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1. FUNCTIONAL INDEX TO MICRO-
COMPUTERS/MOS INTEGRATED
CIRCUITS

This CHAPTER gives a summary of all micro-
computers/MOS  integrated circuits available

from Tokyo Sanyo Semiconductor Division as

standard products.

FUNCTIONAL INDEX







PRODUCT SELECTION GUIDE BY USE

Note * : Under development, DIP: Dual-in-line package, SEP: Single-end package, QIP: Quad-in-line package, MFP: Miniflat package

MICROCOMPUTERS
® 4BITS, SINGLE CHIP (N-MOS INTEGRATED CIRCUIT)

{Included among the following are microcomputers with an on-chip LCD driver.)

Case Port
Type . ROM RAM Cycle Time | |
Number Page Package | Pins Pa'(i:;age Applications (Bytes) (Bits) Stacks | 7 (us) (n?E) V'\glat:ée CrL\JArar);ﬁt Remarks
' V) (mA)
LM6402A| 54 [DIP 42 3014A] | Basic Type 2K 128X4 4 10 30 15 40 Evaluation chip LM64PG99
LM6405A | 54 DIP 42-S | 3025B] | Basic Type 1K 64X4 4 10 30 15 40 Evaluation chip LM64PG99
LM6402H| 62 [DIP 42 3014A7 | Medium-Speed Type 2K 128X4 4 5 35 15 40 Evaluation chip LM64PG99
LM6405H | 62 DIP 42-S | 3025B ]| Medium-Speed Type 1K 64X4 4 5 35 15 40 Evaluation chip LM64PG99
LM6402G| 70 [DIP 42 3014A7 | High-Speed Type 2K 128X4 4 3 35 15 50 Evaluation chip LM64PG99
LM6405G| 70 DIP 42-S 3025BJ High-Speed Type 1K 64X4 4 3 35 15 50 Evaluation chip LM64PG99
LM6402L | 87 [DIP 42 3014AY | Low-Power Type 2K 128X4 4 20 10 12 40 Evaluation chip LM64PG99
LM6405L | 87 DIP 42-S 30258] Low-Power Type 1K 64X4 4 20 10 12 40 Evaluation chip LM64PG99
LM6413E| 05 DIP 28-S | 3029A | Economy Type 2K 128X4 2 4 17 15 20 Evaluation chip LM64PG98
LM6416E | 103 DIP 28-S | 3029A | Economy Type 1K 64X4 2 4 17 15 20 Evaluation chip LM64PG97
LM6417E | 114 DIP 22 3010A | Economy Type 1K 64X4 2 4 17 15 20 Evaluation chip LM64PG97
® 4 BITS, SINGLE CHIP (C-MOS INTEGRATED CIRCUIT)
LC6502C | 145 DIP 42 3014A] | Basic Type 2K 128X4 4 10 0.5 5 2 Evaluation chip LC65PG99
LC6505C | 145 {DIP 42-S | 3025B || Basic Type 1K 64X4 4 10 0.5 5 2 Evaluation chip LC65PG99
QlP 64 3026B]
LC6502B | 131 DIP 42 3014A] | High-Voltage Type 2K 128X4 4 10 0.5 | High 10 FLT direct drivable, evaluation chip LC65PG99
voltage
LC6505B | 131 DIP 42-S | 3025B || High-Voltage Type 1K 64X4 4 10 0.5 | High 10 FLT direct drivable, evaluation chip LC65PG99
QP |64 | 30268 voltage
LC6502D | 157 DIP 42-S | 3025B] | High-Voltage Type 2K 128X4 4 10 0.5 | High 10 FLT Direct drivable, low-input threshold
DIP 3014A voltage
LC6505D | 157 [QIP 42-S | 3026B] | High-Voltage Type 1K 64X4 4 10 0.5 | High 10 FLT direct drivable, low-input threshold
voltage
LC6510C | 158 DIP 42-S | 3025B | High-Performance Type 4K 256X4 8 5 1.0 5 2
*LC6523 159 DIP 30-S | 3047A | Economy Type 2K 128X4 4 3 15 15 20 With serial port
*LC6526 150 DIP 30-S | 3047A | Economy Type 1K 64X4 4 3 15 15 20 With serial port
*LC6527 159 DIP 18 3007A | Economy Type 1K 64X4 4 3 1.5 15 20
LC5700N | 168 QlpP 64 3026B | Low-Voltage Type 1.39KX14 | 84X4 8 420 3uA — - LCD direct drivable (98 segments), also available in chip form
*LC5732 181 | Chip (QIP 64) | 3026B 2KX8 Bits | 48X4 1 122 3uA - - LCD direct drivable (81 segments)
LC5800 185 Qlp | 80 3044B ||On-chip LCD driver, 2KX16 162X4 8 244122 3uA — - LCD direct drivable (126 segments), also available in chip form
*LC5812 217 | Chip (QIP 80) 3044B ||Low-voltage operation,|| 2KX16 Bits| 152X4 8 40 10uA — — LCD direct drivable (126 segments)
LC5850 | 219 Qlp 64 3026B ||Very low current 1KX15 64X4 4 244122 3uA — - LCD direct drivable (75 segments), also available in chip form
c‘ *LC5851 | 239 QlP 64 30268 1KX15 Bits| 64X4 4 40 3uA - - Pseudo serial output, LCD direct drivable (75 segments)

Continued on next page.
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Continued from preceding page.

e 8BITS, SINGLE CHIP (N-MOS INTEGRATED CIRCUIT)

Case Port
Type R ROM RAM Cycle Time | Ipp Max Max
Page Applications R Stacks . - . R 3
Number ¢ Package | Pins Pa'fjl:)age (Bytes) (Bits) (us) (mA) | Voltage | Current emars
) 1 (V) (mA)
*LM8802 ‘243 DIP 42-S | 3025B - 2K 128X8| 16 1 60 15 20 Evaluation chip LM88PG99
*LM8804 | 243 DIP 42-S°| 30258 - 4K 256X8| 16 1 60 15 20 Evaluation chip LM88PG99
*LM8852 | 243 DIP 64-S - — 2K 128X8| 16 1 60 156 20 Evaluation chip LM88PG99
*LM8854 | 243 DIP 64-S - - 4K 256X8| 16 1 60 15 20 Evaluation chip LM88PG99

® MICROCOMPUTER PERIPHERALS/SPEECH SYSTHESIS APPLICATIONS/MEMORIES

Case
Type Number | Page . Package Circuit Functions & Applications Main Specifications
Package | Pins
No.
LC3100 247 DIP 24 3011A | 128K Mask ROM ROM dedicated to speech synthesis (See description of speech synthesis LSI.)
LC3101 260 DIP 42 3014A7| ROM dedicated to Speech Synthesis ROM dedicated to speech synthesis (See description of speech synthesis LSI.)
[DIP 42-S 30258]

LC3514 273 DIP 18 3007A | 4K Static RAM High speed (address access time=200ns)

LC3514D 277 DIP 18 3007A | 4K Static RAM Wide operating voltage range (Vcc=3.0 to 6.0V), low standby current (Iccs=11A at Ta=45°C)

LC3514E 277 DIP 18 3007A | 4K Static RAM Wide operating voltage range (Vcc=3.6 to 6.0V)

LC3514L 273 DIP 18 3007A | 4K Static RAM High speed (address access time=200ns), low standby current {Iccs=1uA at T4=60° C)
*LC3516 281 DIP 24 3011A | C-MOS 16K Static RAM (2K X 8 bits) High speed, low standby current, pin compatible with 2716 (EPROM)
*LC3517 282 DIP 24 3011A | C-MOS 16K Static RAM (2K X 8 bits) High speed, low standby current, pin compatible with 2716 (EPROM)

LC7800 283 DIP 28-S | 3029A | Input Expander of Microcomputer Peripheral of microcomputer (LM6400 series), (1 to 4) X 4 circuits

LC7800N 283 DIP 28 3012A | Input Expander of Microcomputer Peripheral of microcomputer (LM6400 series), (1 to 4) X 4 circuits

LC7900 289 SEP 8 3016B | System Clock Generator 4MHz Xtal OSC, frequency divider (800kHz, 400kHz, 62.5kHz, 31.25Hz output)

LC7960 291 DIP 16 3006A | 3-Digit BCD Counter, Decoder, Driver Suited for use in systems counting and indicating number of pulses generated during a certain

period of time
LC7961 295 DIP 20 3008A | 4-Digit BCD Counter 4-digit LED direct drive, dynamic display, max. count display 9999, cascade connection
available )

LC8100 300 DIP 28 3012A | PARCOR System-Applied 1-Chip Speech Synthesizer Male & female voices, speech duration of approxv.. 20 sec, automatic power-on/down function

LM3700 320 DIP 28 3012A | 40K Mask ROM (4K X 10 bits) Direct connectable to 16-bit CPU (CP1610)

LM3710 324 DIP 28 3012A | 80K Mask ROM (8K X 10 bits) Direct connectable to 16-bit CPU (CP1610)
*LM3764 328 DiP 28 3012A | 64K Mask ROM (8K X 8 bits) Pin compatible with 2764 (EPROM) )

LM8942 329 DIP 16 3006A | Hex Inverter Buffer 6-MOS transistor array suited for designing various kinds of interface




C MOS STANDARD LOGICS

Case
Type Number | Page ) Package Circuit Functions & Applications Main Specifications
Package | Pins
No.
LC4001B 333 DIP 14 3003A | Quad 2 input NOR Gate Standard logic SSI (40008 series), directly interchangeable with 40008 series of other suppliers
LC4001BM 336 MFP 14 3034A | Quad 2 input NOR Gate Standard logic SSI (4000B series), miniflat package version of LC4001B
LC4011B 337 DIP 14 3003A | Quad 2 input NAND Gate Standard logic SSI (4000B series), directly interchangeable with 4000B series of other suppliers
LC4011BM 340 MFP 14 3034A | Quad 2 input NAND Gate Standard logic SSI (4000B series), miniflat package version of LC4011B
LC4012B 341 DIP 14 3003A | Dual 4 input NAND Gate Standard logic SSI (40008 series), directly interchangeable with 4000B series of other suppliers
LC4013B 344 DIP 14 3003A | Dual D-FF Standard logic SSI (4000B series), directly interchangeable with 4000B series of other suppliers
LC4013BM 348 MFP 14 3034A | Dual D type Flip Flop Standard logic SSI (4000B series), miniflat package version of LC4013B
LC4015B 349 DIP 16 3006A | Dual 4-Stage Static Shift Register Standard logic SS! (4000B series), directly interchangeable with 40008 series of other suppliers
LC4016B 353 DIP 14 3003A | Quad Bilateral Switch Standard logic SSI (40008 series), directly interchangeable with 4000B series of other suppliers
LC4016BM 357 MFP 14 3034A | Quad Bilateral Switch Standard logic SSI (40008 series), miniflat package version of LC4016B
LC4019B 3568 DIP 16 3006A | Quad AND-OR Select Gate Standard logic SSI (4000B series), directly interchangeable with 4000B series of other suppliers
LC4020B 362 DIP 16 3006A | 14-Stage Binary Counter Standard logic SSI (4000B series), directly interchangeable with 40008 series of other suppliers
LC4023B 366 DIP 14 3003A | Tripple 3 input NAND Gate Standard logic SSI (4000B series), directly interchangeable with 40008 series of other suppliers
LC4025B 369 DIP 14 3003A | Tripple 3 input NOR Gate Standard logic SSI (4000B series), directly interchangeable with 40008 series of other suppliers
LC4027B 372 DIP 16 3006A | Dual J-K Master Slave Flip Flop Standard logic SS! (4000B series), directly interchangeable with 40008 series of ohter suppliers
LC4028B 376 DIP 16 3006A | BCD to Decimal Decoder Standard logic SSI (40008 series), directly interchangeable with 40008 series of other suppliers
LC4040B 380 DIP 16 3006A | 12-Stage Binary Counter Standard logic SSI (4000B series), directly interchangeable with 40008 series of other suppliers
LC4049B 384 DIP 16 3006A | Hex Buffer/Converter Inverting Type Standard logic SSI (4000B series), directly interchangeable with 40008 series of other suppliers
LC4050B 387 DIP 16 3006A | Hex Buffer/Converter non-inverting Type Standard logic SSI (4000B series), directly interchangeable with 4000B series of other suppliers
LC4050BM 390 MFP 16 3035A | Hex Buffer/Converter non-inverting Type Standard logic SSI (4000B series), miniflat package version of LC4050B
LC4066B 391 DIP 14 3003A | Quad Bilateral Switch Standard logic SS| (4000B series), directly interchangeable with 40008 series of other suppliers
LC4066BH 398 DIP 14 3003A | Quad Bilateral Switch Standard logic SS| (40008 series), Vppmax=25V, pin compatible with LC40668
LC4066BM 396 MFP 14 3034A | Quad Bilateral Switch Standard logic SSI (4000B series), miniflat package version of LC4066B
LC4066BS 397 SEP 15 3053 Quad Bilateral Switch Standard logic SSI (4000B series), SEP package version of LC4066B
LC4069UB 403 DIP 14 3003A | Hex Inverter Standard logic SSI (4000B series), directly interchangeable with 4000B series of other suppliers
LC4069UBM | 407 MFP 14 3034A | Hex Inverter Standard logic SSI (4000B series), miniflat package version of LC4069UB
LC4070B 408 DIP 14 3003A | Quad 2 input Exclusive OR Gate Standard logic SSI (4000B series), directly interchangeable with 40008 series of other suppliers
LC4071B 412 DIP 14 3003A | Quad 2 input OR Gate Standard logic SSI (40008 series), directly interchangeable with 40008 series of other suppliers
LC4073B 415 DIP 14 3003A | Tripple 3 input AND Gate Standard logic SSI (40008 series), directly interchangeable with 40008 series of other suppliers
LC4075B 418 DIP 14 3003A | Tripple 3 input OR Gate Standard logic SSI (40008 series), directly interchangeable with 40008 series of other suppliers
LC4077B 421 DIP 14 3003A | Quad 2 input Exclusive NOR Gate Standard logic SSI (40008 series), directly interchangeable with 40008 series of other suppliers
LC4081B 425 DIP 14 3003A | Quad 2 input AND Gate Standard logic SSI (4000B series), directly interchangeable with 40008 series of other suppliers
LC4081BM 428 MFP 14 3034A | Quad 2 input AND Gate Standard logic SS! (4000B series), miniflat package version of LC4081B
LC4082B 429 DIP 14 3003A | Dual 4 input AND Gate Standard logic SSI (4000B series), directly interchangeable with 40008 series of ohter suppliers

Continued on next page.
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09 C MOS STANDARD LOGICS

Case
Type Number | Page ) Package Circuit Functions & Applications Main Specifications
Package | Pins
No.
LC4093B 433 DiP 14 3003A | Quad 2 input NAND Schmitt Trigger Standard logic SSI (40008 series), directly interchangeable with 40008 series of other suppliers
LC4512B 437 DIP 16 3006A | 8 Channel Data Selector/Multiplexer Standard logic SS! (40008 series), directly interchangeable with 4000B series of other suppliers
LC4520B 442 DIP 16 3006A | Dual 4-Bit Binary Converter Standard logic SSI (40008 series), directly interchangeable with 40008 series of other suppliers
LC4528B 446 DIP 16 3006A | Dual Mono-Multi Standard logic SSI (4000B series), directly interchangeable with 4000B series of other suppliers
LC4584B 451 DIP 14 3003A | Hex Schmitt Trigger Standard logic SSI (40008 series), directly interchangeable with 40008B series of other suppliers
*LC4913 455 DIP 14 3003A | Dual DFF with Schmitt Trigger Standard logic SSI (4000B series), pin compatible with LC4013B
LC4966 456 DIP 14 3003A | Quad Bilateral Switch Vppmax=40V, pin compatible with LC40668
LC4969 461 DIP 8 3001A | Triple Inverter 1/2 of LC4069UB
*LC74HCO0 465 DIP 14 3003A | Quad 2 input NAND Gate Standard logic SSI {74HC series), directly interchangeable with 74HC series of other suppliers
*LC74HCO02 466 DiP 14 3003A | Quad 2 input NOR Gate Standard logic SSI (74HC series), directly interchangeable with 74HC series of other suppliers
*LC74HCU04 467 DIP 14 3003A | Hex Inverter (Unbuffered) Standard logic SSI (74HC series), directly interchangeable with 74HC series of other suppliers
*LC74HCO8 468 DIP 14 3003A | Quad 2 input AND Gate Standard logic SSI (74HC series), directly interchangeable with 74HC series of other suppliers
*LC74HC74 469 DIP 14 3003A | Dual D Flip-Flop with Set and Reset Standard logic SSI (74HC series), directly interchangeable with 74HC series of other suppliers

TIMEPIECE APPLICATIONS

Case
Type Number | Page . Package Circuit Functions & Applications Main Specifications
Package | Pins
No.

LC5613 473 — — — LSI for Watch (with stopwatch), Static display 6-digit display, perpetual calendar, 3-function switch, stopwatch 1/100 sec.

LC5621 479 — - - LS| for Ladies’ Watch, Static display Day-of-week flag, 4-digit display, perpetual calendar, 2-function switch, on-chip doubler
LC5633 484 — — — Alarm Watch with Year Display Function, Static Display | Ag battery-powered, 6 digits (day-of-week flag), year display, alarm, perpetual calendar
LC5641 491 — - — Duplex Display Watch (with alarm) 4/6-digit display (day-of-week flag), 12/24-hour mode, Ag battery-powered, alarm

LC5643 500 - - — Duplex Display Watch 4/6-digit display (day-of-week flag), 12/24-hour mode, Ag battery-powered

LC5645N 508 — — — Duplex Display Watch 3.5-digit display (hours-minutes/month-date/seconds), hours-minutes/month-date alternating

mode, Ag battery-powered
LC7600 517 QlpP 64 3026B | LCD Digital Watch 4-digit LCD static drive, alarm with snooze, up/down counter for sleep timer, tape counter,
second watch

LC7650 531 DIP 8 3001A | Analog Clock (4MHz) Vpp=1.5V, fosc=4.194304MHz, alarm, output pulse 46.875ms

LC7651 531 DIP 8 3001A | Analog Clock (4MHz) Vpp=1.5V, fogc=4.194304MHz, alarm, output pulse 31.25ms

LC7652 533 DIP 8 3001A | Analog Clock (4MHz) Vpp=1.5V, fogc=4.194304MHz, alarm with snooze, output pulse 46.875ms

LC7653 533 | DIP 8 | 3001A | Analog Clock (4MHz) VpD=1.5V, fosc=4.194304MHz, alarm with snooze, output pulse 31.25ms

LC7660 536 DIP 8 3001A | Analog Clock (32.768kHz) Vpp=1.5V, fogc=32.768kHz, 4-step alarm with snooze

LC7662 539 | DIP 8 | 3001A | Analog Clock (32.768kHz) Vpp=1.5V, f05¢=32.768kHz, 3-step alarm with snooze

542 DIP 8 3001A | Analog Clock (32.768kHz) Vpp=1.5V, f0gc=32.768kHz, alarm with snooze

LC7665



LC7667 545 DIP 8 3001A Analogi Clock (32.768kHz) Vpp=1.5V, fosc=32.768kHz, alarm with snooze

LM8361 548 DIP 40 3013A | Digital Clock 4-digit LED/FLT direct drivable, 12/24-hour mode, alarm with snooze, sleep timer, all digits
flashing at power failure

LM8362 5565 DIP 40 3013A | Digital Clock Equivalent to LM8360 (except 10's hour digit O blanking, sleep timer fast advance)

LM8363 563 DIP 42 3014A | 2-Alarm Digital Clock 4-digit LED/FLT direct drivable, 2 alarms with snooze, calendar, on-chip backup function

LM8364 573 DIP 42 3014A | 2-Output 2-Alarm Digital Clock 4-digit LED/FLT direct drivable, 2 outputs for 2 alarms (with snooze), calendar, on-chip
backup function

LM8365 584 DIP 42 3014A | 2-Output 2-Alarm Digital Clock Equivalent to LM8364 (except mirror image pin assignment)

LM8368 595 DIP 40 3013A | Digital Clock Equivalent to LM8362 (except mirror image pin assignment)

LM8460 603 DIP 42-S | 3025B | Up/Down Settable Digital Clock 4-digit red LED/FLT direct drivable, easy setting (up/down settable, one-touch control),
6-step alarm, 5-step dimmeri control

LM8560 618 DIP 28-S | 3029A | Duplex Digital Clock 4-digit LED display, duplex display, alarm, sleep timer, directly interchangeable with TMS3450

AUDIO APPLICATIONS(ACCESSORIES FOR AUDIO EQUIPMENT/LEVEL METERS/FREQUENCY INDICATORS/
ELECTRONIC TUNING SYSTEMS/CB TRANSCEIVERS)

Case
Type Number | Page . Package Circuit Functions & Applications Main Specifications
Package | Pins
No.

LC7000 629 DIP 20 3008A | Multiband SL2 Electronic Tuning System Multiband tuning available in conjunction with control LS| (LC7200 series)

LC7010 636 DIP 42 30258 | Controller for LM7000-applied car stereo (Designed for use in U.S., Europe), 6 channels each of FM/(MW+LW), clock, LED dynamic
display

LC7120 647 DIP 20 3008A | 27MHz CB Transceiver PLL Freq. Synthesizer 1-chip 1-crystal type, BCD input, active filter, 40-channel use only (designed for use in U.S.)

LC7131 650 DIP 20 3008A | 27MHz CB Transceiver PLL Freq. Synthesizer 1-chip 1-crystal direct frequency divider, 40-channel use only (designed for use in U.S.)

LC7132 656 DIP 20 3021B | 27MHz CB Transceiver PLL Fréq Synthesizer 1-chip 1-crystal direct frequency divider, 7-segment code program, 40-channel use (designed for
use in U.S.)

LC7135 650 DIP 20 3008A | 27MHz CB Transceiver PLL Freq. Synthesizer 1-chip 1-crystal direct frequency divider, 22-channel use only (designed for use in West Ger-
many, Holland)

LC7136 650 DIP 20 3008A | 27MHz CB Transceiver PLL Freq. Synthesizer 1<hip 1-crystal direct frequency divider, 40-channel use (designed for use in U.K.)

LC7137 650 DIP 20 3021B | 27MHz CB Transceiver PLL Freq. Synthesizer 1chip 1-crystal direct frequency divider, 40-channel use only (designed for use in U.K.)

LC7181 660 DIP 20 3008A | CB Transceiver Channel Selector System (Controller) Up/down counter and channel output, BCD output, 40-channel use (designed for use in U.S.)

LC7184 667 DIP 20 3008A | CB Transceiver Channel Selector System 12-channel CB transceiver channel scan system available in conjunction with LC7191 (designed
for use in West Germany)

LC7191 660 DIP 20 3008A | CB Transceiver Channel Selector System (Display use) Decoder and LED driver for channel display of LC7181, LC7184

LC7200 670 DIP 42 3014A | Electronic Tuning (SL2 System) Controller Manual, up/down, search, preset tuning, 5 channels each of FM, MW presettable

LC7201 670 DIP 42 3014A | Electronic Tuning (SL2 System) Controller Manual, up/down, search, preset tuning, 6 channels each of FM, AM presettable

LC7203 670 DIP 42 3014A | Electronic Tuning (SL2 System) Controller Manual, up/down, search, preset tuning, 6 channels each of FM, AM presettable

Continued on next page.




Continued from preceding page.

-2 AUDIO APPLICATIONS(ACCESSORIES FOR AUDIO EQUIPMENT/ILEVEL METERS/FREQUENCY INDICATORS/

o

ELECTRONIC TUNING SYSTEMS/CB TRANSCEIVERS)

Case
Type Number | Page . Package Circuit Functions & Applications Main Specifications
Package | Pins
No.
LC7207 670 DIP 42 3014A | Electronic Tuning (SL2 System) Controller Manual, up/down, search, preset tuning, 7 channels each of FM, AM presettable
LC7210 691 DIP 28 3012A | PSL2 Electronic Tuning System PSL2 system tuning use (kit available with control microcomputer, preset memory, nonvolatile
memory)
LC7220 699 DIP 42 3025B | PLL Electronic Tuning System for FM/AM Radio (Designed for use in U.S.), FM/MW, 18-dot analog display, VDD=5V, fref=7.2MHz, used with
LB3500 (1/8 prescaler)
LCc7221 699 DIP 42 3025B | PLL Electronic Tuning System for FM/AM Radio (Designed for use in Japan), FM/MW, 18-dot analog display, VDD=5V, fref=7.2MHz, used with
LB3500 (1/8 prescaler)
LC7222 699 DIP 42 3025B | PLL Electronic Tuning System for FM/AM Radio (Designed for-use in Europe), FM/MW, 18-dot analog display, Vip=5V, fref=7.2MHz, used with
LB3500 (1/8 prescaler)
LC7223 713 DIP 42 3025B | PLL Electronic Tuning System (Designed for use in Japan), same as LC7221, AM1629kHz receivable
LC7225 699 QIp 64 3026B | PLL Electronic Tuning System for FM/AM Radio (Designed for use in U.S.), FM/MW, 18-dot analog display, Vpp=5V, fref=7.2MHz, used with
LB3500 (1/8 prescaler)
LC7226 699 QlP 64 3026B | PLL Electronic Tuning System for FM/AM Radio (Designed for use in Japan), FM/MW, 18-dot analog display, Vpp=5V, fref=7.2MHz, used with
LB3500 (1/8 prescaler)
LC7227 699 Qip 64 3026B | PLL Electronic Tuning System for FM/AM Radio (Designed for use in Europe), FM/MW, 18-dot analog display, Vpp=5V, fref=7.2MHz, used with
LLB3500 (1/8 prescaler)
*LM7000 910 DIP 20 3021B | Direct PLL Electronic Tuning System On-chip IF couhter, on-chip high-speed programmable divider capable of direct dividing FM
band VCO frequency
LC7250 727 DIP 42 3014A | Digital 4-Digit Frequency Indicator (LED) with Clock Reference frequency 4MHz, used with 1/100 prescaler, FM/MW/LM, static display, clock
LC7253 746 DIP 42 3014A | Digital 5-Digit Frequency Indicator (FLT) with Clock Reference frequency 4MHz, used with 1/100 prescaler, FM/SW/MW/LW, static display, clock
LC7257 764 DIP 42 3014A | Digital 5-Digit Frequency Indicator (LED) Reference frequency 4MHz, used with 1/100 prescaler, FM/SW/MW/LW, static display
LC7258 764 DIP 42 3014A | Digital 5-Digit Frequency Indicator (FLT) Reference frequency 4MHz, used with 1/100 prescaler, FM/SW/MW/LW, static display
LC7265 780 DIP 28-S | 3029A | Digital 5-Digit Frequency Indicator (LED) Reference frequency 7.2MHz, used with 1/8 prescaler (LB3500), FM/MW/LW, static display
LC7266 780 DIP 28-S | 3029A | Digital 5-Digit Frequency Indicator (FLT) Reference frequency 7.2MHz, used with 1/8 prescaler (LB3500), FM/MW/LW, static display
*L.C7267 789 DIP 42 3025B | Digital 5-Digit Frequency Indicator (LED) with Clock Reference frequency 7.2MHz, used with 1/8 prescaler (LB3500), FM/MW/LW, static display,
clock
*LC7268 789 DIP 42 3025B | Digital 5-Digit Frequency Indicator (FLT) with Clock Reference frequency 7.2MHz, used with 1/8 prescaler (LB3500), FM/MW/LW, static display,
clock
LC7500 796 DIP |16 3006A | Electronic Volume Controller Electronic volume control system available in conjunction with LA2600, on-chip 5-bit up/down
counter
LC7510 801 DIP 18 3007A | 3-Piece Automatic Cuing System for Tape Recorder
LC7512 801 DIP 18 3007A | 3-Piece Automatic Cuing System for Tape Recorder [Automatic forward or backward cuing of desired music up to 3 pcs. from prerecorded tape,
(Automatic programming of preceding or following 1 stable operation against noise pulse in unrecorded area and sound cut in recorded area
piece)
LC7515 813 DIP 20 3021B | 5-Piece Automatic Cuing System for Tape Recorder Automatic forward or backward cuing of desired music up to 5 pcs.
LC7517 821 DIP 20 3010A | 7-Piece Automatic Cuing System for Tape Recorder Automatic forward or backward cuing of desired music up to 7 pcs.
LC7530 839 DIP 20 3008A | Electronic Volume Controller (2 channels, 16 steps, LED | Total resistance 50k§2, pins for volume up/down and initialization, attenuation curve approach-

display)
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LC7533 843 DIP 16 3006A | Electronic Volume Controller (2 channels, 16 steps) 3V operation, total resistance 50k§2, volume up/down, attenuation curve approaching type A

LC7534M 843 MFP 20 30368 | Electronic Volume Controller (2 channels, 16 steps), 3V operation, total resistance 50k£2, volume up/down, attenuation curve approaching type A
Headphone Stereo Applications

*LC7520 830 DIP 28 3012A | Graphic Equalizer ECS System Breakdown voltage 40V, 7 bands each of right/left, 2dB/step£10dB variable with up/down
switch
LC7560 830 Qlp 64 3057 Graphic Equalizer ECS System, LCD Driver 1/2 duty LCD drive, spectrum analyzing display of band-pass signal strength (7 bands, 2dB/step
11-dot display)

LC7570 861 DIP 40 3025B | FL Static Driver 34-segment output, on-chip pull-down resistor, 5-step AD converter

LC7572 864 DIP 18 3007A | Preset Address Display LED Driver 16-dot display, 0 to F hexadecimal display, O to 19 decimal display

LC7550 845 Qlp 64 30268 | Level Meter (FLT) with Peak Hold Function 24 dots x 2 channels, static display, peak hold function

LC7555 852 DIP 42 3014A | Level Meter (FLT) with Peak Hold Function 12 dots x 2 channels, static display, peak hold function

LC7556 852 DIP " | 42 3014A | Level Meter (FLT) with Peak Hold Function 12 dots x 2 channels, static display, peak hold function, mirror image pin assignment as against

: LC7555

LC7815 868 DIP 28 3029A | 2-Pole 4-Position Function Switch, LED Display Driver, | 4.5 to 18V/single-supply, +4.5 to +9V/dual-supply
Muting Function

LC7815H 876 DIP 28 3029A | 2-Pole 4-Position Function Switch, LED Display Driver, | 4.5 to 23V\/single-supply, 4.5 to +11.5V/dual-supply
Muting Function

LC7816 884 DIP 28 3029A | 2-Pole 4-Position Function Switch, LED Display Driver, +18V/dual-supply
Muting Function

LC7817 891 DIP |28 3012A | 2-Pole 4-Position Function Switch, LED Display Driver, | +18V/dual-supply
Muting Function

*LC7820 898 DIP 28 3029A | 2-Pole 4-Position Function Switch, Tape Monitor Breakdown voltage 40V, microcomputer-controlled, graphic equalizer input/output function

Function, Muting Function

LC7910 903 DIP 16 3006A | 6-Bit 64-Step AD/DA Converter Single 5V supply, serial/parallel data output/input

LM8523 915 DIP 42 3014A | Counter for Tape Recorder Direct drive capability of 4-digit LED/FLT, reference frequency 50/60Hz, blanking pin
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OTHER APPLICATIONS(TELEPHONE APPLICATIONS,

ELECTRONIC MUSICAL INSTRUMENT APPLICATIONS)

Case
Type Number | Page . Package Circuit Functions & Applications Main Specifications
Package | Pins
No.
*LC7150 929 DIP 18 3007A | PLL for Cordless Telephone On-chip PLL for transmission/reception, on-chip unlock detector, guard tone, standby function
LC7350 933 DIP 18 3007A | Pulse Dialer Low-voltage operation (Vpp=1.5 to 3.5V), redial function
LC7351 933 DIP 20S | 3021B | Pulse Dialer (with beep tone) Low-voltage operation (Vpp=1.5 to 3.5V), redial operation, beep tone
*LC7352 937 DIP 18 3007A | Pulse Dialer Low-voltage operation (Vpp=1.5 to 3.5V), redial function, (key entry L)
LC7353 943 DIP 18 3007A | Pulse Dialer Low-voltage operation (Vpp=1.5 to 3.5V), redial function, (open drain)
LC7354 943 | DIP 20S | 3021B | Pulse Dialer (with beep tone) Low-voltage operation (Vpp=1.5 to 3.5V), redial function, (open drain)
LC7355 948 DIP 18 3007A | Pulse Dialer Low-voltage operation (VDD=1.5 to 3.5V), redial function, (meeting domestic IDP requirement)
LC7356 948 DIP 20S | 3008A | Pulse Dialer (with beep tone) Low-voltage operation (Vpp=1.5 to 3.56V), redial function, (meeting domestic IDP requirement)
*LC7360 954 DIP 22 3010A | Tone/Pulse Switchable Dialer 31-digit (tone + pulse) mix redial function
*LC7365 960 DIP 16 | 3006A'| Tone Dialer (DTMF signal generation) Wide operating voltage range (Vpp=2.5 to 10V), DTMF signal generation, equivalent to $2559
LC7450 966 DIP 16 3006A | PLL for CATV RF Modulator Video carrier/audio carrier generator, on-chip 8.0MHz oscillator
LC7460 969 DIP 16 3006A | Remote Control Transmission 8-function optical transmission, on-chip 540kHz ceramic oscillator
*L.C7930 973 QlpP 60 3055A | LCD Driver 40-output segment driver or 20-output segment driver + 20-output back plate driver
LM8071 979 DIP 24 3011A | Master Tone Generator of Equal Tempered Scale for 13 fundamental tones for 1 octave, driven by 2-phase clock pulses generated by a main oscillator
Electronic Organ
LM8372 984 DIP 16 3006A | Rhythm Pattern Generator Selectable rhythms: 8, outputs for pattern generation: 6, time: simple triple time, quadruple
time, output pin for tempo lamp
LM8471 088 DIP 28 3012A | Rhythm Pattern Generator Selectable rhythms: 10, time: simple triple time, quadruple time, outputs for tone generator
drive: 8, outputs for auto chord: 3, on-chip oscillator
LM8972 992 DIP 16 3006A | Rhythm Pattern Generator Selectable rhythms: 8, outputs for pattern generation: 5, time: simple triple time, quadruple

time, output pin for tempo lamp
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DISCOUNTINUED PRODUCTS

C MOS IC’S, LSI'S

Type Number Replacement Package No. Circuit Functions & Applications Main Specifications
LC5631 - - LCD Digital Watch Vpp=1.5V (Ag battery-powered)
LC5632 - - LCD Digital Watch Vpp=3V (Li battery-powered)
LC7110 — 3008A CB Transceiver PLL Frequency Synthesizer Reference frequency oscillator, 9-bit programmable counter
LC7112 - 3008A CB Transceiver PLL Frequency Synthesizer Reference frequency oscillator, programmable counter N=3 to 511
LC7113 - 3006A CB Transceiver PLL Frequency Synthesizer Reference frequency oscillator, programmable counter N=64 to 191
LC7130 — 3008A CB Transceiver PLL Frequency Synthesizer Capable of direct dividing 16MHz band VCO frequency, BCD input, active filter
LC7180 — 3008A 'CB Transceiver Channel Selector System Up/down counter and channel output ROM, 40 channels (U.S.)
LC7190 — 3008A CB Transceiver Channel Selector System Up/down counter for channel memory and channel output ROM, 40 channels (U.S.)
LC7259 - 3014A Digital Frequency Display (Green/Red LED) FM/AM digital frequency display, green LED direct drive, static display
P MOS IC’S, LSI'S
Type Number Replacement Package No. Circuit Functions & Applications Main Specifications
LM3216 — 3003A Frequency Divider for Electronic Organ Low output impedance and 20k£2 load drive capability
LM8061 - 3011A Digital Clock, Timer —
LM8062 — 3011A Digital Clock, Timer -
LM8063 - 3011A Digital Clock, Timer —
LM8064 — 3011A Digital Clock, Timer —
LM8065 — 3011A Digital Clock, Timer —
LM8072 — 3011A Unequal Tempered Scale Generator for Electronic Driven by 2-phase clock pulses generated by a main oscillator
Organ
LM8081 — 3011A Channel Selector, Electronic SW Circuit for TV, Corresponding channel selection, bidirectional sequential channel selection, 12 channels pre-
Radio, etc. settable
LM8162 - 3011A Digital Clock, Timer —
LM8164 — 3011A Digital Clock, Timer —
LM8165 - 3011A Digital Clock, Timer -
LM8168 - 3011A Digital Clock, Timer -
LM8360 - 3013A Digital Clock Alarm Red LEC direct drivable (4 digits), FLT direct drivable
LM8369 — 3008A Timer 1 to 9-hour timer using commercial frequency
LM8521 — 3014A Tape Counter LED, FLT direct drivable, stopwatch, auto stop, memory stop, zero stop, lap
LM8948 - 3006A 7 Buffer H input level: 0to 1V, L input level: -20 to -3.5V, maximum output voltage: -40Vmax.




CASE OUTLINES

Microcomputer/MOS IC Case Outlines

represent typical values.
® No marking is indicated.

® All of Sanyo microcomputer/MOS IC case outlines are illustrated below.
® All dimensions are in mm, and dimensions which are not followed by min. or max.
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CASE OUTLINES
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CASE OUTLINES
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2. PRODUCT TYPES

2.1 Product Types

Thiss HANDBOOK contains technical data on
semiconductor devices available from Tokyo
Sanyo Semiconductor Division as standard pro-
ducts and also on semiconductor devices being
developed (as of March, 1984) for inclusion in our
standard products.

No technical data on custom-made semicon-
ductor devices or optional semiconductor devices
are presented in this HANDBOOK.

If the types or characteristics of semiconductor
devices do not meet your requirements, you can
ask consultation. We provide custom-made ver-
sions, new developments, and/or options of our
semiconductor devices according to consultation.

[Table 2.1]1 Sanyo Semiconductor Device
Numbering System

NI;{.'%; Description Reg\;/\i/si:ttﬁred
LAXXXX  Monolithic bipolar linear IC Sanyo
LBXXXX Monolifhic bipolar digital I1C Sanyo
LCXXXX Monolithic C-MQOS IC Sanyo
LDXXXX  Thinfilm IC Sanyo
LMXXXX  Monolithic P-MOS IC Sanyo
STKXXX  Thick film IC Sanyo
2SAXXX High frequency PNP transistor ElIAJ
2SBXXX Low frequency PNP transistor ElAJ
2SCXXX High frequency NPN transistor EIAJ
2SDXXX Low frequency NPN transistor EIAJ
2SFXXXX  Reverse blocking thyristor EIAJ
2SJXX P-channel FET EIAJ
2SKXX N-channel FET EIAJ
2SMXXX Bidirectional thyristor EIAJ
1SXXXX Diode EIAJ
TSXXX Silicon transistor Sanyo
TGXXX Germanium transistor Sanyo
DSXXX Silicon diode Sanyo
DGXXX Germanium diode Sanyo
SZXX Reference diode Sanyo
SZAXX Reference diode Sanyo
SDTXXX Thermistor Sanyo

2.2 Type Numbers

Type numbers in Table 2.1 are roughly divided
into two groups: EIAJ numbers and Sanyo num-
bers.

(1) EIAJ (Electronic Industries Association of
Japan) numbers

These are serial numbers registered with the
Electronic Industries Association of Japan.

We use' EIAJ numbers for discrete transistors
only. Some numbers may be followed by A, B, C,
etc. to classify the characteristic.

For semiconductor devices other than discrete
transistors, we use Sanyo numbers described in (2)
below.

(2) Sanyo numbers

Type numbers for integrated circuits are not
standardized yet in the semiconductor industry.
Each company has its own type numbers.

Sanyo numbers for discrete transistors are tem-
porary ones, which are changed to EIAJ numbers
after completion of thier development unless there
arise special circumstances,

For diodes, we use Sanyo numbers without
changing to EIAJ numbers.

2.3 Symbols

Symbols are often used to represent the charac-
teristics of semiconductor devices. A simple de-
scription is given to each symbol presented in this
HANDBOOK. No description is given to symbols
which are self-explanatory or are not commonly
used.

Generally speaking, symbols and their suffixes
are written in capital letters for DC characteristics
and small letters for AC characteristics. This rule
is observed in this HANDBOOK, with some excep-
tions.

Suffixes are used to give supplementary ex-
planations to symbols.

Fundamental electrical symbols and symbols
used to denote figures are defined by JIS. In this
HANDBOOK, symbols shown below are used to
denote figures.

Figure 10° 106 10° 10° 10 107% 10 102
Symbol G M k — m u n p

The following are units and their symbols used

in this HANDBOOK.

Voltage . . .. .......... \%
Current . . ... e A
Power............... W
Impedance . .......... Q
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Admittance . . ......... S

Capacitance . .. ........ F

Inductance . .......... H

Time . .............. sec (s), min, hour (h)
Frequency . . . .. e Hz
Gain................ dB

Phaseangle . .......... degree

Relative humidity . ... ... %

Temperature . ......... °c

The following are symbols used in this HAND-
BOOK.

ACA : Adjacent channel attenuation
(unit: dB)

AMR : AM rejection (unit: dB)

BW : Bandwidth (unit: Hz)

Ci, Co : Input/output capacitance (unit: F)

2fitweet - Tweet interference (unit: dB, %)

i, b; : Input conductance, y;=g;+jb;
(unit: S)

9o, bo : Output conductance, Yo=gotibo
{unit: S)

Icc, Ipp : Current dissipation (unit: A)

lcco : Quiescent current (unit: A)

ij, io . Input/output current (unit: A)

lo : Output current in amp (unit: A)

e, i . H/L-level input current (unit: A)

lon. loL : H/L-level output current (unit: A)

IL . Lamp drive current (multiplex I1C)
(unit: A)

In : Current in pin n (unit: A)

NF : Noise figure (unit: dB)

PBW : Power bandwidth (unit: Hz)

Py : Power dissipation in IC (unit: W)

Pdmax : Allowable power dissipation
(unit: W)

PG : Power gain (unit: dB)

Qs : Usable sensitivity (unit: dB, dB/m,
V, V/m)

Sep : Stereo separation (unit: dB)

ri. o . Input/output resistance (unit: £2)

T, : Ambient temperature (unit: °C)

Te : Case temperature (unit: °C)

Topg : Operating temperature (unit: °C)

Tstg : Storage temperature (unit: °C)

tf : Fall time (unit: sec)

tstg : Storage time (unit: sec)

ton : Turn-on time=delay time ty+rise

time t, (unit: sec)

Toff . Turn-off time=storage time tsg+fall
time t¢ (unit: sec)

THD : Total harmonic distortion
(no unit, %)

Vee : Supply voltage (unit: V)

Veemax - Maximum supply voltage (unit: V)

Vbop: Vbobmax: VGG: VG Gmax
. Supply voltage for MOS IC (unit: V)

Vi, Vo : Input/output voltage (unit: V)

Vin, ViL @ H/L-level input voltage (unit: V)

VoH. VoL : H/L-level output voltage (unit: V)

Vi . Lamp lighting level (unit: V)

Vi : Voltage on pin n (unit: V)

Vim-n : Voltage on pin m to pin n (unit: V)
Im-n is defined likewise.

VNO : Output noise voltage (unit: V)

VG : Voltage gain (unit: dB)

Vs : Maximum sensitivity (unit: dB,
dB/m, V, V/m)

lysl : Output short-circuit forward transfer
admittance

yf = lysl exp (i9f) (unit: )

Besides the above-mentioned, the following
established symbols are used. Ground-Gnd, load
resistance — R, signal to noise ratio — S/N, AGC
voltage — Vagc, oscillation voltage — Vggc, 0scil-

~ lation voltage variation — AV input — IN (or

in, input, etc.), output — OUT (or out, output,
etc.), impedance elements — R, L, C, time —t.



2. PRODUKTTYPEN UND SYMBOLE

2.1 Produkttypen

In diesem Handbuch sind von Sanyo entwickel-
te, hergestellte und in den Handel gebrachte Stand-
ardprodukte enthalten.

Auch fir zur Zeit (Marz 1984) in der Entwickl-
ung befindliche Produkte werden die Daten
angegeben. Spezialanfertigungen und Sonderzu-
behor sind nicht in diesem Handbuch enthalten.

Wenn die Kennwerte der Produkte nicht den
Anforderungen des Kunden entsprechen, stehen
wir zur Beratung bereit. Wir bieten kundenspezifi-
sche Versionen, neue Entwicklungen und/oder
Optionen unserer Produkte gemaR Beratung.

Tabelle 2.1  Sanyo Halbleiter-Produkte
Sortentabelle

Typen-

Nummer Beschreibung

Registriert

LAXXXX  Monolithischer Bipolar-Linear- Sanyo
IC

LBXXXX Monolithischer Bipolar-Digital- Sanyo
IC

LCXXXX  Monolithischer C-MOS IC Sanyo
LDXXXX  Dilnnschicht-IC Sanyo
LMXXXX  Monolithischer P-MOS IC Sanyo
STKXXX Dickschicht-IC Sanyo
2SAXXX Hochfrequenz-PNP-Transistor EIAJ
2SBXXX Niederfrequenz-PNP-Transistor EIAJ

2SCXXXX  Hochfrequenz-NPN-Transistor EIAJ

2SDXXX Niederfrequenz-NPN-Transistor EIAJ
2SFXXXX  Ruckwarts sperrender Thyristor EIAJ
2SJXX P-Kanal-FET EIAJ
2SKXX N-Kanal-FET EIAJ
2SMX XX 2-Weg-Thyristor EIAJ
1SXXXX Diode EIAJ
TSXXX Silizium-Transistor Sanyo
TGXXX Germanium-Transistor Sanyo
DSXXX Silizium-Diode Sanyo
DGXXX Germanium-Diode Sanyo
SZXX Zenerdiode Sanyo
SZAXX Referenzdiode Sanyo
SDTXXX Thermistor Sanyo

2.2 Typennummern

Wie aus Tabelle 2.1 ersichtlich, gibt es verschie-
dene Typennummern, diese Nummern fallen
hauptsachlich in eine der beiden Gruppennumm-
ern der EIAJ (Elektronic Industries Association of

Japan) und Sanyo-Nummern.

(1) EIAJ-Nummer

Es handelt sich hierbei um die Folgenummer,
die von der EIAJ dem Produkt zugewiesen wird,
und zwar in der Reihenfolge der Beantragung
durch ein Mitglied der EIAJ gemaR den durch den
E1AJ vorgegebenen Spezifikationen und Klassifik-
ationen.

EIAJ-Nummern werden nur fir unsere diskre-
ten Transistoren verwendet. A, B oder C usw. kon-
nen zu EIAJ-Nummern hinzugefliigt werden, um
zusatzliche Eigenschaften bzw. Kennwerte eines
Produkts auszuweisen. Alle weiteren Halbleiterer-
zeugnisse von Sanyo werden durch die Sanyo-

"Nummern (2) identifiziert.

(2) Sanyo-Nummern

Bei ICs liegt es in der Natur der Sache, daR ihre
Numerierung noch nicht genormt ist und die Her-
steller jeweils eigene Numerierungssysteme fur
ihre 1C-Produkte verwenden.

Sanyo-Nummern werden im allgemeinen wahr-
end der Entwicklung vorlbergehend fur diskrete
Transistoren verwendet. Nachdem die Entwickl-
ung abgeschlossen ist, werden diese Nummern
grundsatzlich gegen EIAJ-Nummern ausgetauscht,
falls nicht ausdricklich anderweitig festgelegt ist.
FUr Dioden bleiben Sanyo-Nummern erhalten.

2.3 Fiir Halbleiterprodukte verwendete Symbole

Symbole werden auch zur Darstellung der
Kennwerte von Halbleiterprodukten verwendet.
Die in diesem Handbuch verwendeten Symbole
werden in diesem Abschnitt kurz vorgestellt. Es
sind jedoch keine Symbole enthalten, die nur die
Bedeutung enthalten bzw. solche ohne Assoziation
zu mehreren Modellen,

Mit einigen wenigen Ausnahmen werden flr
Symbole und Zusédtze, die die Gleichstromwerte
veranschaulichen, GroBbuchstaben verwendet und
flir Wechselstromwerte Kleinbuchstaben. Der an
ein Symbol angehdngte Zusatz (Suffix) weist auf
externe Merkmale des Symbols hin.

Die grundlegenden Symbole fir Elektrizitat
und die Anzahl Stellen sind durch JIS (Japanischer
Industrie-Standard) definiert. In diesem Handbuch
wird die Anzahl der Stellen durch die folgenden
Symbole dargestellt:
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Anzahl Stellen
10° 10% 10% 10°
Symbol
G M

Die grundlegenden elektrischen Ausdricke
werden durch die folgenden Symbole dargestellt:

102 10 10° 1012

k — m u n p

Spannung .. .......... \%
Strom............... A

Leistung . ............ W

Impedanz ............ Q

Admittanz . .. .. ... .. .. S

Kapazitat ............ F

Induktivitat . .. ... ... .. H

Zeit .. .. ... ... sec (s), min, hour (h)
Frequenz. ............ Hz '
Dezibel ... ........... dB

Phasenwinkel . . ... ..... Grad (°)

Relative Luftfeuchtigkeit .. %

Temperatur ... ........ °C

Die hauptsdchlichen elektrischen Symbole
werden basierend auf der obigen Zeichenverein-
barung wie folgt dargestellt:

ACA . Einzelsignal-Selektivitat
(Einheit: dB)

AMR : AM-Unterdriickung (Einheit: dB)

BW : Bandbreite (Einheit: Hz)

Ci, Co : Eingangs/Ausgangs-Kapazitat
(Einheit: F)

2f; : Hochton-Storverhéltnis

nweet (Einheit: dB, %)

gi. b : Eingangsleitwert, y;=g;j+jb;
(Einheit: S)

9o, bo : Ausgangsleitwert, y4=0got jbg
(Einheit: S)

Icc. lpp : Verluststrom (Einheit: A)

lcco : Ruhestrom (Einheit: A)

i, o : Eingangs/Ausgangs-Strom
(Einheit: A)

lo : Ausgangsstrom durch die Verstar-
ker-Schaltkreise (Einheit: A)

hH, b : Eingangsstrom  mit hohem/nie-
drigem Pegel (Einheit: A)

loH. loL : Ausgangsstrom mit hohem/nie-
drigem Pegel (Einheit: A)

L : Lampentreiberstrom (Multiplex-
I1Cs) (Einheit: A)

In : Strom durch Stift n (Einheit: A)

NF : Rauschfaktor (Einheit: dB)

PBW : Leistungsbandbreite, gemessen

mit konstanten Klirrfaktor
(Einheit: Hz)
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Pd max.

PG

Sep.

fi o

VCC max.

VDD: VDD max, .
. Versorgungsspannung. Vcc wird

Vi: Vo
ViH, ViL

VoH. VoL

: Max.

: Verlustleistung von |C unter besti-

mmten Bedingungen (Einheit: W)

: Max. zulassiger Wert der Verlustl-

eistung (Pg). (Einheit: W)

: Leistungsverstarkung

(Einheit: dB)

: Effektive Empfindlichkeit

(Einheit: dB, dB/m, V, V/m)

: Stereokanaltrennung

(Einheit: dB)

: Eingangs/Ausgangs-Widerstand

(Einheit: )

: Umgebungstemperatur

(Einheit: °C)

: Gehadusetemperatur (Einheit: °C)
: Betriebstemperatur (Einheit: °C)
: Lagertemperatur (Einheit; °C)

. Abfallzeit (Einheit: sec)

: Speicherzeit (Einheit: sec)

: Einschaltzeit, ton = Verzbgerungs-

zeit tqy + Anstiegszeit t,
(Einheit: sec)

. Ausschaltzeit, toff = Speicherzeit

tstg + Abfallzeit t¢ (Einheit: sec)

: Gesamtklirrfaktor (Einheit: keine

oder %)

: Versogungsspannung (Einheit: V)
: Max. Nennwert von V¢

(Einheit: V)
VeG. VGG max.

nicht immer fir MOS ICs ver-
wendet, da die Spannungsver-
sorgung auf verschiedene Weise
erfolgt. (Einheit: V)

. Eingangs/Ausgangsspannung

(Einheit: V)

: Eingangsspannung mit hohem/
niedrigem Pegel (Einheit: V)

: Ausgangsspannung mit hohem/-
niedrigem Pegel (Einheit: V)

: Lampenleuchtpegel (Einheit: V)

: Spannung an Stift n (Einheit: V)
: Spannung von Stift m an Stift n

(Einheit: V)
Das gleiche gilt fur l_n.

: Ausgangsrauschspannung

(Einheit: V)

: Spannungsverstarkung

(Einheit: dB)

Empfindlichkeit
dB, dB/m, V, V/m)

(Einheit:



[ysl : Admittanz fir Ausgangs-Kurz-
schluR-Vorwarts-Spannungsuber-
setzung

vt = lyflexp (j¢f) (Einheit: S)

Darlberhinaus wird eine allgemein Ubliche
Benennung verwendet fir Ausdricke wie Erdung
(Gnd), Lastwiderstand (R|), Fremdspannung-
sabstand (S/N), AGC-Spannung (Vagg)., Sch-
wingspannungsschwankung (Vgogc), Eingang (IN,
in, oder input), Ausgang (OUT, out, oder output),
Impedanzelemente (R, L oder C), Zeit (t) usw..
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2. NUMEROS DE TYPE ET SYMBOLES
UTILISES DANS CE MANUEL

2.1  Numéros de type

Les numéros de types indiqués dans de manuel
sont ceux des types standard qui sont fabriqués
maintenant (mars 1984) et le seront dans un avenir
proche. Les commandes spéciales n’y figurent pas.

Regardez ce manuel, et s'il-y a un produit ou

-une caractérisque qui ne vous conviennent pas,
n'hésitez pas a nous consulter. Nous pouvons
mettre a votre disposition des produits sur com-
mande, mettre au point de nouveaux produits ou
des caractéristiques spécifiques.

Tableau 2.1 Liste des dénominations des
semi-conducteurs Sanyo

Numéro Deseription Enregisiré

LAXXXX  ClI linéaire bipolaire Sanyo
monolithique

LBXXXX Cl digital bipolaire Sanyo
monolithique

LCXXXX Cl monolitigue C-MOS Sanyo

LDXXXX  Pellicule Cl Sanyo

LMXXXX  ClI monolitique P-MOS Sanyo

STKXXX Pellicule CI Sanyo

2SAXXX Transistor haute fréquence EIAJ
PNP

2SBXXX Transistor basse fréquence EIAJ
PNP

2SCXXX Transistor haute fréquence EIAJ
NPN

2SDXXX Transistor basse fréguence EIAJ
NPN

2SFXXXX  Thyristor a blocage inversé EIAJ

2SIXX FET de canal P EIAJ

2SKXX FET de canal N E1AJ

2SMXXX  Thyristor bidirectionnel EIAJ

1SXXXX Diode EIAJ

TSXXX Transistor au silicium Sanyo

TGXXX Transistor au germanium Sanyo

DSXXX Diode au silicium Sanyo

DGXXX Diode au germanium Sanyo

SZXX Diode double Sanyo

SZAXX Diode double Sanyo

SDTXXX Thermistor Sanyo

2.2 Numéro de produit

Il 'y a beaucoup de numéros de produits
(numéro de type) dans le tableau 2.1, mais les
plus importants sont les numéros EIAJ et SANYO.
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(1) Numéros de I"Electronic Industries Associa-

tion of Japan (EIAJ)

Ce sont les numéros attribués selon I'ordre
d'enregistrement, conformément & la classification
et prescription fixées.

Maintenant, dans notre société, nous nous con-
sacrons a l'application des transistors de guidage de
disque, et & la fin, il v a aussi la classification des
caractéristiques A, B, C, etc.

Les autres semi-conducteurs portent un numéro
SANYO (2).

(2) Numéro SANYO

En ce qui concerne les caractéristiques des Cl,
aujourd’hui, . dans notre pays, elles ne sont pas
uniformes, et chaque société leur donne ses prop-
res NnUMEros.

De plus, en principe, les numéros des transistors
de guidage de disqgue SANYO, sont provisoires, et
a la fin de I'étape de mise au point, ils seront con-
vertis s'il n'y @ pas de probléme spécial, en nu-
méros EIAJ.

Pour les diodes, le numéro SANYO sera utilisé
tel quel.

2.3 Symboles et abréviations utilisés pour les
semi-conducteurs

Si on veut indiquer les caractéristiques d'un
semi-conducteur, souvent sans symbole, on utilise
|'abréviation. lci, nous vous donnons une proposi-
tion et explication simples de ces symboles et
abréviations. Cependant, nous résumerons lorsque
I'explication n'est pas nécessaire, ou si différents
types possedent les mémes caractéristiques.

En général, le symbole et le chiffre annexe sont
majuscules pour les caractéristiques du courant
continu, et minuscules pour le courant alternatif.
Il vy a des exceptions, mais elles sont conformes a
I'usage.

Le chiffre est un complément du symbole.

Le symbole qui indigue fondamentalement un
symbole électrique et son ccefficient sont définis
par JIS, mais nous vous donnons le tableau de
ccefficients suivants pour ce manuel.

Caefficient 10° 10° 10* 10° 107 107 10 107
G Mk — m u n p

Les unités utilisées sont les suivantes:



Tension . ..
Courant . ..
Puissance ..
Impédance .
Admittance .
Capacitance .

Inductance
Temps

Fréquence . .
Gain......
Phase angulaire . .. .. ..
Humidité relative

Température

. (s), min, heure (h)
........ Hz

...... .. dB

degré

%

°c

Sur la base des éléments précédents, nous vous
donnons la liste des abréviations principales:

ACA

AMR
BW

Ci, Co

intw eet
9, by

9o, bo

lcc, lop
lcco

ii, io

NF

PBW

Pd max

PG

: Puissance d’‘entrée H,

: Courant circulant dans

: Degré de choix d‘un signal

(unité: dB)

: Rapport de pression AM (unité: dB)
: Largeur de bande (unité: Hz)
: Capacitance d’entrée et de sortie

(unité: Hz)

: Rapport de brouillage (unité: dB, %)
: Conductance d'entrée y;=gi+ib;

(unité: S)

: Conductance de sortie, yo=9o+ibo

(unité: S)

: Courant consommé (unité: A)
: Courant sans signal (unité: A)

: Courants d’entrée et de sortie

(unité: A)

: Courant de sortie du circuit d‘ampli-

fication (unité: A)

courant de
niveau L (unité: A)

: Puissance de sortie H, courant de

niveau L (unité: A)

: Courant d‘entrainement de lampe

(Cl multiplex) (unité: A)

la fiche n
(unité: A)

. Ceefficent de bruits parasites

(unité: dB)

: Largeur de la bande de puissance

de sortie (unité: Hz)

: Courant consommé par le Cl sur la

base de conditions subsidiaires
(unité: W)

: Tolérance de consommation de cour-

ant (unité: W)

: Gain de courant (unité: dB)

Tstg

'ton

Toff

THD

Vee
Vee max

: Sensibilité utile (unités: dB, dB/m,

vV, V/m)

: Degré de séparation stéréo

(unité: dB)

: Résistance aux puissances d‘entrée et

de sortie (unité: §2)

: Température ambiante (unité: °C)
: Température du cas (unité: °C)
. Température de fonctionnement

(unité: °C)

: Température ambiante maintenue

(unité: °C)

: Temps de chute. Définision du cir-

cuit de mesure (unité: sec)

: Temps d’emmagasinage (unité: sec)
: Temps d’ouverture = temps de retard

ty + temps de montée t, (unité: sec)

: Temps de fermeture = temps d’em-

magasinage tsyg + temps de chute ty
(unité: sec)

: Taux de distorsion des hautes fré-

quences (unité: aucune. %)

: Temps d‘alimentation (unité: V)
: Tension d’alimentation maxi

(unité: V)

Vbp, VDD max: VGG, VGG max

|Yf|

: Puissance d’entrée H,

: Dans le cas du ClI MOS, il y a des cas

oU le Vg n'est pas indiqué, cela
signifie une tension dui différe de par
son mode d’application (unité: V)

: Tensions d’entrée et de sortie

(unité: V)
niveau de
tension L (unité: V)

. Puissance de sortie H, niveau de

tension L (unité: V)

: Niveau d’allumage de lampe

(unité: V)

: Tension de la fiche n (unité: V)
. Tension de la fiche m par rapport a

la fiche n (unité: V)
Im—n est défini de la méme maniere

: Tension parasite de puissance de

sortie (unité: V)

: Gain de tension (unité: dB)
- Sensibilité maxi (unités: dB, dB/m,

V, V/m)

- Admittance de transmission de court-

circuitage de la puissance de sortie
vi = lvflexp (j¢f) (unité: S)

25



En outre, les autres éléments, mise a la masse
Gnd, résistance a la charge R, taux de bruits para-
sites par rapport aux signaux S/N, tension AGC
Vagc. tension d'oscillation Vggc, variation de
tension d’oscillation AVggc, puissance d’entrée IN
(ou in, input, apr ex.), puissance de sortie OUT
(ou out, output, par ex.), données d'impédance R,
L, C, unité de temps t, sont ordinaires.
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2. AT EHL AT 5

2.1 EBROKF

AR FHHO AN R B BRAEIT &, fillik, HEe
Wi UL IETE T R A9 B — Ju U EE = A A4 R g#
. BT R E N AR SRR b, A THHEA L

FEA TG, WXL MAPBRFE T RE R EOR, 1
ke EES. AT S BEGE, REEMR, R
I RERR I B S AR 55

(R2.1) =EX¥S*EaBSHER

a5 A 3 BB
LA X X X X SR O R 21 4 Bl R B =¥
LB X X X X BBRBR B T B =¥
LC X X X X Mk C-MOS &k Hik =¥
LD X X X X T S R R =
LM X X X X HE P-MOS £k =¥
STK X X X JEH5E £ Bl e B N2
2SA X X X =5 PNP Sikss EIAJ
2SB X X X {50 PNP SR EIAJ
2SC X X X X E 9 NPN &K% EIAJ
2SD X X X {55 NPN S8 EIAJ
2SF X X X X 1) BEL A = A S A PR A EIAJ
2SJ X X P @8 HRERNL SR EIAJ
2SK X X N 3B N S A EIAJ
2SM X X X W] = A
1SX X X X TR
TS X X X R =¥
TG X X X ANy =¥
DS X X X FE SR AR =¥
DG X X X HBOWRE =¥
SZ XX FHIE =¥
SZA X X =¥
SDT XX X ekl =¥

2.2 ~RS5H

mE 2.1 PR, A EFTRS, KRS A EIAJ
SR AN = S E SR 7

(1) P T2 EIAJ 555

XFE B AR P TS (Electronic Industries As-
sociation of Japan) £ g EHMEM S HIEFF
BN 555

H BT 5 R AR LR AR TR X 5, S Ah,
TEXE SR G A MEmA, B, C, %, LUEXRR
R 2.

X e ™= S MR 5, SRA(2)89 ST,

(2) =Z#HS1

T HAE R EAJRE, SRRk H AT SL e E S -
T, o EEIAH R E S,

W b, o3 NEERE = SR E e, B,
MRAE SR FERIETZ, B2k EIAJ 555,

BT RE, KA FS.

2.3 ¥BHF~RICS, BS

FREH RN, AL NS, E
DU SR HE X, SR FHAATALS, i85 E£T
WHASE, AFEILLEBAR, Sk A BRI, B
ARG UL

—ii, 105 RN R, BREFERRAKRE
TR, RREHERSRANS T8, BAAGISN, (BEAR
LR TR

B RER AL S HIRNR.

EA R SIL S TR EEIL S, BET JIS.
EFNZE AR T B B BN iL ST

fr# 10° 10 103 10° 107 107® 107° 10712
G M k — m “ n p

BALIMT

B e eeeernnrenennneennen Vs

B e eeerernneennnnnanes A

B JJeenrernnennnnannanees W

BELgTE- - eeeerrmreemnmennne 0

e ereneeeaenanae S

BT e eeerreereennanerens F

AT H

FRp [ eveeeemremmnemencns sec (s), min, hour (h)

D E R RTOOPN Hz

BE2E e erreeriaenaananns dB

FHF - cvmverrnmneemnnnnnen degree

KA IR vveenennennne %

LB e eernrneeennannes C
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THEAFERILT, W5

ACA D 1AESREE. (BALdB)

AMR CAM EEE. CGAfALdB)

BW PSR, (BRALHz)

ci, co :HIAMIHER. GALLF)

2fitweer HEDIFL. (BA2dB, %)

gi, bi CEIANSH, yi=gitibi (BALS)

g0, bo I HIHTH, yo=go+ibo (BBALS)

Icc, Iop @ {HFERF. (BALLAD

Icco RS, (BALA)

ii, o DERAEH R, (BALA)D

To D BEOR RO R, (BBALA)

I, Ii. : #AH, LEFHFE CGAHMLA)

Ion, Tov : #yH{H, L& P, (BALA)

IL DESTIRE IR, (SHERER). (AATA)

In DWRTEM BT, (BALA)D

NF RS, S HE Vo (BAZdB)

PBW MR, (BN Hz)

Pa DM AT, SHEBIEERR. AL
w) ‘

Pa max I FIFFEEE, CAMLW)

PG DA, (B4LdB)

Qs DSERARBE. LLAM ZEKHLIFE] S/N 20dB,
LLFM Uk HL4F 21 S/N 30dB 0945 i oh S hr
TR IR AT BB R/IME. (R
fzdB, dB/m, V, V/m)

Sep. DAAREE SR, (BALAB)

ri, To I HIAMIHMESL CGARLQ)

Ta D EBEIRE. (RO

Te CHFRIREE. (A0

Tope CEMERBENRE. (AA°C)-

Tste DR EERE, (BALO)

te LT FERFE]. (BAALsec)

tstg P HERHE]., (7 sec)

ton L3RBT E] = MR ] ta + _EF-BFE te, (BT
sec)

tott D W IT A ] = BB ] tseg + T PRI €, (2R
L sec)

THD D EBRAE, (TRAL %)

Vee DR RERHETE R RE. (BAV)

Vee max © KHEIFEHEE, (BAV)

Vop, VDD max, VGG, VGG max : MOS 5B & B s IR
BE, RAHEFEBRE MEMOS, fNAE
Vee, XRETHIEHA T ERREZ %K.
ALV

vi, vo . HIAMIHEE (BRAIV)

Vi, ViL: 8 AH, LeEFdEE (BALV)

Vou, VoL : #itHH, LEFEHEE (BALV)

VL AT R, (BRALV)

Va CEWEE GRALV)
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Vi

Vro
VG
Vs
lyel

DB m AR n B9 R

RS B,
M CNER
R REE.(BA2dB, dB/m, V, V/m)
T g BT A A S 4,

(BBALV)
Im—n tL IR YRR RE SC.

CARL V)
(afrdB)

ve=|ytlexp(jgs) (FALS)

BT xEe LIS, 423 Gnd, TAMTBAET Re, 55 4k

tt S/N, AGC #J% Vacc,

&% HE Vose, IRGHE

ZH)AVosc, A IN (Bin, input#), #Hs OUT (&
out, output®), MHIFFMR, L, C, BEIFEAL t SFHye
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2. fHEMMEY ELTEgS

o] eHeo] MNAEZFE A Aol A
Az - gksta e Fol FFEFol ohshed,
zelar AEEF AlFel il 1984 3
4 FHAel dlelHE At AdSdvk. HEHES
olut  Rggkighlfholl HEtedA e A=Fsha U

o},

o] M=K HAJo] wtd o] FAEY FF
e B4 mkEdx] ke Afele Arkslel
debslol  FA17] wbghdd, o=go g A FEA
Ab AN, 2 EFAMEEY &olrt s
ot

(32.1]) ZPsRBR gk

e k4 A ko F5 B HELET
LA X X X X monolithic bipolar linear IC =M
LB X X X X monolithic bipolar digital IC =R
LC X X X X monolithic bipolar C-MOS IC =@ E
LD X X X X T IC ZPMA
LMX X X X monolithic P-MOS IC Z¥E
STK X X X JEHE IC Z¥EME
2SA X X X EJE M PNP E 8l =] ~¥ EIAJ
2SB X X X fRE WA PNP a2l ~8  EIAJ
2SC X X X X =EW A NPN ea3lxl~8  EIAJ
2SD X X X &AM A NPN ezl ~¥  EIAJ
2SF X X X X M ko] 2] 2~ EIAJ
28J X X P-channel FET EIAJ
2SK X X N-channel FET EIAJ
2SM X X X R Fi 1 oho) 2 A EIAJ
ISX X X X ol = EIAJ
TS XXX Al & E 2] A A
TG X X X A ZulE E g 2] A ZEMmA
DS X X X AgjZriol ot ERE Y |
DG X X X A Zvulgciol o= ZEME
SZ X X dycte] o = A
SZA X X =PEH
SDT X X X ] ojm| A ¥ EERE g

2.2 #HaES

AEFHEE Z 2.1 FAsteEnt G
st EIAJ 9w e} =¥ (SANYO) 5xbe]
Wl 2FRF7F Asdch
(1) BTHMIT¥ES EIAJ by

o] A& HATE TR T ¥ % (Electronic Industries
Association of Japan) & Eo] X A® T - EFol
w2l SEAAZ T w2 WEdue,

Al Aol e HxzzeEEalx] et A
g3t loew =3F =2 el A, B, C, -
T ¥4 549 +HFEF T A= UdFUh

=

oleje] WIEAAIEE (2)d =ZFdWE

ICol #afoldt = 44,
A AFA Fe] o] 3R

A Aae) wEsl 2o g

ol HeazEEdfixae] ZEdele 9
Aoz A=l zolmd AdcAE deow
w3 Abgo]l gled EIAJdulel s sy

thol e xef tisledAE =W E a2 Ab

2.3 e A Fol AEaE FE - #EE

oo
foh
N
)
o %2
fr >
@ %
N oot
fotr L
o
£
o2
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2
£ oo
oli
o
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a2
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b
oX,

o 1 o

froae o > &

N
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fo ot rr mx
=
o
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o & fu rfo
Mo
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N

o

WM'E-LM
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o 2 g0

R
e
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©

U5
A5t
Aulzlze] el 2o VlZe 2E4
Z18Hl AZZIE W AERFE A5
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Sl o3 Aot
B I) RSO v
B R A
b3 == ERETRRT TR PP PRRYPPPPR W
odf;,]]‘f_]_/i ............... Q
O] E T Bl 2eeeenneenns s
B R= N F
o]\:;]E‘-_]/k ............... H
A Zheverrrneaeeennnninnns sec (s), min, hour (h)
B I Hz
I dB
Q) AFZ e degree
B = PRI 2%
I °C
oldE JlRer F23d VIS - Ad3E AT
et
ACA D 1ESEIRE. (49 dB)
AMR I AMEH, (%$]dB)
BW DREIE, (2% Hz)
ci, co < AHAIEERE., (FHF)
2itweer . HEFWEL, (4B, %)
gi, bi ANZHR A, yi=gi+ibi. (59 S)
go, bo I HITHEEE, yo=go+jbo. (% S)
Icc, Iop BB, (HA)
Icco CEGESER. (HHA)
i, o AHIER. (FHA)
Io D RgiREEEC]  leiAe] W EW. (29
A)
Ion, I : AJJH, LeEl®E®R. (k- A)
Ton, Tor : B H, LaA|EH. (9 A)
I DB ZEREHE . (multiplex IC), (=91 A)
In :¥ne] ZEE AR (FHA)
NF DHEEYESR. (%E91dB)
PBW Dl AR, ool =mE, (%h9 Hz)
Pa AT GBS A ICe]  AwEE AHH,
()W)
Pd max D EFEIEBRES. (W)
PG TENAIE. (491dB)
Qs DEMEE. (x491dB, dB/m, V, V/m)
Sep. DwlE S EERE, (%H91dB)
ri, To DAL, (R Q)
Ta CEEIRE. (542]°C)
Te DAl AR, (5E°C)
Tope CENEREIRE. (H9°C)
Tste DERFFEERE, (H9]°C)
te DN EERRRE. (%S sec)
tstg LR, (%9 sec)
ton  turn on R =RIERERS ta+ FSABRERE t.,
(54 sec)
toff : turn off FRR]=EFERFRE tsee+ T FEFFRT te,
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(5k9] sec)

THD L E Pk £8, Total Harmonic Distortion.
(A8, %)

Vce CEEEE. (H9V)

Vee max - BREIFEETE, (H91V)

Vbbb, VDDmax, VGG, Veemax : MOS IC o] 7%, 3]
2o wal Vec®E FAEHA ke A
+7F AAwE, o)zl AKYEL AHYE:
uhell  whel FEsta glel RFTh
AYAgE ouigych (V)

vi, Vo T AHBEE. (5FV)

Vi, ViL @ AF7H, Lag=gh (59 V)

Vou, VoL : 7 H, Lel@zgl (%9 V)

VL sElE T, (V)

Va dne A \J‘ ($1V)

Vi ¥Mme] HAno] WHI At (HHV)
Inw 5 FA3HA AHolFch,

Vxo CHIHEEEE, (V)

VG CEEFE (V)

Vs BRI, (xH9]1dB, dB/m, V, V/m)

lyel R EAENEZGE] Ee] Bl A,
yi=lytlexp(jg¢) (=F$1S)

olAE  o)oll, HEHIGnd, BFFIEHLRL, 1555

FIHS/N, AGCEE Vace, FEIREE Vosc, RIREE

#8h AVosc, AJ7IN (E&in, input 5), H5 OUT

(= out, output %), YIFAEAFFR, L, C, KR

BArt5 S8l =k 5t



3. MAXIMUM RATINGS

3.1 Necessity and Meaning of Maximum Ratings

Because of the exponential dependence of the
carrier density in a semiconductor device on tem-
perature, integrated circuit function is significantly
affected by temperature.

If a high voltage is applied to the PN junction in
an integrated circuit, carriers receive energy and
the cumulative multiplication of carriers may take
place to cause electron avalanche, resulting in an
abrupt voltage drop. Current does not cause such
an abrupt change as caused by voltage, but may
cause gradual changes in characteristics, whereby
a semiconductor device becomes functionally use-
less; and further, power dissipation at the junction,
i.e. the product of current and voltage, may be
converted into thermal energy, thereby leading
to thermal breakdown of the semiconductor
device. Thus, voltage, current, power dissipation
constitute important parameters which limit the
operating functions of semiconductor devices.

It is necessary for the user to observe limiting
values specified for voltage, current, power dissipa-
tion, and temperature applicable to any integrated
circuit of a specified type. These limiting values
are called "Maximum Ratings”.

JIS C7030 (Testing Methods for Transistors)
defines absolute maximum ratings as follows:

Absolute maximum ratings are limiting
values of operating and environmental condi-
tions applicable to any transistor device of a
specified type as defined by its published data.
These limiting values must not be exceeded
under the worst probable conditions. The tran-
sistor device manufacturer chooses these values
to guarantee normal operation of the device.

Maximum ratings for integrated circuits, though
not yet defined by JIS, are defined by replacing
the above-mentioned ‘‘transistor’’ by “‘integrated
circuit’. It should be noted, however, that when
one rating reaches its maximum value another
rating is not allowed to exceed its maximum value.
For example, it is assumed that when current with-
in its maximum allowable value is fed under un-
favorable conditions where heat is removed less
than intended the maximum power dissipation is
exceeded. This is a wrong use of an integrated

circuit because the maximum power dissipation is
exceeded though current feeding involves no
problem. Unconditional current feeding is not
allowed even if such current does not exceed its
maximum allowable value, and at the same time
other maximum ratings must not be exceeded.

In determining maximum ratings, it is necessary
to consider not only such properties of semicon-
ductor chips as mentioned above but also structur-
al material other than semiconductor chip itself,
mold resin, chip soldering material.

For circuit design, thermal design of electronic
equipment, it is strictly prohibited to use semicon-
ductor devices in a state where absolute maximum
ratings are exceeded. This is the first step toward
using semiconductor devices properly.

3.2 Maximum Voltage Ratings

Integrated circuits have a lot of PN junctions. If
voltage applied to the PN junction is increased, the
cumulative multiplication of carriers attributable
to high electric field in space charge layer of the
junction may cause electron avalanche to occur,
thereby resulting in a very large current flow that
may break down the PN junction when the resist-
ance of a limiting resistor is not large enough.

Avalanche multiplication factor M at the PN
junction is given experimentally by Miller as
follows:

Applied voltage

Voltage at M = oo, that is, Vg is the
voltage at which electron avalanche
causes collector current to flow on a
large scale.

Maximum voltage ratings (Vg G max. VDD max+
etc.) specified on catalogs are generally fixed, with
the variations in device characteristics considered,
so that the voltage (especially drain voltage) at
each PN junction does not exceed the above-
mentioned Vpg. Generally speaking, the larger the
resistivity on the high-resistance side of the PN
junction becomes, the higher Vg becomes.

Besides PN junction breakdown, if the polarity
of the PN junction is reversed contrary to the de-
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sign or a high voltage is applied to the field isolator
that isolates internal elements (MOS transistor,
etc.), forming a channel in the field area, a large
current flow may occur in an unexpected region,
resulting in breakdown of the integrated circuits.
Latchup in C-MOS integrated circuits, being also in
the same category as this phenomenon, causes
internal parasitic thyristor to be turned on by ex-
ternal trigger voltage, holding large current and
leading to breakdown of the integrated circuits.

Therefore, care should be taken that voltage
having the opposite polarity from that specified
must not be applied to the PN junction by the
action of external pulse or through misoperation.
Such voltage, even if applied, must not exceed
0.3V. This specific value may be specified on
catalogs; but even if not specified, this rule must
be observed. For input voltage or output voltage,
there are some cases where this value on catalogs
is with respect to Vpp, instead of GND. Channel
formation in the field area and latchup in C-MQOS
integrated circuits are not expressly specified, but
these phenomena can never occur as long as maxi-
mum voltage applied to each pin is observed.

MOS integrated circuits are such that channel
current is controlled by applying voltage across
gate and substrate or source. Silicon dioxide is
mostly used for gate oxide. Normally, an electric
field of approximately 10MV/cm, which differs
with oxide thickness and quality (particularly,
defect density), causes breakdown of this oxide
(ex. 100V for an oxide thickness of 1000A).
Breakdown of the PN junction is caused by ava-
lanche current, while breakdown of this oxide is
caused instantly by corona discharge. According
to the latest information, if voltage is applied for a
long time even in a low electric field, breakdown
may occur at a lower voltage. Surge voltage, even
if its pulse width is small, can cause breakdown
easily. Almost all the MOS integrated circuits de-
veloped recently contain a protector in the gate
area and their data show that their breakdown
strength is equal to that of bipolrar integrated cir-
cuits.

The above-mentioned leads to maximum volt-
age ratings of MOS integrated circuits defined
below.

(1) Maximum supply voltage

VDD max VGG max: VCC max: Vss max
etc.

(2) Maximum voltage on input/output pin

VIN max, YOUT max. etc. (May be de-
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fined by peak value.)
(3) Maximum voltage on pin

Designing so that these maximum voltage rat-
ings are not exceeded involves no problem in
practical use, even if no details of the internal cir-
cuit of a MOS integrated circuit are known to you.

3.3 Maximum Current Ratings

For maximum voltage ratings, a rather clear
indication is available because an abrupt change in
characteristics appears as mentioned in 3.2, For
maximum current ratings, however, there is no
such indication as breakdown caused by voltage.
Normally, maximum current ratings are deter-
mined based on the following.

(1) Overcurrent at which internal bonding wire

is burnt out

(2) Current with electromigration of evapora-

tion wiring (normally, Al) on chip consi-
dered

(3) Current at which output transistor on-

resistance causes internal power dissipation
to exceed Py max

(4) Current under which parasitic thyristor in

chip is not latched up or turned on (Also
definable by maximum voltage)

Designing, with the following maximum ratings
on catalogs observed, involves no problem in prac-
tical use.

(1) Maximum output current IoUT max

(2) Allowable current on specified pin

loL max

3.4 Maximum Temperature Ratings

(1) Junction temperature T;

As mentioned above, integrated circuit opera-
tion is sensitive to temperature. As the tempera-
ture rises, thermal agitation of semiconductor
crystal becomes violent and a large number of
electron-hole pairs are generated by this energy. |If
electron-hole pairs are generated much more than
minority carriers, the property of an intrinsic
semiconductor results, thereby stopping the nor-
mal operation of a semiconductor device. The
surface phenomenon of a semiconductor device
affects semiconductor characteristics adversely;
chemical change of the surface is also accelerated
as the temperature rises.: This is expressed by the
well-known Arrhenius’ equation as follows:

exp E/T)



where E: Activation energy
k: Boltzmann's constant
Tj: Junction temperature

It is very important to limit the temperature to
which a semiconductor device is subjected. The
allowable temperature differs with semiconduc-
tor's energy gap Eg; for silicon elements, a temper-
ature of 150°C to 175°C is allowed. For the
plastic molded type using silicon, however, the
allowable temperature is normally limited to
125°C to 150°C because of the heat-resisting pro-
perty of plastic.

The following relation between temperature T;
and life L of integrated circuits is known empiri-
cally.

InL=A+—_ .. ... ... .......... (3)

where A, B: Constant

(2) Storage temperature Tgtg (min, max)

Junction temperature Tj in (1) is the tempera-
ture at which a semiconductor device can be safely
operated. The temperature range in which a semi-
conductor device can be safely stored is specified
as storage temperature Tgyg.

A minimum storage temperature is specified so
that the difference in thermal expansion coeffici-
ents at various areas in an integrated circuit causes
no mechanical damage to the integrated circuit.

(3) Operating temperature Tgpg (min, max)

Integrated circuit function, ex. the logic func-
tion of a MOS integrated circuit, can be guaran-
teed over this temperature range. However, operat-
ing characteristics specified at T, = 25°C are not
always guaranteed over this temperature range.

Guarantee for nonbreakdown depends on Py,
T, mentioned below. Unlike Py and T,, Topg
provides guarantee for continuous operation.

3.5 Maximum Power Dissipation Rating

Power dissipation in an integrated circuit is
converted into thermal energy, which raises junc-
tion temperature Tj. This means that it is neces-
sary to limit power dissipation. Power dissipation
and junction temperature are closely related with
each other as shown below.

where 6: Thermal resistance

Pq: Power dissipation
Ta: Ambient temperature or case tempera-
ture

Tj depends on both ambient temperature T,
and self-heat generation by power dissipation Pgy;
failure rate or life L almost entirely depends on
T; as shown in (3). Even if T;j remains the same,
life L tends to be shortened when Py accounts
for a great deal. This is supposed to be due to the
fact that an electric field is formed on the junction
and ions remaining in the vicinity of the junction
receive energy and move, which accelerates deteri-
oration.

