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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 co%s(;_y'rp. FEATURES NAME ROM - RAM CYCLE FEATURES
MSM6404 | 4000x8 | 2s6x4 952ns | vo: 36
MSMS052 [ 1280 x 14 62x4a 3 MA | 52Seg. LCD Driver
MSM6408 | 8096x8 | 256x4 | 1000ns | vO: 36
MsSM5054 | 1024 x 14 62x4 3 1A | 88 Seg. LCD Driver
MSM6411 1024x8 32x4 952ns | v0: 11
MSMS0S5 | 1792 x 14 9% x4 3PA | 120 Seg. LCD Driver
Msm6422 | 2048x8 64x4 952ns | v0: 19
MSMS056 1792x 14 90x4 3 pA | 76 Seg. LCD Driver
MSM6434/
MSM6051 | 2560x 14 |  120x4 3PA | 189 Seg. LCD Driver 54p34 4000x8 | 256x4 | 95205 | AD Converter
MSM6352 | 2048x 14 | 6404 0.4mA | DTMF Generator MSM6442 | 2048x8| 128xa 9525 | 92 Seg. LCD Driver
MSM6351 | 4096x 15 | 1024 x4 3HA [ 232 Seg. LCD Oriver MSCEas8 8192x8 | s12x4 93005 [ 144 Seg. FLT Driver
Serial Port MSM6502/
MSM6353 | 4096x15 | 1024x4 3 1A | (Synchronised/ 2000x8 | 128x4 [ 915115 | 108 Seg. LCD Driver
Asynchronised) 6512

— » =
-

IC CARD

4 BIT

OLMS-62K SERIES

PRODUCT MACHINE
NAME ROM RAM cvaLe FEATURES
Built-in E2PROM
MsM62780 | 6144x8 | 192x8 |  soons
"™ | 8198 x8 for ic cara
—
MsM62720 | 3072x8 | 128x8 |  sopns | BUiltin E2PROM
2048 x 8 for IC Card
MSM62408
15360x8 | 352x8 |  930ns | 384 Seq. FLT Oriver
1626408 * ses

8BIT

—

OKI SINGLE CHIP



e LINE-UP AND TYPICAL CHARACTERISTICE

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 $12x8 200 n$
MSMBOC39149 2048x8 128x8 136 ps MSME7P620 |63EBP4R°:AS 512x8 200 S
x
MSCB0CA0150 4096 x 8 256 x 8 25 s
MSMBOCS 1F-1 4096 x 8 128x8 750 n$ 8 B lT
MSMBOCS1F 4096 x 8 128x8 1ps
MSMBOC31F-1 - 128x8 750 n$ OLMS-66K SERIES
MSMBOC31F - 128x8 1ps PRODUCT MACHINE
NAME ROM RAM CYCLE
MSMB3C154-1 188384 x 8 256 x8 750 nS
MSM66301 16384 x 8 512x8 400 nS
MSMB3C154 16384 x 8 256x 8 148 - -
MSME6201 16384 x 8 512x8 400 ns
MSMBOC154-1 - 2568 750 n$
MSM66P201 EPROM 512x8 400 s
MSMB0C154 - 256x8 1ps 16384 x 8
MSME6207 32768 x 8 1024 %8 400 S
8 B IT EPROM
MSM66P207 32768 x 8 1024x8 400 n$
OLMS-65K SERIES
PRODUCT MACHINE
NAME ROM RAM CYCLE
MSM65511* 4096 x 8 128x8 400 nS
MSME5512* 8197 x8 256x8 400 n$
EPROM
MSME5P512* 19 %8 256x8 400 nS
MSME5513 81928 256x8 400 nS
EPROM
MSME5PS13 B192x8 256x8 400 n$
MSM65524 16384 8 384x8 400 nS
EPROM
MSME5P524 16384 x 8 3848 400 s
_J *: Under Development

MICROCOMPUTER
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CODE ENTRY =

CODE ENTRY

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

11



® CODE ENTRY o
2. SINGLE CHIP MICROCONTROLLER DEVELOPMENT STAGES

® Program with OKI development tool.

if 800 TOOL

® Prepare 2 pcs of EPROM and programming list

EPROM Printout

00000000

o
°
°
°
°
o
°
o

® Print out identical EPROM data.

OKl 4 ' ® Engineering Sample
Actual production sample of your microcontrolier
chip prepared for final approval.

APPROVED

(LB

:: av:

QKI5 ® Volume production of single chip microcontrollers.

“START
PRODUCT/SYSTEM
MANUFACTURE

=




Program Development System

M Low Power Series

© PROGRAM DEVELOPMENT SYSTEMS @

Object Chip System Name Standard Software
MSM5052 EASES5052/56
MSM5056
MSM5054 EASES5054/55 EASE
MSM5055 ASMSO0 cross
MSM6051 EASE6051 assembler
MSM6351 EASE6351/53 host monitor
MSM6353
MSM6352 EASE6352

Note: Standard software adaptable to following operating systems.

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

M OLMS-64 Series

Various personal computer models
OKIif800, NEC9801 and equivalents
IBM PC-XT, AT and 5550

. . System Adaptor Field‘ .
Object Chip Name Module Standard Software Dubugging | Piggyback
Tool
MSM6408 —_ —_
MSM6404A — —_ MSM6404VS
MSM6422 EASE6400 | PAM6422 EASE ASM6400 PEM6422
MSM6411B PAM6411 PEM6411 _
MSM6434 PAM6434 host PEM6434
MSM6442 PAM6442 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
MSM65028 EASE6502 EASE65 MPB6502EVA
MSM6512 ASM6502

Note:

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

13



© PROGRAM DEVELOPMENT SYSTEMS e

B Intel Compatible 8-Bit Series

Object Chip System Name Standard Software SO(:}:'\I?:: Piggyback
MSM80C48 EASE49 host monitor
MSMB80C49 EASE80C49 ASM49 assembler —_ -
MSM80C50
MSMB80C51 EASE80C51mkill EASE host monitor See note 1 MSM85C154Vs
MSM83C154 ASM51 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:
® ASM49:
® EASE, ASM51:

CP/M-80, MS-DOS
CP/M-80, MS-COS
CP/M-80 for Oki if800, NEC PC8801, etc.
Ms-DOSs 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 OMFICE62408 AS62400, EASE —
MSM62720 EASE62780 AS62780, EASE —
MSM62780

MSM65524/65511/

OMFICE + EVM65524 * RAS65K, RL65K,

65512/65513 LIB65K, SID65K *

MSM66301 EASE66301 RAS66K, RLE6K, CC66K *
M5M66201/66207 EASE66201 * LIB66K, SID66K SDB66K *
MSM67620 OMFICE + EVM67620 * | RAS67K, RL67K, CCB7K *

LIB67K, SID67K *

14
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PACKAGING

PIGGY

RS sS \] GS-K | GS-1K | GS-VK | GS-VIK Js
MSM5052 S6(s) o) = S
80 o
56(s) ©
MSM5054 =0 o) o)
MSM5055 80 &) O
MSM5056 - O
MSM6051 - [e)
MSM6351 100 @] ¢}
28 )
40 o)
MSM6352 e 5
a4 &) [¢)
42 O
MSM6353 m 10 [e)
42 O
MSM6404 a 0 5 S 5
MSM6404VS 42 O
42 O
MSM6408 ” @) o) 1)
16 [¢)
MSM6411 " e} 5
MSM6422 24 [®) ¢} [e)
MSM6442 80 ¢} )
30 @)
MSM6434 40 ®]
44 [¢}
MSM64P34 30 O
MSC6458 64 &)
MSC6458VS 64 O
MSM6502 56(s) [¢) [¢)
MSM6E512 56(s) O [¢)
MSC62408B 80 O
MSC62G408B 80 [¢)
MSM62720 - o)
MSM62780 - @)
MSM65511 ha °
i a4 7.B.D. [¢)
40 [®)
MSM65512 a4 T.B.D. O
64 T.B.D.
40 O
MSM65P512 44 [¢)
64 T.8.D.
64 @) T.8.D.
MSM65513 8 T I o)
MSM65P513 & ° 1.80.
68 l ] o

17
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@ PACKAGING o

PIGGY QFJ
P
Product N;Enof Fg:‘EM oIP | sowp | S SOP/QFP e
RS ss VS | G6S-K | GS-1K [ GS-VK [GS-vIK| s
MSM65524 64 ° T8D.
68 [ | | o
MSM65P524 64 °© TBD.
68 I9)
40 o
MSMB80C35
44 o] O
40 o
MSM80C48
a4 O o]
40 @]
MSM80C39
4 (@) (e}
40 O
MSMB80C49
44 e} O
40 e}
MSMB80C40
44 e} (@]
40 [6)
MSM80C50
44 e} O
MSMB80C31F 40 o
a4 [¢) [9) &)
40 [6)
MSM80C51F
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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, couid 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
priefy 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-
jowing 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 pianning 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 doit: B
(1) After completion of circuit design (or patter
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 empioy 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.

(38) 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
tacilities 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 B tests:check of durability under
thermal and mechanical envi-
ronmental stresses, and
operating life characteristics

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

Note: Like the reliability tests, the group B tests

coniorm to the following standards.
MIL-STD-883B, JIS C 7022, EIAJ-IC-121.
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Figure 1 Quality Assurance System
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Figure 2 Manufacturing Process

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

Figure 2 shows the manufacturing flow of the
completed device.

5) At Oki, all devices are subjected to thorough
quality checks. If, by chance, a failure does
occur after delivery to the customer, defective
devices are processed and the problem rectified
immediately to minimize the inconvenience to
the customer in accordance with the following
flowchart.

