RAM CYCLE NAME ROM RAM CYCLE
MSMBOC35148 1024x8 64x8 136 ps MSM67620 16384 x 16 512x8 200nS
MSMB0C39149 2048x8 128x8 136 s MSM67P620 EPROM 512x8 200 nS
16384 x 16
MSC80C40150 4096 x 8 2568 258
MSMBOCS 1F-1 4096 x 8 128x8 750 nS 8 BIT
MSMBOC51F 4096 x 8 128x8 1ps
MSMBOC31F-1 - 128x8 750 nS OLMS-66K SERIES
MSMBOC31F - 128x8 1ps PRODUCT MACHINE
NAME ROM RAM CYCLE
MSMB3C154-1 188384 x 8 256x8 750 nS
MSM66301 16384 x 8 512x8 400 n$
MSM83C154 16384 x 8 256 x8 1ps
MSM66201 16384 x 8 512x8 400 n$
MSMBOC154-1 - 256x 8 750 ns
EPROM
MSM66P201 512 400 ns
MSM80C154 - 256x8 1ps 16384x 8 x8 0
MSM66207 32768 x8 1024x8 400 nS
8 B IT EPROM
MSM66P207 32768 x8 1024x8 400 nS

8/16 BIT

OLMS-65K SERIES

PRODUCT MACHINE
NAME ROM RAM CYCLE

MSM65511* 4096 x 8 128x8 400 nS

MSM65512* 8197x8 256x8 400 nS
* EPROM

MSM65P512 8192x 8 256x8 400 nS

MSM65513 8192x8 256x8 400 nS
EPROM

MSM65P513 8192x 8 256x 8 400 nS

MSM65524 16384x 8 384x8 400 nS
EPROM

VISM65P524 16384 x 8 384x8 400 n/s

8 BIT
—

_I'—I *: Under Development
MICROCOMPUTER




B OLMS-50/60 4-Bit Series Single-Chip Microcontrollers

Supply | Supply ROM RAM
. . I t
Model Function Process | Voltage | Current | Capacity | Capacity nput | Outpu LCD Output Package
(Voo) | (o) | (Bits) | (Bits) | Ports | Ports
MSM5052-XX | Low Power 4 Bit Single Chip CMOS 1.5v 3pA 1280x14 62x4 8 5 26 segments DIE
Microcontroller with LCD Driver 2 common FORM
and Thermometer Circuit
MSM5054-XX | Low Power 4 Bit Single Chip CMOS 1.5/3V | 3/1.5pA | 1024x14 62x4 6 4 44 segments DIE
Microcontroller with LCD Driver 2 common FORM
MSMS5055-XX | Low Power 4 Bit Single Chip CMOS 1.5/3V | 3/1.5pA | 1792x14 96x4 8 4 60 segments DIE
Microcontroller with LCD Driver 2 common FORM
MSM5056-XX | Low Power 4 Bit Single Chip CcMOS 1.5V 3pA 1792x14 90x4 4 4 38 segments DIE
Microcontroller with LCD Driver 2 common FORM
and Solar Cell Circuit
MSM6051-XX | Low Power 4 Bit Single Chip CMOS | 1.5/3V | 3/1.5pA | 2560x14 | 120x4 9 4 63 segments DIE
Microcontroller with LCD Driver 3 common FORM
MSM6351-XX | Low Power 4 Bit Single Chip CMOS 1.5/3V 3pA 4096x15 | 1024x4 - - 58 segments 100 QFP
Microcontroller with LCD Driver 4 common or DIE
20 I/0 ports FORM
MSM6352-XX | Low Power 4 Bit Single Chip CMOS | 20/5.5V | 400pA |2048x14 | 640x4 12 12 41/0 ports 28/40DIP
Microcontroller with DTMF Circuit 44 QFP
MSM6353-XX | Low Power 4 Bit Single Chip CMOS 1.5/3v 3pA 4096x15 | 1024x4 - - 20 I/O ports 42SDIP

Microcontroller

® SJLLSIHILOVHVHO TVIIdAL ANV dN-3NIT e




B OLMS-64/65 Series 4-Bit Single-Chip Microcontrollers

P
L J

Supply ROM RAM Input
Model Function Process | Voltage | Capacity | Capacity P Output Ports /O Ports | Package
(Voo) (Bits) (Bits) | Pors
MSM6404A-XX | High Performance 4 Bit Single Chip CcMOS 5V 4Kx8 256x4 4 — 32 42 DIP
Microcontroller 44 QFP
MSM6411B-XX | 4 Bit Single Chip Microcontrollier CcMOSs 5V 1Kx8 32x4 4 — 8 16 DIP
MSM6422-XX | 4 Bit Single Chip Microcontroller CMOS 5v 2Kx8 64x4 4 _ 14 24DIP
24 S0P
MSM6434-XX | 4 Bit Single Chip Microcontroller with A/D cMOs 5V 4Kx8 256x4 1 — 12 30SDIP
Converter
MSM6408-XX | 4 Bit Single Chip Microcontroller CcMOS 5v 8Kx8 256x4 4 — 32 42 DIP
44 QFP
MSM6442-XX | 4 Bit Single Chip Microcontroller with LCD CMOS 5v 2Kx8 128x4 4 LCD46 (DC) /92 32 80 QFP
Driver (1/2 duty)
buzzer 1
MSC6458-XX 4 Bit Single Chip Microcontroller with FLT Bi- sV 8Kx8 512x4 9 FLT 12(Tim)/ 24 64 SDIP
Driver CMOS 12(Seg)
MSM6502B-XX | Low Power 4 Bit Single Chip Microcontroller | CMOS 3v 2Kx8 128x4 4 LCD segment 8 56 QFP
with LCD Driver output 108 (small)
MSM6512-XX | Low Power 4 Bit Single Chip Microcontroller | CMOS 3v 2Kx8 128x4 4 LCD segment 8 56 QFP
with LCD Driver output 108 (small)

© SOILSIHILIOVHVHO TVIIdAL ANV dN-3ININ
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B OLMS-62K 8-Bit Series Single-Chip Microcontrollers

® SOILSIHILOVHVHO 1VIIdAL ANV dN-3NIT @

Supply ROM E2PROM RAM . Inout
Model Function Process | Voltage | Capacity | Capacity | Capacity P: rts Output Ports I/0O Ports Package
(Vop) (Bits) (Bits) (Bits)
MSM62720-XX | 8 Bit Single Chip CMOS 5v 3Kx8 2Kx8 128x8 —_— —_ Serial interface | DIE FORM
Microcontroller with
E2PROM
MSM62780-XX | 8 Bit Single Chip CcMOS 5v 6Kx8 8Kx8 192x8 —_ —_ Serial interface | DIE FORM
Microcontroller with
E2PROM
MSC62408-XX* | 8 Bit Single Chip Bi- 5v 15Kx8 — 352x8 9 FLT8 (Tim)/ 80 QFP
/62G408 Microcontroller with CMOS 24 (Seg)/
FLT Driver 8(Tim or Seg)
* Under development
B OLMS-65K 8-Bit Series Single-Chip Microcontrollers
Supply | ROM RAM Input
Model Function Process | Voltage | Capacity | Capacity Output Ports I/0 Ports Package
(Vo) (Bits) (Bits) | Ports
MSM65511-XX* | High Performance CMOS 5v 4Kx8 128x8 — — 32 40 DIP, 44/64 QFP
8 Bit Single Chip Microcontroller 44 PLCC
MSM65512-XX* | High Performance CMOS 5V 8Kx8 256x8 — —_ 32 40 DIP, 44/64 QFP
/65P512 (OTP) 8 Bit Single Chip Microcontroller 44 PLCC
MSM65513-XX* | High Performance CMOS 5v 8Kx8 256x8 8 —_ 48 64 SDIP, 64 QFP
/65P513 (OTP) 8 Bit Single Chip Microcontroller (small), 68 PLCC
MSM65524-XX* | High Performance CMOS 5v 16Kx8 384x8 8 — 44 64 SDIP, 64 QFP

/65P524 (OTP)

8 Bit Single Chip Microcontroller

(small), 68 PLCC

* Under development




B Intel Compatible 8-Bit Series Single-Chip Microcontrollers

Supply Voltage

Model Function Process (Voo) Package Remarks
‘MSM80C35 8 Bit Single Chip Microcontroller CMOS 5V 40 DIP External ROM
44 QFP
MSM80C39 8 Bit Single Chip Microcontroller CMOS 5V 40 DIP External ROM
44 QFP
MSMB80CA8-XX 8 Bit Single Chip Microcontroller CMOS 5V 40 DIP
44 QFP
MSMB80C49-XX 8 Bit Single Chip Microcontroller CMOS 5V 40 DIP
44 QFP
MSM80C40 8 Bit Single Chip Microcontroller CMOS 5V 40 DIP External ROM
44 QFP
MSM80C50-XX 8 Bit Single Chip Microcontroller CMOS 5V 40 DIP
44 QFP
MSM80C31F 8 Bit Single Chip Microcontroller CMOS 5V 40 DIP, 44 QFP External ROM
44 PLCC
MSMB8O0C51F-XX | 8 Bit Single Chip Microcontroller CMOS 5V 40 DIP, 44 QFP
44 PLCC
MSM80C154 8 Bit Single Chip Microcontroller CcMOS 5V 40 DIP, 44 QFP External ROM
44 PLCC
MSM83C154-XX | 8 Bit Single Chip Microcontroller CMOS 5V 44 DIP, 44 QFP
44 PLCC
MSM85C154 8 Bit Single Chip Microcontroller CMOS 5V Ceramic, piggyback
MSM6404VS High Performance CMOS 5V Ceramic, piggyback
4 Bit Single Chip Microcontroller
MSM6458VS 4 Bit Single Chip Microcontroller with FLT Bi-CMOS 5V Ceramic, piggyback
Driver
MSM62G408 8 Bit Single Chip Microcontroller with FLT Bi-CMOS 5V Ceramic, piggyback
Driver Under development
MSM66G301 High Performance CMOS 5V Ceramic, piggyback

8/16 Bit Single Chip Microcontroller

© SJILSIH3LOVHVYHI TVOIdAL ANV dN-3NIT @
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B OLMS-66K 8/16-Bit Series Single-Chip Microcontrollers

Supply

ROM

RAM

SOILSIHILOVHVHO TVIIdAL ANV dN-3NI @

Model Function Process | Voltage | Capacity | Capacity Input OutputPorts | I/OPorts | Package
(Vop) | (Bits) | (Bits) | Ports
MSM66301-XX | High Performance CMOS 5v 16Kx8 512x8 8 —_ 40 64 SDIP
8/16 Bit Single Chip Microcontroller 64 QFP
(small)
MSM66201-XX* | High Performance CMOS 5V 16Kx8 512x8 8 —_— 40 64 SDIP
/66P201 (OTP) | 8/16 Bit Single Chip Microcontroller 64 QFP
(small)
MSM66207-XX* | High Performance CcMOSs sV 32Kx8 | 1024x8 8 —_ 40 64 SDIP
/66P207 (OTP) | 8/16 Bit Single Chip Microcontroller 64 QFP
(small)
* Under development
B OLMS-67K 16-Bit Series Single-Chip Microcontroller
Supply ROM RAM Input
Model Function Process | Voltage | Capacity | Capacity P OutputPorts | /O Ports | Package
(Vop) | (Bits) | (Bits) | Ports
MSM67620-XX | High Performance CMOS 5v 16Kx16 512x8 - _ 56 64 SDIP
/67P620 (OTP) 16 Bit Single Chip Microcontrolier 64 QFP
(small)

68 PLCC




¢ CODE ENTRY o
CODE ENTRY ﬂ

The program code ENTERING method is outlined below.

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

EPROM specification
— 2716

2732

—27C32

—27C32A

— 2764

—27C64

— 27128

L. 27256

(2) 1 copy of object machine code list



© CODE ENTRY ¢

2. SINGLE CHIP MICROCONTROLLER DEVELOPMENT STAGES

USER 1 ® Program with OKI development tool.

OKl 4 @ Engineering Sample
i Actual production sample of your microcontroller
chip prepared for final approval. o

OKI 5 ® Volume production of single chip microcontrollers.

START
PRODUCT/SYSTEM
MANUFACT

12



Program Development System

Bl Low Power Series

© PROGRAM DEVELOPMENT SYSTEMS e

Object Chip System Name Standard Software
MSM5052 EASE5052/56
MSM5056
MSM5054 EASE5054/55 EASE
MSMS5055 ASM50 cross
MSM6051 EASE6051 assembler
MSM6351 EASE6351/53 host monitor
MSM6353
MSM6352 EASE6352

Note: Standard software adaptable to following operating systems.

CP/M-80:
MsS-DOS:
PC-DOS:

B OLMS-64 Series

Various personal computer models
OK!if800, NEC9801 and equivalents
IBM PC-XT, AT and 5550

System Adaptor Field
Object Chip y P Standard Software Dubugging | Piggyback
Name Module
Tool
MSM6408 — —
MSM6404A — — MSM6404VS
MSM6422 EASE6400 | PAM6422 EASE ASM6400 PEM6422
MSM6411B PAMG6411 PEM6411 —_
MSM6434 PAM6434 host PEM6434
MSM6442 PAMG6442 monitor PEM6442
MSC6458 EASE6458 — ASM6458 — MSC6458VS
Note: Standard software adaptable to following operating systems.

EASE, ASM6400:
ASM6458:

CP/M-80 (various personal computer models)
MS-DOS (for OKI if800, NEC9801 and equivalents)

PC-DOS (for IBM PC-XT, AT and 5550)

M OLMS-65 Series

Object Chip System Name Standard Software Field Debugging Tool
MSM6502B EASE6502 EASE6G5 MPB6502EVA
MSM6512 ASM6502

Note: Standard software adaptable to CP/M-80, MS-DOS and PC-DOS.

13



® PROGRAM DEVELOPMENT SYSTEMS e

M Intel Compatible 8-Bit Series

. . Optional :
Object Chip System Name Standard Software Software Piggyback

MSM80C48 EASE49 host monitor
MSM80C49 EASE80C49 ASM49 assembler — —_
MSM80C50
MSM80C51 EASE80C51mkli EASE host monitor See note 1 MSM85C154VS
MSM83C154 ASMS51 assembler

Notes: 1. Optional software for MSM80C51 family is as follows:

PASM pre-processor, MAC51 relocatable assembler, RL51 linker, LIB51
librarian, SID51 symbolic debugger.
2. Above software can be used in following operating systems:

® EASE49:
® ASMA49:
® EASE, ASM51:

CP/M-80, MS-DOS
CP/M-80, MS-COS
CP/M-80 for Oki if800, NEC PC8801, etc.

MS-DOS for Oki if800, NEC PC9801, etc.
PC-DOS for IBM PC-XT, AT and IBM5550

® PASM, MAC51,RL51, LIB51:

CP/M-80 for Oki if800, NEC8801, etc.

B OLMS-62K/ - 65K/ - 66K/ -~ 67K Series

Object Chip System Name Standard Software Optional Software
MSC62408 OMPFICE62408 AS62400, EASE —
MSM62720 EASE62780 AS62780, EASE —_
MSM62780
MSM65524/65511/ OMFICE + EVM65524 * RAS65K, RL65K,

65512/65513 LIB65K, SID65K *

MSM66301 EASE66301 RAS66K, RL66K, CC66K *

MSM66201/66207 EASE66201 * LIB66K, SID66K SDB66K *

MSM67620 OMFICE + EVM67620 * RAS67K, RL67K, CC67K *
LIB67K, SID67K *

14

* Under development
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PACKAGING

PIGGY FJ
broduct No. of | DIE oip | spip | OV SOP/QFP (P?.cC)
RS ss Vs GSK | GS-1K | GS-VK | GS-VIK| Js
MSM5052 6 | o o o
80 &)
MSM5054 868 | o o
80 0
MSM5055 80 [¢) ¢)
MSM5056 - O
MSM6051 - [e)
MSM6351 100 [¢) )
28 [6)
40 O
MSM6352
42 ¢
a4 O O
MSM6353 42 o
44 O O
42 [6)
MSM6404 ” 0 5 5 5
MSM6404VS 42 @)
42 O
MSM6408 " 0 5 .
MSM6411 16 o) ©
24 0
MSM6422 24 @) @) o)
MSM6442 80 ) ¢
30 ¢
MSM6434 40 0
44 O
MSM64P34 30 e
MSC6458 64 e
MSC6458VS 64 O
MSM6502 56(s) @) )
MSM6512 56(s) @) [¢)
MSC62408B 80 O
MSC62G408B 80 )
MSM62720 - )
MSM62780 - )
40 0
MSM65511 m ) 5
40 0 [
MSM65512 a4 T.B.D. ¢
64 T.B.D.
40 )
MSM65P512 44 O
64 T.B.D.
MSM65513 64 @) T.B.D.
68 | ¢
64 O T.B.D.
MSM65P513
68 [ [}

17



® PACKAGING ¢

PIGGY QFJ
Product No.of | DIE | DIP | SDIP | Gany SOP/QFP (PLEC)
Pin FORM
RS sS vs | GSK | Gs-1K | Gs-vk [Gs-vIK| Js
64 o T.B.D.
MSM65524
68 l I I S
MSM65P524 e © T80D.
68 ¢
40 O
MSM80C35 " 5 5
40 o
MSM80C48 " 5 5
MSM80C39 20 ©
44 0 O
40 0
MSM80C49 ” 5 5
40 o)
MSM80C40 ” 5 5
40 o
MSM80C50 ” 5 S
40 0
MSM80C31F ” 5 5 5
40 9
MSM80C51F ” 5 S S
40 9
MSM80C154 ” 5 5 5
40 o
MSM83C154 “ 5 5 5
MSM85C154vVS | 40 o
0 0
MSM66201 K
68 O
64 o)
MSM66P201
s " 0
9
MSM66207 a
68 0
64 ¢
MSM66P207
68 0
64 o) o
MSM66301 o o
MSM67620 64 9 T.B.D.
68 O
64 9
MSM67P620
68 0

18




® PACKAGING ¢

PLASTIC DIP
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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 effarts 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 along 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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2nd Sorti ® Electrical Test
nd Sorting ® Regular Check of Measuring
Equipment:
" ® Group A Test

?U'QO'{}Q e Group B Test

nspection ® Group C Test

Storage

Shipping

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

Sales
Department

Analysis
report

Request for

technical
improvement i )
Engineering
________ Department
r Report on
| results of
investigation
& improvement po
. € —
2_g| |88
Assurance I Ag 2 E 3
Department Seo|[ce
g9 g 25
Report on clE
results of

investigation -
& improvement
________ Manufacturing
D

epartment
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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MICROCONTROLLER LIFE TEST RESULTS

® RELIABILITY INFORMATION e

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) (pes) (pcs)
Operating Ta=125°C 88 |2000 0 88 (2000 O 88 (2000 O MIL-
life test Vee =6V (H) (H) (H) STD-883C
METHOD
1005
Temperature Ta=85°C 100 (2000 0 100 |2000| O 100 (2000 O
humidity test RH =85% (H) (H) (H)
Vec=6'
Ten|1perature —355°C<-)—’RT(=150°)C 100 ?OO 0 100 (30)0 0 100 (50)0 0 Mlé.sgz D-
cycling test | (30 min) 1 (30 min cy) cy) cy)
(5 min) METHOD
1010
Pressure Ta=121°C 50 | 200 0 50 200 0 50 | 200 0
cooker test RH =100% (H) (H) H)
2 atm
Part name MSM6404-XXJS 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( O 88 |2000f O MIL-
life test Vce=6V (H) (H) STD-883C|
METHOD
1005
Temperature Ta=85°C 100 |2000 0 100 {2000 0
humidity test RH =85% (H) (H)
Vec =6V
Temperature |- 55°C=2RT=150°C| 100 | 500 0 100 | 500| O MIL-
cycling test | (30 min) 1 (30 min) (cy) (cy) STD-883C|
(5 min) MEJTHOD
1010
Pressure Ta=121°C 50 | 200 O 50 200 O
cooker test RI;= 100% (H) (H)
atm
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MICROCONTROLLER ENVIRONMENTAL TEST RESULTS

36

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 22 0 22 0 22 0 MIL-
Heat Test 10 SEC STD-853C
METHOD
N 2003
\ 4
Temperature | —55°C=RT=150°C 22 0 22 0 22 0 MiL-
Cycling Test | (30min) (Smin) (30min) STD-883C
20 cycles METHOD
1010
¥
Thermal 100°C=0°C 22 0 22 0 22 0 MiL-
Shock (5min)  (5min) STD-883C
Test 10 cycles METHOD
1011
Lead Tensile 500g 10 SEC MiL-
Integrit 1 0 1 0 1 0 STD883C
Y1 Bending| 2509 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)
g .
[ v
= Soldering Vapor Phase Reflow
s (215£2°C,90 + 10, - Osec)
£ | Heat Test 2 times e
€
c
£ - 22 0 22 0
f>.: Temperature -55°C=RT=150°C MiL-
— | Cycling Test (30min) (5min) (30min) STD-883C
g 20 cycles METHOD
5 1010
b
£ v
Thermal 100°C=0°¢c MIL-
Shock (5min)  (5min) STD-883C
Test 10 cycles METHOD
1011
?‘, Solderability Bake (125°C, 24hrs) 22 0 22 0
': § Immerse into Flux
_g Immerse into Solder
5 (215+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.

Semiconductor Element Failure Rate Curve
Initia) SHIPPING

Wear-out

i f .

o | failure Random |_ failure
5 failure

o

© m>1
<4
5 /
= G /
e eneral /

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 semiconductor memory component ele-
ments (which means the elements themselves
are less resistant), these failures usually occur
during assembly and other handling operations.
At Oki, all devices are subjected to static elec-
tricity intensity tests (under simulated operation-

Example of surge destruction

® RELIABILITY INFORMATION e

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

Al
b TN Input section
Aluminum Z {l_ﬁé

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.

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

y/7///4 U/ Y774

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 §V. As a result, electrons flowing in
the channels, as shown in the accompanying dia-
gram, tend to enter into the oxide film near the
drain, leading to degradation of performance. Al-
though previous low-temperature operation tests
have indicated an increase of this failure, we
have confirmed by our low-temperature acceler-
ation tests, including checks on test element
groups, that no such problem exists in Oki LSlIs.

Drain
+Vp
Vg [}
—-l |
]
Gate Source g Hot electrons

l Gate

Silicon oxide © © /]

+Vp

//SW%\N? ’ 8N+omn
/ AN k)

Substrate silicon
Characteristic deterioration caused
by hot electrons

With further progress in the miniaturization of cir-
cuit components, failures related to pin hole
oxide film destruction and photolithography have
increased. To eliminate these defects during
manufacturing, Oki has been continually improv-
ing its production processes based on reliability
tests and information gained from the field. And
we subject all devices to high-temperature burn-
in screening for 48 to 96 hours to ensure even
greater reliability.
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OKI semiconductor
MSM5052

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

GENERAL DESCRIPTION

The OKI MSM5052 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. i

FEATURES
® | ow Power Consumption 3 nA Typical ® 42 Instructions
® 1280 X 14 Internal ROM ® 1.5V Operating Voltage
® 62 X 4 Internal RAM ® 32.768 kHz Crystal Oscillator
® 4 X 2Input 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 ® Package:
(1/2 Duty, 1/2 Bias, 52 Segment) 56(S) pin plastic QFP (QFP56-P-910-K)

56(S) pin plastic QFP (QFP56-P-910-VK)

FUNCTIONAL BLOCK DIAGRAM 80 pin plastic QFP (QFP80-P-1420-K)

Do
DIN3  DATA RAM
. BUZZER DOUTo 62 word x 4 bit
DRIVER DOUT;
A6~A4 A3~AO
MPX
REGISTER
SEGMENT
OuTPUT ouT1
Lo PORT —| pispLAY ¢
LATCH
Y end o SEGMENT
M, 2};‘:”‘ T > o ouT26
1 R [—* coM1
Ma (M1~M4) l A F—. com2
= 1
2 DOUT,3~ DOUT
K4 (K1~Ka) s ° INSTRUC-
N o DEQODER
Sy INPUT MPX. PROGRAM ! PROGRAM ROM o
! f:a PORT, COUNTER 1280 word X 14 bit
" sa) w i
Sa (81~84! VT
REGISTER
COUNTER
osc1 1 tmine
0SC2 <—— GENERATOR CR.
T T [LLED
THR CIN Voo Vss, Vss, Vcp Vem AC Ty T2 T3 Ta Ts
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LOGIC SYMBOL CHIP PAD LAYOUT
SECMENT OUT
OSC1 SEGMENT seG2e| [ |seGi
OSCILLATION [ 0sC2 ouT1|— COoM2 coM1
S1sca S s 0sc3
|gl‘vg1é z)om { Sg LCDDRIVER 0sc2
84 SEGMENT 0OSC1| ¢
K1 ouT26 |—
INPUT PORT K2 COM1 |—w
(K1~K4) [—- K3 COM2 t— s
K4 VDD T
M1 THI—= OSCILLATION AC
QurpuT, fORT { M2 8 :__’] CIRCUIT FOR T2
Ma IN |— ] TEMPERATURE vep 11a
OUTPUTPORT =—]LD DETECTION
RESET ™ CSD 8D} BUZZEROUTPUT o 1
17 = a0
POWER SOURCE | /22 15 _‘J TEST st VDD
—=1VvCM T4—
TS f~—. 82
83
M1 M2M3  M4LD [K1 K2K3 K4 |C N R TH
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.
Vepr, VeM Booster capacitor connection terminals
Vcp terminal is connected to Vg terminal through a 0.1 uF capacitor.
0OSC1,0SC3 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 Vgsg ..
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.




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.

® MSM5052 ¢

Input Port (K1 ~ K4)

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

Output Port (M1 ~ M4)

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

Output Port (LD)

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

Display Function

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

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

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

Temperature Detection Circuit

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

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

T IN [} IN
FC  mMsMs052 e E‘.?;.’féi‘.’”
R Thermom*’:‘ef) R Thermometer
™ (R, TH series| 11 (R TH paraliel)
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 v
Supply Voltage 2 VDD — VsS: Ta =25°C -0.3to0 +4.0 Vv
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 VpD— VsSs: 1.25t01.65 Vv
Operating Temperature Topr —-20t075 °C
DC CHARACTERISTICS
(Vpp =0V, Vgs,=—1.65V, Vgg, = —3.0V, C| = 30k{}, Ta = 25°C)
Limits
Parameter Symbol Condition Unit
Min. {Typ. |Max.
Power supply current1 | Ipp, | Temperature sampling off - |30 | — [uA
Power supply current2 | Ipp, | Temperature sampling on - |100 | - nA
Oscillation start Within 10 seconds 145 | — - "
voltage -Vosc| vgg, terminal
IoH: | VOH,=-0.2V -4 | - -
Output current 1 IOM: | VOM, =Vss, = 0.2V a/—a4| — — | ua
loL, |VoL,=-28V 4 - -
Output current 2 IOH: | VOH.=-0.2V 04| - | -
SEGMENT oLz | VOLe=—28V oa | - | - |
Output current 3 IOHs | VOHs =—04V -400| - | - A
C.R.TH loLs | VoLs=-1.15V 400 | — "
Output current 4 IOH4 | VOHs=-0.4V -100| - -
M1~M. LD I0Ls | VOL.=—115V o< - |**
Output current 5 IOHs | VOHs = —0.4V -50 | — |-500
BD loLs | VOoLs=—1.15V i e e
Input current IH, | VIH =0V 1 |10 | 100
$1~84 Ki1~K4 WL, | VIL,=—155V ~ < 202"
Srsaeier ™| oo - e | - e
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MEASURING CIRCUIT
vCP
C2
ca N vem —T
S a1
R OSC1
L—MA—TH C1
TH VDD__VSS1_VSS2

ca] :
OOT “p

Ca : 3000 pF
X-tal :32.768 kHz

RTH :10KQ
TYPICAL APPLICATION
LCD
TH COM2 SEGMENTS COM1
M
TH ! HI } Alarm output
R Mz f———= LO
R1
Rz l C1 2 M Pata } Serial data
—{c MSM5052 LD ——— Latch
W 0SCH BD
B (CD=25pF) v =
32.768 kHz|OSC3 VSS' : =
ezo
cal|Vop PO R1=33k0
T _{vem AC|—o5 o4 Rz =20 kQ
VSS:KaS2 81 Sa K2 Ks Ki " TH 40BT-5
40K Q10% at 25°C
B =3550+2%
o o [e] ?
N e e -~ C1=680 pF
C4l a,9 9 o o ? C2=5~35pF
| Cs=0.1 uF
Ca=0.1puF

" C/F Sz Si :
*1. Inner switch or pad on PCB

*2. Bonding option
Thermometer one-
second sampling
Thermometer 10-
second sampling
The hi?hest
temperature alarm

The lowest
temperature alarm
Clock

ald|lOIN| =
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DESCRIPTION OF INSTRUCTIONS

Instruction Code

Mnemonic Operation
131211109 8 7 6 56 4 3 2 1 0
ADDACC,AP |0 0[O OP|lO1 OO A AP — (AP) + (ACC)
ADD #D, AP 01 oP D A AP — (AP) — D
ADC AP 00/000P|O1O01 A AP — Decimal adjust
{(AP) + (ACC) + (C)}
§ |SUBACC,AP |0 0|0 0 1 PO 100 A AP — (AP) — (ACC)
g SUB #D, AP 0 1[1 01 D A AP — (AP) — D
& |sBC AP 00001 Pl01O01 A AP «— Decimal adjust
% {(AP) — (ACC) - (C)}
E |cMPACC,AP |0 0|00 1T PI1T 110 A (AP) — (ACC)
Slcvp#p.AP [0 1l0 1 1 P D A (AP) = D
INC AP 011 00P|0O0O1 A AP —(AP) + 1
DEC AP 0 101P|00O01 A A —(AP) — 1
XORACC,AP [0 0|0 0 0 P{O 1 1 1 A AP — (AP)¥-(ACC)
XOR #D, AP 0 1{1 1 1P D A AP — (AP) %D
BIT ACC, AP 00{000FP|1T 110 A (AP) V [ACC)
c |BIT #D, AP 01/010°FP D A (AP) VD
% BIS ACC, AP 00/00O0FP|0O1 10 A AP — (AP) V (ACC)
8 [ms#D,Ap |0 1/0 00 P| D A AP — (AP) VD
& |BICACC, AP 00/j001P|O110 A AP — (AP) A(ACC)
BIC #D, AP o1loo1pP D A AP — (AP) AD
= |ASRAP 00(00O0OTFP 01 1 A CZ(0) 0 — AP~
& [ASLAP 0000 T1P 011 A (C) —(AP) —0
cLz 0 0(0 00O 010/0000 z-0
5 |cLC 0 0/0O0OO0O|1 0O01{0000O0] C+0
§CLA 0 0/00O0O0|(1 0110000/ |Z—0C+~0
S |sEz 0 0/00O10[1010[/0000] z—1
§3Ec 0 0/0O0O10/1001{0000O0]/|C—1
SEA 0 0/0 01 0[1 01 0000 ([Z—1C—1
MOV ACC,AP |1 1|1 1 O PO O OO A AP — (ACC)
MOV ACC,AX (1 1|1 1 0 0fO X A AX « (ACC)
% MOV #D, AP 011 10P D A AP —D
§ MOV AP,ACC |1 1|1 1 1 P|0 O 0 O A ACC — (AP)
£ IMOVAX,ACC |1 1|1 1 1 0{0 X A ACC — (AX)
© ICHG AP 1 11 00 Pl0OOOO A (ACC) — (AP)
CHG AX 1 1{1 00 00 X A (ACC) — (AX)
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DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code

Mnemonic Operation
31211109 8 7 6 5 4 3 2 10
JMP adrs 1 0|0 a,a, ag|a, a5 a5 a,|a, a, a, a,| PC<adrs
JMP @AP 0 0{000FPI1 101 PC < (PC) + (AP) +1
JMPIO@AP [0 0[0 0 1 P|{1 1 0 1 PC « (PC) + [(AP)A7H] + +1
B I 0 0[0 1 10[0 1 0n,n,nn, ng PC—(PC)+n+1,ifZ=1
BNE +n . -
o lenz i 0 0[0 1 101 1 0n,|n n,n n|PC(PCltn+1,ifZ=0
£
3
Tles gn 0 0/0110{001n,nn,n nlPC—(PCl+n+1,ifC=1
BeC 0 0{0 11 0[101n,n,n,n ny|PC—(PC)+n+1,ifC=0
PC<(PC)+n+1,ifZ=0
BGT +n 00j01T 1 01T 1 1 nnjnyn,n ng and C=0
PC—(PC) +n+1,ifZ=1
BLE +n 0 0|0 1T 1 0|0 1T 1 ngny;n,n, ng orC=1
_| INPPort, AP [1 1(0 1 0 P| Port A AP < (Port)
=3
§g OUTAP,Port |1 1|0 1 1 P Port A Port < (AP)
c
£6
OUT #D,Port [0 0|0 1 Q O| Port D Port < D
3 | DSPdigit, AP [0 0|1 0 O P| digit A digit < (AP), (ACC)
o
2 | DSPF digit, AP [0 0|1 1 0 P| digit A digit < (AP) via table
S| HALT 0 0/0100(0000O0|0O0O0 OfHaltCPU
2c
S gl Nnop 0 0/|0 0O OO|O OO O|O O O Of NoOperation
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OXK I semiconductor

MSM5054

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

GENERAL DESCRIPTION

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

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

FEATURES
® Low Power Consumption 3 nA Typical ® 40 Instructions
® 1024 X 14 Internal ROM ® 1.5Vor 3V 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 LCD Driver ® 74 paddie
(1/2 Duty, 1/2 Bias, 88 Segment) ® Package:
56(S) pin plastic QFP (QFP56-P-910-K)
80 pin plastic QFP (QFP80-P-1420-K
FUNCTIONAL BLOCK DIAGRAM pin plastic QFP ( )
DINg
3

—DIN3_ DATA RAM

DO&JTO 62 word x 4 bit
s =

A6—A4 A3~A0

BD

BUZZER
DRIVER

MPX

REGISTER,

SEGMENT

DISPLAY] ouT;
N LATCH :> §
"
—
" NDRIVER SEG%EU'#L
TPUT
) PoRT JL_f¢ ] - I—>com,
Mg M ~M4)
—»COM,
K INPUT
1 PORT DOUT,3~ DOUT,
K2 toska) 1 ° INSTRUC-
Y Ao TION
DECODER
Sll INPUT ; PROGRAM ROM
d :;ORT 9 1024 word x 14 bit
4 SY FMT
E REGISTER -
XT ——— ]

TIMING
XT «——— GENERATOR

et i

Voo Vss, Vss, VEe Vcp Vem AC T) Ty Ty T4 Ts 32Hz
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LOGIC SYMBOL CHIP PAD LAYOUT

coMmi|
OSClLLATION[_“‘l(I SEGMENT NG
T out, [~ VoD
— xT
INPUT PORT 52 S S
[CRSTOVE p— LCD
SEGMENT DRIVER
INPUT PORT (——fK
Ky, k) (R OUTaq se
—m COM, |— ss | I8
OUTPUT PORT | ~—] M, COMz [—= vee| T
2 BUZZER
(M1~M4) ] 33 BD|— QUTPUT KL
— i
RESET o LD}—= LAMP OUTPUT Ke | L
—{VpD
—]Vss, M1
POWER |+——Vss, 32Hzf—u
SOURCE | *—{ Vg¢ T, M2
*~—{Vcp Tof—
—veh 12 |Test Ms

SEGMENT OUTPUT
CHIP SIZE 4.68 X 4.23 (mm)

PIN DESCRIPTION

Designation Function
Vpp Circuit ground potential
Vss; Power source (—1.5 V)
Vss, Power source for LCD driver (3.0 V)
This terminal is connected to Vpp terminal through a 0.1 uF capacitor.
VEE Power source for internal logic (—1.5to —3.0 V)
This terminal is connected to Vpp terminal through a 0.1 uF capacitor.
Vecpr. VeMm Booster capacitor connection terminals
Vcp terminal is connected to VoM terminal through a 0.1 uF capacitor.
XT, XT Input and output terminals of oscillator inverter,
32.768 kHz crystal is connected to these terminals.
Ti~Ts Terminals to test internal logic, T+ ~ Tsand Ts are pulled down toVgg,.
Ta4is 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 LL.amp output
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FUNCTIONAL DESCRIPTION

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

Program ROM

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

Data RAM

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

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

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

ALU

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

Program Counter (PC)

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

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

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

52

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
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
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Parameter Symbol Conditions Limits Unit
Supply Voltage 1 Vpp - Vss; Ta=25°C -0.3t0+2.0 v
Supply Voltage 2 VDD —Vss. Ta=25°C -0.3t0 +4.0 \
Supply Voltage 3 Vpp - VEE Ta =25°C -0.3to +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 VppD— Vss; 1.25t01.65 v
Operating Temperature Topr —20to 75 °C

DC CHARACTERISTICS
(Vpp =0V, Vgs,, VEE =—1.55V, Vgs, = —3.0V, C| = 30k}, Ta = 25°C)
Limits
Parameter Symbol Condition Unit
Min. | Typ. | Max.
Power supply current | Ipp - |80 | - nA
Oscillation start Within 5 seconds
voltage -Vosc SS, terminal 1.45 - - \")
IOH; VOH=-0.2V -4 - -
Output current 1
e IOM: | VOM,=Vss, =+ 0.2V a-4| - | - |puA
loL, VoL,=-2.8V 4 - -
Output current 2 IOH2 | VOH.=—02V 04 - | - LA
SEGMENT oL, | VoL.=-2.8V 04 | — | -
IOH VOHs=-04V | Vgg,=-1.25V | -50 | — (=500
Out;:gxlt)currenta 3 3 VEE‘= 1.5V uA
loLs VoLsz=—-0.8V Vgs, =-2.4V 25 - 75
Output current 4 IOH. VOH,=-0.55V ¥gg i =_—2 1.‘.‘2\‘/5V -21| - |-83 A
LD 1oL | VOLs=-1.15V | vgs,=—-2.4V 1 - | -
Output current 5 IOHs | VOHs=—-05V —100) ~ | -~
M1~ Ma rA
10Ls VOoLs=—1.0V 16| - |75
input current 1 IH, ViH, =0V 1 |10 | 50
S1~ S84 nA
L, ViL,=-1.55V - - |-0.2
Input current 2 liH ViH, =0V 25 | 6 | 12 A
K1 Kz [T ViL.=-1.55V - - |-0.2
Oscillator built-in
capacitor cb - 120 - pF
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MEASURING CIRCUIT

C1,Cy,C3: 0.1uF
C : 30pF

XTAL 1 32.768kHz
TYPICAL APPLICATION
LCD
4
S; —L COM; SEGMENTS COM,
s, 2.° S1
250 ‘32 LD
S 5‘6 S3
Sq - BD |’ l :
p—200—— 54 MSM5054 0
— Vss, J—
r—‘XT I
X-tal &5 (CD=20pF) VpD
AL
c ch Vem AC VSS;
|—-"——| %l- % ) T )

: 5~ 35pF
Cz, Cs, C4 : 0.1uF

: 1.5V
L : 20mH




DESCRIPTION OF INSTRUCTIONS

* MSM5054 ¢

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 0O 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[0 1 0 0O A AP — (AP) — (ACC)

.‘,% SUB#D,AP |0 1|1 0 1 P D A AP —(AP) — D

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

o [cMPAcc, AP [0 00 0 1 P[1 1 1 0 A (AP) — (ACC)

E CMP #D, AP 01/0 1 1P D A (AP) - D

§ INC AP 01/1 00pP 1 A AP — (AP) +1
DEC AP o1l1to01P 1 A A~ (AP) — 1
XORACC,AP [0 0[0 0 0 P[0 1 1 1 A AP — (AP)V"(ACC)
XOR#D,AP [0 1[1 1 1 P D A AP — (AP)¥D
BIT ACC, AP 0 0{00O0FP[1T 110 A (AP) V (ACC)

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

S |BISACC,AP [0 0{0 0 O P[O1 10 A APV (ACC)

8 [BIS #D, AP o1/l0oo00FP D A (AP) VD

@ [BICACC,AP |0 0|0 0 1 PlO 110 A AP A (ACC)
BIC #D, AP 01|00 1P D A APAD

& |ASR AP 0 0[00O0P|0OOT1 1 A c) 0— (aP)d

% [ASL AP 00/001 P[00 11 A (C) — (AP) —0
cLz 0 0/0o00O0|1010[0000[Z—0

s [cLc 0 0(/000O0(100T1/000O0|C—0

S [cLa oo0loooof1to011]0000[z-0C—0

§SEZ 0 0/0010[1010[000O0|Z—1

& [sec 00/0010[/1t00T1[l000O0|C—1
SEA 00(0010[1011/0000Z—1,C—1

_[Movacc,AP |1 1]1 1 0 PlOO0 OO A AP — (ACC)

2 [Movacc,Ax |1 11 1 00 X A AX — (ACC)

§ MOV#D,AP |0 1|1 1 0 P D A AP —D

£ IMovar,AcC [1 1|1 1 1 PlO OO O A ACC — (AP)

e MOVAX,ACC |1 1|1 1 1 0 A ACC — (AX)
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DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code
Mnemonic Operation
131211109 8 7 6 56 4 3 2 1 O
JMP Adrs 1 0|0 0 a, agla; ag a5 a,|a; a, a, a,| PC—Adrs
JMP @AP 0O 0|0 OOP|1T 101 A PC — (PC) + (AP) + 1
JMPIO @AP 0000 1P[1 101 A PC — (PC) + {(AP)A7H } +1
g oea 00011001 0 n,n,n,n,n,| PC—(PC)+n+1,if Z=1
NG In 0 0[01 101 10 nynsn,n,ny| PC—(PO+n+1,ifZ=0
BCS +n 0 0[O0 1 1 0|0 O O n,nyn, n, ng| PC—(PC)+n+1,if C=1
BCC +n 0 00 1 1 0[1 0 0 n,ngn,n, ny| PC—(PC)+n+1,if C=0
SWITCH AP 1 1/01 0P|O OO 1 A AP — INPUT PORT (S1~ S4)
KSWITCHAP |1 1{0 1 O P|0 O 1 A AP — INPUT PORT (K1 ~ Ko2)
MATRIX AP 110 1 1 P|{O O 1 A OUTPUT PORT (M1~ My)
3 —(AP)
8 MATRIX Mn 0 0|01 0 0|0 O 1 O0|MsMaM2M1| OUTPUT PORT (M1~Ma4)
3 —Mn (n=1,2,3,4)
g BUZZERfreq., |0 0|0 1 0 0|1 1 O O|bs b2 b1 bo| Freq — freq, Mreg — sound
~ |sound Buzzer start
BSO 0 0|01 00O 1 0 0|0 O O O | Buzzerstop
LAMPON/OFF |0 O(0O 1 0 0{0 O O 0 O b1 bo| LD ON/OFF
DSP digit, AP 0 0|1 OO0FP digit A Digit — (AP), (ACC)
% |FORMATAP (1 1/0 1 1 P[0 O 1 A FMT reg. — (AP)
g FORMAT N 00(0100[0011 N FMT reg. — N
DSPF digit, AP |0 0|1 1 O P digit A Digit «— (AP) via table
HALT 0O 001 O0O|O OO O{O O O O Halt
DA I R R P .
g INTDSAB 0 0|01 0O0O0f1 O11]0100 Disable timer
£ |32/16 0O 0|01 OO|O 1 O0OO(O0OO0O 1
g INTMODE AP 1101 0P|O1 0O A AP — Interrupt mode
% PAGE AO 11011 0|0 1 O 1 A Preg — (AO)
8 [PAGEN 00/0100(0101 N Preg —N
g RATE AP 1 1/0 1 0P|1 OO 1 A AP —DIVIDER (8 Hz~1 Hz)
RSTRATE 0 0|01 001t O OOt O O O] DIVIDER (8 Hz~1 Hz) —0
BACKUP 0 0|0 1 0 0|0 O O 1|bsb2 0 0| BackupON/OFF
ON/OFF
NOP O O[O0 OO O|0O OO O[O O O O Nooperation
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OXK I semiconductor

MSM5055

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

GENERAL DESCRIPTION

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

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

FEATURES
® | ow Power Consumption 3 uA Typical ® 42 Instructions
® 1792 X 14 Internal ROM ® 1.5Vor3V Operating Voltage
® 96 X 4 Internal RAM (Masking Option)
® 4 X 2Input Port ® 32.768 kHz Crystal Oscillator
® 4 X 1 Output Port ® 122.1 uS Instruction Cycle
® 4 X 4 Key Matrix Input (K1 ~K4, M1~M4) ® —20 to 75°C Operating Temperature
® 60 LCD Driver ® 94 paddie
(1/2 Duty, 1/2 Bias, 120 Segment) ® Package:
80 pin plastic QFP (QFP80-P-1420-K)
FUNCTIONAL BLOCK DIAGRAM
DINO
DINé DATA RAM
8D BUZZER .
ACC boUT 96 word X 4 bit
‘ ' Do'tg;AA A3—~A0

F M
REGISTER] |REGISTER 0
£
A
* REGISTER
! — SEGMENT
i <Teoar ke —n EnT
lh.ﬂod - ](M1~M4) )D|spLAy3 (
LATCH SEGMENT
T ] ouTe0
Ks‘ n::>'“o"“¥ | l DRIVER | _ s
POR
Ka (K1 ~Ka)| 1 l > ’——COMZ
S — e DOUT13~DOUTO ,
s o Vs A0 INSTRUC-
- 1
PROGRAM 1o PROGRAM ROM DECODER
COUNTER 1792 word x 14 bit
\/
XTOUT — |
AC2 —— TIMING
XT —-={ GENERATOR VSS1  VEE VCM
e l b L1

|
vDD  VSs2  VCP ACT1 T2T3 T4 T5
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LOGIC SYMBOL CHIP PAD LAYOUT
] seG31
VDD
vss2
—y SEGMENT
osciLLaTioN [T pryial ver
—=181
INPUT PORT [—- s2 g g
s1~s4) |88 LCDDRIVER S
o sl -
e B w0
il B R et 2
Lono S|t xrour|— SREEFULSE 3
RESET —{AC Ac2 RESET Te
—={ VDD
—=fVSS1 Tip—
POWER SOURCE {:j 3222 % "—‘} TEST
- VCP T4 Ts
—=VCM TS5 f— Te
i i
SEG1
SEGMENT OUTPUT
CHIP SIZE 5.49 X 4.71 (mm)
PIN DESCRIPTION
Designation Function
Vbp Circuit ground potential
Vss;, Power source (—1.5 V)
Vss: Power source for LCD driver (—3.0 V)
This terminal is connected to Vpp terminal through a 0.1 uF capacitor.
VEE Power source for internal logic (—1.5 to —3.0 V)
This terminal is connected to Vpp terminal through a 0.1 uF capacitor.
Vep. VoM Booster capacitor connection terminals
Vcp terminal is connected to VoM terminal through a 0.1 uF capacitor.
XT.XT Input and output terminals of oscillator inverter,
' 32.768 kHz crystal is connected to these terminals.
T1~T5 Terminals to test internal logic, T1 — T3 and T5 are pulled down to Vgg,.
T4 is output. Test pins must be normally open.
AC Terminal to clear internal logic pulled down to Vgg ;.
After power is turned on, the 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
XTOUT Clock output for external circuit




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
Vss1 by an internal resistor, and the status of
the port is fetched by the SWITCH instruction.

Input Port (K1 ~ K4) ‘

The input port (K1 ~ K2) is a 2-bit parallel
input port. Each pin of the port is pulled down to
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 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 Vpp —Vss, Ta =25°C -0.3to+2.0 Y
Supply Voltage 2 VDD —VsS: Ta=25°C -0.3to +4.0 \'
Supply Voltage 3 Vpp — VEE Ta =25°C —0.3to+4.0 \%
Input Voltage VIN, Ta=25°C Vss;—0.3to +0.3 Vv
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, Vss,, VEE = —1.55V, Vgg, = —3.0V, C; = 30k, Ta = 25°C)
Limits
Parameter Symbol Conditions Unit
Min. | Typ. |Max.
Power supply current | Ipp - 3.0 - nA
Oscillation start —Vosc| Within 5 seconds 145 | — - \"
voltage Vgs, terminal
I0H; VoH;=-0.2V -4 - -
Output current 1 IoM: | VoM;=Vss, =+ 0.2V 4/—4 | — — | pA
loLs VoL,=—-2.8V 4 - -
Output current 2 IOH: | VOH.=-0.2V 041 - | - A
SEGMENT oL, | VOL»=—-2.8V 04 | - | -
Output current 3 IOHs | VOHs =-0.5V -10 | - - A
Output current 4 I0Hs | VOHs=-0.5V -100| - - A
M1~M4 IoL: | VOL.=-1.0V 15 | - |127] "
Output current 5 IOHs | VOHs=-055V | Vgg,=-1.25V |-216| — |-83
LD VEE =—-2.4V wA
loLs VoLs=—1.15V Vgs, =—-2.4V 1 - -
Output current 5 IOHe VOHe =—0.4V Vss,=VEE =50 | — -
BD =-—1.25V wA
I0Hs VoLe =—0.8V Vss,=—2.4V - 5 -
Input current 1 IH+ ViH, =0V 1 110|650 A
S1~84 L, VIL, =—-1.55V — [ = [“o2| ®
Input current 2 lIH: VIH, =0V 25| 6 12 A
K1~Ks s VL, =—1.55V - | - |-02
Oscillator built-in
capacitor CD - |20 | - pF
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MEASURING CIRCUIT

AT
Vem p—r
VEE X7
XT & xTAL
Vpp Vs, a1

C1.C2.C3:0.1 uF

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

Lamp
S; L COM; SEGMENTS COM, UEL
0 O s
Sy, 1 L
15 o s, LD
S3 5‘6 S3
Sa BD + l :
—%0 0o——{ 4 MSM5055 N [
Vss, 4
XT L
X-tal 25 (CD=20pF) v
= DD
w I
v
’é'l “Tyep Vem AC Vss, 'EE

R

T'- :F ) -]' )
Cy : 65~ 35pF
C,,C3,Cq : 0.1uF
B 1.5V

L . 20mH
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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|O 1 0 O A AP — (AP) + (ACC)
ADD#D,AP |0 1|1 0 0 P D A AP —(AP) +D
SUBACC,AP |0 0|0 0 1 P|0 1 0 O A AP — (AP) — (ACC)
S(suB#p,Ap [0 11 01 P| D A AP —(AP) —D
g ADJUSTN,AP |1 1|0 0 O P| N+1 A AP — N adjust ((AP)]
o |cmpacc,aP [0 0o 0 1 P[1 1 1 0 A (AP) — (ACC)
SlcmMP#D,AP [0 1{0 1 1 P| D A (AP) - D
£ [INncaP 01/1 00P(0O0O 1 A AP — (AP) +1
~ IDEC AP 01/1 01P[0o0oO 1 A A (AP) — 1
XORACC,AP [0 0]0 0 0 P|O 1 1 1 A AP —(AP) ¥ (ACC)
XOR#D,AP [0 1]1 1 1 P D A AP —(AP) W D
BITACC,AP |0 00 0 O P|1 1 1 0 A (AP) V (ACC)
5 |BIT #D, AP 01|01 0P D A (AP)VD
T |BISACC,LAP |0 0|0 0 O P|O 1 10 A APV (ACC)
8 [Bis #D, AP ot1looopP D A (AP) VD
@ [BICACCLAP |0 0[0 01 PlO1 10 A AP A (ACC)
BIC #D, AP o100 1P D A AP AD
+ |ASRAP 00/o0o0P[0OO1 1 A | Co o=@mp2
% [ASLAP 00/001P[0O1 1 A (C) —(AP) —0
cLz ooloooolto1o0[looo0o0|z—0
§CLC 00/00O0O(10O0T1(000O0|C~0
gcu\ 00/000O0[1011/0000|Z—0C—0
o |sez 00/0010[1010[/0000]|Z—1
& |sec 00/0010[1001/0000O0]|C—1
SEA 00/0010[1011/0000|z—1C—1
MOVACC,AP [1 1[1 1 0o Plo 0 0 0O A AP — (ACC)
-2‘,’:, MOVACC,AX [1 1(1 1 0 o|lo X A AX — (ACC)
8|vov#pap [0 1[1 1 0P| D A AP —D
€ Imovar,acCc [1 1|1 1 1 PloooOoO A ACC — (AP)
© IMOovAx,ACC |1 1|1 1 1 0|0 X A ACC — (AX)
JMP adrs 1 0|0 a,,ae ag|la; as as a,|a; a, a, a,| PC+—adrs
o |IMP @AP 00/00O0FP[1 101 A PC — (PC) + (AP) + 1
§ JMPIO@AP |0 0]0 0 1 P[1 1 O 1 PC —(PC) + ((AP) A 7H} +1
ggg o 0 0[0 1 1 0[0 1 0 nin,n,n, ng| PC—(PC)+n+1,if Z=1
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DESCRIPTION OF INSTRUCTIONS (CONT.)

® MSM5055 o

Instruction Code

Mnemonic Operation
131211109 8 7 6 56 4 3 2 1 O
o o in 00[/0 11 0|11 0 nn,n,n, ny| PC—(PC)+n+1,ifZ=0
3 |BCS +n 0 0|0 1 1 0|0 O O n,nzn, n, ng| PC«—(PC)+n+1,ifC=1
BCC +n 0 0|01 1 0{1 O O n,ngn,n, ny| PC—(PC)+n+1,ifC=0
SWITCH AP 11(01 0O PIO OO A AP —INPUT PORT (S1 ~ S4)
KSWITCH AP 11/01 0 P|O O 1 A AP —INPUT PORT (K1 ~ K4)
MATRIX AP 11|01 1 P|O O 1 A OUTPUT PORT (M1 ~ M4)
- —(AP)
é MATRIX Mn 0 0|01 0 0|0 0 1 0|MsMaM2M1| OUTPUT PORT (M1~M4)
3 —Mn (n=1,2,3,4)
bg_ XTCPON/OFF |0 O(0O 1 O O|1 O O 0|0 O b1 bo| XTOUT ON/OFF
= [FREQN 0o0fo100[1101 N Freq —N
BUZZERsound |O O{0O 1 O O|1 1 O O|bs b2 1 0| Mreg+sound, Buzzer start
BSO 0 0j0O1 00|11 0O0|0 O O Of Buzzerstop
LAMPON/OFF |0 0|0 1 O O|O O O 1[0 O bi bo| LDON/OFF
DSPdigit,t AP |0 0|1 0 O P digit A Digit (Low part) — (AP), (ACC)
DSPH digit, AP |0 0|1 O 1 P digit A Digit (High part) — (AP), (ACC)
- FORMAT AP 11/01 1 P|OO0 11 A FMT reg. — (AP)
‘_‘;’. FORMAT N 0001t OO0|O0OO0 1 1 N FMT reg. —N
O |DSPF digit, AP |0 0|1 1 O P digit A Digit (Low part) < (AP)
via table
DSPFH digit, AP| 0 O (1 1 1 P digit A Digit (High part) — (AP)
via table
HALT 0001 OO0O|0 O0OOO0O|00O0 0| Halt
e Foolo o ofo 1o olo o 1 o] eI
T o
[72]
2 | INTMODE AP 1101 0P0O1O0O0O A AP — Interrupt mode
g PAGE AO 1 1/0 1 1 0{0 1 01 A Preg — (A0)
;? PAGEN 0 0(0O1 OO(O0O1O0 1 N Preg —N
§ ADRS AP 1 1/lo1 1 Plo1 10 A Areg — (AP)
2 ADRS N 00|01 0O0|O1T10O0 N Areg —N
© RATE AP 1101 0Pt OO 1 A AP —DIVIDER (8 Hz~1 Hz)
RSTRATE 0 0|01 0 0|1 O O O|1 O O O DIVIDER (8 Hz~1Hz) —0
BACKUP 0 0|01 0 0|0 O O 1{bab2 O 0| Backup ON/OFF
ON/OFF
NOP O 0|0 O O O|O O O O[O0 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

® | ow Power Consumption 3 uA Typical ® 42 Instructions

® 1792 X 14 Internal ROM ® 1.5V Operating Voltage

® 90 X 4 Internal RAM {The solar cell can be connected.)

® 4 Input Port ® 32.768 kHz Crystal Oscillator

® 4 Output Port ® 122.1 us Instruction Cycle

® 4 X 4 Key Matrix Input (K1~K4, M1~Ma4) ® —20 to 75°C Operating Temperature
® 38 LCD Driver ® 68 paddie

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

FUNCTIONAL BLOCK DIAGRAM

w‘ ACC DINo
DiNa
BUZZER DATA RAM
BD -
DRIVER DOUT, 90word x 4bit
)
A DOUTs
A6—~A4 A3~A0
MPX
F
- ALU REGISTE SEGMENT
EA ouT,
=< [ —————DISPLAY :> i
LATCH SEGMENT
MPX ——— (0] OUTsg
> DRIVER | _ com,
com.
. — | BT TT N e
1 PUT
1 [ v
,§4 z(o'iTK — Ly DOUT,;3~ DOUT,
~Kd) N Ao INSTRUC-
—:) TION
MPX PROGRAM) X PROGRAM ROM | |pECODER|
FMT ) COUNTER 101792 word x 14 bit
REGISTER

0SC; —
TIMING

s+ " RERNER R

VvSss Vv VCM
VD?/ss. ZVEE SCvcp ViN AC Ty Ty T3 Ta Ts




® MSM5056 ¢

SEGMENT OUTPUT
SEG38 SEG17
—{osc )
OSCILLATION [._ 0SC) SEG”SE“,‘rT COM: COM:
+—0sC3 ! 0SCa
s g 0sC2 T
—Ky LCcD 0SCH T2
INPUT PORT | —*|K2 SEGMENT] DRIVER VEE
(Ky~Kg) | K3 OUT3g—> VDD
—Ka COM, |— AC w
COMa}—
— m ) vCP
RT | M2 VoM
OUTP(LnJAT, zOM,,) [‘-* 3 8D BUZZER OUTPU1 Ts
] Ma BD
LO—= LAMP OUTPUT Te
RESET —={AC Ts vsc
] veo T
11—
-~ vzz' Tofe— VDD
POWER | .| EEZ T3 b— | TEST o
SOURCE | —lvgc Tal— VSS:2
~—Vcp Tsf— VSS1
"[Vem VIN
ADJUSTMENT for—e{v |y SEG1 SEG16
SOLAR CELL CRAMP
VOLTAGE

SEG8M: M2 Ms M« KiKz Ks KiSEGO

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 wF 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,.
Tais output. Test pins must be normaly open.

AC Terminal to clear internal logic pulled down to Vgs,.
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 k() resistor.
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FUNCTIONAL DESCRIPTION

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

Program ROM

The MSM5056 will address up to 1.75 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 0.

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

ALU

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

Program Counter (PC)

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

The PC is incremented by one at every
execution of an instruction, and then specifies
the next instruction to be executed. However, the
contents of the PC are rewritten by the execution
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 cycle is 122.1us.

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

Solar Cell Overcharge Protection Circuit

When a solar cell is connected to prolong the
usefull life of the battery, a resistor is inserted
between the V|N pin and Vgg1 to adjust the
overcharge protection voltage.