The maximum allowable power dissipation of
our integrated circuits is determined as follows:

First, thermal resistance 6 is measured and
power dissipation Py is calculated at which junc-
tion temperature Tj becomes 100°C to 150°C
for epoxy resin molded integrated circuits. Then,
a long operating life test is conducted based on
this power dissipation. The maximum allowable
power dissipation is determined from the results
of this test.

The absolute maximum power dissipation rat-
ing is determined based on the following.

Absolute maximum ratings are limiting values
which must not be exceeded even for a moment
under the worst probable conditions to guarantee-
the characteristics and life of semiconductor
devices. Our specifications for semiconductor
devices specify the life assurance for using our
semiconductor devices at absolute maximum
ratings. In designing a circuit, the worst probable
conditions of the following parameters should be
considered and care should be taken that absolute
maximum ratings must not be exceeded.

(1) Supply voltage regulation

(2) Variations in electrical characteristics of

electrical parts (integrated circuits, tran-
sistors, resistors, capacitors, etc.)

(3) Maximum power dissipation of integrated

circuit at the time of circuit adjustment

(4) Ambient temperature

(B) Variations in input signal

(6) Application of abnormal pulse

The maximum power dissipation rating is indi-
cated on our catalogs as follows:

(1) Pd max
Pd max is allowed at T,.

(2) Py (seg) max .
Especially for Type Nos. with a driver, the
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()

maximum segment output power is speci-
fied.

No indication of Pq max

The maximum power dissipation is allowed
when Vpp max. VGG max: VIN max.
VOoUT max. etc. are applied at Topg.
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4. RELIABILITY

Electronics, in recent years, has been rapidly
advanced into both industrial and commercial
electric equipment fields and semiconductor
devices occupy a major part of such apparatus. At
the same time the requirements for electronics
equipment has grown and diversified.

The highest priority must be given to product
reliability and design and close attention paid to
manufacturing processes. It is also important to
achieve high performance and reliability of semi-
conductor devices in products under various
environmental conditions.

This Chapter describes what reliability is and
the reliability guarantee system of Sanyo Electric’s
semiconductor devices.

4.1 Definition of Reliability

The reliability of semiconductor devices is
generally considered as use satisfaction, but this is
a fairly subjective definition. More concretely,
guantitatively, and objectively, it is better defined
as the probability of performance capabilities
expected of the devices under certain use and
environmental conditions, in which the reliability
is represented as a mathematical expression of
probability.

The failure of electronics products is usually
described with bathtub curves as shown in Fig.
4.1. When analyzing such distribution curves, it is
convenient to approximate the failure distribution
to the nearest distribution function. For example,
these functions are often used in analysis:

1) Normal distribution function

2) Logarithmic normal distribution function
3) Exponential distribution function

4) Weibel distribution function

In case of general electro-
nics products/parts

-
=
o .
5 In case of semi-
o 7
o conductor devices Estimation »
= 4
= ’
5 J P
- ———t e ———— -
e
Initial failure Accidental failure Wear failure
time | time time
Time t

Fig. 4.1 Failure Rate Curves of Electronics Products/
Parts and Semiconductor Devices

1) and 2) are used for wear failure time, 3) for
accidental failure time, and 4) for any of initial,
accidental or wear failure time.

4.2 Scales of Reliability

The following scales are used in general to
express reliability:

N(O) . . Number of samples

N(t) .. Number of samples maintaining ex-
pected performance after t hours.
r(t) .. Number of failures after t hours.

(1) Survival rate (Reliability function) R(t)

_M‘Q=N(O)——r(t)
R(t)—N(O) __——N(O) ............ (1)
(2) Cumulative failure rate (Life distribution
function) F(t)

r(t) _N(0)=N(t)

N(O)  N(0) =1-R{t) ...... (2)

F(t)=

(3) Failure generation rate (Failure density
function) f(t)

1 dr(t) dF(t)_dR(t)

f(t)—N(O)X at ot @ (3)
(4) Instantaneous failure rate A(t)
1 _dr(t) f(t) dinR{t) ...... (4)

MO=Fw% et RO- dt

Thus, it is possible to express functions 1), 2)
and 3) as those of A(t):

R(t)=exp [— [ At)dt] ... ... ..... (5)
F(t)=1— exp [— [fA(t)dt] . ....... (6)
fl)=MOXR()=A(t)exp [— fEA(t)dt] .. (7)

(5) Average life u

Suppose lives of samplesaret, , t,, ...... ,
N
izxﬁ t
=== fladdt ..o
=N JEef(t)dt (8)

Mean time between failures (MTBF) can also be
represented  with the same equation, which is in
turn used to replace the defective part.

Neither instantaneous failure rate (A(t)) nor
average life (u) is easy to estimate using test results
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or actual data. Usually the following reliability
index is used for estimation:

(6) Reliability index Ri

. N{t)

R'_N(O)Xt ...................

This is generally represented with unit of % /
1,000 h, but sometimes

Fit (Failure Unit) = 107°/h

is used.

4.3 Weibel Probability Paper

Electric bulbs are known to be represented with
an exponential relation

R(t)=exp (—t/tL)

where, R(t) is survival rate without failures versus
time and t|_ the average life of bulbs. However,
this relationship is not always applicable to transis-
tors. R(t) is then given by the following equation,
and this R(t) is called the "Weibel function”. m in
these equations is determined from experimental
data. The exponential function mentioned above is
therefore given only when m=1.

R(t)=exp {—tM/t,) (Reliability function)

........................ (10)
F(t)=1—R(t) (Cumulative distribution func-
ton) v . (11)
tm-1 .
f(t)=m exp (—tm/t,) (Probability density
0
function) . ................ (12)
Jfo - m-t :
Al “R(1) m T (Instantaneous failure rate)

where, t, : scale parameter

m : model| parameter

X (Equally spaced scales)=Int Y=In ln—1—=lnt-m—

-2 -1 0 +1 +2 +3 +4 Ry 1,
T T U Al T T he]

° 4+1 @

8 0 8

2 3

£ 13

£ 12373

‘T 132%

w 1 w3

t (In Scale)
Fig. 4.2 Weibel Probability Paper
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Failure distribution of semiconductor elements
are plotted using the Weibel function. Weibel
probability paper is useful for the plotting. Fig. 4.2
illustrates the structure of the Weibel paper.

Cumulative failure rate F(t) is entered on the
probability paper as a function of time t. And by
reading the chart, model parameter m and scale
parameter t, are estimated.

In the chart shown in Fig. 4.2, slope between
X=Int and Y=[In In I/R(t)] is m, and Inln I/R(t)
gives In (I/t,) where the curve cuts the y-axis (In
t=0), whereby, t, is found.

m is an important parameter in the Weibel
distribution. Meaning of the values of m and the
actual effects are described below. .

g 14 Z
2 1.2 %
3 <10 VARG
[ 2\ %
£ 08 /A %
TR RN N
8% N S,
o <€ 04 —
s 5 / /77§1\
o 0.2 m=05
0 L = =
0 0.4 0.8 1.2 1.6 2.0 2.4
Time t

(Scale parameter t,=1)

Fig. 4.3 Variation of Probab‘ility Density
Function with Model Parameter

(1) Meaning of m values

i) m<1 Failure rate decreases with time (initial

failure).

Failure rate is constant regardless of

time (accidential failure).

iii) m>1 Failure rate increases with time (wear
failure).

i) m=1

See Fig. 4.3 for actual curves.

(2) When m in the chart on the Weibel
probability paper changes midway it is assumed
that the failure mechanism change at that point.
This suggests that it is important in the accelerated
life test not to change the m condition in accele-
ration or non-acceleration state.

(3) Acceleration ccefficient is defined as the
proportion of instantaneous failure rate. Assuming
Alt) in equation (4) is a function of Tj, given

tm(Tj)'l

Alt, Tj)=m(Tj)W ............

Then, acceleration coefficient o(Tj1, Tj2)
concerning the joint temperature can be expressed
by means of relation



p(Tj1, Tja)= At Tja) _ty (Tjy )m(Tjp ) tm(Tis) 2

TN Ti) 4 (Tjg)m(Tyg ) m(Tj

If m(Tj1)=m(Tj,) in the above two terms, then

1o (T“ )

T, Ti2)==="—~ . .. ... . ... ..
pTj1, Tja) t, (Tj2)

Thus, the acceleration coefficient can be found
from the Weibel probability paper.

(4)  Mean time between failures (MTBF)
MTBF can be found from t, and m:

1
MTBF=t,™ F(”]E) .............. (17)

(6) Failure rate of semiconductor devices
tends to gradually decrease over thousands h with
m changing in the order of 0.5 to 0.7 as far as
there is no special stress applied.

4.4 Methods of Reliability Tests

As mentioned in the previous sections, Sanyo
Electric uses an integrated product control system
from designing and manufacturing processes to
shipment and follow-up services to maintain the
high quality and reliability of our semiconductor
devices.

Test methods to confirm the reliability are
described in this section. The methods are deter-
mined mainly observing JIS, JIS original form of
EIAJ, MIL-STD, IEC, British Standard, and CECC,
etc., and tests are conducted by laying particular
stress in accelerated life testing at the maximum
ratings.

(1) JIS (Japanese Industrial Standard)

JIS-C-6022  Test Methods for Heat-Resistance

of Electronics Component Parts

JIS-C-6023  Test Methods for Moisture-Resist-
ance of Electronics Component
Parts (in stationary state)
JIS-C-5025  Test Methods for Vibration of
Electronics Component Parts
JIS-C-5028  Methods of Brine Spraying Test for
Electronics Component Parts
JIS-C-5031 Test Methods for Air-Tightness of
Electronics Component Parts
JIS-C-B035  Test Methods for Terminal Strength

of Electronics Component Parts

JIS-C-5036  Test Methods for Long-Term Elec-
tric Operation of Electronics Com-
ponent Parts

JIS-C-5003  Test Methods for Failure Rate of

Electronics Component Parts
JIS-C-5030  Test Methods for Temperature
Cycle of Electronics Component
Parts
Test Methods for Cold-Resistance
of Electronics Component Parts
Test Methods for Low Temperature
Preservation of Electronics Compo-
nent Parts
General Rules of Test Methods for
Weather-Proofness and Mechanical
Strength of Electronics Component
Parts
Methods of Enviornmental and
Durability Tests for Individual
Semiconductor Devices

JIS-C-6021

JIS-C-5027

JIS-C-5020

JIS-C-7021

JIS-C-7022  Methods of Environmental and
Durability Tests for Semiconductor
Integrated Cirucits

JIS-Z-2371 Methods of Brine Spraying Test

(2) MIL Standard

MIL-STD-750B Test Methods for Semiconductor
Devices

MIL-STD-202E Test Methods for Electronics
and Electric Component Parts

MIL-STD-883B Test Methods and Procedures for
Microelectronics

(3) 1EC Standard

Publication 147-4 \ Essential ratings and charac-

Publication 147-5 J teristics of semiconductor de-
vices and general principles of
measuring methods

(4) British Standard

BS9400 Specification for Integrated Electro-
nic Circuits of Assessed Quality:

Generic Data and Methods of Test.

(5) CECC Standard

CECC 50000 Generic Specification: Discrete
Semiconductor Devices.
CECC 90000 Generic Specification: Monoli-

thic Integrated Circuits.
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4.4.1 Mechanical tests

(1) Tensile test for lead-in wires

Test sample is held as shown in Fig. 4.4, and
the specified static load (see below) is applied to
each lead wire in the axial direction for 101
seconds. Each wire is then checked whether or not

it falls out.

[Table 4.1]
. . Nominal Wire Diameter
Nominal Sect;onal Area (In case of circular sec- Lﬁgd
mm tion) mm

0.05 or less 0.25 or less 0.1
more than 0.05 to 0.07 | more than 0.25 to 0.3 0.25
or less or less '
more than 0,07 to 0.2 | more than 0.3 to 0.5 0.5
or less or less .
more than 0.2 to 0.5 more than 0.5 to 0.8 1
or less or less
more than 0.5 to 1.2 more than 0.8 to 1.25 2
or less or less
more than 1.2 more than 1.25 4

Sample

Static
| io; I

"~ Lead wire

Support

[Fig. 4.4]

(2) Fatigue test for lead wires

0ad

[Table 4.2]
. . Nominal Wire Diameter
Nominal ?ner%tzlonal Area | (| 1 case of circular sec- Lzad
. g
tion) mm
0.05 or less 0.25 or less 0.05
more than 0.05 to 0.07 | more than 0.25 to 0.3 0.125
or less or less .
more than 0.07 to 0.2 | more than 0.3 to 0.5 0.25
or less or less :
more than 0.2 to 0.5 more than 0.5 to 0.8 05
or less or less .
more than 0.5 t0'1.2 more than 0.8 to 1.25 1
or less or less
more than 1.2 more than 1.25 2

| Static I

Count one by 1 and 2.
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load

[Fig. 4.5]

(3) Drop test

Test sample is allowed to drop from 100 cm
height on a maple plate (30 by 30 cm, 3 cm min.
thick) three times in such a way that it does not
strike the plate with the lead wires. Specified
check items are then inspected.

(4) Vibration fatigue test
Test sample is fixed on the vibration plate of a

The test sample is held as shown in Fig. 4.5 and
the specified static load is applied on each lead
wire in the axial direction, and each is bent the
specified number of times (twice) to check whe-
ther or not the wire falls out. One bending consists
of folding the wire at right angles from the hori-
zontal and the straightening of it again for about
5 sec. Each wire should be bent in the same direc-
tion on the same plane each time.
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vibration test device so as to transmit the generat-
ed vibration to the sample completely, and the
vibration is applied under the following conditions
to inspect the specified check items:

[Table 4.3]

Vibration Type Frequency Variation

Frequency Range 10 to 2,000 Hz

Full Amplitude/
Acceleration

1.5 mm or 20G

Sweep Rate 10 to 2,000 to 10 Hz

about 20 min

Variation of Sweep
Frequency

Logarithm

Test Hours (Full) 2h each for X, Y,and Z




(5) Centrifugal acceleration test

Test sample is firmly fixed on the support of a
centrifugal acceleration test device and applied
with 20,000G of acceleration in three directions
perpendicular to each other (X, Y, and Z direc-
tions), respectively for 60 sec (G: acceleration of
gravity 9.8 m/sec?). Specified check items are then
inspected. The sample should be accelerated or
decelerated for more than 20 sec to reach the spec-
ified level.

O
20,000G

J

-60 sec.— 4 L‘[ime

for more
than 20 sec.

for more
than 20 sec.  [Fig. 4.6]
(6) Impact test
Using an appropriate tool, the test sample is
firmly fixed on an impact test device so that the
impact from the test device completely is trans-
mitted to the sample, and a 1,500G impact is ap-
plied to the sample in three direction perpendic-
ular to each other (X, Y, and Z directions) three
times, respectively. Damage to the sample is first
checked, and then the specified check items are
inspected.

4.4.2 Environmental tests

(1) Resistance to soldering heat test

Without applying any flux, all lead wires of a
test sample are subject to a solder bath (Sn 60% +
Pb 40%) at 260£10°C for 10%1 sec as wire length
of 1.0 to 1.bmm from the component remain in
the solder bath. Removed from the solder bath,
the sample is left at room temperature for more
than 1h, and the specified check items are inspect-
ed.

(2) Solderability test

Applying a rosin flux on all lead wires of a test
sample, the wires are subject to a solder bath (Sn
60% + Pb 40%) at 230+5°C for 5+0.5 sec as 1.0 to
1.6mm wire lengths from the component remain
in the solder bath. These are removed and left as
they are before the specified check items are in-
spected. If all lead wires cannot be dipped into the
solder bath at once, it is allowed to dip them in
turn.

(3) Temperature cycle test
The test sample is alternately put in a constat

low temperature and constant high temperature
containers. The sample should be preserved in each
container long enough to reach the thermal equili-
brium state. After 10 cycles are finished, the
sample is left at room temperature for 2h, and the
specified check items are inspected. TH and T|_ are
the highest and lowest temperatures in absolute
maximum rating Tstg.

TH-— - _____'—30mm—‘{ less than
less than 5 min 5 min
1R, l—1IR
26+3°C —— i R
TL-------
'f30 min—|
[Fig. 4.7]

(4) Brine spraying test (Corrosion-resistance

test)

Test sample is subject to brine spraying for 24
+2h, and washed completely with cool| water at
room temperature before the gpecified check
items are inspected. The following conditions
are applied to the brine spraying testing:

Condition 1. ... Brine concentration: 5*1%,
internal temperature of con-
tainer: 3522°C

Condition 2 . . .. Brine spraying rate: specified
amount of salt (10,000 to
50,000 mg/m? /day) is depos-
ited when b*1% brine is
sprayed.

(5) Thermal impact test

Test sample is alternately dipped in a low tem-

perature liquid (ice and water) and a high tempera-
ture liquid (boiling water) — the latter is first
applied. The time is as shown in Fig. 4.8. After 5
cycles are finished the sample is left at room tem-
perature for 2h before the check items are inspect-
ed.

10 min:i ' | |
TH = 10012 °C

10 min <
TL=0%"°C 10 min+ Transfer time is

within 10 sec.
[Fig. 4.8]

(6) Pressure cooker test

Test sample is applied with 15 psi (Ta = 121°C)
for the specified time (40h), and left at room tem-
perature for 2h. Check items are then examined.
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4.4.3 Life tests

(1) High temperature operation life test

Test sample connected to a specified external
circuit is operated continuously at a specified tem-
perature and supply voltage for 1,000h, and then
left at room temperature for 2h before the check
items are inspected.

(2) High temperature storage life test

Test sample is held at the highest storage tem-
perature TH of the absolute maximum rating for
the specified time (1,000h), and left at room tem-
perature for 2h. The check items are then inspect-
ed.

(3) Low temperature storage life test

Test sample is held at the lowest storage tem-
perature T of the absolute maximum rating for
the specified time (1,000h) and left at room tem-
perature for 2h. The check items are then inspect-
ed.

(4) High temperature, high humidity storage
life test
Test sample is stored for 1,000h at a tempera-
ture of 65623°C and a relative humidity of 95+5%
and left at room temperature for 2h. The specified
check items are then inspected.

(5) High temperature, high humidity operation
test
Test sample is operated for 500h at a tempera-
ture of 85+3°C and a relative humidity of 85+5%
under the specified bias condition and left at room
temperature for 2h. The specified check items are
then inspected.

Bias Conditions:

Bias condition ON/OFF condition

Reverse bias Continuous

Forward bias ON for 1 hour/OFF for 3h
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5. QUALITY ASSURANCE SYSTEM

5.1 Introduction

As electronics products become larger and of
higher density, the demands for high quality and
reliability of semiconductor devices, used in such
equipment, are increasing. To satisfy these user
demands, Sanyo Electric pays close attention to
market research, determination of user’s require-
ments, product quality and reliability in develop-
ment, design, and mass-production planning of
semiconductor devices. At the same time, the
selection of raw materials and parts is thoroughly
discussed and evaluated from various aspects in
terms of reliability. Standards for mass-production
are determined after completely confirming the
correctness of materials and parts.

At the mass production stage, every kind of
control is used to maintain the quality intended
for the design stage.

Particularly, stress is laid on product quality
control through acceptance of raw materials and

parts, the full manufacturing process, and final
product inspection so that the final products meet
the user’s need.

Sample inspection and reliability tests are also
conducted  at the shipping stage to insure the
quality and reliability of all products. Information
on the quality and reliability is most important to
guarantee our semiconductor products after ship-
ment, particularly. for investigation of claimed
defects by users or from the market place.

5.2 Quality Assurance System

Sanyo Electric’s quality assurance system as
stated above is illustrated in Fig. 5.1.

5.3 Quality Control in Manufacturing Processes

Fig. 5.2 shows a flow chart of various inspec-
tion and control instnaces necessary for quality
control during manufacturing.
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Special User
Specification

abolition

Improvement of Manufacturing
Processes (Notices of improvement or

of specifications.)

¥

Confirmation

of Lot
Reliability

Sampling
Inspection

A

Characteristics/
Visual
Inspection

iy

Product Quality Inspection
for Long-Term Inventory

Warehousing

Shipment

Regular/Reliability Test
Special Reliability Test

H

Claims Analysis/
Failture Analysis

k1

Reply to
Claim

[Fig. 5.1] Quality Assurance System

Process Control
Standards

Report Specification

of Abnormality of Process

Product Inspection
Standards

Reliability Test
Specifications
Quality Committee

Claim Procedure
Specifications

Returned Goods Investi-
gation Request Card

Cause and Effect Reports

In-House Reliability
Study Meeting

Meeting of Personnel
in Charge of Quality




Process Flow

Wafer

Scribing

Lead Frame

Wire

1

Die-bonding

Mold Resin

1

Wire-bonding

Molding

C
-

Baking

Temperature Cycling

Lead Forming

< U U U

Marking

Packing

Shipment

[Fig. 5.2]

Inspection/Control Items for Q.C.
(Total/Sampling Inspection)

Wafer Visual/Incoming Inspection

Die Visual Inspection

Lead Frame Incoming Inspection

Temperature Check

Wire Incoming Inspection

Bonding Conditions Check
(Temperature, Load, etc.)

Wire Tensile Test

Visual Inspection after Bonding

Mold Resin Incoming Inspection/Forming &
Reliability Check

Molding Conditions Check
(Temperature, Injection
Pressure, etc.)

(Aging for Stabilization of Product :Qualitv)/Temperature Check

(Screening for Stabilization of Product Quality)/Temperature Check

Visual Inspection after Lead Forming

Electrical Characteristics AC & DC Characteristics Check
Inspection

Failure Analysis

Lot Evaluation Reliability Check for Production Lot
{ Temperature Cycling
Continuity Aging

Final Visual Inspection

Sampling Inspection for Products
to be shipped

Reliability Test Guarantee of Reliability Level
(One to four times a year
depending on items to be
checked)
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5.4 Failure Analysis

Analysis of product defects, found in the user’s
process or in the field, and in the manufacturing
process or reliability testing at the factory, pro-
vides an important function to obtain information
on, for example, failure modes and mechanisms,
and by using it as feedback, to upgrade the quality
and reliability of [Cs. Based on this concept,
Sanyo Electric handles user claims on defective
products found during use or in the field as shown
in Fig. 5.3.

Fig. 5.4 shows a typical failure analysis proce-
dure used by semiconductor manufacturers. This
is, however, only an example, and the procedure
will vary depending on the failure mode or degree.

Route Claim of failure from customer

Claim of failure
from customer

General failure report

Date of failure  Use environments
Process used Operation Time
Type No. used  Failure description
Use conditions  Failure rate
Packing material Marked lot No.

Product in question is returned to the
company with a failure report
containing the above items.

Checks general failure report and
issues investigation request card.

Sales personnel

Reports analysis results.

Quality assurance Accepts and transfers request card to
department analysis department.
Works with analysis results.
Analysis | Reports outcome of investigation and
department analysis with description of

procedures taken (see Fig. 5.4_
Analysis Procedure).

I Visual Inspection I

!

IEIectrical Characteristics Measuri«ﬂ

!

l Fluoroscopy (X-ray) as Required I

!

L Temperature Rise Check |

I Continuity Aging as Required |

!

i r Unpacking |

|

Visual
Prober Check

!

Visual
Prober Check

l

I Visual Check I

Heating-Cooling-Vibrating

(Microscope, SEM)!

Vaccum Evaporation Wiring
Removal
(Microscope, SEM)

Oxide Film Removal
(Microscope)
Etching, Section Cutting

(Microscope)

[Fig. 5.3] Defective Goods Handling Route

a4

[Fig. 5.4] Failure Analysis Procedure




5.5 Failure Modes and Failure Factors

The reliability level of semiconductor ICs is
lowered by failures. To find the cause of failures
is, therefore, important to provide data for mea-
sures to be taken for increasing the reliability level.

The failure modes of semiconductor ICs are
roughly classified in the following three categories:

(1) Open wiring/connector

(2) Short of wiring/connection

(3) Deterioration, fluctuation of electrical

characteristics

Relationship between these failure modes and

causes is shown in Fig. 5.5.

The failure mechanism describes how the fail-
ure took place, and as shown in Fig. 5.5, various
failure mechanisms such as chemical reaction,
corrosion, alloying, thermal expansion, thermal
contraction, etc. can be summarized in the three
failure modes.

Fig. 5.6 gives an example of classification of
defectives in semiconductor ICs found by the user,
by factor. As the figure clearly shows, a consider-
able ratio of the failures is caused at the design or
use stage.

<Causes in use>

o Static electricity

o Overvoltage pulse Open
o Overcurrent
Short

o Temperature rise

o Excessive humidity
Deterioration

<Failure mode>

<Specific cause> .
o Incomplete bonding
o Breakage of aluminum wiring
o Electro-migration
o Short of wiring due to foreign object
o Effect of moisture
Leakage from or short of case terminals

Formation of inversion layer

Pin-hole on SiO2 film
Defective diffusion
Mask misalignment

O O 0o O o

Surface contamination

[Fig. 5.6] Failure Modes and Causes

Unknown 2%

Manufacturer’s
Responsibility
26%

Breakdown
(Mostly,
static

breakdown)

45%

User’s
Responsibility
72%

Nondefective
Product

(December, 1982 to November, 1983)

[Fig. 5.6] Failure Factors in User Process
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6. CAUTIONS FOR USING MONOLITHIC MOS IC

6.1 Shipping/Storage

(1) Never soak ICs in water or electro-conduc-
tive liquids. Do not use or leave ICs in high humid-
ity or in an acidic gas environment.

(2) Use a metal box or wrap with aluminum
foil for shipping the IC. Do not handle with gloves
of vinyl or nylon. Keep mechanical vibrations
and shocks as small as possible during shipping.

(3) Care should be taken in that moisture may
condense on the IC if an excessive temperature
change is encountered (e.g. by moving IC from a
cold place to warm one).

(4) Do not expose the unsealed chips to direct
sunlight at low temperature. The unsealed chips
should be stored in a dust-free, nitrogenous gas
environment.

6.2 Mounting

(1) Do not use as a terminal the pins which are
not specified for the particular connection in the
equivalent circuit diagram. Certain non-use pins
are connected internally and wiring to a pin which
looks free, or an actual free pin, may cuase trouble
such as oscillation if used for a relaying terminal.

(2) Avoid unreasonable stress on the IC pins
for print wiring. Allow sufficient clearance be-
tween the Vpp, Vgg, and Vgg lines and other
input lines for high voltage-resistant ICs.

(3) Since most metal cased transistors have the
casings connected to the collector, component lay-
out which allows contact between an IC and a
transistor may result in damaging the IC.

(4) Do not use a circuit tester to determine if
an IC is ""dead’’ or "alive".

(5) Do not bend the leads (especially for DIP =
dual-in-line type).

(6) Be sure to observe correct mounting direc-
tion of the ICs when mounting on printed-circuit
board. Applying power to a reverse mounted IC
can damage it.

(7) Soldering should be performed as quickly
as possible.
For dipping machine
........ less than 10 seconds at 270°C
For soldering iron
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........ less than 4 seconds at 360°C
When the above conditions are difficult to satis-
fy, or for products for which high reliability is
required, low melting-point solder should be consi-
dered. The same consideration must also be made
for removing ICs from the printed-circuit board.

(8) When using the reflow method to solder
ICs packaged in the miniflat or flat package, their
reliability may be adversely affected if the resin
part is allowed to stand at a high temperature for
a long time. Therefore, soldering must be perform-
ed as quickly as possible to prevent the tempera-
ture of the resin part from rising. Since the use of
an infrared heater may cause local temperature
increase, avoid direct irradiation on the resin sur-
face.

Miniflat
package (SOP) Flat package
Reflow Less than 30 Less than 10
method seconds at 260°C | seconds at 260°C
Solder dip Less than 10

method seconds at 260°C Unavailable

(9) Before soldering, check for no AC 100V
leakage. If checking for AC leakage is not practica-
ble:

» Ground the soldering iron. or

+ Use a low voltage (6 to 10V) iron.

(10) Flux with strong acidity or alkalinity for
soldering may result in corrosion on the IC leads
or deterioration of electrical response.

The removal of residual flux by flushing is gen-
erally required after soldering to ensure system
reliability. When the IC is used after being sub-
jected to lead forming, contact us beforehand,
because cleaning with flux may have some adverse
effect on the reliability of the IC.

(11) After soldering, confirm that the IC leads
have been soldered properly. Air spaces and cold
solders may easily be mistaken for IC failure.

(12) Be careful of AC leakage to human
bodies, test equipment, work bench, belt convey-
or, etc. from electrical equipment. Charge preven-
tion processed work benches and belt conveyors
must be used.

(13) The humidity must be controlled in the



work room when static electricity is easily generat-
ed.

(14) An aluminum plate should be placed on
the work bench when placing ICs on the work
bench.

(15) The printed-circuit board socket pins
must be shorted to the IC ground after mounting
the IC, using a shorting plate.

Printed circuit
board

[Fig. 6.1]

Socket pins

Shorting plate

(16) The human body must be grounded by a
metallic bracelet etc. When handling the IC.

IMQ

ANA
Wy

—
To ground

[Fig. 6.2]

(17) The wiring arrangement and procedure
must be made so as to avoid static electricity from
affecting the IC.

6.3 Inspection/Measurement

(1) A sight check of the printed-circuit board
for solder bridges and cold solders should be per-
formed before applying power to the IC. Solder
bridges and cold solders can damage the IC when
power is applied.

The above problems are often detected before
the IC is actually destroyed by applying power
(Vcc) voltage gradually from low voltage to high,
while observing the output and the power supply
current etc.

(2) Check for abnormal pulses when switching
power supply, test equipment, etc. on/off.

Insert a surge-absorbing diode into the connec-
tion to the IC.

(3) Use care on the timing of applying power
voltage to each IC terminal when turning the
power on/off. Basically, the Veoc and Gnd termi-
nals must be powered first. Failure to observe this
may destroy the equivalent of the IC circuit,
damaging the IC.

(4) The power supply for measurement should
be equipped with a current limiter. Note that
many |Cs are destroyed by excessive current.

(5) When applying power for the test jigs in
parallel, from a common power supply, each
power line should be fused with quick-blow fuses.

Measuring
equipment |
Source power Measuring
supply equipment 11
. Measuring
[Fig. 6.3] / equipment N

Quick-blow fuse

(6) If large-capacity capacitors are used in the
Vpp line and output pins etc., care must be taken
not to short out the IC pins just after turning off
the power, or the IC may be damaged.

(7) Observe the following cautions when
applying voltage to the IC:
(a) Do not check pin voltage more than neces-
sary.
(b) Avoid plugging the IC in and out.
(c) Once voltage is applied, avoid soldering.

(8) Do not apply excessive voltage. The MOS
ICs are high impedance elements and, although
equipped with protection, special care must be
taken against the impulse type abnormal voltage.

(9) The measurement jigs for the acceptance
inspection should satisfy the measurement condi-
tions of the specifications. Interchanging the cor-
rection sample is recommended.

6.4 Maximum Ratings and Allowable Operating
Range

Actually, the maximum ratings for the mono-
lithic IC are continuously guaranteed. However,
unless otherwise specified, during the circuit
design, the fundamental ‘‘the maximum ratings
should never be exceeded even a moment’ is
followed. '

An explanation of maximum ratings for mono-
lithic ICs follows. Also, the relationship between 2
or 3 items which are necessary in designing circuits
using 1Cs and the maximum ratings is clarified.

(1) Maximum power voltage Vpp max
VGG max Maximum supply voltage
The defective rate of the IC per 1000 hours for
most ICs is less than 1% when the IC is continu-
ously operated with the specified power voltage

47



and at ambient temperature which causes the chip
temperature to be Tgsyg max . Data is provided
with the categories for which it is helpful to pro-
vide such a data to estimate what happens when
the supply voltage exceeds Vpp max and Vgg
max. However, such data is judged to be unneces-
sary for normal circuit design, and we again re-
commend that design be such that the supply
voltage does not exceed Vpp max and VGG max
for even a moment.

(2) Storage temperature Tgig max. Tstg min

Continuous storage of ICs under this tempera-
ture condition will give a defective ratio for most
categories of less than 0.5% per 1000 hours.

(3) Allowable power dissipation Py max

P4 max can be expressed in various ways in-

relation to the ambient temperature T, and the
heat sink. Certain 1Cs cannot actually accept the
theoretically determined Py max. IN such a case,
specifying Py max for an IC can be misleading.

The following various cases relate the Py max
indication of monolithic ICs:

{(a) When Py max is not specified:

This situation covers most ICs which have
almost no power dissipation in the normal use.
Any maximum ratings, such as Vpp max and
VGG max. Mmaximum supply current etc., can be
applied without using a heat sink and at the maxi-
mum operating temperature.

(b) When only Py max is specified:

Unless the particular T, is not specified, up to-

P4 max can be applied at the maximum operating
temperature. When a specific T, is given, it is self-
explanatory that the Py can be applied until the
temperature reaches T,. The temperature at the IC
chip will be equal to Tgyg max When Py max is
applied at T, estimated above, except for case (a).

Defective ratio for most categories will be less
than 1% per 1000 hours when the IC is continu-
ously operated with the chip temperature at Tstg
max-

(4) Operating temperature Topg max

Topg min

This term has a slightly different nuance than
other kinds of maximum ratings. Operating the IC
within this temperature range, and within the
suggested or allowable operating range (as describ-
ed later) can guarantee the minimum circuit func-
tions, (such as logic function) though the expected
operation response at T, = 25°C is not guaranteed.
In other words, the operating temperature affects
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guaranteeing the circuit function, and does not
guarantee the operation response.

(5) Other maximum ratings
Ratings without the time-limitation specified
are continuously guaranteed.

(6) Allowable operating range

The allowable operating range mainly applies to
digital 1Cs. An excess of this limit prevents the
logic operation which is the inherent circuit func-
tion of the digital IC. However, the expected
logic operation can be guaranteed with any values
within the allowable operating range at the operat-
ing temperature specified.

6.5 Circuit Design

In the actual design process, consider the effect
from the following parameters. Each term describ-
ed in section 2" must not exceed the applicable
maximum ratings.

»  Supply voltage fluctuation

« Electrical variations of electrical components

(ICs, resistors, capacitors, etc.)

+  Ambient temperature

- Input and clock signals fluctuation

- Abnormal pulse spikes

ICs with the allowable operating range specified
must be operated within that range.

6.6 Derating

Derating (load reduction) is defined as operat-
ing a component under specifications below the
specific maximum rating, thus reducing the electri-
cal or mechanical stress on the component, for ex-
tended service life and lowered defective ratio. The
kind of electrical stress subject to derating are volt-
age, current, junction temperatures, power loss,
and the mechanical stress is vibration, impact and
stretch, etc.

In the actual design procedure, we recommend
keeping these factors as low as possible. Figure 6.4
shows an example of the relationship between the
junction temperature and the service life of an IC
for an operation test.
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[Fig. 6.4] Accelerated operation test

6.7 Noise Margin and Others

(1) Since the MOS IC is a high impedance ele-
ment, care should be taken regarding impulsive
noises entering the signal line of the IC.

The effect attributable to impulsive noises can
be minimized by making the Vpp/Vss line pat-
tern wide. Especially, make the pattern wider for
a large current flow in the Vpp/Vsg line.

(2) For CMOS ICs, do not apply voltage high-
er than Vpp and voltage lower than Vgg to the
input/output pins, or a latch-up phenomenon will
be caused.

(3) In applications where a capacitor is con-
nected across IC output and GND, this capacitor
is charged when the output is at "H’’ level and is
discharged through an output transistor on the IC
when the output is at L' level. Therefore, be
careful that too large a capacitor value may cause
excessive current to flow instantaneously, result-
ing in the deterioration of the IC.
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MICROCOMPUTER LINEUP

Port Function
RAM Cycle Inte-
Type No. ROM (Bits) Stacks Tyi'me Iop Max. | Max. rrupij Serial - Instru- [Power| Package Remarks
Voltage| Currentg%:;r /0 | ™) ctions |-down
Basic |LM6402A 2K bytes|128 X4 DIP-42
asie 4 [10rsec | 30mA | 15V 40mA |1 (1| — 1| 82| —
Type  1LM6405A 1K 644 DIP-42S
Medium- |LM6402H 2K 128 X4 DIP-42
Speed 4 5 |35 |15 {40 [1|1] — |1 | 8| —
Type  |LM6405H [IK 644 DIP-42S
High- |LM6402G ]2K 128 X4 DIP-42
Speed 4 3 138 |15 [50 1|1 — |1 | 82| —
M| Type |LM6405G [1IK 644 DIP-42S
0| Low- |LM6402L PK 128 X4 DIP-42
Power 4 20 10 12 40 (1 (1 — 1 82 | —
s| Type |LM6405L [1IK 64 X4 DIP-42S
LM6413E (2K 128 X4 DIP-28S
%gzmy LM6416E |1K 64x4| 2 4 |17 |15 |20 —|-| — | 1 | 65| — |DIP-28S
LM6417E 1K 644 DIP-22
1
. |LC6502C 2K 128 X4 DIP-42
?asw 4 10 05| 5 | 2 |1{1| — | 1 | 79 |With|pip-428
e
ype  |LC6505C [1K 644 QIP-64
High- |LC6502B [2K 128 X4 |0 DIP-42
Voltage 4 10 0.5 H'ﬁh 1]1 — 1 79 | With FLT direct drivable
= Type |LC6505B |1K 64x4 voltage) o DIP-42S
= 0 .
Cla LC6514B* [4K  [2564 et | 10 DIP-42 |FLT direct drivable
| < 8 5 1 11 — | 1 | 80 |With
& High-Per |LC6510C % 4K 256 X4 5 | 2 DIP-42S
formance - - -
High - FLT direct drivabl
Type  |LC6515B%* [4K 256 X4 . . L folaee 10 B U A O DIP-42 | e, el ailable
LC6511C* 4K 256 X4 5 2 DIP-42S |Timepiece backup available
M
LC6523C * 2K 128 %4 With
0 11 1 | 79 |With|DIP-30S
E LC6526C * 1K 64x4| 4 3 1.5 [15 |20 With
s Tcogomy
P L.C6527C * |IK 644 — | -
- 1 | 51 |WithDIP-18
L.C6528C* [0.5K | 324 - | -
1.39K X —[Chip _ |LCD direct drivabl
Low LCS700N |1, %000 | 84X4| 8 1420 | 3xA | — | — |4 |—=| — | 1 | 71 |With| 1B64) (08 segments) . -
) 244 -1 | Chip LCD direct drivable
Voltage |LC5800 2KX16 |152X<4| 8 122 3pA | — — |31 - 1 121 | With (QIP-80) ﬁ?j~cs.:ﬁ-";:ft§>0:2o in_all
Type p—— N T Chip LCD direct drivable
XrDDBl.O5‘>/ 1 2KX16 [152X4 8 50 M — — 131 — 1 132 | With (QIP-80) Low-cs:rgr::'t“f}O:ZO i o
. 244 — — — | Chip LCD direct drivable
LC5850 1KX15 | 64X4| 4 122 JuA 241 1 78 | With (QIP-64) ;Z:ws‘zgi_nre:;tﬂl/o:n i all
LM8051% [4Kbytes 128X8|64maw| 1 [125m4 | 7 | 3.2/3 |2 | With | 2 | 111 |with|[DIP-g0 |External ROM,
N LM8854 % 4K 256 X8| 16 1 60 [15 |30 |2|2| With | 2 |101 |With|DIP-64S
all
& 1\61 LM8804* WK 256 X8| 16 1 60 [15 |30 [2|2| With | 2 |101 |With |DIP-42S
o
S LM8852 % 2K 128 X8| 16 1 60 |15 |30 (2 (2| With | 2 {101 |With [DIP-64S
LM8802% 2K 128 X8| 16 1 60 |15 |30 |2|2|With | 2 |101 |With DIP-42S
o8N LM80g6* | — - | = 06360 | — | — | 2| — | — |133 | Withipic-go
=8 m out
EN] M With
20129 L.M8088 * - - | - 0630 | — | — | 2 | — | — {133 [gu |DIP-40

* : Under development
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LM6402A, N Channel E/D MOS LS|
6405A

Single-Chip 4-Bit
’ ' Microcomputer

30258 3014A

® 10208
OUTLINE
LM6402A and 6405A are N-channel MOS 4-bit microcomputers with ROM, RAM, ALU, 1/0 ports, timer, and clock
generator, built on a single chip. The microcomputer, for control applications, has a ROM memory with a maximum
capacity of 2K bytes, a RAM with 128 x 4 bits, I/O ports with 35 terminals, and internal PLA.

1) Hardware features (reduction in externally connected component parts)
An N-channel E/D MOS for a single 5 V power supply

* C MOS and TTL compatible

LED driver output ports (2 ports/8 pins)

* 24 character PLA

Dual purpose 1/O ports (7 ports/27 pins)

Flexible output (open drain/with pull-up resistors)

Clock oscillator (with externally connected ceramic oscillating element)
Cycle time 10 us

1K byte/2K byte pin compatible

Programmable input threshold voltages (normal/high thresholds)

Initial reset and external interrupt input terminals containing Schmitt gate at external.

2) Software features (effective utilization of ROM capacity)
¥ 4-level subroutine nesting feasible
Interrupt functions (external/internal)

Builtin programmable timer capable of a wide range of designations (timer, pulse count, and pulse width
measure)

A rich variety of instructions of 82 kinds
Automatic page select
1K byte/2K byte instruction compatible

Note: The LM6400 series is structured in the following way to permit optimum usage.

Model Application ROM RAM Cycle time o) Package Remarks
(typ)

. DIP-42

LM6402A | General use 2K bytes 128 x 4 bits 10 us 30 mA DIP-425S
) DIP-42

LM6405A | General use 1K bytes 64 x 4 bits 10 us 30 mA DIP-42S
. . DIP-42

LM6402H | Medium speed use 2K bytes 128 x 4 bits 5 us 35 mA DIP-42S
" . DIP-42

LM6405H | Medium speed use 1K bytes 64 x 4 bits 5 us 35 mA DIP-425
Low power con- ) . DIP-42

LM6402L sumption use 2K bytes 128 x 4 bits 20 us 10 mA DIP-425S
Low power con- . DIP-42

LM6405L sumption use 1K bytes 64 x 4 bits 20 us 10 mA DIP42S

LM6416E | Small scale use 1K bytes 64 x 4 bits 4 us 17 mA | DIP-28S

— Continued on next page

For details, refer to LM6400 Series User’s Manual.
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LM6402A, 6405A

. |
Model Application ROM RAM Cycle time (3'3) Package Remarks
Evaluation chip for Externally
LM6499 LM6402A, H, L and| connected 2K 5~10us | 30 mA | QIC-80
LM6405A, H, L bytes
i i Externall
LM6497 Evaluation chip for connec{‘ed %K 4us 20mA | Qic-80
LM6416E i
y tes
Case Outline 3025B-D42SIC Case Outline 3014A-D42IC
(unit : mm) (untt : mm)
g 2 gnnnnna nnnnn?%
Onon----—-nonaon T_r ;T
? 5[ ) =3
248 4 2w o
TooO--—ooog _L"‘ - _L"'
~ 37.9 >
€

P

i

1.78

—los8 |

SANYO: DIP42S

System block diagram [LM6402A, 6405A]

Plg-:
o2 (=3

PHo-3 &

PGo-3

Package and terminal names

PORT!

SANYO: DIP42

xtal o—{1 42 EX tal
PCy O=>2 410

PC; Oex3 40 |0 PB3

PC; O<x 4 39 >0 PB2

PC3 Oer5 38l<>0 PB1

INT o-»6 37le>0 PBo

RES 07 36 [0 PA3

PDg O<x8 g 3510 PA2

PDy Oex 9 g 340 PAY

PD2 o< 10 < 33|es0 PAQ

PD3  O=> 11 N 2[>0 PI2
PEQ(PLAQ) o= 12 § 31f>0 PIy
PE1(PLA1) o<d13 3 30k>0 Plo
PE2(PLA2) o< 14 29}«=0 PH3
PE3(PLA3) o< 15 2810 PHp
PFo(PLAL) O<—16 27 0 PHy
PF1(PLAS) 0<{17 26 «»0 PHp
PF2(PLAg) o<—18 25 l«»0 PG3
PF3(PLA7) o<19 24 [«>0 PGy
TEST o—>20 23 {«>0 PGy
(0V)Vss 21 22|e»0 PGQ

Vpo(+5V)

Terminal name
Xtal, EXtal:
INT:

RES:

PAQ.3:

PBo.3:

PCp-3:

PDp-3:

PEQ.3 (PLAQ-3):

PFo-3 (PLAZ.7):

PGo-3:
PHp-3:
Plg.2:

TEST:

Interrupt

Reset

Input/output ports AQ-3
Input/output ports Bg.3
Input/output ports Cq.3
Input/output ports Dg.3
Output ports Eo-3

Oscillating element for OSC

(PLA outputsg.3)

Output ports Fo-3

(PLA outputsg.7)

Input/output ports Go-3
Input/output ports Hp.3
Input/output ports 9.2
Test
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LM6402A, 6405A

Terminal functions

Terminal name | Input/output Functions
INT Input Interrupt request input terminal.
RES Input Reset input terminal.
Input Input/output ports A3-AQ.
PA3Q Input/output During input, can provide 4-bit input and single-bit test.
(Note 1) During output, can provide 4-bit output and single-bit set and reset.
Input Input/output ports B3-Bg.
PB3.0 Input/output During input, can provide 4-bit input and single-bit test.
(Note 1) During output, can provide 4-bit output and single-bit set and reset.
Input/output ports C3-CQ.
During input, can provide 4-bit input and single-bit test.
PC3 X R .
€30 Input/output During output, can provide 4-bit output, single-bit set and reset, and
immediate data output.
Input/output ports D3-Dg.
PD30 Input/output Durfng input, can provide fl-bnt m?ut and smgl.e-blt tt?st.
During output, can provide 4-bit output, single-bit set and reset, and
immediate data output.
Output ports E3-EQ.
PE3Q Output Can provide 4-bit output and single-bit set and reset.
PLA outputs are fed from this terminal and PF3.0.
Output ports F3-Fg
PF3.0 Output ‘Can provide 4-bit output and single-bit set and reset.
PLA outputs are fed out from this terminal and PE3.q.
Input Input/output ports G3-Gg.
Input/output L . Y . .
PG3.0 Output During input,.can provide 4-bit input and single-bit test.
(Note 1) During output, can provide 4-bit output and single-bit set and reset.
Input Input/output ports H3-Hg.
Input/output . . . . .
PH3.0 Output During input, can provide 4-bit input and single-bit test.
(Nofe 1) During output, can provide 4-bit output and single-bits set and reset.
Input/output ports 12-10.
Pl2.0 Input/output During input, can provide 3-bit input and single-bit test.
During output, can provide 3-bit outputs and single-bit set and reset.
Terminal for external connection of resonant circuit for internal clock
oscillation.
Xtal Input/output
put/outp Connect a ceramic, resonator across this terminal and Extal
terminal.
Terminal for supplying external clock.
EXtal Input When employing internal clock oscillation, connect a ceramic, resonator
or across this terminal and Extal terminal.
VDD Input Power supply terminal: Normally connected to +5 V.
Vss - Connect to 0 V of power supply.
TEST Input LSl test terminal: Normally connect to Vgs(0 V).

(Note 1): Mask programming can be used to designate input, input/output, or output.
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LM6402A, 6405A

Input/output designation table

Port

. A B c D E F G H |
Option
. N N N N
Input dedicated H H H H
- oD oD oD oD
Output dedicated PU PU
N,OD [ N,OD| N,OD| N, 0D N,OD| N,OD| N, OD
Inout/outeut com N,PU [ N, PU N,PU | N, PU
putfoutput common |\ ‘o | H,0D | H, OD | H, OD H,OD| H,OD| H OD
H,PU | H,PU H,PU ] H,PU

N:  Normal input gate

H:  High-threshold input gate

OD: Open-drain output

PU: Pull-up resistor equipped output

Input-dedicated normal input gate (N) Input/output common, normal input, open-drain output
(N, OD)
Voo
—
Vss
Input dedicated, high-threshold input gate (H) Input/output common, normal input, pull-up resistor
output (N, PU)
D—-—Do—
Pﬁ_% Do) %.
Output dedicated open-drain output (OD) Input/output common high-threshold input,

0 open-drain output (H, PU)
-
D__,__

Output dedicated pull-up resistor output (PU) Input/output common, high threshold input,
pull-up resistor output (H, PU)
R

;_l D_T_TBO_

I._

F,__
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LM6402A, 6405A

PLA for E and F ports

User-designated mask programmable

AND matrix
| 01 23456780901 213KBIETIBIN20201223452627

1
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! |
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! !
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.T{D QOO |
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AAZARERAREEA RN AR AR EEEEEREREN
= " N
] YL !
E; I YL
£ oL
Fo ! a d !
Fy ! D i
P2 <) G
F3< @ |
i
b e 1
OR matrix

ABSOLUTE MAXIMUM RATINGS/T3 = 25°C, Vgg =0 V

Maximum power-supply voltage Vpp max
Input voltage VIN
Output voltage VouT (1) When output transistors are off
Average output current IOHA for each pull-up spec terminal
(to be applied to any 100 ms 10LA (1) total of all terminals in C and D ports
period) IOLA (2) for each terminal in E and F ports
IOLA (3) total of either E or F port
IOLA (4) total of all terminals in A, B, G, H, and
| ports
Peak output current IOHP for each pull-up spec terminal
10LP (1) for each output terminal in other than
E and F ports
loLP (2) for each terminal in E and F ports
IoLP (3) total of either E or F port
Allowable power dissipation. Pg max Ta=—30~+70°C
Operating temperature Topg
Storage temperature Tstg
RECOMMENDED OPERATING CONDITIONS/T, = —30 ~ +70°C, Vgg =0 V min
Recommended power supply VDD 45
voltage
Normal input specs for input- (H) level VIH (1) Input/output style 2.2
dedicated port and input/ input voltage “N" N, OD” “N, PU""
output common port (L) level ViL (1) Input/output style Vss
input voltage “N” “N, OD" “N, PU"”
High threshold input specs for (H) level VIH (2) Input/output style 0.6Vpp
input dedicated port and input voltage ““H"” ““H, OD” ’H, PU""
input/output common port (L) level VIL (2) Input/output style Vss

input voltage

“H" “H, OD” “’H, PU"

min  max
-0.3 +10
-0.3  +12
-0.3 +12
-2.0 0
0 20

0 40

0 100

0 50
-2.0 0
0 4
40

0 100
600

-30 +70
—55 +125
typ max
5.0 5.5
VbD

0.6

VDD
0.25Vpp

unit

mA
mA
mA
mA
mA

mA
mA
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EXtal

Externally-connected resistor
value for oscillation

Externally-connected capaci-
tor value for oscillation

TEST

Refer to “Input/output designation table’’ for “N’’, “H"” “N, OD"* “N, PU"" "“H, OD" *“H, PU"

(H) level
input voltage
(L) level
input voltage
(H) level
input voltage
(L) level
input voltage
Clock cycle
time

(H) level
clock pulse
width

(L) level
clock pulse
width

(L) level
input voltage

VIH (3)
ViL (3)
VIH (4)
VIL (4)
te(o)

twoH

tw(PL

C1

C2
VIL (6)

ELECTRICAL CHARACTERISTICS/T, = —30 ~ +70°C, Vpp =5 V * 10%, Vgg =0 V

Input dedicated port and RES

Input/output common port
with open-drain spec output

Input/output common port
with pull-up spec output

Pull-up specs for output
dedicated or input/output
common port

(H) level
input current
(L) level
input current
(H) level
input current

(L) level
input current

(L) level
input current

(L) level
output voltage

(H) level
output voltage

IH (1)
L (1)
lIH (2)

lL (2)

HL(3)

VoL (1)

VOH (1)

VOH (2)

VOH (3)

min typ max
0.7VpD VpD
Vss 0.25Vpp
0.7Vpp VpD

Vss 0.6

Vpp =5V £10% 2.4 2.6

Refer to Fig. 1

VpDD=5V*10% 0.8

Refer to Fig. 1

Vpp=5V+10% 0.8

Refer to Fig. 1

Refer to Fig. 2 1000

Refer to Fig. 2 220

Refer to Fig. 2 220

Vpp =5V £10% Vss 0.4
min typ max

Input/output style “N” *“H"” 10

VIN = VDD

Input/output style “N”  —10

“H” VIN = Vss

Input/output style “N, OD"’ 10

“H, OD” VIN = VDD

Input/output style -10

“N, OD” “H, OD”

VIN = Vss

Input/output style -1.6

“N, PU” “H, PU"

Vpp =5V £ 10%

VIN=0.4V

Input/output style “’PU”" “N, PU"” 0.4

“H, PU” IgL = 1.6 mA

Input/output style 0.8Vpp VDD

“pyU” “N, PU" “H, PU"

I0H = —50uA

Input/output style  0.66Vpp VDD

“py” SN, PU” “H, PU”

loH = —80uA

Input/output style  0.48Vpp VbD

“pU” “N, PU" “H, PU""
IloH = —100uA

unit

us

us

us

k2

pF

pF

unit
MA

uA

MA

uA

mA
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min  typ max unit

Open drain specs for output (L) level VoL (2) Input/output style “OD" 0.4 \%
dedicated or input/output output voltage “N, OD” ““H, OD"
common port loL=18mA
Output-off IOFF (1) Input/output style “OD"’ 30 uA
leakage current “N, OD” ““H, OD"”
VoH=10V
IOFF (2) Input/output style “OD"’ 10 MA
“N, OD”" “H, OD"’
VOH =55V
E and F ports (L) level VoL (3) oL=20mA 2 \Y
output voltage
Output-off  IQFF (3) VOH=10V 30 HA
leakage current
IOFF (4) VOH=55V 10 uA
Current dissipation IDD Vpp = 5.5 V When input/output 30 mA
terminals are open and OSC
oscillating
Input terminal capacitance Ci 10 pF

Refer to “Input/output designation table’ for “/N‘ “H’’ /N, OD’' ‘N, PU"" *'H, OD"* “’H, PU"* “OD"’ “PU"".

VDD

EX tal X tal

T
WWr

CF = ceramic

D | resonator
CF CSB400P

¢l = = KBR400B

.

Fig. 1 EXtal input waveform Fig. 2 Recommended oscillating circuit

APPLICATION DEVELOPMENT TOOLS
For LM 6402A and 6405A application development, evaluation chip (LM6499) and dedicated equipment called ““ap-
plication development tools’ are available.

SDS-410

Using a CPU with floppy disks, CRT, and printer, makes development of application programs easier, quicker, and
with greater efficiency. Connecting EVA-410 with a CPU, makes it possible to debug programs and write data into
EPROMs (with an EPROM WRITER function contained in EVA-410).

- EVA-410
This is an evaluation kit having EPROM WRITER function, function of parallel/serial data communication with
external equipment (SDS-410, etc.). This kit enables application development programs to be corrected or
debugged. By replacing the target board, this kit can be used for application development of CMOS microcomputers
(LC6500 series) as well as the LM6400 series.

+ EVA-401
This is a board combining an EPROM and LM6499. It is used for mounting evaluation or trial production of sets
after application development programs are completed.

+ LM64PG99
This is a system evaluation chip intended for application development tool of the single-chip 4-bit microcomputer
LM6400 series. A 24-pin socket for program EPROM and PLA EPROM is provided on the package surface. By
mounting this chip on the user’s application equipment, using the LM6400 series operation of the equipment can
be checked in terms of hardware/software. The LM64PG99 can be used very effectively in equipment made by way
of trial.
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SDS-410 system
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LM6402H,

OUuUTLI
LM640:

N Channel E/D MOS LSI

Single-Chip 4-Bit
Microcomputer for Use in
Control-Oriented
Applications

6405H

30258

® 10218

NE
2H and 6405H are N-channel MOS 4-bit microcomputers with ROM, RAM, ALU, 1/0 ports, timer, and clock

generator, built on a single chip. The microcomputer, for control applications, has a ROM memory with a maximum
capacity of 2K bytes, a RAM with 128 x 4 bits, 1/0 ports with 35 terminals, and internal PLAs. As their 5 us cycle time

is relati
1) Ha
*

vely fast, they are also well suited for sophisticated control.

rdware features (reduction in externally connected component parts)
An N-channel E/D MOS for a single 5 V power supply

C MOS and TTL compatible

LED driver output ports (2 ports/8 pins)

24 character PLAs

Dual purpose 1/0 ports (7 ports/27 pins)

Flexible output (open drain/with pull-up resistors)

Clock oscillator (with externally connected ceramic oscillating element)
Cycle time 5 us

1K byte/2K byte pin compatible

Programmable input threshold voltages (normal/high thresholds)
Initialized resetting and builtin Schmitt gate at external interrupt terminal

2) Software features (effective utilization of ROM capacity)

*

*

*

4-level subroutine nesting feasible

Interrupt functions (external/internal)

Builtin programmable timer capable of a wide range of designations (timer, pulse count, and pulse width
measurement)

A rich variety of instructions of 82 kinds

Automatic step forward with page designation

1K byte/2K byte instruction compatible

Note: The LM6400 series is structured in the following way to permit optimum usage.

Model Application ROM RAM Cycle time (’:\'/)pDe) Package { Comments
. DIP-42
LM6402A | General use 2K bytes 128 x 4 bits 10 us 30 mA
DIP-42S
LM6405A | General use 1K bytes | 64x4bits | 10us |30ma |DIP-42
v DIP-42S
LM6402H | High speed uses 2K bytes [128x 4bits | 5us | 40mA |DIP-42
v DIP-42S
LM6405H | High speed uses IKbytes | 64x4bits | 5us |40mA |DIP-42
v u DIP-42S
Low power con- . DIP-42 New
LM6402F sumption usage 2K bytes 128 x 4 bits 20 us 10 mA DIP-42S | development
Low power con- . DIP-42 New
LM6405L sumption usage 1K bytes 64 x 4 bits 20 ps 10 mA DIP42S | development
. New
LM6416E | Small scale usage 1K bytes 64 x 4 bits |5~ 10 s 20 mA | DIP-28S development

(continued on next page)

For details, refer to LM6400 Series User’s Manual.
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LM6402H, 6405H

Model Application ROM RAM Cycle time (':\I()pDe) Package | Comments
Evaluation chip for
LM6499 | LM6402A, H, L and EX“*’"‘L";K 5~10us | 30 mA | QIC-80
LMB40SA, H, L | connecte
Evaluation chip for | Externally ~ g New
LMB497 | | \mpat16E connected 2K 5~10us | 20mA | QICBO | 4o p10pment

Case Outline 3025B-D42SIC
DIP-42S (unit: mm) DIP-42

(unit: mm)

Case Outline 3014A-D42IC

ROM

==
= =ik

[STACK 1]
STACK 2
STACK 3|
[ STACK 4]

Interrupt [<OINT

~ORES
<OXtal
<-OEX1tal
<oVpp
~-OvVgg
Package and terminal names
Xtal o—1 A 42 o EXtal
PCyp O=x2 410 Vpp(+5V)
PC1 O3 “ <0 PB3 Terminal name
P 4 —
€2 o 90 PB2 Xtal, EXtal: Oscillating element for OSC
PC3 O<r5 38 l«<>0 PB4 —_—
i 7|0 PBo INT: Interrupt
RES 07 3 <=0 PA3 RES: Reset
PDy O<{§ - 3510 PA2 PAQ.3: Input/output ports Ag-3
[Te]
PO o= 9 e o PAI PBQ-3: Input/output ports Bg-3
PD2  0<x{ 10 © 33le=0 PAQ
> -3: Inpu t rts CQo-
PD3 oer 17 z 2| F1y PCo-3 nput/output ports Co-3
PEQ(PLAQ) o< 12 g 310 PIy PDp-3: Input/output ports DQ-3
PE1(PLAT) o013 = 300 Plo PEQ-3 (PLAQ-3): Output ports Ep-3
PE(PLA2) O=d 14 29\<=0 PH3 (PLA outputsQ-3)
PE3(PLA3) o< 15 28 }<>0 PH2
PFQ-3 (PLA, : Output ports Fo-
PFo(PLAL) O<—16 27 le=C  PHy Fo-3( 47) putp 0-3
PF1(PLAS) 0et17 260 PHY (PLA outputsg-7)
PFp(PLAg) 0=—{18 250 PG3 PGp.3: Input/output ports Go-3
PF3(PLA7) o<19 24 >0 PGy PHQ-3: Input/output ports HQ-3
(ov:y o2 23 <0 PG Plg-2: Input/output ports 1.2
ss 2 22
>0 PG TEST: Test
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LM6402H, 6405H

Terminal functions

Terminal name | Input/outputs Functions
IN Input Interrupt request input terminal.
ES Input Reset input terminal.

Input Input/output ports A3-AQ.

PA3.0 Input/output On input, can provide 4-bit input and can test bits.
(Note 1) On output, can provide 4-bit output and can set and reset bits.
Input Input/output ports B3-Bo.

PB3.0 Input/output On input, can provide 4-bit input and can test bits.
(Note 1) On output, can provide 4-bit output and can set and reset bits.

Input/output ports C3-Cg.
On input, can provide 4-bit input and can test bits,

PC Input/output . .
30 put/outp On output, can provide 4-bit output, can set and reset bits, and can perform
immediate data output.
Input/output ports D3-Dg.
PD3.0 Input/output On input, can provide 4-bit input and can test bits.

On output, can provide 4-bit output, can set and reset bits, and can perform
immediate data output.

Output ports E3-EQ.
PE3p Output Can provide 4-bit output and can set and reset bits,
PLA outputs are fed from this terminal and PF3.0.

Output ports F3-Fg
PF30 Output Can provide 4-bit output and can set and reset bits.
PLA outputs are fed out from this terminal and PE3.Q.

::zz:/output Input/output ports G3-Gp.
PG30 Output On input, can provide 4-bit input and can test bits.
On output, can provide 4-bit output and can set and reset bits.
(Note 1)
::zz:/output Input/output H3-Hg.
PH3.0 Output On input, can provide 4-bit input and can test bits.
(Note 1) On output, can provide 4-bit output and can set and reset bits.

Input/output ports 12-1Q.
Plo.g Input/output On input, can provide 3-bit input and can test bits.
On output, can provide 3-bit outputs and can set and reset bits.

Terminal for external connection of resonant circuit for internal clock
oscillation.

Connect a ceramic, or other oscillating element across this terminal
and Extal terminal.

Xtal Input/output

Terminal for supplying external clock.
EXtal Input When employing internal clock oscillation, connect a ceramic, or
other oscillating element across this terminal and Xtal terminal.

VDD Input Power supply terminal: Normally connected to +5 V.
Vss - Connect to 0 V of power supply.
TEST Input LSl test terminal: Normally connect to Vgg(0 V).

(Note 1): Mask programming can be used to designate input, input/output, or output.
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Input/output designation table

. Port A B c D E F G H !
Option
. N N N N
Input dedicated H H H H
. oD oD oD oD
Output dedicated PU PU
N,OD | N,OD| N,OD| N, OD N,OD| N,OD| N, OD
Input/output N,PU | N, PU N,PU | N, PU
nput/output common |\ o | H, 0D | H, 0D | H, OD H,OD| H,OD | H, 0D
H,PU | H, PU H, PU | H, PU

N: Normal input gate

H: High-threshold input gate

OD: Open-drain output

PU: Pull-up resistor equipped output

Input-dedicated normal input gate (N)

ol ]

Input dedicated, high-threshold input gate (H)

Output dedicated open-drain output (OD)
—0
—'g
Output dedicated pull-up resistor output (PU)

_l

Input/output common, normal input, open-drain output

(N, OD)

;

Input/output common, normal input, pull-up resistor

output (N, PU)

o ——{>o -
—

Input/output common high-threshold input,

open-drain output (H, PU)

e

Input/output common, high threshold input,
pull-up resistor output (H, PU)

oy {Do—

I_
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PLA for E and F ports

User-designated mask programmable

L AND matrix
i 01 234567 890N 21BUBIETBI920212223%52627 |
1

| |
108 @ ;
1 I
1081 - D |
! I

! Lo‘ > -
| |
1082 1 l D !

]

| I
1083 ; D |
[.d > |
CRY: i |
| '
I d> |
OE ] 1
| T.d> A |
:_ AV ZANZ NNy 1‘
Eo < @ !
Ey S+ |
E2 | N |
| A% !
E3 < - <D |
Fo=<, D !
|
Fre O |
F2 &b |

| A%
F3< & |
s ]
OR matrix

ABSOLUTE MAXIMUM RATINGS/T, = 25°C, Vg =0 V

Maximum power-supply voltage Vpp max

Input voltage VIN
Output Voltage VouT (1)
Average output current IOHA
(to be applied to any 100 ms 10LA (1)
period) IOLA (2)
IOLA (3)
IOLA (4)
Peak output current |OHP
loLP (1)
loLp (2)
loLp (3)
Allowable power dissipation P4 max

Qperating ambient temperature  Topg
Storage ambient temperature Tstg

When output transistors are off

for each pull-up spec terminal

total of all terminals in C and D ports
for each terminal in E and F ports
total of either E or F port

total of all terminalsin A, B, G, H, and

| ports

for each pull-up spec terminal

for each output terminal in other than
E and F ports

for each terminal in E and F ports

total of either E or F port
Ta=—30~+70°C

RECOMMENDED OPERATING CONDITIONS/T3 =-30 ~ +70°C, Vg =0 V min
Recommended power supply VpD 45
voltage

Normal input specs for input- (H) level VIH (1) [Input/output style 2.2
dedicated port and input/ input voltage “N” “N, OD"" “N, PU"

output common port (L) level VIL (1) Input/output style Vss
input voltage “N"” N, OD" *“N, PU”

High threshold input specs for (H) level VIH (2) Input/output style 0.6Vpp
input dedicated port and input voltage “H" "“H, OD" ““H, PU"

input/output common port (L) level VIL (2) Input/output style Vss

input voltage

gy “H, oD” "H, PU”

min  max
-0.3 +8
-0.3 +12
-0.3 +12
-2.0 0
0 20

0 40

0 100

0 50
-20 0
0 4

0 40
100

600

-30 +70
—55 +125
typ max
50 55
VDD

0.6

VbDp
0.3Vpp

unit

mA
mA
mA
mA
mA

mA
mA
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min  typ max unit

INT, RES (H) level VIH (3) 0.7VpD VpD \%
input voltage
(L) level ViL (3) Vss 0.3Vpp \Y
input voltage .

EXtal (H) level VIH (4) 0.8VpDp VDD \Y
input voltage
(L) level VIL (4) Vss 1.0 \
input voltage
Clock cycle  tcl¢) Vpp =5V £ 10% 1.2 1.3 us
time Refer to Fig. 1
(H) level twoH Vpp=5V*10% 0.4 us
clock pulse Refer to Fig. 1
width
(L) level twob  VDD=5V+10% 0.4 us
clock pulse Refer to Fig. 1
width

Xtal (H) level VIH (5) \Y
input voltage
(L) level ViL (5) \"
input voltage

Externally-connected resistance R Refer to Fig. 2 1000 k2

value for oscillation
Externally-connected capaci- Cq Refer to Fig. 2 220 pF
tance value for oscillation
C2 Refer to Fig. 2 220 pF
TEST (L) level ViL(e) VDD=5V +10% Vss 0.4 \

input voltage
Refer to “Input/output designation table” for “N"’, ““H” “N, OD"” “N, PU" "’H, OD" ““H, PU”

ELECTRICAL CHARACTERISTICS/T3=-30 ~ +70°C, Vpp =5 V £ 10%, Vgs =0 V
min  typ max unit

Input dedicated port and RES (H) level HH (1) Input/output style “N*" “"H" 10 MA
input current VIN =VDD
(L) level IIL (1) 'nput/output style “N”  —10 MA
input current “H" VIN = VsS
Input/output common port (H) level IIH (2) Input/output style “N, oD” 10 HA
with open-drain spec output  input current “H,OD” VIN = VDD
(L) level lIL (2) Input/output style -10 HA
input current “N, OD"” “H, OD"
VIN = Vss
Input/output common port (L) level liL (3) |nput/output style —-1.6 mA
with pull-up spec output input current “N, PU” “H, PU”
Vpp =5V *10%
VIN=0.4V
Pull-up specs for output (L) level VoL (1) Input/output style “‘PU" “’N, PU" 0.4 \'
dedicated or input/output  output voltage “H, PU" IgL=1.6 mA
common port (H) level VOH (1) Input/output style 0.8VpD VDD \Y)
output voltage “PU” “N, PU” "H, PU"
I0H = —50uA
VOH (2) !nput/output style 0.66Vpp VDD \Y
“PU” N, PU” "“H, PU"”
10H = —80uA
VOH (3) Input/output style 0.48Vpp VDD \%
“PU” “N, PU" ““H, PU"’
IoH = —100uA
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min  typ max unit
Open drain specs for output (L) level VoL (2) !nput/output style “OD"” 0.4 \)
dedicated or input/output output voltage “N, OD” “H, OD”’
common port loL=18mA
Output-off IOFF (1) Input/output style “OD" 30 uA
leakage current “N, OD” ““H, OD”"
VoH=10V
IOFF (2) Input/output style “OD" 10 HA
“N, OD" “H, OD""
VoH =55V
E and F ports (L) level VoL (3) loL=20mA 2 Vv
output voltage
Output-off  IQFF (3) VOH =10V 30 HA
leakage current
IOFF (4) VOH =55V 10 uA
Current consumption IpD Vpp =5.5 V When input/output 35 mA
terminals are open and OSC
oscillating
Input terminal capacitance C| 10 pF

Refer to “Input/output designation table” for N “H’’ ““N, OD"" “N, PU"" ‘*H, OD’* *“H, PU"”” “OD’* “PU".

EXtal X tal
R
CF =ceramic oscil-
J ID lating circuit
CSB80OOA
w= O -ch KERS00H

Fig. 2 Recommended oscillating circuit

Fig. 1 EXtal input waveform

Application Development Tools

For convenience of application development of the LM6402H/6405H, the evaluation chip (LM6499) and dedicated
equipment called "“application development tools’ are available.

e SDS-410

This is a combination of floppy disks-provided CPU, CRT, and printer. This system enables application develop-
ment programs of microcomputers to be made (edited, assembled) very speedily and efficiently in assembly
language. By connecting the EVA-410 to the CPU, programs can be debugged and assembled or data can be
written into EPROM’s (using EPROM WRITER function contained in the EVA-410).

EVA-410

This is an evaluation kit having EPROM WRITER function, function of parallel/serial data communication with
external equipment (SDS-410, etc.). This kit enables application development programs to be corrected or
debugged. By replacing the target board, this kit can be used for application development of CMOS micro-
computers (LC6500 series) as well as the LM6400 series.

EVA-401
This is a board with an EPROM and the LM6499 combined. This board is used for mounting evaluation or trial
production of sets after application development programs are completed.

LM64PG99

This is a system evaluation chip intended for application development tool of the single-chip 4-bit
microcomputer LM6400 series. A 24-pin socket for program EPROM and PLA EPROM is provided on the
package surface. By mounting this chip on the user’s application equipment, operation of the equipment can be
checked in terms of hardware/software. The LM64PG99 can be used very effectively in equipment made by way
of trial.
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N Channel E/D MOS LSI
Single-Chip 4-Bit
Microcomputer for Use in
Control-Oriented
Applications

LM6402G,

6405G

30258

® 1303A

General Description
The LM6402G/6405G are singlechip 4-bit N channel MOS microcomputers intended for use in control-oriented
applications. They contain a ROM (2048 bytes (2K bytes)), a RAM (128 x 4 bits), an ALU, 1/O ports (35 pins), a
timer, a clock generator, a PLA. They are improved versions of the LM6402A/6405A and the LM6402H/6405H, in
which a prescaler for system clock is contained and 3 options of frequency division are allowed. Other functions are
the same as those of the LM6402A/6405A and the LM6402H/6405H. The following table shows a comparison
between the LM6402/5G and the LM6402/5A, H in terms of newly added functions.

Item LM6402/5 A, H LM6402/5 G
Minimum cycle time 5 us or 10 us 2.94 us

800k or 400k Ceramic Oscillation 1/1 divider

) . . RC oscillation 1/1 divider
0SsC 800k or 400k Ceramic oscillation| 4 MHz Ceramic Oscillation 1/3 divider Option
4M: Ceramic, 4.19M: Crystal 1/4 divider
Oscillation
External clock 1/1,1/3, 1/4 divider
1/0 voltage +12V +15V
?:t"i':'“t(;‘;; e maximum | Other than E, F = 4mA Other than E, F = 30 mA
9 current per E,F=40mA E, F =50 mA

pin lQL)

1) Hardware features (Reduction in external parts)
e Clock generator, frequency divider (3 options of 1/1, 1/3, or 1/4 division)
Ceramic oscillation, crystal oscillation available: fmax = 4.2 MHz, RC Oscillation available
e Cycle time: 2.94 us min.
Input/output common ports (7 ports/27 pins), open drain, input/output ports direct interfacable to
12V — operated equipment
Flexible output configuration (Open drain, pull-up resistor attached)
Input threshold voltage select (Normal, high threshold)
LED driver-contained output ports (All ports are capable of delivering large current.)
24-character PLA
Initial reset and external interrupt input pins containing Schmitt gate
1K bytes/2K bytes pin compatible
Single 5 V supply, N channel, E/D MOS

2) Software features (Effective use of ROM capacity)
e 4-level subroutine nesting
Interrupt function (External/internal)
Programmable timer with wide setting range (Timer, pulse count, pulse width measure)
Powerful instruction set of 82 instructions
1K bytes/2K bytes instruction compatible

3) Evaluation chip

® Evaluation chip LM6499, Piggyback LM64PG99, and prescaler IC board (G2 board) are available for use
in the application development of the LM6402G/64056.

For details, refer to LM6400 Series User's Manual.

70




LM64026G,6405G

Case Outline 3025B-D42SIC

(unit: mm)

@2 2
Qo000 ---—onn00n

System Block Diagram

s <>f>[
o AT
o G

PORT

PLAQ-7 {

(]

PE 03

SANYO: DIP42S

Case Outline 3014A-D421C

(unit: mm)

SANYO: DIP42

Package and Pin Assignment

xtal o—{1 N~ “@
PCy O=s{2 41
PC; Owsl3 )
PC; O=s{é 39
PC3 Oes{$ 38
INT o6 3
RES o7 £
PDp O=s{8 35
PDy Oew 9 § 3%
PDz om0 * Y
PD3 Ows 11 < 2
PEQPLAD) et 2
PE1(PLA1) o= = 30
PE2(PLA2) O« M 29
PE3(PLA3) O 15 20
PFo(PLAL) O<—16 27
PF1(PLAS) 017 26
PFa(PLAG) O<{18 25
PF3(PLAT) oel® 2
TEST o—s{20 2
o—

(0V)Vss

IEEEREEREEEEEEEEEEE R

PB1 Pin Name
PBo Xtal, E Xtal

PA3 INT

PA2 RES

PM O PAQt0 3
PAC PBQto3
Plz pc

™ Pores
Plo

PH3 PEQ to0 3
pap  (PLAQt0 3)
PHy PFO to 3
pHg  (PLA4 10 7)

p63 PGOto 3
p2 PHOto3
PG} Pl to 2
P60 TEST

8 ——
RAM 5% <{ ROM
2
= o B
o
g &
E I 1T 70 I
T t STACK 1
c STACK 2
¢l *¢ ALY [STACK 3
[ STACK &
Timfr
counter
=2 g l
PO[?T !’%m P%Ft‘l‘ P(:RT ] llnterrupt INT
<ORES
PDo- PC P8, PA <oXtal
0-3 03 0-3 0-3 oExul
-—OVpp
~—OvVgs

OSC resonator attached externally
Interrupt

Reset

Input/output ports AQ to 3
Input/output ports Bg to 3

Input/output ports Cg 1o 3

Input/output ports DQ to 3

Output ports Eg tg 3 (PLA output g to 3

Output ports FQ to 3 (PLA mode 4 to 7)

Input/output ports G to 3
Input/output ports HQ to 3
Input/output ports 19 to 2
Test '
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Optional Functions
1) OSC select table

OSC Option Resonator Divider | Option Cycletl'ime
Frequency Code
RC 770kHz typ C=82 pF, R=10k2 1N A 5.2 us typ
oscillation
400kHz* KBR400B, CSB400p N B 10 us
Ceramic 800kHz" KBR80OH, CSBB00A 71 B 5 us
Oscillation 3.58MHz* CSA3.58MG, KBR358M | 1/3 c 3.35 s
1/4 D 4.47 s
4. 0MHz* CSA4.00MG, KBR4.OM 1/3 C 3 us
1/4 D 4 us
4.1MHz* CSA4.10MG, KBR4.1M 1/4 D 39 us
Crystal 4.19MHz* NKD HC-18U 1/4 D 3.82 us
Oscillation 4.194304MHz, LM6402G
External 100kHz ~ 1.36MHz 11 B 40 ~ 2.94 us
Clock ** 300kHz ~ 4.08MHz 1/3 C 40 ~2.94 us
400kHz ~ 5.0MHz 1/4 D 40 ~ 3.2 us

CAS, CSB: Murata Seisakusyo Corp. KBR: Kyocera Corp. NKD: Nikko Denshi Corp.

CYCLE TIME = (1/frequency) x DIVIDER (1,3,4) x 4

* At typical OSC frequency. DSC frequency has an error of approximately 2 %.
** External Clock Input Circuit (There are differences in input waveform between circuit I and circuit IT)

Circuit I Circuit I1
external __ Extal external
clock Yol Ex"’" K opanyq Xtat - EX clock
Extal:Vss Extal: external clock input
xtal :external clock input Xtal :open
2) Input/output select table
Port
X A B C D E F G H I
Option
N N N N
Input onl
nputonly H H H H
oD oD oD oD
tput
Output only PU PU
N,OD N,OD | N,OD | N,OD N, OD N,OD | N,OD
Input/output N, PU N, PU N, PU N, PU
common H,OD H,OD H,OD | H,0D H, 0D H,OD | H,0OD
H, PU H, PU H,PU H, PU
N : Normal input gate
H : High threshold input gate
oD : Open drain output
PU Output with pull-up resistor
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Input only [ normal input gate (N)] Input/output common [ normal input open drain output (N, OD)]

Yoo
Vss
Input/output common [ normal input, output with

pull-up resistor (N, PU) ]
O—-¢

4 (o :

Output only [open drain output (OD) ] Input/output common [ high threshold input,
open drain output (H, OD)]

- s

Input/output common [ high threshold input,
output with pull-up resistor (H, PU) ]

o—y—fDo—

;

Input only [high threshold input gate (H)]

f

Output only [output with pull-up resistor (PU)]

____' '__
Absolute Maximum Ratings/Ta = 26°C, V§g = 0 V unit
Maximum supply voltage VDD max —-0.3~+8 \
Maximum input voltage VN max —-0.3~+15 \
Maximum output voltage VouTt Output transistor OFF —0.3 ~+15 \
Average output current IOHA Each pin of pull-up spec. —2.0~0 mA
(Note 1) IOLA 1 Each output pin other 0~18 mA
than E, F ports
loLA 2 Each pin of E, F ports 0~30 mA
lIoLA 3 All pins of E or F ports 0~75 mA
IOLA 4 All pinsof A, B, G, H, 0~ 120 mA
| ports
IOLA 5 All pins of C, D ports 0~ 50 mA
Peak output current lOHP Each pin of puli-up spec. —2.0~0 mA
(Note 2) loLp 1 Each output pin other 0~30 mA
than E, F ports
loLp 2 Each pin of E, F ports 0~50 mA
loLp 3 All pins of E or F ports 0~ 125 mA
loLp 4 All pins of A,B G,H,l ports 0 ~ 190 mA
loLP 5 All pins of C,D ports 0~ 80 mA
Allowable power dissipation Py max Ta =—30~+70°C 600 mwW
Operating temperature Topg —30 ~ +70 °c
Storage temperature Tstg —55 ~ +125 °c

(Note 1) Applicable to any 100 ms period.
. (Note 2) Limit value that must not be exceeded even momentarily.
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Allowable Operating Ranges/Tg = —30 ~ +70°C, Vgg =0 V min  typ max unit
Supply voltage VpD 45 50 65 V
Input port & “H" level input VIH1 Input/output circuit 2.2 Y

input/output commom voltage “N" “N,OD"” “N,PU"”
port: normal input spec. ““L" level input ViL1 Input/output circuit Vss 06 V
voltage “N" “N, OD" “N,PU""
Input port & “H” level input VIH2 Input/output circuit 0.6 Vpp \
input/output commom voltage “H"” “H, OD" "“H,PU"
port: high threshold “L" level input ViL2 Input/output circuit Vss 03Vpp V
input spec. voltage “H"” "“H, OD"" “H,PU"’
INT, RES ““H” level input VIH3 0.7VDD Vv
voltage
“L" level input ViL3 Vss 03vpp V
voltage
“H" level input voltage  V|H 4 0.2Vpp+2.8 VDD \Y
L' level input voltage V| 4 Vss 1.4 Y
Xtal Clock cycle tco 1/3 divider option 0.245 3.3 us
External ) 1/4 divider option 0.20 25 us
clock option 1/1 divider option 0.735 10 us
IB,C,Dp Instruction cycle time tcl tcg x division x 4 2.94 40 us
; Extal=0v H" level clock pulse 1,44y see Fig. 1.8, C, D option 0.1 s
width
“L"level clock pulse 41 See Fig. 1. B, C, D option 0.1 us
width
““H" level input voltage  V|H 5 0.5Vpp+1.5 VDD \
“‘L" level input voltage VL5 Vss 1.0 \
Extal Clock cycle tco 1/3 divider option 0.735 3.3 us
External 1/4 divider option 0.735 25 us
?'ff":k ar:ipll:d 1/1 divider option 0.735 10 us
'B grtc;p o Instruction cycle time tel tco x division x 4 294 40 us
; Xtal=open 4 “H"levelclock pulse 4\ s se0 Fig 1.B, C, D option 0.3 us
width
“L" level clock pulse . .
width twol.  See Fig. 1. B, C, D option 0.3 us
External resistance
E(’t‘tf'r for ceramic or crystal R1 900 1000 1100 k2
a .
[oscillation] oscillation
External capacitance C1,C2 fogc=400, 800 kHz (C1,C2) 200 220 240 pF
for ceramic or crystal fosc=4.0, 4.19 MHz C1, Fig2-(1), (2) 35 39 43 pF
oscillation C2, Same as above 20 22 24 pF
Pull-Up resistance Rp  See Fig. 2-(2). 35 39 43 kO
for crystal oscillation
External resistance R2 See Fig. 3. 5 10 20 kO
for RC oscillation
External capacitance c3 50 82 240 pF
for RC oscillation
TEST “L" level input VL6 0.4 \%

voltage
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Electrical Characteristics/Ta = —30 to 70°C,Vpp=45t065V,Vgg=0V min  typ max -unit
Input port & RES, INT “H" level input HH1 Input/output circuit 5 uA
Extal current “N” “H"”, VIN=135V
[B,C,D option] “L" level input ITR] Input/output circuit -5 MA

current “N"“H",VIN = Vss
Input/output “H" level input liH2 Input/output circuit, 5 puA
common port current N, OD" “H, OD”
[Output: Open VIN = 13.5 V, output Tr off
drain] "“L" level input liL2 Input/output circuit, -5 HA
current “N, OD" “H, OD”
VIN = Vss, output Tr off
Input/output L level input K] Input/output circuit -1.6 mA
common port current “N, PU” "H, PU",
[Output: Pull-up] VpD =5V+10 %
VIN=04V
Output port or ““L" level output VoL1 Input/output circuit 1.6 V
input/output voltage “PU” “N, PU"” “H, PU”
common port loL=14mA
[Pull-up] “H" level output  VQOH1 Input/output circuit  0.8Vpp \Y%
voltage “PU"” "N, PU" “H, PU"
I0H = —50 A
VOH2 Input/output 0.66VpD Y
circuit PU”" “N, PU"
“H,PU" IoH = —80 pA
VOH3 Input/output 0.48Vpp \Y,
circuit “PU" “N”, PU"
“H, PU” IgH = —100 pA
Output port or "L" leveloutput Vo) 2 Input/output circuit 1.5 V
input/output voltage “OD” “N,OD"” “H, OD"
common port loL=15mA
[Open drain] Output OFF leak  1QFF1 Input/output circuit 5 uA
current “OD"“N, OD" "“H, OD""
VoH=135V
10FF2 Input/output circuit 1 uA
“OD"” “N,OD"” ““H, OD"
VoH =VDD
E, F port “L" level output voL3 loL =25 mA 2 Vv
voltage
Output OFF leak  |OFF3 VOH =135V 5 uA
current |OFF4 VOH =VDD 1 MA
Xtal “H" level input current |43 VIN = VDD 5 uA
[B.C,D option, Extal=0V]
““L" level input current |14 VIN =1V -58 mA
Current dissipation IDD 0OSC oscillation , LM6402G 38 73 mA
output open _, LM6405G 38 73 __mA
Input pin capacitance C| 10 pF
RC oscillation frequency fosc C =82 pF, 0 ~70°C* 670 770 885 kHz
Saml‘!,s" ﬁ,ove —-30~70°C* 670 770 895 kHz

See Fig. 3. Including stray capacitance of substrate wiring

For “N”, “H"”, “N, OD", “N, PU”, “’H, OD", “H, PU”, *’OD", “PU", refer to input/output select table.
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VDD
9% VIHK) VS
0%
B _7;_1" — ﬁ_;[——_;vw.),vu_s)
e St o ]

Extal input:V|H(5), VIL(5)
Xtal input: VIH(4),VIL(4)
Fig. 1 Extal, Xtal input waveform

— voo
rz2  OSC option A
fwﬁx‘d
To
kd
Fig. 3 Recommended OSC circuit
(3)/RC OSC

Xtal

T

EXtal

?
| wr

LS,

4 o L

-ICI

Icz

C.R=Ceramic Resonator
CSB 400pP,800A ) .
kBR 4008,8001 , OSC Option

CSA 4.00MG | B.C.D
CSA 3.58MG
CSA, CSB Murata
KBR Kyocera

Fig. 2-(1) Recommended OSC circuit (1) / Ceramic resonator

EXal

R1

'
{

aystal

IC!

