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Preface

In recent years, the seemingly unlimited
progress seen in integrated circuits technology
has brought about phenomenal growth in elec-
tronic products for consumer and industrial
use. As electronics continues to expand in the
future, we will direct our efforts at carefully
researching trends and supplying our custom-
ers with products that meet their needs and
contribute to the betterment of their way of
life.

We have now completed the “Sharp Semicon-
ductor Data Book MOS Edition”, which
we present to you here now.

This data book lists the microcomputers,
memories and MOS LSIs produced and sold by
Sharp, which have a wide range of applicabil-
ity. We hope you will find this data book useful
and will contact Sharp if you have any ques-
tions.




The information contained in the databook is in-
tended to be a general product description. Sharp
reserves the right to make change in specifications
at any time and without notice.

Sharp does not assume any responsibility for use
of any circuitry described; no circuit patent
licenses are implied.
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Products Lineup
B 4-Bit 1-Chip Microcomputer

| Cycle | SUPPLY mgmmrf&tion Instruc:|  ROM RAM | Sub )
Model Process ime. (s voltage TYP@A) | tions (bit) (bit) routine| Package Remarks Page
: ’ V) [operating] | - nesting
SM-3A 10 | —15 12 | 57 |2268x8 | 128x4 | 2 | eoqrp | EXternal RAM 4o
; expandable
SM-100 10 -9 10 58 | 1134X8 | 64X4 2 28DIP 40
SM-105 10 -9 10 58 | 1134X8| 64X4 2 28DIP 40
SM-110 10 -9 13 | 90 | 2032X9 | 128X4 6 60QFP | 8-bit A/D conversion | 44
SM-115 10 -9 | 13 90 | 2032X9 | 128X4 6 60QFP | 8-bit A/D conversion | 44
SM-111 | PMOS 10 -9 13 90 | 4064X9 | 192X4 6 60QFP | 8-bit A/D conversion | 49
SM-116 10 -9 13 90 | 4064X9 | 192X4 6 60QFP | 8-bit A/D conversion | 49
8-bit A/D conversion
SM-114 10 -9 20 90 | 4064X9 | 192X4 6 60QFP | Remote control 54
) signal receiver
SM-120 10 -9 20 54 | 1536X8 | 64X4 2 44QFP | External ROM 59
' External ROM/REM
SM-200 | NMOS 10 -5 32 100 | 3072X9 | 128X4+16 3 60QFP | Automatic 64
| display circuit i
SM-4A 6l -3 0.05 54 | 2268X8 | 96X4 | 1 60QFP | External RAM 69
SM-5A 61 -3 0.05 51 1827X8 | 65X4 1 60QFP 74
SM-5L 61 -3 0.05 51 1827X8 | 65X4 1 60QFP 79
SM-500 61 -2 0.02 52 | 1197X8 | 40X4 1 48QFP 84
SM-510 61 -3 0.06 49 | 2772X8 | 128X4 2 60QFP 89
SM-511 el —3 | 004 | 55 |4032x8| 128X4 | 2 | 60QFP Z:ii?ty generator| g4
External RAM )
SM-520 11 —5 1.5 93 |3072X10|160X4+16X2| 4 64DIP | Automatic 98

display circuit
) External RAM
SM-525 11 —5 0.6 93 |3072X10{160X4+16X2{ 4 64DIP | Automatic 103
display circuit

Clock counter circuit

SM-530 ‘ 91.6 | —15 | 0.012 | 49 |2016X8 | 88X4 | 1 | 8O0QFP | Melody generator| 108
] circuit
Clock counter circuit
SM-531 916 | —1.5 | 001 | 45 |1260X8| 52X4 | 1 | 60QEP | Melody generator| 113
I - circuit
SM-540 | CMOS 16 | —45 | 023 | 57 | 2016X8 | 128X4 | 2 | 60QFP | Dot matrix 118
using 8-bit serial
SM-550 16 | 3~5 1 | 94 |1024X8| 80X4 |RAM | 48QFp | & M €1 123
1/0 function
area
using 8-bit serial
SM-555 33 | 3~5 1 | 94 [1024x8| 80x4 |RAM | 48QFp | & P" STE 123
1/0 function
area
using 8-bit serial
SM-551 16 | 3~5 1 | 94 |2048%x8| 128%X4 |RAM | 60QFP | o Pt serid 128
. 170 function
area
using | 8-bit serial
SM-556 | . 33 | 3~5 1 | 94 |2048X8 | 128X4 |RAM | 60QFP | & Ot Sera 128

1/0 function

area
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(Continued)
’ using 8-bit serial
SM-552 1.6 3~5 1 94 | 4096X8 | 256X4 | RAM | 60QFP l. 133
170 function
area
using . .
SM-557 33 | 3~5 1 | 94 |4096x8 | 256x4 | RAM | 60qFp | Pit serial 133
1/0 function
area
using . .
- 1
SM-5E3 16 | 3~5 1 | 97 | 4096x8 | 256x4 |RAM | 80QFPp | oDit seria 138
1/0 function
area
CMOS using . .
8-bit serial
SM-563 6.6 3~5 0.4 93 | 4096X8 [128X4+32X4| RAM | 64QFP K 139
1/0 function
1 area
SM-572 2 3~5 1.5 93 | 2032X9 | 128X4 6 64QFP | 8-bit A/D conversion | 144
64DIP | 8-bit A/D conversion
- ~ . X X :
SM-578 2 3~5 15 94 | 4064X9 ) 1924 6 64QFP | 8-bit Serial I/0 function 150
64DIP | 8-bit A/D conversion
- ~ . X X
SM-579 2 3~5 15 94 | 6096x9 ) 256X4 6 64QFP | 8-bit serial I/0 function 151
SM-590 2 3~5 0.5 41 508 X8 32X4 4 20DIP | 16DIP, 18DIP 152
SM-591 ) 2 3~5 0.5 41 1016X8 56 X4 4 20DIP | 16DIP, 18DIP 156

B 8-Bit 1-Chip Microcomputer

. Supply Current
ROM RAM
Model Cycle time voltage |consumption I,/O O . Package Remarks Page
MIN. (us) W) MAX.(mA) pins (bit) (bit)
LH0801 15 . 5+5% 180 32 2,048 X8 | 144X8 40DIP Z8601MCU 166
LH0802 1.5 5+5% |- 180 32 —_ 144X8 64DIP 78602MPD | 180
LH0803 1.5 5+5% 180 32 — 144X8 40PBP Z8603MPE 182
LHO811 1.5 5+5% 180 32 4,096 X8 | 144X8 40DIP Z8611MCU 184
LH0812 1.5 5+5% 180 32 — 144X 8 64DIP Z8612MPD 186
LHO813 1.5 5+5% 180 32 — 144X 8 40PBP 7Z8613MPE 189
LHO881 1.5 5+5% 180 24 — 144 X8 40DIP 78681 MCU 191
B 8-Bit CMOS 1-Chip Microcomputer
. Supply Current
Model ;:A);;}e (tlme): voltage |consumption Ifr(l)s 1?:3?; l?;\li\)d Package Remarks Page
SEST )y MAX(maA)| P
40DIP
- +109 R
SM-803 2.2 5+10% 32 4,096 X8 | 144X8 44QFP 195
64DIP
SM-812 1 3~5 48 2,048 X8 | 128X8 64QFP 198
64QFP
- —~ X _
SM-813 1 3~5 48 4,096 X8 | 192X8 64DIP 201
‘ 64QFP
—~ —_— X —
LU810V1 1 3~5 48 128X8 64DIP 204
SHARP




Products Lineup

B 8-Bit Microprocessor and Periphéral LSls

) Supply Current Clock
Function Model Process voltage consumption | fequency | Package Remarks Page
) V) MAX.(mA) | (MHz) ' )
LHO080 150 2.5 780 CPU 210
CPU LHO080A " NMOS 5+5% 200 4 40DIP Z80A CPU 210
) LH0080B 200 6 ‘ 7Z80B CPU 210
Parallel LH0081 2.5 780 PIO 235
input/output LHOO81A NMOS 5+5% 100 4 40DIP Z80A PIO 235
controller LHO0O81B 6 Z80B PIO 235
Counter / Timer LHO0082 . ' 2.5 780 CTC 245
controller .LHO082A NMOS 5+5% 120 4 28DIP Z80A CTC 245
LH0082B 6 ) Z80B CTC 245
LH0083 150 2.5 Z80 DMA 255
DMA controller LHOOS3A NMOS 5+5% 200 4 40DIP 730A DMA 255
LH0084 2.5 780 SI10/0 270
LHOO84A 100 4 40DIP Z80A SIO/0 | 270
LHO084B 6 Z80B SI0/0 270
Serial input/output LH0085 2.5 780 SI10/1 - 270
controller LHO085A NMOS 5+5% 100 4 40DIP Z80A SIO/1 . | 270
LH0085B 6 Z80B SIO/1 270
LH0086 2.5 780 S10/2 270
LHO086A 100 4 40DIP .| Z80A SIO/2 270
LHO086B 6 Z80B SIO/2 | 270
Floppy disk LHO110 170 2.5 — 279
controller LHO110A NMOS 5£5% 180 4 40DIP e 279
LH5080 2.5 40DIP - — 296
CPU LH5080L CMOS 5+10% 10(TYP.) 2.5 — 296
LH5080LM_ 2.5 44QFP — 296
Parallel LH5081 : 2.5 40DIP — 302
input/output LH5081L CMOS 5+10% 2(TYP.) .25 — 302
controller LH5081LM 2.5 44QFP — 302
. LH5082 2.5 — 307
C°:§;i:é ﬁ;“e‘ LH5082L CMOS | 5+10% | 25(TYP) 2.5 28DIP — 307
LH5082LM 2.5 44QFP — 307
)
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B 16-Bit Microprocessor and Peripheral LSIs

Supply Current | Clock ‘
Function Model Process voltage consumption | fequency | Package Remarks Page
(V) | MAX.(mA) | (MHz)
LH8001 4 78001 CPU | 314
CPU LH8001A NMOS 5+5% 320 6 48DIP 7Z8001A CPU |-314 =
- .LH8002 320 4 40DIP 78002 CPU | 314 =
LH8002A 6 7Z8002A CPU | 314 =
Memory LH8010 4 Z8010 MMU | 332
+
control unit LH8010A NMOS 5£5% 300 6 48DIP 7Z8010A MMU] 332
Serial communication LH8030 4 28030 SCC 342
+
controller LH8030A NMOS 5E5% 250 6 40DIP Z8030A SCC | 342
Counter/Timer parallel | LH8036 4 728036 CIO 356
+ 2 D
input/output unit | LH8036A NMOS 5E5% 00 6 49 1P Z8036A CIO | 356
FIFO input/output | LH8038 . 4 78038 FIO 377
+ D
interface unit LH8038A NMOS 5E5% 200 6 40DIP Z8038A FIO | 377
FIF f i
O buffer unit and | - 66 NMOS 5+5% 200 4 28DIP | Z8060 FIFO | 396
Z-FIFO expander :
Serial parallel LH8071 — 402
+
combination controller | LH8072 NMOS 5E5% 250 4 40DIP — 413
GPIB controller LH8073 NMOS 51t5% 250 4 40DIP — 421
Multitask support | a7 NMOS | 5+5% 250 4 40DIP — 423
processor .
LH8090 4 78090 UPC | 434
+
LH8090A NMOS 5+5% 250 6 40DIP Z8090A UPC | 434
LH8091 4 78091 development | 457
LH8091A NMOS 5+ 5% 250 6 64DIP 780914 evelopment| 451
Universal LH8092 o=on 250 4 64DIP 78092 development | 453
peripheral LH8092A 6 780924 development| 453
controller LH8093 4 78093 Brotopack 455
LH8093A NMOS 54 5% 250 6 40PBP 780934 Prowrack | 455
LH8094 =7 250 4 soppp | 8094 [ 457
LH8094A 6 780947 Prowpack | 457
SHARP



~ Products ,Lineup ‘

n Peripheral LSls for Microcompufers

Supply * Current Clock
Function Model Process voltage consumption | fequency | Package Remarks Page
) MAX.mA) | (MHz) ‘
Serial communication LH8530 4 78030 SCC 460
+
controller LH8530A NMOS 5E5% 250 6 40DIP ~ Z8030A SCC | 460
Counter/Timer parallel | LH8536 ‘ 4 . 78036 CIO | 474
M + 40DIP
input/output unit | LH8536A NMOS 5£5% 200 6 0 78036A CIO | 474
Serial parallel LH8571 NMOS 5+5% - 250 4 40DIP — 491
combination controller LH8572 NMOS 5+5% 250 4 40DIP — 502
GPIB controller LH8573 NMOS 51+5% 250 4 40DIP — 511
Multitask support | | por7o NMOS |  5+5% 250 4 40DIP — 513
processor
LH8590 4 78090 UPC | 525
M + - 40DIP
LH8590A NMOS 5E5% 250 6 0 7Z8090A UPC | 525
LH8591 4 7Z8091*! - | 542
LH8591A NMOS d+5% 250 6 B4DIP I s091A*T | 542
LH8592 4 78092*! 544
+
LH8592A NMOS 5+5% 250 6 64DIP Z8092A ™! 544
Universal LH8593 4 78093%*2 546
+ 40P
peripheral LH8593A NMOS oE0% 250 6 OPBP 78093A %2 546
controller LH8594 4 78094 ™2 548
+ -
LH8594A NMOS 5E5% 250 6 40PBF 7 8094A"2 | 548
Key-encoder and | ) yoee, NMOS | = 5+5% 180 8 40DIP — 550
data transmitter receiver
%1 Development device
%2 Protopack emulator
B Microcomputer Development Support System
Model Function Page
LH8DH110 Development Support System SM-D-8000 II; SM Series Z8, Z80, Z8000 development device | 562
LH8DH130 Development Support System SM-D-8100; Z8, Z80, Z8000 development device ) 564
LH8DH140 Development Support System SM-D-8200; Z8, Z80, Z8000 development device 566
LH8DH312 Z80B In-circuit Emulator, for SM-D-8000 I 569
LH8DH321 78 In-circuit Emulator [, Stand-alone type 571
LH8DH330 728000 Evaluation Board, Stand-alone type 572
LH8DH340 728000 In-circuit Emulator SM-E-8100, Stand-alone type 573
LH8DH403 PROM Writer SM-E-8000 I 575
LU4DH200 SM Series Emulator Device SME-20, Stand-alone type 576
LUXXXH2 SM Series Evaluation Board . ) 578
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Products Lineup

B Mask ROM
Capacity]| Blt. . A(?cess Cycle time Supply Powenj B
(bit) Model Process | composition time MIN.(ns) voltage | consumption | Package Remarks | Page
(bit) MAX.(ns) ) (V) MAX.(mW)
LH2331 450 450 582
LH2331A 350 350 582 p—
32K LH2332 NMOS | 4,096X8 450 450 5+5% 580 24DIP 586 =
LH2332A 350 350 586 —
LH2362B ‘ 250 250 840 24DIP 590
LH2367 NMOS 250 250 5+5% 420 28DIP 594
64K LH5366A 8,192X8| 2,500 4,000 5+10% 30 599
LH5366S CMOS 6,000 12,000 3+0.5V 3.5 44QFP 602
LH5367 450 750 |- 5x5% 60 605
LH5396 6,000 7,500 45405V 35 608
96K LH5396A CMOS {12,288X38| 3,000 4,500 T 60 44QFP 608
LH5396S 15,000 18,000 3+0.4V 10 612
LH23126 NMOS 250 250 5+10% 440 28DIP 615
LH53127 250 350 5+10% 44 28DIP 618
X —
128K LH53129 CMOS 16,384 %8 6,000 7,500 | 45105V 35 44QFP | 622
LH53129A 2,500 3,500 5+10% 80 626
LH23257 NMOS 250 250 440 28DIP 630
256K | LH53256 CMOS 32,768X8 800 900 5+10% 55 44QFP 634
LH53257 250 250 165 28DIP 638
512K | LH53512 CMOS (65,536X8| 3,000 4,400 5+1V 9 24SOP 642
1M LH531000 | CMOS |131,072X8 80 — 5 — 28DIP 646
1.2M LH?3012 CMOS (103,680X12 250 250 5 — | 40DIP 647
Series
Hl EPROM
i 1
Capacity]| Blt. . Ac.cess Cycle time Supply Powef
(bit) Model Process | composition time MIN.(ns) voltage | consumption | Package Remarks | Page
(bit) MAX.(ns) : (V) MAX.(mW)
LH5764]-20 200 — 650
LH5764]-25 250 — 28DIP 650
X =+ —
64K LH5764]-30 CMOS | 8,192X8 300 — 5 10% 150 (Ceramic) 650
LH5764]-45 450 — 650
LH57128]-20 200 — . 651
LH57128]-25 250 — 28DIP 651
X + e
128K LH57128]-30 CMOS 116,384 %8 300 — 5£10% 150 (Ceramic) 651
LH57128]-45 450 — 651
LH57256]-20 200 — 652
LH57256]-25 250 — 28DIP 652
+ o
256K LH57256]-30 CMOS 132,768 X8 300 — 5+10% 150 (Ceramic) 652
LH57256]-45 450 — 652
SHARP
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W Static RAM
Capacit Bit Access | Cyele time Supply Power
agff) d Model ?rocess composition time I\}/IIIN (ns) voltage | consumption | Package Remarks ‘Page
! (bit) | MAX(ns) ’ V) |MAX(mW)|
LH5101-30 300 300 653
+
LH5101-45 450 450 5E10% 140 653
. LH5101 800 800 658
X +
1K LH5101L3 CMOS ‘250 4 650 650 5£5% 145 22DIP 653
LH5101S 3,000 3,500 3+0.4V 45 662
LH5101W 800 800 5+10% 150 666
LH5102 ‘ 1,200 1,200 545% 145 670
2K LH5102-8 | CMOS 512X4 800 900 22DIP 670
) LH5102W 1,200 1,200 5+10% 150 675
LH2114L-20] NMOS 200" 200 400 680
X +1 1
4K LH5114-4 | CMOS 1,024X4 450 450 5E10% 110 8DIP 684
LH5104-4 | CMOS 14,096 X1 450 450 5+10% 85 18DIP __| 688
LH5116-15 1 150 150 18 pin CS | 693
LH5116-20 200 200 o 20 pin O_E 693
LH5117-15 150 150 : 18 pin CEz | 698
X =+ -
16K LH5117-20 CMOS |2,048X8 200 200 5+10% 220 24DIP 20 pin CE1 | 698
LH5118-15 150 150 18 pin Q_E_z 703
LH5118-20 200 200 20 pin CE: | 703
B Dynamic RAM
C it Bit Access Cvele time Supply Power
a(;:::)l Y Model Process | composition time I\)/][II\? (ns) voltage | consumption | Package |° Remarks Page
(bit) | MAX.(ns) ’ (V)  |MAX.(mW)
LH2164-15 150 270 248 708
LH2164-20 200 330 708
+
64K LH2164A-15 NMOS (65,5636 X1 150 260 5_10% . 16DIP 717
LH2164A-20 200 330 717
- LH2464-10 100 —_— 726
LH2464-12 120 — Page mode | 726
LH2464-15 150 — 726
X % .
LH2465-10 NMOS (65,536 X4 100 5+10% 267.5 18DIP 726
LH2465-12 120 — Nibble mode | 726
LH2465-15 150 — 726
256K | LH21256-10 100 200 467.5 728
LH21256-12 120 230 440 Page mode | 728
LH21256-15 150 260 385 728
LH21257-10 ) 100 200 467.5 728
LH21257-12] NMOS [262,144X1 120 230 5+10% 440 16DIP | Nibble mode | 728
-LH21257-15 150 260 385 728
LH21258-10 100 200 467.5 728
LH21258-12, 120 230 440 Byte mode | 728
LH21258-15 150 260 385 728
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B Tone Dialer

Power |[Operating] Oscillating Tone
Model | Process | supply | current |[frequency| Oscillater output Mute output Remarks | Package |Page
voltage(V)TYP.(mA) (MHz) P ,
LR4087 | CMOS |3.5~10 1 3.58 Crystal |bipolar output|  Complementary 16DIP | 732
LR4089 | CMOS |3.0~10 1 3.58 Crystal |bipolar output| N-channel open drain 16DIP {735 =
lifi p—
LR4091 CMOS |3.0~10 1 3.58 Crystal |bipolar output| N-channel open drain OD;;tlﬁultler 18DIP {738 =
LR4092 | CMOS [3.5~10 1 3.58 | Crystal |bipolar output) Complementary 16DIP | 741
B Pulse Dialer
Power [Operating| Oscillating Make | Pluse
. R Pluse | Mute
Model Process | supply | current (frequency| Oscillator | rate ratio output | output Remarks | Package |Page
oltage(V)MAX.mA) _(kHz) % | mps) |M"P P
LR40981A| CMOS | 2.5~6 0.15 480 Ceramic | 33/39 10 | Positive | Negative 16DIP | 744
LR40982| CMOS | 2.5~6 0.15 480 Ceramic | 33/39| 10 |Negative|Negative 16DIP | 748
LR40991| CMOS | 2.5~6 0.15 4 CR 34/40 | 10/20 |Negative | Positive 18DIP | 752
LR40992| CMOS | 2.5~6 0.15 4 CR 34/40 | 10/20 [Negative | Negative| 18DIP | 756
LR40993| CMOS | 2.5~6 0.15 4 CR .| 34/40 | 10/20 |Negative | Negative |Key signal| 18DIP | 760
LR40994| CMOS | 2.5~6 0.15 4 CR 34/40 | 10/20 |Negative | Negative |Key signal| 18DIP | 764
B Pulse / Tone Dialer
Power [Operating| Oscillating Make | Pluse L .
. _ |Abbrevication| Redical
Model Process | supply | current [frequency| Oscillator | rate ratio memor function Package |Page
voltage(V|TYP.(mA)| (MHz) %) | (pps) Y ‘
18 digit; 18 digit last
LR480I1D| CMOS | 2~6 | 2 | 358 | Crystal | 40 |1o/20| &% S 18pIp | 768

X9 stations | number

18 digi 18 digit last
LR4802 | CMOS | 2~6 2 358 | Crystal | 32 |10/20 ]| 18 418 ‘Bst 1spip | 773
X9 stations | number

18 digit 18 digit last
LR4803 | CMOS | 2~6 2 358 | Crystal | 40 |10/20 18 1et1ast 1 q8pip | 778
, X9 stations | number

32 digit last'

LR4804 | CMOS | 2~6 2 358 | Crystal | 40 |10/20] —— 20DIP | 783
- number
2 digit |

LR4805 | CMOS | 2~6 1 558 | Crystal | 32 |10/20| —— |2diEtlast) oo 788
, ' number
16 digit igit |

LR4806B| CMOS | 2~6 1 358 | Crystal |33/37|10/20 gits ) 32digitlast) ) onp | 793

X 20 stations | number -
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Products Lineup ‘ ‘ :

B MOSIC/LSI - -

Function - Model Process Features . | Package | Page
LH5010 | CMOS 6-circuit signal non-inversion type, INHIBIT input 16DIP | 908
LH5011 CMOS 6-circuit signal inversion type, INHIBIT input ' 16DIP | 908
LH5010D CMOS 7-circuit signal non-inversion type, INHIBIT input 18DIP | 911
Driver " LH5011D CMOS 7-circuit signal inversion type, INHIBIT input - 18DIP | 911
LH5012 CMOS 7-circuit signal non-inversion, type 16DIP | 914
LH5013 CMOS 7-circuit signal inversion type 16DIP | 914 .
LH5012D CMOS 8-circuit signal non-inversion type. 18DIP | 917
LH5013D CMOS 8-circuit signal inversion type 18DIP | 917
LR3428 CMOS Analog clock, alarm, oscillator : 4.19 MHz crystal 8DIP 920
LR3429 CMOS Analog clock, alarm, oscillator : 4.19 MHz crystal 8DIP | 923"
LR3464 CMOS Analog clock, alarm, oscillator : 32kHz crystal 8DIP 926
LR3468 CMOS Analog clock, alarm, oscillator : 32kHz crystal 8DIP 929
Clock/ LR3465 CMOS Analog clock, melody generating function oscillator : ) 29DIP | 932
Timer 32kHz cn.*ystal - - :
LR3441 CMOS (HO}![‘, min) LCD display, timecast, alarm, snooze function, 48QFP | 936
oscillator : 32kHz crystal
.| (Hour, min) Fluorescent display tube indication, o
- LR3419 CMOS | power failure display, oscillator 50/60 Hz or 32kHz crystal 48QFP | 941
' LR3472 CMOS (Hour, min) Fluorescent display tube, 6-program-a-week 48QFP 945

reservation, oscillator : 32kHz crystal
LH5008 CMOS 7-segment and 14-segment display, display RAM : 128 bits 60QFP | 838
5X7-dot matrix display (master), display RAM :

LH5003 CMOS 240 bits, character generator: 125 ‘types 60QFP 899
5 X7-dot matrix display (slave), display RAM :
LH5004 CMOS 320 bits, character generator: 128 types 60QFP | 899
Dot matrix display (master), display RAM :
H582 : i F
LH5821 CMOS 1280 bits, common output: 20 lines, segment output: 44 lines 80QFP | 879
Dot matrix display (master), display RAM :
LH5822 CMOS 1280 bits, common output: 18 lines, segment output: 46 lines 80QFP | 879
Dot matrix display (master), display RAM :
LH582 : FP 7
5823 CMOS 1280 bits, common output: 16 lines, segment output: 48 lines 80Q 879
LCD driver LH5826 CMOS Dot mat.rlx display (slave), dlsplbay RAM : 80QFP | 884
1280 bits, segment output: 64 lines
LH5030 CMOS Dot matrix display (common), common output: 80 lines 96QFP | 892
LH5031 CMOS Dot matrix display (common), common output: 32 lines 44QFP | 896
) Dot matrix display (segment), display RAM :
LH
5035A CMOS 3200 bits, segment output: 80 lines 96QFP | 889
LH5036A CMOS Dot matrix display (segment), display RAM : 96QFP | 889

3200 bits, segment output: 80 lines
LH5006A CMOS Dot matrix display, common output or segment output: 40 lines | 60QFP | 866
LH5021A CMOS Dot matrix display, common output or segment output: 8O lines | 100QFP| 870

LH5022 CMOS Dot matrix display, common output or segment output: 80 lines | 100QFP| 870

LR3691A CMOS Dot matrix controller, max display capacity: 163,840 dots 60QFP | 844

LR3692 CMOS Dot matrix controller, max display capacity: 640X 256 dots 80QFP | 853
Vacuum L12048 PMOS 5X7-dot matrix display, character generator: 128 types 60QFP | 835
fluorescent Grid drive, output voltage (MAX.): —50V,

P
display driver LH1001 MOS output current (MAX.): 20mA 36QFP | 905
SHARP
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B MOS IC / LSl (continued)

Products Lineup
r ¢ /2 /2 ¢/ /7 /7 /7 /7 /7 /7 /7 J —J F ey

Function Model Process Features Package | Page
' 8-output, N-channel, output voltage (MAX.): 300V,
LZ1008AD| DMOS output current (TYP.): 35mA 18DIP | 804
‘ 16-output, N-channel, output voltage (MAX.): 250V, p—
LZ1016AD| DMOS output current (TYP.): 45mA 28DIP | 807 =
. 32-output, N-channel, output voltage (MAX.): 250V, 1 =
High =
& LZ1032AM ~ DMOS output current (TYP.): 45mA 44QFP | 811 —
voltage LZ1108AD| DMOS 8-output, P-channel, output voltage (MAX.): 300V, 18DIP | 815
MOS output current (TYP.): 20mA
) 16-output, P-channel, output voltage (MAX.): 300V,
LZ1116AD| DMOS output current (TYP.): 30mA 28DIP | 818
32-output, P-channel, output voltage (MAX.): 300V,
Z1 :
LZ1132AM)  DMOS output current (TYP.): 30mA 44QFP | 821
Audio & LR3617 CMOS Up / down counter with LCD decoder driver 48QFP | 964
Video LR3727 CMOS VTR data back 36QFP | 969
LR3652 CMOS PLL synthesizer for AM / FM radio 22DIP | 977
56-channel remote-controlled transmitter,
Remote LR3715M CMOS oscillator: 455 kHz ceramic 36QFP | 952
control LU59001 CMOS 56ichanngl remote-contro.lled transmitter, 20DIP | 957
oscillator: 455 kHz ceramic
Voice LR3461 CMOS 8-melody gen(?ratlon with :a.ccompanlme}lt, ' 29DIP | 824
Synthesizer/ Electromagnetic speaker driver, CR oscillation
I\/;,e lody LR3462 CMOS 8-melody generation, piezo-electric drive, CR oscillation 18DIP | 827
Speech synthesizer, Waveform coding system,
t LR3681 48DIP
generator 68 CMOS | Built-in 32K-bit data ROM, Base frequency : 4.19MHz SDIP | 831
CCD image sensor, dynamic range (TYP.): 54dB, 24DIP
-LZ2020
b 0 CMOS Transfer efficiency more than 99.996% (Ceramic) 799
Gate array L7292 Series | CMOS Gate array, 300~5000 gates, 2.8ns/gate 796

SHARP
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Package Outline
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, Package Outline
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Package Outline
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Package Outline
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Package Outline
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Package Outline
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Package Outline
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Package Outline : ‘
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Quality Assurance

1. 'Quality Assurance System

Sharp develops and manufactures a wide range
of consumer and industrial-use semiconductor pro-
ducts, including ICs and LSIs.

In recent years, the applications of ICs and LSIs
have expanded significantly, into fields where ex-
tremely 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
reliability 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 ev-
ery respect.

(3) In addition to quality control in all manufac-
turing processes, all working environments,
materials, equipment, and measuring devices
should be carefully monitored to ensure quali-
ty and reliability from the very beginning of
the process.

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

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

2. Quality and Reliability Control 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 and the time of introduction to the market.

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 experimental models are referred to
as TS (technical samples), and are evaluated pri-

SHARP
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Product planning

i ' —

Structural design
[ ]

i
Technical
samples making

Circuit design

Evaluation of functions
and performance

Engineering
samples making

Evaluation of quality
and mass producibility

Quality and
reliability tests

Evaluation of reliability

Commercial
samples making

Decision to mass

F—————
produce

Mass production

Fig. 1 New Product Development Steps

marily for their ability to function and their per-
formance.

Next, ES (engineering samples) are made and ev-
aluated to determine whether the functions, per-
formance and quality aimed for in the design 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.

After this, mass producibility is evaluated using
CS (commercial samples) obtained from a trial mass
production, and the decision to mass produce or
not is made. Fig. 1 shows the steps in the de-
velopment of new products.

3. Quality 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 ensured by material qualification and

inspection upon receipt.

[
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Quality Assurance

Table 1 Examples of items considered in material approval
Material Wafers Resins Lead frames = " Bonding wire
Crystal growth method Composition Composition Purity
Crystal orientation Electrical characteristics| Electrical characteristics| Appearance
Doping =~ Thermal characteristics | Thermal characteristics | Dimensions
Oxygen content Formability Physical characteristics | Strength
[tems Dislocation density ~ Process characteristics Appearance - Elongation characteris-
Diameter Reliability evaluation Dimensions tics

Thickness
Parallelism
Specific resistance

Reliability characteris-
tics

by elements used

Processing accuracy
Plating characteristics
Process characteristics

Process characteristics

Process

Control items

Silicon
wafers

Frame

Gold wire

Purchase of material
" Inspection upon receipt
Oxidation

Oxidation inspection
On line QC

Photolithongaphy

Visual inspection

On line QC

Ion implantation

Chip electrical inspection
Dicing

Breakage screening

Die inspection
Die bonding
Die bonding inspection

Wire bonding

Wire bonding inspection

Appearance, dimensions,
specific resistance

Appearance, film thickness

Surface cleanliness

Development, etching

Wire width

Electrical .characteristics

Appearance

Appearance, bond strength

Appearance, tensile strength

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

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

Check the suitability of development and
etching. .

Control the wire width.

Eliminate items with unsuitable electrical
characteristics.

Confirm the absence of breakage and
chips.

Check quality of die bond.

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

Fig. 2

Example of process quality control
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Table 1 shows examples of material qualification
items. The inspections performed upon receipt of
materials use criteria compiled from the purchase
specifications and approval drawings, and employ
sampling inspection methods that conform with
MIL-STD-105D.

(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 crltncal in maintaining
the accuracy of the measurement 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 humid-
ity 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, the cleanliness of every-
thing from air conditioning equipment to work ben-
ches to work clothes and office items is carefully
controlled.

Sharp is also concerned about creating an en-
vironment conducive 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 innovation and prog-
ress has been made in semiconductors themselves
and in the processes and equipment by which they
are produced.

To achieve even higher levels of product uni-
formity and quality, Sharp is continually further-
ing the automation of its processes, strictly manag-
ing the maintenance of its manufacturing equipment,
and carefully monitoring the accuracy of all
measuring devices through daily and periodic in-
spections.

(4) Process Quality Control and Product in-
spections

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 through strict
monitoring, inspection of all items, sampling in-
spections, and other standardized methods of man-

SHARP
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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.

Assembly process

Final inspection ElectrlcaI. . All items
characteristics
Visual mspect»mn Appearance All items
> 1 i
Quality assurance Ehectrlcal. . Judge lot
inspection characteristics, b li
appearance y sampling
__________ —/
|
y
Reliability tests Sampling
1l
|
e — — J
Warehousing
Shipment

Fig. 3 Product inspection system

Fig. 3 Shows the product inspection system.
Fig. 4 Shows an example of process quality
control.

(5) Reliability Assurance

To guarantee the long-term reliability of our pro-
ducts, we periodically sample products and subject
them to reliability testing such as life tests and en-
vironmental tests.

In addition, reliability tests are performed
whenever process changes have been made.

ol
T
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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 predicting reliability in the field.

The major categories of reliability testing are
durability tests, thermal environmental tests, and
mechanical tests. The standardized test methods
used are those prescribed by official standards or

associations such as the International Electronics
Commission (IEC), and the U. S. Military Specifica-
tions (MIL). Sharp standardizes all specifications to
conform with these standards.

Table 2 shows a representative reliability test. -

Durability testing of semiconductor products
places the greatest emphasis on high temperature
operation tests. Priority in the testing of plastic
molded products is on high temperature, high
humidity storage (operation) tests.

Table 2 Reliability test for semiconductor products

Type Test item Test condition Test objectives
High temperature Tste (max.) Evaluate resistance to high temperatures in
storage iongterm storage.
High temperature Topr (max.) Evaluate resistance to long-term thermal and
operation power supply voltage (max.) electrical stress.
High temperature, | . 60°C 90% RH Evaluate resistance to high temperatures and
Durability | high humidity 85C 85% RH high humidity in long-term storage.
tests storage Pressure cooker at 120C and
2 atmospheres
High temperature, | 60C 90% RH Evaluate resistance to long-term thermal, humid-
high humidity 85T 85% RH ity and electrical stress.
operation
Low temperature Tste (min.) Evaluate resistance to low temperatures in long-
storage term storage.
Temperature Tste (max.)— Tsie (min.) Evaluate resistance to sudden extreme tempera-
cycling test ture changes.
Thermal Heat shock test 0C —100%C (liquid) Evaluate resistance to sudden extreme tempera-
environ- ture changes. .
mental Temperature and —10C to+65C 90% RH Evaluate resistance to extreme temperature
tests humidity cycling ’ changes at higgh humidity.
test :
Solder heat 260C 10s Evaluate resistance to thermal stress during
resistance soldering.
Shock test 1,500G, 0.5 ms =X, +Y, +£Z Evaluaté structural and mechanical resistance to
' strong shocks.
Variable-frequency| 20G, 20—2,000 Hz, X, Y, Z Evaluate resistance to vibration during trans-
vibration test port and use.
Pin strengeth Tensile strength : holds fixed load] Evaluate resistance to mechanical stress applied
for 10 seconds to pins.
Bending strength : bend once 90 in|
forward and reverse directions
Mechanical (Load is determined based on pi
tests shape and the surface area of ping
section.)
Air-tightness Test for minute leaks using heliu Evaluate hermetic sealing.
gas and large leaks using foaming. '
Salt spray test Spray 5% salt solution Evaluate resistance to corrosion in salt spray
at Ta=35 C for 24 hours environment.
‘Solderability 230 C for 5 seconds (with flux) Evaluate solderability of pins.
Solvent resistance | Dip in isopropanol and acetone for] Evaluate resistance to pitting.
30 seconds at Ta=25C

30
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5. After-sales Service

If a product malfunctions after shipment, we
have the customer return the product for detailed
analysis. We also obtain complete information con-
cerning conditions of use, frequency of occurrence,
and symptoms.

When the cause has been determined, we report
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 extremely effective
way to enhance product reliability. We direct a lot
of energy forwards its full imprementation.

Fig. 5 shows the routes through which accidents
and malfunctions outside of the company are hand-
led, 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 comprehensive 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.

(1) Maximum Ratings

It is generally known that the failure rate of
semiconductor products increases as the tempera-
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 allowance with respect to the vol-
tage, 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

Customer

Complaint

1

i

L
IReply

Business
department

Report of
complaint

T
|

! e
) Investigation
| report

|
1

Quality assurance
—— - - — — 1
1
| |
Request for i ! Request for
corrective action : Report Report ; corrective action
| |
| |
| |
L . 1
Instructions Design and
Manufacturing ‘ technology
Request for

corrective action

Fig. 5 Routes through which malfunctions
outside the company are handled
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Quality Assurance

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 (Towx)
of the absolute maximum ratings, but that storage
temperature (T«) is the range in a nonoperating
condition.
(2) Transportation and Storage

Semiconductor products are susceptible to high'

temperature and high humidity. Please store them
in a dry place as near to room temperature as
possible.

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 aluminum 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 should 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 generate 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
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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 aluminum foil.

(4) Soldering and Cleaning

When using a soldering iron or solder bath, keep
the temperature below 260C the time and within
10 seconds. 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 havmg
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.
Freon TE, a freon cleaning fluid, or difron solvent
S3-E is recommended for use as the cleaning fluid.

To prevent stress on 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 keep cleaning time
to less than 30 seconds.

(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 marked rated voltage 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 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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PMOS 4-Bit 1-Chip Microcomputer “ . SM-3A

SM - 3A | PMOS 4-Bit 1-Chip Microcomputer

B Description ‘ B Pin Connections

The SM-3A is a 4-bit single chip PMOS micro-
computer with 2,268 bytes of ROM, and 128
words of RAM. It is well suited for low cost sys-
tems requiring many 1/0 control ports.

B Features

. PMOS process

. ROM capacity 2,268 X8 bits
. RAM capacity 128X4 bits

. Instructions 57

. Subroutine nesting 2 levels

. Input ports 8 bits 5]
. Output ports 37 bits . g

. Input/Output ports 4 bits ‘ © Top View
. On-chip clock generator circuit

. High voltage outputs (—38V) 27 bits
. Single power supply —15V (TYP.)

