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ACCESS SUPPLY PACKAGE

DEVICE SIZE PROCESS| TIME | CYCLE| VOLTAGE | MATERIAL{ PINS

DYNAMIC RANDOM ACCESS MEMORIES

uPD416 16K x 1 TS NMOS 120ns | 320ns | +12,+5,-5 C/D 16
uPD4164 64K x 1 TS NMOS 120ns | 270ns | +5 C/D 16

STATIC RANDOM ACCESS MEMORIES

uPD5101L 256 x 4TS CMOS 450 ns 450 ns | +5 (o4 22
uPD444 1IKx4TS|. CMOS 200ns | 200 ns | +5 C/D 118
uPD446 2K x 8 TS| . CMOS 150 ns | 160 ns | +5 Cc/D 24
uPD449 2K x 8 TS CMOS | 150ns | 150ns | +5 C/D 24
uPD4016 2K x 8 TS NMOS 150ns | 150 ns | +56 C/D 24
uPD4104 4K x1TS NMOS 200ns | 310ns | 45 C 18
uPD2114L 1K x 4TS NMOS 150 ns 160 ns | +5 (o} 18
uPD2147 4K x 1 TS NMOS 25 ns 25ns | +5 D 18
uPD2149 1IKx4TS NMOS 35 ns 35ns | +5 D 18
uPD2167 16K x 1 TS NMOS . B5ns 65ns | +6 D 20

FIELD PROGRAMMABLE READ ONLY MEMORIES

(Bipolar)
uPB406 1K x4 OC| BIPOLAR 50 ns 50ns | +5 C/D 18
uPB426 1K x4 TS| BIPOLAR 50 ns 50ns | +6 C/D 18
uPB409 2K x 8 OC| ‘BIPOLAR 50 ns 50ns | 45 Cc/D 24
uPB429 2K x 8 TS | BIPOLAR 50 ns 50ns | +5 C/D 24
(Bipolar Logic Array)
uPB450 9216 bit BIPOLAR | 200 ns 200 ns | +5 D 48
(U.V. Erasable)
uPD2716 2K x8TS NMOS 450ns | 450 ns | +5 D 24
uPD2732 4K x 8 TS NMOS 450 ns 450 ns | +5 D 24
uPD2732A 4K x 8 TS NMOS 250 ns 250ns | +5 D 24
uPD2764 8K x8TS NMOS 250ns | 250ns | +5 D 28
MASK PROGRAMMED READ ONLY MEMORIES
UPD2316E/ 2K x8TS NMOS 450 ns 450 ns | +5 C 24
EA8316E ’
uPD2316E/ 2K x 8 TS NMOS 350 ns 350ns | +5 C 24
EA8316E-1
uPD2332A/8/ 4K x 8 TS NMOS 450ns | 450ns | +5 C 24
EA8332A/B
uPD2332A/B-1/f 4K x8TS NMOS 350 ns 350ns | +b C 24
EA8332A/B-1
uPD2364/ 8K x8TS NMOS 450 ns 450 ns | +5 C 24
EA8264
uPD23128/ 16K x 8 TS NMOS 250 ns 350ns | +6 (o4 28
EA8364

Notes: OC = Open Collector; C = Plastic Package; D = Hermetic Package; TS = 3-State
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MICROCOMPUTER SELECTION GUIDE

SINGLE CHIP 4-BIT MICROCOMPUTERS

SUPPLY
DEVICE FAMILY ROM RAM 1/0 { PROCESS § OUTPUT FEATURES | VOLTAGE | PINS
uPD546 #COM-43 2000 x 8 96 x4 35 PMOS O.D. -10 42
uPD553 uCOM-43H 2000 x 8 96x4]) 35 PMOS 0.D. A -10 42
uPDS557L { uCOM-43SL 2000 x 8 96 x4 | 21 PMOS 0.D. A -8 28
uPDB50 uCOM-43C 2000 x 8 96 x4| 35 CMO¢& push-puli +5 42
uPD547 uCOM-44 1000 x 8 64x4| 35 PMOS 0.D. -10 42
uPD547L uCOM-44L 1000 x 8 64 x4 35 PMOS Oo.D. -8 42
uPD552 uCOM-44H 1000 x 8 64 x4} 35 PMOS 0.D. A -10 42
uPD651 uCOM-44C 1000 x 8 64x4| 35 CMOS push-puli +5 42/52
uPD550 #COM-45 640 x 8 32x4| 21 PMOS 0.D, A -10 28
pPDS50L | uCOM-45L 640 x 8 32x44§ 21 PMOS * 0D, A -8 28
wPD554 uCOM-45 1000 x 8 32x4| 21 PMOS 0.D. A -10 28
uPD554L. 4COM-45L 1000 x 8 32x4| 21 PMOS O.D. A -8 28
uPD652 uCOM-45C 1000 x 8 32x4| 21 CMOS push-pull +5 28
uPD566 #wCOoM43 External 96x4| 35 PMOS 0.D. B -10 64
MC-430P LCOM-43 2000 x 8 96 x4 | 35 PMOS 0.D. G -10 42
UV EPROM
uPD7500 uPD7500 Series External 256 x4 | 46 CMOS 0.D. [ +2,71t05.5 64
uPD7501 uPD7500 Series 1024 x 8 9% x4| 24 CMOS 0.D. D +271055 64
uPD7502 |} uPD7500 Series 2048 x 8 128 x4 | 23 CMOS o.D. D +2.7t05.5 64
#PD7503 4PD7500 Series 4096 x 8 224 x 4| 23 CMOS 0.D. D +27t055 64
uPD7506 | wPD7500 Series 1024 x 8 64 x4 22 CMOS 0.D. +27t055 28
uPD7507 | uPD7500 Series 2048 x 8 128x 4| 32 CMOS 0.D. +2.7t0 55 | 40/52
uPD7508 uPD7500 Series 4096 x 8 224x 4] 32 CMOS 0.D. +2.7105.5 | 40/52
uPD7508A | uPD7500 Series 4096 x 8 208 x4} 32 CMOS 0.D. A 42,710 5.5 40
uPD7519 #PD7500 Series 4096 x 8 256 x4 ) 28 CMOSs 0.D. F +2.;/ to 5.5 64
uPD7520 | uPD7500 Series 768 x 8 48 x4 24 PMOS 0.D. E -6 to -10 28
Notes: A  =-35V VF Display Drive
B = uCOM-4 Evaluation Chip
C = uPD750X Evaluation Chip
D = LCD Controller/Driver
E = LED Display Controller/Driver
F = VF Display Controller/Driver
G = Pin-Compatible with uPD546
0.D.= Open Drain
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SINGLE CHIP 8-BIT MICROPROCESSORS

: SUPPLY
DEVICE SPECIAL FEATURES ROM RAM 1/0 | PROCESS } OUTPUT CYCLE VOLTAGE | PINS
©PD8021 Zero-Cross Detector 1024 x8| 64x8 | 21 NMOS BD 3.6 MHz +5 28
#PD8022 On-Chip A/D Converter 2048 x 8 64x8 | 26 NMOS BD 3.6 MHz +5 40
#PD8035L | uPDB8048 w/External Memory External 64x8 27 NMOs TS,BD 6 MHz +5 40
#PD8039L | uPD8049 w/External Memory External | 128x8 | 27 NMOS TS,BD 11 MHz +5 40
uPD8041 Peripheral Interface w/Slave Bus | 1024 x8 | 64x8 | 18 NMOS TS,BD 6 MHz +5 40
uPD8041A | Enhanced uPD8041 1024 x 8 64x8 18 NMOS TS,BD 6 MHz +5 40
#PD8048 Expansion Bus 1024 x 8 64x8 | 27 NMOS TS,BD 6 MHz +5 40
uPD8049 High Speed uPD8048 2048 x8 | 128x8 | 27 NMOS TS,8D 11 MHz +5 40
uPD8741A | UV.EPROM uPD8041A 1024 x 8 64 x8 18 NMOS TS,BD 6 MHz +5 40
#PD8748 UV.EPROM uPD8048 1024 x 8 64x8 | 27 NMOS T8,BD 6 MHz +5 40
uPD80C35 | CMOS 8035 External 64x8 | 27 CcMOs TS,BD 6 MHz +2.7 t0 5.5 40
uPD80C48 | CMOS 8048 1024 x 8 64x8 | 27 CMOS TS,BD 6 MHz +2.7 t0 5.5 40
uPD80C39 | CMOS 8039 External | 128x8 | 27 CMOs TS,BD 6 MHz +2.7105.5 40
uPD80C49 | CMOS 8049 2048x8 |'128x8 | 27 CMOS TS,BD 6 MHz +2.7t0 5.5 40
uPD7800 Development Chip External | 128x8 | 48 NMOS TS,BD 4 MHz +65 64
wPD7801 8080 Expansion Bus 4096 x8 | 128 x8 | 48 NMOS TS,BD 4 MHz +5 64
64K Memory Address Space
uPD7802 Expanded uPD7801 6144 x 8 64x8 | 48 NMOS TS,BD 4 MHz +5 64
wPD78C05 | CMOS Microprocessor External | 128x8 | 46 CMOS TS,BD 4 MHz +5 64
uPD78C06 | CMOS Microcomputer 4096 x 8| 128 x8 | 46 CMOS TS,BD 4 MHz +5 64
uPD7810 Powerful Microprogessor External | 266 x8 | 44 NMOS TS,BD 10 MHz +5 64
uPD7811 8 Channel A/D 4096 x8 | 128 x 8 | 44 NMOS TS,BD 10 MHz +5 64
MICROPROCESSORS
SUPPLY
DEVICE PRODUCT SIZE PROCESS OUTPUT CYCLE VOLTAGES PINS

uPD780 Microprocessor 8-bit NMOS 3-State 4.0 MHz +5 40

#PDB0O8B0AF Microprocessor 8-bit NMOS 3-State 2.0 MHz +12¢5 40

uPD8080OAF-2 Microprocessor 8-bit NMOS 3-State 2.5 MHz +12¢5 40

uPDB0O8OAF-1 Microprocessor 8-bit -NMOS 3-State 3.0 MHz +12t5 40

1PD808SA Microprocessor 8-bit NMOS 3-State 3.0 MHz +5 40

uPD8085A-2 Microprocessor 8-bit NMOS 3.State 5.0 MHz +5 40

©PD8086 Microprocessor 16-bit NMOS 3-State 5.0 MHz +5 40
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SYSTEM SUPPORT
SUPPLY
DEVICE PRODUCT SIZE PROCESS | OUTPUT CYCLE VOLTAGES ] PINS
uPD765AC Double Sided/Double Densit'y 8-hit NMOS ’ 3-State 8 MHz +5 40
Floppy Disk Controlier
uPD781 Dot Matrix Printer 8-bit NMOS 3-State 6 MHz +5 40
Controller-Epson 500 Printer
uPD782 Dot Matrix Printer ’ 8-bit NMOS 3-State 6 MHz +5 40
Controller-Epson 200 Printer
uPD7001 8-Bit A/D Converter 8-bit CMOS Open 10 kHz +5 16
Collector Conversion
Serial Time
#PD7002 10-Bit A/D Converter 8-bit CMOS 3-State 400 Hz +5 28
Conversion
Time
uPD7201 Multi-Protocol Serial 8-bit NMOS 3-State 4 MHz +5 40
Controller
uPD7210 |IEEE Controller (Talker, 8-bit NMOS 3-State 8 MHz +5 40
Listener, Controller}
uPD7220 Color Graphic Display 8-bit NMOS 3-State 5 MHz +5 40
Controller
uPD7225 Alpha Numeric LCD 8-bit CMOS - - 2.7to5.5 52
Controller/Driver
uPD7227 Dot Matrix L.CD 8-bit CMOS - — 2.7t05.5 64
Controller/Driver
uPD7720 Signal Processor 16-bit NMOS 3-State 8 MHz +5 28
wPD8155 256 x 8 RAM with 1/0 Ports 8-bit NMOS 3-State — +5 40
and Timer
uPD8155-2 256 x 8 RAM with 1/0 Ports 8-bit NMOS 3-State — +5 40
and Timer .
#PD8156 256 x 8 RAM with 1/O Ports 8-bit NMOS 3-State — +5 40
and Timer :
uPD8156-2 256 x 8 RAM with 1/O Ports 8-bit NMOS 3-State — +5 40
and Timer
uPB8212 1/0O Port 8-bit Bipolar 3-State - +6 24
uPB8214 Priority Interrupt Controller 3-bit Bipolar Open 3 MHz +5 24
Collector
uPB8216 Bus Driver Non-inverting 4-bit Bipolar 3-State — +5 16
uPB8224 Clock Generator Driver 2 phase Bipolar High Level | 3 MHz +12+5 16
. : Clock
uPé8226 Bus Driver Inverting 4.bit Bipolar 3-State — +5 16
uPB8228 System Controlier 8-bit Bipolar 3-State — +5 28
uPD8243 1/O Expander 4 x 4 bits NMOS 3-State - +5 24
uPD8251 Programmable Communications | 8-bit NMOS 3-State A-9.6K baud +5 28
Interface (Async/Sync) S:56K baud
uPD8251A Programmable Communications | 8-bit NMOS 3-State A-9.6K baud +5 28
Interface (Async/Sync) S-64K baud
uPD8253-6 Programmable Timer 8-bit NMOS 3-State 4,0 MHz +5 24
uPD8255A-5 | Peripheral Interface 8-bit NMOS 3-State - +5 40
uPD8257-5 Programmable DMA Controller | 8-bit NMOS 3-State 4 MHz +5 40
uPDB279-5 Programmable Keyboard/ 8-bit NMOS 3-State - +5 40
Display Interface
uPB8282/ 8-Bit Latches Bipolar 3-State 5 MHz +5 20
8283
uPB8284 Clock Driver Bipolar 3-State 5 MHz +5 18
uPB8286/ 8-Bit Bus Transceivers Bipolar 3-State 5 MHz +5 20
8287
1PB8288 Bus Controller Bipolar 3-State 5 MHz +5 20
uPD8355 2048 x 8 ROM with 1/O Ports 8-bit NMOS 3-State - +5 40
uPD8755A 2048 x 8 EPROM with 8-bit NMOS 3-State - +5 40
/O Ports
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MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT
AMD AMB0B0A/9080A Microprocessor (2.0 MHz) uPDB0OBOAF
AMB8080A-2/9080A-2 Microprocessor (2.5 MHz) uPD8B080OAF-2
AMB080A-1/9080A-1 Microprocessor (3.0 MHz) uPDBOBOAF-1
AM8085A Microprocessor (3.0 MHz) uPD8085A
AM8155 Programmable Peripheral tnterface uPD8155
with 266 x 8 RAM
AMB156 Programmable Peripheral Interface pPD8156
with 256 x 8 RAM
AMB212 1/0 Port (8-Bit) nPB8212
AMB214 Priority Interrupt Controller uPB8214
AM8216 Bus Driver, inverting uPB8216
AM8B224 Clock Generator/Driver 1PB8224
AMB8226 Bus Driver, Non-Inverting uPB8226
AM8228 System Controller uPB8228
AMB251 Programmable Communications uPD8251
Interface
AM8255 Programmable Peripheral Interface uPD8255
AM8257 Programmable DMA Controller uPD8257
AMB355 Programmable Peripheral Interface uPD8355
with 2048 x 8 ROM
AMB048 Single Chip Microcomputer uPD8048
INTEL 8080A Microprocessor (2.0 MHz) uPDBOBOAF
8080A-2 Microprocessor (2.5 MHz) uPD808OAF-2
8080A-1 Microprocessor (3.0 MHz) uPDBOBOAF-1
8021 Microcomputer with ROM puPD8021
8022 Microcomputer with A/D Converter uPD8022
8035L Microprocessor uPDB0O35L
8039L Microprocessor uPD8039L
8041A Programmable Peripheral Controller uPD8041A
with ROM
8048 Microcomputer with ROM pPD8048
8049 Microcomputer with ROM uPD8049
8085A Microprocessor (3.0 MHz) uPD808SA
8085A-2 Microprocessor (6.0 MHz) uPDB085A-2
8086 Microprocessor {(16-Bit) #PD8086
8155/8155-2 Programmable Peripheral Interface uPD8155/8155-2
with 256 x 8 RAM
8156/8156-2 Programmable Peripheral Interface 1PD8156/8156-2
with 256 x 8 RAM
8212 1/0 Port. (8-Bit) 1PB8212
8214 Priority Interrupt Controller uPB8214
8216 Bus Driver, Non-Inverting uPB8216
8224 Clock Generator/Driver uPB8224
8226 Bus Driver, Inverting uPB8226
8228 System Controller uPB8228
8243 1/0 Expander uPD8243
8251 Programmable Communications uPD8251

Interface (Async/Sync)
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MICROCOMPUTER ALTERNATE SOURCE GUIDE

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT
INTEL (CONT.) 8251A Programmable Communications uPD8251A
Interface (Async/Sync)
8253-5 Programmable Timer uPD82563-5
8255A-5 Programmable Peripheral Interface uPD8255A-5
8257-5 Programmable DMA Controller uPD8257-5
8259A Programmabie Interrupt Controller uPD8252A
8272 Double Sided/Double Density »PD765
Floppy Disk Controller
8279-5 Programmable Keyboard/Display uPD8279-5
Interface
8282/8283 8-Bit Latches uPB8282/8283
8284 Clock Driver uPB8284
8286/8287 8-Bit Transceivers uPB8286/8287
8288 Bus Controller uPB8288
8355 Programmable Peripheral Interface uPD8355
with 2048 x 8 ROM
8741A Programmable Peripheral Controller uPD8741A
with EPROM
8748 Microcomputer with EPROM uPD8748
8755A Programmable Peripheral Interface uPD8755A
with 2K x 8 EPROM
8274 Multiprotocol Serial Controller uPD7201%
INSB8048 Microcomputer with ROM wPDB048
INS8049 Microcomputer with ROM uPD8049
NATIONAL INS8080A Microprocessor (2.0 MHz) #PD808OAF
INS8080A-2 Microprocessor (2.5 MHz) uPDBO8SOAF-2
INSB080A-1 Microprocessor (3.0 MHz) uPD80O8OAF-1
8212 1/0 Port {8-Bit) #PB8212
8214 Priority Interrupt Controller uPB8214
8216 Bus Driver, Non-Inverting uPB8216
8224 Clock Generator/Driver uPB8224
8226 Bus Driver, Inverting uPB8226
8228 System Controller uPB8228
iNS8251 Programmable Communications uPD8251A
interface
INS8253 Programmable Timer uPD8253-5
INS8255 Programmable Peripheral Interface uPD8255A-5
INS8257 Programmable DMA Controller uPD8257-5
INS8259 Programmable Interrupt Controller uPD8259A
T.l. TMS8080A Microprocessor (2.0 MHz) uPD80O8OAF
TMS8080A-2 Microprocessor (2.5 MHz) uPD808BOAF-2
TMS8080A-1 Microprocessor (3.0 MHz) uPD8080OAF-1
SN745412 1/O Port (8-Bit) ©PB8212
SN74L5424 Clock Generator/Driver uPB8224
SN748428 System Controller uPB8228
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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:

uPD7801 uPD80C49 uPD554 uPD7506
#PD7802 uPD8365 uPD554L uPD7507
uPD7811 uPD546 uPDbB57L uPD7507S
uPD8021 uPD547 uPDB50 uPD7508
uPD8022 uPD547L uPD651 uPD7508A
uPD8041A uPD550 uPD652 uPD7519
uPD8048 uPD550L #PD7501 uPD7520
uPD80C48 uPD552 uPD7502 uPD7720
uPD8049 uPD553 uPD7503

NEC Electronics U.S.A., Inc., Microcomputer Division is able to accept mask patterns in a variety of formats to facilitate
the transferrai of ROM mask information. These are intended to suit various customer needs and minimize the turnaround
time. Always enclose a listing of the code and the code submittal form. The following is a list of valid media for code
transferral.

PROM/EPROM equivalent to ROM parts

Sample ROMs or ROM-based microcomputers

Paper Tape

Timesharing Files

IS1S-11 compatibie disks

Other (Contact NEC Electronics U.S.A., Inc., Microcomputer Division for arrangements.)

Thoroughly tested verification procedures protect against unnecessary delays or costly mistakes. NEC Electronics U.S.A.,
Inc., Microcomputer Division will return the ROM mask 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 111 timesharing systems provide reliable and instant communication of ROM
patterns to the factory. Customers with access to GE-TSS may further reduce the turnaround time by transferring files
directly to NEC Electronics U.S.A., Inc., Microcomputer Division.

The following is an exampte of a ROM mask transferral procedure. The uPD8048 is used here; however, the process is the
same for the other ROM-based products.

1.

The customer contacts NEC Electronics U.S.A., Inc., Microcomputer Division's Sales Representative, concerning
a ROM pattern for the uPD8048 that he would like to send.

. Since an EPROM version of that part is available, the uPD8748 is proposed as a code transferral medium, or a

paper tape and listing may be used.

. Two programmed uPD8748's are sent to NEC Electronics U.S.A., Inc., Microcomputer Division with a listing, a

code submittal form, and a paper tape as back-up.

. NEC Electronics U.S.A., Inc., Microcomputer Division compares the media provided and enters the code into

GS-TSS. The GE-TSS file is accessed at the NEC factory and a copy of the code is returned to NEC Electronics
U.S.A., Inc., Microcomputer Division for verification. One of the uPD8748's is erased and reprogrammed with the
customer’s code as the NEC factory has it. Both uPD8748’s and a listing are returned to the customer for his final
verification.

. Once the customer notifies NEC Electronics U.S.A., Inc., Microcomputer Division in writing that the code is

verified and provides the mask charge and hard copy of the purchase order, work begins immediately on
developing his uPD8048's.

Please contact your local Sales Representative for assistance with all ROM-based product orders, Mask Programmed ROM
products other than those listed above are marketed by Electronic Arrays Division; refer to Section 5 for Electronic Arrays’
ordering procedures.
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NEC Electronics U.S.A. Inc.

Microcomputer Division

' 16384 x 1 BIT DYNAMIC MOS

" RANDOM ACCESS MEMORY

DESCRIPTION

FEATURES

PIN CONFIGURATION

uPD416
uPD416-1
uPD416-2
uPD416-3
uPD416-5

The NEC uPD416 is a 16384 words by 1 bit Dynamic MOS RAM. It is designed for
memory applications where very low cost and large bit storage are important design
objectives. .

The uPD416 is fabricated using a double-poly-layer N channel silicon gate process
which affords high storage cell density and high performance. The use of dynamic
circuitry throughout, including the sense amplifiers, assures minirmal power dissipation.

Multiplexed address inputs permit the uPD416 to be packaged in the standard 16 pin
dual-in-line package. The 16 pin package provides the highest system bit densities and
is available in either ceramic or plastic. Noncritical clock timing requirements allow
use of the multiplexing technique while maintaining high performance.

16384 Words x 1 Bit Organization
e High Memory Density — 16 Pin Ceramic and Plastic Packages
o Multiplexed Address Inputs
e Standard Power Supplies +12V, -5V, +5V
e Low Power Dissipation; 462 mW Active (MAX), 20 mW Standby (MAX)
e Output Data Controlled by CAS and Unlatched at End of Cycle
e Read-Modify-Write, RAS-only Refresh, and Page Mode Capability
e All Inputs- TTL Compatible, and Low Capacitance
e .128 Refresh Cycles
o .5 Performance Ranges:
ACCESS TIME | R/W CYCLE | RMW CYCLE
uPD416 300 ns 510 ns 575 ns
uPD416-1 250 ns 410 ns 465 ns
uPD416-2 200 ns 375 ns 375 ns
uPD416-3 150 ns 320 ns 320 ns
uPD416-5 120 ns 320 ns 320 ns
ves []1 16 [ Vss
e Ag-As Address Inputs
o O2 15 CAS CAS Column Address Strobe
WRITE q 3 .14 ooyt DIN Dataln
— DouT DataOut
RAS E 4 HPD ‘Sg Ag - RAS Row Address Strobe
Ap [Os #6427 Az WRITE | Read/Write
\Z:1:) Power (-5V)
A2 Qs . 103 Aq vee Power (+6V)
Aq [m ] 10 As VDD Power (+12V)
Voo q g 93 vee Vss Ground
Rev/3
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uPD416

DUMMY CELL

ROW
ADDR
BUFFER

CELL MATRIX
7884

8
ROW DECODER
o

110 BUS.

BLOCK
DIAGRAM

vee

1:0 SWITCH

SENSE AMP

1O SWITCH

110 8US

Doyt

Oout
BUFFER

CELLMATRIX
17864

DaTA

o
BUFFER

3 roh
[ED:D: -
.5o_d E —o

SR O— bs
orz 0— ped .

] EFFE TR oo

v HHH i F—om
Operating TEMPEratUre & .. .. iv v e v em et in e r e eeannnes 0°C to +70°C
Storage TemMPeratlre . . . v vv v e et v v vt oot e e e i ~55°C to +150°C
AllOutput Voltages (D). . . ... .. o i i ii e i i eiianns ~-0.5 to +20 Volts
All Input Voltages M. .. ..o ottt e -0.5 to +20 Volts
Supply Voltages Vpp, Ve, Vess D. ..o oo oo i -0.5 to +20 Volts
Supply Voltages VPD, VEC @ + .« oo oo -1.0 to +15 Volts
Short Circuit Qutput Current . . .. . .. ... ittt it ittt e e s 50 mA
Power Dissipation . . . ... .. it e e s 1 Watt

Notes: (D Relative to Vg
@ Relative to Vss
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 oparational 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, Vpp = +12V + 10%, Vg =-5V * 10%, VcC = +5V £ 10%,
Vgs = 0V

PARAMETER SYMBOL N Lw:s TAX LiNlT CONTDEI§I'1I-ONS
Mmoo | || [w
%:‘%ch_’v?% Cr2 8 | 10 | pF
%Jég:;{:)Capacitance Co 5 7 oF
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DC CHARACTERISTICS

uPD416

Ta=0°Cto+70°C(T), Vpp = +12V £ 10%, Ve = +5V ¢ 10%, Vgg = -6V + 10%, Vsg = OV

LIMITS TEST
PARAMETER SYMBOL MIN TYP | MAX | UNIT CONDITIONS
Supply Voltage Vop 10.8 12.0 13.2 \ @
Supply Voitage Vee 45 | 50 55| Vv @O
Supply Voltage Vss 0 0 0 v ®
Supply Voltage Vee - 45 -5.0 -6.5 v @
Input High (Logic 1) .
Voltage, RAS, CAS, ViHe 2.7 70| v ®@
WRITE )
Input High (Logic 1)
Voitage, all inputs
except RAS, CAS ViH 2.4 70 v @
WRITE
Input Low {Logic 0)
Voltage, all inputs ViL - 1.0 08 v @
- AAS, CAS cycling;
Operating Vpp Current Ipp1 35 mA 1RC = tRC Min. @
. RAS - Ve Dout
Standby Vpp Current 1oD2 1.5 | mA ~ High Impedance
Refresh|All Speeds e
Vop |except uPD416-6 IpD3 25 mA RAS cycling, CAS =
Vingitae <375 ns @
Current uPD416-5 | 'DD3 27 mA
RAS = Vi_.CAS
Page Mode Vo . 'L
Current 'opa z mA cyeling: tpc
225 ns @
Operating Ve ) A RAS, CAS cycling.
Current cc “ tre 37505 (®
) RAS = ViHC.
Standby V¢ Current Icc2 - 10 10 HA DouyrT = High
Impedance
RAS cycling,
Refresh Ve Current lees -10 10 LA CAS - Ve,
tRC 375 ns
RAS  V|_.CA ]
Page Mode Vo | 'L\ s
Current lcca HA cyeling. 1pC
225058
Operating Vg RAS, CAS cycling;
Current '881 200 HA tRC 375 ns
RAS  Vinc.
Standby Vgg
High
Current B2 100 HA Dour g
Impedance
. RAS cycling,
Refresh Vg 1BB3 - 200 MA CAS - VIHC!
Current -
tRc =375 ns
RAS - V|, CAS
Page Mode Vgg ling: L
Current IgB4 200 A cycling;
tpc = 225 ns
vgg = 5V,0V «
tnput Leakage VIN € 7V,
(any input) L -10 10 HA all other pins not
under test = 0V
DourT is disabled,
Output Leakage lo | -10 10 BA OV < VouT < +5.5V
Qutput High Voltage -
Vv 2.4 \% 1 = -5 mA
(Logic 1) OH ouT ®
Output Low Voltage VoL 0.4 v IOUT = 4.2 mA

(L.ogic 0)

Nolos:@ T, is specified here for operation at frequencies to tR¢ > tRr¢ (min). Operation at higher cycle rates with reduced

ambient temperatures and high power dissipation is permissible, however, provided AC operating parameters are met.
See Figure 1 for derating curve,
All voltages referenced to Vgs.
Output voltage wilt swing from Vgg to V¢ when activated with no current loading. For purposes of maintaining
data in standby mod'e, VCC may'be reduced to Vgg without affecting refresh operations or data retention. However,
the Vi (min) specification is not guaranteed in this mods.
IDD1. IDD3. and Ipp4 depend on cycle rate. See Figures 2, 3 and 4 for Ipp limits at other cycle rates.

fccq and '?Cd depend upon output loading. During readout of high level data Ve is connected through a low

impedance
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uPD416

AC
CHARACTERISTICS

Ta = 0°Cto +70°C, Vpp = +12V £ 10%, VCg = +6V £ 10%, Vpg = -5V ¢ 10%, Vgg = OV

LIMITS
_uPDA1S 4PD416-1 4PDATE2 uPD416-3 PD416-5 TEST
PARAMETER sympoL | MIN | MAX | MIN | Max [ MIN | mAX [miIN| max |MIN | MAX | UNIT | CONDITIONS

Random read or write

1 41 320 ns
g tAc 510 o ars 320 ) ©]
Read-write cycls time RWC 5§76 485 375 375 320 ns @
Page mode cycletime | tpg 330 275 225 170 160 ns
Accass thne from tRAC 300 250 200 150 120 ®
-é:—‘;“ time from 1cAC 200 165 136 100 80| ns ® ®
Output buffer
turn-off delay tOFF o 80 Q 60 Q 50 0 40 o 36| ns @
Transition time
(%0 and fally [5s 3 50 3 50 3 50 3 35 3 38| s @
RAS precharge time tap 200 150 120 100 100 ns
RAS pulse width RAS 300 | 10,000 ) 250 | 10,000 | 200 | 32,000 [150 | 32,000 { 120 | 10,000 s
FAS hold time tRSH 200 165 135 100 80 ns
EAS pulse width tCcAS 200 | 10,000 | 165 | 10,000 | 135 | 10,000 | 100 [ 10,000 | 80 [ 10000 [ ns
'imf 1o TAS delay tReD 40 100 | 35 85| 25 65 | 20 50 | 15 4| ns
TAS 1o RAS i
precharge tims ;cnn -20 ~20 -20 -20 o ns

—

Row address
setup tims tASR o o (1] 0 ] ns
Row address
hold time RAH 40 36 25 20 18 ns
Column address
sotap time 1asC -10 -10 -10 -10 -10 ns
Calumn address
hold time tCAH 90 75 55 45 40 ns
Column address hold
tima referanced 10 taR 190 160 120 95 80 ns
RAS
Read command
setup time tRCS 0 0 [ 0 0 ns
Read command
hold time tRCH ] [ 0. [ [ ns
Write command
hold time WCH 90 75 56 45 40 ns
Write command
hold time tWweR 190 160 120 95 80 ns
referenced to RAS
Write command ’7
oulss width we 90 75 55 a5 40 ns
Write command to
FAS lead time wawL | 120 85 70 50 50 as
Write command to
TAS tead time tCWL 120 85 70 50 B0 ns
Data-in set-up time tps 0 0 0 0 0 ns @
Data-in hold time tOH 90 75 55 a5 40 ns ®
Data-in hold time
referanced 1o AAS DHR 190 160 120 95 80 ns
CAS precharge time
(tor page made cp 120 100 80 60 60 ns
cycle only)
Fefresh poriod REF 2 2 2 2 2§ ms
WRITE command
sotup time wes -20 -20 20 -20 0 ns
CAS to WRITE
dalay 1cwp | 140 125 95 70 80 ns
RAS to WRITE ;
delay tawp | 240 200 160 120 120 ns

Notes: (D AC measurements assume tT = 5 ns.
VIHC (min) or Vi (min} and Vi {max) are referanca levels foc measuring timing of input signals. Also, transition times are measured between V¢ or Vi and Vi
@ The specitications for tre (min} and trwg (min) are used only to indicate cycle time at which proper operation over the full temperature range {0°C & T, < 70°C)
is assured.
(@ Assumes that trep < trcp (max). I tRep is greater than the maximum recommended value shown in this tuble, tR AC will increase by the amount that tRgp
exceeds the values shown.
(©) Assumes that tep > 1Rep (max).
(® Measured with a load equivalent to 2 TTL loads and 100 pF.
@ 1OFF (max) defines the time at which the output achieves the open circuit condition and is not refergnced to cutput voitage levels.
Operation within the tggp (max) limit ensures that tyAg {max) can be met, trgp (max) is specified as a reference point only; if tRCp is greater than the specified
tRep (max) limit, then access time is controlled exclusively by tCAC
These parameters are referanced to CAS leading edge in early write cycles and to WRITE leading adge in delayad write or read-modity-write cycles.
@9 twcs. tcwp and tawp are not restrictive operating paramaters. They are included in the data sheet as efectrical characteristics only. W ycs = twgs (min), the cycle
is an early write.cycle and the data out pin will remain open circuit (high impedance} > trwp {minl, the cycle is a read-write cycle and the data out will contain data
read from the selected cell; if neither of the above sets of conditions is satisfied the condition of the data out (at access time) is indeterminate.
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DERATING CURVES

AMBIENT TEMP T, (°C)

50 mA

40 mA

30 mA

20 mA

10 mA

70

60

50

CYCLE TIME tpg (ns)

1000 500 400 I
THEER! 11375

320 '
300 250
1

1
T, (MAX)

0 1.0 2.0 3.0

CYCLE RATE (MH2) = 103/tRc {ns)

FIGURE 1

Maximum ambient temperature versus cycle

rate for extended frequency operation. Ta
{max) for operation at cycling rates greater
than 2,66 MHz (toye < 375 ns) is deter-

mined by T, (max) [°C] =70-9.0 x

{eycle rate [MHz] -2.66). For uPD416-5,
itis Ty (max) [°C] = 70 - 9.0 (cycle rate

[MHz] ~3.125).

CYCLE TIME tgg (ns)
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1.0 20 3.0
CYCLE RATE (MHz2) = 103/tg (ns)
FIGURE 3

Maximum lDD3 versus cycle rate for device
operation at extended frequencies.

4.0

MAX Ip54 SUPPLY CURRENT (mA)

uPD416

CYCLE TIME tg (ns)

320
1000 500 400 375| 300 250
50 mA L)) 1 L 1
uPD416-5
< /]
E d0ma //
£ SPEC LIMIT /7 v
w N
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FIGURE 2
Maximum Ipp 1 versus cycle rate for device
operation at extended frequencies.
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FIGURE 4
Maximum |54 versus cycle rate for device
operation in page mode.
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uPD416

TIMING WAVEFORMS “RAS-ONLY” REFRESH CYCLE
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uPD416

The 14 address bits required to decode 1 of 16,384 bit locations are multiplexed onto
the 7 address pins and then latched on the chip with the use of the Row Address
Strobe (RAS), and the Column Address Strobe.(CAS). The 7 bit row address is first
applied and RAS is then brought low. After the RAS hold time has elapsed, the 7 bit
column address is applied and CAS is brought low. Since the column address is not
needed internally until a time of tcRD MAX after the row address, this multiplexing
operation imposes no penalty on access time as long as CAS is applied no later than
tcRD MAX. If this time is exceeded, access time will be defined from CAS instead of

RAS.

For a write operation, the input data is latched on the chip by the negative going
edge of WRITE or CAS, whichever occurs later. |f WRITE is active before CAS, this
is an "‘early WRITE" cycle and data out will remain in the high impedance state
throughout the cycle. For a READ, WRITE, OR READ-MODIFY-WRITE cycle, the
data output will contain the data in the selected cell after the access time. Data out
will assume the high impedance state anytime that CAS goes high.

The page mode feature allows the uPD416 to be read or written at multiple column
addresses for the same row address. This is accomplished by maintaining a low on RAS
and strobing the new column addresses with CAS. This eliminates the setup and hold
times for the row address resulting in faster operation.

Refresh of the memory matrix is accomplished by performing a memory cycle at each
of the 128 row addresses every 2 milliseconds or less. Because data out is not latched,
“RAS only" cycles'can be used for simple refreshing operation.

Either RAS and/or CAS can be decoded for chip select function. Unselected chip
outputs will remain in the high impedance state.

In order to assure long cerm reliability, VBB should be applied first during power
up and removed last during power down.
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PACKAGE OUTLINES
uPD416C
PLASTIC

uPD416D
CERAMIC

>

uPD416

ISR J——

Plastic
ITEM MILLIMETERS INCHES
A 19.4 MAX 0.76 MAX
B 0.81 0.03
c 2.54 0.10°
D 0.5 0.02
3 12.78 0.70
£ 1.3 0.051
G 2.54 MIN 0.10 MIN
| w [ osww ] ooamm |
1 i 4.06 MAX 0,18 MAX
J 4.55 MAX 0.18 MAX
K 7.62 0.30
L 6.4 0.25
™ 0260 0.0
-0.05

0-18° - \r—

|t ——— I et

s el B

|

Ceramic

ITEM MILLIMETERS INCHES
A 20.56 MAX. 0.81 MAX
B 1.36 0.06
c 254 0.10
D 05 0.02
E 17.78 0.70
F 1.3 0.051
G 35 MIN 0.14 MIN
H 0.6 MIN 0.02 MIN
1 4,6 MAX 0.18 MAX
J 5.1 MAX 0.20 MAX
[ 7.6 0.30
L 7.3 0.20
M 0.27 0.01
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uPD416

K
|
T
P
»
T
"
() \
\
M \
!
o
0-15 -
Cerdip
ITEM MILLIMETERS INCHES
A 19.8 MAX 0.784 MAX
] 1.08 0.042
c 2.54 0.10
D 0.46 £ 0,10 0.018 £ 0.004
E 12.78 0.70
F 1.8 0,069
[} 2.64 MIN 0.10 MIN
H 0.6 MIN 0.019 MIN
] 4.58 MAX 0,181 MAX
J 5.08 MAX 0.20 MAX
K 7.82 0.30
L 64 0.25
+0,10 +0.0039
M .26 0.
02 -0.06 0098 -0,0019
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NEC u PD4164-20

NEC Electronics US.A. Inc. ,': 53‘11 Sﬂg

Microcomputer Division

65,536 x 1 BIT DYNAMIC
RANDOM ACCESS MEMORY

DESCRIPTION The NEC uPD4164 is a 65,536 words by 1 bit Dynamic N-Channel MOS RAM designed
to operate from a single +5V power supply. The negative-voltage substrate bias is
internally generated — its operation is both automatic and transparent.

The uPD4164 utilizes a three-poly N-channel silicon gate process which provides high
storage cell density, high performance and high reliability.

The uPD4164 uses a single transistor dynamic storage cell and advanced dynamic
circuitry throughout, including the 512 sense amplifiers, which assures that power
dissipation is minimized. Refresh characteristics have been chosen to maximize yield
(low cost to user) while maintaining compatibility between Dynamic RAM generations.

The uPD4164 three-state output is controlled by CAS, independent of RAS. After a
valid read or read-modify-write cycle, data is held on the output by holding CAS low.
The data out pin is returned to the high impedancgs__tate by returning CAStoa high
state. The uPD4164 hidden refresh feature allows CAS to be held low to maintain
output data while RAS is used to execute RAS only refresh cycles.

Refreshing is accomplished by performing RAS only refresh cycles, hidden refresh
cycles, or normal read or write cycles on the 128 address combinations of Ag through
Ag during a 2 ms period.

Multiplexed address inputs permit the uPD4164 to be packaged in the standard 16
pin dual-in-line package. The 16 pin package provides the highest system bit densities
and is compatible with ‘widely available automated handling equipment.

FEATURES High Memory Density
Multiplexed Address Inputs
Single +5V Supply
On Chip Substrate Bias Generator
Access Time: uPD4164-20 — 200 ns
uPD4164-15 - 150 ns
uPD4164-12 — 120 ns
e Read, Write Cycle Time: uPD4164-20 — 335 ns
1uPD4164-15 — 270 ns
uPD4164-12 — 260 ns
e Low Power Dissipation: 250 mW (Active); 28 mW (Standby)
e Non-Latched Output is Three-State, TTL Compatible
Read, Write, Read-Write; Read-Modify-Write, RAS Only Refresh, and Page Mode
Capability
All Inputs TTL Compatible, and Low Input Capacitance
128 Refresh Cycles (Ag-Ag Pins for Refresh Address)
CAS Controlled Output Altows Hidden Refresh
Available in Both Ceramic and Plastic 16 Pin Packages

PIN CONFIGURATION NC Vss PIN NAMES
Din CA Ag-Az Address Inputs
WE DouT RAS Row Address Strobe
R CAS Column Address Strobe
RAS Ag
WE Write Enable
Ao A3
DiN Data Input
A2 Aq DouT Data Output
A1 As Vee Power Supply (+5V)
vee Ay | Vss Ground
NC No Connection




PD4164

Operating TEMPerature . . . ..o o e e v en it e eee e it e s 0°C to +70°C
Storage Temperature (Ceramic Package) . ................. ~55°C to +150°C
(Plastic Package) . . ................. -55°C to +125°C
Supply Voltages On Any Pin Except VGG - v - v v v v v e e v e v e n s -1 10 +7 Volts ®
Supply Voltage Ve + v e o v o oo v v e , -0.B.to +7 Volts D
Short Circuit QULPUL CUITENT . . . . ottt it e e e e e e e et e ae s 50 mA
Power Dissipation . . ... .. .. it 1 Watt
Note: (D Relative to Vgg
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 épecification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device

reliability.

Ta=0°1t070°C (D ;Vce=+5V + 10%: Vgg = OV

Voltage (IoyT = 4.2 mA)

LIMITS TEST
PARAMETER SYMBOL MIN TYP | MAX UNIT | CONDITIONS
\" 4.5 5.0 5.5 \2
Supply Voltage V(S:(S: 5 0 ) v;
High Level Input Voltage. Vv 2.4 5 All Voltages
(RAS, CAS, WE) 'HC . 5 v Referenced
High Level input Voltage, to Vgg
All Inputs Except RAS, VIH 2.4 6.5 Vv
CAS, WE
Low Level Input Voltage, ViL 2.0 0.8 v
All tnputs
Operating Current LPD4164-20 45
Average Power Supply
Operating Current lcc1 {#PD4164-15 50 mA @
RAS, CAS Cycling;
tgc = tre (Min.) uPD4164-12 65
Standby Current
Power Supply Standby lcc2 5.0 mA
Current (RAS = V|4,
DoyT = Hi-impedance)
Refresh Current a5
Average Power Supply uPD4164-20
Current, mA
Refresh Mode; cC3 [uPD41684-15 40 16)]
RAS Cycling, CAS = V|,
taC = tRC (Min.) #PD4164-12 45
Page Mode Current 35
Average Power Supply 4PDA4164-20
Current
. 1 .
Page Mode Operation CC4 |uPD4164-15 40 mA @
RAS = ViL: CAS Cycling
tpc = tpg (Min ) uPD4164-12 45
Input Leakage Current
Any Input
VN =0 to +5.5 Volts, ) -10 10 kA
All Other Pins Not
Under Test = OV
Output Leakage Current
DQuT is Disabled, lo(L) -10 10 uA
VouT =0 to +6.5 Volts
Output Levels
High Level Output VoH 24 vee \
Voltage {loyT = 5 mA}
Low Level Output VoL 0 0.4 Vv

Notes: (D) T is specified here for operation at frequencies to tgc > tRrc (min). Operation at
higher cycle rates with reduced ambient temperatures and high power dissipation is
permissible, however, provided AC operating parameters are met. »
Ice1. Yoe3 and Igg4 depend on-output loading and cycle rates. Specified rates are

obtained with the output open.
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AC CHARACTERISTICS

Ta=0° 10470°c D ; veo = 46V £ 10%; vss=ov @ @

4+ PD4164

LIMITS
uPD4164-20 4PD4164.15 uPD4164-12 TEST
PARAMETER symaoL [ MmN Max | min Max | min max | unit |conpiTions

Random Read or Write tRC 336 270 260 ne ®
Cycle Time

Resd Write Cycle Time tRWC 336 270 260 n ®
Page Mode Cycle Time tpe 226 170 130 ns

‘Access Time from RAS tRAC 200 150 120 ™ ® @
‘Access Time from CAS. tcaC 100 76 60 ns @
Output Buffer Turn-Off tOFF 0" 50 [} 40 o 40 s [0)
Delay

:rmsition Time (Rise and T 3 50 3 80 3 35 ns @

al

RAS Precharge Time tRp 120 100 90 ns

RAS Pulse Width HAS 200 10,000 | 150 10,000 | 120 10,000 ns

‘RAS Hold Time tRSH_ 100 76 80 ns

CTAS Pulse Width tcAg 100 10,000 75 10,000 60 10,000 ™

TAS Hold Time tCSH 200 150 120 ns

RAS to EAS Delay Time tRCD 30 100 265 75 25 60 ns Q
CAS to AAS Pracharge Time tcRP 0 o 0 ns

CAS Precharge Time tCPN_ 30 25 25 ns

CAS Precharge Time (For tcp 80 60 60 ny

Page Mode Cycle Only}

RAS Precharge CAS Hold tRPC 0 0 [ ne

Time

Row Address Set-Up Time tASR 0 0 [ ns

Row Address Hold Time tRAH 20 15 15 ns

Column Address Set-Up L.1ASC [ ] [] ns

Time :

Column Addrass Hold Time tcaH 65 45 35 ns

‘Column Address Hold Time taR 120 95 95 ns

Referenced to RAS

Read Command Set-Up tRCS 0 ) ) ns

Time E

Read Command Hold Time RRH 2% 20 20 ns [E)
Referenced to RAS

Fead Command Hold Time tRCH [ 0 0 ns Q
Write Command Hold Time tWCH 55 45 35 ns

Write Command Hold Time twCR 120 95 95 ns

Referenced to RAS

Write Command Pulse Width twp 55 45 35 ns

write Command to RAS tRWL 65 45 45 ns

Lead Time
* Write Command to CAS towl. 65 45 a5 ns

Lead Time

Data-In Set-Up Time tog o 0 ) s [X)
Data-In Hold Time DM 55 45 35 ns &)
Date-In Hold Time_ tDHR 120 95 96 ns

Referenced to RAS

Refresh Period RER 2 2 2 ms

WRITE Command Set-Up twes -10 ~10 ~10 ns @
Time .
CAS to WRITE Delay town 80 60 50 ns ()
RAS to WRITE Delay tRWD 145 110 110 as

Notes: (D

®

@e0 @ ® 6

® © ©

Ta 13 specified here for operation at frequencies to tRC > tRC (min). Operation at higher cycle rates with reduced
ambient temperatures and higher powar dissipation is permissible, however, provided AC operating parameters are met.

An Initlal pause of 100 us Is required efter power-up followed by sny 8 FIAS cycles before proper device operation Is

achieved.
AC measurements assume ty = 6 ns.

ViHe (min) or V) (min) and V)i (mex) are reference levels for measuring timing of input signals. Also, transition
times are measured between V) or V) and V)|,
The spacifications for trc (min) and lnwg; {min) are used only to indicate cycle times at which proper operation over

C} s essured.

the full temperature range (0°C < Ty < 70

Assumes that trcs < tRCD (max). If tres Is greater then the maximum recommended value :Iwwn In this tble,

tRAC WHI incresse by the emount thet trCp exceeds the values shown,

Assumes that trep 2 tRCD (max).

Measured with a load equivatent 10 2 TTL loads and 100 pF.

tOFF (max) defings the tims gt which the output schieves the open circult condition und is not referenced to output

voltege levels,

Operatlon within the tRcp (max) limit ensures that tRAC (max) can be met, tRCD (max) Is specified s a reference
point only, if tRep s greatar than the specified trep (max) limit, then access time Is controlled axclusively by tcaC-

These parameters are refarencad to TAS Isading edge in early write cycles and to WRTTE iesding edpe in delayed write

or read-modify-write cycles,

TWCS. tCWD 8nd tRWD ere restrictive operating pa
twes (min), the cycle is an early write cycle

goes back to V i} Is indeterminate.

Either tRRH Of tRCH Must be satisfied for a read cycle.
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and read

v

cycles only. If twcs >
nd the data cutput will remain open circuit throughout the entire cycle.
If \cwp > tecwp (min) and trwD > tRWD (min), the cycle Is 8 read-write and tha data output will contsin dats resd
from the selected cell. if nelther of the sbove condltions are met the condition of the data out (st sccess time end untll
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= Ving  —— o ‘Ris
Y S -
[ 'RCD e ‘cas tcRp—=|
s " \ oo
y }“:ﬂl— E::;‘Asc’l ?‘ﬁ::
oonesses 1 TN s e XK
" READ-WRITE/READ-MODIFY—WRITE CYCLE
. e __1\ AAS ‘ L
CAS me ————— \
V()” ’._— ' ]

34

TIMING WAVEFORMS



TIMING WAVEFORMS
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pLPD4164

Ta = 0° 10 +70°C; Vo = +6V & 10%; Vgs = OV CAPACITANCE
PARAMETER | SYMBOL [ "'1',”1':5 v CON‘;:‘?IONS

aaom | s |

?g:};:;lt_)Capamanee Co 7 oF

PACKAGE OUTLINES

K]
l-——‘s. uPD4164C
Z i

0-15° \<—

Plastic )
1TEM MILLIMETERS INCHES |
A 19.4 MAX. 076 MAX. |
8 | om oo |
N S TS
o 05 0.02
e | T 0.70
F N | o008t
G 2,54 MIN 0.10MIN,

M 05MIN. | 002MIN,
C 4.05 MAX. 016 MAX, |
3 4.55 MAX. 0.18 MAX.

K 7.62 0.30

L 6.4 0.25

M 026 o0 0.01
-0.05

uPD4164D

Cerdip
ITEM ]r MILLIMETERS INCHES
A 19.9 MAX 0.784 MAX
B 1.06 0.042
Cc 254 0.10
D 046+ 0.10 0.018 ¢ 0.004
E 17.78 0.70
F 1.5 0.069
G 254 MIN 0.10 MIN
H 0.5 MIN 0.018 MIN
1 4.58 MAX 0.181 MAX
J 5.08 MAX 0.20 MAX
K 762 0.30
L 6.4 0.26
+0.10 +0.0039
M 0.25 008 0.0098 ~0.0018

4164DS-REV 1-1-82-CAT
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NEC

NEC Electronics U.S.A. Inc.