Failure
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—_— Department
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report
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Report of
investigation
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| results of
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Figure 3 Failure report process
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3. EXAMPLE OF RELIABILITY TEST
RESULTS

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

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

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

By repeating these accelerated reliability tests,
device quality is checked and defects analyzed.
The resulting information is extremely useful in
improving the manufacturing processes. Some
of the more common defects in LS| elements and
their analysis are described on next page.
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MICROCONTROLLER LIFE TEST RESULTS

Part name MSMB0C31/51- MSMB80C35/39/48/49- MSM83C154-
XXRS XXRS XXRS
Function 8 BIT ONE CHIP 8 BIT ONE CHIP 8 BIT ONE CHIP__| Referred
MICROCONTROLLER|MICROCONTROLLER|MICROCONTROLLER| standard
Test Test Sample| Test |Failures|Sample| Test |Failures{Sample| Test Failures
item condition size |hours size |hours size |hours
(pcs) (pcs) (pcs)
Operating Ta=125°C 88 ({2000 O 88 |2000] O 88 (2000 O MIL-
life test Vce =86V H) (H) H) STD-883C
METHOD
1005
Temperature Ta=85°C 100 {2000 O 100 |2000| O 100 {2000/ O
humidity test RH =85% (H) (H) (H)
Vee=6' -
Temperature |- 55°C=RT=150°C| 100 | 500 0 100 | 300( O 100 | 500 O MIL-STD-
cycling test | (30 min) 1 (30 min) (cy) (cy) (cy) 883C
(5 min) METHOD
: 1010
Pressure Ta=121°C 50 | 200 O 50 200 O 50 | 200 O
cooker test RH = 100% H) H H)
2 atm
Part name MSMB404-XXJS MSMB0C31JS
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 (2000 O MIL-
life test Vee =6V (H) (H) STD-883C]
. METHOD
1005
Temperature Ta=85°C 100 {2000 0 100 {2000 0
humidity test RH =85% (H) (H)
Vce =6V
Temperature [—-55°C=RT=150°C| 100 500 0 100 500 0 MiL-
cycling test |(30 min) t (30 min) (cy) (cy) STD-883C]|
(5 min) MEJTHOD
1010
Pressure Ta=121°C 50 | 200f O 50 200 O
cooker test R!; =100% (H) (H)
atm
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MICROCONTROLLER ENVIRONMENTAL TEST RESULTS

36

MSMB0C31/51- MSMB0C35/39/48/49- MSMB83C154-
Part name XXRS XXRS XXAS
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 ° 2 o 2 ° MIL.
Heat Test 10 SEC STD-883C
METHOD
2 2003
¥
Temperature | —55°C=RT=150°C 22 (] 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)  (Smin) STD-883C
Test 10 cycles METHOD
1011
Lead Tensile 500g 10 SEC MiL-
Integrity 1 [} 1 [} 1 [} STD883C
Bending] 250¢ 90° BEND METHOD
3 TIMES 2004
Solderability 230°C 5 SEC 22 [} 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)
i '
= Soldering Va‘po: Phase Reflow
E Heat Test (21522 g,:o;“:’vo.-mn
€
c
£ \z 22 0 2 0 -
E Temperature —55°C=RT=150°C MiL-
- ling T (30min) (5min) (30mi
5 | Cyeling Test ¢ 2)0( l)( in) METHOD
£ cycles
] 3 1010
£ v
= Thermal 100°C=0°c MiL-
Shock (5min)  (Smin) STD-883C
Test 10 cycles METHOD
1011
E‘ Solderability Bake {125°C, 24hrs) 22 o 2 0
’: Immerse into Flux
2 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

. 1 Initial SHIPPING Wear-out
° failure Y Random | failure
© | failure i
o \ | ;
® i i om>1
1 i |
2 \ [ /
g ‘ General /
. electronic I
N devices [
P
m=1 _-7 I
| .
S R - Time
Debugging by burn-in  Semiconductor
screening elements

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 o

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
# IR Input section
Aluminum Z //ZI_IJI/Z

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
peen 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 LSlIs 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

v Y

Silicon oxide
film

Substrate silicon

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

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

Drain
+Vp
+Vg I '
1
Gate St')u rce Hot electrons

= +Vp
-~ .
Silicon oxide © © Drain
7 i

Substrate silicon

Source

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 semicdnductor
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 programmabie ROM, 248 bits of data RAM, crystal oscillator, voltage doubler, timer,
LCD driver, input port, output port and CR oscillator for temperature detection.

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

FEATURES
© Low Power Consumption 3 uA Typical ® 42 Instructions
@ 1280 X 14 Internal ROM e 1.5V Operating Voltage
@ 62 X 4 Internal RAM e 32.768 kHz Crystal Oscillator
® 4 X 2InputPort ® 122.1 us Instruction Cycle
® 5 Qutput Port ® —20to 75°C Operating Temperature
e 4 X 4 Key Matrix Input (K1~K4, M1~M4) ® 61 paddie
e 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)
80 pin plastic QFP (QFP80-P-1420-K
FUNCTIONAL BLOCK DIAGRAM pin plastic QFP { )

e

)
DIN;  DATA RAM
DOUTo 62 word x 4 bit

DOUT
AG~A4 A3—~AO0

BUZZER
& ‘

SEGMENT
outt
DISPLAY ]
LD ceoma
DRIVER S&
I~ COM1
p—n- COM2
K= POm!
kA (K1—K4)

Sy INPUT
1] PORT
Sq (S1~S4)

A

D
oscs TIMING
0SC2 =——{ GENERATOR
05C 3 =

AR AR

N Vpp Vss, Vss, VCP VoM AC T T2 T3 TaTs
1 2
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LOGIC SYMBOL CHIP PAD LAYOUT
SECMENTOUT
—={0SC1 SEGMENT N SEG28 SEG1
OSCILLATION [: gggi ouT1 COM2 COoM 1
—1S1 g osca
:gé:ligi::)RT [: 2:2! LCDDRIVER 0sc2
—=184 SEGMENT osc1
——t K1 ouT26—
INPUT PORT | —=i{K2 COM1 e |
{K1~K4) [——- K3 Ccom2f— a3
T THE—= OsCILLATION Voo n
- — i AC
OUTPUT PORT | —{M2 Ap—
wrew (S RS s | e -
OUTPUTPORT = LD DETECTION
RESET —=4AC BD[—— BUZZEROUTPUT ™
~—{VOD
- VSS1 T1 e VCM B4 80
POWER SOURCE | T VSS2 B irest st voD
—vem lg — J 2 _ |vssz
s3 VSS1
S4 ! R T
M1 M2M3  M4LD [K1 K2K3 K4 fc N R TH
CHIP SIZE 4.77 X 4.36 (mm)
PIN DESCRIPTION
Designation Function
Vbo 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 VM terminal through a 0.1 uF capacitor.
OSC1,0SscC3 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 Vss:.
After power is turned on, the MSM5052 must be reset by this terminal.
BD Buzzer output
TH,R,C,'IN Terminal to CR oscillation circuit for temperature detection,

fundamental resistor, thermistor, capacitor connection terminal.
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FUNCTIONAL DESCRIPTION

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

Program ROM

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

Data RAM

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

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

Column address is directly addressed by
operand of various instructions.

ALU

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

Program Counter (PC)

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

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

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

Input/Output Port

Input Port (S1 ~— S4)

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

Output Port (M1 ~ M4)

The output port (M1 — M4) is a 4 bit paraliel
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 cycle is 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.

N IN
c  msmsos2 ’_hﬂ C Cimear?
IR Ther et J A*—R  Ther
(R, TH series AL TH (R, TH paraliel)
TH TH
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Supply Voltage 1 VoD — Vss, Ta =25°C —-0.3to +2.0 \
Supply Voltage 2 Vpp - Vss. Ta =25°C —-0.3t0 +4.0 v
Input Voltage ViN; Ta =25°C Vss,—0.3to +0.3 v
Storage Temperature Tstg —-565t0125 °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,=—1.55V, Vss2=—3.0V, C; =30k, Ta = 25°C)
Limits
Parameter Symbol Condition Unit
Min. |Typ. |Max.
Power supply current 1 IDD, | Temperature sampling off — 3.0 nA
Power supply current 2 Ipp, | Temperature sampling on - (100 uA
Oscillation start Within 10 seconds 145 | — \"
voltage -Vosc | vgg, terminal
IOH: | VOH;=-0.2V -4 -
Out%%:'::rrenﬁ loM: | VOM,=Vss, =+ 0.2V 4/-4 | — nA
loL: | VoL,=-2.8v 4 -
Output current 2 IoH: | VOH.=-0.2V -04 | — A
SEGMENT oL, | VoL, =-2.8V 04 | -
Output current 3 'OH; | VOHs=-0.4V —400| - wA
C.R.TH IoLs | VoLs=—-1.15V 400 | -
Output current 4 IOH. | VOH(=-0.4V -100| -
A
M1~M. LD I0L. | VOL.=-1.15V 10 | - K
Output current 5 IOHs | VOHs =-0.4V —50 | - |-500
A
BD I0Ls | VOLs=—1.15V 4 | - .
Input current NHy | ViH =0V 1 |10 | 100
A
$1~84 K1~kKs4 WLy | ViL,=—155V - | = 2] *
Oscillator built-in
capacitor CD - 25 pF
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MEASURING CIRCUIT
VCP 532
ca | N vem—3
e 0SC3 g
517 osctf— Xl
LA TH (03}
TH VDD VSS1_VSS2
°3_|_ c1 : 20 pF
T T C2,C3 : 0.1 uF
C4  :3000pF
X-tal :32.768 kHz
RTH :10KQ
TYPICAL APPLICATION
LCD
TH COM2 SEGMENTS COMi
TH M HI } Alarm output
R M2 Lo
R IN M+ f——— Data
Rz I C1 ‘ } Serial data
e MSM5052 LD f——— Latch
v
BD
2 a:o =25pF) v , 5 m%
32768 KHz|0>C3 vss‘ H i
cal | Vep Db R1=33k0
T —{vem AC—5 o— Rz=20k0
VSS: K« S2_S1 Ss Kz Kz Ki *1 TH 408
40KQ 1 e 2t 25°C
B =3550+2%
= 31} Sl C1=680 pF
c4| ., 6 7 Ce=5~35pF
Ca=0.1puF
C/F Sz Si Ca=0.1puF
IIE 3 B *1. Inner switch or pad on PCB
*2. Bonding option
11 Thermometer|one-
2 Ther gmetem -
3| (e phete alarm
4| temperature alarm _|
5| Clock
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DESCRIPTION OF INSTRUCTIONS