Vss;,

o] vin
‘“"F‘“Vm:

MSM5056




ABSOLUTE MAXIMUM RATINGS
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Parameter Symbol Conditions Limits Unit
Supply Voltage 1 Vpp — Vss: Ta =25°C —0.3t0 +3.0 V'
Supply Voltage 2 Vpp —Vsc Ta=25°C —0.3to +3.5 \Y
Supply Voltage 3 Vpp — Vss: Ta=25°C —0.3to +6.0 v
Supply Voltage 4 Vpp — VEE Ta=25°C —0.3to +6.0 v
Input Voltage VIN; Ta=25°C Vgs,—0.3t0 +0.3 v
Storage Temperature Tstg -55t0125 °C
OPERATING CONDITIONS
Parameter Symbol Limits Unit
Operating Voltage Vpp—Vss. 1.25t01.65 v
Operating Temperature Topr —20to 75 °C
DC CHARACTERISTICS
(Vpp =0V, Vss, VEE = —1.55V, Vgg, = —83.0V, C| = 30k, Cg = 30pF, Ta = 25°C)
Limits
Parameter Symbol Condition Unit
Min. | Typ. | Max.
Operating voltage 1 —Vss, | Vss,terminal 125156520 | V
Operating voltage 2 —-Vsc | Vsc terminal 0 |20 |30 ]| V
Power supply current IbpD Vss, terminal - 30| - nA
o[ ~vose Ve o BEEE
IoH: VOH;=-0.2V —4 - -
Output current 1 IOM: | VOM: =Vss, =+ 0.2V a-4] — | = KA
loL VoL,=—-2.8V 4 - -
Output current 2 IOH: | VOH,=—-0.2V -04] - | -
SEGMENT oL, | VOL,=-2.8V oa | - | - |
Output current 3 IOHs Vss. VEE —1.26V | VOH;—04V | —-100| - -
M1~ M4 loLs | Vss,-2.3V VoL.o08sv | 3 1 =18 "
Output current 4 IOH.4 VOH.=—0.4V —50 |-100[|—200
BD loLs | VOL.=—1.15V 10 [ a0 | “A
Input current hH, | VIN=-0V 10 | 15
Ki~Ks L, VIN = —1.55V - | - [-02 wA
Qgettorbultin | gp e - |
e L 0 - |20k
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MEASURING CIRCUIT

A){ Voo
T Vse
Vss1
mw—VIN
0OSC10SC3Vcp VpoMm Vss2  VEe
]
Clim)'(_ial l_é' CoT CaT
'1' 2
Cl H 30pF
C2, C3, C4 H 0.1MF
X-tal : 32.768kHz

TYPICAL APPLICATION

LCD

==

COM, SEGMENT COM;

MSM5056

Vcp VemVss, VEE OSCy OSC3 A

TR2

I—JCI-—' Caof C3 -oH

r CG 32.768
7 kHz

T
[

&

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

L; :20~"30mH

B :1.5V

R : 50~ 200k
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DESCRIPTION OF INSTRUCTIONS
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Instruction Code

Mnemonic Operation
131211109 8 7 6 5 4 3 2 1 0
ADD ACC,AP |0 0|0 O O P|{O 1 0 O A AP — (AP) + (ACC)
ADD #D, AP 0 111 oP D A AP — (AP) — D
ADC AP 0 0|0 0OOFP|O1O01 A AP — Decimal adjust
{(AP) + (ACC) + (C)}
§ [SuBAcc, AP 0|0 01 P|lO1TOO A AP — (AP) — (ACC)
g SUB #D, AP 1 1 D AP — (AP) — D
& |sBC AP 00001 P|lO1O01 A AP — Decimal adjust
2 {(AP) — (ACC) - (C)}
E |cmP Acc, AP 00 01 Pi1 110 A (AP) — (ACC)
E CMP #D, AP 01 1 P D A (AP) — D
INC AP 0 1 0 0P|OOO1 A AP — (AP) + 1
DEC AP 0 101 P[00 O 1 A A —(AP) — 1
XORACC,AP |0 0|0 0 O P[0 1 1 1 A AP — (AP)~(ACC)
XOR #D, AP 0 1 1 1P D A AP — (AP) VD
BIT ACC, AP 00l00OO0OP[(1T 110 A (AP) V {ACC)
g BIT #D, AP 01/010°P D A (AP) VD
® |BISACC, AP 00/0O0OPIO1T 10 A AP — (AP) V (ACC)
8 [Bis #D, AP 0o1/000FP D A AP — (AP) VD
@ |BICACC, AP 00/001P|O110O0 A AP — (AP) A(ACC)
BIC #D, AP 0 1/00 1P D A AP — (AP)AD
& |ASRAP 0 0[00O0FP[OO 11 A CZ(c) o — ap
& |ASL AP 00/001Pl0OO1 1 A (C) — (AP) — 0
cLz 0 0[O0 0O O(1 010(00O0O0 20
S |cLc 0 0{0 0OO0O|1 00O 000O0]|C—0
%CLA 0 0|0 00 O|1O 110 0 0 0 |Z—=0,C—0
& |sez 0 0|0 0O 1 0|1 010{00O00O0] z-1
§ssc 0 0|0 01 0|1 001/0000/|C+—1
SEA 0 0/0010(1011/0000]|z2—1C-1
MOV ACC,AP |1 1[1 1 0 P 000 A AP — (ACC)
MOV ACC,AX |1 1|1 1 0 0|0 A AX — (ACC)
fg MOV #D, AP 0o1{110FP D A AP —D
E MOV AP,ACC |1 1|1 1 1 P{0O O 0 O A ACC — (AP)
£ [MOVAX,ACC |1 1[1 1 1 0|0 X A ACC — (AX)
© [cHeAP 1 101 P{O O OO A (ACC) — (AP)
CHG AX 1 1)1 0|0 X A (ACC) — (AX)
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® MSM5056

DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code

Mnemonic Operation
131211109 8 7 6 56 4 3 2 1 0

JMP adrs 1 0|0 apay agla; ag as as|az a, a; ao | PC ~—adrs
JMP @AP 00/oo0oO0P|[1 101 A PC — (PC) + (AP) + 1
JMPIO @AP 0 0[{0 O 1 1101 A PC —(PC) + {(AP)A7TH } + +1
oea o 00{0 11000 1 0 nynsnyn, ng |PC—PCI+n+1,ifZ=1
BNE +n .

g BNZ +n 0 0{0 1 1 0{1T 1 0 ngnznyn,ng|PC—(PC+n+1,ifZ=0

3
Bes el 0 0{0 1 10[0 0 1 nynsnynyng |PC—(PCI+n+1,if C=1
ggg I: 0 0/0 1 1 0|1 0 1 ngngnynyng |PC—PCI+n+1,if C=0
BGT +n 0 0/0 1 10|11 1 ngngn,n,ng "C“(PC"F"“rgf‘gggo
BLE +n 00(0 11 0[0 1 1 nJngnynyng PC“‘PCH"“';%:}
INP Port, AP 1 101 0P Port A AP — (Port)

\ﬁ

SS[ouTapPort [1 1[0 1 1 P Pont A Port — (AP)

[~

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

% | DSPdigit AP [0 O[1 0 0 P| digit A digit — (AP), (ACC)

Q

2 |DsPrdigit AP [0 01 1 0 P| digit A digit — (AP) via table

S| HALT 00 0 0/00OO|OO O O |HaltCPU

D"

o8| Nop 0 0/00O0O|0OOOO|O OO O |NooOperation
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OKI semiconductonr

MSM6051

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

GENERAL DESCRIPTION

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

The MSM6051 is widely used in electronic products requiring low power operation, for example,
stopwatches with lap time memory, calculator watches and handy terminals.

FEATURES

® | ow Power Consumption 3 A Typical ® 59 Instructions

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

® 120 X 4Internal RAM (Masking Option)

® 9 input Port ® 32.768 kHz crystal Oscillator

® 4 Output Port ® 91.5 us Instruction Cycle

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

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

FUNCTIONAL BLOCK DIAGRAM

DINO

DATARAM
DIN

MELODY

BD -0

ClRcuIT DOUTO 120 word x 4 bit
DOUTS
A6~A4 A3~AO
T
EGISTER MPX MPX
PREG |[PREG 0
LD Lame MAIN_J{INT REGISTER|
DRIVER
M! [OUTPUT
UTPU'
s G PORT DISPLAY| SEGMgrLl,Tr ,
LO =—{M1~ma) ATCH
and
Ki DRIVER SEGMENT
INPUT
§ PORT I outes
Ka (K1~Ka) >
Z‘ e PoRT DOUT13~DOUTO
P INSTRUC-
3 (S1-54) et
AQ  PROGRAMROM DECODER|
_] INPUT Al1
oPTION (Srrion 256 word X 14 bit

VSS1 VSS3 vcp

TLTITL 10l

VDD VSS2  VEE AC T1 T2 T3 T4 T5 32Hz

XTOUT =
AC2 ™ | TIMING
XT — = GENERATOR
XT
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LOGIC SYMBOL

MSM6051 o

CHIP PAD LAYOUT

osciLLaTion [TJ  SEGMENT|
—={51 1
INPUT PORT | —l 52 S
(81~84) —4S3 LCD DRIVER
3
o]k SEGMENT
INPUT PORT | —={ K2 ouTe6 [—=
(Ki~K4) | —=]K3
T™K4
OPTIONINPUT —=fOPTION ~ BO™ fxzﬁ%‘&gmu’f
—]m1
OUTPUT PORT | = M2 | CLOCKPULSE
(M1~M4) [__ M3 XToUT = outpuT
~—Ma RESET
LOAD =—{LO
RESET —=JAC
—=4vOD
—vssi
POWERSOURCE | 2 _|V332 92z~
—~—]VEE 12—
~—lvep B | tEsT
—=|vcM Ta—
SEGMENT OUTPUT

CHIP SIZE 5.85 X 4.10 (mm)

PIN DESCRIPTION

Designation Function
VDD Circuit ground potential
VsSi Power source (—1.5V)
Vss. Power source for LCD driver (—3.0 V)
This terminal is connected to Vpp terminal through a 0.1 uF capacitor.
Vsss Power source for LCD driver (—4.5 V)
This terminal is connected to Vpp terminal through a 0.1 uF capacitor.
VEE Power source for internal logic (—1.5 to —3.0 V)
This terminal is connected to Vpp terminal through a 0.1 uF capacitor.
Vepr, VoM Booster capacitor connection terminals
Vcp terminal is connected to VoM terminal through a 0.1 uF capacitor.
XT XT Input and output terminals of oscillator inverter,
' 32.768 kHz crystal is connected to these terminals.
T1~Ts Terminals to test internal logic, T1 ~ Tsand Ts are pulled down to Vgs,.
Tais output. Test pins must be normally open.
AC Terminal to clear internal logic pulled down to Vgs,.
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.
XTOUT 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
Vss, 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
Vss, 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 signals between 32 and 1 Hz.

Also, a 1/100 second digit counting function
is provided as a hardware feature to make for
easy implementation of a stopwatch function.
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® MSM6051 ©

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Supply Voltage 1 Vpp - Vss; Ta=25°C —-2.0to +0.3 Vv
Supply Voltage 2 Vpbp — Vss: Ta =25°C —4.0to +0.3 \'
Supply Voltage 3 VpD - VsSs Ta=25°C —6.0to +0.3 v
Supply Voltage 4 Vpp — VEE Ta=25°C —40to0+0.3 v
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 VpD— Vss: 1.25t01.65 v
Operating Temperature Topr —20to 75 °C
DC CHARACTERISTICS
(VDD =0V, Vgs,, VEE = —1.55V, Vgg, = —3.0V, Vgg, = —4.5V, C| = 30k 2, Ta = 25°C)
Limits
Parameter Symbol Conditions Unit
Min. | Typ. | Max.
Power supply current IDD Vgs terminal - 30| - RA
Oscillation start Within 5 seconds 145 — - v
voltage —-Vosc | Vgs, terminal
IoH:1 |VOH,;=-0.2V -4 | - -
Output current 1 IOMH+| VOMH1=Vsg,+£ 0.2 4/-41 — | = | uA
com IOML+ | VOML, = VsS, 0.2 yyavy g p—
loLs |VoL:i=—4.8V 4 - -
IOH2 |VOH2=-0.2V -4 | - -
Output current 2 IOMHz|{ VOMH2 =V88:+0.2 4/-4) - - A
SEGMENT IOML: | VOML: = Vss,£0.2 a-4| - | -
loL: |VoL:=—4.3V 4 - -
Output current 3 IOHs |VOHs=-05V 10| - | - A
AC2 LOAD XTOUT oLs | VoLa=—1.15V 0l =1 =
Output current 4 IOHs | VOH4=-0.5V -100 - | -
A
M1~ M loLs | VOL«=—1.0V 2 | - [ 10"
Output current 5 IoHs | VOHs=—-0.55V Vgg,=—-1.25V |-12.5 |-25| —83
LD VEE =-2.0V nA
IoLs | VOLs= —0.85V Vsg,=—2.0V 1 - -
Output current 6 IOHs | VOHs =—0.55V Vgs;=—-1.25V | —-17 | —-30| —62
BD VEE =-2.0V uA
loLs | VOLe= —0.85V Vss,=-2.0V - 5 -
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® MSM6051 &

Limits
Parameter Symbol Conditions Unit
Min. | Typ. |Max.
Input current 1 IIH, VIH, =0V 2 20 {100
S+~8 N nA
1 4 I||__1 VIL‘=—1 55V _ _ 0.2
Input current 2 IH,  |VIH, =0V 5 |13 | 26 A
Ki~—Ks L. |ViL,=-155V - | - [-02
Input current 3 liHs | VIHs=0V - |30 | 45 A
OPIN s | ViLs=—1.55V - | - |-02
Oscillator built-in
capacitance CcD - |20 | - | pF
MEASURING CIRCUIT
vee C1.C2.C3.C4:0.1 uF
4 10.1
vomp24T c5 :30 pF
. X-tal . 32.768 kHz
XT—2
VEE XT ﬂ:
C5
VDD VSS1VSS2 VSS3
ci T c2]l cal
TYPICAL APPLICATION
C1 : 5~35pF
LCD C2t0C5 : 0.1 puF
B: 15V
L: 20mH
Lamp
S SEGMENTS COM1 to COM3
—t
0 O S1
255 s2 Lo ;
8355 s3 \ J
S4 n sS4 BD m__‘
MSM6051
F Vss 1,
X-tal _ J—
L |omz00m oo
T g
c1 VCP Vem Ac Vss: Vssa

L L Ll
' BF P
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DESCRIPTION OF INSTRUCTIONS

Instruction Code

Mnemonic Operation
131211109 8 7 6 56 4 3 2 1 0
ADDACC,AP (0 00 0O OP|O1 00O A AP — (AP) + (ACC)
ADD #D, AP 01 oovP D A AP — (AP) +D
ADC AP 0000O0FP[O1 01 A AP — Decimal adjust
{(AP) + (ACC) + (C)}
ADCN AP 11/000FP N A AP — N adjust {(AP) + (C)}
SUBACC,AP |0 0|0 01 P[0 100 A AP — (AP) — (ACC)
- |SuB#D,AP 01(101P D A AP —(AP)—D
2 |SBCAP 00[001P[010 1 A AP — Decimal adjust
o {(AP) — (ACC) - (C))
§ SBCN AP 1100 1P N A AP — N adijust {(AP) — (C)}
"é CMPACC,AP |0 00 01 P|1 110 A (AP) — (ACC)
£ [CMP#D,AP [0 1|0 1 1 P D A (AP) -D
< [INc AP 1111 00P|00O0O A AP —(AP) +1
INC AX 1110000 X A AX — (AX) +1
DEC AP 111 01 P|l00O0O0O A AP — (AP) — 1
DEC AX 111 010]0 X A AX — (AX) — 1
XORACC,AP |0 OO0 OO PO 1 11 A AP — (AP) "V~ (ACC)
XOR#D,AP |0 1{1 1 1 P D A AP — (AP) ¥ D
BITACCLAP |0 0|0 0O P|1 110 A (AP) V (ACC)
S |BIT #D, AP 0101 0P D A (AP) VD
§ BISACC, AP 00|0O0OO0OPIO110 A (AP) V (ACC)
S |BIS#D,AP ot1loooP D A (AP) VD
@ [BICACC,LAP |0 00 01 PlO1 10 A (AP) A (ACC)
BIC #D, AP o100 1P D A (AP) AD
& |RORAP ooloooP|l0OO 1O A = (C) — (AP —
%ROLAP oofloo1Ploo1o0 A o —nap =
S |ASRAP 00l00OFP|OO 11 A =) 0— (AP —
2 [ASL AP 0oo0loo01PlOoO 11 A (C) — (AP) —0
cLz 00{00O0O0|1 010/0000|Z—0
5 |CLC 00lo0O0OO|t 0OO01|000O0|C~0
§CLG 0o0l0o0O0O|1 00O0{00O0OO|G-0
& [CLA 0000001 011|/0000|2Z2Z-0C—0,G—0
§SEZ 00/0010(1010|00O0O0|Z~1
SEC 00l0010|1001/0000|C~—1
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DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code
Mnemonic Operation
131211109 8 7 6 5 4 3 2 1 0
SEG 0oo0lo010|10O0O0|0OO G—1
SEA 0o0|l0010|1011|00 Z—1,C—1,G—1
_[MOVACC,AP |1 1/1 1 0 P|0 00O A AP — (ACC)
2 |MOVACC,AX 1 1|1 1 0 0[0 X A AX — (ACC)
§ MOV#D,AP |0 1|1 1 O P D A AP —D
S [MovAP,ACC |1 1{1 1 1 Pl0 O OO A ACC — (AP)
SIMovax.acc |1 1]1 1 1 0lo  x A ACC — (AX)
CALL adrs 1 0|1 1 ag agla; as a5 a,|a; a, a, a,| STACK — (PC), PC —adrs
o RET 00(000O0|1 100|000 O0 0|PC—(STACK)+1
&% PC — (STACK) + 1, or
@o PC — (STACK)
RTI 00(0010(1100(0O0O0 0|ACC—ACC,Z—Z, C—C
G —G’, Preg —P'reg
JMP adrs 1 Oja,a,0ay agla; ag a5 asla; a, a, ao| PC—Adrs
JMP @AP 00/00OFPI1 101 A PC — (PC) + (AP) + 1
JMPIO @AP 00/001P[1 101 A PC ~ (PC) + {(AP) A 7H} +1
ooe i 0 0[0 11001 0 nnsn,n, ny| PC—(PC)+n+1,if Z=1
B o 00(01 1 1[0 1 0 nylnyn,n, ne| PC—(PC) —n, if Z=1
N on 00/01 10110 n,n,n,n,ne| PC—(PC)+n+1,ifZ=0
o " 00/0 111|110 nynyn,n, ny| PC—(PC)—n, if 2=0
a BCS +n 0 0|0 1 1 0|0 O O ngnyn, ny ng| PC—(PC)+n+1,if C=1
E BCS -n 0 0{0 1 1 1|0 0 0 n,ngn, n, ny| PC—(PC)—n,if C=1
~[BcC +n 0 0(0 1 1 0{1 0 0 n,lngn,n, ng| PC—(PC)+n+1,if C=0
BCC -n 0 0/01 1 1[1 0 0n,ngn,n,n,| PC—(PC)—n,if C=0
BGT +n 0 0/0 1 10[0 0 1n,n;n,n, ny| PC—(PC)+n+1,if G=1
BGT -n 00011 1]0 0 1 n,lngn,n, ng| PC—(PC)—n,if G=1
BLE +n 0 0|01 1 0|1 O 1 ngnyn,n, ng| PC—(PC)+n+1,if G=0
BLE -n 0 0(01 1 1|1 0 1n,ln,n,n, ny| PC—(PC)—n,ifG=0
BGE +n 0 001 1 0(0 1 1 n,n;n,n, ny| PC—(PC)+n+1,if Z=10r G=1
BGE -n 0 00O 1 1 1|0 1 1 ngnzn,n,ny| PC—(PC)—n,if Z=10or G=1
BLT +n 0 0(0 1 1 0|1 1 1 n,ngn,n, ny| PC—(PC)+n+1,if Z=0
and G=0
BLT -—n 0 0|0 11 n,|\n; n, n, ng| PC—(PC)—n,if Z=0 and G=0
3 3|sWITCHAP 1 1/0 1 0 PO OO 1 A AP — INPUT PORT (S1~S4)
23|kswitcHaP [1 10 1 0o Plo 0 1 0 A AP — INPUT PORT (K1~K4)
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DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code

Mnemonic Operation
131211109 8 7 6 5§ 4 3 2 1 O
MATRIX AP 110 1 1 P{OO 10O A OUTPUT PORT (M1~M4) —
; (AP)
MATRIX Mn 0 0|01 00(0 O 1 O0|M;M;M,M,| OUTPUT PORT (M1~M4) —
= Mn (n=1,2,3,4)
§ XTCPON/OFF |0 0|0 1 O O|1 O O 0|0 O b, by| XTOUT ON/OFF
E\; PITCHN 0 0{0 1 00|t 10O N PITreg.—N
‘_:.3 MSA adrs 10 0 agla; ag as as|az a, a, a, ﬂg%é);%ES).PChadrs,
MSO 0 0[O0 1 0 0O{1 01 O[O0 O O O] Melody stop
LAMPON/OFF {0 O[O0 1 0 0|0 O O 1{0 O b, b,| LD ON/OFF
DSP digit, AP 0 0{1 OOFP digit A Digit (Low part) — (AP), (ACC)
DSPH digit, AP |0 0|1 0 1 P digit A Digit (High part) «— (AP), (ACC)
T |FORMAT AP 1 1011 P|OO0 11 A FMT reg. — (AP)
.‘g FORMAT N 0 0|01 0O0|O0OO01 N FMTreg. —N
DSPFdigit, AP [0 0|1 1 O P digit A Digit (Low part) — (AP) via table
DSPFH digit, AP| 0 O(1 1 1 P digit A Digit (High part) — (AP) via table
HALT 0 0f{0 1 0 0}|O 0 0|0 O O O Halt
111
g‘g?gﬁ; (:) g g : 2 g ; ? ; o, 2 :1 g Enable timer interrupt
myoSAB g 2 g : z 2 ; ? ; ; g b12 g :o Disable timer interrupt
ACTIVATE 0 0|0 1 0 O|1 OO 1|0 O O O] Activate main routine
INTMODE AP 1101 0 P|O 10O A AP — Interrupt mode
o |KENAB 0 0{01 00|01 1 1|1 O O O| EnableINPUT PORT (K1~K4)
§ KDSAB 0 0/{0 1 00|/0 11 1]0 1 0 O| Disable INPUTPORT (K1~K4)
o3 | STATUS AP 11/01 0P|1T 010 A AP — Status
£ [PAGE A0 11001 10/0101] A Preg — (A0)
8 [PAGEN 0 0/0O1 00|01 01 N Preg—N
EE_; ADRS AP 11011 P|0O110 A Areg — (AP)
ADRS N 0 0j0 1 00/0O1 10 N Areg —N
RATE AP 1 1101 0 P|1 0 0 1 A AP —DIVIDER (8 Hz~1 Hz)
RSTRATE 0 0j0 1 0 0{1 O O O|1 O O O| DIVIDER (8 Hz~1 Hz) —0
FLAGIN AP 11101 0 P|1 110 A AP — S1 on flag, S2 on flag
S1RATE AP 11101 0P|1T 100 A AP —S1reg.
S2RATE AP 1 1/0 1 0P|1T 101 A AP —S2reg.
BACKUP 0 00O 1 0 0|0 O O 1|bab2 O O Backup ON/OFF
ON/OFF
NOP O 0O/0O O O O[O O O O[O O O O| Nooperation
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OKI semiconductor

MSM6351

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

GENERAL DESCRIPTION

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

interrupts, crystal oscillator and voltage tripler.

number of LCD drivers and a large size of memory.

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

FEATURES

Low Power Consumption 3 uA Typical
4096 X 15 Internal ROM

1024 X 4 Internal RAM

20 Input/Output Ports

62 LCD Drivers

1/3 Duty, 1/3 Bias or 1/4 Duty 1/3 Bias
(Selectable by software)

Serial I/0 Port

8 bits or 5 bits data frame mode
Asynchronous

receiver/transmitter mode

Internal or external clock mode

15 stages Time Base Counter

Watch Dog Timer

Capture function by external trigger signal

3 Interrupt Sources
Real time interrupt
External interrupt
Serial I/0 port interrupt
Melody Circuit
65 Instructions
Sub-routine Nesting: 7 levels
32.768 kHz Crystal Oscilator
Machine Cycle: 61.0 usec.
Power Supply: 1.5V or 3.0V (selectable by
mask option)
100 pad die Silicon gate CMOS Process
Package:
100 pin plastic QFP (QFP100-P-1420-K)
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FUNCTIONAL BLOCK DIAGRAM
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( —— P32 : SEG13 [T
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I XT Vssi SEG23
5eG24 [ 28
RESET — | RESET Vss2 —— POWER SEG25
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PIN DESCRIPTION

® MSM6351 o

Designation Function
P0.0
e 4-bit 1/0 port 0 Ceprure.
P0O.1 The input (*)/output, the existence (*)/ rigger signa
PORTO absence of pull-down resistance, and the
PO.2 HALT function release enable/disable
condition can be selected for each bit.
P0.3
P1.0~P1.3 PORT 1 ® 4-bit 1/O port 1
P2.0
The input (*)/output, the
P2.1 existence (*)/absence of E \
PORT 2 ® 4-bit I/Oport2 | pull-down resistance, and in):::nat ianal
P2.2 the HALT function uptsig
release enable/disable
P2.3 condition can be selected
for each bit.
P3.0 ~ P33 PORT 3 ® 4-bit 1/O port 3
P4.0 ~ P4.3 PORT 4 ® 4-bit 1/O port 4
XTOUT ® Oscillator clock output
The oscillator clock is output when XTF (forth bit of port POOC) is set to “'1"".
XT '
e Oscillator connection terminal
XT
RESET ® Reset input
Input with a pull-down resistance, the system is reset when “*1” is input.
TEST 1
e Test input
TEST2 Input with a pull-down resistance.
TEST3
SIN e Serial port data input
e Serial port data output
SOuUT the circuit is set at high impedance level when “1” is set to HZOUT (the forth
bit of port P4XC)
e Serial port clock input and output
the input and output (*) are switched from each other the serial port control
SCLK register SCNT. In the output mode, the serial clock frequency can be selected
from the demultiplied signal (1/1, 1/2 or 1/4 of the system clock)
BD e Melody output (buzzer drive output)
LCD drive output
SEGO ~ LCD drive output with 1/3 bias and 1/3 duty, or 1/3 bias and 1/4 duty.
SEGB1 The duty can be switched by LCD control register LCDCT.

A maximum of 177 segments can be displayed with the 1/3 duty and 232 with
the 1/4 duty.

* means system reset conditions.
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* MSM6351 o

Designation Function
VpD o 0V power supply terminal
Vss1 ® —1.5V power supply terminal (for the 1.5V specification)
Vss2 e —3.0V power supply terminal (for the 3.0V specification)
Vss3 o —4.5V power supply terminal
VEE e Internal logic power supply terminal
vem . ; ;
Vo o Internal voltage converter capacitor connecting terminal
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FUNCTIONAL DESCRIPTION

A block diagram of MSM6351 is given on page
128. Each block of logic will be briefly discussed.
For further information, please refer to MSM6351/
653 user’s manual.

Programmable ROM

The programmable ROM has a capacity of 4096
words, each of which is 15 bits long. It is provided
with the address space of 000H to FFFH.

In the MSM6351, the programmable ROM is
not only used for programming but also used to
save the following items:

1) LCD indicator segment conversion table

2) Melody tone data

The program instructions are all made up of
one word, thus the ROM can save up to 4096
instructions in it.

Data RAM

The data RAM has a capacity of 1024 words,
each consisting of four bits. It is provided with the
space for address between 000H and 3FFH. Data
is organized in 4 bit nibble.

Page Register (PAGE)
The page register specifies one of 16 pages in
each bank of the data RAM.

Bank Register (BANK)

The bank register specifies one of four banks in
the data RAM. It is used together with the page
register.

Work Specification Register

The work specification register specifies one of
16 pages in bank 0 of the data RAM as the work
registers.

Operational Section

The operational section consists of the ALU,
accu(rsnulator (ACC), and conditional flags C, Z
and G.

® MSM6351

This operational section performs four-bit
computation of the contents of the data RAM with
the contents of ACC or the immediate data in the
instruction words.

This computation is mainly performed with the
data RAM which functions as a register. The
resultant data of the computation are input to the
data RAM or to ACC (for operation other than
comparison).

Program Counter (PC)

The program counter (PC) generates addresses
for the program ROM.

The addresses for program ROM are changed
according to the instructions executed. These
addresses are incremented by one each time the
instruction is executed.

When an interrupt is generated, the current
address is stored in the STACK. The address is
set to 400H, 401H or 402H depending on the type
of the interrupt.

These addresses are set to the start addresses
of each interrupt routine.

In the MSM6351, the PC also gives LCD indica-
tor ‘‘segment conversion table’’ or melody ‘‘tone
data” addresses to the program ROM.

The output data of the program ROM whose
address is specified by the PC is fetched into the
instruction register (IR). If the output data is an
instruction, it is decoded by the instruction
decoder. Then, control signals to each section are
generated.

Ports

The MSM6351 handle the I/O ports, flags and
registers collectively as ports. Therefore, each of
the 1/0 ports, flags and registers are selected by
specifying their own addresses.

All of these ports are accessed by the INP and
OUT instructions.
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® MSM6351 o

PORT NAMES, ADDRESSES AND THEIR CONTENTS

Port name Address Bit3 Bit 2 Bit 1 Bit 0 Access mode (*)
PORTO 00 P0.3 P0.2 P0.1 P0.0 R/W
PORTY o1 P13 P1.2 P1.1 P1.0 R/W
PORT2 02 P2.3 P2.2 P2.1 P2.0 R/W
PORT3 03 P3.3 P3.2 P3.1 P3.0 R/W
PORT4 04 P4.3 P4.2 P4.1 P4.0 R/W

POOC 05 XTF HREQO HZ00 DIR00O R/W
PO1C 06 BUF HREO1 HZ01 DIRO1 R/W
PO2C 07 - HREO2 HZ02 DIR02 R/W
PO3C 08 - HREO3 HZ03 DIR03 R/W
P1XC 09 - HRE1X HZ1X DIR1X R/W
P2XC 0A HZSOUT | HRE2X HZ2X DIR2X R/W
P3XC 0B EISIO HRE3X HZ3X DIR3X R/W
P4XC oc 5/8 HRE4X Hz4X DIR4X R/W
SBE 0D (L) d, d, d, d, AW
(u)d, dg dg d,
SCNT OE CLKSL1 | CLKSLO MODE | LSB/MSB R/W
Bit:
SCND OF SIOEND | STPErr ENRC ENTR 3and 2;R
1and 0; R/W
IRQEX 10 - IRQP22 IRQP21 IRQP20 R
EIRT 11 EI256Hz | EI32Hz EN16Hz El1Hz R/W
IRQRT 12 IRQ256Hz | IRQ32Hz | IRQ16Hz | IRQ1Hz R
IEXMO 13 - EIP20 L/EO P/NO R/W
IEXM1 14 - EIP21 L/E1 P/N1 R/W
IEXM2 15 - EIP22 L/E2 P/N2 R/W
TMOUT 16 15th 14th 13th 12th R
128Hz 256Hz 512Hz 1KHz .
CAPTR . 32Hz 64Hz 128Hz 256Hz
- cAPMD | caPiF | capor | Bit2 RW
FLAG 18 MSTART G z c o B RW
WDOG 19 Wos Wos Wor Woo R/W
w13 Wl2 Wll wlo
FRMT 1A F, F, F, Fo R/W
LCDCT 1B AIION Duty 3/4 FLM1 FLMO R/W




* MSM6351 ¢

PORT NAMES, ADDRESSES AND THEIR CONTENTS (Continued)

Port name Address Bit 3 Bit 2 Bit 1 BitO Access mode (*)
TEMPO 1c P, P, P, Py R/W
BANK 1D b, b, b, b, R/W
PAGE 1E P, P, P, P, RIW
WORK 1F A w, w, w, R/W
Note: @ In access mode (*), R denotes ‘‘readable’’ bits and W ““writable’’ bits.

e Bits marked with — denote bits which are not present.

1/0 Ports

The MSM6351 is provided with five ports;
PORTO to PORTA4. Each port consists of four bits.

Ports are controlled by the I/0 port control
register.

Each port is accessed by the OUT and INP
instruction.

Time Base Counter

The MSM6351 has their built-in time base
counters consisting of a 15-stage binary counter.
System base clock is input from the time base
counter.

Capture Circuit

The MSM6351 is provided with a capture
function that stores the 1KHz to 128Hz outputs at
stages 5 to 8 of the time base counter or the 256Hz
to 32Hz outputs at stages 7 to 10 when P0.0 or PO.1
of I/0 port 0 is set at the “H” level.

Watchdog Timer

The MSM6351 has their built-in watchdog
timer to prevent program malfunction. The time-
out may be set with two types of setting time:
250ms and 2s.

Serial Port (SERIAL 1/0)

The MSM6351 has its built-in serial port. It is
used for synchronous and asynchronous data
communications. A data length of five or eight bits
can be selected. Either internal or external clock
can be selected as the driving clock. At the end of
data transfer, a serial port inerrupt can be gen-
erated.

Melody Output Circuit (MELODY)

The melody output circuit automatically out-
puts melody or buzzer sound.

The melody circuit initiates its operation by
the MSA instruction. Automatically fetching the
musical note data defined in the program ROM,
the MSA instruction outputs the melody from
buzzer driving output terminal BD.

Liquid Crystal Display Circuit (LCD DRIVER)

The MSM6351 has its built-in liquid crystal
display circuit that can drive the liquid crystal
(LCD).

The liquid crystal display consists of the dis-
play data register for holding the data to indicate
and the display driver. After data is written in the
display data register with an display instruction,
the display driver automatically fetches data from
the display data register to output the driving
waveform.

Interruption Controller
There are four types of interruptions as follows:
1) Real-time interruption — Interruption with the
time base counter output

2) External interruption — Interruption from
PORT2
3) Serial port interruption — Interruption by ter-

minating serial port data transfer
4) Melody interruption — Interruption by re-
questing melody data
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® MSM6351 ®

ABSOLUTE MAXIMUM RATING (Target Specification)

Vpp = 0V (Vss2 = Battery Voltage)

Parameter Symbol Conditions Limits Unit
Supply Voltage Vbbp —6.0 ~+0.3 \"
Input Voltage VIN Vss2—0.3 ~ +0.3 \

Ta=25°C
Output Voltage*' Voi Vss2-0.3 ~+0.3 '
Output Voltage*’ Vo2 —6.0~+0.3 '
Storage Temperature TsTG —55 ~ +125 °C

*1  Normal Output
*2 LCD Driver

OPERATING CONDITION (Target Specification)

Parameter Symbol Limits Units
Operating Voltage —Vss2 26~35 \'%
Operating Temperature Topr —20to0 70 °c
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DC CHARACTERISTICS 3V Li Battery
VDD = 0V, Vgg1 = —1.5V, Vg = —3.0V, Vgg3 = —4.5V, f = 32,768Hz, Cx = 35kQ2 Ta = 25°C

* MSM6351 ¢

p Symbol Conditi Rating U Terminal
arameter ymbol onditions nit .
Min. | Typ. | Max. Applied
Current Consumption| Ipp *1,*3 - 30 | - BA
Voltage for Oscilla- oy
tion Sare | -Vosc Within 2 sec. - | = | 24| vV
-10H1 VO =—-0.2V 4 - -
Output Current 1 1HOMH1!| VOM =Vgg1+0.2V 4 - | -
KA | SEGO ~ SEG61
(Common, Segment) |IlomL1!| VOM =Vgg10.2V 4 - -
loL1 VO =—4.3V 4 - -
2
-10H2 VO = —0.5V 500 | — | — PORTO~PORT4
Output Current 2 MA SOUT, SCLK
loL2 VO =—-2.5V 500 | — - XTOUT
_ Vo =—-0.5V _ _
loHs Vss2 = 3.0V 7
Output Current 3 MA BD
Vo =-25V - -
loLs Vss2 = 3.0V 20
VIi=0V
Input Current 1 -liH1 1/0 input, 160 | 300 | 600 | uA | PORTO~PORT4
with pull down
Vi=0V, -3V ~
Input Leak Current2 | 11}21 1/0 input, - - 1 HA PORTHORT"
without pull down SIN, SCLK, SouT
Vi=0V
Input Current 3 -lH3 with pull down - 25 - KA RESET
-VIH - | - | o5 .
Input Voltage \"} t/:"ﬂl'::‘pult
-VIH 25 | — _ rminals

*1. When 3V battery with halver is used (BUF = ‘0’).
*2. PORTO = P0.0 ~ P0.3, PORT1 =P1.0 ~ P1.3, PORT2 = P2.0 ~ P2.3, PORT 3 = P3.0 ~ P3.3,

PORT4 = P4.0 ~ P4.3
*3. This value changes depending on the soft duty (HALT to HALT)

87



88

INSTRUCTION LIST

~

Instruction code Ma-

Mnemonic Description chine

4,13 12,11 10 9 8 7 6,5 4,3 2 10 cycle
ADD ACC, REG1 0 0 0 0 0 O|P|O 1 0 O|r, r, r, ry] (rfP)IACC),(Z),(C)«(P)+(ACC) 1
ADD #i, REG1 0 0 1 1 0 0[P |iy i i, dg|ry 1, r, o | (rP)(ACC), (2),(C)«(rP)+i 1
ADC REG1 0 0 0 0 O O|P|O 1 0 1 r, r, r r,| (rP)(ACC), (2), (C) <« decimal adj [(rP) + (ACC) + (C)] 1
ADCN REG1 01 1 0 0 O0|P|N, NJ N, No|r, r, r, ro]|(rP),(ACC),(Z),(C)< N adjust [(rP) + (C)] 1
SUB ACC, REG1 0 0 0 0 0 1|P|O 1 0 Ofr, r, r, r,|(P)I(ACC), (2Z),(C)« (rP)—(ACC) 1
§ SUB #i, REG1 0 0 1 1 0 1 |P iy i, i, dg|ry r, r, ry| (rP)(ACC), (2), (C) < (rP) —i 1
§ SBC REG1 0 0 o 0 O 1 |(P|JO 1 0 1 |r, r, r. r,| (P)(ACC),(2), (C) «<decimal adj [(rP) — (ACC) — (C)] 1
§ SBCN REG1 0 1 1 0 0 1|P|N, N, Ny Nolry r, r, 1yl (rP),(ACC), (Z), (C) < N adjust [{rP) — (C)] 1
é CMP ACC, REG1 00 0 0 0 1|P|l1 1 1 0]r, r, r, rol(2),(G)«(rP)~(ACC) 1
§ CMP #i, REG1 0 0 1 0 1 1 [Py i, i dglry r, vy ory| (2),(G) <~ (rP)—i 1
INC REG1 0O 0 0O O O o|(PjJO O O 1 ry r, ry 1y | (rP),(ACC), (Z), (C) < (rP) +1 1
INCD REG2 1. 0 0 0 b, b, |O0|P, P, P, Po|lr, r, r, 1ol (rPb), (ACC), (2),(C) <« (rPb)+1 1
DEC REG1 0 0 0 0 0 1|P|0O O O 1 |r, r, r, ro| (P)IACC),(2),(C)«<(P)=1 1
DECD REG2 1.0 0 1 b, by|O|P, P, P, Po|r, r, r, ry| (rPb), (ACC), (Z), (C) < (rPb) — 1 1
BIT ACC, REG1 0 0 0 0 O O|P|1 1 1 Ofry, r, r, 1 gir:o()”;\’:/_(\c:?c’) V) ALACC,) VP ALACC,)
§ BIT #, REG1 0 0 1 0 1 0P|y iy iy dg|rs 1, 1 1ol (2<UPIAI,VIPALL,VIP)AIVIP)AG 1
2 BIS ACC, REG1 0 0 0 0 0 O[P|O 1 1 0/fr, r, r, ro| (P)(ACC),(2Z)« (rP)V (ACC) 1
g BIS #i, REG1 0 0 1 0 0 O |P|iy i, i, ig|ry r, ry 1ol (rfP)(ACC), {Z)—(P)Vi 1
?, BIC ACC, REG1 0 0 0 0 0 1[P|0O 1 1 0|r, r, r, rol (P)I(ACC), (2) < (rP) A (ACC) 1
§ BIC #1, REG1 0 0 1 0 0 1 |P iy i, iy igf|ry r, r, ry| (rP),(ACC), (Z) < (rP) ' 1
@ |'xom ACC, REG1 0 0 0 0 0 OofP|O 1 1 1]|r, r, r, rol (P)(ACC),(2Z)« (rP)+(ACC) 1
XOR #i, REG1 0 0 1 1 1 1 |P|iy i, i dg|ry r, r, 1ol (rfP),(ACC), (2) < (P} ¥ i 1

LSESNSIN o
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INSTRUCTION LIST (Continued)

Instruction code Ma

Mnemonic Description chine

“ 13 12 11 10 9 8 7 6 5 4 3 2 1 0 cycle
ROR REG1 0 0 0 0 0 O|P|O 0 1 O0]r, r, r, r,l|(2,(AcC)«[5(C)=(P)F] 1
..,'g ROL REG1 0 0 0 0 0 1{P|O0 0 1 0| r rn r|@(acc)«[EC<PI<] 1
g g ASR REG1 © 0 0 0 0 0|P|O0 0 1 1|r, r, r, ry|(2),(ACC)«[O=(P)=(C)] 1
©= [asL reGt 000 0 0 0 1|P|0 0 1 1lr, r, r, r,|(@(ACC<[(C)(P)<O] 1
CLG 0 0 0 0 0 0[{0O|1 0 0 0|0 0 0 O0/|(G<0O 1
§ | cLe 0 0 0 0 0 0{O|1T 0 0 1/0 0 0 O0](«O 1
g cLz 0 0 0o 0 0 0{O|1T 0 1 0|0 0 0 O0](@«0 1
§ CLA 0 0o o o 0o o|{ofl1 0 1 1/0 0 0 0](2,(C)(G<0 1
2 | seG 0 0 0 0 0 1(0[1 0 0 0[0 0 0 O/(G=«1 1
g-’ SEC 0 0 0 0 0 1]/0f1 0 0 1[0 0 0 0](Ce1 1
g | sez 000 0 0 0 1]/0|1 0 1 0[0 0 0 0|1 1
SEA 00 0 0 0 1[/0|1 0 1 1[0 0 0 0 /(2,(C)I(G«1 1
. | Mov Acc, REG 0 0 0 0 0 O|P|1 1 1 1]r r r r|(P<(ACC) 1
2 | MOVDACC,REG2 [1 0 1 0 b, b, [0 |P, P, P, Po|r, 1, r, ro | (Pb)«(ACC) 1
% MOV #, REG1 0 0 1 1 1 0 |P|i, i, i, ig|rs r, 1, ro | (P (ACC), (2Z) «i 1
5 |MOVREGIL,ACC [0 0 0 0 0 1 (P |1 1 1 1 |r 1, r & |/(ACC)(2) «<(P) 1
§ MOVDREG2,ACC |1 O 1 1 b, b, |0 |P, P, P, Polr, r, r,  ro|(ACC),(2) < (rPb) 1
% EXG REG1 0 0 0 0 0 1|P|O 0 O O/ r, r, r, ro|(P)e(ACC) 1
® [exep recz 0 1 1 1 b, b |0 |P, P, P, Po|r, 1, r, ro| (rPb)e(ACC) 1
es CALL adrs 1 1 1 a, a, a, |3 |a a a a,|a a, a, a,| (STACK)- (PC), (PC)~ a;; ~a, (SP)— (SP)+1 1
2 ’g RET 0 0 0 0 0 O0[0|1 1 0 0|0 0 0 O |(PC)«(STACK)+1 (SP) « (SP) — 1 1
3z RTI 0 0 0 0 0 1/0|1 1 0 0|0 0 O O |(PC)l«(STACK)+1 (SP) « (SP) — 1 (at INT routine) | 1
_5 JMP  adrs 1 1 0 a, a, a |a |a, a a a,|a, a a, a,|(PCl<a, ~a, 1
gg JMP @ REG1 0 0 0 0 0 OfP|1 1 116 1, 1, 1| (PC)=(PC)+(rP)+1 1
32| JIMPIO @ REG1 0 0 0 0 0 1 [P[1 1 0 1 e, r, i, 1 |(PO(PCI+TALPI+1 1
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INSTRUCTION LIST (Continued)

Instruction code Ma-
Mnemonic Description chine
4 13 122 11 0 9 8 7 6 5 4 3 2 1 0 cycle
L L1
BGTn © 0 0 0 1 1[Pf0o 0 1 nn n o o @10 EO PN ‘
if (G) = 0 then (PC) < (PC) + N
BLE n 0o o0 o o0 1 1 P{1T O 1 n,fn; n, n ng else (PC) « (PC) + 1 1
if (C) =1 then (PC) < (PC) + N
: BCS n 06 0o 0 0 1 1]/P|O0 O O n,|{n, n, n g olse (PO) — (PC) +1 1
ks if (C) = 0 then (PC) < (PC) + N When P =0
§ BCC n 0o 0 o o 1 1{P|1 0 O n,|{n; n, n ng else (PC) « (PC) + 1 in bit 8, 1
= - N=n+1
H if (Z) =1 then (PC) < (PC) + N ="
é BEQn (BZE n) 6 0o 0 0 1 1 }yP|0O 1 O ng|n; n, n N else (PC) < (PC) + 1 }'\,"h:"_: LT
3 |BNEn (BNZn) © 00 0 1 1|P[1 1 0 nfn, n n n,| @70tk PC PCIN 1
BGEn © 0 0 0 1 1(Pl0o 1 1 nn, n n n|FHEZT0rE =11 hen (PC) < (PC)+N 1
if [(G) =0 and (Z) = 0] then (PC) — (PC) + N
BLT n o 0o o o 1t 1P| 1T 1T 1 ng{n, n, n ng else (PC) < (PC) + 1 1
:(l:‘lr?dy MSA adrs 0O 0 O O 1 O |a|a a a a,|a a, a, a,| Specifiesthe firstaddressof note data. (EOOH ~ FFFH) 2
. |DsP dig, REG1 o 0 0 1 0 | P |dig, dig, dig, dig,| r, r, r, r, | digit(Low Part) — (rP), (ACC) 1
o .
z § DSPH dig, REG1 0 0 O 1 0 1 [P |dig, dig, dig, dig,| r; r, r, r, | digit(High Part) < (rP), (ACC) 1
2 % |DSPF dig, REG1 0 0 0 1 1 o0 |P |dig, dig, dig, digy| r, r, r, r, | digit (Low Part) < (rP) via Table 2
o=
DSPFH dig, REG1 0O 0 O 1 1 1| P |(dig, dig, dig, dig,| r; r, r, ry | digit (High Part) < (rP) via Table 2
‘5 OUT REG1, PORT 0O 1 0 1 0 vy,|[P vy v, v, Yo|rs 1, 1, ry| (PORTY)«(rP) 1
=3 3|0uUT #, PORT 0 1 0 1 1 vy,|0 |y, v, V, Vol|is iy i, i, | (PORTY)«i 1
aea
£ 3 .£|INP PORT, REG1 0 1 0 0 O vy, [Py, v, Vv, Yol|rs 1, 1, 1ol (rP),(ACC)<« (PORTY) 1
° |NOP 0O 0 0 0 0O O|O|O O O O|O O O O [NooOperation 1
o€
S S |HALT o o0 o o o0 1 ofo 1 1 1 0O 0 0 0 | HaltCPU 1
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OKI’ semiconductor
MSM6352

CMOS 4BIT SINGLE CHIP LOW POWER MICROCONTROLLER FOR
TELEPHONE

GENERAL DESCRIPTION

The OKI MSM6352 is a low-power, high-performance single-chip 4-bit microcontroller employing
complementary metal oxide semiconductor technology, especially designed for use in sophisticated
telephone sets. Integrated onto a single chip are a 4-bit ALU, 28K bits of mask programmable ROM,
2560 bits of data RAM, programmable timer, oscillator, 12-bits of input port, 12-bits of output port and
4-bits of input/output port. In addition to these units, a DTMF generator is provided.

With the MSM6352, sophisticated telephone sets become feasible through a single chip instead

FEATURES
® |Low Power Consumption ® Power Down Mode
® 2048 X 14 Internal ROM ® 52 Instruction Set
® 640 X 4 Internal RAM ® Instructions Useful for Data Management
® 3 X 4 Input Port (Data Search and Block Data Transfer)
® 3 X 4 QOutput Port ® 20to 5.5V (2.2to 5.5V at TONE MODE)
® 1 X 4 Input/Output Port Operating Voltage
® DTMF Generator (Single Tone Mode or Dual @ 3.58 MHz Oscillator
Tone Mode) ® 17.9 us Instruction Cycle
® Buzzer Sound Output ® —20to 75°C Operating Temperature
® 4 Bits Programmable Timer Applicable for ® 28 Pin DIP, 40 Pin DIP or 44 Pin FLAT
Output of Dial Pulse ® Software Compatibility with MSM6052
® Watch Dog Timer ® Package:

On Hook Dialing and Off Hook Dialing
Function

Interrupt

Programmable Timer-Interrupt

Real Time Interrupt

5 Level Stack

FUNCTIONAL BLOCK DIAGRAM

28 pin plastic DIP (DIP28-P-600)

40 pin plastic DIP (DIP40-P-600)

42 pin plastic shrink DIP (SDIP42-P-600)
44 pin plastic QFP (QFP44-P-910-K)

44 pin plastic QFP (QFP44-P-910-VK)

opPoUT DTMF OUT 8D
A1 B - DATA RAM
gg ° 640 word x 4 bit
3
I 11

RS L

il

HY. PROGRAMMABLE OTMF 0

' _|imer CIRCUIT ICIRCUIT

i

1

14

g

&
-Ca 4Dt BU!

AR1|
§é ili ARZ} address register
04 — s vbank register

] Lloop
it g
04
101
l§g D13 ~DO
iz z
10E 2 INSTRUCTION
S g DECODER A10 PROGRAM ROM
3 AO 2048 wordx 14 bit
X7 —=]
XT —
TIMING
32kHz = GENERATOR ADDRESS
AC TEST vpp Vss
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® MSM6352 ¢

PIN CONFIGURATION

(a) 40 Lead Plastic DIP

| 8

=

k| - I
§Rg§ s

8
slzisliclalaicisiziziaisiciziciainiciainis

(c) 42 PIN PLASTIC SHRINK DIP

(b) 28 Lead Plastic DIP

F‘.|=13 [
Rs——2 0,
R, —3 ] ——17
R, —H4 £l ——X°N
Ry, —5 20F—=nNc
R, —6 28F—=0,
Hse=—7 27==opr out
lye—s8 26 —= DTMF OUT
e C 25— 0,
NCe—— 10 24F—m10,
l,—— 1 2310,
NMOMTDONO0ONDO —N
e - NN
UITOTEDNTLD sepmm
be open.
N -
;KE&%E’?S 88¢
8 F >

DC: Don’t connect.

(d) 44 Lead Plastic Flat Package
(NC pin must not be connected to any signal.)
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LOGIC SYMBOL

® MSM6352

——R1 EO1 f—=
KEYBOARD [ —__Re £02 _"] OUTPUT PORT
——=1R4 EO4t—e
—-rs 101 |—e
KEYBOARD R6 102 f~—
KEXaC J— i 195 10PORT
——R8 104 f——
I0E OUTPUT ENABLE
u I3 DIAL PUSLE
INPUT PORT [ 12 bPouT OUTPUT
—is DTME OUT |——=  DTMF OUTPUT
—c BD|—— BUZZEROUTPUT
KEYBOARD| —— G2
OUTPUT ¢ 32KHz |——  32kHzOUTPUT
AC|~—— RESET
o1
OuTPUT 02 TEST [~ TEST
PORT g3
4 VoD ) Powen
- ssf~——
HOOK SWITCH 7S
osciLLATION K

PIN DESCRIPTION

Designation Function
VbD Power source
Vss Circuit ground potential
AC Terminal to clear internal logic, pulled down to Vgg.
After power is turned on, the MSM6352 must be reset by this terminal.
TEST Terminal to test internal logic, pulled down to Vgs.
This terminal must be open in normal operation.
XT. XT Input and output terminals of oscillator inverter.
! 3.58 MHz ceramic resonator and capacitors is connected to these terminals.
HS Input terminal connected to the hook switch, pulled up tp Vpp.
DP OUT Output terminal of dial pulse.
Dial pulse rate (10 pps.or 20 pps) and Make Break ratio (40% or 33 %) can
be selected by software.
DTMF OUT Output terminal of DTMF signal
BD Output terminal of buzzer sound
32 kHz Output terminal of 32 kHz clock
R1~Ras Input port pulled down to Vgs.
Rs ~Rs
Ih~la Input port having clocked pull-down resistor to Vgs.
Only when this port is accessed, pull-down resistors are connected to this
port.
C1~Cas Output port
01~0a4
101 ~104 Tri-state bidirectional port
IOE Output terminal
When 101 ~ |04 is accessed, input completion signal (when read) or
load signal (when written) is output from IOE terminal.
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® MSM6352

FUNCTIONAL DESCRIPTION

A block diagram of the MSM6352 is given on
page 149. Each block of logic will be briefly dis-
cussed. For more information, please refer to the
MSM6352 user’s manual.

Program ROM

The MSM6352 will address up to 1 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 generales the signals necessary for
control of logic.

Data RAM

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

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

Program Counter (PC)

The PC is an 11-bit counter to specify the
ROM'’s address. The PC is normally incremented
by one by every execution of the instruction, and
then specifies the next instruction to be executed.
However, Jump, Conditional branch, and Sub-
routine instructions are exceptions.

When the JMP adrs or CALL adrs instruction
is executed, all of the PC contents are rewritten,
so jump can be done to any address of the ROM.

Bank Register (B)

The bank register is a 2 bits register which
specifies the bank of the RAM. Read/Write opera-
tion is performed by the Input/Output instruction.

Page Register (P)

The page register is a 4 bits register which
specifies the page of the RAM. Read/Write opera-
tion is performed by the Input/Output instruction.

Address Register 1 (AR; )

The address register AR; is a 10 bits register
which specifies the RAM’s address. This register is
used by the RDAR instruction or the MVAR
instruction. Read/Write operation is performed by
the Input/Output instruction.

Address Register 2 (AR, )

The address register AR, is a 10 bits register
which specifies the RAM’s address. This register is
used by the MVAR instruction. Read/Write opera-
tion is performed by the Input/Output instruction.

Loop Counter (L)

The loop counter is a 10 bits down counter
which specifies a number of words of the data
to be searched or to be moved by the RDAR
instruction or the MV AR instruction. Its contents
can be rewritten by the output instruction.

94

ALU, Conditional Flag, ACC

(a) ALU
The ALU performs 4-bits parallel operation of
the RAM contents and ACC contents, or the
RAM contents and an immediate data. The
arithmetic, logic, comparison and rotate opera-
tions can be done.

(b) Conditional flag
The zero flag (Z), carry flag (C) and greater
flag (G) are provided. These flags are set or
reset depending on the operation result and
referred to by the conditional branch instruc-
tion.
The flag operation instruction enables these
flags to be set or reset individually or altogether.

(c) ACC
The ACC is 4-bits register for arithmetic, and
equipped with data transfer instruction be-
tween ACC and RAM.

Stack

The stack consists of a RAM of 5 words x 11
bits. It is used to save the PC contents when the
sub-routine is called or a timer interrupt is generat-
ed, and 5-level nesting can be done including a
timer interrupt. The PC contents saved in the stack
is popped to the PC by the RETURN instruction.

Interrupt

MSM6352 has two kinds of interrupt as below.
o Realtime interrupt
e Programmabletimer interrupt

Stop Mode

Stop mode is established by the execution of
the STOP instruction. In the stop mode, oscillation
of system clock stops and all operations are sus-
pended, but the RAM contents and all register
contents are maintained.

Halt Mode

Halt mode is established by the execution of
the HALT instruction and the execution of pro-
gram of main routine is suspended. In the halt
mode, all RAM contents and register contents are
maintained.

Timer Activation and Realtime Interrupt Circuit
The timer activation and realtime interrupt
circuit are to release HALT mode (timer activia-
tion) and to generate interrupt (Realtime inter-
rupt) at the trailing edge of the 31.21 Hz clock
obtained by dividing the 3.579545 MHz system
clock by 114688. The timer activation and real-
time interrupt circuit can be used for the genera-
tion of timer activation and realtime interrupt by
setting or resetting the mode setting flag (TMF).



Divider Circuit

The 3 stage binary divider circuit to which
31.21 Hz clock is supplied is provided. The divider
circuit’s contents can be read by the input instruc-
tion (IN2, AP), and at the same time HS input
port data is also read. The divider circuit can be
reset by the RST instruction.

Programmable Timer and Programmable Timer
Interrupt

The programmable timer is used for dial pulse
output or timer interrupt generation. This timer
consists of control resistor PTL, 1/100 divider
circuit, 4 bit presettable down counter PTC,
interrupt flag IRQF, interrupt enable flag EIF,
selection flag EOF of off and on-hook dialing
made, and dial pulse phase selection flag DPE,
1/100 divider circuit, PTC, IRQF, EIF, EOF and
DPF are reset at system reset.

DTMF Output Circuit

The DTMF output circuit is to generate DTMF
tone signal and is controlled by DTMF and TONE
register. Rewriting the contents of the output latch
for DTMF circuit by output instructions, 12 kinds
of dual or single tones can be output to the DTMF
output port. The tone output frequency is selected
by the DTMF register.

BD Circuit

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

Watchdog Timer WDT

The watchdog timer is to generate the system
reset signal to recover from system ran away
trouble.

Input Port (R, ~ R;)

R, ~ R4 is 4-bits input port, which status is
fetched by the input instruction. The port is pulled
down to the low level (Vss) by resistor, so it can
be used as keyboard input port.

Input (Rs ~ R,)

Rs ~ Rs is 4-bits input port, which status is
fetched by the input instruction. The port is pulled
down to the low level (Vgs) by resistor, so it can
be used as keyboard input port.

Input Port (I; ~ 1,)

l; ~ |, is 4-bits input port, which status can be
fetched by the input instruction. It is pulled down
to low level (Vss) by register via transistor only
when it is desired to fetch the port status or input
signal is low level.

As input current is restricted, it can be used
being fixed at high level (VDD).

HS Input Pin

It is one bit input pin, which status can be
fetched by the input instruction. It is pulled up to
high level (VpD) by resistor. It is used as a hook
switch input pin.

* MSM6352

Output Port (C; ~ Cs)

C; ~ Ca is 4-bits output port. The contents of
the output latch can be rewritten by the output
instruction. The low level is output at each output
pin after the system is reset. When the HS input
pin is open or at high level, the low level is output
to each output pin irrespective of the contents of
the output latch.

The outputs of C; ~ C,4 are all CMOS output.

Output Port (O, ~ 0,)

0O, ~ O, is 4-bit output port. The contents of
the output latch can be rewritten by the output
instruction.

Output latch of Oy and O, are reset and O,
and O, are set at system reset.

Each output from O; ~ O, portis C-MOS.

Output Port EO; ~ EQ,)

EO, ~ EO, is 4-bits output port. The contents
of the output latch can be rewritten by the output
instruction. The level is output at each output pin
after the system is reset. Each output of EQO, ~
EOQO, is CMOS output.

Input/Output Port (10, ~ 10,)

10; ~ 104 is 4-bits input/output port. Fetch-
ing of the port status and rewriting of the output
latch contents can be done by the input/output
instruction.