Microcomputer Division

DESCRIPTION

FEATURES

4096 x 1 STATIC NMOS RAM

uPD4104
uPD4104-1
uPD4104-2

The uPD4104 is a high performance 4K static RAM. Organized as 4096 x 1, it uses
a combination of static storage cells with dynamic input/output circuitry to achieve
high speed and low power in the same device. Utilizing NMOS technology, the
uPD4104 is fully TTL compatible and operates with a single +5V £ 10% supply,‘

o Fast Access Time — 200 ns (uPD4104-2)
® Very Low Stand-By Power — 28 mW Max.
® Low V¢ Data Retention Mode to +3 Volts.
® Single +5V £10% Supply.
® Fully TTL Compatible. )
® Available in 18 Pin Plastic and Ceramic Dual-in-Line Packages.
o 3 Performance Ranges:
SUPPLY CURRENT
ACCESS TIME R/W CYCLE ACTIVE STANDBY LOW Vee
uPDA4104 300 ns 460 ns 21 mA 5 mA 5 mA
#PD4104-1 250 ns 385 ns 21 mA 5 mA 3.3mA
uPD4104-2 200 ns 310 ns 25 mA 5 mA 3.3 mA
/)
A 1 18 Vv
= ) H Vee PIN NAMES
A2 2 17 A
E ] 5 AO—A” Address Inputs
A 3 16 A —
. [ 144 CE Chip Enable
A 4 15 A
0 C PD :l 7 DIN Data Input
A s D 1a[] ag
4104 DOUT Data Output
Aol 6 13[7] Ag Vgg Ground
oour []7 12[]Ag Vee Power (+5V)
WE[]8 1oy WE Write Enable
ves (]9 10| JcE
Rev/3
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uwPD4104

e ] BLOCK DIAGRAM
Az DECODER MEMORY ‘
Az AND = ARRAY

Aq BUFFER 64 x 64

Ag

#

== TIMING
CE =1 GenERaTOR
COLUMN
* DECODER AND
BUFFER
Din -
DouT -~ 110
WE TTTTTT
Ag A7 Ag Ag A10 A11
Operating Temperature . . ............. e .....0%Cto+70°c ABSOLUTE MAXIMUM
Storage TeMPErature . . . . . v v v e ee e ...-65°Cto +150°C RATINGS*
Voltaggon Any Pin. .......... ... i ..~ 1to+7 Volts
Power Dissipation . . . . . ..o v vt B 1 Watt
Short Circuit Output Current . ... ........ e e 50 mA
Note: (D With respect to Vss

Ta=25°C

» COMMENT: Stress above thosa 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. Exp to axi rating diti for ded periods may affect device
reliability.

Ta=0°C 10 +70°C, Vgg = +5V £ 10%

DC CHARACTERISTICS ® ®

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP ] MAX] UNIT | CONDITIONS
Supply Voitage Vee 4.5 5.0 5.5 \Y
Logic 1" Voltage Al Inputs Vin 223 | 70| V ®
Logic "0” Voltage All inputs ViL -1.0 0.8 v
uPD4104 Icet 1 mA
Average Voc PD4104-1 [ 1
Power Supply “ cc1 2 mA @
Current uPD41042 | Icoq 25 mA
Standby V¢ Power Supply Current iccz 5 mA @
Input Leakage Current (Any Input) LITH -10 10 BA Q
Output Leakage Current loL -10 10 A w
Output Logic “1" Voltage IgyT —500 uA Vou 2.4 v
Output Logic 0" Voltage igyT 5mA VoL 0.4 \"
. CAPACITANCE @
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT | TEST CONDITIONS
{nput Capacitance Cin 4 6 pF @
Output Capacitance Cout 6 7 pF @

Notes: D Alt voltages referenced to Vss

@ Iccy is related to precharge and cycle times. Guaranteed maximum values for Igc1 may
be calculated by

Icct 'ma | = (Btg + 13 (1¢ - tp) +3420) tC

where tp and tc are expressed in nanoseconds. Equation is referenced to the - ~2 davice,
other devices derate to the same curve.
Output is disabled {open circuit), CE is at logic 1.
All device pins at 0 volts except pin under test at 0. V = 5.5 volts.
0OV < VQuT < +5.5V.
During power up, CE and WE must be at V|H for minimum of 2 ms after Vg reaches
4.5V, before a valid memory cycle can be accomplished.

© @000

Effective capacitance calculated from the equation C | A_V with AV equal to 3V and
V¢ nominal.
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AC CHARACTERISTICS @ @

STANDBY
CHARACTERISTICS

TIMING WAVEFORMS

Ta=0°C 10 +70°C, Vgg = +6V + 10% (D

uPD4104

LIMITS
4104 4104-1 4104-2 TEST
PARAMETER SYMBOL | MIN MAX MIN | MAX | MIN MAX UNIT | CONDITIONS

Read or Write Cycle Time c 460 385 310 ns
Random Access 1AC 300 250 200 ns @
Chip Enable Pulse Width 1CE 300 10,000 250 | 10,000 | 200 10,000 ns
Chip Enable Precharge Time tp 150 125 100 ns
Addregs Hold Time tAH 165 136 110 ns
Address Set-Up Time tAS 0 0 o ns
Output Buffer Turn-Off Delay 1OFF 0 75 0 66 [ 50 ns [0)
Read Command Set-Up Time RS 0 0 0 ns @
Write Enable Set-Up Time ws ~20 -20 -20 ns @
e ow_| = zs zs "
Write Enabled Pulse Width WW 920 75 60 ns
Modify Time tMOD ] 10,000 0 | 10,000 0 10,000 ns @
WE to CE Precharge Lead Time TWPL 108 85 70 ns (:)
Data Input Set-Up Time 1Ds 0 0 [ ns
Write Enable Hold Time tWH 225 185 160 ns
Transition Time T ] 60 5 50 5 50 ns
Read-Modify-Write Cycle Time TRMW 565 470 380 ns

Notes:

®
@
®
@
®
®
@
®

®

All voltages referenced to V§g5

conditions, The output is guaranteed to be open circuit within tQFF.
TRMW = TAC * twPL * tp + 31T + tMOD-

Ta=0°C to +70°C

During power up, CE and WE must be at V| for minimum of 2 ms after Vg reaches 4.5V, before a valid
memory cycle can be accomplished. :
Measured with load circuit equivalent to 2 TTL loads and CL = 100 pF.

11 WE follows CE by more than tws then data out may not remain open circuited.
Determined by user. Total cycle time cannot exceed tcg max.

Data-in set-up time is referenced to the later of the two falling clock edges CE or WE.
AC measuremants assume tT = 5 ns. Timing points are taken as V| = 0.8V and V)i = 2.2V on the inputs
and Voi = 0.4V and Vg = 2.4V on the output waveform,
tC=tCE Pt 21T,
The true level of the output in the open circuit condition will be determined totally by output load

I LIMITS
4104 4104-1 4104-2 TEST
PARAMETER SYMBOL | MIN MAX MIN | MAX | MIN | MAX-| UNIT | CONDITIONS

Vg In Standby Vep 3.0 3.0 3.0 v

Standby Current \pp 6.0 3.3 33 | mA D

Power Supply Fall Time Te 100 100 100 us

Power Supply Rise Time TR 100 100 100 us

Chip Enable Puise CE Width JTcE 300 250 200 us

Chip Enable Precharge to

Power Down Time TePD 150 125 100 ns

“y" Level CE Min Level Vin 2.2 2.2 2.2 v

Standby Recovery Time TRC 500 500 500 us

Note: (1) Maximum value for Vpp minimum value (= 3 V).
POWER DOWN
VeciMING ——» tF STANDBY MODE——=| tR [=—
e
Vee
{ ¢
VPD - T )
tPPD tRC
~ §— N
V4 - tCE ¥ .
CE IH
ViL-
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uPD4104

READ CYCLE

ViH - '35

ViL— k

tc

I

tCE

]

tAS
Vin -~ .-I

ADDRESSES v, _

VALID

N,

RS

— P ]

1

Xz,

pet— taH —=]

WE ViH-/, .
Vi -

SN/ A Y,
WRITECYCLE
ADDRESSES \\ﬁ'l': - m; : VALID m
tws—w] g AT et
LI KN T

' CE Viu ——k

READ-MODIFY-WRITE CYCLE

T T,

;e

ViL-
1CE
tAS b
ViH - :
RESSES D
ADDRESS Vi - / VAL p A
tAH toHe
——l tRS pe—o wPL

ViH =7 ::Z:ﬂl
WE
VIL*/

Vin -
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" DIH

VALID
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uPD4104

OPERATIONAL READCYCLE

DESCRIPTION The selection of one of the possible 4096 bits is made by virtue of the 12 address bits
' presented at the inputs. These are latched into the chip by the negative going edge of

chip enable (CE). If the write enable (WE) input is held at a high level (V) while the
CE input is clocked to a low level (V1L), aread operation will be performed. At the
access time (tac), valid data will appear at the output. Since the output is unlatched
by a positive trapsition of CE, it will be in the high impedance state from the previous
cycle until the access time. It will g to the high |mpedance state again at the end of the
current cycle when CE goes high.

The address lines may be set up for the next cycle any time after the address hold time
has been satisfied for _the current cycle,

WRITE CYCLE

Data to be written into a selected cell is latched into the chip by the later negative
transition.of CE or WE. If WE j is brought low before CE the cycle is an “’Early Write”
cycle, and data will be latched by CE.If CEis brought low before WE as in a Read-
Modify-Write cycle, then data will'be latched by WE,

If the cycle is an “Early Write'" cycle, the output will remain in the high impedance
state. For a Read-Modify-Write cycle; the output will be active for the Modify and _
Write portions of the memory cycle until CE goes high. If WE is brought low after CE
but before the access time, the state of the output will be undefined. The desired data
will be written into the cell if data-in is valid on the leading edge of VTE', tDIH is satisfied,
and WE occurs prior to C_Egoing high by at least the minimum lead time (twpj).

READ-MODIFY-WRITE

Read and Write cycles can be combined to allow reading of a selected location and then
modifying that data within the same memory cycle. Data is read at the access time and
modified during a period defined by the user. New data is written between WE low and
the positive transition of CE. Data out will rerhain valid until the rising edge of CE. A
minimum R-M-W cycle time can be calculated by tRMw = tAC + tMOD + twPL + tP +
3 tT; where tRMW is the cycle time, tAC is the access time, tMOD is the user defined
modify time, twpy_ is the WE to CE lead time, tp is the CE high time, and tT is one
transition time.

POWER DOWN MODE

In power down, data may be retained indefinitely by maintaining Vg at +3V.
However, prior to VCC going below V¢ minimum (<4.5V) CE must be taken high
(VIH = 2.2V) and held for a minimum time period tppp and maintained at V4 for
the entire standby period. After power is returned to Vo min or above, CE must be
held high for a minimum of tRc in order that the device may operate properly. See
power down waveforms herein. Any active cycle in progress prior to power down must
be completed so that tGE min is not violated.
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uPD4104

o

Plastic

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
B 1.44 0.055
C 2.54 0.1
) 0.45 0.02
E 20.32 0.8
F 1.2 0.06
G 2.5 MIN. 0.1 MIN,

T H 0.5 MIN. 0.02 MIN.
1 4.6 MAX, 0.18 MAX.
J 5.1 MAX. 0.2 MAX.
K 7.62 0.3
L 6.7 0.26
M 0.25 0.01
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NEC _ . uPD2114L

. : PD2114L-1

NEC Electronics US.A. Inc. ::PD21 14L-2
Microcomputer Division uPD2114L-3
: uPD2114L-5

4096 BIT (1024 x 4 BITS) STATIC RAM

DESCRIPTION TheNEC uPD2114L is a 4096 bit static Random Access Memory organized as 1024
words by 4 bits using N-chanriel Silicon-gate MOS technology. It uses fully DC stable
(static) circuitry throughout, in both the array and the decoding. It therefore requires
no clocks or refreshing to operate and simplifies system design. The data is read out
nondestructively and has the same polarity as the input data, Common input/output
pins are provided.

The uPD2114L is designed for memory applications where high performance, low cost,
large bit storage, and simple interfacing are important design objectives. The uPD2114L
is placed in an 18-pin package for the highest possible density,

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply.
A separate’ Chip Select (CS5) lead allows easy selection of an individual package when
outputs are OR-Tied.

" FEATURES

e Access Time: Selection from 150-450 ns
* Single +5 Volt Supply
e Directly TTL Compatible — All Inputs and Outputs
e Completely Static — No Clock or Timing Strobe Required
e Low Operating Power — Typically 0.06 mW/Bit
e ldentical Cycle and Access Times
e Common Data Input and Outpu_t using T_hree-State Qutput
e High Density 18-pin Plastic and Ceramic Packages
o Replacement for 2114L and Equivalent Devices
PIN CONFIGURATION o .7 ™~ 18D Vec R ) " PIN NAMES
AE O 2 170 A7 ) Ag-Ag Address nputs
asf] 3 167 A8 WE Write Enable
A3E' 4 15 jAQ CS 'Chip Select
uPD 1/01-1/04 Data Input/Output
Ag [] 5 211aL 14[] /04
Aq E 6 1oy vee Power (+6V)
Ag E 7 12 _-_l 1103 GND Ground
csl s 1107 /04
ano([] o 10{] WE
Rev/2
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uPD2114L

BLOCK DIAGRAM

O e - S—
.——‘ vee
O e . S——
‘4—_@6.\1[)
s QL] em
ROW MEMORY ARRAY
SELECTOR 64 ROWS
A, 64 COLUMNS
6
O e i P S
n
3 (9) P
ror g SENSE SWITCH
150y (13— Jl % 1
INPUT COLUMN SELECTOR
DATA
103 (2 {\/0_——'— CONTROL
1204 (11 J| %
5 b
Ag Ay A Ag

l—A

Operating Temperature -10°Cto +80°C  ABSOLUTE MAXIMUM
Storage TEMPErature . . o o v v v vt e e e ene e e e e e -65°C to +150°C RATINGS*
Voltageonany Pin . ... ... ... .. . . . .. e ~-(.56 to 7 Volts @

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.
Ta=0°Cto 70°C; Vog = +5V * 10% unless otherwise noted. DC CHARACTERISTICS
LIMITS
PARAMETER SYMBOL | MIN | TYP|MAX | UNIT TES1T CONDITIONS
input Load Current -
(ANl Input Pins) ILI 10 HA VIN 0 to 6.5V
1/Q Leakage CS = =
Current Lo 10 HA | CS =2V, V g =04V to Voe
Power Supply Vi =55V, | =0 mA,
| 65 mA IN /0
Current cc1 oo
Ta =25C )
Power Supply Vi =55V, 1 =0 mA,;
Current 'cc2 0 mA ”\i o°c 1o
a
Input Low Voltage V”_ -3.0 0.8 Vv
Input High Voltage ViH 2.0 6.0 \
Output Low Current 'OL 3.2 mA VOL = 0.4V
Output High V, =24V, V.. =475V
Current IOH -1.0 mA OH CcC
VOH =22V, VCC =4.5V
Ta=25"C;f=1.0MHz CAPACITANCE
LIMITS TEST
PARAMETER 'SYMBOL | MIN [ TYP | MAX | UNIT | CONDITIONS
Input/Output Capacitance Ci/o 8 pf Vy/o =0V
Input Capacitance CIN 5 pf VIN = 0V
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AC CHA RACTE R ISTICS Ta = 0°Cto +70°C; Vg = +BV ¢ 10%, uniess otherwise noted.

uPD2114L

LIMITS
PARAMETER | SymBoL 2114L 2114L-1 2114L-2 2114L-3 2114L5  JUNIT TEST
CONDITIONS
min | max | min ] MAX | MIN l MAX [ MIN ]MAx MIN ]MAX
READ CYCLE
Read Cycle Time |  1Rpc: 450 300 250 200 150 ns [t =y =10ns
Access Time A 450 300 250 200 180 | ns | C_ =100 pF
Chip Selection
1 1 0 7 60 Load = 1 TTL gat
to Output Valid co 20 o0 8 Q ns | Loa gate
Chip Selection Input Levels = 0.8
2 2
to Output Active fex 0 0 20 0 2 ™ |and 2.0v
Qutput 3-State
7 Vief = 1.5V
trom Desslection oD 100 80 0 60 S0 n ref s
Qutput Hold from| 50 50 50 50 50
n
Address Change s s
WRITE CYCLE
Write Cycie Time we 450 300 250 200 150 ns (T =t =tg=10ns
Write Time w 200 150 120 120 80 ns |CL =100 pF
Write Release . o o 0 0 0 Load = 1 TTL
Time WR ns oad = gate
Output 3-State Input Levels = 0.8
10 80 7
from Write totw 0 ° 60 %01 lanazov
Data to Write
200 1 1 Vyet = 1.
Time Overlap oW 50 20 120 80 ns |Vygr = 1.5V
Data Hold from
Write Time toH 0 o ° 0 0 e
Address to Write N ° 0 ° o o
Setup Time AW ns
TIMING WAVEFORMS READ cYCLE @
tRC
A

ADDRESS ), )‘

(7777I77777777

et tCO i

e tOTD —]

[ tCX——=] tOHA
DouTt —
WRITE CYCLE
twe
ADDRESS )( )\F
WR
& \ A7/
w®
. y y
we \ y.1///4
‘AW———‘ toTW
Dout
fest- t DY ] IDH
Din Q

Notes: @ WE is high for Read Cycle
@ 1w is measured from the latter of TS or WE going low to
the earlier of CS or WE going high.
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uPD2114L

PACKAGE OUTLINES
uPD2114LC

(PLASTIC)

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
B 1.44 0.055
[ 2.54 0.1
") 0.45 0.02
E 20.32 0.8
F 1.2 0.06
G 2.5 MIN. 0.1 MIN,
H 0.5 MIN. 0.02 MIN,
1 4.6 MAX. .18 MAX.
J 5.1 MAX, :2 MAX.
K 762 .3
L 6.7 0.26
M 0.256 0.01
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uPD2147-2

NEC Electronics US.A. Inc. | uPD2147-3
Microcomputer Division uPD2147-5

4096 x 1 BIT STATIC RAM

DESCRIPTION The uPD2147 is a 4096-bit static Random Access Memory organized as 4096 words by
1-bit. Using a scaled NMOS technology, it incorporates an innovative design approach
which provides the ease-of-use features associated with non-clocked static memories
and the reduced standby power dissipation associated with clocked static memories.
The result is low standby power dissipation without the need for clocks, address setup
and hold times. In addition, data rates are not reduced due to cycle times that are
longer than access times.

CS controls the power down feature. In less than a cycle time after CS goes high —
deselecting the uPD2147 — the part automatically reduces its power requirements and
remains in this lower power standby mode as long as CS remains high. This device
feature results in system power savings as great as 85% in larger systems, where the
majority of devices are deselected.

The uPD2147 is placed in an 18-pin package configured with the industry

standard pinout. It isdirectly TTL compatible in all respects: inputs, outputs, and a
single +6V supply. The data is read out non-destructively and has the same polarity
as the input data. A data input and a separate three-state output are used.

FEATURES

o Scaled NMOS Technology
e Completely Static Memory — No Clock or Timing Strobe Required
e Equal Access and Cycle Times
e . Single +5V Supply
e Automatic Power-Down.
o High Density 18-Pin Package
. » Directly TTL Compatible -- All Inputs and Outputs
e Separate Data Input and Output
e Three-State Output
e Available in a Standard 18-Pin Ceramic Package
e 2 Performance Ranges:
MAX SUPPLY CURRENT
ACCESS TIME ACTIVE STANDBY
uPD2147-2 70 ns 160 mA 20 mA
uPD2147-3 §5 ns 160 mA 20 mA
uPD2147-5 45 ns 160 mA 20 mA
PIN CONFIGURATION Ag 18] Vee PIN NAMES
A 1 A AQ-At1 Address Inputs
2 17 Ag WE Write Enable
A2 O3 16[1 A7 TS Chip Select
Az 4 15 A DIN Data input
uPD [ A5 DouT | Data Output
A4 [ 5 2147 14[] Ag vee Power (+5V)
A GND Ground
s []e 13170 Ay
Dout [ 7 12[] Ay
WE
8 1o,y TRUTH TABLE
GND cs ——
9 j cs cs [ we] mooe | outeutr | power
X | Not Selected | HighZ Standby
L L Write High Z Active
L | H | Read Dout Active
Rev/1

47



uPD2147

:E H «—ve  BLOCK DIAGRAM
A «—GND

A2 —{}:1 ROW MEMORY ARRAY

A3 m 64 CoLUMNS

Agq

A

T

o COLUMN 1/O CIRCUITS DouT
COLUMN SELE(}T

FRERRS

Ag A7 Ag Ag A1p Aty

cs
WE
Operating Temperature . .. .................. e ~10°C to +85°C. :
g Temp 19 C ABSOLUTE MAXIMUM
Storage Temperature . . ... ... ci ittt -65 Cto+150°C RATINGS*
Voltage on Any Pin'. . . P, .. -3.5V to +7 Volts @
DC Output Current . . . T 20 mA
Power Dissipation . . ......... e e et i e e 1.2W
Note: (’D with respect to ground
Ta=25°C '
*COMMENT: Stress above those listed under “Absofute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of tha 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 = +BV £ 10%, unless otherwise noted. ® DC CHARACTERISTICS
LIMITS
PARAMETER SYMBOL { MIN TYP@ MAX | UNIT TEST CONDITIONS
Input Load (IN] 0.01 10 #A | Vee = Max, ViN = GND to
Current (All Vee
input Pins)
Output Leakage Lo 0.01 10 pA €S = V4. Ve = Max,
Current VouT =GND to Vcc
120 150 mA | Ta=25°C| Ve =Max,
Operating Current ice CS=V|L.
160 mA | Ta=0°C |Outputs Open
Standby Current Isg 12 20 mA [ Vgc = Min 10 Max,
CS=VHy
Peak Power-On 1po ® 25 50 mA | Vgc = GND to Ve = Min,
Current . CS = Lower of Vgg or
ViHMin
Input Low ViL -3.0 08 v
Voltage
Input High VIH 2.0 6.0 v
Voltage
Output Low VoL 04 v loL =8 mA
Voltage
Output High VOoH 24 v IoH = -4.0mA
Voltage
Output Short los -160 +150 | mA VouT = GND to Vcc
Circuit Current
Notes: @ The ambient [ range is gi with transverse air flow exceeding 400 linear feet per

minute,

8 Typical limits are Vo = 5V, Ty = +26°C, and specified foading.
IcC exceeds Igg maximum during power on. A pull-up resistor to Ve on the CS input Is required to keep the
device deselected: otherwise, power-on current approaches I¢c active, :
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CAPACITANCE

AC TEST CONDITIONS

AC CHARACTERISTICS
READ CYCLE

Ta=26°C;f=1.0 MHz@

LIMITS

PARAMETER SYMBOL | MIN

TYP | MAX { UNIT

TEST CONDITIONS

Input Capacitance CIN

5

pF

ViN =0V

Output Capacitance | CouT

6

pF

Voyt =0V

Note: @ This parameter is sampled and not 100% tested.

uPD2147

tioning address.

@ At any given temperature and voltage condition, tyz max is less than t| z min. both
for a given device and from device to device. .

@ Transition is measured 200 mV from steady state voltage with specified loading.

@ Transition is measured at Vg +200 mV and Vo ~200 mV with specified loading.

49

InputPulseLevels. .................................Gndto 3.0 Volts
Input Riseand Fall Times. . . . ............. it ivineeneee....Bns
Input and Output Timing Reference Levels .. .................... 1.6 Volis
Output Load ... ... e ieiiaeieaeraiiaaeans ..., SeeFigure

Tg =0°C to +70°C; Vo = +5V * 10% unless otherwise noted.

LIMITS
uPD21475 uPD2147-3 1#PD2147-2
PARAMETER SYMBOL | MIN ] MAX | MIN } MAX | MIN | MAX JUNIT | TEST CONDITIONS

Read Cycle Time ‘RC(D 45 55 70 ns

Address Access Time tAA a5 56 70 ns

Chip Select  ~ tACS1 45 56 70 ns

Access Time

Chip Select tACS2 45 56 70 ns

Access Time

Qutput Hold From toH B 5 3 ng

Address Change

Chip Select to cz® [ 10 10 10 ns ®

Qutput in Low Z

Chip Deselaction to wz® | o |30 | o [ a0 ] o |4 [ ®

Output in High Z

Chip Selaction to tpy [} [} [} ns

Power-Up Time

Chip Selection to tpD 20 20 30 ng

Power-Down Time

Vee
5100
PouT —4
& 30 pF
3000 ¢ (INCLUDING SCOPE AND JIG)
Figure 1

Notes: (‘D All Read Cycle timings are referenced from the last valid address to the first transi-



uPD2147

ADDRESS >(

READ cYCLE No, 1 ©®

Ty

1OH

DATA OUT PREVIOUS DATA VALID )

(XX)L

DATA VALID

ts—-j(

RreaD cveLe no. 2 ©@

t

mam—tA

HIGH IMPEDANCE

tHZ:

DATA OUT DATA VALID TPEDANCE
'——-xpu——] r‘——!pD
16C = e
Vee
SUPPLY . * 0% 50%
CURRENT S8
LIMITS
PD2147-6 uPD2147-3 uPD2147-2
PARAMETER SYMBOL [ MIN | MAX § MIN MAX | MIN MAX {UNIT | TEST CONDITIONS

write Cycle Tme® | twe 45 56 70 ns

Chip Select to tcw 45 45 55 ng

End of Write

Address Valid 1o AW 45 45 85 ns

End of Write

Address Setup Time 1AS 0 0 [ ng

Write Pulse Width WP 25 256 40 ns

Write Recovery Time TWR [} 10 16 ng

Data Valid to tpw 25 25 30 ns

End of Write

Data Hotd Time 1DH 10 10 10 ns

Write Enabled to tw2 25 25 35 ns [©]

Output with Z

Output Active From tow 0 0 0 ns @

End of Write

Notes: () Ali Read Cycle timings are referenced from the last valid address to the first transi-
tioning address,

@ Atany given temperature and voltage condition, tiyz max is less than t| z min. both

for a given device and from device to device.
Transition is measured £200 mV from steady state voltage with specified loading.
Transition is measured at Vg +200 mV and V oy -200 mV with specified loading.

WE is high for

QOO

Read Cycles.

Device is continuously selected, TS = V| .
Addresses valid prior to or coincident with TS transition low.
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TIMING WAVEFORMS
READ CYCLE

AC CHARACTERISTICS
WRITE CYCLE



uPD2147

TIMING WAVEFORMS
WRITE CYCLE

WRITE CYCLE NO. 1 (WE CONTROLLED)

Wi
Wi

ADDRESS Y

tcw
SONTY 7717777
e tAg - we TWR
- Y f
‘DW——"‘- tDH
DATA'IN ; DATA IN VALID

o : [ twz ha—toW—e{
HIGH IMPEDANCE
DATA OUT i DATA UNDEFINED 16 (

WRITE CYCLE NO, 2(CS CONTROLLED) ®

we .
ADDRESS :)F X
tAS— tew
T N F
tAw

twp.

T AN NN MV N NN 7777777

l" tDW-——=tatt DH
DATA IN *— DATA IN VALID
r—tWwz
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED D

Notes: (D lfc—s goes high simultaneously with WE high, the output ramains in a high impedance
state.
@ All Write Cycle timings are referenced from the last valid address to the first
transitioning address.
(@ Transition is measured st Vyy_ +200 mV and VoH -200 mV with specified loading.
@ Eamil_iﬂl is measured £+200 mW from steady state voltage with specified loading.
() CS or WE must be high during address transitions.
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uPD2147

| A | fr—— K—] PACKAGE OUTLINE
' . I _':':‘ uPD2147D
H 1 o
HL]' TmY L] e
T—. | ; 7\M
R 0
= Aol A,

~

D
0-18°
e
f E
Ceordip
ITEM MILLIMETERS INCHES
A 23.2 MAX 0.91 MAX
B8 .44 0.055
c .54 0.1
[+ .45 0.02
E 20.32 0.8
F . 0.06
G .5 MIN 0.1 MIN
1 .5 MIN 0.02 MIN
T 6 MAX 018 MAX
7 5.1 MAX 0.2 MAX
K 7.62 0.3
© 6.7 0.26
M 0.25 0.01

2147DS-REV1-10-81-CAT
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NEC uPD2149

NEC Electronics U. S A. Inc : uPD2149-1
Microcomputer Division : uPD2149-2

4096 (1024x4) BIT STATIC RAM

DESCRIPTION The uPD2149 is a 4096-bit static Random Access Memory organized as 1024 words
by 4-bits. Using a scaled NMOS technology, it incorporates an innovative design
approach which provides the ease-of-use features associated with non-clocked static
memories.

The uPD2149 is encapsulated in an 18-pin ceramic package configured with the
industry standard pinout. It is directly TTL compatible in all respects: inputs, out-
puts, and a single +BV supply. The data is read out non-destructively and has the
same polarity as the input data. '

FEATURES

e Completely Static Memory — No Clock or Timing Strobe Required
o Equal Access and Cycle Times, Faster Chip Select Access

e Single +5V Supply

e High Density 18-Pin Package

e Directly TTL Compatible — All Inputs and Outputs

e Common Input and Qutput

e Three-State Qutput

e Access Time: 35-55 ns MAX (From Address)

156-25 ns MAX (From Chip Select)
o Power Dissipation: 180 mA MAX

PIN NAMES
as 01 7 18P vec Ag-Ag Address Inputs
As > 17[3 A7 WE Write Enable
cS hip Select
Aa E3 160 As CcS Chip Selec
1/01-1/04 |Data {nput/Output
A3 e PD 15 : A9 Vee Power {+5V)
Ao [Os 2";49 14 :I 1101 GND Ground
A" gs 133 102 .
‘ © TRUTH TABLE
Az, 07 12| 1103
& s 11 vos Cs | WE MODE /0
ano o 10 WE* H | X Not Selected | High 2
L L Write Din
L|H Read DouT
Rev/1
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uPD2149

BLOCK DIAGRAM

ABSOLUTE MAXIMUM
RATINGS*

g ————— L5 ~—— Vce
Ag ————F | ~=——— GND
] [ ]
Ag —t ROW . MEMORY ARRAY
SELECT | o 64 ROWS
A ——————E; : 64 COLUMNS
Ag D:
Ag *“E
[ o o o |
'/01'—“‘"‘__?i COLUMN 1/Q CIRCUITS
1/0, 3— INPUT COLUMN SELECT
DATA
1103 3_ CONTROL .
+—
y
1104 f?— Ap A1 Az Ag ?
<
L.
e - =
A
Operating TemMperature . . . ..o v e in e i it et e e . -10°C to +85°C
Storage TemMPerature . . . ..o oo et e ettt e -65°C to +150°C
Voltage on Any Pin. .......... N -16Vto+7vV @D
DCOUIPUL CUITeNt « o . o e et it e e et et e e et e e .. .. 20mA
Power Dissipation . . . . ... ... e e 1.2wW

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.

Ta=0°Cto +70°C; Vg = +6V £ 10%, uniess otherwise noted.

DC CHARACTERISTICS

PARAMETER SYMBOL { MIN [MAX 1 UNIT TEST CONDITIONS

input Leakage Current [IW] +10 HA VN = GND to Ve
S =V

Ouput Leakage Current Lo +50 KA SOUT |=HGND to 4.5V
Power Supply Current lce 180 | MA VIN = Ve, [/O = open
Input Low Voltage ViL 0. \%
Input High Voltage ViH 2.1{ Vcc v
Output Low Voltage VoL 04 V 1oL =8 MA
Output High Voltage VOH 2.4 v I0H =—4 MA
Output Short Circuit los +200 | MA Vour = GND to Vee
Current

Note: The operating temperature range is guaranteed with transverse air flow exceed-
ing 400 feet per minute.
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uPD2149

CAPACITANCE - Ta=25°C:f=1.0MHz (D

B ) o o LiMITS :
PARAMETER |-SYmMBOL | MIN | TYP |} MAX | UNIT | TEST CONDITIONS

Input Capacitance Cin 5 pF ViN =0V

Qutput Capacitance | CouT |7 pF VouT =0V
Note: (1) This parameter is samipled and not 100% tested.

AC TEST CONDITIONS  INPUtPUISE LOVEIS . - « « « o v e e e e e e e e e e e Gnd to 3.0V
. Input Rise and Fall TIiMes . . .0 .ot i e ittt et et i e e e 5 ns
Input and Output Timing Reference Levels . ... .. ... ... ... ......... 1.5V

Qutputload ........... ... e e See Figure 1

AC CHARACTERISTI CcS Ta = 0°C to +70°C; VG = +6V + 10%, unless otherwise noted.
READ CYCLE @ ' 21492 2149-1 2149

: TEST

" PARAMETER |SYMBOL | MIN IMAX | MIN IMAX | MIN [MAX ] UNIT | CONDITIONS
Read Cycle Time TRC 3 | - 45 65 ns

Access Time TA : 35 45 55 ns

Chip Selection

to Output Valid | 10 18 b N

Chip Selection

to Output Active Tex 5 5 5 ns

Output 3-State ToTD 10 15 20 ns @

From Deselection
Qutput Hold From

Address Change ToH 5 5 5 ns
vce +5V
4800 4809
DouT PouT
s
30 pF 4 36 pF
550 3 3309 § P
269 3 (INCLUDING $ (INCLUDING
SCOPE AND SCOPE AND
HG) JG)
i +
Figure 1 Figure 2

Notes: (1) WE is high for read cycle.

@ Transition is measured 500 MV from steady state with load of Figure 2. This parameter
is sampled and not 100% tested.
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uPD2149

uPD2149-2 | uPD2149-1 uPD2149 TEST-
PARAMETER SYMBOL | MIN | MAX | MIN | MAX | MIN | MAX | UNIT | CONDITIONS |
Write Cycle Time twe 35 45 55 . ns
Chip Selection to
End of Write tew - | 30 40 50 ns
Address Valid to
End of Write AW 30 40 50 ns
Address Setup
Time tAS 0 0 0 ns
Write Pulse
Width WP 30 35 40 ns
Write Recovery .
Time tWR 5 5 5 ns’
Data Valid to
End of Write tow | 20 2 ° ns
Data Hold Time tpH 5 5 5 ns
Write Enabled to o
| utput in High Z twz o] 10| o] 158 | 0 29 ns ®
Output Active’ o -
from End of tow 0 0 0 . ns ®
Write
+BV
» 4800
DOUT————————j
<
2260 $- I 5 pF
=
Figure 3
Notes: (‘D WE or CS must be high during all address transitions.

@) Transition is measured +500 MV from steady state with load of Flgura 3. This param-
eter is sampled and not 100% tested,

READ CYCLE @D @

ADDRESS

DouT

 C— -
@WNUK\‘__T | ’f////[///
—Tcx <z T0H>F“-__—_—_-
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AC CHARACTERISTICS
WRITE CYCLE
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uPD2149
TIMING WAVEFORMS

WRITE CYCLE NO. 1 (WE CONTROLLED)

X X

SENANNNNNNNNNN NN S /777 1/ /4 1/ 1/
| S R P
wE , \\\\‘ ‘. j/ '

tDW ————=4
Data In . . » Data Invalid

. .
wWZ tow
e * High impedance
Data Out Data Undefined B -

ey NS

WRITE CYCLE NO, 2 (CS CONTROLLED)

twe
Address ‘>< —>[
[~—tas | tew
. { I
taw
twp e —ﬂ

7 ANV 7

tDH

tow
Data In Data Invalid

twz

High I
Data Out Data Undefined igh Impedance

Note: (D Transition is measured £500 mV from steady state with Load B,
This parameter is sampled and not 100% tested,
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uPD2149

il

1 l f—— K ——
| guam A 1 pot— L
T ™
-
N1 "
t J I
T
e’
f | fe ~~ M
1} 1 ]
0 | H
-~ cl=- -—JDI-— ¢ ] b
0-15°
E
I E
Cerdip
ITEM MILLIMETERS INCHES
A 23.2 MAX 0.91 MAX
8 1.44 0.055
[ 2.54 0.1
[v] 0.45 0.02
E 20.32 0.3
F 1.2 0.08
G 25 MIN 0.1 MIN,
H 0.5 MIN 0.92 MIN.
1 4.6 MAX 0.18 MAX.
4 5.1 MAX 0.2 MAX
K 7.62 0.3
L 6. 0.268
M 0.25 0.0t
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NEC
NEC Electronics U.S.A. Inc.

Microcomputer Division

Description

The uPD2167 is a 16,384-word by 1-bit static MOS RAM.
Using a scaled-NMOS technology, its design provides the
easy-to-use features associated with non-clocked static
memories.

The uPD2167 has a three-state output and offers a
standby mode that features an 83% savings in power con-
sumption. The uPD2167 requires a single +5 volt supply
and is fully TTL-compatible. It features equal access and
cycle times and, because of its fully static operation, it
requires no external clocks or timing strobes. It is pack-
aged in a standard 20-pin, 300 mil DIP .

Features

] 16384 x 1 organization

O Fully static memory — no clock or timing
strobe required

0 Equal access and cycle times

O Single + 5v supply

(0 Automatic power-down_

[J Standard 20-pin DIP, 300 mil .

[0 Allinputs and output directly TTL-compatible

[J Separate data input and output

[0 Three-state output

[0 Power dissipation: 180 mA max (active)

30 mA max (standby)

Access time R/W Cycle time
puPD2167-2  70ns 70ns
uPD2167-3  55ns 55ns

Pin Configuration

Pin Names

Ag-A; Address Inputs
WE Write Enable
cs Chip Select
Diy Data Input
Dour Data Output
Veo Power (+5v)
Vss Ground

uPD2167-2
uPD2167-3
16,384 x 1-BIT STATIC RAM

Truth Table

CS WE Mode Output Power
H X not selected High Z Standby
L - L write High Z Active
L H read Dour Active

A,
Buffer _- .
Selector g1 |2 Cell Matrix BBG
A o—f @ 5 — (128 - 128)
BRF
e 3
A ] Row
P — Ao — 3 3 Column |-—-04-
Ol o v Address [—0A.
[
A% (5) (Column Decoder (16 - 2) \ddres oA
N l ) A
To all Blocks
oI DIN Bus Selector (8)
= & Buffer
P
J i Setector Sense Output
Buffer Amp Butter |—oD., .
° WE (3)
We Butfer 1 L l
A, LY
A,

Absolute Maximum Ratings*

T.=25°C

Temperature under bias —10°C to +85°C
Storage temperature —65°C to +150°C
Voltage on any pin with respect to ground ~3.5vto +7v
D.C. output current 20mA
Power dissipation 1.2w

*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.

Capacitance

T.=25°C, f=1.0 MHz
Parameter Symbol Max. Unit Conditions
Input Capacitance Cin 5 pF Vin=0V
Output Capacitance Coyr 6 pF Vour =0V

This parameter is sampled and not 100% tested.

REV/



uPD2167

DC Characteristics AC Characteristics
T.=0°C to +70°C, V.. =+5v + 10% T.=0°C to +70°C, V.. =+5V +10% ;
Parameter Sym Min Typ Max Unit Test Parameter Symbol uPD2167-3 uwPD2167-2 Unit Notes
Conditions min typ max min typ max
Input load 1y 10 pA Vo =max, Read Cycle
current .
allinput pins n=GND fo Vee Roadcycle  tc 55 70 ns
Output lo 01 50 A CS=V,,
leakage Voo =max, Address. taa 55 70 ns @
current Vour =GND to V¢ access time
Operatin I o8 - Chip select tacs 55 70 ns
ct':rrem 9 “ 170 mA T,=26°C !‘is; \',TI‘ :x, access time
‘180 mA T,=0°C |outputopen  Outputhold tow 5 5 ’ ns
Standby Iss 30 mA V. =mintomax, from address
current 6% =V, change
Peak [0 35 70 mA V. =GNDto Chipselect  t, 10 10 ns
Power-On __ Vgemin. to outputin .
current CS=Lowerof V. low.2
or V,, min. Chip deselect t., 0 0 0 40 ns
Input low V. —-3.0 08 V to outputin
voltage highz
Input high V. 20 60 V Chip select tey O 0 ns
voltage :;:n peower up
Output \ 04 V fo,=8mA
low voltage o o Chip deselect  t.; 30 30 ns
to power down
Outputhigh V., 24 \" lon=—4mA time
voltage
o] ; 1 150 AV GND Writo Cycle
utput short Iy, - m out=
circuit current Write cycle time ty: 55 70 ns
Output short  log, 150 mA Vo=V Chipselectto  tcw 45 55 ns
circuit current end of write .
Address validto t,,, 45 55 ns
end of write
Address setup t,s 0 [V} ns
time
v Write pulse twe 35 40 ns
Write recovery tys 10 15 ns
5100 time
Data valid to tow 25 30 ns
Dour end of write
3000 woF - Data hold time  t,, 10 10 ns
p!
I(Including Write enabledto t,;, 0 - 30 0 35 ns
L L ScopeandJig) output in high Z _
Qutput active toy O 0 ns
from end of write
Figure 1 - Qutput Load Notes:
V.. (D CS valid prior to or coincident with address transition
i (2) Address valid prior to or coincident with CS transition low
51041
Doyr
) 5pF
300¢2 (Including

Scope and Jig)

Figure 2 — Output Load for t,,z, t 2, twz, tow
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uPD2167

Timing Waveforms
Read Cycle1 ® ®

Data Out Previous Data Vatid i@L Data Valid

Read Cycle2 ® @

(€8 ——

iz

1
T'
@..

R —. f./®_—">

Data Out High_ Data Valid High
Impedance
'4— [
tiy
pply
current | 50%
o

Notes:

@ All Read Cycle timings are referenced from the last valid address to the first address in transition.

® Atany given temperature and voltage condition, t,; max is less than t; min both for a given device and from device to device.
® Transition is measured +200mV from steady state voltage with specified loading in Figure 2.

@ Transition is measured at Vo, +200mV and V,, - 200mV with specified loading in Figure 2.

® WE is high for Read Cycles.

® Device is continuously selected, CS=V,,.

@ Addresses valid prior to or coincident with C8 transition low.

Write Cycle

(CS Controlled)

tuc
Address \7( - 9[

[ I

-

N\ 7

tw -t —

= AAANANANNNANNNER )

ton |

tow

Data In Data invalid
Fe—  t.
High Impedance
Data Out Data Undefined /I
Notes:

@ If CS goes high simultaneously with WE high, the output remains in a high impedance state.

@ All Write Cycle timings are referenced from the last valid address to the first transitioning address.
@ Transition is measured at Vo +200 mV and V,,, —200 mV with specified loading in Figure 2.

@ Transition is measured =200 mV from steady state voltage with specified loading in Figure 2.
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uPD2167

Package Outline

nPD2167D (ceramic)

A

e
il

R

cl._.
1

Ceramic
item Millimeters Inches
A 25.14 max 0.96 max
B 1.14 0.04
c 2.54 0.1
D 0.5 0.02
E 22.86 0.9
F 1.3 0.05
G 3.2 min 0.13 min
H 0.5 min 0.20 min
I 3.01 max 0.12 max
J 4.15 max 0.16 max
K 7.6 0.3
L .73 0.29
M 0.27 0.01

2167DS--REV1-1-82-CAT



1PD4016-1
1PD4016-2
1PD4016.-3
2048 x 8-BIT STATIC RAM

NEC Electronics US.A. Inc. Ty

Microcomputer Division

Description Block Diagram
The uPD4016 is a 16384-bit static Handom Access Mem- A4 o3
ory device organized as 2048 words by 8 bits. Using a
scaled NMOS technology, its design provides the ease-of- as o—{ 31
use features associated with non-clocked static memories. A8 o—3 ]
The 1.PD4016 has a three-state output and offers a MEMORY ARRAY
stand-by mode with an attendant 75% savings in power A7 o—{37 oE0er () AL LA
consumption. It features equal access and cycle times and A8 o—I ¥
provides an output enable function that eliminates the need
for external bus buffers. The uPD4016 is packaged in a As
standard 24-pin dual-in-line package and is plug-compati- A10
ble with 16K EPROMS. ﬁ
Features 1101 04 — SENSE SWITCH ﬁ_—
O Scaled NMOS technology
O Completely static memory: no clock, no refresh ozo-r——{3] . COLUMN SELECT [
O Equal access and cycle times 11030 ] &
O Single +5V supply odo 1371 weur ?—
O Automatic power-down cOATA
O Allinputs and outputs directly TTL-compatible 1105 —13] A0 AT A2 A3
O Common I/O capability v 11106 - 3] ‘
O OE eliminates need for external bus buffers N
01 Three-state outputs o7 1 .
O Plug-compatible with 16K 5V EPROMS 108 {3
O Low power dissipation in standby mode I
0 Available in a standard 24-pin dual-in-line package
Access Time R/W Cycle _

1PDA4016-1 250 ns 250 ns cs :%;_.

~ 4PD4016-2 200ns 200 ns WEo-

#PD4016-3 150 ns 150 ns GE

Pin Configuration
Absolute Maximum Ratings*

A7C]1 240 vee T,= 25°C
:: : 22323 Temperature UnderBias ............... —10°Cto 85°C
asCla 21OWE Storage Temperature ~................. ~65°C to 150°C
A3[(5 2015E Voitage on any pin with respect to Ground —0.5V to 7V
:f ‘: :: g‘%" D.C.QutputCurrent .................. 20mA
aode 7Eves Power Dissipation .................... 1w
1o Fvo7 *COMMENT: Exposing the device to stresses above those
1102 [Jv/08 listed in Absolute Maximum Ratings could cause perma-
/03 o5 nent damage. The device is not meant to be operated
Vss e under conditions outside the limits described in the opera-

tional sections of this specification. Exposure to absolute

Pin Names maximum rating conditions for extended periods may
AQ-A10 | Address inputs affect device reliability.
WE Write Enable
I & Chip Select
OF Output Enable capacitance
1/01 -1/08 Data Input/Output Ty = 25°C, f= 1 MHz
Vee Power (+5V) LIMITS
Ves Ground Parameter symbol | Min_ | Typ | Max | Unit]Test Conditions
Truth Table Input Capacitance Cin 5 | pF]VIN = OV
TS | OE | WE MODE 1o POWER 1/0 Capacitance Cuo 7 pF [ Viio = OV
H X | Not | High-Z Standby This parameter is sampled and not 100% tested.
L L H_{ Read Dout Active
L H L | Write Din Active
L L L | Write Din Active

REV/1
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wPD4016

DC Characteristics
Ta = 0°C to 70°C, Vge = 8V ¢ 10%

AC Characteristics

Road Cycle
Ty = 0°C to 70°C, Vge 5V + 10%

LIMITS LIMITS
Parameter Symbol | Min, | Typ. | Max. | Unit]Test Conditions +PD4016-3 | .PDa016-2 | .PDA016-1
Input Leakage Current Iy 10 | A z&c :G"":; 1o VEC Parameter Symbol { Min.| Max_[Min. | Max. {Min. { Max. | Unit_| Notes
Read Cycle Time the 150 200 250 nsec 1
VCC = Max, C5 = VIH
Qutpul Leakage Current o 10 | pA VOUT = GND to VCC Address Access Time taA 150 200 250 | nsec
N VCC = Max, CS = VIL Chip Select
Operating Current ice 60 | mA Outputs Open Access Time tacs 150 200 250 | nsec 2
VCC = Min to Max Output Hold from
Standby Current Is 15 | mAT=E VIH Address.Change ton 10 10 10 nsec
Input Low Voltage viL ~-1.5 0.8 \ Chip Selection to
i . OutputinLow Z hz 10 10 10 nsec | 3.4
Input High Voltage ViH 2.0 60 | v = -
Output Low Voltage VoL 04 | v [1OL = 4mA A tz 50 60 80 |nsec | 34
Output High Voltage VoH 2.4 V |IOH = 1mA
Output Shgort Circzit 8::;:: \E’:;:Ie 0 toe 70 %0 110 | nsec
Current los |TBD TBD | mA |VOUT = GND to VCC Output Enable to
Output in Low Z toLz | 10 10 10 nsec | 3,4
- Output Disable to .
AC Test Conditions Outputin HighZ toHz 50 60 80 |nsec | 34
Input Pulse Levels ..... ceiieeee..... 0.8ViI02.2V PN A ty | o0 0 0 nsec | 4
Input Rise and Fall Times ............ 10nsec Chip Deselection 1o o i " o e |
Input Timing Reference Levels ....... 1.5V Power down Time
Output Timing Reference Levels ...... 1.8V Write Cycle
. Ta = 0°C to 70°C, Voo BV + 10%
LIMITS
. PD4016-3 | «PD4016-2 | «PD4016-1 .
- Parameter Symbol | Min | Max. | Min | Max. | Min | Max, | Unit | Notes
Write Cycle Time we 150 200 250 nsec
Chip Selection «
1KQ Engof Write tcw | 120 160 200 nsec
Address Valid
o Endof Write AW | 90 120 150 nsec
Address Setup Time 1AS ) 0 0 nsec
6700 100PF Write Pulse Width twp 80 100 130 nsec 5
{(Including Scope and Jig) Write Recovery Time twR 10 10 10 nsec
= Data Valid to
tow 50 60 80 nsec
Figure 1-Output Load End of Write
Data Hold Time tDH 0 1] 0 nsec
Write Enabled t
o Output I High-2 twz 50 60 80 |nsec | 67
Output Active
lrorr':End o'erlle tow 10 10 10 nsec | 67
K2
Notes:
o 1. All Read Cycle timings are referenced from the last valid address to the
6700 first transitioning address.

Figure 2 - Transition Load

64

. Address valid prior to or coincident with CS transition low.

. Transition is measured + 200mV from steady state voltage with spec-
ified load of Figure 1.

This parameter is sampled and not 100% tested.

. i CS and OE are both low before write enabled, tWP = tWZ + DW

. Transition is measured +200mV from steady state voltage with spec-
ified loading in Figure 2.

. This parameter is sampled and not 100% tested.
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Timing Waveforms
Write Cycle No. 1 (WE Controlled)

twe

Address >

EO

RN

tcw

VLY

+— tas —

twp

twR —

.| +—— tpW———»| tDH |-+—

Data In

e tWZ —]

Data Out

Data Undefined

tOH
Le-toW - -

. High Impedance

/]

Write Cycle No. 2 (CS Controlled)

twe
Address ) /
t,
'AS tow
cs
taw twR —»
twp
= N iy
«—— toW——={ tDH |«~—
Datain
tLz [ tWZ —]
High impedance
Data :
Data Out Undefined

65
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uPD4016

Read CycleNo.1 @ ® ®

Address

Data Out

ReadCycleNo.2 (O @ ®

Data Qut

icc

ISB

Read Cycle No. 3 [OJO)

Address

Data Out

tRe
tan
toH
tre
tacs | |«— tHz —»
Wz
I._. tpp —»
50%3§
tRC ]

LJ
<

/7777

toe L—tuu

TR -

Notes: ® Address valid prior to or coincident with CS transition Iow
® WE is high for Read Cycles.
@ Device is continuously selected, CS = VIL.

® OE = VIL
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-Package Outlines
uPD4016C

| ==
@

PD4016D

uPD4016

==

4 T Y
M
=] 0° -- 15” —.\X

Plastic Cerdip
item Millimeters inches item Millimeters Inches
A 33 Max 1.3 Max A 33.5 Max 1.32 Max
B 2.53 0.1 8 2.78 0.1
[+] 2.54 0.1 c 2.54 0.1
D 0.5 + 0.1 0.02 + 0.004 D 0.48 0.018
E 27.94 1.1 E 27.94 1.1
F 1.5 0.059 F 1.5 0.059
G 2.54 Min 0.1 Min G 2.54 Min 0.1 Min
H 0.5 Min 0.02 Min H 0.5 Min 0.019 Min
| 5.22 Max 0.205 Max ! 4.58 Max 0.181 Max
J 5.72 Max 0.225 Max J 5.08 Max 0.2 Max
K 15.24 0.6 K 15.24 0.6
L 13.2 0.52 L 13.5 0.53
+0.10 +0.004 +0.10 +0.004
M 0.01 M 0.25 0.01
-0.056 -0.0019 -0.05 -0.002
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NEC

uPD5101L

NEC Electronics US.A. Inc. uPD5101L-1

Microcomputer Division

DESCRIPTION

FEATURES

PIN CONFIGURATION

1024 BIT (256x4) STATIC CMOS RAM

The uPD5101L and uPD5101L-1 are very low power 1024 bit (256 words by 4 bits)
static CMOS Random Access Memories. They meet the low power requirements of
battery operated systems and can be used to ensure non-volatility of data in systems
using battery backup power..

