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NEC

MICROCOMPUTER SELECTION GUIDE

SINGLE CHIP 4-BIT MICROCOMPUTERS

SUPPLY
DEVICE FAMILY ROM RAM I/0 | PROCESS | OUTPUT | FEATURES | VOLTAGE | PINS
wPD553 wCOM-43H 2000 x 8 96 x4 | 35 PMOS 0.D. A -10 42
wPD557L rCOM-43SL 2000 x 8 96 x4 | 21 PMOS 0o.D. A -8 28
wPD552 wCOM-44H 1000 x 8 64 x4 | 35 PMOS 0.D. A -10 42
wPD550 wCOM-45 640 x 8 32x4 | 21 PMOS 0.D. A -10 28
wPD550L rCOM-45L 640 x 8 2x4| 21 PMOS 0O.D. A -8 28
wPD554 wCOM-45 1000 x 8 32x4 | 21 PMOS 0.D. A -10 28
wPD554L rCOM-45L 1000 x 8 2x4| 21 PMOS 0.D. A -8 28
wPD556B nCOM-43 External 96 x4 | 35 PMOS 0.D. B -10 64
MC-430P nCOM-43 2000 x 8 96 x4 | 35 PMOS 0.D. G -10 42
UV EPROM

wPD7500 wPD7500 Series External 256 x 4 | 46 CMOSs 0.D. Cc +2.7t05.5
wPD7501 wPD7500 Series | 1024 x 8 96 x4 | 24 CMOS 0.D. D +2.7t05.5
wPD7502 wPD7500 Series | 2048 x 8 128 x 4 | 23 CMOS 0.D. D +27t05.5
wPD7503 wPD7500 Series | 4096 x 8 224 x4 | 23 CMOS 0.D. D +2.71t05.5
wPD7506 wPD7500 Series | 1024 x 8 64 x4 | 22 CMOS 0.D. +27t055| 28
wPD7507 rPD7500 Series 2048 x 8 128 x 4 | 32 CMOSs 0.D. +2.7t05.5| 40/52
wPD7507S | wPD7500 Series | 2048 x 8 128 x4 | 20 CMOSs 0.D. +27t055| 28
wPD7508 wPD7500 Series | 4096 x 8 224 x 4 | 32 CMOS 0.D. +2.7t05.5| 40/52
wPD7508H | pwPD7500 Series | 4096 x 8 224 x 4 | 32 CMOS 0.D. +2.7t05.5| 40/52
wPD7508A | wPD7500 Series | 4096 x 8 208 x 4 | 32 CMOS 0.D. A +27t055| 40
wPD7519 wPD7500 Series | 4096 x 8 256 x 4 | 28 CMOS 0.D. F +27t0o55| 64
wPD7520 rPD7500 Series 768 x 8 48 x4 | 24 PMOS 0.D. E —-6to —10 28
wPD7514 wPD7500 Series | 4096 x 8 256 x 4 | 31 CMOS 0.D. D +27t055| 80
wPD7528/38| wPD7500 Series [ 4096 x 8 160 x 4 | 35 CMOS 0.D. A +27t05.5| 42
wPD7527/37 | wPD7500 Series | 2048 x 8 160 x 4 | 35 CMOS 0.D. A +27t0o55| 42

— 35V VF Display Drive
rCOM-4 Evaluation Chip
rPD750X Evaluation Chip

Notes. A
B
Cc
D = LCD Controller/Driver
E
F
G
0.

wonon

= LED Display Controller/Driver
= VF Display Controller/Driver

Pin-Compatible with nPD546
D. = Open Drain



NEC

MICROCOMPUTER-SELECTION GUIDE

SINGLE CHIP 8-BIT MICROCOMPUTERS

. . SUPPLY
DEVICE SPECIAL FEATURES ROM RAM 1/0 | PROCESS | OUTPUT | CYCLE VOLTAGE PINS
rPD8021 Zero-Cross Detector 1024 x 8| 64 x8 | 21 NMOS BD 3.6 MHz +5 28
wPD8035HL| wPD8048 w/External Memory External | 64 x 8 | 27 HMOS TS, BD 6 MHz +5 40
wPD8039HL | wPD8049 w/External Memory External | 128 x 8 | 27 HMOS TS,BD | 11 MHz +5 40
nPD8041 Peripheral Interface w/Slave Bus| 1024 x 8| 64 x 8 | 18 NMOS TS, BD 6 MHz +5 40
wPD8041A Enhanced .PD8041 1024 x 8| 64 x8 | 18 | 'NMOS TS, BD 6 MHz +5 40
nPD8048H Expansion Bus 1024 x 8| 64 x8 | 27 HMOS TS, BD 6 MHz +5 40
wPD80439H High Speed .PD8048 2048 x 8| 128 x 8 | 27 HMOS TS,BD | 11MHz +5 40
wPD8741A UV-EPROM pPD8041A 1024 x 8| 64 x8 | 18 NMOS TS, BD 6 MHz +5 40
wPD8748 UV-EPROM p.PD8048 1024 x 8| 64 x8 | 27 NMOS TS, BD 6 MHz +5 40
wPD8749H UV-EPROM .PD8049 2048 x 8| 128 x 8 | 27 HMOS TS,BD | 11 MHz +5 40
nPD80C35 CMOS 8035 External | 64 x 8 | 27 | CMOS TS, BD 6 MHz +27t055 40
wPD80C48 CMOS 8048 1024 x 8| 64 x8 | 27 | CMOS TS, BD 6 MHz +27t05.5 40
wPD80C39 CMOS 8039 External | 128 x 8 | 27 | CMOS TS, BD 8 MHz +27t05.5 40
wPD80C39H| CMOS 8039H External | 128'x 8 | 27 CMOS TS,BD | 12MHz +2.7t05.5 40
nPD80C49 CMOS 8049 2048 x 8| 128 x 8 | 27 | CMOS TS, BD 8 MHz +271t05.5 40
wPD80C49H| CMOS 8049H 2048 x 8 128 x 8 | 27 | CMOS TS,BD | 12MHz +2.7t05.5 40
rPD7800 Development Chip External | 128 x 8 | 48 NMOS TS, BD 4 MHz +5 64
wPD7801 8080 Expansion Bus 4096 x 8| 128 x 8 | 48 NMOS TS, BD 4 MHz +5 64
64K Memory Address Space
wPD7802 Expanded wPD7801 6144 x 8| 64 x 8 NMOS TS, BD 4 MHz +5 64
wPD78C05 CMOS Microprocessor External | 128 x 8 | 46 CMOS TS, BD 4 MHz +5 64
nPD78C06 CMOS Microcomputer 4096 x 8| 128 x 8 | 46 HCMOS | TS, BD 4 MHz +5 64
wPD7807 7809 w/Ext. Memory External | 256 x 8 | 40 HMOS TS,BD | 12MHz +5 64
wPD7809 8/16 Bit Microcomputer 8192 x 8| 256 x 8 | 40 | HMOS TS,BD | 12MHz “+5 64
wPD7810 Romless pPD7811 External | 256 x 8 | 44 | NMOS TS,BD | 12MHz +5 64
wPD7811 8 Channel A/D/8-16 Bit Micro 4096 x 8| 128 x 8 | 44 | NMOS TS,BD | 12MHz +5 64
MICROPROCESSORS
SUPPLY
DEVICE PRODUCT SIZE PROCESS OUTPUT CYCLE VOLTAGES PINS
pPD780 Microprocessor 8-bit NMOS 3-State 2.5 MHz +5 40
rPD780-1 Microprocessor 8-bit NMOS 3-State 4.0 MHz +5 40
wPD780-2 Microprocessor 8-bit NMOS 3-State 6.0 MHz +5 40
wPD8085A Microprocessor 8-bit NMOS 3-State 3.0 MHz +5 40
wPD8085A-2 Microprocessor 8-bit NMOS 3-State 5.0 MHz +5 40
n.PD8085AH Microprocessor 8-bit NMOS 3-State 3.0 MHz +5 40
rPD8086 Microprocessor 16-bit NMOS 3-State 5.0 MHz +5 40
rPD8086-2 Microprocessor 16-bit NMOS 3-State 8.0 MHz +5 40
wPD8088 Microprocessor 8-bit NMOS 3-State 5.0 MHz +5 40
2-2




NEC

MICROCOMPUTER SELECTION GUIDE

SYSTEM SUPPORT
SUPPLY
DEVICE PRODUCT SIZE PROCESS QUTPUT CYCLE VOLTAGES PINS

wPD765A Double Sided/Double Density 8-bit NMOS 3-State 8 MHz +5 40
Floppy Disk Controller

wPD7201A Multi-Protocol Serial Controller 8-bit NMOS 3-State 4 MHz +5 40

wPD7210 IEEE Controller (Talker, Listener, 8-bit NMOS 3-State 8 MHz +5 40
Controller)

wPD7220 Color Graphic Display Controller 8-bit NMOS 3-State 5 MHz +5 40

wPD7225 Alpha Numeric LCD 8-bit CMOS - - 27t05.5 52
Controller/Driver

wPD7227 Dot Matrix LCD Controller/Driver 8-bit CMOS - - 27t055 64

wPD7228 Dot Matrix LCD Controlier/Driver 8-bit CMOS - - 271055 80

wPD7720 Signal Processor 16-bit NMOS 3-State 8 MHz +5 28

wPD77P20 EPROM Version of uPD7720 16-bit NMOS 3-State 8 MHz +5 28

wPD8155H 256 x 8 RAM with |/0 Ports 8-bit HMOS 3-State - +5 40
and Timer

wPD8155-2 256 x 8 RAM with I/0 Ports 8-bit NMOS 3-State - +5 40

nd Timer

wPD8156H 256 x 8 RAM with 1/0 Ports 8-bit HMOS 3-State - +5 40
and Timer

nPD8156-2 256 x 8 RAM with |/0 Ports 8-bit NMOS 3-State - +5 40
and Timer

wPB8212 1/0 Port 8-bit Bipolar 3-State - +5 24

wPB8216 Bus Driver Non-inverting 4-bit Bipolar 3-State - +5 16

rPB8226 Bus Driver Inverting 4-bit Bipolar 3-State - +5 16

wPD8243 /0 Expander 4 x4 bits NMOS 3-State - +5 24

wPD82C43 1/0 Expander 4x4bits CMOS 3-State - +5 24

nPD8251A/AF Programmable Communications 8-bit NMOS 3-State A-9.6K baud +5 28
Interface (Async/Sync) S-64K baud

wPD8253-2/-5 Programmable Timer . 8-bit NMOS 3-State 4.0 MHz +5 24

wPD8255A-2/-6 | Peripheral Interface 8-bit NMOS 3-State - +5 40

wPD8257-2/-5 Programmable DMA Controller 8-bit NMOS 3-State 4 MHz +5 40

wPD8259-2/-5 Programmable Keyboard/Display 8-bit NMOS 3-State - +5 40
Interface

wPB8282/8283 | 8-BitLatches Bipolar 3-State 5 MHz +5 20

wPB8284A Clock Driver Bipolar 3-State 5 MHz +5 18

.PB8286/8287 8-Bit Bus Transceivers Bipolar 3-State 5 MHz +5 20

nPB8288 Bus Controller Bipolar 3-State 5 MHz +5 20

wPB8289 Bus Arbiter Bipolar 3-State 5 MHz +5 20

wPD8355/-2/A 2048 x 8 ROM with 1/0 Ports 8-bit NMOS 3-State - +5 40

wPD8755A 2048 x 8 EPROM with 1/0 Ports 8-bit NMOS 3-State - +5 40

rPD8759A/A-2 | Programmable Interrupt Controller 8-bit HMOS 3-State 5/8 MHz +5 28

SPEECH

PRODUCTS

wPD7751 ADPCM Speech Synthesizer 8-bit NMOS 3-State 6 MHz +5 40

nPD7752 Formant Speech Synthesizer 8-bit CMOSs 3-State 36 MHz +5 28

RV I T I b S 2

wMC-4760 - Hybrid 3-State 2 MHz +5, £12 24




NEC

MICROCOMPUTER ALTERNATE SOURCE GUIDE

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT
AMD AMB8085A Microprocessor (3.0 MHz) wPD8085A
AM8155 Programmable Peripheral Interface wPD8155
with 256 x 8 RAM
AMB8156 Programmable Peripheral Interface nPD8156
with 256 x 8 RAM
AMS8212 I/0 Port (8-Bit) wPB8212
AM8214 Priority Interrupt Controller nPB8214
AM8216 Bus Driver, Inverting wPB8216
AM8226 Bus Driver, Non-Inverting wPB8226
AM8251 Programmable Communications wPD8251
Interface
AM8255 Programmable Peripheral Interface wPD8255
AMB8257 Programmable DMA Controller wPD8257
AMB8355 Programmable Peripheral Interface nPD8355
with 2048 x 8 ROM
AM8048 Single Chip Microcomputer wPD8048
AMI 7500 Family 4-Bit CMOS Microcomputer wPD750X
' 78C06/78C05 8-Bit CMOS Microcomputer wPD78C06/78C05
7810/7811 16-Bit High-Performance wPD7810/7811
Microcomputer
7807/7809 16-Bit High-Performance wPD7807/7809
Microcomputer
7720 Signal Processor wPD7720
INTEL 8021 Microcomputer with ROM 1nPD8021
8035HL Microprocessor nPD8035HL
8039HL Microprocessor rPD8039HL
8041A Programmable Peripheral Controller wPD8041A
with ROM
8048H Microcomputer with ROM nPD8048H
8049H Microcomputer with ROM rPD8049H
8085A Microprocessor (3.0 MHz) wPD8085A
8085A-2 Microprocessor (5.0 MHz) nPD8085A-2
8086 Microprocessor (16-Bit) wPD8086
8155/8155-2 Programmable Peripheral Interface nPD8155/8155-2
with 256 x 8 RAM
8156/8156-2 Programmable Peripheral Interface wPD8156/8156-2
with 256 x 8 RAM
8212 1/0 Port (8-Bit) wPB8212
8214 Priority Interrupt Controller wPB8214
8216 Bus Driver, Non-Inverting wPB8216
8226 Bus Driver, Inverting wPB8226
8243 1/0 Expander wPD8243




NEC

MICROCOMPUTER ALTERNATE SOURCE GUIDE

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT
INTEL (CONT) 8251A Programmable Communications wPD8251A
Interface (Async/Sync)
8253-5 Programmable Timer wPD8253-5
8255A-5 Programmable Peripheral Interface nPD8255A-5
8257-5 Programmable DMA Controller wPD8257-5
8259A Programmable Interrupt Controller wPD8259A
8272 Double Sided/Double Density wPD765
Floppy Disk Controller
8279-5 Programmable Keyboard/Display wPD8279-5
Interface
8282/8283 8-Bit Latches nPB8282/8283
8284 Clock Driver |.PB8284
8286/8287 8-Bit Transceivers wPB8286/8287
8288 Bus Controlier wPB8288
8355 Programmable Peripheral Interface n.PD8355
with 2048 x 8 ROM
8741A Programmable Peripheral Controller wPD8741A
with EPROM
8748 Microcomputer with EPROM wPD8748
8749H Microcomputer with EPROM nPD8749H
8755A Programmable Peripheral Interface wPD8755A
with 2K x 8 EPROM
8274 Multiprotocol Serial Controller nPD7201
NATIONAL INS8048 Microcomputer with ROM wPD8048
INS8049 Microcomputer with ROM wPD8049
8212 1/0 Port (8-Bit) wPB8212
8214 Priority Interrupt Controller wPB8214
8216 Bus Driver, Non-Inverting wPB8216
8226 Bus Driver, Inverting wPB8226
INS8251 Programmable Communications wPD8251A
Interface
INS8253 Programmable Timer wPD8253-5
INS8255 Programmable Peripheral Interface wPD8255A-5
INS8257 Programmable DMA Controller wPD8257-5
INS8259 Programmable Interrupt Controlier nPD8259A
Tl SN74S5412 1/0 Port (8-Bit) wPB8212
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ROM-BASED PRODUCTS ORDERING PROCEDURE

The following NEC products fall under the guidelines set by the ROM-based Products Ordering Procedure:

wPD7801 LPD80C48 wPD55AL wPD7508A LPD2308A
wPD7802 wPD804SH pPD557L wPD7508H wPD2316E
pPD78C06 PD8OC49 wPD7501 wPD7514 uPD2332
nPD7807 wPD8355 pPD7502 pPD7519 1PD2364
PD7808 wPD550 wPD7503 pPD7520 1PD2380
wPD7811 LPD550L wPD7506 pPD7527 pPD23128
1PD8021 wPD552 wPD7507 pPD7528 uPD23256
wPD8041AH wPD553 wPD7507S nPD7537 pPD231000
1.PD8048H uPD554 uPD7508 uPD7538 wPD23C128
wPD7720 1PD73128G
wPD23C256
LPD731000

NEC Electronics Inc. is able to accept mask patterns in a variety of formats to facilitate the transferral of ROM mask informa-
tion. These are intended to suit various customer needs and minimize turnaround time. Always enclose a listing of the code
and a complete “ROM Code Submission” form. The following is a list of acceptable media for code transferral.

¢ PROM/EPROM equivalents to ROM devices

e Sample ROMs or ROM-based microcomputers

® |SIS-Il compatible 8" floppy disks

e CP/M (® Digital Research Corp.) compatible 8" single-density floppy disk

Thoroughly tested verification procedures protect against unnecessary delays or costly mistakes. NEC Electronics Inc. will
return the ROM code patterns to the customer in the most convenient format. Unprogrammed EPROMs, if sent with the
ROM code, can be programmed and returned for verification. Earth satellites and the world-wide GE Mark Ill timesharing
systems provide reliable and instant communication of ROM patterns to the factory.

The following is an example of a ROM code transferral procedure. The uPD8048H is used here; however, the process is the
same for all other ROM-based products.

1. The customer contacts his local NEC Electronics Inc. Sales Representative, concerning a ROM pattern for the
rPD8048H that he would like to send.

2. Since an EPROM version of that part is available, the uPD8748 is proposed as a code transferral medium.
Alternatively, a .PD2716 or a floppy disk may be used.

3. Two programmed pnPD8748s are sent to NEC Electronics Inc., along with a listing and the “ROM Code Submission”
form. A floppy disk may also be sent as back-up.

4. NEC Electronics Inc. compares the media provided and enters the code into GE-TSS. The GE-TSS file is accessed
at the NEC factory and a copy of the code is returned to NEC Electronics Inc. for verification. One of the wPD8748s
is erased and reprogrammed with the customer’s code as the NEC factory has it. The wPD8748s, a listing, and a
“ROM Code Verification” form are returned to the customer for final verification.

5. Once the customer has notified NEC Electronics Inc. in writing that the code is verified, and has provided both the
mask charge payment and a hard-copy purchase order, work begins immediately on production of his uPD8048Hs.

Please contact your local Sales Representative for assistance with all ROM-based product orders.
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ROM Code Submission

To* NEC Electronics Inc. Date*
252 Humboldt Court
Sunnyvale, CA 94086

Attn ROM-Based Product Administrator

We are ready to place our purchase order for our your and are
Customer Part Number NEC Part Number

submitting Two copies of the ROM Code on the following medium/media (Please check all applicable boxes)

0O pPD2716 O pPD8741A [0 CP/M® compatible 8" single-density floppy disk
0 wpPD2732 0O pPD8748 [J Intel ISIS-Il compatible 8" single-density floppy disk
[0 upPD2764 O pPD8749H [J Intel I1SIS-Il compatible 8” double-density floppy disk

[J uPD27128 [0 pPD8755A

Please manufacture this device with the special marking. and with the 1/0 Port Loading Op-
tions (available only on the yPD7519, uPD7527, uPD7528, uPD7537, uPD7538, uPD8021, uPD80C48, and uPD80C49,
and not available on all other NEC ROM-Based Products) selected on the back of this page

The mask charge payment and the ROM code listing are also enclosed

Please return the processed ROM code to ti'\e following individual for our verification

Name

Company

Division

Shipping Address (not a P O Box please)

City State Zip

Telephone Number

Send this form along with the ROM code, a listing, and the mask charge payment, in a package clearly marked with “ROM
CODE ENCLOSED"” to the attention of the ROM-Based Product Administrator at the address above

CP/M s a registered trademark of Digital Research Corp



Device Port 1/0 Port Loading Option

uPD7519 S0 [ open drain [ pull-down resistor to V | oap
S1 [0 open drain I pull-down resistor to V _oan
sS2 [J open drain [J pull-down resistor to V Loan
S3 [J open drain O pull-down resistor to V L oap
S4 [J open drain O pull-down resistor to V _oap
S5 [J open drain O pull-down resistor to V L oap
S6 [J open drain [J pull-down resistor to V L oap
S7 [0 open drain [J pull-down resistor to V L oan
T8/S8 [0 open drain O pull-down resistor to V Loap
T9/S9 [J open drain [J pull-down resistor to V L oap
T10/S10 [J open drain [J pull-down resistor to V Loao
T11/S11 [J open drain [J pull-down resistor to V L oap
T12/S12 [0 open drain [J pull-down resistor to V L oao
T13/S13 [J open drain [J pull-down resistor to V Loap
T14/S14 [0 open drain [J pull-down resistor to V | oap
T15/S15 O open dran O pull-down resistor to V Loan
TO [ open drain O pull-down resistor to V Loao
T1 J open drain [J pull-down resistor to V L oap
T2 O open drain O pull-down resistor to V Loan
T3 [J open drain [0 pull-down resistor to V Loap
T4 [0 open drain O pull-down resistor to V Loao
T5 O open dran O pull-down resistor to V Loao
T6 [ open drain J pull-down resistor to V Loao
T7 [ open drain O pull-down resistor to V Loap
P0,/INT, [ direct connection [ zero-crossing detector

(no zero-crossing detector)

P2;-P2, [J open drain O pull-down resistor to V Loab
P33-P3, [J open drain O pull-down resistor to V Loap
P43-P4, [ open drain O pull-down resistor to V Loao
P53-P5¢ [J open drain O pull-down resistor to V Loao
P8, [0 open drain O pull-down resistor to V Loap
P8, O open drain O pull-down resistor to V Loab
P8, O open drain O pull-down resistor to V LoaD
P83 [J open drain [J pull-down resistor to V Loap

uPD7527 P9, [J open drain O pull-down resistor to V | oap

pPD7528 P9, O open drain O pull-down resistor to V Loan

uPD7537 P9, [0 open drain [ pull-down resistor to V Loan

pPD7538 P9; O open drain O pull-down resistor to V  oap
P10y [0 open drain O pull-down resistor to V _oan
P10, [J open drain [0 pull-down resistor to V _oan
P10, [J open drain [ pull-down resistor to V Loap
P10; [J open drain O pull-down resistor to V L oan
P11, [J open drain O pull-down resistor to V Loao
P11, J open drain O pull-down resistor to V Loap
P11, [J open drain O pull-down resistor to V Loap
P11, [J open drain [J pull-down resistor to V Loap

pPD8021 T1 O zero-crossing detector [ TTL-compatible
P00-PO7 J open dran O TTL-compatible

uPD80C48 P10-P17 [0 CMOS (-5pA) O TTL-compatible (- 50uA)

uPD80C49 P20-P23 O] CMOS (-5pA) O TTL-compatible (- 50uA)
P24-P27 [0 CcMOS (-5pA) [0 TTL-compatible (-50pA)
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NEC

DESCRIPTION

FEATURES

uCOM-4

4-BIT SINGLE CHIP MICROCOMPUTER FAMILY

The uCOM-4 4-bit Microcomputer Family is a broad product line of 14 individual
devices designed to fulfill a wide variety of design criteria. The product line shares a
compatible architecture and instruction set. The architecture includes all functional
blocks necessary for a single chip controller, including an ALU, Accumulator, Byte-
wide ROM, RAM, and Stack. The instruction set maximizes the efficient utilization
of the fixed ROM space, and includes a variety of Single Bit Manipulation, Table
Look-Up, BCD arithemetic, and Skip instructions.

The uCOM-4 Microcomputer Family includes seven different products capable of
directly driving 35V Vacuum Fluorescent Displays. Four products are manufactured
with a CMOS process technology. uCOM-4 Microcomputers are ideal for low-cost
general purpose controller applications such as industrial controls, instruments,
appliance controls, intelligent VF display drivers, and games.

e Choice of ROM size: 2000 x 8, 1000 x 8, or 640 x 8
e Choice of RAM size: 96 x 4,64 x 4,0r 32x 4
— Six 4-Bit Working Registers Available
— One 4-Bit Flag Register Available
e Powerful Instruction Set
Choice of 80 or 58 Instructions
— Table Look-Up Capability with CZP and JPA Instructions
— Single Bit Manipulation of RAM or 1/O Ports
— BCD Arithmetic Capability
e Choice of 3-Level, 2-Level, or 1-Level Subroutine Stack
e Extensive 1/0 Capability
— Choice of 35 or 21 1/0 Lines

42/52-Pin Packages 28-Pin Package
— 4-Bit Input Ports 2 1
— 4-Bit 1/O Ports 2 2
— 4-Bit Output Ports 4 2
— 3-Bit Output Ports 1 —
— 1-Bit Output Port - 1

Programmable 6-Bit Timer Available

Choice of Hardware or Testable Interrupt

Built-In Clock Signal Generation Circuitry

Built-In Reset Circuitry

Single Power Supply

Low Power Consumption

PMOS or CMOS Technologies

Choice of 42-pin DIP, 28-pin DIP, or 52-pin Flat Plastic Package



uCOM-4

Internal Registers

The ALU, the Accumulator, and the Carry Flag together comprise the central portion
of the uCOM-4 Microcomputer Family architecture. The ALU performs the arithmetic
and logical operations and checks for various results. The Accumulator stores the
results generated by the ALU and acts as the major interface point between the RAM,
the 1/0 ports, and the Data Pointer registers. The Carry F/F can be addressed directly,
and can also be set during an addition. The uPD546, uPD553, uPD557L, and uPD650
also have a Carry Save F/F for storage the value of the Carry F/F,

Data Pointer Registers

The DPH register and 4-bit DP|_ register reside outside the RAM. They function as the
Data Pointer, addressing the rows and columns of the RAM, respectively. They are
individually accessible and the L register can be automatically incremented or
decremented.

RAM

All uCOM-4 microcomputers have a static RAM organized into a multiple-row by
16-column configuration, as follows:

MICROCOMPUTER RAM ORGANIZATION DPy DPL
uPD546, uPD553, 96 x 4 6 rows x 16 columns 3 4
uPD557L, and uPD650

uPD547, uPD547L 64x4 | 4rowsx 16 columns 2 4
uPD552, and uPD651 1 ‘

uPD550, uPD550L, 32x4 1 2 rows x 16 columns 1 4
uPD554, uPD554L.,

and uPD652 i

The uPD546, uPD553, uPD557L, and uPD650 also have a 4-bit Flag register and six
4-bit working registers resident in the last row of the RAM, Their extended instruction
set provides 10 additional instructions with which you can access or manipulate these
seven registers.

ROM

The ROM is the mask-programmable portion of the uCOM-4 Microcomputer which
stores the application program. It is organized as follows:

ORGANIZATION
MICROCOMPUTER ROM
FIELDS PAGES

uPD546, uPD553, | 2000x8 8 16
uPDS57L, and uPD650 )
uPD547, uPD547L, " To00x8 8 8

| HPD552, uPDE51 ;
uPDE64, uPD554L, 1000 x 8 . 8 8
and uPDB52 L |
uPD550 end uPD5SOL | 6408 | 8 8

FUNCTIONAL
DESCRIPTION



FUNCTIONAL

DESCRIPTION
(CONT.)

uCOM-4

Program Counter and Stack Register

The Program Counter contains the address of a particular instruction being executed.
It is incremented during normal operation, but can be modified by various JUMP and
CALL instructions. The Stack Register 1s a LIFO push-down stack register used to save
the value of the Program Counter when a subroutine is called. It is organized as follows:

STACK ALLOWABLE
MICROCOMPUTER ORGANIZATION SUBROUTINE CALLS
uPD546, uPD553, 3 words x 11 bits 3 Levels
#PD557L., and uPD650
©PD651 2 words x 10 bits 2 Levels
uPD547, uPD547L, 1 word x 10 bits 1 Level
and uPD552
uPD550, uPD550L., 1 word x 10 bits 1 Level
uPD554, uPD554L,
and uPD652
Interrupts

All uCOM-4 microcomputers are equipped with a software-testable interrupt which
skips an instruction If the Interrupt F/F has been set. The TIT instruction resets the
Interrupt F/F.

In addition, the uPD546, uPD553, uPD557L, and uPD650 have a level-triggered hard-
ware interrupt, which causes an automatic stack level shift and interrupt service routine
call when an interrupt occurs,

Interval Timer

The uPD546, uPD553, uPD557L, and uPD650 are equipped with a programmable
6-bit interval timer which consists of a 6-bit polynomial counter and a 6-bit binary
down counter. The STM instruction sets the initial value of the binary down counter
and starts the timing. The polynomial counter decrements the binary down counter
when 63 instruction cycles have been completed. When the binary down counter
reaches zero, the timer F/F is set. The TTM instruction tests the timer F/F, and skips
the next instruction if it is set.

Clock and Reset Circuitry

The Clock Circuitry for any uCOM-4 microcomputer can be implemented by connect-
ing either an Intermediate Frequency Transformer (IFT) and a capacitor, or a Ceramic
Resonator and two capacitors, to the CLg and CL1 Inputs. The Power-On-Reset
Circuitry for any uCOM-4 microcomputer can be implemented by connecting a
Resistor, a Capdcitor, and a Diode to the RESET input.
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1/O Capability

The uCOM-4 microcomputer family devices have either 35 or 21 1/0 lines, depending
upon the individual device, for communication with and control of external circuitry.
They are organized as follows:

uPD546, uPD547,
uPD547L, uPD552, ©PD550, uPD550L,
uPD553, uPD650, uPD554, uPD554L,
PORT |SYMBOL FUNCTION and uPD651 uPD557L, and uPD652
Port A PAp.3 4-Bit Input . .
Port B PB(.3 4-Bit Input .
Port C PCo.3 4-Bit Input/Output . °
(VF Drive Possible)
Port D PDg.3 -4-Bit Input/Output . °
(VF Drive Possible)
Port E PEQ.3 4-Bit Output . .
(VF Drive Possible)
Port F PFo.3 4-Bit Output . .
(VF Drive Possible)
PGp.3 4- Bit Output .
Port G (VF Drive Possible)
PGo.1 1-Bit Output °
(VF Drive Possible)
Port H PHp.3 4-Bit Output .
(VF Drive Possible)
Port | Pig.2 3-Bit Output .
(VF Drive Possible)

FUNCTIONAL
DESCRIPTION
(CONT.)

Development Tools

The NEC Development System (NDS) is available for developing software service code,

editing, and assembling source code into object code. In addition, the ASM-43 Cross
Assembler is available for systems which support either the Intel ISIS-I11 Operating
System or the CP/M (® Digital Research Corp.) Operating System.

The EVAKIT-43P Evaluation Board is available for production device emulation and
prototype system debugging. The SE-43P Emulation Board is available for demon-

strating the final system design. The uPD556B ROM-less Evaluation Chip is available
for small pilot production.



uPD546, uPD553,
uPD557L, uPD650
BLOCK DIAGRAM

pu

rlo2 %

UP/DOWN
COUNTER

INSTRUCTION BUS 8 BIT

uCOM-4

A
. / RAM K—] >
PHo-3 ’ DECODER P-BUS
P
DPL Y ALY CONTROL
4 > AND
PGo-3 G K N DECODE - ROM
Q-BUS| ] 2000 x 8
4BIT
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RAM . N
96 x 4 < 8BIT
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. G ||| e T |
g RAM A UNTE
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*[ 7 TIMER STACK 0
N 4
‘ /0 BIT INTERRUPT STACK 1
PBo3 5 ‘ ] ' INTERFACE 8BIT CONTROL Py
PA0-3 A GE:\:J:gi:OR INT
oLy RES
Note Block diagram above applies to uPD546, uPD553, and uPD650 4-bit microcomputers The
uPD557L block diagram 1s similar to the above, except that PB(.3, PG1.3, PHg.3, and
Plg.2 have been eliminated to accommodate the uPD557L’s 28-pin package
uPD547, uPD547L,
uPD552, uPD651
BLOCK DIAGRAM
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Pio > COUNTER
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RAM
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10 INT STACK 1
893 -H. —E INTERFACE c 88IT FIF (uPD651 ONLY)
san \ Cloo—= cLock 1 1
i A U R
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PGo _ ZZZZZZ

PFQ 3 h(lllll §

A

PEQ.3

o

PDo-3 (=) D

uPD550, uPD550L,
uPD554, uPD554L,

uPD652

BLOCK DIAGRAM

INSTRUCTION BUS 8 BIT

UP/DOWN
COUNTER
T ¥

5

ROM

uPD550
uPDS50L

uPD554
uPDS54L
uPD652 ‘

} 640 x8

1000 x 8

PCN 3 (}:} c

PAG. TN A

RAM (‘a E
DECODER . P-BUS
DPL 17 ALY CONTROL
K > AND
DECODE
Q-BUS '
4 BIT
=B
DPH
RAM ’ M R
32x4 8BIT
4 BIT] o
iz ]
Acc 8 BIT
@ RAM | .
BUFFER K
4BIT
4BIT INT
! 1/0 £ - FNF
I i INTERFACE [ " 8BIT !
CLo o—= CLOCK
RATOR
oL GENE INT

The uPD546, uPD553, uPD557L, and uPD650 execute all 80 instructions of the
extended uCOM-4 instruction set. The 22 additional instructions are indicated by

shading.

The uPD547, uPD547L, uPD550, uPD550L, uPD552, uPD554, uPD554L, uPD651,
and uPD652 execute a 58 instruction subset of the uCOM-4 instruction set.

RES

l STACK 0

INSTRUCTION SET



INSTRUCTION SET
SYMBOL DEFINITIONS

uCOM-4

The following abbreviations are used in the description of the uCOM-4 instruction set:

SYMBOL EXPLANATION AND USE
Acc Accumulator
ACCp Bit “n" of Accumulator
address Immediate address
C Carry F/F
c’ Carry Save F/F
data Immediate data
Dn Bit “n” of immediate data or immediate address
DP Data Pointer
DPH Upper Bits of Data Pointer
DPL Lower 4 Bits of Data Pointer
FLAG FLAG Register
INTE F/F | Interrupt Enable F/F
INT F/F Interrupt F/F
P( ) Parallel Input/Output Port addressed by the value within the brackets
Pn Bit “n” of Program Counter
PA Input Port A
PC Input/Output Port C
PD Input/Output Port D
PE Output Port E
R R Register
S S Register
SKIP Number of Bytes in next instruction when skip condition occurs
STACK Stack Register
TC 6-Bit Binary Down Timer Counter
TIMER F/F | Timer F/F
w W Register
X X Register
Y Y Register
Zz Z Register
() The contents of RAM addressed by the value within the brackets
[ 1 The contents of ROM addressed by the value within the brackets
<« Load, Store, or Transfer
Aid Exchange
- Complement
v LOGICAL EXCLUSIVE OR
Applies to uPD546, uPD553, uPD556B, uPD557L, and uPD650 only
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INSTRUCTION SET

INSTRUCTION CODE SKIP
MNEMONIC FUNCTION DESCRIPTION Dy Dg Dg Ds D3 D2 D1 Do BYTES | CYCLES | CONDITION
- LOAD
LI data Acc+ D30 Load Acc with 4 bits of imme- 1 ] 1] 1 D3 D2 D1 Do 1 String
diate data; execute succeeding
LI instructions as NOP
instructions
L Acc + (DP) Load Acc with the RAM contents | 0 [+] 1 1 1 [] 0 ] 1
addressed by DP
LM data Acc + (DP) Load Acc with the RAM contents | 0 [ 1 1 1 0 D1 Do 1
DPy < DPHy ¥ D19 addressed by DP; Perform a k
LOGICAL EXCLUSIVE-OR
Between DPy and 2 bits of
Immediate Data, Store the result
n DPY
LD1 data DP «Dg.0 Load DP with 7 bits of immediate | o 0 0 1 0 1 0 1 2
data 0 Dg Ds D4 D3z Dy D7 Do
LDZ data DPy+0 Load DPy with 0, 1 [} 0 [} D3 D2 D1 Do 1
DPL -~ D30 Load DP_ with 4 bits of
immedate data
STORE
S (DP) +~ Acc Store Acc Into the RAM location | 0 0 ] 0 0 1 0 0 1
addressed by DP
TRANSFER
TAL DP_«~Acc Transfer Acc to DP [} ] [} 0 [} 1 1 1 1
TLA Acc < DPL Transfer DP_to Acc 0 0 o 1 o 0 1 0 1

X Acc + (DP) Exchange A with the RAM con- ] [} 1 0 1 0 [} [} 1
tents addressed by DP
I Acc « (DP) Exchange Acc with RAM con- o o 1 T 1 1 0 0 145 | DPL=0H
DP| «<DP_+1 tents addressed by DP, increment
Skip if DP|_=0H DPy, Skip if DP|_=0H
XD Acc + (DP) Exchange Acc with the RAM o o 1t 0o 1 1 ) 1+§ | DP_=FH
DPL«~DPL =1 contents addressed by DP,
Skip if DP|_=FH decrement DP|, Skip if DP_= FH
XM data Acc + (DP) Exchange Acc with the RAM o o0 1 o 1 0 Dy Do 1
DPH < DPH ¥ D1o contents addressed by DP, Per-
form a LOGICAL EXCLUSIVE-
OR Between DPyy and 2 bits of
immedate data, store the results
in DPy
XMI data Acc « (DP) Exchange Acc with the RAM o ] 1 1 1 1 D1 Do 1+8 DP = OH
DPy «~ DPH ¥ D19 contents addressed by DP, Per-
DPy «~DP +1 form a LOGICAL EXCLUSIVE-
Skip if DP|_ = 0H OR Between DPyy and 2 bits of
immediate data, store the results
n DPH increment DP_, Skip if
DP_ =OH
XMD data Acc + (DP) Exchange Acc with the RAM 0 0 1 0 1 1 D1 Do 1+S | DP_=FH
DP <~ DPH ¥ D1g contents addressed by DP, Per-
DPL < DP_ -1 forma LOGICAL EXCLUSIVE-
Skip if DP|_=FH OR Between DPy and 2 bits of
immediate data, store the results
in DPy decrement DP|_, Skip if
DP_ =FH




INSTRUCTION SET
(CONT.)

uCOM-4

INSTRUCTION CODE SKIP
MNEMONIC FUNCTION DESCRIPTION D; Dg Dg Dg D3 D2 Dy Do | BYTes | cvcLes | conpition
ARITHMETIC
AD Acc + Acc + (DP) Add the RAM contentsaddressed | 0 0 0 O 1 o o0 o 1 1+8 |Overflow
Skip if overflow by DP to Acc; skip if overflow is
generated
ADC Acc+Acc+(DP) +C Add the RAM contents addressed | 0 (4] o 1 1 0 o 1 1 1
1f overfiow occurs, by DP, and the Carry F/F to Acc:
C+1 1f overflow occurs, set carry F/F
ADS Acc+Acc+(DP)+C Add the RAM contents addressed [} ] [} 0 1 [} 0o 1 1 1+8 Overfiow
if overflow occurs, by DP and the carry F/F to Acc,
C + 1 and skip if overflow occurs, set Carry F/F
and skip
DAA Acc+Acc+6 Add 6 to Acc to Adjust 0 V] [} [} 4] 1 1 0 1 1
Decimal for BCD Addition
DAS Acc+Acc + 10 Add 10 to Ac to Adjust o o o [} 1 0 1 0 1 1
Decimal for BCD Subtraction
LOGICAL
EXL Acc + Acc M (DP) Perform a LOGICAL o o o0 1 1 o o o 1 1
EXCLUSIVE-OR between the
RAM contents addressed by DP
and Acc, store the result in Acc
ACCUMULATOR
CLA Acc+0 Clear Acc to zero 1 0 0 1 ] 0 0 0 1 1 String
CMA Acc+ Acc Complement Acc 0 0 0 1 0 0 0 0 1 1
CIA Acc+Acc+1 Complement A, increment A 4] 1] [] 1 4] [] [] 1 1 1
CARRY FLAG
CLC C+0 Reset Carry F/F to zero 0 0 [ 0 1 0 1 1 1 1
STC C«1 Set Carry F/F to one 0 0 0 1 1 [ 1 1 1 1
TC SkipifC=1 Skip if Carry F/F 1s true o 0 V] 1] [} 1 0 0 1 1+§ IC=1

INCREMENT AND DECREMENT

INC Acc+Acct1 Increment A; Skip if overfiow o o o [} 1 1 o 1 1 1+8 [Overflow
Skip if overfiow 1s generated '

DEC Acc+Acc~1 Decrement A, Skip if underfiow [ o o ) 1 1 1 1 1 1+8 [Underflow
Skip if underflow occurs

IND DPL «DPL +1 Increment DP|, 0 [} 1 1 0 0 1 1 1 1+S DP =0H
Skip if DP(_=0H Skip if DP|_=0H

DED DP| «~DPL -1 Decrement DPy , o.0 o 1 0 o 1 1 1 148  |[DP_=FH
Skip if DP_ = FH Skip if DP|_=FH




uCOM-4

INSTRUCTION SET
(CONT.)

INSTRUCTION CODE SKIP
MNEMONIC FUNCTION DESCRIPTION Dy Dg Ds Dg D3 D2 D1 Do |BYTES | CYCLES | CONDITION
BIT MANIPULATION
RMB data (DP)pyt + 0O Reset a single bit (denoted by 0 1 1 [} 1 (] D1 Do 1
D1-Dg) of RAM at the location
addressed by DP to zero
SMB data (DPlpyy «~ 1 Set a single bit (denoted by D1Dg) | 0 1 1 1 1 0 D1 Do 1
of RAM at the location addressed
by DP to one
REB data PEpit <0 Reset a single bit {denoted by [} 1 1 [} 0 1 D1 Do 2
D1Dg) of output Port E to zero
SEB data PEpit «~ 1 Set a single bit (denoted by D1Dg) | 0 1 1 1 ] 1 D1 Do 2
of output Port E to one
RPB data P(DP)pit <=0 Reset a single bit (denoted by [ 1 1 [} 0 ] D Do 1
D1Dg) of the output port
addressed by DP_to zero
SPB data P(DP )pyg ~ 1 Seta single bit (denoted by D1Dg) |0 1 1 1 0 o0 D1 Do 1
of the output port addressed by
oP
JUMP, CALL AND RETURN
JMP address P10-0 - D100 Jump to the address specified by 1 0 1 0 0 Do Dg Dg 2
11 bits of immediate data Dy Dg Ds Dg D3 D2 D Do
JCP address P50+ Dsg Jump to the address within the 1 1 Ds Dg D3 D2 D1 Do 1
current ROM page specified by
6 bits of iImmediate data
JPA Ps.2 < AcC Jump to the address within the [¢] 1 0 0 0 o 0 1 2
P10+ 00 current ROM page modified by
Acc
CAL address Stack « P +2 Store a return address (P + 2) in 1 [} 1 ] 1 Dig Dg Dg 2 2
P10-0 -~ D100 the stack, call the subroutinepro- |[D; Dg Ds D4 D3 Dz D1 Do
gram at the location specified by
11 bits of immediate data
CZP address Stack « P +1 Store a return address (P + 1) in 1 0 1 1 D3 Dz Dy Do 1
P10-6 + 00000 the stack, call the subroutine pro-
Ps.2 —~ D39 gram at one of sixteen locations in
P15+ 00 Page 0 of Field 0, specified by 4
bits of immediate data
RT P « Stack Return from Subroutine 0 1 0 0 1 0 0 0 2
RTS P « Stack Return from Subroutine, skip [ 1 0 0 1 o 0 1 2+S | Unconditional
Skip y y
SKIP
Cl data Skipif Acc = D39 Skip 1if Acc equals 4 bits of ] 0 [} 1 ] 1 1 1 2+S Acc=D39p
immediate data 1 1 0 0 D3 D D1 D
(=] Skip if Acc = (DP) Skip if Acc equals the RAM ] 4] 4] 0 1 1 ] 0 1+8 Acc = (DP)
contents addressed by DP
CMB data Skip if Accy,, = (DPlpie Skip if the single bit (denoted by 0 [} 1 1 0 1 D1 Do 1+8 ACCpyy = (DPore
D1Dg) of Acc. s equal to the
single bit (also denoted by D1 Dg)
of RAM addressed by DP
TAB data Skipif Accy, =1 Skip if the single bit (denoted by 0 0 1 0o [ 1 D4 Do 1+8 AcCCpy =1
D1Dg) of Acgc 1s true
CLI data Skipif DP_=D39 Skip if DP|_equals 4 bits of 0 ] 0 1 [ 1 1 o 2 2+S DPL = D390
immediate data 1 1 1 o D3 Dz D1 Og
TMB data Skipf (DP)gye = 1 Skip if the single bit (denoted by 0 1 0 1 1 0 D1y Do 1+8 (DP)ge =1
D1Dg) of the RAM location
addressed by DP 1s true
TPA data Skip if PAp;r = 1 Skip if the single bit (denoted by 0 1 0 1 0 1 D1 Do 2+S PApit =1
D1Dg) of Port A is true
TPB data Skip if P(DPy )y, =1 Skip if the single bit (denoted by [ 1 [ 1 0 [+ D1 Do 1+8 P(DPL)y, =1
D1Dg) of the input Port
addressed by DP|_1s true
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INSTRUCTION SET

INSTRUCTION CODE SKIP
MNEMONIC FUNCTION DESCRIPTION Dy Dg Ds Dg D3 Dz Di Do | BYTES | CYCLES | CONDITION
INTERRUPT
T Skip if INT F/F =1 Skip if Interrupt F/F 1s true, o o 0 0 0 o] 1 1 1 1+8 INTF/F=1
Reset Interrupt F/F

1A Acc +PA Input Port A to Acc 0 1 0 0 0 0 0 0 1 2

14 Acc+P(DPL) Input the Port addressed by 0 0 1 1 0o 0 1 0 1 1
DPL_to Acc

OE PE « Acc Output Acg to Port E 0 1 o o o 1 0o o 1 2

opP P(DPL) «~ Acc Output Acg to the port o 0o o o 1 1 10 1 1
addressed by DP_

ocb PD3 9+ D74 Output 8 bits of immediate 0 [} 0o 1 1 1 1 0 2 2

PC30+ D30 data to Ports Cand D Dy Dg Dg Dsg D3 Dz Dy Do
CPU CONTROL

NOP Perform no operation, con- o [ o 0o o o 0 0 1 1

sume one machine cycle
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Package Outlines
For information, see Package Outline Section 7.

Plastic, .COM-4C
Plastic Miniflat, .COM-4G
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NEC

DESCRIPTION

PIN CONFIGURATION

ABSOLUTE MAXIMUM
RATINGS*

HPD557L

4-BIT SINGLE CHIP MICROCOMPUTER WITH
VACUUM FLUORESCENT DISPLAY DRIVE
CAPABILITY

The uPD557L 15 a 4-bit single chip microcomputer which has the same architecture as
the uPDB53, but Is pin-compatible with the MPDB50L and the uPD554L. The uPD557L
contains a 2000 x 8-bit ROM and a 96 x 4-bit RAM, which includes six working regis-
ters and the FLAG register. It has a lever-triggered hardware interrupt Input II\TT, El
three-level stack and a 6-bit programmable timer. The HUPDB57L provides 21 1/0 lines,
organized into the 4-bit input port A, the 4-bit 1/0 ports C and D, and the 4-bit output
ports E and F, and the 1-bit output port G. The 17 1/O ports and output ports are
capable of being pulled to ~35V in order to drive Vacuum Fluorescent Displays directly.
The uPDB57L typically executes all 80 instructions of the extended uCOM-4 family
instruction set with a 25 us instruction cycle time, It is manufactured with a modified
PMOS process, allowing use of a single -8V power supply and 1s available in a 28-pin
dual-in-line plastic package.

The uPD550L and the uPD554L are upward-compatible with the uPD557L .

e \_J #H clo PIN NAMES
PCo[] 2 27[J Vaa PAQ—PA3 | Input Port A
PC1[] 3 26 : RESET PCo—PC3 | Input/Output Port C
PCo G 4 257 INT PDo—PD3 | Input/Output Port D
Pea] 5 24[7 Pa; PEQ—PE3 | Output Port E
PDO[: 6 2317 PA, PFg—PF3 | Output Port F
PGo Output Port G
PO 7 uPD 22171 pAq —
5571 INT Interrupt Input
P20 8 213 Pao CLo—CLy | External Clock Signals
POz o 20[7 pGo RESET | Reset
PEg [J10 19 [ PF3 VGG Power Supply Negative
PE1 [N 18] PRy Vss Power Supply Positive
PEg [12 17 [ PRy TEST Factory Test Pin
PE3 [J13 16 [ PFo (Connect to Vss)
Vss [14 15[ ] TEST
Operating Temperature . .. .................... ... .. .. -10°C to +70°C
Storage Temperature . . .. ................... ... .. ... -40°C to +125°C
Supply Voltage, VGG « . . oo oot e -15 to +0.3V
Input Voltages (Port A, INT, RESET) .. ............. .. .. ... -15 10 +0.3V
(PortsC,D) . ... -40 to +0.3V
OutputVoltages . . .. ......................... ... .. .. -40 to +0.3V
Output Current (Ports C, D, each bit) . . .. ........... ... .. .. .. . .. -4 mA
(PortsE, F,G,eachbit) . ..... ... ... ... ... .. .. . -25 mA
(Total,allports) .. .................. ... ... . -100 mA
Ta=25°C

*COMMENT Stress above those listed under “*Absolute Maximum Ratings”” may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification I1s not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

Rev/1
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pPD557L

Ta=-10°C to +70°C, Vgg = -8.0V + 10%

. LIMITS TEST
PARAMETER SYMBOL | MIN | TYP| MAX | UNIT ' CONDITIONS -
Input Voltage High ViH 0 -25 v | ports A, C, D, INT, RESET.
ViL, -6.5 Vgg | V | Ports A, INT, RESET
Input Voltage Low
ViLy ~6.5 -35 Vv PortsC,D
Clock Voltage High VgH 1o -0.8 \ CLg Input, External Clock
Clock Voltage Low VoL -5.0 VGG \% CLg Input, External Clock
Input Leakage Current High ILIH +10 HA f\’/(:risf:,vc, D.INT, RESET
Ports A, C, D, INT, RESET
Lk -10 KA V| = -9V
Input Leakage Current Low
ity -30 uA | Ports C, D, V| ==35V
Clock Input Leakage Current High 'Lq)H | 4200 BA CLg Input, VoH = ov
Clock Input Leakage Current Low 'Ld)L -200 uA CLg Input, VoL = -9V
Ports C through G,
VOH; OV gy =—2ma
Output Voltage High
VOHz -4.0 A\ Ports E, F,G, gy =—-20 mA
Ports C through G,
'L0L1 10 MA Vo = -9V
Output Leakage Current Low
| _30 A Ports C through G,
‘ LoLy B2l vo=-35v
Supply Current fele) -20 | -36 mA
Ta=25°C
LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT CONDITIONS
Input Capacitance Cy 15 pF
Output Capacitance Co 15 pF f=1MHz
Input/Output Capacitance Cio 15 pF
T, =-10°C to +70°C, VGG = ~8.0V + 10%
LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT CONDITIONS
Oscillator Frequency f 100 180 kHz
Rise and Fall Times tr, tf 0 0.3 us
Clock Pulse Width High oWy 20 80| wus External Clock
Clock Pulse Width Low oW 20 8.0 us
1/f

vss + ——

VoH +——————

VoL 4

Ve

Package Outlines
For information, see Package Outline Section 7.

DC CHARACTERISTICS

CAPACITANCE

AC CHARACTERISTICS

CLOCK WAVEFORM

Plastic, .PD557LC 3-14
Plastic Shrinkdip, .PD557LCT

657LDS-REV 1-2-82-CAT



NEC

DESCRIPTION

PIN CONFIGURATION

ABSOLUTE MAXIMUM
RATINGS*

uPD552
uPD553

4-BIT SINGLE CHIP MICROCOMPUTERS WITH
VACUUM FLUORESCENT DISPLAY DRIVE
CAPABILITY

The uPD552 and the uPD553 are pin-compatible 4-bit single chip microcomputers
which have similar architectures.

The uPD552 contains a 1000 x 8-bit ROM and a 64 x 4-bit RAM. It has a testable
interrupt input INT, a single-level stack, and executes all 568 instructions of the
uCOM-4 family instruction set. The uPD552 is upward compatible with the uPD553.

The uPD553 contains a 20C0'x 8-bit ROM, and a 96 x 4-bit RAM which includes six
working registers and the Flag register. It has a level-triggered hardware interrupt, a
three-level stack, and a programmable 6-bit Timer. The uPD553 executes all 80
instructions of the extended uCOM-4 family instruction set,

Both the uPD552 and the uPD553 provide 35 1/0 lines organized into the 4-bit input
Ports A and B, the 4-bit |/O Ports C and D, the 4-bit output Ports E, F, G, and H, and
the 3-bit output Port |, The 27 |/O ports and output ports are capable of being pulled
to -35V in order to drive Vacuum Fluorescent Displays directly. Both devices typically
execute their instructions with a 10 us instruction cycle time, The uPD552 and the
uPD553 are manufactured with a standard PMOS process, allowing use of a single
~10V power supply, and are available in a 42-pin dual-in-line plastic package.

PIN NAMES
cLig ~ 42PcLg
pcod 2 410vgg PAQ-PA3 | InputPort A
pc1d 3 40 PB3 PBo-PB3 Input Port B
pco] 4 39[1PB2 -
pcad s 383 P81 PCo-PC3 Input/Output Port C
NT 6 370rBg PDp-PD3 Input/Output Port D
RESET 7 36[1PA3 PEQ-PE3 Output Port E
PDo] 8 3501 PA2 PFQ-PF3 | Output Port F
P01 9 34 pPAq
PD2 10 uPD 33f3PAg PGo-PG3 Output Port G
PD3[]11 552/ 32[d Py PHQ-PH3 Output Port H
PEo []12 553 31 Py Plg-Pl2 Output Port |
PE1([]13 3007 Pig —
PEo 14 29[ PH3 INT Interrupt Input
PE3 15 28] PH2 CLo-CL1q External Clock Signals
g';o E 16 27 gpm RESET Reset
1017 26[] PHg
e s 2501 PG3 VGG Power Supply Negative
PF3[J19 24 PG2 Vss Power Supply Positive
TEST 320 231 PGy TEST Factory Test Pin
Vss (21 22[1PGo (Connect to Vgg)
Operating TeMPerature . . . ... o v it ii e it ee et cneeean e -10°C to +70°C
Storage TempPerature . . . v v v e v vt st v a e n i s e s s -40°C to +125°C
Supply Voltage, VGG. - - -« - o o oo e e -15 to +0.3V
Input Voltages (Port A, B, INT, RESET) .. .................... - 15 to +0.3V
(PortsC,D) .. oot ~40 to +0.3V
Output VolAgesS . . . .ttt i e e e e -40 to +0.3V
Output Current (Ports C through I, eachbit) ...................... -12mA
(Total, @ll POrts) . . v v i ittt i et et e eneeenns -60 mA
Ta=25°C

*COMMENT Stress above those listed under *’Absolute Maximum Ratings’’ may cause permanent
damage to the device. This 1s a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability .
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uPD552/553

Ta=-10°Cto +70°C, Vgg = =10V + 10%

LIMITS

TEST
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS
Ports A through D, ﬁ
I -
Input Voltage High VIH 0o 35 Vv RESET
ViL, -75 VGG v Ports A, B, INT, RESET
Input Voltage Low
ViLy -75 =35 v Ports C, D
Clock Voltage High VoH 0 -08 \% CLg Input, External Clock
Clock Voltage Low VoL -60 VGG \ CLg Input, External Clock
Ports A through D, |.N—T,
Input Leakage Current High ILIH +10 KA RESET, V| = -1V
| 10 A Ports A through D, INT,
Input Leakage Current Low LiLq - M RESET, V| =~11V
iy -30 uA Ports C, D, V| = =35V
Clock Input Leakage Current High ILpH +200 rA CLg Input, Vg = OV
Clock Input Leakage Current Low oL -200 LA CLg Input, Vg =-11V
Ports C through 1,
Vol High -
Output Voltage Hig VoH 'g&o, A IoH = -8 mA
Ports C through |,
Loty -10 A Vo =-11V
Output Leakage Current Low
| 30 A Ports C through |,
LOLy u Vo =-35V
Supply Current IcG -30 -50 mA
Ta=25°C
LIMITS TEST
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS
Input Capacitance Cy 15 pF
Output Capacitance Co 15 pF f=1MHz
Input/Qutput Capacitance Ccio 15 pF
Ta=-10°C to +70°C, VGG =-10V = 10%
LIMITS TEST
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS
Oscillator Frequency f 150 440 KHz
Rise and Fall Times tr, tf 0 03 us
Clock Pulse Width High oWy 05 5.6 us EXTERNAL CLOCK
Clock Pulse Width Low oW 0.5 56 us
1/f
Vss <+ — =
VQ)H -_.,—————— ]
VoL . .
vVae
Package Outlines

For information, see Package Outline Section 7.

DC CHARACTERISTICS

CAPACITANCE

AC CHARACTERISTICS

CLOCK WAVEFORM

Plastic, .PD552C/553C
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NEC

DESCRIPTION

PIN CONFIGURATION

ABSOLUTE MAXIMUM
RATINGS*

uPD550
uPD554

4-BIT SINGLE CHIP MICROCOMPUTERS WITH
VACUUM FLUORESCENT DISPLAY DRIVE
CAPABILITY

The uPD550 and the uPD554 are pin-compatible 4-bit single chip microcomputers
which have the same architecture. The only difference between them is that the
uPD550 contains a 640 x 8-bit ROM, whereas the uPD554 contains a 1000 x 8-bit
ROM, Both devices have a 32 x 4-bit RAM, a testable interrupt input INT, and a
single-level stack, The uPD550 and the uPD554 provide 21 1/0 lines organized into
the 4-bit input port A, the 4-bit I/O ports C and D, the 4-bit output ports E and F,
and the 1-bit output port G. The 17 I/O ports and output ports are capable of being
pulled to -35V in order to drive Vacuum Fluorescent Displays directly, The uPD550
and the uPD554 typically execute all 58 instructions of the uCOM-4 family instruc-
tion set with a 10 us instruction cycle time. Both devices are manufactured with a
standard PMOS process, allowing use of a single - 10V power supply, and are available
in a 28 pin dual-in-line plastic package.

PIN NAMES
sk U 28[7 cLg PAQ-PA3 | Input Port A
PCo[] 2 27 Vee PCq-PC3 Input/Output Port C
Pci] 3 267 RESET PD@-PD3 Input/Output Port D
Pco [ 4 25 : N PEQ-PE3 Output Port E
pcad] s 24 3 PA3 PFg-PF3 Output Port F
PGg QOutput Port G
PDOE 6 uPD 23{] PA2 CLo-CL1 External Clock Signals
Po10] 7 550/ 207 pag INT Interrupt Input
o] 8 smg  21[dPA RESET | Reset
PD3[] 9 207 PGo VGG Power Supply Negative
PEo []10 19 PF3 Vss Power Supply Positive
PE1 [N 18] PFy TEST Factory Test Pin
PEz (12 , 17[0 PRy (Connect to Vgg)
PE3 [J13 16 [ PFo
Vss 14 15 [] TEST
Operating Temperature. . . . ... cv v v vin v n i eian s -10°C to +70°C
Storage TempPerature . . .. ..o v v vir vttt e e -40°C to +125°C
Supply Voltage, VGG. - « -+ v vt i e e it e e -15 to +0.3V
Input Voltages (Port A, INT, RESET) .. .. ... ...vuininn.. -15 to +0.3V
(PortsC,D) . .. oo ~-40 to +0.3V
Output Voltages . . . . ..t it e e e e e e -40 to +0.3V
Output Current (Ports C, D, each bit) ..... e e e -4 mA
(PortsE,F,G,eachbit) . ...........ovviinnn -15mA
(Total,allports) . . .........cvvvvnnnn PR -60 mA
Ta=25°C

*COMMENT. Stress above those l)sted under “’Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.



uPD550/554

Ta=-10°C to +70°C; Vgg = -10V % 10%
GG

LIMITS
TEST
PARAMETER SYMBOL | MIN | TYP] MAX | UNIT CONDITIONS
Input Voltage High ViH 1] -2.0 v Ports A, C, D, INT, RESET
V| -4.3 Vi v Ports A, INT, RESET
Input Voltage Low Ity GG
\"7] Ly -4.3 -35 v PortsC,D
Clock Voltage High VoH 1] -0.6 v CLg Input, External Clock
Clock Voltage Low VoL -6.0 VGG \Z CLg Input, External Clock
Input Leakage Current High UH +10 uA :T:s_‘:'v c, D, INT, RESET
Ports A, C, D, INT, RESET
Lk S0 kA ]y -s-uv
Input Leakage Current Low !
LiLy -30 uA Ports C, D, V| =-35V
Clock input Leakage Current High 'LQH +200 RA CLg Input, VgH = 0V
Clock Input Leakage Current Low | ILgL -200 #A |ClLoinput, Vg =-11V
Vi -1.0 v PortsC, D, | =-2mA
Output Voltage High OHy OH
Von -25 v PortsE,F,G, IgH =-10mA
Ports C through G,
'LoLy -0 | owa [ tI
Output Leakage Current Low (e]
\ Ports C through G,
LoLy -30 BA  lyo=-35V
Supply Current {fele] -20 | -40 mA
Ta=25°C
LIMITS TEST
PARAMETER SYMBOL | MIN | TYP| MAX | UNIT CONDITIONS
Input Capacitance C 15 pF
Output Capacitance Co 15 pF f=1MHz
Input/Output Capacitance Cio 15 pF
Tg=-10°C to +70°C; VGG =-10V * 10%
M
LmiTs TEST
PARAMETER SYMBOL | MIN | TYP| MAX | UNIT CONDITIONS
Oscillator Frequency f 150 440 | KHz
Rise and Fall Times t tf 0o 0.3 Hs
Clock Pulse Width High !¢wH 0.5 5.6 us External Clock
Clock Pulse Width Low ‘¢WL 0.5 5.6 us
1/f

Vss 4

VoH 4= — = = == 4

VoL L e e e

VGG
Package Outlines

For information, see Package Outline Section 7.

DC CHARACTERISTICS

CAPACITANCE

AC CHARACTERISTICS

CLOCK WAVEFORM

Plastic, .PD550C/554C
Plastic Shrinkdip, nPD550CT
Plastic Shrinkdip, .PD554CT
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NEC

DESCRIPTION

PIN CONFIGURATION

ABSOLUTE MAXIMUM
RATINGS*

uPD550L
uPD554L

4-BIT SINGLE CHIP MICROCOMPUTERS WITH
VACUUM FLUORESCENT DISPLAY DRIVE
CAPABILITY

The uPD550L and the uPD554L. are pin-compatible 4-bit single chip microcomputers
which have the same architecture, The only difference between them s that the
MPDB50L contains a 640 x 8-bit ROM, whereas the uPD554L contains a 1000 x 8-bit
ROM. Both devices have a 32 x 4-bit RAM, a testable interrupt input mf, and a single-
level stack. The uPD550L and the uPD554L provide 21 1/0 lines organized into the
4-bit input port A, the 4-bit I/O ports C and D, the 4-bit output ports E and F, and the
1-bit output port G. The 17 /O ports and output ports are capable of being pulled to
-35V in order to drive Vacuum Fluorescent Displays directly. The uPD550L and the
uPD5B5AL typically execute all 58 instructions of the uCOM-4 family instruction set
with a 25 us instruction cycle time. Both devices are manufactured with a modified
PMOS process, allowing use of a single ~8V power supply, and are available in a 28-pin
dual-in-line plastic package.

The uPD550L and the uPD554L are upward compatible with the uPD557L.

PIN NAMES
cuidr N 280cy PAg-PA3 | Input Port A
PCo [ 2 27 : VGG PCo-PC3 Input/Output Port C
PC1[] 3 26 [ RESET PDg-PD3 Input/Output Port D
pco ] 4 257 iNT PEQ-PE3 Output Port E
pcard s 2 : PA3 PFo-PF3 Output Port F
PDOC s 231 PA, PGq Output Port G
CLo-CLj External Clock Signals
PD1 D 7 5‘;2?_/ 22 3 PA1 INT Interrupt Input
Po2 0 8 554L 21 PAo RESET | Reset
PD3 9 207 rGo VGG Power Supply Negative
PEQ [J10 19[] PF3 Vss Power Supply Positive
PEq 11 18[] PFy TEST Factory Test Pin
PE2 [12 170 PRy (Connect to Vgg)
PE3 13 16 [ PFg
Vss [lha 15 [J TEST
Operating Temperature. . . .. ...t i it it et e et e ee e -10°C to +70°C
Storage Temperature . .. ... ... ... it -40°C to +125°C
Supply Voltage, VGG « « « v v v v ev et it i e e i e ~-15 to +0.3V
Input Voltages (Port A, INT, RESET) . . .. ... ovvnniin e -15 to +0.3V
(PortsC, D) .. . i e ~40 to +0.3V
Output Voltages . . . . . oot i e et e e e e -40 to +0.3V
Output Current (Ports C, D,eachbit) .. .......................... -4 mA
(PortsE,F,G,eachbit) ......................... -15mA
(Total,all ports) .. ...... ...t -60 mA
Ta=25°C

*COMMENT: Stress above those listed under “’Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.




uPD550L/554L

Ta=-10°C to +70°C, VGG = ~8 OV ¢ 10%

LIMITS : DC CHARACTERISTICS
TEST
PARAMETER SYMBOL | MIN | TYP| MAX | UNIT CONDITIONS
Input Voltage High ViH 0 -16 \% Ports A, C, D, INT, RESET
V|L1 -45 VGG \Y Ports A, INT, RESET
Input Voltage Low
V|L2 -45 -35 \% Ports C, D
Clock Voltage High VoH 0 -06 \% CLg Input, External Clock
Clock Voltage Low \ -50 VGG \ CLg Input, External Clock
Input Leakage Current High ILIH +10 HA Ports A, C, D, INT, RESET
Vi=-1V
Ports A, C, D, INT, RESET
i, -10 BA D gy
Input Leakage Current Low !
[N} Ly -30 uA Ports C, D, V| = -35V
Clock Input Leakage Current High ILoH +200 HA CLg Input, Vg = OV
Clock Input Leakage Current Low ILoL -200 RA CLo Input, Vg = -9V
VOH -10 A" PortsC, D, | =-2mA
Output Voltage High OH, OH
VOH2 -25 \% PortsE, F, G, IoH =-10mA
Ports C through G,
'LOL; -10 uA V{=_9Vr 9
Output Leakage Current Low o
) Ports C through G,
LOL? -30 HA |y =-35V
Supply Current 1GG -12 | -24 mA
Ta=25°C
o CAPACITANCE
TEST
PARAMETER SYMBOL | MIN | TYP| MAX | UNIT CONDITIONS
Input Capacitance C 15 pF
Output Capacitance Co 15 pF f=1MHz
Input/Output Capacitance Cio 15 pF
Ta=-10°C to +70°C, VGG = -8.0V + 10%
LIMITS AC CHARACTERISTICS
TEST
PARAMETER SYMBOL | MIN | TYP| MAX | UNIT CONDITIONS
Oscillator Frequency f 100 180 KHz
Rise and Fall Times .t o 0.3 us
Clock Pulse Width High ‘dJWH 2.0 80 us External Clock
Clock Pulse Width Low ‘¢W|_ 2.0 8.0 us
1/f CLOCK WAVEFORM
Vss + —]
VoH 4= — — — — — — 4
VoL 4 .
Aele]

Package Outlines
For information, see Package Outline Section 7.

Plastic, uPD550LC/554LC
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NEC uPD556B

uCOM-4 4-BIT SINGLE CHIP
ROM-LESS EVALUATION CHIP

DESCRIPTION The uPD556B is the ROM-less evaluation chip for the uCOM-4 4-bit single chip micro-
computer family. The uPD556B 1s used in conjunction with an external 2048 x 8-bit
program memiory, such as the uPD2716 UV EPROM, to emulate each of the 14 differ-
ent uCOM-4 single chip microcomputers,

The uPD556B contains a 96 x 4-bit RAM, which includes six working registers and the
Flag register. |t has a level-triggered hardware interrupt, a three-level stack, and a pro-
grammable 6-bit timer. The uPD556B executes all 80 instructions of the extended
MCOM-4 family instruction set,

The uPD556B provides 35 1/0 lines organized into the 4-bit input Ports A and B, the
4-bit 1/0O Ports C and D, the 4-bit output Ports E, F, G, and H, and the 3-bit output
Port I. It typically executes its instructions with a 10us instruction cycle time. The
uPD556B i1s manufactured with a standard PMOS process, allowing use of a single - 10V
power supply, and is available in a 64-pin quad-in-line ceramic package.

PIN NAMES
PIN CONFIGURATION o T elorog
2 2 63 GG PAQ-PA3 Input Port A
PD3 ] 3 62 RESET
PEg T—] 4 61 INT PBO-P83 Input Port B
PEq C 60 FPC3
PEp C—] 6 59 F—PCy PCo-PC3 Input/Output Port C
PE; (3 7 58 FIPCH
BREAK 8 57 —PCq PDg-PD3 Input/Output Port D
STEP ] 9o 56 [PB3
Acc/PC /10 55 F—rBy PEQ-PE3 Output Port E
P10 9N 54 P8,
Po C—112 53 F—rB PFo-PF3 Output Port F
Pg 13 52 FOPA3
P7 4 51 [—PA, PG-PG3 Output Port G
Pg .15 uPD 50 FPA,
Ps C—]16 5568 49 F—aPAQ PHo-PH3 Output Port H
P 48 P
P3 4:': :; 47 :’EH Plg-Ply Output Port |
P 46 Pl =
Py 2 128 45 E—f—_—)&.‘s INT Interrupt Input
P 21 H
] Oé 22 33 E_‘EIPEH 10-7 Instruction Input
| 23 PH
I3 6‘:_:—: 24 :f :::P%B PCop.10 Program Counter Output
) 4 PG
13 ‘E gg 33 ::pé‘ Acc/PC Accumulator/Program
I 327 38 FPGq Counter Select
1 28 37 EpF,
0 329 36 F3PF, BREAK Break Input
CL1 =30 356 E—PpF,
CLn 431 34 OPF STEP Single Step Input
GND 32 33 I TEST
CLo-CLq External Clock Source
RESET Reset
\ele) Power Supply Negative
Vss Power Supply Positive
TEST Factory Test Pin
(Connect to Vgg)
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uPD556B BLOCK DIAGRAM

Pio0

Acc/PC
P
PA3 A N -«———BREAK
ST m— E Bii;K
L) P-SELECTOR STEP
I RAM RAM
.- l:\:> R 96 x4 DECODER p:. 7> {} [CONTROL| -~ STEP
PC
T up/
] DOWN
COUNT-
PC3.0 C:> c Py
— o8 ‘ STACK 0
PD3.9 o — 'i 1 ‘ STACK 1
RAM BUFFER DPy DPL STACK 2
PE4. | ] £ 4 > 8BIT INSTRUCTION BUS a
o . | . B 3 I70
] ve C BT ] 3
L) inTER- asus U @
PR30 C—_‘ FACE 9 I I 1 PaUS
TIMER
PG3.0 . CONTROL
\ s AND
4-BIT DECODE
-1 Nt —_—
PH3.0 [**1 CONTROL] INT
Pl2g cG ~——— RESET
cLy  Clo
Operating Temperature . .. ..........uurineennnnnenn.n -10°Ct0 +70°C  ABSOLUTE MAXIMUM
Storage Temperature -40°Cto +125°C RATINGS*
Supply Voltage, VGG - -« v v vttt i et it e e e e -15V to +0.3V
All InputVoltages. . . .. ...ttt -15V to +0.3V
CANOutputVoltages. . . . ... it i e e e e -15V to +0.3V
Output Current (total, allports). . ... ... .. .. .. .. -4 mA

Ta=25°C.

*COMMENT: Stress above those listed under ‘“Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.



uPD556B
DC CHARACTERISTICS  Ts-10°C 0 +70°C, Vg = =10V & 10%, Vs - OV

LIMITS TEST
PARAMETER SYMBOL | MIN TYP | MAX UNIT CONDITIONS
Input High ViH 0 -20 \ Ports A to D, 179
Voltage BREAK, STEP, INT, RESET,
and Acc/PC
Input Low ViL -43 VGo Vv Ports Ato D, 179
Voltage BREAK, STEP, INT, RESET,
and Acc/PC
Clock High ViH 0 -0.8 Vv CLg Input, External Clock
Voltage
Clock Low VoL -60 Veo Vv CLg Input, External Clock
Voltage
10 uA Ports A and B, I79
Input Leakage | INT, RESET, BREAK, STEP,
Current High LIH Acc/PC, Vi = -1V
+10 uA | PortsCand D, V|=-1V
-10 uA | Ports A and B, 17,9
Input Leakage INT, RESET, BREAK, STEP,
Current Low i Acc/PC, V| =-11V
-10 uA Ports Cand D, V| =11V
Clock Input ILoH 1200 uA CLg Input, External Clock,
Leakage High VeH = 0V
Clock Input Lol -200 A | CLg Input, External Clock,
Leakage Low VgL =-11V
VOH1 -10 \ Ports Cto |, P00
Output High IoH =-1.0mA
Voltage VOH2 -23 \ Ports Cto I,P10.0
IoH =-3.3mA
Output Leakage oL -30 uA | PortsCto |, P1g0.0
Current Low Vo =-11V
Supply Current fele] -30 -50 mA

AC CHARACTERISTICS T,=-10°Cto+70°C,Vgg = -10V & 10%

LIMITS TEST
PARAMETER SYMBOL [ MIN | TYP } MAX ] UNIT CONDITIONS
Frequency fo 150 440 | KHz
Clock Rise and Fall Times | t,, tf (o] 03 us
Clock Pulse Width High towH 05 56 HS
Clock Puise Width Low towL 05 56 | us
Input Setup Time tis 5 | us
Input Hold Time tH 0 us
BREAK to STEP Interval | tgg 200 us f= 400 KHz, "1 Written
STEP to RUN interval tsB 200 us f =400 KHz, 1" Written
STEP Pulse Width tws 30 us = 400 KHz, “1" Written
BREAK to Acc Interval tBA 200 us f =400 KHz, "1’ Written
Acc/PC Pulse Width WA 30 us f =400 KHz, 1" Written
STEP to Acc Interval tSA1 200 us f =400 KHz, “1" Written
PC to STEP Overlap tSA2 5 | us f =400 KHz, 1" Written
PC to RUN Interval tAB 0 us f =400 KHz, "1’ Written
AGCIPC — P10.0 Delay tDAP1 15 | us f =400 KHz, "1" Written
tDAP2 15 | us f =400 KHz, “1" Written
CAPACITANCE Ta=25%
LIMITS TEST
PARAMETER SYMBOL|{MIN | TYP] MAX JUNIT | CONDITIONS
Input Capacitance Cy 15 pf
Output Capacitance Co 15 pf f=1MHz
Input/Output Capacitance Cio 15 pf




uPD556B

1/t :
t t
" Vgg T tWH
ss t¢wx_)r—1 Vo

v
VGG —-- oL

P100
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17-0

[ X

BREAK /
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tBS

tsB
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tBA
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Package Outlines

For information, see Package Outline Section 7.

CLOCK WAVEFORM

TIMING WAVEFORMS

Ceramic Quil, pPD556B
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NEC

Description

The uPD7500 Series CMOS 4-Bit Single Chip
Microcomputer Family is a broad product line of 16
individual devices designed to fulfill a wide variety of
applications. The advanced 4th generation architecture
includes all of the functional blocks necessary for a
single chip controller, including an ALU, Accumulator,
Program Memory (ROM), Data Memory (RAM), four
General Purpose Registers, Stack Pointer, Program
Status Word (PSW), 8-Bit Timer/Event Counter,
Interrupt Controller, Display Controller/Driver, and 8-Bit
Serial Interface. The instruction set maximizes the
efficient utilization of fixed Program Memory space, and
includes a variety of addressing, Table-Look-up,
Logical, Single Bit Manipulation, vectored jump, and
Condition Skip Instructions.

The uPD7500 Series includes four different devices,
the uPD7501, uPD7502, uPD7503, and uPD7514, capa-
ble of directly driving Liquid Crystal Displays with up to
16 7-segment digits. The uPD7508A, uPD7528,
uPD7517, uPD7538, uPD7537, and uPD7519 can direct-
ly drive up to 35V Vacuum Fluorescent Displays with up
to 8 7-segment digits, and the uPD7519 can directly
drive up to 35V Vacuum Fluorescent Displays with up to
16 7-segment digits.

All 16 devices are manufactured with a Silicon gate
CMOS process, consuming only 900uA max at 5V, and
only 400uA max at 3V. The HALT and STOP power-
down instructions can significantly reduce power
consumption even further.

The flexibility and the wide variety of uPD7500 Series
devices available make the uPD7500 series ideally
suited for a wide range of battery-powered, solar-
powered, and portable products, such as telecommu-
nication devices, hand-held instruments and meters,
automotive products, industrial controls, energy
management systems, medical instruments, portable
terminals, portable measuring devices, appliances, and
consumer products.

Features

Advanced 4th Generation Architecture

Choice of 8-Bit Program Memory (ROM) size:

- 1K, 2K, 4K internal, or 8K external bytes
Choice of 4-Bit Data Memory (RAM) size:

- 64, 96, 128, 208, 224, or 256 internal nibbles
RAM Stack

Four General Purpose Registers: D, E, H, and L
~ Can address Data Memory and I/O ports

— Can be stored to or retrieved from Stack
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uPD7500 SERIES
CMOS 4-BIT SINGLE CHIP
MICROCOMPUTER FAMILY

O Powerful Instruction Set

d

oooo

- From 58 to 110 instructions, including:
- Direct/indirect addressing
- Table Look-up
- RAM Stack Push/Pop
- Single byte subroutine calls
- RAM and I/O port single bit manipulation
- Accumulator and /O port Logical operations
- 10 us Instruction Cycle Time, typically
Extensive General Purpose 1/O Capablllty
— One 4-Bit Input Port
- Two 4-Bit latched tri-state Output Ports
- Five 4-Bit input/latched tri-state Output Ports
Easily expandable with uPD82C43 CMOS 1/0
Expander
- 8-Bit Parallel 1/0 capability
Hardware Logic Blocks — Reduce Software
Requirements
- Operation completely transparent to instruction
execution
- 8-Bit Timer/Event Counter
- Binary-up counter generates INTT at
coincidence
- Accurate Crystal Clock or External Event
operation possible
Vectored, Prioritized Interrupt Controller
- Three external interrupts (INTQ, INT1, INT2)
- Two internal interrupts (INTT, INTS)
Display Controller/Driver
- Complete Direct Drive and Control of Multi-
plexed LCD or Vacuum Fluorescent Display
- Display Data automatically multiplexed from
RAM to dedicated segment/backplane/digit
driver lines
8-Bit Serial Interface
- 3-line I/O configuration generates INTS upon
transmission of eighth bit
- ldeal for distributed intelligence systems or
communication with peripheral devices
- Complete operation possible in HALT and STOP
power-down modes
Built-in System Clock Generator
Built-in Schmidt-Trigger RESET Circuitry
Single Power Supply, Variable from 2.7V to 5.5V
Low Power Consumption Silicon Gate CMOS
Technology
- 900 A max at 5V, 400 A max at 3V
- HALT, STOP Power-down instructions reduce
power consumption to 20 nA max at 5V,
10uA at 3V (Stop mode)

OO0 Extended -40°C to +85°C Temperature Range

Available

O Choice of 28-pin, 40-pin, 42-pin dual-in-line pack-

Rev/1
3-25

ages, or 52-pin, 64-pin, or 80-pin flat p]astuc
packages.




Features 7500 7501 7502 7503 7514 7506 7507 7507S 7508 7508A 7519 7527 7528 7537 7538

:;_‘:l’t";'o':&';' 1K 2K 4K 4K 1K 2K 2K 4K 4K 4K 2K 4K 2K 4K

s314Y3S 00s.ad”

Expandable to 8K
RAM 256 x4 96x4 128x4 224x4 256 x4 64x4 128x4 128 x4 224 x4 208 x4 256 x4 160 x 4 160 x 4 160 x 4 160 x 4
1/0 Lines 32 24 23 23 67 22 32 20 32 32 28 35 35 35 35
g‘on.::‘tTel:“erIEvent [ ] L] L] [ ] [} [ ] L] L] L] L] [ ] [} ] Y °
8-Bit Serial Interface . . . ° . . . . . . . . . .
Registers Outside RAM 4x4 2x4 4x4 4x4 2x4 4x4 4x4 4x4 4x4 4x4 2x4 2x4 2x4 2x4
Instructions 110 63 92 92 92 58 92 91 92 92 92 66 66 67 67
Min Cycle Time (us) 6.67 6.67 6.67 6.67 5 6.67 667 6.67 6.67 6.67 6.67 4 4 4 4
Interrupts 5 4 4 4 4 2 4 4 4 4 4 3 3 3 3
Stack Levels RAM RAM RAM RAM RAM RAM RAM RAM RAM RAM RAM RAM RAM RAM RAM
Display VFD VFD VFD VFD VFD
Controller/ LCD LCD LCD LCD drive VFD DRIVE DRIVE DRIVE DRIVE
Driver only ONLY ONLY ONLY ONLY
¥ Analog 1/0 14-bit
N D/A

Current Consumption
(max)

Normal Operation ~— 900 pA at 5V + 10%; 400pA at 3V + 10%———— >

Stop Mode 20 uA at 5V + 10%; 10uA at 3V + 10%
Operating -10°C -40°C
Temperature Range to - to

+70°C +85°C

Packages

28-pin DIP . J

40-pln DIP L] . °

52-pin Flat . * ®

64-pin Flat . ° .

64-pin QUIL . .

42-pln DIP . . . .

80-pin Fiat .




wPD7500 SERIES

Instruction Set Instruction Set Symbol Definitions

The uPD7500 Series Instruction Set consists of 110 The following abbreviations are used in the description
powerful instructions designed to take full advantage of of the uPD7500 Series Instruction sets:

the advanced uPD7500 architecture in your application.

