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Preface

As we become more and more an information-oriented
society, microcomputers have come to play a major role in
numerous areas of computer application. As computer-
related services grow ever more sophisticated and di-
verse, we are faced with a growing demand for micro-
computers using most advanced technology.

To keep pace with this rapid progress, we at SHARP
will continue to direct our efforts at understanding the
crucial trends of thé moment in this area and supply our
customers with products that truly meet their needs in
short to contribute to a better life for all of us in this age
of expanding technology.

SHARP has developed a wide range of 4-bit, 8-bit and
16-bit microcomputer units which have numerous areas of
computer-related applications from home and consumer
appliances to office and industrial equipment.

This databook has been especially compiled for the use
of our customers. Listed here is the entire range of micro-
computer products developed and manufactured by
SHARP, with detailed explanations of their many func-
tions and outstanding features. We hope that you find this
book useful in determining which SHARP products are
best suited to your needs. Please contact us directly if you

have any further questions.
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Notice

Specifications contained in this databook are current as
of the publicatfon dated September, 1990.

SHARP reserves the right to Iﬁake changes in the cir-
cuitry or specifications described herein at any time with-
out noticeé in order to improve design or reliability. The
system configuration examples described herein are just
intended for LSI evaluation; the external circuit configura-
tion, constants and other related conditions must be stu-
died for application to an actual system. The information
in this databook has been carefully checked to be accu-
rate, however, SHARP makes no warranty for any errors
which may appear in this document. Contact SHARP to
obtain the latest version of device specifications before
placing your order. '

SHARP makes no representations that circuitry de-
scribed herein is free from infringement of patent or other '
rights of third parties which may result from its use. No
license is granted by implication under any patent rights
or other rights of SHARP CORPORATION.

This is a newly revised 1990/91 Microcomputers Data-

book which can be used in place of the former editions.
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Alphanumeric Index

AIphanum,eric Index

Model No. Page Model No. Page Model No. Page " Model No. Page
SM4A 141 - SM803 207 LH0083 329 LH5080 268
SM500 119 SM803A 207 LHOO83A 329 LH5080A 268
SM510 149 SM805 207 - LHO084 344 LH5081 274
SM511 159 SM805A 207 LHOO84A 344 LH5081A 274
SM512 159 . SM8202° 226 LHO084B 344 LH5081B 274
SM530 100 SM8203 - 226 LHO0085 344 LH5082 279
~SM531 110 SM8320 243 LHO085A 344 LH5082A 279
SM550 36 SME-30 259 LHO085B 344 LH5082B 279
SM551 36 LHO080 284 LHO086 - 344 LH70108 370
SM552 36 LHOO80A 284 LHOO86A 344 LH70116 414
SM563 172  LHOOSOB 284 LHO086B 344 LH8530 354
SM578 49 LHOO80E 284 LHO087 344 LH8530A 354
SM579 49 LHO0081 309 LHO087A 344 LUSE4POP 75
SM590 26 LHOO81A 309 LHO087B 344 LU8O0OV1 220
SM591 26 LH0081B 309 LHO0801 188 LU80O0AV1 220
SM595 26 LHOO81E 309 LHO801A 188 LU805BV2 220
SM5E4 65 LH0082 319 LHO811 188 LU8200H7 | 263
SM5]J5 83 .LHOO82A 319 LHO811A 188 LU820XH4 263
SM5J]6 83 LHO082B 319 LH0881 203 LUXXXH2 254
SM5K1 128 LHOO82E 319 LHO881A 203
SHARP ~




Product Lineup
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Product Lineup
M 4-bit Single-chip Microcomputers:

(1) Controller Series

ROM (bit) RAM (bit) Model No. 1/0 Application

32X4 I-—-——-I [ SM590 | H 15 Compact system

Compact system

i }—{ _sww T
56 4 f—— [ __Sm591 | |—{ 15

Compact system

1
General-purpose

l

il

|

80x4 T smsso | 36 |

2 128x4  |———[ _SM551 | |— 48 |
192 4 ——[ sm578 | }—{ 52 | Built-in A/D
256x4  |—————{[ SM552 | |— 48 | General-purpose

l

|

I

General-purpose

4K

SM579 || 52 Built-in A/D

L
[ SwmsEa | [— 68 Multi-I/0

6
LUSE4POP | [—1 68 Built-in OTPROM

8 - 256x4  |——— [ SM5)6 | }— 52 | Built-in A/D

SN I SO [ U SN N N U N b N A

(2) VFD Driver Series

VFD
segment

) 160

(bi Current
Memory(bit) bl A/D Instruction | - consumption Supply Operating Evaluation
Model No. conver- cycle 0SC voltage temp. Package board Ramarks Page
sion (Hs) | Operating | Standby (V) €0
ROM RAM 1| o | vo|Totl oy 7Y
SM590 508%8 32x4 L6DIP
s _ . Ceramic 0. 0| 18DIP
SMS595 762X8 32x4 oaw| 15 1 1 1 Resisior | 251058 | =100 70] J0ppp , LUS90H2A 26
SMs91 1016X8 56X4 18MFP
SM550 1024%8 80x4 | 4 | 8 | 24 | 36 - 16 1 50 Resistor | 2.7t0 5.5 | —20to 70| 48QFP
SMS51 2048X8 1284 60QFP | LUSSOH2A | SIO 8bit) | 36
4 | 16| 28| a8 - 16 1 50 Rasistor | 2.7t0 5.5 [ —20 to 70
SM552 4096 X8 256X4 64SDIP
SMs78 1064%9 192x4 . 8.bit 64QFP
9| 2 | & | s 2 16 1 Caramic | 271055 [—10t0 70 LUS78H2A | SIO @bi) | 49
SMs79 6096X9 256X4 20 pins 64SDIP
SMSE4 6144%8 3204 1 50 271055 65
- 4 | 16 | 48 | 68 - 16 Resistor ~10t0 70| 80QFP | LUSE3HZ | SIO (8:bit)
LUSE4POP [6144X8 3204 15 120 451055 75
8-bit P _ 64QFP )
SM5J6 8192X9 2s6x4 | 9 | 1z |31 [ 52 | N 2 5 10 Caramic | 271055 | ~101080| giFE | LUSISH2 | SIO 8bit)
83
) ) SIO (8-bit)
SMSJ5 8192%9 256x4 | 9 | 12 | 31 | 52 | Bbit 25 3%2 — Caramic | 451055 | ~10t070| SA9FP | LusisHz [Medium power,
10 pins Resistor 64SDIP =
output —40V
*1 OTPROM
%2 Vpgsp open
*3 Applicable to SM595, SM591



Product Lineup

(3) LCD Driver Series

LCD o
ROM (bit) RAM (bit) Model No. segment Application

, L SM500 H——[ 56 [General-purpose
—{ sexa |——[__smsaL__J|—{ 80 |Clocks
L SM5K1 ”——l 64 |Genera1—purpose
v [ sm530 TF— 96 [Clocks

) SM4A | l—' 68 lGenera]-purpose
128X 4 SM510 | | 132 [General-purpose
128X 4

SM511 ] H 136 [General—purpose
l
1604 [ swmse3 | F—{ 128 [Controllers

l
I

SM512 ] l———{ 200 lMuIti~segment system

Memory(bit Port LCDdrive Instruction cf:‘:sr:;rer::non Supply Operating Evai“mon
Model No. - cycle 0sC voltage temp. Package board Remarks Page
ROM RAM | 1| 0| 1O |Total | Segment |Dutyratio [ (¥ | Operaiing | Standby L\ ©
smsao | Z0L6XB| SiX4 s lss| — |66 | asxz | V2w g6 12 L5 |Csal| 15 |-10t060| 80QFP [LUs30HzA| Bulitinmeody | 199
SM531 1200%8] BXile|az] — | a8 | 4o0xe Vaduy | g6 10 15 |Crystal| 15 |-10t060 60QFP [LUs30H2A B“g:::f’:£f“’ 110
SM500 197x8|  40x4 |6 26| 8%2 | 40 | AE | 1Ay g 20 3 Crystal 3 |~20to 70| 48QFP |LUS00H2A 119
smok1 | 1280x8|  S3X4 |6 les| 8 | 39 | 16xa | Vidwr|o g o 5 *3 | 241055 |~20t070| AF |Luskinza| LEPJirectdrive | g
SM4A 2268x8| 96x4 |6 [40| 4 50 | 3axz | R g 50 10 | Crystal 3 —5't0 55 | 60QFP |LU041H2A 141
SM510 zirexs|  39%4 e 47| — |53 | s3xs Uil e 10 15 | Crystal 3 01050 | 6OQFP |LUS10H2A 149
SMs11 el wxalefar| — | s | saxa | VAo | g 15 15 | Ciystal 3 0to50 | 6oQFp |  *! Bt mar | 159
sMsiz | 1O3EXE| 80Xt e les| — |69 | soxs | Lidw | g 50 20 | Crystal 3 owso |soqrp | *i B o
smsea | 096xs| 12834 | 4 loi| Mol 51 | 324 14 duy N (430‘/0) (38\,) Resistor | 2.7 t0 5.5 | =20 to 70 | 64QFP |LUS63H2A|  SIO (8-bits) - | 172

ROM Upper: Program ROM] *1 Emulation by a bread board
Lower: Melody ROM %2 Available for segment output

RAM [Upper: Data RAM ] *3 Crystal or ceramic oscillator
Lower: Display RAM

SHARP
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B 8-bit Single-chip Microcomputers

(1)

Controller Series (Z8® Family/SM Series)

ROM (byte) RAM (bit) Model No. Process

Product Lineup
—-———_—————_———————

Application

o o He i e
ROMless 124X8
‘——|| LUBOOV1/AV1 | |——CMOS | Controllers

[ LU805BV2 | |—{NMOS | Controllers
[ tHo801/A__|}——{NMOS] Controllers

' [ LHO811/A ]|——{CMOS | Controllers
[ sm803/A ] }-—-IEMOS | Controllers

2568 [ sM805 || CMOS| Contorllers

(2)

ASSP Series

ROM (byte) RAM (bit) Model No. Process

[ SM8202/SM8203 | |——| CMOS [VCRs
12K 512X 8 [ SM8320 | l—[CMOS ]Inverter air conditionersl

Application

" Current
Memory(®it) | gyternal Parl sub- | mSITUCl  consumption Supply | Operating Evaluation
Model No. Process memory rout r::l s:‘;u c;:fe 0sC voltage temp. Package board Remarks Page
(®it) ine true- perating| Slandby ) ©) (ICE)
ROM | RAM 1|0 |vo| Total ion sell  (xs5) [OPeraind) SEAS
LHO881/A | NMOS — 124x8 | 128K [ 4 | 4| 8| 16 203
Uses 45 40DIP Built-in
LHO801/A NMOS | 2048x8 | 124x8 | 124K RAM | 6 | 231| 15/1 | 180 — | ersar | 555 | 070 | 4305 | LHSOH321 | full duplex
4] a |24 32 | area - UART 28 | 188
* LHO811/A NMOS | 4096X8 |124X8| 120K
LUBOOV1/AV1 | CMOS — 124x8 | 128K | 4 | 4|8 | 16 6 |233| 151 | 15 03
- 220
LUB0SBV2 CMOS - 236X8| 128K | 4 | 4 | 8| 16 |Uses| 6 | 233 | 075 15 0.3 440FP x| Builin
45 - full duplex
RAM Crystal [ F5. 1 01070 | 40DIP | | ooy DA
SMB03/A CMOS | 4096X8 |124X8 | 120K area - 44QF) CMosz8
44 f2a] 32 6 [233| 151 | 15 03 207
SM805/A CMOS | 8192X8 |236X8| 112K
Servo
SM8202 Uses 15 —20 controller
CMOS |10240%8 | 256x8| — |8 |16{24| 48 [RAM| 10 | 64 | 08 10 — | orystar | | JFO0 1 2 | 64sDIP | LUB20OHT 226
SM8203 area : Increased
function
SM8320 omos | 12288xs |2s6x4 | — |8 |6 |40] se |Ran| 8 | & 1 - — |Cosat] 45 —20 | 64sDIP - *2,*3 | 243
v Ceramic { 055 | to70 | 64QFP g
*1 There is a slight difference in the 1/0 characteristics between the LH8DH321 and the SM800 series.

*2
*3

Built-in PWM generator circuits
Built-in A/D, SIO

SHARP




Product Lineup

B Support Tools for 4-bit Single-chip Micrbcormputers

(1) 4-bit Single-chip Microcomputer Development Support System

The software program for 4-bit single-
chip microcomputers can be developed
through a simple system composed of a
personal computer running on an MS-
DOS™ operating system serving as a
host computer, and a debugging unit that
includes an emulator and an evaluation
board. Sharp also offers a highperfor-
mance SM emulator (SME-30).

MS-DOS™ is a trademark of Microsoft Corporation.

Evaluation
board

Support software

Emulator (SME-30)

Host computer .

(Personal computer with

MS-DOS™ operating

system, such as Sharp
PC8041 or IBM PC AT)

(2) 4-bit Single-chip Microcomputer Development Support Tools (SME-30 System)

SME-30 System ~ SM series Evaluation board | Evaluation card Piggy-back Page
® Target microcomputers: SM4A LUO041H2 LUO41H4 —
4-bit single-chip micro-
computers SM500 LUS00H2A LU500H4A — 254
® Emulator: -
SME-30 (LU4DH300) SM510 LU510H2A LU510H4A —
® Evaluation board .
® Host computer Emulation by a Emulation by a o _
® Optional software: SM511/512 bread board bread board -
Cross-assembler ;
Emulator software SM530/531 LU5S30H2A LU530H4A —
PROM programmer
SM550/551/552 LU5S50H2A LU550H4A LU550H6
SM563 LU563H2 LU563H4 —
SM578/579 LUS78H2A LU578H4A LU578H6 254
SM590/591/595 LUS90H2A LU590H4A LU590H6
SM5E4 LUSE3H2 - LUSE3H4 —
SM5]5 LUSJ5H2 LU5SJ5H4A LU5J5H6
i
i
SHARP ‘
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~ Product Lineup
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B Support Tools for 8-bit Single-chip Microcomputers

(1) 8-bit Single-chip Microcomputer Development Support System

O
0
The software program for 8-bit sin- Support software -
gle-chip microcomputers can be developed
through a system consisting of a personal
computer (MS-DOS™) serving as a host
and in-circuit emulator tailored to each RS-232C
model.
Emulat1on pod @ Host computer
(Personal computer
with MS-DOS™
™ ; operating system,
MS-DOS'™ is a trademark of Microsoft Corporation. Centronics such as Sharp
(parallel  PC8041 or
. interface) IBM PC AT.)
' Emulator
(2) 8-bit Single-chip Microcomputer Development Support Tools
Model No. Piggy-back In-circuit emulator Page
SM8202 LU8200H7-+LU8202H4
- LU8203H6 263
SM8203 - LU8200H7+LU8203H4

% The SM82 ICE (LU8200H7) with applicable emulation pods (LU820XH4) will meet each model of the
SM82 series.

" Support tool Features Page
* 64K bytes of emulation memory « Centronics interface
P * RS232C interface with the host ¢ Coverage function
SM&2 (Iltlifé?gétHe;; ulator ¢ Instruction cycle time count 263
) 1 e Line assembler and reverse
assembler
SHARP
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Product Lineup

(3) 8-bit Microprocessors (Z80° Family)

Clock frequency
: i MHz) Power_ Supply
Process | Product Model No. Function ( consumption voltage Package Page
25| 4| 6|8 | @WMAX 2
LH5080/M [ ) 40DIP/44QFP
CPU Central Pre Unit 138 5+10% 268
LH5080A/AM o 40DIP/44QFP
LH5081/M o 40DIP/44QFP
CMOS PIO LH5081A/AM Parallel I/0 Unit ( J 44 5+10% 40DIP/44QFP 274
LH5081B [ ] 40DIP
LH5082/M [ J 28DIP/44QFP
CTC LH5082A/AM Counter/Timer Circuit { ] 44 5+10% 28DIP/44QFP 279
LH5082B [ ] 28DIP
LH0080/M/U [ ] 40DlP/44QFP/44QFJ
LHO080A/AM/AU [ ] 40DIP/44QFP/44QF]
CPU Central Pr Unit 1050 5+5% - 284
LH0080B/BU ([ J 40DIP/44QF]
LHO080E [ ] 40DIP
LHO0081/M/U [ J 40DIP/44QFP/44QF]
LHO081A/AM/AU ( ] 40DIP/44QFP/44QF]
PIO Parallel I/0 Unit 525 5+5% 309
LH0081B/BU [ ] 40DIP/44QF]
LHOO81E { ] 40DIP
LH0082/M/U [ ] 28DIP/44QFP/44QF)
LHO082A/AM/AU o 28DIP/44QFP/44QF]
CTC Counter/Timer Circuit 630 5+5% 319
LHOOBZB/BU [ ] 28DIP/44QF]
LHO082E [ J 28DIP g
NMOS LH0083 [ ] 40DIP
DMA Direct Memory Access 1050 5+5% 329
LHOOSSA [ ) 40DIP
LHO0084/85/86 [ 40DIP
LHO0087M/U " 40QFP/44QF]
LHOO084A/85A/86A [ ) 40DIP
SIO Serial I/0 Unit 525 5+5% 344
LHO0087AM/AU { ] 40QFP/44QF]
LHO0084B/85B/86B (] 40DIP
LH0087BU ® ‘ 44QF]
scc*! LH8530P/U Serial Communications L 1313 5+5% 40DIP/44QF) 354
LH8530AP/AU Controller ) 1470 40DIP/44QF]
*1 78500™ family '
(4) 16-bit Microprocessors (V Series)
Clock Power
frequency | consumption Supply :
Process Product Model No. Function (MHz) (mW) MAX vtv(l‘t?)ge Package Page
5 8
LH70108-5 o 40DIP
v20*! 370
LH70108-8 o 40DIP
CMOS 16-bit Microprocessors (V Series) 420 5+5%
LH70116-5 [ 40DIP
V30*! 414
LH70116-8 { ] 40DIP
%1 V20/V30is a trademark of NEC Corporation.

SHARP
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Package Outline
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Package Outline oo ,
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Package Outline
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Package Outline
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Package Outline
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Package Ogtline
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Package Outline
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Quality Assurance

Quality Assurance

1. Quality Assurance System

Sharp develops and manufactures a wide range
of consumer and industrial-use semiconductor pro-
ducts. ‘ '

In recent years, the applications of ICs have ex-

. panded significantly, into fields where extremely
high levels of quality are critical.

In response, Sharp has implemented a total qual-
ity assurance system that encompasses the entire
production process from planning to after-sales
service. This system ensures that reliability is a
priority in the planning and manufacturing stages,
and guarantees product quality through rigorous
reliabirity testing. We will introduce a part of this
system here.

Sharp’s quality and reliability assurance activi-
ties are based on the following guidelines:

(1) All personnel should participate in quality

~assurance by continually cultivating a higher

level of quality awareness.

(2) In the developmental stage of new products,
create designs that consider reliability in eve-
ry respect.

(3) In addtion to quality control in all manufactur-
ing processes, all working environments, mate-
rials, equipment, and measuring devices
should be carefully monitored to ensure quali-
ty and reliability from the very begining of the
process.

(4) Confirm long-term reliability and obtain a
thorough understanding of practical limits
through reliabilty tesing.

(5) Continually work to improve quality through
application of data from process inspections,
reliabilty testing, and market surveys.

2. Quality and Reliability Contol in New
Product Development

The development of new products begins with a
thorough understanding of the product specifica-
tions and quality that will satisfy the purpose for
which the product is intended and with develop-
mental planning that carefully considers pricing,
quantity, the time of introduction to the market and
the target reliability.

In the design stage, reliability is designed into
the product based on test data, process capability,
and field data, and experimental models are made.
These trial products are referred to as TS (technic-
al samples), and are evaluated primarily for their
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Fig. 1 New Product Development Steps

ability to function and their perfomance.

Next, ES (engineering samples) are made and ev-
aluated to detemine whether the functions, per-
formance and quality aimed for in the disign stage
can be guaranteed under the existing manufactur-
ing conditions. These ES are also evaluated in
quality and reliability tests to determine whether
their long-term reliability can be guaranteed.

At the final stage, the availability for mass-
production will be deliberated based upon the
evaluation result of TS and ES. After transition to
the massproduction step, pilot production will be
performed to confirm the quality and reliability
obtained on the way of designing, and variations in
the process. It will be judged whether or not mass-
production is available according to the result.

DR (Desing Review) is performed to prevent
from faulty operation and to enhance the functions,
usability, quality and reliability, upon completion
of structural design, software design, circuit de-
sign, TS/ES evaluation and reliability tests. Fig. 1
shows the steps in the development of new pro-

“ducts.
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Process

Control items

Silicon Purchase of material

wafers
Inspection upon receipt

Oxidation

Oxidation inspection

On line QC
Photolithography
Visual inspection

On line QC
Ion implantation

':

Chip electrical inspection !
Dicing
Breakage screening

Die inspection

Die bonding

Die bonding inspection

Gold wire
| Wire bonding

Wire bonding inspection

Sealing/molding
Monitoring

Mold resin
Stabilized baking

Lead surface
finishing
[] Finishing inspection

Monitoring

(5 Approval

Lead cutting

Forming

Appearance, dimensions,
specific resistance

Appearance, film thickness

Surface cleanliness

Development, etching

Wire width

Electrical characteristics

Appearance

Appearance, bond strength

Appearance, tensile strength

Heat, time, pressure
Wire bond

Ingredient,
temperature, pollution

Thickness, uniformity
(soldering conditions)
Plate making,
plate thickness

Temperature, time,
marking material

Mold sharpness
damage-proof

Mold dimensions

Eliminate items with incorrect dimensions,
scratches, and crystal defects and assure
resistance values.

Confirm the absence of pin holes and
assure firm thickness.
Check the cleanliness of surfaces.

Check the suitability of development and
etching.

Control the wire width.

Elminate items with unsuitable electrical
characteristics.

Confirm the absence of breakage and
chips.

Check quality of die bond.

Check position and shape of bond and
assure sufficient tensile strength.

Assure original shape
Assure wire shape

Assure finishing quality

Assure plating quality
Assure marking quality
Irregular stress to resin,

Dimensions

Example of process quality control
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Quality Assurance

3. QUaIity and Reliability Control in Mass
Production

(1) Quality Control of Materials
The quality and reliability of a product is
affected by its component materials as well as the
manufacturing processes and conditions.
"The quality control of purchased component

materials is basically ensured by a material sup-

plier, based upon the quality control system be-
" "tween SHARP and a supplier as follows.

+ Selection of suppliers prior to the placement of
purchase order.

* Material qualification upon receipt of new
materials. (Evaluation of device quality and
reliability used with new materials.)

* Regular quality meeting based upon quality in-
formation when massproduction between both
parties.

The incoming inspection may be performed
according to the inspection standard based upon
approved specifications.

(2) Control of Manufacturing Environment

Environmental conditions in the manufacturing
process—such as temperature, humidity and dust
—significantly affect the finished quality of semi-
conductor products.

" Temperature is especially critical in maintaining
the accuracy of the measurements of electrical char-
acteristics and the accuracy of various devices.
Humidity control is important for the prevention of
moisture penetration into a device and the preven-
tion of static electricity. Temperature and humidity
are thus strictly maintained at constant levels.

A dust-free environment is vital in the manufac-
ture of refined semiconductor circuits, as dust can
be the critical determining factor in their quality
and reliability. Thus, cleanliness of everything
from air conditioning equipment to work benches
to work clothes and office items is carefully con-
trolled.

Sharp is also concerned about creating an en-
vironment conductive to error-free high-precision
work, and so provides background music and in-
terior colors appropriate for specific tasks.

(3) Control of Manufacturing Equipment and

Measuring Devices

Tremendous technological innovations and prog-
ress has been made in integrated circuits and in
the processes and equipment by which they are
produced. B

To achieve even higher levels of product uni-
formity and quality, Sharp is continually further-
ing the automation of its processes, strictly manag-
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ing the maintenance of its manufacturing equip-

‘ment, and carefully monitoring the accuracy of all

measuring devices through daily and periodic in-
spections.

The productive control is systematized based
upon TPM (Total Productive Maintenance). Sharp
is cultivating experts in productive maintenance
through a self-maintenance, a planning mainte-
nance, a repair maintenance.

The measuring device is controlled with the reg-
ular proof by an officially authorized constitution '
based upon national standard, in order to keep
high precision.

T In the process
Inspection in the p

production processes
(F inal )
products

%1 Burn-in

*2 Firal inspection
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*3 Shipping inspection

Regular reliability tests

%1 Static and dynamic
burn-in

%2  Electrical characteristics
and visual inspection

*3 Sampling inspection
(per lot)

Warehousing

Fig. 3 Product inspection system

(4) Process Quality Control and Product
inspections

‘Based on the fundamental concept of ensuring
quality and reliability throughout the manufactur-
ing process, we check at each stage to determine
whether the prescribed characteristics are being
obtained and to prevent defective items from going
on to the next stage. We do this thorough strict
monitoring, inspection of all' items, sampling in-
spections, and other standardized methods of man-
agement. ‘

We perform a final inspection of all finished pro-
ducts as well as further quality assurance inspec-
tions through sampling to fully ensure quality.




Detects found in these inspections are promptly
reported to the design and production sections, and
improvements made in the processes to upgrade
our uniform quality capabilities.

Fig. 3
Fig. 4

contol.

(5)

Reliability Assurance

shows the product inspection system.
shows an example of process quality

To guarantee the long-term reliability of our pro-
ducts, we periodically sample products and subject

Quality Assurance

them to reliability testing such as life tests and en-
vironmental tests.

These tests are long-term reliability tests and
the obtained data will be given to the related sec-
tions.

The inspections and tests for quality assurance
are made to maintain and enhance the quality as
well as to predict the reliability of products in the
market. Thus assures quality and reliability of pro-
ducts from many aspect.

Table 1 Reliability test for memory products
Type Test item Test condition Test objectives
High temperature | Ta=150TC Evaluate resistance to high temperature in
storage long-term storage.
High temperature | Ta=125C or 150C Evaluate resistance to long-term high tempera-
operation power supply voltage (MAX.) ture and electrical stress.
Life tests High temperature, | ©85C 85% RH Evaluate resistance to high temperature and
humidity storage | @Pressure cooker test, 121°C humidity in long-term storage.
100%RH, 15PSIG
High temperature, | 85C 85% RH Evaluate resistance to long-term high tempera-
humidity bias Power supply voltage (MAX.) ture, humidity and electrical stress.
Low temperature | Ta=—65T Evaluate resistance to low temperature in long-
storage term storage.
Temperature Tstg(MAX.)-Tstg(MIN.) Evaluate resistance to sudden extreme temper-
cycling —65T to 150C air ature changes. .
Thermal
environ- Thermal shock Tstg(MAX.)-Tstg(MIN.) Evaluate resistance to sudden extreme temper-
mental —65T to 1507 liq ature changes.
tests -
Resistance to sol- | 260C 10s Evaluate resistance to thermal stress during
der heat soldering
Mechanical shock | 1,500G, 0.5 ms £X, *Y, +Z Evaluate structural and mechanical resistance
to strong shocks.
Variable- 20G, 100 to 2,000 Hz, X, Y, Z Evaluate resistance to vibration during trans-
frequency vibra- port and use.
tion
Constant 20,000GxX, 1Y, +Z Evaluate resistance to constant acceleration.
accelration
Mechanical | Lead fatigue Lead pull: holds fixed load for 10 | Evaluate resistance to mechanical stress ap-
environ- seconds plied to pins.
ment tests Lead bend: bend once 90 in forward

and reverse directions
(Load is determined based

shape and the surface area of pins sec-

tion.)

on pin

Hermecity

Test for minute leaks using helium gas

and large leaks using foaming.

Evaluate hermetic sealing.

Salt atmosphere

Spray 5% salt solution
at Ta=35C for 24 hours

Evaluate resistance to corrosion in salt spray
environment.

Solderibility

2307 for 5 seconds (with flux)

VEvaluate solderability of pins.

SHARP
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4. Reliability Tests

In addition to determining the extent to which
product reliability can be assured, the objectives of
reliability testing include getting an understanding
of design limitations and the catastrophic failure
mode, and prediction reliability in the field.

The major categories of reliability testing are
life tests, thermal environmental tests, and mechan-
ical environment tests. The standardized test
methods used are those prescribed by official stand-
ards or associaitions such as the International
Electronics Commission (IEC), and the U. S. Mili-
tary Specifications (MIL). Sharp standardizes all
specifications to conform with these standerds.

Table 1 shows a representative reliability test.

5. After-sales Service

If a product malfunction after shipment, we have
the customer return the product for detailed analy-
sis. We also obtain complete information concern-

Quality Assurance

findings concerning the design, manufacturing pro-
cess, or method of use to the departments con-
cerned for preventive action against recurrence of
the malfunction. We then submit a report to the
customer.

This process of tracking the performance of our
products in actual use is an extermely effective
way to enchance product reliabilty. We direct a lot
of energy forwards its full implementation.

Fig. 5 shows the quality information flowchart,
and Fig. 6 shows the procedures used in their
analysis.

6. Handling Precautions

All of the semiconductor products listed in this
data book were manufactured based on exacting
designs and under compreshensive quality control.
However, to take full advantage of the features
offered and assure the products’ long-life service,
please refer to this manual to help in designing sys-

- tems that make best use of their capabilities.

ol
[RERRRRRR |

ing conditions of use, frequency of occurrence, and (1)
symptoms.
When the cause has been determined, we report

Maximum Ratings
It is generally known that the failure rate of
semiconductor products increases as the tempera-

L Customer

Trouble, accident ]

Reply

Feedback to related sections
and quality enhancement
activities

LSales department ]

Connection Reply

Regular quality meeting

\

__I Quality assurance section

AR

¥ L EER ]

—_—

Data service Failure analysis

Request for corrective action |

______________ -l ——
l Report -:
] |
Proposal I
L Production department Design enginnering department
Request
for action
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ture increases. It is necessary, of course, that the:
ambient temperature be within the maximum rated
temperature. Further it is desirable from the stand-
point of reliability that the ambient temperature be
lowered as much as possible. The voltage, current,
and electric power used are also factors that signi-
ficantly influence the life of semiconductor pro-
ducts. Voltage or current that exceeds the rated
level may damaged, the semiconductor product;
even if applied only momentarily and the unit con-
tinues to operate properly, excessive voltage or
current will likely increase the failure rate.

Therefore, in actual circuit design, it is impor-
tant that the semiconductor products used have a
certain degree of lallowance with respect to the volt-
age, current and temperature conditions under
which they will be used. The greater this allo-
wance, the fewer the failures that will occur.

To keep failures to a minimum, the circuit should
be designed so that under all conditions to absolute
maximum, the ratings are not exceeded even
momentarily and so that the maximum values for
any two or more items are not achieved simul-
‘taneously. In addition, remember that the circuit
functions of-semiconductor products are guaran-
teed within the operating temperature range (Topr)
of the absolute maximum ratings, but that storage
temperature (Tstg) is the range in a nonoperating
condition. .

(2) Transportation and Storage

It is recommended to store semiconductor pro-
ducts under circumstances of normal temperature
(5 to 30C and normal humidity (45 to 75%RH)).

The products in moisture-proof package should
be stored under circumstances of 5 to 30°C and
less than 70%RH, and they should be mounted in
systems immediately after unpacking.

During shipping and storage, keep semiconduc-
tor products in the packaging they were delivered
in to prevent damage due to static electricity. If re-
moved from their packaging, the terminals must be

shortcircuited with a conductive material or the en-
tire units wrapped in aluminium foil. Also remem-
ber that nylon and plastic containers build up elec-
trostatic charges easily and so should not be used
for storage or transportation. .

- Mechanical vibration and shock also be kept to a

“minimum.

(3) Assembly

When attached to printed circuit boards, semi-
conductor products are removed from a conductive
container, so electrical equipment, work benches
and operators must be grounded to protect the pro-
ducts from static electricity. It is good to use
grounded metal plating on the surfaces of work
benches. Grounding metal rings and watch bands is
a convenient method for grounding operators. The
grounding of operators is required to prevent elec-
tric shock due to current leaks from electrical
equipment, so it must be performed through a re-
sistance of 1 MQ.

Working attire made of synthetic fabrics should

be avoided in favor of fabrics such as cotton that
do not easily genarate static electricity.

Keeping the relative humidity in° working areas
around 50% will also help to prevent the genera-
tion of static electricity.

Current leakage from electrical equipment is not
desirable from the standpoint of safety. All equip-
ment Should therefore be checked periodically for
current leakage.

When forming the lead wires of semiconductor

. products to be mounted, forceps or a similar tool

that will prevent stress from being applied to the
base of the wires should be used.
To prevent the input terminals of semiconductor

products on completed printed circuit boards from -

becoming open during storage or transport, the ter-
minals of the circuit board should be shortcircuited
or the entire circuit board itself should be wrapped
in aluminium foil.

Table 2
Bonding method Temperature and time Test position
Infrared reflow . Peak temp. 240Cor less. 230°C or more within 15 sec. | Surface IC package
Heating speed: 1 to 4C/sec.
Flow dipping 2457T or less, Solder bathe
. Within 3 sec./cycle
Within 5 sec. in total
VPS ., 215T or less, Steam
200TC or less/within 40 sec.
Hand soldering 2607 or less, within 10 sec. IC outer lead
SHARP
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(4) Soldering and Cleaning
When a semiconductor product are solder-
- bonded, specify the best conditions according to
the Table 2. If using a soldering iron, use one with
no leakage from the soldering tip. An A class
soldering iron with an insulation resistance of less
than 10 MQ is recommended. When using a solder
bath, it should be grounded to prevent its having
an unstable electric potential.

Using a strongly acidic or alkaline flux for
soldering can cause corrosion of the lead wires. A
resin flux is ideal for this type of soldering.

To assure the reliability of a system, removal of
the flux used in soldering is generally required.

To prevent stress of semiconductor products and
circuit board when using ultrasonic cleaning, a
cleaning method must be used that will shadow the
main unit from the vibrator and specify the best
conditions according to the cleaning conditions as
below. )

Ultrasonic output: 25W/1 or less

Cleaning time: 1 min. or less in total

24
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Cleaning fluid temp.: 15 to 40C

(5) Adjustment and Tests

When the set is to be adjusted and tested upon
completion of the printed circuit board, the printed
circuit board must be checked to ensure that there
are no solder bridges or cracks before the power is

‘turned on. Also, if the market rated valtage and

current are to be used, it is wise to use a current
limiter.

Whenever a printed circuit board is to be re-
moved or mounted or mounted on a socket, the
power must be turned off. )

When testing with a probe, care must taken to
assure that the probe does to come in contact with
other signals or the power supply. If the test loca-
tion has been decided beforehand, it is wise to set
up a specially designed test pin for testing.

When testing in high and low temperatures, the
constant temperature bath must be grounded and
measures taken to protect the set inside the bath
from static electricity.
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. 4-Bit Microcomputer (Controller for Low Power Systems)

SM590/SM591/SM595

SM590/SM591/SM595

4-Bit Microcomputer (Controller for Low Power Systems)

The SM590/SM591/SM592 is a CMOS 4-bit
microcomputer which integrates a 762X 8-bit
ROM, a 41 instruction set, a 4-level subroutine
stack, a 15 I/0 port (for 20-pin DIP), and a stand-

Description

by function in a single chip.

Operated from 1 gs instruction cycle with low
power consumption, this microcomputer is applic-
able to replacement of a compact controller circuit
or any circuits consisting of conventional standard
ICs. :

|
1

(S0

12.

Features

. CMOS process
2.

ROM capacity
SM590: 508 X8 bits
SM591: 1016 X 8 bits
SM595: 762 X 8 bits

. RAM capacity

SM590: 32X 4 bits
SM591: 56 X4 bits
SM595: 32X 4 bits

. Instruction set 41
. Subroutine nesting 4 levels
. Input/Output ports

11 bits (16DIP)
13 bits (18DIP)
15 bits (20DIP)

. Output current (10 bits MAX.)

SM590/SM591: 10mA (MAX.)
SM595: TmA (MAX.)

. Clock oscillator

+ Ceramic oscillator
* Resistor
+ External clock

-9. Standby mode
10.
11.