All inputs and outputs of the uPD5101L and uPD5101L-1 are TTL compatible. Two
chip enables (‘(.‘7!31, CE2) are provided, with the devices being selected when CE1 is
low and CE2 is high. The devices can be placed in standby mode, drawing 10 A
maximum, by driving (E1 high and inhibiting all address and control line transitions.
The standby mode can also be selected unconditionally by driving CE2 low.

The uPD5101L and uPD5101L-1 have separate input and output lines. They can be
used in common 1/0 bus systems through the use of the OD (Output Disable) pin
and OR-tying the input/output pins. Qutput data is the same polarity as input data
and is nondestructively read out. Read mode is selected by placing a high on the
R/W pin. Either device is guaranteed to retain data with the power supply voltage as
low as 2.0 volts. Normal operation requires a single +5 volt supply.

The uPD5101L and uPD5101L-1 are fabricated using NEC’s silicon gate comple-
mentary MOS (CMOS) process.

e Directly TTL Compatible — All Inputs and Outputs

s Three-State Output

e Access Time — 6560 ns (UPD5101L); 450 ns (UPD5101L-1)

e Single +5V Power Supply

e CE2 Controls Unconditional Standby Mode

o For operation at +3V Power Supply, Contact the NEC Sales Office.

A3 1 N4 22 j VCC
Az 2 217 Aq PIN NAMES
A [T 3 20 ] R/W
— DIy — DI
Aq 0 a 19 3 1 4 Data Input
A . Apg— A7 Address Inputs
5 O uPD 18] op R__/W Read/Write Input
Ag [ 6 5101L 7 ] CE2 CE1, CE2 Chip Enables
A (07 16 [ 0o, oD Output Disable
oo O 8 15 F‘ oI, DO — DO4 | Data Output
vee Power (+5V)
oy [ o 14 7] DOy
Do, [ 10 1303 DIg
o, O n 12 [ 0O,
Rev/1
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uPD5101L

oz ] - @ vec BLOCK DIAGRAM
M ®_ ADDRESS ROW —® ono
AZ ®> SurrERs — 4 oFconeRs CELL ARRAY
10 L
' @—
’—- (DISABLE) —

— ® o,
ce; @— COLUMN 110
CIRCUITS
= @ >-c
DO,
L J ,
L
L (DISABLE) >
cs COLUMN @ 00,
DECODER
am .—- -
o ®" INPUT
DATA 00,
orp @—- CONTROL
1 COLUMN
oig {D1s. SELECT
ABLEl  BUFFERS
ou.—. T T

Operating TeMPErature . .. .. ovvvo oo e e 0°C 10 +70°C ABSOLUTE MAXIMUM
Storage TeMPerature . ... ...........ouueumuunennn. . -40°C to +125°C RATINGS*

Voltage On Any Pin With Respect to Ground . . . . ... -0.3 Volts to Vgg +0.3 Volts

Power Supply Voltage . ... ...........uuiruvrin.. -0.3 to +7.0 Volts

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

imptied. Exposure to absolute maximum rating conditions for extended pericds may affect device

reliability.
Ta=0°C to 70°C; Vg = +BV t 5%, unless otherwise specified.
- DC CHARACTERISTICS
LIMITS
PARAMETER SYMBOL | MIN |TYP @ MAX |UNIT TEST CONDITIONS
Input High Leakage ILIH @ 1 uA Vin = Vee
Input Low Leakage @ -1 wA_ | Vi =0V
Output High Leakage | 1L oH®@ 1 uA | CE1 =22V, Vout = Voe
Output Low Leakage | I oL@ -1 A |CEq =22V, VoyT =00V
VIN = Ve Except CEq
Operating Current Icct 22 mA <0.65V, Outputs Open
VN = 2.2V Except CEq
Operating Current lce? 27 mA <0.65V, Outputs Open
V)N =0 to 5.25V
Standby Current 'CCL@ 10 KA CE <02V
Input Low Voltage VL -0.3 0.65| Vv
Input High Voltage ViH 2.2 Veel V
Output Low Voltage VoL 04 | V 1oL =20 mA
Output High Voltage VoHt | 24 \ 1oH =-1.0 mA
Output High Voltage | VOH2 35 v 10H = ~100 uA

Notes: @ -Typical values at T = 25°C and nominal supply voltage,
@ Current through all inputs and outputs included in leeL-

CoTs CAPACITANCE
PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS

Input Capacitance CIiN 4 8 oF Vin OV

(ANl Input Pins)

Output Cout 8 12 pF VouT -0V

Capacitance
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AC CHARACTERISTICS

LOW Vcc DATA RETENTION
CHARACTERISTICS

uPD5101L

READ CYCLE
Ta = 0°C to 70°C; Vg = 5V5%, unless otherwise specified
LIMITS
PARAMETER SYMBOL 5101L 5101L-1 UNIT TEST CONDITIONS
MIN | TYPIMAX I MIN | TYP ] MAX
Read Cycle tRC 650 450 ns {nput pulse amplitude:
0,65 to 2,2 Voits
Accass Time — tA 650 450 ns Input rise and fall
Chip Enable (CEq) ot 600 400 | ns times: 20 ns
to Output
N y Timing measurement
Chip Enable (CEg) t 700 500 | ns
to Opulput 2 coz reference level:
1.5 Volt
Output Disable to top 350 260 ns
Output Output load: 11T
Data Output to’ toF o 150 0 130 ns -
High Z State . Gate and C_ = 100 pF
Previous Read Data tOH1 [} 0 ns
Valid with Respect
10 Address Change
Previous Read Data tOH2 0 0 ns
Valid with Respect
to Chip Enable
WRITE CYCLE
Ta = 0°C to 70°C; Vg = 5V+5%, unless otherwise specified
LIMITS
PARAMETER SYMBOL 5101L 5101L-1 UNIT TEST CONDITIONS
MIN § TYPIMAXMIN| TYPIMAX
Write Cycle tWe 660 450 ns Input pulse amplitude:
Write Delay taw | 180 130 ns 0.65 to 2.2 Volts
Chip Enable (CE1) tew1 550 350 Ths Jnput rise and fall
to Write times: 20 ns
Chip Enable (CE2) w2 550 350 ns Timing measurement
to Write [ level:
Data Setup oW 400 250 ns 1.5 Volt
Data Hold tOH 100 50 ns Output load: 7T
Write Pulse we. 400 250 ns Gateand Cy =
Write Recovery WR 50 50 ns 100 pF
Qutput Disable Setup| [ 150 130
Ta =0°C to 70°C
umMITsS
PARAMETER SYMBOL MIN TYP | MAX UNIT TEST CONDITIONS
Ve for Data VCCDR +2.0 \ CEp < +0.2Vv
Retention
Data Retention ICCDR +10 uA VeeDpR = 2.0V
Current CE2 < +0.2V
Chip Deselect tICDR 0 ns
Setup Time
Chip Deselect R trc ) ns
Hold Time

Note: (D tpc = Read Cycle Time
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uPD5101L

READ CYCLE
tRC TIMING WAVEFORMS
ADDRESS }( ><
tcor— toH1
CE4
t0H2 g
CEoy P
, tco2 -1 T
oD t e o .
— op
(common 1/0) @
: 0
ta tOF -
DATA == T ~=~==-=- DATA OUT
ouTt VALID | -
WRITE CYCLE
I ‘we

N
T}ﬁ_——

ADDRESS a
[l th-‘ .
TE /'
CE3 ’ \_

! fow2

5 _f
{COMMON 1/0) 1
—i tps -—J . poH

DATA DATA IN
IN o] STABLE |
t B ———— ]
— tAwl-— ow -@-‘WR—-—

RW L ‘we y

Notes: (D Typical values are for T3 = 25°C and nominal supply voltage.
2) OD may be tied low for separate 1/O operation,

During the write cycle, OD is “high” for common 1/0 and
‘don’t care’’ for separate 1/Q operation.

DATA RETENTION

LOW Ve DATA RETENTION

SUPPLY VOLTAGE (Vccl

V———— — = — — —_——_——

Notes: (1) a.75v
(2) Vecor

VIH

(2) oav
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TYPICAL OPERATING
CHARACTERISTICS

PACKAGE OUTLINE
uPD5101LC

uPD5101L

Ige — Ve (Ta)
2 VoH — loH {Ta)
5 u
Ve =8V
20
_ 15 4 N N
H B \\
3 F4
210 5 \ \
Q 3 \
5 2°C
© |
NS
2el, T,-+so‘c\ i \ |
Lpm 2 L\ aoe
3 4 5 [ 7 0 2 4 8 8 10
Vee V) Ion (mA)
VoL - loL {Ta) ta — Ve (Ta)
06
| V4! 700 LOAD = ITTL + 100 pF
Ty = +80°C i
a8
0.5 AL 600
y ; +20°C \
04 L 500 N
= 5 Tp=+80°C
/ S NN
-4
> -
/ / N h25°C
02 7 300 ~
/ 20°c
0.1 200
Vee =6V L
1 "
° 5 10 1w © 3 4 5 6 7
ioL (mA) Ve (V)
ta —C|
00 AT lccor - Te
Ta=26C -
Veg =5V
800
500 =
B / E
g
s 5 0
o
300
200
0 100 200 20 400 0 O 10 20 30 40 50 60 70
Cp (pF) Ta(*C)
K
I-—-L
™
0°-15° Y
ITEM | MILLIMETERS INCHES
A 28.0 Mox, 1.10 Max,
) 7.4 Max. 0.025 Max.
C 254 0.10
D 0.60_0.10 0.02_0.004
3 26.4 10
3 1.40 0.055°
[ 254 Min, 0.10 Min-
H 0.5 Min. 0.02 Min.
| 4.7 Max., 0.18 Max;
n 5.2 Max. 0.20 Max.
K 10.16 0.40
v 85 0.33
+0.10 +0,004
™ 025" 02 001 300
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NEC

NEC Electronics U.S.A. Inc.

Microcomputer Division

DESCRIPTION

FEATURES

PIN CONFIGURATION

1024 x 4-BIT STATIC CMOS RAM

uPD444
puPD444-1
uPD444-2
puPD444-3

The uPD444 is a high-speed, low power silicon gate CMOS 4096 bit static RAM orga-
nized 1024 words by 4 bits. It uses DC stable (static) circuitry throughout and there-
fore requires no clock or refreshing to operate. Data access is particularly simple since
address setup times are not required. The data is read out non-destructively and has
the same polarity as the input data. Common input/output pins are provided.

ES— controls the power down feature. In less than a cycle time after CS goes high —
deselecting the uPD444 — the part automatically reduces its power requirements

and remains in this low power standby mode as long as CS is high. There is no mini-
mum CS high time'for device operation, although it will determine the length of time
in the power down mode. When CS goes low, selecting the uPD444, the uPD444
automatically powers up.

The uPD444 is placed in an 18-pin plastic package for the highest possible density.
It is directly TTL compatible in all respects: inputs, outputs, and a single +5V
supply. The uPD444 is pin-compatible with the uPD2114L NMOS Static RAM.

Data retention is guaranteed to 2 volts on all parts, These devices are ideally suited
for low power applications where battery operation or battery backup for non-
volatility is required.

—\_
As [

1
As [
Az O
A3E

Ao

A15
A2 O
&0

2
3
4
5
6
7
8

enp ]9

uPD

18
17
16

Low Power Standby — 1 uA Typ.
Low Power Operation
Data Retention — 2.0V Min.

Capability of Battery Backup Operation
Fast Access Time — 200-450 ns
Identical Cycle and Access Times
Single +5V Supply
No Clock or Timing Strobe Required -
Completely Static Memory

Automatic Power-Down
Directly TTL compatible: All Inputs and Outputs
Common Data Input and Output using Three-State Outputs
Auvailable in a Standard 18-Pin Plastic Package

For Operation at +3V Power Supply, Contact the NEC Sales Office.

[Vce
[1A7
[ Ag
[149
bl/01
: 1102
:] 1103
[F1/04
I We

Rev/2
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PIN NAMES
Ag-Ag Address inputs
WE Write Enable
cs Chip Select
1/01-4/04 Data Input/QOutput
vee Power (+5V)
GND Ground




uPD444

MEMORY ARRAY
64 ROWS
64 COLUMNS

Aa———ir_ %

Ag ——-———d § :::

As
ROW
SELECT

A7 j S

Ag j >

A9, j >

1.0y F::j

1103 S INPUT
DATA

o F contRoL

10a F

COLUMN 1°0 CIRCUITS

—-—————— vce

- GND

COLUMN SELECT

BLOCK DIAGRAM

—p

4dd

et —1 )

Operating Temperature
Storage Temperature

All Input and Qutput Voltages. . . . ..............

Supply Voltage
Note: @ With Respect to Ground
Ta=25°C

-40°C 10 +85°C
-55°C 1o +125°C
-0.3 to V¢ +0.3 Volts
+8.0 Volts

ABSOLUTE MAXIMUM

RATINGS*

*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 ather 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 =—~40°C to +85°C; Ve = +5V + 10% unless otherwise noted. DC CHARACTERISTICS
LIMITS
444-3 4442 4441 424
PARAMETER symsotimin|Tyr| max |min]TYRP] max [min|Tye] max | min]TYP| ‘mMAX JuNIT | TEST CONDITIONS
Inout Leakage Current | 1) -10 1.0 -1.0 1.0 -1.0 1.0 -1.0 1.0 uA | Vin=GNDto Voo
1/0 Leakage Current Lo -1.0 1.0 -1.0 1.0 -1.0 10 -1.0 1.0 uA | TS = Viu. V(0 = GND
to Veg
Operating Supp'y Iccat 19 |35 15 |35 12 |35 9 |35 mA | 5= V)L, Vi = Ve,
Current Outputs Open
Operating Supply Iccaz 23 {0 '9 |40 15 |40 12 {40 mA | TS =V, Vi = 2.4V,
Current Outputs Open
Average Operating lccas 10 20 g (20 8|20 7120 mA | Vi = GND or Vee,
Supply Current Outputs Open f = 1 MHz,
Duty 50%
Standby Supply Current| 1ccs 1| s 1|5 118 1|50 uA | CS=vee. Vin = GND
o Voo
Input Low Voltage Vi -0.3 08 -0.3 0.8 -0.3 0.8 -0.3 08 v
input High Voltage Vin 24 vee+0.3|24 veg+ 03| 2.4 Vee + 0.3 24 veg+03) v
Output Low Voltage VoL 04 04 0.4 04 v [lpL=20mA
Output High Voltage Vou |24 24 24 2.4 vV | 1ou=-1.0mA
Ta=25"C,f=1MHz
a : - CAPACITANCE
LIMITS
PARAMETER SYMBOL { MIN| TYP] MAX JUNIT | TEST CONDITIONS
Input/Qutput Capacitance Ci/o 10 pF Vyjo =0V
Input Capacitance Cin oF Vin =0V

Note: This parameter is periodically sampled and not 100% tested.
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AC CHARACTERISTICS

LOW Vce DATA
RETENTION
CHARACTERISTICS

TIMING WAVEFORMS

Ta = ~40°C to +86°C; Ve = +6V + 10% unless otherwise noted.

uPD444

LIMITS

4443 | 4442 | ada1 | aas
PARAMETER symaoL | MIN fmax Jmin max [min [max Ivin [MaxjuniT | TEST CONDITIONS
READ CYCLE
Read Cycle tRC 200 250 300 450 ns | input Pulse Levels:
Address Access Time TAA 200 750 300 450 | ns | *0-8to +2.4 Volu
Chip Select Access Time Q) ) 200 250 300 450 | as | inbut Rise and Fall
Chip Select Access Time tACS2 250 300 350 500 | ns || oucand Output Timing
Qutput Hold from Address Change tOH 50 50 50 50 ns_| Levels: 1.5 Volt
Chip Setection to Qutput in Low Z Wz 20 20 20 20 ns | Qutput Load: 1 TTL
Chip Deselection to Output in High Z| tHZ 60 70 80 100 | ns | Gateand C = 100 pF
WRITE CYCLE

Write Cycle Time twe 200 250 300 450 ns | Input Pulse Levels
Chin Selection to End of Write tcw | 180 230 250 350 ns | *0.8 10 +2.4 Volts

- - -3 Input Rise and Fall
:adress Vatid n:. End of Write taw | 180 230 250 350 ns_| i Rise on

ddress Setup Time tag 9 N L o 1s_{ input and Output Timing

Write Pulse Width twe. 180 210 230 300 ns_| Levels: 1.5 Volt
Write Recovery Time tWR 0 0 0 0 ns | Qutput Load: 1 TTL
Data Valid to End of Write tDW 120 140 150 200 ns | Gate and C_ = 100 pF
Data Hold Timg DN [ 0 0 0 ns
Write Enabled to Output in High Z wz 60 70 80 100 | ns
Output Active fram End of Write tow [] [ 0 o ns

Notes: (D Chip deselected for greater than 100 ns prior to selection.

@ Chip deselected for a finite time that is less than 100 ns prior 1o selection. (If the deselect time is O ns, the chip is by definition
selected and access occurs according to Read Cycle No. 1.}

Ta = -40°C to +85°C

77

LIMITS
PARAMETER SYMBOL MIN TYP | MAX | UNIT | TEST CONDITIONS
Data Retention Supply | Veepr | 2.0 \ €8 =vce,VIN = Vee
Voltage 1o GND
Data Retention Supply | IccDR 0.01 ®@ wA | vee=3V,C5=Vce
Current VIn = Ve to GND
Chip Deselect to Data tCDR 0 ns
Retention Time
Operation Recovery tR 'RC@ ns
Time
Notes: @ trc = Read Cycle Time
@ 444-1,2,-3: Value is 2 pA
444 Value is 10 uA
READ CYCLE @ @
tRC -l
ADDRESS X
tAA
tOH
Doyt © PREVIOUS DATA VALID ¥ XXX DATA VALID
REaDcvcLE D @
‘RC
cs —
X ¥
tacs
"-‘HZ
——r -—L
HIGH
DouT VA4 DATA VALID
HIGH (MPEDANCE [\ IMPEDANCE
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WRITECYCLE @ ® ®

we
ADDRESS )( )(7
tow
& _\ % VISV
taw wR
[e— tas —=] | e
3
" % 4
ow DH

DATA IN
VALID

‘wz

tow

bouT AN AN
1 77777 Fl/l HIGH IMPEDANCE

Notes: (1) WE is high for Read Cycles.

(@) Device is continuously selected, T5 = Vi

(3) Address valid prior to or coincident with TS transition low,

@ If the CS low transition occurs simultaneously with the WE low transition, the
output buffers remain in a high impedance state.

@ WE must be high during all address transitions.

@ tyyp is measured from the latter of CSor Wgomg low to the earlier of CS or WE

going high.

LOW Vcc DATA RETENTION

DATA
f——— RETENTION =]
v MODE
cc
tCoR Y
4.5v a5v N
Ccs ViH <+ Vik
VCcepr VCCDR
ViL ViL
DV o o e e e it — i — — — — — — — — — > ot rt
A —K
e —
1 A
H | Y :
‘ N | i :
1 i f I G
{ H ] 1
B c | ot
D F
' E
Plastic
ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX,
8 1.44 0.055
[ 2.54 0.1
D 0.45 0.02
E 2032 08
F 1.2 0.05
G 2.5 MIN. 0.1 MIN,
H 0.5 MIN, 0.02 MIN.
1 4.8 MAX, 0.18 MAX.
Jd 5.1 MAX, 0.2 MAX.
K 7.62 0.3
L 6.7 0.26
M 0.25 0.01
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NEC

NEC Electronics US.A. Inc.

Microcomputer Division

PIN.-CONFIGURATION

DESCRIPTION

FEATURES

2048 x 8-BIT STATIC CMOS RAM

uPDA446

uPD446-1
uPDA446-2
uPD446-3

The uPD446 is a high speed, low power, 2048 word by 8 bit static CMOS RAM
fabricated using an advanced silicon gate CMOS technology. A unique circuitry
technique makes the uPD446 a very low operating power device which requires
no clock or refreshing to operate. Minimum standby power current is drawn by this

device when CS equals V¢ independently of the other input levels.

Data retention is guaranteed at a power supply voltage as low as 2V.

The uPD446 is packaged in a standard 24-pin dual-in-line package and is plug-in

compatible with 16K EPROMs.

o Single +5V Supply
o Fully Static Operation — No Clock or Refreshing required
e TTL Compatible — All Inputs and Outputs
. (E)_mrnon 1/0 Using Three-State Output
o OE Eliminates Need for External Bus Buffers
o Max Access/Min Cycle Times Down to 150 ns
o Low power Dissipation, 18 mA Max Active/10 uA Max Standby/
10 uA Max Data Retention
e Data Retention Voltage — 2V Min
e Standard 24-Pin Plastic and Ceramic Packages
e Plug-in Compatible with 16K EPROMSs
e Operating Temperature Range — -40°C to +85°C
A7 ~ T 2aPvee
As[] 2 23 As
As[| 3 22 []A9 PIN NAMES
A4 4 21 [QWE AQ-A10 Address Inputs
A3l s 20 [JOF WE Write Enable
A2(}]6  uPD 19 [JA10 o__é Output Enable
arC] 7 446 18 365 cs Chip Select
Aol 8 17 D isos 1/01-1/08 | Data Input/Output
1101C] o 16 [J1/07 Vee Power (+6V)
1102010 15 [11/06 GND Ground
o311 14 ] 1/05
eNDC]12 13 [ 1/04
TRUTH TABLE
TS | O | WE MODE 1/0 Icc
H X X NOT SELECTED HZ STANDBY
L H H NOT SELECTED HZ ACTIVE
L L H READ DouT | ACTIVE
L X L | wRITE Din ACTIVE
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-

As—] — =
Ag————y
A8——ADDRESS| ROW CE:;; :;‘zgw
h7——{BurFER|  Joecoper 128 COLUMNS
Ag ———
AQ vt
Ao T 1 -
v INPUT SENSE SWITCH oUTRUT
i DATA i
e CONTROL, COLUMN CONTROL
o8 DECODER
ADDRESS
BUFFER
Ay A1 A2 A3
cs
% Dot ) —
WE

Supply Voltage

Input or Output Voltage Supplied
Storage Temperature Range

Ta=25°C

. 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.

Ta =-40°Cto +86°C, Vg = 5.0V ¢ 10%

BLOCK DIAGRAM

ABSOLUTE MAXIMUM

~0.3toVec +0.3V  RATINGS*
-55°C to 125°C

-40°C to +85°C

DC CHARACTERISTICS

LIMITS
PARAMETER SYMBOL MIN TYP | MAX UNIT CONDITIONS
Input High Voltage Vig 2.2 Vee A
+0.3
Input Low Voltage V|L -0.3 08 \Y
Input Leakage Current Iy -1.0 10 mA ViN=0~Vce
1/O Leakage Current Lo -1.0 10 kA Ves=ViH
VI/O=0~Vee
icCAq ® 1 ® | mA | Ves=ViLhio=0
MIN TCYCLE
Operating Supply Current lcca, 5 10 mA Ves=ViLliyjo=0
DC CURRENT
iccas 30 100 HA Vecs =02V iyyp=0
Vin=Vce -0.2
OR 0.2V
Standby Current I(;Cs 10 LA Vgs = Vee 0.2
ViN=0-Vce
Output High Voltage VOH 24 A\ loH=-1.0mA
Qutput Low Voltage VoL 04 A\ loL=2.0mA

NOTE: (1) UPD446: 12 mA TYP, 18 mA MAX

HUPDA446-1: 18 mA TYP, 26 mA MAX
UPD446-2: 20 mA TYP, 30 mA MAX
MPD446-3: 25 mA TYP, 38 mA MAX
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CAPACITANCE 71,=25°, f=1.0MHz

LIMITS
) TEST
PARAMETER SYMBOL [MIN { MAX| UNIT | CONDITIONS
Input Capacitance Cin 6 pF Vin =0V
Input/Output Capacitance | - Cj/o 8 pF “Vijo =0V
AC CHARACTERISTICS READ CYCLE
Ve = 5.0V ¢ 10%, Tq = —40°C to +85°C
LIMITS
uPD446.3 uPD446-2 1PD446-1 uPDA446
PARAMETER symsoL | min | max | min | max | min | max | min | max | uniT
Read Cycle Time tRC 150 200 250 450 ns
Address Access Time tAA 180 200 250 450 ns
Chip Select Access Time taCS 150 200 250 450 ns
Qutput Enable to Output Valid tOE 75 100 120 150 ns
Output Hold from Address Change 1OH 15 15 15 15 ns
Chip Enable to Output in LZ oLz 10 10 10 10 ns
Output Enabie to Outputin LZ oLz 5 5 5 5 ns
Chip Disable to Output in HZ toHZ 50 60 80 100 ns
Output Disable to Output in HZ toHZ 50 60 80 100 ns
WRITE CYCLE
Ve = 5.0V + 10%, Ty = —40°C to +85°C
LIMITS
#PD446.3 1PDA446.-2 1PD446-1 1#PD446
PARAMETER symsoL | min | Max | miN | Max | min | max | min | max | uniT
Write Cycle Time twe 150 200 2580 450 ns
Chip Enable to End of Write tow 120 160 180 210 ns
Address Valid to End of Write tAw 120 150 180 210 ns
Address Setup Time tAS o 0 0 [} ns
Write Pulsewidth twp 90 120 150 180 ns
Write Recovery Time twR 0 Q [} o ns
Data Valid to End of Write tow 50 60 80 .| 100 ns
Data Hold Time tDH 0 [+} 0 0 I =
Write Enable to Output in HZ twHZ 50 60 80 100 ns
Output Active from End of Write tow 10 10 10 10 ns
LOW Vee DATA 1, --40°Cto+85°C
RETENTION
LIMITS
TEST
PARAMETER SYMBOL | CONDITIONS | MIN | TYP | MAXJUNIT
VCC for Data Retention Vcebr | ViN=0~Vce, | 2.0 \
VE§=Vce
Data Retention Current lccor | Vec=3.0v, 001| 10 | uA
VIN=0~Vce
VEs=Vce
Chip Deselection to Data tCDR 0 ns
Retention Time
Operation Recovery Time R Re ns
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06

ADDRESS

Dout

DouT

NOTES:

READ CYCLE (1)

tRC

TAA

1DH ~=]

/111,

////

{OE o]
Emu-»l

tOHZ

ANAARNANY

KA

READ CYCLE (2)

tRC

-

-‘—————-—-tAcs-—-———ﬂ

et 2 |

lCHZ"T

(/111

/1]

tOE

|t tOH Z e

o]
X

N

/

(D WE is high for read cycles.

@ Device is continuously selected, CS = Vy .

® Address valid prior to or coincident with CS transition low.

0JAJOI0)

ADDRESS

Dout

DIN

NOTES:

WRITE C

YCLE (1)

we

X

—_—

/

MM

i

VAN

N\

L —

/]

n-touz-—‘

f—e—— AOW = —— e}

0Lz

LLLLLT

TDW -]

let—tDH

NN

A<X

(@ WE must be high during all address transition,

RXKXXXX

output buffers remain in a high impedance state.

@ A write occurs during the overlap of a low CS and a low WE.
@ twh s measured from the earlier of CS or WE going high to the end of write cycle.

@) 1f the CS low transition occurs simultaneously with or after the WE low transition,
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TIMING WAVEFORMS WRITE CYCLE (2)

(CONT)  ®@A@O I e |
ADDRESS j( %
AW
- {0 —
& AR QJ{ 1//
<tAs>| tWR
= ANV
| tWHZ ~—tow—>}
oor SSSSSSSSITY
LLLLLLLS L
IDW—s=t=t—tDH
DIN
Notes: @ WE must be high during all address transition.

LOW Vcc DATA RETENTION

TIMING CHART

AC TEST CONDITIONS

@ A write occurs during the overlap of a low TS and a low WE.

@ twR is measured from the earlier of TS or WE going high to the end of write cycle.

@ If the CS low transition occurs simultaneously with or after the WE low transition,
output buffers remain in a high impedance state,

® OE is continuously low (OE — V).

tcDR

VG (5.0V) commmemmnt

45V mecce=d

VIH meeeaa

DATA RETENTION MODE

VceoRr ----?’------ -
CsS v

Input Pulse Levels 0.8V to 2.2V
Input Rise and Fall Times 10 ns
Input and Output Timing Reference Levels 1.5V

Output Load

1 TTL + 100 pF
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PLASTIC
ITEM MILLIMETERS INCHES
A 33 MAX 1.3 MAX
B8 253 0.1
c 2.54 01
o} 0501 0.02 « 0.004
E 27.94 1.1
£ 1.5 0.059
G 2.54 MIN 0.1 MIN
H 0.5 MIN 0.02 MIN
1 5.22 MAX 0.205 MAX
J 5.72 MAX 0.225 MAX
K 15.24 0.6
L 13.2 0.52
+0.10 +0.004
M 0.25 -0.05 o.01 -0.0019

— B

T

fi

TR =
ARQAARE

5°

CERDIP
ITEM MILLIMETERS INCHES

A 33.5 MAX 1.32 MAX

B 2.78 0.1

C 2.54 0.1

D 0.46 0.018

E 2794 1.1

F 1.5 0.059

G 2.54 MIN Q.1 MIN

H 0.5 MIN 0.019 MIN

I 4.58 MAX 0.181 MAX
B 5.08 MAX 0.2 MAX

K 15.24 0.6

L 135 0.53

" 0255 0p 0915 00p
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NEC uPD449

. PD449-1
NEC Electronics US.A. Inc. HPDA49-2
Microcomputer Division uPD449-3

2048 x 8-BIT STATIC CMOS RAM

DESCRIPTION  The uPD449 is a high speed, low power, 2048 word by 8-bit static CMOS RAM fabri-
cated using an advanced silicon gate CMOS technology. A unique circuitry technique
makes the uPD449 a very low operating power device which requires no clock or
refreshing to operate,

Since the device has two chip enable inputs, it is suited for battery ba(iup app_lica-
tions. Minimum standby power current is drawn by this device when CE1 or CE2
equals Vg independently of the other input levels,

Data Retention is guaranteed at a power supply voltage as low as 2V,

The uPD449 js packaged in a standard 24-pin dual-in-line package and is plug-in com-
patible with 16K EPROMs.

FEATURES e Single +5V Supply
¢ Fully Static Operation — No Clock or Refreshing required
e TTL Compatible — All Inputs and Outputs
e Common Data Input and Output Using Three-State Output
¢ Two Chip Enable Inputs for Battery Operation
e Max Access/Min Cycle Times Down to 150 ns
® Low Power Dissipation; 18 mA Max Active/10 uA Max Standby/
10 uA Max Data Retention
¢ Data Retention Voltage — 2V Min
e Standard 24-Pin Plastic and Ceramic Packages
e Plug-in Compatible with 16K EPROMs
» Operating Temperature Range ~40°C to +85°C
PIN CONFIGURATION INInk e 24 [JJvece
As] 2 23] A8
As(] 3 22 [ Ag
A4 4 21 (IWE
As[]s 20 [1GE1 PIN NAMES
A]s  HPD 9 7A0 | A0-A10 | Address Inputs
A 7 449 18 D(?E-2 Vl'E Write Enable
CTE1-CE2| Chip Enable Inputs
Ao} 8 17 Pos 1701-1/08 | Data Input/Output
1] e 16 [J1/07 Vee Power (+56V)
1/02[]10 15 b 1/08 GND Ground
103 11 14 [J 1105
GNb[C]12 13 {1 1/04
TRUTH TABLE
CE1 | CE2 | WE MODE 1/0 icC
X H X | NOT SELECTED | Hz STANDBY
H L X | NOTSELECTED | HZ STANDBY
L L L | WRITE DIN- | ACTIVE
L L H READ DouUT | ACTIVE
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A4 B
As
A6 —ADDRESS ROW e :gx;w

A7 —— BUFFER DECODER

Ag ol

128 COLUMNS

Ag —o
A0 I
1701 [ I
. INPUT SENSE SWITCH ouTPUT
! DATA 1 oara
' CONTROL COLUMN CONTROL
1/08 DECODER -
ADDRESS
BUFFER
Ap Ap A2 A3

C‘E?JDo-o

Supply Voltage ... ... ... i i i e e e L OV
Input or Output Voltage Supplied .. ...... P e ~-0.3t0 Vee + 0.3V
Storage Temperature Range . . ......................... -55°Ct0125°C
Operating Temperature Range . . . .. ... .................. =40°C to +85°C
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.

Voo =5V £ 10%, Ta ~40°C to +85°C

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP MAX UNIT CONDITIONS
Input High Voltage ViH 22 Vce 403 \
Input Low Voltage ViL -0.3 08 \
Input Leakage Current tu -1.0 10 RA VIN=0~ Ve
VCEq or
/0 Leakage Current ‘Lo 10 1.0 uA Z'C\f‘i,é Yile .
Vio =0~ Vce
VCE1 and
VEE2=ViL
lccal mA
CC. @ @ o =0
MIN TCYCLE
VCE1 and
Operating Supply Current lccaz 5 10 mA X;::Z: ;VIL
DC CURRENT
VGEj and
VGEp = 0.2V
lccas 30 10 BA Vin = Ve 0.2V
or0.2v
/0 =0
VCE1 or VEEQ =
Standby Current lccs 10 HA Vge 0.2v
VIN=0~Vce
Output High Voltage Vor 24 \ loH = ~1.0mA
Output Low Voltage VoL 0.4 \% foL=20mA

NOTE: @ #PD449: 12mA TYP, 18 mA MAX
1PD449-1: 18 mA TYP, 26 mA MAX
1PD449-2: 20 mA TYP, 30 mA MAX
#PD449-3: 25 mA TYP, 38 mA MAX
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uPD449
CAPACITANCE T, = 26°C. f = 1.0 MHz

LIMITS
I TEST
PARAMETER SYMBOL | MIN | MAX]| UNIT | CONDITIONS
Input Capacltance CiN 6 pF VIN =0V
Input/Output Capacitance | Cj/0 8 pF Vi/o =0V
READ CYCLE
AC CHARACTERISTICS fcez80v 1% Ta: 200t 0
LIMITS
uPD449.3 uPDA49-2 uPD449.1 uPDA49
PARAMETER symBoL | MIN | MaX § Min | mMAX | MIN | MAX | MIN | MAX | UNIT
Read Cycle Time tRC 150 200 250 450 ns
Access Time tA 150 200 250 450 ns
Chip Enable (CE1) to Output Valid tco1 150 200 260 450 ns
Chip Enable (CE2) to Output Valid tco2 150 200 250 450 ns
Output Hold from Address Change toH 15 15 15 15 ns
Chip Enable (CE1) to Output in LZ tLz1 5 5 5 5 ns
Chip Enable (CE2) to Output in LZ tLz2 5 : 5 5 5 ns
Chip Enable (CE1) to Output in HZ tHz1 50 60 80 100 ns
Chip Enable (CE2) to Output in HZ tHz2 50 60 80 100 ns
WRITE CYCLE
Vee = 5.0V £ 10%, Ty = ~40°C to +85°C
LIMITS
1#PD449.3 uPDA49-2 uPD449.1 uPDA49
PARAMETER symeoL | MIN | max | min | max | min | max | min | MAaX | uNIT
Write Cycle Time twe 150 200 250 450 ns
Chip Enable (CE1) to End of Write tew1 120 150 180 210 ns
Chip Enable (CE2) to End of Write | tcwa | 120 150 180 210 | ns
Address Setup Time AW 0 [} o 0 ns
Writa Pulsewidth we 90 120 150 180 ns
Write Recovery Time twR 0 o 0 0 ns i
Write Enable to Qutput in HZ twz 80 60 80 100 ns
Output Active from End of Write tow 10 10 10 10 ns
Data Valid to End of Write tow 50 60 80 100 ns |
Data Hold Time tHH 0 0 0 0 ns
LOW VCEC  Ta=-40°Cto +85°C
DATA RETENTION
TEST LIMITS
PARAMETER sYmMBOL CONDITIONS MIN | TYP | MAX UNIT
Vin=0~Vcc,
V¢ for Data Retention VCCDR VCE1 or 2.0 \
VCE2=Vce
Vee = 3.0V,
Data Retention Current lccbr x:%: 2: Vee 0.01 10 uA
VGE2=Vce
Chip Disable to Data Retention Time tCDR [} ns
Operation Recovery Time tR tRC ns
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READ CYCLE TIMING CHART

tRC

ADDRESS )(

tOH -1

CE1 1
tCQ 11— I‘ - tHZ1
\ tLz1e~]
CE2 \
tco2 tHZ2
pe————t|_Z 2 ————={
DouT L
WRITE CYCLE TIMING CHART

[ twe

ADDRESS ){

SANN

cw2

[t LAWY ]

\\

i

Dout

DiN

VCC (5.0V) e
45V meceww

VIH wemeae

_VCCDR -----------
CE1 or CE2(VIL) e

CDR

B e e ettt sttt

DATA RETENTION MODE
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E ION
AC TEST CONDITIONS Input Pulse Levels 0.8V to 2.2V
Input Rise and Fall Times 10 ns
Input and Qutput Timing Reference Levels 1.5V
Output Load 1TTL + 100 pF
PACKAGE OUTLINES A K———
uPD449C L
PLASTIC
(-
PLASTIC
1TEM MILLIMETERS INCHES
A 33 MAX 1.3 MAX
B 2.53 0.1
C 2.54 0.1
D 0.5 0.1 0.02 < 0.004
3 27.94 1.1
F 5 0.059
G 2.54 MIN 0.1 MIN
H 0.5 MIN 0.02 MIN
1 6.22 MAX 0.205 MAX
J 5.72 MAX 0.225 MAX
K 15.24 0.6
L 13.2 052
+0.10 +0.004
M 0.25 0.01
-0.05 -0.0018
uPD449D A - K
S W .
CERDIP —
T B
1 1 '
i [
H- /i
L —»lDl‘- - |- F _I - -0° — 15°
— B | E 1
CERDIP
ITEM MILLIMETERS INCHES
A 33.5 MAX. 1.32 MAX
B 2.78 0.1
[ 2.54 0.1
D 0.46 0.018
E 2794 1.1
£ 1.5 0.059
G 2,54 MIN 0.1 MIN
H 0.5 MIN 0.019 MIN
I 4.58 MAX 0.181 MAX
J 5.08 MAX 0.2 MAX
K 15.24 06
L 13.5 0.53
+0.10 +0.004
M 0.25_0‘05 0.01_0-002

449DS -1-82-CAT
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NEC
NEC Electronics U.S.A. Inc.

Microcomputer Division

Description

The uPB406 and 1. PB426 are high-speed, electrically pro-
grammable, fully decoded 4096-bit TTL read-only memo-
ries. On-chip address decoding, two chip-enable inputs
and open-collector/three-state outputs allow easy expan-
sion of memory capacity. The xPB406 and uPB426 are
fabricated with logic level zero (low); logic level one (high)
can be electrically programmed into the selected bit loca-
tions. The same address inputs are used for both
programming and reading.

Features

[J 1024 word x 4 bit organization (fully decoded)

0 TTL interface

[0 Fast Read Access Time: 50 ns max. (wPB406-2,
uPB426-2)

O Power consumption: 500 mW typ.

O Two Chip Select inputs for memory expansion

O Open-collector output (uPB406)
Three-state outputs (uPB426)

[OJ Ceramic and plastic 18-lead dual in-line packages

[0 Fast programming time: 200 n.s/bit typ.

(0 Compatible with: 7642/7643, 6352/6353 types and
equivalent devices (as a ROM)

(7 A.LM. (Avalanche induced Migration), Shorted-junction
technology

Pin Configuration

Pin Names
Aqs-A, Address Inputs
0,-0, Data Outputs
Cs,,Cs, Chip Selects
Voo Power (-+5V)
GND Ground
Operation

Programming

A logic one can be permanently programmed into a
selected bit location by using a programmer. First, the
desired word is selected by the ten address inputs in TTL
levels. Either or both of the two chip select inputs must be
at a logic one (high). Secondly, a train of high-current
programming pulses is applied to the desired output. After

«PB406/406-1/406-2
uPB426/426-1/426-2

1024 WORD BY 4-BIT
4096-BIT BIPOLAR TTL PROM

the sensed voltage indicates that the selected bit is in the
logic one state, an additional pulse train is applied, then
stopped.

Reading

To read the memory, both of the two chip select inputs
should be held at logic zero (low). The outputs then corre-
spond to the data programmed in the selected words.
When either or both of the two chip select inputs are at
logic one (high), all the outputs will be high (floating).

Block Diagram

Multiplexer Sutput 0o,
4096-bit F:- Muiltiplexer Qutput
(64 x 64) | -] Buffer ||
M, Cell
ey [T
<] Output
L Bul’f’er Oo,
[LITITT
-
‘e Output
- Buffer Oo.
Word Decoder
Address Buffer “;:f"'f s‘i'l‘;';‘
A A, A, A, A, A, A A, A, A, €3, T
Absolute Maximum Ratings*
T.=25C
Operating Temperature —-25°Cto+ 7§‘i [+
Storage Temperature ~65°C to +150°C
All Output Voltages —0.5to +5.5 Volts
All Input Voltages —0.5 to + 5.5 Voits
Supply Voltage V. —0.5to +7.0 Volts
Output Currents 50 mA

*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.

Rev/1
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uPB406/426

Programming Specification

® Output Load: See Figure 1.

@ Input Waveform: 0.0V for low level and 3.0V for high level, less than 10

ns for both rise and fall times.

@ Measurement References: 1.5V for both inputs and outputs.

@ C,in Figure 1 includes jig and probe stray capacitances.

DC Characteristics You must rigorously observe this specification in order to
T. = 0°C to +75°C, V. = 4,50V to 5.50V program the «PB406 and 1.PB426 correctly. NEC will not
- Limits accept responsibility for any device found to be defective if
Min, Typ, Max, ' TestConditions it was not programmed according to this specification.
Input High Voltage Vi 20 v A typical programming operation is performed by sensing,
Input Low Voltage Vi 08 V pragramming, and sensing again to find out if the word to
Input High Current N 40 uA  V,=58V,V =55V be programmed h.as reachqd the desired state. Ent_her or
input Low Gurrent oy 05 WA V.Coavvoosav both of the two chip enable inputs mustbe ata logic one
Output Low Voltage Vou © 045 V L =16 mA, Vc = 4.5V (hlgh?' . . . X
Output Leakage Current b, ] 40  pA Vo= 6.5V, Vo= 5.6V Sensing is accomphsh_ed by forcing a 20 mA current into
Output Leakage Current  — ke, 4 LA V= 0.4V, =55V the selected location via the output. The sense measure-
, ment ensures that the voltage required to force this 20 mA
nput Clamp Voitage -Vie 13 V I, = - 18 mA, V. = 4.5V . N s N
PP — . T A Al e current is less than the reference voltage. If this condition is
el . P satisfied, then that bit location is in the logic one (high)
Output High Voltage® Vou 2.4 \' =~ 2.4 mA state
Output Short Clrcuit ) . . . .
c:.':.m@ o e ke 18 60 mA  Vo=o0V Programming is accomplished by forcing a 200 mA current
into the selected bit via the output. The current pulse is
NOTE: lied for 7.5 us and then the location i d bef
@ Applicable to ;.PB426 only. applied for 7.5 us and then the location is sensed before a
Capacitance second programming current pulse is applied. This process
2 28°C, f = 1 MHz, V.. = B.OV, Viu = 2.5V continues until the selected bit is altered to the one state.
» s Voo OV, Viy . You can tell that a bit is programmed when two successive
Characterlstics Symbol Min, Max. Unit sense readings, 10 us apart with no intervening program-
Input Capacitance G 8 pF ming pulse, pass the limit. When this condition has been
Output Capacitance Cour 10 pF maet, four additional pulses are applied, and the sense cur-
AC Characteristics rent is terminated.
T, = 0°C to +75°C, V; = 4.50V to 5.50V
PD406 nPBA0.1 LPBA0E-2 Characteristic Limit Unit Notes
uPB426 .PB428-1 uPB426-2 Tost Amblent Temperature 255 °C
Parameter SYMbol in. Max. Min. Max. Min, Max. *"''  Conditions P pulse
Address Access 70 60 50 ns Amplitude 200 + 5% mA
2::" ol Clamp voltage 28 + 0% - 2% v
p Select s @ Ramp rate (both In rise
Access Time bo i “ o ne 000 and in fall) 70 max. Vis
i g{"':bﬁzlg‘f:‘. focs a5 40 30 ns Pulse width 7.5+ 5% e ::z gzr;z
Duty cycle 70% min.
Vee Sense current
Amplitude 20£05 mA
Clamp voltage 28+ 0% — 2% \J
Ramp rate 70 max. Vips 15V polnt/
15041 load.
300Q Sense current interruption
R before and after address
1 change 10min. us
Programming Ve, 5.0+ 5% — 0% v
Maximum sensed voitage
r 04 (OUT) for programmed one 70+ 0.1 v
' Delay trom tralling edge of
! programming pulse before
l sensing output voltage 0.7 min, us
CL == 30 pF 600Q
T
| b
| Addmonal Pulse Train ___.--28V Clamp
/*7 /77 ---+200 mA Program Pulse
w -=---100 mA Point
----20 mA Sensing {Before P)
Figure 1 7.5 “: ﬂoq OV Ref.
Notes: 0.7 us _‘....I =10 s \ ‘20 mA Sensing {After P)

MIN. “GND
Output Voltage Sensing

Figure 2 - Typical Output Voltage Waveform
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Package Outlines

1PB406/426C PLASTIC 1PB406/426D CERDIP
R N
[ - }
1 1 r
WU SQE\NLE I (-
LR i J L i[G ~M i
Sl e i pfhe ol oe
Plastic Cerdip
Item Millimeters Inches Item Millimeters Inches
A 23.2 Max. 0.91 Max. A 23.2 Max. 0.91 Max.
B 1.44 0.055 B 1.44 0.055
C 2.54 0.1 [+ 2.54 0.1
D 0.45 0.02 D 0.45 0.02
E 20.32 0.8 E 20.32 0.8
F 1.2 0.06 F 1.2 0.06
G 2.5 Min. 0.1 Min. G 2.5 Min. 0.1 Min.
H 0.5 Min. 0.02 Min. H 0.5 Min. 0.02 Min.
1 4.6 Max. 0.18 Max. 1 4.6 Max. 0.18 Max.
J 5.1 Max. 0.2 Max. J 5.1 Max. 0.2 Max.
K 7.62 0.3 K 7.62 0.3
L 6.7 0.26 L 6.7 0.26
M 0.25 0.01 M 0.25 0.01

Qualifiled Programming Equipment

Approved Personality

Manufacturer Model No. Module Socket Adaptors
Data I/O
Issaquah, WA 5,7,9,17, 19 919-1555 715-1305-5
Minato Electronics
Tokyo, Japan 1802 uPB4XX SA-18/B426
Takeda Riken
Tokyo, Japan TR-429 B PZ 3834 WZ3256-78
Tokyo Data
Tokyo, Japan PECKER-O UN-711F AD-7115
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NEC uPB409

NEC Electronics US.A. Inc. ﬁ532§8.1
Microcomputer Division ,.IPB 429-1
uPB409-2
uPB429.-2

2048 WORD BY 8 BIT BIPOLAR TTL
PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION  The uPB409 and 1PB429 are high-speed, electrically programmable, fully-decoded
16384 bit TTL read only memories. On-chip address decoding, three chip enable
inputs and open-collector/three-state outputs allow easy expansion of memory
capacity. The uPB409 and uPB429 are fabricated with logic level zero (low); logic
level one (high) can be electrically programmed into the selected bit locations. The
same address inputs are used for both programming and reading.

FEATURES 2048 WORDS x 8 BITS Organization (Fully Decoded)
TTL Interface
Fast Read Access Time :60 ns MAX
Medium Power Consumption :500 mW TYP
Three Chip Enable Inputs for Memory Expansion
Open-Collector Outputs (uPB409)
Three-State Outputs (uPB429)
Ceramic 24-Lead Dual In-Line Package (1PB4090D, uPB429D)
Plastic 24-Lead Dual In-Line Package (uPB409C, uPB429C)
Fast Programming Time :200 us/bit TYP
Replaceable with :828190/191
HM76160/76161, 3636
and Equivalent Type Devices

PIN CONFIGURATION

A7 C1 241 Vce
Ae []2 231 Ag
As (3 220 Ag
Ay []a 21 [ A0
Az (s 200 'cTa PIN NAMES
A s ‘;g:l 19 [J CEp Ag-A10 Address Inputs
A O 429 18] cE3 CE{-CE3 Chip Enable Inputs
Ao s 17 [] Og 01-0g Data Outputs
00 o 161 oy
02 E1O 15 j Og
o3 [On 14[3 og
GND []12 130 04
Rev/1
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uPB409/429

Supply Voltage vv...-0.610+7.0V

InputVoltage ............ e e e ,=0.5to +5.5V
OUutpUL VoItage . . v v v vt v ettt i i e i e -0.5 to +56.5V
OutputCurrent . ............... P ¢ N (AN
Operating Temperature . .. . ... ..o i i veennenans ~-25°C to +75°C
Storage Temperature
Ceramic Package . . . o v o ottt -65°C to +150°C
Plastic Package . . ... ........ e . .....~56°Cto +125°C

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 75°C, Vg = 4.5 t0 5.5V

CHARACTERISTIC SYMBOL MiN TYP MAX UNIT TEST CONDITIONS
Input High Voltage Viq 2.0 v
Input Low Voltage ViL 0.85 \4
Input High Current hH 40 HA V=55V, Vco=5.5V
input Low Current =L 0.25] mA V=04V, Vec=6.5V
Output Low Voltage VoL 0.45 v 10=16 mA, Vgg=4.5V
Output Leakage Current toFF1Y 40 HA V=65V, Vce=5.5V
Output Leakage Current ~10FF2 40 HA Vp=0.4V, Vcc=6.5V
Input Clamp Voitage -Vic 1.3 \ 1}=-18 mA, \)cc=4.5V
Power Supply Current Ice 100 160 mA All inputs Grounded, Ve =5.5V
Output High Voltage* VoH 2.4 \i 10=~2.4 mA, Vcc=4.5V
Output Short Circuit Current*} -1 20 70 mA Vo=0V

*Note: Applicable to uPB429

Ta=26°C, f=1MHz Vog =5V, V4N = 2.6V

CHARACTERISTICS SYMBOL MIN MAX UNIT
Input Capacitance CIN 8 pF
Output Capacitance CouT 10 pF

Ta=0°Cto 75°C, Vog =45 t0 55V DR @

#PB409-2, uPB429-2 uPB409-1, uPB420-1 uPB409, uPB429
CHARACTERISTIC SYMBOL UNIT
MIN MAX MIN MAX MIN MAX
— —
Address Access Time tAA 50 60 70 ns
Chip Enable Access Time TACE 30 40 50 ns
Chip Enable Disable Time tDCE 30 40 50 ns
Vee
3000
R
' -0 01 (DUT)
.
H
< g(l)- . 60092
p
H R2
i
7
FIGURE 1

input Waveform: 0.0V for low level and 3.0V for high level, less than 10ns for both rise and fall times.
Measurement References: 1.6V for both inputs and outputs.