It is divided into two subsets, according to the Symbol - anation andUse
complexity of the device. - e
Instruction Set A’ is available for the higher- addr Address
performance uPD7500 Series devices having either a bit Operand one bit of a nibble
2K x 8-bit or a 4K x 8-bit Program Memory. It can be Bn i aace-Ceiavioi
used with the uPD7500, uPD7502, uPD7503, uPD7507, o 0 BRO@SB)
uPD7507S, uPD7508, uPD7508A, uPD7519, uPD7514, o 1 By
uPD7527, uPD7528, uPD7537, and uPD7538 products. 1 1 Bit3Mmse
Instruction Set “B’’ is available for the lower-cost :“" Bank Flag & "s:” I"‘"’To‘:"y’
uPD7500 Series devices having a 1K x 8-bit Program T
Memory. lIts instructions are a compatible subset of data diate data operand
Instruction Set “A,”” and can be used with the [ D Reg|
uPD7500, uPD7501, and uPD7506 products. Dn Bit “n” of data op
DE DE Register Pair
DL DL Register Pair
E E Reg
H H
HL HL Pair
IER Interrupt Enable Register
IER bit: 0 1 2 3
p INTT INTo/S INT4 INT2
IME Interrupt Master Enable F/F
INTR “‘n”
IRFn pt Request Flag “‘n”’
L L Register
F value is greater than FH
P() Parallel input/Output Port addressed by the value within the p
PC Program Counter
PCn Bit ‘“‘n”’ of Program Counter
PSW Program Status Word
PSW bit: [} 1 2 3
Flag: Carry Bank SKo SK1
wn Register Pair, specified by the 3-bit inmediate data operand D2-9, as
follows:
D2 D1 Do ] Additional Action
o T© o o none (instruction set “A’" only)
0 0 1 DE none (instruction set “‘A” only)
1 0 [} HL- decrement L; skip if L = FH
1 [} 1 HL + increment L; skip if L = OH
1 1 0 HL none
S Skip Cycles: 0 when skip condition does not occur
1 when skip does occur
slo _Serial I/0 Shift
SIOCR Serial I/0 Count Register
SP Stack Pointer
String String Effect; in a string of similar instructions, only the first
is the of the in the string
are as NOP
taddr Operand ROM Table Data o
Tn Bit ‘‘n’’ of ROM Table Data
TCR Timer Counter Register
TMR Timer Modulo Register
() The contents of the RAM location addressed by the value within the
11 The contents of the ROM location addressed by the value within the
- Load, Store, or Transfer nght op into left
. the left and rnight op.
NOT Logical NOT (One’s
AND LOGICAL AND
.OR LOGICAL OR
XOR LOGICAL Exclusive OR

{ 1 Instruction pertains to uPD7500 only




uPD7500 SERIES

Instruction Set “A”

For the uPD7500, uPD7502, uPD7503, uPD7507, uPD7507S, uPD7508, uPD7508A, and uPD7519 devices only

Instruction Code

Mnemonic Function D Bytes Cycles Skip Condition
Dy Dg Ds Dg D3 D2 D1 Do HEX
Load
LADR addr A+~(D7-0) Load Accumulator [} [} 1 1 1 ) [] ] 38 2 2
from directly D7 Ds Ds Dg D3 D2 D1 Do 00-FF
addressed RAM
LAl data A+D3q Load Accumulator 0 0 0 1 D3 D2 D1 Do 10-1F 1 1 String
with immediate
data
LAM rp A~(rp) Load Accumulator [} 1 [} D2 0 ] D1 Do 40,41 1 1+S See explanation
rp = DL, DE, HL -, HL+, HL from Memory, 50-52 of “‘rp’* in symbol
if rp = HL -, skip if borrow possible skip definitions
it rp = HL +, skip if overflow
LAMT ROM addr = PC10.-6, Load Accumulator 0 1 ] 1 1 1 1 [} 5E 1 2
(«PD7500, uPD7502 0,C, Az and Memory from
only) A<+[ROM addr]7.4 Table
(HL)~[ROM addr]3.9
LAMTL ROM addr = PC11.g, Load Accumulator 0 0 1 1 1 1 1 1 3F 2 2
(uPD7500, LPD7503, A3.0, (HL)3-0 and Memory from 0 0 1 1 0 1 [} 0 34
uPD7507, uPD7507S, A<+[ROM addr]7.4 Table Long
uPD7508, ,PD7508A, (HL)~[ROM addr]3-0
uPD7519, only)
LDEI data D+D7.4 Load DE register 0 1 0 [ 1 1 1 1 4F 2 2
pair with immedi- D7 Dg Ds Ds D3 D2 Dq Do O00-FF
E~D3.0 ate data
LDI data D+D3.0 Load D register 0 0 1 1 1 1 1 [ 3E 2 2
with immediate 0 0 1 (] D3 D2 Dy Do 20-2F
data
LEI data E+~D3.0 Load E register 0 [] 1 1 1 1 1 0 3E 2 2
with immediate 0 ] 0 [ D3 D2 D1 Do  00-OF
data
LHI data H+<D3.0 Load H register [} L] 1 1 1 1 1 o 3E 2 2
with iImmediate 0 0 1 1 D3 D2 D1 Dp 30-3F
data
LHLI data H+D7.4 Load HL register 0 1 0 0 1 1 1 0 4E 2 2 String
L+-D3.0 pair with immedi- D7 Dg D5 Ds D3 D2 D1 Do 00-FF
ate data
LHLT taddr ROM addr = 0COH + D3.0 Load HL register 1 1 [] ) D3 D2 D1 Do CO-CF 1 2 String
H<~[ROM addr}7-4 pair from ROM
L<[ROM addr]3.0 Table
LLI data L+-D3.0 Load L register 0 0 1 1 1 1 1 [] 3E 2 2
with immediate 0 (] 0 1 D3 D2 D1 Do 10-1F
data
Store
ST (HL)«-A Store A to Memory 0 1 0 1 0 1 1 1 57 1 1
Transfer
TAD DA Transfer A to D 0 0 1 1 1 1 1 0 3E 2 2
1 0 1 [] 1 0 1 0 AA o
TAE E-A Transfer Ato E 0 0 1 1 1 1 1 0 3E 2 2
1 0 ] 0 1 0 1 0 8A
TAH H-A Transfer A to H 0 0 1 1 1 1 1 0 3E 2 2
1 0 1 1 1 [ 1 [ BA
TAL L-A Transfer Ato L 0 0 1 1 1 1 1 0 3E 2 2
1 0 0 1 1 [ 1 0 9A
TDA A<D Transfer D to A 0 0 1 1 1 1 1 [} 3E 2 2
1 0 1 0 1 0 1 1 AB
TEA A-E Transfer Eto A ] 0 1 1 1 1 1 [ 3E 2 2
1 0 0 [ 1 [ 1 1 8B
THA A+-H Transfer Hto A 0 0 1 1 1 1 1 [} 3E 2 2
1 [ 1 1 1 0 1 1 BB
TLA A-L Transfer Lto A [ ] 1 1 1 1 1 [ 3E 2 2
1 0 0 1 1 o 1 1 9B
XAD A+D E; A with D 0 1 0 1 0 1 0 4A 1 1
XADR addr A+(D7.-0) Exchange A with 0 L] 1 1 1 0 [] 1 39 2 2
directly addressed D7 De Ds Dg D3 D2 D1 Do 00-FF
RAM
XAE A~E E; A with E 0 1 0 0 1 0 1 1 48 1 1
XAH A-H E; A with H 0 1 1 1 1 0 1 0 7A 1 1
XAL AL E; A with L [ 1 1 1 1 0 1 1 78 1 1
XAM rp A=(rp) Exchange A with [} 1 0 D2 0 1 D1 Do 44,45 1 1+$ See explanation
rp = DL, DE, HL -, HL +,HL Memory, Possible 54-56 or “rp”’ in symbol
ifrp = HL -, skip if borrow Skip definitions
if rp = HL +, skip if overflow
XHDR addr H+(D7-0) Exchange H with 0 0 1 1 1 ) 1 ) 3A 2 2
directly addressed D7 Dg Ds Dg D3 D2 D1 Do 00-FF
RAM
XLDR addr L+(D7-0) Exchange L with 0 0 1 1 1 0 1 1 3B 2 2
directly addressed D7 Dg Ds Dag D3 D2 D1 Do 00-FF

RAM

3-28



nPD7500 SERIES

Instruction Set “A” (Cont.)
For the uPD7500, uPD7502, uPD7503, uPD7507, uPD7507S, uPD7508, uPD7508A, and uPD7519 devices only

Instruction Code
Mnemonic Function D Bytes Cycles Skip Condition
D7 Ds Ds D4 D3 D2 Dy Do HEX
ACSC A,C-A+(HL)+C Add with carry, [] 1 1 1 1 1 0 [} 7C 1 1+8 Carry = 1
skip if carry skip if cal

A+A + D3.0
SKij el

e
A<A + (HL) Add memory; skip
skip if overtlow if overflow
BRI

Logical
ANL A<+A AND (HL) AND Accumulator 0 [} 1 1 1 1 1 1 3F 2 2
and Memory 1 0 1 1 [ 0 1 [ B2
EXL A<+A XOR (HL) Exclusive-Or o 1 1 1 1 1 1 L] 7€ 1 1
Accumuiator and
Memory
ORL A<+A OR (HL) OR Accumulator o 0 1 1 1 1 1 1 3F 2 2
and Memory 1 0 1 1 0 1 1 0 B6
Accumulator
CMA A+<NOT A Complement 0 1 1 1 1 1 1 1 7F 1 1

Accumulator

RAR c-Ao ] Rotate o o 1 1 1 1 1 1 3 2 2

Ag+-A1 Accumulator right 1 o 1 1 (] ] 1 1 B3

A1+-A2 through Carry

A2+-A3

A3+C (old)

Program Status Word

RC C+-0 Reset Carry 0 1 1 1 1 [ 0 0 78 1 1
sC C+-1 Set Carry 0 1 1 1 1 [ 0 1 79 1 1

Increment and Decrement

35 3 :
2 . 52 z 380 25 %1} 2 - 3 = N % B
(D7-0)—(D7-0) - 1 Decrementdirectly 0 0 1 1 1 1 0 0 3C 2 2+S  (D7.0) = FH
skip if (D7.0) = FH addressed RAM; D7 Dg Ds Ds D3 D2 Dy Do OOFF
skip if borrow
DES E<E - 1 Decrement E; skip o 1 o o 1 o [ o 48 1 1+8 E =FH

54 4 SRS e 2 s 4 ¢ i s e
IDRS addr (D7.0)~(D7.9) -1 Increment directly 0 1 0 3D 2 2+8 (D7.9) = OH
skip if (D7.g) = OH addressed; skip if D7 Dg Ds D4 D3 D2 D1 Do  O0-FF
overflow
IES E<E + 1 Increment E; skip [} 1 L] ] 1 70 0 1 49 1 1+8 E = OH
skip if E = OH if overflow
T - =

oy

A S o

=3 Keltoits R TN RARGTE ad ¥ z X
ILs L-L +1 Increment L; skip
skipif L = OH if overflow
Bit
RMB bit (HL)pit-0 Reset Memory bit o 1 1 [ 1 [} B1 Bp 68-6B 1 1
bit = B1.9 (0-3)
SMB bit (HL)pit—1 Set Memory bit 0 1 1 [] 1 1 B1 Bo 6C-6F 1 1

bit = B1- (0-3)




xPD7500 SERIES

Instruction Set “A” (Cont.)
For the uPD7500, uPD7502, uPD7503, uPD7507, uPD7507S, uPD7508, uPD7508A, and uPD7519 devices only

Instruction Code

Mnemonic

D7 Dg_Ds Dg D3

Bytes

Cycles

$kip Condition

Branch

CALL addr

(SP-1)~PC7.4
(SP-2)~PC3.0
(SP -3)~-PSW
(SP-4)~PC11.18
SP-SP-4
BANK+0
PC11+-0
PC10-0+-D10-0

Call subroutine 0 0 1 1 0
D7 De Ds Dg D3

D10
D2

30-37

00-FF

2 2

CALT addr

(SP-1)~PC7.4
(SP-2)-PC3.9

(SP -3)-PSW
(SP-4)-PC11.8

ROM addr = 0COH +Ds.g
BANK<+0

PC11-10+-00
PCg.7+[ROM addr]7.5
PCg-5+-00

PC4-0+—[ROM addr]4-0

Call subroutine 1 1 Ds D4 D3
through ROM Table
(single byte)

D2

D1

DO-FF

1 2

JAM data

PC11.8+-D3-0
PC7.4-A
PC3.0+(HL)

Vectored Jump on [] 0 1 1 1
Accumulator and o o
Memory

3F
10-1F

2 2

JCP addr

PCs5.0+-Ds.0

Jump within 1 0 Ds Dg D3
current page

D2

D1

Do

80-BF

JMP addr

PC11.0-D11-0

PC11.8+(SP)

Jump to specified
ress

ﬁoturn from
BANK<~(SP +1) Subroutine
PC3.0-(SP +2)
PC7.4-(SP +3)
SP+SP + 4
RTPSW PC11.8+(SP) Return from o 1 0o o o0 0o 1 1 43 1 2
PSW+(SP +1) Subroutine and
PC3-0-(SP+2) restore PSW
PC7.4+(SP +3)
SP—SP +4 .
RTS PC11.8+(SP) Return from o 1 o 1 1 o 1 1 58 1 148 Unconditional
BANK<(SP +1) Subroutine; then
PC3.0+(SP +2) skip next
PC7.4-(SP +3) instruction
SP<+(SP +4)
Skip
Stack
POPDE E~(SP) Pop DE register o o 1 1 1 1 1 [) 3E 2 2
D+(SP+1) pair off Stack N 1 o 0 [ 1 1 1 1 8F
SP<SP +2
POPHL L—(SP) Pop HL register 0 [ 1 1 1 1 1 [} 3E 2 2
H—(SP +1) pair off Stack 1 [ 0 1 1 1 1 1 9F
SP<SP+2
PSHDE (SP-1)<D Push DE register 0 0 1 1 1 1 1 [ 3E 2 2
(SP-2)~E parr on Stack 1 0 ] o 1 1 1 [] 8E
SP<SP-2
PSHHL (SP-1)<H Push HL register 0 [} 1 1 1 1 1 0 3E 2 2
(SP-2)~L pair on Stack 1 0 [ 1 1 1 1 0 9E
SP<SP -2
TAMSP SP7.4-A Transfer Accumu- 0 0 1 1 1 1 1 1 3F 2 2
SP3.1+(HL)3.1 lator and Memory [} 0 1 1 1] (] 0 1 31
SPo-0 to Stack Pointer
TSPAM A~SP7.4 Transfer Stack o o 1 1 1 1 1 1 3F 2 2
(HL)3-1+-SP3-1 Pointer to [} [} 1 1 [] 1 ] 1 35
(HL)o+-0 Accumulator and
Memory
Skip
SKABT bit Skip if Apjt = 1 Skip if Accumulator 0 1 1 1 [} 1 B1 Bo 74-77 1 1+S Apit = 1
“bit = B1-g(0-3) bit true
SKAEI data Skipif A = D3.0 Skip if Accumulator 0 o 1 1 1 1 1 1 3F 2 2+S A = D3.0
equals immediate 0 1 1 0 D3 D2 D1 Do 60-6F
data
SKAEM Skip if A = (HL) Skip if Accumulator 0 1 [] 1 1 1 1 1 5F 1 1+8 A = (HL)
equals Memory
SKC SkipifC =1 Skip if Carry 0 1 0 1 1 0 1 0 5A 1 1+S Cc=1
SKDEI data Skip if D = D3.0 Skip if D equals [} [} 1 1 1 1 1 [] 3E 2 2+S D = D3.0
data 0 1 1 0 D3 D2 D1 Dgo 60-6F
SKEEI data Skip if E = D3-0 Skip if E equals o 0 1 1 1 1 1 0 3E 2 2+8 E = D3.0
data [} 1 0 0 D3 D2 D1 Do 40-4F
SKHEI data SkipitH = D3.0 Skip if H equals 0 o 1 1 1 1 1 0 3E 2 2+S8 H = D3.0
data 0 1 1 1 D3 D2 Di Do 70-7F




uPD7500 SERIES

Instruction Set “A” (Cont.)
For the uPD7500, uPD7502, uPD7503, uPD7507, uPD7507S, uPD7508, uPD7508A, and uPD7519 devices only

Instruction Code
Mnemonic Function Bytes Cycles Skip Condition
D7_Ds Ds_Ds D3 Dz D1 Do  WEX
Conditional Skip (Cont.)
SKLE| data Skip If L = D3-0 Skip if L equals 0 [} 1 1 1 1 1 [] 3E 2 2+S L = D3.0
data 0 1 0 1 D3 D2 Dy Dp 50-5F
SKMBF bit Skip If (HL)bit = 0 Skip if Memory ) 1 1 [) 0 0 By Bp 6063 1 1+S (HL)pit = 0
bit = B1.9(0-3) bit false
SKMBT bit Skip If (HL)bit = 1 Skip If Memory 0 1 1 o o 1 Bt Bp 6467 1 1+8 (HL)bit = 1

bit = B1.9(0-3) bit true

Timer/Event Counter
TAMMOD TMR7.4+A Transter [ 1 1 T 1 3F 2 2
TMR3-0+(HL) Accumulator and o o 1 1 1 L 1 3F
Memory to Timer
Modulo Register
TCNTAM A~-TCR7.4 Transfer Timer ¢ o 1 1 1 11 1 3F 2 2
(HL)~TCR3.0 Count Register to o o0 1 1 1 o 1 1 3B
Accumulator and
Memory
TIMER TCR7.9+0 Start Timer o o 1 1 1 11 1 3F 2 2
IRFy+—0 0 [} 1 1 [ [ 1 0 32
interrupt Control
Dl data IME F/F<-0 if data = 0 Disable Interrupt, [} 1 1 1 1 1 1 3F 2 2
IER3.0+1ER3-0 AND NOT Interrupt Master 1 0 0 0 D3 D2 D1 Do B80-8F
D3.0 if data < > 0 Enable F/F or
specified
El data IME F/F<1 if data = 0 Enable Interrupt, ] ] 1 1 1 1 1 1 3F 2 2
{ER3_g+1ER3.9 OR D3.q Interrupt Master 1 [} 0 1 D3 D2 D1 Do  90-8F
if data < >0 Enable F/F or
specified
SKI data Skip if IRFh AND D3.0<> 0 Skip if Interrupt [} 0 1 1 1 1 1 1 3F 2 2+S IRFp = 1
IRFn+IRFn AND NOT D3.0 Request Flag is o 1 0 0 D3 D2 D1 Do  40-4F
true
Serlal interface
sio SIOCR+-0 Start Serial I/0 o [ 1 1 1 1 1 1 3F 2 2
IRFg;s+0 Operation [ [ 1 1 [ 0 1 1 33
TAMSIO S107.4+-A Transfer Accumu- 0 L] 1 1 1 1 1 1 3F 2 2
$103.0+(HL) lator and Memory ] [} 1 1 1 1 1 ] 3E
to SI Shift
TSIOAM A<Sl107-4 Transfer Si Shift 0 0 1 1 1 1 1 1 3F 2 2
(HL)+-SI03.0 Register to Accumu- 0 0 1 1 1 o 1 o 3A
lator and Memory
Paraliel /O
ANP data P(P3-0)-P(P3-0) AND D3.0 AND output port 0 1 0 0 1 1 0 0 ac 2 2
latch with D3 D2 D1 Dp P3 P2 P1 Pop O0FF
data
1P port A+~P(P3.0) Input from port, 0 [} 1 1 1 1 1 1 3F 2 2
address 1 1 [ 0 P3 P2 P P9 CO-CF
IP1 (except A+P(1) Input from Port 1 o 1 1 1 [ ] [} 1 ksl 1 1
uPD7507S)
P54 A~P(5) Input Byte from [} 0 1 1 1 1 1 1 3F 2 2
(HL)+-P(4) Ports 5 and 4 o 0 1 1 1 0 0 0 38
PL A-P(L) Input from Port ) 1 1 1 o o 0 70 1 1
by L
OP port P(P3-0)-A Output to port, [} [] 1 1 1 1 1 1 3F 2 2
address 1 1 1 [ P3 P2 Py Po EOEF
oP3 P(3)~A Output to Port 3 0 1 1 1 [ 0 1 1 73 1 1
0oP54 P(5)-A Output Byte to 0 0 1 1 1 1 1 1 3F 2 2
P(4)(HL) Ports § and 4 0 0 1 1 1 1 0 0 3C
OoPL P(L)-A Output to port 0 1 1 1 ) o 1 0 72 1 1
i byl
ORP data P(P3.0)-(P3-0) OR D3-0 OR output port 0 1 0 0 1 1 0 1 4D 2 2
latch with D1 Do

Immediate data

CPU Control
HALT Enter HALT Mode [} [ 1 1 1 1 1 1 3F 2 2
0 0 1 1 0 1 1 0 36
NOP No 0 0 0 0 0 0 0 0 00 1 1
STOP Enter STOP Mode [] 0 1 1 1 1 1 1 3F 2 2
0 0 1 1 0 1 1 1 37




uPD7500 SERIES

Instruction Set “B”

For the uPD7500, uPD7501, and uPD7506 devices only

Instruction Code

Mnemonic Function D Bytes Cycles Skip Condition
D7 Dg _Ds D4 D3 D2 Dy Do HEX
Load

LADR addr A+(Dg-0) Load Accumulator L] 0 1 1 1 [] [} 0 38 2 2

from directly 0 Dg Ds D4 D3 D2 Dt Do 00-5F

RAM

LAI data A+D3.0 Load Accumulator [} [} [] 1 D3 D2 D1y Do 10-1F 1 1 String

with dat:

LAM rp A«(rp), Load Accumulator [} 1 0 1 0o 0 D1 Do 50-52 1 1+8 See explanation
P = HL-, HL+, HL from Memory, of “rp”’ in symbol
if rp = HL -, skip if borrow possible skip definitions
if rp = HL +, skip if overflow

LAMT Load Accumulator o 1 0 1 1 1 1 o 5E 1 2

ROM addr = PC: 3
0,C, Az 106

A+~[ROM addr]7.4

(HL)~[ROM addr]3.0

and Memory from
Table

Do

LHI data H3+-0 Load Hregister with D2 ) D1
H2.0+-D2-0 data
LHLI data H3.1-0 Load HL register 1 1 o Da D3 D2 D1 Do CO-DF 1 1 String
Ho+Dg pair with immed:-
L+-D3.0 ate data
Store
ST (HL)-A Store A to Memory 0 1 0 1 0 1 1 1 57 1 1
STl data (HL)~D3.0 Store immediate 0 1 [} [} D3 D2 D1 Do 40-4F 1 1
LeL + 1 data and N
increment L
XADR addr A+(Dg-0) Exchange A with 0 0 1 1 1 [ [] 1 39 2 2
directly addressed 0 Dg Ds Ds D3 D2 D1 Do  00-5F
AM
XAH A~H ge A with H 0 1 1 1 1 0 1 0 7A 1 1
XAL A-L A with L 0 1 1 1 1 0 1 1 78 1 1
XAM rp A+(rp) Exchange A with o 1 [ 1 [] 1 D1 Do 54-56 1 1+8 See explanation
rp = HL—, HL+, HL Memory, Possible or “‘rp”’ in symbol
if rp = HL -, skip if borrow Skip definitions
if rp = HL +, skip if overflow
XHDR addr H+(Dg-0) Exchange H with o 0 1 1 1 [ 1 0 3A 2 2
directly addressed [} D¢ Ds Dg D3 D2 Di Do 00-5F
RAM
XLDR addr L+(Dg-0) Exchange L with 0 0 1 1 1 (] 1 3B 2 2
directly addressed 0 De Ds Dsg D3 D2 Dy Do 00-5F
RAM
ACSC A,C-At(HL)+C Add with carry; [] 1 1 1 1 1 0 L] 7Cc 1 1+S Carry = 1
skip if carry skip if carry
AISC data A<A + D3.0 Add immediate; 0 ] [} [} D3 D2 Dy Do 00-0F 1 1+S Overfiow
skip if overflow skip if overflow.
ASC A+A + (HL) Add memory; skip [ 1 1 1 1 1 0 1 7C 1 1+S Carry = 1
skip if overflow if overflow
. Logical
ANL A<«A AND (HL) AND Accumulator L] [} 1 1 1 1 1 1 3F 2 2
and Memory 1 o 1 1 o o 1 0 B2
EXL A<~A XOR (HL) Exclusive-Or o 1 1 1 1 1 1 o0 7€ 1 1
Accumulator and
Memory
ORL A<+A OR (HL) OR Accumulator 0 o 1 1 1 1 1 1 3F 2 2
and Memory 0 1 1 0 1 1 0 B6
CMA A+<NOT A Complement [ 1 1 1 1 1 1 1 7F 1 1
Accumulator

Rotate

RAR C+Ag [ 1 2 2

Ag-A1 Accumulator right 1 [} 1 1 0 0 1 1 B3

A1+-A2 through Carry

A2+-A3

A3+C (old)

Program Status Word \

RC c+0 Reset Carry 0o 1 1 1 1 0 0 0 78 1 1
sc c+1 Set Carry 0 1 1 1 1 o o 1 79 1 1
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Instruction Set “B” (Cont.)

For the uPD7500, uPD7501, and uPD7506 devices only

nPD7500 SERIES

Instruction Code

Mnemonic Function Bytes Cycles Skip Condition
D7 Dg Ds D4 D3 D2 Dy Do HEX
increment and Decrement
DDRS addr (D6-0)(Dg-0) - 1 Decrement directly 0 0 1 1 1 1 [} [} 3C 2 2+8 (Dg-0) = FH .
sKip if (Dg.0) = FH addressed RAM; [] Dg Ds Dsg D3 D2 D1 Do  00-5F
skip if borrow
DLS L-L -1 Decrement L; skip 0 1 0 1 1 [} [] [] 58 1 1+8 L=FH
skipifL = FH it borrow '
IDRS addr (Dg.0)(Dg.0) + 1 Increment directly 0 0 1 1 1 1 [ 1 3D 2 2+S (Dg.g) = OH
skip if (Dg.g) = OH addressed; skip it o Dg D5 Dsg D3 D2 Dy Do  00-5F
overfiow
Ls L-L +1 Increment L; skipif 0 1 0 1 1 0 [} 1 59 1 1+8 L=0H
skipifL = OH overflow
Bit
RMB bit (HL)bit=0 Reset Memory bit 0 1 1 0 1 0 B1 Bp 6868 1 1
bit = B1.9 (0-3)
SMB bit (HU)bit—1 Set Memory bit 0 1 1 0 1 1 By Bp 6C6F 1 1
bit = By.g (0-3)
Branch
CALL addr (SP-1)=PC7.4 Call subroutine 0 0 1 1 0 Do Dg Dg 3037 2 2
(SP -2)+~PC3.0 Dy Dg Ds Dg D3 D2 D4 Do O0-FF
(SP - 3)«-PSW
(SP -4)~PC10-8
SP+SP-4
BANK<+0
PC10-0-D10-0
CAL addr (SP-1)«PC7.4 Call short to 1 1 1 Dg D3 D2 D1 Dp EOFF 1 2
(SP -2)~PC3.0 CAL address
(SP -3)—PSW subrountine
(SP -4)-PC10-8
BANK<+0
100"
001D4D3000D5D4 Dy
JAM data PC10-8+D2-0 Vectored Jump on [] [1] 1 1 1 1 1 1 3F 2 2
PC7.4+A Accumulator and 0 [} 1] 1 0 D2 D1 Do 10-17
PC3.0+(HL) Memory
JCP addr PCs.0-Ds5.0 Jump within 1 0 Ds Da D3 D2 Dq Do 80-BF 1 1
current page

PC10-0-D10-0

Jump to specified
address

Return from

PC10-8+(SP)
BANK«—(SP +1) Subroutine
PC3.0+-(SP +2)
PC7-4+(SP +3)
SP+SP + 4
RTS PC10-8-(SP) Return from 0 1 0 1 1 [} 1 1 58 1 1+8S Unconditional
BANK<«(SP +1) Subroutine; then
PC3.0+(SP+2) skip next
PC7.4+(SP +3) instruction
SP+SP + 4
Skip
Stack
TAMSP SP7.4+-A Transfer Accumu- 1] ] 1 1 1 1 1 1 3F 2 2
lator and Memory 0 ) 0

SP3.1+(HL)3-1

to Stack Pointer

Conditional Skip

SKABT bit Skip if Apit = 1 Skip It Accumulator 0 1 1 1 [} 1 B1 Bp 7477 1 1+8 Apit = 1
bit = By.9(0-3) bit true
SKAEI| data Skip if A = D3.0 Skip if Accumulator 0 [} 1 1 1 1 1 1 3F 2 2+8 A = D3.0
equals immediate [] 1 1 0 D3 D2 D1 Do 60-6F
data
SKAEM Skip it A = (HL) Skip if Accumulator 0 1 [] 1 1 1 1 1 5F 1 1+S A = (HL)
equals Memory
SKC SkipitC =1 Skip it Carry 0 1 0 1 1 0 1 [ 5A 1 1+8 C=1
SKLEI! data Skip it L = D3.0 Skip if L equals [ [} 1 1 1 1 1 [] 3E 2 2+8 L = D3.0
data 0 1 0 1 D3 D2 D1 Do 50-5F
SKMBF bit Skip if (HL)pit = 0 Skip if Memory [ 1 1 [ o [ B1 Bp 6063 1 1+8 (HL)bit = 0
bit = B1.9(0-3) bit false
SKMBT bit Skip if (HL)bit = 1 Skip if Memory 0 1 1 [ [] 1 B1 By 64-67 1 1+8 (HL)bit = 1

bit = B1.0(0-3)

bit true




«PD7500 SERIES

Instruction Set “B” (Cont.)
For the uPD7500, ,PD7501, and uPD7506 devices only

Instruction Code

Mnemonic Function D, Bytes Cycles Skip Condition
D7 Dg Ds Dg D3 D2 Dy Do HEX
™
TAMMOD TMR7.4+A Transfer o o 1 1 1 1 1 1 3F 2 2
TMR3.0+(HL) Accumulator and 0 0 1 1 1 1 1 1 3F
Memory to Timer
Modulo Register
TCNTAM A+-TCR7.4 Transfer Timer [ 0 1 1 1 1 1 1 3F 2 2
(except uPD7506) (HL)~TCR3.0 Count Register to 0 0 1 1 1 0 1 1 3B
Accumulator and
Memory
TIMER TCR7.o+-0 Clear Timer 0 [ 1 1 1 1 1 1 3F 2 2
IRFy0 Counter Register 0 0 1 1 0 0 1 0 32
interrupts
SKI data Skip if IRF, AND D3.0< >0 Skip 1f Interrupt 0 0 1 1 1 1 1 3F 24+8 IRFp = 1
IRFn+IRFn AND NOT D3.0 Flagistrue 0 1 [ 0 0 D2 D1 Do 4047
Serial Interface
) SIOCR+0 Start Senal /0 o o 1 1 1 1 1 1 3F 2 2
(except ,PD7506) IRFo/s -0 Operati o o 1 1 o 0o 1 1 33
TAMSIO S107.4+A Transfer Accumu- 0 0 1 1 1 1 1 1 3F 2 2
(except uPD7506) S103.0+(HL) lator and Memory 0 o 1 1 1 1 1 ] 3E
to SIO Shift Register
TSIOAM A+S107.4 Transfer SIO Shift 0 0 1 1 1 1 1 1 3F 2 2
(except uPD7506) HL<SI03.0 Register to (1] ] 1 1 1 [} 1 [] 3A
Accumulator and
Memory
Parallel /0O
IP port A+P(P3.0) Input from port, [ 0 1 1 1 1 1 1 3F 2 2
address 1 1 0 0 P3 P2 Py Pg CO-CF
P1 A+(1) Input from Port 1 o 1 1 1 0 [ 0 1 7 1 1
P54 A+P(5) Input Byte from [ [ 1 1 1 1 1 1 3F 2 2
(HL)-P(4) Ports § and 4 0 0 1 1 1 0 0 0 38
PL AP(L) Input from Port ) 1 1 1 0 o o 0 70 1 1
tied by L
OP port P(P3.0)-A Output to port, [] 1 1 1 1 1 1 3F 2
address 1 1 1 P3 P2 P Po EO-EF
oP3 P(3)-A Output to Port 3 1 1 1 [ o 1 1 73 1 1
(except uPD7506) o
OP54 P(5)-A Output Byte to [} 0 1 1 1 1 1 1 3F 2 2
P(4)«(HL) Ports 5 and 4 0 0 1 1 1 1 0 0 3C
OPL P(L)~A Output to port o 1 1 1 [} [ 1 [ 72 1 1

CPU Control

HALT Enter HALT Mode 0 0 1 1 1 1 1 1 3F 2 2
0 0 1 1 0 1 1 0 36

NOP No op 0 o 0 [ o [ 0 0 00 1 1

STOP Enter STOP Mode 0 0 1 1 1 1 1 1 3F 2 2
0 o 1 1 o 1 1 1 37

Development Tools

For software development, editing, debugging, and
assembly into object code, the NDS Development
System, designed and manufactured by NEC
Electronics U.S.A., Inc., is available. Additionally, for
systems supporting either the ISIS-Il ( ®intel Corp.),
CP/M (@ Digital Research Corp.) operating systems, or
Fortran IV ANSI 1966 V3.9, the ASM75 Cross-
Assembler is available.

Once software development is complete, the code can
be completely evaluated and debugged with hardware
by the Evakit-7500 Evaluation Board. Available options
include the Evakit-7500-LCD LCD driver board (for the
uPD7501, uPD7502, and uPD7503), Evakit-7500-VFD
Vacuum Fluorescent Display driver board (for the
uPD7508A and uPD7519), and the Evakit-7500-RTT
Real Time Tracer. The SE-7502 System Emulation
Board will emulate complete functionality of the

uPD7501, uPD7502, or uPD7503 for demonstrating your
final system design. The SE-7508 System Emulation
Board will emulate complete functionality of the
uPD7506, uPD7507, uPD7507S, uPD7508, or uPD7508A
for demonstrating your final system design. All of these
boards take advantage of the capabilities of the
uPD7500 Rom-less evaluation chip to perform their
tasks.

Complete operation details on any uPD7500 Series
CMOS 4-Bit Microcomputer can be found in the
uPD7500 Series CMOS 4-Bit Microcomputer Technical
Manual.

7500DS-REV1-7-83-TRIUM-CAT
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Description %

The uPD7501 is a CMOS 4-bit single chip microcom-
puter which has the uPD750x architecture. :

The uPD7501 contains a 1024 x 8-bit ROM, and a 96 x
4-bit RAM.

The uPD7501 contains two 4-bit general purpose
registers located outside RAM. The subroutine stack is
implemented in RAM for greater nesting depth and flex-
ibility, providing such operations as the pushing and
popping of register values. The uPD7501 typically exe-
cutes 63 instructions of the yPD7500 series “B”’
instruction set with a 10us instruction cycle time.

The uPD7501 has two external and two internal edge-
triggered testable interrupts. It also contains an 8-bit
timer/event counter and an 8-bit serial interface to help
reduce software requirements. The on-board LCD con-
troller/driver supervises all of the timing required by the
24 Port S segment drivers and the 4 Port COM back-
plane drivers, for either a 12-digit 7-segment quadri-
plexed LCD, or an 8-digit 7-segment triplexed LCD.

The uPD7501 provides 24 |/O lines organized into the
4-bit input/serial interface Port 0, the 4-bit input Port 1,
the 4-bit output Port 3, and the 4-bit I/O Ports 4, 5, and
6. It is manufactured with a low power consumption
CMOS process, allowing the use of a single power sup-
ply between 2.7V and 5.5V. Current consumption is
less than 900uA maximum, and can be lowered much
further in the HALT and STOP power-down modes. The
uPD7501 is available in a space-saving 64-pin flat
plastic package.

The uPD7501 is upward compatible with the uPD7502
and the uPD7503.

Pin Configuration

S3
sS4
S5
S6
7
S8
S9
sy
s
st
s
5y
S1
4
st
S
$1
$20
n

&

S2 ] S— ]
SiC——]s3 =352
So %4 30— comMp
POg/INTY ] s5 20f————)com;
RESET ] 56 283 com,
L= s ") comy
Voo ] =8 O uPD7501 O 243 Voo
L] = 253 Vicoy
P3——] e 24—y Vico
P &1 23— Vicoy
me—=—a O nf——1Vss
P10/INTo ———1 63 fl] swsm— R}
PaC—J o Somm—
1 2 34 56 7 8 9101112131415 16 17 18 19

zé‘:’f%%%a?fiff’ﬁ'fff:’if

S
R

uPD7501

CMOS 4-BIT SINGLE CHIP
MICROCOMPUTER WITH LCD
CONTROLLER/DRIVER

Pin Identification

Pin
Function
No. Symbol
1 NC No connection.
2-4,64 P33-P3;, 4-bit latched tri-state output Port 3 (active high).
5 POg/SI 4-bit input Port 0/serial 1/O interface (active high).
6 P0,/SO This port can be configured either as a parallel input port,
7 PO, ISCK or as the 8-bit serial I/O Interface, under control of the

55 POL/INT. serial mode select register. The Serial Input Sl (active

0/INT4 hgh), Serial Output SO (active low), and the Serial Clock
(active low) used for synchronizing data transfer,

comprise the 8-bit serial /O interface. Line P0g is always

shared with external interrupt INT.

4-bit input/latched tri-state output Port 6 (active high).

Individual lines can be configured either as inputs or as

outputs under control of the Port 6 mode select register.

4-bit input/latched tri-state output Porl 5 (active high). Can

also perform 8-bit paraliel 1/O in with Port 4.

4-bit input/latched tri-state output Port 4 (acnve high). Can

also perform 8-bit parallel /O in with Port 5.

Crystal clock/external event input Port X (active high). A

crystal oscillator circuit is connected to input X4 and out-

put X, for crystal clock op

event pulses are connected to input X4 while ou(pul Xpis

left open for external event counting.

Ground.

LCD bias voltage supply inputs to LCD voltage controller.

v, Apply appropriate voltages from a voltage ladder con-
Lco, nected across Vpp.

26, 58 Vbp Power supply positive. Apply single voltage ranging from

2.7V to 5.5V for proper operation.

LCD backplane driver outputs.

LCD segment driver outputs.

RESET input (active high). R/C circuit or pulse initializes

uPD7501 after power-up.

System clock Input (active high). Connect 82kQ resistor

across CL4 and CLy, and connect 33pF capacitor from

811 P63-P6y

1245 P53.P5g

1619 Pag-Pag

20,21 Xy, Xy

22 Vss
2325 Vicpy Vicoy

2730 COM3-COMg
3154 Sp3-5¢
56 RESET

57,59  CLy, CLy

CL4 to Vgg. Alternatively, an external clock source may
be connected to CL, whereas CL; is left open.

4-bit input Port 1 (active high). Line P1g is also shared
with external interrupt INTq.

€063 PigPig
(Pig/INT()

Absolute Maximum Ratings*

Ta = 25°C

Operating Temperature -10°Cto +70°C
Storage Temperature -65°Cto +150°C
Power Supply Voltage, Vpp -0.3Vto +7.0V

All input and Output Volitages
Output-Current (Total, All Output Ports)

~-0.3Vto Vpp +0.3V

IoH = —20mA

loL = 30mA

*Comment: Stress above those listed under ‘‘Absolute
Maximum Ratings”’ may cause permanent damage to
the device. This is a stress rating only and functional
operation of the device at these or any other conditions
above those indicated in the operational sections of this
specification is not implied. Exposure to absolute max-
imum rating conditions for extended periods may affect
device reliability.

Rev/1
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Block Diagram

P0O1/SCK Poy/sI
P02/SO
X1 X2 POQ/INT1 INTo/P1g
X cP INTT] INTS|
Count Clock
Timer/Event Test Serial 1/0
Clock . Control - ] — [ Port 0
Generator Circuit Counter Controller Interface ’ Buffer
l—» POg-PO3
Port 1 !
l \‘_.. Buffer _P1g-P13
10-Bit Program Counter ALU c A(4)
General Registers N\ :0:': A Pag-P33
atcl "
H (@) ' L) ——;/ Buffer jv
Program Memory Stack Pointer (7)
1024 x 8-Bit ROM (,PD7501) Port 4
Latch 4 P4g-Pag
Buffer
Instruction
Decoder Data Memory
96 x 4-Bit RAM (uPD7501) port 5
ort
Latch P50-P53
Buffer
o ’ Leoct Q‘} Port 6
’ Latch P60-P63
Buffer
Sg::::(h Standby LCD Controller/Driver
Generator Control
P oot Wbl
cLy CL2 RESET VbD vss vLeD1, S0-S23 COM(-COM3
vLCD2:
vicos

P1¢/INTo



DC Characteristics

uPD7501

Ta = =10°C to +70°C, Vpp = 2.7V to 5.5V
Limits
Parameter Symbol Min Typ Max Unit Test Conditions
ViH i 0.7 Vpp Voo All Inputs Other than CLq, X
Input Voltage High V".|2 Vpp-0.5 Vpp v CLy, Xq
VikpR 0.9 Vpppp VDDpg +0-2 RESET, Data Retention Mode
V [} 03V, All Inputs Other than CL4, X.
Input Voltage Low v“" oo v ki
ILy [] 05 CLq, Xq
[T 3 Al Inputs Other than CL4, X Vi =V,
Hq P 1: % 1 = Voo
Input Leakage Current High uA
TLiy X 10 CLy, Xy
[l -3 All Inputs Other than CL,4, X. V) = 0V
Input Leakage Current Low iy A A !
L), -10 CLq, X4
Vpp - 1.0 Vpp = 5V & 10%, Igy = —1.0mA
Output Volt: High v \J
put Voltage Hig OH Vop - 05 VoD = 2.7V 10 5.5V, gy = — 100 4A
0.4 Vpp = 5V £ 10%, I, = 1.6 mA
Output Volt Le V, v
put Voltage Low oL 05 Vpp= 2.7V t0 5.5V, IgL = 400 uA
Output Leakage Current High 'LOH 3 uA Vo = Vpp
Output Leakage Current Low Lo, -3 uA Vo = OV
5 Vpp = 5V + 10%
R, COMg to COM3, 2.7V K V, <V —
outout com 5 ) OMg to COM3 LD = 7DD Ty = 2.7V 10 5.5V
utput impedance Q
’ R e Sg 1o Sp3, 2.7V < Vi gp < V| Vop = 8V 3 10%
S 20 010 523, 2 Lco * Yoo Vpp = 2.7V 10 5.5
Supply Voltage VDDDR 2.0 v Data Retention Mode
300 900 v =5V + 10%
Ipp. Normal Operation bl B
1 150 400 Vpp = 3V & 10%
Supply Current 2 20 V) 5V 1 10%
PPty Iop, - = WA Stop Mode, X; = OV ——v°° = = L o
- pp =3V &
Ibbpg 0.4 10 Data Retention Mode VDDDn = 2.0V
AC Characteristics
Ta = -10°Cto +70°C, Vpp = 2.7V to 5.5V
Limits
Parameter Symbol Min Typ Max Unit Test Conditions
120 200 280 R = 82kQ 1 2%
- Vpp = 5V £ 10%
CLy, CLp C = 33pF 1 5%
tee 60 100 130 RIC Clock g _ 160 ko 4+ 206 _ VDD = 3V & 10%
System Clock Oscillation Frequency 60 180 KHz C =33pF t 5% Vpp = 2.7V to 5.5V
10 200 300 Vpp = 5V 1 10%
tc CL4, External Clock
10 135 Vpp = 2.7V to 5.5V
System Clock Rise and Fall Times tcr tcF 0.2 us CL4, External Clock
1.5 50 Vpp = 5V & 10%
System Clock Pulse Width tons t CL4, External Clock — e
4 CH-fCL 35 50 v 1 VoD = 2.7V 0 5.5V
fxx 25 32 50 X1, Xp Crystal Oscillator
Counter Clock Oscillation Frequency 0 300 KHz \/ =5V + 10%
fx o %5 X4, External Puise input ———-——-—~—VDD 27V o 5.5V
DD = 2 X
Counter Clock Rise and Fall Times tXR IXF 0.2 us Xy, External Pulse Input
1.5 Vpp = 5V & 10%
Counter Clock Pulse Width Xy txy 35 us X4, External Pulse Input “NVop Tz oSV
4.0 V| =5V + 10%
7.0 fs an Input VDD 2.7V to 5.5V
SCK Cycle Time tkey - us oo = = -
6.7 Vpp = 5V + 10%
SCK is an output
14.0 Vpp = 2.7V to 5.5V
18 Vi =5V + 10%
3.3 18 an Input VDD 2.7v to 5.5V
. =2 X
SCK Puise Width tKH’ tKL us L
3.0 . . Vpp = 5V + 10%
SCK is an output _—
6.5 an outp Vpp = 2.7V to 5.5V
Sl Setup Time to SCK? tgiK 300 ns
Sl Hold Time after SCKt tksi 450 ns
— 850 V =5V + 10%
SO Delay Time after SCK¢ tkso ns 12
1200 Vpp = 2.7V t0 5.5V
INTq Pulse Width tigyy tgL 10 s
INT4 Puise Width t|1 W l|1 L 2"‘ Hs
RESET Pulse Width ‘RSH’ insl_ 10 us
RESET Setup Time tsRs 0 ns
RESET Hold Time tHRS 0 ns




PD7501

Capacitance
Ta = 25°C, Vpp = OV

___ﬂ"_'__ Teost
Parameter Symbol Min Typ Max Unit Conditions
input Capacitance C 15 pF f = 1MHz
Output Capacitance Co 15 pF L pins
Input/Output Capacitance  Cy0 15 pF  returnedto Vgg
Timing Waveforms
Clocks
e
tcF — teL tcH
CLy t,
& 11 .\ — V¢H
4 — VoL
11C
XF —~ . T — Xy
x 3 XR | — Vi
\ N e
Serial Interface tyey
Ky Ky |
§CK \ — VIH
— VIL
— VIH
st A Input Data V4 —ViL
~—tkso
— VIH
so Valid Output Data
— ViL
External Interrupts tig, tign
_INTQ' X — VIH
L —ViL
t t |
. L 1H
INTY \ — VIH
X —ViL
Reset
‘RSL ‘RSH
RESET )K — Vv
— ViL
Data Retention Mode I« Data Retention Mode
VDD
tsns-\ [~ tHRS — Vi
D
= VmDRR
RESET viL
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Operating Characteristics
Typical, T3 = 25°C

Supply Current Supply Current
vs vs
Supply Voltage (Note D) Supply Voltage (Note @)
CL1 CL2
200 20
R (o] /
l= 33pF /
z 100 = 10
g R =82k2 | < /
=] Q
o o
= -
H s /
E 50 £ 5
3 3
> > X1 X2
& R = 160k g /
@ @ Xtal §
0
20 2
(2] l ICz
R1 = 330kQ
Cq = 20pF
‘0-.., 1 [ C2 = 30pF
Tyt T Xtal = 32.768KHz
2 3 4 5 e
Supply Volitage Vpp (V) 2 3 4 5
Supply Voltage Vpp (V)
Supply Current Supply Current
vs vs
System Clock Oscillation Frequency System Clock Oscillation Frequency
(Note @) (Note D)
7
CL2 CLy VDD = 5 0V| Cl2 CLy
250 250
c c Vpp = 30V
l C = 39pF l
200 = 200
- C = 100pF  C = 56pF =
2 % 3
8 8
€ €
2 150 g 150
3 3
3] / 5
> / 2>
k- o
a a
100 100
-
_— 4;#
50 50
100 200 300 400 500 100 200 300 400 500
Oscillation Frequency f4 (KHz) Oscillation Frequency f4 (KHz)

Notes:
@® Only RIC system clock is operating and consuming power. All other internal logic blocks are not active.
@ Only crystal oscillator clock is operating and consuming power. All other internal logic blocks are not active.




uPD7501

Operating Characteristics (Cont.)

Typical, T = 25°C

System Clock Oscillation Frequency

vs
Resistance

500

letz e |

200

C = 33pF
;

100

Vpp = 5V

Oscillation Frequency f¢ (KHz)

50

VDD = 3V \

T,

50

100 200

Resistance R (K ohms)

Recommended R and C Values for the

System Clock Oscillator Circuit

Ty = -10~ +70°C

500

Frequency Range
Supply Voitage Range Recommended Values (kHz)
Min Typ Max R [ Min Typ Max
4.5V < Vpp <6V 82k + 2% 33pF + 5% 150 250
(ldC/°C| < 60 ppm)
27V<Vpp <6V 160k() + 2% 33pF + 5% 75 135
(/dC/°C| < 60 ppm)
Vpp = 3V  10% 160k + 2% 33pF = 5% 75 120
(ldC/°C| < 60 ppm)
2.5V <Vpp <6V 240k + 2% 33pF = 5% 50 85
(ldC/°C| < 60 ppm)
2.5V < Vpp <3.3V 240k) + 2% 33pF = 5% 50 80

(/dC/°C| < 60 ppm)

Package Outlines

For information, see Package Outline Section 7.

Plastic Miniflat, uPD7501G

Oscillation Frequency f4 (KHz)

250

200

150

100

50

System Clock Oscillation Frequency

vs
Supply Voltage
CL2 CLy
c

I= 33pF

R = 82kQ

R = 160kQ

e
—
2 3 4 5 6
Supply Voltage VpD (V)
7501DS-REV1-7-83-CAT
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Description

The uPD7502 and the uPD7503 are pin-compatible
CMOS 4-bit single chip microcomputers which have the
same uPD750x architecture.

The uPD7502 contains a 2048 x 8-bit ROM, and a 128 x
4-bit RAM. The uPD7503 contains a 4096 x 8-bit ROM,
and a 224 x 4-bit RAM.

Both the uPD7502 and the uPD7503 contain four 4-bit
general purpose registers located outside RAM. The
subroutine stack is implemented in RAM for greater
nesting depth and flexibility, providing such operations
as the pushing and popping of register values. The
uPD7502 and the uPD7503 typically execute 92 instruc-
tions of the uPD7500 series ‘‘A’”’ instruction set with a
10us instruction cycle time.

The uPD7502 and the uPD7503 have two external and
two internal edge-triggered hardware vectored inter-
rupts. They also contain an 8-bit timer/event counter
and an 8-bit serial interface to help reduce software
requirements. The on-board LCD controller/driver
supervises all of the timing required by the 24 Port S
segment drivers and the 4 Port COM backplane drivers,
for either a 12-digit 7-segment quadriplexed LCD, or an
8-digit 7-segment triplexed LCD.

Both the uPD7502 and the uPD7503 provide 23.1/0
lines, organized into the 3-bit input/serial interface

Port 0, the 4-bit input Port 1, the 4-bit output Port 3,
and the 4-bit I/O Ports 4, 5, and 6. They are manufac-
tured with a low power consumption CMOS process,
allowing the use of a single power supply between 2.7V
and 5.5V. Current consumption is less than 900uA max-
imum, and can be lowered much further in the HALT
and STOP power-down modes. The uPD7502 and the
uPD7503 are available in a space-saving 64-pin flat
plastic package.

The uPD7502 is downward compatible with the
uPD7501.

Pin Configuration

0
1
2
3
I
5
6
7
8
9
0

P
51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 38 35 34 33
52 32

3
sS4
S5
se
s7
s8
so
sy
s
s
s

s

s

s

s

s

s

s
$21

s2 C———] ——s»
sic— s EY) mum— R
SoC—]s4 3 COMg
INT ] 55 29—y com;
RESET C———] 6 By com,
0 N s -7 "‘PD7502 23 COMm3
voo ——] = O uPD7503 O 24— voo
co—] s 2f————)Vicoy
P36 24— Vico,
Pr2—— & 23— Vicos
me=—ea () nf———3Vss
Plo/INTo == &3 np——y %

£ m—— 20|
1.2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19

R R I R I RS
2:
e

uPD7502

nPD7503

CMOS 4-BIT SINGLE CHIP
MICROCOMPUTERS WITH LCD

Pin Names

Pin No. Symbol Function

1 NC No connection.

2-4,64 P33-P3; 4-bit latched tristate output Port 3 (active high).

5 PO3/SI 3-bit input Port 0/serial I/0 interface (active high)

6 P0y/SO This port can be configured either as a parallel input port,

7 P04/SCK or as the 8-bit serial /O Interface, under control of the senal

mode select register. The Senal Input Si (active high), Serial
Output SO (active high), and the Serial Clock SCK (active
low) used for sy g data transfer, the 8-bit
serial /O interface

4-bit input/latched tnistate output Port 6 (active high). Indi-
vidual lines can be configured either as inputs or as outputs
under control of the Port 6 mode select register

4-bit input/latched tristate output Port 5 (active high). Can
also perform 8-bit parallel I/O in conjunction with Port 4.
4-bit input/latched tristate output Port 4 (active high). Can
also perform 8-bit parallel /0 in conjunction with Port 5

811 P63-P6g

1215 P53.P5)

16-19 Pa3-P4y

20,21 Xp, X4 Crystal clock/external event input Port X {(active high). A
crystal oscillator circuit 18 connecled to input X4 and output
Xg for crystal clock op event
pulses are connected to input Xy while output X2 18 left

open for external event counting.

22 Vss Ground
23-25 VLCDg’ VLCDZ- LCD bias voltage supply inputs to LCD voltage controller.
v Apply appropriate voltages from a volitage ladder connected
LCD4 across Vpp.
26,58 Vpp Power supply positive Apply single voltage ranging from

2.7V to 5 5V for proper operation..
LCD backplane driver outputs.

27-30  COM;-COM,

31-54  Sp3-Sg LCD segment driver outputs.

55 INT4 External Interrupt INT4 (active high). This is a rising edge-
triggered interrupt

56 RESET RESET input (active high). R/C circuit or pulse initializes

uPD7502 or ,PD7503 after power-up.

System clock input (active high). Connect 82kQ resistor
across CL4 and CLy, and connect 33pF capacitor from CL4
o Vgg. Alternatively, an external clock source may be con-
nected to CL4, whereas CLj is left open.

4-bit input Port 1 (active high). Line P1g 1s also shared with
external interrupt INTg, which 1s a rising edge-triggered
interrupt.

57,59 CLy, CL,

6063 Pl3-Plg
(PI/INT()

Absolute Maximum Ratings*

Ta = 25°C
Operating Temperature -10°Cto +70°C
Storage Temperature -65°Cto +150°C

-0.3Vto +7.0V
~0.3VtoVpp +0.3V
IoH = -20mA
loL = 30mA
*Comment: Stress above those listed under ‘‘Absolute
Maximum Ratings’ may cause permanent damage to
the device. This is a stress rating only and functional
operation of the device at these or any other conditions
above those indicated in the operational sections of this
specification is not implied. Exposure to absolute max-
imum rating conditions for extended periods may affect
device reliability.

Power Supply Voltage, Vpp
All Input and Output Voltages
Output-Current (Total, All Output Ports)

Rev/1
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uPD7502/7503

Block Diagram PO1/5CK POg/S!
P02/SO
X1 X2 INT4 INTQ / P1g
X cp INTT] INTS| N
Count Clock
Timer/Event Interrupt Senal I/0
Clock o~ Control 1 =i — Port 0
Generator Circuit Counter Control Interface ’ Buffer 3 l‘*
N
CL # 7 LcocL @ @ @
Port 1
Buffer
Program Counter
11-Bit (4PD7502) ALU c A (4)
12-Bit (PD7503)
General Registers
T
D(4) | E(4) LN ports
+ Latch 4
H(4) ' L@) _|/ Buffer
Program Memory
2048 x 8-Bit ROM (.PD7502) Stack Pointer
4096 x 8-Bit ROM (PD7503) Port 4
Latch 4
Instruction Buffer
Decoder Data Memory
128 x 4-Bit RAM (.PD7502)
224 x 4-Bit RAM (uPD7503) Port 5
Latch 4
Buffer
LCcoCL
# cL %‘} Port 6
Latch 4
Buffer
System LCD Controller/Driver
Clock Standby
Generator ontro
-
CL1 CL2 RESET Vbp Vss vLeD1, S0-S23 COMp-COM3
VLCD2,
vLcD3
Capacitance
Ta = 25°C, Vpp = OV
Limits
Test
Parameter Symbol Min Typ Max Unit
Input Capacitance c 15 pF = 1MHz,
Output Capacit
P pacitance Co 15 pF U, pins
Input/Output Capacitance Cyo 15 pF returned.to Vgg

P0g-PO3

P10/INTo
P19-P13

P30-P33

P4g-P43

P50-P53

P60-P63



DC Characteristics

Ta = -=10°C to +70°C, Vpp = 2.7 to 5.5V

1PD7502/7503

Limits
Parameter Symbol Min Typ Max Unit Test Conditions
ViH, 0.7 Vpp Vpp All Inputs Other than CL1, X4
Input Voltage High ViHg Vpp-0.5 Vpp v CLy, X¢
ViHpR 0.9 Vpppg Vbppg +0-2 RESET, Data Retention Mode
V| [] 0.3V, All Inputs Other than CL4, X
Input Voltage Low v:: o o5 DD \' Ly, X ik}
'LIH 1 3 Al Inputs Other than CLq, Xy Vi = Vpp
Input Leakage Current High iy o uA oL %
input Leskage Current Low [T -3 A Al Inputs Other than CLy, X4 Vi =0V
[ -10, CL1, X4
Vpp - 1.0 Vpp = 5V + 10%, lgy = -1.0 mA
Output Voltage High Von vzz o5 v vzz —27Vt 5.sv,°|:,. = 100 A
0.4 Vpp = 5V + 10%, loL = 1.6 mA
Output Voltage Low VoL 05 v VDD = 2.7V 10 5.5V, loL. = 400 uA
Output Leakage Current High ||_°“ 3 Py VO = VDD
Output Leakage Current Low 'LO._ -3 A Vo = 0V
5 Vpp = 5V ¢ 10%
Rcom s COMg to COMg, 2.7V < Vi cp < Vpp Voo = 27V 10 5.5V
Output Impedance kQ
20 Vpp = 5V 1 10%
Rs 20 So'to S23, 27V < Vico < Voo Vpp = 2.7V10 5.5V
Supply Voltage VDDDR 2.0 v Data Retention Mode
300 900 Vpp = 5V  10%
Ipp. 4 150 200 Normal Operation _VDD ~av 1 10%
Supply Current 2 20 Vpp = 5V + 10%
pply Ipp, o5 o WA Stop Mode, X = OV ———vgz T
oo 0.4 10 Data Retention Mode Vbppg = 2.0V
AC Characteristics
Ta = -10°Cto +70°C, Vpp = 2.7V to 5.5V
Limits
Parameter Symbol Min Typ Max Unit Test Conditions
o ww PIEEIEm vmewew
fec 60 100 130 CLy,CL; R=160ke + 2% _ VDD =3V t 10%
System Clock Oscillation Frequency 80 180 kHz RICClock C = 33pF + 5% Vo = 27Vio 5.6V
10 200 300 Vpp = 5V + 10%
fe m o CL4, External Clock Voo S Z Vo5V
System Clock Rise and Fall Times toritcF 0.2 CL4, External Clock
System Clock Pulse Width tehstoL b had CLy, External Clock _"E:M_
d 35 50 Vpp = 2.7V to 5.5V
e 25 32 50 X1, X2 Crystal Oscillator
Counter Clock Oscillation Frequency ' [} 300 kHz Xq. Ext ! Puise Input Vpp = 5V 1 10%
x ) 135 1, External Pulse Inp VoD = 2.7V t0 5.5V
Counter Clock Rise and Fall Times Txrstxt 0.2 X1, External Puise Input
1.5 Vpp = 5V + 10%
Counter Clock Pulse Width txHotXL 35 X{, External Pulse input ———*—-————VDD ~27Vio5.5V
4.0 S e 0 Input Vpp = 5V & 10%
FOK Cyole Thme ey 7.0 " Vpp = 2.7V t0 5.5V
6.7 Vpp = 5V + 10%
'SCK is an output —_—
14.0 Vpp = 2.7V to 5.5V
1.8 J— Vpp = 5V + 10%
J— 3.3 SCKiis an Input vzz = 2.7v10 5.5V
SCK Pulse Width tHKL us
3.0 — Vpp = 5V + 10%
%5 SCK'is an output “Vpp = 27V 5V
Sl Setup Time to SCK* tgiK 300 ns
SI Hold Time after SCKt st 450 ns
850 Vpp = 5V + 10%
SO Delay Time after SCK¢ tkso 1200 ne VoD = 2.7V t0 5.5V
INT Puise Width tigntioL 10 us
INT{ Pulse Width Uty 2/1’ us
RESET Pulse Width tRs RS 10 us




uPD7502/7503

Timing Waveforms

Clocks
e
tef —— toL ! tcH
CL1 \ tCR —| \ — V¢H
X 4 — VaL
1
tyf —| txp [ XH
xq 1\ xR — | — Ven
\- — VéL
Serial Interface ey
KL tkH |
SCK — VIH
Z L — ViL
— VIH
s N Input Data Vil — VL
t-— kso
— VIH
so Valid Output Data
— ViL
External Interrupts tioL 1 tion |
INTQ x f ;l.\ — VIH
—V
C 4 L
ty thy |
INT{ \ ZL ‘{' — VIH
K 7 N — ViL
Reset tRs, RSy
RESET J\ — ViH
JZ — ViL
Data Retention Mode Data R Mode
VoD
tSRS [ tHRS Vi
— VbDpg
— ViHpR
RESET ViL



uPD7502/7503
Operating Characteristics
Typical, T4 = 25°C

Supply Current
Supply Current

vs
vs Supply Voltage (Note (@)
Supply Voltage (Note (D)
CLi CL2
20
200 .
c
l: 33pF /
= 10
g o R =82kQ _} 3
i Q
£ H /]
g £ s
£ 50 3
3 ‘; X1 X2
2> F /
g = 1
B R = 160k a3 Xtal
2
20 C1 l Ic2
Ry = 330kQ
C1 = 20pF
10 1L C2 = 30pF
3 T Xpg) = 32.768KHz
T—J';L Lqe
2 3 4 5 2 3 4 [
Supply Voltage VpD (V) Supply Voltage Vpp (V)
Supply Current Supply Current
vs vs
System Clock Oscillation Frequency System Clock Oscillation Frequency
(Note D) (Note D)
CL2 CL1 Vpp = 5.0V Cl2  CLy
250 250
lc lc Vpp = 3.0V
_ 200 €= 700pF C = 56pF =z 200
i 1
8 / 8
€ €
£ 150 ] g 150
3 // 3
g / z
-3
o o
100 100
C = 100 pF
" c= GpF///
— T - 27pF
50 50 _— //
e
100 200 300 400 500 100 200 300 400 500

Oscillation Frequency f4 (KHz) Oscillation Frequency f¢ (KH2)

Notes:

% Only R/C system clock is operating and consuming power. All other internal logic blocks are not active.
Only crystal oscillator clock 1s operating and consuming power. All other internal logic blocks are not active.




uPD7502/7503

Operating Characteristics (Cont.)
Typical, T3 = 25°C

-
System Clock Oscillation Frequency
System Clock Oscillation Frequency

vs
vs Supply Voitage
Resistance
CL2 CLy
CL2 CL 250
500 l 1 |
R c
= 33pF
C = 33pF = l
) P I T 200
3 z R = 82k
= 200 Ed
= \ VDD = 5V >
g c
s (3
H 2 150
g @
< 3
w 100 w
s s
s VDD = 3V g |R = 160k2
3 3 100 R
© )
50
50
L
50 100 200 500 2 3 4 5 6
Resistance R (K ohms) Supply Voltage VDD (V)
Package Outlines

For information, see Package Outline Section 7.

Plastic Miniflat, .PD7502G/03G
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Description

The uPD7506 is a CMOS 4-bit single chip microcom-
puter which has the uPD750x architecture.

The uPD7506 contains a 1024 x 8-bit ROM, and a 64 x
4-bit RAM.

The uPD7506 contains two 4-bit general purpose
registers located outside RAM. The subroutine stack is
implemented in RAM for greater nesting depth and flex-
ibility, providing such operations as the pushing and
popping of register values. The uPD7506 typically ex-
ecutes 58 instructions of the uPD7500 series “B” in-
struction set with a 10us instruction cycle time.

The uPD7506 has one external and one internal edge-
triggered testable interrupts. It also contains an 8-bit
timer/event counter to help reduce software
requirements.

The uPD7506 provides 22 I/O lines, organized into the
2-bit input Port 0, the 4-bit output Port 2, and the 4-bit
/O Ports 1, 4, 5, and 6. It is manufactured with a low
power consumption CMOS process, allowing the use of
a single power supply between 2.7V and 5.5V. Current
consumption is less than 600uA maximum, and can be
lowered much further in the HALT and STOP power-
down modes. The uPD7506 is available either in a
28-pin dual-in-line plastic package, or in a space-saving
52-pin flat plastic package.

The uPD7506 is upward compatible with the uPD7507
and the uPD7507S.

Pin Configuration

NC
X2

-] m—
Y s—
SE—nc
LI IPag
S vpp
] s—— T
QfE—Vvss
-] s | 27
] — W
] s
SEne

»
~N
@
o |

NC—] 40 26 CINC
POg/Xy ] 41 25 I NC
P2g/PsTE ] 42 24 P4y
P2y/ProyT C—] 43 23 [0 POgINTg

P— 44 22ps,
P 45 uPD7506G 21 s,
NCC—] 46 20— NC

P6o C—] 47 19 —Inc
P6y—] 48 18 O Psy
P6y ] 49 17 RSy

P63 C— 50 O 16 —JP1;

NC —] 51 15 F—JNC

NC —] 52 14 ——3nNC

Rev/2

CMOS

uPD7506
4-BIT SINGLE CHIP
MICROCOMPUTER

Pin Configuration (Cont.)

(Top View)
pag [ 1 ~ 28| Jvss
x2 [] 2 27 [] paz
PO3/X1 [ 3 26 [ ] P4q
P20/PSTB [ 4 25 ] pag
P24/PTout (] 5 24 [] Pog/INTo
P[] 6 WD 2 ] ps3
Ps 17 750c 22| P52
Peg | 8 21 [ ] P5¢
P61 [ 9 20 [ psg
pe2 |10 19 ] P13
peg (|11 18 % P12
cLy []12 17 P11
cL2 [13 16 [ ] p1g
vpp (|14 15 ] RESET
Pin Names
28-Pin  52-Pin
DIP Flat Symbol Function

1,25-27 24, 29,30,34 P4y-Pa3

4-bit input/latched tristate output Port 4 (active
high). Can also perform 8-bit paraliel 1/O in con-
junction with Port 5.

2,3 36, 41

X2,P03/ X4

Crystal clock/external event input Port X (active
high). A crystal oscillator circuit is connected to
Input X4 and output Xj for crystal clock opera-
tion. Alternatively, external event pulses are
connected to input X4 while output X is left
open for external event counting. Line X4 is
always shared with Port 0 input P03.

47 42-45

P24-P2;
P2y/PSTB
P24/PTouT

4-bit latched tristate output Port 2 (active high).
Line P2 Is also shared with P§Tg, the Port 1
output strobe pulse (active low). Line P2, is
also shared with PTOUT‘ the timer-out F/F
signal (active high).

811 47-50

P6g-P63

4-bit input/latched tristate output Port 6 (active
high). Individual lines can be configured either
as inputs or as outputs under control of the Port
6 mode select register.

12,13

CLy, CLp

System clock input (active high). Connect 120kQ
resistor across CLq and CLp. Alternatively, an
external clock source may be connected to CLy,
whereas CL is left open.

Voo

Power supply positive. Apply single voltage
ranging from 2.7V to 5.5V for proper operation.

RESET

RESET input (active high). R/C circuit or pulse
initializes uPD7507 or uPD7508 after power-up.

16-19 9-11, 16

Pig-Pig

4-bit input/tristate output Port 1 (active high).
Data output to Port 1 is strobed in synchroniza-
tion with a P2¢/PgTp pulse.

20-23 16-18, 21

P5q-P53

4-bit input/latched tristate output Port 5 (active
high). Can also perform 8-bit parallel 1/O in con-
junction with Port 4.

24,3 23, 41

POg/INTg
PO3/Xy

2-bit input Port 0 (active high). Line POy is
always shared with external interrupt INTg
(active high). Line P03 is always shared with
crystal clock/external event input X4 (active
high).

28 31

Vss

Ground.

- 1,2,4,6

NC

12-15, 19, 20,

25-28, 32,

35, 37-40, 46,

51, 52

No connection.
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Block Diagram
POGIV X2 POg/INTO
Count Clock T
T /Event Interrupt
comemor [T G [T Coume | convoler (] e
r POo-PO3
cL @ L—' tout | |
@ Bt <z> P10-P13
L'\ ot 4 P20-P23
10-Bit Program Counter ALU [ A (9) . Latch 0!
/ »——;/ Bufer :gol:s‘ri
1/PT,
u General Registers our
H(4) : L@) < >
Program Memory Stack Pointer (6)
1024 x 8-Bit ROM (uPD7506) Port 4
Latch 4 P4g-P43
> Instruction . Buffer
Decoder Data Memory
64 x 4-Bit RAM (,PD7506) @
:i: Port 5
Latch @ P50-P53
Buffer
cL s Port 6 .
? f Latch 4 P60-P63
Buffer
System Standby
Generator Control
CLy cL2 RESET vop Vvss
Absolute Maximum Ratings* Capacitance ‘
Ta = 25°C Ta = 25°C, Vpp = OV !
Operating Temperature -10°Cto +70°C Limits . N
t
Storage Temperature -65°Cto +150°C Parameter Symbol Min Typ Max Unit eo..;:.....
Power Supply V e, -0.3v 7.0v j
upply Voltage, Vpp 0.3Vto + Input Capacitance [+ 15 f = 1MHz,
All Input and Output Voltages -0.3Vto Vpp +0.3V
Output-Current (Total, All Output Ports) IoH = —20mA Output Capacitance  Co 15 pF ""m“‘“:‘:, pins
ss
loL = 32mA Input/Output ¢ 15
Capacitance 1o

*Comment: Stress above those listed under ‘‘Absolute
Maximum Ratings’’ may cause permanent damage to
the device. This is a stress rating only and functional
operation of the device at these or any other conditions
above those indicated in the operational sections of this
specification is not implied. Exposure to absolute max-
imum rating conditions for extended periods may affect

device reliability.




DC Characteristics

Ta = -10°C to +70°C, Vpp = 2.7V to 5.5V

uPD7506

Limits
Parameter Symbol Min Typ Max Unit Test Conditions
Vi 0.7 Vpp Vop All Inputs Other than CL4, X4
Input Voltage High ViHy Vop-o.5 Voo v CLy, X4
ViHpg 0.9 Vpppe VDDpg +0-2 RESET, Data Retention Mode
V| [ 0.3V, All Inputs Other than CL4, X
Input Voltage Low It oo v s LBal
ViL, [] 0.5 CLy, Xy
! 3 Al inputs Other than CL4, X. Vp =V,
Input Leakage Current High Hu HA P i ! oo
[T 10 CLy, Xq
[T -3 Al Inputs Other than CL4, X4 V) =0V
Input Leakage Current Low L - uA
L, -10 CLy, X4
Vpp - 1.0 Vpp = 5V £ 10%, gy = -1.0mA
Output Voitage High \7/ v
utput Voltage Hig OH Vop - 0.5 Vpp = 2.7V10 5.5V, lgy = - 100uA
0.4 \/ =5V t 10%, |, 1.6mA
Output Voitage Low VoL v oo £ oL =
05 Vpp= 2.7V 0 5.5V, gy = 4004A
Output Leakage Current High Loy 3 uA Vo = Vpp
Output Leakage Current Low 'LOL -3 A Vo =0V
Supply Voitage VDDDR 2.0 v Data Retention Mode
\ 200 600 Normal Operati Vpp = 5V z 10%,
jlormal n e —————
DDy 100 300 rmel Opertio Vop = 3V 2 10%
Supply Current 1 10 Vpp = 5V & 10%
||)[)2 WA Stop Mode, X = OV —_—
0.3 5 Vpp = 3V & 10%
'oopr 0.3 5 Data Retention Mode Voopg = 2.0v
AC Characteristics
Ta = ~10°Cto +70°C, Vpp = 2.7V to 5.5V
Limits
Parameter Symbol Min Typ Max Unit Test Conditions
120 200 260 R = 82 kQ + 2% Vpp = 5V + 10%
tec 60 100 130 CLy,Clp R=160 ke + 206 VDD = 3V £ 10%
System Clock Oscillation Frequency 60 180 kHz Vpp = 2.7Vto0 5.5V
10 200 300 L. External Giock Vpp = 5V + 10%
, Externa ——
te 10 135 1 Vpp = 2.7V 10 5.5V
System Clock Rise and Fall Times tcn,tcF 0.2 us CL4, External Clock
15 50 Vpp = 5V £ 10%
System Glock Pules Width ten/teL 35 50 e CL1, External Clock VoD = 2.7V 10 5.5V
xx 25 32 50 X4, X2 Crystal C
Counter Clock Oscillation Frequency . [} 300 kHz Ext 1 Putse Inout Vpp =5V ¢ 10%
x ) 135 X1, External Pulse Inp Vbp = 2.7V t0 5.5V
Counter Clock Rise and Fall Times XR,IXF 0.2 X4, External Puise input
15 Vpp = 5V £ 10%
Counter Clock Pulse Width tXH XL Y X4, External Pulse Input ———-——-—VDD —27Vio5sV
_ 1/(214-800) Vpp = 5V + 10%
Port 1 Output Setup Time to PSTB! tpsT 11(214-2000) ne VoD = 2.7V 10 5.5V
— 300 350 500 Vpp = 5V & 10%
Port 1 Output Hold Time after P§Tg} tsTp 300 1500 ns Vop = 27V 10 5.5V
1/(214-800) Vpp = 5V & 10%
PSTB Puise Width ¢ 8
STB Pulse Widt SWL 1/(214-2000) " Vop = 2.7V 10 5.5V
INTg Pulse Width Yow: Yo 10 s
RESET Pulse Width RSy 1AS. 10 )




uPD7506

Timing Waveforms

Clocks
TN
— t tcH
cLy hal ot tcn _ﬂz,{_________\‘
Mg
Wt —f txu xH
X4 tex F__,
Output Strobe
P1g-P13 )}‘
-
tsTP
PSTB
External Interrupt tioL tign
INTQ
Reset tns, tasy,
RESET
Data Retention Mode Mode
VDb —
SRS ] -'nnsj
RESET

— V4H
— ViL

— V§H
— VL

— VIH
— ViL

— VIH
—ViL

— ViH
—ViL

— ViH
—ViL

— ¥IH
~ Voppg
= ViHpg

viL



Operating Characteristics
Typical, Ta = 25°C

Supply Current

vs
Supply Voltage (Note D)

CL1 CL2
200
R /
Zz 100
< = 120kQ
a /
=)
€
2 so e
3 7
o
2
[ IR = 240k@
@
20
10,
L
Ty
7
2 3 4 5
Supply Voitage Vpp (V)
System Clock Oscillation Frequency
vs
Resistance
CL2 CL
500 I 2 l I
R
5 N
3 N
= 200
&
>
: \\
: Vop = 5V
@
.E 100 Vpp = :avX
-4
s
1
é
50
L
o 50 100 200 500
Resistance R (K ohms)
Notes:

Oscillation Frequency f4 (KHz)

Supply Current IpD (1A)

20

250

200

150

100

50

Supply Current

vs
Supply Voltage (Note @)

wPD7506

@ Only R/C system clock is operating and consuming power. All other internal logic blocks are not active.
@ Only crystal oscillator clock is operating and consuming power. All other internal logic blocks are not active. .

Package Outlines
For information, see Package Outline Section 7.

Plastic, .PD7506C

Plastic Miniflat, WPD7506G

Plastic Shrinkdip, .PD7506CT

X1 X2
/ A1
Xtal
C1 l ICz
Ry = 330kQ
C1 = 20pF
L C2 = 30pF
T Xpg) = 32.768KHz
e
3 4 5
Supply Voltage VDD (V)
System Clock Oscillation Frequency
vs
Supply Voltage
CL2 ClLy
R = 82kQ
R = 160kQ
2 3 4 5 6
Supply Voltage Vpp (V)

7506DS-REV2-7-83-TRIUM-CAT
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The uPD7507 and the uPD7508 are pin-compatible
CMOS 4-bit single chip microcomputers which have the
same uPD750x architecture.

The uPD7507 contains a 2048 x 8-bit ROM, and a 128 x
4-bit RAM. The uPD7508 contains a 4096 x 8-bit ROM,
and a 224 x 4-bit RAM.

Both the uPD7507 and the uPD7508 contain four 4-bit
general purpose registers located outside RAM. The sub-
routine stack is implemented in RAM for greater nesting
depth and flexibility, providing such operations as the
pushing and popping of register values. The uPD7507
and the uPD5708 typically execute 92 instructions of the
uPD7500 series ‘A’ instruction set with a 10us instruc-
tion cycle time.

The uPD7507 and the uPD7508 have two external and

two internal edge-triggered hardware vectored interrupts.
They also contain an 8-bit timer/event counter and an

8-bit serial interface to help reduce software requirements.
Both the uPD7507 and the uPD7508 provide 32 I/O lines
organized into the 4-bit input/serial interface Port 0, the
4-bit input Port 2, the 4-bit output Port 3, and the 4-bit I/O
Ports 1, 4, 5, 6, and 7. They are manufactured with a low
power consumption CMOS process, allowing the use of a

uPD7507
LPD7508

CMOS 4-BIT SINGLE CHIP
MICROCOMPUTERS

5@
2l
< g o [/ o~
f88fyeerefeidy
MR AEE
NC c——{40 26 F——1 Paq
Plp 41 25— P4g
P11 42 24— P53
P12 43 23— PS5
P13 44 22— P54
NC {45 uPD7507G 21— P5p
P3g 46 uPD7508G 20— Pe3
P3¢y a7 19" P62
P3p; 48 18— pgyq
P33 |49 17— peg
P79 C——]50 16— Pog/S1
P71 C—s51 15[———3 P02/SO
P72 {52 11 12 1 N

NC T— -

P73 C——»~ O
RESET [

NC C—1»

CLli o

NCT——Jo

Pin ldentification

Vop I~
NC C—o
CL2 C—Je
INTY 3

POQ/INTg ]

P04/SCK ]

40-Pin  52-Pin
single power supply between 2.7V and 5.5V. Current con- DIP___ Flat Symbol Function
sumption is less than 900uA maximum, and can be 1,40 32,34 X2, Xq ﬁ."',f;‘k °l7y°k.i§|"o°.cmiﬁ'.f$'f'§f  input Port X (active
lowered much further in the HALT and STOP power-down ...,E.,.‘x, and output X for crystal clock opera-
modes. The uPD7507 and the uPD7508 are available in ::2&2‘::’?::::“){,’ ;*.:i'.;":m;";( ;'.’;?;;2’;3"'
either a 40-pin dual-in-line plastic package or in a space- for external event counting.
saving 52-pin flat plastic package. 25 3639 P2g-P23  4-bit latched tri-state output Port 2 (active high).
. . . o Line P2 is also shared with PSTg, the Port 1
The uPD7507 is downward compatible with the uPD7506 :‘1’;::‘5 output strobe pulse (active low), Line P24 is also
and the MPD7507S. ouT (s:;::: :lig':)PTOUT‘ the timer-out F/F signal
Pin Configuration 69 4144 Pig-P13  4-bit inputitri-state output Port 1 (active high).
Data output to Port 1 is strobed in synchroniza-
tion with a P2¢/PgTg pulse.
Xz : _/ o 10-13  46-49 P3g-P3; 4-bit latched tri-state output Port 3 (active high).
P2y/PSTE d 2 39[Jvss 1417  50-52, 2 P7¢-P73 4-bit input/iatched tri-state output Port 7 (active
high).
P21PTOUT LY 3 38143 18 3 RESET RESET Input (active high). RIC circult or pulse
P[] 4 37 r4z initializes yPD7507 or LPD7508 after power-up.
P23 s 36[ 1 P44 19,21 5,9 CL4, CLp System clock input (active high). Connect 82kQ
Pio[] 6 35 1 pag rulsuln at:ross gll.. ane cLzhund connect 33pF
capacitor from to ternatively, an
P10 7 3a[Ips3 external clock source m%ysbe connected to CL,
P12[1 8 33[_]P52 whereas CL is left open.
P13 9 32[7P5q 20 7,33 Voo Power supply positive. Apply single voltage
P3g 10 uwPD7507C 4, 1Pso ranging from 2.7V to 5.5V for proper operation.
P: uPD7508C 22 10 INT, External Interrupt INT4 (active high). This is a
31 11 30/ pe3
P32 12 20 1P62 rising edge-triggered interrupt.
P3 13 287 p6 2326 11,12 POg/INTo 4-bit input Port 0/Serial I/O Interface (active high).
3 8 1 15, 16 P04/SCK  This port can be configured either as a 4-bit
P70 ] 14 27{1P6o P0,/SO parallel input port, or as the 8-bit serial I/O inter-
7115 267 p0 2/ face, under control of the serial mode select
1 6 3/S1 POy/SI register. The Serial Input SI (active high), Serial _
P72(J16 25[]P02/SO Output SO (active low), and the Serial Clock s:.::(
(active low) used for synchronizing data transf
= 24[Po,/SCK comprise the B-bit serial /O inerfacs. Line Pag
RESET[ |18 23{ "] POg/INTQ is always shared with external interrupt IN
cL1[TJ1e 22[JINTy (active high) which is a rising edge-trlggereg
interrupt.
Voo [ 20 21[JcL2
Rev/1
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uPD7507/7508

Pin Identification (Cont.).

Absolute Maximum Ratings*

Ta = 25°C
Operating Temperature -10°Cto +70°C
40-Pin  52.Pin - 5
DIP Flat Symbol Function Storage Temperature -65°Cto +150°C
27-30 17-20 P6-P63  4-bit input/latched tri-state output Port 6 (active Power Supply Voltage, Vpp -0.3Vto +7.0V
high). Individual lines can be configured either =
as inputs or as outputs under control of the Port All Input and Output Voltages -0.3Vto Vpp +0.3V
! 6 mode select reglster. Output-Current (Total, All Output Ports) IoH = -20mA
3134 21-24 P5¢-P5; 4-bit input/latched tri-state output Port 5 (active T I T T aneA
o8 high). gan also perform 8-bit paraliel I/O in con- loL = 30mA
Junction with Port 4. — *Comment: Stress above those listed under ‘‘Absolute
35-38 25, 26, P4g-P4; 4-bit input/latched tri-state output Port 4 (act . . 1] :
28,30 P43 igh). Can aiso perform 8.bit parallel 10 noon Maximum Ratings™ may cause permanent damage to
junction with Port 5. the device. This is a stress rating only and functional
39 31 Vss Ground. operation of the device at these or any other conditions
- LheE e No connection. above those indicated in the operational sections of this
35,40,45 specification is not implied. Exposure to absolute max-
imum rating conditions for extended periods may affect
device reliability.
DC Characteristics
Ta = -10°Cto +70°C, Vpp = 2.7V to 5.5V
] Limits
Parameter Symbol Min Typ Max Unit Test Conditions
Vin 0.7 Vpp Vpp All Inputs Other than CLy, X4
Input Voltage High ViHy VoD-0.5 Vop v CLy, Xq
ViHor 0.9 Vpppp Vpppp +0:2 RESET, Data Retention Mode
ViL 0 0.3 Vpp All Inputs Other than CLq, Xq
Input Voltage Low i 5 o5 v T
[ 3 Al I her thi , X vy =
Input Leakage Current High Ly WA nputs Other than G, X4 I = Yoo
TiH, 10 CLy, Xq
[ -3 All Inputs Other than CLq, X. =
Input Leakage Current Low Lh uA P e Vimov
ILiLy -10 CLy, Xy
Vpp - 1.0 Vpp = 5V ¢ 10%, igy = - 1.0 mA
Output Voltage High v
put Voltage Hial OH Vop - 0.5 v Vop = 2.7V 10 5.5V, lop = —100 4A
0.4 Vpp = 5V + 10%, Ig = 1.6 mA
o Voltage Lo
utput Voltage Low Vou 05 v Vpp= 2.7V 10 5.5V, g = 400 uA
Output Leakage Current High 'LOH 3 HA Vout = Vbp
Output Leakage Current Low 'LOL -3 A Vour =0V
Supply Voltage VDDDR 20 v Data Retention Mode
\ 300 900 Normal Operatio Vpp = 5V & 10%
DDy 150 400 rmal Operation Vop = 3V % 10%
Supply Current , 2 20 A sto X —ov Vpp =5V & 10%
DD 0.5 10 “ P Mode, Xy = 0 Vpp = 3V & 10%
Iobpg 0.4 10 Data Retention Mode Vpppg = 2.0V
AC Characteristics
Ta = -10°Cto +70°C, Vpp = 2.7V to 5.5V
Limits
Parameter Symbol Min Typ Max Unit Test Conditions
120 200 2 R= 82KkQ + 2% N
0 oo, &2 ag pF fm Vpp = 5V £ 10%
fec 60 100 130 2 T teoke +2%  Vpp =3V & 10%
System Clock Oscillation Frequency 60 180 KHz C = 33pF + 5% Vpp = 2.7V to 5.5V
10 200 300 CLe. External Clock Vpp = 5V & 10%
fc 10 135 1 External Vpp = 2.7V 0 5.5V
System Clock Rise and Fall Times ter:ter 0.2 us CL4, External Clock
s Clock Pulse Width b had CLy, External Clock VoD = 5V £ 10%
ystom Clack Pulse Wit tenteL 35 50 w 1» External Cloc VoD = 2.7V 10 5.5V
Tax 25 32 50 X3, Xz Crystal Oscillator
Counter Clock Oscillation Frequency [] 300 KHz Vpp = 5V & 10%
x o 75 X4, External Pulse Input ——_VDD TIVIsEY
Counter Clock Rise and Fall Times 'XR "xF 0.2 us X4, External Pulse Input
Counter Clock Pulse Wi txn, b I Pul _Yop =8V 2 10%
unter Clock Pulse Width H, XL 35 us Xy, External Pulse Input Vop = 27V 10 5.5V




AC Characteristics (Cont.)

nPD7507/7508

Limits
Parameter Symbol Min Typ Max Unit Test Conditions
4.0 —_— \{ 5V + 10%
SCK is an input —op =2 270
— 7.0 Vpp = 2.7V to 5.5V
SCK Cycle Time tkey us
6.7 — Vpp = 5V & 10%
SCK is an output —_————
140 Vpp = 2.7V to 5.5V
1.8 i Vpp = 5V & 10%
SCK is an input —_—
__ 3.3 Vpp = 2.7v 10 5.5V
SCK Pulse Width tHAKL us
3.0 — Vpp = 5V £ 10%
SCK is an output —_—
6.5 Vpp = 2.7V to 5.5V
S| Setup Time to SCKt [ 300 ns
SI Hold Time after SCK* txst 450 ns
. 850 Vpp = 5V + 10%
SO Delay Time after SCK¢ txso 1200 ns Vop = 2.7V 10 5.5V
1o Setup Th N 1/(21,-800) Vpp = 5V + 10%
STB s
Port 1 Output Setup Time to P5TR; tpsT 1/(21,-2000) " Vpp = 2.7V 10 5.5V
300 350 500 Vpp = 5V + 10%
Port 1 Output Hold Time after P§TH} tsTp 300 1500 ns Vop = 2.7V t0 5.5V
N 150 W t/(21, -800) Vpp = 5V + 10%
J— 1 ns
'STB Pulse Width SW) 1/(21,-2000) Vpp = 2.7V to 5.5V
INTg Pulse Width Yon tior 10 us
INT4 Pulse Width YWy W 2/, us
RESET Pulse Width RSy RS 10 [
RESET Setup Time tsRs ] ns
RESET Hold Time tHRS [) ns
Capacitance
Ta = 25°C, Vpp = OV
Limit:
i Test
Parameter Symbol Min Typ Max Unit Conditions
Input Capacitance [~} 15 pF f=1MHz
Output Capacitance Co 15 pF U d pins
Input/Output Capacitance  Cyg 15 returned to Vgg




uPD7507/7508

Block Diagram P0y/SCR pays
P0,/SO
X1 X2 INT4 mro/ POy
Count Clock .
Timer/Event Interrupt Senal I/0
G:::c,;:o, %?:;::I Counter Controller 1 Interface
a !

g

12

U

g
1z

Program Counter ALU c A (4)
General Registers
i L T
D(4) i E@)
H(4) ! L@
Program Memory L
Stack Pointer
2048 x 8-Bit ROM 07223
4096 x 8-Bit ROM (LPD7!
Instruction

1L

Decoder

Data Memory

128 x 4-Bit RAM (.PD750
224 x 4-Bit RAM D7503

11

"y
sgﬁ.‘::‘ Standby
Ge Control
nerator
CLq CL2

RESET

Voo

Vss

Port 0
Buffer

=

P0gPO3

Port 1
Buffer

P1g-P13

Port 2
Latch
Buffer

P20-P23

Port 3
Latch
Buffer

P30-P33

Port 4
Latch
Buffer

P4g-P43

Port §
Latch
Buffer

P50-P53

3L 3t 3¢ 4L Jdb I 1T

Port 6
Latch
Buffer

P60-P63

Port 7
Latch
Buffer

TETETTTT

P70-P73

P20/PSTB,
P21/PToyt
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Timing Waveforms
Clocks
e
oLy R te tch — b
R p — V¢H
K \ — VeL
g °
tp — P | XH
Xy \ xF &E — VeH
p— v“_
Serial Interface ey
K tKH
§CK Y — VH
\ \_ — VL
— ViH
valid
St \ Inpu: Data V4 — ViL
[~— tkso
— ViH
so Valid Output Data X
— ViL
Output Strobe ),(
— VIH
P1g-P13 }‘ y4 vi
N — ViL
¥ 1
tpsT tsTp i
PSTB s — VIH
\\. — VL
fsTL
External Interrupts tioL fioH |

INTo' — VIH
\L -Z — ViL

U | iy |
INT \ L { — VIH
i —ViL

Reset tRs, RSy

RESET i\ / A\L — ViH

— ViL

Data Retention Mode |=———— Data Retention Mode

VoD
DD

tsps — =~ tHRS Vi
N — VYoopp
— ViHpr
RESET viL




uPD7507/7508

Operating Characteristics
(Typical, Tq = 25°C)

Supply Current
Supply Current vs
vs

Supply Voltage (Note (2))

Supply Voltage (Note (1))

CLi CL2
20 4
200
R c /
I: 33pF
= 10
g R - 82k@ % /
a 28 /
2 £
H P g s
g 50 A 3
3 / S X1 X2
g Aa = g / R
3 = 160kQ @ Xtal
@
2 Ci c2
20 l I
R1 = 330kQ
C1 = 20pF
10 1 L C2 = 30pF
R T Xtal = 32.768KHz
T—j’,L -
2 3 a 5 2 3 4 5
Supply Voltage VpD (V) . Supply Voltage VpD (V)
Supply Current Supply Current
v§ vs
System Clock Oscillation Frequency System Clock Oscillation Frequency
(Note (D) Note (7))
CL2 CLy VDD = 5.0V CLa cCLy
250 250
(o] c VpD = 3.0V
l C = 39pF I
= 200 € =100pF C = 56pF _ 200
3 Y 3
C= F|
E / i g
§ 150 § 150
3 e 3
= ;
] iz a
100 100
C =100 pF c
y C = 56pF -
50 50
e
100 200 300 400 500 100 200 300 400 500
Oscillation Frequency f4 (KHz2) Oscillation Frequency f4 (KH2)

Notes:
@ Only R/C system clock is operating and consuming power. All other internal logic blocks are not active.
@ Only crystal oscillator clock is operating and consuming power. All other internal logic blocks are not active.




uPD7507/7508

Operating Characteristics (Cont.)
(Typical, Tgq = 25°C)

System Clock Oscillation Frequency

Clock Oscillation Frequenc vs
System Cloc svls a Y Supply Voltage
Resistance
CL2 CLt
250
Cl2 CL
500 [ee_cu |
Lo c
=33pF
C = 33pF = I
) P I T 200
g 3 R = 82kQ
= 200 =
> N\ Voo = 5v z
c
H 3 150
: £
uw 100
s N 5
g VoD = 3V 8 R = 160kQ
H i I o
o 2 100
8 I
50
50
) 50 100 200 500 2 3 4 5 6
Resistance R (K ohms) Supply Voitage Vpp (V)
Package Outlines

For information, see Package Outline Section 7.

Plastic, .PD7507C/08C
Plastic Miniflat, .PD7507G/08G
Plastic Shrinkdip, .PD7507CU PD7508CU

7507/7508DS-REV1-7-83-TRIUM-CAT
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NEC

The uPD7507S is a CMOS 4-bit single chip microcom-
puter which has the same uPD750x architecture.

The uPD7507S contains a 2048 x 8-bit ROM, and a 128
x 4-bit RAM.

The uPD7507S contains two 4-bit general purpose
registers located outside RAM. The subroutine stack is
implemented in RAM for greater nesting depth and flex-
ibility, providing such operations as the pushing and
popping of register values. The uPD7507S typically exe-
cutes 91 instructions of the uPD7500 series ‘‘A’’ instruc-
tion set with a 10us instruction cycle time.

The uPD7507S has two external and two internal edge-
triggered hardware vectored interrupts. It also contains
an 8-bit timer/event counter and an 8-bit serial interface
to help reduce software requirements.

The uPD7507S provides 20 I/O lines organized into the
4-bit input/serial interface Port 0, the 4-bit output Port 2,
the 4-bit output Port 3, and the 4-bit I/O Ports 4 and 5.
It is manufactured with a low power consumption
CMOS process, allowing the use of a single power sup-
ply between 2.7V and 5.5V. Current consumption is
less than 900uA maximum, and can be lowered much
further in the HALT and STOP power-down modes. The
uPD7507S is available in a 28-pin dual-in-line plastic
package.