Each Output of 10; ~ 10, is CMOS at output
mode.

10E Output Pin

It is one bit output pin. A load signal is output
at this pin when the output latch’s (10; ~ 10,4)
contents are rewritten.

DTMF Output Pin

It is output pin to output DTMF signals. Start
and stop of the DTMF output are done by the
output instruction.

DP Output Pin

It is an output pin for dial pulse output. Start
and stop of the dial pulse output can be done by
the output instruction.

The DP OUT pin output is C-MOS output.

BD Output Pin

It is output pin for the buzzer output. The
buzzer output can be started and stopped by the
output instruction. Output of BD port is CMOS
output.

32 kHz Output Pin

It is an output pin to output 31.960 kHz clock
(duty: 50%) which is obtained by dividing the
3.579545 MHz system clock by 112. This clock
keep outputting as long as system clock oscilation
is executed. Output of 32 kHz pin is CMOS out-
out.
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XT, XT Pins

These are input and output pins of the oscilla-
tor inverter, and the oscillator circuit is provided
with the built in feed back resistor. By connect-
ing to them oscillation of system clock status.
3.5679545 MHz ceramic resonator and capacitors.

ELECTRIC CHARACTERISTICS

® Absolute Maximum Ratings

Parameter Symbol Conditions Limits Unit
Supply Voltage VDD Ta=25°C —03~7 \Y
Input Voltage \ Ta=25°C —0.3 ~Vpp +0.3 \Y
Output Voltage Vo Ta=25°C —-0.3 ~Vpp +0.3 \
Power Dissipation PD Ta=25°C 200 max. mW
Storage Temperature Tstg - —65 ~ +125 °C

® Operating Conditions

Parameter Symbol Conditions Limits Unit
Operating Voltage Vpp f ogg':e3’tﬂ5%dl?/|Hz 20~55 \%
Memory Retention Voltage | Vppm - 1.2~55 \
Operating Temperature Topr - —20 ~ +75 °C

Note: Operating voltage for tone mode is Vpp = 2.2 ~ 5.5V.
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® DC Characteristics

°* MSM6352 *

(Ta=—20 ~ +75°C)

. Supply . .
Parameter Symbol Conditions Voltage Min. | Typ. | Max. | Unit
“H"" Qutput Current (1) | IoH, | 03,04 |VOH=26V|3.0V (-0.2] — — | mA
“L" Output Current (1) | 1oL, | DPOUT |VoL=04V| 3.0V [ 06| — | — | mA
**H”" Output Current (2) | IOH, VOH=26V| 3.0V |-1.0| — — | mA
C] ~ Cg
“L" Output Current (2) | 1oL, VoL=04V| 3.0V | 10 - - | MA
“H"” Output Current (3) | IoH, | ©1,0; |VoH=26V| 3.0V [-20| - - | A
“L" Output Current (3) | IOy, BD VoL=04V| 3.0V | 10 — - | uA
*H"* Output Current (4) | IoH, |10:~10s |VOH=26V| 3.0V |-160| — — HA
10E
“L" Output Current (4) | 10|, |EO1~EQ4|VoL =04V | 3.0V |300 | — - MA
*H’" Output Current (5) | IQH, VoH=2.6V| 3.0V |-40 | — — | MA
32kHz
L’ Output Current (6) | loL, VoL=04V| 3.0V | 25 - — | A
3.0V | 22| — -
“H"" Input Voltage ViH - \"
5.5V | 40 - —
3.0v | — - | 0.8
"L" Input Voltage ViL - \
55V | — - 1.4
*H’” Input Current (1) hH, VIH=5.5V | 65V | — - 2 MA
HS 3.0V |-20| — |-180
“L’ Input Current (1) e, ViL=0V HA
55V |—-40| — |-360
ViH=5.5V | 55V | 20 — | 180
*H"" Input Current (2) lH, A
Ri~Rg [V|p=3.0v| 3.0v | 10 - 90
*L’" Input Current (2) e, ViL=0vV | 558V | — - -2 | A
Ii~ls |VIH=5.5V| 55V | 60 — | 600
*’H"” Input Current (3) IH, HA
AC, Vig=3.0v| 3.0v | 30 — | 300
“L" Input Current (3) N, TEST ViL=0V | 55V | — - | =2 | uA
*’H’”’ Input Current (4) IH, o V|H=5.5V | 5.5V - — 2 MA
10,~10,
“L" Input Current (4) he, ViL=0V | 55V | — - | =2 | uA
Tone output off 2.5V — 0.25| 0.5
Current Consumption (1)| Ippp mA
With no load 5.0V - 1.5 | 24
Tone output on 2.5V - 1.3 | 24
Current Consumption (2){ IppT mA
With no load 50V | — | 42 | 6.8
Current Consumption (3)| Ippm ON Wgﬁoﬁi:dzs C . 2sv - - 0.2 | uA
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® AC Characteristics (Ta=-—20 ~ +75°C)
- Supply . .
Parameter Symbol Conditions Voltage Min. | Typ. | Max. | Unit
Cycle Time tcy f = 3.679545MHz 3.0v - 179 — MS
2.2V - 180 -
Row side only mV
Tone Output VouT 4.0V — | 260 | —
RL =1kQ rms
5.5V - 330 -
3.0V 1 2 3
High/Low Level Ratio | dBcR - dB
5.5V 1 2 3
3.0V - - 5
Distorsion Ratio %d|s R = 1kQ %
5.5V - - 5
Switch Input Time tKIN - 16 | — - ms
tTLH, 03, 0,4, DP OUT 3.0v - - 0.5
Rise/Fall Time (1) us
tTHL, Cy = 50pF 3.0V - - 0.5
tTLH, C,~Cs 3o0v| - | — | 08
Rise/Fall Time (2) us
tTHL, Cr = 50pF 3.0V - - 10
tTLH, | O,, O,, BD, 32kHz 3ov| - | — | 85
Rise/Fall Time (3) us
tTHL, CL = 50pF 3ov| — | - | 10
tTLH 10, ~ 10,, I0E 3ov | — | = | 1
Rise/Fall Time (4) *!  EO,~EO, us
tTHL, Cp =50pF 3.0v - - 1
® DTMF Tone Output Freqeuncy
Standard Frequency (Hz) Output Fregeuncy (Hz) Deviation (%)
R1 697 699.1 +0.30
R2 770 766.2 -0.49
R3 852 847.4 —0.54
R4 941 948.0 +0.74
C1 1209 1215.9 +0.57
Cc2 1336 1331.7 -0.32
Cc3 1477 14719 —-0.35

f Oosc = 3.579545MHz
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Instruction Code )
Mnemonic 8 g E' § Description
1312{1110 9 8|7 6 5 4(3 2 1 0 <N 8|6
L PR L Loy
ADDACC,AP |0 0|0 O O P(O 1 O O A A=0H~FH,P=0or1 |*|*|*|—| AP« (AP) + ACC
. D=0y~Fy .
ADD #D, AP 0 1|1 00°P D A A=Oy~F, P=0 or 1 bl — | AP« (AP) +D
ADC AP 00/00O0P[0O1O01 A A=OH~FH,P=00or1 |*[*|*|—| AP« (AP)+ ACC+C
c | SUBACC,AP [0 0j0 O 1 PO 1 OO A A=O0H~FH,P=00r1 |*|*|*|—| AP« (AP)—ACC
L
® D=0H~FH,
§ |sus#D,AP 0 1]1 01 P D A A=op~Fiy. P=0or1 |*|°|"|~| AP (AP -D
o
% SBC AP 00/001P|O1T O A A=OH~FH,P=0or1 |* [*|*|~| AP+ (AP) —ACC—C
13
.":5 CMPACC,AP [0 OO O 1 P|1T 1 1 0 A A=04~FH,P=00r1 |—{*|—|*| (AP) — ACC
<
D=0H~FH,
CMP#D,AP (0 1[0 1 1 P D A A=op~Fii. P=0or1 |~ |"|~|*| AP -D
XORACC,AP |0 OO0 O O P|O 1 1 1 A A=Oy~Fny,P=00r1 [* [*|—|—| AP+« (AP) ¥ ACC
D=0y~FH,
XOR#D,AP {0 1(1 1 1 P D A A=OH~Fiy P=0or1 |*|* ||| AP (AP ¥D
BIT ACC, AP 0Oo000O0P|I1T1 10 A A=Oy~FH,P=00r1 |- |*|—{—| (AP)V ACC
D=0y~FH =
. BIT #D, AP 01|01 0P D A A=0H‘“FH:P=00” —|*|-|-| (AP) VD
‘g BIS ACC, AP 0o0j0o0O0OP|IT 110 A A=04~Fn,P=00r1 [*|{*|—(—| AP+« (AP)V ACC
e
D=0~FH,
é BIS #D, AP 0 1/0 00FP D A A=0H~FH:P=Oor1 *|*|—|—-| AP« (AP) VD
«o —
BICACC;:AP [0 0|0 0 1 P01 1 0 A A=Oy~FH,P=00r1 |*|*|-|—| AP« (AP) AACC
D=0p~FH, b
BIC #D, AP 0100 1P D A A=Ou~Fiy P=0or1 || |*|=|=| AP (AP AD
ROR AP 00l0o0O0OP|OO1O A A=0u~Fu, P=00or1 |*|*|*|-|Ciapr>cd
e | ROLAP 00(001Pl0O010O A A=0p~Fp, P=00r1 |* |*|*|-| Ciapr<cd
o
e
o
@ | ASRAP 00|00O0FP(OO 11 A A=0y~FH,P=0o0r1 |*[*|*[—-| 0~ (AP)>C
ASL AP 00|00 1TP[OO 11 A A=OH~FH,P=00r1 |[*[*[*)—| C—(AP)«0
SEZ 00|j001O0{1 010/0OO0O00O —|1|=f=] Z«1
cLz 00|000OI1T O1O0|jOO0O0CO —|0|—=|=] Z+0
< | SEC 00001O0(1T 0010000 —[=]1{—] C«1
o
2
gCLC 00|00 000O0|1T0O01(0000 —{—[0|=] C+<0O
8
E’SEG 00|00 10|17 00O00O0OCO —|=|=]1] G«1
w
CLG 0 0{0 0001 000O0{0O0OO —{—=|—=|0| G«<0O
SEA 000010101 1|0000 —[1[1]1]Z«1,C«<1,G«1
CLA 00{0000O0(1T011(0000 —-10|0({0| Z2+0,C«0,G«0
MOVACC.AP 11 11 1 0 1/0 0 0 O A A=0~FH —|={—=|—| AP« ACC
X=04~FH
MOV ACC,AX {1 1|1 1 00 X A A=OH~FH —|=|=1-| Ax«aAcc
D=0H4~FH
3 MOV #D,AP |0 1|1 1 0 P D A A=OH~F11, P=0 or 1 *|-1-| AP<D
c
g MOV AP,ACC |1 1f1 1 1 10 00O A A=OH~FnH *|*{=|—1 ACC+ (AP)
]
® X=0H~FH -
O | MOVAX,ACC |1 11 1 1 0 X A A=OH~Fiy *|*|—=|=| ACC « (AX)
CHG AP 111 00 10000 A A=0y~FH *|={—={~| (AP) + ACC
X=0H4~FH N _ -
CHG AX 11/1 000 X A A=0H~FH - - (AX) + ACC
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Instruction Code 5
Mnemonic Qe § § Description
Ola =
119 8(7 6 5 4 21 < |N|[S |6
1 1 1 1 1 1 1
RDAR 0 00|00O00O0 00 * ACC - (AR,)
RDAR +(—) 0 00|00 1DN 00 D/I=0o0r1 ACC < (AR,), AR, < AR, t1
ACC < (AR,)
RDAR +(—),Z |1 0 0O0|0 1 0D 00 D/I=0o0r1 if (AR,)=0 then PC < PC+1
else AR, < AR, 1, repeat
ACC < (AR,)
RDAR +(—), N 0 0O0(f1T 00D 00 D/t=0or1 if (AR,)=0 then PC < PC+1
else AR, < AR, 1, repeat
ACC « (AR,), L+ L—1
RDAR +(-),Z,L |1 01 0|01 0D 00 D/I=0o0r1 if (AR,)=0or L=0 then PC < PC+1
else AR, < AR, 1, repeat
ACC « (AR,), L « L—1
. | RDAR+(-),N,L 0101 00D 0o D/I=0or1 if (AR,)=0 or L=0 then PC « PC+1
e else AR, < AR, t1, repeat
c
£ | Mvar 100(0000[0O00O0 (AR;) < (AR,)
o
e
_ (AR,) < (AR,),
8 MVAR +(—) 10 0(0 0 1D/ 00 D/t=0or1 AH,<—AR,!1,‘AR,‘—AR,t1
(AR,) < (AR,)
MVAR +(-),Z |1 10 0(0 1 0D/ 00 D/I=0or1 if (AR,)=0 then PC « PC+1
else AR, <AR, t1, AR,<AR, t1, repeat
(AR,) < (AR,)
MVAR +(-), N 1001 0 0D/ 00 D/t=0o0r1 if (AR,)=0 then PC < PC+1
else AR, <AR, t1, AR,«AR, t1, repeat
(AR,) < (AR,), L « L—1
MVAR +(-), L 11 0(0 0 0D/ 00 D/I=0o0r1 if L=0 then PC « PC+1
else AR,«AR, t1, AR,<AR; 11, repeat
(AR,) < (AR,), L+ L—1
MVAR +(-),Z,L [ 1 11 0[(0 1 0D/ 00 D/I=0or1 if (AR,)=0 or L=0 then PC < PC+1
else AR, AR, t1, AR,«AR, t1, repeat
(AR,) « (AR,), L« L—1
MVAR +(-),N,L 11 0(1 0 0D/ 00 D/I=0or1 if (AR,)=0 or L=0 then PC < PC+1
else AR,«AR, 1, AR,<AR; t1, repeat
o | CALL adrs @, 89 Ag (a7 85 A5 Ay a, a, a30~a0=0004~7FFH STACK « (PC), PC < adrs
c
=
3 | RET 0001100 00 PC « (STACK) + 1
4
Q
3
9 | RTI 0101100 00 PC « (STACK) or PC « (STACK) + 1
JMP adrs 8,085 35 [a; 3 a5 A, a, a, a,0~8,=0004~7FFH |— PC «adrs
a
5 IMP @ AP 00P|1 101 A A=Op~FH, P=0 or 1 PC« (PC) + (AP) +1
JMPIO @ AP 01 P|1 101 A A=0H~FH, P=0or 1 PC«+ (PC) + [(AP) A 7] +1
BEQn nyg~n,=004~1FH if Z=1 then PC+PC~n or PC+PC+n+1
(BZE n) 0 1 PO T 0 mnyny im0y ngl pl g else PC—PC+1
BNE n Ny~ny,=00~1FH if Z=0 then PC+~PC—n or PC«PC+n+1
(BNZ n) 0 1 PI1T 1 0 nginyny gl plgorg else PC—PC+1
ng~ny,=004~1FH if C=1 then PC—PC—n or PC<PC+n+1
BCSn 0 1 PO 0 0 ngingnyny g plg g g else PCPC+1
< n,~ny,=004~1FH if C=0 then PC<PC—n or PC<PC+n+1
g | Bccn 0 1 P10 0 ngingnynyngplogy else PC—PC+1
@ n,~n,=004~1FH if G=1 then PC<PC—n or PC~PC+n+1
BGT n 0 1 P[0 O 1 nglnzn,ny P=0or 1 else PC<PC+1
ng~n,=00H4~1FH if G=0 then pC+PC—n or PC<PC+n+1
BLEn O 1 PIT 01 ngims s i of pigor g else PC-PCH
ng~ny=00H4~1FH if Z=1 or G=1 then PC<~PC—n or
BGEn 0 1 PJO 1 1 nginsna i Mol plgg g PC+n+1 else PC—PCH1
n,~n,=00H~1FH if Z=0 then PC~PC—n or PC<PC+n+1
BLTn O T PIT 1 1 nnsna mingl plogrg and G=0 else PC—PC+1
- P =0H4~FH
§ | 'PoRT. AP 10P PL A ASOH~Fy P=0 or 1 AP « (PORT)
3 PL=0H~FH,PH=0o0r1
g OUT AP, PORT 0Py P PL A AOp~Fy. P=0 or 1 PORT « (AP)
e PL=04~FH,PH=00r1
£ | OUT #D, PORT 1Py 0 PL D D=OH~FH - PORT « D
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Instruction Code &
" g g g g Description
13 12|11 10 9 5 4|3 210 <N|O O
STOP - 001 11 0 0/0 00O —|—1|—|— Stop system clock
HALT 001 11 0 1/0000 —{—=1=|=1 HaltCPU
ACT 001 11 1 00 000 —|—{=1{— Activate CPU
El o011 1 10/1 000 —|—|—|— Enable timer interrupt
o] 001 11 1 0/01 00 —|—|—=|—1 Disable timer interrupt
ET 001 11 100010 —|—|—]— Enable timer activate
DT 001 11 1 0/0 001 —|—|—|—| Disable timer activate
g EC 001 11 1 1(1 000 —[—1—|— Enable output port (C,~C,)
g DC 001 11 1101 00 —|—|=1—1 Disable output port (Cy~Cs)
Eé oM 0o0l1 11 1 11001 0 o ie;dléODOr!(lO.NIO.)toou(put
g M 001 11 1100 0 1 —|=]—=|—=1 set1/0 port (10,~10,) to input mode
s RST 00t 11 0 1/0 000 —|—=1=|—| Resetdivider
SELINT 001t 1 1 0 0/1 000 —|[—=|—={— Select interrupt mode
SELHR 001 11 0 0/0100 —|—]—|—] Select timer activation mode
EHLH 00111 ooloo1o - I-E'_:i\sastgclle“hc»okswit«:h low to high trans-
DHLH 00111 0 0/00 0 1 o0z rl?‘iis;z:-:::hookswitch low to high trans-
SELN oo0f1 11 110010 —|—=1—{—1 Select negative phase
SELP 0o0f1 11 1110 0 01 —|—| =1~ Select positive phase
EO 001 11 111000 —|—]—|—| Enable on-nook dial
[a]e] 0 0j1 11 110100 —|[=]—1~— Disable on-hook dial
NOP 0 0|0 0O 0 0j0 0 OO —|—{=1—1 No operation
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OKI semiconductor

MSM6404

HIGH-SPEED 4-BIT SINGLE CHIP MICROCONTROLLER

GENERAL DESCRIPTION

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

FEATURES
® 4000 X 8 MASK ROM

An evaluation board is available for up to 8k

X 8.
® 256 X 4 RAM (including the stack area)
® 9 X 4 Ports, 36 1/0 lines

4 lines for input ports having a latch, and the
other 32 lines for bit operation are available.

® Three built-in counters
12-bit time-base counter
12-bit programmable timer

8-bit high-speed programmable timer/event

counter

® Built-in 8-bit serial 1/0 register (with 3-bit

counter)

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

e 32 stack levels (in RAM)

® | ED direct drive available (8mA x 5 ports at the

same time)

BLOCK DIAGRAM

Power down features
Instruction execution time
952 ns 4.2 MHz clock
Instruction systems suitable for control
122 instructions
Mask option
P60-63 for input port
Full static operation
Low power consumption
TYP 0.4uW atVpp=2V
TYP 5uW at Vpp=5V OHz clock
5V single power supply, 42-pin DIP or
44-pin FLAT
Package:
42 pin plastic DIP (DIP42-P-600)
44 pin plastic QFP (QFP44-P-910-K)
44 pin plastic QFP (QFP44-P-910-VK)
44 pin plastic QFP (QFP44-P-910-VIK)

s
l F I 11 PC (]
7 g
] !
] |a?ﬂnupl PB

trot l—
(120 Timer ||Pg| v ”PAlsunva] " , 05C
T Timing | —»G8C;
Control | TEST
12 bit TBC ~—RESET

TEIETEIEE -

3210 3210 3210 3210 3210 3210 3210_3210 3no

l_l—scx CT6 ik
TCK st
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® MSM6404 ¢

PIN CONFIGURATION
(Top View) 42-pin Plastic DIP (Top View) 44-pin Plastic Flat Package
Pao[zov [42] vpp §§§E§§§§§§§
. 0 FlEER AR EEE
P43 [4] [39] P51
p30 [5] [38] Pso
= [ ol =1 =
P32 (7] 36] P62 P33 3]
P33 [8] 35] P61 311 peo
osc,[9 [34] Peo 08¢, 4] [30] No
o€, [io 3] 7 oscr (5] % P73
RESET[11 32] P72 RESET [6_] 28] P72
TesT[iZ] 31 P71 TesT [ 7] 27] P71
p20 [i3] [30] P70 P20 8] 26] Poo
p21 [14] [29] P83 P21 (9 [257] Pa3
P22 [!%‘ [28] pa2 P22 [10 74 P82
p23 [i6 [27] P81 P23 [11 23] P81
roo [17] 126] Pso
o1 [18] [25] P13
po2 [i9} [24] P12 IEI'QIEIHH:HHHHH
P03 [20] (23] P11 = -
GND [21] [22] P10 §E§§§3§a§§’§
PIN DESCRIPTION
Pin name Input/output Function When reset
gg?/S_CT( 4-bit input/output port.
P0O2/S0O Input/output P01 to PO3 are also used as serial interface “1”
PO3/SI terminals.
P10/CIN
P11/TMO 4-bit input port with latch. ) wan
P12/TCK Input/output Built-in pull up register for all bitinput. 1
P13
’P,g? /INT 4-bitinput port with a latch. P20 is shared with INT Thelatch is
P22 Input input. (Fall trigger input) P21 ~ 23 are level input. reset
p23 Built-in pull up register for all bit input. '
P30-33 Input/output 4-bit input/output port “qn
P40-43 Input/output 4-bit input/output port “0”
8-bit output port
P50-53 Input/output 4-bit input/output port “0”
P60-63 Input/output 4-bit input/output port *1 “0”
P70-73 Input/output 4-bit input/output port “0"
P80-83 Input/output 4-bitinput/output port “o"
0SCo ) . : Hlati Oscillation
osCs Input/output X'tal connection terminal for system clock oscillation wave
TEST Output (Test terminal for Maker) Pulse output
RESET Input System reset input terminal
vDD
GND Power source voltage supply

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

Mnemonic Description Code Byte Cycle
LAI n A+—n an 1 1
LLl n L—n 8n 1 1
LHLI nn HL —nn 15nn 2 2
LMI nn M(w) —nn 14nn 2 2
LAL A—L 21 1 1
LLA L—A 2D 1 1
LAH A—H 22 1 1
LHA H—A 2E 1 1
LAM A—M 38 1 1
LMA M—A 2F 1 1
LAM+ A—M,L—L+1,Skipif L=0 24 1 1
§ LAM- A—M,L —L-1,SkipifL=F 25 1 1
g LMA+ M«—A,L—L+1,SkipifL=0 26 1 1
g LMA- M —A,L —L-1,SkipifL=F 27 1 1
- LAMM nz A—MH—HVn: 39-3B 1 1
LAMD mm A—Md 10mm 2 2
LMAD mm Md —A 11mm 2 2
LMTD mm Md(w) —T (M(w), A), T=ROM table 19mm 2 3
LMCT M(w) —CT 3E59 2 2
LCTM CT —Mi(w) 3ES51 2 2
LMSR M(w) —SR 3E5A 2 2
LSRM SR —M(w) 3E52 2 2
LTMM T™ —(M(w), A) 3E50 2 2
PUSH ST —C,A,H,L, SP—SP-4 1Cc 1 3
POP C,A H L+, ST SP—SP+4 1D 1 3
X A—M 28 1 1
S | xm ne A—M,H—HVn: 29-28 1 1
{:3 X+ A+—M,L —L+1,8SkipifL=0 3C 1 1
“ X- A—M,L—L-1,SkipifL=F 2C 1 1
E b INA A —A+1,SkipifA=0 30 1 1
% % INM M —M+1, SkipifM=0 33 1 1
-g § 'NL L—L+1,SkipifL=0 31 1 1
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108

INSTRUCTION LIST (Continued)

Mnemonic Description Code Byte Cycle
INH ‘H+—H+1,8kipifM=0 32 1 1
‘q‘:_-; INMD mm Md —Md+1, SkipifMd =0 12mm 2 2
§ DCA A—A-1,8kipifA=F 34 1 1
é DCM M —M-1,8kipifM =F 37 1 1
g DCL L«—L-1,SkipifL=F 35 1 1
2 DCH H«—H-1,SkipifH=F 36 1 1
DCMD mm Md —Md-1, Skipif Md =F 13mm 2 2
ADS A —A+M, Skip if Cy =1 02 1 1
ADCS A, C —A+M+C, Skip if Cy=1 01 1 1
ADC A, C—A+M+C 03 1 1
AIS n A —A+n, Skipif Cy =1 3E4n 2 2
DAA A—A+6 06 1 1
DAS A—A+10 OA 1 1
AND A—AVM ob 1 1
é OR A—AVM 05 1 1
g EOR A—AVM 04 1 1
CMA A—A oB 1 1
CIA A—AH oc 1 1
RAL Rotate Left with C OE 1 1
RAR Rotate Right with C OF 1 1
TC Skipif C =1 09 1 1
SC C—1 07 1 1
RC Cc+~0 08 1 1
CAl n Skipif A=n 3EOn 2 2
° CLI n SkipifL =n 3E2n 2 2
é CPI p,n Skipif Pp=n 17pn 2 2
8 CMI n SkipifM =n 3E1n 2 2
CAM Skipif A =M 16 1 1
TAB n2 Skip if Abit (n2) =1 54-57 1 1
é RAB nz Abit (n2) —0 64-67 1 1
g SAB na Abit (n2) —1 74-77 1 1
% TMB n2 Skip if Mbit (n2) =1 58-5B 1 1
RMB n2 Mbit (n2) —0 68—-6B 1 1




INSTRUCTION LIST (Continued)

® MSM6404 ¢

Mnemonic Description Code Byte Cycle
SMB n Mbit (n2) —1 78-78 1 1
TFB n2 Skip if Fbit (n2) =1 5C-5F 1 1
RFB n Fbit (n2) —0 6C-6F 1 1
- SFB n2 Fbit (n2) —1 7C-7F 1 1
'.‘% TPB n2 Skip if Pbit (n2) =1 50-53 1 1
§ RPB n2 Pbit (n2) —0 60-63 1 1
@ SPB n Pbit (n2) ~—1 70-73 1 1
TPBD pn2 Skip if Ppbit (n2) =1 3D po~s 2 2
RPBD pn: Ppbit(n2 =0 3D pe~1 2 2
SPBD pn2 Ppbit (n2) =1 3Dps~B 2 2
MEI MEIF —1 3E60 2 2
MDI MEIF —0 3E61 2 2
EITB EITBF —1 3DC9 2 2
EITM EITMF —1 3DCA 2 2
EICT EICTF —1 3D0CB 2 2
EIEX EIEXF —1 3DC8 2 2
DITB EITBF —0 3DC5 2 2
DITM EITMF —0 3DC6 2 2
DICT EICTF —0 3DC7 2 2
DIEX EIEXF —0 3DC4 2 2
.g TITB Skip If EITBF =1 3DC1 2 2
g TITM Skip If EITMF =1 3DC2 2 2
TICT Skip If EICTF =1 3DC3 2 2
TIEX Skip If EIEXF =1 3DCO 2 2
TQEX Skip If IRQEX =1 3D20 2 2
TQTB Skip If IRQTB =1 3DDO 2 2
TQT™M Skip IfIRQTM =1 3D0D1 2 2
TQCT Skip If IRQCT =1 3DD2 2 2
TQSR Skip If IRQSR =1 3D0D3 2 2
RQEX IRQEX —0 3D24 2 2
RQTB IRQTB —0 3DD4 2 2
RQTM IRQTM —0 3DD5 2 2
RQCT IRQCT —0 3DD6 2 2
RQSR IRQSR—0 3DD7 2 2
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INSTRUCTION LIST (Continued)

Mnemonic Description Code Byte Cycle
ECT CTF 1 (start) 3DBB 2 2
- jg: ESR SRF 1 (start) 3DBA 2 2
28| ocr CTF —0 (stop) 3087 2 2
DSR SRF 0 (stop) 3DB6 2 2
g TCT Skip If CTF =1 3DB3 2 2
S | TSR Skip If SRF =1 3DB2 2 2
Jcp ae PC —as CO~FF 1 1
JP ar PC+—a 4a12 2 2
czp a Sp o PC—2a, Ba 1 4
CAL awe Sy —EC+a.PC—ax, Aase 2 4

s

§ | oer PR A 18 r]oe
RT PC —ST, SP —SP+4 IE 1 4
RTS Skip unconditional I® 1 4
JA PC —(PC —A)+1 1A 1 1
JM PC —(M(w), A) B 1 2
5 P A—P 20 1 1
g IPD p A —Pp 3DpD 2 2
‘\g opP P—A 23 1 1
= OPD p Pp —A 3DpC 2 2
_ NOP No Operation 00 1 1
2 % HALT Halt CPU 3DB8 2 2
e STOP Stop Clock 3DB9 2 2
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ABSOLUTE MAXIMUM RATINGS

® MSM6404 ¢

Parameter Symbol Conditions Limits Unit
Supply Voltage Vpp -0.3to7 v
Input Voltage v Ta=25°C -0.3toVpp v
Output Voltage Vo -0.3toVpp v
Ta = 25°C per package 200 max. mwW
Power Dissipation Pp
Ta = 25°C per output 50 max. mwW
Storage Temperature Tstg - —55to +150 °C
OPERATING RANGE
Parameter Symbol Conditions Limits Unit
flosc) S1 MHz 3t06 v
Supply Voltage Vbbp
flosc) S4.2MHz 451055 v
Data-Hold Voltage VDDH f(OSC) =0Hz 2to6 Y
Operating Temperature Top = —40to +85 °C
‘ MOS Load 15
Fan Out N -
TTL Load 1
DC CHARACTERISTICS
(Vpp =5V+10%, Ta =—40 to +85°C)
Parameter Symbol Conditions Min. Typ. Max. Unit
“H” Input Voltage™1,"2 VIH - 2.4 - Vpp v
“H” Input Voltage™3,"4 ViH - 36 - Vpp v
“L” Input Voltage ViL - -0.3 - 0.8 "
“H” Output Voltage*1,"5 Vou I0=—15uA 4.2 - - v
“L” Output Voltage™ 1 VoL lo=1.6mA - - 0.4 v
“L” Output Voltage*S VoL lo=15uA - - 0.4 v
“L” Qutput Voltage*6 VoL lo =8mA - 1 2 v
Input Current™3 H/IL V| =Vpp/oV - - [15/-15] uA
Input Current*2,"4 /L V| =Vpp/OV - - [ 1/-30 | A
“H” Output Current" ! 10H Vo =24V 0.1 - - mA
“H” Output Current”1 10H Vo= 0.4V - - -1.2 | mA
Input Capacity C f=1MHz - -
- o pF
Output Capacity Co Ta=25°C - 7 -
Vpp=2V,noload |
Current Dissipation Ta=25°C 0.2 5 KA
(when stop condition) Ipps
No load - 1 100 nA
Current Dissipation IbD ?::&SH??ST::; - 6 12 mA

*1 AppliedtoPO, P1, P3, P4, PS5, P6, P7 and P8

*2 AppliedtoP2

Rating.”

*3 Applied to OSCo
*6 Inusing LED, total output current should be within the limit of Power dissipitation in “Absolute Maximum

*4 Applied toRESET

*5 Applied to OSC:
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® MSM6404 ¢

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

Parameter Symbol Conditions | Min. Typ. Max. Unit
Clock Pulse Width _
Clock (OSC) tow 119 - - ns
Cycle Time tcy - 952 - - nS
Input Data Setup Time tps - 120 - - nS
Input Data Hold Time tpH - 120 - - nS
Input Data, Input _
Clock Pulse Width fow - 120 | - nS
SR Data Setup Time tss - 120 - - nS
SR Data Hold Time tsH - 120 - - nS
Data Delay Time toR CL=15pF - - tcy +300 nS
Data Delay Time at _ _
Mode Switching tpcr CL=15pF - 7/8tcy +300 nS
Data Delay Time at _
OPT Instruction ton CL=15pF - - 6/8tcy +300 nS
Data Delay Time at _
OPT Instruction tpi2 CL=15pF - - 7/8tcy +300 nS
CT/TM Data Delay _
Time using TBC Clock teT/tTT CL=15pF - - 2/8tcy +360 nS
SR/TM Data Delay _
TimeusingPRClock | 'SR/TTR | CL=15pF | — - tcy +480 nS
CT Data Delay Time _
using PR Clock tcr CL=15pF - - 10/8 tcy +480 nS
CT Data Delay Time _
using External Clock tcp CL=15pF |~ - 2/81cY +360 n$
SR/TM Data Delay
Time using External tgp/ttp | CL=50pF - - 360 nS
Clock
SR Clock Invalid Time tSINH - 2/8tcy | - - " ns

INT Invalid Time YINH - |istey| - - ns
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® MSM6404 o

CcT
Py TBC clock ™

Pos Py, clock* SR
Py P,, clock* TM
Poy P,, clock* CT

Po,Por, Pr, EXT clock

Pos CT
Po2 SR
Py ™

TIMING CHARTS
Output Condition
1MC
0sc, \__/—\ ’ \ ’ \ , \ / \
tcy
Po.P1. Py 0,1,3
Ps.Ps.Pe pa=4,56
Py Py 70r8
— tDR |
P0|
P2 PA=9o0r A
Pi l‘————— tDCR
P OPT INST.
|-—————-— tDi
Py OPT INST.
f———— twn |
[

tcT
tTT

tSR

TR

tCR

N

tcp

tsp

L

* QOutput Data to port will be clock for SR, TMor CT.
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Input Condition

1MC
osc, N__}/ \ / / \ / \ / \
t(j)W td)w

Po: Py Ps I INPUT

P,,P‘,Ps

S DATA
tDS |tDH

Poy SR clock

P, TM clock

PZ

Poy SR clock
INPUT

Pos sl DATA
tss | tsH

' 1™mC

osc, / \

[\

WA

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

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

(lon) (VoRn) (loL) (Vor)
(Ta=25°C) (Ta=25°C)
-1.0 20 - Vi —
DD =5V
-0.9 18 SV/ yd —
-0.8 16 /
-07 \ 14 j
=6V
_ 06 Voo =6 _ | / P
< — I~ \ L~ ¢ 12
~.E— -0.5 N 5V \ ~.E. )
1
_g -0.4 \ \ § // [
-03 '\4V 8 1 ay
\ \ \ 6 1
-0.2 3V N
-0.1 N \ \ \ 4
0 2
1 2 3 4 5 6 7
o]
VoH (V) 1 2 3 4 5 6 7 8 9 10
VoL V)
TYP. Maximum Oscillator Frequency vs TYP. Maximum Oscillator Frequency vs.
f(0sC) Temperature f(0SC) Supply Voltage
(Ta) (Vpp)
(CL =15 pF) (Ta=25°C, CL = 15 pF)
1 1
10 10
9 9
8 8 V.
\N/DD =5V
—_ 7 IS ~N 7
N ~ N
p
s ™~ s /
= 6 — 6 y
2 2 /|
S 5 (€] 5 /
4 4
3 3
2 2
1 1
0
40 -20 0 20 40 60 80 100 1 2 3 4 5 6 7 8
Ta (°C) Vpp (V)
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TYP. Supply Current vs. Supply Voltage

(ipp) (Vpp)
(Ta=25°C) No Load
10m ¥ ¥ +
1 LS 1 b g
== 1 (0SC)=4MHz =
)
> 1
a 2MHz
|
L L 1MHz
im +
500kHz
100kHz
100u
=<
o
o
10u
” OHz
Tu /
v
V.4
Z
7
100n
0 1 2 3

4 5 6 7 8
Vpp V)

116



OKI semiconductor
MSM6404VS

MSM6404 PIGGY BACK

GENERAL DESCRIPTION

The MSM6404VS is a device whose built-in ROM is replaced by external EPROM using the piggy-
back method. This device can be used for the evaluation of program.

FEATURES

e Supply Voltage: 5V +=5% @ Frequency: DC ~4.2MHz e Operating Temperature: 0 ~ 70°C
® 42 pin ceramic piggy back (ADIP42-C-600)

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

PUTTING METHOD OF ROM

Please refer to drawing below.

M6404VS M6404VS
OKI OKI
JAPAN 4X30 JAPAN 4X30

PIN CONFIGURATION

Pin Connection between MSM6404VS and EPROM

Vce

A12

A1l

10

9

8

7

- 6

ToAO ~A12 <] ADDRESS 6

of MSM6404VS| 4

3

2

1

AO

DO

1

2

ToD10 ~D7 DATA 3

of MSM6404VS 4

5

6

} , o7
Note: When putting 2732A,

pin 1,2, 27, 28 are not used. GND
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DIFFERENCES BETWEEN MSM6404 AND MSM6404VS (PIGGY-BACK)

Item

6404

6404VS (Piggy-Back)

. Port
initialization
during reset

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

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

. Timer After being reset, timer stops It is undecidable whether the timer
Operation counting until data are set in it. starts counting or not after being reset.
Therefore, the timer should be
initialized by software.
3. Shiftregistor | Serial Out F/F (SOF/F) is setto “0” It is undecidable whether Serial Out
after being reset. F/F (SOF/F) is setto “0” or “1” after
being reset. Therefore Serial Out F/F
should be initialized by software.
- Port Internal clock Internal clock
input/output __J'—L_I"l_ I | I |
timing
Data are input Data are input
at this moment at this moment
Synchronized
Internal clock with falling edge | Internal CIOCK__[_L_‘—l_
Data are output Data are output
at this moment atthis moment
TTL FO=1 LSTTL FO=1
5. Port (loL=1.6 MA0.4V) (loL =0.4 mA 0.4V)
input/output
(maracteris- )
tics) VbD Vpp VDD
P20~3 P20~3 % ::” l
o >
TTL compatible input CMOS input
POO~P83 n_-—-[bo— POO~P83 o [So
(Except P20~3) (Except P20~3)
Available 4K byte Accessible up to 8K byte
ROM capacity
LJP, LCAL Not available Available
instruction
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OKI semiconductor

MSM6408

HIGH-SPEED 4-BIT SINGLE CHIP MICROCONTROLLER

GENERAL DESCRIPTION

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

FEATURES

8096 X 8 MASK ROM

An evaluation board is available for up to 8K
X 8.

256 X 4 RAM (including the stack area)

9 X 4 Ports, 36 1/0 lines

4 lines for input ports having a latch, and the
other 32 lines for bit operation are available.
Three built-in counters

12-bit time-base counter

12-bit programmable timer

8-bit high-speed programmable timer/event
counter

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

Five interrupts with five priority levels

(4 internal, 1 external)

BLOCK DIAGRAM

[ N J

32 stack levels (in RAM)
LED direct drive available (8mA x 5 ports at the
same time)
Power down features
Instruction execution time
1.0 us 4.0 MHz clock
Instruction systems suitable for control
122 instructions
Full static operation
Low power consumption
TYP 0.4uW at Vpp=2V
TYP 5uW at Vpp=5V OHzclock
5V single power supply, 42-pin DIP or
44-pin FLAT
Package:
42 pin plastic DIP (DIP42-P-600)
44 pin plastic QFP (QFP44-P-910-K)
44 pin plastic QFP (QFP44-P-910-VIK)

RAM
16 %16 x 4

SP

—o@,_

e

i
7

t
Interrupt

mmmm

3210 3210 3210 3210 3210 3210 3210_3210 3210

LC"‘ LLscx CTO CLK
mo

T T ¥
[1200 Tvmef—llPSl 8bit TIC J [ Pa] oo sn] Conwel [+— 0sC,
T Timing | —G8C,
Control | —=TEST
12 bit TBC ——— RESET
+—Vop
~—GND

TeK

st
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PIN CONFIGURATION

(Top View) 42-pin Plastic DIP

44 Pin Plastic Flat Package

P401OV [42) vpp §gg£§>‘%§§§§§
P41 41
e 3 Eofé 3|l [ B E
a3 [4] (39] P51
p30 [5] [38] Pso
P31 [6] [37] P63 ,— O 83 Pez
P32 [2 [32] Pe1
P32 [7] [36] P62
P33 [8 [35] P61 Pas L3 | 5T Peo
osc, [ [34] P60 osco [ [30] N
55¢. [10 E 073 0sC: (5] P73
RESET [11] [37] P72 RESET [ 6| 28] P72
TesT[i2] [31] P71 Test [7] 77] P11
p20 [13] [30] P70 P20 (5] 26 ] P90
P21 [1a [29] ps3 P21 8] P83
22 [15 [28] pa2 P22 [10 24 P82
p23 [16] [27] pe1 P23 (11 [ 23] P81
poo [17] [26] pso
po1 [18] [25] P13
P03 [20] 23] P11
GND [27] 22] P10 §§§§%%§EEE§
PIN DESCRIPTION
Pin name Input/output Function When reset
gg?/ga( 4-bit input/output port.
P02/S0O Input/output PO1 to PO3 are also used as serial interface “q”
PO3/SI terminals.
P10/CIN
P11/TMO 4-bit input port with latch. wan
P12/TCK Input/output Built-in pull up register for all bit input. 1
P13
P20/INT 4-bit input port with a latch. P20 is shared with INT .
P21 R . ) ) The latchis
P22 Input input. (Fall trigger input) P21 ~ 23 are level input. reset.
P23 Built-in pull up register for all bit input.
P30—-33 Input/output 4-bit input/output port “qn
P40-43 Input/output 4-bit input/output port “0"
8-bit output port
P50-53 Input/output 4-bit input/output port “0”
P60—-63 Input/output 4-bit input/output port *1 “0”
P70-73 Input/output 4-bit input/output port “o"
P80—-83 Input/output 4-bit input/output port “0”
gg—g: Input/output X'tal connection terminal for system clock oscillation 8:3:'8"0'1
TEST Output (Test terminal for Maker) Pulse output
RESET Input System reset input terminal
vDD
GND Power source voltage supply

Note: When each port is used for output, it is possible todrive one TTL (one input).
*1 Canbe made as a port dedicated to input (mask option).
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® MSM6408 o

INSTRUCTION LIST

Mnemonic Description Code Byte Cycle
LAI n A+~—n 9n 1 1
LLl n L—n 8n 1 1
LHLI nn HL —nn 15nn 2 2
LMI nn M(w) —nn 14nn 2 2
LAL A—L 21 1 1
LLA L—A 2D 1 1
LAH A+—H 22 1 1
LHA H—A 2E 1 1
LAM A—M 38 1 1
LMA M—A 2F 1 1
a LAM+ A«—M,L—L+1,SkipifL=0 24 1 1
0_:0-_ LAM— A+—M,L —L-1,SkipifL=F 25 1 1
2 | ma+ M —A,L —L+1,SkipifL=0 26 1 1
g LMA— M«—A,L—L—-1,SkipifL=F 27 1 1
- LAMM n2 A—M,H—HVn: 39-3B 1 1
LAMD mm A—Md 10mm 2
LMAD mm Md —A 11mm 2
LMTD mm Md(w) —T (M(w), A), T=ROM table 19mm 2 3
LMCT Mw) —CT 3E59 2 2
LCTM CT —M(w) 3E51 2 2
LMSR M(w) —SR 3E5A 2 2
LSRM SR —M(w) 3E52 2 2
LTMM T™M —(M(w), A) 3E50 2 2
PUSH ST—C,AH,L, SP—SP-4 1C 1 3
POP C,A/HL,—ST SP—SP+4 1D 1 3
X A—M 28 1 1
% XM n2 A—MH—HVn: 29-2B 1 1
g X+ A+—M,L —L+1,SkipifL=0 3C 1 1
X— A+~—M,L —L-1,SkipifL=F 2C 1 1
.\E ‘q&; INA A—A+1,SkipifA=0 30 1 1
§ §1 mwm A—M-+1, SkipifM=0 33 1 1
g § INL L —L+1,SkipifL =0 31 1 1
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® MSM6408 ¢

INSTRUCTION LIST (Continued)

Mnemonic Description Code Byte Cycle

INH H —H+1, SkipifM =0 32 1 1

H INMD mm Md —Md-+1, Skip if Md =0 12mm 2 2

§ DCA A —A-1,SkipifA=F 34 1 1

é DCM M —M-1,SkipifM =F 37 1 1
g DCL L—L-1,SkipifL=F 35 1 1

g | ocH H—H-1,SkipifH =F 36 1 1

DCMD  mm Md —Md—1, Skip ifMd =F 13mm 2 2

ADS A —A+M, Skip if Cy =1 02 1 1

ADCS A, C —A+M-+C, Skip if Cy=1 o1 1 1

ADC A, C —A+M+C 03 1 1

AIS n A —A+n, SkipifCy =1 3E4n 2 2

DAA A—A+6 06 1 1

DAS A—A+10 0A 1 1

o AND A—AVM oD 1 1
g OR A—AVM 05 1 1
£ EOR A—AVM 04 1 1
CMA A—A 0B 1 1

CIA A—A+ oc 1 1

RAL Rotate Left with C OE 1 1

RAR Rotate Right with C OF 1 1

TC Skip if C =1 09 1 1

sc C—1 07 1 1

RC c—o0 08 1 1

CAl n Skipif A =n 3EONn 2 2

® cLl n SkipifL =n 3E2n 2 2
§ CPI p.n Skip if Pp=n 17pn 2 2
8 CMI n Skipif M =n 3E1n 2 2
CAM Skipif A =M 16 1 1

TAB n: Skip if Abit (n2) =1 54-57 1 1

S RAB n2 Abit (n2) —0 64-67 1 1
g SAB ne Abit (n2) —1 74-77 1 1
% T™B n: Skip if Mbit (n2) =1 58-5B 1 1
RMB ne Mbit (n2) —O0 68-68B 1 1
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INSTRUCTION LIST (Continued)

® MSM6408

Mnemonic Description Code Byte Cycle

SMB n Mbit (n2) —1 78-7B 1 1

TFB n2 Skip if Fbit (n2) =1 5C—5F 1 1

RFB nz Fbit(n2) —0 6C-6F 1 1

c SFB n2 Fbit (n2) —1 7C-7F 1 1
.‘E TPB n2 Skip if Pbit (n2) =1 50-53 1 1
§ RPB n2 Pbit (n2) —0 60-63 1 1
@ SPB n Pbit (n2) —1 70-73 1 1
TPBD pn2 Skip if Ppbit (n2) =1 3D po~s 2 2

RPBD pn: Ppbit (n2) =0 3D pa~7 2 2

SPBD  pn: Ppbit (n2) =1 3Dps~B 2 2

MEI MEIF —1 3E60 2 2

MDI MEIF —0 3E61 2 2

EITB EITBF —1 3DC9 2 2

EITM EITMF —1 3DCA 2 2

EICT EICTF —1 3DCB 2 2

EIEX EIEXF —1 3DC8 2 2

DITB EITBF —0 3DC5 2 2

DITM EITMF —0 3DC6 2 2

DICT EICTF —0 3DC7 2 2

DIEX EIEXF —0 3DC4 2 2

TITB Skip If EITBF =1 3DC1 2 2

g TITM Skip If EITMF =1 3DC2 2 2
E TICT Skip IfEICTF =1 3DC3 2 2
TIEX Skip If EIEXF =1 3DCO 2 2

TQEX Skip IfIRQEX =1 3D20 2 2

TQTB Skip If IRQTB =1 3DDO 2 2

TQT™ Skip If IRQTM =1 3DD1 2 2

TQCT Skip If IRQCT =1 3DD2 2 2

TQSR Skip If IRQSR =1 3DD3 2 2

RQEX IRQEX—0 3D24 2 2

RQTB IRQTB—0 3DD4 2 2

RQTM IRQTM —0 3DDS 2 2

RQCT IRQCT —0 3DD6 2 2

RQSR IRQSR—0 3DD7 2 2
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INSTRUCTION LIST (Continued)

Mnemonic Description Code Byte Cycle
ECT CTF —1 (start) 3DBB 2 2
=% | ESR SRF —1 (start) 3DBA 2 2
£%9
@ = | per CTF —O0 (stop) 3DB7 2 2
_ DSR SRF —0 (stop) 3DB6 2 2
3
§ TCT Skip If CTF =1 3DB3 2 2
[&]
TSR Skip If SRF =1 3DB2 2 2
Jcp as PC —as CO~FF 1 1
JP a2 PC —a12 4a12 2 2
LJP ans PC —ais3 3F 3 4
ST —PC+1,PC —2a,
czp a SP —SP—4 Ba 1 4
S
= ST —PC+2,PC —ar,
g CAL an SP —SP—4 Aa 2 2 4
RT PC —ST,SP —SP+4 IE 1 4
PC —ST, SP —SP+4,
RTS Skip unconditional IF 1 4
JA PC — (PC —A)+1 1A 1 1
JM PC — (M(w), A) 1B 1 2
1P A—P 20 1 1
3
‘05 IPD p A —Pp 3DpD 2 2
3 opP P—A 23 1 1
g
- OPD p Pp—A 3DpC 2 2
NOP No Operation 00 1 1
S
2E | HALT Halt CPU 3DB8 2 2
S8
sTOP Stop Clock 3DB9 2 2
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ABSOLUTE MAXIMUM RATINGS

® MSM6408 ¢

Parameter Symbol Conditions Limits Unit
Supply Voltage Vpbp -0.3to7 \"
Input Voltage \ Ta=25°C —-0.3toVpp \
Output Voltage Vo -0.3toVpp \
Ta =25°C per package 200 max. mwW
Power Dissipation Pp
Ta =25°C per output 50 max. mW
Storage Temperature Tstg - —55t0 +150 °C
OPERATING RANGE
Parameter Symbol Conditions Limits Unit
Supply Voliage Vop f(osc) =1 MHz 3to6 v
flosc) = 4.0 MHz 45t05.5 v
Data-Hold Voltage VDDH f(OSC) =0Hz 2to6 v
Operating Temperature Top - —40to +85 °C
Fan Out N MOS Load 15 _
TTL Load 1
DC CHARACTERISTICS
(Vpp =5V£10%, Ta = —40 to +85°C)
Parameter Symbol Conditions Min. Typ. Max. Unit
“H” Input Voltage™1,"2 ViH - 2.4 - VpD
“H” Input Voltage™3."4 ViH - 36 - Vbp v
“L” Input Voltage ViL - -0.3 - 0.8 \
“H” Output Voltage™1,"5 VOH lo=—15pA 4.2 - - v
“L” Output Voltage™ 1 VoL lo=1.6mA - - 0.4 \'
“L” Output Voltage"S VoL lo=15uA - - 0.4 v
“L” Output Voltage*6 VoL I =8mA -~ 1 2 v
Input Current”3 hH/iL V| =Vpp/oV - - | 15/-15 | uA
Input Current"2,"4 hH/iL V| =Vpp/OV - - 1/-30 | uA
“H” Output Current"? I0H Vo =2.4V -0.1 - - mA
“H” Output Current™1 I0H Vo =0.4V - - -1.2 mA
Input Capacity C f=1MHz - 5 -
Output Capacity Co Ta=25°C - 7 - Pk
Current Dissipation VDDT22=\/2,5r1°<'goad - 0.2 5 HA
(when stop condition) IbDs
No load — 1 100 uA
Current Dissipation IpD ?:‘?:ASHOZS"‘::CI:T;ES - 6 12 mA

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

*2 AppliedtoP2

Rating.”

*3 AppliedtoOSCo

*4 AppliedtoRESET
*6 Inusing LED, total output current should be within the limit of Power dissipitation in “Absolute Maximum

*5 Appliedto OSC:
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AC CHARACTERISTICS
(Vpp =5V=+=10%, Ta = —40 to +85°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
Clock Pulse Width
Clock (OSC) tow - 125 | - - nS
Cycle Time toy - 1 - - uS
Input Data Setup Time tps - 120 - - nS
Input Data Hold Time tpH - 120 - - nS
Input Data, Input
Clock Pulse Width tow - 120 | - - n$
SR Data Setup Time tss - 120 - - nS
SR Data Hold Time tsH - 120 - - nS
Data Delay Time tor CL=15pF - - tcy +300 nS
Data Delay Time at _
Mode Switching tDCR CL=15pF - - 7/8tcy +300 nS
CT/TMData Delay _
Time using TBC Clock tcT/trT CL=15pF - - 2/8tcy +360 nS
SR/TM Data Delay _
Time using PR Clock SR/tTR CL=15pF - - toy +480 nS
CT Data Delay Time _
using PR Clock tcR CL=15pF - - 10/8tcy +480 nS
CT Data Delay Time _
using External Clock tcp CL="15pF - - 2/8tcY +360 n$
SR/TM Data Delay
Time using External tsp/tTp C=50pF - - 360 nS
Clock
SR Clock Invalid Time tSINH - 2/8tcy| - - nS
INT Invalid Time tINH - 1/8tcy| - - nS
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TIMING CHARTS
Output Condition
1MC *
°S°»\_/\/\/\/\FL
tcy
Py.P,. P, 0.1,3
PoPs.Pe pA=4,56
Py, Py 70r8
|
5 DR |
PD!
Py, PA=9o0r A
P ,-———— tDCR
Po cT
P, TBC clock ™ ‘
fe—— tCT —f
tTT
Pos Py, clock* SR
Pys P,, clock* TM
f———— tSR
————— tTR
Poy P,, clock* CT
| t
r CR

Pio.Po1. Py EXT clock

Psy CT
Poa SR
P ™

~——tcP

[

tsp f—

tTP fo—

* Output Data to port will be clock for SR, TM or CT.
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Input Condition
1MC
0sc, / / \ l \ / \ / \
oW t¢w
1
Py, Py, P '
PP P INPUT
3r 4 ’s DATA
Pe.P,, Py
DS |tDH
Poy SR clock
P, TM clock
P2
Poy SR clock
|
INPUT
Pos Sl DATA
tSs | tSH
,Q-——-b-
1MC R
Tl INH;
1S INH
tS INH: Py, (SR clock) INH period during LMSR INST.
(Note: P, is used for clock of SR)
t] INH: P,, (interrupt) INH period during RPB and RPBD INST.
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TYP. Current vs Voltage for High State Output
(loH)

loH (mA)

-1.0
-0.9
-0.8

-0.7
-0.6
-0.5
-04
-0.3
-0.2
-0.1

0

(Ta = 25°

(VoRH)
c)

\Q/DD =6V

TYP. Maximum Oscillator Frequency vs
Temperature

f (OSC) (MHz)

11

f(0SC)

(CL =15 pF)

(Ta)

10

9

-40

-20 O

20 40 60 80
Ta (°C)
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TYP. Current vs. Voltage for Low State Output
(lov) (Vou)

loL (mA)

f (OSC) (MHz)

(Ta=25°C)
20 T ~
6V l—VbD =5V
16 /I
14
‘/ L—14V
12
/ f
10 I / /
8
6 A 3v
4
2
0
1 2 3 4 5 6 8 9 10
VoL V)
TYP. Maximum Oscillator Frequency vs.
f(0sc) Supply Voltage
(Vpp)
(Ta=25°C, CL = 15 pF)
1
10
9 /
8 Vi
7
6
. /
4 /'/
3
2
1
0
1 2 3 4 6 7 8
Vpp (V)
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OXKI semiconductor
MSM6411

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER

GENERAL DESCRIPTION

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

FEATURES
® 1024 X 8Internal ROM ® Self-Contained Oscillator
® 32 X 4Internal RAM ® —40 to +85°C Operating Temperature
® 111/0 Lines (8 1/0 Lines, 3 Input Lines) ® 3to 6V Operating Vpp
® 8-bit serial I/0 Register ® |ow Power Consumption 5 uW Typical
® 2 Interrupt Levels (STOP, Vpp =5V, no load)
® 8 Stack Levels ® Mask Option Crystal (Ceramic)/CR
® LED direct drive available (8mA x5 ports at the Oscillator
same time) ® Package:

952 ns 4.2MHz (Vpp 5V+=10%)

16 pin plastic DIP (DIP16-P-300)
® 63 Instructions

24 pin plastic SOP (SOP24-P-430-K)

FUNCTIONAL BLOCK DIAGRAM

RAM |
32x4 |7 v

INST. -
DEC.

ROM
1024 x 8

DEC 4

INT

INT

T.G.

|

RESET OSCo OSC:

i

VDD GND
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LOGIC SYMBOL

PIN CONFIGURATION

® MSM6411 ¢

(Top View)

16 PIN PLASTIC DIP (RS)

\J
5V —"1 VoD (3 sip—s P12[7] 6] VoD
0V——=1GND 2 S0[—= 2 |0 P13[2 5|P11
POy T E 3
RESET —»q{ RESET 1 SCKfe— 1 |® P20/iNT[3] i4r10
—+{0SCo b —o ) p21[2] 13)Poarsi
CLOCK B
._—J 0sCs 3 f—3 p22[5] 12 Po2/s0
o 2 —9 2 S é osc. 6] [11 Po1/5CK
o P2 o
8 1 —(d 1 J 1 — OSCOE EPOO
0 PIINT O N0 J anp ] o] RESET
PIN DESCRIPTION
Designation Input/Output Pin No. Function Reset
POO 10 4 Bits 1/0 port.
P01/SCK 11 PO1 to PO3 are used both I/0 wqn
P02/SO Input/Output 12 port and terminal of shift resister 1
PO3/8SI 13
P10 14
2112 Input/Output ! ? 4 Bits 1/0 port “n
P13 2
P20/INT 3 3 Bits input port with latch. Latch is reset.
P21 Input 4 P20 is used as both input port and (0"
P22 5 input terminal of INT (input of
falling edge trigger).
0OSCo Input 7 Input terminal of system clock. Clock pulse In
Oscillation circuit consists of
0OSCoand OSC..
OSC+ Output 6 Oscillation_circuit consists of
OSCo and OSCa.
RESET Input 9 Input terminal of system reset
Vbp 16 Main power source and circuit
GND Input 8 GND potential.
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FUNCTIONAL DESCRIPTION

ROM

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

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

Stack and Stack Pointer

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

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

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

RAM

RAM consists of up to 32 words 4 bits wide. It
is addressed by the H- and L-registers or by the
contents of the second byte of an instruction.
L-REGISTER .

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

A 1-bit register which specifies RAM location
A4.

132

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

ACC

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

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

INPUT/OUTPUT Ports (2 X 4 bit)

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

Input Ports (1 X 4 bit)

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

TIMING CONTROL (TC)

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



® MSM6411 ¢
INSTRUCTION LIST

Mnemonic Description Code Byte Cycle
LAl n A—n 90— 9F 1 1
LLI n L—n 80 - 8F 1 1
LHLI nn HL < nn 15nn 2 2
LAL A—L 21 1 1
a LLA L—A 2D 1 1
";, LAM A—M 38 1 1
ﬁ LMA M—A 2F 1 1
g LAMD mm A—Md 10mm 2 2
= [ imMAD  mm Md —A 11mm 2 2
LMSR M(w) — SR 3E5A 2 2
LSRM SR —M(w) 3E52 2 2
PUSH ST—C,A,H,L, SP—SP-1 1C 1 3
POP C,A H,L—ST, SP—SP+1 1D 1 3
= :Cs} IPD p A—Pp 3DpD 2 2
23l orp Pp—A 3DpC 2 2
ADS A—A+M, SKIPIFCy ="1" 02 1 1
ADC C,A+—C+A+M 03 1 1
AlS n A —A+n, SKIPIF Cy="1" 3E4n 2 2
DAS A—A+10 0A 1 1
AND A—AAM oD 1 1
2 | Eor A—A¥M 04 1 1
g CMA A—A 0B 1 1
<1 cam SKIPIFA=M 16 1 1
sc C—"1" 07 1 1
RC C—"0" 08 1 1
TC SKIPIFC="1" 09 1 1

A/

., RAL FC—321 0 OE 1 1
2] x A—M 28 1 1
2E| N L—L+1,SKIPIFL="0" 31 1 1
%5 INH He—H+1,SKIPIFH ="0" 32 1 1
Eg INM M —M+1, SKIP IFM = 0" 33 1 1
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INSTRUCTION LIST (CONT.)