NOTES: % Output Load: See Fig. 1.
@ Cy in Fig. 1 includes jig and probe stray capacitances.
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OPERATION

LOGIC DIAGRAM

uPB409/429

You can program only when the outputs are disabled by any one of the chip enable
inputs. This insures that the output will not be damaged when you apply programming
voltages. .

Programming

You can permanently program a logic one into a selected bit location by using special
equipment (programmer). First, disable the chip as described above. Second, apply a
train of high-current programming pulses to the desired output. Apply an additional
pulse train after the sensed voltage indicates that the selected bit is in the logic one
state. Then, stop the pulse train,

Reading

To read the memory, enable the chip (i.e., CEq =0, CE2 = CE3 = 1). The outputs then
correspond to the data programmed into the selected words. When the chip is dis-
abled, all the outputs will be in a high impedance (floating) state.

OUTPUT o
MULTIPLEXER sUFFERr [0 o
LIt I 11
1 OUTPUT 0o o
16,384 BIT i | MULTIPLEXER BUFFER || ) 2
(128 x 128} j R NS 4 H
MEMORY CELLS 1001111 T H
ARRAY — !
: OUTPUT , 0
{ | MULTIPLEXER BUFFER || O
ITITTIT T
g OUTPUT o o
t | MULTIPLEXER BUFFER || 3
WORD DECODER
CE’'
ADDRESS CHIP
ADDRESS BUFFER BUFFER ENABLE
A0 A1 A9 AzA4 As Ag A7 Ag Ag A10 CE1CE2 CE3
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uPB409/429

It is imperative that this specification be rigorously observed in order to correctly PROGRAMMING
program the uPB409 and 1PB429. NEC will not accept responsibility for any device  SPECIFICATION
found to be defective if it was not programmed according to this specification. '

CHARACTERISTIC LIMIT UNIT | NOTES

Ambient Temperature 25+ 65 °c
Programming Pulse
Amplitude 200 £ 5% mA
Clamp-Voltage 28 + 0% ~ 2% v
Ramp Rate (Both in Rise and in Fall} | 70 MAX V/us
Pulse Width 756+ 5% s 15V point/150% load
Duty Cycle 70% MIN
Sense Current
Amplitude 20+ 05 mA
Clamp Voltage 28+ 0% — 2% \"
Ramp Rate 70 MAX V/us 15V point/1609 load
Sense Current Interruption before
and after address change 10 MIN s
Programming V¢ . 5.0 +5%— 0% \
- *
Maximum Sensed‘ V’:')Itags 70£0.41 v
for programmed ‘1
Deiay from trailing edge of programming 07 MIN s

pulse before sensing output voltage

*A bit is judged to be programmed when two successive sense readings 10 us apart with no
intervening programming pulse pass the limit. When this condition has been met, four addi-
tional pulses are applied, then the sense current is terminated,

ADDITIONAL PULSE TRAIN TYPICAL OUTPUT

..- 28V CLAMP

——-- 200 mA PROGRAM PULSE VOLTAGE WAVEFORM

e
e === 100 mA POINT
..~ 20 mA SENSING (BEFORE PROGRAMMING!
== --- 7.0V REF

"'\ 20 mA SENSING (AFTER PROGRAMMING)

s GND

7.5 us

10 s

0.7 us MIN 10 ps

OUTPUT VOLTAGE SENSING
APPROVED PERSONALITY PROGRAMMING

MANUFACTURER MODEL NO. MODULE SOCKET ADAPTORS EQUIPMENT
Data 1/0 57,917, 19 919-1555 715-1628-2
Issaquah, WA
Minato Electronics 1802 uPBAXX SA-24-/B429
Tokyo, Japan
Takeda Riken TR-429 B PZ 3834 WZ3256-123
Tokyo, Japan
Toyo Data PECKER-O UN-711F AD-7118
Tokyo, Japan
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PACKAGE OUTLINE
©PB409C/429C

1PB409D/429D

uPB409/429

Hf]

A

{Plastic)
ITEM MILLIMETERS INCHES
A 33 MAX 1.3 MAX
8 2.53 0.1
c 264 0.1
D 0501 0.02 + 0,004
£ 27,94 1.1
F 15 0.089
G 254 MIN 0.1 MIN
H 0.5 MIN 0.02 MIN
1 6.22 MAX 0.205 MAX
J 5.72 MAX 0.225 MAX
K 16.24 0.6
L 132 0.52
+0.00 +0.004
M 028 oo 001 e

ﬁﬂ

wmwm
LA
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‘ﬂ' ~15°

(Cerdip)}

ITEM MILLIMETERS INCHES
A 33.5 MAX 1.32 MAX
8 2.78 0.11
c 2.54 LA
o 0.46 0.018
€ 27.94 [X)

F 1.5 0.069
[ 2,54 MIN 0.1 MIN
H 0.5 MIN 0.019 MIN
1 4.58 MAX 0.181 MAX
4 5.08 MAX 0.2 MAX
K 15.24 0.8
L 138 083

T
" 03550 001500z

409/429DS-1-82/REV1-CAT
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%ﬁlcectmnics US.A. Inc. @@BE&U@‘ UE\\‘]B@KE]%

Microcomputer Division

9216 BIT FIELD PROGRAMMABLE LOGIC ARRAY

DESCRIPTION The uPB450 is a bipolar, 9, 216-bit field programmable logic array. It includes 24
input and 16 output lines, 72 product terms, input 2-bit decoders, and 16-bit feedback
registers. This provides an extremely versatile organization. Interconnection of internal
AND-OR arrays is performed electrically by the proven, avalanche induced migration
method which is widely used in NEC Bipolar PROM technology.

FEATURES 24 Input Terminals

16 Output Terminals with Latches

72 Product Terms

16 Feedback Loops with J-K Flip Flops

20 2704 Input Decoders

80 x 72 AND-Array Elements

72 x 48 OR-Array Elements

Scan Path (Shift Register Mode) Capability of J-K Flip Flops

TTL Compatible

Single +5V Supply

48 Pin Ceramic Dual-In-Line Package

® 6 & 9 o 0 & 0 o o o

PIN CONFIGURATION = b s PIN NAMES
110 2 47 122 Ig~1 In
~ put
s O 3 46 3 121 c(>)~g3 Gumut
g O 4 45 [ 120 0~015 utputs
7 O s 4 B g ADE Mode Control
g O] 6 430 Iig QoT Shift Register
5 O 7 420 117 Output (Mode 2)
u O 8 4 a l16 CE Output and Mode
3 O 9 408 1 Control
2 Q1o 391 Ha CKD Output Latch
] E " 38% 113 Control
o 12 ,pPB450 37 2 i
ano d 13 36 g Vée CK1 zfgngack Register
ADE O 14 353 QOT -
0o ': 15 34 :1 og RESET ;::gtBack Register
o1 []16 330 og
o2 O 17 32 O10 Vee Power Supply
03 E 18 31 D 011 (+5V)
04 E 19 303 012 GND Ground
Og 20 29 013
% 2 281 O14
o7 Q22 27 | O15
CE O 23 26 [ RESET
CKo ] 24 25 [ cKq

450DS-1-82-CAT
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NEC

uPD2716

NEC Electronics US.A. Inc. uPD2716-2

Microcomputer Division

DESCRIPTION

FEATURES

PIN CONFIGURATION

16,384 (2K X 8) BIT UV ERASABLE PROM

The uPD2716 is a 16,384 bit (2048 x 8 bit) Ultraviolet Erasable and Electrically Pro-
grammable Read-Only Memory (EPROM). It operates from a single +5 volt supply,
making it jdeal for microprocessor applications. It offers a standby mode with an
attendant 75% savings in power consumption, and is compatible with the uPD2316E as
a ROM. This allows for economical change-over to a masked ROM for production
quantities, where desired.

The uPD2716 features fast, simple one pulse programming controlled by TTL level
signals. Total programming time for all 16,384 bits is only 100 seconds.

. Ultra\)iolet Erasable and Electrically Programmable
® Access Time — 390 ns Max
e Single Location Programming
¢ Programmable with Single Pulse
e Low Power Dissipation Standby Mode
e Input/Output TTL Compatible for Reading and Programming
e Pin Compatible to uPD2316E, uPD446 and uPD4016.
o 'Single +5V Power Supply
e 24 Pin Ceramic DIP
e Three-State Outputs
A7 = 24 [ Ve (+5V)
Ael] 2 23 [ Ag
A5O3 22 [)Ag
AQQ 4 21 Vep
A 5 20 [J GE
3 - 3 PIN NAMES
A24e  wPD 19 D] Ao AgA10 Addresses
Aard 2716 18 [ CE/PGM LUF Output Enable
Aol 8 17 [ 07 %&)7 Data Outputs
Y m [ 16 g Og /PGM Chip Enable/Program
oq 10 153 0s '
025 11 1404
(ov) GND L] 12 133 03
TABLE 1. MODE SELECTION
PINS
MODE CE/PGM OF vpp| Vcc | ouTPuTS
Read ViL ViL +5 | +5 Dout
Standby ViH Don’t Care +5 | +5 High Z
Program Pulsed Vy_to Vi ViH +25 1 +5 Oin
Program Verify ViL ’ ViL +25 | +5 DouTt
Program Inhibit Vi ViH +25 | +5 High 2

V|H and V| are TTL high level (‘‘1"'} and TTL low level
(“’0"’) respectively.

Rev/1
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uPD2716

DATA OUTPUTS BLOCK DIAGRAM
vVee o—s 0p-07

GND O———

e JIEEEE

_ OE —=J"0UTPUT ENABLE
CE/PGM ——w| CHIF ENABLE AND OUTPUT BUFFERS
.
—= Y . Y-GATING
—|  Dbecober .
Ag-A10
ADDRESS -
INPUTS fe——— X . 16,384 BIT
—=  DECODER . CELL MATRIX
B 4
\ L]

Operating Temperature, . . ... ... .......... e -10°C to +80°C ABSOLUTE MAXIMUM
Storage Temperature . . . ..... e -65°C 10 +1256°C RATINGS*
Output Voltage. . . . . .. e e e e e . .~0.3 to +6 Volts

InputVoltage. . .. ............. e e e ...-0.3 1o +6 Volts
Supply Voltage Voo ..o oot e e -0.3 to +6 Volts
Supply Voltage Vpp. .. ............. e e -0.3 to +26.5 Volts
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=26°C; f=1MHz CAPACITANCE
LIMITS TEST
PARAMETER SYMBOL | MIN |} TYP | MAX | UNIT § CONDITIONS
Input Capacitance CIN 4 6 pF | VIN=0V
Output Capacitance CouT 8 12 pF VouTt =0V
READ MODE AND STANDBY MODE DC CHARACTERISTICS
Te = 0°C ~ 70°C; Vo @ = +5v ¢ 6% vpp D@ =vec: 0.6v @
LIMITS
PARAMETER svympoL | miN. | Tve. | max. | umiT TEST CONDITIONS
Output High Voltage Vo 24 v 10K = -400 uA
Output Low Voltage VoL 045 v oL =2.9mA
Input High Voltege Vin 20 Vee H1 v
Input Low Voltage ViL -0.1 08 v
Output Leakage Current Lo 10 HA Vour = 5-25V
input Leskage Current e 10 BA VN = B.26V
Vpp Current 1ppy 5 mA Vpp = 6.86V
VecCumem @ icct 10 | 25 mA C__EIPGM =V Eé = Vyy Standby Mode
lcc2 67 | 100 mA | CE/PGM =V, OF = V|| Read Mode

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

(@ Vpp may be connected directly to Vo (+5V) at read mode and standby mode.
The supply current would then be the sum of Ippq and Icc {lcct or tcc2)-

@ The tolerance of 0.6V sllows the use of a driver circuit for switching the Vpp
supply pin from +25V to +5V.
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DC CHARACTERISTICS
(CONT.)

AC CHARACTERISTICS

uPD2716

PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE
Ta=26°C 1+ 6°C; Voc D =46V = 6% vpp D@ = 425v « 1v

LIMITS
PARAMETER SYMBOL MIN. | TYP. | MAX. UNIT TEST CONDITIONS
Input High Voltage ViH 2.0 Ve H? \"
Input Low Voltage ViL -0.1 (3] v
input Leakaga Current I 10 BA vm' = §.25V/0,45V
Program Verify
I 5 mA =
Vpp Current PPY CErpGM - Vi, Program Inhibit
Ipp2 30 mA CE/PGM = v}y Program Mode
Vg Current Icc 100 mA

READ MODE AND STANDBY MODE
Ta=0°Ct0+70°C; Voo D = 45v 2 5% vpp D@ = vt 06v®

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT CONDITIONS
Address to OQutput Delay tACC ® ns CE/PGM = OF = vy _
CE/PGM to Qutput Delay|  tcg ® ns OE = v
Output Enable -
121 /PGM =

to Output Delay -toE 0 e TE Vi
Output Enable High t 10 CE/PGM = v
to Output Float DF 0 0 ns CE/ I
Address to Output Hold toH 0 ns | CE/PGM =0E =V

Test Conditions

Output Load: 1 TTL gate and C = 100 pF
Input Rise and Fall Times: 20 ns

Input Pulse Levels: 0.8 to 2.2V

Timing Measurement Reference Level:
Inputs: 1.0V and 2.0V
Outputs: 0.8V and 2.0V

PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE
T,=25°C  5°C; Vg D= 45V 1 6%; Vpp DD = 425y + 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 tps 2 us
Address Hold Time tAH 2 us
OE Hold Time tOEH 2 us
Data Hold Time tDH 2 us
Output Enable to Output Float Delay | tpF 0 120 ns CE/PGM = ViL
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 FT 5 ns
Test Conditions:
Input Pulse Levels . ... ...... 0.8V to 2.2V Output Timing Reference Level . .0.8V and 2V

Input Timing Reference Level. . . . . 1V and 2V
Notes: @ Ve must be spplied simultaneously or before Vpp and removed after Vpp.
@ Vpp may be connected directly to Vcc (+6V) at read mode and standby mode.
The supply current would then be the sum of 1ppy and icc {Icct or Icc2).
@ The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp
supply pin from +25V to +6V.

@ During progl inhibit, and prog verify, a of +26V
should be applied to the Vpp pin. Overshoot voltages to be generated by the Vpp
power supply shoutd be limited to less than +26V.

(® #PD2716 450 ns
#PD2716-2 390 ns
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uPD2716

READ MODE
| . !
Ao-10 X ADDRESSES VALID K
——l F'-‘OH
TE/PGM /__..____._.
tCE———]
OF 1
{OE —=d
TACC tDF—]
Oo.7 V//// VALID OUTPUT }—*——-—
HIGH IMPEDANCE  \\\\| X HIGH IMPEDANCE
PROGRAM MODE
PROGRAM PROGRAM VERIFY  ~—u
Ao-10 | ADDRESS N ADDRESS N+m
;-—tAs—.l et t A H—— -
3 VALID INPUT Y VALID { VALID INPUT
Qo7 b—{  aooressn £ L ASSREST ¢ E""< ADDRESS N +m
IDF o [ tOE—] f— L.tm:
DS tDH
W
_ -.——IQES—-‘Z Fe— tOEH—> /
CEPGM 7
PRT-| [~ p—tPFT

Notas: (D GE may be delayed up to tACC—tOE after the falling edge of CE/PGM for read
mode without impact on tACC

@ tpE is specified from OE or EE/PGM, whichever occurs first.
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uPD2716

FUNCTIONAL The uPD2716 operates from a single +5V power supply and, accordingly, is ideal
DESCRIPTION for use with +5V microprocessors such as uPD808S5 and uPD8048/8748.

OPERATION

READ MODE

STANDBY MODE

PROGRAMMING
MODE

Programming of the uPD2716 is achieved with a single 50 ms TTL pulse. Total pro-
gramming time for all 16,384 bits is only 100 sec. Due to the simplicity of the pro-
gramming requirements, devices on boards and in systems may be programmed easily
and without any special programmer.

The uPD2716 features a standby mode which reduces the power dissipation from a
maximum active power dissipation of 5256 mW to a maximum standby power dissipa-
tion of 132 mW. This results in a 75% savings with no increase in access time.

Erasure of the uPD2716 programmed data can be attained when exposed to light with
wavelengths shorter than approximately 4,000 Angstroms (A). It should be noted that
constant exposure to direct sunlight or room level fluorescent lighting could erase the
uPD2716. Consequently, if the uPD27186 is to be exposed to these types of lighting
conditions for long periods of time, the uPD27 16 window should be masked to
prevent unintentional erasure.

The recommended erasure procedure for the #PD2716 is exposure to ultraviolet light
with wavelengths of 2,537 Angstroms (A). The integrated dose (i.e., UV intensity x
exposure time) for erasure should be not less than 15 W-sec/cm2. The erasure time is
approximately 15 to 20 minutes using an ultraviolet lamp of 12,000 nW/cm2 power
rating.

During erasure, the uPD2716 should be placed within 1 inch of the lamp tubes. If the
lamps have filters on the tubes, the filters should be removed before erasure.

The five operation modes of the uPD2716 are listed in Table 1. The power supplies
required are a +5V V-and a Vpp. The Vpp power supply should be at +25V during
programming, program verification and program inhibit, and it should be at +56V
during read and standby. -CTE/PGM, 'OE and Vpp select the operation mode as shown in
Table 1.

When CE/PGM and OF are at low (0) level with Vpp at +bV, the READ MODE is
set and the data is available at the outputs after tQE from the falling edge of OF and
tACC after setting the address.

The uPD2716 is placed in the standby mode with the application of a high (1) level
TTL signal to the CE/PGM and a Vpp of +5V. In this mode, the outputs are in a
high impedance state, independent of the OE input. The active power dissipation is
reduced by 75% from 525 mW to 132 mW.

Programming of the uPD2716 is commenced by erasing all data and consequently
having all bits in the high (1) level state. Data is then entered by programming a low
(0) level TTL signal into the chosen bit location.

The uPD2716 is placed in the programming mode by applying a high (1) level TTL
signal to the OE with Vpp at +25V. The data to be programmed is applied to the
output pins 8 bits in parallel at TTL levels.

Any location can be programmed at any time, either individually, sequentiaily or
at random.

When multiple uPD2716s are connected in parallel, except for CE/PGM, individual
#PD2716s can be programmed by applying a high (1) level TTL pulse to the CE/PGM
input of the desired uPD2716 to be programmed.

Programming of multiple uPD2716s in parallel with the same data is easily accom-
plished. All the alike inputs are tied together and are programmed by applying a
high (1) level TTL pulse to the CE/PGM inputs.
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Programming of multiple uPD2716s in parallet with different data is rendered more
easily by the program inhibit mode. Except for CE/PGM, all alike inputs (including OE) INHIBIT MODE
of the parallel uPD2716s may be common. Programming is accomplished by applying
a TTL level program pulse to the uPD2716 CE/PGM input with Vpp at +25V. A low
level applied to the CE/PGM of the other uPD2716.will inhibit it from being

programmed.

A verify should be performed on the programmed bits to determine thar the data was
correctly programmed on all bits of the uPD2716. The program verify can be per-
formed with Vpp at +25V and CE/PGM and OE at fow (O} levels.

The data outputs of two or more uPD2716s may be wire-ored together to the same
data bus. In order to prevent bus contention problems between devices, all but the
selected uPD2716s should be deselected by raising the OE input to a TTL high.

Window Label

24

O

PROGRAMMING

PROGRAM VERIFY MODE

OUTPUT DESELECTION

PACKAGE OUTLINE
uPD2716D (CERDIP)

0.84R
oo oOoUouo oo oooyg
1 12
A | e K —
I P
" P |
4 ! -
I i Gt [
o ot Ak ko [T
E i 0~ 15
ftem Millimeters inches
A 33.5 MAX. 1,32 MAX.
B 2.78 1.1
[ 2.54 0.1
1] 0.46 - 0.10 0.018 - 0.004
E 27.94 1.10
F 1.3 0.05
G 2.54 MIN. 0.1 MIN.
H 0.5 MIN. _0.020
' 5.0 MAX. 0.20
J 5.5 MAX. 0.216
K 15.24 0.60
L 14.66 0.58
M 0.25 - 0.05 0.010 - 0.002

An amber-colored window label is provided unattached for the convenience of the
user. The window labe! filters ultra-violet light frequencies, thus preventing accidental
erasure or long-term degradation caused by ambient light or sunlight.
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NEC
NEC Electronics US. A Inc.

Microcomputer Division

Description

The uPD2732 is a 32,768-bit (4096 x 8 bit) Ultraviolet Eras-
able and Electrically Programmable Read-Only Memory
(EPROM). It operates from a single + 5V supply, making it
ideal for microprocessor applications. It features an output
enable control and offers a standby mode with an attendant
80% savings in power consumption.

A distinctive feature of the uPD2732 is a separate output
control, oué%;t enable (UEﬂfrom the chip enable control.

(CE). The OE control eliminates bus contention in multiple-
bus microprocessor systems. The uPD2732 features fast,
simple one-pulse programming controlled by TTL-level
signals. Total programming time for all 32,768 bits is only
210 seconds.

Features

Ultraviolet erasable and electrically programmable

Access time—390 ns max

Single location programming

Programmable with single pulse

Low power dissipation: 150 mA max active current,
30 mA max standby current

Input/Output TTL-compatible for reading and

programming

Single +5V power supply

24-pin ceramic DIP

Three-state outputs

Ooono o oooog

Pin Configuration

24V o(+5V)

uPD2732

uPD2732-4

32,768 (4K x 8) BIT
UV ERASABLE PROM

Block Diagram
Data Outputs
Vee O——> O«-O?m
—— e
- I T I T [ T f T
OE/V;z ——aw} cg:anmiv'llbla
—] p Enable and
TE Program Logic Output Buffers
—_— -
— Y Y
—» Decoder e Y-Gating
—
—_— >
Ag-Ar | — .
Address{ — .| [
nputs | ___ o, .
I X . 32,768-817
— Decoder . Cell Matrix
——
—| L]

Absolute Maximum Ratings* (T, = 25°C)

Operating Temperature ............... —10°C to +80°C
Storage Temperature ............... —65°C to +125°C
OutputVoltage ................ccountn —0.3to +6 Volts
InputVoltage ........................ —0.3to +6 Volts
SupplyVoltage Vg - o oo vovovvvvvinnn —0.3to +6 Volts
Supply Voltage Vep ..ot —0.3to +26.5 Volts

*COMMENT: Exposing the device to stresses above those
listed in Absolute Maximum Ratings could cause perma-
nent damage. The device is hot 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.

Capacitance
T,= 25°C; f = 1 MHz

Limits
Symbol Min Typ

0,01 1430, Parameter Max Unit Test Conditions
{OV)GND Q12 1330, Input Capacitance .
’ Except OE/V,, Cine € pF Vi = OV
OE/V,, Input
Pin Names Capacitance Cue 30 pF Vi = OV
A-A Addr Qutput Capacitance Cour 12 pF Vour = OV
0 11
OE Output Enable D h Isti
0,-0, Data Outputs C Characteristics
EE Chip Enabl Read Mode and Standby Mode
PEnade  T,=0°C~70°C; vCC = +5V + 5%
; Limits
—_— — Parameter Symbol Min. Typ. Max. Unit Test Conditions
PINS CE OE/V.: Vo OUTPUTS ymao
Output High Voltage Vou 24 V oy = 400 gA
MODE Output Low Voltage Vou 045 V lu=21mA
Read ' Vi +5 Dour Input High Voltage Vi 2.0 Vee 1V
Standby Vi Don’t Care +5 HighzZ . Input Low Voltage Vi -0.1 0.8 v
Program Vi Vee +5 Dy Output Leakage Current 1, 10 uA Vo, =526V
Program Verify ' Vi +5 Dour input except OE/Vye I, 10 A V,-525V
i Leakage —— T
Program Inhibit Viu Ver +5 HighZ Current OB, ey 10 WA V525V
Table 1 - Mode Selection Ve Standby [ 15 30 mA CE- V,,OE/V, :V,
Current s ctive [ 85 150 mA OE/NV,. - CE-- V,
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DC Characteristics (Cont.)
Program, Program Verify and Program Inhibit Mode
T.=25+5C, V.= +5V+ 8%, Vo= +25V 1V

Limits
Parameter Symbol Min. Typ. Max. Unit TestCondltions
Input High Voitage Vi 2.0 Voo +1 ¥
Input Low Voltage Vi -0.1 0.8 v
Input Leakage Current " 10 uhA V=V, orvy
Output High Voltage Vou 2.4 V  lgu= -800uA
Output Low Voltage Vou 0.45 V g =21mA
V. Current lec 85 150 mA
Vep Current [ 30 mA CE=-V,,OEV.
AC Characteristics
Read Mode and Standby Mode
T.=0°Cto +70°C; V.. = +5V + 5%
Limits
Parameter Symbol Min Typ Max Unit TestConditlons
Address to Output Delay  t..c @ ns  TE=OENV,=V.
CE to Output Delay tee ® ns OE=V,
ety & o
SEA L . w w wow
Address to Output Hold ton [] ns CE=OE=V,

“Note: () 4PD2732 (450 ns max)
uPD2732-4 (3980 ns max)

Test Conditions —

Output Load: 1 TTL gate and C, = 100 pF
Input Rise and Fall Times: 20 ns

Input Pulse Levels: 0.8 to 2.2V

Timing Measurement Reference Level:
Inputs: 1.0V and 2.0V

Outputs: 0.8V and 2.0V

Program, Program Verify and Program Inhibit Mode
T.= 25°C = 5°C; V¢ = +5V + 5% Vpp = +28V = 1V

Limits
Parameter Symbol Min Typ Max Units Test Conditions

Addreas Setup Time ts 2 us

TE Setup Time toes 2 us

Date Setup Time tos 2 us

Address Hold Time tan [ ne

OE Hold Time toen 2 us

Data Hold Time ton 2 us

g\g::\g::;ble to Output tor 0 120 ns

Data Valld from CE _ tov 1 us CE-V,,O0E=V,
Program Puise Width tow 45 50 55 ms

Program Pulse Rise

Time tonr 50 ns

Ve» Recovery Time tr 2 us

Test Conditions —

Input Puise Levels = 0.8V to 2.2V
Input Timing Reference Level = 1.0V and 2.0V
Output Timing Reference Level = 0.8V and 2V

Function i
The wPD2732 operates from a single + 5V power supply,
making it ideal for microprocessor applications.

Programming of the uPD2732 is achieved with a single

50 ms TTL pulse. Total programming time for all 32,768 bits
is only 210 sec. Due to the simplicity of the programming
requirements, devices on boards and in systems may be
easily programmed without any special programmer.

The uPD2732 features a standby mode which reduces the
power dissipation from a maximum active power dissipa-
tion of 788 mW to a maximum standby power dissipation of
168 mW. This results in an 80% savings with no increase in
access time.
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Erasure of the uPD2732 programmed data can be
attained when exposed to light with wavelengths shorter
than approximately 4,000 Angstroms (A). It should be
noted that constant exposure to direct sunlight or room
level fluorescent lighting could erase the uPD2732. Con-
sequently, if the uPD2732 is to be exposed to these types
of lighting conditions for long periods of time, its window
should be masked to prevent unintentional erasure.

The recommended erasure procedure for the uPD2732
is exposure to ultraviolet light with wavelengths of 2,537
Angstroms (A). The integrated dose (i.e., UV intensity x
exposure time) for erasure should be not less than

1% W-sec/cm2. The erasure time is approximately 15 to 20
minutes using an ultraviolet lamp of 12,000 p.W/cm?
power rating.

During erasure, the uPD2732 should be placed within
1inch of the lamp tubes. if the lamps have filters on the
tubes, the filters should be removed before erasure.

Ciperation

The five operation modes of the uPD2732 are listedin
Table 1. In READ mode, the only power supply required is a
+5V supplé._EDuring programming, all inputs are TTL levels
except for OE/Vee which is pulsed from TTL level to 25V.

-Read Mode

When CE and OE/V,; are at low (0) level, READ is set and
data is available at the outputs after t,¢ from the falling
edge of OE and t,¢. after setting the address.

Standby Mode

The nPD2732 is placed in standby mode with the applica-
tion of a high (1) level TTL signal to the CE input. In this
mode, the outputs are in a high impedance state, indepen-
dent of the OE/V;; input. The active power dissipation is
reduced by 80% from 788 mW to 158 mW.
Programming

Programming begins with erasing all data and conse-
quently having all bits in the high (1) level state. Data is
then entered by programming a low (0) level TTL signal
into the chosen bit location.

The uPD2732 is placed in programming mode by applying
a high (1) level TTL signal to the CE and with OE/V, at
-+25V. The data to be programmed is applied to the output
pins in 8-bit parallel form at TTL levels.

Any location can be programmed at any time, either indi-
vidually, sequentially or at random.

When multiple uPD2732s are connected in parallel, except
for CE, individual uPD2732s can be programmed by apply-
ing a low (0) level TTL pulse to the CE input of the desired
uPD2732 to be programmed.

Programming of multiple xPD2732s in parallel with the
same data is easily accomplished. All the like inputs are
tied together and programmed by applying a low (0) level
TTL pulse to the CE inputs.

Programming Inhibit Mode

Programming multiple PD2732s in parallel with different
data is easier with the program inhibit mode. Except for CE,
all like inputs (including OE) of the parallel PD2732s may
be common. Programming is accorgﬂished by applying
the TTL-level program pulse to the CE input with OE/Vp,
at +25V. A high (1) level applied to the CE of the other
nPD2732 will inhibit it from being programmed.



Timing Waveforms

Read Mode

Aoy

LPD2732

)Zt - Addresses Valld ::::: J(
- A
. Jf
—_ et
-
‘Acff 'oN—T F—®
High Impedance %____?id_ofpm : J%ém

Notes: ® OF may be delayed up to tace—toe after the falling edge of CE for read mode without impact on tycc.
® t,r is specified from OE or CE, whichever occurs first,

Program Mcde ©

Aoy

Program Verify

Address N

[+ tos—o

Valld Input

Valld Output

Address N

Address N

fe—tov —

i
S

s

X_

[ tor

'

—tow o toen

—

v/

Note: ® 0.1uF capacitor must be connected between OE/V,, and ground to suppress spurious voltage transients
which may damage the device.
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Program Verify Mode

A verify should be performed on the programmed bits to
determine that the data was correctly programmed. The
program verify can be performed with CE and OE/V;; at
low (0) levels.

Output Deselect

The data outputs of two or more £ PD2732s may be wire-
ORed together to the same data bus. In order to prevent
bus contention.problems between devices, all but the
selected uPD2732s should be deselected by raising the
OE/Vpgp input to a TTL high.

Window Label

An amber-colored window label is provided unattached
for the convenience of the user. The window label
filters ultra-violet light frequencies, thus preventing
accidental erasure or long-term degradation caused by
ambient light or sunlight.
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Package Outline
uPD2732 D (Cerdip)

0.64R

24

A —— K]
| L el
H 1 J ]
- PH! s v )
1 [ ——G'Tﬂ
el | F c - f / LM
E L 0 ~ 15
Item Millimeters Inches
A 33.5 MAX. 1.32 MAX.
B 2.78 1.1
c 2.54 0.1
D 0.46 = 0.10 0.018 + 0.004
E 27.94 1.10
F 13 0.05
G 2,54 MIN. 0.1 MIN.
H 0.5 MIN. 0.020
1 5.0 MAX. 0.20
¢ 5.5 MAX. 0.216
K 15.24 0.60
L 14.66 0.58
™M 0.25 + 0.05 0.010 = 0.002
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NEC |
NEC Electronics US.A. Inc.

Microcomputer Division

Description
The uPD2732A is a 32,768-bit (4096 x 8 bit) Ultraviolet
Erasable and Electrically Programmable Read-Only Mem-
ory (EPROM). It operates from a single + 5V supply, mak-
ing it ideal for microprocessor applications. It features an
output enable control and offers a standby mode with an
attendant 75% savings in power consumption.

A distinctive feature of the uPD2732A is a separate output
control, output enable (OE) from the chip enable control
(CE). The OE control eliminates bus contention in multiple-
bus microprocessor systems. The uPD2732A features fast,
simple one-puise programming controlled by TTL-level
signals. Total programming time for all 32,768 bits is only
210 seconds.

Features
[J Ultraviolet erasable and electrically programmable
[0 Access time — 250 ns max
[0 Single location programming
[0 Programmable with single pulse
O Low power dissipation: 150 mA max active current,
35 mA max standby current
O Input/Output TTL-compatible for reading and
- programming
O Single +5V power supply
O 24-pin ceramic DIP
O Three-state outputs

Pin Configuration

24V (+5V)

A2 23[1A,
403 22[7A,
a4 210A,,
A0S -
a.Os 18[JA,
A, 18[QCE
A, 1730,
0,9 16[710,
o,10 1510,

uPD2732A
32,768 (4K x 8) BIT
UV ERASABLE PROM

Block Diagram

Data Outputs
Voo Q——— 0.0,
———,—
o T T T T T T T T
OEN, ——»-| cO\llphl utEn':bln
—_ Enable and
CE Pmpgnm Logic Output Buffers
—_—
— Y .
—_—) Decoder * Y-Gating
p— |
—_—
AgAy | ———p] )
Address{ .| .
nputs } __ ) °
— X . 32,7688IT
—] Decoder . Cell Matrix
—_—
J— .

Absolute Maximumi Ratings*:(T, = 25°C)
Operating Temperature -10°Cto +80°C

Storage Temperature ............. -65°Cto +125°C
OutputVoltage ...................... -0.3to +6V
InputVoltage ........................ -0.3to +6V
Supply VoltageVee . .................. —03to +6V
Supply Voltage Ve . ............... .. -0.3to +22V

*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.

Capacitance
T.= 25°C; f= 1 MHz

Limits

o,0n 1430, Parameter Symbol Min Typ Max Unit Test Conditions
{OV)GND 112 1300. Input Capacitance _
d Except ‘6%/v,, [ [ pF Vi = OV
SEV Input
Pin Names c-p;cnlnncl Cine 20 pF Viu =0V
A-A - Addry Output Capacitance Cour 12 pF Vour = OV
0 11
—
.OE Output Enable h isti
0.0, Data Outputs DC Characteristics
TE Chip Enabl Read Mode and Standby Mode
pEnable 1 - o0°c~70°C; Vo= +5V = 5%
Limits
- —— _— Parameter Symbol Min. Typ Max Unit Test Conditions
P P!
NS CE OE/Ver Veo ouUTPUTS Output High Voltage Vo 24 V. ln= —4004A
MODE Output Low Voitage Vo 045 V, In=21mA
Read Vi Vi +5 Doyr Input High Voltage Vi 2.0 Voo +1! Vv
Standby Vi Don’tCare +5 HighZ Input Low Voltage Vi ~0.1 0.8 v
Program Vo Vep +5 D Output Leakage Current 1, 10  pA Vo, =525V
_—
Program Verify \' Vi +5 Doyt input except OE/Ver Iy 10 uA V=525V
Leakage
Program Inhibit Viu Vee +5 HighZ Curront OEWV,» e 10 pA Ve=525V
————
Table 1 - Mode Selection Voo ot —endby ooy 35 mA CE= Wi OENVm =V
. ° Active [ 150 mA OE/V,=CE=V,
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DC Characteristics (Cont.]
Program, Program Verify and Program Inhibit Mode
T, = 25 + 8°C, Voo = +8V + 3%, Vpp = +21V 1 0.5V

Limits

Parameter Symbol Min Typ Max Unit TestConditions
Input High Voitage Viu 20 Voo +1 \}
Input Low Voltage Vi -0.1 0.8 v
Input Leakage Curient by 10 nA Vu=V,oorv,
Output High Voitage Vou 24 V gy = —400uA
Output Low Voitage Voo 0.45 V  lp=2.1mA
Ve Current Iec .85 150 mA
Vp» Current [ 30 mA CE=V,,OE=V,

AC Characteristics

Read Mode and Standby Mode
T.=0°Cto +70°C; Voo = +8V = 8%

Limits

Parameter Symbol Min Typ Max Unit TestConditions
Address to Output Delay 1, 250 ns CE=OB/NVep=V,
CEto Output Delay tee 250 ns OE=V,
Output Enable —
10 Output Detay toe 10. 100 . ns  CE=V,
Output Enable High
to Output Float tor [] 80 ns CE=v,
Address to Output Hold 1, 0 ns CE=-0E=V,

Test Conditions —

Output Load: 1 TTL gate and C, = 100 pF
Input Rise and Fall Times: 20 ns

Input Pulse Levels: 0.8 to 2.2V

Timing Measurement Reference Level:
Inputs: 1.0V and 2.0V

Outputs: 0.8V and 2.0V

Program, Program Verify and Program Inhibit Mode
T, = 28°C + 5°C, Voo = +58V + 5%; Vpp = +21V + 0.3V
Limits

Parameter Symbol Min Typ Max Unit TestConditions
Address Setup Time ts 2 us
_Esuup Time tozs 2 pne
Data Setup Time tos 2 ]
Address Hold Time i [] ue
ﬁ Hold Time Toen 2 us
Data Hold Time ton 2 ]
g::':lg::;bl. to Output tor ° 130 ns
Data Valid from CE t, 1 us CE-V,,0E-V,
Program Pulse Width tow 45 50 55 ms
Program Pulse Rise
Time tenr 50 ns
V. Recovery Time tva 2 8
Test Conditions —

Input Pulse Levels = 0.8V to 2.2V

Input Timing Reference Level = 1.0V and 2.0V

Output Timing Reference Level = 0.8V and 2V

Input Rise and Fall Times: 20 ns

Function

The uPD2732A operates from a single + 5V power supply,
making it ideal for microprocessor applications.
Programming of the uPD2732A is achieved with a single
50 ms TTL pulse. Total programming time for all 32,768 bits
is only 210 sec. Due to the simplicity of the programming
requirements, devices on boards and in systems may be
easily programmed without any special programmer.

The uPD2732A features a standby mode which reduces the
power dissipation from a maximum active power dissipation
of 788 mW to a maximum standby power dissipation of
184 mW. This results in a 75% savings with no increase in
access time.

Erasure of the uPD2732A programmed data can be
attained when exposed to light with wivelengths shorter
than approximately 4,000 Angstroms (A). It should be noted
that constant exposure to direct sunlight or room level
fluorescent lighting could erase the uPD2732A. Con-
sequently, if the uPD2732A is to be exposed to these types
of lighting conditions for long periods of time, its window
should be masked to prevent unintentional erasure.

The recommended erasure procedure for the uPD2732A is
exposure to kltraviolet light with wavelengths of 2,537
Angstroms (A). The integrated dose (i.e., UV intensity x
exposure time) for erasure should be not less than

15 W-sec/cm?2. The erasure time is approximately 15 to 20
minutes using an ultraviolet famp of 12,000 uW/cm?2 power
rating.

During erasure, the uPD2732A should be placed within

1 inch of the lamp tubes. If the lamps have filters on the
tubes, the filters should be removed before erasure.
Opeoration

The five operation modes of the uPD2732A are listed in
Table 1. In READ mode, the only power supply required is
a + 5V supply. During programming, all inputs are TTL
levels except for OE/Ve which is pulsed from TTL level to
21V.

Read Mode .
When CE and OE/V,; are at low (0) level, READ is set and
data is available at the outputs after to from the falling
edge of OE and t,. after setting the address.

Standby Mode

The uPD2732A is placed in standby mode with the appli-
cation of a high (1) level TTL signal to the CE input. In
this mode, the outputs are in a high impedance state,
independent of the OE/Vp input. The active power
dissipation is reduced by 75% from 788 mW to 184 mW.

Programming

Programming begins with erasing all data and conse-
duently having all bits in the high (1) level state. Data is
then entered by programming a low (0) level TTL signal
into the chosen bit location.

The uPD2732A is placed in programming mode by apply-
ing a high (1) level TTL signal to the CE and with OE/V; at
+21V. The data to be programmed is applied to the output
pins in 8-bit parallel form at TTL levels.

Any location can be programmed at any time, either indi-
vidually, sequentially or at random.

When multiple uPD2732As are connected in parallel, except
for CE, individual uPD2732As can be programmed by apply-
ing a low (0) level TTL pulse to the CE input of the desired
uPD2732A to be programmed.

Programming of multiple uPD2732As in parallel with the
same data is easily accomplished. All the like inputs are
tied together and programmed by applying a low (0) level
TTL pulse to the CE inputs.

Programming Inhibit Mode

Programming multiple uPD2732As in parallel with different
data is easier with the program inhibit mode. Except for CE,
all like inputs (including OE) of the paraliel uPD2732As may
be common. Programming is accomplished by applying
the TTL-level program pulse to the CE input with OE/Vp at
+21V. A high (1) level applied to the CE of the other
uPD2732A will inhibit it from being programmed.
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Timing Waveforms uPD2732A

Read Mode

T

GE /___'

tog ———o] L T
]

taco ton—s| fo—

[}

V//¢/// 5
0pr High impedance \ 5 S 5 SS 5 Valld Outpuut - High Impedance

Notes: @ OE may be delayed up to t,oc—toe after the falling edge of CE for read mode wnhout impact on tacc.
® to is specified from OE or CE, whichever occurs first.

Program Mode ®
Program Program Verify ———
4
Ao Address N
the —+
Vatid Input Valid Output
0o Address N Address N
o5 —) e toy — tos
ety
tow le—tomn
tvn
— e

Note: @ 0.1uF capacitor must be connected between OE/V,, and ground to suppress spurious voltage transients
which may damage the device.
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Program Verify Mode
A verify should be performed on the programmed bits to
determine that the data was correctly programmed. The

program verify can be performed with CE and OE/V;» at
low (0) levels.

Output Deselect

The data outputs of two or more uPD2732As may be wire-
ORed together to the same data bus. In order to prevent
bus contention problems between devices, all but the
selected uPD2732As should be deselected by raising the
OE/V,; input to a TTL high.

Window Label

An amber-colored window label is provided unattached for
the convenience of the user. The window label filters ultra-
violet light frequencies, thus preventing accidental erasure
or long-term degradation caused by ambient light or
sunlight.
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Package Outline
uPD2732AD (Cerdip)

13

0.84R
12
A { o~ K !
| p 4 Pt
" | 1 ]
— A i
f ’ i i G
B o 777 A : —”—“ -5
Item Millimeters inches
A 33.5 MAX 1.32 MAX
[] 2.78 1.1
c 2.54 0.4
D 0.46 = 0.10 0.018 + 0.004
E 27.94 1.10
F 1.3 0.05
[} 2.54 MIN 0.1 MIN.
H 0,5 MIN. 0.020
1 5.0 MAX. 0.20
J 5.5 MAX 0.216
K 15.24 0.60
L 14.66 0.58
'] 0.25+ 0.05 0.010 = 0.002
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NEC
NEC Electronics US.A. Inc.

Microcomputer Division

Description

The uPD2764 is a 65,536-bit (8192 x 8 bit) Ultraviolet
Erasable and Electrically Programmable Read-Only
Memory (EPROM). It operates from a single + 5V sup-
ply, making it ideal for microprocessor applications. It
features an output enable control and offers a standby
mode with an attendant 67% savings.in power con-
sumption.

A distinctive feature of the uPD2764 is a separate out-
put control, output enable (OE) from the chip enable
control (CE). The OE control eliminates bus contention
in multiple-bus microprocessor systems. The uPD2764
features fast, simple one-pulse programming controlled
by TTL-level signals. Total programming time for all
65,536 bits is 420 seconds.

Features

O Ultraviolet erasable and electrically programmable

O Access time—250 ns max

[0 Single location programming

(0 Programmable with single pulse

O Low power dissipation: 150 mA max active current,

50 mA max standby current

[ Input/Output TTL-compatible for reading and
programming

[0 Single +5V power supply

J 28-pin ceramic DIP

[0 Three-state outputs

Pin Configuration

uPD2764
65,536 (8K x 8) BIT
UV ERASABLE PROM

Block Diagram

Data Qutputs
Vee O—p 0,-0,
o . —t——
B T T T T T T T T
g [ '
— p Enable an
%—EE Program Loglc Output Buffers
—_—
— Y °
— Decoder Y-Gating
E—
——
Ay-Ase| — 5] 0
Address{ ——p.] 3
tnputs | ] .
p— X ° 65,536 BIT
] Decoder . Cell Matrix
—
—_ .

Absolute Maximum Raiings* (T, = 25°C)

Operating Temperature ............. —10°Cto +80°C
Storage Temperature . . ............ —-65°Cto +125°C
OutputVoltage ....................... -0.6to +6V
InputVoltage . . ....................... -0.6to +6V
SupplyVoltageVee ..o oo v -06to +6V
Supply Voltage Vep. . ..o oo oo v i -0.6t0 +22V

*COMMENT: Exposing the device to stresses above those
listed in Absolute Maximum Ratings could cause perma-
nent damage. The device is hot 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.

Capacitance
T, = 25°C;f = 1 MHz

Limits

Symbol Min Typ Max Unit Test Conditions

Parameter

Pil’l Names Input Capacitance . Cw ] pF Vi =0V
Ag-Ai2 Addr Qutput Capacltance Cour 12 pF Vour = OV
OE - Output Enable
0,-0, Data Outputs
CE Chip Enable
e P DC Characteristics
PGM rogram Read Mode and Standby Mode
N.C. No Connect Tq = 0°C to 70°C; V.= +5V +3%
" MODE SELECTION Limits
PINS O_E ﬁ ‘P_G‘ﬁ vPP vcc Outputs Parameter Symbol Min. Typ. Max. Unit Test Conditions
. Output High Voltage Vou 24 Vo = —400pA
MoDE {20) | (22) | (27) | (1) | (28) [(3$1-13, 15-19) Output Low Voltage Vor 045V lo=21mA
Read Vi | Vi Vin | Vee | Voe Dour Input High Voltage Vi 2.0 Vo +1 V
Standby Vin | X X Vee | Vec High Z input Low Voltage Vo Y] 08V
Program Vii | X Vic | Vep | Ve Din Output Leakage Current 1, 10 pA Vo= 525V
Program Verify |V, | Vy_ Vik | Vee | Veo Dour Input Leakage Current L, 10 uA V=526V
Program inhibit | V,; | X X Vee | Vec High Z Veo  Standby Yoo 50 mA CE-V,
Current stive [ 150 mA OE- CE-V,

X can be either V|_or Vi,
Table 1 - Mode Selection
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DC Characteristics (Cont.)
Program, Program Verlify and Program Inhibit Mode
T.= 25°C + 5°C, Voo = +5V + 5%, Vpp = +21V £+ 0.5V

Limits
Parameter Symbol Min. Typ. Max. Unit TestConditions
Input High Voitage Viu 2.0 Vec+1 V
Input Low Voltage Vi -0.1 0.8 v
Input Leakage Current ¥ 10 uh V=V, orvV,
Output High Voltage Vou 2.4 Vo= —400uA
Output Low Voitage Vou 0.45 V.  lg=21mA
Vcc Current Yoe 150 mA
V,» Current [ 30 mA CE=V,/PGM =V,
AC Characteristics

Read Mode and Standby Mode
T.=0°Cto +70°C; V. = +8V = 8%

Limits
Parameter Symbol Min Typ Max Unit TestConditions
Address to Output Delay  t,;; 250 ns CE=DOE -V,
TEto Output Delay tee 250 ns OE=V,
Output Enable =5
to Output Delay tor 10 0 ns CE-V,
Output Enable High
to Output Fioat tor 0 o n TE-v,
Address to OutputHold  t,, 0 ns CE=0E=V,
Test Conditions —

Output Load: 1 TTL gate and C_ = 100 pF
input Rise and Fall Times: 20 ns
Input Pulse Levels: 0.8 to 2.2V
Timing Measurement Reference Level:
Inputs: 1.0V and 2.0V

Outputs: 0.8V-and 2.0V

Program, Program Verlfy and Program Inhibit Mode
T.=25°C = 5°C; V. = + 5V + 83%; Vo = + 21V + 0.5V

Limits
Parameter S8ymbol Min Typ Max Unit TestConditions
Address Setup Time te 2 us
_ﬁ Setup Time toes 2 us
Data Setup Time s 2 us
Address Hold Time ta [ ue
& Setup Time toes 2 ne
Data Hold Time tou 2 une
P 0w
Data Valld from OF toe 150 ns
Program Pulse Width tow 45 50 55 ms
Vep Setup Time tvs 2 us
Test Conditions —

input Pulse Levels = 0.8V to 2.2V

Input Timing Reference Level = 1.0V and 2.0V

Output Timing Reference Level = 0.8V and 2V

Input Rise and Fall Times: 20 ns

Function

The uPD2764 operates from a single + 5V power supply,
making it ideal for microprocessor applications.

Programming of the uPD2764 is achieved with a single

50 ms TTL pulse. Total programming time for all 65,536
bits is 420 sec. Due to the simplicity of the program-
ming requirements, devices on boards and in systems
may be easily programmed without any special
programmer.

The uPD2764 features a standby mode which reduces
the power dissipation from a maximum active power
dissipation of 788 mW to a maximum standby power
dissipation of 262 mW. This results in a 67% savings
with no increase in access time.

Erasure of the uPD2764 programmed data can be
attained when exposed to light with wavelengths shorter
than approximately 4,000 Angstroms (73‘). It should be
noted that constant exposure to direct sunlight or room
level fluorescent lighting could erase the uPD2764.
Consequently, if the uPD2764 is to be exposed to these
types of lighting conditions for long periods of time, its
window should be masked to prevent unintentional
erasure.

The recommended erasure procedure for the uPD2764
is exposure to ultraviolet light with wavelengths of 2,637
Angstroms (A). The integrated dose (i.e., UV intensity x
exposure time) for erasure should be not less than

15 W-sec/cm?. The erasure time is approximately 15 to 20
minutes using an ultraviolet lamp of 12,000 pW/cm?
power rating.

During erasure, the uPD2764 should be placed within
1 inch of the lamp tubes. If the lamps have filters on the
tubes, the filters should be removed before erasure.

Gperation

The five operation modes of the uPD2764 are listed in
Table 1. In READ mode, the only power supply required
it a + 5V supply. During programming, all inputs are
TTL levels except for Vpp which is pulsed from TTL
level to 21V.

Read Mode

When CE and OE are at low (0) level, READ is set and
data is available at the outputs after tos from the falling
edge of OE and t,g after setting the address.
Standby Mode

The uPD2764 is placed in standby mode with the appli-
cation of a high (1) level TTL signal to the CE input. In
this mode, the outputs are in a high impedance state,
independent of the OE input. The active power dissipa-
tion is reduced by 67% from 788 mW to 262 mW.

Programming

Programming begins with erasing all data and conse-
quently having all bits in the high (1) level state. Data is
then entered by programming a low (0) level TTL signal
into the chosen bit location.

The uPD2764 is placed in programming mode by apply-
ing a low (0) level TTL signal to the CE and PGM with
Ve at +21V. The data to be programmed is applied to
the output pins in 8-bit parallel form at TTL levels.

Any location can be programmed at any time, either indi-
vidually, sequentially or at random.

When multiple uPD2764s are connected in parallel
except for CE, individual uPD2764s can be programmed
by applying a low (0) level TTL pulse to the PGM input
of the desired uPD2764 to be programmed.