Power supply (2.5 to 5.5V)
Instruction cycle
Vpp=3V: 4 s (MIN.)
Vpp=5V: 1 us (MIN.)
16-pin DIP (DIP16-P-300)
18-pin DIP (DIP18-P-300)
20-pin DIP (DIP20-P-300)

"l Pin Connections

16DIP

18DIP

20DIP

RO [1] o [16] Voo
RO:[2] 15]R2:
RO:[3] - [14R2:
RO [4] ERZo
R35/CL:[5 | [12] R1s
CLi[6] [11]R12
ACL[7] 10} R1:
GND[38] [9]R10
—
ROo[T] o 18] Voo
RO:1[2] [17] R2.
R2; (3] [16]) R30
ROz [4] 115)R2:
RO03[5 | [14)R2
R33/CL2[6 | [13] R1s
CLi[7] [12]R12
ACL[8] [TJRL
GND[9] [T0] R1o
—
R0o E o E Vop
RO1[2] E R2:2
R23[3 ] 18] R30
ROz 17 R2r
R03|_?_ E R20
R33/CL2[6 | [15]R1s
CL[7] 14]R1:
R32|z EI R31
ACL[9] 12]R11
GND(I0] T1]R1o
—

_ Top View

26
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4-Bit Microcomputer (Controller for Low Power Systems) : - SM590/SM591/SM595
y /7 /7 / / /7 /7 /7 J 7/ /7 /7 /J /J /7 /7 /7 /7 4

B Block Diagram

[ s T

RAM
PC 20) Vbp
y SM590 324 :
SM591 56%4 10 GND
ROM SM595 32X4
SM590 508X8 (9 AcL
SM591 1016X8
SM595 762X8
Symbol description .
Acc : Accumulators PC : Program counter
ALU : Arithmetic logic unit RO-R3 : Registers
B : RAM address register SP : Stack pointer
C : Carry F/F SR : Stack register
CG : Clock generator X : Temporary register
Note: Pin numbers apply to 20-pin DIP only.
B Pin Description
Pin name 1/0 Circuit type Function Note
R0O,-RO3 1/0 | Pull down Input/Output ports 1
R1,-R1; 1/0 Pull down Input/Output ports 1
R2¢-R2;4 1/0 | Pull down Input/Output ports 2
R30-R3, /0 | Pull down Input/Output ports 1
ACL 1 Pull down Auto clear _
CL;. System clock oscillation )
R33/CL, 0 Output/system clock oscillation 3
Vop Power supply for logic circuit
GND | Ground

Note 1: Open drain I/0 or CMOS outputs selectable with a mask option.
Note 2: Open drain I/0 is selectable with a mask option.
Note 3: An external clock should be applied when the R3; output port is selected with a mask option.

SHARP




4-Bit Microcomputer (Controller for Low Power Systems)

Bl Absolute Maximum Ratings

SM590/SM591/SM595

Parameter Symbol Rating Unit
Supply voltage Vbp —0.3to +7.5 \Y
Input voltage Vi " —0.3 to Vppt0.3 \%
Output voltage Vo —0.3 to Vpp+0.3 A%
Source output current sum S lon 120 mA
-Sync output current sum SloL 20 mA
Operating temperature Topr —10 to +70 T
Storage temperature Tstg —55 to +150 T
B Recommended Operating Conditions (Ta=—10to +70C)
Parameter Symbol Conditions MIN. TYP. | MAX. Unit
Supply voltage Vob 2.5 5.5 \Y
Instruction cycle tsys Vpp=3V£0.5V 4 50, us
Vpp=5V 0.5V 1 50
SHARP
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4-Bit Microcomputer (Controller for Low Power Systems) SM590/SM591/8M595

I Electrical Characteristics (Vpp=2.7 to 5.5V, Ta=—10to +70°C)

29

Parameter Symbol Conditions MIN. TYP. MAX. Unit Note
Vi 0.7Vpp Vop \4 1
Vi ) 0 0.3Vpp \
Vine Vpp—0.5 Vob \% 2
\ 0 0.5 \
Input voltage Vpp=5V£10% | SM590/SM591 0.7 1.4 2.1
Vis Vpp=3V SM595 0.5 \%
Vpp=5V SM595 0.7 3
AV, [ Vpp=5V+10% | SM590/SM591 1.1 2.0 3.1 Vv
Vi Vpp=3V SM595 2.8 v
Vpp=5V SM595 4.6
_ Vop=3V10% 15 70 200
Input current b | Viv=Voo Vop=5V+10% | 70 250 | 750 | “A | D -
I Vo=V Vpop=3V+10% 7 20 A 4 : =
2 N VoD Vop=5V *10% 20 60 “ , 2 =
_ Ta | tsys=24s Vop=5V+10% 1 3 mA =
Current _ Vpp=3V+10% 100 200
consumption laz tsrs=10 s Vpop=5V+10% 200 500 #A 5
Ist Standby mode 1. 2 #A
Vpp=5V+10% | SM590/SM591 10
Ion: Vou=Vpp—2V | SM595 7 mA
) Vou=Vpp—0.5V : 1
VoL=0.4V [ Vpp=5V£10% | 16 A 6
I CMOS output 0.8
Ol V=04V [ Vop=5V+10% 15 A
Pull-down output 8 #
Vpp=5V*10% | SM590/SM591 4
Toxs Vou=Vpp—2V | SM595 3 mA
Vou=Vpp—0.5V SM590/SM591 0.5 7
SM595 0.4
I VoLo=0.4V Vop=5V+10% 15 A
oLz Pull-down output 8 “
Vpp=5V+10% | SM590/SM591 4
I Vou=Vpp—2V | SM595 3 mA
oy —v. —o5y |- SM590/SM591 0.5
on— o T | SM595 0.4 8
VoL=0.4V Vpp=5V+10% 1.6 mA
Output current IoLs CMOS output - 0.8
VoL=0.4V | Vop=5V£10% 15 A
Pull-down output 8 #
Vpp=5V+10% | SM590/SM591 10
Vou=Vpp—2V | SM595 7 9,10
Vou=Vpp—0.5V 1
Iona Vpp=5V+10% | SM590/SM591 3 mA
Vou=Vpp—2V | SM595 2 9,11
Von=Von =0V [ 3
VoL=0.4V Vop=5V+10% 1.6 mA
I CMOS output . 0.8 9
OL4 'y =04V | Vop=5V+10% 15 A
Pull-down output 8 #
SHARP



4-Bit Microcomputer (Controller for Low Power Systems)

SM590/SM591/SM595 .

Parameter Symbol Conditions MIN. TYP. MAX. Unit Note
Vop=5V*+10% | SM590/SM591 1 )
I Vou=Vpp—2V | SM595 0.7 nA
Output current v v sy | SM590/sM591 | 0.15 12
‘ on T T | SM595 0.1
I Vor=0.4V Vop=5V*10% 0.6 nA
OL5 CMOS output 0.3

Note 1: Applied to pins R0p—R03, R15—R13, R2p—R23, R3;—R35.

Note 2: Applied to pins ACL and CL,.

Note 3: Applied to pin R2,. (When a standby clear signal is input.)
Vis: Oscillation start input voltage (No oscillation is occurred under this level.)
Vius: Systemclock start voltage (See Fig. 7)
AV Vigz—Vis

Note 4: Applied to pin ACL.

Note 5: No load condition.

Note 6: Applied to pins R0p—R03, R15—R13, R3;.

Note 7: Applied to pins R2o—R23.

Note 8: Applied to pin R3,.

Note 9: Applied to pin R3,.

Notel0: When the content of R latch is output from the pin R3,.

Notell: When the clock input to the pin CL; is output from pin R3,.

Notel2: Applied to pin CL,/R33.

Bl Oscillator Circuits

CL; and CLy are the clock oscillator input and
output ports respectively. The basic clock signal
can be obtained by the céramic oscillator and resis-
tor. The external clock signal may also be pro-
vided. (See Fig. 1.)

CL, CL, CL,

5 %

Ceramic oscillator
Fig. 1

B External Input Signal AC Characteristics

.CR oscillator
Reference clock generator circuit

For an external clock input, provide the external
clock to the CL; pin. In this case, the CL, pin can
be used as the output pin (R33 pin) with a mask op-
tion.

The internal system clock is equivalent to the
basic clock supplied to the CL; pin divided by four.

CL, CL, CL,

R
(capacitor is built-in)

External clock

Parameter Symbol - Conditions MIN. TYP. | MAX. Unit
Clock rise time te Vpp=2.5 to 5.5V 50 ns
Clock fall time t, | Vop=2.5 to 5.5V 50
. ty Vpp=5V+0.5V 0.08 6.3
s
Clock pulse width ty | Vop=3V+05V 0.45 63 | “

Note: When external clock is input.
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B Pin Descriptions

(1) Vpp, GND (Power supply)

Apply 2.5 to 5.5V power supply to the Vpp pin
with respect to GND pin which provides a refer-
ence level of the LSI.

(2) ACL (Reset pin)

The ACL pin is used to initialize the LSI. The
LSI will be reset upon completion of two instruc-
tion cycles after ACL pin goes High. The ACL (re-
set) mode will be cleared upon completion of one in-
struction cycle after ACL pin goes LOW.

Connect a capacitor between ACL and Vpp to re-
set when power on. Two or more instruction cycles
should be taken for the ACL input.

When a ceramic oscillator is used for a system
clock, take a certain period of ACL time with the
oscillation to be stabled.

ACL dO.IﬂF
switch \t ’

Fig. 2 ACL circuit

SHARP

(3) R3;-RO, (i=0 to 3) I/0 pin

R3;-R0O; (i=0 to 3) pins may be used for both in-
put and output, and a pull-down resistor is con-
nected to the output buffer.

Data should be transferred between ports
(R3;-RO;) specified by the BL and the accumulator
(Acc) or data memory by instructions.

When R3;-R0; pins are used as inputs, reset the
output latch and connect a pull-down resistor to
the 1/0 pins.

Note: Upon completion of RTA instruction for R3; pin, the
contents of an internal output latch are loaded into the accumu-
lator Acc.

The circuit type of R3;-R0; can be used not only
as a pull-down type but also as the following two
types with a mask option.

Mask option I

When the R port is used as only output port with
a large sink current, it can be replaced with the
CMOS buffer.

Applicable pins:

R0Op-RO3, R15-R13, R35-R3,

Not applicable pins:

R2y-R2;
Mask option I ,
" When the R port is used as only input port with
a reduced current flowing into the pull-down resis-
tor, it can be replaced with an open drain with a
protective diode not to be pulled-down.

Note: The CL,/R33 pin can be used as R33 output pin with a
mask option, and the circuit type should be set to the CMOS
buffer.: :

SM590/SM591/SM595
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B Hardware Configuration

(1) Program counter and stack

The ROM addresses can be specified by a prog-
ram counter (PC).

The program counter (PC) consists of 10 bits in-
cluding 1 bit (Py) for the field specification, 2 bits
(Pm) for the page specification and 7. bits (Pp) for
the step specification.

The Py for the page specification is a binary
counter, and the Py for the step specification is a
polynomial counter (provided that it is inhibited
for PL="7F).

A 4-bit stack register enables 4 levels of sub-
routine nesting.

(2) Program memory (ROM)

The program memory (ROM) is used to ‘store
programs. See Fig. 3 and Fig. 4 for ROM configura-
tion.

1 field has a configuration of 4pages X127 steps
X8 bits.

The SM590 has 508 bytes of ROM which con-
sists of 1 field (0)X 127 steps X4 pages.

The SM591 has 1016 bytes of ROM which con-
sists of 2 fields (0 and 1)X 127 stepsX 4 pages.

The SM595 has 762 bytes of ROM which con-
sists of 1 field (0)X 127 stepsX4 pages+1 field
(1)X127 steps X 2 pages.

The ACL program starts at field 0, page 0 and
step 0. ‘

When the standby mode is cleared, execute the
program at field O, page 1 and step 0.

Pu Pu Field 0 Field 1
Page 0 ACL start
Page 1 Standby mode start
Page 2
Page 3
SM590
SM591 >

Fig. 3 ROM configuration (SM590/SM591)

Pu Pl Field 0 Field 1
Page 0 ACL start

Page 1 Standby mode start

Page 2

Page 3

Fig. 4 ROM configuration (SM595)
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The TR instruction is used to jump within a
page, while the TL (two-word) instruction is used
to jump to any desired address. The TLS instruc-
tion executes a subroutine jump to any desired
address. '

(3) Data memory (RAM) and B register

The data memory (RAM) is used to store dafa.’

The RAM size of the SM590 and SM595 is 16 X2
X4 (128 bits), while that of the SM591 is 16X3.5
X4 (244 bits).

Each file consists of a 16 word X4-bit con-
figuration-as shown in Fig. 5.

The RAM address is specified by a B register
composed of 1-bit for the SM590/SM595 or 2 bits
for the SM591 of By and 4 bits of By.

> File

B—2Su 0 i 2 3

T | O|W R |oo|N|o ok [w(|-=|O

<— SM 590/595 —>
<——SM 591 }

Fig. 5 RAM Configuration

(4) Accumulator (Acc) and X register

The accumlator (Acc) is a 4-bit register. It
transfers data to I/0 ports and performs opera-
tions in combination with an arithmetic and logic
unit (ALU), a carry flag (C) and a RAM.

The X register is a 4-bit register used as a tem-
porary register which transfers and compares data
with the Acc.

SM590/SM591/SM595
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(5) Arithmetic and logic unit (ALU) and carry
flag (C)

The arithmetic and logic unit (ALU) performs
4-bit parallel arithmetic operations. Executing the
ADC and ADCS instructions shifts the carry of op-
erations into the carry flag (C).

(6) Output latches (R [0], R [1] R [2], RI3))

The output latches consist of 16 bits. 11 bits for
16 pin package, 13 bits for 18 pin package and 15
bits for 20 pin package of the output latches are
connected to external pins. The rest of the output
latches not connected to external pins can be used
as temporary registers.

The R output latches are specified by By.

SM590
SM591 R2,| Standby clear
SM595 IIC R P

Fig. 6

(7) System clock generator circuit

The system clock generator circuit divides the
basic clock supplied from the CL; pin, generates
the system clock.

The circuit externally outputs the clock signals
generated from clock oscillators (CL;, CLg) through
R3; pin with a mask option.

This function enables to be synchronized with
other LSIs.

Note that the instruction cycle time of 1 word in-
struction is equivalent to 1 cycle of system clocks.

SHARP

SM590/SM591/SM595

“High”
R2; input
“Low” Unstabled Stabled
cla W

Oscillatxon System clock
© start * start

Standby mode
Oscillation
stabled

Fig. 7 Clock timing for a ceramic ascillator

(8) Standby function

Executing an instruction places the device in
standby mode to reduce current consumption.

The oscillator and the system clock are iacti-
vated in standby mode.

When the R2, accepts High level in standby
mode, the standby mode is cleared and restarts
program execution at field 0, page 1 and step 0.

If a ceramic oscillator is used as a clock gener-
ator, a delay circuit shown in Fig. 6 is required to
obtain the clock oscillation time to be stabled.

Fig. 7 shows the timing in this case.

(9) Reset function (ACL)

Applying a High level signal to the ACL pin re-
sets the carry flag (c) and the output latch, and the
input pins are pulled-down.

Be sure not to apply High level to both R2, and
R2, pins in the reset (ACL) mode.

Applying a Low level signal to the ACL pin
starts execution of the program at field 0, page O,
step O.
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W Instruction Set
(1) ROM address instructions -

SM590/SM591/SM595

(4) Testinstructions

Mnemonic |Machine code Operation Mnemonic |Machine code Operation
TR x 80-FE Pp+Is-Ip (jump within a page) TAX x | 10-1F Skip if Acc=x
78-7B Py+ly, Py+Ig, I; TBA x | 64-67 Skip if Accx=1 (x=3 to 0)

TLxy2 | 00-FE | PyeIy-I, Gump to any page) TMx | 60-63 | Skip if Mx=1 (x=3 to 0)
LS xyz 7C-7F SP+SP+1, SR+PC+2 TAM 45 Sk%p 1:f A‘,:C:M

: 00-FE Py+Iy, Py+lg, I, Pr+Ig-Ip TC 54 Skip if C=1
RTN 4C SP+SP—1, PC+SR
RTNS 4D SP+-SP—1, PC+SR, Skip

(5) - Bit manipulation instructions

Mnemonic |Machine code Operation
(2) Data transfer instructions SMx | 6C-6F Mx<+"1 (x=3 to 0)
i RM x 68-6B Mx+0 (x=3 to 0)
Mnemonic {Machine code Operation SC 49 C+1
LAX x | 30-3F ACC‘._IE'_IO Skip if last instruc- "RC 48 C+—0
tion is LAX
LBLX x | 20-2F B]_'_I3_[0
LBMX x | 74-77 Bu+Iy, Io (6) 1/0 instructions
STR 44 M+—Acc Mnemonic |Machine code Operation
LDA | 40 AccM ATR | 46 R (By)*<Acc
EXC_ |41 Me—Acc MTR | 47 R (By+—M
Me—Acc, BB +1 RTA |55 Acc+R (B
EXCI 42 cC (Br)
Skip if Carry=1
M‘_’Acc, BL‘_BL— 1
EXCD 43 L .
Skip if Borrow=1 (7) Special instructions
EXAX |5D Acc—X Mnemonic |Machine code Operation
ATX 5C XAcc NOP 00 No Operation
XBLA | 57 Acc B, CCTRL | 4B Standby Mode
BLTA 56 Acc+BL
(3) Arithmetic instructions
Mnemonic |Machine code Operation
ADX x | 00-OF Acc+AccTtx, Skip if Carry=1
ADD 70 Acc+Acc+M
ADS 71 *| Acc+—Acc+M, Skip if Carry=1
ADC 72 Acc+Acct+M+C, C+Carry
| Acc+—Acc+M+C, C+—Carry
ADCS & Skip if Carry=1
COMA |44 Acc+Acc
INBL 52 B.+B.+1, Skip if Carry=1
DEBL |53 B.+B,—1, Skip if Borrow=1
INBM 50 By+Bmt+1
DEBM |51 By—My—1
SHARP
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[ | System Configuration Example

Amplifier Detector |—
-
PD,
PD: System code set Received
Fignal
PDs SYS,  SYS,
Vop SYS, SYS; SYSs Din
20 {19 y18 |17 (16 y15 y14 l13 12 y11
a N o o =) 5 ~ —~ — =3
fdded d:4E &
3
< - a
e 4 © & o > v o8 O Z
E R EE B Q8 2O
PD, 1 [2 [3 {4 |5 [6 [7 (8 49 |10
PD,
PD; Y Reset
input
— IH
PD3 | J
Receiver data T T

Remote control receiver

SM590/SM591/SM595

SHARP
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4-Bit Microcomputer (Controller) SM550/SM551/SM552

SM550/SM551/SM552 (e

B Description : B Pin Connections

The SM550/SM551/SM552 is a CMOS 4-bit SM550
microcomputer which integrates a 4-bit. parallel
processing function, a ROM, a RAM, I/0 ports, a & o
A . . . . e @ .
:;1;}1:1 interface, a timer/event counter in a single SIS E % SES £ E8
It provides five kinds of interrupt and a sub- 6] 53 2|31 ol 29
routine stack function using the RAM area, and
accesses on a byte-by-byte basis.
Operated from 3 to 5V single power supply with
high speed, this microcomputers applicable to
many applications from a battery back-up system
to a high performance system.
SM551/SM552
NC([T] GND
(2] O 53) INTB
PO, (3] 62 INTA
PO, (7] 61) OSCout
P0,[5] [60] OSCx
PO, 6] 59] Voo
PL, [T] 58] CK,
P11E ECKl
P1L,[T] [56) NC
P1, [I0] 55| RESET
P2,[T] [51] PB;
P2, [IZ] 53] PB,
P2,[T3] 52 PB,
P2; 11 [51] PB,
P3, (T3] 50] PA 5
P3, [1§] [49] PA,
P3, [T7] 8] PA,
P3, [18] [47] PA,
P4,/SI [19] 26 P9,
P4,/SCK [20] [45] P9;
P4,/SO [21] [44] Py,
P4, [22] 143] P9,
P5, [23] [42] P8,
NC [24] [41] P8,
P5, [25] [20]NC
P5, [26] 139] P8,
P54 [27] 38 P8,
P6, [28] 137] P7,
PSI{E h3_—6]‘P72
P6; [30] 35] P7,
P6, [31] 34] P7,
GND[3Z] : 33) TEST , ,
\ ), . ~ Top View

SHARP
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4-Bit Microcomputer (Controller) SM550/SM551/SM552

B Features

1. CMOS process 8. Input/output ports
2. ROM capacity SM550: 1/0 ports 24
SM550: 1,024 X 8 bits Input ports 4
SM551: 2,048 X8 bits : Output ports 8
SM552: 4,096 X 8 bits SM551/SM552: 1/0 ports 28
3. RAM capacity Input ports 4
SM550: 80 X4 bits Output ports 16
SM551: 128X 4 bits 9. 8-bit serial I/0
SM552: 256 X4 bits 10. Timer/counter: 1 set
4. Instruction set: 94 11. On-chip crystal oscillator circuit and clock di-
5. Subroutine stack: using RAM area . vider circuit
6. Instruction cycle: 12. On-chip system clock oscillator
1.74 ps (MIN.) (Vpp=5V) 13. Standby function
5.3 #s (MIN.) (Vpp=3V) 14. Expandable external data ROM/RAM
7. Interrupts 15. Supply voltage: 2.7 to 5.5V
External interrupts: 2 16. SM550: 48-pin QFP (QFP48-P-1010)
Internal interrupts: 3 SM551/SM552: 60-pin QFP
' (QFP60-P-1414)
64-pin SDIP

(SDIP64-P-750)
B Block Diagram

SM550

ROM
1,024x8

Interrupt Control

SHARP
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SM551/SM552

==

ROM D
Voo (3) SM551 2,048 %8

SM552 4,096 %8 RAM
- SM551 128x4 |

SM552 256X4

9 @13 @
RERESSSTriggeEddaass
Symbol description
AB : Accumulators PU,PX : Program counters
ACL : Auto clear circuit PO-PB : Registers
ALU . Arithmetic logic unit PSW : Program status word register
CG : Clock generator RD, RE, RF : Mode registers
DIV : Divider SB . : Shift registers
H,L,D,E : General-purpose registers " SP : Stack pointer
1IE : Interrupt enable F/F TC : Count registers
IFT, IFA, IFS, IFB, IVV : Interrupt requests ™ : Module registers
IME : Interrupt mask enable F/F ’

Note: Pin'numbers apply to a 60-pin QFP.

SHARP
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4-Bit Microcomputer (Controller)

B Pin Description

SM550/SM551/SM552

Symbol 1/0 Circuit type Function Note
l:;z_igz I;zz_l;z: 222_1;133’ 1/0 | Pull-up (I) Input/output ports
P9y-P93 /0 | Pull-up (I) Input/output ports 1
P2o-P23, P3o-P3;3 0 QOutput ports
PAy-PAs, PBy-PB; O Output ports 1
P7,-P73 1 Pull-up Input ports
INTA, INTB 1 Pull-up . Interrupt input ports
CK,, CK, System clock CR oscillator
OSCin, OSCout Crystal oscillator
$ 0 Synchronous clock output
Vpp, GND Power supply
TEST I Pull-down Test input (normally connected to GND)
RESET 1 Pull-up Reset input
Note 1: Applied to the SM551/SM552,
B Absolute Maximum Ratings
Parameter Symbol Rating Unit | Note
Supply voltage Vb —0.3to +7.5 \% 1
Input voltage Vin —0.3 to Vpp+0.3 \% 1
Output voltage Vour —0.3 to Vppt0.3 \Y% 1
Output current Iout 40 mA 2
Operating temperature Topr —20to +70 T
Storage temperature Tstg —55to +150 T
Note 1: The maximum applicable voltage on any pin with respect to GND.
Note 2: Sum of current output from (or flowing into) output pin.
B Recommended Operating Conditions
Parameter Symbol Conditions MIN. TYP. MAX. Unit Note
Supply voltage Vobp ) 2.7 5.5 \4
Crystal oscillator frequency fosc 32.768 kHz 1
. . Vpp=5V 0.25 2.3
Basic clock oscillator frequency f Voo =3V 0.25 0.75 MHz 2
Note 1: Oscillation starting time: within 10 seconds
Note 2: Degree of fluctuation frequency: +30%
(Tolerance of voltage fluctuation: +10%)
SHARP
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B Electrical Characteristics ' (Vop=2.7 t0 5.5V, Ta=—20 to +70T)
Parameter Symbol Conditions MIN. TYP. MAX. Unit Note
Vim 0.7Vpp Vbbb A% 1
X Vi 0 0.3Vpp A%
Input voltage
P & Vi Voo—0.5 Vo | V|
ViLe 0 0.5 \Y% ’
2 200
Input current Iin V=0V | Vo =50VL10% 20 200 rA 1,9
- pp—o.UVE
IOHl VOH'__VDD_—O-SV 50 /lA ) 3
ToL1 Vor=0.5V 250 rA
Ionz | Vou=Vpp—0.5V 100 7A 4
Output current lorz Vor=0.8V : fgg “4
lous | Vou=Voo =05V - — 003700 400 mA ;
0.5
—o. A
lois | VoL=0.5V [Vop=5.0V£10% 1.6 "
I f=0.5MHz, Vpp,=3.0V£10% 0.3 1.2 nA 6
OF . | f=1MHz, Vpp=5.0V+10% 1 4 |
Current consumption ' 1 5 7
Isr Standby current - | Vpp=3.0V£10% 12 40 rA 3
Vpp=5.0V+10% 50 200

Note 1: Applied to pins POo-P03, P14-P13, P44-P43, P5¢-P53, P64-P63, P8y-P8; (during input mode),
P70-P73, RESET.
Note 2: Applied to pins CK;, OSCyy, TEST.
Note 3: Applied to pin CK,.
Note 4: Applied to pin $.
Note 5: Applied to pins POo-P03, P1y-P13, P44-P43, P5,-P53, P6y-P63, P8(-P8; (during output mode), P2¢-P23, P3,-P33.
Note 6: No-load condition.
Note 7: No-load condition when crystal oscillation circuit is not operating. Connect OSCyy pin to GND.
Note 8: No-load condition when crystal oscillation circuit is operating.
Note 9: Applied to pins INTA, INTB.

SHARP
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Il AC Characteristics (Vbp=2.7 t0 5.5V, Ta=—20 to +70C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit Note
Reference clock Vpp=5V£10% 1.7 2.0 2.3 MH:z 1
oscillator frequency fcr Vpp=3V+10% 0.5 0.75 1.0 MHz 2
(CR oscillator) R=50kQ £5% 0.5 0.75 1.0 MHz
Reference clock input " Vpp=5.0V+10% 0.25 2.3 MHz
frequency (CK,) K 0.25 1.0
CK, input rise time tkr 100 ns
CK, input fall time txr 100 ns
CK, input HIGH width oy R OOVEL0% g'i us
CK, input LOW width t o0 =50VE10% 8.411 us
Crystal oscillator frequency fosc 32.768 kHz -
0SCoyr input cycle time tey 2 teye 3 =
0SCoyr iuput rise time tir 500 ns 2 =
0OSCoyr input fall time tr 500 ns =
OSCour input HIGH width tn 1 teye 3
OSCoyr input LOW width to 1 teye 3
INTA HIGH width tan 2 teye 3
INTA LOW width taL 2 teye 3
INTB HIGH width teu 2 teve 3
INTB LOW width teL 2 teye 3
SCK cycle time tsy 1 tcye 3
SCK HIGH width tsu 1/2 teye 3
SCK LOW width tse 1/2 teye 3
SCK rise time tsr 500 ns
SCK fall time tse 500 ns
RESET pulse LOW width tRsT 300 ns

Note 1:

SM550: R=17kQ £ 5%, SM551/SM552: R=10kQ £5%

Note 2: SM550: R=50kQ 5%, SM551/SM552: IR=33kQ £5%
Note 3: Cycle time at one fouth of a reference clock frequency.

SHARP
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B Timing Diagram

CK input

[ tey

OSC input Vop—0.5V

SCK input

RESET input trsT
0.3Vpp

SHARP
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4-Bit Microcomputer (Controller)

B Hardware Configuration

(1) Program memory (ROM)

The on-chip ROM of the SM550/SM551/
SM552 has a configuration of 16/32/64 pagesX
64 steps X 8 bits respectively, and stores programs
and table data.

The program counter of the SM550/SM551/
SM552 consists of a 4-bit/5-bit/6-bit page
address counter Py and a 6-bit binary counter Py
used to specify the steps within a page.

Fig. 1 shows the locations allocated in the
on-chip ROM.

(2) Data memory (RAM)

Data memory of the SM550/SM551/SM552 has
80-word/128-word/160-word X4 bit configura-
tion respectively.

Fig. 2 shows the RAM configuration.

(3) General-purpose registers (H, L, D, E)

Registers H and L are 4-bit general-purpose
registers. They can transfer and compare data with
the Acc on 4-bit basis.

Registers D and E are 4-bit registers and can
transfer data with the H and L registers on an

SM550/SM551/SM552

8-bit basis.

The H and L as well as the D and E registers can
be combined into 8-bit register pairs, and can be
used as pointers to data memory locations.

The L register can be incremented or de-
cremented and is used to access I/0O ports and
mode registers.

(4) Clock divider (DIV)

The device contains a crystal oscillator and a
15-stage divider. A real-time clock can be pro-
vided by connecting an external crystal oscillator
between the oscillator pins.

The on-chip divider is reset by an ACL opera-
tion or an IDIV instruction. The low-order 8 bits
of the divider can be loaded into the B/A register
pair by the LDDIV instruction.

When an external 32.768kHz crystal oscillator
is used, the final state signal is set at a frequency
of 1Hz.

(5) Timer/event counter (TC)

The timer/event counter consists of an 8-bit
count register (TC) and an 8-bit modulo register
(TM).

Pus~Pu,
Puy~Pug. 0 1 2 3
0
1 Nioj1|2(3|4|5|6[7|8{9|A|B|[C|D|E|F
1
2 2
3 3
4 4
5 5
5 6
7
7 8
8 9
9 0
A A
B
B C
C D
D E
F
£ l«——SMB550
—_—] B
F SM551 -
< SM550->1 SMb52
SM551 U: Upper L: Lower
SM552 Fig. 2 RAM configuration
Fig. 1 ROM configuration
SHARP
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4-Bit Microcomputer (Controlier)

- SM550/SM551/SM552

'Ta,ble 1 Interrupt request

. Interrupt routine
Interrupt request Int./Ext. Priority start address
INTT - Timer/event counter interrupt Int. 1 Page 1, Address 0
INTA External signal INTA interrupt Ext. 2 Address 2
INTS Serial I/0 interrupt Int. 3 Address 4
INTB External signal INTB and Ext. 4 Address 6
frame frequency interrupts i
INTV Divider overflow interrupt Int. 5 Address 8

The count register is an 8-bit incremental bin-
ary counter. It is incremented by one at the falling
edge of its count pulse (CP) input. If the count reg-
ister overflows, the timer interrupt request flag
IFT is set, and the contents of the modulo register
(TM) are loaded into the count register. The con-
tents of the count register can be loaded into the
B/A register pair by the LDTC instruction.

(6) Serial interface (S10)

The serial interface consists of an 8-bit shift
register (SB) and a 3-bit counter, which is used to
input and output the serial data. ,

In serial shift operations, the highest bit data of
the shift register (SB) is output from the SO pin at

. the falling edge of the serial clock, and the data in-
put from the SI pin is loaded into the lowest bit of
the shift register.

When the internal clock is used, the serial opera-
tion stops with 8 clocks of serial shift operations
which are output from the SCK pin.

(7) Interrupts

The interrupts can be selected within three
kinds of internal interrupts and two kinds of exter-
nal interrupts as shown in Table 1.

(8) 1/0 ports and mode registers (RD, RE,
RF)

The device has I/0 ports and three mode regis-
ters (RED, RE, RF). Data can be transferred be-
tween these ports and registers under instruction
control or L register control.

- Ports PO, P1, P4, P5, P8 and P9 ™ can be switch-

ed between input and output modes, 4 bits at a

time. )

- Ports P2, P3, PA™ and PB* are 4-bit parallel
output ports. '

* Port P7 is a 4-bit parallel input port.

+ Each bit of port P2 can be independently placed
in input or output mode by setting the corres-
ponding bit of mode register RF.
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- Ports (PO, P1), (P2, P3), (P8, P9) * and (PA,
PB)* can be paired for use in data transfer on a
byte-by-byte basis. However, port pairs (P2,
P3) and (PA, PB)* are usable only for output.

+ The mode registers RD, RE and RF are treated in

much the same way as output ports.

Each bit of port P2 can be set to the I/0 modes

(S, SO and SCK) of a serial interface under prog-

ram control. :

- Pins P50 and P51 can output the OD and R/W
signals respectively when an external memory is
accessed. In those cases, these pins should be
kept High in output mode.

% Applicable to the SM551 and SM552.

.

Every input port has pull-up resistors.

Pull-up resistors can be omitted and output
ports can be designed to consist of open-drain
transistors with a mask option.

(9) Standby mode

Executing the CEND instruction places the de-
vice in standby mode. To reduce power consump-
tion, the system clock is inactivated.

Standby mode may be cleared with the Interrupt
request or the RESET signal.

(10)  Reset function (ACL) v

Applying a Low level signal to the RESET pin
resets the internal logic of the device, and starts
execution of the program at address 0, page O.

Once the device is reset, all I/0 ports are placed
in input mode to disable all interrupts. The mode
registers RD, RE and RF are all cleared. The out-
put ports P2, P3, PA™ and PB* are all cleared to
output “0”. The device is also reset when it is po-
wered up. The program starts (master clock period
X 2% clock periods after the reset signal is in-
effected.

% Applicable to the SM551 and SM552.




4-Bit Microcomputer (Controller) SM550/SM551/SM552

(11) Master clock oscillator circuit

The master clock oscillator requires an external CKy External clock —{CK,
resistor across pins CK; and CKj. Instead of using R
on-chip oscillator, an external clock may be ap- CK, Open— CK;
plied to pin CK;. In this case, pin CK; should be
left open.