The uPD7507S is upward compatible with the uPD7507,
and downward compatible with the uPD7506.

Pin Configuration

Paz [|1 28[ ] Vvss
x1 ]2 27] P4y
x2 []3 26{] Paq
P29 lj 4 25[7] Pag
P21/PToyr []5 24 :l P53
P22 []6 23[] Ps2
P23 [(]7 ,pD7507S22[ ] P51
P3g []8 21[] Pso
P3y ]9 20 ] Poassi
P32 []10 19 [7] P02/SO
P33 [ 1 18 ] P01/SCK
RESET [] 12 17 [7] PO0/INTo
cLy []1s 16 [ ] INTq
VoD 14 15[ cL2

No. Symbol

uPD7507S
CMOS 4-BIT SINGLE CHIP
MICROCOMPUTER

Pin identlification

Pin
Function

1,25-27 P4g-P43 4-bit input/latched tri-state output Port 4 (active high). Can also

perform 8-bit parallel 1/O in conjunction with Port 5.

2,3 Xg, X. Crystal clock/external event input Port X (active high). A

‘ 2 M
crystal osclllator circuit is connected to input X4 and output Xy
for crystal clock i Y, event pulses
are connected to input X4 while output X is left open for
external event counting.

4.7 P2y-P23 4-bit latched tri-state output Port 2 (active high). Line P24 is

P2, IPTOUT shared with PTOUT’ the timer-out F/F signal (active high).
81 P3y-P33 4-bit latched tri-state output Port 3 (active high).
12 RESET RESET input (active high). R/C circuit or puise initializes

uPD7507 or uPD7508 after power-up.

System clock input (active high). Connect 82kQ resistor
across CL4 and éLz, and connect 33pF capacitor from CL to
Vgg. Alternatively, an external clock source may be connected
to CL4, whereas CL, Is left open.

13,15 CLy,CLp

14 Vop Power supply positive. Apply single voltage ranging from 2.7V
to 5.5V for proper operation.
16 INT4 External Interrupt INT (active high). This is a rising edge-

triggered interrupt.
4-bit input Port 0/serial I/O interface (active high). This port

17-20 POg/INTo

PO, /SCK can be configured either as a 4-bit parallel input port, or as the
P0,/SO 8-bit serial I/O interface, under control of the serial mode

select register. The Serial Input SI (active high), Serial Output
P0y/SI SO (active low), and the Serial Clock SCK (active low) used for
synchronizing data transfer comprise the 8-bit serial 1/O inter-
face. Line POy is always shared with external interrupt INTq
(active high) which is a rising edge-triggered interrupt.

4-bit input/latched tri-state output Port 5 (active high). Can also
perform 8-bit paraliel I/O in conjunction with Port 4.

2124 P5(-P53

28 Vss Ground.

Absolute Maximum Ratings*

Ta = 25°C

Operating Temperature -10°Cto +70°C

Storage Temperature -65°Cto +150°C

Power Supply Voltage, Vpp -0.3Vto +7.0V

All Input and Output Voltages -0.3Vto Vpp +0.3V

Output-Current (Total, All Output Ports) IoH = -17mA
___loL=_-34mA

*Comment: Stress above those listed under ““Absolute
Maximum Ratings’’ may cause permanent damage to
the device. This is a stress rating only and functional
operation of the device at these or any other conditions
above those indicated in the operational sections of this
specification is not implied. Exposure to absolute max-
imum rating conditions for extended periods may affect
device reliability.

Rev/1
3-61




uPD7507S
Block Diagram

P04/SCK PO3/SI
PO,/SO
X1 X2 lNTo/ POy
1
Count Clock i
Timer/Event Interrupt Serial
Clock -] Control =] ] ot Port 0
Generator o Circuit Counter Controller Intertace Buffer
l P0g-PO3
Tout ¢
cL
11-BIT Program Counter ALU c A4 Port2
) Latch 4 P2¢/P23
Butter (P21/Py 4 10)
our
General Registers
D@ E@) —N  Ports
—+— Latch 4 P30-P33
H(4) 1 L(a) —V Buffer
Program Memory Stack Pointer (8)
2048 x 8-BIT ROM (,PD7507S) <:> font @ Pag-Pa3
Latcl -
Instruction Buffer
Decoder Data Memory
128 x4-BIT (PD7507S)
Port 5
Latch P50-P53
Buffer

1 CcL T #
System
A
Generator
CL4 CL2

RESET

T

Vop

Vss




DC Characteristics

uPD7507S

Ta = -10°C to +70°C, Vpp = 2.7V to 5.5V
Limits
Parameter Symbol Min Typ Max Unit Test Conditions
Vi 0.7 Vpp Vpp All Inputs Other than CLy, X4
Input Voltage High Vi 2 Vpp-o0.5 Voo v CLy, Xq
ViHor 9.9 Voopg Vpopg * 02 RESET, Data Retention Mode
Vv, 0 0.3V, All Inputs Other than CL4, X
Input Voitage Low \f'L L) v P i
ILy [ 0.5 CLy, X4
! 3 All inputs Other than CL4, X. V=V
input Leakage Current High Ly HA P el 1= oo
VLiH, 10 CLy, Xq
[ -3 All inputs Other than CL4, X Vy=ov
Input Leakage Current Low L A i il !
Vi, -10 CLy, Xq
Vi - 1.0 Vv =5V 109, | -1.0mA
Output Voltage High Vou oo v L) i OH =
Vpp - 0.5 Vpp = 2.7V10 5.5V, Iy = —100 A
0.4 v =5V ¢ 10%, | 1.8 mA
Output Voltage Low VoL v oo * oL*®
05 Vpp= 2.7V 10 5.5V, Ig_ = 400 uA
Output Leakage Current High 'LOH 3 A Vo = Vpp
Output Leakage Current Low Lo, -3 uA Vo = 0V
Supply Voltage VDDDR 2.0 v Data Retention Mode
. 300 900 N ’ " Vpp = 5V & 10%
ation —_—
0D, 70 300 ormal Oper Vpp = 3V £ 10%
Supply Current 1 20 Vpp = 5V & 10%
| Stop Mode, X4 = 0V T ——
bD, 03 0 uA P 1 Vop = 3V + 10%
[ 0.4 10 Data Retention Mode Vbppg = 2.0V
AC Characteristics
Ta = -10°C to +70°C, Vpp = 2.7V to 5.5V
Limits
Parameter Symbol Min Typ Max Unit Test Conditions
150 200 240 R =82kQ ¢ 2%
= Vpp = 5V & 10%
cLy, Ly C =33pF & 5%
tee 75 100 120 C Clock g = 160 k2 + 2% Vpp = 3V ¢ 10%
System Clock Osclllation Frequency 75 135 KHz C = 33pF + 5% Vpp = 2.7V t0 5.5V
10 200 300 Vpp = 5V £ 10%
te CLy, External Clock — e
10 135 Vpp = 2.7V to 5.5V
System Clock Rise and Fall Times tcrr toF 0.2 us CL4, External Clock
1.1 50 Vpp = 5V & 10%
System Clock Pulse Width toHs tew a5 0 us CLy, External Clock “Vpp = 27V t0 5.5V
. bp = 2 -
Tax 20 32 50 X1, X3 Crystal Oscillator
Counter Clock Oscillation Frequency [] 300 KHz A/ =5V ¢ 10%
1, X4, External Pulse Input =
x [) 135 v Vpp = 2.7V to 5.5V
Counter Clock Rise and Fall Times R txF 0.2 us Xy, External Puise input
Counter Clock Pulse Wid 1 X4, External Pulse | Ypp = Y + 10%
nt th e b , External Pulse Input T ——
unter e e Tl 35 v 1 P VoD = 2.7V to 5.5V
4.0 V) =5V ¢ 10%
SCK is an input BT s .
55K Cycle Time . 7.0 . Vpp = 27Vto 5.5V
- KCY L
6.7 \/ =5V ¢ 10%
SCK Is an output ——DD
14.0 Vpp = 2.7V to 5.5V
1.3 Vpp = 5V ¢ 10%
SCK Is an input —bo=r:""
i 33 Vpp = 2.7V t0 5.5V
SCK Pulse Width tKHs tKL us
2.2 ___ Vpp = 5V ¢ 10%
SCK Is an output ———
6.5 Vp_p = 2.7V to 5.5V
1 Setup Time to SCKt tSIK 300 ns
S| Hold Time after SCKt tKsi 450 ns
— 850 Vpp = 5V & 10%
SO Delay Time after SCKi txso 260 ns Voo = 27V 10 5.5V
INTg Pulse Width tiow oL 10 "
INT, Pulse Width Yy iy 2/t us
RESET Pulse Width RSy, RS 10 us
RESET Setup Time tsps 0o ns
RESET Hold Time tHRS [} ns




uPD7507S

Capacitance
Ta = 25°C, Vpp = OV

LUmis Test
Parameter Symbol Min Typ Max Unit Conditions
Input Capacitance [y 15 pF  f=1MHz
Output Capacitance Co . 15 pF " pins
Input/Output Capacitance  Cyo 15 PF  returnedto Vgg
Timing Waveforms
Clocks
e
toF . —t] ) cn
cL1 — ; ) — VH
\ \ — v
e
tyF —] i XL T | tH
xq xR | — V4H
N —vi
Serial Interface tkey
e Kn
§Ck \ — ViH
A\ \ —w
— ViH
Valid
s \ Input Data A —ViL
|— tkso
— VIH
so Valid Output Data —w
External Interrupts tioL tion
INT’ - - N — ViH
| N V N —w
o LITR 4 i —
INTY - \ — ViH
) \t JZ { — Vi
Reset i tRs, tasy,
|
RESET - N — VIH
\ z \— — ViL
Data R’:’"m’" Mode |e————— Data Retention Mode
SRS t=-tHR Viy
= Vpp
N\ / = z'“c‘:tn
RESET b




wPD7507S

Operating Characteristics
(Typical, Tq = 25°C)

Supply Current
Supply Current vs
vs Su| Voltage (Not
Supply Voltage (Note @) PRly age (Note ®)
CL1  ClL2
20 v
200
R lc
l: 33pF / /
z 10 -
g R =822 |7 3 /
: 8
] 5 /
g 5
£ s0 5
3 ~ / §. / X1_ X2
> °
a -3
= 3 R
g Tr = 160ka 3 / Yea § ™
2
20 C1 l Icz
R1 = 330kQ
' C1 = 20pF
10, & C2 = 30pF
-12_;‘ Xpal = 32.768 KHz
7 —t
2 3 4 5 2 3 a4 5
Supply Voltage Vpp (V) Supply Voltage Vpp (V)
Supply Current Supply Current
vs vs
System Clock Oscillation Frequency System Clock Oscillation Frequency
(Note (D) (Note (D))
CL2 CLy Vpp = 5.0V Cl2 CL4¢
250 250
Ic C Vpp = 3.0V
200 - 200 I
= = 100pF  C -
K y 3
8 / 8
E £
£ 150 7 ] § 150
3 3
i / / g
@ /4 H
100 100
C = 100 pF
C = 39F
g C = 56pF s -
L
0 50 /
100 200 300 400 500 100 200 300 400 500
Oscillation Frequency f¢ (KHz) Oscillation Frequency f¢ (KHz)

Notes:
Only R/C system clock is operating and consuming power. All other internal logic blocks are not active.
Only crystal oscillator clock is operating and consuming power. All other internal logic blocks are not active.
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Operating Characteristics (Cont.)

(Typlcal, Ta = 25°C)

System Clock Oscillation Frequency
vs

Resistance
CL2 CL
500 l 2 ! I
R

E C = 33pF I
x
= 200
o N Voo = 5v
e \
o
3
-3 \
e
w 100
<
]
K] Vpp = 3V \
E

50

50 100 200 500
Resistance R (K ohms)
Package Outlines

For information, see Package Outline Section 7.

Plastic, uPD7507SC
Plastic Shrinkdip, nPD7507SCT

Oscillation Frequency f (KHz)

250

200

150

100

50

System Clock Oscillation Frequency

vs
Supply Voltage

CL2

CL1

c

I: 33pF

R = 82kQ

160kQ

3

a4 5 6
Supply Voltage Vpp (V)

7507DS-REV1-7-83-CAT
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Description

The uPD7508A is a CMOS 4-bit single chip microcom-
puter which has the uPD750x architecture. It is identical
to the uPD7508, except for a slightly smaller RAM, and
16 lines of vacuum fluorescent display drive capability.

The uPD7508A contains a 4096 x 8-bit ROM, and a 208
x 4-bit RAM.

The uPD7508A contains four 4-bit general purpose
registers located outside RAM. The subroutine stack is
implemented in RAM for greater nesting depth and flex-
ibility, providing such operations as the pushing and
popping of register values. The uPD7508A typically ex-
ecutes 92 instructions of the uPD7500 series A’ in-
struction set with a 10us instruction cycle time.

The uPD7508A has two external and two internal edge-
triggered hardware vectored interrupts. It also contains
an 8-bit timer/event counter and an 8-bit serial interface
to help reduce software requirements.

The uPD7508A provides 32 1/O lines organized into the
4-bit input/serial interface Port 0, the 4-bit output Port 2,
the 4-bit output Port 3, and the 4-bit I/O Ports 1, 4, 5, 6,
and 7. Ports 3, 4, 5, and 6 are capable of being pulled
to — 35V in order to drive vacuum fluorescent displays
directly. It is manufactured with a low power consump-
tion CMOS process, allowing the use of a single power
supply between 2.7V and 5.5V. Current consumption is
less than 900uA maximum, and can be lowered much
further in the HALT and STOP power-down modes. The
uPD7508A is available in a 40-pin dual-in-line plastic
package.

Pin Configuration

x2 (] 1 N~ 40 [J x4
p2opsTe [} 2 39 [ vss
P21PTOuT ] 3 38 [J pa3
2] 4 37 [ pa2
3] s 36 [] pay
po[] s 35 [ pao
i 7 3a [ ps3
P2 & 33 ] ps2
pi3 ] o 32 [J sy
P3g (] 10 31 [Jesp
P O 1 uPD7508A 30 [J pea
Py [ 12 29 [ pe2
P33 (] 13 28 [] P61
p7o O] 14 27 [7] peg
[ s 26 [ powsst
P2 ] 16 25 [ poaiso
P13 ] 17 24 7] Po,/SCK
RESET (] 18 23 [7) POO/INTo
cui O 19 22 [FJINTy
vop [] 20 21 [JeLz

uPD7508A

CMOS 4-BIT SINGLE CHIP
MICROCOMPUTER WITH VACUUM
FLUORESCENT DISPLAY DRIVE

CAPABILITY
Pin Names
40-Pin
DiP Symbol Function
1, 40 X2, Xq Crystal clock external event input Port X (active high). A crystal

oscillator circuit is connected to input X4 and output Xg for
crystal clock | event pulses are
connected to input Xy while output )(2 is left open for external
event counting.
25 P2y-P23 4-bit latched tristate output Port 2 (active high). Line P2g is
P20P5TE also shared with P§Tg, the Port 1 output strobe pulse (active
P2,/P fow). Line P24 is also shared with PTOU , the timer out F/F
1" Tout  signal (active high).
6-9 P1g-Pi3 4-bit input/tristate output Port 1 (active high). Data output to
Port 1 is strobed in synchronization with a P2¢g/P§Tg pulse.
4-bit latched tristate output Port 3 (active high).
4-bit input/iatched tristate output Port 7 (active high).
RESET input (active high). R/C circuit or pulse initializes
uPD7507 or uPD7508 after power-up.
System clock input (active high). Connect 82kQ resistor across
CLy and CLy, and connect 33 pF capacitor from CL4 to Vgg.
Alternatively, an external clock source may be connected to
CL4, whereas CL is left open.

1013 P3g.P33
1417 P7gPT5
18 RESET

19,21  Clq,CLy

20 Vop Power supply positive. Apply single voitage ranging from 2.7V
to 6.5V for proper operation.
22 INT, External Interrupt INT4 (active high). This is a rising edge-

triggered Interrupt.
4-bit input Port 0/serial I/O interface (active high). This port can
PO, ISCK be configured either as a 4-bit parallel input port, or as the 8-bit
P0,/SO serial /O interface, under control of the serial mode select

2 register. The Serial Input Si (active high), Serial Output SO
POy/SI (active low), and the Serial Clock SCK (active low) used for syn-
chronizing data transfer comprise the 8-bit serial I/O interface.
Line POy is always shared with external lmormpt INTq (active
high) which is a rising edge-triggered interrupt.
4-bit input/latched tristate output Port 6 (active high). individual
lines can be configured either as inputs or as outputs under
control of the Port 6 mode select register.
4-bit input/iatched tristate output Port 5 (active high). Can also
perform 8-bit parallel /O conjunction with Port 4.

2326 POy/INT,

27-30  P6y-P6y

3134 P55y

35-38  P4g-Pag 4-bit input/latched tristate output Port 4 (active high). Can also
perform 8-bit paraliel /O in conjunction with Port 5.
39 Vss Ground.

Absolute Maximum Ratings*

Ta = 25°C
Operating Temperature -10°Cto +70°C
Storage Temperature -65°Cto +150°C
Power Supply Voltage, Vpp -0.3Vto +7.0V
Input Volitages, Ports 4, 5, and 6 (Vpp - 40.0)Vto (Vpp + 0.3)V
All Other Input Ports -0.3VtoVpp +0.3V
Output Voltages, Ports 3, 4,5, and 6 (Vpp - 40.0)Vto (Vpp + 0.3)V
All Other Output Ports -0.3Vto Vpp +0.3V
Output-Current (Total, All Output Ports) IoH = -150mA
T gL = 50mA

*Comment: Stress above those listed under ‘‘Absolute
Maximum Ratings’’ may cause permanent damage to
the device. This is a stress rating only and functional
operation of the device at these or any other conditions
above those indicated in the operational sections of this
specification is not implied. Exposure to absolute max-
imum rating conditions for extended periods may affect

Rev/2 device reliability.
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P01/SCK

PO03/SI
P02/SO
X1 X2 INT1 INTo/ POy
Count Clock
Timer/Event Interrupt Serial I/0
Clock 1 Control  — o | ee—]
Generator Circutt Counter Controller Interface
Program Counter ALU / c A(4)
General Registers
T
D) 1 E(9)
H(4) ll L(4)
Stack Pointer
Program Memory
4096 x 8-Bit ROM (PD7508A) Instruction
Decoder Data Memory
208 x 4-Bit RAM (uPD7508A)
"y
System
Clock sé’"‘"’{
Generator ontro
CcLy CL2 RESET VoD Vss

Port 0
Buffer

Port 1
Buffer

Port 2
Latch
Buffer

Port 3
Latch
Buffer

Port 4
Latch
Buffer

Port 5
Latch
Buffer

Port 6
Latch
Buffer

33 3r 32 4L 1L 38 I

(

Port 7
Latch
Buffer

g uvld il

=

P0g-PO3

P19-P13

P20-P23

P20/PSTB,
P21/PTouT

P30-P33

P4g-P43

P50-P53

P60-P63

P70-P73



DC Characteristics
Ta = -10°C to +70°C, Vpp = 2.7V to 5.5V

uPD7508A

Limits
Parameter Symbol Min Typ Max Unit Test Conditions
ViH 0.7 Vpp Vop All Inputs Other than CLy, X4
Input Voltage High ViHy Vpp - 0.5 Vop v CLy, X4
ViHpg 0-9Vpppg Voppg + 0-2 RESET, Data Retention Mode
V"_1 ] 0.3Vpp All Inputs Other than CL4, X4, Ports 4, 5, and 6
Input Voitage Low V"_3 Vpp - 35.0 0.3Vpp v Ports 4, 5, and 6
Vi, ) 0.5 CLy, X4
LIy 3 All Inputs Other than CL4, Xy, Ports 4,5, and 6 V) = Vpp
Input Leakage Current High ||_“,|2 10 A Ports 4, 5, and 6, Vi = Vpp
ILiHg 60 CLy, Xy
Il_“_1 -3 All inputs Other than CL4, X4 vp=ov
Input Leakage Current Low I,_"_2 -10 uA Ports 4, 5, and 6, V) = -30.0V
g -30 CLy, X4
Vpp - 2.0 V| =5V £ 10%, | = -1.0mA
Output Voltage High Vou oo v Do OH
Vpp - 0.5 Vpp = 2.7V10 5.5V, Igy = - 1004A
0.4 Vi = 5V ¢ 10%, |, = 1.6mA
Output Voltage Low VoL v DD oL
0.5 Vpp = 2.7V 10 5.5V, g = 4004A
Output Leakage Current High ILOHI 3 A Vo = Vop
TLoH, 30 WA Ports 3, 4, 5, and 6, Vo = -30V
Output Leakage Current Low "-°‘-z -3 A Vo =0V
oL, -30 A Ports 3, 4, 5, and 6, Vo = -30V
Supply Voltage VDDDR 2.0 v Data Retention Mode
300 900 Vpp = 5V + 10%
Ipp. Normal Operation O EE———
1 70 300 Vpp = 3V + 10%
Supply C ! . 2 WA Stop Mode, X; = OV Yop = 8V + 100
upply Current top Mode, = S EERE———
DD, 0.3 10 1 Vpp = 3V 1 10%
'DDDR 0.4 10 Data Retention Mode, VDDDR = 2.0V
Capacitance
Ta = 25°C, Vpp = OV
Limits
————— Test
Parameter Symbol Min Typ Max Unit Conditions
Input Capacitance C 20 pF f = 1MHz,
Output Capacitance Co 20 pF Unmeasured pins
to Vgg
Input/Output
Capacitance Cio 20
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AC Characteristics
Ta= -10°Cto +70°C, Vpp

= 2.7V to 5.5V

Limits
Parameter Symbol Min Typ Max Unit Test Conditions
R = 82kQ + 2%
150 200 240 C = 33pF £ 5% Vpp =5V + 10%
fee 75 100 120 v
R = 160k2 +2% Dp =3V £ 10%
System Clock Oscillation Frequency KHz :;2 ’C‘I:::k c f 33pF :5* —_—
75 135 - Vpp = 2.7Vto 5.5V
10 410 cLy, Vpp = 5V + 10%
fc
10 125 Clock Vpp = 2.7V 10 5.5V
System Clock Rise and Fall Times tCR: tcF 0.2 us CL4, Externai Clock
1.1 50 CLy, Vpp = 5V + 10%
System Clock Pulse Width tohs toL us
3.5 50 Clock Vpp = 2.7V 10 5.5V
fxx 25 32 50 X4, X Crystal Oscillator
Counter Clock Osclilation Frequency ] 410 KHz Vpp =5V ¢ 10%
fx X4, External Puise input —_—
0 135 Vpp = 2.7V 10 5.5V
Counter Clock Rise and Fall Times 'XR ) 'XF 0.2 us X4, External Pulse Input
11 Vpp = 5V & 10%
Counter Clock Puise Width IXH, XL Hs Xy, External Pulse Input —_—
35 Vpp = 2.7V10 5.5V
3.0 SCK is Vpp = 5V £ 10%
an
- 7.0 input Vpp = 2.7Vto 5.5V
SCK Cycle Time tkey us —
5.0 SCK is Vpp = 5V & 10%
an
14.0 output Vpp = 2.7V to 5.5V
1.3 SCK is Vpp = 5V + 10%
an
33 input Vpp = 2.7V t0 5.5V
SCK Puise Width tKHst [r—
KHAL 2.2 s SCKis Vpp = 5V & 10%
an
6.5 output Vpp = 2.7V t0 5.5V
SI Setup Time to SCKt tsIK 3 us
S1 Hold Time after SCKt txs) 45 us
850 Vop =5V &
SO Delay Time after SCK¢ tkso ns
1200 Vpp = 2.7Vt0 6.5V
‘;‘::;' VoD = 5V £ 10%
Port 1 Output Setup Time to Pgrgt tpsT ns
‘2"%0) Vpp = 2.7V 10 5.5V
Port 1 Output Hold Time after Pggt 100 Vo = SV + 10%
lold Time after ! ns
sTe sTP 100 Vpp = 2.7V to 5.5V
'f.;‘;’ Vpp = 5V £ 10%
P, Pulse Width ns
STB tsL 2
2000) Vpp = 2.7V 10 5.5V
INTg Puise Width Yonr oL 10 us
2
INT{ Pulse Width tye tiyy it us
RESET Pulse Width RS,y tRS. 10 [
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Timing Waveforms

e
Clocks tof | ter | teH
CLy —| tcR —~ \ — VeH
\ '\ — VL
1te
txt — txL L xH
x txt —
1 L — V4H
\ \r — V4L
Serial Interface tkey
§CK — VIH
\ — ViL
— VIH
Vahd
st \ Input Data /l —ViL
l— tkso
— ViH
so Valid Output Data X
—ViL
Output Strobe
J{ 3& — VIH
P1g-P13 X L — ViL
ST tsTp
PSTB ZL — VIH
X —ViL
sT
External Interrupts tioL tioH |
INTo ;‘x LZ — VIH
- —ViL
thy HH |
INT4 \ o — VIH
\t ,Z — ViL

Reset tRs, 'Rsy I
RESET - J\ ' :l\( — ViH
J — ViL
Data Retention Mode |————— Data Retention Mode
Voo
l-tsps ~ [=~tHRS — Vi
/ — JYoopr
= VHoR
RESET *
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Operating Characteristics
Typical, Ty = 25°C

Supply Current IpD (kA)

Supply Current Ipp (kA)

Supply Current
Supply Current vs
vs Supply Voitage (Note @)
Supply Voitage (Note @)
CLi CL2
20 v
200 r
c /
l= 33pF /
= 10
100 R = 82kQ | é /
e
€
2 s
-~ 3
50 S / X1 X2
|
g /
R = 160k @ Xia § 71
2 0
20 C1 l Icz
R = 330kQ
C1 = 20pF
10, ! L C2 = 30pF
o T. Xpgj = 32.768KHz
T—fl —
2 3 4 5 2 3 4 5
Supply Voitage Vpp (V) Supply Voitage VDD (V)
Supply Current Supply Current
Vs Vi
System Clock Oscillation Frequency N System Clock Oscillation Frequency
(Note @) (Note D)
Cl2 CLy VDD = 5.0V, CLa CLy
250 250
[4 [ Vpp = 3.0V
l C = 39pF I
200 T = 700pF C = 56pF . 200
y k!
C = 27pF| g
o
150 15
| 3
/ z
A
100 100
C = 100 pF
g C = 56pF -
50 50 F/
é/
100 200 300 400 500 100 200 300 400 500
Oscillation Frequency f4 (KHz) Oscillation Frequency f¢ (KHz)

Notes: .
@ Only R/C system clock is operating and consuming power. All other internal logic blocks are not active.
@ Only crystal oscillator clock is operating and consuming power. All other internal logic blocks are not active.



Operating Characteristics (Cont.)
Typical, Tq = 25°C

System Clock Oscillation Frequency

vs
Resistance

CL2 CL

500 et 1 |
Rl

C = 33pF

g g

X

- 200

> N voo = sv

H

o

3

H AN

w100

§ Y

5 VDD=3V\

=

2

S

50

50 100 200

Resistance R (K ohms)

Package Outlines
For information, see Package Outline Section 7.

500

Plastic, nPD7508AC
Plastic Shrinkdip, .PD7508ACU
Ceramic Piggyback, .PD75CGO8E

Osciliation Frequency f (KHz)

250

200

150

50

uPD7508A

System Clock Oscillation Frequency

vs
Supply Voitage

CL2

CL1{

c
I: 33pF

R = 82kQ

R = 160kQ
-

3

4 5 6
Supply Voltage Vpp (V)

7508ADS-REV2-7-83-TRIUM-CAT
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Description

The uPD7508H is a high-speed CMOS 4-bit single

chip microcomputer which is based upon the ©PD7500
series architecture.

The uPD7508H contains a 4096 x 8-bit ROM, and a 224 x
4-bit RAM. It contains four 4-bit general purpose registers
located outside RAM. The subroutine stack is implemented
in RAM for greater nesting depth and flexibility, providing
such operations as the pushing and popping of register
values. The uPD7508H typically executes 92 instructions
of the uPD7500 series “A” instruction set with 4us instruc-
tion cycle time. :

The uPD7508H has two external and two internal edge-
triggered hardware vectored interrupts. It also contains an
8-bit timer/event counter and an 8-bit serial interface to help
reduce software requirements.

The uPD7508H provides 32 I/O lines organized into the 4-bit
input/serial interface Port 0, the 4-bit input Port 2, the 4-bit
output Port 3, and the 4-bit I/O Ports 1, 4, 5,6,and 7. ltis
manufactured with a low power consumption CMOS pro-
cess, allowing the use of a single power supply between
2.7V and 5.5V. Current consumption is less than 900uA
maximum, and can be lowered much further in the HALT
and STOP power-down modes. The uPD7508H is available
in a 40-pin dual-in-line plastic package. The uPD7508H is
downward compatible with the xPD7508 and the uPD7507.
The uPD7508H is ideally suited as a controller in the follow-
ing applications:

O telephone/telecommunication equipment

O portable instruments

[0 automotive dashboard controls

O medical instruments

[0 portable and hand-held computer terminals

O office equipment

Development Tools

For software development, editing, debugging, and assem-
bly into object code, you can use the NEC Development
System (NDS). Additionally, for systems supporting either
the ISIS-II (®Intel Corp.), CP/M (®Digital Research Corp.)
operating systems, or Fortran IV ANSI 1966 V3.9, the
ASM75 Cross-Assembler is available.

During software development, the code can be completely
evaluated and debugged with hardware by the Evakit-7500
Evaluation Board. The Evakit-7500-RTT Real-Time Tracer
Board is an optional device used to examine operation of
your code in the actual prototype circuit. The SE-7508
System Emulation Board will emulate complete function-
ality of the uPD7508H for demonstrating your final system
design. All of these boards take advantage of the capabili-
ties of the PD7500 ROM-less evaluation chip to perform
their tasks.

Complete operation details on the uPD7508H CMOS
4-bit Microcomputer can be found in the ©PD7506,
uPD7507, and ©PD7508 CMOS 4-bit Microcomputers
Technical Manual.

A

§ uPD7508H
AL HIGH SPEED CMOS
\; 4-BIT SINGLE CHIP
MICROCOMPUTER

Features
[J Advanced 4th Generation Architecture

O Program Memory (ROM) size: 4K x 8-bit bytes
O Data Memory (RAM) size: 224 x 4-bit nibbles
0 RAM Stack
O Four General Purpose Registers: D, E, H, and L
— Can address Data Memory and I/O ports
— Can be stored to or retrieved from Stack
O 92 Powerful Instructions, including
— Direct/indirect addressing
— Table look-up
— RAM stack push/pop

— Single byte subroutine calls
— RAM and |/O port single bit manipulation
— Accumulator and I/O port logical operations
— 4us instruction cycle time, typically
[0 Extensive General Purpose /O Capability
— One 4-bit input port
— Two 4-bit latched tri-state output ports
— Five 4-bit input/latched tri-state output ports
— Easily expandable with .PD82C43 CMOS
1/0 expander
— 8-bit parallel I/O capacity
[0 Hardware Logic Blocks — Reduce Software
Requirements
— Operation completely transparent to
instruction execution
— 8-bit Timer/Event counter
- Binary-up counter generates INT- at
coincidence
- Accurate Crystal Clock or External Event operation
possible
— Vectored, Prioritized Interrupt Controller
- Three external interrupts (INT,, INT;, INT,)
- Two internal interrupts (INT+, INTs)
— 8-bit Serial Interface
- 3-line 1/0 configuration generates INTs upon trans-
mission of eighth bit
- Ideal for distributed intelligence systems or commu-
nication with peripheral devices
— Complete operation possible in HALT and STOP
power-down modes
Built-in System Clock Generator
Built-in Schmidt-Trigger RESET Circuitry
Single Power Supply, Variable from 2.7V to 5.5V
Low Power Consumption Silicon Gate CMOS
Technology
— 9001 A max at 5V, 400nA max at 3V
— HALT, STOP power-down instructions reduce power
consumption to 20xA max at 5V, 10uA at 3V
(Stop Mode)
[0 Extended —40°C to +85°C Temperature Range
Available
[0 40-pin Dual-in-line Plastic Package

oogoo

Revi
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Pin Configuration

~ 40[JEVENT

Pin Identification

Pin

ClockOut [{ 1 No. Symbol Function
P2o/PSTE ] 2 3901 vss 1 ClockOut Crystal Clock Output (active high) The Crystal Oscillator frequency is
P21/PTouT [ 3 38[J P43 divided by 12, and then output through a buffer
P22[] 4 37[Jpay 25 P2-P2,  4-bitlatched tri-state output Port 2 (active high). Line P2, 1s also shared
P23 [: 5 36 Pay P2,/Pss with Ps;;, the Port 1 output strobe pulse (active low). Line P2, 1s also
P D 6 350 P2,/Py,, shared with P, _, the timer-out F/F signal (active high).
1 P4,
0 0 6-9 P1,-P1, 4-bit input/tri-state output Port 1 (active high). Data output to Port 115
P 7 34[ps3 strobed in synchronization with a P2,/Ps. pulse.
P12 8 33[ps2 10-13 P3,P3,  4-bitinputiatched tn-state output Port 3 (active high).
P1 P!
3 E 9 32[1ps1 14-17 P7,-P7,  4-bitinput/latched tn-state output Port 7 (active high).
P3; P5,
olj1°  Pp7sosH ' [1PSo 18 RESET  RESET nput(active high). RIC circuit or pulse inttializes .PD7507 o
P31 11 30[1Ps3 1PD7508 after power-up.
P32 E 12 29[ P62 19,21 X, X, Crystal Clock Osciilator input (active high). Connect a 4.19MHz crystal
P3z[]13 28[ ] P61 across X,, and X,.
P79 14 271 Psg 20 Voo Power supply positive. Apply single voltage ranging from 2.7V to 5.5V
P71 E 15 26 :] POa/SI for proper operation,
B 22 INT, External interrupt INT, (active high). This i1s a nising edge-triggered
P72[]16 25[] P02/SO Interrupt.
P7. P04/5CK
317 240 i 23-26 PO,/INT, 4-bit input Port 0/Senial I/O interface (active high). This port can be
RESET[ ]18 23[] Pog/INTo PO/SCK  configured either as a 4-bit parallel input port, or as the 8-bit serial I/O
X, [: 19 22 :| INTq P0,/SO interface, under control of the serial mode select register. The Senal
PO,/SI Input S (active high), Serial Output SO (active low), and the Serial Clock
vop[]20 21 :l X, SCK (active low) used for synchronizing data transfer comprise the 8-bit
serial /O interface Line PO, is always shared with external interrupt INT,
(active high) which is a rising edge-triggered interrupt.
s = * 27-30 P6,-P6, 4-bitinput/latched tri-state output Port 6 (active high). Individual lines
Absolute Max. mum Ratlngs can be configured either as inputs or as outputs under control of the
T- = 25°C Port 6 mode select register.
- 31-34 P5,-P5, 4-bit input/latched tri-state output Port 5 (active high). Can also perform
Op! g Temp e —10°Cto +70°C &-bit paralle! /0 in conjunction with Port 4.
Storage Temperature —65°C to +150°C 35-38 P4,-P4, 4-bitinput/latched tri-state output Port 4 (active high). Can also perform
8-bit llel /O ti ith Port 5.
Power Supply Voltage, Vy, —0.3Vto +7.0V paraTell9 tn conjunction w
39V Ground.
Al Input and Output Voitag —0.3Vio Vy, + 0.3V =
40  EVENT EVENT counter pulse input (active high)
Output Current (Total, All Output Ports) loy = —20mA
oo = 30mA

*COMMENT: Exposing the device to stresses above
those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be oper-
ated under conditions outside the limits described in
the operational sections of this specification. Exposure
to absolute maximum rating conditions for extended
periods may affect device reliability.



Block Diagram

P04/SCK P02/SO  POg/SI

wPD7508H

INT1 INTo
Event
Clock cP INTT \ INTS) Senal /0
Timer/Event nterrupt
%?:‘;Sﬁl Counter > Controller — Intertace =t ( ;3;:;3,
4 L— 1,
. @ o @ @
Port 1
Buffer P10-P13
Port 2
Program Counter (12) ALU c A(4) Latch 4 P20-P23
/ Bufter
P20/PSTB.
General Registers P21/PToyT
I \
D) \ E(4) Port 3
Latch 4 P30-P33
H(4) : L(4) Bufter
Program Memory
Stack Pointer (8)
4096 x 8-bit ROM (.PD7508H) Port 4
Latch P4o-P43
Buffer
Instruction
Decoder Data Memory
224 x 4-bit RAM (. PD7508H)
Port 5
Latch 4 P50-P53
Buffer
t
’ Port 6
Latch P60-P63
Buffer
Sgls ls‘r(n Standby
G pe Control
ienerator
Port 7
Latch P70-P73
T l r T T Buffer
Clock X X, RESET Voo vss
Out
DC Characteristics
Ta = —10°C to +70°C, Vpp = 2.7V to 5.5V
Limits
Parameter Symbol Min Typ Max Unit Test Conditions
Vin 0.7 Vpp Voo All Inputs Other than X,
Input Voltage High Vin, Vpp—0.5 Voo v X,
Vm; 0.9 anﬁ VWW+0.2 RESET, Data Retention Mode
V, [] 0.3V, Al Inputs Other than X.
Input Voitage Low L L v !
Vi, 0 0.5 X,
! 3 All Inputs Other than X. V) =V
Input Leakage Current High Lty pA 1 ! oo
™ 10 X,
I._,L -3 All Inputs Other than X, V= 0v
Input Leakage Current Low rA
by -10 X,
Vpp — 1.0 Vpp = 5V £ 10%, loy = — 1.0 MA
Output Voltage High Vo v 20 : o
Vop — 05 Vpp = 2.7V10 5.5V, loy = —100 uA
0.4 Vpp = 5V * 10%, lo, = 1.6 mA
Output Voltage Low Vo v
05 Vop = 2.7V105.5V, I, = 400 A
Output Leakage Current High hoy 3 A Vo = Vpp
Output Leakage Current Low 'L°|. -3 wA Vo =0V
Supply Voltage Vm, 20 v Data Retention Mode
, 300 900 Normal ‘o Vpp = 5V  10%
orma ration
! 150 400 Opel Voo = 3V = 10%
Supply Current 2 20 A Stop Mode, X, = 0V Vpp = 5V = 10%
to| = —_—_—
too, 05 10 s p Mode: % Voo = 3V = 10%
[ 0.4 10 Data Retention Mode Voogg = 20V
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AC Characteristics
Ta = —10°C to +70°C, Vpp = 2.7V to 5.5V

Limits
Parameter Symbol Min Typ Max Unit Test Conditions
. R =120kQ = 2%
120 8D 8D .y, CTSpFre% Voo = 5V = 10%
f 60 78D TBD "2 -
cc . e R=250kQ = 2% Voo =3V 10%
System Clock Oscillation Frequency 60 8D C =33pF = 5% Vpp = 2.7Vt0 5.5V
. 10 TBD TBD X, E Clock Vpp = 5V = 10%
» Ext | —_—
© 10 8D v External Cloc Voo = 27V10 5.5V
1 25 32 50 X4, X, Crystal Oscillator
EVENT Frequency 0 300 KHz - \/ 5V = 10%
fevent EVENT .. Rnhh il N
[) 135 Vpp = 27Vt0o 5.5V
EVENT Rise and Fall Times tens tor 02 s EVENT
EVENT Puise Width b b bl EVENT Voo = SV = 10%
8 , s
© - 35 w Voo = 27V10 5.5V
4.0 scKisani Vpp = 5V = 10%
s t —_——
SCK Gycle T . 70 anInpu Vpp = 2.7V10 5.5V
cle Time s
4 i 6.7 * oK Vop = 5V = 10%
is utput —_—
140 &n outpu Voo = 27V105.5V
1.8 scK Vpp = 5V = 10%
. is it —_—
/ 33 anneu Vpp = 2.7Vt0 5.5V
SCK Pulse Width tgp b, us
3.0 ki . Vpp = 5V = 10%
t LSl
65 S an outpu Vop = 2.7V105.5V
S Setup Time to SCK 1 tsix 300 ns
Si Hold Time after SCK 1 txs 450 ns
850 Vpp = 5V = 10%
SO Delay Time after SCK | tkso ns
1200 Vpp = 27Vto 5.5V
1/(214-800) Vpp = 5V = 10%
Port 1 Output Setup Time to Pgrg tpst ns
1/(2'¢-2000) Vpp = 2.7Vto 5.5V
300 350 500 Vpp = 5V = 10%
Port 1 Output Hold Time after Psﬂ” tste ns
300 1500 Vpp = 2.7Vto 5.5V
1/(214,-800) Vpp = 5V = 10%
Pgrs Pulse Width tew ns
ST fl(21£2000) Vpp = 27Vto 5.5V
INT, Pulse Width op tioL 10 s
INT, Pulse Width tywip tywy 2y L
RESET Pulse Width ths,y tas, 10 us -
Capacitance
Ta = 25°C, Vpp = OV
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
Input Capacitance C 15 pF f=1MHz
Output Capacitance Co 15 pF pins
Input/Output Capacitance  Cyo 15  pF  returnedtoVgg




Timing Waveforms
Clocks
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ter te | teu
1 try —-F_—__—_——\_ — VeH
N
— ViL
Serial Interface trey
txe e tin i
sex e [ — ViH
L — ViL
t t
— VIH
St lnp‘{x‘l‘“gala
— VIL
——1so
— VIH
so Valid Output Data ><
~—ViL
Output Strobe
¥ s — ViH
Plo-Pl,
£ — ViL
X 1
tost tsre *]I
PSTB \ Z —ViH
4 — ViL
tst,
External Interrupts tioL tiow
INTQ \ X — Vi
Z \ — ViL
by | iy i
INTY \ — VIH
. — ViL
Reset tas, tasy l
RESET
ZL — ViH
r —ViL
Data R?If:nﬂon Mode Data Retention Mode
tens =1 ™ ‘m:’l Vin
N = Yoopp
— V|
RESET _ v:.'.' OR




Package Outlines
For information, see Package Outline Section 7.

Plastic, uPD7508HC
Plastic Shrinkdip, .PD7508HCU
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Description

The nPD7514 CMOS 4-bit single chip microcomputer
has the standard nPD750X architecture. It contains 4K x
8-bits of program memory ROM, 256 x 4-bits of data
memory RAM, an 8-bit timer/event counter, and an 8-bit
serial interface.

The on-chip LCD controller/driver is capable of driving a
variety of LCD displays configured from biplexed to quad-
riplexed (2—4 backplane). It can utilize up to 32 segment
and 4 common drive lines that are output from a 128-bit
(32 x 4) display data memory.

The nPD7514 also features 4 vectored interrupts (2 internal
and 2 external) and 2 standby modes. It is available in the
80-pin plastic flat package to conserve space and is man-
ufactured with a low power consumption CMOS process
allowing the use of a single 5V power supply. A powerful 92
instruction set (subset of WPD750X Instruction Set A)
allows greater software flexibility.

The wPD7514 is capable of forming a system with a
minimum amount of additional circuitry. It is designed to
operate with low power and can be used for a wide variety
of applications because the chip can generate a reference
clock for timer operations.

Features
[ 4-bit single chip microcomputer
[ 92 instructions (subset of uPD7500 set A)
O Instruction cycle: 5u.s/400kHz at 5V
[ Program memory (ROM): 4096 x 8 bits
[0 Data memory (RAM): 256 x 4 bits
[0 Vectored interrupts: 2 externals, 2 internals
O 8-bit timer/event counter
O 8-bit serial interface
[J On-chip LCD controller/driver
—1/2 bias: biplexed, triplexed
—1/3 bias: triplexed, quadriplexed
— Segment outputs: 32 lines
— Common outputs: 4 lines
O Standby modes (stop/halt)
O Low-power data retention capability
O 311/Olines
[ On-chip RC oscillator for system clock
[ On-chip crystal oscillator for count clock
[J CMOS technology
[ Single power supply
[ 80-pin plastic flat package

wPD7514

CMOS 4-BIT SINGLE CHIP
MICROCOMPUTER WITH
LCD CONTROLLER/DRIVER

Pin Configuration

o
ER3a
fEfEddEsdddsdsdd
80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65
P4, 1 64 [ Vgs
P4, ] 2 631 P3,

X, —] 3 62[1P3,

X, —] 4 61 [P,
Vica ] 5 60— P1,
Vi C—] 6 59— P1,
Vi 7 581 P1y

com,—] 8 571 P2,/PSTB
coMm, — 9 56— P2,/PTOUT
com, ] 10 55 P2,
COM, I 11 54 P7,

Sa [ 12 wPD7514 s3[1P7,

S30 [ 13 52" P7,

S, 14 51 P7,

S, 15 S0 CL,

S;; 16 49 CL,

S, 17 48 [ RESET

S, ] 18 47 ] INTY

S 19 46[3S,

S, ] 20 4518,

Sp 21 4TS,

S, ] 22 43S,

NC ] 23 42[JNC

Spo 24 A [s,

25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

JUUOUUUUUTUTUTY

2 @~ @ 0 v oo 2,0 @ ~ © o

2 & o 2
BEFEARAAA SFPPOS O

Pin Identification

Function
No. Symbol
.,;’ 280 P4,-P4, Vo VO pins (4 bits) of Port 4 (4-bit /O port).
Count Clock Oscillation pins to be connected to
3,4 X, X;

crystal. X, is for External Clock input.
LCD bias voltage supply input pins.
LCD common signal output pins.

5-7 Vici-Vies
8-11 COM,-COM;

12-22,
g::i?’ So—S31 LCD segment signal output pins.
43-46'

33 Vpp Power supply positive.

47 INT1 External Interrupt input pin.

48 RESET Reset input pin.

System Clock Oscillation pins to be connected to RC.

49,50 CLy,CLy CL, 1s for External Clock input.

51-54 P7,-P7, [ 1/O pins (4 bits) of Port 7 (4-bit /O port).
55 P2, Output pins (3 bits) of Port 2 (3-bit output port). Com-
56  P2,/PTOUT monly used as Strobe output (PSTB) for Port 1 output,
57  P2yPSTB TOUT output (PTOUT).
1/0 pins (4 bits) of Port 1 (4-bit I/O port), not including
58-61 P1y-Pi; Vo atches.
‘;’:' 22' P3,-P3, Output pins (4 bits) of Port 3 (4-bit output port).
64 Vgg Ground.
67  POy/SI Input pins (4 bits) of Port 0 (4-bit input port). Com-
68  P0,/SO Vo monly used as Interrupt Request input (INT0), Serial
69  P0,/SCK o Clock I/0 (SCK), Serial Data input (Sl), Serial Data out-
70  POyINTO put (SO).
71-74 P6,—-P6; /0 /O pins (4 bits) of Port 6 (programmable 4-bit 1/O port).
75-78 P5,—P5; [e] /O pins (4 bits) of Port 5 (4-bit I/O port).
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BV ILUTY

Block Diagram
SCK/PO, SI/PO,
X, X, INT1  INTO/PO, SO/PO,
Count
Clock Timer/Event Interrupt Serial Port0
gl:::mor ™™ Control Counter Control Interface K 5?,",,
[ ..
cL LeocL our. .
Port 1
[ Buffer
Port 2
Latch
Buffer
Program Counter (12) ALV A (4)
Port 3
: Latch
D) E) Buffer
H@) L4
Stack Pointer (8) Port 4
Latch
Buffer
Program Memory
4096 x 8 Bits Instruction
oder N
Ports
Data Memory Latch
256 x 4 Bits Buffer
CcL [
T I Port 6
Latch
s Buffer
ystem
Standby
g‘:::_“o’ Control LCD CL —| LCD Controlier/Driver
) Port 7
Latch
Buffer
S
cL, cL, Reset Voo Vss y_ - COMq,

P0,-PO,

P1-P1,

P2,-P2,
P2
PTOUT/P2,

P3,-P3,

P4,-P4,

P5,-P5,

P6,-P6,

P7,-P7,
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Program Memory (ROM) Program Memory Map
Program Memory is a mask-programmable ROM of 4096- 000H [ RESET Start Address
word x 8-bit configuration, and is addressed by the program
counter. Program Memory stores programs and table data. O10H | INTT Start Address
The address locations of the program memory are from 020H | INTOS Start Address
000H to FFFH. RESET, Interrupt, start address, and the o30n TS
table areas of LHLT and CALT instructions have been allo- ress Subroutine
cated specific memory locations. When a program is 0CoH Y ses
generated, the aforementioned memory locations must be Lookeup Tabje of
taken into consideration. 200H [ Tookan Tabiaat
CALT Instruction
orew | (Call Address Table)

Timer/Event Counter Configuration

7FFH

AL

FFFH

L Internal Bus

/\ v TAMMOD*
TCNTAM®

l 8-bit Modulo Register

l

Vi

8-bit Comparator

(Coinci Signal)
INTT

Count Hold
CP -E_——' &bit Count Reguster
CLR
Timer
OutFF
CLR T
Timer
Reset*
cM,

Notes: @ CP s a count pulse selected by the clock mode register
@ CMjz1s used for output designation of the time-out F/F
@ *indicates execution of instruction

PTOUT

TOUT (to Serial Interface)
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Serial interface is used to input/output serial data and is
basically composed of an 8-bit shift register, a 4-bit shift
mode register and a 3-bit counter.

Serial Interface Block Diagram

z Internal Bus j

- 8 TAMSIO* *OP, OPL
. 4 TSIOAM 8
L]

T T T T ] 7 1 T | i
N | 1 8-bit Shift Register I 1 Shift Mode Register
POySI O- L~ I ) 1 i | I l ] | | ]
LSB | ! ' ! | | MsB ! ! |
P0,/SO O— l >/\} SM3
T ]
»—{>O——————D 3-bit Counter
| |
1 |
P0,/SCK
TOUT
— o
R INTS
PO,/INTO o—~——[>———» INTO
RS F F
Q s sio*

Notes: ® ¢ indicates the internal clock signal (system clock)
@ TOUT 1s the timer-out F/F signal
(Ol the of
@ SM3 s to the interrupt controller
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LCD Controller/Driver Block Diagram

wPD7514

2 On-chip Bus S
4 *OP, OPL
Data Memory
Instruction
Display
Mode
- - DM3 DM2 DM1 DMO Register
Data Memory 1FH 1EH 00H l
3 2 1 0 3 2 1 0 3 2 1 0
Timing Controller p————
Lcocu
3 2 1 0 321 0] [3 2 1 0a
Multiplexer :
d
LCD Drive-
Segment Driver Voltage Common Driver
Controller
Sy, Sao So Vies Vicz Vier COM, COM, COM, COM,
3 2 1 0
a
b
c
d
Multiplexer

Note: * indicates instruction execution

The LCD controller/driver consists of a 4-bit display mode
register (DMO — DM3), 128-bit (32 x 4) display data memory
(i.e., addresses from 00H to 1FH in data memory), a timing
controller, multiplexers, an LCD drive-voltage controller,
segment drivers, and common drivers.

The LCD controller/driver provides an LCD direct drive
function with 1/2 bias voltage (biplexed, triplexed) and 1/3
bias voltage (triplexed, quadriplexed) configurations. For
LCD driver outputs, 32 segment lines (S, — S5,) and 4
common lines (COM, — COM,) are provided.

Maximum Segment Number

Bias Multiplexing COM Lines Maximum Segment Number
Biplexed COM,, COM, 64 (32 Segments x 2 Commons)
2 Triplexed
Tiploxed OM,, COM,, COM, 96 (32 Segments x 3 Commons)

Quadriplexed COM,, COM,, COM,, COM,, 128 (32 Segments x 4 Commons)
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Format of Shift Mode Register

SM3 mmm Shift Mode Register

[T 1
Serial Op and
Mode Setting of Port 0
SM2 | SM1|SMo| POy/SI P0,/SO P0,/SCK Serial Operation
0 0 0 Port Input
0 1 0 | Portinput | Portinput To output ¢ continuously Stop
L] 1 1 Yo output TOUT continuously
SEK To operate with
! o 0 SCK Input external clock
1 1 | o | Stinput | SO Output SCK Output (4 x 8) To operate with &
To operate with
11 |1 SCK Output (TOUT) TOUT
Selection of INTO or INTS
SM3 Interrupt Source
o INTS
1 INTO
Note: ¢ = System Clock
Interrupt Controller Block Diagram
f ‘ Internal Bus
*SKI *El [N A
INT Enable : o ter
Test Control Register | Enable
sM3 T 0S 1 | FF
o | I
INT1 O- s
:5;‘; INT1
Detect |:D_ R RQF
INTS ——
s
y INTO/S ’—D——
Edge . Vector
PO/INTO O——| Detact r ROF Priority Address
MPX Jr_ Control Generator
s ——
INTT ——ooooo s
INTT
Edge 1 )
Detect p HOF
Timer*
) Release

Notes: @ *indicates execution of Instruction
® SM3 s bit 3 of the shift mode register (Selection of INTO or INTS)



Clock Control Circuit

wPD7514

!

Internal Bus

oP; OPL*

c™,

CM,

CM,

cM,

To Timer/Event

Counter

CcL—

Prescaler 1
(1/4)

Clock Mode Register

Prescaler 2
(18)

Prescaler 3
(1/8)

Leocl

MPX

Package Outlines
For information, see Package Outline Section 7.

cP

Plastic Miniflat, .PD7514G

7514DS-7-83-CAT-L
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Description
The nPD7519 is a CMOS 4-bit single-chip microcomputer

CMOS 4-BIT SINGLE-CHIP
MICROCOMPUTER WITH VACUUM
FLUORESCENT DISPLAY

CONTROLLER/DRIVER

64-pin Plastic QUIL Package

wPD7519

which has the wPD750x architecture. P2/Pss o 1 N\ 64 Voo

. R P2,/Proyr = 2 63 === INT,
The wPD7519 contains a 4096 x 8-bit ROM, and a 256 x P2/Po = 3 2 <)
4-bit RAM. rEset o & NE ey
The wPD7519 contains four 4-bit general purpose registers e 5 b
located outside RAM. The subroutine stack is implemented ema =] 8 HET e
in RAM for greater nesting depth and flexibility, providing POJSO == 10 F = I
such operations as the pushing and popping of register P, =] 12 Y ==H
values. The pnPD7519 typically executes 106 instructions ol =214 o =
of the wPD7500 series A instruction set with a 7.637us B 1 wPD7519 7
instruction cycle time. :550‘ =17 BB TS,

. [— —= T,/S,
The wPD7519 has two external and two internal edge- ',:?23 1 = Tf':/s"’,.,
triggered hardware vectored interrupts. They also contain e b cE I;ﬁ"'z
an 8-bit timer/event counter, an 8-bit serial interface, and a Pa =z BESTulSe
9-bit D/A programmable pulse generator, to help reduce NG ==l 22 PE=—"F S
software requirements. The on-board vacuum fluorescent ::?.é x WE=S
display controller/driver supervises all of the timing required e Q2 o =
by the 24 Port S segment drivers either for a 16-digit 7- EVENT 29 B s,
segment vacuum fluorescent display, or for an 8-character =33 ETS
14-segment vacuum fluorescent display. Vss =32 BF=S,
The wPD7519 provides 28 I/O lines organized into the
4-bit input/serial interface Port 0, the 4-bit output Port 2, Pin Identification
the 4-bit output Port 3, and the 4-bit I/O Ports 1, 4, 5, and 6. in ie“ ificati
Additionally, Port 1 can be automatically expanded to 16 1/O Bin Nos.
o . . Flat QuiL Symbol D ipti
lines through connection to a pPD82C43. The wPD7519 is ki cerpnen
factured with a low power consumption CMOS pro- ! 7.2 NG Mo connechon

manu A X P p 2 8 POy/INT, 4-bit input Port 0/senial /O interface (active
cess, allowing the use of a single power supply between 3 9 PO/SCK  high). This port can be configured either as a
2.5V and 5.5V. Current consumption is less than 2mA : I e o of o oot
maximum, and can be lowered much further in the Halt ;ee::: fegister. The SerialInput ?.'mes: high),
and Stop power-down modes. The p.PD7519 is available Clock SCK. (mm( low) used !):;synchronrl':ng
in a space-saving 64-pin flat plastic package, or a 64-pin toriace. Line p'a";‘:.mi’:;',“,::ﬂ.'(ﬁ’
QUIL package. external |r!|ermpt'=NT‘,, which 1s a nsing edge-
There is also a piggyback EPROM version available, the = S pretis T
75CG19E, which is pin-compatible and functionally equiv- (active high). Individual lines can be config-

H H : ured either as inputs or as outputs under
alent to the masked version. It is excellent for prototyping control of the Port 6 mode select regrster.
and program development. 10-13 16-19 P5,-P5;  4-bitinput/latched three-state output Port 5
Pin conﬁguration (active high). Car! also perform 8-bit parallel I/0
64-pin Plastic Flat Package - in conjunction with Port 4.

5 b a2 G 2w 14-17 20-23 P1,—P1;  4-bitinput/latched three-state output Port 1
§ 0. 24%9%25%% {active ugh)
SEEEEEEEEEEE EEEE @@ 18-21 25-28 P4g-P4;  4-bitinput/latched three-state output Port 4
” n ” n ” ﬂ n ﬂ n nﬂ” ﬂ ﬂ H n ﬂ (active high). Can also perform 8-bit parallel /O
i ith Port 5.
v 5150 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 22 29 EVENT :bil external e::nt input for imer/event
;';EE :§ :12 g:z counter (active high).
o 3 "
23-24 30-31 X X Crystal clock input (active high). A crystal
P54 3038, = oscillator circuit is oonnecteld to mp:z X: and
P3, 55 29[S, output X, for system clock operation. Alter-
P3. natively, an external clock source may be
INTjg :: :: g zj connected to input X; while output X, is left
open.
Voo ] 58 wPD7519 26 Voo 25 32 V. G
P2,/Psrs 'ss round.
P2127Plf:::g iz :i g;’:s 26, 58 64 Voo Power supply positive. Apply single voltage
ranging from 2.5V to 5.5V for proper operation.
P2/Pe. C 61 28X, 27-34 33-40 So-S; Vacuum fluorescent di i
! —. o isplay outputs (active
P2, 62 22 g EVENT 35-42 41-48  Ty/Sg—Tyg/Sys high). So—S; are always segment driver out-
RESET(163 2 P4, 43-50 49-56 To-T7 puts, andTTos—‘t, Tarel Salways :ieglt d"iverred
PPOC—] 64 20—1Ps, Pt Ta Sy 1is/S1s can be configured as
segment driver outputs or as digit driver
BT e
sel register.
SrERefifffesfasaada
s SE® Rev/l
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Pin Ildentification (Cont.) Operating Supply Voitage
Pin Nos. : ) Ta = —10°C to +70°C
Flat QUIL - _Symbol  Description Limits
51 57 Vioap Vacuum fluorescent display power supply Parameter Min Typ Max Unit Test Conditions
negative. Apply single voltage —
Vpp—35.0 and Vpy, for proper display cPU @ 4.0 6.0 V  High-speed Mode (EM2 = 1)
25 6.0 V  Low-speed Mode (EM2 = 0)
52 58 Vere Power supply for VFD driver. Cy = 10pF,
53-56 59-62 P3,-P3;  4-bitlatched three-state output Port 3 Crystal 0 27 60 V _ Crystal Co<10pF
(active high). Circuit 285 60 v Oscillaion ® ¢, =10pF,
57 63 INT, External Interrupt INT, (active high). Thisis a C, < 22pF
rising edge-triggered interrupt. 25 60 V  External Clock @
59 1 P2y/P57g  4-bitlatched output Port 2 (active high). Line Display Controller 4.0 60 V )
60 2 P2,/Py P2, is also shared with Pgyg, the Port 1 output
OUT  gtrobe pulse (active low). Line P2, is also aogrammatio Pulse 40 60 v
shared with Py_ _, the timer-out F/F signal
(active high). °UT Po 2.5 60 V  PortOutput Mode
61 3 P2,/P¢ Internal system clock output. 1 4.0 60 V VO Expander Mode
&2 hd P2y General purpose output. Notes: See notes @ and @ after AC Characterstics tabl
63 5 RESET  RESET input (active high). RIC circuit or pulse @s: Seenoles @ and © after A Lharacteristics tables
wPD7502 or LPD7503.
64 6 * PPO 1-bit programmable puise generator output
(active high).
Block Diagram
/!
PO,/SO PO,/SI
PO,/SCK
Event INT, PO.,IILNTO
Clock m INTy pt  |NTs|  serial o
Selector Counter ™1 Controlier Interface 0
r Port 0
Buffer
b |
Port 1
[ ¢> Butfer @ P1,-P1,
Port2 | P2y/P57s
Latch 4 P2/P 0
Bufter P2,/Pc P2,
g Port3
12-bit Program Counter General Registers Latch 4 P3,-P3;
Buffer
U D) E@) :
. H(4) L) Port 4
Latch P4y-Pa,
Stack Pointer Buffer 0~ %3
Program Memory Instruction Ports |
4096 x 8-bit ROM Decoder Data Memory Latch P5,-P5.
256 x 4-bit RAM Buffer s
Port 6
Latch -
«. I {2} Latch PG,—P6,
Standby Clock Prog‘v’:?::lble Vacuum Fluorescent Display
Control Generator Generator Controller/Driver
X, Xy PPO RESET Vss Voo Vere Vioao So=S7

Tg/Se~T15/S1s
O-T‘I
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Absolute Maximum Ratings* DC Characteristics
Ta = 25°C Ta = —10°C to +70°C; Vpp = 2.5V to 6.0V
Vpp = —0.3Vto +7.0V __ Limits Tost
Parameter Symbol Min Typ Max Unit Conditions
Vioap = Vop — 40Vto nput Vottage 2T haN X X; Vi 07Vop Voo V
Supply Voltage Vpp + 0.3V High o % Ve Voo 08 Vo V O
Vere = Vpp ~ 12Vto Input Voltage Other than X, X, Vi, [} 0.3Vpp V
Vop + 0.3V Low Xy X Via [) 04 V O®
Input Voltage, V, —0.3Vto Vpp + 0.3V Vop — 1.0 v oo =5Y £ 05V
Output Voltage High Vou OH
Output Voltage Voo ~0.5 V lon= —1004A
Outputs other than display outputs Vo = —=0.3Vto 0a v Voo sVzosv:
Vpp + 0.3V Output Voltage Low Voo lo, = 1.6mA
) - 05 V lo =400uA
Display outputs Voo = Vpp — 40Vto Input Leakage Other than Xy, X, Iy 3 pA Voo =
Vop + 0.3V Current High  y 'x, [ 2 oA W Voo
Output Current High, | Input Leakage Other than Xy, X, ~3 A _
P gh, lon CurrentLow  y " o ~20 A V=0V
Per pin other than display outputs —15mA Output Leakage Current High low 3 pA Vour=Vpp
i - - Output Leakage Current Low
Per pin, So—-S; 15mA Other than aisplay o 2 A Ve e OV
Per pin, To—T7, Ta/Sg~T15/S1s —30mA outputs . : .
1 —-10 pA Your = Vioap = Voo
Total, all outputs other than display outputs —-20mA Display outputs Lo )
" -7 mA Vpp =4V Sp-S;
Total, all display outputs -120mA 15 vy :7 8v; v ToTs
PRE = YDD
Output Current Low, lo Dispiay Output Current loo -3 MA -9 1V@ S-S
-7 MA Voo =Vpp To-Tis
Per pin 17mA —2v;
Vpge — OV
Total, all outputs 60mA N 100 150 200 k0 FRE
" L
Total Power Consumption, Py ©® {On-chip, pull-down resistor) Voo
DD =
Plastic flat package 400mw :‘gvz
Plastic QUIL package 600mw 600 2000 pA i
[ fx = 4.19MHz ———
Operating Temperature, Topr —10°C to +70°C o 200 700 pA " ‘3’31’;
Storage Temperature, Tsra —40°C 10125°C o5,
Note: @ See note @ after AC Charactenstics tables Supply Current ® :poed
. . op =
*COMMENT: Exposing the device to stresses above 0 800 ua NfMode SV
those listed in Absolute Maximum Ratings could cause fooz 20 w00 A Gm G s
permanent damage. The device is not meant to be =10pF 3V
operated under conditions outside the limits described . T o5V
. . . . e . 'DD3
in the operatlonal sec:tlons of t!'llS speC|'f|.cat|on. EXpO- Notes: See notes @, @, and ® after AC Characteristics tables
sure to absolute maximum rating conditions for
extended periods may affect device reliability. AC Characteristics
Capacitance Ta = 10°Cto +70°C
P Clock Operation (Vpp = 2.5V to 6.0V)
Ta = 25°C; Vpp = OV
— __Limits Test
. - '-"""’" ; ‘l;alt Parameter Symbol Min Typ Max Unit Conditions
Parameter mbol lin Typ Max Unit Conditions
System Clock Oscillati Crystal Oscillatios
Input Capacitance Cin 15 pF F'yeq::lncync scilation x 35 419 50 MHz @r'y n
Output Capacitance 15 pF f=1MHz System Clock Input Frequency fy 0.1 5.0 MHz
glts,;;;h::t:mw outputs Cour 35 pF- 'lir:‘r‘v::::u;r:g ;ms ::,dxf ‘:c,pm Pulse Width, High ot 100 ns External Clock ®
voc Cio 15 pF 410 KHz Vpp = 4V106V
EVENT Input Frequency fe 0 Kz
EVENT Input Pulse Width, High ., 1.2 us Vpp = 4Vto 6V
and Low EH L 525 us

Note: See notes @ and ® after AC Characteristics tables
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AC Characteristics (Cont.)
Port 1 /0 Operation (Vpp = 2.5V to 6.0V)

Limits Test

. Parameter Symbol Min Typ Max Units Conditions
Port 1 Output Set-up Time
(toPs5 1) tpst 400 ns
Port 1 Output Hold Time 3 100 ns Port Output Mode
(atter P75 1) tore
P57g Puise Width Low terit 600 ns
Output Data Set-up Time 400 ns
(toPsrs1) tost
Output Data Hold Time
(atter Pg75 1) tso 100 ns
Input Data Valid Time 850 ns
(after Pg75 1) ferov
Input Data Floating Time 0 /0 Expander Mode
(atter P57 1) tstor Voo = 4V to 6V
Control Set-up Time 400 ns
(toPsv5 1) fest
Control Hold Time
Output Command tsre 100 ns
Input C 0 80 ns
Pg7s Pulse Width Low tsTi2 1200 ns
Serial Interface Operation (Vpp = 2.5V to 6.0V)
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
3.0
20 ¥ nput Voo =4V
125 us to 6V
SCK Cycle Time txey
4.9 B8 output Voo = 4V
25 us to 6V
13 L Input  Vop =4V
6.5 [ to 6V
SCK Pulse Width High, Low tws ke
22 »s Vpp = 4V
s Output gy
X us
S1 Set-up Time (to SCK 1) 1, 300 ns_Vop = 4Vio 6V
P SK 1000 ns
SI Hold Time (after SCK 1) 4 450 s Vop = 4Vto&Y
¢ ! *$' 1000 ns
SO Output Delay Time ' 850 ns Vpp =4Vto6V
(after SCK | ) kso 2000 ns
Other Operation (Vpp = 2.5V to 6.0V)
Limits Test
Parameter Symbol Min Typ Max Unit Conditions
INT, Pulse Width High, Low tiow o, 10 us
INT, Pulse Width High, Low i, @ us
RESET Pulse Width High, Low  tagy, tasy 10 us

Notes: @ Calculation of Total Power Consumption

The wPD7519 has three kinds of power consumption, the total for which
should be less than the total power consumption (P) given in the specifi-
cations. (Use under the condition that less than 80% of the specification
is recommended.)

1. Power consumption of CPU: Vpp (max) X Ippq (max)

2. The power consumption of output pins can be classified as normal

output and display output. The total power consumption of each output pin

to which the maximum current flows should be calculated.

3. The power consumption of on-chip pull-down resistors (mask option)
on display output lines. See following example:

Example:
Configuration 9 segments x 11 digits, 4 LED outputs
oo =5V = 10%
Segmentpin = 5mA (max)
Timing pin = 15mA (max)

LED output pin = 10mA (max)

Vacuum Fluorescent Display (Vi 0ap) = —30V
CPU. 55V x 20mA = 11mW ,
Output Pins
Segment pins’ (5/7 x 2V) x 5mA x 9 = 64mw
Timing pins 2V x 15mA = 30mw
LED output pins  (10/15 x 2V) x 10mA X 4 = 53mw
Pull-down Resistors

(30 + 552 B

000 X 10 = 126mw

Therefore

Pr = (1) + (2) + (3) = 284mw

)

@

@®)

@ Except Crystal Oscillation Circutt, Display Controller, Programmable

Pulse Generator, and Port 1.
® The following circuits are recommended:

Crystal

.PD7519

g

Serial resnstance equlvalent to
crystal 1s assumed less than 80().

External Clock

wPD7519

xI

XZ
') High-speed
CMOS Inverters

External Clock

@ The following external circuit 1s recommended:

Vo ]

+5V
- .
T 33uF RD9.1EL
VFRE
wPD7519
68k()

-30V

Vi 0

Vss ———_]

Note: RD9 1EL Zener diode (NEC)
Zener voltage = 8.29V to 9 30V

® Display Controller and Programmable Pulse Generator are
not operated. .

® Refer to Operating Supply Voltage.

@ 28/fy or 28/fxx.
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Timing Waveforms Serial Interface Timing
AC Test Points (Except X,)

fe—tkey
[t =t
0.7 Vop 0.7 Voo SCK—\ L

i
0.3 VppPoints 0.3 Vpp s %_{4— kst
1 d Input Data

Ing KSO
Clock Timing SO )h(

Interrupt Input Timing

tiow tion
EVENT Timing NT i tim
(Rising Edge"l’rlggered)——L:H_

g

leter ten

INT,
(Falling Edge Triggered)

Strobe Output Timing
RESET Input Timing
P‘ID_ P|3
Fetesr tere trst: tash
Psts ST RESET
'STL1

Port 11/0 Expander Timing

Expander _Port Control Output Data

Port

Output

pot %

input

Port Control

Psts
Stop Mode Low Voltage Data Retention Data Retention Timing
Characteristics
Ta = — 10°C to +70°C {<—=+——Stop Mode——{
Limits N Test Reg;?lon-—

Parameter Symbol Ive Max ™'  Conditions Mode
Data Retention Supply Voltage Vpppg 20 60 V Vop 34— Vooor
Data Retention Supply Current Ipppr 10 pA Vppor = 20V o > |etens
Reset Set-up Time tsps 0 us top Instruction

RESET
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Operating Characteristics
T, = 25°C, Typical

Supply Current versus Supply Voltage
Ipp vs Vpp (fxx = 4.19MHz)

1000

500 High-speed Operaumg Mode, /
| _
Low- speed Operating M |gh-speed
/ m/mo“ /
=
Supply Current,

o (uA)  |Low-speed ""W

100

10pF

10 i
2.0 30 4.0 50 6.0

Supply Voltage, Vpp (V)

Supply Current versus Clock Oscillation Frequency

Ipp vs fxx
High-speed
Operating Mode,
600 4
_Low-speed
500 y
Vpp = 5V
Supply Current,
lpo (1A) High-speed
. Halt Mode
ow-
- “Halt Mode
1
200
Voo = 3V Operating Mode
X X,
100(~ : : —&Low-speed—
Halt Mode
10pF 10pF
I 1
0 1 1
1.0 20 3.0 4.0 5.0

Clock Oscillation Frequency, fyx (MHz)

Supply Current versus External Clock Frequency
Ipp vs fx

Xl x2
600
External High-speed
Clock CMOS Inverter
High-speed /
Operating Mode,
(Voo = 5V)

et Low-speed
Supply Current, Operating Mode
oo (4A) Voo = 5Y

e Low-speed
Halt Mode :'gn";:P:“
Voo = 3 alt Mode
/1 (Voo 5 Voo = 5¥)
200 Low-speed
Halt Mode
/ / oo =54
/ L —]
100 Low-speed
/ / Operating Mode
/‘ (VT, =3v)
0 10 2.0 3.0 40 5.0

External Clock Frequency, fy (MHz)

Segment Output Current versus Output Voltage

lop vs (Vop — Vop); (Vpp = 4V to 6V)
15.0
Voo = Vere = 9]
Voo = Vere = 7V
/B = Vege = 5V
100
Segment Output Current,
lop (MA) / Vop = Vpge = 4V
50 /

VDD
VDD
S-S,

—lop

Vere

- Voo

Voo = Vere

1
e 1.0 2.0 3.0 4.0
oo ~ Voo (V)

5.0
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Operating Characteristics (Cont.)
T, = 25°C, Typical

Timing Output Current versus Output Voltage Output Current Low versus Output Voltage Low
lop Vs (Voo — Vop); (Vpp = 4V to 6V) loLvs VoL
30 5
Voo = Vere = 9V) Vop = 6V| [Voo =5V

Voo = Vere = 7V

T
Voo = 4V
Voo ~ Vere ﬁ/ /
3
3
20 / Output Current High,

) / o (mA) S

© v
Timing Output Current, Voo = Vege = 4V
oo (MA) / L
1

L ——Vy, = 25V

o

1.0 2.0 3.0 4.0
Voo = Vou (V)

To-T, Voo ~ Voo

Te/Ss=Tas/S1s| | — lop

Voo = V, .

o Package Outlines

| | For information, see Package Outline Section 7.

1.0 2.0 3.0 4.0 5.0 N -

Voo = Voo (V) Plastic Quil, pPD7519G
Plastic Shrinkdip, .PD7519CW

QUIL Ceramic Piggyback, .PD75CG19E

Output Current High versus Output Voltage High
lonvs (Voo — Von)

20

Voo =8V 4 _ gy
// Voo = 4V

-

5

Output Current Low, _
o (mA) Ve =%

o1

/ Voo = 25V
5 Wl

1.0 20 3.0 4.0
Output Voltage Low, Vo, (V)

7519DS-REV1-8-83-CATL
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NEC

uPD7520
4-BIT SINGLE CHIP

MICROCOMPUTER WITH LED DISPLAY

Description

The uPD7520 is a low-cost 4-bit single chip microcom-
puter which shares the 4th generation architecture of
the uPD7500 series of CMOS 4-bit microcomputers. It
contains a 768 x 8-bit ROM and a 48 x 4-bit RAM. It
has a 2-level subroutine stack, and executes a 47-
instruction subset of the uPD7500 series instruction set.
The uPD7520 provides 24 1/O lines, organized into the
4-bit input Port 1, the 4-bit /O Port 4, the 2-bit output
Port 3, the 8-bit output Port S, and the 6-bit output Port
T. Ports S and T are controlled by the on-board pro-
grammable LED display controller/driver hardware logic
block, which automatically directly drives either static or
multiplexed common-anode 7-segment LED displays
totally transparent to program execution. The uPD7520
is manufactured with a low-power consumption PMOS
process, allowing use of a single power supply between
-6V and - 10V, and is available in a 28-pin dual-in-line
plastic package.

Pin Configuration

P3, A 287 ek

1
P [ 2 27 [J meser
P[] s 26 [] vgg
P12 4 5[5,
P[] s 24s,
Plo[] 6 23 sy
P[] 7 ;::; 2[7sg
P [ s 21 s
P4 [ o 20 ] Se
Pag (1o 19[]ss
Ts O 18]
Ta 12 17 ;)To
T3 O O m At
Vss [J14 15T

CONTROLLER/DRIVER

Pin Names

So-S7 Segment Drive Output Port S

To-Ts Digit Drive Output Port T

P1g-Pi3 Input Port 1

P3g-P3¢ Output Port 3

P4g-P43 Input/Output Port 4

CLK Clock Input

RESET Reset

Vea Power Supply Negative

Vss Ground

Further details on device operation can be found in the
uPD7520 4-Bit Single Chip Microcomputer Technical
Manual.

Absolute Maximum Ratings*

Ta = 25°C
Operating Temperature -10°Cto +70°C
Storage Temperature -65°Cto +150°C
Supply Voltage, Vg -15Vto +0.3V
Input Voltages -15Vto +0.3V
Output Voltages -15Vto +0.3V
Output Current (IoH Total) —100mA
(loL Total) 90mA

*Comment: Stress above those listed under ‘‘Absolute
Maximum Ratings”’ may cause permanent damage to
the device. This is a stress rating only and functional
operation of the device at these or any other conditions
above those indicated in the operational sections of this
specification is not implied. Exposure to absolute max-
imum rating conditions for extended periods may affect
device reliability.

Rev/1
3-97



uPD7520
Block Diagram

2-Level Stack

Data Pointer

U

8
4 /1.__
4 Input P19.:
10 8 u L}[ \‘__ Buffer @ 0-3
10-Bit Program Counter c Accumulator

= Latched
2 Output 2 P30-1
Buffer

ot 4 &

768 x 8-Bit
Program Memo N
g ry N ” Pios
Decoder/ T

| Controller 48 x 4-Bit In/Out (Te-7)

RAM AN Latched

4 Buffer
] (Do

VGG ——— 2! Te7

Clock . LED Display Controller/Driver
VSS Generator

RESET =t u M
CLK
So-7 To-5




nPD7520

DC Characteristics
Ta = -10°Cto +70°C,VgG = -6V to - 10V, Vgg = OV

Limits
Parameter Symbol Min Typ Max Unit Test Conditions
VGG = -9V ¢ 1V
-2.0 v Ports 1, 4, RESET
Input Voitage High Vin -8 Vgg = -6Vto 10V
\7 1.5 = -
Input Voltage Low Vi VGG * > v Ports 1,4, RESET VGG =~V x 1V
GG + 0.8 VGG = -6Vto —10V
Clock Voltage High Vén -0.8 M CLK, Clock
Clock Voltage Low V¢L -5.0 v CLK, External Clock
a = = -
Input Current High ™ s 200 WA Port 1, RESET Vi = OV, Vag = -9V + 1V
40 200 Vi = 0V,VgG = -6Vto —10V
Input Leakage Current High ILH +5 uA Port 4, Vj = OV
[ -5 Port 1, RESET, V| = 10V, Vgg = -10V
Input Leakage Current Low LiLy aa ! GG
Ly -5 uA Port 4, V| = —10V
Clock Current High I4H 0.5 mA CLK, External Clock, V4 = OV, Vgg = -9V + 1V
Clock Current Low oL -2.1 mA CLK, External Clock, Vg = -5V, Vgg = -9V 1 1V
Output Voltage Low VoL 06 Vgg v Port 3, No Load
-1.0 Vo = -1.0V,Vgg = -9V + 1V
loH i mA Port 3, ° 66 *
-0.6 Vo = -1.0V, Vgg = -6V
-2.0 Vo = -1.0V,Vgg = -9V + 1V
loH, mA Port 4, 0 66 L
-1.2 Vo = -1.0V, Vgg = -6V
Output Gurrent High -5 -10 Vo = -2.0V,Vgg = -9V ¢ 1V
'0H3 -3 -6 mA PortS, Vg = -2.0V,Vgg = -6V
1 -3 Vo = -1.0V,Vgg = -6V to -10V
-24 -48 Vo = -2.0V,Vgg = -9V + 1V
loH, -13 -27 mA PotT, VO = -1.0V, VGG = -9V % 1V
-9 -18 Vo = -1.0V,VgGg = -6V
o4 1.0 2.0 mA Port 3, Vo = VGG + 1.5V, VGG = -9V + V@D
Output Current Low 03 0.6 Vo = -4.5V,Vgg = -6V(D
4.5 9 Vo = Vgg + 5.0V, Vgg = -9V 1V
oL, mA pots, —20 - GG 66 *
1.0 2.0 Vo = Vgg + 3.5V, Vgg = -6Vto 10V
Output Leakage Current High ILoH +5 uA Ports 4, T, Vg = OV
[ -5.0 PortT,Vg = —10V
Output Leakage Current Low oLy HA © o
oL, -5.0 Port 3, Vo = Vag
Supply Current oG -5Q@ -9.8 mA No Load
Notes:
Current within 2.5 ms after turning to the low level (T3 = 25°C).
Ta = 25°C, Vgg = - 9V.
AC Characteristics Capacitance
Ta = -10°Cto +70°C,Vgg = -6Vto - 10V Ta = 25°C
Limits Limits
Parameter Symbol Min Typ ‘ Max Unit Test S Min Typ Max Unit Test Conditions
Ry = 1MQ, Input Port 1,
225 300 375 KHz  Vgg = -9V 1V, Capacitance € 15 pF RESET
f, Ty = 25°C
Clock osc a Output c 2 F  Pons3,
Frequency 180 300 450 KkHz  Pi=1MQ, Capacitance o L4 sS,T
Vgg = -9V £ 1V pE—— f = 1MHz
Inp utpu!
fy 100 330 KHz Capacitance o 2 pF Portd
Clock Rise and Clock
Fall Times 'l T Capactance Cy 30 pF  CLK
Clock Pulse ¢ 15 3 External Clock
Width High Wy : ke
Clock Pulse
Width Low Wi 18 3 =




uPD7520

Clock Waveform Instruction Set Symbol Definitions
The following abbreviations are used in the description of

e the uPD7520 instruction set:
Vss SYMBOL EXPLANATION AND USE
VoH
A Accumulator

VoL address  Immediate address

Ve c Carry Flag
Development Tools data '".'"A"ef',a'e _"a'a _ : i
The NEC Electronics U.S.A.’s NDS Development Dn_ Bit“n”of data or address
System is available for the development of software H Register H
source code, editing, and assembly into object code. In HL Register pair HL
addition, the ASM75 Cross Assembler is available for L Register L
systems supporting the ISIS-Il or the CP/M (®Digital b
Research COI’p.) Operating Systems. () arallel Input/Output Port addressed by the value

within the brackets

The EVAKIT-7520 Evaluation Board is available for

production device evaluation and prototype system PCnh _ Bit “n” of Program Counter

debugging, Zero when Skip Condition does not occur; the number
The ASM75-F9T Cross Assembler is available for s of bytes in next instruction when Skip Condition
systems supporting fortran IV ANSI Standard occurs

1966-V3.9. Stack Stack Register

String Effect Skip Condition, whereby succeeding
String instructions of the same type are executed as NOP
instructions

) The contents of RAM addressed by the value within
the brackets

The contents of ROM addressed by the value within

[l the brackets
- Load, Store, or Transfer
- Exchange
— Complement
» LOGICAL Exclusive-OR
Instruction Set
INSTRUCTION CODE sKip
MNEMONIC FUNCTION DESCRIPTION D; Dg Dg Dg D3 D2 Dy Do BYTES CYCLES CONDITION
) LOAD
LAI data A+ Py Load A with 4 bits of imme- Q 0 [*] 1 Dz D2 D1 Do 1 1 String
diate data, execute succeeding
LAl instructions as NOP
instructions
LHI data H+D1.0 Load H with 2 bits of imme- 0 0 1 0 1 0 D1 Do 1 1
diate data
LHL! data HL ~ D4.0 Load HL with 5 bits of 1 1 0 Da D3 D2 D1 Do 1 1 String

immediate data, execute
succeeding LHLI instructions
as NOP instructions

LAMT A+ [PCg.g,0,C, Al Load the upper 4 bits of ROM 0 1 0 1 1 1 1 0 1 2
Table Data at address
PCg6,0,C,At0 A
{HL) + [PCg.q, Load the lower 4 bits of ROM
0,C Al Table Data st address
PCg.6, 0, C, A to the RAM
location addressed by HL

L A<« (HL) Load A with the contents of [¢] 1 0 1 0 0 1 0 1 1
RAM addressed by HL
Lis A<« (HL) Load A with the contents of 0 1 (4] 1 0 0 0 1 1 1+8  L=0H
L=L+1 RAM addressed by HL, incre-
Skip if L=0H ment L, skip if L=0H
LDS A+ (HL) Load A with the contents of 0 1 0 1 ] 0 0 0 1 1+8 L=FH
L=L=1 RAM addressed by HL,
Skip if L=FH decrement L, skip if L= FH
LADR address A+ (Ds.g) Load A with the contents of 0 0 1 1 1 ] ] [¢] 2 2
RAM addressed by 6 bits of 0 [+] Dg D4 D3 D2 Dy Do

immediate data
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Instruction Set (Cont.)

INSTRUCTION CODE SKIP
MNEMONIC FUNCTION DESCRIPTION Dy Dg Ds Dg D3 D2 Db Do BYTES CYCLES CONDITION
STORE
ST (HL) « A Store A into the RAM location 0 1 0 1 0 1 1 1 1 1
addressed by HL
STH data (HL) < D39 Store 4 bits of Immediate data o 1 0o 0 D3 D2 D1 Do 1 1
LeL+1 into the RAM location
addressed by HL; increment L
EXCHANGE
XAH A10<Hip Exchange A with H [ 1 1 1 0o 1 o 1 1
A3.2 < 00H
XAL AeL Exchange A with L 0 1 1 1 1 /] 1 1 1 1
X A < (HL) Exchange A with the contents o 1 [\ 1 0 1 1 o 1 1
of RAM addressed by HL.
XIS A < (HL) Exchange A with the contents o 1 [\] 1 [\] 1 o 1 1 1+8 L=0H
L<L+1 of RAM addressed by HL;
Skip 1f L=0H increment L, skip if L =0H
XDS A« (HL) Exchange A with the contents o 1 (V] 1 [\] 1 [\] o 1 1+S L=FH
L<L=-1 of RAM addressed by HL;
Skipif L=FH decrement L; skip if L= FH
XADR address A < (Ds.g) Exchange A with the contents o 0 1 1 1 o o 1 2 2
of RAM addressedby 6bisof O O Ds Dg D3 Dy Dy Dg
immediate data
ARITHMETIC AND LOGICAL
AISC data A<A+D30 Add4bitsof immediatedata O 0 O O D3 Dy Dy Do 1 1+S  Overflow
Skip if overflow to A, Skip if overflow is
generated
ASC A+~ A+(HL) Add the contents of RAM 1] 1 1 1 1 1 o 1 1 1+8 Overflow
Skip if overflow addressed by HL to A; skip if
overfiow is generated
ACSC A,C<A+(HL +C Add the contents of RAM 1] 1 1 1 1 1 [ o 1 1+S c=1
SkipfC=1 addressed by HL and the carry
flag to A, skip if carry is
generated
EXL A« AM(HL) Perform a LOGICAL o 1 1 1 1 1 1 o 1 1
Exclusive—OR operation
between the contents of
RAM addressed by HL and
A, store the result in A
ACCUMULATOR AND CARRY FLAG
CMA AR Complement A 0 1 1 1 1 1 1 1 1 1
RC C«0 Reset Carry Flag ] 1 1 1 1 [} o (] 1 1
SC C«l Set Carry Flag [\] 1 1 1 1 (1] o 1 1 1
INCREMENT AND DECREMENT
ILs LeL+1 Increment L, o 1 ] 1 1 [\] o 1 1 1+S L=0H
Skipif L=0H Skip if L=0H
IDRS address (Ds.0) < (Ds.g) + 1 Increment the contents of o o 1 1 1 1 o 1 2 2+S (Dsg) = OH
Skip if (D5 g) = OH RAM addressed by 6 bits of o /] Ds Dg D3 D2 D7 Dg
immediate data; Skip if the
contents = OH >
oLS LeL-1 Decrement L; 0 1 0 1 1 o o o 1 1+S  L=FH
Skip if L=FH Skipif L=FH
DDRS address  (Dg.g) + (D5.g) — 1 Decrement the contents of (] [} 1 1 1 1 o o 2 2+s (Dsg)=FH
Skip if (D5.g) = FH RAM addressed by 6 bits of
immediate data, skip if the o (4] Ds Dg D3 D2 Dy Dg
contents = FH
BIT MANIPULATION
RMB data (HL)pjp < 0 Reset a single bit (denoted by (1] 1 1 (1] 1 0 D1 Do 1 1

D1Dg) of the RAM location
addressed by HL to zero
SMB data (HU)pyg <1 Set a single bit (denoted by 0o 1 1 o 1 1 D1 Do 1 1
D1Dg) of the RAM location
addressed by HL to one

JUMP, CALL, AND RETURN

JMP address PCg.0 < Dg.o Jump to the address specified (4] 0 1 [\] 1] [ Dg Dg 2 2
by 10 bits of immediate data D7 De Ds Dg D3 D2 D1 Do
JAM data PCgg «+ D10 Jump to the address specified [\] 1] 1 1 1 1 1 1 2 2
PC74+A by 2 bits of immediate data, A, 0 o [} 1 o ] Dy Do
PC3.0 + (HL) and the RAM contents
addressed by HL

3-101
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Instruction Set (Cont.)