Mnemonic Description Code Byte Cycle
—.| INMD  mm Md — Md+1, SKIP IF Md = “0" 12mm 2 2
gg DCL L—L-1,SKIPIFL="F" 35 1 1
2 § DCH H—H—1 36 1 1
DCM M —M-1,SKIPIFM = “F" 37 1 1
TAB n2 SKIP IF [A bitn2] = “1” 54-57 1 1
T™MB  n2 SKIP IF [M bit n2] = “1” 58-5B 1 1
S| RMB  n2 [M bit n2] — “0” 68-6B 1 1
g SMB  n2 [M bit n2] —*1" 78-78B 1 1
E% TPBD p,n2 | SKIPIF[Ppbitn2] =“1" 3D p0~3 2 2
RPBD p,n2 | [Ppbitn2] —“0” 3D p4~7 2 2
SPBD p,n2 [Pp bit n2] «—*“1" 3D p8—~B 2 2
JCP a6 PC — a6 CO~FF 1 1
g| P a0 | Po-aio 003 2 2
S| ow wo | grigpromeo o | e | o
RT PC — ST, SP — SP+1 1E 1 4
MEI MEIF —*“1” 3E60 2 2
MDI MEIF —“0" 3E61 2 2
EICT EICTF —*1" 3DCB 2 2
EIEX EIEXF —“1"” 3DC8 2 2
DICT EICTF —“0” aDc7 2 2
‘g DIEX EIEXF — “0” 3DC4 2 2
.g. TICT SKIP IFEICTF =“1" 3DC3 2 2
" | Tex SKIP IF EIEXF = 1" 3DCO 2 2
TQEX SKIP IF IRQEX = 1" 3D20 2 2
TQSR SKIP IF IRQSR = “1" 3DD3 2 2
RQEX IRQEX — “0” 3D24 2 2
RQSR IRQSR — “0” 3DD7 2 2
5| ESR SRF —*1" 3DBA 2 2
g% DSR SRF —*“0" 3DB6 2 2
TSR SKIP IF SRF = 1" 3DB2 2 2
B| stop STOP CLOCK 3DB9 2 2
&5 Nop NO OPERATION 00 1 1
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ABSOLUTE MAXIMUM RATING

Parameter Symbol Conditions Limits Unit
Supply Voltage VbD -03~7 \
Input Voltage \ Ta=25°C -0.3 ~Vpp \
Output Voltage Vo -0.3 ~VpD \'
Power Dissipation Pp per.lgln—e: gascl((:age 200 max m

peﬁ%:ezc?:gut 50 max. mw
Storage Temperature Tstg -55 ~ +150 °C

OPERATING CONDITIONS

Parameter Symbol Condition Limits Unit
Sunol Vot v f(0SC) S 1MHz 3~6 v
upply Voltage
bD f(0SC) = 4.2MHz 45~55 v
Data-Hold Voltage VDDH f(OSC) = OHz 2~6 \Y
‘Operating Temperature Top - —40 ~ 485 °C
MOS Load 15
Fan Out N -
TTL Load 1
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DC CHARACTERISTICS
(VDp =5V+10%, Ta = —40 ~ +85°C)

Parameter Symbol Condition Min. | Typ | Max. [Unit

“H” Input Voltage *1,*2 ViH _— 24 - | Vpbp | V
“H” Input Voltage *3, *4 VIH —_— 36 | - | VpDp | V
“L” Input Voltage ViL _ -03| — | 08 v
“H” Output Voltage *1,*5 VOH lo=-15uA 42 | - - v
“L” Output Voltage *1 VoL lop=1.6mA - - | 04 \'
“L” Output Voltage *5 VoL lo=15uA - - | 04 \
“L” Output Voltage*6 VoL Io - 8mA - 1 2 v
Input Current *3 H y | Vi=Vop/ov i %5 pA
Input Current *2, *4 IiH WL | V1=Vop/ov - | - %0 uA
“H” Output Current *1 IoH VO =24V -0.1 | — - mA
“H” Output Current *1 IoH Vo=0.4v - - | =12 |mA
Input Capacitance Ci - 5 -

f=1MHz, Ta = 25°C pF
Output Capacitance Co - 7 -

Vpp = 2V, no load _
Fower)Consumption Ta = 25°C 021 5 |pA
STOP IbDS

No load - 1 100 | A
Power Consumption IDD ﬁgylit:é 0222732 n, - 6 12 | mA

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

*3 Applied to OSCo

*4 Applied to RESET

*5 Applied to OSC

*6 In using LED, total output current should be within the limit of Power dissipitation in “Absolute Maximum
Rating.”
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AC CHARACTERISTICS
(VDD = 5V=£10%, Ta = —40 ~ +85°C)

Parameter Symbol Condition Min. [ Typ [Max. | Unit
Clock (OSCo) Pulse Width topw - 119 | — - | ns
Cycle Time tcy - 952 | — - ns
Input Data Setup Time tps - 120 | - - ns
Input Data Hold Time tDH - 120 | — - ns
Input Data/Input Clock
Pulse Width tbw - 120 = | = | ns
SR Clock Pulse Width tsw - tow | — - ns
SR Data Setup Time tss - 120 | - - ns
SR Data Hold Time tsH - 120 | — - ns
. _ tcy
Data Delay Time DR CL=15pF - =~ 14300 NS
ek _ tcy
SR Data Delay Time tsr CL=15pF - = |+a80| NS
SR Data Delay Time _
Using External Clock tsp CL=15pF - | = |%60]| ns
- 2/8
SR Clock Invalid Time tSINH - oy | ~ - ns

* When SR clock is oscillated by alternate output of “1” or “0” to PO1.
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TIMING CHART

0Osco

PO, P1,P2

PO, P1

P02/S0

PO1/SCK

P0O3/sI

P02/S0

P2

0SsCo

PO1 SCK inhibit period
during LMSR INST.

tow

toW

tow

1MC

WAWAW.

tSINH—
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TYP. Maximum Oscillator Frequency TYP. Current vs Voltage for High State Output
f(0SC) (loH  (Vow
vs Supply Voltage Ta= 25°C o
(voD) CL= 15pF Ta=25°C
10 -1.0
9 -0.9
//
7 -0.7
— / 2 N VoD =6V
2 5 I —05 N
5 o Ny \
g os vl N\
= 3 . C \
_ \
2 02 Ty \\
1 -0.1
° 1 2 3 45 6 7 8 910 0 1 2 3 4 5 6 7 8 9 10
VDD(V) VoH (V)
TYP. Maximum Oscillator Frequency TYP. Current vs Voltage for Low State Output
£(0SC) (lov) (Voo)
vs Temperature
(Ta) CL= 15pF Ta=25°C
10 20 6V, ot ‘A =
T
a /
8 ™~ 16 [ /
7 VDD= 5V 14 7
— L—t 4V
P 6 = 12 y f‘
2 s E 10
3 4 3 s
Q = _L—3v
= 3 6 7
2 2 A
1 2
0——40 (o] 40 80 120 0 1 2 3 4 5 6 7 8 9 10

-20 20 60 100 VoL V)
Ta(°C)
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TYP. Supply Current vs Supply Voitage

(Ipp) (Vpp)
Ta=25°C
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OXKI semiconductor
MSM6422

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER

GENERAL DESCRIPTION

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

Integrated onto a single chip are 16K bits of mask program ROM; 256 bits of data RAM; 18
Input/Output lines and oscillator. Program memory is byte wide and data-paths are organized in 4 bit
nibbles. RAM and |/0 lines are bit addressable. 63 instructions include Binary, BCD operations; Bit
set, Reset, Test; Subroutine call and return.

FEATURES

® Low power consumption — 30 mW Typical o LED direct drive available (8mA x 5 ports at the
® 2048 X 8Internal ROM same time)

® 64 X 4Internal RAM ® —40 to +85°C Operating Temperature

o 181/0 Lines include 8 Bit Data Bus ® 4.51t05.5V Operating Vpp at 4.2 MHz

e Self-contained Oscillator 3 to 6V Operating Vpp at 1MHz

® 63 Instructions ® TTL Compatible

o 2 Interrupt Levels ® 952ns Cycle Time @ 4.2MHz

e 16 Stack Levels (VDD 5V %10%)

® Package:
24 pin plastic DIP (DIP24-P-600)
24 pin plastic SOP (SOP24-P-430-K)

FUNCTIONAL BLOCK DIAGRAM

RAM : ROM
INST
64 x4 DEC 2048x8
DEC
SP L H
2> Y
< L </
| l
[ [ Timing
[r+] [ ] , t A
Control
l 'l l 12bi(TBCI¢—
10 3210 3210 3210 3210

oz —

U< —»
“0WQO|e—o0
ocOwWo —
—munmn|—

0
L
|

N
T
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LOGIC SYMBOL (Top View)

24 PIN PLASTIC DIP (RS) 24 PIN FLAT PACKAGE
P20/INT [1]
oo [2] P20/ LE] () ~ 521 voo
po1 [3] POO % 53] P51
po2 [4] Po1[3 [22] pso
P03 [3] Po2[4] 21] P43
P10 [6] Po3[5} 20] P42
P10[6] [19] P41
P11 [7] P11 [7] (18] P40
P12 [8] P12 (8] [i7] P33
p13 9] P13 9] [16]P32
GSC: [i0] OSC; [10f [15] P31
osc. [ 08¢, [11] [14] P30
oo [ GND [’1_'% [13] RESET
PIN DESCRIPTION
Terminal symbol Input/Output Function Reset
gg? 4-bit 1/0 ports
PO2 170 (pseudo bidirectional “q”
P03 configuration)
,F:’} ? 4-bit 170 ports
P12 1/0 (pseudo bidirectional “1”
P13 configuration)
Eg? 4-bit I/0 ports
P32 110 (pseudo bidirectional “qr
P33 configuration)
gz? 4-bit I/_O_ ports
P42 170 (pseudo bidirectional “0”
P43 configuration)
P50 2-bit 170 ports
P51 110 (pseudo bidirectional “0”
configuration)
1-bit input port with a latch.
TV, 4 Combined use with an The latch.is
P20/INT Input interrupt input(falling edge resetto “0".
trigger input)
System clock (SYSCLK)
input terminal. This provides
0SCo Input an oscillation circle with -
OSC i terminal.
System clock output
P Tam terminal. This provides an
OSC: Output oscillation circle with -
OSCoterminal.
RESET Input RESET input terminal. -
Vbp | s inal
GND nput Power Supply terminals. -
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FUNCTIONAL DESCRIPTION

Program ROM

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

Data RAM

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

Input/Output Ports

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

P20/INT PIN (1 line)

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

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

12-BIT TIME BASE COUNTER (TBC)

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

PROGRAM COUNTER (PC)

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

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

ABSOLUTE MAXIMUM RATING

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

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

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

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

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

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

ACCUMULATOR (Acc)

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

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

TIMING CONTROL (TC)

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

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

Parameter Symbol Conditions Limits Unit
Supply Voltage Vbp -03~7 \"
Input Voltage ] Ta=25°C -0.3 ~Vpp v
Output Voltage Vo -0.3 ~Vpp \

per-I;)an: gsgl?age 200 max. mw

Power Dissipation Pp Ta— 25°C
per one output 50 max. mw
Storage Temperature Tstg —_ —-55 ~ +150 °C
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OPERATING CONDITIONS

Parameter Symbol Condition Limits Unit
Suooly Vot v f(OSC) < 1MHz 3~6 v
upply Voltage
pb fOSC) S42MHz | 45~55 v
Memory-Hold Voltage VDDH - 2~6 v
Operating Temperature Top - —40 — +85 °C
MOS Load 15 -
Fan Out N
TTL Load 1 -
DC CHARACTERISTICS
(Vpp =5V+10%, Ta = —40 ~ +85°C)
Parameter Symbol Condition Min. | Typ. [ Max. [Unit
“H” Input Voltage *1, *2 VIH - 24| - |Vpp | V
“H” Input Voltage *3, *4 VIH - 4.2 - |Vpbp | V
“L” Input Voltage ViL - -03| — |08 |V
“H” Output Voltage *1, *5 VOH lo=—15uA 42 | — - v
“L” Output Voltage *1 VoL lo=1.6mA - - 104 |V
“L” Output Voltage *5 VoL lo =15uA - - |04 |V
“L” Output Voltage*6 VoL lo =8mA - 1 2 v
. IIH _ _ L)
Input Current *3 /'IL V| =Vpp/0oV 215 | uA
v * IH 1
Input Current *2, *4 A"_ V| =Vpp/0V - - /30 nA
“H"” Output Current *1 loH Vo =24V -0.1| - - |mA
“H"” Output Current *1 loH Vo =04V - - [=1.2 |mA
Input Capacity Cj - 5 -
f=1MHz, Ta = 25°C pF
Output Capacity Co - 7 -
Vpp =2V, no load
Current Consumption Ta = 25°C - 102 5 |uA
(STOP) IbDs
No load - 1 100 | A
. Crystal oscillation,
Current Consumption IDD No load. 4.194304MHz - 6 12 [ mA

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

*2 Appliedto P2

*3 Applied to OSC,
*4 Applied to RESET
*5 Applied to OSC,

"6 Inusing LED total output current should be within the limit of Power dissipitation in “Absolute Maximum

Rating.
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AC CHARACTERISTICS

(VDD =5V+10%, Ta = —40 ~ +85°C)

® MSM6422 o

Parameter Symbol Condition Min. Typ. Max. Unit
Clock (OSCo) Pulse Width tow - 119 - - ns
Cycle Time tcy - 952 - - ns
Input Data Setup Time tps - 120 - - ns
Input Data Hold Time toH - 120 - - ns
Input Data/Input Clock _ _ _
Pulse Width 'bw 120 ns
Data Delay Time tDR CL=15pF - - tcy +300 ns
1MC
tcy
toW | tow
Po,P1,P3 INPUT
P4Ps DATA
tDs | toH
Po,P+,P3
P4Ps
DR
™ il
P20/INT l |
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INSTRUCTION SET
Mnemonic Hex op code Byte Cycle Description
LAl n 90 - 9F 1 1 Acc «—n
LLI n 80 - 8F 1 1 L—n
LAL 21 1 1 Acc —L
LLA 2D 1 1 L —Acc
LAH 22 1 1 Acc —H
LHA 2E 1 1 H«—Acc
- LAM 38 1 1 Acc —M
§ LMA 2F 1 1 M — Acc
X 28 1 1 Acc —M
LMI nn 14-nn 2 2 M(W) —nn
LHLI nn 15-nn 2 2 HL <—nn
LAMD mm 10-mm 2 2 Acc —Md
LMAD mm 11-mm 2 2 Md — Acc
IPO p 3D-pD 2 2 Acc —Pp
OPD p 3D-pC 2 2 Pp —Acc
MEI 3E-60 2 2 MEIF —“1”
MDI 3E - 61 2 2 MEIF —“0”
EIEX 3D-C8 2 2 EIEXF —“1”
EITB 3D-C9 2 2 EITBF —*“1”
DIEX 3D-C4 2 2 EIEXF — “0”
° DITB 3D-C5 2 2 EITBF —“0”
§ TIEX 3D-CO 2 2 SKIP IF EIEXF="1"
TITB 3D-C1 2 2 SKIP IF EITBF="1"
TQEX 3D-20 2 2 SKIP IF IRQEX="“1"
TQTB 3D-DO 2 2 SKIP IF IRQTB="1"
RQEX 3D-24 2 2 IRQEX —“0”
RQTB 3D -D4 2 2 IRQTB —*“0”
INL 31 1 1 L —L+1, SKIP IF L="0"
INH 32 1 1 H — H+1, SKIP IF H="0"
P INM 33 1 1 M —M+1, SKIP IF M="“0"
g g DCL 35 1 1 L —L-1, SKIP LF L="F"
3] g DCH 36 1 1 H —H-1, SKIP IF H="F"
=3 DCM 37 1 1 M — M-1, SKIP IF M=“F"
INVD  mm 12-mm 2 2 AT
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INSTRUCTION SET (CONT.)

® MSM6422 ¢

Mnemonic Hex op code Byte Cycle Description
TAB n2 54-57 1 1 SKIP IF (Acc-Bitn2) =“1"
TMB  n2 58 -5B 1 1 SKIP IF (M-Bit n2) = “1"
RMB  n2 68-68 1 1 (M-Bitn2) — 0"
g |svB  n2 78-78 1 1 (M-Bitn2) —“1"
E TPBDp n2 3D -p0~3 2 2 SKIP IF (Pp-Bitn2) =“1"
g RPBDp n2 3D -pa~7 2 2 (Pp-Bitn2) —“0"
SPBDp n2 3D-p8~B 2 2 (Pp-Bitn2) —*1”
e 09 1 1 SKIPIF C =1
RC 08 1 1 C —“0”
SC 07 1 1 C—“1"
Acc — Acc+M,
ADS 02 1 1 SKIP IF Gy—"1"
ADC 03 1 1 C, Acc — C+Acc+M
Acc — Acc+n,
AlS n 3E-4n 2 2 SKIP IF Cy—"1"
DAS 0A 1 1 Acc — Acc+10
o | AND oD 1 1 Acc — AcCAM
2 | oR 05 1 1 Acc — AccVM
£
§ EOR 04 1 1 Acc — Acc¥M
CMA oB 1 1 Acc — Acc
CAM 16 1 1 SKIP IF Acc=M
CAl n 3E-0n 2 2 SKIP IF Acc=n
Acc
VA /N
RAL OE 1 L £C—3—2-1-0—
JCP a6 CO-FF 1 1 PC —a6
40 - 47
§ JP ali 00-FF 2 2 PC —at1
«©
0 - — PC—alt,
o | CAL all 38 - "‘:\; 2 4 SR\—CSKP-1 PC+2,PC—a
RT 1E 1 4 PC — STACK, SP — SP+1
PUSH 1C 1 3 g;ﬁfSKP: PC+2,PC+al1,
2 C, Acc, H, L —STACK,
s | POP 1D ! 3 SP—SP+1
O | stop 3D-B9 2 2 CLOCK STOP
NOP 00 1 1 NO OPERATION
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TYP. Current (Ioy) vs Voltage (VoH)
for High state Output

(Ta =25°C)

-1.0
-0.9

Vpp=6V

BUSTAN
o2 L:K;’\\ \ \\

(o}
012345678 910
VoH (V)

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

(Ta = 25°C, C|_ = 15pF)

fosc (MHz)

O = NDNWH OO N OO
N

012345678910
Vpp (V)

TYP. Maximum Oscillator Frequency
f(OSC) vs Temperature (Ta)

(Vpp=5V, CL = 15pF)

N
~

N

fosc (MHz)
O-NWAGMON®O©O

—40-200 20406080100120
Ta (°C)

Ipp (A)

TYP. Current (Ig) vs Voltage (VoL)

for Low state Output
(Ta =25°C)
20 7ay /I AT Vop=5V
18 7
16/
_14
E 12 l/ 14V
10 (
Sl
6 ’ T3V
4
2
0

123456 7 8910
VoL (V)

TYP. Supply Current (Ipp)

vs Supply Voltage (Vpp)
(Ta =25°C, No Load)
10m = = |
5m —=+1(0SC)=4MHz
- 2MHz
I~ T T
im L 1MHz -
5004 500kHz —
1004 100kHz
50u
10un
Su
1n /’ OHz
500n Z=
pa
7
100n

0123456 78 910
Vpp (V)



OKI semiconductor
MSM6442

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER WITH LCD DRIVER

GENERAL DESCRIPTION

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

FEATURES

® Low Power Consumption 30mW (typ) e Self-contained Oscillator

® 2048 X 8Internal ROM ® 71 Instructions

® 128 X 4 Internal RAM ® 4 Interrupt Levels

® Two built-in counters ® 16 Stack Levels
12-bit time-base counter ® —40 to +85°C Operating Temperature
8-bit programable timer/event counter ® 4.5t05.5V Operating Vpp at 4.2 MHz

® 16 Input/Output Ports and 46 LCD 3.0 to 6.0V Operating Vpp at 1 MHz
Output Port and 2 Common Output ® TTL Compatible
(1/2 Duty, 1/2 Bias) ® Package:

® LED direct drive available 80 pin plastic QFP (QFP80-P-1420-K)

FUNCTIONAL BLOCK DIAGRAM

RAM INST ROM
128x4 ACC DEC 2048x8

T

o
)

sp H L
s e ]
P9 INTEF_PC [PB ] |«— 0SCo

P: 8Bit T/C INTRQF_PD p— OSC1
(:{js e P TC. |~ TESTH

= INT CONT
LCD BLOCK |—1 p=— TEST2
bSP REG —{12Bit TBC_J= —
WOT RESOUT
—

]
i
Lco T/
o INTC 1 1 1 e
( LCD DRV T.C

[ra ]| 934] P1 go ~ oD
T el
LCDGND CcOoM2 SEG46 XT XT TEST3 INT 3210 3210 321‘0 3210

VM COM1 SEG1 BZ INOUT o

RESET
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LOGIC SYMBOL
ov o =1
Bewn, B[S
wo (S EES
CLOCK C — g.ggg 18 ——
woctock [ 4% e
INTERRURT O0tRuT =4 NFour H
BUZZER OUTPUT 0: % l‘) :: 0
oo R e (BER
PORT1 [(1;:: E:Zm]”‘ §§: 22 |seament o 0 o w
= ] o o
PORTS [‘.’:: 3 ],,3 = = o by o
e |41 Y i o s
=D = =2
LCDPOWERSUPPLYa»—-. e ;:!? : 7 us_:v :f_: :: ::;
e b =3 ol D =
oommonz o iy - e o -
SEGMENT éE § j{sea §§ E‘% a5 e seen
s B F—% EEEECEEEEEEEEEEE]
rRRpiiREgRREAANd
PIN DESCRIPTION
. Input/ . When
Terminal Output Function reset
POO ~ P03 Input/ 170 port -
P10 ~P13 Output 1/0 port (P10 and countinput CIN are in “q”
common)
P30 ~ P33 1/0 port
P40 ~ P43 g‘uﬁ‘;tu/t 1/0 port ugr
SEG1 ~SEG16 LCD output port (can be assigned to data “o"*
Output* output in 4 bit wide)
SEG17 ~ SEG46 LCD output port
COM1 Output* LCD common output terminal 1 wgne
COM2 LCD common output terminal 2
INT Input Input port of external interrupt -
INT OUT Output Interrupt output port “1”
RESET Reset input port -
RESET OUT Output Reset output terminal “q”
BZ Output Buzzer pulse output port in 2048 KHz “or
0SCo Input/ Crystal OSC or ceramic OSC connection
OSC Output Crystal OSC or ceramic OSC connection -
(System clock)
XT Input/ 32.768kHz crystal oscillator connection _
XT Output (use for LCD control)
TEST 1 TEST terminal 1 (open) (Connected to Vpp)
TEST 2 - TEST terminal 2 (open)
TEST 3 - TEST terminal 3 (open)
VbD Input Power supply (5V) -
LCDGND Input Power supply for LCD -
VM Input/ (Vpp—LCDGND)/2 supply voltage output g
Output or supply voltage input
GND Input Power supply (0V) -

*#0” indicates the LCD GND voltage level

150



ELECTRIC CHARACTERISTICS

® Absolute Maximum Ratings

* MSM6442 o

Parameter Symbol Conditions Limits Unit
Supply Voltage VDD —-03~7 \%
Input Voltage \Y) o —-0.3 ~VpD \Y
! Ta=25C
Output Voltage Vo —0.3~VpD \
LCD Voltage LCDGND VDD -9~ VDD v
Storage Temperature Tstg - —55 ~ +150 °c
® Operating Conditions
Parameter Symbol Conditions Limits Unit
f < 1MHz 3~6 \%
Supply Voltage VbpD (esc) =
f (0sc) < 4.2MHz 45~ 55 \
LCD Voltage LCDGND *1 Vbp—-8~0 v
Memory Retension Voltage | VDDH Oscillation off 2~6 v
Operating Temperature Top — —40 ~ +85 °c
LCD Clock
Oscillation Frequency f(XT) *2 32.768 kHz
MOS Load 15 —
Fan Out (1/O Port) N
TTL Load 1 —

*1 Voltage applied to LCD is (Vpp—LCDGND).
*2 Oscillation Circuit for LCD Clock (XT, XT Port) is for Christal Oscillation only.
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DC CHARACTERISTICS
(VDD =5V +10%, LCDGND =0V, Ta = —40 ~ +85°C)
Parameter Symbol Condition MIN TYP MAX | Unit
1. INT — 24 — VDD v
“H” Input Voltage VIH
*3. — 36 — VDD Vv
“L” Input Voltage| *1. *4 VIL — 0 —_ 08 \Y
*1. OSC1 10 = —15uA 42 — — v
“"H” Output 2 10 = —400uA 24 - — v
Voltaguepu VOH
SEG1~SEG46 10 = —10pA Vop-0.2 - — Vv
COM1, COM2 10 = —50uA Voo-0.2 — — "
1,2 10 = 1.6mA — — 0.4 \
“L* Output 0sC1 10 = 15mA - — 0.4 v
Voltage voL
SEG1~SEG46 10 = 10uA — — 0.2 Vv
COM1, COM2 10 = 50uA — — 0.2 Vv
M Output com1, comz| VOM | 10 +05 wo2 02| — |voorioz| Vv
Voltage ' U vbD/2t
0SCo — - 15 kA
“H" Input Current | XT 1H VI= vDD —_ — 7 uA
INT, RESET — — 1 uA
0SCo — — —-15 uA
“L" Input Current | XT L VI = 0V —_ — 7 pA
INT, RESET — — -30 uA
“H" Output X VO = 24V —0.1 — — mA
Current ! IOH
VO = 04V — —_ —-1.2 mA
Vobp =2V, TA = 25°C
No load
Current Display off — 0.2 10 pA
Consumption XT Port is fixed to “L"
—at stop mode IDDS
—no oscillation Display off _ 1 100 UA
XT Port is fixed to “L”
Current B?sgl)aas off
Consumption IDDL At stop mode — 100 200 uA
—at stop mode f(XT) = 32.768 KHz
Np load
Current \DD Display off o 6 12 mA

Consumption

f(osc) = 4.2 MHz
f(XT) = 32.768 KHz

*1 Applied to PO, P1, P2, and P4.

*2 Applied to INTOUT, RESET, and BZ.
*3 Applied to OSCO, XT, and RESET.
*4 Applied to XT, INT, and RESET.

Note:
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AC CHARACTERISTICS
(VDD = 5V £10%, Ta = —40 ~ +85°)
Parameter Symbol Condition MIN TYP | MAX Unit
Clock (OSCo) Pulse Width tow - 119 — — nS
Cycle Time tev — 952 — — nS
Input Data Set-up Time tos — 120 — — nS
Input Data Hold Time tou Note 1 120 — — nS
INT Input Data Pulse Width towi —_ 120 — - nS
CT Clock Pulse Width towz — 2/8tcy+120 — — nS
Data Delay Time tor C. = 15pF — — 300 nS
Reset Input Pulse Width twrs Note 2 2tcy — — nS

Note 1*  To release powerdown by inputting “L” level into INT Port, pulse width should be longer than the
time for the oscillation stabilization at OSCo.

Note 2*  The condition of stable oscillation. To release powerdown by reset, pulse width should be longer
than the time for oscillation stabilization at OSC.
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TIMING CHART

0SCa
tow | tow
‘ tcy
1
0SCy
PO, P1, !
P3, P4 INPUT DATA

PO, P1,
P3, P4

OUTPUT DATA

tDR

)

tow1

P10/CIN \

tow2 tbw2

RESET

twRs
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OUTPUT WAVE FORM OF LCD DRIVER

STATIC MODE
— - S - VDD
COM1, COM2
. ) - - VCDGND
SEGn - -1~ N B VDD
(n = 1~46) - S — — LCDGND
— S S A Voo-LCDGND
COM1~SEGn 0
COM2~SEGn
e Rttt —(Voo-LCDGND)
DISPLAY DISPLAY
OFF ON OFF OFF
DYNAMIC MODE
----------------- e VDD
CoM1 | | Il [ VM
I N R B N B B —--—--j—-—LCDGND
- T ——————-—- VDD
CcoM2 L 1 1 1 "M
_ e A O B SR LCDGND
(n = 1~4) - S I S —— LCDGND
S - S S Voo-LCDGND
- 11 o T o R VM-LCDGND
COM1~SEGn AEEENEE NN 1 0
, A I N M NNy VY. Ye Yo |
DISPLAY _ I T S I —(Voo-LCDGND)
OFF ON OFF
— S —— Voo-LCDGND
S — | —}-—4+ ——-- vM-LCDGND
COM2~SEGn —T1 T —:i -0
______ 1 } 4Ll {1l —wmLcoenD)
DISPLAY T _ooicoanp)
OFF ON OFF
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FUNCTIONAL DESCRIPTION

ROM

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

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

STACK

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

RAM

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

L-REGISTER

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

H-REGISTER

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

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

ACCUMULATOR (ACL)

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

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

INPUT/OUTPUT Ports (16 bits)

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

12-bit TIME-BASE COUNTER

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

The timer event counter consists of a 8-bit
counter (8-bit) register, comparing and
controlling circuits. It is used to count pulses of
an internal or external source. Coincidently, if
value between the counter and the register
causes interrupt request occur.

LCD DRIVER

The LCD driver is used to effect LCD display
by transferring data in a program to the register
assigned as port 5 and 6. It is available to select
driving in static or dynamic operation (1/2 duty
cycle) and frame frequency (128 Hz/64 Hz) and
to drive up to 92 segments at 1/2 duty. Also, 16
outputs(SEG1—SEG16)of the segment terminals
can be used as normal data outputs.

A standard LCD clock is produced by the
oscillation dividing a crystal oscillator (32.768
kHz) connected to XT and XT terminals. This is
also used as standard clock of displaying, clock
interrupting and watch dog timer. (This clock can
be also produced by dividing a frequency of
4.194304 MHz. Note the selection of the frame
frequency, when the crystal oscillator is used
without a frequency of 4.194304 MHz.)

INTERRUPT

As shown below, 1 ~ 4 is available to interrupt;

1. External interrupt at the falling edge of INT
signal input

2. Clock interrupt at every second (32.768 kHz
crystal oscillator)

3. Time base counter interrupt at the occurance

. of an overflow of the timer base counter.

4. Timer event counter interrupt coinciding
between the signals of the 8-bit counter and
register.

Interrupts 1 and 2 are also used to release the

power down mode.

WATCH DOG TIMER (WDT)

A timer for detecting the overrunning of the
program. This timer produces the overflow signal
by dividing the 64 Hz frequency by 4 generated
from the oscillation of a frequency of 32.768
kHz. It can be also halted, when unused.

TIMING CONTROL (T.C)

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

Clock pulses are supplied to the OSCo pin
from an external source. A crystal or ceramic
oscillator may be connected to OSCo and OSC:
to form an oscillator circuit to produce clock
pulses.
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INSTRUCTION SET
Mnemonic Hex op code Byte Cycle Description
LAI n 90 - 9F 1 1 Acc —n
LLI n 80 — 8F 1 1 L—n
LAL 21 1 1 Acc —L
LLA ‘2D 1 1 L —Acc
LAH 22 1 1 Acc —H
LHA 2E 1 1 H+—Acc
LAM 38 1 1 Acc —M
o | LMA 2F 1 1 M —Acc
3 [ x 28 1 1 Acc — M
LMI nn 14 -nn 2 2 M(W) —nn
LHLI nn 15-nn 2 2 HL —nn
LAMD mm 10-mm 2 2 Acc —Md
LMAD mm 11-mm 2 2 Md — Acc
LMCT 3E-59 2 2 M(W) —CT
LCTM 3E - 51 2 2 CT —M(W)
IPD 3D-pD 2 2 Acc —Pp
OPD 3D -pC 2 2 Pp —Acc
MEI 3E-60 2 2 MEIF —*1"
MDI 3E - 61 2 2 MEIF —“0”
EIEX 3D-C8 2 2 EIEXF —*1”
EICT 3D-CB 2 2 EICTF «—*“1”
DIEX 3D-C4 2 2 EIEXF —*0”
8 | bicT 3D-C7 2 2 EICTF —*“0"
é TIEX 3D-CO 2 2 SKIP IF EIEXF="1"
TICT 3D-C3 2 2 SKIP IF EICTF="1"
TQEX 3D-20 2 2 SKIP IF IRQEX="1"
TQCT 3D-D2 2 2 SKIP IF IRQCT="1"
RQEX 3D-24 2 2 IRQEX —*“0”
RQCT 3D -D6 2 2 IRQCT —“0”
INL 31 1 1 L —L+1, SKIPIF L="0"
INH 32 1 1 H —H+1, SKIP IF H="0"
E < | INM 33 1 1 M — M+1, SKIP IF M="0"
g% DCL 35 1 1 L —L—1,SKIPIF L="F"
gé DCH 36 1 1 H —H-1, SKIP IF H="F"
DCM 37 1 1 M —M—1, SKIP IF M=“M"
INMD mm 12-mm 2 2 Md — Md+1, SKIP IF
Md="0"
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INSTRUCTION SET (CONT.)
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Mnemonic Hex op code Byte Cycle Description
TAB n2 54 - 57 1 1 SKIP IF (ACC-Bitn2) =*“1"
TPB n2 50-53 1 1 SKIP IF (P-Bitn2) =*“1"
RPB n2 60-63 1 1 (P-Bitn2) —“0"
SPB n2 70-73 1 1 (P—Bitn2) — 1"
TMB n2 58 -5B 1 1 SKIP IF (M—Bitn2) =*“1"
g RMB n2 68 - 6B 1 1 (M—Bitn2) —“0"
2 ['sMB n2 78-78 1 1 (M-Bitn2) — 1"
= [ TPBDD n2 3D-p0~3 2 2 SKIP IF (Pp—Bitn2) = “1"
RPBDp n2 3D :p4~7 2 2 (Pp—Bitn2) —“0"
SPBDp n2 3D.-p8~B 2 2 (Pp—Bitn2) —“1”
TC 09 1 1 SKIPIFC ="1"
RC 08 1 1 C—"0"
SC 07 1 1 C—"1"
ADS 02 1 1 Acc — Acc+M, SKIP IF
Cy="1"
ADC 03 1 1 C,Acc —C+Acc+M
AIS n 3E-4n 2 2 Acc — Acc+n, SKIP IF
Cy="1"
DAS 0A 1 1 Acc —Acc+10
-% AND oD 1 1 Acc — AccAM
E | oRr 05 1 1 Acc — AccVM
E EOR 04 1 1 Acc — Acc¥M
CMA 0B 1 1 Acc — Acc
CAM 16 1 1 SKIP IF Acc=M
CAI n 3E-0n 2 2 SKIP IF Acc=n
RAL o : R
JCP a6 CO-FF 1 1 PC — a6
5 | P ati gt 2 2 PC —al1
Slow w | B | e |« | B
RT 1E 1 PC — STACK, SP — SP+1
PUSH 1C 1 STACK —C, Acc, H, L,
SP—SP—1
POP 1D 1 3 C, Acc, H, L — STACK,
SP—SP+1
§ STOP 3D-B9 2 2 CLOCK STOP
o] NOP 00 1 1 NO OPERATION
ECT 3D-BB 2 2 CTF — *1" (Counter Start)
DCT 3D:B7 2 2 CTF — 0" (Counter Stop)
TCT 3D-B3 2 2 Skip if CTF ="1"




OKI semiconductor

MSM6434

HIGH-SPEED 4-BIT SINGLE CHIP MICROCONTROLLER WITH A/D CONVERTER

GENERAL DESCRIPTION

The OKI MSM6434 microcontroller is a low power, high-performance single-chip device
implemented in complementary metal oxide semiconductor technology. 32K bits of mask
program ROM, 1024 bits of data RAM, 13 Input/Output lines, a programmable timer/event-
counter, 8 bit A/D converter, and oscillator are integrated onto one chip. Program memory is byte
wide and data-paths are organized in 4 bit nibbles. RAM and I/0 lines are bit addressable. 1
instructions include binary, BCD operations; bit set, reset, test; 8 bit I1/0; relative jumps; multi
functional instructional (increment, modify, skip) 8 bit wide table output; subroutine call and
return.

FEATURES

4000 x 8 MASK ROM
An evaluation board is available for up to
8k x 8.

256 x 4 RAM (including the stack area)

3x4,1x1ports, 131/0 lines

1 lines for input ports having a latch, and
the other 12 lines for bit operation are
available.

Three built-in counters

12-bit time-base counter

12-bit programmable timer
8-bit high-speed programmable
time/event counter

4 interrupts with four priority levels
(3 internal, 1 external)

32 stack levels (in RAM)

LED direct drive available (8 mA x 3 ports
at the same time)

Power down features

Instruction execution time
952 ns 4.2 MHz clock

Instruction systems suitable for control
113 instructions
8 bit A/D converter (4 channel)
Full static operation
Low power consumption
TYP 0.4pW at Vpp =2V
TYP 5uW at Vpp = 5V 0Hz clock
5V single power supply
Package:
30 pin plastic shrink DIP (SDIP30-P-600)

40 pin plastic DIP (DIP40-P-400)
44 pin PLCC (QFJ44-P-5650)

13
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PIN CONFIGURATION

(Top View) 30-Lead Plastic Shrink DIP

(Top View) 40-pin Plastic DIP

2 [1]o 30] voo 2 []o 40 VoD
ps3 [2 [29] ps1 ps3 [2] 39 ] ps1
osco [3] 128 | P50 osco [3] 38 pso
osci [a] [27] P73 osct [4] 37] N.C.
RESET [5 | 126 ] P72 ne [5] 136 ] N.C.
TesT 6] 125 ] p71 ne (6] 135 ] P73
P20 [7] [2a] P70 ReseT [7 3a] p72
AGND [8] (23] P83 TesT [8 ] 33] P71
vrG [9] [22] 82 P20 [9] [32] p70
avoo [10] [21] P81 Nc [10] [31] N.C.
cHo [11] [20] P80 AGnD [O1] [30] ps3
e 7] (9] TesT3 vRH [12] 29 ] p82
cH2 [13] (18] TesT2 Avop [13] 128 ] P81
cu3 (04 7] TesT1 ne 4] 27] P80
GND [5] 16 ] TESTO ne [5) 126 ] N.C.
cHo [16] 25 ] n.C.

cH1 [07] [24 ] TesT3

cH2 (8] 23 | TEST2

cH3 [19] TEST1

GND [20] [21] TesTo

BLOCK DIAGRAM
M
joxioxe  — ] wooxe

|
g

i
L

4
i i
[ 12bitTimer | [po| sbittc | nterrapt |7 INTE P8
A Control PD IRQ . ~— 05Co
Tlrr;ng o— 0SC,
T 0§ 8 |||t =
it T8C : [~— Reser
lPAI[PSl[PBJ ~— vop
TESTO -—
TESTI < 1 GND
TEST2
TEST3 P8 p7 PS “
AVDD—>|
e wowen M wr
VRH ™|
3210 3210 3210

oyt

CH3 CH2 CH1 CHO
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PIN DESCRIPTION
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Pin Name | Input/Output Function When Reset
P20/INT Input Input port with a latch. P20 is shared with INT The latch is reset
input. (Fall trigger input). Built-in pull up
register
P50-53 Input/Output | 4-bit input/output port “0"
P70-73 Input/Output | 4-bitinput/output port "0"
P80 - 83 Input/Output | 4-bit input/output port "0"
0SCo Input/Output | X'tal connection terminal for system clock Oscillation wave
0osCi1 oscillation
TEST Output Pulse output
(Test terminal for Maker)
TESTO-3 Output Hi-z
RESET Input System reset input terminal "0"
CHO-3 Input Analog voltage input pin
VRH Reference voltage input pin for A/D converter
AVDD A/D converter power supply
AGND
VvDD System power supply
GND
INSTRUCTION LIST
Mnemonic Description Code Byte | Cycle
LAI n Aen 9n 1 1
LLI n Le-n 8n 1 1
LHLI nn HLenn 15nn 2 2
LMI nn M(w)enn 14nn 2 2
Load, LAL AL 21 1 1
Push,Pop || 1a LA 20 1 1
LAH AeH 22 1 1
LHA He-A 2E 1 1
LAM AeM 38 1 1
LMA MeA 2F 1 1
LAM + AeM, LeL +1,SkipifL=0 24 1 1
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INSTRUCTION LIST (Continued)

Mnemonic Description Code Byte | Cycle
LAM - AeM, LeL-1,SkipifL=F 25 1 1
LMA + MeA, Le-L + 1, SkipifL=0 26 1 1
LMA - MeA, Le~L-1,SkipifL=F 27 1 1
LAMM n; AeM, H—HVn, 39-38 1 1
Load, LAMD mm [AeMd 10mm 2 2
Push,Pop || MAD mm |MdeA 11mm 2 2
LMTD mm | Md(w)eT(M(w), A), T= ROM table 19mm 2 3
LMCT M(w)eCT 3E59 2 2
LCTM CTeM(w) 3ES1 2 2
LTMM TMe(M(w), A) 3E50 2 2
PUSH STeC,A, H, L, SPeSP -4 1C 1 3
POP C, A, H, LeST SP&<SP +4 1D 1 3
X AeM 28 1 1
Exchange |XM n, AoM, HeHVn, 29-28 1 1
X+ AeM,LeL+1,SkipifL=0 3C 1 1
X- AoM, LeL-1,SkipifL=F 2c 1 1
INA AeA+1,SkipifA=0 30 1 1
INM MeM + 1, Skipif M=0 33 1 1
INL LeL+1,SkipifL=0 ‘ 31 1 1
INH HeH + 1, SkipifM=0 32 1 1
Increment/ .
Decrement | /NMD ~ mm [ Mde-Md + 1, Skip if Md =0 12mm 2 2
DCA AeA-1,SkipifA=F 34 1 1
DCM MeM -1, SkipifM=F 37 1 1
DCL LeL-1,SkipifL=F 35 1 1
DCH HeH -1, SkipifH=F 36 1 1
DCMD mm |MdeMd-1,SkipifMd=F 13mm 2 2
ADS AcA + M, Skipif Cy=1 02 1 1
ADCS A, C—A+M +C, Skipif Cy =1 01 1 1
Arithmetic ADC A CA+M+C 03 1 1
AlS n AcA +n,SkipifCy=1 3E4n 2 2
DAA AeA +6 06 1 1
DAS A<A+10 0A 1 1
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INSTRUCTION LIST (Continued)
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Mnemonic Description Code Byte | Cycle
AND AAAM oD 1 1
OR Ae—AyM 05 1 1
EOR Ae—AyM 04 1 1
CMA A<A 08B 1 1
Arithmetic | CIA AcA+1 oc 1 1
RAL Rotate Left with C OE 1 1
RAR Rotate Right with C OF 1 1
TC SkipifC=1 09 1 1
SC Ce1 07 1 1
RC Ce0 08 1 1
CAl n SkipifA=n 3EONn 2 2
CLi n SkipifL=n 3E2n 2 2
Compare | cpy p,n |SkipifPp=n 17pn 2 2
cMml n SkipifM=n 3E1n 2 2
CAM Skipif A=M 16 1 1
TAB  ny |Skipif Abit(ny)=1 54-57 1 1
RAB ny A bit (ny)e0 64-67 1 1
SAB  ny |Abit(nyet 74-77 1 1
T™B  nj Skip if M bit (np) = 1 58-58 1 1
RMB  n, M bit (ny)«0 68-68 1 1
SMB n M bit (ny)e1 78-78 1 1
Bit TFB n, Skip if F bit (nz) = 1 5C-5F 1 1
operation f e n, F bit (n;)e0 6C-6F 1 1
SFB ny F bit (ny)e1 7C-7F 1 1
TPB n; Skip if P bit (np) =1 50-53 1 1
RPB n P bit (n;)«0 60-63 1 1
SPB n P bit (ny)e1 70-73 1 1
TPBD  pn; |SkipifPpbit(ny)=1 3D po~3 2 2
RPBD  pn; Pp bit (n)e0 3D pg~7 2 2
SPBD pn; Pp bit (ny)e1 3D pg~3 2 2
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INSTRUCTION LIST (Continued)

Mnemonic Description Code Byte [ Cycle
MEI MEIFe1 3E60 2 2
MDI MEIFe0 3E61 2 2
EITB EITBF&1 3DC9 2 2
EITM EITMFe1 3DCA 2 2
EICT EICTFe1 3DCB 2 2
EIEX EIEXFe1 3DC8 2 2
DITB EITBF«0 3DC5 2 2
DITM EITMFe0 3DC6 2 2
DICT EICTF&0 3DC7 2 2
DIEX EIEXF&0 3DC4 2 2

Interrupt | e Skip if EITBF = 1 3DC1 2 2
TITM Skip if EITMF =1 3DC2 2 2

TICT Skip if EICTF =1 3DC3 2 2

TIEX Skip if EIEXF=1 3DCO 2 2

TQEX Skip if IRQEX =1 3D20 2 2

TQTB Skipif IRQTB=1 3DDO 2 2

TQTM Skipif IRQTM =1 3DD1 2 2

TQCT Skipif IRQCT =1 3DD2 2 2

RQEX IRQEX«0 3D24 2 2

RQTB IRQTB&«0 3DD4 2 2

RQTM IRQTM &0 3DD5 2 2

RQCT IRQCT«0 3DD6 2 2

ECT CTFe1 (start) 3DBB 2 2

Counter DCT CTF<0 (stop) 3DB7 2 2
TCT Skip if CTF =1 3DB3 2 2

Jcp ag PCeag CO~FF 1 1

JP aiy PCé¢aq day; 2 2

Branch Cczp a STe-PC+ 1, PCe-2a, Ba 1 4

SPe-SP-4
CAL ar ST&PC+ 2, PCé-aqy, Aaq, 2 4
SP<-SP -4
RT PCeST, SPeSP + 4 IE 1 4
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INSTRUCTION LIST (Continued)

Mnemonic Description Code Byte | Cycle
RTS PCeST, SPSP + 4, IF 1 4
Skip unconditional

Branch
JA PCe—(PCeA) + 1 1A 1 1
M PC—(M(w), A) 1B 1 2
P AeP 20 1 1

Branch IPD P AePp 3DpD 2 2
oP P<A 23 1 1
oPD P PpeA 3DpC 2 2
NOP No Operation 00 1 1

CPU

control | HALT Halt CPU 3088 2 2

STOP Stop Clock 3DB9 2 2

ABSOLUTE MAXIMUM RATINGS

Item Symbol Conditions Limits Unit
Vop -03to7 \Y
AVpp -0.3to7 \
Supply Voltage
pply 9 AVpp = Vop
Ta=25°C
VRH -0.3t0Vpp v
Input Voltage " -0.3toVpp \
Output Voltage Vo -0.3toVpp \
o Po Ta =25°C per package |200 max. mwW
Power Dissipation
Ta =25°C per out 50 max. mwW
Storage Temperature Ts1G - -55t0 +150 °C
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OPERATING RANGE

Item Symbol Conditions Limits Unit
Vv f = 1MHz 3tob Vv
Supply Voltage oo (059
fiosc)=4.2 MHz 45t05.5 \
Data-Hold Voltage VDDoH fosc)=0 Hz 2to6 \"
Operating Temperature Top - -40to +85 °C
MOS Load 15
Fan Out N -
TTL Load 1

DC CHARACTERISTICS
(Voo =AVpp =5V *10%, Ta= -40 to +85°C)

Parameter Symbol Conditions MIN | TYP MAX Unit
“H” Input voltage *1*2 Vi - 24 - Voo \"
“H" Input voltage *3 *4 Vin - 3.6 - Voo \Y
“L" Input voltage *8 ViL - -03 - 0.8 \"
“H” Output Voltage *1*5 Vou lo= - 15pA 4.2 - - \Y
“L" Output voltage * VoL lo=1.6mA - - 0.4 v
“L" Output voltage *5 VoL lo=15pA - - 0.4 "
“L" Output voltage *6 VoL lo=8mA - 1 2 \
Input Current *3 L/l V| = Vpp/OV - - 15/-15 | pA
Input Current *2*4 /i V| = Vpp/OV - - 1/-30 BA
“H” Output Current *1 loH Vo =2.4V -0.1 - - mA
“H" Output Current *1 loH Vo =0.4V - - -1.2 mA
Input Capacity G f=1MHz, - 5 - of
Output Capacity Co Ta=25°C - 7 -
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Parameter Symbol Conditions MIN | TYP MAX Unit
Vpp =2V, no load _
Current Dissipation Iops Ta=25C 0.2 > A
(when stop condition)
No load - 1 100 BA
Current Dissipation Iop ?:szzsc:"c"a,ggz - - 20 mA

*1 Applied to PS, P7 and P8
*2 Applied to P2
*3 Applied to 0SCy

AC CHARACTERISTICS

*4 Applied to RESET

*5 Applied to OSCq

*6 Inusing LED, total output current should be within the limit
of Power dissipatation in “Absolute Maximum Rating.”

(Voo =AVpp =5V % 10%, Ta= - 40 to +85°C)

Parameter Symbol Conditions MIN | TYP MAX Unit

Clock Pulse Width Clock (0SC) tow - 119 - - ns
Cycle Time tey - 952 - - ns
Input Data Setup Time tps - 120 - - ns
Input Data Hold Time ton - 120 - - ns
Input Data, Input Clock Pulse ton - 120 _ - ns
Width

Data Delay Time tor C_=15pF - - tcy+300 | ns
INT Invalid Time tunH - 1/8 - - ns

tey

A/D CONVERSION CHARACTERISTICS
(Vop = AVpp = Ve = 5V + 10%, GND = AGND = 0V, 1MHz= f(0sc)<4.2MHz, Ta= - 40 to + 85°C)

Parameter Symbol Conditions MIN | TYP MAX Unit
Resolution - - 8 - - Bits
Absolute Accuracy - - - - 15 LSB
) SPEED="0" |60tcy | - - ns
Conversion Speed tcon
SPEED="1" [120tcy| - - ns
Analog channel input Voltage \ - AGND - VRH v
Analog channel Input Current 1Ll VIZ AGND - - +1 pA
VI=VRH
VRH Input Current | REF - - 0.5 1.0 mA

(Note: tcy=952ns (f(osc) = 4.2MHz))
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TIMING CHARTS

Output Condition

MC

tey

PA=5,70r8

PS: Py, P8

tor

1LY
0SCy
t tow
oW | Lo

P2, Ps, Pz, Pg

*tos toH
|

0SCp

) INH

tsINH
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OKI semiconductor

MSC6458

OKIl 4-BIT 1-CHIP MICROCONTROLLER

GENERAL DESCRIPTION

The MSC6458 is a high-speed, 4-bit 1-chip microcontroller with built-in FLT drivers/controllers developed

to support relatively large control systems.

FEATURES

® ROM: 8000 x 8 bits ® Serial I/O: Built-in 8-bit SIO register

® RAM: 512 x 4 bits
® Ports: I/0 24 ports (8 having IOL = 20 mA)
Input 9 (2 also serving as interrupt inputs)

FLT drivers (Withstand 12 (IOH = 20mA)

voltage 40V): 12 (IOH = 6mA)

® LED direct drive available

® Interrupts: 7 lines (2 external, 5 internal)

® Built-in counters: 12 bits, timebase counter
16 bits, programmable counter
8 bits, high-speed
programmable timer/event
counter

Package:

2mA ( 3V, 1MHz)

Power down: STOP instruction
Package: 64-pin shrink DIP

Oscillation circuit: Crystal or ceramic oscillation

Number of instructions: 147

Cycle time: 930 ns (4.3MHz)

Operating ranges: 4.5 to 5.5V (4.3MHz)
Voltage: 3.0 to 6.0V (1MHz)
Temperature: —40 to +85°C

Power dissipation (typical)
(display off): 9mA ( 5V, 4.3MHz)

64 pin plastic shrink DIP (SDIP64-P-750)

BLOCK DIAGRAM

T0 ~——| m'i‘:‘xz
Tt — =

s,

&
T
FLT drivers/controllers

| interrupt

Control |pD. IRQ

-— [16bﬁ1imt ]Lpsl BbItT/C ” PA| wusuj

f

12 bit TBC

Timing
Control

~—*0sC,
—=TEesT

<+—RESET

TEEETEEET

3210 210 3210 3210 3210 3210 10_320 ine
l_l_c'" '—scx
mn ™G

TCK Sl

<— VDD
<+—GND
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LOGIC SYMBOL PIN CONFIGURATION (TOP VIEW)
— . 64 PIN PLASTIC _~Z o e
wtal =] 0SC. P3 :_‘:] PORT3 SHRINK DIP g -
o gesér b [ secs

RESET —O)
TEST -
5V —f

oV —s
FLT Power ——af
-

pad

PORT1 {
-]
pine

rot2( =5

E

—
PORT8 [
—af

PORT7

-
—]
pomo[ 280

-0

INTO

°
s

o o
3 a
—_—e e

C-NWO-NWO=NWO =N

—
—

{

—>
|

-
el

- N

SEG 12—
Xl e

{

SN,

—

e
le—e

] PORT4
s

-
e
] PORTS

s

s
[
] POR16
e
Digit output
for FLT

Segment Output
for FLT
=

PIN DESCRIPTION

. Input/ . When
Terminal Output Function reset
POO 1/0 port .
P01/SCK Input/ 1/0 port (also used as serial clock input SCK) wyn
P02/SO Output 1/0 port (also used as serial data output SO)
P0O3/SI 1/0 port (also serial data input Si)
P10/CIN 1/0 port (also used as count input CIN)
P11/TMO Input/ 1/0 port (also used as timer output TMO) “1”
P12/TCK Output 170 port (also used timer clock input TCK)
P13 1/0 port
P20/INTO Input Input Port with Latch (falling edge sensitive)
P22/INT1 also used as interrupt input INTO -
Input Port with Latch (‘O’ level sensitive)
also used as interrupt input INT 1
- Input/ “wqn
P30 —~ P33 Output 1/0 port 1
Input/ «qr
P60 ~ P63 Output 1/0 port 0
P40—P43 Outputs —
P50 ~ P53 Input 170 port (lo =20mA MAX) 0
P70 ~P72 Input Input port with pull down register
P80 ~ P83 p Pull down register of P70 ~ P72 can be removed
by instruction
SEGO ~ SEG 11 Output FLT segment driver (dynamic) “0”
T11/SEG12 Output FLT segment driver (dynamic)/Timing output “0”
~T8/SEG15
T7/0UT7
~T0/0UTO Output FLT segment driver (static)/Timing output “0”
0Sco Input/ Crystal connection terminal for system clock -
OSC1 Output oscillation
RESET Input System reset input -
TEST Output Test pin (Open) -
VFLT Input Power supply for FLT driving -
é?l% Input System Power Supply -




FUNCTIONAL DESCRIPTION

1. ROM
The ROM, organized in 8 bits, has a
maximum capacity of 8000 bytes.

2. RAM

The RAM is organized in 4 bits per word,
with a capacity of 512 words.

It is separated into two banks each 256
words long. Bank selection is accomplished via
internal ports. The RAM location in the banks is
addressed by the H and L registers or by the
second byte of each instruction.

3. Ports (24 1/0, 7 input)

The 24 pseudo-bidirectional 1/0 ports effect
or control the exchange of data with external
sources. The ports are specified by the L
register or by codes contained in instructions.
Ports 4 and 5 may draw IOL up to 20mA.

The seven input ports have built-in pulldown
resistors. Up to 84 keys can be scanned by
assembling them in key matrices with the timing
outputs of the FLT drivers (with 12 segments X
12 timings on display; also during automatic
display).

4. Interrupt Input Pins (2 terminals)

The INTO/P20 and INT1/P22 pins are
interrupt input pins. External interrupt request
flags of INTO/P20 pin and INT1/P22 pin can be
set by using interrupt input pins:

INTO/P20 pin ... positive edge or negative edge
input.
INT1/P22 pin ... “0” level input.

These flags are automatically reset when
the appropriate external interrupts occur. These
pins are available for use as input ports when not
used as interrupt input pins.

5. FLT Drivers/Controllers (Automatic Display)

The FLT drivers have a withstand voltage of
40V in the positive direction from the GND level.
They comprise 12 ports that can draw 20mA as
I0H (Timing outputs) and 12 ports that can draw
6mA as such (Segment outputs).

A choice of four display modes is supported
as listed below. A display RAM area is allocated
as part of the RAM space. Data is automatically
displayed when transferred to the display RAM.
(Two different display frequencies are
selectable.) Static output data can be displayed
by controlling the FLT drivers by programming.
Display modes (@4.194304 MHz)

(1) 12 Segments x 12 Timings
1/12 duty (85.3/341.3 Hz)
(2) 16 Segments x 8 Timings
1/8 duty (128/512 Hz)
(3) 16 Segments x4 Timings +4 output*
1/4 duty (256/1024Hz)
(4) 16 Segments+8 output*
Program controlled
*output: static outputs

® MSC6458 ¢

6. Stack (STACK) and Stack Pointer (SP)

The PC is saved in the stack when an
interrupt occurs or a CAL instruction is
executed. It is recovered by the execution of an
RT instruction.

One fourth of the RAM space (128 words
maximum, 32 levels) is available as a stack area.
A 4-word RAM area is used for “one” level in the
stack.

The stack pointer is an 8-bit up-down
counter (the MSB and 2 bits from LSB being
fixed at ‘1’) indicating the next stack address to
use. It enables the RAM space to be used as a
pushdown stack. Data can also be transferred
between stack pointer and the H/L registers.

7. Interrupts
Seven interrupt lines are provided for eight
sources and eight levels of interrupts as follows
(two external inputs):
(1) Display interrupt
Update to timing signals (positive edge)
(2) External interrupt1
Negative edge on the INTO/P20 pin
(3) External interrupt2
Positive edge on the INTO/P20 pin
(4) External interrupt3 o
‘0" input on the INT1/P22 pin
(5) Timebase interrupt
12-Bit timebase counter overflow
(6) Timer interrupt
16-Bit timer and timer register matched signal
(7) Counter interrupt
8-Bit counter and counter register matched
signal
(8) Serial/O interrupt
8-Bit shift register shift end signal

8. 12-Bit Timebase Counter

The timebase counter is made up of a 12-bit
binary counter. It generates an interrupt request
every time it overflows as a result of dividing the
OSCO input 22,

9. 16-Bit Programmable Timer/Event Counter

Comprising a 16-bit register, a 16-bit binary
counter, a comparator circiut, and a control
circuit, the programmable timer generates an
interrupt request when the register and counter
values are matched.

10. 8-Bit High-Speed Programmable

Timmer/Event Counter

The high-speed programmable timer/event
counter comprises an 8-bit register, an 8-bit
binary counter, a comparator circuit, and a
control circuit. Starting and stopping the counter
can be controlled by instructions. It generates an
interrupt request when the register and counter
values are matched.
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11. 8-Bit Seriall/O

Serial I/0 consists of an 8-bit shift register,
a 3-bit shift counter, and a control circuit. It is
used for serial data input and output. Serial data
input and output takes place synchronized with
a shift clock, which is selectable between
internal and external clocks. The shift counter
automatically terminates a data transfer on
counting eight shift clock pulses and generates
an interrupt request.