The system clock ¢ has a frequency of one
fourth that of the clock applied to pin CK;. When Fig. 3
applying an external clock to pin OSCqyr, the ex-
ternal clock frequency should be set at one eighth : 0SCiv  OSCour

of the master clock frequency. Crystal Open—{ OSCiy
Ce ﬂl—}_cn
I External clock -] OSCour

Cc =15pF,Cp=22pF

A
Vv

(a) CR oscillator (b) External clock

(a) Crystal oscillator (b) External clock

Fig. 4

SHARP ’ -
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SM550/SM551 /SM552

Bl Instruction Set
(1) RAM address instructions (3) Data transfer instructions
Mnemonic |Machine code Operation Mnemonic |Machine code Operation
STL 69 LA EX pr 5C-5F A+ (pr)
STH 68 HeA LDX adr | 7D
I HeD (2-byte) | 00-FF | 77@dD
L+E STX adr | 7E (adr)—A
LIHL xy | 3D Hex(l,-Ly), Ly(la-Io) _(2-byte) | 00-FF
(2-byte) | 00-FF ’ EXX adr | 7C Avs(adr)
(2-byte) | 00-FF
LAX x | 10-1F A+—x(I5-1o)
L LIBA xy | 3C Bex(I;-1,) -
(2) ROM addrgss instructions (2-byte) | 00-FF Ay(loly
Mnemonic |Machine code Operation B+-ROM(Pys5-Py2, B, A)y
TRx | 80-BF | Prex(ls-ly) LBAT | 60 A“ROM(Pys-Pys, B, A)y
TL xy | EO-EF Py+x(Is-T¢) LDL 65 A+~L
(2-byte) | 00-FF PLey(s-1o) LD pr 54-57 A+(pr)
(SP-1), (SP-2), (SP-3)+PC ST pr | 58-5B (pr)<A
SP+-SP-4 EXH 6C A<H
TRS x | CO-DF Py+0(SM550), EXL 6D AL
Py+104(SM551/SM552) EXB 6E A<B
P ex(I415151;150) STB 6A B+A
CALL xy | FO-FF (SP-1), (SP-2), (SP-3)«PC LDB 66 A+<B
- _ SP+=SP-4, Py+x(Iy-le) LDH 64 A<H
(2-byte) | 00-FF -
Prex(Islalals111o) (SP-1) B, (SP+2)+A,
Pus-Pusx(ls-lo) PSHBA | 28 SPe—SP-2
JBAx |7 PU5 PU2 Pis, PLaB (SP-1) «B, (SP+2)«A
U1 fuos s y , -1)+B, — ,
(2-byte) | 30-3F PLa-PLo—A PSHHL | 29 SPeSP-2 '
Py, PL(SP+1), (SP+2), —(SP+ -
RIN | 61 (SP+3), SP+SP+4 POPBA | 38 SBPiSSI;fz)’ AR
Py, PL+(SP+1), (SP+2), He(SP+ 1) L—
RTNS |62 (SP+3), SP—SP+4 POPHL | 39 Splssf; +12)’ (SP).
Py, PL+=(SP+1), (SP+2) STSB 70 SBy+B, SB +A
RTNI 63 (SP+3), PSW<+(SP), STSP 71 SPy+B, SPL+A
SP+SP+4, IME+1 STTC 72 TC~TM
STTM |73 TMy+B, TM;+A
LDSB | 74 B+SBy, A+SB;
LDSP |75 B+SPy, A«<SP_
LDTC |76 B+TCy, A<TC,
LDDIV | 77 B+DIVy, A—DIV,
SHARP
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4-Bit Microcomputer (Controller)

SM550/SM551/SM552

(4) Arithmetic instructions (7) 1/0 instructions
Mnemonic |Machine code Operation Mnemonic |Machine code Operation
A—A+x(I5-1p), IN 67 A+P(L)
ADX 00-0F -
X Skip if Cy=1 ouT 6B P(L), R(L)—A
ADD 36 A—A+(HL) INAx | 7F Aep
aope | 37 A—A+(HL)+C, C+Cy (2-byte) | AO-A9 )
Skip if Cy=1 OUTA x | 7F PR, R)—A
OR 31 A+—A+(HL) (2-byte) | BO-BF ’
AND 32 A+A - (HL) weax | TF B—P(x+1)
EOR 33 A+—AD(HL) * 1 80; 82 A+P(x)
ANDB | 22 A+—A-B OUTBA x| 7F P(x+1)+~B
ORB 21 A—A+B (2-byte) | 90-93 P(x)+<A
EORB | 23 A+<—ADB SPxy |7A
COMA | 6F A—A (2-byte) | 00-F6 | TV TPMTX
ROTR | 25 C—Az—A,—A;—Ay—C RPxy | 7B PlyyeP(
ROTL | 35 CoAg—A, A, —Ay—C (2-byte) | 00-F6 )Py x
INCB |52 Skip if B=F, B—~B+1 READ | 7F .
DECB | 53 Skip if B=0, B—B—1 (2-byte) | 60 A<=F0 with O/D
INCL |50 Skip if L=F, L~L+1 WRIT | 7F ]
DECL |51 Skip if L=0, L—L—1 (2-byte) | 70 POA with R/W
DECM | 79 Skip if (adr)=0, READB | 7F B+—P1
adr 00-FF (adr)«—(adr)—1 (2-byte) | 61 A<+P0O with O/D
INCM | 78 Skip if (adr)=F, WRITB | 7F P1+B
adr 00-FF (adr)+—(adr)+1 (2-byte) | 71 PO<+A with R/W

(6) Test instructions

(8) Special instructions

Mnemonic | Machine code Operation Mnemonic | Machine code Operation
TAM 30 Skip if A=(HL) SIO 3E Sperial 170 start
TAH 24 Skip if A=H IDIV 7F
T DIV<+0
TAL 34 Skip if A=L (2-byte) | 10
TAB 20 Skip if A=B SKIP 00 No operation
TC 2A Skip if C=0 CEND 7F System clock sto
TM x | 48-4B Skip if (HL)x=1 (2-byte) | 00 Y P
TA x 4C-4F Skip if Ax=1 Note: The machine code consists of 8 bits including 17, I, Is,
TSTT 2B Skip if IFT=1, IFT+0 Iy, 1312, 11 and Io.
TSTA 2C Skip if [IFA=1, [IFA<0
TSTS 2D Skip if [FS=1, IFS+0
TSTB 2E Skip if [IFB=1, IFB+-0
TSTV 2F Skip if [IFV=1, IFV+«(
(6) Bit manipulation instructions
Mnemonic |Machine code Operation
SM x 40-43 . (HL)x+1
RM x 44-47 (HL)x+0
RC 26 C+—0
SC 27 C+1
RIME 3A IME+0
SIME 3B IME+1
DI x 7F
(2-byte) | CO-DF | EFTIEF x
Elx 78 IEF+IEF +x
(2 byte) | EO-FF
SHARP
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Il System Configuration Example (Mechanism controller)

+5V
Q T
Z
v 5z g g en
53 00 = £Z
§ 8 £ 9
1 RESET
7+ PAst—>
——{INTA PA
Pulse input { o o>
—>INTB P9,
! Pho § ? Control signals®
ClS PYo}——
~—P4, P8 | — >
~—1P0, {

Control signals 5 § P8y }——>
< P03 P63 (—-—I
—PI, § ' }Input signals

CS L
<—P1 & o o © 6 ~ & ®
REANAL-RE B R OR

% Ports P8,-P83 P9y-P93, PAo-PAj3 apply to the SM551 and SM552.
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4-Bit Microcomputer (Controller with A/D Converter)
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SM578/SM579

4-Bit Microcomputer (Controller with A/D Converter)

B Description

The SM578/SM579 is a CMOS 4-bit micro-
computer which integrates a 4-bit parallel proces-
sing function, interrupts, an A/D converter, a com-
parator, a counter/timer circuit, and a tone output
function in a single chip.

An A/D conversion can be executed by one in-
struction with simple software, and provides a high
speed processing. This feature enables to accept
analog signals from sensors.

Provided with unique features of 52 1/0 ports, a
couple of programmable counter/timers, and many
instruction sets, this microcomputer is applicable
to many applications such as home appliances,
office equipment, simple measuring instruments,
and battery backup systems.

B Pin Connections

SM578/SM579

60QFP

64QFP
64SDIP
ROz GND
N E RO g ROs
Vpsp[Z] R0o [3] Rlo
ACL[Z} Q: [T () R1:1
CL.[L] QO GR12
CL:2[5]} 81 ] 59 R13
o (7] 58] Vb
f°;': l:: Voo [3] Siv
ACL [} VrL
P[E] " cLim] R2o
P2[9] CLa [ R2:
Ps[10} four [IZ] 53] R22
KH{IT] Po(T3] 7] R2s
KI[Z] P[] R3o
P2 [13] R3:
T P3[16] 9 R3:
0SCour(14] KHD RS,
0SCiv/KT [I5] KI[F] KCo
KL 18] T 9] 5] KC1
Zss[17] Scrock 0SCour 5] KCz
Z14[18] Sout 0SCout/KT[I] KCs
Zi3 KL[ZZ] 3] VRH
Z15 23] JF
Z14 [2]] Scrock
Z13 [25) Sout
- Z12 (28] 9] Zo
Su 2] Z_
Z1028] 37) Z2
Zs[29] 5] Zs
73 [30] 5] Za
Z7 [31] Zs
GND] Zs
Top View
SHARP
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4-Bit Microcomputer (Controller with A/ D Converter) o

B Features

1. CMOS process
2. ROM capacity
SM578: 4,064 X9 bits
SM579: 6,096 X9 bits
3. RAM capacity
SM578: 192X 4 bits
SM579: 256 X4 bits
4. Instruction set
SM578: 93
SM579: 94
5. Subroutine nesting: 6 levels
6. Instruction cycle: 2 us (MIN.)
7. Interrupts :
 External interrupts: 2
Internal interrupts: 3

B Block Diagram

8. Input/Output ports
- 1/0 ports: 41
Input ports: 9
QOutput ports: 2 .
9. 8-bit serial I/0
10. Counter/timer: 2 sets
11. A/D converter:
8 bits (20 channels MAX.)
12. Standby function:
2-stage system clocks
13 On-chip crystal/system clock
Oscillator circuits
14. Supply voltage: 2.7 to 5.5V
15. 60-pin QFP (QFP60-P-1414)*
64-pin QFP (QFP64-P-1420)
64-pin SDIP (SDIP64-P-750)

% Usable when serjal I/0 ports are not used.

SM578/SM579

o
O]
cmro o g SSSS I35 SSSS S S5S 5 E 2
AL QOO0 MERR MMM KK REME @ 0 &
0,0,0,0aDGR A6 GIHEIH60HE. 3,665 (0,0, 00, C) &) (B (N (D 39 5. 34)
e || [o]] [ro]| [xo]| [re]| [ra]| [ so [P
i ! | ! ! [ Qonp
| 1 WGND
’ G X Acc B [ SB
C 6 four
3)ACL
‘M
P RAM )T
X
ROM | HF @K1
DM
JTIMER1 |[TF1 INST WKL
IMER2 [TF2] i5 DECODER LR
R— - SOUND |—@F
EEEEE] 4 GV R—
z L] —— o [T
SP
T O] l SR N
GHE-GED-G-ICCHED-CH-CI-ED-CD-CHIHID 4 5 15—(14)
NN § S 2 S5 g 5
' = O
Z2 @
QO
92}
: o
Symbol description MPX: : Multiplexer
ALU . Arithmetic logic unit A/D : A/D converter and Comparator unit
X : X register Acc : Accumulator '
B ' RAM address register SR ) : Stack register
C : Carry F/F RO, R1, R2, R3 :Latch '
PC - ¢ Program counter DIV - : Divider
SP : Stack pointer
CG " ¢ System clock generator
Note: Pin numbers apply to a 64 pin QFP.
SHARP
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4-Bit Microcomputer (Controller with A/D Converter) ‘ SM578/SM579
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Bl Clock Generator Circuit (preliminary constant)

Signal 1/0 Pin name
Po-Ps, Qo-Qs 1/0 | Input/Output ports (nibble unit)
R0,-RO3 1/0 | Input/Output ports (nibble unit)
R15-R1; " I/0 | Input/Output ports (nibble unit)
R2¢-R2;3 I/0 | Input/Output ports (nibble unit)
R30-R33 . I/0 | Input/Output ports (nibble unit)
Zo-Zys 1/0 Input/Output ports (Bit unit)
KCo-KC3- 1 Input ports or analog input ports
KH, KL 1 Input ports
KI 1 Interrupt input port or input port
OSCn/KT I Timer clock input port or input port
OSCout Timer clock oscillator
F 0 Sound output port or output port
four (0] System synchronous signal output port
CL, Clock signal input port’
CL, Clock signal oscillator
ACL 1 Auto clear input port
Vgm, VL A/D conversion
Vop Power supply
GND Ground
T 1 Test input port
Sin 1 Serial I/0 data input port™
Sout (0] Serial 1/0 data output port™®
Scrock /0. | Serial 170 clock 1/0 port™

%  Applicable only to 64-pin QFP and 64-pin DIP.

B Absolute Maximum Ratings

Parameter Symbol Rating Unit
Supply voltage A —0.3to +7.5 \%
Input voltage Vin —0.3 to Vpp +0.3 \Y
Output voltage Vour —0.3 to Vpp +0.3 \4
Output current™ lour 30 mA
Operating temperature Topr —10 to +70 T
Storage temperature Tstg —55to +150 T

* Source current from output pin or sum of sink current.

B Recommended Operating Conditions

Parameter Symbol Rating Unit
Supply voltage Vbp 2.7 to 5.5 \%
. ‘ 4 t0 0.2 (Vpp=5V)
MH
System oscillator frequency feL 210 0.2 (Vop=3V) z
500 to 50 (Vpp=5V)
f ‘ f. kH
System clock frequency s 250 to 50 (Vpp=3V) z
Timer clock frequency fosc 32.768 (TYP.) kH,

SHARP
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4-Bit Microcomputer (Controller with A/D Converter) SM578/SM579

Bl Electrical Characteristics (Vop=2.7 to 5.5V, Ta=—10 to +70TC)

Parameter Symbol Conditions MIN. TYP. MAX. Unit Note
Vi 0.7Vpp ) Vop v 1
VILl . 0 O.BVDD
Vi . Vpp—0.5} Vop
I A% 2
nput voltage Viia 0 0.5
: ~o. v
VIHS X VDD 0.4 DD \4 3’ 4
Vis 0 0.4
Vpp=5.0V+10% 80 300 800
= A
b | Vin= Voo Vpp=3.0V+10%| 15 90 300 a °
Vpp=5.0V+10% 10 25 120
Vig=V A 6
Inbut current bz | Via=Voo Vop=3.0V£10%| 1 8 50 a
P : ey Voo=5.0VE10% 100 | 400 | 800 A | 3
s | Y~ Voo Vop=3.0V£10%| 10 80 300 a
Vpp=5.0V+10% 10 100 200
= A 4
I | =0V Vpp=3.0V+10% 2 15 60 “
VDD=5.0Vi10% 1.0
=Vpp—0. A 7,8
lo | Vou=Voo—0.5VIy ' =55V 10% 0.4 "
Vpp=5.0V+10% 10
lot | VoL=05V o y uh |7
Vpp=5.0V£10 1.0
IoLe Vor=0.5V | pp=5.0 % 04 mA 8
Output current Ious Vou=Vpp—0.5V 100 sA 9
IOLS V0L=0.5V 100
: Vpp=5.0V+10 0.6
Ions Vou=Vpp—0.5V | == %
0.3
[ Vop=5.0V+10%| 1.0 mA | 10
Iota | VoL=0.5V DD~ -
0.4
. . Vop=5.0VE10% 1
16
ACL input pulse width tacL Voo=3.0V£10% us
fs=500kHz Vop=5.0V+10% 1.8
In Vpp=5.0VE10% 0.8 mA 11
fs=100kH
s 100kHz Vpp=3.0V+10% 0.5
Vpp=5.0VE10% 1 uA 12
VDD= 3.0V+10% 0.5
Current consumption Off mode Vpp=5.0V+10% “A 13
Ist Vpp=3.0V+10%
VDD= 5.0V+10%
A 14
Hold mode Vop=3.0VE10%] a
Vpp=3.0V£10% CpuA 15
Note 1: Applied to pins KH, KL, KI, P3Py, Q3-Qo, R03-R0o,  Note 13: When the timer clock crystal oscillation circuit and timer
R13-R1,, R25-R2, R33-R30, KC3-KCo ' 1 are operating and in no-load condition. (The reference
Note 2: Applied to pins Z,5-Zo, CL,, OSCn/KT, ACL clock has a frequency of 4 times of fs.)
Note 3: Applied to pin Six Note 14: When the OSC\y/KT pin is connected to GND and in
Note 4: ‘Applied to pin Siock . no-load condition, fs=100kHz (The reference clock has
Note 5: Applied to pins Q3-Qo, Z15-Zo, R03-R0o, R13-R1 a frequensy of 4 times of fs.)
Note 6: Applied to pin ACL Note 15:  When the OSCy/KT pin is connected to GND and in
Note 7: Applied to pins Q3-Qo*, Z15-Zo*, R03-R0,, R13-R1, no-load condition, fs=500kHz (The reference clock has
(*If CMOS buffer is specified for mask option, note -8 ap- a frequency of 4 times of fs.)
plied to these pins.) Note 16: tac is the ACL input pulse width required to cause ACL .
Note 8: Applied to pins P3P, to operate when Vpp has completely risen.
Note 9: Applied to pin CL, - .
Note 10: Applide to pins Scjocks Souts Fs four Vpp—0.5V
Note 11: No-load condition
Note 12: When the OSCix/KT pin is connected to GND and in
no-load condition. (The reference clock has a frequency —> tacL —

of 4 times of fs.)
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B Electrical Characteristics for A/D Conversion Block

(fs=100kHz, Vpp =5V, Vgg=4.608V, Ta=25T)

Parameter Vg pin MIN. TYP. MAX. Unit
GND +% +1
Y . L
Non-linearity error Open 1 15 SB
GND +% +1
. . Y . ] LSB
Diffrential non-linerarity error Open Tl 1% S
GND +% +1
LSB
Zero error Open 1 e, S
GND +% +1
- LSB
Full-scale error Open +1 +1 S
Vgu pin voltage — 100 300 ©A
GND +1 +1 %
L
Total error Open e, T2 SB
Note: No quantizing tolerance (% % LSB) should be specified.
(fs=100kHz, Vpp=23V, Vgg=3V, Ta=25TC)
Parameter VgL pin MIN. TYP. MAX. Unit
. . GND +1 % +2
Non-linearity error Open T2 2 1 LSB
. . . . GND +1 +1 %
Diffrential non-linerarity error Open 1% T2 LSB
GND +% +1
Zero error Open 1 1% LSB
GND % +1
Full-scale error Open y T LSB
Vg pin voltage o — 60 200 pnA
GND +1% +2
T
otal error Open +32 i2 % LSB
Note: No quantizing tolerance (+ % LSB) should be specified.
SHARP
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4-Bit Microcomputer (Controllef with A/D Converter) : SM578/SM579

M Clock Generator Circuit (preliminary constant) ~
' 100

(1) System clock generator circuit example 1 :VDD'=5;6V_ ' \'/L,;;s.ov JTa=25C
(a) 400kHz clock i fs=Reference
: clock fci/8
CL, CL, ~ Oscillator KBR-400B: KYOSERA -
or CSB400P: MURATA _
Ry . R=1MQ g
3 R¢=3.3kQ = N
" Ry . C,=220pF o , \
: C,=220pF 10
Cl I ICZ ? P § \
z
172]
&
(b) 2MHz clock 3 \A
et A
CL, CL Oscillator KBR-2.0MS: KYOSERA - Vpp=5.0V-e\
! 2 R=1MQ ‘ & T TN
R‘ Rd=1k0 VDD—3.JV \
R C,=22pF ' 1L L[]
0 d C,=68pF 10 100 1000
Cl;; ;C'z : System clock fs (kHz)
(2) System clock generator circuit'example 2 (4) External clock input circuit
CL CLZ ' . CL1 CLz OSCIN/KT OSCOUT
1 f . T
I l : Open Open

R¢

Pulse generator Pulse generator

(3j Timer clock generator example
OSCiw/KT . OSCout
. )
= Cs
I 1
fosc=32.768kHz
Ry=560

C,=30pF, C,=16pF
Crystal: 32.768kHz . -

Note: The resistors, capacitors and crystal oscillators should be located as close to the LSI chip as possible to minimize the influence of stray
capacitance.
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4-Bit Microcomputer (Controller with A/D Converter) SM578/SM579

M AC Characteristics for External Clock Input Signal (Vop=2.7 to 5.5V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit Note
L 100 ns 1
Input rise tllTIe tr 200 ns 2
. 100 ns 2
Input fall time tp 200 ns 2
Vpp=5V+10% 0.125 2.5 ©s 1
0.25 2.5 us
Clock HIGH pulse ta Vop=5V+10% 4 s )
’ , 4 ©S
Vpp=5V£10% 0.125 2.5 #s 1
) 0.25 2.5 us
Clock LOW pulse to Vop=5V £10% 4 _ s )
4 us |

Note 1: Applied to CL, pin.
Note 2: Applied to OSKy/KT pin.

to tu

[Vmg Vike X-

ViLe K VIL27 ViLe

tr t B

External clock timing
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4-Bit Microcomputer (Controller with A/ D Converter)

SM578/SM579

B Pin Functions

(1) GND, Vpp (Power supply inputs)

The Vpp pin should be positive (2.7 to 5.5V)
‘with respect to GND.

The GND pin is the resference power supply for
the LSI.

(2) Vgu, Vao-(A/D converter inputs)

The Vg, pin is a GND pin for the A/D converter.

The Vgy pin provides the reference voltage VRH
for the A/D converter.

The current consumption and operating accura-
cy of the A/D converter must be changed according
to the case where the Vyp pin is used to be left
open or provide GND level.

(3) ACL (Reset input)

The ACL pin is used to reset the LSL

The LSI should be reset with a transition of two
instruction cycles after the rising edge of ACL.

Applying a Low level signal to the ACL pin
starts execution of the program at field 0, page O,
step O after a transition of tacy.

The device is automatically reset when power
on. But it is recommended to apply a capacitor be-
tween ACL pin and Vpp pin in order to prevent
from external noise which affects the ACL circuit.

(4) KCo-KCj3 (Analog inputs)

Executing the KCTA instruction transfers the
KC input data to the accumulator Acc through in-
put buffers.

The KC input pin also provides analog input sig-
nals given to the A/D conversion block.

(5) KH, KI, OSC\\/KT, KL (Inputs)

The KH and KI input pins are connected to the
noise debounce circuit, and the KL and OSCyy/KT
input pins to input buffers.

The KL, OSC;n/KT, KH and KI should be loaded
into the Ay, A;, A, and Aj bits of the accumulator
Acc upon execution of KLTA instruction.

The noise debounce circuit does not accept the

pulse input shorter than two instruction cycle
width.

(6) Zo-Z1s5 (Input/output)

The Z¢-Z15 can be controlled with the output
latch F/F to be set or reset by instructions.

When used for the inputs, the Zi should be used
with the outputs to be pulled down, and the input
mode of Zi specified by lower 4 bits of B regi(ster
By can be tested by instructions.
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The Zi pin transfers analog signals into the com-
pator of A/D converter.

The Zi pin transfers analbg signals into the com-
parator of A/D converter. '

(7) Po-P3 (Input/output)

The Py-P3 are three-state I/0 pins.

Executing the ATP instruction transfers the
accumulator Acc to the output latch F/F which is
loaded into the Py-Ps.

The Py-P3 can be loaded into the Acc upon ex-
ecution of the PTA instruction. Then the Py-Pj re-
main high impedance.

(8) Qo-Qs (Input/output)

Executing the ATQ instruction transfers the
accumulator Acc to the output latech F/F which is
loaded into the Qo-Qas.

While, the Qp-Q3 can be loaded into the Acc
upon execution of the QTA instruction. Then, the
Qo~Q3z should be used to reset the output latch F/F
with the outputs to be pulled down.

(9) ROQ‘R03, R10'R13, R20'R23, R30'R33
(Input/output) .

Upon execution of the ATR instruction, the
ROi-R3i outputs the accumulator Acc specified by
the lower 4 bits (BL) of the B register. While, ex-
ecuting the MTR instruction provides the RAM
contents specified by the B register from the
ROi-R3i.

The R3i-RO0i are loaded into the Acc by an RTA
instruction. Then, the output port resets the output
latch F/F to be pulled down.

8-bit data transfer can be performed in parallel
among the R [1] i, R [0] i and A¢c or X register by
the RTAX or AXTR instruction.

(10) F (Tone output)
The F output pin is used for a tone output as
well as a general-purpose output.

(11) four
The four pin outputs the signal in synchromzmg
with the system clock fs.

Note: When the I/0 pins Z, Q, R are used for the outputs, the
buffer with a pull down resistor can be replaced by the
CMOS buffer with a mask. option.’

The output buffer with a pull-down resistor can also be
structured by an open-drain transistor.
~ However, the R03-R0y, R13-R1, and R2, can not be re-
- placed by the COMS buffer.
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B Hardware Configuration

(1) Program counter and stack

The program counter (PC) is used to address a
ROM location.

The PC consists of 12 bits (SM579: 13 bits) allo-
cated 3 bits (Py) (SM579: 4 bits) to the field speci-
fication of ROM, 2 bits (Py) to the page specifica-
tion, and 7 bits (Pp) to the step specification. The
Py is a binary counter and the P is a polynomial
counter for the page specifications.

The SM578 is unable to use the area of the ET 1
(feilds 8 to 11).

The SR consists of 6 stages available for up to 6
levels of subroutine nesting.

(2) Program memory (ROM)

The ROM is used to store programs.

The SM578 has a 4096 X9-bit ROM, and the
SM579 has a 6096 X9-bit. The ROM consists of 8
fields (SM579: 12 fields) X4 pages X 127 steps.

When power on with the ACL to be reset, the
program starts execution at field 0, page 0, step 0.

Fig. 1 shows the example of a jump to the ROM
address by a ROM address instruction.

The TR instruction is used to jump within a
page, and the TL instruction is used to jump to any
address. A subroutine jump is executed by the TLS
or TRS instruction.

-SM578/SM579

Py ET=0 (0 to 7 field) ET=1 (8 to 11 field)
Field | Field | Field | Field | Field | Field | Field | Field | Field | Field | Field | Field
P 0 1 2 3 4 5 6 7 8 9 10 1
ACL ' TRS
Page -
’ /p/’/
L — L7
Page ilt::;iby // _LTL COTNIIJEE coTNLET
1 / r
Interrupt COMET
P
age o / _TLS
2 = 7
RTN _|— |
P Subroutine COMET | > .
zge TRC // TLS ’j__RTN TL-
COVeI/ -
SM578
SM579
Fig. 1 ROM configuration
— File
By ST T
B, 0 1 E F
0
! 1
2 : | | 1
(=}
=
F

(The SM578 has a configuration allocated from 0 through B)

Fig. 2

SHARP.

Mz | Mz | M; | M, | Word

RAM configuration
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However, when the ET value may change due to
a jump or subroutine jump on the SM579, execute
the TL or TLS instruction following the COMET
instruction.

(3) Data memory (RAM) and B register

The RAM is used to store data.

The SM578 has a 768-bit RAM organized as 12
X16X4 which consists of 12 files as shown in
Fig. 2. The SM579 has 16 files of RAM organized
as 16 X16 X4, A file consists of 16 words X4 bits.

The RAM address is specified by a B register
which consists of a 4-bit By for the file specifica-
tion and a 4-bit By, for the word specification.

(4) Accumulator Agc, X and G registers

The accumulator Acc is a 4-bit general-purpose
register which transfers numerics and data. The
Acc can be decremented and shifted to the left in
combination with the carry flag (C).Furthermore,
the Acc together with the arithmetic and logic unit
(ALU), a carry flag (C) and RAM executes arithme-
tic operations.

It also transfers data to I/0 ports.

The X register is a 4-bit register which can be
used for a temporary register. It is incremented by
instructions. It performs, in conjunction with the
Acc, logical sum and logical product. «

An 8-bit parallel data of the Acc and X register
can be transferred to R [0] and R [1], a G register
or a counter/timer.

On the other hand, each data on ROi and R1i, a G
register or a countere timer can also be transferred
to the Acc and X register with an 8-bit parallel
data. '

The G register is an 8-bit register which is used
for A/D conversion or comparison of analog sig-
nals.

(5) Arithmetic and logic unit (ALU), carry flag
(C)

The arithmetic and logic unit (ALU) performs
binary addition in conjunction with a RAM, a carry
flag C and an accumulator Acc. ’

The carry flag C latches the data incremented by
the ADC or ADCS instruction.

(6) SB register

The SB register is an 8-bit register used for a

save register.
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(7) P, Q, R[3]-R [0], Z (Output latch regis-
ters)
Registers P, Q, RO, R2, R3, Z connect with the
output latch F/F.
The accumulator Acc can be transferred to reg-

isters P, Q, R [3]-R [0], and an 8-bit data of the

Acc and X register can be transferred, at the same
time, to the output latch registers R [0] and R [1].

(8) System clock generator circuit

The system clock generator circuit generates a
system clock of a base frequency input from the
CL; pin divided by 4 or 8.

The system clock speed can be controlled by a
program. If it is not required for high speed opera-
tion, the system clock can be switched to the low
speed in order to save the power consumption.
This function is also applicable to the case where
the power supply is replaced by a battery backup
power.

The system clock when reset is equivalent to the
base frequency divided by 8.

The system clock fs is used to determine the in-
struction execution cycle, and the system clock cy-
cle should be identical to the instruction execution
cycle. However, the instruction execution cycle of a
two word instruction should be two times as long
as a one-word instruction.

(9) Counter/timer

A timer 1 and timer 2 are 8-bit counter/timers.
The data incremented by a count up is latched into
the flags TF1 and TF2 to be used for an interrupt
request. Executing the TTF1 and TTF2 flags
checks the flags TF1 and TF2.

* Timer 1: An 8-bit data of the Acc and X register
can be transferred to the timer 1. To the con-
trary, the timer 1 can be read out from the Acc
and X register.

* Timer 2: The timer 2 contains a modulo register
(MR register). The contents of the modulo regis-
ter (TM) are loaded into the timer 2 each time
the register is incremented by one.

An 8-bit data can be loaded into the MR register
by instructions, and executing the next instruc-
tion cycle transfers the data to the timer 2 which
can be read out from the Acc and X register.

The count up pulses of a counter/timer include

(172)°fs, (1/2)%fs, (1/2)%f1 and fr, under conditions

of a system clock f; and KT input pulse fr, which

can be selected by a program.

A carry output of one counter can be used for a
count up pulse of the other counter, and it can be
counted up by a TCTRL instruction.
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Mask flag
E, | E E;
N Stack Program
Interrupt request flag [ ; register counter
Timer 1 TF1 JD——‘
INT signal
Timer 2 TF2 | T
Interrupt
control logic
KI input IF |
E |Interrupt enable flag
Analog input ‘_‘D_
comparator AF

Fig.3 Interrupt block

Table 1 Interrupt jump address

Jump destination address ..
Interrupt request flag Field Page Step (PL) Priority
Timer 1 carry (TF1) 0 2 0 (00) 1
Timer 2 carry (TF2) 0 2 2 (60) 2
KI input (IF) 0 2 4 (78) 3
Analog input comparator (AF) 0 2 6 (7E) 4

(10) Interrupt

A KI input, the timer 1 and timer 2 carry and an -

analog input are available for the interrupt re-
quest, and the interrupt request flags include the
IF, TF1, TF2 and AF flags.

The interrupt block consists of the mask flags
(Es, Ey, E; and Ep), E flag and interrupt processing
_circuits.
(See Fig. 3)

Table 1 shows the jump address caused by an
interrupt request. :

(11) A/D converter

The A/D conversion block consists of an 8-bit
D/A converter, a comparator, an AM flag and AF
flag.

The KC and Z pins input the analog signals.

Executing the COMP instruction allows the A/D
conversion and the large/small comparison auto-
matically. (See Fig. 4.)

The result of A/D conversion is stored in the G
register with the interval of 16 instruction cycles
after the COMP instruction is executed.

The result of the large/small comparison is
stored in the AF flag with the interval of 3 instruc-
tion cycles. ‘

SHARP

The G register is an 8-bit register which can be
transferred to the Acc and X register with the
GTAX instruction.

The KCy pin can also be used for an external in-
terrupt.

The D/A converter generates the voltage Vggp
according to the contents of the G register.

Assuming that the “n” is placed in the G register
as a result of A/D conversion, the analog input vol-
tage may be regarded as a below expression.

256—n

WVRH (n=0 to 255)

% Vgy is a reference voltage supply from the Vgy pin.

When even more strict accuracy is required in
the A/D conversion block, an external GND level
should be applied to the Vg, pin.

The A/D conversion is executed by the compari-
son among a G register, a D/A converter and a
comparator in order.

The large/small comparison is executed by the
comparator output Vggr according to a G register
value and the analog signal of the KCy. The result
of comparison is stored in the AF flag.

SM578/SM579
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K rmoer | A ]

Vru ﬁ

Lﬁ G reg'istelr

—

T

KC,

[xc,
MPX.

Comparator

KC,
KC;

AM; -

Anarog signal

| AM, AMOJ i
3

=z
Z
MPX.
L~

Zl4
Zss

(12) Tone output block

The F pin outputs the frequency obtained from a
count-up pulse generator circuit.

The pulse frequency can be selected among (1/
2)°fs, (1/2)%fs, (1/2)% 1 and (1/2)3f1 by programs.
* The {7 is a timer clock frequency input from the OSC;y/KT pin,

and the fg is a system clock frequency.

(13) Standby mode

To reduce power consumption, the device is
placed in standby mode, and the program execution
is inactivated.

The following two types of standby mode can be
selected.

+ Off mode In the off mode, the system clock
generator circuits except for a counter/timer and a
count-up pulse generator circuit are inactivated.

* Hold mode In the hold mode, the systems
except for a system clock generator circuit, a coun-
ter/timer and a count-up pulse generator circuit
are inactivated. .

While in standby mode, if a KH input or an in-
terrupt request from an unmasked KI, timer 1 or
timer 2, the device exits standby mode and starts
program execution.
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Fig. 4 A/D converter block

(14) Reset function (ACL)

The device is reset with the interval of two in-
struction cycles from the rising edge of the ACL
pin. '

Immediately after the reset is cleared, the device
starts execution of the program at the program
counter 0.

In case the noise may harm the ACL operation,
apply a capacitor between ACL pin and Vpp pin.

(15) Serial I/0
The serial I/0 consists of an 8-bit shift register,
a 3-bit counter and a 6-bit mode flag, which have
the following features.
* Selectable either an 8-bit or a 4-bit transfer
system - :
* Interrupt request available at the end of transfer
* Selectable transfer clock among a system clock, a
timer 2 output or an external clock.
* Connectable to multiple chips. '
* Usable in standby mode.
* An 8-bit shift register replaceable by the R/W
register when the serial I/0 is not used.
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B Instruction Set
(1) ROM address instructions

SM578/SM579

Mnemonic Machine code Operation
Is I, Ig 15 1, I3 I, 1, I
TR x 100-17F Jump (within a page) P +Ig-1,
TL x OF0-0F7 Jump
000-1FF Py+1;:-1g, PyIg-1;, P -Ig-1o
MTPL 08A Jump (within a page) (PL—A,-Ay M3-My)
TRS x 180-1FF CALL (Indirect address) ‘
JUMP 000-1FF Py+1, Py+lg, 17, PL+Ig-1,, if DI=1
0OF8-0FF Call to subroutine
TLS x
000-1FF Py+I;;-ly, Py+lg-1;, Pr+lg-1p
‘RTN 0Co Return
RTNS 0C1 Return and skip —
RTNI 0C2 Return from interrupt =
COMET 08B ET—ET 2 =
e —

(2) Data transfer instructions

Mnemonic Machine code Operation
: Ig I e Is 14 I3 Io I} To
LAX x 040-04F Acc+I3-1y, Skip if last instruction is LAX
WLAX x OOS?ZFF X+I1;-14, Ace+I3-1o
LBMX x OE0-0EF By—I5-Io
LBLX x 020-02F BrI3-1p
STXI x 050-05F M<+I3-1p, Bp+-By+1, Skip if CY=1
M<++Acc, By+=Bu@PI,-Io
EXClLx 070-077 B,—B,+1, Skip if CY=1
M<++Acc, By+Bu@I,-1,
EXCD x 078-07F By +B,+Fy, Skip if CY=1
EXC x 068-06F M+ Acc, By+By@I,-I,
LDA x 060-067 Acc+M, By —By@I5-1,
STR 09E M<+Acc
EXAX 0A6 Acc+X
ATX 0AE X<+Acc
GTAX OBD X+—G;-Gy, Acc+G3-Gg
AXTG ggg G7-G4+X, G3-Go+Acc
XBLA 0B3 B.+*Acc
BLTA 0B1 Acc+B.
XBMA 0B2 By+rAcc
BMTA 0BA Acc+By
XBSB 084 B+SB
BTSB 085 SB+-B
SAG 08D By+0, only next step
SGL x 0C8-0CF By=1,-1p, BL=Fy, only next step
ATIM 0B4 Ei+Ai (i=3 to 0)

SHARP
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(3) Arithmetic instructions

Mnemonic i Machine code ’ Operatioﬁ
Ig I Ig Is I, I3 I, I; Iy
ADX x 000-00F Acc+Acc+I3-1,, Skip if CY=1
ADA 09A Acc+Acc+Ay )
ADD 090 Acc+Acc+M
ADS 091 Acc+Acc+M, Skip if CY=1
ADC 092 - Acc—Acc+M+C, C+CY
. ADCS 093 Acc+—Acc+M+C, C+CY, Skip if CY=1
ADBL 0BB By +—Acc+B,
AND 0A1 Acc+Acc/N\x
OR 0BO0 Acc+—AccVx
COMA 086 Acc+Acc
ROT 09B - CeAz—A,«A;+Ay+—C
DECA 09F Acc+Acc+Fy, Skip if CY=0
- INCX 0A7 X+X+1, Skip if CY=1
INBL 0A3 B +B_+1, Skip if CY=1
DEBL 0AB B, +B; +Fy, Skip if CY=0
INBM 0A2 By+Byt1, Skip if CY=1
DEBM 0AA By—By + Fy, Skip if CY=0

(4) Testinstructions

Machine code

Mnemonic LL LLLLILLIL Operation
TAX x 010-01F Skip if Ace=I3-1,
TBA x 0D4-0D7 Skip if Ai=1 (i=3 to 0)
T™ x 0D0-0D3 Skip if Mi=1 (i=3 to 0)
TAM " 096 Skip if Acce=M
TXM 0B6 Skip if X=M
TBLX x 030-03F Skip if By =I3-1,
TC 0B8 Skip if C=1
TS 0B9 | Skip if S=1
TIF 0C7 Skip and reset if [IF=1
. if HF=1 (AM5=0)
THAF 0C6 Skip and reset if AF=1 (AM.=1)
TTF1 0C5 Skip and reset if TF; =1
TTF2 0C4 Skip and reset if TF,=1
TQZ 0A0 Skip if Q=0
TZ 080 SKip if Z [B ]=1

(5) Bit manipulation

instructions

Mnemonic Machine code Operation
) Ig I I Is 14 I3 I, I; o :
SM x 0DC-0DF Mi+1 (i=3 to 0)
RM x 0D8-0DB - Mi+0 (i=3 to 0)
SC 099 - C+1
RC 098 C+0
SS - 0A9 S+1
RS 0A8 S+<0
IE 095 E+1
ID 094 E+0
SHARP
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(6) 1/0 instructions
. Machine code .
Mnemonic L L LLIL LI Operation
ATQ 08E Q+Acc
QTA OBE Acc+—Q
ATP 08F P+Acc, Py+1
PTA 0A4 Acc+P, Py+0
ATR 08C R [By]+Acc
RTA 0C3 Acc+R [By]
AXTR 0AC R [1]+<X, R[0]*«Acc
RTAX 0AD X+R [1), Acc+R [0]
MTR 09C R [B <M
KCTA 0BC Acc+—KC
KITA OBF Az+<K,, Ay+Ky, A; < Kp, Ag—Kp 1
SZ 083 Z B +1 —_—
RZ 082 Z B0 2 =
SF 089 F—1, FM,;A,, FMo—A, =
RF 088 F—0 —
(7) Timer control instructions
X Machine code .
Mnemonic LL LLLLLL I Operation
0AF
TCTRL x 000-0FF DM<«I;-1,
STM1 097 TIMER1+X, Acc
LTM1 09D X, Acc+TIMER1
0B7
STM2 x 000-OFF TIMER2+-MR, MR+1,-1,
LTM2 081 X, Acc—TIMER2

(8) A/D conversion instructions

Machine code

M i i
nemonic L kLl LiLlI Operation
' AMg+—A,NAy, Ay—ANAg, AM3+As
COMP 0A5 AMz‘—'Az, AM;+A,, AMg+Ay

N

A/D Conversion or comparison

(9) Standby instructions

Mnemonic

Machine code

1, e Is I, Is I, 1, I

Operation

CCTRL

0B5

CMz‘_Az, CMI‘—'Al, CMo‘_AO
Standby mode if A;=0

SHARP
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B System Configuration Example (Air conditioner)

—

SM578/SM579

Thermister

Indoor thermometer
Thermal conversion thermometer

Drive current detector

| 3

Tele-control Power ON  Buzzer ON Operation
signal output SW
g
12V =711 "Operationl 5V
LED 5V SW
Xal
Indoor z2ssag 8388 a3d0d
52 A EEEY My XS
fun Vb
- Rz
o Rz
1 Rll
| ! . Rio
! 8 Ros SM578/SM579
~-7 5 GND
'—W"‘_l Roz
12V 11 Ro
Lwﬁ——l Roo
Relay Qs
oLV o H N
2,080 PR = - B
64 @;<dd§mmmmmm

© = e

Q = %3

N 1)
!