INSTRUCTION CODE SKIP

MNEMONIC FUNCTION DESCRIPTION D; Dg Ds Dg D3 Dz Dy Do BYTES CYCLES CONDITION
JUMP, CALL, AND RETURN
JCP address PCs5.0 + D50 Jump to the address specified 1 1) Ds Dg D3 D D7 Dg 1 1
by the higher-order bits PCg g
of the PC, and 6 bits of
immediate data
CALL address STACK «~PC+2 Store a return address (PC+2) 0 0 1 1 0 0 Dg Dg 2 2
PCg.0 < Dg.o in the stack; call the subroutine D7 Dg Ds D4, D3 D2 Dy Do
program at the location speci-
fied by 10 bits of immediate
data
CAL address STACK«<PC+1 Store a return address (PC+1) 1 1 1 Dg D3 Dz D1 Do 1 1
PCg.g +~ 01D4D3 in the stack; call the subroutine
000D2D1Dg  program at one of the 32 spe-
cial locations specified by 5
bits of immediate data
RT PC < STACK Return from Subroutine o 1 ] 1 o ) 1 1 1 1
RTS PC +~STACK Return from Subroutine; skip o 1 ] 1 1 ) 1 1 1 1+8 Unconditional
Skip i tly
SKIP
SKC SkipifC=1 Skip if carry flag Is true 0 1 [ 1 1 1] 1 0 1 1+S c=1
SKMBT data Skip if (HL)pp =1 Skip if the single bit (denoted 0 1 1 0 (] 1 D1 Do 1 1+8 (HLlpg =1

by D1Dg) of the RAM loca-
tion addressed by HL 1s true
SKMBF data Skip if (HL)pjp =0 Skip if the single bit (denoted 0 1 1 0 0 0 Dy Do 1 1+S (HL)pj¢ =0
by D1Dg) of the RAM loca-
tion addressed by HL is false

SKABT data Skip if Apjp=1 Skip if the single bit (denoted 1] 1 1 1 0 1 D1 Do 1 1+8 Apit=1
by D1Dg) of A is true

SKAE! data Skip if A = data Skip if A equals 4 bits of ] ] 1 1 1 1 1 1
immediata data 0 1 1 o D3 D2 D1 Do 2 2+S A = data

SKAEM Skip if A= (HL) Skip if Aequals the RAMcon- 0 1 [} 1 1 1 1 1 1 1+8 A=(HL)
tents addressed by HL

PARALLEL I/O

PL A< P{L) Input the Port addressed '] 1 1 1 0 o 0 0 1 1
by Lto A

P A<P1 input Port 1 to A ) 1 1 1 (1] V] 1] 1 1 1

oPL P(L) <A Output A to the port ] 1 1 1 4] ] 1 ] 1 1
addressed by L

orP3 P3«<A10 Output the lower 2 bits of A 0o 1 1 1 [¢] 0 1 1 1 1
to Port 3

CPU CONTROL
NOP Perform no operation; con- 0 (4] 0 1] 1] [ [s) 1] 1 1

sume one machine cycle

Package Outlines
For information, see Package Outline Section 7.

Plastic, nPD7520C
Plastic Shrinkdip, .PD7520CT

7520DS-REV1-7-83-TRIUM-CAT
3-102



NEC

Description

The wPD7527/28 and the wPD7537/38 are pin-compatible
CMOS 4-bit single-chip microcomputers which have the
same wPD750X architecture.

The wPD7527/37 contains a 2048 x 8-bit ROM, and a 128 x
4-bit RAM. The nPD7528/38 contains a 4096 x 8-bit ROM,
and a 160 x 4-bit RAM.

Both the pPD7527/28 and the nPD7537/38 contain two
4-bit general purpose registers located outside RAM. The
subroutine stack is implemented in RAM for greater depth
and flexibility. The nPD7527/28 and wPD7537/38 typically
execute 67 instructions of the nPD7500 series A instruction
set with a 5us instruction cycle time.

The wPD7527/28 and the nPD7537/38 have one

external and two internal edge-triggered hardware vec-
tored interrupts. They also contain an 8-bit timer/event
counter and an 8-bit serial interface to help reduce soft-
ware requirements.

Both the nPD7527/28 and the wPD7537/38 provide 31 1/0
lines organized into the 4-bit input/serial interface Port 0,
the 3-bit Port 2, the 4-bit Port 3, and the 4-bit I/O Ports 1, 4,
5, 8, 9, 10 and 11. They are manufactured with a low power
consumption CMOS process, allowing the use of a power
supply between 2.7V and 5.5V. Current consumption is
less than 900p.A maximum, and can be lowered much
further in the Halt and Stop power-down modes. The
wPD7527/28 and n.PD7537/38 are available in a 42-pin
dual-in-line plastic package.

The wPD7527/28 and nPD7537/38 are upward compatible
with other members of the wPD75xx product family.

For prototyping work, and as an aid to program development,
there are piggyback EPROM versions for both devices: the
75CG28E and 75CG38E. These are pin-compatible and
functionally compatible with the final, masked versions of
the devices.

wPD7527/7528/7537/7538

CMOS 4-BIT SINGLE-CHIP
MICROCOMPUTER WITH VACUUM
FLUORESCENT DISPLAY

DRIVE CAPABILITY

Pin Configuration

RESET 1 1 Vs
cL, 2 [] PO,/INT,
c, s [ Po,/SCK
Vere [ 4 [ Po./so
Vioao 5 [ PO,/SI
P5, O 6 0 P3,
P5, 7 1 P3,
PS5, 8 NP3,
P5, 9 1 P3,
P2, D pa,
P2, 0 pa,
P2,/Prour 0 pa,
P10, ) P4,
P10, (] P8,
Pl0, ] P8,
P10, () P8,
P11, (] P8,
P11, 1 P9,
P11, ) P9,
P11, ) P9,
Voo (1 P9,
Pin ldentification
Pin
No. Symbol Function
1 RESET Reset input (active high). R/C circuit or pulse initializes
the microcomputer after power up.
2,3 CL,,CL, System clock oscillator. CL, s the input and CL,
the output.
4 Vere Power supply input for the high voltage output
predrivers.
5 Vioap Power supply input for output load resistors.
6,7,8,9 P5,-P5; Port5
10,11,12 P2,/Prour Port 2, bit 3 output, and timer output.
P2,-P2; Output Port 2, bits 2 and 3.
13,14,15,16 P10,—P10; Input/output Port 10.
17,18,19,20 P11,-P11, Input/output Port 11.
21 Vpp Positive power supply.
22,23,24,25 P9,-P9, Output Port 9.
26,27,28,29 P8,—P8, Output Port 8.
30,31,32,33 P4y-P4, Output Port 4.
34,35, 36,37 P3,-P3; Output Port 3.
38,39, 40,41 POy/INT, 4-bit input Port 0/serial /O interface. This port can be
PO,/SCK configured either as a 4-bit parallel input port, or as the
P0,/SO 8-bit serial /O interface, under control of the senal mode
POy/SI register. The serial input S|, serial output SO, and the
serial clock SCK (NOT) used for synchronizing data
transfer comprise the 8-bit serial /O interface.
42 Vss Ground.
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wWPD7527/7528/7537/7538

Block Diagram
PO,/INT, PO/SCK  POySI
INT, P0,/SO
—l j VPRE VLOAD
PO,
Zero- Clock CP | Timer/Event Inte Serial
Cross Gomtrol |1 Coumer ™ || Comer | imtertace
Detector [.. —
Port0 .
- g § g | [k
Tour
[ :> Port2 - P2,-P2,
Latch [ 3 1
O 4 O Buffer P"our/ P2,
Port3
Program Counter c A@) X 'Latch 4 )P3,-P3,
ALU Buffer
U T (e
General Registers ¢> Buffer ®m— 4:
H(4) L@@ —
Latch PS5y—-PS,
Program Memory <Z>
:> Instruction Stack Pointer (8) Butfer
Decoder
U Port 8
) Latch 4 ) P8,-P8,
Buffer
cL e :> m: 4 >P9,-Po.
=F93
1 ! Data Memory C> Buffer
(s:m:m Standby ‘ Port 10
Slock o Control Cy Latch <Z>Pto,-m,
Bi
] ] ] Port 11
oL, ol Vo Ves  Reset - Latch KT rne-rny
Distinguishing Features Mask Options
uPD7527  .PD7528 .PD7537  ,PD7538 PO,/INT, This input, as a mask option,
Type of Oscillator (CL,, CL)  R/C RIC Crystal Crystal can be altered from a standard
Program Counter 11 bits 12 bits 11 bits 12 bits d,g|ta| CMOS jnput to a zero-
Program Memory 2048x8 4096 x 8 2048x 8 4096 x 8 crossing detector.
Data Memory 128x4 160 x 4 128x4 160x 4
Number of Instructions 67 67 66 66 Ports 2, —23, 35—3;, These 1/0 ports can

Package Outlines

For information, see Package Outline Section 7.

Plastic, n.PD7527C/28C/37C/38C
Plastic Shrinkdip, nPD7527C 28C 37C 38C
Ceramic Piggyback, .PD75CG28E/CG38E

49—43, 5,—53, 8,—83, selectively be provided with
9,—95, 10,—105, 11,—115  optional pull-down load
resistors at the bit level.

7527/28/37/38 DS-7-83-CAT-L
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uPD7500

CMOS 4-BIT MICROPROCESSOR
uPD7500 SERIES ROM-LESS

EVALUATION CHIP

Function

Crystal clock/external event input Port X (active high). A
crystal oscillator circuit is connected to input X4 and output
Xg for crystal clock y event
pulses are connected to input X4 while output X3 is left open
for external event counting.

Factory test pin (connect to Vgg).

External data bus (active high). Connected to external pro-
gram memory.

4-bit input/latched tri-state output Port 4 (active high). Can
also perform 8-bit parallel I/O in conjunction with Port 5.

4-bit input/latched tri-state output Port 5 (active high). Can
also perform 8-bit parallel I/O in conjunction with Port 4.

4-bit input/latched tri-state output Port 6 (active high). Indi-
vidual lines can be configured either as inputs or as outputs
under control of the Port 6 mode select register.

4-bit input/latched tri-state output Port 7 (active high).

External interrupt INT4 (active high). This is a rising edge-
triggered interrupt.

External Interrupt INT( (active high). This is a rising edge-
triggered interrupt.

External Interrupt INT2 (active high). This is a rising edge-
triggered interrupt.

RESET input (active high). R/C circuit or pulse initiahizes
uPD7500 after power-up.

System clock input (active high). Connect 82K< resistor
across CL4 and CLy, and connect 33pF capacitor from CL4 to
Vgs. Alternatively, an external clock source may be con-
nected to CL4, whereas CL; is left open.

Power supply positive. Apply single voitage ranging from
2.7V to 5.5V for proper operation.

4-bit input/latched tri-state output Port 3 (active high).

Data output (active low).

Address latch enable (active high).

No connection.

4-bit input Port O/serial I/O interface (active high). This port
can be configured either as a 4-bit parallel input port, or as
the 8-bit serial I/O interface, under control of the serial mode
select register. The Serial Input SI (active high), Serial Output
SO (active low), and the Serial Clock SCK (active low) used
for synchronizing data transfer comprise the 8-bit serial I/0
interface.

4-bit latched tri-state output Port 2 (active high). Line P2g is
also shared with Pg1p, the Port 1 output strobe pulse (active
low). Line P24 is also shared with PTOUT‘ the timer-out F/F
signal (active high).

Program store enable (active low).

DISPLAY timing pulse (active high).

Chip select output (active low). Connected to .PD82C43.

STROBE output (active low). Connected to uPD82C43.

4-bit input/tri-state output Port 1 (active high). Data output to
Port 1 is strobed in synchronization with a P2g/PSTg pulse.

Ground.

Description Pin Names
The uPD7500 is a CMOS 4-bit microprocessor which Pin
has the uPD750x architecture, and also functions as the No. Symbol
uPD7500 series ROM-less evaluation chip. 1,2 X2, X4
The uPD7500 contains a 256 x 4-bit RAM, and is
capable of addressing up to 8192 x 8-bits of external
program memory. 3 Test
The uPD7500 contains four 4-bit general purpose 49, and BUSQ-BUS13
registers located outside RAM. The subroutine stack is 5683
implemented in RAM for greater nesting depth and flex- ~ '®** PP
ibility, providing such operations as the pushing and 1417 P5g.P5g
popping of register values. The uPD7500 typically exe-
cutes either all 110 instructions of the uPD7500 series 1821 P6g-Pé3
*‘A” instruction set, or all 70 instructions of the
uPD7500 series ‘‘B’’ instruction set with a 10us instruc- 2225  P7gP73
tion cycle time. 26 INT,
The uPD7500 has three external and two internal edge- 2 T
triggered hardware vectored interrupts. It also contains °
an 8-bit timer/event counter and an 8-bit serial interface 28 INTy
to help reduce software requirements. A display timing
pulse is also provided when emulating the uPD7501, 2 RESET
uPD7502, the uPD7503, or the uPD7519. W, 31 oLy, oLy
The uPD7500 provides 32 I/O lines organized into the
4-bit input/serial interface Port 0, the 4-bit output Port 2,
the 4-bit output Port 3, and the 4-bit I/O Ports 1, 4, 5, 6, 32 Vop
and 7. It is manufactured with a low power consumption
CMOS process, allowing the use of a single +5V power ~ 333¢ PP
supply. Current consumption is less than 900uA max- 37 oout
imum, and can be lowered much further in the HALT 38 ALE
and STOP power-down modes. The uPD7500 is avail- 39 ne
able in a 64-pin quad-in-line plastic package. 40-43 ::‘:,s—ci
Pin Configuration P0y/SO
PO,
Xy =1 \/ 64 I vss oS!
_Xer—] 2 63 F—8US7
;5:7 —] : Zf [ BUSg 44-47  P2g-P23
8 ] [—— BUS:! W
BUS3 o 5 60 BUSi ::o;:sm
BUS10 C— 6 59 BUS3 1 Tour
BUS11 ] 7 58 ) BUS2 48 PSEN
BUSI12 C—] 8 §7 [ BUSY 49 DISPLAY
BUS' — 9 56 ) BUS —
Pl: c—] o 55 = P13° 50 CsouT
Pay 1 7 === TP 51 §TB
o b 2B merori
Pso T 14 51 f—) STB
ps 15 HPD %[5 esour 8 Vs
psy ] 16 7500 a9 f—LcpcL
Ps3 =17 48 -3 PSEN
Peg ] 18 47 0 p2o/PSTB
Pey CJ19 46 | P21/PToUT
pea T 20 45— p2;
Pz 21 44D P23
P7o T} 22 43 =3 pog/st
P11 CJ23 42 0 ro2iso
P C ] 24 41 £ Poy/SCK
pra 25 40 3 pog
INTYy T 26 39 I Ne
INTg  C 27 B ALE
INT2 ] 28 37 =/
RESET ([ 29 36 = P33
cL2 t:_"l: 30 35 "_=—“_J P32
CL
Voo {32 s F= 2y Rev/i
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LPD7500

Block Diagram

P01/SCK

P03/SI
P02/SO
X1 X2 Display INTZ INT{INTQ
M
X cpP INT T INTg|
Count Clock
» Timer/Event Interrupt Senal 1/0
G,Cnleo::;o, %?:‘;L,o" Counter > Controller ™~ Interface =g ;:::e‘:
POg-PO3
& T~
DIS; tout
Port 1
Bufter P1g-P13
tour
L
T
1 Port 2
| 12-BIT 2 P2g-p23
Bank ALU c A (4 Latch
an | Program Counter @ @Q St
2% P2¢/PSTB,
S P24/PT,
General Registers out
T
D(4) 1 E(4) ._t\ Port 3
ALE Latch 4 P30-P33
H(4) ! L@ —1/ Buffer
PSEN <—| 1
DOUT - Address Bus (—DIS; Stack Pointer (8)
Interface Set Port 4
Latch P4g-P43
Buffer
Instruction
BUSo - m > Decoder Data Memory
BUS13 | __ 256 x 4-BIT RAM (PD7500)
1 Port 5
Register 1 Break Latch 4 P50-P53
Dump | Controller Butfer
i
CcL [
Port 6
j f sT8’ Latch P60-P63
Buffer
Sglsot:;n Standby 1/0 Expansion
Generator Control Controller
Port 7
Latch 4 P70-P73
? l Buffer
(—
cLy cL2 RESET VDD vss csout §TB
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Absolute Maximum Ratings* AC Characteristics
Ta = 25°C Ta = -10° ~ +70°C, Vpp = 5V & 10%
Operating Temperature -10°Cto +70°C Clock Operation
Storage Temperature -65°Cto +150°C Limits
Power Supply Voltage, Vpp -0.3Vto +7.0V Parameter Symbol Min Typ Max Unit Test Conditions
All Input and Output Voltages -0.3Vto Vpp +0.3V =
d utp 9 0D System Clock 14 120 200 280  KHz 2 - :§“$ * ::
Output-Current (Total, All Output Ports) I0H = —20mA System Cloc = 3%F £
loL = 50mA R 1y 10 300  KHz CLy, External Clock
*Comment: Stress above those listed under ‘‘Absolute CL, Input Rise Time teR 02 s
Maximum Ratings” may cause permanent damage to GL; Input Fall Time tor 02 s
the device. This is a stress rating only and functional PSR —
operation of the device at these or any other conditions Hany e tcH 15 us
above those indicated in the operational sections of this
e f . . . CL4 Input Clock Width
specification is not implied. Exposure to absolute max- (Low) tcL 15 us
imum rating conditions for extended periods may affect Pv——
device rellablllty Oscillation Frequency fxx 32 KHz  Xtal Oscillation
(X4, X)
Count Clock
DC Characteristics Input Frequency (X1) x ° 300 Kz
Ta = -10°C to +70°C, Vpp = 5V 3 10% P —— - 0z
Limits Xy Input Fall Time e 02 s
Parameter Symbol Min Typ Max Unit Test C
X4 Input Clock Width
Input Vin, 0.7 Vpp Vpp Ali Inputs Other than (High) xXH 1.5 us
Voltage v ClLy, Xq
High Vi,  Vpp -05 Voo CLy, X4 (L wput Glock Widtn txL 15 us
Input ViL. 0 0.3Vpp All Inputs Other than
Voltage 1 Vo CLy, Xq
Low Vi, o 0.5 CLy, Xq Bus /0 Operation
Input [ 3 All Inputs Other Vj = V,
Lapaluge L than é';'q, X4 =70 Limits
ﬁ:‘g'"""" I'-'HZ 10 uA CLy, Xq Parameter Symbol Min Typ Max Unit Test Conditions
input [l -3 All Inputs Other V; = 0V ALE Puise Width
Lepakago t than 81.1, X4 ! (ngh)u e WH 600 ns
Current uhA
Low LT -10 CLt, X4 Address Setup Time N 200 ns
Output to ALE! AL
Voltage Vou Vpp - 1.0 v
High e Tme 100 ns
eutpm
v 0.4 v Output Data Setu
L::as g oL Time to DOUT — ooo 200 ns
Output Output Data Hold
S 1oy 3 WA Vo = Vpp Time atter DOUTH toop 100 ns
High DOUT Pulse Width . 60
Output (Low) DoL 0 ns
Leakage \
Lo -3 WA Vg =0V ALE - Data |
Cuerent L Valia Time T fLov 700 ne
Normal Operation Address — Data Input
[ 2 mA  All Output Pins t 900 ns
DD, . Buswgo“'nm"’?’" Valid Time ADV
s —
Supely  ipp, 2 20 WA Stop Mode, X; = OV :’&E;; Pulse Width tpgL 1200 ns
IDDDR 04 10 \[Ih“ R".“;l%'\\l Mode
DDpR = 2 PSEN — Data I
Pon Valid Time tpsov 600 ns
PSEN - Data Fioat t 0 ns
Capacitance PSOF
Ta = 25°C, Vpp = OV
Limits
Parameter Symbol Min Typ Max Unit Test Conditions
Input Capacitance CiN 15 pF = 1MHz
Output Capacitance Cout 15 pF f pins
1/O Capacitance Cio 15 pp returmedtoVgg
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Port 1 1/0 Operation

Other Operations

Limits Limits
Parameter Symbol Min Typ Max Unit Test Condit Parameter Symbol  Min Typ Max Unit Test Conditions
Port 1 Output Setup INTg Pulse Width
Time to STB! tpsT 200 ns ngg tgH 10 us
Port 1 Output Hold INTg Pulse Width
Time after STBt tsTp 100 ns  Port Output Mode Low fL 10 us
STB Pulse Width INT{ Pulse Width
(Low) tsTL, 600 ns High tiyH 21ty s
Output Data Setup INT4 Pulse Width
Time to STBt tpsT 300 ns Low e 2/ us
Output Data Hold INT, Pulse Width '
Time after STBt tsTD 100 ns High tiH 21ty us
STB4 — Input Data INT, Pulse Width
Valid Time tsTov 850 ns Low Yo 2ty Hs
STB! — Input Data RESET Pulse Width
Float Time tSTOF o ns High tRSH 10 us
nt Ti RESET Pulse Width
tooo ST_';'G Setup Time fcsT 200 ns /O Expander Mode Low tRsL 10 . us
Control Hold Time
after STB4 tsTC 100 ns
STB Pulse Width
(Low) |s~|-|_2 1200 ns
CSOUT Setup Time
to STB¢ tessT 200 ns
CSOUT Hold Time
after STBY tstcs 100 ns
Serial Interface Operation
Limits
Parameter Symbol Min Typ Max Unit Test Conditions
. 4.0 us  Input
SCK Cycle Time tkey
6.7 us Output
SCK Pulse Width 18 #s  Input
High tKH
3.0 us , Output
SCK Pulse Width 8 s tnput
Low WL
3.0 us  Output
Sl Setup Time
to SCKt tsik 300 ns
SI Hoid Time after
SR tKs| 450 ns
SO Output Delay after
SCKt 4 tkso 850 ns
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Clock Timing Waveforms

1ltc
teL tCH
CL1 Input ———\ I jx
K Z -
tCR—| |— —| fo—tcF
1/8x
tXL tXH
X1 Input ————\ X
K 12 K
tXR—~ |— — tXF
Bus 1/0 Timing Waveforms
cLy
tWH
ALE—/
tAL. ftL An-{

T ' y T\
BUSq_7 Address ———-——-———g T <
Busm-w———j\-___ R B | o

XX ) T X

j=——TDDO"
tDoD
DouT \ I
|e———tLDV—
tADV. 1oL
PSEN f
tPSL.
[~ tPSDV=] tPSDF
BUSg_7 Z Data In )
BUS10-13
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Strobe Output Timing Waveforms

P10-P13 { Output Data }
tPST 1STP—
" N /f
X
f————tsTL{——]
Port 1 1/0 Expander Port Timing Waveforms
Expander L
Port _________Z Port Control Output Data
Output K
tDST. ‘—‘STD.l
Expander - J B
Port __—__{ Port Control ¥ Input Data E—_—_—_—
input B A
tsTDV (—tSTDF ——
[=-tSTC~
— tcsT tsTL,
sT8 1& s
[~tsTCS:
tcssT

csout ——\

Serial Interface Timing Waveforms

|
(=]
i

N

tKL tKH

fo—tKS1—

Input Data

F-tKSO

<

so

Output Data
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Interrupt Input Timing Waveforms ¢
INTo oL - tIOH
(Rising Edge Trigg ) \ Z{ -
' '"T‘T L | tH
(Rising Edge Trigg: x I’ —\
. N
t1H L
4 p!
INTy / N /
(Falling Edge Trigg x
INT,.
ti2L t2H
(Rising Edge Trigg \ V4 B
L /
RESET Input Timing
tRSL tRSH
RESET \ —|
‘ , \
Operating Characteristics
-— o
Typical, T = 25°C Supply Current
vs
System Clock Oscillation Frequency System Clock Oscillation Frequency
(Note @ ) vs
Resistance
CL2 Ctiy VpD = 5.0V
250 let2 cu |
500
c R
l C = 39pF _ C = 33pF
_, 200 C = 100pF  C 2 I
K % L,
= = 200
_g / 2 \ VDD = 5V
E e
£ 150 3
3 4
o / i 100
- / / c
a o
o =
a A g
100 2
° s
50
L
100 200 300 400 500 50 100 200 500
Oscillation Frequency f¢ (KHz) Resistance R (K ohms)
Note:
@ Only RIC system clock is operating and consuming power. All other internal logic blocks are
not active
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Package Outlines
For information, see Package Outline Section 7.

Plastic Quil, .PD7500G Evaluation Chip
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DESCRIPTION

PIN CONFIGURATION

MC-430P

HYBRID UV EPROM
4-BIT SINGLE CHIP MICROCOMPUTER

The MC-430P is a hybrid chip containing a uPD556B ROM-less Evaluation chip, a
uPD2716 2K x 8-bit UV EPROM, a uPC7905 3-terminal voltage regulator, and pull-up
resistors on the same ceramic substrate, The MC-430P is pin-compatible with the
uPD546C/uPD547C, and can emulate the high-voltage drive or CMOS uCOM-4 micro-
computers with the corresponding 1/O line buffers,

The MC-430P contains a 2048 x 8-bit UV EPROM and a 96 x 4-bit RAM which
includes six working registers and the flag register. It has a level-triggered hardware
interrupt, a three-level stack, and a programmable 6-bit timer. The MC-430P executes
all 80 instructions of the extended uCOM-4 family instruction set.

The MC-430P provides 35 |/O lines organized into the 4-bit input ports A and B, the
4-bit 1/0 ports C and D, the 4-bit output ports E, F, G, and H, and the 3-bit output
port |. It typically executes its instructions with a 10 us instruction cycle time, The
MC-430P is manufactured with a standard PMOS process, allowing use of a single
-10V power supply, and is available in a 42-pin dual-in-line ceramic hybrid package.

MC-430P (PIN COMPATIBLE EPROM WRITE PADS (:PD2716)
WITH uPD546/:PD547)
) N\
CL1y 420CcLp
Pco 2 410vgg
pcid 3 40[JPB3
Pco] 4 39[1PB2
PC3[] 5 38 :]APB1
WNT[ s 3700p8g
RESET([] 7 361 PA3
PDo(] 8 3503 PA2
PD1[] 9 3a[]rPAy
PD2010 MC. 330 PAg A70—1] Gi—ovee
PD3[11 a0p  2PPR2 s 0—f7] [E}—o4e
PEo Q12 311 ey s 0—{3 ] )04
PE1 13 30[J PIg Aso—{e] Ep—over
PE2 []14 29[ PH3 :so—~ % ._025
PE3g1s 281 PH2 ol [bomeon
PFo 16 270T PH4 a0 042 ] [H~oo0
PE1 17 26[] PHo o0 0-i(5] = oo
PF2 18 25[J PG3 o o-d[] = _.OOZ
T:;%E 19 243:22 09 Ol E 14 He~0 0,4
20 23 1 ano O—H 12 13 |}~=00.
vss 21 22[1PGo () (elr~oos
PIN NAMES PIN NAMES
PAQ-PA3 Input Port A Ag-A1g Addresses
Output Enable
PBg-PB: P
073 Input Port 8 0g-07 Data Outputs
PCo-PC3 Input/Output Port C Eg/pGM Chip Enable/Program
PDg-PD3 Input/Qutput Port D
PEQ-PE3 Output Port E
PFQ-PF3 Output Port F
PGq-PG3 Output Port G
PHQ-PH3 Output Port H
Plg-Pi2 Output Port |
iNT Interrupt Input
CLo-CLq External Clock Signals
RESET Reset
VGG Power Supply Negative
Vss Power Supply Positive
TEST Factory Test Pin
(Connect to Vgg)
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MC-430P BLOCK DIAGRAM

A %
CLo
oLy o7
A
A0
P30
I = 09
ca0 0 f A=
n [V V]or
PO30 Vo e
P30
- v ) ONO
Vee
PF l )
hal w0558 Pro|— Y &=
resa cEream
PH30
P20
Lud
RESET
step
BREAK "o
= 7]
Ao
L v 0
vss Vss
uPCI905

1: uPD556

2 : Pull-Up Resistors

3 : uPC7905 (3-Terminal 5 Volt Voltage Regulator)
4 : uPD2716 (EPROM)

5 : uPD546C/uPD547C Compatible Pins (42 Pins)
6 : EPROM Write Pads (24 Pads)

Operating Temperature .. ...............ceoieununnn... -10°Ct0o +70°C  ABSOLUTE MAXIMUM
Storage Temperature . . .. .........c.ouuenunnnnnnnnnn.. -25°C to +85°C RATINGS*
Supply Voltage, VGG - v v v vt ee et e e e e e e -15 to +0.3V

InputVoltages . .. ...... ... ..ttt -15 to +0.3V

OutputVoltages . . . ... ..ottt e e et -15 to +0.3V

Output Current (Total, allports) . . ............. ... .. .......... -4 mA

Ta=25°C

*COMMENT: Stress above those listed under “’Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not

implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.
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MC-430P 42-PIN OPERATING
SPECIFICATIONS

DC CHARACTERISTICS Ta=-10°Ct0+70°C,Vgg =10V £ 10%, Vgs = ov’

LIMITS TEST
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS
Ports A through D, iNT,
Input Voltage High VIH 0 -20 \" RESET
Ports A through D, iNT,
Input Voltage Low Vi -43 VGG \ RESET
Clock Voltage High VoH 0 -08 Y CLg Input, External Clock
Clock Voltage Low VoL -60 VGG \ CLg Input, External Clock
Ports A through D, ﬁ,
Input Leakage Current High ILIH +10 uA RESET, V| = -1V
Ports A through D, TNT,
Input Leakage Current Low ILiL 10 uA RESET, Vy = -11V
Clock Input Leakage Current High 1LoH +200 nA CLg Input, Vg = OV
Clock Input Leakage Current Low Lol -200 nA CLg Input, Vg =-11V
Ports C through |,
VOH, -1 v IoH = -10mA
Output Voltage High
v 23 v Ports C through |,
OHp 1oH = -3.3mA
Ports C through I,
Output Leakage Current Low LoL -10 uA Vo =-11V
Supply Current GG -110 [-165 mA
AC CHARACTERISTICS Ta=-10°C 10 +70°C, VGG = ~10V ¢ 10%
LIMITS TEST
PARAMETER SYMBOL | MIN TYP MAX UNIT CONDITIONS
Oscillator Frequency f 150 440 KHz
Rise and Fall Times ty, tf (4] 0.3 us
Clock Pulse Width High towy 0.5 5.6 us EXTERNAL CLOCK
Clock Pulse Width Low oW 05 5.6 us
P
CAPACITANCE Ta-25°C
LIMITS TEST
PARAMETER SYMBOL | MIN TYP MAX UNIT CONDITIONS
Input Capacitance Ci 15 pF
Output Capacitance Co 40 pF f=1MHz
Input/Output Capacitance Cio 30 pF
CLOCK WAVEFORM 1

vss 4 —
VoH = = = = — ——

VoL L __._..._._J

VGG
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MC-430P

PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE

T, =26°C + 5°C, vog @ = +5v + 5%, vpp D@D = 425v : 1v

LIMITS
PARAMETER SYMBOL MIN. | TYP MAX. UNIT TEST CONDITIONS
Input High Voltage ViH +20 Ve 1 v
Input Low Voltage ViL 01 +08 v
Input Leakage Current W %10 BA VN = 5 25V/0.45V
Program Venfy
I +5 mA =V
Vpp Current PP CEIPGM = ViL b ogram inhibit
1pp2 +30 mA | CE/PGM = v} Program Mode
Vg Current’ lec +100 mA

PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE
T,=26°C 6°C, Ve D= +5v & 5%, Vpp DD = 125v + 1v

LIMITS TEST
PARAMETER SYMBOL | MIN] TYP| MAX | UNITS | CONDITIONS
Address Setup Time tAS 2 us
OE Setup Time tOES 2 us
Data Setup Time DS 2 us
Address Hold Time tAH 2 I’
OF Hold Time tOEH 2 us
Data Hold Time tDH 2 us
Output Enable to Output Float Delay | tpf 0 120 | ns CE/PGM = V| _
Output Enable to Output Delay tOE 120 | ns CE/PGM = V|
Program Pulse Width tPW 45 | 50 55 ms
Program Pulse Rise Time tPRT 5 ns
Program Pulse Fall Time tPPFT 5 ns
Test Conditions
Input Pulse Levels 08V to22V Output Timing Reference Level 0.8V and 2V
Input Timing Reference Level. . 1V and 2V

Notes @ Ve must be applied simultaneously or before Vpp and removed after Vpp

@ During programming, program inhibit, and program verify,.a maximum of +26V
should be applied to the Vpp pin Overshoot voltages to be generated by the Vpp
power supply should be imited to less than +26V

Ta=25°C; f=1MHz

LIMITS TEST
PARAMETER SYMBOL ] MIN } TYP | MAX | UNIT | CONDITIONS

Input Capacitance CIN 60 pF ViN = 0V

Output Capacitance | CouT 45 pF VouT = 0V
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PROGRAM MODE
TIMING WAVEFORM

PROGRAM PROGRAM VERIFY  —=]
Ao10 ADDRESS N X ADDRESS N+m
L
-—-—tAs.—-—j f— tAH—— ]
£ VALID INPUT VALID =~ % VALID INPUT
C07 ADDRESS N p Y ASCREST N A \ADDRESSN+m
tDF——I b t0€ b |=—tDF
OE
'ps tDH
PW
_ ‘OES—"Z = tOEH
CE/PGM 7 c /
tPRT—{ = Pe—tPFT

Package Outlines
For information, see Package Outline Section 7.

Cerdip, MC-430PD

MC-430Pds-12-81-CAT
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NEC

DESCRIPTION

FEATURES

uPD7800

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER
ROM-LESS DEVELOPMENT DEVICE

The NEC uPD7800 is an advanced 8-bit general purpose single-chip microcomputer
fabricated with N-channel Silicon Gate MOS Technology. Intended as a ROM-less
development device for NEC uPD7801/7802 designs, the uPD7800 can also be used
as a powerful microprocessor in volume production enabling program memory flexi-
bility. Basic on-chip functional blocks include 128 bytes of RAM data memory, 8-bit
ALU, 32 1/0 lines, Serial 1/0 port, and 12-bit timer, Fully compatible with the
industry standard BO80A bus structure, expanded system operation can be easily
implemented using any of 8080A/8085A peripheral and memory products. Total
memory address space is 64K bytes.

o NMOS Silicon Gate Technology Requiring Single +5V Supply.
e Single-Chip Microcomputer with On-Chip ALU, RAM and 1/0
— 128 Bytes RAM
— 321/0 Lines
e Internal 12-Bit Programmable Timer
e On-Chip 1 MHz Serial Port
» Five-Level Vectored, Prioritized Interrupt Structure
— Serial Port
— Timer
— 3 External Interrupts
e Bus Expansion Capabilities
— Fully 8080A Bus Compatible
— 64K Byte Memory Address Range

e Wait State Capability
e Alternate Z80TM Type Register Set
o Powerful 140 Instruction Set
e 8 Address Modes; Including Auto-Increment/Decrement
e Multi-Level Stack-Capabilities
e Fast 2 us Cycle Time
e Bus Sharing Capabilities
PINCONFIGURATION “g8.51 ~ @B v
bB; 43 623 ABy3
DBgC—] 4 61 = ABq
DB = 5 60— AByq
DBsc—1 6 59 F——) AByg
b3 47 583 ABg
DBy g 57— ABg
DBy 9 56— AB7
DBg 10 55 == ABg
INT2 gy 54 ABg
INT =312 53 ) ABg
INTg 13 52 ABg
c—ha 51— ABy
M1 =15 uPD S0 ABg
WRc—]16 7800 49 =) ABg
RD 17 48—  PBy
PC7—]18 47 = Psg
PCs 19 46 ) PBg
PCs 20 45 £ PBy
PG 21 44 PBg
—q22 43— rBy
PC2 23 42D PBy
PC1C—]24 41 = PBg
J25 40 PAy
——32 39 ) PAg
Si :g% 38 PAg
SO — 37/ PAq
29 36 PA3
STB 30 35 = PA
X1 431 34 PAy
Vss (V) =32 33 =) PAg
TM: Z80 is a registered trademark of Zilog, Inc. Rev/2
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PIN NO

DESIGNATION

FUNCTION

11,4963

2

3-10

1
12

13

14

15

16

17

18-25

26

27

28

29

31
3340
41-48

ABQ-AB15
EXT
DBo-DB7

INTQ
INTY

INT2

WAIT

M1

PCq-PC7
SCK

Si
SO

RESET
STB

X1
PAQ-PA7
PBQ-PB7

(Tri-State, Output) 16-bit address bus.

(Output) EXT is used to simulate uPD7801/7802
external memory reference operation. EXT distin-
guishes between internal and external memory
references, and goes low when locations 4096
through 65407 are accessed.

(Tri-State Input/Output, active high) 8-bit true
bi-directional data bus used for external data
exchanges with 1/0 and memory.

(Input, active high) Level-sensitive interrupt input.

(Input, active high) Rising-edge sensitive interrupt
input. Interrupts are initiated on low-to-high transi-
tions, providing interrupts are enabled.

(Input) INT?2 is an edge sensitive interrupt input
where the desired activation transition is pro-
grammable. By setting the ES bit in the Mask
Register to a 1, INT2 is rising edge sensitive. When
ES is set to 0, INT2 is falling edge sensitive.

(Input, active low) WAIT, when active, extends
read or write timing to interface with slower
external memory or 1/0. WAIT is sampled at
the end of T2, if active processor enters a wait
state TW and remains in that state as long as
WAIT is active.

(Output, active high) when active, M1 indicates
that the current machine cycle is an OP CODE
FETCH.

(Tri-State Output, active low) WR, when active,
indicates that the data bus holds valid data. Used
as a strobe signal for external memory or 1/0 write
operations. WR goes to the high impedance state
during HALT, HOLD, or RESET.

(Tri-State Output, active low) RD is used as a
strobe to gate data from external devices on the
data bus. RD goes to the high impedance state
during HALT, HOLD, and RESET.

(Input/Output) 8-bit 1/O configured as a nibble
1/0 port or as control lines.

(Input/Output) SCK provides control clocks for
Serial Port Input/Output operations. Data on the
Sl line is clocked into the Serial Register on the ris-
ing edge. Contents of the Serial Register is clocked
onto SO line on falling edges.

(Input) Serial data is input to the processor
through the Sl line. Data is clocked into the Serial
Register MSB to LSB with the rising edge of SCK.

(Output) SO is the Serial Output Port. Serial data
is output on this line on the falling edge of SCK,
MSB to LSB.

(Input, active low) RESET initializes the uPD7800.
(Output) Used to simulate uPD7801/7802 Port E

operation, indicating that a Port E operation is
being performed when active.

(Input) Clock Input
(Output) 8-bit output port with latch capability.

(Tri-State Input/Output) 8-bit programmable 1/0
port. Each line configurable independently as an
input or output.

PIN DESCRIPTION
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- ABg-15

RO

DATA
MEMORY
(128 BYTE)

BLOCK DIAGRAM
16
LATCH
INC/DEC
INTg O———~ PC
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CONTROL B c MAIN
INT O—={ D E G.R
H L
v A
sio INTT L) c ALT
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PC4/TO TIMER M L
BUFFER
12
PC,/5CS Ot

SI

§C_K s

SO Q-

PC3/SAK

K=

()

MODE C

[Twobes

INST REG

< >
PORTC PORTE r—r_o}#__l
2 8
PC1o PC72 PB7.0 PA7.0

INST
DECODER
HOLD TIMING SYSTEM
CONTROL READ/WRITE CONTROL. CONTROL CONTROL
PCy/ PCg/ RD WR PCg/lO/M M1 WAIT RESET STB EXT
HOLD HLDA

B
AB BUFFER

DB7.o
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uPD7800

Architecturally consistent with uPD7801/7802 devices, the uPD7800 uses a slightly
different pin-out to accommodate for the address bus and lack of on-chip clock
generator. For complete uPD7800 functional operation, please refer to uPD7801
product information. Listed below are functional differences that exist between
uPD7800 and uPD7801 devices.

uPD7800/7801 Functional Differences

1. The functionality of uPD7801 Port E is somewhat different on the uPD7800.
Because the uPD7800 contains no program memory, the address bus is made
accessible to address external program memory. Thus, lines normally used for Port
E operation with the uPD7801 are used as the address bus on the uPD7800. ABQ-
AB15 is active during memory access 0 through 4095.

2. Consequently Port E instructions (PEX, PEN, and PER) have different
functionality.

PEX Instruction — The contents of B and C register are output to the address bus.
The value 01H is output to the data bus. STB becomes active.

PEN Instruction — B and C register contents are output to the address bus. The
value 02H is output to the data bus. STB becomes active.

PER Instruction — The address bus goes to the high impedance state. The value
04H is output to the data bus. STB becomes active.

3. ON-CHIP CLOCK GENERATOR. The uPD7800 contains no internal clock gener-
ator. An external clock source is input to the X1 input.

4. PIN 30. This pin functions as the X2 crystal connection on the uPD7801. On the
uPD7800, pin 30 functions as a strobe output (STB) and becomes active when a
Port E instruction is executed. This control signal is useful in simulating uPD7801
Port E operation — indicating that a port E operation is being performed.

5. PIN 2. Functions as the ® out clock output used for synchronizing system external
memory and 1/0 devices, on the uPD7801. On the uPD7800, this pin is used to
simulate external memory reference operation of the uPD7801. EXT is used to
distinguish between internal and external memory references and goes low when
location 4096 through 65407 are accessed.

RECOMMENDED CLOCK DRIVE CIRCUIT

K
+5
uPD7800
0 1uF 3 Ps 10K

I L—MN—'

D a
T - ]

4.00 MHz

FUNCTIONAL DESCRIPTION



uPD7800

ABSOLUTE MAXIMUM  Operating Temperature . .. ... ......ouvueeernnennnnens -10°C to +70°C
RATINGS* Storage Temperature . ... .............ououiuvunnnnnnn. -65°C to +150°C
Voltage On Any Pin ........... e e e -0.3V to +7.0V

Ta=25°C

*COMMENT: Stress above those listed under ‘’Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
mplied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

DC CHARACTERISTICS T,=-10°C~+70°C, Vcc = +5.0V  10%

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP| MAX | UNITS | CONDITIONS
Input Low Voltage ViL 0 0.8 \"
Input High Voltage MLL 20 vee v Eicept >CK, X1
ViH2 3.8 Vce \ SCK, X1
Output Low Voltage VoL 0.45 Vv loL=20mA
Output High Voltage VoH1 24 v low =100 4
VOH2 20 \ loH =-500 pA
Low Level Input Leakage Current L -10 kA VN =0V
High Level Input Leakage Current ILiH 10 LA ViN=Vce
Low Level Output Leakage Current { I oL -10 BA VouT =045V
High Level Output Leakage Current| | oH 10 HA VouT = Vce
V¢ Power Supply Current Icc 110 |200 mA
CAPACITANCE Ta=25°C,Vec = GND =0V
LIMITS TEST
PARAMETER SYMBOL|MIN | TYP| MAX | UNITS | CONDITIONS
Input Capacitance Cy 10 pF fc = 1 MHz
Output Capacitance Co 20 pF All pins not
Input/Output Capacitance Cio 20 pF under test at OV




uPD7800

Ta=-10°C t0 +70°C, Vg = +5.0V £ 10%

CLOCK TIMING

LIMITS TEST
PARAMETER SYMBOL, MIN MAX UNITS | CONDITIONS
XQUuT Cycle Time tCcYx 454 2000 ns teYx
XouT Low Level Width | tXXL 212 ns tXXL
XouT High Level Width | txxH 212 ns tXH
READ/WRITE OPERATION
LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS
[RD L.E > XouT LE. | tRx 20 ns
Address (PEg.15) — Data| tap1 550 +500 x N| ns
gut
RD T.E. — Address tRA 200(T3); 700(T4) ns
_F:UL.E. — Data Input tRD 350 + 500 x N ns
"RD T.E. - Data Hold tRDH 0 ns
Time
RD Low Level Width tRR 850 + 500 x N ns
RD L.E.—» WAIT L.E. tRWT 450 ns
Address (PEg.15) tAWT1 650 ns
WAIT L.E.
'WAIT Set Up Time WTS 180 ns
(Referenced from
XouT L.E.)
WAIT Hold Time tWTH 0 120 ns
(Referenced from
XouT L-EJ
M1 -RD L.E. tMR 200 ns
ROT.E.> M1 r— 200 me|tCYX =500ns
10/M-RD L.E. 1R 200 ns
RD T.E.— 10/M tRi1 200 ns
Xoyt L-E.~WR L.E. tXW 270 ns
Address (PEg.15) — tAX 300 ns
XoyT TE.
Address (PEg.15) — tAD2 450 ns
Data Output
Data Output ~ WR tDW 600 + 500 x N ns
T.E.
WR T.E.— Data twD 150 ns
Stabilization Time
Address (PEq.15) ~ AW 400 ns
WR L.E.
[WR T.E. - Address WA 200 ns
Stabilization Time
WR Low Level Width tww 600 + 500 x N ns
[10/M—WR LE. tw 500 ns
WR T.E.— IO/M Wi 250 ns

AC CHARACTERISTICS



AC CHARACTERISTICS
(CONT.)

uPD7800

SERIAL 1/0 OPERATION

PARAMETER SYMBOL| MIN | MAX | UNIT CONDITION

SCK Cycle Time tCYK 800 ns SCK Input
900 {4000 ns SCK OQutput

SCK Low Level Width tKKL igg o zgﬁ g‘:’t‘:ut

== . 350 ns SCK Inpyt

SCK High Level Width tKKH 200 s SCK Output

S1 Set-Up Time (referenced from SCK T.E.) | tg|s 80 ns

S| Hold Time (referenced from SCK T.E.) tSIH 260 ns

SCK L.E. ~ SO Delay Time tKO 180 ns

SCS High - SCK L.E. tesK 100 ns

SCK T.E. - SCS Low tKes 100 ns

SCK T.E.— SAK Low tKSA 260 ns

PEN, PEX, PER OPERATION

PARAMETER SYMBOL| MIN [MAX | UNIT CONDITION
X1 L.E.» EXT tXE 250 | ns
Address (ABQ.15) = STB L.E. tAST 200
Data (DBg.7) = STB L.E. tDST 200 tcyx = 500 ns
STB Hold Time tSTST 300
STB - Data tSTD 400

HOLD OPERATION

PARAMETER SYMBOL|] MIN |MAX | UNIT | CONDITION
HOLD Set-Up Time (referenced from tHDS4 100 ns
XoyT L-E) tHDS2 T00 ns
HOLD Hold Time (referenced from BoyuT tHDH 100 ns
L.E.)
XouT L-E.~ HLDA tXHA 100 ns
HLDA High — Bus Floating (High Z State) tHABF | —150| 150 ns
HLDA Low — Bus Enable tHABE 350 ns
Notes:

@ AC Signal waveform (unless otherwise specified)

20 :> MEASURING < 20
0.8 POINTS 0.8

(@ Output Timing is measured with 1 TTL + 200 pF measuring points are Vi = 2.0V
VoL =0.8V

24

0.45

® L.E.= Leading Edge, T.E. = Trailing Edge
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tcyx DEPENDENT AC PARAMETERS ‘ AC CHARACTERISTICS
PARAMETER EQUATION MIN/MAX UNIT (CONT.)
tRX (1/25) T MIN ns
tAD,q (3/2+N) T- 200 MAX . ns
tra (T3) (1/2) T- 50 MIN ns
tra (Tg) (3/2) T- 50 MIN ns
tRD (1+N) T- 150 MAX ns
tRR (2+N) T- 150 MIN ns
TRWT (3/2) T - 300 MAX ns
tAWT, (2) T- 350 MIN ns
tMR (1/2) T- 50 MIN ns
tRM (1/2) T- 50 MIN ns
YR (1/2) T- 50 MIN ns
tR| (1/2) T- 50 MIN ns
txw (27/50) T MAX ns
tADz T-50 MIN ns
tow (3/2+N) T- 150 MIN ns
twp (1/2) T- 100 MIN ns
tAw T-100 MIN ns
twA (1/2) T- 50 MIN ns
tww (3/2+N) T- 150 MIN ns
tiw T MIN ns
twi (1/2) T MIN ns
tHABE (1/2) T- 150 MAX ns
tAST (2/5) T MIN ns
tpsT (2/5) T MIN ns
tSTST (3/5) T MIN ns
tSTD (4/5) T MIN ns

Notes: (1) N = Number of Wait States
@ T=tcvx
@ Only above parameters are oy x dependent

@ When a crystal frequency other than 4 MHz is used (tCYX =500 ns)
the above equations can be used to calculate AC parameter

values.
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TIMING WAVEFORMS CLOCK TIMING
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SERIAL 1/0 OPERATION

1CYK

K K L ——] je——TtKKH
Y . 7
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so
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SAK
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Package Outlines
For information, see Package Outline Section 7.
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NEC

PRODUCT DESCRIPTION

FEATURES

PIN CONFIGURATION reqs/a815

TM: Z80 is a registered trademark of Zilog, Inc.

wPD7801/7802

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER
WITH 4K ROM

The NEC wPD7801/7802 is an advanced 8-bit general purpose single-chip microcomputer fabricated
with N-Channel Silicon Gate MOS technology

The NEC uPD7801/7802 1s intended to serve a broad spectrum of 8-bit designs ranging from enhanced
single chip applications extending into the multi-chip microprocessor range. All the basic functional
blocks ~ 8-bit ALU, 48 I/O lines, Senal I/O port, 12-bit timer, and clock generator are provided on-chip to
enhance stand-alone applications. Fully compatible with the industry standard 8080A bus structure,
expanded system operation can be easily implemented using any of the 8080A/8085A peripherals and
memory products. Total memory space can be increased to 64K bytes.

The powerful 140 instruction set coupled with 4K bytes of ROM program memory and 128 bytes of
RAM data memory greatly extends the range of single chip microcomputer applications. Five level vec-
tored interrupt capability combined with a 2 microsecond cycle time enable the wPD7801 to compete
with muiti-chip microprocessor systems with the advantage that most of the support functions are on-
chip.

NMOS Silicon Gate Technology Requiring +5V Supply
Complete Sinale-Chip Microcomputer with On-Chip ROM, RAM and 1/0
- 4K Bytes ROM-7801

- 128 Bytes RAM

- 6K Bytes-7802

- 64 Bytes-7802

- 481/0 Lines

® |nternal 12-Bit Programmable Timer

On-Chip 1 MHz Serial Port

Five Level Vectored, Prioritized Interrupt Structure

— Serial Port

- Timer

— 3 External Interrupts

® Bus Expansion Capabilities

— Fully 8080A Bus Compatible

- 60K Bytes External Memory Address Range-7801

- 58K Bytes-7802

On-Chip Clock Generator

Wait State Capabihity

Alternate Z80TM Type Register Set

Powerful 140 Instruction Set

8 Address Modes, Inciuding Auto-Increment/Decrement
Multi-Level Stack Capabilities

Fast 2 us Cycle Time

Bus Sharing Capabilities

‘lw 640 vcc (+5V)
PouT] 2 630 PE14/AB14
DB7 ] 3 62[1 PEq3/AB13
bDBe 4 611 PE19/AB12
DBs 5 603 PEq11/AB{]
DBa 6 59 [} PE1g/AB1g
DB3 7 58[] PEg/ABg
DB 8 67 [ PEg/ABg
bBy 4 9 56 0 PE7/ABy
DBor ] 10 55 ) PEG/ABg
INT2 11 541 PEg/ABg
INT1[—] 12 53 [71 PE4/ABy
INTg 713 520 PE3/AB;3
WAMh;l:C 14 51 [ PEo/AB)
15 ,PD 501 PE¢/ABf
WA 16 & 2
ARG o1, 780177802 3 B PEo/ABe
PC7] 18 47 FPBe
PCs (J19 46 PBs
PCs[] 20 45 FPBg
PCa 21 441 Pe3
PC3C—] 22 43 PB2
PC2 [J23 42 PB4
PCi1[J24 41 FPBo
PCo 125 400 PA7
§CK [ 26 39 [JPAg
SSI 27 38 PAs
ocT28 37 PA,
RESET 29 36 ?PA;
X2 CJ30 35 FPA2
X1 31 340 PAq
Vss(ov) 32 33 PAQ
Rev/2

4-11
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PIN NO.

DESIGNATION

FUNCTION

49-63

1
2

3-10

1"
12

13

15

16

17

18-25

26

27

28

29
30

31
3340
4148

PEQ/ABQ-
PE15/AB15
oOUT

DBo-DB7

INTo
INTq

INT2

WAIT

M1

(Tri-State, Output) 16-bit address bus.

(Output) ¢OUT provides a prescaled output clock
for use with external I/O devices or memories.
¢OUT frequency is fXTAL/2.

(Tri-State Input/Output, active high) 8-bit true
bi-directional data bus used for external data
exchanges with 1/0 and memory.

(Input, active high) Level-sensitive interrupt input.

(Input, active high) Rising-edge sensitive interrupt
input. Interrupts are initiated on low-to-high transi-
tions, providing interrupts are enabled.

(Input) INT2 is an edge sensitive interrupt input
where the desired activation transition is pro-
grammable. By setting the ES bit in the Mask
Register to a 1, INT2 is rising edge sensitive. When
ES is set to 0, INT2 is falling edge sensitive.

(Input, active low) WAIT, when active, extends
read or write timing to interface with slower
external memory or 1/0. WAIT is sampled at
the end of T2, if active processor enters a wait
state TW and remains in that state as long as
WAIT is active.

(Output, active high) when active, M1 indicates
that the current machine cycle is an OP CODE
FETCH.

(Tri-State Output, active low) WR, when active,
indicates that the data bus holds valid data. Used
as a strobe signal for external memory or 1/0 write
operations. WR goes to the high impedance state
during HALT, HOLD, or RESET.

(Tri-State Output, active low) RD is used as a
strobe to gate data from external devices onto the
data bus. RD goes to the high impedance state
during HALT, HOLD, and RESET.

(Input/Output) 8-bit 1/0 configured as a nibble
1/0 port or as control lines.

(Input/Output) SCK provides control clocks for
Serial Port Input/Output operations. Data on the
Sl line is clocked into the Serial Register on the ris-
ing edge. Contents of the Serial Register is clocked
onto SO line on falling edges.

(Input) Serial data is input to the processor
through the Sl line. Data is clocked into the Serial
Register MSB to LSB with the rising edge of SCK.

(Output) SO is the Serial Output Port. Serial data
is output on this line on the falling edge of SCK,
MSB to LSB.

(Input, active low) RESET initializes the uPD7801.
(Output) Oscillator output.

(Input) Clock Input.
(Output) 8-bit output port with latch capability.

(Tri-State Input/Qutput) 8-bit programmable 1/0
port. Each line configurable independently as an
input or output.

4-12
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BLOCK DIAGRAM
| resaneis

) g e

LaTen
INCIDEC
3
5P

PORT €

| DATA PROGRAM
maw MEMORY MEMORY
GR (128 8VTE) 14K BYTE)

Lo

0] .
.

INST REG

z|o|=|<|z]|o|=|<

clelols{r{mlof>

0870

PC2/SC5 Ot °
510 77 conversio
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scKO ook =10

0

reyone o 77
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10 PCrz 70 70 Py PG RD WA PCHOMT M1 WA RESET  oOUT v Vs

HOLD HLDA

FUNCTIONAL Memory Map

DESCRIPTION The wPD7801/7802 can directly address up to 64K bytes of memory. Except for

the on-chip ROM and RAM, any memory location can be used as either ROM or
RAM. The following memory map defines the 0-64K byte memory space for the
wPD7801/7802 showing that the Reset Start Address, Interrupt Start Address,
Call Tables, etc., are located in the internal ROM area.

-= 0 o [_Reser
INTERNAL INTERNAL
ROM ROM o T
- 0
| (o614 ] o (0-4095) J,
> -
- = — - 4095
4096 8 INTT
] b
16 INT1
EXTERNAL EXTERNAL |
« MEMORY < ﬁ MEMORY 4 [~
4
32 INT3
59,328 x 8 61,312x8 4,
64] INTS
e
65,471 65,407 56] SOFT |
65,535 66,409 128f LOWADDR |
INTERNAL INTERNAL 129 | HIGH ADDR
RAM RAM 130 |_LOW ADDR } t=1
66,535 131 | HIGH ADDR
7802 7801 ¥
254 [ LOWADDR 1 , .43
255 | HIGH ADDR
A users &
AREA
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wPD7801/7802

1/O Ports FUNCTIONAL
DESCRIPTION
PORT FUNCTIONS (CONT.)
Port A 8-bit output port with latch
Port B 8-bit programmable Input/Output port w/latch
PortC 8-bit nibble 1/0 or Control port
Port E 16-bit Address/Output Port
Port A

Port A 1s an 8-bit latched output port. Data can be readily transferred between the
accumulator and the output latch buffers. The contents of the output latches can be
modified using Arithmetic and logic instructions. Data remains latched at Port A unless
acted on by another Port A instruction or a RESET is issued.

PortB

Port B is an 8-bit 1/0 port. Data is latched at Port B in both the Input or Output modes.
Each bit of Port B can be independently set to either Input or Output modes. The
Mode B register programs the individual lines of Port B to be either an Input

(Mode B, _ 1) or an Output (Mode B _ ).

Port C

Port C is an 8-bit 1/O port. The Mode C register is used to program the upper 6 bits of
Port C to provide control functions or to set the 1/O structure per the following table.

MODE C, = MODE Cp, = 1
PCo Output Input
PC1 Output Input
PCo 'SCS Input Input
PC3 SAK Output Output
PCy4 To Qutput Output
PCs 10/M Output Output
PCe HLDA Output Output
PCy HOLD Input Input

Port E

Port E is a 16-bit address bus/output port. It can be set to one of three operating modes

using the PER, PEN, or PEX instructions.

e 16-Bit Address Bus — the Per instruction sets this mode for use with external 1/0 or
memory expansion (up to 60K bytes, externally).

e 4-Bit Output Port/12 Bit Address Bus — the PEN instruction sets this mode which
allows for memory expansion of up to 4K bytes, externally, plus the transfer of 4-bit
nibbles.

e 16-Bit Output Port — the PEX instruction sets Port E to a 16-bit output port. The con-
tents of B and C registers appear on PEg.15 and PEQ.7, respectively.
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FUNCTIONAL Timer Operation

DESCRIPTION
(CONT.) ST™
PRE- _J
TIMER
SCALER 12 BIT DOWN COUNTER EIE EEENTCS ()
(4 ps) (3'
BORROW
h
TIMER - REG o | T'MER-
REG 1

NS

TIMER BLOCK DIAGRAM

__{ INTERNAL BUS

A programmable 12-bit timer is provided on-chip for measuring time intervals, generat-
ing pulses, and general time-related control functions. It is capable of measuring time
intervals from 4 us to 16 us in duration. The timer consists of a prescaler which
decrements a 12-bit counter at a fixed 4 us rate. Count pulses are loaded into the
12-bit down counter through timer register (TMO and TM1). Count-down operation is
initiated upon extension of the STM instruction when the contents of the down
counter are fully decremented and a borrow operation occurs, an interval interrupt
(INTT) is generated. At the same time, the contents of TMO and TM1 are reloaded
into the down-counter and countdown operation is resumed. Count operation may be
restarted or initialized with the STM instruction. The duration of the timeout may be
altered by loading new contents into the down counter.

The timer flip flop is set by the STM instruction and reset on a countdown operation.
Its output (TO) is available externally and may be used in a single pulse mode or general
external synchronization.

Timer interrupt (INTT) may be disabled through the interrupt.

Serial Port Operation

INTERNAL BUS

ke
RDs wm
s D SERIAL BUFFER REGISTER
Lss N L4 ms8

| S S S S

— INTERNAL
= sck
START S1/0
me? cs
T8

PCs/SCS © > . >
-

PCSISAK ©

SERIAL PORT BLOCK DIAGRAM
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The on-chip serial port provides basic synchronous serial communication FUNCTIONAL
functions allowing the NEC p.PD7801/7802 to serially interface with external DESCRIPTION
devices. (CONT.)

Serial Transfers are synchronized with either the internal clock or an external clock
input (SCK). The transfer rate is fixed at 1 Mbit/second if the internal clock is used
or is variable between DC and 1 Mbit/second when an external clock is used. The
Clock Source Select is determined by the Mode C register. The serial clock (internal
or external SCK) is enabled when the Serial Chip Select Signal (SCS) goes low. At this
time receive and transmit operations through the Serial Input port (Sl)/Serial Output
port (SO) are enabled. Receive and transmit operations are performed MSB first.

Serial Acknowledge (SAK) goes high when data transfers between the accumulator
and Serial Register is completed. SAK goes low when the buffer becomes full after
the completion of serial data receive or transmit operations. While SAK is low, no
further data can be received.

Interrupt Structure

The wPD7801/7802 provides a maskable interrupt structure capable of han-
dling vectored prioritized interrupts. Interrupts can be generated from six dif-
ferent sources; three external interrupts, two internal interrupts, and non-
maskable software interrupt. Each interrupt when activated branches to a
designated memory vector location for that interrupt.

int | VECTORED MEMORY | pRioRITY TYPE
INTT 8 3 Internal, Timer
| Overflow

INTS 64 6 Internal, Serial
Buffer Full/Empty

INTO 4 2 Ext., level sensitive

INT1 16 4 Ext., Rising edge
sensitive

INT2 32 5 Ext., Rising/Falling
edge sensitive

SOFTI 96 1 Software Interrupt




FUNCTIONAL

RESET (Reset)

nwPD7801/7802

DESCRIPTION An active low-signal on this input for more than 4 us forces the uPD7801
into a Reset condition. RESET affects the following internal functions:

(CONT.)

REGISTERS

The Interrupt Enable Flags are reset, and Interrupts are inhibited.
The Interrupt Request Flag is reset.

The HALT flip flop 1s reset, and the Halt-state is released.

The contents of the MODE B register are set to FFH, and Port B
becomes an input port.

e The contents of the MODE C register are set to FFH. Port C becomes
an 1/0 port and output lines go low.

o All Flags are reset to 0.

The internal COUNT register for timer operation is set to FFFH and the
timer F/F is reset.

The ACK F/F is set.

The HLDA F/F is reset.

The contents of the Program Counter are set to 0000H.

The Address Bus (PEQ.15), Data Bus (DBg.7), RD, and WR go to

a high impedance state.

Once the RESET input goes high, the program is started at location 0000H.

The uPD7801 contains sixteen 8-bit registers and two 16-bit registers.

0 15
PC
SP
0 70 7
| v 1 A |
B C Main
H L
V' [ A |
B’ c Alternate
D’ E
H L

General Purpose Registers (B, C,D, E, H, L) -

There are two sets of general purpose registers (Main: B, C, D, E, H, L:

Alternate: B’, C’, D, H’, L’). They can function as auxiliary registers to the
accumulator or in pairs as data pointers (BC, DE, HL, B'C’, D’E’, H'L’). Auto Incre-
ment and Decrement addressing mode capabilities extend the uses for the DE, HL,
D’E’, and H’L’ register-pairs. The contents of the BC, DE, and HL register-pairs

can be exchanged with their Alternate Register counterparts using the EXX

instruction.
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Vector Register (V) FUNCTIONAL

When defining a scratch pad area in the memory space, the upper 8-bit memory DESCRIPTION (CONT.)
address is defined in the V-register and the lower 8-bits is defined by the immediate
data of an instruction. Also the scratch pad indicated by the V-register can be used
as 256 x 8-bit working registers for storing software flags, parameters and counters.

Accumulator (A)

All data transfers between the uPD7801/7802 and external memory or I/O are
done through the accumulator. The contents of the Accumulator and Vector
Registers can be exchanged with their Alternate Registers using the EX
instruction.

Program Counter (PC)

The PC is a 16-bit register containing the address of the next instruction to be
fetched. Under normal program flow, the PC is automatically incremented. However,
in the case of a branch instruction, the PC contents are from another register or

an instruction’s immediate data. A reset sets the PC to 0000H.

Stack Pointer (SP)
The stack pointer is a 16-bit register used to maintain the top of the stack area (last-
in-first-out). The contents of the SP are decremented during a CALL or PUSH

instruction or if an interrupt occurs. The SP is incremented during a RETURN or
POP instruction.

Register Addressing Working Register Addressing ADDRESS MODES
Register Indirect Addressing Direct Addressing
Auto-Increment Addressing Immediate Addressing
Auto-Decrement Addressing Immediate Extended Addressing
Register Addressing

r

| OPCODE I —l OPERANDI

The instruction opcode specifies a register r which contains the operand.

Register Indirect Addressing
p memory

'

The instruction opcode specifies a register pair which contains the memory address
of the operand. Mnemonics with an X suffix are ending this address mode.

Auto-Increment Addressing

rp memory

[+1 ]

+1

The opcode specifies a register pair which contains the memory address of the,
operand. The contents of the register pair is automatically incremented to point to

a new operand. This mode provides automatic sequential stepping when working with
a table. of operands.

4-18



ADDRESS MODES (CONT.) Auto-Decrement Addressing
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memory

Working Register Addressing

PC
PC+1

p
ADDRESS r

memory
V Register
OPCODE _—LC%@_] [oPERAND]
displacement l
15 8 7 0

[ [+

The contents of the register is linked with the byte following the opcode to form a
memory address whose contents is the operand. The V register is used to indicate
the memory page. This address mode is useful as a short-offset address mode when
working with operands in a common memory page where only 1 additional byte
is required for the address. Mnemonics with a W suffix ending this address mode.

Direct Addressing

PC

OPCODE

Memory

PC +1

Low Address

—'—F)perancﬂ Low Operand:

PC +2

High Address

1 byte High Operand

2 byte

The two bytes following the opcode specify an address of a location containing the

operand.

Immediate Addressing

Immediate Extended Addressing

PC
PC+1

PC

PC+1
PC +2

4-19
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Operand Description

Notes:

1.

OPERAND DESCRIPTION
r V,A,B,C,D,E H, L
r1 B,C,D,E H, L
r2 A,B,C
sr PA PB PC MK MB MC TMO TM1 S
sr PA PB PC MK S
sr2 PA PB PC MK
rp SP,B,D, H
rp1 V,B,D,H
rpa B, D, H, D+, H+, D-, H-
rpal B,D,H
wa 8 bit immediate data
word 16 bit immediate data
byte 8 bit immediate data
bit 3 bit immediate data
f FO, F1,F2,FT, FS,

When special register operands sr, sr1, sr2 are used; PA=Port A, PB=Port B,
PC=Port C, MK=Mask Register, MB=Mode B Register, MC=Mode C
Register, TMO=Timer Register 0, TM1=Timer Register 1, S=Serial Register.

. When register pair operands rp, rp1 are used; SP=Stack Pointer, B=BC,

D=DE, H=HL, V=VA.

. Operands rPa, rPa1, wa are used in indirect addressing and auto-increment/

auto-decrement addressing modes.
B=(BC), D=(DE), H=(HL)
D+=(DE)*, H+=(HL)*, D-=(DE)~, H-=(HL)".

. When the interrupt operand f is used; FO=INTFO, F1=INTF1, F2=INTF2,

FT=INTFT, FS=INTFS.

INSTRUCTION SET
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INSTRUCTION GROUPS

No. | cLock skip | FLAGS
MNEMONIC | OPERANDS | BYTES | CYCLES OPERATION conpiTion| cv|z

8-BIT DATA TRANSFER

MOV A 1 4 <A

MOV A, 1 4 Aerl

MoV st, A 2 10 sreA

MOV A, srl 2 10 A «srt

MoV r, word 4 17 1« (word)

MOV word, r 4 17 (word) «r

MV r, byte 2 7 r < byte

MVIW wa, byte 3 13 (V, wa) <~ byte

MVIX rpal, byte 2 10 (rpal) «byte

STAW wa 2 10 (V, wa) « A

LDAW wa 2 10 A« (V,wa)

STAX rpa 1 7 (rpa) « A

LDAX rpa 1 7 A+ (rpa)

EXX 1 4 Exchange register sets
EX 1 4 V,AeV, A

BLOCK 1 13 (C+1) | (DE)* «~ (HL)*,C«<C -1

16-BIT DATA TRANSFER

SBCD word 4 20 (word) «~C, (word + 1) « B
SDED word 4 20 (word) « E, (word + 1) « D
SHLD word 4 20 (word) « L, (word + 1) « H
SSPD word 4 20 (word) «~ SP__, (word + 1) + SPy
LBCD word 4 20 C « (word), B « (word + 1)
LDED word 4 20 | E« (word), D« (word + 1)
LHLD word 4 20 L « (word), H « (word + 1)
LSPD word 4 20 SP_ + (word), SPH « (word + 1)
PUSH rp1 2 17 (SP - 1) «rp1y, (SP - 2) «rp1_
POP o1 2 15 rp1 « (SP}

PIy«<(SP+1), SP<SP+2

Lxt rp, word 3 10 rp « word

C+«(PC+2+A)

TABLE ! 1 B+ (PC+2+A+1)

4-21
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INSTRUCTION GROUPS (CONT.)

NO. CLOCK SKIP FLAGS
MNEMONIC | OPERANDS | BYTES | CYCLES OPERATION CONDITION CYI z
ARITHMlETIC

ADD A 2 8 A+—A+r $ e
ADD rA 2 8 rer+A L2
ADDX rpa 2 1 A« A+ (rpa) : 2
ADC Ar 2 8 A~A+r+CY $ e
ADC r,A 2 8 rer+A+CY I
ADCX rpa 2 " A« A +(rpa) + CY 2
sus Ar 2 8 A-A-r )
sus nA 2 8 rer-A t e
suBXx rpa 2 1" A+« A - (rpa) 2
sBB A r 2 8 A«A-r-CY 2 K
SBB r,A 2 8 rer-A-CY 3
SBBX rpa 2 1 A« A~ (rpa) -CY $ |
ADDNC A 2 8 A—A+r No Carry t e
ADDNC rA 2 8 rer+A No Carry L
ADDNCX rpa 2 1" A+ A+ (rpa) No Carry L2
SUBNB Ar 2 8 A-A-r No Borrow t{s
SUBNB A 2 8 |frer-a No Borrow | ¢ |3
SUBNBX rpa 2 " A+ A~ (rpa) No Borrow e

’ LOGICAL '
ANA Ar 2 8 A<AATr $
ANA rA 2 8 rerAA $
ANAX rpa 2 1 A<~ A Af(rpa) $
ORA A 2 8 A<Avr ¢
ORA rA 2 8 rervA $
ORAX rpa 2 1" A+~ Av (rpa) $
XRA Ar 2 8 A—AVr . 4
XRA A 2 8 Aer¥v A‘ $
XRAX rpa 2 1 A« A M (rpa) $
GTA Ar 2 8 A-r=1 No Borrow o
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INSTRUCTION GROUPS (CONT.)

No. | cLock skip | FLAGS
MNEMONIC| OPERANDS | BYTES | CYCLES OPERATION CONDITION CV[ z
LOGICAL (CONT.)
GTAX rpa 2 1 i A - (rpa) - 1 No Borrow 41t
LTA A, r 2 8 A-r Borrow 3
LTA rA 2 8 r-A Borrow t1¢
LTAX rpa 2 1 A - (rpa) Borrow L
ONA Ar 2 8 AAT No Zero $
ONAX rpa 2 1 A Alrpa) No Zero $
OFFA Ar 2 8 AATr Zero $
OFFAX rpa 2 1 AA (rpa) 2Zero $
NEA Ar 2 8 A-r No Zero $]¢
NEA LA 2 8 r-A No Zero ]
NEAX rpa 2 1 A - (rpa) No Zero $ 1t
EQA A, 2 8 A-r Zero N
EQA r,A 2 8 r-A Zero $1s
EQAX rpa 2 1 A - (rpa) Zero $]¢
IMMEDIATE DATA TRANSFER (ACCUMULATOR)
XRI A, byte 2 7 A« A MV byte $
ADINC A, byte 2 7 A« A +byte No Carry 11
SUINB A, byte 2 7 A <« A ~byte No Borrow 418
ADI A, byte 2 7 A« A +byte t1¢
ACI A, byte 2 7 A<+« A+byte+CY -3 1
sul A, byte 2 7 A+~ A -byte E 2 I
sBl A, byte 2 7 A+~ A-byte-CY $ 1
ANl A, byte 2 7 A« AAbyte $
ORI A, byte 2 7 A < AV byte ¢
GTI A, byte 2 7 A -byte -1 No Borrow 11
LTI A, byte 2 7 A - byte Borrow $]¢
ONI A, byte 2 7 AAbyte No Zero $
OFFI A, byte 2 7 AA byte Zero $
NEI A, byte 2 7 A - byte No Zero $]¢
EQI A, byte 2 7 A - byte Zero F 2
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INSTRUCTION GROUPS (CONT.)

No. | cLock sKIP FLAGS
MNEMONIC | OPERANDS | BYTES | CYCLES OPERATION CONDITION CYI 4
IMMEDIATE DATA TRANSFER
XRI r, byte 3 1 r+r Mbyte $
ADINC r, byte 3 1 rer+byte No Carry $1¢
SUINB r, byte 3 11 r«r-byte No Borrow Pt
AD! r, byte 3 17 r+r+byte E I
ACI r,byte 3 1" rer+byte +CY t]e
SuUl r, byte 3 1 r+r-byte ¢
sl r,byte 3 1 rer-byte-CY t ]
ANI r,byte 3 1 r+—rAbyte t ]
ORJ r, byte 3 1 r+rvbyte !
GTi r, byte 3 1 r-byte-1 - No Borrow Tt
LTt r, byte 3 11 r - byte Borrow i t1t
ONI r, byte 3 11 r Abyte No Zero 1
OFF! r, byte 3 1 rAbyte Zero $
NEI r, byte 3 11 r - byte No Zero t]t
EQI r, byte 3 1 r - byte Zero 1]t
IMMEDIATE DATA TRANSFER (SPECIAL REGISTER)
XR1 sr2, byte 3 17 sr2 «—sr2 ¥ byte 3
ADINC 52, byte 3 17 |sr2—s2+byte NoCarry | t]¢
SUINB sr2, byte 3 17 sr2 «+ sr2 - byte No Borrow N
ADI sr2, byte 3 17 sr2 < sr2 + byte 3N
ACI sr2, byte 3 17 sr2 < sr2 + byte + CY 1 i
Sul sr2, byte 3 17 sr2 < sr2 - byte k3 $
s8I sr2, byte 3 17 sr2 < sr2 - byte - CY t1e
ANI sr2, byte 3 17 sr2 < sr2 Abyte ) 1
ORI sr2, byte 3 17 sr2 < sr2 v byte 3
GTI sr2, byt; 3 14 sr2 - byte - ‘ No Borrow 3 $
LTI sr2, byte 3 14 sr2 - byte Borrow $ b2
ONI sr2, byte 3 14 Sr2A byte No Zero t




INSTRUCTION GROUPS (CONT.)
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NO. | cLock sKiP FLAGS
MNEMONIC | OPERANDS | BYTES |CYCLES OPERATION CONDITION CYI z
IMMEDIATE DATA TRANSFER (SPECIAL REGISTER) (CONT.)
OFFI sr2, byte 3 14 sr2 Abyte Zero H
NEI sr2, byte 3 14 sr2 - byte No Zero 11t
EQI sr2, byte 3 14 sr2 - byte Zero A
WORKING REGISTER
XRAW wa 3 14 A < A¥(V,wa) t
ADDNCW wa 3 14 A< A+ (V,wa) No Carry I
SUBNBW wa 3 14 A< A-(V,wa) No Borrow 3R I
ADDW wa 3 14 A—=A+(V, wa) t it
ADCW wa 3 14 A~ A+(V,wa) +CY 1 1
SUBW wa 3 14 A< A-(V,wa) I B
SBBW wa 3 14 A—A-(V,wa)-CW 1]t
ANAW wa 3 14 A<~ AA(V,wa) $
ORAW wa 3 14 A <A y(V, wa) 4
GTAW wa 3 14 A< (V,wa) -1 No Borrow ]t
LTAW wa 3 14 A - (V, wa) Borrow t1e
ONAW wa 3 14 A AV, wa) No Zero 1
OFFAW wa 3 14 AA(V, wa) Zero 1
NEAW wa 3 14 A - (V, wa) No Zero A
EQAW wa 3 14 A - (V,wa) Zero 1]t
ANIW wa, byte 3 16 (V, wa) < (V, wa) Abyte $
ORIW wa, byte 3 16 (V, wa) < (V, wa) vbyte b3
GTIW wa, byte 3 13 (V, wa) - byte - 1 No Borrow 11t
LTIW wa, byte 3 13 (V, wa) - byte Borrow E
ONIW wa, byte 3 13 (V, wa)A byte No Zero 1
OFFIW wa, byte 3 13 (V, wa) A byte Zero 1
NEIW wa, byte 3 13 (V, wa) - byte No Zero [N I
EQIW wa, byte 3 13 (V, wa) - byte Zero )t
INCREMENT/DECREMENT
INR r2 1 4 r2<r2+1 Carry t
INRW wa 2 13 (V, wa) < (V,wa) +1 Carry 3
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INSTRUCTION GROUPS (CONT.)

No. | cLock skip | FLAGS
MNEMONIC | OPERANDS | BYTES | CYCLES OPERATION CONDITION | CY | z
INCREMENT/DECREMENT (CONT.)

DCR r2 1 4 r2<r2-1 Borrow ?
DCRW wa 2 13 (V,wa) < (V,wa) - 1 Borrow t
INX P 1 7 perp+1

DCX P 1 7 p—=rp-1

DAA 1 4 Decimal Adjust Accumulator FA I
STC 2 8 CY <1 1
cLC 2 8 Cy <0 ]

ROTATE AND SHIFT

RLD 2 17 Rotate Left Digit

RRD 2 17 Rotate Right Digit

RAL 2 8 Am +1+< Am,Ag < CY,CY — Ay H
RCL 2 8 Cm+1<Cm,Co«<CY,CY<Cy !
RAR 2 8 Am -1+« Am,A7 < CY,CY < Aqg $
RCR 2 8 Cm-1+<Cm,C7+CY,CY<Cp !
SHAL 2 8 Am+1«<Am,Ag<0,CY <Ay t
SHCL 2 8 Cm+1+<CM,Cg+-0,CY«~Cy b
SHAR 2 8 Am-1<Am,A7<0,CY«<Ag ?
SHCR 2 8 Cm-1«<Cm,C7<0,CY«<Cq t

JumpP

JmP word 3 10 PC « word

JB 1 4 PCH <« B,PC_L<C

JR word 1 13 PC < PC + 1+ disp1

JRE word 2 13 PC < PC + 2+ disp

CALL

O N

CALB 1 13 :’s::: 11),: g:;i‘_: :;H }((;SL.__ ?;) }

T I N N s i

o Jws | 1 | e [SEc e

NN i
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INSTRUCTION GROUPS (CONT.)

No. | cLock sKiP FLAGS
MNEMONIC | OPERANDS | BYTES | CYCLES OPERATION conbiTioN [cv ]z
RETURN
- ; 11 | PCL— &P, PCH— P+ 11

SP—SP-2
PCL + (SP), PCy « (SP + 1),

RETS ! V1% ) gplgp+2,PC—PC+n
RET! 1|5 | Fewcsne hsmog,sma-o

sKip
BIT bit, wa 2 10 |Brtest 0 el
SKC 2 8 Skip if Carry CY =1
SKNC 2 8 | Skipif No Carry cy=0
sKz 2 8 | skip if Zero z=1
SKNZ 2 g | skip if No Zero z=0
s | | o ey
SKNIT ; ) g | SkipifNoINTX -0

otherwise reset INT X

CPU CONTROL

NOP 1 4 No Operation

El 2 8 Enable Interrupt
o]] 2 8 Disable Interrupt
HLT 1 6 Halt

SERIAL PORT CONTROL

Si0 1 4 Start (Trigger) Serial 1/0
ST™M 1 4 Start Timer

! INPUT/OUTPUT
IN byte 2 10 :T%E;OB'ABW —~ byte
ouTt " byte 2 10 gg;iﬁ_”:‘”m —byte
PEX 2 1 PE158—B,PE7.0+-C
PEN 2 1" PE15.12 - B74
PER 2 1 Port E AB Mode
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Program Status Word (PSW) Operation

OPERATION D6 D5 D4 D3 D2 DO
REG, MEMORY IMMEDIATE SKIP z SK HC L1 LO | CY
ADD ADDW ADDX ADI
ADC ADCW ADCX ACI
suB SUBW suBx sul U L I L L
SBB SBBW SBBX SBI
ANA ANAW ANAX ANI ANIW
ORA ORAW ORAX ORI ORIW $ 0 L] 0 0 .
XRA XRAW XRAX XRI
ADDNC| ADDNCW/| ADDNCX | ADINC
SUBNB SUBNBW SUBNBX SUINB 4 s 4 0 0 +
GTA GTAW GTAX GTI GTIW
LTA LTAW LTAX LTI LTIW
ONA ONAW ONAX ONI ONIW 3 s . o 0 .
OFFA OFFAW OFFAX OFFI OFFIW
NEA NEAW NEAX NEI NEIW s 4 3 0 0 s
EQA EQAW EQAX EQI EQIW
INR INRW
DCR DCRW i B B R R
DAA 3 0 ¢ 0 [0] $
RAL, RAR, RCL, RCR
SHAL, SHAR, SHCL, SHCR R R R
RLD, RRD [ 0 [ 0 0 o
STC . 0 ° 0 0 1
cLC . 0 . 0 0 0
MV A, byte . 0 L] 1 0 .
MVI L, byte
LXI H, word A R
BIT
SKC
SKNC
SKZ L] $ L] 0 0 L]
SKNZ
SKIT
SKNIT
RETS . 1 . 0 .
All other instructions . 0 . 0 0 L]
{ Flag affected accc;rdlng to result of operation
1 Flag set
0 Flagreset
e Flag not affected




ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS

Operating Temperature
Storage Temperature
Voltage On Any Pin

Ta=25°C

wPD7801/7802

-10°C to +70°C
65°C to +150°C
-0.3V to +7.0V

*COMMENT Stress above those listed under “’Absolute Maximum Ratings” may cause permanent
damage to the device, This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device

reliability.

-10°C to +70°C, Ve = +5.0V * 10%

CAPACITANCE Ta=25°C,Vce = GND =0V

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | CONDITIONS
Input Low Voltage ViL 0 0.8 \
ViH1 2.0 Vee | V Except SCK, X1
Input High Voltage Vina 38 Voo v BT
Output Low Voltage VoL 045 \% loL=20mA
Output High Voltage Yon 24 v loh =100 4A
VoH2 | 20 \ loH =-500 uA
Low Level Input Leakage Current ILiL -10 HA VN =0V
High Level Input Leakage Current ILIH 10 KA VIN =Vce
Low Level Output Leakage Current | I oL -10 uA VouT = 0.45V
High Level Output Leakage Current| I_OH 10 HA VouT = Vce
Ve Power Supply Current lcc 110 {200 mA
LIMITS TEST
PARAMETER SYMBOL | MIN | TYP] MAX | UNITS | CONDITIONS
Input Capacitance C) 10 pF fc = 1 MHz
Output Capacitance Co 20 pF All pins not
Input/Output Capacitance Cio 20 pF under test st OV
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-10°C to +70°C, Vg = +5.0V + 10%

CLOCK TIMING
LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS
X1 Input Cycle Time tCYX 227 1000 ns '
X1 Input Low Level XL 106 ns
Width ’
X1 Input High Level tXXH 106 ns
Width
douT Cycle Time tCYo 454 2000 ns
oouT Low Level Width topl 150 ns
$oUT High Level Width tppH 150 ns
¢ouT Rise/Fall Time ttf 40 ns
READ/WRITE OPERATION
LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS
_ﬁ'ﬂL.E.—»ooUT L.E. R¢’ 100 ns
Address (PEg.15) — Data| tap1 550 +500 x N| ns
Input
[RD T.E. + Address tRA 200(T3): 700(T4) ns
RO LE > Data Input tRD 3560 +500 x N ns
RD T .E. - Data Hold tRDH 0 ns
Time
[RD Low Level Width tRR 850 + 500 x N ns
[RD LE.SWAITLE. | tRWT 250 ns
Address (PEg.15) = tAWT 650 ns
WAIT L.E.
"WAIT Set Up Time tWTS 290 ns
(Referenced from
¢ouT L.E.)
AIT Hold Time tWTH 0 120 ns
(Referenced from
¢ouT L.E)
M1 —-RDL.E. tMR 200 ns
ET.E. - M1 tRM 200 s |iCYp=500ns
10/M—TRD L.E. 1R 200 ns
RDT.E.~IO/M tRI 200 ns
S0UT LE-WRLE. | tow 20 125 ns
Address (PEg.15) ~ tAg 100 ns
¢ouT T.E.
Address (PEg.15) —~ tAD2 450 ns
Data Qutput
Data Output - WR tDW 600 + 500 x N ns
TE.
IWR T.E. > Data twD 160 ns
Stabilization Time
Address (PEg.15) = tAW 400 “ns
WR L.E.
[WHR T.E.— Address tWA 200 ns
Stabilization Time
[WR Low Level Width ww 600 +500 x N ns
[TO/M— WH LE. tw 500 ns
WR T.E.— O™ Wi 260 ns

AC CHARACTERISTICS



AC CHARACTERISTICS
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(CONT.)
SERIAL 1/O OPERATION

PARAMETER SYMBOL| MIN [ MAX | UNIT CONDITION

SCK Cycle Time tCYK 800 ns SCK Input
900 {4000 ns SCK Output
o . 350 ns SCK Input
SCK Low Level Width tKKL 200 s SCK Output
= . 350 ns SCK Input
SCK High Level Width tKKH 400 poy SCK Output
SI Set-Up Time (referenced from SCK T.E.) | tg)s 80 ns
S! Hold Time (referenced from SCK T.E.) tSIH 260 ns
SCK L.E. — SO Delay Time tKO 180 ns
SCE High - SCK L.E. tosK 100 ns
SCK T.E. - SCS Low tKes 100 ns
SCK T.E.— SAK Low tKSA 260 ns
HOLD OPERATION

PARAMETER SYMBOL| MIN |MAX | UNIT | CONDITION
HOLD Set-Up Time (referenced from tHDS, 200 ns
douT L.E) tHDS; | 200 ns
HOLD Hold T (referenced f
HoL old Time (referenced from BouUT tHDH o ns tCe =500 ns
gouT L.E.~ HLDA tDHA 110| 100 | ns
HLDA High - Bus Floating (High Z State) tHABF | —150| 150 ns
HLDA Low - Bus Enable tHABE 350 ns

Notes:

@ AC Signal waveform (unless otherwise specified)

2.0 > MEASURING <: 2.0
0.8 POINTS 0.8

@ Output Timing is measured with 1 TTL + 200 pF measuring points are Vo = 2.0V
VoL =0.8Vv

2.4

0.45

® L.E.= Leading Edge, T.E. = Trailing Edge
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tcyy DEPENDENT AC PARAMETERS

PARAMETER EQUATION MIN/MAX UNIT
tR¢ (1/5) T MIN ns
tAD, (3/2+N) T- 200 MAX ns
tra (T3) (1/2) T- 50 MIN ns
tra (Tg) (3/2) T- 50 MIN ns
tRD (1+N)T- 150 MAX ns
RR (2+N) T- 150 MIN ns
tRWT (3/2) T- 300 MAX ns
tAWT1 (2) T- 350 MAX ns
tMR (1/2) T- 50 MIN ns
tRM (1/2) T- 50 MIN ns
R (1/2) T- 50 MIN ns
tRI (1/2) T- 50 MIN ns
tsw (1/4) T MAX ns
tAd (1/8) T MIN ns
tAD, T-50 MIN ns
tpw (3/2+N) T- 150 MIN ns
twp (1/2) T- 100 MIN ns
tAw T-100 MIN ns
twa (1/2) T- 50 MIN ns
tww (3/2+N) T- 150 MIN ns
tiw T MIN ns
twi (17271 MIN ns
tHABE (1/2) T- 150 MAX ns

Notes: @ N = Number of Wait States

@ T=tcve

@ Only above parameters are tcy » dependent

(@ When a crystal frequency other than 4 MHz is used (tcy, = 500 ns)
the above equations can be used to calculate AC parameter
values.