Instruction Code

Mnemonic Operation
131211109 8 7 6 6§ 4 3 2 1 ¢
ADD ACC, AP ojo ooPlo10o0 A AP — (AP) + (ACC)
ADD #D, AP 1 o P D A AP —(AP) — D
ADC AP ofoooPlo1 01 A AP — Decimal adjust
{(AP) + (ACC) + (C)}
§ |SUBACC.AP [0 0f0o 0 1 PlO 1 00 A AP — (AP) — (ACC)
'g SUB #D, AP 0 1 1 D A AP —(AP) — D
& |sBcaP 00/001P[01 01 A AP — Decimal adjust
2 {(AP) - (acC) - (€))
Elcmpacc,ap Joo0joo 1 Pl1 11 0 A (AP) — (ACC)
ZlcMp#b AP Jo 1]o 1 T F ) A (AP) — D
INC AP 0 1{1 00FP|0OOO 1 A AP — (AP) + 1
DEC AP 01(1 01Plo o001 A A —(AP) — 1
XORACC,AP [0 0|0 0 0 PlO 1 1 1 A AP — (AP)-(ACC)
XOR #D, AP o111 1p D A AP — (AP} %D
BIT ACC, AP ooloooP(1 110 A (AP) V [ACC)
c |BIT #D, AP 0101 0P D A AP VD
% BIS ACC, AP 0o0f0o0O0FP[OT1 10 A AP — (AP) V (ACC)
S|ms#.AP |0 1]0 00 P o A AP —(AP) VD
& |BIC ACC, AP oo0foo1Plo1 10 A AP — (AP) A(ACC)
BIC #D, AP o1lo 01 p D A AP — (AP) AIB
= |ASRAP 0 0j00O0OFP0OO 1 1 A C©yo—ap 2
& [ASLAP 0 0/001FP|OO 11 A (C) — (AP) —0
cLz 00/0o000[1010/0000]z—0
5 |cLc 00/0000O0[1 0001|0000 Cc—0
ECLA 00/0000[1011|/0000]z—0c—0
& |sez 0 0{0010(1010[/0000] z—1
§sec 0 0{0010[1001/0000]C—1
SEA 0 0/0010[1 0110000 z—1.c—1
MOVACC,AP [1 1|1 1 0 PlO 0 0 O A AP — (ACC)
MOVACC,AX |1 1|1 1 0 o0 X A .| AX —(ACC)
-g MOV#D,AP [0 1|1 1 0 P D A AP —D
E MOVAP,ACC (1 1]1 1 1 PlOo 0 0 O A ACC — (AP)
% |[Movax.acc [1 1[1 1 1 0lo  x A ACC ~— (AX)
© Chg AP 111 00 P|l00OO A (ACC) — (AP)
CHG AX 11(1 00 0[O0 x A (ACC) — (AX)
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DESCRIPTION OF INSTRUCTIONS (CONT.)

. : Instruction Code
Mnemonic Operation
131211109 8 7 6 5 43210
JMP adrs 1 0|0 8,08, 85]8, 8, a5 84|a; 8, 8, 3,| PCadrs
JMP @AP 0 0/00O0FP[1 101 A | PC— (PC) + (AP) +1
JMPIO @AP o 0f(0o0 1 P[1 101 A PC < (PC) + [(AP)ATH] + +1
BEF - 0 0/01 10[0 10 ngn,n,n ng|PC(PC)+n+1,ifZ=1
BNE + .
ol BNz in 0 0{0 11 0|1 10n,nn n nlPC—(PCl+n+1,ifZ=0 ﬂ
3
3
e 0 0/0 1 10[{001nnn,n nlPCe(PClen+1,ifC=1
Bee mn 0001 1010 1n,]n,n,n n|PC(PCl+n+1,ifC=0
: PC—(PCl+n+1,ifZ2=0
BGT +n 000‘1 1 0(1 1 1 ngn;n, n,ng , andC=0
PC«— (PCh+n+1,ifZ=1
BLE +n 0 0/0 1 10[0 11 n,n,n,n,n,|PCFO wel
_| INPPort, AP |1 1/0 1 O P Port A AP « (Port)
=3
gg OUTAP,Port |1 1|0 1 1 P Port A Port «— (AP)
3
£6
OUT #D,Port |0 0|0 1 Q O Port D Port < D
% | DSPdigit, AP |0 0|1 0 O P digit A digit — (AP), (ACC)
Q
2 | DSPFdigit, AP |0 0|1 1 O P digit A digit «— (AP) via table
S| HALT 0 0{0100/00O0O0|0O0 O OfHaltCPU
:0-'
& §| nop 0 0/0 0 000 OO 0{0O 0 O O] NoOperation




OKI semiconductor

MSM5054

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

GENERAL DESCRIPTION

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

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

FEATURES
® Low Power Consumption 3 uA 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 QOutput Port ® 122.1us Instruction Cycle
® 4 X 4 Key Matrix Input (S1~Sq M1~M4) ® —201075°C Operating Temperature
® 44 |.CD Driver ® 74 paddie

(1/2 Duty, 1/2 Bias, 88 Segment) ® Package:

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

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

DiNg ]
OINy  pATA RAM

DOUTo 62 word x 4 bit

AB~A4 A3~AQ

SEGMENT
DISPLAY] ouT
LATCH §
and

SEGMENT
DRIVER OUT,q

| e t—ecom,
e com,

DOUT;3~ DOUT,

INSTRUC-
TION

A Ao
PROGAA| ! DECODER
couﬁfsn A, PROGRAM ROM
® 1024 word x 14 bit

TIMING
XT «—— GENERATOR

AR

VoD Vss, Vss, Vee Vep Vem AC Ty T; Ty Tq Tg 32Hz
1VSSy s
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LOGIC SYMBOL CHIP PAD LAYOUT

CcoMm:
OSCILLATION {—-‘ XT  SEGMENT| __y . NC
X7 ouTy VoD
13 XT
INPUT PORT [——’ 52 S S .
(s,~Ss) | T 133 LCD
178 | —1s,
SEGMENT] DRIVER
INPUT PORT (=% OUTag}—
Ky, Kg) l—=K, . Sz
— 1w, COM, |— 5
OUTPUTPORT [——my . COM: BUZZER VEE| ]
(M1~M4) ] ms BD—= QUTPUT Kl
—Ma :
RESET e LD}— LAMP OUTPUT K2
——d VDD
—vss, M
POWER | =——Vss, 32Hzp—e
SOURCE |=——{ Vg Ty f— M
“—]Ver Tap— M
—Vm 72— |TEST :
Taf— Me
Topb—
com

SEG?
SEGMENT OUTPUT

CHIP SIZE 4.68 X 4.23 (mm)

PIN DESCRIPTION

Designation Function
VpD 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 nF capacitor.
Vep. VoM Booster capacitor connection terminals
Vcp terminal is connected to VCM 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+ ~ Taand Ts are pulled down to Vgs,.
T is output. Test pins must be normally open.
AC Terminal to clear internal logic pulled down to Vgs,
After power is turned on, the MSM5054 must be reset by this terminal.
BD Buzzer output
LD Lamp output
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FUNCTIONAL DESCRIPTION

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

Program ROM

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

Data RAM

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

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

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

ALU

The ALU performs 4-bit paralie! 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
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 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.



—e MSM5054 ®

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Supply Voltage 1 VpDp - Vss, Ta =25°C -0.3t0+2.0 v
Supply Voltage 2 Vpp — Vss: Ta =25°C ~0.3t0+4.0 v
Supply Voltage 3 Vpp - VEE Ta = 25°C -0.3t0 +4.0 v
Input Voltage VIN; Ta =25°C Vgs, —0.3 to +0.3 \"
Storage Temperature Tstg -55t0125 °C
OPERATING CONDITIONS

Parameter Symbol Limits Unit
Operating Voltage VpD- VSSh 1.25t01.65 \
Operating Temperature Topr —20to 75 °C