. Instruction cycle 10 us :
. 60-pin quad-flat package

[Nelo BN N ) I NN U

—
oo~ O
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PMOS 4-Bit 1-Chip Microcomputer SM-3A

B Block Diagram

Qutput Port

Vop
Vs Strobe Buffer
GND {
ROM
T 36X 638 — By[Bu(4)[B.(4)
ACL (&) ALU .
Frequency
Control
Clock (27) RAM
. 8X16X4
[PB]PU(2)[PM(3)|PL(6)j=
Output [ Sc(12) I DIO . Input/Output
Port (4) Port

RC(12) 1

Acc(4) I KE

Asynch- - Input
ronous 1 (4) Port
Input
P Cx@ ]
F Output
Segment (4) Port
ISerial Registsr W(ZZ)J‘— Decoder .
LSerial Register R'(ZZ)}‘——{ DISP
0'0.0.0’0’0’0’0‘@‘@’@'@’@'@‘@‘@‘@.
: ~
Output Port
Symbol déscription
ALU . Arithmetic logic unit RC . Stack register of program counter
Acc © I Accumulator Bu, Bm, BL : RAM address register
C : Carry F/F X . Temporary register
PB, PU,PM, PL : Program counter S . Flag F/F
SC . Stack register of program counter DISP : Display F/F
i e SHARP
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PMOS 4-Bit 1-Chip Microcomputer - ,

B Pin Description

SM-3A

Pin 170 Type of circuit Function.
KE, ~KE, I Pull down ) Acc+KE,~KE,
a, B AK, TAB I Pull down . Possible to test 4 bits independently
DIO, ~DIO, 1/0 Complementary 3 states Acc+DIO, ~DIO,
R;~R; 0 Open drain Segment output or R register output
Rg~Rys 0 Open drain R register output
F,~F, (¢} Open drain F;~F;+Acc
AD;~AD;, O Open drain BL decode output or external RAM address output
. Possible to set, reset and test by command
IDF 0 Open drain B (Suitable for printer motor drive signal)
OD, R/W 0 Complementary External RAM control output
T = 1 Pull down For test (usually connected to Vpp)
ACL I Auto clear
$, 0 Complementary Synchronizing signal terminal
Vg, SYNC Frequency control terminal
Vst Power source for external RAM connection
Vbp, GND Power source for logic circuit

B Absolute Maximum Ratings

Unit

Parameter Symbol Rating Note
Vbp —20~+0.3 \4 1
Vg —20~+0.3 \ 1
Pin voltage Vin —20~+0.3 \% 1
Vouri —20~+0.3 \ 1,2
) Vourz —40~+0.3 \ 1,3
Operating temperature Topr —10~+60 C
Storage temperature Tetg —55~+150 T

Note 1:

Note 2: Applicable pins include : R/W, DIO1-DIO4, OD, AD1i-AD1o
Note 3: Applicable pins include : Ri-Rzz, F1-F4, IDF

B Electrical Characteristics

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

(Vop=—15.0V+10%, Vy=—38V, Ta=—10~+607)

Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
VlHl —2.5 \4 4
Vi Vpp=—13.5V —10.0 \
Input volt. ‘
nput voltage Vi ~08 v -
ViLe Vpp=—13.5V —10.0 \Y%
Vom Io=_2mA —2.0 \Y 6
Vori RL=50kQ connected to Vy Vyt+1 \%
Vouz Io=—8mA —3.5 \Y%
Output volt:
Hput vottage Vorr | R.=50kQ connected to Vy Vetl | Vv 7
Vous Io=—1mA ~1.0 \% 8
Vours R.=50kQ connected to Vpp Vopt1 \Y%
Supply current Ipp Vpp=—15.0V —12 mA
Cycle time t. 10 #S
Note 4: Applicable pins @, 8, AK, TAB, KE1~KE4
Note 5: Applicable pins ACL, Vi SYNC
Note 6: Applicable pins R1~R7, F1~F4, IDF
Note 7: Applicable pins Rs~Rz22
Note 8: Applicable pins AD1~ADio

38
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PMOS 4-Bit 1-Chip Microcomputer SM-3A

B Applications

. Electronic cash register

. Hard-Hold electronic calculator with printer
. POS terminal

. Electronic scale

. Vending machine

. Microwave oven controller

. Electronic sewing machine

. Controllers of game machines

. Others electronic appliance controllers

—

OO0 bW

B System Configuration (for VTR program timer)

Control signals For channel selection

Fluorescent tube display

Clock signal —s{a Fi ~ F Rz~ Ruis
B
Vbp
100 uF Ruz '
+ ACL § ;
-l-sz %sem SM-3A !
o—s GND ' R,
+15V 56kQ S 56k
R j
Jgy 9494449 -2

Key matrix

SHARP .
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PMOS 4-Bit 1-Chip Microcomputer .~ . . SM-100/SM-105

SM-100/SM-105 Zsss: icw

B Description B Pin Connections
The SM-100/SM-105 is a 4-bit single chip —_—
PMOS microcomputer with 1,134 bytes of ROM, ' R [0 [z 0SCour
~ and 64 words of RAM. 1t is well suited for low R C 7 0SCix
cost systems fequiring many I/O control ports. Rs [3] %) Voo,
R: [4] 125] KE4
Rs [5] 24] KEs ,
Rs [6] 23] KE: :
Rr [7] 23] KE:
B Features Re 8 gt
1. PMOS process ! R 3] %) ACL
2. ROM capacity 1,134 X8 bits Rio [@] 9 IDF
3. RAM capacity 64 X4 bits
. Ru (10 18] Ry
4, Instructions 58
5. Subroutine nesting 2 levels Riz (12 10 Rus
6. Input ports 4 bits Ris I3 18] Ris
7. Output ports 17 bits GND [14] 18] Rus
8. Input/Output ports 1 bit R Top View
9. On-chip clock generator circuit
10. High voltage outputs (—38V) 18 bits

(only SM-100)
11. Single power supply —9V(TYP.)
12. Instruction cycle 10 us
13. 28-pin dual-in-line package

SHARP
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PMOS 4-Bit 1-Chip Microcomputer SM-100/SM-105

B Block Diagram

ACL Oscillator
? ?ﬁ.}
ACL | . | CG | RAM ADC
RC SC PC ROM (64><4) (6)
ap[lanan (1,134x8) ¢
®)
@) Input
Output Instruction .<—>C l<—{ KE(4)
Port Qg IDF Decoder . Acc @) ( Port
| 22
E X(4)
ALU
[ W(17) | 1Y) GND
F(4 Segment
E(ﬂ J Decoder Voo
| R’ (17) | 2) Test
Output Port
Symbol description
ALU : Arithmetic logic unit RC : Stack register of program counter
Acc : Accumulator DIV : Frequency divider
ACL : Auto clear CG : Clock generator
C :Carry F/F X ! Temporary register
PC : Program counter ADC : RAM address register
SC : Stack register of Program counter S : Flag F/F
B Pin Description
Pin name 1/0 Circuit type Function
KE, ~KE, I Pull down Acc+KE;~KE,
IDF 1/0 Mid voltage™ open drain Can be set, reset, and tested by instructions
R, ~R; (6] Mid voltage* open drain Segment output or R register output
Rg~Ry3 - ¢} Mid voltage™ open drain R register output
Ry4~Ri7 (6} Mid voltage™ open drain Ri4~Ry7+Acc or R register output
T 1 For test (Connected to Vpp normally)
ACL I Auto clear
0OSCyn, OSCourt For clock oscillation
Vpp, GND ) Power supply for logic circuit
* For SM-100
SHARP
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PMOS 4-Bit 1-Chip Microcomputer

B Absolute Maximum Ratings

Parameter Symbol Ratings Unit | Note
S Vop —12~+0.3 A 1
Pin voltage Vin —12~+0.3 \4 1,2
Vour —40~+0.3 \ 1,3
Operating temperature Topr —10~+50 C
~ Storage temperature Tee —55~+150 C

Note 1: The maximum applicable voltage on any pin with respect to GND.
Note 2:  Apply to pins ACL, K1-K4, T, OSCwv, OSCourt.
Note 3: Apply to pins Ri~R17, IDF.

M Recommended Operating Conditions

~ SM-100/SM-105

Parameter Symbol Ratings Unit
Supply voltage Vop —8.1~—9.9 \%
Oscillator frequency fose 400 (TYP.) kHz
" M Electrical Characteristics (Vop=—9.0V£10%, Vy=—38V, Ta=25T)
Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
Vin —1.8 \Y% 4
Input voltage Vi Vo t1 v
P g Vi —0.38 v 5
ViLa ) Vppt+1 \%
VOHl IOUT=—1mA —1.0 \Y%
SM-100 Vyt1 6
sM105 | Vour | Connect RL=50kQ to Vy VDND 1 \% .
Output voltage Voue loyr=—8mA —1.0 \4
SM-100 Vnt1 7
= QtoV \%
SM-105 VOLZ Connect RL 50k to Vn VDD+ 1
Current consumption Ipp 10 mA
Oscillator frequency fose 400 kHz 8
Note 4: Applied to pins KE1~KEi.
Note 5: Applied to pins ACL, T, IDF.
Note 6: Applied to pins R1i~R7, IDF.
Note 7:  Applied to pins Rs~R17.
Note 8: Reference oscillation : 10 us/cycle at 400 kHz
OSCOUT OSCIN OSCQUT OSC[N
<? o
ANV
Al
% = i
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PMOS 4-Bit 1-Chip Microcomputer SM-110/SM-115

SM-110/SM-115 Zossic
[ ] - .
_ Microcomputer
M Description ' B Pin Connections
The SM-110/SM-115 is ‘a 4-bit single chip ‘
PMOS microcomputer with 2,032X9 bits of ROM,
128 words of RAM, and A/D converter. It is well

suited for low cost systems requiring many 1/0
control ports.

B Features

. PMOS process
. ROM capacity 2,032 X9 bits
. RAM capacity 128X4 bits
. Instructions 90
. Subroutine nesting 6 levels
. Input ports 11 bits
. Output ports 35 bits
. Input/Output ports 4 bits
. On-chip clock ‘generator circuit
. Interrupt function

External interrupt 1

Timer interrupt 1
11. 8 bits A/D conversion
12. Internal divider (1/50 or 1/60)
13. High voltage outputs

(—35V) 21bits (only SM-110)

14. Single power supply —9V (TYP.)
15. Instruction cycle 10 us
16. 60-pin quad-flat package

O OO0 W=

—
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PMOS 4-Bit 1-Chip Microcomputer

‘SM-100/SM-105

B Applications

1. Various types of mechanical controllers for
video players, vending machines, etc.
2. Game machines

B System Configuration (Video timer)

Sun Mon Tue Wed Thu Fri Sat
avm e
pm | 1 o | |
R, ~ R R ~ Rus
OSCin Ria r—N—Memory indicator
SM-100/SM-105
0SCour Ris|——Power-on indicator
Rg -
IDF  KE, KE, KE; KE,Ro
Re.-
Hour |Minute til?;o veerse
50/60 Hz w eek jminuite
Clock | Timer|50/60]12/24

)
¢
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PMOS 4-Bit 1-Chip Microcomputer SM-110/SM-115
y /7 7 /7 /7 /7 /7 /7 /7 /7 /7 /7 /7 /7 J /7 "7 /7 /J

B Block Diagram

Input Input /Output
Port Port Output Port
A — - A ~
Decoder <H Analog
Input
T _¢ (#9) | Port
Stack
Register PC }— ROM
(Blevels) ‘ (2,032%x9
= | |}
-§ SB DA
¢ g 3) | Reference
a 1) [ Voltage
Control
and Judge RAM
Interrupt (128x4)
E TF Timer DIV |«—{ cc
IF
ACL HF
E()—(s 23 46 16)-(17
“~~—Vob ACL ———~—2.5kHz M~
GND Input Port Pulse Output Oscillator
Symbol description
ALU : Arithmetic logic unit PC . Program counter DA : D/A converter
Acc : Accumulator CG : Clock generator X . Temporary register
ACL : Auto clear DIV  : Divider CF : Comparater
C :Carry F/F Bum, BL : RAM address register
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PMOS 4-Bit 1-Chip Microcomputer - ~ SM-110/SM-115

M Pin Description

. Pin name 1/0 Circuit type Function
KE,~KE, I Pull down Acc+—KE;~KE,
KH I Pull down HF flag set on 1 ; reset by instruction
KI I Pull down IF flag set on 1 ; reset by instruction
KT I Pull down External timer signal input (50 or 60Hz)
KC,~KC, I Analog input or Acc+KC;~KC,
" P,~P, 1/0. | Open drain P, ~P,+Acc
Q;~Q4 [0} Mid voltage™ open drain Q1 ~Qu+Acc
R;~Ryg 0 Mid voltage™ open drain R register output
Zy~7q4 O Mid voltage™ open drain Z register output
/ T I For test (Connected to Vpp normally)
ACL I Auto clear
F (¢} 2.5 kHz pulse output (System clock-100kHz)
$ot [0) Sync signal output
CL,, CL, For clock oscillation
Vg, AGND A/D conversion standard power supply
Vpp, GND Power supply for logic circuit

% For SM-110, Z1 pin only is high voltage

M Absolute Maximum Ratings

Parameter Symbol Ratings Unit | Note
Voo —12~+023 v 1
Pin voltage Vin Vpp—0.3~+0.3 \Y% 1,2
Vour: | Vop—0.3~+0.3 \% 1,3
Vours —37~+0.3 \% 1,4
Operating temperature Topr - —10~+70 T
Storage temperature T —55~+150 T

Note 1: The maximum applicable voltage on any pin with respect to GND.
Note 2: Applied to pins KHi~KE1, KC1~KC1, Pi~Py, KI, KH, KT.

Note 3: Applied to pins F, P1~Py, Z2~Z\.

Note 4: Applied to pins Q1 ~Q1, Ri~Ris, Z1.

B Recommended Operating Conditions

Parameter Symbol | MIN. TYP. MAX. Unit
Supply voltage Voo —9.9 —8.1 \Y
Reference voltage Vi 5/9 Vpp—0.2 —4.5 \%
SHARP
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PMOS 4-Bit 1-Chip Microcomputer : SM-110/SM-115
S S S SR SR SR SR SR ST SE S SUY SR A S S SN S

B Electrical Characteristics (Vop=—9V£10%, Vymax,=—35V, Ta=—10~70T)
Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
\ ) -2 \% 1
Vil Vppt2 \4 1
Input voltage Vino Z08 v 5
ViLe —4.5 \% 2
Vour | lo=—10mA —25 v 3
[SM-110 | Voo, | Connect RL=50kQ to Vy. Vatl \ 3
Vouz Ib=—1mA —0.2 \% 4
Output voltage | SM-110 Vouz Connect R =50k Q to Vy. Vyt1 \Y% 4 —
Vous Ib=—0.5mA —1 \ 5 2 =
Vous | lo=—0.2mA —1 \4 6 =
Vora Io=10 pxA ' Vpp+1 \' 6 E—
Input current Iiy Vin=0V 180 450 pA 7
Ix Vg=—5V 900 1200 pA 8
Output current IoLs Vo=Vpp —1 A 5
Current consumption Ipp 13 30 mA 10
Oscillator frequency fose 400 kHz 11
A/D conversion linear error Ve=—5V +3 LSB
Vpp=—9V
. Vg=—5V
A/D conversion zero error | Vo= —9V +3 LSB
: . Vg=—5V :
A/D coversion full scale error V= —9V +3 LSB
. Vg=—5V
A/D conversion overall error Vo= —9V +3 LSB
Reset time t,\cyl, At power up 20 ms 12

Note 1: Applied to pins KEi~KEi, Pi~P1, KI, KH, KT
Note 2: Applied to pins KCi~KCi. (When used as a digital input), ACL.

Note 3: Applied to pins Ri6~Ry

Note 4: Applied to pins Rs~Ri1, Qi~Qu, Z2.

Note 5: Applied to pins Pi~P1, Z11~2Z:

Note 6: Applied to pins F.

Note 7: Applied to pins KE1~KE;1, KI, KH, KT.

Note 8: Applied to pins Vk. (current flowing into ladder resistance for A/D conversion).
Note 9: Applied to pins Rig~R1, Pi~P1, Qi ~Q1, Z11~Z1.

Note 10: Measured in no-load condition.
Note 11: Externally connected to oscillation circuit.
CF : Ceramic oscillator
KBR-400B(made by Kyocera Corp.)

R : IMQ
C1: 220pF, Cz2 : 220pF Vi
CL, CL: e 1,F/
° [} " nF/16
R«
AV ALC
] Im \ 56k
A-Cl CF o

iCz

Note 12: The time for reset of “Low” signal that is applied to the ACL terminal after supply voltage returns to rated level.
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PMOS 4-Bit 1-Chip Microcomputer

B Applications )
1. Microwave oven controllers
2. Blood pressure monitors

3. Controllers for home applian

equipment

ces and audio

B System Configuration (Microwave oven controllers)

Fluorescent tube display

© SM-110/SM-115

e e
a0
Segment Figure
Voo signals signals :
2 =R = — Crystal 220 pF°
Key matrix ! s 1 CL, 400 kHz
C - Z = 1IMQ
Von ’ CL T e
‘ ' | sexazzop] )
| | § ACL A=
[ ! gle
- Zyy SM-110/SM-115 1
1kOQ 1 -
—KE, e
: $ Vin 0—9V
) KE, +1()0¢1F
50/(.50Hz KT GND ”L
signal
KIV,KC,KC; P, p, AGND
‘[ 100k | 190k | 100k
- l \%
D = = bh
E £ E ) ::2- o '%"S
S u =z =z o =
4 Na » B
o 2 jes] o w ®
b 3 8 S 2%
873 a <
$E 0° °
=
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PMOS 4-Bit 1-Chip Microcomputer SM-111/SM-116

SM-111/SM-116 Zssmicow
M Description B Pin Connections

The SM-111/SM-116 is a 4-bit single chip
PMOS microcomputer with 4,064 X9 bits of ROM,
192 words of RAM, and A/D converter. It is well
suited for low cost systems requiring many 1/0
control ports.

B Features

. PMOS process
ROM capacity 4,064 X9 bits
RAM capacity 192X4 bits
. Instructions 90
. Subroutine nesting 6 levels
. Input ports 11 bits
. Output ports 35 bits
. Input/Output ports 4 bits
. On-chip clock generator circuit
. Interrupt function
External interrupt 1
Timer interrupt 1
11. 8 bits A/D conversion
12. Internal divider (1/50 or 1/60)
13. High voltage outputs (—35V) 21bits (only
SM-111) '
14. Single power supply —9V (TYP.)
15. Instruction cycle 10 us
16. 60-pins quad-flat package

Top View

CSWOWENDUG A WD -

—
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PMOS 4-Bit 1-Chip Microcomputer

SM-111/SM-116

./ . ]

B Block Diagram

Input Input/Output
Port

Port

Output Port

Decoder (1) | Analog
4:1 Input
4: ® Port
Stack
Register [<—>] PC %(4,0RG(;M>'<9)
(61evels) :
5 —
-]
I S SB DA 5) \ Reference
Q
a 1 Voltage
Control
and Judge RAM
Interrupt (192X 4)
CG
(=}
ACL
D0 Dams 16)-(17
“~—/Vop ACL ——— 2.5kHz —
~ GND Input Port PulseOutput Oscillator
Symbol description
ALU : Arithmetic logic unit PC : Program counter DA : D/A converter
Acc : Accumulator CG : Clock generator X . Temporary register
ACL : Auto clear DIV  : Divider CF . Comparater
C : Carry F/F BwM, BL : RAM address register
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PMOS 4-Bit 1-Chip Microcomputer
y /7 /7 [/ /7 /7 /7 /7 /7 /7 /7 /J 7 /J /7 /7 /7 /7 /

B Pin Description

SM-111/SM-116

Pin name 1/0 Circuit type Function
KE,~KE, I Pull down Acc+KE,~KE,
KH I Pull down HF flag set on 1 ; reset by instruction
KI I Pull down IF flag set on ! ; reset by instruction
KT I Pull down External timer signal input (50 or 60Hz)
KC,~KC, I Analog input or Aoc+KC,~KC,
P,~P, 1/0 Open drain P, ~P,+~Acc )
Q:~Q4 0 Mid voltage™ open drain Q,~Qu+Acc
R;~Ri¢ [0} Mid voltage™ open drain R register output =
Z1~2Z14 0 Mid voltage* open drain Z register output 2 =
T I For test (Connected to Vpp normally) =
ACL [ Auto clear Tr—
F [0} 2.5 kHz pulse output (System clock-100kHz)
P2+ 0 Sync signal output
CL,, CL, For clock oscillation
Vg, AGND A/D conversion standard power supply
Vpp, GND Power supply for logic circuit

% For SM-111, Z: pin only is high voltage.

Bl Absolute Maximum Ratings

Parameter Symbol Ratings Unit | Note
Vopbp —12~+0.3 \4 1
Pin voltage Vin Vpp—0.3~+0.3 \4 1,2
Vour: | Vpp—0.3~+0.3 \4 1,3
Vourz —37~+0.3 \4 1,4
Operating temperature Topr —10~+70 C
Storage temperature T —55~+150 T
Note 1: The maximum applicable voltage on ahy pin with respect to GND.
Note 2: Applied to pins KE1~KEi, KCi~KCi, Pi~Py, KI, KH, KT.
Note 3: Applied to pins F, P1~P1, Z2~Z1.
Note 4: Applied to pins Q1~Q1, Ri~Rus, Z1.
B Recommended Operating Conditions
Parameter Symbol | MIN. TYP. MAX. Unit
Supply voltage Vbp —9.9 —8.1 \Y%
Reference voltage Vg 5/9 Vpp—0. —4.5 \4
SHARP
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- PMOS 4-Bit 1-Chip Microcomputer C . - 8SM-111/SM-116

B Electrical Characteristics (Vop=—9V£10%, Vymax,= —35V, Ta=—=10~70T)
Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
Vim L -2 v 1
Input voltage - Vi — Vopt2 v L
Vi : —0.8 \ 2
Vis . —4.5 \ 2
Vo1 I[,b=—10mA —2.5 \ 3
[SM-111 | Vg, | Connect R,=50k to Vy. Vyt+1 \4 3
Vonz [,=—1mA —2 V- 4
Output voltage I SM-111 Vovz Connect R, =50k Q to Vy. Vyt+1 A% 4
Vous [,=—0.5mA -1 \4 5
Voui [o=—0.2mA —1 \% 6
Vors Ib=10¢A . ‘ Vppt1 v 6
Iin Vin=0V 180 450 A 7
Input current e | Ve=—5V , 900 | 1200 | #A | 8
Output current Iovs Vo=Vopp . -1 HA 5
- Current consumption Ipp 13 30 mA 10
Oscillator frequency fose 400 | kHz 11
A/D conversion linear error Ve=—5V +3 LSB
Vop=—9V
. : Vg=—5V .
A/D conversion zero error Vo= —9V ‘ ‘ +3 LSB
. Vg=—5V
A/D coversion full scale error Vo= —9V +3 LSB
. Vg=—5V
A/D conversion overall error Vo= —9V +3 LSB
Reset time tacL | . At power up .20 " ms 12

Note 1: Applied to pins KEi~KE1, Pi~Pi, KI, KH, KT
Note 2: Applied to pins KCi~KCi. (When used as a digital input), ACL.

Note 3: Applied to pins Ris~R9

Note 4: Applied to pins Rs~R1, Qi~Qu, Zz.

Note 5: Applied to pins P1~P1, Z11~Z1

Note 6: Applied to pin F.

Note 7: Applied to pins KE1+~KE1, KI, KH, KT.

Note 8: Applied to pin Vr. (current flowing into ladder resistance for A/D conversion).
Note 9: Applied to pins Rie~R1, P1~P1, Qi~Q1, Z11~7Z1.

Note 10: Measured in no-load condition.
Note 11: Externally connected to oscillation circuit.
CF : Ceramic oscillator
KBR-400B(made by Kyocera Corp.)
Ri: 1IMQ
Ci1: 220pF, Cz2 : 220pF

Von
CL1 ~ CL: -
o o + 1uF/16
R¢
—VW——o+ ACL
+—l— 56kQ

=c, CF == C,

Note 12: The time for reset of “Low” signal that is applied to the ACL terminal after supply voltage returns to rated level.
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PMOS 4-Bit 1-Chip Microcomputer

SM-114

S M - 1 1 4 PMOS 4-Bit 1-Chip Microcomputer

The SM-114 is a 4-bit single chip PMOS micro-
computer with 4,064 X9 bits of ROM, 192 X4 bits
of RAM, 8-bit A/D converter, timer/counter and

Description

remote control signal receiver.

It is best suited to controllers which measure
temperature and humidity of analog value from a

sensor.

© 0N U A W

10.

11.
12.
13.
14.
15.

Features

. PMOS process

ROM capacity 4,064 X9 bits
RAM capacity 192X 4 bits

. Instructions 92

. Subroutine nesting 6 levels
. Input ports 8 bits

. Output ports 17bits

. Input/Output ports 24 bits
. Timer/counter

7-bit 1

8-bit 1
Interrupt functions

External interrupt 1

Timer interrupt 2
8-bit A/D conversion
Remote control signal receiver
Single power supply —9V(TYP.)
Instruction cycle 10 us (TYP.)
60-pin quad-flat package

B Pin Connections

54
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PMOS 4-Bit 1- Chlp Microcomputer
__——__—_——_——_——__

B Applications

1. Microwave oven controllers

2. Blood pressure monitors .

3. Controllers for home appllances and audio

equipment

B System Configuration (Microwave oven controllers)

Key matrix

Vi

50/60Hz
signal

sM- 111/SM-116 -

Fluorescent tube display
[ .'_7 __
iy :u
Segment Figure
signals signals
Crystal 290 oF
R = R R = Ris | a0okH: " P
1 1
Zs = £5220pF
CL, “H
56 kO o
S N
o
Z1 SM-111/SM-116 N
P
T
KE, 1kQ
S Von + :
KE, 100 uF
KT GND ”L
KI v,kC,KkC;, P, ~ P, AOND
T 100kQ {100k {100k
-1 1 1 — Vi
£Ee 5 88 b
) = = S
> 8 3 H 5§
g £ o I T
S s b
g & =) & o ®a
5 g =) & €
& E < a
L 3 b
&= g
a

SHARP

53



PMOS 4-Bit 1-Chip Microcomputer SM-114

M Block Diagram

Input/Output Port
r A ~N
TION20K2 122 TOKIIX12)(13 SKE6X7K9 T2 3K+ 56H57H58K59 52K53H54)55)
[ ¢ | [ R || [ R3]
29
Instruction 30
Decoder m 31
B
32
H 33
34,
ROM 35
VA $9\ Output
T IF |IF1|IF2 Timer 1 RAM ‘ S9[ Port
| Q
ACL ® rc ‘ i1
INT .
Timer 2 42
$ R15. tmz, 43
0 45
SR J
E DIV CF
COMP
— ok
R(14)
sp L &
RCU ! Al
. 9, nput
CG F HF 50) [ Port
31
D' 1)—(6 46) Q7 28 18)—(14 23 )33 1)—(69) K
—_
Test — F ¢ Vip Input GND Vi AGND
Symbol description Oscillator Input Port Port )
/ALU : Arithmetic logic unit PC : Program counter RCU : Remote control unit
c¢: Accumulator SR : Stack register of program counter . D/A : D A converter
ACL : Auto clcar
C : Carry F F SP : Stack pointer COMP : Comparator
CY : Over flow F F INT : Interrupt control unit DIV : Divider
B : RAM address register . Clock generator Vi : Reference Voltage
CG g
SHARP
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PMOS 4-Bit 1- Ch|p Mlcrocomputer

SM-114

Bl Pin Description

Pin name 1/0 Circuit type ) Function
KCy~KCs4 I ' Analog input or Acc+—KC,~KCj,
KL 1 Pull down ™ For optical remote control circuit
K, KH I _ Pull down™ IF, HF flag set on ! -
KT I Pull down™ , External timer signal input
Py~P; k ‘ . Po~Py .
Qo~Q3 1/0 Open drain/Pull down ™ Acc+— {Qy—~Q3 RO, R1, R3«--RAM
R0,~R3; RO, R1, R3
Zo~7Zs5 0 Open drain/Pull down ™ Can be set, reset individual‘ly
F O Sound output
TA, TB 1 Pull down For test (Connected to Vy,;, normally) .
ACL 1 Auto clear
¢ [0) System clock output
CL,, CL, For clock oscillation
Vg, AGND A/D coversion standard power supply -
Vpp, GND Power supply for logic circuit

*Mask option

B Absolute Maximum Ratings

Parameter Symbol Ratings Unit Note
Vop —12~+0.3 \4
Pin voltage Vi |(Vpp—0.3)~+0.3 \% 1
VOUT (V[)D—O.3)~ +0.3 \%
_Operating temperature Topr —10~+70 C
Storage temperature Tog —50~+150 T
Note 1: The maximum applicable voltage on any pin with respect to GND.
B Recommended Operating Conditions
Parameter Symbol | MIN. TYP. MAX. Unit
Supply voltage Vobp —9.9 —8.1 v
Reference voltage Vi —45 5/9Vpp=0.2 \4
SHARP -
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PMOS 4-Bit 1-Chip Microcomputer

B Electrical Characteristics

SM-114

(Vee=—9V£10%, Ta=—10~707T)

.. Ratings .
Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
Vi —1 \'A 1
Vi Vppt1 \
Vinz -2 v
Input voltage Vie Voo 1 v 2
V1"3 - 08 V 3
ViLg Vppt1 \4
Voui [ob=—2mA —1 \ 4 =
Vo | lo=20pA Vpp+1 [Vpp+1.5 V 25
Output voltage Vors lo= —2mA _— v :
Vor: | R.=50kQ Vop+1 \% o E—
Input current Ty Vin=0V 180 £A 6
Ig Vg=—5V 500 900 HA 7
Current consumption Iop 20 mA 8
Oscillator frequency fosc 400 kHz 9
A/D conversion linear error Veg=—5V +3 LSB
A/D conversion zero error Vg=—5V +3 LSB
A/D conversion full scale error Ve=—5V ' ) +3 LSB

Note 1: Applied to pins RO3~R0o, R13~R10, R2:~R20, R33~R30, Ps~Po, Q3~Qo

Note 2: Applied to pins KI, KH, KL, KT -

Note 3: Applied to pins KC:~KCo (when used as a digital input), ACL.

Note 4: Applied to pins RO3~R0o, R13~R1o, R23~R20, R33~R30, P3~Po, Q3~Qu, Z15~Zo, F
(when an internal pull-down resistance is attached to R, P, Q, and Z)

Note 5: Applied to pins RO3~R0o0, R13~R10, R25~R20, R33~R30, Ps~Po, Qs~Qo, Z15~Z0o
(when an internal pull-down resistance is not attached).

Note 6: Applied to pins RO3~R0o, R13~R10, R23~R20, R33~R30, Ps~Po, Qs~Qu, KI, KH, KL, KT
(when an internal pull-down resistance is attached)

Note 7: Applied to pin Vr (current folwing into ladder resistance for A/D conversion)

Note 8: Measured in no-load condition.

Note 9: Externally connected to oscillation circuit

CL: CL:
R¢

0 Ri=1MQ
C1=220pF

c c
ll I ? Co=220pF
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PMOS. 4-Bit 1-Chip Microcomputer ‘ o  SM-114

B System Configuration (Controllers)

Control signals  Control signals

Al
- Y

R33 ~ R30 R23 ~ R2 Zo ~ Zo
E §
<«——1R1y
~<——R0;
Control signals < i §
-] RO, -
— KTfe——
| : SM_»1'14 Kl fe—m Sensor input 1
! KHfe———
L <
KCs D EEEE—
. <———F '
Optical remote KL .y 1 Sensor input 2
control input KC | (analog input)
AGND I ,
GND
TB Vife—0O Vi
TA vy, ACL CL; CL,
220pF
To Vop
KBR-
M@ £ 4008
220pF/

—_ SHARP
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PMOS 4-Bit 1-Chip Microcomputer

S M - 1 20 PMOS 4-Bit 1-Chip Microcomputer

H Pin Connections

B Description

The SM-120 is a 4-bit single chip PMOS micro-
computer with 1,536 bytes of ROM, 64 words of
RAM, and a 17-stage divider. It is well suited for
low cost systems requiring many I/O control ports.

B Features

. PMOS process

. ROM capacity 1,536 X8 bits

RAM capacity 64 X4 bits

. Instructions 54

. Subroutine nesting 2 levels

. Input ports 9 bits

. Output ports 26 bits

. External ROM expandable (512 X8 bits)

. On-chip clock generator circuit

. Internal 17-stage divider with reset (timer cir-
cuit) ‘

11. Alarm sound generator circut

12. High voltage outputs (—38V) 19 bits

13. Single power supply —9V (TYP.)

14. Instruction cycle 10 us

15. 44-pin quad-flat package

WO U A WD~

—

SM-120

SHARP
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LFALAAGRAdA R
[53 72 [51] [50 [4 B8] [77] (79 23] Fa) 3
O
O EE - W E G
sggxoggﬁaaa

22 F

2 B1o

120§ B11
[19) B12
18 B1s
17 0SCout
[ 0SC i~
5] S7
4] S6

13 ss
S4

Top View

[ro]
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PMOS 4-Bit 1-Chip Miérocomputer ' e . SM-120

. , - . N N L . A . N . . - .

B Block Diagram

Output Port Output Port

ACL @ RAM —(39) Test

(64%x4)
I ID
' <) Input

PI
ROM [x@] [st®] | rp |
(1,536X8)
5) Output
H(2) | L(4)
PC(11)

| |

ALU

SRi(11) m

SRz(11)

Qutput Port

> Input Port

Output @={F |< I-_J“’]
16 —I V ]
| Osci]lator{%Z CG [ DIV (3) |- DIVi(10) || D1v0(4

Symbol description ) .
ALU : Arithmetic logic unit SRi1, SR: : Stack register of program counter

Acc : Accumulator DIV, DIVy, DIV: : Divider
ACL : Auto clear CG : Clock generator
PC : Program counter H,L . RAM address register

_ SHARP
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PMOS 4-Bit 1-Chip Microcomputer SM-120

M Pin Description

Pin 1/0 Type of circuit Function
Pjo—~P;3 I Pull down Acc+P1o~Pi3
Pyo~Pos I Pull down Acc+Pyp~Py3
PI 1 Pull down PI flag set by 1, reset by command
B;p~Bi3 [0} Pull down Bi1o~Bi13+—Acc
R 0 Pull down Possible to set, reset, or CE signal output
(0] [0} Pull down Possible to set and reset
So~S, 0 Open drain Display segment signal output or internal ROM
data output
Dy~Dp (6] Open drain Display digit signal output
F (6] Pull down Alarm sound output
T I Pull down For test
ACL I Pull down Auto clear
OSCin, OSCout Clock oscillation
Vpp, GND . Power source for logic circuit

Bl Absolute Maximum Ratings

Parameter Symbol Rating Unit | Note
Vob —20~+0.3 \% 1
R Vin —20~+0.3 \Y% 1,2
Pin voltage Vours | —20~403 | V|13
Vourt? —40~+0.3 \Y% 1,4
Operating temperature Topr —10~+65 T
Storage temperature Tote —55~+150 T
Note 1: The maximum applicable voltage on any pin with respect to GND.
Note 2: Applicable to inputs
Note 3: Applicable Pins Bio~Bui3, O, OSCour, R, F
Note 4: Applicable Pins Do~D1o, So~S7
M Operating Conditions
Parameter Symbol | Specified value Unit | Note
Supply voltage Voo —81~—9.9 \4 )
Oscillator frequency fosc 300~800 kHz 5

Note 5: Frequency supplied to OSCiv Pin.

SHARP
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PMOS4-Bit 1-Chip Microcomputer e ~ SM-120

B Electrical Characteristics L (Vop=—9.0£10%, Vy=—36V, Ta=—10~+65T)
Parameter - Symbol Conditions . MIN. TYP. MAX. Unit | Note'
Vini ) : —3.5 \% 6
Input voltage Vi, —7.0 v
, Vinz - —15 % .
Vi ' —7.0 % :
iy Vin=GND 200 A 8
Iy Vin=Vpp - —10.0 #A
Luz | Vin=GND 700 A
Input current. e Vin=Von - 100 A 9
Ims | Vin=GND 5.0 eA | o
Iis Vin=Vbp ; . —10.0 sA
Voni Iog=—6.0mA —2.5 \ 11
Vo1 R. =50k} connected to Vy Vyt1.0 \4
Vouz | lon=—2.0mA —2.0 v 12
Vouz RL=50k connected to Vy Vy+1.0 \%
Vons Iog=—0.5mA —3.0 \
‘ VoLs Iop=50 A Voot 1.5 \Y
Output voltage - Vous [oL=200 xA " [Vppt+3.00 V
: Voua | lon=—1.0mA —1.5 v
VOLA IOL=5O /IA Vpp+ 1.5 \Y% 14
Vot | Ioo=200 zA Vpp+3.00 V
Vons | lon=—1.0mA —15 | . v
Vous | loo=100 zA ~ Vopt+1.5 V 15
Viors | Ioo=300 pA Voo +3.00 V
Current consumption Ipp 20 mA

Note 6: Applicable pins Pio~Pi13, P2o~Pa23

Note 7: Applicable pins PI, ACL, OSC, T

Note 8: Applicable pins Pio~Pis, P2o~P23, PI, T
Note 9: Applicable pin ACL

Note 10: Applicable pin OSCiv .

Note 11: Applicable pins Dio~Di3

Note 12: Applicable pins So~S7

Note 13: Applicable pins Bio~Bi3, F

Note 14: Applicable pins R, O

Note 15: Applicable pin OSCout
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PMOS 4-Bit 1-Chip Microcomputer SM-120

B Applications

1. VTR timer
2. Electronic home appliance controller
3. Game machine

B System Configuration (for 5 X 7 dot matrix fluorescent display tube drive)

5X7 dot matrix fluorescent display tube

27kQ 2 27kQ £ 10kQ 10kQ
lPower for display Crystal ‘t—’W\'— —36 Vo—\W\—
—36V 524.288kHz — 36V
2.2kQ,, 470pF
.- 05Cour Pt b ©
_?_ - R
0SCix | D;;~Dis ~ Dp ~Dss

Ao

Do SO
SM-120 S 27““% S L12048

(Dot matrix driver)

» A
ACSL7 27k !
D1o 33 Viyn GND
A AREN Py ~ Py3 Pyg ~ Pp3 GND Vi +/_z.F
—e-- - o +
- - [e]
' -9V
' |
1 i
| |
- — 0O O
Key matrix
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NMOS4-Bit 1-Chip Microcomputer e SM-200

S M - 2 00 NMbs 4-Bit 1-Chip Micr&computer

Bl Description

The SM-200 is 4-bit single chip NMOS micro-
computer with 3,072X9 bits of ROM, 132 words of
RAM, automatic display circuit, and a 16-stage
divider. It is well suited for low cost systems re-
quiring many I/O control ports.