CLOCK TIMING
teyx
s XX L. IXXH
X1
5 ., -

AC CHARACTERISTICS
(CONT.)

TIMING WAVEFORMS
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TIMING WAVEFORMS tcve
(CONT.)
fet———— tpPL tooH
P0uUT
13 e ¢
READ OPERATION
i_ n 2 I Taarr —}_ T - s ———l
our \ / \ I \ J \. ]
TRCK
PEQ 15
RA
Oo~7 {_ READ DATA
RO —— P~ 'ROH
L
RA
WA
TRWT
TWTS| twWTh
TAWTI
™M  ——
[ MR ]
[Clod  ea———
o R ] | 1Rt ]
*ACTIVE ONLY WHEN 10/ IS ENABLED
WRITE OPERATION
- - o]
oot / \ /) f _
oo tgw o
PEo 15
— ba—tag
Do-7
WR y—
b ¥
wrs ~——! WTH
Y p—, N

*ACTIVE ONLY WHEN 10/M 1S ENABLED
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TIMING WAVEFORMS

(CONT.)
SERIAL 1/0 OPERATION

cYK

et K L | oottt K K H ——
SCK — !——J | I

sl

i la—tKO ~~| j-—1KO
SO “
t1CSK —] I—— — tkes
tKSA —mi
SAK
HOLD OPERATION
et J \ \ | \ I _
.an'- ] [
HOLD J \
P

BUS ADDRESS CONTROL

2l

e tnare -

Package Outlines
For information, see Package Outline Section 7.

Plastic Quil, .PD7801G/02G
Plastic Shrinkdip, .PD7801CW nPD7802CW
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N EC wPD78C06/.PD78C05
CMOS HIGH-END 8-BIT
SINGLE-CHIP MICROCOMPUTER

Description Pin Configuration
The NEC nPD78C06/nPD78C05 are advanced CMOS
8-bit general purpose single-chip microcomputers intended

wonkE RoIONC 2

for applications requiring 8-bit microprocessor control and I TR R T
extremely low power consumption, and ideally suited for
portable, battery-powered/backedup products. Subsets of
the wPD7801, the .PD78C06/05 integrate an 8-bit ALU, 382888388288 )
4K-ROM, 128-byte RAM, 46 I/O lines, an 8-bit timer, and a o:ca — f f.l:?;
serial /0 port on a single die. Fully compatible with the DBy —— 3 O 4s——1PEg
8080A bus structure, expanded system operation can OBy —— 5 ::é’,’::
easily be implemented using industry standard peripheral Ny —— ¢ ss——PE3
and memory components. Total memory space can be NTo—— 7 .5:::::,
increased to 64K-bytes. L — —re
The wPD78C06/05 lend themselves well to low power, b ——10 42——PBy
portable applications by featuring two power down modes ros —. wuPD78C06 I ——l%
to further conserve power when the processor is not active. PCy ———13 39———1PB4
The wPD78CO06 is packaged in a 64-pin flat pack. The PCy ——14 38——1P8y
wPD78CO05 is a ROM-less version packaged in a 64-pin :g; t:::f; :::,r‘
QUIL, designed for prototype development and small REL —17 3sp——PBy
volume production. _To=——ps o ——
Features SoK ¢ wennrnzNyBges’ — Phe
[J CMOS silicon gate technology +5V supply L “ U H H “ ““ U H U ” Ll
[J Complete single-chip microcomputer u

-StALY M IR S TR R 2 £

— 4K- = Y

—128-Byte RAM =
O Low power consumption
0 461/Olines
[J Expansion capabilities ABs o 1 N\ 6l Voo

— 8080A bus-compatible boure=g 2 SE— A"

— 60K-byte external memory address range DB,— 4 61 == AB,,
O Serial /O port i ] =)
O 101 instruction set B, o 7 585 AB,

—Multiple address modes oo & SET AR
0 Power-down modes DBy=— 10 55 = AB,

— Halt mode i a— R pod

— Stop mode INT, 13 52 |2 :g;
[ 8-bit timer = HE A
[ Prioritized interrupt structure W—_R'== 1'2 PD78C05 28 = :33

— 2 external p?:'::__—'_: 13 - o = SS;

-1 interna| PC, =19 46k -PBg
O On-chip clock generator Egi =k prf 4
[0 64-pin flat pack e BE=TE
[0 ROM-less version available (78C05) REL ——] 24 41 = pB,
Pil: |(::ntification _ %’ Z g; 3‘3’ : E%;

ymi lame 4 s
ey R

7™ 2
WAIT Wait Request X1 g3 “E  PA
INT,, INT, Interrupt Request Vss 32 33 Pho
X2 X4 Crystal
SCK Senal Clock Input/Output
Si Senal Input
SO Senial Output
RESET Reset
RD Read Strobe
WR Write Strobe
dour Clock Output
REVA

4-35 -
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Block Diagram

-
3
Port E

X2 O——rq
osc
p o —
16
Standby Latch
PC
SP
INTQ O———] A
Interrupt
Control B c
INT1O D E
H L
Buffer

To Timer

W Y

MS:,::W Program
(128-Byte) Memory
(4K-byte)

78C06

Buffer Buffer

SIO Senal Reg
SCK Senal

CloJe,

E
oo
Internal Data Bus 't
g [
Inst. Reg. J
8
Instruction
Decoder

3
a o D
(2]
=
Qo
-3 ©
®
o

PE15.0/AB15.0

Read/Write Timing A
] l Port B | I Port A 1 l Control Control System Control
U O
PCs.9 PB7g PA7q RD WR Wait Reset $Out vee vss
Table 1. Halt and Stop Modes
Function Halt Mode Stop Mode Function Halt Mode Stop Mode
Oscillator Run On-chip RAM Hold
of
Internal System Clock ztop Stop Output Latch in Ports A, B, E
Timer un —
gl Counter (PC) Cleared
Timer Register Hold Set Stack Pointer (SP)
Upcounter, Prescaler 0, 1 Run Cleared General Unknown
Serial Interface Run @ (A,B,C,D,E,F,L)
Serial Clock Hold Hold
In::u :’;nw e R:“ siop Program Status Word (PSW) Hold Reset
P! Mode B Register
Interrupt Enable Flag Hold Reset Hold
INT,, INT; Input Inactive Standby Control Register (SCy~SC5)
INT; Active — y Control Register (SC,) Set
T (INTFS) — Timer Mode Register (TMM;—-TMM,) Hold
Mask Register ; Set Timer Mode Register (TMM,) Set
Pending Intorrapts (NTFX) Hold Recet Serial Mode Register (SM) Hold
RELInoat \nactvo Data Bus (DB,-DB-) High-Z High-Z
pu Active RD, WR Output High High
RESET Input Active

Note: @ Senal clock counter is running and Tg Is generated, however, there are no effects

from it



Functional Description

Memory map

The wPD78C06 can directly address up to 64K bytes of
memory. Except for the on-chip ROM (0—4,095) and RAM
65,408—65,535), any memory location can be used as

wPD78C06/78C05

either ROM or RAM. The following memory map defines
the 0—64K-byte memory space for the .PD78C06 showing
that the Reset Start Address, Interrupt Start Address, Call
Tables, etc., are located in the internal ROM area.

0

Internal ROM
4,096 x 8

4,095
4,096

External
Memory
61,312 x 8

65,279;
65,280

| Working
Regsster

65,407’
65,408

Internal RAM
128 x 8

65,535 -

1/0 Ports
Port Functions
Port A 8-bit output port with latch
Port B 8-bit programmable Input/Output port with latch
Port C 6-bit nibble I/0 or Control port
Port E 16-bit Address/Output port

Port A. Port A is an 8-bit latched output port. Data can be
readily transferred between the accumulator and the output
latch buffers. The contents of the output latches can be
modified using arithmetic and logic instructions. Data
remains latched at Port A unless acted on by another Port A
instruction or a RESET 1s issued.

Port B. Port B is an 8-bit I/O port. Data is latched at Port B
in both the Input or Output mode. Each bit of Port B can be
independently set to either Input or Output modes. The
Mode B register programs the individual lines of Port B to
be either an Input (Mode B,, =) or an Output (Mode B,,_,)
Port C. Port C is a 6-bit /O port with internal pull-up
resistors.

0 Reset/Stop Release
4 INT,
8 INT,
16! INT,
r 128 Low Address
129 High Address
130 Low Address
131 High Address
Call Table—|
254 Low Address
255 High Address
" 4
r User’s Area T

Port E (78C06). Port E is a 16-bit address bus/output port.
It can be set to one of two operating modes using the PER
or PEX instruction.

[J 16-bit address bus — the PER instruction sets this
mode for use with external I/O or memory expansion
(up to 60K bytes, externally).

[J 16-bit output port — the PEX instruction sets Port E to
a 16-bit output port. The contents of B and C registers
appear on PEg—PE, 5 and PE,—PE,, respectively.

Address bus AB,;—AB, (78C05)

These lines are the 16 bit-to-bit address bus to the main

memory. The 78C05, having no internal ROM, must

address the area from 0 to 4096 as external ROM.

The 78C05 AB lines are unlike the 78C06 PE lines in that

they have no internal latches. When the Port E output

instruction PEX is executed in a 78CO05, the register pair

BC is output to the AB lines for only one clock cycle during

the third machine cycle. This is provided to allow external

hardware to emuiate the Port E operation of the 78C06.

4-37
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Functional Description (Cont.)

G e PEX Instruction — = = = == = — == — === — = — = ————————_ >
el e R |==== | ==== | === R el el IR -
| TI T2 YJ T4 | TI Tz TJ T? 1’3
M, _[ ------------- —
-3¢ ist Byte Fetch X 2nd Byte Fetch X BC__ X
Timer Block Diagram
| T™M, |
INSTRUCTION.
CNTCY
Prescaler 0 Prescaler 1 Upcounter
@) 3) 8)
= [ TMM,, TMM, |
Comparator
) To
System Clock = Oscillation Frequency x 1/4 '
Timer Rec
8) INT,
X Internal Bus (8) —q

Timer operation

A programmable 8-bit timer is provided on-chip for
measuring time intervals, generating pulses, and general
time-related control functions. It is capable of measuring
time intervals from 8p.s to 32ms in duration. The timer con-
sists of a prescaler which decrements an 8-bit counter at a
fixed 8.s or 128us rate. Count pulses are loaded into the
8-bit upcounter through the timer register.

Countup operation is initiated upon execution of the STM
instruction when the contents of the upcounter are fully

Serial Port Block Diagram

incremented and a coincidence occurs, an interval interrupt
(INT+) is generated. Count operation may be reinitialized
with the STM instruction. The duration of the timeout may
be altered by loading new contents into the timer register.
The timer flip-flop is set by the STM instruction and reset
on a countup operation. Its output (T,) is available exter-
nally and may be used for general external
synchronization.

Timer interrupt (INT;) may be disabled through

the interrupt.

SO

( internal Bus ?
Jof |o
Slo+—— Serial Register (S/P Conversion)
LSB | ! L | | _MSB
d!
~N
Octal Counter Tg (INTS)

nternal SCK

sho

Start SO
Q

T8




Functional Description (Cont.)
Serial port operation

The on-chip serial port provides basic synchronous serial
communication functions allowing the NEC nPD78C06/05
to serially interface with external devices.

Serial transfers are synchronized with either the internal
clock or an external clock input (SCK). The transfer rate is
fixed at 0.5 Mbit/second if the internal clock is used or is
variable between DC and 0.5 Mbit/second when an exter-
nal clock is used. The Clock Source Select is determined
by the Mode C register. The serial clock (internal or exter-
nal SCK) is enabled when the Serial Chip Select signal
(SCS) goes low. At this time receive and transmit opera-
tions through the Serial Input port (S1)/Serial Output port
(SO) are enabled. Receive and transmit operations are
performed MSB first.

Interrupt structure

The wPD78C06/05 provide a maskable interrupt

structure capable of handling vectored prioritized
interrupts. Interrupts can be generated from six different
sources: two external interrupts, two internal interrupts,
and nonmaskable software interrupt. When activated, each
interrupt branches to a designated memory vch
interrupt branches to a designated memory vector location
for that interrupt.

Interrupt Structure

Vectored Memory
INT Location Priority Type
INT 8 3 terna, Timer
INT, 4 2 level

External, Rising edge

INT; 16 4 sensitive
RESET (Reset)

An active-low signal on this input for more than 4u.s forces

the w.PD780C06/05 into a Reset condition. RESET affects

the following internal functions:

[ The Interrupt Enable flags are reset, and interrupts
are inhibited.

[ The Interrupt Request flag is reset.

[J The Halt flip-flop is reset, and the Halt state is released.

[J The contents of the Mode B register are set to FF,, and
Port B becomes an input port.

O All flags are reset to 0.

[ The internal Count register for timer operation is set to
FF, and the timer F/F is reset.

[ The contents of the program counter are set to 0000,,.

[ Data bus (DB,—DB;), RD, and WR go to a high imped-
ance state.

Once the RESET input goes high, the program is started at

location 0000,,.

Registers

The wPD78C06/05 contain seven 8-bit registers and two
16-bit registers.

wPD78C06/78C05

0 15

PC

SP

B c Main
D E
H L

General purpose registers. The general purpose regis-
ters A, B, C, D, E, H, L, can function as auxiliary registers to
the accumulator or in pairs as data pointers (BC, DE, HL).
Automatic increment and decrement addressing mode
capabilities extend the uses for the DE and HL regis-

ter pairs.

Accumulator (A)

All data transfers between the n.PD78C06/05 and external
memory or I/O are done through the accumulator.

Program counter (PC)

The PC is a 16-bit register containing the address of the
next instruction to be fetched. Under normal program flow,
the PC is automatically incremented. However, in the case
of a branch instruction, the PC contents are from another
register or an instruction’s immediate data. A reset sets the
PC to 0000,,.

Stack pointer (SP)

The stack pointer is a 16-bit register used to maintain the
top of the stack area (last-in/first-out). The contents of the
SP are decremented during a Call or Push instruction or if
an interrupt occurs. The SP is incremented during a Return
or POP instruction.

Address Modes

Register addressing Working-register

Register indirect addressing
addressing Direct addressing

Automatic increment Immediate addressing
addressing Immediate extended

Automatic decrement addressing
addressing

Register addressing

| Opcode }

The instruction opcode specifies a register r which contains
the operand.

r

E Operand

Register indirect addressing

p Memory
Opcode i7 —l__—l—lAddressl Operand

The instruction opcode specifies a register pair which con-
tains the memory address of the operand. Mnemonics with
an X suffix are ending this address mode.
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Address Modes (Cont.) Instruction Set Definitions
Automatic increment addresslng Operand Description
Memory
r A,B,C,D,E,H,L
| Opcode } I Address l I II Operand l n B,C,D,E H,L
r2 A B,C
sr PA, P(B:, PC, MK, MB, TM,, TM;, S,
The opcode specifies a register pair which contains the po A ’PB PC. MK S TN TM.. SC
memory address of the operand. The contents of the regis- o2 PAPBPONK
ter pair are automatically incremented to point to a new ™ sp’ B [’, H’
operand. This mode provides automatic sequential step- P B ’D H *
ping when working with a table of operands. pa B.D.H D+ H+ D A=
Automatic decrement addressing wa 8-bit immediate data
Memory word 16-bit immediate data
Opcode [Agdress 1 P " byte 8-bit immediate data
E Sttt @ bit 3-bit immediate data
if FO, 1, FT,FS
F cy,z
Working-register addressing Notes: 1. When special reglster operands sr, sr1, sr2 are used, PA =

PC Opcode

Memory

PC + 1| Displacement

The contents of the register are linked with the byte follow-
ing the opcode to form a memory address which contains
the operand. The V register is used to indicate the mem-
ory page. This address mode is useful as a short-offset
address mode when working with operands in a common

Port A, PB = Port B, PC = PortC, MK = Mask register,
MB = Mode B regi ster MC = Mode C Register, TMy =

Timer register 0, TMy = Timer register 1, S = Serial register.
2. When register palr operands rp, rp1 are used, SP = Stack
Pointer, B = BC,D = DE,H = HL.

3. Operands rPa, rPa1 wa are used In indirect addressing and
au‘o-increment/auto-decrement addressing modes.
(BC) D = (DE),H = (HL
= (DE)*,H+ = (HL)*,D~ = (DE)~,H~ = (HL)~.
4. When the interrupt operand |f IS used, FO = INTFO, F1 =
INTF1, FT = INTFT, FS = INT|
5. When the operand F is used, CY Carry and Z = Zero.
6. The V register 1s always FFHex.

Instruction Set

No. Clock Skip

Flags

oty . . Mnemonic Operand Bytes Cycles Operation Condition CY 2
memory page where only one additional byte is required Py rer——
for the address. Mnemonics with a W suffix indicate
. . . MOV A 1 6 ri<A
this address mode. In the 78C06/05 the V register is MOV Al 1 s Acn
always FFH. MoV s A 2 14 sr<A
. . MoV A, sr1 2 14 A<srl
Direct addressing MOV rword % 25 r—(word)
o opcod Memory Mov word, r 4 25 (word)<r
pcode
Low Operand MV r, byte 2 11 r<byte
PC + 1| Low Address STAW wa 2 14 (V,wa) <A
TByte High Operand| LDAW  wa 2 14 A<(V,wa)
PC + 2| High Address ZBytes STAX e 1 39 (pa)—A
The two bytes following the opcode specify an address of a LDAX  rpa 12 A-(wa)
location containing the operand. 16-bit Data Transfer
SBCD word 4 28 (word) —C,(word + 1) B
Immediate addressing Opcode SDED  word 4 28 (word) —E, (word + 1) <D
PC SHLD word 4 28 (word) <L, (word + 1) <H
PC + 1 Operand SSPD  word 4+ = {:z::): SE’sm‘
Immediate extended addressing Oncod LBCD _ word 4 28 Ce(word)B(word +1)
P C pcode LDED word 4 28 E < (word), D —(word + 1)
PC 1 Low Operand LHLD word 4 28 L < (word), H —(word + 1)
+ 1 SP, < (word]
PC +2 High Operand} LsPD word 4 28 SP;-—(:grdt 1)
PUSH i1 2 m G
p1, —(SP)
POP p1 2 18 rply<—(SP + 1),
SP—SP +2
LXi rp, word 3 16 rp —word




Instruction Set (Cont.)

wPD78C06/78C05

Instruction Set (Cont.)

No. Clock skip _f1ags No. Clock skip _F1ags
Mnemonic Operand Bytes Cycles Operation Condition CY Z Mnemonic Operand Bytes Cycles Operation Condition CY Z
Arithmetic Increment/Decrement
ADD Ar 2 12 A—A+r 1 1 INR 2 1 4 r2er2+1 Carry !
ADDX rpa 2 15 A<—A+(rpa) 11 INRW wa 2 13 (V,wa) —(V,wa) + 1 Carry 1
ADC A 2 12 A—A+r+CY [ DCR 2 1 4 r2—r2-1, Borrow 1
ADCX  rpa 2 15 A<A+(rpa) + CY 11 DCRW  wa 2 13 (V,wa) —(V,wa) — 1 Borrow 1
SuB Ar 2 12 A<A-r 11 INX ) 1 7 merp+i
SuBX rpa 2 15 A<A-(rpa) 1! DCX m 1 7 rmperp-1
SBB Ar 2 12 A<A-r-cCY ! 1 Miscellaneous
SBBX  rpa 2 15 A—A - (rpa) - CY 1 AR ) '+ Decimal Adjust L
ADDNC A, r 2 12 A—A+r NoCary | 1 A
ADDNCX rpa 2 15 A<—A+ (rpa) NoCarry 1 1 STC 2 8 CYe—1 1
SUBNB A, r 2 12 A—A-r No Borrow | 1 cLC 2 8 CY—0 0
SUBNBX rpa 2 15 A <A+ (rpa) No Borrow 1 1 Rotate and Shift
Logical RLD 2 17  Rotate Left Digit
ANA Ar 2 812 A—AAr P RRD 2 17 Rotate Right Digit
ANAX  rpa 2 11/15 A—A\(rpa) 1 RAL 2 g Am+1—AmA;—CY, N
ORA  Ar 2 12 AcAVr 1 CY—4
ORAX  rpa 2 15 A—AV(pa) 1 RAR 2 8 é’;‘; ;\: Am, A; —CY, 1
XRA Ar 2 12 A—AVr P - N a Am+1—Am A CY, .
XRAX  rpa 2 15 A <—A¥(rpa) 1 CY A,
GTA Ar 2 12 A-r-1 No Borrow § | Jump
GTAX _ rpa 2 15 A-(pa)-1 NoBorrow 1 1 JMP word 3 10 PC<word
LTA Ar 2 12 A-r Borrow 1t JB 1 4 PC,<—B,PC_—C
LTAX _ rpa 2 15 A -(rpa) Borrow LI JR word 1 13 PC<PC + 1 + disp1
ONA__ Ar 2 12 AAr No Zero ! JRE word 2 13 PC<—PC +2 + jdisp
ONAX  rpa 2 15  AA(rpa) No Zero B catl
OFFA  Ar 2 12 AAr Zero B pryT—r—.
OFFAX _ rpa 2 15 AA(rpa) Zero 1 CALL  word 3 16 (SP - 2)—(PC - 3),,
NEA Ar 2 12 A-r No Zero Tt PC — word
NEAX 2 15 A- No Zero (SP — 1) —(PC — 2)y,,
EQA I., 2 12 A= tm.) Zero ; i CALF  word 2 1s SPoACEC-2
15~ F 11 < ’
EQAX  rpa 2 15 A-(pa) Zero i PCyp-PCy fa
Data (A (SP = 1) —(PC - 1)y,
XRI A, byte 2 711 A—AVbyte 1 CALT  word 1 19 S};’L ;2 ; (f cm;; o
ADINC A, byte 2 7111 A <A + byte No Carry [ PCy (129 + 2ta)
SUINB A, byte 2 7111 A<—A — byte No Borrow | | Return
ADI A, byte 2 711 A<A+byte [ RET B 1" :cL «—(SP),PCy —(SP + 1)
ACI A, byte 2 7111 A<A+byte+CY N PSP -2
PC,_ — (SP), PCyy —
S b 1 1 A—A-bpeTor = ARG 20T 0t
PC_ < (SP), PCy < (SP + 1)
ANI A, byte 2 711 A<AAbyte ) RETI 1 15 PSW < (SP +2),
ORI A, byte 2 7111 A<—AVbyte t SP <SP + 3,SIRQ—0
GTI A, byte 2 711 A-byte-1 No Borrow | | Skip
m A, byte 2 7/11 A - byte Borrow 1 1 SKNC 2 8  Skip if No Carry cY=0
ONI A, byte 2 711 AAbyte No Zero ¢ SKNZ 2 8  Skip if No Zero z=0
OFFI A, byte 2 7/11 AAbyte Zero ! Skip 1f No INT X
NEI A, byte 2 711 A-byte No Zero I SKNT ! 2 8 othervise reset INTX =0
EQl A, byte 2 7/11 A - byte Zero A CPU Control
Data (Speci ) NOP 1 4 No Operation
ANI sr2, byte 3 17 sr2—sr2Abyte P El 2 8 _ Enable Interrupt
ORI sr2,byte 3 17 sr2—sr2Vbyte 1 Di 2 8 _ Disable Interrupt
OFFI s2,byte 3 14 sr2 A byte Zero B Serial Port Control
ONI sr2, byte 3 14 sr2 A byte No Zero ! SIo 1 4  Start(Trigger) Senal /O
Working Register STM 1 4  Start Timer
ANIW  wa,byte 3 16 (V,wa) < (V, wa) A byte P Port E Control
ORIW  wa, byte 3 16 (V, wa) < (V, wa) V byte B PEX 2 11 PEy;s_g<B,PE; o< C
GTIW  wa, byte 3 13 (V,wa) - byte — 1 No Borrow | 1§ PER 2 11 Port E AB Mode
LW wa, byte 3 13 (V,wa) — byte Borrow e
ONIW  wa, byte 3 13 (V, wa) A byte No Zero B
OFFIW  wa, byte 3 13 (V, wa) A byte Zero 7
NEIW  wa, byte 3 13 (V, wa) — byte No Zero e
EQIW  wa, byte 3 13 (V, wa) — byte Zero T
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Program Status Word (PSW) Operation
Operation D6 D5 D4 D3 D2 DO

DC Characteristics
T, = -10°Cto +70°C; V¢c = 5V = 10%

Reg. Memory Immediate Skip Z SK HC L1 L0 CY Limits
ADD ADDX ADI Parameter Symbol  Min Typ Max  Unit Test Conditions
ADC ADCX ACI 1 0 1 0 0 1
suB SUBX  SUI Iy -8 -90 WA Vi = OV (WAIT, PC,-PCg)
SBB SBBX SBI Input Low Current
lia 40 pA Vi = OV (X,)
ANA ANAX ANI ANIW -
ORA ORAX ORI ORIW 1 0 ° 0 0 ° Input High Leakage Iy 3 pA V=V
XRA XRAX XRI Current (Except REL, X,)
ADDNC ADDNCX ADINC ) -3 HA Vi = OV Except WAIT,
SUBNB SUBNBX SUINB ' o o Input Low Leakage PCy—-PCs, X,
GTA GTAX G GTIW L ! Current Tz ~3 WA V= OV
LTA LTAX L LTiw (Stop Mode, X,)
ONAX ONl  ONIW t 1 e 0 o0 e Output High lon 3 pA  Vour = Vee
OFFAX OFFI OFFIW Leakage Current
NEA NEAX  NEI  NEW T 1 1 0 o0 ¢ Output Low [ -3 BA  Vour = OV
EQA EQAX EQI EQIW Leakage Current
INR INRW [} 3.5 6.0 mA  Operation Mode
DCR  DCRW ot 00 e <<
lecz 08 18 mA Halt Mode
DAA 1 0 1 0 0 1 Ve Supply Current
Icca 1 15 pA  Stop Mode (X; = 0V,
RLL, RLR e 0 e 0 o0 X, = Open)
RLD - RRD ] 0 L] 0 0 .
STC e 0 e 0 o0 1 Low Power Data Memory Retention
cLc e 0 e 0 o0 o0 Characteristics for Stop Mode Operation
= 0 o
MVI A, byte e 0 e 1 0 e Ta = —10°C to +70°C
MVIL, byte . 0 . 0 1 . —_ﬂ_
LXI H, word Parameter Symbo!  Min Typ Max Unit Test Conditions
SKNC Data Retention
SKNZ e [ e 0 0 e Voltage Vecor 20 v
SKNIT Data Retention . 08 15 A Vecor = 20V, (X, = 0V,
RETS o 1 d 0 0 * Supply Current CCOR - PR X, = Open)
Al other instructions L] ] . 0 0 L] Data Retention Input v o 0.2V, v
Notes: [ Flag affected according to result of operation Low RES Voltage ILOR "~"ccoR
1 Flag set Data Retention Input
0 Flag reset High RESET Vol(:ge Vinon  0-8Vecon Vecor Vv
® Flag not affected
REL Input Delay 1 500 s
Time o a
Absolute Maximum Ratings* REL InputHighTime tge, 10 s

(T. = 25°C)

—0.3Vto +7.0V
—0.3Vto Ve +0.3V
—0.3Vto Ve +0.3V

Supply Voltage, Vcc
Input Voitage, V,
Output Voltage, Vo

Notes: In data retention mode, Input voltages to WAIT and PCy—PCs pins (with puli-up resistors)
should be maintained same as Vcppg level, other input voltages should be kept less than
Vceon level

Vee
Veeor

—| t
Output High Current, o4 (Device Total) -5mA °
Output Low Current, lo, (Device Total) 43.5mA REL & .
Operating Temperature, Topr —10°C to +70°C R
—a0° o L.
Storage Temperature, Tstg 40°C to +125°C DC Characteristics
*COMMENT: Exposing the device to stresses above Read/Write Operation
those listed in Absolute Maximum Ratings could cause Limits
permanent damage. The device is not meant to be Parameter  Symbol Min _ Typ _Max__ Unit__Test Conditions
operated under conditions outside the limits described RDLEtO dourLE  ty 300 ns
in the operational sections of this specification. Expo- Address (PEy-PE,s) S e
sure to absolute maximum rating conditions for to Data Input o xN
extended periods may affect device reliability. RDTEto Address  ta %%% (‘173:) ns
- - 700
DC Characteristics RDLEtoDatalnput  tap +1000 s
10 . —_ X
T. = -10°Cto +70°C; Vee = 5V = 10% ADTE to Data Hld .
Limits Time ‘RDH ns
Parameter Symbol Min Typ Max  Unit Test Conditions RD Low Time ton :Zggo ns
Vi 0.7V Vee V  Except DBy-DB,, X, x N
Input High Voltage  V, Vee — 2.0 Vee V  DBy-DB, RD LE to WAIT LE tawr 700 ns
Vs Vec =05 Vee vV X% Address (PE,-PE;) 12
Via 0 03Vee V  ExceptDBy—DBy, X to WAITLE tawrs 00 e
Input Low Voitage  Vy» 0 0.8 \‘: 350- DB, :)Vi::’ Ezt-up Time to twrs 600 ns
‘\;M 24 05 v 1 y WAIT Hold Time after , o ns
Output High Voltage ~25! - on = 7w dour LE -
putHigh Toltage Vowz  Vec — 05 V__low= -500A M, toRDLE ® tun 200 ns  fove = 100008
Output Low Voltage Vo 0.45 V g = 1.8mA RDTEtoM, ® [ 300 ns
Input High Current It 8 90 BA Vi = Ve (REL) dour LEto WRLE tow 250 ns
40 BA  Vin = Vec (Xq) Address (PEy-PE;s) 150 n
to dour TE A s
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DC Characteristics (Cont.) Capacitance
Read/Write Operation Ta = 25°C; Voc = GND = OV
Limits Limits
Parameter Symbol  Min Typ Max Unit Test Conditions Parameter Symbol  Min Typ Max Unit Test Conditions
Address (PE,~PEys) 850 ns Input C < 15 PF o= 1MHz
to Data Output o Output Capacitance  Cq 15 pF ins
1200 /0 C 15 F returned to OV
Data Output to WR TE. toy +1000 ns vo Cuo P
x N
WR TE to Data Stable ol
Time two 300 ns AC Characteristics
Address (PEq-PEq;) 800 ns Ta = —10°Cto +70°C; Vee = +5V = 10%
toWRLE o Clock Timing
WR TE to Address
Stable Time twa 300 ns Limits
1200 Parameter Symbol Min Typ Max Unit Test Conditions
WR Low Time tww +:0£0 ns Xy Input Cycle Time  toyx 227 10000 ns B
WRLEtOWATLE  tywr 250  ns X InputLowTime  tex 106 ns
Notes: © Applies only to uPD78C05 Xy InputHighTime _ txxy 106 ns
N1s number of Tyt boyt Cycle Time teve 908 40000 ns
LE 1s leading edge, and TE is trailing edge oyt Low Time [ 300 ns
" oyt High Time toiH 300 ns
Serial Operation oyt Rise/Fall Time g, te 150 ns .
Limits
Parameter Symbol Min Typ Max Unit Test Conditions
SCK Cycle Time 1800 ns  SCKInput
4 tor 1818 80000 ns SCK Output
700 n: SCK Input
SCK Low Time tyxo S Py
759 ns  SCK Output
700 ns  SCKinput
SCK High Time 1
9 KKH 759 ns  SCK Output
g;:?(e!'::p Time to tes 200 ns
g:: l-'l(o.:_dE Time after tom 500 e
.IS’:’:“I(GLE to SO Delay to 550 ns
Notes: Input timings are measured at V},y min and V,_max
Output timings are measured at Vo = 2 4V and Vg, = 0 45V with 1-TTL + 200pF
= load
LE 1s leading edge, TE Is trailing edge
Write Operation [ T, T, Twarr = Ts |
I N N/ \ / \ /
— tw e
PE,~PE;s >(L X
—| th, je— fe—twa—i
DB,-DB, S
[—— tao2 tow two
WR /
' !
WAIT \
> Twwr* == Twrn L
1 Twrs =
Serial Operation tovk
e S
SCK /—————\—/———
t, tom
sl >
—>|teole— —>| fe—teo
SS— e (I
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Timing Waveforms (Cont.)

Read Operation

I“- T i T2 —i Twarr i‘ Ts 1 Ts —-'I

bour w
— ‘“dv | -—

PEn‘PEw:) Address k

D

DB,-DB, L Read Data
tro —»| fe——taon
D ————\ —
' !
WAIT
r—'nw1—. — <—twrh
taws twrs fe—

mie
trfe— — trm

Note: ®Applies only to .PD78C05

Clock Timing

X—

<b°m____\

Package Outlines
For information, see Package Outline Section 7.

Plastic Miniflat, .PD78C06G
Plastic Quil, .PD78C05G

78C06/05DS-Rev 1-7-83-CAT-L



NEC

o

wPD7809/,.PD7807/,.PD78P09
HIGH END SINGLE CHIP 8-BIT
MICROCOMPUTER WITH
COMPARATOR, 8K ROM

Description Pin Configuration
The nPD7809/7807/78P09 single chip microcomputer
augments the high-end in NEC's family of 8-bit microcom- ) : - “E e
puters with sophisticated on-chip peripheral functionality. PA, o 3 62>  PD,
Like its nearest relative in the family, the uPD7811, this :2: o & Y= :g;‘
device has a fast internal 16-bit ALU and data paths, 256 s =1 2 ]
bytes of RAM, multifunction 16-bit timer/event counter, two PA, =] 8 57 == PD,
8-bit timers, a USART, and two zero-cross detect inputs. b =10 pod SR
Features that distinguish this device in the NEC 8-bit family 2 B HE e
are: 8K ROM, programmable threshold comparator (8 ggf g1 52 B ;EZ
inputs), programmable WAIT function, watchdog timer, hold pB, o 15 uPD NG er
and hold acknowledge for DMA interface, and bit test/write PB, =18 7809/ P it
instructions for both RAM and 1/0. PEEHE e IET
The wPD7809 is the mask-ROM version with the cus- ggf = 45 == WR
tomer’s program on chip. The w.PD7807 is the ROM-less PC = 22 43 == HLDA
version for prototyping and small volume applications. The P % P
wPD78P09 is an EPROM version of the 8K ROM N 0B P,
wPD7809. MobE =27 s PT,
s =8 gE=
);2 — %(1) 35— prf
1 [~
Features - 3 Voo = 32 = we
[0 NMOS silicon gate technology requiring + 5v supply
[J Complete single chip microcomputer
— ;?(%BA&U Pin Identification
—_— Pin -
256 bytes RAM No. Symbol Function
[J Large 1/O capability 1-8 PA,-PA; Port A: (Three-state inputioutput) 8-bit
—_ 40 |/O port "neS (MPD7809) programmable /O port. Each line independently
. ro bl t tput. Reset pl 1]
— 281/0 port lines (WPD7807) fines of Port A m nput mode. |
—8 input lines 9-16 PB,-PB; Port B: (Three-state input/output) 8-bit
O Two Zero-cross dg@ect inputs ::ZZ::ﬁ::El: Ialgap: .'rt.}ﬁco': 2::;:? eF:):sne(:epr::zes all
[0 Expansion capability (total of 64K memory access) lines of Port B in input mode
—_ 3 17 PC, Port C: (Thi tate T t Data (TxD):
8085A bus COmpatlble ° |n‘:utlou(!purt:e8—in ¢ s?::;:lm out(p:l )
— 56K bytes external memory address range VO port _terminal
[ Programmable threshold comparator 18 PC, Sf:;',::,‘:.:';ﬂfe":;':ﬁ""y Recarve Data
— 8inputs, 10of 16 software selectable levels inputoroutput, et ot
or ma
O Fu "Sduplhex USARTd 19 PC; be used as control Imesy (Sset'::; C|s°Ck © elock
— Synchronous and asynchronous A e Soutout teranal.
[J 165 powerful instructions mode and allines i When inernal cock 1
— 16-bit arithmetic, multiply and divide input mode. oo
[J 1psinstruction cycle time external clock Is used,
O Prioritized interrupt structure —Deputcante selacter,
20 PC, Timer Input (Tl)/interrupt
— 3 external request 1nput (INT,):
—_— 8 internal "I'imer cllock inplut b
lerminal; can also be
[J Hold, hold acknowledge for DMA interface used as falling edge,
O Programmable WAIT function o A Pt
O Watchdog timer lzero-crolss detection
i lerminal.
S gtnan?‘by fUnCthI’\ 21 PC, Timer Output (TO): This
-chip clock generator output signal is a square
[J 64-pin QUIL package ey hacrcy 8
timer/counter.
22 PCs “Counter nput (CI):
External pulse input
terminal to the timer/
event counter o
23-24 PCq, PC, COunlev Outputs 0, 1

(COy—-COy). Program-
mable rectangular wave
output terminal based on
timer/event counter
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Pin Identification (Cont.)

No. Symbol Function

25 NMI Falling-edge, interrupt (NMI) input.

26 INT, This signal 1s a nising-edge, maskable interrupt input
This input 1s also used to make the zero-cross

detection AC input.

27 MODE1 Used as input in conjunction with MODEO to select
appropriate memory expansion mode. Also outputs

M1 Signal during each opcode fetch

28 RESET (Input, active low), RESET initializes the p.PD7811.

29 MODEO Used as input in conjunction with MODE1 to select
appropriate memory expansion mode. Also used to

ouput IO/M.

30-31 Xa, X4 This 1s a crystal connection terminal for system
(crystal) clock oscillation. When an external clock is supplied
X, is the input.

32 Vss Power supply ground potential.

33 Viy Vry threshold voltage input. Reference voltage for
vanable nput, Port T. Ti voltage to
each Port T input is software programmable to 16

levels.

34-41 PT,-PT; Eight variable threshold input ports. Ports To—-T;
inputs are each internally to p:

where the other input is the threshold voltage.

42 HOLD HOLD request input. When high, CPU 1s in aHOLD

state until HOLD goes low.

43 HLDA HOLD Acknowledge output by CPU when HOLD state

is accepted; goes low when HOLD 1s released.

44 RD (Three-state output, active low) RD 1s used as a
strobe to gate data from external devices onto the

data bus. RD goes high during Reset.

as WR (Three-state output, active low) WR, when active,
indicates that the data bus holds valid data. Used
as a strobe signal for external memory or /O write

operations. WR goes high during Reset.

46 ALE The strobe signal is for latching the address signal
to the output from PD,—PD, when accessing external

memory.

Address Bus: When
external expansion
memory is used,

47-54 PFo—PF; Port F: (Three-state
input/output) 8-bit
programmable I/O port.
Each line i
independently as an
input or output.

bus can be selected.

Port D: 8-bit Address Bus: When
programmable /O port. external expansion

This byte can be memory IS used,
designated as either multiplexed address/data
input or output. bus can be selected.

55-62 DBy-DB,

63 Vpp This is a backup power terminal for on-chip RAM.

64 Vee +5V power supply.

Notes: 1 clock cycle = 1CL = 3/f
1 machine cycle = 3 or 4 clock cycles
1 instruction cycle = 1 to 19 machine cycles
f System clock frequency (MHz)

Instruction Set

In addition to the basic 7800 family instruction set, the fol-

lowing instructions are incorporated in the uPD7809/7807/

78P09:

[ 16-bit data transfers between memory, registers, and
extended accumulator

[J 16-bit addition and subtraction

[0 16-bit comparison and skip

[J 16-bit and, or, ex-or operation

[0 16-bit data shift and rotation

O Multiply
8-bit by 8-bit, 16-bit product
Less than 8ps execution

[J Divide
16-bit by 8-bit, 16-bit quotient, 8-bit remainder
Less than 14u.s execution

[J Working register instructions for efficient RAM address-
ing, testing and manipulating

[J Direct bit addressing for code-efficient addressing,
testing and manipulating bits in RAM, port lines and
mode registers
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Block Diagram
X1
osc 8
R —
- e dH Pl
— 5 .
Latch < ABys—AB,
PC,/TXD © Inc/Dec
PC,/RXD O———] Senal /0 PC —
PC,/SCK oa—s] SP 12 —
EA -———JI:
v A 16 8
MAIN
B C on 8 e PD,-PD,
o D E S AD,-AD,
NI o———| H L Program
INTI INT EA’ Memory
Control v A (8K-Byte) —J
g < ALT Data
GR Memory —
D’ E' (256-BYTE)
R’ X (+PD7809)
Buffer o
H PC,-PC,
PCy/INT2TI <
Timer
PC,/TO 0e—ri 8
PC,/Cl o—— ” Internal Data Bus 8
PCe/COy 0+—— Timer/Event Counter @
PC,/CO; ot——rip ‘5 . s 5 PB,~PB,
a
Watchdog Inst Reg L
Timer C> Latch
Inst
Decoder
PT,—P <
7PTo Port T £ PA,—PA,
(Comparator) &
Viy Ol

Hold Read/Write System Standby
Control Control Controt Control
o o A
HOLD HLDA RD WA y\g"‘oo""‘oo@ {;,\/5 Voo Voo Vss
Note: The wPD7807 has no on chip ROM (8K bytes)
4-47
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Please refer to the section on wPD7811 for description of

the following functions which are the same as on this

device:

1. Memory expansion (except 56K bytes maximum for
wPD7809)

. Timer/event counter

USART

. Interrupt structure

. Standby function

Reset

. External memory access and timing

. Package information

Variable Threshold Input Port (Port T)

O 8 input lines

[ 16 levels — from V16 of reference voltage (V1)
to e Vo

[ Level selected by software write to Mode T register

[ Input at Port bit reads 0 until voltage at pin exceeds
selected level

[J Comparison execution time: 12us.

ONOOAWN

Block Diagram of Threshold
Variable Input Port

PT,0
" >

Mo—n

PT, 00—y
PTy o0—mrrrererorm———————
PT, 00—

Internal Bus

it

\V

Viu

MPX

Mode T
Register

Input/Output

[0 40 digital I/0 lines — Five 8-bit ports (Port A, Port B,
Port C, Port D, Port F)

[J Port operation for Ports A, B, C, and F:
Each line of these ports can be individually programmed
as an input or as an output.

[0 Port D can be programmed as a byte input or a byte
output.

O Control lines:
Under software control, each line of Port C can be con-
figured individually to provide control lines for serial
interface, timer and timer/counter.

Block Diagram of Threshoild
Variable Port

Format of MODE T Register

1-1 : [MT,‘M:';[';T,[MOT]
I 1 ]

_[_

[

Specification of 16 Threshold Levels

ojojojo Viy X %6

olofo| 1] Viuxve

ofof[1]0] Vrxzs

ofof1| 1] Vixwe
1

ojo Vry X %6

0f1[0]| 1] Vyyx%s
0f1|1]0f Vryx%e
0111 Vyyx%s
1{ofo0] 0| Vpxte
1]10]0| 1] Veux%e
110[1}0 Vin X %6
1{of1{1 Vo X e
1]1]0] 0] Veux'%e
{10l 1] Veux'%s
1110 Veux'e
1111 Vaxsae




Watchdog Timer

[0 Used for software safety check or overall performance
safety check. Watchdog, if enabled, must be cleared at

wPD7809/7807/78P09

regular intervals in program execution to avoid watchdog

interrupt. Intervals are software selectable.
Block Diagram for Watchdog Timer

Clear

Upcounter
@ INTWD

Interval
Control

[ Clear
T0
Prescaler
(5)

384

wDS S

Q
RESET R

Note: $384 = fy7a X 1384

Bit Address Instructions
The following bits may be addressed directly with certain
instructions:
[J Any bitin a 16-byte group in RAM
O Any bit in the five 8-bit I/0 ports (A, B, C, D, F)
O Any bit in the variable threshold port
O Any bitin the following special registers:
9-bit interrupt mask register, serial mode register, timer
mode register, timer/event counter output register
An addressed bit may be tested, set, cleared, or
complemented.
An addressed bit may be moved to or from the carry flag.
An addressed bit may be ANDed, ORed, X-ORed with the
carry flag.

Difference between the uPD7801, .PD7811,

»PD7807, and .PD7809
wPD7801 wPD7811 wPD7807 wPD7809
Number of Instructions 134 158 165 165
16-bit Operation Instruction No Yes Yes Yes
Multiply/Divide Instruction No Yes Yes Yes
Instruction Cycle 2us/4MHz  1ps/12MHz  1us/12MHz  1ps/12MHz
&:;:’&’r of General-purpose 16 18 18 18
On-chip ROM Capacity 4K Bytes 4K Bytes No 8K Bytes
On-chip RAM Capacity 128 Bytes 256 Bytes 256 Bytes 256 Bytes
mﬁ:‘gm&" External g, Bytes 60K Bytes 64K Bytes 56K Bytes
internal 2 8 8 8
Sotm:er 3 3 3 3
1/O Lines 48 40+4 28* 40
Threshold Variable Port No No 8 Bits 8 Bits
Timer 12 Bits 8Bitsx 2 8 Bitsx 2 8 Bits x 2
Timer/Counter — anter No 16 Bits 16 Bits 16 Bits
Timer No No Yes Yes
Asynchronous No Yes Yes Yes
Serial Interface Synchronous No Yes Yes Yes
1/0 Interface Yes Yes Yes Yes
A/D Converter No Yes No No
Standby Function No Yes Yes Yes
Hold Function Yes No Yes Yes
ay NMOS NMOS NMOS NMOS
Package 64-PinFlat  64-PINQUIP  64-Pin QUIP  64-Pin QUIP

* at4K-byte Access

Package Outlines
For information, see Package Outline Section 7.

Plastic Quil, .PD7807G/09G
Plastic Shrinkdip, .PD7809CW/07CW

7809/7807/78P09DS-7-83-CAT-L







NEC

Description
The NEC wPD7810/unPD7811 is a high-performance
single-chip microcomputer integrating sophisticated on-
chip peripheral functionality normally provided by external
components. The device’s internal 16-bit ALU and data
paths, combined with a powerful instruction set and
addressing, make the uPD7810/7811 appropriate in data
processing as well as control applications. The device
integrates a 16-bit ALU, 4K-ROM, 256-byte RAM with an
8-channel A/D converter, a multifunction 16-bit timer/event
counter, two 8-bit timers, a USART and two zero-cross
detect inputs on a single die, to direct the device into fast,
high-end processing applications involving analog signal
interface and processing.
The uPD7811 is the mask-ROM high volume production
device embedded with custom customer program. The
wPD7810 is a ROM-less version for prototyping and small
volume production. The uPD78PG11E is a piggy-back
EPROM version for design development.
Features
[J NMOS silicon gate technology requiring + 5V supply
[0 Complete single-chip microcomputer

— 16-bit ALU

— 4K-ROM

— 256-byte RAM
[J 441/0lines
[0 Two zero-cross detect inputs
[0 Two 8-bit timers
[J Multifunction 16-bit timer/event counter
[J Expansion capabilities

— 8085A bus compatible

— 60K-byte external memory address range
[0 8-channel, 8-bit A/D converter

— Auto scan

— Channel select
[ Full duplex USART

— Synchronous and asynchronous
[0 153 instruction set

— 16-bit arithmetic, muitiply and divide
(1 1ps instruction cycle time (12MHz operation)
[ Prioritized interrupt structure

— 2 external

— 4internal
O Standby function
[ On-chip clock generator
[0 64-quil package

wPD7810/.PD7811
HIGH-END SINGLE-CHIP
8-BIT MICROCOMPUTER
WITH A/D CONVERTER

Pin Configuration

PA, 1 A\ 6 v
PA, e—— 2 63 == v
PA, o3 62> DB,
PA; —— 61 == DB,
PA, o5 60F= DB,
PA, = & 59 == pB,
PR, A 7 58E3 DB,
PA; — 3 57 === DB,
PB, o9 56 £ DB,
PBy e=—— 10 55 === DB,
PB, =11 54 2 PF,
PB; —— 12 53 F===3 PF,
PB, 13 52F5  PF,
PBs c—— 14 51 == PF,
PBg 15 503 PF,
PB; === 16  .PD7810G 49 == pF,
PG 17 uPD7811G 48 PF,
PCi =18 47 == PF,
PC, 19 46 2 ALE
PCy e=—— 20 45 /= WR
PC; o2 4= RD
PCs c—— 22 43 =23 AV
PCs 23 4253 Vaper
PC; =24 41 =3 AN,
NMi 25 W0 ANg
INT1 c—— 26 39 == ANy
MODE1 27 33 AN,
RESET —— 28 37 == AN;
MODEO 29 36 AN,
X, =330 35 —= AN,
X 31 34 B> AN,
Vgg —— 32 33 =/ AVgg
Pin Identification
Pin
No. Symbol Function
1-8 PAg-PA; Port A: (Three-state input/output) 8-bit
programmable /O port. Each line independently
programmable as an input or output. Reset places all
lines of Port A in input mode
9-16 PB,-PB, Port B: (Three-state inputioutput) 8-bit
programmable /O port. Each line independently
programmable as an input or output. Reset places all
hines of Port B in input mode.
17 PCy Port C: (Three-state Transmit Data (TxD):
input/output) 8-bit Serial data output
p /O port.  t
18 PC, Each line independently Receive Data
programmable as an (RxD): Serial data input
input or output. terminal.
y, Port C may
19 PC, be used as control lines  Serial Clock
for USART and timer. (SCK): Serial clock
Reset puts Port C in Port  input/output terminal.
mode and all ines in When internal clock 1s
input mode. used, the output can
be selected; when an
external clock is used,
the input can be selected.

20 PC, Timer Input (Tl)/interrupt
request input (INT)):
Timer clock input
terminal; can also be
used as falling edge,
maskable-interrupt input
terminal and AC input
zero-cross detection
terminal.

21 PC, Timer Output (TO): This
output signal Is a square
wave whose frequency 1s
determined by the
timer/counter.

22 PCs Counter Input (Cl):
External pulse input
terminal to the timer/
event counter.

23-24 PCq, PC, Counter Outputs 0, 1

(COy-COy): Program-
mable rectangular wave
output terminal based on
timer/event counter.
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Pin Identification (Cont.)

Pin Pin
Functioi
No. Symbol Function No. Symbol un "
25 NMI ‘F'aillng-edge, nonmaskable interrupt (NMI) input. 4 RD (Three-state output, active low) RDIsusedasa
trobe to gate data from external devices onto the
26 INT, This signal is a rising-edge, maskable interrupt input s gax :
This input is also used to make the zero-cross _ data bus. RD goes high during Reset.
ion AC input. 45 WR (Three-state output, active low) WR, when active,
27 MODE1 Used as Input in conjunction with MODEO to select Indicates that the data bus nolds vaid data. Used
appropriate memory expansion mode. Also outputs as a strobe signal for external memory or /O write
M1 Signal during each opcode fetch. operations. WR goes high during Reset.
RESET RESET 46 ALE The strobe signal is for latching the address signal
28 RESET (Input, active low), RESET the uPD7811. to the output from PD,~PD, when accessing external
29 MODEO Used as input in conjunction with MODE1 to select memory.
:ﬂmg;‘,\'; memory expansion mode. Also used to 47-54 PFo-PF; Port F: (Three-state Address Bus: When
- Input/output) 8-bit external expansion
30-31 Xg, Xy This 1s a crystal connection terminal for system programmable /O port.  memory is used,
(crystal) clock oscillation. When an external clock is supplied Each line g
X, is the input. independently as an bus can be selected.
32 Vsg Power supply ground potential. input or output
33 AVgg A/D converter power supply ground potential. Sets 5§5-62 DB,-DB, Port D: 8-bit Address Bus: When
conversion range lower limit. programmable /O port. external expansion
This byte can be memory Is used,
34-41 AN,—-AN, Eight analog inputs to the A/D converter. AN,—AN, designated as either multiplexed address/data
::n also be used as a digital input port for falling input or output. bus can be selected.
9 63 Voo This 1s a backup power terminal for on-chip RAM.
42 VaRer Reference voltage for A/D converter. Sets
range upper limit. 64 Vee + 5V power supply.
43 AV Power supply voltage for A/D converter. Notes: 1 clock cycle = 1 CL = 3/t

1 machine cycle = 3 or 4 clock cycles

1 instruction cycle = 1 to 19 machine cycles
f System clock frequency (MHz)

; —
Block Diagram -
‘GI T PF,~PF,
Latch b4 AB,;-AB,
X1 Inc/Dec
osc PC —
X2 O——ro SP 12 —
EA
PC1/TxD M v A 16 8
PC1/RXD O—] SERIAL /0 ) 8 c AN s a PD,-PD,
PC2/SCK  ~—n] [ € 5 AD,-AD,
H L Program
o EA’ Memory
NMI 00— v A (8K-Byte) L
“ 5 & ALT Data
INT1 O——{ INT GR Memory —
CONTROL [ E (256-BYTE)
H [ (+PD7809)
Buffer o
H PC,-PC,
a
PC3/TI/INT2 TIMER
PC4/T0 O=—ril g L
——
8 Internal Data Bus 8
PC5/C1 TIMER
PC6/C00 VENT @
PC7/CO1 COUNTER o H PB,-PB,
&
anro T
AID Inst Reg
V:\’,‘sg O—{ converTer L —
AVSS Ol Inst
Decoder <
S H P
a
—J —J
READ/WRITE | TIMING | SYSTEM | stanpBYy
CONTROL | CONTROL | CONTROL | CONTROL
RD WR M1 ALE MODE RESET Vpp Vcc Vss
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Functional Index

Memory map

The nPD7811 can directly address up to 64K-bytes

of memory. Except for the on-chip ROM(0-4095) and
RAM(65280-65535), any memory location can be used
as ROM or RAM. The following memory map defines
the 0—64K-byte memory space for the nPD7811.

Memory Map
v 0 Reset/Standby Release
AL Internal ROM A 4 IRQO
' 4,096 Bytes x 8 ,.,
8 IRQ1
OFFFH
1000H
10H IRQ 2
External
A Memory A
g 61,184 Bytes x 8 -~ 18H IRQ3
20H IRQ 4
FEFFH
FFOOH
Internal RAM
256 Bytes x 8 28H IRQ 5
FFFFH
A A
7~ e ud
60H Soft INT
A AL
1™ ™
80H Low ADRS =0
81H High ADRS
82H Low ADRS o1
High ADRS
Call Table - 83H 9
A A
b ol T
BEH Low ADRS R
BFH High ADRS B
COH
User's Area
~ ~
a~ ~~
OFFFH
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Input/Output Memory Expansion Port Configuration
8 Analog Input Lines None PortD IO Port
.. . _— . PortF 1O Port
44 Digital I/O Lines: five 8-bit ports (Port A, Port B, Port C, 256 Bytes PortD Wuliploxed Addressiata Bus
Port D, Port F) and 4 input lines (AN,~AN,) PortF IO Port
1. Analog Input Lines _ . 4K Bytes oL i cox et
AN,—AN, are configured as analog input lines for on- Port F4—F; 1/O Port
chip A/D converter. 16K Bytes Port D Multiplexed Address/Data Bus
. Port Fy—F5 Address Bus
2. Port Operation Port Fg—F, I/O Port
—Port A, Port B, Port C, Port F 60K Bytes :ort g T:Itiplex;d Address/Data Bus
Each line of these ports can be individually ort dress Bus
programmed as an input or as an output. When )
Timers

used as I/O ports, all have latched outputs, high-

impedance inputs. The timer/event counter consists of two 8-bit timers. The

—PortD timers may be programmed independently or may be cas-
Port D can be programmed as a byte input or a caded and used as a 16-bit timer. The timer can be set in
byte output. software to increment at intervals of 4 machine cycles

— AN,—AN, (s at 12MHz operation) or 128 machine cycles (32us

The high-order analog input lines, AN,—AN., can be

at 12MHz), or to increment on receipt of a pulse at T,.

used as digital input lines for falling edge detection.
3. Control Lines
Under software control, each line of Port C can be
configured individually to provide control lines for
serial interface, timer and timer/counter.
4. Memory Expansion
In addition to the single-chip operation mode
rPD7811 has 4 memory expansion modes. Under
software control, Port D can provide multiplexed
low-order address and data bus and Port F can pro-
vide high-order address bus. The relation between
memory expansion modes and the pin configurations
of Port D and Port F is shown in the table that follows.

Timer/Event Counter
The 16-bit multifunctional timer/event counter can be used
for the following operations:

Interval timer

External event timer

Frequency measurement

Pulse width measurement

Programmable square-wave output

Timer Block Diagram
1CL—™
Timer
oF PC/T,
Timer 0 _ _Timer1
r— = === - = — - I B | Timer/Event
1 | | i Counter
PCy/TI ’
| I I !
| 1 | [
| Clear | | Clear |
4cL |
acL | ﬁ-bn I | 8-bit |
] pcounter 0 Upcounter
| |
| |
128CL | ! !
| ‘ |
| | 128CL | |
| | | |
! | ! I
Si Sernial
: Comparator )—|—4 | c | FIF Interface
I I |
| I I |
I I I I
‘ | | I
| Timer II ! Timer :
| Register 0 | INTT, : Register 1 | INTT,
| | | |
1} | I |
] L J

3
) Internal Bus \
(S

Notes: 1CL = 3/f(250ns 12MHz operation)
f System clock frequency (MHz)
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Block Diagram for Timer/Event Counter

Internal Bus
P, __.D—c)l:c,/co0
Output
Py Control
EIN ——D—-Opc,/co‘

Timer/Event Counter
Capture Register

a——q 7Y

Timer/Event Reset
PCs/CI O— Counter Upcounter Control
T —————— CP,

= CP,

S

Comparator
AN cry
] l — INTEO

CP, interrupt

Timer/Event Timer/Event Control ——INTE1
Counter Register 1 Counter Register 0
{} {} EIN —=INTEIN
s )
l Internal Bus (
A 1
Edge EIN
Detect
Notes: CL = 3/f(250ns 12 MHz operation)
f System clock frequency (MHz)
8-Bit A/D Converter AID Converter Block Diagram
8 Input Channels Avee
4 Conversion Result Registers Avss
2 Powerful Operation Modes VAREF j
Auto Scan Mode ANO o
Channel Select Mode ANt o———— = A VERTER
. . . . AN2 O————— =
Successive Approximation Technique ANg o——— 2
Absolute Accuracy + 1.5 LSB (+0.6%) AN =
Conversion Range 0~ 5V ANG 2
Conversion Time 50 us AN7
Interrupt Generation
Analog/Digital Converter
The pnPD7810/7811 features an 8-bit, high-speed, high \_L Leana ) )
accuracy A/D converter. The A/D converter comprises a RS L ans INTERNAL BUS
256-Resistor Ladder and Successive Approximation Regis- L H o

ter (SAR). There are four conversion result registers
(CRy—CRj). The 8-channel analog input may be operated
in either of two modes. In the select mode, the conversion
value of one analog input is sequentially stored in CR,—CR;.
In the scan mode, the upper four channels or the lower four
channels may be specified. Then those four channels will
be consecutively selected and the conversion results
stored sequentially in the four conversion result registers.
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Interrupt Structure

There are 11 interrupt sources. Three are external interrupts
and 8 are internal. These 11 interrupt sources are divided
into 6 priority levels as shown in the table below.

interrupt
Request Interrupt Type of Interrupt In/Ext
IRQO 4 NMI (Non-maskable interrupt) External
INTTO (Coincidence signal from timer 0)
IRQ1 8 Internal
INTT1 (Coincid signal from timer 1)
INT1 (Maskable interrupt)
IRQ2 16 External
INT2 (Maskable interrupt)
INTEO (Coincidence signal from timer/
event counter)
IRQ3 24 . Internal
INTE1 (Coincidence signal from timer/
event )
INTEIN (Falling signal of C1 and TO
counter)
IRQ4 32 In/External
INTAD (A/D converter interrupt)
INTSR (Serial receive interrupt)
IRQS 40 Internal
INST (Serial send interrupt)
NMI
INTTO
INTT1  —]
INT1 00— 3
iNT2 00— T
INTEO — § TEST
INTEY — @ —
INTEIN — = ——T CONTROL
INTAD —
INTSR — &
INTST — #
o
ov —
ER —
sB  —j
AN7-AN4 = INTERRUPT
El GENERATED
PRIORITY
CONTROL oI
MASK | =
REGISTER IRQO-IRQ5 E
V) D
INT ADR -
SOFT1— ©
<
w

Standby Function

The nPD7810/7811 offers a standby function that

allows the user to save up to 32 bytes of RAM with back-
up power (Vpp) if the main power (V) fails. On powerup
the wPD7811 checks whether recovery was made from
standby mode or from cold start.

Universal Serial Interface

The serial interface can operate in any of three

modes: synchronous, asynchronous, and I/O interface.
The I/O interface mode transfers data MSB first for ease

of communication with certain peripheral devices. Syn-
chronous and asynchronous modes transfer data LSB first.
Synchronous operation offers two modes of data reception.
In the search mode, data is transferred one bit at a time
from serial register to receive buffer. This allows a software
search for a sync character. In the nonsearch mode, data
transfer from serial register to transmit buffer occurs 8 bits
at atime.

Universal Serial Interface Block Diagram

INTERNAL BUS

- 3

RECEIVE TRANSMIT
BUFFER BUFFER

il

SERIAL REGISTER
(S—-P)

TRANSFER
CONTROL

L
SERIAL REGISTER |
(P—S)

PCiIHxDO—D——I

ER TRANSFER ST

CONTROL | INTERRUPT

SR
INTERRUPT
N

PC2/5CK INTERNAL CLOCK

SK2 SK1

peormxo 0—<}

Zero-crossing Detector

The INT, and INT,, terminals (used common to Tl and PC,)
can be used to detect the zero-crossing point of slow mov-
ing AC signals. When driven directly, these pins respond as
a normal digital input.

To utilize the zero-cross detection mode, an AC signal of
approximately 1-3V AC peak-to-peak magnitude and a
maximum frequency of 1kHz is coupled through an external
capacitor to these pins.

For the INT, pin, the internal digital state is sensed as a
zero until the rising edge crosses the DC average level,
when it becomes a one and INT, interrupt is generated.
Forthe INT, pin, the state is sensed as a one until the fall-
ing edge crosses the DC average level, when it becomes

a zero and INT,, interrupt is generated.

The zero-cross detection capability allows the user to make
the 50—60Hz power signal the basis for system timing and
to control voltage phase sensitive devices.

Zero-crossing Detection Circuit
|
I
|
|
|

INT,
c INT, (PC,)

o {>o-
:

|
|
|
I
|
I
|
I
I




Operand Format/Description
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Format Description
r B,C,D,E,H, L
r EAH EAL,B,C,D,E,H, L
r2 A,B,C
sr PA, PB, PC, PD,PF, MKH MKL, ANM, SMH, SML, EOM, ETMM, TMM, MM,MCC, MA, MB, MC MF, TXB, TMO, TM1
sri PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM, RXB, CR0, CR1, CR2, CR3
sr2 PA PB Pc PD PF, MKH MKL ANM, SMH, EOM TMM
sr3 ETMO ET
srd4 ECNT ECPT
p SP,B,D,H
rpt V,B,D, H,EA
p2 SP,B,D, H,EA
p3 B,D,H
rpa B,D,H,D+,H+,D—,H~-
rpat B,D,H
rpa2 B,D,H,D+,H+,D-,H~,D+byte, H+ A H+B H+EA, H+byte
rpa3 D, H D+ H++ D+byte,H+A H+B,H +byte
wa 8-bit immediate data
word 16-bit immediate data
byte 8-bit immediate data
bit 3-bit immediate data
f CY,HC,Z
irf FNMI, FT0, FT1, F1, F2, FEO, FE1, FEIN, FAD, FSR, FST, ER, OV, AN4, AN5, AN6, AN7, SB
Remarks
1. sr—-sr4 (special register) 3. rpa—rpa3 (rp addressing)
PA  =PortA ECNT = Timer/Event B = (BC) D+ + = (DE‘* +
PB =PortB Counter Upcounter D = DE; H+ + = (HL)++
PC =PortC ECPT =Timer/Event H = (HL D + byte = (DE + byte)
PD =PortD Counter Capture D+ = (DE)*+ H + =(HL + A
PF =PortF ETMM = Timer/Event H+ = HL;+ H+ = (HL + B
MA =Mode A Counter Mode D- = (DE)- H + EA = (HL + EA)
MB  =Mode B EOM = Timer/Event H- = (HL)- H + byte = (HL + byte)
MC =Mode Counter Output Mode
MCC =Mode Control C  ANM = A/D Channel Mode 4. f (flag)
MF  =ModeF CRO =A/D Conversion CY = Carry HC = Half Carry Z = Zero
MM = Memory Mapping to Result 0-3 —
;mo =.1|jme.- negis(ero _(r:)?g Tx Buft 5. irf (interrupt flag)
1 =Timer Register 1 =Tx Buffer = F! = INTFSR
TMM = Timer Mode RXB = Rx Buffer 2‘3" ! = m;;-?y ! Fg? = |NTF§T
ETMO = Timer/Event SMH = Serial Mode High FT1 = INTFT{ ER = Error
Counter Register 0 SML = Serial Mode Low F1 = INTF1 OV = Overflow
ETM1 = Timer/Event MKH = Mask High F2 = INTF2 AN4 = Analog Input 4-7
Counter Register 1 MKL = Mask Low FEO = INTFEO to
_ s s FE1 = INTFE1 AN7
2. rp—1p3 (register pair) FEIN = INTFEIN SB = Standby
SP = Stack Pointer H =HL FAD = INTFAD
B =BC V =VA

D =DE

EA = Extended Accumulator

4-57
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Instruction Groups

8-bit Data Transfer
OP Code skip
Mnemonic Operand B1 B2 B3 B4 State Operation Condition
r,A 00011T,T,T, 4 Me—A
Ar 00001T,T,T, 4 Aerl
Mov . sr, A 01001101 110 5,5;5,5,Sp 10 sr—A
g A, sri 01001100 11858,5,5,5,5, 10 A<—sr
r, (word) 01110000 01101R,RR, Low Adrs High Adrs 17 r < (word)
(word), r 01110000 01111R,RRy Low Adrs High Adrs 17 (word) < r
> r, byte 01101R,R4R, Data 7 r < byte
MVI String skip, otherr = Aor L
sr2, byte 01100100 $;0000S,S,S, Data 14 sr2 «— byte
MVIW . wa, byte 01110001 Offset Data 13 (V, wa) «— byte
MVIX * rpat, byte 010010A,A, Data 10 (rpal) < byte
STAW * wa 01100011 Offset 10 (V,wa) — A
LDAW * wa 00000001 Offset 10 A < (V, wa)
STAX * rpa2 A0111AAA, Data*® 713 (rpa2) — A
LDAX * rpa2 A;0101A,AA Data*® 713 A « (rpa2)
B CulC DoD
EXX 01001000 10101111 8 DA N
EXA 01001000 10101100 ] VA< V,A,EA < EA’
EXH 01001000 10101110 8 H,LoH, L’
16-bit Data Transfer
D+ 00010000 13 (DE) + «<(HL)+,C<~C -1
Cc+1) End if borrow
BLOCK
D- 00010001 13 (DE) - <~ (HL)-,C<~C -1
€+1) End if borrow
p3, EA 101101P,P, 4 1p3, < EAL, rp3, < EAH
DMOV EA, rp3 101001P,P, 4 EAL < rp3;, EAH < rp3,
sr3, EA 01001000 1101001U, 14 sr3 —EA
EA, sr4 110000V,V, 14 EA «<sr4
SBCD (word) 01110000 00011110 Low Adrs High Adrs 20 (word) < C, (word + 1) B
SDED (word) 00101110 20 (word) < E, (word + 1) <D
SHLD (word) 00111110 20 (word) <L, (word + 1) < H
SSPD (word) 00001110 20 (word) — SP,, (word + 1) — SPy,
STEAX rpa3 01001000 1001 C4C,CCy Data*®@ 14/20 (rpa3) — EAL, (rpa3 + 1) — EAH
LBCD word 01110000 00011111 LowAdrs High Adrs 20 C < (word), B — (word + 1)
LDED word 00101111 20 E — (word), D — (word + 1)
LHLD word 00111111 20 L «(word), H < (word + 1)
LSPD word 00001111 20 SP_ < (word), SPy < (word + 1)
LDEAX rpa3 01001000 1000C;C,CiCy Data*@ 14/20 EAL < (rpa3), EAH < (rpa3 + 1)
PUSH p1 101100,0,Q, 13 e TP S
POP p1 10100Q,0,Q, 10 Pl BPh Pl —(EP +1)
L p2, word 0P,P,P0100 LowByte HighByte 10 i o sonrp2 =
8-bit Arithmetic (Register)
TABLE 01001000 10101000 17 g:f:g:g::)ﬁ)
ADD A r 01100000 11000R;R4R, 8 A—A+r
nA 01000R,R;R, 8 rer+A
ADC Ar 11010R,RR, 8 A—A+r+CY
nA 01010R,RR, 8 r—r+A+CY
ADDNG Ar 10100R,R,R, 8 AA+r No Carry
nA 00100R,RR, 8 r—r+A No Carry
sus Ar 11100R,R,Ry 8 A—A-r
LA 01100R,R,R, 8 rer-A
8B Ar 11110RRR, 8 A—A-r-CY
nLA 01110R,RR, 8 r—r—-A-CY
SuBNE Ar 10110R,RR, 8 A—A-r No Borrow
LA 00110R,R,Ry 8 rer—A No Borrow
ANA Ar 10001R,R4R, 8 A<—AAT
LA 00001R,R,Ry 8 r—rAA
oRA Ar 10011R,R,R, 8 A—AVr
nA 00011R,R;R, 8 r—rVA
Ar 10010R,R,Ry 8 A—A¥T
XRA
nA 00010R,R;R, 8 r—rVA
GTA A r 10101R,RRy 8 A-r-1 No Borrow
LA 00101R,RRy 8 r—-A-1 No Borrow




Instruction Groups (Cont.)

8-bit Arithmetic (Register) (Cont.)
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OP Code Skip
Mnemonic Operand B1 B2 B3 B4 State Operation Condition
A Ar 01100000 10111RRR, 8 A-r Borrow
A 00111R,RR, 8 r-A Borrow
NEA Ar 11101R,RR, 8 A-r No Zero
nLA 01101R,RRy 8 r—-A No Zero
QA Ar 11111R,R,Ry 8 A-r Zero
A 01111R,R,Ry 8 r-A Zero
ONA Ar 11001R,RR, 8 AAR No Zero
OFFA Ar 11011R,R;Ry 8 AAR Zero
8-bit Arithmetic (Memory)
ADDX rpa 01110000 11000AA,A, 1 A <A + (rpa)
ADCX rpa 11010AA,A, 1 A—A + (rpa) + CY
ADDNCX rpa 10100AAA, 1 A <A + (rpa) No Carry
SUBX rpa 11100AAA, 1 A —A - (rpa)
SBBX rpa 11110AA,A, 11 A —A - (rpa) - CY
SUBNBX rpa 10110AAA, 1" A —A — (rpa) No Borrow
ANAX rpa 10001AAA, 1 A —A - (rpa)
ORAX rpa 10011AA,A, 1 A <AV (rpa)
XRAX rpa 10010AA,A, 1 A — AV (rpa)
GTAX rpa 10101AAA, 1 A — (rpa) - 1 No Borrow
LTAX rpa 10111AA/A, 1 A — (rpa) Borrow
Immediate Data
NEAX rpa 11101AAA, 11 A - (rpa) No Zero
EQAX rpa 11111AA4A, 1" A — (rpa) Zero
ONAX rpa 11001AAA, 1" A — (rpa) No Zero
OFFAX rpa 11011AAA, 11 A — (rpa) Zero
A, byte 01000110 < Data— 7 A <A + byte
ADI r, byte 01110100 01000R,RR, Data " r<r + byte
sr2, byte 0110 $310008S,8;S, 1 20 sr2 < sr2 + byte
A, byte 01010110 — Data— 7 A<—A + byte + CY o
ACI r, byte 01110100 01010R,RRy Data " r—r + byte + CY
sr2, byte 0110 S,10108,5,S, ! 20 sr2 —sr2 + byte + CY
A, byte 00100110 <« Data— 7 A —A + byte No Carry
ADINC r, byte 01110100 00100R,RR, Data 11 r<r + byte No Carry
sr2, byte 0110 S;0100S,8,S, | 20 Sr2 < sr2 + byte No Carry
A, byte 01100110 <« Data — 7 A —A — byte
sul 1, byte 01110100 01100R,R(R, Data " r<r — byte
sr2, byte 0110 S,11005,8,S, | 20 sr2 —sr2 — byte
A, byte 01110110 « Data— 7 A —A - byte - CY
SBI r, byte 01110100 01110R,RR, Data 1" r—r — byte — CY
sr2, byte 0110 S;11108,5,S, i 20 sr2 < sr2 - byte — CY
A, byte 00110110 Data 7 A —A — byte No Borrow
SUINB r, byte 01110100 00110R,R,R, 11 r—r — byte No Borrow
sr2, byte 0110 | S301108,8,S, 20 SI2 < Sr2 < by; i No Borrow
A, byte 00000111 Data 7 A —A \byte
ANI r, byte 01110100 00001R,R(R, Data 11 r<r \ byte
sr2, byte 01100100 $;0001S,5,S5, N 20 Sr2 < sr2 \ byte
A, byte 00010111 Data 7 A—AVbyte
ORI 1, byte 01110100 00011R,R{Ry Data 1" r<rVbyte
sr2, byte o110 | S,00118S,5:S, | 20 sr2 < sr2 V byte
A, byte 00010110 Data 7 A —AVbyte
XRI r, byte 01110100 00010R,R,R, Data 1 r —r ¥ byte
sr2, byte 0110 | S;00108,S,S, | 20 Sr2 < sr2 ¥ byte
A, byte 00100111 Data 7 A - byte — 1 No Borrow
GTI 1, byte 01110100 00101R,R{R, Data 1 r — byte — 1 No Borrow
sr5, byte 0110 | S,01018S,5,S, ! 14 sr5 — byte — 1 No Borrow
A, byte 00110111 Data 7 A - byte Borrow
(8] r, byte 01110100 00111R,RRy Data 1 r - byte Borrow
sr5, byte 0110 | S,01118,5,S, } 14 sr5 — byte Borrow
A, byte 01100111 <~ Data— 7 A - byte No Zero
NEI r, byte 01110100 01101RyR{Ry Data 1" r — byte No Zero
sr5, byte 0110 | S311018,8,S, ! 14 sr5 — byte No Zero
A, byte 01110111 <~ Data— 7 A - byte Zero
EQ! r, byte 01110100 01111R,R,Ry Data " r — byte Zero
sr5, byte 0110 | S311118,8,S, 1 14 sr5 — byte Zero
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Instruction Groups (Cont.)

Immediate Data (Cont.)
OP Code Skip
Mnemonic Operand B1 B2 B3 B4 State Operation Condition
* A, byte 01000111 «~ Data — 7 A \ byte No Zero
ONI r, byte 01110100 01001R,RRy Data 11 r \ byte No Zero
sr5, byte 0110 | S$310018S,8,S, | 14 sr5 \ byte No Zero
* A, byte 01010111 <« Data— 7 A \ byte Zero
OFFI r, byte 01110100 01011R,R4Ry Data 11" r \ byte Zero
sr5, byte 0110 | S;10118,5,S, 1 14 sr5 \ byte Zero
Working Register
ADDW wa 01110100 11000000 Offset 14 A—A + (V,wa)
ADCW wa 1101 14 A —A + (V,wa) + CY
ADDNCW wa 1010 14 A<~ A + (V,wa) No Carry
susw wa 1110 14 A—A - (V,wa)
SBBW wa 1111 14 A—A - (V,wa) - CY
SUBNBW wa 1011 14 A —A —(V,wa) No Borrow
ANAW wa 10001000 14 A —A\(V,wa)
ORAW wa 1001 y 14 A—AV (Y, wa)
XRAW wa 01110100 10010000 Offset 14 A —A¥(V,wa)
GTAW wa 10101000 14 A - (V,wa) -1 No Borrow
LTAW wa 1011 14 A - (V,wa) Borrow
NEAW wa 1110 14 A - (V,wa) No Zero
EQAW wa 1111 14 A - (V,wa) Zero
ONAW wa 1100 14 A\ (V, wa) No Zero
OFFAW wa 1101 14 A\ (V, wa) Zero
ANIW * wa, byte 00000101 « Offset— Data 19 (V, wa) < (V, wa) [byte]
ORIW . wa, byte 0001 19 (V, wa) — (V, wa) V byte
GTIW * wa, byte 0010 13 (V, wa) — byte — 1 No Borrow
Lmw * wa, byte 0011 13 (V, wa) — byte Borrow
NEIW * wa, byte 0110 13 (V, wa) — byte No Zero
EQIW . wa, byte 0111 13 (V, wa) — byte Zero
ONIW * wa, byte 0100 13 (V, wa) \ byte No Zero
OFFIW * wa, byte 0101 13 (V, wa) \ byte Zero
16-bit Arithmetic
EADD EA, r2 01110000 010000R,R, 11 EA —EA +r2
DADD EA, rp3 0100 110001P,P, 11 EA —EA + rp3
DADC EA, 1p3 1101 | 1 EA —EA + rp3 + CY
DADDNC EA, rp3 1010 1 EA —EA + rp3 No Carry
ESUB EA,r2 0000 011000RR, 11" EA—EA-r2
DsuB EA, rp3 01110100 111001P,P, 11 EA —EA — p3
DSBB EA, rp3 1111 1" EA <—EA - p3 - CY
DSUBNB EA, rp3 1011 1 EA —EA - rp3 No Borrow
DAN EA, rp3 100011PP, 1 EA —EA — p3
DOR EA, rp3 1001 1 EA —EAVrp3
DXR EA, rp3 100101P,P, 1 EA —EAVrp3
DGT EA, rp3 101011P,P, 1 EA - rp3 -1 No Borrow
DLT EA, rp3 1011 1" EA - rp3 Borrow
DNE EA, rp3 1110 1 EA — rp3 No Zero
DEQ EA, rp3 1111 1 EA - rp3 Zero
DON EA, rp3 1100 11 EA A rp3 No Zero
DOFF EA, rp3 1101 1" EA A rp3 Zero
Multiply/Divide
MUL r2 01001000 001011R4R, 32 EA—AXxr2
DIV r2 | 0011 | 59 EA < EA — r2,r2 — Surplus
Iincrement/Decrement
INR 2 010000R,R, 4 2-r2+1 Carry
INRW * wa 00100000 < Offset— 16 (V, wa) —(V,wa) + 1 Carry
INX P 00P;P,0010 7 p—rp+1
EA 10101000 7 EA<EA+1
DCR 2 010100R;R, 4 2r2-1 Borrow
DCRW * wa 00110000 <« Offset— 16 (V, wa) < (V, wa) — 1 Borrow
pex ) 00P,P0011 7 perp-1
EA 10101001 7 EA—EA-1
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Others
OP Code Skip
Mnemonic Operand B1 B2 B3 B4 State Operation Condition
DAA 01100001 4 Decimal Adjust Accumulator
STC 01001000 00101011 8 CY —1
CcLe T ~ 00101010 . 8 Cy-—-o0 o
cMe 01001000 10101010 8 cYeovy
NEGA ! 00111010 8 A+1
Rotate and Shift
RLD 01001000 00111000 17 Rotate Left Digit -
RRD 1001 17 Rotate Right Digit
N Y R LA At s
2 — 12y, 125 — CY,
RLL r2 01001000 001101R4R, 8 C¢:r27 m €0 ’
120 < 12y, 12; —CY,
RLR r2 00R;Ry 8 Vil "
—— | — =L . PR
r2 — 12,125 — 0,
SLL r2 001001R,R, 8 C¢Qr27 m 40 =0,
1204 =120, 127 —
SLR r2 00R;Ry 8 v '2Lm_ -
SLLC r2 000001R4R, 8 Carry
SLRC r2 00R4R, 8 Carry
DRLL EA 10110100 8 EAn o1~ EAn EAp —CY,
Y — EAqs
EA,., — EA,, EA;s —CY,
DRLR EA 0000 8 CVL EA, ”
EA,, 1 — EA, EAg 0,
DSLL EA 1o|1oo1oo 8 Y By
DSLR EA Y o000 8 EA,_; —EA, EA;5 —0,
Jump
JMP * word 01010100 «— Low Adrs — High Adrs 10 PC — (word)
JB 00100001 4 PC,—B,PC —C
JR word 11 —jdisp1— 10 PC—PC + 1+ disp1
JRE * word 0100111 — jdisp— 10 PC —PC + 2 + jdisp
JEA 01001000 00101000 8 PC —EA
call
(SP — 1) —(PC + 3),,
CALL * word 01000000 « Low Adrs — High Adrs 16 (SP — 2) —(PC + 3)
PC — (word), SP — SP — 2
(SP — 1) —(PC + 2)y,
CALB 01001000 00101001 17 (SP — 2) —(PC + 2),
PC, —B,SP —SP — 2
(SP = 1) —(PC + 2)y,
Al . (SP — 2) — (PC + 2),_
CALF word 01111 — fa— 13 PCys 17 < 00001,
PCyoo <18, SP —SP — 2
(SP = 1) —(PC + 1)y,
- (SP — 2) —(PC + 1)
CALT word 100ta 16 PC, (128 + 2ta), PCyy —
(129 + 2ta), SP — SP — 2
(SP — 1) < PSW, (SP — 2) —
SOFTI 01110010 16 (PC + 1),,,(SP — 3) — (PC + 1),
PC — 0060H, SP —SP — 3
Return
PC —(SP), PCy —(SP + 1)
RET 10I111000 10 SP(—SP*’»Z
PC_ « (SP), PCy « (SP + 1)
RETS —{ oot ° SP—SP +2,PC—PC + n
Uncondi-
PC_ — (SP), PCy — (SP + 1)
RETI 01100010 13 PSW < (SP + 2), SP —SP + 3 gz::’al
Skip
BIT bit, wa 010118,B,B, —Offset— 10 Bit Test LYQ "fi
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Instruction Groups (Cont.)

CPU Control
OP Code skip
Mnemonic Operand B1 B2 B3 B4 State Operation Condition
sK f 01001000 00001F,FF, [] Skipiff =1 f=1
SKN t 0001 | 8 SKipiff = 0 t=0
SKIT rf 010 ki1l 8 Skip if irf = 1, then reset irf irf =1
SKNIT irf 011 1lbl e Skp ifirf = 0 -
lalal2lilo Reset irf, if irf = 1 =0
NOP 00000000 4 No Operation
El 10101010 4 Enable Interrupt
DI 10111010 4 Disable Interrupt
HLT 01001000 00111011 11 Halt
Notes: “® B2(Data) rpa2 = D + byte, H + byte
*® B3(Data) rpa3 = D + byte, H + byte
*@ Right side of slash (/) in states indicates case rpa2, rpa3 = D + byte,H + A/H + B,H + EA,H + byte
*@ Inthe case of skip condition, the idle states are as follows
1-byte instruction 4 states 2-byte instruction (with *) 7 states
2-byte instruction 8 states 3-byte instruction (with *) 10 states
3-byte instruction 11 states 4-byte instruction 14 states
Absolute Maximum Ratings* Operating Conditions
Ta = 25°C Parameter
Osc. Freq. Ta Vees AVec
Power Supply Voltages, Vec _0.5Vto +7.0V 10MHz < fyy, < 12 MHz ~10°C to +70°C +5.0V = 5%
fxraL = 10MHz ~40°C to 85°C +5.0V = 10%
Voo ~-0.5Vto +7.0V )
Capacitance
AVce —05V10 +7.0V 3 ' 259¢; Ve = Vpp = Vss = OV
Input Voltage, V, -0.5Vto +7.0V Limits Test
Output Voltage, Vo -0.5Vto +7.0V Parameter Symbol Min Typ Max Unit Conditions
Capacitance C, 10 pF =
R n -0. . Af, = 1MHz
eference Input Voltage, Vaper 0.5Vto +7.0V Output O = 2 oF 3 o
Operating Temperature, Topr 10 C Co 20 pF  'etumedtoOV.
10MHZ < fyraL = 12MHz -10°Cto +70°C
fxra =< 10MHz _so'ctoss’c  DC Characteristics
Ta = —10°Cto +70°C; Voc = —5.0V * 5%; Vgg = OV;
Storage Temperature, Tsra —-65°C to +150°C Voc - 0.8V < Vpp = Vee ce hhad ’
*COMMENT: Exposing the device to stresses above ___Limits
those listed in Absolute Maximum Ratings could cause Porameter Symhol Min Typ Max Unit  TestConditions
permanent damage. The device is not meant to be Input Low Voltage Va 0 08 ¥ Al oxcant SO RESET
operated under conditions outside the limits described Viny 20 Vee and X1 '
in the operational sections of this specification. Expo- Input High Voltage 2 98Vee Vee V_SCKX1
sure to absolute maximum rating conditions for " Ve 08Vop VeV RESET
extended periods may affect device reliability. Output Low Voltage Vo, 045 V. lou=20mA
Output High Voitage Vo 24 v lon = —200p.A
Input Current L +£200 A Tz‘g&zzﬁ’ <Vgo
Input Leakage Wy £10  wA  AllexceptINT,, TI(PC3)
Current OV =V =Vee
QuiputLeakage 1, £10  pA 045V =Vo=Vee
Vpp Supply Current Ipp 150 35 mA T,= —40°Cto +85°C
Ve Supply Current I 1100 220 mA T,= -40°Cto +85°C

Note: ® T, = 25°C, Vge = Vpp = +50V



AC Characteristics
Ta= —10°C t0 70°C; Ve = +5.0V + 5%; Vgs = OV;
Vee —0.8V = Vpp =< Ve

wPD7810/7811

AC Characteristics (Cont.)
Ta= —10°Cto +70°C; Ve = +5.0V = 5%; Vgs = OV;
Vee — 0.8V = Vpp = Ve

Read/Write Operation Zero-cross Characteristics
Limits Limits
fxraL = 10MHz fxraL = 12 MHz Test Parameter Symbol Min Typ Max Unit Test Conditions
Parameter Symbol  Min Max Min Max Unit Conditions éz;:::lr::smpm Vax 1 3 VAChp AC Coupled
X4 Input Cycle Time  toyc 100 83 ns
Zero-cross
Address Setup ta 100 65 ns Accuracy Azx 135 mv 60Hz Sine Wave
to ALE |
Zero-cross
Address Hold y
after ALE | tia 70 50 ns Detection f2x 0.05 1 kHz
= nput Frequency
AddresstoRD | —
Delay Time tar 200 150 ns
RD | to Address Ta = —10°Cto +70°C; Ve = AVec = +5.0V = 5%;
Floating tarm 20 20 ns Vss = AVss = OV; AVcc — 0.5V = Vaper = AVce
‘Address to AID Converter Characteristics
t 480 360 ns
Data Input AD
ALE | toDatainput t pg 300 215 ns Parameter Symbol Min Unit Test Conditions
RD | toDatalnput tgp 250 180 ns 8 Bits
ALE | toRD | 0.4%
50 35 470
Delay Time 't ns | £1% LSB T,= —10°Cto +50°C
Data Hold Time Accuracy 06% LSB T,= -10°Cto +70°C®
0D 1 tron [ 0 ns e a
RD 1 to ALE 1 576 1, 83ns = toye < 110ns
Delay Time taL 150 15 ns Conversion Time tcony cve cve
o 432 teye 1100 < teye = 170ns
ta
— 350 280 ns 96 t 83ns = tgyc = 110ns
D Width Low [ Read Tme  tsamp eve ceve
OF Code 72 teye  110nS = toye = 170ns
650 530 ns T
Fetch Analog Input v o Varer  V
1A
ALE Width High t 160 125 ns Voltage
Address to Note: ® Incase of fyra, =10MHz, T, = —40°Cto +85°C.
WR | Delay taw 200 150 ns
ALE | to
Data Output tiow 210 195 ns
'WR | to Data Output typ 130 100 ns
%’;’f I;z|ay o 50 35 ns Bus Timing Depending on toy ¢
i i Unit
Data Setup Time - =
toWR 1 i fow 300 230 ns ta 2T - 100 Min ns
Data Hold Time ta T-30 Min ns
e t, 130 95
toWR 1 wor ns tan 3T - 100 Min ns
;’Sﬂ; _:fl‘ "fa‘-E 1 twe 150 15 ns tao 7T - 220 Max ns
WR Width L 4 350 280 L1 5T - 200 Max L
wdth Low W ns tho 4T - 150 Max s
Note: @ Load capacitance C_ = 150pF [ T-50 Min ns
Serial Operation L 21 - 50 Min ns
— 4T - 50 (Data Read)
Lot ‘aR 7T - 50 (OP Code Fetch Min e
Parameter Symbol Min Typ Max Unit Test - 50( ode Fetch)
7 > te 2T - 40 Min ns
J— k8 _SCK taw 3T - 100 Min ns
SCK Cycle Time tovk 500 ns Input ®
2 s SOK Output tow T+ 110 Max ns
50 us SCROulp 5 tow T-50 Min ns
s ®
— 1% scK tow 4T - 100 Min ns
SCK Width Low kL 200 ns Input ®
twon 2T - 70 Min ns
900 ns  SCK Output
200 P 2 twe 2T - 50 Min ns
SCK Width High 4 200 :\iﬁ‘ ® tuw a7 - %0 Min ns
I ns [ace
9 KH — 12T (SCK Input) @
900 ns  SCK Output tevk — Min ns
RxD Setup Time to SCK 1t 80 ® 24T (SCK Qutput)
n‘o H |:?r mm st:KT A . ® 4 6T 100 (5CK Input © M ns
xD Hold Time After ns _———————— in
25K | TxD Dalay ™ ! o, TS > KK 12T — 100 (SCK Output)
X ime ns e
=l L 6T — 100 (SCK Input) ©
Notes: @ 1x Baud rate In Asynchronous, Synchronous, or I/O Interface mode tkkH T ee— Min ns

@ 16x Baud rate or 64x Baud rate in Asynchronous mode

12T — 100 (SCK Output)

Notes: @ 1x Baud rate in Asynchronous, Synchronous, or I/O Interface mode
T =toye = WixaL
The items out of this list are not dependent on oscillating frequency (fxra.)
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Timing Waveforms

Read Operation
R o |
v/ NV N/
X ADRS,_, X
tao —l le—tron
Do-7 _ X/ ADRS,_, — LA patan | -
ty ————o] Tt ] ton .
F —>lle—tarn -
ALE
e———ta, ——{ \
RD | tec {
I ")
t
Write Operation
| " ! " | |
v/ /S /T
s Y X
'AD — ‘-—-'RDH
00— X773 RORS, /1 /0 2T 77X
[ e [t a— om 1,
le—tarn
ALE J f
et N
RD t _—ﬁ_._._._ﬁ'cc———————————j;
fe—tic—{} 1
t
Transmit/Receive Timing
t,
e ——) |-—— tikn—
Tx0 X XC
—terc—s|
RxD X (
——“nxk fa—
'nnn
Package Outlines
For information, see Package Outline Section 7.
Plastic Quil, .PD7810G/11G
Plastic Shrinkdip, .PD7810CW/11CW
QUIL Ceramic Piggyback, .PD78PG11E 7810/7811DS-7-83-CAT-L



NEC

DESCRIPTION

FEATURES

PIN CONFIGURATION

uPD8021

SINGLE CHIP 8-BIT
MICROCOMPUTER

The NEC uPD8021 is a stand alone 8-bit parallel microcomputer incorporating the
following features usually found in external peripherals. The uPD8021 contains:
1K x 8 bits of mask ROM program memory, 64 x 8 bits of RAM data memory, 21
1/0 lines, an & bit interval timer/event counter, and internal clock circuitry.