-+

ez
»

Fig. 2-(2) Recommended OSC circuit (2) / Crystal resonator
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CR oscillation of LM6402G/05G, LM64PG99

(1)

(2

-~

(3)

For the variation range of CR oscillation frequency of the LM6402G/05G, the following are guaranteed at
external constants of C=82pF, R=10kohm only.

@ foscz 670min ~770typ ~885max kHz /Ta= 0~+70C
@ fosc= 670min ~770typ ~895max kHz /Ta=-30~+70C

If other frequency than typical value 770kHz is used at other constants than C=82pF, R=10kohm, fix CR
constants referring to ““OSC frequency vs. standard external resistance characteristics” in Fig. A. In this case, take
care of the following.
@ Oscillation cycle must be within the range (0.75 to 10.0 usec.) of recommended operation clock cycle at
OSC pin.
@ CRconstantsmust beselected fromamongrecommended external constants (C=56t0 240pF, R=5to20kohm).
It should be noted that outgoing inspection is performed under the frequency variation condition at C=82pF,
R=10kohm.
The LM64PG99 alone is not capable of evaluating for the LM6402G/05G. CR oscillation option. It is necessary
to simulatedly mount CR on the conversion board (G2 socket). CR constants of the LM64PG99 are fixed referring
to ““OSC frequency vs. standard external resistance characteristics”’ in Fig. B. When the LM64PG99 is used to
evaluate the LM6402G/05G for CR oscillation option, an oscillation frequency nearly equivalent to that of the
LM6402G/05G can be obtained by mounting C=82pF, R=10kohm on the conversion board as with the
LM6402G/05G.
However, the oscillation frequency obtained must be checked.

Application development tools

Evaluation chip LM6499 and the dedicated equipment called ““application development tools” are available to facilitate
application development tools for the LM6402G. For details of the application development tools, refer to ‘MANUAL
FOR DEVELOPMENT TOOLS".

(1)

(2)

SDS-410 system

This is a combination of floppy disks-provided CPU, CRT, and printer. This system makes it possible for
application development program of microcomputers to be made (edited, assembled) very speedily and efficiently
in assembly language. By connecting the EVA-410 to the CPU, program can be debugged and assembled or data
can be written into EPROM (using EPROM WRITER function contained in the EVA-410).

EVA-410 + TB1 (6499)

This is an evaluation kit having EPROM WRITER function, of parallel/serial data communication with external
equipment (SDS-410, etc.). This kit makes it possible for application development programs to be corrected or
debugged. The LM6499 is mounted on the TB1.
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(3) LM64PG99 Pin assignmnent LM64PG99
The LM64PG99 is provided with 24-pin sockets for

2 EPROMs for programming and “PLA through” on its U,
package surface. o1 T %6
xtat o1 92 23(?42 O Extal
pco g2 92 2 22",¢4,3 VOD(+5V)
pa g39¢ 2 5deon pe3
p2 495 N ,9939 b P82
N D R O
w de9? I #9040 eeo
REs 079° & 70%h eas
oo o 9° W ’,‘;gzsn PA2
01 do 90 LL%p A
) o2 dr?” 231h Pao
Xtal,Extal : OSC ceramic resonator PD3 (O H¢-12 s—- U?ng P12
INT : Pseudo interrupt T B
RES : Reset PEO [:ugl--—\x-;;--zl 0 PN
PAO~3 . Input/output ports A0~3 PE1 (OB ~ 23¢30 o P10
pPBO~3 : Input/output ports  BO~3 pe2 w02 © 29[1 PH3
PCO~3 : Input/output ports  C0~3 pe3 0597 < 2%x5 ew2
Pp0O~3 : Input/output ports  p0~3 PFO [:,594 N 210,08 ey
PEO~3 : Output ports EO0~3 F1 O 795 ‘;: 2o¢26:| PHO
PFO~3 : Output ports FO~3 o6 o 19 P
PGO~3 : Input/output ports  GO~3 PF2 wa e ,¢253 G3
PHO~3 : Input/output ports HO~3 PF3 [ '9¢o o ,74)24: PG2
PIO~2 : Input/output ports 10~2 TEST CmQy T B¢2’3 PGI
TEST : Test (\(’3? C2’¢Io 3 )5¢DD PGO
on S xo | :Socketpin for
2 DBy | 2718

(top view)

(4) Conversion board for the LM6402G/05G (G2 socket)
® Forevaluating the LM6402G/05G, the LM64PG99 and the conversion circuit shown in Fig. a are used jointly.
® For evaluating the LM6402G/05G, the EVA-410-TB1 and the conversion circuit shown in Fig. a are used
jointly.

Not mounted
Mount resonator, C1, C2, C3, R2
as shown below.

For ceramic OSC,
crystal OSC
a. Appearance

o

1 o
. o]

! \[lB-e o
N % o
4OHD74F, 1\ .O
Oscillation

T~
[ For ceramic OSC, crystal OSC ] [ For CROSC ]

b. Where to mount resonator, C1, C2, C3, R2
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When the LM64PG99 is used:

0osc External connection Frequency_1 ' G2 SW
of OSC circuit division 1721314516l 718
(1) CROSC | Target board 1/1 onjoffloff >+ | on| -
. G2 1/1 offloffloffl T loffl <
(2) Ceramic OSC | Target board 171 onjo f flo f £
 ___%00~800kHz | G2 | Unavailable | | 1--

(3) 4MHz band OSC n_'lv'_arget board Unavailable 1 _
4MHz CF 1/3division G2 | 1/3 offloffl on| on| onjoff| onjoff
4MHZ CF Y division . _1re offloffl on| on| onjoffloffl on
4.‘!9MH1J 171 xtalj onjoffoff ~.| | on| ™
erystal v Extalloffloffloff | -] on |

Target board 1/3| Xtalloffloffl onfoffloffloffl onoff
< Extalloff| onf onjoffloffioffl onjoff

(4) External clock (Note) | 1/4| xtaloffloffl onoffloffloffloffl on

o \ Extalljoffl on onjoffoffoffoff on
\ L G2 Unavailable | | "7 b de g T
How to set the socket G2 SW when the EVA-410-TB1 is used
osc External connec- | Frequency | TB1 swW3 G2 SW
b tion of OSC circuiti division | 5| ¢ 7 8 1] 2 3 4 5 ¢ 7 8
| Target board ?_»___]__‘/1 on| onjoffloff onjoffloff| < | on| |
(1) CR OSC G2 111 loffloffloffloffloffloffioff| < loffl KT
| EVA-TB1 171 Joffloffloff
(2) Ceramic OSC | Target board 1/1_ | on| onjoff
400~800kHz | G2 Unavailable| | [ ]
EVA-TB1 171 offloffl on
(3) 4MHz band OSC | Targetboard |Unavailable| | | i
4MHz CF 1/3division G2 - 1/3 offl onoffloffoffloffl on on| onfoff onjoff
4MHz CF 1/4division] 174 offl onjoffoffloffloff on on onjoffoffl on
4.19MHz crystal | EV A-T B 1 Unavailable O D s S e
__ Vadivision / 1/1] Xtal| onjoffloffloffl onoffloffl >r__| on
Extalloff| onjoffloffloffloffloff >t on| >
Target board. /[1/3 xtalloff| onjoffloffloffloffl onjoffloffloff| onloff
(4) External clock Extalloffl onloffloffloffl on| onloffloffloffl onjoff
(Note)| 174 Xtalloff| onjoff offloffloffl on
B Extalioffl onjoff floffloffloffl on
Unavailable T
1 |Unavailable

® When a divider is used, a ceramic filter on the target board cannot be used for evaluation.
A ceramic filter must be mounted on the G2 socket.
ON: SW-on mode
OFF SW-off mode

X:

SW may be placed in any position.

(Note) When applying the clock signal at the Xtal pin in the external drive mode, wire jumper
JP and set the switch.
When applying the clock signal at the Extal pin in the external drive mode, set the
switch without wiring jumper JP.
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Proper cares in using the LM64PG99

LM64PG99
® Mount the program EPROM and the PLA EPROM. Even when the PLA function is not used, the PLA EPROM

(through PLA) must be mounted.

® For evaluating the input/output option as pull-up resistor-contained type output port, connect an external resistor
to the pin of the LM64PG99.

® All input/output ports are input/output common and of high threshold input, open drain output type. E,F ports are
dedicated to output.

Wiring change according to use/nonuse of PLA function

(1) Wiring change when the PLA function is used
When the PLA function is used in evaluating the LM6402G/05G with the LM64PG99, wire the jumper on the
package bottom as follows:

Cufoil ~Soldered

@%O

Example of wiring

(When PLA is used)

(2) Wiring change when the PLA function is not used
When the PLA function is not used in evaluating the LM6402G/05G, wire the jumper on the package bottom as

follows:
For the PLA EPROM, the (through PLA) with data for nonuse of PLA written.

Connect this side.

EPROM 0 1 2 3 4 5 6 7 8 9 A B C D E F

address

0 00|00 11 22 33 44 55 66 77 88 99 AA BB CC DD EE FF

01000 11 22 33 44 55 66 77 88 99 AA BB CC DD EE FF

02 0|00 11 22 33 44 55 66 77 88 99 AA BB CC DD EE FF

0 3 0|00 11 22 33 44 55 66 77 88 99 AA BB CC DD EE FF

040 {

0 S 0 ' For EPROM addresses
40y onward, any data are
acceptable. ]

(This data are commonly called ‘through PLA")
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The through PLA EPROM function can be fulfilled by wiring jumpers. The wiring diagram is shown below.

: Program EPROM section
Through PLA wiring diagram

using jumpers

Selection of power supply EPROM (External power supply)

Normally, an EPROM dissipates a current of 50 to 100mA (i.e.200mA max./2 EPROM’s).

The power capacity of a user system is not enough, an external power supply can be used.

(1) The same power supply is used for the LM64PG99 and EPROM at the time of shipment. A jumper for EPROM
power supply select is provided on the package bottom of the LM64PG99. The power supply to the EPROM is
connected to the power supply pin (Vpp pin) of the LM64PG99 as shown below.

Connected

A: Connected to power
supply pin of EPROM

B: Connected to power
supply pin of LM64G99

The same power supply is used for the LM64PG and EPROM at
the time of shipment.

(2) How to provide external power supply to the EPROM

® Remove the wiring connecting patterns (A) and (B).
® Using this jumper, connect patterns (A) and (C).

® Connect external power supply (+5V) to pattern (C) and external power supply (0V) to GND (0V) of the user system
board. See below.

External power supply .

(+45V) to EPROM User system board
+5V) to ’
© / \:' !
™ 10 GND
42

]
l L 40 +5v
3 Power supply

to EPROM ov

Power supply to EPROM is
provided externally.
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LM6402G, 6405G Instruction Set

Notations X : Working register X INT FF : Interrupt FF
AC : Accumulator Y : Working register Y INTE FF : Interrupt enable FF
An : Accumulator bit n 2 : Working register Z  STACK : Stack
C : Carry FF W : Working register W Py : Port
c : Carry save FF R : Working register R M : Memory
Carry : Carry from ALU S :~Working register S [M(DP)] : Memory contents addressed by DP
Borrow : Borrow from ALU F : Flag ( ) : Contents
pP : Data pointer TMFF : Timer FF — : Transfer direction, result
PC : Program counter TIMER : Timer ¥ : Exclusive-or
]
g Instruction >
] code B .
g Mnemonic 8 o Operation Description of operation skip condition
3 &5
@ D7DgD5D4{D3D2DID0| |5
- 2
CLA | Clear AC 1001l0 0o 1{AC«0 The contents of the AC are cleared.
H CLC | Clear C 0000 l|ce0 The contents of the C are cleared.
g CMA | Complement AC 0001000 0(11AC—(AD) The contunts of the AC are complemented.
3 -
i Complement & The contents of the AC are complemented and incremen-
+
?‘é CIA Increment AC 00011000 1[1iLAC—(ED)+1 ted by 1. The C is unaffected.
A . .
The contents of the AC are incremented. If carry is
E‘ INC I:Ereni\(;n;ahi and 000O0OfL101/1)1 :ii(._“i“f:)éirr generated, the instruction immediately following the Carry
'5 skip pid P Y INC is skipped. The C is unaffected.
4 R
o The contents of the AC are decremented. If carry is
A -1
< | DEC ::irer;\in;olz:o:nd 0000111111 si;_(};?m“ow generated, the instruction immediately following the Borrow
§ P L DEC is skipped. The C is unaffected.
g |STC | set © 000110111f1fcel The C is set.
'h tent: £ the d the tent: £ the '
?,xc Exchange C with C'[0 0 0 1{1 01 0[1(1](®)=(c") The contents of the C and the contents of the C' are
2 - exchanged.
-1|The contents of the AC are rotated right through tI
RAR | Rorate AC Right [0 0 1 1[0 0 0 0|1 |1|(C)7A3(An)~An=1The & g ough the
(Ao)—>C C.
e The contents of the memory M(DP) are incremented.
A Increment M skip M(DP)<«—[M(DP) ]+1 |The AC, C are unaffected. If the result is [M(DP)]=
INM | | N N N N N N . M(DP) 1=0
'_'g'g if carry 000111011211 skip if carry 0, the instruction immediately following the INM is MR
ki d.
2‘3 skippe
m The contents of the memory M(DP) are decremented.
25! pEM '.’:Cée"‘em MskiP 16601011 1 1]1]1|M(DPY—M(DP)1-1 ';“etgc',c are “:?ffe‘?‘edé, iflth‘; ;’is“}‘ 1:h[”[()'3:’!= [M(DP) ]=F
g5 if Borrow skip if Borrow , the instruction immediately following the DEM is
skipped.
Binary addition of the contents of the AC and the
. contents of the memroy M(DP) is performed and the
AD I.:(flchrw AC skip 0000{1000|1 Aif—(l{(?"C[M(DP)] result is stored in the AC. If carry is generated, Carry
g arry skip 1 arry the instruction immediately following the AD is
bt} skipped.
% Binary addition of the contents of the AC, C and the
‘u.; Add M to ACwith C AC,C<«(AC)+[M(DP |contents of the memory M(DP) is performed and the re-
5 ADS skip if carry 0000[1001{1/1{)]+(C) sult is stored in the AC, C. If carry is generated, Carry
- skip if Carry the instruction immediately following the ADS is
S skipped.
E AC, C(AC) + Binary addition of the contents of the AC, C and the
@ |ADC| Add M toACwithC [0 00 1|1 00 1|11 [MEDP)]HC) contents of the memory M(DP) is performed and the re-
g sult is stored in the AC, C.
) { : :
1 Decimal adjust 6 is added to the AC. The C is unaffected This in-
DAA N ins 0000(011O0|1]1|A +6 N
g AC in Addition Ce—(ac) struction is used for decimal addition -adjust.
o] Decimal adjust AC 10 is added to the AC. The C is unaffected. This
4 |DAS | | ; 0000101011 AC«(AC)+10 ; s s . : :
2 in Subtraction <«—(AC) instruction is used for decimal subtraction adjust.
The contents of the AC and the contents of the memory
EXL | ExclusiveORLogic {0 0 0 1|1 0 0 O|1{1|AC«(AC)¥[M(DP)] [M(DP) are exclusive-or'd and the result is stored in
ithe AC.
Load AC with : : .
. LI- 1 diate data 100 1|I3Ip1Ip{l|1|AC<I3IT) I The immediate data I3I2I1Ip are loaded in the AC.
o) 5
}j Store AC toM 0 000 01 0(1|1{M(DP)<—(AC) The contents of the AC are stored in the memory M(DP).
4 :
2 Load AC with M 0011100 0|1]1AC<[M(DP)] The contents of the memory M(DP) are loaded in the AC.
s}
g ™ Load AC with M 001110MpL AC«[M(DP) ] |The contents of the memory M(DP) are loaded in the AC
- and Modify DPy g DPH«{DPy)¥1My [and then the DPy is modified with the DPy#¥M1Mg.
@
N
8 x Exchange ACwithM [0 0 1 01 0 0 01 (1{(AC)==[M(DP)] IThe contents of the memory M(DP) and the contents of
" ithe AC are exchanged.
N
° : [The contents of the memory M(DP) and the contents of
3 Exchange AC with M (AC)=[M(DP) ] 4
S |xM and Modify DI 0010l 0MIMO[L (1 [the AC are exchanged and then the DPy is modified with|
D]
¥ Dy PH(DPRI¥MIMO liyo pepvat; Mo.
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kA
H Instruction o
3 ‘ode g ; ; ; ces
g Mnemonic Slo Operation Description of operation skip condition
5 Bk
B D706DsD4DP20100) (G
(AC)== [M(DP) ] The contents of the memory M(DP) and the contents of
Exchange ACwith M - the AC are exchanged and then the contents of the DPp,
2 - Y N =]
D then Decrement DPL, 001011001 Dili“hi(];l}o) r];)w are decremented. If the result is (DPp)=F, the inst- (DPL)=F
skip * ruction immediately following the XD is skipped.
g -
9 (AC)=> (M(DP) ] The contents of the memory M(DP) and the contents of
b Exchange ACwith M fheiy ;_(DP VMM the AC are exchanged and then the DPy is modified with
2| XMD | and Modify DPy 00101 1MMgl|2 DPH<—(DPH)-11 0 | the (DPy)¥M1M0o and the contents of the DPy, are decre- (DPL) =F
e then Decrement DR, sin‘ if gorrow mented. If the result is (DPp)=F, the instruction im-
5 P mediately following the XMD is skipped.
2 (AC)==[M(DP) ] The contents of the memory M(DP) and the contents of
S Exchange ACwith M h the AC are exchanged and then the contents of the DPj,
+ =
N X and Increment DPp, 001111100172 Z:I"b('DfPLc)::r are incremented. If the result is (DPp)=0, the inst- (DPg,) =0
] : ip 1 ¥ ruction immediately following the XI is skipped.
3 (AC)=>[M(DP) ] The contents of the memory M(DP) and the contents of
Exchang ACwith M bP, ;TI.JP ) MM, the AC are exchanged and then the DPy is modified wi-
XMI | and Modify DPy 00111 1MMyl2 DPH‘_(DP“)HI 0 | th the (DPg)¥MMy and the contents of the DPy are in- (DPL) =0
then Increment DPy, skli‘ ifléarr cremented. If the result is (DPL)=0, the instruction
P Y immediately following the XMI is skipped.
g LDI Load DP with 00010101 2 DPy<IgIsIg The DP is loaded with the 2nd byte immediate data Ig
“3 Immediate data 0IgIsIgqBI2IIg DPL,<«I3I2I1Ip to Ip.
o Lpz | Load DPy and DPL,
5 with Zero and imme- 10 0 0|TaToIiTo 1| 1| PPHTO? The DPy is loaded with O and the DPp, with the immedi-
5 diate data respec- 3127110 DPLI3IoI1I, | ate data I3IpIpIg.
o tively !
]
o PP (DPL) -1 The contents of the DPp, are decremented. If the re-
g DED | Decrement DP 0001|001 1j1j1 sk]j:: if!;aorrow sult is (DPp)=F, the instruction immediately follow- (DPL) =F
E P ing the DED is skipped.
8 DPp«—(DPr) +1 The contents of the DPp, are incremented. If the re-
£ | IND | Increment DP 00110011|11 L FL sult is (DPy)=0, the instruction immediately follow- (DPL)=0
g skip if Carry N . N
8. ing the IND is skipped.
w | TAL | Transfer ACtoDP, [0 0 0 0{0 1 1 1/1) 1} DPy«—(AC) The contents of the AC are transferred to the DPp.
o
3 TLA | Transfer DP, toAC |0 0 0 1{0 O 1 0|1| 1| AC<(DPr) The contents of the DPj, are transferred to the AC.
Exchange DPy . d — ! The contents of the DPy and the contents of the wor-
XHX with X 0100111 1/1)2 (DPH)<(X) king register X are exchanged.
Exchange DPL, | The contents of the DP; and the contents of the wor-
g = L
9 XY with Y 0100111102 2\ (DPL)Z(Y) king register Y are exchanged.
+
9 The contents of the DPy are transferred to the work-
3
3 THX | Transfer DPY to X 0100{0111l12 X*——(QPH) ing register X.
o S - R
g The contents of the DPy, are transferred to the work-
; TLY | Transfer DPf, to ¥ 0100{011 0|12 Ye(DPL) ing register Y.
s 1
kel i The contents of the AC and the contents of the work-
; —>
-g' XAZ ExchanggACmthz |0 100101012 (AC)2(Z) ing register Z are exchanged.
]
= i | — The contents of the AC and the contents of the work-
5 XAW | Exchange ACwithW (0 1 0 0f1 0 1 1{1{2| (AC) Z(W) ing register W are exchanged.
& The contents of the AC are transferred to the work-
& TAZ | Transfer ACto 2 0100(0010|1{2{2<«~HAC) s N
@ ing register Z.
Y
g, TAW | Transfer AC to W 0100[0011|1]2/we(ac) ?‘he contl:ents of the AC are transferred to the work-
- | ing register W.
-~ T
N T The contents of the DPy and the contents of the wor-
e] i —
£ | XHR | Exchange DPgwithR |0 1 0 0|1 1 0 1(1|2| (DPy) >(R) king register R are exchanged.
: i The contents of the DPL, and the contents of the wor-
S 2 = ;
XLS | Exchange DP,withS|{0 1 0 0{1 1 0 0|1 (DPL) Z2(S) king register S are exchanged.
A single bit of the memory specified by the DP which
SMB [*set Memory dataBit |0 1 1 1|1 0B)Bo|1|1|M(DP,B),BQ) «1 is designated by 2 bits (B1,Bg) of the instruction
is set.
A single bit of the memory specified by the DP which
[t .
o | Rup | ROSCE MmOy data oy 4 011 0B1BGl1|1|M(DP,B1,Bg)— 0 |is designated by 2 bits (B1,B0) of the instruction-
s is reset.
D
é A signle bit of the memory specified by the DP which
Jeil P, Test Memory data 01011 0BBa1l1 skip if [M(DP, is designated by 2 bits (Bj,Bp) of the instruction [M(DP,B],Bg
@ Bit 170] By,Bg)I=1 is tested, and if 1 the instruction immediately fol- )1=1
kel lowing the TMB is skipped.
o
5 A single bit of the contents of the AC which is de-
o . skip if [AC(B1., signated by 2 bits (B],Bgp) of the instruction is [AC(B;,Bo) ]
T | TAB
5 Test AC Bit 00100 1ByBg1i1 Bp) I=1 tested, and if 1 the instruction immediately follow- =1
< ing the TAB is skipped.
»
= The bit of the contents of the AC and the bit of the
Compare ACbit with skip if [AC(B1, conf:ents of the gnemory_M(DP) w{uch are designated by [ac(B;,Bo) ]
CcMB M data Bit 0011{01B)Bg|l|1|Bo)]=[M(DP,B1, |2 bits (B1,Bp) of the instruction are compared, and =[M(DP,B],
Bo)) if equal the instruction immediately following the Bo)]
CMB is skipped.
N A single bit out of flag 4 bits which is designated
SFB | Set F1 Bit 01110 1B1Bgfl{2|F(B1,Bg)<1
as B 150 (B1.Bo) by 2 bits (Bj,Bg) of the instruction is set.
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. ]
H Instruction °
b code Y
5 Mnemonic Slo Operation Description of operation skip condition
2
5 [D7D6D5D4/D3D2D1D0 ‘é
1 . - N n - -
[} N - A single bit out of flag 4 bits which is designated
g | RFB | Reset Flag Bit 011 0)1 1ByBo|L|2|F(By,Bo)«=0 by 2 bits (By,Bp) of the instruction is reset.
o
'5" A single bit out of flag 4 bits which is designated
o | FBT Test El'lag Bit 0101118812 skip if [F(B], )?y 2 blts~(Bl,Bo) of Fhe ll}structlon 1s.tested, and (F(B1,Bg) 1
© skip if True Bo) 1=1 if 1 the instruction immediately following the FBT =1
5 is skipped.
5 A single bit out of flag 4 bits which is designated
oc| FBF Teﬁt !:=‘1ag Bit, 001 0[0 0ByBg|L skip if [F(Bi, )?y 2 bn:s' (B1,Bg) ‘of Fhe 1{lstruct10n 1s.tested, and (F(B1,Bp)]
©O| skip if False Bp) 1=0 if O the instruction immediately following the FBF =0
) is skipped.
5 skip if (AC)= The contents of the AC and the contents of the memo-
2 lcM | compareACwith M |00 0011001 ry M(DP) are compared, and if equal the instruction (AC)=[M(DP) }
3 [M(DP) ] : N R : N
® immediately following the CM is skipped.
<
"‘ : ik _ The contents of the AC and the immediate data I3I2I) _
§ |ct (iomp:;e:cv;x:h 2 2 g é 2%1111 2 (2 ik;pllfI(AC)—- Ip are compared, and if equal the instruction imme- I(A(I:); N
.2 mmediate data 3727100 3t2i1to diately following the CI is skipped. 3t2t1to
M
s . sk The contents of the DPj, and the immediate data I3I
A = L 312 -
EQl cL1 gosziiglé:z:h g 2 g é gllll IO :k;p;fl (DPL) I11p are compared, and if equal the instruction im- ;m;L)I I
S5 mme 3121110 3f21110 mediately following the CLI is skipped. 3t211to
! The contents of the carry FF are tested, and if set
g TC Test Carry '0000[0100(1(1|skipif(C)=1 the instruction immediately following the TC is (C)=1
bl skipped.
3] +— N
i The contents of the timer FF are tested, and if set
+ | TT™ | Test Timer 000O0[0101(1|1liskipif(TMFF)=1 |the instruction immediately following the TTM is (TMFF) =1
5 skipped.
& skip if (INT FF)= The contents of the interrupt FF are tested, and if
fg TIT | Test Interrupt FF 000000111 1 IST FFe0 set the instruction immediately following the TIT is (INT FF)=1
skipped. Then the contents of the interrupt FF are reset.
Jump in the A jump is made to the address which is designated
o N ; . ;
3 Jcp Current Page 1 1P5PyP3P2P)PQ(l |1 |PCePg to Py :é setting P5 to Pg in the low-order 6 bits of the
D .
7]
3 : ; R 5
5| owe Jump . 1 0 1 0|0POP9Pg 2|2|pcepyo to Po A jump is made to the address designated with P1g to
a unconditionally  |[P7PgP5P4|P3PoP Py PO.
- . A jump is made to the address which is designated by
Jump in the Curr- N N N N
& setting A3A3A1Ag and 00 in the high-order 4 bits and
ifi PCeA A1Ag 00
5 JPA :m;zage modified |0 100100011112/ PCA3A2A1A0 the low-order 2 bits of the low-order 6 bits of the
o4 PC respectively.
EI Enable Interrupt 0011000 1|1;1/INTE FFe1 Interrupt is enabled.
DI | Disable Interrupt {0 0 0 00 O O 1|1(1|INTE FF«0 Interrupt is desabled.
1 N B -
O Call subroutine in | (PC+1)—>STACK : :
ZP P, - .
§ C: the Zero Page 1 01 1[Ps5P4P3P2|1 1Pc~00000P5P4F3P200 l-word call instruciton to page 0
-] X 101 0P1oPoPg (PC+2)—>STACK . :
s
5 [CAL | Call subroutine ISIN P3P2P1P02 PCeP10 to PO Subroutine is called.
@
s
o |RT Return ?rom 01001000 1|2/PCe(STACK) Program execution is returned from subroutine.
5 subroutine
o
N i i i i
45| rrs Return .from lo1o001o001h1 PC<—(S’:l‘A<'ZK) skip Pr?gram execution is returned from subroutine and Unconditional
Aol subroutine and Skip unconditionally |skipped.
: A single bit of the output port E which is designat-
<!
SEB | Set port EBit 0111]01B1Bg|l)2 PLE(B],Bo)<L ed by 2 kits (B1,Bg) of the instruction is set.
. A single bit of the output port E which is designat-
REB | Reset port E Bit 01100 1?1501 2|PtE(B1,Bo)<0 ed by 2 bits (B1,Bg) of the instruciton is reset.
A single bit of the output port specified by the DPp,
SPB | Set any Port Bit 011 1|0 0B1Bg|1{2|Pt(DPy,B],Bg)«1l |which is designated by 2 bits (B1,Bg) of the instru-
ction is set.
A single bit of the output port specified by the DPp,
RPB | Reset any Port Bit |0 1 1 0|0 OB3Bo|l [2|Pt(DPy,,B),B0)<0 |which is designated by 2 bits (Bj,Bg) of the instru-
g ction is reset.
-
P PR A single bit of the input port A designated by the
2] : A
E TPA | Test Port ABit 010 1{01B3Bojl :g‘;’l]:if [PtA(By, instruction bit (B1,B0) is tested, and if 1 the in- iiA(Bl'Bo)‘
2 struction immediately following the TPA is skipped.
5 A single bit of the input port specified by the DPp,
o : skip if [Pt(DPy, |which is designated by 2 bits (B;,Bg) of the inst- (P (DPL,B},B0
= TPB [ Test any Port Bit 0101/00B)Bol |1 B1,Bol=1 ruction is tested, and if 1 the instruction immedi- )1=1
ately following the TPB is skipped.
Output AC to port E PtE<—(AC) The contents of the AC are outputted to the output
OFE | (Output PLA to 0100/01001|2(oxPtE,FEPLA port E. Or the contents of the PLA designated by
port E and F) (aC)) the AC outputted to output ports E, F. (Selectable)
Output AC to The contents of the AC are outputted to the output
o any Port 0000111081 Pt(DPL)<—(AC) port designated by the DPp,.
ocp | Output immediate |00 011110 202 PtD«I7IglsIg The immediate data I7 to I4 and I3 to Ip are output-
data toport Cand D {I716I5I4I3I2I11¢ PtC+I3I2I1Ip ted to port D and port C respectively.
1

85




LM6402G,6405G

o Instruction 2
S code 3
2 [
: g N P N N PO
E Mnemonic g‘g Operation Description of operation skip condition
el A
7] e
s [P7DgD5D4|D3D2DIPO} |G
=

Set port C and D A single bit of the output ports C, D which is desi-
§ SETD Bit 0001110 0[1]|2!PtC,D(DPL)<1 gnated by the DPy, is set.
2 : N : : -
3] Reset port C and A single bit of the output ports C, D which is desi-
E RSTD| b pit 0100/010 11112 PtC,D(DPL)<0 gnated by the DP, is reset.
“u N s

N t £ t A tt t h
Sl1a |Inputportainac [0 1 0 0/0 0 0 0|1|2|Ac<(Pta) :ge contents of the input port A are inputted to the
° .
S 5 :
H Input any Port in - The contents of the input port designated by the DPy,
Ip ac 0011/0010f1}1|AC<([Pt(DPL)] Ajére inputted to the AC: )

o |sTM |Set Timer 00010100 2 TMFF <0 The timer FF is reset. The program data are set in
8 M7IgIsI4ql3I2I11I0 TIMER<I7 toIp |the timer and the timer start is instructed.
<
& |NOP | No Operation 0000|000 O0]/11{No Operation No operation. 1 machine cycle is consumed.

* : If the LI instruction (including CLA instruction) are stacked, the LI instructions after the 2nd instruction are NOP.
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N Channel E/D MOS LSI

Single-Chip 4-Bit
Microcomputer for Use in
Control-Oriented
Applications

- LM6402L,

6405L

30258 30144

® 1528

General Description
The LM6402L/6405L are single<chip 4-bit N channel MOS microcomputers intended for use in control-oriented
applications. They contain a ROM (2048 bytes (2K bytes)), a RAM (128 x 4 bits), an ALU, I/0 ports (35 pins), a
timer, a clock generator, and a PLA on single chips.

(1) Hardware features (Reduction in external parts)
e Low current dissipation (Ipp = 10 mA/5 V typ.)
Wide Vpp range (Vpp =4.5t0 9.5 V)
Single 5 V supply, N channel E/D MOS
C MOS, TTL compatible
Output ports with LED driver (2 ports/8 pins)
24-character PLA i
Input/output common ports (7 ports/27 pins)
Flexible output configuration (Open drain/pull-up resistor)
Clock generator (CR connected externally)
Cycle time 20 us
1K bytes/2K bytes pincompatible
Input threshold valtage selectable (Normal/high threshold)
Initial reset and external interrupt input pins with Schmitt gate

(2) Software features (Effective use of ROM capacity)

4-level subroutine nesting

Interrupt function (External/internal)

Programmable timer with wide setting range (Timer, pulse count, pulse width measure)
Powerfull instruction set with 82 instructions

Automatic page select

1K bytes/2K bytes instruction-compatible

Case Outline 3025B-D42SIC Case Outline 3014A-D42IC
(unit: mm) (unit: mm)

42 2
goooonono--—---nooo0o0nsys
¥

For details, refer to LM5400 Series User’s Manual.
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The LM6400 series include Type Nos. shown below and have various uses.

Cycle DD .
. M M
Type No Use RO RA Time (typ) Case Outline |Remarks
LM6402A General 2 K bytes 128 x 4 bits 10 us 30 mA DIP-42
DIP-42S
LM6405A General 1K bytes 64 x 4 bits 10 us 30 mA DIP-42
DIP-42S
LM6402H Medium-speed 2K bytes 128 x 4 bits 5 us 35 mA DIP-42
DIP-42S
LM6405H Medium-speed 1K bytes 64 x 4 bits 5 us 35 mA DIP-42
DIP-42S
LM6402G High-soeed 2K bytes 128 x 4 bits 3us 38 mA DIP-42
DIP-42S
LM6405G High-speed 1K bytes 64 x 4 bits 3us 38 mA DiP-42
DIP-42S
LM6402L Low-power 2K bytes 128 x 4 bits 20 us 10 mA DIP-42
DIP-42S
LM6405L Low-power 1K bytes 64 x 4 bits 20 us 10 mA DIP-42
DIP-42S
LM6416E Small-scale 1K bytes 64 x 4 bits 4 us 17 mA DIP-28S
Evaluation chip
Ext |
LMgago | o LMB402A, H, | 5 (T 5~10us [30mA | QIC-80
L, G and LM6405A,
H, LG
LM6497 Evaluation chip External
for LM6416E 2K bytes 5~10us |20mA | QIC-80

System Block Diagram [ LM6402L, 6405L ]

Pig-2 FmT(‘,:
1
& ——]
€ [
PHo-3 PO = RAM a3 S ROM
[=]3)
— > o i
PORT S &4
Peos (i ¢ K 8 T L I
L =
— STACK 1
STACK 2
PFo-3 @"}m “ STACK 3
L_| |P 7 STACK &
PLA 07 L
A
counter

"50~3<ﬁ§
T o

POQ-3  PCo3  PBo3  PAo3 woXtal
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Package and Pin Assignment

Xtal o—{1 ~ w20 Eextal
PCO O=ex2 41} —o VYpo(+5Y)
PC1 O=x 3 40 >0 PB3
PC2 O=x 4 390 PB2
PC3 O<>l5 38le=0 PB1
INT o6 FIeo P8O Pin Name
RES o7 36 >0 PA3
PDO o<~ 8 35|<>0 PA2 Xtal, EXtal : OSCCR
PD1 o<l 9 v 3 le>0 PA1 INT * Interupt
PD2 oesll0 B Bleo PAO RS : Reset
P3 o7l 2I<=0 P2 - * Input/output ports A
PEQ(PLAQ) o< 12 3 31leso PIy PAO-3 . P putp 03
PEAPLAT) o |13 2 ¥ PBO-3 * Input/output ports Bg.3
PEZPLAZ) 0wk = solero PH3 PCH-3 : Input/output ports Cg.3
PE3(PLA3) o<{15 28fes0 PH2 PDg-3 * Input/output ports Dg.3
PFO(PLAG) 0<-{16 27fe=0  PHI PE0-3 (PLAg-3)  * Output ports EQ.3 (PLA output .3)
PFI(PLAS) o<{17 2 [<~0 PHO PFPO-3(PLA4-7) ° Output ports Fg.3 (PLA output 4.7)
:::(:ti:) o<18 B0 PG3 PG-3 : Input/output ports Gg.3
( ) oedr9 %0 PG2 PHO-3 : Input/output ports Ho.3
TEST o020 B0 PGI : Input/output ports |
(oV)vss o—f2! 20 PGO Plo-2 e putports 102
TEST : Test
Pin Description
Pin Name IAnputIOutput Functions
INT Input Interrupt request input pin
RES Input Reset input pin
Input Input/output ports Ag to A3
PAQ.3 Input/output Capable of 4-bit input and single-bit test during input
(Note 1) Capable of 4-bit output and single-bit set/reset during output
Input Input/output ports Bg to B3
PBp-3 Input/output Capable of 4-bit input and single-bit test during input
(Note 1) Capable of 4-bit output and single-bit set/reset during output
Input/output ports Cg to C3
PCo-3 Input/output Capable of 4-bit input and single-bit test during input
Capable of 4-bit output and single-bit set/reset and also immediate data output
during output
Input/output ports Dg to D3
Capable of 4-bit input and single-bit test during input
PDo-3 Input/output Capable of 4-bit output and single-bit set/reset and also immediate data output
during output
Output ports Eg to E3
PEQ-3 Output Capable of 4-bit output and single-bit set/reset
PLA output is delivered at this pin and PFQ-3.
Output ports Fg to F3
PFQ-3 Output Capable of 4-bit output and single-bit set/reset
PLA output is delivered at this pin and PEQ.3.
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Pin Name Input/Output Functions
Input Input/output ports Gg to G3
PG Input/output Capable of 4-bit input and single-bit test during input
03 Output Capable of 4-bit output and single-bit set/reset during output
(Note)
Input Input/output ports Hg to H3
PH Input/output Capable of 4-bit input and single-bit test during input
03 Output Capable of 4-bit output and single-bit set/reset output
(Note 1)
Input/output ports Ig to 12
Pig-2 Input/output Capable of 3-bit input and single-bit test during input
Capable of 3-bit output and single-bit set/reset during output
Pin for internal clock generation
Xtal Input/output C, R are connected to this pin and EXtal pin. When supplying clock externally,
this pin must be open.
Pin for supplying clock externally
EXtal Input When using internal clock generation, C, R are connected to this pin and Xtal
pin.
VpD Input Power supply pin  Normally connected to +5 V
Vss - Connected to 0 V of power supply
TEST Input LSI test pin  Normally connected to Vgg (0 V)

(Note 1): Mask-programming can be used to select input, input/output, output.

Input/Output Select Table
Port
Option A B C D B P G H I
N N N N
Input only H H H H
utput onl (o) oD oD oD
Outp Y U | PU
N,0OD | N,OD | N,0D | N,OD N,OD | N,OD | N,O0D
Input/output N,PU | N,PU N,PU | N,PU
common H,0D | H,0D | H,0D | H,0D H,0D | H,OD | H,0D
H,PU | H,PU H,PU | H,PU

N: Normal input gate

H: High threshold input gate

OD: Open drain output

PU: Output with pull-up resistance
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Input only, normal input gate (N) Input/output common, normal input, open drain output
(N, 0D)

] | &Tfff

Input/output common, normal input, output with pull-up
Input only, high threshold input gate (H) resistor (N, PU)

ﬁj_% R 3

. Input/output common, high threshold input, open drain
Output only, open drain output (OD) output (H, OD)

-0
__{
I_

Input/output common, high threshold input, output
with pull-up resistor (H, PU)

oo

Output only, output with pull-up resistor (PU)

PLA for E, F ports

User-selected mask programmable AND matrix
IT" TTT01 234567 890N121BKISIETB192021 223%252627 |
i l
1080-, & |
i 1
1084 0 D :
| |
1087 S
q > 1
1083 : o
1
CRY : 1 !
o€ :
iI<1> A |
OO |
| I DU U S Y _ Y N U U U R R U DU R R, R B
A O O O
1< D!
E2 n \r.} |
E3 < D |
Fo=, D |
o 1
F1< YA
F2 ! D1
F3< 4 :

1
L o J
OR matrix
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Absolute Maximum Ratings/T, = 25°C, Vgg =0 V

Maximum Supply Voitage
Input Voltage

Output Voltage

Average Output Current
(Note 1)

Peak Output Current
(Note 2)

Allowable Power Dissipation
Operating Temperature
Storage Temperature

Vpp max
VIN
VouT
IOHA

I0LA (1)
10LA (2)
IOLA (3)
IOLA (4)
loHP

IOLP (1)

loLp (2)
loLP (3)
Pg max

Topg

stg
(Note 1); Applicable to any 100 ms period
(Note 2): Must not be exceeded even momentarily.

Unit

—0.3to +10 \)

—0.3to +12 \

Output transistor OFF  —0.3 to +12 \%
Each pin with pull-up —-20to0 mA

resistor

All pins of C, D ports 0to20 mA
Each pin of E, F ports 40 mA

All pinsof E portsor F ports 0to 100 mA

Allpinsof A,B,G,H, Iports 0to50 mA

Each pin with pull-up —-20to0 mA
resistor

Each output pin of ports O0tod4 mA
other than E, F ports

Each pin of E, F ports O0to40 mA

Allpinsof E portsor Fports 0to 100 mA
Ta=0~+70°C 600 mw
Oto+70 °C

—55t0+125 °C

Allowable Operating Ranges/T3 =0 ~ +70°C,Vpp=45~95V,Vgg=0V min  typ max
Operating Voltage Vpp 45 5.0 95
Port (input only and input/output common), normal input

Input “H”" Level Voitage ViH (1) Input/output port configuration 2.2 VpD
(N), (N, OD), (N, PU)
Input “L" Level Voltage VIL (1) Input/output port configuration  Vgsg 0.6
(N), (N, OD), (N, PU)
Port (input only and input/output common}, high threshold input common
Input “H"" Level Voltage VIH (2) Input/output port 0.6VpD VDD
configuration (H), (H, OD), (H, PU)
Input “L” Level Voltage ViL (2) Input/output port configuration ~ Vgg 0.3Vpp
(H), (H,0D), (H, PL)
INT, RES
Input “H" Level Voltage VIH (3) 0.7Vpp VpD
Input “L" Level Voltage VIL (3) Vss 0.3Vpp
EXtal
Input “H” Level Voltage ViH (4) 0.7Vpp VpD
Input “L"” Level Voltage ViL (4) Vss 0.6
Clock Cycle Time tc (¢) See Fig. 1. 5 10
"H"” Level Clock Pulse Width tWoH See Fig. 1. 14
“L" Level Clock Pulse Width tweol See Fig. 1. 27
External Resistor Value R See Fig. 2. 392 %
for Oscillation i
External Capacitor value C See Fig. 2. 1005 %
for Oscillation
TEST
Input “L" Level Voltage VIL (5) Vss 04

* For (N), (H), (N, OD), (N, PU), (H, OD), (H, PU), refer to the Input/Output Select Table.

unit

us
us
us
k&

pF

92



LM6402L,6405L

Electrical Characteristics/Ta =0 ~+70°C, Vpp =45~95V,Vgs=0V

Port (input only) and RES, INT

Input “H" Level Current IIH (1) Input/output port configuration
(N), (H), ViN = VDD
Input “L"” Level Current L (2) Input/output port configuration

(N), (H), Vin = Vss
Port (input/output common), open drain output

Input “H" Level Current IH (2) Input/output port configuration
(N, 0D), (H,0D), ViN = VDD
Input “L" Level Current L (3) Input/output port configuration

(N, OD), (H,0D), V|N = Vss

Port (input/output common), output with pull-up resistor
Input “L" Level Current L (1) Input/output port configuration
(N, PU), (H, PU)
Vpp=5V+10%,V|N =04V

TEST pin, input
Input “L" Level Current L (4) VIN = Vss

Port (output only or input/output common), output with pull-up resistor
Output L’ Level Current loL (1) Input/output port configuration
(PU), (N, PU), (H, PU),
Vpp=45V,VoL=04V
oL (2) Input/output port configuration
(PU}, (N, PU), (H, PU),
Vpp=95V,VoL=04V
Output “H” Level Current 10H (1) Input/output port configuration
(PU), (N, PU), (H, PU),
Vpbp=45V,VoH=225V
10H (2) Input/output port configuration
(PU), (N, PU), (H, PU),
Vpp=95V,VoH=475V

Port (output only or input/output common), open drain output
Output “L" Level Current loL (3) Input/output port configuration
(OD), (N,0D), (H,0D),
Vpp=45V,VoL=04V
oL (4) Input/output port configuration
(OD), (N, OD), (H, OD),
Vpp=95V,VoL=04V
Output OFF Leak Current loFF (1) Input/output port configuration
(OD), (N, OD), (H, OD),
VoH=55V
I0FF (2) Input/output port configuration
(OD), (N, OD), (H, OD),

VoH=10V
E, F port
Output “L" Level Current loL (5) Vpp=45V,VoL=2V
loL (6) Vpp=95V,VoL=2V

Current Dissipation IDD All output pins open at oscillation
mode, Vpp =5V, T3 =25°C
LM6402L
_LM6405L

CR Oscillation Frequency fosc C=100pF+5%, R =39 k2t2 %
See Fig. 2.

Input Pin Capacitance Cy

min

-10

-10

-1.6

1.6

35

-190

1.8

4.0

20
30

100

typ

10

* For (N), (H), (N, OD), (H, OD), (H, PU), (OD), (PU), refer to the Input/Output Select Table.

max unit
10  uA
MA
10 A
MA
mA
MA
mA
mA
-26 A
—-40 uA
mA
mA
10 uA
30 uA
mA
mA
12 mA
10 mA
200 kHz
pF
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00
VIH(4)
EX tal X tal
VIL(%) R
IC
Fig. 1. EXtal input waveform Fig. 2. Recommended oscillation circuit

Application Development Tools

For convenience of application development of the LM6402L/6405L, the evaluation chip (LM6499) and dedicated
equipment called ““application development tools” are available.

e SDS-410
This is a combination of floppy disks-provided CPU, CRT, and printer. This system enables application develop-
ment programs of microcomputers to be made (edited, assembled) very speedily and efficiently in assembly
language. By connecting the EVA-410 to the CPU, programs can be debugged and assembled or data can be
written into EPROM'’s (using EPROM WRITER function contained in the EVA-410).

e EVA-410
This is an evaluation kit having EPROM WRITER function, function of parallel/serial data communication with
external equipment (SDS-410, etc.). This kit enables application development programs to be corrected or
debugged. By replacing the target board, this kit can be used for application development of CMOS micro-
computers (LC6500 series) as well as the LM6400 series.

e EVA-401
This is a board with an EPROM and the LM6499 combined. This board is used for mounting evaluation or trial
production of sets after application development programs are completed.

e LM64PG99
This is a system evaluation chip intended for application development tool of the single-chip 4-bit
microcomputer LM6400 series. A 24-pin socket for program EPROM and PLA EPROM is provided on the
package surface. By mounting this chip on the user’s application equipment, operation of the equipment can be
checked in terms of hardware/software. The LM64PG99 can be used very effectively in equipment made by way
of trial.
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LM 641 3E N Channel E/D MOS LSI

Description
The LM641
It contains
generator. It is a low-end mode! of the LM6400 series and is suited for use in cost sensitive sets.

Single-Chip 4-Bit Microcomputer tor
Use in Control-Oriented Applications

3029A

® 1379A

3E is a single-chip 4-bit N-channel MOS microcomputer intended for use in control-oriented applications.
a ROM (2048 bytes (2K bytes)), a RAM (128 x 4 bits), an ALU, 1/O ports (21 pins), a timer, and a clock

(1)  Hardware features (Reduction in external parts) : Identical to LM6416E except Ipp

Cycle time : 4 to 40 us.

Capable of interfacing direct with 12 V (15 V (max)) peripheral circuits.

Clock generator. CR oscillation 770 kHz typ., ceramic oscillation 400/800 kHz, drive by external oscillator
1 MHz max.

All output ports containing LED driver. 5 ports/17 pins, |0 =10 mA/VQL=1.5 V.

Input/output common ports. 2 ports/8 pins.

Single 5 V (typ) supply and wide operating range (Vpp=4.5 to 6.5 V).

Initial reset and external pseudo interrupt input pins containing Schmitt gate.

(2) Software features (Effective use of ROM capacity) : Identical to LM6416E except ROM capacity, RAM
capacity

65 instructions compatible with LM6402/05. Flag manipulation instructions, working register manipulation
instructions, carry save instruction are eliminated.

2-level subroutine nesting.

Pseudo interrupt function (External/internal).

Programmable timer with wide setting range.

Automatic page select.

(3) Evaluation chip

Evaluation chip LM6498 and piggyback LM64PG98 are available for use in the application development of
the LM6413E.

Case Outline 3029A-D28SIC
(unit: mm)
2 [+

Ll;——lglnss_—’ll

LT
=
L
3.2 495

For details, refer to the instruction set table described in the
separate catalog and also LM6416 Series User’s Manual.
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System Block Diagram 5 -
RAM § l—. ROM
K= o
[=]
. ﬁ 0
PC
PGo PORT k}~ % » \V4
(1 bit) ¢ (=13 ] ] O 1
] STACK 1
ot ] Y STACK 2
rron3 ] PO e
n T
‘ | Timer counter
PORT
Peos (—7F K== ] 10 !
PORT PORT PORT Pseudo o TNT
0 4 A inperupt INT
AC : Accumulator
ALU : Arithmetic and logic unit @ @ f[ r‘ <—o0 RES
DP : Data pointer ch . <0 Xtal -
[ : Carry FF F0o-3 03 A0-3 <0 EXtal
PC : Program counter <0 Vpp
«—o0 VSS
Package and Pin Assignment N
POg O=>{1 ~ 2 >0 PC3
PD1 O=—>2 27 le—>O PC2
P02 O=—>{3 26 l=—>0O PC1
PD3 O=e>{4 25 le>0O PC?
:xm C : 2% )=—0 PA3 Xtal, Extal : OSC resonator
Xtal C ) B=—OPaz INT : Interrupt
N O 2j=—0 PAI RES : Reset
RES O—>1¢ 21 |«—O PA$ PAO to 3 : Input ports A0 to 3
PEy O=—19 2 —O Voo PCo to3 : Input/output ports CO to 3
PE1 O=—r0 19}—>0 PG# PDO to 3 : Input/output ports Do to 3
PE2 O=—l! 18>0 PF3 PEO to 3 : Output ports Eoto 3
PE3 O=—{12 17| —=0 PF2 PFoto3 : Output ports Fo to 3
TEST O—>{13 16 L—>0 PF1 PGo : Output ports Go
ves O—% 15 O PF TEST : Test
Pin Name | Input/output Function
iINT Input ® Peseudo interrupt request input pin.
RES Input ® Reset input pin.
® Input ports A0 to A3.
PAO to 3 Input . . .
P ® Capable of 4-bit input and single-bit test.
® Input/output common ports Co to C3.
! ® Capable of 4-bit input and single-bit test during input.
PCoto3 Input/output ® Capable of 4-bit output and single-bit set/reset and immediate
data output during output.
® |nput/output common ports Do to D3.
® Capable of 4-bit input and single-bit test during input.
PDOto3 | Input/output ® Capable of 4-bit output and single-bit set/reset and immediate
data output during output.
® OQutput ports E0 to E3.
PEOto3 Output ® Capable of 4-bit output and single-bit set/reset.
® Qutput ports FO to F3.
PFoto3 Output ® Capable of 4-bit output and single-bit set/reset.
® QOutput ports Go.
PGo Output ® Capable of single-bit output and single-bit set/reset. r-
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Xtal Input/output ® Pin for externally attaching oscillator for internal clock oscillation.

® Cermaic resonator or CR is connected to this pin and pin EXtal.
® Pin for supplying external clock.

EXtal Input ® |f internal clock oscillation is used, ceramic resonator or CR is
connected to this pin and pin Xtal. (Ceramic OSC, CR OSC: Mask
option).

VDD Input ® Power supply pin. Normally connected to +5V.

Vss — ® Connected to GND of power supply.

TEST Input ® LS| test pin. Normally connected to VSS (GND).

Absolute Maximum Ratings at T; =25°C, Vgg =0V unit
Maximum Supply Voltage Vppmax —0.3t0o +8 V
Maximum Input Voltage VINmax  EXtal pin: Up to self-oscillation level -0.3to+15V
Maximum Output Voltage VouTmax Output transistor: OFF —0.3to+15V
Average Output Current loLa 1 Each pin of ports 20 mA
"1 10La 2 All pins of C, D ports 100 mA

loLa 3 All pins of E, F, G ports 110 mA
Peak Output Current *2 IoLp 1 Each pin of ports 20 mA
IoLp 2 All pins of C, D ports 120 mA
10Lp 3 All pins of E, F, G ports 130 mA
Allowable Power Dissipation Pgmax —30°C ~ +70°C 400 mW
Operating Temperature Topg —30 to +70 °C
Storage Temperature Tstg —55 to +125 °C

*1 Applicable to any 100ms period
*2 Must not be exceeded even momentarily.

Alowable Operating Conditions at T3 =—30 to +70°C, Vgg =0V min typ max unit
Supply Voltage VDD 45 6.5 \%
Port Input

“H" level input voltage VIH 1 0.6VpD 13.5 \%
“L" level input voltage Vi1 Vss 0.3VpD \%
INT, RES
“H" level input voltage VIH 2 0.7VpD 13.5 \%
“L" level input voltage ViL 2 Vss 0.3VpD \
E Xtal (Selecting ceramic oscillation option and applying external clock)
“H" level input voltage VIH 3 Xtal open 0.8VpD VDD \%
“L" level input voltage ViL 3  Same as above Vss 1.0 \%
Clock cycle teo Same as above,Refer to Fig. 1. 1.0 10.0 us
““H" level clock pulse width twoH Same as above 0.3 us
““L" level clock pulse width twol Same as above 047 us
Oscillator (Selecting ceramic oscillation option)
External resistance for ceramic R1 Refer to Fig. 2. 900 1000 1100  kohm
oscillation
External capacitance for Cq EXtal side 400kHz 200 220 240 pF
ceramic oscillation EXtal side 800kHz 200 220 240 pF
Co Xtal side 400kHz 200 220 240 pF
Xtal side 800kHz 200 220 240 pF
Oscillator (Selecting CR oscillation option)
External resistance for CR R2 Refer to Fig. 3. 8 10 100 kohm
oscillation
External capacitance for CR C3 Refer to Fig. 3. 45 68 200 pF
oscillation
TEST
“L" level input voltage ViL 4 Vss 04 \%
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Electrical Characteristics at T3 =—30 to +70°C, Vpp =4.5 to 6.5V, V§§ =0V

A Port INT, RES

“’H” level input current liH1 VIN =13.5V 10 MA
“L" level input current h VIN =Vss -10 uA
E Xtal
““H" level input current 11 H2 VIN =VDD 10 MA
“L" level input current L2 VIN =Vss —10 uA
C, D Port (Output OFF)
““H" level input current 11H3 VIN =135V 10 MA
“L" level input current he3 VIN =Vss -10 MA
C,D,E,F,GPort
“L" level output current loL 1 VDD =4.5V, VoL =1.5V 10 mA
Output off leak current IOFF 1 VOH =13.5V 10 MA
CR Oscillation Frequency (Selecting CR oscillation option) min  typ max unit
fosct C3* =68pF, R2=10kohm 620 770 890 kHz
*Including stray capacitance of
board wiring, etc.
Ta =0 to +70°C
fosc2 Ta=01to0+70°C, 620 770 960 kHz
Ta=-30to +70°C
Current Dissipation IpD1 At 800kHz oscilation 23 39 mA
Output =Open
Ta =0to +70°C
IDD2 Ta=0to+70°C, 23 45 mA
Ta=-301to +70°C
Input Pin Capacitance cy 10 pF
. Fig. 2 Recommended Fig. 3 Recommended
Fig. 1 Extal Input Waveform Ceramic Oscillator CR Oscillator
EX tal Xtal EXtal Xtal
b i
A —4 i R2 !
! ! M
=0 N
L. ceramic L
o T resonator T c2 3 T
7 kel beas

Input/output type of port
Input only
(high threshold input)

D—Dof

CR oscillation of LM6413E, LM64PG98

Ceramic : Ceramic resonator

KBR400B (Kyocera)
CSB400P (Murata)
KBR800H (Kyocera)
CSB800A (Murata)

Output only
(open drain output)

Ea

Input/output common
(highthreshold input, open
drain output)

oo Do

P

(1) For the variation range of CR oscillation frequency of the LM6413E, the following are guaranteed at external

constants of (C=68pF, R=10 kohm) only.
min  typ max

@ fosc 1 =620 to 770 to 890 kHz/ T4 = 0 to +70°C
@ fosc 2 =620 to 770 to 960 kHz/ T4 = -30 to 70°C

98



LM6413E

fosc — R [Fig. A]

2000

LM6413E
Vpb=5v — {>0 —
Ta=25C l_%
(Note) External capacitance C Extal i Xat
includes stray capacitance Lo A
\ of board wiring, etc. >
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| ! Vpp=5v
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(2) If other frequency than typical value 770 kHz is used at other constants than (C =68pF, R = 10kohm), fix CR
constants referring to “‘oscillation frequency vs. standard external resistance characteristics “’in Fig. A. In this case,
take care of the following.

1) Oscillation cycle period must be within the range (1 to 10 us) of recommended operation clock cycle period at
EXtal pin.

2) CR constants must be selected from among recommended external constants (C = 45 to 200pF, R = 8 to
100 kohm).

It should be noted that outgoing inspection is performed under the frequency variation condition at (C = 68pF,

R = 10kohm).

(3) CR constants of the LM64PG98 are also fixed referring to “‘oscillation frequency vs. standard external resistance
characteristics”’ in Fig. B. In the application where the LM6413E is used at CR oscillation of (C =68pF, R = 10kohm),
if the LM64PG98 is used for evaluation, an oscillation frequency nearly equivalent to that of the LM6413E can be
obtained by adding (parallel-connecting) approximately 20pF to capacitance C.

Application development tools
For convenience of application development of the LM6413E, the evaluation chip (LM6498) and the dedicated
equipment called “application development tools’’ are available. For details, refer to “DEVELOPMENT TOOL
MANUAL".

(1) SDS-410 system
This is a combination of floppy disks-provided CPU, CRT, and printer. This system enables application deve-
lopment programs of microcomputers to be constructed (edited, assembled) very seedily and efficiently in
assembly language. By connecting the EVA410 to the CPU, programs can be debugged and assembled or data
can be written into EPROM (using EPROM WRITER function contained in the EVA410).

(2) EVA410+ TB1 (6498)
This is an evaluation kit having EPROM WRITER function, function of parallel/serial data communication
with external equipment (SDS410, etc.). This kit enables application development programs to be corrected
or debugged. If the TB1 is mounted with the LM6499, replace the LM6499 with the LM6498.
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(3)

LM64PG98

The LM64PG98 is provided with 24-pin sockets
for 2 program EPROMs and ““PLA through’’ on
its package surface. By usingjointly with a board
for conversion form 42-pin normal to 28-pin
shrink (Note), pin-compatibleness with mass
production product LM6413E is enabled.
Because of its evaluation capability equivalent
to the EVA-410E and its compactness, the
LM64PG98 is best suited for being mounted on
a prototype.

(Note)

EVA-PEX-6E (Board for
LM6416E pin assignment)

conversion into

(4) Board ‘EVA-PEX-6E’ for conversion into

LM6413E pin assignment
For evaluation of the LM6413E, the LM64PG98
and the conversion circuit are used.

Pin assignment conversion circuit diagram from
LM64PG98 to LM6413E, from LM64PG9I7 to
LM6416E.

Pin ~
assignment e
LM64PG98 o1 2% 0
b2 230
Xtal 1 ¢3 3 22¢42 1 Extal
Pco 2 _ 4130 VoD (+5V)
o4 2 & 29
PCy 3 O < ¢l'0 [ NC
PC2 [:4¢5 T 3299 N
Gs ‘W 2 190
Pc3 s o £ . 381 NC
w e ? EZP0nh ke
_ Q¢ 2 © 17
RES 57¢9 E:;s¢36: PA3
PDO [:l 8 o 5[] PA2
on 150
PD1 s ¢” “ ¢J4 E PA1
poz [J0 ¢-'2 ’3_5‘)” PAO
PO3 [ T-————- 321 NC
PEO  [12 (5]"'\,"“22631 (1 Ne
PET [ 23¢3o:l NC
PE2 [:r4¢2 s 297 NC
PE3  [rs ¢3 = 22226 1 NC
1
PFO E/s¢: o :0¢?7:l NC
PF1 |:,7¢ = 261 NC
bs © 199
PF2 [:ra¢7 o M¢?5:l NC
PF3  []19 w 77¢24:] NC
TEST Czog: g ,6¢23 M Ne
v = 21 PG
(33) E2’¢uo nS_ 150
" | e
13 or
Q’i —————— —9 (top view)
EVA-PEX-6E
LM64PG97/98 Pin Assignment
xtat (1] . 7] Extal
Peo (2} —— ) e voo
Py G- . %) NC
e (&} | B
3 3] - —ljl\ 52 N
INT [} %' 37] NC
res [7] j—‘l 138 Pa3
roo [4] E ] {35 PA2
PD1 [9) ) | 5 P
PD2 [j0] ’Jj"— F-_E PAO
P03 1} jg | 2] NC
PEo 12 SE o
IREED
o= S
PE2 [14] 9 R
PE 3
3 ET o 1 o] N
PFO IE J” NC
PR [y :},5 5] NC
2 ] 15 NC
PF3 19} J<l ] Ne
TEST (0] LM6416/13E B3] Nc
Vsgov) IZ Pin assignment I L 53 oo
—
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(5) Proper cares in using LM64PG98
Check to see the following before using the LM64PG98.
@ The PLA function select jumper is connected. (Fig. a)
@ In order that the EPROM power supply and the LM64PG98 power supply (VpDD) become the same, the
jumper on the back is wired as shown in Fig. b. (Note 1).

(Fig. a) Fig. b
j.z’ PLA function select jumper (Fig. b)
~

'
? EPROM power supply
> ~__select jumper

A Connected to power
supply pin of EPROM

@
aﬁ_@_, Wired
2
B Connected to power
supply pin of LM64PG98

@ Insert the following data written EPROM (2716) to the dedicated EPROM (through PLA) socket. (Note 2)

Data for dedicated EPROM (through PLA) (HEX notation)

EPROM
address 0 1 2 3 4 S5 6 7 8 9 A B C D E F
0 00|00 11 22 33 44 55 66 77 88 99 AA BB CC DD EE FF
0 10|00 11 22 33 44 55 66 77 88 99 AA BB CC DD EE FF
02 0]00 11 22 33 44 55 66 77 88 99 AA BB CC DD EE FF
0 3 0|00 11 22:33 44 55 66 77 88 99 AA BB CC DD EE FF
040 (
050
H . For EPROM addresses 404 onward,
R y any data are acceptable.

(This data are commonly called “‘through PLA"’)

(Note 1) The EPROM dissipates relatively large current. If the power capacity of user’s appliances is insufficient,
wire as shown below and provide a separate power supply for the EPROM so that power can be supplied
externally.

Separate power supply
for EPROM (+5 V)

User’s appliance
board

+5v
Power supply
for EPROM  ov

Provide a separate power
supply for EPROM.

(Note 2) The connection shown below makes the (g' N7 '2;“I¢
evaluation possible without inserting the 6 ; 2 ¢
dedicated EPROM. Xtal 1 63 22¢‘7 [ Extal
Pco [J2 413 vop(asv)
PCy [:3¢" “¢40:] NC
For the dedicated EPROM (through PLA) socket, Pz 4 g 5—— 20 g” L ne
6 — 19
PC3 38 NC
Connect pin 5 with pins 13,17. - E: &7 P ,,E, "
pin 6 with pins 11,16. . (oA >—r7¢
pin 7 with pins 10,15. = R TR AL 2 el =i
pin 8 with pins 9.14 PE? =y kY L,s Ch -
Other pins are open. P02 o g}' — L,,:; B Pao
Connection in case of usingno EPROM P03 [Jn T---omo—— 32 F:J NC
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LM6416E N Channel E/D MOS LS|

Single-Chip 4-Bit Microcomputer for
Use in Control-Oriented Applications

3029A

® 995D

The LM6416E is a single-chip 4-bit N-channel MOS microcomputer intended for use
in control-oriented applications. It contains a ROM (1024 bytes (lk bytes)), a RAM
(64 x4 bits), an ALU, I/0 ports (21 pins), a timer, and a clock generator.r Itisa
low-end model of the LM6400 series and is suited for use in cost sensitive sets.

(1) Hardware features (Reduction in external parts)

. Cycle time : 4 to 40us

. Capable of interfacing direct with 15V(max) peripheral circuits.

. Clock generator (Ceramic resonator or CR attached externally, fmax=1MHz).

. All output ports containing LED driver (5 ports/17 pins, Ipr=10mA/Vpor=1.5V).

. Input/output common ports (2 ports/ 8 pins).

. Single 5V (typ) supply and wide operating range (Vpp=4.5to6.5V).
Initial reset and external pseudo interrupt input pins containing Schmitt
gate.

(2) Software features (Effective use of ROM capacity)
. 65 instructions compatible with LM6402/05.
. 2-level subroutine nesting.
. Pseudo interrupt function (External/internal).
. Programmable timer with wide setting range.
. Automatic page select.

(3) Evaluation chip
. Evaluation chip LM6497 and piggyback LM64PG97 are available for use in the
application development of the LM6416E.

Case OQutline 3029A-D28SIC
(unit:mm)

EZ&%:i

3.2 4.95

SANYO: DIP28S

For details, refer to LM6416 Series User’s Manual.
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System Block Diagram

DP counter]
(]

RAM ROM
N )
[
bs]
ORT a [H ﬂ e
PGo POR ks
(1 bit) G < Q Ke — i TT—IT TUIT
—
ﬁ STACK |
C STACK 2
@ PORT l— AC ALU
PFo-3 A K —— ﬁ B
- {Fimer oot
PORT
PEo-3 ¢ p—=1 30 30 {B
PORT PORT PORT pseudo | o7
D C A inperupt-
T8 0 o
QO Xtal
R PCo- PAc-3
Plo-3 o -0 Extal
-0 Vpp
AC : Accumulator <O Vss

ALU : Arithmetic and logic unit
DP : Data pointer

C : Carry FF

PC : Program counter

Package and Pin Assignment

s 01 7 glao rcs

PD 1 O—¥2 2740 PC2

PD2 O—3 26O PC1 (Pin name)

D3 O—4 w0 PCs ﬁ'—f_l' EXtal : OSC resonator

Exta O—l5 a0 Pas %\I_ST_‘ ézzgimp t

ﬁ o6 210 PA2 PAQ to 3 : Input ports AQ to 3
INT  O—¥7 20O PAI PCQO to 3 : Input/output ports Cqg o 3
REs O—ls 20 Pag PDQ to 3 : Input/output ports DQ to 3
o ol oo w | Tl I Rl
PET  Oe—10 1990 PG PGq : Output ports Go

PE2  Oe11 w80 ers TEST : Test

PE3  Oe12 170 PF2

TEST O-N13 1630  PF 1

vss  O—M 15440 Prg
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Pin Description

Pin name Input/output Function
INT Input Pseudo interrupt request input pin.
RES Input Reset input pin.
Input ports A3 toAQ.
PA3 to 0 Input Capable of 4-bit input and single-bit test.
Input/output common ports C3 to CQ.
Capable of 4-bit input and single-bit test
PC3 to0 0 Input/output during input.
’ Capable of 4-bit output and single-bit set/re-
set and immediate data output during output.
Input/output common ports D3 to Dg.
Capable of 4-bit input and single-bit test
PD3 +o 0 Input/output during input.
Capable of 4-bit output and single-bit set/re-
set and immediate data output during output.
Output ports E3 toEg.
PE3 00 Output Capable of 4-bit output and single-bit set/
reset.
Output ports F3 toF(Q.
PF3 60 Output Capable of 4-bit output and single-bit set/
reset.
Output ports Gg.
PGo Output Capable of single-bit output and single-bit
set/reset during output.
Pin for externally attaching oscillator for
. K . fon.
xtal Input/output 1nter§al cloc osc1llat1?n '
Ceramic resonator or CR is connected to this
pin and pin EXtal.
Pin for supplying external colock.
EXtal Input If internal clock oscillation is used, ceramic
P resonator or CRis connected to this pin and pin
Xtal.
Vbpb Input Power supply pin. Normally connected to +5V.
Vss Connected to OV power supply.
TEST Input LSI test pin. Normally connected to Vgg(OV).

Absolute Maximum Ratings at Ta=25°C,vgg=0V unit
Maximum Supply Voltage Vppmax -0.3 to +8 v
Input Voltage VIN EXtal pin:Up toself-oscillation -0.3 to +15 \Y

level

Output Voltage Voyr Output transistor : OFF -0.3to+l5 Vv
Average Output Current Igra(1) Each pin of ports 20 mA
(Applicable to any 100ms Ippp(2) Allpinsof C,D ports 100 mA
period) *1) QKA(3)Allpinsof E,F,G ports 110 ma

Peak Output Current *2) Igrp(1) Each pin of ports 20 mA
Iorp(2) Allpinsof C,D ports 120 mA

o Iorp(3) Allpins of E,F,G ports 130 mA

Allowable Power Dissipa- Pgmax =-30°C to+70°C 400 mw

tion
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Operating Temperature Topg -30 to +70
Storage Temperature Tstg -55 to +125
*1) Applicable to any 100ms period
*2) Must not be exceeded even momentarily.

Recommended Operation Conditions at Ta=-30 to +70°C,vgg=0vV min typ max
Recommended Operating VDD 4.5 6.5
Supply Voltage
Port Input "H" level input VIH(1) 0.6Vpp 13.5

: voltage
"L" level input V1I,(1) Vss 0.3VpD
- voltage
INT,RES "H" level input VIy(2) 0.7Vpp 13.5
voltage
"L" level input Vi, (2) Vss 0.3Vpp
voltage
EXtal "H" level input VIH(3) External clock 0.8vVpp VpDp
(Selecting ceramic ) voltage is applied.
oscillation option "L" level input Vr1r,(3) Same as above Vss 1.0
voltage
Clock cycle tc(g) Same as above, 1.0 10.0
Refer toFig. 1
"H" level clock tygH  Same as above, 0.3
pulse width Xtal open
"L" level clock tygr Same as above, 0.47
pulse width Xtal open
Oscillator External resistance R1 Refer toFig. 2 900 1000 1100
Selecting for ceramic oscillation
ceramic External capacitance cl EXtal side
oscillation| for ceramic oscillation 400kHz 200 220 240
option " 800kHz 200 220 240
External capacitance c2
for ceramic oscillation Xtal side
400kHz 200 220 240
" 800kHz 200 220 240
Selecting CR\External resistance R2 Refer toFig. 3 8 10 100
oscillation }for'CRoscillation
option External capacitance C3 Refer toFig. 3 45 68 200
for CRoscillation
TEST "L" level input VIiy(4) Vss 0.4
voltage
Electrical Characteristics at T3=-30 to +70°C,vpp=4.5 to 6.5V,Vgg=0V
min typ max

A Port "H" level input Itg(1) Vin=13.5V 10
EEE)EEE current

"L" level input ITL (1) VIN=VSS -10

current
EXtal "H" level input ITH(2) VIN=VDD 10

current

"L" level input I71,(2) VIN=Vss -10

current
C,D Port "H" level input Iyy(3) ViN=10(13.5)V 10
(Output OFF) current

"L" level input Iyp(3) ViN=Vss,Same as -10

current above.
c,D,E,F,G "L" level output I0L (1) Vpp=4.5V,Vor,=1.5V 10
Port current

Output off leak IOFF(l) Vpg=13.5V 10

current

unit
°cC
°C

unit

us

us

us

kohm

pF
pF

PF
PF
kohm

pF

unit
uA

uA

uA

ulA
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CR Oscillation Frequency

(Selecting CR
oscillation option

Current Dissipation

Input Pin Capacitanc

Fig.

twgl twgH

te(s)
Fig. 3
EXtal

!

)

e

1 EXtal Input Waveform

Recommended CR Oscillator

Xtal

Input/output type of port

Input only

(high threshold input)

—o—

CR oscillation of LM6416E, LM64PGI7

fosc(1)

fosc(2)

IpDp(1)

Ipp(2)

C1

Output only
(open drain output)

T

Fig. 2

min
C=68pF* 620
R=10kohm
*Including stray
capacitance of boa-
rd wiring, etc.
Ta=0 to +70°C
Same as above
Ta=-30 to +70°C
At 800kHz oscilation
Output=0pen
Ta=0 to +70°C
Same as above
T;=-30 to +70°C

620

EXtal Xtal

2

\l
AA
v

—— O

Ceramic
L 4

I_resonator ;L

Ceramic : Ceramic
. KBR400B
. CSB400P
. KBR8OOH
. CSB800OA

>

<
P

(4]

typ max unit
770 890 kHz
770 960 kHz

17 30 mA

17 35 mA

10 pF

Recommended Ceramic Oscillator

c2

resonator

Input/output common

(highthreshold input, open

drain output)

T

1. For the variation range of CR oscillation frequency of the LM6416E, the follow-
ing are guaranteed at external constants of C=68pF, R=10kohm only.

min

typ

1) fosc(1) =620 to 770 to 890 kHz (Ty=0 to +70°C)

2) fosc(2) =620 to 770 to 960 kHz (Tz=-30 to+70°C)
2. If other frequency than typical value 770kHz is used at ohter constants than

C=68pF, R=10Okohm, fix CR constants referring to "oscillation frequency vs.

standard external resistance characteristics" in Fig. A.
care of the following.

In this case, take

1) Oscillation cycle must be within the range (1 to 1lOus) of recommended opera-

tion clock cycle at EXtal pin.

2) CR constants must be selected from among recommended external constants
(C=45 to 200pF, R=8 to 100kohm).
It should be noted that outgoing inspection is performed under the frequency
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variation condition at C=68pF, R=10Okohm.

3. CR constants of the LM64PG97 are also fixed referring to "oscillation frequency
vs. standard external resistance characteristics" in Fig. B. In the application
where the LM6416E is used at CR oscillation of C=68pF, R=10kohm, if the LM64PG97
is used for evaluation, an oscillation frequency nearly equivalent to that of the
LM6416E can be obtained by adding (parallel-cnnecting) approximately 20pF to ca-
pacitance C.

z fosc - R [Fig. Al N fosc- R [Fig. B)

X 9 z
S LM6416E o~ LM64PG27
% Ta=25°C =1 \ Ta=22vc

= - vV =

— 10 \ VDD v - 10 \\\ . QD

3 (Note) External capacitance C (mJ (Note) External capacxtance: C

C 4 :\ includes stray capacitance] o 4 mcludes stray capacitance
el \\\\ of boardwiring, etc. “ \\ £ board wiring, etc.

) X N | o) 5| X A,

o e

NN FENN

g of{53 A\ o= oS8 A\ \‘\

S EEIN NN ol AN
5 AIZEEN ~—Tew—  § EiE NS e
IR N 2 (182 N\ 2
H [SE-EV 82pF 4 Lo5C 82pp
= (T“§_ A QOOJWJ 100, - va. 5V ) 2001267 ! Oopp
~ -

3 Vpp=4.5~6.5V ol i) DD—

g @ %0 o g

o External Resistance,R - kohm S} External Resistance,R - kohm

Application development tools
For convenience of application development of the LM6416E, the evaluation chip
(LM6497) and the specialized equipment called "application development tools"
are available. For details, refer to "DEVELOPMENT TOOL MANUAL".

. SDS-410 system
This is a combination of floppy disks-provided CPU, CRT, and printer. This
system enables application development programs of microcomputers to be con-
structed (edited, assembled) very speedily and efficiently in assembly lang-
uage. By connecting the EVA-410 to the CPU, programs can be debugged and
assembled or data can be written into EPROM (using EPROM WRITER function con-
tained in the EVA-410).

. EVA-410 + TB1 (6497)
This is an evaluation kit having EPROM WRITER function, function of parallel/
serial data communication with external equipment (SDS-410, etc.). This kit
enables application development programs to be corrected or debugged. If the
TB1 is mounted with the LM6499, replace the LM6499 with the LM6497.

. EVA-401
This is a board with an EPROM and the LM6497 combined. This board is used for
mounting evaluation or trial production of sets after application development
programs are completed.
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. LM64PG97 Pin ’T\/—_T
The LM64PG97 is provided with 24-pin sockets assignment & - 24¢
for 2 EPROMs for programming and "PLA through" LM64PGO7 &2 20
on its package surface. By using jointly xtal 7 ¢I>3 = uéu:’ Extal
with a board for conversion from 42-pin nor- PCo []2 de E N 2;6” ([ VoD (+5v)
mal to 28-pin shrink, pin-compatibleness PG Qi © 9 20 w1 NC
with mass production product LM6416E is ena- Pcz ¢ gs = 3 639:1 NC
bled. Because of its evaluation capability PC1 s b7 Eé ::¢=”:l NC
equivalent to the EVA-401 and its compactness, INT  []6 ] o 137110 NC
the LM64PG97 is best suited for being mounted REs (7 ?’ 8 '“?x: PA3
on equipment made on an experimental basis. Pog []8 Q9 % "?35:] PA2
PO1 |j9¢f 3 :fiu: PA1
poz [0 gu & ,’¢33:l PAQ
P03 [n L-------—--T32[1 NC
i(ia_l,EXtal : OSC resonator-CR pEg 2 [ ns TR : NC
INT : Pseudo interrupt e 2“?” =T
RES : Reset ez u$? 5 #9H we
PAQ-3 : Input ports 20 to 3 PE3 [ ,5?’ g ”¢2‘: NC
PCO-3 : Input/output ports Cg to 3 pro 116 Qe ) 2";’,73 NC
PD0-3 : Input/output ports DO to 3 o O79° B P9%b we
PEQ-3 : Output ports EO to 3 2 Q¢ X ”éfzs O N
PF(p-3 : Output ports FO to 3 prs 9997 0 %%k we
PGo : Output ports Go rest 29 2 70 [ Nc
TEST : Test e O ,,g ,: S ”65 Z 2R Poo
on § wo |0 sorapin
le ..... u:: ;__._"3.- (Top View)

Shipment of LM64PG97
(1) Nonuse of PLA function (The LM6416E is provided with no PLA function.)
(2) In order that the EPROM power supply and the LM64PG97 power supply (Vpp)
become the same, the jumper on the back is wired as shown below. Check to
see this wiring prior to use.