Programming of multiple uPD2764s in parallel with the
same data is easily accomplished. All the like inputs are
tied together and programmed by applying a low (0)
level TTL pulse to the PGM inputs.
Programming Inhibit Mode
Programming multiple uPD2764s in paraliel with dif-
ferent data is easier with the program inhibit mode.
Except for CE (or PGM) all like inputs (including OE) of
the parallel uPD2764s may be. common. Programming
is accomplished by applying a low (0) TTL-level pro-
gram pulse to the (or F%M) input with Vep at +21V.
A high (1) level applied to the CE (or PGM) of the other

120 uPD2764 will inhibit it from being programmed.



Timing Waveforms uPD2764

Read Mode
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Notes: ® OE may be delayed up to t.cc—to after the falling edge of CE for read mode without impact on tacc.
®@ tp is specified from OE or CE, whichever occurs first.

Program Mode
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Program Verify Mode

A verify should be performed on the programmed bits to
determine that the data was correctly programmed. The
program verify can be performed with CE and OE at:
low (0) levels and PGM at high (1) level.

Output Deselect

The data outputs of two or more uPD2764s may be
wire-ORed together to the same data bus. In order to
prevent bus contention problems between devices, all
but the selected uPD2764s should be deselected by
raising the CE input to a TTL high. OE input should be
made common to ail devices and connected to the
READ line from the system control BUS. These connec-
tions offer the lowest average power consumption.
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Package Outline
uPD2764 D (Cerdlip)

0.64R

o—K

<—-——L—.I

H ]
4 H_— ﬂ
" Gl
s S
E 0 ~15°
Item Millilmeters Inches

A 37.7 MAX. 1.48 MAX.

B 2.78 11

c 2.54 0.1

D 0.46 = 0.10 0.018 = 0.004

E 27.94 1.10

F 1.3 0.05

G 2,54 MIN. 0.1 MIN.

H 0.5 MIN. 0.020

] 5.0 MAX. 0.20

J 5.5 MAX, 0.216

K 15.24 0.60

L 14.66 0.58

M 0.25 = 0.05 0.010 = 0.002

2764DS-1-82-CAT
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Custom ROM
Verification Code

Procedure

ROMs the Right Way

You will select well if you choose Electronic Arrays as your
supplier of mask programmed ROMs,

Every ROM is like a custom LSI circuit. It’s designed to store a
bit pattern unique to your requirements. No one else can use your
ROM. And you depend upon your ROM supplier to meet his com-
mitments regarding delivery and quality. A ROM manufacturer
must therefore be particularly cognizant of the custom nature of the
business if he is to be effective in meeting customer needs.

At EA, we have the "ROM PERSPECTIVE”, developed over a
ten-year period of supplying custom ROMs. By utilizing our
Mother Lot contact mask programming technique, and local
domestic assembly, EA ships quality ROMs with fast, reliable
delivery.

We also apply our knowledge to make verifying your custom
ROM patterns a snap. With your complete input, as described
within, we'll read out, duplicate, and send a verification package on
its way back to you in 24 hours—every time.

NEC Electronics U.S.A. Inc.

Electronic Arrays Division

NEC
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A. VERIFICATION SEQUENCE SUMMARY

The diagram on page 3 details the procedure used by EA ta verify your bit patterns. At your end, the se-
quence is simple. EA does all the hard stuff.

1. You ship to EA UV EPROMs or ROMs containing your custom bit patterns.

2. Upon receipt, EA reads out your patterns onto our PDP-11/70 computer file.

3. EA programs UV EPROMs the same or electrically simiiar to those you submitted, using the stored pro-
gram data base from our computer.

4. A complete octal printout of your code is generated, including designation of chip selects and any
custom marking required. :

5. The EA-programmed UV EPROMs and printout are shipped to you for verification and approval.

6. Upon your receipt and verification testing, you notify us by phone, TWX, or mail of your approval.
This starts the clock as regards delivery of first samples and ali subsequent deliveries.

7. You sign and return to EA the cover sheets attached to each ROM code printout in the space indicated.
Please don’t forget this last important detail. '

B. SENDING COMPLETE DATA

Complete information is necessary from you to avoid unnecessary verification delays. The following

checklist should be reviewed-for all custom patterns sent to EA.:

1. Have you included the desired chip select logic levels for each ROM? This information cannot be in-
cluded in the UV EPROM, and must be furnished separately. We cannot proceed without it—it is an
integral part of the ROM pattern data we require (see C below for details).

12 i your are sending multiple UV EPROMs for a single ROM (e.g., two 16K UV EPROMs for one 32K
ROM), be sure each part is clearly marked with the starting address for that section of the ROM. It is
best to include this address marking on the UV EPROM package itself via a sticker.

[J 3. Are the UV EPROMs themselves electrically sound? Double check them to ensure they program and
read out properly with the right levels.

[J 4. Do you require your own marking on the package? W'l be happy to custom-mark your ROMs for you
if you will supply us with your desired marking. We've up to 20 digits available on one line for your
marking preference.

L] 5. Are the devices properly packaged for shipment to EA? To avoid accidental UV erasure, be sure the
quartz window is covered. A small, gummed label is good protection. And we receive many UV
EPROMs in a ““CRUSHED” condition—often irreparable. Do not ship in an envelope. Ensure the UV
EPROMs are packed in a rigid container to physically protect the leads, and with conductive foam
to protect them from static charge. Then ship in a jiffy bag, or better yet, a small box with protective
packing.

[ 6. Can you include duplicate master UV EPROMs (or ROMs)? This allows EA to use a checksum to attest to
readout integrity and reduces the potential error rate. If you can’t send duplicate masters, please in-
clude a checksum for each individual UV EPROM (or ROM). The more redundancy we receive, the
more rigorous EA can be in each verification step.

[J 7. If you wish to receive your masters back with their original program, please include biank UV
EPROMs for EA to program for verification. This will facilitate our turn time, and allow us to return
your masters with the verification EPROMs.

[J 8. If you are ordering the EA8332 32K ROM, have you indicated whether you want the A or B pinout ver-
sion? The pinout is irreversibly fixed simultaneous with the bit pattern during contact mask, and must
be specified by you. Reference the front of the EA8332A/B data sheet for pinout option details.

C. CHIP SELECT PROGRAMMING

Every EA ROM has programmable chip selects which are permanently programmed into the ROM along with
the bit pattern during wafer fabrication.

These chip selects are available for your convenience since they allow multiple ROMs to be utilized in
parallel without external ROM select logic. You must furnish EA with the desired chip selection logic level
for each CS pin on your ROM concurrent with the submission of the bit pattern.

See diagram on page 3. Note that the customer role is kept to a minimum in the overall verification effort. You
need only:
1. Supply the EPROMs, CHIP SELECT, SPECIAL MARKING, CHECKSUM.

2. Test the product returned to you for verification.
3. Sign and return the-approval sheet attached to each printout.

Prior to order entry into customer service, we of course also require your P.O. number, prices, quantity, and requested delivery schedule. All
delivery commitments are based upon EA receipt of code verification and complete order entry data.
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VERIFICATION CODE SEQUENCE

; EPROMS, CHIP SELECT, CHECKSUM,
CUSTOMER ] speciaL MARKING, CUSTOMER DATA

EA ROM PLD
OFFICE

EPROM
f PROGRAMMER
READOUT

PATTERN
CAPTURE
SOFTWARE

CHECKSUM &M ROM PATTERN
COMPARE PROCESSOR
SOFTWARE

LISTING
PRINTER

EA ROM PLD
OFFICE

CUSTOMER

EA ROM PLD
OFFICE

CUSTOMER : ROM PATTERN
SERVICE PROCESSOR
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Each chip select (CS) must be programmed to be selected by either a logic 1 or logic 0. Reference the ROM
data sheet “DC Operating Characteristics” to correctly interpret the logic 1 (high) and logic O (low) voltage
conditions when determining your chip select options.

Chip selects must be specified for the following pins on EA ROMs:

ROMTYPE SIZE CHIP SELECT PINS TOTAL
EA8308A 8K 18, 20 2
EAB316E 16K 18, 20, 21 3
EAB332A 32K 20, 21 2
EA8332B 32K 18, 20 2
EAB364 64K 20 1

D. USING UV EPROMS FOR CODE TRANSMITTAL

EA receives the vast majority of its customer codes by way of customer-programmed UV EPROMs. You may
utilize any of the following UV EPROM:s to transmit codes to EA:

UV EPROM SIZE
2708 8K
2716/2516 16K
2732/2532 32K
2764/2564 64K
To transmit a code for this ROM: Use these UV EPROMs:
EA8308A (8K ROM) One 2708
EAS8316E (16K ROM) Two 2708's or
One 2716
EA8332A/B (32K ROM) Four 2708's or
Two 2716's or
One 2732
EA8364 (64K ROM) Eight 2708's or

Four 2716's or
Two 2732's or
One 2764

When submitting multiple UV EPROMs for one ROM code, remember to mark the starting address on each
EPROM (B-2. above).

E. EXPEDITED VERIFICATION

If distances are great and/or time is of the absolute essence, EA has an alternate verification procedure you

may use:

UV EPROMs- Send EA 3 identically programmed UV EPROMs or sets of UV EPROMs. EA will read
out all 3 and test for a match. If a match is obtained, EA will proceed with masking to pro-
duce ROMs identical to the 3 received. A printout will be furnished, but for information
purposes only, not approval. The customer is responsible for the integrity of the patterns as
submitted.

MASKED ROMs- Send 2 masked ROMs or sets of ROMs. EA will test for a match. If a match is obtained, EA
will proceed with masking to produce ROMs identical to those received. A printout will be
furnished, but for information purposes only, not approval. EA guarantees their ROMs to
contain the identical pattern as the ROMs EA received.

F. ALTERNATE CODE TRANSMITTAL METHODS

There are acceptable alternatives to transmitting custom ROM codes to EA other than via UV EPROMs or

ROMs. Codes may be transmitted via paper tape, punched cards, or other acceptable mediums. Standard oc-

tal and hexadecimal formats are currently available for use with punched computer cards or paper tape.

Other non-standard formats may be acceptable provided adequate descriptions and compatible equipment

ﬁé\‘/ociloble. Contact EA sales personnel for further details and factory response.

Electronic Arrays Division, 550 East Middlefield Road, Mountain View, CA 94043, Telephone (415) 964-4321, TWX 910-379-6985
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Description

The uPD2316E/EA8316E is a 16,384-bit Read Only
Memory utilizing MOS N-channel silicon gate tech-
nology. The device is completely static in operation,
organized as 2,048 words by 8 bits, and operates from
a single + 5 volt power supply. All inputs and outputs
are fully TTL compatible. It has three programmable
chip select inputs and three-state outputs that allow
memory expansion to 16,384 words by 8 bits without
the use of any external logic. Programming of the
device is accomplished by a custom mask during fabri-
cation. The EA8316E pin-out is compatible with 2708
and 2716 EPROMSs and can replace two 2708s or one
2716 for production. The EA8316E is available to two
access time specifications, the standard 450 ns or the
faster 350 ns version.

Features

O Two Fast Access Time Options

— 450 ns Maximum, EA8316E

— 350 ns Maximum, EA8316E-5

All Outputs Drive 2 TTL Loads Directly

All Inputs TTL Compatible

Single + 5 Volt Supply with + 5% Tolerance
Three-State Outputs for Direct Bus Compatibility
Three Programmable Chip Select Inputs
Pin-Compatible to 2708 and 2716 EPROMs

Fully Static Operation

All Inputs Protected Against Static Charge

OooOooooo

Pin Configuration

ankl ~ 24 [ vee
As (] 2 23 [] As
As[] 3 22[] Ag
Ag 4 21[]Cs3
Azl s w 20 [T} CSq
A2 s g 19 [] A0
A7 g 18 {71 ¢S
Ao 8 2 17 | b7
Do[Jo § 16 | ] De
01510 * 15 ] Ds
D2 (] 11 14[)Dg
GND (|12 13[]1D3

uPD2316E/EA8316E
READ ONLY MEMORY
2048 WORDS, 8 BITS/WORD

Block Diagram

Ap A1 A2 A3 A4 As Ag A7 Ag Ag A1 CS1 CS2 CS3

BEEEEEEEN

[ Chip Select I

Address Input Buffers ] Buffer
2l 2], 2 2f2F 2} 2} 2], 2], 2], 2], =2k z2f2
V.4 4 { 1 'r /r
Chip Select
64-Bit Decoder ] hlfog?cec
64
] L] b7
. L] —— Dg
] L]
. -3 . — D
5 . & . 5 ®
256 | B ] o > o | 5 }—» D4
64 X 256 § . @ . @
ROM Matrix ° . 3 . 'g. — D3
* . © . 5
© . . © D2
s ) .
. . - D1
Ld L3 DD

Absolute Maximum Ratings*

Ta = 25°C, f = 1 MHz

Voltage on All Inputs, Outputs, and Supply Pins -0.5t0 7.0V
Maximum Junction Temperature +150°C
0Jc (Hermetic DIP) +65°C/W

Storage Temperature -65°Cto +150°C
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*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.

Capacitance
Ta = 25°C, f = 1MHz. All pins at 0 volts.

Limits
. Parameter Symbol Min Typ Max Test Condltions
Input Capacitance Cin 5pF 7pF VIN = 0V
Output Capacltance Cout 7pF 10pF Voyr = OV

DC Characteristics

Ta = =10°Cto +70°C and Vgg = 5V
Limits
Parameter Symbol Min Typ Max Unit Test Conditions
Input “‘Low’ Voltage ViL -0.5 0.8 v
Input “‘High™ Voltage - VI 2.0 Veg+1 Vv
Input Load Current L 10 KA Vg = Oto + 5.25V
Output “Low’ Voltage VoL 0.40 V gL = +3.2mA
Output “‘High" Voltage VoH 2.4 V. loH = -2004A
Output Leakage Current ILo 10 A - Chip disabled,
Voyr = +0.4v
toVee
Power Supply Current Iec 60 90 mA Al inputs +5.25V,
Outputs




uPD2316E/EA8316E
AC Characteristics

Ta = -10°Cto +70°C
EAB316E-3 EAB316-E

Parameter Symbol Min Max Min Max Unit
Address to Output Delay Time tace 350 450 ns
Chip Select to Output Delay Time tco 150 150 ns
Chip Deselect to Output Data pe 100 100 ns
Float Time
Previous Data Valld After Address ton 20 20 ns
Change
AC Test Conditions
Input Pulse Rise and Fall Times. ............... 20 ns

Timing Measurement Reference

' 100 pF > 25K
>

<

¢

> Y

. H
f

{

Output Load (AC): 1 TTL Load + 100 pF.

Standard Conditions

VIH, VOH = 2.0V; VOL., VIL

The characteristics below apply for the following stan-
dard test conditions, unless otherwise noted. All volt-
ages are referenced to ground. Positive current flows

into the referenced pin.

Output Load (AC):
0°C<ta < + 70°C

+4.75VEVcG < +5.25V

Timing Waveform

2 Series 74 TTL, CL = 100 pF

A‘ig{:‘ﬁ Address X Address Y
—
«—tACC —>
" ZZ>
Chip Select Chip Select: Chip Select Chip Select:
Inputs Invalid Vallld Invalid -
[~—1tCO toH tDF
Data © // Outpu
Outputs High Impedance {gﬁ’ é// Valid

Typlcal Characteristics

IcC Vs. Temperature

8316C
100

20
80

70

ICC (mA)
1ACC (ns)

60
80
40
30

0° 10° 20° 30° 40° 50° 60° 70°

tA (°C)

High Impedance

375
350
325
300
275
250
225

200

tacc Vs. Temperature
8316C

Definitions
Access Time, tACC

Access time is the maximum time between the applica-
tion of a valid Address and the corresponding valid
Data Out.

Cutput Hold Delay, tOH

Cutput hold delay is the minimum time after an Address
change that the previous data remains valid.

Cutput Enable Time, tco

Output enable time is the maximum delay between
Chip Selects becoming true and Output Data becoming
valid.

Cutput Disable Time, tpf

Output disable time is the delay between Chip Selects
becoming false and output stages going to the high
irpedance state.

CGustom Programming Instructions

Bit Pattern Submittal Options

The customer’s unique bit pattern can be submitted to

Electronic Arrays via several convenient methods such

that it is easy for the ROM customer, and readily

verifiable for accuracy. The bit pattern can be delivered

to EA contained within:

. One programmed 2716 EPROM

. Two programmed 2708 EPROMs

. One customer-programmed 8316E ROM

. Punched computer cards per the detail format
shown below.

Bit Pattern Verification

For customer verification of the submitted bit patterns,

several alternatives are also available. The following are

those found by experience to be most expeditious.

BN =

Customer Pattern
Submitted Via:
1. One programmed 2716

Verification Routine

Customer sends EA one addi-
tional erased 2716. EA programs
the spare 2716 with the pattern
data base extracted from the pro-
grammed 2716, and returns to
customer for pattern verification.
Customer sends EA two additional
erased 2708s. EA programs the
spare 2708s with the pattern data
base extracted from the pro-
grammed 2708s and returns to
customer for pattern verification.

2. Two programmed 2708s

Access Time Vs, Capacitance Load
8316C

550
500

VCC = 4.50 Volts
tA = 70°C

1 TTL LOAD
o

450

400

i

|

tACC (ns)

350

L

300
250

0° 10° 20° 30° 40° 50° 60° 70°
ta (°2)
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Customer Paitern
Submitted Via: Verification Routine

3. One mask-programmed 8316E  Customer sends EA one erased
(or one 16K ROM) 2716 or two erased 2708s. EA
programs these EPROMSs with the
pattern data base extracted from
the 8316 and returns to the
customer for pattern verification.
After extracting the bit pattern
. from the card deck, EA’s data
base is used to punch a new
deck. This deck, plus a complete
printout, is returned to customer"
for pattern.verification. :
In all éases a computer printout of the complete bit pat-
tern is also available upon customer request. The
original 2716s, 2708s, or 8316s are retained by EA as
the original bit pattern source data, at least until the
first sample EAB316Es are tested and customer-
approved.
The data base tape derived from the above source
devices or card deck is utilized in turn to produce a pat-
tern generator tape and ROM test pattern. The pattern
generator tape drives EA’s automatic pattern generation
mask equipment, resulting in mask tooling that contains
the customer’s unique one/zero pattern. The ROM test
pattern is used at production sort and final test to test
each device 100% to the complete custom bit pattern.
Chip Select Level Programming
C81, CS2, and CS3 must be programmed by the
customer to be selected by either a logic 1 or a logic 0
level. Accordingly, the customer must furnish EA with
the desired chip selection level (1 or 0 only) for CS4,
CSp2, and C83, concurrent with submission of the bit
pattern. The CS input logic levels are permanently
established within each ROM in the same manner as
the bit pattern.
Punched Computer Card Instructions
This technique requires that the customer supply EA
with a deck of standard 80-column computer cards
describing the data to be stored in the ROM array.
Title Card
All customer ROM ‘‘Data Cards’’ must be preceded by
a “Title Card’’ which contains all unique information
pertaining to that ROM other than the ROM data con-
tent. The required punching format is as follows:

4. Punched computer cards

Card
Column No. Card Contents
1 *(Asterisk)
2-19 Customer Name
20-21 Blank (no punch)
22-23 Month; e.g., 05 for May
24 /(slash)
25-26 Day of the month; e.g., 04 for the 4th day
27 /(slash)
28-29 The last two digits of the year
30-31 Blank
32-36 ROM Type (i.e., 8316E)
37 Blank
38-41 C8q =
42 CS level desired for chip seiection
(1 or 0 only)
43 Blank
44-47 CSp =
48 CS8y level desired for chip selection
(1 or 0 only)
49-54 Blank
55-80 Customer part number

nPD2316E/EA8316E

Alternative Data File Formats

In addition to the standard EA octal format, it is possi-
ble to furnish data to EA in other formats if prearranged
with the factory. A standard hexadecimal format is cur-
rently available. Other nonstandard formats may be
acceptable. Contact EA sales personnel.

Data Cards

The required punching format is described below. All
addresses must be included with their outputs defined.
That is, no assumptions are made regarding the bit
configuration of undefined outputs. Therefore, the
customer must submit cards defining the entire ROM
contents, when portions of the ROM may be unused
(zero).

Card Octal Pattern Format
Cotumn No. Card Contents
1-4 Punch a 4-digit octal number represent-

ing the input address for the first of the
16 output words appearing on this card
(this is the initial address).
57 . Punch a 3-digit octal number represent-
ing the outputs for the input address
specified in column 1-4.
Punch a 3-digit octal number represent-
ing the outputs for the initial input
address + 1.
Punch a 3-digit octal number represent-
ing the outputs for the initial input
address + 2.

8-10

11-13

Punch a 3-digit octal number represent-
ing the outputs for the initial input
address + 15.

Blank

Not used by EA. May contain customer
identification.

Each card, therefore, carries (in octal) the initial input
address for the 16 output words contained on that card,
the 16 output words themselves (in octal) and the
unique ROM number. The cards must be provided for all
possible sequential address locations (in blocks of 16).
A 2,048-word ROM therefore, requires 128 cards, with
all 16 output words defined on each card.

53-59
60-80
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uPD2316E/EA8316E

Package Outlines uidD2316ED
uPD2316EC EA8316ED
EAB8316EC Ceramic
Plastic
A A
¥
RERiE T
HT ' v [} i G
_.IB'!.._ ._.__.:C(.._ Bt e F c—ll‘-u |—[ —] ot 0%10° M=)
Item Millimeters Inches Itom Millimeters inches
A 33 Max 1.3 Max A 30.78 Max 1.23 Max
B 2.53 0.1 B 1.53 Max 0.07 Max
C 2.54 0.1 C 2.54 + 01 0.10 + 0.004
D 0.5 + 0.1 0.02 i+ 0.004 D 0.46 + 0.8 0.018 + 0.03
E 27.94 1.1 E 27.94 + 0.1 1.10 + 0.004
F 1.5 0.059 F 1.02 Min 0.04 Min
G 2.54 Min 0.1 Min G 3.2 Min 0.125 Min
H 0.5 Min 0.02 Min H 1.02 Min 0.04 Min
| 5.22 Max 0.205 Max | 3.23 Max 0.13 Max
J 5.72 Max 0.225 Max J 4.25 Max 0.17 Max
K 15.24 0.6 K 15.24 Typ 0.60 Typ
L 13.2 0.55 Max L 14.93 Typ 0.59 Typ
+0.10 +0.004 M 0.25 + 0.05 0.010 + 0.002
M 025 505 001 _o.0019
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NEC LPD2332A/B/EA8332A/B
READ ONLY MEMORY

NEC Electronics US.A. Inc. | 4096 WORDS, 8 BITS/WORD
Electronic Arrays Division a
Description " Block Diagram
The yPD2332AIB/EA8332AIB is a 32,768-bit fully statlc Ao A1 A» A3 As As Ag A7 A A P,
Read Only Memory utilizing MOS N-channel silicon- : ; j‘ i A: : A: { A: : Ar A; T
gate ion-implanted technology. It is organized 4096 - -
words by 8 bits and operates from a single + 5 volt Adress input Bufers Chip Select
power supply with a + 10% supply tolerance. All inputs PRI TS 3
are TTL compatible, and the three-state outputs can g {%’ h' IR 5%
drive 2 standard TTL loads each. It is unique in that /
both proposed JEDEC standard pin configurations“are 126.Bit Decader Chip Selact
available. The 8332A incorporates CS2 and A{1 on ‘ Logie
pins 21 and 18 respectively. The EA8332B incorporates 128{ l
CS2 and A{1 on pins 18 and 21 respectively. Hence pin
compatibility with other available 32K ROMs is at user " . ur
option. Both pinout versions are available to two access sl g § ]
time specifications, the standard 450 ns or the faster ROM Matrix 258 32x8 - I - I Di
350 ns version. 128 X 256 7 Decoder o 5 sz F—=m
* * S |~ D
Features ( . e 1> | o] 3 of
[0 Two Fast Access Time Options u — L Do
— 450 ns Max, EA8332
~ 350 ns Max, EA8332-1 «
O All Outputs Drive 2 TTL Loads Directly : Absolute Maximum Ratings
O All inputs TTL Compatible : Ta = 28°C, f = 1 MHz
O Single +5 Volt Supply with + 10% Tolerance " Voltage on All Inputs, Outputs, and Supply Pins -0.5t0 7.0V
O Three-State QOutputs for Direct Bus Compatibility Maximum Junction Temperature +150°C
0 Both Proposed JEDEC Pinouts Avallable 8y (Hermetic DIP) - —65°C/W
Pin 18 Pin 21 Storage Temperature -65°C to + 150°C
Eﬁggggg ‘ éy 252 *COMMENT: Stresses more severe than those listed
: o2 M ~ here may cause permanent damage to the device. This
I3 Two Programmable Chip Select Inputs is a stress rating only, and operation of the device at
(& Pin Compatible to EA2716 and 2732 EPROMs any condition above those indicated in the operational
J Fully Static Operation ) sections of this specification is not implied. Exposure to
(O All Inputs Protected Against Static Charge absolute maximum rating conditions for extended
periods may affect device reliability.
Pin Configuration Standard Conditions
~ i v The characteristics below apply for the following stan-
A 24 [1vee AL #fdvee  gard test conditions, unless otherwise noted. All voit-
As[]2 231 A8 as (]2 23] A8 ages are referenced to ground. Positive current flows
as s 22[7] A9 As[]) 3 22 7] 49 into the referenced pin. '
as[]s PR u C N Y 21 [ an Output Load (AC): 2 Series 74 TTL, CL = 100 pF
a5 g 20 [ cs1 a]s g 20 [ ¢s1 0°C <tp £ +70°C
a2]e g 19 7] Ato a2(l e g 19 [ A0 +4.50V < VCe < +5.50V
S:
= 2 8 (At = g o o DC Characteristics
= L B = L o= DU - = Tq = =10°C to +70°C and Vog = 8V
oo o < 16 [ 0g po[] 9 < 1e[]De as hd 5::". :
b1 (j 1 15 :l D5 0 E 10 i j os Parameter Symbol Min Typ Max Unit Test Conditions
oz [ 14 [ 0s 02 (] 11 1104 Input "‘Low"’ Voltage ViL -0.5 0.8 v
GND [] 12 13[]03 GND [ 12 13103 Input*'High’* Voltage Viy 2,0 Veg+! V
Input Load Current I 10 uA Vi = 010 5.5V
Output “Low" Voltage - VoL 0.40 V g =+3.2mA
Qutput “‘High’’ Voltage Vo 24 V gy = -200uA
Output Leakage Current o X 10 uh Chlp Disabled
. ,}” a +0.4V
Power Sﬁpply Current lcc 60 80 mA Al inputs +5.5V

Output Unloadad
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uPD2332A/B/EAS8332A/B

AC Characteristics
Ta = -10°Cto +70°C

-

EA8332A/B-1 EAB332A/8

Parameter Symbol Min Max Min Max Unit
Address to Output tace 350 450 ns
Delay Time
Chip Select to Output tco 150 150 ns
Delay Time
Chip Deselect to toF 100 - =-100 .ns
Output Data Float Time B .
Previous Data Valid toH 20 | 20 .. ns

- After Address Change | -
]
AC Test Conditions
Input Pulse Rise and Fall Times. ............... 20 ns

Timing Measurement Reference

Levels:.......... VIH.VOH = 2.0V; VOLVIL = 0.8V ’
2.5 +5V
Oj— - A AAA—O
:t;wo;;r 26K % . ‘

t

Output Load (AC): 1 TTL Load + 100 pF

Capacitance
Ta = 25°C, f = 1 MHz; all pins at 0 voits.
Limits .
Parameter Symbol Min Typ Max Test
Input Capacitance Cin 5pF 7F ViN = OV
Output Capacitance CouTt 7pF 10pF Vout = OV
Timing Waveform
Ao Address X B Address Y
<~ tace
Chip Selects Chip Selects’ Chip Selects Chip Selects
Inputs Ii Valid Invalid _:
—tco toH tDF
Data utput utput
Outputs High Impedance i Vali

High Impsedan

Definitions

Access Time, tacC

Access time is the maximum time between the applica-
tion of a valid Address and the corresponding vahd
Data Out.

Output Hold Delay, toH

Output hold delay is the minimum time after an Address
change that the previous data remains valid.

Output Enable Time, tCcO

Output enable time is the maximum delay between

Chip Selects becoming true and Output Data becoming
valid.

ce
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Output Disable Time; tpf -

Output disable time is the delay between Chlp Selects
becoming false and output stages going to the high
impedance state.

Custom Programming Instructions

Bit Pattern Submittal Options

The customer’s unique bit pattern can be submltted to

Electronic Arrays via several convenient methods such

that it is easy for the ROM customer, and readily verifi-

able for,accuracy. The bit pattern can be delivered to

EA contained within:

. Two programmed 2716 EPROMs

. Four Programmed 2708 EPROMs

. Two customer-programmed 8316E ROMs

. Two customer-programmed 8316A.ROMs

. Punched computer cards per the detanl format
shown. beiow

aprwONO =

Bit Pattern Veriﬂcatlon .
For customer verification of the submitted bit’ patterns,
several alternatives are also available. The following are
those found by experience to be most’ exped_mous

Customer Pattern
Submitted Via:

1. Two programmed 2716s -

Verification Routine

Customer sends EA two addi-
tional erased 2716s. EA pro-
‘grams the spare 2716s with the
pattern data base extracted from
the programmed 2716s, and
returns to customer for pattern
verification.

Customer sends EA four addi-
tional erased 2708s, EA pro-
grams the spare 2708s with the
pattern data base extracted from
the programmed 2708s and
returns to customer for pattern’
verification.

Customer sends EA two erased
2716s or four erased 2708s. EA
programs these EPROMs with
the pattern data base extracted
from the 8316s and returns to the
customer for pattern verification.
After extracting the bit pattern
from the card deck, EA’s data
base is used to punch a new
deck. This deck, plus a complete
printout, is returned to customer
for pattern verification.

In all cases a computer printout of the complete bit pat-
torn is also available upon customer request. The origi-
nal 2716s, 2708s, or 8316s are retained by EA as the
original bit pattern source data, at least until the first
sample EA8332s are tested and customer approved.
The data base tape derived from the above source .
devices or card deck is utilized in turn to produce a pat-
tern generator tape and ROM test pattern. The pattern
generator tape drives EA’s automatic pattern generation
mask equipment, resulting in mask tooling that contains
the customer’s unique one/zero pattern. The ROM test
pattern is used at production sort and final test to test
each device 100% to the complete custom bit pattern.

2. Four programmed 2708s

3. Two mask-programmed 8316Es
(or 8316As)

4. Punched computer cards



Typlcal Characteristics

ICC Vs. Temperature
8316C

tace Vs. Temperature
8316C

uPD2332A/B/EA8S8332A/B

Access Time Vs. Capacltan Load
8316C

550 IVEc = 4.50 Voits

500 [tA = 70°C
1 TTL LOAD

S 450

400 —

tACC (ns)

—
350

300

100 375
90 350
80 % 325
T £
E 7 g 300
Q 3 L1
2 60 = 218 -
— L1
50 > 250 .
40 - 225
30

250

0° 10° 20° 30° 40° 50° 60° 70°
ta (°C)

Customer Programming Instructions (Cont.)
Chip Select Level Programming
CS1 and CS2 must be programmed by the customer to
be selected by either a logic 1 or a logic 0 level. Accord-
ingly, the customer must furnish EA with the desired
chip selection level (1 or 0 only) for CSq and CS2, con-
current with submission of the bit pattern. The CS input
logic levels are permanently established within each
ROM in the same manner as the bit pattern.
Punched Computer Card Instructions
This technique requires that the customer supply EA
with a deck of standard 80 column computer cards
describing the data to be stored in the ROM array.
Title Card
All customer ROM “‘Data Cards’’ must be preceded by
a "‘Title-Card’’ which contains all unique information
pertaining to that ROM other than the ROM data con-
tent. The required punching format is as follows:

Card

Column No. Card Contents
1 *(Asterisk)
219 Customer Name
20-21 Blank (no punch)
22-23 Month; e.g., 0.5 for May
24 /(slash)
25-26 Day of the month; e.g., 04 for the 4th day
27 I(slash)
28-29 The last two digits of the year
30-31 Blank
32-36 ROM Type (i.e. 8332A or 8332B)
37 Blank
38-41 C8q =
42 C8 level desired for chip selection
(1 or 0 only)
43 Blank
44-47 CSp =
48 CS» level desired for chip selection
(1 or 0 only)
49-54 Blank
55-80 Customer part number
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00 5
0° 10° 20° 30° 40° 50° 60° 70°
ta (°C)

00
0 100 200 300 400 500 600 700
CL (pF)

Alternative Data File Formats

In addition to the standard EA octal format, it is possi-
ble to furnish data to EA in other formats if prearranged
with the factory. A standard hexadecimal format is cur-
rently available. Other nonstandard formats may be
acceptable. Contact EA sales personnel.

Data Cards

The required punching format is described below. All
addresses must be included with their outputs defined.
That is, no assumptions are made regarding the bit
configuration of undefined outputs. Therefore, the
customer must submit cards defining the entire ROM
contents, when portions of the ROM may be unused
(zero).

Card Octal Pattern Format

Column No. Card Contents

1-4 Punch a 4-digit octal number represent-
ing the input address for the first of the
16 output words appearing on this card
(this is the initial address).
Punch a 3-digit octal number represent-
ing the outputs for the input address
specified in column 1-4.
Punch a 3-digit octal number represent-
ing the outputs for the initial input
address + 1.
Punch a 3-digit octal number represent-
ing the outputs for the initial input
address + 2.

5-7
8-10

11-13

50-52 Punch a 3-digit octal number represent-
ing the outputs for the initial input
address + 15.

Blank

Not used by EA. May contain customer
identification.

Each card, therefore, carries (in octal) the initial input
address for the 16 output words contained on that card,
the 16 output words themselves (in octal) and the
uniqgue ROM number. The cards must be provided for
all possible sequential address locations (in blocks of
16). A 4096 word ROM, therefore, requires 256 cards,
with all 16 output words defined on each card.

53-59
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wPD2332A/B/EA8332A/B

Package Outlines uPD2338AD/EAB338AD .
uPD2338AC/EA8338AC uPD2338BD/EAB338BD
gl:nz;:lsasnclEAaassBc Ceramic

astic

A K
e A { L
[ 3 LY,
H.f '; "%-: Y l*é
——Iar— i = fr 5.—[:—F =l C lc-ol’]’ b 07 M)
Item Millimeters Inches Itam Millimeteors ) Inches
A 33 Max 1.3 Max A 30.78 Max 1.23 Max
B 2.53 0.1 8 1.53 Max 0.07 Max
Cc 2.54 0.1 c 2,54 + 0.1 0.10 1 0.004
D 0.5 £ 0.1 0.02 1+ 0.004 D 0.46 + 0.8 0.018 ¢ 0.03
E 27.94 1.1 E 27.94 & 0.1 1.10 £+ 0.004
F 1.5 0.059 F 1.02 Min . 0.04 Min
G 2.54 Min 0.1 Min G 3.2 Min 0.125 Min
H 0.5 Min 0.02 Min H 1.02 Min 0.04 Min
I 5.22 Max - 0.205 Max | 3.23 Max 0.13 Max
J 5,72 Max 0.225 Max _J 4.25 Max 0.17 Max
K 15.24 0.6 K 15.24 Typ 0.60 Typ
L 13.2 0.55 Max L 14,93 Typ 0.59 Typ
M 0.25 + 0.05 0.010 + 0.002
m 025 1008 0.01 *000%0

2332A/B/8332A/BDS-1-82-CAT-TRIUM
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NEC
NEC Electronics US.A. Inc

Electronic Arrays Division

Description

The uPD2364/EA8364 is a 65,536-bit Read Only
Memory utilizing MOS N-channel silicon gate tech-
nology. The device is completely static. in operation,
organized as 8192 words by 8 bits,and operates from a
single +5 volt power supply. All inputs and outputs are
fully TTL compatible. It has one programmable chip.
select input and three-state outputs that allow memory
expansion to 16,384 words by 8 bits without the use of
any external logic. Programming of the device is
accomplished by a custom mask during fabrication. The
EAB8364 pin-out is compatible with 2716 and 2732
EPROMs and can replace two 2732s or one 2564 for
production. :
Features

O Two Fast Access Time Options

— 450 ns Maximum — EA8364

— 350 ns Maximum — EA8364-1

All Inputs and Outputs TTL Compatible

Single +5 Volt Supply with + 10% Tolerance
Three-State Outputs for Direct Bus Compatibility
One Programmable Chip Select Input
Pin-Compatible to 2716, 2732, and 2564 EPROMs
Fully Static Operation

All Inputs Protected Against Static Charge

aooooood

PIn Configuration

A7 (1 24 7] vee
As ] 2 23] As
As[] 3 22[7] Ag
rYampy! 21 ] A2
Aa3(]s 3 20 [J €81
A2[]s % 19 [] At0
M7 g wan
ag[]8 g 1707
Do[]o * 16 [ ] D6
D1 []10 15 [ ] Ds
p2 [ 1 14 []Ds
GND [] 12 13[]D03
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«PD2364/EA8364
READ ONLY MEMORY
8192 WORDS, 8 BITS/WORD

Block Diagram

Ag A1 A2 A3 A4 A5 Ag A7 Ag Ag A10 A11A12 sy

RRRE RN NN |

Chip Select
Buffer

-2]2],2],2[,2],2] 2 2 2] 21,2} 2],2
//

Chip Select
Logle

i !

Address Input Buffers

256-Bit Decoder

> 1 —
-
L] L] 14
. g 3 & >
ROM Matrix ya 32x8 4 ] 8 ™
256 X 256 7 Decoder . 3 . 5 >
L] ‘ﬁ . 2-
. e . 3
L] L]
] —»|

Absolute Maximum Ratings*

Ta = 25°C, f = 1 MHz

Voltage on All Inputs, Outputs, and Supply Pins -0.5t07.0V
Maximum Junction Temperature +150°C
64c (Hermetic DIP) ~65°CIW

Storage Temperature -65°Cto + 125°C

*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.

Capacitance
Ta = 25°C, f = 1 MHz

Limits
Parameter Symbol Min Typ Max Test Conditlons
Input Capacitance CiN 10 pF VIN = OV
Output Capacitance Cout 15 pF Vourt = OV T

DC Characteristics
Ta = -10°C to +70°C and Vg = SV

Limits

Parameter Symbol Min Typ Max Unit Test Conditions

Input “Low’’ Voltage Vi, -0.5 0.8 \

Input ‘‘High” Voltage VIH 2.0 vVee+1 v

Input Load Current e 10 pA VN = 0to 5.5V

Output “Low" Voltage VoL 0.4 vV gL = +3.2mA

Output *‘High'’ Voltage Vou 2.4 V  lgH = ~-200uA

Output Leakage Current o 10 HA Chlp Disabled

‘91- = +0.4V

Power Supply Current lcc 80 140 mA  Allinputs +5.5V
Output Disabled

Power Supply Current Icc 100 160 mA Al inputs +5.5V

Qutput Disabled
8364-1




uPD2364/EA8364

AC Characteristics
Ta = -10°C to +70°C

EA8364-1 EAB364
8 Min Max Min Max _ Unit
Address to Output tace 350 450 ns
Delay Time
Chip Select to tco 150 150 ns
Output Delay Time
Chip Deselect to tor 150 150 ns
Output Data Float Time
Previous Data Valld toH 20 20 ns
After Address Change
AC Test Conditions
Input Pulse Rise and Fall Times. . ... ........... 20 ns
Timing Measurement Reference
Levels.......... ViH, VOH = 2.0V; VOL, VIL = 0.8V
2.5k  +5V
Oe < AM—O

100 pF 25K

e

]
¢ e

Output Load (AC): 1 TTL Load + 100 pF
Standard Conditions
The characteristics below apply for the following stan-
dard test conditions, unless otherwise noted. All volt-
ages are referenced to ground. Positive current flows
into the referenced pin.
Output Load (AC): 1 Series 74 TTL, CL = 100 pF
0°C <tp < + 70°C
+4.50V < VcCe < +5.50V

Timing Waveform

Address

inputs Address X

Address Y
E

«—1tACC —|

Chip Select Chip Select Chip Selects Chip Select:
Inputs Invalid Valid Invalid

~—tcO—{ [=~—={ toH toF

Data u;rul- Output
Qutputs Hi ) "
gh Impedance If Valid High Impedance
Definitlons

Access Time, taAcC

Access time is the maximum time between the applica-
tion of a valid Address and the corresponding valid
Data Out.

Output Hold Delay, toH

Output hold delay is the minimum time after an Address
change that the previous data remains valid.

Output Enable Time, tco

Output enable time is the maximum delay between

Chip Selects becoming true and Output Data becoming
valid.

Output Disable Time, tpf

Qutput disable time is the delay between Chip Selects
becoming false and output stages going to the high
impedance state.

Custom Programming Instructions

Bit Pattern Submittal Options

The customer’s unique bit pattern can be submitted to
Electronic Arrays via several convenient methods such
that it is easy for the ROM customer, and readily
verifiable for accuracy. The bit pattern can be delivered
to EA contained within:

1. One programmed 2564/2764 EPROM

2. Two programmed 2532/2732 EPROMs

3. Four programmed 2516/2716 EPROMs

4. One customer-programmed 8364 ROM

5. Two customer-programmed 8332 ROMs

Bit Pattern Verification Sequence

For customer verification of the submitted bit patterns,
several alternatives are also available. The following are
those found by experience to be most expeditious.

Customer Pattern
Submitted Via:

1. One programmed 2564/2764

Verification Routine

Customer sends EA one addi-
tional erased 2564/2764. EA pro-
grams the spare 2564/2764 with
the pattern data base extracted
from the programmed 2564/2764,
and returns to customer for pat-
tern verification.

Customer sends EA two additional
erased 2532/2732s. EA programs
the spare 2532/2732s with the
pattern data base extracted from
the programmed 2532/2732s and
returns to customer for pattern
verification.

Customer sends EA four addi-
tional erased 2516/2716s. EA
programs the spare 2516/2716s
with the pattern data base
extracted from the programmed
2516/2716s and returns to
customer for pattern verification.
Customer sends EA one addi-
tional erased 2564/2764 or two
additional erased 2532/2732s. EA
programs these EPROMs with
the pattern data base extracted
from the 64K ROM (or 32K
ROMSs) and returns to customer
for pattern verification.

An alternative to the above is to
provide EA with 2 identical
ROMs. Each will capture the pat-
terns from both, compare them,
and if they match, the code is
presumed correct. In this case,
only a printout is returned to
customer for verification.
Whenever ROMs are used to
submit bit patterns, include the
ROM chip select logic levels for
each.

In all cases where multiple EPROMs or ROMs are sub-
mitted for one 64K ROM (i.e., 2 32Ks or 4 16Ks) the
applicable address locations of each device within the
64K memory map must be clearly indicated for each
package—preferably on the device package itself.

2. Two programmed 2532/2732s

3. Four programmed 2516/2716s

4. One mask programmed 64K
ROM (or 2 32K masked ROMs)



Bit Pattern Verification Sequence

An additional verification alternative, when distances
are great and/or time is of the essence, is to submit
three identically programmed EPROMSs (or sets of
EPROMs, if not 2564/2764s). EA will compare alil three
programs, and if we get a match, proceed with tooling.
A printout is returned to the customer but no verifica-
tion EPROMs are necessary under these conditions.
EA is also equipped to accept bit patterns transmitted
over the phone lines. If this method is desired by the
customer, contact Electronic Arrays for format informa-
tion and direct transmission procedures.

In all cases, a computer printout of the complete bit
pattern is also furnished to all customers. Attached to
each printout is a cover sheet containing data relevant
to the ROM. Following careful review of the data and
the bit pattern, the customer indicates verification and
approval by signing the cover sheet and returning it to
EA.

The data base tape derived from above source devices
is utilized in turn to produce a pattern generator tape
and a ROM test pattern. The pattern generator tape

Package Outlines
uPD2364C
EA8364C

Plastic

i i
F —:cl«—a—u«o_[

>!I<

i
|
i
{
0

uPD2364/EA8364

drives EA’s automatic pattern generation mask equip-
ment, resulting in mask tooling that contains the
customer's unique one/zero pattern. The ROM test pat-
tern is used at production wafer sort and final test to
test each device 100% to the complete custom bit
pattern.

Chip Select Level Programming

CS1 must be programmed by the customer to be
selected by either a logic 1 or a logic 0 level. Accord-
ingly, the customer must furnish EA with the desired
chip selection level (1 or 0 only) for CS{ concurrent
with submission of the bit pattern. The CS input logic
levels are permanently established within each ROM in
the same manner as the bit pattern.

Alternative Data File Formats

In addition to the EPROM technique, it is possible to
furnish ROM data to EA in other media if prearranged
with the factory. Standard octal and hexadecimal for-
mats are currently available. Other nonstandard for-
mats may be acceptable. Contact EA sales personnel.

uPD2364D
EA8364D
Ceramic

Item Millimeters Inches

A 33 Max 1.3 Max

B 2.53 Max 0.1 Max

c 2.54 + 0.1 0.1 + 0.004

D 0.5 + 0.1 0.02 + 0.004

E 27.94 + 0.1 1.1 £+ 0.004

F 1.5 Min 0.059 Min

G 2.54 Min 0.1 Min

H 0.5 Min 0.02 Min

1 5.22 Max 0.205 Max

J 5.72 Max 0.225 Max

K 15.24 Typ 0.6 Typ

L 13.2 Typ 0.52 Typ
+0.10 +0.004

M 025 _.05 001 _o.0019

Item Millimeters Inches
A 30.78 Max 1.21 Max
B 1.53 Max 0.06 Max
C 2.54 + 0.1 0.10 + 0.004
D 0.46 + 0.8 0.018 1 0.03
E 27.94 + 0.1 1.10 + 0.004
F 1.02 Min 0.04 Min
G 3.2 Min 0.13 Min
H 1.02 Min 0.04 Min
1 3.23 Max 0.13 Max
J 4.25 Max 0.17 Max
K 15.24 Typ 0.60 Typ N
L 14.93 Typ 059Typ
M 0.25 + 0.05 0.010 3+ 0.002
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MICROCOMPUTERS  SINGLE CHIP 4-BIT MICROCOMPUTERS E






NEC

NEC Electronics US.A. Inc.

Microcomputer Division

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. tCOM-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 x4,0r 32 x 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
o Extensive 1/0 Capability

— Choice of 35 or 21 1/0 Lines

42/62-Pin Packages 28-Pin Package
— 4-Bit Input Ports 2 1
— 4-Bit /O Ports 2 2
— 4-Bit Output Ports 4 2
— 3-Bit Output Ports 1 —

— 1-Bit Output Port —
Programmable 6-Bit Timer Available
Choice of Hardware or Testable Interrupt
Built-fn Clock Signal Generation Circuitry
Built-In Reset Circuitry

Single Power Supply -

Low Power Consumption

PMOS or CMOS Technologies

e & o ¢ o o o o
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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 jogical 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 DPY 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
uPD5657L, and uPD650

1PD547, uPD547L 64 x4 4 rows x 16 columns 2 4
uPD552, and uPD6B51

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

and uPD652

The uPD546, uPD553, uPD557L, and uPDB50 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:

MICROCOMPUTER ROM ORGANIZATION
FIELDS PAGES

uPD546, pPD553, 2000 x 8 8 16
uPDB57L., and uPD650 i
4PD547, uPD54TL, 1000 x 8 8 8
uPD552, uPDE51

T .PDB64, uPDEBAL, “1000 x 8 8 8
and uPD652

| uPDB50 and uPD550L 640 x 8 8 8
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FUNCT!ONAL Program Counter and Stack Register

DESCRIPTION Theé'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 is 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:

{CONT.)

uCOM-4

E . . . STACK ALLOWABLE
MICROCOMPUTER __ORGANIZATION SUBROUTINE CALLS
" uPD546, uPD553, " 3words x 11 bits 3 Levels
uPDS57L, and uPDE50 :
uPDG51 2 words x 10 bits 2 Levels T
uPDB47, uPD547L., 1 word x 10 bits 1 Level
and uPD552
1PD550, uPDS50L; 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 ftimer F/F is set. The TTM instruction tests the timer F/F, and skips
the next instruction if it is set. o

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 Capacitor, and a Diode to the RESET input.
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uCOM-4

/O Capability

The £COM-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,
4PD547L, uPD552, uPD550, uPDES50L.,
, uPD553, uPDE50, uPDB54, uPD554L,
PORT | SYMBOL FUNCTION and uPD651 uPDES7L, and uPD652
Port A PAQ.3 4-Bit Input . .
Port B PBQ.3 4-Bit Input .
Port C PCo.3 4-Bit input/Output . .
(VF Drive Possible)
Port D PDg.3 -4-Bit Input/Output [} 3
(VF Drive Possible)
Port E PEg.3 4-Bit Output . ..
(VF Drive Possible) )
Port F PFp.3 4-Bit Output (] .
(VF Drive Possible)
PGg.3 4- Bit Output O
Port G (VF Drive Possible)
PGg.q 1-Bit Output .
{VF Drive Possible)
Port H PHg.3 4-Bit Output .
(VF Drive Possible)
Port | Plg.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 I1SIS-11 Operating
System or the CP/M (® Digital Research Corp.) Operating System,

The EVAKIT-43P Evaluation Board is available for production device emuiation 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,
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uPD546, uPD553, "COM-4
MPD557L, uPD650
BLOCK DIAGRAM

; UP/DOWN INSTRUCTION BUS 8 BIT
Plo.2 ! K COUNTER
t
/ RAM K— g
PHo.3 C::{Ekzzmzzz DECODER
DPL ALY CONTROL
. :) AND
-PGo-3 / DECODE ROM
/ asus| [ 2000 x 8
4BIT
c
. L]
Fo-
PF0.3 C::l_j & ory Kz
RAM A
96 x 4 v
X a5
PEQ.3 / oA 22
4 ACC 11-BIT
b:> RAM PROGRAM COUNTER
PDo-3 0K BUFFER K
PCO.- 4 BIT
Cn-3 c TIMER STACK 0
PB0-3 B INTERFACE STACK 2
ClLo o— CLOCK I
PAQ-3 A GENERATOR INT  RES
Note: Block diagram above applies to uPD546, uPD553, and uPD650 4-bit microcomputers. The
1PD557L block diagram is similar to the above, except that PBg.3, PG1.3, PHQ.3, and
Plg.2 have been eliminated to accommodate the uPD557L's 28-pin package.
uPD547, uPD547L,
uPD552, uPD651
BLOCK DIAGRAM
UP DOWN INSTRUCTION BUS 8 BIT
Pl COUNTER -
(A ’ ) -
f RAM K—
oMy 3 —l”” g DECODER éL PZZZ 2N
oPL ﬂj ALY CONTROL
A AND
: v DECODE | 1&%": 8
Q-BUS —
48IT .
c
o DPY (,Zzzld
RAM . .
64x 4 * > 8BIT
4BIT
=l . -
62,; 10-BIT
RAM ( Acc 8BIT PROGRAM COUNTER
]
: > BUFFER ¢(>1
e
aBiT i’
STACK 0

4BIT INT STACK 1

A 1.0
PB0.3 _E INTERFACE <— ssir . F/F (uPDBS1 ONLY)
oA c CLO"“" CLOCK 1 I
0° A ERATOR |
U Ly o] GEN INT  RES




uCOM-4 uPD550, uPD550L,

uPD554, uPD554L,
uPD652
BLOCK DIAGRAM
UP/DOWN INSTRUCTION BUS 8 BIT
COUNTER
RAM
DECODER .
DPy (22 ALY CONTROL Rom:
& AND uPDS50 } 640 x 8
PGo h&,rlllll g r~ DECODE o #PD550L
Q-BUS ! upDS554 Q
4 BIT uPDB54L > 1000 x 8
PF0.3 hqllll’ 4 uPD652 ’
RAM
32X4 G " 8
bena - ﬂ 4817 )
f a
||~
RAM PROGRAM COUNTER
POo3 (=) 0 K& =l F:> BUFFER | ]
PCO3 c kK
S=r y ) [ STACK 0 l
1/0
o INTERFACE FIF
CLo o—=f cLocK 1
oL . GENERATOR INT RES
The uPD546, uPD553, uPD557L, and uPD650 execute all 80 instructions of the INSTRUCTION SET

‘extended uCOM-4 instruction set. The 22 additional instructions are indicated by
shading.