8-Bit Processor, ROM, RAM, |/0O, Timer/Counter
Single +5V Supply (+4.5V to +6.5V)

NMOS Silicon Gate Technology

8.38 us Instruction Cycle Time

All Instructions 1 or 2 Cycles

Instructions are Subset of uPD8048/8748/8035
High Current Drive Capability — 2 1/O Pins
Clock Generation Using Crystal or Single Inductor
Zero-Cross Detection Capability

Expandable 1/0 Using u8243’s

Available in 28-Pin Plastic Package

e & & o ¢ o O o o o

P Jn 2813 Vee
Pa3 []2 273 Py
PROG []3 26 [ Pog
Poo [ 4 25 [ P17
Po1[]s 24 [] P1g
Pop [0 6 23] P
Posy’ 3%22 221 Faa
Poa]s 21 P13
Pos(] o 20 g P12
Pos ] 10 1917 Pyy
Po7{] 11 183 P1o

ALE[]12 17 [J RESET

T3 16 [J XTAL 2

Vss []14 15 ] XTAL1

Rev/2

4-65
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64 x 8-BIT RAM 1024 x 8BIT
88BIT
crock PROCESSOR <:
211/0 INTER:AEI:TTIMEHI
LINES EVENT COUNTER
Operating TempPerature . . . .o vve e vt n i e et e eneneennn 0°C to +70°C
Storage Temperature (Ceramic Package) . . v« oo v v oo e n . -65°C to +150°C
(Plastic Package) . . . ... e -65°C to +150°C
Voltaggon AnyPin ............... F ~0.5to +7 Volts D
PoWer Dissipation. « v v v v v it it it e e e e e e e 1 Watt
Note: @ With Respect to Ground.

Ta=25°C

*COMMENT: Stress above those listed under ‘“Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

T, =0°C to +70°C; Vg = +6.5V + 1V; Vgg = OV

BLOCK DIAGRAM

ABSOLUTE MAXIMUM
RATINGS*

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX UNIT CONDITIONS
Input Low Voltage ViL -0.5 + 0.8 v
Input High Voltage, RESET, T1 _
(All Except XTAL 1, XTAL2)| VIH 20 vee V.| Vec=50v10%
Input High Voltage - .
(XTAL 1, XTAL 2) VIH1 3.0 vee \ Vee =565V 1v
Output Low Voltage VoL 0.45 \Y loL=1.7mA
Output Low Voltage
\ 2.5 \ I =7mA
(P10, P11) oL oL
Output High Voltage
. = A
(All Unless Open Drain) VOH 24 v loH =404
Output Leakage Current Vee = VIN = Vss
(Open Drain Option — Port 0) loL 10 HA +0.45V
Vcc Supply Current lcc 40 | 75 mA
Ta=0°C 10 +70°C; Vg = 5.5V + 1V, Vgg = OV
LIMITS

PARAMETER SYMBOL MIN TYP | MAX ] UNIT TEST CONDITIONS

Cycle Time Tey 8.38 50.0 | wus 3.58 MHz XTAL
for TCY Min.

AC CHARACTERISTICS

DC CHARACTERISTICS
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PIN IDENTIFICATION PIN
NO. SYMBOL FUNCTION
1-2, P2o-P23 P9Q-P23 comprise the 4-bit bi-directional 1/0 port

26-27 (Port 2) which is also used as the expander bus for the
uPD8243.

3 PROG PROG is the output strobe pin for the uPD8243.
4-11 Poo-Po7 One of the two 8-bit quasi bi-directional 1/O ports.
(Port 0)

12 ALE Address Latch Enable output (active-high). Occurring
once every 30 input clock periods, ALE can be used
as an output clock.

13 ™ Testable input using transfer functions JT1 and JNT1.
T1 can be made the counter/timer input using the
STRT CNT instruction. T1 also provides zero-cross
sensing for low-frequency AC input signals.

14 Vss Processor’s ground potential.

15 XTAL 1 One side of frequency source input using resistor,
inductor, crystal or external source.(non-TTL
compatible VH).

16 XTAL 2 The other side of frequency source input.

17 RESET Active high input that initializes the processor and
starts the program at location zero.

18-25 P10-P17 The second of two 8-bit quasi bi-directional 1/O ports.

(Port 1)
28 Vce +5V power supply input.

FUNCTIONAL DESCRIPTION The NEC uPD8021 is a single component, 8-bit, parallel microprocessor using
N-channel silicon gate MOS technology. The self-contained 1K x 8-bit ROM,
64 x 8-bit RAM, 8-bit timer/counter, and clock circuitry allow the uPD8021 to
operate as a single-chip microcomputer in applications ranging from controllers to
arithmetic processors.

The instruction set, a subset of the uPD8048/8748/8035, is optimum for high-volume,
low cost applications where 1/0 flexibility and instruction set power are required. The
uPD8021 instruction set is comprised mostly of single-byte instructions with no
instructions over two bytes.
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INSTRUCTION CODE FLAG
MNEMONIC FUNCTION DESCRIPTION Dy Dg Ds D4 D3 Dy D7 Do CYCLES BYTES C
DATA MOVES
MOV A, = data (A) «data Move Immediate the specified data into ] 1] 1 o [ o] 1 1 2
the Accumulator d7 dg ds dg d3 dp d; dg
MOV A, Rr (A) < (Rr),r=0-7 Move the contents of the designated 1 1 1 1 1 r r r 1
registers into the Accumulator
MOV A, @ Rr (A) < ((Rr), r=0-1 Move Indirect the contents of data 1 1 1 1 o 0 0 r 1
memory location into the Accumulator
MOV Rr, = data (Rr) —data,r=0-7 Move Immediate the specified data into 1 o 1 1 1 r r r 2
the designated register d; dg ds dg d3 d d; do
MOV Rr, A (Rr) = (A),r=0-7 Move Accumulator Contents into the 1 [ 1 0 1 r r r 1
designated register
MOV @ Rr, A URr) < (A),r=0-1 Move Indirect Accumulator Contents 1 o 1 [¢] ] [ o] r 1
into data memory location
MOV @ Rr, = data ((Rr)) < data, r=0-1 Move Immediate the specified data into 1 0 1 1 0 [} 0 r 2
data memory d7 dg dg dg d3 dp dy dg
MOVPA, @A (PCO-7) < (A) Move data in the current page into the 1 ] 1 0 0 o 1 1 2
(A) < ((PC)) Accumuiator
XCH A, Rr (A) Z(Rr),r=0-7 Exchange the Accumulator and desig- [ 0] 1 ) 1 r r r 1
nated register’s contents
XCHA,@Rr (A) 2((Rr)), r=0-1 Exchange Indirect contents of Accumu- o [} 1 [ o ] 0 r 1
lator and location in data memory
XCHD A, @Rr (A0-3)Z((Rr) 0-3)), Exchange Indirect 4-bit contents of o [} 1 1 0 0 [ r 1
r=0-1 Accumulator and data memory
FLAGS
CPLC (C) < NOT (C) Complement Content of carry bit 1 o 1 0 0 1 1 1 1 I .
CLR C (C) <=0 Clear content of carry bit to 0 1 0 0 1 0 1 1 1 1 L
INPUT/QUTPUT
ANLD Pp, A (Pp) < (P5) AND (A0-3) Logical and contents of Accumulator withf 1 0 ] 1 1 1 P P 2
p=4-7 designated port (4 - 7).
INA, Py (A) = (Pg),p=1-2 Input data from designated port (1 - 2) 0 5} 5} 0 1 0 p P 2
into Accumulator
MOVD A, Py (A0-3) < (Pp),p=4-7 Move contents of designated port (4 - 7) o 0 0 ] 1 1 3 [ 2
(Ad4-7)<0 into Accumulator
MOVD Py, A (Pp) ~A0-3,p=4-7 Move contents of Accumulator to desig- o 0 1 1 1 1 P P 1
nated port (4 - 7)
ORLD Py, A (Pp) < (Pp) OR (A 0 -3) Logical or contents of Accumulator 1 0] ] o 1 1 P P 1
p=4-7 with designated port (4 - 7)
OuTL Py, A (Pp) = (A),p=1-2 Output contents of Accumulator to [¢] [¢] 1 1 1 0 P P 1
designated port (1 - 2)
REGISTERS
INC Rr (Rr) < (Rr) +1,r=0-7 Increment by 1 contents of designated o o 0 1 1 r r r 1
register
INC@ Rr (Rr)) < ((Rr)) +1, Increment Indirect by 1 the contents of [ ] o 1 0 0o o r 1
r=0-1 data memory location
SUBROUTINE
CALL addr ((SP)) < (PC), (PSW 4-7)|  Call designated Subroutine aj0 ag ag 1 0 1 o o 2
(SP) < (SP) +1 ay ag ag ag a3 ap a1 aQ
{PC 8 - 10) « addr 8 - 10
(PCO-7) < addr0-7
(PC 11) —~ DBF
RET (SP) « (SP) -1 Return from Subroutine without restor- 1 [ ] o (4] 0 1 1 2
(PC) — {(SP)) ing Program Status Word
TIMER/COUNTER
MOV A, T (A) < (T) Move contents of Timer/Counter into o 1 [} o [ [ 1 [ 1
Accumulator
MOV T, A (T) < (A) Move contents of Accumulator into ] 1 1 0 4] [ 1 ] 1
Timer/Counter
STOP TCNT Stop Count for Event Counter o 1 1 o 0 1 ] 1 1
STRT CNT Start Count for Event Counter o 1 ] ] o 1 [ 1 1
STRT T Start Count for Timer 0 1 0 1 0 1 0 1 1
MISCELLANEOUS
NOP 1 [ No Operation performed o o o o o o o0 o0 [ i

Notes @ Instruction Code Designations r and p form the binary representation of the Registers and Ports involved
The dot under the appropriate flag bit indicates that its content is subject to change by the instruction it appears in

@ References to the address and data are specified 1n bytes 2 and/or 1 of the instruction

@ Numerical Subscripts appearing in the FUNCTION column reference the specific bits affected.

Symbol Definitions

SYMBOL DESCRIPTION

A The Accumulator

addr Program Memory Address (12 bits)
Cc Carry Flag

CLK Clock Signal

CNT Event Counter
D Nibble Designator (4 bits)

data Number or Expression (8 bits)
P “in-Page” Operation Designator
Pp Port Designator (p=1,20r4 -7)
Rr Register Designator (r=0, 10r0-7)

SYMBOL DESCRIPTION
T Timer
T Testabie Flag 1
X External RAM
= Prefix for Immediate Data
@ Prefix for Indirect Address
$ Program Counter’s Current Value
{x) Contents of External RAM Location
{(x)) Contents of Memory Location Addressed
by the Contents of External RAM Location
- Replaced By




iNSTRUCTION SET
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INSTRUCTION CODE FLAG
MNEMONIC FUNCTION DESCRIPTION D; Dg Dg Dg D3 D2 Dy Do CYCLES BYTES c
ACCUMULATOR
ADD A, = data (A) + (A) +data Add immediate the specified Data to the | O ] 0 0 o ] 1 1 2 2 .
Accumulator dy dg dg da d3 d2 dy do
Add A, Rr (A) «~ (A) + (Rr) Add contents of designated register to [} 1 1 o 1 r r r 1 1 .
forr=0-7 the Accumulator
ADD A, @ Rr (A) < (A) + (Rr)) Add indirect the contents the data 0 1 1 o o ] o 4 1 1 .
forr=0-1 memory location to the Accumulator
ADDC A, = data (A) « (A) + (C) + data Add immediate with carry the specified 0 0 0o 1 0 0 1 1 2 2 .
data to the Accumulator dy dg dg dq d3 d2 dq do
ADDC A, Rr (A) < (A) +(C) + (Rr) Add with carry the contents of the ] 1 1 1 1 4 r T 1 1 .
forr=0-7 designated register to the Accumulator
ADDCA, @ Rr (A) < (A) +(C) + ((Rr)) Add indirect with carry the contents of 0 1 1 1 o 0 0 r 1 1 .
forr=0-1 data memory location to the
Accumulator
ANL A, = data (A) < (A) AND data Logical and specified Immediate Data 1] 1 4] 1 o 1) 1 1 2 2
with Accumulator d7 dg dg dg d3 dz dy do
ANL A, Rr (A) < (A) AND (Rr) Logical and contents of designated (] 1 [ 1 1 r r r 1 1
forr=0-7 register with Accumulator
ANL A, @ Rr (A) < (A) AND ((Rr)) Logical and Indirect the contents of data ) 1 0 1 0 0 ) T 1 1
forr=0-1 memory with Accumulator
CPL A (A) < NOT (A) Complement the contents of the o o 1 1 0 1 1 1 1 1
Accumulator
CLR A (A) <0 CLEAR the contents of the Accumulator | 0 ] 1 4] [} 1 1 1 1 1
DA A DECIMAL ADJUST the contents of the ] 1 0 1 0 1 1 1 1 1 .
Accumulator
DEC A (A) (A} -1 DECREMENT by 1 the Accumulator’s ] o o o ] 1 1 1 1 1
contents
INC A (A) «(A) +1 Increment by 1 the Accumulator’s o [ [ 1 ] 1 1 1 1 1
contents
ORL A, = data (A) « (A) OR data Logical OR specified immediate data 0o 1 0 V) 0 ] 1 1 2 2
with Accumulator d7 dg ds dg d3 d2 dy do
ORL A, Rr (A) < (A) OR (Rr) Logical OR contents of designated o 1 o 0 1 r r r 1 1
forr=0-7 register with Accumulator
ORLA@Rr (A) — (A) OR ({Rr)) Logtcal OR Indirect the contents of data 0 1 0 [ 0 0 0 r 1 1
forr=0-1 memory location with Accumulator
RLA (AN + 1)« (AN} Rotate Accumulator left by 1-bit with- 1 1 1 o 0 1 1 1 1 1
(Ag) « (A7) out carry
forN=0-6
RLCA (AN + 1)« (AN), N =0-6| Rotate Accumulator left by 1-bit through | 1 1 1 1 o 1 1 1 1 1 .
(Ag) < (C) carry
(C) (A7)
RR A (AN) «~ (AN +1),N=0-6 Rotate Accumulator right by 1-bit [ 1 1 1 [} 1 1 1 1 1
(A7) — (AQ) without carry
RRCA (AN} < (AN +1),N=0-6 Rotate Accumulator right by 1-bit o 1 1 [ [} 1 1 1 1 1 .
(A7) < (C) through carry.
(C) ~(Ag)
SWAP A (Ag.7) 2 (Ag-3) Swap the 24-bit nibbles in the o 1 o o 0 1 1 1 1 1
Accumulator
XRL A, = data (A) + (A) XOR data Logical XOR specified immediate data 1 1 [ 1 0 0 1 1 2 2
with Accumulator d; dg ds dg d3 d2 di do
XRL A, Rr (A) + (A) XOR (Rr) Logical XOR contents of designated 1 1 0 1 1 r r 4 1 1
forr=0-7 register with Accumulator
XRL A, @Rr (A) « (A} XOR ((Rr)) Logical XOR Indirect the contents of data| 1 1 0 1 [¢] 0 [} r 1 1
forr=0-1 memory location with Accumulator
BRANCH
DJINZ Rr, addr (Rr)+(Rr)-1,r=0-7 Decrement the specified register and 1 1 1 [} 1 r r ¥ 2 2
If(Rr) #0 test contents. a7 ag ag ag a3 a2 al a0
(PC O - 7) + addr
JC addr (PCO-7)«addrifC=1 Jump to specified address if carry flag 1 1 1 1 o 1 1 [} 2 2
{PC) ~ (PC) +2.:fC=0 s set ay a as a4 a3 a2 3] aQ
JMP addr {PC 8 - 10) «~ addr 8 - 10 Direct Jump to specified address within al0 ag ag o o 1 [] ] 2 2
(PCO-7)+addr0-7 the 2K address block a7 a as a4 a3z a2 aj ag
(PC 11) ~ DBF
JMPP @ A (PCO-7) « ({A)) Jump indirect to specified address with 1 0 1 1 [} o 1 1 2 1
address page
JINC addr (PCO-7)+addrifC=0 Jump to specified address if carry flag 15 1 1 1 0 o 1 1 0 2 2
(PC)—(PC)+2:fC=1 low ay ag a5 ag a3z a2 a1 ag
JNT1 addr (PCO-7)«~addr ¥ T1=0| Jump to specified address if Test 11slow | O 1 ] [} ] 1 1 o 2 2
(PC)~(PC) + 24 T1 =1 a7y a as a4 a3 a2 a1 a0
JINZ addr (PCO-7)«<addrifA=0 Jump to specified address if 1 ] ) 1 o 1 1 [} 2 2
(PC) = (PC)+2/fA=0 Accumulator is non-zero a7 a8 ag a4 a3 a2 a1 aQ
JTF addr (PCO-7) ~addr if TF = 1] Jump to specified address if Timer Flag o [} 0 1 [} 1 1 [} 2 2
{PC) < (PC)+ 21§ TF =0 issetto 1 ay a8 a5 a4 a3 a2 a) aQ
JT1 addr (PCO-7) «<addr f T1=1| Jump to specified address if Test 11sa 1 0 1 [} 1 ] 1 1 0 2 2
(PC) ~(PC)+2/fT1=0 ay a as a4 a3 a2 a1 aQ
JZ addr (PCO-7)+addrifA=0 Jump to specified address if Accumulator | 1 1 ] [¢] o 1 1 o 2 2
(PC)+(PC)+2:/fA=0 is 0. a7 8 a5 a4 a3 a2 A aQ
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Package Outlines

For information, see Package Outline Section 7.

Plastic, .PD8021C
Cerdip, »PD8021D

8021DS-REV2-1-82-CAT



NEC

DESCRIPTION

FEATURES

PIN CONFIGURATION

UNIVERSAL PROGRAMMABLE PERIPHERAL
INTERFACE — 8-BIT MICROCOMPUTER

The uPD8041A/8741A is a programmable peripheral interface intended for use

in a wide range of microprocessor systems. Functioning as a totally self-sufficient
controller, the uPD8041A/8741A contains an 8-bit CPU, 1K x 8 program

memory, 64 x 8 data memory, |/O lines, counter/timer, and clock generator in a
40-pin DIP. The bus structure, data registers, and status register enable easy interface
to 8048, 8080A or 8085A based systems. The uPD8041A’s program memory is fac-

uPD8041A
uPD8741A

tory mask programmed, while the uPD8741A’s program memory is UV EPROM to
enable user flexibility.

Fully Compatible with 8048, 8080A, 8085A and 8086 Bus Structure
e 8-Bit CPU with 1K x 8 ROM, 64 x 8 RAM, 8-Bit Timer/Counter,

18 1/0 Lines

8-Bit Status and Two Data Registers for Asynchronous Slave-to-Master

Interface

Interchangeable EPROM and ROM Versions

Interrupt, DMA or Polled Operation
Expandable 1/O

40-Pin Plastic or Cerdip DIP Package
Single +5V Supply

Tod a0 h
X0 2 390
xo O 3 38 0
RESET [ 4 37 0
55 s 36 0
e 350
EA O 7 34 0
RD [ 8 33 ]
Ao O 9 320
WR [ 10 8%:?A/ a0
SsYNC [ 11 30
oo iz 8741A N
D1 13 28 O
Dy 14 27 @3
D3 15 26 [
D4 16 25 3
Dg 17 24 [
pg []18 23
Dy e 22 0
Vss []20 213
Rev/3

4-7

Vee

T
P27/DACK
P2g/DRQ
P25/1BF
P24/0BF
P17

P16

P1g

P14

P13

P12

P11

P10
VbD
PROG
P23

P22

P21

P20




'uPDB041A/8741A

PIN

NO

SYMBOL

FUNCTION

1,39

ToTq

Testable input pins using conditional transfer instructions
JTO, JNTO, JT1, JNT1. Tq can be made the counter/timer
input using the STRT CNT instruction. The PROM pro-
gramming and verification on the uPD8741A uses TQ.

One side of the crystal input for external oscillator or
frequency source.

The other side of the crystal input.

Active-low input for processor initialization. RESET is also
used for PROM programming, verification, and power down.

Single Step input (active-low). sS together with SYNC out-
put allows the uPD8741A to “single-step’’ through each
instruction in program memory. '

Chip Select input (active-low). CS is used to select the
appropriate uPD8041A/8741A on a common data bus.

External Access input (active-high). A logic ““1” at this input
commands the uPD8041A/8741A to perform all program
memory fetches from external memory.

Read strobe input (active-low). RD will pulse low when the
master processor reads data and status words from the DATA
BUS BUFFER or Status Register.

Address input which the master processor uses to indicate if
a byte transfer is a command or data.

Write strobe input (active~|ow).Wﬁ will pulse low when the
master processor writes data or status words to the DATA
BUS BUFFER or Status Register.

SYNC

The SYNC output pulses once for each uPD8041A/8741A
instruction cycle. It can function as a strobe for external
circuitry. SYNC can also be used together with SS to
’single-step” through each instruction in program memory.

12-19

Dg-D7 BUS

The 8-bit, bi-directional, tri-state DATA BUS BUFFER lines
by which the uPD8041A/8741A interfaces to the 8-bit
master system data bus.

20

Vss

Processor’s ground potential.

21-24,
35-38

P20-P27

PORT 2 is the second of two 8-bit, quasi-bi-directional 1/0
ports. Pog-Po3 contain the four most significant bits of the
program counter during external memory fetches. Pog-P3
also serve as a 4-bit 1/0 bus for the uPD8243, INPUT/
OUTPUT EXPANDER. Pp4-Po7 can be used as port lines or
can provide Interrupt Request (IBF and OBF) and DMA
handshake lines (DRQ and DACK).

25

PROG

Program Pulse. PROG is used in programming the uPD8741A.
It is also used as an output strobe for the uPD8243.

26

Vbbp

Vpp is the programming supply voltage for programming
the uPD8741A. It is +5V for normal operation of the
uPD8041A/8741A. Vpp is also the Low Power Standby
input for the ROM version.

27-34

P10-P17

PORT 1 is the first of two 8-bit quasi-bi-directional 1/0 ports.

40

Vee

Primary power supply. Vg must be +6V for programming
and operation of the uPD8741A and for the operation of the
uPD8041A.

PIN IDENTIFICATION



FUNCTIONAL
DESCRIPTION

uPD8041A/8741A
FUNCTIONAL
ENHANCEMENTS

uPD8041A/8741A

The uPD8041A/8741A is a programmable peripheral controller intended for use

in master/slave configurations with 8048, 8080A, 8085A, 8086 — as well as most
other 8-bit and 16-bit microprocessors. The uPD8041A/8741A functions as a

totally self-sufficient controller with its own program and data memory to effectively
unburden the master CPU from 1/0 handling and peripheral control functions. The
uPD8041A/8741A is an intelligent peripheral device which connects directly to the
master processor bus to perform control tasks which off load main system processing
and more efficiently distribute processing functions.

The uPD8041A/8741A features several functional enhancements to the earlier
uPD8041 part. These enhancements enable easier master/slave interface and increased
functionality.

1. Two Data Bus Buffers. Separate Input and Output data bus buffers have been
provided to enable smoother data flow to and from master processors.

INPUT DATA “ >
BUS BUFFER
(8
INTERNAL
DATA BUS

Do-D7

QUTPUT DATA
BUS BUFFER
(8)

i\/

2. 8-Bit Status Register. Four user-definable status bits, ST4-ST7, have been
added to the status register. ST4-ST7 bits are defined with the MOV STS, A
instruction which moves accumulator bits 4-7 to bits 4-7 of the status register.
ST(-ST3 bits are not affected.

STy STe STg STa F1 Fo IBF OBF

D7 De Ds D4 D3 D2 D1 Do

MOV STS, A Instruction OP Code 90H

3. RD and WR inputs are edge-sensitive. Status bits IBF, OBF, F1 and FO are
affected on the trailing edge at RD or WR.

RD or WR
o \ Sﬁ Flags affected




uPD8041A/8741A

4. P24 and P25 can be used as either port lines or Buffer Status Flag pins. This #PD8041A/8741A
feature allows the user to make OBF and IBF status available externally to FUNCTIONAL
interrupt the master processor. Upon execution of the EN Flags instruction, ENHANCEMENTS (CONT.)

P24 becomes the OBF pin. When a “1" is written to P24, the OBF pin is
enabled and the status of OBF is output. A “O" written to P24 disables the
OBF pin and the pin remains low. This pin indicates valid data is available from
the uPD8041A/8741A. EN Flags instruction execution also enables P25 indi-
cate that the uPD8041A/8741A is ready to accept data. A **1” written to P25
enables the IBF pin and the status of IBF is available on P25. A “‘0” written to
P25 disables the IBF pin. If OBF is not true, the data at the databus is invalid.

EN Flags Instruction Op code — F5H.

5. P2g and P27 can be used as either port lines or DMA handshake lines to allow
DMA interface. The EN DMA instruction enables P2g and P27 to be used as
DRQ (DMA Request) and DACK (DMA acknowledge) respectively. When a
“1" is written to P2g, DRQ is activated and a DMA request is issued. Deacti-
vation of DRQ is accomplished by the execution of the EN DMA instruction,
DACK anded with RD, or DACK anded with WR. When EN DMA has been
executed, P27 (DACK) functions as a chip select input for the Data Bus
Buffer registers during DMA transfers.

EN DMA Instruction Op Code — E5H.

BLOCK DIAGRAM

CRYSTAL, LC, OR CLOCK MASTER SYSTEM INTERFACE PERIPHERAL INTERFACE
n s
L 1 r m
X1 X2 RAESET PROG 5§ SYNC EA & Wm DgD7 T To P20°27 PioP17
Ao | RD
l l 11 oy
B | status
8 REGISTER CONDITIONAL PORT 2
BRANCH sus
TIMING CONTROL LOGIC oore sUFFER PORT 1
i3 S -
..... BUFFER
e PORT 4.7
88IT EXPANDER
PROGRAM
DBB TIMER/ I INTERFACE
1t IN STATUS | EVENT |
INSTRUCTION
DECODER

88IT INTERNAL BUS

weIr

COUNTER

MULTIPLEXER

REGISTER BANK 1

RESIDENT

ROM/PROM
PROGRAM MEMORY

1024x8

STACK

RESIDENT
RAM

REGISTER BANK 0 caxs

DECODE

DATA MEMORY

REGISTER

VDD ——e= PROGRAM POWER SUPPLY
POWER < Vee e 45V SUPPLY

Vss ——e GROUND



uPD8041A/8741A

ABSOLUTE MAXIMUM  Operating TeMPerature. . . .. ... oo ve e e 0°C to +70°C
RATINGS* Storage Temperature (Ceramic Package) -65°C to +150°C

Storage Temperature (Plastic Package). . . .. .............. -65°C to+150°C

Voltage on Any Pin -0.5to +7 Volts @

Power Dissipation . . . . .. .. ... e 1.5 Watt

Ta=25°C

*COMMENT: Stress above those lhisted under ‘‘Absolute Maximum Ratings’* may cause perma-
nent damage to the device. This is a stress rating only and functional operation of the device at
these or any other conditions above those indicated in the operational sections of this specifica-
tion is not implied. Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

Note (1) With respect to ground

Ta = 0°Cto +70°C; V¢ = Vpp = +5V = 10%; Vgg = 0V

DC CHARACTERISTICS
LIMITS TEST
PARAMETER SYMBOL MIN | TYP MAX UNIT CONDITIONS

Input Low Voltage ViL -0.5 +0.8 v
(All except X1 and X2)
Input Low Voltage ViLt -0.5 0.6 \"
(X1 and X2, RESET)
Input High Voltage ViH 20 Vee \Y
(All except X1, X2, RESET)
Input High Voltage ViH1 3.8 Vee v
(X1, X2, RESET)
Output Low Voltage VoL 0.45 \% loL=2.0mA
(Dg-D7, SYNC)
Output Low Voltage voL1 0.45 \" loL=1.0mA
(All other outputs except PROG)
Output Low Voltage (PROG) VoL2 0.45 \ loL=1.0mA
Output High Voltage (Dg-D7) VOH 24 v 10H = =400 uA
Output High Voltage VOH1 24 \% 10H ==50 uA
(Al other outputs)
Input Lealageﬂjrr_e_nt he +10 BA Ves < VIN <
(To, T, RD, WR, CS, EA, Ag) Vee
Output Leakage Current oL 10 HA Vgs +0.45 <
(Dg-D7; High Z State) Vin < Vce
VpD Supply Current Ipp 15 mA
Total Supply Current icc+1pp 125 mA
Low Input Source Current [N} 05 mA ViL=08V
(P10-P17: P20-P27)
Low Input Source Current LN} 0.2 mA VijL=08V
(SS; RESET)




uPD8041A/8741A

T, =0°C to +70°C; Vpp = Vg = +5V + 10%; Vgg = OV

LIMITS
uPD8041A uPD8741A TEST
PARAMETER symBoL | min | max ] min |. max | units | conpiTions
i DBB READ
Cs, Ag Setup to RD 4 tAR 0 60 ns
C—S, Ag Hold atter RD 1 tRA 0 30 ns
RD Pulse Width tRR 250 300 2xtCcy ns tcy = 2.5 us
CS, Ag to Data Out Delay tAD 225 370 ns CL =150 pF
RD 4 to Data Out Delay tRD 225 200 ns CL =150 pF
RD 110 Data Float Delay tDF 100 140 ns
Cycle Time tcy 25 15 25 " 15 us 6 MHz Crystal
DBB WRITE
TS, Ag Setup to WR 4 tAw 10 60 ns
Cs, A Hold after WR t WA 10 30 ns
WR Pulse Width tWw 260 300 [ 2xtcy ns toy = 2.5 us
Data Setup to WR t tDW 150 250 ns
Data Hold after WR 1 WD 10 30 ns
PORT 2
Port Control Setup before
falling edge of PROG cp 110 10 ns
Port Control Hold after Falling
Edge of PROG tpc 100 100 ns
PROG to P Input Vahd PR 810 810 ns
Input Data Hold Time pF 0 150 0 150 ns
Output Data Setup Time top 250 250 ns
Output Data Hold Time =15 65 65 ns
PROG Puise Width 1200 1200 ns
DMA
DACK | toRD | orWR | tacc 0 0 ns
RD 1 orWR to DACK 1 ICAC 0 0 ns
DACK to Data Valid tACD 225 225 ns C_ 150pF
RD or WR to DRQ | 'CRQ 225 225 ns
READ OPERATION — DATA BUS BUFFER REGISTER
o ng —-jl( L _ SYSTEM
- ADDRESS BUS
|

DATA BUS

N\——— AEaD cONTROL

ouTPUT)

TA VALID.

WRITE OPERATION — DATA BUS BUFFER REGISTER

X

wa—e]
[._

N

SYSTEM
ADDRESS BUS

fa——— oW ——t WD -

WRITE CONTROL

DATA CAN CHANGE x

DATA BUS

{=——DATA VALID.

K

DATA CAN CHANGE

aNPUT)

AC CHARACTERISTICS

TIMING WAVEFORMS



DMA TIMING DIAGRAM

W:WF :

uPD8041A/8741A

RD

- L.

3l

—— tcac

S

DATA BUS

X VALID

X

DRQ

PORT 2 TIMING DIAGRAM

svnc_/—_\

crRQ —| r: ‘cra —‘Kr—

EXPANDER
PORT

/N

PORT 20 — 23 DATA

OUTPUT X

X PORT CONTROL X

="

EXPANDER
PORT

|

PORT 20 — 23 DATA

wr X

X poRT CONTROL

INPUT vy

p.@._

PROG

pp
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INSTRUCTION SET

INSTRUCTION CODE . FLAGS
MNEMONIC FUNCTION DESCRIPTION D; Dg Ds Ds D3 Dz Dy Op | CYCLES|BYTES| C AC FO F1 IBF DBF STa.7
LATOR
ADDA -dna ADD A = data: Add Immediate the specified Data to the 0 0 0 o 0 o 1 1 2 2 .
Accumulator d7 dg d5 dg 93 d2 o do
ADD A Rr (A} (A} * (Rr) Add contents of designated register to o 1 1 o 1 4 " . 1 1 0
forr =0-7 the Accumulator
ADD A @Rr (A}~ (A} + {(Rr)) Add Indirect the contents the data 0 1 1 o 0 o o ' 1 1 .
forr=0-1 memoryocation to the Accumulator
ADDC A =data (A1 - (A) +(C) + data Add Immediate with carry the specited [0 0 0 1 o o 1 1 2 2 .
data to the Accumulator 47 dg dg dg d3 d2 O do
ADDC A R (A} (A)+(C)+ (Rn) Add with carry the contents of the 0 1 1 1 1 . ‘ 1 1 .
forr=0-7 designated register to the Accumulator
ADDC A @R¢ 1A} (A}« (C) + (R Add Indirect with carry the contentsof | 0 1 1 1 o o o . 1 1 .
forr=0-1 data memory location to the
Accumulator
ANL A - data tA)  {A) AND data Logical and specified Immedsate Data 0 1 o 1 [ ] 1 1 2 2
with Accumulator 07 9 ds aa d3 d2 d g
ANL A R (Al (A AND (Rr) Logical and contents of designated 0 1 0 1 1 . . . 1 1 B
forr=0-7 register with Accumulator
ANL A @Rr (Al (A)AND (iR Logical and Indurect the contents of data | 0 1 0 1 o o o ‘ 1 1
forr=0-1 memory with Accumulator
CPLA (A) - NOT 1A) Compiement the contents of the [ ] 1 1 [ 1 1 1 1 1
Accumulator
CLR A (YR CLEAR the contents of the Accumuiator |0 O 1 o o 1 1 1 1 1
DA A DECIMAL ADJUST the contents of the o 1 o 1 ] 1 1 1 1 1 .
Accumuylator
DEC A (A)+ (AL - 1 DECREMENT by 1 the accumulator s o o o o0 o 1 1 1 1 1
contents
INC A (Al (a) 1 Increment by 1 the accumulator s o o o 1 0 1 1 1 1 1
contents
ORLA =data (A) - (A) OR data Logical OR or specified immediate data | 0 1 o o o o 1 1 2 2
with  Accumulator d7 % ds dg d3 d2 di dg
ORL A Rr (A) - (A] OR (R0} Logical ORcontents of designated 0 1 o o 1 . . ‘ 1 1
forr=0-7 reqgister with Accumuiator
ORLA @R (A} (A) OR (R} Logccal OR Indurect the contents of data | 0 1 © 0o o o o o« 1 1
forr=0-1 memory location with Accumulator
RLA (AN + 1)+ (AN) Rotate Accumulator feft by 1 bit without | 1 1 1 V] [ 1 1 1 1 1
(Ag) = (A) carry
forN:=0-6
RLC A (AN + 1) <(AN), N =0 - 6! Rotate Accumutator left by | bit through | 1 1 1 1 [i] 1 1 1 1 1 .
1A°)- [{] carry
i 1Ay
RR A {AN)«< (AN + 1), N = 0 - 6} Rotate Accumulator right by 1 bit 1] 1 1 1 [] 1 1 1 1 1
(A7) (Ag) without carry
RRC A (AN) < (AN + 1), N = 0 - 6] Rotate Accumulator right by 1 bit ] 1 1 0 [ 1 1 1 1 1 .
(a7 (C) through carry
(C)- (Ag)
SWAP A (Ag.7) = (Ag - 3) Swap the 24 bit nibbles in the 0 1 o o o 1 1 1 1 1
g Accumulator
XRL A =data (A} - (A) XOR data Logical XOR specitied immediate data 1 1 0 1 [ ] ' 1 2 2
with Accumulator d7 dg ds dag g3 92 9 do
XRLA Rr (A) - (A) XOR (Rr) Logical XOR contents of designated 1 1 [ 1 . ' . 1 1
fore=0-7 register with Accumulator
XAL A @Rr (A) + (A) XOR ((Rr)) Logical XOR Indirect the contents of data | 1 1 [ o o o . 1 1
forr =0 -1 memory location with Accumulator
BRANCH
DJINZ Rr addr (Rr) < (Rr)-1,r=0-7 | Decrement the specified register and 1 1 T 0 1 ' . . 2 2
1 (Rr) %0 test contents a7 2 a5 aa a3 a2 ¥ 23
(PCO-7) «addr
JBb addr (PC O -7) < addr if Bb = 1] Jump 10 specitied address if b by by 1 o o 1 o 2 2
(PC) « (PC) + 21 Bb =0 | Accumulator bit s set a7 a6 o, a4 a3 32 a1 ag
JC addr (PCO-7)<—addrif C=1 | jymp 10 specified address if carry flag 1 1 1 1 [ 1 1 ] 2 2
(PC)—{PC)+21FC=0 | isset 37 e 35 a4 33 2 a1 3
JFO addr (PCO-7) —addrif FO=1| ;1 specified address if Fiag FO s 1 [ 1 1 o 1 1 o 2 2
(PC) — (PC) +2/f FO=0 t a7 a6 ) 2 a3 2 2 20
JF1 addr (PCO- 7)+-adde f F1 =1 | Jump to specitied address it Flag F 115 0 1 1 1 0 1 1 0 2 2
(PC)+ (PC)+ 244 F1 =0 set a7 a6 s 2 a3 a2 20
IMP addr (PC8-10) —addr8-10 | Dwect Jump tospecitied addresswithin  Jayg 39 3g O O 1+ 0 0 2 2
(PCO-7)«addr0-7 the 2K address block a7 6 a5 2 a3 2 2 0
(PC 11) < DBF
PP @ A (PCO-7) = ((A)) Jump indirect 1o specified address with 1 0 1 1 o o ! ' 2 1
with address page
INC addr (PCO-7) - addr f C =0 of Jump 10 specified address if carry tiagis | 1 1 1 0 o 1 10 2 2
(PC) = (PC)+24C =1 low a7 ag a5 a 3 2 n L]
INIBF addr (PCO- 7) = addr it IBF = | Jump 10 specitied address if input butter | 1 1 [ o 1 1 0 2 2
(PC) = (PC) + 244 18F = 1 | full tiag i3 tow a7 a6 e a4 a3 a2 2 ¥
JOBF (PC O - 7) ~ addr it OBF = 1] Jump to specified address if output 1 o o o o 1 1 o 2 2
(PC) = (PC) + 2.1 OBF = O | butfer full fiag 1s set ay % aq 3 2 » 0




INSTRUCTION SET (CONT.)

uPD8041A/8741A

INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION D7 Dg Os D4 D3 D2 Dy Do | CYCLESIBYTES| C AC FO F1 IBF OBF | ST4.7
Al I
—
JNTO addr (PCO-7)«—addrif TO=0 | Jump to specified address f Test Oislow | O 0 1 [) [ 1 1 0 2 2
(PC) < (PC) + 2.4£ TO a7 a2 a5 a4 a3 32 ¥ 29 ‘
INT1 addr (PCO-7) —addrif T1=0| Jump tospecitied address o Test 1islow | O 1 o o o L] 2 2
(PC) - (PC)+ 216 T 1 =1 a7 a a5 24 33 82 a1 ap
JINZ addr (PCO-7)«addrif A=0 | Jump to specified address if accumutator | 1 o o o 1 0 2 2
(PC)— (PC)+2/fA=0 1s non zero 27 3 a5 24 33 a2 ¥ g
JTF addr (PCO-7) = addr if TF =1 Jump 1o specified address s TimerFlag | 6 0 0 1 0 1+ 1 0 2 2
(PC)— (PC) + 21 TF=0 | ssetton a7 e 85 a4 83 a2 a1 3
JTO addr {PCO - 7) « addr if TO Jump to specitied address f TestOisat. | O 0 1 1 0 1 1 0 2 2
{(PC) < (PC) +2:fTO=0 a7 2 a5 ¥ 3 a2 = 20
JT1 addr (PCO-7) «addrif T1=1{ Jump tospecitied address of Test 1 152 1 [ 1 ] 1 ] ] 1 [ 2 2
(PC) « (PC) + 2, T1 =0 37 3 a5 2 23 22 21 3
JZ addr (PCO-7)«addrif A=0 | Jump to specified address f Accumulator | ! 1 [ o ] 1 1 ] 2 2
(PC) < (PC) +2fA =0 50 a7 2 a5 34 23 32 N 0
msee—
CONTROL
ENI Enable the External Interrupt input 0 0 [ 0 0 1 0 1 [ 1
oSy Disable the External Interrupt input o o o 1 o 1 o 1 1 1
SEL RBO (8S) ~ 0 Select Bank 0 (locations 0 — 7) of Data 1 1 o o o 1 o 1 1
Memory
SEL RB1 (BS) ~1 Select Bank 0 (locations 24 — 31) of 1 1 o 1 ] 1 ) 1 1 1
Data Memory
EN DMA Enable DMA Handshake 1 1 1 1 o 1 o 1 1 1
EN FLAGS Enable Interrupt to Master Device 1 1 [ o 1 o 1 1 1
DATA MOVES
MOV A, = data (A) - data Move Immediate the specifieddatamto | 0 0 1 o o0 o0 1 1 2 2
the Accumulatar d7 dg dg dg d3 d2 di do
MOV A, Re (A)-(Re)r=0 7 Move the contents of the designated 1 1 1 1 1 . ' ' 1 1
registers into the Accumulator
MOV A, @ Rr (A= {(Rr)) r=0 1 Move Indirect the contents of data 1 1 1 T+ 0 o0 0 o« 1 1
memory location into the Accumulator
MOV A, PSW (A) - (PSWI Move contents of the Program Status 1 1 o o o 1 1 1 1
Word into the Accumulator
MOV Rr, = data (Rr) - data,r =0 7 Move Immediate the specified data nto | 1 [ 1 1 ' . ‘ 2 2
the designated register d7 dg dg dg d3 d dy do
MOV Rr A Rl - (A)r=0 7 Move Accumulator Contents into the 1 o 1t o0 1 . . . 1 1
designated register
MOV @Rr, A (R~ (AL =0 1 Move Indirect Accumulator Contents 1 o 1+ o 0 0 0 o« 1 1
into data memory location
MOV @ Rr, = data URN) - data r=0 1 Move Immediate the specified data nto | 1 [N 1 o o o o« 2 2
data memory d7 dg ds dg d3 d2 1 do
MOV PSW, A (PSW) + (A) Move contents of Accumulator into the | 1 1 1 o 1 1 1 1
program status word
MOVP A, @A (PCO 71~ (A) Move data in the current page into the 1 o o o o 1 1 2 1
(A) - ((PC Accumulator
MOVP3 A @ A (PCO 71 - (A) Move Program data in Page 3 into the 1 1 1 o o o 1 1 2 1
(PC 8- 10) ~ 011 Accumulator
(A) = ({PC))
XCH A, Rr (A)Z(Rr),r=0-7 Exchange the Accumulator and o o 1 [ ] . ' ‘ 1 1
designated register’s contents
XCH A, @ Rr (A) T (R, r=0- 1 Exchange Indirect contents of Accumu o o 1 o o o o . 1 1
iator and ocation in data memory
XCHD A, @ Rr (A0- 315 ((Rr) 0-3)), | Exchange Indirect & bit contents of o o 1 o o o 1 1
r=0-1 Accumulator and dats memory
FLAGS
cPLC (C) = NOT (C) Complement Content of carry bit 1 [} 1 [ o 1 1 1 1 1 .
CPL FO (FO) — NOT {FO) Complement Content of Flag FO 1 [] [ 1 [ 1 [ 1 1 1 .
CPLF1 (F1) ~ NOT (F1) Complement Content of Fiag F1 10 1 o 1 o 1 1 1 .
CLRC - Clesr content of carry bit to 0 1 o [} 1 o 1 1 1 1 1 .
CLRFO {FO) -0 Ciser content of Flag 010 0. 1 o o o o 1 o 1 1 1 .
CLRF1 (F1)+~0 Clear content of Flag 1 to 0 1 o 1 [} [ 1 [\] 1 1 1 .
MOV STS, A ST4ST7 +~ As-A7 Move high order 4 bits of Accum- 1 o o 1 o o 0 o 1 1 .
ulator into status register bits 4-7
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INSTRUCTION SET (CONT.)

. B INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION o7 D6 Ds D4 D3 D2 D1 00 Jcvcies] evres] ¢ Ac Fo F1 1BF OBF| STq7
. INPUT/OUTPUT
ANL Pp, = data (Pp) - (Pp) AND data” Logical and Immediate specified data 1 [} o 1 1 ] P P 2 2
. p=1 2 with designated port (1 or 2) d7 dg d5 dg d3 d2 dy do
ANLD Pp, A (Pp) ~ (Pp) AND (A 0 3) | Logical and contents of Accumulator 10 0 1 1 1 e b 2 1
p=4 7 wath designated port (4 — 7).
INA Pp (A)- (Pp)p=1 2 Input data from designated port (1or 2)| O [ o o 1 o P P 2 1
nto Accumulator
INA, D88 (A) — (DBB) Input strobed DBB data into o o T 0o o o 10 1 1
Accumulator and clear IBF
MOVD A, Pp (A0-3)~(Pp) p=4-7 | Movecontents of designated port (4-7)| O [ o o 1 1 [ P 2 1
A4 -0 nto Accumulator
MOVD Pp, A (Pp)~A0 3 p=4 7 Move contents of Accumulator to o o 1 1 1 1 ] P 1 1
designated port (4 - 7)
ORLD Pp, A (Pp) ~ (PP)OR (A0 3) Logical or contents of Accumulator with 1 o ) o 1 1 P P 1 1
p=4 7 designated port (4 — 7)
ORL Pp, = data Pp) ~— (Pp) OR data Logical or Immediate specified data with T .0 [ o 1 o P [ 2 2
p-1 2 ‘designated port (1 or 2) d7 dg dg dg d3 d2 di do
OUT D88, A (D8B) (A) Output contents of Accumulator onto ) 0 0 o o o 1 [ 1 1
DBB and set OBF.
OUTLPp, A Ppl - (ALp=1 2 Output contents of Accumulator to o o 1 1 1 0o p» b 1 1
designated port (1 0r 2)
REGISTERS
OECRr (Rr) (Re)—(Rr) 1 ¢=0 7 | Decrement by 1 contents of designated 1 1 o o0 1 ' ' . 1 1
register
INC Rr (Re) - (RrI 41 20 7 Increment by 1 contents of designated o o o 1 1 . . v 1 1
register
INC @ Rr R = (RA) + 1 increment Indirect by 1 thecontentsof | 0 0 0 1 6 o o . 1 1
=0 1 data memory location
—
SUBROUTINE
CALL addr (USP)) - (PC). (PSW4 7) | Call desigrated Subroutine 1w a9 ag 1 o 1 o o0 2 2
(SP) - (SP) +1 a7 e a5 a4 a3 a2 4 a0
(PC8 10)- addr8 10
(PCO-7)~-addr0 7
{PC 11) - DBF
RET (SP) - (SP) 1 Return from Subroutine without 1 o o o o o0 1 1 2 1
(PC) - ((SP)) restoring Program Status Word
RETR (SP) - (SP) 1 Return from Subroutine restoring 1 o o 1 o o 1 1 2 1
iPC) -- ({SP)} Program Status Word .
(PSW 4 _7) - ((SP})
m— —
TIMER/COUNTER
por——
EN TCNTI Enable Internal interrupt Flag for o o0 1 o 0 } 0 1 1 1
Timer/Counter output
OIS TCNTY Disable Internal interrupt Flag for o -0 1 1 1] 1 ] 1 1 1
Timer/Counter output
MOV A. T (A} - (T) Move contents of Timer/Counter nto o 1 o0 o o 0 1 0 1 1
Accumulator
MOV T A (T - (A) Move contents of Accumulator into (] 1 1 0 o 0 1 [} 1 1
Timer/Counter
STOP TCNT Stop Count for Event Counter o 1 1 0 ] 1 [} 1 1 1
STRT CNT Start Count for Event Counter [ o o o 1 [ 1 1
SIRTT Start Count for Timer 0 1 [ 0 1 0 1 1 1
—————
MISCELLANEOUS
NOP | ]uooomnonpeuo,ma l o o o o0 o 0 O ol 1 I 1 l I
Notes (D) Instruction Code Designations r ana p form the binary representation of the Registers and Ports involved.

®e06

The dot under the appropriate flag bit indicates that its content is subject to change by the instruction i1t appears in,

References to the address and data are specified in bytes 2 and or 1 of the instruction.

Numerical Subscripts appearing in the FUNCTION column reference the specific bits affected.

Symbol Definitions:

SYMBOL DESCRIPTION SYMBOL DESCRIPTION

A The Accumulator Pp Port Designator (p =1, 20r4-7)

AC The Auxiliary Carry Flag PSW Program Status Word

addr Program Memory Address (12 bits) Rr Register Designator (r=0, 1 or 0 — 7)
Bb Bit Designator (b =0 — 7) SP Stack Pointey
BS The Bank Switch T Timer

BUS The BUS Port TF Timer Flag
C Carry Flag To. T1 Testable Inputs 0, 1

CLK Clock Signal X External RAM

CNT Event Counter # Prefix for | diate Data
D Nibble Designator (4 bits) @ Prefix for Indirect Address

data Number or Expression (8 bits) Program Counter’s Current Value

DBF Memory Bank Flip-Flop (x) Contents of External RAM Location

Fo. F1 Flags 0, 1 ((x)) Contents of Memory Location Addressed
| Interrupt by the C: of External RAM Location.
P "“In-Page” Operation D - Replaced By
IBF Input Buffer Full Flag OBF Output Buffer Full
D88 Data Bus Buffer
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Package Outlines
For information, see Package Outline Section 7.

uPD8041A/8741A

Plastic, .PD8041AC
Ceramic, nPD8041AD
Cerdip, nPD8741AD, has quartz window
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NEC

Description

wPD8048H/.PD8035HL
FAMILY OF SINGLE CHIP
8-BIT MICROCOMPUTERS

. N . . . . Pil\
The p.PD8048H family of single chip 8-bit microcomputers is Yo Symbal Function
comprised of the wPD8048H and the .PD8035HL. The pro- — -

. . o N . L. 5 Ss Single Step input (active-low). SS together with ALE aliows
cessors in this family differ only in their internal program the processor to “single-step” through each instruction in
memory options: The wPD8048H with 1K x 8 bytes of mask = program memory. - .

i 6 IN Int t il it (active-low). INT will start an int t if
ROM and the MPD8035HL with external memory. e':nzgl:':n;’o‘l?r:p(tﬁins‘l’r&uﬂlo)t‘i hasvlvwee; e:(:c':u(:;rf\“ r':w.v';lll
Features disable the imerrupg. INT can be tested by 1ssuing a condi-
. N tional jump instruction.
[ Fully Compatlble with Industry Standarq 8048/6748/8035 = A Extoral Access npat eive-igh), Alogis 1" atis et
D HMOS Silicon Gate Technology Requiring a Single commands the processor to perform all program memory
5V S l y g g fetches from external memory.
+ upply — —
i ive-l RD will pulse I he
[0 2.5 s Cycle Time. All Instructions 1or 2 Bytes & R oS e A, D Wil s vt o
D Interval Timer/Event Counter onto the processor BUS from a p;:gheraé W‘IRIch and function
L] 64x 8 Byte RAM Data Memory 9 PSEN :: REA;STREOB: e :tmurtn(a' t ‘:M)MF—:ENA beco
ram Store Enable ot active-low). mes
D External and Tlmer lntgrrupts acllse only during an ex(el'-,nal memory fetch.
[ 96 Instructions: 70% Single Byte 10 WR WRITE strobe output (active-low). WR will pulse low when the
D 27 1/0 Lines prooesEsor performs a BUS meE.WFT%an also functionas a
\TA MEMORY.
O Internal Clock Generator WRITE STROBE for external DATA ME
1" ALE Address Latch Enable output (active-high). Occurring once
[] 8 Level Stack each cycle, the falling edge of ALE latches the address for
[] Compatible with 8080A/8085A Peripherals gfo‘z;":"‘m‘"v orperipherals ALE can also be usedasa
D Avallable in Both Ceramic and Plastic 40 Pin Packages 12-19 D,-D;BUS 8-bit, bidirectional port. Synchronous reads and writes can be
- - rf d on th tusing RD and WR strobes. Th -
Functional Description fonte m.:;., - ';:’;{,s“ can be latched in a static mode,
The NEC .PD8048H and .PD8035HL are single compo- B o ot T oo PAER conrers
nent, 8-bit, parallel microprocessors using N-channel silicon the dressed Also, for an external
gate MOS technology. The wPD8048H family of components ALE, RD. and W, coniaims adreas and data mionmaion.
functions efficiently in control as well as in arithmetic applica- 2 Veu Processor’s GROUND potential.
tions. Standgrd logic function implementation is faC"!tated by 21-24, Pp-Py Port 2 1s the second of two 8-bit quasi-bidirectional ports.
the large variety of branch and table look-up instructions. 35-38 PORT 2 For extermaldata mamary fetches, the four mast sgnifcant
. N . . e program counter are contain in - its
The wPD8048H/8035HL instruction set is comprised of 1 Pay— P are also used as a 4-bit /0 bus for the PD8243,
and 2 byte instructions with over 70% of them single-byte INPUT/OUTPUT EXPANDER.
and requiring only 1 or 2 cycles per instruction with over 50% % PROG PROG s usedas an °‘::':‘" strobe for the ""D:Z“"n
single-cycle. » e
The wPD8048H series of microprocessors will function as 27-34  Py—Pip Port 1 1s one of two 8-bit quast-bidirectional ports.
stand alone microcomputers. Their functions can easily PORT 1
i 39 T Testabl it usis dit it fer functi JT1and
g‘: ;’;?::1‘3‘;2 :S‘"Q standard 80B0A/8085A peripherals INT1. T1 can be mad the counter imer input using the STRT
. CNT instruction.
The wPD8048H contains the following functions usually found 40 Vee Primary Power Supply. Ve must be +5V for operation of the
. A . . PD8035H and .PD8048H.
in external peripheral devices: 1024 x 8 bits of ROM program
memory; 64 x 8 bits of RAM data memory; 27 |/O lines; an
8-bit interval timer/event counter; oscillator and clock circuitry. Pin Configuration
The wPD8035HL. is intended for applications using exter-
g od T woh
nal program memory only. It contains all the features of the XTAL?C ) Ny ¥cc
pPDB8048H except the 1024 x 8-bit internal ROM. The exter- xTAL20] 3 38 Pex
nal program memory can be implemented using standard RESET (] 4 37 g P26
8080A/8085A memory products. _§ E : 36 :;:’
IN 35
Pin ldentification Eagg 7 34 g 7
RO[] 8 u.PD 33 g P16
Pin Function PSENC] 9  gnqgy 32 P15
No. Symbol WR 10 goggy 31 1 P14
1 T, Testable in ALE Q1 30 g P13
o put using conditional transfer functions JT0 and
JNTO. The internal State Clock (CLK) 1s available to T, using DB, [ 12 29 QP12
the ENTO CLK instruction. T, can also be used during pro- DB, [ K] 28 P11
gramming as a testable flag. D8, [m L 27 [J P10
2 XTAL 1 One side of the crystal input for external oscillator or fre- DB, 15 26 O v
quency (non-TTL compatible V,,). DB, (16 25 [J PROG
3 XTAL 2 The other side of the crystal input. o8 17 24 [J P23
e — — os, []18 23 [ p22
4 RESET Active low input for processor initialization. RESET is also 6
used for PROM p i and power-d 0875 19 22 3 p21
(non-TTL compatible V). vgs Q20 21 3 r20
Rev/3
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wPD8048H/8035HL

Block Diagram

Power Supply
‘Vw {Vcc { Vss
Program +5V  Ground I Expansion to Additional
Supply (Lm Resident Program Memory External Memory and I/0
Bus B ROM (.PD8048H only)
uffer 1024x8
Oscillator Port2 Bus Latch
2 Decode cl;ow“ ;am
Port 2 Latch (Low 4) Port 2 unter's Temp
and Expander Latch Higher Program s Register | BUS sumrJ
Counter (4)
Port1/0 (High 4)
Lower ram
PR P I e e
ni
Bus
8-Bit Internal Bus I 1 B:ﬂor
Latch
Port 1
Accumulator Temporary Fl Instruction RAM Address
8) Register (8) ags Register/Decoder Register
Multiplexer l
Accumulator [e—Test 0 Register 0
Latch le——Test 1 Register 1
[«—INT Register 2
le——Flag 0
Conditional |+ Fiag 1 Register 3
Branch
Loglc Timer Flag Register 4
le—carry g §
l—Acc Register 6
Register 7
*— Acc Bit Test 8-Level Stack
(Variable Word Length)
Optional Second
Register Bank
Data Store
Control and 1;'1_":‘"0 Resident Data Memory — RAM
— XTAL — _— T — (64 x 8)
INT RESET PROG EA 1 2 ALE PSEN Ss RD WR (©4x8)
T ] CPU/Memory Address T T T
Inttialize Separate s‘f‘ﬁ'; , Program  Single Read Write
P PROM, o ro o' Memory  Step Strobes
Strobe Crystal Sycle  Enable

Note: .PD8035H does not include ROM.



1PD8048H/8035HL

DC Characteristics AC Characteristics
T, = 0°Cto +70°C; Vec = Vpp = +5V * 10%; Vgg = OV T, = 0°C 10 70°C; Vi = Vpp = 5V = 10%; Vss = OV
Limits Limits f{tcy) and
Parameter Symbol Min Typ Max Unit Test Conditions Parameter Symbol Min Typ Max Unit Test Conditions ®
Input Low Voltage (All i _os 08 Vv ALE Pulse Width t 410 ns  7/30tcy —170
Except XTAL 1, XTAL 2) Addr Setup to ALE ta 220 ns 215t —110
;‘1"“;2‘;”" Voltage (RESET, —05 08 v Addr Hold from ALE ' 120 ns  1A51gy —40
input High Voltage (All o pulse Width tee; 1050 ns  12tcy —200
Except XTAL 1, XTAL 2, Vin 20 Vee V (RD, WR)
RESET) Control Pulse Width (PSEN) tcc, 800 ns  25tey, —200
;a_p:lt ?fg;\‘_xtnzz;ge (RESET, Vit 38 Vee v Data Setup WR_ tow 880 ns  13/30tcy —200
Data Hold after WR two 110 ns 115ty —50 @
Output Low Voltage (BUS) _ Vou 045 V. lo=20mA Data Hold (RD, PSEN) ton [) 20 s 110ty —30
wngg"%w }’fé',‘“‘ (RD. Vo1 045 Vg =20mA RD to Data in [ 800 ns 25tcy —200
Output Low Voltage (PROG) Vo, 045 Vg =20mA PSEN to Data in thoz 550 ns 310ty —200
Output Low Votage (AL, o5 Vv 1 —20ma Addr Setup to WR taw 680 ns  1/3tcy —150
Other Outputs) o - o Addr Setup to Data (RD)  tan, 1570 ns 1115tcy —250
Output High Voltage (BUS)  Vou 24 V oy = —400 pA Addr Setup to Data (PSEN)  tap, 1090 ns 8A15tcy —250
O_WIS?:;_TUH'Q’“’TLV'_E)"&G (RD, vy 24 V. lon = —400 uA Addr Fioat to RD, WD tarct 290 ns  215tcy —40
Outgul Fagh Vowge (AR Addr Float to PSEN tarce 40 ns  1/30tgy —40
Other Outputs) Vomz 24 V. low= -40uA ALEto Control (RD, WR)  tapc; 420 ns 15tey —75
Input Leakage Current N v ALE to Control (PSEN) tarcz 170 ns 110tgy -75
(T,,INT) e 10 pA Vsg<Viy=Vec Controlio ALE ) ™ o
input Leakage Current, . ~500 pA  Vgo = Vi = Vgg + 0.45V (RD, WR, PROG) cat ns  145tcy —40
(P1o— P17, Po—Par, EA, §5) 11 ceT TS Control to ALE (PSEN)  tcas 620 ns  4M5tey —40
Output Leakage Current Conore -
(BUS, Too High Impedance  lo, £10 A Voo V> Ves + 045V Port Control Setup to PROG tcp 210 ns  110tgy —40
State) Port Control Hold to PROG  tpc 460 ns  415tgy —200
Power Down Supply Current Ipp 4 8 mA T,=25C PROG to P2 Input Valid tor 1300 ns 17/30tcy —120
Total Supply Current Ipp + Icc 50 80 mA T,=25C Input Data Hold from PROG  tp¢ 250 ns 110tcy
RAM Standby Ve Voo 22 55 v :?;:lgowlso‘;le Output Data Setup top 850 ns 25tcy —150
s Output Data Hold tep 200 ns  140tcy —50
PROG Puise Width top 1500 ns  7M0tgy —250
Absolute Maximum Ratings* Port 21/O Setup to ALE o 460 ns  4/51tgy —200
Port 2 /O Hold to ALE e 150 ns  110tgy —100
Ta = 25°C Port Output from ALE toy 850 ns 310tcy +100
— - Cycle Time toy 25 us  6MHz
Operating P ire 0°Cto +70°C TO Rep Rate torm 500 ns 315 1oy
Storage Temperature (Ceramic Package) —65°C to +150°C
N Notes: ® Control Outputs CL = 80pF
Storage Temperature (Plastic Package) —65°Cto +150°C BUS Outputs CL = 150pF
Volt on Any Pin —05Vto +7VOD @ BUS High Impedance Load 20pF
Power Dissipation 1.5W .
Note: @ With respect to ground L°gl° stbo'
*COMMENT: Exposing the device to stresses above those
listed in Absolute Maximum Ratings could cause permanent . e Port1
damage. The device is not meant to be operated under XTAL 8
conditions outside the limits described in the operational — g Pon2
sections of this specification. Exposure to absolute max- Reset e Read
imum rating conditions for extended periods may affect Single uPD
device reliability. step 1 8048H [ Wrhe
External
Memory | Program Store
Enable
Test
—] | Address Latch
Enable
Interrupt ———f
Bus  <—os] |———— Port Expander
8 Strobe




1 PD8048H/8035HL

Timing Waveforms

Instruction Fetch from External Memory

f— by —f

ALE

PSEN

le-toca+tateaz "l

1,
_.J;Li”-_

—olton

BUS Floating X Floati

ng X« ;‘Floallng X

Address’

—>ltapafe—

Instruction

Read from External Data Memory

bt —

tey —]

/

=—tarct e tocr—{=+tcar|

e —f tor
Floating ‘ Data Floating

Write to External Memory

fa—

ALE I I I

L‘ tearct = [*tecr ~=tcar '>|

WR

Address

two

tow

Bus Floating

I'_"'AW ————’l

Port 2 Timing

to, —o{t p fe—

Port 2,., Data ) Port Control

Output

Expander

Zcmmn PCH Port 2,5 Data X[ Port Control
—>itepfe—tpc

3

BUSOutputnghVolhgevs.SoumeQunw

Typ
ION
3mA
Vee = 45V
2mA
1mA
ov 2v 4av
Vou

Port P1and P2 Output High Voltage vs. Source Current

lonz

100pA

Vee = 45V

Typ

50uA

\

ov 2v

Vouz

av

BUS Output Low Voltage vs. Sink Current

[

Ve = 45V

10mA

ov v
vOt.

2v



Instruction Set (for Symbol Definitions, see page 8.)

wPD8048H/8035HL

Instruction Code Flags
Mnemonic Function Description D, Dg Dy D, D D, D, D, Cycles Bytes C AC FO
Accumulator
ADD A, # data (A) < (A) + data Add Immediate the specified Data to the 0 0 0 0 0 ] 1 1 2 2 L]
Accumulator. d; dg ds d dy dy d, do
ADD A, Rr (A) < (A) + (Rr) Add contents of designated register to the (] 1 1 1 r r r 1 1 L]
forr =0-7 Accumulator.
ADDA, @ Rr (A) <(A) + ((Rr)) Add Indirect the contents of the data mem- 0 1 1 [} 0 [} 0 r 1 1 .
forr=0-1 ory location to the Accumulator.
ADDCA, #data  (A) < (A) + (C) + data Add Immediate with carry the specified 0 0 0 1 0 0 1 1 2 2 .
data to the Accumulator. d; dg ds dy d3 d d, dy
ADDC A, Rr (A) —(A) + (C) + (Rr) Add with carry the contents of the desig- o 1 1 1 1 r r r 1 1 .
forr=0-7 nated register to the Accumulator.
ADDCA, @Rr (A) < (A) + (C) + ((Rr)) Add Indirect with carry the contents ofdata 0 1 1 1 0 ] 0 r 1 1 .
forr=0-1 memory location to the Accumulator.
ANLA, # data (A) < (A) AND data Logical AND specified Immediate Datawith 0 1 0 1 0 0 1 1 2 2
Accumulator. d; dg ds dy d; d; dy dy
ANL A, Rr (A) < (A) AND (Rr) Logical AND contents of designated register 0 1 ] 1 1 r r r 1 1
forr=0-7 with Accumulator.
ANLA, @ Rr (A) < (A) AND ((Rr)) Logical AND indirect the contents of data 0 1 ] 1 L] 0 0 r 1 1
forr=0-1 memory with Accumulator
CPLA (A) < NOT (A) Complement the contents of the 0 0 1 1 0 1 1 1 1 1
Accumulator.
CLRA (A) <0 CLEAR the contents of the Accumulator. 0 0 1 0 0 1 1 1 1 1
DAA DECIMAL ADJUST the contents of the 0 1 0 1 0 1 1 1 1 1 .
Accumulator.
DECA (A) —(A)-1 DECREMENT by 1 the accumulator’s ] 0 ] 0 0 1 1 1 1 1
contents.
INCA (A)<—(A) +1 by 1the s 0 0 0 1 0 1 1 1 1 1
ORL A, # data (A) < (A) OR data Logical OR specified inmediate data with 0 1 0 0 0 0 1 1 2 2
Accumulator. d; dg ds d; dy d, d, do
ORLA, Rr (A) < (A)OR(Rr) Logical OR contents of designated register 0 1 0 [] 1 r r r 1 1
forr=0-7 with Accumulator.
ORLA, @Rr (A) < (A) OR ((Rr)) Logical OR Indirect the contents of data 0 1 0 0 0 L] 0 r 1 1
forr =0-1 memory location with Accumulator.
RLA (AN + 1) < (AN) Rotate Accumulator left by 1 bit without 1 1 1 0 0 1 1 1 1 1
(Ag) (A7) carry.
forN=0-6
RLCA (AN + 1) —(AN);N =0-6 Rotate Accumulator left by 1 bit through 1 1 1 1 0 1 1 1 1 1 .
(Ag) —(C) carry.
(C) —(A)
RRA (AN) — (AN + 1);N=0-6 Rotate Accumulator night by 1 bit without 0 1 1 1 0 1 1 1 1 1
(A7) — (A9 carry.
RRC A (AN) —(AN + 1);N =0-6 Rotate Accumulator right by 1 bit through 0 1 1 0 0 1 1 1 1 1 L4
(A7) <(C) carry.
©)<(A)
SWAP A (A7) < (Ag3) Swap the two 4-bit nibbles in the 0 1 0 0 0 1 1 1 1 1
Accumulator.
XRL A, # data (A) < (A) XOR data Logical XOR specified inmediate data with 1 1 ] 1 L] [] 1 1 2 2
Accumulator. d; dg ds d; d3 dy d; dy
XRL A, Rr (A) < (A) XOR (Rr) Logical XOR contents of designated register 1 1 0 1 1 r r r 1 1
forr=0-7 with Accumulator.
XRLA, @Rr (A) < (A) XOR ((Rr)) Logical XOR indirect the contents of data 1 1 [} 1 0 0 0 r 1 1
forr=0-1 memory location with Accumulator.
Branch
DJNZ Rr, addr (Rr) < (Rr)-1;r=0-7 Decrement the specified register and test 1 1 1 [} 1 r r r 2 2
if(Rr) =0 contents. a; a a; a, a3 a, & ag
(PC0-7) —addr
JBb addr (PCO-7) —addrifBb =1 Jump to specified address if Accumulator b, by by 1 0 [} 1 L] 2 2
(PC) —(PC) + 2ifBb =0 bitis set. a;, a a; a a3 a ag
JC addr (PC0-7) —addrifC =1 Jump to specified address if carry fiag is 1 1 1 1 0 1 1 [] 2 2
(PC) < (PC) + 2ifC =0 set. a;, ag a; a, a; a a, ag
JFO addr (PCO-7) <addrif FO = 1 Jump to specified address if Flag F0 is set. 1 o 1 1 0 1 1 [ 2 2
(PC) —(PC) + 2ifFO = 0 a, a a; a, a a a a
JF1 addr (PCO-7) < addrifF1 =1 Jump to specified address if Flag F11s set. 0 1 1 1 0 1 1 [} 2 2
(PC) —(PC) + 2ifF1 =0 @ @8 a a a a3 3 @
JMP addr (PC8-10) —addr8-10 Direct Jump to specified address within a, ag ag [} 0 1 0 [} 2 2
(PCO-7) —addr0-7 the 2K address block. aq ag ag a, a a, a, ag
(PC11) — DBF
JMPP @ A (PCO-7) —((A) Jump indirect to specified address with 1 0 1 1 L] o 1 1 2 1
address page.
JNC addr (PC0-7) —addrifC =0 Jump to specified address if carry flag is 1 1 1 L] 0 1 1 [} 2 2
(PC) —(PC) + 2C =1 low. a; ag a; a, a3 a a4 ag
JNI addr (PC0-7) —addrifl =0 Jump to specified address if interruptis low. 1 0 0 0 [} 1 1 0 2 2
(PC) < (PC) + 211 =1 @G 3 a a a3 a 3 3




wPD8048H/8035HL

Instruction Set (Cont.)
Instruction Code Flags
Mn i i Description D, Dg Dy D, D, D, D, D, Cycles Bytes C AC FO F{
Branch (Cont.)
JNTO addr (PC0-7) —addrit T0 = 0 Jump to specified address If Test 0 is low. o o 1 0 o0 1 -1 0 2 2
(PC) —(PC) + 2HTO =1 a @ a a, a a a 3
JNT1 addr (PCO-7) —addrifT1 =0 Jump to specified address if Test 1 is low. o 1 [} 0 [] 1 1 (] 2 2
(PC) —(PC) +2ifT1 =1 &G 8 8 a a a a 3
JNZ addr (PCO0-7) —addrifA=0 Jump to specified address if accumulator 1 [} [} 1 1] 1 1 (] 2 2
(PC) —(PC) + 2ifA=0 is non-zero. a; @ a a, ay a a 8
JTF addr (PCO~7) —addrif TF = 1 Jump to specified address if Timer Flag is [} [} [} 1 0 1 1 0 2 2
(PC) —(PC) + 2TF =0 setto1. a; a @a a; a; a a a
JTO addr (PCO~7)«<—addrifTO = 1 Jump to specified address if TestOisa 1. [} 0 1 1 0 1 1 [} 2 2
(PC) —(PC) + 2iTO =0 @G 8 a a a a a
JT1 addr (PC0-7) —addrif T1 =1 Jump to specified address if Jest 1isa 1. o 1 ) 1 [] 1 1 o 2 2
(PC) —(PC) + 2{T1 =0 a a a a a a8 a &
JZ addr (PCO-7) —addrifA =0 Jump to specified address if Accumulator 1 1 0 0 0 1 1 [] 2 2
(PC) < (PC) + 2ifA=0 is 0. 8 3 a8 a8 3 3 a &
Control
ENI Enable the External Interrupt input. [] [} [} [} [} 1 0 1 1 1
Disi Disable the External Interrupt input. [} [} [} 1 0 1 0 1 1 1
ENTOCLK Enable the Clock Output pin TO. [ 1 1 1 0 1 0 1 1 1
SEL MBO (DBF) <0 Select Bank 0 (locations 0 — 2047) of 1 1 1 [] 0 1 0 1 1 1
Program Memory.
SELMB1 (DBF) 1 Select Bank 1 (locations 2048 — 4095) of 1 1 1 10 1 0o 1 1 1
Program Memory.
SEL RBO (8S) <0 Select Bank 0 (locations 0-7) of Data 1 1 0o o0 o0 1 [ 1 1
Memory. .
SEL RB1 (BS) <1 Select Bank 1 (locations 24— 31) of Data 1 1 0 1 0 1 o 1 1 1
Memory. :
Data Moves
MOV A, # data (A) < data Move Immediate the specified dataintothe 0 ] 1 0 [} [} 1 1 2 2
Accumulator. d; dg ds dg dy d dy dy
MOV A, Rr (A) —(Rr);r =0-7 Move the Contents of the designated regis- 1 1 1 1 r r r 1 1
ters into the Accumulator.
MOVA,@Rr (A) —(Rn);r=0-1 Move Indirect the Contents of datamemory 1 1 1 1 [} [] [ r 1 1
location into the Accumulator.
MOV A, PSW (A) < (PSW) Move contents of the Program Status Word 1 1 0 0 [] 1 1 1 1 1
into the Accumulator.
MOV Ry, # data (Rr) —data;r = 0-7 Move Immediate the specified data into the 1 0 1 1 1 r r r 2 2
designated register. d, dg ds d d3 d d; do
MOVRr, A (Rr) —(A);r=0~7 Move Accumulator Contents into the desig- 1 1] 1 o 1 r r r 1 1
nated register.
MOV@Rr A ((Rr) <(A);r=0-1 Move Indirect Accumulator Contents into 1 0 1 [} [} [} o r 1 1
data memory location.
MOV @Rr, #data  ((Rr)) < data;r = 01 Move Immediate the specified data into 1 0 1 1 L] [} 0 r 2 2
data memory. d; dg dg dy d3 dy dy dy
MOVPSW,A (PSW)  (A) Move contents of Accumulator into thepro- 1 1 [ 1 [} 1 1 1 1 1
gram status word.
MOVPA, @A (PC0-7) < (A) Move data in the current page into the 1 o 1 o o 0 1 1 2 1
(A) —((PC) Accumulator.
MOVP3A, @A (PCO-7) —(A) Move Program data in Page 3 into the 1 1 1 [} 0 0 1 1 2 1
(PC8-10) 011 Accumulator.
(8) <((PC) .
MOVXA, @R (A) < ((Rn);r=0-1 mmmummmm 1 [] L] o 0 0 0 r 2 1
MOVX @R, A ((Rr)) —(A);r =0-1 Move Indirect the contents of the Accumula- 1 [} 0 1 0 0 (] r 2 1
tor into external data memory.
XCHA,Rr (A) 2((Rn);r=0~7 the and [ 0 1 [} 1 r r r 1 1
register's contents. .
XCHA, @Rr A)=2(Rn));r=0-1 Indirect of [} 0 1 ] 0 [} [} r 1 1
and location in data memory.
XCHDA,@Rr (A 0-3) S((Rr)(0-3)); B Indirect 4-bit of o o 1 1 0 0 o0 r 1 1
r=0-1 Accumulator and data memory.
Flags
CPLC (C) —NOT(C) Complement Content of carry bit. 1 0 1 o0 o0 1 1 1 1 1 .
CPLFO (F0) —NOT (F0) Complement Content of Flag F0. 1 [ [} 1 0 1 0 1 1 1 .
CPLF1 (F1) —NOT (F1) Complement Content of Flag F1. 1 ] 1 1 [} 1 ] 1 1 1 .
CLRC €)<0 Clear content of carry bit to 0. 1 L] L] 1 0 1 1 1 1 1 .
CLRFO (FO) <0 Clear content of Flag 0t 0. 1 0 1] [} 0 1 0 1 1 1 .
CLRF1 (F1) <0 Clear content of Flag 1t 0. 1 0 1 o 0 1 [} 1 1 1 .
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Instruction Set (Cont.)
Instruction Code Flags
Mnemonic Function Description D, Dg by D, D; D; Dy, D, Cycles Bytes C AC FO Fi
Input/Output
ANL BUS, # data (BUS) < (BUS) AND data Logical AND immediate specified data with 1 0 [} 1 1 [ 0 o 2 2
contents of BUS. d; dg d; d, d3 d dy dg
ANLPp, #data  (Pp) < (Pp) AND data Logical AND Immediate specified datawith 1 0 0 1 1 0 [ ] 2 2
p=1-2 designated port (1 or 2). d, dg d; d d3 d dy d
ANLD Pp, A (Pp) —(Pp) AND(A0-3) Logical AND contents of Accumulator with 1 [ 0 1 1 1 P [ 2 1
p=4-7 designated port (4 - 7).
INA, Pp (A) —(Pp)ip =1-2 Input data from designatedport(i-2)Jito 0 ©0 O 0 1 0 p p 2 1
Accumulator.
INS A, BUS (A) < (BUS) Input strobed BUS data into Accumulator. [ 0 0 ] 1 [] [ [} 2 1
MOVD A, Pp (A0-3) —(Pp);p = 4-7 Move contents of designated port (4 -7) L] [] [] [] 1 1 ] ] 2 1
(A4-7) <0 into Accumulator.
MOVD Pp, A (Pp) —A0=3;p=4-7 Move contents of Accumulator to [ [] 1 1 1 1 ] [} 2 1
designated port (4 - 7).
ORL BUS, # data (BUS) « (BUS) OR data Logical OR Immediate specified data with 1 [} [ [} 1 [} 0 [ 2 2
contents of BUS. d; dg ds d; d3 d; dy dg
ORLDPp, A (Pp) < (Pp) OR(A0-3) Logical OR contents of Accumulator with 1 [} [ [ 1 1 [} [} 2 1
p=4-7 designated port (4~ 7).
ORL Pp, # data (Pp) —(Pp) OR data Logical OR Immediate specified data with 1 [ ] [} 1 L] P [-] 2 2
p=1-2 designated port (1-2). d; dg ds dy d3 d dy dy
OUTLBUS,A® (BUS) —(A) Output contents of Accumulator onto BUS. [ 0 [] [} 0 1 o 2 1
OUTL Pp, A (Pp) —(A);p=1-2 Output contents of Accumulator to [] [} 1 1 1 [] P ] 2 1
designated port (1-2).
Registers
DECRr (Rr) (Rr) —(RD) + 1;r = 0-7 D by 1 of 1 1 0 0 1 roor o 1 1
register.
INCRr (Rr) <~ (Rr) + 1;r =0-7 by1 of [] 0 [} 1 1 r r r 1 1
register.
INC@Rr ({(Rn)) < ((Rr) + 1; Indirect by 1 the ofdata 0 [ [ 1 [} 0 o r 1 1
r=0-1 memory location.
Subroutine
CALL addr ((SP)) —(PC), (PSW4-7) Call designated Subroutine. ap 8 ag 1 0 1 [} [} 2 2
(SP) —(SP) + 1 a 3 a a, a; a a 3
(PC8-10) —addr8-10
(PC0~7) <—addr0-7
(PC 11) < DBF
RET (SP) —(SP) =1 Return from Subroutine without restoring 1 [] L] L] [} [ 1 1 2 1
(PC) < ((SP)) Program Status Word.
RETR (SP) —(SP) =1 Return from Subroutine restoring Program 1 L] [} 1 o 0 1 1 2 1
(PC) —((SP)) Status Word.
(PSW4-7) —((SP)
Timer/Counter
ENTCNTI Enable Internal interrupt Flag for Timer/ 0 [} 1 [] [} 1 0 1 1 1
Counter output.
DIS TCNTI Disable Internal interrupt Flag for Timer/ 0 [} 1 1 [ 1 0 1 1 1
Counter output.
MOVA,T (A<M Move contents of Timer/Counter into 0 1 0 o [} 0 1 ] 1 1
Accumulator.
MOVT, A M «—(A) Mov of into Timer/ 0 1 1 o [} [} 1 [} 1 1
Counter.
STOP TCNT Stop Count for Event Counter. o 1 1 0 [} 1 0 1 1 1
STRT CNT Start Count for Event Counter. [ 1 o L] o 1 0 1 1 1
STRTT Start Count for Timer. 0 1 0 1 0 1 0 1 1 1
Miscellaneous
NOP No Operation performed. o o 0 0 0 ©0 0 0 1 1

Notes: @ Instruction Code Designations r and p form the binary representation of the Registers and Ports involved
@ The dot under the appropriate flag bit indicates that its content is subject to change by the instruction it appears in
@ References to the address and data are specified in bytes 2 and/or 1 of the instruction
@ Numerical Subscripts appearing in the FUNCTION column reference the specific bits affected

® When the Bus 1s written to, with an OUTL instruction, the Bus remains an Output Port until either device Is reset or a MOVX instruction 1s executed
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Symbol Definitions
Symbol Description

A The Accumulator

AC The Auxiliary Carry Flag

addr Program Memory Address (12 bits)
Bb Bit Designator (b =0 - 7)
BS The Bank Switch

BUS The BUS Port
c Carry Flag

CLK Clock Signal

CNT Event Counter

D Nibble Designator (4 bits)

data Number of Expression (8 bits)

DBF Memory Bank Flip-Flop

FF,  Flags0,1

I Interrupt

P “In-Page” Operation Designator

Py Port Designator (p = 1,20r4 = 7)
PSW Program Status Word

Rr Register Designator (r = 0,10r0 - 7)

SP Stack Pointer

T Timer

TF Timer Flag
To Ty Testable Flags 0, 1

X External RAM

I

Prefix for Inmediate Data

Prefix for indirect Address

$ Program Counter’s Current Value
(x) Contents of External RAM Location
((x) Contents of Memory Location Addressed

by the Contents of External RAM Location

- Replaced By

Package Outlines
For information, see Package Outline Section 7.

Plastic, .PD8048HC/35HLC
Ceramic, .PD8048HD/35HLD

8048H/8035HLDS-REV3-7-83-CAT-L



NEC

DESCRIPTION

FEATURES

PIN CONFIGURATION

uPD8748

M PD8048 FAMILY OF SINGLE CHIP
8-BIT MICROCOMPUTERS

The nPD8748 is a member of the nPD8048 family of single-bit 8-chip microcomputers.
It differs from the nPD8048H/8035HL in that it contains 2K of on-board EPROM rather
than math programmable ROM. The pnPD8748 uses N-channel MOS technology. Refer
to the wPD8048H/8035HL data sheet for additional information.

e Fully Compatible With Industry Standard 8048/8748/8035
e NMOS Silicon Gate Technology Requiring a Single +5V Supply
® 2.5 us Cycle Time. All Instruction 1 or 2 Bytes
& Interval Timer/Event Counter
e 64 x 8 Byte RAM Data Memory
e Single Level Interrupt
e 96 Instructions: 70% Single Byte
e 27 1/0 Lines
e Internal Clock Generator
e 8 Level Stack
e Compatible With 8080A/8085A Peripherals
e Available in Both Ceramic and Plastic 40 Pin Packages
Tod N~ 40 P v (+5)
xTAaL1g 2 T,
xTAL2] 3 38 [ P27
RESET (] 4 37 [J r26
SsS[J 5 36 [ P25
INT (] e 35 [ P24
EAC] 7 34 QP17
RD (] 8 33 [ P16
PSEN ] 9 3215
WR ] 10 :;.r 4?8 31 P4
ALE 1 30 [J P13
DB, [ 12 29 [ P12
o, 13 28 [ P11
pB, 314 27 {3 P10
o8, 15 2 [ vy
0B, ] 16 25 [ PROG
DB ] 17 24 [J P23
DB, [} 18 23 [ P22
DB, []19 22 [ P21
Vgs 20 21 3 p20

Rev/2
4-91
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The NEC nPD8748 is a single component, 8-bit, parallel microprocessor using N-
channel silicon gate MOS technology. The 8748 efficiently functions in control as

well as arithmetic applications. The flexibility of the instruction set allows for the
direct set and reset of individual data bits within the accumulator and the 1/0 port
structure. Standard logic function implementation is facilitated by the large variety
of branch and table look-up instructions.

The wPD8748 instruction set is comprised of 1 and 2 byte instructions with over 70%
single-byte and requiring only 1 or 2 cycles per instruction with over 50% single-

cycle.

The pPD8748 series of microprocessors will function as stand alone microcompu-
ters. Their functions can easily be expanded using standard 8080A/8085A peripher-

als and memories.

The wPD8748 contains the following functions usually found in external peripheral
devices: 1024 x 8 bits of ROM program memory; 64 x 8 bits of RAM data memory;
27 1/0 lines; an 8-bit interval timer/event counter; oscillator and clock circuitry.

The uPD8748 differs from the uPD8048 only in its 1024 x 8-bit UV erasable
EPROM program memory instead of the 1024 x 8-bit ROM memory. It is useful in

preproduction or prototype applications where the software design has not yet been
finalized or in system designs whose quantities do not require a mask ROM.