12. Registers (Acc, H, L, F)

The accumulator (Acc) is a 4-bit register
used to perform data transfers or calculations
with the RAM, other registers, ports and so on.

The H and L registers are each a 4-bit
register. They transfer data to and from Acc and
SP (stack pointer) and address the RAM. The L
register is also used to specify ports to use.

The F register is made up of four
independent flip-flops. It can be used as a
program “flag” or general-purpose register
because each of these flip-flops permits
set/reset testing and transferring 4-bit parallel
data to and from Acc by instructions.

13. Timing Control (TC)

A ‘0’ input on the RESET pin for a certain
period initializes internal circuitry and ports.

As the input side of clock pulses, the OSCO
pin accepts clock pulses from an external
source. Clock pulses may also be obtained by
configuring an oscillation circuit with a crystal
oscillator or ceramic resonator connected to
OSCO0 and OSC1.
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Load Instructions, etc.

® MSC6458 ¢

Mnemonic Code Bytes Cycles Description
LAI n 90-9F 1 1 Aen
LLI n 80-8F 1 1 Len
LHI n 3E-7n 2 2 Hen
LHLI nn 15-nn 2 2 HL «nn
LMI nn 14 - nn 2 2 M (W) «nn
LAL 21 1 1 AL
LLA 2D 1 1 LA
LAH 22 1 1 A<H
LHA 2E 1 1 HeA
LAM 38 1 1 A<M
LMA 2F 1 1 M<A
LAM+ 24 1 1 A<M L<L+1, SkipifL =“0"
LAM— 25 1 1 A—ML«L-1SkipifL=“F"
LMA+ 26 1 1 M <A, L<L+1,SkipifL ="0"
LMA- 27 1 1 M<A Le«L-1,SkipifL="“F"
LAMM n2 39-3B 1 1 A<—MH<«H™n2
LAMD mm 10 - mm 2 2 A «—Md
LMAD mm 11 - mm 2 2 Md <A
X 28 1 1 A— M
X+ 3C 1 1 A< M, L «L+1, Skipif L = “0”
X— 2C 1 1 A ML e«L-1,SkipifL =“F"
XM n2 29-2B 1 1 A—MH<HM™RN2
LMT mm 19 - mm 2 4 M (w) « T (Md (w), A)
LAF 3E - 54 2 2 A<F
LFA 3E - 5C 2 2 F<A
LHLS 3E- 53 2 2 HL <SP
LSHL 3E - 5B 2 2 SP < HL
IP 20 1 1 A<P
opP 23 1 1 P<A
IPD p 3D - pD 2 2 A<~ Pp
OPD p 3D - pC 2 2 Pp <A
OPT 18 1 3 P4,P5 <« T (M (w), A)
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Interrupt Control Instructions

Mnemonic Code Bytes Cycles Description
MEI 3E - 60 2 2 MEIF « “1”
MDI 3E - 61 2 2 MEIF « “0”
EIXD 3D-E8 2 2 EIXDF « “1”
EIXU 3D - E9 2 2 EIXUF « “1”
EIXL 3D - EA 2 2 EIXLF « “1”
EIDP 3D EB 2 2 EIDPF « “1”
EITB 3D - D8 2 2 EITBF « “1”
EITM 3D - D9 2 2 EITMF « “1”
EICT 3D - DA 2 2 EICTF «“1”
EISR 3D - DB 2 2 EISRF « “1”
DIXD 3D - E4 2 2 EIXDF « “0”
DIXU 3D - E5 2 2 EIXUF « “0”
DIXL 3D - E6 2 2 EIXLF « “0”
DIDP 3D - E7 2 2 EIDPF « “0”
DITB 3D - D4 2 2 EITBF « “0”
DITM 3D - D5 2 2 EITMF < “0”
DICT 3D - D6 2 2 EICTF « “0”
DISR 3D - D7 2 2 EISRF « “0”
TIXD 3D - EO 2 2 Skip if EIXDF = “1”
TIXU 3D - E1 2 2 Skip if EIXUF = “1”
TIXL 3D E2 2 2 Skip if EIXLF = “1”
TIDP 3D - E3 2 2 Skip if EIDPF = “1”
TITB 3D - DO 2 2 Skip if EITBF = “1”
TIT™M 3D - D1 2 2 Skip if EITMF = “1”
TICT 3D - D2 2 2 Skip if EICTF = “1”
TISR 3D - D3 2 2 Skip if EISRF = “1”
TQXD 3D - 20 2 2 Skip if IRQXDF = “1”
TQXU 3D 21 2 2 Skip if IRQXUF = “1”
TQXL 3D - 22 2 2 Skip if IRQXLF = “1”
TQDP 3D-23 2 2 Skip if IRQDPF = “1”
TQTB 3D - COo 2 2 Skip if IRQTBF = “1”
TQTM 3D C1 2 2 Skip if IRQTMF = “1”
TQCT 3D - C2 2 2 Skip if IRQCTF = “1”
TQSR 3D-C3 2 2 Skip if IRQSRF = “1”
RQXD 3D-24 2 2 IRQXDF « “0”
RQXU 3D-25 2 2 IRQXUF « “0”
RQXL 3D - 26 2 2 IRQXLF « “0”
RQDP 3D - 27 2 2 IRQDPF « “0”
RQTB 3D - C4 2 2 IRQTBF « “0”
RQTM 3D-C5 2 2 IRQTMF « “0”
RQCT 3D - C6 2 2 IRQCTF « “0”
RQSR 3D - C7 2 2 IRQSRF « “0”
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Increment/Decrement Instructions
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Mnemonic Code Bytes Cycles Description
INA 30 1 1 A —A+1,Skipif A =“0"
INL 31 1 1 L —L+1, SkipifL = “0"

INH 32 1 1 H <« H+1, Skipif H = “0”
INM 33 1 1 M <« M+1, Skipif M = “0”
DCA 34 1 1 A —A-1,Skipif A = “F"
DCL 35 1 1 L« L-1,SkipifL="“F"

DCH 36 1 1 H«H-1,SkipifH = “F”
DCM 37 1 1 M «M—1, Skipif M = “F”
INMD mm 12 - mm 2 2 Md « Md+1, Skip if Md = “0”
DCMD mm 13- mm 2 2 Md « Md-1, Skip if Md = “F”

Bit Handling Instructions, etc.

Mnemonic Code Bytes | Cycles Description
TAB n2 54-57 1 1 Skip if A (n2) = “1”

RAB n2 64-67 1 1 A (n2) « “0”

SAB n2 74-77 1 1 A(n2) «“1"

TPB n2 50-53 1 1 Skip if P (n2) = “1”
RPB n2 60—-63 1 1 P (n2) « “0”

SPB n2 70-73 1 1 P (n2) « “1”

TMB n2 58-5B 1 1 Skip if M (n2) = “1”
RMB n2 68-6B 1 1 M (n2) « “0”

SMB n2 78-7B 1 1 M (n2) «“1”

TFB n2 5C—-5F 1 1 Skip if F (n2) = “1”
RFB n2 6C—6F 1 1 F (n2) « “0”

SFB n2 7C-7F 1 1 F (n2) «“1”

TPBD p, n2 3D - p0~3 2 2 Skip if Pp (n2) = “1”
RPBD p, n2 3D - p4~7 2 2 Pp (n2) < “0”
SPBD p, n2 3D - p8~B 2 2 Pp (n2) « “1”

TC 09 1 1 Skip if C = “1”

RC 08 1 1 C<"0"

sC 07 1 1 Ce“1
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Arithmetic Instructions

Mnemonic Code Bytes Cycles Description
ADCS ] 1 1 C,A < C+A+M, Skipif C = “1”
ADS 02 1 1 A < A+M, Skip if Cy = “1”

ADC 03 1 1 C,A<C+A+M
AlS n 3E - 4n 2 2 A — A+n, Skip if Cy = “1”
DAA 06 1 1 A —A+6
DAS 0A 1 1 A <—A+10
AND oD 1 1 A—AAM
OR 05 1 1 A—AVM
EOR 04 1 1 A—AMM
CMA oB 1 1 A<A
CIA oC 1 1 A« A+1
RAL 0E 1 1 | cCe 3e2 <A__1:o<)
RAR OF 1 1 C— a2 iT:‘o S
CAM 16 1 1 SkipifA=M
CAl n 3E-On 2 2 Skipif A=n
CMI n 3E- 1n 2 2 SkipifM =n
CLI n 3E-2n 2 2 SkipifL=n
CPI p,n 17 - pn 2 2 Skipif Pp=n
Branch Instructions, etc.

Mnemonic Code Bytes Cycles Description
JCP a6 CO-FF 1 1 PC < a6
JA 1A 1 2 PC « (PC «—A) +1
JM 1B 1 2 PC « (M (w), A)

JP a12 P 2 2 |PCeat2

CAL a2 i 2 4 | ST <—PC+2,PC «—al2, SP — SP-4

czp a Ba 1 4 ST « PC+1, PC «2a, SP « SP-4
3F 3F

LJP al3 00-1F 3 4 PC «ai13
00 FF
3F 3F

LCAL a3 80-9F 3 4 ST « PC+3, PC «a13, SP — SP—-4
00 FF

RT 1E 1 4 PC « ST, SP — SP+4

RTS 1F 1 4 PC « ST, SP « SP+4, then Skip
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Counter Control Instructions, etc.

® MSC6458 o

Mnemonic Code Bytes Cycles Description

LCT™M 3E - 51 2 2 CTR <M (w)
LMCT 3E - 59 2 2 M (W) «CT
ECT 3D - BB 2 2 CTF < “1” (Counter Start)
DCT 3D - B7 2 2 CTF < “0" (Counter Stop)
TCT 3D - B3 2 2 Skip if CTF = “1"
LTMM 3E - 50 2 3 TMR < M (2w)
LMTM 3E - 58 2 3 M(@2w) «TM
LSRM 3E - 52 2 2 SR « M (w), SC < “0" SC: Shift Counter
LMSR 3E - 5A 2 2 M (w) < SR
ESR 3D - BA 2 2 SRF < “1” (Shift Register Start)
DSR 3D - B6 2 2 SRF < “0” (Shift Register Stop)
TSR 3D - B2 2 2 Skip if SRF = “1”

CPU Control Instructions, etc.

Mnemonic Code Bytes Cycles Description
PUSH 1C 1 3 ST«C,AH,L,SP ~SP-4
POP 1D 1 3 C,A H, L« ST,SP «—SP+4
HALT 3D - B8 2 2 Halt CPU
STOP 3D - B9 2 2 Stop CPU
NOP 00 1 1 No Operation
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Explanations of Instruction Symbois

SRF
TXXY) :
nn
n2
(n2)
mm

Cy

178

: Accumulator (4-bit)

: H register (4-bit)

: L register (4-bit)

: F register (4-bit)

: RAM word addressed by the H and L registers

: RAM word addressed by second byte of an instruction code

: Two RAM words addressed by the H and L register/H3-0 and L3-1 (8-bit)
: Two RAM words addressed by second byte of an instruction code (8-bit)
: Four RAM words addressed by the H and L register/H3-0 and L3-2 (16-bit)
: Four RAM words (16-bit) allocated as a stack area

: Stack pointer (8-bit)

: Program counter

: Port specified by the L register (4-bit)

: Port specified by 4 high-order bits of second byte of an instruction code (4-bit)
: 8-Bit counter/register

: 8-Bit programmable counter

: Programmable counter start flag

: 16-Bit timer/register

: 16-Bit programmable timer

: 8-Bit shift register

: Shift register start flag

: ROM address data specified by a11-4 as X and a3-0 as Y (12-bit)

ROM table data specified by a11-4 as X and a3-0 as Y (8-bit)

: Immediate data (4-bit)

: Immediate data (8-bit)

: Two low-order bits of an instruction code

: Bit specified by the two low-order bits of an instruction code
: ROM address data

: ROM address data (X-bit)

: RAM address data (8-bit)

: Carry flag

: Flag indicating a carry in a calculation result



ELECTRIC CHARACTERISTICS
® Absolute Maximum Ratings

® MSC6458

Parameter Symbol Conditions Limits Unit
Supply Voltage VDD —-0.3~7 \"
Indicated Supply Voltage VELT Ta=25°C VpD ~ 45 \%
Input Voltage V) —-0.3 ~VpD \%
Input Voltage Vo Ta=25°C ln.put/output —0.3~ Voo v
Indicated output —03 ~ VELT \%
SEGO ~ SEG1 10 mA
i Per pin TO~ T11 40 mA
Qs Corent | 1oy ouTo~outr| * 0 ma
Output terminal [SEGO ~ SEG11 72 mA
total TO~T11 72 mA
o Per terminal 20 mA
(P';L F?g‘)“"“ Current loL P4 total 40 mA
P5 total 40 mA
Power Dissipation PpD Per package 600 mw
Per input/output terminal 50 mwW
Storage Temperature Tstg - —55 ~ +150 °C
* When timing output is used as static output
® Operating Conditions
Parameter Symbol Conditions Limits Unit
Supply Voltage VoD f (osc) < 4.3MHz 4.5~55 \"
f (osc) £ 1MHz 3~6 \%
Indicated Supply Volitage VELT - 10 ~ 40 \
Memory Retension Voltage VDDH Oscillation off 2~6 \
Operating Temperature Topr - —40 ~ +85 °c
(Fan Out (input/Output Port) | N MOS Load 15 -
TTL Load 1 -
©® DC Characteristics (Vpp = 5V £10%, Ta = —40 ~ +85°C)
Parameter Terminal applied|Symbol| Conditions Min. Typ. Max. Unit
*1 — 24 — VpD \
“H” Input Voltage OSCO, RESET | V|H - 3.8 - VbD \
P7, P8 - 34 - VDD \Y
“L” Input Voltage "2 ViL - 0 — 08 v
P7, P8 - 0 - 1.6 \Y
*3 10 = —15uA 4.2 — — \
“H"" Output Voltage SEGO ~ SEG11 | VOH 10=—6mA |VFLT-2.5| — - \
TO~ TN 10 =—-20mA |VELT-3.5| — - \%
PO, P1, P3, P6 10=1.6mA - 0.4 \Y
P4, PS5 10 =10mA - 0.8 Vv
“L" Output Voltage 0scC1 VoL 10 = 15uA — 0.4 v
SEGO ~ SEG11 10=1mA - 1.6 v
ToO~TN 10 =1mA — 14 v
0Ssco - 15 HA
“H’* Input Current P2, RESET IH VI =VvDD — ! KA
P7(P73=0),P8 | - - 60 HA
P7(P73=1) - 1 HA
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Parameter Terminal applied{Symbol| Conditions Min. Typ. Max. Unit
0sco - - —-15 uA
“L" Input Current P2, RESET he Vi=0V - - -30 | uA
P7, P8 - - -1 uA
“H” Output Current PO, P1, P3, lon VO =24V —-0.1 - - mA
P4, P5, P6 VO =04V - - -1.2 | mA
Current Consumption Ibp | (osc,:\l)o=l3?gM Hz| — 12 20 mA
No load - 1 100 MA
Current Consumption i 1 No load

(When stop mode condition) DDs Vpp = 2V - 0.5 10 MA

Ta=25°C

. No load
(F LT driver soction; " IFLT | AIFLTriver, | — | 2 | 100 | uA

*1. Applied to PO, P1, P2, P3, P4, P5, P6
*2. Applied to PO, P1, P2, P3, P4, P5, P6, OSCO, RESET
*3. Applied to PO, P1, P3, P4, P5, P6, OSC1

® AC Characteristics

(VDD =5V +10%, Ta = 40 ~ +85°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
Clock (0.S.C 4 ) Pulse Width teW - 116 - - nS
Cycle Time tcy - 928 - - nS
Input Data Setup Time tps - 120 - - nS
Input Data Hold Time tDH — 120 - - nS
P2 Input Data Pulse Width tDWP2 Note 1 120 — - nS
SR Clock. Pulse Width tDW1 — 120 — - nS
CT Clock. Pulse Width tDW2 - 2/8tcy+120 - - nS
TM Clock. Pulse Width tpw3 - tcy+120 - - nS
SR Data Setup Time tss - 120 - - nS
SR Data Hold Time tsH - 120 - - nS
SR Clock Invalid Time * | tSINH - 2/8tcy - - nS
Data Delay Time tDR CL = 15pF — - 300 nS
SR Clock Delay Time tSp CL = 15pF - - 360 nS
Reset Input. Rise Time tWRS Note 2 2tcy - - nS
Segment Output. Rise Time tTLHS | VFLT =40V - - 3 uSS
Segment Output. Rise Time tTHLS | CLD = 15pF - — 1 uS
Timing Output. Rise Time tTLHT | VFLT =40V — - 3 uS
Timing Output. Rise Time tTHLT | CLD = 15pF - - 1 uS

*1. When stop mode is to be released by *'L’’ level input from P20/INTO, it is necessary to keep the pulse
width of more than oscillation stability time for OSC,.
*2. This indicates when OSC, oscillation is stabilized. However, when stop mode is released by reset
input, the pulse width of more than OSC, oscillation stability time as requested.
*3. tsINH: When shift register commands LMSR during shift in operation, its inner part will not change
if clock, which inputs PO1/SCK during tgyNH period, changes.
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STANDARD CHARACTERISTICS

® “’H” Output Current IgH — Output Voltage
VOH Characteristics (Ta = 25°C)

PO, P1, P3, P4, P5, P6

-1.0
-0.9
-0.8
~_ VDD = 6V
g 06
£ o5
5
O 04 NSV N
703 \‘
4v \
02kt NN \
o NAA
0

12 3 45 6 7 8 910
VOH (V)

® “L’" Output Current Igp— Output Voltage
VL Characteristics (Ta = 25°C)
PO, P1, P3, P6. 6V

24 VbD
22 / A =5V

20 Vava
18 1/
16 / —
14
12 /
10

8 3V

loL (mA)

oN MO

1 2 3 4 5
VoL (V)

® “L" Output Current |g| — Output Voltage
VoL Characteristics (Ta = 25°)

P4 50 6V Vpp = 5V
P5 (/ 4
40 //

9 /
_ /
E 30 =y
S soHf A

/

0 1 2 3 4 5
VoL (V)

® “H” Output Current IgH— Output Voltage

VOH Characteristics (Ta= 256°C, VFLT = 40V)
Segment Output
20

18
16 \\
14

12
-10

Vpop 5V

IOH (MA)

35 36 37 38 39 40
VoH (V)

“L"” Output Current Ig— Output Voltage
VoL Characteristics (Ta = 256°C, VFLT = 40V)
Timing Output

Vpp = 5V

—50

-10 \

0

3 36 37 38 39 40
VOH (V)

“’L"" Output Current Igp — Output Current
VoL Characteristics (Ta = 25°C, VFLT = 40V)

Segment Output

10
9
8
7
< 6
£
= 5
3 A
2 /
1
% 1 2 3 4 5
VoL (V)



® MSC6458 o

® “L” Output Current g — Output Current
VoL Characteristics {Ta = 25°C, VFLT = 40V)

Timing Output

10

<]

loL (mA)

O = N W H» OO N 0

Vpp = 5V
//
0 1 2 3 4 5
VoL (V)

® Maximum Clock Fregency f(osc) — Supply
Voltage Vpp Characteristics
(Ta=25°C, CL = 15pF)

10

©

f (osc) (MHz)

O = N W » O O N 0

1 2 3 4 5 6 7 8 910
VoD (V)

o Maximum Clock Frequency f(osc) — Ambient
Temperature Ta (Vpp = 5V, Cp = 15pF)

10
9

f (0sc) (MH2)
N WD OO N ®

o -
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H

T T
Vpp = 5V

NS

40 20 0 20 40 60 80100120
Tal C)

o Current Consumption Ipp — Supply Voltage Vpp

(Ta = 25°C, No load)

100m
f(osc) = 4HMz
2MHz |
10m 1 MHz
= 500kHz
Z
m
<
z 100u
o
10u
L~ Stop mode
Tu =
100
"o 73 5 6 7 8 9 10

Vop (V)



TIMING CHART

0oscC,

osc,

PO, P1, P3, P4
P5, P6, P7, P8

0sc,

PO, P1, P3
P4, P5, PG

SEGO

14
SEG11

TO

?
T

YW | toW

tcv

I
Input Data

DS tDH

wAWAWAWE

Qutput Data

DR

= 0.9VFLT
0.1VFLT
tTLHS ITHLS
=" 09VFLT
0.1VFLT
tTLHT tTHLT

® MSC6458 o

GND

VFLT

GND
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PO1/SCK \ " \
IDW1 | tDW1
PO3/S1 Input Data
tss tSH
I 1
P02/SO Input Data Output Data
tSP tSp
[-——

P20/INTQ \

P22/INT1
tDWP2 | tDWP2
P10/CIN
tow2 | tDW2
| | |
P12/TCK
tDW3 tDw3
! | 1
RESET
| tWRS
I |
osc,
tSINH
1mMC 2MC
T
LMSR Instruction
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OXK I semiconductor
MSC6458VS

MSC6458 PIGGY BACK

GENERAL DESCRIPTION

The MSC6458VS is a device whose built-in ROM is replaced by external EPROM using the piggy-
back method. This device can be used for the evaluation of program.

FEATURES
® Supply Voltage: 5V+5% ® Operating Temperature: 0 ~ 70°C

® Frequency: DC ~ 4.3MHz
® 64 pin ceramic piggy back (ADIP64-C-750)

ROM INSERTION

Please refer to drawing below.

C6458
OKI
JAPAN

PIN CONFIGURATION

Pin Connection between MSC6458 VS and EPROM
[
Vece
A13 |
A12
A1
10 —
9 —
8
7
6
ToAO ~A13
of MSC6458VS G ADDRESS s
3
2
1
A0
DO
1
2
o~ DAT,
MSC6458VS A 3
5
6
Note: When insertinga 2764, D7
pin 26 is notused. GND
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MSM6502/6512

CMOS 4 BIT SINGLE CHIP MICROCONTROLLER WITH LCD DRIVER

GENERAL DESCRIPTION

The OKI MSM6502/6512 is a low-power, high-performance 4 bit single-chip microcontroller im-

plemented in complementary metal oxide semiconductor technology.

Integrated within this one chip is a 108 (4 X 27) dot LCD Driver. Also integrated in this chip are
16K bits of mask program ROM, 512 bits of data RAM, Input/Output lines, a programmable

timer/counter, and oscillator.

The advantages of the MSM6502/6512 in comparison with the OLMS-40 Series include, among
other features, a lower drive voltage, multiplexed interrupts, a larger number of drivable liquid crystal

elements, a buzzer output, and larger memories.

FEATURES

ROM

RAM

Number of
Instructions
Clock Oscillation
Cycle Time
Timer Interrupt
1/0 Ports

Input ports

LCD Drive

Buzzer
Interrupt

: 2000 X 8 bit
: 128 X 4 bit
. 68

: Crystal 32.768 kHz

: 91.5us

: Dual (16 & 128 Hz2)

. 4 bit X 2 Port

: 4 bit X 1 Port

1 108 (4x27)
picture elements

1 2K/1K/512 Hz/Soft

: Three types
(external, two timer
types)

FUNCTIONAL BLOCK DIAGRAM

Stack : Nesting RAM stack
pointer = 7 bits

Power down : Halt mode available

Operating power : 2.4V — 3.6V

supply voltage

Consumption MSM6502

current : 45uA (Typical)

(Vpp=3V, 30uA (Halt mode)
OSC = MSM6512

32.768 kHz) : 30uA (Typical)

12uA (Halt mode)
Package:

56(S) pin plastic QFP (QFP56-P-910-K)

INSTRUC- { PROGRAM

TION - MEMORY

ACE DECODER 2000x8BIT

aBT §oIT
ALY ‘
H L
P
H L H L
4BIT @ 4BIT 870:1’
1 BUS8BIT
L !
V| INT. TBF
| CONTROL
82
CONT
s T18C
v DATA MEMORY
G G G e EAGE
4817 48T aBIT u
2 ’ ' [ oo /Driver ]
P23~o Pla~o POs~o B82/8Z OO R 4321 4}
a~o 00 F 4371, vs 3
gc 2 TEST T DD Com1~4 SEG0~26
1
T

186




® MSM6502/6512 @

LOGIC SYMBOL PIN CONFIGURATION (TOP VIEW)
Crystal — osc PORT 00 f=—-=
resonator Zovo |—.— | Porto
connection 4 OSC: g; —— J (input/output ports)
03[~
Reset —-=| Reset 10—~ Port 1
1M f——
Interrupt __d T :g _—_— J (input/output ports) :Eg:g
20 [40) SEG 11
——d TEST 21 [F— | Port2 [3) seG10
! _:ﬁ TEST? 22 |—— | (input ports) 28] SEGo
Testpins 23 |—— 137) SEG8
-
COMII™T ] Leo SEG6
3 == | common output SEGS
4 SEG4
Seg0 |—— SEG3
Y [51) seG2
2 Lco [30] SEG1
: ? segment output SEGO
25 f——
26 |——
+3V —— Vpp 87 ——
o GND 82— ] Buzzer output
PIN DESCRIPTION
Designation Pin No. Function
GND 24 Circuit GND potential
Vbbp 21,49 | Main power source
0SCo 22 Crystal OSC input, internal clock input
OSC+ 23 Crystal OSC input, internal clock output
PO, P1 1to4 Pseudo-bidirectional ports for 4-bits parallel /0. To input data from these ports,
5t08 itis necessary to write “1” beforehand.
The port to be selected is specified by the L register. The register contents and
the corresponding specified ports are listed below.
Content of L register Port Specified
0,8 PO
1,9 P1
2,0AH P2
3,0BH P3
4,0CH P4
5,0DH PS5
6, 7, OEH, OFH No designation
Note: P3, P4, P5 are internal ports.
P2 9to 12 | Input ports for 4-bit parallel input with no latching function.
INT 16 Input pin to request an interrupt from the external circuit. The input flagis set by
the fall of the input signal.
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Designation Pin No. Function
RESET 15 The reset mode starts after “0” is input to the RESET pin for more than 2
machine cycles.
The reset signal has priority over all of other signals and performs the following
operations automatically:
(1) Resets all bits of the PC (Program counter) to “0".
(2) Setsall bits of the parallel /0 ports (POO to P13) to “1”.
(3) Resetstheinternalresister (H, L, ACC,C, P3, P4,P5).
(4) Resets the skip flag.
(5) Resets all bits of the time base counter (TBC).
(6) Resets theinterrupt request flag (IRQF).
(7) Resets the interrupt enable flag (EIF).
(8) Resets the master interrupt enable flag (MEIF).
(9) Setsall bits of the stack pointer (SP) to “1”.
(10) Initializes the segment and common outputs.
(11) Sets all bits of the index register (IDR) to “1”.
Since the RESET pin is pulled up to Vpp by an internal resister (approx. 800
k), itis possible to achieve power ON/reset by connecting it with an
external capacitor.
LCD Drive Pins A special AC waveform designed to comply with liquid crystal properties is
SEGO0 ~26 29t0 48 | required for liquid crystal drive purpose. The MSM6502 is equipped with a
50t056 | 1/4 duty 1/3 bias liquid crystal drive circuit with four common output ports and
COM1 ~4 25t028 | 27 segments to enable displays of 108 picture elements. On/off selection of
picture element displays involves writing “0” or “1” in the corresponding bits in
the RAM O0H to thru 1AH display area, and subsequent automatic hardware
controlled display. The frame frequency is 64 Hz.
BzZ/BZ 13,14 | BZand BZ are used in the generation of alarms and other sounds. The

selectable frequencies include three hardware frequencies (TBC output) 512,
1024, and 2048 Hz, and a software type based on P50 data. These frequencies
are selected at P3.

When one of the hardware frequencies is selected by P3, output of that
frequency is continuous. But selection of the software type results in output of
P50 contents to generate a melody by program.

INSTRUCTION LIST

Grouping Mnemonic Code Byte Cycle Function
LAI n 8n 1 1 Acc —n
LLI n 7n 1 1 L—n
LHLI n8 6A n8 2 2 HL —n8
LXI n8 69 n8 2 2 X«—n8
LAM BO 1 1 Acc —M<HL>
Load LAL B1 1 1| Acc—L
LAH B2 1 1 Acc —H
LMA B4 1 1 M<HL> —Acc
LLA BS 1 1 L —Acc
LHA B6 1 1 H—Acc
LMAD m7 1B m7 2 2 M<m7> —Acc
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INSTRUCTION LIST (CONT.)

Grouping Mnemonic Code Byte Cycle Function
LAMD m7 1A m7 2 2 Acc —M<m7>
LMT 67 1 2 M<HL+1><HL> —ROM<X>
PUSH HL BC 1 2 STACK —HL, SP —SP-2
Load
PUSH CA BD 1 2 STACK —C, Acc, SP —SP-2
POP  HL BE 1 2 HL — STACK, SP — SP+2
POP CA BF 1 2 C, Acc — STACK, SP —SP+2
XAM B8 1 1 Acc —— M<HL>
Exchange XAMD m7 1C m7 2 2 Acc ——M<m7>
XHS 3F 1 1 HL —— SP
INA 10 1 1 Acc —Acc +1, Skipif Acc=0
INL 1 1 1 L —L+1,SkipifL=0
INM 12 1 1| M<HL>—M<HL>+1, Skipif
Increment M<HL>=0
and
decrement INX 5C 1 1 X—=X+1
DCA 14 1 1 Acc —Acc—1, Skipif Acc=F
DCL 15 1 1 L—L-1 SkipifL=F
DCM 16 1 1 ’I;II<HL>~—M<HL>—1,SkipifM<HL>=
DCX 5D 1 1 Xe=X-1
DSC 60 1 1 | C,Acc—C+Acc+M<HL>, Adjustif C=0
DAC 61 1 1 8,Agc<—C+Acc+(M <HL > +6), Adjust if
ADS 62 1 1 Acc —Acc+M<HL>, Skip if Cy=1
ADCS 63 1 1 C,Acc —C+Acc+M <HL>,Skip if C=1
AIS n Oon 1 1 Acc—Acc+n, Skip if Cy=1
CMA 65 1 1 | Acc—Acc
EOR 66 1 1 Acc —Acc¥M<HL>
Operation AND 4c 1 1 | Acc—AccAM<HL>
OR 4D 1 1 Acc —AccVM<HL>
CAM 6B 1 1 Skipif Acc=M<HL>
CPAL 6C 1 1 Skipif Acc=L
CAXL 6D 1 1 Skip if Acc = XL
CAXH 6E 1 1 Skip if Acc = XH
SC 1F 1 1 C—“1"
RC 1E 1 1 C—“0"
TC 4E 1 1 Skipif C="1"
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INSTRUCTION LIST (CONT.)

Grouping Mnemonic Code Byte Cycle Function
Acc
. RAL 18 1 1| () —C =81 —0—(*)
Operation
— ACC—
RAR 19 1 T () —C—3—2—1—0—()
SMB n2 30 ~33 1 1 M<HL> bitn2 «—*“1”
50 53 ; “qn
SMBD m7,n2 m7" m7 2 2 M<m7> bitn2 —“1
SPB  n2 20~23 1 1 | Pbitn2—"1"
RMB n2 34 ~37 1 1 M<HL> bitn2 —“0”
. 54 57 : “y
Bit RMBD m7,n2 m7™ m7 2 2 M<m7> bitn2 —“0O'
Operation
RPB n2 24 ~27 1 1 Pbitn2 —*“0”
TMB n2 38 ~3B 1 1 Skip if M<HL> bitn2 =“1"
58 5B . . Cwqn
TMBD m7,n2 m7" m7 2 2 Skip ifM<m7> bitn2 =*“1
TPB n2 28 ~2B 1 1 Skip if P bitn2 =“1"
TAB n2 2C ~2F 1 1 Skipif Accbitn2 =*“1"
TIRB n2 49 ~4B 1 1 if IRQF bit n2="1" Skip & IRQF bitn2 —“0”
El 5E 1 1 MEIF —“1”
Interrupt
DI 5F 1 1 MEIF —“0”
J ali 9000~97CF 2 2 PCio~o+—all
CAL ali AOO0~A7CF 2 3 STACK~—PC+2, SF—SP-3,PCi0o~o+all
Branch JCP a6 CO~FF 1 1 PCs ~o+—ab
RT 3C 1 2 PC —STACK, SP—SP+3
RTS 3D 1 1 PC —STACK, SP—SP+3, then Skip
Input/ IP B3 1 1 Acc —P
Output opP B7 1 1 | P—Acc
cPU HALT 4F 1 1 HLF —*“1”
Control NOP 00 1 1 | NoOperation
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ELECTRICAL CHARACTERISTIC
ABSOLUTE MAXIMUM RATING

® MSM6502/6512 @

Parameter

Symbol Conditions Limits Unit
Power Supply Voltage Vbp -03~7 v
Input Voltage \7 Ta=25°C -0.3~Vpp v
Output Voltage Vo -0.3 ~Vpp v
Power Dissipation Pp p'T: :aii;ge 200 mvV
StorageTemperature Tstg —_ -55 ~ +150 °C
OPERATING RANGE
Parameter Symbol Conditions Limits Unit
Power Supply Voltage Vbp f(osc)=32.768 kHz 2.4~36 v
Operating Temperature Top f— -20 ~+70 °C
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D.C. CHARACTERISTICS

(Vpp =3V, Ta = —20 ~ +70°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
“H” Input Voltage VIH - 26 - - \
“L” Input Voltage ViL - - - 0.4 Vv
“H"” Output
Voltage(1) VOH lo=—-1.0mA 2.0 - - \
“L” Output
Voltage(2) VoL lo=1.0mA - - 1.0 v
MSM6502 | lg=—5uA
Vs 2.8 - 3.0 \
MSM6512 lo=—2uA
MSM6502 | Iop==+2uA
V2 ° 1.8 - 2.2 \
LCD Drive MSM6512 lo==%0.5uA
Output Voltage(3) MSM6502 lo=%2uA
Vi 0.8 - 1.2 Vv
MSM6512 | g ==£0.5puA
MSM6502 | Ig=5uA
Vo ° 0.0 - 0.2 Vv
MSM6512 | lg=2uA
OSColnput Current /L |V)=Vpp/V|=0V - - 2/-2 nA
Input Current(4) WL |Vi=Vpp/Vi=0V - - 1/-10 uA
Input Current(5) /L |VI=Vpp/V|=0V - - 1000/-1 nA
Input Current(6) /L |Vi=Vpp/V|=0V - - 1/-40 nA
PO, P1
“H” Output Current loH Vo=0V - - -50 nA
Iob MSM6502 | f(osc) =32.768KHz | 48 7o A
MSMes512 | atnoload - 30 55
Current IDDHLT MSM6502 flosc) =32.768 kHz _ 30 40 uA
Consumption DDH MSM6512 | atHLT execution — 12 25
MSM6502 - 15 25
Ibps Statis uA
MSM6512 - 5 15
Oscillation Start
Time Tosc - - - 10 SEC
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(1) AppliedtoBZ,BZ
(2) Applied to BZ, BZ, PO, P1
(3) Applied to COMMON, SEGMENT

(4) Applied to RESET, INT
(5) Applied to P2 (When input is unable)
(6) Applied to P2 (When inputis able)

SWITCHING CHARACTERISTIC

® MSM6502/6512 @

(Vpp =3V, Ta=—20 ~ +70°C)
Parameter Symbol Conditions MIN. TYP MAX. Unit
Clock (OSCo) Pulse Width toW - 15 - - usS
Cycle Time toy - (1) - - uS
PO
P1 Data Valid Time tpy - (2) - - uS
P2
PO
P1 Datalnvalid Time tpiv - - - ()] uS
P2
;? Data Delay Time tops CL=50pF - - (4) uS
(1) toy =3 X 1/f(osc)
(2) tpy=1/2 X 1/f(osc)
3) tpyy =1 X 1/flosc) +10uS
(4) tppg=5/2 x 1/flosc) +15uS
iMC tcy

~

\J \ / \ /
tow | tow
I
PO
P1 Input mode INVALID VALID INVALID
P2
toiv tpv
1 !
::? Output Mode OLD DATA NEW DATA
tops
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TYPICAL PERFORMANCE CURVES for MSM6502

High-level Output Current (IoH)

— Output Voitage (VoH)
(Vpp =3V, Ta=25°C)
-5
-4
— -3
%: (BZ, BZ terminal)
5
\
N
(COMMON, SEGMENT teirmir}al)
1 I A Wi ] i
(PO, P1 terminal)
0 1 1 L
o1 2 3 4 5 6 7 8 9 10
VoH V)
Middle-level Output Current (11,12)
— Output Voltage (V1,V2)
(Vpp= 3V, Ta=25°C)
25
20
15 v
1|v2
10
L/
<
3 0
= s (COMMON, SEGMENT terminal)
-10
-15
-20
-25
0o 1 2 3 4 5 6 7 8 9 10
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Vi, Va(V)

Low-level Output Current {IgL)

— Output Voltage (VoL )
(Vpp=3V, Ta=25°C)
10 DD
9
8
7
= 6
£ 5
o
= a4
(PO, P1 terminal)
37 —T ]
P /| _—+—1(BZ, BZ terminal)
, L]
(COMMON SEGMENT terminal)
0 p—l | 11 1
0O 1 2 3 4 5 6 7 8 9 10
VoL(V)
Current Consumption (Ipp)
— Power Supply Voltage (Vpp)
(Ta= 25°C, No load)
10m
5m
1im
500u
100u
f(OSC) = 32,768 KHz
g oo /’/ l
—8 / OHz
10u
Su /
n
500n
100n

0O 1 2 3 4 5 6 7 8 9 10
Vpp V)

I

|

/
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TYPICAL PERFORMANCE CURVES for MSM6512

IoH (MA)

14,12 (uA)

High-level Output Current (IoH)
— Output Voltage (VOH)

(Vpp =3V, Ta=25°C)

-5
-4
-3
(BZ, BZ terminal)
-2
‘\
LN
(COMMON, SEGMENT telrmir:al)
l 1 A W 1l 1
PO, P1t inal
. é i !l( ) Jiarmnlna)[

01 2 3 4 5 6 7 8 9 10
VoH V)

Middle-level Output Current (11, 12)
— Output Voltage (V1,V2)

(Vpp= 3V, Ta=25°C)

V1 jy2

(COMMON, SEGMENT terminal)

o1 2 3 4 5 6 7 8 9 10
Vi, Va(V)

Low-level Output Current (o)

— Output Voltage (Vo)
(Vpp=3V, Ta=25°C)
10 D
9
8
7
2 6
E 5
)
= 4
3 (PO, P1 terminal)
— |
2 /| —+—1(BZ, BZ terminal)
1 | |
(COMMON SEGMENT terminal)
0 —— | | 1 A 1 1
o 1t 2 3 4 5 6 7 8 9 10
VoLV
Current Consumption (Ipp)
— Power Supply Voltage (Vpp)
(Ta=25°C, No load)
10m
5m
1im
500u
100u
5 f(OSC) = 32,768 KHz
g S0 A
8 /// OHz
10u ///
Su //,
u
500n
100n

01 2 3 4 5 6 7 8 9 10
Vpp (V)
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OKI semiconductor

MSC62408B/62G408B

BI-CMOS SINGLE CHIP MICROCONTROLLER WITH FLT DRIVER

GENERAL DESCRIPTION

The MSC62408B is a high-speed, high-performance 8-bit single-chip microcontroller with built-in FLT
controllers/drivers which is manufactured by the silicon gate Bi-CMOS process. Using the processing capac-
ity of a large capacity ROM, RAM, FLT controllers/drivers, remote control receiving circuit, and 8-bit CPU, the
MSC62408B may be widely used in audio apparatuses such as CD, and a MSC62G408B, in which the
MSC62408B built-in program memory is replaced with an external ROM using a piggy-back package, can be
used for program evaluation.

FEATURES

ROM : 15360 x 8 bits

RAM : 384 x 8 bits

(display RAM included)

Ports : 24 two-way 1/O ports

9 input ports

(2 ports serving as interrupt inputs)
8 output ports

(serving as FLT segment outputs)
FLT controllers/drivers (automatic display and
dimmer functions) :

24 segment outputs

8 segment outputs

8 timing outputs

Remote control receiving circuit

Counters :

12-bit time base counter (free running)
16-bit auto-reload timer event counter
8-bit auto-reload timer event counter
8-bit shift register

Interrupts : 7 lines (5 internal, 2 external)
Cycle time : 928 ns, (4.3 MHz clock)
Number of instructions : 251

Many addressing modes

Standby function

Perfectly static operation

Package :

80pin plastic QFP (MSC62408B)
(QFP80-P-1420-VIK)

80pin ceramic piggyback (MSC62G408B)
(QFP type)
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PIN CONFIGURATION
MSC62408B (TOP VIEW) MSC62G408B (TOP VIEW)
80 Lead Plastic QFP 80 Lead Ceramic Piggy Back Package
sze2e28850030000
KX RNENNNNN
pel [ o 4 e e 4 3 2 ] o L e 1 e
P36 == (1] 6] — SEG9
P37 == (2] [63] — SEG10
P40 —= [T] [62] — SEG11
P41 — (4] [61] — SEG12
P42 — &1 [ — SEG13
P43 — (€] [53] — SEG14
P44 — [7] —= SEG15
P45 — [E] {87) — SEG16
P46 — (3] [58) — SEG17
_P0Q <+~ [55) — SEG18
P01/SCK == (1]} [34] — SEG19
PO2/SO == [iZ] [£3) —= SEG20
PO3/SI == (03} —= SEG21
PO4/CIN ~= [3] 5 — SEG22
POS/TMO = (18] 0] —= SEG23
POB/TCK = [1E] [4) =— VFLT

[#] — T1Y/SEG26
) —= T12'SEG27
[44] —= T11/SEG28
[&] — T10/'SEG29
[42] — T/SEG30
[41] —= T8/SEG31

OO0 O0O0OO0O0O0
A13 A14VCC NC VPPA12 A7

DISPLAY
RAM
64x8

RAM
288x8

He

ALU.

ROM
15k x 8
CONTROL '
SIGNALS
[_oEc ]
=]

il
Ut

il
U

FLT CONTROLLER/DRIVER

f
l 16bit TlMERJ Lm TIMER ]

I REMOTE

CONTROL TIMING
&

CONTROL

a:xa:‘aa‘:g

PORT 0 PORT 1 PORT 2 PORT 3 PORT 4
EEEREEEY 33 RN EREEPOPY] EEEH tg[
e 1
8o 2R LR
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PIN DESCRIPTION
Terminal Input/Output Function
P00 input/Output 1/O port
P01/SCK 1/0 port (also used as serial clock input output)
P02/SO 1/0 port (also used as serial data output)
P03/SI_ 1/0 port (also serial data input)
P04/CIN 1/0 port (also used as count input)
P0O5/TMO 1/0 port (also used as timer output)
PO6/TCK 1/O port (also used timer clock input)
PO7/RMC 1/0 port (also used remort control input)
P10/INTO Input Input port with pull up register
P12/INT1 (also used external interrupt input)
P20 ~ P27 Input/Output /O port
P30 ~ P37 Input/Output I/O port
P40 ~ P43 Input Input port with pull down register
P44 ~ P46 (Pull down register can be removed by instruction)
SEGO0/P50
~ SEG7/P57 Output FLT segment driver/Port output
SEG8
~ SEG23 Output FLT segment driver
T8/SEG31
~ T15/SEG24 Output FLT segment driver/Timing output
TO ~T7 Output Timing space output
0SCo Input Crystal ceramic connection terminal for system clock oscilla-
tion
0OSC1 Output Crystal ceramic connection terminal for system clock oscilla-
tion
RESET Input System reset input
VFLT Input Power supply for FLT driving
VDD Input System Power Supply (5V)
GND Input System Power Supply (0V)
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REGISTER DIAGRAM

bit7 6 5 4 3 2 1 0
[ i1 7T 1 T ] ACCUMLATOR (AR, or Acc)

[T & &+ vt 1t | B-REGISTER

[ 7§ &+ 1 7 & 1 | STACKPOINTER

rS1 1S0: MB (MIE; P {HC: ZF : CY[ CONDITION CODE REGISTER

CY : CARRYFLAG

ZF : ZEROFLAG

HC : HALF CARRY FLAG

P :  PARITY FLAG

MIE : MASTER INTERRUPT ENABLE FLAG
MB : MEMORY BANK SELECT FLAG

S0 : LOCAL REGISTER SET SELECT FLAGO
S1 : LOCAL REGISTER SET SELECT FLAGT
MEMORY MAP
DATA MEMORY
- 17Fn 2
: DATA/STACK
BANK1, 140h
' 13Fh
" DISPLAY RAM
i~ 100n LOCAL REGISTER SET (RSO~RS3)
\- OEOh SFR oFh L,
H OEh i
' oh L. GENERAL REGISTER
1 o 1
! DATA 0Ch L
L
BANKO ! h o:: - ER1 I
;040 0 1. DATA POINTER FOR PROGRAM
| 03Fh RS3 sh| ERO | ¥ MEMORY & 16 BIT DATA REGISTER
/ RS2 8h L
1
| R$1 7: 27 t- RO~R7 : DATA REGISTER
- 000h RS0 8 6 | R4~R?7 . LOOP COUNTER &
5h R5 : DATA REGISTER
h vy | RO,A1 : DATA POINTER FOR
i DATA MEMORY &
3h R3 ' GENERAL REGISTATION
2h R2 !
1h R1 !
oh RO -
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A.C.CHARACTERISTICS
(VDD = 5V+ 10%, Ta = 0 to +70°C)

-- INTERRUPT VECTOR TABLE
--- VECTOR CALL TABLE

7
3BFFh
| PROGRAM DATA
0040h
0020h s
0000
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OKI semiconductor

MSM62720

CMOS 8-BIT SINGLE CHIP MICROCONTROLLER WITH 2K BYTES E2PROM

GENERAL DESCRIPTION

The MSM62720 is a CMOS single-chip microcontrolier with on-board 2K BYTE E2PROM for applications

such as IC-cards, etc.

The powerful instruction set consists of 100 instructions including special instructions for IC cards, exe-
cuted by the 8-bit CPU in 800ns at 5.0MHz clock frequency.

The MSM62720 has improved hardware and software for security. Consequently, this chip suits applica-
tion such as IC cards of low cost, high security and high reliability.

FEATURES

Single chip, low power CMOS

8-Bit Microcontroller

3K Bytes program ROM

1K Bytes control ROM

2K Bytes E2PROM

128 Byte data RAM

Instruction cycle : 800ns @ 5MHz
Number of instructions : 100

Operation current : 4mA typ.

204

Operating range : 0to 70 °C
Number of pads : 5
Supply voltage : +5V £10%

Small Die size

Simplified E2PROM write/erase operation by
using control ROM

Various security measures, such as memory data
protection, countermeasures against CPU'’s
runaway etc.

Built-in error correction circuit (ECC)
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FUNCTIONAL BLOCK DIAGRAM

<
s10 = 1
CCR
RAM
‘ES: (STACK) IP]H|Z[C A EZ:R(:M'
RES 128x8 x
ROM
CLK D—. e :> 8 3kx8
GND [ 'L I
o m 1 | (BA) l
sP
1 [ PC
<
A Accumulator H Half carry flag
ALU Arithmetic circuit (for decimal operations)
B B register (auxiliary register) P Parity flag
BA B register paired with accumulator PC Program counter
(B register higher rank) RAM Data memory
C Carry flag RES Reset input pin
CCR Condition code register SIo Serial input/output pin
CLK Clock input pin SP Stack pointer
D : D register (data pointer) T/C Timing and control circuit
EEPROM : Rewritable read-only memory Vee Power supply pin (5V)
GND Power supply pin (0V) z Zero flag
* EEPROM is not used as instruction area.
PIN DESCRIPTION
Description Input/Output Function
SIO Input/Output Serial data input/output port. Quasi bidirectional I/O port.
Set "1" level after "Reset". (Pulled up to Vcc by an internal
(Approx. 10KQ) Resister.
Vce - Main power source
GND - Circuit GND potential
RES Input Rest input pin is pulled up to Vcc by an internal (Approx.
1.5KQ) resister.
CLK Input Clock input pin is pulled up to Vcc by an internal (Approx.
1.5KQ) resister.
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REGISTER DIAGRAM

Accumulator
B-register

CCR

D-register

Stack pointer (SP)

<

p=

N

M4, . ..., .., 0] Program Counter (PC)

MEMORY MAP

R7 ~ R4

Registers which are concerned : Empty area
with DUNZ instruction

C-ROM : Control ROM

R7 ~ RO Local registers ZP 1 Zero page adress called
by CZP instruction
18K 47FFH
127 rsTACK) 7FH . [EePROM
1E
e 16K 4000H
R6
RAM R5 5
R4 4
R3 3
AP-ROM
R2 1|2
R1 1
7 7H 31
0 R‘n oH RO N Z‘P 1FH 0 |0 0berrgrerdoH
(a) RAM map (c) ROM map (b) E2PROM map
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Supply Voltage Vee Ta=25°C -05t07 Vv
Input Voltage VIN Ta=25°C -0.5 to Vcc +0.5 \
Output Voltage VOUT Ta=25°C -0.5 to Vec +0.5 '
Storage Temperature Tstg - -55 to +150 °C
OPERATING CONDITIONS
Parameter Symbol Limits Unit
Supply Voltage Vee 451055 \'
Operating Temperature TOP 0to +70 °C
E2PROM
Data Hold Temperature TEEH 0to +70 °C
D.C. CHARACTERISTICS
(Vee =5V £10%, 0 to +70°C)
Parameter Symbol Conditions Min | Typ Max Unit
Operating Current lcc f = 5MHz - 6.0 10 mA
CLK 03| - 0.5
Low Input Voltage RES ViL - 03| - 06 v
SIo 03| - 0.8
CLK 24 | - | Vcct+0.3
High Input Voltage RES VIH - 4 — | Vec+0.3 | V
Sio 20 | - | Vcc+0.3
Low Output Voltage VoL I0L MAX = 1.6mA 0 - 0.4 \
High Output Voltage VOH IOH MAX = -100pA 2.4 - Vee \"
Input Current (CLK, RES) lIH1 Vece =VI=5.5V - - 10 HA
Lt Vece=5.5V, VI=0.0V - - -10 LA
Input Current (SIO) IH2 Vee = VI =55V - - 10 HA
liL2 Vce=5.5V, VI=0.0V - - -1 HA
Input Capacitance Cl f=1MHz Ta = 25°C - 10 20 pF
Output Capacitance CcO f=1MHz Ta = 25°C - 10 20 pF

Notes : = CLK, RES has poll down resistance, and SIO has pull up resistance.
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A.C. CHARACTERISTICS
(VDD = 5V £10%, Ta = 0 to +70°C)

Parameter Symbol Min Typ Max Unit
CLK Cycle Time TCYC 200 - - ns
CLK Cycle Width TCL 0.4*TCYC - 0.6*TCYC ns
CLK Cycle High Width TCH 0.4'TCYC - 0.6*TCYC ns
CLK Cycle Rise Time TCR - - 5.0 us
CLK Cycle Fall Time TCF - - 5.0 us
RES Pulse Width TRW 8*TCYC - - us
SIO INPUT Rise Time TSIR - - 5.0 us
SIO INPUT Fall Time TSIF - - 5.0 us
SIO OUTPUT Rise Time TSOR - - 1.0 us
SIO OUTPUT Fall Time TSOF - - 1.0 us
Note: = at output load capacitance Co = 30pF
TIMING CHARTS

TCR TCF

TSIF TSIR TSOF TSOR

SIO INPUT WAVE SI0 OUTPUT WAVE
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OXKI semiconductor

MSM62780

CMOS 8-BIT SINGLE CHIP MICROCONTROLLER WITH 8K BYTES E2PROM

GENERAL DESCRIPTION

The MSM62780 is a CMOS single-chip microcontroller with on-board 8K BYTE E2PROM for applications

such as IC-cards, etc.

The powerful instruction set consists of 114 instructions including special instructions for IC cards, exe-
cuted by the 8-bit CPU in 800ns at 5.0MHz clock frequency.

The MSM62780 has improved hardware and software for security. Consequently, this chip suits applica-
tion such as IC cards of low cost, high security and high reliability.

FEATURES

® Single chip, low power CMOS

o 8-Bit Microcontroller

® 6K Bytes program ROM

® 2K Bytes control ROM

o 8K Bytes E2PROM

o 192 Byte data RAM

@ |Instruction cycle : 800ns @ 5MHz
® Number of instructions : 114

@ Operation current : 8maA typ.
® Operating range : 0to 70 °C

Number of pads : 5

Supply voltage : +5V £10%

Small Die size

Simplified E2PROM write/erase operation by
using control ROM

Various security measures, such as memory data
protection, countermeasures against CPU'’s
runaway etc.

Built-in 32 bytes E2PROM paga write mode
Built-in error correction circuit (ECC)
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o MSM62780 e

FUNCTIONAL BLOCK DIAGRAM

<
3
sio[}
CCR
vee L (S?’:hcdk) [ RSPHZC j—- A E2PROM*
RES [} 192x 8 8kx8
e ) B —l ROM
CLK [ 6kx8
GND [ f
ALU
: L e ]
sP
PC
<
A Accumulator H : Half carry flag
ALU Arithmetic circuit (for decimal operations)
B B register (auxiliary register) P . Parity flag
BA B register paired with accumulator PC : Program counter
(B register higher rank) RAM . Data memory
C Carry flag RES . Reset input pin
CCR Condition code register SIO :  Serial input/output pin
CLK Clock input pin SP : Stack pointer
D . D register (data pointer) T/IC : Timing and control circuit
EEPROM : Rewritable read-only memory Vce . Power supply pin (5V)
GND Power supply pin (0V) z 1 Zeroflag
* EEPROM is not used as instruction area.
PIN DESCRIPTION
Description Input/Output Function
SIO Input/Output Serial data input/output port. Quasi bidirectional /O port.
Set "1" level after "Reset". (Pulled up to Vcc by an internal
(Approx. 10KQ) Resister.
Vce - Main power source
GND - Circuit GND potential
RES Input Rest input pin is pulled up to Vcc by an internal (Approx.
1.5KQ) resister.
CLK Input Clock input pin is pulled up to Vcc by an internal (Approx.
1.5KQ) resister.
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o MSM62780 e

REGISTER DIAGRAM
Accumulator
B-register
[><TmsrHizc| ccRr
D-register
Stack pointer (SP)
4 .. ..... .. 0] Program Counter (PC)
MEMORY MAP
R7 ~ R4 Empty area
R7 ~R4' : Registers which are concerned C-ROM Control ROM
with DJNZ instruction zP Zero page adress called
R7 ~RO by CZP instruction
R7' ~ RO' Local registers
R7
R6
RS
R4’ 24K 5FFFH
RS’
191 sTACK)| BFH gf. . [FPROM
Ro— 16K 3FFFH 1E
16K 4000H
R7
R6
RAM R5 5
R4 4
R3 3
FH R2 2
Ri 1
7 7H 31
0 R‘n o RO o Z‘P 1FH 0 P
o]
(a) RAM map (c) ROM map (b) E2PROM map

Note :

Local register's address will be change by RS bit.
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® MSM62780 o

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Supply Voltage Vce Ta =25°C -05t07 v
Input Voltage VIN Ta =25°C -0.5 to Vcc +0.5 \'
Output Voltage VOuT Ta=25°C -0.5to Vec +0.5 v
Storage Temperature Tstg - -55 to +150 °C
OPERATING CONDITIONS
Parameter Symbol Limits Unit
Supply Voltage Vee 45t05.5 \"
Operating Temperature TOP Oto+70 °C
E2PROM
Data Hold Temperature TEEH 0to +70 °C
D.C. CHARACTERISTICS
(Vee =5V £10%, 0 to +70°C)
Parameter Symbol Conditions Min | Typ Max Unit
Operating Current lcc f = 5MHz - 8.0 16 mA
CLK 03 | - 0.5
Low Input Voltage RES VIL - 03| - 0.6 v
SIo 03| - 0.8
CLK 24 | - | Vce+0.3
High Input Voltage RES VIH - 4 | - | Veet03 | V
SIo 20 { - | Vcc+0.3
Low Output Voltage VOL IOL MAX = 1.6mA 0 - 0.4 Vv
High Output Voltage VOH IOH MAX = -100pA 24 - Vee \"
Input Current (CLK, RES) 1H1 Vee = VI = 5.5V - | - 10 pA
iK1 Vee=5.5V, VI=0.0V - - -10 MA
Input Current (SI0) lIH2 Vee = VI = 5.5V - - 10 HA
2 Vee=5.5V, VI=0.0V - ~ -1 pA
Input Capacitance Cl f=1MHz Ta = 25°C - 10 20 pF
Output Capacitance CcO f=1MHz Ta = 25°C - 10 20 pF

Notes : = CLK, RES has poll down resistance, and SIO has pull up resistance.
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o MSM62780 e

A.C. CHARACTERISTICS
(VDD = 5V +10%, Ta = 0 to +70°C)
Parameter Symbol Min Typ Max Unit

CLK Cycle Time TCYC 200 - - ns
CLK Cycle Width TCL 0.4"TCYC - 0.6*TCYC ns
CLK Cycle High Width TCH 0.4'TCYC - 0.6*TCYC ns
CLK Cycle Rise Time TCR - - 5.0 us
CLK Cycle Fall Time TCF - - 5.0 us
RES Pulse Width TRW 8*TCYC - - ps
SIO INPUT Rise Time TSIR - - 5.0 us
SIO INPUT Fall Time TSIF - - 5.0 us
SIO OUTPUT Rise Time TSOR - - 1.0 us
SIO OUTPUT Fall Time TSOF - - 1.0 us
Note: = at output load capacitance Co = 30pF

TIMING CHARTS

TCR TCF

TSIF TSIR TSOF TSOR

SIO INPUT WAVE SIO OUTPUT WAVE
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OKI semiconductor
MSM65511

OK! ORIGINAL HIGH PERFORMANCE CMOS 8BIT SINGLE CHIP
MICROCONTROLLER

GENERAL DESCRIPTION

MSM65511 is a high-performance 8-bit single-chip controller that employs Oki’s original nX-8/50
CPU core. With a minimum instruction execution time of 400 ns (10MHz clock), the MSM65511 is
capable of high-speed processing, and includes 4 Kbytes of program memory, 128 bytes of data
memory, timers and serial ports on chip.

Program and system evaluation can be performed using the MSM65P512, which as a version of the
MSM65512 that replaces program memory with one-time PROM. The MSM65512 shares upward
compatibility with the MSM65511.