The uPD547, uPD547L, uPD550, uPD550L, uPD552, uPD554, uP®554L, uPD651,
and uPD652 execute a 58 instruction subset of the uCOM-4 instruction set.
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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
Acc, Bit "‘n"’ of Accumulator
address Immediate address
[ 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
DPg Lower 4 Bits of Data Pointer
FLAG FLAG Register -
INTE F/F Interrupt Enable F/F
INT F/F Interrupt F/F
P( ) Paraliel 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
Z 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
“« Exchange
- Complement
LOGICAL EXCLUSIVE OR

Applies to uPD546, uPD553, uPD556B, uPD557L, and uPD650 only
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uCOM-4

INSTRUCTION SET

INSTRUCTION CODE SKIP
MNEMONIC FUNCTION DESCRIPTION Dy Dg Dg Dg D3 D2 D7 Do BYTES | CYCLES | CONDITION
LOAD
LI date Acc+D3o Load Acc with 4 bits of imme- 1 o o 1 D3 D2 D1 Do 1 1 String
diste data; execute succesding
LI instructions as NOP
Instructions
L Acc + (DP) Load A with the RAM contents | 0 0 1 1 1 [} 0 0 1 1
eaddrassed by DOP
LM date Acc + (DP) Load Acc with the RAM contents | O 0 1 1 1 0 D1 Do 1 1
DPyj < DPy ¥ D10 addressed by DP; Perform a
LOGICAL EXCLUSIVE-OR
Between DPy and 2 bits of
Immadiste Date; Store the result
in OPY :
LDI data DP ~Dg.o Load DP with 7 bits of immediate | [1] 0 1 0 1 0 1 2 2
data 0 Dg Ds Dg D3 D D1 Dg
LDZ data DPH <0 Load DPH with O; 1 [}] 1] 0 D3 D2 D1 Do 1 1
DP < D390 Load DP{_ with 4 bits of
immediate data
STORE
S (OP) «~ Acc Store ACC into the RAM focation | 0 (1] 0 0 0 1 0 [ 1 1
addressed by OP
TRANSFER
TAL DP_« Acc Transfer Acg to DP 0 0 0 0 ¢} 1 1 1 1 1
Transfer DP|_to Acc

DPL = FH

EXCHANGE
X Acc + (DP} Exchange A with the RAM con- 0 0 1 ] 1 ] [} [ 1 1
tents addressed by DP
X1 Acc + (DP) Exchange Acc with RAM con- 0 o 1 1 1 1 [¢] [} 1 1+8 DPL =0H
DPL«DP+1 tents sddressed by DP; increment
Skip if DP = OH DPy_; Skip if DP|_ = OH
XD Acc + (OP) Exchangs Acgc with the RAM Y 0 1 0 1 1 0 0 1 1+8 DP = FH
DPL+~DP ~1 contents eddressed by DP;
Skip if DP(_ = FH decrement DP(_; Skip if DP|_ = FH
XM data Acc + (DP) Exchange Ac(;‘with the RAM 4] 0 1 o 1 o D1 Do 1 1
DPH « DPH ¥ D1g contents addressed by DP; Per-
form @ LOGICAL EXCLUSIVE-
OR Between DPH end 2 bits of
immediate data; store the results
in DPY
XMI data Acc « (DP) Exchange Acg with the RAM o o 1 1 1 1 D1 Dp 1 1+§ | DP_ - OH
DPy « DPY ¥ D19 contents eddressed by DP; Per-
DPL«DPL +1 form s LOGICAL EXCLUSIVE-
Skip if DPy_ = OH OR Between DPy and 2 bits of
immediate data; store the results
in DPyy increment DP|_; Skip if
DPy = OH
XMD data Acc = (OP) Exchange Acg with the RAM [} [} 1 0 1 1 D1 Do 1 148 | DPL=FH
DPy « DPy ¥ D190 contents addressed by DP; Per-
DPL+~DPL~-1 form a LOGICAL EXCLUSIVE-
Skip if DP|_ = FH OR Betwean DPy and 2 bits of
immediate data; store the resuits
in DPY decrement DP ; Skip if
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INSTRUCTION SE uCOM-4
(CONT.)
INSTRUCTION CODE SKIP
MNEMONIC FUNCTION DESCRIPTION Dy Dg Ds Dg D3 Dz Dy Do | BYTES | CYCLES | CONDITION|
ARITHMETIC
AD Acc + Acg + (DP) Add the RAM contentseddressed | 0 ©0 © © 1 0 0 0 1 148 |Overflow
Skip If overflow by DP to Acc; skip If overflow is
generated
ADC Acc+Acc+(DP)+C Add the RAM contents addressed 1] [} o -1 1 0. .0 1 1 1
if overflow occurs, by DP, and the Carry F/F to Ace;
Ce1 if overflow occurs, set carry F/F
ADS Acc+Acc+(DP)+C Add the RAM contents addressed | 0 ] 0 ] 1 ] [} 1 1 1+8 Overflow
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+Acct+6 Add 6 to Acc to Adjust ] 0 [} [ 1 1 ] 1 1
Decimal for BCD Addition
DAS Acc+Acc + 10 Add 10 to Agg to Adjust 6 o o0 o0 . o 1 [ 1 1
Declmal for BCD Subtraction
LOGICAL
EXL Acc ~ Acc M (DP) Perform a LOGICAL o 0 0 5 1 o o o 1 1
EXCLUSIVE-OR between the
RAM contents addressed by DP
and Acg; store the result in Acc
ACCUMULATOR
CLA Acc+0 Clear AgC to zero 1 0: O 1 ] o [ [ 1 1 String
CMA Acc ~ Ace Complement Acc ) 0. 0 1 [ ] 0 ] 1 1
cla Acc+Acc+1 Complement A; Increment A [ o [} 1 [} 0o o 1 1 1
CARRY FLAG
CLC C+0 Reset Carry F/F'to zero 0 [ 0o -1 0 1 1 1 1
STC C+1 Set Corry F/F to one 0 0 0 1 10 1 1 1 1
TC SkipifC=1 Skip if Carry F/F is true 1] 0 0 o. 0 1 0 0 1 1+8 IC=1
SR gl g i 5
INCREMENT AND DECREMENT
INC Acc+Acct+1 Increment A; Skip if overflow o [} ] ) 1 1. 0 1 1 1+8 Overflow
Skip iIf overflow is genarated
DEC Acc+~Acc-1 Decrement A; Skip if underflow 0 o 0 0o 1 1 1 1 1 1+8 Underflow
Skip if underflow occurs
IND. DPL < DP +1 Increment DPy ; -0 [} T 1 0o o 1 1 1 1+8 DPy = O0H
Skip if DP = 0H Skip if DP|_=0H
DED DPg «DP -1 Decrement DP_; [} 0 [ 1 0 ] 1 1 1 1+8 DP|_ = FH
’ Skip if DP_ = FH Skip if DP_ = FH

161

DPY2 OH.




‘ | INSTRUCTION CODE aKIP
MNEMONIC FUNCTION DESCRIPTION |E1 Dg Ds Dy D3 D2 D1 Do BYTES | CYCLES | CONDITION
BIT MANIPULATION
RMB data {DPlpir 0 Reset a single bit (denoted by 0 1 1 [+] 1 0 Dy Do 1 1
D1-Dg) of RAM at the location
addressed by DP to zero i
SMB data (DPlpit « 1 Set a single bit (denoted by D1Dg) | O 1 1 1 1 0 D1 Do 1 1
of RAM st the location addressed
by DP to one
‘| REB dats PEpjt + 0 Reset a single bit {denoted by 0 1 1 o o 1 Dy Do 1 2
D10gp) of output Port E to zero
SEB data PEpip + 1 Set a single bit (denoted by D1Dg) | O 1 1 1 o 1 Dy Dg 1 2
of output Port E to one
RPB data P{DP{ Jpit 0 Reset a single bit {denoted by 1] 1 1 o 0 ] D1 Do 1 1
D1Dg) of the output port
addressed by DPy_to zero
SPB date PIDP Jpit < 1 Set a single bit (denoted by D1Dg) | O 1 1 1 0 [}] D1 Dg 1 1
of the output port addressed by
oPL .
JUMP, CALL AND RETURN
JMP address P10-0 - D100 Jump to the address specitied by 1 o 1 0 0 Dy Dg Dg 2 2
11 bits of Immediate data D7 Dg Dy Dy D3 D2 D7 Dp
JCP address P50~ Ds.0 Jump to the address within the 1 1 D; Dg D3 Dy Dy Dg 1 1
current ROM page specified by.
6 bits of immediate data
JPA P5.2 + Acc Jump to the sddress within the 0 1 0 0 [ 0 [} 1 1 2
P1g+00 current ROM page modified by !
Acc
CAL address Stack ~P+2 Store a return sddress {P + 2) in 1 0 1 0 1 Dip Dg Dg 2 2
P10-0 < D1p0 the stack;call the subroutinepro- (D7 Dg D3 ©Og4 D3 D2 Dy Og
gram et 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 1
P10.-6 « 00000 the stack; call the subroutine pro- B
Pg.2 + D30 gram et one of sixteen locations in .
P19 <00 Page O of Field 0, specified by 4 .
bits of immediate date”
RT P + Stack Return from Subroutine 0 1 [ 0 1 4 0 0 1 2
RTS P + Stack Return from Subroutine; skip [} 1 c 0 1 [} [} 1 1 2+S Unconditional
Skip itionally. diti \d
SKIP
Ci date Skip if Acc = D3.o Skip if Acc equals 4 bits of [} 0 [} 1 0, 1 1001 2 2+S Acc = D30
immediate data 1 1 ] 0 D3 D2 D1 Dp
™ Skip if Acc = (DP} Skip if Acc equals the RAM ™ 0 0 a [ 1 1 0 ] 1 1+8 | Agc=(DP)
contents addressed by DP
CMB data SKip it ACCy;, = (DPlpit | SKip if the single bit (denotedby (0 0 5 1 0 17 Dy Dy 1 145 | Accy;q = (DPbit
D1Dg) of Acc. is equal to the )
single bit (also denoted by D1Dg)
of RAM addressed by DP
TAB data Skip it AcCyyje = 1 Skip if the single bit {denoted by 0 0 t 0 0 1 07 Dp 1 1+8 | Accpy =1
. D1Dg} of Acc is true i
CLI data Skip if DP = D3.0 Skip if DPL_ equals 4 bits of (1] 4] 0 1 0 1 U [+] 2 2+S DPL = D30
immediate data 1 1 i 0 D3 Dz Dy Do
TM8 data Skip if (DP)y;y = 1 Skip if the single bit {denoted by [ 1 D] 1 1 (1] D1 Do 1 1+8 (DPlpie =1
D10g) of the RAM lacation .
addressed by DP is true
TPA data Skip if PApjg = 1 Skip if the single bit {denoted by 0 1 i) 1 0 1 2] Do 1 2+8 PApjr =1
. D1Dp) of Port A is true
TPB deta Skip if P(DPL)b“ =1 Skip if the single bit (denoted by 1] 1 2 1 o ] D4 Do 1 1+8 P(DPL)bR =1
D1Dg) of the input Port
addressed by DP(_ is true
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INSTRUCTION-SET

. INSTRUCTION CODE ; SKIP
MNEMONIC FUNCTION DESCRIPTION Dy Dg Dg Dg D3 D2 D1 Do BYTES CYCLES | CONDITION
INTERRUPT
TIT Skip if INT F/F =1 Skip if Interrupt F/F is trye;’ 0 V] 0 [} 0 0 1 1 1 1+8 INTF/F =1
Raset Interrupt F/F B
1A Acc «PA Input Port A to Acg o 1 o 0 ©0 G 0 O 1 2
L4 Acc +~ P(DPL) Input the Port addressed by v] [ 1 1 0 [} 1 [\] 1 1
DPt0 Acc
OE PE +Agc Output Acg to Port E . 10 1 0 0 0 1 4] 0 1 2
op P(DPL) + Acc Output Ac to the port 1o o o o 1 1 1 0 1 1
addressed by DP( :
0oco PD3.0« D74 QOutput 8 bits of immediate 0 (4] 0 1 1 1 1 1] 2 2
PC3.0+ D30 data to Ports C and D D7 Dg Ds Dg. D3 D D1 Dp
CPU CONTROL
NOP Perform no operation:con- [0 0 G0 0 0 0 0 0 1 1
sume one machine cycle
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M 0’157
Plastic
ITEM | MILLIMETERS INCHES
A 56.0 MAX 2.2 MAX
B 2.6 MAX 0.1 MAX
[+ 2,54 0.1
D 05+0.1 0.02 * 0.004
E 50.8 2.0
F 15 0.059
G 3.2 MIN 0.126 MIN
H 0.5 MIN 0.02 MIN
1 5.22MAX | 0.20 MAX
J 5.72MAX | 0.22MAX
K 15,24 0.6
L 13.2 0.52
M 0.3% 0.1 0.01 + 0.004

Plastic
ITEM MILLIMETERS INCHES

A 38.0 MAX. 1.496 MAX
B 2.49 0.098
c 2,54 0.10
D 05+0.1 0.02 + 0.004
E 33.02 13
F 1.5 0.059
G 2.54 MIN 0.10 MIN
H 0.5 MIN 0.02 MIN
1 5.22 MAX 0.205 MAX
3 6.72 MAX 0.226 MAX
K 15.24 0.6
L 13.2 052

+ +0.
M 025 000 | 00 st
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PACKAGE
OUTLINES

\ 42-PIN DIP
°|\. upDB46C

uPD547C
uPD547LC
uPD552C
uPD553C
uPD650C
uPD651C

28-PIN DIP
uPD550C
uPD550LC
uPD554C
uPD554LC
uPD557LC
uPD652C



52-PIN FLAT PLASTIC

N

PACKAGE —=f [—s
SRR 1111
= O E‘[
— —_—
[—— —
[ == ]
[— —
[———] — A
[—— =]
= ——
e—F — ]
1—'-‘== 7 7 ——
T
—lH=
C
T
T=( nunnonuanuuu:)z G
F i
PLASTIC
ITEM MILLIMETERS INCHES
A 12.0 MAX 047 MAX
B 1.0x0.1 0.04 + 0.004
[ 14.0 0.55
D 0.4 0.016
E 218:x04 0.86 £ 0,016
F 0.15 0.006
G 2.6 0.1
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NEC

uPD546

NEC Electronics US.A. Inc. uPD547

Microcomputer Division

DESCRIPTION

PIN CONFIGURATION

ABSOLUTE MAXIMUM
RATINGS*

4-BIT SINGLE CHIP MICROCOMPUTERS

The uPD546 and the uPD547 are pin-compatible 4-bit single chip microcomputers
which have similar architectures.

The 1PD546 contains a 2000 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 uPD546 executes all 80 instruc-
tions of the extended uCOM-4 family instruction set.

The uPD547 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 58 instructions of the
#COM-4 family instruction set. The uPD547 is upward compatible with the uPD546.

Both the uPD546 and the uPD547 provide 35 1/0 lines organized into the 4-bit input
Ports A and B, the 4-bit I/O Ports C and D, the 4-bit output Ports E, F, G, and H, and
the 3-bit output Port |. Both devices typically execute their instructions with a 10 us
instruction cycle time. The uPD546 and the uPD547 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
R s 42PcLg PAQ-PA3 Input Port A
Pco] 2 410vge
pciC] 3 40[0PB3 PBg-PB3 Input Port B
pC2 4 39[1PB2 PCq-PC Input/Output Part C
pca] s 38[1PB1 s
INT[] e 370PBg PDp-PD3 Input/Output Port D
RESET([] 7 36{1 PA3
poo] & 353 pPAY PEQ-PE3 Output Port E
Po1 9 3411 PAy PFg-PF3 Output Port F
pDp{10  “PD 33{1 PAg
PD3[]11 '546/ 32 Piy PGo-PG3 Qutput Port G
PEQ[]12 547 31 Ply e
PE dis 3003 Pig Hp-PH3 Output Port H
PE2 []14 29[ PH3 Pig-Pl2 Output Port |
PE3[]15 28[7] PHp —
PFo 16 2701 PH1 INT Interrupt Input
PF1J17 26[J PHo CLp-CLj External Clock Signals
PF2 18 25[1] PG3
PF319 24[]PG2 RESET Reset
TEST 20 23] PG1 ;
ves 21 228 PGo \ZcTe) Power Supply Negative
Vss Power Supply Positive
TEST Factory Test Pin
{Connect to Vgg)
Operating Temperature . .. .. ..veveer v s i m e, -10°C to +70°C
Storage TEMPErature , . . vu v v v e v v eee s e e et ee e e -40°C to +125°C
SUPPIY VOltage, Vi GG. « v v vt e v it ettt et e e e ~15 to +0.3V
INPUL VOageS . . . o it e ittt e e e e -15 to +0.3V
OULPUE VOAgES . . o . vt ittt i et e e e e e e e -~ 15 to +0.3V
Output Current (Ports C through |, eachbit) ... .................... -4 mA
(Total,allports) . . ... oottt e i e e -25 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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uPD546/547

Ta =-10°C to +70°C; V,

GG = -10V £ 10%

LIMITS TEST
PARAMETER SYMBOL (MIN |TYP MAX | UNIT CONDITIONS
. Ports A through D, INT,
tnput Voitage High \ -2, R
nput Volitage Higl 1H 0 2.0 v _RESET
i Ports A through D, iNT,
Input Voltage Low Vi -43 VGG v RESET
Clock Voltage High VgH 0 08| Vv CLg Input, External Clock
Clock Voltage Low VoL -6.0 Vea v Ctg Input, External Clock
. Ports A through D, INT,
tnput Leakage Current High LI +10 uA RESET, V| = -1V
Ports A through D, INT,
input Leakage Current Low L ~10 A RESET, V| = -1V
Clock Input Leakage Current High . ILoH +200 uA CLg Input, V«DH =0V
Clock Input Leakage Current Low Lot -200 HA CLp !nput, Vg = -1V
Ports C through i,
VoH; -1o v IGH = -1.0 mA
Output Voltage High . = =
orts C through [,
VoHz “23 ) v IoH *-3.3mA
Ports C through 1,
Output Leakage Current Low ILoL -10 RA Vo= -1V
Supply Current lgg ~30 -50 mA
Ta=25°C
LIMITS TEST
PARAMETER SYMBOL | MIN TYP | MAX UNIT CONDITIONS
Input Capacitance Cy 16 pF
Output Capacitance Co 15 pF f=1MHz
Input/Output Capacitance Cio 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 o 03 us
Clock Pulse Width High Wy 05 5.6 us EXTERNAL CLOCK
Clock Pulse Width Low oW 0.6 56 us
1/f
vss _L ——ty WWL _J
VOH 4= — = = = = — - "'_"'—"Jf"
VoL 4 e e e e e

VGG

158

DC CHARACTERISTICS

CAPACITANCE

AC CHARACTERISTICS

CLOCK WAVEFORM

546DS-1-82-CAT



NEC

KPDS557L

NEC Electronics US.A. Inc.

Microcomputer Division

DESCRIPTION

PIN CONFIGURATION

ABSOLUTE MAXIMUM
RATINGS*

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

The uPD557L is a 4-bit single.chip microcomputer which has the same architecture as
the uPD553, but is pin-compatible with the MPD550L 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 fever-triggered hardware interrupt input INT, a
three-level stack and a 6-bit programmable timer, The HMPDB57L 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 1/0 ports and output ports are
capable of being pulled to -35V in order to drive Vacuum Fluorescent Displays directly,
The uPDBB7L typically executes all 80 instructions of the extended HCOM-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 is available in a 28-pin
dual-in-line plastic package.

The uPD550L and the uPD554L are upward-compatible with the uUPD557L.,

cLid 9 -/ 28[7 cLg. PIN NAMES

PCo [] 2 27[] VGa PAQ—PA3 | Input Port A

PC1 [ 3 267 RESET . PCo—PC3 | Input/Output Port C

rea[] 4 25 INT PDp—PD3 | Input/Output Port D

pca] s 24 j PA3 PEQ—PE3 Output Port E

PDo E 6 231 PAy - PFo—PF3 OQutput Port F

PGo Output Port G
PD1[] 7 uPD 227 paq
557L INT Interrupt Input

P20 8 21 Pag CLo—CLy | External Clock Signals

PD3_ Ooe 2003 PGo RESET Reset

PEg E 10 19 3 PF3 VGG Power Supply Negative

PEq 11 18] pFy Vss Power Supply Positive

PE7 [12 17 [ PRy TEST Factory Test Pin

PE3 13 16 [ PFg (Connect to Vgs)

Vss [J14 15 [ TEST

Operating Temperature . ... .......................... -10°C to +70°C

Storage Temperature . .., .. ... .. ... -40°C to +125°C

Supply Voltage, VGG . . . ... S =15 to +0.3V

Input Voltages (Port A, INT,RESET) ... ..........0........ -15 to +0.3V
(POFtSC, D) v v v et e -40 to +0,3V

Output Voltages . . . ... e -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 is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliablility.

Rev/1
159



IPD557L

Ta =~10°C t0 +70°C; VGG = —8.0V & 10%

LIMITS

TEST
PARAMETER | SYMBOL | MIN | TYP| MAX { UNIT CONDITIONS
Input Voltage High VIH 0 -26 | v | PortsA,c,D,iNT, RESET
Vi, |-65 VGG | V | PomsA,INT, RESET
Input Voltage Low
ViLy -6.5 ~35 \ Ports C, D
Ctock Voltage High VoH 1] -0.6 \% CLg Input, External Clock
Clock Voltage Low Vot -5.0 VGG \' CLg Input, External Clock
Input Leakage Current High ILIH +10 kA '\,,t)'ris_‘:f\lc' b. INT, RESET
Ports A, C, D, INT, RESET .
Lty =10 | BA |y -y
Input Leakage Current Low
uL, -30 pA | Ports C, D, Vy = ~35V
Clock Input Leakage Current High | || gH +200 A CLg Input, Yy =0V
Clock Input Leakage Current Low fLoL =200 | pA CLo Input, Y| =-8V .
. Ports C through G,
V°H1 -1.0 v loH ==-2mA .
Output Voltage High
Vo, -4.0 Vv | PortsE, F,G, lgy ==20 mA
Ports C through G,
Loty B B RV
Output Leakage Current Low
\ -30 A Ports C through G,
LoLa b Vo = =35V
Supply Current 1GG -20 | ~36 mA
Tq =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
Ta=-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 1] 0.3 us
Clock Pulse Width High towy 20 8.0 us External Clock
Clock Pulse Width Low tow 20 8.0 us
1/f
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NEC uPD650

NEC Electronics US.A. Inc. - - uPD651
Microcomputer Division : : : :
CMOS 4-BIT SINGLE CHIP MICROCOMPUTERS

DESCRIPTION The uPD650 and the uPD651 are pin-compatible CMOS 4-bit single chip microcom-
puters which have similar architectures,

The uPD650 contains a 2000 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 uPD650 executes all 80
instructions of the éxtended uCOM-4 family instruction set. The uPD651 contains a
1000 x 8-bit ROM and a 64 x 4-bit RAM. It has a testable interrupt input INT, a two-
level stack, and executes all 58 instructions of the uCOM-4 family instruction set. The
uPD651 is upward-compatible with the uPD650.

Both the uPD650 and the uPD651 provide 35 [/0 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 |. Both devices typically execute their instructions with a 10 us
instruction cycle time. The uPD650 and the uPD651 are manufactured with a standard
CMOS process, allowing use of a single +5V power supply, and are available in a 42-pin
Dual-in-line plastic package. The uPD651 is also available in a space-saving 52-pin flat
plastic package..

PIN NAMES
PIN CONFIGURATION cugl Y 2P cLo PAQ-PA3 Input Port A
PCOE 2 41 vgs
PC1] 3 a0[]PB3 PBp-|
"C2E M P S Bp-PB3 Input Port B
PC3[] 5 38 PB1 PCq-PC: Input/Output Port C
Wt e 3728 o
RESET([{ 7 36[1PA3 PDp-PD3 Input/Output Port D
PDo] 8 35 PA2
P[] 9 uPD  340PAq PEQ-PE3 Output Port E
PD2 10 330'PAQ
P31 650C/ 32[0'PIz PFg-PF3 Output Port F
PEQ[]12 651C 31BPh
PErC13 3083 Pig PGo-PG3 Qutput Port G
PE2 14 291 PH3
PE3 15 280 PH2 PHo-PH3 Output Port H
PFo16 27{JpH
PFq E 17 2601 PH& Plg-Pi2 Output Port |
PF PG
PFgE :: :EgPGg Nt Interrupt Input
TEST Q20 230 PG1 v
vee oy 22F1PGo. ClLo-CLq External Clock Signals
RESET Reset
roogrogh - P ly Positi
T HTRHNT vee ouse Sueply Positiye
. Vss Ground
TEST Factory Test Pin
: 3 (Connect to Vo)
Ne 4 40 2
Nee=——"a O /E———INC NC No Connection
NeC=———]2 pY ——T1]
PHy =43 . 2——rey
PHI Cmmae] 44 22————rez
L —————1 co Y ——— 10}
R — 1 uPD651G 20E=———IrEo0
L] ———— 1] 19— D3
R ] oo L4 w———r02
Pay C=====]40 (3 ————1'%
(25 ——— L] p 16f———or00
[ —— 1N Q] O 18 f———— REsET
PBa 1011 12} f———3NC
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uPD650/651

ABSOLUTE MAXIMUM Operating Temperature

RATINGS*

Ta =-30°C to +85°C; Vo = +6V 10%

PP -30°C to +85°C
Storage Temperature . . . . . . e B -55°C to +125°C
Supply Voltage, Vee. . ... .. [ e ceriee....~03t0+7.0V
Input Voltages (Ports A through D, INT, RESET).............-0.31t0 Vcc +0.3V
Output Voltages . . .. ... e et veeee..~0.3t0 Vee +0.3V
Output Current (Ports C through l,.each bit) .. .................... 25 mA
Ta=25°C (Total, all ports) . . ... .. T 28 mA

*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.

Vee -
VoH {

VoL J

Vss

CImTS TEST DC CHARACTERISTICS
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS
Ports A through D, INT
| Vol High .
nput Voltage Higl Vi 0.7 Vce Vee \ AESET
Ports A through D, INT
{nput Voltage Low ViL 0 0.3 Vee v RESET
Clock Voltege High Vou 0.7 Vge Vee <L Input, External Clock
Clock Voltage Low VoL (1] 03 Vee v Lo Input, Externat Clock
Ports A through D, INT
{ .
nput Leakage Current High LI +10 nA RESET, V) = Ve
input Leakage Current Low e -10 uA :"E';'E:"C'I":’%':’D' INT.
Clock Input Leekage Current High ILgH +200 KA CLg Input, VeH = Voo
Clock Input Leakage Current Low fLoL ~200 A | Clg Input, V), = OV
Vou, Vee -0.5 v Il’ortl-c_t‘ihroo:‘a: I,
Output Voltags High oH i
Ports C through 1,
\Y =2,
OHz | Vec-26 V' lign=-20ma
VoL, +08 | V r;:_".i;hao,:f g
Output Voltage Low .
Ports E through |,
VoL, 04 VoL er2mA
Output Leakage Current Low lLoL -10 #A | PortsC, D, Vg = OV
Supply Current Icc +0.8 +20 | -mA
Te=26°C
LIMITS TesT CAPACITANCE
PARAMETER SYMBOL MIN TYP MAX | UNIT CONDITIONS
Input Capacitance [4]] 15 pF
Output Capscitance Co 18 1 f=1MHz
1nput/Output Capacitance Cio 16 -1
Ta=-30°C to +85°C;: Vge = +6 = 10%
LIMITS J— AC CHARACTERISTICS
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS
Oscillator Frequency f 160 440 KHz
Rise and Fall Times ty, t¢ [} 0.3 us
Clock Pulse Width High oWy 05 5.8 us EXTERNAL CLOCK
Clock Pulsa Width Low WL 05 5.6 us
1 CLOCK WAVEFORM
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NEC

4 PD547L

NEC Electronics U.S.A. Inc.

Microcomputer Division

DESCRIPTION

PIN CONFIGURATION

ABSOLUTE MAXIMUM
RATINGS*

4-BIT SINGLE CHIP MICROCOMPUTER

The uPD547L is a 4-bit single chip microcomputer which has the same architecture as
the uPD547, It contains a 1000 x 8-bit ROM, a 64 x 4-bit RAM, a testable interrupt
input iNT and a single-level stack.

The 4PD547L provides 35 1/0 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 |, The uPD547L typically executes all 58 instructions of the 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 is available in a 42-pin
dual-in-line plastic package.

PIN NAMES
cLy E 1 ~ 420 CLg PAQ-PA3 Input Port A
pco 2 410y
pord 3 wob PSL PBo-PB3 Input Port B
pPca 4 3g[dPB2 PCq-P
pc3 s 3a[1P8} Co-PC3 Input/Output Port C
Wt s 370'PBg PDQ-PD3 Input/Output Port D
RESET(] 7 380 PA3
poo & 3P PAL PEQ-PE3 Output Port E
P01 o 34E]PAY PFQ-PF3 Output Port F
PD2 10 uPD 33 PAQ
PD3[] 11 32 Pip PGo-PG3 Output Port G
PEo 12 B47L 313 Py PHo-PH ° P kH
PE1 13 30F pig 0-PH3 utput Port
PE2 14 29 g PH3 Pig-Pl3 Output Port |
PE3[C]15 280 PH2
PFo 16 27 :’ PH1 iNT Interrupt Input
PE1 47 26[] PHo CLo-CLy External Clock Signals
PF2 18 26 PG3
PF3 19 . 24[QPG2 RESET Reset
TESTO 20 23%"01 ;
ves 021 2201 PGo vVae Power Suppiy Negstive
Vss Power Supply Positive
TEST Factory Test Pin
(Connect to Vgg)
Operating Temperature . ............... C it =10°Cto#70°C
Storage Temperature . . ... ... .. e e -40°Cto +125°C
SUpPly Voltage, VGG: + « « v v v vttt et tn i nn e eanennanad ~15 to +0.3V
Input Voltages . . .....cvii i i nnnennnnns e e - 15 to +0.3V
OULPUL VOGBS « . v v vt vt e vt e as o n s e et ee e e nnnsnns ~15 to +0.3V
Output Current {(Ports C through |, each bit) .......... e e -4 mA
(Total, all ports) . .. ... e e e e -25 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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4 PD547L

Ta =-10°C to +70°C; Vg = -8V * 10%

LIMITS TEST
PARAMETER SYMBOL |[MmIN |TYP MAX | UNIT CONDITIONS
Input Voltage High VIH 0 18 v ;olg;:_ through D, INT,
iNT
input Voltage Low VL -38 VGG v ;(:5(:5?' through D. INT,
Clock Voltage High VoH 0 -0.6 A CLg Input, External Clock
Clock Voltage Low VoL -5.0 VGG v CLg Input, External Clock
N Ports A through D, INT,
Input Leakage Current High HIH +10 HA RESET, V| = -1V
Ports A through D, TNT,
Input Leakage Current Low Lo -10 HA RESET, V| = -9V
Clock Input Leakage Current High ILoH +200 HA CLg Input, Vp = OV
Clock Input Leakage Current Low oL -200 uA CLg Input, V| = -8V
Ports C through |,
VoH; v 10H = ~1.0 mA
Qutput Voltage High
v 23 v Ports C through I,
OH2 ‘ loH = -3.3 mA
Ports C through I,
Output Leakage Current Low ILoL -10 HA Vo= -8V
Supply Current GG =16 -25 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
Ta =-10°C to +70°C; VGG = -8V ¢ 10%"
LIMITS TEST
PARAMETER SYMBOL | MIN TYP | MAX UNIT CONDITIONS
Oscillator Frequency f 100 180 KHz
Rise and Fall Times tr, tf 4] 0.3 Hs
Ctock Pulse Width High W 20 8.0 us EXTERNAL CLOCK
Ciock Pulse Width Low W 2.0 8.0 Hs
1/f

vss 4

VoH _L.___..___-

Vv, 4
oL 4 e — e r——————-

VGG
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NEC

uPD552

NEC Electronics U.S.A. Inc. uPD553

Microcomputer Division

DESCRIPTION

PIN CONFIGURATION

ABSOLUTE MAXIMUM
RATINGS*

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

The uPD552 and the uPD553 are pin-compatible 4-bit sihgle 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 2000 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 1/O Ports C and D, the 4-bit output Ports E, F, G, and H, and
the 3-bit output Port |, The 27 I/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.

[\ /'——j PIN NAMES
cLig ! 420cuo
pcod 2 410 VGG PAQ-PA3 tnput Port A
Pc1 3 40[)PB3 PBo-PB3 Input Port B
PC2(d4 4 39{1PB2 PCO-P P
pcal] s 3aF1P8Y Co-PC3 Input/Output Port C
WNT] e 37 :]thBo PDo-PD3 Input/Output Port D
RESET( 7 36[1PA3 PEQ-PE3 Output Port E
PDo[] 8 361 PA2 PFQ-PF3 | Output Port F
P01 9 p 341 PA4
P02 10 uPD 33[3Pag PGQ-PG3 Output Port G
PD3[]11 552/ 32[dPlg | PHoPH3 | Output Port H
PEQ []12 553 3101 P14 Plo-Pt Output Port |
PE1 (113 30{7 Pig __.0 2 .p
PE2 14 29 D PH3 INT Interrupt Input
PE3[15 28[1PH2 CLo-CLq External Clock Signals
'F’;OE 16 2713 PH1 RESET | Reset
1 17 26[]PHp s
PEa 18 2501 PG3 VGG Power Supply Negative
PF3 19 243 PG Vss Power Supply Positive
"TEST [ 20 23[JPG1 TEST Factory Test Pin
vss [ 21 22{1PGo (Connect to Vgg)
Operating Temperature . . . . oo v v v o inte i en i eae e e -10°C to +70°C
Storage TemMPerature . . ..« vv v v v oo ennnnen R '~40°C to +125°C
Supply Voltage, VGG « + v v v v vt ettt e ittt s -15 to +0.3V
Input Voltages (Port A, B, INT, RESET) , ... ... v iy -15 to +0.3V
(PortsC,D) .. v i v -40 to +0.3V
OutpUt VOIAgeS . . . v v o it i i e ~-40 to +0.3V
Output Current (Ports C through |, eachbit) ...................... -12mA
(Total, altports) . ... vt i i e i e -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.
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uPD552/553

Ta==10°C 10 +70°C: VGG = =10V ¢ 10%

LIMITS TEST
PARAMETER SYMBOL | MIN Typ MAX UNIT CONDITIONS
Ports A through D, INT,
fnput Voltage High ViH ) -3.5 v RESET
v -15 v v | Ports A, B, INT, RESET
tnput Voltage Low ity GG -
ViLy =15 -35 v Ports C, D
Clock Voltage High V¢H o -08 v CLg !nput, External Clock
Clock Voltage Low VoL -6.0 VGG v CLg *nput, External Clock
Ports A through D, ﬁ,
Input Leakage Current High ILIH +10 HA RESET, Vy = =1V
: ) 10 A Ports A through D, TNT,
Input Leakage Currant Low LiLy - u RESET, Vy = =11V
ILiLg -30 BA Ports C, D, V| = -36V
Clock Input Leakage Current High 1LgH +200 HA CLg Input, Vo = OV
Clock Input Leakage Current Low oL -200 HA CLg Input, Vg = -11V
N Ports C through 1,
Output Voltage High VOH ~2.0 \ IOH = ~8 mA
Ports C through |,
oLy S0 [ kA gty
Output Leakage Current Low 2 -
) -30 A Ports C through 1,
LOL2 L V@ = ~36V
Supply Current GG -30 -50 mA
Ta™ 26°C
_LIMITS TEST
PARAMETER SYMBOL | MIN TYP MAX UNIT CONDITIONS
Input Capacitance C) 16 pF
OQutput Capacitance Co 15 pF f=1MHz
input/Qutput Capacitance Cio 16 pF
Ta = ~10°C t0 +70°C; VGG = -10V £ 10%
LIMITS TEST
PARAMETER SYMBOL | MIN TYP MAX UNIT CONDITIONS
Oscillator Frequency f 1650 440 KHz
Rise and Fall Times T, U (1] 0.3 us
Clock Pulse Width High oWy (X 56 us EXTERNAL CLOCK
Clock Pulss Width Low WL 06 6.6 us
1/¢

vss <4

——1

VoH e — = —

VoL L _.___._...'4

Vag
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NEC

NEC Electronics US.A. Inc.

Micrecomputer Division

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
#PD550 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 1/0 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 uPD550
and the uPD554 typically execute all 68 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
cui] s U/ 28[7 cLo PAQ-PA3 | Input Port A
pCo[] 2 2701 Vae PCp-PC3 Input/Output Port C
Pci1C] 3 26[7] RESET PDq-PD3 Input/Output Port D
pca[] 4 26 N PEQ-PE3 Output Port E
PFQ-PF3 Output Port F
PC3C] 5 24 PA3
PGg Output Port G
PDo[] 6 4PD 23[1 PA2 CLg-CL1q External Clock Signals
PO10] 7 550/ 22{7] paq NT Interrupt Input
P20 8 554 21 PAg RESET | Reset
POz ] 9 207 pGo VGG Power Supply Negative
PEg [J10 19 [ PF3 Vss Power Supply Positive
PEq 1 18 [ PFa TEST Factory Test Pin
PEs C 12 1700 PRy (Connect to Vgg)
PE3 [J13 18] PFo
vss 14 15[ TEST
Operating Temperature, . . . . ..o et v e vt n s astanasonsas -10°Cto +70°C
Storage TeMPerature . .. .....ovvevernveer s, veeti...=80°C to +126°C
Supply Voltage, VGG: « « c v v v vt v vt i in et ene it s -15 to +0.3V
Input Voltages (Port A, INT, RESET) . . v vvvnennnn ey -15 to +0.3V
(Ports C, D) . oottt e e e e -40 to +0.3V
Output Voltages . .. ..o v v v i vt cietn s n e e e vvv .. —40 10 40.3V
Output Current (Ports C, D, each bit) ..... e e -4mA
(PortsE€,F,G,eachbit) . ..........c.cv0u e -16 mA
(Total, @l ports) . « .. v v vvvnievinn s erens. ~60mMA
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.

167



uPD550/554

Ta=-10"C to +70°C; VGG =-10V £ 10%

LIMITS
TEST
PARAMETER . SYMBOL| MIN | TYP] MAX | UNIT CONDITIONS
Input Voltege High m 0 20 | v [Portsa,r, D, TNT, RESET
' ViL, | -43 vag | v [PortsA,INT, RESET
Input Voltege Low
Vi Lo -4.3 -36 v Ports C, D
Clock Voltage High VoH (4] -0.6 \ CLg Input, External Clock
Clock Valtage Low VoL -6.0. VGG v CLg Input, External Clock
3
Input Leakage Current High ILIH +10 BA '\’ITT:S—A1'\;, O, TNY, RESET
Ports A, €, D, TNT, RESET
X LIy -10 ] kA vr--11v
Input Leakags Current Low !
: LIy -30 HA Ports C, 1), V| = -35V
Ciock Input Leakage Current High | I gH +200 HA CLg Input, VgH = OV
Clock Input Leakage Current Low | 1 gL -200 #A |ClLglnput, Vg =-11V
- VoH -1.0 Vv PortsC,D,10H =-2mA
Output Voltage High OH1 o
VOHy -25 v Ports E, 7, G, IoH = —~10 mA
Ports C through G,
'LoLy S T i v
Output Leakage Current Low Q
' : Ports C through G,
LOL2 -30 BA Vg =-35V
Supply Current GG -20| -40 mA
Ta=26"C
LIMITS ) TEST
' PARAMETER SYMBOL | MIN | TYP| MAX | UNIT CONDITIONS
Input Cepacitance € 16 pF
Output Capscitance Co 15 pF f=1MHz
Input/Output Capacitance Cio 15 pF
Ty =-10°C 10 +70°C; Vg = -10V £ 10%
LIMITS TEST
PARAMETER SYMBOL | MIN { TYP| MAX | UNIT CCGNDITIONS
Oscillator Frequency t 150 440 KHz
Rise and Fall Times t tf 1] 0.3 us
Clock Pulse Width High tow,, | 08 6.6 us Exzernal Clack
Clock Pulse Width Low %WL 0.6 5.6 us
1/f

Vs ==
VoH == = = = e = — ]

VoL L ______A

VGG
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NEC . uPD550L
NEC Electronics US.A. Inc. uPD554L

Microcomputer Division

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

DESCRIPTION The uPD550L and the uP0554L are pin-compatible 4-bit single chip microcomputers
which have the same architecture. The only difference between them is that the
uPD550L 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 IN_T, and a single-
level stack.. The uPD550L and the uPD554L provide 21 /0O lines organized into the
4-bit input port A, the 4-bit 1/0 ports C and D, the 4-bit output ports E and F, and the
1-bit output port G. The 17 1/0 ports and output ports are capable of being pulled to
-35V in order to drive Vacuum Fluorescent Displays directly, The uPD550L and the
uPDB554L 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-indine plastic package. ‘

The uPD550L and the (1PDB54L are upward compatible with the uPD557L.

PIN NAMES
PIN CONFIGURATION et ] \J %1 clo TNV ey
PCo |j 2 2701 Vaa PCo-PC3 Input/Output Port C
PCq 3 267 RESET PD-PD3 Input/Output Port D
PCy 5 a 25 iNT PEQ-PE3 Output Port E
PFo-PF3 Output Port F
role | mbee [ femams
. |CLo-CLq ‘External Clock Signals
PD1 E 7 5“5':)?_/ 22 g PA1 INT interrupt Input
?DZ gs 554L 2 PAo RESET. Reset
PD3 e 007 PGo VGG Power Supply Negative
PEg []10 197 PF3 Vss Power Supply Positive
PE1 11 18[] pFyp TEST Factory Test Pin
PEg [12 17 g PFq (Connect to Vgg)
:PE3 (13 18 [ PFg
Vss Clha, © 16 | ) TEST
ABSOLUTE MAXIMUM OperatmgTemperature ................................ -10°C to +70°C
RATINGS* Storage Temperature . . . ............ e -40°C to +125°C
Supply Voltage, VGG: « + »v ve v vt e v e a o s vnen e ~-15 to +0.3V
Input Voltages (Port A, INT, RESET) e iehaeaes e -15 to +0.3V
(PortsC,D)............... e e e e ~40 to 0.3V
Output B0 Y- ~40 to +0.3V
Output Current (Ports C, D, each bit) .. .. ...... .. ... .o oo, -4 mA
(PortsE, F,G,eachbit) ...............c.viievn.. -15mA
(Total, all POrts) . .. oo ve et ittt iin e e e ~60 mA
T,=25°C

*COMMENT: Stress above those listed under "Absolute Maxmum 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.

169



uPD550L/554L

Ta=-10°C to 470°C; VGG = -8.0V ¢ 10%

LIMITS
TEST
PARAMETER SYMBOL| MIN | TYP] MAX | UNIT COMDITIONS
Input Voitage High ViH ] -1.6 \ Ports A, C, D, INT, RESET
ViLy -4.5 VGG \ Ports A, INT, RESET
fnput Voltage Low
ViLy -45 -35 \ PortsC,D
Clock Volitage High VoH [¢] -0.6 \% CLg Input, External Clock
Clock Voltage Low VoL ~5.0 VGG v CLg Input, External Clock
Input Leakage Current High LK +10 KA \P’olr:s—»:,vc, D, INT, RESET
Ports A, C, D, INT, RESET
it ~10 | uaA v°’_s_9v
Input Leakage Current Low !
ILiLy -30 HA Ports C, D, V| = =35V
Ctock Input Leakage Current High 'L¢H +200 HA CLg Input, Vq,H =0V
Clock Input Leakage Current Low | ILgt -200 pA | CLg Input, Vg =-9V
Vi -1.0 \" Ports C, D, | =-2mA
Output-Voltage High OHy OH
VOH, -25 v Ports €, F, G, IoH = -10 mA
Ports C thraugh G,
'LOL1 _10 uA Vor=—gvr 9
Output Leakage Current Low Q
| Ports C through G,
LOLy -30 L )
Supply Current GG -12 | ~24 mA
Ta=25°C
LIMITS TEST
PARAMETER SYMBOL | MIN | TYP] MAX | UNIT CONDITIONS
Input Capacitance C, ) 16 pF
Output Capacitance Co 15 pF 1f =1 MHz
Input/Output Capscitance Cio 15 pF
Ta =-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 t, 14 0 0.3 us
Clock Pulse Width High x"WH 2.0 8.0 us External Clock
Clock Pulse Width Low Tow 2.0 8.0 us
1/

v§s -

V¢H [ T —

Voo } A

Vaa
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NEC Electronics US.A. Inc.

Microcomputer Division

CMOS 4-BIT SINGLE CHIP MICROCOMPUTER

DESCRIPTION The uPD662 is a CMOS 4-bit single chip microcomputer having the same architecture
as the uPD554. It contains a 1000 x 8-bit ROM, a 32 x 4-bit RAM, a testable interrupt
input INT, and a single-level stack. The uPD652 provides 21 1/0 lines, organized into
the 4-bit input port A, the 4-bit 1/0 ports C and D, the 4-bit output ports E and F, and
the 1-bit output port G, The uPD662 typically executes all 58 instructions of the
#COM-4 family instruction set with a 10 us instruction cycle time. It is manufactured
with a standard CMOS process, allowirig use of a single +5V power supply, and is avail-
able in a 28-pin Dual-in-line plastic package.

PIN NAMES
PIN CONFIGURATION cuids W 2817 cLo PAQ-PA3 | Input Port A
PCo[] 2 27 Vss PCp-PC3 Input/Output Port C
rci] 3 26[] RESET PDo-PD3 Input/Output Port D
P[] 4 257 INT PEQ-PE3 Output Port E
PC3C] & 247 PA3 PFg-PF3 Output Port F
PDg C 6 2311 PAg lﬁ) Output Port G
INT Interrupt Input
o1 7 HPD 2203 ea 'CLg-CLy | External Clock Signals
P28 52 a]eag RESET | Reset
PD3 [ © 207 Pao vee Power Supply Positive
PEg []10 19 ] PF3 Vgs Power Supply Negative
PE1 11 187 PFy TEST Factory Test Pin
PEy E 12 1713 pey {Connect toVce)
PEa CJ13 16 1 PFg
vec e 15 [] TEST
ABSOLUTE MAXIMUM Operating TEMPerature . . . ... ....evuueirnnvnsrnennn. -30°C to +85°C
RATINGS* Storage TeMPerature . . . ... .......ceurnoeereneeens. -66°C to +126°C
Supply Voltage, VCC . « -« v ittt i e e i i s -0.3to 7.0V
Input Voltages (Ports A,C, D, INT,RESET) ............... -0.3 to Vgc +0.3V
Output Voltages . ., . oot ittt it s iy -0.3 to Vg 0.3V
Qutput Cutrent (Ports C through G,each bit) .................... -2.5mA
(Total,all POrts) « . .o et et ie e -28.0 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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uPD652

Ta=~30°C 1o +85°C; Vg = +5V ¢ 10%
LIMITS TEST
PARAMETER SYMBOL MIN TYP | MAX |UNIT CONDITIONS
Input Voltage High ViH 07Vee vee | V| Ports A C,D, INT, RESET
Input Voltage Low ViL 0 03vee| v Ports A, C, D, INT, RESET
Clock Voltage High VoH 0.7 Vge vee v CLg Input, External Clock
Clock Voltage Low Vel 0 03vee| Vv CLo Input, External Clock
Ports A, C, [, INT, RESET,
Input Leakage Current High | +10 A c e ' '
g LIH " Vi = Voo
Input Leakage Current Low ILie -10 HA Ports A, C, D, INT, RESET,
Vi=ov
Clock Input Leakage Current High ILgH +200 HA CLo Input, Vg4 = Vo
Clock Input Leakage Current Low oL -200 HA CLg lnput, Vg, = OV
VoH vee-08 v Ports C'through G, IoH =-1.0mA
Output Voltage High Ot ce o
VOH, vee-2.5 v Ports C through G, 104 = ~2.0 mA
vour, +0.6 v Ports E, F, G, loL = +2.0 mA
Output Voltage Low
Voiy +0.4 v Ports E,F, G, lgL =+1.2mA
Output Leakage Current Low oL -10 uA Ports C,D, Vo =0V
Supply Current Icc +08 | +20 mA
Ta=25°C
LIMITS TEST
PARAMETER SYMBOL MIN TYP | MAX {UNIT CONDITIONS
Input Capacitance [+]] 15 pF
Output Capacitance Co 16 pF f=1MHz
Input/Output Capacitance Cio 18 pF
Ta=-30"C to +86°C; Vog = +5V £ 10%
LIMITS TEST
PARAMETER SYMBOL MIN TYP | MAX |UNIT CONDITIONS
Oscillator Frequency f 150 440 kHz
Rise and Fall Times . U 1] 0.3 us
Clock Pulse Width High towy 0.5 5.6 us External Clock
Clock Pulse Width Low oW 0.5 5.6 HS
1/

Vee +

VoL J,_ —————

Vss

-

VoH e = = s am e e o}
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NEC uPDb556B
NEC Electronics US.A. Inc.