532

BB =23

QONMNN

Zys

5V «——‘1%—‘

Condition
set
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Mode set input

Mode set inputs

Remote control
detector unit

Revolution detector
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S M 5E4 4-Bit Microcomputer (Controller with Multi /O Po;‘ts)

B Description Bl Pin Connections

The SM5E4 is a CMOS 4-bit microcomputer
which integrates a 4-bit parallel processing func-
tion, a ROM, a RAM, I/Oports, a serial interface, a
timer/event counter in a single chip.

Provided with five kinds of interrupt and a sub-
routine stack function using the RAM area, it
allows data transfer in byte unit.

Operated from 3 to 5V single power supply with
high speed, this microcomputer is applicable to
many applications from a battery back-up system
to a high performance system. Especially, it is best
suited to systems required for multiple control sig-
nals, due to equipped with 70 I/0 pins.

B Features

. CMOS process
. ROM capacity: 6,144 X8 bits
. RAM capacity: 320 X4 bits
. Instruction set: 98
. Subroutine stack: using RAM area
. Instruction cycle -
1. 7 s (MIN.) at 5V power supply
3. 1us (MIN.) at 3V power supply Top View
7. Interrupts
External interrupts: 2
Internal interrupts: 3
8. Input/output ports
I/0 ports: 48
Input ports: 6
Output ports: 16
9. 8-bit serial 1/0
10. 8-bit counter/timer: 1 set
11. Standby function
12. Expandable external data ROM/RAM
13. 8-bit parallel I/0 i
14. On-chip crystal oscillator and clock divider
circuit
15. On chip system clock CR oscillator
16. Single power supply: 2.7 to 5.5V
17. 80-pin QFP (QFP80-P-1420)

DOV W=
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B Block Diagram

B Pin Discription

Symbol 1/0 Function
P0y-P03, P145-Pl;
P4,-P43;, P5,-P5;
P6,-P63, P8;-P83
P9,y-P93;, PGy-PG3
PHy-PHj3, Plo-Pl;
PJo-PJ3, PKy-PK3
P2y-P2;, P39-P3;
PA,-PAs;, PBo-PB;

I/0 | 1/0 ports

(0} Output ports

P7,-P7; I Input ports /
INTA, INTB 1 Interrupt input ports
CK,, CK, System clock CR oscillator
0OSCiy, OSCout Crystal oscillator

¢ 0 Synchronous clock output port

Vpp, GND Power supply
TEST Test (normally connected to GND)
RESET I Reset input port )

SHARP
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B Absolute Maximum Ratings

Parameter Symbol Rating Unit Note
Supply voltage Vb —0.3to +7.5 \4
Input voltage Vi —0.3 to Vpp+0.3 \4 1
Output voltage Vo —0.3 to Vpp+0.3 \%
Qutput current Io 40 mA 2
Operating temperature Topr —20to +70 T
Storage temperature Tstg —55to +150 C

Note 1: The maximum applicable voltage on any pin with respect to GND.
Note 2: Sum of current output from (or flowing into) output pin.

B Recommended Operating Conditions

Parameter Symbol ~ Conditions MIN. TYP. MAX. Unit | Note
Supply voltage Vop 2.7 5.5 \Y%
Crystal oscillation frequency fosc 32.768 kHz 1
Reference clock oscillation ¢ Vpp=5bV ) 1.7 2.3 MHz
frequency Vpp=3V : 0.7 1.3

Note 1: Oscillation start time: within 10 seconds.

B DC Characteristics (Vpp=2.7 to 5.5V, Ta=—20 to +707C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit Note
Vim 0.7Vpp Vb \Y% )
Input voltage Vi 0 0-3Vpp v
Vine Vpp—0.5 Vob \Y% 9
ViLz 0 0.5 \%
= + -
Input current Lig Vin=0V WPP 5.0V+10% 20 200 #A 1
.2 200

lom: | Von=Vop—0.5V 50 A |,

Io,i | Vor=0.5V 250 pA
IOHZ V0H=VDD_0.5V 100 /lA 4

Output current Ior, | Vor=0.5V 500 zA

Vpp=5.0VE10 400

Iows | Vou=Vpp—0.5V ‘ = ® 100 #A

5
Vpp=5.0V£10 1.6

Iors | VoL=0.5V [Ve ,0 % o5 mA

I f=1MHz Vop=5.0V+10% 1 A 6
o [1=05MHz | Vpp=3.0VE10% 0.3 "

Current consumption Standb Vpp=5.0V£10% 50 7

| Vop=3.0V£10% 12 uA
current : 3

Note 1: Applied to pins POo-PO3, P15-P13, P4o-P43, P5,-P53, P6,-P63.
P8¢-P83, P9g-PIs. (in input mode)
P70-P73, RESET, PGo-PG3, PHy-PHj3, PIo-Pls, Plo-PJ3, PKo-PKsj.
Note 2 Applied to pins CK,, OSCyy, TEST,, INTA, INTB
Note 3: Applied to pin CK,
Note 4: Applied to pin ¢
Note 5: Applied to pins POy-P03, P1¢-P13;, P4,-P43, P5,-P5;, P6,-P6,.
P8y-P83, P9y-P93. (In output mode)
P20-P23, P39-P33, PAy-PAj, PBy-PB;.
. PGy-PGs, PHO PH3, Ply-Pl3, PJo-PJ3, PKy-PKs.
Note 6: No-load condition
Note 7:  When crystal oscillation circuit is activated under no load conditions.
Note 8: When crystal oscillation circuit is inactivated under no load conditions. OSCyy pin should be connected to GND.

SHARP = ‘
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B AC Characteristics

(1) Clock characteristics ‘ (Vop=2.7 to 5.5V, Ta=—20 to +70C)
Parameter Symbol Conditions MIN. TYP. ‘MAX. Unit Note
Reference clock oscillati : Vpp=5V£10%, R=12kQ 5% 1.7 2.0 ‘ 2.3
. ence CC"; °S,°li f Ml gk [ Vop=3V£10% R=39%kQ+5% | 0.5 0.75 1.0 MHz
requency (CR oscillation) R=39k0 £5% ' 05 | 075 | 1.0
Reference clock input Vop=5.0£10% 0.25 2.3
fx MHz
frequency (CK;) 0.25 ; 1.0
CK, input rise time tkr 500 ns
CK, input fall time txr ) - -] 500 ns
=5.0V+ ) 0.3
CK; input high range tku Vop=5.0V£10% 06 M
Vpp=5.0V+t1 0.3 ‘
CK, input low range - tkL pp=50 0% 06 “s
OSC crystal oscillation fosc 32.768 KHz
frequency :
OSCour input cycle time tey 2 teve 1
OSCoyr input rise time tr ) 500 ns
OSCour input fall time tep . 500 ns
OSCour input high range tem ; 1 teye 1
OSCour input low range te o 1 ) teye 1
Note 1: tcye: Cycle time of one fourth the reference clock oscillation frequency. ‘
1/fx =
l<——tkn tkL _
[ Vpp—0.5V
CKl,Inplit
0.5V
txr le—txr
tey
ten—r 1 ti |
AR Vpp—0.5V
OSC Input \
0.5V
tip—=> <—t;R'
, Fig. 1 Clock timing
(2) Interrupt input (Vpp=2.7 to 5.5V)
Parameter Symbol | Conditions MIN. TYP. MAX. Unit Note
INTA high range ) tan 2 teye
INTA low range tarL 2 teve 1
INTB high range tpn 2 teye
INTB low range tL 2 teve

Note 1: tcyc: Cycle time of one fourth the reference clock oscillation frequency.

Fig. 2 Interrupt input timing
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(3) External Serial Input Clock (Vpp=2.7 to 5.5V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit Note

= +

SCK cycle time tsy Vpp=5.0V£10% i teve
= +

SCK high range tow 2P 5.0VE10% :ﬁ; - teye 1
=5.0V+

SCK low range tsL Vop=5.0V+10% 1/2 teye

1/2

SCK rise time tsr ) 500 ns

SCK fall time tsr 500 ns

Reset pulse width (low) trsT 300 ns

Note 1: tcyc: Cycle time of one fourth the reference clock oscillation frequency.

0»7VDD
0.3Vpp

SCKinput

. trsT
RESET input 0.3Vpp

Fig. 3 External serial input clock timing
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B Hardware Configuration

(1) Program counter (PC) and stack

The program counter consists of a 7-bit page
address register (Py) and 6-bit binary counter (Py)
used to specify the steps within a page.

The stack pointer (SP) is a register which holds
the starting address of the stack area of RAM
space.

(2) Program memory (ROM)

The on-chip ROM has a configuration of 96
pages X 64 steps X 8 bits, and stores programs and
table data. Fig. 4 shows the ROM configuration.

PUe : 0
PU;~PU,

PU;~

lae]
"rijOU:’B>ooc\1mr.nuaww.-o§<

Fig. 4 ROM configuration

(3) Data memory (RAM)

Data memory has a 320X 4-bit configuration,
and is used to store processing data and other in-
formation.

Data memory is also used as a subroutine stack.
Fig. 5 shows the RAM configuration.

Upper RY=0 RY=1
Lower™~_|0[1(2|34|5(6|7|8|9/A|B|CID|E[F|0|1|2|3

5] [oo] [w] (@] [eh o K¥=Y =) ENT SN 131 FNY 130 XY [ 1Y

Fig. 5 RAM configuration
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Data memory is specified by a 9-bit address,
and the RY is placed in the highest bit.

(4) General-purpose register

Registers H and L are 4-bit general-purpose
registers. They can transfer and compare data with
the Acc on a 4-bit basis. Registers D and E are
4bit registers and can transfer data with the H and
L registers on an 8-bit basis.

(5) Clock divider and IFV flag

The SM5E4 contains a crystal oscillator and a
15-stage divider. A real-time clock can be pro-
vided by connecting an external crystal oscillator
between the oscillator pins.

(6) Timer/event counter

The timer/event counter consists of an 8-bit
count register (TC) and an 8-bit modulo register
(TM).

The count register (TC) is an 8-bit incremental
binary counter. It is incremented by one at the fall-
ing edge of its count pulse (CP) input. If the count
register overflows, the timer interrupt request flag
IFT is set, and the contents of the modulo register
(TM) are loaded into the count register.

(7) Serial interface

The serial interface consists of an 8-bit shift
register (SB) and a 3-bit counter, which is used to
input and output the serial data.

The input and output of serial data is controlled

" by the sgrial clock which can be selected with

either an internal clock (system clock) or an exter-
nal clock.

(8) Interrupts

The interrupts include three kinds of internal in-
terrupts and two kinds of external interrupts (see
Table 1).

(9) 170 ports and mode register
The SM5E4 has seventeen 4-bit ports (PO-PB, .

- PG-PK), and three mode registers (RD, RE, RF).

Data can be transferred between these ports and
registers under direct instruction control or in-
direct L register control.

Ports PO, P1, P4, P5, P8, P9, PG, PH, PI, PJ and
PK can be placed in input or output mode, 4-bits at
a time.

Ports P2, P3, PA and PB are 4-bit parallel out-
put ports. Port P7 is a 4-bit parallel input port.

Each bit of port P6 can be independently placed
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Table 1 Interrupt request
Interrupt request Int./Ext. Priority In::::;;td;::;ne
INTT Timer/event counter interrupt Int. 1 Page 1, Address 0
INTA External signal INTA interrupt Ext. 2 Address 2
INTS Serial 170 interrupt Int. 3 Address 4
INTB External signal INTB or frame Ext. 4 Address 6
frequency interrupt
INTV Divider overflow interrupt Int. 5 Address 8

in input or output mode by setting or resetting the
corresponding bit of mode register RF as follows:

RFi=0: Pin P6i is an input pin.
RFi=1: Pin P6i is an output pin.
(i=0,1, 2, 3)

Ports (PO, P1), (P2, P3), (P8, P9), and (PA, PB)
can be paired for use in data transfer on a
byte-by-byte basis. However, port pairs (P2, P3)
and (PA, PB) are usable only for output.

(10) Standby mode

Executing the CEND instruction places the de-
vice in standby mode. To reduce power consump-
tion, the system clock is inactivated. Standby mode
may be cleared with the interrupt request or the
RESETsignal.

(11) Reset function (ACL: Auto Clear)
Applying a Low level signal to the RESETpin re-
sets the internal logic of the device.
When the device is reset, it is placed in the fol-
lowing initial state:
* The program starts execution at address O and
page 0.
* I/0 ports are placed in the input mode, mode

registers RD, RE and RF are cleared, and all out-
put ports (P2, R3, PA, PB) are cleared to 0.

* All interrupt flags are reset to disable all inter-
rupts.
- The contents of RX and RY are cleared to 0.

The reset feature is also activated when the pow-
er is turned on.

The program starts after the reset condition is
cleared upon completion of the master clock period
X 24 clocks.

(12) Clock generator

The system clock generator requires an external
resistor across pins CK; and CKj. Instead of using
on-chip oscillator, an external clock may be ap-

(a) Crystal oscillator

SHARP

plied to pin CKj. In this case, pin CK5 should be
left open (see Fig. 6).

The real-time clock generator used for the divid-
er circuit is shown in Fig. 7 (a). The system clock
$ has a frequency of one fourth that of the clock
applied to pin CK;. When applying an external
clock to pin OSCoyrt, the master clock frequency
should be set at more than 8 times that of the ex-
ternal clock.

External
CK; clock CK,
R {
CK, Open CK,

(a) CR oscillator (b) Extemal clock

Fig. 6 Clock oscillator circuit

Ce
l—T OSCix Open OSCiy
 —
External
R 0SCour cl}(()ci(r —>10SCour

(b) External clock

Fig. 7 Crystal oscillator circuit
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B Instruction Set

(1) ROM address instructions

- SM5E4

(3) Data transfer instructions

Mnemonic [Machine code Operation Mnemonic |Machine code Operation
TR x 80-BF PLx(I5-Io) EX pr | 5C-5F A< (pr)
TL xy |EO-EF PUx(I;;-1g) LDX adr| 7D Avadr)
(2-byte) | 00-FF PL+y(I5-1o),PUg+—RX (2-byte) | 00-FF
(SP—1), (SP—2), (SP—3), STX adr| 7E
(SP—4)—PC (2-byte) | 00-FF | @IVTA
TRS x | CO-DF SP+SP—4 EXX adr| 7C
A<+(adr)
PU+(10000), (2-byte) | 00-FF
PLx(151,1;1,0) LAX'x | 10-1F A+x(I3-1o)
(SP—1), (SP—2), (SP—3), LIBA xy| 3C Bx(I,~1,)
CALL xy | FO-FF (SP—4)«PC (2-byte) | 00-FF A—y(I5-To)
(2-byte) | 00-FF SP+SP—4, PU«x(I;;-I¢) LBAT | 60 B+ROM (Pug-Pu,, B, A) H
PL+y(I5-1o),PUs+RX A<ROM (Pug-Puy, B, A) L
PU5-PU,+x(I5-1), LDL 65 AL
isi;te) 22_3;: PU,, PUo, PLs, PL,+B, LD pr | 54-57 A—(pr)
; PL3-PLy+A,PUg—0 ST pr | 58-5B (pr)+~A
PU, PL+SP, (SP+1), (SP+2), EXH 6C A+H
RTN 61 (SP+3) EXL 6D AL
SP—SP+4 EXB 6E A+<B
PU, PL+SP, (SP+1), (SP+2), STB 6A B+A
RTNS | 62 (SP+3) LDB 66 A<B
SP+SP+4, skip LDH 64 A+—H
PU, PL, PSW+SP, (SP+1), (SP—1)+B, (SP—2)«A,
RTNI | 63 (SP+2), (SP+3) PSHBA | 28 SP+SP—2
SP+SP+4 PSHHL | 29 (SP—1)«H, (SP—2)+L
IME+1 SP+SP—2
B+—(SP+1), A«(SP),
POPBA | 38 SPeSP42
. . H(SP+1), L+—(SP)
(2) RAM address instructions POPHL | 39 SPe_SPt 2
Mnemonic | Machine code Operation STSB 70 SBy+B, SB +A
STL 69 LA STSP | 71 SPy+B, SPL+A
STH 68 H+A STTC |72 TC—TM
EXHD | 3F He—D STTM | 73 TMy+<B, TM; <A
L—E LDSB | 74 B+SBy, A—SB,
LIHL xy | 3D LDSP |75 B+SPy, A+~SP,
(2-byte) | 00-FF | 17Xl Loy(lalo) LDTC | 76 B«TCZ, A<—TCLL
LDDIV | 77 B+DIVy, A<DIV,
SHARP
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(4) Arithmetic instructions (6) Bit manipulation instructions

Mnemonic |Machine code Operation Mnemonic | Machine code Operation
ADX x | 00-OF A+A+x(I3-Iy), Skip if Cy=1 SM x 40-43 (HL)x+1
ADD 36 A+—A+(HL) RM x 44-47 (HL)x<—0
A«—A+(HL)+C, C+Cy RC 26 C+0
ADDC 37 Skip if Cy=1 SC 27 C+1
OR 31 A+—A+(HL) RIME | 3A IME+0
AND 32 A<A - (HL) SIME 3B IME+1
EOR 33 A<—A®DHL) DI x 7F IEF-IEF -
ANDB | 22 A+<A ‘B (2-byte) | CO-DF
ORB |21 A+<A+B El x 7F
IEF+
EORB | 23 A—ADB (2-byte) | EO-FF X
COMA | 6F A—A
ROTR 25 C—Ag+—A;A,+—Az+C
ROTL |35 CAze—A,«A;+<Ay+—C . .
INCB_ |52 Skip if B=F, B<B+1 (7) 1O Instructions
DECB 53 Skip if B=0, B«B—1 Mnemonic |Machine code Operation
INCL 50 Skip if L=Fy, L«L+1 IN 67 A+<P(L)
DECL |51 Skip if L=0, L«~L—1 OUT 6B P(L), R(L)~A
DECM 79 INA x 7F
in i = — — A<+P(x)
adr 00-FF Skip if (adr)=0, (adr)+(adr)—1 (2-byte) | AO-A9
INCM 78 OUTA x| 7F
i i = — P(x), R(x)—A
adr 00-FF Skip if (adr)=Fy, (adr)+(adr)+1 (2-byte) | BO-BF (x), R(x)
7F B+P(x+1)
INBAX | g0.82 | A~P)
. . OUTBA x| 7F P(x+1)«B
(5) Test instructions (2-byte) | 90-93 P(x)~A
Mnemonic |Machine code Operation SP xy 7A
P(y)+P(y)+
TAM | 30 Skip if A=(HL) (2-byte) | 00-F6 )Py +x
TAH 24 Skip if A=H RPxy |7B
P(y)+«P(y) *
TAL | 34 Skip if A=L (2-byte) | 00-F6 )Py - x
TAB 20 Skip if A=B READ | 7F AP0
TC 2A Skip if C=0 (2-byte) | 60
TMx | 48-4B Skip if (HL)x=1 WRIT | 7F PO—A
TA x 4C-4F Skip if Ax=1 (2-byte) | 70
TSTT | 2B Skip IFT=1, IFT+0 READB | 7F B+P1
TSTA | 2C Skip if IFA=1, IFA+0 (2-byte) | 61 A<P0
TSTS | 2D Skip if IFS=1, [FS+0 WRITB | 7F P1+B
TSTB | 2E Skip if IFB=1, IFB+0 (2-byte) | 71 PO+—A
TSTV | 2F Skip if IFV=1, IFV+<0 7F —
INX x 88-8C A+~P'(x)
7F .
OUTX x 98-9C P'(x)«—A
Note: P'(x)=PG, PH, PI, PJ and PK
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(8) Special instructions

Mnemonic |Machine code Operation
SIO 3E Serial I/0 start
IDIV 7F :
(2-byte) | 10 DIV+-0
SKIP 00 No operation
CEND 7F Stop CR oscillator and system
(2-byte) | 00 clock '
g‘él[)‘):l‘te) g}; Stop only system clock
" LAP xy |-7F RX+x(lp)
(2-byte) | 20-25 RY+y(I,)
Note: The machine code consists of 8-bits including 1, I, Is,

Iy, I3, I, I and 1o

- System Configuration Example

Input signal
Control signal

A
1 " 3
L I (BT
N~ NN M N = O m - o o™ 40
M e I 2 0 0 g0 5
65 oo@mmmmiﬁEEmmmmEEEEggggﬁ
“— Vop E PB, |——— W
[eSIo PB, | '
—=>10SCour PBy —>
. INTA PA; b——s
Pulse input* INTB PA, | |
L ¢ N
= 1PO, PA) oo
4——CGND SM5E4 P9 I o \, Control
~—P0, GNDL P Signal
Control signal 1 [P0 P9, |}
on en " Ipo, P9, ;
X Pl P9y |——>
v {P1y P8; |———
x4 K I |p1, ps, | !
X4 key ~—PL pg, | !
. P2, = P8, H—s
matrix 30 ) 0 25 7
- N n O - N MmO =~ N MO = N m O~ o M m O = N M
' RARL RERRANAAAREEE RO RRAR
Y oy T
J« 4 - ) )

Input signal

SHARP
74 .



4-Bit Microcomputer (Controller with On-Chip OTPROM) LUSE4POP

LUSE4POP  (conolier with om-chip oTPROM)
[ | Descriptionv B Pin Connections

The LUSE4POP is a CMOS 4-bit microcomputer
which integrates a 6,144 X8-bit OTPROM (One
Time PROM), a 68 1/0 port, a serial I/0, and a tim-

a
er/counter in a single chip. @ § @< é’ z 32
Provided with five kinds of interrupt and a sub- : SEELAEREEGE le’E 232

routine stack function using the RAM area, it plfrlfrelrelrelfs] e ra] e a7 foele)

allows a data transfer in byte unit. g g gﬁf
Operated from 5V single power supply with high P2, RESET

speed, this microcomputer is applicable to many ];2", :::f::i

applications from a hand-held system to a high P3, [59] PK. (A11)
performance system. by = gi"(mz)
The differences between the LUSE4POP and P, [56] PJ. (A0)
SM5E4 are the supply voltage range and the cur- pe ‘;}liﬁ;
rent consumption. 122 Pp:;
PS5, PI:

B Features o o ey o
1. CMOS process ‘;‘:;z 143 ‘;‘:{2 %%
2. OTPROM capacity: 6,144 X 8 bits P61 Fi] PH
3. RAM capacity: 320X 4 bits T rc, (o)
4. Instruction set: 98 P1,[22] PG, (A9
5. Subrout%ne stack: using RAM area ‘ Z; :g;’ ((371;’)
6. Instruction cycle: 1.6 s (MIN.) 7
7. Interrupts fEdfeeed2f8588888

External interrupts: 2 © é’ g‘ gg 5:‘: é g

Internal interrupts: 3
8. Input/output ports
1/0 ports: 48
Input ports: 4
Output ports: 16
9. Timer/counter: 1 set
10. On-chip crystal oscillator and CR oscillator
circuits
11. Standby function
12. Expandable external data ROM/RAM
13. 8-bit parallel 170
14. 80-pin QFP (QFP80-P-1420)

Top View

SHARP
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M Block Diagram

Interrupt Control

] 2] 7]
1

* Pin numbers apply to the case where the device is used in the microcomputer mode.
The address, data and control pins are used for switching with some pins described above.
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B Pin Description
(1) Microcomputer mode

Symbol 1/0 Function
P0o-PO3, P1o-Pl;
P4y-P43, P54-P53
P6,-P63, P8y-P83
P9y-P93, PGo-PG;
PH,y-PH3, Pl,-PI,
PJo-PJ;, PKy-PK;
P2,-P2;,P3,-P3;
PAo-PAs, PBy-PB,

I/0 | I/0 ports

0 Output ports

P7,-P7; I Input ports
INTA, INTB I Interrupt input ports
CK,, CK, System clock CR oscillator
OSCy, OSCout Crystal oscillator
¢ [0} Synchronous clock output port

Vpp, GND Power supply
TEST Test (normally connected to GND) E—
RESET I Reset input port

(2) PROM program mode

Symbol 1/0 Function
Ag-Aq, I Address input ports
Do-D, 1/0 | Data 1/0 ports

CE Chip enable input port

1
OE I QOutput enable input port
PGM 1 Program enable input port
Vep Program power supply
Vpp, GND Power supply
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'H  Absolute Maximum Ratings

Parameter Symbol Rating Unit Note
Supply voltage Vop —0.3to +7.5 \Y
Input voltage Vi —0.3 to Vpp+0.3 \Y 1
Output voltage Vo —0.3 to Vpp+0.3 A%
Qutput current I 40 mA 2
Operating temperature Topr —20to +70 C
Storage temperature Tstg —55to +150 C

Note: 1 The maximum applicable voltage on any pin with respect to GND.
Note: 2 Sum of current output from (or flowing into) output pin.

B Recommended Operating Conditions

Parameter Symbol Rating Unit Note
Supply voltage Vbp +4.5t0 +5.5 \% ,
Crystal oscillation frequency fosc 32.768 (TYP.) | kHz 1
Ref lock oscillati '
eference clock oscillation ¢ 0.25 to 2.5 MHz 9
frequency

Note 1: Oscillation start time: within 10 seconds.
Note 2: Degree of fluctuation frequency: 30% (tolerance of current/voltage fluctuation to be

within£10%)
B DC Characteristics ” (Vop=4.5 t0.5.5V, Ta=—20 to +70C)
Parameter Symbol . Conditions MIN. TYP. MAX. Unit Note
Vim 0.7Vpp Vbb \ 1
Input voltage Vi 0 0-3Vpp Y
Vine Vpp—0.5 Vop \ 2
Viee s 0 0.5 \4
Input current | I Vin=0V ) C .20 200 rA |1
Ioni | Vou=Vpp—0.5V 50 ©A 3
IoLi | Voo=0.5V 250 nA
Iouz | Vou=Vpp—0.5V 100 rA
Output current lorz | Vor=0.5V : 500 P A 4
Ious | Vou=Vpp—0.5V 400 pA 5
Iors | Vor=0.5V ) 1.6 mA
Current consumption lor = 1MHz 15 mA 6
IstT Standby current 120 nA 7

Note 1: Applied to pins PO¢-P0O3, P14-P13, P45-P4;, P5,-P53, P6,-P63.
P8¢-P83, P99-P9s,. (In input mode)
P70-P73, RESET, PGy-PG3, PHo-PH3, Ply-Pl;, PJg-PJs, PKg-PK;
Note 2: Applied to pins CK;, OSCyy, TEST,, INTA, INTB
Note 3: Applied to pin CK,
Note 4: Applied to pin ¢
Note 5:  Applied to pins P0y-P0O3, P1¢-P13, P4¢-P43, P5¢-P53, P6,-P63.
P8¢p-P8j3, P9y-P93,. (In output mode)
P2¢-P23, P35-P33, PAy-PAj, PBy-PBs.
) PGy-PG3, PHo-PH3, Ply-Pl3, PJ-PI;3,PKy-PK;
Note 6: No-load condition
Note 7: © When crystal oscillation circuit is inactivated under no load conditions. OSCyy pin should be connected to GND.
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B AC Characteristics

(1) Clock characteristics (Vpp=4.5 to 5.5V, Ta=~—20 to +70TC)
Parameter Symbol Conditions MIN. TYP. MAX. Unit Note

Reference clock oscillation " Vop=5VE10%, R=12kQ +5% 1.7 2.0 2.3 MHz
frequency (CR oscillation) R R=39KQ +5% 0.5 0.75 1.0
Reference clock input
frequency (CK,) fx 0.25 2.3 MHz
CK, input rise time tkr 500 " ns
CK; input fall time tkF 500 ns
CK; input high range tku 0.3 “s
CK, input low range tkL 0.3 u“s
OSC crystal oscillation fosc 32.768 KHz
frequency
OSCour input cycle time tey 2 teye 1 ,
OSCouyr input rise time tr 500 ns
OSCouyr input fall time [ 500 ns
OSCoyr input high range ten 1 teye 1 .
OSCoyr input low range to 1 teve 1

Note 1: Cycle time of one fourth the reference clock oscillation frequency.

1/fx o
tkL

le—txn

Vpp—0.5V
CK, input
0.5V
tkr
ten I
v
OSC input
trr—>
Fig. 1 Clock timing
(2) Interrupt input » (Vop=4.5 to 5.5V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit Note
INTA high range tan 2 teye »
INTA low range taL 2 teye 1
INTA high range tru 2 teve
INTA low range trL 2 teye

Note 1: tcyc: Cycle time of one fourth the reference clock oscillation frequency.

Fig. 2 |ntérrupt input timing
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" (38) 'External serial input clock © (Vpp=4.5t0 5.5V)
‘Parameter | Symbol Conditions MIN. TYP. MAX. Unit Note

SCK cycle time tsy . ' 1 teye

SCK high range ten ‘ | 172 teye 1

SCK low range tsL ) 1/2 teye

SCK rise time Isg 500 ns

SCK fall time tsp 500 ns

Reset pulse width (low) trst | 300 ns

Note 1: tcyc: Cycle time of one fourth the reference clock oscillation frequency.

SCK Input

VDD

trsT
RESET Input 0.3Vpp

Fig. 3 External serial input clock timing
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(4) PROM programming (Vop=4.75 t0 6.25V, Vpp=12.0 to 13.0V, Ta=25C £57C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Address setup time tas PGM— Address 2 s
CE setup time tces PGM—CE 2 s
OE setup time toes Data—OE 2 “s
Data setup time tps PGM—Data 2 “s
Address hold time tan OE— Address 0 7R
Data hold time tpy PGM—Data 2 us
Output disable time tpr 0 150 ns
Output enable time tog | 150 ns
Vpp setup time tvs PGM—Vypp 2 “s
PGM pulse width tpw 1 55 ms
4 Vin
Address .
\ Vi
le—tas—] High
s inpedance Vou
Data ——__Z Data input Hz
N Vou
te—~tpg—>1
— tpy
{ Vep
Ver /
' Voo
<—tv5—>
& \ Vi
V!L
letcEs=>
—_ \ v
PGM .
VIL
tpw toEs
OE s Vin
(__/ Vi
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LUSE4POP

B Hardware Configuration

The hardware configuration of the LUSE4POP is
the same as that of the SM5E4, except for an
on-chip program memory of an OTPROM for the
LUSE4POP, and .a ROM for the SM5E4, Refer to
the SM5E4 for the hardware configuration.

B PROM Programming

When data is written into an on-chip OTPROM,
apply the conversion socket adapter (LROE82) to

B System Configuration Example

Input signal

the commercial EPROM writers. ‘
Use the EPROM writer which allows the
. LH5764 mode set, and eliminates or clears the
electric signature mode.
See Pin Connections for the signals in parenth-
eses used PROM programming.

Bl Instruction set

See the SM5E4 for the instruction set which is
the same as that of the LUSE4POP.

Control signals

P g T C ® o~ oo o 40
M R 208 - Q
65| OO Sl A A
— Vo PB, ——
. |OSCi PB, |
—=] OSCout - PBy .
Pulse inputs INTA PA; [—>
P INTB MR
=0 |
B e 2 .
3 P0o LUSE4POP po. |
gé\ID GI\alD > Control
I L —¢ signal
Control signal N 1) P9, }—mn gn
<—P03 P9, !
P1lo P9, —
! JPL, P8;
! Plz P82 | !
7X4key ~—P1, P8, :
1 P2, P8 }—
Matrix T N SR
MRS R - R - 2
Y [ i
v — - _——
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4-Bit Microcomputer (VFD Driver) SM5J5
4-Bit Microcomputer (Controller with A/D Converter) SM5J6
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SM5J5/SM5J6

4-Bit Microcomputer (VFD Driver)

4-Bit Microcomputer (Controller with A/D Converter)
B Description B Features

The SM5]J5/SM5]6 is a CMOS 4-bit micro- 1. CMOS process
computer which integrates a 4-bit parallel proces- 2. ROM capacity: 8,192 X9 bits
sing function, interrupts, an A/D converter, a com- 3. RAM capacity: 256 X4 bits
parator, a counter/timer circuit, and a sound out- 4. Instruction set: 94
put function in a single chip. 5. Subroutine nesting: 6 levels
An A/D conversion can be executed by one in- 6. Instruction cycle
struction with simple software, and provides a high SM5]5: 2.5 s (MIN.)
speed processing. This feature enables to accept SM5J6: 2 s (MIN.)
analog signals from sensors. 7. Interrupts
Provided with unique features of 52 1/0 ports, a External interrupts: 2
couple of programmable counter/timers, and inter- Internal interrupts: 3
rupt functions, this microcomputer is suitable for 8. Input/output ports
controlling functions required for a timer set. 170 ports: 31
The SM5]J5 directly drives a fluorescent display Input ports: 9
tube, and the SM5J6 provides two modes of stand- Output ports: 12
by function for low power operations. 9. 8-bit serial I/0
B Pin Connections
RO (I} R e PRI I
RO ] SSSEEEEERERE N o
g O ER D e RS
QA Qo [I( 0 51] Sin
@ (5] Vose/Vpp*[2] 50} Ve
Q5]
QM ACL[Z] [49] R2o
Vosp/Vop* [E] . CLilg] 48] R2:
ACL[E] [56] VrL CL:[5] [A7)R2:
CL1[17] [55]R20 four[6 . [46] R2s
cL] 1 k2, - BT T R30
four (12} 53] R22 P
Po[T3 157 R2: P‘% RS
P: [o] B1R30 : 23] R3
P2 [I5] R3: : P3[10] . R33
Ps[Tg] RSz KH{IT] 41 KCo
KH([7] R3; KI[1Z] E KC
KI [15] [171KCo T3] 39] KCz
T 9] E KCo OSCOUTE EKCS
OSCour [21] [5] KCe 0SCuv/KT T3]
0SCout/KT[1] {E KCs B Q_ﬂ VrH
KLE] [ VRH = 3] F
Z1s 23] @ F 2z} 35] Scrock -
Zs 2] [71) Scrock - Zu [18] : 34] Sour
Z13 [25] [70] Sout Z1s [19] 3] Zo
Z12 [28] 139] Zo !
Su 38 Z1 WE@%EE@E@
Z10 (2] 37 Z» Nﬂgﬁﬁﬁﬁgz\‘iﬁﬁ&”&“t\?
Zelﬁ'1 136] Z3 ©
Zs [30] 135] Zs
Z7 31 34] Zs
GND 133] Zs * . Vpgp for SM5J5, Vpp for SM5]6
Top View
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10. A/D converter:
8 bits (10-channels MAX.)
11. Counter/timer: 2 sets
- 12. Standby function
SM5]6: 2-stage system clocks
13. High voltage output: —40V '
SM5]J5: 16-segment, 10-digit

M Block Diagram

14.‘ Supply voltage

SM5J5: 4.5 to 5.5V
SM5J6: 2.7 to 5.5V

15. 64-pin SDIP (SDIP64-P-750)

64-pin QFP (QFP64-P-1420)

(2) Vose/ Voo

Van B7)
Ve (50
AM

KG ROM I
KC, (20)

DM
KC; (39 ” TIMERL | TFI H‘][:SC%

: TIMERZ T DECODER

KC; (38) E E TE2] DX

[Eo|E[E[E|E

Symbol description

: Accumulator

ALU : Arithmetic logic unit Acc
X : X register SR : Stack register
B : RAM address register RO, R1, R2, R3 : Latch
C : Carry F/F DIV : Divider
PC : Program counter
SP : Stack pointer
CG : System clock generator
MPX. : Multiplexer
A/D : A/D converter and comparator unit
Note: Pin numbers apply to a 64-pin QFP.
SHARP
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B Pin Description

SM5J5
SM5J6

Symbol 1/0 . Function Note
Po-P3, Qo-Q3 1/0 Input/output ports (Nibble unit)
R00-RO; 1/0 | Input/output ports (Nibble unit) 1
R15-R14 [/0 | Input/output ports (Nibble unit) 1
R20-R2; 1/0 | Input/output ports (Nibble unit) 1
R3p-R3; I/0 | Input/output ports (Nibble unit) 1
Zo~Zo (6] Output ports (Bit unit) 1
Z107Zys 1/0 Input/output ports (Bit unit)
KCy-KCs I Input ports or analog input ports
KH, KL 1 Input ports
KI 1 Interrupt input port or input port
OSCin/KT 1 Timer clock input port or input port
OSCout Timer clock oscillator A
F 0} Sound output port or output port
four (0] System sync. signal output port
CL, Clock signal input port
CL, Clock signal oscillator
ACL I Auto clear input port
Vre, VrL A/D converter
Vb Power supply
GND Ground
T 1 Test input port
Sin I Serial 1/0 data input port
Sout 0 Serial 1/0 data output port
ScLock 1/0 | Serial I/0 clock port 2
Vpsp/ Vop Power supply 3

Note 1: SM5J5, —40V high voltage

Note 2: Input port in the ACL
Note 3: SM5]5, —30V (TYP.)
SM5J6, +5V (TYP.)
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B Absolute Maximum Ratings

Applicable model

Unit

Parameter Symbol Rating Note
Supply voltage Vop SM5J5/5]6 —0.3 to +7.5 1
Vosp SM5]J5 Vop—40 to Vpp+0.3 1
Input voltage Vi - SM5]5/5J6 —0.3 to Vpp+0.3 v 1, 2
Vip SM5]5 Vpp—40 to Vpp+0.3 1,3
Output voltage Vo SMSJS/SJG —0.3 to Vpp+0.3 1,4
Vop SM5]5 Vop—40 to Vpp+0.3 1,5
SM5]J5 —40
SM5]6 —20 6,7
SM5]5 —12 3
SM5]6 —10
SM5]5/5]6 —4 9
Output HIGH voltage Ton SM515/516 25 mA —10
SM5]5/5]6 —2 11
SM5J5 —80 12
SM5]6 —60 '
SM5]5/5]6 —20 13
SM5]5/5]6 4.0 mA 14
SM5]5/5]6 400 ©A 15
Output LOW voltage IoL SM515/516 2.0 N 1
SM5]5/516 25 " 16

Note 1:
Note 2:
Note 3:
Note 4:

Note 5:
Note 6:
Note 7:
Note 8:
Note 9:

Note 10:
Note 11:
Note 12:
Note 13:
Note 14:
Note 15:
Note 16:

Referenced to GND.
Applied to all input ports except for the case where the R (0)-R (3), Zo-Zy of the SM5]5 are used as high voltage input ports.
Applied to pins R (0)-R (3), Zo-Zy which are used as high voltage input ports. )
Applied to all output ports except for the case where the R (0)-R (3), Zo-Zy of the SM5]5 are used as high voltage input
ports. :
Applied to pins R (0)-R (3), Zo-Zg which are used as high voltage outputs.
Applied to the case where only one port of Zy-Zg is output.
Applied to the case where the duty ratio during High level output is less than 1/7 (cycle: 10ms).
Applied to the case where only one port of R (0)-R (3) is output.
Applied to the case where only one port of P, Q, Z19-Z,5 is output.
Applied to the case where only one port of F, four, Scrock is output.