OPERATING RANGE

® Operating Frequency : DC~ 10 MHz
® Operating Voltage : 45~55V
® Operating Temperature : -40~ 85°C
FEATURES
® MemorySpace : 64 Kbytes ® Timers
8-bit auto-reload timer x 2
On-Chip Program Memory : 4 Kbytes Watchdog timer x 1
On-Chip Data Memory : 128 bytes
® Counters
® Minimum Instruction Execution Cycle: Time base counter x 1
400nS @ 10 MHz

® Serial ports
® Powerful instruction set:

Shift register x 1
81 basic instructions

8/16-bit operation instructions ® External interrupts: 2
Bit manipulation instructions
Compound function instructions ® Interruptfactors: 6
® Abundant addressing modes ® Package:
40 pin plastic DIP (DIP40-P-600)
® |/Oports: 8-bitx4 44 pin plastic QFP (T.8.D)

44 pin PLCC (QFJ44-P-5650)

*  Specifications are subject to change without notice.



o MSM65511 @

PIN CONFIGURATION

r2.20nT0 [12]

P2.3/ANTY/GATE [13
p2.4m0ck [14 ]
P2.5MSTOP [15 |
P2.6MR [16 |
p23m10ut [17]

o5cr 18]

0sCo |19

onD [20]

40-Pin Plastic DIP
(Top View)

E Voo

39 | P0.0/ADO
38 | PO.1/ADY
37 | P0.2/AD2

[36 ] Po.3/a03
[35 ] po.araa
3] po.sia05
[33] po.6sans
32 ) P0.77A07
31]&A

30 ] ALe

29 | "0

28] p1.7sm1s
[27] Pr.6m1a
26 ] P1.5/A13
% P1.4/AY2
NEN
23] P1.20a10
[22] P1.1a9

121 ] p1.0a8

FUNCTIONAL BLOCK DIAGRAM

;‘1’8&_ 8bit AR-TM
GATE* x2

INTO*
INTI*

::’n'i' 8bit SHIFT - REG
x1
SFTCK*

INTERRUPT K—)

L-BUS
CONTROL

RAM
(128 bytes)

SFR ADDRESS
DEC.

ROM
(4K bytes)

AcC

TIMING

|0 05C0
|—»o0SC1

| «—o RESET
|«— HSTOPT

G-BUS CONTROL

TIME BASE WATCH
DOG
COUNTER TIMER

v
D
o

oZa0—>

K> apo~an7*

AB~A15*
—

[ PORT |
P P P P
0 1 2 3
* Secondary function of port
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® MSM65511 @

PIN DESCRIPTIONS

Type Pin Name 110 Description
Power Voo + 5V power supply
supPly | GnD 0V ground
System clock input pin. Quartz oscillator or ceramic oscillator
Oscilla- 0sCo Input | is connected between OSCO and OSC1. For external clock,
. input at OSCO, leaving OSC1 open.
tion
0sC1 Output | System clock output pin
RESET Input | System reset input (program starts from address 0040H);
internal pull-up resistance
Control - Program memory select input pin.
EA Input “L" level input for external program memory; “H" level input
for internal program memory.
RD Output | Read strobe signal during external memory access
ALE Output | Address latch signal during external memory access
8-bit I/0 port
PORT 0 110 During external memory access, becomes address/data bus for
address output, instruction fetch or data read/write along
with ALE, RD and WR pins
Port PORT 1 110 8-bit I/0 port
Address bus during external memory access
PORT 2 /0 | 8-bit I/O port x2. Secondary functions shown in following
PORT 3 table are added for ports 2 and 3.
PIN SECONDARY FUNCTIONS
Pin Name 110 Description
INTO Input | P2.2 secondary function.
External interrupt 0 input pin.
INT1/GATE | Input |P2.3secondary functions.
External interrupt 1 input pin. Also used as input pin for gate signal
for timer 0 count enable /disable.
TOCK input | P2.4 secondary function
Timer 0 external clock input pin.
HSTOP Input | P2.5 secondary function.
Hard stop mode input pin; stops system clock oscillation with “L”
level input.
WR Output | P2.6 secondary function.
Write strobe signal output pin during external data memory access.
T10UT Output | P2.7 secondary function.
Output pin for signal that 2-divided timer 1 overflow.
SFTO Output | P3.5 secondary function.
Shift register data output pin.
SFTI Input | P3.6 secondary function.
Shift register data input signal.
SFTCK 110 P3.7 secondary function.
Shift register synchronizing clock input/output signal.

219



® MSM65511 @

REGISTERS

®  Operation Registers

A Register 7 5
(Accumulator) [ L 11 1 L 1 \ l
S s e——

*  For 16-bit operation instruction, A register holds low byte

data and the B register holds high byte data.

° Special Purpose Registers

S(gapjk pointer I 7 L 1 1 1 1 1 L 0 |

Programstatus | g5y rso ump, Mi P H  Z ,C |

word C

(PSW) Carry flag
Zero flag
Half-carry flag
Parity flag

Do not write “1” here
Register set select flag
Register set select flag

Master interrupt enable flag

Program counter
Q) [ 15

LOCAL REGISTERS

R11
ER1 { -------------------------
R10

R
T D,
R8

*1 4 banks of local registers are mapped in local memory space data memory.
*2 Registers R8 to R11 can be used as 16-bit registers, ERO and ER1.
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MEMORY MAPS

OFFH

80H

40H
30H
20H
10H

OFFFFH
1000H
Local Memory Space
SFR 100H
Data Memory

80H

Local Register Set 3
Local Register Set 2 40H
Local Register Set 1 20H

Local Register Set 0
0

® MSM65511 @

General Memory Space

External Memory

Program Memory

Vector Call Table Area Internal

Memory

Program Memory

Interrupt Vector Table Area

Vector Call Table Area
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® MSM65511 @

SFR TABLE

A(c:-‘dEr;)s s Name Symbol | Symbol Resét
OF6 Interrupt enable register IEL 00H
OF4 Interrupt request register IRQL 00H
OF3 External interrupt control register XICON OFOH
OF2 Standby control register SBYCON OFOH
0F0 Watchdog timer control register WDTCON —
OEE Port 3 mode register P3MOD 5FH
OED Port 3 direction register P3DIR 00H
0EC | Port 3 data register P3D lf’i'r‘:z'
OEA Port 2 mode register P2MOD 3FH
0E9 Port 2 direction register P2DIR 00H
0E8 | Port2 data register P2D Ynde:
OES Port 1 direction register P1DIR 00H
0E4 | Port 1 data register P1D %:‘;Z’
0E3 Port 0 direction register PODIR O00H
0E2 | Port0data register POD iji:zz'
OE1 | Shift register SFTR Unde
0EO0 Shift register control register SFTCON OEOH
ODF | Timer 1 register TO1R TR ijir’:i%-
ODE | Timer O register TOR piiey
0DD | Timer 1 counter T01C T1C med
0DC | Timer 0 counter TOC piey
0DB Timer 1 control register T1CON OFOH
ODA | Timer 0 control register TOCON OEOH
009 Time base counter control register TBCON OEOH
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® MSM65511 @
ADDRESSING MODES

MSM65511 has 256 bytes of local memory space and 8 Kbytes of general memory space. A variety
of addressing modes are available for accessing these spaces.

1. Register Direct Addressing

® A, B. SP. PSW
® BA

Example

DAA

[, v

2. Local Register Direct Addressing

® Rn (n=0~15)
® ERn (n=0, 1)

Example
Local Registers
L AR s
I 9
R1

3. Local Memory Direct Addressing

® \adrs

Example

Local Memory

L A, \56H
L—————-——» / 56H
4. General Memory Direct Addressing
® adrs
————— Example
General Memory
LG A, O0ABCH
L—————-—> / / O0ABCH
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® MSM65511

5. Local Memory - Register Indirect Addressing

® [Rn] (n=0,1,8,9)
Example
LA [RY

!

Local Memory

2

6. General Memory - Register Indirect Addressing

e [ERn] (n=0,1)
o [BA]
Example
LG A, lEﬂ’iﬂ General Memory
- ERO-----

7. Local Memory Index Addressing

e disp [Rn] (n=1,9)

Example

LA sHIRY

{

l

Local Memory

R1
&

7

8. General Memory Index Addressing

e disp [ER1]

Example

LG A,

General Memory
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9. Immediate Addressing

® #n

Example

L A, #255

10. PCRelative Addressing

® adrs

Example

iz adrs

General Memory

® - %%

INSTRUCTION TABLES

® Data Transfer Instructions

o MSM65511 @

MOVG obj1, obj2
MOVW  obj1, obj2

XCH C P
XCH obj1, obj2
SWAP obj

Mnemonic Function
L obj1, obj2 Local memory load
LG obj1, obj2 General memory load
ST obj1, obj2 Store into local memory
STG obj1, obj2 Store into general memory
MoV PSW, #n Immediate data transfer to PSW
MOV obj1, obj2 Data transfer

General memory data transfer
16-bit data transfer

Carry and parity exchange

Data exchange

Upper nibble and lower nibble swap
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® MSM65511 @

® Increment and Decrement

Mnemonic Function
INC obj Data increment
INCG obj General memory increment
INCW obj 16-bit data increment
DEC obj Data decrement
DECG obj General memory decrement
DECW obj 16-bit data decrement

® Arithmetic Operations

Mnemonic Function
ADD obj1, obj2 Data add
ADDW obj1, obj2 16-bit data add
ADC obj1, obj2 Data add with carry
ADCG obj1, obj2 General memory data add with carry
SUB obj1, obj2 Data subtract
SUBW obj1, obj2 16-bit data subtract
SBC obj1, obj2 Data subtract with carry
SBCG obj1, obj2 General memory data subtract with carry

® Comparisons

Mnemonic Function
CMP obj1, obj2 Data compare
CMPW obj1, obj2 16-bit data compare

® Logical Operations

Mnemonic Function
AND PSW, #n PSW and immediate data logical AND
AND obj1, obj2 Data logical AND
OR PSW, #n PSW and immediate data logical OR
OR obj1, obj2 Data logical OR
XOR obj1, obj2 Data exclusive OR

® Bit Operations

Mnemonic Function
SB obj.n Bit set
SB obj PSW bit set
RB obj.n Bit reset
RB obj PSW bit reset
CPL C Carry complement
L C, obj Bit transfer to carry
ST C, obj Bit transfer from carry
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o MSM65511 @

® Rotate and Shift

Mnemonic Function
ROL obj Rotate left
ROR obj Rotate right
SLL obj Shift left
SRL obj Shift right

® Decimal Adjust

Mnemonic Function
DAA obj Decimal adjust after add
DAS obj Decimal adjust after subtract

® Conditional Jumps

Mnemonic Function

iz adrs Jump if zero flag is set

INZ adrs Jump if zero flag is not set

JC adrs Jumpif carry is set

INC adrs Jump if carry is not set

Diz Rn, adrs Decrement register, and jump if zero

DINZ Rn, adrs Decrement register, and jump if not zero

JBS obj. n, adrs Jumpif bitis set

JBR obj. n, adrs Jump, if bit is reset

JBSC obj. n, adrs Jump and clear bit if bit is set

CJE C, P, adrs Compare carry and parity; jump if equal

CINE C, P, adrs Compare carry and parity; jump if not equal

CJE obj1, obj2, adrs Compare; jumpif equal

CINE obj1, obj2, adrs Compare; jump if not equal

CJEG obj1, obj2, adrs Compare with general memory data;
jump if equal

CINEG obj1, obj2, adrs Compare with general memory data;
jumpif not equal

® Jumps
Mnemonic Function
J adrs Jump
SJ adrs Short jump
J [BA] Indirect jump
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® MISM65511 @

® Subroutines

Mnemonic

Function

PUSH
POP

CALZ
CALC
VCAL
VCALZ
VCALC
RT

RTZ
RTC

obj
obj
adrs
adrs
adrs
n

n

n

Data push

Data pop

Subroutine call

Call subroutine if zero flag is set

Call subroutine if carry flag is set

Vector call

Vector call if zero flag is set

Vector call if carry flag is set

Return from subroutine

Return from subroutine if zero flag is set
Return from subroutine if carry flag is set

® Other Instructions

Mnemonic

Function

CLR
CLRW
CPL
CPLW
NOP
CHK
DLY

obj
BA
obj
BA

obj

Clear

16-bit data clear

Data complement

16-bit data complement
No operation

Parity check

Program execution delay

228




OKI semiconductor

MSM65512/65P512

OKI ORIGINAL HIGH PERFORMANCE CMOS 8 BIT SINGLE CHIP

MICROCONTROLLER

GENERAL DESCRIPTION

MSM65512 is a high-performance 8-bit single-chip controller that employs Oki’s original nX-8/50
CPU core. With a minimum instruction execution time of 400 ns (10MHz clock), the MSM65512 is
capable of high-speed processing, and includes 8 Kbytes of program memory, 256 bytes of data
memory, timers and serial ports on chip. Also available is the MSM65P512, which replaces the on-

chip program memory with one-time PROM.

OPERATING RANGE

® Operating Frequency DC~ 10 MHz

® Operating Voltage 45~55V

® Operating Temperature -40 ~ 85°C (MSM65512)
FEATURES

® MemorySpace : 64 Kbytes Counters

On-Chip Program Memory : 8Kbytes
On-Chip Data Memory 256 bytes

® Minimum Instruction Execution Cycle:
400nS @ 10 MHz

e Powerful instruction set:

83 basic instructions

8/16-bit operation instructions
Bit manipulation instructions
Compound function instructions

® Abundant addressing modes

® Multiplication/division operation functions
16 « 8x8
16 « 16/8, 8«16 mod 8

® |/Oports: 8-bitxa

® Timers
8-bit auto-reload timer x 2
16-bit auto-reload timer x 1
Watchdog timer x 1

Time base counter x 1
16-bit free-running counter x 1

Capture input: 1 channel
Compare output: 2 channels
Serial ports

Shift register x 1

Serial port with baud rate generator
(UART/synchronous) x 1

External interrupts: 3
Interrupt factors: 15

Package:
40 pin plastic DIP (DIP40-P-600)
44 pin plastic QFP (T.B.D)
44 pin PLCC (QFJ44-P-S650)
64 pin plastic QFP (T.B.D)

*  Specifications are subject to change without notice.
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® MSM65512/65P512 e

PIN CONFIGURATION

40-Pin Plastic DIP

(Top View)

P3.0m2CK E 20 ] Voo
pacar [ 2 39 ] P0.0/AD0
p3.2cmpo [ 3 38 | P0.1/AD1
pa3icmpr [ 4 37 ] Po.27aD2
p3.amnt2 (5 % P0.3/4D3
p3ssETo [ 6 [35 ] po.araDa
r3.esent [ 7 34 ] po.5/a05
pasFrek (8] 33 ] po0.6/a06

RESET [ 9] [32] P0.77807
P2.0/RXD % 1]

p217x0 [11 30 | ALE

p2.2nn0 [12] 29 ] 7%
P2.3NTV/GATE [13 28] P17/A1S
p2.amock (14| 37 ] p1 6181
P2.SMSTOP [15 | 26 | P1.5/A13
P2.6/AVR [16 [25 ] pr.0a12
p27mout [17] 28] Praan

oscr 18 23] P1.2A10
osco [19 22 P1.um9
GNo [20] 21 ] P1.0a8

FUNCTIONAL BLOCK DIAGRAM

TOCK* -
8bit AR-TM
TioUT* K
GATE*
:gg' 8bit SHIFT - REG
x1
SFTCK® (256 bytes)
INTO®
INT1® INTERRUPT K—N
INT2*
16bit AR-TM 0sC_ J~—005C0
DEC. TIMING [<——o0 RESET
| HSTOP*
cap® 16bit FREE - RUN
Gre T T (=
e | B
. 8bit AR-TM (8K bytes) G-BUS CONTROL .
- (= Ao0~a07
A T _—_")m::us
b — WR*
[e—0
] F—>0ALE
TIME BASE WATCH O O
COUNTER TER
[ muL/ow | [ PORT ]
vV G
P P P P
85 S T
* Secondary function of port
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PIN DESCRIPTIONS

® MSM65512/65P512 @

Type Pin Name 110 Description
Power VDD + 5V power supply
supply GND 0V ground
System clock input pin. Quartz oscillator or ceramic oscillator
Oscilla- 0sco Input | is connected between OSCO and OSC1. For external clock,
tion input at 0SCO, leaving OSC1 open.
0sCi Output | System clock output pin
RESET Input | System reset input (program starts from address 0040H);
internal pull-up resistance
Control . .
. Program memory select input pin.
EA Input | “L" level input for external program memory; “H" level input
for internal program memory.
RD Output | Read strobe signal during external memory access
ALE Output | Address latch signal during external memory access
8-bit I/0 port
PORT 0 110 During external memory access, becomes address/data bus for
address output, instruction fetch or data read/write along
with ALE, RD and WR pins
PORT 1 /O | 8-bit /O port
Address bus during external memory access
Port PORT 2
8-bit I/O port x 2. Secondary functions shown in following
PORT 3 110

table are added for ports 2 and 3.
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® MSM65512/65P512 @

PIN SECONDARY FUNCTIONS

Pin Name l]e] Description

RXD e} P2.0 secondary functions.
UART: Input pin for serial port receive data.
Synchronous: Input pin for serial port transmit/receive data.

TXD Output | P2.1 secondary functions.
UART: Output pin for serial port transmit data.
Synchronous: Output pin for serial port synchronizing clock.

INTO Input | P2.2 secondary function.
External interrupt 0 input pin.

INT1/GATE Input | P2.3 secondary functions.
External interrupt 1 input pin. Also used as input pin for gate
signal for timer 0 count enable /disable.

TOCK Input | P2.4 secondary function
Timer 0 external clock input pin.

HSTOP Input | P2.5 secondary function.
Hard stop mode input pin; stops system clock oscillation with “L”
level input.

WR Output | P2.6 secondary function.
Write strobe signal output pin during external data memory
access.

T10UT Output | P2.7 secondary function.
Output pin for signal that 2-divided timer 1 overflow.

T2CK Input | P3.0 secondary function. Timer 2 external clock input pin.

CAP Input | P3.1 secondary function.
Capture trigger input pin.

CMPO Output | P3.2 secondary function.
Compare output channel 0 output pin.

CMP1 Output | P3.3 secondary function.
Compare output channel 1 output pin.

INT2 Input | P3.4 secondary function.
External interrupt 2 input signal.

SFTO Output | P3.5 secondary function.
Shift register data output pin.

SFTI Input | P3.6 secondary function.
Shift register data input signal.

SFTCK le} P3.7 secondary function.
Shift register synchronizing clock input/output signal.
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® MSM65512/65P512 @

REGISTERS

] Operation Registers
A Register 7z, , . . . ,0]
(Accumulator)
B Register ’ 7, . . . . , ,0 ]

(BR)
*  For 16-bit operation instruction, A register holds low byte

data and the B register holds high byte data.

Special Purpose Registers

S(;apc)k po'nter I 7 1 1 1 1 L 1 A o I
Programstatus | gs1 rso  LmP, M P H Zz C|
word L.
(PSW) Carry flag
‘ Zero flag
Half-carry flag
Parity flag
Master interrupt enable flag
Local memory page flag
Register set select flag
Register set select flag
Program counter
O [ 15 0

LOCAL REGISTERS

eR1 { ___________ RI ]
R10

ERO{ ____________ RO ]
. R8

RO

*1 4 banks of local registers are mapped in local memory space data memory.
*2 Registers R8to R11 can be used as 16-bit registers, ERO and ER1.
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© MSM65512/65P512 @

MEMORY MAPS

Local Memory Space

17FH
Data Memory
100H
SFR
80H
Data Memory
40H
Local Register Set 3
30H
Local Register Set 2
20H
Local Register Set 1
10H -
Local Register Set 0
0

234

OFFFFH

> Page 1

2

Page 0

000H

100H

80H

40H

20H

General Memory Space

External Memory

Program Memory

Vector Call Table Area

Program Memory

Interrupt Vector Table Area

Vector Call Table Area

S

Internal
Memory



® MSM65512/65P512 @

SFR TABLE

A(?fEr;)s s Name Sgg';- Symbol | RW | Reset
OFF F register (multiplication/division operation register) FER FR 00H
OFE E register (multiplication/division operation register) ER RW OOH
OFD D register (multiplication/division operation register) DCR DR 00H
OFC C register (multiplication/division operation register) CR 00H
OFB Multiplication/division condition register MDCR OFCH
0F7 Interrupt enable register IE IEH 70H
OF6 IEL 00H
OF5 Interrupt request register IRQ IRQH RIW 70H
OF4 IRQL 00H
OF3 External interrupt control register XICON O0COH
OF2 Standby control register SBYCON OFOH
OF1 Stack page specification register SPR OFEH
OF0 Watchdog timer control register WDTCON | W —
OEE Port 3 mode register P3MOD 53H
OED Port 3 direction register P3DIR 00H
OEC | Port 3 data register P3D l:{:‘:f,’
OEA | Port 2 mode register P2MOD 3CH
OE9 Port 2 direction register P2DIR 00H
OE8 | Port 2 data register p2p | RW %’;‘5’
OES Port 1 direction register P1DIR 00H
OE4 | Port 1 dataregister P1D l;'i:‘:;
OE3 | Port O direction register PODIR 00H
0E2 | Port 0 data register POD Lf’i::f,'
0E1 |Shift register SFTR Unde
OEO Shift register control register SFTCON OEOH
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Address

(HEX) Name Symbol | Symbol Reset
. . Unde-

ODF Timer 1 register TO1R TiR fined
ODE | Timer 0 register TOR Ynae;
0DD | Timer 1 counter T1C ity
T01C ined

0DC | Timer 0 counter TOC ey
0oDB Timer 1 control register T1CON OFOH
ODA | Timer O control register TOCON OEOH
0D9 Time base counter control register TBCON OEOH
Unde-

007 |Timer2 register T2R T2RH fined
0D6 T2RL e
Unde-

0D5 | Timer 2 counter T2C T2CH fined
0D4 T20L ey
0D3 Timer 2 control register T2CON OF4H
0D2 Free-running counter FRC FRCH O0H
0D1 FRCL 00H
0D0 Free-running counter control register FRCON OF4H
Unde-

OcF Compare channel 1 data register cmpir | CMPIRH fined
OCE CMP1RL Yned
Unde-

oco Compare channel 0 data register cvpor | CMPORH fined
occ CMPORL Yned
0CB Compare output control register CMPCON OFOH
0CA Compare output data register CMPOUT OFCH
Unde-

0co Capture data register CAPR CAPRH fined
ocs CAPRL Yned
0c7 Capture input control register CAPCON OFCH
0C6 | Serial port buffer SBUF gy
0cs Serial port control register SCON SCONH OFOH
0ca SCONL 00H
0C3 Timer 3 register T3R lfji‘:\(ég-
0C2 | Timer 3 counter T3C Yed
0C1 Timer 3 control register T3CON OF4H
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ADDRESSING MODES

MSM65512 has 384 bytes of local memory space and 64 Kbytes of general memory space. A variety
of addressing modes are available for accessing these spaces.

1. Register Direct Addressing

® A, B. SP, PSW
e BA

Example

DAA

[R5

2. Local Register Direct Addressing

® Rn (n=0~15)
e ERn  (n=0, 1)

Example
Local Registers
t A B2 R3
L . % R2
R1
3. Local Memory Direct Addressing
® \adrs (within 256-byte page; page specified by LMP flag)
® adrs (384 bytes)
Example
Local Memory
L A, \56
L—-—> 56H
4. General Memory Direct Addressing
® adrs
Example
General Memory
LG A, O0ABCH
L . 7 OABCH
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5.

6.

7.

8.

238

Local Memory - Register Indirect Addressing

® [Rn] (n=0,1,8,9; within 256-byte page; page specified by LMP flag)
® page: [Rn] (page=0,1 n=0,1,8,9 384bytes)
Example
L A [RY Local Memory

|
——

General Memory - Register Indirect Addressing

e [ERn] (n=0,1)
® [BA]
Example
LG A &'1_01 General Memory
----- ERO----- % 7

Local Memory index Addressing

e disp [Rn] (n=1,9; within 256-byte page; page specified by LMP flag)
® page: disp [Rn] (page=0,1 n=1,9 384 bytes)
Example
L A SSH[RY)
[ ;1\ | Local Memory
@ > 7 %
General Memory Index Addressing
e disp [ER1]
Example
LG A, OFEH[ER1]
Y
----- ERY ----- General Memory
® %




9. Immediate Addressing

® #n
Example
L A, #255
10. PC Relative Addressing
® adrs
Example
iz adrs

General Memory

/ .

INSTRUCTION TABLES

® Data Transfer Instructions

® MSM65512/65P512 @

Mnemonic Function
L obj1, obj2 Local memory load
LG obj1, obj2 General memory load
ST obj1, obj2 Store into local memory
STG obj1, obj2 Store into general memory
MOV PSW, #n Immediate data transfer to PSW
Mov obj1, obj2 Data transfer
MOVG obj1, obj2 General memory data transfer
Movw obj1, obj2 16-bit data transfer
XCH C, P Carry and parity exchange
XCH obj1, obj2 Data exchange
SWAP obj Upper nibble and lower nibble swap

® Increment and Decrement

Mnemonic Function
INC obj Data increment
INCG obj General memory increment
INCW obj 16-bit data increment
DEC obj Data decrement
DECG obj General memory decrement
DECW obj 16-bit data decrement
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® Arithmetic Operations

Mnemonic Function
ADD obj1, obj2 Data add
ADDW obj1, obj2 16-bit data add
ADC obj1, obj2 Data add with carry
ADCG obj1, obj2 General memory data add with carry
SuB obj1, obj2 Data subtract
SUBW obj1, obj2 16-bit data subtract
SBC obj1, obj2 Data subtract with carry
SBCG obj1, obj2 General memory data subtract with carry
MUL Multiplication 16 < 8x 8
DIV Division 16 «- 16/8, 8 < 16 mod 8

® Comparisons

Mnemonic

Function

cMmP obj1, obj2
CMPW obj1, obj2

Data compare
16-bit data compare

® Logical Operations

Mnemonic Function
AND PSW, #n PSW and immediate data logical AND
AND obj1, obj2 Data logical AND
OR PSW, #n PSW and immediate data logical OR
OR obj1, obj2 Data logical OR
XOR obj1, obj2 Data exclusive OR

® Bit Operations

Mnemonic Function
SB obj. n Bit set
SB obj PSW bit set
RB obj.n Bit reset
RB obj PSW bit reset
CPL C Carry complement
L C, obj Bit transfer to carry
ST C, obj Bit transfer from carry
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® Rotate and Shift
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Mnemonic Function
ROL obj Rotate left
ROR obj Rotate right
SLL obj Shift left
SRL obj Shift right

® Decimal Adjust

Mnemonic Function
DAA obj Decimal adjust after add
DAS obj Decimal adjust after subtract

® Conditional Jumps

Mnemonic Function
iz adrs Jumpif zero flag is set
INZ adrs Jump if zero flag is not set
JC adrs Jump if carry is set
JNC adrs Jump if carry is not set
DJZ Rn, adrs Decrement register, and jump if zero
DINZ Rn, adrs Decrement register, and jump if not zero
JBS obj. n, adrs Jump if bitis set
JBR abj. n, adrs Jump, if bitis reset
JBSC obj. n, adrs Jump and clear bitif bit is set
CJE C, P, adrs Compare carry and parity; jump if equal
CINE C, P, adrs Compare carry and parity; jump if not equal
CJE obj1, obj2, adrs Compare; jump if equal
CINE obj1, obj2, adrs Compare; jump if not equal
CIEG obj1, obj2, adrs Compare with general memory data;
jump if equal
CINEG obj1, obj2, adrs Compare with general memory data;
jump if not equal
® Jumps
Mnemonic Function
J adrs Jump
SJ adrs Short jump
J [BA] Indirect jump
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® Subroutines

Mnemonic

Function

obj
obj
adrs
adrs
adrs

Data push

Data pop

Subroutine call

Call subroutine if zero flag is set

Call subroutine if carry flag is set

Vector call

Vector call if zero flag is set

Vector call if carry flag is set

Return from subroutine

Return from subroutine if zero flag is set
Return from subroutine if carry flag is set

® Other Instructions

Mnemonic

Function

CLR
CLRW
CPL
CPLW
NOP
CHK
DLY

obj
BA
obj
BA

obj

Clear

16-bit data clear

Data complement

16-bit data complement
No operation

Parity check

Program execution delay
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OKI semiconductor
MSM65513/65P513

OKI ORIGINAL HIGH PERFORMANCE CMOS 8 BIT SINGLE CHIP
MICROCONTROLLER

GENERAL DESCRIPTION

MSM65513 is a high-performance 8-bit single-chip controller that employs Oki’s original nX-8/50
CPU core. With a minimum instruction execution time of 400 ns (10MHz clock), the MSM65513 is
capable of high-speed processing, and includes 8 Kbytes of program memory, 256 bytes of data
memory, timers and serial ports on chip. Also available is the MSM65P513, which replaces the on-
chip program memory with one-time PROM.

OPERATING RANGE

® Operating Frequency DC ~ 10 MHz
® Operating Voltage 45~55V
® Operating Temperature -40 ~ 85°C (MSM65513)
FEATURES
® MemorySpace : 64 Kbytes Counters
On-Chip Program Memory : 8 Kbytes Time base counter x 1
On-Chip Data Memory 256 bytes 16-bit free-running counter x 1
®  Minimum Instruction Execution Cycle: Captureinput: 1 channel
400nS @ 10 MHz Compare output: 2 channels
® Powerful instruction set: .
L. . Serial ports
83 basic instructions
8/16-bit operation instructions Shift register x 1
Bit manipulation.inst'ruction.s Serial port with baud rate generator
Compound function instructions (UART/synchronous) x 1
® Abundant addressing modes External interrupts: 3
® Multiplication/division operation functions Interrupt factors: 15
16<-8x8
16 16/8, 8 16 mod 8 Package:
) 64 pin plastic shrink DIP (SDIP64-P-750)
¢ lWOports: &bitx6 64 pin plastic QFP (T.B.D)
Inputonly port:  8-bitx 1 68 pin PLCC (QFJ68-P-5950)
® Timers

8-bit auto-reload timer x 2
16-bit auto-reload timer x 1
Watchdog timer x 1

*  Specifications are subject to change without notice.
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PIN CONFIGURATION

64-Pin Plastic Shrink DIP
(Top View)

r23mTiGare [ |

P2.SMSTOP

rso [1]
esa 2]
-
ro [5]
et 6]
raz [7]

a3y %
%

12
romcx [i3
r.vcar fia ]
r3.2cmp0 15 |
pacmer 16 |
s3.amrz 17 ]
255610 [i8]
paesem 1]
pamsrrek 20
s2.0mx0 [22 |
p2.1mx0 [23 ]
p2.2mv0 [3a |

Paa
pas
ras
»ay

P2.4110CK
27

o5
osco [31]
ono [37]

FUNCTIONAL BLOCK DIAGRAM

TIME BASE
COUNTER

l«—o 050
| .o0s5CT

| «——o RESET_
|« WSTOP*

L-8US
e N i
x2
GATE* ACC
SFT0* bit SHIFT - REG
Ha SbitsHer- G— RAM BR Psw
x
SFTCK®* (256 bytes) -
INT1* INTERRUPT I DEC.
INT2* ALY
16bit AR-TM osc
TRy | | TRX TIMING
CAP® 16bit FREE - RUN
c"-m:“’. & CAP/CMP
AXD* 8bit AR-TM (8K bytes) G-8US CONTROL
& 10
™0*
G 1151
-
]

K> ADo~aD7*
[ A8~A1S®

prmi &'
=

* Secondary function of port
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PIN DESCRIPTIONS
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Type Pin Name l]e} Description
Power VDD +5V power supply
supply
GND 0V ground
System clock input pin. Quartz oscillator or ceramic oscillator
Oscilla- 0SCo Input | is connected between OSCO and OSC1. For external clock,
tion input at 0SCO, leaving OSC1 open.
0scCi Output | System clock output pin
RESET Input | System reset input (program starts from address 0040H);
internal pull-up resistance
Control -
. Program memory select input pin.
EA input | “L" level input for external program memory; “H” level input
for internal program memory.
RD Output | Read strobe signal during external memory access
ALE Output | Address latch signal during external memory access
8-bit I/0 port
PORT 0 l]e] During external memory access, becomes address/data bus for
address output, in_sgycti on fetch or data read/write along
with ALE, RD and WR pins
PORT 1 110 8-bit I/O port
Address bus during external memory access
Port PORT 2
8-bit I/0 port x 4. Secondary functions shown in following
PORT 3 YO | +table are added for ports 2 and 3.
PORT 4
PORT 5
PORT6 | Input |[8-bitl/Oport.
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PIN SECONDARY FUNCTIONS

Pin Name 110 Description

RXD /0 | P2.0 secondary functions.
UART: Input pin for serial port receive data.
Synchronous: Input pin for serial port transmit/receive data.

TXD Output | P2.1 secondary functions.
UART: Output pin for serial port transmit data.
Synchronous: Output pin for serial port synchronizing clock.

INTO Input | P2.2 secondary function.
External interrupt 0 input pin.

INT1/GATE Input | P2.3 secondary functions.
External interrupt 1 input pin. Also used as input pin for gate
signal for timer 0 count enable /disable.

TOCK Input | P2.4 secondary function
Timer 0 external clock input pin.

HSTOP Input | P2.5 secondary function.
Hard stop mode input pin; stops system clock oscillation with “L*”
level input.

‘WR Output | P2.6 secondaryv function.
Write strobe signal output pin during external data memory
access.

T10UT Output | P2.7 secondary function.
Output pin for signal that 2-divided timer 1 overflow.

T2CK Input | P3.0 secondary function. Timer 2 external clock input pin.

CAP Input | P3.1 secondary function.
Capture trigger input pin.

CMPO Output | P3.2 secondary function.
Compare output channel 0 output pin.

CMP1 Output | P3.3 secondary function.
Compare output channel 1 output pin.

INT2 Input | P3.4 secondary function.
External interrupt 2 input signal.

SFTO Output | P3.5 secondary function.
Shift register data output pin.

SFTI Input | P3.6 secondary function.
Shift register data input signal.

SFTCK 110 P3.7 secondary function.
Shift register synchronizing clock input/output signal.
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REGISTERS

Operation Register

A Register 7 5
(Accumulator) l 4 . L ) ) , J
(BB*:Sgnster EINNN |

*  For 16-bit operation instruction, A register holds low byte
data and the B register holds high byte data.

Special Purpose Registers

S(tsap';k pointer [ 7 1 L 1 1 1 1 1 0 I
Programstatus | gsy rso ump, Mi P H 2  C |
word C
(PSW) Carry flag
——— Zero flag
Half-carry flag
Parity flag
Master interrupt enable flag
Do not write “1" here
Register set select flag
Register set select flag
Program counter
PO [ 15 0

LOCAL REGISTERS

1
ER1 { ___________ R ]
R10

EROS f---cooceeem RO ]
R8

*1 4 banks of local registers are mapped in local memory space data memory.
*2 Registers R8 to R11 can be used as 16-bit registers, ERO and ER1.
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MEMORY MAPS

17FH

100H

80H

40H
30H
20H
10H

248

Local Memory Space

Data Memory

SFR

Data Memory

Local Register Set 3

Local Register Set 2

Local Register Set 1

Local Register Set 0

OFFFFH

¢ Page 1
2000H

100H

fPage0 80H

40H

20H

General Memory Space

External Memory

Program Memory

Vector Call Table Area

Program Memory

Interrupt Vector Table Area

Vector Call Table Area

Internal
Memory
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SFR TABLE

A}?_'dEr;; s Name Sg:;- Symbol | R/W | Reset
OFF F register (multiplication/division operation register) FER FR 00H
OFE E register (multiplication/division operation register) ER RW 00H
OFD D register (multiplication/division operation register) DCR DR 00H
OFC Cregister (multiplication/division operation register) CR 00H
OFB Multiplication/division condition register MDCR OFCH
OF7 Interrupt enable register IE IEH 70H
0F6 IEL 00H
OFS Interrupt request register IRQ IRQH RAW 70H
OF4 IRQL 00H
OF3 External interrupt control register XICON 0COH
OF2 Standby control register SBYCON OFOH
OF1 Stack page specification register SPR OFEH
OFO0 Watchdog timer control register WDTCON | W —
OEE Port 3 mode register P3MOD 53H
OED Port 3 direction register P3DIR 00H
OEC | Port 3 data register P3D %’:“:3’
OEA Port 2 mode register P2MOD 3CH
0E9 Port 2 direction register P2DIR 00H
OE8 | Port2 data register p2Dp | RW lfjir:ifi-
OE5 Port 1 direction register P1DIR 00H
OE4 | Port 1 dataregister P1D "f’i':if"
OE3 Port 0 direction register PODIR 00H
OE2 | Port 0 data register POD lf’i:‘if,'
OE1  |Shift register SFTR Ynde:
OEO Shift register control register SFTCON OEOH
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Address
(HEX) Name Symbol | Symbol Reset
. . Unde-
ODF Timer 1 register TO1R TiR fined
ODE | Timer O register TOR Ve
ODD | Timer 1 counter T01C TIC Ymes
0DC | Timer 0 counter TOC e
obB Timer 1 control register T1CON OFOH
ODA Timer 0 control register TOCON OEOH
0D9 Time base counter control register TBCON OEOH-
Unde-
007 Timer 2 register T2R T2RH fined
0D6 T2RL Yned
0D5 T2CH Yhe
Timer 2 counter T2C fined
0D4 T20L Yned
0D3 Timer 2 control register T2CON OF4H
0p2 Free-running counter FRC FRCH oo
0D1 FRCL 00H
0Do Free-running counter control register FRCON OF4H
Unde-
OCF Compare channel 1 data register cmpir | CMPIRH fined
ocE CMP1RL fined
Unde-
oco Compare channel 0 data register cmpor | CMPORH fined
occ CMPORL Yed
0cB Compare outpﬁt control register CMPCON OFOH
0CA Compare output data register CMPOUT OFCH
Unde-
0C9 | capture data register CAPR | CAPRH fined
ocs CAPRL ned
0Cc7 Capture input control register CAPCON OFCH
0C6 | Serial port buffer SBUF Ynesi
0cs Serial port control register SCON SCONH OFOH
0ca SCONL 00H
0C3 Timer 3 register T3R ijir:gg-
0C2 Timer 3 counter T3C ijirr‘\%%-
0C1 Timer 3 control register T3CON OF4H
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A(?_'dgr;)s s Name Symbol | R/W | Reset
OBE Port 6 P6 R —
0BB Port 5 direction register P5SDIR 00H
0BA Port 5 data register P5D RW lfjurr“de?d'
0B9 Port 4 direction register P4DIR 00H
0B8 Port 4 data register P4D ijur;g%‘

ADDRESSING MODES

MSM65513 has 384 bytes of local memory space and 64 Kbytes of general memory space. A variety
of addressing modes are available for accessing these spaces.

1. Register Direct Addressing

® A, B. SP, PSW
® BA

Example

DAA

L . wwrEe

2. Local Register Direct Addressing

® Rn (n=0~15)
® ERn (n=0, 1)

Example

Local Registers
R3
L———-———» V/ R2

R1

3. Local Memory Direct Addressing

® \adrs (within 256-byte page; page specified by LMP flag)
® adrs (384 bytes)

Example

Local Memory
L A, \56H

I 7 7)| S6H

4. General Memory Direct Addressing
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adrs

Example

LG A, 0ABCH

e

General Memory

7] OABCH
5. Local Memory - Register Indirect Addressing
® [Rn] (n=0, 1,8,9; within 256-byte page; page specified by LMP flag)
® page: [Rn] (page=0,1 n=0,1,89 384bytes)
Example
L A [rY

6. General Memory - Register Indirect Addressing

Local Memory

%

:

[ERN] (n=0,1)
[BA]
Example
LG A Lrlol General Memory
----- ERO-----

7. Local Memory Index Addressing

252

e disp [Rn]

page: disp [Rn] (page=0,1

(n=1,9; within 256-byte page; page specified by LMP flag)
n=1,9 384 bytes)

Example

LA ssH[RY

{
l

R1

&

Local Memory

2 &

~7

7




8. General Memory Index Addressing

e disp[ER1)

Example

LG A, OFEH[ER1]

_____ ERY----- General Memory

9. Immediate Addressing

® #n

Example

L A, #255

10. PC Relative Addressing

® adrs

Example

iz adrs

l General Memory

® MSM65513/65P513 @

a7
INSTRUCTION TABLES
® Data Transfer Instructions
Mnemonic Function
L obj1, obj2 Local memory load
LG obj1, obj2 General memory load
ST obj1, obj2 Store into local memory
STG obj1, obj2 Store into general memory
MOV PSW, #n Immediate data transfer to PSW
MOV obj1, obj2 Data transfer
MOVG obj1, obj2 General memory data transfer
MOvVWwW obj1, obj2 16-bit data transfer
XCH C, P Carry and parity exchange
XCH obj1, obj2 Data exchange
SWAP obj Upper nibble and lower nibble swap
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® Increment and Decrement

Mnemonic Function
INC obj Data increment
INCG obj General memory increment
INCW obj 16-bit data increment
DEC obj Data decrement
DECG obj General memory decrement
DECW obj 16-bit data decrement

® Arithmetic Operations

Mnemonic Function
ADD obj1, obj2 Data add
ADDW obj1, obj2 16-bit data add
ADC obj1, obj2 Data add with carry
ADCG obj1, obj2 General memory data add with carry
SUB obj1, obj2 Data subtract
SUBW obj1, obj2 16-bit data subtract
SBC obj1, obj2 Data subtract with carry
SBCG obj1, obj2 General memory data subtract with carry
MUL Multiplication 16 < 8x 8
DIV Division 16 « 16/8, 8 < 16 mod 8

® Comparisons

Mnemonic Function
CMP obj1, obj2 Data compare
CMPW obj1, obj2 16-bit data compare

® Logical Operations

Mnemonic Function
AND PSW, #n PSW and immediate data logical AND
AND obj1, obj2 Data logical AND
OR PSW, #n PSW and immediate data logical OR
OR obj1, obj2 Data logical OR
XOR obj1, obj2 Data exclusive OR
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Mnemonic Function
SB obj. n Bit set
SB obj PSW bit set
RB obj. n Bit reset
RB obj PSW bit reset
CPL C Carry complement
L C, obj Bit transfer to carry
ST C, obj Bit transfer from carry

® Rotate and Shift

Mnemonic Function
ROL obj Rotate left
ROR obj Rotate right
SLL obj Shift left
SRL obj Shift right

® Decimal Adjust

Mnemonic Function
DAA obj Decimal adjust after add
DAS obj Decimal adjust after subtract

® Conditional Jumps

Mnemonic Function
1z adrs Jump if zero flag is set
INZ adrs Jump if zero flag is not set
JC adrs Jumpif carry is set
IJNC adrs Jump if carry is not set
DJZ Rn, adrs Decrement register, and jump if zero
DINZ Rn, adrs Decrement register, and jump if not zero
JBS obj. n, adrs Jump if bit is set
JBR obj. n, adrs Jump, if bitis reset
JBSC obj. n, adrs Jump and clear bit if bit is set
CJE C, P, adrs Compare carry and parity; jump if equal
CINE C, P, adrs Compare carry and parity; jump if not equal
CJE obj1, obj2, adrs Compare; jump if equal
CINE obj1, obj2, adrs Compare; jump if not equal
CIEG obj1, obj2, adrs Compare with general memory data;
jump if equal
CINEG obj1, obj2, adrs Compare with general memory data;

jump if not equal
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® Jumps
Mnemonic Function
J adrs Jump
SJ adrs Short jump
J [BA] Indirect jump
® Subroutines
Mnemonic Function
PUSH obj Data push
POP obj Data pop
CAL adrs Subroutine call
CALZ adrs Call subroutine if zero flag is set
CALC adrs Call subroutine if carry flag is set
VCAL n Vector call
VCALZ n Vector call if zero flag is set
VCALC n Vector call if carry flag is set
RT Return from subroutine
RTZ Return from subroutine if zero flag is set
RTC Return from subroutine if carry flag is set

® Other Instructions

Function

Mnemonic

CLR obj

CLRW BA

CPL obj

CPLW BA

NOP

CHK obj

DLY n

Clear

16-bit data clear

Data complement

16-bit data complement
No operation

Parity check

Program execution delay
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OKI semiconductor
MSM65524/65P524

OKI ORIGINAL HIGH PERFORMANCE CMOS 8 BIT SINGLE CHIP
MICROCONTROLLER

GENERAL DESCRIPTION

MSM65524 is a high-performance 8-bit single-chip controller that employs Oki’s original nX-8/50
CPU core. With a minimum instruction execution time of 400 ns (10MHz clock), the MSM65524 is
capable of high-speed processing, and includes 16 Kbytes of program memory, 384 bytes of data

memory, timers, serial ports, an A/D converter and PWMs on chip. Also available is the
MSM65P524, which replaces the on-chip program memory with one-time PROM.

OPERATING RANGE

® Operating Frequency DC~ 10 MHz
® Operating Voltage 45~55V
® Operating Temperature -40 ~ 85°C (MSM65524)
FEATURES
® MemorySpace : 64 Kbytes Counters

On-Chip Program Memory : 16 Kbytes
On-Chip Data Memory 384 bytes

®  Minimum Instruction Execution Cycle:
400nS @ 10 MHz

® Powerful instruction set:

83 basic instructions

8/16-bit operation instructions
Bit manipulation instructions
Compound function instructions

® Abundant addressing modes

® Multiplication/division operation functions
16 « 8x8
16 « 16/8,

® |/Oports: 8-bitx5
4-bitx 1
Input only port:  8-bitx 1

8 « 16mod 8

® Timers
8-bit auto-reload timer x 2
16-bit auto-reload timer x 1
Watchdog timer x 1

Time base counter x 1
16-bit free-running counter x 1

Capture input: 1channel
Compare output: 2 channels
Serial ports

Shift register x 1

Serial port with baud rate generator
(UART/synchronous) x 1

A/D converter: 8 bits x 8 channels
PWM: 8 bits x 2 channels

PWM with auto-reload timer for period
setting

External interrupts: 3
Interrupt factors: 19

Package:
64 pin plastic shrink DIP (SDIP64-P-750)
64 pin plastic QFP (T.B.D)
68 pin PLCC (QFJ68-P-5950)

*  Specifications are subject to change without notice.

257



© MSM65524/65P524 e

PIN CONFIGURATION

64-Pin Plastic Shrink DIP
(Top View)

rsorwmo [ Voo
ssapwmn (2] AVoo
»s2 [3] vRH
es3 [a] va
rao [5] PeIIA
ey (5] PE/AIE
re2 [7] P6.5ia15
A0 P6.aA
ras 1o Pe.2AR2
pas [i1 ] Pe.1AN
ray iz} P6.0/AD
promacx [13 ] AGND
p3.ar [1a | 0.0/A00
p32cmpo 5 P0.1/ADY
pa3cmer [is las ] po.27a02
pramv2 17 ] a8 ] P0.3/a03
rassero [ia | P0.4/AD4
(X% T l46 ] po.5/aD5
PIISFTCK [20 fas ] 0.6/a06
Reser 21 {24 ] r0.27a07
p20mx0 [22 ] 3]
p21mx0 [23] ez Jae

p22mv0 [z |

P23NTIGATE [25 | a0 ] p1.77a15
p2amock [26 | B9 Jrremta
P2.5HETOP [27 ] 38 Jp1.5a13
2R [38 | 7 Jeramiz
rp2ymiour 29| B6 Jpraan
o5ar [0 B35 Jer.2m10

osco % Ba Jer.ua9

oo 2] B3 ] pr.0ms

FUNCTIONAL BLOCK DIAGRAM

L8us  |a
e 8bit AR-TM CONTROL
GATE* x2
sFTo” 8bit SHIFT - REG
SFTCK* (384 bytes)
INTO*
INT1* INTERRUPT —
INT2*
it AR-TM
DEC.
Cap® 16bit FREE - RUN
cunor scapramp  \—)
ROM
. 8bit AR-TM (16K bytes)
gg. &0 K—

PWMO* 8bit AR-TM
PWM1*

DEC.
t

0sc

&
TIMING

G-BUS CONTROL

K> ADo~a07*
) AB~A1S*

B

ORF

aoc bitach | [ mutrov | | PORT ]
AV VA A* P P P P P P P
VRRG | 1 4
yRRG 0 2 3 5 6
0 D

7

* Secondary function of port
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PIN DESCRIPTIONS

Type Pin Name I]e] Description
vDD + 5V digital power supply
GND 0V digital ground
Power AVDD + 5V analog power supply
supply
AGND 0V analog ground
VRH + 5V analog reference voltage
VRL 0V analog reference voltage
System clock input pin. Quartz oscillator or ceramic oscillator
Oscilla- 0sCo Input | is connected between O5CO.and OSC1. For external clock,
tion input at OSCO, leaving OSC1 open.
0sC1 Output | System clock output pin
RESET Input | System reset input (program starts from address 0040H);
internal pull-up resistance
Control -
_ Program memory select input pin.
EA input | “L” level input for external program memory; “H" level input
for internal program memory.
RD Output | Read strobe signal during external memory access
ALE Output | Address latch signal during external memory access
8-bit I/0 port
PORT 0 le} During external memory access, becomes address/data bus for
address output, instruction fetch or data read/write along
with ALE, RD and WR pins
PORT 1 110 8-bit I/0 port
Address bus during external memory access
Port PORT 2
8-bit /0 port x 3. Secondary functions shown in following
PORT 3 VO |table are added for ports 2 and 3.
PORT 4
PORT 5 110 | 4-bit /O port. Secondary functions shown in following table
are added for port 5.
PORT 6 Input [ 8-bit /O port. Functions as analog input channel during A/D

conversion.
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PIN SECONDARY FUNCTIONS

Pin Name /o] Description

RXD I/0 | P2.0secondary functions.
UART: Input pin for serial port receive data.
Synchronous: Input pin for serial port transmit/receive data.

TXD Output | P2.1 secondary functions.
UART: Output pin for serial port transmit data.
Synchronous: Output pin for serial port synchronizing clock.

INTO Input | P2.2 secondary function.
External interrupt 0 input pin.

INT1/GATE Input | P2.3 secondary functions.
External interrupt 1 input pin. Also used as input pin for gate
signal for timer 0 count enable /disable.

TOCK Input | P2.4 secondary function
Timer 0 external clock input pin.

HSTOP Input | P2.5 secondary function.
Hard stop mode input pin; stops system clock oscillation with “L”
level input.

WR Output | P2.6 secondary function.
Write strobe signal output pin during external data memory
access.

T10UT Output | P2.7 secondary function.
Output pin for signal that 2-divided timer 1 overflow.

T2CK Input | P3.0 secondary function. Timer 2 external clock input pin.

CAP Input [ P3.1 secondary function.
Capture trigger input pin.

CMPO Output | P3.2 secondary function.
Compare output channel 0 output pin.

CMP1 Output | P3.3 secondary function.
Compare output channel 1 output pin.

INT2 Input | P3.4 secondary function.
External interrupt 2 input signal.

SFTO Output | P3.5 secondary function.
Shift register data output pin.

SFTI Input | P3.6 secondary function.
Shift register data input signal.

SFTCK [l]e] P3.7 secondary function.
Shift register synchronizing clock input/output signal.

PWMO Output | P5.0 secondary function.
PWM channel 0 output signal.

PWM1 Output | P5.1 secondary function.
PWM channel 1 output signal.

260



® MSM65524/65P524 @

REGISTERS

®  Operation Registers
A Register [ 7 5 I
(Accumulator) e —— I 1 \
B Register I 7 5 l
(BR) ! 1 1 1 1 1 1

*  For 16-bit operation instruction, A register holds low byte
data and the B register holds high byte data.

®  Special Purpose Registers

S(tsic)k pointer { 7 I 1 1 1 1 1 Il OJ
Progdramstatus [Rs1 R0 ,ivp, mi P H Z  C |
wor
(PSW) L Carry flag
‘ Zero flag
Half-carry flag
Parity flag
Master interrupt enable flag
Local memory page flag

Register set select flag
Register set select flag

Program counter
) [ 15 0 |

LOCAL REGISTERS

1
- { ........... RU ]
R10

ERO { ------------ R
RS

RO

*1 4 banks of local registers are mapped in local memory space data memory.
*2 Registers R8 to R11 can be used as 16-bit registers, ERO and ER1.
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MEMORY MAPS

Local Memory Space

1FFH
Data Memory
100H
SFR
80H
Data Memory
40H
Local Register Set 3
30H
Local Register Set 2
20H
Local Register Set 1
10H -
Local Register Set 0
0

262

OFFFFH

g Page 1

4000H

100H

>
Page 0 80H

40H

20H

General Memory Space

External Memory

Program Memory

Vector Call Table Area

Program Memory

Interrupt Vector Table Area

Vector Call Table Area

( Internal
Memory
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SFR TABLE

A(t;]_'dEr;)s s Name Sg;r;- Symbol | R’'W | Reset
OFF F register (multiplication/division operation register) | cep FR O00H
OFE E register (multiplication/division operation register) ER RW O0H
OFD D register (multiplication/division operation register) DCR DR 00H
OFC Cregister (multiplication/division operation register) CR 00H
OFB Multiplication/division condition register MDCR OFCH
0F7 Interrupt enable register IE IEH 00H
OF6 IEL 00H

__Es__ Interrupt request register IRQ IRQH RIW O0H
OF4 IRQL 00H
OF3 External interrupt control register XICON 0COH
OF2 Standby control register SBYCON OFOH
OF1 Stack page specification register SPR OFEH
OFO0 Watchdog timer control register WDTCON | W —
OEE Port 3 mode register P3MOD OD3H
0ED Port 3 direction register P3DIR 00H
OEC | Port 3 data register P3D ‘:i:if;
OEA | Port 2 mode register P2MOD 3CH
OE9 | Port 2 direction register P2DIR O0H
0E8 | Port 2 data register p2p | RW | Unde:
OES Port 1 direction register P1DIR 00H
0E4 | Port 1 data register P1D ‘;'i'r'gf,'
OE3 Port 0 direction register PODIR 00H
OE2 | Port0data register POD ‘f’i’r‘if,'
OE1 |Shiftregister SFTR Unde-
0EO Shift register control register SFTCON OEOH
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Address
" (HEX) Name Symbol | Symbol Reset
ODF | Timer 1 register T01R TiR pisey
ODE Timer O register TOR thi?g?f
0DD | Timer 1 counter T01C T1C Lf’irr'agi
0DC | Timer 0 counter ToOC ey
oDB Timer 1 control register T1CON OFOH
ODA | Timer O control register TOCON OEOH
0D9 Time base counter control register TBCON OEOH"
Unde-
007 | Timer2 register T2R T2RH fined
0D6 T2RL ned
Unde-
0D5 | Timer 2 counter T2C T2CH fined
0D4 T2CL ned
0D3 Timer 2 control register T2CON OF4H
0D2 Free-running counter FRC FRCH 00H
0D1 FRCL 00H
0DO0 Free-running counter control register FRCON OF4H
Unde-
OCF | compare channel 1 data register cmpir | CMPIRH tined
OCE CMP1RL hes
0cD CMPORH Ynasi
Compare channel 0 data register CMPOR tined
occ CMPORL ed
0CB Compare output control register CMPCON OFOH
0CA Compare output data register CMPOUT OFCH
Unde-
0c9 Capture data register CAPR CAPRH fined
ocs CAPRL Tned
0C7 Capture input control register CAPCON OFCH
0C6 |Serial port buffer SBUF Yed
0cs | Serial port control register SCON SCONH OFOH
0C4 SCONL 00H
0C3 | Timer 3 register T3R s
0C2 | Timer 3 counter T3C Ymed
oc1 Timer 3 control register T3CON OF4H
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Address

(HEX) Name Symbol Reset
OBE Port6 P6 —_
0BC Port 5 mode register P5MOD OFCH
0BB Port 5 direction register PSDIR 00H
OBA | Port5 data register PSD ey
089 Port 4 direction register PADIR O0H
0B8 | Port4 data register P4D piiy
0B7 PWM1 register PWMI1R 00H
0B6 PWMO register PWMOR 00H
0BS PWM control register PWMCON OCH
0B3 Timer 4 register T4R lfjir:gﬁ
0B2 Timer 4 counter TaC ‘c’a’&‘éﬁ'
0B1 Timer 4 control register T4CON OF4H
OAF AJ/D converter result register 3 ADR3 l?jirr‘g%.
OAE A/D converter result register 2 ADR2 ijmz%-
OAD | A/D converter result register 1 ADR1 Lf’irr‘g%-
0AC | A/D converter result register 0 ADRO pltey
0AB A/D converter control register ADCON OFOH
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ADDRESSING MODES

MSM65524 has 512 bytes of local memory space and 64 Kbytes of general memory space. A variety
of addressing modes are available for accessing these spaces.

1. Register Direct Addressing

® A, B. SP. PSW
e BA

~———— Example

DAA A

T

2. Llocal Register Direct Addressing

e Rn (n=0~15)
e ERn (n=0, 1)

~—————— Example

Local Registers

R3
%% 7///////j

L A, R2

Local Memory Direct Addressing

® \adrs (within 256-byte page; page specified by LMP flag)
® adrs (512 bytes)
Example

Local Memory
L A, \56H

I_____,'/

7/ s6H

4. General Memory Direct Addressing
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® adrs

———— Example

General Memory
LG A, O0ABCH

L .

|
70 ﬁ OABCH
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5. Local Memory - Register Indirect Addressing

® [Rn] (n=0,1,8,9; within 256-byte page; page specified by LMP flag)
® page: [Rn] (page=0,1 n=0,1,8,9 512bytes)
Example
L A [RY Local Memory

|
0

6. General Memory - Register Indirect Addressing

e [ERn] (n=0,1)
® [BA]
Example
LG A'vﬂgl General Memory

----- ERO----- > 7

7. Local Memory Index Addressing

e disp [Rn] (n=1,9; within 256-byte page; page specified by LMP flag)
® page: disp [Rn] (page=0,1 n=1,9 512bytes)

Example

L A, 55H[RI]

T
|

] Local Memory

R1
& 0

8. General Memory Index Addressing

® disp [ER1)

Example

LG A, OFEH[ER1]

..... ER1----- General Memory

~® V20 /%I
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9. Immediate Addressing
e #n

Example

L A, #255

10. PC Relative Addressing

® adrs

Example

Y4 adrs

General Memory

%

INSTRUCTION TABLES

® Data Transfer Instructions

Mnemonic Function
L obj1, obj2 Local memory load
LG obj1, obj2 General memory load
ST obj1, obj2 Store into local memory
STG obj1, obj2 Store into general memory
MOV PSW, #n Immediate data transfer to PSW
MoV obj1, obj2 Data transfer
MOVG obj1, obj2 General memory data transfer
Movw obj1, obj2 16-bit data transfer
XCH C, P Carry and parity exchange
XCH obj1, obj2 Data exchange
SWAP obj Upper nibble and lower nibble swap

® Increment and Decrement

Mnemonic Function
INC obj Data increment
INCG obj General memory increment
INCW obj 16-bit data increment
DEC obj Data decrement
DECG obj General memory decrement
DECW obj 16-bit data decrement
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Mnemonic Function
ADD obj1, obj2 Data add
ADDW obj1, obj2 16-bit data add
ADC obj1, obj2 Data add with carry
ADCG obj1, obj2 General memory data add with carry
SUB obj1, obj2 Data subtract
SUBW obj1, obj2 16-bit data subtract
SBC obj1, obj2 Data subtract with carry
SBCG obj1, obj2 General memory data subtract with carry
MUL Multiplication 16 <8 x 8
DIV Division 16 « 16/8, 8 «~ 16 mod 8

® Comparisons

Mnemonic

Function

cmp obj1, obj2
CMPW obj1, obj2

Data compare
16-bit data compare

® Logical Operations

Mnemonic Function
AND PSW, #n PSW and immediate data logical AND
AND obj1, obj2 Data logical AND
OR PSW, #n PSW and immediate data logical OR
OR obj1, obj2 Data logical OR
XOR obj1, obj2 Data exclusive OR

® Bit Operations

Mnemonic Function
SB obj. n Bit set
SB obj PSW bit set
RB obj.n Bit reset
RB obj PSW bit reset
CPL C Carry complement
L C, obj Bit transfer to carry
ST C, obj Bit transfer from carry
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® Rotate and Shift

Mnemonic Function
ROL obj Rotate left
ROR obj Rotate right
SLL obj Shift left
SRL obj Shift right

® Decimal Adjust

Mnemonic Function
DAA obj Decimal adjust after add
DAS obj Decimal adjust after subtract

® Conditional Jumps

Mnemonic Function
1z adrs Jump if zero flag is set
INZ adrs Jump if zero flag is not set
JC adrs Jumpif carry is set
INC adrs Jump if carry is not set
DJZ Rn, adrs Decrement register, and jump if zero
DINZ Rn, adrs Decrement register, and jump if not zero
JBS obj. n, adrs Jump if bitis set
JBR obj. n, adrs Jump, if bitis reset
JBSC obj. n, adrs Jump and clear bit if bit is set
CJE C, P, adrs Compare carry and parity; jump if equal
CINE C, P, adrs Compare carry and parity; jump if not equal
CJE obj1, obj2, adrs Compare; jumpif equal
CJNE obj1, obj2, adrs Compare; jump if not equal
CJEG obj1, obj2, adrs Compare with general memory data;
jump if equal
CINEG obj1, obj2, adrs Compare with general memory data;
jump if not equal
® Jumps
Mnemonic Function
J adrs Jump
SJ adrs Short jump
J [BA] Indirect jump
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® Subroutines

Mnemonic Function
PUSH obj Data push
POP obj Data pop
CAL adrs Subroutine call
CALZ adrs Call subroutine if zero flag is set
CALC adrs Call subroutine if carry flag is set
VCAL n Vector call
VCALZ n Vector call if zero flag is set
VCALC n Vector call if carry flag is set
RT Return from subroutine
RTZ Return from subroutine if zero flag is set
RTC Return from subroutine if carry flag is set

® Other Instructions

Mnemonic Function
CLR obj Clear
CLRW BA 16-bit data clear
CPL obj Data complement
CPLW BA 16-bit data complement
NOP No operation
CHK obj Parity check
DLY n Program execution delay
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OKI semiconductor

MSM80C35/48
MSM80C39/49
MSM80C40/50

CMOS 8-BIT SINGLE CHIP MICROCONTROLLER

GENERAL DESCRIPTION

The OKI MSM80C48/MSM80C49/MSM80C50 microcontroller is a low-power, high-performance
8-bit single chip device implemented in silicon gate complementary metal oxide semiconductor
technology. Integrated within these chips are 8K/16K/32K bits of mask program ROM,
512/1024/2048 bits of data RAM, 27 1/0 lines, built-in 8 bit timer/counter, and oscillator. Program
memory and data paths are byte wide. Eleven new instructions have been added to the NMOS ver-
sion’s instruction set, thereby optimizing power down, port data transfer, decrement and port float

functions.