DC CHARACTERISTICS '
(Vpp =0V, Vss, VEE = —1.55V, V§s; = —3.0V, C| = 30k 2, Ta = 25°C)
Limits
Parameter Symbol Condition Unit
Min. | Typ. | Max.
Power supply current IpD - 3.0 - nA
Osciliation start Within 5 seconds
voltage —VoscC | Vgg, terminal 1451 - - v
Outout IOH. VoH,=—0.2V -4 - -
utput current 1 :
oM IOM: | VOM.:=Vss, £ 0.2V a/-4| - | - |nA
oL VoL,=—2.8V 4 | - | -
Output current 2 IOH2 VOH. =—0.2V -04| - =l A
SEGMENT oL, | VOL.=-2.8V 04 | - | -
loH VOH,=-0.4V Vgsg,=-1.25V | =50 | — |-500
OulDBu[t)current 3 3 3 VEE'= —1.25V wA
10Ls VoLs = —0.8V Vss, = —2.4V 25| - |75
10H VOH.=-055V | Vgg,=—1.25V | —21 | — |-83
OutpLuEt’ current 4 b ‘ VEE L o4V pA
oL« VOL«=—1.15V VS§§, =—2.4V 1 - -
Output current 5 I0Hs | VOHs=-05V -100| - | - A
Mi~ M. IoLs | VOLs=—1.0V 15| - |75
Input current 1 H ViH, =0V 1 10 | 50 A
S1~ 8. e ViL,=-1.55V - e
Input current 2 IiH2 ViH, =0V 2.5 6 12 A
1 Ke L. ViL,=—1.55V - [—02|”
Oscillator built-in
capacitor ch - |20 - pF
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MEASURING CIRCUIT
Vep c
VeMp—T1
VEE X7
XT 35 xTAL
Vpp Vss, ‘ﬁ;“
Cy,C3,C3: 0.1uF
Cq : 30pF
XTAL  : 32.768kHz
TYPICAL APPLICATION
LCD
4 1
Lamp
Sy - COM; SEGMENTS COM,
——=0,0—s .
82 e 1 LD
YR
3
p———0 O-—— S3
| >4 MSM5054
—_ VSS;
| XT 15
X-tal =-E (CD=20pF) Voo
[} Yed T VeE
ll ch Vem AC Vss,
l_—"_J %l‘ =JL Cs -I- Cq
Cy : 5~ 35pF
C3.C3,C4 : 01uF
B : 1.5V
L 20mH
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DESCRIPTION OF INSTRUCTIONS

- MSM5054 ©

Instruction Code

Mnemonic Operation
431211109 8 7 6 54 3 2 1 0

ADDACC.AP |0 Ol0 0 O PlO 100 A AP — (AP) + (ACC)
ADD #D, AP 01|/t o00FP D A AP — (AP) + D
SUBACC.AP |0 0|0 0 1 P[0 1 00 A AP — (AP) — (ACC)

SlsuB#D.AP |0 11 01 P D A AP — (AP) — D

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

o [cmpacc,aP o 0j0 0 1 P11 10 A (AP) — (ACC)

S lcmMP#D,AP |0 1]{0 1 1 P D A (AP) - D

-g INC AP 0 1/1 0 0 P{O O O 1 A AP — (AP) +1
DEC AP 01/101P|{00O1 A A— (AP) — 1
XORACC.,AP |0 0|0 0 0 P|O 1 1 1 A AP — (AP) V*(ACC)
XOR#D,AP |0 1|1 1 1 P D A AP — (AP)VD
BIT ACC, AP 00|/00OP{1 110 A (AP) V (ACC)

g BIT #D, AP o1|01 0P D A (AP) VD"

5 [Bisacc,AP |0 ojo 00 PjO 110 A APV (ACC)

8 [BIs #D, AP 0 1/0 0 0P D A (AP) VD

Z [Bicacc.AP |0 ol0o 0 1 P{O 1 10 A AP A (ACC)
BIC #D, AP 0 1/0 01P D A APAD

= |ASRAP 0 0jo0O0P|OO1T1 A L) o— (ap)-

# [ASLAP 0o0looO1PlOO 11 A (C) — (AP) —0
cLz 0o0loOOCO|10O10|000O0|Z—0

§ [CLC 0olooooO|1001/000O0|C—0

S lcLa 0o0looooO|1011/0000|Z=0C—0

gsez 0o0loo10/1010{000O0|Z—1

 [sec 0o0loo10/1001]/000O0|C—1
SEA 0oloo1o0l/1011|/0000|Z—1C—1
MOVACC,AP |1 1}1 1 0 P|0O 0 0 O A AP — (ACC)

-,-f MOVACC,AX |1 1|1 1 0 0f0 X A AX — (ACC)

E MOV #D,AP [0 111 1 O P D A AP —D

& [MOvAP,ACC |1 1|1 1 1 PlOOOO A ACC — (AP)

© Movax,acc |1 11 1 10 A ACC — (AX)
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DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code

Mnemonic Operation
131211109 8 7 6 5 4 3 2 1 0
JMP Adrs 10 0 a4 agla, a4 a5 a, a, a, a, a5| PC —Adrs
JMP @AP 0 0P|1 101 A PC — (PC) + (AP) + 1
JMPIO @AP 0 01P[1 101 A PC — (PC) + {(AP)ATH ) +1
§ Boe i 0001 10[0 1 0 nnn,n,n,| PC—(PC)+n+1,ifz=1
BNg 00[0 1101 1 0n,n,n,n, ny| PC—(PC)+n+1,if =0
BCS +n 0 0j0110/0 0 On,ln, N, Ny ng| PC—(PC)+n+1,if C=1
BCC +n 0 0J0 11010 0n,n,n,n, Ny | PC — (PC)+n+1,if C=0
SWITCH AP 1101 0P|0O0O 1 A AP — INPUT PORT (S1 ~ S4)
KSWITCHAP 11 1/0 1 0 P|lO 0 1 O A AP —INPUT PORT (K1 ~ K2)
MATRIX AP 1101 1Pjoo1o0 A OUTPUT PORT (M1 ~ M)

3 —(AP)

3 |MATRIX Mn 0 0]0 1 00/0 0 1 0MiMaMzM:| OUTPUT PORT (M1—M2)

3 ~—Mn(n=1,2,3,4)

& |BUZZERTrea, |0 0]0 1 0 0|1 1 0 0Ojbs bz by bo| Freq «— freq, Mreg — sound

~ |sound Buzzer start
BSO 00010011000000 Buzzer stop
LAMP ON/OFF |0 0|0 1 0 0{0 0 O 1|0 O b bo| LD ON/OFF
DSPdigit, AP |0 0|1 0 0 P| digit A Digit — (AP), (ACC)

& |FORMATAP |1 1o 1 1 Plo 0 1 1 A FMT reg. — (AP)

g FORMAT N 00fo1 000011 N FMT reg. — N
DSPFdigit,t AP [0 0|1 1 0 P| digit A Digit — (AP) via table
HALT 00|01 00(00O0O[COO 0]Hat
e R8s sfa ot als 0 s craowmer

(2]

e R R

g INTMQODE AP 11101 0P[O 10O A AP — Interrupt mode

£ [Pace A0 1 1/0110{0 101 A Preg — (A0)

S |[PAGEN 00(0100[0101 N Preg —N

§ RATE AP 11001 0P|1 001 A AP — DIVIDER (8 Hz—1 Hz)
RSTRATE 0 0j/0 1001 000100 O]DIVIDER (8 Hz—1 Hz) —0
BACKUP 0 0]0 10000 0 1|bab2 0 0] Backup ON/OFF
ON/OFF
NOP 0 0/0 0 00|00 OO[0OO O O Nooperation
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OKI semiconductor

MSM5055

CMOS 4 BIT SINGLE CHIP VERY LOW POWER MICROCONTROLLER WITH

LCD DRIVER

GENERAL DESCRIPTION

The OKI MSM5055 is a low-power, high
complementary metal oxide semi

conductor technology. Integrate:

-performance single-chip microcontroller employing
d onto a single chip are 4 bits of

ALU, 25K bits of mask programmable ROM, 384 bits of data RAM, crystal oscillator, voltage doubiler,

timer, LCD driver, input port, outpu
The MSM5055 is widely used

multi-functioned watches, voice synthesizer watches and games.

FEATURES

4 x 2 Input Port
4 X 1 Output Port

60 LCD Driver

Low Power Consumption 3 pA Typical
1792 X 14 Internal ROM
96 X 4 Internal RAM

4 X 4 Key Matrix Input (K1~K4, M1~M4)

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

FUNCTIONAL BLOCK DIAGRAM

42 Instructions

t port and interface circuit for voice LSI (MSM6212).
in electronic products requiring low power operation, for example,

1.5V or 3 V Operating Voltage

(Masking Option)

32.768 kHz Crystal Oscillator

122.1 uS Instruction Cycle

—20 to 75°C Operating Temperature

94 pad die
Package:

80 pin plastic QFP (QFP80-P-1420-K)

BUZZER

L DRIVER

DINO

D|NA DATA RAM

96 word x 4 bit

i
AC

A3~AQ
e A |[REGISTE
SEGMENT
¥ ouTRuT — —— ouT1
M M1~ < >mspuv3 §
4:35" SEGMENT
outeo
K1 o feur DRIVER | . com
\ CpoRT -
Ke |01 —xal s — | com2
s ::>'NPUT DOUT13~DOUTO
| INSTRUCH
S o sa MPX " IfioN
"33 PROGRAM| a1o PROGRAM ROM CODE!
FEGISTER COUNTER 1792 word X 14 bit
xtout
AC2 —— TIMING
XT —o] GENERATOR VS‘Sl , VEE |V?M
b R pit !

|
TIT2T3 T4 TS
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com,
voo
osciLLATION (|3 SEGMENT| x
—=151 B Xt
INPUT PORT | —=1S2 g (
(s1~s4) - |83 ) | ccoomver xToUT
——Ky  seGMenT AC:
——{K2 _‘ S
[ Al e b coMi| -
ks come[—Z VveE
—M 8D|— BUZZEROUTPUT K
e ['——— s Loj— tueounuy x
~— M4 —— Ke
TOUT
nZ?Q? h— k‘c) o~ §lé'stsw
——a{ VOD M
—~{vsst T
POWER SOURCE [— ves2 72 :J TEST b
—VCP Taf— M3
—=— VCM T5 M
Lo
COM:2
SEG1
SEGMENT OUTPUT
CHIP SIZE 5.49 X 4.71 (mm)
PIN DESCRIPTION
Designation Function
VbD Circuit ground potential
V Power source (—1.5V)
1
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 VDD terminal through a 0.1 uF capacitor.