1

2
" (The LMG4PGI7 and the 20 3 (Nonuse of PLA function)
S

Wired

A Connected to power
supply pin of EPROM

B Connected to power
supply pin of LM64PG97,

For PLA EPROM, make "PLA through" which data for nonuse of PLA function are written
(see below) or connect pins direct as shown on next page if no EPROM for "PLA through"

is used. EPROM data for nonuse of PLA function (HEX notation)

EPROM

address | O | 2 3 4 5 6 7 8 9 A B C D B F
000 00 11 22 33 44 55 66 77 88 99 AA BB CC DD EE FF
010 00 'l 22 33 44 55 66 77 88 99 AA BB CC DD EE FF
020 00 11 22 33 44 55 66 77 88 99 AA BB CC DD EE FF
030 00 I'l 22 33 44 55 66 77 88 99 AA BB CC DD EE FF
040

0 ? 0 For EPROM addresses 40y onward,

5 any data are acceptable.

(This data are commonly called "PLA through")
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Xtal
PCo

PC2

ﬂIgDﬂ_ﬂﬂﬂﬂDﬂﬂ
MK o N 8
oUoooggugoguguyg

EXtal
VOO (+5V)
NC Connect
NC

NC

NC

PA3
PA2

PA1

PAQ

NC

pin
pin
pin
pin

Other

Connection in case of using no EPROM for "PLA through"

EPROM dissipates relatively large current,

W ~J o wm

with pins
with pins
with pins
with pins

13, 17.
11, 1le.
10, 15.

9, 14.

pins are open.

If power capacity of user's appli-

ances is insufficient, wire as shown below and provide a separate power supply

for EPROM so that power can be supplied externally.

/\

External power supply (+5V)

User s appliance board

\i

Power supply for EPROM
Provide a separate power supply for EPRCM.
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LM6416E INSTRUCTION SET

Notations
AC : Accumulator TMFF : Timer FF ( ) : Contents
An : Accumulator bit n TIMER : Timer — : Transfer direction, result
C : Carry FF INT FF : Interupt FF v : Exclusive-or
Carry : Carry from ALU STACK Stack
Borrow : Borrow from ALU P : Port
DP : Data pointer M : Memory
PC : Program counter [M(DP)] : Memory contents addressed
by DP
‘o
5 Instruction o
b code 2 . .
g Mnemonic 3 ° Operation Description of operation skip condition
>
3 |5
a D7DgDgD4|D3D2DID0] |5
S i
=
CLA | Clear AC 1001000 O0[1]1l|AC«O The contents of the AC are cleared.
g |CLC | Clear C 1|ce0 The contents of the C are cleared.
o
g CMA | Complement AC 0001(000 0({1{1AC«(AT) The cont.nts of the AC are complemented.
3 :
19 Complement & The contents of the AC are complemented and incremen-
+
"cé CIA Increment AC 00011000 1{1/1AC—(AD)+1 ted by 1. The C is unaffected.
et N :
The contents of the AC are incremented. If carry is
g INC Iizre'::néa:;: and 0000110111 :i:_(ll\? é:x‘r generated, the instruction immediately following the Carry
%‘ skip Y P b INC is skipped. The C is unaffected.
8 ! The contents of the AC are decremented If carry is
AC) -1 :
1 DEC Degrelflent AC and 00001 111{1;1 ACT_(.C) generated, the instruction immediately following the Borrow
o skip if Borrcw skip if Borrow . ! X
8 DEC is skipped. The C is unaffected. |
%STC Set C 00011011|1{ljCe1 The C is set.
5 Rorate AC Right (C)>A3,(An)->An-1|The contents of the AC are rotated right through the
487 RAR through C 00110000!/1(1 (Ag)—>C c.
g~ The contents of the memory M(DP) are incremented.
A Increment M skip M(DP)<-[M(DP)]+1 [The AC, C are unaffected. If the result is [M(DP)!= _
;ég nm if carry 0001110111 skip if carry 0, the instruction immediately following the INM is [4(DP) ]=0
skipped.
b 123
e The contents of the memory M(DP) are decremented.
8ﬁ DEM I?ecrement M skip 00011111 1(1]1M(DP)«[M(DP)]-1 The AC,AC are unéffegted.' If the resu}t is [M(DP)!= [M(DP) ]=F
oyt if Borrow s F, the instruction immediately following the DEM is
= skip if Borrow .
skipped.
Binary addition of the contents of the AC and the
Add M to AC ski AC<(AC) + [M(DP) ] contents of the memroy M(DP) is performed and the
AD if c © skip 00001 00O0(1(1 Kip if result is stored in the AC. If carry is generated, Carry
H + arry skip if Carry the instruction immediately following the AD is
bl skipped.
:5 Binary addition of the contents of the AC, C and the
ﬁ Add M to PCwith ¢ AC,C<«(AC)+ [M(DP |contents of the memory M(DP) is performed and the re-
£ ADS Skip if Carry 0000100 1|11)I+(C) sult is stored in the AC, C. If carry is generated, Carry
skip if Carry the instruction immediately following the ADS is
§ skipped.
‘n's’ AC, C<(AC) + Binary addition of the contents of the AC, C and the
3 ADC| Add M toACwithC {000 1j1 00 1|1 [MZDP)]+(C) contents of the memory M(DP) is performed and the re-
& sult is stored in the AC, C.
o N . N
" Decimal adjust 6 is added to the AC. The C is unaffected. This in-
DAA . P 0o0o0CQ|0 1 + : : : A
g AC in Addition 1 011 ACe(AC)+6 struction is used for decimal addition adjust.
o] Decimal adjust AC 10 is added to the AC. The C is unaffected. This
A {DAS | : 000010101 + . : : :
»E in Subtraction 1|AC<—(aC)+10 instruction is used for decimal subtraction adjust.
The contents of the AC and the contents of the memory
EXL | ExclusiveORLogic 10 0 0 1{1 0 0 O|1|1|AC«(AC)¥[M(DP)] M(DP) are exclusive-or'd and the result is stored in
the AC.
*| Load AC with . . .
. LI Immediate data 100 113157131 |1|AC<I3I2T1 I The immediate data I3I2I1Ip are loaded in the AC.
~§ S Store AC to M 0000|001 0]|1|1/M(DP)<—(AC) The contents of the AC are stored in the memory M(DP).
5 -
3 L Load AC with M 0011{1 00O0|1l|1ljAC«[M(DP)] The contents of the memory M(DP) are loaded in the AC.
»
"l:) ™ Load AC with M 001 1[10MaL AC<[M(DP)] IThe contents of the memory M(DP) are loaded in the AC
K and Modify DPy L0 DPH«—(DPH)¥M1My |and then the DPy is modified with the DPy¥M1 Mg .-
v
o . . IThe contents of the memory M(DP) and the contents of
QX Exchange ACwithM {0 01 01 000 =
i < W L] (Ac) =MD ] tthe AC are exchanged.
~
L] . . The contents of the memory M(DP) and the contents of
« Exchange AC with M (AC)Z(M(DP) ]
18 |XM and Modif 00101l OMIMO|1 |1 the AC are exchanged and then the DPy is modified with|
DP E
¥ DPH DPy<—(DPy)¥MIMo o) DPR¥M) MO
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]
§ Instruction o
. |
D code [ o . . s
g Mnemonic 8 © Operation Description of operation skip condition
e
S D7DeD5D4(D302D1 Do 5
(AC)= [M(DP) ] The contents of the memory M(DP) and the contents of
Exchange ACwith M - the AC are exchanged and then the contents of the DPp,
2 - =
XD then Decrement DPr, 0010j1100)1 ::?.’(_i(.?:grrtw are decremented. If the result is (DPp)=F, the inst- (DPL) =F
P ruction immediately following the XD is skipped.
]
9 (AC)=> [M(DP) ] The contents of the memory M(DP) and the contents of
5 Exchange ACwith M DP, <—:DP JVMIM the AC are exchanged and then the DPy is modified with
3 XMD | and Modify DPy 0010/l 1MMgl|2 DPH<—-(DPH)-11 0 | the (DPy)¥M1Mo and the contents of the DPj, are decre- (DPL)=F
ﬁ then Decrement DF, sk?p if gorrow mented. If the result is (DPy)=F, the instruction im-
5 mediately following the XMD is skipped.
S (AC)=>[M(DP) ] The contents of the memory M(DP) and the contents of
S Exchange ACwith M - the AC are exchanged and then the contents of the DPr,
o
a1 X1 and Increment DPp, 00111110012 :ili.«(inPlg*'l are incremented. If the result is (DPp)=0, the inst- (DPL) =0
k] P arry ruction immediately following the XI is skipped.
3 i (AC)=>[M(DP) ] The contents of the memory M(DP) and the contents of
Exchang ACwith M P, JDP ) MM the AC are exchanged and then the DPy is modified wi-
XMI | and Modify DPy 001 1|1 1MMd1|2[ H H)VMIMO | th the (DPy)¥MMp and the contents of the DPp, are in- (DPL) =0
DPp<«(DPL) +1 : _ : .
then Increment DPyp, skip if Carr cremented. If the result is (DPp)=0, the instruction
P ¥ immediately following the XMI is skipped.
g LDI Load DP with 00010101 2 DPy<«— I5Iy The DP is loaded with the 2nd byte immediate data Ig
g Immediate data 0 0 Is5I4BI2I)Ig DPL<-I3I2I1Ip to Ip. .
4 Lpz | Load DPy and DPf,
4 with Zero and imme- 0 0 0lTaIrI1Tg 1)1 DPy«—0 The DPy is loaded with 0 and the DPy, with the immedi-
5 diate data respec- 312t1%0 DPLeII,I11 | ate data I3IpIjIq.
o tively
&
a DPr—(DPL) -1 The contents of the DPj, are decremented. If the re-
T | DED | Decrement DP 0001{001 1{1]1 »LP°L sult is (DPL)=F, the instruction immediately follow- (DPL) =F
5 skip if Borrow p N s g
2 " ing the DED is skipped.
M ) The contents of the DPy, are incremented. If the re-
o DPp<—(DP1,) +1 ; X L ;
+ | IND | Increment DP 0011/001 1|11 skip if Carry sult is (DPp)=0, the instruction immediately follow- (DPL) =0
i ing the IND is skipped.
« | TAL | Transfer AC to DP, |00 0 0[O0 11 1|11 DPp<—(AC) The contents of the AC are transferred to the DPy,.
+
8| TLA | Transfer DP, to AC [0 0 0 1{0 0 1 0|1 1| AC<(DPy) The contents of the DPj, are transferred to the AC.
A single bit of the memory specified by the DP which
SMB | Set Memory dataBit /0 1 1 1|1 0B}Bo/1|1|M(DP,B],BQ) <1 is designated by 2 bits (B1,Bp) of the instruction
is set.
A single bit of the memory specificd by the DP which
Re
| RMB Bizet Memory data | ; 3 0|1 0B1B|1|1|M(DP,B1,Bg) 0 |is designated by 2 bits (B1,Bo) of the instruction
S is reset.
+
% A signle bit of the memory specified by the DP which
JrE - 'I‘e.:st Memory data 01011 08By1[1 skip if [M(DP, }s designated b¥ 2 bits .(BerO) L?f t}'le 1n‘struct10n [M(DP,B1,Bo
[ Bit B1,Bp)1=1 is tested, and if 1 the instruction immediately fol- )1=1
ha lowing the TMB is skipped.
o
8 A single b of the contents of the AC which is de-
=1 . skip if [AC(B], signated by 2 bits (B},Bp) of the instruction is [AC(B31.,Bo)]
° X >
5 TAB. | Test AC Bit 0010)01B;Bgl1 Bg) J=1 tested, and if 1 the instruction immediately follow- =1
< ing the TAB is skipped.
e
a The bit of the contents of the AC and the bit of the
Compare AC bit with Sklp_lf [AC(B1, con.tents of the memory‘M(DP) w}.uch are designated by [AC(B1,B0)]
cMB | o data Bit 001 1|0-1B3Bg[l|1|Bo)]=[M(DP,B1, |2 bits (B1,Bp) of the instruction are compared, and =[M(DP,B],
Bo) ] if equal the instruction immediately following the Bg)]
CMB is skipped.
I skip if (AC)= The contents of the AC and the contents of the memo-
E CM | Compare ACwith M 00O0OO0Ofl1001|1 [M(DP) ] ry M(DP) are compared, and if equal the instruction (AC)=[M(DP) ]
i immediately following the CM is skipped.
E
et N R :
- Compare AC with ooo1lo111 skip if (AC)= The contents of the AC and the immediate data I3IaI) (ac)=
8 |cI Immediate data 1100 T30I1L 2 I3To19T Ig are compared, and if equal the instruction imme- IaIoIqI
.o 324110 3+21%0 diately following the CI is skipped. 3t2%1to
Y
o : <
&g Compare DPpwith [0 0 0 1[0 1 10| | |skipif (pppy= [ihe contents of the DPy and the immediate data I3l (DPp) =
9| CLI : s 11 0 2|2 I1Ip are compared, and if equal the instruction im- I4T~I1T
83 Immediate data 1 B3T2I1To 13120110 mediately following the CLI is skipped. 3t211to
The contents of the carry FF are tested, and if set
§|TC | Test carry 000O0(0100|1[1l|skipif(C)=1 the instruction immediately following the TC is (C)=1
fé skipped.
4 The contents of the timer FF are tested, and if set
+ | TTM | Test Timex 000O0(0101(1{1|{skipif(TMFF)=1 |the instruction immediately following the TTM is (TMFF) =1
5 - skipped.
& skip if (INT FF)= The contents of the interrupt FF are tested, and if
% | TIT | Test Interrupt FF 00000011111 1 IST FF<0 ~ |set the instruction immediately following the TIT is (INT FF)=1
skipped. Then the contents of the interrupt FF are reset.
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[}
£ Instruction o
bt code D
3 Mnemonic Slo Operation Description of operation skip condition
A
= D7D6D5D4/D3D2D1DO| |4
=
Jump in the A jump is made to the address which is designated
§ | acp l - 1 1 PgP4[P3P2P1Po(l |1 |PC&Pg to Pg by setting P5 to Pg in the low-order 6 bits of the
1 Current Page pC
i) .
0
E JMp Jump sies L 101 0|00 PoPg 2|pcepg toPg }; jump is made to the address designated with Pg to
@ unconditionally P7PgP5P4|P3P2P 1 P( 0-
- Jump in the Curr A jump is made to the address which is designated by
& y setting A3A2A1Ap and 00 in the high-order 4 bits and
ifi P A3AQA1A
5 JPA ;ntAzage modified 0100000112 PCR3AZALAg 00 the low-order 2 bits of the low-order 6 bits of the
tf PC respectively.
' Call subroutine in (PC+1)— STACK o o
0 - : s
a czp the Zero Page 101 1P5P4P3P2 1 lPCbOOOOOPsP‘lEngOO l-word call instruciton to page 0.
pe] .
2 . 101 0|10 PgPg (PC+2)—>STACK . .
o S t .
5 |CAL | Call subroutine P7PgPsE P3P2P1902 PCPg to Po ubroutine is called
Q
<
o |RT Return From 0100100 0)1|2|PCe(STACK) Program execution is returned from subroutine.
5 subroutine
0
He i i i i
_gs RTS Return from lo1o0010011 PC(—-(S':[‘A(.ZK) sk'lp Prqgram execution is returned from subroutine and Unconditional
Aol subroutine and Skip unconditionally |skipped.
s A single bit of the output port E which is designat-
SEB | Set port E Bit 0111]01B1Bgl|2 PtE(B1,Bo)<1 ed by 2 kits (B1,Bg) of the instruction is set.
: A single bit of the output port E which is designat-
REB | Reset port EBit 011001838l 2|PLE(BL,BO)0 | 3'1y") bits (By,By) of the instruciton is reset.
A single bit of the output port specified by the DPy,
SPB | Set any Port Bit 011 1[0 0B1By1|2|Pt(DPL,B1,Bp)«1 |which is designated by 2 bits (B1,Bp) of the instru-
ction is set.
A single bit of the output port specified by the DPp,
RPB | Reset any Port Bit |0 1 1 0|0 0B1Bg|l|2|Pt(DPy,B1,B0)<0 |[which is designated by 2 bits (Bj,Bg) of the instru- |
H ction is reset. |
b — —= 4
o L A single bit of the input port A designated by the
. X £ (PtA(B A . . X s s
E TPA | Test Port ABit . 010 1|0 1B1Bpjl|2 : ;l;i [Peal 1’ linstruction bit (B1,B0) is tested, and if 1 the in- EiA(Bl'BO)]
o 0 struction immediately following the TPA is skipped. -
5 A single bit of the input port specified by the DPp,
o : skip if [Pt(DPy,, |which is designated by 2 bits (Bj,Bp) of the inst- [P(DPL,B),Bo
| TFB | Test any Port Bit 01010081801 B1,Bol=1 ruction is tested, and if 1 the instruction immedi- )1=1
ately following the TPB is skipped.
Output AC to port E PtE<—(AC) The contents of the AC are outputted to the output
OE (Output PLA to 0100/0100]|1(2 port E. Or the contents of the PLA designated by
g’
port E and F) the AC outputted to output ports E, F. . (Selectable)
Output AC to The contents of the AC are outpu'tted to the output
op any Port 000011 11011Pt(DPL)<—(AC) port designated by the DPp.
ocD Output immediate 00011110 PtD<I7IgIlsIyg The immediate data I7 to I4 and I3 to Ig are output-
data toport Cand D [I7IgI5I4{I312I110 PtC«+I3I2I71Ip ted to port D and port C respectively.
Set port C and D A single bit of the output ports C, D which is desi-
SETD Bit 0001110 0{1{2|PtC,D(DPy)«1 gnated by the DPp, is set.
Reset port C and A single bit of the output ports C, D which is desi-
RSTD D Bit 0100010112 Ptc,D(DPL)<=0 gnated by the DPj, is reset.
he i t i tt o
I Input port A in AC 0100[000 0[1]2|ac—(pta) The contents of the input port A are inputted to the
AC.
Input any Port in The contents of the input port designated by the DPp,
® AC 0011100101 11|Ace(Pt(DPL)] are inputted to the AC.
v |sTM |Set Timer 00010100 2 TMFF<0 The timer FF is reset. The program data are set in
§ 00 0 OF3I2I1Ip TIMER<« I3 to Io the timer and the timer start is instructed.
<
g NOP |No Operation 0000|000 O{1l{1|No Operation No operation. 1 machine cycle is consumed.
* : If the LI instruction (including CLA instruction) are stacked, the LI instructions after the 2nd instruction are NOP.
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LVMI6417E N Channel E/D MOS LSl

Single-Chip 4-Bit Microcomputer for
mi | Use in Control-Oriented Applications

3010A

® 1381A

1.Description
The LM6417E is a single-chip 4~bit N-channel MOS microcomputer intended for use
in control-oriented applications. It contains a ROM (1024bytes (1lk bytes)), a RAM
(64 x 4 bits), an ALU, I/O ports (17 pins), a timer, and a clock generator. It is a
low-end model of the LM6400 series and is suited for use in cost sensitive sets.-

o (1) Hardware features (Reduction in external parts)

.

Cycle time : 4 to 40us
Capable of interfacing direct with 15V(max) peripheral circuits.

. Clock generator (typ 770kHz CR attached externally) .

All output ports containing LED driver (5 ports/l17 pins, Ipr=10mA/Vor=1.5V.)
Input/output common ports (2 ports/8 pins)

Single 5V (typ) supply and wide operating range (Vpp=4.5 to 6.5V).

Initial reset and external pseudo interrupt input pins containing Schmitt
gate.

. CMOS, TTL Compatible.

(2) Software features (Effective use of ROM capacity)

o

N-channel E/D MOS.

[Identical to LM6416E except

hardware feature]
65 instructions compatible with LM6402/05 and IM6416.

2-level subroutine nesting.
Pseudo interrupt function (External/internal).
Programmable timer with wide setting range.

. Automatic page select.

(3) Evaluation chip

. Evaluation chip LM6497 is available for use in the application development

of the LM641l7E.

Case Outline 3010A-D22IC
(unit:mm)

22 2
minininininisinialinis

%

Do oo oo
! 7.2 1,

-
05

1.2 2.54 SANYO: DIP22

For details, refer to the instruction set table described in the
separate catalog and also LM6416 Series User’s Manual.
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2.System Block Diagram

INT/PFO PORT
(18it) F

1/0 buffer

RAM

DP counter

N

STACK1
STACK 2

PORT
"Eo~3<: €

AC : Accunulator

[ L]

PORT PORT

POo-3 PCo-3

ALU : Arithmetic and logic unit

DP : Data pointer

C : Carry FF

PC : Program counter

3.Package and Pin Assignment

PDO oe—>{ 1 ~ 22 f«—>0 PC3
PD1 Oe—>{2 2] fe—>0 PC2
PD2 oe—>{3 20 te—>0 PCI
PD3 o> 4 9 PCO
0SC 0—>] 5 ~ 18 le—o PA3
PEO 0<—6 I  7l—ora
PE1 0=e— 7 5 16 f«—o0 PA1
PE2 o=—{ 8 15 le—o0 PAO
PE3 0= 9§ % |—o Vop
TESTo—=>{ 10 13 l«—o0 RES
vss o—— 1! 12 le—o0 INT/PFO

PORT
A

U

PAQO~3

(Pin name)

osc
INT/PFO
RES

PAQ to 3
PCD to 3
PDO to 3

PEQ to 3
TEST

H
.
H
:
H

Timer counter

Pseudo

inperupt | NT

<—o RES
<«—0 0SC
<0 VDD
<0 Vs

Oscillator
Interrupt/Output port Fg
Reset

Input ports AQ to 3
Input/output ports Cg ¢ 3
Input/output ports Dy ¢ 3
Output ports EQ to 3
Test
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4.Pin Description

Pin name Input/output Function
INT/PFO Input Pseudo interrupt request input pin/output port FO.
RES Input Reset input pin.
Input ports A3 to AQ.
PA3 to 0 Input Capable of 4-bit input and single-bit test.
Input/output common ports C3 to Cp.
Capable of 4-bit input and single-bit test
PC3 t00 Input/output during input.
: Capable of 4-bit output and single-bit set/re-
set and immediate data output during output.
Input/output common ports D3 to Dg.
Capable of 4-bit input and single-bit test
PD3 +650 Input/output during input.
Capable of 4-bit output and single-bit set/re-
set and immediate data output during output.
Output ports E3 toEq.
PE3 to 0 Output Capable of 4-bit output and single-bit set/
reset.
Pin for externally connecting CR circuits for
internal clock oscillation. C,R are connected
0oscC Input/output to this pin or external clock is applied to
this pin. (CR oscillation or external oscil-
lation is selected by mask option.)
Vpp Input Power supply pin. Normally connected to +5V.
Vss Connected to OV power supply.
TEST Input LSI test pin. Normally connected to Vgg(0V).

5.Characteristics

1)Absolute Maximum Ratings at Ta=25°C,Vgg=0V

Maximum Supply Voltage Vppmax

Input Voltage

Output Voltage
Average Output Current

*1

Peak Output Current *2

Allowable Power Dissipa-

tion

Operating Temperature
Storage Temperature

-0.3to+8
VIN -0.3 to +15
Voyr Output transistor : OFF -0.3 to +15
Iora(1) Each pin of ports 20
Iora(2) Allpins of C,D ports 100
QEA(3)Allpinsof E,F,G ports 110
Iorp (1) Each pin of ports 20
Iorp(2) All pins of C,D ports 120
Iorp(3) All pins of E,F ports 130
Pgmax Ta=-30 to +70 °C 400
Topg ~-30 to +70
Tstg -55 to +125

*1 Applicable to any 100ms period
*2 Must not be exceeded even momentarily.

unit

<<

2REEERRR <

°C
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*3 Including stray capacitance of board wiring, etc.

2)Recommended Operating Conditions at Ta=-30 to +70°C,Vgg=0V min typ max unit
Recommended Operating Vbp 4.5 6.5 v
Supply Voltage
Port Input "H" level input VIH(1) 0.6Vpp 13.5 \Y
voltage
"L" level input VII,(1) Vss 0.3VpD \Y
voltage
INT/PFO,RES "H" level input Vig(2) 0.7Vpp 13.5 \
voltage
"L" level input Vi (2) Vss 0.3Vpp v
voltage
0oscC "H" level input VIH(3) External clock 0.8Vpp VDD v
(Selecting external voltage is applied.
clock source option) "L" level input V1r,(3) Same as above Vss 1.0 \Y
voltage
Clock cycle tc(g) Same as above, 1.0 10.0 us
Refer toFig. 1
"H" level clock twgH Same as above, 0.3 us
pulse width
"L" level clock tygr,  Same as above, 0.47 us
pulse width
0sC External resistance Rl Refer toFig. 2 3.0 4.7 47 kohm
Selecting for CR oscillation
CR External capacitance Cl Same as above
\oscillation for CR oscillation 100 220 300 prF
option
TEST "L" level input VI1{4) Vss 0.4 v
voltage
3)Electrical Characteristics at Ta=-30 to +70°C,Vpp=4.5 to 6.5V,Vgg=0V
min typ max unit
A Port "H" level input Ity(1) VIN=13.5V 10 uA
TEEVPFO,ﬁfg current
(PFO Output OFF) "L" level input IIL(l) VIN=Vsg -10 uA
current
0osC "H" level input ITH(2) ViN=VpD 10 wA
Selecting current
Gmternal clock )"L" level input Itr(2) VIN=Vss -10 uA
source option current
C,D Port "H" level input Ity(3) ViN=13.5V 10 wuA
(Output OFF) current
"L" level input Iy (3) ViN=Vss -10 uA
current
c,D,E,F "L" level output IOL(l) Vpp=4.5V,Vor,=1.5V 10 mA
Port current
Output off.leak IOFF(l) Vpu=13.5V 10 uAa
current
CR Oscillation Frequency fosc(1) C1=220pF*3 620 770 890 kHz
(Selecting CR ) R1=4.7kohm
oscillation option Ta=0 to +70°C
fosc(2) Same as above 620 770 960 kHz
Ta=-30 to +70°C
Current Dissipation IDD(1) At 800kHz oscilation 17 30 mA
Output=0pen
Ta=0 to +70°C
Ipp(2) Same as above 17 35 mA
Ta=-30 to +70°C
Input Pin Capacitance Cr 10 pF
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Fig. 1 EXtal Input Waveform Fig. 2 Recommended Ceramic Oscillator

0sc VoD

R1

cr]ﬂ:
twel tweH

te(s)

4)Input/output type of port
Input only Output only Input/output common
(high threshold input) (open drain output) (highthreshold input, open

drain output)

o e e

5)CR oscillation of LM6417E, LM64PG97
1. For the variation range of CR oscillation frequency of the LM6417E, the follow-

ing are guaranteed at extérnal constants of C=220pF, R=4.7kohm only.
min typ max
1) fosc(l) =620 to 770 to 890 kHz (Ta=0 to +70°C)
2) fosc(2) =620 to 770 to 960 kHz (Ta=-30 to +70°C)
If other frequency than typical value 770kHz is used at other constants than
C=220pF, R=4.7kohm, fix CR constants referring to "oscillation frequency vs.
standard external resistance characteristics" in Fig. A. If this case, take
care of the following.
1) Oscillation cycle must be within the range (1 to 1lOus) of recommended ope-
ration clock cycle at EXtal pin.
2) CR constants must be selected from among recommended external constants
(C=100 to 300pF, R=3 to 47kohm) .
It should be noted that outgoing inspection is performed under the frequency
variation condition at C=220pF, R=4.7kohm.
The LM64PG97 cannot be used to evaluate the LM6417E at CR oscillation option.
By using the conversion board (EVA-PEX-7E) with C,R mounted, evaluation can
simulated.
[For details, refer to 6.5) Pin assignment conversion board (EVA-PEX-7E)
for LM6417E].

The values of C,R are fixed referring to "oscillation frequency vs. standard
external resistance characteristics" in Fig. B. 1In the application where the
LM6417E is used at CR oscillation option of C=220pF, R=4.7kohm, if the LM64PG97
is used for evaluation, an oscillation frequency nearly equivalent to that of
the LM6417E can be obtained by mounting C=88pF, R=10kohm on the conversion
board. .
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N ‘fosc - R [Fig. A) . fosc - R [Fig. B)

x T,
,Z £ (Note) External capacitance C : 4 (Note) External capacitance C

3 \ 12Céudez stray caz:gn:ance 1 \ includes stray capacitance
% of boardwiring, . ” A .

“ 0 N \ LM64I7E | ol \\\ of board wiring, et{c

0 \\ A\ Ta=25C Y LM64PG97
C 4 \ \ N, Vpp=5V o , Ta=25C 4
w 7 \ 4 v ey

N AR | R RN Yo=Y

s NN HINNNN
N e NN

[ o O

g 9 :::\::T‘::\‘\SQ75 g 9 N\\ :::T\~\\\\, 4&W_
S Operation guaran—i\_ T~~_J~C Qo 3 \ ~ 68

I teed’ e SN0y D Operation D
o ed rang Cx, 10, 50mm < aranteed 82ne
= Ta=-30 to +70°C 3005, <20pe.] = T ohge \ 0,

= 10llVDD=4.5¢06.5V I o ~ Ao g L
o T 0 % 2 0 9 0 20 40 60 & 100
<] External Resistance,R - kohm o

External Resistance,R - kohm

6.Application development tools
For convenience of application development of the LM6417E. the evaluation chip
(LM6497) and the specialized equipment called "application development tools"
are available. Evaluation is performed by jointly using the LM6416E development
tool and the pin assignment conversion board (EVA-PEX-7E). For the LM6416E deve-
lopment tool, refer to "DEVELOPMENT TOOL MANUAL".

1) SDS-410 system
This is a combination of floppy disks-provided CPU, CRT, and printer. This
system enables application development programs of microcomputers to be con-
structed (edited, assembled) very speedily and efficiently in assembly lang-
uage. By connecting the EVA-410 to the CPU, programs can be debugged and
assembled or data can be written into EPROM (using EPROM WRITER function con-
tained in the EVA-410).

2) EVA-410 + TB1 (6497)
This is an evaluation kit having EPROM WRITER function, function cf parallel/
serial data communication with external equipment (SDS-410, etc.). This kit
enables application development programs to be corrected or debugged. If the
TBl is mounted with the LM6499, replace the IM6499 with the LM6497.

3) EVA-401
This is a board with an EPROM and the LM6497 combined. This board is used
for mounting evaluation or trial production of sets after application deve-
lopment programs are completed.
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4) LM64PG97
The LM64PG97 is provided with 24-pin sockets
for 2 EPROMs for programming and "PLA through"
on its pac& ge surface. By using jointly
with a board for conversion from 42-pin nor-
mal to 22-pin normal, pin-compatibleness
with mass production product LM6417E is ena-
bled. Because of its evaluation capability
equivalent to the EVA-401 and its compactness,
the LM64PG97 is best suited for being mounted
on equipment made on an experimental basis.
*]1 EVA-PEX-7E

Xtal,EXtal : OSC resonator.CR

INT : Pseudo interrupt

RES : Reset

PAQ-3 : Input ports Apg to 3
PCO-3 : Input/output ports Cg to 3
PDO-3 : Input/output ports DQ to 3
PEQ-3 : Output ports EQ to 3
PFp-3 : Output ports FOoto3
PGo : Output ports Gp
TEST : Test

Pin_ rm e _mTT
sz o T wd

xtal [1 gi . :gu [ Eextat

PCo |:2¢‘ §§~2’6u:1 VoD (+5V)

PCy 7 65 ) g 20 W[ NC

Pez  [1+4 Se g ¥ mc',”b NC

PC1 s | x g 7381 NC

INT  [s <.>7 : = w(? 37071 NC

w cr9 E o

Pop []8 o T3] PA2

PO1 [:1966: 3 :g.u‘_‘l PA1

Poz 0 [, & u 6”:‘ PAQ

PD3 l:nq-—-—--————-' 323 NC

PEO Erz or‘l""\_f ';;‘é ] NC

PE} 137 o 1301 NC

PE2 [:;4‘.5‘2 3 P20 e

PE3 [:rsg‘: % ;fgza:l NC

Pro  []16 ] g 1271 Ne

PRI [ 795 B 20,0

PF2 [:m(?: 3 ::2253 NC

PF3 Cmg, 3 ’7(5)24:] NC

TEST :206 s I raé” 1 NC

Vss [ ] ) 121 PG

(ov) Qo _ rs(?
6,, e %0 O : Socket pin
: I i for 2716
Q? _____ m .--.B.? (Top View)

5) Pin assignment conversion board (EVA-PEX-7E) for LM6417E
. For evaluation of the LM6417E, the LM64PG97 and the conversion circuit

shown in Fig.

(a)

(a) are used jointly.

Fig.

7 - 42
2 P
3
4
s
6 1 2
z 2 1
|_ 3 20
9 ‘—-‘ o
) HeH
" Jo 5 w | [
2 6 Z )
B 7 .
2 b i
15 i
16 .
T n 2 |2
” i ]
. |
| Lo
i e
9 2%
I
- | LM6417E s
S 2

Pin assignment

Circuit for pin assignment conversion from LM64PG97 to LM6417E
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6) Wiring change at CR oscillation option, external drive option

1. Wiring chahge at CR oscillation option
When evaluating the LM6417E at CR oscillation option by use of the LM64PG97,
wire the jumper of the EVA-PEX-7E and mount C,R as shown below. 1In this
case, if C, R are connected to the LM6417E OSC pin on the user application
board, it is unnecessary to remove them. For oscillation frequency, refer

5.5) CR oscillation of LM6417E, LM64PG97 and select C,R so that the same
frequency as that of the IM6417E can be obtained.

Top View

e e

C jumper

EXT

Connect with a jumper

2. Wiring change at external drive option

When evaluating the LM6417E at external drive option by use of the LM64PG97,
connect the jumper of the EVA-PEX-7E as shown below.

Top View

L]
jumper !

Connect with a jumper

3. Check to see the following before using the LM64PG97.

(1) The PLA function select jumper is connected. (Fig. a)

(2) In order that the EPROM power supply and the LM64PG97 power supply (Vpp)
become the same, the jumper on the back is wired as shown in Fig. b.(*4)

(Fig. a) ; (Fig. b)

2
EPROM po?ler supply 20 PIA function select jumper
~. select jumper
Sy

Wired

A Connected to power
supply pin of EPROM

B Connected to power
supply pin of LM64PG97,
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(3) Insert the following data written EPROM (2716) to the dedicated EPROM
(PLA through) socket. (*5)

Data for dedicated EPROM (PLA through) (HEX notation)

EPROM
address 0 1 2 3 4 5 ) 7 8 9 A B c D ) b
000 00 't 22 33 44 55 66 77 88 99 AA BB CC DD EE FF
oOto 00 11 22 33 44 55 66 77 88 99 AA BB CC DD EE& W
020 00 11 22 33 44 55 66 77 88 99 AA BB CC DD w4 W
030 00 1 22 33 44 55 66 77 88 99 AA BB CC DD EE 2
040

050

. For EPROM addresses 40y onward,

H any data are acceptable.

(This data are commonly called "PLA througn")

(*5) The connection shown below makes the evaluation possible without
inserting the dedicated EPROM.

N4

f'_——'\“l'-"'!

X 29
Xt 31 g : ::30 1 Extal For the dedicated EPROM (PLA through) socket,
Pco [J2 ? ‘ . ¢.“ [ Voo(+SV) Connect pin 5with pins 13,17.
pcr [ s méw (1 NC pin 6 with pins 11,16.
pe2 [+ o6 9 ?” ] NC pin 7 with pins 10,15.
Pea r:s&’j e d®P N pin 8 with pins 9,14.
:_:LY- Os o b__’76-’7:1 Ne Other pins are open.

e 71,1 1 %[ PA3

PO (_—_,‘?"1 D E 1= Y]
o £ 92 ESAE
POz [0 ?u_ |, 1B P
po3 [n Q ----------- J 2] NC

Connection in case of using no EPROM for "PLA through"

(*4) The EPROM dissipates relatively large current. If the power capacity
of user's applicances is insufficient, wire as shown below and provide
a separate power supply for the EPROM so that power can be supplied
externally.

User ‘s appliance board

Separate power supply for EPROM (+5V)

/\

Power suﬁply
for EPRO

ov
Provide a separate power supply for EPROM.
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64P698’ System Evalustion Chip for LC6400

64PGY7 eres

©)1248

1. General Description
The LM64PG99/98/99 are system evaluation chips intended for application development tools of 4-bit single-chip
microcomputer LM6400 series microcomputers.
With two 24-pin socket for program ROM and PLA EPROM provided on the package surface, they are designed to
facilitate the development of the hardware and software for applications based on the LM6400 series
microcomputers. Thus, they are ideally suited for use in prototype systems.
The LM64PG99 is for evaluation of the LM6402/05A, H, L, and the LM64PG98 is for evaluation of the LM6413E
only, and the LM64PG97 is for evaluation of the LM6416/17E.

2. Features

+ General-purpose 2K-byte EPROM (equivalent to Intel 2716) is usable.

« The LM64PG99 is pin compatible with mass-production products LM6402/05A, H, L, provided that pull-up
resistors must be connected externally. (For evaluation of shrink package microcomputers, use the conversion
board.)

« With the conversion board used jointly, the LM64PG98 can be pin compatible with mass-production product
LM6413E.

+ With the conversion board used jointly, the LM64PG97 can be pin compatible with mass-production products
LM6416E and LM6417E.

+ Instruction cycle time: 4 to 40 usec.

+ +5V single power supply.

Note: The LM64PG99/98/97 are designed for application development of the LM6400 series microcomputers.
It should be noted that they are not suited for use under high-temperature, high-humidity conditions.
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3. Pin Assignment

LMEIPGO?
-~ Xtal, EXtal : Ceramic Resonator, CR for OSC
TN INT : Interrupt
2 i
g; ,33 RES : Reset i
xtal 1 bs @ =2 ¢>42 L] Extal PAQ to 3 : Input/output ports AQ to 3
PcoO [z & E 26" m] ‘;DBD (+5V) PBQ to0 3 : Input/output ports BQ to 3
S os = 20 “p B3 PCo t0 3 : Input/output ports Cg to 3
PC2 {___" 4 s 39[7 pB2 :
0s O 8O PDOto3 : Input/output ports DQ to 3
pc3 [O5 7} = LB Pen : £
Hs Q7 & “Qxph eso PEQ to 3 (PLAQ to 3} : Output ports O0to3
75 Or @ : 170 519 pas (PLA output 0 to 3)
e00 s Qs z ;;‘P;s 7 paz PFQ to 3 (PLA4 1o 7) : Output ports FOto 3
Po1 9 ?;‘l’ ”‘.534 1 Pal (PLA output 4 to 7)
P2 10 grz 13;?)” (1 PAD PGo to 3 : Input/output ports GQ to 3
L 2] P2 PHQ to 3 : Input/output ports HQ to 3
PEO (PLAo)E” T N = PI0 to 2 : Input/output ports 10 10 3
PE1 (PLAY) 13 | . 23¢30] P10 TEST - Test
PE2 (PLA2)[]%4 Oj © 22.29:! PH3
PE3 (PLA;)[:rsg N 27820:1 PH2
PFO (PLAL) []76 | : ‘E' 2o¢”:' PH1
per pan 79> B ®O 2611 PHO
PF2 (PLAG)]18 g: x w¢zs:] PG3
PF3 (PLA7)[]19 T w 170 277 PG2
est Qo9 E wog')” 1 PG
os £
(ov) vVss a1 <)70 § ,5¢22: PGO
g” 140 10 Socket pin for 2716
2219 |(Top view)
LM64PG97./ 98
) — o
c'b o 246
xa 1972 3”?42:] EXtal
PCO :2?1 s 2 Zgu_—_] VDD (+5V)
PC1 53858«m¢‘°3 N.C
PC2 [:4:5':.5,9.39:; NC
PC3 Cs? gﬂ- gaa: N.C
T E6?7§'§’w|37:l NC
RES :7Q° .92"?35:] PA3
PDO :’?9§'_E ;:(?35:1 PA2
PD1 Cygw = ,,'g“:l PA1
P02 [0 ] ,'2’ o3 [0 PAo
P03 1 --—«------932: NC
Xtal, EXtal : Ceramic Resonator, CR for OSC ::? EZ 6-1"-\"“2_4‘6);% :E
INT : Pseudo interrupt g Q PR 23¢29 = Ne
RES : Reset 03 T 20
PE3 [15 1 ~ 2’-24:1 NC
PAQ t0 3 : Input port AQto3 pro s Q “ ; 20(?27 ) NC
PCO 103 : Input/output ports CQ to 3 e - 199” 1 Ne
PDoto 3 : Input/output ports Dg to 3 PF2 [ w9 T Mgzs I
PEQ to 3 : Output port EQto3 PF3 [ rsg : "‘E" G2l N
PFOto 3 : Output port FOto3 TEST t:zoé s & rsé” M Ne
PGo : Output port Gp (ov) ¥ss E?’éw o ,5¢?2:l PGo
TEST : Test dn % wo | o: Socket pin for 2716
or ] 130 | (TOP VIEW)
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4. Case Outline 3041
(unit: mm) *

©o0O000000000 OOOO0OO0OGOR

my

000000000000 ©0EO0POO0OBO6

e 2]

[

le—15.26—>]

[

rﬂmmﬂﬂﬂﬂﬂiﬂﬂ_ﬂﬂﬂﬂjm_ﬂﬂﬂﬂﬂ_l
TV TY Y ..

+ For evaluation of the DIP-42S version of the LM6402/05A, H, L, use the board for conversion form DIP-42
to DIP-42S.

+ For evaluation of the LM6416E, use the LM64PG97 in conjunction with the circuit for conversion into DIP-28S
in Fig. (a).

+ For evaluation of the LM6413E, use the LM64PG98 in conjunction with the circuit for conversion into DIP-28S
in Fig. (a).

+ For evaluation of the LM6417E, use the LM64PG97 in conjunction with the conversion circuit in Fig. (b).

+ Shown in Fig. (c) are the external constants for CR oscillation of the LM64PG99/98/97 and the oscillation
frequency characteristic.

Fig. (a)  Circuit diagram for pin assignment Fig. (b)  Circuit diagram for pin assignment
conversion from LM64PG97/98 conversion from LM64PG97 into
into LM6416/13E LM6417E

s

LR RCRSRERC R RN

S
<
B RYXNRFEER

LM6417E pin
assignment

fosC - R
N 3 T T
£ LMO4PG9 / 98/ 97
S T,=25°C
Fig. (c)  External constants for CR oscilla- ——= X \\\ Vo=V
tion of LM64PG99/98/97 and 2 11T \\
oscillation frequency characteris- IR
] =
tic 2 N \
g’ 3+cB \\ \x CX—
e =
(Note) *:External capacitor value C also g e AN \\\ —47pp ]
. . & Y \ ~——s
includes stray capacitance of the c gg¢g \\82pp
board wiring, etc. 2.l e= '\/Oo‘ﬁ;_
©
= “00p
2 3 L
© % F) 0 &0 ) 00

External resistor value, R — kQ
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5. EPROM Mounting
Mount the program EPROM and the PLA EPROM. For writing into the EPROM, use the EPROM writer function
of the EVA-410.
For preparing data of the PLA EPROM, refer to Chapter 3, Paragraph 3.6.4 of SOFTWARE DEVELOPMENT TOOL
MANUAL.

PLA EPROM (2716) Program EPROM (2716)

\‘@
W N mnnn

nnm

0

/—\

©00000\00O0OO ooooowoooo

1 1
) ForPLA | ) Forprogram |
L T J
000 000000 0O ©0 0 00 000000
7y
Pin No. 1 of LM64PG99/98/97

LM64PG99/98/97  (TOP VIEW)

6. Table of LM6400 Series
The LM6400 series are prepared to allow an optimum selection as follows:

Type No. Application ROM RAM Cycle time | Ipp (typ) Package Remarks
LM6402A 2K bytes |128 x 4 bits 10us 30mA DIP-42
DIP-42S
General
LM6405A 1K bytes | 64 x 4 bits 10us 30mA DIP-42
DIP-42S
LM6402H 2K bytes |128 x 4 bits Bus 35mA DIP-42
DIP-42S
High speed
LM6405H 1K bytes | 64 x 4 bits Sus 35mA DIP-42
DIP-42S
LM6402L 2K bytes |[128 x 4 bits 20us 10mA DIP-42
Low power DIP-425
LM6405L Dissipation 1K bytes | 64x 4 bits |  20us 10mA DIP-42
DIP-42S
LM6413E 2K bytes |128 x 4 bits| 4 to 40us 20mA DIP-28S
Small scale
LM6416E 1K bytes | 64 x 4 bits | 4 to 40us 17mA DIP-28S
LM6417E 1K bytes | 64 x 4 bits | 4 to 40us 17mA DIP-22
LM6499 | LM6402/05A, H, L |External 2K | 128 x 4 bits| 5 to 20us 30mA QlC-80 Evaluation chip
system development bytes
LM6498 | LM6413E system |External 2K |128 x 4 bits| 4 to 40us 20mA Qlc-80 Evaluatioh chip
development bytes
LM6497 LM6416/17E External 2K | 64 x 4 bits | 4 to 40us 20mA QIC-80 | Evaluation chip
system development bytes
LM64PG99| LM6402/05A, H, L |External 2K | 128 x 4 bits| 5to 20uS | *130mA DIC-42 | Simulation chip
system evaluation bytes
LM64PG98 LM6413E External 2K | 128 x 4 bits| 4 to 40us *120mA DIC-42 | Simulation chip
system evaluation bytes
LM64PG97 LM6416/17E External 2K | 64 x 4 bits | 4 to 40us *120mA DIC-42 | Simulation chip
system evaluation bytes

*Including EPROM (2716)
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7. Proper Cares in Using LM64PG99, 98, 97
LM64PG 99

Mount the program EPROM and the PLA EPROM. Even when the PLA function is not used, the PLA EPROM
(through PLA) must be mounted in principle. For how to prepare the through PLA, refer to SOFTWARE
DEVELOPMENT TOOL MANUAL. For nonuse of the through PLA EPROM, refer to 8-(3) below.

« For evaluating the input/output option as pull-up resistor-contained type output port, connect an external
resistor to the pin of the LM64PG99.

+ All input/output ports are input/output common and of high threshold input, open drain output type. E, F ports
are for output only.
LM64PG98/97

+ The LM6416/17E and LM6413E have no PLA function. However, since the LM64PG98/97 use the same package
as the LM64PG99, two EPROM’s for program and PLA (through PLA) must be mounted in principle when
performing evaluation. For nonuse of the through PLA EPROM, refer to 8-(3) below.

8. Wiring Change according to Use/Nonuse of PLA Function
(1) Wiring change in case of use of PLA function

When the PLA function is used in evaluating the LM6402/05A, H, L with the LM64PG99, wire the jumper on
the package bottom as follows:
Use the PLA EPROM with PLA data written.

2
21

Connect this side.
By
5 ® - Cu foil Soldered
b -

Example of wiring

(When PLA is used)

(2) Wiring change in case of nonuse of PLA function
When the PLA function is not used in evaluating the LM6402/05A, H, L or when the LM6413/16/17E (with
no PLA function provided) are evaluated with the LM64PG98/97, wire the jumper on the package bottom as

follows:
For the PLA EPROM, use | through PLA| with data for nonuse of PLA written.
(Note)

1. The PLA function of the LM64PG98/97 is set to nonuse at the time of shipment.
2. Setting of use/nonuse of the PLA function must be made.

Connect this side.
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(3) Wiring change where no through PLA EPROM is required to be used in case of nonuse of PLA function
* The through PLA EPROM function can be fulfilled by wiring jumpers. The wiring diagram is shown in
Fig. (d) below.

Fig. (d) Through PLA wiring diagram using jumpers

2 2322 21 2019 18 17 16 15 14 13
OOOOOOO??O_Q? O0OO0O0O0O0O00OO0O0OO0O
.

PR ——

PLA EPROM section Program EPROM

9. Selection of Power Supply to EPROM (External power supply)

Normally, an EPROM dissipates a current of 50 to 100mA (i.e. 200mA max./2 EPROM’s). If the power capacity
of a user system is not enough, an external power supply can be used.

(1) The same power supply as to the LM64PG99/98/97 is used at the time of shipment.

A jumper for EPROM power supply select is provided on the package bottom of the LM64PG99/98/97. The

power supply to the EPROM is connected to the power supply pin (Vpp pin) of the LM64PG99/98/97 as
shown below.

I

® Connected to power supply pin of EPROM
Connected to power supply pin of LM64PG99/98/97

(At the time of shipment the same power supply is used for the LM64PG99/98/97 and the EPROM.)

(2) How to provide external power supply to EPROM
+ Remove the wiring connecting patterns (A) and (B).
+ Using this jumper, connect patterns (A) and (C).
+ Connect external power supply (+5) to pattern (C) and external power supply (OV) to GND (0V) of the user
system board.
See below.

External power supply (+5V)

User system board

ov
(External power supply to EPROM) Power. supply to EPROM

(Note) + The LM64PG99/98/97 are designed for application development of the LM6400 series micro-

computers. It should be noted that they are not suited for use under high-temperature, high-
humidity conditions.

+ For general-purpose 2K-byte EPROM, use Intel 2716 or its equivalent.

128



LM64PG99, 98, 97

unit
—0.3 to +10 \"

Absolute Maximum Ratings/T5=25°C, Vgg=0V
Maximum Supply Voltage Vpp max

Input Voltage VIN —03 to +12 "
Output Voltage VouT (1) Output transistor OFF —0.3to+12 A
Average Output Current 1QLA(1) All pins of C and D ports 20 mA
(Applicable to any 100ms IQLA(2) Each pin of E and F ports 40 mA
period) 10LA(3) All pins of E or F port 100 mA
10LA(4) All pins of A, B, G, H and | ports 50 mA
Peak Output Current loHP Each pin for pull-up -20 mA
loLP(1) Each output pin other than E, and 4 mA
E ports
1oLP(2) Each pin of E and F ports 40 mA
loLP(3) All pins of E or F port 100 mA
Power Dissipation P4 max Ta=+10 to +40°C 600 mA
Operating Temperature  Tppg +10 to +40 °c
Allowable Operating Ranges/T;=25°C, Vgg=0V min  typ max unit
Operating Supply Voltage VDD 4.5 5.0 55 \
Input/output common  "H” level input voltage VIH(2) 0.6Vpp \
port for high-threshold ~ “'L" level input voltage ViL(2) Vss 0.25Vpp \
INT, RES "H”" level input voltage VIH(3) 0.7Vpp VpD \
“L" level input voltage VIL(3) Vss 0.25Vpp \
Extal "H" level input voltage VIH(4) 0.7Vpp VpD \
“L" level input voltage ViL(4) Vss 0.6 \
Clock cycle time te(¢) VDD=5V+10% 1 10 us
Refer to Fig. 1
""H" level clock pulse twoH Vpp=5V+10% 0.4 us
width Refer to Fig. 1
“L" level clock pulse twol Vpp=5V+10% 0.4 us
width Refer to Fig. 1
External Resistance value R Refet to Fig. 2 1000 k2
for oscillator
External Capacitance value C1q Refer to Fig. 2 220 pF
for oscillator C2 Refer to Fig. 2 220 pF
TEST “L" level input voltage ViL(e) VDD=5V*10% Vss 04 Y
Electrical Characteristics/T ,=—30 to +70°C, Vpp=5V+10%, Vss=0V min  typ max unit
RES, INT "H" input level current liH(1)  VIN=VDD 10  pA
“L" input level current liL(1y  VIN=Vss -10 HA
Input/output common ""H" level input current llH(2) VIN=VDD 10  pA
port
“L" level input current liL(2) VIN=VSss -10 MA
Input/output common “L" level input voltage VoL(2) loL=1.8mA 04 Vv
port for open drain Output off leak current 10FF(1) VoH=10V 30 uA
10FF(2) VOH=5.5V 10 pA
E, F ports “L" output level voltage VoL (3) |OL=20mA 2 \
Output off leak current I0FF(3) VOH=10V 30 puA
IOFF(4) VOH=5.5V 10 pA
Current Dissipation DD VDD=5.5V Input/output 30 mA
pins OPEN, OSC in oscillation
(Except EPROM current)
Input pins capacitance Cy 10 pF
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EXtal Xtal

v - CF: Cermaic resonator

___["__‘ CSB 400P

ax= & Lg KBR 4008
CSB 800A
KBR 800H
Fig. 1 EXtal input waveform Fig. 2 Recommended oscillator for cermaic oscillation

(Note) + The LM64PG99/98/97 are designed for application development of the LM6400 series microcomputers.
it should be noted that they are not suited for use under high-temperature, high-humidity conditions.
+ For general-purpose 2K-byte ERPOM, use Intel 2716 or its equivalent.
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C MOS LSI

Single-Chip 4-Bit ]
Microcomputer for Use in
Control-Oriented
Applications

LC6502B,

6505B

30268 3014A 30258

® 1265A

General Description
The LC6502B/05B, being identical with the standard type LC6502C/05C in the
internal architecture and instruction set, are capable of interfacing direct
with a fluorescent display tube because high voltage input/output ports are

provided. Therefore, user's application equipment can be made with fewer parts
and at less cost.

Features
- Low power dissipation C MOS single-chip microcomputer
Instruction set with 79 instructions being common to the LC6502C/6505C
- 2-source, 2-level interrupt (external interrupt/internal timer interrupt)
- 4-level stack
. 4-bit prescaler-contained 8-bit programmable timer
- Fluorescent display tube driver-contained input/output ports
(1) Digits driving output ports: 10 ports
(2) Segments driving output ports: 8 ports
(3) High voltage input ports: 8 ports
(4) Normal voltage input/output ports: 8 ports
- ROM, RAM
(1) LC6502B ROM: 2048 bytes, RAM: 128x4 bits
(2) LC6505B ROM: 1024 bytes, RAM: 64x4 bits

Case Outline 3025B-D42SIC Case Qutline 3014A-D42IC
(unit:mm) (unit:mm)
42 2
nNnOn---—nonn Tr
X |-
I’J uud----- uoagug HH_
r 3.9
s
1.78_ _.ll.sm*j.m

SANYO: DIP42S
Case Qutline 3026B-Q64BIC SANYO: DIP42
(unit:mm) ns {

5 =
|
11111

SANYO: QIP64B ‘318

For details, refer to LC6500 Series User’s Manual.
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Pin Assignment

EETELEY
-0 WN - O ~

DIP42, DIP42S

700 g
INT
vob

PAO
PAY

PA2
PA3
PBO
PB)

PB2
PB3

QIP64 (Under development)

Pin Name
0SC1,0SC2
RES

HOLD
PAO-3
PBo-3
PCo-3
PDp-3
PEQ-3
PF0-3
PGo-3
PHO-3
PIp-3
Test

PF2
PF}
PFO

TEST

C,R or cermic resonator for 0SC

: Interrupt

: Reset

: Hold

: Input ports AQ-3
: Input ports BO-3
: Input/output Common ports Cp-3
: Input/output common ports DQ-3
: Output ports Ep-3
: Output ports Fp-3
: Output ports Go-3
: Output ports HQo-3
: Output ports I0,1
: Test

(Note) Pins with no pin name:
No connection
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System Block Diagram

WR
AC
ALU
DP

CTL
oscC
™

STS

PAO.3 Port

;

PBO.3 Port

;

PCO~3

]
H
)

PDO0.3

|
H
g

PE0~3

PF0~3

il

Pc
RAM ’Tﬁ — ROM
CE W STACK 1
STAK 2
STACK 3
STACK 4
()2
L
z

system bus

o

STS
cszspu¢mrlll !il
CSFzs F|

Data memory
Flag

Working register
Accumulator

Arithmetic and logic unit

Data pointer

E register
Control register
Oscillation
Timer

Status register

Pin Description

oo ]
g U U o
o) OSC 1
S

=
HOLD

«—o0 RES
5 *——o0 TEST
PG03 PHO.3 P10} +—0 VDD
*—0 VSS

ROM

PC

INT

IR
I.DEC
CF,CSF
ZF ,ZSF
EXTF
TMF

Program memory

Program counter

Interrupt control

Instruction register
Instruction decoder

Carry flag, carry save flag
Zero flag, zero save flag
External interrupt request flag
Internal interrupt request flag

. Input/ .
Pin Name output Function
INT Input Interrupt request input pin.
HOLD Input Hold mode regquest input pin
RES Input Reset input pin,
) Input ports Ap to A2 (High voltage),
PA0:3 Input Capable of 4-bit input and single-bit decision for branch,
Also used for halt mode release request input.

(continued on next page)
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PBp-3

Input

Input ports Bp to B3 (High vcltage).
Capable of 4-bit input and single-bit decision for branch.

PCp-3

Input/
Output

Input/output common ports Cp to C3 (Normal voltage),
Capable of 4-bit input and single-bit decision for branch
during input.

Capable of ‘4-bit output and single-bit set/reset during
output.

PDp-3

Input/
Output

Input/output common ports Do to D3 -(Normal voltage).
Capable of 4-bit input and single-bit decision for branch
during input, :

Capable of 4-bit output and single-bit set/reset during
output,

PEp-3

Output

Output ports Eg to E3 (Digits driver outputs),
Capable of 4-bit output and single-bit set/reset,
Capable of 4-bit input of output latch contents and
single-bit decisior of output latch for branch.

PFo-3

Output

Output ports Fp to Fz (Digits driver outputs),
Cpabie of 4-bit output and single-bit set/reset,
Capable of 4-bit input of output latch contents and
single-bit decision of output latch for branch,

PGp-3

Output

Output ports Gg tc Gy (Segments driver outputs),
Capable of 4-bit output and single-bit set/reset.
Capable of 4-bit input of output latch contents andé
single-bit decision of output latch for branch,

PHp-3

Output

Output ports HQ tc H2 (Segments driver outputs)
Capable of 4-bit output and single-bit set/reset,
Capeble of 4-pit input of output latch contents and
singie-bit decision cf output latch for branch,

Plp,|

Output

OQutput ports Ig, I} (Digits driver outputs).
Capable of Z-bit output and single-bit set/reset,
Capable of 2-bit input of output latch contents andé
single-bit decision of output latch for kbranch,

0sC!

Input

Pin for supplying external clock.
When using internal clock oscillation, C,R or ceramic
resonator is conntectec tc this pin and pin 0SC2,

0SC2

Output

Pir for externally connecting resonance circuit for
internal clock oscillation.

oD

Input

Power supply pin Normally connectec to +5V,

Vss

Connected to OV power supply,

TEST

Input

LSI test pin. Normally connected to Vss(0V).
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Absolute Maximum Ratings at Ta=25°C, Vgs=0V

unit

Maximum Supply Voltage Vpp -0.3 to +7.0 v
Input Voltage VIN(1) Input pins -0.3 to Vpp+0.3 v
other than ports A,B
VIN(2) Ports A, B Vpp-40 to Vpp+0.3 v
Output Voltage Vour (1) Ports C,D 0SC2 -0.3 to Vpp+0.3 v
. vour(2) POrts E,F,G,H,I Vpp-40 to Vpp+0.3 \Y
Peak Output Current I0(1) Ports C,D O0SC2: -2.0 to +2.0 mA
Each pin
Io(2) Ports E,F,I: Each pin -15 to 0 mA
Io(3) Ports G,H: Each pin -3 to 0 mA
Io(4) All pins of ports C to I-90 to +16 mA
Allowable Power Pd max Ta%70°C 350 mwW
Dissipation
Operating Temperature Topg -30 to +70 °C
Storage Temperature Tstg -55 to +125 °C

Note 1

Note 1l: For pin OSCl, up to oscillation amplitude generated when internally
oscillated under the recommended oscillation conditions in Fig. 4 is

allowable.

Recommended Operating Conditions at Ta=-30 to +70°C,

VDp=5V+10%,Vgg=0V
Recommended Operating
Supply Voltage
Power-down Supply
Voltage

Input "H"-Level Voltage

Input "L"-Level Voltage

Operating Clock Frequency

"H"-Level Clock Pulse
Width

"L"-Level Clock Pulse
Width

Clock Input Rise Time
Clock Input Fall Time
External Capacitance for
CR Oscillation

External Resistance for
CR Oscillation

External Capacitance for
Ceramic Oscillation

External Resistance for
Ceramic Oscillation

Power-down iIOLD setup
Time

Power-down HOLD Hold
Time

VDD (1)
VpD (2)

VIH(1)
VIH(2)

VIL (1)

VIL(2)
VIL(3)

VIL(4)
VIL(5)
fextosc
twgH
tw¢L
toscR
toscL
Cext
Rext
Ci

C2

R1

Rp
tHOLDS

tHOLDH

min
4.5
HOLD mode: 2.0
HOLD=VIL(3)
Ports A,B,C,D 0.7VDD
INT,RES,HOLD and 0.75VpD
0sCl
Ports C,D Vss
INT,RES,0SC1 Vss
HOLD:Vpp=2.0~5.5V Vss
TEST Vss
Ports A,B VDD-35

At external clock mode, 20

input is applied to 0SC1l,

0OSC2 is open. See Fig. 2.
" 0-5

" 0.5

33

" 20

Resonator CSB400P:See Fig.4. 100710%

" KBR400B: "

" CSB400P: "

" KBR40OB: "
See Fig. 1. 2
See Fig. 1. 50

typ max unit
5.0 5.5 v
5.5 \Y

VDD v

VDD v
0.3VpD \Y
0.25Vpp v
0.3vpp-0.3 \
0.3VDD v
0.3Vpp v
420 KHz

us

us

0.2 us

0.2 us

82 470 pF
47 200 Kohm
pF

100+10% pF
100*10% pF
100+10% pF
1000%5% Kohm
4.7%5% Kohm
ms

us
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Electrical Characteristics at Ta=-30 to +70°C,Vpp=5.0%10%,Vss=0V

Input "H"-Level Curre

Input "L"-Level Curre

Output "H"-Level Volt

power down
vop(1)
HOLD / 4.5V
viL 3) ¥op (2
ov
p——y
tHOLDS tHOLDH

Fig. 1 Power-down mode timing

nt

nt

age

Output "L"-Level Voltage

Output off Leak Curre

Clock Oscillation
Frequency for Ceramic
Oscillation

Clock Oscillation
Frequency for CR
Oscillation

nt

ITH(1)

IIH(2)
I1L(1)

IIL(2)

VOH (1)
VOH (2)

VOH (3)
VOH (4)
VOH (5)
VOH (6)
VoL (1)
IOFF (1
IoFF (2
IOFF (3
IOFF (4

fxosc

fcrosc

min

Input pins other than

ports A,B:VIN=VDD

Ports A,B:VIN=VDD

Input pins others -1.0
than ports A,B:VIN=VSS

Ports A,B:
VIN=VDpD-35V

-30

Ports C,D:Ipg=-1mA VDD-2

Ports C,D:
Iog=-100uA
Ports E,F,I:
IoH=-10mA
Ports E,F,I:
IoH=-1mA
Ports G,H:
IoH=-2mA
Ports C,H:
IOH=-1mA
Ports C,D:
Ior,=1mA

)y Ports C,D:
VouT=VDD

) Ports C,D:
vouT=Vss

Vpp-0.5
Vpp-2.5
Vpp-0.6
Vpp-1.0

Vpp-0.6

-1.0

) Ports E,F,G,H,I:

VouT=Vpp

y Ports E,F,G,H,I: -30

VouT=VpDp-35V

At oscillation circuit in Fig.

384

typ

400
4:

Recommended condition for ceramic

oscillation

200

300

At oscillation circuit in Fig. 3:

Cext=82pFt5%

Rext=47Kohm*1%

max
1.0

10

30

417

400

(continued on next page)

unit
uA

uA
uA

uA

uA

uA

uA

uA

KHz

KHz
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min typ max unit

Current Dissipation IDD(1) 0.4 1.0 mA
CR oscillation,in operating mode:
Cext=82pF,Rext=47Kohm,
Output pin open, VIN=VDD
IDD(2) 0.5 1.0 mA
Ceramic oscillation,in operating mode:
Recommended oscillation condition for
ceramic oscillation,output pin open,
input pin VIN=Vpp
Ipp (3) Halt mode: 0.5 10 uA
Vpp=5Vi10%
At Test circuit in Fig. 5
IpD (4) Hold mode: 0.5 10 uA
Vpp=5V%10%
At Test circuit in Fig. 6
Ipp(5) Hold power-down mode: 0.1 2 uA
Vpp=2.0V
At test circuit in Fig. 6
Input Capacitance CIN Ports A,B: 5 pF
Measured at f=1MHz
RES, INT,HOLD,OSCL1: 5 pF
Measured at f=1MHz
Output Capacitance Cout 0sC2: 10 pF
Measured at f=1MHz
Ports E,F,G,H,I 20 pF
Measured at f=1MHz Output off
Input/Output Capacitance CIQ Ports C,D: 10 pF
Measured at f=1MHz,output inhibit
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0sC1 0sC2
Voo
ViH (2)
90% " Rext
J; Cext
10% 4
\ Vi (2) Fig. 3 Recommended oscillation
Vsl.; circuit for CR oscillation
L'-"w,L—ﬁ e Swgh>1
0sC) 0sC2
t t
OsCF OSCR .
Rl R2 OF:
Fig. 2 OSCl input waveform Ceramic resonator
0 CSB40OP (Murata)
a1 CF c2
;C ;l- KBR40OB (Kyocera)
Fig. 4 Recommended oscillation circuit
for ceramic oscillation
82,
47k 82p 4k 82p
0SC2 0sCh
| 0SC2 05C1
PAQ 4‘)__ D [’ PAO PEO— )
PAZ  pE2[— my PEN—
VIL(S) PA3  PE3 Mz pe2—
PFO|— |3 PE3—
e —PBO  PFO—
peo BRI —PBI PFI—
PB1 (32 —PB2 PF2l
PB2 PGO | — Open Open —PB3 PF3{ —
vIL(5) PB3  pgy|— —PCO  PGO— | 0
PCO  beal —Pc1  PGI[— pen
PC) [ —{PC2 PG2}—
:ccz _ —{PC3 PG3—
3 — PHO|—
oo BRI— —eo PH'}__
PDI oyl —PD2 PHZI:
PD2 ol L —{PD3  PH3
PO ppyf— Plo—
E—D P J
HOC ¥
16T
FEs > RES TEST
o V¥ss Vop Vss
lnn(;)’ 7 Ipp@ ]
1pp(s 4
V|
DD 4 o Voo
Input/output common ports C,D: Output inhibit
HALT instruction is executed to cause halt mode
to be entered.
Fig. 5 Ipp(3) test circuit Fig. 6 Ipp(4),IDD(5) test circuit
fCROSC - Rext
5 20 lr—» Operation start
20 & ---1 o= ~--- Voo |
8, O N, = " |
) AN \\‘\ qfq@\ ~ B Vig(e) ¢ 0.75Vvpp=3.75v
S 2 N \ > at Vpp=>5V)
S NN, g%*% \ VIL(2) ¢ (0.25Vpp=1.125V at Vpp=4.5V)
RS & ov
\ 990 4 \ fos¢
b RONTN
z> — wo 1Vpn :Power supply rise time constant
' NERN = irun 55
2RES :pin RES rise time constant
5 N \\ ;;c
VDD__SY C,R are fixed so that ZVDD§ZRES is obtained
. Tq=25C
1
0 7 00 tosc = 10msec
Rext - kQ
tosc : Oscillation stabilized time
Fig. 7 CR i i i .
ig oscillation frequency data (typical) Fig. 8 Initial reset timing
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Appendix 1. Support System
For application development of the LC6502B/05B,the support system for the
LC6502C/05C is used.
1-1. Software support
The SDS-410 system provides source editor, cross assembler. For cross
assembler, (LC6502], [LC6505) are used.
1-2. Hardware support
(1) Evaluation chip
Evaluation chip LC6599 is used. A level converter, driver are
connected to high voltage ports externally. (A dedicated adaptor is
available.)

(Note) (Note) If used for normal voltage
LC6599 [5 input, this is not required.
e o e
9z Phos (::Qa“; <:] High voltage input
U PBo~3 0>
o AE
2 io
o
>
@

PCo-3 < j) General-purpose input/output
PDO~3

External memory
for program

PEo.3

PFO~3

EPROM ),

or PGO~3

RAM PHo~3
K Plg,1

Fig. 1-1 Basic evaluation system using evaluation chip

> Fluorescent display tube
driver output

Driver

(2) Evaluation board
Evaluation board EVA-402A and an adaptor for the LC6502B/05B are

used jointly.
Evaluation board

= //\T@)

Fig. 1-2 How to use evaluation board

4

Adaptor

A level converter, driver
shown in Fig. 1-4 are
contained.

To user's application equipment

(3) Simulation chip
Piggyback LC65PG99 and an adaptor for the LC6502B/05B are used

jointly.

il LC65PG99

'

Adaptor

A level converter, driver
shown in Fig. 1-4 are contained.

'

To user's application equipment
Fig. 1-3 How to use piggyback
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(4) Evaluation Kit
The EVA-410 and EVA-TB2 are used. For connecting with user's
application equipment, an adaptor is used.

(5) Adaptor

This is used when evaluation the LC6502B/05B with the aid of the

evaluation chip and piggyback. This contains a level converter for
high voltage input ports and a driver for fluorescent display tube.
(See Figs. 1-4, 1-5.)

-Vpp input

- Power supply for adaptor-contained

driver LB1294,

-vpp for fluorescent display tube

is applied.

(Not required for mass-produced

microcomputers.)

42-pin IC socket

- Evaluation kit
Evaluation board
Piggyback

‘\\\\ Level converter,driver

42-pin IC pin on back

use

- These pins are connected to

r's application board.

Fig. 1-4 Adaptor for LC6502B/05B
CN3 CN2
For Cable connection Back ) s 02 42-pin socket
Connector (Option) 42-pin IC pin urtace P
FAP-50-03# 2 -3 ol T hew 58w ag ™7 10-100-2806
i ‘n . .
(Yamaichi e DA " o TO% | (Yamaichi Electric-made)
Electric-made) | ;c: o A /o |::’
o0 o . e glu_og |(Note) Rl to R16, Dl to D8 are
0 : .
e DN . W 79% | for ports A,B level conversion.
| "oﬁ o i A A 356 INot required when ports A,B are
| 1 | .
| used for normal voltage inputs.
- Lo x 1: x|z I ge inp
| | | : ¥ ¥ I 1 1
| 1 |
} | i : D1~D8 : DSLL2X 7 | h
| ! |
| 1 | |
| no! o €0 oy
| 1507 v T 77001
| 170+~ 1 T 5799
| 1805 ol Lo |
| 210+ ~o L 9o
| Boy o731 7. 92|
-y . - IO
| 1 H | |
o 1C1~1C3 (16 pl
} ! P epo—— 1875 Wohmine ||
I | | | GND;; ,___~tjgiz> 1
[ | i 161 Eo! |
[ % 5 4
I B0 —olZ ic1 ‘o !
B0 o5 Faom |
| 30 9% 1702
| o ——oB 025 |
| | | | —jg | |
. . 1 | |
I R
ot raz
| 300 o2 : [4 'o;o |
FH ia— 2 3 |
}§§| DA 'o?l
ST A
! 1 | |
! I| I 32 ;_C ! |
1295 HO o3 !
! | T |
1h o S ro |
T e o o |
e 237 0¥ |
:”°. ; | ———-—Jjo37:
I H : | : '
I | | i
| ' | 391 NT | !
| 8 O T O7§ n 39 ¢
F/fam—e & =
S ISLo |
| i | 221 0sChi |
| 42 0— O 022
52—k s |
[Xs —O- % 00 140!
{wo—— ol 1 oz |
L__J w_-J * Lo_J
10u/10!
Fig. 1-5 Adaptor
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Appendix 2. Internal Architecture of LC6502B,05B

The LC6502B/05B are quite identical with the standard type LC6502C/05C in the

internal architecture and instruction set except that input/output ports are

of high voltage type. For details, refer to "LC6500 series User's Manual".

2-1. PC
For the LC6502B/05B, this is organized with a 1ll-bit/10-bit binary
counter respectively which specify the ROM address of an instruction to
be executed next. The contents of the hig-order 3(2) bits specify a page
and the contents of the low-order 8 bits specify an address in the page.
The page is updated automatically. ( ) is for the LC6505B.

2-2. ROM
This is used to store user programs. For the LC6502B/05B, this is organized
with 2048 x 8 bits/1024 x 8 bits respectively. By using the ROM table read
instruction, the whole area can be accessed and the display pattern can be
programmed.

2-3. Stack
This is used to save the contents of the PC at the subroutine call or
interrupt mode. This allows subroutine nesting up to 4 levels.

2-4. DP
This is a register organized with 4-bit DPL and 3-bit/2-bit DPH for the
LC6502B/05B respectively. When accessing the data RAM, the DPL/DPH
specify a column address/row address respectively. When accessing the
input/output ports, the DP], specifies port A to port I.

2-5. RAM
This is. a static RAM which is used to store data. For the LC6502B/05B,
this is organized with 128 x 4 bits/64 x 4 bits respectively. Row address
TH(3H) is allocated for 16-bit flags and 8-word working registers which
can be manipulated without being addressed by the DP.( ) is for the LC6505B.

2-6 AC,E
The AC is a 4-bit register which stores data to be processed by
instructions. The E register is an auxiliary register to back up the AC
and is used as a temporary register or general-purpose register at the
instruction execution mode.

2-7 ALU
This is a circuit which performs arithmetic and logic operations
specified by individual instructions. This ouputs not only data of
operation results but also the status of carry (C) or/and zero (Z).

2-8. Status register
This is a 4-bit register which stores the status of carry or zero and the
external interrupt, timer interrupt request. The contents of the status
register can be tested by the branch instructions.

2-9. Timer
This consists of a 4-bit fixed prescaler and a 8-bit programmable timer.
This counts the system clock and requests a timer interrupt when an
overflow occurs.

2-10.Control register
This is a 4-bit register, 2 bits of which control input/output of input/
output common ports C,D and 2 bits of which enable/disable external
interrupt, internal timer interrupt.

2-11.Input/output ports there are 9 ports/34 pins from port A to I. Each port
is addressed by the DPL,. Ports A,B are of high voltage input type, ports

C,D are of normal voltage input/output common type, and ports E,F,G,H,I
contain a fluorescent display tube driver.

1) Ports A B I
) 0 to 3, B0 to 4 DSB ------ Input inhibit at hold mode

ports A,B
Internal bus

H.V :High voltage input(max Vpp-40V)

Functions - 4-bit input (IP instruction)
. Single-bit test (BP,BNP instructions)
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2-12.

2-13.

(2) Ports Co to 3, Do to 3

DSB-----Input/output inhibit at hold mode
Output: High impedance

ports C,D O {1 Internal bus

DSB
Output

(—"————————— DSB----Output control (Control register)

Functions
1.Input mode (Output inhibit)

+ 4-bit input (IP instruction)
- single-bit test (BP, BNP instructions)

2.0utput mode

* 4-bit output (OP instruction)
- Single-bit set/reset (SPB, RPB instructions)

(3) Ports EQ to 3, FO to 3, GO to 3, HO to 3, I0 to 1

Ports E to I

DSB----Output inhibit at hold mode

(Output transistor off)
Voo

Q L Internal bus

Functions

4-bit (2-bit for port I) output (OP instruction)

4-bit (2-bit for port I) input of output latch contents (IP
instruction)

Single-bit set/reset (SPB,RPB instructions)

Set: The output represents a 1l.---- Output transistor on
Reset: The output represents a 0.---- Output transistor off
Single-bit test of output latch contents ( BP,BNP instructions)
Ports E,F,I: Fluorescent display tube digits drive

Ports G,H: Fluorescent display tube segments drive

External interrupt
The trailing edge of the signal on the INT pin is detected and the
interrupt request flag in the status register is set. The occurrence of

an interrupt is controlled by the enable/disable flag in the control
register.

Standby

There are 2 standby modes: halt mode ‘and hold mode. The halt mode is
entered by means of program using the halt instruction. The hold mode is
entered by setting the HOLD pin to["L'"]level. In the hold mode the power-
down mode can be entered by reducing Vpp, which contributes a great deal
to capacitor backup mode at the time of main power failure.

Reset

The system is initialized by setting the RES pin to ["L"] 1level. The
contents to be initialized are as follows:

- PC

Address 0OOH

- Control register 0000->Interrupt disable,Ports C,D: Output inhibit
+ Status register Timer,external interrupt flag —> Reset
- Output port Output latch (OH) —> Output transistor off
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Appendix 3. Proper Cares in Using LSI

3-1.

High Voltage input ports

High voltage input ports AQ to 3, BO to 3 provide the input characteristic
shown in Fig. 3-1. The pin input section contains a high voltage level
converter. When the input level is high (VIH), an “"input current" of 1 to
2uA flows from the pin to the Vgg side through this converter. (Fig. 3-2)

Voo --

A . In the pull-up mode an input current
High level input flows steadily.

Voo

Level
E:—C,}——“‘converter

Vss

0sB

Low level input

Input current

voo-3sv L

Fig. 3-1 Input level of ports A,B Fig. 3-2 Input current at port

When applying switch or key return signal to ports A,B in applications
where capacitor or battery backup mode is entered at the time of power
failure, such a circuit configuration as to cause no input current to flow
must be used. Fig. 3-3 shows an example of the circuit configuration.

Voo 1 '
!
I
Pull-down mode and 4 : K
"H" active input \ :
1
\\\ H
1
1
l
VsS or -vpp
Pull-down mode and
"H" active key scan
(a) SW input (b) Key scan input

Fig. 3-3 How to use ports A,B

Fluorescent display tube driver output

Ports EQ to 3, FO to 3, IO to 1 (10 ports) are for high current digits
driver outputs; and ports GO to 3, HO to 3 (8 ports) are for intermediate
current segments driver outputs. Of course, digits driver outputs can be
used as segments driver outputs. Fig. 3-4 shows a sample application.

Key scan

Ports E,F,I i i
! Digits
—%— -Vpp

Ports G,H LT ::)
N\

-vpp Segments

LC6502B,/ 05B
Fig. 3-4 FLT display application
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3-3. Key scan using digits drive signal

When applying the return signal to port A or port B by key scan using the

FLT digits drive signal shown in Fig. 3-4, the following must be observed.

(a) From the current flowing through the FLT used and the V-I characteristic
of the LC6502B/05B output port, estimate the voltage drop (VON) in the
output transistor.

(b) Estimate the voltage drop (VSw) in the switch circuit.

(c) judge if VON + VSW meets VIH/VIL condition of the input port shown in
Fig. 3-1; and use a driver for level return if necessary.

1
| ,4/

J\}—-q;' 2 } Switch circuit
Input \

A
0 I3 =port;"9”\
}m' \Current

Output- transistor : Output port ‘FL‘!
!
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C MOS LSI

Single-Chip 4-Bit
Microcomputer for Use in

- # Control-Oriented

v - Applications
30258 3014A 30268

LC6502C,
6505C

® 970D

(Note) The LC6502C, 6505C heretofore in use have been changed partially in their design. Accordingly, the
constant of their external part (external resistor for ceramic oscillation) has been changed as shown
below. For applications to be made in and after July, 1984, the new constant must be used. For
applications already made in and before June, 1984, the old constant is used.

Ceramic resonator New constant Old constant
CSB 400P (Murata) 2.2k2+5% 4.7k2+5%
KBR 400B (Kyocera) 4.7k215% (Unchanged) 4.7k2t5%

General Description
The LC6502C, 6505C, intended for use in commercial applications, are high-performance 4-bit microcomputers
fabricated on single chips using CMOS process technology. They are provided with various features including low
power dissipation and contain all the necessary functions, such as ALU, ROM, RAM, I/O ports, timer, cock generator,
etc. in a single chip.
The instruction set of 80 instructions includes not only 4-bit arithmetic and logical-operation/manipulation instructions
but also single-bit manipulation instructions, 8-bit table read instruction, various conditional branch instructions,
etc. which are easy to use and powerful. With the hold function and halt function provided to stop the internal
operation so that power dissipation can be minimized, they are suited for use in low-power applications such as battery-
powered equipment.
(1) Hardware features

+ Low power dissipation

+ 5V single power supply

+ 9-port/34-pin input/output

Input ports (2 ports/8 pins)
Input/output common ports (2 ports/8 pins)
Output ports (5 ports/18 pins)

« Clock generator (C, R or ceramic resonator attached externally)

> ROM capacity 1k bytes/2k bytes model pin compatible

+ Initial reset (RES) and external interrupt (TNT) and HOLD input pins containing Schmitt gate
* Hold control input to minimize power dissipation by stopping internal operation

Case Outline 3025B-D42SIC (continued on next page)
(unit: mm) 2 »
Aoon--nnoonsy

Case Outline 3026B-Q64BIC
(unit: mm)
- 2
Case Outline 3014A-D42IC SANYO: DIP42S 10 0.8 035
(unit: mm)

ol | =+
4 | 2 ~1
= =
—— —
— —
— —
— —_—
——— —

.o T/ —

L — —

Mol ——— —
— =]
——H ——
) " B

A [ A

SANYO: QIP64B ‘333’

For details, refer to LC6500 Series User’s Manual.
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(2)

So

ftware features

Powerful instruction set of 80 instructions

ROM capacity 1k bytes/2k bytes model instruction compatible

Halt function to minimize power dissipation by stopping internal operation with HALT instruction
4-level subroutine nesting
Abundant flags, working registers and manipulation instructions

Flag
Working register
General-purpose

register

16 pcs.
8 pcs.
1 pc.