POWER SUPPLY.

v
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PIN IDENTIFICATION N

NO. SYMBOL

FUNCTION

1 To Testable input using conditional transfer functions JTO and
JNTO The internal State Clock (CLK) is available to Tg
using the ENTO CLK instruction T can also be used
during programming as a testable flag

2 XTAL1 One side of the crystal input for external oscillator or
frequency (non TTL compatible VIH)‘

3, XTAL 2 The other side of the crystal input

4 RESET Active low input for processor initialization. RESET 1s
also used for PROM programming verification and power-
down (non TTL compatible VI ).

5 sS Single Step input (active-low) §S together with ALE allows
the processor to ‘‘single-step’’ through each instruction in
program memory

6 INT Interrupt input (active-low) INT will start an interrupt If
an enable interrupt instruc_tg_n has been executed. A reset
will disable the interrupt INT can be tested by issuing a
conditional jJump Iinstruction.

7 EA External Access input (active-high) A logic *'1"* at this
input commands the processor to perform all program
memory fetches from external memory.

8 RD READ strobe output (active-low). R_ljl_vlll pulse low when
the processor performs a BUS READ. RD will also enable
data onto the processor BUS from a peripheral device and
function as a READ STROBE for external DATA MEMORY.

9 PSEN Program Store Enable output (active-low). PSEN becomes
active only during an external memory fetch

10 WR WRITE strobe output (actwe-low). W-—Rﬂ" pulse low when
the processor performs a BUS WRITE. WR can also function
as a WRITE STROBE for external DATA MEMORY.

1 ALE Address Latch Enable output (active high). Occurring once
each cycle, the falling edge of ALE latches the address for
external memory or peripherals ALE can also be used as

a clock output.

12-19 Do - D7 BUS 8-bit, bidirectional port. Synchronous reads and writes can
be performed on this port using RD and WR strobes. The
contents of the Dg — D7 BUS can be latched in a static
mode.

During an external memory fetch, the Dg — D7 BUS holds
the least significant bits of the program counter. PSEN
controls the incoming addressed instruction. Alsg, for an
external RAM data store instruction the Dg — D7 BUS,
controlled by ALE, RD and WR, contains address and data
information.

20 Vss Processor’s GROUND potential

21 - 24, P20 — P27 Port 2 1s the second of two 8-bit quasi-bidirectional ports.
36 - 38 PORT 2 For external data memory fetches, the four most significant
bits of the program counter are contained in Ppg — P23. Bits
Pog — P93 are also used as a 4-bit 1/0 bus for the uPD8243,
INPUT/OUTPUT EXPANDER.

25 PROG Program Pulse. A +25V pulse applied to this input i1s used
for programming the uPD8748. PROG 1s also used as an out-
put strobe for the uPD8243.

26 VoD Programming Power Supply. Vpp must be set to +25V for
programming the uPD8748, and to +5V for the ROM and
PROM versions for normal operation. Vpp functions as the
Low Power Standby input for the uPD8048.

27 -34 Pi0- P17 Port 1 is one of two 8-bit quasi-bidirectional ports.
PORT 1

39 T Testable input using conditional transfer functions JT1 and
JNT1. T1 can be made the counter/timer input using the
STRT CNT instruction.

40 Vece Primary Power Supply. VCC must be +5V for programming
and operation of the uPD8748, and for operation of the
uPD8035L and uPD8048.
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Operating Temperature . . . ... ... T, . 0°C to +70°C
Storage Temperature (Ceramic Package) . . . . . ... .. ...... -65°C to +150°C
Storage Temperature (Plastic Package) . . . . . . . . R .. -65°Cto+150°C
Voltage on Any Pin e e e e e e - 0.5 to +7 Volts

Power Dissipation ... ..... e e e e e ... 1BW

Note: (D With respect to ground.

Ta=25°C

*COMMENT: Stress above those listed under *“Absolute Maximum Ratings”” may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

Ta=-0°Cto +70°C, Ve = VDD = +6V  10%, Vss = OV

LIMITS

PARAMETER SYMBOL | MIN |TYP IMAX |UNIT TEST CONDITIONS
Input Low Voltage v 5 ° v
(Al Except XTAL 1, XTAL 2) L 0 8
input High Voltage
(All Except XTAL 1, XTAL 2, RESET) | VIH 20 vee | Vv
Input High Voltage v 38 v v
(RESET, XTAL 1, XTAL 2) tH1 cc
Output Low Voitage (BUS) VoL 045 \ ioL=20mA
Output Low Voltage (RD, WR, _
PSEN, ALE) Vo1 045 " loL=18mA
Output Low Voltage (PROG) voL2 0.45 \ loL=10mA
Output Low Voitage _
(All Other Outputs) Vous 0451 v floL=16mA
Output High Voltage (BUS) VoH 24 Y 1oH = -400 uA
Output High Voltage (RD, WR,

. V X ==
PSEN, ALE) OH1 24 v I0H =-100 uA
Output High Voltage o
(All Other Outputs} Vowz | 24 V| 'oH=-40uA
Input Leakage Current
(T1, INT) I +10 LA Vss < VIN< VcC
Input Leakage Current
—_— i - +0 4!
(P10-P17. P20-P27, EA,SS) LI 500 { wA Ve = VIN = Vss + 045V
Output Leakage Current
{BUS, Tg — High Impedance State) loL 10 | kA Vee > VIN > Vss + 045V
Power Down Supply Current IpD 7 15| mA | Ta=25°C
Total Supply Current 1pp + Icd] 60 135 | mA | Ta=25°C
Ta=25°C£5°C, Voe = 45V £ 10%, Vpp = 426V £ 1V
LIMITS

PARAMETER SYMBOL | MIN [TYP |MAX | UNIT TEST CONDITIONS
Vpp Program Voitage High-Level VDOH 240 260 \
VDD Voltage Low-Level VpDL 4.75 5.26 v
PROG Voltage High-Level VPH 215 245 v
PROG Voltage Low-Level VpL 02 v
EA Program or Verify Voltage High-Level | VEAH 215 245 v
EA Voltage Low-Level VEAL 5.25 v
VDD High Voltage Supply Current Ipp 30.0 mA
PROG High Voltage Supply Current IPROG 16.0 mA
EA High Volitage Supply Current 1ga 10 mA

4-94
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DC CHARACTERISTICS

DC CHARACTERISTICS
PROGRAMMING THE
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AC CHARACTERISTICS

READ, WRITE AND INSTRUCTION FETCH — EXTERNAL
DATA AND PROGRAM MEMORY
Ta=0°Cto +70°C, Vgc - Vpp = +5V £ 10%, Vgg = OV

uPD8748

LIMITS TEST @

PARAMETER SYMBOL MIN | TYP | MAX | UNIT | CONDITIONS
ALE Pulse Width L 400 ns
Address Setup before ALE tAL 120 ns
Address Hold from ALE tLA 80 ns
Control Pulse Width (PSEN, RD, WR) tce 700 ns
Data Setup before WR tpw 500 ns
Data Hold after WR WD 120 ns C = 20 pF
Cycle Time cy 25 150 ' 6 MHz XTAL
Data Hold DR 0 200 ns
P_S_E—N, RD to Data In tRD 500 ns
Address Setup before WR tAW 230 ns
Address Setup before Data In tAD 950 ns
Address Float to RD, PSEN tAFC 0 ns
Control Pulse to ALE tCA 10 ns
Notes (D) For Control Outputs C_ = 80 pF

For Bus Outputs C|_ = 150 pF
tcy = 25us
PORT 2 TIMING
Ta=0°Cto +70°C; Vgg = +6V + 10%
LIMITS TEST

PARAMETER SYMBOL MIN | TYP | MAX | UNIT | CONDITIONS
Port ContrLiSetup oefore Falling
Edge of PROG tcp 110 ns
Port Control Hold after Falling
Edge of PROG tpC 100 ns
PROG to Time P2 Input must be
Vald PR 810 ns
Output Data Setup Time tppP 250 ns
Output Data Hold Time tpD 65 ns
Input Data Hold Time tpE 0 150 ns
PROG Pulse Width tpp 1200 ns
Port 2 1/O Data Setup tpL 350 ns
Port 2 1/0 Data Hold tLp 150 ns

PROGRAMMING SPECIFICATIONS — uPD8748
T,=25°C+5°C; Vgg = +6V + 10%; Vpp = +25V £ 1V

PARAMETER SYMBOL [— L::::s v CONDITIONS
Address Setup Time before RESET t | taw 4tcy
Address Hold Time after RESET tWA 4tcy
Data In Setup Tim@ before PROG * tow 4tcy
Data In Hold Time after PROG ¢ twp 4tcy
RESET Hold Time to VERIFY tPH 4 1oy
Voo _ tvDDW | 4tcy
Vpp Hold Time after PROG { tVDDH 0
Program Pulse Width ‘tpw 50 60 ms
Test 0 Setup Time before Program .
Mode tTW 4tcy
Test 0 Hold Time after Program
Mode tWT 4tcy
Test 0 to Data Out Delay tpo 4oy
RESET Pulse Width to Latch
Address tww 4tcy
Vpp and PROG Rise and Fall Times | tr,t¢ 0.5 20 us
Processor Operation Cycle Time tcY 5.0 us
RESET Setup Time before EA tRE 4ty
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ALE

PSEN

BUS

ALE

RD

BUS

ALE

BUS

ey | TIMING WAVEFORMS
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——-| tAFC I-—‘cc——{

—w= LA l

AL L— — DR id—
FLOATING » )(FLOATIM \X FLOATING X

——J 'RD INSTRUCTION

ADDRESS

I tAD 1

INSTRUCTION FETCH FROM EXTERNAL MEMORY

Bl 1
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tAFC L -——itDR
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i
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- tAD

READ FROM EXTERNAL DATA MEMORY
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F LOATINGXADDRESSX FLOATING DATA FLOATING
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WRITE TO EXTERNAL MEMORY




TIMING WAVEFORMS
(CONT.)
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e

"op.

EXPANDER
PORT

ourPuT

PORT 25, 0ATA

"
" soarcontrol é

OutPUT DATA

I —

fe 101 ot
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X
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o we—
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PORT 2 TIMING
y e
] l
o 7 \
—
e F n____ /S
e 00— :
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ov - | N —
PROGRAM/VERIFY TIMING
(uPD8748 ONLY)
To
otwo D G S okt ot
rro-n X X
VERIFY MODE TIMING
(uPD8048/8748 ONLY)
Notes:

@ Conditions: CS TTL Logic ““1”; Ao  TTL Logic “0” must be met. (Use 10K resistor to
Vg for CS, and 10K resistor to Vgs for Ao)

@ tcy 5us can be achieved using a 3 MHz frequency source (LC, XTAL or external) at the
XTAL 1 and XTAL 2 inputs.
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INSTRUCTION SET

INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION D; Dg Ds Dg D3 D2 Dy Do J CYCLES |BYTESJC AC FO F1
ACCUMULATOR
ADD A, # data (A} — (A) + data Add Immediate the specified Data to the 0 0 0 V] 0 ) 1 1 2 2 .
Accumulator d7 dg dg da d3 d2 dq do
ADD A, Rr (A) ~ (A} + (Rr} Add contents of designated register to ) 1 1 0 1 r r r 1 1 .
forr=0-7 the Accumulator
ADD A, @ Rr (A) ~{A) + ((Rr)) Add Indirect the contents the data 0 1 1 0 0 o o] 4 1 1 .
forr=0-1 memory location to the Accumulator
ADDC A, =data (A) « (A) + (C) + data Add Immediate with carry the specified 0 [ [ 1 ] o 1 1 2 2 .
data to the Accumulator dy dg dg dg d3 dz  djy do
ADDC A, Rr (A) - (A} +(C) + (Rr) Add with carry the contents of the 0 1 1 1 1 r r r 1 1 .
forr=0-7 designated register to the Accumulator
ADDC A, @ Rr (A) — (A) + (C) + {{Rr)) Add Indirect with carry the contents of 0o 1 1 1 0 o o 4 1 1 .
forr=0-1 data memory location to the
Accumulator
ANL A, =data (A) - (A) AND data Logical and specified Immediate Data 0 1 o 1 o 0 1 1 2 2
with Accumulator d7 dg ds dg d3 d2 dq dg
ANL A, Rr (A} — (A) AND (Rr) Logical and contents of designated 0 1 0 1 1 r r r 1 1
forr=0-7 register with Accumulator
ANL A @Rr (A) ~ (A} AND ((Rr)) Logical and Indirect the contents of data ) 1 [} 1 ) 0 ) r 1 1
forr=0 1 memory with Accumulator
CPLA (A) — NOT (A} Complement the contents of the ) 0 1 1 0 1 1 1 1 1
Accumutator
CLRA (Al ~0 CLEAR the contents of the Accumutator (] [ 1 [ o 1 1 1 1 1
DA A DECIMAL ADJUST the contents of the [ 1 [ 1 o 1 1 1 1 1 .
Accumulator
DECA (A)- (A) 1 DECREMENT by 1 the accumulator’s ) 0 0 0 0 1 1 1 1 1
contents
INC A (A) — (A) +1 Increment by 1 the accumulator’s [ 0 0 1 [ 1 1 1 1 1
contents
ORL A, =data (A) — (A) OR data Logical OR specified immediate data 0 1 ] 0 0 0 1 1 2 2
with  Accumulator d7 dg ds dq d3 dp dy dg
ORL A, Rr (A) - (A} OR (Rr) Logical ORcontents of designated [ 1 [ [} 1 r r r 1 1
forr=0-7 register with Accumulator
ORL A, @R (A) — (A} OR IR} Logical OR Indirect the contents of data 0 1 0 [} 0 0 0 T 1 1
forr=0-1 memory location with Accumulator
RLA (AN + 1) — (AN) Rotate Accumulator left by 1 bit without | 1 1 1 [} 0 1 1 1 1 1
(Ag) — (A7) carry .
forN=0-6
RLC A (AN + 1) < (AN),N = 0 - 6 | Rotate Accumulator left by 1-bit through { 1 1 1 1 [ 1 1 1 1 1 .
(Ag) ~ (C) carry
(C) — (A7)
RR A (AN) — (AN + 1); N = 0- 6 | Rotate Accumulator night by 1-bit [} 1 1 1 [} 1 1 1 1 1
(A7) — (Ag) without carry
RRC A (AN) — (AN + 1), N = 0 - 6 | Rotate Accumulator right by 1-bit 0 1 1 0 [ 1 1 1 1 1 .
(A7) - (C) through carry
(C) — (Ag)
SWAP A (Ag.7) = (Ag-3) Swap the 2 4-bit nibbles in the ] 1 ] 0 0 1 1 1 1 1
Accumulator
XRL A, = data {A) — (A) XOR data Logical XOR specified immediate data 1 1 0 1 0 o 1 1 2 2
with Accumulator d7 4dg d5 dg d3 d2 dy dg
XRL A, Rr (A) «- (A) XOR (Rr) Logtcal XOR contents of designated 1 1 0 1 1 r r r 1 1
forr=0-7 register with Accumulator
XRL A, @Rr (A) ~ (A) XOR ((Rr)) Logical XOR Indirect the contents of data} 1 1 0 1 0 [ 0 r 1 1
forr=0-1 memory location with Accumulator
BRANCH
—
DJINZ Rr, addr (Rr)~(Rr}-1,r=0-7 Decrement the specified register and 1 1 1 [1] 1 r r r 2 2
1 (Rr) # 0 test contents a7 ag ag ag a3 az a1y aQ
(PC O~ 7) ~ addr
JBb addr (PC 0 - 7) « addr f Bb = Jump 1o specified address if by b by 1 0 0 1 0 2 2
(PC) ~(PC) +24fBb=0 Accumulator bit s set a; ag a5 ag 33 a2 a0
JC addr (PCO-7)~addrif C=1 Jump to specified address if carry flag 1 1 1 1 0 1 1 o 2 2
(PC) —(PC}+2:C=0 is set. a7 ag as ag a3 a2 aQ
JFO addr \PCO-7) «addr if FO =1 | Jump to specified address if Flag FO 1s 1 0 1 1 o 1 1 [ 2 2
(PC) —)(PC) + 2/ FO=0 set a7 ag as ag a3 a2 3 agQ
JF1 addr {(PCO-7)—addrf F1=1 Jump to specified address if Flag F11s 0 1 1 1 o 1 1 o 2 2
(PC)—(PC)+2/fF1=0 set ay ag as ag a3 ay aq ag
JMP addr (PC 8- 10) - addr 8 - 10 Direct Jump to specified address within ajg ag ag ] 0 1 [ [¢] 2 2
(PCO-7)+~addr0-7 the 2K address block a7 ag a5 ag a3 a2 A aQ
(PC 11) -- DBF
JMPP @ A {RC O- 7)~ ((AD) Jump indirect to specified address with 1 0 1 1 0 1] 1 1 2° 1
with address page
JINC addr (PCO-7)«addr fC=0 Jump to specified address if carry flag 1s 1 1 1 [ 0 1 1 ] 2 2
(PC) - (PC)+24fC=1 low a7 a a5 a4 383 a2 ay 3
JNI addr (PCO-7) ~addrif I =0 Jump to specified address if interrupt 1 0 [} 0 0 1 1 [ 2 2
(PC) « (PC) + 24f 1 =1 15 low ay a8 a5 a4 a3 a2 a1 @




INSTRUCTION SET (CONT.)

uPD8748

INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION D7 Dg Ds D4 D3 D2 D1 Do f CYCLES |BYTESJC AC FO F1
BRANCH (CONT ) -
JNTO addr (PCO-7)«addrif TO=0 | Jump to specified address if Test Oislow | O 0 1 0 o 1 1 o 2 2
(PC) — (PC) +21£TO =1 a7 8 a5 @ a3 a2 a1 3Q
JNT1 addr (PCO-7)«addr f T1 =0 | Jump to specified address 1f Test 1 1slow | O 1 0 0 [ 1 1 (] 2 2
(PC) = (PC) +24fT1 =1 a7 36 as 34 a3 a2 2 o
INZ addr (PCO-7) ~addrif A=0 Jump to specified address if accumulator | 1 0 Y 1 o 1 1 o 2 2
(PC)—(PC)+2/fA =0 1s non zero a7 a6 as 34 az a2 a1 a0
JTF addr (PCO-7)«addrif TF=1 | Jump to specified address +f Timer Flag 0o [ [ 1 [ 1 1 o 2 2
(PC)— (PC) + 21 TF=0 | 1ssettol a7 a a5 a4 33 a2 AN a
JT0 addr (PCO-7) —addrif TO=1 | Jump to specified address if Test 0 1sa o o 1 oo 1 L 2 2
(PC) « (PC) + 2, TO =0 a7 8 a5 a4 33 a2 a1 ag
JT1 addr (PCO-7) <addrif T1 =1 | Jump to specified address if Test 11sa1 | O 1 0 1 0 1 1 0 2 2
(PC)— (PC) +2:fT1=0 a7 36 as 34 a3 a2 a 30
JZ addr (PCO-7)—addrif A=0Q Jump to specified address if Accumulator | 1 1 0 Y o 1 1 o 2 2
(PC) < (PC) +2:fA =0 15 0 a7 36 35 34 33 32 31 30
CONTROL
ENT Enable the External Interrupt input 0 0 o o 0 1 o 1 1 1
Dist Disable the External Interrupt input 0 0 0 1 0 1 0 1 1 1
ENTO CLK Enable the Clock Output pin TO o 1 1 1 0 1 o 1 1 1
SEL MBO (DBF) -0 Select Bank O (locations 0 2047) of 1 1 1 0o 0 1 o 1 1 1
Program Memory
SEL MB1 (DBF) 1 Select Bank 1 (locations 2048 4095} of 1 1 1 1 0 1 o 1 1 1
Program Memory
SEL RBO (B8S) -0 Select Bank O (locations 0 — 7) of Data 1 1 0 [ ) 1 o 1 1 1
Memory
SEL RB1 (BS) ~1 Select Bank 1 (locations 24  31) of 1 1 0 1 0 1 0 1 1 1
Data Memory
m——
DATA MOVES
MOV A, data (A) « data Move Immediate the specified data into 0 0 1 ) 0 0 1 1 2 2
the Accumulator d7 dg dg dq d3 d2 di do
MOV A, Ri (A)—=(Rr),r=0-7 Move the contents of the designated 1 1 1 1 1 ' " ' 1 1
registers into the Accumulator
MOV A, @ Rr (A) = {(Re)),r=0-1 Move Indirect the contents of data 1 1 1 1 0 0 o ' 1 1
memory location into the Accumulator
MOV A, PSW (A) < (PSW) Move contents of the Program Status 1 1 o o 0o 1 1 1 1 1
Word into the Accumulator
MOV Rr, data (Rr) —data,r=0-7 Move Immediate the specified data into 1 0 1 1 1 3 r r 2 2
the designated 1egister d7 dg dg dg d3 d dy do
MOV Ri, A (Rr) < (A),r=0-7 Move Accumulator Contents into the 1 0 1 0 1 ' 3 " 1 1
designated register
MOV @ Rr, A (Rr) — (A),r=0-1 Move indirect Accumulator Contents 1 0 1 ] [ [ ) : 1 1
into data memory location
MOV @ Rr, data ({Rr)) < data,r=0-1 Move immed.ate the specified data into 1 [ 1 1 1] 4] o ' 2 2
data memory d7 dg dg dg d3 d2 di dg
MOV PSW, A (PSW) < (A) Move contents of Accumulator into the 1 1 [ 1 [ 1 1 1 1 1
program status word
MOVP A, @ A (PCO-7) « (A) Move data in the current page into the 1 0 1 0 0 0 1 1 2 1
(A) < ((PC)) Accumulator
MOVP3 A.@ A (PCO~7) « (A) Move Program data 1n Page 3 into the 1 1 1 0 o 0 1 1 2 1
(PC 8- 10) — 011 Accumutator
(A) < ((PC))
MOVX A, @R (A) <~ ((RT),r=0-1 Move indirect the contents of external 1 o 0 o o 0 0 4 2 1
data memory into the Accumulator
MOVX @R, A ((Re) < (A)r=0-1 Move Indirect the contents of the 1 0o o0 1 o o 0o o« 2 1
Accumulator into external data memory
XCH A, Rr (A) 2 (Rr),r=0-7 Exchange the Accumulator and 4] [ 1 [ 1 13 r 1 1 1
designated register’s contents
XCH A, @ Rr (A) 2 (R, r=0-1 Exchange Indirect contents of Accumu- [ o 1 0 0 0 0 - 1 1
lator and location in data memory
XCHD A, @ Rr (A0-3)Z((Rr)) 0-3)), | Exchange Indirect 4 bit contents of [ [} 1 1 0 [} [ r 1 1
r=0-1 Accumulator and data memory N
FLAGS
cpPLC (C) NOT(C) Complement Content of carry bit 1 ) 1 0o [ 1 1 1 1 1 .
CPLFO (FO) - NOT (FO) Complement Content of Flag FO 1 [} 0 1 [ 1 [ 1 1 1 .
CPLF1 (F1)  NOT(F1) Complement Content of Flag F1 1 o 1 1 0 o 1 1 1 .
CLRC i o Clear content of carry bit 10 0 1 0 0 1 [ 1 1 1 1 1 .
CLR FO (FO)- O Clear content of Flag0 t0 0 1 [} o [ ] 1 [ 1 1 1 .
CLRF1 (F1) 0 Clear content of Flag 1to 0 1 1] 1 [} o 1 o 1 1 1 .
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INSTRUCTION SET (CONT.)

INSTRUCTION CODE

FLAGS

MNEMONIC FUNCTION DESCRIPTION D7 D6 D5 D4 D3 D2 D1 DO JCYCLES |BYTES JC AC FO F1
INPUT/QUTPUT
ANL BUS, - data (BUS) < (BUS) AND data Logical and Immedsate specified data 1 [ 0 1 1 [ [ [ 2
with contents of BUS d7 dg ds dg d3 d2 di do
ANL Pp, = data (Pp) < (Pp) AND data Logical and Immediate specified data 1 [} 0 1 1 [} P P 2
p 2 with designated port (1 or 2) d7 dg dg dg d3 d2 di dg
ANLD Pp, A (Pp) — (Pp) AND (A 0 - 3)|  Logical and contents of Accumulator with| 1 o o 1 ! PP !
p=4-7 designated port (4 - 7)
IN A, Pp (A) = (Pp).p=1-2 Input data from designated port (1-2) | 0 0 0 0 1 o p p 1
nto Accumulator
INS A, BUS (A) - (BUS) Input strobed BUS data into Accumulator | © 0 0 0 1 o 0 0 '
MOVD A Pp (A0-3)<{Pp),p=4-7| Move contents of designated port (4 -7) | O 0 0 ] 1 1 ) [ 1
(A4-7)<0 into Accumulator
MOVD Pp, A (Pp)~A0=3,p=4-7 Move contents of Accumulator to 0 0 1 1 1 1 P P 1
designated port (4 - 7)
ORL BUS, data (BUS) — (BUS) OR data Logical or Immediate specified data with 1 0 0 0 1 0 0 0 2
contents of BUS a7 dg dg dgq d3 d2 d1 do
ORLDPp, A {Pp) — (Pp) OR (A 0 - 3) Logical or contents of Accumulator with 1 ] 0 0 1 1 P [ 1
p=4-7 designated port (4 - 7)
ORL Pp, - data (Pp) — (Pp) OR data Logical or Immediate specified data with 1 0 0 0 1 0 p P 2
p=1-2 designated port (1~ 2) d7 dg dg dg d3 dy dq do
OUTL BUS, A (BUS) < (A) Output contents of Accumulator onto [} 0 [ 0 0 [¢] 1 0 1
BUS
OUTL Pp, A {Pp) —(A),p=1-2 Output contents of Accumulator to [} [ 1 1 1 [ P P 1
designated port (1 - 2)
REGISTERS
DECRr (Rr) (Rr) < (Rr)+1,r=0-7 Decrement by 1 contents of designated 1 1 0 [ 1 r ' ' 1
register
INC Rr (Rr) = (Rr) +1,r=0-7 Increment by 1 contents of designated 0 0 0 1 1 0 r ' 1
register
INC@R: (Rr) <= ((Rr)) + 1, Inciement Indirect by 1 the contents of 0 0 [ 1 0 Qo 0 ' 1
r=0-1 data memory location
Ty
SUBROUTINE
CALL addr ({SP)) « (PC), (PSW 4 — 7)] Cali designated Subroutine alg a9 ag 1 0 1 0 0 2
(SP) — (SP) + 1 a7 ag a5 aa a3 82 & ag
(PC 8- 10) < addr 8 - 10
(PCO-7) ~addr 0 -7
(PC 11) — DBF
RET (SP) < (SP) = 1 Return from Subroutine without 1 0 0 0 0 0 1 1 1
(PC) — ({SP)) restoring Program Status Wora
RETR (SP) < (SP) =1 Return from Subroutine restoring 1 0 [ 1 0 0 1 1 1
(PC) < ((SP)) Program Status Word
(PSW 4 — 7) — ({SP))
—
TIMER/COUNTER
e
EN TCNTI Enable Internal interrupt Flag for 0 0 1 [ 0 1 0 1 1
Timer/Counter output
DIS TCNTI Disabte Internal interrupt Flag for 0 0 1 1 0 1 0 1 1
Timer/Counter output
MOV A, T (A (M Move contents of Timer/Counter into 0 1 0 [¢] 0 0 1 0 1
Accumuiator
MOV T, A M (A Move contents of Accumulator 110 0 1 1 0 0 0 1 0 1
Timer/Counter
STOP TCNT Stop Count for Event Counter 0 1 1 0 0 1 0 1 1
STRT CNT Start Count for Event Counter 0 1 0 0 0 1 0 1 1
STRTT Start Count for Timer 0 1 0 1 [¢] 1 0 1 1

e
MISCEL

ANEOQUS

NOP J

No Operation performed

0 0 0 0 0 0 0

Notes @

Instruction Code Designations r and p form the binary representation of the Registers and Ports involved

(@ The dot under the appropriate flag bit indicates that 1ts content is subject to change by the instruction it appears in
@ References to the address and data are specified in bytes 2 and/or 1 of the instruction
@ Numerical Subscripts appearing 1n the FUNCTION column reference the specific bits affected

Symbol Definitions*

SYMBOL DESCRIPTION SYMBOL DESCRIPTION
A The Accumulator P, Port Designator (p=1,20r 4 —7)
AC The Auxiliary Carry Flag PSW Program Status Word
addr Program Memory Address (12 bits) Rr Register Designator (r=0,10r0—7)
Bb Bit Designator (b =0 — 7) SP Stack Pointer
BS The Bank Switch T Timer
BUS The BUS Port TF Timer Flag
C Carry Flag To. Tq Testable Flags 0, 1
CLK Clock Signal X External RAM
CNT Event Counter = Prefix for Immediate Data
D Nibble Designator (4 bits) @ Prefix for Indirect Address
data Number or Expression (8 bits) $ Program Counter’s Current Value
DBF Memory Bank Flip-Flop (x) Contents of External RAM Location
Fo, F1 Flags 0, 1 ((x)) Contents of Memory Location Addressed
] Interrupt by the Contents of External RAM Location.
[4 ““In-Page’”” Operation Designator - Replaced By
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Package Outlines
For information, see Package Outline Section 7.

Cerdip, nPD8748D, has quartz window
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NEC .PD80C48/.PD80C35
CMOS 8-BIT SINGLE-CHIP
MICROCOMPUTER

Description Pin Identification
The NEC n.PD80C48 is a true stand-alone 8-bit micro- Pin
computer fabricated using CMOS technology. All of the No.  Symbol  Name Function
functional blocks necessary foran integrated microcom- 1T Test 0 Testable input using conditional jump Instructions
H i i JT0 and JNTO. Also enables clock output via the
pRuter are incorporated, including a 1K-byte ROM, a 64-byte B - ENTO CLK inatruction. P
AMr 27 |/O l!nes, an S-blt tlmer/e'vent cognter, and a CIOCk 2 XTAL1 Crystal 1 One of two inputs for external crystal oscillator or
generator. This integrated capability permits use in stand- LC circuttto generate internal clock signals May
" . S o also be used as an i xters
alone applications. For designs requiring extra capability,  NonTTUcompatble Vi) e enee
the LLPDSOC48 can be expanded using penpherals and 3 XTAL2 Crystal 2 One of two inputs for external crystal oscillator or
memory compatible with industry-standard 8080A/8085A T eomban i orats intornal clock signats. (Non-
processors. A version of the “’PDSOC48 without ROM IS "4 RESET  Reset Active-low input line that initializes the proce; o
offered by the nPD80C35. sordAlsgused to release both the Halt and Stop
. o modes
Providing compatibility with industry-standard 8048, 8748, "5 88 SingleStep Active-low input e, that, i conjunction with ALE,
and 8035 processors, the wuPD80C48 features significant causes the processor io ngle-step through s pr-
. . X . e instruction at a time
savings in power consumption. In addition to the power o BT s o vt oot an mtenruptfan
savings galned through CMOS technology, the MPD80C48 enable instruction has been executed A reset dis-
H icti i H ables the interrupt May be used as a testable input
1S dIStInCt n Offe“ng tWOStandby modes (Halt mode and with a conditional jump instruction Can also be
Stop mode) to further minimize power drain. usedtoreleasethe Haltmode
7 EA External Input line that inhibits |nternal program memory
Features Access fetches and initiates access of external program
_hi H memory. Essential for system testing and may also
[ 8-bit CPU with ROM, RAM, and I/O on a single chip - be used for program debaoging 0
D Hardware/software-compatlble Wlth IndUStry'Standard 8 RD Read Active-low output strobe line that 1s used to read
8048, 8748, and 8035 processors _______ daafromexternaldatamemory
9 PSEN Program Active-low output line that 1s used to fetch instruc-
% 16|2 i g S/O\m Store Enable tions from external program memory R
D 27 |/O Iines 10 WR Write Active-low output strobe line that Is used to wrlle
o ______ datainto external data memory o
O 25“5 cyc|e time (GMHZ crystal) 11 ALE Address Output line for address latch enable Atthe falling
X N f Latch Enable edge of ALE, the address of either external data
J Al !nStrUCt!OnS executable in1or 2 CyCleS memory or external prosgram rnerl:ovy 1s available
[J 97 instructions: 70 percent are single-byte instructions : on the bus
D Internal timer/event counter 12-19 DB,-DB, Bus These I/0 lines constitute an 8-bit bidirectional
. N . . data/address bus Synchronous read and write__
[ 2interrupts (an external interrupt and a timer interrupt) operations can be performed on this bus using RD
. and WR signals Data driven out on the bus by an
[ Easily expar)dablg memory and 1/O OUTL BUS instruction is statically latched Y
J Bus compatible with 8080A/8085A peripherals The address of external memory is available on the
O Power-efficient CMOS technology requiring a single T e ory ot whteng e and o
+2.5Vto +5.5V ower suppl from external data memory During external pro-
R R s p pp y . gram memory fetches, the least-significant 8 bits of
D Available in 4O'p|n D|P, 44'p|n flat PaCky and 52'P|n the external program memory address are driven
flat pack out on the bus and the addressed instruction is
fetched using PSEN When no external memory 1s
[J Halt mode used, the bus can serve as a true bidirectional 8-bit
—_ 1 mA typ|ca| supp'y Current %gﬁr_t Information is strobed in or out by the RD and
i i ] - ... WRsgnas
—Maintenance of internal logic values and control states T2 Ve Ground  Ground potental ‘
- MOde mltla'lzatlpn via HALT instruction 21-24, Py-Py Port 2 These lines constitute Port 2, an 8-bit quasl-
—Mode release via external interrupt or reset 35-38 bidirectional port During external program
P memory fetches, P,y—P,; output the most-
O SfOp mode signficant 4 bits of the external program mem-
- i ory address. Lines P,,—P,; can also be used
1 }LA ty.plcal supply cu rren’( . asa4-bitl/o expand:? bu?lo interface with
— Disabling of internal clock generation and . theoptonal .PDB2C43 /O expander
internal |OgiC 25 PROG Program This line 1s used as an output strobe when interfac-
- Maintenance of RAM contents i 1ng vith the optional uPOB2C3 O expander:
TR . 26 V, Oscillator This input line 1s used to control oscillator stoppin
— Mode initialization via hardware (VDD) o Control and restarting in Stop mode. Stop mode 1s enabledg
— Mode release via reset _ Voltage Line by forcing Vpp LOW during a reset. o
27-34 Py-Py; Port 1 These lines constitute Port 1, an 8-bit, general-
N purpose quasi-bidrectionalport.
3 M Test 1 Testable input using conditional jJump nstruc-

tions JT1 and JNT1 Can also be used as the timer/
counter input line via the STRT CNT instruction

40 V¢ Primary Power supply, Vcc must be between +2 5V to
Power +5.5V for normal operation In Stop mode, V¢
Supply __must be at least +2V to ensure data retention.

Note: O The pulse width of RESET must be a minimum of 5 machine cycles in length following
oscillator on to the p and stabiize CPU operation At power-
Revil up, the states of the output lines are undefined until completion of reset
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Pip Configuration

1
2
3
4
5
6
7
8
9

Standby Function

HALT mode

In Halt mode, the oscillator continues to operate, but the
internal clock is disabled. The status of all internal logic just
prior to execution of the HALT instruction is maintained by
the CPU. In Halt mode, power consumption is less than
10 percent of normal n.PD80C48 operation and less than
1 percent of normal 8048 operation.

The Halt mode is initiated by execution of the HALT
instruction, and is released by either INT or RESET input.
INT input: When the INT pin receives a low-level input, if
interrupts are enabled, the internal clock is restarted and

Stop Mode Circuit

Voltage

the interrupt is executed after the first or second instruction
following the HALT instruction. However, if interrupts are
disabled, program operation is resumed from the next
address following the HALT instruction. The first instruc-
tion following a HALT instruction should be a NOP
instruction to ensure proper program execution.

If the Halt mode is released when interrupts are enabled,
the interrupt service routine is usually executed after the
first or second instruction following the release of Halt
mode. However, if either a timer or external interrupt is
accepted within one machine cycle prior to a HALT instruc-
tion, the corresponding timer or external interrupt service
routine is executed immediately following the release of
Halt mode. It is important to note this sequence of execu-
tion when considering interrupt service routine execution
following a HALT instruction.

RESET input: When a low-level input is received by the
RESET pin, Halt mode is released and the normal reset
operation is activated, restarting program operation from
address 0.

Stop mode

In Stop mode, the oscillator is deactivated and only the
contents of RAM are maintained. The operation status

of the uPD80C48 resembles that of a reset condition.
Because only the contents of RAM are maintained, Stop
mode provides even lower power consumption than Halt
mode, only requiring a minimum Vs as low as +2V.

Stop mode is initiated by setting V5 to LOW when RESET
is LOW, to protect the contents of RAM. Stop mode is
released by first raising the supply voltage at the V¢ pin
from standby level to correct operating level and setting
Vpp to HIGH when RESET is LOW. After the oscillator has
been restarted and the oscillation has stabilized, RESET
must be set to HIGH, whereby program operation is started
from address 0.

Regulator

80C48
30v —

T +5V BatleryI

Notes: @ D flip-flops must be CMOS (74C74 or equivalent)
@ Designated gates must be CMOS (74C04 or equivalent)

CLEAR

I‘H
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Stop Mode Timing
Oscillator Osciliator
Stops Restarts
RESET t L5 ;
Voo X ,
=

5 Machine Cycles Oscillation Stabilization Time

Min
Stop Mode Circuit: Since Vpp controls the restarting
of the oscillator, it is important that V5, be protected from
noise interference. The time required to reset the CPU is
represented by t, (see Stop Mode Timing diagram), which
is a minimum of 5 machine cycles. The reset operation will
not be completed in less than 5 machine cycles. In Stop
mode, itis important to note that if V5 goes LOW before 5
machine cycles have elapsed, the CPU will be deactivated
and the output of ALE, RD, WR, PSEN, and PROG will not
have been stabilized.

Stop Mode Control Circuit

-————i p-channel

Pull-up

nPD80C48/80C35

Oscillation stabilization time is represented by t, (see Stop
Mode Timing diagram). When V5 goes HIGH, oscillator
operation is reactivated, but it takes time before oscillation
can be stabilized. In particular, such high Q resonators as
crystals require longer periods to stabilize. Because there
is a delay between restarting of the oscillator and oscillator
stabilization, t, should be long enough to ensure that the
oscillator has been fully stabilized.

To facilitate Stop mode control, an external capacitor can
be connected to the RESET pin (see Stop Mode Control
Circuit), affecting only t,, allowing control of the oscillator
stabilization time. When V, is asserted in Stop mode,

the capacitor begins charging, pulling up RESET. When
RESET reaches a threshold level equivalent to a logic 1,
Stop mode is released. The time it takes RESET to reach
the threshold level of logic 1 determines the oscillator stabi-
lization time, which is a function of the capacitance and
pull-up resistance values.

»——b——i Eﬁannel

+

Note: ® Polarized electrolytic capacitor

Port Operation

A port-loading option is offered at the time of ordering the
mask. Individual source current requirements for Port 1

and the upper and lower halves of Port 2 may be factory

set at either —5uA or —50u.A (see Port-Loading Options
table). The —50p.A option is required for interfacing with
TTL/NMOS devices. The — 5pA option is recom-

mended for interfacing to other CMOS devices. The

CMOS option results in lower power consumption and
greater noise immunity.

Port lines P,, to P, and P,, to P, include a protective
circuit “E” to prevent a signal conflict at the port. The circuit
prevents a logic 1 from being written to a line that is being
pulled down externally (see Port Protection Circuit “E” dia-
gram). When a logic 0 is detected at the port line and a logic
1is written from the bus, the NOR gate sends a logic 1 to
the D input of the flip-flop. The output is inverted, forcing the
NAND gate to send a high-level output. This turns off tran-
sistor A, preventing the output of a logic 1 from the port.

¢<} Voo

Port-Loading Options
lon (Min) Ve = Vpp = 5V + 10%; Vou = 2.4V (min)

Option

Selected Pyo—Py7 P20—P2s P24—P2y Unit
A -5 -5 -5 bA
B -50 -5 -5 pA
c -5 -50 -5 WA
D -50 -50 -5 WA
E -5 -5 -50 [y
F -50 -5 -50 wA
G -5 -50 -50 A
H -50 -50 -50 pA

Notes: ® The selection of lo,; = —5p.A will result in a port source current of ly p = —40pA max
when used as input port
@ The selection of Iy = —50pA will result in a port source current of Iy p = —~ 500pA
max when used as input port
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Oscillator Operation may be connected to the oscillator, or, a ceramic or crystal
The oscillator maintains an internal frequency for clock external resonator may be connected.

generation and controls all system timing cycles. The As the crystal frequency is lowered, there is an equivalent
oscillation is initiated by either a self-generating external reduction in series resistance (R). As the temperature of the,
resonator or external clock input. The oscillator acts as a crystal is lowered, R is increased. Due to this relationship, it
high-gain amplifier which produces square-wave pulses becomes difficult to stabilize oscillation when there is low

at the frequency determined by the resonator or clock power supply voltage. When V. is less than 2.7V and the
source to which it is connected. oscillator frequency is 3MHz or less, T, (ambient tempera-

To obtain the oscillation frequency, an external LC network ture) should not be less than —10°C.

Port Protection Circuit “E”
ORL, ANL
VCC
A Puli-up Resistance
IBn:;mal D ° o -{ EhanneJl—l Echannel
c : vo':n
a 24727
Clock 8
Write i r - n-channel
Pulse H
i E“ e |
l Clock !
E
—r
N
Crystal Frequency Reference Circuit LC Frequency Reference Circuit

_l_-———[ XTAL1 F—[ XTAL1

L (o] Nomunal f
45.H  20pF 5 2MHz

|||-—-|
D 1

120uH  20pF 32MHz

XTAL2

gl

L

= ‘o C+3Cy,
2-VICT 2
Notes: © Crystal oscillator constants of fos. = 6MHz Note: C, = 5-10pF Pinto pin should be 20pF,
Rmax = 500 stray capacitance
C_ =16 + 0 2pF
P=1+02mwW
@ Operating frequency less than 4MHz
0 < C, = 20pF
0 < C, < 20pF

{Cy— Cy| =10pF
@ Operating frequency more than 4MHz
0<Cy = 10pF
0 < C, = 10pF
1 C, - Cy | =5pF
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Ceramic Resonator Frequency Reference Circuit Major Input and Output Signals
XTAL1 o Pont m
XTAL [)
. |=s—— Port #2
! I Reset ° Read
. — o
= — Single wri
Step 4PD te
External . 80C48/
Memory 80035 | - 2::%::0“ Store
XTAL2 Test . - Address Latch
c Enable
2 I Interrupt ——=
=+ Bus ‘;, - ls’:: hE.xpnndnv
Note: C,>C,
|G - Cp | =20pF
For example, C; = 30pF, and C, = 10pF . .
Values of C; and C, do not include stray capacitance Instruction Set Symbol Definitions
Symbol Description
A Accumulator
External Clock Frequency Reference Circuit AC Auxiliary Carry Flag
addr Program or data memory address (ap—a;) or (ap—a1o)
Vee b Accumulator bit (b = 0-7)
BS Bank Switch
BUS Bus
C Carry Flag
CLK Clock
2 CNT Counter
| XTAL1
data 8-bit binary data (do—d;)
DBF Memory Bank Flip-Flop
FO, F1 Flag 0, Flag 1
INT Interrupt pin
3 n Indicates the hex number of the specified register
Open ——IXTAL2 or port
PC Program Counter
Note: A minimum voltage of Vc-11s required for XTALT to go HIGH Pp Port 1, Port 2, or Port4-7 (P =1,2,0r4-7)

PSW Program Status Word
R, Register Ry—R; (, = 0-7)
SP Stack Pointer
T Timer
TF Timer Flag
T0, T1 Test 0, Test 1 pin

# Immediate data indication

@ Indirect address indication

X Indicates the hex number corresponding to
the accumulator bit or page number specified
in the operand

(x) Contents of RAM
((x) Contents of memory addressed by (x)

<« Transfer direction, result

AN Logical product (logical AND)
\ Logical sum (logical OR)

2 Exclusive OR
—_— Complement
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Instruction Set

Instruction Code

Hex
Mnemonic Function Description Code D, Dg D; D, D; D, D; D, Cycles Bytes
Accumulator
ADD A, # (A) ~ (A) + data Adds immediate data dy—dj to the accumulator. 03 0 0 0 0 0 [] 1 1 2 2
data Sets or clears both carry flags.@ d; dg ds dy dg d, d; dy
ADDA,R, (A) ~(A) + (R) Adds the contents of register R, to the 6n® 0 1 1 [ 1 r r r 1 1
 =0-7 Sets or clears both carry flags @
ADDA, @R, (A)+-(A)+ ((R) Adds the contents of the internal data memory 6n® [ 1 1 0 0 0 0 r 1 1
r=0-1 location specified by bits 0-5 of register R, to the
accumulator. Sets or clears both carry flags.@
ADDCA,#  (A)« (A) + data + (C)  Adds, with carry, iImmediate data dy—d, to the 13 o o o 1 o o0 1 1 2 2
data Sets or clears both carry flags.@ d; dg ds dy dy d, dy dy
ADDC A,R, (A)~(A) + (R) + (C) Adds, with carry, the contents of register R, tothe  7n@ 0 1 1 1 1 r r r 1 1
= 0-7 accumulator. Sets or clears both carry flags.® _
ADDC A, (A) < (A) + ((R)) + (C) Adds, with carry, the contents of the internal data ne 0 1 1 1 [] 0 0 r 1 1
@R, r=0-1 memory location specified by bits 0-5 of register
R, to the accumulator. Sets or clears both carry
flags.@ e
ANLA, # (A) - (A)A\data Takes the logical product (logical AND) of 53 0 1 0 1 [] L] 1 1 2 2
data immediate data dy-d, and the contents of d; dg ds dg dy d; dy dy
the accumulator, and stores the result in the
accumulator.
ANL A, R, (A) - (A)/\(H,) Takes the logical product (logical AND) of the 5n® 0 1 0 1
r=0-7 contents of register R, and the accumulator, and

stores the result in the accumulator

ANLA, @R, (A) - (AA(R,) Takes the logical product (logical AND) of the 5n@ o 1 o0 1 o o0 o0 r 1 1
=01 g contents of the internal data memory location
specified by bits 0-5 of register R, and the
accumulator, and stores the result in the

CPLA (A) - (A) Takes the complement of the contents of the 7 o o 1 1 0 1 1 1 1 1
accumulator.

CLRA (A) 0 Clears the of the 27 0 0 1 0 0 11 1 1 1

DA A Converts the contents of the accumulatorto BCD. 57 [ 1 0 1 0 1 1 1 1 1

Sets or clears the carry flags. When the lower 4
bits (A,_;) are greater than 9, or if the Auxiliary
Carry Flag has been set, adds 6 to Aj_;. When the
upper 4 bits (A,_;) are greater than 9 or if the Carry
Flag (C) has been set, adds 6to A,_; If an
overflow occurs at this point, C Is set.2

DEC A (A) - (&) - 1 [ the of the byt. 07 0 0 0o o o1 i
INCA (A)~ (A) + 1 Inc the of the by 1. 17 0 0 0 1 0 1 1 1 1 1
ORLA, # (A) ~ (A)\/data Takes the logical sum (logical OR) of immediate 43 0 1 0 0 0 0 1 1 2 2
data data dy—d, and the contents of the accumulator, d; dg ds dy d; d, dy do
and stores the result in the accumulator
ORL A,R, (A) - (AV(R,) Takes the logical sum (Iogu:al OR) of register R, 4n® ] 1 o 0 1 r r r 1 1
P =0-7 and the contents of the accumulator, and stores

the result in the

ORLA, @R, (A) - (ANA(R)) Takes the logical sum (logical OR) of the contents ~ 4n@ 0 1 0 0 L] 0 0 r 1 1
r=0-1 of the internal data memory location specified by
bits 0-5 in register R,, and the contents of the
accumulator, and stores the result in the
accumulator.

RLA (Ab + 1) ~ (Ab) Rotates the contents of the accumulator onebitto  E7 1 1 1 0 0 1 1 1 1 1
(Ag) ~ (A7) the left. The MSB Is rotated into the LSB.
b =0-6
RLCA (Ab + 1) — (Ab) Rotates the contents of the accumulatorone bitto  F7 1 1 1 1 0 1 1 1 1 1
(Ag) - (C) the left through carry.
(©) - (A))
= 0- )
RRA (Ab) — (Ab + 1) Rotates the contents of the accumulator one bitto 77 0 1 1 1 L] 1 1 1 1 1
(A7) ~ (Ag) the right. The LSB Is rotated into the MSB
b =0-6
RRC A (Ab) — (Ab + 1) Rotates the contents of the accumulator onebitto 67 0 1 1 [] [] 1 1 1 1 1
(A7) < (C) the right through carry
(C) + (Ag)
b=10-6
SWAP A (As7) < (Aga) Exchanges the contents of the lower 4 bits of the 47 [] 1 0 [ [ 1 1 1 1 1
accumulator with the upper 4 bits of the
XRL A, # data (A) « (A)\/data Takes the exclusive OR of immediate data dy—d; D3 1 1 L] 1 [] L] 1 1 2 2
and the contents of the accumulator, and stores d; dg ds dy dy d, dy dy
the result in the accumulator.
XRL A, R, (A) — (ANAR,) Takes the exclusive OR of the contents of register Dn®@ 1 1 ] 1 1 r r r 1 1
 =0-7 R, and the accumulator, and stores the result in
the
XRLA, @R, (A) - (ANA(RY) Takes the exclusive OR of the contents of the Dn® 1 1 0 1 0 0 [ r 1 1
r=0-1 location in data memory specified by bits 05 in

register R,, and the accumulator, and stores the
result in the accumulator.

Branch
DUNZ R,, R)-(R) -1 Decrements the contents of register R, by 1,andif  En 1 1 1 0 1 r r r 2 2
addr If (R,) # 0, then the result is not equal to 0, jumps to the address ay ag ag a, a, a, ay ag
(PCp_;) + addr indicated by ay—a;.
,=0-7
JBb addr (PCop7) +- addriftb = 1 Jumps to the address specified by a;-a; if the bit x2® b, b by 1 0 [ 1 0 2 2
(PC) = (PC) + 2ifb=0 inthe by by—b, I1s set. a; ag ag a a; a, a; ag
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Instruction Set (Cont.)

Hex Instruction Code
Mnemonic Function Description Code D; Dg Dy D D; D, D; D, Cycles Bytes
Branch (Cont.)
JC addr (PCy;) —addrifC = 1 Jumps to the address specified by a,—a; if the F6 1 1 1 1 [] 1 1 [] 2 2
(PC)~(PC) + 2ifC =0  Carry Flag is set. a; a8 @ a, a; a, a; ag
JFO addr (PCy;) - addrifFO = 1 Jumps to the address specified by ay-a; if FO B6 10 1 1 o 1 1 0 2 2
(PC)— (PC) + 2itFO = 0 s set. a; ag ag a, a; ap ay ay
JF1 addr (PCqy.7) —addrif F1 = 1 Jumps to the address specified by a;,—a; if F1 76 [ 1 1 1 0 1 1 [} 2 2
(PC)—(PC) + 2itF1 =0 s set. a; a ag &, a; a; a, ag
JMP addr (PCg_1q) — addrg_yo Jumps directly to the address specified by ay—a,,  x4® ay @y ag [] 0 1 0 ] 2 2
(PCqy_7) + addro_; and the DBF. a; ag a; a, a; a, a ag
(PC,,) — DBF
JMPP @ A (PCo7) — ((A) Replaces the lower 8 bits of the Program Counter B3 1 0 1 1 0 L] 1 1 2 1
with the p memory sp:
by the of the
a jump to the specified address within the
current page.
JNC addr (PCy_7) — addritC =0 Jumps to the address specified by a,—a; If the E6 1 1 1 0 0 1 1 0 2 2
(PC) — (PC) + 2ifC =1  Carry Flag is not set a; a; a; a a; a; a ag
JNI addr (PCy;) — addritl =0 Jumps to the address specified by ay—ay If the 86 1 L] 0 L] 0 1 1 [] 2 2
(PC)~(PC) + 241 =1 Interrupt Flag is not set. B a; ag a; A a; a; a; ag
JNTO addr (PCy ;) —addrifTO =0  Jumps to the address specified by ag—a; if Test 0 26 0 [ 1 0 [] 1 1 [] 2 2
(PC)—(PC) + 2ifTO =1 18 LOW. a; ag a; 2, a; a, a ag
JNT1 addr (PCy_7) — addrifT1 = 0 Jumps to the address specified by a,—a, if Test 1 46 [] 1 [] 0 [] 1 1 0 2 2
(PC)— (PC) + 2itT1 =1 is LOW. a; ag ag a a; a, a ay
JNZ addr (PCy_7) — addrifA # 0 Jumps to the address specified by ay—a, if the 96 1 L] 0 1 0 1 1 0 2 2
(PC)~ (PC) + 2ifA =0  contents of the accumulator are not equal to 0. a; ag ag ER a; a ay ag
JTF addr (PCy7) — addrit TF = 1 Jumps to the address specified by a,—a, If the 16 0 0 0 1 0 1 1 0 2 2
(PC) —(PC) + 2if TF = 0 Timer Flag I1s set. The Timer Flag 1s cleared after a; ag £ a, a; ap a, agp
the instruction is executed.
JT0 addr (PCop;) — addrif TO = 1 Jumps to the address specified by a,—a, if Test 0 36 L] 0 1 1 0 1 1 0 2 2
(PC) — (PC) + 2itTO = 0 is HIGH. a; 3, a5 a, a;, a, a; a
JT1 addr (PCy;) — addrif T1 = 1 Jumps to the address specified by a,—a; 1f Test 1 56 L] 1 0 1 0 1 1 L] 2 2
(PC) ~ (PC) + 2ifT1 =0 is HIGH. a, 8, a; a, a, a, a; a
Jz (PCy7) - addrifA =0 Jumps to the address specified by ag—a; if the Cé 1 1 0 (1] 0 1 1 0 2 2
(PC)—~(PC) + 2ifA =1  contents of the accumulator are equal to 0. a; ag as a, a; a; ag ag
Control
ENI Enables external interrupts. When external 05 0 0 0 0 L] 1 0 1 1 1
interrupts are enabled, a low-level input to the INT
pin causes the to vector to the P!
service routine.
Dis| Disables external interrupts. When external 15 [] 0 0 1 0 1 0 1 1 1
p low-level inputs to the INT
pin have no effect on program execution.
ENTO CLK Enables clock output to pin T0. 75 0 1 1 1 [] 1 0 1 1 1
SEL MBO (DBF) ~ 0 Clears the Memory Bank Flip-Flop, selecting E5S 1 1 1 0 L] 1 0 1 1 1

Program Memory Bank 0 [program memory
addresses 0-2047 y)]. Clears PCy, after the next
JMP or CALL instruction.

SEL MB1 (DBF) ~ 1 Sets the Memory Bank Flip-Flop, selecting FS 1 1 1 1 0 1 0 1 1 1
Program Memory Bank 1 [program memory
addresses 2048-3095 ;). Sets PC,, after the next
JMP or CALL Ins!ruﬂxon.

SEL RBO (BS) - 0 Selects Data Memory Bank 0 by clearing bit 4 Cc5 1 1 0 0 [} 1 (] 1 1 1
(Bank Switch) of the PSW. Specifies data memory
addresses 07, as registers 0-7 of Data
Memory Bank 6

SEL RB1 (BS) ~ 1 Selects Data Memory Bank 1 by setting bit 4 D5 1 1 0 1 0 1 (] 1 1 1
(Bank Switch) of the PSW. Specifies data memory
24-31(4¢) as registers 0-7 of Data Memory Bank 1.

HALT Initiates Halt mode. 01 0 0 0 0 0 0 0 1 1 1
Data Moves
MOV A, # (A) ~ data Moves immediate data dy-d; into the 23 0 L] 1 0 0 0 1 1 2 2
data d; dg dg dg d; d, dy dy
MOV A, R, (A) ~ (R) Moves the contents of register R, into the Fn® 1 1 1 1 1 r r 1 1
= 0-7
MOVA, @R, (A)«((R) Moves the contents of internal data memory Fn@® 1 1 1 1 0 0 0 r 1 1
= 0-1 specified by bits 05 in register R, into the
MOV A,PSW  (A) — (PSW) Moves the contents of the Program Status Word c7 1 1 L] 0 0 1 1 1 1 1
into the
MOV R,, # (R,) < data Moves immediate data d,-d; into register R,. Bn® 1 0 1 1 1 r r r 2 2
data = 0-7 d, dg dy d d; d, dy dy
MOV R,, A (R) ~ (A) Moves the contents of the accumulator into An® 1 ] 1 0 1 r r r 1 1
,=0-7 register R,
MOV@R,A ((R) + (A) Moves the contents of the accumulator into the An® 1 0 1 L] [ 0 [} r 1 1
=01 data memory location specified by bits 0-5 in
register R,.
MOV @R,, # ((R) « data Moves immediate data dy—d; into the data Bn® 1 0 1 1 0 [] 0 r 2 2
data r=0-1 memory location specified by bits 0-5 in d; dg ds dy dy, dy dy do
register R,.
MOV PSW, A (PSW)« (A) Moves the contents of the accumulator into the D7 1 1 0 1 [)] 1 1 1 1 1
Program Status Word.
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Instruction Set (Cont.)
Hex Instruction Code
Mnemonic Function Description Code D, Dg Ds D D; D, D, D, Cycles Bytes
Data Moves (Cont.)
MOVPA, @A (PCy ;) (A) Moves the contents of the program memory A3 1 0 1 [} [} [] 1 1 2 1
(A) — ((PC)) location specified by PCg_;; concatenated with
the contents of the accumulator, into the
MOVP3 A, (PCq_7) — (A) Moves the contents of the program memory E3 1 1 1 [} [} [] 1 1 2 1
@A (PCg_14) — 001 location specified by 0011 (PC,_yy, page 3 of
(A) — ((PC)) Program Memory Bank 0) and the contents of the
into the
MOVXA, @R (A) — ((R)) Moves the contents of the external data memory 8n® 1 0 [} [] [} [} [} r 2 1
= 0-1 location specified by register R,, into the
MOVX@R,A ((R)) - (A) Moves the contents of the accumulator into the n® 1 [} 0 1 [] [] [} r 2 1
r=0-1 external data memory location specified by
register R,.
XCHA,R, (A)~(R) the of the and  2n® o o0 1 o 1 r r 1 1
,=0-7 register R,.
XCHA, @R, (A) < ((R)) the of the and 2n® 0 0 1 0 0 0 0 r 1 1
r=0-1 the contents of the data memory location
specified by bits 0-5 in register R,.
XCHD A, @ (Agg) <> ((Ryg_3)) Exchanges the contents of the lower 4 bits of the 3n® 0 0 1 1 0 0 0 r 1 1
R, r=0-1 accumulator with the contents of the lower 4 bits
of the internal data memory location specified by
bits 0-5 in register R,.
Flags
CPLC (©)  (C) Takes the complement of the Carry bit. A7 1 L] 1 0 0 1 1 1 1 1
CPL FO (F0) - (FO) Takes the of Flag 0. 95 1 0 o 1 o 1 0 1 1 1
CPL F1 (F1) — (FT) Takes the of Flag 1. B5 1 0 1 1 o 1 o0 1 1 1
CLRC (5] Clears the Carry bit. 97 1 [} 0 1 [] 1 1 1 1 1
CLRFO (FO)—0 Clears Flag 0. 85 1 0 0 [ [ 1 [ 1 1 1
CLRF1 (F1)<0 Clears Flag 1. A5 1 [} 1 0 [} 1 0 1 1 1
Input/Output
ANLBUS, # (BUS) — (BUS)Adata Takes the logical AND of the contents of the bus 98 1 [] [] 1 1 [} L] [] 2 2
data and immediate data d,—d,, and sends the resuit to d, dg ds dg d; d d; dy
the bus.
ANL P, # (Pp) < (Pp)A\data Takes the logical AND of the contents of 9n® 1 0 0 1 1 0 P P 2 2
data p=1-2 designated port P, and immediate data d,—dj, d; dg ds d, dy d, d, dy
and sends the resuit to port P, for output.
ANLD Py, A (Pp) — (P A(Ag3) Takes the logical AND of the contents of n® 1 ] 0 1 1 1 [ P 2 1
p=4-7 designated port P, and the lower 4 bits of the
accumulator, and sends the result to port P, for
output.
INA, P, (A) - (Pp) Loads the accumulator with the contents of on® 0 0 0 ] 1 ] [} P 2 1
p=1-2 port Py,
INS A, BUS (A) — (BUS) Loads the contents of the bus into the 08 0 0 0 0 1 [} o [ 2 1
on the rising edge of RD.
MOVD A, P,  (Ag3) ~ (Pp) Moves the contents of designated port P, to the on® 0 0 0 0 1 1 [ P 2 1
(Ag7) -0 lower 4 bits of the accumulator, and clears the
p=4-7 upper 4 bits.
MOVD Pp A (Pn) ~ (Ag-3) Moves the lower 4 bits of the accumulator to 3n® o [} 1 1 1 1 P ] 2 1
p= 4-7 designated port Py. The upper 4 bits of the
are not
ORLBUS, # (BUS)— (BUS)\/data Takes the logical OR of the contents of the bus 88 1 0 L] [} 1 0 0 [] 2 2
data and immediate data d,—d,, and sends the resuit to d; dg ds d, d3 d, d, do
the bus.
ORLD Py, A (Pp) — (P)\V(Apa) Takes the logical OR of the contents of designated  8n® 1 0 o 0 1 1 [ [ 2 1
p=4-7 port P, and the lower 4 bits of the accumulator,
and sends the result to port P, for output.
ORL P, # (Pp) « (Pp)\/data Takes the logical OR of the contents of designated  9n® 1 [] [} 0 1 0 [ ] 2 2
data p=1-2 port P, and immediate data do-d;, and sends the d; dg ds d, dg d, d do
result to port P, for output.
OUTL BUS,A (BUS) - (A) Latches the contents of the accumulator onto the 02 [} 0 0 [} [} 0 1 0 2 1
bus on the rising edge of WR.
Note: Never use the OUTL BUS instruction when
using external program memory, as this
will latch the bus.
OuTL P,, A (P,,) —(A) Latches the contents of the accumulator into 3n® o 1] 1 1 1 [/} [ [ 2 1
p=1-2 designated port P, for output.
Registers
DEC R, R)-(R) -1 Decrements the contents of register R, by 1. Cn® 1 1 [} L] 1 r r r 1 1
. =0-7
INCR, R)~(R) +1 Increments the contents of register R, by 1 1n® 0 [] 0 1 1 r r r 1 1
,=0-7
INC@R, (R)) ~((R)) + 1 Increments by 1 the contents of the data memory 1n® [} ] [] 1 Q ] 1] r 1 1
¢ =0-1 location specified by bits 0-5 in register R,.
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Instruction Set (Cont.)

Hex Instruction Code
Mnemonic Function Description Code D, Dg Dy D, D; D; « Dy D, Cycles Bytes
Subroutine
CALL addr ((SP)) — (PC), (PSW,_7) Stores the contents of the Program Counter x4® ap 8 ag 1 [] 1 [} [] 2 2
(SP)—(SP) + 1 and the upper 4 bits of the PSW in the address a; ag as a, a; @&, ay ag
(PCq_1o) < addrg_¢o indicated by the Stack Pointer, and increments the
(PCy_7) — addrg_; contents of the Stack Pointer, calling the subrou-
(PC,,) — DBF tine specified by address a,—a,, and the DBF.
RET (SP)+~(SP) - 1 Decrements the contents of the Stack Pointer 83 1 0 0 0 0 0 1 1 2 1
(PC) — ((SP)) by 1 and stores, in the Program Counter, the
contents of the location specified by the Stack
Pointer, executing a return from subroutine
without restoring the PSW.
RETR (SP) —(SP) — 1 Decrements the contents of the Stack Pointer 93 1 0 0 1 0 0 1 1 2 1
(PC) — ((SP)) by 1 and stores, in the Program Counter, the
(PSW,_7) — ((SP)) contents of the upper 4 bits of the PSW and the
contents of the location specified by the Stack
Pointer, executing a return from subroutine with
restoration of the PSW.
Timer/Counter
ENTCNTI Enables internal interrupt of timer/event counter. 25 0 0 1 [] 0 1 [] 1 1 1
If an overflow condition occurs, then an interrupt
will be generated.
DIS TCNTI Disables internal interrupt of timer/event counter. 35 L] [} 1 1 0 1 0 1 1 1
MOVA,T (A~ M Moves the contents of the timer/counter into the 42 [] 1 [] L] [] [] 1 [] 1 1
MOVT,A M-@A) Moves the contents of the accumulator into the 62 L] 1 1 [] 0 [} 1 0 1 1
timer/counter.
STOP TCNT Stops the operation of the timer/event counter. 65 0 1 1 0 0 1 [] 1 1 1
STRT CNT Starts the event counter operation of the 45 [] 1 0 0 0 1 [] 1 1 1
when T1 from a low-level
input to a high-level input.
STRTT Starts the timer operation of the timer/counter. 55 0 1 0 1 0 1 [] 1 1 1
The timer is incremented every 32 machine
cycles.
Miscellaneous
NOP Uses one machine cycle without performing any 00 0 0 0 0 0 0 [] 0 1 1
operation.
Notes: O Binary code and g rep encoded values or the lowest-order bit value of specified registers and ports, respectively

@ Execution of the ADD, ADDC and DA ms(ructlons affect the carry flags, which are not shown in the respective function equations These instructions set the carry flags when there 1s an
overflow in the accumulator (the Auxiliary Carry Flag is set when there is an overflow of bit 3 of the accumulator) and clear the carry flags when there 1s no overflow Flags that are
by flag 1s are shown 1n the function equations for those instructions
QF to and data are ified i byte 1 and/or 2 in the opcode of the corresponding instruction
@ The hex value of n for specific registers is as follows
a) Direct addressing
R.n=8 Ry n=A Ry, n=C Rgn
Rin=9 Ryn=B Ry n=D R;n
b) Indirect addressing
@Ry n=0 @Ry n=1
® The hex value of n for specific ports is as follows
Pbn=9 Py, n=C Pgn=E
P,n=A Ps n=D P,n=F
® The hex value of x for specific accumulator or address bits is as follows
a) JBDb Instruction
By x = B, x=5 By x=9 Bgx=D
By, x = By x=7 Bsx=B B; x=F
b) JMP instruction

won
m

Page0 x =0 Page2 x =4 Page4 x =8 Page6 x=C

Page1 x = 2 Page3 x =6 Page5 x = A Page7 x = E
¢) CALL instruction

Pageox—1 Page2 x =5 Page4 x =9 Page6 x =D

Page1 x =3 Page3 x =7 Page5 x=B Page7 x=F
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DC Characteristics: Standard Voitage Range

DC Characteristics: Extended Voltage Range

Ta = —40°C to +85°C; Vo = +5V = 10%; Vgg = OV Ta = —40°Cto +85°C; Ve = +2.5Vto +5.5V; Vgg = OV
Limits Limits
S Unit Test Conditions —————
Min Typ Max Parameter Symbol Min Typ Max Unit Test Conditions
m Low o -03 08 v Input Low Voitage Vi -03 0.18Vee V
ge _ Input High Voltage
Input High Vi Vee-2 Veo V  Allexcept XTAL1, XTAL2, RESET (AN Except XTAL 1, XTAL2)  Vjy 0.7Vec Vee V
Voltage Vmr  Vee-1 Vee V  RESET, XTAL1, XTAL2 Input High Voltage
—Low (XTAL 1, XTAL 2) Vi 0.8Vec Vee V
Outp VoL 0.45 Vo =20mA =
Voltage Output Low Voltage Vo 045 V. lg =1.0mA
Bus, RD, WR, PSEN, ALE, PROG, O High Voltage (Bus,
Vou 24 Vo T0;ign = —100uA RD, Wi ,%Eﬁ, ALE, on  0.75V¢c low = —100pA
Port1,Port2; loy = —5pA PROG, T0 v
Output High (Type 0) Port 1, Port 2;
Qutput Hig Vo® 2.4 v i lon = ~TuA
ge Port 1, Port 2; loy = —50pA 0
(Type 1) Output High Voltage (All v, 0.7V, v
Other Outputs ow TTee Port 1, Port 2;
Vowz Vec—0.5 V  Alloutputs; loy = —0.2pA lon = — 104A
15 -40  uA Pom,Ponz;(\#;‘\,/).L , (Type 1)
Ie® Output High Voltage _ o
Input Current _500  uA Port1Port2; Vjy < V. (All Outputs) Vowz Vec - 05 V. oy 0.2uA
_ (ype?) Input Leakage Current " S15 40 pA Vw=Vi(TypeO)
e -40  pA SS, _R_ESET; Vin= Vi (Port 1, Port 2) LP 2500 pA V=V, (Typel)
Input Leakage 'L 1 pA T1INT, Vpp; Vss =< Vi = Vee Input Leakage Current 0 LA Ve=V
Current ™ £3  pA EA;Vgg=Viy=Vec (3%?“5557) e " e
Output Leal Bus, T0, High-Impedance State; Input Leakage Current
Current % ko B kA v s Ve s Vee ped (T1,1NT) uy 1 wA Ves<Vin<Vee
Standby leey 04 08 mA Haltmode;tey = 2.5u8 :vé:l;! Leakage Current Iz £3 A Ve <V <Vee
Current lecz 1 20 wA  Stop mode @ —
- Output Leakage Current
Supply Current  lcc 4 8 mA  tey = 2.5u8 (Bus, TO— High Impedance o +1  pA  Vgg<Vo<Vge
p— State
m;::"""“ Vecon 20 V  Stop mode (Vpp, RESET < 0.4V) J
Supply Current lee 08 16 mA
Halt Mode Standby
Current lecy 100 200 A
Stop Mode Standby Current  Icc, 1 20 uA

AC Characteristics
Read, Write and Instruction Fetch: External Data and Program Memory

Notes: © Type 0 and type 1 options apply only to the .PD80C48, the .PD80C35 Is type 1 only
@ Input Pin Voltage is Vi, Vi, or Vi, Viy

Ta = —40°Cto +85°C; Vec = Vpp = +5V * 10%; Vgg = OV
VE = +5V * 10% ._VQS = +2.5Vto +5.5V Test

Parameter Symbol Min Typ Max Min Typ Max Unit Conditions
ALE Pulse Width t 400 2160 ns
Address Setup before ALE taL 120 1620 ns
Address Hold from ALE tia 80 330 ns ®
::Posr|Elr':l RL;.I.wiﬁ v)wdm tec 700 3700 ns
Data Setup before WR tow 500 B 3500 ns
Data Hold after WR two 120 370 ns ®
Cycle Time tey 25 150 10 150 ns 6MHz XTAL
Data Hold tor 0 200 0 950 ns
'PSEN, RD to Data in tho 500 2750 ns
Address Setup before WR taw 230 3230 ns ®
Address Setup before Data In tap 950 5450 ns
Address Float to RD, PSEN tarc [) "500 ns
Control Pulse to ALE tca 10 10 ns
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Port 2 Timing
Ta = —40°Cto +85°C; Ve = +5V = 10%
VE= + 58V + 10% Vm= +2.8V to +5.5V Test

Pu_armow Symbol Min Typ Max Min '!E Max Unit Conditions
Port Control Setup before
Falling Edge of PROG ter 110 860 ns
Port C::t:ogold after Falling toc 0 80 0 200 ne ®
:.“3.6“? Time P2 input must ten 810 5310 ns
Output Data Setup Time top 250 3250 ns €]
Output Data Hold Time tep 65 820 ns
Input Data Hold Time tor 0 150 0 900 ns
PROG Pulse Width tpp 1200 6450 ns
Port 210 Data Setup tpL 350 2100 ns !
Port 2/ Data Hold ' 150 1400 ns

Notes: © For Control Outputs C, = 80pF, for Bus Outputs C_ = 150pF
@ C_ = 20pF
@ For Control Outputs C, = 80pF
@ Refer to the operating characteristic curves for Supply Voltage and Port Control Hold

BUS Timing Requirements Write to External Memory
Symbol Timing Formula Min Max Unit ALE ﬂ r——j

W (7/30)T-170 . ns

ta (1/5)T-380 . ns . [+ tec |

t (1/30)T . ns WR

tec (2/5) T-300 . ne Address L‘YE‘

\ —tow

tow (2/5)T-500 e ns Bus Floating X V) Floating X Data X Floating

two (1/30)T+40 ] ns taw

tor (1/10) T-50 L] ns

tho (3/10) T—250 . ns

™ @/5)T-170 . e Low Power Standby Operation

tap (3/5)T-550 . ns 1) Halt Mode (When El)

tarc (1/15)T-165 . ns

tep (1/10) T-140 . ns cpPu ( 1instr_ XINT Execute

[ (3/5)T—690 . ns

osc

o A0 To100 . ~ oy Ut

top (2/5)T-750 . ns 'c"l‘:c’:" _/\

tep (1/10) T-180 . ns

Halt

top (7/10) T-550 . ns Mode

toL (7/30) T—230 . ns NT

te (1/6)T—265 L] ns
Notes: T = tc,

Unlisted parameters are not affected by cycle time 2) Stop Mode
Timing Waveforms AESET T\ P
Instruction Fetch From External Memory Voo PD‘;

ter OSC Starts
" ose TUL... L.
R U N
Inty J
.._(CC—.L-(“——I "Celg‘c‘k m

ALE __|

| et

S tarc
.LA g
taL —wf ton |a— ADRS 0000(H)
BUS Floating (Flollmg) Floating x
Addr"s/ N —~lteo I~ Instruction Port2 T’mmg
AD

ALe /T \_ ‘.] F
Read From External Data Memory \

E |-tor- |t g .
tev Port PR Yoo 20y ) Pt comrt
ey - : =

Output =

ae_ L L Expander ]
P pepons XS E X X2

— - utpuf oc

RD o r._..._.i

Address PROG
——‘ tarc to—  — tor
Bus Floalmg[ Floating Data Floating
—] thp fe—
oty
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wPD80C48/80C35

Block Diagram
A I Expansion to Additional
Oscillator Resident Program Memory External Memory and /0
Frequency Bus Buffer ROM 1.PD80C48 only
Port 2 1024x8
Bus Latch
I Decode l Low Program
Port 2 Latch (Low 4) Port 2 2 Counter’s Temp
-480 and Expander Latch H'%’:‘rme,,‘(',‘) 8 Register Bus Butfer
Port I10 (Migh 4)
4 4 Lower Program
Test1 4 Program Status
Counter Word 1
t t )\ Bus
Timer and Buffer
Event Counter 8-Bitinternal Bus '/ La,:dh
atc
1 P I 1
Accumulator Temporary Flags Instruction RAM Address
8 Register (8) Register/Decoder Register
Multiplexer ]
A |e— Test0 Register 0
Logic Unit |e— Test1 Register 1
— INT Register 2
}e—- FI
—vﬁ:—*+2 5Vto + 55V 260 Register 3
Power Conditional f+— Flag1 eartor
Supply |y Bl:amm |«— Timer Flag " egister
—— Ground o~ ogic — Carry § Register 5
imal 3
Vpp Standby Power Control Adjust -— Acc Q | Register 6
Register 7
<~— Acc Bit Test 8-Level Stack
(Variable Word Length)
Optional Second
Register Bank
Data Store
Control and Timing
— XTAL XTAL . e Resident Data Memory — RAM
Voo INT RESET PRQG EA 1 2 ALE PSEN EN RD WR (64x8)
] CPU/Memory [ Address l f I I
Low Interrupt Initialize Separate Latch  program Single  Read/Wnite
Power Vo pa Strobe/ vgmry Stg Strobes
el ep rol
Standby Control o ol Cycle  Enable
Strobe Crysta Clock

Note: .PD80C35 does not include ROM

Absolute Maximum Ratings*

Ta = 25°C

Operating Temperature, Top:

—40°Cto +85°C

Storage Temperature (Cerdip Package), Tsig

—65°C to +150°C

Storage Temperature (Plastic Package), Teig

—65°Cto +125°C

Voltage on Any Pin, V,o Vgs —0.3Vto Ve +0.3V
Supply Voltage, Vcc Vgs —0.3to +10V
Power Dissipation, Pp 0.35w

*COMMENT: Exposing the device to stresses above those
listed in Absolute Maximum Ratings could cause perma-
nent damage. The device is not meant to be operated
under conditions outside the limits described in the opera-
tional sections of this specification. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.
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Operating Characteristic Curves

Output High Current vs. Output High Voitage

Vec = 45V
< \
2 -400
3
£
g
3
o
)
i Typ
H
5 -—200
[
\ {‘
1 2 3 4 5
Output High Volitage, Vo, (V)
Output High Current vs. Supply Voltage
Vour = 24V
-150 —15
<
2
3
H
13
3 -100-10
5
x
3
-3
3
o
-50 -5 /
- o
§ 5 Ly
2 8 2 3 4 3 6
S o
Supply Voltage, Vcc (V)
Output Low Current vs. Supply Voltage
Vo_ =045V
3
<
E
3
E 2
5
o
H
-
3
a
3
o
1
L 4
2 3 4 5 6

Supply Voitage. V¢ (V)

wPD80C48/80C35

Output High Current vs. Output High Voltage

Output High Current vs. Supply Voltage

Output High Current, I, (1A)

Output High Current, I, (1A)

-04

-02

Voo = 45V

Typ

A

1 2 3 4 5
Output High Voltage, Vo, (V)

Vonz= Vec-0 5|

Y

pd

-

2 3 4 5 6
Supply Voltage, V¢ (V)

Output Low Current vs. Output Low Voltage
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Output Low Current; I, (mA)
~

v
Voo =45V
A
/,/
L
.
.
0s 10

Output Low Voltage, Vo (V)




wPD80C48/80C35

Operating Characteristic Curves (Cont.)

Supply Current vs. Oscillation Frequency Port Control Hold After PROG, t,. Max (.PD80C48), and Address to
Output Delay, t,.. Min (.PD82C43), vs. Supply Voltage

) Vee =3V
loc Max| 2 _ 20
| x @
1 Z. s £
- Ex £
< < - X
E o5 .7 T lec TyP g $200
= e s e 5 uwPD82C43:
> e A 3 tace Min
= A P £3 \\
% o .- 3 B 150
g - s 3 1PDBOC48
3 -7 =7 [lcey Max] 9 t, Max
o ,’ b -~ 'cC1 § .2 '‘pc
> - £
E - £a NG
g %S _ 3 & 100 <
@ -~ it leci Typ "§ g_ N
005 — 9
- g3
- 8 50
003 g2
51 ES
01 02 0.5 1 2 4
Oscillation Frequency, f(MHz), (f = 15/t¢y) 2 3 4 5 6
Supply Voltage, Ve (V)
Cycle Time vs. Supply Voltage
Current Consumption as a Function of Temperature — Normal
Operating Mode
200
f= 6MHz
100 Vee =55V
10
\’\'cc
50 —
— Operation Guarantee 8
2 Area z
32 E
5 €
o 10 o
s
S
© 4
5
\ ‘—m&\lw-
AN 2 —
Halt Mode
2
1 4% -40 0 25 85
2 3 4 5 6

Temperature, T, (°C)
Supply Voltage, V¢ (V)

Supply Current vs. Oscillation Frequency ® Current Consumption as a Function of Operating Frequency —

Normal Operating Mode
s Voc=55V VTR
5
Icc Max / 10
/ 'CC}/ 8 >
2 . - 6
Lt / . Max_"1
P ')
1 <2 - = » 7
,// N lcct Ma / 2 V/ P Typ
osf 1 A
//"’/ 1 y
02 el 8
17 .- 02 05 1 2 4 6
01 - - - Oscillator Frequency (MHz)
00s Note: CExternal Is for y less than 1MHz
01 02 05 1 2 4 6

Internal oscillation requires more power
Oscillation Frequency, f(MHz), (f = 15/tcy)
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wPD80C48/80C35

Operating Characteristic Curves (Cont.)

Current Consumption as a Function of Temperature — Stop Mode

Vec =55V

20

leca (1A)

pd

—-40 0 25 85
Temperature, T, (°C)

Package Outlines
For information, see Package Outline Section 7.

Plastic, .PD8048HC/35HLC
Ceramic, nPD8048HD/35HLD
Plastic Shrinkdip, .PD80C48C
Plastic Minifiat, .PD80C48G/C35G

80C48/80C35DS-REV1-10-83-L-8K
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NEC

wPD8049H/.PD8749H/,.PD8039HL

HIGH PERFORMANCE

SINGLE CHIP 8-BIT MICROCOMPUTERS

Description

The NEC pPD8049H, .PD8749H and wPD8039HL are sin-
gle chip 8-bit microcomputers. The processors differ only in
their internal program memory options: the nPD8049 has
2K x 8 bytes of mask ROM, the ,.PD8749 has 2K x 8 of

UV erasable EPROM and the uPD8039HL has external
program memory.

Features

[ High performance 11 MHz operation

[ Fully compatible with industry standard 8049/8749/8039

[ Pin compatible with the n.PD8048/8748/8035

[] HMOS silicon gate technology requiring a single +5V
+10% supply

[] 1.36 ps cycle time. All instructions 1 or 2 bytes

[] Programmable interval timer/event counter

[ 2K x 8 bytes of ROM, 128 x 8 bytes of RAM

[] External and internal interrupts

[C] 96 instructions: 70 percent single byte

[ 27 1/Olines

[ Internal clock generator

[] Expandable with 8080A/8085A peripherals

[ Available in both ceramic and plastic 40-pin packages

Pin Configuration

ot N soPv
xTAL1 O 2 pT,
xTAL2 3 38 D p27
RESET(] 4 37 O p26
55 s 36 [ P25
I = ] 35 [ P24
EAr] 7 3a e
RO (] 8 wPD 33 [ P16
PSEN O ° gogo 32PP1S
WR 10 gron 31D ::4
ALEC]'  gozgHL 0 [J P13
0B, O 12 29 [ P12
o8, (J13 28 JJ P11
o8, CJ14 27 @ P10
o8, 15 v
3 DD
o8, CJ16 25 [J PROG
o8g CJ17 24 [J P23
o8g [J18 23 [ p22
o8, {J19 22 O e21
vgs 20 21 [ 20

Pin Identification

Pin
Symbol

Function

1

To

Testable input using conditional transfer functions JT0 and JNTO.
The internal State Clock (CLK) is available to Ty using the ENTO
CLK instruction. T can also be used during programming as a
testable flag.

XTAL 1

One side of the crystal, LC, or external frequency source. (Non-TTL
compatible Vyy.)

XTAL 2

The other side of the crystal or LC frequency source. For external
sources, XTAL 2 must be driven with the logical complement of the
XTAL 1 input.

RESET

Active low input from processor initialization. RESET 1s also used
for PROM programming verification and power-down (non-TTL
compatible V).

Single Step Input (active-low). SS together with ALE allows the
processor to “single-step” through each instruction in program
memory.

Interrupt input (active-low). INT will start an interrupt if an enable
interrupt instruction has been executed. A reset will disable the
interrupt. INT can be tested by issuing a conditional jump
instruction.

External Access input (active-high). A logic “1” at this input com-
mands the processor to perform all program memory fetches from
external memory.

RD

READ strobe outputs (actwe-la!v_}_'ﬁﬁwm pulse low when the pro-
cessor performs a BUS READ. RD will also enable data onto the
processor BUS from a peripheral device and function as a READ
STROBE for external DATA MEMORY.

PSEN

Program Store Enable output (active-low). PSEN becomes active
only during an external memory fetch.

10

WRITE strobe output (active-low). WR will pulse low when the pro-
cessor performs a BUS WRITE. WR can also function as a WRITE
STROBE for external DATA MEMORY.

Address Latch Enable output (active-high). Occurring once each
cycle, the falling edge of ALE latches the address for external
memory or peripherals. ALE can also be used as a clock output.

1219 DD, BUS

8-bit, bidirectional port. Synchronous reads and writes can be per-
formed on this port using RD and WR strobes. The contents of the
Dg-D; BUS can be latched in a static mode.

During an external memory fetch, the D-D; BUS holds the least
significant bits of the program counter. PSEN controls the incom-
ing addressed instruction. Also, for an external RAM data store
instruction the Dy-D, BUS, controlled by ALE, RD and WR, con-
tains address and data information.

20 Vss. Processor’s GROUND potential.

2124, P,—P,;:  Port21sthe second of two 8-bit quasi-bidirectional ports. For

35-38 PORT 2 external data memory fetches, the four most significant bits of
the program counter are contained in P,—Pos. Bits P,g—P,3 are
also used as a 4-bit /O bus for the . PD8243, INPUT/OUTPUT
EXPANDER.

25 PROG PROG 1s used as an output strobe for uPD8243s during I/O expan-
sion. When the .PD8049H i1s used in a stand-alone mode the
PROG pan can be allowed to float.

26 Voo Vpp IS used to provide +5V to the 128 x 8-bit RAM section During
normal operation V¢ must also be +5V to provide power to the
other functions in the device. During stand-by operation Vpp, must
remain at + 5V while V¢ Is at ground potential.

2736 PPy Port 11s one of two 8-bit quasi-bidirectional ports
PORT 1

39 ™ Testable input using conditional transfer functions JT1 and JNT1.
T1 can be made the counter/timer input using the STRT CNT
instruction.

40 Vee Primary Power supply. Vcc 1s +5V during normal operation
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wPD8049H/8749H/8039HL

Functional Description

The NEC pnPD8049H, nPD8749H and the .PD8039HL are
high performance, single component, 8-bit parallel microcom-
puters using H-channel silicon gate MOS technology. The
w.PD8049H family functions efficiently in control as well as
arithmetic applications. The powerful instruction set eases bit
handiing applications and provides facilities for binary and
BCD arithmetic. Standard logic functions implementation is
facilitated by the large variety of branch and table look-up
instructions.

The instruction set is comprised of 1 and 2 byte instructions,
most of which are single-byte. The instruction set requires
only 1 or 2 cycles per instruction with over 50 percent of the
instructions single-cycle.

The nPD8049H family of microprocessors will function as
stand-alone microcomputers. Their functions can easily be
expanded using standard 8080A/8085A peripherals and
memories.

The n.PD8049H contains the following functions usually found
in external peripheral devices: 2048 x 8 bits of mask ROM
program memory; 128 x 8 bits of RAM data memory; 27 I/O
lines; an 8-bit interval timer/event counter; and oscillator and
clock circuitry.

The wPD8749H differs from the WPD8049H in its 2048 x 8-bit
UV erasable EPROM program memory instead of the mask
ROM memory. It is useful in preproduction or prototype
applications where the software design has not yet been final-
ized or in system designs whose quantities do not require a
mask ROM.

The nPD8039HL is intended for applications using external
program memory only. It contains all the features of the
wPD8049H except for the internal ROM. The external pro-
gram memory can be implemented using standard
8080A/8085A memory products.