Vcr. VeMm Booster capacitor connection terminals
Vcp terminal is connected to VCM terminal through a 0.1 &F capacitor.

Input and output terminals of oscillator inverter,

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

Tt ~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 M1 to M

AC2 Reset terminal for external circuit

XT OouT Clock output for external circuit
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FUNCTIONAL DESCRIPTION

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

Program ROM

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

Data RAM

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

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

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

ALU

The ALU performs 4-bit paraliel 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.

Input/Output Port

Input Port (S1 ~S4)

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

Output Port (M1 — M4)

The output port (M1 ~ M4) is a 4-bit paraliel
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 32and 1 Hz.
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RATINGS

ABSOLUTE MAXIMUM
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 v
Supply Voltage 3 Vpp - VEE Ta=25°C —0.3t0 +4.0 v
Input Voltage VIN, Ta=25°C Vss,—0.3to +0.3 v
Storage Temperature Tstg —55t0125 °C
OPERATING CONDITIONS
Parameter Symbol Limits Unit
Operating Voltage Vpp— Vss, 1.25t0 1.65 \%
Operating Temperature Topr —-20to 75 °C
DC CHARACTERISTICS
(VDD =0V, Vgg,, VEE =—1.55V, Vgg, = -3.0V, C|=30kQ, Ta=25°C)
Limits
Parameter Symbol Conditions Unit
Min. | Typ. |Max.
Power supply current Ipp - |80 ]| - | uA
Oscillation start —Vosc| Within 5 seconds 145 | - - v
voltage Vss, terminal
I0H, VoH, =-0.2Vv -4 - -
Output current 1 IoM: | VoM, =Vss, + 0.2V a-4| = | — | A
loL, VoL, =-2.8V 4 - -
Output current 2 lOH. | VOH:=-0.2v 04 - - uA
SEGMENT oL | VoL, =-2.8V 04 | - [ -
Output current 3 lOHs | VOHs =-0.5V 0] - - A
AC2 LOAD, XTOUT IoLs | VoLa=—1.05v 01 - | =
Output current 4 [ loHs | VOHs=-0.5V —-100| - | - A
M1~M4 IoLs | VOL.=—1.0V 15 | - [127
Output current 5 IOHs VOHs =-0.55Vv Vss,=-1.25V |-216| - |-83
LD VEg =-2.4V uA
loLs VoLs=-1.15V Vss, =-2.4V 1 - -
Output current 5 IOHe VOHs =—0.4V Vss, =VEE -50 | - -
BD =-1.25V HA
I0Hse VOLe =—0.8V Vsg,=—-2.4V - 5 -
Input current 1 IiH, ViH: =0V 1 10 | 50 A
S1~84 ey | viL,=-1585v - | - |-02
Input current 2 IH ViH, =0V 25| 6 | 12 A
Ki~Ks e | ViL,=-155v i
Oscillator built-in
capacitor CcD - |20 | - pF
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MEASURING CIRCUIT

—» MSM5055 ¢

Ver 'LCS
VeMp—T
VEE XT
’ XT % XTAL
Vpp Vss; Cs I

T égc%' c,% T

C1.C2.C3:0.1 pF

C4 :30pF
X-tal :132.768 kHz
TYPICAL APPLICATION
LCcD

Sy L COM; SEGMENTS COM,
‘ 00 S
,_._S_'*'_EL' ! LD
o—18S, .
S3 -

- Vss, 1
— B
X-tal &5 (CD=20pF) VpD

Ay
< *Tyep Vem  AC Vs, VEE

T

P T T

34°+G S3 8D } J ‘
4
p—260——54 MSM5055 ’:‘ |

Cl H
C2,C3.Ca :

5 ~ 35pF
0.1uF
1.

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 PO 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 PlO 1 0 O A AP — (AP) — (ACC)

S[suB#D, AP |0 1)1 0 1 P D A AP — (AP) - D

3 [ADJUSTN.AP |1 1]0 0 0 P| N+ A AP —N adjust {(AP)]

o |cMPacc,ap [0 0l0 0 1 P4 10 A (AP) — (ACC)

S lcMP#DAP [0 1l0 1 1P| D A (AP) - D

£ [INcAP 0 1|1 00 P[00 0 1 A AP —(AP) + 1

< IbEc AP 01(101P[0o0 O 1 A A—(AP) — 1
XORACC,AP {0 0/0 0 0 P|lO 1 1 1 A AP — (AP) v (ACC)
XOR#D,AP [0 1]1 1 1 P D A AP —(AP) v D
BITACCLAP [0 0{0 0 0 P[1 1 1 0O A (AP) V (ACC)

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

S [BISACC,AP [0 0][0 00 FP|O 110 A APV (ACC)

S [BIs #D, AP 01loooP D A (AP) VD

@ [BICACC,AP |0 0J0 0 1 Plo 1 1 o A AP A (ACC)
BIC #D, AP 01j00 1P D A AP AD

= |ASRAP 00[00O0P[OO 1 1 A o) o—apd

% [ASLAP o0o0loo1P|loo 11 A (€) —(AP) —0
cLz 00/0000|/1010[000GO0]z—0

§ |cLe 0000001 001]/0000]C—0

g [Cla 0 0/000O0(1011/0000|Z—0C—0

§sez 00(0010[1010[0000|z—1

& |SEC 00(0010/1001/000O0]|Ce—1
SEA 0 0/0010(1011/0000|Z—1.C—1
MOVACC,AP |1 11 1 0 P|lO O 0 O A AP —(ACC)

8 [Movacc AX |1 1|1 10 0lo0  x A AX — (ACC)

S[mov#nAP o 1|1 1 0P| D A AP —D

% [MOvAP,ACC [1 1]1 1 1 PO 0 0 0O A ACC — (AP)

O Movaxacc |1 1|1 1 1 0lo  x A ACC — (AX)
JMP adrs 1 0|0 a, a, aga; ag a5 a,|a, a, a, 35| PC—adrs

o |IMP @AP ooloooP|11 01 A PC — (PC) + (AP) + 1

_;E; JMPIO@AP [0 00 0 1 P|1 1 0 1 A PC —(PC) + {(AP) A 7H | +1
B 0001 10[0 1 0n,fngn,n, ng| PC—(PC)n+1,if 2=1
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DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code

Mnemonic Operation
131211109 8 7 6 5 4 3 2 1 0
g g:g :: o0 o0lo1 1 0|1 1 0 n.n;n,n, ny| PC—(PC)+n+1,ifZ=0
3|BCS +n 0 0l0 1 1 0/0 0 0 n,nyn,n, ny| PC—(PC)+n+1,ifC=1
BCC +n 0 0lo 1 1 0|1 00 ngngn,n,ny| PC—(PC)+n+1,itC=0
SWITCH AP 1 1/0 1 OP|O OO 1 A AP — INPUT PORT (S1 ~ S4)
KSWITCH AP 1 10 1 O P|O O 1 A AP — INPUT PORT (K1 ~ K4)
MATRIX AP 1 1/01 1 P|O O 1 A OUTPUT PORT (M1 ~ M4)
- —(AP)
.g.- MATRIX Mn 0 0l0 1 00|00 1 OMaMaM2M1| OUTPUT PORT (M1~M4)
3 —Mn (n=1,2,3,4)
% XTCPON/OFF |0 0|0 1 0 0|1 O 0 0|0 O bibo XTOUT ON/OFF
= |FREQN 0o0lo1o00[1101 N Freq —N
BUZZERsound |0 0|0 1 0 O|1 1 O Ojbsbz 1 O Mreg —— sound, Buzzer start
BSO 0 0|0 1 001_1‘000000 Buzzer stop
LAMPON/OFF |0 0{0 1 0 0/0 0 0 1|0 O b1 bo LD ON/OFF
DSP digit, AP 00|t OO0FP 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 1 1/]0 1 1 P|{O O 1 1 A FMT reg. — (AP)
§. FORMAT N 00|01 00|00 11 N FMT reg. —N
O |pSPFdigit, AP |0 Of1 1 O P digit A Digit (Low part) — (AP)
via table
DSPFH digit, AP{ O 01 1 1 P digit A Digit (High part) — (AP)
via table
HALT 0 0/0 1 0O0(00O0O|0O0 0O Of Halt
e o DR ERR CC) Bt
gg}?gAB g olo 1t oofto0o11/0100O Disable timer
. olo 1 0 0f010O0O|0O0O01
‘_‘.!_._’ INTMODE AP 1 110 1t 0 P/[O1 OO A AP «— Interrupt mode
O |PAGE A0 1 1]/o1 1 0f0101 A Preg — (AO)
S |PAGEN 0 0/0100{0101 N Preg —N
S [ADRs AP 1 1/l01 1 PlO110 A Areg — (AP)
E ADRS N 0o 0j0 1 00{0O1 10 N Areg —N
© RATE AP 1 1]0 1 0 P|1 O O 1 A AP — DIVIDER (8 Hz~—1 Hz)
RSTRATE o o0lo100|1 0O0O|1T OO0 0| DVIDER (8 Hz~1 Hz) —0
BACKUP 0 0|0 1 0 0|0 OO 1{bsb20 0| Backup ON/OFF
ON/OFF
NOP 0 0|0 00 0|0 O O O[O0 O O O| Nooperation




OKI semiconductor

MSM5056

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

GENERAL DESCRIPTION

The OKI MSMS5056 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, voitage 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 nA 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 Qutput Port ® 122.1 us Instruction Cycle
® 4 X 4 Key Matrix Input (K1~Ks, M1~M.) ® —20to 75°C Operating Temperature
® 38 LCD Driver ® 68 pad die
(1/2 Duty, 1/2 Bias, 88 Segment)