Available in 40-pin plastic DIP (RS) or 44-pin plastic flat packages (GSK).

FEATURES

® |Lower power consumption enabled by CMOS
silicon gate process

® Completely static operation

Improved power-down feature

® Minimum instruction cycle 1.36 us (11MHz2)
@Vgg = +5V =10%
11 MHz version of MSM80C40/50 (6 MHz <
XTAL1.2 <11 MHz) is under development.

o Every signal input terminal is provided with a
Schmitt circuit, except XTAL1 Pin.
® Every signal output terminal is capable of
driving a standard TTL, except XTAL2 Pin.
® 111 instructions
@ Allinstructions are usable even during
execution of external ROM instructions.
® Operation facility
Addition, logical operations, and decimal
adjust
® Program memory (ROM) : 1K X 8 bits
(MSM80C48)
. 2K X 8 bits
(MSM80C49)
. 4K X 8 bits
(MSM80C50)
: 64 X 8 bits
(MSM80C48)
1 128 X 8 bits
(MSM80C49)
: 256 X 8 bits
(MSM80C50)

® Data memory (RAM)

Two sets of working registers
External and timer interrupts
Two test inputs
Built-in 8-bit timer counter
Extendable external memory and 1/0 ports
Input/output ports : Input/output ports
— 8bits X 2
: Data bus input/output
— 8 bits X 1
Single-step execution function
Wide range of operating voltage, from +2.5V
to +6V of V.
High noise margin action
Compatible with Intel’s 8048, 8049 and 8050
Package:
40 pin plastic DIP (DIP40-P-600)
44 pin plastic QFP (QFP44-P-910-K)
44 pin plastic QFP (QFP44-P-910-VK)
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FUNCTIONAL BLOCK DIAGRAM

(PORT 2)
8
PORT 2 BUS BUFFER l PROGRAM MEMORY
HIGH PROGRAM (ROM) ——N Nerrve LA
COUNTER (4) 1K x 8 BIT MSMB0C48RS REGISTER
2K x 8 BIT MSMB0C49RS
4K x 8 BIT MSMBOC50RS
ﬁ BUS LATCH
0SC FREQ T380 TIMER/EVENT | LOWE R PROGRAM AND LOW
R PC TEMP
TEST1 COUNTER (8) I COUNTER __ (8) I Rediten | (DATA
@ @ 3UFFER®E§§Y)
(8
| A I FI’EMP ass(s)l l FLAGS ] = TesTo [MULTIPLEXER
[—— TEST1 REGISTER 0
l o INT REgISTE:;
REG!!
ACCUMULATOR (= FLAGO REGISTER
LATCH (8) CONDI- - FLAG1 ng:g;ésg
ANk b TIMER FLAG RECISTER €
LOGIC p=— CARRY E‘ [REGISTER 7
-~ 3|8 LEVEL
noe i |sTAcK PORTI
ACC BIT TEST OPTIONAL BUFFERK 8 )
SECOND AND
O REGISTER LATCH PORT 1)
CONTROL AND TIMING
INT RESET PROG _EA XTALI XTAL2 ALE _ PSEN SS DATA STORE
PRO
INTERRUPT | pROM/ OSCILATOR MEMORY
EXPANDER XTAL ENABLE A
STROBE ADDRESS LATCH, WRITE STROBE D aas
INITIALIZE  CPUMEMORY  DATA LATCH N Cons
SEPARATE (s:'[gng CYCLE gﬁ%m 256 x 8 MSMBOCSORS.
(Top View) 40 Lead Plastic DIP (Top View) 44 Lead Plastic FLAT
QY YV YV Z TV VDV VU DL
vee BIRBRIRIR2S
T i)
. JRRHRRFRRH:
P2
%) P2 ne[12 24 ]NC
P2e P2, {13 O 43 | PROG
o1y 2, (2] Faz)e2,
Plg P2.,1 15 41 |P2,
Pls T8 40 ] p2,
P1, vee[O7 39 P2,
P13 To[ 18 38 ]vss
xTAL1 19 37 ]DB,
P13
P1 X'TAL2| 20 36 | DB,
9 1
e Ne[21 35 ] DB,
to RESET[22 34 ] DB,
VoD [3 3
el et
P2 @l=jm D35> 0000
P2, "’]5|>UI%|NI;;?P.PP
P2, =
121] P2, .
P2 pin Name
P1g ~ P15 : Input/output port (PORT1) ALE : Address Latch Enable
P2y ~ P25 : Input/output port (PORT2) PSEN : Program Store Enable
DBo ~ DB, : Data bus port (BUS PORT) RESET : Reset
FO, T1 : Test SS : Single Step
INT : Interrupt EA : ROM Mode
RD : Read XTAL 1,2 : Crystal Controlled
WR : Write Oscillator
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Designation Input/Output Function
Plo~P17 Input/Output | 8-bitquasi-bidirectional port
(PORT 1)
P20o~P27 Input/Output 8-bit quasi-bidirectional port
(PORT 2) The high-order four bits of external program memory addresses can be
output from P20-P23, to which the I/0 expander MSM82C43RS may also
be connected.
DBo~DB7 Input/Output Bidirectional port
(BUS) The low-order eight bits of external program memory address can be
output from this port, and the addressed instruction is fetched under the
control of PSEN signal. Also, the external data memory address is output, and
datais read and written synchronously using RD and WR signals.
The port can also serve as either a statically latched output portora
non-latchinginput port.

TO Input/Output | Theinput can be tested with the conditional jump instructions JTO and

(Test0) JNTO. The execution of the ENTO CLK instruction causes a clock output to
be generated.

T Input The input can be tested with the conditional jump instructions JT1 and
JNT1. The execution of a STRT CNT instruction causes an internal
counter input'to be activated.

INT Input Interrupt input. If interrupt is enabled, INT input initiates an interrupt.

(Interrupt) Interrupt is disabled after a reset.
Alsotestable with a JNI instruction. Can be used to terminate the
power-down mode. (Active “0” level)

RD Output A signal to read data from external data memory. (Active “0” level)

(Read)
WR Output A signal to write data to external data memory. (Active “0” level)
(Write)

ALE Output This signal is generated in each cycle. It may be used as a clock output.
Address & External data memory or external program memory is addressed upon the
Data Latch falling edge. For the external ROM, this signal is used to latch the bus port

Clock data upon the ALE signal rise-up after the execution of the OUTL BUS, A
instruction.
PSEN Output A signal to fetch an instruction from external program memory
Program (Active “0” level)
Store Enable
RESET Output RESET input initialize the processor. (Active “0” level)
Used to terminate the power-down mode.
'ss Output A program is executed step by step. This pin can also.be used to control
(Single Step) internal oscillation when the power-down mode is reset.
(Active “0” level)
EA Input When held at high level, all instructions are fetched from external memory.
(External Access) (Active “1” level)
PROG Output This output strobes the MSM82C43RS I/0 expander.
(Expander Strobe)
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PIN DESCRIPTION (CONT.)

Designation Input/Output Function
XTAL 1 Input One side of the internal crystal oscillator. An external clock can also be input.
(Crystal 1)
XTAL 2 Output Other side of the internal crystal oscillator.
(Crystal 2)
Vce - Power supply terminal
Vpp — Standby control input. Normally, “1” level. When set to “0” level,
oscillation is stopped and processor goes into standby mode.
Vss - GND

Note: The required RESET pulse duration is at least two machine cycles under the condition that the power supply
and the oscillator have been stabilized.
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ADDED FUNCTIONS OF MSM80C48, MSM80C49 AND MSM80C50

The MSM80C48, MSM80C49 and
MSMB80C50 basically incorporate the capabili-
ties of Intel's 8048, 8049, and 8050 plus the fol-
lowing new functions:

1. Power-Down Mode Enhancements

1.1
(1)

Power-down by software

Clock (See item 4, “Power-down mode”, for

details.)

a. Crystal-controlled oscillator halt (HLTS
instruction)

Power requirements can be minimized.

b. Clock supply halt (HALT instruction)
Restart is accomplished without oscilla-
tor wait.

1/0 ports (See Table 4-1 and 4-2 for

details.)

1/0 port floating instructions

Power consumption resulting from inputs/

outputs can be minimized with FLT and

FLTT instructions.

Port floating is cancelled b

FRES instruction, “0” level at IN

level at RESET pin.

Six types of power-down can be done by a

combination of HLTS/HALT and FLT/FLTT

instructions.

Power-down by hardware (See 4.3,
Power-down mode by Vpp pin utilization
for details.)

Crystal-controlled oscillators can be halted
by controlling the Vpp terminal, thereby floating
all 1/0 ports for minimum power consumption.

2. Additional Instructions (11)

2

executing
pin or “0”

(3)

1.2

HLTS MOV A, P2
HALT MOV P1, @ R3
FLT MOVP1 P, @ R3
FLTT DEC @ Rr
FRES DJINZ @ R, addr
MOV A, P1

3. Improved Uses of BUS Po ~ 7,P10~ 7,
P20 ~ 7,and SS terminals

BUS Po~7
The MSM80C48, MSM80C49, and
MSMB80C50 remove the limitation on the use of
OUTL BUS, A instructions during the external
ROM access mode by having an independent
data latch and external ROM mode address
latch in BUS Po ~ 7.

Consequently, there is no need to relocate
bus port instructions when in the external ROM
access mode.

3.2 P1o~7andP20—~~

The MSM80C48, MSM80C49 and
MSMB80C50 are designed to minimize power
consumption when P1o ~ 7and P20 ~ 7 are used
as input/output ports, to maximize the perfor-
mance of CMOS.

When these ports are used as output ports,
the acceleration circuit is actuated only when
output data changes from “0” to “1”, thus speed-

3.1

ing up the rise time of the output signals.

When these ports are used as input ports,
the internal pullup resistance becomes approxi-
mately 9 kQ when input data is “1".

The internal pullup resistance rises to ap-.
proximately 100 kQ when input data is “0”.
Thus, a high noise margin can be obtained by
selecting the impedance and thus the outflow of
current is minimized whenever these ports are
used as output or input ports.

3.3 Clock generation control via the S§

terminal

When the crystal-controlled oscillator is
halted in the HLTS or hardware power-down
mode, the SS terminal is pulled down by a resis-
tor of 20 — 50 kQ, while its internal pullup resis-
tor of 200 — 500 k() is isolated from Vgc. When
the power-down mode is cancelled, the internal
resistor of the SS terminal is changed from pull-
down to pullup. Consequently, the CPU can be
halted for any period of time until the crystal-
controlled oscillator resumes normal oscillation
when a capacitor is connected to the SS termi-
nal.

4. Power-Down Mode

The MSM80C48, MSM80C49, and
MSMB80C50 power-down mode can be enabled
in 2 different ways-through software by a combi-
nation of clock control and port floating
instructions, and through hardware by controi of
the Vpp pin.

4.1 Software power-down mode
Power-down mode can be done by a combi-
nation of the following instructions.

(1) HALT (clock supply halt to control circuit)

Instruction LO 00 0,0 oo 1]
code:
Description:  Although crystal-controlled

oscillator operation is con-
tinued, the clock supply to
the CPU control circuit is
halted and CPU operations
suspended. When cancelling
this software mode, restart is
accomplished without os-
cillator wait. Timing charts
3re outlined in Figs. 4-1 and
-2.

(2) HLTS (oscillation stop)

Instruction 1 0000O01 0]
code: L
Description: The oscillator operation is

halted and CPU operations
suspended. In cancelling
this power down mode, con-
necting a capacitor to the SS
pin enables a reasonable
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3)

(4)
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wait period to be accom-
plished before normal opera-
tion is resumed. [Except in
the]case of using the RESET
pin

Timing charts are outlined in
Figs. 4-3 and 4-4.

FLT (floating P10 ~ 7, P20 ~ 7, and BPo ~ 7)

Instruction l 1010 | 0010 ]
code:
Description:
Internal ROM External ROM mode
mode
P1 Floating Floating
Floati P20 ~ soperation
P2 oating P24~ 7 floating
BP Floating Operation

Details of IC pin status as a result of execut-
ing the FLT instruction are shown in Table
4-1.

FLTT (floating of all output pins)

Instruction (1 1 0 0,0 0 1 0|
code:
Description:
Inte:;ld:OM External ROM mode
ALE Floating Operation
PSEN Floating Operation
PROG Floating Floating
WR Floating Floating
RD Floating Floating
TOOUT Floating Floating
P1 Floating Floating
. P20 ~ s operation
P2 Floating P24 ~ 1 floating
BP Floating Operation
XTAL Operation Operation

Details of IC pin status as a result of execut-
ing the FLTT instruction are shown in Table
4-2.
Example 1: Power-down mode accom-
plished by stopping oscillation.
O Setting by execution of
HLTS [82H] instruction.

Example 2: Power-down mode accom-
plished by stopping the clock
supply to the CPU control
circuit.

O Setting by execution of
HALT [01H] instruction.
Power-down mode by floating
of P1o ~ 7, P20 ~ 7 and BPo ~
7, and subsequent stopping of

CPU oscillation.

Example 3:

O Setting by first executing
the FLT[A2H] instruction
and then the HLTS[82H] in-
struction.

Example 4: Power-down mode by floating

P1o ~ 7, P20 ~ 7 and BPo ~ 7,

and then stopping the clock

supply to the CPU control cir-
cuit.

O Setting by first executing
the FLT[A2H] instruction,
and then the HALT[O1H] in-
struction.

Power-down mode by floating

all output pins, followed by

stopping oscillation.

O Setting by first executing
the FLTT[C2H] instruction
followed by execution of
the HLTS[82H] instruction.

Power-down mode by floating

all output pins, followed by

stopping of the clock supply to
the CPU control circuit.

O Setting by first executing
the FLTT[C2H] instruction,
followed by execution of
the HALT[O1H] instruction.

Example 5:

Example 6:

4.2 Cancellation of software power-down

mode .
The power-down mode status outlined

above in examples 1 to 6 can be cancelled by
using either the interrupt pin or the RESET pin.
(1) Use of the INT pin during external interrupt

2)

3)

enabled mode (i.e. following execution of

EN linstruction).

O The clock generator is activated and the
CPU started up when a “0” level is ap-
plied to the INT pin. If this “0” level is
maintained until at least 2 ALE output
signals occur, an external interrupt is
generated, and execution proceeds from
address 3. If, however, the power-down
mode has been done during the interrupt
processing routine, execution is
resumed just after the power-down
instruction.

Use of the INT pin during external interrupt

disabled mode (i.e. following execution of

DIS | instruction or hardware reset)

O The clock generator is activated and the
CPU started up when a “0” level is ap-
plied to the INT pin. If this “0” level is
maintained until at least 2 ALE output
signals occur, execution is resumed just
after the power-down instruction.

Use of the RESET pin

O The clock generator is activated and the
CPU started up when a “0” level is ap-
plied to the ET pin. If this “0” level is
maintained until at least 2 ALE output
signals occur, the CPU is reset and exe-
cution proceeds from address 0. In case
cancellation is done in oscillation stop
mode, the ‘0" level must be input to the
RESET PIN until oscillation is stabilized.
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Table 4-1 Details of Pin Status Following Execution of FLT Instruction

Pin No. Pin Name Internal ROM External ROM
1P T0 Active Active
2P XTAL1 Active Active
3P XTAL2 Active Active
4P RESET Active Active
5P 'SS 200 ~ 500 k2 pullup 200 ~ 500 k{2 pullup
6P INT Active Active
7P EA Active Active
8P RD Active Active
9P PSEN Active Active

10P WR Active Active
11P ALE Active Active
12P DBO Floating Active
13P DB1 Floating Active
14P DB2 Floating Active
15P DB3 Floating Active
16P DB4 Floating Active
17P DB5 Floating Active
18P DB6 Floating Active
19P DB7 Floating Active
20P Vss (VY] olv]
21P P20 Floating Active
22P P21 Floating Active
23P P22 Floating Active
24P P23 Floating Active
25P PROG Active Active
26P Vpd “1”level “1” level
27P P10 Floating Floating
28P P11 Floating Floating
29P P12 Floating Floating
30P P13 Floating Floating
31P P14 Floating Floating
32P P15 Floating Floating
33P P16 Floating Floating
34P P17 Floating Floating
35P P24 Floating Floating
36P P25 Floating Floating
37P P26 Floating Floating
38P P27 Floating Floating
39P T Active Active
40P vVce +2to+6[V] +2 to +6 [V]

Note: The FLT mode itself is reset by executing the FRES instruction, or supplying “0” level to INT or RESET pin.
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Table 4-2 Details of Pin Status Following Execution of FLTT Instruction

Pin No. Pin Name Internal ROM External ROM
1P TO Floatingif output enabled Floating if output enabled
2P XTAL1 Active Active
3P XTAL2 Active Active
4P RESET Active Active
5P SS 200 to 500 kQ pullup 200 to 500 kQ pullup
6P INT Active Active
7P EA Active Active
8P RD Floating Floating
9P PSEN Floating Active

10P WR Floating Floating
11P ALE Floating Active
12P DBO Floating Active
13P DB1 Floating Active
14P DB2 Floating Active
15P DB3 Floating Active
16P DB4 Floating Active
17P DBS Floating Active
18P DB6 Floating Active
19P DB7 Floating Active
20P Vss 0[V] J\Y]
21P P20 Floating Active
22P P21 Floating Active
23P P22 Floating Active
24P P23 Floating Active
25P PROG Floating Floating
26P Vbp “1” level “1” level
27P P10 Floating Floating
28P P11 Floating Floating
29P P12 Floating Floating
30P P13 Floating Floating
31P P14 Floating Floating
32P P15 Floating Floating
33P P16 Floating Floating
34P P17 Floating Floating
35P P24 Floating Floating
36P P25 Floating Floating
37P P26 Floating Floating
38P P27 Floating Floating
39P T Active Active
40P Vee +2.5to +6 [V} +2.5to +6 [V]

Note: The FLTT mode itself is reset by executing the FRES instruction, or supplying “0” level toINT or RESET pin.
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* Cancellation Condition: Use RESET pin.
Fig. 4-3 HLTS [82H] Instruction Execution Timing Chart

SS 20~50K2 PULLDOWN
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* Cancellation Condition: Use INT pin.

| ] !
' T, 721731 T4 175 T1/T2; T3 T4,T6 | T1:T2 T3 T41T5
R P e —— b e o e
xTaLt AN Il
TN ! A T I S
11 4 o I l_l_lx 1o
ALE odl—1 11! ! pl Lo |' L
4 HLTS EXECUTE——I IR N
CPUMODE  ——RUN—=t=§TOP i ————to————T—#RUN —
XTAL1:2 +—RUN——=STOP# WOKE | | | TRUN L
When a 0.47 uF capacitor is—l 50~ ',- ! [
connected to the SS pin, 60ms : P : [
50~60 ms wait WAT o
P [ A B T
i A [ A A A A
Y —— : ! : I : 1 [ N
! | ' | H |
iNT POV N A . N I O O O S S I
R I | oy Lo b
s o7 1 1 L | REERERERERR
b [ ! - [ T | |
§S 200~500K 2 55 200~ =—l—t—INTERRUPT EXECUTE+—t—=1
" puLLup ! 500K 2 PULLUP oot e
SS 20~50K 22 PULLDOWN

Fig. 4-4 HLTS [82H] Instruction Execution Timing Chart

4.3 Hardware power-down mode

In the MSM80C48, MSM80C49 and
MSMB80C50, forcing the level at the Vpp pin [pin
26] to a “0” during either external ROM or inter-
nal ROM mode results in suspension of the os-
cillator function and subsequent floating (high
impedance) of all the 1/0 pins except the RESET,
SS and XTAL 1/2 pins. The CPU is thereby
stopped while maintaining internal status.
Details of the IC pin status at this time are out-
lined in Table 4-3.

4.4 Cancellation of hardware power-down
mode

(1) Use of RESET pin

O The clock generator is activated and the
CPU started up when a “1” level is applied
to the V pin while a “0” level is input to
the RE§Ei pin. If this “0” level is kept ap-

plied to the RESET pin until oscillation

become stable, the CPU will be reset and

will start executing from address 0. The

timing chart is outlined in Fig. 4-5.

Use of the TNT pin during external interrupt

enabled status (i.e. following execution of

EN I instruction)

The clock generator is activated and the

CPU started up when a “1” level is applied

to the Vpp pin while a “0” level is applied to

the INT pin.

@
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(4)

If this “0” level is maintained until at least 2
ALE output signals occur, an external inter-
rupt is generated, and execution starts from
address 3.

However, if the power-down mode is started
during an interrupt processing routine, exe-
cution will be continued on the next instruc-
tion after the present instruction. The timing
chart is outlined in Fig. 4-6.

Use of the TNT pin during external interrupt
disabled mode (i.e. following execution of
DIS | instruction or hardware reset)

The clock generator is activated and the
CPU started up when a “1” level is applied
to the Vpp pin while a “0” level is applied to
the INT pin. If this “0” level is maintained
until at least 2 ALE output signals occur, ex-
ecution is continued on the next instruction
after the present instruction. The timing
chartis outlined in Fig. 4-6.

Use of Vpp pin only

The clock generator is activated and the
CPU started up when a “1” level is applied
to the Vpp pin while a “1” level is also ap-
plied to both the RESET and INT pins. In
this case, execution is resumed from the
stopped position. The timing chart is out-
lined in Fig. 4-7.



Table 4-3 Details of Pin Status during Hardware Power-Down Mode

* MSM80C35/48,80C39/49, 80C40/50 e

Normal Operation

Power Down Mode

Pin No. PinName (Vpp ="“1"level) (Vpp ="0"level)
1P TO Active Floating if output enabled
2P XTAL1 Active Active
3P XTAL2 Active Active
4P RESET Active Active
5P SS 200 to 500 kQ pullup 20 to 50 kQ pulldown
6P INT Active Active
7P EA Active Active
8P RD Active Floating
9P PSEN Active Floating

10P WR Active Floating
11P ALE Active Floating
12P DBO Active Floating
13P DB1 Active Floating
14P DB2 Active Floating
15P DB3 Active Floating
16P DB4 Active Floating
17P DB5 Active Floating
18P DB6 Active Floating
19P DB7 Active Floating
20P Vss (VY] 0[v]
21P P20 Active Floating
22P P21 Active Floating
23P P22 Active Floating
24P P23 Active Floating
25P PROG Active Floating
26P Vpbp “1"level “0” level
27P P10 Active Floating
28P P11 Active Floating
29P P12 Active Floating
30P P13 Active Floating
31P P14 Active Floating
32P P15 Active Floating
33P P16 Active Floating
34P P17 Active Floating
35P P24 Active Floating
36P P25 Active Floating
37P P26 Active Floating
38P P27 Active Floating
39P T1 Active Active
40P Vee +2to +6 [V] +2to +6[V]

285



e MSM80C35/48, 80C39/49, 80C40/50 o

€L M1__or M2 " M1 o M2 i
' T1: 72! T3 T4 175! T11T2|T3 | T4 1571 T2/ 73174/ T5!
1
e v e g o e
SR U T [igmill
T A e el e ST
| ] | A H
CPUMODE  4—RUN-I=-sTOPs—t——f—t—— 11— RUN——— 1
tal 12 0SC | 3 | ! 1 ! I I
X'ta | IRUI\II—'—-J—STOPlHEVOKL-—ﬁ-—-——H—Q—P—E I R}L;N T
|
| 1 [ ([RESET pin must be held,I P 1 i : | 1 |
ooy at”0”leveluntilthe | | 11 1o by
oy oscillation becomes [ : P |
: [ normal A
[ T I R T R B
[ | I ! I [ Loy | [
12 ! | ! [ R I S S B
] 1 T H T
R 75 W W e N W
1 + + | 4 4
RESET | Wi Lot [ o
.L 4 I " — —— — — —
PITTTTTI [ | T T
8 OT_H—L_'I T 1 T T E——
0 -+ = +—+RESET EXECUTE—H—+—~
§S 200~500K Q2 §S 200~500K2 PULLUP
PULLUP

§S 20~50K 2 PULLDOWN
* Cancellation Condition: Use RESET pin.

Fig. 4-5 Hardware Power-Down Mode Timing Chart
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Fig. 4-6 Hardware Power-Down Mode Timing Chart
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MSM80C48/MSM80C49/MSM80C50 INSTRUCTION TABLE

0 1 2 3 4 5 6 7 8 9 A B c D E F
H 0000000100100011010001010110011110001001101010111100110111101111
R NOP HALT [ouTLBUS| ADDA, | JMP ENI DECA |INSA,BUS| INAP1 | INAP2 MOVD A,
Added A #data Pp
000
] INC @,RO| INC @, R1|{ JBOaddr | ADDCA, | CALL DISI | JTFaddr | INCA | INCRr
#data
000
XCHA®@, [XCHA®@, MOVA, JMP ENTCNTI|JNTOaddr| CLRA XCHA,Rr
2 RO R1 #data
001
XCHD | XCHD
3 A @RO | A @R1 | JB1addr CALL |DISTCNTI| yToaddr | CPLA OUTLP1, | OUTLP2, MOVD Pp,
001 i i A A A
ORLA, | ORLA, [ MOVAT| ORLA, | JMP [STRTCNT|JUNT1addr| SWAPA | ORLA,Rr
4 @RO @R1 #data
010
ANLA, | ANLA, | JB2addr| ANLA, | caLL | STRTT | JTiaddr [ DAA | ANLARr
5 @RO @R1 #data
010
ADDA, | ADDA, MOV A, P1 sToP
6 @Ro @Rl | MOVT.A [V ddeq | amp TonT RRCA | ADDA,Rr
o111
R ADDCA, | ADDCA, | MOV A, P2
@ro @R1 | JB3addr | agded | CALL |ENTOGLK| JF1addr | RRA [ADDCA,Rr
o011
MOVXA, | MOVXA, | HLTS ORLBUS,| ORLP1, | ORLP2, ORLD Pp,
8 @Ro @R1 | Added | RET JMP | cLRFO | UN1addr #data | #data | #data A
100
MOVX | Movx ANLBUS,| ANLP1, | ANLP2, ANLD Pp,
° @RO,A | @R1,A | JBdaddr| RETR | CALL | CLRFO | UNZaddr | CLRC | #data | #data | #data A
100
Mov MoV FLT | MOVPA,
A @RO,A | @R1,A | Added @A JMP | CLRF1 CPLC | MOVRrA
101
g |MoveRrolmov @1, MOVR,
#data | #data |JBSaddr [JMPP@A| CALL | CPLF1 | JFOaddr #data
101
DEC @RO|DEC @R1| FLTT |MOVP1P,@| MOV A,
c Added | Added | Added |RaAdded| JMP | SELRBO| JZaddr | "pgy” | DECRr
110
XRLA, XRLA, XRLA, MOV PSW,
D @Ro @R |JBsaddr| oot | cALL | SELRB1 A XRLA. Rr
110
DJNZ @RO|DUNZ @R1| FRES |MOVP3A,
E Added | Added | Added @A JMP | SELMBO| JNCaddr | RLA | DuNZRr
111
MOVA, | MOVA, MOVP1, @
F @RO @R1 | 9B7addr |paaqded | ca | SELMB1| JCaddr | RLCA | MOVARr

05/07008 ‘617/6€208 ‘8Y/SEI0SNSK o

Py
L 4




EXPLANATION OF INSTRUCTION SYMBOLS

Symbols are listed below.

¢ MSM80C35/48,80C39/49, 80C40/50 ¢

A : Accumulator
AC : Auxiliary carry PC : Program counter
addr : 12-bit program memory address or Pp : Portindicator (p=4 ~7)
its part PSW : Program status word
Bb : Bitindicator (b =0 ~7) Rr : Resister indicator (r=0~7)
BS : Bank switch SP : Stack pointer
BUS : BUSPORT T . Timer
C : Carry TF : Timer flag
CLK : Clock TO,T1 : Testpins TOand T1
CNT : Counter X : External RAM
D : 4-bitdata # : Symbol denoting immediate data
data : 8-bit numerical value @ . Symbol denoting indirect address
DBF : Memory data bank flip-flop (X) . Denotes contents of X
FO,F1 : FOflagandF1 flag (X)) Denotes contents addressed by X
| : Interrupt - : Transference
LIST OF INSTRUCTIONS
" Instruction Code
Classi- . Hexa- o
A Mnemonic H Byte|Cycle Description
fication D7 Ds Ds Ds Ds D2 D1 Do decimal
ADD A, Rr 0 1 1 0 1 r2 r ro|68~6Ff 1 1| (AC), (C), (A) —(A) + (Rr)
ADD A, @Rr 0O 1 1 0 0 0 O ro|60~61]| 1 1 | (AC), (), (A) —(A) + ((Rn)
0O 0 0 0 0 0 1 1 03
ADD A, #data d7 de ds ds ds dz di do | Byte2 2 2 [ (AC),(C), (A) —(A) +data
ADDC A, Rr 0O 1 1 1 1 r2 rn ro|78~7F 1 1 | (AC),(C), (A) —(A) + (Rr) +(C)
ADDC A, @Rr o1 1 1 0 0 ro[70~71| 1 1| (AC), (C), (A) —(A) + ((Rn) +(C)
000 1 00 1 1 13
ADDC A, #data 47 do ds de do dz di do| Byte2 | 2 | 2 |(AC)(C)(A)—(A)+data+(C)
ANL A, Rr 0 1 0 1 1 r2 r ro|58~5F| 1 1 | (A)—(A) AND (Rr)
» |ANLA, @Rr 01 0 1 0 0 0 ro|50~51] 1 1 | (A) —(A) AND ((Rr)
c
o
2 01 0 1 0 0 1 1 53
g ANL A, #data 47 do ds de do dz di do| Byte2 | 2 | 2 |(A)—(A)ANDdata
£ |ORLARr 01 0 1 r2 r oro|48~4F | 1 1 | (A)—(A)OR (Rr)
c
% ORL A, @Rr 01 0 0O O O ro{40~41{ 1 1 | (A)—(A)YOR((Rr)
]
2 01 0 0 0 0 1 1 43
g ORL A, #data dr do ds ds do dz di do| Byte2 | 2 | 2 |(A—(AIORdata
g XRLA, Rr 11 0 1 1 r2 r ro D8~DF| 1 1| (A) —(A) XOR (Rr)
E
3 |XRLA @Rr 1 1. 0 1 0 0 O r |[DO~D1| 1 1| (A) —(A) XOR ((Rr))
Qo
< 1101 0 0 1 1 D3
XRLA, #data dr de ds de ds d2 di do | Byte2 | 2| 2 |(A—(AXORdata
INCA 00 0 1 0 1 1 1 17 1 1 [(A)—(A) +1
DECA 0O 0 0 0 0 1 1 1 07 1 1 (A —(A) -1
CLRA 00 1 0 0 1 1 1 27 1 1 [(A—0
CPLA o0 1 1 0 1 1 1 37 1 1 | (A)—@A)
Add 6 to bits 0 ~ 3 when contents of
accumulator bits 0 ~ 3 exceed 9 or
when auxiliary carry (AC) is 1. Then
add 6 to bits 4 ~ 7 when the result of
adding the carry from the lower0 ~ 3
DAA o1t o1 0 1t 1 1 57 1 1 | exceeds9,orwhencarry (C)is 1.
Set 1 in the carry flag if an overflow
is generated in the end result, or when
the carry prior to adjustmentis 1.
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LIST OF INSTRUCTIONS (CONT.)

Classi- . Instruction Code Hexa- .
Mnemonic Byte | Cycle| Description
fication D De Ds Ds Da Dz D1 Do | deCimal
SWAP A 0O 1 0 0 0 1 1 1 47 1 1 (As~7) = (Ao~3)
]
o
S |mLA 11100 1 1 1] €7 1)1 LLA7 As As A A3 A A,T‘,]J
S Rotate accumulator contents to the
% leftby 1 bit.
£
c
S |Rca 111 1 01 1 1| F7 1] 1 L."{ A1 Ag As As A3 Ay A1 Aol
s Rotate accumulator contents with
gx carrytothe left by 1 bit.
8 o=
% |RRA o vt o | || r A R As A A A A A
5 Rotate accumulator contents to the
3 rightby 1 bit.
Q
<
RRCA 01 100 11 1| er | 1] 1 | AR AR A A RG]
Rotate accumulator contents with
carrytotheright by 1 bit.
INA,P1 0O 0 0 1 0 0 1 09 1 2 [ (A) ~—((P1)
INA, P2 0O 0 O 1 0 1 0 OA 1 2 | (A) —(P2)
OUTLP1,A o o 1 1 1 0 0 1 39 1 2 | (P1) —(A
OUTLP2, A o o1t 1 1 0 1 O 3A 1 2 (P2) —(A)
1 0 01 1 0 0 1 99
ANLP1, #data dr de ds de do de dr do| Byte2 | 2 | 2 | P —(P1)ANDdata
1 0 01 1t 0 t O 9A
ANL P2, #data dr de do de do dz d do| Byte2 | 2 | 2 | (P2)—(P2)ANDdata
1 0 0 01t 0 O 1 89
g ORLP1, #data d7 de ds dsa ds dz di do| Byte2 2 2 (P1) —(P1) OR data
B 1 0 0 01 0 1 0| 8A
2 |ORLP2.#data |4 do ds de do dz di do| Byte2 | 2 | 2 | (P2 —(P2)ORdata
2
S |INSABUS 0 0 0 1 0 0 08 1 2 | (A) —(BUS)
[=%
’g OUTLBUS, A 0O 0 0 0 0 1 O 02 1 2 | (BUS) —(A)
L
5 1 0 01 1 0 0 O 98
g ANL BUS, #data d7 ds ds de ds d2 di do| Byte2 2 2 | (BUS) —(BUS) AND data
10 0 01t 0 O O 88
ORLBUS,#data |4 do ds ds ds de dv do| Byte2 | 2 | 2 | (BUS)—(BUS)ORdata
MOVD A, Pp 0O 0 0 0 1 t P: Po|OC~OF 1 2 | (Ao~3) —(Pp) p=4~7
(As~7) —0
MOVD Pp, A o 0 1t 1 1 1 Pi1 Po|3C~3F 1 2 | (Pp) ~(Ao~3) p=4~T7
ANLD Pp, A 1 0 0 1 1 1 Pi Po{9C~9F | 1 2 | (Pp) —(Pp) AND (Ao~3) p=4~7
ORLDPp,A 1 0 0 0 t 1 P:i PofB8C~8F 1 2 | (Pp) —(Pp) OR (Ao~3) p=4~7
«» [INCRr 0 0 0 1 1 r2 r ro|18~1F | 1 1 [ (RN —(Rr)+1
cc
%%g INC @Rr 0 0 01 0 0 0 rof10~11]1 1 | (RM) —(RN) +1
g §% DECRr 1 1.0 0 1 r2 1 r|C8~CF| 1 | 1 |@®)—@R)N-1
e
DEC @Rr 1 1 0 0 0 0 O ro|CO~C1 1 1 ((Rr) —((Rr) 1
o8 (PCa~10) —addr8~10
£2 [JMPaddr aio a a 0 O 1 O O |¢4~E4 | 2 2 | (PCo~7) <«addr0~7
es az as as as« as az ar ao| Byte2 (PC11) —DBF
L]
o2 |JMPP @A 101 1 0 0 1 1 B3 1] 2 | (PCo~7) —((A)
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® MSM80C35/48, 80C39/49, 80C40/50 o
LIST OF INSTRUCTIONS (CONT.)

: Instruction Code
?éaf.s" Mnemonic dHe;a-I Byte [Cycle Description
ication D7 Ds Ds D« Ds D2 D1 Do |0€CIMa
(Rr) —Rr -1
DJNZ Rr, addr 11 1.0 1 r2 noro |[EB—EF| 5 | 5 | (PCo~7) —addrif (R =0
a7 as as a+ as a a1 A | pytgp (PC) —~(PC) +2if (RN =0
Eo—E1 () (R0 -1

DINZ@Rraddr |! 1 1 0 0 0 0 ro 2 | 2 |(PCo~) +—addrif((Rr))=0
ar as as a4 as az a: ao Byte2 (PC) —(PC) + 2if (Rr)) =0

JC addr 11t 1 1 0 1 1 0 Fé (PCo~7) +«addr ifC=1

ar as as a« as a2 ar ao | Byte2 2 2 | (po) —(PC) +2ifC=0
11100 1 1 0| E6 (PCo~7) —addr C=0
JNC addr ar as as as« as a2 ar ao | Byte2 2 2 (PC) ~—(PC) +2ifC=1
11000 11 0| C6 (PCo~7) —addr ifA=0
JZ addr ar as as as as az a1 ao | Byte2 | 2 2 | (pC) —(PC) +2ifA%0
1 001 01 1 0] 9 (PCo~7) —addr ifA%0
g JNZ addr ar as as as as az a: ao | Byte2 | 2 2 | (pC) —~(PC) +2ifA=0
B 0011011 0] 36 (PCo~7) —addr ifTO=1
% JTOaddr ar as as as as az a: ao | Byte2 | 2 2 | (pc) —(PC) +2itT0O=0
[~
) 0010011 0] 26 (PCo~7) —addr T0O=0
£ JNTO addr ar as as a« as az ar ao | Byte2 | 2 2 | (PO —~(PC) +2ifTO=1
[5]
c 010101 1 0] 56 (PCo~7)  —addr ifT1=1
§ JT1 addr ar ae as as as az ar ao | Byte2 | 2 2 | (pc) —~(PC)+2ifT1=0
0100 O0T1 1 0| 46 (PCo~7) —addr ifT1=0
JNT1 addr ar as as as as a2 a1 ao | Byte2 2 2 (o) —(PC) +2ifT1=1
1 01101 1 0] B (PCo~7) +—addr ifFO=1
JFOaddr ar as as as as az a ao |Byte2| 2 | 2 [(PC) —(PC) +2ifFO=0
011101 10| 76 (PCo~7) —addr ifF1=1
JF1 addr ar as as as as az a: ac |Byte2| 2 | 2 |(PC) —(PC) +21ifF1 =0
(PCo~7)  +addr
0001011 0] 16 —
JTFaddr ar 8s as as as az ar ao |Byte2| 2 | 2 '(I':c) :?PC) ;g":ﬁ: -0
1 000011 0| 8 (PCo~7) «—addr ifINT=0
JNI addr ar as as a+ as az a: ao |Byte2| 2 2 | (PC) —(PC)+2if INT =1
b: bt bo 1 0 O 1 O [12~F2 (PCo~7) —addr ifBb=1
JBb adar ar ac as as as az ar ao |Byte2 | 2 | 2 |(pg) —(PC)+2if Bb=0
g(sg)) 3 *—(Z%) ;2,1(gsw4~»)
PCs~10 +addr8—~
CALL addr awo a a 1 0 1 0 0 |14~F4] 5 | 5 | (pGo~7) +—addrO~7
g ,,:, ar as as as as az air ao Byte 2 (PC11) —DBF
£5 (SP)  —(SP)+1
e3 (SP) (SP) — 1
% § RET 1.0 0 0 0 0 1 1 83 112 | (g —((SP)
(sP) —(sP) —1
RETR 1 001 0 0 1 1| 93 1| 2 |Pc) —((SP)
(PSW4~7) —((SP)) INT END
CLRC 1 00 1 0 1 1 1| o7 111 [0 —o
So [|CPLC 101 0 0 1 1 1 A7 1 1 |0 ~@©
=cC
89 |CLRFO 1 0 0 0 0 1 0 1 85 1 1 |(FO) o0
§§ CPLFO 1.0 0 1 0 1 0 1 95 1 1 | (FO) —(FO)
on
© C
= |cLRF1 1 01 00 10 1| A5 111 [y —o
CPLF1 101 1 0 1 0 1 BS 1 1 [(F1) —FN
82 |MOVARr 1 1 1 1 1 r2 r1 ro |[F8~FF| 1 1 1A —Rn
%5
S5 |MOVA @Rr 111 10 0 ro |FOo~F1| 1 |1 | —(R)
£3 0010001 1] 23
8E |MOVA #data dr de ds ds ds d2 di do |Byte2| 2 | 2 |A -data
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® MSM80C35/48,80C39/49, 80C40/50 @
LIST OF INSTRUCTIONS (CONT.)

'%:?;: Mnemonic b De l;:tn;no;:so:: b1 Do d'gzz(r:;l Byte| Cycle Description
MOVRr, A 1 0 1 0 1 r2 ri ro| AB~AF | 1 1 | (R0 —(A)
MOV @Rr, A 1 0 1 0 0O O O ro| AO~A1 | 1 1 [ (RN  —(A)
MOVRr#data | d & d di do o & o Dowes | 2| 2 |B)  —daa
MOV@RL#data |1 & di di o o o ol s | 2| 2 [(B)  —data
MOV A, PSW 11 o 11 1] cr 11 | @ —(PSW)
2 |MovPsw,A 11 10 1 1 1 D7 1 1| (PSW)  —(A)
S [xcHARr 0 0 1 0 1 r2r ro| 28~2F| 1| 1 [(A) =(Rr)
2 |xcHa @Fr 0 01 0 0 0 0 rf|20~21|1] 1] =((Rr)
fg XCHD A, @Rr 0 01 1 0 0 0 roj 30~31| 1 1| (Ao~39)=((Rro~d))
.E MOVX A, @Rr 1 0 0 0 0 0O 0 rof 80~81| 1| 2 [(A —~{(Rn)) External RAM
8 |Movx @Rrr,A 1 0 01 0 0 O rof] 90~91| 1| 2 |(R)  —(A) ExternalRAM
MOVP A, @A 101 0 0 0 1 1| A3 1] 2 |w ~((PCa~10, A))
MOVP3A, @A 111 0 0 0 1 1 E3 1 2 | (A —((PCo11, A))
MOVP1 P, @R3 1 1.0 0 0 0 1 1 c3 1 2 | (P1) —(((PCo~7)—((R3))))
MOV P1,@R3 111 1 0 0 1 1 F3 11 2 | (P —R3)
MOV A, P1 01100 0 1 1 63 1] 1| @ —(P1) Latch data
MOV A, P2 01 1100 11 73 1] 1 ]® —(P2) Latch data
ENTCNTI 00100 1 0 1 25 1| 1 | TINTEnableF/F —1
DISTCNTI 001 10 1 0 1 35 1| 1 | TINTEnableF/F —0
ENI 000 0O 10 1 05 1| 1 | EXINTEnable F/F —1
oIs! 00010 1 0 1 15 1| 1 | EXINTEnableF/F —0
SEL RBO 1100 0 1 0 1| cs 11 1]B®) 0
§ SEL RB1 1101 01 0 1| D5 1] 1B —1
g SEL MBO 11 1.0 0 1 0 1 ES 1] 1 [(0BF) —0
£ [seLwet 111 1 0 1 0 1 F5 11 1| 0B —1
‘S‘; ENTOCLK 01 1101 0 1 75 1 1|70 —1/3XTAL 1
© et 101 0 0 0 1 0f A2 1| 1 | P1,P2,BUSFloating
FLTT 1100 0 0 1 0] C2 1| 1 | CPUOutputSignalFloating
FRES 111 0 0 0 1 0| E2 1| 1 | FLT,FLTTRESET
HLT 0O 0 0 00O 0 0 1 01 1 1 CPU Control Clock Stop
HALTS 1 o000 o0 1 0| 82 1| 1 | xTAL1-2St0p
_ |movarT 01 00 0 0 1 ol 42 1011w —(T)
£ 2 [movra 01100 0 1 0f 62 11 lm —(A)
8% |starT 0101010 1| 6 | 1| 1]|m —F3g-[=15—xTAL
E 2 |stRToNT 01 00 0 1 0 1 45 11 |m ~T1 Clock
STOP TCNT 0o 1 1 01 0 1 65 1| 1 | (TCountStop
g .§§_ NOP 0 0 00 0O 0O 00 1 1| (PC) ~(PC) +1
2
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¢ MSM80C35/48, 80C39/49, 80C40/50 e
ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Supply Voltage Vee Ta=25°C —0.3t07 \"
Input Voltage \ Ta=25°C -0.3toVgce \
Storage Temperature Tstg -551t0+150 °C

OPERATING RANGE
© MSMB80C35/48, 80C39/49 ... DC to 11 MHz, VCC = 5V10%

® MSM80C40/50 ... DC to 6 MHz, VCC = 5V+20%
Parameter Symbol Conditions Limits Unit
Supply Voltage Vee fosc =DC~11 MHz* +2.5t0 +6 v
RAM Retention Voltage Vee +21t0 +6 \
Ambient Temperature TA —40to +85 °C
MOS load 10
Fan Out N
TTL load 1

*

11 MHz version of MSM80C40/50 (6 MHz < XTAL1.2 < 11 MHz) is under development.
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e MSM80C35/48, 80C39/49, 80C40/50 ¢

DC ELECTRICAL CHARACTERISTICS
(Vcc =5V+10%, Ta = —40 to +85°C)

Parameter Symbol Conditions Min. Typ. Max. Unit Mg?:&:?g
“L” Input Voltage ViL -05 0.13Vpg| V
“H” Input Voltage (1) ViH 0.4Vco Vce \"
“H” Input Voltage (2) VIH 0.7Vgoe \ole} Vv
“L” Output Voltage (3) VoL loL=2mA 0.45 \"
“L” Output Voltage (4) VoL loL =16 mA 0.45 \" 1
“H” Output Voltage (3) VoH loH =400 uA 0.75Vce \
“H” Output Voltage (4) VoK loH =50 vA 0.75Vcc \%
“H” Output Voltage (3) VOoH loH =-20 pA 0.93Veo v
“H” Output Voltage (4) VoH loH =-10 pA 0.93Vco Vv
Input Leak Current TR Vgs=VINS=Vce +5 uA 2
Output Leak Current (5) loL Vss=Vo=Vce 15 kA 3
— ViN=ViH —20 -50 -80 uA
RESET Input current IR VIN=ViL 3 s 5 A
_ Pull-up (Vi\=V)) —4 -15 -25 pA 2
SS Input current (6) Iss Pull-down (Vipy=Vyry P - 25 A
P1, P2 Input current Ip1, Ip2 z:: = z::‘j jO(:) __6:)(? _—980(;) :ﬁ 2
At hardware power down (7) _ _ 10
g&v,ﬁ;, Down Mode lccs Ta=25°C, ch =20V WA
y Current At HLTS execution (7) _ _ 10
Ta=25°C,Voc =2.0V
Voc =45V, f=1MHz — — 0.8
Voc =45V, f=6 MHz — — 15
Voo =45V, f=11MHz (8) — — 25
Voo =5V, f=1MHz — — 1.0
Zﬂﬁiﬁ??ﬁ&'tymwe) lcc | Voc=SV.f=6MHz | — | — | 20 | mA
Voo =5V, f=11MHz (8) — — 3.0
Voo =55V, f=1MHz — — 1.3
Vcc =55V, f=6MHz — — 25
Voc =55V, f=11MHz (8) — — 4.0 4
Voo =45V, f=1MHz — — 2.0
Voo =45V, f=6MHz — — 6.5
Voo =45V, f=11MHz (8) — — 13
Vec =5V, f=1MHz — — 25
Power Suppy lcc | Vog=5V.f=6MHz | — | — | 75 | mA
Vo =5V, f=11MHz (8) — — 15
Vo =55V, f=1MHz — — 4.0
Voo =55V, f=6MHz — — 9.0
Voo =55V, f=11 MHz (8) — — 18

Notes: (1) This does not apply to RESET, XTAL1, XTAL2, and Vpp.
(2) RESET, XTAL1, XTAL2, Vpp
(3) BUS, RD, WR, PSEN, ALE
(4) Other outputs
(5) High-impedance state
(6) This operates as a pull-down resistor when the oscillation is stopped in the HLTS or hardware power-down
mode and as a pull-up resistor in other states.
(7) This does not contain flow out current from 1/0 Ports and Signal pins.
(8) MSM80C35/48, 80C39/49
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o MSM80C35/48, 80C39/49,80C40/50 e

AC CHARACTERISTICS
(Vocc =5V+10%, TA = —40°C to +85°C)
Limits
Parameter Symbol 11 MHz Clock Variable Clock (0 — 11 MHz) Unit
Min. Max. Min. Max.

Cycle Time toy 1.36 1.36 uS
ALE Pulse Width tLL 150 7/30tcy—165 ns
Address Set up ALE taL 70 2/15tcy—110 ns
Address Hold from ALE LA 50 1/156tcy—40 ns
Bus Port Latch Data Setup tBL 110 5/30tcy—115 ns
to ALE
Bus Port Latch Data Hold tLg 90 3/30tgy—45 ns
from ALE
Control Pulse Width tce 300 6/15tcy—245 ns
(PSEN, RD, and WR)
Data Setup before WR tow 250 6/15tcy—295 ns
Data Hold after WR twp 40 2/15tcy—140 ns
Data Hold after RD tpr 0 100 o 100 ns
PSEN, RD to Data-in tRD 200 5/15tcy—250 ns
Address Setup toWR taw 200 6/15tcy—345 ns
Address Setup to Data-in tAD 400 8/15tcy—325 ns
Address Float to RD, PSEN taFc 0 0 ns
Port Control Setup to PROG tcp 100 2/15tcy—80 ns
Port Control Hold from PROG tpc 60 4/15tcy—300 ns
PROG to P2 Input Valid tpr - 650 9/15tcy—165 ns
Output Data Setup top 200 6/15tcy—345 ns
Output Data Hold tpp 20 3/15tcy—250 ns
Input Data Hold from PROG tpF 0 150 0 150 ns
PROG Pulse Width tpp 700 10/15tcy—205 ns
Port 21/0 Setup to ALE tpL 150 9/30tcy—255 ns
Port 2 1/0 Hold from ALE e 20 3/30tcy—115 ns

Note: Control output: CL =80pF

Bus output: C =150 pF [for 20 pF (typ)]
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® MSM80C35/48, 80C39/49, 80C40/50 o
MSM80C49 OPERATION GUARANTEE RANGE

Ta=-40 to +85°C

! |

| I

| |

I I
(u sec) | 1

100 !
Operation Guarantee Range
>
£
- 10 C ~— 1.5MHz
£
[
® N\
[%]
S \
~=— 3 MHz
\
\\
MSM80C40/50*
Svg ~=— 6 MHz
\\
—=— 11 MHz
1
2 3 4 5 6 (V)

Supply Voltage (V¢!

* 11 MHz version of MSM80C40/50 is under development
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TIMING CHART

Instruction Fetch (from external program memory)

e MSM80C35/48, 80C39/49, 80C40/50 o

wcy

L L —

tAFC

—] }_—tcc——-—-
/]

tAL|tLA| | tRD DR |tBL | 'LB_|

BUS LATCH {ADD- ,FLOA— IINSTRUC- LATCH ADD-
DATA ‘F\‘ESS TING 9 TION DATA RESS

tAD

Read (from external data memory)

tDR

ADD-
{
DATA % RESS

BUS FLOA-
ADDRESS X T NG

tAD
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¢ MSM80C35/48, 80C39/49, 80C40/50 e

Write (to external memory)

f———1CC

WA . \ ,

TAW— tDW——=t=tWD
ADD- FLOA-
BUS RESS TING DATA ADDRESSX

4 low-order bits input/output of port 2 when expanded I/0 is used
(in external program memory access mode)

/_

ALE _/__\

tPD

tpp

PROG

tpL tLPr- tpp
(Pgo: ut PORT PORT 4
utpu
mod:) X PCH DATA X CONTROL ><‘ OUTPUT DATA

R —1 F
P2p~3
PORT PORT INPUT
(Input X PCH DATA CONTROL \ DATA
mode)
tcp
- tP C o]

)
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o MSM80C35/48, 80C39/49,80C40/50 e

MEASUREMENT CIRCUIT
1 2
Vee (2) (n Vce
VIHO—= - 5 o =l
@ {2 B > £
— 3 5 %
= 1l 2
ViL O ! ° O @) : o
— GND f GND
3 4
Vcc Vee =
ViH O—= - Elo O 1 § O
3 g [ (fc) gy S 5
= =] iz °
ViL O—e : ° o !
—  GND l — GND
4
"_| INPUT T ViH
I-—_I.__ WAVEFORM /] b
Vee (2)
\ | g l
S Y | B[ 0 T oumur ;/Vou \
12 5 — WAVEFORM VoL
ViLO—= ! o - ] —
[ |_GND OUTPUT
__L WAVEFORM Vou
= X VoL /
Txxx txxx

Notes: (1) This is repeated for each specified input pin.

(2) This is repeated for each specified output pin.
(3) Input logic for setting the specified state.
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OKI semiconductor
MSM80C31F/MSM80C51F

CMOS SINGLE-COMPONENT 8-BIT MICROCONTROLLER

GENERAL DESCRIPTION

The OKI MSM80C31F/MSMB80C51F microcontroller is a low power, high performance 8-bit single
component device implemented in OKI’s silicon!gate complementary i metal: oxidei semiconductor
process technology. Integrated within the device is 4K bytes of mask programmable ROM
(MSMB8O0C51F only), 128 bytes of data RAM, 32 I/0 lines, two 16-bit timer/counters, a five-source
two-level interrupt structure, a full duplex serial port, and an on chip oscillator and clock circuitry. In
addition, the device has two software selectable modes for further power reduction — Idle and Power
Down. Idle mode freezes the CPU’s instruction execution while maintaining RAM and allowing the
timers, serial port and interrupt system to continue functioning. Power Down mode saves the RAM
contents but freezes the oscillator causing all other device functions to be inoperative.

FEATURES
® Operating temperature: ® 128 X 8bits on chip RAM
—40 ~ +85°C (@ 12 MHz, VGG = 5V+20%) ® 64K address space for program memory
-20 ~+70°C (@ 16 MHzi VGG = 5V+5%) ® 64K address space for external data memory
e Operating frequency: 0.5 ~ 16 MHz ® Two 16-bit timer/counters
® CMOS technology, 2um Silicon gate ® Five source two-priority level interrupt
e Minimum instruction cycle: structure .
1.0us (@ 12MHz, Vcc = 5V+20%) * g”" Id“p'ex serial port
0.75us (@ 16MHz, VoG = 5V+5%) ¢ Boolean processor
° Low,;)o(m(/;er consumggt:i%n: ® CMOS and TTL compatible
Normal Operation 16 mA @ 5V, 12MHz ® CMOS ROM LESS development device
idle Mode 37MA@5V,12MHz g‘;’csk’;"i‘?cm F)
Power Down Mode  50uA @ 2V ge: .
: ; ; ¢ 40 pin plastic DIP (DIP40-P-600)
t
Ian_sbti:ugrt)lﬁn set includes 111 instructions 44 pin plastic QFP (QFP44-P.910-K)

44 pin plastic QFP (QFP44-P-910-VIK)

On chip oscillator and clock circuitry 44 pin PLCC QFP (QFJ44-P-S650)

32 Input/Output lines
4069 X 8 bits on chip ROM (MSM80C51F)

DIFFERENCES BETWEEN MSM80C31F/MSM80C51F AND
MSM80C31/MSM80C51

® Operating frequency

05~16MHz............. MSMB80C31F-1/MSM80C51F-1

05~12MHz............. MSM80C31/MSM80C51/MSM80C31F/MSM80C51F
® External clock input terminal

XTALT ..o MSM80C31F(-1)/MSM80C51F(-1)

XTAL2 ..., MSM80C31/MSM80C51

® Emulation mode
Output impedance of ALE and PSEN pins becomes about 20k () while CPU is being reset in
MSM80C31F/MSM80CS51F.

Any other functions and electrical characteristics of MSM80C31F/MSM80C51F except for the above
three differences are the same as those of MSM80C31/MSM80C51.
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¢ MSM80C31F/80C51F e-
PIN CONFIGURATION

MSMB80C51F-XXRS/MSM80C31FRS
(Top View) 40-Lead PlasticDIP

ot ™ @ 3 vee
P2 39 1 P0.0/ADO
P23 38 3 P0.1/AD1
P3c]s 37 |2 P0.2/AD2
P4a]s 36 [ P0.3/AD3
PISCJ6 o 357 Po4/AD4
Pl6C]7 & 34 [ Pos/ADS
M7Cds S 333 ro6/ADs
RESETC]9 o 32 [ P0.7/AD7
RXD/P30LJ10 3 1[I EA
ORI 3 30 ] ALE
INTO/P32 12 @@ 29 [ PSEN
iNTiP33CJ13 S 28 3 p27/a15
TOP34J14 @ 27 [ P26/A14
TI/P3S5CJ1s T 26 3 p25/A13
WR/P3.6 ] 16 25 [ pP2.4/A12
RO/P3.7 [ 17 24 [ P2.3/A11
XTAL2 ] 18 23 1 pP2.2/A10
XTALI ] 19 22 [ P2.1/A9
vss ] 20 21 [ p2.0/A8

MSM80C51F-XXJS/MSM80C31FJS
(Top View) 44 Lead Plastic Leaded Chip Carrier

Te2Y=92,89592
Tiazagfeeee
ERERERREEEVR
P15 e L
P16 O f3]Pos
P1.7{% hea LY
RESET [i0] z=Z {¥]ro7
i © ® i [3)
P3.0/RXD 33 3 E
NC [eXe] C3INC
AR ]
P3.1/TXD == CH]ALE
fdy mm i hininrs
P3.2/INTO ~ L3Z)PSEN
P3.3/INT1 1ii]p2.7
P3.4/TO[i6 &5)r26
P3.5/T1 [ r5]pP25
[Tty ey e e
WL LELERERLLLLE
i |° N - 0 Q -~ N M«
2959 v 0w
BEIZB2F5883
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PIN DESCRIPTIONS

Designation Description

Vss Ground potential

Vce Supply voltage during Normal, Idle and Power Down operation

Port 0 Port O is an 8-bit open drain bidirectional I/0 port. It is also the multiplexed
low-order address and data bus during accesses to external memory.