Interrupt function and test instruction
External interrupt
Internal (timer) interrupt

+ Programmable timer (4-bit prescaler/8-bit timer)

Basic instruction execution cycle 10usec (clock oscillation frequency 400kHz)

(3) ROM, RAM capacity and package

1
1

Type No. ROM RAM Package Package No.
DIP 42 No. 3014
LC6502C 2048 bytes 128 x 4 bits DIP 425 No. 3025
DIP 64 No. 3026
DIP 42 No. 3014
LC6505C 1024 bytes 64 x 4 bits DIP 42S No. 3025
’ DIP 64 No. 3026
Externally Built-in
LC65PG99 attached 192 x 4 bits QIC 42PG (Note 1)
4096 bytes max max
Externally Built-in
LC6599 attached 192 x 4 bits Qic 80 (Note 2)
4096 bytes max max

(Notes 1) The LC65PG99 is a simulation chip for the LC6500 series.
(Notes 2) The LC6599 is an evaluation chip for the application development of the

LC6500 series.
pa: oot~ gfe—o ea,
LC6502C/6505C Series Package/Pin Assignment PA; O—{2 tle—0 PA
PBo O—#q3 wH—O vpp(+5V)
A PB1 O—ef4 9p—0Q Nf
Pin name PE; O—#4 5 #le—0 oo
0SC1,0SC2: C, R or ceramic resonator for OSC Py O—ls a0 Py,
INT: Interrrupt PCo Owo; >0 pio
RES: Reset PC1 Owels #—%0 pHy
HOLD: Hold PC2 Owef9 U—>O PH,
PA0_3: Input ports A0_3 PC3 Oe-e{n 53 B—+O PH,
PBg_3: Input ports By_4 POo Ow-ei1! 2,‘: #—*0 PHo
PCy_3: Input/output common ports Cy_3 PD1 Ow-eyr2 a JI—*0 PGs3
PDgy_s: Input/output common ports Djy_4 PO: Owelis O #—*0 PG
PEg_3: Output ports Eq_ o :3 o= ': #—*0 PG
PF0_3: Output ports F0_3 PE? x is :: zf:
PGO__3: Output ports G0_3 PEs ool o0 Prs
PHo_3: Output ports Hg_3 PEs Oe— 18 #}—e0 PF
Plg 1 Output ports 1g RES O—eq19 " uf—=0 Pro
TEST: Test TEST o— 2 2 osc2
(oV)vss o—2t d—-——z 0sCt

DIP 42, DIP 425
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NI R 5 R I
Package (Q|P64) z acooaoa Z a a o oz
4| 62| o2 ] sof s sef 7fse] 55| 4] 53| s 1] s o
Ne - s e
NC -2 147 NC
AoLD 146 NC
INT —4 145 PF2
(+5V)VDD ~- 44 pE1 Note :
Ne & 143 pFO Do not use the NC pin,
PAQ A 14 osc2 ] .
pa1 2] L4 0scq SUB pin unless otherwise
pA2 -2 QIP 64 42 vss(ov) instructed.
pa3 12 139 teST
Peo - 2 N
pe1 &4 1Z RES
pa2 3 136 PE3
PB3 —’g- 135 pE2
/!
NC — NC
NC 4 RN
CCEEEEEEEEEEEERE
VRO r N o - -
i1 e T T
System Block Diagram (LC6502C, 6505C)
PA0~3 Port A
:}:—l_[_a RaM T_D PC
ROM
i’ TR STACK 1
peo~3:>£_L> TS < STACK 2
STACK 3
<
. STACK 4
pCLH(:':D Port G @ R oP IR 1.DEC
(—) 3
e
PDO~3® Port D C:> J\/
2
[ System bus
PE0~3 £ Port E @ H
I [ —
PFo~3 Port F w 3 AC STS ™ CTL
cr| zF ExTFITMF
CSF| ZsF
1/0 bus INT
] -
T U U o o
, osc [0 0sC1
Port G Port H Port | [—®0 0SC 2
HOLD
«+—O RES
<—O0 TEST
PGo -3 PHo -3 Plo.a <+—0 Vpp
-+—O Vss
RAM . .. .. Data memory STS...... Status register
Foo. ..., Flag ROM..... Program memory
WR...... Working Register PC....... Program counter
AC ...... Accumulator INT...... Interrupt control
ALU ... .. Arithmetic and logic unit IR....... Instruction register
DP....... Data pointer I.DEC. . ... Instruction decoder
E........ E register CF,CSF . . . Carry flag, carry save flag
CTL...... Control register ZF,ZSF . . . Zero flag, zero save flag
OsC...... Oscillator EXTF. . ... External interrupt request flag
TM. ...... Timer TMF. . . ... Internal interrupt request flag
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Pin Description

Pin name

Input/
output

Function

z
pur

Input

Interrupt request input pin

X
@]
-
o

Input

Hold mode request input pin

2|
m)
[72]

Input

Reset input pin

PAQ—3

Input

Input ports Ag to A3
Capable of 4-bit input and single-bit decision for branch
Used also for halt mode release request input

PBo—3

Input

Input ports Bg to B3
Capable of 4-bit input and single-bit decision for branch

PCo—3

Input/
output

Input/output common ports Cg to C3

Capable of 4-bit input and single-bit decision for branch during
input i

Capable of 4-bit output and single-bit set/reset during output

PDo—3

Input/
output

Input/output common ports Dg to D3

Capable of 4-bit input and single-bit decision for branch during
input

Capable of 4-bit output and single-bit set/reset during output

PEo-3

Output

Output ports Eg to E3

Capable of 4-bit output and single-bit set/reset

Capable of 4-bit input of output latch contents and single-bit
decision of output latch for branch

PFo—3

Output

QOutput ports Fg to F3

Capable of 4-bit output and single-bit set/reset

Capable of 4-bit input of output latch contents and single-bit
decision of output latch for branch

PGp—3

Output

Output ports Gg to F3

Capable fo 4-bit output and single-bit set/reset

Capable of 4-bit input of output latch contents and single-bit
decision of output latch for branch

PHp—3

Output

Output ports Hg to H3

Capable of 4-bit output and single-bit set/reset

Capable of 4-bit input of output latch contents and single-bit
decision of output latch for branch

Plg, 1

Output

Output ports Ig, 11

Capable of 2-bit output and single-bit set/reset

Capable of 2-bit input of output latch contents and single-bit
decision of output latch for branch

0OsC 1

Input

Pin for supplying external clock
If internal clock oscillation is used, C, R or ceramic
resonator are connected to this pin and pin OSC2.

0sC 2

Output

Pin for externally attaching oscillator for internal clock
oscillation

VbD

Input

Power supply pin
Normally connected to +5V

Vss

Connected to OV power supply

TEST

Input

LS| test pin
Normally connected to Vgg (0V)
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ABSOLUTE MAXIMUM RATINGS/T3=25°C, (Vpp=5V +10% unless otherwise specified)

Maximum Supply Voltage
Input Voltage

Output Voltage

Peak Output Current

Allowable Power Dissipation
Operating Temperature
Storage Temperature

Note 1: For OSC1 pin, up to oscillation amplitude generated when internally oscillated under the recommended
oscillation conditions in Fig. 3 is allowable.

Recommended Operating Supply
Voltage

Power-down Supply Voltage
““H” Level Input Voltage

‘L’ Level INput Voltage

Operating Clock Frequency

"“H’* Level Clock Pulse Width
“L" Level Clock Pulse Width
Clock Input Rise Time

Clock Input Fall Time

External Capacitance for CR
Oscillation

External Resistance for CR
Oscillation

External Capacitance for Ceramic
Oscillation

External Reistance for Ceramic
Oscillation

Power-down HOLD Setup Time

VDD max
VIN
VouT
101

102

P4 max
Topg
Tstg

—-03t0+7.0

Note 1 —0.3 to Vpp+0.3
—0.3 to Vpp+0.3

Each pin of C to | ports —2.0t0+2.0
All pins of C to | ports —26 to +26
T,=—30 to +70°C 350
—30 to +70

—55 to +125

RECOMMENDED OPERATING CONDITIONS/T3=—30 to +70°C, Vgs=0V min  typ max
Vpp(1) 45 50 55
VDD(2) HOLD=VIL(3) 2.0 5.5
VIH(1) Input pins other than TNT, 0.7Vpp VpD

RES, HOLD, OSC1
VIH(2) INT, RES, HOLD, OSC1 pins 0.75Vpp VDD
VEL(1) Input pins other than INT, Vss 0.3VpDp
RES, HOLD OSC1
ViL(2) INT, RES, OSC1 pins Vgs  0.25Vpp
VIL(3) Vpp=2 to 5.5V, HOLD pins Vss 0.3Vpp
-0.3
ViL(4) TEST pin Vss 0.3VpDp
fext osc At external clock input, 20 420
See Fig. 1
tweH ‘ 0.5
WL " 0.5
toscR " 0.2
toscF " 0.2
Cext See Fig. 7 33 82 470
Rext " 20 47 200
C1 See Fig. 3 100£10%
Ca2 " 100+10%
R1 " 1000%5%
R2 " CSB400P (Murata) 4.7+5%
" KBR400B (Kyocera) 2.2+5%
tHOLDS See Fig. 6 2
tHOLDH " 50

Power-down HOLD Hold Time

unit

< <

< <<

kHz

us
us
us
pF
kQ
pF
pF
k2
kQ

us
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twgH

toscF toscr

Fig. 1 OSC1 pin input waveform

T T T Vi)

ViL(2)
- ov

0scC1

1

0sc2

Rex
;;cm Cext includes wiring capacity.

Fig. 2 Recommended oscillator for CR oscillation

osc1 05C2
a1 cF : Ceramic resonator
MM, |  R2
+——{OQ——+ CSB400P (Murata) 2.2k25%
CF —= KBR400B (Kyocera) | 4.7kQ2+5%

j;—Cl c2;

Fig. 3 Recommended oscillator for ceramic oscillation

ELECTRICAL CHARACTERISTICS/T3=—30 to +70°C, Vpp=5V +10%, Vss=0V

“H" Level Input Current
“L" Level Input Current
*"H’* Level Output Voltage

“L" Level Output Voltage

Output off Leak Current

Clock Oscillation Frequency for
Ceramic Oscillation

Clock Oscillation Frequency for
CR Oscillation

Current Dissipation

Input Capacitance
Output Capacitance
Input/Output Capacitance

lH

I
VOH(1)
VOH(2)
VoL
10FF(1)
IOFF(2)

fxosc

fcrosc

IDD(1)

IDD(2)

IpD(3)

IDD(4)

IDD(5)

CIN
Cout
Cio

All input pins, VIN=VDD

All input pins, VIN=VSS
Output pins other than OSC2
IoH=—1mA

Output pins other than OSC2
1oH=—100uA

Qutput pins other than OSC2
loL=1mA

Output pins other than OSC2
VOH=VDD

Qutput pins other than OSC2
VoL=Vss

Recommended conditions for
ceramic oscillation

At oscillation circuit in Fig. 3
Cext=82pF15%
Rext=47kQ2+1%

At oscillation circuit in Fig. 2
At CR oscillation

Cext=82pF

Rext=47k2

Output pin open

Input pin

VIN=VDD

At ceramic oscillation
Output pin open

Input pin

VIN=VDD

HALT mode

Vpp=5V+10%

At Test circuit in

Fig. 4

HOLD Mode

Vpp=5V+10%

At test circuit in Fig. 5
HOLD mode power down
Vpp=2V

At test circuit in Fig. 5
f=200kHz

f=200kHz, output high impedance

min

_1'
VDD-2

VDD-0.5

384

200

typ

400

300

0.4

0.5

0.5

0.5

0.1

10
10

max

04

417

400

1.0

1.0

10

10

unit
uA
MA
\%

\Y

\%
MA
MA

kHz

kHz

mA

mA

MA

MA

pF
pF
pF
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1 %m

0sc2 0sc1
PAg REQ —
PA1 PE1 —
PA?2 PE2 |—
PA3 PE3 |—
7 PFQ f—
PBO PF1 f—
PB1 PF2 —
PB2 PF3|—
PB3 PGO —
PCo PG |
PC1 PG2 — Open
PC2 PG3 —
PC3 PHO |—
POO PH1 |—
PD1 PH2 —
PD2 PH3 —
PD3 P10 +—
P11 —
T
RES
'HOLD
TEST
Voo vss
Too(3) T
..
Voo

Fig. 4 Ipp(3) test circuit

Voo (1)
HOLD

ViL@a— - - -

Input/output common ports C, D: Output inhibit
HALT instruction is executed to make HALT mode.

Power-down mode

_—— e - — — 4

tHOWS
Fig. 6 Power-down mode timing

4Tk

ITTTTTTTTTITTTTTITIT H

05C2  0sC1
—1PAO PEO
—{Par PE1
—raz PE2
— PA3 PE3
PFO
PF1
— PBo PF2
—pe1 A
—lpB2 oo
Open¢ —]P83 PG1
— Pco pe2
—1PC1 PG3
—jPe2 PHO
—Pe3 PH1
—| Ppo PH2
— P01 PH3
— pp2 Plo
— PD3 Iy
INT
s
,J,. HOLD
TEST
Voo Vss
100 (4)
loogs)
Voo

Fig. 5

8p

Open

IDD(4), |DD(5) test circuit
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P
_______ RN N __.\J___
s SIS Y
‘ N \ \J >, %%\
g 2 ®
N
N N 3 N
7 AN N\
e
. AN
1257
10 2 > 100 L
Rext - kQ

Fig. 7 CR oscillation frequency data (typical)

t—>| Operation start

5v

45V ——— - T
T Vig(e) ¢ (0.75Vpp=3.75V at Vpp=5V)

I VIL(2) ¢ (0.25Vpp=1.125V at Vpp=4.5V)
ov ;

— — tosc

Wpp : Power supply rise time constant

Voo ZRES : RES PIN fall time constant
Voo
by Fix C, R so that TVpp<TRES is obtained.
LCEs02C. ;;C tosc = 10msec (tgge: OSC Stabilized time)
6505C
vss

>

Fig. 8 Initial reset timing
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Application development tools

For convenience of application development of the LC6502C, LC6505C, the evaluation chip (LC6599), simulation
chip (LC65PG99) and the specialized equipment called '‘application development tools”’ are available. For details,
refer to “DEVELOPMENT TOOL MANUAL".

- SDS-410 system
This is a combination of floppy disks-provided CPU, CRT, and printer. This system enables application develop-
ment programs of microcomputers to be constructed (edited, assembled) very speedily and efficiently in assembly
language. By connecting the EVA-410 to the CPU, programs can be debugged and assembled or data can be
written into EPROM (using EPROM WRITER function contained in the EVA-410).

- EVA-410
This is an evaluation kit having EPROM WRITER function, function of parallel/serial data communication with
external equipment (SDS-410, etc.). This kit enables application development programs to be corrected or
debugged. By replacing the target board, this kit can be used for application development of N channel micro-
computer LM6400 series.

+ EVA-402
This is a board with an EPROM and the LC6599 combined. This board is used for mounting evaluation or trial
production of sets after application development programs are completed.
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LC6500 SERIES INSTRUCTION SET (BY FUNCTIONS)

Notations
AC : Accumulator M(DP) : Memory addressed by DP ( ),0 1:Contents
ACt : Accumulator bit t P(DP) : Input/output port addressed by DPL - : Transfer and direction
CF : Carry flag PC : Program counter + : Addition
CTL : Control register STACK  : Stack register - : Subtraction
oP : Data pointer ™ : Timer A :AND
E : E register TMF < Timer (internal) interrupt request flag ¥ :Exclusive OR
EXTF : External interrupt request flag At, Ha, La :Working register
Fn :Flag bitn ZF : Zero flag
M : Memory
§ Instruction cod
g ) nstruction code gl8 ) Status flag
] Mnemonic €S Function Description fected Remarks
g D;DsD5D4|{D3D,D 1D |®@(© ae
g CLA Clear AC 1100(000O0|1|1[AC+-0O The AC contents are cleared. ZF * 1
§ cLC Clear CF 11101000 1 {1|1}|CF+0 The CF contents are cleared. CF
g |s1cC Set CF 1111 ]ooo0 1 |1 ]1|cFe The CF is set. CcF
CMA Complement AC 1110|1011 [1]|1|AC~AD The AC contents are complemented. ZF
INC increment AC 0000|171 1 1 0|1 ]|1]AC(AC)+1 The AC contents are incremented +1. ZF CF
DEC Decrement - AC OO0O0O0 (1T 1 1 1 {11 ]|AC—(AC)—1 The AC contents are decremented —1. ZF CF
Rotate AC left ) ACo+(CF).ACn+1+ | The AC contents are shifted left through
RAL 111
k through CF 0000j000 (ACn). CF —(AC3) the CF. oo
TAE Transfer AC to E 0000001 1 ]111]|E+~(AC) The AC contents are transferred to the E.
XAE Exchange AC with E /0 0 0 0 [1 1 0 1 |1 |1 [(AC)=(E) e asgugnents and the E conents are
5 INM Increment M 00101 11 01 |1 {MDP)<<(MDP) )+1 |The M(DP) contents are incremented +1. | ZF CF
DEM Decrement M 00101 1 1 1 1|1 [MDP)+(MDP))—1 |TheM(DP) contents are decremented —1. | ZF CF
- . A single bit of the M(DP) specified with
2| SMBbit |Set M data bit 00001 0BBo|l |1 |MODP. B1Bg) 1 g s
e.g B4Bg is set.
s 3 A single bit of the M(DP) specified with
ég RMBbit [Reset M data bit 001 01 0B:iBg|! |1 |M(DP.B1Bp)+0 BBy is reset. ZF
i Binary addition of the AC contents and
AD Add M to AC 0110000011 |AC—(AC)+(M(DP)) |the M(DP) contents is performed and ZF CF
N . the result is stored AC.
- Binary addition of th CF contents
ADC Add M to AC withCF [0 0 1 0 [0 0 0 0 |1 |1 |ACIACI+MIDP)] | 5ng'the M(DP) contents is performed and | zF  CF
+(CF) the result is stored in the AC.
Decimal adjust AC B .
DAA in addition T 1 10]0 1 10 |1]i[AC—HACI+6 6 is added to the AC contents. ZF
Decimal adjust AC : .
DAS 1117 0(1 01 0|1{1AC—(AC)+10 10 is added to the AC contents. 7ZF
in subtraction
The AC contents and the M(DP) contents
g EXL Exclusive of M to AC[1 1 1 1 {0 1 0 1t [1]1[AC(AC)¥(M(DP)] | are excki:slve -ORed and the result is stored| 7F
2 in the
g The AC contents and the M(DP) contents
% | AND And M to AC 11 10(0 1 1 1|1 |1 [AC+(AC) A[M(DP)) :{EANDed and the result is stored inthe | ZF
£ 5
g The AC contents and the M(DP) contents
g OR Or M to AC 111 0{0 1 01 |1]1|AC—(AC)V(M(DP)) %EORed and the result is stored in the ZF
4 .
£ The AC contents and the M(DP) contents
§ [cm Compare AC with M |1 11 1 (1 0 1 1 1111 [ (MDPI)+ (AC) +1 | JR8 e comere o nd ZF are ZF CF
< set/reset.
.g Comparison result | CF ZF
g (M(DP)) >(AC) | O 0
S (M(DP) ) =(AC) 1 1
- MoP) ) <(AC) | 1 0
£
£ The AC contents and the immediate
2 Cl data |Compare AC with 0010 {1 100 |2[2]I3l201p+(AC)+1 data I3iglylg are compared and the ZF ZF CF
immediate data 01 00 |lzglzlylg 32
and CF are set/reset.
Comparison result CF ZF
I3l 1o >(AC) | O 0
130110 =(AC) | 1 1
1301 1< (AO ] 1 0
Compare DPL with [0 0 1 0|1 1 00 |2|2[iOPUvisiat i The DP|_contents and the immediate
CL! data 1 ed ZF
immediate data 01 0 1 jlalalylg data I3l5l4lq are compared.
Load AC with The immediate data I31514lq is loaded in
Lidata | "0 ate data 1100 [Iatatitg |1 |1 [AC—I3121110 the AC. ZF *1
S Store AC to M 0000|0010 (1|1 [M(DP) «(AC) The AC contents are stored in the M(DP).
L Load AC from M 0010|0001 [1]1[AC—(MDP)) The M(DP) contents are loaded in the AC.| ZF
P The AC contents and the M(DP) The ZF is set/r
o |XMdata | Exchange AC with M |10 1 0 |0 MMiMo|1 |2 [AC)S [MIDP)) contents are exchanged and then the recording o the |
s then modify DPH DPy —(DPy) ¥ DPy contents are modified with the ZF result of (DPyy)
E with immediate data OM M Mg contentsof (DPy) YOM M Mg, YOM,M Mg,
‘:;; X Exchange AC withM [1 0 1 0|0 0 0 0 |1 [2 |(AC) = (M(DP)) The AC contents and the M(DP) contents Z'Oﬁ;zfz“
‘s are exchanged. ZF DPy contents at
5 the time of instruc
% AC e l;an;;zculio/n.
5 - The contents a M{DP] he ZF is set/reset
E Xt Exchange AC with M [1 1 1 1 [1 1 1 0 |12 ]|(AC) = [M(DP)}) contents are exchanged and then the 7F acording 10 the
S then increment DPy DPL < (DP L) +1 DP_contents are incremented +1. result of (DP +1).
X0 [Exchonge ACwith M1 1 1 1|1 1 1 1 [1 |2 [(AC T (MDp] | The AC comtents nd the MIDP) T | Tz i
then decrement DP DP «—(DP ) —1 DP| contents are decremented —1. result of (DP_~1)
RTBL | Read table data from{O 1 1 0|0 0 1 1 |1 |2 [AC.E~ROM L’g:ﬁg‘;",::;;,gﬂggg:,:*:13“;3*
program ROM (PCh.E. AC) with the E and AC contents are loaded in
the AC and E.
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Instruction code

3
s 818 Status flay
5 Mnemonic 3 —:;; Function Description " .dq Remarks
3 D7 Dg Ds D4 |D3 D2 D1 Dg | ® |O affect
LDZ datafload DPr with Zetoand|1 O O O [lal2 1110 |1 |1 |DPy =0 The.DPH {nd DPy_are loaded with 0 and
DPu with immediate DPL 13121110 the immediate data 1317111 respectively.
data respectively
LHI data|Load DPu with 01 00 Jigl2irto |1 |1 |DPruet3121110 The DPy is loaded with the immediate
immediate data data Iglyl4lg.
IND Increment DPy 111 0|1 1 1 0 (1|1 |DP «(DP)+1 The DP|_contents are incremented +1. ZF
DED Decrement DPL 1110 )1 1 1 1 1|1 |DPL~—(DP)—1 The DP|_contents are decremented -1. ZF
g TAL Transter AC to DPL T 11 110 v 1 11 [DPL+~(AC) The AC contents are transferred to the DP |
g | TLa Transfer DPL to AC 111 0¢(1 00 1 |1]1 AC~(DPy) The DPL contents are transferred to the AQ /¢
=
& [ xan Exchange ACwih DPw [0 0 1 0 1 [ | [iac = 0P TR pagegents and the DPy contents a
c XAt Exchange AC with The AC contents and the contents of
8 XAO working register At 1110} 0|1 |1 {(AC) S (A0) working register At are exchanged.
_g XAL 1110k o iAo sean At is afsgned one of Ag, Ay, Ag, Az
2 XA2 1110 o 1111 [(AC) =(a2) according to tqtg.
g XA3 1110 0 |1 [ [(AC) Z(A3)
8 |xHa Exchange DPH with The DPy contents and the contents of
v :
‘P - working register Ha are exchanged.
g g XHO working register Ha 111 O (1 |1 {(DPH) :( HO) Ha is assigned either of HO or H1
gl xm 111 0 {1 |1 |(DPH (R according to a.
¥ 2xLa Exchange DP h The DP_ contents and the contents of
] 9 Lt working Teqister La are exchanged
Z £ XxLO working register La LI B I | O [V |1 |[(DPL)=(LO) Lais assiger?ed either of LO or C‘?mlﬂinﬁw
XL T O |1 |1 |[(DPL) Z=(LT) to a.
£ | SFB fiag|Set fiag bn 0101 |B3B2B1Bo|1 |1 |Fne1 The flag specified with B3B5B 1By is set.
B
E |nFB flag| Reset flag bit 0 0 0 ' |B3B2B1Bo|1 |1 |[Fn <O The flag specified with B3B,B 1B is reset.| 7 The flags are divid-
E ed into 4 groups of
3 :o © [ ? m‘
= 3 o .
2 st
a The ZF is set/reset
s according to the 4
g bits including a
s' single bit specitied
g with the immedi
w data 8382913;"
JMP addr | Jump in the current 01 1 0 (1 PoPgPs (2 |2 |PCe—PCH(Q(3PCTI A rj|umr.:e t;c the( add;::ss )specified I the BANK and
i MP instructions are
bank Py P6PsPa|PsPsP1 PO Pi0PaPaP7 P Ps| With the PCyq lor PCqy) and et o—_—
PaP3P2P1 PO immediate data P1oPgPgP7PgPsP4P3P2 :d:':c:"f .
PPq occurs. PCyy
JPEA J th 11101 1 1 11 - A jump to the address specified with
ump 'nd p ed Ct‘)'”eEm 0ro PC7 o =(E.AC) the contents of the PC whase low-order
2 page modtiied by 8 bits are replaced by the E and AC
g and AC contents occurs.
2 | CZP addr { Call subroutine in the |1 0 1 1 [P3P2P1Po|1 |1 |STACK «(PC)+1 A subroutine in page 0 of bank O is called.
E zero page PCn -6.PC1 ~0 «0
2 PCs5~2+<P3P2P) Po
=1
§ CAL addr | Call subroutine inthe [1 0 1 O |1 PioPoPg |2 |2 [ STACK«(PC)+2 A subroutine in bank 0 is called.
3 zero bank P7PeP5Pa|PaP2P1 Po PCi*~q - OPIoPgPgP7
?EL PePsPaP3P2P1Po
3 |RT Return from subroutire |[O 1 1 010 O 1 O [1 |t |PC+(STACK) A return from a subroutine occurs.
RTI Return from interrupt |0 0 1 0 {O O 1 O |1 |1 |PC+(STACK) A return from an interrupt service routine | 7 Cf
routine CF ZF «CSF. ZSF occurs.
BANK Change bank 1111 (1101 [1]1|{PChe(PCn) The bank is changed. e o oo
the JMP instruction.
BA! addr | Branch on AC bit 01 1 1]00 titol2|2]|PCr-0«P7PsPsPa 1;. ﬁm':d?" °;'h= AC fv:cifieg wi!: Mnemonic 15 BAO
. P the immediate data tytq is 1, a brancl to BA3 according
P7PsPoPa|P3p2PI PO  Acie 3 P2P1PO |\ the address specified with the immediate 10 thevalueof ¢
1 ACt=1 data P7PgPgP 4P3PoP1Pq within the same
page occurs.
h ) - if a single bit of the AC specified with " ic is BNAO
BNAt addr| Branch on no AC bit |0 O 1 1 [O Otitp |2 |2|PC7 -0« P7P6PsP4 the immediate data ttg 50, a branch to w“;’s:’;zwm
P1P6PsPa|P3P2P1PO P3P2P1P0 | the address specified with the immediate to the value of t
it ACt=0 data PyPgPgP 4P3PoP1Pq within the same
77664327170
Page occurs.
BMt addr | Branch on M bit 01 1 1]0 1t:tg|2[2]{PCy~o—P7PePsPa [If asinglebho;the M(D?)1m4{;ified:ith Mnemonic is BMO to
P/PsPyP P the immediate data t41q is 1, a branch to 8M3 according to
#PoPalP3P2P1 Po P3P2P1 PO | e address specified with the immediate thevalue of t.
if (M(DP.t1t0))=1 | data P;PgPgPsP3PoP1Pq within the same
Page occurs.
£ - If a single bit of the M(DP} specified with o
g | BNMtaddr| Branch on no M bit |0 0 1 110 1 t110 22| PC7~0="PIP6PSPa | 1 immegiare data tytq is O, a branch to o o3 e
g P7P6PsPal P3 P2 P1Po P3P2P1P0 | the address specified with the immediate to the value of t.
B it (M(DP.t 1t 01 )=0 | data P;PgPgP4P3PoP4Pq within the same
£ page occurs,
o H
5 - - -
e d h P 1 1 o — If a single bit of port P(DP| ) specified "
& BPt addr | Branch on Port bit g :} P ;‘ . g' zP, IPO 212 |PCr~0 Pzgsgs Pa with the immediate data t tl[)is1,a :1:;-:3;:::3::!
« 7 Pe Ps PafPaP2P1Fo P3P2P1Po branch to the address specitied with the value of t.
it (P(IDPL thito) J=1 | immediate data P7P5P5P4P3P2P'Po
. within the same page occurs.
BNP1 addr| Branch P 11 PC7 0+ If a single bit of port P(DP| ) specified Mnemanic is BNPO
ranch on no Port bit g g Ps Pal P 2 [P‘ IPO 212 Cr~o P7P625 24 with the immediate data tytq is 0, a B;:;Tui;im‘o‘o
7 Pe P Pa) P3 P2 Py Po P3P2P1P0 | pranch to the address specified with the the vaue of .
1 (P(DPL.t1t0) ) =0 |immediate data P;PgPgP4P3PoP1Pg
within the same page occurs.
o if the TMF is 1, a branch to th
BTM addr| Branch on timer 011 1({1 100 (2|2{PC7~0+P7PsPs5Pa address ified with the immediate TMF
P1PePsPa|P3P2P1Po P3P2P1Po |data P7PgP5P4P3PoP1 P within the same

it TMF=1
then TMF <O

page occurs. The TMF is reset.
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<
2 Instruction code P
=1 8
g Mnemonic é I3 Function Description Status flag Remarks
% D7 Dg Ds D4 [D3 D2 D1 Dp | @[ © affected
BNTM addr| Branch on no timer [0 0 1 1 [1 1 0 0 [2 |2 [PCr~o+P7PsPsPa [If, the ng‘ezh; 0.2 Dranch to thd rvp
P7PePsPa [P3P2P1Po P3P2P1Po |data P,PgP5P4P3PoP 1Py within the same
if TMF=0 page occurs. The TMF is reset.
then TMF «-0
Bl addr | Branch on interrupt 0111|1101 [2]|2]|PCr~o~P7PsPs5Ps g\e"::ldriz(sTFspe:ﬁeL ;“:""‘"d‘ B EXTF
P7PsPsPa [P3P2P1Po P3P2P1Po |immediate data P,PgPgP4P3PoP1Pq
if EXTF =1 within the same page occurs. The EXTF
then EXTF <0 is reset.
BNI addr | Branch-on no interrupt|{0 O 1 1 {1 1 0 1 |2 |2 |PC7~0—P7P6Ps5Ps me":idra(sﬂ;n:;h& :I‘R'a‘"hc:' to EXTF
P7PsPsPa |P3P2P1Po P3P2P1Po |immediate data P7P6P5P4P3P2P1P°
i EXTF=0 within the same page occurs. The EXTF
then EXTF +0 is reset.
H = If the CF & 1, a branch o
E BC addr {Branch on CF 011131 111122 PCr~0—P7PsP5Pa the address specified with the
B P7P6PsP4 |P3P2P1Po P3P2P1Po | immediate ‘data p7PeP5P4P3P2P1Po
E it CF=1 within the same page occu!
3
5 [BNC adar | Branch on no cF 001 11t 11f2fa]pcro—rrpepspa [IF the CF T O 2 x.'r:r:'d:'mw
& P7PePs P4 |P3P2P1Po P3P2P1 PO |immediate data P7PgP5P4P3P2P1Pg
& tf CF =0 within the same page occurs.
BZ addr |Branch on ZF 0111 (11102 [pcivo~prpePspy [If the ZF s 1 @ branch to
P7P6.PsPa |P3P2P1Po P3P2P1P0 |immediate data p7p6psp4papzp1p0
if ZF =1 within the same page occu
BNZ addr | Branch on no ZF 0011|1110 |2]|2|PCr~0=—P7PsPs5Pa tl'fw ﬂ:dg:‘ ;:)ec?f'leda ‘a;;ﬂe?mto
P7PsPsPa {P3P2P1Po P3P2P1P0 |immediate dats P7PgPsP4P3P2P1Pg
it ZF =0 within the same page occurs.
- if the flag bit of the 16 flags specified ic is BFO
BFn addr | Branch on flag bit 110 1 |nzgnzningi{2 |2 [PC7~0+P7 PsPsEA with the |mmedlatedmn3n2n|nol51 :x;:;;;imu:o
P7PsPsPa|P3P2P1 PO P3P2P1P0 |4 branch to the address specified with the the value of .
i Fn=1 immediate data P;PgP5P4P3PoP1Pg
within the same page occurs.
e If the flag bit of the 16 flags specified ic is BN
BNFn addr} Branch on no flag 100 1 n3nzminoi2 |2 1PC7~0 P7::6;5z4 with the immediate data nnonyng is 0, :f',"él'.'?f;’.i;-;?w
bit P7PsPsPa [P3P2P1Po P3P2P1Po | 3 branch to the address specified with the to the value of n.
if Fn=0 immediate data P;PgPgP 4P3P,P 1P
77654 3 2170
within the same page occurs.
e | 1P Input port to AC 00001 1001 |1 AC~(PDOPL) Port P(DP ) contents are loaded in the AC.| 7F
o
g |OP Output AC to port 0110|000 1|1 ]|1|PDPL)+({AC) The AC contents are outputted to port P(DP ).
§ SPB bit | Set port bit 00000 1B1Bof1|2|PDPL B1Bo)*1 A single bit in port P(DP ) specitied with When this instruction
= the immediate data BB is set. ;::x':;"" €
é destroyed.
s y — "
Q [RPB bit |Reset port bit 00100 1B1Bg[1(2]|PDPL BIBo)+0 |Asinglebitinport PIDP ) specified with | 7p When this instruction
3 the immediate data B4By is reset. is exmcuted, the E
8 contents are destroyed.
-— The bits of the control register specified
SCTL bit| Set control register 00101 1. 0 0|2 |2 ]|CTL—(CTL)V with the immediate data BB,B, B are
bit(S) 100 0 |B3B2BiBo B3B2B1BO | g,
- The bits of the control register specified
e RCTL bit | Reset control register |O O 1 O |1 1 0 0 |2 |2 [CTL+(CTL)A with the i data B48,81Bg are ZF
o bit(S) 10 0 1 |B3B2B1BO B3B2B1Bo | reset.
t
2
} — The E and AC contents are loaded in the
g WTTM Wirite timer T1 1110011 ImF (.E__)c,)(AC) timer. The TMF is reset, TMF
2
& | HALT Hal t 1111101 101 |1 |Halt All operations stop. Only when all pins of
port PA are setat L,
stop.
NOP No operation 000O0|0O0O0O/|1|[1|Nooperation No operation is performed, but 1 machine
cycle is consumed.

*1 If the CLA i

is used i i

the first CLA i

in such a manner as CLA, CLA,
CLAi

only is eff and the

to the NOP instructions. This is also true of the LI instruction.

are changad

156




C MOS LsI

Single-Chip 4-Bit
Microcomputer for Use in
Control-Oriented
Applications

LC6502D,

6505D

30258 3014A 30268

® 1563

General Description
The LC6502D/6505D are microcomputers that are identical with the standard type
LC6502C/6505C in the internal architecture, instruction set and contain an FLT
driver. They are modified versions of the LC6502B/6505B (microcomputers
containing an FLT driver) and have low-threshold input ports for dynamic scan
return signal input of key switch matrix.

Features

CMOS single-chip microcomputer dissipating less power.
Instruction set with 79 instructions common to the LC6502C/6502B,
6505C/6505B.
2-source, 2-level interrupt function (external interrupt/internal timer
interrupt)
4-level stack.
On-chip 8-bit programmable timer with 4-bit prescaler.
Output ports with FLT driver and low-threshold input ports.
(1) Output ports for digit drive: 10 pecs.
(2) Output ports for segment drive: 8 pes.
(3) Output ports of normal breakdown voltage: 8pecs. (4 pes.: Low-threshold
input ports)
(4) Input/output ports of normal breakdown voltage: 8 pes.
ROM, RAM
(1) LC6502D ROM: 2048 bytes, RAM: 128 x 4 bits
(2) LC6505D ROM: 1024 bytes, RAM: 64 x 4 bits

Differences between LC6502B/6505B and LC6502D/6505D

LC6502B/6505B LC6502D/6505D
FLT digit driving VOH=VDD-2.5V Vou=Vpp-2.0V
capability at IOH=-1OmA at IOH=-1OmA
Port A input Viy=0.TVpp to VDD VIH=1.7V to Vpp
conditions Vr=Vpp=-35V to 0.3Vpp (Low thresheld input)

VIL=VSS to 0.4V

Ports A, B break- | Vpp-35V Normal breakdown voltage
down voltage High breakdown voltage :

Package: DIP42, DIP42S, QIP6Y4
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LC6510C

Single-Chip 4-Bit Microcomputer for
Use in Control-Oriented Applications

30258

® 1565
General Description ;
The LC6510C is a high-end model belonging to the single-chip 4-bit microcomputer
LC6500 series fabricated using CMOS process technology. It contains a ROM (4096
x 8 bits), RAM (256 x 4 bits) and is especially suited for use in large-scale
control-oriented applications.

Features
. Low power dissipation
. Program ROM capacity : 4096 x 8 bits
. Data RAM capacity : 256 x 4 bits
. Subroutine stack : 8 levels (also used for interrupt)
. Power-down by 2 standby functions
HALT mode : Power dissipation saving by program standby during normal
operation.
HOLD mode : Power supply backup during power failure
. Input/output ports
Input : bits x 2 ports
Input/output : 4 bits x 2 ports
Output : 4 bits x 4 ports
2 bits x 1 port

F—

. Interrupt

External 1, Internal timer interrupt 1
. 4-bit prescaler and 8-bit program timer
. Instruction cycle time H4us(min.)

Normal operation 4.0 to 6.0V

Memory hold 1.8 to 6.0V
. Instruction set common to the LC6502, LC6505 (Program BANK instruction
added)

. 82-pin shrink DIP

Case Outline 3025B-D42SIC
(unit:mm)

42 2
nOonNno----—-—On0nn fE

1.78

SANYO: DIP42S
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Single-Chip 4-Bit Microcomputer
for Small-Scale Control-Oriented
Applications

LC6523,
6526,

6527

3047A 3007A

® 1568

r LC6500 series
n small-scale

The LC6520 series belong to our single-chip 4-~bit microco
fabricated using CMOS process technology and are suited for ‘us
control-oriented applications.
Their basic architecture and instruction set are the same as forﬂthe LC6500
series. Two selections of pin assignment are available : 18 pins an¢y 0 pins
whose application areas are as follows : .
18 pins : Circuit so far formed with standard logics and applications where
’ the number of controls is small.
30 pins : Audio equipment (deck, player, etc.), office equipment,
communications equipment, car equipment, home applicances.

Features
1) CMOS technology for low-power operation
2) ROM/RAM
30-pin types LC6523 ROM: 2k x 8 bits RAM: 128 x 4 bits
LC6526 ROM: 1k x 8 bits RAM: 64 x U4 bits
18-pin types LC6527 ROM: 1k x 8 bits RAM: 64 x 4 bits

3) Instruction set
30-pin version : 79 instructions
18-pin version : 51 instructions
4) Wide operating voltge range from 2.5V to 6.5V (target)
5) Wide instruction cycle time from 3usec. (target) to 400usec.
6) Serial I/0 port contained in 30-pin version
7) Flexible I/0 ports
. Number of ports
30-pin version: 25, 18-pin version: 13
. All ports
Input/output common
Input/common breakdown voltage: 15V (open drain)
Output current: 10mA (sink current)
. Option selectable for your intended system
(A) Open drain output, pull-up resistor: Single-bit select for all ports
(B) Output level at reset mode: 4-bit select of H/L level for port C/D
respectively.
8) Interrupt function
30-pin version: Vectored interrupt by timer overflow (instruction-testable)
Vectored interrupt by INT pin or completion of
transmit/receive at serial I/0 port (instruction-testable)
18-pin version: Flag set by timer overflow (instruction-testable)
9) Stack level: 4 levels
10) Timer: U-bit prescaler + 8-bit programmable timer.
11) Clock oscillation option selectable for your intended system
. Oscillator option: 1 pin C oscillation (with R), 1 pin External clock
input, 2 pins CR oscillation.
. Divider option: No divider, 1/3 divider, 1/4 divider.
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LC65PG99

System Evaluation Chip for LC6500
Series

® 1247A

1. General Description
The LC65PGI9 is a simulation chip intended for use in evaluating C MOS 4-bit single-chip microcomputer LC6500
series.
With a 24-pin socket for program EPROM provided on the package surface, it is designed to facilitate the develop-
ment of the hardware and software for applications based on the LC6500 series microcomputers. Thus, it is ideally
suited for use in prototype systems.

2. Features
= 2K-byte EPROM (equivalent to Intel 2716) or 4K-byte EPROM (equivalent to T1 2532) is usable.
= Built-in RAM capacity can be set according to RAM capacity of each Type No. of the LC6500 series.
> Pin compatible with the LC6500 series.
> Software compatible with the LC6500 series.
> Instruction cycle time: 10usec.
= +5V single power supply.
= Capable of being externally supplied with power to EPROM.

Note: The LC65PG99 is designed for application development of the LC6500 series microcomputers. |t should
be noted that it is not suited for use under high-temperature, high-humidity conditions.

Case Outline 3040
55.88
(unit: mm) Chip resistor
/

PO "_ém
RAMCO

LC65PG99 .Voo

R
le—15.24

v
@@@@@@@@@@@@‘3\’.

24-pin socket for program EPROM

For evaluation of 42-pin shrink package
microcomputers, use the board for conver-
sion from DIP-42 to DIP-42S.
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3. Pin Assignment

N
| i ~ Pateiadinbaiaiing |
PA2 1] | - \ g4 PAY
AV &1 A7 o Ve 240 4 Pag
G2 A @ A8 2
Pl IS 1y e & ae 2o 24V
P 4] Jia D v 210 g’; LTLD 0SC1,08C2 : Ceramic resonator, CR for OSC
:2: :E 45 a3 § & 200 5 en INT ¢ Interrupt
Pcy 7 ¢’6 A s ﬂ’ Iﬂd — 36 Plo i(ED : Hold
PCy 8 3; :‘ g EE ',: 135 PH3 RES . Reset
Pc2 9 0 & ? [ 3% PH2 PAg~3 ¢ Input ports Ap~3
PC3 10 [ ¢9 oo € o6 rs¢ 133 PH
3 Oropy, ® Ds 150 PBp~3 : Input ports Bo~3
POy 11 0, & ol 32 pHp .
POy 12 ¢Z vz g o :3 31 PGy PCo~3 : Input/output ports Cp~3
POy 130 ?__fs__'i'_ _"_3____? 30 o2 PDg~3 : Input/output ports Dp~3
PD3 14 129 PGy PEQ~3 : Output ports Eg~3
PEy 15T 120 PG PFg~3 : Output ports Fo~3
PEy 16 127 pF3 .
PE2 17 25 PF2 PGo~3 * Output ports Go~3
PE3 18] F125 PRy PHo~3 : Output ports Ho~3
RES 1901 24 PFp PIp, | : Output ports Io, 1
TEST 20[] 23 o0sc2 TEST : Test
Vss 21 122 osc
5. Table of LC6500 Series
Type No. | Application ROM RAM Cycle time | Ipp (typ) | Package Remarks
LC6502C General 2K bytes | 128x4bits 10us 0.5mA DIP-42(S)
QlP-64
LC6505C " 1K bytes 64x4 bits ” ” "
LC6502B E:S:k down 2K bytes | 128x4 bits " " " Built-in fluorescent
voltage display tube driver
LC6505B " 1K bytes 64x4 bits " " " "
LC6599 | LC6502/05 |External 4K| 192x4 bits 10us 0.5mA QIP-80 Evaluation chip
system bytes max. max.
development (variable)
LC65PG99 | LC6502/05 |External 4K | 192x4 bits " 50mA* QIP-42PG | Simulation chip
system bytes max. max.
evaluation (variable)
* Including EPROM
6. How to Use ‘

Since the LC65PG99 is capable of evaluating all Type Nos. of the LC6500 series, it is necessary to set the functions

before evaluation as follows:

1. Selection of program EPROM. For Type Nos. having ROM capacity up to 2K bytes, use the 2716.
For Type Nos. having ROM capacity exceeding 2K bytes, use the 25632.

2. Write data into the EPROM and mount it on the LC65PG99.

3. Set the built-in RAM capacity according to the RAM capacity of a Type No. to be evaluated.

4. For power supply to the EPROM, select the same power supply as for the LC65PG99 or an external power
supply.
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6-1. EPROM mounting
Write data into the program EPROM (2716 or 2532) and mount it. For writing into the EPROM, use the

EPROM write function of the EVA-410.
Program EPROM (2716 or 2532)

EPROM ;
LY
® 0000 00000 00
A LC65PG99

Location of pin No. 1 of LC65PG99

6-2. RAM capacity setting
Set the built-in RAM capacity (192 words max.) according to the RAM capacity of a Type No. to be
evaluated. Pins (RAMCO, RAMC1) to control the RAM capacity are provided on the package surface
of the LC65PG99. At the time of shipment both pins are set at ""H"’ level with pull-up resistors as shown
below. By setting these pins as shown in the Table below, the built-in RAM capacity can be changed.

Lee5PGm Built-in RAM Capacity Setting
(Note) Applicabl
Y00 puilup resistors RAM capacity (Words)| RAMC1 | RAMCO T‘;’::Noe
| L (Already mounted 32 H H .
$ § on the package) 64 H L LC6505
RAMCO o
128 L H LC6502
RAMCI o
192 L L
H: Vpp level (+5V)

(RAM capacity control pins at the time of shipment) L: OV

Note. Vpp for pull-up resistors is connected to the power supply pin of the EPROM. If power supply to
the EPROM is provided externally as shown in 6-3 (2), Vpp for these pull-up resistors is also
provided externally.

Shown below is how to set.
(Example 1)

Copper wire having about 0.3mm of diameter

Gm(ov)\
N

In this example, RAMC1 pin is connected

to GND (L level) and RAMCO is open.
RAMCI That is, the RAM capacity is set to 128
RaMco words. (For evaluation of the LC6502)

(Example 2) Gy <— Commercially available DIP switch (2 poles)
; As shown left, a commercially available
\ DIP switch can be mounted. In this
PR example, RAMCO side is placed in ON
g 8 8 ?)\ position and the RAM capacity is set to
'?.<545/ <12 64 words. (For evaluation of the
LC6505)
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6-3. Selection of power supply to EPROM (External power supply)
Normally, an EPROM dissipates a current of 50 to 100mA. If the power capacity of a user system is not

enough, an external power supply can be used as shown in (2) below.

(1) The same power supply as to the LC65PG99 is used at the time of shipment.
A jumper for EPROM power supply select is provided on the package surface of the LC65PG99. At
the time of shipment the power supply to the EPROM is connected to the power supply pin (Vpp pin)

of the LC65PG99 as shown below.

Wired
® Connected to power supply pin of EPROM

— .
g 8 (® Connected to power supply pin of LC65PG99
Connected to GND (0V) pin
@\ a‘% © Connecte
~@©
ITTTTTTT

(At the time of shipment the same power supply is used for the LC65PG99 and the EPROM.)

(2) How to provide external power supply to EPROM
1. Remove the wiring connecting patterns (A) and (B).
2. Connect external power supply (+5V) to pattern (A) and external power supply (OV) to pattern (C)

(GND pin).
3. In this case, Vpp for puli-up resistors at RAMCO, RAMC1 pins is also supplied from the external

power supply.

ov
Power supply to EPROM

(External power supply to EPROM)

Note

The LCB5PG99 is an LS| of CMOS structure. |f a voltage lower than Vgg and higher than Vpp is
applied to the input pin or output pin, a phenomenon called “‘latchup’’ peculiar to CMOS IC occurs,
thereby causing breakdown or deterioration of the device.

Be careful of the supply voltage relation between the LC65PG99 and the EPROM. When applying
two powers, (1) turn ON power for the LC65PG99 and then (2) turn ON power for the EPROM.

When turning OFF power, reverse these steps.

6-4 Evaluation of current dissipation at standby mode

Itis impossible to completely evaluate the current dissipation of the LC65PG99 at the standby mode (includ-
ing transient mode) in such a case as a capacitor or battery is used as standby power source. However, by
eliminating the current dissipation taken by the interface to the EPROM as described below, the steady-state
current dissipation of the LC65PG99 alone can be evaluated.
(1) Elimination of the current dissipation taken by the interface to the EPROM

' As shown right, the interface to the EPROM dissipates current. By removing the EPROM at the standby

mode (HOLD, HALT mode), the current dissipation can be eliminated.
HIN = max 10uA (Ag to A1Q pins)

N ____I_IIN

| V

LC65PG EPROM

163



LC65PG99

(2) Elimination of current flowing through pull-up resistors at RAM capacity control pins (RAMCO,
RAMC1)

As shown in Fig. (a), if the RAM capacity is set to 64, 128, 192 words, pull-up resistors dissipate several
tens of uA. In this case, by removing a pull-up resistor, the current dissipation can be reduced.

— -
VDD VoD
% ___ Resi i
£ £ |=Several tens of uA % «— Resistor is removed.
RAMCO - RAMCO |—4—
N 1
1 !
RAMC1 Ramet b
v
7J'7'VSS 17‘/55
— —_—
(a) (b)

Example of setting RAM capacity to 128 words

Absolute Maximum Ratings/T3=25°C, Vgs=0V unit  Remarks
Supply Voltage VDD max —03to+7 \Y
Input Voltage VIN —0.3 to Vpp+0.3 V  Note 1
Output Voltage VouTt —0.3 to Vpp+0.3 v
Peak Output Current  10(1) —20t0+2.0 mA Each pin of C to | ports
o) —26t0+26 mA Al pinsof C to | ports
10(3) —0.2t0+0.2 mA Eachpinof Agto A1g
And CE
10(4) —24to+24 mA Allpinsof Agto AqQ
and CE
Power Dissipation Pq max T,540°C 350 mw
Operating Temperature Topg +10t0+40  °C
Storage Temperature  Tstg —55to +125 °c

Note 1: For OSC1 pin, up to oscillation amplitude is allowable which appears when causing internal oscillation
under the recommended conditions at the recommended circuits in Fig. 2 and Fig. 3.

Allowable Operating Conditions/Ta=25°C, Vgg=0V min typ max unit Remarks
Supply voltage VDD(1) 45 5.0 5.5 \'
Power-down Supply  Vpp(2) HOLD=V|(3) 20 5.5 V At HOLD mode
Voltage
“H” Level Input ViH(1) Vpp=5V+10% 0.7Vpp VpD V  Inputpins other than
Voltage INT, RES, HOLD,
0SC1 (Note 2)
VIH(2) VDD=5V#10%  0.75Vpp VpD Vv INT, RES, HOLD, OSC1
pins
“L" Level Input ViL(1) - VDD=5V#10% Vss 0.3Vpp V  Input pins other than
Voltage INT, RES, HOLD, 0SC1
ViL(2) VpD=5V+10% Vss 0.25Vpp V INT, RES, OSC1 pins
ViL(3) VpD=2 to 5.5V Vss 0.3Vpp VvV HOLD pin
-0.3
ViL(4) Vpp=5V+10% Vss 0.3Vpp V  TEST pin
Operating Clock fextosc  For external clock 20 420 kHz InputatOSC1 pin
Frequency Vpp=5Vt10% Refer to Fig. 1.
"H"* Level Clock Pulse tygH " 0.5 us "
Width
“L" Level Clock Pulse twol " 05 us "
Width
Clock Input Rise Time toscR " 0.2 us "
Clock Input Fall Time toscF " 0.2 us ”

(Continued on next page)
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External Capacitor Cext
Value for CR Oscillation
External Resistance Rext
Value for CR Oscillation
External Capacitance C1
Value for Ceramic
Oscillation C2

External Resistance R1

Value for Ceramic R2
Oscillation

Power-down HOLD  tHOLDS
Setup Time

Power-down HOLD tHOLDH
hold time

CSB400P
KBR400B
CSB400P
KBR400B

min typ max unit

33 470 pF  Refer to Fig. 2and 5
20 220 k2 "
33+%10% pF  Refer to Fig. 3
33+10% pF "
33+10% pF "
33+10% pF "
4700+5% kQ "
3.9+6% k2 "
2 ms Refer to Fig. 4.
50 us "

Note 2: TEST pin is for LS| test only. It is not included in “input pin’’ unless otherwise specified.

tweL—

toscF toscr

Fig. 1 Input waveform at OSC1 pin

Power-down mode

HOLD \ S
Vigs)—— —

oV ————

tHoLDs

{HOLDH
Fig. 4 Power-down MODE Timing

N
jas}
4

1

(]

0

o
4

osci o0sc2
Rext
Cext
Fig. 2 Recommended oscillator for CR oscillation
osci 0sc2

a2 CF: Ceramic resonator

M CSB400P(Murata)
——0—— KBR400B(Kyosera)
L CF L
C T
;J; 1 c27}7

Fig. 3 Recommended oscillator for ceramic oscillation

Fig. 5 CR Oscillation Data (typ.)

7 3
\ O\\ % %,4)
\ \ |3
N ZN 0\\)\
o
N o N
0, N
\ %, N\
\ 2%
o
NS
’ 2 \\\
NN
Vpp=5V ’
Tp=25°C
3 ye
10 z 5 100 2
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Electrical Characteristics/T3=25°C, Vpp=5V+10%, Vgg=0V

“H” Level Input
Current

“L” Level Input
Current

“H" Level Output
Voltage

“L" Level Output
Voltage

Output OFF Leak
Current

Clock Oscillation

Frequency for Ceramic

Oscillation

Clock Oscillation
Frequency for CR
Oscillation

Current Dissipation

Input Capacitance

Output Capacitance

Input/Output
Capacitance

IH
L

VOH(1)

VOH(2)
VOH(3)
voL(1)

VoL(2)
10FF(1)

I0FF(2)
fxosc

fCRosc

IDD(1)

IDD(2)

IDD(3)
IDD(4)

IDD(5)

CIN

Cout

Cio

min
VIN=VDD
VIN=Vss -1
IoH=—1mA Vpp—2
loH=—100uA Vpp-0.5
loH=—100nA Vpp—2
loL=1mA
loL=100uA
VouT=VDD
VouT=Vss -1
Recommended 384

conditions for ceramic oscillation

Cext=33pF 5%
Rext=100k2+1%

Cext=33pF
Rext=100k$2
Output pin open
Input pin
VIN=VDD

200

Recommended condition for

ceramic oscillation
Output pin open
Input pin
VIN=Vpp
Vpp=5V+10%

Test circuit in Fig. 4
Vpp=5V+10%

Test circuit in Fig. 5
Vpp=2V

Test circuit in Fig. 5

f=200kHz

f=200kHz

Output high impedance

"

typ

0.4

400

300

0.4

0.5

0.5

0.5

0.1

10

max

1

0.4

417

400

1.0

1.0

10

10

unit

MA

uA

< <<

MA

MA
kHz

kHz

mA

mA

MA
MA

MA

pF

pF

pF

Remarks
Each input pin

"

Output pins other than
0SC2, Ag to A1g and
CE

Ag to A10 and CE pins
Output pins other than
0SC2, Ag to A0 and
CE

Ao to A0 and CE pins
Output pins toher than
0SC2, Ag to A1 and
CE

"

Oscillator in Fig. 3

Oscillator in Fig. 2

At CR oscillation
Refer to Fig. 2

At ceramic oscillation
Refer to Fig. 3

At HALT mode

Refer to Fig. 6

At HOLD mode

Refer to Fig. 7

HOLD mode power-
down

Refer to Fig. 7

Other than Dg to D7,
Ag to A1 and CE pins

”
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100k 33p 100k | BVp
05C2  0sCi 05€2  0SCt
e B Teai PO
mooEL TR b
ComE % -
PBO PF2 [ {80 -
PB1 - — PB1 PF3 I—
sz B3 Open Open ) —
S=F I 1= 1 BE
Bk B
3 PHI —{prc3 PH1 {—
P00 P2 |- oo PH2 [~
PO1 PH3 [~ —ep PH3 [
3 R qees B E
w
£ 5
S g WD & £ Open
: TEST ® & EST $ 2
oo (1187 § 2 =
! Jvoo & 8 o & & |
"""""" )
A0 |- —{oo =
T ® b
55 g voo | 5 -
VoD 3
B ris Open } 5 &
g omp  Opn E s
A8 | Input/output common ports . MF
$ & & [ CD: Outputinhibit S £ Aof-
% b % - | HALT instruction is executed é g &
a 8 “,’gg — | and HALT mode is entered. a - Yé — Fig. 7 1DD(4). IDD(5)
- . . . AMCO— . .
Rmcs Fig. 6 Ipp(3) Test Circuit RAMEDE Test circuit
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LC5700N cwos 5

Single-Chip 4-Bit Microcomputer
(with LCD Driver)

® 1498

The LC5700N is a C-MOS 4-bit microcomputer containing an LCD driver that operates
on low voltage, very small current. It contains a 4-bit parallel processing
arithmetic and logic unit (ALU), a program memory ROM, many LCD segment outputs,

a prescaler, and a 32,768KHz crystal oscillator. It is ideally suited for use
in game watch/clock applications.

Features
(1) Instruction set 71
(2) ROM 1,392 x 14 bits
(3) RAM 84 x 4 bits

(4) 8-level subroutine nesting (Also used for interrupt)

(5) Internal timer interrupt

(6) Output for display - 1/2 duty, 1/2 bias LCD drive output
- Number of drivable segments: 98 segments (49x2)
- Outputs exchangeable for each other by .mask

option
(7) Number of key inputs 8 (S port, M port: 4 each)
) (Input ports)
(8) Control output ALARM1 OUT, ALARM2 OUT, LIGHT OUT

(9) Oscillation frequency 32,768KHz
(10) Ag battery (operation from 1.5V)/Li battery (operation from 3.0V)
selectable (mask option)
(11) Built-in step-up circuit (operation from 1.5V) or step-down circuit
(operation from 3.0V)

(12) Current dissipation 2.0uA/typ. (Ag battery); 1.0uA/typ. (Li battery)
(13) Cycle time Approximately 420us
(14) Shipping style (1) Chip

(2) QIP64 (Number of drivable segments: 72)

Functions
[Watch Functio@
(1) Multi-alarm function
- Daily alarm
- Weekly alarm
- Month, date specified alarm
(2) Multi-ON/OFF timer function
(3) Timer function
- Repeat function
- Analog display of remaining time
- Memory. function for timer time
(4) Full automatic calendar function
(5) Up/down setting function
(6) 30-minute time signal, l-hour time signal
(7) World watch
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[Game Function]
(1) Action game
(2) Blackjack
(3) Bowling
(4) Highest score display
(5) Game speed select
[Others)
(1) Game's score display
(2) Game's remaining time display
[Avaiable Combination of Functions]
Depends on ROM/RAM capacity. Table 1 shows some examples.

Table 1 Examples of Available Combination of Functions

Ex.l|{ Ex.2|Ex.3|Ex.4|Ex.5|Ex.6| Ex.7| Ex.8
Base Watch (Hours, minutes) [} o o o o o o o
Base Watch (Month, date) o o o o o o
Base Watch (Year) o o
Second Watch (Hours, minutes) o o o
Second Watch (Month, date) o
Alarm 1 o o o o o o
Alarm 2 o o o
Alarm 3 o
Stopwatch (1/100 sec.) o o o o o
Timer o
Timer Signal o o o o
World Watch o o
Game 1 (SLOW/FAST) o o o
Game 2 o.
Application Circuit
(1) Using Li battery
LCD PANEL
49 (max)
segment
driver
COM1 LCD
—°\_‘.SI 1 ouT COD:Z W
—o S2 DD I
—o~o——S3 vss2| T - ~L J,
+o~o—{54 Vss| 0.lu_Td.1u
o ~>——M1 cuPi 20.u
w::m LC5700N cuP2 =
o M3
o ~o—{M4 D:]
L—<OSC OUT (20pF)
= ALARM |—
0sC IN LIGHT ™ T
;CT ~
(2) Using Ag battery
LCD PANEL
49(max)
segment
driver
o~ [ M7 D ouT com2 -
o ~vo——{S2 VDD 31 T
o~d—s3 vssy T T >
L ~—l54 vss2 0.lu T0.1u
t—o ~o——M! cuPl 0.1 Required for piezo
—o M2 LC5700N cupP2 c
o ~o——M3
—o~o——{M4b
OSC OUT (20pF)
& s |
N LIGHT -
;ﬁc.r W
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Equivalent Circuit Block Diagram

" P9Y
output circuits
ft ALARM1
siss { °T] . output |- ALARM 2
S input port ! LIGHT
Mi~Ma { 1] ~—ovmD
RAM ALU o
—O\ TEST!
0SC IN O— o i . -} >
0sC OUT o0& U I ) TESTS
4
0
'
CUP1 o .| clock
generator |||
CWP2 o contral ROM
predriver —1
| L] stopwatch k\_ -
counter
|
LSI Chip PAD Assignment
segment drivers
oz [[B PRIABE7RE509835858 B85 BALY .
S4 |O80
Ak o 23| cur
- s
g 500 | M1
VSS1 o el
vsS2 ug': > 490 M2
ybD |3 7 0| M3
. aa0|M4
4600 TESTY
(0,0) X(um) 4500 TESTS
YEST2 |n2 40| TEST4
TEST) o3
TES‘lr 3|04 4301
oscour [o6
wr o7 P
nice %06 |voo
]
390 s2
30| TESTY
coM 1 oo 370( TESTS
]
#’iﬁﬁﬁﬁﬂﬁﬂﬂﬁﬁﬁﬁ BHNBERYRRBY 8

segment drivers

5.31mm(X direction) x 5.44mm(Y direction)

Chip size
Chip thickness 480um
Pad size 120um x 120um
Case Outline 3026B-Q64BIC | [y %0 o
(unit:mm) : T
AN
= =
= —
= —
=\ ==
= M=

SANYO: QIP64B

\
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Pad Name, Pad Coordinates and Pin Assignment

QIP64 Pin Assignment 'QIP64 Pin Assignment

pad X Y ) pad X Y

No| Cumy] (pmy| Pin Name No| ¢um)| cum)| Pin Name
56| 1 -2495 768 VvbD 22| 43 2495 | -562 | s1

57 2 -266] TEST2 23| 44 -266 TEST4

58 3 =446 TEST1 -l 45 -85 (£=3Pch)

59| 4 =627 TEST3 - 46 126 (£Z8Nch)

60 5 -808| 0ScC IN 25| 47 306 | M4

61 6 ~989| 0SC ouT 26| 48 770 | M3
-7 -1170, 10P 27 49 950 | M2
- 8 =1351 T4 28 50 1417 | M1

620 9 -1562 s3 29| 51 1598 CUP2

63 10 -2061 coM1 30, 52 | 1818 | cur1
- 11 -2309| NC 31 53 2342 | TEST6

64 12| -2495| -2563] SEGMENT 32| 54/ 2495 | 2563 | SEGMENT
- 13| -2264 NC 33 55| 2127
1 14| -2084 SEGMENT 34 56/ 1869 (PSTB1C)
2l 15 -1903 35/ 57 1685 (PSTB6)
3 16| -1722 36| 58 1499 (PSTB7)
= 17 =1541 37 59| 1318 (PSTB8)
-l 18/ -1360 38 60| 1137 (PSTB9)
- 19 -1179 39| 61 956 (PsSTB10)
- 20[ =998 -l 62 775
- 21 =817 -l 63 594
- 22 -636 40 64 413
4 231 -455 (PSTBS) -l 65 232
5| 24| -275 (PSTB4) - 66 51
6] 25| =94 (PSTB3) - 67 =130
7 26 87, (PSTB2) 41 68 -311
8 27 311 (PsTB1) 42| 69| -491
9| 28 536 (DBUSC) - 70| =672

10 29 761 (PSTBD) - 71| -853

11 30 986 (PSTB2C) 43| 72-1034

12 31 1211 (pBUSa) 44| 73-1215

13 32| 1436 (pBUSDH) 45| 74-1396

14 331 1661 (pBUSd) 46| 75-1577

15| 34{ 1852 (pBUSe) 47 761758

16| 35| 2033 (pBUS ) 48 77-1940

17] 36| 2495 -2563SEGMENT(DBUSS )49 78-2495 | 2563 SEGMENT

18 37 -1868 TESTS 50 79 1 2373 | coM2

19| 38 ~-1688 TEST?7 51 80 ! 2167 | s4&

20, 39 -1472 s2 52 81 1971 LIGHT ouT
- 40 -1291 (vbD) 53| 82 1790 | ALARM1 ouT
- 41 t -1110, (vss) 54| 83 I 1130 | vss1

21 42 2495| -929|(ALARM2 oUT) 55| 84-2495 949 | vss2

- The pad coordinates are such that the chip center is taken as the
origin and the values for (X,Y) represent the coordinates of the
center point of each pad.

- Pin 24 of the QIP64 is connected to the substrate of the LSI.
Therefore, this pin cannot be used.
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Pin

Description

. Input/ .

Pin Name Output Functions

S1 to S4 Input | Input ports for watch sequence. Including chattering preventer.

Ml to M4 Input Input ports. Capble of reading data of this pin direct into RAM.

ALARM1 OUT Output Output pin for driving control transistor (for alarm)

ALARM2 Out Output Output pin for driving control transistor and outputting sampling
signal of clocked input port (M port)

LIGHT OUT Output Output pin for driving control transistor (for light)

SEGMENT Output Segment output pin for driving LCD

COM1,COM2 Output Common output pin for driving LCD

OsC IN Input By connecting crystal resonator across this pin and OSC OUT pin,
oscillator is formed.

0sC out Output By connecting crystal resonator across this pin and OSC IN pin,
oscillator is formed.
20pF capacitor is connected across this pin and Vpp pin inside LSI.

10p Input 10pF is connected across this pin and Vpp pin inside LSI.
By connecting this pin and OSC OUT pin, 30pF capacitor is connected
across this pin and Vpp pin inside LSI.

CuPl Input By connecting 0.luF capacitor across this pin and CUP2 pin, doubler
and halver are formed for Ag battery and Li battery respectively.

CUP2 Input/ By connecting O0.1luF across this pin and CUP1l pin, doubler and

Output halver are formed for Ag battery and Li battery respectively.

T4 Output System clock output pin. Of system clocks (Tl to T4), T4 is outputted.

TEST1 to TEST9 Test pin

VDD Power supply pin. Normally connected to OV

Vgsl Power supply pin. For Ag battery, connected to -1.5V. For Li battery,
0.1luF capacitor is connected across this pin and Vpp pin.

Vss2 Power supply pin. For Li battery, connected to -3V. For Ag battery,
O0.1uF capacitor is connected across this pin and Vpp pin.

NC Open pin (This pin cannot be used)

Description of input ports, output ports, PLA switch option
(Defer to input port, output port configurations.)

(2)

(3)

(1) LIGHT drive input

One of S1 to S4 is selected and specified for LIGHT output drive input.

For example, when H level
made active, S1 is specified for LIGHT drive output.

(Vpp level) is applied to S1 and LIGHT output is
If LIGHT output is

not used, S4 must be used for LIGHT drive input.

S2 to sS4

Pull-down resistance input

(Vss)

sl

Pull-down resistance

input (N.P.)

(Vss)

(Vsg) : For step-up circuit,Vggi.
(The same shall apply hereinafter.)
For step-down circuit,Vgg2.
(The same shall apply hereinafter.)

Special pull-down
resistance input(I.P.)

=

Clock pull-down
resistance input(C.P.)

e

ALARM 2 OUTRUT
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(4) M1 to M2

Clocked pull-down resistance Special pull-down resistance
input (C.P.) input (I.P.)
LIGHT control signal LIGHT control signal
)
V35 LarMz ouTPUT uss

- If Sl is set to C.P. mode,Ml to M4 must be also set to C.P. mode.

- If S1 is set to I.P. mode,M]l must be also set to I.P.mode.

(5) ALARM1 OUT
Normal "L" level(L) Normal "H" level (H)

Alarm signal]:: :: Alarm signal

(6) ALARM2 OUT
Normal "L" level (L) Normal "H" level (H)

Control signal [ [ Control signal[

(7) LIGHT OUT
Normal "L" level (L) Normal "H" level (H)

S

(8) Priority level of ALARM1 OUT/ALARM2 OUT and LIGHT OUT
When ALARM1 OUT or ALARM2 OUT is active, LIGHT OUT is nonactive.
(9) Reference frequency of ALARM1 OUT
If used for modulation output of ALARM1 OUT, 4KHz or 2KHz is specified for
reference frequency.
For 4kHz: @2 For 2kHz: g3
(10) Specification of 1/100 second of stopwatch

- For use/nonuse of stopwatch and output of 1/100-second digit at pad
No.1l2 to 36 or pad No.54 to 78 when using stopwatch, the following
specification applies.

Nonuse of stopwatch No.
Use of stopwatch: Pad No. 54 to 78: 'Y.U.
Pad No. 12 to 36: Y.L.

- If 1/100-second digit is at lap display mode, the display content is
memorized direct in segment output latch. Therefore, if lap display is
released once, the memorized content of 1/100-second digit is cleared.

(11) Specification of interrupt
a. For l-second counter or flashing output synchronized with l-second
count, the periodical interrupt instruction (interrupt 2 instruction)
is available so that a prescribed operation can be performed by applying
interrupt at a certain cycle. Two interrupt intervals of 250msec. and
500msec. are available.
250msec.: ¢13
500msec.: ¢gl4
b. For high-speed operation to be performed internally, the interrupt
instruction (interrupt O instruction) is available. Two interrupt
intervals of 62.5msec. and 125msec. are available.

62.5msec.: ¢g1l1
125msec.: @12

Y
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(12) Power supply option
- 1.5V or 3.0V external power supply is selectable. In both cases,
approximately 3V is applied to LCD.
- In case of 1.5V power supply, this voltage is doubled to be applied to
LCD. In case of 3.0V power supply, this voltage is halved to be
internal logic voltage and intermediate voltage for LCD. In case of
3.0V power supply, a voltage nearly equal to VSs2 is applied to Vssl at
the following modes.
(1) Initial clear
(2) LIGHT and ALARM1/ALARM2 signals get active.
For (1), operation never fails to occur. For(2), software is used.
In both cases, software is used for specifying operation time.
For 1.5V power supply: Double type DB
For 3.0V power supply: Halver type HV
(13) Initial clear
By appling Vpp level to S1, S2, S3, S4 simultaneously, internal logics
are all initial-cleared.

Option Specification Table

Item Select Contents
Line drive input sl S2 S3 sS4
S1 N.P. Cc.P./I.PJ - -
Mi to M4 C.P. I.P. = -
ALARM1 OUT L H - -
ALARM2 OUT L H - =
LIGHT OUT L H - -
Reference frequency of ALARM| g2 33 - -
Stopwatch No. Y.U. Y.L. -
Interrupt 2 @13 gla - -
Interrupt O 311 @12 - -
Power supply circuit DB HV - -
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Input Port, Control Qutput Configuration

(Vss) (Vss)

}

(Vss): Step-up circuit: Vssi
Step-down circuit: Vgs2

RSF 100H

SSF 100H
Initial clear pulse

Alarm waveform
("L"level at normal)

I RSF 10H
LIG- oo

Initial clear pulse

PLA Option of Segment Output Section
The LC5700N is capable of changing the combination of segment outputs freely
according to LCD panel. Fig.(a) shows the segment output configuration.
The LC5700N is provided with segment outputs: 25 pads and 24 pads at the upper
and lower sides of LSI respectively. These respective segment drivers, being
for 1/2 duty, 1/2 bias LCD, are connected to 2 latches (Fig.(b)). By switch-
ing output of this latch and signal connected to clock pin by PLA, the
combination of segment outputs can be changed freely. One of DBUSa to g is
connected to input pin and PSTB1C or PSTB2C and one of PSTBO to 5 or one of
PSTB6 to 11 are connected to clock pin.
In this case, however, PSTB6 to 1l are assigned to the upper segment outputs
of LSI and PSTBO to 5 are assigned to the lower segment outputs of LSI.
For example, it is impossible to assign PSTB6 to pad No.l2.
One concrete example is described as follows:
As shown in Fig.(b), it is assumed that DBUSd is connected to input pin of
latch X which is displayable corresponding to segment information of COM1 side,
PSTB1C and PSTB1l are connected to clock pin, and DBUSa is connected to input
pin which is displayable corresponding to segment information of COM2 side,
PSTB2C and PSTB3 are connected to clock pin. In this case, fill out SEGMENT
OUTPUT SECTION PLA OPTION INSTRUCTION as follows: As shown in Fig. (c), mark
the columns of PSTB1C, PSTB1l, DBUSd for COM1(X) with O, and mark the columns
of PSTB2C, PSTB3, DBUSa for COM2(Y) with Q. 1In this case, P value of strobe
specification for WRT instruction is 2.
That is to say, when (WRT2, Q) instruction is executed, data at RAM address Q
is outputted to DBUSa to g through data decorder. DBUSd, one of these outputs,
is stored in latch X of pad No. 12 and display appears on LCD panel.
P value of strobe specification for WRT instruction is 7. When (WRT7,Q)
instruction is executed, new data is stored in latch Y.
The same rule applies to other pads.
The relation between panel strobe and strobe specification for WRT instruction
is shown in Fig. (d).
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Segment output (25PAD : PAD NO. 54~78 )
P A DBUSa~g T TTTTmTmTTmmm TR
2 PSTBIC, PSTB2C
M3 PSTB6~I1
LC5700N
i) PSTBO~5
2 PSTBIC, PSTEC
2 DBUSA~Q
Segment output  (24PAD: PAD NO.12+36) |

Fig. (a) Segment output configuration (1)

el
1 ]

:

X: Displayable corresponding to
segment information of COMl side

Y: Diéplayable corresponding to
segment information of COM2 side

Fig. (b) Segment output configuration (2)
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Pin name of
corresponding
LCD panel

Pin name of
corresponding
LCD panel

PAD
NO

SEGMENT

PANEL

STROBE

DATA BUS

P value of strobe
specification for
WRT instruction

(x)

COM JiCoM 2
(Y)

PSTB 2C
PSTB O
PSTE 2
PSTB 3
PSTB 4
PSTB 5
PSTB 6
PSTB 7
PSTB 8
PSTB 9

PSTB 10
PSTB 11
SBUS a
DBUS b
DBUS ¢
DBUS e

DBUS f

(WRT P,Q) !
(Q value:RAM l
address)'

DBUS g

12

OlpsTB 1

(®)

O]pBUS 4

[0)

13

O] Ojpsts 1c

(0]O)

[e]e)

14

o0J0 |O
[e]e)

15

16

~~

~—

L1

|

For pad No.12 to
36, use PSTBO to 5.

o1

For pad No.54 to
78, use PSTB6 to 1ll.

Fig. (C) Example pf entry in segment output section
PLA option instruction

PANEL STROBE

PSTB 2C

PSTB 1
PSTB 2
PSTB 3
PSTB 4
PSTB 5
PSTB 6
PSTB 7
PSTB 8
PSTB 9

PSTB 10

PSTB 11

P value of strobe

specification for

WRT instruction

(WRT P,Q)

(Q value:RAM
address)

Others

OlO| PsTB ©

oo

O|0

O|0

ojo

g Wolgioinslw| Vi~ O

o)(e]

w
T

Q
T

[0)(e)

o
=T

o
=

Qlo

]
x

1
[e
=

[e)[e]

12H

13H

Olo

14H

15H

Ol 10l 10l 0] 0] 10 0] o] o] o] 1o

[e)(e)

16H

Ol O] 0] |0] [O] 0] (o] 1ol O] o] O] [O]este 1c

Q

17H

O

o

18H

Fig.(d) Relation between panel strobe and strobe specification

for WRT instruction

177



LC5700N

[Operation from 1.5V battery]
Absolute Maximum Ratings at Ta=25%2°c, vpp=0V
Maximum Supply Voltage

Maximum Input Voltage

Maximum Output Voltage

Operating Temperature
Storage Temperature

Vss2
Vssi1
VIN1

VouT1

Vourt2

Topg
Tstg

s1,s2,S3,54,M1,M2,M3,M4,
TEST1,TEST3,TEST4,TEST5S,

TEST6,TEST7,10P,0SCIN

-4.0 to +0.3
-4,0 to +0.3
Vgsl-0.3 to +0.3

oscouT,TEST2,CUP2,ALARM1, Vssl-0.3 to +0.3

ALARM2,LIGHT, T4
All segment drivers,
COM1,COM2,CUP1

Allowable Operating Ranges at Ta=25%2°C,Vpp=0V
Supply Voltage

"H"level Input Voltage

"L"level Input Voltage

Operating Frequency

Vss1
Vss2
Vin
ViL

fopg

Vss1=-1.3 to -1.65V

vssi=-1.55v,S1,S2,S3,54,

M1,M2,M3,M4

Vssi1=-1.55v,s1,S2,S83,54,

M1,M2,M3,M4
Vss1=-1.3 to -1.65V,
Ta=-20 to +65°C

Electrical Characteristics at Ta=25%2°c, vpp=0V
Input Resistance

"H"level

nprlevel
ngrlevel
"M"level
"L"level
"H"level
"L"level
"H"level

"L"level

Output

Output
Output
Output
Output
Output
Output

Output

Output

Output Voltage

(Doubler)

Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage
Voltage

Voltage

Current Dissipation

Oscillation Start

Voltage

Oscillation Hold

Voltage

rIN1l
rIN2

rIN3A

rIN3B
VOH1

VoLl

VoH2

VoM

VoL2

VOH3

voL3

VOH4

VoL4

Vss2

IpD

Vstt

VHOLD

Vssl=-1.55V,Note 1

VSS1=-1.55V,TEST1, TEST3,

TEST4,TEST5,TEST6, TEST7
Vssl=-1.55V

TR1:VIL,=Vssl+0.2V,Note 2

Vss1=-1.55V,TR2:Note 2
VsSs1=-1.55V,Iog=-0.4ua,
segment driver
vVss1=1.55V,Ipog=-0.4uA,
segment driver
Vss1=-1.55V,Iog=-0.4uA,
COM1,COM2

Vss2-0.3 to +0.3

-20 to +65

-30 to +125
min typ max
-1.65 -1.3
-3.3 -2.4
-0.2 0

Vssi1 Vss1+0.2

32 33
min typ max
200 2000

1 100

10 100

200 2000
-0.2

Vss2+0.2
-0.2

Vss1=-1.55V,Iog=-4uA, Vss1-0.2 Vgg1+0.2

Ior=4uA,COM1,COM2
Vss1=-1.55V,IQoL=4uA,
COM1,COM2
Vss1=-1.35V,IoH=-250uA
ALARM1,LIGHT
Vgs1=-1.35V,Ior=250uA
ALARM1,LIGHT
Vssi=-1.35V,IoHg=50uA,
ALARM2
vVss1=-1.35V,I0oL=50uA,
ALARM2

C1=C2=0.1uF,
Vgs1=-1.35V
C1=C2=0.1uF,Co=Cg=20pF,
Cr=25kohm,Vss1=-1.55V
C1=C2=0.1uA,Co=Cg=20pF,
Cr=25kohm
C€1=C2=0.1uF,Co=Cg=20pF,
C1=25kohm

Vss2+0.2
-0.65
Vss1+0.65
-0.65
Vss1+0.65
-3.3 -2.5
2.0
(Note 3)
-1.35
-1.65 -1.3

unit

v
°C
°C

unit

\'4

\Y
v

\Y

kHz

unit
kohm
kohm

kohm

kohm
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Oscillation Start Time

Built-in Capacitance
for Oscillation

Note 1: Applicable to S2,S3,S4.
May be applicable to S1
according to input port option.

Note 3:

tstt

10p
20P

min typ max
C1=C2=0.1uF,Co=Cg=20pF, 10
CI1=25kohm,Vss1=-1.35V
External terminal 8 10 12
0osC ouT 16 20 24

Differs with mask ROM contents. option.

[Operation from 3V battery]
Absolute Maximum Ratings at Ta=25%2°C,Vpp=0V

Wbl
JUL

Maximum Supply Voltage Vsg2 -4.0 to +0.3
Vss1 -4.0 to +0.3
Maximum Input Voltage ViNl TEST1,TEST3,TEST4,TEST5, Vss1-0.3 to +0.3
TEST6,TEST7,10P,0SCIN
VIN2 S1,S2,S3,S4,M1,M2,M3,M4 Vss2-0.3 to +0.3
Maximum Output Voltage VouTl TEST2,CUP2 Vss1-0.3 to +0.3
VOUT2 All segment drivers, Vgs2-0.3 to +0.3
COM1,COM2,CUP1,ALARM],
ALARM2, LIGHT, T4
Operating Temperature Topg -20 to +b5
Storage Temperature Tstg -30 to +125
Allowable Operating Ranges at Ta=25%2°C,vpp=0v min typ max
Supply Voltage VsSs2 -3.6 -2.0
Vssi1 -3.6 -1.3
"H"level Input Voltage VIH 5$1,82,S3,84,M1,M2,M3,M4 -0.2 0
"L"level Input Voltage VIL S51,S2,S3,84,M1,M2,M3,M4 Vss2 Vss2+0.2
Operating Frequency fopg Ta=-20 to +65°C 32 33
Electrical Characteristics at Ta=25%f2°C,Vpp=0V min typ max
Input Resistance rINl Vgg=-2.9V,Note 1 200 2000
rIN2 Vsg2=-2.9V,TEST1,TEST3, 1 100
TEST4,TEST5,TEST6,TEST7
rIN3A Vgg2=-2.9V,VIL=Vgs2+0.2V, 10 100
TR1:Note 2
rIN3B Vgs2=-2.9V,TR2:Note 2 200 2000
"H"level Output Voltage VOH1 VssS2=-2.9V,IpoH=-0.4uA -0.2
segment driver
"L"level output Voltage VQL1l VsS2=-2.9V,IQL=0.4uA Vss2+0.2
segment driver
"H"level Output Voltage VOH2 VsS2=-2.9V,IoH=-4uA, -0.2
COM1,COM2
"M"level Output Voltage VoM Vss2=-2.9V,IoH=-4up, Vss52/2-0.2 VsS2/2+0.2
Ipor,=4uA,COM1,COM2
"L"level Output Voltage VQL2 VsSS2=-2.9V,IQL=-4uA, Vss2+0.2
COM1,COM2
"H"level Output Voltage Vpoyg3 Vss2=-2.4V,IpH=-250uA, -0.65
ALARM]1,LIGHT
"L"level Output Voltage Vp13 Vgs2=-2.4V,IQr=250uA, Vggp +0.65
ALARM1,LIGHT

unit
sec

pF
pF

Note 2: Applicable to M1,M2,M3,M4.
May be applicable to Sl
according to input port

unit
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"H"level Output Voltage VOQOH4

"L"level Output Voltage VQL4

Output Voltage (Halver)
Current Dissipation

Oscillation Start
Voltage,Vss1
Oscillation Hold
Voltage,Vgs2

Oscillation Start Time

Built-in Capacitance
for Oscillation

Vssi
Ippl

Ipp2

Vstt

VHOLD

tstt

10p
20P

Vss2=-2.4V,IoH=-50uA,
ALARM2
Vgs2=-2.4V,IoL=50uA,
ALARM2
Vss2=-2.8V,C1=C2=0.1uF
Vss2=-2.9V,Co=Cg=20pF,
Cr=25kohm,C]1=C2=0.1uA
Vss2=2.5V,heavy load,
C1=C2=0.1uF
Vss1=Vsg2,C1=C2=0.1uF,
Co=Cg=20pF, CI=25kohm
- Vss1=1/2Vss2,
C1=C2=0.1luF,
Co=Cg=20pF,Cr=25kohm

- Heavy load,Vss1=Vss2,

CI=25kohm,Co=Cg=20pF
C1=C2=0.1uF
Vss1=Vss2=-2.9V,
C1=C2=0.1uF,Co=Cg=20pF
External terminal
OoSsC ouT

min typ max
-0.65

Vss2 +0.65
-1.35

Note 3

70

Note 4
-1.35
-3.6 -2.6
-3.6 -1.3
10

,CI=25kohm

8 10 12
16 20 24

unit

8 5« <

<

<

sec

pF
pF

Note 1: Applicable to S2,S3,S4. May be applicable to S1 according to input

port option.