FUNCTIONAL BLOCK DIAGRAM

MPxJacc DiNo

DiNs
8D BUZZER DATA RAM
DRIVER DO)UTo 90word x 4bit

v DouT:
AB~A4 A3~AQ

MPX

c ALU REGISTE SEGMENT
2 ouT,
2 | DISPLAY !
LATCH :) T
MPX “—> and 0UTys
X DRIVER . com,

e COM.
N |- | — N :
fl ggp:{r y ) — DDU‘? ~ DOUT,
Ko TliKi—Ka A" °

INSTRUC-

o TION
MPX PROGRAMI ! PROGRAM ROM | |pecooen|
FMT COUNTER 101792 word x 14 bit
REGISTER

TIMING

e i AERERTE AN

vss
vo?/ss. Vee Sover N ACTI Ty T3 Ta Ts

0SCy ——o
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SEGMENT OUTPUT
sc, secasf | sEG17
1 SEGMENT| oMz SEar:
T e
OSCILLATION [._. 8‘22; e oou:
S 1S 0sC2 .
—iKy Lco 0sC: ™
INPUTPORT | —]K2  SEGMENT| DRIVER .
Ky~ Ka) | —%3 OUT3s VoD
‘ oM AC L Lo
—m ? vep
M vem|
OUTF(L»Z to':"r) [’— M3 80— BUZZER OUTPU1 Ts I o
Ma Lpoj— LAMP OUTPUT T
RESET —AC Te vsc
Voo
—1Vss, Ty p—
~—{Vss. Top— VDD
POWER [ | VEE’ 73— | TEST v
SOURCE | —dly T2 — )
3 VSS:
—vep Tsp—
vem VIN

ADJUSTMENT for—= v iy
SOLAR CELL CRAMP

SEG1 SEG16

sl

VOLTAGE

SEGBM: Mz Ms M« KiKz Ka KaSEG

CHIP SIZE 5.42 x 4.13(mm)

PIN DESCRIPTION

Designation Function
Vpp 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 (—1.5t0 —3.0 V)
This terminal is connected to Vpp terminal through a 0.1 uF capacitor.
Ver, VeMm Booster capacitor connection terminals
Vcp terminal is connected to VoM terminal through a 0.1 uF capacitor.
XT.XF Input and output terminals of oscillator inverter,
XT 32.768 kHz crystal is connected to these terminals.
Ti~Ts Terminals to test internal logic, T+~ Tz and Ts are pulled down to Vgs,.
T4 is 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 MSMS5056 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 puiled down to
Vss1 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 1 22.1us.

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 VN pin and Vssi to adjust the
overcharge protection voltage.

Vss,

>—‘y5\v— VIN
‘—f F{vsc

MSM5056




ABSOLUTE MAXIMUM RATINGS

-+ MSM5056 ©

Parameter Symbol Conditions Limits Unit
Supply Voltage 1 VpDp — VsS, Ta=25°C -0.3t0+3.0 v
Supply Voltage 2 Vpp —Vsc Ta=25°C -0.3t0o +3.5 \Y
Supply Voltage 3 Vpp — Vss:2 Ta =25°C -0.3t0 +6.0 \"
Supply Voltage 4 Vpp — VEE Ta=25°C -0.3t0 +6.0 Vv
Input Voltage VIN, Ta =25°C Vgs,—0.3t0 +0.3 \"
Storage Temperature Tstg -55to0 125 °C
OPERATING CONDITIONS
Parameter Symbol Limits Unit
Operating Voltage Vpp—VsSs; 1.25t01.65 \
Operating Temperature Topr ~20t0 75 °C
DC CHARACTERISTICS
(VpD =0V, Vss, VEE = —1.55V,Vgg, =—3.0V,C} =30k, CG = 30pF, Ta = 25°C)
Limits
Parameter Symbol Condition Unit
Min. | Typ. | Max.
Operating voltage 1 -Vgs, | Vss,terminal 1.25|1.55| 2.0 \
Operating voltage 2 —Vgc | Vsc terminal 0 20| 3.0 \
Power supply current Ipp Vss, terminal . 30| - A
whage ~V0SC | Vie orminal 148 - | - |V
IOH 1 VOH,=-0.2V —4 - -
Output current 1 10M: VOM, = Vss, % 0.2V a/-4| — - KA
loL, | VoL.=-28V 4 | - | -
Output current 2 IOH: | VOH.=-0.2V -04| - | —
SEGMENT IoL: | VoL.=—2.8V oa| = | - |
Output current 3 10H3 Vss, VEE -1.25V | VOH;—0.4V |—100| - -
M1~ M. loLs | Vss:—2.3V VoL, —0.85V s | - |8 | “ A
Output current 4 10H.4 VOH.=—0.4V -50 |—-100|—-200
BD IoL. | VoL.=-1.15V s [10] 30"
Input current IH, VIN=-0V 10 | 15
K1~ Ka ML, | Vin=—155V e ey e
gascillgtor built-in cD _ _
pacitor 20 pF
i L ko 0| -~ [200] xo
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MEASURING CIRCUIT

Vop

Vsc

Vss1
ViN
OSC108C3Vcp VoM Vss2  Vee

1t
=
i ’®t1>

CiFxtal ¢c, O3T c“'[ ‘l—
Cl : 30pF
Cz,C3,C4 : 0.1}[':
X-tal : 32.768kHz

TYPICAL APPLICATION

LCD

‘£§/,‘\?:> TR2

COM, SEGMENT COM;

8D
LD
Vss,
MSM5056
Vpb
sohrJ;j
Vse cil T
VIN -———yﬁ(
Vcp VoM Vss, Veg OSCy 0SC; AC glG c;sc~3 ?SSﬁnF
L?"_] CLC[  fod [ TR1, TR2 : hfe =~ 200
T TCcl, 32768 TR2: Vcg, > 35V
b KkH Ly :20~"30mH
z B :1.5V
- R : 50~ 200kQ
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DESCRIPTION OF INSTRUCTIONS

—e MSM5056 ©

Instruction Code

Mnemonic Operation
131211109 8 7 6 5 4 3 2 1 0
ADD ACC,AP |0 0|0 oPiO1 00 A AP — (AP) + (ACC)
ADD #D, AP o 11 ovP D A AP — (AP) — D
ADC AP o o0|o o PO 101 A AP — Decimal adjust
{(AP) + (ACC) + (C)}
S |SUBACC, AP 0 0|0 0 1 0100 A AP — (AP) — (ACC)
E SUB #D, AP o 1)1 01 D A AP — (AP) — D
& |sBC AP 00/0o01P|O1O1 A AP — Decimal adjust
.% {(AP) — (ACC) — (C)}
E |cMP ACC, AP oo0fl0o01P|1T 110 A (AP) — (ACC)
Z [cmp#p AP |0 1]0 1 1 P D A (AP — D
INC AP 0 1/1 00 P|0O OO 1 A AP — (AP) + 1
DEC AP 0 1/1 01 Pl0OOO 1 A A—(AP) — 1
XORACC,AP |0 0|0 O O P|O 1 1 1 A AP — (AP)¥-(ACC)
XOR #D, AP 01|11 1FP D A AP — (AP) VD
BIT ACC, AP 0o o0lo0oO0P|1 110 A (AP) V (ACC)
£ BIT #D, AP o1lo01 0P D A (AP) VD
T |BISACC, AP 0 o0/loo0O0OP|O1T 10 A AP — (AP) V (ACC)
“g’ BIS #D, AP 0 1{000°FP D A AP — (AP) VD
% |BIC ACC, AP 00l001P|O1T 10 A AP — (AP) A(ACC)
BIC #D, AP 0o 1|00 1P D A AP — (AP)AD
= |ASRAP 0 0/]0 0O P|OO 11 A =10 0 — (AP
& [AsLAP ooloo 1P 01 1 A (€) — (AP) — O
cLz 0olooooO|l1 O0O10|/00O00O0|Z—0
g |cLC o0 o0l0o0O0O[1 00O 00O0O]|C—0
ECLA 0 0loooOO|/1 01 1/0000}|Z—0C—0
& |sez 0 0lo 01 0/1 0710|0000 Z—1
§sec 00l00 101 0O01/0000]|C—1
SEA 0 oloo10[1011/0000]/|Z2—1.C—1
MOV ACC.AP |1 1|1 1 0 P|O 0 0 O A AP — (ACC)
MOV ACC,AX |1 1|1 1 0 0|0 X A AX — (ACC)
% MOV #D, AP o 1/1 1 0P D A AP —D
§ MOV AP,ACC |1 1|1 1 1 P|lOOOO A ACC — (AP)
£ [MOVAX,ACC |1 1|1 1 1 0]0 X A ACC — (AX)
© IcHG AP 1 1010 Plo 0 0 O A (ACC) — (AP)
CHG AX 1 11 0 0|0 X A (ACC) —— (AX)
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DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code
Mnemonic Operation
131211109 8 7 6 5 4 3 2 1 O
JMP adrs 1 0|0 a,gag ag|ay ag as as\ay a, a, ag | PC ~—adrs
JMP @AP 0o0joo0oo0P[1 101 A PC — (PC) + (AP) + 1
JMPIO @AP 0 0/0OO0O1TP[1T 101 A PC —(PC) + ((AP)A7H } + +1
ggg j_’: 0 0[0 1 1 0[0 1 0 n,fngn,n,ng |PC—PC)4n+1,ifZ=1
BNE +n .
§- BNZ  +n 0 0f0 1 1 0|1 1 0 nynyn,n,ng PC—(PC)+n+1,if2=0
3
:ff _;_'"r:‘ 0 0/0 1 1 0[0 0 1 nyfnynyn, ng |PC(PC)+n+1,if C=1
ggg el 0 0[0 1 101 0 1 ngnyngn, ng |PC—(PC)+n+1,if C=0
BGT +n 0 0[0 1 10[1 1 1 n,fngnyn,n,g PC"“’CH"*‘";;ggQO
BLE +n 0 0/0 1 100 1 1 nngn,n,ng PC"‘PC’+"+1';§g:‘1
INP Port, AP 1110 1 0P Port A AP — (Port)
=
38[ouTArPPort |1 1]0 1 1 | Pon A Port — (AP)
=]
=O[ouT#D,Port |0 0]0 1 0 0] Port D Port —D
% |Dspdigit AP [0 0]1 0 0 P| digit A digit — (AP), (ACC)
Q
2 | DsPFdigit AP [0 0|1 1 0 P| digit A digit — (AP) via table
S [ HALT 0 0[0100(00O0GO|00OC O |HatcPU
DE -
&5 [ nor 0 0/0 000(00O O[O0 O O |NoOperation
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OKI semiconductor
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