Features

. NMOS process

. ROM capacity 3,072 X9 bits

. RAM capacity 128X4+16 bits

. Instructions 100

. Subroutine nesting . 3 levels

. Input ports 10 bits

. Output ports 37 bits

. Input/Output ports 4 bits

. Enable 8 bits parallel input/output

. Externally ROM/RAM expandable

. External interrupt function

. Internal 16-stage divider with reset
(timer circuit)

13. Serial interfaces 8 bits - -

14. On-chip clock generator circuit

15. Single power supply 5V (TYP.)

16. Instruction cycle 10 s

17. 60-pin quad-flat package

WO OO0 O W+

— =
N = O

-SHARP
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NMOS 4-Bit 1-Chip Microcomputer SM-200

B Pin Description

Pin 1/0 Type of circuit Function
Ko~K3 I Pull down Acc; < Ky~Kj3
N I Set by 1, reset of after test instruction execution
Is I Internal clock period type, test possible
CT I Open For pulse count per unit time
Pull down Acc;+P,o~Py3, Instruction code input for external
Pio~Pi3 I ROM
. Accy +Pyo~Py3, Instruction code input for external
Pzo~P2s o Pull down for input ROM data transter from/to RAM for external RAM
RW 0 Set, reset by instruction ; chip select for external ROM
Connected to RW pin for external RAM
oD 0 Set, reset by instruction ; Instruction code input for
external ROM ; connected to OD pin for external RAM
Eo~E3 0 Ey~Ez+Acci
Bio~Bis ] Bio~Bis+Acc 2
Bio~B2s 0o Byo~Bas+—Acce
0,~03 (6] Set, reset by instruction
Do~Dy, 0 Display digit signal output ; Address signal output for
external ROM, RAM
0o~0-, [0) Display segment signal output
F 0. Alarm sound output -
INT 1 Pull down Set of INT F/F by 1
ACL 1 Pull down Auto clear
0OSCyn, OSCour Clock oscillation
Vpp, GND Power supply for logic circuit

B Absolute Maximum Ratings

Parameter Symbol Ratings Unit | Note
P 1t: 1
1n volttage Ve | —05~Vpot03| V
Operating temperature Topr —10~+65 T
Storage temperature Toie —55~+150 T

Note 1: The maximum applicable voltage on any pin with respect to Vss (GND)

Bl Operating Conditions

Parameter Symbol | Specified value Unit
Supply voltage Vbp 4.5~5.5 \Y
Oscillator frequency fosc 262.144 kHz
SHARP
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NMOS 4-Bit 1-Chip M|crocomputer T : - SM-200

B Block Diagram

Divided
Display Segment Output Display Digit Output Interrupt Frequency

A " ~Input Output

0@0@@@@@0990600@@@@@ ), (1)

{  spreLa)- | (] DD J]INT
) FF(4)
S(4) | DP] ST(4) ‘
o . ] f1 f3 fo f10 2
Osci- ’
CG DIV3(2)

{8 [orv.z] T Do | |5
Pulse (3 .
Input . fl‘o ff ' F“ @ Vop

PC(12). —
DIV:(6) | DIVi(4) DIVo(4) [_Ec @)
\ P3
[o] o) SR1(12) 1O | .
Input 4 SR2(12) ) 4
Port L 1D I " SRs(12) . }é
‘ — @] 2
P @
.
9 c |[1e] [H)] [Lo] (@) |
1/0 ) ® Aces Y S DY)
Port 0 (4) (4)
< <~ :
®@ ROM (3,072x9) | | | RAM
(128x4+16) ACL=<-(3)ACL
10 @=r D] . ; ’
_ Output (53) R/W
] 30 o] [0
- ()—63) @'@ @'@ @'@'@'@ (B—(—®)
Input Port Output Port —
Asynchronous ' Output
Input ) )
Symbol description
ALU . Arithmetic logic unit CG : Clock generator
Acey, Accs. : Accumulator DIV : Divider
ACL . Auto clear H,L : RAM address register
C . Carry F/F SD : Segment decoder
PC ! Program counter DD : Digit decoder
SRi, SRz, SR3 : Stack register of program counter X,Y : Temporary register
SHARP.
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NMOS 4-Bit 1-Chip Microcomputer ' SM-200

B Electrical Characteristics (Vop=5V, Vss=GND, fo5c=262kHz, Ta=25T)
Parameter Symbol Conditions MIN, TYP. MAX. Unit. | Note
Vin 2.4 5 \4 2
Input voltage Vi : 0 0.5 v
Vinz 2.4 5 \' 3
ViLs 0 0.6 \%
Iy Vin=5V 15 50 pA 4
Ly Vin=GND -1 —10 HA
Linz Vin=5V 1 10 HA
5 gE————
Input current Iie Vin=GND -1 —10 A ——
. Ling V=5V 5 25 pA 6 2 =
Tiga 15 50 rA =
7 S—
IiLa #A
Vou loy=10 xA 3.6 5 \4 )
Vont Iop=0.2mA 2.4 5 \Y 8
Vour | IoL | =0.15mA 0 0.5 v
Vouz lon=25 A 3.6 : 5 \
V'onz lon=0.6mA 2.4 5 \Y 9
Voo | |l | =0.25mA 0 0.5 v
Vous lon=10 pA 3.6 5 N
V' ons Iop=0.4mA 2.4 5 \4 10
VoLs | IoL | =0.3mA 0 0.5 v
Output voltage Vons lon=10 pA 3.6 5 \
V'oua lon=0.3mA 2.4 5 \4 11
Vova | Io. | =0.3mA 0 0.5 v
Vous Ioy=10 xA 3.5 5 \Y
Vous lop=0.3mA . 2.4 5 \Y 12
Vous | IoL | =50 A 0 0.5 \Y
Vous | lon=0.2mA 2.4 ‘ 5 \ 13
Vors | |lop | =0.25mA 0 0.5 i
Vou7r [op=0.15mA 2.4 5 \4 14
Vorz | |lop | =0.15mA 0 0.5 i
Vous loy=50 A 3.6 5 \% 15
Vois [Ioo | =50 A , 0 0.5 v
Current consumption Ipp Open all input and output pins 32 56 mA
Note 2: Applicable pins Pio~Pi3, Ji~Jz, INT, CT, ACL, P20~ Note 9: Applicable pins So~S7
P23 in input mode, OD in input mode. Note 10: Applicable pin RW
Note 3: Applicable pins Ko~K3 Note 11: Applicable pin F
Note 4: Applicable pins Pio~P13, Ko~K3, J1, J2, INT, P20~P23 Note 12: Applicable pins Do~D11 -
in input mode, OD in input mode Note 13: Applicable pin OD in output mode
Note 5: Applicable pin CT Note 14: Applicable pins P20~P23 in output mode
Note 6: Applicable pin OSCjy Note 15: Applicable pin OSCout
Note 7: Applicable pin ACL
Note 8: Applicable pins Bio~Bis, B2o~Bz23, Eo~E3, 01~03
B Applications
1. General-purpose program timer 6. Copy machine controller
2. Controllers for electronic home appliances, 7. Vending Machine
Audio equipment, Office machines 8. Radio cassette tape recorder and PLL controller
3. Door chime, Home security system 9. TV remote control and channel controller
4. Hand-held calculator with printer
5. Cash register
SHARP
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CMOS 4-Bit 1-Chip Microcomputer

s M -4A CMOS 4-Bit 1-Chip Microcomputer

Description

The SM-4A is a 4-bit single chip CMOS micro-
computer with 2,268 bytes of ROM, 96 words of
RAM, a 15-stage divider and 68-segment liquid
crystal driver circuits. It is well suited for ap-
plications of low power hand-held equipment with
many liquid crystal display segments.

10.
11.

12.
13,
14.
15.
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Features

. CMOS process

ROM capacity 2,268 X8 bits

. RAM capacity 96 X4 bits

. Instructions 54

. Subroutine nesting 1 level

. Input ports 6 bits

. Output ports 40 bits

. Input/Output ports 4 bits

. On-chip 50-stage divider with reset

(timer circuit)

External RAM driver (256 X4 bits)

Direct LCD driver circuits (3V, 1/2 duty,
1/2 bias and 68 segments MAX.)

Standby mode (10 A current consumption)
Single power supply —3V (TYP.)
Instruction cycle 61 us

60-pin quad-flat package
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CMOS 4-Bit 1-Chip Microcomputer ' SM-4A

B Block Diagram

" Segment Output
A
r N\
LCD Driver 3
Segment [ woe | | wse) ]
Output A . r i
‘ ‘-—l W' (9) I—I—-[ Ws' (9) —¢
2| |s
-BM(4) -BL(4) ~PHE P
GND = E >Segment
-V Output
Output ROM \ﬁLU / RAM »ﬁ .
Common (2,268x8) (96 4) —
Output
) ~ —~
Vi [cHac@] [oivas) N 1
Voo (6) 7 = =
: I I /
Output LH cx[ Ce] Ca] Pu@)] Piio)) |
Port ’
. I Cs I SU(4)ISL(6)| 16) ACL
W_/
1/0 Port ;\synchronous Input Port Oscillator  Test
nput
Symbol description
ALU ! Arithmetic logic unit Bwm, BL : RAM address register
Acc : Accumulator DIV . Frequency divider
ACL . Auto clear PLA : Programable logic array
(o} : Carry F/F CG : Clock generator
Cx, Ca, Pu, PL : Program counter Wi ~Ws, W1’ ~W,’ . Static shift register
Cs, Su, S : Stack register of program counter

SHARP

70



CMOS 4-Bit 1-Chip Microcomputer SM-4A

B Pin Description

Pin /0 Type of circuit Function
K,~K, I Pull down Acc+K;~K,
a ! Pull down Set by 1, reset after test instruction execution
B 1 Pull down Input signal is held for 1 instruction, test possible
DIO, ~DIO, 1/0 3-state output ) Acc++DIO, ~DIO,
R;~R, 0 Complementary R;~Ry+Acc
011~04s 0 Output of W and W’ registers’ content ; used for LCD
0S,, 0S, segment output
3-state level output possible, used for LCD common s
H,, H, 0 2 =
output =
BA I Pull up For low voltage detection circuit =
T,, T» I For test (usually connected to Vpp) E———
ACL 1 Auto clear
OSCry, OSCout For clock oscillation
Vum Power supply for LCD driver
GND, Vpp Power supply for logic circuit

B Absolute Maximum Ratings

Parameter Symbol Ratings Unit | Note
Vob —3.5~+0.3 \
Pin voltage Vum —3.5~+0.3 v 1
Vin Vpp—0.3~+0.3 \
Operating temperature Topr —5~+55 T
Storage temperature T —55~4+150 T

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

B Operating Conditions

Parameter Symbol | Specified value Unit
Supply voltage Vb —3.2~—26 \4
Supply voltage Vum Vop/2 (TYP) \4
Oscillator frequency fosc 32.768 (TYP.) kHz
SHARP
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CMOS’A—BiH-Chip Microcomputer ‘ ‘ oL . SM-4A

B Electrical Characteristics : (Vop=—3.2~—26V, Ta=25T)
Parameter ' Symbol Conditions - MIN. TYP. | MAX. Unit | Note
Vi , —0.6 \ 2
Input voltage Vi Vop 0.6,V
put voitag Vine ~ —0.3 v s
Viez _ Vpp+0.3] V -
Vorr | lour=50 pA to Vpp —0.5 \% 4
VOLI i IOUT=5 ,UA to GND - . ) VDD+ 0.5 \4
VOHZ IOUT=50 /IA to VDD - —0.5 \Y 5
Vors | lour=30 #A to GND Voo 0.5 v
Vous Iour=50 #A to Vpp —0.5 \4
Output voltage Vors | lotr=50 zA to GND Voo t05 V| °
Voa No load‘ —0.3 ) \%
Vos Vpp=—3.0V —1.5 \4 7
Voe Vu=—15V —2.7 \Y%
Iso | Vour=—0.2V 100 A
Output current ‘ T Vour=Vpp+0.2V 100 ‘ A 8
. Ipa In full-range operation 50 100 HA
Current consumption Ips When system clock is stationary 10 20 pA

Note 2:  Applicable pins K1, Kz, K3, Ki, «, 8
Note 3: Applicable pin ACL

Note 4: Applicable pins O48~O11, Os1, Os2
Note 5: Applicable pins DIO1~DIO1

Note 6: Applicable pins Rz, Rs, Rs

Note 7: Applicable pins Hi, Hz

Note 8: Applicable pin R1
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CMOS 4-Bit 1-Chip Microcomputer : SM-4A

Bl Applications

1. Hand-held calculator with clock function

. High-quality clock '

. Cash register

. General-purpose timer

. Electronic scale

. Game machine

. Vending machine

. Controllers for electronic home appliances
and audio equipment

00 =\NO O Wi

B System Configuration (for radio PLL controller)

LCD
DC voltage cutout 0.02/1F%..Ii. ——————
Band selection Hi He 0s, 32.768kHz 22 pF
- 0SCour Tﬂ-—
BA = Crystal
0SCix
Tape stop «—R; 15pF | 100 Q
i By GND fo0xa| 4 L
Various controls{ b gf SM-4A Vu . ++10 10 4F J_SV
PLL latch «——{DIO; vy 3; . A3
PLL shift register clock<——DIO: 0.33
PLL shift register data <——{DIO; ACLb—AH—
MUTE «<——]DIO,
K; K4

Station location
e
Yo o=
=
Tape stop N N
Search stop———>®
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CMOS 4-Bit 1-Chip Microcomputer : - ' L . SM-5A

S M‘5A CMOS 4-Bit 1-Chip Microcomputer

M Description W Pin Connections

The SM-5A is a 4-bit single chip CMOS micro-
computer with 1,827 bytes of ROM, 65 words of
RAM, a 15-stage divider and 72-segment liquid
crystal driver circuit. It is well suited for ap-
plications of low power hand-held equipment with
many liquid crystal display segments.

B Features

. CMOS process

. ROM capacity 1,827 X8 bits

. RAM capacity 65X4 bits

. Instructions 51

. Subroutine nesting 1 level

. Input ports 6 bits

. Output ports 42 bits

. On-chip 15-stage divider with reset:
(timer circuit)

. Direct LCD driver circuit
(3V, 1/2 duty, 1/2 bias and 72 segments
MAX.)

10. On-chip crystal-controlled oscillator
(32.768kHz) ) ,
11. Standby mode (10 xA current consumption)
12. Single power supply —3V (TYP)

13. Instruction cycle 61 us
14. 60-pin quad-flat package

0030 U1k WK =

©
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CMOS 4-Bit 1-Chip Microcomputer SM-5A

B Block Diagram

Segment Output
- A Y
(O DD--U-EHE-1-HID-ID-1-1D-EHH-(-1)-(D-(x)
G) I LCD Driver
s | O T f
egmen W W: N
Output 0. | +(9) l I 3(9) J O,
@ [ ®
.. =T ]—r—>| wi'(9) |+ &)
2| |= ©)
N e Y e
N R e R e i WO
\4 | Q) >Segment
ROM ALU RAM ._3: — (5) ( Output
1,827 x
Common @. ( 8) (65%4) ] )
Output (30) - . O
=z
W @ Br (2} [CHacc®)] [ DIvas) i_,gz_. ©
Voo @) . & = ©
® W 60
GND{ [cafca] Pu¢<4>IPL<e>I T — ’
@
Test< (@) \/ Cs | Su(4)|SL(6) ACL ) ACL
® Y | CG
a K(4)
BOBOD— OO D@DE %6
— —_—— ——
Output Asynchronous Input Port Oscillator
Port Input
Symbol description
ALU : Arithmetic logic unit Cy . Carry F/F
Acc : Accumulator Ca, Cs, Py, PL . Program counter
CG : Clock generator Cs, Su, SL . Stack register of program counter
ACL : Auto clear W1~Ws, Wi’ ~W,' © Static shift register
DIV : Frequency divider Bwm, BL . RAM address register
C ! Carry flag
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CMOS 4-Bit 1-Chip Mlcrocomputer
__—_-—__———-———__— N

B Pin Description

SM-5A

Pin 1/0 Type of circuit Function
K,~K, I Pull down Acc+K,~K,
a,p I Pull up Independent test possible
0;1~048 Output of contents of W and W’ registers ; used for out-’
Og;~0g4 0 put of LCD segment
) 3-state level output possxble ; used for LCD common
H,, H, 0
output
— R1~R4*—Acc, Rl"-Control output or alarm sound
R;~R, 0 .
output
T_p I For test (usually open)
T_l, T—z I For test (usually connected to GND)
ACL 1 Auto clear o
'0OSCin, OSCour X For clock oscillation
Vi Power supply for LCD driver
VDD, GND Power supply for logic circuit

B Absolute Maximum Ratings

Parameter Symbol Rating _| Unit | Note
Vb —3.5~+0.3 \
Pin voltage Vum —3.5~+0.3 \% 1
: Vin Vpp—0.3~+0.3 \
Operating temperature Topr —5~+50 c
Storage temperature Tote —55~+150 T

Note 1:

B Operating Conditions

The maximum applicable voltage on any pin with respect. to GND (GND=0V)

Parameter Symbol | Specified value Unit
Supply voltage " Vpp —3.3~—2.7 \4
Supply voltage Vum Vpp/2 (TYP.) \4
Oscillator frequency fosc 32.768 (TYP.) kHz
SHARP
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CMOS 4-Bit 1-Chip Microcomputer SM-5A

B Electrical Characteristics (Vop=—3.0V£10%, GND=0V, Ta=25)
Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
Viu —0.6 \%
Input voltage Vi Voot 0.6 v 2
Iin1 Vin=0V 15 pA 3
Input current g Vin=—3.0V 1.5 LA
' Linz V=0V 1 #A 4
Ii2 Vin=—3.0V 1 HA
Voui lour=30 pA to Vpp —0.5 \ 5
Vori Iour=10 x«A to GND Vppt 0.5 \4
Vonz Ioyr=100 uA to Vpp —0.5 \% 6
Output voltage Vouz Iour=100 u«A to GND Vpp+0.5) V
Voa —0.3 . 0 \4
Vo No load Vyy=—1.5V —1.8 —1.5 —1.2 \4 7
Ve —3.0 ' —2.7 \4
Current consumption Ipa In full-range operation 50 100 HA 3
Ips When system clock is stationary 10 20 HA
Oscillator start time Tosc 2 5 S 9
Note 2: Applicable pins K1, K2, K3, K4, @, 8, ACL
Note 3: Applicable pins K1, K2, K3, Ks ® H,,H: waveform

Note 4: Applicable pins @, 3

Note 5: Applicable pins Os1, Os2, Os3, Os,O4 =y p—yoo--—--—-—- Voa
Note 6: Applicable pins R1, Rz, R3;, R+ | 1 L Von
Note 7: Applicable pins Hi, He . | I | I

Note 8: Mean current consumption at 32.768 kHz Voc

Note 9: Oscillating circuit constant

® Oscillator circuit

0SCix  0SCour ACL

P

Oscillator circuit constant
CD=CG=15“‘20#F
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CMOS 4-Bit 1-Chip Microcomputer R 'SM-5A

B Applications

Hand-held electronic calculator with clock
High-quality clock

Cash register

Hand-held electronic culculator with printer
POS terminal

Electronic scale

Game machine

Vending machine

Controller for electronic home appliances and
audio equipment

RN AN

B System Configuration (for LCD game machine)

DC voltage cutout 0.02uF

IIT |
IT - 20 pF

H, H © 132.768kHz
v 0. 0SCocr

S Crystal
0SC —4 R _
W A5 pF
GNDf———-
R 15V 10 »F
‘Piezoelectric buzzer =3 SM-5A Vu ISHV-— -I- Jy

To[=]
T - ACL

0.33 uF
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CMOS 4-Bit 1-Chip Microcomputer

S M - 5 L CMOS 4-Bit 1-Chip Microcomputer

Bl Description

The SM-5L is a 4-bit single chip CMOS micro-
computer with 1,827 bytes of ROM, 65 words of
RAM, a 15-stage divider and 72-segment liquid
crystal driver circuit. It is well suited for ap-
plications of low power hand-held equipment with
many liquid crystal display segments.

B Features

. CMOS process
. ROM capacity 1,827X8 bits
RAM capacity 65X4 bits
. Instructions 51
. Subroutine nesting 1 level
. Input ports 6 bits
. Output ports 42 bits
. On-chip 15-stage divider with reset
(timer circuit)
9. Direct LCD driver circuit (3V, 1/2 duty, 1/2
bias and 72 segments MAX.)
10. On-chip crystal controlled oscillator
(32.768kHz)
11. Standby mode (2.5 gA current consumption)
12. Single power supply —3V (TYP.)
13. Instruction cycle 61 us
14. 60-pin quad-flat package

0N O W
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CMOS 4-Bit 1-Chip Microcomputer ) T " SM-5L
-———————-——-—_____

B Block Diagram

Segment Output
A

LCD Driver
Segment 3 )
- L wo | L wo 1
~ w0 —I_T.l w9 —+| |
‘ 2| |s
Ny N P
Potential DDC V4 : S
Application ROM \_ ; RAM bﬂf | ] >Osf::1etnt
(1,827x8) (65 x4) — !
Common E —~
Output Acc(4)] | DIV(15) 3_
—& =
Voo () I I
Cp| Ca | Pu(4)|PL(6)
oxD { (<] . I LT |
e © ] o

—(23)(22
Output Asynchronous Input Port Oscillator
Port Input
Symbol description )

ALU : Arithmetic logic unit Ca, Cs, Py, PL . Program counter
Acc : Accumulator Cs, Su, SL . Stack register of program counter
CG : Clock generator Wi~Ws, W1’ ~Ws' [ Static shift resister
ACL : Auto clear Bwm, BL : RAM address register
DIV : Frequency divider DDC . LCD supply voltage generator

C : Cax:ry F/F
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CMOS 4-Bit 1-Chip Microcomputer ‘ SM-5L

B Pin Description

Pin 1/0 Type of circuit Function
K;~K,4 I Pull down Acc+—K,;~K,
a pB 1 Pull up Independent test possible
0;;~04s 0 Output of contents of W and W’ registers ; used for out-
Os;1 ~0s4 put of LCD segment
3-state level output possible ; used for LCD common
Hy, Hp 0
output
— = R—l~R_4<—Acc, I?T-“Control output or alarm sound
R;~Ry 0
output
T_p I For test (usually open)
T_l, T_z I For test (usually connected to GND)
ACL I Auto clear
OSCin, OSCour For clock oscillation
Vu Power supply for LCD driver
Voo, GND Power supply for logic circuit
H Absolute Maximum Ratings
Parameter Symbol Rating Unit | Note
. Vob —3.5~+0.3 \
Pin voltage Vi Vor—03~+03 v 1
Operating temperature Topr —5~450 T
Storage temperature Tetg —55~+150 C

Note 1: The maximum applicable voltage on any pin with respect to GND (GND=0V)

" Ml Operating Conditions

Parameter Symbol | Specified value Unit
Supply voltage Vobp —3.3~—27 \Y%
Oscillator frequency fosc 32.768 (TYP.) kHz
SHARP
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CMOS 4-Bit 1- Chlp Microcomputer ‘ ‘ . - SM-5L
——-—_______——_———_

B Electrical Characteristics \ (Vop=—3.0V+10%, GND=0V, Ta=25T)
" Parameter Symbol Conditions MIN. | TYP. MAX. Unit" | Note
Input voltage : Y/i: — - 0.6 Vo 0. z 2
. ( Tin . 15 pA 3
Input current Lo ) ! HA 4
Lins 3 A 5
Voui lour=30 #A to Vpp —0.5 \ 6
Vor1 Iour=10 uA to GND Vppt0.5] V
Vonz Iour=100 #A to Vpp —05 \4 7
Output voltage Vorz | loyr=100 A to GND Vopt0.5  V ,
Voa —0.3 \
Vop No load Vy=—1.5V —1.8 —1.2 \4 8
Voc —2.7 \A
Vm C,=C,=0.1 uF —1.8 —1.5 —1.2 vV 9
Current consumption Ipo In Full-range operation ) . 50 100 HA 10
Ip When system clock is stationary| 2.5 5 #A
Oscillation start time Tosc : 2 5 S 11

Note 2: Applicable pins Ki~Ki, «, 8, ACL
Note 3: Applicable pins Ki~Ki

Note 4: Applicable pins @, B
"Note 5: Applicable pin ACL )
Note 6: Applicable pins Os1~Os1, Oy (i=1~4, j=1~38) e Waveform of H;, H,
Note 7: Applicable pins Ri~R: .
8
9

Note 8: Applicable pins H,, = e e Voa

Note 9: Applicable pin Vm ) ———mmm Vou

Note 10: Mean current consumption at 32.768kHz S

Note 11: Oscillating circuit constant Cc, Co=15~22pF

¢ Oscillation circuit, Intermediate potential

generator circuit
OSCI\ OSCULT

Crystal Ve :’T.“ Aj-L
" ;'_0 47 uF

22 pF G 22pF 01”F01uf';'—
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CMOS 4-Bit 1-Chip Microcomputer

Bl Applications

1. Digital watch
2. Game machine

3. Controller for electronic home appliances and

audio equipment

4. Hand-held electronic calculator with clock

B System Configuration

LCD

DC voltaée

H,
H,
R,

K,
K,
Ks

L Bﬂﬂeq '—1_‘

cutout 0.02uF Crystal

- rysta F

0ij (36 lines) 0SCour —— 2222::
p!

=
0SCix |4
ACL [
SM-5L GND 3V
Vi | t—

Vyp——
Vi 101

Ki « BTITZEEE V2J0.1#F

!

{7

77| | i

For control

»

Vb
Key matrix

SM-5L
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CMOS 4-B|t 1- Chlp Mlcrocomputer

| SM-500

S M - 5 OO CMOS 4-Bit 1-Chip Microcomputer

B Description
The SM-500 is a 4-bit single chip CMOS micro-

computer with 1,197 bytes of ROM, 40 words of

RAM, a 15-stage divider and 40-segment liquid
crystal driver circuits. It is well suited for applica-
tions of low cost, low-power hand-held equipment
with liquid crystal display.

B Features

. CMOS process

. ROM capacity 1,197 X8 bits

. RAM capacity 40X4 bits

. Instructions 52

. Subroutine nesting 1 level

. Input ports 6 bits

. Output ports 26 bits

. Input/Output ports 8 bits

. On-chip 15-stage divider with reset
(timer circuit)

. Direct LCD driver circuit (3V, 1/2 duty, 1/2
bias and 56 segments MAX.)

11. On-chip crystal controlled oscillator

(32.768kHz)

12. Standby mode (3 x#A current consumption)

13. Single power supply —3V (TYP.)

14. Instruction cycle 61 us

15. 48-pin quad-flat package

O 00 J0 O+ Wi+

—
o

84
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Top View
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CMOS 4-Bit 1-Chip Microcomputer ’ ' SM-500

B Block Diagram

Segment Output
- A .
P P PP LYY TRy
I LCD Driver I_
[ wo) | | wo | | wo | [ W |
[-| W (1) | l-| Wa' (7) | rLWz'U) | l——| W (1) |
Vu (19 I Kr
Vop (6 ——-’I Decoder I (4)
> ROM )
GND< 31 (1,197 x8) } I/0 Port
Test (5 RAM Ks
1 (4x10x4) (4)
[ce]Cal Pu(4)] PL(6) fe—9
[ Cs l SU(4)] SL(6) I —’I Bu(2) Bu(4) ] (3)
3 - K Parallel
4
Output ] (4) i (4) {;:)p:tt
T DIV (15) | Br(2)
@ Asynchronous
Clock l ACL] I Decoder I B Input
' Control i
1817 - (1) 2021
v ACL ~—
Oscillator Common Output
Symbol description
ALU . Arithmetic logic unit Wi~Ws, W1’ ~Wy' [ Static shift register
Acc : Accumulator Bum, BL : RAM address register
ACL . Auto clear Be . Backplate signal generator circuit
C . Carry F/F Kr . 4-bit F/F
Ca, Cs, Py, PL ! Program counter Ks : 4-bit F/F
Cs,Su, SL : Stack register of program counter S : 4-bit F/F (status register)
CG : Clock generator K . Key input F/F
DIV : Frequency divider :
SHARP
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CMOS 4-Bit 1-Chip Microcomputer

M Pin Description

 SM-500

Pin 1/0 Type of circuit Function
K;~K, I Pull down Acc+K;~K,
a f 1 Pull up Independent test possible
Output of contents of W and W’ registers or input/out-
011~041 1/0 .
put to/from Kg register
0w ~0 /0 Output of contents of W and W' registers or input/out-
s1 sS4 put to/from Ks register
Output of contents of W and W’ registers ; Used for
012~046 0
LCD segment output
3-state level output possible ; used for LCD common
output
R;~R4 [0} R;~R,+Acc .
T I Pull up For test (usually connected to GND)
ACL I Pull down Auto clear
. OSCy, OSCout For clock oscillation
Vu Power supply for LCD driver
Vbp, GND Power supply for logic circuit

B Absolute Maximum Ratings

Parameter Symbol Rating Unit | Note
Vob —4.0~+0.3 \4
. Vm Vpp—~ +0.3 \4
Pin voltage Vix Von—03~103 v 1
Vour | Vbp—0.3~+0.3 \4
Operating temperature Topr —10~+70 T.
Storage temperature Tee —55~+150 C

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

B Operating Conditions

Parameter Symbol | Specified value- Unit
Supply voltage Voo —3.3~ =27 v
PPy voTtag Vi | Voo/2 (TYP) v
Oscillator frequency fosc 32.768 (TYP.) kHz
SHARP
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CMOS 4-Bit1-Chip Microcomputer ’ SM-500

B Electrical Characteristics (Vpp=—3.0V+10%, GND=0V, Ta=25C)
Parameter Symbol Conditions MIN. TYP. MAX. | Unit | Note
VIH —0.6 \%
Input voltage Va Voot 0.6 v 2
T Vin=0V 15 pA 3
Input current Iyo Vin=0V 3 #A 4
Iis Vin=Vpp 1 HA 5
Voa —0.3 \4
Output voltage Vos No load Vy=Vpp/2 Vu—0.3 Vu+0.3 \4 6
Voc Vppt+0.3  V
Ton Vour=—0.5V 30 #A 7
IoL: Vour=Vpp+0.5V 10 HA
lonz Vour= —0.5V 100 /IA
Output C t
utput Curren loL2 Vour=Vppt0.5V 10 #A 8
lo3 Vps=0.3V 100 HA 9
[O4 VDS=O,5V 100 [lA 10
. Ipa In full-range operation 20 pnA
t
Current consumption Ips When system clock is stationary 3 pA 1
_Note 2: Applicable pins Ki~Ky, «, B, ACL, O11~04s1, Os1 ~Os:
Note 3: Applicable pins Ki~Ki, O11~01, Os1~Os: ® H1,Hz waveforn
Note 4: Applicable pin ACL e Voa
Note 5: Applicable pins @, 8
Note 6: Applicable pins H, 2 e b= b Vo
Note 7: Applicable pins Oy (i=1~4, j=2~6) |V L4 _______ Voo
Note 8: Applicable pin O11~041, Os1~Os1 . P
Note 9: Applicable pin R1 ° (g);glll\étor creuit

Note 10: Applicable pins Rz, R3, Rs O0SCour ACL

Note 11: Current consumption under no load conditions at fosc=32.768kHz
0 Ci=14F
’ Ca Cy ; C, l

Oscillator circuit constant
Cy=Cq =22,F
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: 87




* CMOS 4-Bit 1-Chip Microcomputer _ ,

B Applications

. Digital watch

. Game machine

. POS terminal

. Electronic scale

. Cohtroller for electronic home appliances
and audio equipment -

—

O W N

Bl System Configuration (for digital watch)

| LCD

DC voltage i _T_ P

cutout 0.02u4F T T

100Q- H; H, 0;; (24lines)

'—-—-’\/\/\r—l—VDn

—=100Q 1pxF ==
g TV
T 1T lenp

+——|——jACL

1uF =
£ T SM-500
32.768kH
’_"'Tz' 0SCx
15pF =
Crystal
’—“’_—L 0SCour
22 pF B Rz R; R4 051 Os2 Og3 O
7 B
Sy -{ SuH Ss H zA
For | | I
control TM|| AL
J, T T SN HorF[loFF[]IND
Mode switch )
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CMOS 4-Bit 1-Chip Microcomputer | SM-510

S M - 5 1 O CMOS 4-Bit 1-Chip Microcomputer

M Description B Pin Connections

The SM-510 is a 4-bit single chip CMOS micro-
computer with 2,772 bytes of ROM, 128 words of
RAM, a 15-stage divider and 132-segment liquid
crystal driver circuits. It is well suited for ap-
plications of low cost, low power hand-held equip-
ment with liquid crystal display.

B Features

. CMOS process
. ROM capacity 2,772X 8 bits
. RAM capacity 96X4+32X4 bits
. Instructions 49
. Subroutine nesting 2 levels
. Input ports 6 bits
. Output ports 47 bits
. On-chip 15-stage divider with reset
(timer circuit)
9. Direct LCD driver circuit (3V, 1/4 duty, 1/3
bias and 132 segments MAX.)
10. On-chip crystal controlled oscillator
(32.768kHz)
11. Standby mode (10 pA current consumption)
12. Single power supply —3V (TYP))
13. Instruction cycle 61 us
14. 60-pin quad-flat package

00O U1 & W N
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CMOS 4-Bit 1-Chip Mlcrocomputer SM-510
——_—————__——_———-—

B Block Diagram

90

Segment Output
r A ~
O-D-E-@-D--E ' D-®-®-@-®-@®
@ i - @)
Segment % I ‘ LCD Driver- ®
Output / | \
(—- @)
®) ROM Display RAM @
4 (2,772X8) 1spay
Common @. ¥ " ALU (32x4) @)
Output
28 [Po@[Pu @] Pe(6)]<~] 14
@ [H] RAM <
(964)
[B7] |su(@)]sms)] SL(G)l  Segment
‘ T T > ~Output
(@ [Re@[Ru@]Ri6)] | [CHAcc@] [Bu®) [Be(@) ] ®
g hid Y (@) 3
@ | — @
Parallel &) ‘ 1 L(4) @)
Output , R
Port 7 (2) o )
@), @
& @
~ .
K(4) DIV(15)
, ACL CG L |
O, 0.9'0'6 (® U (O~E—W—(-W (~—~s
Test v ACL Input M~~~ Voo “~—  Input—— Segment
Parallel GND Oscillator- Output  Qutput
Input
Port
Symbol description )
ALU . Arithmetic logic unit w . 8-bit shift register
Acc . Accumulator Bum, BL : RAM address register
C . Carry F/F Bp : Backplate signal generator circuit
Py, PM, PL ! Program counter H,L,Y : 4bit F/F
Su, Sm, SL : Stack register of program counter R . 2-bit F/F
Ru, Rm, RL : Stack register of program counter K . Key input F/F
DIV ! Frequency divider CG : Clock Generator
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B Pin Description

Pin 1/0 Type of circuit Function
K;~K, I Pull down Acc+K;~K,
BA, B I Pull up Independent test possible
a;~aye by~bie 0 Output of contents of display RAM as LCD segment
bs signal
4-state level output possible ; used for LCD common
H,~H,4 0
output
S;~Ss (0] Output of contents of W register
Ri, R, (6] For piezo-electric buzzer direct drive
T I For Test (usually connected to Vpp)
ACL 1 Pull down Auto clear
OSCn, OSCourt For clock oscillation
Vpp, GND Power supply for logic circuit

B Absolute Maximum Ratings

Parameter Symbol Rating Unit | Note
P 1 1
1n voltage Vi Vop~+0.3 v
Operating temperature Topr 0~+50 T
Storage temperature Teie —55~+150 T
Note 1: The maximum applicable voltage on any pin with respect to GND.
B Operating Conditions
Parameter Symbol | Specified value Unit
Supply voltage Vob —3.2~—26 \%
Oscillator frequency fosc 32.768 (TYP)) kHz
B Electrical Characteristics (Vpp=—3V£10%, Ta=25C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
V[}“ _0.6 V 2
Vi Vpp+0.6 A%
Input volt
nput voltage Vi 03 v ;
Vpr2 - Vppt0.3 \%
Iy Vin=0V 3 15 HA 4
I t -
nput curren I Vin=Vop 3 ‘ 15 uh 5
Von Ioyr=50 #A to Vpp —0.5 \' 6
VOL IOUT=5 #A to GND VDD+0'5 \%
Voa —0.3 0 0 \4
O 1
utput voltage Vos | Vop=—3.0V 13 | -10 | -0 v,
Voc No load —2.3 —20 | —1.7 \4
Vob —3.0 —3.0 —2.7 \4
Iso Vour=—0.2V 100 /IA
t
Output curren Tom Vour=Vopt 0.2V 100 uA 8
Carrent consumpti Ipa In full-range operation 60 rA 9
umption Ips When system clock is stationary| 10 pA
Note 2: Applicable pins Ki~Ks, B Note 6: Applicable pins S1~Ss
Note 3: Applicable pins ACL, BA Note 7: Applicable pins ai~ais, bi~bis, bs, Hi~H4
Note 4: Applicable pins Ki~K4 Note 8: Applicable pins Ri, Rz )
Note 5: Applicable pin 81 Note 9: Current consumption when fosc is 32.768kHz (TYP.) and

—3.0V of Vpsp is applied
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B Applications

1. Hand-held electronic calcuator with multi-digit
display and clock

2. High-quality clock:

Handy game machine

4. Equipment that need multiple LCD dlsplay seg
ments

@

B System Configuration (Hand-held electronic caleuator with clock)

LCD
DC voltage cutout .
OOZuF-‘--l--I"" ______
HyH:HsHsar by ~ bisaisbisbs
Crystal
32768 kHz 22PF
0SCout —T"—
=
osCix}—1 #
' 15pF
SM-510 =
S,
]
1
.
]
0+
: S. R, I Piezoelectric
S; buzzer
K; K: K; Ky ACLGND VinBAB T
2
3
=] [}
N
+5 o4
el {{
winml
0.33#}1_
T = %1000
O T
' |
o S
! | | | |
0000
: e ——
Key matrix
SHARP

92



CMOS 4-Bit 1-Chip Microcomputer

SM-511

S M - 5 1 1 CMOS 4-Bit 1-Chip Microcomputer

Description

The SM-511 is a 4-bit single chip CMOS micro-
computer with 4,032 bytes of ROM, 128 words of
RAM , a 15-stage divider, melody generator and
136-segment liquid crystal driver circuits. It is
well suited for low cost, low power hand-held
equipment with liquid crystal displays.

11.

12.
13.
14.
15.

00N O WD

Features

. CMOS process

. ROM capacity 4,032X8 bits

. RAM capacity 96X4-+32X4 bits
. Instructions 55

Subroutine nesting 2 levels

. Input ports 6 bits
. Output ports 47 bits
. On-chip 15-stage divider with reset

(timer circuit)

. Melody generator circuit
. Direct LCD driver circuit (3V, 1/4 duty,'

1/3 bias and 136 segments MAX.)

On-chip crystal controlled oscillator
(32.768kHz)

Standby mode (10 pA current consumption)
Single power supply —3V (TYP.)
Instruction cycle 61 us

60-pin quad-flat package

H Pin Connections

SHARP
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CMOS 4-Bit 1-Chip Microcomputer -SM-511

_——-—_——————_——__h

Bl Block Diagram

Segment Output

A
Is N
j s
Segment LCD Driver
Output
ROM . .
(4,03%><8) Display RAM
Common \ (32x4)
@ ALU
Output
e [Pu()]Pu(4)][PL(6) ]
RAM
96 X4
LSU(2)|SM(4ARL(6;)l ( ) Segment
. [ Output
IBU(Z)IRMM)I SL(6)I Acc(4)| I Bum(3) I BL(4) I
L Melody Y(4)
Parallel ROM L(4)
Output (256 6)
Port T X(4) —
- Melody
Generator
. f J
— piv(s) fe— cG |

(12)
R/_/ Input Melody\/—/

®
Test “~———~—— ACL Input

94

Parallel GND Osci- Output Segment
Input llator Output
Port
Symbol description

ALU : Arithmetic logic unit w . 8-bit shift register

Acc . Accumulator Bwm, BL : RAM address register

ACL : Auto clear Bp : Backplate signal generator circuit -

C : Carry F/F H,L,X,Y : 4bit F/F

Pu, Py, PL : Program counter K : Key input F/F

Su, Sm, SL © Stack register of program counter CG  :Clock generator

Ru, Rm, RL : Stack register of program counter

DIV . Frequency divider
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CMOS 4-Bit1-Chip Microcomputer SM-511

B Pin Description

Pin 1/0 . Type of circuit . Function
K;~K4 I Pull down Acc+K,~K,
BA, B 1 Pull up Independent test possible
a1~a;6 0 Output of contents of display RAM as LCD segment
b;~be signal
bs; (6] LCD segment or LCD flashing output
bs2 (¢} Input of X register contents as LCD segment signal
H,~H, 0 4-state level output possible ; used for LCD common -
output =
S;~Sg [0} Output of contents of W register 2 =
R (0] Melody output =
T 1 For Test (usually connected to Vpp)
ACL I Pull down Auto clear
OSCyn, OSCour For clock oscillation
Vpp, GND Power supply for logic circuit

B Absolute Maximum Ratings

Parameter Symbol Rating Unit | Note
. VDD —3.5~40.3 \%
Pin voltage Vi Voo~ 0.3 v 1
Operating temperature ) Topr 0~50 T
Storage temperature Tog —55~+150 C

Note 1: The maximum applicable voltage on ’any pin with respect to GND (GND=0V)

B Operating Conditions

Parameter Symbol | Specified value Unit
Supply voltage Vbb —3.2~—2.6 \
Oscillator frequency fosc 32.768 (TYP.) kHz
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i — ——— — — A" — — — — ——— —— —

Note

. When melody circuit is inoperative with Vop at — 3.0V and system clock at 16.384kHz.
Note 10:

When melody circuit is inoperative with Voo at —3.0V and system clock at 8.192kHz.