Applied to CL, pin.

Applied to the sum of R (0)-R (3), Zy-Z,.

Applied to the output ports except for ports mentioned in note 10.

Applied to the case where only one port of Q, Z19-Z,5 (CMOS output), P is output.
Applied to the case where only one port of Q, Z1¢-Z;5 (with a pull-down resistor) is output.

Applied to the sum of all ports.

*R (0)-R (3): R0p-RO3, R1g-R13, R29-R23, R3o-R3a.
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4-Bit Microcomputer (VFD Driver) SM5J5
4-Bit Microcomputer (Controller with A/D Converter) - SM5J6

M Recommended Operating Conditions

(1) SM5J5
Parameter Symbol Condition Rating Unit
Supply voltage Vb +4.5 to +5.5V \%
System clock frequency fs 312.5 kHz
(2) SM5J6
Parameter Symbol Condition Rating Unit
Supply voltage Vobp +2.7 to +5.5 \4
. Vpp=4.5 to 5.5V 50 to 500
1
System clock frequency fs Voo=2.7 to 3.3V =0 to 250 kHz
B DC Characteristics SM5J5 (Vpp=4.5V to 5.5V, Ta=—10 to +80C)
SM5]J6 (Vpp=2.7V to 5.5V, Ta= — 10 to +807C)
Parameter Symbol Condition Applicable model| MIN. TYP. MAX. | Unit | Note
Vim SM5]5/5]6 0.8Vpp Vobp 1
Vi SM5J5/5]6 0 0.2Vpp
Vinz SM5J5/5]6 Vpp—0.5 Vop
1 1
nput voltage Vis SM5J5/516 0 05 | ¥V | 2
Vius SM5J5/5)6  |Vpp—0.4 Voo 5
ViLs SM5]5/5J6 0 0.4
Input current Lin Vin=Vopp SM5J5/5J6 50 4
P I, | Ve=0V SM5]5/516 —145 Y
1 leak
nput leakage Ik SM5]5/56 10 6
current
I Vou=Vpp—0.5V SM5]5 —0.8 A 7
Ol Iy =Vpp—0.5V SM5]6 —04 | ™
ToL1 VoL=0.5V SM5]5/5]6 10 A 8
oz | Vou=Vpp—0.5V SM5J5/56 —100 | # 9
1 VoL=0.5V SM5]5 —0.8 10
OL2 Vo =05V SM5J6 —0.4 A
Output current I Vouy=Vpp—0.5V SM5J5 —0.5 1
: OH3 | Vou=Vpp—0.5V SM5J6 —0.4
IoLs Vo=0.5V » SM5J5/5)6 30 nA | 12
I Vou=Vpp—2.0V "~ SM5J5 —15 A 13
O IV ou=Vpp— 2.0V SM5J6 -7 | "
IoLs Vou=0.5V SM5]5/5]6 —100 | xA 9
_ _ SM5]5 —7
lows | Vow=Vpp—2.0V VTG ‘ — | mA | 14
Output voltage VoL Vop=5.5V, Vpgp=—30V| SM5J5 —28 \% 15
R Vpp=5.0V SM5]5 10 30 60 10
Internal resistan i Vpp=5.0V SM516 > 25 50 kQ
ance e [Yo=Vop SM5J5 40 200 500 6
> | Vo=Vpp SM5J6 30 100 200
Ist Standby mode SM5J6 10 pA | 17
lpp | lcv™500KHz, SM5J6 5 10 18
Vpp=5.0V operation .
Current . —3125KkH
consumption Ioor | S* O SM5]5 5 8 mA | 17
Vpsp: open
fcr =312.5kHz,
1 - 1 19
oz | yr g0y sms)5 | 5 30
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Note 1:
Note 2:
Note 3:
Note 4:
Note 5:
Note 6:
Note 7:
Note 8:
Note 9:

Note 10:
Note 11:
Note 12:
Note 13:
Note 14:
Note 15:
Note 16:

Note 17:
Note 18:
Note 19:

*R (0)-R (

Applied to pins KH, KL, KI, Py-P3, Qy-Q3, KCy-KCs.
Applied to pins Z19-Z,5, CL;, OSCin/KT, ACL, R (0)-R (3).
Applied to Siy, Scrock-
Applied to ACL pin.
Applied to ScrLock pin.
Applied to pins Qo-Qs, Z10-Z15 without any pull down resistors, or KH, KL, KI, KCy-KC3, Py-Py, Sy, SCLOCK, OSC/KT, ACL.
Applied to pins Py-P3, Qp-Q3, Z10-Z1s.
Applied to the case where Qp-Qs, Z10-Z;5 are used as open drain outputs.
Applied to CL, pin.
Applied to pins Qo- Q3, Z10Z,5 used as CMOS outputs, or Po-P3, F, four, Souts ScLock-
Applied to pins F, four, Sout, ScLock-
Applied to pins Qo-Qs, Z19-Z;5 with pull-down resistors.
Applied to pins Zy-Zs.
Applied to pins R (0)-R (3).
Applied to pins R (0)-R (3), Zo-Zg with pull-down resistors. (pull-down to Vpgp.)
Applied to pins R (0)-R (3), Zop~-Zg with pull-down resistors. (SM5]5: pull-down to Vpsp or GND with a ‘mask option. SM5]6:
pull-down to GND only.) )
No load condition. (the oscillation frequency should be 8 times of fs, and the OSCix/KT port should be connected to GND.
No load condition. (the oscillation frequency should be 8 times of fs.)
No load condition. (the oscillation frequency should be 8 times of fs), ACL state, the Ipp is a current flowing between Vpp and
Vbsp. .

3): R0o-R03, R1o-R13, R29-R23, R3-R33.

M A/D Conversion Characteristics

SM5]5 (fs=312.5kHz, Vpp=5.0V, Vgg=5.0V)
SM5]6 (fs=500kHz, Vpp=5.0V, Vgg=5.0V)

Parameter Vg pin MIN. TYP. MAX. Unit
Non-linearity error GND ‘ +3 LSB
Integration non-linerarity error GND +3 LSB
Zero error : GND +3 LSB
Full-scale error GND +3 LSB
Vgu pin supply current — 100 300 prA
Total error GND +3 LSB

B Oscillator Circuits
(1) Recommended oscillator circuit for the SM5J5

|

R(=1MQ

— R,=3300

R¢ C,=22pF
C,=22pF
X;=2.5MHz Ceramic oscillator

| In Above constants apply to the case where the oscillator is used

Ci= C, with the CSA2.5MG (MURATA)

I 1

(2) Recommended oscillator circuit for the SM5J6

Ri=1MQ
CL, CL, C,=15pF
1T &7 " C,=15pF
- 1 X,=4.0MHz Ceramic oscillator
—'Im—— Above constants apply to the case where the oscillator is used
Clj: 'ICZ with the KBR-4.0MS (KYOSERA)
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B Pin Functions

(1) Vbp, Vpsp, GND (Power supply)

The Vpp pin is the positive power supply (3V to
5V) with respect to GND.

The SM5]5 provides the Vpgp which is the nega-
tive power supply (—35V) with respect to GND.

The GND pin is the reference power supply for
the LSI.

(2) Vgrn, Ve (A/D conversion)

The Vg pin is a GND pin for the A/D converter.

The Vgy pin provides the reference voltage Vry
for the A/D converter.

The current consumption and operating accura-
cy of the A/D converter must be changed according
to the case where the Vg pin is used to be left
open or provide GND level.

(3) ACL (Reset input)

The ACL pin is used to reset the LSIL

The LSI should be reset with a transition of two
instruction cycles after the rising edge of ACL.

Applying a Low level signal to the ACL pin
starts execution of the program at field 0, page O,
step O after a transition of tact.

It is recommended to apply a capacitor between
ACL pin and Vpp pin in order to prevent from ex-
ternal noise which affects the ACL circuit.

(4) KCo-KCj3 (Analog inputs)
Executing the KCTA instruction transfers the
* KC input data to the accumulator Acc through in-
put buffers.
The KC input pin also provides analog input sig-
nals given to the A/D conversion block.

(5) KH, Kl, OSC\/KT, KL (Inputs)

The KH and KI input pins are connected to the
noise debounce circuit, and the KL and OSCjy/KT
input pins to input buffers.

The KL, OSCiy/KT, KH and KI should be loaded
into the Ag, Ay, A, and Aj bits of the accumulator
Acc upon execution of KLTA instruction.

The noise debounce circuit does not accept the
pulse input shorter than two instruction cycle
width.

(6) Zo-Zg (Outputs)

The Z¢-Zg can be controlled with the output
latch F/F to be set or reset by instruction.
« SM5J5 The Zg-Zg are normally be used as
high voltage outputs (—40V). They can be used as

SHARP
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the outputs with a pull-down resistor by a mask
option. They can also be used with an open-drain
transistor structure.

*+ SM5J6 The Zy-Zg are normally be used as
the outputs with a pull-down resistor. They can be
used with an open-drain transistor structure.

(7) Z40-Z45 (Input/output)

The Z,9-Z,5 can be controlled with the output
latch F/F to be set or reset by instructions.

When used for the inputs, the input mode of Zi
specified by lower 4 bits of B register By can be
tested by instructions.

The Zi pins transfer analog signals into the com-
parator of A/D converter.

The Zi pins are normally used as I/0 pins with
pull-down resistors. The Zi pins can be used as
CMOS outputs or the open-drain transistor with a
protection diode. After an ACL operation, the Zi
pins are placed in input mode. When used for the
inputs, the Zi pins can be used as the outputs to be
pulled down with the output latch F/F to be reset.

(8) Po-P3 (Input/output) .

The Py-P3 are three-state I/0 pins.

Executing the ATP instruction transfers the
accumulator Acc to the output latch F/F which is
loaded into the Py-Ps.

The Py-P3 can be loaded into the Acc upon ex-
ecution of the PTA instructions. Then the Py-P3
remain high impedance.

(9) Qo~Qs (Input/output)

Executing the ATQ instruction transfers the
accumulator Acc to the output latch F/F which is
loaded into the Qp-Qs3.

While, the Qg-Q3 can be loaded into the Acc
upon execution of the QTA instruction. Then, the
Qo~Q3 should be used with the outputs to be pulled
down.

The Qi pins are normally used as I/0O pins with
pull-down resistors. The Qi pins can be used as
CMOS outputs or the open-drain transistor with a
protection diode. After an ACL operation, the Qi
pins are placed in input mode. When used for the
inputs, the Qi pins can be used as the outputs to be
pulled down with the output latch F/F to be reset.

(10) ROO'R03, R10'R13, R20'R23, R30‘R33
(input/output)
Upon execution of the ATR instruction, the

SM5J6
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ROi-R3i outputs the accumulator Acc specified by
the lower 4 bits (BL) of the B register.

8-bit data transfer can be performed in parallel
among the R1i, ROi and Acc or X register by the
RTAX or AXTR instruction.

+ SM5&J5 The Ri pins are normally used as

high voltage I/0 pins (—40V). They can be used as
the I/0 pins with pull-down resistors with a mask
option.

When, used for the mputs the Ri pins can be
used as the I/0 pins to be pulled down with the
output latch F/F to be reset.

The Ri pins can also be used as open-drain tran- -

sistor structure.
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+ SM5J6 The Ri pins are normally used as the:
170 pins with pull-down resistors. ‘

When used for the inputs, the Ri pins can be
used as the input pins to be pulled down with the
output latch F/F to be reset. They can also be used
as an open-drain transistor structure.

(11) F (Sound output)
The F output pin is used for a sound output pin
as well as a general-purpose output.

(12) four

The foyt pin outputs the the signal in synchro
nizing with the system clock fs.

The system clock immediately after power on is
a frequency of one eighth the reference clock fre-
quency.
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B Hardware Configuration

(1) Program counter and stack

The program counter (PC) is used to address a
ROM location. )

The PC consists of 13 bits allocated 4 bits (ET,
Py) to the field specification of ROM, 2 bits (Py) to
the page specification, and 7 bits (P.) to the step
specification. The Py and Py, are binary counter for
the page specifications.

The stack register (SR) consists of 6 stages
available for up to 6 levels of subroutine nesting.

(2) Program memory (ROM)

The ROM is used to store programs.

The SM5J5/SM5]6 has a 8,192X9-bit ROM
which consists of 16 fieldsX 4 pages X128 steps.

When power on with the ACL to be reset, the
program starts execution at field 0, page 0, step 0.

Fig. 1 shows the example of a jump to the ROM

address by a ROM address instruction.

The TR instruction is used to jump within a
page, and the TL instruction is used to jump to any
address. A subroutine jump is executed by a TLS
or TRS instruction. However, when the ET value
may change due to a jump or subroutine jump, ex-
ecute a TL or TLS instruction following a COMET
instruction.

(3) Data memory (RAM) and B register

The RAM is used to store data.

The SM5]5/SM5]6 has a 1,024-bit RAM orga-
nized as 16X 16X 4 which consists of 16 files as
shown in Fig. 2. A file consists of 16 wordsX4
bits.

The RAM address is specified by a B register
which consists of a 4-bit By for the file specifica-
tion and a 4-bit By for the word specification.

/[

ET=1 (8 to 15 field) /

Py ET=0 (0 to 7 frield)
P Field | Field | Field | Field | Field | Field | Field | Field | Field | Field | Field | Field Field

M 0 1 2 3 4 5 7 8 9 10 11 15
Page | ACL __L-TRs \

0 //

| — e

Page | Standby | -TL |COMET COMET

lg crear “] TL | | ~TL

Page Interrupt

R
/

RTN

—t

pase a0 Wy | 1
3 P (/’RTN ™=
[cover
\\
Fig. 1 ROM configuration
— File
Bu ‘
B, 0 1 E F
0
| 1
T 2
=
F

Wor‘d M 3 Mz M 1 MO

Fig. 2 RAM configuration
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(4) Accumulator Acc, X and G registers

The accumulator Acc is a 4-bit general-purpose
register which transfers numerics and data. The
Acc can be decremented and shifted to the left in
combination with the carry flag (C). Furthermore,
the Acc together with the arithmetic logic unit
(ALU), a carry flag (C) and RAM executes arithme-
tic operations. It also transfers data to I/0 ports.

The X register is a 4-bit register which can be
used for a temporary register. It is incremented by
instructions. It performs, in conjunction with the
Acc, logical sum and logical product.

An 8-bit parallel data of the Acc and X register
can be transferred to R [0] and R [1], a G register
or a counter/timer. ,

On the other hand, each data on ROi and R1i,a G
register or a counter timer can also be transferred
to the Acc and X register with an 8-bit parallel
data.

The G register is an 8-bit register which is used
for A/D conversion or comparlson of analog sig-
nals.

(5) Arithmetic and logic unit (ALU), carry flag
(C)

The arithmetic and logic unit (ALU) performs, in
conjunction with a RAM, a carry flag C and an
accumulator Acc, binary addition on a 4-bit basis
by instructions.

The carry flag C latches the data 1ncremented by
the ADC or ADCS instruction.

(6) SB register
The SB register is an 8-bit register used for a
save register.

(7) P, Q, RI[3IFR [0], Z (Output latch regis-

ters)

Registers P, Q, RO, R2, R3, Z connect with the
output latch F/F. »

The accumulator Acc can be transferred to reg-
isters P, Q, R [3]-R [0], and an 8-bit data of the
Acc and X register can be transferred, at the same
time, to the output latch registers R [0] and R [1].

(8) System clock generator circuit

The system clock generator circuit generates a
system clock of a reference frequency input from
the CL; pin divided by 4 or 8. )

The system clock speed can be controlled with a
program. If it is not required for high speed opera-
tion, the system clock can be switched to the low
speed in order to save the power. consumption.
This function is also applicable to the case where
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the power supply is replaced by a battery backup
power.

The system clock when reset is the reference fre-
quency divided by 8.

The system clock fg is used to determine the in-
struction execution cycle, and the system clock cy-
cle should be identical to the instruction execution
cycle. However, the instruction execution cycle of a
two-word instruction should be two times as long
as a one-word instruction.

(9) Counter/timer

A timer 1 and a timer 2 are 8-bit counter/tim-
ers. The data incremented by a count up is latched
into the flags TF1 and TF2 to be used for an inter-
rupt request. Executing the TTF1 and TTF2 flags
checks the flags TF1 and TF2.

- Timer 1: An 8-bit data of the Acc and X register
can be transferred to the timer 1. To the con-
trary, the timer 1 can be read out from the Acc
and X register.

- Timer 2: The timer 2 contains a modulo register
(MR register). The contents of the modulo regis-
ter (TM) are loaded into the timer 2 each time
the register is incremented by one.

An 8-bit data can be loaded into the MR register
by instructions, and executing the next instruc-
tion cycle transfers the data to the timer 2 which
can be read out from the Acc and X register.

The count up pulses of a counter/timer include

(1/2)%, (1/2)%s, (1/2)*s, (1/2)%r and fr, under

conditions of a system clock fs and KT input pulse

fr, which can be selected by a program.
A carry output of one counter can be used for a
count up pulse of the other counter.

(10) Interrupt

A KI input, the timer 1 and timer 2 carry and an
analog input are available for the interrupt re-
quest, and the interrupt request flags include the
IF, TF1, TF2, and AF flags.

The interrupt block consists of the mask flags
(Es, Eo, E; and Ey), E flag and interrupt processing
circuits.

(See Fig. 3)

Table 1 shows the jump address caused by an

interrupt request.

(11) A/D converter

The A/D conversion block consists of an 8-bit
D/A converter, a comparator, an AM flag and AF
flag.
" The KC and Z pins input the analog signals.

Executing the COMP instruction allows the A/D
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conversion and the large/small comparison auto-
matically. (See Fig. 4.)

The result of A/D conversion is stored in the G
register with the interval of 32 instruction cycles
after the COMP instruction is executed.

The result of the large/small comparison is
stored in the AF flag with the interval of 6 instruc-
tion cycles.

The G register is an 8-bit register which can be
transferred to the Acc and X register with the
GTAX instruction.

The KCy pin can also be used for external inter-
rupt.

The D/A converter generates the voltage Vggr
according to the contents of the G register.

- When even more strict accuracy is required in
the A/D conversion block, an external GND level
may be applied to the Vg pin. -

The A/D conversion is executed by the compari-
son among a G register, a D/A converter and a
comparator in order. i

The large/small comparison is executed by the
comparator output Vggr according to the G register
value and the analog signal of the KCy. The result
of comparison is stored in the AF flag.

(12) Sound output block
The F pin outputs the frequency obtained by a
count-up pulse generator circuit.

The pulse frequency can be selected from (1/
- Assuming that the “n” is placed in the G register 2)"fs, (1/2)s, (1/2)*, and (1/2)%1 by programs.
as a result of A/D conversion, the analog input vol- *The fr is a timer clock frequency input from the OSCin/KT pin,
tage may be regarded as a below expression. and the f5 is a system clock frequency.
256—n
”_2‘5*(‘5—\7“ (n=0 to 255)

% Vgy is a reference voltage supply from the Vgy pin.

Mask flag
Eo| Eo | E E; . P
Interrupt request flag s’:gui:ster C;ﬁrgltr;m
Timerl —s{ TF1 D—
INTsignal
Timer2 —{ TF2 | T
) Interrupt
control
logic
KI input — IF ]
Interrupt enable
E flag
Analog input _| Ap D—
comparator
Fig. 3 Interrupt block
Table 1 Interrupt jump address
Jump destination address ;o
Int t t fl P
nterrupt request tlag Field Page Step (PL) riority
Timer 1 carry (TF1) 0 2 .0 1
Timer 2 carry (TF2) 0 2 2 2
KI input (IF) 0 2 4 3
Analog input comparator (AF) 0 2 6 4
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4-Bit Microcomputer (Controller with A/D Converter)

y___ 7/ /7 7 /7 /7 7 /7 /7 7 /7 7 J J /7 /7 7 7/

SM5J5
SMb&J6

[ X relgiste:r l

Acc |

| Vrr

0

[ ) G register

;l

T

r '-— Internal logic
[oND>

D/A converter

comparator

N
KCy ‘ VRer
KC]
MPX. N
KC, Analog signal
KC3
AM -
AM, AMOI 2

AM;

] A
Z; |

' MPX.
ZM

Zss

Fig. 4 A/D converter block

(13) Standby mode (for SM5J6)

To reduce power consumption, the device is
placed in standby mode, and the program execution
is inactivated.

The following two types of standby mode can be
selected.

» Off mode In the off mode, the system clock
generator circuits except for a counter/timer and a
count-up pulse generator circuit are inactivated.

* Hold mode In the hold mode, the systems
except for a system clock generator circuit, a coun-
ter/timer and a count-up pulse generator. circuit
are inactivated.

While in standby mode, if a KH input or an in-

terrupt request from an unmasked KI, timer 1 or
timer 2, the device exits standby mode and starts
program execution.

(14) Reset function (ACL)

The device is reset with.the interval of two in-
struction cycles from the rising edge of the ACL
pin.

Applying a High level signal to the ACL pin re-
sets the internal logic of the device and applying a

94

SHARP

Low level signal starts execution of the program at
address 0, page 0.

In case the noise may harm the ACL operation,
apply a capacitor between ACL pin and Vpp pin.

(15) Serial 170
The serial 170 consists of an 8-bit shift register,
a 3-bit counter and a 6-bit mode flag, which have
the following features. )
* Selectable either an 8-bit, a 4-bit, a 2-bit or a
 1-bit transfer system.
* Interrupt request available at the end of
transfer. )
* Selectable-transfer clock among a system clock, a
timer 2 output or an external clock.
* Connectable to multiple chips.
+ Usable in standby mode.
* An 8-bit shift register replaceable by the R/W
register when the serial 170 is not used.
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4-Bit Microcomputer (Controller with A/D Converter)

SMb&J5
SM5J6

B Instruction Set
(1) ROM address instructions

Machine code
. 0 i
Mnemonic Ll Ll LI peration
TR x 100-17F Jump within a page, P+ lg-Io
0F0-0F7 Jump
TL x
000-1FF Pu+I,,-1o, Py+lg-1 PLIg-1,
MTPL 08A Jump within a page, (PL+A,-Ay M3-My)
TRS x 180-1FF CALL indirect address
JUMP 000-1FF Pu+1, Py+lg, I;, Pp+lg-1,, if DI=1
OF8-0FF CALL to sulbroutine
TLS x
000-1FF Py+Iy;-lg, Pu+lg-17, Pl
RTN 0CO Return
RTNS 0C1 Return and skip
RTNI 0C2 Return from interrupt
COMET 08B ET+ET

(2) Data transfer instructions

. Machine code .
Mnemonic L L LL LI Operation
LAX x 040-04F Acc+I3-1o, Skip if last instruction is LAX
WLAX x OOg?gFF X+I;-14, Acc+I3-1,
LBMX x 0EO-OEF By+13-Io
LBLX x 020-02F B+ 131,
STXI x 050-05F M<+I3-Io, BB, +1, Skip if CY=1
M<+Acc, By+By®PI,-1,
EXCLx 070-077 BB, +1, Skip if CY=1
M<+*Acc, By+Bu®PI,-1
EXCD x 078-07F B, «B, +Fy, Skip if =1
EXC x 068-06F M++Acc, By+By@DI,-1,
LDA x 060-067 Acc+M, By+By®DI,-1,
STR 09E M<+Acc
EXAX 0A6 Acc+X
ATX 0AE X+Acc
GTAX 0BD X+—G7-Gy, Acc+—G3-Go
AXTG ggg - G7-G4+X, G3-Go+Acc
XBLA 0B3 Bp++Acc
BLTA 0B1 Acc+B,
XBMA 0B2 By+*Acc
BMTA 0BA Acc+By
XBSB 084 B+-SB
BTSB 085 SB+B
SAG 08D By+0 only next step
SGL x 0C8-0CF By=I2-1o BL=Fy only next step
ATIM 0B4 Ei+Ai (i=3 to 0)

SHARP

95



4-Bit Microcomputer (VFD Driver) (
4-Bit Microcomputer (Controller with A/D Converter)

(3) Arithmetic instructions

SM5J5
SM5J6

Machine code

Mnemonic L kLl LILLIL Operation
ADX x "~ 000-00F Acc+Acc+I5-1,, Skip if CY=1
ADA 09A Acc+Acct+Ay
ADD 090 Acc+—Acc+M
ADS 091 Acc+Acc+M, Skip if CY=1
ADC 092 Acc+—Acc+M+C, C+—CY
ADCS 093 Acc+—Acc+M+C, C+CY, Skip if CY=1
ADBL’ 0BB BL+Acc+B,
AND 0A1 Acc+—AccN\x
OR 0BO Acc+AccVx
COMA ! 086 Ace+—Acc
ROT 09B CeAz—A,«—A;«Ay+C
DECA 09F Acc+Acc+Fy, Skip if CY=0
INCX 0A7 X+X+1, Skip if CY=1
INBL 0A3 BL+B.+1, Skipif CY=1
DNBL 0AB Bp+B.+Fy, Skip if CY=0
. INBM 0A2 By+By+1, Skip if CY=1
DEBM 0AA

(4) Testinstructions

By+Buy+Fy, Skip if CY=0 -

Machine code .
Mnemonic bl Ll L Operation
TAX x 010-01F Skip if Acc=I3-1p ;
TBA x 0D4-0D7 Skip if Ai=1 (i=3 to 0)
T™ x 0D0-0D3 Skip if Mi=1 (i=3 to 0)
TAM 096 Skip if Acce=M
TXM 0B6 Skip if X=M
TBLX x 030-03F Skip if B =I3-1,
TC 0B8 Skip if C=1
TS 0B9 Skip if S=1
TIF 0C7 Skip and reset if IF=1
. if HF=1 (AM5=0)
T.HAF 0C6 Skip and reset if AF=1 (AM,=1)
TTF1 0C5 Skip and reset if TF; =1
TTF2 0C4 | Skip and reset if TF,=1
TQZ 0A0 Skip if Q=0
TZ 080 Skip if Z [B)=1
SHARP
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(5) Bit manipulation instructions

- SM5J5

Machine code

Mnemqnlc L kL LLLL I Operation
SM x 0DC-0DF Mi«+1 (i=3 to 0)
RM x 0D8-0DB Mi+0 (i=3 to 0)
SC 099 C+1
RC 098 C+0
SS 0A9 S+1
RS 0A8 S+0
1E 095 E+1
1D 094 E+0
(6) 170 instructions
. Machine code .
Mnemonic L il bl Operation
ATQ 08E Q+Acc
QTA OBE Acc+Q
ATP 08F P+Acc,Py+1
PTA 0A4 Acc+P, Py+0
ATR 08C R [B ]+ Acc
RTA 0C3 Acc+R [B]
AXTR 0AC R [1]«X, R [0]«Acc
RTAX 0AD X+R [1], Acc+R [0]
MTR 09C R [B |—M
KCTA 0BC Acc+KC
KITA OBF As—Ky, Ay—Ky, Ar+—Kr, Ag—KyL
SZ 083 Z [BL]+1
RZ 082 Z [BL]+0
SF 089 F+1, FM;«A;, FMy+A,
RF 088 F+<0
(7) Timer control instructions
. Machine code .
Mnemonic b bk LLLLI Operation
0AF
TCTRL x 000-0FF LM<+I;-1,
STM1 097 TIMER1+X, Acc
LTM1 09D X, Acc+TIMER1
0B7 ;
STM2 x 000-OFF TIMER2+MR, MR+1,-],
LTM2 081 X, Acc+—TIMER2
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(8) A/D conversion instruction

Mnemonic Machine code Operation
bl oI It Ib I I, I P

; AMs+A N\A,, Ay+A3N\Ag, AM3g+—Agy
COMP 0A5 AM,+A,, AM+A;, AM3+A, )
) A/D Conversion or Comparing

(9 Standby instruction

Mne ic Machine code : Operation
3111 1 R
on s I I Is I Is I, I I, P

CMz+A,, CM;+A,, CMp+A,

TRL 0B5
cC Standby mode if A3=0

(10) Table reference instruction

Mnemonic : Machine code ‘ Operation
Ig I Ig I I, I3 I, I} I
PUSH (SP+-SP+1, SR+PC+1)
LAT 08A PLg-PL,+A2-Ao, PL3-PLo+M;3-M,
000-0FF POP (SP«<-SP—1, PC+-SR)
X+I,-1,, A~I3-1,

B Comparison Table Between SM5J5 and SM5J6

The SM5]5 directly drives a fluorescent display
tubes. The SM5J6 provides two modes of standby
function for power saving.

Both models have the same function except for
the specifications in the electrical characteristics
and 170 ports. See the related sections for details.

Table 2
SM5J5 ] SM5J6
ROM 8,192X9 bits
RAM 256 X 4 bits
Instruction set ' 94 set
Power supply +4.5 to +5.5V +2.7 to +5.5V
Instruction cycle 2.5 us (MIN.) 2 ps (MIN.)
System clock 50 to 400kHz (312.5kHz TYP.) 50 to 500kHz
Ports % High voltage (—40V) I/0 ports I/0 ports with a pull-down resistors
R [0]-R(3] :
Ports - . .
Zo-Zo High votage (—40V) output ports |Output ports with a pull-down resistor
Operating temperature —10 to +80TC
Package ' 64-pin SDIP
64-pin QFP

*R (0)-R (3): ROo-R03, R19-R13, R26-R23, R3,-R3,.
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M System Configuration Example

‘{ & &b
tf ok b
Key input Vop
R
| D S G
o |
Key ceramic buzzer
C 1 input i .
ar?:g; ul:;:l‘tl * put Serial clock
Serial input  Vpp Vb Serial clock

]
o)

3

A EEEEREREEEEEEREE

3r]
Vor—{52] [52}—
DD E E—, |
54 | i—‘l‘—’
56 28
E 57 SM5J6 27} %
*§' 3—-&—8__ SM5J5/ E"R %
L ] ol
£ [60] 241~ Z
3 [61] 23 o
L [&] 22}
& o
0 Y B Y 6 s 6 T Y e
LT
Vpse/Vop"
Vpp <— i
0.22 uF* S .
ensor input Crystal
L o7
.Nonilockedogg-v 3.3kHz I___ 52.768kHz 56kQ
220pF D
1MQ D 400KHz 30pF 16pF
T

I
2200F )

*SM5J5: Vpsp=—30V (TYP.)
SM5J6: Vpp=+5V (TYP.)
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S M 53 O 4-Bit Microcomputer (LCD Driver)

Bl Description

The SM530 is a CMOS 4-bit microcomputer,
operated on a single 1.5V power supply with a 1.5
# A power consumption in standby mode. This
microcomputer integrates a 4-bit parallel proces-
sing function, a 2K byte ROM, an 88 word RAM, a
96-segment LCD driver, a real-time counter cir-
cuit, and a melody generator circuit in a single
chip. Provided with 1.5V single power supply and
a low power consumption design, it is applicable to
compact systems required for battery back-up op-
eration.

B Features

. CMOS process
. ROM capacity: 2,016 X8 bits
. RAM capacity: 88X 4 bits
. Instruction set: 49
. Subroutine nesting: 1 level
. Instruction cycle: 91.6 #s (TYP.)
. Input/output ports
Input ports: 9
Output ports: 8
LCD output ports: 48 for segment
2 for common
Melody output port: 1
8. On-chip clock divider
9. On-chip crystal oscillator (32.768kHz)
10. Programmable interval timer
(10 sec, 1 sec, 1/2 sec, 1/10 sec)
11. 1/100 sec counter
12. Melody generator circuit
13. Standby function
14. Single power supply: —1.5V (TYP.,)
15. 80-pin QFP (QFP80-P-1818)

N OO W -
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4-Bit Microcomputer (LCD Driver) SM530
Yy 7 7 7 /7 77 /77 /77 /77 /77 /7 77 /77 /7 /7 /7 /7 /7 /

B Block Diagram

LCD Driver
RO Display RAM
M (2x12x4)
DDC ()———>{ DDC 4

v (2,016X8) ] (@) Os6
cc q}_—’ . O

RAM S,

(4X16%4) . 'gz

I PU(S) ' P]_(6) I‘-‘ > 3

ACL G2 ACL (4) (10 Ss

C Q) F,

[ sue | sue) | [ Bu@® | B | E:

BA (1 BA (OF,

6 @ ' S5 b Cak

K,

(9Ks

(DK,
Melody (3)KEx
SO@ Generator [T BP(4) l ] 51;‘ }léEEz
3
T Time Counter Clock 6) KE4

Melody 1/100SEC C Control
ROM
(256%6) | <
10SEC C DIV
L L owas) |- 4
:

?KIF VM Test OSC]N OSCOUT

Symbol description

ALU . Arithmetic logic nuit DDC : LCD supply voltage generator
* Acc : Accumulator DIV : Divider

ACL : Auto clear CG : Clock generator

C : Carry F/F BA : Battery alarm circuit

Py, PL : Program counter Bwm, BL : RAM address register

Sus SL : Stack register of program counter

B Pin Description

Symbol 170 Circuit type Function
K;-K,4, KE;-KE, I pull-down Input ports
S;1-S4, F1-Fy 0 Output ports
0,0-048 (6] Segment signal output ports
H,-H, (0] Common signal output ports
OSCin, OSCourt Crystal oscillator
- SO (0] Melody output port
ACL I Pull-down Auto clear input port
BA 1 Battery alarm input port
Vee, DDC, Vpp Power supply for booster circuit
Vum, GND Power supply
Test 1 Pull-down Test input (normally connected to Vy)
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B Absolute Maximum Ratings

Parameter Symbol Rating Unit | Note
Vum —2.0to +0.3 \4 1
Pin voltage Vb —4.0 to +0.3 \4 1,2
Vini Vpu—0.3 to +0.3 \% 1,3
) Vine Vpp—0.3 to +0.3 \% 1
Operating temperature Topr 0 to +50 T
Storage temperature Tstg —20 to +70 T

Note 1: The maximum applicable voltage on any pin with respect to GND.