Note 2: Applicable to M1,M2,M3,M4.
input port option.

Note 3:

Note 4:

Differs with mask ROM contents.
Heavy load: At the time of initialize,

May be applicable to S1 according to

lamp or buzzer drive.

TR2
’1 TRI

U
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LCS732 C MOS LsSI

Single-Chip 4-Bit Microcomputer
(with LCD Driver)

30268

The LC5732 is a C-MOS 4-bit microcomputer that operates onfldw voltage, very low
current and contains an LCD driver. It also contains a 4-bit:parallel processing
ALU, a program memory ROM, abundant LCD segment outputs, a prescal“r, a 32.768KHz
crystal oscillatior. o

It is especially suited for use in high-grade timepiece, time controller, LCD
game with timepiece applications. B

(1) Hardware features

+ Supply voltage: 1.5V or 3.0V typ. (mask option)

- Very low current dissipation:
3.0uA typ. (1.5V supply, during timekeeping operation)
1.5uA typ. (3.0V supply, during timekeeping operation)

- Crystal oscillation for timekeeping (32.768kHz crystal connected externally)
or CR oscillator

- Abundant output pins for LCD panel drive (27 pins)

Drivable LCD panel Number of drivable LCD segments
1/2 bias 1/3 duty 81 segments
1/2 bias 1/2 duty 54 segments
Static 27 segments

- On-chip melody function: 3 octaves
- Input/output pins
Number of inputs: 8
Control output pins: 3 pins
- Possible to use LCD panel drive output pins as ports for output only
(mask option)
- ROM: 2048 x 8 bits
- RAM: 48 x 4 bits
- On-chip step-up circuit/step-down circuit
- Shipping style: Chip (or QIP64)

(2) Software features
- Powerful instruction set: 92 instructions
- Table read instruction
- l-level subroutine nesting
+ On-chip 15-bit divider for timekeeping (delivers overflow signal every
64ms/100ms/500ms when X'tal OSC is used)
- Halt function
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(3) System block diagram

(4) Pad assignment

AiM 2 LIGHT ShSé KinK4A COMI3 2] segments
79 ¢ MM O19% 7.“_uum““m"”"“m"T
I LCD driver j
R | | R 1T
. [ segment PLA J
1T 4L ] Tt
{ |
OSC IN ' '
7l L——————~ ALU RAM
m:ﬂm:cki (12 x4)
T
CUP|
i 1
P2 | e o 4L
digi'dcr (VO ) cantral
a 4 P Ej ROM
MELODY <KT 204.86)
| (3octaves) 1 5
L } (:hck
IES
o QN =9 ~ -
A EEEEEEEEEEER
08 O OoOOoOoOOOoOgao 3600| coM2
B REAFEEBEEREBERE =
os2 350 13
053 30| oscout
054 2301| 10P
ass 3200| OSCIN
036 30| rRes
a1 300 st
o2 2901| s2
o3 2601| cuP2
04 270 cupP1
us 2601| 32Hz
oe 25| TEST
88 BuEBrETBILIDL 22
O00O0DO0O0D0O00Oogo0o 20| coMmt
. ageteeagggaggg
n n O [LINUINUEN LI L] O
HE U8 dddyyyyy

* SEG14 to SEG27 can be used for output ports. (Mask option)
Chip size: 4.61lmm x 3.54mm
Chip thickness: 480um

120um x 120um

Pad size:
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(5) Package
Case Outline 3026B-Q64BIC

(unit: mm) s
g
l:_; TN, | =+
=& = |
~ JUPIRNL- |

SANYO: QIP64B 218

Sample Application Circuit

(1) Ag battery-used application (2) Li battery-used application
(1/2 bias 1/3 duty) (1/2 bias 1/3 duty)
*: 4 segment outputs are used for *: 4 segment outputs are used for
output ports. output ports.
CoM1 LCD COM1 LCD
COM2 (1/2bias, COM2 :
B By | [ S e
23x3=69 -
M1  SEG \ M{ SEG LN\ 23x3-69
out —l/ our
M2 M2 /%
M3 ment ment
¢s;l!ﬁpl-“s M3 oufputs
Mé M4
key matrix Vop key matrix VoD

:{-1.5V(Ag) io.wl
¢ Vss 1 ] =3.0V

—o_o—S1 Vssi — s .
[ 5_o——1S2 0.1u ¢ 60— 152
¢——0_o——S3 1 —o_o——S3
——o0 o—S4 Vss2 —t +———Jo— 154, VssS2
—] CUP1— ] CUP1 —
V4 _JO1U 0.1u
e P N CUP2 SCINCUP2|—] "
""" Joscout q t bbscouT o
—— lopF —{10FF
]
ALM2
INPUT PORT our? ) p |{INPUT PORT g
Mi~4, S1~4 M1~4, S1~4 ALM2
ouT
LIGHT RES LIGHT
-[~—RES ouT _—{BAK ~OUT
T I Io.m
X'tal O0SC CR 0SC
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(3) EXT-V-used application (1/2 bias 1/3 duty)
*: 4 segment outputs are used for output ports.

gg:; LCcD
X (1/2bias,
J CoM3) 1/3 duty)
M1 SEG _l\ 23x3=69
ouT
M2
M3 se?ment
M4 outputs
key matrix Vop 9 »
N e
S -
¢— 60— sé s
———0
b G m—| 7 S
CUP1 3001 "
232768 CIN CUP2 S
+— = Josour
———{10PF
ALM1
INPUT PORT OouT
M1~4, S1~4 ALM2
ouT
RES LIGHT|
—sax ouT
T lO-1u
X'tal OSC
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LCESOO C MOS LSI

Single-Chip 4-Bit Microcomputer
(with LCD Driver)

3044B

® 1271D

The LC5800 is a C-MOS 4-bit microcomputer that operates on low voltage, very small
current and contains an LCD driver. It contains a 4-bit parallel processing ALU,
many LCD segment outputs, many I/O ports, a prescaler, and a 32.768kHz crystal
oscillator.

It is ideally suited for use in desk-top calculator, camera, speech synthesis LSI
controller, equipment controller applications as well as high-grade game watch/
clock applications.

(1) Hardware features
. Supply voltage : 1.5V or 3.0V (typ.) (mask option)
. Very small current dissipation :
3.0uA typ. (1.5V supply voltage, at watch/clock operating mode)
1.5uA typ. (3.0V supply voltage, at watch/clock operating mode)
. Built-in crystal oscillator for watch/clock (32,768kHz crystal connected

externally)
. Many output pins for LCD panel drive (42 pins)
Drivable LCD panel Number of drivable LCD segments
1/3 bias 1/3 duty 126 segments
1/2 bias 1/3 duty 126 segments
1/2bias 1/2 duty 84 segments
Static 42 segments

. Many input/output pins
Ports for input only : 2 ports/8 pins
Input/output common ports : 2 ports/8 pins
Control output pins : 4 pins

. Possible to use LCD panel drive output pins as ports for output only

(mask option)

. With initial reset pin

. ROM : 2048 x 16 bits

. RAM : 152 x4 bits

. Cycle time : 244usec. (or l1l22usec./mask option)

. Built-in step-up circuit, step-down circuit

. Shipping style : Chip (or QIP80)

(2) Software features
. Powerful instruction set : 121 instructions
. 8-level subroutine nesting (also used for interrupt)
. External interrupt function
15-bit divider for watch/clock
. Built-in counter for 1/100-second chronograph
. Built-in 10-bit programmable timer
HALT function
. Automatic select of all address (direct addressing type)
. Built-in data pointer
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(3) Application development tools
For performing application development, the evaluation chip (LC5899) and the
specialized application development tools are prepared.

SDS410 system
Application development program of microcomputer can be made in assembly
language (edit, assemble).

. EVA510 + TB51 + display board + LC5899

By connecting to the SDS410, application development program can be
corrected and debugged. The EVA510 is a control ROM-replaced version
of the EVA410.

. TB51 +display board + LC5899

By using the EPROM (2732) with application development program data
written in, mounting evaluation can be performed.

Equivalent Circuit Block Diagram

Pl Ph Mi~M& CNTHE Y IOHT SHS4 KInKé  COMI3 42 segments
WP 1T DT M I § 17 e §
L LCD driver J
1/0 poRt | | CHSRVT | | 'NEWT
L segment PLA J
3t Jr dL ] T :
::‘%mm l—*——- ALU u’g’:‘)
CUPl !
cup2 hror coumer 1L

o— pre- |—

divider (V100 sec)

o
I T T [

(2048x16)

Application Areas

1) Multifunction watch/clock with calculator

2) Controller of speech synthesis LSI

3) Watch/clock with memory (external memory)

4) Controller of camera

5) Mechanical controller of VTR, radio cassette, deck, etc.
6) Controller of telephone dialer, etc.

186



LC5800

Sample Application Circuits

(1) Typical application circuit using (2) Typical application circuit using
Ag battery (1/3 bias 1/3 duty) Li battery (1/2 bias 1/3 duty)
QoM | Lco COM1 | ——>1 Lcp
oMz (V4 bias 3 duty) gg:; 7] (V/, bias 14 duty)
42 x3 =126 max ,\ 42x3=126 max
SEG —
SEG
out S »
segment
utputs Seqment
42 max %r‘:\uox
i Voo VoD
key matrix
—.}.—l.SV(Ag) -Lo . I
——-—A:O— g; VsS1 Vss) __I - 3.0V
S o S3 0.1u
S4  Vss2 1t - Vss2
JE——— V] ] 0.1u _— 1M
M2 Vss3 } e IM2 Vss3 f-———-— —
- Im3 M3
M4 Pl ) —— M4 et} -
0.lu | lO.N —
Fr oscin coez | T 4y ————OSCIN CLP2
2.768 kHz S n.768kHz
T ———{oscour "G T loscour "[]
B l10PF ALARM | Ne_ . loeF AARM|
our [ t ouT ) ~
INPUY/OUTPUT PORT 1 INPUT/OUTPUT PORT| —
/~PI.,M|~M4 ot —— ] Pl~Ph, M1~ M oury [
b S T2 — P S 154 oo
KivKé, S1~S4 uT2 j)@ 4,51 T2
e g
BAK
1T P T Tow
Pad Assignment of LSI Chip
- It drivers — % Case Outline 3044B-Q80AIC
com[iy OO OOOOOOOOO0O0C0O000O000oogewz (unit:mm)
7% 75 % 7 RANOATEEGS5GORE 09D 575:;8}551
o |0 el
pialiv
M3 2.15
CNT2 |O81 ';E ML
LIGHT |0 82 473 |TESTY
ALARM 83 «0|TEST2 g
§2 ”% 450 INT
G lok
OSCIN g2
Ei «%0|RES
wh|Hs 430(K
3187 alx2
%2
Pl |Os K3
2 |82
P4 |01 00|k
»a ‘(@3 SANYO: QIPSOA
com2 (O 12 538 BAK .
D K I51617 18192020 22232 2526 27 2 29 30 31 32 33 3¢ 360 |TEST
ceM3|0 DOODOUODOODOOO0OOD0O0O0O00O0D0Og 350|TT
v
segment drivers
CHIP SIZE 7. &b om x 5.68 mm
CHIP THICKNESS 480 um
PAD SIZE 120 um x 120 um
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Pad Name and Coordinates

Pin assignment of QIP80 Pin assignment of QIP80
ad| Pin name X Y pad Pin name X Y
Na (im) (um) Na (um) Citm)
7% 1 voo -3560 + 193 30 44 RES +3560 - 314
74 21 OSCIN ” + 12 32| 45| INT ” + 676
750 31 oscout ” - 168 33 46/ TEST2 ” + 856
- 4 10pP ” -~ 348 34| 47| TEST1 ” +1083
?6] S| TEST3 ” - 527 35| 48 M4 ” +1264
77 6 Té ” - 708 36 49 M3 ” +1444
78 7 s3 ” - 888 37 SO M2 ” +1623
= 8 P1 ” ~1068 38 51 M1 ” +1804
- 9 P2 4 -1247 39| 52| s2 ” +1983
79, 10| P3 ” -1428 40l 53] s1 ” +2294
80 11 P4 ” -1608 ~ | 54/ TEST ” +2475
1 12 coM2 ” -2146 41 S5 cupr2 ” +2684
2 13 coM3 ” -2684 42| 56 cup1 +3256 ”
3 14) Seg -3042 ” 431 57| Seg +3065 ”
4 15 -2810 ” 44 5§ +2770 4
5 16 -2516 ” 45| 59 +2475 ”
6 17 -2221 ” 46| 60 +2179 ”
7 18 -1925 ” 47 61 +1884 ”
8 19 -1630 ” 48 62 +1588 4
9 20 -1334 ” 49 63 +1294 ”
10 21 -1040 ” 500 64 + 998 ”
11 22 i - 744 ” 51 65 + 693 ”
1223 | - 438 p 52| 66 + 386 "
13 24 - 133 ” 53| 67 + 81 ”
14 25 + 174 ” 54| 68 -~ 226 ” ]
15 26 + 480 ” 55| 69 - 532 ”
16| 27| + 786 ” S6| 70 - 837 ”
17 28 +1093 ” 57 71 =1143 ”
18 29 +1398 ” sq 72 -1450 ”
19 30 +1703 ” 59| 73 =1756 v
20 31 +2010 ” 60 74 -2061 ”
21 32 +2315 ” 61 75 ~2367 ”
22 33 +2621 ” 62 76 =2674 ”
23 34 Seg +2928 ” 63 77| Seg -2980 ”
- | 35| TEST +3560 ” 64/ 78 CcoM1 -3560 ”
-1 36 TEST ” -2473 65| 79| s4 ” +2079
25| 37] BAK ” -2253 66| 80| CNT1 ” +1832
- | 38 (vss) ” -2031 67 81 CNT2 ” +1272
- | 39 (vpD) ” -1851 68 82 LIGHT ” +1092
26| 40 K& ” = 1545 69| 83 ALARM ” + 913
27 41 K3 ” -1110 70 84{ vssS3 ” + 733
28 420 k2 4 - 928 71| 85/ vss2 ” + 552
29 43 K1 ” - 494 72| 86/ vss1 ” + 372

The above pad coordinates are such that the chip center is taken as the

origin and the values of (X,Y) represent the coordinates of the center of
each pad.

Pins 24, 31 of QIP80 : NC
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Pin Description

Pad No. | Pin Name | Input/Output Eéﬁf‘i%ﬁration Function
2 OSCIN Input Voo 32.768kHz crystal is connected across
oscw ML oscor | OSCIN and OSCOUT for oscillation.
3 OSCOuT Output Used as reference clock and system
ss1 clock for watch/clock.
Connected to OSCOUT and used oscil-
4 10p - X . .
lation phase compensation capacitor.
53 Sl Ports for input only
52 s2 o« |With 16ms or 64ms chattering elimi-
Input o
7 S3 4 | nator.
79 s4 3 | By applying Vpp to S1 to S4 simultane-
§ ously, LSI inside is reset. (mask op-
E | tion)
8 Pl Voo - Input/output pins for selecting the
9 P2 2 | following 2 operations with instruc-
10 P3 & | tion.
11 P4 —% | (1) Input pin for fetching data
Input/Output &b & into RAM.
51 M1 Voo (2) Output pin for outputting data
50 M2 from RAM.
49 M3
48 M4
43 K1l (1) Input pin for fetching data
42 K2 Input Voo into RAM through 16ms or 64ms
41 K3 g chattering eliminator.
40 K4 !g { ;;J‘ (2) K4 signal is used to operate
,g decimal counter (for 1/100-
47 E second count) inside LSI with
instruction.
45 INT Input VoD External interrupt request control
g input pin.
H
9
-
Ii!;_<5_ g
44 RES Input Voo Input pin for resetting LSI inside.
37 BAK (=) power supply pin for logic unit
inside LSI.
When using 3.0V supply, a capacitor
must be connected across BAK and Vpp
to prevent logic unit from malfunc-
tioning.
80 CNT1 Pins for output onl
8l |cnt2 Output Y
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i Circuit i
Pad No. | Pin Name | Input/Output Conflguratlon Function
82 LIGHT Output vDD Pin for output only.
Suited for outputting signal to
drive transistor for light.
83 ALARM Output Voo Pin for output only,
Used to output 4kHz, 2kHz, 1lkHz mod-
H— ulation signal with instruction.
Also used to output non-modulation
signal.
1 VDD (+) Power supply pin.
84 Vss3 (=) power supply pin.
85 Vgs2 . 1.5V/3.0V selectable with mask
86 Vss1 option.
For 1.5V use, apply (-) side to Vggl
For 3.0V use, apply (-) side to Vgg2
. Also used as power supply for LCD
drive.
. 1.5V USE 30V USE
~ uou‘Abi«s 14 bias slclk"ﬁbia Y bias
VoD 1t J b g pp
Bl O N I I D Y
The above Table shows how to connect
external parts in each case.
55 CUP1 Pins for connecting voltage step-up
56 CUP2 (step-down) capacitor.
78 COM1 Output pins for LCD panel common
12 COoM2 Output electrode.
13 COM3 The following pin is used in each case.
Static [1/2 duty [1/3 duty
COM1 O O O
coM2 - o] O
COM3 = - O
vss1 /Vss2 )f\_}.’téeqxa]eantclyng 32Hz 32Hz 43Hz
14 Output pins for LCD panel segments.
to . Also used as output ports with
VoD .
22 Segment mask opt}on: o
driver Output [ . When LST inside is in reset mode,32Hz
57 g 64Hz or 128Hz static light-up signal
to option| | isoutputted at COML to COM3 and each
64 LCD segment output and all LCD panel
Vss3 segments light up.
. Segment PLA system is adopted to
gm
Vss1 /VSSZ Pss3 meet the requirements of free pa-

ttern on LCD panel. For segment
PLA system, refer to the catalog
of LC5700.
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Cir

Pad No. | Pin Name | Input/Output Con%géﬁration Function
23 Voo Output pins for LCD panel segments.
34 Segment Output . Also used as output ports with
65 driver Vss3 mask option.
7 VssV/Vss2/Vss3
5 TEST3 Test pins (not used by user).
6 T4
35 TEST
36 TEST
46 TEST2
47 TEST1
54 TEST
38 (Vgs) Backup power supply pin.
39 (VpbD) Normally, not used.

Note) Ag Battery :h=Vssl, Li Battery :q=Vgg)

Operation from Ag Battery [static)

unit

Absolute Maximum Ratings at Ta=25t2°C,Vvpp=0V

Maximum Supply Voltage

Maximum Input Voltage
[ 4

Maximum Output Voltage

-4.0 to +0.3 \Y
-4.0 to +0.3 v
Vss1-0.3 to 0.3 v

VsS1-0.3 to 0.3 \Y

Operating Temperature
Storage Temperature

Allowable Operating Ranges

Supply Voltage

"H"-Level Input Voltage

"L"-Level Input Voltage
Operating Frequency

Electrical Characteristics

Input Resistance

"H"-Level Output
Voltage
"L"-Level Output
Voltage
"H"-Level Output
Voltage
"L"-Level Output
Voltage

Vssl

Vss2 Vss2=VsSs3

VINl S1-4,M1-4,K1-4,Pl-4,
TEST-3,10P,0SCIN, INT,RES
(M1-4,P1-4: Input mode)

VouTl TEST3,CUP2,0SCOUT,ALARM,
LIGHT,CNT1,CNT2,M1-4,P1-4
(M1-4,P1-4: Output mode)

vouT2 SEGOUT,COM1,CUP1

Topg

Tstg

at Ta=25%2°C,Vvpp=0V min

Vssi -1.65

Vss2 VssS2=VsSs3 -3.3

VIH S1-4,M1-4,K1-4,P1-4,INT, -0.2
RES, (M1-4,P1-4: Input mode)

ViL " " Vssi

fopg Ta=-20 to +65°C 32

at Ta=25%2°C,vpp=0V min

RIN1A Vsg1=-1.55V,VI1=Vss1+0.2V, 50
"L"-level hold tr.,*1,Fig.l

RIN1B Vssl=-1.55V,"L"-level 200
pull-in tr.,*1,Fig.1l

RIN2A VsS1=-1.55V,V1L=Vgs1+0.2V, 50
input mode,"L"-level hold tr.,
*2,Fig.1

RIN2B Vss1=-1.55V,input mode,"L"- 200
level hold tr.,*2,Fig.l

RIN3 Vssi=-1.55V,TEST1, 2,RES 10

VOH1 VsS1=-1.55V,IoH=-0.4uA, -0.2
SEGOUT

VoLl Vss1=-1.55V,IoL=0.4uA,

SEGOUT

VOH2 Vss1=-1.55V,IQH=-4uA, -0.2
COM1

VoL2 Vss1=-1.55V,IoL=4uA,

COoM1

Vss2-0.3 to 0.3 v
-20 to +65 °C
-30 to +125 °C

typ max unit

-1.30 v
-2.4 v
0 v

Vss1+0.2 \Y
33 kHz

typ max unit
500 kohm

2000 kohm

500 kohm

2000 kohm

300 kohm

Vss2+0.2 \Y

Vss2+0.2 v
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"H"-Level Output Voltage VQEH3
"L"-Level Output Voltage VQL3
"H"-Level Output Voltage Vou4
"L"-Level Output Voltage VQoL4
Output Voltage Vss2
(doubler)

Current Dissipation [IDD]
Oscillation Start Vol- Vgtt
tage

Oscillation Hold Vol- VHOLD
tage

Oscillation Start Time tgtt
Oscillation Correction 10P
Capacitance 20p

Operation from

min
Vgs1=-1.35V,Ipy=-250ua, -0.65
ALM, LIGHT, CNT1, CNT2
Vss1=-1.35V,Ipr=250ua,
ALM,LIGHT,CNT1,CNT2
Vgg1=-1.55V,Ipg=-20uA, -0.2

M1-4,P1-4 (Ml1-4,P1-4 :
Output mode)
Vss1=-1.55V,Ipor=20uA,
M1-4,P1-4 (M1-4,P1-4 :
Output mode)
Vss1=-1.35V,C1l=C2=0. 1uF,
fopg=32.768kHz,Fig.2
Vssl=-1.55V,standard watch /
clock operation,Cl=C2=0.luF,
Co=Cg=20pF ,CI=25kohm,Fig. 2

Co=Cg=20pF ,CI=25kohm, -1.35
Fig. 3

VBAK=VSS1,Co=Cg=20pF, ~-1.65
CI=25kohm,Fig.2
Vss=-1.35V,Co=Cq=20pF,
CI=25kohm,Fig.3

External pin 8
oscouTr ' 16

Li Battery [Static]

Absolute Maximum Ratings at Ta=25i2°C,Vpp=0V
g

typ max

Vss1+0.65

Vss1+0.2

-2.5

-1.30
10

10
20

12
24

-4.0to+0.3
-4.0 to +0.3
VBak~0.3 t0 0.3

Vpak-0.3 to 0.3
Vss2-0.3 to 0.3

~-20 to +65

-30 to +125

typ max
-1.3
-2.0

0

Vss2+0.4
33

typ max
500

2000

500

Maximum Supply Voltage Vgsl VBAK=VSS1 or VSS2
Vss2 VSS2=Vss3,VBAK=Vssl or Vss2
Maximum Input Voltage VINl 10P,0SCIN,TEST3
ViN2 S1-4,M1-4,K1-4,P1-4,TEST1, Vss2-0.3 to 0.3
TEST2,INT,RES (M1-4,P1-4 :
Input mode)
Maximum Output Voltage VouTl TEST3,CUP2,0SCOUT
VoyT2 SEGOUT,COML, CUP1,
ALARM,LIGHT,CNT1,CNT2,M1-4,
Pl1-4 (M1-4,P1-4 : Output mode)
Operating Temperature Topg
Storage Temperature Tstg
Allowable Operating Ranges at Ta=2512°C,Vpp=0V min
Supply Voltage VBAK -3.6
Vgg2 VSS2=Vss3 -3.6
"H"-Level Input Voltage Viy  S1-4,K1-4,M1-4,P1-4,INT,RES -0.4
(M1-4,P1-4 : Input mode)
"L"-Level Input Voltage VrI, " " Vgs2
Operating Frequency fopg Ta=-20 to +65 °C 32
Electrical Characteristics at Ta=25#2°C,Vpp=0v min
Input Resistance Rrn1a Vss2=-2.9V,V1r=Vgg2+0.4V, 50
"L"-Level hold tr.,*1,Fig. 4
RINIR Vs$2=-2.9V,"L"-Level pull- 200
in tr.,*1,Fig. 4
RIN2A Vs$S2=-2.9V,V11=Vss2+0.4V, 50

input mode ,"L"-Level hold
tr.,*2,Fig. 4

unit

uA

sec

pF
pF

unit

<A< <

< <

°C

°C
unit

\Y

\%

\Y

v
kHz

unit
kohm

kohm

kohm
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min typ max unit

Input Resistance RIN2B Vgg2=-2.9V,input mode ,'L"- 200 2000 kohm
level pull-in tr.,*2,Fig. 4
RIN3 Vsgg2=-2.9V,TEST1,2,RES 10 300 kohm
"H"-Level Output Voltage VpHl Vss2=-2.9V,Ipg=-0.4uA, -0.2 \Y%
SEGOUT )
"L"-Level Output Voltage VoLl Vss2=-2.9V,Ipr=0.4uA,SEGOUT Vgs2+0.2 \Y
"H"-Level Output Voltage VoH2 Vgg2=-2.9V,IoH=-4uA,COMl -0.2 \Y
"L"-Level Output Voltage VoL2 Vggo=-2.9V,Igr=4uA,COM1 Vgg2+0.2 v
"H"-Level Output Voltage VOH3 Vss2=-2.4V,Iog=-250uB, -0.65 v
ALM,CNT1,CNT2
"L"-Level Output Voltage VOL3 Vgg2=-2.4V,I01=250ua, Vgs2+0.65 \Y

ALM,CNT1,CNT2
"H"-Level Output Voltage VoH4 Vggp=-2.4V,I0oH=-150uALIGHT -1.5 \Y
"L"-Level Output Voltage VOoL4 Vgg2=-2.4V,I01~150uA,LIGHT Vgg2+1l.5 v
"H"-Level Output Voltage vpys Vsg2=-2.9V,Ipy=-40uA,M1-4, -0.4 v
P1-4 (Ml1-4,Pl-4:Output mode)

"L"-Level Output Voltage Vprs Vss2=-2.9V,Igor=40uA,M1-4, Vgs2+40.4 v
P1-4 (M1-4,P1l-4:Output mode)

Output Voltage Vssl Vsg2=-2.9V,Cl=C2=0, luF, -1.35 v

(halver) fopg=32.768kHZ

Current Dissipation lIpp| Vss2=-2.9V,standard watch/ 1.0 uk

clock operation,Cl=C2=0.1luF,
Co=Cg=20pF,CI=25kohm,Fig. 5

Oscillation Start Vol- Vgtt Vss1=Vss2,Co=Cg=20pF, -1.35 v
tage CI=25kohm,Fig. 6
Oscillation Hold Vol- VHOLD VBAK=VSS1¥Vgg2=2/2,Co=Cg= -2.6 v
tage 20pF,CI=25kohm,Fig. 5
Oscillation Start Time tstt Vgs1=Vss2=-2.9V,Co=Cg=20pF, 10 sec
CI=25kohm,Fig. 6
Oscillation Correction 10P External pin 8 10 12 pF
Capacitance 20P  OSCOUT 16 20 24 pF
Operation from EXTV [Static)
Absolute maximum Ratings at Ta=25%2°C,vpp=0V unit
Maximum Supply Voltage Vss2 Vss2=Vss3 -4.0 to +0.3 v
Maximum Input Voltage VIiINl 10P,0OSCIN,TEST3 Vgs1-0.3 to 0.3 \Y

VIN2 S1-4,M1-4,K1-4,P1-4,TEST1, Vss2-0.3 to 0.3 \Y,
TEST2,INT, RES
(M1-4,P1-4 : Input mode)

Maximum Output Voltage VouTl TEST3,CUP2,0SCOUT Vss1-0.3 to 0.3 v
VouT2 SEGOUT,COM1,CUP1l,ALARM, Vsgs2-0.3 to 0.3 v
LIGHT,CNT1,CNT2,M1-4,P1-4,
(M1-4,P1-4: Output mode)
Operating Temperature Topg -20 to +65 °C
Storage Temperature Tstg -30 to +125 °C
Allowable Operating Ranges at Ta=25%2°C,Vpp=0v min typ max unit
Supply Voltage Vss2 Vss2=Vss3 -3.6 -2.0 \Y4
"H"-Level Input Voltage VIH s1-4,M1-4,K1-4,P1-4, -0.4 0 v
INT, RES,
(M1-4,P1-4: Input mode)
"L"-Level Input Voltage VIL " " Vss2 Vss2+0.4 v
Operating Frequency fopg Ta=-20 to +65°C 32 33 kHz
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Electrical Characteristics at Ta=25%2°c,vpp=0v min typ max
Input Resistance RIN1A VSS2=-2.9V,VIL=Vgs2+0.4V, 50 500
"L"-Level hold tr.,*1,Fig.1l3
RIN1B Vss2=-2.9V,"L"-Level 200 2000
pull-in tr.,*1,Fig.13
RIN2A Vgs2=-2.9V,VIL=Vs52+0.4V, 50 500

RIN2B
RIN3
"H"-Level Output VoH1
Voltage
"L"-Level Output VoLl
Voltage
"H"-Level Output VOH2
Voltage
"L"-Level Output Vo2
Voltage
"H"-Level Output VOH3
Voltage
"L"-Level Output vVoL3
Voltage
"H"-Level Output VOH4
Voltage
"L"-Level Output VoL4
Voltage
Current Dissipation IIDDl
Oscillation Start Vstt
Voltage
Oscillation Hold VHOLD
Voltage
Oscillation Start tstt
Voltage
Oscillation Correction 10P
Capacitance 20P

input mode,"L"-Level hold
tr.,*2,Fig.13

Vss2=-2.9V, input mode, 200 2000
"L"-Level tr.,*2,Fig.13

Vsg2=-2.9V,TEST1, 2,RES 10 300
Vss2=-2.9V,Iog=-0.4uA, -0.2

SEGOUT

Vss2=-2.9V,IoL=0.4uA, Vss2+0.2
SEGOUT

Vss2=-2.9V,IoH=-4uA, -0.2

COM1

Vsgs2=-2.9V,IoL=4uA, Vss2+0.2
COM1 .
Vss2=-2.4V,Ioyg=-250uA, -0.65
ALM,LIGHT,CNT1,CNT2

Vss2=-2.4V,IQoL=250uA, Vss2+0.65
ALM,LIGHT,CNT1,CNT2
Vss2=-2.9V,Iog=-40uA,M1-4, -0.4

Pl1-4 (M1-4,P1-4:Output mode)

Vss2=-2.9V, IoL=40uA,M1-4, Vss2+0.4
P1-4, (M1-4,P1-4:0utput mode)
Vss2=-2.9V, standard watch/ 5.0

clock operation,Co=Cg=20pF,
CI=25kohm,Fig.14

Operation from Ag Battery [1/2 bias,1/2 dutyl
Absolute Maximum Ratings at Ta=25:2°C,Vpp=0V

Maximum Supply Voltage Vggl

Vss2
Maximum Input Voltage  VIN1

Maximum Output Voltage Vourl

Vss1=Vss2,Co=Cg=20pF, -2.2

CI=25kohm,Fig.15

VBAK=VSS2,Co=Cg=20pF, -2.0

CI=25kohm,Fig.14

VSS1=Vss2=-2.9V,Co=Cg=20pF, 10

CI=25kohm,Fig.15

External pin 8 10 12

OoscouT 16 20 24
-4.0 to +0.3

Vss=Vss3 -4.0 to +0.3

s1l-4,M1-4,K1-4,P1-4,TEST1-3 Vss1-0.3 to 0.3
10P ,0SCIN,INT,RES (M1-4,

P1-4 : Input mode)

TEST3,CUP2,0SCOUT ,ALARM, Vss1-0.3 to 0.3
LIGHT,CNT1,CNT2,M1-4,P1-4

(M1-4,P1-4 : Output mode)

Vour2 SEGOUT,COM1-2,CUP1 Vg52-0.3 t0 0.3

Operating Temperature Topg -20 to +65
Storage Temperature Tstg -30 to +125
Allowable Operating Ranges at Ta=25+2°C,Vpp=0V min typ max
Supply Voltage Vss1 -1.65 -1.30
Vss2 Vss2=VsSs3 -3.3 -2.4

"H"-Level Input Voltage VIH S1-4 M1-4K1-4,P1-4,INT,RES -0.2 0

"L"-Level Input Voltage VIi,
Operating Frequency fopg

(M1-4,P1-4 : Input mode)

" " Vss1 Vss1+0.2
Ta=-20 to +65 °C 32 33

unit
kohm

kohm

kohm

kohm

kohm

uA

sec

pF
pF

unit
\Y%

\Y
v

°C
°C

unit

kHz
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Electrical Characteristics

Operation from

Input Resistance

"H"-Level Output Voltage
"L"=Level Output Voltage
"H"-Level Output Voltage
"M"-Level Output Voltage
"L"-Level Output Voltage
"H"-Level OCutput Voltage
"L"-Level Output Voltage

"H"-Level Output Voltage

"L"-Level Output Voltage

Output Voltage
(doubler)

Current Dissipation

Oscillation Start Vol-
tage

Oscillation Hold Vol-
tage

Oscillation Start Time
Oscillation Correction
Capacitance

at Ty=25x2°C,Vpp=0V

RIN1A
RIN1B

Rmo2a

RIN2B

RIN3
VOH1

VoLl
VOH2
VoM

voL2
VoH3
VoL3

Von4
Vor4

Vss2

|zop]

Vstt
VHOLD
tstt

10pP
20p

min
Vgg1=-1.55V,V11=Vgs1+0.2V, 50
"L"-level hold tr.,*1,Fig. 1
Vsg1=-1.55V,"L"-level pull- 200
in tr.,*1,Fig. 1
Vsg1=-1.55V,V11=Vgg1+0.2V,
input mode,"L"-level hold tr.,
*2,Fig. 1

50

Vss1=-1.55V,input mode, "L"- 200
level hold tr.,*2,Fig. 1
Vgg1=-1.55V,TEST1,2,RES 10
Vss1=-1.55V,Ioy=-0.4uA, -0.2
SEGOUT

Vgg1=-1.55V,Ip1=0.4un,

SEGOUT

Vgg1=-1.55V,Ipy=-4uA, -0.2
COM1-2

Vss1=-1.55V,Ipy=-4uA, Vss1-0.2
IG7,=4uA, COM1-2
Vss1=-1.55V,Ipr=4uA,

COM1-2

Vgs1=-1.35V,Ipog=-250uA, -0.65
ALM, LIGHT, CNT1,CNT2

Vssl1=-1.35V,Ipor=250uAa,
ALM,LIGHT, CNT1l,CNT2

Li Battery [1/2 bias, 1/2 duty]

Absolute Maximum Ratings at Ta=25t2°C,Vpp=0V

Maximum Supply Voltage

Maximum Input Voltage

Maximum Output Voltage

Operating Temperature
Storage Temperature

Vss1
Vss2
VINl
VIN2

VouTl
Vour2

Topg
Tstg

unit
kohm

typ max
500

2000 kohm

500 kohm

2000 kohm

300 kohm

Vss2+C.2 v

v

Vss1+0.65 v

Vgg1=-1.55V,Ipg=-20uA, -0.2 v

M1-4,P1-4 (Ml-4,Pl-4:

Output mode)

Vss1=-1.55V,Ipr=20uA, Vss1+40.2 v

M1-4,P1-4 (M1-4,Pl-4 :

Output mode)

Vssl=-1.35V,C1=C2=0.1luF, -2.5 v

fopg=32.768kHz,Fig.2

Vssl=-1.55V,standard watch / 2.0 uA

clock operation,Cl=C2=0.1luF,

Co=Cg=20pF,CI=25kohm,Fig. 2

Co=Cg=20pF,CI=25kohm, -1.35 v

Fig. 3

Vpag=Vssl,Co=Cg=20pF, -1.65 -1.30 v

CI=25kohm,Fig. 2

Vss1=-1.55V,Co=Cg=20pF, 10 sec

CI=25kohm,Fig. 3

External pin 8 10 12 pF

OSCOUT 16 20 24 pF
unit

VBAK=Vssl or Vsg2 -4.0to+0.3 \%

Vss2=Vgs3,VBAK=VSSl or Vss2 -4.0 to+0.3 v

10P,0SCIN,TEST3 VBAK-0.3 t0 0.3 v

S1-4,M1-4,K1-4,P1-4,TEST1l, Vss2-0.3 to 0.3 v

TEST2,INT,RES (M1-4,Pl-4 :
Input mode)
TEST3,CUP2,0SCOUT

SEGOUT ,COM1-2,CUP1,
ALARM,LIGHT,CNT1,CNT2 ,M1-4,
Pl1-4 (M1-4,P1-4 : Output mode)

VBaK—0.3 to 0.3 v
Vss2-0.3to0 0.3 \Y
-20 to +65 °C
-30 to +125 °C
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Allowable Operating Ranges at Ta=25+2°C,Vpp=0V min typ max unit
Supply Voltage VBAK -3.6 -1.3 v
Vgs2 VsSsS2=Vss3 -3.6 -2.0 v
"H"-Level Input Voltage VIH S1-4,K1-4,M1-4,P1-4,INT,RES ~-0.4 0 \
(M1-4,P1-4 : Input mode)
"IL"-Lével Input Voltage VIy, " " Vss2 Vss2+49.4 v
Operating Frequency fopg Ta=-20 to +65 °C 32 33 kHz
Electrical Characteristics at Tz=25%2°C,Vpp=0V min typ max unit
Input Resistance RIN1a VSS2=-2.9V,V1r=Vgg2+0.4V, 50 500 kohm
"L"-Level hold tr.,*1,Fig. 4
RIN1g VSs2=-2.9V,"L"-Level pull- 200 2000 kohm
in tr.,*1,Fig. 4
RIN2A VS§S2=-2.9V,Vrr=vVgg2+0.4V, 50 50C kohm

input mede ,"L"-Level nold
tr.,*2,Fig. 4

Input Resistance RIN2B Vss2=-2.9V,input mode,'L"- 200 2000 kohm
level pull-in tr.,*2,Fig. 4
RIN3 Vsg2=-2.9V,TEST1,2,RES 10 300 kohm
"H"-Level Output Voltage VpH1 VssS2=-2.9V,Iog=-0.4uA, -0.2 \Y
SEGOUT
"L"-Level Output Voltage VoLl Vss2=-2.9V,Ipr=0.4uA,SEGOUT Vgz2+0.2 \%
"g-Tevel Output Voltage Vog2 Vgg2=-2.9V,IoH=-4uA,COM1-2 -0.2 v

"M"-Level Output Voltage VoM Vss2=-2.9V,Ion=-4ul, Vsg2/2-0.2 Vgg2/2+0.2 v
Ior=4uA COM1-2

npn_Level Output Voltage VoL2 Vgg2=-2.9V,Ipr=4uA,COM1-2 Vgg2+0.2 \Y

"g"-Level -Output Voltage VOH3 Vgs2=-2.4V,IoH=-250uA, -0.65 v
ALM,CNT1,CNT2

v"-Tevel Output Voltage VOL3 Vgg2=-2.4V,I0oL=250ua, Vs52+0.65 v
ALM, CNT1, CNT2

"H"-Level Output Voltage VOH4 Vgg2=-2.4V,IoH=-150uALIGHT -1.5 v

wrr"_Level Output Voltage VOrL4 Vgg2=-2.4V,Ior=150uA,LIGHT vss2+1.5 \Y

"H"-Level Output Voltage vpys Vss2=-2. 9V,Ioy=-40uA,M1-4, -0.4 v
P1-4 (M1-4,P1-4:Output mode)

"L"-Level Output Voltage Vors5 Vss2=-2.9V,IoL=40uA,Ml-4, Vgs2+0.4 v
Pl-4 (M1-4,Pl-4:0Output mode)

Output Voltage Vssl Vgs2=-2.9V,C1=C2=0.1luF, -1.35 \%

(Halver) fopg=32.768kHz,Fig. 5

Current Dissipation EIDD | Vgs2=-2.9V,standard watch/ 1.0 uA

clock operation,Cl=C2=0.1luF,
Co=Cg=20pF,CI=25kohm,Fig. 5

Oscillation Start Vol- Vstt Vss1¥Vgs2,Co=Cg=20pF, -1.35 \Y

tage CI=25kchm,Fig. 6

Oscillation Hold Vol- VHOLD VBAK=Vss1=Vss2/2,Co=Cg= -2.6 v

tage 20pF,CI=25kohm,Fig. 5

Oscillation Start Time tstt Vss1=Vss2=-2.9V,Co=Cg=20pF, 10 sec
CI=25kohm,Fig. 6

Oscillation Correction 1O0P  External pin 8 10 12 pF

Capacitance 20p OSCOoUT 16 20 24 pF
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Operation from EXTV {1/2 bias,1/2 duty )

Absolute Maximum Ratings at Ta=25*2°C,Vpp=0V unit
Maximum Supply Voltage Vssi -4.0 to +0.3 v
Vss2 Vss2=Vss3 -4.0 to +0.3 v

Maximum Input Voltage VINl 10P,OSCIN,TEST3 Vssl-0.3 to 0.3 v
VIN2 S1-4,M1-4,K1-4,P1-4,TEST1, Vss2-0.3 to 0.3 v

TEST2,INT,RES
(M1-4,P1-4: Input mode)

(halver)

fopg=32.768KHz,Fig.5

Maximu Output Voltage VouTl TEST3,CUP2,0SCOUT Vss1-0.3 to 0.3 v
vVouT2 SEGOUT,COM1-2,CUPl,ALARM, Vss2-0.3 to 0.3 \Y
LIGHT,CNT1,CNT2,M1-4,P1-4
(M1-4,P1-4:0Output mode)
Operating Temperature Topg -20 to +65 °C
Storage Temperature Tstg -30 to +125 °C
Allowable Operating Ranges at Ta=25%2°cC,Vpp=0V min  typ max unit
Supply Voltage Vssi -3.6 -1.3 \Y
Vss2 Vss2=Vss3 -3.6 -2.0 v
"H"-Level Input Voltage VIH S1-4,M1-4,K1-4,P1-4,INT, -0.4 0 \Y
RES (M1-4,PL-4: Input Mode)
"L"-Level Input Voltage VII, " " Vss?2 Vss2+0.4 v
Operating Frequency fopg Ta=-20 to 65°C 32 33 kHz
Electrical Characteristics at Ta=25%2°cC,vpp=0vV min typ max unit
Input Resistance RIN1A Vss2=-2.9V,VIL=Vg52+0.4V, 50 500 kohm
"L"-Level hold tr.,*1,Fig.4
RIN1B Vgs2=-2.9V,"L"-Level pull- 200 2000 kohm
in tr.,*1,Fiqg.4
RIN2A Vss2=-2.9V,VIip=Vgs2+0.4, 50 500 kohm
input mode,"L"-Level hold tr.,
*2, Fig.4
RIN2B Vgg2=-2.9V, input mode, 200 2000 kohm
"L"-Level pull-in tr.,*2,Fig.4
RIN3 Vss2=-2.9V,TEST1,2 RES 10 300 kohm
"H"-Level Output VOH1 Vs52=-2.9V,IpoHg=-0.4ul, -0.2 v
Voltage SEGOUT
"L"-Level Output VoLl Vss2=-2.9V,I0L=0.4uA, Vss2+0.2 \Y
Voltage SEGOUT
"H"-Level Output VOH2 Vss2=-2.9V,IQH=-4uA, -0.2 \Y,
Voltage COM1-2
"M"-Level Output VoM Vss2=-2.9V,Iog=-4uA, Vss2/2-0.2 VsSs2/2+0.2 \Y
Voltage Ior=4uA,COM1-2
"L"-Level Output VoL2 Vss2=-2.9V,I0L=4uA, Vss2+0.2 \Y
Voltage COM1-2
"H"-Level Output VOH3 Vss2=-2.4V,I0H=-250uA, -0.65 v
Voltage ALM,LIGHT,CNT1,CNT2
"L"-Level Output VOL3 Vss2=-2.4V,I01=250uA, Vss2+0.65 Y
Voltage ALM,LIGHT,CNT1,CNT2
"H"-Level Output VOH4 Vgs52=-2.9V,IQH=-40uA -0.4 \Y
Voltage M1-4,P1-4
(M1-4,P1-4 :Output mode)
"L"-Level Output VorL4 Vss2=-2.9V,Ior=40ul, Vss2+0.4 \Y,
M1-4,P1-4
(M1-4,P1-4 :Output mode)
Output Voltage VsSsl Vss2=-2.9V,C1=C2=0.1uF, -1.35 \Y
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Current Dissipation

Oscillation Start
Voltage

Oscillation Hold
Voltage

Oscillation- Start

Time

Oscillation Correction
Capacitance

|zop]

Vstt
VHOLD
tstt

10pP
20P

min
Vss2=-2.9V,standard watch/
clock operation,C]1=C2=0.1luF,
Co=Cg=20pF,CI=25kohm,Fig.5
Vss1=Vss2,Co=Cg=20pF, -2.2
CI=25kohm,Fig.6
VBAK=VSs2,Co=Cg=20pF,
CI=25kohm,Fig.5
Vss1=Vgs2=-2.9V,Co=Cg=20pF,
CI=25kohm,Fig.6
External pin 8
OSCcouT 16

Operation from Ag Battery (1/2 bias,1/3 duty )
Absolute Maximum Ratings at Ta=25i2°C,Vpp=0V

Maximum Supply Voltage

Maximum Input Voltage

Maximum Output Voltage

Vss1
Vss2

typ max unit

5.0 uA
A\

-2.0 \Y

10 sec

10 12 pF
20 24 pF

-4.0 to +0.3

Vss2=Vss3

-4.0 to +0.3

VINl S1-4,M1-4,K1-4,Pl1-4,TEST1-3, Vss1-0.3 to 0.3

VouTl

10P,0SCIN,INT,RES (M1-4,
P1-4 : Input mode)

TEST3,CUP2,0SCOUT ,ALARM, Vss1-0.3 to 0.3

LIGHT,CNT1,CNT2 ,M1-4,P1-4
(M1-4,P1-4 : Output mode)

Vour2 SEGOUT,COM1-3,CUP1 Vgs2-0.3 to0 0.3
Operating Temperature Topg -20 to +65
Storage Temperature Tstg -30 to +125

Allowable Operating Ranges at Ta=25+2°C,Vpp=0V min typ max
Supply Voltage Vgsi -1.65 -1.30
Vss2 Vss2=Vss3 -3.3 -2.4
"H"-Level Input Voltage VIH S1-4 M1-4K1-4,P1-4 ,INT, RES -0.2 0
(M1-4,P1-4 : Input mode)
"L"-Level Input Voltage VII, " " Vssl Vss1+0.2
Operating Frequency fopg Ta=-20 to +65 °C 32 33
Electrical Characteristics at Tg=25%2°C,Vpp=0V min typ max
Input Resistance RIN1A Vgg1=-1.55V,Vy1p=Vgs1+0.2V, 50 500
"L"-level hold tr.,*1,Fig. 1
RINIB Vss1=-1.55V,"L"-level pull- 200 2000
in tr.,*1,Fig. 1
Rmv2a Vss1=-1.55V,V11=Vgg1+0.2V, 50 500
input mode ,"L"-level hold tr.,
*2,Fig. 1
RIN2B Vss1=-1.55V,input mode,"L"- 200 2000
level hold tr.,*2,Fig. 1
RIN3 Vgs1=-1.55V,TEST1,2,RES 10 300
"H"-Level Output Voltage VOH1 VsS1=-1.55V,Iog=-0.4ua, -0.2
SEGOUT
"L"~Level Output Voltage Vpr1 Vss1=-1.55V,Ipr=0.4ua, Vss2+0.2
SEGOUT
"H"-Level Output Voltage Vpy2 Vss1=-1.55V,Ipyg=-4uA, -0.2
COM1-3 '
"M"-Level Output Voltage VoM Vssl1=-1.55V,Ipog=-4uA, Vss1-0.2 Vss1+0.2

Ior=4uA,COM1-3

unit

kHz

unit
kohm

kohm

kohm

kohm

kohm
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typ max
Vss2+0.2

Vss1+0.65

Vgs1+0.2

-1.30
10

10
20

12
24

-4.0to+0.3
-4.0 to+0.3
VBAK-0.3 to 0.3

min
"L"-Level Output Voltage VQL2 Vggs1=-1.55V,Ipr=4uA,
COM1-3
"H"-Level Output Voltage VpoH3 Vsg1=-1.35V,Ipg=-250ua, -0.65
ALM,LIGHT,CNT1,CNT2
"L"-Level Output Voltage VQL3 Vssl1=-1.35V,Ipor=250uA,
ALM,LIGHT,CNT1, CNT2
"H"-Level Output Voltage Vog4a Vss1=-1.55V,Ipg=-20uA, -0.2
M1-4,P1-4 (M1-4,Pl-4:
Output mode)
"L"-Level Output Voltage Vor4 Vss1=-1.55V,Ipor=20uA,
Ml1-4,P1-4 (M1-4,P1-4 :
Output mode)
Output Voltage Vss2 Vssl=-1.35V,C1=C2=0.1luF,
(doubler) fopg=32.768kHz,Fig. 2
Current Dissipation IIDD, Vgs1=-1.55V,standard watch /
clock operation,Cl=C2=0.1luF,
Co=Cg=20pF ,CI=25kohm,Fig. 2
Oscillation Start Vol- Vstt Co=Cg=20pF,CI=25kohm, -1.35
tage Fig. 3
Oscillation Hold Vol-  VHOLD VBAK=Vss],Co=Cg=20pF, -1.65
tage CI=25kohm,Fig. 3
Oscillation Start Time tstt Vssl=-1.35V,Co=Cg=20pF,
CI=25kohm,Fig. 3
Oscillation Correction 10P External pin 8
Capacitance 20P 0SCOUT 16
Operation from Li Battery [1/2 bias, 1/3 duty]
Absolute Maximum Ratings at Ta=2512°C,Vpp=0V
Maximum Supply Voltage Vssl VBAK=VSSl or VSs2
Vss2 VsS2=Vss3, VBAK=VSS1 or VSS2
Maximum Input Voltage VinN1 10P,0SCIN,TEST3
ViN2 S1-4,M1-4,K1-4,P1-4,TESTl, Vss2-0.3 to0.3
TEST2,INT,RES (M1-4,P1-4 :
Input mode)
Maximum Output Voltage VouTl TEST3,CUP2,0SCOUT

Operating Temperature
Storage Temperature

Allowable Operating Ranges at Ta=25+2°C,Vpp=0V

Supply Véltage
"H"-Level Input Voltage

"L"-Level Input Voltage
Operating Frequency

Electrical Characteristics
Input Resistance

VOUT2'SEGOUT,COM1—3,CUP1,
ALARM,LIGHT,CNTl,QNTz,Ml—4,
P1-4 (M1-4,Pl-4 :Qutputnmde)

Topg
Tstg

min
VBAK -3.6
Vgs2 VSsS2=Vss3 -3.6
Viy  S1-4,K1-4,M1-4,P1-4,INT,RES -0.4

(M1-4,P1-4 : Input mode)

vVIiL " " Vss2
fopg Ta=-20 to +65 °C 32
at Ta=25x2°C,VpD=0V min
RiN1a Vss2=-2.9V,Vr1=Vss2+0.4V, 50

"L"-Level hold tx. ,*1 ,Fig. 4

RyN1B Vss2=-2.9V,"L"-Level pull- 200
in tr.,*1,Fig. 4
RIN2A VSsS2=-2.9V,Vr1=Vss2+0.4V, 50

input mode ,"L"~Level hold
tr.,*2,Fiqg. 4

vBaK-0.3 to 0.3
Vss2-0.3 to 0.3

-20 to +65
-30 to +125

typ max
-1.3
-2.0

¢]

Vss2+0.4
33

typ max
500

2000

500

unit

sec

PF
pF

unit

<< <<

<<

°C
°C
unit
\%
v
v

v
kHz

unit
kohm

kohm

kohm
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min typ max unit

Input Resistance RIN2B Vgg2==2.9V,input mode,'L"~ 200 2000 kohm
level pull-in tr.,*2,Fig. 4
RIN3 Vgs2=-2.9V,TEST1,2,RES 10 300 kohm
"H"-Level Output Voltage VoHl Vss2=-2.9V,Ipoy=-0.4uA, -0.2 \4
SEGOUT
"L"~-Level Output Voltage Vprl Vss2=-2.9V,Ipr=0.4uA,SEGOUT Vgs2+0.2 v
"H"-Level Output Voltage VoH2 Vgg2=-2.9V,Iog=-4uad,COM1~3 -0.2 \Y

"M"-Level Output Voltage VoM Vss2=-2.9V,IcH=-4uA, Vgg2/2-0.2 Vsg2/2+0.2 v
Ipr=4uA COM1-3

"L"-Level Output Voltage VOL2 Vgg2=-2.9V,Ior=4ul,CCM1- 3 Vgs2+0. 2 v

"H"-Level Output Voltage VOH3 Vgg2=-2.4V,Iog=-250ua, -0.65 v
ALM, CNT1, CNT2

"L"-Level Output Voltage VOL3 Vgg2=-2.4V,I0r1=250uA, Vss2+0.65 v

ALM, CNT1, CNT2
"H"-Level Output Voltage VoH4 Vgg2=-2.4V,IOH=-150uALIGHT -1.5 v
"L"-Level Output Voltage VOL4 Vgg2=-2.4V,I0r=150uh,LIGHT Vss2+l.5 \
"H"-Level Output Voltage Vpys Vgs2=-2.9V,Ipoy=-40uA,M1-4, -0.4 v
P1-4 (M1-4,P1-4:0utput mode)

"L"-Level Output Voltage vors5 Vss2=-2. 9V, Ion=40ua,M1-4, Vgg2+0.4 v
P1-4 (M1-4,P1l-4:Output mode)

Output Voltage Vssl Vgg2=-2.9V,Cl=C2=0.1luF, -1.35 \Y

(halver) fopg=32.768kHz

Current Dissipation hDDl Vgs2=-2.9V,standard watch/ 1.0 uA

clock operation,Cl=C2=0.1luF,
Co=Cg=20pF ,CI=25kohm,Fig. 5

Oscillation Start Vol- Vstt Vss1=Vgs2,Co=Cg=20pF, -1.35 v
tage Ci=25kohm,Fig., 6
Oscillation Hold Vol- VHOLD VBAK=Vss1=Vss2/2,Co=Cg= -2.6 v
tage 20pF ,CI=25kOhm,Fig. 5
Oscillation Start Time tstt Vgg1=Vss2=-2.9V,Co=Cg=20pF, 10 sec
CI=25kohm,Fig. 6
Oscillation Correction 10P External pin 8 10 12 pF
Capacitance 20P  OSCOUT 16 20 24 pF
Operation from EXTV (1/2 bias,1/3 duty)
Absolute Maximum Ratings at Ta=25t2°c,Vvpp=0V unit
Maximum Supply Voltage Vssi -4.0 to +0.3 \%
Vss2 Vss2=Vss3 -4.0 to +0.3 v
Maximum Input Voltage VINl 10P,OSCIN,TEST3 Vss1-0.3 to 0.3 v
VIN2 S1-4,M1-4,K1-4,P1-4,TEST1, VSs2-0.3 to 0.3 \
TEST2, INT,RES
(M1-4,P1-4:Input mode)
Maximum Output Voltage VoyTl TEST3,CUP2,0SCOUT Vss1-0.3 to 0.3 v
vouT2 SEGOUT,COM1-3,CUP1,ALARM, Vss2-0.3 to 0.3 \%

LIGHT,CNT1,CNT2,M1-4,P1-4
(M1-4,P1-4:0Output mode)

Operating Temperature Topg -20 to 65 °C
Storage Temperature Tstg -30 to +125 °C
Allowable Operating Ranges at Ta=25%2°C,Vpp=0V min typ max

Supply Voltage Vssi -3.6 -1.3 v

VSss2 VsSsS2=Vss3 -3.6 -2.0 v
"H"-Level Input Voltage VIH ~S1-4,M1-4,Kl1-4,P1-4,INT,RES -0.4 0 v

(M1-4,P1-4: Input mode)

"L"-Level Input Voltage VIL " " VSS2 VSS2+0.4 v
Operating Frequency fopg Ta=-20 to +65°C 32 33 kHz
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Electrical Characteristics
Input Resistance

"H"-Level Output
Voltage
"L"-Level Output
Voltage
"H"-Level Output
Voltage
"M"-Level Output

"L"-Level Output
Voltage
"H"-Level Output
Voltage
"L"-Level Output
Voltage
"H"-Level Output
Voltage
"L"-Level Output
Voltage

Output Voltage
(halver)

Current Dissipation

Oscillation Start
Voltage

Oscillation Hold
Voltage
Oscillation Start Time

Oscillation Correction
Capacitance

at Ta=25% 2°C,vpp=0V

RIN1A VSS2=-2.9V,VIL=VSsS2+0.4V,
"L"-Level hold tr.,*1,Fig.4

RIN1B Vss2=-2.9V,"L"-Level pull-
in tr.,*1,Fig.4

RIN2A VsSS2=-2.9V,VIL=Vs52+0.4V,

min typ max
50 500
200 2000
50 500

input mode, "L"-Level hold tr.,

*1,Fig.4
RIN2B Vss2=-2.9V, input mode,
"L"-Level tr.,*2,Fig.4
RIN3 Vss2=-2.9V,TEST1,2,RES
VOH1 Vss2=-2.9V,IoH=-0.4uA,

SEGOUT
VOL1l Vss2=-2.9V,IoL=0.4uA,
SEGOUT
VOH2 Vss2=-2.9V,IpH=-4uA,
COM1-3

200 2000
10 300
-0.2
Vss2+0.2
-0.2

VOM  Vss2=-2.9V,IOH=-4uhA, Vg552/2-0.2 Vss2/2+0.2

Ior=4uA,COM1-3
VOL2 Vss2=-2.9V,I0L=4uA,
COM1-3
VOH3 Vss2=-2.4V,IQH=-250uA,
ALM,LIGHT,CNT1,CNT2
VoL3 Vss2=-2.4V,IQoL=250uA
ALM,LIGHT,CNT1,CNT2
Vo4 Vss2=-2.9V,Ipog=-40uA,

M1-4,P1-4 (M1-4,P1-4: Output mode)

VoL4 Vss2=-2.9V,IoL=40uA,

M1-4,P1-4 (M1-4,P1-4:Output mode)

Vssl Vss2=-2.9V,
Cl=C2=0.1uF, fopg=32 .768KHz)
|Ipp| Vgg2=-2.9V,Standard watch/

clock operation,Cl=C2=0.1uF,

Co=Cg=20pF,CI=25kohm,Fig.5

Vstt VSs1=Vss2,Co=Cg=20pF,
CI=25kohm,Fig.6

VHOLD VBAK=Vss2,Co=Cg=20pF,
CI=25kohm,Fig.6

tstt Vgg1=Vsg2=-2.9V,Co=Cg=20pF,
CI=25kohm,Fig. 6

10P External pin

20P OSCOUT

Operation from Ag Battery [1/3 bias,1/3 duty)
Absolute Maximum Ratings at Ts=25x2°C,Vpp=0V

Maximum Supply Voltage

Maximum Input Voltage

Maximum Output Voltage

Operating Temperature
Storage Temperature

Vssi

Vss2

Vss3

ViN1 S1-4,M1-4,K1-4,Pl-4,
TEST1-3,10P,0SCIN, INT,RES
(M1-4,P1-4 : Input mode)

Voyrl TEST3,CUP2,0SCOUT,ALARM,
LIGHT,CNT1,CNT2,M1-4,P1-4
(M1-4,P1-4 : Output mode)

VouT2 SEGOUT,COM1,COM2,COM3,CUP1

Topg

Tstg

Vss2+0.2

-0.65
Vgs2+0.65

-0.4
Vgs2+0.4
-1.35

5.0

-2.2
-2.0
10

l6 20 24

-4.0 to+0.3
-4.0 to+0.3
-5.5to+0.3
Vss1-0.3 to 0.3

Vgs1-0.3to0 0.3

Vgg3-0.3to0 0.3
~-20 to +65
-30 to +125

unit
kohm

kohm

kohm

kohm

kohm

uA

sec

pF
pF

unit

<<<<

°C
°C
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Allowable Operating Ranges at Ta=2512°C,Vpp=0V min

Supply Voltage

"H"-Level Input Voltage,

"L"~-Level Input Voltage
Operating Frequency

Electrical Characteristics
Input Resistance

Vssl -1.65
Vss2 -3.3
Vss3 -4.95
Viy  S1-4,M1-4,K1-4,P1-4,INT, -0.2
RES (Ml1-4,P1-4 : Input mode)
ViL " " Vssl1
fopg Ta=-20 to +65°C 32
at Ta=25x2°C,Vpp=0V min

RIN1A Vss1=-1.55V,Vi1=Vgg1+0.2V, 50
"L"-Level hold tr.,*1,Fig. 7

RIN1B Vss1=-1.55V,"L"-Level pull- 200
in tr.,*1,Fig. 7 )

RIN2A Vss1=-1.55V,Vip=Vss1+0.2V, 50
input mode,"L"~-Level hold tr.,

*2 ,Fig. 7
RIN2B Vss1=-1.55V,input mode, 200
"L"-Level pull-in'tr., *2,
Fig. 7
RIN3 Vssi=-1.55V,TEST1,2,RES 10
"H"-Level Output Voltage Vogi Vssi=-1.55V,Ipou=-0.4uA, -0.2
SEGOUT

'"Ml'-Level Output Voltage

"M2'-Level Output Voltage
"L"-Level Output Voltage

"H"-Level Output Voltage
"Ml"-Level Output Voltage
"M2'-Level Output Voltage
"L"-Level Output Voltage
"H"-Level Output Voltage

"L"-Level Output Voltage

"H"-Level Output Voltage

"L"-Level Output Voltage

Output Voltage

Current Dissipation

Oscillation Start Vol-
tage

Oscillation Hold Vol-

tage

Oscillation Start Time

Oscillation Correction
Capacitance

VoMl ,Vss1=-1.55V,Io=-0.4uA ) Vssr0.2
(IQL=O.4uA,SEGOUT )

voMz2a " " Vss2-0.2

VoLl Vss1=-1.55V,Ipor=-0.4uA, Vgs3-0.2
SEGOUT

VOH2 Vss1=-1.55V,IpH=-4uA, -0.2

COM1,COM2 ,COM3 .

VoME Vss1=-1.55V,Ipr=4ua, Vgg1~0.2
Iog=-4uA,COM1, COM2, COM3

Vom22 ! ! Vsg2-0.2

Vor2 Vssi=-1.55V,Ipr=4uA,COM1-3

VOH3 Vss1=-1.35V,Ipxg=-250uA, -0.65
ALM,LIGHT,CNTl,CNTZ

Vor3 Vssi1=-1.35V,Ipr=250uA,
ALM,LIGHT,CNT1,CNT2

VoH4 Vss1=-1.55V,Ioy=-20uA, ~0.2
M1l-4,P1-4 (M1-4,P1-4:
Output mode)

Vor4a Vss1=-1.55V,IporL=20uA,
M1-4,P1-4 : Output mode)

Vss2 /Vssl1=-1.35V,Cl=C2=0.1luF,
(fopg=32.768kHZ,Fig.8

VSS3 n "

Ipp Vgs1=-1.55V,standard watch/
clock operation,Cl to C3=
0.1luF,Co=Cg=20pF ,CI=25kohm,

Fig. 8

Vstt C0=Cg=20pF,CI=25kohm, -1.35
Fig. 9

VHOLD VBAK=Vssl,Co=Cg=20pF, -1.65

CI=25kohm,Fig. 8
tstt Vgg1=-1.35V,Co=Cg=20pF,
CI=25kohm,Fig. 9
1o0p External pin : 8
20P  OScouT 16

typ max
-1.30
-2.4
-3.7

0

Vgsl+0.2
33

typ max
500

2000

500

2000

300

Vgs1+0.2

Vgs2+0.2
Vgg3+0.2

Vss1+0.2
Vgg2+0.2
Vss3+0.2

Vgg1+0.65

Vgs1+0.2
-2.5

-3.75

-1.30
10

10 12
20 24

unit

<< <<

<

kHz

unit
kohm
kohm

kohm

kohm

kohm

sec

pF
pF
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Operating from Li Battery [1/3 bias, 1/3 duty]
Absolute Maximum Ratings at Ta=25t2°C,Vpp=0V

Maximum Supply Voltage

Maximum Input Voltage

Maximum Output Voltage

Operating Temperature
Storage Temperature

Allowable Operating Ranges at Ta=25+2°C,Vpp=0V

Supply Voltage

"H"-Level Input Voltage

"L"-Level Input Voltage
Operating Frequency

Electrical Characteristics
Input Resistance

"H"-Level Output Voltage
"Ml'-Level Output Voltage

"M2'-Level Output Voltage
"L"-Level Output Voltage

"H"-Level Output Voltage
"MI'-Level Output Voltage

'M2'=Level Output Voltage
"L"-Level Output Voltage
"H"-Level Output Voltage

"L"-Level Output Voltage
"H"-Level Output Voltage

"L"-Level Output Voltage
"H"-Level Output Voltage

"L"-Level Output Voltage VoL5

unit
Vssl VBAK=Vssl or Vss2 -4.0 to +0.3 \Y
Vss2 VBAK=Vgsl or Vss2 -4.0 to+0.3 \%
Vss3 VBAK=VSS1 or Vss2 -5.5t00.3 \Y
ViNl 10P,O0SCIN,TEST3 VBAK-0.3 to 0.3 \Y
VIN2 S1-4,M1-4,K1-4,P1-4,TEST1, Vgs2-0.3 to 0.3 Y
TEST2,INT,RES (M1-4,P1-4 :
Input mode)
VouTrl TEST3,0SCOUT VBAK-0.3 to 0.3 \Y
Vhoz ALARM, LIGHT,CNT1,CNT2 ,M1-4, Vgs2-0.3 t0 0.3 v
Pl1-4,CUP2(M1L-4,P1-4:0utput mode)
Voyr3 SEGOUT 1-64,COML toCOM3,  Vss3-0.3to0.3 Y
CUPl
Topg -20 to +65 °C
Tstg -30 to +125 °C
min typ max unit
VBAK -3.6 -1.3 \Y
Vss2 -3.6 -2.0 \Y
Vss3 Vgs3=Vss2+Vssl -5.0 -3.9 \Y%
Vig s1-4,M1-4,K1-4,P1-4,INT, -0.4 0 v
RES (M1-4,P1-4 : Input mode)
viL " " Vss2 Vss2+0.4 v
fopg Ta=-20 to +65 °C 32 33 kHz
at Ta=25+2°C,Vpp=0V min typ max unit
RIN1A Vgg2=-2.9V,VIiL=Vgg2+0.4V, 50 500 kohm
"L"-Level hold tr.,*1,Fig. 10
Riyie Vss2=-2.9V,"L"-Level pull- 200 2000 kohm
in tr.,*l ,Fig. 10
RIN2A Vsg2=-2.9V,V1L=Vss2+0.4V, 50 500 kohm
input mode,"L"-Level hold tr.,
*2,Fig. 10
RIN2B Vss2=-2.9V,input mode,"L"- 200 2000 kohm
Level pull-in tr., *2 ,Fig. 10
RiN3 Vgg2=-2.9V,TEST1,2,RES 10 300 kohm
VOH1 Vsg2=-2.9V,Ipog=-0.4uA, -0.2 v

SEGOUT

VoMl Vgg2=-2.9V,Ipog=-0.4ud ) 1/2Vss2-0.2 1/2Vggat0.2
(IOL=0. 4uA ,SEGOUT )

VoM21 " " Vgg2-0.2 Vgg2+0.2

VoLl Vss2=-2.9V,Ipr=0.4uA, Vgs3+0.2
SEGOUT

VoH2 Vsg2=-2.9V,IoH=-4uA,COM1-3 -0.2

VoMl2 ,Vgg2=-2.9V,Ipog=-4uA 1/2Vgg20.2 1/2Vgg2+0.2
(IQL=4uA ,COM1, COM2, COM%
VoMz2 v " Vgg2-0.2 Vgg2+0.2
VoL2 Vggp=-2.9V,Ipor=4uA,COM1-3 Vg53+0.2
VOH3 Vsg2=-2.4V,Iog=-250uA, -0.65
ALM,CNT1,CNT2
VOoL3 Vsgg2=-2.4V,Ipr=250uA, Vgg+0.65
ALM,CNT1, CNT2
Vo4 Vgg2=-2.4V,Ioy=-150uA,LIGHT -1.5
vVorL4 Vgs2=-2.4V,Ior=150uA,LIGHT Vgs2+1.5
Vo5 Vss2=-2.9V,10n=-40uA, -0.4
M1-4,P1l-4 {M1-4,Pl-4 :
Output mode)
" ,IoL=40uA, Vss52+0.4

v
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Output Voltage

Current Dissipation

Oscillation Start Vol-

tage

Oscillation Hold Vol-
tage

Oscillation Start Time
Oscillation Correction
Capacitance

Operation from EXTV [1/3 bias,1/3 duty)
Absolute Maximum Ratings at Ta=25%2°cC,vpp=0V

Maximum Supply Voltage

Maximum Input Voltage

Maximum Output Voltage

Operating Temperature
Storage Temperature

Allowable Operating Ranges
Supply Voltage

"H"-Level Input Voltage
"L"-Level Input Voltage
Operating Frequency

Electrical Characteristics
Input Resistance

min

Vss1 /Vss2=-2.9V,Cl to C4=0.1luF,
(fopg=32.768kHz,Fig.ll

VSS3 " ”

IpD Vss2=-2.9V,standard watch/
clock operation,Cl to C4=
0.1uF,Co=Cg=20pF ,CI=25kohm,
Fig. 11

Vstt Vss1=Vss2,Co=Cg=20pF, -1.35
CI=25kohm,Fig. 12

VHOLD VBAK=VSS1=Vgs2/2,Co=Cg=
20pF,CI=25kohm,Fig. 11

tstt VsSs2=-2.9V,Vgg1=Vss2,Co=Cg=
20pF,CI=25kohm,Fig. 12

10pP External pin 8

20p OoscouT 16

Vssi -
VsSs2 -
Vss3
VinNl 10P,0SCIN,TEST3 Vssi1
VinN2 S1-4,M1-4,K1-4,P1-4,TEST1,2,Vss]
INT,RES (M1-4,P1-4: Input mode)
VouTl TEST3,0SCOUT Vss1
VouT2 ALRM,LIGHT,CNT1,CNT2, Vss2
M1-4,P1-4,CUP2
(M1-4,P1-4: Output mode)
VouT3 SEGOUT 1-64,COM1 to COM3, Vss3
CUP1
Topg
Tstg
at Ta=25%2°C,vpp=0V min
Vss1 -3.6
Vss2 -3.6
Vss3  Vss3=Vgs2+Vssl -5.0
VIiu S1-4,M1-4,K1-4,INT,RES -0.4
(M1-4,P1-4: Input Mode)
VIL " " Vss2
fopg Ta=-20 to +65 °C 32
at Ta=25%2°C,Vpp=0V min
RIN1A Vss2=-2.9V,VIL,=Vg52+0.4V, 50

"L"-Level hold tr.,*1,Fig.10

RIN1B VSS2=-2.9V, "L"-Level pull- 200
in tr., *1, Fig.10

RIN2A VSS2=-2.9V,VIL=VSs52+0.4V, 50
input mode, "L"-Level hold tr.,
*>,Fig.10

RIN2B Vss=-2.9V, input mode,"L"- 200
Level pull-in tr.,*2,Fig. 10

RIN3 Vss2=-2.9V,TEST1,2,RES 10

typ max
-1.35
-4.1
2.0
-2.6
10
10 12
20 24
4.0 to 0.3
4.0 to +0.3
-5.5 to 0.3
-0.3 to 0.3
-0.3 to 0.3
-0.3 to 0.3
-0.3 to 0.3
-0.3 to 0.3
-20 to +65
-30 to +125
typ max
-1.3
-2.0
-3.9
0
Vss2+0.4
33
typ max
500
2000
500
2000
300

unit

ulA

sec

pF
pF

unit

<< << <

< <

°C
°C

unit

<< <<

\%
kHz

unit
kohm

kohm

kohm

kohm

kohm
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min typ max
"H"-Level Output Voltage VOH1 VSS2=-2.9V,I0H=-0.4uh, -0.2
SEGOUT
"M1"-Level Output VoMl [Vss2=-2.9V, 1/2Vsg2-0.2 1/2Vss2+0.2
Voltage IOoH=-0.4uA,
"M2"-Level Output VomM21 | Ior=0.4uA, Vsg2-0.2 Vss2+0.2
Voltage SEGOUT
"L"-Level Output VoLl VsSs2=-2.9V,IoL=0.4uA, Vgs3+0.2
Voltage SEGOUT
"H"-Level Output Voltage VOH2 VSS2=-2.9V,I0H=-4uA, -0.2
COM1,COM2,COM3
"M1"-Level Output VoM12 [Vss2=-2.9V, 1/2Vsg2-0.2 1/2Vsgs2+0.2
Voltage IoH=-4uA,
"M2"-Level Output voM22 | IoL=4uA, Vss2-0.2 Vss2+0.2
Voltage COM1,COM2,COM3
"L"-Level Output Voltage VOIL2 Vss2=-2.9V, IoL=4uA, Vsg2+0.2
COM1,COM2,COM3
"H"-Level Output Voltage VOH3 Vss2=-2.4V,I0H=-250uA, -0.65
ALM, LIGHT,CNT1,CNT2
"L"-Level Output Voltage VOL3 Vss2=-2.4V,I0oL=250uA Vss2+0.65
ALM,LIGHT,CNT1,CNT2
"H"-Level Output Voltage VOH4 VSS2=-2.9V,I0oH=-40uA, -0.4
M1-4,P1-4
(M1-4,P1-4: Output mode)
"L"-Level Output Voltage VOL4 Vss2=-2.9V, I0oL=40uA, Vss2+0.4
M1-4,P1-4
(M1-4,P1-4 : Output mode)
Output Voltage Vss1 (VSSZ=—2.9V,C1 to C4=0.1uF, ) -1.35
Vss3 0.1luF, fopg=32.768KHz,Fig.11l -4.1
Current Dissipation IDD Vss2=-2.9V,standard watch/ 5.0
clock operation,C) to C4=0.1uF,
Co=Cg=20pF,CI=25kohm,Fig.11
Oscillation Start Vstt Vss1=Vgs2,Co=Cg=20pF, -2.2
Voltage CI=25kohm,Fig. 12
Oscillation Hold VHOLD VBAK=Vss2,Co=Cg=20pF, -2.0
Voltage CI=25kohm,Fig.11
Oscillation Start Time tstt Vss2=-2.9V,Vgs1=Vgg2,Co=Cg 10
=20pF,CI=25kohm,Fig.12
Oscillation Correction 10p External pin 8 10 12
Capacitance 20P oscouT 16 20 24

unit

uA

secC

pF
pF

*] S51-52.S3-S4-INT-K1-K2-K3-.K4
*2 M1.-M2.M3-M4.P1-P2-P3.P4
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Summary of LC5800 Instructions