® Low Power Consumption 3 uA Typical ® 59 Instructions

® 2560 X 14 Internal ROM ® 1.5Vor3V Operating Voitage

® 120 X 4 Internal RAM (Masking Option)

® 9 input Port ® 32.768 kHz crystal Oscillator

® 4 Output Port ® 91.5 us Instruction Cycle

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

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

FUNCTIONAL BLOCK DIAGRAM

- MELODY
B8O CIRCUIT

{2

PIT
REGISTER)|

Main

LAMP
0 ;
s
M 2
§ <Houtput SEGMENT
PoRT 1T DISPLAY]
I IRV LATCH outt
and S
X DRIVER SEGMENT
' INPUT o
4 Crort T’ ) ouves
. (K1~Ka) A
S INPUT l [
4 PORT DOUT13~DOUTO
&R, — s
Coounen| AQ  PROGRAMROM
OPTION INPUT Al
orrion) [ 256 word x 14 bit
xTouT H vss1  vsS3 vep
scz ] zume RERIENEETAE
XT ———ed GENERATOR
T — VoD VSS2  VEE = vCM ACTI T2 T3 T4 T5 32Hz
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® MSM6051 o
LOGIC SYMBOL CHIP PAD LAYOUT
oscieation (T4 SEoMENT)
——eq S1
Vil {: ] S LCO DRIVER
: i: SEGMENT
INPUT PORT (——- K2 ouTes f—
Ki~Ke) | —=K3
OPTION INPUT —= é‘fnon e f;’z%m‘;;:m
OUTPUT PORT | 2] CLOCK PULSE
w5 g S
LOAD ~—4LO
RESET —edAC
—={ VDD
= vgg; 32Hz p—=
POWER SOURCE = st i
R L
vCM Tap~—
TS5
SEGMENT OUTPUT
CHIP SIZE 5.85 x 4.10 (mm)
PiN DESCRIPTION
Designation Function
VDD Circuit ground potential
Vss. Power source (—1.5V)
Vss. Power source for LCD driver (—3.0 V)
This terminal is connected to Vpp terminal through a 0.1 uF capacitor.
VsS, 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 .F capacitor.
Vep. VeM Booster capacitor connection terminals
VCp terminal is connected to Vg 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+ ~ Taand Ts are pulled down to Vss,.
Tais output. Test pins must be normally open.
AC Terminal to clear internal logic pulled down to Vss:.
After power is turned on, the MSM6051 must be reset by this terminal.
BD Buzzer output
LD Lamp output
LO Load data terminal of M1 to Ma.
AC2 Reset terminal for external circuit.
XT OUT Clock output for external circuit.
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FUNCTIONAL DESCRIPTION

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

Program ROM

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

Data RAM

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

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

Column address is directly addressed by
operand of various instructions.

ALU

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

Program Counter (PC)

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

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

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

Stack

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

—e 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 puiled down to
Vgs, by an internal resistor, and the status of
the port is fetched by a SWITCH instruction.

Input Port (K1 ~K4)

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

Input Port (OPIN)

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

Output Port (M1 ~ M4)

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

Display Function

The MSM6051 is provided with the segment
output terminal which can directly drive a 1/3
bias, 1/3 duty LCD, and the common drive
output terminals COM1, COM2 and COM83.

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 32and 1 Hz.

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

Parameter Symbol Conditions Limits Unit
Supply Voltage 1 VDD - Vss: Ta=25°C —-2.0t0 +0.3 v
Supply Voltage 2 Vpp - Vss. Ta =25°C —4.0t0 +0.3 \}
Supply Voltage 3 VDD - Vsss Ta=25°C -6.0t0+0.3 v
Supply Voltage 4 VpD - VEE Ta =25°C —4.0t0+0.3 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 \
Operating Temperature Topr —-20to 75 °C
DC CHARACTERISTICS
(VDD =0V, Vss,, VEE =—1.55V, Vgg, = —3.0V, Vs =-4.5V,C) =30k, Ta =25°C)
Limits
Parameter Symbol Conditions Unit
Min. | Typ. | Max.
Power supply current Ipp Vgs terminai - 3.0 A
Oscillation start Within 5 seconds 145 - "
voltage —-Vosc | vgg, terminal
IoH: | VOH:=-0.2V -4 -
Output current 1 IOMH:| VOMH1 =Vss,+ 0.2 4/-4| - uA
com IOML1| VOML, =Vss, = 0.2 4/-4] —
loL: |VoL,=—4.3V 4 -
IOH2 | VOH2,=-0.2V -4 -
Output current 2 IOMH:z| VOMH: = Vss,£0.2 4/-4) - A
SEGMENT IoML2 | VOML2 =Vsg,%0.2 4/-4| —
loL: | VoL,=-4.3v 4 -
Output current 3 I0Hs |VOH3=-0.5V -10| - A
AC2 LOAD XTOUT ‘OLS VOLS =—-1.15V 1 0 -—
Output current 4 IoH« | VOH(=-0.5V -100| -
A
M1~ M. oL« | VOL.=-1.0V 2 | - *
Output current 5 IoHs | VOHs =-0.55V Vsg,=-1.25V |-12.5| —25| -83
LD VEE =-2.0V A
loLs | VoLs= —0.85V Vss,=—2.0V 1 -
Output current 6 loHe | VOHs =—0.55V Vss(=-1.25V | —17 | -30| -62
BD VEE =-2.0V RA
I0Le | VOLe = —0.85V Vss, =-2.0V - S
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Limits
Parameter Symbol Conditions o - " Unit
in. |Typ. |Max.
Input current 1 Hy  |VIH =0V 2 | 20 | 100 "
S1~S4 WL, |ViL,=—155V - | - |-02
Input current 2 IH: | VIH2 =0V 5 |13 | 26 A
K1~Ka4 L, |ViL.=-155V - | - |-02
input current 3 IIHs . [VIHa =0V - |80 |45 A
OPIN s |ViLa=—1.55V - | - |-02
Oscillator built-in B B
capacitance cDb 20 pF
MEASURING CIRCUIT
VCP mo L C1.C2.C3.C4:0.1pF
vempEaT cs :30 pF
_ X-tal :32.768 kHz
XTI g5
vEE el
VDD VSS1VSS2 _ VSS3
c1 @?‘i_ ca]  cal
TYPICAL APPLICATION
C1 : 5~35pF
LCD C210C5 : 0.1 uF
B: 15V
L: 20mH
i
s1 SEGMENTS COM1 to COM3
P
8243“0—— s2 LD
._.___SE.Sho.——— S3
L sa=o  les 8D 0
MSM6051 v
X S8 15
-tal _ -
L™ | co=200m) Voo
W T VeE
T Vt vem Ac Vss: Vsss ©
T Tcs '164 c5
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DESCRIPTION OF INSTRUCTIONS