Note 2: Applied to pins K;—K,, KE, —KE,, S;—=S,, F1—F4, SO, Test, DDC, BA, ACL, OSCyy,
OSCour-

Note 3: Applied to pins Oy (i=1 to 4, j=0 to B) Hy, Hy, Vec.

B Recommended Operating Conditions

Parameter Symbol Rating Unit | Note
Supply voltage Vum —1.8to —1.2 \4
Vob —3.6 to —2.3 \%
Oscillation start voltage Vose —1.4 \4 1
Oscillator frequency fose 32.768(TYP.) kHz

Note 1: Oscillation circuit constants: C;=15pF, Cp=22pF
The oscillation start time should be within 10 sec.

B Electrical Characteristics (VM=—1.45to 1.55V, Vpp=—2.9 to —3.1V, Ta=25C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit Note
Vg —0.5 \%
Input volt 1
fiput voltage Vi Vyt05] V
Input current IIHl V[N=0V 0.155 3 /IA 2
? iz Vin=0V 1.55 30 #A 3
Vop: | Vu=—1.55V, R,.=5MQ —2.80 \4
B 1
00st output voltage Vonz | Vu=—1.30V, R,=5MQ 230 v | °
Ioy Vps=0.5V 10 ©A 5
o2 Vps=0.5V 60 rA 6
Io3 Vps=0.5V 60 1A 7
104 VDSZO.SV 120 ;IA 8
Ion1 Vour=—0.5V ) 160 zA
Output current lons Vour= "V +0.5V 10 “A 9
Ion2 Vour=—0.5V ) 10 #A 10
IOLZ VOUT=VM+O‘5V 1.5 /IA
Ions Vour=—0.5V 100 rA 11
Io]_g VOUT=VM+0'5V 3 /IA
Ios Vps=0.5V 100 pA 12
. Ipo During full-range operation - 12 unA
Current consumption Ips During system clock stop 1.5 #A 13
Oscillation start time tosc ' 10 s 14