B Electrical Characteristics ' ‘ (Vpp=—3V+£10%, Ta=25T)
Parameter ‘| Symbol Conditions MIN. TYP. MAX. Unit | Note
VIHl : —0.6 \% 2
Input volt ViLi B Vop+ 0.6 \%
. p v age VIHZ ] ) '—0.3 V 3
ViLe ' Vppt0.3 \%
Input current iy Vin=0V - 3 15 #A 4
P Lz Vin=Vpp 3 15 HA 5
VOH IOUT=50 M Ato VDD —0.5 \4 6
VoL Iour=5 # A to GND Vppt0.5 \4
Voa —0.3 0 \4
Output voltage Vos | Vop=—3.0V 13 | =10 | —07 % ,
Voc No load —2.3 —2.0 —1.7 \4
Vop —3.0 —3.0 —2.7 \'
Iso - Vour=—0.2V 100 ‘ flA
Output current Tan Vour=Vopt 0.2V 100 A 8
Current ti Ipa1 In full-range operation 40 60 HA 9
ent consumption Ips1 When system clock is stati‘onqry 10 .20 pA
. Ipa1 In full-range operation 25 35 pA
C 10
urrent consumption Ips2 When system clock is stationary| . 10 20 pA
Note 2: Applicable pins Ki~Ks, B ‘ ‘
Note 3: Applicable pins ACL, BA
Note 4: Applicable pins Ki~K1
Note 5: Applicable pin S
Note 6: Applicable pins S1~Ss
Note 7: Applicable pins ai~ais, bi~bis, bsi, bsz, Hi~Hi
Note 8: Applicable pin R
9
0
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CMOS 4-Bit 1-Chip Microcomputer

B Applications

1. Hand-held electronic calculator with multidigit

display and clock

2. Hand-held electronic calculator with function

calculation capability
Hand-held game machine

w

4. Equipment that need multiple LCD display seg-

ments

SM-511

Bl System Configuration (for melody alarm, watch, and hand-held electronic calculator with game func-

tion)

LCD
DC voltage cutoutll I J—
0.02uF “‘ ‘,‘T -------
HiH:H3;Hy a; by ~ ajebigbsibsz
Crystal
32.768 kHz
22pF
0SCour P
_?.
General [ <=—S1 0SCix /h
purpose output S, 15pF
S, SM-511
]
1]
]
' S, R m_‘ Piezoelectric
buzzer
Ss

K; K, K; K4ACL GNDVppBA B T

{H#

o, 0
+

%1000

Key matrix
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CMOS 4-Bit 1-Chip Microcomputer ' | o SM-520

S M - 5 2 O | CMOS 4-Bit 1-Chip Micrpcdm‘puter'

B Description B Pin Connections

The SM-520 is a 4-bit single chip CMOS micro-
computer with 3,072 X 10 bits of ROM, 168 words

of RAM, a 15-stage divider, and automatic display 0s cl?\‘ % gl:D

circuit. It is well suited for applications with - 0SCovr O @R

many control ports. ‘ Voo @ R4
ACL ] @ Rs

. a [§] 5 Re
£ %] R 7
PEGE]

Q: [ 1] ¢4
» Q 5 Ro
B Features . MP, " ERu
T
1. CMOS process ﬂgz T
2. ROM capacity 3,072X10 bits MP, T,
3. RAM capacity 160X4+16X2 bits TEST, 0 "{}
(including 16X 2 bits for display) TS o
4, Instructions 93 F. R¢
5. Subroutine nesting 4 levels & Ts
6. Input ports 8 bits ' Fs Te
: . Fs [4 T 7
7. Output ports 37 bits DIO, @ Ts
8. Input/Output ports 8 bits DIO; @ T,
9. On-chip 15-stage divider with reset DIO; i T1o
. i . DIO, 4 T 1
(timer circuit) e s
10. External interrupt function KE. @S,
11. External RAM expandable (1,704 X4 bits) KE; Ss
12. Clock generator circuit . Kg“ = S‘
. S 9 5
13. On-chip crystal controlled oscillator Ss S,
14. Standby mode (50 #A current consumption) : . GND [ S

15. Single power supply —5V (TYP.)
16. Instruction cycle 11 us
17. 64-pin dual-in-line package

Top View
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CMOS 4-Bit 1-Chip Microcomputer

B Block Diagram

SM-520

Vop (4 ~lxlsl=s ~ =
eonp {9 12|22 | &= W)
54 njn]|n|n A 41
ACL(s ROM 2
(3,072%10) [ & Digit
put { D>{a IF RAM W | and
(160<4+16%2) 45 External
E :
6 B l * ST( 4) TL m f RAM
Osci " TIMER Instructi ™ Address
sel- nstruction RAM Add Output
llator { 3 0sC DIV(15) Decoder Dec;«;:: 3 e
51
X 52
9 Q: s ree—]
Input v Bu(4) Bi(d) @[ 5
) PE —_—— J
SB(8)}> — .k
: )
Parallel o p 38
37
Input
Port 2 36
29 35 Segment
M T 34 Output
o |W1(2)'W2(4)' W3(4)I 33
Parallel
1/0 z DIO -—J 31
Port 2 (4) | R(10) ]
MP(4) 39))
3 F1l|F: [| Fs||F4 || F5 || Q2
1 X(63)(62)(61)(60)(59)(58 X(57)(55)(5¢ (14 (13 )Y12)(11 19)=17)~(20)~(18 )21)~(10
N ~ )\ N ~ —
Register Output 1/0 Port Output
Symbol description
Acc ! Accumulator DB, DP : Registers for automatic display use
ALU ! Arithmetic logic unit Wij . Shift register
PC . Program counter 10 : DIO control F/F
SR . Stack register C : Carry F/F
BwMm, BL : RAM address counter SD . Segment decoder
SB : RAM address counter stack IF . Interrupt flag F/F
X, SX : Temporary registers E . Interrupt mask F/F
ST ! T output control register DIV . Divider
TC, £ : Counters for automatic display use CG : Clock generator
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CMOS 4-Bit 1-Chip Mlcrocomputer
—'—_—_———-—____——_—

l Pin Description

SM-520

Pin_ 1/0 Type of circuit Function
KE,~KE, 1 Pull down Acc+KE,;~KE,
a, f,PE,Q 1 Pull down Test possible by separate input
DIO, ~DIO, 1/0 Pull down Acc+DIO, ~DIO,
MG reglster output on-the-way stage signal output of
MP;~MP, 1’0 divider or Acc+—MP:~MP;
To~Ti: 0 Digit signal or external RAM address signal output
R;i~Ryo 0 W register content output
S;~So (O Segment signal output ,
F,~F;5 0 Can be set or reset independently
Q. 0 Can be set or reset
TEST, TESTZ‘ 1 Pull down For test (usually connected to Vpp)
ACL I Pull down Auto clear :
Rf, Cf For system clock oscillator
OSCiy, OSCour For clock oscillator
Vop, GND Power supply for logic circuit

B Absolute Maximum Ratings

Parameter Symbol Ratings ~ Unit | Note
Vb —6.0~40.3 \ 1
Pin voltage Vin Vpp—0.3~+0.3 \4 1,2
Vour | Vbp—0.3~+0.3 \4 1,3
Operating temperature Topr —10~+60 T
Storage tempefature Tyg . —55~+150 C

Note 1:

The maximum applicable voltage on any pin with respect to GND (GND= OV)

Note 2: Applicable to inputs
Note 3: Applicable to outputs

B Operating Conditions

Parameter Symbol Conditions Specified value Unit | Note
—5.5~—45 \4
Operating voltage \% -
perating voitag DD In “Low” clock —55~—35 V.| 4
Note 4: When the clock frequency fc is lowered to 1/8 of that in normal operation ’ ~

100

SHARP




CMOS 4-Bit1-Chip Microcomputer
r—~—~—~>~~>7 7 77 7 77 77 J /77 /7 /J /7 /7 7 /7 [/ /7 /

[ | Electrical Characteristics

SM-

520

(Vop=—5.0+10%, Ta=25T)

Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
v“n —1.5 V ' 5
Input voltage Vi Voot 1.0V
P £ Vi —0.3 v .
Vie Vpp+0.3 \Y%
Vour Ioyr=—250 #A —06 v 7
Voui lour=30 #A Vpp+0.6 \
Vouz Iour= —250 A —1.0 \4 8 —
VoL lour=50 A Vpp+0.6] V :
VOH3 IOUT= —500 /IA —1.0 \% 9 E E
VoL: )t =50 xA Vppt0.6) \4 <
Output voltage oL3 ouT find DD
V0H4 IOUT= —1.0mA —2.5 \% 10
VOL4 IOUT =50 H A VDD+ 0.6 \%
VOH5 IOUT= —100 /IA —0.6 \4 11
Vors lour=50 pA Vppt0.6 N
Vous loyr=—150 A —0.6 N 12
VoLrs Ioyr=1 50 /IA Vopt 0.6 \Y%
. Ipp1 In normal operating 1.5 mA 13
Current consumption - ;
P Ipp2 When clock is stationary 50 150 HA 14
fc 90 kHz
Clock f 15
ock frequency feo | In “Low” clock 11.2 kHz
Oscillator frequency fcry 32.768 kHz 16
Note 5: Applicable pins ACL, @, B, PE, Qi, KEi~KE;, DIO1~DIO1, MP1~MP; 0SC\ OSCoi ¢
Note 6: Applicable pin Ct
Note 7: Applicable pins To~Tn Cy R tal
Note 8: Applicable pins S1~Sy, F1, F3~F3, Q2 ! Cryns 2
Note 9: Applicable pins Ri~Ri1, R
Note 10: Applicable pins MP1~MRj4, F2 C, C,
Note 11: Applicable pins DIO1~DIO4 C N
Note 12: Applicable pin Rf I
Note 13: No-load state (internal CG out attached capacity C=15pF) Fig. 1 Fig. 2
Note 14: Vpp=—3.5V, No-load state ( # ) 9. 9.
Note 15: For C and R elements out-attached to internal CG, C=15pF £2%, R=82k ) +£2%, they are connected as shown in Fig.1
Note 16: For connection of out-attached element of crystal oscillator, see Fig. 2.
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CMOS 4-Bit 1-Chip Microcomputer : ‘ - SM-520

M Applications

. Cash register

. Hand-held electronic calculator with printer

. Electrical copy machine

. Microwave oven ’

. Vending machine

. Game machine

. POS terminal

. Electronic scale

. Controller for electronic and electric home
appliances

O 0000 &~ Wi+

B System Configuration (for VTR timer)

82V
Fluorescent tube display

© —30V
Laan— Lonflong Lo g Boveg ignal
Control Input signals
TD62706/\ - - --—Z} VANCEEEEVAN PARERN s?;ln:fs .
Figure| signals Segment —
l signals T I %“‘Q Bl
Tn - TTe S - S Ru -~ RR =Rt QQPES
. TEST: TEST:
SM-520
OSCiy
KE, - KE, DIO, ~ DIO,F\ ~Fs MP, ~ MP, R(Ci_ACL Vi GND \0SCis

Crystal

AW It

1kn% 1m§§%%§ %g 2 T 0or] b 32768kHz
< ® -l mF ZZZpF

o L
---| s 2 —— e i 22pF]
© Input ~—~— Input 1t .

/J // signals Control gionals 15pF (47pL

i 100Q
ka 2 signals l i

' +5V
; ----- Key matrix
1
|
D]
IV 3
1kQ % ---2

—
Input signals
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CMOS 4-Bit 1-Chip Microcomputer

S M - 5 2 5 CMOS 4-Bit 1-Chip Microcomputer

B Description B Pin Connections

SM-525

The SM-525 is a 4-bit single chip CMOS micro-
computer with 3,072X10 bits of ROM, 168 words
of RAM, a 15-stage divider and automatic display
circuit.

It is well suited for applications with fluorescent
display tube (VFD), due to built-in high voltage
outputs.

B Features

1. CMOS process

2. ROM capacity 3,072X10 bits

. RAM capacity 168 X4 bits
(including 16 X2 bits for dis-
play)

. Instructions 93

. Subroutine nesting 4 levels

. Input ports 8 bits

. Output ports 37 bits

. Input/Output ports 8 bits

. High voltage outputs (—30V) 21bits

. On-chip 15-stage divider with reset

(timer circuit)

11. External interrupt function

12. External RAM expandable (1,704 X4 bits)

13. Clock generator circuit

14. On-chip crystal controlled oscillator

15."Standby mode (50 A current consumption)

16. Single power supply —5V (TYP.)

17. Instruction cycle 11 zs

w

O W00 \NO U

1

Top View

18. 64-pin dual-in-line package
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CMOS 4-Bit 1- Chlp Mlcrocomputer ‘ S . - SM-525
————_————_—-_—__—‘—

B Block Diagram

Clock Clock Power supply
oc
Output for display Test

#9369 @) @9
Vion () slslsls .
=] I faf ks CKHL 1A
GND{ 2le| 2|2 ' 49
@ wln|a|al . @)
internal clock Digit @
ACLG) ROM | Decoder [ ] o
[ (3,072X10) -
u - IF (49 | Digit and
Input RAM External
{ 5] v (1604 +16X2) >Rfide'
Address
© L 9| Output
Oscillator TIMER Instruction RAM Address D
© 0SsC Decoder Decoder D
G2
Input - {} Bu(4)1 Bi(4) |~ J
] —d)

Parallel D
Input l’orH @-

> DB Lo
|Acc(4i @ [ Tsp

‘ DP
[(Wi2nw. 4w | . cl Tl L]
DIO y Ll ‘

4 j<—>
X ( R(10) j
OOOOOOOHOO—BOBO—O-O-O-B-D—O

Segment
Output

[ O Port

“

_50—0000000

@
Parallel 3 )
@)
@)

Y Y
Register Output 1 O Port Output
Symbol description )
Acc : Accumulator : DB,DP: Registers for automatic display use
ALU : Arithmetic logic unit W, : Shift register '
PC  : Program counter DIO : DIO control F F
SR : Stack register C : Carry F F
Bv,Bi.: RAM address counter . SD : Segment decoder
SB  : RAM address counter stack - IF : Interrupt flag F/'F
X,SX : Temporary registers E : Interrupt mask F/F
ST : T output control register DIV  : Divider
TC, £ : Counters for automatic display use CG : Clock generator
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CMOS 4-Bit 1-Chip Microcomputer

B Pin Description

SM-525

Pin name 1/0 Circuit type Function
KE; ~KE, 1 Pull down Acc—KE;~KE,
a, B PE,Q 1 Pull down Can be tested on individual input
DIO, ~DIO, /0 Pull down Acc +— DIO; ~DIO,
MG register output or
MP, ~MP, /0 divider middle stage signal output or
Acc «— MP,~MP,
To~Ti; (0} Digit signal or external RAM address signal output
R;~Rio 0 W register output
S1—Se [0} : Segment signal output
Fi~Fs 0 Can be set or reset individually
Q. 0 Can be set or reset
TEST, TEST, I Pull down For test (Connected to Vy,p normally)
ACL 1 Pull down Auto clear
Rf, Cf For system clock oscillation
OSCin, OSCour For clock oscillation
Vpp, GND Power supply for logic circuit

B Absolute Maximum Ratings

Parameter Symbol Ratings Unit | Note
Vob —6—~+0.3 1,2
Vpr —12~+40.3 1,3
. \% —0.3~+0.
Pin voltage Iy Vop—0 0.3 v 14
Vour: | Vop—0.3~+0.3 1,5,6
Vourz —35—~+0.3 1,7
louts =70 7,8
Output current louT2 —15 mA 5,8
louts 4 5,9
Operating temperature Topr —10~+60 T
Storage temperature Tytg —55~+150 T
Note 1:  The maximum applicable voltage on any pin with respect to GND
Note 2: Applied to pin Vpp.
Note 3: Applied to pin TEST/Vrr. ;
Note 4: Applied to pins ACL, a, 8, PE, Q, DIO|~DIO|, KE1~KE, MP1~MP;, Cf.
Note 5:  Applied to pins DIO1~ DIOl, MP1~MP;i, F1~F5, Ri~Rio, Q2.
Note 6: Applied to pin Rf. ’
Note 7: Applied to pins To~Ti1, S1~So
Note 8: Total high level output current
Note 9:  Total low level output current
B Recommended Operating Conditions
Parameter ) Symbol Conditions MIN. TYP. MAX. Unit | Note
Voo During normal operation —5.5 —4.5
Supply voltage - \Y% —
i 8 VoL During low clock —5.5 —3 10
Auxiliary voltage Ver —9.9 —8.1 \% 11
Display voltage Vy —30 Vip \
Note 10: Condition in which the clock frequency fc has been dropped to 1/8 of that during normal operation.
Note 11: The auxiliary voltage Vrr is applied from the TEST/Vrr pin. Vx
10kQ
TEST/Ver
% 9V
(Example of circuit with Vpr externally attached)
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CMOS 4-Bit 1-Chip Microcomp‘uter S~ . . 8SM-525

- M Electrical Characteristics (Vop==5VE10%, Ver=—9V£10%, Vy=—30V, {=90kHz, Ta=25T)
Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note

Via —1.5 )
Vi Vpp+0.6] M 12
Viez . —2.3

Input voltage ViLy T \% 13\
Vins - —0.3
Vis : -~ |Vppt0.3 v 14

Input current ) Lin V, =0V _ 5 35 HA 15
Voni Io=—17mA —1.8 y -
Vou1 Connect Ry =50k to Vv Vyt1
Vouz | lo=—2mA —2 v 17
VoLz Connect Ry =50k to Vv Vyt1
Vons I()=_25O/‘A —1 v 18
Vous [,=100 A . Voot 0.6
Voua Io=—250 #A -1

- \ 19

Vora I,=300 pA : Vot 0.6

Output voltage Vons Io=—2mA —2.5 v 20
Vous I,=50 xA Vppt0.6
Vous Ipb=—1.5mA —25 v 21
VoL I[,=100 uA Vpp10.6
Vousz Io=—100 xA ‘ —0.6 v 22
Vorz I,=100 A Vp+0.6]
Vous [p=—150 A —0.6 v 23
VoLs [,=150 A Vpp10.6

Current consumption Ipp1 During normal operation 600 ¢A 24
Ippe During clock stop 50 150 HA 25

fe 90
Clock frequency fo. | During low clock 11.2 kHz | 26
Crystal oscillator frequency fery . 32.768 . kHz 27

Note 12: Applied to pins ACL, @, 8, PE, Qi, DIO1~DIOi, MP1~MP\
Note 13: Applied to pins KE1~KE:

Note 14: Applied to pin Cf }
Note 15: Applied to pins @, B, Qi, KEi~KE1, DIO1~DIO1, MP1~MP1, F2 (during floating condition)
Note 16: Applied to pins To~Tn X

Note 17: Applied to pins S1~So

Note 18: Applied to pins Fi1, F3, Fs

Note 19: Applied to pins R1i~Re¢, Qz, F1

Note 20: Applied to pins R7~R1o

Note 21: Applied to pins MP1~MPy, F2

Note 22: Applied to pins DIO1~DIO1

Note 23: Applied to pin Rf

Note 24: No-load condition

Note 25: No-load condition, Von=—3.5V, internal CG with externally attached capacitance C= 15pF
Note 26: Internal circuit with externally attached CG

Note 27: Circuit with externally attached crystal oscillator

Cy R¢ Cs R¢ ' 0SC;x OSCout
} R1
R —wh [ ) Crystal 2R1
C I . Cll : I C Ce I I Co
R=282kQ C1=330pF R1=200kQ
C=15pF Co=150pF Ce=10pF
Wh . i . d th . ' Ri=1MQ Cp=33pF
* When a ceramic oscillator is used, the operating _ . _
voltage Voo is limited to —5.5 to —4.5V. ‘ Rz =560Q Crystal : KF-38G
« Oscillation starting voltage becomes larger than the . ) Ceramic oscillator : KBR - (made by Kyocera Corp.)
CR oscillation. (made by Kyocera Corp.)
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B System Configuration (for VTR timer)

8.2v

Fluorescent tube display

Input signals

--- 82kQ

1kQ

Figure
signals Control signals
Segment —A— |4V
______ signals T---_T T _lkﬂ 1kQ
Tn ~ T, To S S, R; R, T T Q Q PE ap
TEST: TEST/Vpr
SM-525
0SCout
KE;, ~ KE, DIO,~DIO, F; ~ F; MP, ~MP, R C; ACL Vpy GND | OSCix
Crystal
1% 1kn§% S5---385---393---3 &3 £ ' r—th J:’I]h 32.768kHz
(o] o |N 71- P
EE I Mt — Lyl ST
* Input signals “—— Input signals '} -
/0/ Control signals 15pF

.
; iloon

+5V

----- Key matrix

.

Input signals

SHARP

107



CMOS 4-Bit 1-Chip Microcomputer ' « © . SM-530

SM-530 CMOS 4-Bit 1-Chip Microcomﬁutér

B Description

The SM-530 is a 4-bit single chip CMOS micro-
computer with 2,016 bytes of ROM, 88 words of
RAM, melody generator circuit and 96-segment
LCD driver circuit. It is well suited for low cost,
~ low power systems with many LCD segments.

B Features

. CMOS process
. ROM capacity 2,016X8 bits
. RAM capacity 64 X4+ 24X 4 bits
. Instructions 49
. Subroutine nesting 1 level
. Input ports 8 bits
. Output ports 58 bits
. Timer/Counter
(On-chip 15-stage divider with reset, 10-
second counter and 1/100-second counter) -
9. Direct LCD driver circuit (3V, 1/2 duty, 1/2
bias and 96 segments MAX.) :
10. On-chip crystal controlled oscillator
(32.768kHz)
11. Melody generator circuit
12. Standby mode (1.5 uA current consumption)
13. Single power supply —1.5V (TYP.)
14. Instruction cycle 91.6 us ‘
15. 80-pin quad-flat package ‘ '

0O O U1k WK
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CMOS 4-Bit 1-Chip Microcomputer o SM-530

B Block Diagram

Segment Output
— - % N
EBEEEEEEEDEEEIEEENEENEEEENEIEEDEDEENEXEENDNEED)
23 ' .
Segment T N
(22) )
Output @- LCD Driver I g@
Common [ (1) : T .8 .
Output &) .@ >Segment
For @1 Display RAM s .@ Output
Booster < () DDC ROM | ] (2x12X4) =~ ) =®
Circuit @ (Z,OIGXB) .@
%
RAM A
| (4X16x4) F =0
Pu(5) PL(6) |t - - (3)
4 Parallel
ACL®) ACL @ .g $Output
- [ Port
[ sus) [ sue) ] [ B«® | B | .g
Battery 7
Alarm & ' K 19
Acc(4) =1 ) .g
.@
.@ Parallel
Melody i | Melod () (" mput
elody elody Port
Output @ Generator [ | BP(4) | KE go or
(4) .6
6
ﬁ Time Counter Clock
Melody 1/100SEC C Control
ROM
(256 %6) ‘
| 10sEC C |~ DIV(15)}< " CG
1D-G0—9)—9 5554
“— Vu Test ——
GND Oscillator
Symbol description
ALU : Arithmetic logic unit DDC : LCD supply voltage generator
Acc : Accumulator DIV  : Frequency divider
ACL : Auto clear CG : Clock generator.
C ! Carry F/F BA . Battery alarm circuit
Pu, PL : Program counter Bwm, BL : RAM address register
Su, Si. : Stack register of program counter
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CMOS 4-Bit 1-Chip Microcomputer |

B Pin Description

SM-530

Pin name 1/0 Circuit type Function
K,~K, I Pull down Acc+~ K;~K, )
KE, ~KE, I Pull down Acc <~ KE,; ~KE,
010~048 0 ) Display. RAM contents output as LCD segment signals
H,~H, o Tri-value output capability ;
used for LCD common output
F,~F, 0 F,~F, + Acc
S;~S, (6] S;~S, + Acc
So (o) Melody output
BA I For battery alarm
Test I Pull down For test (Connected to Vpp normally)
ACL I Pull down Auto clear
0SCiy, OSCour For clock oscillation
Vb, Ve, DDC LCD driver power supply
Vy, GND Power supply for logic circuit

B Absolute Maximum Ratings

Parameter Symbol Ratings Unit | Note
Vu —2.0~+0.3 \% 1
. Vop —4.0~+0.3 \% 1,2
Pin voltage Vg | Vu—03~+03 | V | 1,3
Ve | Vop—03~+03| V 1
Operating temperature Topr —10~+60 C
Storage temperature Ty ~55~+150 T

Note 1:

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

Note 2: Applied to pins Ki~Ki, KE1~KEs4, S1~Si, F1~F, SO, Test, DDC, BA, ACL,
OSCiv, OSCout
Note 3: Applied to pins Oij(i=1~4, j=0~B)Hi, Hz, V

B Recommended Operating Conditions

Parameter Symbol Ratings Unit
. Vum —1.2~—1.8 \'s
Supply voltage Vor To3-_36 v
Oscillation start voltage Vosc —1.4 \4
Oscillator frequency fose 32.768(TYP.) kHz
SHARP
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CMOS 4-Bit 1-Chip Microcomputer

B Electrical Characteristics

SM-530

(Vu=—1.45~1.55V, Vpp=—2.9~—3.1V, Ta=257)

Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
Vin —0.5 \4
Input voltage 4
put vottag Vi Vyt05] v
IlHl V[N=0V 0.155 3 /lA 5
Input current
put cu IlHZ V[N=OV 1.55 30 /IA 6
Vbbp1 Vu=—1.55V, R,.=5MQ —2.80 \
Boost output volt 7
oSt offtptt voTtage Vo> | Vu=—1.30V, R, =5MQ —230| Vv
Ioy Vps=0.5V 10 A 8
[02 VDS=O.5V 60 #A 9 —_—
Ios Vps=0.5V 60 LA 10 E =
Ioa Vps=0.5V 120 pA 11 =
Output current lou Vour=—05V 160 £A 12
P lous | Vour=Vyt0.5V 10 vA
[0H2 VOUT= —0.5V 10 /IA 13
loLe Vour=Vy+0.5V 1.5 ©A
Ions Vour=—0.5V 100 A 14
IoLs Vour=Vu+0.5V 3 pA
Ios Vps=0.5V 100 pA 15
. Ipo During all operation 12 KA
C t consumpt - 16
urren tumption Ips During system clock stop 1.5 A
Oscillation start time Tosc. 10 S 17
Note 4: Applied to pins Ki~Ki, KE1~KE1, Test, ACL, OSCiv
Note 5: Applied to pins Ki~Ki, KE1~KE1, ACL
Note 6: Applied to pin Test
Note 7: Applied to pin Vop
Note 8: Applied to pins Oy (i=1~4, j=0~B)
Note 9: Applied to pins Hi, H2
Note 10: Applied to pin DDC
Note 11: Applied to pin V¢
Note 12: Applied to pin SO
Note 13. Applied to pins Si~S4
Note 14: Applied to pin F,
Note 15: Applied to pins F2~F1
Note 16: Current consumption during 32.768kHz
Note 17: Oscillation circuit constant, Cc=15pF, Cp=22pF
0SCix  0SCor Ve DDCV, ACL
Crystal
0

————————————— GND
_ﬂ_u_ﬂ_u_ _______ oy
T T T VI)])

® Hi,Hz Waveform

SHARP
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Cs Cz;[ci

C=15pF, Cp=22pF C;=C,=C3=0.1uF
® Boost circuit

® Oscillation circuit
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CMOS 4-Bit 1-Chip Microcomputer Che . - 'SM-530

__—_-—________-__

B Applications

" 1. Digital watch

. Game machine

. Digital clock

. Controllers for home appliances and audio
equipment

5. Calculator with clock

>N

B System Configuration Example (Caluculator watch)

LCD
DC voltage cutout L L [___ - _____
0.024F T ']‘
" H, H, 0,, (48lines) 32.768kHz 22 pF
' SCour| A
$——O—]Test = Crystal
2 w
.2 oe—F, OSCix A15pF
§ Oos=—F; ACLF—}———¢
g Fs : 0.22 uF
S BA
s o—F: ‘ GND} l
= SM-530 N 1.5V
A SO Va _L{ﬁ_
, 1aF |
Vi ——'"“'L
. 0.1 uF
DDC .
+— o—>iK, 'LO.l/zF
—c/o—> Ks ) Ve T
ook,
S] 52 S3 S4 K KEIKEZKE3KE4
e > S

] C - '

7 H & H ° H% v
1

4 H 5 6 Hour M 4{ouh

1 2 3 HMin M4,

I
| | . _ 12 +

oy g el 7

Key matrix
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CMOS 4-Bit 1-Chip Microcomputer SM-531

S M - 5 3 1 | CMOS 4-Bit 1-Chip Microcomputer

B Description Bl Pin Connections

The SM-531 is a 4-bit single chip CMOS micro-
computer with 1,260 bytes of ROM, 52 words of
RAM, melody generator circuit and 80-segment
LCD driver circuit. It is well suited for low cost,
low power applications with many LCD segments.

B Features

. CMOS process
. ROM capacity 1,260 X8 bits
. RAM capacity 32X4+20X4 bits
. Instructions 45 '
. Subroutine nesting 1 level
. Input ports 6 bits
. Output ports 42 bits
. Timer/Counter
(On-chip 15-stage divider with reset, 1/100-
second counter)
9. Direct LCD driver circuit (3V, 1/2 duty, 1/2
bias and 80 segments MAX.)
10. On-chip crystal controlled cscillator
(32.768kHz)
11. Melody ‘generator circuit
12. Standby mode (1.5 A current consumption)
13. Single power supply —1.5V (TYP.)
14. Instruction cycle 91.6 us
15. 60-pin quad-flat package :

00 N0 U1 s Wi -
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CMOS 4-Bit 1-Chip Microcomputer ‘ ‘ : -~ SM-531

B Block Diagram

Segment Output

_A
~
)1 )(30)(2 28 ) 27 )26 X(25 X 24 Y23 22 )21 20 X 19 )18 )17 Y26 Xis Y1 A3 2 (0GRS E
Common 3 : - : 59) )
Output { m :[ : LCD Driver } . | 52
] 51
. 50
Display RAM 49
For 36 Segment
Booster 35 DDC ROM = (2x10%4) 5 LOutput
Circuit | (3 (1,260<8) a7
) 46
RAM =
(2X16Xx4)
| Pus) PL(6) |t ) )
AcLG |
[ sus [ sue) | [ Bu | B4 |
1 : 4]
[T |8

l 2
ALU “) > Parallel
4
Input
' Port
Melody | (& Melody \ L '
Output {%i Generator H BP(3) 1((2}3): 5
. B

T Time Counter Clock

Melody 1/100 SEC C Control
ROM
(128X7) :

DIV(15) : CG
38)-(8 —(7 )—(1 39)~(40
W/

“~~— Vm Test
GND Oscillator
Symbol description

ALU ' Arithmetic logic unit Su, SL : Stack registér of program counter
Acc : Accumulator DDC : LCD supply voltage generator
ACL : Auto clear DIV  : Frequency divider
C : Carry F/F CG : Clock generator
Py, PL . Program counter By, BL : RAM address register .
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CMOS 4-Bit 1-Chip Microcomputer
y __/ /7 /2 /7 /7 /7 /7 /7 /7 J /7 /7 /7 /7 /7 /7 /7 /J

SM-531

B Pin Description
Pin name I/0 Circuit type )
K,~K, 1 Pull down Acc + K;~K,
KE,, KE, I Pull down Acc +— KE,, KE,
010~0490 (0] Display RAM contents output as LCD segment signals
H,, H, 0 Tri-value output capability ;
used for LCD common output
SO,, SO, [0} Melody output

Test 1 Pull down For test (Connected to Vy normally)

ACL 1 Auto clear =
OSCiy, OSCour For clock oscillation 2 =
Vb, » Ve, DDC LCD driver power supply :

Vum, GND Power supply for logic circuit E—

B Absolute Maximum Ratings

Parameter Symbol Ratings Unit | Note
Vum —2.0~+0.3 \ 1
. Vb —4.0~+0.3 \ 1
Fin voltage Vi | Vu—03~+03 | V|12
Vinz | Vpop—0.3~+0.3 \4 1,3
Operating temperature Topr —10~+60 T
Storage temperature T —55~+150 C

Note 1:

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

Note 2: Applied to pins Ki~K1, KE1, KEz, SO1, SOz, Test, DDC, ACL, OSCin, OSCour
Note 3: Applied to pins O(i=1~4, j=0~9), Hi, Hz, V¢

B Recommended Operating Conditions

Parameter Symbol Ratings Unit | Note
Vum —1.8~1.2 \Y
Supply voltage
pply voltag Voo —3.6~2.3 v
Oscillation start voltage Vosc —14 \4 4
Oscillator frequency fose 32.768 (TYP.) kHz
Note 4: Oscillation ciruit constant Cc=15pF, C1)=22pF
Oscillation start. time : within 10 seconds
SHARP
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CMOS 4-Bit 1-Chip Microcomputer ‘ ' o 'SM-531
_—-_—-__—_——_—-___

B Electrical Characteristics , (Vu=—1.45~=155V, Vpp=—2.9~=3.1V, Ta=25¥)
Parameter | Symbol Conditions MIN. | TYP. MAX. Unit | Note
Input voltage ' Y’:i - 0'5 - Vut05 X 5
Input current Iim | Vin=0V 0.155 3 pA 6
. iy Vin=0V 1.55 50 ¢A 7
"Boost output v.oltage Voot V=155V, R =5M0 —2.80 v 8
Vb2 Vu=—1.30V, R, =5MQ —2.30 \4
Io; Vps=0.5V 10 © A 9
Ioz Vps=0.5V 60 #A |10
Output current ' Io3 Vps=0.5V : 60 pA 11
' Toa Vps=0.5V 120 ©A | 12
los Vps=0.5V 900 - pA 13
. Ipo During all operation 10 HA
Current consumption Ips During system clock stop 4 1.5 ) LA 14
Oscillation starting time Tosc 10 s 15
Note Applied to pins K1~Ks, KE1, KEz, , ACL, OSCin ® Hi,H: Waveform ‘
Note Applied to pins K1~Ki, KE1, KEz2, ACL
Note Applied to pin Test

LONDD

Note 8: Applied to pin Voo S GND
Note 9: Applied to pins Oy (i=1~4, j=0~9) ———————Vy,
Note 10: Applied to pins Hi, Hz ey

Note 11: Applied to pin DDC
Note 12: Applied to pin V¢

Note 13: Applied to pins SO1, SOz ® Oscillati ircuit. B .
Note 14: Current consumption at 32.768kHz scillation eircuit, Boost circuit .
Note 15: Oscillation circuit constant Cc=15pF, Co=22pF OSCy 0SCour V¢ DDC Vi ACL

i bl L
4 T

Cc=15pF, Cp=22pF C,=Cy;=C3=0.14F

Co
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CMOS 4-Bit 1-Chip Microcomputer

Bl Applications

1. Digital watch

2. Game machine

3. Controllers for home appliances and audio
equipment

4. Calculator with clock

B System Configuration (for melody alarm watch)

LCD
Sun Mon Tue Wed Thu Fri Sat
PM AM
1.0 85
11 ol ||__|
AL ST LAP DT
DC voltage cutout 1 l ________
002;4FT T
H, H, 0ij (40lines) 0SCour 32.768kHz |, 22 pF
& Crystal
< osCi|———F
| 1 15pF
Sound generator =3 1/~‘F+
J E— SO, IH s I
_ 1.5V
SM-531 Vy |
1 01 pF
Von il
DDC !
_'LO.luF
Wl T
K; K; K; Ky GND ACL
SAISLlSFISgl 1 lACL
-|T _|T—|T -{T O.ZZﬂE- ?

SM-531
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CMOS 4-Bit 1-Chip Microcomputer - DR . SM-540

S M - 540 CMOS 4-Bit 1-Chip Microcomputer

B Description M Pin Connections

The SM-540 is a 4-bit single chip CMOS micro-
computer with 2,016 bytes of ROM, 128 words of
RAM, a 15-stage divider and a 256-segment liq-
uid crystal driver circuit. It is well suited for
low power applications with 16X 16 dot-matrix lig-
uid crystal display.

H Features

. CMOS process
. ROM capacity 2,016 X8 bits
RAM capacity 128X4 bits
. Instructions 57 "
. Subroutine nesting 2 levels mi - zZ
. Input ports 6 bits Top View
. Output ports 55 bits
. On-chip 15-stage divider with reset
(timer circuit)
9. Direct LCD driver circuit (4.5V, 1/8 duty,
1/3 bias and 256 segments MAX.)
10. On-chip clock generator circuit
11. Standby mode (1 #A current consumption)
12. Single power supply —4.5V (TYP.)
13. Instruction cycle 16 us
14. 60-pin quad-flat package

©NoU AW
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CMOS 4-Bit 1-Chip Microcomputer

B Block Diagram

SM-540

Segment Output
_A
- N\
a
B 3
Output (7)
1/0 3 ROM RAM
Port (2,016 8) (8X16X4)
Segment & Segment
Driver Output
Input K Pu(5)| P
Port (4) I u(5) L(6)| ‘-—’l Bu | BL |
| 4
SCi(11) I I SB(4) l
_ Output S Backplate Common
Port (4) | SCz(11) I Control FOutput
P
X() C DIV(15)
ALU G
E-(D—G)-EG7 D)~(2 {60}
“~—~— Vob Vc Voisp M~ Tone
GND Oscillator Output
Symbol description
ALU . Arithmetic logic unit - CG . Clock generator
Acc ! Accumulator DIV  : Frequency divider
C . Carry F/F By, BL : RAM address register
P, PL : Program counter S . Shift register
SCi, SC: : Stack register of program counter X, SB : Temporary register
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CMOS 4-Bit 1-Chip Microcomputer _

B Pin Description

SM-540

Pin name 1/0 Circuit type Function
K;~K, I B Acc « K;~K,
o R register output ; ; '
170 *Pull d o . -
Ra . it down 2 F/F is input when R register Ra is reset
. - R register output ; ‘
1l : .
RD 1’0 Pull down BF/F is input when R register Rb is reset
§1~216 0 Display RAM contents output as LCD segment signals
17 Die
H,~Hg 0] 8-value output capability;used for LCD common output
S;~S, (0] S register output
RC 0 R register output
ALM (0] For sound generator
T I Pull up For test (Connected to GND normally)
Sync I External clock input
Rf 0 System clock output
When system clock is running,
Ve 0} .
output at the same voltage as Vpp
Vpise LCD driver power supply
Voo, GND Power supply for logic circuit

Bl Absolute Maximum Ratings

Parameter Symbol Ratings Unit | Note
Voo —5.5~+0.3 v 1
Pin voltage Vpisp —5.5~40.3 \4 1,2
Vin | Vu—0.3~+0.3 vV 1
Operating temperature Topr —5~450 T
Storage temperature Tog —55~+150 T

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

Note 2: Vpise<Vop

B Recommended Operating Conditions

Parameter Symbol Ratings Unit
\i —5.5~+4.0 \
Supply volt ==
1Py voTtage Voise | —55~+-30 | V
Oscillator frequency fose 120(TYP.) kHz
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CMOS 4-Bit 1-Chip Microcomputer ‘ '~ SM-540

B Electrical Characteristics (Vpp=—4.5V, Ta=25T)
Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
‘ Vi 0.6 N
I
nput voltage Vi Voot 0.6 v 3
Iy Vin=0V . ' 20 rA 4
Iy Viyn=—4.5V 1.5 prA-
I
nput current Ttz V=0V 30 “A ;
I Vin=—4.5V 1.5 rA
Voa No load condition Vpgp=—4.5V —0.2 \4
Vos No load condition Vpgp=—4.5V —1.38 —0.97 \4
Voce No load condition Vpp=—4.5V —3.53 —3.12 \%
Output voltage Vob No load condition Vpgp=—4.5V —4.3 \4 6
Voe No load condition Vpgp=—4.5V —2.35 —1.95 \4
Vor No load condition Vpgp=—4.5V —2.55 —2.15 \4
IOHI VOUT= —0.5V 40 ¥4 A 7
lows Vour=Vpp10.5V 2 #A
Ionz Vour=—0.5V 100 nA 5
Output current loL2 Vour=Vpp+0.5V 2 rA
lous Vour=—0.5V . 100 M A 8
loLs Vour=Vpp+0.5V 5 #A
Iona Vour=—0.5V 100 M A 9
IOL4 VOUT=VDD+0-5V 100 M A
. Ipa During operation 230 rA
C 1
urrent consumption . Ips During system clock stop 1 nA 0,
Note 3: Applied to pins Ki~Kji, Ra, Rb ® H;~Hs Waveform ® aij~as,bi~bs Waveform
Note 4: Applied to pins Ki~Xs VoA e v
Note 5: Applied to pins R, Ro ’ oL
Note 6: Applied to pins Hi~Hs, ai~ais, bi~bis ===V | —Vok
Note 7: Applied to pins S1-~Si —|_ """" —Voc ——— == —Vr
Note 8: Applied to pip RC ke~ —Von | RS | S
Note 9: Applied to pin ALM :
Note 10: fosc=120kHz(TYP.) and Voisp=—4.5V ® Clock from external input pin SYNC
50kHz~144kHz
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CMOS 4-Bit 1-Chip Microcomputer

'

Bl Application

1. Game machine

'l System Configuration (for LCD game)

16X16 dot matrix

IOOkQ%

LCD
H, ap ~ aj bt ~ b
Ky
K,
Hs K
SM-540
K,
Ve S
S

Voisp
T GND

. R(
%230k0
Vo Sync

lud
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4.5V

50kQ

2S5C458

80k
Piezoelectric
buzzer
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CMOS 4-Bit 1-Chip Microcomputer ‘ SM-550/SM-555

SM-550/SM-555 Sesimio

Bl Description B Pin Connections
The SM-550/SM-555 are 4-bit single chip e
CMOS microcomputers with 1,024 bytes of ROM, CocenaZs Sed&aa
80 words of RAM, a 15 stage divider and an event = E;, l’?fl ol ey
counter. . . P80 Ps,
They has the advantages of high-speed instruc- P83 © [@P50
tion cycle of 1.6 «s(SM-550)/3.3 us(SM-555), 5 P8:[3] P4s
different interrupts, subroutine stack in the RAM P83t P4,
area, and byte-by-byte data transfer capability. Plo[d] 20 P4,
P1.[37 119 P4

They are well suited for low power application
systems with many control ports.