Instruction Code
Mnemonic Operation
131211109 8 7 6 5 4 3 2 1 0
ADDACC,AP |0 0o 0 0P|01 OO A AP —(AP) + (ACC)
ADD #D, AP 0 1 00FP D A AP —(AP) +D
ADC AP OojoooP|01 01 A AP — Decimal adjust
{(AP) + (ACC) + (C))
ADCN AP 1 1/00 0P N A AP — N adjust {(AP) + (C))
SUBACC,AP (0 00 01 Pl01 0O A AP — (AP) — (ACC)
< |SUB#D, AP o011 01pP D A AP —(AP)-D
-% SBC AP 0Oo0/0o01PO1O0 1 A AP — Decimal adjust
8 {(AP) - (ACC) - (C)}
9 |SBCNAP 1100 1P N A AP — N adjust {(AP) — (C)}
'§ CMPACC,AP [0 00 0 1 P|1 1 10 A (AP) - (ACC)
E|cMP#D,AP [0 1[0 1 1 P D A (AP)-D
< [INc AP 111 00P[00OO A AP —(AP) + 1
INC AX 1110000 X A AX —(AX) +1
DEC AP 1111 01Pl00O0O A AP —(AP) — 1
DEC AX 11010100 X A AX — (AX) ~ 1
XORACC,AP [0 O[O0 OOPI|O 1 1 1 A- AP — (AP) ¥~ (ACC)
XOR #D, AP o111 11pP D A AP — (AP) ¥ D
BIT ACC, AP 000 0O0P|1 110 A (AP) V (ACC)
S |BIT #D, AP 0101 0P D A (AP) VD
S [BISACCAP |0 o000 0 Plo T 1ol A (AP) V (ACC)
3 [BIS#D, AP 01l0o0o0P D A (AP) VD
@ [BICACC,LAP |0 00 01 Pl0 1 10 A (AP) A (ACC)
BIC #D, AP o100 1P D A (AP) AD
& [ROR AP 00j00O0OP|OO 1O A o) — @ap—
& [ROL AP 00001 Ploo1o0 A 0 —ap)
S [ASRAP ocofoooPloo 1 1 A =0 0 — (ap)—
@ [ASLAP 0o0foo01Ploo 11 A (C) —(AP) —0
cLz 000000t 01o0|000O0TGO|Z—0
s |cLc 0 0/0000O0(1 00 1/0000O0|C—0
§CLG 0oloooo|too0o0loooo0|Ggoo
8 {cLA 000000101 1/000O0|Z—0C~—0,G—~0
§sez 000010t 010/000O0TGO0|Z—1
SEC 0 0/0010|1t001/0000|C—i1
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DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code
Mnemonic Operation
131211109 8 7 6 5 4 3 2 1
SEG o o{o 01t O|1 O0OOO G+—1
SEA ooloo10|1011{0000 Z—1,C—1,G—1
MOV ACC, AP 1 1{1 1 0 P|O O OO A AP — (ACC)
% MOV ACC,AX [1 1|1 1 0 0j0 X A AX — (ACC)
E MOV #D, AP o1/1 1 0P D A AP—D
£ 'MovaP,ACC |1 1|1 1 1 P00 OO A ACC — (AP)
e MOV AX, ACC 1 1{1t 110 X A ACC — (AX)
CALL adrs 1 0|1 1 a, ag|a; a¢ @ a4 a; a, &, ao| STACK — (PC), PC —adrs
° RET o o0l0o0OOO|1T 1 0O00O0O00O PC — (STACK) + 1
4% PC — (STACK) + 1, or
38 . PC — (STACK)
RTI ooloo1o0|1 100|000 O0]ACC —ACC’,Z —2Z',C—C’
G —G’, Preg —P'reg
JMP adrs 1 Ola,,2,08¢ @g|a7 8¢ @5 @4|83 @ 8y 8o PC — Adrs
JMP @AP 0 0|0 OO0P|1T 101 A PC.— (PC) + (AP) +1
JMPIO @AP 0o 0{0OO0O 1 P|1T 1 01 A PC — (PC) + {(AP) A 7TH} +1
e 0 0l0 1 1 0[0 1 0n,nsn,n, ng| PC—(PC)+n+1,if Z=1
LS n 0 0lo 1 1 1[0 1 0 nyns ny ny ng| PC—(PC) —n, if Z=1
N 0 0/0 1 1 0[1 1 0 nngn,n, ny| PC—(PO) +n+1,if2=0
BN T 0 0lo 1 1 1[1 1 0 ndnsn, ny ng| PC—(PC) —n,if Z=0
a BCS +n 0 0l0 1 1 00 0 0 ngngn, n, ng| PC—(PC)+n+1,if C=1
5 BCS -n 0 0|0 1 1 1|0 0 0 n,ngn,n, ng| PC—(PC)—n,if C=1
BCC +n 0 0l0 1 1 01 0 O ngnyn, n, ny| PC—(PC)+n+1,if C=0
BCC -n 0 0l0 1 1 1{1 0 0 n,ngn,n, ng| PC—(PC)—n,if C=0
BGT +n 0 0l0 1 100 0 1 n,nyn,n,ng|l PC—(PC)+n+1,if G=1
BGT -n 0 0/0 1 1 1]0 0 1 n,ngn,n, ng| PC—(PC)—n, if G=1
BLE +n 0 0l0 1 1 01 0 1 n,n;n,n, ny| PC—(PC)+n+1,if G=0
BLE -n oo0lo1 1 1|1 01 n,nyn,n,n,| PC—(PC)—n,if G=0
BGE +n 0 0lo1 1 0|01 1n,nyn,n,ne| PC—(PC)+n+1,ifZ=10rG=1
BGE -n 0 0{0 1 1 110 1 1 n,n;n,n, ng| PC—(PC)—n, if Z=1 or G=1
BLT +n 0 0/0 1 1 0[1 1 1 nngn, n, ng| PC—(PC)+n+1,if Z=0
and G=0
BLT -n 0 0/01 1 1|1 1 1 n,n;n,n, ng| PC—(PC)—n,ifZ=0 and G=0
g ‘g_ SWITCH AP 1 1|0 1 P{0O O O 1 A AP — INPUT PORT (S1~S4)
Eg KSWITCH AP 1 1{0 1 0 0 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 0O
MATRIX AP 1110t 1t PIOO 1O A OUTPUT PORT (M1~M4) —
(AP)
MATRIX Mn 0 0|01 00|00 1 O|M, M;M,M,| OUTPUT PORT (M1~M4) —
5 Mn(n=1, 2,3, 4)
§ XTCPON/OFF [0 0/0 1 0 0|1 0 0 0|0 O b, by| XTOUT ON/OFF
g PITCHN 0 0|0t 00|11 00O N PITreg. —N
2 MSA adrs 1 0{1 0 1 agfa; aq a5 a,|a, a, a, a, hsllteal?:‘é):‘-sgg)' PC ~—adrs,
MSO 0 0/j0 1 00101 0/000O00O0 Melody stop
LAMPON/OFF {0 0/0 1 0 0|0 0 0 1/0 o b, b,| LD ON/OFF
DSP digit, AP 0 0|1 0 O P| digit A Digit (Low part) — (AP), (ACC)
DSPHdigit, AP ([0 0|1 0 1 P digit A Digit (High part) — (AP), (ACC)
T |FORMAT AP 11011 P00 11 A FMT reg. — (AP)
2 [FORMATN |0 0]0 1 0 0]0 0 1 1 N FMT reg. —N
DSPF digit, AP |0 0|1 1 O P digit A Digit (Low part) — (AP) via table
DSPFH digit, AP{ 0 0|1 1 1 P digit A Digit (High part) — (AP) via table
HALT 0 0f0 1 00/|0 0 0|0 0 O O] Halt
g‘z‘ﬁg}‘\‘zs 0 0j0100Jt0o11]1000 Enable timer interrupt
0 0j]0 1 00(01O00O b, 0 b, 0
ISNJ?(?/AZB g g g : g g ; ? ; ; Z b12 g :o Disable timer interrupt
ACTIVATE 0 0|0 1 0 0|1 OO 1/0 0 0 O] Activate main routine
INTMODE AP 1 110 1 0 P[O1 OO A AP — Interrupt mode
» | KENAB 0 0/0 1 00|01 1 1{1 0 0 Ol EnableINPUT PORT (K1~K4)
g KDSAB 0 0|0 1 0 0/0O 1 1 1{0 1 O O DisableINPUT PORT (K1~K4)
8 |STATUS AP 1 1401 0P|1 010 A AP — Status
£ [PacE A0 1 1/0110]/01 01 A Preg — (AO)
S [PAGEN 0 0/0100[01 01 N Preg —N
g ADRS AP 111011 P/O1T 1O A Areg — (AP)
ADRS N 0 0j0 1t 00/{0O1 1O N Areg —N
RATE AP 11101 0 P|1 OO0 1 A AP —DIVIDER (8 Hz~1 Hz)
RSTRATE 0 0/0o1 001 0O0O|1 00 o DIVIDER (8 Hz~1Hz) —0
FLAGIN AP 1101 0P|1T 1t 10 A AP —S1 on flag, S2 on flag
S1RATE AP 11101 0P|1 1 00O A AP —S1reg.
S2RATE AP 1 110 1 0 P{1 1 0 1 A AP <—S2reg.
BACKUP 0 0/0 1 0 0[O0 0O 1|bab20 0 Backup ON/OFF
ON/OFF
NOP 0 0/0 0 00/00OOO(0OOOO No operation
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MSM6351

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

GENERAL DESCRIPTION

number of LCD drivers and a large size of memory.

OKI's MSMB351 is a low-power, high-performance single-chip mi
gate CMOS technology. Integrated onto a single chi
ROM, 4096 bits of RAM, 20 bits of 1/0 port, ser
interrupts, crystal oscillator and voltage tripler.

p are 4-bit ALU, 6

crocontroller employing silicon
v 1K bits of mask programmable
ial 1/0 port, time-base counter, LCD driver, 3

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

FEATURES

Low Power Consumption 3 A 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 170 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 170 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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PIN DESCRIPTION

Designation Function
P0.0 ‘
. Capture
e 4-bit /O port 0 cprre
PO.1 The input (*)/output, the existence (*)/ trigger signal
PORTO absence of pull-down resistance, and the
P0.2 HALT function release enable/disable
condition can be selected for each bit.
P0.3
P1.0~P1.3 PORT 1 ® 4-bit 1/0 port 1
P2.0
The input (*)/output, the
P2.1 existence (*)/absence of E '
———— | PORT2 ® 4-bit 1/Oport2 | pull-down resistance, and ; ’t‘;f'"at ianal
P2.2 the HALT function nterrupt signa
— release enable/disable
P23 condition can be selected
for each bit.
P3.0 ~ P3.3 PORT 3 ® 4-bit 1/O port 3
P4.0 ~ P4.3 PORT 4 ® 4-bit |/Oport4’
XTOUT ® Oscillator clock output
The oscillator clock is output when XTF (forth bit of port POOC) is set to 1",
XT
® Oscillator connection terminal
XT
RESET ® Reset input
Input with a pull-down resistance, the system is reset when 1" is input.
TEST 1
® Testinput
TEST2 Input with a pull-down resistance.
TEST 3
SIN ® Serial port data input
® 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)
® Serial port clock input and output
R 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 ® 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.
SEG61 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 sys