Note 1: Applied to pins K;-K,, KE;-KE,, Test, ACL,LOSCw =~ - [V [~~~ """~ GND

Note 2: Applied to pins K;-K4, KE;,-KE,, ACL ~  — e emd ey o Vu

Note 3: Applied to pin Test v
~~~~~~~ DD

Note 4: Applied to pin Vpp }
Note 5: Applied to pins O;; (i=1 to 4, j=0 to B) H,, H, waveform

Note 6: Applied to pins Hy, H, o . V
Note 7: Applied to pin DDC OSCu 0SCour Ve - DDC Vo ACL

! ! Crystal
Note'8: Applied to pin Ve ’
Note 9: Applied to pin SO C
2

Note 10: Applied to pins S;-S, G

Note 11: Applied to pin F, . l

Note 12: Applied to pins F,-F, )

Note 13: Current consumption at 32.768kHz - Cg=15pF, Cn—ZZpF C,=C,=C3=0.1pF

Note 14: Oscillation circuit constant, Cc=15pF, Cp=22pF Oscillation circuit Boost circuit
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B Hardware Configuration

(1) Program memory (ROM)

The on-chip ROM has a configuration of 32
pages X63 steps X 8 bits (see Fig. 1). )

The program counter consists of a 5-bit page
address counter (PU) used to specify the pages O to
31, and a 6-bit polynomial counter (P.) used to
specify the steps 0 to 62.

The stack register is an 11 bit register which
allows 1 level of subroutine nesting.

(2) Data memory (RAM) and data address
register (By, B.) »
The data memory has a 352 bit organized as 4 X

SM530
y -~/ 7 J _J 7 7 J 7 J J 7 F F g F 7 7

16 X4+2X12X4, and its address is specified by
the data address registers (By, Br). The By is used
to specify the file in the data memory, and the Bg
used to specify the word within a file.

-2 files (By=4 to 7) of data memory are allocated
to the display RAM. The data set herein is loaded
into the LCD segment pins. Fig. 2 shows the RAM
configuration.

(3) Ki-Ks4, KE4-KE4,BA (Inputs)

Ports K and KE are 4-bit input ports with pull-
-down resistors. The contents of these pins can be
loaded into the accumulator Acc by instructions.

PUs, PU, 1 11
PU;~PU, 00 0 10
000 Page 0 8 16 24
Note 1 and 4
1 9 17 25
001
Note 4
010 2 - |10 18 26
Note 4
011 3 11 19 27
Note 4
28
100 4 . 12 20
Note 4
101 5 13 21 29
Note 4
14 22 30
o |®
Note 4 Note 3
11 7 15 23 31
Note 4 Note 2
Note 1: Page 0: The address where the clock restarts from the standby mode.
Note 2: Page 15: The starting address with the ACL.
Note 3: Page 14: Subroutine cover page
Note 4: Pages O through 7: The address which allows a jump by the JUMP instruction. P g=0
Fig. 1 ROM configulation
BMB"0123456789ABCDEF
l 0
o
2
3
4, 6*
5 7*
Note: The shadowed area is allocated for a display RAM.

* Executing the SABM instruction at the file 2 or 3 of the By register specifies the file 6 or
7 of the By in the same location of the file 4 or 5.

Fig. 2 RAM configuration
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SM530

While in standby mode, if the K or KE pin ac
cepts an input signal, the CPU is initialized and sta
rts execution of the program at Py=0g, PL=00y.

The BA pin can be used as an input pin which
allows testing the input fixed at High or Low, by
instructions.

(4) F1'F4, S1'S4 (Outputs)

Ports F and S are 4-bit output ports.The accu-
mulator Acc can be transferred to these ports by
instructions.

(5) Divider and clock counter

The device contains a real-time clock divider, 1
sec counter and 1/100 sec counter. These counters
generate signals of 10 sec, 1 sec, 1/2 sec, 1/10 sec
which can be tested by instructions, and constitute
a real-time clock.

Either 1 sec counter or 1/100. counter can be
directly indicated on an LCD screen through a de-
coder. The contents of 1/100 sec counter can be
loaded into the accumulator Acc by instructions.

(6) LCD driver
The SM530 contains an on-chip LCD driver
which can directly drive a 96-segment LCD with a

7.8ms

1/2 duty and 1/2 bias scheme.

Fig. 3 shows the common and segment waveform
The display frequency is 128Hz, and 3V of display
voltage is obtained through an internal booster cir-
cuit.

The display data is transferred through an LCD
driver circuit, and displayed on an LCD screen.

Fig. 4 shows an example of a seven-segment
numeric LCD digit. The RAM data of Byy=4, 6 cor-
responds to the H; segment, and By=5, 7 corres-
ponds to the H, segment.

0z Oy Oy 0y

(j=0—-9)

Fig. 4 7-segment numeric LCD digit

Oii_Hl J—

(selected) -+ -—3-—-

OFF ONOFF ONOFF

0, H N E A
i Wl Wl Wl i

(not selected) '

1< OFF

Fig. 3 LCD driving signal waveform
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(7) Display decoder

The 1 sec counter or 1/100 sec counter is
loaded into the display decoder, and output as seg-
ment signals through pins O;0—040. The display
decoder can not be used when the RAM data is dis-
played on an LCD.

Fig. 5 shows the relationship between the dis-
play RAM and pins Oij. Table 1 shows the truth
table of the display decoder.

Table 1 Display decoder truth table

Iset or 1/100sec | Display Isec or 1/100sec | Display
counter character | counter character
0000 r 0101 L
] J
0001 | 0110 _
I J
0010 El 0111 [ "
0011 _l 1000 ]
-l o
0100 J 1001 Il
[ .J
Note: The display segment of a floating point is specified by
the first bit of a display RAM (By, By)=(5, 0)
(8) Melody generator circuit
The contents -of a melody ROM can be output

with standard 12 musical scales (555 to 2114Hz)

SM530

in two octaves from the SO pin.

The tone length can be selected between 250ms
and 125ms depending on the melody ROM. The
melody ROM provides a pause and a stop instruc-
tion.

Controlling the melody F/F (ME F/F) by in-
structions starts and stops melody. The melody
ROM stores up to 256 steps of musical notes.

Table 2 shows the musical scales in one octave.
Executing an instruction from a melody ROM out-
puts half frequencies of the standard frequencies
shown in table 2, and generates lower 12 musical
scales by one octave.

(9) ACL circuit

The ACL circuit contains a resistor and a capa-
citor, which does not require any external circuits.
The ACL may be cleared with the interval of about
0.5 sec after a crystal oscillator circuit starts
oscillation when the power is turned on, and starts
execution of the program at Py=Fy, PL=00y.

(10) Standby mode

Executing an instruction places the device in
standby mode. In this mode, the system clock is in-
activated to reduce power consumption. While in
standby mode, if the K or KE pin receives an input
signal, or the selecting ¥ F/F is set, the device ex-
its standby mode and the CPU starts execution of
the program at Py=_0q, PL=004.

By 4 5 6 7 8 9 A B
_ 46 M M
5 7
(Hy) (Hy) (Hy) | (Hy)
Bps
Bn_l
1 sec counter - g - 5
g | £ £
< 5 <
. - o a
1/100 sec = | S S
counter A

!

io (i = 1t04)

2

(i=1to4, j=1toB)

Fig. 5 Display RAM and Oij
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Table 2 Melody output frequency

Musical
usica do# re reff mi fa fadt so soft la laf si do
scale
F”’(‘}‘I‘;“cy 1110.8 [ 1170.3 | 1236.5 | 1310.7 | 1394.4 | 1489.5 | 1560.4 | 1680.4 | 1771.2 | 1872.4 | 1985.9 | 2114.1
(11) Booster circuit (12) System clock
The device contains a booster circuit which The system clock has a frequency of one third
generates a voltage two times higher than the 1.5V that of a 32.768kHz clock.
power supply. ) The instruction cycle time should be 91.5 us.
Then, it is necessary to apply external capacitors
between DDC pin and V¢c pin as well as Vpp pin
and GND (see Fig. 6).
DDC
:L C;=01xF(TYP.). .
Vee
LSI
VDD
;Cz=0.l,uF(TYP.)
Fig. 6 Booster circuit
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B Instruction Set
(1) RAM address instructions (3) Data transfer instructions
Mnemonic | Machine code Operation Mnemonic |Machine code Operation
INCB 4C BLj-BLH LAX x |[10-1F Acc+x(1471,)
skip if B,.=7 or F Acc—M
- LDA x |20-23
DECB 4D BB, —1 Bumz, Bvi+Bumz, BmiPx(lz, 1))
skip if Bp.=0 EXC 94-27 Acc—M
X _
Bms+0- Bz, BuiBumz, Bui@x(I3, Iy)
LB xy 30-3F Bz, Bri+x(14, I3) Acc—M
Bpa, BLi+y(lz, 1)) EXCIx | 28-2B Bz, Bri+Bum2,Bmi@x(I3, 1;)
Brs, BLo+(1, 1) B,+B . +1
LBL xy 6B Bu+x(I;-15) skip if Bp=7 or F
00-FF BLy(4-11) Acc—M
SABM |72 Bus 1 EXCD x | 2C-2F Buz, Bu1+Bumz,Bui ®x(Iz, 1) —
next step only B.+B.—1 e
SABL |73 Bl skip if B,=0 2 =
next step only DTA 52 Acc+1/100 SEC. C. —
EXBL |5A Acc—B. '

(2) ROM address instructions

(4) Arithmetic instructions

Mnemonic {Machine code Operation
Mnemonic |Machine code Operation ADD 54 Acc+AcctM
TR x 80-BF PLx(Ig-1;) Acc+AcctM+C
60-67 Py+=x(l;;-17) ADDC |55 C+C,
TL xy L.
00-FF PLey(ls-1y) skip if C4=1
_ Py+01110, P +x(lg"1,) _ Acc+Acctx(I471h)
TRS x | CO-FF SR—PC+1 ADX x | 00-OF skip if C,=1
Pus, Pua+(0, 0) COMA |53 Acc+—Acc
JUMP xy | 00-FF II:U3'P(;11"‘X(Iey Ig, 17)
L6<— . .
: PLs-Ppy—y(ls-T,) (5) Test instructions
ATPL | 6A Pra~Pri+Acc Mnemonic |Machine code Operation
RTN 68 PC+SR T™ x 48-4B skip if Mi=1 (i=L];)
RTNS |69 PC+SR TC 5B skip if C=0
skip the next step TAM 59 skip if Acc=M
TABL 58 - skip if Acc=BL
skipif ¥ =1, ¥ <0
TG x 6C-6F
(Y108 Y15 Yos8 Yoas)
TBA 79 skip if BA=1
SHARP
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(6) Bit manipulation instructions (8) Melody instructions
Mnemonic |Machine code Opeération Mnemonic [Machine code| Opera_tion
RM x 40-43 Mi+0 (i=LI,) . . 78 .
SM x 1447 Mi1 (i=1,1,) PRE x 00-FF Melody ROM pointer preset
RC 56 - C+<0 SME 77 ME+1
SC - 57 C+1 RME 76 ME<+~0

) skip if MES=1
. o TMEL |75 MES+0

(7) 1/0 instructions
Mnemonic |Machine code Operation ) .
KTA 50 Acc—K (9) Special instructions
KETA 51 . Acc+KE Mnemonic {Machine code Operation
ATS 5C S+Acc o CEND 74 System clock stop
ATF 5D F—Acc DIV+0
ATBP 5E BP+—Acc IDIv 70 1 SEC. C.«-0
SDS 4F DS+1 INIS 71 1/100 SEC. C.«+-0
RDS 4E DS+0 SKIP 00 No operation
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r- s 77 7 /7 /J /7 /7 J /7 /7 /7 J /7 /7 /7 /7 /7 /4

B System Configuration Example (Calculator watch)

LCD

DC voltage cutout _L _L

0.02¢4F T T

H, H, O;; (48 line) 32.768kHz 22pF
SCOUT‘T""—_
-L—O—Test : Crystal
§ o=—1F, OSCINr—LI%pF—'
g F, ©F
© BA
g ° B GND
SM530
1.5V
N SO Vu —‘[:"“‘—‘ i '
1¢F
Voo — £
' 0.1pxF }_
/ DDC 77
S lj_O.luF
4 O—9K3 VC K
-—-/o—eK,, '
S; S, S; S, K;KEKE, KEyKE,

C —
7 H 9 H B
8 é Year
] | T
X
4 5 6 Hour ﬁ Ath
I 1 1
1 H 2 3 M Min [~
Date
I 1 1 1 l
% He
- . =
0 I 25| |amem
Key matrix
SHARP
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4-Bit Microcomputer (LCD Driver) , SM531

SM 531 4-Bit Microcomputer (LCD Driver)

B Description Bl Pin Connections

The SM531 is a CMOS 4-bit microcomputer,
operated on a single 1.5V power supply with a
1.5 # A power cosumption in standby mode. This
microcomputer integrates a 4-bit parallel process-
ing function, a 1.2K byte ROM, a 52 word RAM, an
80-segment LCD driver, a real-time counter cir-
cuit, and a melody generator circuit in a single
chip. Provided with 1.5V single power supply and
a low power consumption design, it is applicable to
compact systems required for battery back-up op-
eration.

B Features

. CMOS process
ROM capacity: 1,260.X 8 bits O E TS
RAM capacity: 52 X1 bits 6:o££=5§§>=§9;9?§:2503§
. Instruction set: 45 ©

. Subroutine nesting: 1 level Top View
. Insturction cycle: 91.6 us (TYP.)
. Input/output ports
Input ports: 6
LCD output ports: 40 for segment
2 for common
Melody output ports: 2
8. On-chip clock divider
9. On-chip crystal oscillator (32.768kHz)
10. Programmable interval timer
(1 sec, 1/2 sec, 1/10 sec)
11. 1/100 sec counter
12. Melody generator circuit
13. Standby function
14. Single power supply: —1.5V (TYP.)
15. 60-pin QFP (QFP60—P—1414)

N W~

SHARP

110



4-Bit Microcomputer (LCD Driver)

B Block Diagram

SM531

$3ES5SS3E353883888558588385888333354
@@@@@@@@@@@@@@@3@@@@@00@@@@@@
H, e [ @ Os3
H (S LCD Driver | (52) Ous
1 (51) 015
Voo (36) oM Display RAM g Oz
(2x10%4) 032
DDC (35) bDe azoxs) | ] (18)0s:
Vee (34 @)o
RAM 12
(2x16X4) (46)0x
| Pus) | P6) | (8)0n
ACL @7 ACL H—(44)0,:
[0}
L ps | sie) | [ Bu@ [ B | (0u
* : (4DK,
ICH Acc(4) I K| ] (K,
(4) @ K,
o
S0 (9 Melody | L
BP(3 KE KE
SO; (10 Generator ) 2) ' KE:
f Time Counter || Clock
ROM
(128X7)
DIV(15) ) CG
GND Vy Test OSCiy 0SCoyr-
Symbol description
ALU : Arithmetic logic unit Su, SL : Stack register of program counter
Acc : Accumulator DDC : LCD supply voltage generator
ACL : Auto clear DIV : Divid
C : Carry F/F CG : c123< ggnerator
Py, Pp : Program counter Bum, BL : RAM address register

B Pin Description

Symbol 170 Circuit type Function
K;-K4, KE;, KE, 1 Pull-down Input ports
) 0,070,490 0 Segment signal output ports
H,-H, -0 Common signal output ports
0SCin, OSCout Crystal oscillator
S0O;,, SO, 0. Melody output ports
ACL 1 Auto clear input port
BA 1 Battery alarm input port
Vee, DDC, Vpp Power supply for booster circuit
Vum, GND Power supply
Test 1 Pull-down Test input (normally connected to V)
SHARP
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B Absolute Maximum Ratings

‘Parameter Symbol Rating Unit | Note
Vu —2.0to +0.3 \Y 1
Pin voltage Vob —4,0to +0.3 \Y% 1
: Vini Vu—0.3 to +0.3 \Y 1,2
Vinz Vpp—0.3 to +0.3 \Y% 1,3
Operating temperature Topr 0 to +50 C
Storage temperature Tstg —20to +70 C
Note 1: The maximum applicable voltage on any pin with respect to GND.
Note 2: Applied to pins K;-K4, KE,, KE,, SO;, SO,, Test, DDC, ACL, OSCyy, OSCour-
Note 3: Applied to pins O;; (i=1 to 4, j=0 to 9), H;, Hp, Ve.
B Recommended Operating Conditions
Parameter Symbol Rating Unit | Note
Supply voltage \%Y —1.8to —1.2 \%
Voo —3.6to —2.3 \4
Oscillation start valtage Vosc —14 \4 1
Oscillator frequency fosc 32.768 (TYP.) kHz

Note 1:

Oscillation circuit constant, Cc=15pF, Cp=22pF.

Oscillation start time: within 10 seconds.

M Electrical Characteristics

(VM=_1.45 to _1.55V, VDD=

SM531

—2.9to —3.1V, Ta=25T)

Parameter Symbol " Conditions MIN. TYP. MAX. Unit Note
Vi —0.5 \4
Input voltage Vi Vat05 v 1
Input current uy n=0V 0.155 3 uA 2
) Liyi2 Vin=0V 1.55 50 unA 3
Boost output voltage Vopr | Vv=—1.55V, R,=5MQ —2.80 v 4
Vopz | VM=—1.30V, R,=5MQ —2.30 \%
Ios Vps=0.5V 10 s A 5
o2 Vps=0.5V 60 nA 6
Output current Ioz Vps=0.5V ‘ 60 nA 7
Iog Vps=0.5V 120 rA 8
Ios Vps=0.5V 900 puA 9
Current consumption Ino During full-range operation 10 nA 10
Ips During system clock stop 1.5 nA
Oscillation starting time Tosc ' 10 S 11

Note 1:
Note 2:
Note 3:
Note 4:
Note 5:
Note 6:
Note 7:
Note 8:
Note 9:

Applied to pins K;-K,, KE,-KE,4, ACL, OSC\y
Applied to pins K;-K,, KE,-KE,, ACL
Applied to pin Test

Applied to pin Vpp

Applied to pins Oy; (i=1 to 4, j=0 to 9)
Applied to pins H;, H,
Applied to pin DDC
Applied to pin Vcc
Applied to pins SO;, SO,

Note 10: Current consumption at 32.768kHz

Note 11:

Oscillation circuit constant, Cc=15pF, Cp,=22pF
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4-Bit Microcomputer (LCD Driver)

B Hardware Configuration

(1) Program memory (ROM)

The on-chip ROM has a configuration of 20
pages X 63 steps X8 bits (see Fig. 1). The program
counter consists of a 5-bit page address counter
(PU) used to specify the pages 0-to 19, and a 6-bit
polynomial counter (Pp) used to specify the steps 0
to 62.

The stack register is an 11-bit register which
allows 1 level of subroutine nesting.

SM531

(2) Data memory (RAM) and data address

register (By, By)

The data memory has a 208-bit organized as 2
X16X4+2X12X4, and its address is specified
by the data address registers (By, Br). The By is
used to specify the file in the data memory, and the
By used to specify the word within a file.

2 files (By=2, 3) of data memory are allocated
to the display RAM. The data set herein is loaded
into the LCD segment pins. Fig. 2 shows the RAM
configuration.

PU;,PU,
PUs- PU) 00 01 10
P 0 8 16
000 | %€
Note 1 and 4
1 9 17
001
Note 4
2 10 18
010
Note 4
3 11 19
011
Note 4
12
100 4
Note 4
13
101 5
Note 4
14
110 6
Note 4 Note 3 Note 1: Page O shows the address where the clock restarts from
) 7 15 the standby mode.
111 Note 2: Page 15 shows the starting address with the ACL.
Note 4 Note 2 Note 3: Page 14 shows the subroutine cover page.
Note 4: Pages O through 7 show the addresses which allow a
jump by the JUMP instruction, P ¢=0.
Fig. 1 ROM configuration
BMBL01234.56 8 | 9| A|B|C|D|E|F
0
1
2
3

Note : The shadowed area is allocated for a display RAM.

Fig. 2 RAM configuration

SHARP
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(3) Kq- K4, KE,, KE, (Inputs)

Ports K and KE are 4-bit input ports with pull
-down resistors. The contents of these pins can be
loaded into the accumulator Acc by instructions.

While 'in standby mode, if the K or KE pin
accepts an input signal, the CPU is initialized and

starts execution of the program. at Py= OH, PL=
00g.

(4) Divider and clock counter

The device contains a real-time clock divider
and a 1/100 sec counter. These counters generate
signals of 1 sec, 1/2 sec, 1/10 sec which can be
tested by instructions, and constitute a real-time
clock.

The 1/100 counter can be directly indicated on
an LCD screen through a decoder. The contents of
1/100 sec counter can be loaded into the accumu-
lator Acc by instructions.

SM531

(5) LCD driver

The SM531 contains an on-chip LCD driver

which can directly drive an 80-segment LCD with
a 1/2 duty and 1/2 bias scheme.

Fig. 3 shows the common and segment waveform. .

The display frequency is 128Hz, and 3V of display
voltage is obtamed through an internal booster cir-
cuit.

The display data is transferred through an LCD
driver circuit, and displayed on an LCD screen.

Fig. 4 shows an example of a seven-segment
numeric LCD digit. The RAM data of By=2 cor-
respond to the H; segment, and By;=3 corresponds
to the H, segment.

Oi i H 1
(selected)

V Oij_Hz

(not’ selected) ‘

[ - OFF

Fig. 3 LCD driving signal waveform
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SM531

Table 1 Display decoder truth table

G G G O Displa Display
1splay
1/100 sec counter character 1/100 sec counter| oo “eor
0000 l,:" 0101 :’
| 0 |
0001 ' 110 '1
0010 l:-' 0111 ,
0011 | 1000 "._',
(i=0to9) 0100 Ll 1001 E"
| -—
Fig. 4 7-segment numeric LCD digit Note : The display segment of a floating point is specified by
the first bit of display RAM (By, B1)=(3, 0)
B, 3B o 1 2 3| 4 5 | 6 7 8 9
i r' r
(Hy) (Hy) (Hy) (Hy)
Bp,
3 2 2
-1/100 sec—> 'i s S
counter = | /
2| § g
2
Ojo (i=1to4) 0;; (i=1tod, j=1to9)

- Fig. 5 Display RAM and Oij

(6) Display decoder

The 1/100 sec counter is loaded into the display
decoder, and output as segment signals through
pins O19-040. The display decoder can not be used
when the RAM data is displayed on an LCD.

Fig. 5 shows the relationship between the dis-
play RAM and pins O;;. Table 1 shows the truth
table of the display decoder. ’

(7). Melody generator circuit

The contents of a melody ROM can be output
with standard 12 musical scales (555 to 2114Hz)
in two octaves from the SO; and SO, pins. The tone
length can be selected between 250ms and 125ms

~SHARP

depending on the melody ROM. The melody ROM
provides a pause and a stop instruction.

Controlling the melody F/F (ME F/F) by in-
structions starts and stops the melody. The melody
ROM stores up to 128 steps of musical notes.

Table 2 shows the musical scales in one octave.
Executing an instruction from a melody ROM out-
puts half frequencies of the standard frequencies
shown in the table 2, and generates lower 12
musical scales by one octave. Executing an instruc-
tion allows an envelope control for melodies. The
SO; output has an opposite phase with the SO,
output.
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SM531

Table 2 Melody output frequency

Musical
scale

do#t re reft mi fa

fat

S0 soft la | la#‘ si do

Frequency

4.4
o 1394

1110.8 | 1170.3|1236.5 | 1310.7

1489.5

1560.4 | 1680.4 | 1771.2 | 1872.4 | 1985.9 | 2114.1

(8) ACL circuit

The ACL circuit contains a resistor and a capa-
citor, which does not require any external circuits.
The ACL may by cleared with the interval of about
0.5 sec after a crystal oscillator circuit starts
oscillation when the power is turned on, and starts
execution of the program at Py=Fy, PL=004.

(9) Standby mode

Executing an instruction places the device in
standby mode. In this mode, the system clock is in-
activated to reduce power consumption. While in
standby mode, if the K or KE pin receives an input
signal, or the selected 7 F/F is set, the device exits
standby mode and the CPU starts execution of the
program at Py=0y, PL=004.

(10) Booster circuit

The device contains a booster circuit which
generates a voltage two times higher than the 1.5V
power supply. ) ‘

Then, it is necessary to apply external capaci-
tors between DDC pin and V¢ pin as well as Vpp
pin and GND (see Fig. 6).
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Vee ' -

LSI
. Vop

C,=0.1#F(TYP.)

»

Fig. 6 Booster circuit

(11) System clock

The system clock has a frequency of one third
that of a 32.768kHz clock.

The instruction cycle time should be 91.5 gs.




4-Bit Microcomputer (LCD Driver) SM531

H Instruction Set (4) Arithmetic instructions

(1) RAM address instructions Mnemonic |Machine code Operation
Mnemonic |Machine code Operation ADD 54 Acc+—Acc+M
B +B.+1 - Acc+Acct+M+C
INCB | 4C skip if BL.=7 or F ADDC |55 C+C,
DECB | 4D BBl skip i &, =1
skip if Bp=0 ADX x| 00-0F Ac.c’fAcc+x (I4-1h)
Bumz, Bmi+x (14, Is) skip if C4=1
LB,y 30-3F Brs, BLi+y (I, IY) COMA |53 Acc+Acc
Bps, Brp+(1, 1)
LBL xy | OB Bye=x (I71s) (5) Testinstructions
00-FF By (I471) ~ " "
B .1 : Mnemonic |Machine code Operation
SABL |73 L TM x | 48-4B skip if Mi=1 (i=I,I;)
next step only T
EXBL | 5A Acc—B, TC 58 skip if C=0
TAM 59 skip if Acc=M
TABL 58 skip if Acc=B
skipif ¥ =1, 7«0
(2) ROM address instructions TGx | 6C-6F (r ]:S, Y 055, Y 015)
Mnemonic |Machine code Operation
TR x 80-BE Prex (Ig-1y) ' (6) Bit manipulation instructions
60-64 Py+x (I;;-17) - - -
TL xy Mnemonic |Machine code Operation
00-FE | Py (ely) RM x| 40-43 | Mi=0 (i=L,],)
TRS x | Co-FE | PutTO01110, Pumx el SM x| 44-47 Mi—1 (i=1,1,)
SR+<PC+1 RC 56 Cc—0
Pys, Pus+(0, 0) , SC 57 C1
JUMP xy| 00-FF gusjsjl"x (e, Ig, 17)
Pro-Py ey (Is-1p) (7) 1/0 instructions
ATPL 6A Pr4-Pri+Acc Mnemonic |Machine code Operation
RTN 68 PC+SR KTA 50 Acc+K
RTNS 69 PCi"‘SR KETA 51 Acc+—KE
skip the next step ATBP 5E BP<+Acc
SDS 4F DS+1
RDS 4E DS+0

(3) Data transfer instructions

(8) Melody instructions

Mnemonic |Machine code Operation
LAX x |10-1F Acc+x (I,-1;) Mnemonic |Machine code Operation
Acc+—M 78 Melody ROM pointer preset
LDA 20-23 PRE x
* . Buz, Bui+Buz, BuiPx (I, Ih) 00-FF
Acc+M SME 77 ME+1
EXC 24-27
* Bumz, Bm1+Bumz, Bui®x (I3, I1) RME 76 ME+-0
Acc+M TMEL |75 skip if MES=1
EXCI x | 28-2B Bumz, Bm1+Buz, Bui®x (I, 1) . MES+0
B.+B.+1
skip if BL=7 or F (9) Special instructions
Acc+M
Bcc By Bz, By ®x (I, Iy) Mnemonic {Machine code Operation
EXCD x | 2C-2F B“f_’B Mi1 M2 M1 » A CEND |74 System clock stop
Lot DIV [70 DIV+0
skip if B, =0 INIS |71 1/100 SEC. C.<0
DTA 52 Acc+1/100 SEC. C. ——
SKIP 00 No operation
SHARP
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B System Configuration Example (Melody alarm watch)

!

LCD
Sun Mon Tue Wed Thu Fri Sat

AL ST LAP DT

DC voltage cutout l i
0.024F T T

0, H, 0y, (80 Tines) 32.768kHz | 22pF
| O
CCrystal
. OSCiy f
Sound :I.E SO, . F15pF
generator un+
T————SOz SM531 )
‘ . 15V
Vu :I
Voo AR
DDC
}o.mF
Ve
K, K, K; K, GND ACL
SAl SLI SFl sso L l ACL
‘,T -IT _IT ‘Ici 0.224F
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SM500

SM 500 4-Bit Microcomputer (LCD Driver)

B Description

The SM500 is a CMOS 4-bit microcomputer
which integrates a 4-bit parallel processing func-
tion, a 1,197-byte ROM, a 40-word RAM, a
15-stage divider and a 56-segment LCD driver
circuit in a single chip. This microcomputer is ap-
plicable to LCD systems with low power consump-
tion and reduced cost.

B Features

. CMOS process
. ROM capacity: 1,197 X8 bits
RAM capacity: 40 X4 bits
. Instruction set: 52
Subroutine nesting: 1 level
. Instruction cycle: 61 s (TYP.)
. Input/output ports
170 ports: 8
(for switching with segment pin)
Input ports: 6
Output ports: 4
LCD output ports: 28 for segment
(including 8 1/0 ports)
:2 for common
. On-chip divider circuit for clock
9. On-chip crystal oscillator circuit
10. LCD driver circuit
(56-segment, 1/2 bias, 1/2 duty)
11. Standby function
12. Single power supply: —3V or —5V (TYP.)
13. 48-pin QFP (QFP48-P-1010)

N U A WN

0o

B Pin Connections

a
S 3 PZ I = I B I
OO0 QO0VWOO0O OO0
34 B3 32 [31 3 é

33 5
[3¢ 35}

Oss [48] Ko

023 37] Os2
O13 38 Oss
Ous 22]Os4
O34 Hi

Q24 20]H>
0147 VM
Oss OSCin
Oss {44 17] OSCout
025 5] | Voo
Os [46} Ks
Ous [47] Ks

Top View

SHARP
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M Block Diagram

$ESSISESIIESISSES IS S o
OOENEDEEEEIEADENEICDEDENENNENEIE)—— |
1t
l LCD Driver ) l——-
I il
[ wo | [ wo | [ wo | [ wo |

I i L , |
[-[ win) | l——r w\;m | r—l w0 | r—[ w7 |
) o

Symbol description

Kr
ROM _—’[ Decoder ] @
(1,197x8) :
RAM Ks
i (4X10X4) @
[Co[Ca [ Pu®) [ e J—rt
T ,
ENETRECE ‘—’I, Bu) | B | 3)
R K
@ I )
DIV@5) | [B.]
R a
Clock ACL Decoder. B
Oocr)lirol I l l l
17 @ 204G
Z & rd -
2.3 9] oo
gg <
o

120

ALU : Arithmetic logic unit W,-W,, W/-W, : Static shift régister )
Acc : Accumulator Bm, BL : RAM address register
ACL : Auto clear Bp : Backplate signal generator circuit
C : Carry F/F Kr : 4-bit F/F
Ca, Cg, Py, PL : Program counter Ks : 4-bit F/F
Cs Sy, Su : Stack register of program counterr S : 4-bit F/F (status register)
CG : Clock generator K : Key input F/F
DIV : Frequency divider
SHARP




4-Bit Microcomputer (LCD Driver)

B Pin Description

SM500

Symbol 170 Circuit type Function
K,-K4 1 Pull down Acc+K;-K4
a, B I Pull up Independent test possible
0;,-04 1/0 W and W’ registers output or input/output to/from K register
Os5;-0s4 1I/0 W and W' registers output or input/output to/from Kg register
012-046 0 W and W’ registers output ; used for LCD segment output
H,, H, 0 3-state level output possible ; used for LCD common output
R,-Ry (0] R,-Ry+Acc
T I Pull up For test (Connected to GND normally)
ACL 1 pull down Auto clear
OSCn, OSCout For clock oscillation
Vum Power supply for LCD driver
Vpp, GND Power supply for logic circuit

H Absolute Maximum Ratings

Parameter Symbol Rating Unit | Note
Vbp —6.0 to +0.3 \Y
. Vum Vpp to +0.3 \%
P 1 1
in voltage Vi Vop—0.3 to +0.3 v
Vour Vpp—0.3 to +0.3 \
Operating temperature Topr —20to +70 C
Storage temperature Tstg —55 to +150 C
Note 1: The maximum applicable voltage on any pin with respect to GND.
B Recommended Operating Conditions
(1) 3V power supply specification (GND=0V)
Parameter Symbol Rating Unit | Note
Supply voltage Vop —2.7to —3.3 \Y%

PPy voitag Vu Voo/2 (TYP) v
Oscillator frequency fosc 32.768 (TYP.) kHz
Oscillation start voltage Vosc —2.7 \4 1

(2) 5V power supply specification (GND=0V)
Parameter Symbol Rating Unit | Note
Supply volt VDD —4.5to —5.5 \%

pply voitage Vi Voo/2 (TYP) v
Oscillator frequency fosc 32.768 (TYP.) kHz
Oscillation start voltage Vosc —4.5 \4 1

Note 1: The oscillation start time should be within 10 sec.
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B Electrical Characteristics ; o
(1) 3V power supply specification (Vpp=—38.0V£10%, GND=0V, Ta=—20to +70C)

Parameter " | Symbol Conditions MIN. TYP. MAX. Unit Note
VIH _0.6 s . V
Input vol - 1
nput voltage Vi Vopt 0.6 v
Iy Vin=0V 15 rA 2
Input current | Vin=0V 3 prA 3
) Iis Vin=Vbp ) 1 nA 4
Voa —0.3 \Y
Output voltage " Vop No load Vyy=Vpp/2 Vv—0.3 Vu+0.3 \% 5
Voc : Vpp+0.3 \4
Tom1 Vour=—0.5V 30 prA 6
lor1 Vour=Vpp1+0.5V ) 10 rA
IOHZ VOUT=_0'5V 100 /.lA
Output - 7
utput current lorz | Vour=Vopt 0.5V 10 uA
Ios | Vps=0.3V 100 rA 8
Ios Vps=0.5V 100 nA 9
Ipa During full-range operation 20 ©A
Suppl t 10
UPply curren Ips When system clock is stationary 3 ©A
(2) 5V power supply specification (Vop=—5.0V£10%, GND=0V, Ta=—20 to +70T)
Parameter Symbol Conditions MIN. TYP. MAX. Unit Note
Vin —0.6 \4
1
Input voltage Vi " Vont0.6 v
Ty Vin=0V 50 p©A 2
Input current | Vin=0V 10 uA 3
Is Vin=Vpp 3 “A 4
Voa —0.3 Vv
Output voltage Vor No load Vyy=Vpp/2 Vu—0.3 Vyt+0.4 \% 5
Voc Vpp+0.4 \4
IOHI VOUT=_0-5V 35 . /IA 6
Tovy Vour=Vppt+0.5V 12 nA
IOHZ VOUT=_O-5V 120 /IA
tput - 7
Output current lorz | Vour=Vop+0.5V 12 #A
Ios Vps=0.3V 120 rA 8
Iog Vps=0.5V 120 ‘ rA 9
Suppl ent Ipa During full-range operation 50 100 rA 10
u curr
PPy Ips When system clock is stationary 10 30 pnA
Note 1: Applied to pins K,-K,, @, B, ACL, O,;, Os,, O3, 04y, Os;-Ogy L v
Note 2: Applied to pins K;-Ky, 011, 021,051,041, 00°0ss [ 1 [V~~~ _ oa
- Note 3: Applied to pinACL  e——) l— ) b p—— Vos
Note 4: Applied to pins ¢, # V34 ______ Vs
Note 5: Applied to pins Hy, Hy o¢
Note 6: Applied to pins O; (i=1 to 4, j=2 to 6)
Note 7:  Applied to pins 011 =041, Os1-Os4 Fig. 1 H1, H2 waveforms
Note 8: Applied to pin R,
Note 9: . Applied to pins Ry, R3, Ry
Note 10:  fosc=32.768kHz, supply current with no load, oscillator OSCiy OSCour ACL
circuit parameter: Cp=Cs=22pF Crystal l
Co Co ;; - 0ItoluF
C;=15pF, Cp=22pF l
Fig. 2 Oscillator circuit Fig. 3 ACL circuit
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B Pin Functions

(1) Ky-Kq (Inputs)

The K;-K, are 4-bit parallel input ports which
are connected to the accumulator Acc. The contents
of the K;-K, are loaded into the Acc by the KTA
instruction.

When a system clock is inactivated, if a High
level signal is input to any one bit of ports K;-Ky,
the system clock restarts, and the program counter
starts at page O, step 0.

(2) «, B (Inputs)

The input ports a and S can be independently
tested by the TA and TB instructions respectively.

These ports are pulled-up to the High level with-
in a chip.

(3) R;-R4 (Outputs)

The R;-Ry4 are 4-bit parallel output ports which
generate the data stored in the R register.

The R register is connected to the accumulator
Acc. The contents of the Acc are loaded into the R
register by the ATR instruction, which can be out-
put at ports R;-Ry.

~ The R; of the R register performs, in conjunction
with the f;, f; or f15 of a divider, the logical pro-
duct. It can also provide an alarm output.

SHARP

SM500.

(4) Hy, Hy (LCD common outputs)

The H, and H, pins are used to drive the com-
mon of an LCD with a 1/2 duty, 1/2 bias scheme,
and provide a 3-level output.

The display can be turned on or off by the com-
mon outputs with the BP register.

(5) Oy (Segment output ports)

The segment output ports Oy (i=1 to 4, j=2 to
6) consist of 20 bits, which are used to output the
contents of W' and W registers for the display on
or off with the BP register.

(6) O41, Oz1, Ogq, O41 (Input/output ports)

The 170 ports O1,-04; are used as segment out-
put ports to generate the contents of W' and W reg-
isters with the S register. The I/0 ports can also
be used as output ports as well as input ports for
the Kr register. After ACL operation, it should be
input ports with pull-down resistors. '

(7) Osy, Os2, Oss, Oss (Input/output ports)
The 170 ports Og;-Ogy4 are used as segment out-
put ports to generate the contents of W' and W reg-

“isters with the S register. The I/O ports can also

be used for output ports as well af input ports for
the Kg register. After ACL operation, it should be
input ports with pull-down resistor.
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4-Bit Microcom'puter (LCD Driver) SM500

B Hardware Configuration Field

e Car=1 —

Q

>
I

=3

(1) Program memory (ROM)

The on-chip ROM has 1,197 bytes organized as
19 pages X 63 steps X 8 bits. Fig. 1 shows the ROM
configuration.

The program counter consists of a 1-bit C,; Cpg,
a 4-bit page address counter Py register and a
6-bit polynomial counter Py (inhibit code: PL.=
111111).

The C, is used. to specify the field, the Py for the

" page, P for the steps within a page and the Cg for
the case where the field boundary is crossed.

‘10
11
12

Page <

(2) Data memory (RAM)

The data memory has 160 bits organized as 4 X
10X 4 bits. Fig. 2 shows the RAM configuration.

The RAM address is specified by a 2-bit By reg-
ister for the file specification, and a 4-bit By regis-
ter for the word (4-bit) specification.

mim| o|la|lw|>|o|ew|~|o|ale|w|w|~|ol!

(3) Crystal oscillator and Divider (DIV)

The device contains a crystal oscillator circuit
for the system clock and timer oscillator. A
16.384kHz system clock can be provided and 1 sec
signal can be obtained from the final stage of a di- — File
vider by ¢onnecting an external 32.768kHz crystal By
oscillator between the oscillator pins. BL 0 1 2 3

The divider consists of 15 stages, and lower 4 '
stages can be loaded into the accumulator by the
DTA instruction. The lowest 9 stages (fo-f;) can be
reset with the IDIV instruction or an ACL opera-
tion.

Fig. 1 ROM configuration

Word <

(4) Segment decoder

The SM500 contains an on-chip LCD driver
which can directly drive an LCD with-a 3V, 1/2
duty, 1/2 bias scheme. The device also contains a
segment decoder which helps the software to be re-
duced.

The truth table of a segment decoder is shown in
Fig. 5, the LCD segments relative to the decoder
shown in Fig. 4, and the LCD driving signal wave-
form shown in Fig. 6. The display characters other
than those described in Fig. 5 are available by
directly setting data to W’ with the WR or WS in-
struction. OSCiy -

W | o | N | o|u s w D=

Fig. 2 RAM configuration

32.768kHz

(5) Standby mode

The SM500 is a low power consumption design
due to CMOS process. For further low power re-
quirement, executing the CEND instruction places
the device in standby mode. To reduce power con-
sumption, the system clock is inactivated.

Fig. 3 Crystal oscillator circuit
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Fig. 4 LCD segment layout for segment decoders

While in standby mode, if more than one input of wered up. The ACL is cleared in about 0.5 sec
K,-K4 goes High, or ¥ F/F is reset, the device ex- from a crystal oscillator circuit starts oscillation
its standby mode and starts execution of the prog- after power on, and starts execution of the program
ram at address 0000 (C,=0, Py=0, PL=0). at C,=0, Py=Fy, PL=0.

While in power on, applying a High level signal

(6) Reset function to the ACL pin activates the ACL operation.

Connecting a capacitor between the ACL pin and However, it takes about 0.5 sec to start execution
the GND activates the ACL circuit when it is po- of the program after the ACL goes Low. The lowest

9 stages of a divider are reset during the ACL goes
Display Display High.

Ace character Acc character
0 "1 6 - SM500

I 21

ACL
1 | 7 ]
I 1

2 ] 8 ]

- H I 0.1to1,F
3 -” 9 I}

- - Fig. 7 ACL external circuit

[N
4 | A —
5 C B Blank

Fig. 5 Display decoder truth table

|<— 7.8125ms—->'

Voo Display ON

Vpp Display OFF
[ -------GND

Fig. 6 LCD driving signal waveforms -
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4-Bit Microcomputer (LCD Driver) :

SM500

B Instruction Set Mnemonic |Machine code Operation
(1) RAM address instructions LAXx | 20-2F Accrx (la-Io)
Mnemonic |Machine code Operation LDAx 18-1B Acc+M, By®x (I3, 1)
LB xy 40-4F Br+x (I3, I3), By+y (I3, o) ATBP |03 Bp+Acc '
LBL xy | 5F . PTW 59 Wie—W'ie, Wis—W'is (i=1 to 4)
@ step) | 00-FF | DX (s 1) By (s, To) PDTW | 61 W'1s—W’16+—DECi (i=1 to 4)
EXBLA | OB Acc+—B, W 5C Wii=W’; (i=1, =0 to 6)
INCB” 64 Bo+B_.+1, Skip if BL,=7 W’;,6+DEC;
DECB 6C B.+B.—1, Skip if B;=0 DTW 5D W’;; write shift (i=1 to 4,
j=0 to 6)
W 46+0, W3g+—Accy,
. . W ,6+Acc; )

(2) ROM address instructions WR 62 W' oo Accy, W' virite shift
Mnemonic [Machine code Operation (i=1to 4, j=0 to 6)
COMCB | 6D Cp+Cp W ye+1, W3e+—Acc,
RTN 6E Ca+Cs, Py+Sy, PL+=S,, R+0 WS 63 W' y6+Acc,, Wig+—Acco
RTNS 6F Ca+—Cs, Py+=Sy, PL+S, W’; write shift (i=1 to 4,

R+0, skip the next step .j=0 to 6)
SSRx 70-7F Su+x (I3-Ip), E+ 1 next step
only
if R=0; . R
TRx 80-BE PL+X (Is-Io), Pu—Su, CaCs (5) 1/0 control instructions
if R=1; PL+I5-1, Mnemonic [Machine code Operation
if R=0, E=0; Pp+x (I5-Io) ATR 01 R+Acc
Pys+1, Pus~Puo=0, St=P.+1, KTA | 6A Acc+K
TRSx CO-FF Su+Py, Cs+Ca+0, R+1 ATS 30 S+Acc
if R=0, E=1; PL+x (Is, Ip), EXKSA | 02 ff S,=1; Acc+Kg
Py+*Su, SL+PL+1, Cs—Ca+Cp, if S;=0; Kg+Acc
R+1 s 1 EXKFA | 6B '; §4=(1); Qcc‘;KF
if R=1; Py, Pyo+=x (5, L4) if S4=0; Kg*+—Acc
TRSAxy| CO-FF Prs-Pro+y (I3-lo), Pus, Pra0 -

(3) Arithmetic instructions

(6) Divider manipulation instructions

Mnemonic |Machine code Operation Mnemonic |Machine code Operation
ADD 08 Acc+—Acc+M DTA 5E Accz+fy, Acco+f,
Acc+—Acc+M+C, (2 step) | 04 Accy+f3, Acco+1y
Acc+—Acc+x (I3-1p)
ADX x | 31-3F | Skip if Cy=1 (7)  Bit manipulation instructions
No skip if I31,1;1,=1010 (30 de-
fines inhibit) Mnemonic |Machine code Operation
COMA | 0A Acc—Acc RMx 104-07 | Mx+0
SMx 0C-OF Mx+1
) ) . RMF 68 m'+0, Acc+0
(4) Data transfer instruction . SMF 69 m—1
Mnemonic |Machine code Operation COMCN | 60 Cy+Cy
EXCx 10-13 Acc+M, By+By®x (14, Ip) RC 66 C+0
) Acc+M, By+By®x (13, Ip) SC 67 C1
4_
EXChe 114717 | g B +1, Skip if B,="7
_ Acc+M, By+Bu®x (13, Ip)
EXCDx | 1C7IF 5 B, —1, Skip if B,=0
SHARP
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(8) Test instructions

Mnemonic |Machine code Operation
TA 50 Skip if @ =1

TB 51 Skip if =1

TC 52 Skip if C=0

TAM 53 Skip if Acc=M
TMx 54-57 Skip if Mx=1

TG 58 Skip if ¥ =0, ¥ +0
TAO 5A Skip if Acc=0
TABL 5B Skip if Acc=B,

B System Configuration Example (Digital watch)

SM500

(9) Clock control instruction

Mnemonic |Machine code Operation
GEND 5E

lock st
(2 step) | 00 clock stop

(10) Special instruction

Mnemonic

Machine code Operation

SKIP

00

No operation

I LCD ]
DC voltage cutout i i
0.02uF T T ----------- Voo
1000 H, H, O;; (2474
d = DD
T 100Q 1,;1«‘%
-{_—"iwng =k 3 Y
-1 M
- GND E]
+——F——=jacL .
uF T 12H/24H
‘ ‘.
32.768kHz o
SC
22pF IN K,
Crystal &= K,
— 0SCour K,
,;7 22pF /3 Rz R3 R4 051 OSZ 053 054

For

T control
Mode switch T—_

Sﬂr-

su Hss Hza

SHARP
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S M 5 K 1 4-Bit Microcomputer (LCD Driver)

| Descnptlon B Pin Connections
The SM5K1 is a CMOS 4-bit microcomputer 42SDIP
which integrates a 4-bit parallel processing func- P2o[T
tion, a 1,280 X 8-bit ROM, a 16 X4-bit RAM, a Pul?
15-stage divider circuit in a single chip. P2[3
Provided with three kinds of interrupt, four P2s [T}
levels of subroutine stack, 64-segment of LCD ‘ P3°E:
driver, two modes of standby, 4 bits of large cur- P[]
rent drive port (LED directly drive port), and 2
kinds of sound output functions, this microcompu- P3: [T]
ter is applicable to battery back-up compact sys- - P3; [8]
tems to home appliances such as an electronic mic- F[9]
rowave oven with a minimal external parts count ACL [10]
and low power consumption. OSCv[iT]
OSCOUT:
B Features _ So[T3
1. CMOS process $i[14]
2. ROM capacity: 1,280X 8 bits S2(15]
3. RAM capactity Ss (16}
Data RAM: 64 X 4 bits . s}
Display RAM: 16 X4 bits ss [I8]
4. Instruction set: 51 Se [
5. Subroutine nesting: 4 levels
6. Instruction cycle: 5 to 61 s S+{20)
7. Interrupts GND(z]
External interrupts: 2
Internal interrupt: 1 48QFP
8. Input/output ports
170 ports: 8

Input ports: 6

Output ports: 5

LCD output ports: 16 for segment

4 for common
9. Built-in LCD driver circuit

1/3 bias

1/3 or 1/4 duty selectable - !
10. Sound (pulse) output

2kHz or 2.5kHz

(400kHz ceramic oscillator)

2,048kHz or 4,096kHz

(32.768kHz crystal oscillator)
11. LED direct drive (POo-P03)

15mA (Vpp=5V=E10%)
12. Built-in oscillator circuit

Ceramic oscillator (400kHz)

Crystal oscillator (32.768kHz) Top View
13. 15-stage divider circuit
14. Single power supply: 2.4 to 5.5V
15. 42-pin SDIP (SDIP42-P-600)

48-pin QFP (QFP 48-P-1010)
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B Block Diagram

. (19 So
v . =z 2
po@ ROM & Eg RaM | |® o s,
SRx4
GND{ D 12808 5 s | eexa | |= . P
0 A~ A A @ S3
O
OF"
ACL@) ACL . - (DSs
L
X(4) fe>{acc(s)] . M £ s
. 5 (9)Ss
l - @ Sg
0SCiy (1) :
0SC IME[* RD (DS
0SCour @ — DIV IFD 1[{%}}1:}2— H RE <> @ Su
] o
,__| CONTROL INT RF (S,
F @ ™ o Sis
T @ : e Su
’ ] | (®S1s

| { ! !
Vou/ Vose @9 uc | [wa] [re] [ po | LP{-] | %z | | 1;3 |

Vos (19)

BOOO—O——EREIE I —EEEIE—EREE
SEEs = f EHFB SIS SIS E SHSS
; = [aWN [ fo Wl Fo Wi =PI =R = =T A Ay A B [a V- V. VR

Acc : Accumulator IME : Interrupt mask enable F/F

ACL : Auto clear 0OSC : Clock generator

ALU : Arithmetic logic unit Py, PL : Program counter

By, Bu : RAM address register - RD, RE, RF : Mode register

C : Carry flag SB : SB register

CG : Clock generator SR : Stack register

DIV . Divider X : X register

HC : Common signal circuit ' :

IFA, IFB, IFD : Interrupt request -

Note: Pin numbers apply to a 48-pin QFP.
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4-Bit Microcomputer (LCD Driver)

W Pin Description

SM5K1

Symbol Function Symbol Function
PO0,-P0, 11;?:: 5p\<;rit_sl. 01%? mA Max. sink cury F Sound output port
P1,y-P1; Input/output ports T Test input port (normally connected
P2,-P2; : to GND)
P3y-P33 Input ports OSCjn, OSCout Ceramic or crystal oscillator

Hy-Hj Common signal output ports ACL Reset input port

So-S15 Segment signal output ports Vpp, GND Power supply

INTA, INTB External interrupt input ports Voa’Vpsp, VoB LCD drive power supply

Bl Absolute Maximum Ratings

Parameter Symbol Rating Unit | Note
Supply voltage | Vop —0.3 to 6.5 \%
Input voltage V; —0.3 to Vpp+0.3 \"
Output voltage Vo —0.3 to Vpp+0.3 \Y
Io; 4 mA 1
Source output current lo2 4 mA 2
on each pin Ioz 4 mA 3
o4 2 mA 4
Ios 30 mA 1
Sink output current Ios 200 nA 2
on each pin Io7 4 mA 3
los: 2 mA 4
Sum of source output current Slon 20 mA
Sum of sink output current SloL 80 mA
Operating temperature Topr —20to 70 C
Storage temperature Tstg —55to 150 C
Note 1: Applied to pins PO; (i=3 to 0)
Note 2: Applied-to pins P1;, P2; (i=3 to 0)
Note 3: Applied to pin F
Note 4: Applied to pins Ho-H3, Sp-S;5
B Recommended Operating Conditions
Parameter Symbol Rating Unit | Note
Supply voltage Vobp 24 t0 5.5 \Y%
Instruction cycle time tsys 61 to 5 #”s
Operating temperature Topr —20 to 70 C
SHARP
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B DC Characteristics -~ (Vpp=2.4V t0 5.5V, Ta=—20TC to +707C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
Vi 0 0.2Vpp
Input voltage zmz 0'6(\)14)1 \(/;DSD \Y, 2
1L2 .
Viua Vpp—0.5 Voo
Vi 0 0.5 v 8
Vop=4.5V to 5.5V 1
s | Vie=Voo VoSV 10 33V 2 | #A |1
_ Vpp=4.5V to 5.5V B 25 70
Inout current Iz | Vin=Vop Vop=2.4V to 3.3V 1 7 20 | #A | 2
P € : Vv Vpp=4.5V t0 55V_| 20 55 150 A | 4
1H3 1H™ VDD Vpp=2.4V to 3.3V 2 15 50 ~
_ Vop=4.5V to 5.5V 25 70 150
b | Ve =0 Vop=2.4V to 3.3V 3 20 55 | #A | 5
2 4.2 4.5
Vs, B 2.7 3.0 3.3
Vs Vop=4.5V 1.2 1.5 1.8 v
Output voltage zl 2(,)7 gg 6
4 . o
Vg B 1.7 2.0 2.3
v, Vbp=3.0V 0.7 1.0 1.3 A
v, 0 0.3
Vop=4.5V to 5.5V 1.0
“lom | Von=Vop—0.5V [P0 i 3 T 03
I ve—1ov Voo=4.5V 055V |15 mA 17
OL1 oL— Vpp=2.4V to 3.3V 4.5
Vop=4.5V to 5.5V 1.0
“lowz | Vou=Vop—0.5V 5o T 03
L v —oav Voo=45V t0 5.5V | 1.0 mA | 8
otz | Vou=0- Vpp=2.4V to 3.3V 0.3
Output current Vpp=4.5V to 55V | 1.0
“lons | Vou=Voo =05V - ooV 10 3.3V | 0.3 mA
_ VDD=4-5V to 5.5V 100 1
lous | Vo=0.5V Vpp=2.4V to 3.3V 30 | MA
Vpp=4.5V to 5.5V | 100
“lons | Vou=Vop—0.5V | GPR—0 22y 30
v —osy Vpo=4.5V t0 5.5V_|__100 #A 9
oL4 oL—"- Vpp=2.4V to 3.3V 30
b Vop=4.5V to 55V | 5 15 10
o . coM Vop=2.4V to 3.3V 15 60
utput impedance Vop=4.5V to 5.5V 10 s0 | kO
Ds Vop=2.4V to 3.3V 30 120 11
_ Vop=4.5V to 5.5V 350 850
Current Tsvs=5.0 s Vop=2.4V to 3.3V 150 | 250 A | 12
pt Ipa _ Vpp=4.5V to 5.5V 220 650 #
(Operating) Tsys=61.0 us Vpp=2.4V to 3.3V 60 | 150
Ceramic oscillation Vpp=4.5V to 5.5V 35 70
1 Tsys=5.0 #s Vpp=2.4V to 3.3V 20 40 A 13