AC : Accumulator HQF : Halt request flag
ACn : Accumulator-bit n HEFn : Halt release enable flag
CF : Carry flag HRFn : Halt release request flag
DP : Data pointer cC : Chrono counter
DPF : Data pointer flag LSF : Lap sample flag
SP : Strobe pointer LPF : Lap mode flag
PC : Program counter CSTF : Chrono start flag
[P( )] : Contents of port ( ) CMF : Chrono mode flag
Rx : Memory of address x CDF : Chrono data decoder flag
Rxn : Memory-bit n of address x ™ : Timer
IEFn : Interrupt enable flag n L : LCD latch
WRFn  : Working register n () : Contents
E/SF : Interrupt/switch select flag <« : Transfer direction, result
BCF : Bakup flag A : AND
SCFn  : Start condition flag n \ : OR
PDF : Pull down flag a4 : Exclusive OR
H Instruction code
k- e Status
H Mnemonic D15 D14 D13 D12 D11 D1p Dg Dg Function Description flag to be
H f
£ D7 Dg Ds Dg D3 D2 D1 Dg affected
CLA Clear AC o 1t 0 0 1t 0 jAC-0 The AC contents are cleared.
0 0 O 0o 0 o0 o
RCF Reset CF 11 1 0 1 1 0 0 |CF=0 The CF contents are cleared. CF
0 0 0 0 0 O 0 1 |[=RF11
SCF Set CF 1 1 1 0 1t 0 O 0 |CF=-1 The CF is set. CF
0 0 0 0 0 0 O 1 |=SF11
- Th (Rx) loaded
MRW Y, X Move Rx to o 1 1 0 0 O Y2 Yy |AC Ry~ (Rx) m:”;";'g‘;":fd wo’;ki::r:x:t‘oraﬁiy?
Working Register Ry | Yo Xg X5 X4 X3 X2 X1 Xo
i - The (3 i (Ry)
MWR X, Y Move Working 0 1 1 0o o0 1 Y2 Y3 | AC,.Rx -~ (Ry) Io'z;o‘; ‘lzg rg:::me’;o;or&o:)t‘x are
Register Ry to Ry Yo Xg X5 X4 X3 X2 X1 Xo
SRO X Shift Right Rx & 0o 1 1 0 1 0 0 0 |Rxn, ACn - (Rxn+1)| The memory (Rx) contents are shifted
right and O is loaded to the MSB. The
MSB=0 0 Xg X5 X4 X3 X2 X1 Xo | Rx3, AC3~0 same contents are loaded to the AC.
SR1 X Shift Right Rx & o 1 1 0 1 0 O 1 |Rxn ACph- (Rxn+1)| The memory (Rx) contents are shifted
. right and 1 is loaded to the MSB. The
MsB=1 0 Xg X5 X4 X3 X2 X1 X0 |Rx3 AC3~1 same contents are |oaded to the AC.
SLO X Shift Left Rx & 0o 1 1 0 1. 0 1 O |Rxn ACn- (Rxn-1) | The memory (Rx) contents are shifted
left and O is loaded to the LSB. The
LsB=0 0 Xg X5 X4 X3 X2 X1 X0 | Rxg.ACo=0 same contents are loaded to the AC.
> | SLI X Shift Left Rx & 0 1 1 [s] 1 o] 1 1 Rxn, ACn = (Rxn-1) | The memory (Rx) contents are shifted
left and 1 is loaded to the LSB. The
LsB=1 0 Xg X5 X4 X3 X2 X1 Xo|Rxo, ACo~1 same contents are |oaded to the AC.
RAR X Rotate Right Rx o 1 1 0 1 1 0 0 [Rxn, ACn~ (Rxn+1)| The memory (Rx) contents are rotated
right. The same contents are loaded to
0 Xg X5 X4 X3 X2 X1 Xo | Rx3, AC3 - RxQ the AC.
RAL X Rotate Left Rx 0 1t 1 0 1 1 1 0 |Rxn, ACn~ (Rxn-1) | The memory (Rx) contents are rotated
left. The same contents are loaded to
0 X X5 X4 X3 X2 X3 Xpg |Rxg, ACg~ Rx3 the AC.
MAF X Move CF & WRF )] 1 1 1 0 1 0 0 |AC,Rx~ (CF, WRF)| The CF, WRF contents are loaded to the
AC and memory (Rx).
to AC & Rx 0 Xg X5 X4 X3 X2 X1 Xo
AC, Rx bit Contents
3 CF
. R S SECOE
1 WRF2
WRF1
MRA X Move Rx to CF The mem: (Rx) contents are loaded
ove fix to 0 0 0 1 1 1 1 CF WRE~(RX) | I o Rr - o hoe e v
& WRF Xg Xg Xa X3 X2 X1 Xo correspondence as for MAF X.
ADC X Add AC to Rx 0O 1 0 0 0 0 0 O |AC~- (Rx)}+(AC) The memory (Rx), AC, CF contents | CF
. are binary-added and the result is loaded
" with CF 0 Xg X5 X4 X3 X2 X1 Xo +(CF) to the AC.
£ [ADC* X Add AC to Rx 0O 1 0 0 0 O 0 1 [AC Rx=(Rx)+AC)| The memory (Rx), AC, CF contents | CF
H . are binary-added and the result is loaded
g with CF 0 Xg X5 X4 X3 X2 X1 Xo +(CF) 10 the AC, Rx.
= |SBCX Subtract AC 0O 1 0 0 0 0 1t 0 [AC = (Rx)+AC The memory (Rx) contents are binary- | CF
2 R i subtr: by the AC, CF contents
g from Rx with CF 0 Xg X5 X4 X3 X2 X1 X0 +(CF) *and the result is loaded to the AC.
1° [sBC*x Subtract AC 0O 1 0 0 0 0 1 1 |AC~ (Rx+AC) The memory (Rx) contents are binary- | CF
N subtracted by the AC, CF contents
from Rx with CF 0 Xg X5 X4 X3 X2 X1 Xo +(CF) and the result is loaded to the AC, Rx.
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H Instruction code s
k- tatus
H Mnemonic D15 D14 D13 D12 D11 Dyg Dg Dg Function Description flag to be
H D7 Dg Ds Dg D3 Dy Dy Dg affected
ADD X Add AC to Rx 0 1 0 0 0 1 0 0 [AC~(Rx)+(AC) The memory (Rx), AC contents are CF
binary-added and the result is loaded to
0 Xg Xg Xq4 X3 X2 X1 Xg the AC.
ADD* X Add AC to Rx 0 1 0 0 0 1 0 1 |ACRx~(Rx)+AC) The memory (Rx), AC contents are | CF
binary-added and the result is loaded to
0 Xg Xg Xg4 X3 Xz X1 Xp the AC, Rx.
SUB X Subtract AC 0 1. 0 0 0 1 1 0 |AC=(Rx)+ACH The memory (Rx) contents are binary- | CF
5 subtracted by the AC contents and the
from Rx 0 Xg Xs Xg4 X3 X2 X1 Xg result is loaded to the AC.
sus*® X Subract AC o 1 0o o0 0 1 1 1 | AC, Rx = (Rx)+(AC)+1| The memory (Rx) contents are binary- CF
subtracted by the AC contents and the
from Rx 0 Xg X5 Xq4 X3 X2 X1 Xg result is loaded to the AC, Rx.
ADN X Add AC to Rx 0 1 0 0 1 0 0 0 |AC-(Rx)+AC) The memory (Rx), AC contents are
binary-added and the result is loaded to
0 Xg Xs Xgq X3 Xz X1 Xo the AC.
ADN* X Add AC to Rx 0O 1 0 0 1 0 0 1 |AC Rx=I(Rx)+(AC) The memory (Rx), AC contents are
binary-added and the result is loaded to
0 Xg Xg Xq4 X3 X2 X1 Xg the AC, Rx.
AND X And AC to Rx 0 1 0 0 1 0 1 0 |AC~-I(RxIAAC) The memory (Rx) contents and AC
contents are ANDed and the result is
0 Xg Xg X4 X3 X X1 Xo loaded to the AC.
AND* X And AC to Rx o 1 o o0 1 o 1 1 AC, Rx = (Rx)A(AC) | The memory (Rx) contents and AC
contents are ANDed and the result is
0 XG X5 X4 X3 X2 X1 X0 loaded to the AC, Rx.
EOR X Exclusive or 0 1 0 0 1 1 0 O [AC~(RxAC) The memory (Rx), AC contents are
exclusive-ORed and the result is loaded
AC to Rx 0 Xg Xg Xq4 X3 X2 X1 Xp to the AC.
EOR* X Exclusive or 0 1 0 0 1 1 0 1 |ACRx=(Rx)¥(AC) | The memory (Rx), AC contents are
- exclusive-ORed and the result is loaded
§ AC to Rx 0 Xg Xg X4 X3 X2 X1 Xg to the AC, Rx.
s |orx OR AC to Rx 0 1 0 0 1 1 1 0|AC=(RxVI(AC) The memory (Rx), AC contents are
'é ORed and the result is loaded to the AC.
g 0 Xg X5 Xg4 X3 X2 X1 Xg
k-3 . . - The memory (Rx), AC contents are
8 OR* X OR AC to Rx 0O 1 0 0 1 1 1 1|ACRx~-I(RxV(AC) ORed and e resuit s losded 10.the. AC.
& 0 Xg Xg Xq4 X3 X2 X1 Xg Rx.
ADCI X, Y | Add Immediate 0 1 0 1t 0 0 O O |AC-(Rx)}+Y+(CF) The memory (Rx) contents, Y, CF CF
contents are binary-added and the result
dateto Rx withCF: | Y3 Y2 Yq Yg X3 X2 X1 Xg is loaded to the AC.
The relation between sbsolute address of
data memory (Rx) and X is as follows:
Absolute address=XH+70H
ADCI* X, Y | Add Immediate 0 1 0 1 0 0 0 1 |AC Rx=(Rx)+Y+(CF) Thememory (Rx) contents, Y are CF
binary-added and the result is loaded
data to Rx with CF Y3 Y2 Y1 Yg X3 X2 X1 Xo to the AC, Rx.
SBCI X, Y Subtract Immediate | 0 1 0 1 0 0 1 0 | AC= (Rx)}+Y+(CF) The memory (Rx) contents are binary- CF
subtracted by Y, CF contents and
date & CF from Rx | Y3 Y2 Y1 Yg X3 X2 X1 Xg the result is loaded to the AC.
SBCI* X, Y | Subtractimmediate | 0 1 0 1 0 0 1 1 | AC,Rx~ (Rx)+Y+(CF)[ The memory (Rx) contents are binary- CF
subtracted Y, CF contents and
data & CF fromRx | Y3 Y2 Y1 Yg X3 X2 X1 Xp the result is loaded to the AC, Rx.
ADDI X, Y | Add Immediate 0 1 0 1 0 1 0 0 /[AC-(RxH+Y The memory (Rx) contents and Y are |  CF
binary-added and the result is loaded to
data to Rx Y3 Y2 Y1 Yg X3 X2 Xy Xg the AC.
ADDI* X, Y | Add iImmediate 0 1 0 1t 0 1t 0 1 ]ACRx=I(Rx+Y The memory (Rx) contents and Y are CF
binary-added and the result is loaded to
data to Rx Y3 Y2 Y1 Yg X3 X2 X1 Xg the AC, Rx.
SUBI X, Y Subtract Immediate | 0 1 0 1t 0 1 1 0 | AC = (Rx)+Y+1 The memory (Rx) contents are binary- CF
subtracted by Y and the result is loaded
data from Rx Y3 Y2 Y1 Yg X3 X2 X1 Xg to the AC.
SUBI*®* X, Y | Subtract Immediate o 1 o 1 0 1 1 1 | AC, Rx = (Rx)+Y+1 The memory (Rx) contents are binary- CF
subtracted by Y and the result is loaded
data from Rx Y3 Y2 Y1 Yg X3 X2 X1 Xg to the AC, Rx.
ADNI X, Y Add Immediate o 1 o 1 1 0 0 O | AC-(Rx)+Y The memory (Rx) contents and Y are
binary-added and the result is loaded to
data to Rx Y3 Y2 Y{ Yg X3 X2 X3 Xp the AC.
ADNI* X, Y | Add Immediate 0 1 0 1 1 0 0 1| ACRx=(Rx)+Y ;he '"Z"u".'&’ (Rdx, contents and ¥ are
data to Rx Y3 Y2 Yq Yg X3 X3 Xq{ Xg "l‘:axs’ g and the result is loaded to
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Instruction

Instruction code

Status

Mnemonic D15 D14 D13 D12 D11 D19 Dg Dg Function Description flag to be
D7 Dg Dg Dg D3 Dz Dy Do sffected
ANDI X, Y | And Immediate 0 1 0 1 1 0 1 0 [AC=(RxIAY The memory (Rx) contents and Y are
ANDed and the result is loaded to the
data to Rx Y3 Y2 Yy Yo X3 X2 X1 X AC.
ANDI* X, Y | And Immediste 0 1 0 1 1 0 1 1 |ACRx=I(RxAY The memory (Rx) contents and Y are
ANDed and the result is loaded to the
data to Rx Y3 Y2 Yq Yo X3 X2 X1 Xp AC, Rx.
2|EORI X, Y Exclusive Or 0o 1t 0 1 1 1 0 0 |AC=-(RxVY The memory (Rx) contents and Y are
K] exclusive-ORed and the result is loaded
g Y to Rx Y3 Yz Y1 Yo X3 X2 X1 Xp to the AC.
E EORI®* X, Y | Exclusive Or o 1 o0 1 1 1 0 1 | AC Rx=(RxWY The memory (Rx) contents and Y are
c exclusive-ORed and the result is loaded
% Y to Rx Y3 Y2 Yy Yo X3 X2 X1 Xg to the AC, Rx.
g ORI X, Y Or Immediate o 1 o0 1 1 1 1 0 | AC= (Rx)VY The memory (Rx) contents and Y are
o ORed and the result is loaded to the AC.
data to Rx Y3 Y2 Y1 Yo X3 X2 X3 Xp
ORI* X, Y | Or Immediate 0 1 0 1t 1 1 1 1 |ACRx=(RxVY The memory (Rx) contents and Y are
ORed and the result is loaded to the AC,
data to Rx Y3 Y2 Y{ Yo X3 X2 X1 Xo Rx.
MDPL X Move DPL to Rx o 1 1 1t 0 1 1 1 [ACRx=~(DPL) The DPL contents are loaded to the
memory (Rx).
0 Xg X Xq4 X3 X2 X1 Xg
MDPH X Move DPH to Rx 0 1 1 1t 0 1 1 0 |ACRx~(DPH) The DPH contents are loaded to the AC
and memory (Rx).
1 X X5 X4 X3 X2 X1 X0
MRDH X Move Rx to DPH 0 1 1 0 1 0 1 1 |DPHAC-(Rx) The memory (Rx) contents are loaded
B gt o S
witl = to , the memory X
1 Xg X5 Xa X3 X2 X1 Xo contents are not loaded to the DPH.)
MRDL X Move Rx to DPL 1 1 0 1 0 0 1 |DPLAC=~(Rx) The memory (Rx) contents are loaded to
- the AC and DPL. (if the DPF is set with
1 Xg X5 X4 X3 X2 X1 Xg X=00H to 6FH, the memory (Rx)
contents are not loaded to the DPL.)
MRSB X Move Strove Pointer | 0 1 1 0 1 0 1 0 |SPAC~(Rx) The memory (Rx) contents are loaded
to the AC and SP.
1 Xg X5’ Xq4 X3 X2 X1 Xo
SFI X Set Flag 1 Group 1 1 1 0 1 0 Xg Xg The fiag corresponding to the data
2 specified with X9 to X0 is set.
2 X7 X6 X5 X4 X3 X2 X1 Xg
-.E-, Data of X9 to X0 Xo=1| X¢4=1| X2=1 [X3=1 CF
Mo | 5o | SGEX | scri | seep | OFF
§ Data of X8 to X0 Xa=1] Xg=1] Xg=1 |X7=1
b b 20— 2 4
g Instruction to be SFPD | COMD1/COMD2 | SDPF
2 Xg=1.Xg=1 Used for test.
g RFI X Reset Flag 1 Group 1 1 1 o 1 1 Xg Xg Each flag is reset corresponding to SF1. CF
.E. X7 Xe X5 X4 X3 X2 X1 Xo DPF
2 [sF2x Set Flag 2 Group 1 1 1 1 0 0 Xg Xg The flag corresponding to the deta | BCF
§ specified with X9 to X0 is se-.
X7 Xg X5 X4 X3 X2 X1 Xo CMF
Data of X9 to X0 CDF
[Cinstruction tobe | LON
oxecuted LON {sCar| PDF
Data of X9 to X0 xg=1[xg=1] HQF
| InitruEtion toB — ['SADR 1| SPDR 2{SPDR 4[SPDR 80T 2|
RF2X Reset Flag 2 Group 1 1 1 1 0 1 Xg Xg Each flag is resst corresponding to SF2,
X7 Xg X5 X4 X3 X2 X1 Xo
SDPF Set DPF 1 0 0 O O |DPF-1 The DPF is sat. The memory address | DPF
is specified with the DP. It the
1 0 0 0o 0 0 o instruction code address is 70H to
7FH, the instruction code sddress
prevails.
=SF1 80H
RDPF Reset DPF 1 1 1 0 1 1 0 O |DPF-0 The DPF is reset. DPF
1 0 0 0 O O O O |=RF180H
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Instruction code
Status
Mnamonic D15 D14 D13 D12 D11 D10 Dg Dg Function Description flag to be
affected
D7 De Ds Dg D3 D2 D1 Do
STA X Store AC to Rx 0o 1 1 1 0 1 1 1 |Rx~I(AC) The AC contents are loaded to the
memory (Rx).
1 Xg X5 X4 X3 X2 X1 Xo
LDS X, D Load AC with Data o 1 1 1 1 D3 Dy D1} AC,Rx=D Immediate data D is loaded to the AC
and memory (Rx).
& Store AC to Rx Do Xg X5 X4 X3 X2 Xq1 Xo
LDA X Load AC from Rx 0 14 1 0 1 0 0 O0/|AC~I(Rx) e memory (fx) contents are loaded to
1 Xg X5 X4 X3 X2 X1 X0
3
HALT HALT 1 ! ! 1 1 ! 1 1 The operation of CPU is stopped.
0O 0 0 0 0O 0 o0 O The following 3 conditions cause the halt mode to be
released.
1) An interrupt is accepted.
2) The signal change specified by the SSW instruction is
applied to port S, K.
3) The hait release condition specified by the SIC instruction
is met.
When an interrupt is accepted to release the halt mode, the
halt mode returns by executing the RTS instruction after
completion of interrupt service.
SSW X Set Switch State 1 1 1 0O O O O O | The data specified by X causes the halt mode to be released.
0 0 Xg X4 X3 X2 X1 XQ [ Thesignal change atport S, K is specified.
XO X5 X0=1 _X1=1_| X2=1 X3=1
Is:‘or:‘-l change at S1 82 S3 Sa
X0 ~ X5 Xa=1 Xs=1
Signal change at Fall signal at one Rise signal at one
input port of K1to K& of K1 to K4
L (siex Set/Reset Interupt 1 1 1 1 1 0 1 Xg|Xo~Xg Operation 1EFg3
$ Enable FI X X4 X X Xg=1| The IEF3 is set so that interrupt 3 (overflow from
g able Flag 7 X6 X5 Xa X3 X2 X1 Xo 0=1 the divider) is accepted. HEFo-3
£ E/SF
P X1=1/| The IEF2 is set so that interrupt 2 (overfiow from
g the CC) is accepted.
z
o
3 IEF
2 X=1| The IEF1 is set so that interrupt 1 (undorflow | 103 wea_
& from the TM) is accepted. reset suto-
matically
when an
X3=1 The IEFO is set so that interrupt O (mode shown interrrupt is
below) is accepted. accepted.
1) Signal change at port S specified by the SSW.
2) Signal change at port K specified by the SSW.
3) Rise signal change at external interrupt pin
INT.
Refer to the operation for X8=1 also.
X4=1| The HEF3 is set so that overflow from the
divider causes the halt mods to be relessed.
X5=1| The HEF2 is set so that overflow from the CC
causes the halt mode to be relessed.
Xg=1| The HEF1 is set so thst underflow from the TM
causes the halt mode to be relessed.
X7=1| The HEFO is set so that the halt mode Is released
when the rise signal change is applied to INT. in
this case Xg must be 0.
X8=1] For X3=1, port S/K is selected st X8=1 (E/SF
set); INT is selected at X8=0 (E/SF reset).
In the case of X7=1, Xg must be 1.
SIC* X 11 1 1 1 10 Only X0 to X3 of the SIC instruction are
significant.
0 0 0 0 X3 X2 X1 Xo X4 to X8 remain unaffected.
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§ Instruction code Status
g Mnemonic D15 D14 D13 D12 D11 D10 D9 Dg Function Description ﬁ's'g t‘oe:e
b4 affec
£ D7 Dg Ds Dg D3 D2 Dy Do
MSB X Move SCF & BCF 0 1 1t 1 0 1 0 1 |ACRx=SCFi~3 | The SCF1 to 3 and BCF contents
are loaded to the AC and memory
to AC & Rx 1 Xg X5 X4 X3 X2 X1 Xo BCF (Rx).
The AC contents and tho meaning of bit after execution of
this it ollows:
Bit0 oy lt the backup mode
Bit 1 1" when tho halt mode is released by the
gnal chcnm at port
1" when tho halt mode is released by the
SCF4 107
Bit 3 -—- SCF3: 1" when the halt mode is released by the
signal change at port S
— ~7 |The SCF4 to 7 contents are loaded to
MSC X Move SCF to 6 1 1 1 0 1 1 0 AGRx-SCF4 the AC and memory (Rx).
AC & Rx 0 Xg X5 X4 X3 X2 X1 X0
The AC contents and the meaning of bit after execution of
this instruction are as follows:
Case where the corresponding bit is 1.
Bit 0~ SCF4: The halt mode is released by overflow from
the divider.
Bit 1 - SCFgCThe halt mode is released by overflow from
E Bit 2~ SCFS The halt mode is released by underflow
H Bit 3= SGF7. “The hait mods s released by the signa
8 change at INT.
E The SIC instruction is used to specify that the INT/port
5 S, K.TM, CC, divider should be specified for interrupt service,
; halt release, or no operation.
&
NOP No Operation 0 0 0 o 0 O 0 O
0O 0 0 0o 0 0 0 O
: HQF The Light Out pin is made active and the
LON Light ON 1 1 1 1.0 0 0 0 Setlghs halt request ﬂné (LRQ) is set to cause HQF
0 0 0 1 1 0 0 0 the halt mode to be entered.
=SF2 18H
LOFF Light OFF 1 1 1 1 0 1 0 O | ResetLight& HQF | The Light Out pin is made nonactive] HQF
and the HRQ is reset.
0 0 0 1 1 0 0 O |=RF218H
SBAK Set Back-up Mode 1 1+ 1 1 0 0 0 O Vss2 is applied to the logic unit at the| BCF
Li battery power supply mode. The
o 0 0 0o o0 1 0o o inverter size of the oscillator is appro-
ximately doubled at the Ag, Li battery,
EXTV power supply mode.
=SF1 4
RBAK Reset Back-up 1 1 1 1 ] 1 0 The backup mode is released. BCF
Mode 00 0 0 0 1 0 =RF1 4
The CC contents are loaded to the AC
MCD X Move Chrono Counter| 0 1 1 1 0 1 0 0 |acRx— (CC) and mermory (Rx).
Data to AC & Rx 1 Xg X5 X4 X3 X2 X1 Xo
MCF X Move Chrono Flag o 1 1 1 o 1 [} 1 | AC,Rx+—CMF CSTF | The contents of each flag are loaded to
the AC and memory (Rx).
to AC & Rx 0 Xg X5 X4 X3 X2 X1 X0
The AC contents after execution of this instruction are as
follows:
g Bit 0 -~ LSF: 1" at the CC overflow mode at LPF=1.
2 Bit 1 - LPF: 1" at the lap mode.
g Bit 2 - CSTF: 1" at the chrono start mode.
H Bit 3 —- CMF: 1" at the chrono mode.
£
o
8
[
ccc Clear CC 1 1 1 1 1 1 0 0 |cc—o0 LSF
0 0 1 0 0 0 1 O |[sF—0
RLP Reset LPF 1 1 1 1 1 1 0 0 |LPF—0 The lap mode is released. LPF
O * 0 0 O 0 o0 O
CsP Chrono Stop 11 1 1 1 1 0 0 |gSTFe0 1/100 second pulse is inhibited from| CSTF
being applied to the CC.
1t 0 0 0 0 0 0 O
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Instruction code

é Status
3 Mnemonic D15 D14 D13 D12 D11 D10 Dg Dg Function Description flag to be
2 affected
g D7 Dg Ds D4 D3 D2 D7 Dg
CSsT Chrono Start 1 1 1 1 1 1 0 1 1/100 second pulse is applied to the CC.
0O 0 0 0 O 0 O 0| =PLC100H
The CC i t ted to K4 pin,
SCEX Set CC External 11 1 01 0 0 0 instead of 1100 patser O
At the initial mode the CC input i
input Mode 0 0 0 0 0 0 1 0 connected to 1/100 putse, o
=SF12
g RCEX Reset CC External 1 1 1 o 1 1 0 O Thln CC input is connected to 1/100
2 pulse.
2 Input Mode 0 0 0 0o 0 0 1 O =RF12
2 [SCHF x Set Chrono Flag 1 1 1 1 0 0 0 O |CMF=-1(atXg=1) The CMF and CDF are set. When the | CMF
o f:MF ;s set, tx; dnrcmg. snrl/‘stolg':édll:/
- = release mode can control
E— o 0 0 0 0 0 X1 Xo|CDF — 1 fat x1=1) :11 signal’ at port S or the dodicatez CDF .
S = One of SF2 instruction. When the CDF is set, the | At the initial
data decoder is connected to the CC. mode the
CMF and
CDF are
reset.
RCHF X Reset Chrono Flag 1 1 1 V] 1 0 |CMF « 0 (at Xg=1) The CMF and CDF are reset. CMF
0 0 0 0 O 0 Xq XQ|CDF=- 0 (atXx1=1) CDF
= One of RF2
- The input data at input/output port P
1PP X InputPort P to o ! 1 ! 0 0 0 ! Rx, AC~[P(P)] is I:m:lod to the AC a‘nd memory (Rx).
AC & Rx 1 Xg X5 X4 X3 X2 X1 Xo
IPS X Input Port S to 0 1 1 1 V] o o0 0 | Rx, AC- [P(S)] The input data at input port S is loaded
to the AC and memory (Rx).
AC & Rx 0 Xg X5 X4 X3 X2 X1 X0
IPM X Input Port M to o 1 1 1 0 0 0 O] Rx,AC- [P(M)] The input data at input/output port M
is loaded to the AC and memory (Rx).
AC & Rx 1 Xg X5 X4 X3 X2 X1 Xo
IPK X input PortK to o 1 1 1 0 0 0 1| Rx,AC~[P(K)] The input data at input port K is loaded
to the AC and memory (Rx).
AC & Rx 0 Xg X X4 X3 X2 X1 Xg
OPP X Output Rx to 0 0 0 O 0 O O O] [PIP)=Rx The memory (Rx) contents are loaded
to input/output port P.
§ Port P 1 Xg X5 X4 X3 X2 X1 Xo fnputioumate
HEE Output Rx to ) 0 1 1 1 1] [P(MI=Rx The memory (Rx) contents are loaded
£ to input/output port M.
e Port M 0 Xg X5 X4 X3 X2 X1 Xo
g|scT1 Set CNTOUT 1 i1 1 0 1t 0 0 O The CNT1 OUT pin is made active (ON).
g 0 0 0O 0O O 1 O O|=SF1 4
£ [RcT1 Reset CNT OUT 1 1t 1 1t 0 1 1 0 O ‘(l‘h. ():NT1 OUT pin is made nonactive
OFF).
0 0 0 0 O 1 0 O|=RF14
SCT2 Set CNT OUT 2 11 1 1 0 0 1 O The CNT2 OUT pin is made active (ON).
0 0 0 0 O O 0 O |=SF2200H
RCT2 Reset CNT OUT 2 1 1 1 1 0 1 1 0 B‘;F‘;NT: OUT pin is made nonactive
0 0 0 0 0 O O O|=RF2200H ’
SLGT Set Light 1 1 1 1 0O 0 0 o The LIGHT OUT pin is made active
(ON). (Refer to the LON instruction.)
o 0 o 1 0 0 0 O |=SF210H
RLGT Reset Light 1 1 1 1 0 1 0 0 ;I'Oh; I;I?HT OUT pin is made nonactive
F). (Refer to the LOFF i ion..
o o o ; 0 0o o o|=rF210H e instruction.)
SAS X Set Alarm Sound 1 1 1 1 1 0 0 Xg gh: waveform specified by Xg to Xg is delivered at the Alarm
ut pin.
X7 Xg X5 X4 X3 X2 X1 X0| X7.Xp Xo=1| X1=1 | X2=1| X3=1| Xg=1
Enable Signal 32Hz | 16Hz | 8Hz 4Hz 2Hz
X7~X0 X5=1 | XeX71| XeX71|XgXr1 | XgX7-1
Enable Signal 1Hz 1kHz | 2kHz | 4kHz | -DC

At Xg=1 the signal specified by Xg, X7 is enabled.
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H Instruction code
B Status
g Mnemonic D15 D14 D13 D12 D11 D10 D9 Dg Function Description flag to be
= Dy Dg Ds D4 D3 D2 Dy Do atfected
RAS Reset Alarm 1 1 1 1 1 0o o0 ;fge ?I-rm Out pin is made nonactive
FF).
Sound 0 0 0 0 0 O O O |=SAsO
COMD X Change to 1 1 1t 0 1 0o 0 O Input/output port M or P is changed to
the output mode. At the initial mode
Output Mode 0 X9 Xp 0 0 0O O O |=OneofsF1 the port is in the input mode. X=1,
X=2, X=3 correspond to-port M, port P,
port M, P respectively.
CIMD X Change to 1 1 1 1] 1 1 0o 0 Input/output port M or P is changed to
input port.
Input Mode 0 Xy Xp 0 0 O O O [=0OneofRF1
SPDF X Set PDF 1 1 1 1 0 0 0 X3 POF=1 The pull-down MOS transistor at the | PDF
corresponding input port is turned ON.
X2 X1 X0 0 0 0 0 O
=0One of SF2
Xo ~ X3 Xo=1 | Xq=1| X2=1| Xa=1
Corresponding port S M K, INT P
§ RPDF X Reset PDF 1 1 1 1 0 1 0 X3| PDF=0 PDF
S
g X2 X9 X0 0 0 0 O O |=OneofRF2
2
= | sFsp Set High Frequency 1 1 1 0 1 0 0 O The 7ms chattering eliminator is con-
§ nected to input port S, K.
3 SwitchSampleMode | 0 0 0 0 1 0O O O (=SF18
]
2 | RFSP Reset High Frequency | 1 1 1 /] 1 1 0o o The 31ms chattering eliminator is con-
£ nected to input port S, K. At the initial
Switch SampleMode | 0 0 0 O 1 0 O O |=RFI8 mode the RFSP mode is entered.
WRTY, X Write Rx to LCD 0 0 0 0 Yq4 Y3 Y2 Yy The memory (Rx) contents are loaded to
the LCD latch (Ly) through the data
Latch (Ly) Y0 X6 X5 X4 X3 X2 X1 XO | Y=00H, O1H, 1EH, 1FH | decoder. For DPF=1, X=00H to 6FH,
causes a different instruc- | the address of Ry is specified by DP; the
tionto occur. For input/ | address of Ly is specified by SP.
output of the data decoder,
refer to page 60.
WRBY, X Write Rx to LCD 0o 0 o 1 Y4 Y3 Y2 Yq Same as WRT X, Y. Output data “a"’
. to '‘h’’ corresponding to input data of
Latch (Ly) YO X6 X5 X4 X3 X2 X1 X0 | Sameasabove. the data O decoder are all 0.
WRCY,X | Write Rx to LCD 0 0 1 0 Y4 Y3 Y2 Y1 | For input/output of the | Seme as WRT X, ¥ except input/output
ds di L A
Latch (LY) Yo X X5 X4 X3 X2 X1 X0 p;;n; so?coder, refer to | of the data decoder.
WRPY, X Write Rx to LCD o o 1 1 Y4 Y3 Y2 Y1 | For inputioutput of the | Same as WRT X, Y except input/output
data r, refer to | of the data decoder.
Latch (Ly) Yo X6 X5 X4 X3 X2 X1 X0 | pageso.
JMP X Jump 1 1 0 0 0 X40 Xg Xg | PC10~PCO~ X10~X0| The data specified by X10 to X0 is
foaded to the PC to produce an uncondi-
X7 X6 X5 X4 X3 X2 X1 Xo tional jump.
BABO X Branch on AC 1.0 0 0 0 X0 X9 Xg |PC10~PCQ~ X10~X0| I bit 0 of the AC is 1", a jump occurs.
“0"", the PC is i d +1.
bit 0 High X7 Xg X5 X4 X3 X2 X1 Xg |if ACo="1. If “0", the PC is incremented +
. BAB1 X Branch on AC 1 0 0 0 1 Xq0 X9 X8 |PC10~PCQ = X10~X0/| 1f bit 1 of the ACis 1", udiump oceurs.
§ bit 1 High X7 X6 X5 X4 X3 X2 X1 Xo |if AC1="1, If 0" the PC is incremented +1.
5
g [BAB2X Branch on AC 1.0 0 1 0 X0 Xg X8 [PC10~PCO~ X10~X0| if bit 2 of the AC s 1", a jump occurs.
£ N . I1f 0", the PC is i ted +1.
E bit 2 High X7 X6 X5 X4 X3 X2 X1 Xo |if AC2='1, e PC is increment
3 |BAB3 X Branch on AC 1 0 0 1 1 Xy0 Xg Xg |PC10~PC0 = X10~X0| If bit 3 of the AC is 1", a jump occurs.
. . If ’0”, the PC is incremented +1.
bit 3 High X7 X6 X5 X4 X3 X2 X1 Xg |if AC3="1,
BANZ X Branch on AC 1 0 1 0 0 X190 Xg X8 |PC10~PCO~X10~XQ | !f the AC is not “0", a jump occurs. If
‘0", the PC is incremented +1.
not Zero X7 X6 X5 X4 X3 X2 X1 XQ |if AC¥0
BAZ X Branch on AC 1 0 1 1 0 X190 X9 X8 [PC10~PCQ~ X10~X0 | If the AC is “0", a jump occurs. If not
“'0", the PC is incremented +1.
Zero K7 X6 X5 X4 X3 X2 X1 Xo |if AC=0
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€ Instruction code
£ - Status
g Mnemonic D15 D14 D13 D12 D11 D10 Dg Dsg Function Description flag to be
H D7 Dg Ds Da D3 D2 Dy Do affected
2| BCNH X Branch on CF 1 0 1 0 1 Xqg Xg Xg | PC1o~PCQ = X10~X0| If the CF is 0", a jump occurs. If 1",
g the PC is incremented +1.
2 not High X7 X6 X5 Xgq4 X3 Xz X3y Xg | if CFx1
£ BCH X Branch on CF High 1 o 1 1 1 X409 Xg Xg | PC1g~PCo = X10~XQ| If the CF is “1”, a jump occurs. 1f 0",
cEn the PC is incremented +1.
3 X7 Xg X5 X4 X3 X2 X1 Xg | if CF=1
2 |CALL X Call Subroutine 1 1 0 0 1 Xig Xg Xg | STACK = (PC)+1 A subroutine is celled.
2
g X7 Xe X5 X4 X3 X2 X1 Xp | PC1g~PCo = X10~Xg
E RTS Return from 1 1 0 1 0 O 0 | PC- (STACK) A return from a subroutine occurs.
H Subroutine 0 0 0 0 0 0 0 O
g[pop POP the stack 1 1.0 1 1 0 0 0O The stack pointer is popped —1.
é 00 00 00 00
STM X Set Timer 1 1 1 o 0 1 Xg Xg |For the relation between [ The data specified by X9 to X0Q is
X data and time setting, | loaded to the TM to start the TM.
X7 Xg Xg X4 X3 X2 X1 Xg |refertopage
RTM Reset Timer 1 1 1 1 1 0 o The TM stops operating. When using the
TM to release the halt mode, this inst-
0 0 0 O O 1 0 O [=PLC4 ruction is executed to stop the TM and
to reset the halt release request signal.
When the timer interrupt is accepted,
the TM stops operating automatically.
SFPD Set High Frequency 1 1 1 0 1 o 0 o Overflow signal from the divider is
changed from 2Hz to 4Hz. When watch
Pre-Divider Over 0o 0 o 1 0o 0 o V] count is based on this 2Hz/4Hz signal,
this instruction must be executed so that
Flow Mode no error occurs in watch operation.
I=SF1 10H
RFPD Reset High Frequency| 1 1 1 V] 1 1 0 Overflow signal from the divider is
3 changed from 4Hz to 2Hz. At the initial
2 Pre-Divider Over 0O 0 0O 1 0 0O o0 o mode 2Hz is set.
S
£ Flow Mode =RF1 10H
£
5| PLC X Pulse Control 1 1 1 1 1 1 0 Xg The pulse corresponding to the data | HRF.3
£ specified by Xg to Xg is generated.
o X7 Xg Xg X4 X3 X2 X1 Xg
)(ON)(S Mode after execution of instruction
Xo=1 Halt release request flag HRF3 caused by overflow
from the divider is reset.
X1=1 Halt release request flag HRF2 caused by overflow
from the CC is reset.
X2=1 Halt release request flag HRF1 caused by overflow
from the TM is reset.
X3=1 Halt release request flag HRFO caused by the signal at
inputport S, K or INT is reset.
Xg=1 The last 5 bits of the divider (15 bits) are reset. When
executing this instruction, Xg must be set to "1,
Xg=1 The CC and LSF are cleared. When executing this
instruction, X{ must be set to “1”. Same as the CCC
instruction.
Xg=1 Same as the RLP instruction.
X 7=1 Same as the CSP instruction.
Xg=1 Same as the CST instruction.

Note) 4Hz of the SFPD, RFPD instructions is for the chip (LC5800F /5899F) whose cycle time is 244s.
8Hz is for the-chip (LC5800G/5899G) whose cycle time is 1224s.
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Input/Output of data decoder at WRT instruction execution mode

Input Output data
data a b c d e f g h
0 1 1 1 1 1 1 0 0
1 0 1 1 0 0 0 0 0
2 1 1 0 1 0 1 1 0
3 1 1 1 1 0 0 1 0
4 0 1 1 0 0 1 1 0
5 1 0 1 1 0 1 1 0
6 1 0 1 1 1 1 1 0
7 1 1 1 0 0 0 0 0
8 1 1 1 1 1 1 1 0
9 1 1 1 1 0 1 1 0
A/B 1 0 0 1 1 1 1 0
Cc/D 0 0 0 0 0 0 1 0
E/F 0 0 0 0 0 0 0 0

Input/output of data decoder at WRC instruction execution mode

Input Output data

data a b c d e f g h

0 0 .0 0 0 0 0 0 1

1 0 1 0 0 0 0 0 0

2 0 0 0 1 0 0 0 0

3 0 0 1 0 0 0 0 0

4 0 0 0 0 0 1 0 0

5 0 0 0 0 0 0 1 0

6 0 0 0 0 1 0 0 0

7 1 0 0 0 0 0 0 0

8~F 0 0 0 0 0 0 0 0
Input/output of data decoder WRP instruction execution mode
nput | (Rxo) | (Rx1) [(Rx2) | (Rx3) |(ACO) {(AC1) [(AC2) [(AC3)

Quiut | 3 [ b [ c [ d [ e f [ g | h

Data specified by Xg to X and set time at STM instruction execution mode

Set value .
T T Set time (u s)
X9 X8 X7 X6 X5 X4 X3 X2 X1 Xo
0 0/0 0 0 0'0 0 0 O 244
0 0,0 0 0 0'0 0 0 1 488
0 0/0 00 0/0 0 1 O 732
f § H { ]
1 1,1 1 1 111 1 0 1 249512
1T 1'1 1 1 1,1 1 1 0 249756
1 1 1 1t 1 250000

Note) The set time is for the chip (LC5800F /5899F) whose cycle time is 244us.
For the chip (LC5800G/5899G) whose cycle time is 122us, the set time is halved.
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LC5812 C MOS Lsi

Single-Chip 4-Bit Microcomputer
(with LCD Driver)

The LC5812 is a C MOS 4-bit microcomputer that operates oni/low. voltage, very low
current and contains an LCD driver. It also contains.'a 4-bit parallel
processing ALU, a program memory ROM, a data memory RAM, abundant LCD segment
outputs, abundant I/0 ports, a prescaler, and a 32.768kHz crystal Gscillator.

It is especially suited for use in multifunctional telephone, camera, speech
synthesis LSI, equipment, security equipment control applications. ’

(1) Hardware features

. Supply voltage: 3.0V typ.

. Very low current dissipation: 5.0ul typ. (during timekeeping operation by
crystal oscillator only)

. On-chip CR oscillator (C, R are connected externally.)

. On-chip crystal oscillator for timekeeping (A 32.768kHz crystal is connected

externally.)

. On-chip 15-bit divider for timekeeping.

. On-chip decimal counter.

. On-chip 8-bit programmable timer.

. Abundant output pins for LCD panel drive (42 pins)

Drivable LCD panel Number of drivable LCD segments
1/3 bias 1/3 duty 126 segments
1/2 bias 1/3 duty 126 segments
1/2 bias 1/2 duty 84 segments
Static 42 segments
. Abundant input/output pins
Ports for input only: 2 ports/8 pins
Input/output common ports: 2 ports/8 pins
Control output pins: 4 pins
. Possible to use LCD panel drive output pins as ports for output only (mask
option).

. Initial reset pin.

. ROM: 2048 x 16 bits

. RAM: 152 x 4 bits

. Cycle time: U4Ousec.

. On-chip step-up circuit, set-down circuit for LCD power supply.
. Shipping style: Chip (or QIP80).

(2) Software features
. Powerful instruction set: 121 instructions.
. 8-level subroutine nesting (also used for interrupt).
. External interrupt function.
. Possible to use the whole RAM area as working register (bank-selectable).
. Halt function.
. Direct addressing.
. A1l instructions: 1-step operation.
. On-chip data pointer.
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(3) Equivalent Circuit Block Diagram

Pl~4 M14 cm1,2§§ St4 Kk4 COM1~3 42 segments

ot it $eTY At Yff f------------- -1

ourput| | mpur | [__LCD_ DRIVER ]
/O PORT| | pORT | | PORT
r Segment PLA
1T 9t 1T Tt
9 ]
XTALIN l_ RAM
XTALOUT °7] 0SC — ALU
CRIN CKT - (152:%)
CROUT I
CUPT o T u ]
CUP2 o —>DECADE COUNTER]
DRIVER CONTROL, ROM
- 1% Pl
PRESET TIMER CKT x16)
] (8bits)
T T STACK

(4) Sample Application Circuit (1/3 bias 1/3 duty)

|:,12 ’ %% I¢] Leo
/3bias,
3 COM3 1/3duty )
SEG 42x3=126max
K1 ouT >
K2
K3 segment outputs
Ka 42max
key matrix VoD o~ o o
—6o—|51 Vssi —3.0v
———0 0—1S2
¢——G5o0—1S3
¢ 5o——1S4 Vss2
o—M1
=
M4  CUP1 _"|‘0-1u
q NC_I.IPZ—-l
our d
[ CRIN oyt —W—
INPUT/OU q
e N .
Ki~4, Si~4 %‘JT2—°
! ms LloGlj!rT AVAVAV
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LC5850 C MOS LSl

Single-Chip 4-Bit Microcomputer
(with LCD Driver)

30268

®1318C

The LC5850 is a C-MOS 4-bit microcomputer that operates on low voltage, very small current and contains an LCD
driver. It contains a 4-bit parallel processing ALU, many LCD segment outputs, many /O ports, a prescaler, and a
32.768kHz crystal oscillator.

It is ideally suited for use in desk-top calculator, camera, speech synthesis LSI controller, equipment controller appli-
cations as well as watch/clock applications.

(1) Hardware features
+ Supply voltage: 1.5V or 3.0V (typ.) (mask option)
+ Very small current dissipation:
3.0uA typ. (1.5V supply voltage, at watch/clock operating mode)
1.5uA typ. (3.0V supply voltage, at watch/clock operating mode)
+ Built-in crystal oscillator for watch/clock (32.768kHz crystal connected externally)
+ Many output pins for LCD panel drive (25 pins)

Drivable LCD panel Number of drivable LCD segments
1/3 bias 1/3 duty 75 segments
1/2 bias 1/3 duty 75 segments
1/2 bias 1/2 duty 50 segments
Static 25 segments

+ Many input/output pins
Ports for input only: 2 ports/8 pins
Input/output common ports: 2 ports/8 pins
Port for output only: 1 port/4 pins
Control output pins: 2 pins
- Possible to use LCD panel drive output pins as ports for output only (mask option)
+ With initial reset pin (Port S3 for input only is used by mask option.)
+ ROM: 1024 x 15 bits
+ RAM: 64 x 4 bits
+ Cycle time: 244usec. (or 122usec./mask option)
+ Built-in step-up circuit, step-down circuit
+ Shipping style: Chip (or QIP64B)

(2) Software features
+ Powerful instruction set: 78 instructions
+ 4-level subroutine nesting (also used for interrupt)
» External interrupt function
+ 15bit divider for watch/clock
« Built-in 6-bit programmable timer
« HALT function
+ Direct addressing type
+ All instructions: Single-step operation
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(3) Application development tools

For performing application development, the evaluation chip (LC5898) and the specialized application develop-
ment tools are prepared.
* SDS410 system
Application development program of microcomputer can be made in assembly language (edit, asemble).
« EVAB10+ TB51 + display board + LC5898
By connecting to the SDS410, application development program can be corrected and debugged. The
EVAB10 is a control ROM-replaced version of the EVA410.
« TB51 + display board + LC5898

By using the EPROM (2732) with application development program data written in, mounting evaluation can
be performed.

Equivalent Circuit Block Diagram

ALARM
1/OA1~4 1/OB)s4 Plvg  LIGHT Si*4 Mish  COMI-3 25 seqr

il AT L S

oureur | | weur LCD  driver ]
1/0 PORT PORT PORT 1r

segment PLA I

l
S 1T

C

0SC IN
OSCQUT | oseckt T ALY
i 4
cud | , l l
cur2 4L
o— pre
driver ’ control
| ckt | pPC :> ROM
|| preset timer | (1024x15)
(6 bits) h—
T T STACK
(4 levels;

INT
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Application Areas

1) Watch/clock with calculator

2) Controller of speech synthesis LSI

3) Controller of camera

4) Mechanical controller of VTR, radio cassette, deck, etc.
5) Controller of telephone dialer, etc.

Sample Application Circuits

(1) Typical application circuit using

Ag battery (1/3 bias 1/3 duty)

(2)

Typical application circuit using

Li battery (1/2 bias 1/3 duty)

coM1 LCD Pl COM1 LcD
CoM2 (14 bias V5 duty) — ] coM2 (Y, bias Voay )
COM3 coM3
25x3=75 max r 25x3 =75 max
SEG SEG
ar our )
mﬂl ment
ts oulputs
25 max 25max
key matrix Voo _L key matrix VDD
1.5 V(Aqg) J-o1u I
- T S i
°.° g; Vss1 s o S1 vssi 3.0v
°.° 57 s2
K s3 0.1u P s3
S4  vss2 1t s s4 Vvss2
—Nijoal 0.1u —
———{i/0A2 VSS3 | — |} ] ',’,g':'z 3
1/0A3 ——1/0A3
1/0A4 CUP —1,, ——]W0A4 CUPI——
Slu — 0.1u -
W osciN cwe2| T - osciN a2l T
# 32.768kHz “ﬂ 32.768kHz ﬂ
05C ouT T lescout
————————10PF  ALARM " PF
D — o gL
——ijoB)
———:5052 ———11/0B}
—lioB3 ——
1o ———{1/0B4
LIGHT
G o YT
TOu
INPUT/OUTPUT PORT  I/OAI~4, I/OBI~4
INPUT PORT Sink , Miak
OUTPUT PORT P~ &
Case Outline 3026B-Q64BIC s
(unit:mm) 10 0.8 035
</ JIIE - | =)
L U » -
’7
=
qs —_—
g- ——
—
— \'
3 ” i
QL

SANYO: QIP64B
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Pad Assignment of LSI Chip e m s aaiiiééééé
¥ X3 d aaatf kR == -
EEEBBEBRE  MBBBLABLBE
TESTA|20 0] Oelsa
CHIP SIZE 5.72mm x 4.76mm Ml SHE.
CHIP THICKNESS  480um RS g |aamm
PAD SIZE 120um x 120um o %5 g3y
(vss) (350 o7 |voo
on 8 Des| vsso
oscouT (3¢
com1 (390 67| coM3
ZE Oss
o o
“0 Oss
TEST (440
woe | O DGQ3QPPFRERYIREERE |
Pad Name and Coordinates ’;é segment
Pin assignment of QIP64 Pin assignment of QIP64
Pad) X Y Pad| X Y
Pin name Pin name
No. Citm) (um) No. (im) Cim)
40 1 voD 2707 669 8 36/ 0SC IN -2707 608
41 2| BAK ” 878 - |37 10PF ” 428
420 3 vss1 ” 1058 9] 38 o0sC ouT ” 248
43 4 VsSS2 ” 1238 10, 39| COMMON1 ” -36
44 S|ALARM OUT ” 1418 11 40 segment ” =324
45| 6LIGHT ouT ” 1589 12 41 ” ” -630
46| 7| Sé4 ” 1778 13| 42 ” ” -936
47 8 Ss3 ” 1958 14| 43 ” ” -1242
48 9| 1/0 A1 ” 2228 - |- 44 TEST ” | -1899
49| 100 1/0 A2 2385 ” 15| 45 segment ” -2228
50 11 1/0 A3 2070 4 = | 46 TEST -2446 -2232
51 12 1/0 A4 1800 ” 16| 47| segment| -2140 -2228
52 13 1/0 B1 1530 ” 17| 48 ” -1834 ”
5% 14 1/0 B2 1260 ” 18] 49 ” -1528 ”
54 15| 1/0 B3 990 ” 19/ 50~ -1222 ”
55 16| 1/0 Bé& 720 ” 20| 51 ” -916 ”
- 1170 TEST 450 ” 21 52 ” -610 ”
- | 18 TEST 239 ” 22| 53| ” -304 ”
57 19 INT -558 ” 23| 54 ” 2 ”
58 200 P1 -810 ” 25] 55 ” 308 ”
59| 21 P2 -1098 ” 26| 56 ” 614 ”
60 22| P3 -1386 ” 27 57 ” 920 ”
61 23 P4 -1674 ” 28| 58 ” 1226 ”
62 24/ M1 -1926 ” 29| 59 ” 1532 ”
63 25( M2 -2178 ” 30| 60} ” 1838 ”
64] 26] M3 -2430 ” 31 61 ” 2144 ”
1 27| M4 -2707 ” 32 62 ” 2450 ”
2 28 TEST A ” 2048 33 63 ” 2707 | -1382
3 29| TEST ” 1868 34{ 64 ” ” -1087
4 30 cupP1 ” 1688 35| 65 ” ” =792
S| 31 cup2 ” 1508 36| 66 ” ” =496
6| 32| Ss2 ” 1328 37| 67| COMMON3 ” =15
7 33 s1 ” 1148 38| 68 COMMONZ ” 309
- | 34 (vDD) ” 968 39| 69| vss3 ” 489
- | 35 (vss) ” 788

« Pins 24, 56 of QIP package: SUB (open)
+ The above pad coordinates are such that the chip center is taken as the origin and the values of (X, Y) represent
the coordinates of the center of each pad.
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Pin Description

Input .
QIP|Pad . . Circuit .
Pin |No.| PinName {;8‘{“ Configuration Function
VpD 32.768kHz crystal is connected across OSCIN and
8 36| 0SC IN |lnput| oce iy oscour | OSCOUT for oscillation.
9 38 osc ourt|Out Used as reference clock and system clock for watch/clock.
put 20pF capacitor is connected across OSCOUT and Vpp.
- 37 10p - IJ Vpp | Connected to OSCOUT and used as oscillation phase
e compensation capacitor.
7 33 s1 VDD T nask Vpp| Ports for input only
6l 32| s2 option[iL cLlear | With 32ms chattering eliminator.
Input S3 is used for switch input/LSI inside reset input (PLA
mask option).
47 B S3(CLEAR By applying Vpp to S1 to S4 simultaneously, LS|
/SWITCH) vo| 7, . . . .
3 inside is reset, if S3 is used for switch input.

46| 7| Sé& P

mask option
$1,52,54 s3

48 9| 1/0 A1

49 10 1/0 A2 VDD | Input/output pins for selecting the following 2 operations

sol 11 1/0 A3 with instruction. )

51 12 /2 Ab ;g%:t (1) Inputpin for fetching data into RAM.

! put VDD (2) Output pin for outputting data from RAM.

52 13 1/0 81 |™ |

S3| 14/ 1/0 B2

s4 15| 1/0 B3 —

55| 16| 1/0 B4

62| 24 M1 VDD | Input pin for fetching data into RAM.

63 25 M2 Input §

64 26 M3 _ g

1| 27 M4 -
{ E

58 20| P1 out Vpp Pin for output only.

ut-

59| 21| P2 put

60 22 P3

61 23] P4 :

Vb %} VDD External interrupt request control input pin.

57| 19| INT Input
(—) power supply pin for logic unit inside LSI.

41 2| Bak When using 3.0V supply, a capacitor must be connected
across BAK and Vpp to prevent logic unit from malfunc-
tioning.

o Vob Pin for output only.
45| 6| LIGHT p::' Suited for outputting signal to drive trnasistor for light.
Vbp Pin for output only.
44 S| ALARM Out- Used to output 4kHz and 2kHz or 4kHz and 1kHz modu-
put lation signal with instruction.
Also used to output non-modulation signal.
&
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QIP|Pad| . Input Circui
Pin |No.| Pin Name {,3‘:" cgggilgturation Function
4 1 voo (+) Power supply pin.
39 69| VssS3 (—) power supply pin.
43 4 vss2 + 1.5V/3.0V selectable with mask option.
42 3 vssi For 1.6V use, apply (—) side to Vgs1
For 3.0V use, apply (—) side to Vgg2
+ Also used as power supply for LCD drive.
\ 1.5V USE 3.0V USE
static [|4 blas]}4biag] static [l4 bias]bia:
VDD =L E 1= [L T TT 11 11 |71
VSS) - I-L -L_* -L_ l:r__ :_lé
ot o W Y 8
vss3- p__I ___[ -T __I- -_I --T
The above Table shows how to connect external parts in
each case.
4 30 cupPi Pins for connecting voltage step-up (step-down) capacitor.
S{ 31 cupr2
VpD Output pins for LCD panel common electrode.
10 39| com1 g:tt' The following pin is used in each case.
38| 68 coM2 - Static 1/2 duty 1/3 duty
37 67| coM3 “Vss3 cCoM1 (0] o (0]
coM2 - e} o
co H?)t_ - - o)
ﬁ?&ﬂ’éﬁé&‘g 32Hz*x | 32Hzx* 43HzZ *
Vss1/Vss2 | * possible to make frequency 2 or 4-fold.
Output pins for LCD panel segments.
34| 64 mask Also used as output ports with mask option.
35 65 ,:‘op:ion + When LSI inside is in reset mode, 32Hz, 64Hz, and
36| 66| segment Out- N 128Hz static light-up signal is outputted at COM1 to
R put COM3 and each LCD segment output and all LCD panel
driver segments light up.
+ Segment PLA system is adopted to meet the require-
ments of free pattern on LCD panel.
Vss1/Vss2/Vss3
40 S Output pins for LCD panel segments.
11 433 segment g:t" + Also used as output ports with mask option.
S ﬁg driver N
33 % N
63 Vss1*/Vss2/Vss3
- 117 TEST
- 18 TEST
2l 28| TEST A Test pins (not used by user).
3] 29] TEST
- | &4 TEST
- | 46| TEST
- | 35 (vss) Backup power supply pin.
- | 34l (vop) Normally, not used.

NOTE Ag Battery

¥ =Vss

Li Battery, EXT-V: & =Vss2
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e Operation from Ag Battery [Static]
Absolute Maximum Ratings at Ta=25+2°C, Vpp=0V
Maximum supply Voltage. Vssi1
Vss2 Vss2=Vss3

Maximum Input Voltage VIN1T S$1-4,M1-4,1/0A1-4,1/0B1-4,10P,

unit
-4.0~+0.3 V
-4.0~+0.3 V
Vss1-0.3~0.3 V

Maximum Output Voltage

OSCIN,INT,TESTA
(1/0A1-4, 1/0B1-4: Input mode)
VOUT1 TEST,CUP2,0SCOUT,ALARM,LIGHT,
1/0A1-4,1/0B1-4,P1-4
(1/OA1-4, 1/0B1-4: Output mode)

Vss1-0.3~0.3 V

VOUT2 SEGOUT,COM1,CUP1 Vss2-0.3~0.3 V
Operating Temperature Topg -20~4+65 C
Storage Temperature Tstg -30~+125 C
Allowable Operating Ranges at Ta=25:2°C, Vpp=0V nin typ max unit
Supply Voltage Vssi -1.65 -1.30 V
Vss2 Vss2=Vss3 -3.3 -2.4 V
""H”"-Level Input Voltage VIH  $1-4,M1-4,1/0A1-4,1/0B1-4, INT, -0.2 U
(1/OA1-4, 1/0B1-4: Input mode)
“‘L"-Level Input Voltage ViIL ” ” Vssi Vss1+0.2 V
Operating Frequency fopg Ta=z-20~+65 C 32 33kHz
Electrical Characteristics at Ta=25+2°C, Vpp=0V min  typ  max unit
Input Resistance RIN1A VS§§1=-1.55V, VIL=VsS1+0.2V, 10 200 kQ
““L"level hold tr., *1, Fig. 1
RIN1B VS$1=-1.55V, 200 2000 kQ
“L"-level pull-in tr., *1, Fig. 1
RIN2A VSS1=-1.55v, VIL=VSss1, 200 2000 kQ
INT pull-up resistance
RIN2B V§51=-1.55V, VIH=VDD, 200 2000 kQ
INT pull-down resistance
“H".Level Output Voltage @ VOH1 VsSS1=-1.55v, [ OH=-0.44A,SEGOUT -0.2 \
“L"-Level Output Voltage ~ VoL1 VsS1=-1.55V, 10L=0.4/1A,SEGOUT Vss2+0.2 V
“H"-Level Output Voltage ~ VoH2 VsS1=-1.55V, | OH=-4 A, COM1 -0.2 Y
“L"-Level Output Votage ~ VoL2 Vss1=-1.55v, [ OL=4 LA, COMI Vss2+0.2 V
“H"-Level Output Voltage v ou3 Vss1=-1.35v, 1 0H=-2504 A, -0.65 v
ALM-LIGHT
“L"-Level Output Voltage v 3 Vssi=-1.35v, [ 0L=250uA, Vss1+0.65 V
ALM-LIGHT
“H"-Level Output Voltage  vou4 Vss1=-1.55v, | 0H=-204A,P1-4 -0.2 v
1/0A1-4,1/0B1-4
(1/0A1-4, 1/0B1-4: Output mode)
"L"-Level Output Voltage @ VoOL4 VSS1=-1.55v, 1 0L=201A,P1-4 Vssi+0.2 V
1/0A1-4,1/0B1-4
(1/OA1-4, 1/0B1-4: Output mode)
Output Voltage Vss2 Vss1=-1.35v, -2.5 V
(doubler) C1=C2=0.11F, fopg=32.768kHz, Fig. 2
Current Dissipation I Top! Vssi1=-1.55v, standard watch/clock operation, 2.0 A
C1=C2=0.1ur,Co=Cg=20pr,CI=25kQ,Fig.2
Oscillation Start Voltage Vstt Co=Cg=20pF,C 1=25kQ,Fig. 3 -1.35 \%
Oscillation Hold Voltage VHoLo Co=Cg=20pF,C 1=25kQ, Fig. 2 -1.65 -1.30 V
Oscillation Start Time tstt Co=Cg=20pF,C 1=25kQ,Vsg1=—1.35V, Fig. 3 10sec
Oscillation Correction 10P External pin 8 10 12 pF
Capacitance 20P  oscouT %6 20 24 pF
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® Operation from Li Battery [Static]
Absolute Maximum Ratings at Ta=25:2°C, Vpp=0V

Maximum Supply Voltage

Maximum Input Voltage

Maximum Output Voltage

Operating Temperature
Storage Temperature

Allowable Operating Ranges at Ta=252°C, Vpp=0V

Supply Voltage
“H"-Level Input Voltage

“/L"-Level Input Voltage
Operating Frequency

Electrical Characteristics at Ta=25+2°C, Vpp=0V

Input Resistance

"“H"”"-Level Output Voltage
“L""-Level Output Voltage
’H"-Level Output Voltage
L."-Level Output Voltage
*’H”"-Level Output Voltage
L""-Level Output Voltage
"“H"-Level Output Voltage

“L."-Level Output Voltage

‘“H""-Level Output Voltage
*L"-Level Output Voltage

Output Voltage

(halver)

Current Dissipation
Oscillation Start Voltage
Oscillation Hold Voltage

Oscillation Start Time

Oscillation Correction
Capacitance

unit
Vss1 VBAK=Vss1 or Vgs2 -4.0~+0.3 V
Vss2 Vss2=Vss3, VBaK=VsSSt or Vss2 -4.0~+0.3 V
VIN1 10P,0SCIN,TESTI/O VBAK-0.3~0.3 V
VIN2 $1-4,M1-4,INT,1/0A1-4,1/0B1-4, Vss2-0.3~0.3 V
TESTA (1/OA1-4, 1/0B1-4: Input mode)
VouT1 TESTI/0,CUP2,08COUT VBAK-0.3~0.3 V
VOUT2 SEGOUT,COM1,CUP1,ALARM, Vss2-0.3~0.3 V
LIGHT»P1'4/I/0A1‘4'1/OB1'4
(I/0A1-4,1/0B1: Output mode)
Topg -20~+65 C
Tstg -30~+125 C
min typ max unit
VBAK -3.6 -1.3 V
Vss2 Vss2=Vss3 -3.6 -2.0 V
VIH $1-4,M1-4,1/0A1~64,1/0B1-4,INT, -0.4 0oV
(1/0A1-4, 1/0B1-4: Input mode)
ViL ” ” Vss2 Vss2+0.4 V
fopg Ta=-20~+65 C 32 33kHz
min typ max unit
RIN1A V§s2=-2.9v,VIL=Vss2+0.4V, 10 200 kQ
“L"-Level hold tr., *1, Fig. 4
RIN1B Vss2=~2.9v, 200 2000 kQ
“L"-Level pull-in tr., *1, Fig. 4
RIN2A V§52=-2.9v,VIL=Vss2, 200 2000 kQ
INT pull-up resistance
RIN2B V§52=-2.9Vv,VIH=VDD, 200 2000 kQ
INT puli-down resistance
VOH1 Vss2=-2.9v, [ OH=-0.44A,SEGOUT -0.2 \%
VoLl Vss2=-2.9v, 10L=0.41A,SEGOUT Vss2+0.2 V
VOH2 V§$2=-2.9V, | OH==4 1A, COM1 -0.2 \
VoL2 Vss2=-2.9v, loL=4u1A,COM Vss2+0.2 V
VOH3 Vs§s2=-2.4v, 1 0H=-2501 A, ALM -0.65 \Z
VoL3 Vss2=-2.4v, [0oL=25014A,ALM Vss2+0.65 V
VOH4 Vss2=-2.9v, [ 0H=-40uA, -04 \%
1/0A1-4,1/0B1-4,P1-4
(1/OA1-4,1/0B1-4: Output mode)
VoLsa Vss2=—2.9V, IoH=40uA Vss2+t04 vV
1/0A1-4,1/0B1-4,P1-4
(1/0A1-4, 1/0B1-4: Output mode)
VOH5 Vss2=—24V, IgH=—150uA, LIGHT -15 \'
VoLs Vss2=—24V, IgL=150uA, LIGHT Vsgo+1.6 V
Vss1 Vss2=-2.9v, -1.35 V
C1=C2=0.1uF, fopg=32.768kHz, Fig. 5
Ippl Vss2=-2.9v, standard watch/clock operation, 1.0 LA
(C1=C2=0.1uF,Co=Cg=20pF,C | =25kQ, Fig. 5
Vstt Vss1=Vss2,Co=Cg=20pF, -1.35 \
C1=25kQ,Fig.6
VHOLD Vss1=Vss2/2,Co=Cg=20pF, -2.6 V
C1=25kQ.Fig. 5
tstt Vss1=Vss2=-2.9v, Co=Cg=20pF., 10sec
C [=25kQ,Fig.6
10p External pin 8 10 12 pF
20P  oOSCOUT 16 20 264 pF
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® Operation from EXT-V [Static]

Absolute Maximum Ratings at Ta=25+2°C, Vpp=0V unit
Maximum Supply Voltage Vss2 Vssz=Vss3=V_ss1 -4.0~+0.3 V
Maximum Input Voltage VIN1 10P,0SCIN VSS2-0.3~0.3 V

ViN2  S1-4,M1-4, INT, I/OA14,1/0B1-4, Vgg2—0.3~0.3 \
TESTA (I/OA1-4, 1/0B1-4: Input mode)
Maximum output Voltage VOUT1 TESTCUP2,0SCOUT Vss2-0.3~0.3 V
VOUT2 SEGOUT, COM1,CUP1, ALARM, Vss2-0.3~0.3 V
LIGHT, P14, 1/0A1-4,1/0B1-4
(1/0A1-4, 1/0B1-4: Output mode)
Operating Temperature Topg -20~+65 TC
Storage Temperature Tstg -30~+125 C

Allowable Operating Ranges at Ta=25+2°C, Vpp=0V min  typ  max unit
Supply Voltage Vss2 Vss1=Vss2=Vss3 -36 -20 V
““H"”-Level |nput\l0|tage VIH S1-4,M1-4,1/0A1-4,1/0B1-4,INT, -0.4 o0V

(1/0A1-4,1/0B1-4: Input mode)
“L""level Input Voltage Vit ” ” Vss2 Vss2t04 V
Operating Frequency fopg Ta=-20~+65 C 32 33kHz
Electrical Characteristics at Ta=25+2°C, Vpp=0V min  tyP  max unit
Input Resistance RIN1A Vs§2=—2.9V, V| =Vgs2+0.4V, : 10 200 kQ
“L"-Level hold tr., *1, Fig. 13
RIN1B Vggo=—2.9V, 200 2000 kQ
“L"-Level pull-in tr., *1, Fig. 13
RIN2A Vsg2=—2.9V, V|L=VSS2, 200 2000 kQ
INT pull-up resistance
RIN2B VS§§2=—2.9V,V1H=V DD, 200 2000 kQ
INT pull-down resistance
“H'-Level Output Voltage = VOHt Vgg2=—2.9V,I OH=-0.4LA,SEGOUT -0.2 \
“L"-Level Output Voltage ~ VoL1 Vggp=—2.9V,loL=0.44A, SEGOUT Vgs2+0.2 V
“H"-Level Output Voltage  youz vggo=—2.9V, I oH=-4 A, -0.2 '
COM1
“L" Output Voltage VoL2 Vss2=—29V,IoL=4uA, Vsgo+0.2 V
COM1
""H"-Level Output Voltage =~ VOH3 Vgg2=—2.4V, 1 0H=-2504A, -0.65
ALM-LIGHT
“L"-Level Output Voltage = VoOL3 Vsg2=—2.4V,I0L=2504uA, Vsg2+0.65 V
ALM,LIGHT
"“H"-Level Output Voltage =~ VoH4 Vgg2=—2.9V,1 0H=-40uA, -0.4 v
1/0A1-4,1/0B1-4,P1-4
(I/0A1-4, 1/0B1-4: Output mode)
“L"-Level Output Voltage ~ VoL4 Vgg2=—2.9V,10L=401A, Vss2+04  V
1/0A1-4,1/0B1-4,P1-4
(1/OA1-4: 1/OB1-4: Output mode)
Current Dissipation |'lDD]  Vss2=—2.9V, standard watch/clock operation, 5.0 uA
C1=C2=0.12F,Co=Cg=20pF,C [ =25k Q, Fig. 14
Oscillation Start Voltage Vstt Vs51=VSS2,Co=Cg=20pF, -2.2 \"
C1=25kQ,Fig. 15
Oscillation Hold Voltage VHOLD VSS1=VSS2, Co=Cg=20pPF, -20 V
C1=25kQ,Fig.14
Oscillation Start Time tstt Vss1=Vgg2=—2.9V,Co=Cg=20pF, 10sec
C 1=25kQ, Fig.15
Oscillation Correction 10P  External pin 8 10 12 pF
Capacitance 20  oscouT 16 20 24 pF
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® Operation from Ag Battery [1/2 Bias, 1/2 Duty]
Absolute Maximum Ratings at Ta=25+2°C, Vpp=0V

Maximum Supply Voltage

Maximum Input Voltage

Maximum Output Voltage

Operating Temperature
Storage Temperature

Vss1
Vss2
VINT

Vout1

VouTtz
Topg
Tstg

Vss2=Vss3
$1~4,M1-4,1/0A1-4,1/0B1-4,10P,
OSCIN,INT,TESTA

(1/0A1-4, 1/0B1-4: Input mode)
TEST,CUP2,0SCOUT,ALARM,LIGHT,
1/0A1-4,1/0B1-4,P1-4

(1/0A1-4, 1/OB1-4: Output mode)
SEGOUT,COM1,COM2,CUP1

Allowable Operating Ranges at Ta=25:2°C, Vpp=0V

Supply Voltage
“’H"’-Level Input Voltage

“L"-Level Input Voltage
Operating Frequency

Vssi
Vss2
VIH

ViIL
fopg

Vess2=Vss3
$1-4,M1=4,1/0A1-4,1/0B1-4,INT,
(1/0A1-4, 1/0B1-4: Input mode)

” 7

Electrical Characteristics at Ta=25+2°C, Vpp=0V

Input Resistance

*“H"’-Level Output Voltage
’L"-Level Output Voltage
*H"-Level Output Voltage
*’M"-Level Output Voltage

“L"-Level Output voltage
“H"’-Level Output Voltage

“‘L"-Level Output Voltage

“H""-Level Output Voltage

“L."-Level Output Voltage

Output Voltage
(doubler)
Current Dissipation

Oscillation Start Voltage
Oscillation Hold Voltage
Oscilfation Start Time
Oscillation Correction
Capacitance

RIN1A
RIN1B
RIN2A
RINZB
VoH1
VoL1
VoH2

VoM

Vo2
VOH3

voL3

VoH4

VoL4

Vss2

Iopl

Vstt
VHOLD
tstt
10pP
20p

unit
-4 .0~+0.3 V
-4.0~+0.3 V
Vss1-0.3~0.3 V

Vss1-0.3~0.3 V

Vss2-0.3~0.3 V

-20~+65 C
-30~+125 C

min typ max unit
-1.65 -1.30 V
-3.3 -2.4 V
-0.2 0V

Vssi Vss1+0.2 V

Ta==-20~+65 C 32 33kHz
min typ max unit

Vss1=-1.55v,ViL=Vss1+0.2v, 10 200 kQ

“L"-Level hold tr., *1, Fig. 1

Vss1=-1.55v, 200 2000 kQ

“L"-Level pull-in tr., *1, Fig. 1

V$s1==-1.55V, VIL=VSS1,INTD 200 2000 kQ

INT pull-up resistance

V$s1==1.55V, VIH=VDD, INTD 200 2000 kQ

INT pull-down resistance

V§s1==-1.55V, | OH=-0.4 LA, SEGOUT -0.2 N

Vss1=-1.55v, 1 oL=0.41A,SEGOUT Vss2+0.2 V

Vs$s1==1.55v, I OH=-4 A, COM1-COM2 -0.2 \Y

Vss1=-1.55v, L OH=~4 1A, Vss1-0.2 Vsst1+0.2 V

[oL=4/1A,COMT-COM2

Vss1=-1.55V, [ oL=4.A, COMT1-COM2 Vss2+0.2 V

Vss1=-1.35v, [ 0H=-2501A, -0.65 \Y%

ALM-LIGHT

Vss1=-1.35v, [oL=250uA, Vss1+0.65 V

ALM-LIGHT

Vss1=-1.55v, | 0H=-20ULA,P1-4 -0.2 \Y

1/0A1-4,1/0B1-4

(1/0A1-4, 1/0B1-4: Output mode)
Vss1==1.55v, T oL=201A,P1-4 Vss1+0.2 V
1/0A1-4,1/0B1-4
(1/0A1-4, 1/0B1-4: Output mode)

Vss1=-1.35v, -2.5 V

C1=C2=0.14F, fopg=32.768kHz,Fig. 2

Vss1=-1.55V, standard watch/clock operation, C1=C2 2.0 uA

=0.1uF,Co=Cg=20pF,C I1=25kQ,Fig. 2

Co=Cg=20pF,C I=25kQ, Fig. 3 -1.35 \%

Co=Cg=20pF,C I =25kQ, Fig. 2 -1.65 -1.30 V

Co=Cg=20pF,C 1=25kQ,Vss1=-1.35VFig. 3 10sec

External pin 8 10 12 pF

oscouT

16 20 24 pF
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® Operation from Li Battery [1/2 Bias, 1/2 Duty]
Absolute Maximum Ratings at Ta=25+2°C, Vpp=0V

unit
Maximum Supply Voltage ~ Vss1 VBak=Vss1 or Vss2 =4.0~+0.3 V
Vss2 Vss2=Vss3, VBAK=VSS1 or V§s2 -4.0~+0.3 V
Maximum Input Voltage VINT 10P,O0SCIN VBak-0.3~0.3 V
VINZ2 $1-4,M1-4,INT,1/0A1-4,1/0B1-4, Vss2-0.3~0.3 V
TESTA (I/OA1-4,1/0B1-4: Input mode)
Maximum Output Voltage VOUT1 TEST,CUP2,0SCOUT VBAK-0.3~0.3 V
VouT2 SEGOUT, COM1,COM2, CUP1,ALARM, Vss2-0.3~0.3 V
LIGHT,P1-4,1/0A1-4,1/0B1-4
(1/OA1-4, 1/OB1-4: Output mode)
Operating Temperature Topg -20~+65 TC
Storage Temperature Tstg -30~+125 C
Allowable Operating Ranges at Ta=25:2°C, Vpp=0V min typ max unit
Supply Voltage V BAK -3.6 -1.3 V
Vss2 Vss2=Vss3 -3.6 -2.0 V
“H"*-Level Input Voltage VIH $1-4,M1-64,1/0A1-4,1/0B1-4,INT, -0.4 0o Vv
(1/0A1-4,1/0B1-4: input mode)
“L"-Level Input Voltage ViL ” ” Vss2 Vss2+0.4 V
Operating Frequency fopg Ta=-20~+65 C 32 33kHz
Electrical Characteristics at Ta=25+2°C, Vpp=0V min typ max unit
Input Resistance RINTA Vss2=-2.9v, VIL=Vss2+0.4V, 10 200 kQ
“L"-Level hold tr., *1, Fig. 4
RIN1B V§§2=-2.9V, 200 2000 kQ
“L*-Level pull-in tr., *1, Fig. 4
RIN2A VSS2=-2.9v,VIL=Vss2, 200 2000 kQ
INT pull-up resistance
RIN2B V§$2=-2.9v,VIH=VDD, 200 2000 kQ
INT pull-down resistance
"H"”-Level Output Voltage  VOH1 V$$2=-2.9V, [ OH=-0.44 A, SEGOUT -0.2 A
L""-Level Output Voltage VoLl Vss2=-2.9v, 10L=0.4/tA,SEGOUT Vss2+0.2 V
“H"’-Level Output Voltage VOH2 Vs$$2=-2.9V, l OH=-4 1 A, COM1-COM2 -0.2 \%
““M’’-Level Output Voltage VoM Vss2=-2.9v, | OH==4 A, Vss2/2-0.2 Vss2/2+0.2 V
[OL=4/1A,COMT-COM2
“L""-Level Output Voltage VoL2 Vss2=-2.9v, [ OL=4 1A, COMT-COM2 Vss2+0.2 V
“’H""-Level Output Voltage VOH3 VsSs2=-2.4v, | OH=-250/1L A, ALM -0.65 \Y
“L"-Level Output Voltage VoL3 Vss2=-2.4v, 1 0L=250uA,ALM Vss2+0.65 V
“H"-Level Output Voltage ~ VoH4 V$s2=-2.9v, | OH=-40KA, -0.4 v
1/0A1-4,1/0B1-4,P1-4
(1/OA1-4, 1/OB1-4: Output mode)
“L"-Level Output Voltage Vo4 Vss2=-2.9v, [ OH=401A, Vss2+0.4 V
1/0A1-4,1/0B1-4,P1-4
(I/OA1-4, 1/0B1-4: Output mode)
“H"-Level Output Voltage ~ VOHS Vss$2=-2.9v, [ 0H=-1501LA,LIGHT -1.5 \
“L"-Level Output Voltage ~ VoLS5 Vss2=-2.9v, 1 0L=1504A ,LIGHT Vss2+1.5 V
Output Voltage Vss1 Vss2=-2.9v, -1.35 V
(halver) C1=C2=0.1uF, fopg=32.768kHz,Fig. 5
Current Dissipation I Topl Vss2=-2.9v,standard watch/clock operation, C1=C2 1.0 LA
=0.1uF,Co=Cg=20pF,C ]=25leFig.5
Oscillation Start Voltage Vstt Vss1=Vss2,Co=Cg=20pF, -1.35 V'
C1=25kQ,Fig. 6
Oscillation Hold Voltage VHOLD Vss1=Vss2/2,Co=Cg=20pF, -2.6 V
C1=25kQ,Fig.5
Oscillation Start Time tstt Vssi1=Vss2=-2.9v,Co=Cg=20nF, 10sec
C1=25kQ,Fig. 6
Oscillz-ftion Correction 10pP External pin 8 10 12 pF
Capacitance 20P  oscouT 1% 20 24 pF
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® Operation from EXT-V [1/2 Bias, 1/2 Duty]

Absolute Maximum Ratings at Ta=25+2°C, Vpp=0V unit
Maximum Supply Voltage Vssi -4.0~+0.3 V
Vss2 Vss2=Vss3 -4.0~+0.3 V
“Maximum Input Voltage VINT1 10P,0SCIN Vss2-0.3~0.3 V
VINZ2 $1-4,M1-4,INT,1/0A1-4,1/0B1-4, Vss2-0.3~0.3 V
TESTA (1/0A1-4, 1/0B1-4: Input mode)
Maximum Output Voltage VOUT1 TEST,CUP2,0SCOUT Vss2-0.3~0.3 V
VOUT2 SEGOUT,COM1,COM2, CUP1,ALARM, Vss2-0.3~0.3 V

LIGHT,P1-4,1/0A1-4,1/0B1-4
(1/0A1-4, 1/0B1-4: Output mode)

Operating Temperature Topg -20~+65 C
Storage Temperature Tstg -30~+125 C
Allowable Operating Ranges at Ta=25+2°C, Vpp=0V " min  typ max unit
Supply Voltage Vssi -3.6 -1.3 V
Vss2 Vss2=Vss3 -3.6 -2.0 V
‘“H"’-Level Input Voltage VIH $1-4,M1-4,1/0A1-4,1/0B1-4,INT., -0.4 oV
(1/OA1-4, 1/0OB1-4: Input mode)
“L"-Level Input Voltage ViIL ” ” Vssz  Vss2+0.4 V
Operating Frequency fopg Taz-20~+65 C 32 33kHz
Electrical Characteristics at Ta=2512°C, Vpp=0V min  typ max unit
Input Resistance RINTA VSS2==-2.9V, VIL=VS$$2+0.4V, 10 200 kQ
#L"-Level hold tr., *1, Fig. 4
RIN1IB VS§§2=-2.9V, 200 2000 kQ
“L"-Level pull-in tr., *1, Fig. 4
RIN2A V§s2=-2.9v,VIL=VSs2, 200 2000 kQ
INT pull-up resistance
RIN2B V§§2=-2.9V,VIH=V DD, 200 2000 kQ
INT pull-down resistance
“H"-Level Output Voltage  VoH1 Vss$2=-2.9v, 1 0H=-0.441A,SEGOUT -0.2 Y%
“L""-Level Output Voltage VoLl Vss2=-2.9v, I0oL=0.4uA,SEGOUT Vss2+0.2 V
“H’"-Level Output Voltage VOH2 VS§$2=-2.9V, 1 OH=~4 LA, COMT-COM2 -0.2 A
“M"-Level Output Voltage ~ VOM  Vs$2=-2.9V, | OH==4 1L A, Vss2/2-0.2 Vss2/2+0.2 V
[oL=44A,COMT-COM2
“L""-Level Output Voltage VoL2 Vss2=-2.9v, [ 0L=41A,COMT-COM2 Vss2+0.2 V
““H’’-Level Output Voltage VOH3 Vs§s2=-2.4V, I 0H==-2507/14A, -0.65 \
ALM-LIGHT
“‘L"*-Level Output Voltage VoL3 Vss2=-2.4v, I oL=250uA, Vss2+0.65 V
ALM-LIGHT
“H"-Level Output Voltage ~ VOH4 V$52=-2.9v, 1 OH=-40uA, -0.4 v

1/0A1-4,1/0B1-4,P1-4

, (1/OA1-4, 1/OB1-4: Output mode)
“L’"-Level Output Voltage VoL4 Vss2=-2.9v, [0H=40.A, Vss2+0.4 V

1/0A1-4,1/0B1-4,P1-4
(1/OA1-4, 1/0B1-4: Output mode)

Output Voltage Vsst1 Vss2=-2.9v, -1.35 V

(halver) C1=C2=0.1uF, fopg=32.768kHz,Fig. 5

Current Dissipation I Tpp!l Vss2=-2.9v, standard watch/clock operation, C1=C2 5.0 uA
=0.1uF,Co=Cg=20pF,C 1=25kQ,Fig. 5

Osciltation Start Voltage Vstt Vss1=Vss2,Co=Cg=20pF, -2.2 \Y

. C1=25kQ,Fig. 6

Oscillation Hold Voltage VHOLD V$S1=Vss2/2,Co=Cg=20pPF, -2.0 V
C1=25kQ,Fig.5

Oscillation Start Time tstt Vs§s1=Vss2=-2.9v,Co=Cg=20pF., 10sec
C1=25kQ,Fig. 6

Oscillation Correction 10p External pin 8 10 12 pF

Capacitance 20P  0SCOUT 16 20 24 pF
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® Operation from Ag Battery [1/2 Bias, 1/3 Duty]
Absolute Maximum Ratings at Ta=25+2°C, Vpp=0V

Maximum Supply Voltage

Maximum Input Voltage

Maximum Output Voltage

Operating Temperature
Storage Temperature

Vssi
Vss2 Vss2=Vss3
VINT S1-4,M1-4,1/0A1-4,1/08B1-4,10P,
OSCIN,INT,TESTA
(1/OA1-4, 1/0B1-4: Input mode)
VOUTT TEST,CUP2,0SCOUT,ALARM,LIGHT,
1/0A1-4,1/0B1-4,P1-4
(1/0OA1-4, 1/OB1-4: Output mode)

Allowable Operating Ranges at Ta=25+2°C, Vpp=0V

Supply Voltage
“H"’-Level Input Voltage

“L"-Level Input Voltage
Operating Frequency

Electrical Characteristics at Ta=25+2°C, Vpp=0V

Input Resistance

“H’’-Level Output Voltage
""L"-Level Output Voltage
"H"’-Level Output Voltage

“M"-Level Output Voltage

“L"-Level Output Voltage
“H"'-Level Output Voltage
“L"-Level Output Voltage

“H"-Level Output Voltage

“L"-Level Output Voltage

Output Voltage
(doubler)
Current Dissipation

Oscillation Start Voltage
Oscillation Hold Voltage
Oscillation Start Time
Oscillation Correction
Capacitance

unit
-4.0~+0.3 V
-4.0~+0.3 V

Vss1-0.3~0.3 V

Vss1-0.3~0.3 V

VOUT2 SEGOUT,COM1,COM2,COM3,CUP1 Vss2-0.3~0.3 V
Topg ' -20~+65 C
Tstg -30~+125 C
min typ max unit
Vssi -1.65 -1.30 V
Vss2 Vss2=Vss3 -3.3 -2.4 V
VIH $1-4,M1-4,1/0A1-4,1/0B1-4,INT, -0.2 0V
(1/0A1-4, 1/OB1-4: Input mode)
Vit ” ” Vssi Vssi1+0.2 V
fopg Ta=-20~+65 C 32 33kHz
min typ max unit
RINTA V§s1=-1.55v,ViIL=Vss1+0.2v, 10 200 k@
“L"-Level hold tr., *1, Fig. 1
RIN1B V§s1=-1.55V, 200 2000 kQ
“L"-Level pull-in tr., *1, Fig. 1
RIN2A V§S1=-1.55v,VIL=VSss, 200 2000 kQ
INT pull-up resistance
RIN2B V§$1=-1.55V,VIH=VoDD, 200 2000 kQ
INT pull-down resistance
VOH1 Vss1=-1.55v, | OH=~-0.4 /1A, SEGOUT -0.2 A
VoLl Vss1=-1.55v, 1 oL=0.41A,SEGOUT Vss2+0.2 V
VoH2 Vs§s1=-1.55V, I OH=r4 1A, -0.2 A
COM1-COM2-COM3
VoM  Vss1=-1.55V, ] OH=~4 LA, Vss1-0.2 Vss1+0.2 V
[ OL=4/1A,COMT1-COM2-COM3
VoL2 Vss1=-1.55v,loL=4uaA, Vss2+0.2 V
COM1-COM2-COM3
VOH3 Vss1=-1.35v, 1 0H=-250uA, -0.65 \Y
ALM-LIGHT
VoL3 Vss1=-1.35v, 1 0L=2501A, Vs$s1+0.65 V
ALM-LIGHT
VoH4 Vss1=-1.55V, [ OH=-201A,P1-4 -0.2 \
1/0A1-4,1/0B1-4
(1/OA1-4, 1/0B1-4: Output mode)
VoL4 Vss1=-1.55v, 1 oL=201A,P1-4 Vss1+0.2 V
1/0A1-4,1/0B1-4
(1/0A1-4, 1/OB1-4: Output mode)
Vss2 Vssi1=-1.35v, -2.5 V
C1=C2=0.11tF, fopg=32.768kHz, Fig.2
ITop | Vss1=-1.55v,standard watch/clock operation, C1=C2 2.0 A
=0.1uF,Co=Cg=20pF,C 1 =25k, Fig. 2
Vstt Co=Cg=20pF,C 1 =25kQ,Fig.3 -1.35 Vs
VHOLD Co=Cg=20pF,C I =25kQ, Fig. 2 -1.65 -1.30 V
tstt Co=Cg=20pF,C 1=225kQ,Vss1=-1.35VFig. 3 10sec
10p External pin 8 10 12 pF
20p osScouT 16 20 24 pkF
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® Operation from Li Battery [1/2 Bias, 1/3 Duty]
Absolute Maximum Ratings at Ta=25+2°C, Vpp=0V

unit
Maximum Supply Voltage Vss1 VBAK=VSS1 or V'ss2 -4.0~+0.3 V
Vss2 Vss2=Vss3,VBAK=15S1 or VSs2 -4.0~+0.3 V
Maximum Input Voltage VIN1 10P,0SCIN,TESTI/O VBAK-0.3~0.3 V
VINZ S1-4,M1-4,INT,1/0A1-4,1/08B1-4, Vss2-0.3~0.3 V
TESTA (1/0A1-4, 1/0OB1-4: Input mode)
Maximum Output Voltage v oyt1 TEST,CUP2,0SCOUT VBAK-0.3~0.3 V
VOUT2 SEGOLUT,COM1-COM2-COM3,CUP1,ALARM, Vss2-0.3~0.3 V
LIGHT,P1-4,1/0A1-4,1/0B1-4
(1/0OA1-4, 1/0B1-4: Output mode)
Operating Temperature Topg -20~+65
Storage Temperature Tstg -30~+125 C
Allowable Operating Ranges at Ta=25+2°C, Vpp=0V min  typ  max unit
Supply Voltage VBAK -3.6 -1.3 V
Vss2 Vss2=Vss3 -3.6 -2.0 V
"“H""-Level Input Voltage VIH S1-4,M1-4,1/0A1-4,1/0B1-4,INT, ~0.4 0V
(1/0A1-4, 1/OB1-4: Input mode)
“L""-Level Input Voltage ViL ” ” Vss2 Vss2+40.4 N
Operating Frequency fopg Ta=z-20~+65 ( 32 33hHz2
Electrical Characteristics at Ta=25+2°C, Vpp=0V min typ max unit
Input Resistance RIN1A V$52=-2.9v, VIL=V$52+40.4V, 10 200 ke
“‘L"-Level hold tr., 1, Fig. 4
RIN1B VSs2=-2.9v, 200 2000 k@
“L"-Level pull-in tr., *1, Fig. 4
RIN2A V§$2=-2.9v, VIL=VsSSs2, 200 2000 ke
INT pull-up resistance
RIN2B V§52=-2.9v,VIH=\ DD, 200 2000 K@
INT pull-down resistance
"“H"’-Level Output Voltage VOH1 Vs§s2=-2.9v, | OH=-0.4/t A, SEGOUT -0.2 S
“L"-Level Output Voltage ~ VoL1 Vss2=-2.9v, 10L=0.44A,SEGOUT Vss2+0.2 V
“H"-Level Output Voltage =~ VoH2 Vss2=-2.9v, [ OH=-4 LA, -0.2 v
COM1-COM2-COM3
"M"-Level Output Voltage VoM Vss2=-2.9v, [ OH=-4 LA, Vss2/2-0.2 Vss2/2+0.2 V
[OL=6uA,COM1-COM2-COM3
“’L.""-Level Output Voltage VoL2 Vss2=-2.9v, loL=4uA, Vss2+0.2 V
COM1-COM2-COM3
**H’’-Level Output Voltage VOH3 Vss2=-2.4V, [ OH=-2501A,ALM -0.65 \'
“L"-Level Output Voltage = VoL3 Vs§s2=-2.4v, 1 0L=2501A,ALM Vss2+0.65 V
“’H""-Level Output Voltage VOH4 VsSs2=-2.9v, [ OH=-40u1A, -0.4 v
1/0A1-4,1/0B1-4,P1-4
(1/OA1-4, 1/OB1-4: Output mode)
“L"-Level Output Voltage ~ VoL4 Vss2=-2.9v, [ OH=40uA, Vss2+0.4 V
I1/0A1-4,1/0B1-4,P1-4
(1/0A1-4, 1/0B1-4: Output mode)
“H"’-Level Output Voltage VOH5 V§$2=-2.9v, I OH=-1504A,LIGHT -1.5 \
“L"-Level Output Voltage ~ VoL5 Vss2=-2.9v, [0L=1501A,LIGHT Vss2+1.5 v
Output Voltage Vss1 Vss2=-2.9v, -1.35 V
(halver) C1=C2=0.1uF, fopg=32.768kHz,Fig. 5
Current Dissipation I Ipp! Vss2=-2.9v,standard watch/clock operation, C1=C2 1.0 uA
=0.11F,Co=Cg=20pF,C 1=25kQ, Fig. 5
Oscillation Start Voltage Vstt Vss1=Vss2,Co=Cg=20pF, -1.35 A
' 1=25kQ, Fig. 6
Oscillation Hold Voltage VHOLD Vss1=Vss2/2,Co=Cg=20pF, -2.6 V