P13 RESET
P25 I INTA
P27 INTB

B Features P2 PO,

. CMOS process
. ROM capacity 1,024 X8 bits HEERE BESpT e
. . MM MMM LD 2o o
. RAM capacity 80X4 bits Eedadizzgsan
. Instructions 94 @O Top View

. Subroutine nesting using RAM area
. Input ports 4 bits
. Output ports 8 bits
. Input/Output ports 24 bits
. Interrupt function
External interrupts 2
Internal interrupts 3
10. External ROM/RAM expandable
11. Timer/event counter
12. Serial interface 8 bits
13. Standby mode (10 pA current consumption)
14. Single power supply (2.7~5.5V)
15. Instruction cycle (MIN.)
1.6 us(SM-550)
3.3 us(SM-555)
16. 48-pin quad-flat package

Q00N U b W
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CMOS 4-Bit 1-Chip Microcomputer \ o ‘ - . SM-550/SM-555

B Block Diagram

SP
S H 1 L
ROM a Dl E P/:ga]]el
I I
(1,024 X8E » ) 3 % D[ Lo,
RAM )
(80x4t v k) <> @)
]
Parallel
> Output
Port
w ’
<
£2 INT
$%
EO
Parallel
| ~1/0
Port
o=
Parallel  Parallel
-1/0 Port Input Port
Symbol description
A,B . Accumulators P, Pi. . Program counters
ACL ! Auto clear circuit P0~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
IE : Interrupt enable F/F TC : Count registers
IFTIFAIFS . ™ . Module registers
IFB,JFV @ Interrupt requests )
IME . Interrupt mask enable F/F
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CMOS 4-Bit 1-Chip Microcomputer
r-— 7 7 77 7 77 77 /7 77 /7 /77 /J -/ g /7 7 7 /

B Pin Description

SM-550/SM-555

Pin name 1/0 Circuit type Function
P7 I Pull up 4-bit parallel
PO, P1 1/0 Input-pull up 1/0 selectable by instruction |
P5, P8
P6 1/0 Input-pull up 1/0 selectable using RF register
P4 1/0 Input-pull up Serial interface input capability using RE register
P2, P3 (0] 4-bit parallel
INTA, INTB I Pull up Interrupt input
TEST I Pull down For test (Connected to GND normally) =
RESET 1 Pull up Auto clear =
$ (0] System clock output =
CK,, CK, For system clock oscillation —
OSCyn, OSCourt For clock oscillation
Voo, GND Power supply for logic circuit

Bl Absolute Maximum Ratings

Parameter Symbol Ratings Unit | Note
Supply voltage Vop —0.3~+7.5 \ 1 /
Input voltage Vin —0.3~Vppt+0.3 \% 1
Output voltage Vour | —0.3~Vpp+0.3 \4 1
Output current lour 40 mA | 2
Operating temperature Topr —20~+70 T
Storage temperature Ty —55~+4150 T

Note 1:

Note 2: Sum of current output from (or flowing into) output pin.

B Recommended Operating Conditions

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

Parameter Symbol Conditions MIN. -| TYP. MAX. Unit | Note
Supply voltage Vob 2.7 5.5 \%
Crystal oscillator frequency fosc . 32.768 kHz 3
Vpp=5V . .

Basic clock SM-550 f pp =5 0.25 5 MHz
oscillator Vop=3V 0.25 - 1 4
frequenc SM-555 f Vop=5V 0.25 1.2 MH

duency Vpp=3V 0.25 048 -
Note 3: Oscillation start time : within 10 seconds '
Note 4: Degree of fluctuation frequency : =30%

(tolerance of voltage fluctuation: +10%)
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' CMOS 4-Bit 1-Chip Microcomputer | ' C - SM-550/SM-555

\

B Electrical Characteristics (Vbp=2.7~5.5V, Ta=—20~+70C)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit | Note
Vini 0.7Vpp Vb \4 1
. Vi, } 0 0.3Vpp \%
Input voltage
P € Vi VDD—0-5 Voo \ 2
VILZ ) 0 i 0.5 \
2 200
I = - A
nput current Iin Viu=0V I Vor=5.0VE10% 20 200 Y7 1
lou1 Vou=Vpp—0.5V 50 uA 3
ToL1 Vou=0.5V 250 rA
| lon2 Vou=Vpp—0.5V 100 pA 4
Output current oLz Vor=0.5V 500 HA
VOHZ 100 '
1 A
o3 Vop—0.5V [Vpp=50VE10%] 400 a 5
VOL=0'5V 0.5
’ los [Voo=50V£10%| 1.6 mA
I f=0.5 MHz, Vpp=3.0V+10% 0.9 ' mA 6
or f=1 MHz, Vpp=5.0V£10% 1 ‘
Current consumption 5 |7
Ist Standby Vpp=3.0V£10% 12 HA 3
current Vpp=5.0V+10% 50

Note 1: Applied to pins POo~P03, Plo~P13s, P4o~P43, P50~P53, P60~P63, P80~P83 (during input mode)
P70~P73, INTA, INTB, RESET.
" Note 2: Applied to pins CKi, OSCiv, TEST.
Note 3: Applied to pin CK2
Note 4: Applied to pin ¢
Note 5: Applied to pins POo~P0s, P1lo~P13, P4o~P43, P50~P53, P6o~P63,
P80~ P83 (during output mode)
P20~P23, P30~P3s
Note 6: No-load. condition 7
Note 7: No-load condition when crystal oscillation circuit is not operating. Connect OSCiv pin to GND.
Note 8: No-load condition when crystal oscillation circuit is operating

\

® Oscillation circuit .
. CKi CK:2 0SCix OSCour

I N Crystal
a
R Ca -Iﬂ: Cn

Cc=15pF, Cp=22pF

‘® Clock oscillation circuit '
CK1 External clock—s={ CK,

The clock oscillation circuit is composed by con- RS
necting a resistance to the CKi and CK: pins. When 3 ‘
inputting an external clock directly, input it CK: Open ——CK:
through CK: and leave CK: open.

The system clock (¢ ) used is the clock supplied CR oscillation External clock

to CKi divided by 4.
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CMOS 4-Bit 1-Chip Microcomputer SM-550/SM-555

B Applications

1. Controllers for various home appliances, au-
dio equipment, office equipment, etc.
2. Vending machines

B System Configuration (for mechanism controller)

OSCin|NC
CK,
CK; :;;:'
+
Vpp f——0 2
TEST
GND j;]

Pulse input{

( <T P4y
! f SM-550/SM-555
—|P% P8:|—>
~{Po, I Control signal
Control signalsl | § - \ ontrol signals
I POs P63 je—
- 1
—Plo § ' }Input signals
: i Pﬁo pe————
. Pli 0888 _ 62 & & o 8
[y A A A A g

< P20
<—P2,
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CMOS 4-Bit 1-Chip Mlcrocomputer SM-551/SM-556

_———__—_—_—_—_____

SM-55 1/SM 55

B Description

The SM-551/SM-556 is a 4-bit single chip
CMOS microcomputer with 2,048 bytes of ROM,
128 words of RAM, a 15-stage divider, an event
.counter and 48 1/0 ports. It has the advantages of
a high-speed instruction cycle of 1.6 us, 5 differ-
ent interrupts, subroutine stack in the RAM area,
and byte-by-byte transfer capability. It is well
suited for low power application systems with
many control ports.

B Features

. CMOS process
. ROM capacity 2,048 X8 bits
. RAM capacity 128X 4 bits
. Instructions 94
. Subroutine nesting using RAM area
. Input ports 4 bits
. Output ports 16 bits
. Input/Output ports 28 bits
. Interrupt function

External interrupt 2

Internal interrupt 3
10. External ROM/RAM expandable
11. Timer/event counter
12. Serial interface 8 bits
13. Standby mode (10 A current consumption)
14. Single power supply (+2.7~+5.5V)
15. Instruction cycle (MIN.)

1.6 #s(SM-551)
3.3 u#s(SM-556)

16. 60-pin quad-flat package

[NelNe BN I e RN, B NGO SR
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CMOS 4-Bit 1-Chip Microcomputer SM-551/SM-556

B Block Diagram

— 10) )
SP -
. H L PO 12
133
G ROM a D | E — 2 >I%raue]
GND q X (2,048%8) = ] ¥ | Port
v E e P1 15
pp (3 T
Teat (5 rav [ )
I I I I J (128 4) 1 o))
PU PL | B A
RESET (w)—ACL i 1 g A 2
L 20
" Parallel
\ ] o > Output
: ] 24
Osci- . __ %
“am{ < _|osc DIV(2)|—T~| DIV(1) zs<
= RD P4 =
Clock £ b - [ =
Output 3 N J__ =
! S INT | |RE P5 9 | parallel
Clock CG IFB | £ - L = e
2 J __J % ) >{)/Ot
IFS = — or
SI SO '— 33
IFA RF Ps g
7 || L T
Interrupt SCK 36
Input CNT P7 %) )
40
O V/4 (] [®a] [e] [re] I:: < | Parallel
m Input
m Port
59)(58)( 57 (56 )( 55 (54 53 X(52 ) 51)(50)(49)(48 (4746 )(45 (44
N ~~ N\ ~— -/
Parallel Output Port Parallel I/O Port
Symbol description
A,B . Accumulators IME . Interrupt mask enable F/F
ACL . Auto clear PU,PL . Program counters
ALU . Arithmetic logic unit P0O~PB . Registers
CG : Clock generator PSW ! Program status word register
DIV : Divider RD, RE, RF : Mode registers
H,LD,E : General-purpose registers SB . Shift register
1IE . Inverrupt enable F/F SP : Stack pointer
IFT, IFA, TC . Count register
IFS,IFB,IFV : Interrupt requests ™ : Module register
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‘CMOS 4-Bit 1-Chip Microcomputer

M Pin Description

'SM-551/SM-556

Pin name /0 Circuit type Function
P7 1 Pull up 4-bit pararell
PO, P1 1/0 " | Input-pull'up 1/0 selectable by instruction
P5, P8 )
P6 1/0 Input-pull up ' /0 selectable using RF register
P4 1/0 Input-pull up Serial interface input capability using RE register
P9, PA, PB 1/0 Input-pull up I/0 selectable by instruction
P2, P3 (6} 4-bit pararell
INTA, INTB 1 Pull up Interrupt input
TEST 1 Pull down For test (Connected to GND normally)
RESET 1 Pull up Auto clear
$ 0 System clock output
CK,, CK, For system clock oscillation
OSCin, OSCour For clock oscillation
Vpp,GND Power supply for logic curcuit

B Absolute Maximum Ratings

‘Parameter Symbol ' Ratings Unit | Note
Supply voltage Vop —0.3~+75 \Y% 1
Input voltage Vin —0.3~Vppt+0.3| V 1
Output voltage Vour | —0.3~Vpp+0.3 \% 1
Output current Iout 40 mA 2
Operating temperature Topr —20~+70 T
Storage temperature Tog —55~+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 oscillator frequency fosc 32.768 kHz 3
. Vpp=5.0V 0.25 2.5
- f MH
Bas.‘g th‘ SM-551 Vop=3.0V 0.25 1.0 1,
;’Scl ation SM.556 . Vop=5.0V 0.25 L2 |
requency ] Vop=3.0V 0.25 0.48
Note 3: Oscillation start time : within 10 seconds
Note 4: Degree of fluctuation frequency : £30%
(tolerance of voltage fluctuation : +10%)
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CMOS 4-Bit 1-Chip Microcomputer SM-551/SM-556

B Electrical Characteristics (Vbp=2.7~5.5V, Ta=—20~+70T)
Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
Vi 0.7Vpp Vi \ 5
Input voltage Vi, 0 0-3Vpp A
Vin Vpp—0.5 Von \% 6
Vi 0 0.5 v
Input current Iin Viu=0V | Vor=5.0V10% 2(2) ggg pA 5
Tin Vou=Vpp—0.5V 50 77.\ ;
lovt Vor=0.5V 250 HA
louz Vou=Vpp—0.5V 100 HA 3
Output current IoLe Vor=0.5V 500 H#A
L] Vo= 100 R
oIy Vop—0.5V [Vpp=5.0V£10%| 400 a 9
VoL=0.5V 0.5
lova [Vop=50VE10%| 1.6 mA
Top f=0.5 MHz, Vp,p=3.0VE10% 0.9 mA 10
f=1 MHz, Vpp=5.0V £ 10% 1
Current consumption Standby current 5 111
Ier Vop=3.0V£10% 12 2N
Vpp=5.0VE10% 50

Note 5: Applied to pins POo~P03, Plo~P13, P4o~P43, P50~P53,
P60~P63, P80~P83, P90 ~P93 (during input mode)
P70~P7s, INTA, INTB, RESET.

Note 6: Applied to pins CK1, OSCiv, TEST.

Note 7: Applied to pin CK,

Note 8: Applied to pin ¢

Note 9: Applied to pins POo~P03, Plo~P1s, P4o~P4s, P50~P53,

P60~P63, P80~P83, P9o~P93 (during output mode)
P20~P23, P30o~P33, PAo~PAs, PBo~PB3
Note 10: No-load condition \
Note 11: No-load condition when crystal oscillation circuit is not operating
Note 12: No-load condition when crystal oscillation circuit is operating

® Oscillation Circuit .
CK, CK, 0SCx 0SCour

Crystal
‘ 0
R Ce ;

C;=15pF, C,=22pF

Cp

® Clock Oscillation Circuit

The clock oscillation circuit is composed by con- CK, External clock—>{CK,
necting a resistance to the CK: and CK: pins. When R
inputting an external clock directly, input it CKo Open CK,
through CK: and leave CK: open.

The system clock ($) used is the clock supplied
to CK: divided by 4. CR oscillation External clock
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CMOS 4-Bit 1-Chip Microcomputer - \ SM-551/SM-556
N | Applicétions
1. Controllers for variots home appliances, audio

equipment, office equipment, etc.
2. Vending machines

H System Configuration (for mechanism controller)

vm) —————o <

Q
Z l%
s £ Zg o &g
Q Z
ge” - 7 ES
3 =
PA3 m—
. ——>|INTA §
Pulse 1nput{ INTB PA—
P PO — .
( P4 | Control signals
R SM-551/SM-556 P9 |—>

Control signals

} Input signals

SHARP

132



CMOS 4-Bit 1-Chip Microcomputer

SM-552/SM-55

B Description

The SM-552/SM-557 is a 4-bit single chip
CMOS microcomputer with 4,096 bytes of ROM,
256words of RAM, a 15 stage divider and an event
counter.

They has the advantages of high-speed instruc-
tion cycle of 1.6 s (SM-552)/3.3 us (SM-557), 5
different interrupts, subroutine stack in the RAM
area, and byte-by-byte data transfer capability.

They ar€ well suited for low power application
systems with many control ports.

B Features

. CMOS process
. ROM capacity 4,096 X8 bits
. RAM capacity 256X4 bits
. Instructions 94
. Subroutine nesting using RAM area
. Input ports 4 bits
. Output ports 16 bits
. Input/Output ports 28 bits
. Interrupt function
External interrupts 2
Internal interrupts 3

10. External ROM/RAM expandable
11. Timer/event counter
12. Serial interface 8 bits
13. Standby mode (10 A current consumption)
14. Single power supply (2.7~5.5V)
15. Instruction cycle (MIN.)

1.6 us(SM-552)

3.3 us(SM-557)
16. 60-pin quad-flat package

O o000 & Wi+

SM-552/SM-557

CMOS 4-Bit 1-Chip
Microcomputer

M Pin Connections

op View

SHARP

133



CMOS 4-Bit 1 -Chip Microcomputer . SM-552/SM-557

B Block Diagram

SP
| >
S ,
\ 1 ROM 2 1 Parallel
Vin @) (4,096X8t v | ) o DEC ruo
e s Port
GND(® =
39
TEST === 1T ) RAM )
\ DEC. / (256 X4t - ) [ ]
i ‘
Pr Py
RESET @—Jact Parallel
> Output
Port
0SCin(4
. DIV- e
OSCour V2
N
CKi (1 =
CK2 0‘ g
9 E
28
INTB (7 E Parallel
~1/0
Port
INTAQ)—{ [T

(194D
~ > ~ 7 g.._Y_J
Parallel Parallel Parallel
Output Port 1/0 Port Input Port
Symbol description
A,B . Accumulators Pu, PL . 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 : ™ ! Module registers
IFB,IFV : Interrupt requests
IME ! Interrupt mask enable F/F
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‘CMOS 4-Bit 1-Chip Microcomputer

B Pin Description

SM-552/SM-557

Pin name 1/0 Circuit type Function
P7 1 Pull up 4-bit parallel
PO, P1 170 Input-pull up 1/0 selectable by instruction
P5, P8
P6 1/0 Input-pull up 1/0 selectable using RF register
P4 1/0 Input-pull up Serial interface input capability using RE register
P9, PA, PB 1/0 Input-pull up 1/0 selectable by instruction
P2, P3 (¢} 4-bit parallel
INTA, INTB . Pull up- Interrupt input =
TEST I Pull down For test (Connected to GND normally) 2 =
RESET I Pull up Auto clear =
¢ 0 System clock output ———
CK,, CK, For system clock oscillation
OSCyn, OSCout For clock oscillation
Vpp, GND Power supply for logic circuit

B Absolute Maximum Ratings

Parameter Symbol Ratings Unit | Note
Supply voltage Vb —0.3~+7.5 \% 1
Input voltage Vin —0.3~Vpp+0.3 \Y 1
Output voltage Vour | —0.3~Vpp+0.3 \ 1
Output current Iout 40 mA 2
Operating temperature Topr —20~+70 T
Storage temperature Ty —55~+4150 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 | MIN. TYP. MAX. Unit | Note
Supply voltage Vpp 2.7 5.5 \4
Crystal oscillator frequency fosc 32.768 kHz
. 0.25 2.5 3
gssixlclac:ti)()rck SM-552 f 0.25 1 MHz 1
0.25 ' 1.2 3
frequency SM-557 f 0.25 0.48 MHz 1
Note 3: Vop=5.0V
Note 4: Vpp=3.0V
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CMOS 4-Bit 1-Chip Microcomputer .~ SM-552/SM-557

Bl Electrical Characteristics - (Vop=2.7~5.5V, Ta=—20~+70T)
~ Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit |Note
Vim . 0.7Vpp | . Vbp \% 5 -
. Vie 0 . 0.3Vpp Vi
Input voltage 7 —
sz . ) Vpp—0.5] Vop v 6
V[LZ ) . 0 0.5 V
. 2 200
I t | Vn= A
mput curren » v ] V=0V Vop=50VE10%| 20 200 |~ >
lom Vou=Vpp—0.5V . 50 HA 7
Tow VoL =0.5V 250 7.\
Lonz Vou=Vpp—0.5V 100 HA 3 ;
Output current ToLe Vor=0.5V 500 HA
Vo= 100 ‘
Ion: A
ons Vop—0.5V [V,)=5.0VE10%| 400 a 9
0.5
Top: Vor=0.5V A
oL o =08V TS OvELR| L6 "
' f=0.5 MHz Vpp =3.0V£10% 0.3 “mAa | 10
| f=1MHz Vpp=5.0V+10% 1
C t i 0 11
urrent consumption ler Standby current 5 uA )
5 12,
Note 5: Applied to pins POo~P03, Plo~P1s, P4o~P43, P50~P53, P6o~P63, P8o~P83, N
P90~P9s (during input mode) P70~P73, INTA, INTB, RESET.
Note 6: Applied to pins CKi, OSCyy, TEST.
Note 7: 'Applied to pin CK,
Note 8: Applied to pin ¢
Note 9: Applied to pins POo~P03, Plo~P1s, P4o~P43, P50~P53, P6o~P63,
P80~P83, P9o~P93, (during output mode)
P20~P22, P30~P33, PAo~PAs, PBo~PBs3
Note. 10: No-load condition
Note. 11: No-load condition when crystal oscillation circuit is operating
Note. 12: No-load condition when crystal oscillation circuit is not operating
® Oscillation Circuit
CK: CK: 0SCix 0SCour
T_ANV—} Crystal
" Ok
Ca Cp
Ce=15pF, Cp=22pF
® Clock Oscillation Circuit
The clock oscillation circuit is composed by con-
necting a resistance to the CK: and CK: pins. When CK: External clock——J CK:
inputting an external clock directly, input it RS
through CK: and leave CK: open. 7
The system clock ($) used is the clock supplied CK: Open CK.
to CK: divided by 4.
CR pscillation External clock
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‘CMOS 4-Bit 1-Chip Microcomputer SM-552/SM-557

Bl Applications

1. Controllers for various home appliances, audio
equipment, office equipment, etc.
2. Vending machines

B System Configuration (for mechanism controller)

+5V
0 I ’“
Z
S 2 & BEQ2
g Qoo > 2Z
s °© &
TNTA PAsl——» O
Pulse i t{ —>1INTA
inpui
—>INTB I;Ago l—>
( < P40 s 33—
Ct SM-552/SM-557 P9, ¢ Control signals
Pis P8;}—>
~—P0y 5
1
Control signa154 ! § : . - J
< P PG:<—
i § | Input signals
I
: 3 P6ofe—
TP SSRSS - SS S S8 S8
AAAMAE TAR A A s

Input signals
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CMOS 4-Bit 1-Chip Microcomputer . SM-5E3

S M - 5 E3 CMOS ’4-Bit 1-Chip ,Micrécomputér |

B Description B Pin Connections
The SM-5E3 is a 4-bit single chip CMOS micro- ‘

computer with 4,096 bytes of ROM, 256 words of e coe.ae B 555 R
RAM, a 15 stage divider and an event counter. It SRR ERERRERE ElE LRB2
Y f67] o6}

has the advantages of a high-speed instruction cy-
cle of 1.6 s, 5 different interrupts, subroutine
stack in the RAM area, and byte-by-byte data
transfer capability. It is well suited for low pow-
er application systems with many control ports.

B Features

. CMOS process

. ROM capacity 4,096 X8 bits

. RAM capacity 256X4 bits |

. Instructions 99

. Subroutine nesting using RAM area

. Input ports 4 bits

. Output ports 16 bits

. Input/Output ports 48 bits

. Interrupt function (External interrupts 2 and
internal interrupts 3)

10. External ROM/RAM expandable ) Top View

11. Timer/event counter

12. Serial interface 8 bits

13. Standby mode (50 #A current consumption)

14. Single power supply (+2.7~+5.5V)

15. 1.6 us instruction cycle (MIN.)

16. 80-pin quad-flat package

OO0 U &~ W~
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CMOS 4-Bit 1-Chip Microcomputer

S M - 5 6 3 CMOS 4-Bit 1-Chip Microcomputer

Description

The SM-563 is a 4-bit single chip CMOS micro-
compter with 4,096 bytes of ROM, 160 X4 bits of
RAM, timer/event-counter and multiplex interrupt.

It is best suited to controllers of application sys-
tems to drive multi LCD segments.

1.
. ROM capacity 4,096 X8 bits
. RAM capacity 160X4 bits

w N

© 000 ok

10.
11.
12.

13.
14.
15.

Features
CMOS process

(including 32X 4 bits for display)

. Instructions 93

. Subroutine nesting using RAM area
. Input ports :
. Input/Output ports

. Timer/event-counter
. Interrupt functions 5

4 bits
11 bits

External interrupt

Serial 170 interrupt

Timer/event-counter interrupt

fi signal interrupt

Divider overflow interrupt
Serial interface 8 bits
Standby mode
Direct LCD driver circuits (1/4 duty, 1/3 bias
and 128 segments (MAX.))
Insturuction cycle 6.67 us (MIN.)
Single power supply (2.7~5.5V)
64-pin quad-flat package

Hl Pin Connections

SM-563

SHARP

g A
FE N ERRZASS IS5
LA ASS OO M M
[64 (63 [62] [61) feol (541 8l 51 foel Bl 4] 21 )
P32[0] 511 P1o -
@[] 50 P03
So(3] [P0,

[P0,
msh

[ H3
[B1H.

[ H,
BICKo
[2ICK;
11 P0o
[[TEST
[BIRESET
&S 1
371S 30
36l S 24

B Vor
DAV
33 S s

. Top View
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CMOS 4-Bit 1-Chip Microcomputer .. sM-563

B Block Diagram

| . L , ‘Parallel -
‘ ) o Input Port o
——
5D)
52
53,
54
SP 5% LPara]lel
H L P1 56) »1/0
ROM D E 57 Port
(4,096 x8) 52
- P2 63
RAM 64
(128%x4) g
<> )
Display RAM| [ ’lp3 N
X4)
PU PL A || (%4 :
1 ] G
0
T 6
— R4 3
Oscillater HDIV(D{ IFV |- R5 9
—_ R6 10
Clock Output £ R7 |« ‘ 1
=
S RD 19( Segment
N RE 13) [ Output
2 RF | i 14
S .
K ] 15
=
= 16,
[DSiBR] i
19
) 50
PO SND | ‘ 3
HC |~ | LCD Driver =
, - 1 29
é BOGBI—eHa5)34 DB DDA D DR D DD
- 7
P ) Y
foiw]ircguppy LCD Bias Common Segment Output
Output
Symbol description
AB : Accumulators IME . : Interrupt mask enable F F
ACL | : Auto clear . P1—P3 : Registers
ALU : Arithmetic logic unit PL,PU : Program counters
BR,DS : Common signal control F/F PSW : Program status word register
CG : Clock generator R4~R7 : General - purpose registers
DIV : Divider RD,RE,RF: Mode registers
D,E,H,L : General-purpose registers SB : Shift register
HC : Common signal circuit: SP : Stack pointer
1E : Interrupt enable F/F TC : Count register
IFA,IFB ™ : Module register
IFS,IFT,IFV: Interrupt requests
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CMOS 4-Bit 1-Chip Microcomputer

, SM-563

B Pin Description

Pin name 1/0 Circuit type Function
P0y,~P0; 1 Pull up Acc + P0y,~P0O3
P1,~Plj 1/0 Pull up 1/0 selectable by instruction
[/0 selectable individually
P2o~P2s /o Pull up Sound output only when P25 pin is used for output
P3,~P33 170 Pull up Serial interface input capability using RE register
So~Ss31 [0} Display RAM contents output as LCD segment signals
H,~H, [0} 4-value output capability ; used for LCD common output
TEST I Pull down For test (Connected to GND normally) =
RESET I Pull up Auto clear 2 =
¢ (¢} System clock output =
CK,, CK, For system clock oscillation —
0OSCy, OSCout For clock oscillation
Vbspe, Voa, Vo LCD driver power supply
Vpp, GND Power supply for logic circuit

Bl Absolute Maximum Ratings

Parameter ‘| Symbol Ratings Unit Note
Vop —0.3~+7 \%
1 1 1
Supply voltage Vose —03~+7 v
Input voltage Vin —0.3~Vpp+0.3 \Y% 1
Output voltage Vour | —0.3~Vpp+0.3 \%
Output current lout 20 mA
Operating temperature Topr —20~+70 T
Storage temperature T —55~+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 (Vpp=2.7~5.5V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit Note

Vb 2.7 5.5 \%
Supply voltage Vor 07 Voo v
Basic clock oscillator ¢ 250 600 KH 3

z
frequency VDD_=4.5~5.5V 250 2000
Instruction cycle t 6.6 16 MmS
y Vop=4.5~5.5V 2 16
Crystal oscillator frequency fosc 32.768 kHz
Note 3: Degree of fluctuation frequency: +30%
® Oscillation circuit
CK;, CK: OSCix  OSCour
Crystal
, 0
R Ce Cp
I 7
C¢=15pF, Cp=22pF
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’

CMOS 4-Bit 1-Chip Microcomputer SRR SM-563

B Electrical Characteristics ' (Vpp=2.7~5.5V, Ta=—20~+70C)-
Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
Vim 0.7Vpp - Vop \ 1
Input voltage Vit : 0 4 0-3Vpp v
Vinz ‘ Vpp—0.5) Vb \J 5
Vie 0 0.5 \%
) . 20 200
I , = A 1
nput current L Vin=0V | Vor=45~55V 5 200 7
lom1 Vou=Vpp—0.5V 50 HA 3
“lora Vou=0.5V 250 /lA
louz VouszD—‘O.5V 5 250 /-lA 4
Output current IoLe Vor=0.5V ; 500 rA
I V0H= 400 i A
oH3 Vop—0.5V [ Vpp=4.5-55V | 100 " 5
I Vor=0.5V 1.6 mA
oLs | Vpp=45~55V | 05
. Re 5 20 k) 6
Output impedance Re 10 40 o) 7
Vv, 2.7 3 \4
Vz VDSP= 3.0V . 1.7 2 2.3 \%
1
Output voltage V, | No-load ‘ 0.7 1 | 13 | v |8
vV, 0 0.3 \Y
lop f=600kHz, Vp,p,=3.0V " 0.4 1.5 | mA 9
Current consumption Vpsp=3.0V 15 40 10
I Stand d - A —
ST andby mode g =20y 8 20 2 11
Note 1: Applied to pins POo~P0i, RESET
Plo~P13, P20~P23, P30~P3:2 (during input mode)
Note 2: Applied to pins CKi, Test, OSCin
Note 3: Applied to pin CK:
Note 4: Applied to pins Plo~P13 (during output mode)
Note 5: Applied to pins P20~P23, P30o~P3:2 (during output mode)
[4
Note 6: Applied to pins Hi~H:
Note 7: Applied to pins So~Sai
Note 8: Applied to pins H2~Hi, So~Sa1

Hs waveform — Ve _T_ l

Vs Coa Cos
<V, I I

Coa=1uF, Cop=1uF

-~

Note 9: No-load condition
Note 10: No-load condition when bleader resistance is ON
Note 11: No-load condition when bleader resistance is OFF
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CMOS 4-Bit 1-Chip Microcomputer

SM-563

B Applications

The instruction cycle of the SM563 .is fast and
the unit operates on little power, and therefore it is
ideal for use as a controller with a liquid crystal
display in a wide range of hand-held equipment
and home appliances.

B System Configuration

[ | Applications Example

Portable devices, auto dialers, sphygmomano-
meters, thermometers, pulsemeters, radio control-
lers, cameras, home appliances, various timers,
VTR timers, home security system, pocket games

Key matrix
in'e
H o0 LCD
i’lo
Ssli iSsos” Sli L—So
L .].J. ol TS
- 68kQ ’Ffj
HEEEREEEERRERE 2|33
e e e e T o SR S 2@ < ® a
AEERTTITTINNT RGO 0SS n =
52] P11 E % S2732 -
531 P12 = S26[3 =
5] P1; Sys5[30
551 P20 S24[29
Control signals (1) =5 P2, Sa3
57| P2, S22 f27
el 55|GND SM-563 GND|25
; z 55]0SCix Sa1[25
0 60J0S Cout Syol24
61 VDD SlS 23
[
20pF 3= & 2,354 62| P23 Sie 22—1
N; 63| P3, Si7 T
64| P3; o 5 S1e{20
Piezoelectric buzzer =3 Esﬁﬁﬁﬁ@ﬁﬁﬁﬁﬁﬁﬁﬁéﬁféj
i o e S S 2 8 B S s R S
SW
.J__O\) =
3VE 10uF 2 LLLLLLL'—»L»'*
B R To LCD

——
Control signals (II)
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CMOS 4-Bit 1-Chip Microcomputer ‘ S SM-572

S M _ 5 7 2 CMOS 4-Bit 1-Chip Microcomputer

B Description I : : B Pin Connections’
The SM-572 is a 4-bit single chip CMOS micro-
computer with 2,032X9 bits of ROM, 128X4 bits
of RAM, 8 bits A/D converter and timer/counter.
It is best suited for applications requiring A/D
circuits.

v

B Features

. CMOS process
. ROM capacity 2,032 X9 bits
. RAM capacity 128X4 bits
. Instructions 93
. Subroutine nesting 6 levels
. Input ports 8 bits
. Output port 1 bit
. Input/Output ports 40 bits
. Timer/counter
8-bit counters 2
. Interrupt function
External interrupt 2
Timer interrupt 2
11. A/D converter 8 bits
Conversion time 32 us(MIN.)
12. Single power supply (2.7~5.5V)
13. Instruction cycle 2 zs (MIN.)
14. 60-pin quad-flat package

OO0 O bW

—
o
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CMOS 4-Bit 1-Chip Microcomputer SM-572

B Block Diagram

. Input/Output Port
AL
9957 1Ei8 i1l
i T i
(o] =] | [Ee]
— HxlAc o
A/D F] Ef'
=
AM
. ROM ®
DM (2,032X9)
TIMER 1 TF1
INST.
TIMER 2 F —>
N 1L ! TE2] DECODER
= MPX.
[MPXx] |
PC l CM
Z |E0|E1|E2|E3|E
! IF INT SR SP
OAEAENNDEIEIENENEX N —C -
v — ’ e .
Input OQutput Port Input Port CL1 CL: ?nspgtl‘\p/or?scou
Symbol description
ALU : Arithmetic logic unit Acc : Accumulator
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 convertor and Comparator unit
SHARP
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CMOS 4-Bit 1-Chip Microcomputer

B Pin Description

SM-572

Pin name 170 Circuit type Function
KCy~KCy I Acc + KCy—~KC; or A/D conversion analog input
KL, KH Acc — K], KHZ KT, KL
KT. KL 1 KI « (IF flag set), KH « (HF flag set),
’ KT « (External timer signal input)
Z registor contents output;Can be tested individually
Zo~2Zys /0 . .
) Reset ZF/F when used as input pins
Py—~P; 1/0 3 states Acc +— Py—~P, ) -
. Qo~Qs + Acc
Qo—~Q; /0 Reset QF/F when used as input pins
170 RO, R1, R2 < Acc
RO, R1, R2 Reset RF/F when used as input pins
‘ F [0} Sound output or 1 bit output
T I Pull down For test (Connected to GND normally)
ACL I Pull down Auto clear
four (6] System clock output
CL,, CL, For system clock oscillation
0OSCpy, OSCout For clock oscillation
Vru, ViL A/D conversion standard power supply
Vop, GND Power supply for logic curcuit

B Absolute Maximum Ratings

Parameter Symbol Ratings - Unit
Supply voltage Voo —0.3~+7.5 \
Input voltage Vin —0.3~Vpp+0.3 \4
Output voltage Vour | —0.3~Vpp+0.3 \%
Output current™ lout 30 mA
Operating temperature Topr —10+70 T
Storage temperature Tote —55+150 T
*Source current from output pin or sum of sync current.
B Recommended Operating Conditions
Parameter Symbol Ratings Unit
Supply voltage Vb 2.7~5.5 v
L 4~0.2 (Vpp=5V)|
System oscillator frequenc f MH
y quency € 2702 (Vpp=3V) g
~50 (Vpp=5V
System clock frequency fs ;(5)8~§g EVZZ=ZV; kHz
Timer clock frequency fosc 32.768 (TYP.) kHz
SHARP
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CMOS 4-Bit 1-Chip Microcomputer ‘ SM-572

B Electrical Characteristics (Vbp=2.7~5.5V, Ta=—20~+70C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
Vim 0.7Vpp Voo v 1
Vi 0 0.3Vpp
Input voltage
P g Vinz Vpp—0.5 Vop Y 2
Vie 0 0.5
Vpp=5.0V£10% 80 300 800
Vin=V
Input current huny VPP Ty, =30VE10%| 20 90 | 300 #A 3
_ Vpp=5.0V£10% 8 25 100
e | Vin=Voo Iy o ovE10% 2 8 35 rA |4
v Vpp=5.0VE£10% 1
lom Vou=Vpp—0.5V Vor=3.0VE10% 04 mA 5,6
_ Vm)=5.0vi 10% 25
Output current ot Vou=05V 10 A 5
Vpp=5.0V+
lows | Vou=05v (o= 50VEI0h : mA | 6
0.4
lon Vou=Vpp—0.5V 200 A .
lonz Vou=0.5V 200 #
. . Vpp=5.0V+10% 1
ACL input pulse width tact VEE= SOVELO% s 13
Vpp rise time for ¢ Vpp=5.0V+10% 50 14
the internal ACL operation VDD Vpp=3.0V£10% ms
_ Vpp=5.0V£10% 1.5
| TR0k s ovEio% 1 mA | 8
_ Vpp=5.0VE10% 0.5
f=100kHz s oV 0% 0.3
. Vpp=5.0V+10% 5
C t
urrent consumption OFF mode | Vpp=3.0VE10%| 3 #A 19
Vpp=5.0VE10% 50
A
Ier Vop=30V£10% 30 pA|MO
Vpp=5.0VE£10% 400 A 11
Hold mode | Vpp=3.0V+10% 100 a
Vpp=5.0V£1 )
pp=>5.0 0% 600 A 12
Vpp=3.0VE10% 200
Note 1: Applied to pins KH, KL, KI, P3~Po, Q3~Qu, R03~R00, R13~R10, R23~R20, R33~R32, KCs~KCo
Note 2: Applied to pins Zis~Zo, CL1, OSCin/KT, ACL )
Note 3: Applied to pins Q3~Qo, RO3~R00, R13~R1o, *R23~R20, *R33~R30, *Z15~Zo
Note 4: Applied to pin ACL
Note 5: Applied to pins Q3~Qo, RO3~R00, R13~R1o, R23~R20, R33~R30, Z15~Z0

(*If CMOS buffer is specified for mask option, Note 6 applies to these pins.)
Note 6: Applied to pins Ps~Po, F, four
Note 7: Applied to pin CL,
Note 8: No-load condition .
Note 9: When the OSCiv/KT pin is connected to GND and in no-load condition.
Note 10: When the timer clock crystal oscillation circuit and timer 1 are operating and in no-load condition.
Note 11: When the OSCiv/KT pin is connected to GND and in no-load condition, fs=100kHz
Note 12: When the OSCiv/KT pin is connected to GND and in no-load condition, fs=500kHz
Note 13: tact is the ACL input pulse width required to cause ACL to operate when Vop has completely risen.