Microcomputer Division

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 is used in conjunction with an external 2048 x 8-bit
program memory, such as the uPD2716 UV EPROM, to emulate each of the 14 differ-
ent uCOM-4 single chjp microcomputers,

The uPD556B contains a 96 x 4-bit RAM, which includes six wérking registers and the
Flag register. It 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
uCOM-4 family instruction set,

The uPD556B provides 35 1/0 lines organized into the 4-bit input Ports A and B, the
4-bit 1/0 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
uPDb556B is 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 PD:é : \_/ o2 9r0,
PDy 2 63 Vg PAQ-PA3 Input Port A
PD3 ] 3 62 :R'iES_ET
PEg :g 4 61 E—/IINT PBg-PB3 Input Port B
PE/ 5 60 FPC3
-PE2 6 59 —PCy PCg-PC3 Input/Output Port C
PE 7 58 Fec,
BREAK 8 57 F—PCo PDo-PD3 Input/Output Port D
STEP . o 56 F1PB3
Acc/PC 10 56 F—rBy PEQ-PE3 Output Port E
P1o 91 54 fPB,
Pg C—12 53 F——IPB PFo-PF3 Output Port F
Pg .13 52 FPAg
Py 4 51 —PA, PGo-PG3 Output Port G
P .15 uPD 50 FOPA,
P 116 5568 49 F—PAg PHg-PH3 Output Port H
P 4
P3 4!=:; :; 4? %Plgh Plg-Ply Output Port |
P 46 —
Py 2:: 123 45 %9H3 INT Interrupt Input
[ 7 P
7 0‘_5 22 :g = Hp%.” lp-7 Instruction Input
le 23 42 §H0
I 24 41 E=prG3 PCop.10 Program Counter Output
= 40 F5PG,
13 C—}26 39 PG, Acc/PC Accumulator/Program
2 =27 38 (PG Counter Select
1y =428 37 E=IrF3
g 429 36 FPF) BREAK Break Input
CL1 T30 35 E=—pF, -
Cin C331 34 FDPFg STEP Single Step Input
GND 432 33 I TEST
CLo-CLq External Clock Source
RESET Reset
VGG Power Supply Negative
Vgs Power Supply Positive
TEST Factory Test Pin
(Connect to Vgg)
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uPD556B BLOCK DIAGRAM

P10 Acc/PC
Pz :QE—_:.:J— srEAK *’—eﬂw
| P-SELECTOR :TNEL; l
RAM RAM ICONTROL]|~——STEP
viz0 . % x4 DECODER 4 (4} {}
Y PC
up/
DOWN
PC3.0 ¢ Kt COUNT-
ER
4-BIT & - STACK 0
PD3.g o e l U STACK 1
RAM BUFFER DPy DPL STACK 2
N : . Y . 8BIT INSTRUCTION BUS 14
e Mt els It ] e
o
S Vo ABIT ] LJ_— 2
INTER- - - ] QBUS
PF3.0 CT F Face RV 2 1Y) ) P-BUS
4-B\T @ TIMER
4
PGz G L L CONTROL
. - AND
4-BIT DECODE
ALy Acc .
Pz (o] M F+{ contrOL Wy
Plog 1 C.G. e RESET
clc!
clq CL
1 Operating TeMPerature . . ... ... .. ou e vt -10°Ct0 +70°C ABSOLUTE MAXIMUM
Storage Temperature . ., .. ..........00..:. e i......-40°Cto+125°C RATINGS*
Supply Voltage, VGG eivee.... 1BV 10 0.3V
AlLInput Voltages. . .. ...t v it ittt ettt ettt e -156V to +0.3V
AllOutput Voltages. . ... ... ...t in it -15V to +0.3V
Output Current (total,allports). . . .......... e e e -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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DC CHARACTERISTICS

AC CHARACTERISTICS

CAPACITANCE

Ta==-10°C to +70°C; VGG = ~10V t 10%, Vgs = OV

uPD556B

LIMITS. TEST
PARAMETER SYMBOL | MIN TYP | MAX | UNIT CONDITIONS
Input High Vin 0 -2.0 \2 Ports A to D, I7 9
Voltage BREAK, STEP, INT, RESET,
and Acc/PC
Input Low VL ~-4.3 el v Ports Ato D, I7.9
Voltage BREAK, STEP, INT, RESET,
and Acc/PC
Clock High VH )] -08 v CLg Input, External Clock
Voltage
Clock Low Vol -6.0 VG | V| Clg Input, External Clock ‘*‘
Voltage .
+10 uA Ports Aand B, I7.9
Input Leakage \ INT, RESET, BREAK, STEP,
Current High LIH Acc/PC, V(=-1V
t10 uA Ports Cand D, V| = -1V
-10 HA Ports A and B, 17.0
Input Leakage TNT, RESET, BREAK, STEP,
Current Low e Ace/PC, V) =-11V
-10 uA | PortsCand D, Vy=-11V
Clock fnput TLoH +200 uA CLg input, External Clock,
Leakage High Vel = 0V
Clock Input Lol ~200 uA CLg Input, External Clock,
Leakage Low VoL =-11V
VOoH1 -1.0 v Ports Cto |,Pqg.0
Output High loH =-1.0mA
Voltage Vowu2 -23 \ PortsCtol,P1g.0
ioH =-3.3mA
Output Leakage lLoL ~-30 uA | PortsCtot,Pqg.0
Current Low Vo=-11V
Supply Current [Fele) -~30 -50 mA
Tg=-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, t¢ 0 03 us
Clock Pulse Width High - tOWH 0.5 5.6 us
Clock Pulse Width Low towL 05 56 | us
input Setup Time tIs 5 | us
Input Hold Time tH 0 Hs
BREAK to STEP Interval | tgg 200 us f =400 KHz, 1" Written
STEP to RUN Interval tsB 200 ' f =400 KHz, *1" Written
STEP Pulse Width tws 30 us f =400 KHz, "1'" Written
BREAK to Acg Interval tBA 200 us f =400 KHz, “1'" Written
Acc/PC Pulse Width WA 30 us f =400 KHz, 1" Written
STEP to Acg Interval tSA1 200 us f =400 KHz, 1" Written
PC to STEP Qverlap tSA2 5 | us f =400 KHz, 1" Written
PC to RUN Interval taB 0 us f =400 KHz, 1" Written
t ) 15 | ws f =400 KHz, 1" Written
Acc/PC -+ P1g.0 Delay DAPT
tpAP2 16 | us f =400 KHz, “'1" Written
Ta=25°C
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
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ITEM ] MILLIMETERS | INCHES

A a1.5 1.634 MAX

B 1.05 0.042

c 2,54 0.1

D 05:01 | 0.2+0.004

E 39.4 1.55

£ 1.27 0.05

G 5.4 MIN 0.21 MIN

1 2.35 MAX | 0.13 MAX

J 24.13 0.95

K 19.05 0.75

L 15.9 0.626

") 0.250.05 | 0.01 +0.002
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NEC
NEC Electronics U.S.A. Inc.

Microcomputer Division

Description

The uPD7500 Series CMOS 4-Bit Single Chip
Microcomputer Family is a broad product line of 10
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 three different devices,
the uPD7501, uPD7502, and uPD7503, capable of
directly driving Liquid Crystal Displays with up to 12
7-segment digits. The uPD7508A can directly drive up
to 85V 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 10 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 /O ports

- Can be stored to or retrieved from Stack

oo o oo

uPD7500 SERIES
CMOS 4-BIT SINGLE CHIP
MICROCOMPUTER FAMILY

~ O Powerful Instruction Set
From 58 to 110 instructions, including:

177

Direct/indirect addressing

Table Look-up *

RAM Stack Push/Pop

Single byte subroutine calls -

RAM and /O port single bit manipulation
Accumulator and |/O port Logical operations
10 us Instruction Cycle Time, typically

[0 Extensive General Purpose /0 Capabilit

- 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/O

oooo

Expander

- 8-Bit Parallel I/0 capability

O 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 (INTg, 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
Ideal 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 uA max at 5V, 400 uA max at 3V
- HALT, STOP Power-down instructions reduce

power consumption to 20 uA max at 5V,
10uA at 3V (Stop mode)

[J Extended —40°C to +85°C Temperature Range

Available

Choice of 28-pin or 40-pin dual-in-line packages, or

52-pin or 64-pin flat plastic packages



xPD7500 SERIES

Features 7500 7501 7502 7503 7506 7507 75078 7508 7508A 7519
:3_‘;';";:,?3';‘ 1K 2K 4K 1K 2K 2K 4K 4K 4K
Expandable to 8K
RAM 256 x4 96x4 128x4 224x4 64x4 128x4 128x4 224 x4 208 x4 256 x4
1/0 Lines 32 24 23 23 22 32 20 32 32 28
g‘:‘::'tTel':‘or’Event [ ] [ [ ] [ ] [ ] L [ ] [ ] L] [ )
8-Bit Serlal Interface . . . . ° . . . .
Registers Outside RAM. 4x4 2x4 4x4 4x4 2x4 4x4 4x4 4x4 A4x4 4x4
Instructions 110 63 92 92 58 92 91 92 92 92
Min Cycle Time (us) 6.67 6.67 6.67 6.67 6.67 6.67 667 6.67 6.67 6.67
Interrupts 5 4 4 4 2 4 4 4 4 4
Stack Levels RAM RAM RAM RAM RAM BAM RAM RAM RAM RAM
Display VFD
Controllier/ LCD LCD LCD drive VFD
Driver only
Analog 1/0 e
Current Consumption
{max)

Normal Operation 900 A at 5V + 10%; 400uA at 3V + 10% =
Stop Mode ——— 20 A at 5V + 10%; 10uA at 3V + 10% >
Operating -10°C -40°C
Temperature Range to = to -
+70°C +85°C
Packages
28-p|n DIP 3 .
40-pin DIP . . .
52-pin Flat . * o
64-pin Fiat . . .
64-pin QUIL . .




Instruction Set

The uPD7500 Series Instruction Set consists of 110
powerful instructions designed to take full advantage of
the advanced uPD7500 architecture in your application.
It is divided into two subsets, according to the
complexity of the device.

Instruction Set ““A” is available for the higher-
performance uPD7500 Series devices having either a
2K x 8-bit or a 4K x 8-bit Program Memory. It can be
used with the uPD7500, uPD7502, uPD7503, uPD7507,
uPD7507S, uPD7508, uPD7508A, and uPD7519
products.

Instruction Set ‘‘B” is available for the lower-cost
uPD7500 Series devices having a 1K x 8-bit Program
Memory. Its instructions are a compatible subset of
Instruction Set “'A,” and can be used with the
uPD7500, uPD7501, and uPD7506 products.

nPD7500 SERIES

Instruction Set Symbol Definitions

The following abbreviations are used in the description
of the uPD7500 Series Instruction sets:

Symbol ﬂ‘ Use
A A -
An Bit “‘n” of A ator
addr Address
bit Operand speclfying one bit of a nibble
Bn Bit “n"’ of two-blt operand
B1 Bo  BitSpecified
[] [] BIt 0 (LSB)
0 1 Blt 1
1 0 Bit 2
1 1 Bit 3 (MSB)
Bank Bank Flag of PSW (4PD7500 only)
borrow value Is less than OH
[ Carry Flag
data data
D O Reglster
Dn Bit “‘n” of data op
DE DE Reglster Palr
DL DL Reglster Pair
E E Register o
H H Reglster
HL HL Register Pair
IER Interrupt Enable Reglster
IER bit: 0 1 2 3
Interrupt: INTT INTo/S INT4 INT2
IME Interrupt Master Enable F/F.
INTn ot
IRFp pt Request Flag ‘‘n’’
L L Reglster
overllow g value is greater than FH
P() Parallel Input/Qutput Port addressed by the value within the p
PC Program Counter
PCn Bit “‘n” of Program Counter
PSW Program Status Word
PSWhit: 0 1 2 3
Flag: Carry Bank  SKp  SK1
n Reglster Pair, speclified by the 3-bit inmediate data operand D2-0, as
follows:
D2 D1 Do p Additional Action
o0 0 o oL none (instruction set “A"” only)
0 (1] 1 DE none (Instruction set ‘‘A” anly)
1 [ 0 HL- decrement L; skip if L = FH
1 0 1 HL + increment L; skip If L = OH
1 1 0 HL none
s Skip Cycles: 0 when skip condltion does not occur
1 when skip does occur _
sIo Serlal I/O Shift Register
SIOCR Serlal I/O Count Register
SP - Stack Pointer
String String Effect; in a string of simllar instructions, only the first
is d; the i of the in the string
are as NOP
taddr Operand specifylng ROM Table Data
Tn BIt ““n’’ of ROM Table Data
TCR Timer Counter Register
TMR Timer Modulo Reglster
() The contents of the RAM location addressed by the value within the
{1 The contents of the ROM location addressed by the value within the
-+~ Load, Store, or Transfer right op: d into left
-~ the left and right op o
NOT Logical NOT (One's -
AND LOGICAL AND
.OR LOGICAL OR o
XOR LOGICAL Exclusive OR

Instruction pertains to uPD7500 only




1PD7500 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 D4 D3 D2 D1 Do HEX
Load .
LADR addr A«(D7.0) Load Accumulator [1] 0 1 1 1 0 0 [ 38 2 2
from directly D7 Dg D5 D4y D3 D2 Dy Do O0-FF
addressed RAM -
LAl data A+D3 9 Load Accumulator [ [ 0 1 D3 D2 Dq Do 10-1F 1 1 String
with immediate
data
LAM rp A~(rp) Load Accumulator [ 1 0 D2 [ [ D1 Dgp 40,41 1 1+8 See explanation
rp = DL, DE, HL -, HL+, HL from Memory, 50-52 of ““rp'* in symbol
ifrp = HL -, skip If borrow possible skip definitions
if rp = HL +, skip it overflow
LAMT ROM addr = PC10-6, Load Accumulator 0 1 0 1 1 1 1 0 SE 1 2
(uPD7500, xPD7502 0,C, Az.p and Memory from
only) A<[ROM addr}7.4 Table
{HL)-[ROM addr]3.0 o
LAMTL ROM addr = PC11.8, Load Accumulator L] [ 1 1 1 1 1 1 3F 2 2
(uPD7500, xPD7503, A3.0, (HL)3-0 and Memory from 0 [ 1 1 1] 1 0 0 34
uPD7507, «PD7507S, A<~[ROM addr}7-4 Table Long
uPD7508, «PD7508A, (HL)+[ROM addr]a.o
uPD7519, only)
LDEI data D+-D7.4 Load DE reglster 0 1 0 0 1 1 1 1 4F 2 2
palr with immedl- D7 Dg D5 Dg D3 D2 Dy Do O00-FF
E+<D3.9 ate data
LDI data D+D3.0 Load D reglster 0 0 1 1 1 1 1 0 3E 2 2
with immediate 0 0 1 0 D3 D2 Dy Do 20-2F
data I
LEI data E+D3.0 Load E reglster [1] 0 1 1 1 1 1 [1] 3E 2 2
with immediate 0 0 [ 0 D3 D2 Dy Do  00-OF
data e - .
LHI data H+D3.0 Load H register 0 0 1 1 1 1 1 [] 3E 2 2
with immediate [] 0 1 1 D3 D2 Dy Do 30-3F
data o S
LHLI data H+D7.4 Load HL reglster [} 1 1] 0 1 1 1 [] 4E 2 2 String
L+D3.0 pair with immedi- D7 Dg Ds Ds D3 D2 Dy Do OOFF
ate data
LHLT taddr ROM addr = 0COH + D3.0 Load HL register 1 1 [ 0 D3 D2 Dy Dg CO-CF 1 2 String
H<+[ROM addr]7.4 palr from ROM
L+[ROM addr]3.0 Table
LLI data L+<D3.0 Load L register ] [} 1 1 1 1 1 ] 3E 2 2
with Immediate 0 0 0 1 D3 D2 Di Do 10-1F
data o
Store o
ST {HL)+~A Store A to Memory 0 1 0 1 [ 1 1 1 57 1 1 .
- T ———
TAD D+A Transfer Ato D 0 0 1 1 1 1 1 0 3E 2 2
R 1 0 o 0 1 0 1 0 AA o
TAE E-A Trensfer Ato E [} 0 1 1 1 1 1 0 3E 2 2
1 0 0 0 1 [ 1 [ 8A e
TAH H<A Transfer A to H [} 0 1 1 1 1 1 [} 3E 2 2
— 1 [ 1 1 [ 1 [ BA
TAL L-A Transfer Ato L [} [} 1 1 1 1 1 [ 3E 2 2
1 [ 0 1 1 [ 1 0 9A .
TDA A+~D Transfer D to A 0 [ 1 1 1 1 1 0 3E 2 2
1 [ 1 0 1 0 1 1 AB .
TEA A~E Transfer E to A 0 [ 1 1 1 1 1 0 3E 2 2
o - 1 [ o o 1 0 1 1. 88 o
THA A+H Transfer Hto A 0 0 1 1 1 1 1 0 3E 2 2
1 [ 1 1 1 0 1 1 BB
TLA AL Transfer L to A o 0o 1 1 1 110 3E 2 2
o 10 0 1 1 0 1 1 98 i
XAD A~D geAWthD 0 1 0 0 10 1 o 4A 1 1 -
XADR addr A+(D7.0) Exchange A with 0 0 1 1 1 0 0 1 39 2 2
directly addressed D7 Ds Ds D4 D3 D2 Dy Do 00-FF
RAM
XAE A~E E: A with E 0 1 [ o 1 [ 1 1 4B 1 1 .
XAH A~H o AwthH 0 1 1 1 1 0 1 0 7A 1 1
XAL A~L ge A with L [ 1 1 1 1 o 1 1 7B 1 1
XAM rp A~(rp) Exchange A with [] 1 [} D2 1] 1 D1 Dp 44,45 1 148 See explanation
rp = DL, DE, HL -, HL +, HL Memory, Posslble 54-56 or “‘rp”’ In symbol
if rp = HL -, skip If borrow Skip definitions
it rp = HL +, skip if overflow e I — o
XHDR addr H=(D7.0) Exchange H with [ 0 1 1 1 0 1 0 3A 2 2
directly addressed Dy De Ds Dg D3 D2 Dt Do 00-FF
AM
XLDR addr L~(D7.0) Exchange L with ) 0 1 1 1 ] 1 38 2 2 o
directly addressed D7 D3 D2 Dy Do 00-FF

RAM_ .

Dé Ds Dg
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nPD7500 SERIES

Instruction Set “A” (Cont.)
For the uPD7500, uPD7502, uPD7503, uPD7507, uPD7507S, uPD7508, .PD7508A, and uPD7519 devices only

Instruction Code
Mnemonlc Function Bytes Cycles $kip Conditlon
Dy Dg D Dg D3 D2 Dy Do HEX

ACSC A, CA+(HL)+C Add with carry; 0 1 1 1 1 1 0 0 7C 1 1+8 Carry = 1
skip if carry ip if carry

AISC data A+~A + D30 Add immediate 1+$ Overflow
skip if overflow skip if overfiow

A<A + (HL) Add memory; skip Carry = 1
kip If overflow It overflow

ANL A+A AND (HL) AND Accumulator 0 [ 1 1 1 1 1 1 3F 2 2
and Memory 0 1 1 0 0 1 0 B2
EXL A<+A XOR (HL) Exclusive-Or [} 1 1 1 1 1 1 [] 7€ 1 1
Accumulator and
Memory
ORL A<+A OR (HL) OR Accumulator 0 4 1 1 1 1 1 1 3F 2 2
and Memory 1 0 1 1 0 1 1 0 B6 o

Complement
1t

CAg - ‘Rotate

Ag+-A1 Accumulator right
A1+-A2 through Carry
A2+-A3
A3+C (old) e
Program Status Word -
RC c-0 Reset Carry 0 1 1 1 1 0 0 0 78 1 1
sC C+1 Set Carry 0 1 1 1 1 0 0 1 79 1 1

Increment and Decrement

2
DDRS addr (D7-0)-(D7-0) -1 Decrement directly 0 [ 1 1 1 1 [} [ 3ic 2 2+8
skip if (D7-0) = FH addressed RAM; D7 Dg D5 D4 D3 D2 Dy Do 00-FF
skip if borrow
DES Decrement E; skip 0 1 0 o 1 0 [} 0 48 1 1+8 E = FH
F If borrow

DLS Ll -1 Decrement L; skip [1] 1 [} 1 1 [} [] o 58 1 1+8 L=FH
skip If L = FH if borrow
ot - .

ncrement

(D7.9)—(D7.9) -1 rectly
skip if (D7.9) = OH addressed; skip if 00-FF
overflow
IES increment E; skip [} 1 o 0 1 [} [} 1 49 1 1+8 E = 0H
H vel

iLs ‘ L-L +1 increment L; skip 0 1 0 1 1 [} [ 1 59 1 1+$ L=0H1

skip if L = OH it overfiow
Bit M
AMB bit (HL)bit-0 Reset Memory bit 0 1 10 1 0 By Bp 68.6B 1 1
bit = By.0 (0-3)
SMB bit (HL)bjt+1 Set Memory bit [ 1 1 0 1 1 By Bop 6C-6F 1 1
bit = B1.0 (0-3)
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uPD7500 SERIES

Instruction Set “A” (Cont.)

For the uPD7500, uPD7502, LPD7503, uPD7507, uPD7507S, nPD7508, uPD7508A, and uPD7519 devices only '

Instruction Code
Function

Dy Ds 03 "Ds O3 D2 D1

Do HMEX

Bytes Cycles

$kip Condition

Branch

CALL addr (SP -1)+PC7.4 Call subroutine 0 0 1 1 0 Dio Ds Ds
(SP -2)+-PC3.0 D7 Dg Ds Ds D3 D2 Dy Dp
(SP -3)PSW

(SP~4)-PC11.18

SP—SP-4

BANK+0

PC11+0

PC10-0+-D10-0

30-37
00-FF

CALT addr {SP-1)<PC7.4
(SP -2)~PC3.90
(SP - 3)--PSW
(SP-4)+PCy1.8
ROM addr = OCOH +Ds.p
BANK+0
PC11.10+-00

* PCg.7+-[ROM addr}7.5
PCg.5<-00
PC4.0+[ROM addrla.o

Call subroutine 1 1 Ds Da D3 D2 D1 Do
through ROM Table
{single byte)

JAM data Vectored Jump on []
Accumulator and ]

Memory

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

DO-FF

3F
10-1F

JCP addr PC5.0+-D5.0 Jump within 1 [ Ds Ds D3 D2 Di Do

current page

80-BF

JMP addr

PC11.0+-D11-0

Jump to specified
address

PC11.8+(SP) Return from

BANK«(SP +1) Subroutine
PC3.0+(SP +2)
PC7.4+(SP +3)
SP+SP + 4 o
RTPSW PC11.8+(SP) Return from 0 1 0 [} [} [} 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 0 1 [] 1 1 [} 1 1 58 1 1+8 Unconditional
BANK<+(SP +1) Subroutine; then
PC3.0(SP +2) skip next
PC7.4+-(SP +3) Instruction
SP+(SP +4)
Skip unconditionally
Stack o
POPDE E~(SP) Pop DE register [ 0 1 1 1 1 [} 3E 2 2
D<(SP+1) pair off Stack 1 0 0 0 1 1 1 1 8F
SP<SP+2
POPHL L—(SP) Pop HL reglster o 0 1 1 1 1 1 0 3E 2 2
H<(SP +1) pair off Stack 1 0 [} 1 1 1 1 1 oF
SP-SP+2 o
PSHDE {SP-1)<D Push DE register o 0 1 1 1 1 1 [ 3E 2 2
(SP-2)«E pair on Stack 1 0 [} [} 1 1 1 [} 8E
SP-SP-2 .
PSHHL {(SP-1)~H Push HL register 0 [ 1 1 1 1 1 [} 3E 2 . 2
(SP-2)~L pair on Stack 1 0 [} 1 1 1 1 [} [:13 :
SP-SP-2 e
TAMSP SP7.4+A Transfer Accumu- o o 1 1 1 1 1 1 3F 2 2
SP3.1+(HL)3-1 lator and Memory 0 [1] 1 1 [] 0 [ 1 31
SPp-0 to Stack Pointer
TSPAM A+-SP7.4 Transfer Stack [} [} 1 1 1 1 1 1 3F 2 2
(HL)3.1-SP3.1 Pointer to [} [} 1 1 0 1 ] 1 35
(HL)p+-0 Accumulator and
Memory
. [ i} $kip -
SKABT bit Skip if Apit = 1 Skip If Accumulator 0 1. 1 1 ] 1 By Bp 7477 1 1+8 Apit = 1
bit = B1.p(0-3) bit true o .
SKAEI data Skip If A = D3.0 Skip if Accumulator 0 [} 1 1 1 1 1 1 3F 2 248 A = Da.o
equals immediate [} 1 1 0 D3 D2 D1 Oo 60-6F
. duta — .
SKAEM Skip if A = {HL) Skip if Accumulator 0 0o 1 1 1 1 SF 1 148 A= (HY)
. _equals Memory o )
SKC SKipIf C = 1 Skip If Carry 0 1 0 1 1 0 1 o sA 1 148§ C=1
SKDEI data Skip itD = Skip If D squals o o 1 1 1 11 o 3E 2 248 D= D30
o immediatedata 0 1 1 0 D3 D2 Dy Do 60-6F
SKEEI data Skip it E Skip it E equals o [] 1 1 1 1 1 0 3E 2 2+8 E = D3.0
I data 0 1 0 o D3 D2 Dy Do 40-4F
SKHE! data Skip It H- = D3.0 Skip it H equals 0 o 1 1 1 1 1 0 3E 2 2+8 H = D3.0
data 0 1 1 1 B3 D2 D1 Do 70-7F




uPD7500 SERIES

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

Inatruction Code

Mnemonic Function [] '. Bytes Cycles $kip Condition
Dy Dg Ds Dg D3 D2 Dy Do HEX
Conditional Skip (Cont.) o
SKLEI data Skip if L = D3.0 Skip if L equals ] 0 1.1 1 1 1 4 3E 2 2+8 L = D3.0
data [ 1 [] 1 D3 D2 D Dp 50-5F
SKMBF bit Skip It (HL)bit = 0 Skip if Memory ) 1 1 0 0 0 By Bp 8063 1 148 (HLbit = 0
bit = B1-0{0-3) bit false .
SKMBT bit Skip it (HU)pIt = 1 Skip it Memory 0 1 1 o o 1 - By Bp 6467 1 1+8 (HL)bit = 1

bit = B1.0(0-3)

bit true

Timer/Event
TAMMOD TMR7.4+A Transter [ 0 1 1 1 1 1 1 3F 2 2
TMR3.0+(HL) Accumulator and 0 o 1 1 1 1 1 1 3F
Memory to Timer
Modulo Register
TCNTAM A<TCR7.4 _Transfer Timer 0 0 1 1 1 1 1 1 3F 2 2
(HL)~TCR3.9 Count Register to L4 0 1 1 1 0 1 1 3B
Accumulator and
Memory
TIMER TCRy.g+-0 . Start Timer 0. 0 1 1 1 1 1 1 3F 2 2
IRFy-0 [ 0 1 1 o 0 1 0 32
Interrupt Control
DI data IME F/F+0 if data = 0 Disable interrupt, 1 1 1 1 1 3F 2
IER3.0+-IER3.0 AND NOT Interrupt Master 1 0 0 0 D3 D2 D1 Do 80-8F
D3.0 if data < > 0 Enable F/F or
specified
Ei data IME F/F+1 It data = 0 Enable Interrupt, ] 0 1 1 1 1 1 1 3F 2 2
IER3_g+IER3.g OR D3.9 interrupt Master 1 0 0 1 D3 D2 D1 Dp 90-8F
Ifdata<>0 Enable F/F or
specified
SKI data Skip if IRFy AND D3.0 <> 0 Skip if Interrupt 0 [} 1 1 1 1 1 1 3F 2 2+8 IRFp = %
IRFn«IRFn AND NOT D3.0 Request Flag is 0 1 0 0 D3 D2 Dy Do 40-4F
true
Serlal interface ~
slo SIOCR+0 Start Serial /0 1] 0 1 1 1 1 1 1 3F 2 2
IRFg/s+0 O [ 0 1 1 0 0 1 1 33
TAMSIO §107.4<A Transfer Accumu- 0 [} 1 1 1 1 1 1 3F 2 2
81030 (HL) lator and Memory 0 [1] 1 1 1 1 1 [} 3E
to S Shift
Register
TSIOAM A+S107.4 Transfer Si Shift [} [} 1 1 1 L | 1 3F 2 2
(HL)<5103.0 Register to Accumu- 0 0 1 1 1 01 [ 3A
tator and Memory o
Parallel I/0
ANP data P(P3.0)-P(P3.0) AND D3.9 AND output port 0 1 0 0 1 1 0 [ 4c 2 2
latch with D3 D2 D1 Do P3 P2 Pq Po  00-FF
d! data
IP port A«<P(P3.0) Input from port, [ 0 1 1 1 1 1 1 3F 2 2
dl dd 1. 1 0 0 P3- P2 Py Pp  CO-CF .
IP1 (except A+P(1) Input from Port 1 ) 1 E] 1 0 0o- o 1 71 1 1
uPD7507S) - .
P54 A+P(5) (nput Byte from [ 1 1 1 11 1 3F 2 2
(HL)+~P(4) Ports 5 and 4 0 0 1 1 1 ] 0 38
IPL A<P(L) Input from Port 0 1 1 1 [} [} [} 0 70 1 1
specified by L .
OP port P(P3.0)-A Output to port, 0 [ 1 1 1 1 1 1 3F 2 2
d 1 1 1 0 P3 P2 Py Pp EOEF B
oP3 P(3)-A Output to Port 3 0o 1 1 t+ o o 1t 1 73 1 1 o
OoPs4 P(5)+~A Output Byte to 0 [} 1 1 1 t -1 1 3F 2 2
P(4)<(HL) Ports 5 and 4 [ 0 1 1 1 1 (] 0 3C _
oPL P(L)~A Output to port 0 1 1 1 [} [} 1 [1] 72 1 1
ified by L .
ORP data P(P3-0)(P3.0) OR D3.0 OR output port 0 1 0 [ 1 1 [ 1 4D 2 2
latch with D,

immediate data

CPU Control
HALT Enter HALT Mode [} [} 1 1 1 1 1 1 3F 2 2
o 0 1 1 o 1 1 o 36 e i
NOP No 0 ¢ 0 0 0 0 0 0 00 1 1 e
STOP Enter STOP Mode 0 0 1 1 1 1 1 1 3F 2 2
0 0 1 1 0 1 1 1 37
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wPD7500 SERIES

Instruction Set “B”

For the uPD7500, uPD7501, and uPD7506 devices only

Instruction Code
Mnemonlic Function D Bytes Cycles $kip Condition
) Dy Ds D5 Ds D3 D2 Dy Do HEX
Load

0 0 0 38 2 2

LADR addr A+(Dg-0) Load Accumulator
Ds Ds Ds D3 D2 Dy Dp 005F

from directly
addressed RAM

ce
o
-
-
-

LAl data A<D3-0 Load Accumulator [} [ 0 1 D3 D2 Di Do 10-1F 1 1 String
with data
LAM rp A~(rp), Load Accumulator o 1 0 1 [ 0 Dy Dp 5052 1 148 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 overllow
LAMT ROM addr = PCy0.6, Load Accumulator [ 1 ] 1 1 1 1 [ S5E€ . 1 2
0,C, Az and Memory from
A~{ROM addr]7.4 Table
(HL){ROM addr]3-0

I‘h 0 B 1 02 D1 0

LHI data ) Ha=0

oadH uglt\a
H2.0+-D2-0 [ deta
LHLI] data H3.1+<0 Load HL register 1 1 [ D4 D3 D2 D1 Dg CO-DF 1 1 String
Hp+ D4 palr with immedI-
L<D3.0 ate data
Store
ST (HL)+A Store A to Memory [ 1 [ 1 0 1 1 1 57 1 1
STil data (HL)=-D3.0 Store Immediate 0 1 0 0 D3 D2 Dy Do 40-4F 1 B |
L-L + 1 data and
increment L .
XADR addr A+(Dg.0) Exchange A with o 0 1 1 1 0 0 1 39 2 2 )
directly addressed o Ds Ds Djg D3 D2 Dy Do 00-5F
RAM —
XAH A~H E A with H [ 1 1 1 1 0 1 0 TA 1 1
XAL A-L E: ge A with L 0 1 1 1 1 0 1 1 7B 1 1
XAM rp A«(rp) Exchange A with [} 1 [ 1 [] 1 D1 Dp 5456 1 1+8 See explanation
= HL~, HL+,HL Memory, Possible or ‘‘rp" in symbol
it rp = HL —, skip If borrow Skip definitions
if rp = HL +, skip If overflow
XHOR addr H+(Dg-0) Exchange H with [} 0 1 1 1 0 1 (] 3A 2 2
directly addressed ) Dg Ds Dsg D3 D2 Dy Do 00-5F
RAM
XLOR addr L+(Dg.0) Exchange L with [} 0 1 1 1 0 1 1 3B 2 2
directly addressed [ DPg Ds Dg D3 D2 Dq Do  00-5F
RAM
ACSC A, C-At(HL)+C Add with carry; 0 1 1 1 1 1 (] [} 7C 1 1+8 Carry = 1
skip If carry skip if carry
AISC date A+A + D3.0 Add Immediate; [] [} [} 0 D3 Dz Dv Dp  00-OF 1 1+8 Overflow
skip if overflow skip if overflow
ASC A+~A + (HL) Add memory; skip 0 1 1 1 1 1 [} 1 7C 1 1+8 Carry = 1
skip if overflow If overflow
Logleul .
ANL A«A AND (HL) AND Accumulator 0 [} 1 1 1 1 1 1 3F 2 2
and Memory 1 0 1 1 0 0 1 0 82
EXL A<+A-XOR (HL) Exclusive-Or [ 1 1 1 1 1 1 [} 7€ 1 1
Accumulator and
Memory —
ORL A+A OR (HL) OR Accumulator 0 [ 1 1 1 1 1 1 3F 2 2
and Memory 1 0 1 1 0 1 1 [] B6
A+-NOT A Complement

Accumulator

C+-Ag Rotate

Ag~Aq Accumulator right
A1+-A2 through Carry
A2-A3

A3+C (old)

Program Status Word ‘
RC c-0 Reset Carry 0 1 1 1 1 [ 0 [ 78 1 1
sC C+1 Set Carry 0 1 1 1 79 1 1

-
o
°
-
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nPD7500 SERIES

Instruction Set “B” (Cont.)

For the uPD7500, uPD7501, and uPD7506 devices only

Instruction Code

Mnemonic Function . p! - Bytes Cycles $kip Condition
' . Dy Dg Ds Dg D3 D2 Dy Do HEX
and D
DDRS addr {Dg-0)-(Dg-0) -1 Decrement directly 0 [ 1 1 1 1 [} [ 3c 2 248 (Dg-0) = FH
skip it (Dg-g) = FH addressed RAM; 0 Dg D Ds D3 D2 Dy Do 005F
skip if barrow o
DLS L~L -1 Decrement L; skip [} 1 [] 1 1 (1] 0 [} 58 1 1+8 L=FH
skipifL = FH if borrow .
IDRS addr (Dg.g)-(Dg.g) + 1 Increment directly -0 0 1 1 1 1 0 1 3D 2 2+8 {Dg.g) = OH
skip if (Dg.g) = OH addressed; skip if [ Dg Ds Ds ©O3 D2 Dy Dp  00-5F
overflow .
ILs k<L +1 Increment L; skip if 0 1 ) 1 1 [ [ 1 59 1 1+8 L = O0H
skip If L = OH overfiow
Bt M.
RMB bt (HL)pit=0 Reset Memory bit 0 1 1 0. 1 0 By Bp 686B 1 1
bit = B1.9 (0-3) N
SMB bit (HL)pit+1 Set Memory bit 0 1 1 0 1 1 B1  Bp 6C-8F 1 1
bit = B1.p (0-3) N
Branch
CALL addr (SP-1)~PC7.4 Call subroutine 0 0 1 1 0 Do Dy Dg 3037 2 2
(SP -2)+-PC3.0 D7 Ds Ds Dsa D3 D2 D1 Dp OO-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 Dy Dp EOFF 1 2
(8P -2)«PC3.0 CAL address .
(SP -3)+-PSW subrountine
(SP-4)<PC10-8
BANK<+0
PCqy0.0%+
001D4D300002D1Dg
JAM data PC10-8+D2-0 Vectored Jumpon 0 0o 1 1 1 1 1 1 3IF 2 2
PC7.4+A Accumulator and 0 ) [ 1 0 D2 Dy Do 10-17
PC3.0+(HL) Memory - -
JCP addr PC5.0+D5.0 Jump within 1 0 Ds Ds D3 D2 Dy Do B80-BF 1 1
current page . _
JMP addr PC10-0-D10-0 Jump to specified 0 0 1 0 ¢ Do Dg Dg 2027 2 2

address

PCw.as) N Return from ‘

BANK<(SP +1) Subroutine

PC3.0+-(SP+2) N

PC7.4+(SP +3)

SP+SP + 4
RTS PC10-8+(SP) Return from [} 1 [} 1 1 0 1 1 5B 1 1+8 Unconditional

BANK<(SP +1) Subroutine; then

PC3.0+(SP +2) skip next

PC7.4-(SP+3) instruction

SP+SP + 4 .

Skip —

Stack o
TAMSP SP7.4+A Transfer Accumu- 4 o 1 1 1 1 1 1 3F 2 2
lator and Momory 0 [} 1 [] 0 [}

to Stack Pointer

T SR

SKABT bit Skip if Apjt = 1 ‘Skip if Accumulator - 0 1 1 1 0 1 B1 Bo 74-77 1 148 Apit = 1
: bit = B1.9(0-3) bit true .
SKAEl data Skip f A = D30 ' Skip it Accumulator 0 [ 1 1 1 1 1 1 3F 2 2+8 A = D30
equals Immediate [] 1 1 0 D3 D2 D1 Dp 60-6F
data
SKAEM Skip if A = (HL) Skip if Accumulator 0 1 K] 1 1 1 1 1 5F 1 1+8 A = (HL)
equals Memory ) o
SKC Skip If € = 1 Skip it Carry o 1 o 1 1 0o 1 [ 5A 1 14§  C=1
SKLE! data SkipifL = D3.0 Skip it L equals [} 0 1 1 1 1 1 0 3E 2 2+8 L = D30
data [] 1 [] 1 D3 D2 D1 Do 50-5F
SKMBF blit Skip If (HL)pjt = 0 Skip If Memory -0 1 1 0 [} 0 Bt Bo.  60-63 1 1+8 (HL)pit = 0
bit = B1.9(0-3) bit false
SKMBT bit Skip If (HL)bit = 1 Skip it Memory [) 1 10 o 1. By Bp 6467 1 148 (HUpi = 1

bit true
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uPD7500 SERIES

Instruction Set “B” (Cont.)
For the uPD7500, uPD7501, and uPD7506 devices only

Instruction Code

Mnemonic Function D pf Bytes Cycles Skip Condition
Dy Dg Ds Dg D3 D2 Dy Dp HEX
. - Timer/Event C :
TAMMOD TMR7.4-A Transfer 0 ] 1 1 1 1 1 1 3F 2 2
TMR3.0+(HL) Accumulator and 0 o 1 1 1 1 1 1 3F
Memory to Timer .
[ Modulo Register .
TCNTAM A<TCR7-4 Transfer Timer 0 0 1 1 1 1 1 1 IF 2 2
(except uPD75086) (HL)<TCR3.0 Count Register to 0 0 1 1 1 0 1 1 38
Accumulator and
Memory e
TIMER TCR;. -0 Clear Timer 0 0 1 1 1 1 1 1 3F 2 2
IRFr=-0 CounterRegister 0 0 1 1 0 ©0 1 0 32 -
e Interruptis i
SKI data Skip if IRF, AND D3.0 < > 0 Skip If Interrupt 0 0 1 1 1 1 1 1 3F 2+S IRFp = 1
_ IRFn~IRFn AND NOT D3.0 ~_ Request Flagistrue 0 1 9 6 o0 D2 D1 Dp 4047
- e Sovialinterlace
sio SIOCR+0 Start Serial /O o o 1 1 1 1 1 A 3F 2 2
(except uPD7506) IRFg/g+-0 Operation o o 1 1 o L 1 a3
TAMSIO §107.4-A Transfer Accumu- 0 01 11111 3F 2 2
(except uPD7506) $103-0+(HL) latorandMemory ¢ 0 1 1 1 1 1 0 3
o . 7 __to SIO Shift Register o o - n o
TSIOAM A~-S107.4 Transfer SIO Shift 0 0 i 1 1 1 1 1 3F 2 2
(except uPD7506) HL+S103.0 Register to [ [} ¢ 1 1 0 1 0 3A
Accumulator and
—— o Memory .
WPpot  A~P(Pa.0) 11 3F 2 K]
_ Pt Po CO-CF
P A—(1) e 0 1 71 1 1
P54 A~P(5) 1 1 3F 2 2
(HL)~P(4) Ports5and4 [ 38
1PL A<P(L) Input from Port 0 0 70 1 1
[ e ___specifiedbyl -
OP port P(P3.0)~A Output to port, 0 0 1 1 1 1 1 1 3F 2 2
immediate address 7771 1 - 1 0 ,,,,P:’ P2 7?_[‘ Po EO-EF
oP3 P(3)-A Output to Port 3 ) 1 1 1 0 [ ] 1 73 1 1
(except 4PD7506) . ~ _ .
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 10 0 3c
oPL P(L)~A Output to port [) 1 ] o 0 1 ° 72 1 1

specified by L

R
S Specilied by L Vo
- B - CPU Control - - _
HALT Enter HALT Mode [} 0 1 1 1 1 1 1 3F 2 2
o o 0 9_ -1 1 0 1”“1 om 36 i
NOP e _Nooperation 0 0 0 [ 0 [ 0 0 00 1 1
sSTOP Enter STOP Mode 0 [} 1 1 1 1 1 1 3F 2 2
o0 v v o 1. 10 L 14

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 1SIS-II (® Intel Corp.),
CP/M (® Digital Research Corp.) or FDOS-II (® Motorola,
Inc.,) 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.
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Package Outline
uPD7500G
uPD7519G-XXX

XXX denotes mask number
assigned by factory at time of
code verification.

Use. I.C. Socket NP32-64075G4.

Package Outlines

uPD7501G-XXX-11
uPD7502G-XXX-11
uPD7503G-XXX-11

XXX denotes mask number
assigned by factory attime of
code verification.

Usa. I.C. Socket IC-51-598.

uPD7500 SERIES

41.5 Max

39.4 1 0.3

PP
i

[

JUU
T

1.27 + 0.25—
1.27 1 0.25—~

L 18.0 ~ 201

231~ 252

S
€0+ 02k

0NN

1.0 t 0.15

187

25.6 + 0.4

ooooooooooooQ

3.6

o
.2 Min

[ 2.3 Max

19.6

+ 0.4

—|je— 0.5 + 0.1



uPD7500 SERIES

Package Outlines

uPD7501G-XXX-12
uPD7502G-XXX-12
uPD7503G-XXX-12

[ = = - E=o=es
(= = — -]
(= = -
[ = — ]
[ o T
I = = — = o
o= e o 12

+ 0.3

2,35 +0.2

24.7 4+ 0.4 ______—__—‘
i i
T 0.1

XXX mask number [} by factory at time of code submission.

Use |.C. Socket IC-51-508.
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uPD7500 SERIES

Package Outlines

uPD7506G-XXX-01 14
uPD7507G-XXX-01
uPD7508G-XXX-01

= 2.8 Max

22.0 + 0.4

Doonogoooooooo

".‘:_'_.._
{ 0.1 Max

015+010 _l_

|

|

! i
! i
I
c<X0coo0oooonooong
|

25.6 + 0.4

uPD7506G-XXX-00 2.8 MAX
uPD7507G-XXX-00
uPD7508G-XXX-00

H

20.6 + 0.4

0.15 +0.10
—-0.05

-—L 2.2 402

XXX di mask number by factory at time of code submission.

Use 1.C. Socket IC-53-11.
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uPD7500 SERIES

Package Outlines

uPD7506C-XXX —K
uPD7507SC-XXX — A ' L '

0°-15°
ltem Millimeters Inches
A 38.0 MAX 1.496 MAX
- B 2.49 0.098
[4 2.54 0.10
D 0.5 + 0.1 0.02 + 0.004
E 33.02 1.3
F 1.5 0.059
G 2.54 MIN 0.10 MIN
H 0.5 MIN 0.02 MIN
| 5.22 MAX 0.205 MAX
J 5.72 MAX 0.225 MAX
K 15.24 0.6
L 13.2 0.52
" 0.25 +0.10 0.01 +0.004
-0.05 -0.002
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uPD7500 SERIES

Package Outlines

51.5 Max

z:g;ggzg'y& Bnnnnonannonnnnnnonf
uPD7508AC-XXX ¥

I1_ILILJI_II_IL1L1LIULILILILIL.ILILILILJLJI2_3

| LL * 5.72 Max

0.5 Min 0.25 +gl1)g
1.5 2.54 0.5 £ 0.1 e
8.26 2.54 Min
. -

7500DS-1-82-TRIUM-CAT
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uPD7501

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

NEC
NEC Electronics U.S.A. Inc.

Microcomputer Division

S S
%ﬁﬁ%ﬁ%

Description Pin Identification

The uPD7501 is a CMOS 4-bit single chip microcom- Pin

puter which has the uPD750x architecture. No. Symbol Function

The uPD7501 contains a 1024 x 8-bit ROM, and a 96 x 1 NC No connection.

4-bit RAM. 24,64  P33-P3g 4-blt latched trl-state output Port 3 (active high).

The uPD7501 contains two 4-bit general purpose ° e e on
. . . . 8 port cal e configur either as a el inpu y

registers located outside RAM. The subroutine stack is ; PoL/EER or as the 6.5t serial o intrtace, under Goirl oftne

i i i - lal di lect ister. Th (R it 1 (acti

implemented in RAM for greater nesting depth and flex- s pogn, high). Serial Outpun SO (active fow), and the Seria Glock

ibility, providing such operations as the pushing and (active low) used for synchronizing data transfer,

i i H comprise the 8-bit serial I/O Interface. Line P0g Is alway:
popping of register values. The uPD7501 typlllca'lvly exe- Gomprise the &-bit sora 0 Inertac Line POg I always
cutes 63 instructions of the uPD7500 series ‘‘B o PooPe pam
N . N ., A . - 3-P8p t input/latched tri-state output Port 6 (active high).
instruction set with a 10us instruction cycle time. Individual lines can bo configured aither as Inputs or a8

. outputs under control of ti ort 6 mode select register.
The uPD7501 has _two external and two lqternal edge- 1215 P55 Psg 2-bit input/latched tri-state output Port 5 (active high). Can
triggered testable interrupts. It also contains an 8-bit i :':7 :’er'olr"nlﬂ;‘bi; valra"e' "Ot'" Tl I_W":I P:)ﬂ :
timer/event counter and an 8-bit serial interface to help - 3P4 aine oo paralraT 10 I somunElon with port 51"

. perform 8-bit parallel 1/O in with Port 5.
reduce software requirements. The on-board LCD con- 20,21 Xg, Xq Crystal clock/external event input Port X (active high). A
troller/driver supervises all of the timing required by the A A A A e et
24 Port S segment drivers and the 4 Port COM back- oventzpulsn are connected to Input X{ while c;utput Xy is
plane drivers, for either a 12-digit 7-segment quadri- 1oft open for external event counting.

i d LCD o h C 22 Vss Ground.
plexe , oran B'dlglt 7'Segment trlplexed LCD. 23-25 VLOD;,- Vicp,r  LCD bias voitage supply inputs to LCD voltage controller.
The uPD7501 provides 24 I/O lines organized into the Vieo, e vors yorvoltages from a voltage ladder cor-
4-bit mputlserlal interface Port 0, the 4-bit input Port 1, 26,58 Vpp Power supply positive. Apply singie vollage ranging from
the 4-bit output Port 3, and the 4-bit I/O Ports 4, 5, and 2.7V to 5.5V far propar operation.
6. It is manufactured with a low power consumption i ::’3";'“"‘0 i ::;:’;::Z:::‘;::‘;&:"

h : - Sg -

CMOS process, allowing the use of a single power sup- 56 RESET RESET Input (active high). R/C circult of pulse inftializes
ply between 2.7V and 5.5V. Current consumption i 4PD7501 atter power-up..

f 57,58  CLq, CL; System clock Input (active high). Connect 82k resistor
|eSS than QOO“A maXImumv and can be lOWered mUCh 1 2 IZ:Q:;ngL:can:%uLz(,a:n;.connocl ;;;F capacitor from
further in the HALT and STOP power-down modes. The CLy to Vs, Alternatively, an extornal clock source may

H : H " : -Di be connected to CL4, whereas CL, is left open.
]APD7501 IS avai |ab|e ina Space savmg 64 pm ﬂat 60-63 Pi3-P1g 4-bit Input Port 1 (actlve high). Line P1g is also shared
plastic package. (PigiiNTg) with external Interrupt INTg.