¢ 1=25kQ,Fig.5
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Oscillation Start Time

Oscillation Correction
Capacitance

tstt

10p
20p

® Operation from EXT-V [1/2 Bias, 1/3 Duty]
Absolute Maximum Ratings at Ta=25+2°C, Vpp=0V

Maximum Supply Voltage

Maximum Input Voltage

Maximum Output Voltage

Operating Temperature
Storage Temperature

Allowable Operating Ranges at Ta=2512°C, Vpp=0V

Supply Voltage
“H""-Level Input Voltage

“L"-Level Input Voltage
Operating Frequency

Electrical Characteristics at Ta=25:2°C, Vpp=0V

Input Resistance

““H"-Level Output Voltage
“L"-Level Output Voltage
““H"’-Level Output Voltage

“M"’-Level Output Voltage
“L"-Level Output Voltage
“’H'’-Level Output Voltage

“L"-Level Output Voltage
“H""-Level Output Voltage

““L""-Level Output Voltage

Output Voltage
(halver)
Current Dissipation

Vssi
Vss2
VIN1
VIN2
VouTt1
Vout2

Topg
Tstg

Vssi
\§ss2
\IH
ViIL
forg

RINTA
R1IN1B
RIN2A
RINZB
VOH1
vou1
VOH2
VoM
Vo2
VoH3

VoL3
VoH4

VoL

Vssi

I Too!

min typ max unit
Vs$s1=Vss2==-2.9v,Co=Cg=20pPF, 10sec
C1=25cQ,Fig. 6
External pin 8 10 12 pF
0sScouT 16 20 24 pF
unit
-4.0~+0.3 V
Vss2=Vss3 -4.0~+0.3 V
10P,0SCIN Vs§s2-0.3~0.3 V
S1-4,M1-4,INT,1/0A1-4,1/0B1-4, Vss2-0.3~0.3 V

TESTA (1/0A1-4, 1/0B1-4: Input mode)
TEST,CUP2,0SCOUT
SEGOUT,COM1-COM2-COM3,CUP1,ALARM.,
LIGHT,P1-4,1/0A1-4,1/0B1-4
(1/0A1-4, 1/OB1-4: Output mode)

min
-3.6
Vg2V es3 -3.6
S1-4,M1-4,1/0A1-4,1/0B1-4,INT, -0.4
(1/0A1-4, 1/OB1-4: Input mode)
” ” Vssz
Ta=-20~+65 C 32
min
V§s2=-2.9V, VIL=VsSs2+0.4Y, 10
“L"-Level hold tr., *1, Fig. 4
Vss2=-2.9v, 200
“L"-Level pull-in tr., *1, Fig. 4
Vss2=-2.9v,ViL=Vss2, 200
INT pull-up resistance
Vss2=-2.9v, VIH=VpD, 200
INT pull-down resistance
Vs$s2=-2.9v, 1 0H=-0.4 4t A, SEGOUT -0.2
Vss2=-2.9v, I 0L=0.41A,SEGOUT
Vss2=~2.9V, [ OH=-4 LA, -0.2
COM1-COM2-COM3
Vs§s2=-2.9v, [ OH=~4 1A, Vss2/2-0.2
IoL=4/1A,COMT-COM2-COM3
Vss2=-2.9v, loL=4 1A,
COM1-COM2-COM3
Vss2=-2.4v, 1 OH=-250 1L A, ALM,LIGHT =-0.65
VSs2=-2.4v, 1 0L=250/t A, ALM,LIGHT
Vss2=-2.9v, l OH=-401 A, -0.4

1/0A1-4,1/0B1-4,P1-4

(1/0A1-4, 1/0B1-4: Output mode)
Vss2=-2.9v, [ OH=401 A,
1/0A1-4,1/0B1-4,P1-4

(1/OA1-4, 1/0B1-4: Output mode)
Vs§s2=-2.9v,
C1=C2=0.1uF, fopg=32.768kHz,Fig. 5
Vss2=-2.9v, standard watch/clock operation, C1=C2
=0.11F,Co=Cg=20pF,C 1=25kQ,Fig. 5

Vss2-0.3~0.3
Vss2-0.3~0.3 V

-20~+65 C
-30~+125 C
typ max unit

-1.3 V
-2.0 V
0 Vv

Vss2+0.4 V
33kHz

max unit

200 kQ

typ

2000 kQ

2000 kQ

2000 kQ

Vss2+0.2

< <<

Vss2/2+0.2 V

Vss2+0.2 V

Vss2+0.65

Vss2+0.4 V

-1.35 V

5.0 JTN
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Oscillation Start Voltage Vstt Vss1=Vss2,Co=Cg=20pF,
C 1=25kQ,Fig.6

Oscillation Hold Voltage VHOLD V§sS1=Vss2/2,Co=Cg=20pF,
¢ 1=25k,Fig.5

Oscillation Start Time tstt Vss1=Vss2=-2.9v, Co=(g=20pF,
C1=25¢Q,Fig.6

Oscillation Correction 10p External pin

Capacitance 20p 0scouT

® Operation from 1.5V Ag Battery [1/3 Bias, 1/3 Duty]
Absolute Maximum Ratings at Ta=25:2°C, Vpp=0V
Maximum Supply Voltage Vssi
Vss2
Vss3
Maximum Input Voltage VINT S1-4,M1-4,1/0A1-4,1/0B1-4,10P,
OSCIN,INT,TESTA

(1/0A1-4, 1/OB1-4: Input mode)

Maximum Output Voltage VOuT? TEST,CUP2,0SCOUT,ALARM,LIGHT.,
1/0A1-4,1/0B1-4,P1-4

(I/OA1-4, 1/0B1-4: Output mode)

VOUT2 SEGOUT,COM1-COM2-COM3, CUP1
Toprg
Tstg

Operating Temperature
Storage Temperature

Allowable Operating Ranges at Ta=25+2°C, Vpp=0V-

Supply Voltage Vssi
Vss2
Vss3
"“H""-Level Input Voltage VIH  $1-4,M1-4,1/0A1-4,1/0B1-4, (NT,
(1/OA1-4, 1/0B1-4: Input mode)
“L'"-Level Input Voltage Vit ” ”
Operating Frequency fopg Ta=-20~+65 (

Electrical Characteristics at Ta=25+2°C, Vpp=0V
Input Resistance RIN1A Vs§s1=-1.55v, VIL=Vs§s1+0.2V,
“L"-Level hold tr., *1, Fig. 7
RIN1B V§s1=-1.55v,
“L"-Level pull-in tr., 1, Fig. 7
RIN2A Vss1=-1.55v,VIL=VSss1,
INT pull-up resistance
RIN2B V§$1=-1.55V,VIH=VDD,
INT pull-down resistance
“H¢-Level Output Voltage VOH1 Vs$S1=-1.55v, [ OH=-0.41A,SEGOUT
“M1"-Level Output Voltage VOM11 VSS1=-1.55V, [ OH=-0.42A,
[oL=0.4/A,SEGOUT
‘‘M2’’-Level Output Voltage VOM21 ” ”
“L'’-Level Output Voltage VoLl Vss1=-1.55v, I oL=-0.41A,
SEGOUT
“H"”-Level Output Voltage ~ VOH2 Vss$1=-1.55V, [ OH=-4 1A,
COM1-COM2-COM3
“M1:Level Output Voltage VOM12 VsS1==1.55V, [ oL=4uA,
[ OH=-4uA,COMT1-COM2-COM3
““M-2"-Level Output Voltage VoMm22 ” ”
“L"*-Level Output Voltage VoL2 Vss1=-1.55v, [oL=4uA,
) COM1-COM2-COM3
“H"-Level Output Voltage v on3 Vss1=-1.35v, [ 0H=-2504 A,
ALM-LIGHT

min typ max unit
-2.2 v
-2.0 V

Bs ec

8 10 12 pF

16 20 24 pkF

unit
-4.0~+0.3 V
-4.0~+0.3 V
-5.5~+0.3 V
Vss1-0.3~0.3 V
Vss1-0.3--0.3 V
Vse3-0.3~0.3 V
-20~+65
-30~+125

min typ max unit
-1.65 -1.30 V
-3.3 -2.4 v
-4.95 -3.7 \
-0.2 0 Vv
Vssi Vss140.2 V

32 33k bz

min typ max unit

10 200 kQ

200 2000 kQ

200 2000 kQ

200 2000 kQ
-0.2 1
Vssi1-0.2 Vssi1+0.2 V
Vss2-0.2 Vss2+0.2 V
Vss3+0.2 V
-0.2 \'
Vssi1-0.2 Vssi1+0.2 V
Vss2-0.2 Vss2+0.2 V
Vss3+0.2 V
-0.65 \%
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’L""-Level Output Voltage

""H"’-Level Output Voltage

“L""-Level Output Voltage

Output Voltage (doubler)

(tripler)
Current Dissipation

Oscillation Start Voltage
Oscillation Hold Voltage
Oscillation Start Time

Oscillation Correction
Capacitance

@ Operation from Li Battery [1/3 Bias, 1/3 Duty]
Absolute Maximum Ratings at Ta=25+2°C, Vpp=0V

Maximum Supply Voltage

Maximum Input Voltage

Maximum Output Voltage

Operating Temperature
Storage Temperature

Allowable Operating Ranges at Ta=25:2°C, Vpp=0V

Supply Voltage

“H’’-Level Input Voltage

“L""-Level Input Voltage
Operating Frequency

Electrical Characteristics at Ta=25+2°C, Vpp=0V

Input Resistance

“H’’-Level Output Voltage

min typ max unit
VoL3 Vss1=-1.35v, 1 0L=250uA, Vss1+0.65 V
ALM,LIGHT
VOH4 Vs$$1=-1.55V, I OH=-201A, -C.2 \
1/0A1-4,1/0B1-4,P1-4
(1/0A1-4, 1/0B1-4: Output mode)
VoL4s Vss1=-1.55v, loL=CUuA, Vss1+0.2 V
1/0A1-4,1/0B1-4,P1-4
(1/OA1-4, 1/OB1-4: Output mode)
Vss2 Vss1==-1.35v,C1=C2= -2.5 V
0.14F, fopg=32.768kHz,Fig. 8
Vss3 ” ” -3.75 V
Ipp Vss1=-1.55v,standard watch/clock operation,C1 to C33.5 A
=0.14F,Co=Cg=20pF,C [=25kQ,Fig. 8
Vstt Co=Cg=20pF,C 1=25kQ,Fig. 9 -1.35 v
VHOLD Co=Cg=20pF,C [ =25k, Fig. 8 -1.65 -1.30 V
tstt Vss1=-1.35v,Co=Cg=20pF, 10sec
C1=25kQ,Fig. 9
10p External pin 8 10 12 pF
20pP oscouTt 16 20 24 pF
unit
Vss1 YBAK=VSS1 or Vss2 -4.0~+0.3 V
Vss2 VBAK=VsSss1 or Vss2 -4.0~+0.3 V
Vss3 VBAK=VSS1 or Vss2 -5.5~0.3 V
VIN1 10P,0SCIN VBAK-0.3~0.3 V
VIN2 S1-4,M1-4,1/0A1-4,1/0B1-4,INT, Vss2-0.3~0.3 V
TESTA (1/OA1-4, 1/OB1-4: Input mode)
VOouTt TEST,0SCOUT VBAK-0.3~0.3 V
VOUT2 ALARM,LIGHT,P1-4, Vss2-0.3~0.3 V
1/0A1-4,1/0B1-4,CUP2
(1/0A1-4, 1/0B1-4: Output mode)
VOUT3 SEGOUT,COM1~COM3,CUP 1 Vss3-0.3~0.3 V
Topg -20~+65 T
Tstg -30~+125 T
min typ max unit
VBAK -3.6 -1.3 V
Vss2 -3.6 -2.0 V
Vss3 Vss3a~Vss2+Vss1 -5.0 -3.9 V
VIH $1-4,M1-4,1/0A1-4,1/0B1-4,INT, -0.4 0oV
(1/0A1-4, 1/0OB1-4: Input mode)
Vit ” ” Vss2 Vss2+0.4 V
fopg Ta=-20~+65 C 32 33kHz
min typ max unit
RIN1A V§$2=-2.9v,VIL=VS$s2+0.4V, 10 200 kQ
“L".Level hold tr., *1, Fig. 10
RIN1B Vss2=-2.9v, 200 2000 kQ
“L"-Level pull-in tr., *1, Fig. 10
RIN2A V§$2=-2.9v,VIL=VSss2, 200 2000 kQ
INT pull-up resistance
R1IN2B V§s$=-2.9v,VIH=VDD, 200 2000 kQ
INT pull-down resistance
VOH1 Vs$2=-2.9V, [OH=-0.44A,SEGOUT -0.2 \%
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min typ max unit
““M1”-Level Output Voltage VOM1-1 VSs2=-2.9v, [ OH=-0.4UA, Vssz2/2-0.2 Vss/2+0.2 V
10L=0.41A,SEGOUT

“M2"’-Level Output Voltage VoM24 ” ” Vss2-0.2 Vss2+0.2 V

“’L""-Level Output Voltage VoLl Vss2=-2.9v, 10L=0.41A,SEGOUT Vss3+0.2 V

“H""-Level Output Voltage @ VOH2 V§$2=-2.9v, I OH=-4uA, -0.2 \"
COM1-COM2-COM3

""M1”-Level Output Voltage VOM12 VS$2=-2.9V, [ OH=-4uA, Vss2/2-0.2 Vss/2+0.2 V

T OL=44A,COMT1-COM2-COM3

“M-2""-Level Output Voltage V omM22 ” ” Vss2-0.2 Vss2+0.2 V

“L"-Level Output Voltage ~ VoL2 Vss2=-2.9v, 1oL=4LA, Vss3+0.2 V
COM1-COM2-COM3

“H"-Level Output Voltage @~ VOH3 V§S2=-2.4V, [ OH=-2501A,ALM -0.65 \

“L""-Level Output Voltage VoL3 Vss2=-2.4v, 10L=2501A,ALM Vss2+0.65 V

“H’"-Level Output Voltage @~ VOH4 Vs$2=-2.9v, [ OH=-40/tA, -0.4 \

1/0A1-4,1/0B1-4,P1-4
(I/OA1-4, 1/0B1-4: Output mode)
“L""-Level Output Voltage VoL4s Vss2=-2.9v, [OH=40uA, Vss2+0.4 V
1/0A1-4,1/0B1-4,P1-4
(1/0A1-4, 1/0B1-4: Output mode)

“H"-Level Output Voltage =~ VOHS Vs$2=-2.9V, [ 0H=-1504A,LIGHT -1.5 \

“L"-Level Output Voltage = VoL5 Vss2=-2.9v, [0L=-1504A,LIGHT Vss2+1.5 V

Output Voltage (halver) Vss1  Vss2=-2.9V,C1~Céh= -1.35 ¥

0.1uF, fopg=32.768kHz-Fig. 11
(tripler) Vss3 ” ” -4V

Current Dissipation I Ipp! Vss2=-2.9v,standard watch/clock operation, C1to C4 2.0 uA
=0.14F,Co=Cg=20pF,C1=25kQ,Fig. 11

Oscillation Start Voltage Vstt Vss1=Vss2,Co=Cg=20pF, -1.35 \%
C 1=25kQ,Fig. 12

Oscillation Hold Voltage VHOLD V$$1=Vss2/2,Co=Cg=20pF, -2.6 V
C1=25kQ,Fig. 11

Oscillation Start Time tstt Vss2=-2.9v,Vss1=Vss2,Co0=Cg 10s ec
=20pF,C 1=25kQ,Fig. 12

Oscillation Correction 10P External pin 8 10 12 pF

Capacitance 20P  0scoUT 16 20 24 pF

® Operation from EXT-V [1/3 Bias, 1/3 Duty]

Absolute Maximum Ratings at Ta=25+2°C, Vpp=0V unit
Maximum Supply Voltage Vss1 -4.0~+0.3 V
Vss2 -4.0~+0.3 V
Vss3 -5.5~0.3 V
Maximum Input Voltage VIN1 10P,O0SCIN Vss2-0.3~0.3 V
VINZ2 S$1-4,M1-4,1/0A1-4,1/0B1-4,INT, Vss2-0.3~0.3 V
TESTA (I/OA1-4, 1/0OB1-4: Input mode)
Maximum Output Voltage  VouT1 TEST,0SCOUT Vss2-0.3~0.3 V
VOUT2 ALARM,LIGHT,P1-4, Vss2-0.3~0.3 V

1/0A1-4,1/0B1-4,CUP2
(1/0A1-4, 1/0B1-4: Output mode)

VOoUT3 SEGOUT,COMT1~COM3, CUP1 Vss3-0.3~0.3 V

Operating Temperature Topg -20~+65 C

Storage Temperature Tstg -30~+125 T
Allowable Operating Ranges at Ta=26+2°C, Vpp=0V min  typ  max unit

Supply Voltage Vssi -3.6 -1.3 V

Vss2 -3.6 -2.0 V

Vss3 Vss3=Vss2+Vsst -5.0 -3.9 V
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““H""-Level Input Voltage

"L""-Level Input Voltage
Operating Frequency

Electrical Characteristics at Ta=25+2°C, Vpp=0V

Input Resistance

‘’H"’-Level Output Voltage
‘M1"”'-Level Output Voltage

‘M2"’-Level Output Voltage
“L""-Level Output Voltage
‘’H""-Level Output Voltage
"M1""-Level Output Voltage

““M-2’*-Level Output Voltage
“‘L"*-Level Output Voltage

’H""-Level Output Voltage
’L""-Level Output Voltage

'"H"-Level Output Voltage

/L""-Level Output Voltage

Output Voltage (halver)

(tripler)
Current Dissipation

Oscillation Start Voltage
Oscillation Hold Voltage

Oscillation Start Time

Oscillation Correction
Capacitance

min typ max unit
VIH S1-4,M1-4,1/0A1-4,1/0B1-4,INT, -0.4 oV
(1/OA1-4, 1/OB1-4: Input mode)
ViIL ” ” Vss2 Vss2+0.4 V
fopg Ta=-20~+65 C 32 33kHz
min typ max unit
RIN1A V§§2=-2.9v, VIL=VsS$S2+0.4V, 10 200 kQ
“L"-Level hold tr., *1, Fig. 10
RIN1B Vss2=-2.9v, 200 2000 kQ
“L""-Level pull-in tr., *1, Fig. 10
RIN2A V$§2=-2.9v,VIL=VsS2, 200 2000 kQ
INT pull-up resistance
R1IN2B Vss=-2.9v,VIH=VDD, 200 2000 kQ
INT pull-down resistance
VOH1 V§s2=-2.9V, | OH=-0.4 1 A,SEGOUT -0.2 \'
VoM11 Vss2==-2.9V, [ 0H=-0.4L1A, Vss2/2-0.2 Vss/2+0.2 V
JOL=0.41LA,SEGOUT
VoMme1 ” ” Vss2-0.2 Vss2+0.2 V
VoLl Vss2=-2.9V, [ 0oL=0.4uA,SEGOUT Vss3+0.2 V
VOH2 V§§2=-2.9v, [ OH=-4 LA, -0.2 A"
COM1-COM2-COM3
VoM12 V§$2=-2.9V, | OH=-4 LA, Vss2/2-0.2 Vss/2+0.2 V
[OL=4u4A,COMT-COM2-COM3
Vomz2 ” ” Vss2-0.2 Vss2+0.2 V
VoL2 Vss2=-2.9v, loL=4/tA, Vss3+0.2 V
COM1-COM2-COM3
VOH3 Vss2=-2.4V, [OH=-250uA, -0.65 %
ALM-LIGHT
VoL3 Vss2=-2.4v, 10L=250/A, Vss2+0.65 V
ALM-LIGHT
VOH4 Vs5s2=-2.9v, I OH=-401A, -0.4 \'
1/0A1-4,1/0B1-4,P1-4
(1/0A1-4, 1/0B1-4: Output mode)
VoLs Vss2=-2.9v, [OH=40u A, Vss2+0.4 V
1/0A1-4,1/0B1-4,P1-4
(1/0A1-4, 1/0B1-4: Output mode)
Vssi Vs§s2=-2.9v,C1~C4= -1.35 V
0.1uF, fopg=32.768kHz-Fig. 11
Vss3 ” ” -4.1 V
Ipp! Vss2=-2.9v,standard watch/clock operation, C1 to C4 5.0 LA
=D.1HF,CO=C9=ZDPF’CI=25kQ;Fig.11
Vstt Vss1=Vss2,Co=Cg=20pF, -2.2 v
C 1=25kQ,Fig. 12
VHOLD Vss1=Vss2/2,Co=Cg=20pF, -2.0 V
C1=25kQ,Fig. 11
tstt Vss2=-2.9v,Vss1=Vss2,Co=Cg 10sec
=20pF, C 1=25kQ,Fig. 12
10P  External pin 8 10 12 pF
20p oscouT 16 20 24 pF

M1 §1-52-53-54-M1-M2-M3-M4
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Fig. 1 Input configuration of S1-4, M1-4

VSS)

CIJ_O.IU VDD
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0.lu
:ZZL— cuP2 DUT  oscour

Fig. 2 Current dissipation, oscillation hold

CuP)
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T -

T

20p]

voltage test circuit

VOB osc N ﬂ-
cupt ST
o—ercup2 DUT oscouT | T
vss1
vss2
|

Fig. 3 Oscillation start voltage, oscillation

start time, frequency stability test circuit

Fig. 4 Input configuration of S1-4, M1-4

vss2

[ L
CLLO.I\: 2p
comr PP me N +
0.Ju
T OUT  oscour| =P T
vssi vss2

Fig. 5 Current dissipation, oscillation hold

voltage test circuit

20p,
VDD osc 1N
CUP1 = 1
o—lorcupz DUT  oscour| T
vss2  VSS!
—————

Fig. 6 Oscillation start voltage, oscillation

start time, frequency stability test circuit

; I; ;l
1 [

Fig. 7 Input configuration of S1-4, M1-4
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Fig. 8 Current dissipation, oscillation hold

voltage test circuit
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O—orCUP2 DUT oscour| T
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Fig. 9 Oscillation start voltage, oscillation
start time, frequency stability test circut
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bvss2
Fig. 10 Input configuration of S1-4, M1-4
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Fig. 11 Current dissipation, oscillation hold

voltage test circuit
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O—lorcup2 DUT oscout| T
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-

Fig. 12 Oscillation start voltage, oscillation
start time, frequency stability test circuit
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Fig. 13 Input configuration of S1-4, M1-4
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]
Fig. 14 Current dissipation, oscillation hold
voltage test circuit
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v
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Fig. 15 Oscillation start voltage, oscillation
start time, frequency stability test circuit
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L05851 | C MOS LsI

Single-Chip 4-Bit Microcomputer
(with LCD Driver)

30268

The LC5851 is a C MOS microcomputer that operates on 1 voltage, very low
current and contains an LCD driver. It also contains™gd A=bit parallel
processing ALU, a program memory ROM, abundant LCD segment outputs, a prescaler,
a 32.768kHz crystal oscillator.
It is especially suited for use in electronic tuning system camera, speech
synthesis LSI, equipment control applications.

(1) Hardware featues
. Supply voltage: 1.5V or 3.0V typ. (mask option)
. Very low current dissipation:
3.0ul typ. (1.5V Ag battery power supply, at halt mode)
1.5ul typ. (3.0V Li battery power supply, at halt mode)
. On-chip crystal oscillator for timekeeping and led drive frequency (A
32.768kHz crystal is connected externally.)
. Abundant output pins for LCD panel drive (25 pins)

Drivable LCD panel Number of drivable LCD segments
1/3 bias 1/3 duty 75 segments
1/2 bias 1/3 duty 75 segments
1/2 bias 1/2 duty 50 segments
Static 25 segments
. Abundant input/output pins
Ports for input only: 2 ports/ 8 pins
Input/output common ports: 2 ports/ 8 pins
Ports for output only: 1 port/4 pins
(also used for pseudo serial output port)
Control output pins: 2 pins
. Possible to use LCD panel drive output pins as ports for output only (mask
option)

. Initial reset pin (Port S3 for input only is used by mask option.)
. ROM: 1024 x 15 bits
. RAM: 64 x )} bits

Case Outline 3026B-Q64BIC

(unit:mm) s
1.0 ‘IT' ;]O?.
IO | =+
= E
n=s =
=o B ||
(LR

SANYO: QIP64B 215
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. Cycle time:
Ag/Li battery-used applications (32K X'tal): 24lusec.
EXT-V-used applications (32K X'tal): 122usec./24ldusec.
EXT-V-used applications (external input): 60usec. to 2U4lusec.
. On-chip step-up circuit, step-down circuit.
. Shipping style: QIP64-B (or chip)
(Specification for chip is to be agreed upon separately.)

(2) Software features
. Powerful instruction set: 78 instructions
. 4-level subroutine nesting (also used for interrupt)
. External interrupt function.

On-chip 15-bit divider for timekeeping.

On-chip 6-bit programmable timer.

Halt function.

Direct addressing.

. All instructions: 1-step operation.

e o o o

(3) Application development tools
For performing application development, evaluation chip LC5895 and the
dedicated application development tools are available.
. SDS410 system
Application development program of microcomputer can be made in assembly
language (edit, assemble).
. EVA510 + TB51 + display board + LC5895 i
By connecting to the SDS410, application development. program can be
corrected and debugged. The EVA510 is a control ROM-replaced version of
the EVA410.
. TB51 + display board + LC5895
By using EPROM 2732 with application development program data written in,
mounting evaluation can be performed.

Equivalent Circuit Block Diagram

1O A a/oaum-‘uﬁmnmm Mivs COMIF3 25 _segments -
1 1 11 MU T30 Foooeommeemmeeennnnd
| LCD  driver ]
vo rart | | gy | | "FoRT 1T
[ segment  PLA J
i s | R N T -
:Z£¥os¢l L‘“‘““ ‘32»
cup | T 1
cup2 | - 41
driver control
L He,
—
frgnet
RES o INY
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Sample Applications
1) Controller for electronic tuning system
2) Controller for speech synthesis LSI
3) Controller for camera
4) Mechanical controller for VTR, radio cassette, deck, etc.
5) Controller for telephone dialer, etc.

Sample Application circuits

(1) 1.5V Ag battery-used application (2) 3.0V Li battery-used application
(1/3 bias 1/3 duty) (1/2 bias 1/3 duty)
P coMt Lco P coM1 ., ke
P2 COM2 [ P2 CoM2 (Y, bias V,any )
B B4 (14 bias Yy auty ) R o Yy blas yany
25x3 =75 max P 25x3 =15 max
M sEG \ M1 =
T >
") % M2
M3 seqmerd M3 pis.
" 25 max " Smax
ey matrix voo key matrix Voo
".IEI.SV(AG) j_lo.m l
oo St vssi S sl vssi 3.0V
oo s2 s 2
3 0.3
7o Sk v®2 gﬁ P Z‘z vss2
—tijoar 0.1u —ij0A1
—Jijoaz vss3 i ——{ijoaz V553
——1/0A3 cwt ——l/,gﬁ wm
——1/0A4 ) - !
’ fo . __Jo.lu | » osc N cupz,___To'm
} 0SCIN
' o 2760 kHz m:] éamwm []
?———, osC out asc out
[{ ‘
g " W loeF
0PF  ALARM M.&f}TM "
——{\/os! ——{i/oB)
——ijom2 —ijom
——ijoB3 —{ifom
——ijoB4 ——i/oB4
Lot "o RES ||
L oo tres BN [ o
TO.Wu
INPUT/OUTPUT PORT  1/OAl~ &, 1/OBI~4
INPUT PORT Slak , M~ 4k
OUTPUT PORT Pl 4
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1OA1  COM! Lco
%ﬁ% 2| (1/2bias
LIOAG COM3 1/3duty)

25x 3= 75max
M1 SEG
ouT
—M2

M3 segment outputs
Mé& 25max

Vop
0.1u

DATA P1
CE P3
cL P4 cuPl—_
0.1u
STOUT e} OSCIN CUPZLJ
LM7000 = —O0SCOUT []

AN
A\l

Bo7|-8HZ INT OUuT [
STRQ 10B1 ‘

Sl
3
il
33
= 344
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N MOS LSI

LM8800

Single-Chip 8-Bit Microcomputer for
Control-Oriented Applications

Series

® 1567

1. General Description
The LM8800 series are single-chip 8-bit microcomputers fabriéatgg using NMOS
process technology. They are intended for high-speed, high-function control
of consumer equipment and control of office automation equipment. They adopt
an architecture suited for control-oriented applications, perform 6-fa0topvua
level multi-interrupt function, and contain two 8-bit multifunction timeérs;. a
serial I/0 port, 1/0 ports (max. 57 pins). The instruction set with 101 =
instructions is easy to use for control-oriented applications and powerful.

2. Architecture Features
(1) Abundant memory : ROM=4k bytes max., RAM=256 bytes max.
(2) 1/0 ports (max. 57 pins) : LM8854, 8852
(3) Two 8-bit multifunction timers (interval timer, event counter) and 10-bit
prescaler.
(4) 8-bit PWM type DA converter : Also used for timer 1.
(5) Square wave output : Also used for timer 1.
(6) Serial I/0 port : Synchronous=8 bits or asynchronous=10 bits, half-duplex
11-bit communication.
(7) Direct connectable with general-purpose master CPU to transmit/receive 8-
bit parallel data.
(8) 6-factor 4-level multi-interrupt : External=2 factors, timer=2 factors,
serial I/0, 8-bit bus.

(9) 16-level stack
(10) Instruction set with 101 instructions
. Single-bit processing, single-bit decision of RAM, I/0 port
. Direct/indirect addressing of RAM, I/O port

3. Hardware Features (*: Average current value)
(1) High-speed operation: Instruction cycle time fusec. min. (target)
(2) 15V breakdown voltage I/0 port and 30mA*output driver (8 pes.), 18mA¥*out-
put driver (max. 38 pcs.)
(3) Single 5v supply, RAM backup capability
(4) On-chip OSC : Ceramic, crystal, CR oscillation
(5) TTL/CMOS input level selectable, pull-up/open drain output selectable.
(6) Output mode selectable at the time of reset
(7) AC wave zero-cross detector selectable

4., Contents of LMB8800 Series

Type No. ROM RAM Input/output | Input | Output Package Remarks

LM8854 4kx8 256x8 4x8 11 14 DIP64S

LM8804 4k 256 4x8 3 - DIP42,42S

LM8852 2k 128 4x8 11 14 DIP64S

LM8802 2k 128 4x8 3 - DIP42,42S

LM8899 External,8k | 256x8 4x8 11 14 PGA100 Evaluation
chip

LM88PG99 | External,8k | 256x8 4x8 11 14 DIC64S Piggyback
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LC31 00 C MOS LSl

128K-Bit CMOS Mask ROM

3011A

® 1437A

The LC3100 is a 128K-bit CMOS mask ROM that contains an interface connectable direct to the speech synthesizer
LSI LC8100. With one piece of this mask ROM, approximately 100 seconds of speech synthesis can be attained.
A selection of 8-bit, 4-bit, or single-bit output data is allowed by means of external control. This mask ROM is also
suited for use in applications other than speech synthesis.

Features
® ROM capacity 128K bits
® Access time 6.9usec typ (for operation at 800kHz typ.)
26.0usec typ (for operation at 200kHz typ.)
® Cycle time 8.1usec typ (for operation at 800kHz typ.)
30.6usec typ (for operation at 200kHz typ.)
® Function (1) Contains an interface to the LC8100 (speech synthesizer LSI).
(2) Possible to select the bit length of output data.
8-bit data
4-bit data
Single-bit data
® Low power dissipation CMOS
® Current dissipation 2mA max. (at operating mode)
1uA max. (at nonoperating mode)
. ® Single +5V power supply +4.5 t0 6.5 V (supply voltage range)
® Package DIP24
Pin Assignment
-
Vss 5 ® CE
NC [ mcT Case Outline 3011A-D24IC
MODE ] oouT (unit: mm)
DSELE 5] DREQ 2 nnononnono
Nilo 5] ASTRB T T
01| Bl D R
021 = A ISULJULJL]ULJLJLJLJL}I 4 L_
03k 9 A2 ' 32.0 k
04[] %) A3 - 4 A
05| & VoD ‘ :{"’
D6 HTEST ]
D7 [ E NC 05 15 254 SANYO: DIP24
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Equivalent Circuit Block Diagram

A0 to A3:
ASTRB:
DREQ:
DOUT:
CT:

DO to D7:
MODE:
DSEL:
CE:
TEST:
VpD, Vss:

18-bit address setting pins

A0 to A3 strobe pin

ROM data request pin

ROM data serial output pin
Basic operation clock input pin
8-bit input/output pins

DREQ pin input pulse count control pin sl

Output bit length select pin
Power-down control pin

TEST pin
Power supply pin

Description of Operation of Internal Block
® ASTRB COUNTER:

o o0 0 00

1/0 PORT:

Pin Description

CHIP SELECT DECODER:
128kbit ROM MATRIX:
PARALLEL TO SERIAL:

CE MODE AQ-A3
[e) o O
—-— .
Bl
DREQO : c%F‘i‘En?" __.|18bit address counter]

!

r l

~ read
ASTRB
ASTRBO-—] counter {215

counter| 128k bit
ROM matrix

CTO——‘——j

4

parallel
to serial

V850

V0O 00—~

Block which internally sets address information applied in 5 steps from AQ to A3

pins.

18bit ADDRESS COUNTER: Address counter organized with 18 bits.
READ PULSE COUNTER:

Block which generates signal to operate address decoder, data selector.
Makes chip select signal with 214 to 217 bits of 18-bit address.

ROM matrix cell organized with 128K bits.

Shift register which serially outputs 8-bit parallel data to DOUT pin.
Selects input/output at DO to D7 pins.

Pin No. Pin Name Input/output Function

20 ASTRB Input Pin for inputting strobe signal which causes data
AO to A3 to be latched at address setting mode.

21 DREQ Input ROM data request signal input pin.

22 DOUT Output Pin for outputting ROM data serially. When used in
conjunction with the LC8100, this pin is connected
to DIN pin of the LC8100.

23 CcT Input Pin for inputting basic operation clock of ROM
inside. When used in conjunction with the LC8100,
this pin is connected to CT pin of the LC8100.
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Pin No. Pin Name Input/output Function

24 CE Input Pin for controlling initialization of LSI inside imme-
diately after application of power and internal
operation stop (power-down). For performing
synthesization or ROM data read-out, set CE to
‘L.

1 Vss - Connected to OV of power supply.

15 VDD - Connected to + side of power supply.

3 MODE Input Pin for controlling number of input pulses at DREQ
pin. When ROM data read-out is performed serially
in a single bit, set MODE to ‘L’. When ROM data
read-out is performed in 8 bits or 4 bits, set MODE to
H.

4 DSEL Input Used when ROM data read-out is performed in
4 bits. When DSEL is set to ‘H’, 24 to 27 bits are
outputted to DO to D3 pins.

5 DO Pins for outputting ROM data in 8 bits and inputting

6 D1 data in 8 bits.

7 D2

8 D3 Input/output

9 D4

10 D5

11 D6

12 D7

14 TEST Input LS| test pin. Open or connected to VppD.

16 A3 Pins for setting 18-bit address. At address setting

17 A2 Input mode, address information is inputted by 4 bits

18 A1l from high-order bit downward in 5 steps.

19 A0
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ROM Data Read-out Procedure

The following flowchart shows the outline of read-out procedure. (1) to (7) give a more detailed description.

Application
of power

(1) Initialization of internal
mode (CE='H’)

CE="L

(2) Setting of bit length of
read-out data

(3) Address setting

(4) Output data is fetched from
DOUT or DO to D7.

Does ROM data read-out
continue?

Does standby continue at
power-down mode?

(5) Is data at immediately

NO following address read?

(6) Data request signal is applied e
from DREQ pin. (7) CE='H o Dot
signal is
i sent.

(1) Initialization of internal mode

There are 4 counter blocks (ASTRB counter, 18-bit ADDRESS counter, READ PULSE counter, DREQ counter)
inside the LC3100. Since initialization is required immediately after application of power, apply one ‘H’ level
pulse to CE pin. When CE is set to ‘L’ level, the power-down mode is released (refer to (6)) and it is possible to

start read-out any time.
(2) Setting of bit length of read-out data

For the bit length of ROM data output, a selection of 3 lengths is allowed: 8 bits, 4 bits, and a single bit. For
controlling this selection, MODE, DSEL pins are used. The following Table shows 3 types of pin setting.
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MODE v N
DSEL
v’ Single-bit length 8-bit or 4-bit length or
(speech synthesis) 4-bit length (Note)
‘H’ — 4-bit length (Note)

(Note) When DSEL is set to ‘L', 20 to 23 bits are outputted at DO to D3 pins.
When DSEL is set to ‘H’, 24 to 27 bits are outputted at DO to D3 pins.

(3) Address setting

Apply 5 successive pulses to ASTRB pin. Synchronously with these pulses apply 18-bit address information to
AO to A3 pins from high-order bit downward by 4 bits in 5 steps. At this address setting mode DREQ pin must
be set to ‘L’ level. Shown below is the timing.

ASTRB

A3

A0

18bit
address

TsT
A
90% "
TSR
0% -
TaDsT | |TADHD

50% 5 1 7 3
@(m(nz D EIED D (zm

%( uD( (z“)X @)

m @) X @ X %)

) S S

Y, WG

K wasio

(Note) « '"*''=don’t care.
« “2n""=Binary number at the nth bit to be set in address counter.
+ For the numeric values of TSTRH, TSTRL. TADST. TADHS. refer to Electrical Characteristics.

Start of read-out of set address data

Read-out of ROM data starts at the falling of the 5th ASTRB pulse or the first (MODE='H’) or the 8th (MODE=/L’)
DREQ pulse, and when access time TAC1 has elapsed 20 bit is outputted at DOUT pin and 20 to 27 data are outputted
at DO to D7 pins. (Refer to the following Timing Chart.)
Note) For the numeric value of TAC1, refer to Electrical Characteristics.

ASTRB T
(5th) ,hp— A1 ———~

ViH

Vi

% TIMIDE

DATA VALID
o
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(4) Fetching of output data

As shown above, whenever access time TAC1 has elapsed, data can be fetched from output ports DOUT or DO to
D7 pins. (Pin setting as shown in Table in (2) is required.)

Counting one byte in a single bit from DOUT pin

Count a single bit (2N bit) from DOUT pin. To count the following single bit (2n+1 bit), apply a shift clock to
DREQ pin. Shown below is Timing Chart.
For the numeric values of TAC1, TDRQH, TSHET, refer to Electrical Characteristics.

ASTRB(5th) \
or
DREQ(Istor 8th)  X10% 04 vaLiD

TACK(2) o

s NN

0%

DREQ
(shift clock)

Counting one byte in 4-bits from DO to D3 pins

In accordance with Table and (Note) in (2), fetch one byte from DO to D3 pins by 4 bits in 2 steps. Shown below
is Timing Chart.

ASTRB(5th) lower 4 bits higher 4 bits
or
DREQ(1st or 8th) nJACl(Z)———- —

- XD
- T

%
DSEL th
F1ov TpseL

22 (25)
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Counting one byte in 8 bits from DO to D7 pins
Fetch 8 bits from DO to D7 pins. Shown below is Timing Chart.

ASTRB(5th)

or T,

DREQ (1st or 8th) [
50%

DO (20)
-10%

§ )
'—_90-1.7 )

D7 (27)
LJO'I.

(5) Setting address again and counting data

(1) Timing for application of ASTRB pulse when address A is set and read out and then address B is set and
read out.

s— S5th ASTRB pulse

s 2720 -
T H-
—Tac— —TACT —~f
ASTRB iio% 10% /—-\ 0%
—, —
Do-7 7] vaLio (&) X777777777/R_ vALID (B)
I

A0~3 (5) M X ] X

18 bit

ADDRESS m A V /

i ~
Address A setting Address B setting

(2) Timing for application of ASTRB pulse when data is read out by application of DREQ signal (refer to (6)
below) and then address B is set and read out.

s 6th ASTRB puise

1 ~

4120
-l—wu
ASTRB
\ T
o 1s0) g
or 1s i N
N — 1N
oo VALID (A+1) m VALID (B)
!
£0-3 m - XX
18 bit
ADDRESS THTITIX B

253



LC3100

(6)

(7)

Request of ROM data at the following address

When the signal shown below is applied to the LSI, the LSI begins to read out data at the address immediately
following the address at which preceding data is read out.

Falling of 8th DREQ pulse (MODE="L’)

Falling of 1st DREQ pulse (MODE="H’)
Shown below is Timing Chart.-

Tevele
—TAC2——
ASTRB(5th) or \
DREQ (1st or 8th) 10%
18bit
ADDRESS X
0%
oc7 VALID (A+1)
% 7
DREQ —

10%
4720

8 pulses (MOOE:/L )
or
Ipulse (MODE:H )

Note) Apply ROM data request signai after TCYCLE or more has elapsed.
For the numeric value of TCYCLE, refer to Electrical Characteristics.

Power-down mode

When the input at CE pin ’is set to ‘H’ level, the LC3100 enters power-down mode (each block inside the LSI
stops its operation, with no unnecessary current dissipated.). At this mode, the LSI inside becomes as follows and
current dissipation is reduced.

(1) Input at input ports (ASTRB, DREQ, A0 to A3) is inhibited.

(It should be noted that if input is floating, current dissipation increases.)

(2) Both address decoder and data selector in 128K-bit ROM matrix stop their internal operation.

(3) Output at 3-state output pins DOUT, DO to D7 is floating or fixed. (The user can select either of the two.
Refer to “User mask’’) When CE is set to ‘H’, in addition to reduction in current dissipation as mentioned
above, 4 internal counters (ASTRB COUNTER, 18-BIT ADDRESS COUNTER, READ PULSE COUNTER,
DREQ COUNTER) are initialized in readiness for read-out after power-down mode release (CE='L’).
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User mask

(1) CHIP SELECT DECODER
User mask option which makes LSI chip select signal (select, nonselect) with 214 10 217 bits of 18-bit addresses.
Shown below is the output modes including CE pin conditions.

CE="L’ CE="H’ (Power-down)
Chip select DATA is outputted from DOUT, Data immediately before CE='H’ occurs
DO to D7 pins. is held and outputted.
(Note)
Chip nonselect Output at DOUT, DO to D7 pins Output at DOUT, DO to D7 pins has a high
: has a high impedance. impedance.

Note) In this case, the LSl only, having CHIP SELECT DECODER whose 214 to 217 bits are all 0, outputs
data and all others have a high impedance.

(2) SW mask
SW mask controls output at DOUT, DO to D7 output pins in the following two ways at power-down mode.
The user can select either of the two beforehand.

(i) Output at DOUT, DO to D7 pins is set to a high impedance.
(ii) Data immediately before power-down mode is held and outputted.

Sample Application Circuit (1) One word to one key correspondence

ﬁvj" H y
VDD LCB100 5P

~ ~  SFRM [——o—
~—co 3 3 slow| o2
co—1cC1 FAST ———o0=—
.
o Jc2 VDO
s o——C3 +
= lca 3 _;J___;,
s e— 1C5 filter
START DA
BUSY amp sp
DIRECT a REsET | *
<]
voo oy BEs™
Xm.
VoD o -
(or open) E << 22 g E 'g 5
MODE 27 8
TEST
DSEL

LC3100
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Sample Application Circuit (2) CPU control: Edit and synthesis with CPU

LM6400 sefies
LC6500 seris etc.

CPU

\o>—{ DRECT @ Bz,
! {2

Lc3100

Sample Application Circuit (3) CPU control: Application other than speech synthesis

LC3100

LM6400 series
LC6500 series etc.

CPU

Note) Connect signals shown with dotted lines as required.
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Absolute Maximum Ratings at T,=25°C, Vgg=0V unit
Maximum Supply Voltage Vpp max VDD pin —-3.0to +7.0 \
Input Voltage VIN All input pins —0.3 to Vpp+0.3 \
Output Voltage Vo All input pins —0.3 to Vpp+0.3 Y
Output Current o All output pins, per pin —2.0t0+2.0 mA
Allowable Power Dissipation P4 max Ta=—30 to +70°C 200 mW
Operating Temperature Topg —-30to +70 °c
Storage Temperature Tstg —55 to +125 °c

Allowable Operating Ranges at T3=—30 to +70°C, Vgs=0V, Vpp=4.5 to 6.5V min typ max unit
Supply Voltage VpD VDD pin 4.5 5.0 6.5 \%
Input ‘H’-Level Voltage VIH All input pins other than 0.7Vpp Y

DO to D7
Input ‘L’-Level Voltage ViL All input pins other than 0.3Vpp \
DO to D7
Operating Clock Frequency fcT Fig. 1, T3=—30 to +60°C 150 800 960 kHz
Operating Clock ‘H’-Level tweH Fig. 1 03 s
Pulse Width
Operating Clock 'L'-Leve! twpl Fig. 1 0.47 us
Pulse Width

Electrical Characteristics at T;=—30 to +70°C, Vpp=4.5 to 6.5V, Vgg=0V min  typ max unit
Input ‘H’-Level Current lH VIN=VDD 1.0 A
Input ‘L’-Level Current L ViN=Vss -1.0 HA
Output ‘H’-Level Voltage VOH IoH=—0.3mA Vpp—0.6 Y
Output ‘L'-Level Voltage VoL IoH=0.3mA 0.6 \%
Output OFF Leak Current lOFF1 Vo=Vpp, DO to D7, DOUyT pin 1.0 uA

l0OFF2 Vp=Vss, DO to D7, Doyt pin —1.0 uA
Input Pin Capacitance Cj 5 10 pF
Pull-up Resistance Rup TEST pin 20 1000 kQ
Current Dissipation IpD(1) At operating mode, fcT=960kHz, Fig. 2 2.0 mA
IpD(2) At nonoperating mode, T3=—30 to +50°C, 1.0 uA

Fig. 2

AC Characteristics at Ta=—30 to +70°C, Vpp=4.5 to 6.5V, Vgs=0V, R|_=200kohm, Cp=50pF
min typ max unit

Address Setup Time TADST Fig. 3 0.3 us
Address Hold Time TADHD Fig. 3 0.3 us
ASTRB ‘H'-Level Pulse Width TSTRH 0.3 us
ASTRB ‘L’-Level Pulse Width TSTRL 0.3 us
DREQ 'H'-Level Pulse Width TDRQH 0.3 us
DREQ ‘L'"-Level Pulse Width TpRaAL 0.3 us
ASTRB Pulse Duration TASTRB Fig. 3 1.5 us
DREQ Pulse Duration TDREQ Fig. 4 1.5 us
ROM Data Access Time (1) TACT fcT=200kHz typ., Fig. 5, Note 1 26.0 us
ROM Data Access Time (2) TAC2 fcT=200kHz typ., Fig. 5, Note 1 26.0 us
DREQ TO DOUT Delay Time TSHFT Fig. 6 0.6 us
DSEL TO D0-3 Delay Time TDSEL Fig. 7 0.3 us
Cycle Time TCYCLE fcT=200kHz typ., Fig. 8, Note 1  30.6 us
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Fig. 1 Input waveform at CT pin

— —-—— VpD
— VIH
90 %
10%%
—J viL
vss
twgh —twgl—
1 [fep—— —
Fig. 2 LC3100 LC3100
o— D7 o—D7
o— D6 O] %
o—] o
S oo 100
Open| S pen | o B
o8l o bi
o——-w o—{ DO
LO—J pouT o—{pout
TEST—o Open Tes1 —o Open
o0E — MODE
CE DSEL
Al
VDD vssAO VDD VSS AD
J » r
VoD VoD
[ pp (1) Test Circuit 10D (2) Test Circuit
Fig. 3 ~TSTRH TASTRS Fig. 4
Voo |~ DRQH-~1 TDREQ ————~
VH
90% ra VDD i
i
ASTRB 0%
0% OREQ
p— Ty
ves IL
——TADST—  —TSTRH— on
p— v
ViH IL
90% Vss
A0~A3 :>< data X T
0% 4 iL DRGL
k]
TADHD
Figl 5 (1) 5th (2) 1st or 8th
VDD VoD
O I 2 Y ViH 0% — VIH
ASTRB DREQ
—| viL e V1L
Vss - Vss
—TAC1— ——Tac2
7 90t o 17 30% YoH
oout DATA VALID pour 7, / DATA VALID
- 10% VoL ; 10%

-
ROMData Access Time (1)

VoL
—

& 0MData Access Time (2)
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Fig. 6
v 1st 2nd
® Y em— —————— VM
90%
DREQ
0% —  S—
Vss
TsHFT
0% Vo
pour 2 2! 2
0% vou
Fig. 7
v
H 0%
DSEL
viL —f 10%
ToseL
v
£0% OH
Do~D3 DATA VALID
%
io_..._. VoL
Fig. 8
TeveLe
VoD v
30, —\ [ H
DREQ
10%
—7 1 v
Vss L
VoH
DO~ D7 VALID
DOUT v You

example of MODE='H'

Note 1 Use the following formulas to calculate TAC max, Tcycle max for a given fCT.
5000

TAC max=——"—+0.6 Us Teyele max:_ﬂ.
fCT(kHz)

+0.6 us
fCT(kHz)
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C MOS LSI

LC3101

3014A 30258

128K-Bit CMOS Mask ROM

® 1542

The LC3101 is a 128k-bit CMOS mask ROM that contains an interface connectable direct to the speech synthesizer
LS! LC8100. With one piece of this mask ROM, approximately 100 seconds of speech synthesis can be attained.
Since it also contains an interface connectable direct to an EPROM, speech synthesis can be attained by using this

mask ROM and an EPROM jointly.

A selection of 8-bit, 4-bit, or single-bit output data is allowed by means of external control. This mask ROM is also
suited for use in applications other than speech synthesis.

Features
® ROM capacity
® Access time
® Cycle time
® Function

® Low power dissipation
® Current dissipation

® Single +5V power supply
® Package

‘Pin Assignment

EAM EAZ
EA EA%
EA2 ] EAIS
EA3 d EAK
EM B
vss (5 cr
MODE [7] DOUT
psa. 7] DREQ
Do & ASTRB
D AQ
NC (I Al
e 2 A2
D3 I} A3
D4
05 [B]
06 (8 MEP BV
07 EAI3
EAS [§ 2 EAI2
EA6 EAlNl
EA7 3 EAI0
(7] EA9

{top view)

128K bits
25.6usec typ (for operation at 200kHz typ.)
30.6usec typ (for operation at 200kHz typ.)
(1) Contains an interface to an EPROM.
(2) Contains an interface to the LC8100 (speech synthesizer LSI).
(3) Possible to select the bit length of output data.
8-bit data
4-bit data
Single-bit data
CMOS
2mA max. (at operating mode)
1uA max. (at nonoperating mode)
+2.7 t0 6.0 V (supply voltage range)
DiP24

Case Outline 3014A-D42IC

(unit: mm)
gnnnnnn nnnnn”—r
¥
) 3%}
Se
oo OU OO uuuuu"'_L
™ 53.2
s ;2
e
2.5 X
SANYO: DIP42
Case Outline 3025B-D42SIC
(unit: mm) % 2
alalalaE T alalalalaim
?‘ i
=hld
J.|
—-—— -
L

SANYO: DIP42S
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Equivalent Circuit Block Diagram

A0 to A3: 18-bit address setting pins ci? Mge RO cg

ASTRB: AD to A3 strobe pin [

DREQ: ROM data request pin

DOUT: ROM data serial output pin

CT: Basic operation clock input pin ASTRB

DO to D7: 8-bit input/output pins o

MODE: DREQ pin input pulse count control pin

DSEL: Output bit length select pin “j;j/:g:{:‘;
CE: Power-down control pin o |

EAO to EA17: 18-bit address output pins

ADO |
A30 ¢

N '
r Ju
128k bit
ROM matrix

E
I
!
i
|
om(ro/lologuc’

Description of Operation of Internal Biock

® ASTRB COUNTER:

18bit ADDRESS COUNTER:
READ PULSE COUNTER:
CHIP SELECT DECODER:
128kbit ROM MATRIX:
PARALLEL TO SERIAL:
1/0 PORT:

Pin Description

Block which internally sets address information applied in b steps from AO to A3
pins.

Address counter organized with 18 bits.

Block which generates signal to operate address decoder, data selector.

Makes chip select signal with 214 to 217 bits of 18-bit address.

ROM matrix cell organized with 128K bits.

Shift register which serially outputs 8-bit parallel data to DOUT pin.

Selects input/output at DO to D7 pins.

Pin No. Pin Name Input/output Function

34 ASTRB Input Pin for inputting strobe signal which causes data
AO to A3 to be latched at address setting mode.

35 DREQ Input ROM data request signal input pin.

36 DOUT Output Pin for outputting ROM data serially. When used in
conjunction with the LC8100, this pin is connected
to DIN pin of the LC8100.

37 CcT Input Pin for inputting basic operation clock of ROM
inside. When used in conjunction with the LC8100,
this pin is connected to CT pin of the LC8100.
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Pin No. Pin Name Input/output Function

38 CE Input Pin for controlling initialization of LS! inside imme-
diately after application of power and internal
operation stop (power-down). For performing
synthesization or ROM data read-out, set CE to
‘L.

6 Vss - Connected to OV of power supply.

28 VDD - Connected to + side of power supply.

29 00/01 Input Always set to Vg

7 MODE Input Pin for controlling number of input pulses at DREQ
pin. When ROM data read-out is performed serially
in a single bit, set MODE to ‘L. When ROM data
read-out is performed in 8 bits or 4 bits, set MODE to
‘H'.

8 DSEL Input Used when ROM data read-out is performed in
4 bits. When DSEL is set to ‘H’, 24 10 27 bits are
outputted to DO to D3 pins.

9 DO Pins for outputting ROM data in 8 bits and inputting

10 D1 data in 8 bits.

12 D2

13 D3 Input/output

14 D4

15 D5

16 D6

17 D7

27 MEP/EVA Input Open or connected to Vpp.

30 A3 Pins for setting 18-bit address. At address setting

31 A2 Input mode, address information is inputted by 4 bits

32 A1l from high-order bit downward in 5 steps.

33 AO

1 EAQ Output 18-bit address output pins.

2 EA1

3 EA2

4 EA3

5 EA4

18 EAbS

19 EAB

20 EA7

21 EA8

22 EA9

23 EA10

24 EA11

25 EA12

26 EA13

39 EA14

40 EA15

a1 EA16

42 EA17
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How to use the mask ROM and an EPROM jointly

The mask ROM and an external EPROM can be used jointly. Two selections of operation mode shown below are
available by high-order 4 bits (EA14 to EA17) of 18-bit address.

Operation Mode Pins{ DO to D7 Operation
1) Output The mask ROM contents are delivered at pins DO to D7 and DOUT.
Input The EPROM output contents are read in from pins DO to D7 and are delivered at
(2) .
pin DOUT.

How to select the operation mode

The LC3101 contains a 4-bit chip select decoder (user option: Refer to’’User mask’’). Coincidence or uncoincidence
with high-order 4 bits (EA14 to EA17) of 18-bit address is detected to select the operation mode.

Operation Mode 4bits of Chip Select Decoder Operation of LC3101

1) Coincidence with EA14 to EA17 Pins DO to D7: Output mode
Mask ROM read enable mode
Uncoincidence with EA14 to EA17 | Pins DO to D7: Input mode
Mask ROM read inhibit mode

Fig. 1 shows the schematic diagram of the control section related to these operation modes. Fig. 2 shows the assign-
ment of 256k-byte (128k bits x 16) that can be specified by 18-bit address.

(2)

Fig. 1 Schematic Diagram of Control Section

4
AO~A3

e | address counter
i 23~

T % EAO~EAT7
: )

T
- address
ity EPROM
decoder

——a 128kbt masked ROM

be
/_sﬁ
VDD parallel to serial ——>=—ODOUT 8 00000 %k byte ~
I { 0
MEREVR, Dor—8) | 82556

[ M_d,__i Q7FFF ‘

08000

2%

Fig. 2 Address Space Assignement

OBFFF for
0€000 EPROM

OFFFF
10000

13FFF

128k bits /
specified
by chip
select
decoder.

for

= Hor
3800 EPROM

3BFFF

3C600 6k byte

3FFFF %
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ROM Data Read-out Procedure

The following flowchart shows the outline of read-out procedure. (1) to (7) give a more detailed description.

Application
of power

1

(1) Initialization of internal
mode (CE='H’)

t
CE="L’

(2) Setting of bit length of
read-out data

(3) Address setting EA14 to EA17: High-order 4 bits of 18-bit address

o

Coincidence of EA14 NO
to EA17 with chip select
decoder contents?

YE

- S
) EPROM data i f i
(4) Output data is fetched from to D;)l;ﬂre i?ic;?:;t:? p{:ggS;.Do
DOUT or DO to D7. This data are fetched.
T 1

Does ROM data read-out
continue?

Does standby continue at
power-down mode?

(5) Is data at immediately

NO following address read?

(6) Data request signal is applied L
from DREQ pin. (7) CE='H

No data request
signal is sent.

(1) Initialization of internal mode

There are 4 counter blocks (ASTRB counter, 18-bit ADDRESS counter, READ PULSE counter, DREQ counter)
inside the LC3101. Since initialization is required immediately after application of power, apply one ‘H’ level
pulse to CE pin. When CE is set to ‘L’ level, the power-down mode is released (refer to (7)) and it is possible to
start read-out any time.

(2) Setting of bit length of read-out data

For the bit length of ROM data output, a selection of 3 lengths is allowed: 8 bits, 4 bits, and a single bit. For
controlling this selection, MODE, DSEL pins are used. The following Table shows 3 types of pin setting.
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MODE L He
DSEL
‘L Single-bit length 8-bit or 4-bit length or
(speech synthesis) 4-bit length (Note)
‘H’ - 4-bit length (Note)

(Note) When DSEL is set to 'L’, 20 to 23 bits are outputted at DO to D3 pins.
When DSEL is set to ‘H’, 24 to 27 bits are outputted at DO to D3 pins.

(3) Address setting

Apply 5 successive pulses to ASTRB pin. Synchronously with these pulses apply 18-bit address information to
AO to A3 pins from high-order bit downward by 4 bits in 5 steps. At this address setting mode DREQ pin must
be set to ‘L’ level. Shown below is the timing.

ASTRB

S T G D D D S
D G S D) S 6
D G G SR GG 8
D) D SR SEED GED &

Siress [/ W, T A YALID

(Note) * '"*"=don’t care.
e "20"=Binary number at the nth bit to be set in address counter.
» For the numeric values of TSTRH, TSTRL. TADST. TADHS. refer to Electrical Characteristics.

Start of read-out of set address data

Read-out of ROM data starts at the falling of the 5th ASTRB pulse or the first (MODE='H’) or the 8th (MODE="L’)
DREQ pulse, and when access time TAC1 has elapsed 20 bit is outputted at DOUT pin and 20 1o 27 data are outputted
at DO to D7 pins. (Refer to the following Timing Chart.)

Note) For the numeric value of TAC1, refer to Electrical Characteristics.

ASTRB
(5th)

T
107 A

I
pbour / " BATA VALID
(0o-07y 1)1 ) 0%
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(4) Fetching of output data

As shown above, whenever access time TAC1 has elapsed, data can’ be fetched from output ports DOUT or DO to
D7 pins. (Pin setting as shown in Table in (2) is required.)

Counting one byte in a single bit from DOUT pin

Count a single bit (2D bit) from DOUT pin. To count the following single bit (2n*1 bit), apply a shift clock to
DREQ pin. Shown below is Timing Chart.

For the numeric values of TAC1, TDRQH. TSHFT, refer to Electrical Characteristics.

ASTRB(Sth)
or 10%
DREQ(Ist or8th) ¥2° __ S yap

TACN2) |

Counting one byte in 4-bits from DO to D3 pins

In accordance with Table and (Note) in (2), fetch one byte from DO to D3 pins by 4 bits in 2 steps. Shown below
is Timing Chart.

ASTRB(5th) lower 4 bits higher 4 bits
or
TA1(2) fo?
DREQ(1st or 8th) 10%
e ~50"%
Do / (20) (24)
A 0% 10%

(25)

D1 % (21) %4
D2 // (2 )>%< (26)
03 % 9%31'))%{ m:(ﬂ )

DSEL S0%

~
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Counting one byte in 8 bits from DO to D7 pins
Fetch 8 bits from DO to D7 pins. Shown below is Timing Chart.

ASTRB (5th)
or
DREQ( 1st or 8th) IO'I.TAO(Z)_.

s l g
. VI
10%

(5) Setting address again and counting data

(1) Timing for application of ASTRB pulse when address A is set and read out and then address B is set and
read out.

_—5th ASTRB pulse
5 1 ~ 5

—Tact—— 1~

TACH —

ASTRB \ o0 -~ /_\:‘0‘.,.
. e
200t :)// 7XT vauD (A) VALID (B)

A0-3 s XK oy X & X
- /) G/ W, B

_/ |
Address A setting Address B setting

(2) Timing for application of ASTRB pulse when data is read out by application of DREQ signal (refer to (6)
below) and then address B is set and read out.

5 5th ASTRB puise

4720
iy
TRB
s 4)?\_,_/_—\(10% .
|
T -
(Ehor1st) 10 “
oris o ™
N
D0~7
VALID VALI
DOUT (A+1) LID(B)
A0-3 /) X ) | X
L%tg:tss A A+l B
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(6) Request of ROM data at the following address

When the signal shown below is applied to the LSI, the LSI begins to read out data at the address immediately
following the address at which preceding data is read out.

Falling of 8th DREQ pulse (MODE="L")

Falling of 1st DREQ pulse (MODE="H’)
Shown below is Timing Chart.

TeveLe i
— Taci2)—

ASTRB (5th) or \ "
DREQ(1st or 8th) \10%s

bit
1usddnss X

S0%

DO~7
oout VALID (A+1)
DREQ

8 pulse (MODE : L)
or
1 puse (MODE : H)

Note) Apply ROM data request signal after TCYCLE or more has elapsed.
For the numeric value of TCYGLE, refer to Electrical Characteristics.

(7) Power-down mode

When the input at CE pin is set to ‘H’ level, the LC3101 enters power-down mode (each block inside the LSI
stops its operation, with no unnecessary current dissipated.). At this mode, the LS| inside becomes as follows and
current dissipation is reduced.

(1) Input at input ports (ASTRB, DREQ, A0 to A3) is inhibited.

(It should be noted that if input is floating, current dissipation increases.)

(2) Both address decoder and data selector in 128K-bit ROM matrix stop their internal operation.

(3) Output at 3-state output pins DOUT, DO to D7 is floating or fixed. (The user can select either of the two.
Refer to “User mask”) When CE is set to ‘H’, in addition to reduction in current dissipation as mentioned
above, 4 internal counters (ASTRB COUNTER, 18-BIT ADDRESS COUNTER, READ PULSE COUNTER,
DREQ COUNTER) are initialized in readiness for read-out after power-down mode release (CE="L").

User mask

(1) CHIP SELECT DECODER
User mask option which makes LSI chip select signal (select, nonselect) with 214 to 217 bits of 18-bit addresses.
Shown below is the output modes including CE pin conditions.

CE="L’ CE='H’ (Power-down)
Chip select DATA is outputted from DOUT, Data- immediately before CE='H’ occurs
DO to D7 pins. is held and outputted.
(Note)
Chip nonselect Output at DOUT, DO to D7 pins Output at DOUT, DO to D7 pins has a high
has a high impedance. impedance.

Note) In this case, the LSI only, having CHIP SELECT DECODER whose 214 to 217 bits are all 0, outputs
data and all others have a high impedance.
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(2) SW mask
SW mask controls output at DOUT, DO to D7 output pins in the following two ways at power-down mode.
The user can select either of the two beforehand.

(i) Output at DOUT, DO to D7 pins is set to a high impedance.
(ii) Data immediately before power-down mode is held and outputted.

Sample Application Circuit (1)

One word to one key correspondence ,Fl a ";\,
or
‘jr VDD
vpD LCB8100 Q
o——u
_- S 5 SFRM f———o—
o——Co 8 8 SLOW. o
& o——C1 FAST t——o—g |
5o c2 VDD 7
o o—C3 =
S"o——{C5 tilter amp  gp
START DA —D—[ﬂ
BUSY
DIRECT a o RESET 'g
e o
06 = w TEST
Voo SzI2%EEL il
]
|
‘ ;
\ 1 =~
16 max
(or open) T
L_\ B T2 E g fé 5
’L MODE PRI
MEP/EVA
DSEL
00/01
[C3101
Sample Application Circuit (2)
CPU control: Edit and synthesis with CPU s
(The mask ROM and a 64k-bit EPROM are used jointly.) J,,_‘ O |:L'
{ 1 or
s U S i b
[ ~ -
co v Q
C1 § £5 8 § VDD -———
c2 =
c3 Vss
s 4 filter ampsp
< o] DA
"a START
vy BUSY RESET _IH._]
‘g s VDpo— DIRECT TEST ﬂ
oo +—| OSCG a
g -~ 5 ®Z
30 LRI IAILESC LC8100
zZ9 | I [
! { l
|
=32 ,.,‘i@,. ‘ Lc3101
CE <33Rzl
MODE n & §
> VDDO—{MEP/ EVA <
o DSEL on OB
© J’—WN &5 I3 &8

output ¢ 30max

I - ox

64kbit EPROM
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Absolute Maximum Ratings at Ta=25°C, Vgs=0V

Maximum Supply Voltage
Input Voltage

Output Voltage

Output Current

Allowable Power Dissipation
Operating Temperature
Storage Temperature

Allowable Operating Ranges at T,=—30 to +70°C, Vss=0V, Vpp=4.5 t0 6.5V

Supply Voltage
Input ‘H’-Level Voltage

Input ‘L’-Level Voltage

Operating Clock Frequency

Operating Clock ‘H’-Level
Pulse Width
Operating Clock ‘L'-Level
Pulse Width

Electrical Characteristics at T3=—30 to +7Q°C, Vpp=4.5 to 6.5V, Vgg=0V

Input ‘H’-Level Current
Input ‘L"-Level Current
QOutput ‘H’-Level Volitage
Output ‘L’-Level Voltage
Output OFF Leak Current

Input Pin Capacitance
Pull-up Resistance
Current Dissipation

Vpp max VDD pin
VIN All input pins
Vo All output pins
o All output pins, per pin
Pgmax  T5=—30to+70°C
Topg
Tstg
min
Vpbp VpD pin 4.5
VIH(1) All input pins other than 0.7Vpp
DO to D7
ViH(2) DO to D7 pins 2.2
ViL(1) All input pins other than
DO to D7
ViL(2) DO to D7 pins
fcT Fig. 1, T;=—30 to +60°C 150
twOH Fig. 1 0.3
twOL Fig. 1 0.47
min
HH VIN=VDD
hL VIN=Vss -1.0
VOH loH=—0.3mA Vpp—0.6
VoL loH=0.3mA
lIOFF1 Vo=Vpp, DO to D7, DQuT pin
lOFF2 Vp=Vss, DO to D7, Doyt pin  —1.0
Cy
Rup Each pin of MEP/EVA, 00/01 20
IpD(1) At operating mode, fcT=960kHz, Fig. 2
1DD(2) At nonoperating mode, T5=—30 to +50°C,

Fig. 2

-3.0t0+7.0

-0.3 to Vpp+0.3
—0.3 to Vpp+0.3

AC Characteristics at T;=—30 to +70°C, Vpp=4.5 to 6.5V, Vgg=0V, R =200kohm, CP=50pF

Address Setup Time

Address Hold Time

ASTRB ‘H'-Level Pulse Width
ASTRB ‘L'"-Level Pulse Width
DREQ ‘H'-Level Pulse Width
DREQ ‘L'-Level Pulse Width
ASTRB Pulse Duration
DREQ Pulse Duration

ROM Data Access Time (1)
ROM Data Access Time (2)
DREQ TODqgyT Delay Time
DSEL TO D0—3 Delay Time
Cycle Time

TADST
TADHD
TSTRH
TSTRL
TDRQH
TbRraL
TASTRB
TbRrEQ
TacC1
TAC2
TSHFT
TDSEL
TcycLE

Fig. 3
Fig. 3

Fig. 3
Fig. 4
fcT=200kHz typ., Fig. 5, Note 1
fcT=200kHz typ., Fig. 5, Note 1
Fig. 6
Fig. 7
fcT=200kHz typ., Fig. 8, Note 1

min
0.3
0.3
0.3
0.3
0.3
0.3
1.5
1.5
26.0
26.0
0.6
0.3
30.6

—2.0t0+2.0
200

—30 to +70
—~55to +125
typ max
5.0 6.5
0.3Vpp
0.6

800 960
typ max
1.0

0.6

1.0

5 10
1000

2.0

1.0

typ max

unit

kHz
us

us

unit
uA

MA
MA
pF
k&
mA
A

unit
us

us
us
us
us
us
s
us
us
us
us
us
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Fig. 1 Input waveform at CT pin

Open

Vae(ty
H
obh
10%
viL(
Vss
LC3101
J%  mh)
] D5 EA'Ig :
—1{D4 Egﬁlg | —
_1p3 |
Open| _|D2 EAI2 |—
—{ D1 EE:;(]) -
—4D —
— DgUT -
EA7 [—
EA6 |—
EAS5 |
EAL [—
EA3 —
EA2 |-
EAl —
EAQ —
MEP/EVA |—
0001 — J
CE MODE
DSEL
A3
A2
Al
A0
VD VsS
!
”w
vVop
[ pp (2> Test Circuit
i~ ToRgH=+=——ToREQ

V(1)

Vi)

-
o twgt —| | twll
1/ e
Fig. 2
Lc3ol LC3101
—o A
— DS D5 EAI5 —
e s
103 L
Open| 153 D2 EA2 | —
— D) D1 EAII"L
_ DO EAD |
DO Y
—pour Open {27 EA8 — |Open
- EAT [—
. EA6 |
EAS |—
EAb |—
EA3 [
EA2 |
EAY [
EA0 [ |
960kHz —|CT Open —(¢T _
MEREVA |— N MEP/EVA
MODE  00/07 MODE  00/07 | —
D DSEL [
TE
A3 A3 (1
i | s
2o A6 [
VDD __ VSS VDD VSS
! !
7 ”
Voo VDD
I pp (1) Test Circuit (A) [ 0p (1) Test Circuit (B)
Fig. 3 Fig. 4
TSTRH TASTRB
Voo VIH(
”%. T 1
% Voo
ASTRB e
0% 7
Vi
vss {
TADST —~| ~—TSTRH —f
v 0%
o H(1) ves
AO~A3 data
x 10% viLay

Tavo

ToRQL

271



LC3101

Fig. 5 (1)
g?,, [ \ —VIH(1)
ASTRB
] viL(1)
3
oour V// /// 90/. .
/ /‘ o:ATA VALI
ROM Data Access Tlme (1)
Fig. 5 (2)
e 1st or 8th
‘gﬁ, [ VIH(D
DREQ
) l—Tac2
. VoH
DOUT W DATA VALID
0% Yo
~—
ROM Data Access Time (2)
Fig. 6 - e Fig. 7
S n
VDD
90, — VIH(1) o VM)
DREQ / / \ DSEL }(
c10'/. iu
0% | (1)
! foon YoM
D0~D3 DATAVALID
pouT 0%
M voL
Fig. 8
————— TeveLe —
\;%E —\ — - VIH (1)
e / /
:/Z:'it:t:*~— : L
DO~D7 )
DOUT

example of MODE=H

Note 1 Use the following formulas to calculate T AC max, Tcycle max.

5000 ‘0.6 6000

TAC max= £07 (ks For ki)

s Teycle max= +0.6 s
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LC351 4’ C MOS LsI

3514L [P AR

® 1525

General Description
The LC3514/LC3514L are nonclocked CMOS static RAM's organized as 1024 words x
4 bits. They are compatible with worldwide standard N-channel 211l4-type 4K
SRAM's and have a complete CMOS circuit configuration.
With the current dissipation being low at the data hold mode or standby mode
and the access time being so short as 200ns (max.), they are especially suited
for use in memory systems which require a high speed and low power dissipation
and battery-powered portable systems. For the LC3514L, a standby current of
1uA max. is guaranteed at 60°C.

Features
. Wide speed: Address access time (tAA)=200ns(max)
. Low standby current
1 uA(max) at Ta=60°C : LC3514L
50ul(max) : LC3514
. Low data hold current.
0.8uA(max) at Ta=60°C : LC3514L
10uA(max) : LC3514
. Single 5V supply : 5v¥109
. Data hold supply voltage : VCCBB=2'° to 5.5V
. No clock required (Complete static memory)
. Directly TTL compatible: All inputs and outputs.
. Common data input and output using 3-state outputs.
. The output data has the same polarity as the input data.
. High-density 18-pin package.
. Pin-out compatible with 2114 NMOS RAM

Pin Assignment

Vcc A7 A8 A91/011/02 /03 4 WE

[18] [17] [16] [15] [1<] [13] [12] [1] [10]

Case Outline 3007A-D18IC
P (unit:mm)
ODHEEE LI EE Annnnonos

fe— 6.4 —»]

7.62

b

°

LiJLJl_ILJL_Il_]L_JLJLDJ

24.2
e

05 1.2 2.54 SANYO: DIP1S8

max

3.3 3.85
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A4 ]
2 | <«—oVvee
AS o————ﬂ —1 l 9
A6 O,I—__:?: ROW MEMORY ARRAY oo
worl Tl || S,
A o——————:{ D3 ——
spﬂ
Aso—————-~——:£§::::
1/015% P m— F— sense switch
1/020%2 P — L"APT“AT COLUMN SELECT
1/0302 FCONTROL [LIT.
1/040M L& [&[1%]’1
s
- T
W 10
L —_— - -
Sl GLL 75 4
A0 A1 A2 A3
Absolute Maximum Ratings at Ta=+25°C unit
Input Pin Voltage VIn -0.3 to Vpe+0.3 A
I/0 Pin Voltage vI/O -0.3 to Vpe+0.3 v
Maximum Supply Voltage Vocmax +8.0 v
Allowable Power Dissipation Pdmax 400 mW
Operating Temperature Topg -30 to +85 oc
Storage Temperature Tstg -55 to +125 oc
DC Allowable Operating Current at Ta=-30 to +85°C min typ max
Supply Voltage Vee 4,5 5.0 5.5
Input "H" Level Voltage Vig 2.4 Veet0.3
Input "L" Level Voltage ViL -0.3 0.8
DC Electrical Characteristics at Ta=-30 to +85°C,VCC=5V110% min typ max
Input Leakage Current It VIN=0 to Vpe -1.0 1.0
I/O Leakage Cu!‘r‘ent ILO V@:VIH,VI/O=O to VCC -1 .O 1 oo
Power Supply Current ICCA1 v§§=VIL’VIN=vC ,I1/0=open 35
ICCA2 VC-S=VIL,VIN=2. V, I/0=Open )40
ICCA3 \/ N:Ooerc,I/O=open,f=1MHz 20
Cé Duty 50%
Standby Power Supply Iccs Ves=Veo)Vn=0toVpe LC3514 50
Current (Ta=GOgC)LC3514L 1
Output "H" Level Voltage Vg Iny=-1.0mA 2.4
Output "L" Level Voltage Vg  Ig;=2.0mA 0.4
Input/Oatput Capacitance at Ta=+25°C,f=1MHz min typ max
Input/Output Capacitance CI/O VI/0=OV 10
Input Capacitance IN VI/0=OV 5

unit

unit
ul
ul

ul
ul

unit
pF
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AC Electrical Characteristics at

1.AC Test Conditions

Input Pulse Voltage Level

Input Rise/Fall Time

Input/Output Timing Level

Output Load

2.Read Cycle
Cycle Time
Address Access Time

Chip Select Access Time®1
Chip Select Access Time¥*2

Output Data Hold Time

0.8V to 2.4y

10ns
1.5V

1TTL gate + CL=100pF

Cre
tan
tesan

tesaz
t

OH
Chip Select - Output Enable Time tCOE

Chip Select - Output Disable Time tCOD
applies when the nonselect time of
2 tCSAZ applies when the nonselect time of

*1 tesag

Read Cycle Timing (1)

Voo=5V*10%,Ta=-30 to +85°C

min typ max

200

20
15

CS is more than 100ns.
CS is 100ns or less.

e— —— ————— taa

tre

X

ton

Dout

PREVIOUS DATAVALIO

KX X XK

DATA VALID

—
\

4//

tcsa

N %

DATA VALID

Dour

NN

l«<—— tcop l‘

Note(1) WE is high for a read cycle.

3.Write Cycle
Cycle Time
CS - Setup Time
Address Setup Time (1)
Address Setup Time (2)
Write Pulse Width
Address Hold Time
Data Setup Time
Data Hold Time

WE - Output Disable Time

WE - Output Enable Time

tuc
tew
tAS1
AS
twpg3

200
200
250

60

unit
ns
ns
ns
ns
ns
ns
ns

min typ mex unit

200
180
180
0
180
0
120
0

0

60

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
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Write Cycle Timing

X
SN\ S 77/ ///// /4
= /¥

twop < twoe
por 3OSV V VNV NN L772
[l ) NANN

tas

E
),'4
z

¥
NG

tps —>f« tDH—>{

X XXX

#3 tWP occurs during the overlap of a low CS and a low WE.
tgp is measured from the latter of CS or WE going low to the earlier
o

CS or WE going high.

Low Supply Voltage Data Hold Characteristics at Ta=-30 to +85°C
min typ max unit

Data Hold Supply Voltage Veeps Vin=CGND or VCC'VC_S,:VCC 2.0 5.5 v

Data Hold Power Supply ICCBB[\’IN=GND or VCC’VC—S:VCC LC3514 10 uA

Current Voe=3.0V ILC3514L 0.8 wuA
(Ta=60°C)

CS Setup Time tcse 0 ns

CS Hold Time t tpc*4 ns

CHB
®l tpc : Read cycle time

Data Hold Timing Chart

tscB—> by mode T tcHs

Vec SV
L5V - - - -

VecBe — === of~= === —- ==

viL
GND

276



L03514D’ | C MOS LsI

1024 Words by 4 Bits CMOS
Static RAM

3514E

3007A

® 1526

General Description

The LC3514D/LC3514E are nonclocked CMOS static RAM's organized as 1024 words x
4 bits. They are compatible with worldwi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>