Vop
VDD_—/——
GND

tVop e

Vop-0.5V
ACL

tacL

Note 14: tVpp is the power supply rise time necessary for the built-in ACL to operate (ACL input pin is connected to GND).
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CMOS 4-Bit 1-Chip Microcomputer P SM-572

B Oscillation Circuit (values for reference) : L
(a) System clock frequency generating circuit (example 1)

(1) 400kHz oscillation ‘ ‘ (2) 2 MHz oscillation
CL: CL:  Oscillator KBR-400B : Made by Kyocera CL. CLe Oscillator KBR-2.0MS : Made by Kyocera
R¢ Ri=1MQ : Corp. . R¢ Ri=1MQ Corp.
Ry Ra=560Q \ R Ra=820Q
0 C1=330pF 0 C1=33pF

| C1; ICz C2=330pF ’ Czl ;Cz .C2 =33pF

« (b) System clock frequency generating circuit (example 2)

CL: CL: Vpo-f: Characteristics R-f, Characteristics
(U I 5
£ g \
R¢ 2 —— Z 2
2 Ri=10kQ i \V/DD=5V
51 § 1
z g Vop=3V
0
& 0.5 — “~ 0.5 \
04 R¢=82kQ E \\
£ 0.3 = 02 A
= s
g 1)
2 4 6 1 10 100
Supply voltage Vpp (V) Externally attached resistance R (kQ)
(¢) Clock generating circuit for timer (example)
0SCiv/KT  0SCour
Crystal When fosc=32.768kHz
, 0 C1=22pF, Co=22pF
CII IC2 Crystal : 32.768kHz
(d) External clock input circuit
CL CL: 0OSCin/KT 0SCour

Open Open

Pulse generator

Pulse generator

7
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CMOS 4-Bit 1-Chip Microcomputer SM-572

B System Configuration

Control output

Ceramic buzzer

<3 S]] SIS sE] =l Kls)=
» 30~ |Crystal 32.768kHz
w
s
=]
>
4 B
£
£
SM-572 @
= 5
2 55 2
= '——’@
T 57
z | —=
&) 59
60 220pF
4008
- | R 1 Bl S e 4
A B (ceramic)
*L Non lock switch  220pF g
11 O_l
Control output 0.2I2;'4F Vor
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CMOS 4-Bit 1-Chip Microcomputer ‘ SM-578

S M - 5 7 8 CMOS 4-Bit 1-Chip Microcompufer

B Description B Pin Connections
The SM-578 is a 4-bit single chip CMOS micro- SSSSEEBEEE - éf
computer with 4,064 X9 bits of ROM, 192X4 bits [64] 631 [e2] ] [eo] 5] [53] 7] [7e] 5] [5a] (a1 [52].
of RAM, 8-bit A/D converter, timer/counter and Qo[ 1) S ix
8-bit serial 1/0. Vi ] 5 Vi,
. . . .o .. ACL 3] 4] R 20
It is best suited for applications requiring A/D CL1[4] ) Rai
circuits. CL2 [] Rz
‘ fovr [E]
Po [T}
P [E]
P2 [9]
P3 10)
KH [T
KI [
B Features e
0SCovr [
L. CMOS process | i
2. ROM capacity 4,069 X9 bits KL @
3. RAM capacity 192 X4 bits Z15 [0
4. Instructions 93 %::%
5. Subroutine nesting 6 levels '
6. Input ports 8 bits
7. Output ports 1 bit
8. Input/Output ports 40 bits
9. Timer/counter : 8-bit counters 2
10. Interrupt function
External interrupts 2/Timer interrupts 2
11. A/D converter 8 bits
12. Single power supply (2.7~5.5V)
13. Instruction cycle 2 us (MIN.)
14. 64-pin quad-flat package
64-pin dual-in-line package
0SCour [29]
OSCin/KT
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CMOS 4-Bit 1-Chip Microcomputer : SM-579

S M - 5 7 9 CMOS 4-Bit 1-Chip Microcomputer

B Description B Pin Connections

The SM-579 is a 4-bit single chip CMOS micro-
computer with 6,094 X9 bits of ROM, 256 X4 bits

1|

of RAM, 8-bit A/D converter, timer/counter and E
8-bit Serial 170. ' E
. . .. .. ACL[
It is best suited for applications requiring A/D CL1 E %'QZT
circuits. CL2 [5] [ R 22
fourr [ 6] R23
Po [ 5] R3o
P [§] 4] Ra1
1 290 [5G Raz
P[] [ Ra3
KH [1] [ KCo
B Features KI [} [ KC,
T [ 5 KC 2
1. CMOS process O(S)ECM”I‘ 1 B KCs
. 15) fR
2. ROM capacity 6,096 X9 bits "\/}]((EE %g““
3. RAM capacity 256 X4 bits Zs (1] 5] S clock
4. Instructions 93 %:‘: % %;0”
5. Subroutine nesting 6 levels ’ L0
6. Input ports 8 bits
7. Output ports 1 bit
8. Input/Output ports 40 bits Ro: 1]
9. Timer/counter : 8-bit counters 2 Ro: &
10. Serial interface 8 bits Roo 3]
11. Interrupt function Qs [
External interrupts 2 Q2 [5]
Timer interrupts 2 Q: 8]
12. A/D converter 8 bits VQOE
1 o~ Db
13. Single power supply (2.7~5.5V) ACL

14. Instruction cycle 2 us (MIN.)
15. 64-pin quad-flat package
64 -pin dual-in-line package

CL1 10
CL2 [t
four [12
Po[3
P [
P [15]
P3[H

Top View
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CMOS 4-Bit 1-Chip Mlcrocomputer B N SM-590

S M -‘5 90 CMOS 4-Bit 1-Chip Microcomputer

B Description ' B Pin Connections

The SM-590 is a 4-bit single chip CMOS micro-
computer with 508 bytes of ROM, 32 X4 bits of

ROo[1

RAM. ROE
It is best suited for use in a compact controller, a RO:[7]
system subcontroller and other various application ROs[T]
systems. R33/CL2[3]
) CLu[E]

AcL[

GND[E]

‘M Features

1. CMOS process i ROo[1] o Vi
2. ROM capacity 508X 8 bits ROI[Z] [MR2:
3. RAM capacity 32X4 bits R2;[3] TFIR30
4. Instructions 41 . RO:[1] [GEIR2)
5. Subroutine nesting 4 levels ROs[G] [TR20
6. Input/Output ports 15 bits(MAX.) R3/CL2[g EIR1:
Available for use as 10mA output port CLE ZR1:
10 bits (MAX.) by mask option ég;% TR
(ROo~R03, RLo~R13, R3;, R3,) ‘ i
7. Standby mode

8. Single power supply (2.5~5.5V)
9. Instruction cycle 1 pus Vi
191 o
10. Package | 1/0 ports %‘lgiu
16DIP 11bits AR:
18DIP | 13bits e,
20DIP ~ 15bits ERL&
[ R12
5| R3:
2] R1
ERI(\

Top View
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CMOS 4-Bit 1-Chip Microcomputer SM-590

B Block Diagram

Parallel 1/0 Parallel Qut/Osillator
e A -~ Oscillator
T T T O — 7
RO R1 R2 R3 cG

X Acc C | KALU B

PC |(—> SR SP
Von

l : RAM
(32X4) GND
ROM :
1508 % 8) . . ACL
" Symbol description
Ace Accumglators PC : Program counter
ALU : Arithmetic logic unit ' RO~R3 : Register
B : RAM address register SP : Stack pointer R
C : Carry F F SR : Stack register
CG : Clock generator X : Temporary register
~ B Pin Description
Pin name 1/0 Circuit type Function
R0Oy,~RO;3 1/0 Pull down™! Acc +— R0y~RO03, RO,~R03; < RAM
R1y,~R1; 1/0 - | Pull down™! Acc +— R1y~R13 R1,~R1; + RAM
R2,~R2; 1/0 Pull down/open drain™? Acc +* R2,~R23, R2;—~R23; «<~ RAM
R3¢o~R3; 170 Pull down ™! Acc «—* R3p~R33, R3,~R33 « RAM
ACL 1 Pull down Auto clear
CL,, CL, . For system clock oscillation
Vpp, GND Power supply for logic circuit

% 1 Mask option ; Open drain I/0 or CMOS output selectable
% 2 Mask option
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CMOS 4-Bit 1- Ch|p Mlcrocomputer
—-——_—__——__—_————

Bl Absolute Maximum Ratings

SM-590

154

Parameter Symbol Ratings Unit .
Supply voltage Vpp —0.3~+7.5 "V
Input voltage -V, —0.3~Vpp+0.3 \%
Output voltage Vo —0.3~Vpp+0.3 \"
"~ Source output current sum S lon 120 mA
Sync output current sum SloL 20 mA
" Operating temperature Topr —10~+70 T
Storage temperature Tste —55~+150 T
M Recommended Operating Conditions
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Supply voltage Vop 2.5 5.5 \Y%
Command execution ti t 3VL£0.5V 4 50 S
and execution ime sYs 5V+0.5V 1 50 a
B Clock Input Signal AC Characteristics
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Clock rise time ty Vpp=2.5~5.5V 50 ns
Clock fall time te Vpp=2.5~5.5V 50
. ty Vpp=5V0.5V 0.08 6.3 )
Clock pulse width t Vop=3VE0.5V 0.45 6.3 -
Note: When external clock is input
Bl Electrical Characteristics (Vpp=2.7V~5.5V, Ta=—10C ~+707C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
Vi 0.7Vpp Vop A% 1
VILl 0 . 0~3VDD v
Vi Vpp—0.5 Vop A% 9
Input voltage ViLe 0 0.5 \%
ViLs Vpp=5V£10% 0.7 1.4 2.1 \Y 3
AV, Vpop=5V+10% 1.1 2 3.1 \%
: Vpp=3VE10% 15 70 200
=V A 1
Input current | Vw=Voo 5 Zeviion | 70 | 250 | 750 | M
Vpp=3V10% 7 20
= A
tma | Vin=Vop Vor=5V+10% 20 60 # 4
Ia1 tsys=2 #8  Vpp=5Vx10% 1 3 mA
. Vpp=3V£10% 100 200
: = A
Current consumption Ia2 tsys=10 us Voy=5VE10% 200 500 “ 5
I Standby mode 1 42 HA
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CMOS 4-Bit 1-Chip Microcomputer SM-590

Output current (Ta=-10C ~ +70C)
Io (MIN.) lon (mA) IoL (mA) IoL (#A) Note
Condition [Vpp=5V+10%| Vpp=3V+10% Vor=0.4V Vor=0.4V
Pin Vou=Vpp—2V | Voy=Vpp—0.5V |Vpp=5VE10%| ¥ [Vppb=5VE10%|

R0, 10 1 1.6 0.8 15 8
RO, 10 1 1.6 0.8 15 8
RO, 10 1 1.6 0.8 15 8
RO, 10 1 1.6 0.8 15 8
R1, 10 1 1.6 0.8 15 8
R1, 10 1 1.6 0.8 15 8
R1, 10 1 1.6 0.8 15 8
R1; 10 1 1.6 0.8 15 8
R2, 4 0.5 15 8
R2, 4 0.5 15 8
R2, 4 0.5 15 8
R2; 4 0.5 . 15 8
R3o 4 0.5 1.6 0.8 15 8
R3, 10 1 1.6 | 0.8 15 8
R3, 130 0%4 1.6 0.8 15 8 —s

CL,/R33 1 0.15 0.6 0.3

Mask option
. 2 1
switch number :

Note 1: Applied to pin ROo, RO1, ROz, RO3, R1o, R11, R12, R13, R20, R21, R22, R23, R30, R31, R32
" Note-2: Applied to pins ACL, CL,

Note 3: Applied to pin R22 (when standby cancel signal is input)

AVi=Viuz— Vi3 (See the SM590 programming manual for details)

Note 4: Applied to pin ACL

Note 5: No-load condition

Note 6: When the contents of the R latch is output to the R32 pin.

Note 7:  When the clock input to the CL1 pin is output from the R32 pin.

¥: Vpp=3Vx10%
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CMOS 4-Bit 1- Ch|p Microcomputer ‘ S - SM-591

S M " 5 9 1 CMOS 4-Bit 1-Chip Microcomputer

B Description -l Pin Connections
The SM-591 is a 4-bit single chip CMOS micro-
computer with 1,016 bytes of ROM, 56 X4 bits of ROo[T] ~
RAM. | « RO:[Z]
It is best suited for use in a compact controller, a RO:[3]
system subcontroller and other various application RO3[1]
systems. ‘ R33/CL2[F]
CL1[E]
ACL[T]
GND[E]
B Features
1. CMOS process E
2. ROM capacity 1,016X8 bits TIR2,
3. RAM capacity 56 X4 bits TR 30
4. Instructions 41 CIR2:1
5. Subroutine nesting 4 levels IR0
6. Input/Output ports .15 bits (MAX.) IR 1
Available for use as 10mA output port 10 bits 2R
(MAX.) by mask option ‘ %ﬁi“
(ROp~RO03, R15—~R13, R3;, R3y) o

7. Standby mode

8. Single power supply (2.5~5.5V)
9. Instruction cycle 1 us ROo[T]
10 o RO:[Z]
° Package | I/0 ports : R2:[3]
16DIP 11bits RO:[T]
18DIP 13bits RO:;E
20DIP 15bits R33/CL2[E].
CLi[7]
R3:8]
ACL[E]
GND[

Top View
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CMOS 4-Bit 1-Chip Microcomputer - SM-591

B Block Diagram

Parallel I/0 Parallel Out/Oscillator
- A N Oscillator
)
RO R1 R2 R3 cG

PC SR SP
l Voo
RAM
(56 4) , GND
ROM
(1016X8) ACL
Symbol description

Acc : Accumulators . PC : Program .counter

ALU : Arithmetic logic unit R0O~R3 : Register

B : RAM address register SP . Stack pointer

C : Carry F/F SR : Stack register

CG : Clock generator X : Temporary register

B Pin Description
Pin name /0 Circuit type Function
RO, ~RO;4 /0 Pull down™! Acc +— R0,~R0;, R0,~R03 + RAM
R1,~R1; 1/0 Pull down ™! Acc «++R1o~R13 R1,~R1; + RAM
R2p~R23 I/0 Pull down/open drain™?* Acc +— R2¢,~R23, R2y—~R2; <~ RAM
R3,~R3, /0 Pull down ™! Acc +—+ R3,~R33, R3;~R33 <~ RAM
ACL 1 Pull down Auto clear

CL,, CL, For system clock oscillation
Vpp, GND Power supply for logic circuit

* 1 Mask option ; Open drain I/0 or CMOS output selectable
% 2 Mask option
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CMOS 4-Bit 1-Chip Microcomputer ’

B Absolute Maximum Ratings

SM-591

Parameter Symbol Ratings Unit
Supply voltage Vop —0.3~+75 \Y%
Input voltage Vi —0.3~Vpp+0.3 \%
Output voltage Vo —0.3~Vpp+0.3 \%
Source output current sum Slon- 120 mA
. Sync output current sum SloL 20 mA
Operating temperature Topr —10~+70 T
Storage temperature T —55~+150 C
B Recommended Operating Conditions
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Supply voltage Voo 2.5 5.5 \4
Command execution time T 3V£05V 4 50 S
and ex svs 5V£0.5V 1 50 2
B Cilock Input Signal AC Characteristics
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Clock rise time t, Vpp=2.5~5.5V 50 ns
Clock fall time te Vpp=2.5~5.pV 50
. ty Vpp=5V£0.5V 0.08 6.3
Clock pulse width t Vop=3V 05V 0.45 63 |
Note: When external clock is input
B Electrical Characteristics (Vpp=2.7V~5.5V, Ta=—10C~+70C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
Vim 0.7Vpp - Vop \Y% 1
Viey 0 0.3Vpp A%
Input voltage Vinz Von— 0.5 Vop \Y 2
Vie 0 0.5 \%
A Vop=5V+10% 0.7 1.4 2.1 \Y 3
AV, Vpp=5V+10% 1.1 2 3.1 \%
Vpp=3V+10%| 15 70 200
= A
Input current I"”_ | Vv=Voo Vpp=5V+10% 70 250 750 “ !
Vpp=3V10% 7 20
1 =V A
e | V=Voo 1y 5T 10% 20 60 a 4
[a1 tsys=2#s  Vpp=5VE10% 1 3 mA
Vpp=3V+10% 100 200
i = A DD A
Current consumption Iaz 2 teys=10 & Voo=5VE 10% 200 500 Y7 5
Ist Standby mode 1 2 HA

158

SHARP -




CMOS 4-Bit 1-Chip Microcomputer SM-591

Output current (Ta=—10C~+707C)
Io (MIN.) Ioy (mA) IoL (mA) IoL (#A) Note
Condition {Vpp=5V+10%|Vpp=3V+10% Vor=0.4V Vor=0.4V

Pin Vou=Vpp—2V | Voy=Vpp— 05V |Vpp=5VE10%| 3 |Vpp=5VE10%| X
RO, 10 1 1.6 0.8 15 8
RO, 10 1 1.6 0.8 15 8
RO, 10 1 1.6 0.8 15 8
RO3 10 1 1.6 0.8 15 8
R1, 10 1 1.6 0.8 15 8
R1, 10 1 1.6 0.8 15 8
R1, 10 1 1.6 0.8 15 8
R1; 10 1 1.6 0.8 15 8
R2, 4 0.5 15 8
R2, 4 0.5 15 8
R2, 4 0.5 15 8
R2, 4 0.5 15 8
R3, 4 0.5 1.6 0.8 15 8
R3, 10 1.6 0.8 - 15 8

10 1 0.8 6
R3, 3 04 1.6 0.8 15 8 T
CL,/R33 1 0.15 0.6 0.3
Mask option 2 1
switch number

Note 1: Applied to pins R0Oo, RO1, RO2, RO3, R1o, R11, R12, R13, R20, R21, R22, R23, R30, R31, R32
Note 2: Applied to pins ACL, CL,
Note 3: Applied to pins R22 (when standby cancel signal is input)
AVi=Vmz—Vis (see the SH591 programming manual for details)
Note 4: Applied to pin ACL
Note 5: No-load condition
Note 6: When the contents of the R latch is output to the R3, pin.
Note 7: When the clock input to the CL1 pin is output from the R32 pin.

¥: Vpp =3V*10%
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Development Guide for 4-Bit 1-Chip Microcomputers (SM Series)

Development guide for 4-Bit 1- Ch|p
Microcomputers (SM Serles)

(1) Description

To facilitate efficient product development us-
ing Sharp’s SM series 4-bit, 1-chip microcompu-
ters, we have established a general development
procedure covering determination of specifications
to actual delivery of the microcomputer as shown
below.

(2) Development Procedure

(D Determination of specifications
Specifications for a product you intend to de-
velop must be determined in such a way that the

functions required of the microcomputer are clear.
Specifications should be prepared by the user, but
consultation on SM series microcomputers will be
provided on request. In addition, a programming
manual is available for each microcomputer. ’
@ Determining the microcomputer to be used
Select a microcomputer most suitable for the pro-
duct. After determining the model of microcompu-
ter, we will work out a rough development sche-
dule in consultation with the user.
(® System design
Detailed specifications for the operation of the

End user side work

SHARP .side.work

Technical meeting/Determining
specifications

Creating check-

System’ design

out device

L

Checker, checklist, circuit diag;

ram of checker

Write programme/

‘L Program

Final check of
program

demonstration

ble /debug

v

PLA designation

Program approval

ROM design drawing

v

TS manufacture/

TS evaluation/approval

L

forwarding

TS approval

R o

ES manufacture/

ES evaluation/approval

1

forwarding |

ES approval

S S

CS manufacture/ (Can be eliminated)

CS evaluation/approval

L

forwarding |

CS approval

R

Mass production

]

Delivery of goods
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Development Guide for 4-Bit 1-Chip Microcomputers (SM Series)

microconi‘puter and its peripheral circuitry are de-
termined of this stage. We recommend that the user
confer with Sharp’s staff even if the user himself
under takes program development.

If Sharp is to carry out program development,
the user must prepare the specifications first. Af-
ter consultation with Sharp, the user determines
the final specifications. The subsequent schedule
will then be settled after consultation with the
user.

@ Writing the program

A flow chart is worked out and based on it,
machine code is written. The mnemonic codes
used for coding are covered in the programming
manual or cross-assembler manual. After coding,
a source file is prepared using a computer editor.
Sharp’s microcomputer development tools, the
SM-D-8000II or SM-D-80 system can be used for
this purpose. A microcomputer development sys-
tem running under the CP/M (Digital Research Inc.)
operating system can also be used. For the prepa-
ration of source file, refer to the respective de-
velopment systems’ manuals (SM-D-8000II User’s
Manual, for example).
® Assembler

The object file is created from the source file us-
ing the cross-assembler prepared for the develop-
ment system.

There are a number of cross-assemblers avail-
able to meet the requirements of respective SM
series products. Please, contact us for details.

(® Debugging and program revision

After the object file has been created, the prog-
ram must be debugged by operating the EVA board
or CPU unit while using the checker to monitor
program operation. If the program is not running
properly, it must be revised and re-assembled until
a satisfactory object file is prepared. A number of
development tools are available to perform this
task efficiently.

(@ Final confirmation of program operation

The final confirmation of the program is in-
cluded in the debugging work described in (2) ® if
program development was made by the user.

If Sharp undertook program development, three
copies of programming specifications are usually
presented to the user for final confirmation of
program operation one week before the ROM is
submitted. If no problem is found in the program-
ming specifications, a copy of programming speci-
fications shall be sent back to us bearing a signa-
ture of approval.

In the event that probelms are discovered in the
program at this time, the program will be revised

SHARP

after consultating with the user.
PLA (Programmable Logic Array) assignments

If the program is developed by the user, the user
prepares the PLA assignments diagram which
should be submitted to Sharp about two weeks be-
fore the date on which the ROM is scheduled to be
submitted. The procedure for PLA assignment is
covered in the programming manual. Pre-printed
PLA assignment forms will be provided to the user
on request.

When the program is developed by Sharp, we
will make the PLA assignments.
® ‘ ROM submission

If the program is developed by the user, the
ROM must be submitted in the form of either an
EPROM or diskettes. Along with the ROM , the
ROM map should also be submitted to make sure
that the correct data can be read from the ROM.

Whoever develops the program, it is impossible
to change the program after the ROM is submitted.

- The final confirmation of program operation must

be extremely thorough.
@ TS (Technical Sample)

The TS is submitted to the user in a ceramic
package for performance evaluation as a trial mod-
el. If no problems are found, the user shall issue a
statement of performance approval. Note that the
TS package is a ceramic type and differs from that
which will be mass produced.

@ ES (Engineering Sample)

After approval of the TS, the ES is prepared and
submitted to the user. The ES is normally con-
tained in a plastic paékage the same shape as that
which will be mass produced.

After evaluating the performance of the ES, the
user shall issue performance approval, assuming
no problems are encountered. The ES may be skip-
ped if desired. )

@ CS (Commercial Sample)

After approval of the ES, the CS is prepared and
submitted to the user. The CS is the mass-pro-
duction trial model so it is made in the same shape
and quality as that which will be mass produced.
After evaluating the performance of the CS, the
user shall issue performance approval, assuming
no problems are encountered. The CS may be skip-
ped if desired.

@ Mass production

After approval of the CS, mass production is in-
itiated. If the ES and/or CS is omitted, the user
shall advise us when to start mass production.

(3) Development Tools
To facilitate program development for SM
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e , M osveo  —m— -
r SM-D-800011 | : , CPU |
} | PLA Mm(])i[t\:r ) Working :
N ROM R ' RAM |
— | | T T - ] |
— Floppy disk : | ) - . |
' |
(includes editor, cross | | . : Program
assembler,etc. ) | | Keyboard Display RAM }
L T T ] |
—{  ROM (1K) : : |
CPU |-¢ |
- ! : SIrO PRIOM‘ | PIO Buf:er ;
RAM (64K) : : writer |
e—— e ___ I
RS232C
SI0
: l PTP/PTR l
oo 1
Terminal printer
(Sharp writer, etc.)
: SM-series
series microcomputers, two kinds of development evaluation board
tools are available: one which uses the SM-D-
8000II and one which uses the sharp MZ-80B
computer.
Development tools equipped with an RS232C in-
terface running under the CP/M OS can also be ~ Personal computer-
used. MZ-80B
@ SM-D-8000II system :
This emulator consists of the keyboard, display ‘ Fl Pri
LED, PROM writer, and interfaces. Although it is PRy rinter
possible for the SME-20 to debug the program by
connecting the CPU unit or EVA board, more effi- Debugger unit
cient debugging can be achieved by transferring

the object file through the SM-D-8000II and
RS232C interface.

For details, see thé SM software package manual
and instruction manuals of the SM series,SM-
D-8000II and SME-20.

The SME-20 can be connected not only to the
SM-D-8000II, but to any development device
equipment with an RS232C interface.

@ SM-D-80 system ‘
. The SM series development system can be confi-
gured by connecting the debugger unit and SM ev-

~ alution board to the basic FDOS system (MZ-80B,
floppydisk, printer) of the commercial personal
computer MZ-80B. Various utility programs such
as a cross-assembler, debugger and editor which
operate under the control of the FDOS are pro-
vided as standard equipment to facilitate efficient |
program debugging.

SM evaluation
board

SHARP
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11
—---——-L Connector for PROM writer ]————-—

- |

]

I}

-
PROM writer :
__________________ |
i : | |
L
= Key board CRT H
| |
| ROM (2K) ! 2
| ! ®
| | S
| , :
| | cpu ~—| RAM (64K) ] I <
| | 8
| ! ]
[ I g
l Expansion I/0 I ©
l MZ-80B system {
\ _FDOS) ! T
|
|
|
|
|
L
»—{ Floppy disk | )
——-I Printer ]

Control circuit

decoder circuit

-
|
!
|
f
-

P

—

=N

Buffer area for
ROM
(4K X 16 bits)

IR

Buffer area for
trace

(256X 12 bits)

C——
K—————
K——
L]

E

Buffer area for

data RAM
[ E (256 X8 bits)

]

Main body of debugger unit

_—— —-I Connector for data signal 4,— —_—

L—————-——L Connector for control signals

SM-series

evaluation board
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Z8-01 Microcomputer Unit ’ ’ ' LHO0801

L H 080 1 Z8-01 Microcomputer Unit

B Description , ~ [ Pin Connections
Compared to earlier single-chip microcomputers, )
the Z8 offers faster execution ; more efficient use of
memory, more sophisticated interrupt, input/out- Vee [ 40 P36
put and bit-manipulation capabilities ; and easier XTAL2 [2] O 59 P3,
system expansion. o XTAL1 (3] 58 P2,
Under program control, the Z8 can be tailored to P2 [4] P2
the needs of its user. It can be configured as a
stand-alone microcomputer with 2K bytes of inter- P30 [5] 36 P2;
nal ROM, a traditional microprocessor that man- RESEI (] 59 P2,
ages up to124K bytes of external memory,or a par- R/W [ 3 P2
allel-processing element in a system with other DS [3] 33 P2,
processors and peripheral controllers linked by the AS 3] 37 P2,
7Z-BUS. In all configurations, a large number of P3s [10] 3] P2,
pins remain available for 1/0. : GND [0 30 P3,
‘ P3, [12] 29 P3,
PO, [13] 28 P1,
Po, [14] 27 P1,
PO, [15] 26 P1;
B Features Po. [ =
1. Complete single-chip microcomputer with in- Po, [ 24 P1,
ternal ROM, RAM and 1/0 Po; [13] 23 P1.
i ggM 124 bytes Po, [ 2] P1,
* ROM 2K bytes
SO 32 lines Po- [ P
2. On-chip two programmable 8-bit counter/tim- ]
ers, each with a 6-bit programmble prescaler . Top View
3. Full-duplex UART
4. 144-byte register file

5. Register pointer so that short, fast instructions
can access any working register groups
6. Vectored, priority interrupts for 1/0, counter/
timers, and UART
7. Up to 62K bytes addressable external space
each for program and data memory
8. On-chip oscillator
9. High speed instruction execution
* Working register operating time : 1.5 us
* Average instruction execution time : 2.2 us
¢ Maximum instruction execution time : 5.0 s
10. Low-power standby option which retains con-
tents of general-purpose registers
11. Single + 5V power supply
12. All pins are TTL compatible

SHARP
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B Block Diagram

2
S
2 =
22 a
E 5,
Serial and Parallel System , LA
I/O and Control Clock § "33 % é’
r A — Vee(+5V) GND(0V) f-A\ e A<
(D-a-10~@E—E0-12-)-C —(- O, D.60,020,020
Port 3 Machine Timing
&
Instruction Control
ALU
UART Flags

Program Memory

(2,048X8)

Counter/Timer

Register Pointer

Register File —— Program Counter
(124x8) 7
Interrupt Control
Port 2 Port 0 Port 1
3DH32)~(33)-(34)-(35 —(36)-(37)—(38 13)~(14)=(15)~16)-(17)~(18)(19)~(20 2D)=(22)-(23)~(24)~(25)(26)~27)~(28
Ny ) N Y N\ )
n'e " V"
1/0 1/0 or As~Ais I/0 or ADy~AD-
SHARP
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M Pin Description

1:est load 1

1:est loéd 2 )

168
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Pin Meaning '1/0 Function
P0O,~PO, Port 0 /0 8-bit 170 port, programmable for 1/0.
Ply~Pl, Port 1 /0 Programmable for I/0 in btyes.
P2,~P2, Port 2 /0 Programmable for 1/0 in bits.
P3,~P3; Port 3 /0 P3,-P3; for input, P3,-P3, for output.
— Active “Low” i f 1
AS Address Strobe O ctive “Low”, activated for external address memory
transfer.
DS Data Strobe 0 Active “Low”, activated for external data memory
transfer.
R/W Read/Write [0) Read at “High”, Write at “Low”.
RESET Reset I Active “Low”. Initializes.
XTAL1 Clock 1 [ Clock terminal pin.
XTAL2 Clock 2 0 Clock terminal pin.
B Absolute Maximum Ratings
Parameter Symbol Ratings Unit
Input voltage Vin —0.3~+7 \%
Output voltage Vour —0.3~+7 \Y%
Operating temperature Topr 0~+70 T
Storage temperature T —65~+150 T
B DC Characteristics (Vec=5V£5%, Ta=0~+707C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit .| Note
Dri 1 k
Clock input high voltage Ve riven by external cloc 3.8 Vee \s
oscillator . '
. ' Dri 1 clock
Clock input low voltage Veo ”f’en by external cloc —0.3 0.8 A
oscillator .
Input high voltage Vin 2.0 Vee \'
Input low voltage Vi ) —0.3 0.8 \%
Reset input high voltage Vru 3.8 Vee \%
Reset input low voltage VrL —0.3 0.8 \%
Output high voltage Vou Iop=—250 pA 2.4 . \% 1
Output low voltage VoL loo,=+2.0mA 0.4 Y 1
Input leakage current I OV=Vy=+5.25V —10 10 A
Output leakage current IoL OVEVy=+5.25V —10 10 HA
Reset input current Iir Vee=5.25V, Vi =0V —50 pA
Supply current Iec ' 180 mA
Supply current Inm 10 mA
Note 1: Ion=—100 A and Io.=1.0mA as to Ao-A11, MDS, SYNC, SCLK and IACK in LH0802.
Vee Vo - Ve
: “ Vee T
2.1kQ 1.5kQ
From output From output 18k 741.S04 15kQ
under test under test Clock in
Crystal 2

74LS04 73X C=15pF MAX.
I L p

—‘r—Crystal 1

ICL= 15pF MAX.

TTL external clock interface circuit
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B External I/0 or Memory Read/Write (Vec=5V+5%, Ta=0~+70T)
Symbol Parameter Conditions MIN. MAX. Unit Note

TdA (AS) Address valid to AS t delay Test load 1 50 ns 2
TdAS (A) AS 1 to address float delay Test load 1 70 ns
Tdas @n | AST toinput data required Test load 1 360 | s 4

valid delay
TwAS AS 1 low width Test load 1 80 ns 2
TdA (DS) Address float to DS | delay Test load 1 0 ns

— . Read Test load 1 250 ns 3
TwDS DS low width Write Test load 1 160 3
TdDS (DI) DS to input data required valid Test load 1 200 ns 4
ThDS (DI) Input data hold time 0 ns
TdDS (A) DSt to address active delay Test load 1 80 ns 2
TdDS (AS) DSt to AS | delay ‘Test load 1 70 ns 2
TdR (AS) Read valid to AS 1 delay Test load 1 50 ns 2
TdDS (R) DSt to read not valid Test load 1 60 ns 2
TdDO (DS) Output data valid to DS | delay Test load 1 50 ns 2
TdDS (DO) DSt to output data not valid delay Test load 1 80 ns 2
TdW (AS) Write valid to AS delay Test load 1 50 ns 2
TdDS (W) DS to write not valid delay Test load 1 60 ns 2

Note 1: All timing references use 2.0 V for a logic “1” and 0.8 V for a logic “0".

Note 2: Delay times are for an input clock frequency of 8 MHz. If below this frequency, add the incremental clock period to the standard
delay time.

Note 3: DS lower width is for an input clock frequency of 8 MHz. If below this frequency, add 3 increments of clock period to the
standard. The width varies with execution command.

Note 4: These delay times show system memory access time with an 8-MHz QC unit. If below this frequency, add 4 increments of clock
period for TdAS (DI) or 3 increments of clock period for TdDS (DI).

o T\

PORT 0, i Ag~A11 or As~Ais
oM TdAS(DI) <TdDS(DO)
PORT 1 X A-a; | X Do~D7 outputJ Do~D7input] B ouT X
|<TdA(AS)~] TdAS(A) : < TdDS(A)—

As TS l<—>TdDO(DS) TaA(DS —=—]
={ TdDS(DI)> TdDS(AS)

r ThDS(DI )—

DS _TdR(AS ] N . TwbS———= TdDS(R)

TAW (AS) = TdDS(W)

SHARP
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B Additional Timing Table

LHO0801

(Vee=5V+5%, Ta=0~+70C)1-

Symbol Parameter Conditions MIN. MAX. Unit Note
TpC Input clock period 125 1,000 ns
TrC, TIC Clock input rise and fall times Driven by external 25 ns

i clock oscillator B
TwC Input clock width Driven b},] external 37 ns
clock oscillator

TdSC (AS) System clock input to AS delay ns 5
TdSY (DS) Command sync output to DS delay 200 ns 56
TwSY Command sync output pulse width 160 ns 5, 6
Note : All tifning references use 2.0 V for a logic “1” and 0.8 V for a logic “0”.

Note 5:

64-pin version.

Note 6:

]*-—TpC
cock  \__/ \_i
TrC—h= =
SCLK \ 7

With an 8 MHz QC unit. If below this frequency, add 2 increments of clock period.

TdSC (AS)

AS ’ . ~ Interrupt \___J/

sample

TwC ‘ |
L_/ A A A
< TtC

vi‘ E TdSC (AS)

Data input

sample

-\xf—Write cycle

Test load 1 is used when SCLK and SYNC are outputt via port 3, and test load 2 when SCLK and SYNC are direct—output with

DS Read cycle—;ﬁ /
I‘—TdSY (DS )— '
SYNC \= TwSY jzf
B Handshake Timing (Vee=5V£5%, Ta=0~+70C)
Symbol ) Parameter Conditions MIN. MAX. Unit Note
TsDI (DA) Data in setup time 0 ns
ThDA (DI) Data in hold time 230 ns
. . Input handshake
TwDA Data available width 175 ns
) Test load 1
bt | | s |
TdDAL (RY) DAV | to RDY ! delay Output handshake . N
Test load 1
ITnepsLtltlct:crl1 d1Shake 150 s
TdDAH (RY) DAV t to RDY 1 delay Output handshake . -
) Test load 1
TdDO (DA) Data out to DAV | delay Test load 1 50 ns
TdRY (DA) RDY to DAV 1 delay Test load 1 0 205 ns
SHARP
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DATA IN X Data in valid X

TsDI (DA )—<——={ |<—ThDA (DI

DAV TwDA i
(input) f i
TdDAL (RY )— TdDAH (RY)
, T

RDY N .
(output) Port read
Input handshake
DATA OUT X Data out valid
TdDO(DA > , .
DAV _NcPort write T T
* |

(output) T TdDAL (RY )+—= TdDAH (RY )

RDY Y TdRYA(DA>

(input ) N T h

p

Output handshake

SHARP
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LHO0801

B Architecture
(1) Address Spaces

(i) Program Memory  The 16-bit program
counter addresses 64K bytes of program memory
space. Program memory can be located in two areas
: one internal and the other external (Fig. 1). The
first 2048 bytes consist of on-chip mask-prog-
rammed ROM. At addresses 2048 and greater, the
78 executes external program memory fetches.

The first 12 bytes of program memory are re-

served for the interrupt vectors. These locations

contain six 16-bit vectors that correspond to the
six available interrupts. i

(i) Data Memory  The Z8 can address 62K
bytes of external data memory beginning at loca-
tion 2048 (Fig. 2). External data memory may be
include with or separa_tt_eg from the external prog-
ram memory space. DM, an optical I/O function
that can be programmed to appear on pin P3,, is
used to distinguish between data and program
memory space.

(i) Register File The 144-byte register
file includes four I/0 port registers (RO-R3), 124
general-purpose registers (R4-R127) and 16 con-
trol and status registers (R240-R255). These reg-
isters are assigned the address locations shown in
Fig. 3.

Z8 instructions can access registers directly or
indirectly with an 8-bit address field. The Z8 also
allows short 4-bit register addressing using the

" Register Pointer (one of the control registers). In

the 4-bit mode, the register file is divided into nine
working-register groups, each occupying 16 con-
tiguous locations. The Register Pointer addresses
the starting location of the active working-register
group.

- (iv) Stacks Either the internal register file
or the external data memory can be used for the
stack. A 16-bit Stack Pointer (R254 and R255) is
used for the external stack, which can reside any-
where in data memory between locations 2048 and
65535. An 8-bit Stack Pointer (R255) is used for
the internal stack that resides within the 124
general-purpose registers (R4-R127).

65,535
External ROM or RAM
2,048
Location of first .
byte of instruction On-chip ROM
executed after N |
reset 12 B
11 IRQ5
10 IRQ5
-9 IRQ4
8 1RQ4
Int " " 7 IRQ3
nterrupt vector
(Lower byte )\6 IRQ3
) 5 IRQ2
4y IRQ2
Interrupt vector S IRQ1
(Upper byte) 2 IRQ1
1 IRQO
0 IRQO

65,535
External data memory
2,048 |-
Not addressable
0

Fig. 1 Program memory map
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LOCATION IDENTIFIERS
’ 255| STACK POINTER(BITS 7-0) |SPL
254| STACK POINTER(BITS 15-8) | SPH
253 REGISTER POINTER |RP
252] PROGRAM CONTROL FLAGS | FLAGS
251] INTERRUPT MASK REGISTER | IMR
250 | INTERRUPT REQUEST REGISTER | IRQ
249 INTERRUPT PRIORITY REGISTER | IPR

248 PORTS 0-1 MODE POIM
247 PORT 3 MODE P3M
246 PORT 2 MODE P2M
245 TO PRESCALER PREO
244 TIMER /COUNTER 0 TO
243 T1 PRESCALER PRE1
242 TIMER /COUNTER 1 T1
241 TIMER MODE TMR
240 SERIAL 1/0 SI10
NOT

IMPLEMENTED

127

GENERAL-PURPOSE

REGISTERS

4

3 PORT 3 P3
2 PORT 2 P2
1 PORT 1 P1
0 PORT 0 PO

Fig. 3 The register file

[ l' 255
]
—> r;rersry | 0000 ]253
. l 240
The upper nibble of the register file address
Q—> provided by the register pointer specifies the
active working -register group.
[ 127
- — >
L
__+{
__>{
- — [ The lower nibble
—)[ : of the register
[ | spECIFIED WORKING_| _;‘rlzv?gg;?lf; the
l REGISTER GROUP instruction
[ points to the
b — > specified
l register
|
} 15

1/0 Ports
Register file

Fig. 4 The register pointer

(2) 1/0 ports

The Z8 has 32 lines dedicated to input and out-
put. These lines are grouped into four ports of
eight lines each and are configurable as input, out-
put or address/data. Under software control, the
ports can be programmed to provide address out-
puts, timing, status signals, serial [/0, and parallel
I/0 with or without handshake. All ports have ac-
tive.pull-ups and pull-downs compatible with TTL
loads.

(i) Port 1 can be programmed as a byte 1/0
port or an address/data port for interfacing exter-
nal memory.

Memory locations greater than 2048 are refer-
enced through Port 1. To interface external mem-
ory, Port 1 must be programmed for the multi-
plexed Adress/Data mode. If more than 256 exter-
nal locations are required, Port O must output the
additional lines.

(i) PortQ can be programmed as a nibble 1/0
port, or as an address port for interfacing external
memory.

For external memory references, Port O can pro-

SHARP

vide address bits AgA;; (lower nibble) or Ag-Ajs
(lower and upper nibble) depending on the required
address space.

(i) Port 2 bits can be programmed independent-
ly as input or output. The port is always available
for 170 operations. In addition, Port 2 can be confi-
gured to provide open-drain outputs.

(ivy Port 3 lines can be configured as I/0 or
control lines. In either case, the direction of the
eight lines is fixed as four input (P3¢-P33) and four
output (P34-P3;). For serial 1/0, lines P3, and P3;
are programmed as serial in and serial out respec-
tively.

® handshake for Ports 0, 1 and 2 (m and

RDY)
® four external interrupt request signals
(TRQo-1RQ3) -
® timer input and output signals (Tiy and Toyr)
® Data Memory Select (DM).

(3) Serial Input/Output

Port 3 lines P3y and P3; can be programmed as
serial 170 lines for full-duplex serial asynchronous
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Trar\nsmitted Data (No Parity)
[sP[SP[D]DJDJD.[DJDD [DJST]

L—START BIT
EIGHT DATA BITS
TWO STOP BITS

Transmitted Data (With Parity) ‘
[SP]sP{ P [D:[Ds[D4|D,|Do[D,[DoJST|

I——START BIT
———SEVEN DATA BITS
ODD PARITY
TWO STOP BITS

Received Data (No Parity) )
[SP[D<[D]D4[D.[D:[D:]D, [Dy[ST}

l—START BIT

EIGHT DATA BITS
ONE STOP BIT

Received Data (With Parity)
SP[ P[D[D[D.[D[D,[D,[Do[ST]

I-—— START BIT

SEVEN DATA BITS
PARITY ERROR FLAG
ONE STOP BIT

Fig. 5 Serial data formats
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receiver/transmitter operation. The bit rate is con-
trolled by Counter/Timer 0, with a maximum rate
of 62.5K bits/second.

The Z8 automatically adds a start bit and two
stop bits to transmitted data (Fig. 5). Odd parity is
also available as an option.

"(4) Counter/Timer

The Z8 contains two 8-bit programmable coun-
ter/timers (To and T}), each driven by its own 6-bit
programmable prescaler. The T; prescaler can be
driven by internal or external clock sources;
however, the T prescaler is driven by the internal
clock only.

The counters can be started, stopped, restarted
to continue, or restarted from the initial value. The
counters can also be programmed to stop upon
reaching zero (single-pass mode) or to automatically
reload the initial value and continue counting (mod-
ulo-n continuos mode). The counters, but not the
prescalers, can be read any time without disturbing
their value or count mode.

(5) Interrupts

The Z8 allows six different interrupts from eight
sources: the four Port 3 lines P3y-P33, Serial In,
Serial Out, and the two counter/timers. These in-
terrupts are both maskable and prioritized.