Port 1 Port 1 is an 8-bit bidirectional I/0 port with internal pullups. It can drive CMOS
inputs without external pullups.

Port 2 Port 2 is an 8-bit bidirectional 1/0 port with internal pullups. It Outputs the
high-order address byte during accesses to external memory. It can drive
CMOS inputs without external pullups.

Port 3 Port 3 is an 8-bit bidirectional I/0 port with internal pullups. It also serves the
functions of various special features, as shown below:
Port Pin Alternate Fucntion
P3.0 RXD (serial input port)
P3.1 TXD  (serial output port)
P3.2 INTO (externalinterrupt)
P3.3 INT1 (external interrupt)
P3.4 TO {Timer O external input)
P3.5 T1 (Timer 1 external input)
P3.6 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)
It can drive CMOS inputs without external pullups.

RESET Reset input pin. A reset is accomplished by holding the RESET pin high for at
least 1 u second, even if the oscillator has been stopped. The CPU responds
by executing an internal reset. An internal pulldown resistor permits Power-On
reset using only a capacitor connected to Vg .

This pin does not receive the power down voltage since the function has been
transferred to the Vg pin.

ALE Address Latch Enable output for latching the low byte of the address during
accesses to external memory. For this purpose, ALE is activated twice every
machine cycle or at a constant rate of 1/6 the oscillator frequency, except
during an external memory access at which time one ALE pulse is skipped. It
can drive CMOS inputs without an external pullup.

PSEN Program Store Enable output is the read strobe to external Program Memory.
PSEN is activated twice each machine cycle during fetches from external
Program Memory. (However, when executing out of external Program Memory,
two activations of PSEN are skipped during each access to external Data
Memory.) PSEN is not activated during fetches from internal Program Memory.
It can drive CMOS inputs without an external pullup.

EA External Access input pin. When EA is held high, the CPU executes out of
interna_xﬁ’rogram Memory (unless the Program Counter exceeds OFFFH).
When EA is held low, the CPU executes only out of external Program Memory.
EA must not be floated.

XTAL1 Crystal 1 pin. It is an input to the inverting amplifier which forms the internal
oscillator. It also receives the external clock signal when an external oscillator
is used. (External clock signal should be at 50% duty and C-MOS level).

XTAL2 Crystal 2 pin. It is an output of the inverting amplifier that forms the internal

oscillator.
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

Item Symbol Conditions Rating Units
Supply Voltage Vee —-05t0+7.0 Vv
Voltage from any Pin to Vgg VAP —-0.5toVgc +0.5
Storage Temperature TSTG —-55to0 +150 °C
Power Dissipation PD 1.0 w
OPERATING RANGE
© MSM80C31F-1/80C51F-1 ... 0.5 to 16 MHz, VCC = +5%
© MSM80C31F/80C51F, MSM80C31/80C51 ... 0.5 to 12 MHz, VCC = +20%
ltem Symbol Conditions Rating Units
Supply Voltage Vee fosc=0.5 ~16 25t0 +6.0 v
MHz
RAM Retention Voltage VPD Power Down 20to+6.0 v
Operating Temperature TOP —40 to +85 °C

*NOTICE: Stresses ator above those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to
the device. This is a stress rating only and functional operation of this device at these or any other condi-
tions above those indicated in the operational sections of this specification is not implied. Exposure to
absolute maximum rating conditions may affect device reliability.

**DC and AC characteristics in the range of 12 MHz < f <16 MHz and 2.5V <Vcc < 4 V will be specified elsewhere.

DC CHARACTERISTICS
(TA =—40°C to +85°; Vo =4 to 6V: Vgg =0V)

Item Symbol Condition Min. Typ. Max. Unit
Input Low Voltage VIL - -0.5 - 0.2Vgc—0.1 v
(Except EA)
Input Low Voltage Vi1 - -0.5 - 0.2Vgc—0.3 v
ToEA
Input High Voltage VIH - 0.2Vgc+0.9 - Vcc+0.5 v
(Except XTAL1, RESET)
Input High Voltage ViH - 0.7Vce - Vcct0.5 v
(XTAL1 and RESET)
Power Down Voltage VpD - 20 - 6.0 v
to Vg in PD mode
Output Low Voltage VoL loL=1.6mA - - 0.45 v
Ports 1, 2, 3 (Note 1)
Output Low Voltage VoL1 loL=3.2mA - - 045 v
Port 0, ALE, PSEN
(Note 1)
Output High Voltage VoH IoH =—10unA 0.9Vce - - v
Ports 1,2, 3
IoH =—30urA 0.75V¢ce - - v
IoH =—60uA 2.4 - - v

NOTE 1: V(| isdegraded when the 80C31F/80C51F rapidly discharges external capacitance. This AC noise is
most pronounced during the emission of address data. When using external memory, locate the latch or
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DC CHARACTERISTICS (CONT.)
TA =-40°C to +85°C, Vg = 4 to 6V, Vo = OV, fosc = 0.5 to 12 MHz
TA =-20°C t0 +70°C, VGG = 4.75 t0 5.25V, Vo = OV, fosc = 0.5 to 16 MHz

Item Symbol Condition Min. Typ. | Max. | Unit
Output High Voltage VOH1 IoH = —40uA 0.9Vce - - v
Port O(in External Bus Mode), (Note 2)
ALE, PSEN
loH =—150uA 0.75V¢cc - — v
IOH = —400uA 2.4 - - v
Logical 0 Input Current/ | V.. =0.45V —_ —_
Logical 1 Output Current IL /i %:5\/ —10 200| pA
Ports 1, 2, 3 OH out—*
Logical 1 To O Transition ITL Vin =2.0V - - | —=500{ uA
Current-Ports 1,2, 3
Input Leakage Current ] Vss<Vin<Vce - - +10 | upA
Port O, EA
Maximum Power Supply Icc Vee = 4V 5V 6V
Current Normal Operation
(Note 3) fosc =12 MHz 12 16 20 mA
fosc =8 MHz 8.3 11 14 mA
fosc =3.5 MHz 4.3 5.7 75 mA
fosc =0.5 MHz 1.6 2.2 3 mA
Maximum Power Supply Icc1 fosc =12 MHz 25 37 5 mA
Current Idle Mode (Note 4)
fosc =8 MHz 1.8 2.7 3.7 mA
fosc = 3.5 MHz 1.1 1.6 2.2 mA
Maximum Power Supply Icc Vee = 4.5V 5V | 5.5V
Current Normal Operation 18 23
(Note 3) fosc =16 MHz (Note 6) 20 | (Notee)| MA
fosc=12MHZ 14 16 18 mA
fosc=8MHZ 10 11 125 mA
fosc =1.2MHz 2.0 2.3 2.6 mA
Maximum Power Supply Icct fosc =16 MHz (N?)ieoe) 5.0 (Nsoi(e)e) mA
Current Idle Mode (Note 4)
fosc =12 MHz 3.0 3.7 5.0 mA
fosc =8 MHz 2.3 2.7 3.2 mA
fosc =1.2MHz 1.4 1.5 1.6 mA
Power Supply Current IppD Vcc =20~6.0V - - 50 nA
(Power Down Mode) (Note 5)
RESET Pulldown Resistor RRsT 20 40 125 | kQ
Capacitance of 1/0 Buffer Cio fc =1MHz - - 10 pF
TA =25°C
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NOTE 2: Capacitive loading on Ports 0 and 2 may cause the Vop on ALE and PSEN to momentarily fall below the
0.9 Vi specification when the address bits are stabilizing.

NOTE 3: I is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL =10ns, V)| =Vsg
+0.5V, Viq =Vgg —0.5V; EA =RESET =PORT 0 =V¢¢. Icc may be higher if a crystal oscillator is used.

NOTE 4: Idle G is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL =10ns, ViL=
Vgs +0.5V, Vi =Vgg —0.5V; EA =PORT 0 =Vc.Igc may be higher if a crystal oscillator is used.

NOTE 5: Power Down Ipp is measured with all output pins disconnected; EA =PORT 0 =Vcc; XTAL2N.C.; RESET
=Vgs.

NOTE 6: @ Ve =5V+5%

Emitting Degraded VoL
Datum Ports 1/0 Lines (peak/max)
Address P2,PO P1,P3 0.8V
Write Data PO P1,P2,P3 0.8v
CLOCK PARAMETERS
Variable Clock
[tem Symbol freq =0.5 MHz to 16 MHz
Min. Max. Unit
Oscillator Period TcLcL 62.5 - ns
High Time TCcHCX 20 - ns
Low Time TcLex 20 - ns
Rise Time TCLCH 20 ns
Fall Time TcHcL - 20 ns
EXTERNAL CLOCK DRIVE
EXTERNAL 1xmAL2
OSCILLATOR——————— XTAL1
SIGNAL
LTls
TCLCH TCHCL
—— - —_— ——
Vcc—o 5= ===
0.45V 0-2Vgc-0-1 -
<«—TCLCX —>
TCLCL >
*XTAL1
Input to the inverting oscillator amplifier and input to the internal clock generator circuits.
*XTAL2

Output from the inverting oscillator amplifier.
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(Top = —40°C 0 85°C; Vg = 4V to 6V; Vgs =0V; 0.5 to 12 MHz; Load Capacitance for Port 0, ALE
and PSEN = 100pF; Load Capacitance for all other outputs = 80 pF)

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

Item Symbol Min. Typ. Max. Unit
ALE Pulse Width TLHLL 2TCLCL-40 - - ns
Address Valid to ALE Low TAVLL TCLCL-40 - - ns
Address Hold after ALE Low TLLAX TCLCL-35 - - ns
ALE Low to Valid Instr. In TLLIV - — | 4TCLCL-100 | ns
ALE Low to PSEN Low TLLPL TCLCL-25 - - ns
PSEN Pulse Width TPLPH 3TCLCL-35 - - ns
PSEN Low to Valid Instr. In TPLIV - — | 3TCLCL-105 | ns
Input Instr. Hold after PSEN TPXIX 0 - - ns
Input Instr. Float after PSEN TPXIZ - - TCLCL-20 ns
PSEN to Address Valid TPXAV TCLCL-8 - - ns
Address to Valid Instr. In TAVIV - — | 5BTCLCL-105 | ns
PSEN Low to Address Float TPLAZ - - 0 ns
EXTERNAL DATA MEMORY CHARACTERISTICS
Item Symbol Min. Typ. Max. Unit
RD Pulse Width TRLRH 6TCLCL-100 - - ns
WR Pulse Width TWLWH 6TCLCL-100 - - ns
Data Address Hold after ALE Low TLLAX TCLCL-35 - - ns
RD Low to Valid Data In TRLDV - — | sTCLCL-165 | ns
Data Hold after RD TRHDX 0 - - ns
Data Float after RD TRHDZ - — | 2TCLCL-70 | ns
ALE Low to Valid Data In TLLDV - — | 8TCLCL-150 | ns
Address to Valid Data In TAVDV - — | oTCLCL-165 | ns
ALE Low to WR or RD Low TLLWL 3TCLCL-50 - | 3TCLCL+50 | ns
Address to WR or RD Low TAVWL 4TCLCL-130 - - ns
Data Valid to WR Transition TQVWX TCLCL-60 - - ns
Data Valid to WR High TQVWH 7TCLCL-150 - - ns
Data Hold after WR TWHQX TCLCL-50 - - ns
RD Low to Address Float TRLAZ - - 0 ns
RD or WR High to ALE High TWHLH TCLCL-40 — | TCLCL+40 | ns
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AC TIMING DIAGRAMS

EXTERNAL PROGRAM MEMORY READ CYCLE

ALE

PSEN

PORT 0

PORT 2

12 TCLCL

«— TLHLL—]

TLLPL

la—— TLLIV—»

TPLPH |

TLLAX

e

-/

N

< TPLIV |

RN
oy N/

TAVLL

—

INSTR |~>—<

A0-A7

TAVIV

e—TPLAZ

—
TPXIX—>

-

- TPXIZ

INSTR IN

A0-A7

>~

ADDRESS
OR SFR—-P2

ADDRESS A8—-A15

ADDRESS A8-A15

X

D

EXTERNAL DATA MEMORY READ CYCLE

ALE

3
e

PORT 0

PORT 2

PORT O

TLLDV TWHLH— F—
_/_\\
/ TLLWL
le—TLLAX—] TRLRH
TRHD2
N /
TAVWL. TRLDV— TRHDX—»|  ja—
AO-A7 ¢ DATA IN SO
TAVDV —| |«—TRLAZ r
322’:‘,32 X ADDRESS A8—A15 OR SFR—P2 D)
EXTERNAL DATA MEMORY WRITE CYCCLE
TWHLH — /l;:_
— X
/ TLLWL
TAVWL TWLWH
|
—
Tavwx «%\ /
e—TLLAX—> e~ TWHOX |
AO-A7 é DATA OUT
TQVWH
ADDRESS A8—A15 OR SFR—P2 )

PORT 2

ADDRESS 4
OR SFR—-P2 N
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AC TESTING INPUT/OUTPUT, FLOAT WAVEFORMS
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INPUT/OUTPUT
24
20 20
TEST POINTS
0.8 08
045 .

FLOAT

FLOAT |

2.0

08

0.8

AC inputs during testing are driven at 2.4V for a logic “1” and 0.45V for a logic “0". Timing measurements are
made at 2.0V for a logic “1" and 0.8V for a logic “0". For timing purposes, the float state is defined as the point
at which a PO pin sinks 3.2 mA or sources 400uA at the voltage test levels.

SERIAL PORT TIMING
1/0 EXPANSION MODE
(TA =—40°Cto +85°C; Vo =4 to 6V; Vgg =0V, 0.5 to 12 MHz; Load capacitance = 80 pF)
Symbol Parameter Min. Max. Units
TXLXL Serial port clock cycle time 12TCLCL - Ms
TQVXH | Output data setup to clock rising edge 10TCLCL-133 - ns
TXHQX | Output data hold after clock rising edge 2TCLCL-117 - ns
TXHDX | Input data hold after clock rising edge 0 - ns
TXHDV | Clock rising edge to input data valid - 10TCLCL-133 | ns
SERIAL PORT (I/0 EXPANSION MODE)
MACHINE CYCLE | o | LI 2| 3 | 5 | 6 | 7| 8 |
|=TxLxL~|

cock L LT LI LI LI LI Ler

TQVXH |=——s| | --TxHQX

OUTPUT DATA \Nn_o X 1 X 2

A3 X ¢ X

| SO—

]
WRITE TO SBUF

TXHDV [+—=| —={ |=—TXxHDX

INPUT DATA o I @ D & I @ I @ I @ I @ I

| —

CLEAR R1
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CLOCK WAVEFORMS

BASIC TIMING CHART
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EXTERNAL PROGRAM MEMORY FETCH

M1 M1 or M2
S1 , S2 , S3 , S4 , S5, 86 | S1 | s2 83 sS4 S5, S6 | S1
1 T T |
1
0——-
| | I |
1 | | —
| |
| |
ALE o T
|
, | | L i
i I | [ |
| | | | |
PSEN 0 | —+ ! t
I | } | I {
]
INST IN } ; INSTIN | INST IN } INSTIN | INSTIN
' PCL PCL PCL | | PCL
PORTO out [ ouTt ouT ouT
0 T I T T | T
| | | | | | | | | | |
1 1 1 | ! | [ | I ! 1
PORT2 PCHOUT PCHOUT PCHOUT PCHOUT PCHOUT
0
READ CYCLE 1 (MOVX A, @Rr)
M1 M2
S1_, S2 | S3 , S4 , S5, S6 | S1_, S2 | S3 , S4 , S5 , 86 | S1
0 1 T [ i i ] ]
1
0= |
|
1 | I I I | I |
ALE : ! : : B
0 4 J }
| | |
1 } | | | 4 L |
PSEN | ! K I | |
| ! | | [ | |
0 | 4 I I ! | | |
N [ T |
1 — | | | :
e Tl T
| |
0—“'——}——1——|——‘|*——l"—‘ ; t t ‘{"-—I'““%——r'
1
INST IN } : i l | } RAM DATAIN : INSTIN
1 | H
PCL | N Rr | PCL
PORTO  — out T — our EXTRAM DATA l — oot
Y T | I T T T | 7
| I | | I | | | i i |
3 1 ] | 1 I ! 1 1 ] 1 1
PORT 2 PCHOUT PCH OUT PORT 2 LATCH DATA OUT PCH OUT
o




S1

S6

PCHOUT

S6

|
|
__-._—T_
INST IN
|
l
S1 |
1l
i
—

PCHOUT

S5

gk
— —_—, ] — ]
i 183

PCL
ouT

| s

o]

M2
S2 | S3 | S4

S2

DPHOUT

_—_ -] |— —

ACC DATA OUT
PORT 2 LATCH DATA OUT

UL

PCHOUT

PCHOUT

READ CYCLE 2 (MOVX A, @DPTR)

® MSM80C31F/80C51F e-

) 1)
| 1
T T
8 _ - 8 “
P
- J 4L 23 -1 - s s S B
3 “ 8 |
_ _ ] —t—
- (e} - L —_— 4]
s 71—t ———"T1"1"~— +—— 1z < = i
7] | g - ] I
a a @
L_g5 & -1 - - S
-t L¢3 s | - |
& » & |
_ z > i A _ I.l.l;lTN
- T imm 5| @ ¥
» | z an ~ » | F4
+ 2 - f
L u _ _
- - o - o - o - o - o W.v - o - o - =) - =) -
o o~ (8] I~
= = -
w 4 Z =
s B B2 9 E 2 y B : 5
< e = x 4 o = &

PORT 2
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S6
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et
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VUL

DPL
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[
|
|
|

T
|
|

S2

|
T
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UL

WRITE CYCLE 2 (MOVX A, @DPTR, A)

1
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0 —
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INSTRUCTION SET DETAILS
M X Instruction Code . Hexa- Byte |Cycl Explanation
nemonic . e [ Cycle i
D7 De Ds D« Ds D2 D1 Do | decimal Y
ADD A,Rn 0 1 O 1 n2nino |28~2F| 1 1 (A) —(A) +(Rn)
ADD A, direct 0O 01 00 1 0 1 25 2 1 (A) — (A) + (direct)
ar ae as as as az ai ao | Byte2
ADD A, @Ri 01 00 1 1 1 |26~27 1 1 (A) —(A) +((Ri))
ADD A, #data 001001 00O 24 2 1 (A) — (A) + #data
d7 de ds ds das d2 di do | Byte2
ADDC A,Rn O 1 1 1 n2n1no|[38~3F 1 1 (A) —(A) +(C) + (Rn)
ADDC A, direct 00110101 35 2 1 (A) —(A) +(C) + (direct)
az as as a+ as a2 ar ao| Byte2
ADDC A, @Ri O o011 01 1 1|36~37 1 1 (A) — (A) .+ (C) + ((Ri)
ADDC A, #data o011 01 00 34 2 1 (A) —(A) +(C) + #data
d7 de ds ds« ds d2 di1 do | Byte2
SUBB A, Rn 1 0 0 1 1 n2ntno|98~9F| 1 1 (A) —(A) - ((C) + (Rn))
SUBB A, direct 10010101 95 2 1 (A) —(A) — ((C) + (direct))
az as as as as az ar ao | Byte2
° SUBB A, @Ri 1 00101 1 1/[|96~97 1 1 (A) —(A) = ((C) + ((R))
é SUBB A, #data 10010100 94 2 1 (A) —(A) = ((C) + #data)
g d7 de ds ds ds d2 di do | Byte2
§ INCA 000010 0| 04 101 | w—m+1
8 | INCRn 0 0 0 1 naninol08~O0F| 1 | 1 | (R)—(Rn)+1
=
£ | INCdirect 00O0O0OO0OT1O01 05 2 1 (direct) — (direct) + 1
< ar as as as as az ai ao | Byte2
INC @Ri 0O 00 OOT11T 1 1]06~07 1 1 ((Ri)) — ((Ri) +1
INCDPTR 101 00 O 1 1 A3 1 2 (DPTR) — (DPTR) + 1
DECA 00010100 14 1 1] (A —(A) -1
DECRn 0 0 0 1 1 n2ninoli18~1F| 1 1 (Rn) —(Rn) —1
DEC direct 0001010t 15 2 1 (direct) — (direct) — 1
ar as as a4 as a2 ar ao
DEC @Ri 0001 0 1 1 1}|16~17 1 1 ((Ri) — ((Ri)) —1
MUL AB 101 001 00O A4 1 4 (B1s~d), (A7~ o) —(A) X (B)
DIVAB 1 0000100 84 1 4 (A1s~d), (B7~ o) —(A)/(B)
DAA 11 0101 00O D4 1 1 Contents of Accumulator are BCD,
IF[[(As~ o) > 9Jor[(AC) =11]]
THEN (As~ o —(As~0) +6
AND
IF[[(A7~ 4 >8] ORI[(C) =1]]
THEN (A7~ 4 —(A7~ 4 +6
ANL A, Rn 1 0 1 1 n2nsno|[58~5F] 1 1 (A) — (A) AND (Rn)
ANL A, direct o101 01 0 1 55 2 1 (A) — (A) AND (direct)
® arz as as as as az ar ao| Byte2
P 4
8 £| ANLA, @Ri 0101 01 1 1]|56~57 1 1| (A) ~(A) AND ((Ri))
§ E’ ANL A, #data 0O1 01 01 00O 54 2 1 (A) — (A) AND #data
° d7 de ds ds do d2 d1 do| Byte2
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INSTRUCTION SET DETAILS (CONT.)

M . Instruction Code Hexa- Byte | Cycle Exolanation
nemonic . e | Cycl xplanati
D7 De Ds D« Ds D2 D1 Do | decimal
ANL direct, A 01 010010 52 2 1 (direct) — (direct) AND (A)
ar as as as« as az ar ao | Byte2
ANL direct, 01 0100 1 1 53 3 2 | (direct) — (direct) AND #data
#data ar as as a« as a2 ar ao | Byte2
d? de ds d« ds d2 d+ do | Byte3
ORL A, Rn O 1 0 0 1 n2nino |48~4F | 1 1 (A) — (A) OR (Rn)
ORL A, direct 01 000 1T O01 45 2 1 (A) — (A) OR (direct)
ar as as a« as a2 ar ao | Byte2
ORLA, @Ri 01 0 0 0 1 1 1 |46~47 1 1 (A) — (A) OR ((Ri))
ORL A, #data 01 00O0T11TO0O 44 2 1 (A) — (A) OR #data
d7 de ds d« ds d2 dv do | Byte2
ORL direct, A 01 0O0O0OT11TO0 42 2 1 (direct) — (direct) OR{(A)
ar as as a« as az ar ao | Byte2
ORL direct, 01 0 00O0O0T1 1 43 3 2 | (direct) — (direct) OR #data
#data ar ae as as« as az ar ao | Byte2
d7 de ds d« ds dz2 di do | Byte3
XRL A, Rn 0 1 1 0 1 nz2ntno(68~6F | 1 1 (A) — (A) XOR (Rn)
XRL A, direct 011 00101 65 2 1 (A) — (A) XOR (direct)
ar ae as as« as az ar ao | Byte2
XRL A, @Ri 011001 1 1]|66~67| 1 1 (A) — (A) XOR ((Ri))
XRL A, #data 011001 00O 64 2 1 (A) — (A) XOR #data
d7 de ds d« das d2 di do | Byte2
@ XRL direct, A 011 00O0T1T0O0 62 2 1 (direct) — (direct) XOR (A)
é ar as as as« as az ar ao| Byte2
©
§ XRL direct, 01 1000 11 63 3 2 | (direct) — (direct) XOR #data
o #data ar aes as as« as az a: ao| Byte2
‘g d7 de ds d« ds dz2 di do| Byte3
[=J
S | cLrA 11100100 E4 1 1 | (A—0
CPLA 11110100 Fa 1 1| (A—(A)
L‘,ArlAe[AsIA:IAaIAz[m[Ao]‘j
: The contents of the accumulator
RLA 0O 01t 00O 1 1 23 1 1 are rotated left by one bit.
ammmmmmms,
The contents of the accumulator
RLCA 0O 01 1 0 0 11 33 1 1 and carry are rotated left by one bit.
LA Tr[m AR A A Tl
The contents of the accumulator
RRA 0O 00 O0O0O0 1 1 03 1 1 are rotated right by one bit.
A7 [As [As [A«[As[A2 A lAﬂ—]
The contents of the accumulator
RRC A 0O 001 00 1 1 13 1 1 and carry are rotated right by one
bit.
SWAP A 11000100 c4 1 1 | (As~d Z(Ar~4)
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INSTRUCTION SET DETAILS (CONT.)

Instruction Code Hexa-
Mnemonic . Byte |Cycle Explanation
D7 De Ds Ds Dz D2 D1 Do | decimal
MOV A, Rn 1 1 1 0 1 n2ni no|EB~EF| 1 1 (A) —(Rn)
MOV A, direct 111 001 01 ES 2 1 (A) — (direct)
ar as as a4 as a2 a: ao | Byte2
MOV A, @Ri 111 0 0 1 1t 1 |E6~E7 1 1 (A) —((Ri)
MOV A, #data o111 01 00O 74 2 1 (A) — #data
d7 de ds ds ds d2 di do | Byte2
MOVRn, A 1 1 1 1 1 nz2ntno|F8~FF 1 1 (Rn) — (A)
MOV Rn, direct 1 0 1 0 1 n2n1no{A8B~AF| 2 2 | (Rn) —(direct)
ar as as as as a2 a: ao | Byte2
MOV Rn, #data 01 1 1 1 n2nino|78~7F| 2 1 (Rn) — #data
d7 de ds ds ds d2 d+ do | Byte2
MOV direct, A 1111010 1 F5 2 1 | (direct) —(A)
az as as a4+ as az a: ao | Byte2
MOV direct, Rn 1 0 0 0 1 n2n1no|{88~8F| 2 2 | (direct) —(Rn)
ar as as as4 as a2 ar ao | Byte2
MOV direct 1, 100 00 1 0 1 85 3 2 (direct 1) — (direct 2)
direct 2 a3 ag az a3 a3 a3 a3 a3 | Byte2
a} al al a} a} a} a} aj | Byte3
- MOV direct, @Ri 1 00001 1 1 |86~87 2 2 (direct) — ((Ri))
% ar as as as as a2 a: ao | Byte2
[
S | MOvdirect, 01110101 75 3 2 | (direct) — #data
s | #data ar as as as« as az as ao | Byte2
g d7 de ds ds ds d2 di do | Byte3
MOV @Ri, A 1111 01 1 1|F6~F7| 1 1 | (Ri))—A
MOV @Ri,direct | 1 0 1 0 0 1 1 1 |[A6~A7 2 2 ((Ri)) — (direct)
az as as a+ as a2 ar ao | Byte2
MOVe@Ri,#data | O 1 1 1 0 1 1 1 |76~77 2 1 ((Ri)) — #data
d7 de ds ds ds d2 di do| Byte2
MOV DPTR, 10010000]| 90 3 | 2 |(DPTR) —#datase
#data 16 disdisdisdizdiidio do ds | Byte2
d7 de ds ds ds d2 di do| Byte3
MOVCA, @A+ 1 00100 1 1 93 1 2 (A) —((A) + (DPTR))
DPTR
MOVCA,@A+PC| 1 0 O 0 0 O 1 1 83 1 2 (PC) —(PC) + 1, (A) —((A) + (PC))
MOVX A, @Ri 111 00 0 1 1 |E2~E3 1 2 (A) —((Ri)) External RAM
MOVXA,@DPTR| 1 1 1 0 O O 0 O EO 1 2 (A) —((DPTR))  External RAM
MOVX @Ri, A 11 1100 1 1 [F2~F3 1 2 ((Ri)) —(A)  External RAM
MOVX @DPTR,A| 1 1 1 1 0 O O O FO 1 2 ((DPTR)) —(A)  External RAM
PUSH direct 11 0 00 0 OO Co 2 2 (SP) —(SP) +1
ar as as as« as a2 a: ao| Byte2 ((SP)) — (direct)
POP direct 11 01 00 OO DO 2 2 (direct) — ((SP))
ar as as a« as a2 a: ao| Byte2 (SP) —(SP) -1
XCHA,Rn 1 1 0 0 1 n2ntno|{C8~CF| 1 1 (A= (Rn)
XCH A, direct 110001 0 1 cs5 2 1| (A) = (direct)
az as as a« as az ar ao | Byte2
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INSTRUCTION SET DETAILS (CONT.)

Instruction Code Hexa-
Mnemonic : Byte |Cycle Explanation
D7 De Ds D4 Ds D2 D1 Do | decimal
g XCHA, @Ri 11000 1 1 1|C6~C7| 1 1| A Z(Ri)
Lc
8 €| XCHDA, @Ri 1101 01 1 1|D6~D7| 1 1 [ (As~d Z((Ris~ o))
CLRC 11 00O 11 Cc3 1 1 (C)—o0
CLR bit 11 00O0O0T1TO0 c2 2 1 (bit) —0
b7 be bs bs bs b2 b1 bo| Byte2
SETBC 1101001 1| D3 1|1 |©—1
SETB bit 1101 0010 D2 2 1 (bit) —1
c b7 bs bs bs bz b2 b1 bo| Byte2
<] —
k5 cPLC 10110 11 B3 1 1 1©—(©
3
% CPL bit 10110010 B2 2 1 (bit) — (bit)
g b7 be bs bs bs b2 b1 bo| Byte2
2 | ANLC,bit 1000001 0| 82 2 | 2 |(C)—(C)AND (bit
2 b7 be bs bs bs b2 b1 bo| Byte2
[
= | ANLCbit 101 10000| BO 2 | 2 |(c)—(C)AND (bit)
3 b7 be bs bs bs bz bi bo| Byte2
l§ ORL C, bit o1t 110010 72 2 2 (C) —(C) OR (bit)
b7 be bs bs bs b2 b1 bo| Byte2
ORL C,/bit 10100000 A0 2 2 | (C)—(C) OR (bit)
b7 be bs bs bs b2 b1 bo| Byte2
MOV C, bit 1 01 00O0T10 A2 2 1 | (C) —(bit)
b7 be bs bs bs bz b1 bo| Byte2
MOV bit, C 1 001 0O0T1TO0 92 2 2 (bit) —(C)
b7 be bs bs bs b2 b1 bo| Byte2
ACALL addr 11 aona a 1 0 0 O 1 Byte 1 2 2 (PC) —(PC) +2
ar as as as as az a1 ao| Byte2 (SP) —(SP) +1
((SP)) —(PC7 ~ o)
(SP) —(SP) +1
((SP)) —(PC15~ o)
(PC) —page address
LCALL addr 16 0 001 0O T11TO 12 3 2 (PC) —(PC) +3
ais ai aizaizan awo as as| Byte2 (SP) —(SP) +1
ar as as as as a2 ar ac| Byte3 ((SP)) —(PC7 ~ o)
(SP) —(SP) +1
o ((SP)) — (PC 15~ &)
»_g (PC) —addris~o
Q
€ | RET 001000 10| 22 1 2 | (PCis~s) —((SP))
5 (SP) —(SP) -1
€ (PC7 ~ o —((SP))
§ (SP) —(SP) — 1
@ | ReTI 00110010 32 1 | 2 | (PCis~e—((sP)
(SP) —(SP) — 1
(PC7 ~ o) — ((SP))
(SP) —(SP) —1
AJMP addr 11 aoa a 0 0O 0O O 1| Bytet 2 2 | (PC)—(PC)+2
az as as a4 as az a: ao| Byte2 (PC 10 ~ o) — page address
LJMP addr 16 0O 00 O0OOOT11TO 02 3 2 (PC) —addris~o
ais a4 a3 az an an as as| Byte2
ar as as as as a2 ar ao| Bytel
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INSTRUCTION SET DETAILS (CONT.)

. Instruction Code Hexa- .
Mnemonic . Byte [Cycle Explanation
D7 De Ds Ds Ds Dz D1 Do | decimal
SJMP rel 1 00 OO O OO 80 2 2 (PC) —(PC) +2
r7 e rfs rsa ra r2 r1 ro | Byte2 (PC) —(PC) +rel
JMP@A+DPTR [0 1 1 1 01 1| 73 1 | 2 | (PC)—(A) +(DPTR)
JZrel o1 1 00 00 60 2 2 (PC) —(PC) +2
r7 fe s ra ra r2 ri ro Byte IF (A) =0 THEN (PC) — (PC) +rel
INZ el 01110000]| 70 2 | 2 | (PO)~(PC)+2
r7 re s fs I3 r2 11 ro | Byte2 IF (A) O THEN (PC) — (PC) + rel
JCrel 010 0O0O0O0O0O0 40 2 2 (PC) —(PC) +2
r7 re rs ra ra r2 ri ro | Byte2 IF (C) # 1 THEN (PC) — (PC) +rel
INC el 01010000]| 50 2 | 2 |(PO)—(PC)+2
r7 re s rs rs r2 ri ro | Byte2 IF (C) #0 THEN (PC) — (PC) +rel
JB bit, rel 001 00O0O0OTO 20 3 2 (PC) —(PC) +3
b7 be bs bs bs b2 b1 bo | Byte2 IF (bit) = 1 THEN (PC) — (PC) + rel
r7 fe Is rs I3 r2 ri ro | Byte3
JNB bit, rel 00110000 30 3 2 (PC) —(PC) +3
b7 be bs ba bs b2 b1 bo | Byte2 IF (bit) =0 THEN (PC) — (PC) +rel
r7 re rs rsa ra r2 r ro| Byte3
JBC bit, rel 0O 001 0O0O0OTP O 10 3 2 (PC) —(PC) +3
b7 be bs bs bs b2 b1 bo | Byte2 IF (bit) = 1 THEN (bit) —0
r7 re rs ra rs r2 ri ro | Byte3 (PC) —(PC) +rel
o
.g CJNE A, direct, 1011 01 01 BS 3 2 (PC) —(PC) +3
] rel ar ae as a+ as az ar ao | Byte2 IF (direct) < (A) THEN (PC) ~— (PC)
§ r7 re s rsa ra r2 ri ro | Byte3 +reland (C) —0
8 IF (direct) > (A) THEN (PC) — (PC)
S +reland (C) —1
g CJUNE A, #data, 1011 01 00O B4 3 2 (PC) —(PC) +3
e rel d7 de ds ds« ds d2 di do | Byte2 IF #data < (A)
r7 re rs rsa rs r2 ri ro | Byte3 THEN (PC) — (PC) +rel and
(C)—o0
IF #data> (A) THEN (PC) — (PC) +
reland (C) —1
CJNERN, #data, (1 O 1 1 1 n2 n1 no |B8 ~BF 3 2 (PC) —(PC) +3
rel d7 de ds ds ds d2 di do | Byte2 IF #data < (Rn) THEN (PC) —(PC)
r7 fe rs ra ra r2 r1 ro | Byte3 +reland (C) —0
IF #data> (Rn) THEN (PC) — (PC)
+reland (C) —1
CJNE @Ri, 101 1 01 1 1|B6~B7 3 2 (PC) —(PC) +3
#data, rel d7 de ds ds ds d2 di do | Byte2 IF #data < ((Ri)) THEN (PC) —
r7 fe fs re ra r2 ri ro | Byte3 (PC) +rel and (C) —0
IF #data> ((Ri)) THEN (PC) —
(PC) +reland (C) —1
DJNZRn, rel 1 1 0 1 1 n2nino|D8~DF | 2 2 | (PC)—(PC) +2
r7 fe s T4 ra r2 r1 ro | Byte2 (Rn) —(Rn) —1
IF (Rn) #0 THEN (PC) —(PC) +rel
DJNZ direct, rel 1101 010 1 D5 3 2 (PC) —(PC) +3
az as as as as a2z as ao | Byte2 (direct) — (direct) — 1
r7 re s rsa ra r2 ri ro| Byte3 IF (direct) # 0 THEN (PC) — (PC)
+rel
NOP 000 O0OOTUOP 00 1 1 (PC) —(PC) +1
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NOTES ON THE INSTRUCTION SET AND THE ADDRESSING MODES

Rn -

direct -

@Ri -

#data -
#data16 —
addr16 -

addr11 -

rel -

bit -

Register R7-R0 of the currently
selected Register Bank.

8-bit internal data location’s address.
This could be an Internal Data RAM
location (0 — 127) ora SFR [i.e., I/0
port, control register, status register,
etc. (128 — 255)).

8-bit internal data RAM location (0 —
255) addressed indirectly through
register R1 or RO.

8-bit constant included in instruction.
16-bit constant included in instruction.
16-bit destination address. Used by
LCALL & LUMP. A branch can be
anywhere within the 64K-byte
Program Memory address space.
11-bit destination address. Used by
ACALL & AJMP. The branch will be
within the same 2K-byte page of
program memory as the first byte of
the following instruction.

Signed (two’s complement) 8-bit offset
byte. Used by SUMP and all conditional
jumps. Range is —128 to +127 bytes
relative to first byte of the following
instruction.

Direct Addressed bit in Internal Data
RAM or Special Function Register.

INSTRUCTIONS THAT AFFECT FLAG SETTINGS 1

INSTRUCTION FLAG INSTRUCTION FLAG
C OVAC C OVAC

ADD X|X|X CLRC (¢]
ADDC X|X|X CPLC X
suBB X|X|X ANL C, bit X

MUL O |X ANL C,/bit X

DIV O |X ORL C, bit X

DA X ORL C, /bit X

RRC X MOV C, bit X

RLC X CJNE X
SETBC |

' Note that operations on SFR byte address 208 or bit
addresses 208-215 (i.e., the PSW or bits in the PSW) will
also affect flag settings.
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APPLICATION EXAMPLES

v
+5V _—_l__ +5 ﬁ-_
|4o 0 |24 |12 =
Vcc GND Pao 2 W
v v 5
rr»w XTAL1 €€ $S  pio ——; od} EX
10pF ::'; 3 pa3 |5 _
r{ = P3 o .
=0 F 18 P14 —2— PS0 =5
=10p P15 o Ps1 53
XTAL2 P16 H— MSM82C43 ps2 |51
8.2K P17 — 1/0 Ps3 — /o
I VY 21 11 EXPANDER 20
= s il Frmm— 1 pe1 1
+5v —¢——| (—o—>] ReSET P2.2 gi : P22 pez |15
10uf MSM80CS1F P23 e P23 P63 p—
P24 W 13
:';’»g 57 PROG :;? S
31: EA P27 _79_—‘_6> a8 P72 i5
E cs 16
10 2 P73 )
=371 P3.0 (RXD) P0.0 35~
Tz 731 (XDl P01 I3 buo
—5] P32 (NTO) Po.2 55
04 —1a] P33 (INTY) P03 |52
o -2 r34 10) Po4 |32
T3 P35 (T1) P0.5 33"
51 P36 (WR) Pog ==
AL p7RD), ¢ e P07 PR
{30 |20

The following software driver is required to interface to the 82C43

Mixing Parallel Output, Input, and
Control Strobes on Port 2.

IN82C43 INPUT DATA FROM AN 82C43 I/0 EXPANDER
CONNECT TO P23-P20
P25 & P24 MIMIC CS/ & PROG
P27-P26 USED AS INPUTS
PORT TO BE READ IN ACC

IN82C43 MOV A, #11010000B
MoV P2,A ;OUTPUT INSTRUCTION CODE
CLR P2.4 ;FALLING EDGE OF PROG
ORL P2,#00001111B ;SET FOR INPUT
MOV AP2 ;READ INPUT DATA
SETB P2.4 ;RETURN PROG HIGH
Address E Instruction
P21 P20 Code P23 P22 Code
o o Pot4 | 0 0O Read
0 1 Ports | O 1 Write
1 0 Porté | 1 0 ORLD
1 1 Port7 ) 1 1 ANLD
1

1/0 Expansion Using an 82C43
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APPLICATION EXAMPLES (CONT.)

¢ MSM80C31F/80C51F ®

[efefelefslelefe [afsaiaslsl [~

Wi Wi W N
Slelelalsielels [sRExER [T

+5V ]
|4o 20 ~
v v
_I-_——Iw-» XTAL1 ©C SS pro
’ODFI P12
= P1.3
=0T |1s P14
10pF XTAL 2 :}-:
8.2K P1.7
"E_ f P2.0
= 1041 P2.1
+5V—g—|{——] RESET p2.2
MSM80C51F P23
P2.4
2.5
P2.6
A P2.7
I 194 p3.0 (RXD) P0.0
* P3.1 (TXD) P0.1
=21 p3.2 (iNTO) P0.2
—] P33 (NT1) P0.3
vod P34 (T0) P04
—={ P35 (11) PO.5
] ras (WR) P0.6
A3P37(RD) 5 ¢ BsEn P07
|3o |29
A
lao 20 ~
19 v v
IxtaL1 €€ S$  po
af
_E{ - P1.3
4 8 P14
“10pF XTAL 2 s: ~g
82K ne
-[_ 10 uf P2.0
= ;le P2.1
+5v —¢—| (——>] reseT P2
MSMB80C51F  p23
P2.4
P2.5
P2.6
LRSIy P2.7
T 191 p3.0 (RXD) P0.0
’e P3.1 (TXD) PO.1
221 p32 (iNTO) PO.2
=34 P33 (INTT) PO.3
vod e r34iTo) PO.4
4 r3s PO.5
32 36 WR) PO.6
PO
PRTRD), . seen P07
Iao |29

J

1/0

» 1/0

Multiple 80C51F’s Using Half-Duplex Serial Communication
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APPLICATION EXAMPLES (CONT.)

+5V
Iw 20 ~
19 v v
XTAL 1 €€ S mo b
10pF P11 H—
l 3K o
== P13 )
P14
= i
10pF XTAL 2 P15
P16
8.2K P17
-[ o P20 L%——
+5V J~o>] reset 3% <N +5V GND
10 ut MSM8OC51F p23 |22 a0 20
p2e P2 Lo v v
p2s5 |28 cc S pao 2 B
a | p2s |2 pa1 |22
»| A p27 |28 ez 2
pa3 22
43 ra0rxp) roo |32 121 avo pag |5
- P31 (o) po.y |52 ] A01 pas [ 22
vod ] raz inTo) ro2 |32 ———12 AD2 pa6 |21
L po.3 52 & AD3 pa7 |25
Jraamo poa |32 16 Apa
Slrsm P05 |52 1] a0s -
151 P35 WR) pog 133 181 a0s eco |2
PRT(RD) o ¢ FeEn P07 AD7 ve1 |2
, Msmg1Cs5 r2 BT |,
30 29 ~ PC3
| Yo/ 7
pca |2
s pos o
10
— 29
" PBY I3
>] ALE PB2 o=
o] K
& 34
L—> pB5 -
4 J— re6 o
= JReseTTIMER  TIMER pg; 136
|-> ouT IN ’
CAN BE SUPPLIED BY SYSTEM RESET - g
OR PORT LINE OF 80C51 I
. TIMER
Adding a Data Memory and I/0O Expander
+5V
|40 20 ~
Vee V.
open 1951 xraL1 VeC S pro -
1 P -
COLLECTOR OpF P23
INVERTERS ] P3
DEVICE N L ﬁ. pa |2
1 Vv 10pF 18 0] xTAL 2 P15 5—
P1.6 =
N e =
Loeax | a0 |2
DE‘;'CE ) 5V = RESET jcp) XN 1o
i B
10ut MSM80C51F g*} 25~
+5V P25 %
FIy - 26 |52
o (25
DEVICE o p27 0
3 DH
1o { —37] P3.0(RXD) P0.0
{—1-;‘ P3.1 (TXD) ro1 2
4 751 P32 (INTO) P0.2 b3&-
=] P33 (iNTi) P03 o2
O ) P4 |35
DEVICE vo{ —gf P35y P05 B33
4 7] P36 WR) PO.6 I35
A prRO . mmm PO7
|3o |29

Multiple Interrupt Sources
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MSM80C31/MSM80C51 INSTRUCTION CODES

® MSM80C31F/80C51F

L 0 1 2 3 4 5 6 7
H 0000 0001 0010 0011 0100 0101 0110 0111
R AIMP Lvp Y ING
0000 NOP address 11 |address 16 RRA INCA direct INC @RO INC @R1
(Page 0) A ec
; oo | ACALL [ rcacl ¥ DEG
0001 “P  laddress 11 address16 | RRCA DECA e | bEC @Ro | DEC @R
‘ (Page 0) | ec!
. AJMP
2 JBhbit, ADDA, | ADDA, | ADDA, | ADDA,
0010 rel a‘:g:;zs,‘)' RET RLA #data direct @RO @R1
| 4 | 4
3 INBDIt, |, dg?g‘;ﬁ B [ RLCA | ADDCA, [ ADDCA, | ADDGA, | ADDCA,
0011 rel (Page 1) * #data direct @RO @R1
4 JCbit, AJMP ORL ORL ORLA, | ORLA, | ORLA, | ORLA,
address 11 R direct, .
0100 * rel (Page 2) direct, A A #data #data direct @RO @R1
o3, | aorer [addresstr | AN | ey, | ANCA[ANLA | ANLA | ANLA
* (Page 2) irect, A #data ata irec
AIMP XRL XRL XRLA, ¥ xeu A, XRLA, XRLA,
address 11 | oo a | direct #data direct @RO @R1
(Page 3) ! A #data
v v
Nzrel |a d':,‘fe“s‘;'] , [ orLc, JMP MOV A, d“i‘rg; MOV @RO, | MOV @R1,
o111 A (Page 3) bit L@A-*DPTFR #data # #data ##data #data
AIMP MOV MOV MoV
. &o SJMPrel | address 11 A':;tc' %?«\ﬁé' DIVAB | direct1, | direct, direct,
A (Page 4) direct 2 @RO @R1
~ 14
9 MOVDPTR,[ dg?é‘;ﬁ 4| Movbit, | Movca, [ suBBA, [ suBBA, | suBBA, | suBBa,
1001 | #data1e | *(orees c @A+DPTR | #data direct @RO @R1
AIMP
A , Movc, MOV @RO, | MOV @R1,
1010 | ORLC/bit a(zg;esss; 1 bit INCDPTR | MULAB direct direct
» . b 4
B ACALL CINEA, { CINEA, YCINE @ROY CUNE @R1,
1011 ANL C/bit | address 11 CPL bit CPLC #data, direct, #data, #data,
* (Page 5) A rel rel rel rel
c PUSH | e 1 " CLRbit | CLRC | swapa | XCHA. | XCHA | XCHA,
1100 direct (Page 6) direct @RO @R1
acaL pinz ¥
”00 , d'?opt address 11 | SETBbit | SETBC DAA direct, | XCHDA. | XCHDA,
rec (Page 6) rel @RO @R1
E MOVXA, [ d:;”:; 1| Movxa, | MovxA, | o4 MOVA, | MOVA, | Mova,
1110 A a@oPTR | 200 | °Fo @R1 direct @RO @R1
F Movx | d’(‘j?é“s'-s'} .| Mmovx MOVX CPLA Y MoV MOV MOV
1111 | @oPTR,A | *(Trees L @RO,A | @R1,A direct A | @RO,A | @R1,A
2BYTE 3BYTE
MNEMONIC
2CYCLE 4CYCLE
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8 9 A B C D E F
1000 1001 1010 1011 1100 1101 1110 1111
INCRO INC R1 INC R2 INCR3 INC R4 INCR5 INC R6 INCR7
DECRO DECR1 DECR2 DECR3 DEC R4 DEC RS DEC R6 DECR7
ADD A, RO ADD A, R1 ADD A, R2 ADDA,R3 ADD A, R4 ADDA,R5 ADDA, R6 ADDA,R7
ADDCA,RO | ADDCA,R1 | ADDCA,R2 | ADDCA,R3 | ADDCA,R4 | ADDCA,RS | ADDCA,R6 | ADDCA,R7
ORLA, RO ORLA, R1 ORL A, R2 ORLA,R3 ORL A, R4 ORLA,RS ORL A, R6 ORLA,R7
ANL A, RO ANLA,R1 ANLA,R2 ANL A,R3 ANL A, R4 ANL A, RS ANL A, R6 ANL A, R7
XRL A, RO XRLA,R1 XRLA, R2 XRLA, R3 XRL A, R4 XRLA,R5 XRLA,R6 XRL A,R7
| 4 | 4 | 4 | 4
MOV RO, MOVR1, MOVR2, MOV R3, MOV R4, MOV RS, MOV R6, MOVR7,
#data #data #data #data #data #data #data #data
y MOV p MOV MOV MOV MOV MOV MOV MOV
direct, direct, direct, direct, direct, direct, direct, direct,
RO R1 R2 R3 R4 RS R6 R7
SUBBA, SUBBA, SUBBA, SUBBA, SUBBA, SUBBA, SUBB A, SUBBA,
RO R1 R2 R3 R4 R5 R6 R7
MOV RO, MOV R1, MOV R2, MOV R3, MOV R4, MOVRS, MOV R6, MOVR7,
direct direct direct direct direct direct direct direct
CJNE RO, CJNERT, CJNE R2, CJNERS3, CJNE R4, CJNE RS, CJINE R6, CJNER7,
#data, #data, #data, #data, #data, #data, #data, #data,
rel rel rel rel rel rel rel rel
XCHA, XCHA, XCHA, XCHA, XCHA, XCHA, XCHA, XCHA,
} RO R1 R2 R3 R4 RS R6 R7
DJNZ RO, DJINZR1, r DJINZR2, DJNZR3, DJNZ R4, DJNERS, DJNE R6, DJNER?7,
rel rel rel # rel rel rel rel rel
MOVA,RO | MOVA,R1 MOVA,R2 | MOVA,R3 | MOVA,R4 | MOVA,R5 | MOVA,R6 | MOVA,R7
MOVRO,A | MOVR1,A { MOVR2,A | MOVR3,A | MOVR4,A | MOVR5,A | MOVR6,A | MOVR7,A
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OKI semiconductor

MSM80C154/ MSM83C154

CMOS 8-bit One-Chip Microcontroller

GENERAL DESCRIPTION

The MSM83C154/MSM80C154 is a high performance 8-bit one-chip microcontroller implementing large
integration, high speed and low power consumption by 2 um silicon gate CMOS process technology.

The MSM83C154 features 16K byte ROM, 256 byte RAM, 32 1/0 ports, three 16-bit timer/counters,
multifunctional serial port and clock generator. In addition, the MSM83C154 has three standby modes
enabling further power reduction.
The MSM80C154 is identical to the MSM83C154 except the omission of 16K byte ROM.

FEATURES

Fully static circuit

On-chip program memory

On-<hip data memory

E xternal program memory address space
E xternal data memory address space

1/0 ports

(Port 1, 2, 3, impedance programmable)
16-bit timer/counters

(includes watch dog timer & 32 bit timer)
Multifunctional serial port

6-source 2-priority level
interrupt and multi-level

: 16K x 8 bit ROM (MSM83C154 only)
: 256 x 8 bit RAM

: 64K bytes

: 64K bytes

0 32
: 3

: 1/O Expansion mode
: UART mode (featuring error detection)

interrupt available by programming IP and IE registers

Memory-mapped special function registers

Bit addressable data memory and SFRs
Minimum instruction cycle

“Multiply’’/"‘divide" instruction cycle
Standby functions

: 1.0us @ 12 MHz operation (MSM80C154/MSM83C154)

: 0.75us @ 16 MHz operation (MSM80C154-1/MSM83C154-1)
: 3 us @16 MHz operation

: Idie mode (CPU halt)

: Power down mode (Oscillator stop)

Activated by Software or Hardware; Providing ports with
floating or active status

The software power down mode is terminated by
interrupt signal enabling execution from the interrupted
address.

Lower power consumption achieved by 2 um silicon gate CMOS process
Upward compatible with MSM80C51/80C31

Packages

©INTEL CORPORATION 1981

: 40 pin plastic DIP (DIP40-P-600)

44 pin plastic QFP (QFP44-P-910-K)
44 pin plastic QFP (QFP44-P-910-VIK)
44 pin PLCC (QFJ44-P-S650)
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® MSM80C154/83C154 ¢

PIN CONFIGURATION

MSM83C154-XXRS/MSM80C154RS MSMB83C154V-XXGS/MSM80C154VGS
(Top-View) 40 Lead Plastic DIP (Top-View) 44 Lead Plastic Package
o 3 89 ~a o
s::z2995888
P1.0/T2(1] \J [40) vee
P1.1/T2EX[2] [39)P0.0
P12E mP()’ T O N - O O 0™~ OWw S
P1.3(4] [37)P0.2 IS IEAISEST
P1 ‘4[1 :E]POG P16 C———1 O 33— P0.4
P1.5( 5] (351P0.4 P16 2 32——P05
P\.EE EPO»S P17 C——]3 31F—/P06
P1.7(E] z [33)P0.6 RESET C——1 4 z z 30f—P0.7
RESET[J] ® [32]P0.7 P3.0/RXD C—— 5 23 29F—EA
P3.0/RXD[I0] I BT EA NC 6 Q Q 28f——INC
P3.1/TXD{T] 3 I30) ALE P3.1/TXD C—— 7 L Q 27— ALE
P3.2/INTO(IZ] 2 [79)PSEN P3.2/INTO ———] 8 < < 26 F———1PSEN
P3.3/INT1[T3] % [28]P2.7 P3.3/INT1 C—— 9 25F———P2.7
P3.4/T0(14]} [77)P26 P3.4/T0 ———] 10 24F——r26
P3.5/T1/HPDI(I5] [26)P2.5 P3.5/T1 C——] 11 23F—r25
P3.6/WR(TE] [251p2.4 Npzwer229gy
P3.7/RD (17} (74/p2.3
XA o8 —_zglpz.z U H H HH H U H H H
XTAL1(19] [771P2.1
vV ToY g 2g9o Ny
ss(20] [2T)P2.0 ECzzffgdeg
I 3-;_‘ X X
MSM83C154-X XJS/MSM80C154JS *1 RECOMMENDED FOOTPRINT
(Top-View) 44 Lead Plastic Leaded Chip Carrier FOR QPD PACKAGE
f_, 3 MIN 0.45 UNIT: mm
NN
[
TON=Sd,g82290 ® r
Ti3i3523888¢% DHD[] ﬂ[][lﬂ
/7161 1ot al 131 120 111 g lay w2 41 a0
P1,5"_7}L ) \.JO 3 LaLa L oy Q ::' :®
5 S fo—] —
s o : = =
TEe : — =
RESETO} z P0.7 IT—== — S| »
iy ® - + - =3 by
P3,0/R)<D::: 8 EA s — ’é g
NC [} o\o NC' 5]  —] c—
P3.1/TXD[H) 8 T ALE — [ —
P3.2/INTO[ s 2 32| PSEN ] EE’_ ® i —/®
P3.3/INT1[s) p2.7
1000000000
P3.5/T1/HPDI [T (P25
r [ O e e B o s e | 53 ® @
'8 S 2q oy 23 23 24 29 26 27 |
e N5 8QQ-NMm< MAX 10.9
|g|n:<—(’<—">z<ummmoi I
B':P—i— a o aaa MIN 14.9
® o X X I
a o /__Index mark
Pin Name Description

P0.0 ~ P0.7 Bidirectional 1/O ports. They are also the data/address bus (input/output

of data and output of lower 8-bit address when external memory is accessed).

They are open drain output when used as 1/O ports, but tri-state output when used
as data/address bus.

P10 ~P1.7 P1.0 to P1.7 are quasi-bidirectional 1/O ports. They are pulled up internally when
used as input ports. Two of them have the following secondary functions:
eP1.0(T2) : Used as external clock input pin for the timer/counter 2.
oP1.1 (T2EX) : Used as trigger input for the timer/counter 2 to be reloaded

or captured; causing the timer/counter 2 interrput.
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® MSM80C154/83C154 ¢

PIN FUNCTIONS (CONT.)

Pin Name

Description

P2.0 ~ P27

P2.0 to P2.7 are quasi-bidirectional 1/0 ports. They also output the higher 8-bit
address when an external memory is accessed. They are pulled up internally when
used as input ports.

P3.0 ~P3.7

P3.0 to P3.7 are quasi-bidirectional 1/O ports. They are pulled up internally when
used as input ports. They also have the following secondary functions:
e P3.0 (RXD)
Serial data input/output in the |/O expansion mode and serial data input in the
UART mode when the serial port is used.
eP3.1 (TXD)
Synchronous clock output in the 1/0O expansion mode and serial data output in
the UART mode when the serial port is used.
oP3.2 (INTO)
Used as input pin for the external interrupt 0, and as count-up control pin for the
timer/counter 0.
oP3.3 (INT1)
Used as input pin for the external interrupt 1, and as count-up control pin for the
timer/counter 1,
eP3.4 (TO)
Used as external clock input pin for the timer/counter O.
eP3.5(T1)
Used as external clock input pin for the timer/counter 1 and power down mode
control input pin.
eP3.6 (WR)
Output of the write strobe signal when data is written into external data memory.
eP3.7 (RD)
Qutput of the read strobe signal when data is read from external data memory.

ALE

Address latch enable output for latching the lower 8-bit address during external
memory access. Two ALE pulses are activated per machine cycle except during
external data memory access at which time one ALE pulse is skipped.

PSEN

Program store enable output which enable the external memory output to the bus
during external program memory access. Two PSEN pulses are activated per
machine cycle except during external data memory access at which two PSEN
pulses are skipped.

When EA is held at “"H" level, the MSM83C154 executes instructions from
internal program memory at address 0000H to 3FFFH, and executes instructions
from external program memory above address 3FFFH,

When EA is held at “’L" level, the MSM80C154/MSM83C154 executes instructions
from external program memory for all addresses.

RESET

If this pin remains “H’’ for at least 1 u second, the MSM80C154/MSM83C154 is
reset. Since this pin is pulled down internally, a power-on reset is achieved by
simply connecting a capacitor between Vcc and this pin.

XTAL1

Oscillator inverter input pin. External clock is input through XTAL1 pin.

XTAL2

Oscillator inverter output pin.

Vee

Power supply pin during both normal operation and standby operations.

Vss

GND pin.
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® MSM80C154/83C154 o

DATA MEMORY AND SPECIAL FUNCTION REGISTER
LAYOUT DIAGRAM

OFFH ) oFgH [ 10cON
OFOH B
OEQH ACC
0DOH PSW
OCDH TH2
0CCH TL2
OCBH| RCAP2H
oCAH| RcAP2L
ocsH| T2coN
0B8H P
0BOH P3
0ABH IE
0AOH P2
99H SBUF
98H SCON
90H P1
Z 8DH TH1
< 8CH THO
o 8BH TLY
e 8AH TLO
89H TMOD
88H TCON
87H PCON
83H DPH
82H DPL
81H Sp
80H 80H PO
7FH
/
30H [
2FH |7F BIT 78
ADDRESSABLE
20H |7 RAM 0 |« DIRECT BIT ADDRESSING
1FH |R7
BANK 3
18H | RO
17H |R7
BANK 2
10H 1RO « REGISTE<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>