Block Diagram
Power Supply
Voo {Vec ¥Vss
Program  +5V  Ground t s Expansion to Additional
o Resident Program Memory External Memory and I/0
ROM (1.PD8049H only)
Bus Butfer
Osclllator Port 2 1024x8 Bus Latch 8
) Port 2 Latch (Low 4 Port2 2 Counter's Tem,
| t2lsichLowd) |  Port2 Higher Program " oo | Bus aumr]
Port1/0 (High 4) Counter (4)
+ 480 Lower Program
Test 1 la {a 1e Program Status
Counter Word
Bus
Timer and 8-Bit Internal Bus t I B:'n";' 8
Event Counter l l 1 I Latch
Port 1
Accumulator Temporary Instruction RAM Address
(® Register (3) Flags Register/Decoder Register
1 Muitiplexer
Arithmetic f«—Test 0 Register 0
Latch Logic Unit le——Tost 1 Register 1
[«—INT Register 2
l-—Fiago
® Conditional ~—n:1 Reglster 3
' Branch
ranch | rimer Fag Reglster 4
fe—Carry § e §
=] == =
Register 7
Acc Bit Test 8-Level Stack
(Variable Word Length)
Optional Second
Register Bank
Data Store
Control x;:‘;"::? Resident Data Memory — RAM
iNT RESET PROG  EA 12 ALE PSEN S§ RAD WR (128x8)
T l CPU/Memory [ ‘ Address ({ T T
Initiatize Separate Latch ram Single Read Write
Interrupt PROM/Expander Oscillator/ ng’l:’ "’ul’..‘w Shgp Strobes
Strobe Crystal Syl Enable

Note: .PD8039H does not include ROM.



wPD8049H/8749H/8039HL

Absolute Maximum Ratings* AC Characteristics
T.-25¢C T, = 0°Cto +70°C, Ve = Vpp = 5V * 10%, Vss = OV
Limits
. —Limits f(tcy) and Test
Operatmg Temperawm 0°Cto +70°C Parameter Symbol Min Typ Max Unit c:nditions
Storage Temp (C ic Package) —65°Cto +150°C ALE Pulse Width t 150 ns 7/30 tey —170
i Addr Setup to ALE ta 70 ns 21151y - 110
6B o
Storage Temperature (Plastic Package) 65°C to +150°C Addr Hord from ALE ™ P - M5 tey 40
Voltage on Any Pin -0.5Vto +7VO® Control Puise Width (RD, WR)  tccy 480 ns 112 tgy —200
P .. Control Pulse Width (PSEN) tcc, 350 ns 2/5tcy —200
r Dissipation 1.5W Data Setup before WR tow 390 ns 13/30 tcy —200
Note: ® With respect to ground. Data Hold after WR two 40 ns 115tcy =50 @
Data Hold (RD, PSEN) ton 0 110 ns 110 tcy —30
. . RD to Data i [ 350 2/5tcy —200
*COMMENT: Exposing the device to stresses above those o ZEE Aot = £t
. N > N PSEN to Data in tapz 210 ns 310 tcy —200
listed in Absolute Maximum Ratings could cause permanent - Setup 1o W ™ 200 - T tey 150
damage. The device is not meant to be operated under ‘Adar Setup to Data (RD) ‘o 750 ns 115toy —250
oonc_lmons oupsnde thg Iqults described in the operational Addr Setup toData (PSEN) _ taoe 480 s 815 toy ~250
sections of this specification. Exposure to absolute max- Addr Float to RD, WR tarcs 140 ns 215 tgy —40
imum rating conditions for extended periods may affect ‘Addr Float to PSEN tarce 10 ns 1/30 tey —40
device reliability. 'ALE to Control (RD, WR) tearct 200 ns 15tey —75
ALE to Control (PSEN) tearce 50 ns 1101cy —75
Control to ALE (RD, WR, PROG) tcas 50 ns 115 toy —40
Control to ALE (PSEN) toaz 320 ns 4/15 toy —40
P | toPROG  t, 100 110ty —40
DC Characteristics Port Control Setup to cp ne oy
T, =0°Cto +70°C;Vee = Vpp = +5V = 10%; Vgs = OV Port Control Hold to PROG tpc 160 ns 4/15 tcy —200
Lt PROG to P2 Input Valid tpr 550 ns 17/30 tey —120
—_ input Data Hold from PROG o 0 140 ns 110 toy
Parameter Symbol Min Typ Max Unit Test Conditions Output Data Setup top 400 ns 2/5 toy —150
Input Low Voltage B 110 tcy -5
(All Except XTAL 1, XTAL 2) Vi 05 08 V Output Data Hold top 90 ns 0toy —50
inpat High Voltage PROG Pulse Width top 700 ns 710ty —250
(:';"E‘mm AL, XTALZ, mesen Vm 20 Vee V Port 2 0 Setup to ALE to, 180 ns 4151y —200
Port 2/0 Hold to ALE tp 40 ns 110 tcy —100
Input High Vol
‘;pétal’g““%“ 2) Vien 38 Vee V Port Output from ALE toy 510 ns 310ty —100
Low Voltage (BUS, RD, _ Cycle Time toy 1.36 us 11 MHz
WR, PSEN, ALE) Vou 045 V. lo =20mA 10 Rep Rate [ 270 ns 3115 toy
Output Low Voltage (All Other v, 045 V Iy =20 . _
ol X oL = 20 MA Notes: @ Control Outputs CL = 60pF
Outputs Except PROG) - - BUS Outputs CL = 150pF
Output Low Voltage (PROG) Voiz 045 V o = 20mA @ BUS High Impedance Load 20pF
Output High Voltage (BUS) Von 24 V lon = —4005A @ Calculated values will be equal to or better than published 8049 values.
Hi RD,
%R“"’“, e E"g"A‘I’_"E';’"( Vout 24 V lon = —400pA o
Output High Voltage (All AC Characteristics for Programming
Other Outputs) Vore 24 V' lon = -40pA T, = 25°C = 5°C;Vge = +5V = 5%; Vpp = +21V * 0.5V
Input Leakage Current P +10 WA Ves <V <V, Limits
(1, EA, INT) " seomT e Parameter Symbol Min Typ Max Unit Test Conditions
Input Leakage Current Vgg + 45 <V <
P10-17, P20-27, EA, S s S50 pA oo " Paamys Setup Timeto taw atey
ut Leakage Current . Vee = Vin = Vss +
(BUS, To— High Impedance State)  'o- 0 wAoZv Ry iot Time Afer twa oy
Power Down Supply Current Iop 10 mA T, = 25°C Data in Setup Time to PROG 1 tpy Atcy
) [ Hol Afte
Total Supply Current bl 8 110 mA T, =25C Poa in Hold Time After two atey
RESET Hold Time to Verify tou Atcy
Voo tyoow 0 10 ms
DC Characteristics for Programming Voo Hold Time After PROG | _ tvoon 0 10 ms
Ta = 25°C = 5°C;Vge = +5V = 5%; Vpp = +21V + 0.5V Program Pulse Width tow 50 60 ms
Limi Test O Setup Time for t 4
imits Program Mode ™ o
Parameter Symbol Min Typ Max Unit Test Conditions Test O Hold Time After 1 ate
Voo Program Voltage High Level Voo 205 215V Program Mode il i
Voo Voltage Low Level Voo 475 525 V Test O to Data Out Delay too Aoy
RESET Pulse Width to Latch
PROG Program Voltage High Level ~ Vpy 175 185 V Address tww ey
PROG Vottage Low Level VoL 0 v .\Illlmnd PROGRiseandFall | o 05 100 us
EA Program or Vertty Voltage v 175 185 v
High Level EAH - - CPUO Cycle Time toy 40 15 ps
Vpp High Voltage Supply Current  Ipp 200 mA RESET Setup Time before EA 1 tge ey
PROG High Voltage Supply Current lppoc 10 mA Notes: @ Control Outputs CL = 60pF
EAHigh Voltage Supply Current I, 10 mA BUS Outputs CL = 150pF

@ BUS High Impedance Load 20pF
@ Calculated values will be equal to or better than published 8049 values.
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wPD8049H/8749H/8039HL

Timing Waveforms
Instruction Fetch from External Memory

et

ALE __| ]

—>] tarc2 l"'ct:z’k—’cu"‘]
PSEN ]
— teatte— AJ
—»] tar e tor
BUS FloatingX » Floating Floating X
t,
Address’ — RD2[<— Instruction
‘AD!

Read from External Data Memory
te
Rt "
s

|~—tarct = le—tecr—{=tcar]

ALE

Address

tarct fe—  —» tor
Bus FloatingX” v X Floating X Data Floating
—| to[~—

tao

Write to External Memory

ALE I I l

|+ tearer o o-toes ot e]

WR

Address two
—>ftow >

]
Bus Floating X+ x Floating X Data X Floating
L—hw—’l

Port 2 Timing

we /M F

[ i [ M
Port PCH 2.5 0maX Port Controt ) Ot D

toR- ." ‘

Input |

top—!

PROG /
Waveforms for Programming the .PD8749H

PROGRAM .—vemsval.._pnocnm————

To—y tw .

F—tww —
RESET —

\

DataToBe \ /
taw| 1, Programmed Valid Data Nesxt Address
[a¥laftwa

TR S e s e S e e

Address (0-7) Valid

PaoPs ! X Address (8-9) Valid Next Address
tyoow —=f “1
+20V twr:
Voo +5V ol
two

E —
PROG &7~~~ I e U

Program/Verify Timing (ROM/EPROM)

To

Reset Data Out Next Data
(0-7) Vaiid  Valid Out Valid
08,08, "> LD S ooy v Ve D S
PP,y X X
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BUS Output Low Voltage vs. Sink Current

Typ
- \
3mA
Voo = 45V
2mA
mA
ov v v
Vou

Port P1 & P2 Output High Voltage vs. Source Current

lomz
Ve = 45V
10044
e
50uA
ov 2V a
Vomz

BUS Output High Voltage vs. Source Current

g

Yee

10mA

ov v v
VOI.



Symbol Definitions Logic Symbol
Symbol Description
A The Accumulator
AC The Auxiliary Carry Flag
addr Program Memory Address (12 bits)
Bb Bit Designator (b = 0 — 7) XTAL
BS The Bank Switch
BUS The BUS Port Reset
[ Carry Flag Single
CLK Clock Signal Step
CNT  Event Counter oy
D Nibble Designator (4 bits)
data Number of Expression (8 bits) Test
DBF Memory Bank Flip-Flop
Fo Py Flags 0, 1 Interrupt
1 Interrupt
P “In-Page” Operation Designator Bus
Pp Port Designator (p = 1,20r4 - 7)
PSW Program Status Word
Rr Register Designator (r = 0,10r0 - 7)
SP Stack Pointer
T Timer
TF Timer Flag
ToT;  Testable Flags 0,1
X External RAM
= Prefix for Inmediate Data
@ Prefix for indirect Address
$ Program Counter’s Current Value

x)

Contents of External RAM Location

)

Contents of Memory Location Addressed
by the Contents of External RAM Location

Replaced By
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—_—
JR—
—
J—
D —
—_—
JES—
—
-—
8

wPD
8049H,

8749H/
8039HL

<—-8—~P0rl1

4——8—~Porl2

—— Read

r—» Write

|, Program Store
Enable

|———» Address Latch
Enable

|——— Port Expander
Strobe




wPD8049H/8749H/8039HL

Instruction Set
Instruction c«h\ Flags
Mnemonic Function Description D, Dg Dy D, D, D, D, D, Cycles Bytes C AC FO F{
Accumulator
- - Add Immediate the specified Data to the [ 0 0 0 o o 1 1
ADDA, = data (A) < (A) + data Accumulator. d; dg ds dg dy dp dy do 2 2 e
(A) < (A) + (Rr) Add contents of designated register to
ADD A, Rr forr=0-7 the Accumulator, (1] 1 1 ) 1 r r r 1 1 °
(A) < (A) + ((Rn) Add Indirect the contents of the data
Add A, @ Rr forr=0-1 memory location to the Accumulator. o 1 1 0 0 0 0 1 1.
_ Add Immediate with carry the specified [] 0 [ 1 0 [ 1 1
ADDCA, = data  (A) —(A) + (C) + data data to the Accumulator. 4, dg ds dy dy d d do 2 2 .
ADDC (A) —(A) + (C) + (Rr) Add with carry the contents of the
A Rr forr=0-7 designated register to the Accumulator. 0 1 1 1 1 r ' f 1 1 °
(A) —(A) + (C) + ((RN)) Add Indirect with carry the contents of
ADDC A, @ Rr forr=0-1 data memory location to the Accumulator. 1 1 1 0 0 0 ' 1 1 *
— Logical and specified Inmediate Data [] 1 [} 1 0 L) 1 1
ANLA, = data (A) < (R) AND data with Accumulator. d; dg ds d, dy d d do 2 2
(A) < (A) AND (Rr) Logical and contents of designated
ANL A, Rr forr=0-7 register with Accumulator. [} 1 [] 1 1 r r r 1 1
(A) < (A) AND ((Rr)) Logical and Indirect the contents of data
ANLA, @FRr forr=0-1 memory with Accumulator. N 1 0 1 0 o o ' 1 1
Complement the contents of the
CPLA (A) —NOT (A) Accumulator. o o 1 1 [ 1 1 1 1
CLRA (A) <0 CLEAR the contents of the Accumulator. 0 [ 1 0 0 1 1 1 1 1
DECIMAL ADJUST the contents of the
DAA Accumulator, [] 1 [ 1 [ 1 1 1 1 1 .
DECREMENT by 1the Accumulator’s
DECA (A) —(A)1 o ts. ] o o [ o 1 1 1 1 1
Increment by 1 the Accumulator's
INCA (A) —(A) + 1 o e o o o 1 o 1 1 1 1 1
_ Logical OR specified immediate data 0o 1 o 0o o0 o0 1 1
ORLA, = data (A) < (A) OR data with Accumulator. d; dg dg d, dy d dy do 2 2
(A) < (R)OR(Rr) Logical OR contents of designated
ORLA, Rr forr=0-7 register with Accumulator. o 1t 0 0o 1T r r 1 !
(A) < (A) OR((Rn) Logical OR Indirect the contents of data
ORLA, @FRr forr=0-1 memory location with Accumulator. 0 1 0 0 0 0 0 ’ 1 !
(AN + 1) <(AN)
RLA (Ag) (A7) ZO:;Me Accumulator left by 1-bit without 1 1 1 0 0 1 1 1 1 1
forN=0-6 ¥
(AN + 1 (AN);N =0 — "
RLC A fM r «);;_ (AN) 5 Rotate Accumulator left by 1-bit through 1 o1 1 e 11 s ; 1.
©) <) carm:
(AN) < (AN + 1);N =0 —~ 6 Rotate Accumulator right by 1-bit
RRA (A7) < (Ag) without carry (] 1 1 1 0 1 1 1 1 1
(AN) (AN + 1);N=0-6
RRC A (A}) —(©) Rotate Accumulator right by 1-bit 0 1 1 0 0 1 1 1 1 1 .
(©) (A9 through carry.
_ Swap the 2 4-bit nibbles in the
SWAP A (Ap7) (Ao = 3) Accumulator. o 1 0o o o 1 1 1 1 1
= Logical XOR specified immediate data 1 1 0 1 [ 0 1 1
XRLA, = data (A) (A XOR data with Accumulator. d; dg ds dy dy dy dy do 2 2
(A) < (A) XOR (Rr) Logical XOR contents of designated
XRL A, Rr forr=0-7 register with Accumulator ! ! 0 ! 1 ' ' ' ! !
(A) < (A) XOR ((Rr)) Logical XOR Indirect the contents of data
XRLA @Rr forr=0-1 memory location with Accumulator. 1 1 o 1 0 0 0 r 1 1
Branch
DINZ Ry, addr f,“(’,;r‘)_ ) =1r=0-T  Decrement the specified register and 11 1 0 1 r r r 2 2
’ (PCoO - 7) — addr test contents. a; a a a, a; a a ag
JBb addr (PCO — 7) «—addrifBb =1  Jump to specified address if Accumulator b, b, by 1 [] 0 1 0 2 2
(PC) «—(PC) + 2ifBb =0 bit1s set. a; ag a a, a; a, a ag
JC addr (PCO — 7) —addrifC = 1 Jump to specified address if carry flag 1 1 1 1 0 1 1 0 2 2
(PC) —(PC) + 2ifC =10 is set. a; ag ag a, a, a ay ap
JFO addr (PCO - 7)«<addrifFO =1  Jump to specified address if Flag FO 1s 1 0 1 1 0 1 1 0 2 2
(PC) «(PC) + 2ifFO = 0 set. a; ag ag a, ag a, a ag
JF1 addr (PCO ~ 7)«<addrifF1 =1  Jump to specified address if Flag F11s 0 1 1 1 0 1 1 0 2 2
(PC) < (PC) + 2ifF1 =0 set. a;, ag ag a, ag a, aq ag
IMP addr :& . ;;’L::z‘:;’:.,w Direct Jumpto specitied addresswithin ~ a,, a, a; 0 0 1 0 0 2 2
(PC 1) —DBF the 2K address block. a; a a; a, a; a, a ag
_ Jump indirect to specified address with
JMPP @ A (PCO - 7) —((A) address page. 1 0 1 1 0 0 1 1 2 1
JNC addr (PCO — 7) «<addrifC =0 Jump to specified address if carry flag 1 1 1 L] 0 1 1 0 2 2
(PC) —(PC) + 2ifC =1 1s low. a; a a; a, azg a a ag
JNI addr (PCO — 7) —addrifl = 0 Jump to specified address if interrupt 1 [] [ 0 ] 1 1 0 2 2
(PC) —(PC) + 2ifl =1 is low. a; ag ag a, ag a, a, ay
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Instruction Set (Cont.)

Instruction Code Flags
M i i Description D, Dg D D, D; D, D; D, Cycles Bytes C AC FO F1
Branch (Cont.)
JNTO addr (PCO —7)«—addrifTO =0  Jump to specified address if TestOislow. 0 0 1 0 [} 1 1 0 2 2
(PC) —(PC) + 21fT0 = 1 a, ag a; a, a a a; a
JNT1 addr (PCO — 7) —addrif T1 =0  Jump to specified addressif Test 1islow. 0 1 0 0 1 1 2 2
(PC) —(PC) + 21fT1 =1 a, a; a a, a a a g
JNZ addr (PCO —7)<—addrifA# 0  Jump to specified address if Accumulator 1 0 0 1 1 o 2 2
(PC) —(PC) + 2ifA =0 is non-zero. a, @ a a3 a @ a, ag
JTF addr (PCO — 7)< addrif TF =1  Jump to specified address if Timer Flagis 0 0 0 1 0 1 1 0 2 2
(PC)«—(PC) + 2ifTF=0  setto1. a, a; a; a, a a a @
JTO addr (PCO ~7)«<addrif TO =1  Jump to specified address if TestOisa1. 0 [] 1 1 0 1 1 ] 2 2
(PC) —(PC) + 2ifTO=0 a; a; a; a, a3 a & ag
JT1 addr (PCO —7)<—addrifT1 =1  Jump to specified address f Test11sal. 0 1 0 1 0 1 1 0 2 2
(PC) —(PC) + 2ifT1 a; a a a; ag a, a ay
JZ addr (PCO —7)«<addrifA =0  Jump to specified address if Accumulator 1 1 0 0 0 1 1 ] 2 2
(PC) —(PC) + 2ifA =0 1s0. a; a a; a; a3 a & ag
Control
ENI Enable the External Interrupt input. 0 0 0 0 0 1 [} 1 1 1
Dist Disable the External Interrupt input. [] ] 0 1 0 1 0 1 1 1
ENTOCLK Enable the Clock Output pin T0. 0 1 1 1 0 1 0 1 1 1
SEL MBO (DBF) < 0 Select Bank 0 (locations 0 - 2047) of T+ 1t 1 0o o 1 0 1 1 1
Program Memory.
SEL MB1 (DBF) <1 Select Bank 1 (locations 2048 - 4095) of 1 1 1 1 0o 1 0o 1 1 1
Program Memory
SEL RBO (BS) <0 Select Bank 0 (locations 0 - 7) of 1 1 o o o0 1 o 1 1 1
Data Memory.
SEL RB1 (BS) —1 Select Bank 1 (locations 24 - 31) of 1 10 1 0o 1 o 1 1 1
Data Memory.
Data Moves
MOV A, = data (A) < data Move Immediate the specified data into 0 0 1 0 0 0 1 1 2 2
the Accumulator. d; dg ds d; d; d d, dy
MOV A, Rr (A)<—(Rrr=0-7 Move the contents of the designated 1 1 1 1 1 r r r 1 1
registers into the Accumulator.
MOV A, @Rr (A)—(RnN);r=0-1 Move Indirect the contents of data 1 1 1 1 0 0 ] r 1 1
memory location into the Accumulator.
MOV A, PSW (A) < (PSW) Move contents of the Program Status 1 1 0 0 [] 1 1 1 1 1
Word mto the Accumulator.
MOV Rr, = data (Rr) —data;r=0-7 Move Immediate the specified data into 1 [1] 1 1 1 r r r 2 2
the designated register d; dg ds dy d; dy dy dg
MOVRr, A (Rr) —(Aj;r=0-7 Move Accumulator Contents into the 1 0 1 0 1 r r r 1 1
designated register.
MOV @Rr, A ((Rr)) —(A);r=0-1 Move Indirect Accumulator Contents 1 0 1 0 0 0 0 r 1 1
into data memory location.
MOV @Rr, = data  ((Rr)) <—data;r =0 —1 Move immediate the specified data into 1 0 1 1 0 0 0 r 2 2
data memory. d; dg ds d; d3 dp dy doy
MOV PSW, A (PSW) < (A) Move contents of Accumulator into the 1 1 [} 1 [1] 1 1 1 1 1
program status word.
MOVPA, @A (PCO - 7)< (A) Move data in the current page into the 1 [} 1 0 0 0 1 1 2 1
(A) —((PC) Accumulator.
MOVP3A, @A (PCO - 7)< (A) Move Program data in Page 3 into the 1 1 1 ] 0 0 1 1 2 1
(PC8 — 10) <011 Accumulator.
(A) <((PC)
MOVX A, @R (A)<—(RN)r=0-1 Move Indirect the contents of external 1 0 ] 0 0 0 [ r 2 1
data memory into the Accumulator.
MOVX @R, A ((Rr)) —(A);r=0-1 Move Indirect the contents of the 1 0 0 1 1] 0 0 r 2 1
Accumulator into external data memory.
XCHA, Rr A=2@nN;r=0-7 Exchange the Accumulator and 0 0 1 [} 1 r r r 1 1
designated register's contents.
XCHA, @ Rr A)=(Rr);r=0-1 Indirect of A 0 ] 1 0 0 ] 0 r 1 1
lator and location in data memory.
XCHD A, @ Rr (A0 - 3)=((Rr)(0 - 3)); Exchange Indirect 4-bit contents of 0 0 1 1 0 0 ] r 1 1
r=0-1 Accumulator and data memory.
Flags
CPLC (C) ~NOT(C) Complement content of carry bit. 1 0 1 0 0 1 1 1 1 1 .
CPLFO (F0) — NOT (F0) Complement content of Flag FO 1 ] 0 1 0 1 0 1 1 1 .
CPLF1 (F1) < NOT (F1) Complement content of Flag F1. 1 ] 1 1 1] 1 0 1 1 1 .
CLRC ©) <0 Clear content of carry bitto 0. 1 0 0 1 0 1 1 1 1 1 L]
CLRFO (FO) <0 Clear content of Flag 0to 0. 1 0 ] 0 0 1 0 1 1 1 .
CLRF1 (Fl)<o Clear content of Flag 110 0. 1 0 1 0 0 1 0 1 1 1 L]
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Instruction Set (Cont.)

Instruction Code Flags
Mnemonic Function Description D, Dg Ds D, D; D, D, D, Cycles Bytes C AC FO F1
Input/Output
ANL BUS, = data  (BUS) — (BUS) AND data Logical and Immediate-specified data 1 [ 0 1 1 0 0 [} 2 2
with contents of BUS. d; dg d;s dy dy d dy do
ANL Pp, = data (Pp) < (Pp) AND data Logical and Immediate specified data 1 0 0 1 1 0 p ] 2 2
p=1-2 with designated port (1 or 2). d; dg ds d dy dy dy dy
ANLD Pp, A (Pp) —(Pp) AND (A0 - 3) Logical and contents of Accumulator with 1 0 0 1 1 1 P ] 2 1
p=4-7 designated port(4 — 7).
INA, Pp (A)—(Ppsip=1-2 Input data from designated port (1 - 2) 0 0 [] 0 1 0 [ P 2 1
into Accumulator
INS A, BUS (A) — (BUS) Input strobed BUS data into Accumulator. 0 0 (] L] 1 [] 0 0 2 1
MOVD A, Pp (A0 - 3)—(Pp);p =4 -7 Movecontents of designated port(4 ~7) 0 L] 0 [} 1 1 P P 2 1
(A4 -7)<0 into Accumulator.
MOVD Pp, A (Pp)—A0-3p=4-7 Move contents of Accumulator to 0 L] 1 1 1 1 [ [ 1 1
designated port (4 — 7).
ORL BUS, = data (BUS) — (BUS) OR data Logrcal or Immediate specified data with 1 0 0 o 1 0 (1] 0 2 2
contents of BUS. d; dg ds dy dy d, d,
ORLDPp, A (Pp) —(PP)OR(AD - 3) Logical or contents of Accumulator with 1 0 0 0 1 1 P [ 1 1
p=4-7 designated port (4 — 7).
ORL Pp, = data (Pp) — (Pp) OR data Logical or Immediate specified data with 1 0 0 ] 1 [ P P 2 2
p=1-2 designated port (1 - 2). d; dg ds dy d3 d, dy dp
OUTL BUS, A ® (BUS) —(A) Output contents of Accumulator onto 0 [} 0 [ o 0 1 0 1 1
BUS
OUTL Pp, A (Pp)—(A;p=1-2 Output contents of Accumulator to 0 [} 1 1 1 0 P P 1 1
designated port (1 — 2).
Registers
DEC Rr, (Rr) (R)—@Rr)-1;r=0-7 D by 1 of 1 1 o 0 1 r r r 1 1
register.
INC Rr R)—RN+1r=0-7 byl of [] 0 [] 1 1 r r r 1 1
register
INC@Rr ((Rn)) —((Rn) + 1; increment Indirect by 1 the contents of 0 0 o 1 0 0 0 r 1 1
r=0-1 data memory location.
Subroutine
CALL addr ((SP)) —(PC),(PSW4 - 7)  Call designated Subroutine. a, @ a 1 0 1 0 0 2 2
(SP) —(SP) + 1 a, a a a, a; a a ap
(PC8 — 10) <—addr8 — 10
(PCO — 7) —addr0 — 7
(PC 11) — DBF
RET (SP) —(SP) - 1 Return from Subroutine without 1 0 [ 0 [ 0 1 1 2 1
(PC) —((SP)) restoring Program Status Word.
RETR (SP) < (SP) - 1 Return from Subroutine restoring 1 0 [} 1 0 0 1 1 2 1
(PC) — ((SP)) Program Status Word.
(PSW4 — 7) —((SP))
Timer/Counter
ENTCNTI Enable Internal interrupt Flag for 0 0 1 [} [ 1 0 1 1 1
Timer/Counter output.
DIS TCNTI Disable Internal interrupt Flag for 0 ] 1 1 0 1 [ 1 1 1
Timer/Counter output
MOVA,T (A) (1) Move contents of Timer/Counter into ] 1 0 0 ] 0 1 [} 1 1
Accumulator.
MOVT A (M« (A) Move contents of Accumulator into 0 1 1 0 0 1] 1 0 1 1
Timer/Counter.
STOP TCNT Stop Count for Event Counter. 0 1 1 0 0 1 0 1 1 1
STRT CNT Start Count for Event Counter. 0 1 0 0 0 1 L] 1 1 1
STRTT Start Count for Timer. [ 1 0 1 0 1 0 1 1 1
Miscellaneous
NOP No Operation performed. 0 ] 0 0 o 0 ] o 1 1

Notes: @ Instruction Code Designations r and p form the binary representation of the Registers and Ports involved

@ The dot under the appropriate flag bit indicates that its content s subject to change by the instruction it appears in.

@ References to the address and data are specified in bytes 2 and/or 1 of the instruction

@ Numencal Subscripts appearing in the FUNCTION column reference the specific bits affected

® When the Bus is written to, with an OUTL instruction, the Bus remains an Output Port until either device Is reset or a MOVX instruction is executed

Package Outlines
For information, see Package Outline Section 7.

Plastic, uPD8049HC/39HLC
Ceramic, wPD8049HD/39HLD
Cerdip, .PD8749HD, has quartz window
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NEC

Description

The NEC nPD80C49 is a true stand-alone 8-bit micro-
computer fabricated using CMOS technology. All of the
functional blocks necessary for an integrated microcom-
puter are incorporated, including a 2K-byte ROM, a
128-byte RAM, 27 1/O lines, an 8-bit timer/event counter,
and a clock generator. This integrated capability permits
use in stand-alone applications. For designs requiring
extra capability, the n.PD80C49 can be expanded using

wPD80C49/,.PD80C39

CMOS 8-BIT SINGLE-CHIP

Pin ldentification

MICROCOMPUTER

peripherals and memory compatible with industry-standard

8080A/8085A processors. A version of the uPD80C48
without ROM is offered by the .PD80C39.

Providing compatibility with industry-standard 8049, 8749,
and 8039 processors, the uPD80C49 features significant
savings in power consumption. In addition to the power

savings gained through CMOS technology, the .PD80C49

is distinct in offering two standby modes (Halt mode and
Stop mode) to further minimize power drain.

Features

0 0 ObOopooooooo og

O

8-bit CPU with ROM, RAM, and I/O on a single chip
Hardware/software-compatible with industry-standard

8049, 8749, and 8039 processors
2K x 8 ROM

128 x 8 RAM

27 1/0 lines

1.875us cycle time (8MHz crystal)

All instructions executable in 1 or 2 cycles
97 instructions: 70 percent are single-byte instructions

Internal timer/event counter

2 interrupts (an external interrupt and a timer interrupt)

Easily expandable memory and /O

Bus compatible with 8080A/8085A peripherals
Power-efficient CMOS technology requiring a single

+2.5V to + 6V power supply

Available in 40-pin DIP, 44-pin flat pack (80C49 only),

and 52-pin flat pack
Halt mode
—1mA typical supply current

— Maintenance of internal logic values and control states 2
— Mode initialization via HALT instruction
—Mode release via external interrupt or reset

Stop mode
— 1A typical supply current

— Disabling of internal clock generation and

internal logic
— Maintenance of RAM contents

— Mode initialization via hardware (Vpp)

— Mode release via reset

Pin
No. Symbol Name Function

1 T0 Test 0 Testable input using conditional jump instructions
JT0and JNTO Also enables clock output via the
ENTO CLK instruction.

2 XTAL1 Crystal 1 One of two Inputs for external crystal oscillator or
LC circuit to generate internal clock signals. May
also be used as an input for external clock signals
(Non-TTL: Vi)

3 XTAL2 Crystal 2 One of two Inputs for external crystal oscillator or
LC circuit to generate internal clock signals (Non-
TTL-compatible V, )

4 RESET Reset Active-low input line that the proces-
sor. Also used to release both the Halt and Stop
modes.®

5 8§ Single Step  Active-low input line, that, in conjunction with ALE,
causes the processor to single-step through a pro-
gram one Instruction at a time

6 INT Interrupt Active-low input line that causes an interrupt if an
enable instruction has been executed A reset dis-
ables the interrupt May be used as a testable input
with a conditional jump tnstruction. Can also be
used to release the Halt mode

7 EA External input line that inhibits internal program memory

Access fetches and initiates access of external program
memory. Essential for system testing and may also
be used for program debugging.

8 RD Read Active-low output strobe line that is used to read
data from external data memory

9 PSEN Program Active-low output line that Is used to fetch instruc-

Store Enable tions from external program memory
10 WR Write Active-low output strobe line that 1s used to write
data into external data memory.
11 ALE Address Output line for address latch enable At the failing

Latch Enable

edge of ALE, the address of either external data
memory or external program memory is available
on the bus.

12-19 DB,-DB,

Bus

These l/0 lines constitute an 8-bit bidirectional
data/address bus Synchronous read and write _
operations can be performed on this bus using RD
and WR signals. Data driven out on the bus by an
OUTL BUS instruction is statically latched.

The address of external memory Is available on the
bus at the falling edge of ALE when reading from
external program memory or writing to and reading
from external data memory During external pro-
gram memory fetches, the least-significant 8 bits of
the external program memory address are driven
outon the bus and the addressed instruction is
fetched using PSEN. When no external memory is
used, the bus can serve as a true bidirectional 8-bit
port. Information 1s strobed in or out by the RD and
‘WR signals.

Vss

Ground

Ground potential.

21-24, Py-Py
35-38

Port 2

These lines constitute Port 2, an 8-bit quasi-
bidirectional port. During external program
memory fetches, Pyo—P,; output the most-
signficant 4 bits of the external program mem-
ory address Lines P —P,; can also be used
as a 4-bit /O expander bus to interface with
the optional LPD82C43 /0

25 PROG

Program
Pulse

This line 1s used as an output strobe when interfac-
ing with the op! uPD82C43 10

26 Vpp

Oscillator
Control
Voltage Line

This input line 1s used to control oscillator stopping
and restarting in Stop mode. Stop mode is enabled
by torcing Vpp LOW during a reset.

27-34 Pyy-Py;

Port 1

These lines constitute Port 1, an 8-bit, general-
purpose quasi-bidirectional port.

3 T

Test 1

Testable input using conditional jump instruc-
tions JT1 and JNT1. Can also be used as the timer/
counter input line via the STRT CNT instruction.

40 Ve

Primary
Power
Supply

Power supply. V¢ must be between +2.5Vto +6V
for normal operation in Stop mode, V¢ must be at
least +2V to ensure data

Note: ® The pulse width of RESET must be a minimum of 5 machine cycles in iength following

oscillator

to

and stabilize CPU operation At power-

the
Rev/1 up, the states of the output lines are undefined until completion of reset
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Pin Configuration

)

T0 [ 40:] Vee
XTALt ] 2 ‘g ™
XTAL2 [ 3 38[] Py
RESET [] 4 37 Py

§s Os 36[] Py

iNT s 35[0 P

EA [0 7 3a[] Py

RD O 8 330 P
PSEN [ 9 32[] Py

WR 010 gile 3T Pu
ALE [J11 80C39 30(] Py,
b8, [J12 2090 P,
o8, ([ 28[] Pu
DB, []14 270 Py
DB, []15 26 Voo
o8, []16 25 PROG
o8, ({17 24 Pay
b8, []18 230 P.
DB, [J19 22 b Pa

Vss  [20 210 Py

Standby Function

HALT mode

In Halt mode, the oscillator continues to operate, but the
internal clock is disabled. The status of all internal logic just
prior to execution of the HALT instruction Is maintained by
the CPU. In Halt mode, power consumption is less than
10 percent of normal .PD80C49 operation and less than
1 percent of normal 8049 operation.

The Halt mode 1s initiated by execution of the HALT
instruction, and is released by either INT or RESET input.
INT input: When the INT pin receives a low-level input, if
interrupts are enabled, the internal clock is restarted and

Stop Mode Circuit

Voltage

the interrupt is executed after the first or second instruction
following the HALT instruction. However, if interrupts are
disabled, program operation is resumed from the next
address following the HALT instruction. The first instruc-
tion following a HALT instruction should be a NOP
instruction to ensure proper program execution.

If the Halt mode is released when interrupts are enabled,
the interrupt service routine is usually executed after the
first or second instruction following the release of Halt
mode. However, if either a timer or external interrupt is
accepted within one machine cycle prior to a HALT instruc-
tion, the corresponding timer or external interrupt service
routine is executed immediately following the release of
Halt mode. It is important to note this sequence of execu-
tion when considering interrupt service routine execution
following a HALT instruction.

RESET input: When a low-level input is received by the
RESET pin, Halt mode is released and the normal reset
operation is activated, restarting program operation from
address 0.

Stop mode

In Stop mode, the oscillator is deactivated and only the
contents of RAM are maintained. The operation status

of the nPD80C49 resembles that of a reset condition.
Because only the contents of RAM are maintained, Stop
mode provides even lower power consumption than Halt
mode, only requiring a minimum V¢ as low as +2V.

Stop mode is initiated by setting Vp to LOW when RESET
is LOW, to protect the contents of RAM. Stop mode is
released by first raising the supply voltage at the V¢ pin
from standby level to correct operating level and setting
Vpp to HIGH when RESET is LOW. After the oscillator has
been restarted and the oscillation has stabilized, RESET
must be set to HIGH, whereby program operation is started
from address 0.

Regulator

i+5v

80C49
30V —

T +5V Ba(tery:l:

D
CLEAR Q RESET

Notes: © D flip-flops must be CMOS (74C74 or equivalent)
@ Designated gates must be CMOS (74C04 or equivalent)

L{>o—dcLear

Q

|||—‘

@
T
Q

Ol

o—{o

+5V
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Stop Mode Timing
Oscilfator Oscillator
Stops Restarts
RESET \ b f
VDD : I
. —
5 Machine Cycles Osciliation Stabihization Time

Stop Mode Circuit: Since V controls the restarting

of the oscillator, it is important that V5, be protected from
noise interference. The time required to reset the CPU is
represented by t, (see Stop Mode Timing diagram), which
is a minimum of 5 machine cycles. The reset operation will
not be completed in less than 5 machine cycles. In Stop
mode, itis important to note that if V5 goes LOW before 5
machine cycles have elapsed, the CPU will be deactivated
and the output of ALE, RD, WR, PSEN, and PROG will not
have been stabilized.

Stop Mode Control Circuit

-—-| Ehannel

1PD80C49/80C39

Oscilllation stabilization time is represented by t, (see Stop
Mode Timing diagram). When V5 goes HIGH, oscillator
operation is reactivated, but it takes time before oscillation
can be stabilized. In particular, such high Q resonators as
crystals require longer periods to stabilize. Because there
is a delay between restarting of the oscillator and oscillator
stabilization, t, should be long enough to ensure that the
oscillator has been fully stabilized.

To facilitate Stop mode control, an external capacitor can
be connected to the RESET pin (see Stop Mode Control
Circuit), affecting only t,, allowing control of the oscillator
stabilization time. When Vg is asserted in Stop mode,
the capacitor begins charging, pulling up RESET. When
RESET reaches a threshold level equivalent to a logic 1,
Stop mode is released. The time it takes RESET to reach
the threshold level of logic 1 determines the oscillator stabi-
lization time, which is a function of the capacitance and
pull-up resistance values.

Pull-up

h————{ Ehannel

.

Note: O Polanzed electrolytic capacitor

Port Operation

A port-loading option is offered at the time of ordering the
mask. Individual source current requirements for Port 1

and the upper and lower halves of Port 2 may be factory

set at either —5uA or —50pA (see Port-Loading Options
table). The — 50p.A option is required for interfacing with
TTL/NMOS devices. The —5pA option is recom-

mended for interfacing to other CMOS devices. The

CMOS option results in lower power consumption and
greater noise immunity.

Port lines P, to P, and P,, to P, include a protective
circuit “E” to prevent a signal conflict at the port. The circuit
prevents a logic 1 from being written to a line that is being
pulled down externally (see Port Protection Circuit “E” dia-
gram). When a logic 0 is detected at the port line and a logic
1 is written from the bus, the NOR gate sends a logic 1 to
the D input of the flip-flop. The output is inverted, forcing the
NAND gate to send a high-level output. This turns off tran-
sistor A, preventing the output of a logic 1 from the port.

*’Q Voo

Port-Loading Options
lon (Min) Vee = Vpp = 5V + 10%; Vou = 2.4V (min)

Option
Selected Pyo—Py7 Pyo—Pp3 Poy—Pyy Unit
A -5 -5 -5 wA
) ~50 -5 -5 wA
C -5 -50 -5 pA
D -50 -50 -5 uA
E -5 -5 -50 wA
F -850 -5 -50 wA
G -5 -50 -50 A
H -50 -50 -50 HA
Notes: @ The selection of gy, = — 5pA will result In a port source current of ) p = —40p.A max

when used as input port
@ The selection of o = — 50pA will result In a port source current of y p = — 500pA
max when used as input port
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Oscillator Operation

The oscillator maintains an internal frequency for clock
generation and controls all system timing cycles. The
oscillation is initiated by either a self-generating external
resonator or external clock input. The oscillator acts as a
high-gain amplifier which produces square-wave pulses
at the frequency determined by the resonator or clock

source to which it is connected.

Port Protection Circuit “E”

ORL. ANLj/l

To obtain the oscillation frequency, an external LC network
may be connected to the oscillator, or, a ceramic or crystal

external resonator may be connected.

As the crystal frequency i1s lowered, there is an equivalent
reduction in series resistance (R). As the temperature of the
crystal is lowered, R is increased. Due to this relationship, it
becomes difficult to stabilize oscillation when there is low
power supply voltage. When V. is less than 2.7V and the
oscillator frequency is 3MHz or less, T, (ambient tempera-

ture) should not be less than —10°C.

k 4 p-channell—l E;hannel

Pull-up Resistance

internal Q
Bus o
Q
Clock
Write l
Pulse

Crystal Frequency Reference Circuit

XTAL1

S

i—
[

XTAL2

c,

L

Notes: O Crystal oscillator constants of fos, = 6MHz

Rinax = 500
C =16 = 02pF
P =1=x=02mwW
@ Operating frequency less than 4MHz
0 < C, = 20pF
0<C, = 20pF

| Cy— Cy | =10pF
@ Operating frequency more than 4MHz
0 < Cy = 10pF
0<C,=10pF
| Cy - Cy | =5pF

Cl Po-Py
P2a=P27
LC Frequency Reference Circuit
_[—————-v————[ XTAL1
[
L [ Nominal f
L 45uH 20pF  5.2MHz
c 120uH  20pF  3.2MHz
= _l—————-E XTAL2
PUDNIN, N c = 813G,
! 27V LC' 2
Note: C,, = 5-10pF Pintopin should be 20pF, including

stray capacitance
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Ceramic Resonator Frequency Reference Circuit

XTAL1

c,

i—
[

XTAL2

|||—|

Note: C, >C,
(Cy — Cy) = 20pF
For example, C, = 30pF, and C, = 10pF
Values of C, and C, do not include stray capacitance

External Clock Frequency Reference Circuit

Vee

2 XTAL1

Open 3 a2

Note: A minimum voltage of V-1 s required for XTAL1 to go HIGH

wPD80C49/80C39
Major Input and Output Signals

[t~ Port #1
XTAL 8
—;— Port #2
Reset - -7 | ——=  Read
Single J— . Write
Step wPD
External — .4 80C49/
Program Store
Memory 80C39 — Enable
Test . | Address Latch
Enable
Interrupt —=
Port Expander
Bus —=CF Strobe

Instruction Set Symbol Definitions

Symbol Description
A Accumulator
AC Auxiliary Carry Flag
addr Program or data memory address (ag—a;) or (ap—ao)

b Accumulator bit (b = 0-7)
BS Bank Switch
BUS Bus
C Carry Flag
CLK Clock
CNT Count

data 8-bit binary data (dy—d5)
DBF Memory Bank Flip-Flop
FO, F1 Flag 0, Flag 1

INT Interrupt pin

n Indicates the hex number of the specified register
or port
PC Program C

Po Port 1, Port 2, or Port 4-7 (, = 1, 2, or 4-7)
PSW Program Status Word

R, Register Ry—R; (, = 0-7)

SP Stack Pointer

T Timer

TF Timer Flag
T0, T1 Test 0, Test 1 pin

# Immediate data indication

@ Indirect address indication

X Indicates the hex number corresponding to
the accumulator bit or page number specified
in the operand

(x) Contents of RAM
((x)) Contents of memory addressed by (x)
<« Transfer direction, resuit
A Logical product (logical AND)
\Y Logical sum (logical OR)
-v

Exclusive OR
Complement
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Instruction Set

Instruction Code

Hex
i i Description Code D, Dg D; D, D; D, D; Dy Cycles Bytes
Accumulator
ADD A, # (A) « (A) + data Adds immediate data dy—d; to the accumulator. 03 0 0 L] 0 0 0 1 1 2 2
data Sets or clears both carry flags.@ d; dg ds dy d; d; dy dy
ADD A, R, (A) - (A) + (R) Adds the contents of register R, to the 6n® ] 1 1 0 1 r r r 1 1
F=0-7 Sets or clears both carry flags.@
ADDA,@R, (A)« (A)+ ((R)) Adds the contents of the internal data memory 6n® 0 1 1 0 0 0 0 r 1 1
r=0-1 location specified by bits 0-5 of register R, to the
Sets or clears both carry flags.®
ADDCA, # (A) < (A) + data + (C) Adds, with carry, Immediate data dy—d, to the 13 0 0 [] 1 0 0 1 1 2 2
data accumulator. Sets or clears both carry flags.@ d; dg ds dg dy d, d; dy
ADDCA,R, (A)—(A) +(R) + (C) Adds, with carry, the contents of register R, to the e 0 1 1 1 1 r r r 1 1
,=0-7 Sets or clears both carry flags.@
ADDC A, (A) — (A) + ((R)) + (C) Adds, with carry, the contents of the internal data mna [ 1 1 1 0 [] [] r 1 1
@R, r=0-1 memory location specified by bits 0-5 of register
R,, to the accumulator. Sets or clears both carry
flags.@
ANLA, # (A) — (A)Adata Takes the logical product (logical AND) of 53 0 1 0 1 ] 0 1 1 2 2
data immediate data dy—d, and the contents of d; dg ds dy dg d, d; dy
the accumulator, and stores the resuit in the
accumulator.
ANL A, R, (A) = (AA(R) Takes the logical product (logical AND) of the 5n@® L] 1 0 1 1 r r r 1 1
r=0-7 contents of register R, and the accumulator, and
stores the result in the accumulator.
ANLA, @R, (A)—(AA(R)) Takes the logical product (logical AND) of the 5n® [ 1 0 1 0 0 [ r 1 1
r=0-1 contents of the internal data memory location
specified by bits 0-5 of register R,, and the
accumulator, and stores the resuit in the
CPLA (A) — (&) Takes the complement of the contents of the 37 0 0 1 bl 0 1 1 1 1 1
accumulator.
CLRA (A) -0 Clears the of the 27 [ 0 1 0 [ 1 1 1 1 1
DA A Converts the contents of the accumulatorto BCD 57 0 1 0 1 0 1 1 1 1 1
Sets or clears the carry flags. When the lower 4
bits (A,_5) are greater than 8, or if the Auxihiary
Carry Flag has been set, adds 6 to Ay_3. When the
upper 4 bits (A,_;) are greater than 9 or if the Carry
Flag (C) has been set, adds 6to A, ;. If an
overflow occurs at this point, C is set.®
DEC A (A)« (A) - 1 D the of the byl. 07 o 0 o o0 0o 1 1 1 1 1
INCA (A) — (A) + 1 the of the byt 17 o o0 o0 1 0o 1 1 1 1 1
ORLA, # (A) < (A)\/data Takes the logical sum (logical OR) of immediate 43 0 1 [] L] 0 0 1 1 2 2
data data dy—d; and the contents of the accumulator, d; dg ds dy d; d; d; do
and stores the result in the accumulator.
ORL A, R, (A) < (AV(R) Takes the logical sum (logical OR) of register R, 4an® 0 1 [} ] 1 r r r 1 1
=07 and the contents of the accumulator, and stores
the result in the accumulator
ORLA, @R, (A)« (A\V(R)) Takes the logical sum (logical OR) of the contents  4n® 0 1 0 0 L] 0 0 r 1 1
=0 of the internal data memory location specified by
bits 0-5 in register R,, and the contents of the
accumulator, and stores the result in the
RLA (Ab + 1) — (Ab) Rotates the contents of the accumulator one bitto  E7 1 1 1 0 0 1 1 1 1 1
(Ag) — (A7) the left. The MSB is rotated into the LSB.
b =0-6
RLCA (Ab + 1) — (Ab) Rotates the contents of the accumulator one bitto  F7 1 1 1 1 D] 1 1 1 1 1
(Ag) —(C) the left through carry.
©) - (A9)
= 0-
RRA (Ab) — (Ab + 1) Rotates the contents of the accumulator one bitto 77 0 1 1 1 ] 1 1 1 1 1
(A7) < (Ag) the night. The LSB is rotated into the MSB.
b =0-6
RRC A (Ab) — (Ab + 1) Rotates the contents of the accumulator one bitto 67 0 1 1 0 ] 1 1 1 1 1
(A7) —(C) the right through carry.
(€) (A
b =0-6
SWAP A (A7) < (Agg) Exchanges the contents of the lower 4 bits of the 47 0 1 L] o o 1 1 1 1 1
accumulator with the upper 4 bits of the
XRL A, # data (A) — (A)v/data Takes the exclusive OR of immediate data d,—d, D3 1 1 (] 1 [] [] 1 1 2 2
and the contents of the accumulator, and stores d;, dg ds dg dg d, dy dy
the result in the
XRLA, R, (A) ~ (AVAR) Takes the exclusive OR of the contents of register Dn® 1 1 [} 1 1 r r r 1 1
¢ =0-7 R, and the accumulator, and stores the result in
the accumulator.
XRLA, @R, (A) <~ (AVA(R)) Takes the exclusive OR of the contents of the Dn® 1 1 0 1 L] 0 [ r 1 1
r=0-1 location in data memory specified by bits 0-5 in
register R,, and the accumulator, and stores the
result in the accumulator.
Branch
DJNZ R,, R)-(R) -1 Decrements the contents of register R, by 1,andif  En 1 1 1 [} 1 r r r 2 2
addr i (R,) # 0, then the result is not equal to 0, jumps to the address a; ag ag a, a; a a; a
(PCy_7) « addr indicated by ay—-a;.
= 0~
r
JBb addr (PCy7) —addrifb = Jumps to the address specified by a,—a, ifthebit  x26® b, by by 1 0 0 1 0 2 2
(PC) = (PC) + 2ifb = 0 in the accumulator specified by by—b, is set. a; 3 a5  a, a3 @ a; a

4-132



wPD80C49/80C39

Instruction Set (Cont.)

Hex Instruction Code
Mnemonic Function Description Code D, D¢ Ds D D; D, D; D, Cycles Bytes
Branch (Cont.)
JC addr (PCy7) ~ addrifC = 1 Jumps to the address specified by a,—a; if the F6 1 1 1 1 0 1 1 [} 2 2
(PC)« (PC) + 2ifC =0 CarryFlagis set. a; ag as a, a; ap ay ag
JFO addr (PCy7) « addrif FO = 1 Jumps to the address specified by ay—a; If FO B6 1 0 1 1 [} 1 1 [} 2 2
(PC)~ (PC) + 2ifFO = 0 is set. a; ag as a, a a, ay ag
JF1 addr (PCy7)+ addrif F1 =1  Jumps to the address specified by a;—a; it F1 76 0 1 1 1 [ 1 1 o 2 2
(PC)« (PC) + 21HF1 =0 is set. a, a; a5 a, a; a & a
JMP addr (PCq_49) < addrg 4 Jumps directly to the address specified by ag—a;p  x4©® ay a a O [ 1 0 0 2 2
(PCy_7) + addry 7 and the DBF. a; ag as a, a; a ay
(PC,;) — DBF
JMPP@ A (PCy_7) ~ ((A) Replaces the lower 8 bits of the Program Counter B3 1 0 1 1 0 [] 1 1 2 1
with the of memory
by the of the
ajump to the specified address within the
current page.
JNC addr (PCy;) ~ addrifC = 0 Jumps to the address specified by ay—a; if the E6 1 1 1 [} ] 1 1 0 2 2
(PC)~(PC) + 2ifC =1  Carry Flag is not set. a; @ a5 a, a; a, a ag
JNI addr (PCy_7) — addrifl = 0 Jumps to the address specified by ag—ay if the 86 1 ] [} 0 (] 1 1 [} 2 2
(PC)~ (PC) + 24f1 =1 Interrupt Flag is not set. a; a a; a, a; a a ag
JNTO addr (PCyp7) —addrif TO =0  Jumps to the address specified by ag—a; if Test 0 26 ] 0 1 0 [} 1 1 [} 2 2
(PC)—(PC) + 2ifTO =1 1sLOW. a; a a; a; a, a ap
JNT1 addr (PCy;) — addritT1 =0 Jumps to the address specified by ay—a; if Test 1 46 0 1 0 o 0 1 1 0 2 2
(PC)—(PC) + 24fT1 =1 isLOW. a; ag as a, a; a, a, ag
JNZ addr (PCy7) —addrifA #0 Jumps to lhe address specified by ag—a, if the 96 1 0 0 1 [] 1 1 0 2 2
(PC) — (PC) + 2ifA =0 are not equal to 0. a; ag as @, a; a, a ag
JTF addr (PCy7) — addrif TF = 1 Jumps to the address specified by ag—a; if the 16 0 [} [} 1 [} 1 1 [} 2 2
(PC)—(PC) + 21t TF = 0  Timer Flag is set. The Timer Flag Is cleared after a; ag as &, a; a, a; a
the instruction is executed.
JT0 addr (PCy7) — addrif T0 = 1 Jumps to the address specified by a;—a, If Test 0 36 0 0 1 1 L] 1 1 [} 2 2
(PC) ~ (PC) + 2ifT0 = 0 is HIGH. a, a as a, a; ap ay ag
JT1 addr (PCp7) — addrif T1 =1 Jumps to the address specified by a;—a, if Test 1 56 0 1 [} 1 [} 1 1 [] 2 2
(PC)— (PC) + 2ifT1 =0 1sHIGH. a; ag ag @, a3 a, a; ap
Jz (PCy ;) — addrifA =0 Jumps to the address specified by a;—a, if the Cc6 1 1 [} 0 [} 1 1 [} 2 2
(PC)—(PC) + 2ifA =1 ofthe qual to 0. . a; ag a; 2, a; a a a
Control
ENI Enables external interrupts. When external 05 [} [} ] ] [} 1 [} 1 1 1
interrupts are enabled, a low-level input to the INT
pin causes the p to vector to the i
service routine.
Dist Disables external interrupts. When external 15 [ 0 [} 1 [} 1 o 1 1 1
pts are level inputs to the INT
pin have no effect on prog i
ENTOCLK Enables clock output to pin T0. 75 0 1 1 1 [ 1 0 1 1 1
SEL MBO (DBF) - 0 Clears the Memory Bank Flip-Flop, selecting E5 1 1 1 [ 0 1 [} 1 1 1
Program Memory Bank 0 [program memory
addresses 0-2047,q)). Clears PC;, after the next
JMP or CALL i
SEL MB1 (DBF) — 1 Sets the Memory Bank Flip-Fiop, selecting F5 1 1 1 1 [] 1 (] 1 1 1

Program Memory Bank 1 [program memory
addresses 2048-409;510,]. Sets PC,, after the next
JMP or CALL instru 3

SEL RBO (BS)~0 Selects Data Memory Bank 0 by clearing bit 4 Cs 1 1 1] [} ] 1 [} 1 1 1
(Bank Switch) of the PSW. Specifies data memory
addresses 07,4, as registers 0-7 of Data
Memory Bank 6

SEL RB1 (BS)—1 Selects Data Memory Bank 1 by setting bit 4 D5 1 1 ] 1 ] 1 [} 1 1 1
(Bank Switch) of the PSW. Specifies data memory
24—31(m as registers 0—7 of Data Memory Bank 1.

HALT Initiates Halt mode. o1 0 [} [} [} 0 [} [} 1 1 1
Data Moves
MOV A, # (A) — data Moves immediate data dy—d; into the 23 L] [} 1 [} [} [} 1 1 2 2
data d d5 d5 d, d d, dy do
MOV A, R, (A) - (R) Moves the contents of register R, into the Fn® 1 1 1 1 1 r r r 1 1
=07
MOVA,@R, (A)« ((R)) Moves the contents of internal data memory Fn® 1 1.1 1 [} o [} r 1 1
=0-1 specified by bits 05 in register R,, into the
MOV A,PSW  (A) — (PSW) Moves the contents of the Program Status Word c7 1 1 0 0 [] 1 1 1 1 1
into the
MOVR,, # (R)) — data Moves immediate data dy—d; into register R,. Bn® 1 [} 1 1 1 r r r 2 2
data =07 d, dg dg dg dy dy d dy
MOVR,, A (R) « (A) Moves the contents of the accumulator into An® 1 0 1 0 1 r r r 1 1
= 0-7 register R,.
MOV@R,A ((R)) - (A) Moves the contents of the accumulator into the An® 1 [} 1 [} o L] 1] r 1 1
=0-1 data memory location specified by bits 0-5 in
register R,.
MOV @R, # ((R))« data Moves immediate data do—dy into the data Bn® Tt 0 1 1 6 o0 o r 2 2
data =0-1 memory location specified by bits 0-5 in d; dg dg d, d3 d, d; dy
register R,.
MOV PSW, A (PSW)— (A) Moves the contents of the accumulator into the D7 1 1 ] 1 [} 1 1 1 1 1
Program Status Word.
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Instruction Set (Cont.)

Hex Instruction Code
i Description Code D; Dg D; D, D; D, D; D, Cycles Bytes
Data Moves (Cont.)
MOVPA, @A (PCy ;) (A) Moves the contents of the program memory A3 1 0 1 0 [] 0 1 1 2 1
(A) — ((PC)) location d by PCq_y with
the contents of the accumulator, into the
accumulator.
MOVP3 A, (PCq_7) < (A) Moves the contents of the program memory E3 1 1 1 L] 0 [ 1 1 2 1
@A (PCg_44) ~ 001 location specified by 0011 (PCg_,,, page 3 of
(A) < ((PC)) Program Memory Bank 0) and the contents of the
into the .
MOVXA, @R (A) —((R)) Moves the contents of the external data memory 8n® 1 [] (] 0 0 (1] L] r 2 1
=01 location specified by register R,, into the
MOVX@R,A ((R)) - (A) Moves the contents of the accumulator into the In® 1 L] L] 1 0 L] L] r 2 1
=01 external data memory location specified by
register R,.
XCHA, R, (A) — (R) the of the and 2n® 0 (] 1 0 1 r r r 1 1
=07 register R,. X
XCHA, @R, (A)«~((R)) the of the and 2n® 0 [} 1 0 o [ [} r 1 1
r=0-1 the contents of the data memory location
specified by bits 0-5 in register R,.
XCHD A, @ (Ag3) «Rm—a» Exchanges the contents of the lower 4 bits of the 3n®@ 0 [} 1 1 0 ] L] r 1 1
o r=0-1 accumulator with the contents of the lower 4 bits )
of the internal data memory location specified by
bits 0-5 in register R,.
Flags
CPLC ©) - (©) Takes the of the Carry bit. A7 1 0 1 0 [ 1 1 1 1 1
CPL FO (F0) — (FO) Takes the of Flag 0. 95 1 o o 1 0 1 0o 1 1 1
CPL F1 (F1) < (F1) Takes the complement of Flag 1. B5 1 0 1 1 0 1 0 1 1 1
CLRC €)-0 Clears the Carry bit. 97 1 [] 0 1 0 1 1 1 1 1
CLRFO (FO)—0 Clears Flag 0. 85 1 0 0 0 [ 1 0 1 1 1
CLRF1 (F1)<0 Clears Flag 1. A5 1 [ 1 0 L] 1 [} 1 1 1
Input/Output
ANLBUS, # (BUS) <~ (BUS))\data Takes the logical AND of the contents of the bus 98 1 ] 0 1 1 [] 0 o 2 2
data and immediate data dy—d,, and sends the result to d; dg ds dg dg dy dy dy
the bus.
ANL Py, # (Pp) < (Pp)Adata Takes the logical AND of the contents of 9In® 1 o L] 1 1 0 P ] 2 2
data p=1-2 port P, and datady—dy, d; dg dg d dg d dy dy
and sends the resulit to port Py for output.
ANLDPp, A (Py) < (P)/A\(Ag3) Takes the logical AND of the contents of 9In® 1 0 L] 1 1 1 [ ] 2 1
p=4-7 designated port P, and the lower 4 bits of the
accumulator, and sends the result to port Pp for
output.
INA,P, (A) < (P) Loads the accumulator with the contents of on® [} 0 0 [1] 1 1] ] P 2 1
p=1-2 port Py,
INS A, BUS (A) < (BUS) Loads the contents of the bus into the 08 [} L] o 0 1 [} 0 0 2 1
on the nising edge of RD.
MOVD A, P,  (Agj) < (Pp) Moves the contents of designated port P, to the on® 0 0 0 0 1 1 P p 2 1
(Ag7) -0 lower 4 bits of the accumulator, and clears the
p=4-7 upper 4 bits. X
MOVD Pp A (Pp) < (Ags) Moves the lower 4 bits of the accumulator to 3n® [1] 0 1 1 1 1 [ ] 2 1
p=4-7 designated port Pp.. The upper 4 bits of the
are not
ORLBUS, # (BUS) — (BUS)\/data Takes the logical OR of the contents of the bus 88 1 0 0 [} 1 o [} 0 2 2
data and immediate data dy—d,, and sends the result to d; dg d; d, dg d, d; dy
the bus
ORLD P, A (Pp) < (PN (Ag_3) Takes the logical OR of the contents of designated  8n® 1 [] 0 L] 1 1 P p 2 1
p=4-7 port P, and the lower 4 bits of the accumulator,
and sends the result to port P, for output.
ORL Py, # (Pp) < (P,,)vdata Takes the logical OR of the contents of designated  9n® 1 (1] (1] ] 1 0 P ] 2 2
data p=1-2 port P, and immediate data dy—d;, and sends the d; dg ds dg d; d; d; dy
result to port P, for output.
OUTL BUS,A (BUS) — (A) Latches the contents of the accumulator onto the 02 0 0 [] [] L] [} 1 L] 2 1
bus on the rising edge of WR.
Note: Never use the OUTL BUS instruction when
using external program memory, as this
will latch the bus.
ouTL Pp,, A (PP) ~(A) Latches the contents of the accumulator into 3n® 0 0 1 1 1 0 P ] 2 1
p=1-2 designated port P, for output.
Registers
DEC R, (R)<~(R) -1 Decrements the contents of register R, by 1. Cn® 1 1 [1] L] 1 r r r 1 1
=0-7
INCR, (R)~(R) +1 Increments the contents of register R, by 1. 1@ 0 0 0 1 1 r r r 1 1
L =0-7
INC@R, (R) < (R)) +1 Increments by 1 the contents of the data memory 1n® [] [] [] 1 L] [] [} r 1 1
,=0-1 location specified by bits 05 in register R,.
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Instruction Set (Cont.)

Hex Instruction Code
Description Code D, Dg Ds D, D; D, D, D, Cycles Bytes
Subroutine
CALL addr ((SP)) (PC), (PSW4_7) Stores the contents of the Program Counter x4® ap a; ag 1 0 1 0 [} 2 2
(SP) — (SP) + and the upper 4 bits of the PSW in the address a; ag as a, a; @ a ag
(PCg_1y0) — addr,_m indicated by the Stack Pointer, and increments the
(PCy7) — addry contents of the Stack Pointer, calling the subrou-
(PC,,) — DBF tine specified by address a,—a,, and the DBF.
RET (SP) —~(SP) - 1 Decrements the contents of the Stack Pointer 83 1 [] 0 0 L] 0 1 1 2 1
(PC) — ((SP)) by 1 and stores, in the Program Counter, the
contents of the location specified by the Stack
Pointer, areturn from
without restoring the PSW.
RETR (SP) ~(SP) - 1 Decrements the contents of the Stack Pointer 93 1 0 0 1 ] 0 1 1 2 1
(PC) — ((SP)) by 1 and stores, in the Program Counter, the
(PSW,_7) — ((SP)) contents of the upper 4 bits of the PSW and the
conuma of the location specified by the Stack
g a return from with
rutora!lon of the PSW.
Timer/Counter
ENTCNTI Enables internal interrupt of timer/event counter. 25 0 ] 1 o 0 1 [ 1 1 1
If an overflow condition occurs, then an interrupt
will be generated.
DIS TCNTI Disables internal interrupt of timer/event counter. 35 0 (l 1 1 0 1 0 1 1 1
MOVA, T (A) (M Moves the contents of the timer/counter into the 42 0 1 0 0 [ [] 1 [} 1 1
MOVT,A (M~ (A) Moves the contents of the accumulator into the 62 0 1 1 0 0 [ 1 0 1 1
timer/counter.
STOP TCNT Stops the operation of the timer/event counter. 65 0 1 1 0 0 1 [] 1 1 1
STRT CNT Starts the event counter operation of the 45 0 1 0 0 0 1 [] 1 1 1
when T1 from a low-level
input to a high-level input.
STRTT Starts the timer operation of the timer/counter. 55 0 1 0 1 0 1 o 1 1 1
The timer is incremented every 32 machine
cycles.
Miscellaneous
NOP Uses one machine cycle without performing any 00 0 0 o o 0 0 0 0 1 1
operation.

Notes: ® Binary instruction code designations , and p represent encoded values or the lowest-order bit value of specified registers and ports, respectively
@ Execution of the ADD, ADDC, and DA lnslrucluons affect the carry flags, which are not shown in the respective function equations These instructions set the carry flags when there 1s an
overflow in the accumulator (the Auxiliary Carry Flag 1s set when there 1s an overflow of bit 3 of the accumulator) and clear the carry flags when there is no overflow Flags that are
specifically addressed by flag instructions are shown in the function equations for those instructions
@ References to addresses and data are specified in byte 1 and/or 2 in the opcode of the corresponding instruction
@ The hex value of n for specific registers is as follows
a) Drrect addressing
Ry n=8 Ryn
Ry n=9 Ryn
b) Indirect addressing
@Ry n=0 @Ry n=1
® The hex value of n for specific ports Is as follows
Py n=9 P, n=C Pg n=E
P,n=A Ps n=D P;n=F
® The hex value of x for specific accumulator or address bits is as follows
a) JBb instruction
By x =1 B, x
By x=38 By x
b) JMP instruction

A Ry n=C Re

n=E
B Rs n=D R; n=F

I| ll

5 By x=9 B x
7

= =D
B; x=B B, x=F

Page0 x = 0 Page2 x = 4 Page4 x = 8 Page6 x = C

Page1 x = 2 Page3 x = 6 Pages x = A Page7 x = E
c) CALL instruction

Page0 x = 1 Page2 x =5 Page4 x =9 Page6 x = D

Page1 x =3 Page3 x=7 Page5 x=B Page7 x=F
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DC Characteristics: Standard Voltage Range DC Characteristics: Extended Voltage Range
Ta = —40°Cto +85°C; Voc = +5V = 10%; Vgg = OV Ta = —40°C to +85°C; Ve = +2.5V to +5.5V; Vgg = OV
Limits Limits
Symbol Unit Test Conditions ———
Min Typ Max Parameter Symbol Min Typ Max Unit Test Conditions
input Low Input Low Voitage Vi -03 018Vee V
Vo -03 08 v
Voltage —__ inputHigh Voltage
Input High Vi Vee-2 Vee VAl except XTAL1, XTAL2, RESET (All Except XTAL 1, XTAL2) Vi 0.7Vce Vee V
—
Voltage Vit Vee—1 Vee vV RESET, XTAL1, XTAL2 Input High Voltage
(XTAL 1, XTAL 2) Vi 0.8Vee Vee V
Outputiow 045 Vo =20mA —
Voltage Output Low Voltage VoL 045 V  lo = 1.0mA
v, 24 v Bus, RD, WR, PSEN, ALE, PROG, O_ut%l;iﬂ h Voltage (Bus,
oH " TO; loy = ~100pA RD, WR, , ALE, Von  0.75Vee low = —100uA
Port1,Port2;loy = —5uA PROG, T0 v
Output High Vou® 24 v (Type 0) rm_1, _P;mAz;
Voltage ont Port1, Port 2; loy = —504A i
Output High Voltage (All (Type 0)
(Type 1) v, 0.7V, R T
Other Outputs ot ce Port 1, Port 2;
Vowz Vec—0.5 V  Alloutputs;loy = —0.2pA lon = - 104A
15 -40 A Pm‘l,PortZ;Vms‘\,l),L 5 i (Type 1)
he® (Type utput tage v, Vge ~ 0. V  loy= -02uA
Input Current —500 A PortiPortZVy sV (All Outputs) oz Vec ~ 05 lon = — 0.2
—e ) Input Leakage Current . -15 -40 pA V=V (Type0)
e —4 A 85 RESET;Vix=Vy (Port 1, Port 2) " -500 pA ViV (Type1)
hn *1 pA  T1,INT, Vpp; Vss = Vin =< Ve
. i R
[ +3 pA  EA;Vgg=Viy=Vec (SS, RESET)
Output Leakage Bus, T0, High-Impedance State; Input Leakage Current
Current Lo A Y S Vo= Ve (71, INT) s A Ves<Vin<Veo
v [ 04 08 mA Haltmode;tcy = 2.5u8 :rEls;t)ﬂ Leakage Current 2 +3  pA  Vgg<Viy<Vec
Current lecz 120 wA  Stop mode @
Output Leakage Current
Supply Current  Igc 4 8 mA toy = 2548 g:‘,‘)m_ High Impedance o, 1 pA Veg<Vo<Voe
— )
m:.“"""’" Vecon 20 V  Stop mode (Vpp, RESET < 0.4V) Ty
cc ~ i)
Supply Current Iee 08 1.6 mA toy = 1048
Halt Mode Standby Vee = 3V,
Current lecy 100200 pA = tops
Stop Mode Standby Current  Icco 1 20 wA
Notes: @ Type 0 and type 1 options apply only to the uPD80C48, the LPDB0C35 s type 1 only
@ Input Pin Voltage 1s Vi, Vi, or Vi, Viy
AC Characteristics

Read, Write and Instruction Fetch: External Data and Program Memory
Ta = —40°Cto +85°C; Vcec = Vpp = +5V £ 10%; Vgg = OV

Vm = +5V = 10% "ss = +2.5V to +5.5V Test

Parameter Symbol Min Typ Max Min Typ Max Unit Conditions
ALE Pulse Width L 400 2160 ns
Address Setup before ALE taL 120 1620 ns
Address Hold from ALE tia 80 330 ns 0]
g,'g‘é’,:'%"'ﬁ";"’"‘ tec 700 3700 ns
Data Setup before WR tow 500 3500 ns
Data Hold after WR two 120 370 ns ®
Cycle Time tey 2.5 150 10 150 ] 6MHz XTAL
Data Hold tor 0 200 0 950 ns
PSEN, RD to Data In tho 500 2750 ns
Address Setup before WR taw 230 3230 ns [©]
Address Setup before Data in tao 950 5450 ns
Address Float to RD, PSEN - tarc [) 500 ns
Control Pulse to ALE tea 10 10 ns
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Port 2 Timing
Ta = —40°C to +85°C; Vg = +5V = 10%
- Vgo = +5V = 10% Veg = +2.5Vto +5.5V Yost
Parameter Symbol Min Typ  Max Min Typ Max Unit Conditions
Port Control Setup before
Falling Edge of PROG tep 10 860 ns
Port Control Hold after Falling
Edge of PROG toe 0 80 0 200 ns ®
PROG to Time P2 input must
be Valid ton 810 5310 ns
Output Data Setup Time top 250 3250 ns €]
Output Data Hold Time tpp 65 820 ns
Input Data Hold Time tor 0 150 0 900 ns
PROG Pulse Width tep 1200 6450 ns
Port 2 1/O Data Setup tp 350 2100 ns
Port 21/0 Data Hold te 150 1400 ns

Notes: © For Control Outputs C, = 80pF, for Bus Outputs C, = 150pF
® C, = 20pF
@ For Control Outputs C = 80pF
@® Refer to the operating charactenstic curves for Supply Voltage and Port Control Hold

BUS Timing Requirements Write to External Memory

Symbol Timing Formula Min Max Unit
e (7/30)T—167 . ns ALE _r_L————————r_—l—
ta (1/5)T—285 . ns e-toc—=|
ta (1/30)T L] ns WR
tee (2/5)T-300 ] ns Address . two
tow (2/9)T~500 ° i Bus Filoating Floam;XD ;n:_} Floating
two (1/30)T+40 . ns l‘——hw——’{
tor (1/10) T-50 . ns
tho (3/10) T—-250 . ns
taw (2/5) T—600 . ns Low Power Standby Operation
tao (8/5)T-550 . ns 1) Halt Mode (When El)
tarc (1/15)T—125 . ns
tep (1/10)T-87 L] ns cPU Halt 1 Instr INT Execute
tor (3/5)T-475 . ns

tor (1/10)T-100 . ns osc MM _JTUL\__JUUL.____. o Juun

top (2/5) T-550 . ns Internal _/__\ r_-\_-/—\—/_
Kk

tpp (1/10) T—167 . s Cloc

top (7/10) T—550 . s Halt

4 (7/30) T-230 . o Mode S —

" NT 4

te (1/6) T-265 . ns

Notes: T = tcy

Unlisted parameters are not affected by cycle time
P el 2) Stop Mode

Timing Waveforms RESET .\ #

Instruction Fetch From External Memory 3

Voo

?
P ose TUL...
ALE |
Internal —\_/—'\
e lcc-o{-(m——l Clock

1 tarc
PSEN cPU Y
I> -—

OSC Starts

... I

toa
. .‘ju ol tonfer ADRS 0000(H)
BUS Floatin X Floating X & X Floating X
Address’ L —~ tro [=— Instruction Port2 Tlmmg
'AD

ae /TN

Read From External Data Memory |_.,t_{.,,__\_T“L"£
tex o e o e e
F_ - C 'I { 2.3 Dwts, -’r”

Output
ALE l |

" Port
_ e—tec—| Output
RD
Address PROG
tarc fo—  —=f tor
Bus Floating Floating } Data Floating
{ —| tro fe—
bty ———

4-137




wPD80C49/80C39

Block Diagram

!

Expansion to Additional

BUS External Memory and /0
Oscillator Resident Program Memory x emory and
Frequency Bus Buffer ' ROM .PD80C49 only
Port2 48x8 Bus Latch
Decode Low Program
Port 2 Latch (Low 4) Port 2 2 Counter’s Temp
~480 and Expander Latch Hl%r:’eur"l::r)?z)am 8 Regrster Bus Buffer
Port /0 (High 4)
Lower Program
Test 1 1 4 t 4 t4 Program Status
l Counter Word r
r t Bus
Buffer
Timer and 8-Bit internal Bus and
Event Counter Latch
1 l I l Port 1

Accumulator Temporary Flags Instruction RAM Address
(8) Register (8) 9 Register/Decoder Register
,_;__ Multiplexer
Arithmetic fe— Test0 Register 0
Logic Unit fe— Test1 Register 1
— INT Register 2
V, |—— Flag 0
— = +25Vto + 60V Register 3
Conditional [+— Flag1
Power Register 4
Supply Ves EL"a"c" |«— Timer Flag ©
——— Ground ogic le— Carry § Register 5
Decimal
Vpo Standby Power Control +— Acc 8 | Registers
Register 7
[ Acc Bit Test 8-Level Stack
(Vaniable Word Length)
Optional Second
Register Bank
Data Store
Control and Timing
— XTAL XTAL _ I Resident Data Memory — RAM
Voo INT RESET PROG EA 1 2 ALE PSEN ss RD WR (128 x 8)
' T T l CPL y I Add l I 7 I
Low p p Latch  program Single  Read/Write
Power 10 oscillator/ Strobe/  Memory  Step Strobes
Standby Control Cycle  Enable
Strobe Crystal Clock

Note: PD80C39 does not include ROM

Absolute Maximum Ratings*

T. = 25°C

Operating Temperature, Top

-40°Cto +85°C

Jtorage Temperature (Cerdip Package), Toig

—65°Cto +150°C

Storage Temperature (Plastic Package), Tsig

—65°Cto +125°C

Voltage on Any Pin, V,o

Vss —0.3Vto Ve +0.3V

Supply Voltage, Vcc

Vss —0.3to +10V

"

Power Dissip Pp

0.35w

*COMMENT: Exposing the device to stresses above those
listed in Absolute Maximum Ratings could cause perma-
nent damage. The device is not meant to be operated
under conditions outside the limits described in the opera-
tional sections of this specification. Exposure to absolute
maximum rating conditions for extended periods may affect

device reliability.
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Operating Characteristic Curves

Output High Current vs. Output High Voltage

Output High Current, lo,, (nA)

—400

-200

\Tw

Min

N

2

3
Output High Voltage, Vg, (V)

Output High Current vs. Supply Voltage

a

Vour = 24V
-150 - 15

<

2

I

R

£

3

£

3 -100-10

F-

°

x

3

g

3

(<]
-50 -5
- o
§ 54
g 2 3 4 5 6

o

Supply Voltage, V¢ (V)

Output Low Current vs. Supply Voltage

Output Low Current, |5, (mA)

N

Vo, = 045V

3

a

5

Supply Voltage, Ve (V)

wPD80C49/80C39

Output High Current vs. Output High Voltage

Ve = 45V

-15
<
2
$-10
g
g
5
(5]
£
@
I Typ
3
a8
3 \
O -5

AN
1 2 3 4 5

Output High Voltage, Vo, (V)

Output High Current vs. Supply Voltage

Vonz=Vcc=0 5V|

-04

/|

-02 f

d

2 3 4 5 6
Supply Voltage, V¢ (V)

Output High Current, I, (1A)

Output Low Current vs. Output Low Voltage

——
Ve = 45V
4
<
E
%
-l
£
e
g
3
2
H /
bt 7
= y
2
3 s
<]
05 10

Output Low Voltage, Vo (V)
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Operating Characteristic Curves (Cont.)

Supply Current vs. Oscillation Frequency Port Control Hold After PROG, t,,. Max (.PD80C49), and Address to
Output Delay, t,c. Min (.PD82C43), vs. Supply Voltage
Vee =3V
2
lec Max / @ _ 250
! = e
g 8z
- - oS
E s .- /éﬁr o 8200 \
o - e ox 1.PD82C43
o - Pid Tz M
i e - ag tacc Min
3 - e &<
£ o2 Vi <3 150
$ - k33 1PD80C49
é L7 g “liceyMax| 2 °° toc Max \
> _--T =
g o -~ K £8 100 \
@ P " Ticer P o3 \
005 S < 2
-~ 20
_- 38 s0
003 g E
E ES
ES
0.1 02 0s 1 2 4%
Oscillation Frequency, {(MHz), (f = 151t,) 2 3 4 5 6
Supply Voltage. V¢ (V)
Cycle Time vs. Supply Voltage
— Current Consumption as a Function of Temperature — Normal
Operating Mode
200
t = 6MHz
100 Vee = 5.5V
10
B— fec
° '\\
—_ Operation Guarantee 8
@
= Area z
32 - £
g g s
S 10 3
o
>
© \ 4
5
|
N R Y
—
\ 2 1
i Hait Mode
2 i
1 - -40 o 25 85

2 3 4 5 6 Te ture, T, (°C)
lemperature, T, (¢
Supply Voltage, Ve (V) " |

Supply Current vs. Oscillation Frequency® Current Consumption as a Function of Operating Frequency —

Normal Operating Mode
s Vee= 5.5V VTR
5 A1
lcc Max)” 10
/ lcc TYR, / 8
B / o 7
2 - - ; —
- / E s Max A
1 el 4 $
L7 . % /
.- . A
= //» lcc.}/ 2 /,/ e
05 s /
P / ] Pd
i - 1
0.2 e -
.t 7 0.2 05 1 2 4 6
01 -7 -1 - Oscillator Frequency (MHz)
00s Note: itlation 1s d for less than 1 MHz. Internal oscillation
ot 02 05 1 2 4 6

requires more power.
Osciliation Frequency. {MHz), (f = 15t}
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Operating Characteristic Curves (Cont.)

Current Consumption as a Function of Temperature — Stop Mode

Voo = 5.5V
20
Max
<
2
> /
3
38
10 11
A Typ
—40 0o 25 85

Temperature, T, (°C)

Package Outlines

For information, see Package Outline Section 7.
Plastic, .PD80C49C/C39C

Plastic Shrinkdip, uPD80C49HC

Plastic Minifiat, .PD80C49G/C39G

80C49/80C39DS-Rev/1-7-8-83-CAT-L
4-141







NEC

MICROPROCESSORS E







NEC

Description

The wPD780 microprocessor utilizes a highly con-

sistent architectural organization, a comprehensive
instruction set that is a superset of the industry-standard
8080A instruction set, and third-generation technology, to
provide a flexible, high-performance, efficient CPU easily
adaptable to a very broad range of industrial and commer-
cial applications.

All software developed on 8080A-based systems may

be run on 780-based systems as a subset of the full 780
instruction set. In addition, the NEC wPD780 is fully
pin-compatible and software-compatible with the Z80®
microprocessor and is therefore perfectly suited for
CP/M®@ designs. The NEC n.PD780 provides system
designers with powerful, wide-range logic capability that
requires minimal additional circuitry to complete a micro-
computer system.

The output signals of the uPD780 are fully decoded and
signal timing is fully compatible with industry-standard
memory and peripheral devices. Two faster versions of the
basic nPD780 (2.5MHz master clock rate) are offered by
the nPD780-1 (4MHz master clock rate) and the w.PD780-2
(6MHz master clock rate). Other than clock rates, all three
versions are identical.

Features

[J Powerful, wide-range logic capability requiring minimal
support circuitry

Fully Z80®-compatible

Industry-standard 8080A software compatibility
CP/M®-compatible

Comprehensive, powerful instruction set featuring 158
instruction types

Vectored, multilevel interrupt structure

Highly consistent architectural structure featuring dual
register set

Foreground/background programming

Automatic refreshing of external dynamic memory
Signal timing compatible with industry-standard mem-
ory and peripheral devices

O TTL-compatible signals

[0 Single-phase +5V clock and +5VDC power supply
[ Available in plastic package

®280 1s a registered trademark of Zilog, Inc
®CP/M s a registered trademark of Digital Research Corporation

oOono oo oo

wPD780/.PD780-1/.PD780-2
HIGH-PERFORMANCE
CP/M®-COMPATIBLE NMOS
8-BIT MICROPROCESSOR

Pin Configuration

Pin Identification

Ay 1 (] Ao
Az 2 [ As
Az 3 [ Ag
Asa 4 [ A,
Ass 5 0 Ae

) 6 0 As
D, 7 0 A,

D, 8 ] A

Ds [ 9 Ay

D g Ay
+5V 1 Ao

D, ] GND

D, 28 [] RFSH

D, ™.

D, (] RESET
iNT N BUSRQ
NMi 0 WarT

HALT [l BUSAK
MREQ WR
s B

Name Function

Symbol

1-5
30-40

Ag-Ass

Address Bus These three-state output lines constitute a
16-bit address bus. Lines Ay—Ag output
the external memory address during

refresh operations

b Clock This line 1s used as an input for external

clock sources.

Data Bus These three-state /O lines constitute an

8-bit bidirectional data bus

Power Supply Single +5V power supply.

INT Interrupt Request  This active-low input hine is used for inter-
rupt requests by external I/O devices.
Interrupts are serviced upon completion
of the current instruction if the Interrupt
Enable Flip-Flop (IFF) has been turned on
by the software. There are three interrupt
response modes: the mode-0 response Is
qui to an 8080 p
mode 1 uses location 0038(+) as a restart
address, and mode 2 s a simple vectoring
to an interrupt-service routine that can be
located anywhere in memory.

This active-low input line is used for non-

pt is always atthe
end of the current instruction, regardless
of whether or not the Interrupt Enable Flip-
mghl%s been turned on, except when the
BU signal is asserted. Because of the
higher priority of the BUSRQ signal, it is
acknowledged before the NMI signal.
When NMT is acknowledged, program
execution automatically restarts from
location 0066y).

HALT Halt State This active-low input line is used with the
HALT instruction to initiate a halt state.
When HALT is asserted, program execu-
tion stops and does not resume until an
interrupt I1s generated. During the halt
state, NOPs are executed in order to con-

tinue memory refresh operations.

MREQ Memory Request  This three-state active-low output line I1s
used to indicate that the address specified
for the memory read or write operation

is valid.




No. Symbol

wPD780/780-1/780-2

Pin Identification (Cont.)

Name Function

20 IORQ 1/0 Request This three-state active-low output line I1s
used to indicate that the lower half of

the address bus holds a valid address for
an l/O read or write operation. During
interrupt acknowledge cycles, IORQ

and M, are asserted together to indicate
that a vector address can be sent to the
data bus.

21 RD Read Thus three-state active-low output line 1s
used to strobe data from external memory
or /O devices onto the data bus. RD 1s
asserted to indicate that the CPU 1s
requesting data from external memory or
/O devices This line 1s three-stated dur-
ing halt or reset conditions.

22 WR Write This three-state active-low output line 1s
used to strobe data from the data bus to
external memory or I/O devices WR s
asserted to indicate that the data bus
holds valid data. This line is three-stated
during halt or reset conditions.

23 BUSAK Bus Acknowledge This active-low output line is used to
inform the device requesting bus control
that the data bus, address bus, and all_
three-state bus control signals (RD, WR,
IORQ, and MREQ) are in a high-impedance
state and the requesting device can now
assume control.

24 WAIT Wait State This active-low input line 1s used to indi-
cate that external memory or I/O devices
addressed by the CPU are not ready to
transfer data. When WAIT 1s asserted, the

CPU is placed in a wait condition

25 BUSRQ Bus Request This active-low Input signal 1s used to
place the data bus, address bus, and all
three-state bus control signals (WR, RD,
IORQ, and MREQ) in a high-impedance
state to allow a requesting device to
assume bus control. The BUSRQ signal
has a higher priority than the NMI signal
and 1s always honored at the end of the
current machine cycle ®

26 RESET Reset This active-low input signal is used to ni-
tialize the CPU. When RESET Is asserted,
the Interrupt Enable Flip-Flop Is reset, the
program counter and the | and R registers
are cleared, and interrupt response mode
0 1s enabled. In a reset condition, the
address and data buses are three-stated
and all output control signals are inactive,
after which program execution begins
from address 0000 @

27 ﬁ, Machine Cycle1  This active-low output line is used to indi-
cate that the current machine cycle is the
opcode fetch phase of an instruction

execution.

28 RFSH Refresh This active-low output line is used in con-
junction with the MREQ signal to initiate a
refresh read of all external dynamic mem-
ory. RFSH and MREQ are both asserted
when the least-significant 7 bits of the
address on the address bus hold a valid

external dynamic memory address.

29 GND Ground Ground potential

Notes: @ Excessive DMA operations resulting in long periods in which BUSRQ is asserted
can impair the CPU’s ability to adequately refresh the dynamic RAMs

BUSRQ does not have an internal pull-up resistor For input signals to this pin in a wire-

OR’ed configuration, an external pull-up resistor should be used

@ The pulse width of RESET must be a minimum of 3 clock cycles in length to reinitialize
the CPU and stabilize operation

Architecture

The architecture includes a dual set of six 8-bit general-
purpose registers and two 8-bit accumulators and flag
registers. A flexible vectored interrupt structure is sup-
ported by an 8-bit interrupt vector register that provides
the most-significant 8 bits of a pointer to a table of vector
addresses, while the requesting device generates the
least-significant 8 bits of the pointer. Two 16-bit index
registers enable the manipulation of tabular data as

well as facilitating code relocation.

Multilevel interrupts as well as virtually unlimited subroutine
nesting are supported by a 16-bit stack pointer and compli-
mentary 16-bit program counter, enhancing the speed and
efficiency of a wide variety of data-handling operations.
Processing efficiency is additionally supported by a special
memory refresh register that enables automatic refreshing
of all external dynamic memory with minimal processor
overhead.

The dual set of general-purpose registers may be used

as individual 8-bit registers or paired as 16-bit registers.
The dual register set (including a dual accumulator and flag
register) not only allows more powerful addressing and data
transfer operations, but also permits programming in fore-
ground/background mode for vastly improved throughput.
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1;> A B Buffer > Ag—As

Block Diagram

Main General-Purpose Alternative General-Purpose
Register Set Register Set
!

| 1| 16 |— ! al

Accumulator Flag Accumulator |
F A

uu
&
=]

o (>

c B

o

E D’

clmlom

} General-Purpose Registers

x

L H
Interrupt Memory
Vector Refresh

Index Register IX

Index Register 1Y Special Purpose Registers

—_— Stack Pointer SP

Int Control Program Counter PC

Buffer

(Juk:

Inst
Decoder

Bus Control Read/Write Control Timing Control System Control
BUSlﬂO BUSAK WR JORQ RD MREO M, HALT w‘gﬁ negsr ﬁL +%v G%D %
Instruction Set
The instruction set of the wPD780 consists of 158 types of This comprehensive instruction set is made more pow-
instructions divided into 16 categories as follows: erful by the array of addressing modes implemented by the
architecture, as follows:
8-bit load operations 8-bit arithmetic and logic
register exchanges operations . . . .
memory block searches bit set, reset, and test bit addressing ' relative addressing
16-bit arithmetic operations operations register-indirect adcjressmg immediate-extended
rotate and shift operations I/0 operations immediate addressing ~ addressing
jump operations call operations extended addressing indexed addressing
restart operations return operations implied addressing modified page zero
miscellaneous operations general-purpose register addressing addressing
16-bit load operations accumulator and flag
memory block transfers o