All Z8 interrupts are vectored. Polled interrupt
systems are also supported.
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y /7 /7 /7 /7 /7 /7 /J / /7 /7 /7 /7 /7 /7 /7 /7 /7 /4

N | |nstrucfion Set Notation ‘ FLAGS Flag register (control register 252)
RP Register pointer (control register 253)
(1) Addressing modes IMR Interrupt mask register (control register

251)

The following notation is used to describe the i o
addressing modes and instruction operations as Assignment of a value is indicated by the symbol

“ ”

shown in the instruction summary. . +=". For example.
' dst + dst + src
IRR Indirect register pair or indirect indicates that the source data is added to the Qes-
working-register pair address tination data and the result is stored in the destina-
Irr Indirect working-register pair only tion location. The notation “addr (n)” is used to re-
X Indexed address fer to bit “n” of a given location. For example,
DA Direct address dst (7) refers to bit 7 of the destination operand.
RA Relative address (3) Flags.
IM Immediate Control Register R252 contains the following six
Register or working-register address flags
r Working-register address only Cc Carry flag
IR Indirect-register or indirect working-re- 7 Zero flag
gister address s Sign flag
Ir Indirect working-register address only \Y Overflow flag
RR Register pair or working register pair D Decimal-adjust flag
address H Half-carry flag
(2) Symbols Affected flags are indicated by :

The following symbols are used in describing the 0 Cleared to zero
instruction set. 1 Set to one
dst Destination location or contents * Set or cleared according to operation
sre Source location or contents — Unaffected
cc Condition code (see list) % Undefined
@ Indirect address prefix (4) Condition codes
SP Stack pointer (control registers 254-255) See Table 1.
PC " Program counter
Table 1 Condition codes
Value Mnemonic Meaning Flags set
1000 Always true | e
0111 C Carry c=1
1111 NC No carry C=0
0110 Z Zero Z=1
1110 NZ Not Zero Z=0
1101 PL Plus S=0
0101 MI Minus S=1
0100 ov Overflow V=1
1100 NOV No overflow V=0
0110 EQ Equal Z=1
1110 NE Not equal Z=0
1001 GE Greater than or equal (S XOR V) =0
0001 LT Less than (SXOR V) =1
1010 GT Greater than { (ZOR (S XOR V)] =0
0010 LE Less than or equal (ZOR (SXORV)) =1
1111 UGE Unsigned greater than or equal C=0
0111 ULT Unsigned less than C=1
1011 UGT Unsigned greater than (C=0 AND Z=0) =1
0011 ULE - Unsigned less than or equal (CORZ) =1
0000 Nevertrue | e
SHARP
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(5) Opcode map

" Lower Nibble (Hex)
o 1 2 3 4 5 6 7 8 9 A B C D E F

6.5 6.5 6.5 6.5 | 105 | 105 | 105 | 10.5 6.5 6.5 |12/10.5(12/10.0/ 6.5 [12/10.0| 6.5
0 DEC | DEC | ADD | ADD | ADD | ADD | ADD | ADD | LD LD |DJNZ| JR LD JP | INC
< R, | IR, ri,rz | ridrs [ Re, Ry [ IRz, Ry| Ry, IM [IR,IM| ri, Ry | r2, Ry | ri,RA [ cc,RA| r,IM | cc,DA| 1y

. 6.5 6.5 6.5 6.5 10.5 | 10.5 | 10.5 | 10.5
1 RLC | RLC | ADC | ADC | ADC | ADC | ADC | ADC
R, IR, | ri,r2 | r,Iry | Ro, Ry [IRe, Ry Ry, IM [IRy, IM
6.5 6.5 6.5 6.5 105 | 105 | 10.5 | 10.5

2 INC | INC | SUB | SUB | SUB | SUB | SUB | SUB
R, 1R, ri,rz | r,Irz | Ry, Ri | IRz, Ri| Ry, IM |IRy, IM
8.0 6.1 6.5 6.5 105 | 105 | 105 | 10.5

3 JP | SRP | SBC | SBC | SBC | SBC | SBC | SBC
IRR, IM | ri,r2 | r),Irz | Ro, Ry | IR2, Ry | Ry, IM [IRy, IM
8.5 8.5 6.5 6.5 105 | 105 | 105 | 10.5

4 DA | DA | OR | OR | OR | OR | OR | OR
R, IR, ri,r2 | r,Irs | Ry, Ry | IRz, Ry | Ry, IM |IR,, IM
105 | 10.5 6.5 6.5 105 | 105 | 105 | 10.5

5 POP | POP | AND | AND | AND | AND | AND | AND
R, IR, | ri,rs | riIr2 | Ry, Ry | IRz, Ry [ Ry, IM [IR,, IM
105 | 105 | 105 | 10.5

65 | 65 | 65 6.5
6 |COM|COM | TCM|TCM | TCM|TCM| TCM | TCM

= R, IR, | ri,rz | ridrz | Roy Ry | IR Ry | Ry, IM [IR,, IM
2 10/12.1|12/14.1| 6.5 65 | 105 | 105 | 105 | 105
= 7 |PUSHIPUSH TM | TM | TM | TM | TM | TM
% R, IR, | ri,ry | ri,1r; | Ry Ry | IRs, Ry | Ry, IM |IRy, IM
o 105 | 105 | 12.0 | 18.0 6.1
Z 8 |DECWDECW LDE |LDEI 1 DI
g RR, | IR, [ry,Irrep|lIrdrr,
Q 6.5 6.5 12.0 18.0 ’ 6.1
S 9 | RL | RL |LDE |LDEI \ : El
R, IR, |y Irry | Irsdrr,
105 | 105 | 65 65 | 105 | 105 | 105 | 105 | - | 140
A |[INCW|INCW| CP | CP | CP | CP | CP | CP RET
RR, | IR, | ri.r; |rilrs | Re Ry |IR, R | Ry, IM [IR,, IM
6.5 6.5 6.5 65 | 105 | 105 | 105 | 105 16.0
B |CLR | CLR | XOR | XOR | XOR | XOR | XOR | XOR ‘| IRET
R, IR, ry,r2 [ r,Ira | R, Ry [ IRz, Ry | Ry, IM [IR,, [IM
6.5 65 | 12.0 | 180 10.5 6.5
C | RRC | RRC | LDC |LDCI LD RCF
R, IR, ridery| ey drr, . r.x Ry
6.5 65 | 12.0 | 18.0 | 200 20.0 | 10.5 ) 6.5
D | SRA | SRA | LDC |LDCI |CALL* CALL| LD ‘ SCF
R, IR, [ry Irry | Irs Irr,| IRR, DA |r.x.R :
6.5 6.5 65 | 105 | 105 | 105 | 105 : 6.5
E RR | RR LD { LD | LD | LD | LD CCF
R, IR, ri,Irz | Rz, Ry | IRz, Ry | Ry, IM |IR,, IM
8.5 8.5 6.5 105 6.0
F  |SWAP|SWAP LD LD |- ) NOP
R, IR, Iry, 2 R, IR, \ \] \ J
Bytes per Instruction 3 ’ 2 3 1
Lower Opcode
Nibble Legend:
R =8-Bit Address
. o r=4-Bit Address
Execution Pipeline Cycles Ri1 or r1 =Dst Address
Cycles / R2 or r2 =Src Address
U ‘4 v 2 Sequence: )
pl;\?:blg(fmde A lé’ps < Mnemonic Opcode, Frst Operand, Second Operand
B o Ry Note: The blank areas are not defined.
First Operand Second Opérand
SHARP
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(6) Instruction Summary

LH0801

177

Instruction Addr Mode Opcode Byte |Flags Affected
Instruction Addr Mode ‘Opcode Byte |Flags Affected and Operation| dst src (Hex) CZSVDH
and Operation dst  src (Hex) CZSVDH LDEl dstsrc  Ir Irr 8  |------
ADG dst,src (Note1) 10 XX %R O % dstesrc Irr Ir 93
dste—dst +src+C rer+1;rr<rr+1
ADD dst,src (Note1) oJ %% %K O ¥ NOP FF |- ---__
dste«dst +src oR )
AND dst, Note T x%0 - - dst,src (Note 1 4] -%¥% 0 - -
dstedst ?{%\ID src (Note) 0 0 dst—dst OR src
CALL dst DA D6  |------ POP dst R 50 |- -----
SP—SP-2 IRR D4 dst—@SP IR 51
@SP—PC;PC—dst SP<SP+ 1
GOF EF oo PUSH src R -
0 |------
g;‘N(?;r C R m SP«SP —1;@SP«src IR 71
st R |  Bo |-----Z
dst— 0 IR B1 (R:G"' CF 0-----
GOM dst R 60 “x* 0 - - 0
dst«<NOT dst IR 61 RET AF | ----- —_
gP dst,src (Note 1) Al * KR - - PC  @SP;SPSP+ 2 =
ste—src ‘ RLdst _ [—— R 90 KKK - - =
(I:;AdslgAd 'I% 0 *x*xX- - IR 91 S
St st 41
RLCdStHR 10 * kKX - -
DEG dst R 00 A IR 11
dstedst—1 IR 01 R dot R 50 -
DECW dst RR 80 P S e *rRER - -
dstedst—1 IR 81 IR El
DI 8F |- - - - - - RRCdst_mR Co * kKX - -
IMR(7)«0 IR C1
DJNZ 1i,dst RA r(.)A p |7 SBC dst,src (Note 1) 30 * ok %k k 1 %
rer— r=0— dste—dst—src—C
ifr 0 PC—PC+dst =
Range: +127,—128 SCF DF 1--- -
MRO) S S
<1 SRA dst R Do * ¥ %0 - -
dste—dst+1 R r?go_F SRP src M 31 |-
IR 21 RP<«src
INCW dst RR A0 k%% - - SUB dst,src (Note 1) 20 * ok ok ok 1%
dstedst+1 IR Al dst<«—dst —src
IRET BF KKK XX SWAP dst =2——L R FO Xk *x X - -
FLAGS«—@SP; SP—SP+1 IR Fl
fg«—%SP;SP<—SP+2iII;/I§(7)<—1 5 TOM dst,src (Note1) 67 k%0 - -
if cgcl,s ilt*ue c =% “F | (NOT dst) AND src
PCedst IRR 30 TM dst,src (Note 1) 70 -~k % Q- -
JfR cc,dst RA cB N EEEEE dst AND src ,
if cc is true, c=0— XOR ~ % _ -
PC—PC+dst dst*—?lséttys)r(i)R src (ote 1) BU * o
Range: +127,—-128
LD dst,src r IM i [------ Note 1 These instructions have an identical set of addressing
dstesrc r R 8 modes, which are encoded for brevity. The first opcode nibble is
R r o F found in the instruction set table above. The second nibble is ex-
rX r—((:)-7- pressed symbolically by a [J in this table, and its value is found
X r D7 in the following table to the left of the applicable addressing mode
r I E3 pair.
Ir r F3 For example, to determine the opcode of an ADC instruction use
E‘ IIIQ{ E4 the addressing modes r (destination) and Ir (source). The result is
E5 13
R IM E6
IR IM E7
IR R F5
LDC dst,src r Irr c2 |------ Addr Mod
dst«src Ir r D2 r Vode o cé_dogﬁgbble
LDGI dst,src Ir I c3 |- ----- dst sre P
dstesrc Irr Ir D3
rer+1rerr+1 : |';
LDE dst,src r Irr 82  |------ R R
dstesrc Irr r 92
R IR
R IM
IR IM
SHARP
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| Register

~ R240 (S10)
Serial I/0 Register
(FOs: Rgad/Write)

(2 [ D] e[ 0] [0, [ 0. Do

LSERIAL DATA (Do=LSB)

R241 (TMR)
Timer Mode Register
(F1s : Read/Write)

CRDEDRDD

Tour MODES

NOT USED =00

To OUT =01

T: OUT =10

INTERNAL CLOCK OUT =11,
T ivn MODES

EXTERNAL =00

CLOCK INPUT

GATE INPUT =01

TRIGGER INPUT =10

(NON-RETRIGGERABLE)

TRIGGER INPUT =11

(RETRIGGERABLE)

R242 (T1)
Counter Timer 1 Register
(F24 : Read/Write)

ID7ID6'D5 1D4ID3|D2]D1,D0—I

l T:1 INITIAL VALUE
(WHEN WRITTEN)
(RANGE 1-256 DECIMAL 01-00 HEX)
T:1 CURRENT VALUE
(WHEN READ)

R243 (PRE1)
Prescaler 1 Register
(F3u: Write Only)

Eleloeole o o]

COUNT MODE

0=Ti SINGLE-PASS

1=T: MODULO-N .
CLOCK SOURCE
1=T: INTERNAL
0=T: EXTERNAL TIMING INPUT
(Tiv) MODE

——PRESCALER MODULO
(RANGE :1-64 DECIMAL
© 01-00 HEX)

178

I_v0=NO FUNCTION
1=LOAD To

0=DISABLE To COUNT
1=ENABLE To COUNT

0=NO FUNCTION
1=LOAD T:

—0=DISABLE T: COUNT
1=ENABLE T:1 COUNT

SHARP

R244 (T0)
Counter/Timer 0 Register
(F4u: Read/Write) .

‘LD7|D6|D5[D4[D3| D, | Dy D, |

l——To INITIAL VALUE
(WHEN WRITTEN)
(RANGE : 1-256 DECIMAL
01-00 HEX)
To CURRENT VALUE
(WHEN READ)

R245 (PREO)

Prescaler 0 Register
(F5u: Write Only)

(oo [o[o oo [o.]0]

LCOUNT MODE

1=To MODULO-N
RESERVED

PRESCALER MODULO
(RANGE : 1-64 DECIMAL
‘ 01-00 HEX)

R246 (P2M)
Port 2 Mode Register o
(F6u: Write Only)

(oo [o o oo o]

(W4

I'—P20-P 27 1/0 DEFINITION
0 DEFINES BIT AS OUTPUT
1 DEFINES BIT AS INPUT

R247 (P3M)
Port 3 Mode Register
(F7u : Write Only)

[D7]D6ID;ID4LD3| 2[D1[ Do |

[_0 PORT 2 PULL-UPS OPEN DRAIN
1 PORT 2 PULL-UPS ACTIVE
0 P3;=INPUT

RESERVED

1 PSz—T/RDYO P35=RDY0/DAV0
00 P3;=INPU P3,=0UTPUT

P35=0UTPUT
1 P33-INPUT P3, =DM

P33—DAV1/RDY1

0 P3. =INPUT (Tm) P3:=0UTPUT (Tour)

1P31=DAVZ/RDY2  P3:=RDY2/DAV2

L—0 P3,=INPUT P3, =0QUTPUT

| 1P3%=SERIALIN P37 = SERIAL OUT

0 PARITY OFF
1 PARITY ON

0=To SINGLE-PASS

P3;=RDY1/DAV1



Z8-01 Microcomputer Unit

R248 (PO1M)
Port 0 and 1 Mode Register
(F8u : Write Only)
oo oo [oo]0]

P0o~P03 MODE

P0,~P0; MODE 00=0UTPUT
OUTPUT =00 01=INPUT
INPUT =01 1X=As~An
An~Ais=1X STACK SELECTION
EXTERNAL MEMORY 0=EXTERNAL
TIMING =INTERNAL
NORMAL=0 ~P1o-Pl; MODE

/ EXTENDED =1 00=BYTE OUTPUT

01=BYTE INPUT

10=ADo-AD?

11=HIGH-IMPEDANCE ADo-AD7,
AS,DS,R/W,As-A11,A12-A15
IF SELECTED

R249 (IPR)
Interrupt Priority Register
(F9u : Write Only)

ECAENENENENEACY
RESERVED ) [

IRQ3,IRQ5 PRIORITY (GROUP A)
0=IRQ5>IRQ3
1=IRQ3>IRQ5

IRQO, IRQ2 PRIORITY (GROUP B) A
0=IRQ2>TRQ0 A
1=IRQ0>IRQ2 B

IRQ1,IRQ4 PRIORITY (GROUP C) P

B

R

INTERRUPT GROUP
PRIORITY
RESERVED =000

0=IRQ1>IRQ4
1=IRQ4>IRQ1

R250 (IRQ)
Interrupt Request Register
(FAu : Read/Write)

LH0801

R252 (FLAGS)
Flag Register
(FCu : Read/Write)

[0 ]pJ] D] D ]0:] 0. . ]J]

L I!JSER FLAG F1
USER FLAG F2
HALF CARRY FLAG
DECIMAL ADJUST FLAG
OVERFLOW FLAG
SIGN FLAG
——ZERO FLAG

—CARRY FLAG

R253 (RP)
Register Pointer
(FDu : Read/Write)

LD7|D6ID5|D4 DTDZIDIIDo

v ‘_])J‘J

REGISTER POINTER

I—DON'T CARE
DON’T CARE
DON’T CARE
DON'T CARE

R254 (SPH)
Stack Pointer
(FEu : Read/Write)

[D:]De] < [D.] D; [ p:] D1 [ Do

DD DB

L L L_IRQ0=P3, INPUT
IRQ1=P33; INPUT
IRQ2="P3; INPUT
IRQ3=P3 INPUT, SERIAL INPUT
IRQ4="To, SERIAL OUTPUT
IRQ5=T:
RESERVED

R251 (IMR)
Interrupt Mask Register

(FBu : Read/Write)

LSTACK POINTER UPPER
BYTE (SPs-SP1s)

R255 (SPL)
Stack Pointer
(FFu : Read/Write)

»LD7|D6|D5ID4|D3[D21 D,|D,

EEDRDEDR

Ll ENABLES IRQ0-IRQ5
(Do=1IRQO)

RESERVED

1 ENABLES INTERRUPTS

SHARP

l—STACK POINTER LOWER
BYTE (SPo-SP7)
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| L H 080 2 ' Z8-02 D‘evelopment» Device

Bl Description ~l Pin Connections
The 64-pin Z8-02 is the development version of ‘
the Z8-01 with internal mask-programmed ROM. Vee [ l64) P3s
This device allows the user to build the prototype XTALZ [g] 59 P3,
systems in hardware with an actual device and to XTAL1 3] @ P2;
develop the code that is eventually mask-prog- P3[4 P2
rammed into the on-chip ROM of the Z8-01. , W?TBE 60 P25
The Z8-02 is identical to the Z8-01 with the W% =Sy
following exceptions : ~ ‘ 55 @ m Pz:
* The internal ROM has been removed. . AS g 55 P2,
* The ROM address lines and data lines are buff- P35 [0 : 53 P2
ered and brought out to external pins. P3; [ 58 P3;
* Control lines for the new memory have been P0, iz 53 P3.
added. POy 5 Pz
’ PO:2 151 Ple
P03 Pls
PO, 49) P14
GND 18 P1;
POs 47 P1,
PO0s l46] P1,;
PO, 145 P1o
TIACK @ D,
SYNC & Ds
SCLK [ 9 Ds
. MDS &) il D,
Do [25] Ao
D1 26 39 A
D: [ T Ar
Ds 28 Az
An 9 38 A
A As
As [31] 34] As
As [ 3 A
Top View
SHARP
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/¢ [/ / /7 /7 7 /7 J J g e e

B Block Diagram

Q)
-
.
22 a
-
Serial and Parallel System 5 @ @
1/0 and Control " Clock %38 8 4%
P A -~ Vee(+5V)  GND(OV) PN -
(DEHE—EHADEN(s 20 - D DEC
. ; imi 20)% 1
Port 3 Machm::&Tlmmg D2
—> Instruction Control (2)*3
N =
ALU W) 2
o1
3
UART < Flags @ | ¢
~>=| Buffer @ | =
G | <
® (&
Register Pointer () %
G| =
Counter/Timer < Register File 6 §
(124<8) , @ | &
pb—| Program Counter / &
®) =
=
Interrupt ) E
Acknowledge a@e Interrupt Control et @ |
Output 0, >§
Buffer g g
I
@ | £
O s
Port 2 Port 0 Port 1
@@@@@@@ @@0@@@.@ 0,0,0.0,0,0,6,0
~ v 9 N g
I/0 I/0 or As~Ais I/0 or ADy~AD,
*1 Program Memory Data Strobe Output
#* 2 System Clock Output
%* 3 Instruction Sync Output

Bl Pin Description

The Z8-20 has 64 pins, 40 of which are the
same as those on the Z8-01. The remaining 24
pins are as follows.

Pin Meaning 1/0 Function
Ap—~Aq, Address Bus (¢} Address signal for internal ROM.
Dy~Dy, Data Bus I Data signal for internal ROM.
MDS Data Strobe 0 Active “Low”. Internal ROM addresses are valid.
IACK » Interrupt Acknowledge (6] Active “High”. Detects an interrupt.
= ive “ . F hronizi h
SYNG Command Synchronization 0 Active “Low or synchronizing the command
fetch cycle.
SCLK System Clock 0 Internal system clock. 1/2 of the external clock.
SHARP
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28-03 Protopack Emulator | LH0803

LH 0803 78-03 Protopack Emulator

‘B Description

B Pin Connections

The Z8-03 (LH0803) is a ROMless version of :
the standard Z8-01, housed in a pin compatible Vee (0 9 P3.
40-pin package. XTAL2 [T @) 5 Pa.

The Z8-03 carries a 24-pin socket for a direct -
interface to program memory. 2716 type EPROM XTALL [3] B9 P2
can be used for program memory. P37 [4] 1 P2s

The Z8-03 allows the user to build the pro- P3, [5] 36 P2s
totype and pilot production units. When the final RESET [¢] 35] P24
program is established, the user can then switch R/W 7] 34 P23
over to the Z8-01. DS [3] 33 P2.

AS 3] ) 32 P2,
P35 [10] 31 P20
GND [ 30 P33
P3: [12] 29 P3.
P0o {13] 28] P1;
PO; [0 27 P16
PO, [13] 26 P15
P03 (18] 28] p1,
POy [17] 24] P15
P05 (13 23] P1,
P06 [19] 22 P1,
P07 [20] 21] P1o
Top View
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B Block Diagram

L
r-
o =
2 2% h
-
Serial and Parallel System & g wn §
1/0 and Control Clock & g ‘E ]
- - ~ Vee(+5V) GND(0V) e x Q<
(DEHDOEI—CHDEH - &) D260,0,02020
Machine Timing (D*1
Port 3 & SEY
— Instruction Control SL¥]
O &
ALU O og
O | w
UART < Flags Q|8
& 5
> Buffer 2
-
£
. 3
Register Pointer & g
® =
Counter/Timer j<—1 O g
Register File & ED
(124 8) O | &
— Program Counter J A
D) =
Interrupt (D E
Sﬁlt(:::twledge Cpé—- Interrupt Control [<— : .E
| o)
Buffer | D[ g
()|
O£
‘ A
Port 2 Port 0 Port 1
DD DD, D DD HAHNHININHY EDEIEICHCHENE
\ ~ J" . ~ / [ v J
1/0 ‘ 1/0 or As~A1s I/0 or ADo~AD>
*1 Program Memory Data Strobe Output
*2 System Clock Output
*3 Instruction Sync Output
QO : This is equipped with ROM

B Pin Description

The pins of the Z8-03 are compatible with those
of the Z8-01. For the pin description, refer back
to the Z8-01 explanation.

SHARP
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Z8-11 Microcomputer Unit ' o LHO811
____—_—i—_—__———__

L H 08 1 1 Z8-11 Microcomputer Unit

B Description : Bl Pin Connections

Compared to earlier single-chip microcomputers,
the Z8 offers faster execution ; more efficient use of

memory ; more sophisticated interrupt, input/out- Vee P3s
put and bit-manipulation capabilities ; and easier XTAL2 P3,
system expansion. ‘ XTAL1 P27

Under program control, the Z8 can be tailored to .~ P3; P2
the needs of user. It can be configured as a stand- P3o P2s
alone microcomputer with 4K bytes of internal RESET P2,

ROM, a traditional microprocessor that manages up
to 120K bytes of external memory, or a parallel-
processing element in a system with other proces-
sors and peripheral controllers linked by the

P23
P2,
P2

Z-BUS. In all configurations, a large number of P3s ‘ P20
pins remain available for I/0. GND P3s
o P3: P3,

P0o P17

P0: Ple

P02 Pls

B Features Po, oL,
1. Complete single-chip microcomputer with in- PO, Pls
ternal ROM, RAM and I/0 P05 P1,

*RAM 124 bytes
* ROM 4K bytes
*1/0 32 lines
2. On-chip two programmable 8-bit counter/tim-
ers, each with a 6-bit programmable prescaler
. Full-duplex UART
. 144-byte register file
5. Register pointer so that short, fast instructions
can access any working register groups
6. Vectored, priority interrupts for I/0, counter/ -
timers, and UART
7. Up to 60K bytes addressable external space
each for program and data memory
8. On-chip oscillator
9. High speed instruction execution
¢ Working register operating time : 1.5 us
¢ Average instruction execution time : 2.2 us
¢ Maximum instruction execution time : 5.0 us
10. Low-power standby option which retains con-
tents of general-purpose registers
11. Single +5V power supply
12. All pins are TTL compatible

P05
PO

PI1,
Plo
Top View

-~ w
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y /7 /7 /7 /7 /7 _/J /7 /7 /7 J J /7 /7 7 —J 7 7 /

B Block Diagram

%)
=
(=]
v &2 5
Serial and Parallel System e S N §
1 O and Control Clock @ g ‘3 =
e A \ Vee(+5V) GND(0V) — o a <
DHO-IO-ES -G O @), D2620,0,0,0,
Port 3 Machine Timing
Instruction Control —
ALU 35
UART Flags
Program Memory
(4,096 X 8)
Register Pointer
Counter Timer
Register File Program Counter
(124X 8)
Interrupt Control
Port 2 Port 0 Port 1

Y Y — Y
I/0 I/0 or As~Ais . [/O or ADo~AD7

B Pin Description

The pins of the Z8-11 are compatible with those
of the Z8-01. For the pin description, refer back
to the Z8-01 explanation.
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L H 081 2 Z8-12 Development Device

B Description « B Pin Connections

The 64-pin Z8-12 is the development version of
the Z8-11 with internal mask-programmed ROM.
This device allows the user to build the prototype
systems in hardware with an actual device and to
develop the code that is eventually mask-program-
med into the on-chip ROM of the Z8-11.

The Z8-12 is identical to the Z8-11 with the
following exceptions :

¢ The internal ROM has been removed.

* The ROM address lines and data lines are buff-

ered and brought out to external pins.

* Control lines for the new memory have been
added.

Top View

; SHARP
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Z8-12 Development Device ’ LHO0812

B Block Diagram

Q
=
v B
£ € a
R,
* Serial and Parallel System < % (2 ?
1/0 and Control Clock @& 8 & 3
— —A N Vee(+5V) GND(0V) e A<
(DEHOCI—CHDEI On @ D260202020,0,
Machine Timing ] Eh*1
Port 3 & G)*2
F_) Instruction Control D)% 3
N =
=
ALU g =
o
69 @
UART f<— Flags @) | ¢
@9 | 3
1 Buffer =
@ L%
@) [ 5
Register Pointer @ §
G2 =
Counter Timer <t 3)) §
Register File @) | ¥
(124 X8) (9 =
] Program Counter J
%)) =
| :
Interrupt @ =
Acknowledge@De— Interrupt Control j<—1 - ) s
Output @) FS
Buffer a@) s
Q15
Q| ;
¢
Port 2 Port 0 Port 1
GICICHEICHEHDE) QBT OO OD @EEHEHIEICIEIED
“ J - J « J
10 I/0 or As—~Ais I/0 or ADo~ADy
%1 Program Memory Data Strobe Output
%2 System Clock Output
%3 Instruction Sync Output

SHARP
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Z8-12 Development Device : : ' R LH0812
_——__—__———-__—__
[ ] Pin Description

The 28-12 has 64 pins, 40 of which are the
same as those on the Z8-11. The remaining 24
pins are as follows.

- Pin Meaning 1/0 Function
Ag~Ay, Address Bus- 0 Address signal for internal ROM
Do~Dy Data Bus I Data signal for internal ROM.
MDS Data Strobe [0) Active “Low”. Internal ROM addresses are valid.
IACK Interrupt Acknowledge [0} Active “High”. Detects an interrupt.
— Active “Low”. F hronizing th
SYNC Command Synchronization ) ctive “Low”. For synchronizing the command
fetch cycle. .
SCLK System Clock O Internal system clock. 1/2 of the external clock.
\
SHARP

188



Z8-13 Protopack Emulator

L H 08 1 3 Z8-13 Protopack Emulator

B Description Bl Pin Connections

LHO813

The Z8-13 (LHO813) is a ROMless version of
the standard Z8-11, housed in a pin compatible Vee
40-pin package. XTAL 2
The Z8-13 carries a 24-pin socket for a direct
_interface to program memory. 2732 type EPROM XTAL1
can be used for program memory. P3s
The Z8-13 allows the user to build the pro- P3o
totype and pilot production units. When the final RESET
program is established. the user can then switch R/W
over to the Z8-11. bsS
AS
P3s
GND
P32
POo
POy
P02
P03
P04
P05
P0s
PO7

4_1_2] P3s
E P3
38] P2;
37] P2
E P2s
@ P24
34 P2s
33] P2

P2,

—
=
[\

=)

P33
P34
P1;
Ple
P1s
Pls
P13
P12
Pl
Plo

ESIEISIEISISISIEIESIE

" Top View

SHARP
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Z8-13 Protopack Emulator _ ’ 'LH0813

B Block Diagram

2
0 =
2t a
. = 5 .
Serial and Parallel ' System 2 i (Z §
1/0 and Control Clock ¢ ¢ <
s A — Vee(+5V) GND(0V) — el Q<
—(D(0E)—CHEIE) 1 1) D260,02020:0,
' Port 3 . Machine Timing OD*1
& i CH*2
] Instruction Control (D3
N =
3
ALY < |2
o
O |
UART < Flags >) g
-~
| Buffer ) 2
‘ > >
=
=3
Register Pointer |- O |
: S| =
Counter Timer l<— O | &
Register File )
(124%8) : g
- Program Counter J &
A
= | &
Interrupt ) =
Acknowledge e Interrupt Control < O |
Output ' 9 rrupt Contro A g
Buffer O [z
Q&
Ol 2
’ =9
Port 2 : Port 0 Port 1

EDEIEIEHEHCEHEDE) SO0 OV OD DB DD A,E

B g Y

1/0 1/0 or As~Ais 1/0 or ADo~AD7
*1 Program Memory Data Strobe Output
%2 System Clock Output
% 3 Instruction Sync Output

© : This is equipped with ROM

B Pin Description

The pins of the Z8-13 are compatible with those
of the Z8-11 and Z8-01 as well. For the pin de- -
scription, refer back to the Z8-01 explanation.
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Z8-81 Microcomputer Unit ‘ LH0881

L H 088 1 Z8-81 Microcomputer Unit

M Description B Pin Connections

LHO881 is the ROMless version of the LHO801/
LHO0811(Z8) single-chip microcomputer and offer B P3s
the outstanding feature of the Z8 Family archi- Yo ’
tecture. Port 1 is configured to function as multi- XTAL2 [2] P3
plexed Address/Data bus (ADy~ADy),while Port 0 XTAL1 [5] P2
is software configurable to output address bus (Ag P3; [4] P2
~Ay5). Therefore, this device is capable of P3 [5] P25
addressing up to 128K bytes of the external mem- RESET [5] P2,
ory space. Using the external memory instead of rRW [ P2
the internal memory, it is possible to design more ps [5] P2,
powerful microcomputer system incorporating a is E P2,
minimum number of support devices. .
P3; [0 P2,
GND [T P3s
P3: @ P3s
M Features P00 [33] Pl
1. Complete microcomputer, 24 I/0O lines, and up PO [ Pls
to 64K bytes addressable external space each P0: [13] Pls
for program and data memory. ; POs [ig] P14
2. 143 bytes register file, including 124 general- P0: [I7] Pls
purpose registers, three 1/0 port registers, and PO; [T Pls
16 status and control registers. POs |Z9 L
3. Register pointer so that short, fast instructions
. . . P07 [20] Plo
can access any one of the nine working-register
groups. Top View

4. Full-duplex UART and two programmable
8-bit counter/timers, each with a 6-bit pro-
grammable prescaler.

5. Vectored priority interrupts for I/0, counter/
timers, and UART.

SHARP

191

@)




Z8-81 Microcomputer Unit o  LH0881

\l Block Diagram

-]

. =

)

@ 2 &

. T 29N

. hodl )

Serial and Parallel ‘ R System o z w g

I/0 and Control Clock @ % .3. ﬁ

e — S © Ve GND — oz A<
Os @ DEO20202020,

4 )~10-{0)-(29 30-12)-G)-(5

-

Port 3 fochine Timing

Instruction Control

ALU

UART Flags

. Register Pointer
Counter/Timer

Re(g;szt‘e; 81:)“8 Program :Counte’lf‘
Interrupt Control
Port 2 Port 0 Port 1

I/0 I/O or As~Ais ADo~ADy

B Pin Description

The pins of the Z8-81 have the same functions
as those of the Z8-01 and Z8-11, except pins Pl

to P1 7.
Pin . Meaning 1/0 Function
P1,~P1, Address/Data bus 1/0 Multiplexed address/data bus.
' SHARP-
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Z8-81 Microcomputer Unit

LHO0881

B Address space

(1) Program Memory

The Z8-81, having a 16-bit program counter,
addresses 64K-bytes of external program memory.
All the command codes are fetched from these ex-
ternal program memories. .

For the Z8-81, the first 12 bytes of progra
memory are reserved for the interrupt vectors.
These locations contain six 16-bit vectors that cor-
respond to the six available interrupts. Program
execution begins at location 000Cn after a reset.

(2) Data Memory *

The Z8-81 can address 64K bytes of external
data memory. External data memory may be in-
cluded with or separated from the external prog-
ram memory space. DM, an optional I/0 function
that can be programmed to appear on pin P3,, is
used to distinguish between data and program
memory space.

(3) Register File
The 143-byte register file includes three 1/0

port registers (RO, R2, R3), 124 general-purpose
registers (R4-R127) and 16 control and status reg-
isters (R240-R255).

These registers are assigned the address loca-
tions shown in Fig. 2.

Z8-81 instructions can access registers directly
or indirectly with an 8-bit address field. This also
allows short 4-bit register addressing using the
Register Pointer (one of the control registers). In
the 4-bit mode, the regiter file is divided into nine
working register groups, each occupying 16 con-
tiguous locations. The Register Pointer addresses
the starting location of the active working-register
group.

(4) Stacks

Either the internal register file or the external
data memory can be used for the stack. A 16-bit
Stack Pointer (R254 and R255) is used for the ex-
ternal stack, which can reside anywhere in data
memory. An 8-bit Stack Pointer (R255) is used for
the interanl stack that resides within the 124

general-purpose registers (R4-R127).

LOCATION IDENTIFIERS
255 | STACK POINTER (BITS 7-0) | SPL
254 | STACK POINTER (BITS 15-8) | SPH
253 | _REGISTER POINTER | RP
252 | PROGRAM CONTROL FLAGS | FLAGS
251 | INTERRUPT MASK REGISTER |IMR
250 | INTERRUPT REQUEST REGISTER | IRO
249 | INTERRUPT PRIORITY REGISTER | IPR
R 248 PORTS 0-1 MODE PO:M
65535 247 PORT 3 MODE P3M
246 PORT 2 MODE P2M
245 T0 PRESCALER PREO
244 TIMER/COUNTER 0 | TO
243 T1 PRESCALER | PRE1
LOCATION OF 242 TIMER/COUNTER 1 |T1
FIRST BYTE OF 241 TIMER MODE TMR
INSTRUCTION 240 SERIAL I/0 SI0
EXECUTED ~~J o _______|
AFTER RESET 12[X NOT
1 TRQS EXTERNAL IMPLEMENTED
127
10 IRQ5  MEMORY
9 IRQ4
8 IRQ4
7 TRQ3 GENERAL-PURPOSE
INTERRUPT ¢ TRQ3 REGISTERS
VECTOR T TRQ2
(LOWER BYTE)
4] IRQ2 4
INTERRUPT— 3 IRQ1 3 PORT 3 P3
VECTOR 2 IRQ1 2 PORT 2 P2
(UPPER BYTE) 1 IRQO 1 NOT IMPLEMENTED
0 IRQO ) 0 PORT 0 PO
Fig. 1 Program memory ‘map Fig. 2 The register file
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2Z8-81 Microcomputer Unit ‘ ' 2 LH0881

Bl Port Functions

The Z8- 81 has a dedicated memory interface
port (Port 1) and input/output ports (Port 0, 2, 3).
These ports are given eight lines each. The func-
tions of Port 0, 2 and 3 are the same as those of the
78-01/11. , ’

Port 1 is a dedicated Z-bus compatible memory
interface. The opérations_of Port 1 are supported
by the Address Strobe (AS) and Data Strobe (DS)
lines, and by the Read/Write (R/W) and Data Mem-
ory (DM) control lines. )

The low-order program and data memory add-
ress (Ao-A-) are output through Port 1 and are

multiplexed with data in/out (Do-D7). Instruction

fetch and data memory read/write operations are
done through this port.

Port 1 cannot be used as a register nor can a
handshake mode be used with this port.
If more than eight address lines are required with
the Z8-81, additional lines can be obtained by
programming Port O bits as address bits. The least-
-significant four bits of Port O can be configured to
supply address bits As-An for 4K byte addressing
or both nibbles of Port 0 can be configured to
supply address bits As-Ais for 64K byte addres-
sing.

B Registers

The Z8-81 control registers are the same as on
the Z8-01/Z8-11, except two bits Ds and D4 i in the
Port 0, 1 Mode Register (R248).

B Serial Input/Output

The Z8-81 serial input/output functions are the
same as those of the Z8-01/Z8-11. (Refer back to
the Z8-01 description.)

B Counter/Timers

The Z8-81 counter/timer functions are the same
as those of the Z8-01/Z8-11. (Refer back to the
7Z8-01 description.)

B Interrupts

The Z8-81 interrupt Afunctions are the same as
those of the Z8-01/Z8-11. (Refer back to the
Z8-01 description.)

B Instructions and AC/DC Characteristics

These data of the Z8-81 are the same as for the
7Z8-01/Z8-11. (Refer back to the Z8-01 descrip-
tion.)

R248 (PO1M) Port 0, 1 Mode Register (F8+ Write only)

[D- ] Ds [ Ds [ De [ Ds [ D2 [ Dy | Do |

P04-P0; MODE

OUTPUT =00

INPUT =01

A-Ais=1X
EXTERNAL MEMORY TIMING

NORMAL =0

*EXTENDED =1
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00=0UTPUT
01=INPUT
1X=As-An

STACK SELECTION
0=EXTERNAL
1=INTERNAL
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CMOS 8-Bit 1-Chip ‘Microcomputer ‘SM-803

S M - 803 CMOS 8-Bit 1-Chip Microcomputer

B Description Bl Pin Connections

The SM-803 is the CMOS version of LHO811
(Z8). This device is configured as a stand-alone

microcomputer with 4K bytes of internal ROM, Vee[O 0] P 36
128 bytes of RAM, up to 60K bytes addressable XTAL2 [Z] 39 P 3,
external space each for program and data memory, XTAL1[E] 38 P 2,
two programmable 8-bit counter/timers, and UART. P37 [4] P2
P 30 [5] P2s
RESET [¢} 135 P 24
R/W [ 39 P 2
B Features DS [g] P2
. AS [9] P2

1. CMOS silicon-gate process technology
2. Complete mi ter, 4K bytes of ROM Palg P2

. micr , €S ’

omplete microcomputer ytes o GND s,

128 bytes of RAM, 32 1/0 lines, and up to

60K bytes addressable external space each for P31 I P 3

program and data memory P 0o [13 28] P17
3. 144-byte register file, including 124 general- P 0,4 P1le
purpose registers, four I/0 port registers, and P02 [ 2] P 15
16 status and control registers P 05 [19 25] P 14

4. Full-duplex UART and two programmable P 03 [i7] 24 P 1,
8-bit counter/timers, each with a 6-bit pro- P 05 5]

grammable prescaler P 0s[@ PL
5. Yectored priority interrupts for 1/0, counter/ P0: [ P
timers, and UART
6. Average instruction execution time of 2.2 ps Top View

7. On-chip oscillator which accepts crystal or ex-
ternal clock drive
8. Power saving function (HALT/STOP instruc-
tion mode)
9. Low power consumption 12mA (TYP.)
10. Single +5V power supply
11. 40-pin duai-in-line package (or 44-pin quad-
flat package)
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CMOS 8-Bit 1-Chip Microcomputer o Lo . SM-803

B Block Diagram

¥ - &
= v ¥ =
© £ S @
. g § =B
Serial and Parallel % e a0 g
1/0 and Control ) > 2 ® 35
A Vee(+5V) .~ GND(0V) N ose Rz
~@~40~10~29 @GLD 1 @ @)0@@)
Port 3 Machjne Timing
&
Instruction Control
ALU
UART Flags
Program Memory
(2,048%8)
- Regist Point
Counter/Timer cgister Tomter
Register File — ijrogram Counter
(124x8)
*Interrupt Control
Port 2 Port 0 ‘_ Port 1.

1/0 1/0 or As~A1s 1/0 or ADo~AD?