Current DHI 1 Crystal oscillation Vpp=4.5V to 5.5V 20 45 #
. Tevs=61.0 s Vpp=2.4V to 3.3V 10 20
consumption : e
(Hold mode) Ceramic oscillation Vpp=4.5V to 5.5V 25 60
I Teys=5.0 us Vpp=2.4V to 3.3V 15 35 Al 14
\ DH2 1 Crystal oscillation Vpp=4.5V to 5.5V 8.0 15 H
Tqu=61.0£8 VDD=2.4V to 3.3V 4.5 8.0
Current Ceramic oscillation | Vpp=2.4V to 3.3V 1.0 15
consumption Ips Crystal oscillation Vpp=4.5V to 5.5V 3.5 7.0 rA 16
(Stop mode) Teys=61.0 zs Vpp=2.4V to 3.3V 1.5 3.0

Note 1:
Note 2:
Note 3:
Note 4:
Note 5:
Note 6:

Applied to pins P1;, P2; (i=0 to 3)
Applied to pins P3; (i=0 to 3) -
Applied to pins OSCyy, T, INTA, INTB, and ACL
Applied to pins T, INTA and INTB
Applied to pin ACL
Applied to pins Hp-Hj, Sp-S;5

LCD terminal output waveform example
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Note 7: Applied to pins PO; (i=0 to 3)

Note 8: Applied to pin OSCour

Note 9: Applied to pin F .

Note 10: Applied to pins Hy-Hj3

Note 11: Applied to pins Sp-S;5 )

Note 12: No load condition. Current consumption under the operation with an external clock input. LCD should be turned on.

Note 13: - No load condition. Current consumption when driving an oscillator and turning LCD ON placed the device in hold mode.

Note 14: No load condition. Current consumption when driving an oscillator and turning an LCD bleeder resistor OFF placed the device in
hold mode. '

Note 15: No load condition. Current consumption when the entire system including ceramic oscillation is inactivated.

Note 16: No load condition. Current consumption when the entire system except for crystal oscillator is inactivated.

Bl External clock Input characteristics . (Vop=2.4 t0 5.5V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input rise time tm 50 " 'ns
Input fall time tp : 50 ns
. tL 1.20 30.47
Clock pulse width t 1.20 3047 us

B External Input Clock Timing

B Oscillator Circuit

OSCin  OSCour| Oscillator 1TA722E00
Oscillator CSB-400R : Crystal : 32.768kHz
MURATA 1TAT722E00 0SCiy OSC
R,=1M0 I C,=12pF T
C,=220pF G . %—_—11201;&9 » Open
C LCg C,=220pF I Ilz R;;330k0 Pulse generator
(a) 400kHz clock - (b) 32.768kHz clock (c) External clock input circuit

Note: The resistors, capacitors and crystal oscillators should be located as close to the LSI chip as possible to minimize influence of stray
capacitance. - :

SHARP L
132 o }



4-Bit Microcomputer (LCD Driver)

B Pin Functions

(1) GND, Vpp (Power supply)

The GND pin should be grounded.

The Vpp pin is the power supply input which
should be positive with respect to GND.

(2) T (Test input)

The test pin must be grounded and should not be
used. It is connected to GND with a pull-down re-
sistor.

(3) ACL (Reset input)

The ACL accepts an active-Low level which in-
itializes the internal logic of the device. Normally a
capacitor is connected between this pin and GND to
_provide a power-on reset function.

ACL

1

(4) OSCjn, OSCour (Crystal or ceramic

oscillators)

The OSCiy and OSCoyr pins connect with an ex-
ternal crystal or ceramic oscillator, in conjunction
with an on-chip oscillator circuit, constitute a
real-time clock.

Either a crystal or ceramic oscillator is select-
able with a mask option.

IOSC;N OSCouyr I

AMA
Vv

]

(5) F (Sound output)

The pin F serves exclusively as a sound output
pin which can be selected between 2kHz and
2.5kHz at the base frequency of a 400kHz ceramic
oscillator, 2,048kHz and 4,096kHz at a 32.768
kHz crystal oscillator.

SHARP

 SM5K1

(6) Ho-Hz (Common drive outputs)
The Ho-Hj3 pins are used to drive the common
output of an LCD.

(7) So-Si5 (Segment drive outputs)
The Sg-S;15 pins are used to drive LCD segments.

(8) INTA, INTB (External interrupt inputs)

The IFA flag is set at the rising edge of INTA
input pin, and the IFB flag is set at the falling edge
of INTB input pin.

Note: Both INTA and INTB pins are connected to the noise de-
bounce circuit which does not accept the pulse shorter
than two instruction cycles.

(9) P0o-PO; (Output ports)

The PO port, output pins POy-P0O3 are used to
directly drive an LED with a maximum of 15mA of
sink current (Vpp=5V +10%).

Vpp J

PO, PO, PO, PO

(10) P1o-P13, P2,-P23 (1/0 ports)

The P1 and P2 are I/0 ports which can be
switched between Input and Output modes through
an instruction at a 4-bit unit.

These ports can also be used as output ports.for
a keymatrix. '

(11) P3¢-P3;3 (Input ports)

The P3 port, input pins P3g-P33 are connected to
the positive supply with pull-down resistors,
which can be used for a keymatrix.
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B Hardware Construction

(1) Program counter and stack register

The program counter (PC) is used to specify the
ROM address.

The PC consists of 12 bits including a 6-bit
page address count register (Py) and a 6-bit binary
counter (Pr) which addresses steps within each
page.

The stack register (SR) consists of 4 stages
which provides up to 4 levels of subroutine
nesting.

2X8X4 bits of RAM space, (4 X16+2X8)X 4"
bits, is used as a display RAM area from which
data is output to LCD segment driving pins. An
LCD with a 1/4 or 1/3 duty and 1/3 bias format
can be directly driven by writing display data into
the display RAM area. '

Fig. 3 shows the relationship between the dis-
play RAM and LCD segments.

' Bilol1|2)s|4]s|6|7|s|ola|B|c|p|E|F
(2) Program memory (ROM) By
The SM5K1 has 1,280 steps of on-chip ROM" 0
organized as 20 pages X 64 steps. ' 1
When the ACL resets the device (power-on), it 2
starts execution of the program at page 0, step O. 3
Fig. 1 shows the jump address with a ROM address 8
instruction. 9

A jump within a page is executed by a TR in-
struction, and a jump out of a page is executed by a
TL instruction.

A subroutine jump is executed by a CALL or
TRS instruction.

(3) Data memory (RAM) and B register

The RAM consists of a 256-bit data RAM orga-
nized as 4 X16 X4 bits and a 64-bit display RAM
organized as 8 X2 X4 bits.

Fig. 2 shows the RAM configuration with 6 files
of architecture.

The B register consists of a 4-bit BM which
address files and a 4-bit BL which address words.

The shadowed area is allocated. for a display RAM

Note: The file can be spetified as long as the BM should be 0,
1,2,3,80r09. ’

Fig. 2 RAM configuration

(4) Accumulator (Acc), X register, arithmetic

and logic unit (ALU)

The accumulator (Acc) is a 4-bit general-pur-
pose register which transfers data and numerics to
memory, I/O ports, and registers. The Acc per-
forms arithmetic operations in conjuction with a
RAM, a carry flag and an ALU.

Page 0 1 2 3 4 5 6 7 8 9
Py 000000000001 |000010|000011/000100{000101|{000110{000111{001000}001001
ACL  |Subroutine | Interrupt | Standby | Table el
TRS cover clear reference .
page at
the PAT
instruction
execution /
TRS x TL xy
Page A B [0 D E F 104 11y 124 13y
Py 001010/001011/001100[j001101|001110|001111|010000|010001|010010|010011
TRS x | CALL
xy
~T———RTN

Fig. 1 ROM configuration
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4-Bit Microcomputer (LCD Driver)

The X register is a 4-bit register used as a tem-
porary register which transfers and compares data
with the Acc. The ROM data can be loaded into the
X register and Acc using a table reference instruc-
tion.

The arithmetic and logic unit (ALU) performs
binary addition, in conjunction with a RAM, a car-
ry flag and an Acc.

(5) SB register
The SB register is an 8-bit register which can
be used as a save register.

(6) Output latch register and mode register

Ports PO, P1 and P2 connect with output latch
registers, and transfer the contents of the Acc to
the output latch registers with an instruction.

The SM5K1 has mode registers RD, RE and RF
for controlling an LCD and interrupt functions.

(7) System clock generator circuit, divider

The OSCiy and OSCoyt provide a system clock
fs with the base frequency divided by two. One cy-

(Register) Hs H, H; Hp
! i) i

SM5K1

cle of the system clock is identical to the instruc-
tion cycle time. .

The divider consists of 15 stages. The. lower
8-stage is reset with an instruction, and the lowest
4-stage' is transferred to the Acc by a DTA in-
struction. .

The oscillator can be selected between the cera-
mic and crystal with a mask option. :

The least stage of a divider fc can be selected be-
tween 2Hz and 1Hz under crystal oscillation with a
mask option (See Fig. 4).

(8) Sound output

The frequency obtained by a system clock gener-
ator circuit can be output from the F pin as a
sound pulse.

Setting the RD register outputs and stops the
sound pulse, and switches the frequency. The fre-
quency can be selected between 2kHz and 2.5kHz
at 400kHz of a ceramic oscillator, while 2,048kHz
and 4,096kHz at 32.768kHz of a crystal oscillator.

)
Segment output
Bn=1000
B =0000 — S,
Bu=1001
BL=0000 55,
Bu=1000
B =0001 - S,
(Bu register) LCD
: Bu=1000 driver
— S
—Su
— S5
Vo ! i
Mz M, M; M, (Bits in RAM area)

% The common outputs cannot be used when applied to an LCD with a 1/3 duty, 1/3 bias scheme. ‘

Fig. 3 Display‘ RAM and LCD segment outputs.
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4-Bit Microcomputer (LCD Driver) SM5K1

F port output 'LCD frame frequency

2kHz 500Hz
OSCin—] 0sC |
—1/211/2|1/2f11/5 1/5 . 1/2|1/2 1/2 250Hz -
0OSCour — (400kHz) i LCD frame frequency
l 1/4
2.5kHz
CG F port output (ceramic oscillation)
' [
fs=200kHz (ceramic)

fs=16.384 (crystal)

t -

512Hz LCD frame frequency (crystal oscillation)

H1/2|1/2|1/2 1/2«]»1/2 1/211/2|1/2 1/2|1/2|1/2 1/2“\
fe
| 256Hz X‘f?
F port output LCD frame frequency ————©°

(crystal oscillation)

(Under 400kHz ceramic or 32.768kHz crystal oscillation)

: fc=2Hz or 1Hz
(crystal oscillation)
fc=2aHz or aHz
«=400/32.768
(ceramic oscillation)

Fig. 4 System clock generator circuit (fc=1Hz or 0.5Hz)

Interrupt enable flag

RE; | RE,

Interrupt request flag

RE,

INTA input—{ IFA
INTB input —s| IFB
Driver —=| IFD
over flow
Fig. 5
(9) Interrupts

The INTA, INTB inputs and the divider over-
flow flag can be used for the interrupt request. The
IFA, IFB and IFD flags can be used as the inter-
rupt request flag.

The interrupt block consists of mask flags (REo,

RE;, RE,), an IME flag, and an interrupt processing
circuit.
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Priority order

Interrupt master
IME| enable flag

Priority control

Interrupt handling

(10) Standby mode
To reduce power consumption, the device is

placed in standby mode, and the program execution
is inactivated. )

* Stop mode
In the stop mode, the entire system clock is in-
activated under ceramic oscillation, however, only

a reference clock is operative under crystal oscilla-
tion.




4-Bit Microcomputer (LCD Driver)

* Hold mode

Only a system clock generator circuit (CG cir-
cuit) is inactivated, while the OSC and DIV circuit
is in operative (see block diagram).

While in standby mode, if any one bit of P3 in-
put port goes High during ACL, or an interrupt
occurs from unmasked INTA, INTB or a divider,
the device exits standby mode and starts program
execution.

(11) Reset function (ACL) o

Applying a Low level signal to the ACL pin re-
sets the internal logic of the device and applying a
High level signal starts execution of the program at
address 0, page O.

Once the device is reset, all I/0 ports are placed
in input mode, and the mode registers RD, RE and
RF are cleared. The output port PO is cleared to
output a High level signal.

The interrupt enable flags IFA, IFB and IFD,
and the interrupt master enable flag IME are reset
to disable all interrupts.

In case the noise may harm the ACL operation,

apply a capacitor between ACL pin and Vpp pin

(see Fig. 6).
l ACL GND '

Fig. 6 ACL circuit

(12) LCD driver
* Display segment
The SM5K1 contains an on-chip LCD driver

(Hy 0----- . .

H; o---- -- --
Common

H; oo---- -- --

(Hy oo }--{ J--

Segment Slg S“ S]3

SM5K1

which can directly drive an LCD with a 1/4 duty
and 1/3 bias as well as 1/3 duty and 1/3 bias
scheme,

Fig. 7 shows an example of LCD segment con-
figuration for 1/4 duty.

Each segment of the LCD can be turned on or off
by software control of the setting of the corres-
ponding bit “1” or “0” in the display RAM area (see
Fig. 3).

The LCD digit may have any shape, provided
that the maximum number of segments does not ex-
ceed 64 (see Fig. 7).

Fig. 8 shows an example of a seven-segment
numeric LCD digit.

* LCD driving signal waveform

Fig. 9 shows the LCD signal driving waveforms
required to display the number “5” on the
7-segment display for 1/4 duty shown in Fig. 8
(a).

Fig. 10 shows the LCD signal driving waveforms
required to display the number “2” on the
7-segment display for 1/3 duty shown in Fig. 8
(a).

So S8,

(a) 1/4 duty (b) 1/3duty
Fig. 8 7-segment numeric LCD digit

Fig. 7 LCD configuration for 1/4 duty
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Yy ¢/ /2 /7 /7 /7 /7 /7 /7 /7 /7 /7 J /7 /7 / /7 /7 4

He Shei Ve (V)

-- ‘7"':“""GND oV)

----- VoB

e Voa

' i E'—-E___‘:‘V---'-GND
o o
R o L _Vpp

'
S, J—\_I_Lq—l_,::::%gg
. i "GND

i

1/4 duty 1/3 duty

Frame frequency=1/T=62.5Hz or 125Hz Frame frequency=1/T=83.3Hz or 166.7Hz
'Fig. 9 LCD driving signal waveform Fig. 10 - LCD driving signal waveform

* Voa and Vg pins

The device contains bleeder resistors to allow 1/
3 bias driving. When Vpp is 3V, voltages of 2V
and 1V are applied to pins Vpa and Vpp respec-
tively.

Normally pins Vpa and Vop are left open. When
an LCD with a large display area is driven, connect
capacitors across pins Vpa and Vpp and across
Vog and Vpp to improve the rise time of the LCD
driving signal.
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r— 7 7 77 /77 /7 /7 /7 /7 /7 /7 /7 /7 /7 /7 /7 /7 /

B Instruction Set
(1) ROM address instructions

SM5K1

(4) Test instructions

Mnemonic {Machine code Operation

TAM 6F Skip if Acc=M

TC x 6E Skip if C=1

™ 48-4B Skip if M;=1, (i=3 to 0)
TABL 6B Skip if Acc=B_

TPB x 4C-4F Skip if P (R);=1, (i=1,, Ip)
TA 6C Skip if IFA=1 IFA+0
TB 6D Skip if IFB=1 I[FB+0
TD gg Skip if IFD=1 I[FD+0

Mnemonic |Machine code Operation
TR x 80-BF PLx (Is-1o)
E0-E4 Puex (L1:-1e)
TLxy | oo-FF Poy (I5-1o)
Push, Py+01H,
R -DF
TRSx |® Prx (L s Lo 1 1o 0)
FO-F4 Push, Py+—x (I;;-1l¢)
ALL
CALLxy | o-FF PLey (I5-To)
RTN 7D Pop
RTNS 7E Pop, Skip the next step
RTNI 7F Pop, IME+1

(2) Data transfer instructions

(5) Bit manipulatio

n instructions

Mnemonic |Machine code Operation
SM x 44-47 M;+1 (i=3 to 0)
RM x 40-43 M;+0 (i=3 to 0)
SC 61 C+1
RC 60 C+0
IE 63 IME+1
ID 62 IME<+0

(6) 1/0 instructions
Mnemonic [Machine code Operation
INL 70 Acc+P1; (i=3 to 0)
OUTL 71 PO;«—Acc (i=3 to 0)
ANP 72 Pj«PjAAcc (j=2 to 0)
ORP 73 Pj«PjVv Acc (j=2 to 0)
IN 74 Acc+Pj (j=3to 1)
OUT 75 Pj+Acc (=2 to 0), Pj-Acc (j=Fy-Dy)

Mnemonic [Machine code Operation

LAX x 10-1F Acc+x (I3-1p)

LBMX x | 30-3F Bu+x (I3-1p)

LBLX x | 20-2F Br+x (I3-1p)

LDA x 50-53 AceM, By Byi® X (I, Tp), (i=1, 0)

EXC x 54-57 MeAcc, By =Bui®X (13, lo), (i=1, 0)
M++Acc, Bp+B.+1

EXCI x 58-5B By —Bumi® X (13, Io), (i=1, 0)
Skip if BL=Fg
M<+Acc, Bp+B.—1

EXCD x | 5C-5F Bri=Bmi® X (11, o), (i=1, 0)
Skip if Bp=0

EXAX 64 Acc+X

ATX 65 X<+Acc

EXBM 66 By+Acc

EXBL 67 By +>Acc

EX 68 B+SB

(7) Table reference instructions

uctions

Mnemonic

Machine code

Operation

PAT

6A

Push

Py+04H, PL—(X,, Xo, Acc)
X+ROM H, Acc+—ROM L
Pop

(8) Divider operati

on instructions

(3) Arithmetic instr
Mnemonic |Machine code Operation
ADX x 00-0F Acc+Acc+x (I3-Io) Skip if CY=1
ADD TA Acc+Acc+M
ADC 7B Acc+Acc+M+C, C+—CY Skipif CY=1
COMA 79 Acc+Acc
INCB 78 BL+B_+1, Skip if B_=Fy
DECB 7C Bp+B.—1, Skip if Bp,=0

Mnemonic {Machine code Operation
69 DIV (f;-fo) Reset
DR
03
DTA gi Acc+-DIV (f3-fo)

(9) Special instructions

Mnemonic | Machine code Operation

STOP 76 Standby mode (STOP)

HALT 77 Standby mode (HALT)

NOP 00 No operation
SHARP
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B System Configuration Example (Audio-timer)

4x5
V& - Ik
. Key matrix Control signals
Piezo electric
buzzer
HERRE
DE : [36]35]34[33]32] 31[30] 2] 28] 27] 26 | 25]
N ESRSS 0 ER R Bl
[37]p3, © P0,[24
38|P3, PO, |23
39| p3, PO, |22
[0 |F T[21]
: _WJ_H_EXCI ' SM5K 1 INTB [20] Vo
42]0SCyy . (Top View) . INTA[19]
[43]0SCour Ho[18}Hb— ,},
44 1S, H, (17—
/| [55]s, : H, 16— B AT
, , 46 5. Ho[15 I ol
k| s Vou[1]
| 32768KHz | [48S12 a RGE
T T S EEESEBEBB LSS
[1lz]sf4]s[e]7[8]9 [10]n]e]
”
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4-Bit Microcomputer (LCD Driver) SM4A

S M 4A 4-Bit Microcomputer (LCD Driver)

B Description B Pin Connections

The SM4A is a CMOS 4-bit microcomputer
which integrates a 4-bit parallel procesing func-
tion, a 2,268-byte ROM, a 96-word RAM, a
15-stage divider, and a 68-segment LCD driver
circuit in a single chip.

This microcomputer is applicable to the system
having multiple LCD segment, with low power con-
sumption.

B Features

. CMOS process
ROM capacity: 2,268 X8 bits
. RAM capacity: 96 X4 bits
. Instruction set: 54
. Subroutine nesting: 1 level
. Instruction cycle: 61 s (TYP.)
. Input/output ports
I/0 ports: 4
Input ports: 6 . )
Output ports: 4 Top View
LCD output ports: 34 for segment
2 for common
8. On-chip clock divider
9. On-chip crystal oscillator
10. External RAM access
11. LCD driver circuit
(68-segment, 1/2 bias, 1/2 duty)
12. Standby function
13. Single power supply: —3V (TYP.)
14. 60-pin QFP (QFP60-P-1414)

NG W
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—__———_—_—___———__

B Block D|agram

S
©

SS9
(EHHHDHW

t

1 LCD Driver

! 1

we |1 [ wo |

, 1
l—| W;(9) h——| W (9) —1

\/ .
ROM ALU RAM
(2268 % 8)

(96<4)

|| [cHA«<w] [ oivas)
i
|
Hx [Ca[Ca [P [ PO ]

| Cs | Sy(4) I Si(6) I

R(4)

O O—@ & ®
Sggg TN diad FEFE
AA A A 8 %
Symbol description o
ALU : Arithmetic logic unit - Bwm, BL : RAM address register
Acc : Accumulator DIV : Frequency divider
" ACL _ : Auto clear PLA : Programmable logic array
C : Carry F/F CG : Clock generator
Cx, Ca, Py, P : Program counter W,-W,, W' -W’, : Static shift register
Cs, Su, SL : Stack register of program counter

B Pin Description

Symbol 1/0 Circuit type Function
K,-K4 I Pull down Acc+K;-K,
a I Pull down Set by 1, reset after test instruction execution
B 1 Pull down Input signal is held for 1 instruction cycle, test possible
DIO, -DIO, 1/0 | 3-state output Acc+—DIO;-DIO,
R;-R4 [0} Complementary R;-Ry+Acc
01170as - (0} W and W’ registers output: used for LCD segment output
0S,,0S, )
H,, Hy (0] 3-state level output possible, used for LCD common output
BA 1 Pull up For test the input signal of High or Low
T, T, 1 - For test (Connected to Vpp normally)
ACL 1 Auto clear
OSCin, OSCourt For clock oscillation
Vu Power supply for LCD driver
GND, Vpp Power supply for logic circuit
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y - /7 /7 /7 /7 /7 /7 /7 /7 /7 /7 /7 7 /7 /7 7 /7 /4

B Absolute Maximum Ratings

Parameter Symbol Rating Unit | Note
Vbp —3.5t0 +0.3 \%
Pin voltage Vum —3.5to +0.3 \Y% 1
Vin Vpp—0.3 to +0.3 \%
Operating temperature Topr —5to +55 C
Storage temperature Tstg —55 to +150 C

Note 1: The maximum applicable voltage on any pin with respect to GND.

B Recommended Operating Conditions

Parameter ' Symbol Rating Unit
Vop —3.2t0 —2.6 \
Supply voltage - Vas Voo/2 (TYP) v
Oscillator frequency . fosc 32.768 (TYP.) kHz
B Electrical Characteristics , (Vop=—3.2 to —2.6V, Ta=257T)
" Parameter Symbol Conditions MIN. TYP. MAX. Unit Note
Vi —0.6 \Y 1
Input voltage Vi Vop+0.6 v
Vinz —0.3 Vv 9
Ve Vppt0.3| =V
Vour | lour=50 g A to Vpp —0.5 \4 3
Vor1 | lour=5 ¢ A to GND Vpp+0.5 \Y%
Vouz | Iour=50 A to Vpp —0.5 \ 4
Vorz | lour=30 2 A to GND Vpp+0.5 \'
Output voltage Vons | lour=50 ¢ A to Vpp —0.5 \Y 5
Vorz | lour=50 £ A to GND Vpp+0.5 \4
Voa No load —0.3 \4
Vos Vpop=—3.0V —1.5 \% 6
Voc Vu=—1.5V —2.7 \'
Iso Vour=—0.2V 100 rA
Output current lom Vour=Vop+0.2V 100 uA 7
Supply current Ipa During full-range operation 50 - 100 uA
. Ips When system clock is stationary 10 20 7A

Note 1: Applied to pins K;, K,, K3, K4, @, B
Note 2:" Applied to pin ACL

Note 3: Applied to pins O45~0;3, Osy, Os2
Note 4: Applied to pins DIO,-DIO,

Note 5:  Applied to pins Ry, R3, Ry

Note 6: -Applied to pins Hy, Hy

Note 7: Applied to pin R,

SHARP.
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B Pin Functions

(1) K4-Kq4 (Inputs)

The input ports K;-K, are connected to the accu-
mulator Acc. The contents of the K;-K, are loaded
into the Acc.

(2) «, P (Inputs)

The mput ports @ and B can be mdependently
tested. The a input latches the o F/F at the rising
edge of the input, and can be tested by the TA in-
struction. The o F/F is reset after the test. The 3
is used to put the input signal into the SF/F for
the interval of one instruction, and can be tested by
the TB instruction.

(3) DIO:-DIO4 (1/0 ports)

The DIO;-DIO,4 pins normally output the con-
tents of the F1-F4 F/F. The F,-F, F/F data can be
changed on transferring the accumulator Acc by
the ATF instruction. Connecting the DIO;-DIO,
with the Acc allows the data transfer between the
Acc and an external RAM by the READ and
WRITE instructions. The output buffer of the
F,-F4 F/F is designed to be a three-state output,
and it is kept high impedance when the DIO input
is loaded into the Acc by the READ instruction.
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(4) R;-R4 (Outputs)

Connecting the DIO,-DIO4 with the Acc outputs
the contents of the Acc. And selecting the prog-
rammable logic array PLA generates a sound out-

put, and allows a segment output on pins Oss and
054. '

(5) 0“ (I=1 to 4, ]=1 to 8), 031, Osz (Out-

puts)

34-bits of output ports Oy;, Os; and Og; are used
to output the contents of the static shift register
Wi, Win (i=1 to 4, n=0 to 8). The output signal
can be used as a segment signal for a 1/2 duty
scheme, and a strobe signal for the key-scan,
according to the display mode. These ports output
the address of the external RAM upon execution of
the READ or WRITE instruction.

(6) Hy, H, (Output)
The H; and H, are used to output the common

signal of an LCD with 1/2 bias, 1/2 duty scheme

in a three output level mculdmg Vpp, GND and V.

(7) BA (Inputs)
The BA pin is used to test the input level of High
or Low by instructions.




4-Bit Microcomputer (LCD Driver)

B Hardware Cnfiguration

(1) Program memory (ROM)

The on-chip ROM has a 2,268 byte organized as
36 pages X63 steps X8 bits. The program counter
consists of 1-bit registers Cx and Cp, a 4-bit regis-
ter Py, and a 6-bit polynomial counter Py. The Py
is used to specify the steps, the Py specify the
pages, and the C, specify the fields. The Cx regis-
ter is only used to specify the subroutine pages.

—Field
Cx=0 Cx=1
Ca=0 Ca=1 —
0 16 32
1 17 33
2 18 34
3 19 35
L[4 20
B 21
<16 22
7 23
3 24
9 25
10 26
11 27
12 28
13 29
14 30
15 31

Fig. 1 ROM configuration (fields and pages)

SM4A

(2) Data memory (RAM)

Data memory has a 6 X16 word X4-bit con-
figuration, and is addressed by a 4-bit By and a
4-bit By.

(3) Oscillator circuit
An on-chip crystal oscillator allows the oscilla-
tion with the external circuit shown in Fig. 3.

OSCin

Crysta oscilator
32.768kHz

&

SM4A

Fig. 3

(4) Divider

A 15-stage resettable divider outputs a 1 Hz
signal at the lowest stage when a 32.768kHz crys-
tal oscillator is used. The output on each stage can
be loaded into the accumulator Acc on an 4-bit
basis.

(5) Reset function (ACL)

An on-chip reset circuit may sometimes require
a capacitor between the ACL pin and GND pin. It
takes 1 sec on an internal timer from the beginning
of oscillation to clear the ACL mode when power
on.

BM3

BM, 0 0

BM, 0 1

BL

wlNlo|o|slw|(o|=o

©

—
[=)

—
—

—
[3V]

—
w

[
>

=
[($2]

X Y

z M U T

Fig. 2 RAM configuration
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2 /2 /. /2 /7 /7 /7 /7 /7 /7 /7 ;7 /7 /7 /7 7 /7 /
) .

B Instruction Set

N Machine code .
Mnemonic L L L L LI L Operation
SBM 02 1—Byms (Byz=1 for next step only)
LB 40-4F I4, I3=Bro, By I3, [1-Bumo, Bva
LBL 0(;5-FI;F Is-I5—>Bma~Bmi  I4-1;—Brs-Br;
INCB 64 B.+1—B, if B, =a; skip
DECB 6C B.—1—B, if B_=b; skip
RM 04-07 0—Mi (i=I, I,)
SM 0C-OF 1-Mi (i=I, I,)
ATPL o 03 Acc—Py,4-Pr;
ADD 08 Acc+M—Acc
ADD11 09 Acc+M+C—Acc . C,—~C  if C,=1; skip
COMA 0A Acc—Ace
EXBLA 0B Acc+B,
EXC 10-13 Acc+*M  Byz Bvi @D Iz, ;—Byez, By
EXCI 14-17 Acc—=M By By @Iy, ;=Byz, Bwy  BLt+1—B if By=a; skip
EXCD 1C-1F Acc—M By Byy @I, [;~*Bys, Byi  Bu—1—B, if By=b; skip
LDA 18-1B M—Acc  Bumz, Bmi @ Iz, I;—Buz, Byt
LAX 20-2F 1,-1;—Acc
ADX ) 30-3F I,-I;+Acc—Acc if C4=1; skip
DC 3A 10+ Acc—Acc
5E
DTA 04-07 DIV—Acc
ROT 6B C—A,—~As;—~+A,—A,—C
ATBP 01 Acc—Bp
ATW 5D Acc—W’ig (i=1 to 4) W'in Right Shift (i=1 to 4, n=7 to 0)
PATW 00 Acc—W'is  Wig—W'i; (i=1 to 4) )
ATF 60 Acc—F
ATR 61 Acc—R
READ . 68 DIO—Acc
WRITE 69 Acc—DIO
KTA 6A K;—>Acc
RC . 66 0—C
SC 67 1—-C
SHARP
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y /7 /7 /7 /7 /7 /7 /7 /7 /7 /7 /7 /7 /J /7 /7 /7 /7 /

. Machine code .
Mnemonic L L L LILLILL Operation
TW 5C Win—Wi, (i=1to 4,n=8to 0)
PTW 59 W =W, (i=1 to 4, n=8,7)
WR 62 0—W’,;s W, Right Shift
WS 63 1—-+W’,s  W;, Right Shift
IDIV 65 0—DIV
TA 50 if a=1;skip
TB 51 if f =1, skip
TC 52 if C=0; skip
TAM 53 if Acc=M; skip
™ 54-57 if Mi=1 (i=I; I,); skip
TAO 5A if Acc=0; skip
TABL 5B if Acc=By; skip
TIS 58 if 1S=0; skip =
@ TAL gg if BA=1; skip ;
D
@CEND (S)E Clock stop
®@SsT 5E
03 1—-T
COMCB 6D Cg—Cg
SSR 70-7F [,-1;*Sy4-Su; 1—E (next step only)
if R=0; Ig-[;—*Prs-Pr; Su—Py Cg—Ca
TRO 80-BF if R=1; Ig-I;—Pre-PL,
if R=0, E=0; ,Ig-I;*Prg-PL; 0—Py—Sy PL.+1—-S.
\ ( 1R 1—C,—Cs 1—D
TR1 CO-FF if R=0, E=1; /Ig-;*PrsPLi Py+Sy P.+1—-S.
Cg—C,—Cs 1—R
if R=1; Ig, Is—Pys, Pus  14-1;2Pry-Pry
RTNO 6E Cs—*Cs Sy—Py S.—P. 0—R
RTN1 6F Cs—Ca Sy—Py S.—P. 0—R skip next step
JUMP 00-FF if D=1 Ig-lg—Pyy, Pys, Pur  Is-1i;—=>Prs-Pr,
SHARP
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B System Configuration Example (Radio PLL controller)

LCD
DC voltage cutout 0,02,;1«‘-1- l ........
1T “
i .768kHz 22
Band selection H, H, s 0SCour z 22oF
No——={BA = Crystal
0SCiy ———2
IN Al
Tape stop «—R; 15pF 100Q
GND - Wy
, R, 2omka | 4| L
Various controls{ «—R; Vy T 104F = 3v
R 220k0 $ + ”112 J
PLL latch «——DIO, ' Vp
PLL shift register clock «——DIO, 0.33uF
PLL shift register data <——{DIO3 ACLFH——
MUTE <—DIO,
K; K, a B
g
Qq7 S | UP |DWN
=
Ou : F F
O # g s
w
O4 g ;}
O é" ' 5
n

SHARP
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S M 5 1 0 4-Bit Microcomputer (LCD Driver)

B Description B Pin Connections

The SM510 is a CMOS 4-bit microcomputer
which integrates a 4-bit parallel processing func-
tion, a 2,772 X8-bit ROM, a 128X 4-bit RAM, a
15 stage divider and a 132-segment LCD driver
circuit.

This microcomputer is applicable to many ap-
plications having multiple LCD segments with low
power consumption.

CMOS process
ROM capacity: 2,772 X8 bits
RAM capacity: 94 X 4 bits (Data RAM)
32 X4 bits
(Display RAM)
. Instruction set: 49
. Subroutine nesting: 2 levels Top View
. Instruction cycle: 61 s (TYP.)
. Input/output ports
Input ports: 6 bits
Output ports: 10 bits
LCD output ports:
34 bits for segment
4 bits for common
. 15 stage divider with reset
. LCD drive circuit
3V, 1/4 duty, 1/3 bias,
132 segments (MAX.)
10. Crystal oscillator circuit (32.768kHz)
11. Standby mode
12. Single-3V (TYP.) power supply
13. 60-pin QFP (QFP60-P-1414)

H Features
1.
2.
3.

N OO s

© 0

SHARP
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"l Block Diagram

o~ o~
[ ]

£ 8§ 38 & 8 S & s 8 &
(HaD-A3HADHAD(40H39 3D3OH3BHENEHDED
T b
LCD Driver @
@ aio
/I ]\ @ b X
ROM » Dissiay R 10
(2,772%8) ] isplay RAM () au
T ALU (32x4) (26) by
[ Py@] Pu]P6) | @) ae
I RAM 29 b
(96x4)
[sv@] SM$(4)| 5. | o
[Re@[ru0[k@] | [cHAc@][Bu® [ B ] @) as
: (22) bis
B Y @ an
F: L(4) (20) bue
(l;) — @ as
(18) bis
m 16
(16) bis
K() —{ DIV Us)
ACL cG 2] |
D-OOOO—O—D——OD-D-HO—DO—OE
B o T | < —— Vpp § = Qg &2
& &t) M 'GND %: 2 <
Symbol description o ©
ALU : Arithmetic logic unit W : 8-bit shift register
Acc : Accumulator By, BL : RAM address register
C : Carry F/F Bp : Backplate signal generator circuit
Py, Py, P : Program counter H,L,Y : 4-bit F/F :
Su, Sms SL : Stack register of program counter - R : 2-bit F/F
Ry, Rw, R : Stack register of program counter K : Key input F/F
| DIV : Divider CG : Clock Generator

B Pin Description

Symbol 1/0 Circuit type Function
i» D ) .
ab 0} Segment output ports (i=1 to 16)
s
H,-H, 0 Common output ports
S;-Sg 0 Strobe output ports
T 1 ] Test input port (normally connected to GND)
K;-K4 1 pull-down Key input ports
0OSC :
oS Co[tlj-r Crystal oscillator
BA, B I pull-up Independent input ports
GND, Vpp Power supply
Ry, R, 0 Melody output ports
ACL I pull-down Auto clear input port
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B Absolute Maximum Ratings

Parameter Symbol Rating Unit | Note
. Vop —3.5to +0.3 \4
1 1
Pin voltage Vi Voo to + 0.3 v
Operating temperature Topr 0 to +50 C-
Storage temperature Tstg —55 to +150 T

Note 1: The maximum applicable voltage on any pin with respect to GND.

B Recommended Operating Conditions

Parameter, Symbol Rating Unit
Supply voltage Vbp —3.2t0o—2.6 \%
Oscillator frequency fosc 32.768 (TYP.) kHz
B Electrical Characteristics (Vop=—3.2 to —2.6V, Ta=0 to 50C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit Note
VIHI —0.6 V 1
Input voltage Vi ‘ Vop+0.6 v
P a8 Visz 0.3 v )
Vie Vpp+0.3 \%
Iy Vin=0V 1 15 #A 3
I :
nput current Iy Vie=Von 1 15 “A 1
VOH IOUT= 50 Y3 A to VDD —0.5 . \'% 5
VOL IOUT=5 Y4 A to GND VDD+ 0.5 \
Voa . —0.3 0 \Y%
Output voltage Vos_ | Vop=—3.0V —13 | —1.0 | —07 v .
Voc No load —2.3 —2.0 —1.7 \%
Vob —3.0 —2.7 \%
ISO VOUT= —0.2V 100 )3 A
7
Output current T Vour=Vopt 0.2V 100 uA
Ipa During full-range operation 40 80 rA
Suppl t 8
Upply curren Ips When system clock is stationary 15 25 ©A

Note 1: Applied to pins K;-K,, B

Note 2: Applied to pins ACL, BA

Note 3: Applied to pins K,-K,

Note 4: Applied to pin 8

Note 5: Applied to pins S;-Sg

Note 6: Applied to pins a;-a;¢, by~byg, bs, H=Hy
Note 7: Applied to pins Ry, R,

Note 8: When a bleeder resistor is turned on.

SHARP
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SM510

Bl Pin Functions
(1) Ki-K, (Inputs) -

. The K;-K, ports normally pulled down are con- -

nected to, and loaded into the accumulator (Acc) by
instructions. )

A matrix composed of K input ports and strobe
outptit ports (S;-Sg) enables up to 32 kinds of keys
to be connected.

In this case, be sure to take the interval at least
1 step between strobe outputs and K inputs.

(2) BA, B (Individual inputs)

The individual input ports BA and 8 normally
pulled up can be tested using the TAL and TB in-
structions. i

Applying a High level to these ports skips the
next instruction. )

(3) S1-Sg (Strobe outputs)

The strobe outputs (S;-Sg) are used to output an
8-bit W register, and constitute a key input matrix
in combination with the input ports K;-Kg4. -

The W register is an 8-bit register transferred
by the PTW instruction in parallel.

The W'register is an 8-bit shift register of
which the least significant bit Wy is set and reset
by WS and WR instructions, and the entire con-
tents of W'register are shifted by one bit.
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(4) as-ae bi~bie, bs
The segment outputs a;-ajg, byj-b;e are con-
nected to the display RAM. By transferring

appropriate data to the display RAM, alphanumeric

characters are automatically displayed.

The bs is used to output the contents of the L or
Y register. Segment output ports are designed to
drive an LCD with 1/4 duty cycle. The bs is used
to flash the display such as a.colon under the con-
trol of Y register.

(6) H,-H4 (Common outputs)

The H,-Hy-are used to drive an LCD with 1/4
duty cycle and 1/3 bias, and have the 4 levels of
output.

The common outputs control the BP F/F, BC F/
F to select the display mode or blanking mode.

Below shows the conditions of a display mode to

" be selected.

BP=1 and BC=0

(6) R (Buzzer output)

The R; and R, output ports are used to directly
drive a piezo electric buzzer.

The R port can generate the contents of the R
register with a mask change, and used as a control
signal. ‘
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B Hardware Configuration

(1) Program counter and stack ) (2) Program memory (ROM)
The program counter consists of a 2-bit register An on-chip 2,772-bit ROM is organized as 44
Py, a 4-bit register Ry and a 6-bit polynomial pages X63 steps. Fig. 1 shows the ROM configura-
counter Pi. The Py and Py specify the pages and tion.
the Py specifies the steps within a page. + When power on, the program starts execution
The stack consists of registers Sy, Sy, S. and Ry, from the address Py=3, Py=7, PL=0 specified
Rum, Ri, and has 2 levels of nesting. by an ACL circuit.
NG 0 1 2 3
0 |o Zubroutine |y Rfart from 5 30
1)1 11 21 , 31
2 |2 12 22 32
3 13 13 23 33
4 |4 14 24 34
5 |5 15 25 35
6 |6 16 26 36
77 17 27 37 Power on
8 |8 18 28 38
9 |9 19 29 39
A 1A 2A 3A

Note : 1 page consists of 63 steps.

Fig. 1 ROM configuration

N 0 1 2 3

0 [0 DX 10 [START] |20 30

Nk ! \11\ 21 31

2 |2 2Nl [P~ |® \
33 MmO\ Y s\
4 |4 / 14\ 2 N\ 34

505 T) 15 TL(Note2) |25 35 TML (Notel)
6 |6 6 - 7 | 36

747 17 27 37 [ACL]

8 |8 18 28 38

9 |9 19 29 39

A |A 1A 2A 3A

Note 1: Jump address of TML, Py =0 to 3
Note 2: Jump address of TL, all addresses

Fig. 2 Jump instruction and jump addresser

SHARP
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» When the program starts execution from the sys-
_tem clock halt state by a 1S signal or a key input
signal, the address starts at Py=1, Py= 0, PL=
0. ) :

 For the instructions except for a jump instruc-
tion, the polynomial counter Py is shifted by 1
step according .to a polynomial code.’

- The combination of jump instructions including
T, TL, TM, TML, RTNO, RTN1 and ATPL en-
ables to jump to any page or any subroutine. Fig.
2 shows the relationship between jump instruc-
tions and jump addresses on a ROM map. .

(3) Data memory RAM ,

A 512-bit data RAM.consists of 8 X16 X 4-bits.

The RAM is specified by a 3-bit By -and a 4-bit
Br. The By is .used to specify the files and the By
specify the words. Note that 1 word consists of 4
bits.

The SM510 has 2X16X4 bits of display RAM
area out of the entire RAM, and the display RAM is
connected to external pins for segment outputs.

Writing data to the display RAM directly drives

~an LCD with 1/4 duty and 1/3 bias scheme.

Fig. 3 shows the RAM map.

Bu| X Y Z M P | Q R | S
BL 000 | 001 | 010 | 011 | 100 | 101 | 110 | 111
0000
0001
0010
0011
0100
0101
0110°
0111
1000
1001

1010

1011

1100

1101

1110

1111

SM510

(6) Standby function

The SM511/SM512 is a low power consumption
design due to CMOS process. Further low power
feature can also be obtained by halting almost all
the system clocks through the CEND instruction
for low power requirements.

Y F/F must be reset or one or more inputs of
K;-K4 must go High in order to restart the system
clock from the halt state. Then the program starts
at the ROM address 1000 (Py=1, Py=0, PL=0).

(6) Clock generator (CG)

The device contains an on-chip crystal oscillator
circuit which consists of the external circuit shown
in Fig. 4. The system clock has a frequency of one
second that of the oscillator frequency.

) OSCiy
SM510 =
OSCOUT l_-E
Crystal 32.768kHz
Fig. 4

(7) ACL circuit

Resistors and Capacitors are mounted in an ACL
circuit which does not normally require any exter-
nal circuits. o

The ACL will be cleared in about 0.5 sec from a
crystal oscillator circuit starts oscillation after
power on, and the program starts at Py=3, Py=7,
PL= 0.

The ACL operations can be obtained by transfer-
ring signals into the ACL pin after power on. Note
that it takes about 0.5 sec to start execution of the
program after the ACL signal is released.

In case noise may harm the ACL operation, apply
2 0.01 to 0.1 «F of capacitor between ACL pin and

The area (R, S) enclosed by a thick frame is allocated for a display RAM. GND pin.

Fig. 3 RAM configuration

(4) Divider circuit for clock function

An internal 15-stage divider circuit is used to
make a clock system.

The divider outputs the signal at 1 sec. unit (1S),
and 7 F/F is set at the rising edge of 1S signal. 7
F/F can be tested by an instruction, and reset by
the test. A 1 sec. count is notified upon execution
of this instruction.
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Fig. 5 shows the sample circuit.

SM510

ACL GND
O Py

0.01t00.1,F

Fig. 5 Compensator for ACL
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(8) Buzzer output function

The R; and R, are buzzer output ports which are
used to directly drive a piezo electric buzzer at a
frequency of 4,096kHz with a 32.768kHz crystal
oscillator.

The R; and R, ports output different pulse
phases which allow the volume control of a buzzer
with the circuit shown in fig. 6. These ports can
directly drive a piezo electric buzzer. However, it
is recommended to use the drive circuits shown in
Figs. 6 and 7, to prevent from the malfunction of a
system caused by the counter electromotive force
from a piezo electric buzzer.

Piezo
electric buzzer

(a) Volume control circuit

R:
output

R2
output

O GND

{(
)7
<—Volume MAX.—>

(b) Output waveform

Fig. 6 Piezo electric buzzer driver circuit 1

SM510 R, Piezo

L electric
buzzer

GND

Fig. 7 Piezo electric buzzer driver
circuit 2 (Direct driver circuit)

~<—Volume MIN.—=

SHARP
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(9) LCD driver
* LCD segment

The SM510 has an on-chip LCD driver circuit
which can directly drive an LCD with a 3V, 1/4
duty and 1/3 bias scheme.

The display RAM is connected to segment out-
puts of ai, bi (i=1 to 16) according to LCD com-
mon outputs of H;-Hy as shown in fig 8.

The segment outputs provide 1-digit data
(M;-My) of the display RAM in synchronizing with
H,;-H,4 outputs.

Each segment of the LCD can be turned on or off
by controlling the corresponding bit data “1” or
“0” in the display RAM area.

The LCD driving waveform relative to the dis-
play mode is automatically generated. The device
provides the maximum of 132 segments. Fig. 9
shows the segment display example.

Fig. 9 7-segment numeric LCD digit

* DiIsplay waveform

Fig. 10 shows the display waveforms required to
display the number “5” on the LCD pattern shown
in Fig. O (segment outputs a;, b; are used).

In the combination that the potential difference
between the common output and segment output is
3V (in the combination of H4 and a,), shown in Fig.
10, the segment is turned on, and in the case of 2V
or less (in the combinaiton of H, and a,), the seg-
ment is turned off.

+ LCD flashing output (bs)

The bs output is used to flash symbols displayed
on the LCD screen. Otherwise, the bs is used as a
segment output in the same way as ai, bi (i=1 to
16).

* Blanking the display

There are two ways for blanking the entire dis-
play depending on applications.

1. For blanking the display in a short period of
time.
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H, H, H, H, H, H, H H

S S O A

o0 | T 1 V1 T [ 1 C LT _>:1
> 1

ooo1 | | NN —’Zz
A - —>Db,

0010 | | YT T T T 1] _’13
1 —> D3
i Rfile N S file 1 lteo | |

E - (By=110) T (By=111) -T o~ driver 3~ E

: —»a :
1w | | T I 1 l | | | bls
—> D15

me b .
—> D16

P

M4 M3 MZ Ml M4 M3 M2 Ml .
Fig. 8 Display RAM and LCD segment output

Control the common signal generator circuit
by the ATBP instruction.

2. For blanking the display in a long period of time
to decrease power consumption.

Use the BDC instruction to turn on-and off the
liquid crystal bleeder current. In this case, cut-
ting off the bleeder current decreases great
amount of power consumption.

H,

Hy,

H,
H,
)
[
B Voo
[ H
b Lo
i I [
| ! o Voa
T o R B B Bt Vo
b, _J,_..lj _____ Voc
------ S

Frame frequency =1/T=64Hz

- Fig. 10 LCD driving signal waveform

-SHARP
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SM510

Bl Instruction Set
" (1) RAM address instructions

(4) 1/0 Instructions

Mnemonic | Machine code Operation

BLs, BLa+x (I3)®x (I2)
LBx | 40-4F | By, Bro+x (I3, I)
Bumi, Bmo+x (13, Io)

Mnemonic |Machine code Operation
KTA 6A Acc+—K

ATBP 01 BP+Acc

ATL 59 L+Acc

ATFC 60 Y<+Acc

ATR 61 Ri—Acc, i=1, 2

(5) Arithmetic instructions

oy | 0o | B GaL, By ol
SBM 02 By2+1 (only next step)
EXBLA | 0B Acc+BL

INCB 64 Skip if Bp=Fy, B+ B +1
DECB 6C Skip if By =0, B, «B;—1

(2) ROM address instructions

Mnemonic |Machine code Operation
ATPL 03 PL3 ‘PL()‘-ACC
Py+Su*Ry, Pu=Su+Rum
E
RTNO 6 P S, <R,
RTN1 6F Py+=Su+ Ry, Pu+=Su+Rum

P.+S_+R;, Skip next step

TL xyz | 70-7A Pux (I3-1p), Py+y (I7-1¢)
(2-byte) | 00-FE Pz (I5-1p)

R+S+PC+1, Pys, Pm2+(0, 0)
Pum1, Pmox (Iy, Io), Pu*y (I7, lg)
Pz (I5-1p)

TML xyz| 7C-7F
(2-byte) | 00-FE

™ x CO-FE R+«S+PC+1, Py+0, Py+0
IDX yz 00-FE Prex (Is-Io), Pu*+y (I7, L¢)
(2-byte) Py ez (I5-1p), Py+(0100),

T xy 80-BF PLex (I5-1p)

(3) Data transfer instructions

 Mnemonic |Machine code _Operation
ADD 08 Acc+Acc+M
Acc+Acc+M+C, C—CY [re—
ADD1 ’ -
DD11 | 09 Skip if CY=1
Acc+Acc+x (I5-1p)
30-3F
ADX x 3 Skip if CY=1
COMA |0A Acc+Acc
DC 3A Acc+Acc+(1010)?
ROT |6B rAcc"‘_Accc"—mAccs‘—l
RC 66 C+0
SC 67 C<1
(6) Test instructions
Mnemonic {Machine code Operation
_TB 51 Skip it B =1
TC 52 Skip if C=0
TAM 53 Skip if Acc=M
TMI x | 54-57 Skip if M=1, (i=x (I, Ip))
TAO 5A Skip if Acc=0
TABL 5B Skip if Acc=B_
TIS 58 Skip if 1S=0, ¥ <0
TAL 5E Skip if BA=1
TF1 68 Skip if f;=1
TF4 69 Skip if f,=1

Mnemonic |Machine code Operation
Acc~M
EXCx | 10713 Bum1, Buo*Bm1, Buo®x (I3, o)
BC+C
BDC 6D Display on if C=0
' Display off if C=1
AcceM

EXCl x |14-17 Buit, Bro*But, Bro®x (11, Io)
Skip if BL=Fy, BB +1

(7) Bit manipulation instructions

AcceM
EXCD x | 1C-1F Bumi, Bmo*Bum1, Bmo®x (11, Io)
Skip if Bp=0, Bp«B.—1

Mnemonic |Machine code Operation
RM x 04-07 Mi+0, i=(I,, Ip)
SM x 0C-0F Mi+1, i=(I, Ip)

LDAx |18-18 | Ace™

(8) Special instructions

 Bmi, Bmo*~Bumi, Bumo@®x (14, o) Mnemonic |Machine code Operation
_ Acc+x (I4-1y) SKIP 00 No operation
LAX x| 20-2F Skip when in succession CEND 5D clock stop
WR 62 W,+Wege-—=Wy+0 IDIV 65 DIV+0
WS 63 WoeWee—=Wy+1
SHARP
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Bl System Configuration Example (Electronic calculator with real-time clock function)

LCD
DC voltage cutoutl .I. J. _T.
0.02 F 'l' ‘[ T "' --------
H,H;H;H,a; by ~ bis a16 bis bs
Crystal E
22p.
32.768kH
OSCaur [~ ——F—
=
0SCry T‘,‘n
15pF
SM510
S
[}
I
H f
] . IH
S; Piezo felectric
Se buzzer|
K; K; K; Ky ACL GNDVppBAS T

Reset & b
e
[eS
I”F { {
I
0.33 uF
V= %1009

T

3+

— 0000

Key matrix

SHARP -
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SM511/SM512

S M 5 1 ]. / S M 5 1 2 4-Bit Microcomputer (LCD Driver)

B Description

The SM511/SM512 is a CMOS 4-bit micro-
computer which integrates a 4-bit parallel proces-
sing function, a 4,032X 8-bit ROM, a 128/142X
4-bit RAM, a 15 stage divider and a 136/
200-segment LCD driver circuit.

This microcomputer is applicable to many ap-
plications having multiple LCD segments with low-
power consumption.

B Features

1. CMOS process
2. ROM capacity: 4,032 X8 bits
3. RAM capacity:
Data RAM: 96 X4 bits (SM511)
80X 4 bits (SM512)
Display RAM: 32 X4 bits (SM511)
48X 4 bits (SM512)
. Instruction set: 55
. Subroutine nesting: 2 levels
. Instruction