B Pin Description )

Pin Meaning 1/0 . Function
P0o,~PO0, Port O /0 8-bit I/0 port, programmable for 1/0.
P1,~P1, Port 1 "1/0 Programmable for /O in bytes.
P2,~P2, Port 2 ) 1/0 Programmablé for I/0 in bits.-
P3,~P3, Port 3 ' 170 P3,-P3; for input, P3,4-P3; for output.
s Address strobe 0 Active “Low”, activated for external address mempry
transfer. . )
D—S\ Data strobe 0 ‘Active “Low’, activated for external data memory
) transfer.
R/W Read/Write 0 Read at “High”, write at “Low”.
RESET Reset 1 Active “Low”. initializes.
XTAL1 Clock 1 1 Clock pin.
XTAL2 Clock 2 [0} Clock pin.
SHARP . -
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CMOS 8-Bit 1-Chip Microcomputer ‘ SM-803

B Absolute Maximum Ratings

N Parameter Symbol Ratings Unit
Input voltage Vin —0.3~+7 \4
* Output voltage Vour —0.3~+7 \4
Operating temperature Topr 0~+70 T
Storage temperature T —65~+150 C
B DC Characteristics (Vee=5V£10%, Ta=0~+70C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit | Note
X . Driven by external clock
Clock input high voltage Ven oscillator 3.8 Vee \%
. . Driven by external clock
—0. . A
Clock input low voltage Ve oscillator 0.3 0.8
Input high voltage Vin 2.0 Vee \Y%
Input low voltage Vi —0.3 ) 0.8 \%4
Reset input high voltage Vru 3.8 Vee A%
Reset input low voltage VirL - —0.3 0.8 \4
Output high voltage Vou loy=—250 A 2.4 ] \%
QOutput low voltage VoL Ioo=+2.0mA 0.4 \%
Input leakage cuurrent [T | | OVEV=+5.25V 10 uA
Output leakage current [Ioo | | OVEVy=+5.25V 10 prA
Reset input current Iir Vee=5.25V, Vg =0V —50 s A
Supply current Icc 12 mA
Vee Vee
VCC cC
2.1kQ R
Output pin 741504 1.5kQ 1.5kQ
under test : Crystal 2
Clock in 741504 ;Cl.:l5pFMAX.
150pF
Crystal 1
1 ICl;lSpF MAX.
Test load 1 TTL external clock interface circuit
B AC Characteristics So there is no power consumption now. This mode

is cleared by a reset input, port 3 input, or timer
interrupt at a mask option (designated at the time
of ROM input).

The SM-803 is compatible with the Z8-01 as to
the AC characteristics. Refer back to the Z8-01

description.
(2) STOP mode’ ,
B New Functions The STOP mode is brought by decoding a STOP
The SM-802 has two standby modes ; HALT instruction (FF6Fy).
and STOP.
(1) HALT mode

The HALT mode is introduced by decoding a
HALT instruction (FF7Fy). In this mode, the
oscillation circuit is kept in operation, but no sys-
tem clock is internally supplied any more.
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CMOS 8-Bit 1-Chip'Micrdcomputer

S M ""8 1 2 CMOS 8-Bit 1-Chip Microcomputer

B Description

The SM-812 is an 8-bit single chip CMOS micro-
computer with 2,048-byte of ROM, 128-byte of
RAM, timer/counter and multiplex interrupt capa-
bility. i :

It is best suited to high-function controllers due
to its single power supply and high-speed proces-
sing capability.

B Features

. CMOS process
. ROM capacity 2,048 X8 bits
RAM capacity 128X8 bits
. 64-byte (MAX.) of address space
. Instructions 81
. Subroutine nesting using RAM area
. Output ports 32 bits '
. Input/Output ports 16 bits
. Timer/counter ,
8 bit counter 2 .
8 bit prescaler 1
. Interrupt function
External interrupt 1
Serial 170 interrupt 1
Timer interrupts 2
Non-maskable interrupt 1
11. Serial interface 8 bits
12. Standby mode (HALT mode, STOP mode)
13. Single power supply (2.7~5.5V)
14. Instruction cycle 1 p#s(MIN.)
15. 64-pin quad-flat package

© 00N U WN
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M Pin Connections

' SM-812

WAIT [
M1[Z]
P30/SI &
P3:/SCK [
P3,/S0 [E]
P33/MRQ [E]
P34/CN [7]
P3s/T [E]
PSG/@ [
P37/WR [}
NC [

NC [2]
P0o/ADo [!
P0./AD, I
P02/AD, [5
P03/ADs L
P04/AD. [0
P0s/ADs [
P06/ADs L1

EIEIEEEEE

 P07/AD:[5]

51l P5o

50 P47

[9] P46

18] P45

4] P4y

5] P43

[ P4,

1] P41
EAY

2] P4o
[NC |
[0l P27/DB~
[ P2¢/DBs
58] P25/DBs
(1 P24/DB4
35l P23/DB3
5] P22/DB>
351 P2:/DB:
53 P20/DBo

Top View




CMOS 8-Bit 1-Chip Microcomputer SM-812

B Block Diagram

Output Ports and 1/0 Ports and
External Address Bus External Data Bus
- A - A ~
920 30 3334X353637383940)
]
WAIT . | t
Signal Input @—] Timing L PO I L P1 —I l P2 —l
Sync. Control 3
Clock Output & I 4
5
6
ADR b 1P 3}l (3 1/0 Ports
Sync. Reset & " System PfC g |
Clock Output Control SP Q 0
= RAM ROM
A F a G
B C o 192%8 4096 < 8 - 4‘
D | E Z a
H L <P 4 <> i fI/OPorts
4
. I - 49
GND = [IF1] TCA IPr ) l I
£ TCB escaler
Test © Serial /0 —P5 >0 | Output
= _J 55 [ Ports
g TFO )
= j 0SC 9 |
€—63 60——G61
Interrupt Input Interrupt Input  Oscillator
(non - maskable)
Symbol description
ADR . Address latch ™ . Timer modular register
ALU : Arithmetic logic unit TAC, TCB : Timer counter
PC . Program counter 1E . Interrupt enable F/F
SP . Stack pointer IME . :Interrupt master enable F/F
F- . Flag register IF0~IF3 : Interrupt request register
A, B, C, D, E, H, L : General-purpose registers 0SC : System clock oscillator
INC/DEC : Incrementer/decrementer P0~P5 : Port register
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CMOS 8-Bit 1-Chip Microcomputer ‘ . C sm-812

B Pin Description

©_ Pin 1/0 f Circtit .- Function
P4,~P4, 1/0 Pull-up Programmable for 170 in bits
flfgil/)sl‘; Bidirectional | Pull-up at input 1/0 in bytes | SEi’;;e;"al memory éata bus
P0y/AD, : : . BEXxternal memory address
~P1,/AD;s 0 , Output in bytes signal
P3,/SI o/1 - Pull-up at input : Serial data input
P3,/SCK O/Bidii‘ectional Pull-up at input Serial clock input/output
P3,/SO 0 Serial data output
P33/M_R’Q 0 . Output in bytes Memory request output
P3,/CN 0/1 Pull-up at input Timer counter input
P35/T [0} Counter signal output
PBG/ﬁ (0] Read signal output
P37/W 0 Write signal output
P5,~P5, [0} Pull-up Settable/resettable in bits
WAIT I Pull-up Used to prolong an access time for external memory
or to clear the standby mode.
INT I Pull-up Maskable interrupt request
NMI I Pull-up . Non-maskable interrupt request
RESET 1 Pull-up Auto clear
TEST 1 For testing (usually connected to GND)
4 oury M1 (0] Synchronization clock output
CK,, CK, For clock oscillator
Vop, GND Logic circuit power supply
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'CMOS 8-Bit 1-Chip Microcomputer | - SM-813

'

S M - 8 1 3 CMOS 8-Bit 1-Chip Microcomputer

B Description Bl Pin Connections

The SM-813is an 8-bit single chip CMOS micro-
computer with 4,096-byte of ROM, 192-byte of
RAM, timer/counter and multiplex interrupt capa-
bility. S
It is best suited to high-function controllers Wf;ﬂ .
due to its single power supply and high-speed pro- P3o/SIE
cessing capability. P3,/SCK[e
P32/SO[E] [ P4s
P3s/MRQ[E (€ P4s
P34/CN[7 E1P4.
P3s/TL8 P4y
P36 [9] [53] Von
P37 % 12 Pdo
RD[E FINC
M Features WR @ [5 P27/DB:
1. CMOS process POO/ADOE [ P26/DBe
. . P01/AD: [ 5% P25/DB
2. ROM capacity 4,096X8 bits P();/AD;[E %PZ?/DB?
3. RAM capacity 192X 8 bits P03/AD3E 3] P23/DB3
~ P04/AD4 [ [ P2./DB
4. 64K byFe (MAX.) of address space POs/ADs [{ E_\Pzi/DB?
5. Instructions 81 P0s/ADs [ [ P20/DBo
6. Subroutine nesting using RAM area & & FEGIE
7. Output ports 16 bits SER2cpouiafze
agonzz3agogaq
9. Timer/counters SISESptTtEsE<=2
8-bit counters 2 EEEET TEEE »
8-bit prescaler 1 Top View
10. Interrupt function

External interrupt 1
Serial I/0 interrupt 1
Timer interrupt 2
Non-maskable interrupt 1
11. Serial interface 8 bits
12. Standby mode (HALT mode, STOP mode)
13. Single power supply (2.7 ~5.5V)
14. Instruction cycle 1 #s (MIN.)
15. 64-pin quad-flat package
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CMOS 8-Bit 1-Chip Microcomputer . ~ SM-813

B Block Diagram

Output Ports and I/0 Ports and
External Address Bus External Data Bus
N - A
- 30000 92 91506)E—~E3 BERPA
- i
WAIT ‘
S o G T o] [
Syne. e Control 3
Clock Output G : T I - 4
5
. 6
ADR +>{p3lel (% 1/0 Ports
Sync. Reset € System PTC ____T g
Clock Output Control Sp © O
, T T 2 | | rRaM | |RoM | |
et S| | 192x8 | |4096x8 3
D | E = 4
H L 9P4<—;1 rI/O Ports
4 i
J — @ '
Vin @ IE_| e 0 )
E TCA :P . )
GND § . (TF2}__TCB rescaler
© . €) | Output
IF P5 utp
Test @ 2 3 Serial 1/0 : Ports
g2 56
5 &)
Read = 0sC &9 |
Write
——03 <60——G6)
Interrupt Input  Interrupt Input  Oscillator
(non - maskable)
Symbol description i )
ADR . Address latch ™ . Timer modular register
ALU . Arithmetic logic unit TAC, TCB : Timer counter
PC . Program counter 1IE . Interrupt enable F/F
SP . Stack pointer IME : Interrupt master enable F/F
F . Flag register ’ IF0~IF3 : Interrupt request register
A, B, C, D, E, H, L : General-purpose registers 0SscC : System clock oscillator
INC/DEC . Incrementer/decrementer P0~P5 . Port register
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CMOS 8-Bit 1-Chip Microcomputer

B Pin Description

SM-813

Pin 170 Circtit Function
P4,~P4, 1/0 Pull-up Programmable for I/0 in bits
P2,/DBy~ /0 Pull-up at input 1/0 in bytes External memory data bus
P2,/DB, signal
PQ0y/ADy . External memory address
~P1,/AD,s (6] Output in bytes signal
P3,/SI 0/1 Pull-up at input Serial data input
P3,/SCK O/Bidirectional Pull-up at input Serial clock input/output
P3,/SO 0 Serial data output
P33/MRQ (6] . Memory output
P3,/CN 0/1 Pull-up at input Output in bytes Timer counter input
P3s/T 0 Counter signal output
P3¢ [0)
P3, 0]
P5,~P5, (6] Pull-up Settable/resettable in bits
- RD (6] Read signal for external memory
WR 0 Write signal for external memory
WAIT I Pull-up Used to prolong an access time for external memory
or to clear the standby mode.
INT 1 Pull-up Maskable interrupt request
NMI I Pull-up Non-maskable interrupt request
RESET I Pull-up Auto clear
TEST I For testing (usually connected to GND)
$ our, M1 0 Synchronization clock output
CK,, CK, For clock oscillation
Vpp, GND Logic circuit power supply
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CMOS 8-Bit 1-Chip Microcomputer \ : . LuUs1ov1

LU 8 10V 1 cvoses: '1;Chip Microcoméutér

B Description ' B Pin Connections

LU810V1, eliminating the internal ROM from '
SM-812, is the ROM less version of SM-812 and it
uses Port 0 and Port 1 exclusively as the address

bus and Port 2 as the data bus. Other functions-
are compatible with those of SM-812.

WAIT [0 P50

M1 [2 50| P4

P30 [3] B P4s

P3. [ 18 P45

P3: 5] {1 P4y

- P3a[é . g’:gllma
Features P3. [ P4,

u P35 2] [ P4,

1. CMOS process P36 5] 3 Vi
2. ROM capacity 128X 8 bit P3: 2 P4o
. apacity its NC O AINC
3. 64K-byte (MAX.) of address space NC [} ‘ [0 DB
4. Instructions 81 AD, [ ] DB
. . . ~ AD: [ [5 DBs

5. Subroutine nesting using RAM area AD: [} [ DB 4

6. Output ports 16 bits i [ DB

7. Input/Output ports 8 bits %gg‘:

8. Timer/counter 9 DBy

8-bit counters 2
8-bit prescaler 1
9. Interrupt function

Top View

External interrupt 1
Serial I/0 interrupt 1
Timer interrupts 2
Non-maskable interrupt 1 °
'10. Serial interface 8 bits
11. Standby mode (HALT mode, STOP mode)
12. Single power supply (2.7~5.5V)
13. Instruction cycle 1 zs(MIN.)
14. 64-pin quad-flat package
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CMOS 8-Bit 1-Chip Microcomputer

B Block Diagram

LU810V1

~ Address Bus

WAIT

Symbol description

ADR
ALU
pPC
SP
F

INC/DEC

(non -maskable)

. Address latch

. Arithmetic logic unit
. Program counter

. Stack pointer

! Flag register
A,B,C,D,E , H,L: '

General -pupose registers

. Incrementer/decrementer

Signal Input O— Timing
Sync. e Control
Clock Output @
ADR
 Sync. Reset @ System ?C
Clock Output Control SP
A
B
D
H
Vop @ IE :‘II\T
G e TCA :’P ,
ND & £ TCB rescaler
Test @ © L {TF3}{Serial 1/0
g
Iy IF0
Lk 0ScC
G €0——6D
Interrupt Input  Interrupt Input  Oscillator

¥1/0 Ports

L Output
Ports

™ ! Timer modular register
TAC, TCB : Timer counter

1IE . Interrupt enable F/F

IME : Interrupt master enable F/F
IF0~IF3 : Interrupt request register
0SC . System clock oscillator
P0O-~P5 . Port register
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‘CMOS‘B-BiH—Chip Microcomputer : — : LU810V1
B Pin Description ;
Pin 170 . " Circtit , Function

P4,~P4, 1/0 ) Pull up Programmable for I/0 in bits
DB,~DB; 10 - Pull up at input 1/0 in bytes External memory data bus
- signal
ADy~AD, 5 0 ) : ‘ | Output in bytes External memory address
) signal
. P3y/SI 0/1 Pull up at input Serial data input
P3,/SCK 0/1 Pull up at input - Serial clock input/output
P3,/SO 0 Serial data output "
P33/MRQ [0} . : . Memory request output
P3,/CN 0/1 Pull up at input Output in bytes Timer counter input
P35/T -0 B Counter signal output
P34/RD 0 Read signal output
P37/W§ 0 Write signal output
P5,~P5, 0 Pull up Settable/resettable in bits )
WAIT I Pull up Used to prolong an access time for external memory
or to clear the standby mode.
INT I Pull up Maskable interrupt request
NMI 1 Pull up Non-maskable interrupt request
RESET 1 Pull up | Auto clear
TEST 1 For testing (usually connected to GND)
4 out, M1 (6] . Synchronization clock output
CK,, CK, For clock oscillation
Vpp, GND - Logic circuit power supply

SHARP
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Z8 Series Ordering Information

Below is discussed how to order the Z8 series
products.

Customers are requested to submit an EPROM or
paper tape as the ROM data media. The following
information should be attached in any form and
any means.

(1) ROM data media

(2) Specific data (chip select, marking, and

other information)

(3) Your company’s name, your own name, and

stamp

(4) Ordering date

When submitting the ROM drawings, two sets of
ROM data media are also required together with a

list of ROM to see if the read-out data are correct.

With the ROM data media, we computer-aid-
ed-design a ROM masking magnetic tape and make
up EPROM or paper tapes, and their list, in order
to make sure the designed ROM data are correct.
These materials are then checked up by the cus-
tomer for approval. If it is okay, we start masking
and make some technical evaluation samples (TS),
which are delivered to the customer. When the
samples are accepted, the customer will send us a
“TS Confirmation”. By a mass-production order at
the moment or later, we will start producing the.
product in large quantities.

Client SHARP
LH0801/LHO0811 Business dept. | —
order .
N——
EPROM or llBusiness dept.lI
paper tape
CAD control
Troubleshootin EPROM or
[Eroisivo] B
[Ricimoce demt 1
Business dept.
— )

rlB siness dept 3

TS verification

LH0801/LHO0811
TS certification

Mass production order)

SBcinece domr |
’IBusmess dept i

Business dept.

Mask making order

Technical sample

I Delivery ;‘

f -
Mass production startl
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Z80/Z80A/Z80B Central Processing Unit . LH0080/ LH0080A/LH00808

*LHOOSO/LHOOSOA/ LHOO80B

ZSO/Z_BOA/ZBOB Central Processing Unit

B Description ‘ M Pin Connections

The Z80 product line is a complete set of micro-
computer components, development systems and ﬁ—w
support software. The Z80 microcomputer com- Ay If [40] Avo
ponent set includes all of the circuits necessary to ‘ ‘Ar [2] o 39 Ao
build high-performance microcomputer systems . A 3 38) As
with virtually no other logic and a minimum num- AL [T 77 A
ber of low cost standard memory elements. Avs ] 55 As

The LHOO80 Z80 CPU (Z80 CPU for short be- CLOCK [5] ) As
low) is the third generation microprocessor im- A
plemented using an N-channel silicon-gate process. Ds [ £d A

The Z80 CPU is designed for using the standard D; (] £ Aa
memory components, higher system throughput and Ds [¢] : 32 Az
more efficient memory utilization. In addition, the D, [10] 31 A
output signals of the Z80 CPU is decoded to con- | +5v [i] 39 Ao
trol peripherals. The Z80 CPU requires only D, [12] 29 GND
single +5V ’DC power supply and single phase p,@ = - [BRFSH
clock, therefore it is easy for the Z80 CPU to im- . bl 77 M1
plement into a system. D, [ @ RESET

The LHOOSOA ZSOA~ and LHOOSOB Z80B CPU INT [ 7 BUSRQ
are the high speed version which can ogerate at the i [ - [ WATT
4MHz and 6MHz system clock, respectively. HALT @ 7 BUSAK

MREQ [ 7 WR
IORQ [29 211 RD
-/
Top View

B Features

1. 8-bit parallel processing single-chip micro-

processor

2. N-channel silicon-gate process
3. 158 instructions (The instruction of the 8080A
are included as a subset ; 8080A software com-
patibility is maintained)
4. 22 registers
5. The capability of 3 modes maskable interrupt
and non-maskable interrupt
6. On-chip dynamic memory refresh counter
7. Instruction fetch cycle : 1.6 #s(Z80), 1.01us
(Z80A), 0.67 us(Z80B) -
8. Single+5V power supply and single phase
clock
9. All inputs and outputs fully TTL compatible
10. 40-pin dual-in-line package A

SHARP
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Z80/Z80A/Z80B Central Processing Unit

B Block Diagram

7

LH0080/LHO080A/LH0080B

Halt State

Memory Request
Input/Output Request
Read

Write

Bus Acknowledge
Machine Cycle1
Refresh

Interrupt Request
Non-Maskable Interrupt
Wait

Bus Request

Reset

System Data Bus
——t

18
19
20
21
22
23
27,

16,
17
24
25)
26)

0000 BL

Data Bus Interface

, Instruction

Decoder

Instruction

Register

>

CPU Timing Control

Vece GND System
(+5V) (0V) Clock

\

Register Array

|

ALU

Address Bus Interface

-

W—E—® 006000000 HOHIE DN

s

System Address Bus
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Z80/Z80A/Z80B Central Processing Unit

B Pin Description

LH0080/LHO080A/LH0080B

\

Pin

Meaning

170

Function

Ao~Ass

Address bus

3-state O

System address bus

- Do~Dy

Data bus

‘Bidirectional

System data bus

M1

Machine cycle one

3-state

0

‘Active “Low”. Indicates that the current machine cycle

is the OP code fetch cycle of an instruction execution.

MREQ

Memory request

3-state O

Active “Low”: Indicates that the address bus holds a
valid address for a memory read or memory write op-
eration. ’

IORQ

1/0 request

3-state O

Active “Low”. Indicates that the lower 8 bits of the

“address bus holds a valid I/0 address for an I/0 read

or write operation. Also generated concurrently with
M1 during an interrupt acknowledge cycle to indicate an
interrupt response.

Memory read

3-state O

Active “Low”. Indicates that the CPU wants to read data
from memory or an 1/0 device.

Memory write

3-state O-

Active “Low”. Indicates that the CPU data bus holds
valid data to be stored at the addressed memory or 1/0
location.

RFSH

Refresh

Active “Low”. Indicates that the lower 7 bits of the sys-
tem address bus can be used as a refresh address to the
system's dynamic memories. Together with MREQ at
“Low”.

HALT

Halt state

Active “Low”. Indicates that a Halt instruction is being
executed. While halted, the CPU executes NOPs to main-
tain memory refresh. The Halt state is cleared with RE-
SET, W, or INT (when allowed).

WAIT

Wait

Active “Low”. Indicates to the CPU that the addressed
memory or I/0 devices are not ready for a data transfer.
The CPU continues to enter a wait state as long as this
signal is active. '

INT

Maskable interrupt
request

Active “Low”. Generated by I/O devices. The CPU hon-
ors a request at the end of the current instruction if the
interrupt enable flip-flop is enabled.

NMI

Non-maskable
interrupt request

. Active “Low”. Has a higher priority than INT. Always

recognized at the end of the current instruction, inde-
pendent of the status of the interrupt enable flip-flop.
Automatically forces the Z80 CPU to restart at location
0066H.

RESET

Reset

Active “Low”. Resets the interrupt enable flip-flop, the
program counter interrupt vector register and the mem-
ory refresh register, and sets the interrupt status to
Mode O, in order to initialize the CPU.

BUSRQ

Bus request

Active “Low”. Has a higher priority than NMIL. Always
recognized at the end of the current machine cycle. Acti-
vated to allow a bus master other than the CPU to con-
trol the system bus.

BUSAK

Bus acknowledge

Active “Low”. Indicates to the requesting device that the
external circuitry can control the system bus.

CLOCK

System clock

Inputs+5V single-phase clock.

212
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Z80/Z80A/Z80B Central Processing Unit

B Absolute Maximum Ratings

LH0080/LHO080A/LH0080B

Parameter Symbol Ratings Unit
Input voltage Vin —0.3~+7.0 \%
Output voltage Vour —0.3~+7.0 \4
Operating temperature Topr 0~+70 T
Storage temperature T —65~+150 T
Standard Test Conditions
The characteristics below apply for the follow-
ing standard test conditions, unless otherwise
noted. All voltages are referenced to GND (0V).
Positive current flows into the referenced pin.
All ac parameters assume a load capacitance of
100 pF. Add 10 ns delay for each 50.pF increase
in load up to a maximum of 200 pF for the data
bus and 100 pF for address and control lines.
B DC Characteristics (Vec=5V£5%, Ta=0~+70T) =
Parameter Symbol Conditions MIN. TYP. MAX. Unit |
Clock input low voltage Ve —0.3 0.45 \%
Clock input high voltage Vinc Vee—0.6 Vee+0.3 \Y%
Input low voltage Vi —0.3 0.8 \%
Input high voltage Vin 2.0 Vee \%
Output low voltage VoL Ior=1.8mA 0.4 \%
Qutput high voltage Vou Iog=—250 pA 2.4 \Y
| 780 CPU 150 mA
Current consumption Icc Z80A CPU 200 mA
’ ) Z80B CPU 200 mA
Input leakage current [ I | 0=VN=Vcc 10 LA
3-state c{utput leakage | ipag | Vour=0.4V~Vee 10 A
current in float
B Capacitance (f=1MHz, Ta=25C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Clock capac.ltance Cevocx Unmeasured pins returned 35 pF
Input capacitance Cin to ground 1 5 pF
Output capacitance Cout 10 pF

SHARP
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Z80/Z80A/280B Central Processing Unit LHO0080/LH0080A/LH0080B

(VCC=5V15%V Ta=0~ +70°C)

B AC Characteristics

Z80A CPU

No. Parameter " Symbol 280 CPU 280B CPU* Unit
MIN. | MAX. | MIN. | MAX. | MIN. | MAX. -
1 Clock cycle time TeC 400* 250* 165* ns
2 Clock pulse width (High) TwCh 180* 110* 65* ns
3 Clock pulse width (Low) TwCl 180 | 2000 | 110 2000 65 2000 ns
4 Clock fall time TiC 30 30 20 | ns
5 Clock rise time TrC 30 30 20 | ns
6 Clock 1 to address valid delay TdCr (A) 145 110 90 | ns
7 Address valid to MREQ | delay TdA (MREQf) | 125* 65* 35* ns
8 Clock | to MREQ | delay TdCf (MREQY) ‘ 100 85 - 70 ns
9 Clock t to MREQ 1 delay TdCr (MREQr) | 100 85 ‘ 70| ns
10 | MREQ pulse width (High) TwMREQh 170* 110* | 65* ns
11 | MREQ pulse width (Low) TwMREQ1 360™ 220%™ 135* ns
12 Clock { to MREQ 1 delay TdCf (MREQr) 100 85 70 ns
13 Clock | toRD | delay TdCf (RDf) 130 95 80 ns
14 | Clock 1 toRD 1 delay TdCr (RDr) 100 85 70 | ns
15 | Data setup time to clock 1 TsD (Cr) 50 35 30 ns
16 | Data hold time from RD 1 ThD (RDr) 0 0 0 ns
17 | WAIT setup time to clock { TsWAIT (Cf) 70 70 60 ns
18 WAIT hold time after clock } ThWAIT (Cf) 0 0 0 ns
19 | Clock t to M1 } delay TdCr (Mlf) 130 100 80 | ns
20 Clock 1 to M1 1 delay TdCr (Mlr) 130 100 80 ns
21 | Clock -1 to RFSH { delay TdCr (RFSHf) 180 130 . 110 | ns
22 Clock t to RFSH 1 delay TdCr (RFSHr) 150 «120 100 ns
23 Clock { to RD t delay TdCf (RDr) 110 - 85 70 ns
24 | Clock t to RD | delay TdCr (RDf) 100 85 70 | ns
Data Setup to clock 1 during
- 25 M,, My, M, or Mg cycles TsD (Cf) 60 50 40 ns
26 | Address stable prior to IORQ { . TdA (IORQf) | 320 180* 110* ns
27 Clock 1 to IORQ | delay TdCr (IORQf) 90 75 65 | ns
28 Clock { to IORQ 1 delay TdCf (IORQr) 110 85 70 ns
29 | Data stable prior to WR | TdDm (WRf) | 190* 80* 25* ns
30 | Clock { to WR | delay TdCf (WRf) 90 80 70 | ns
31 | WR pulse width TwWR 360* 220* 135* ns
32 Clock | to WR 1 delay TdCf (WRr) 100 80 70 ns
33 | Data stable prior to WR | TdDi (WRf) 20* —10* | . —55* ns
34 | Clock 1 to WR | delay TdCr (WRf) 80 65 60 | ns -
35 | Data stable from WR 1 TdWRr (D) 120* 60* | - 30* ns
36 Clock } to HALT 1 or | TdCf (HALT) 300 300 260 | ns
37 NMI pulse width TwNMI 80 g 80 70 - ns
38 BUSREQ setup time to clock 1 TsBUSRQ (Cr)| 80 50 50 ns
39 BUSREQ hold time after clock 1t ThBUSRQ (Cr) 0 0 0 ns
40 Clock 1 to BUSACK | delay TdCr (BUSAKI) 120 100 90 ns
41 Clock | to BUSACK 1 delay TdCf (BUSAKr) 110 100 90 ns
42 Clock 1 to data float delay TdCr (Dz) 90 90 80 | ns
43 Clock t to control output float delay
(HREQ, IORQ, KD, and W) TdCr (CTz) 110 80 70 | ns
44 Clock t to address float delay TdCr (Az) 110 90 80 ns
45 | MREQ1,I0RQ 1,RDand WR 1 | .\0 (A) 160* 80* 35* ns
to address hold time
t Rising edge, § Falling edge
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Z80/Z80A/Z80B Central Processing Unit
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LH0080/LHO080A/LH0080B

No. Parameter Symbol 780 CPU Z80A CPU 7Z80B CPU* Unit
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.

46 RESET | to clock 1 setup time TsRESET (Cr)| 90 60 60 " ns
47 RESET from clock 1 hold time ThRESET (Cr) 0 0 0 ns
48 INT to clock 1 setup time TSINTf (Cr) 80 80 70 ns
49 | INT from clock t hold time ThINTr (Cr) 0 0 0 ns
50 M1 | to IORQ | delay TdM1f (IORQf) 920* 565* 365* ns
51 Clock | to IORQ |} delay TdCf (IORQf) 110 85 70 ns
52 Clock t to IORQ ? delay TdCf (IORQr) 100 85 70 ns
53 Clock | to data valid delay TdCf (D) 230 150 130 ns
All ac parameters assume a load capacitance of 100 pF. Add 10

s delay for each 50 pF increase in load up to a maximum of 200 +5V
pF for the data bus and 100 pF for address and control lines.
*For clock periods other'than the mini‘mums show_n in the table, Output pin 2.1kQ

calculate parameters using the following expressions.
*All timings are preliminary and subject to change. IOOPFI

B Footnotes to AC Characteristics

No. Symbol 7280 Z80A Z80B

1 TeC TwCh+TwCl+TrC+TiIC TwCh+ TwCl+TrC+TfC TwCh+TwCl+TrC+TiC 4

TwCh MAX. 200 #s MAX. 200 us MAX. 200 us

7 TdA (MREQf) | TwCh+TfC—75 TwCh+TfC—65 TwCh+TfC—50 —
10 TwMREQh TwCh+TfC—30" TwCh+T{C—20 TwCh+T{C—20

11 TwMREQ1 TcC—40 . TcC—30 TcC—30

26 TdA (IORQf) TcC—80 TcC—70 TcC—55

29 TdD (WRf) TcC—210 TcC—170 TcC—140

31 TwWR TcC—40 TcC—30 TcC—30

33 TdD (WRf) TwCl+TrC—180 TwCl+TrC—140 TwCl+TrC—140

35 TdWRr (D) TwCl+TrC—80 TwCl+TrC—70 TwCl+TrC—55

45 TdCTr (A) TwCl+TrC—40 TwCl+TrC—50 TwCl+TrC—50

50 TdMIf (IORQf)| 2Tc¢C+TwCh+T{C—80 2TcC+TwCh+T{C—65 2TcC+TwCh+TIC—50

“AC Test Conditions :

Vu=2.0V
Vi=0.8V

Viie=Vec— 0.6V
Vie=0.45V

Vou=2.0V FLOAT==0.5
Va=0.8V

SHARP
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'LHO080/LH0080A/LH0080B

B CPU Timing _

The Z80 CPU executes instructions by proceed-.
ing through a specific sequence of operations:
® Memory read or write
® ]/0 device read or write
® Interrupt acknowledge

The basic clock period is referred to as a T time
or cycle, and three or more T cycles make up a
machine cycle (M1, M2 or M3 for instance).
Machine cycles can be extended either by the CPU
automatically inserting one or more Wait states or
by the insertion of one or more Wait states by the
user.

(1) Instruction Opcode Fetch

The CPU places the contents of the Program
Counter (PC) on the address bus at the start of the

- cycle (Fig. 1). Approximately one-half clock cycle

~later, MREQ goes active. When active, RD indicates

. that the memory data can be enabled onto the CPU

~ data bus.

The CPU samples the WAIT input with the fall-
ing edge of clock state T.. During clock states Ts
and T: of an M1 cycle dynamic RAM refresh can

“occur while the CPU starts decoding and execuﬁng
the instruction. When the Refresh Control signal
becomes active, refreshing of dynamic memory can

" take place. '

T3 Ta

Fig. 1

T Te Tw
10X ® [
CLOCK —/@ -
@ ,
Ao~As Program counter Refresh adei'ess
7¢
@—fe—sf
@@4 @ > @
MRE ) '
q ! 7 ®
®
m ——— ®
b))
. [(T) L @
® ©
WAIT - )u R
e o
M1 o #
‘ ® + ®
Do~D; 1&——@@_'2; Valid data)_
. A
v)s @ e
RFSH ‘

Note: Tw-Wait cycle added when necessary for slow ancilliary devices.
Instruction opcode fetch

(2) Memory Read or Write Cycles

Fig. 2 shows the timing of memory read or write
cycles other than an opcode fetch (M1) cycle.
The MREQ and RD signals function exactly as in
the fetch cycle. In a memory write cycle, MREQ
also becomes active when the address bus is stable.
The WR line is active when the data bus is stable,
so ‘that it can be used directly as an R/W pulse to
most semiconductor memories.

J
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(3)

Fig. 3 shows the timing for an I/O read or 1/0
write operation.
During I/0 operations, the CPU automatically in-
serts a single wait state (Tw). This extra wait state
allows sufficient time for an I/0 port to decode the
address from the port address lines.

Input or Output Cycles
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T: T2 Tw Ts

CLOCK j Sk—/—j . \
- - N
=®=
e e
Ao—~Ais y: /LValid data ),j,i
—r® —+1
MREQ R { (-
q }®
WAIT \ 7 N

—-0 @
N -
// .y

)
Read operation< @ @+ ®

. S "
Do~Ds b————%ﬁ Valid d@L(
—_—T — {L 1

_ | @ I
WR
() JL/ w @
Write operation < < _7‘_@ 89—

- N
- B Data out JE———

ET;I

®

Do~D7 ~

Fig. 2 Memdry read or write cycles
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LH0080/LLHO0B0A/LHO080B -

1/0 read operation

1/0 write operation

J T2 Tw" Tw Ts
cLock [\ \ \ \
S FU
B . <@ >+—
Ao~Ar A [Valid power address ||~ X
@ 77 @
IORQ ® Js - - ¥
l—
@ >< ® @->
WAIT 1 zj;; .
® ®
RD 1 ' L ¢
—<—@®
@ @
De-D; ¥ & i
77
- (—T@ Valid data A/.l @
WR 7 ®
® ® @®
rga
Do~Dy 77 Data out —
25
Note : Tw=0nérv;rait cycle automatically inserted by CPU. B
Fig. 3 Input or output

(4)

Interrupt request/acknowledge cycle

The CPU samples the interrupt signal with the
rising edge of the last clock at the end of any in-
struction (Fig. 4). When an interrupt is acceﬁgd, a
special M1 cycle is generated. During this M1 cy-

cle, IORQ becomes active (instead of MREQ) to indi-
cate that the interrupting device can place an 8-bit
vector on the data bus. The CPU automatically
adds two wait states to this cycle.

TL T T2 Tw Tw Ts Tw
N AV AVAVAYaWaWall
— 7 3 Slr—u—"F
@
INT —glLﬁf
® ®
J L
Ao~Ass X‘ Address j’ :
® @
M1 N / /
. G €
IORQ - ' . ¥
) A e
WAIT (7
@ o ® ®
Do~Ds 5 Yoweg ) F C N
Notel: TL='Last state of previous instruction.
Note2: Two wait cycles automatically inserted by CPU ().
Fig. 4 Interrupt request/acknowledge cycle
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(5) Non-maskable interrupt request cycle

mal instruction fetch except that data put on the

bus by the memory is ignored. The CPU instead ex-

NMI is sampled at the same time as the maskable ecutes a restart (RST) operation and jumps to the
interrupt INT but hashigher priority and cannot be NMI service routine located at address 0066H
disabled under software control. (Fig. 5).

The subsequent timing is similar to that of a nor-

—Last Mcycle

Last T time| T:

______ D ]
W SL_; ]

_ 9-@ a-@ re—

= TR TR

—-@e—

*Although NMI is an asynchronous input, to guarantee its being
recognized on the following machine cycle, NMI's falling edge
must occur no later than rising edge of the clock cycle preceding

o . —l® O e—)—>
g NI

@

RFSH N\ /

TLAST-

Fig. 5 Non-maskable interrupt request operation

(6) Bus request/acknowledge cycle (7) Reset cycle
The CPU samples BUSREQ with the rising edge RESET must be active for at least three clock cy-
of the last clock period of any machine cycle (Fig. cles for the CPU to properly accept it. As long as
6). If BUSREQ is active, the CPU sets its address, RESET remains active, the address and data buses
data, and MREQ, IORQ; RD, and WR lines to a float, and the control outputs are inactive. Once
high-impedance state with the rising edge of the RESET goes inactive, three internal T cycles are
next clock pulse. At that time, any external device consumed before the CPU resumes normal. proces-
_ can take control of these lines, usually to transfer sing operation. RESET clears the PC register, so

data between memory and 1/0 devices.

SHARP

the first opcode fetch will be location 0000 (Fig. 8).
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T. Tx Tx Tx T

D -
3 o ®
BUSRQ , /\ . 7 N\
/5 .
@t
— () =e— —=H 4=
Float ) —
Ao~Ass > = {
| @ e
L Float . —
Do~D7 ;H A 1’;
@) 4=— ——>-@ e
—MRE Float —
RD,WR — <
IORQ
B ;
M1
. @
RFSH J
HALT Unchanged
Note: Ti=Last state of any M cycle.

Tx=An arbitrary clock cycle used by requesting device.

Fig. 6 Z-bus request/acknowledge cycle

M i< M1
T, ES T,
\ AYAYAYAVAY
@
HALT 7

HALT instruction received

(3
NMI - -

Note: INT will also force a Halt exit.

Fig. 7 Halt acknowledge cycle
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=M1
T T2
CLOCK _JZF_\_/—-\_/ﬁ_\J;JZF_\_/—_\_/ \._/
LGR @ 0 @
(M) ¢
RESET T\ /\ ;_] 3 7
e
® S
Float —
Ao~Ais f 4=
@t
Float
Do~Dr Hr
>-1)4=—
— J o \
1 -
MREQ, fF—
___RD.WR, /777 N
I0RQ, RFSH,
BUSAK
HALT Fig. 8 Reset cycle
+5V
+5V
+5V J; 15y I G
! [ R
D Q
M1 RESET
151588

. +
Reset switch C: 7414

oo I L LT LT
MII /
ﬁ‘s?ﬁﬁ

Fig. 9 Reset circuit and timing diagram when M1 cycle has no wait state
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{Reference circuit’ , . RESET signal.
The RAM contents may be adversely affected by " (2) A walt state in the M1 cycle
resetting the CPU while it is in operation. Input a RESET signal to start sampling this sig-
To prevent this, a RESET signal should be input nal at the clock rising in the M1 cycle’s Ts state.
in the following timings. ' _ When a 1 walt state occurs, this type of RE-
(1) No walt state in the M1 cycle . SET signal can be generated by the circuit di-
Input a RESET signal to start sampling this sig- agrammed in Fig. 10. In the circuit shown in Fig. 2,
nal at the clock rising in the M1 cycle’s T: state. "no RESET signal is given during an interrupt ac-
Fig. 9 shows a typical circuit generating such a knowledge cycle. '

WAIT signal circle

| )
P l
H .

) : 7432
|

El PR
R]lzVI l ::D— bq

MREQ — 7474

CLOCK CLK Q RESET

i
i CLR
i
|

151588

Reset switch

WAIT \ | f

RESET \

Fig. 10 Reset circuit and timing diagram when
M1 cycle has a wait state
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Bl CPU Registers

A Accumulator

F Flag Register

A’ Accumulator

F’ Flag Register

B General Purpose

C General Purpose

B’ General Purpose

C’ General Purpose

D General Purpose

E General Purpose

D’ General Purpose

E’ General Purpose

H General Purpose

L General Purpose

L’ General Purpose

H’ General Purpose

8 bits
I Interrupt Vector I R Memory Refresh
IX Index Register
IY Index Register
SP Stack pointer
PC Program Counter

16 bits

B Architecture

(1) CPU Registers

(i) Program Counter (PC)  The program
counter holds the 16 bits memory address of a cur-
rent instruction. The CPU fetches the contents
from memory address specified by the PC.

The PC feeds the data to the address line, auto-
matically setting the PC value to +1. When a prog-
ram jump takes place, a new value is directly set to
the PC.

(i) Stack Pointer (SP)  The stack pointer
holds the top 16-bit address of the stack with an
external RAM. An external file is based on LIFO
(Last-I(n, First-Out).

The data are transferred between a CPU-speci-
fied register and the stack by a PUSH or POP in-
struction. The last-pushed data are first popped
~ from the stack. ’

(i) Index Register (IX & 1Y)  For index
mode addressing, there are independent index reg-
isters IX and 1Y, each of which holds 16-bit refer-
ence address.

In the index mode, the index registers are used to
designate the memory area for data input/output.

With an INDEX ADDRESSING instruction, an
effective address comes by adding a one-byte dis-
placement to the register content. This displace-
ment is an integral signed two's complement num-
ber