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

Pin Configuration Absolute Maximum Ratings*

P ARG S G aasa sl d Ta = 25°C
Operating Temperature -10°Cto +70°C
Storage Temperature -65°Cto +150°C
G1 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 36 34 33
2= % b Power Supply Voltage, Vpp -0.3Vto +7.0V
sic——F e a5
so———] = pr I All Input and Output Voitages -0.3Vto Vpp +0.3V
] i E—_e Output-Current (Total, All Output Ports) IoH = -20mA
o = & Ty comy loL = 30mA
—] 1 — -
e O wPD7501 (5 iy S *Comment: Stress above those listed under “‘Absolute
i b ) Maximum Ratings’’ may cause permanent damage to
hp— ') iy StV the device. This is a stress rating only and functional
Promto ——1 &3 = operation of the device at these or any other conditions
e I S S N PR R R RTIETS) i 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
Sﬁifggﬁfffﬁﬂé‘m’ffi‘if device reliability.
£
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wPD7501

Block Diagram —
9 P01/5CK PO3/SI
P02/SO
X1 X2 POQ/INT1  INTo
X cp INTT] INTS)
Count Clock
Timer/Event interrupt Seriat 1/O
Clock = Control ] — ] Port 0
Generator Circuit Counter Controller Interface Bt Buffer |
T LCD TIMING PULSE
P1p/INTQ
Port 1
L X Buffer P19-P13
10-Bit Program Counter ALU C -] A(9)
L_‘J\ Port 3
General Registers Latch [3 P30-P33
H(4) 1 L) ——'\/ Butfer
—_—
Program Memory Sitack Pointer
1024 x 8-Bit ROM (.PD7501) Port 4
Latch 4 P4g-P43
. Buffer
Instruction
Decoder Data Memory
86 x 4-Bit RAM (.PD7501)
Port §
Latch 4 P5g-P53
Buffer
# T LCD TIMING PULSE @ Port 6
f 1 Latch 4 P60-P63
Buffer
System Standby LCD Controler/Driver
Clock Control
Generator
l Trde L 1
—J
CL1 CL2 RESET Voo vss VLCD1. S0-S23 COMp-COM3
vLCD2:
viLeD3
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DC Characteristics

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

uPD7501

Limits
Parameter Symbol Min Typ Max Unit Test Conditions
Vi 0.7 Vpp Vop All inputs Other than CL4, X4
Input Voitage High VeH Vop-0.5 Vpp v CLy, Xy
Vipg 0.9 VoD, VDppg +0-2 RESET, Data Retention Mode
V [] 0.3V All inputs Other than CL4, X
Input Voltage Low L b v ARl
VL 0 0.5 CLy, Xq
[/ 3 Afl Inputs Other than ClLq, X. Vi = V|
Input Leakage Current High Ll uA il 1= 7o
iy 10 Ciy, Xq
[T -3 All Inputs Other than CLq, X4 V=0V
Input Leakage Current Low L uA
™ 10 CLy, Xq
Vpp - 10 Vpp = 5V & 10%, lgy = —1.0 mA
Vi High v \J
Output Voltege Hig OH Vop - 05 VoD = 2.7V to 5.5V, lopy = ~100 4A
0.4 Vop = 5V & 10%, lg. = 1.6 mA
\J
Output Vokens Low Vou 0.5 VpD= 2.7V t0 6.5V, Ig = 400 uA
Output Leakage Current High I'-OH 3 A Vo = Vpp
Output Leakage Current Low 'L°|. -3 uA Vo = OV
5 COM, COM3, 2.7V <V, V| Vop = 5V + 10%
R t ,2.7V< < —_—
com 5 o to &8s LD = 7DD Ty o = 2.7V 10 5.5V
Output Impedance kQ
R d 8g to Sp3, 2.7V < Vi cp € V| Voo = SV & 10%
S 20 0 to 823, 2.7V < Vicp < Voo Voo = 2.7V 10 5.5V
Supply Voltage VDDDR 2.0 v Data Retention Mode
, 300 800 Normal Omorat Vpp = 5V & 10%
0Do 150 400 ormal Operation Vpp = 3V  10%
Supply Current 2 20 Vpp = 5V & 10%
i Ipp., uh Stop Mode, Xy = 0V o= 77
s 0.5 10 Vpp = 3V & 10%
lobpp 0.4 10 Data Retention Mode Vbppg = 2.0V
AC Charactoristics
T. = =-10°C to +70°C, Vpp = 2.7V to 5.5V
Limits
Parameter Symbol " Min Typ Max Unit Test Conditions
120 200 280 R = 82kQ + 2%
Vpp = 5V + 10%
Cl.é,cL C = 33pF + 5%
N 60 100 130 RICClock p _ 4g0 ko 4 206 _ VDD = 3V + 10%
System Clock Osclllation Frequency 80 180 KHz C = 33pF + 5% Vpp = 2.7V 10 5.5V
10 200 300 Vpp = 5V + 10%
|‘ CLy, External Clock _—
Ext 10 135 Vpp = 2.7V to 5.5V
System Clock Rise and Fali Times trgr tg 0.2 us CL4, External Clock
System Clock Pulss Width t s > GLy, External Clock Yoo - 5V ¢ 10%
ystem Clock Pulse t Wi tewW 35 50 us 1. External Cloc Vop = 2.7V to 5.5V
fx 25 32 50 X4, X2 Crystal Oscillator
Counter Clock Oscillation Frequency . [} 300 " KHz x 1 Pul Vpp = 5V 1 10%
*Ext ) 135 1, Extornal Pulse input VoD = 2.7V 0 5.5V
Counter Clock Rige and Fall Times s tix 0.2 us X4, External Pulge Input
Counter Clock Pulge Width tewpy: & i Xy, External Pulse | Yop =5V + 0%
unter Clock Pulse Widtl xWyy bW 35 us 1, External Pulse Input Voo = 27V 55V
4.0 \/ = 5V + 10%
7.0 {8 an Input VDD 2.7V to 5.5V
o = 2. 0 9.
5TRK Cycle Time tey us Do
K 6.7 Vpp = 5V & 10%
SCK Is an output TRyl
14.0 Vpp = 2.7V to 5.5V
1.8 v, = 5V ¢ 10%
33 s an input VDD 2.7vto 5.5V
STR Pulse Width ey tkw, a.n e vDD 5;1 w;s
. = +
BCK Is an output —-bp =" —-
6.5 Vpp = 2.7Vto 5.5V
S Setup Time to SCK! s 300 ns
St Hold Time after SCKt tH 450 ns
850 Vpp = 5V & 10%
i SCK ¢
50 Delay Time after oD 1200 ne VDD = 2.7V 10 5.6V
INTq Pulse Width [ 10 s
INT4 Pulse Width tyWyp Wy 21, [
RESET Pulse Width AWy TRW, 10 us
RESET Setup Time tas 0 ns
RESET Hold Time RH ] ns
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uPD7501

Capacltance
Ta = 25°C, Vpp = OV

Limits Tost
Parameter Symbol Min Typ Max Unit Conditions
Input Capacitance ] 15 pF f =1MHz
Output Capacitance Co 15 pF pins
Input/Qutput Capacitance Cyo 15 returned to Vgg
Timing Waveforms
Clocks
¢ 4ExT
tp—] Wi E WH
cL - ',+ Y — VéH
—V,
\ \ "
L —
tw,
oy —= wp | XWH
x i tr, — F— Al — Vi
\ / N _—
Serial Interface teyk
tKwi tKWH {
§CK 74 — VIH
\ / —
tis tiH
— VIH
Valid
S) N Input Data — Vi
——tcp
— VIH
SO Valid Output Data
P — ViL
External Interrupts tiowL tioWH |
INTo' o — Vi
— V|
K L
tywL 4 I— twy
INTq — VIH
\ — Vi
Reset tRWL - tRWH
RESET )K — ViH
L —ViL
Data Retention Mode Data Mode
vpp 1
tRS —~| ~ tRH — Vi
I — Vop,
D
N\ = “;lHDR"
RESET L
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Operating Characteristics
Typlcal, Tq = 25°C

Supply Current Ipp (uA)

Supply Current
vs
Supply Voltage (Note (D)

CLy CL2
200
R lc
l= 33pF
= 100 .
3 3
8 8
€ ®
£ 50 8
3 3
© 3
£ 2
g |r = 160k g
@ "
20
10 j-
Tyt
2 3 4 5
Supply Voltage VDD (V)
Supply Current
vs
System Clock Oscillation Frequency
(Note D)
ClL2 CLi VDD = 5.0V
250 250
lc
200 C = 100pF _ C = 56pF 2 200
/ E
e
/ -s
150 2 150
3
(4]
/ / ‘3
Q
o
// ]
100 —=] 100
50 50

200 300 400 500
Oscillation Frequency t4 (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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uPD7501

Supply Current
vs

Supply Voitage (Note @)

20
10 /
5 / ]
/ X1 X2
R
/ Xtal 1
2 0
"1 17
R{ = 330kQ
] C1 = 20pF
L C2 = 30pF
1 Xtal = 32.768KHz
—t
2 3 4 5
Supply Voitage Vpp (V)
Supply Current
vs
System Ciock Oscillation Frequency
(Note D)
v
CL2 CLq
c VDD = 3.0V
100 200 300 400 500

Oscillation Frequency f¢ (KHz)



* PD7501

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

System Ciock Oscillation Frequency

System Clock Oscillation Frequency vs
v8 Supply Voltage
Resistance
CL2  CLq
250
CL; CL
500 lor2 e |
R c
l= 33pF
C = 33pF a5
) 200
] \ I z R = 82kQ
= 200 4
z \ VDD = SV >
§ g
] % 150
g \ g
w100 u:.
c
=) 2 _
& VoD = 3V \ k _—__—___:n_- 160k
3 100
& é
50
50
L
. 50 100 200 500 2 3 4 5 3
Resistance R (K ohms) Supply Voltage VDD (V)
7501DS-1-82-CAT
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NEC
NEC Electronics US.A. Inc.

Microcomputer Division

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
10ys 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 I/O
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

28258855 5538858385
MLM—[!—MMMM‘H&
S2———{ 5z L2 m— 1
StC——]s3 £ memm— L1
So = 30E———COMo-
[TV — Y Ze——"—3com,
RESET C———{ %6 28Ty COMg
Ly — uPD7502 Py ee—
Voo =] = O uPD7503 O 26=—"—73 Voo
CLaC—] s a3 VLoD
Pt3 =] &0 ! 24—y Vi.cD;
Pa——] &1 T Vieng
me——je O nf——p¥ss
P1g/iNTo C———1 63 f] e L1}
Pa——]e 208"} X2
Hﬂ”””ﬂ”ﬂﬂnﬂﬂﬂﬂnﬂnnﬂ
3€E§§§§§§§§56€3555§
4

uPD7502

uPD7503

CMOS 4-BIT SINGLE CHIP
MICROCOMPUTERS WITH LCD

Pin Names
‘Pin No. ’iymhoi 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 1/0 interface (active high).

6 P0,/SO This port can be configured either as a parallel input port,

7 P04/SCK or as the 8-bit gerial /0 Interface, under control of the serial
mode select register. The Serlal Input SI (active high), Serial
Output SO (active high). and the Serial Clock SCK (active
low) used for synchronizing data transfer, comprise the 8-bit
serlal /0 interface. .

81 P83-PBg 4-hit input/latched tristate 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.

12-15 P53-P50 4-bit input/latched tristate output Port 5 (active high). Can
also pertorm 8-bit paraliel 10 in conjunction with Port 4.

16-19 P43-Pag 4-bit input/latched tristate output Port 4 (active high). Can
also perform 8-bit parallel I/0 in conjunction with Port 5.

20,21 Xp, Xy Crystal clock/external event input Port X (active high). A
crystal osclllator circult is copnected to input X4 and output
Xg for crystal clock operation. Alternatively, external event
puises are connected to input X4 while output Xy is left
open for external event counting.

22 Vss Ground.

2325 Vicpy ViCD, LCD bias voltage supply Inputs to LCD voltage controlier.

v Apply appropriate voltages from a voltage ladder connected
LCD4 across Vpp.
26,58 Vpp Power supply positive. Apply single voltage ranging from
. 2.7V to 5.5V for proper operation.

27-30 cOM3~COM° LCD backplane driver outputs.

31-54  833-§9 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 uPD7503 after power-up.

57,68 CLy, CLp System clock Input (active high). Connect 82k resistor
across CLy and CLy, and connect 33pF capacitor from CLy
to Vgg. Alternatively, an external clock source may be con-
nected to CLy, whereas CL; Is left open.

60-83  P13-P1g 4-bit input Port 1 (active high). Line P1g is also shared with

(Plg/INTq) external interrupt INTq, which is a rising edge-triggered

interrupt.

Absolute Maximum Ratings*

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

-0.3Vto +7.0V
-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.

Power Supply Voltage, Vpp
All Input and Output Voltages
Output-Current (Total, All Output Ports)
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4PD7502/7503

Block Diagram . P01/STK PO3/S!
P02/SO
X1 X2 INTy INTo
X cp INTS|
Count Clock S
Clock -1 .Controt =1 TlléwrlEven( (.!,:ut'rroulﬁr ?&2?,‘.%2 et & _1/—— Port 0
Generator Cirguit ounter n \,_ Butfer
] |
T P :
z LFD TIMING PULSE A | P1o/INTo
Port 1
\__ Buffer 4 P1g-P13
Program Counter
11-Bit (uPD7502) c A (4)
12-Bit (uPD7503) .
. General Registers
J, L T i
D{4) E (4)
) @ —_— @ _'\ t::::r? ﬂ P30-P33
H{4) |l L&) —1/ Buffer -
Program Memory ¥
2048 x 8-8it ROM (,PD7502) Stack Pointer
4096 x 8-Bit ROM (.PD7503) @ t:{:: : <:4 > Pag-P43
*—'\ Instruction = ) Buffer \
Decoder Data Memory
V 128 x 4-Bit RAM (.PD7502)
224 x 4-Bit RAM (.PD7503) Port 5
. Latch P50-P53
Buffer
T # * T LCD TIMING PULSE &‘} Port 6 pou.P63
Latch a
Buffer
System N LCD Controller/Driver
Clock Sonrel
Generator .
P b LTt b |
cLy CL2 : RESET VDD vss VLCDY, S0-523 COMp-COM3
, VLCD2, N
vLCD3
Capacitance
Ta = 25°C, Vpp = OV
Limlts
- o Test
Min Typ Max Unit Conditlons
Input Capacitance (] 15 pF 1= 1 MHz,
Output Capacitance Co 15 pF pins
Input/Output Capacitance Ciio : 15 returned to Vgg
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DC Charactoristics

uPD7502/7503

Ta = -10°Cto +70°C, Vpp = 2.7 to 5.5V .
Limits
Parameter Symbol Min Typ Max Unit Test Conditions
Vi 0.7 Vpp Vpp All Inputs Other than CLy, Xq j
Input Voltage High ViH Vpp-0.5 Vop v CLy, Xq
ViHpg 0.9 Vpppp Vpppg +0-2 RESET, Data Retention Mode
ViL 0 0.3 Vpp All Tnpuits Other than CLy, Xy
Input Voltage Low Vi ° "0 v oLy, Xy -
Input Leakage Current High "-'H ‘ 3 A All Inputs Other than CLq, Xy Vi = Vpp
™ 10 CLq, Xy
Iy, -3 All Inputs Other than CLq, Xy Vi =0V
Input Leakage Current Low L —— uA
Lo, =70, CLy, X4
Vpp - 1.0 Vpp = 5V £ 10%, gy = -1.0 mA
Output Voltage High Vor Vop - 05 v VDD = 2.7V 10 5.5V, IoH = —100 jA
0.4 Vpp = 5V & 10%, IoL = 1.6 mA
Output Voltage Low VoL Y v VDD= 2.7V 10 5.5V, loL = 400 A
Output Leakage Current High 'LOH 3 pA VO = VDD
Output Leakage Current Low 'L0|_ -3 ‘pA vo = 0V
5 Vpp = 5V + 10%
Rcom s COMg to COM3, 2.7V< Vi cp < Vpp m
Output Impedance 2 kQ Vop = 5V £ 10% -
Rg 2 . Spto S23,27V< Vi cp< Vpp VoD = 2.7V 10 5.5V
Supply Voltage VDDDR 2.0 . v Data Retention Mode
300 900 VoD = 5V £ 10%
) 'DDo To0 200 Normal Operation 'm—
Supply Current 2 20
'DUS o5 70 WA Stop Mode, Xq = 0V
'DDDH 0.4 10 Data Retentlon Mode VDDDR = 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 g : ;g :g : :;/2 Vpp = 5V + 10%
Y 60 100 130 CLy Cly R=160ke 4 205 VDD = 3V + 10%
System Clock Osclilation Frequency 80 180 kHz R/C CIO& C = 33pF 1 5% m
10 200 300 Vpp = 5V £ 10%
e 10 135 CL1. External Clack VDD = 2.7V 10 5.5V
System Clock Rise and Fall Times Yoo tg 0.2 us CL4, External Clock
1.5 50 Vpp = 5V £ 10%
System Clock Pulse Width towprtowy BEY 50 us CL4, External Clock VoD = 27Vto 5.5V
fy 25 32 50 X4, Xa Crystal Osclllator
Counter Clock Oscillation Frequency ] 300 kHz Vpp =5V & 10%
"‘Ext P T X1, External Pulse tnput Vo = 27V to 5.5V
Counter Clock Rise and Fall Times trx bty 0.2 us X4, External Pulse Input
1.5 Vpp = 5V £ 10%
Counter Ciock Pulse Width Wy tew 35 us X4, External Pulse Input ——-——-—VDD 27V io 5.5V
20 "SCKis an input VoD = SV £ 10%
FTK Cycle Time toye - 7.0 . Vpp = 2.7V to 5.5V
K: 6.7 la Vpp = 5V + 10%
'SCK Is an output —
14.0 Vpp = 2.7V to 5.5V
1.8 p— Vpp = 5V + 10%
. 33 SCK'la an Input v?,z = 2.7v10 5.5V
SCK Pulse Width KWy KWL 5 us — Voo = 5V £ 10%
SCK is an output e
6.5 Vpp = 2.7Vto 5.5V
$1 Setup Time to SCKt ys 300 ns
Sl Hold Time after SCKt i 450 ns
— 850 Vpp = 6V 1 10%
SO Delay Time after SCK¢ too 1200 .- . ns VoD = 2.7V to 5.5V
INTq Pulse Width UgWyy tgW 10 ad
INT4 Pulse Width [ 2%, i us
RESET Pulse Width RWyy tRW 10 »s
RESET Setup Time tRs o ns
RESET Hold Time 1RH 0 ns
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uPD7502/7503

Timing Waveforms .

Clocks
114EXT
oLy 'ty — towg I 4w
Y lrr’} R — V¢H
N —VeL
Wheyr
tyx —] Tow t bewy
x4 try _-f"_ \ — V¢H
d & — Vil
Serial Interface tevk
KWL KWy ~
§CK \ (———————)‘\ — VIH
k g — ViL
s UH
s Valid — v
N Input Data — ViL
~—'cp
— VIH
SO Valid Output Data v
~ViL,
Exteri err
ternal Interrupts tigWy tigwi
INTg )‘\ — VIH
N — ViL
thwy thwh ~
INT4 \ — VIH
- — ViL
Reset
tRWL E RWH
RESET
‘4\ — VIH
4 — VIL
Data Retention Mode [+———— Data Retention Mode —
VDD
RS = / [~ tRH v
— VY
— Vbp,
W “— ViHpn'
RESET VL
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uPD7502/7503
Operating Characteristics

Typlcal, Tg = 25°C .

Supply Current

Supply Current vs @)
. V8 Supply Voltage (Note
Supply Vohage (Note (D) PPy
CL1  ClL2
20
200 /
R lc
l: 33pF /
= 10
g™ R = 62k 3 /
a
Q a /
a pol
£ B s
£ 5o 5
3 (5] / X1 X2
o >
Ed g /
‘%E r = 160k ] Xial § ™1
2
C1 (=]
20 l I
R{ = 330kQ
C1 = 20pF
10 5 C2 = 30pF
H ] Xigl = 32.768KHz
P
E{l IR
2 3 4 5 2 3 4 5
Supply Voltage VpD (V) Supply Voltage Vpp (V)
Supply Current Supply Current
vs ve
System Clock Oscillation Frequency System Clock Osciliation Frequency
(Note {Note
Clz CLy VDD = 5.0V CL2 CLy
250 250
c c VDD = 3.0V
,I C = 39%pF l
200 = C = 56pF ... 200 1
- C = 100pF P
g r LV ol 3
C=
8 g’ 8
E 150 E 150
£ E
3 / " £
> -
2 / / g
H A &
100 100 C = 100 pF
= p _
b C = 56pF C - 3%F P
T
50 50
=
100 200 300 400 500 100 200 300 400 500

Oscillation Frequency f4 (KHz) Oscillation Frequency 4 (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.

203



uPD7502/7503
Operating Characteristics (Cont.)

Typical, Ty

Oscillation Frequency f4 (KHz)

500

200

100

50

25°C

System Clock Oscillation Frequency
V!

s
Resistance

| el ot |

C = 33pF l

N voo = sv

N\

l—lt

50

100 200

Resistance R (K ohms)

500

204

250

200

150

100

Oscillation Frequency f¢ (KHz)

50

System Clock Oscillation Frequency

vs
Supply Voltage
CL2 CLq
[o]
1: 33pF
R = 82kQ
R = 160kQ
Lt
2 3 4 5 6

Supply Voltage Vpp (V)

7502/7503DS-12-81-CAT-TRIUM



NEC
NEC Electronics US.A. Inc.

Microcomputer Division

Description

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

4PD7506

CMOS 4-BIT SINGLE CHIP
MICROCOMPUTER

Pin Configuration (Cont.)

. N (Top View)
The uPD7506 contains a 1024 x 8-bit ROM, and a 64 x U
4-bit RAM. pag [} 1 28 [ veg
R . X 2 27 P4,
The uPD7506 contains two 4-bit general purpose 2 [ ] P
! . . . PO3/X1 [ | 3 26| ) Pay
registers located outside RAM. The subroutine stack is I 25 [ pag
implemented in RAM for greater nesting depth and flex- p2yPour L] 6 24 [ poginTo
ibility, providing such operations as the push.ing and P22 g 6 WD 23[) Ps
popping of register values. The uPD7506 typically ex- P23 ] 7  7506c 22| P52
ecutes 58 instructions of the uPD7500 series “B”’ in- Peo ] 8 1[0 ps1
struction set with a 10us instruction cycle time. P63 E ° 20 % PSo
K pe2 [ [10 19 ] P
The uPD7506 has one external and one internal edge- peg 11 18 ) ,1:
triggered testable interrupts. It also contains an 8-bit oy iz 17 1 Py
timer/event counter to help reduce software cL []1a 16 [ p1g
requirements. vpp (|14 15 [ RESET
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 Pin Names
a single power supply between 2.7V and 5.5V. Current
consumption is less than 600uA maximum, and can be o Rt symbol Function
lowered much further in the HALT and STOP power-
down modes_ The “PD7506 iS ava"ab]e either in a 1,25-27 24, 29,30, 34 P4y-P4y 4-b:: Ingutllaltchadrl'rlstm: :'ulpu( :olrlul:)(actlve
28-pin dual-in-line plastic package, or in a space-saving e ion witn ey g -0l paralet VO In con-
52-pin flat plastic package. 2,3 38, 41 X2,P03/ X, _ Crystal clock/external event input Port X (active
A . ‘ high). A crystal oscillator circuit is connected to
The uPD7506 is upward compatible with the uPD7507 Input X; and output Xp for crystal clock opera-
and the yPD7507S tion. Aiternatively, external event pulses are
connected to input Xy while output X is left
open for external ave‘m counting. Llns Xy ls
Pin Configuration always shared with Port 0 input P03.
4.7 42.45 P24-P23 4-bit latched tristate output Port 2 (active high).
P2¢/PSTE Line P2y is also shared with P§Tg, the Port 1
a P2,/Pr output strobe pulse (active low). Line P24 is
goeog i’ 8¢ ;J{f Feg out ::;: Z'}iﬁfv:'ﬁﬁ, :,T , the timer-out F/F
ﬂ ﬂ ” ” ” |_| ” ﬂ” |-I ﬂ H ﬂ 8-11 47-50 P6(-P63 4-bit input/latched tristate output Port 6 (active
high). Ind lines can be gt either
39 38 37 36 35 34 33 32 31 30 29 28 27 as inputs or as outputs under control of the Port
NCL—— ] 40 26 C——INC 6 mode select register.
PO3/Xy ] a1 25 ———INC 12,13 3,5 CLy, CLp System clock input (active high). Connect 120kQ
_ resistor across CLq and CLp. Alternatively, an
P2o/P§TE C——] 42 24 O Pag external clock sou:ce may ge connected to CLy,
P2¢/Proyy C”T] 43 23 "0 Pog/INTg whereas CL; Is left open.
P 44 L) we— ] Y 14 733 Vop Power supply positive. Apply single voltage
P3——]45 yPD7506G 2 P5 ranging from 2.7V to 5.5V for proper operation.
NC =———] 46 20— ne 15 8 RESET RESET input (active high). R/C circuit or pulse
P8y .———] 47 19— nc uPD7507 or 1PD7508 after power-up..
P6 16-19 9-11, 18 P1g-P13 4-bit input/tristate output Port 1 (active high).
ps; g :: :: — ::1 Data output to Port 1 is strobed in synchroniza-
— [—P5g tion with a P2o/PgTg pulse.
P63 ] 50 o 16 P, 2023 1618, 21 P5gP53  4-bil inputiiatched tristate outpul Porl 5 (active
NC " 5t 15 [———JNC high). Can also perform 8-bit paraliel #O in con-
NC 71 52 14 —INC junction with Port 4.
12345678 910111213 24,3 23,41 POQ/INTy  2-bit input Port 0 (active high). Line POg Is
PO3/Xy always shared with external interrupt INTo
{active high). Line P03 Is always shared with
g ‘2’ g g g g g per-o g % ﬁ:;:t)al clock/external event input X4 {active
“mwo o a
> 28 3 Vss Ground.
— 1,2,4,6 NC No connection.
12-15, 19, 20,
2528, 32,
35, 37-40, 46,
Rev/1 51,52
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wPD7506

Block Diagram
poa/V X2 POg/INT)
X cp INTT ]
Count Clock .
Clock Control Timer/Event Interrupt Port 0
Generator Circuit Counter Controller Buffer
T @ i I
4 T
@ e @ P10-P13
LA ron2
10-Bit Program Counter ALU c A4) Latch I> P2¢-P23
Buffer P
P20/PSTB.
Q P21/PToyT
General Registers
H(4) ! L(4) <:>
Program Memory Stack Pointer (6)
1024 x 8-Bit ROM (uPD7506) Port 4
Latch 4 P4g-P43
Instruction Butter
Decoder Data Memory
64 x 4-Bit RAM (uPD7506)
Port 5
Latch a P50-P53
Buffer
¢ T Port 6
A Latch 4 P60-P63
| Buffer
System
Clock Standby
Generator ontrol
b P |
CLy cL2 RESET Voo vss
Absolute Maximum Ratings* Capacitance
Ta = 25°C Ta = 25°C, VpDp = OV _
Operating Temperature -10°Cto +70°C Limits
Tost
Storage Temperature -685°Cto +150°C Parameter Symbol Min Typ Max Unit Conditions
Power Supply Voltage, V| -0.3Vto +7.0V
Pply 9%, VDD input Capacitance ] 15 1 = 1MHz,
All Input and Output Voitages -0.3Vto Vpp +0.3V
Output-Current (Total, All Output Ports) IoH = —20mA  Output Capacitance  Co 18 PP Unmassured pins
ss
loL = 32mA Input/Output ¢
o 18
Capacitance

*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.
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' DC Characteristics

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

uPD7506

Limits
Parameter Symbol Min Typ Unlt Test Conditions
Vi 0.7 Vpp Vpp All Inputs Other than CLy, X4
Input Voltage High ViH Vpp-0.5 Voo v CLy, Xy
ViHpg 0.9 Vpppp Vbppg +0-2 RESET, Data Retention Mode
Vi [ 03V All Inputs Other than CL4, X.
Input Voltage Low L L v s il
VoL 0 0.5 CLy, %4
) 3 All Inputs Other than CLq, X Vi =V
Input Leakage Current High Ll uA P v ! oD
™ 0 CLy. Xy
T -3 Al Inputs Other than CL{, X4 X1
Input Leakage Current Low HA
[y -10 CLy, Xy
outout vottase i v Vop - 1.0 v Vpp = 5V & 10%, Igp = ~1.0mA
P e Hig oH Voo - 05 VoD = 2.7V 10 5.5V, Iy = — 1004A
. 0.4 Vpp = 5V t 10%, ig; = 1.6mA
Output Voltage Low VoL v — £ oL
0.5 Vpp= 2.7V to 5.5V, Ig = 400.A
Output Leakage Current High 'LOH 3 uh Vo = Vpp
Output Leakage Current Low 'LOL -3 uA Vo =0V
Supply Voltage VDDDR 2.0 ] v Data Retention Mode
I 209 500 Normal Operation 4.“‘/00 =SV 0%
DDo 100 300 P Vop = 3V  10%
Supply Current , 1 10 A s " x o Vpp = 5V + 10%
t , _—
bDg 03 5 H op Mode, X = Vop = 3V £ 0%
IDDDR 0.4 10 Data Retentlon Mode VDDDR = 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 = 120 kQ & 2% Vpp = 5V £ 10%
ty 60 100 130 CLy,Clp R =240ke £ 2% _ VDD =3V £ 10%
System Clock Oscliation Frequency 60 180 kHz Vpp = 2.7V to 5.5V
10 200 300 Vpp = 5V + 10%
) YExt 10 135 CLy, External Clock Vpp = 2.7V 10 5.5V
System Clock Rise and Fall Times trgs t 0.2 us CL1, External Clock
System Clock Pulse Width - i a —Vop = 8V £ 1%
ystem Clock Pulse LW tew 35 50 u8 CL1, External Clock Vpp = 2.7Vto 5.5V
fx 28 32 50 X1, Xz Crystal Osclllator
Counter Clock Oscillation Frequency . [} 300 kHz Xq, Exte 1 Pulse | Vpp = 5V ¢ 10%
XExt ° 135 1 External Pulse Input Vpp = 2.7V 10 5.5V
Counter Clock Rise and Fall Times texs tx 0.2 us X4, External Pulse input °
Counter Clock Pulse Width t t i us X1, External Pulse Input —Yopo 1M
Wi bWy, 35 i VDD = 2.7V to 5.5V
Port 1 Output Setup Time to P Y 1214800) Vop = 8 & 10%
t my STB!
ort 1 Output Setup Time to PSTBt P18 1421;-2000) ne Vpp = 2.7V t0 5.5V
tor P 300 350 500 Vpp = 5V ¢ 10%
Port 1 Output Hold Time after PSTg} tpyH 300 1500 ns Vpp = 27V 10 5.5V
Pz Pulss Width 1/(244-600) Vpp = 5V & 10%
STB tl t; 5]
STB Fulse SWL 11(21;-2000) " Vpp = 2.7V to 5.5V
INTp Pulse Width ligWiy oW, 10 us
RESET Pulse Width TRW,y AW, 0 )
RESET Setup Time tRs 0 ns
RESET Hold Time tRH 0 ns
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LPD7506

Timing Waveforms

Clocks
ViexT
oL y— WL f= twy
! 4& trp = } j-‘\‘ — VéH
K 7 — VoL
yeXT ——
Yy —— xw, [ twy
Xq . L tx — —
Zr 1& — Vo
—_— V“_
Output Strobe
— VIH
Plos i : *f — v
P18 tP1H
PSTB \ ZL — ViH
' * : —ViL
1Swr
External Interrupt — oW |
INTQ )K — ViH
K. b —VviL
Reset
|a—————tRW| tRWH
RESET s
Z A — VIH
K 7 — VL
Data Retention Mode Data R Mode
VbD fo—ee
tRS —| -~ tRH Vin
$ / — zDDDR
— ViHpR
RESET ViL
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uPD7506

Operating Characteristics
Typlcal, Tq = 25°C

Supply Current Supply Current
vs vs
Supply Voitage (Note (D) Supply Voltage (Note )
[ewr o2
200 20 L
R /
g 100 = 120kQ g 1 /
H / 8
£ ] g /
g 50 — g 5
z 9 X1 X2
g A R = 240kQ i / A
]
3 @ Xtal 1
0
20
2 C1 I Icz
Ry = 330kQ
C1 = 20pF
10‘?—[ 1 ; C2 = 30pF
P Xig) = 32.768KHz
2 3 4 5 La. el
Supply Voltage VDD (V) 2 3 4 5
Supply Voltage VDD (V)
System Clock Oscillation Frequency
vs
System Clock Osslellaﬂon Frequency Supply Voltage
Resistance
Clz  CLy
250
500 LCLz CLq |
R
T ¥ 200
g N g R = 82ka
= 200 &
% \ \V\DD = 5V g 150
& 100 - ™\ i
£ Vop =3 §
£ £ R = 160kQ
i § 100 1
50
50
L
o 50 100 200 500 2 3 4 5 6
Resistance R (K ohms) Supply Voltage Vpp (V)
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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NEC B
NEC Electronics US.A. Inc.

Microcomputer Division

Description

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

uPD7507

uPD7508

CMOS 4-BIT SINGLE CHIP
MICROCOMPUTERS

3
E § a (]
§8§fgoesxefgdy
L
NC C——}40 26— Pay
Plg C——41 25— Pdg
P14 ——]a2 24— P53
P12 {43 23— P52
P13 a4 22— P5q
NC C—|45 uPD7507G 21— Ps5p
Pag C—]46 uPD7508G 20— P63
P34 a7 19— P62
Pay 48 18— Pey
P33 49 17— Pep
P7g C—]50 16 [~ P03/S1
P71 —]51 15— P02/SO
P72 52 af— NC
6 7 112

NC — -
ps—» (O
RESET [ w

NC C—»

CLy o

NC e

Clz c—|w»
INT1 3

—
NC C— 5.

POQ/INTQ T

power consumption CMOS process, allowing the use of a
single power supply between 2.7V and 5.5V. Current con-

sumption is less than 900uA maximum, and can be
lowered much further in the HALT and STOP power-down
modes. The uPD7507 and the uPD7508 are available in
either a 40-pin dual-in-line plastic package or in a space-
saving 52-pin flat plastic package.

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

Pin Configuration
x2 [ 1 ~/ 40 Ix

P2o/PgTE ] 2 39 1vss

P21/PToyr ] 3 38[) P43

P22 4 37[JPaz

p23[] 5 36 1Paq

Pig[] 6 35[ ] pag

P11{] 7 34[1p53

Pi12[] 8 33[ P52

P13[] 9 32[ P59

pag[Ji0 MPD7S07C 5 psp

g8 i
z 0 3
g
Pin ldentification
40-Pin  82-Pin
DIP Flat Symbol Function
1,40 32,34 X2, Xy Crystal clock/external event input Port X (active

high). A crystal oscillator clrcuit Is connected to
Input Xy and output Xz for crystal clock opera-
tion. Alternatively, external event pulses are con-
nected to input X4 while output X3 Is left open
for external event counting.

2.5 36-39 P2¢g-P23 4-blt latched tri-state output Port 2 (active high).
P2y/PSTE Line P2 Is also shared with PSTR, the Port 1
P24/P. output strobe pulse (active low). Line P24 is also
1 Tour shared with PTOUT’ the timer-out F/F signal
(active high).

69 41-44 Plg-P13 4-blit Input/tri-state output Port 1 (active high).
Data output to Port 1 Is strobed In synchroniza-
tion with a P2¢/PgTg pulse.

1013 46-49 P34-P33 4-bit latched tri-state output Port 3 (active high).

1417 50-52, 2 P79-P73 4-bit Input/latched tri-state output Port 7 (active
high).

18 3 RESET RESET Input (active high). R/C circult or pulse
Initializes uPD7507 or uPD7508 after power-up.

19,21 6,9 CL4, CLy System clock Input (active high). Connect 82k

resistor across CL4 and CLp, and connect 33pF
capacitor from CLy to Vgg. Alternatively, an
external clock source may be connected to CLq,
whereas CLj I8 left open.

20 7,33 Vop Power supply positive. Apply single voltage

ranging from 2.7V to 5.5V for proper operation.
22 10 INT, External Interrupt INT (active high). This is a
rising edge-triggered interrupt.
2326 11,12 PO/INTg  4-bit input Port 0/Serial I/ Interface (active high).
15, 16 PO4 /5CK This port can be configured either as a 4-bit
P0,/SO parallel input port, or as the 8-blt serial /O inter-
2 face, under control of the serial mode select

P0g/SI reglster. The Serlal Input S (active high), Serlal _
Qutput SO {active low), and the Serlal Clock SCK
(active low) used for synchronizing data transfer
comprise the 8-bit serial I/O Interface. Line POy
is always shared with external Interrupt INT,
(active high) which is a rising edge-triggere:
interrupt.

pa 11 HPD7508C  ,,pq,
Pag[12 29[ 1 P62
P3z[]13 28[ 1 P61
P7o{_|14 27{1P6p
er[]1s 26[] PO3/SI
P72[j16 25[71P02/SO
P73]17 24|71 P04/5CK
RESET[ |18 23[J Pog/INTg
cL1 e 22 ] INTy
vpp[]20 21[]cCLa
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uPD7507/7508

Pin Identification (Cont.)

Absolute Maximum Ratings*

‘Ta = 25°C
Operating Temperature -10°Cto +70°C
40-Pin  52-Pln a y 5
DIP Flat Symbol Function Storage Temperature -65°Cto +150°C
27:30  17-20 P6g-P63 A-b:: |nput/lalchet'i tri-state bt:u(pul’ Ir'cm g (muvo Power Supply Voltage, Vpp -0.3Vto +7.0V
high). Individual | ured elther
ngln)purt‘l :r nu:ou;‘;l:t:.ur;darc::nlgol of the Port All Input and Output Volitages -0.3Vto Vpp +0.3V
© mode select reglster. Qutput-Current (Total, All Output Ports) IoH = -20mA
31-34  21-24 P5-PS. 4-bit input/latched tri-stat tput Port 5 (acth —
0P8 Ylgh). Can slse pm:u:n.a.ebﬁupz:‘a||e? 0 in o v loL = 30mA
‘“"I°"°" with ’:’;“'I i *Comment: Stress above those listed under *‘Absolute
35-38 25, 26, P45-P4, 4-bit input/l tri-state output Po. active : : s I ;
28, 30 P43 igh). Gan also perform 8.0it paralie 10 Incon.  Maximum Ratings” may cause permanent damage to
lunction 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 condmon_s
- hees e No connection. above those indicated in the operational sections of this
35,40,45 specification is not implied. Exposure to absolute max-

DC Characteristics
Ta

-10°C to +70°C, Vpp = 2.7V to 5.5V

imum rating conditions for extended periods may affect

device reliability.

Limits
Parameter Symbol Min Tyvp Max Unit Test Conditions
ViH 0.7 Vpp Vpp All Inputs Other than CLq, Xq
Input Voitage High VéH Vpp-0.5 Voo v CLy, Xq
Viton 0.9 Voppp VDDpg +0-2 RESET, Data Retention Mode
v, [] 0.3V All'Inputs Other than CL, X.
{nput Voitage Low L bo v t Lt
Vor [] 0.5 CLy, Xq
[J 3 All Inputs Other than CL¢, X V) =V,
Input Leakage Current High Ll A ikl ! oo
3y 10 CLy, X4
I, -3 All Inputs Other than CL¢, X4 V=0V
Input Leakage Current Low L uA
™ -10 CLy, Xy
Vpp - 1.0 Vpp =5V + 10%, lgy = —-1.0mA
Output Voitage High VoH Do v Lk OH
Vop - 0.5 Vpp = 2.7V 10 5.5V, Igy = —100 A
0.4 v = 5V ¢ 10%, | =16mA
Output Voltage Low VoL v DD L oL
0.5 Vpp = 2.7V to 5.5V, g = 400 yA
Output Leakage Current High ‘LOH 3 uA Vo = Vpp
Output Leakage Current Low 'LOL -3 A Vo = 0V
Supply Voltage VDDDR 20 \J Data Retention Mode
\ 300 900 Normal . Vpp = 5V + 10%
lormal Operation ————m
0bo 150 400 O Vpp = 3V + 10%
Supply Current 2 20 Vpp = 5V 1 10%
[ A Mode, Xy = OV —_—
0D 05 10 H Stop Mode, Xq = 0 Vpp = 3V £ 10%
IDODR 0.4 10 Data Retention Mode VDDDH = 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
120 200 280 R =120ke + 2%
C=33pF 454 VDD =5V & 10%
CLy, CL2
ty 60 100 130 R = 250 kQ + 2% Vpp = 3V 1 10%
System Clock Osclllation Frequency 60 180 KHz C =33pF ¢ 5% Vpp = 2.7V to 5.5V
10 200 300 Vpp = 5V & 10%
ty CL4, External Clock —_———
EXT 10 135 Vpp = 2.7V to 5.5V
System Clock Rise and Fall Times i,¢, t“ 0.2 us CL4, External Clock
1.5 50 Vpp = 5V + 10%
Pulse Wi 8 , External Clock T ———
System Clock Pulse Width tywytewy 35 50 ue CL4 n VoD = 27V to 5.5V
tx 25 32 50 X4, Xg Crystal Oscillator
Counter Clock Oscillation Frequency o 300 KHz Vpp = 5V £ 10%
g, X4, External Pulse Input _—
xt ] 135 Vpp = 2.7Vto 5.5V
Counter Clock Rise and Fail Times trxo Hx 0.2 us X4, External Puise Input
1.5 o E Putee ! Vpp = 5V + 10%
Counter Clock Pulse Width Wy W Y us 1, Externai Pulse Input _—_VDD ATV e S5V
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AC Characteristics (Cont.)

uPD7507/7508

Limits
Parameter Symbol Min Tvp Max Unit Test Conditions
4.0 — Vpp = 5V £ 10%
o 70 SCK is an input m
SCK Cycle Time tevg Y H8 — Vpp = 5V £ 10%
Ty SCK is an output m
1.8 J— Vpp = 5V t 10%
e EX) SCK I an Input VoD = 2.7V t0 5.5V
SCK Pulse Width tKwM. tKwL Ty [ — Vpp = 5V 1 10%
o5 SCK is an output ———-—"——VDD 27V to 5.5V
1 Setup Time to ECRY g 300 ns
81 Hold Time after SCKt i a0 ns
_ 850 Vpp = 5V  10%
SO Detay Time after SCK4 top 1200 e Vpp = 2.7Vto 5.5V
. 1/(21,-800) Vpp = §V + 10%
Port 1 Output Setup ‘I'Im! to P51t tp,s a1,-2000) ns Vpp = 2.7V t0 5.5V
300 350 500 Vpp = 5V 1 10%
Port 1 Output Hold Time after P§TE} tpyH 300 1600 ns VoD = 2.7V 10 5.5V
1/(21, -800) Vpp = 5V 1 10%
PSTB Pulse Width tswy T/{2ty-2000) ne Vop = 2.7V to 5.5V
INTq Pulse Width YW tigWy 10 us
INT, Pulse Width W WL 2ty ad
RESET Pulse Width AW,y AW, 10 us
RESET Setup Time tRs 0 ns
RESET Hold Time RH 0 ns
Capacitance
Ta = 25°C, Vpp = OV
i Limits Tos!
Parameter Symbol Min Typ Max Unit Conditions
Input Capacitance [+ c18 pF 1 = 1 MHz
Output Capacitance Co 15 pF y d pins

Input/Output Capacitance Cyo

15

returned to Vgg
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wPD7507/7508

Block Diagram P0/STK poysi
P0,/SO
X1 X2 INTq INTo .
X cP . INTT| ‘NTs " ——1
Count Clock . .
Timer/Event interrupt Serial HO 0
R T I e Conrller (=~ tertace =4 ot
3 g i g
Port 1 )
Buffer " P1g-P13
Port 2
. P2g-P23
P Count c A8 Y Latch 4 (
rogram Counter ALU @) Buffer
Gereral Registers
J L T
D(4) | E(4) —-—‘\ Port 3
+ Latch 4 P39-P33
Hia) | L) —/| sutter -
Program Memory
Stack Pointer
2048 x 8-Bit nom yPB;gga Port 4 .
4096 x 8-Bit ROM (,PD7 Port 4 " Pag-Pa3
Instruction Buffer
Decoder Data Memory
128 x 4-Bit RAM (LPD750
224 x 4-Bit RAM (uPD7508] Port 5 .
Latch P50-P53
Bufter A
4 T Port 6
? Latch 4 P60-P63
Buffer
System
Clock Coniror ;
Generator Port 7
Latch P70-P73
T 1 t T T Butfer
CLy CL2 RESET Voo Vss
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Timing Waveforms
Clocks

CL1

4PD7507/7508

tty—~

x1

tix ]

Serial Interface

tcyk

AH4EXT
towy. : | 4wh
3 y — VéH
4 — VL
xexr
txw I bewy
[ =
\ "/ N "
— VL

KWy, KWH : {1

SCK \ — VIH
— ViL
s tiH
s Valid — ™
Input Data —ViL
le——tcp—
— VIH
so Valid Output Data 1
—ViL
Output Strobe
/ — VIH
Plg.3 )J(
L — VIL
— |
tP4S tP{H }
PSTB ZL — VIH
X P — Vi
tswi
External Interrupts tigwi, tioWH |
INTg \ Z — Vi
i P — ViL
tywy, e tHwhH
INT \ 2 — VH
72 — ViL
Reset tAwL tRWY |
RESET s
Z ] — Vi
4 ——ViL
Data Retention Mode Data Mode
VDD .
tRS —~{ -t
RS / RH — Vi
Vbbpg
— Vinpg
RESET ViL

215




LPD7507/7508

Operating Characteristics
(Typical, Ta = 25°C)

Supply Current
]

Supply Current Lo
vs Supply Voltage (Note @)
Supply Voitage (Note @)
CL1 CL2
20 z
200
R lc /
l= 33pF
= 10
g o R = 82ka 3 /
3 8 Vi
£ E
§ E s
t 50 - 3
£ 7 o
3 > / X%
= k3 /
-3
| R = 160k2 a Xial §
2
20 Cy l 102
Rt = 330kQ
Ci = 20pF
10 I Ca = 30pF
E= T Xtal = 32.768KHz
Tyt i
2 3 4 5 2 3 4 5
Supply Voltage VDD (V) Supply Voltage Vpp (V)
Supply Current Supply Current
vs vs
System Clock Oscillation Frequency System Clock Oscillation Frequency
{Note @) Note @)
Clz CLy VDD = 5.0V Cl2 CLi
250 250
c [ Vpp = 3.0V
200 l C = 30pF : l
. C = T00pF  C = 56pF e - 200
3 Y L 3
B C = 27pF| 3
E 150 g
£ 150
3 /
g / /
100 100
€ = 100 pF
C = 39pF
r C = 56pF o fo
e
50 50 —
100 200 300 400 500 100 200 300 400 500
Osclliation Frequency {4 (KHz) Oscillation Frequency f4 (KHz)

Notes: .
@ Only R/C system clock is operating and consuming power. Alf 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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uPD7507/7508

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

System Clock Oscillation Frequency
System Clock Oscillation Frequency s

V!
ve Supply Voitage
Resistance
CLa CLy
| etz eu | 250
500
A c
lsJBpF
C = 33pF .
g 200
s \ I 5 R = 82kQ
= 200 -
‘g N Voo = sv o
3 E 150
g
& 100 [
g N £ R = 160k
§ vpp = 3V g R
3 3 e |
g g 1o
50
50
50 100 200 500 2 3 4 5 6
Resistance R (K ohms) Supply Voltage VDD (V)
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NEC
NEC Electronics U.S.A. Inc.

Microcomputer Division

Description

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-b|t general purpose B
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 yPD7507S typically exe-
cutes 91 instructions of the uPD7500 series “'A” |nstruc-
tion set with a 10us instruction cycle time.

The yPD7507S 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 mterface
to help reduce software requirements.

The uPD7507S provides 20 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/0 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

Pag [ |1 ~ 28[ ] vss
x1 ]2 27 ] pap
x2 []3 26[7] Pay
p2g (o 25| ] Pag
P21/PToyT 5 24[ ] Ps3
P22 3 23] ps2
P23 [ 7 ,pD75075 22[] P51
Pao []e 21 P50
P31 o 20% PO3/St
P3g []10 19 D P02/SO
P33 [ 1 18 [} P01/SCK
RESET [ |12 17 tl POQ/INTQ
cuy []13 160 Ny
vpp [} 14 15[ oLz
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uPD7507S
CMOS 4-BIT SINGLE CHIP

MICROCOMPUTER
Pin Identification

4-bit Input/iatched tri-state output Port 4 (active high). Can also

1,25-27  P4ag-Pag
perform 8-blt paralle! /O in conjunction with Port 5.

X, Xq Crystal clock/external event input Port X (active high). A
crystal osclllator circult Is connocleﬂ 'o input X4 and output X3
for crystal clock op event pulses
are connected to input Xy while output Xz is left open for
external event counting.

4.7 on-P23 4-bit latched tri-state output Port 2 (active high). Line P2, is

p21/p.’.o T shared with PTOUT' the timer-out F/F signal (active high).

811 P3g-P33 4-bit latched trl-state output Port 3 (active high).

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

13, 15 CLq, CLp System clock input (active high). Connect 82kQ resistor

H across CL4 and CLy, and connect 33pF capacitor from CL4 to

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

14 - Voo Power supply positive. Apply single voltage ranging from 2.7V

H to 5.5V for proper operation.

18 INT External Interrupt INT (active high). This Is a rising edge-
triggered interrupt.
17-20 POg/INTq 4-bit input Port 0/serial /O interface (active high). This port
« P0,/5CK 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 serlal mode
2 select register. The Serial Input S (active high), Serial Output

P03/SI SO (active low), and the Serial Clock SCK (active low) used for
synchronizing data transfer comprise the 8-bit serial I/0 inter-
face. Line P0g is always shared with external interrupt iNTg
(active high) which is a rising edge-triggered Interrupt.

21-24 P5q-P53 4-bit input/iatched tri-state output Port 5 (active high). Can also
perform 8-bit parallel 1/O in conjunction with Port 4.
28 Vgs 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 = -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.



uPD7507S

|
TT

Block Diagram
Po4/5CK PO}/S)
P0,/SO
Xy X2 INT4 INTo
X cp INTT| INT:
Count Clock
Timer/Event Interrupt Serlal 110
Clock g Control =] '
Generator Clrcult Counter Controller Interface }-‘-
* g iy g
11-BIT Program Counter ALU c A (4)

iy

Program Memory
2048 x 8-BIT ROM (.PD7507S)

instruction
Decoder

General Registers

D(a) E(4)

1
H(q) l L(3)

Stack Pointer (8)

Data Memory

128 « 8-BIT RAM (.PD7507S)

f # T
System
ner | s
Generator 0
CLy ClL2

|

RESET

b

Vop vss
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Port 0
Buffer

Port 2
Latch
Buffer

Port 3
Latch
Bufter

Port 4
Latch
Buffer

10 10 1L 1L

Port 5
Latch
Bufter

EGEE SN GC

P2g/P23

(Pz1’570m)

P30-P33

P4g-Pa3

P50-P53



DC Characteristics

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

uPD7507S

Limits
Paramater Symbol Min Typ Max Unit Test Conditions
Vi 0.7 Vpp Vop All Inputs Other than CLq, Xy
Input Voltage High Ven Vbo-0.5 Vop v CLy, X4
v'”Dﬂ 0.9 VDDDR VDDDR + 0.2 RESET, Data Retention Mode
Vv, 0 0.3V, All Inputs Other than ClLq, X.
Input Voltage Low it Db v s aaidhaoa e
VoL [} 0.5 CLq, X4
i 3 All Inputs Other than CL4, X V) =V
Input Leakage Current High 1 uA P Ll ! oD
o 10 ; CLy, X4
I, -3 All Inputs Other than CL, Xy Vi =0V
Input Leakage Current Low L uA
Ly, -10 CLy, Xq
Vpp - 1.0 Vpp = 5V 10%, |, = -1.0 mA
Output Voltage High VoH b v 0o * OH
Vpp - 0.5 Vpp = 2.7V10 5.5V, Igy = ~100 uA
0.4 Vpp = 5V 1 10%, | 1.6 mA
Output Voltage Low Voi v o0 * oL~
[ Vpp= 2.7V 10 5.5V, Ig = 400 uA
Output Leakage Current High 'LOH 3 uA Vo = Vpp
Output Leakage Current Low ||_oL -3 kA Vo = 0V
Supply Voltage VDDDR 20 v Data Retentlon Mode
, 300 900 ) Vpp = 5V + 10%
DD 150 200 Normal Operation Vop = 3V £ 10%
Supply Current . 2 20 A Stop Mode, X ov Vpp = 5V 1 10%
bDg 05 10 “ op Mode, 1 = Vpp = 3V £ 10%
bbpR 0.4 10 Data Retention Mode VDDDR = 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
120 200 280 R = 82kQ t 2%
= Vpp = 5V + 10%
CLy, CL C = 33pF + 5% DD
t 60 100 130 RICClock g - 1g0 ke + 2% VDD = 3V + 10%
System Clock Osclilation Frequency 60 180 KHz C =33pF + 5% Vpp = 2.7V to 5.5V
10 200 300 CLi.E 1 Clock Vpp = 5V 1 10%
1, s P A A,
YExt 10 735 1+ External Cloc Vpp = 2.7V i 5.6V
System Clock Rise and Fall Times g U 0.2 us CL4, External Clock
1.5 50 Vpp = 5V & 10%
System Clock Pulse Width Ywyy towp Y 0 us CL4, External Clock Voo = 2.7Vi0 5.5V
. bp = 2. X
fx 25 32 50 Xy, Xg Crystal Osclllator
Counter Clock Oscillation Frequency ' 0 300 KHz Xi E  Pulss Vpp = 5V + 10%
s Ext t B
Ext o 135 1 External Pulse fnpu Vpp = 2.7V t0 5.5V
Counter Clock Rise and Fall Times tro tx 0.2 vs Xy, External Pulse Input
15 Vpp = 5V £ 10%
Counter Clock Pulsa Width t,(wH, tew a5 HS X4, External Pulse Input TVon = 2.7Vt 5.5V 7V to 5.5V
X DD = 2. X
4.0 v, =5V £ 10%
- BCK is an Input o= r
— 7.0 Vpp = 2.7V to 5.5V
SCK Cycle Time tcyK oF s m vz 10%
SCK Is an output ="
14.0 Vpp = 2.7V to 5.5V
18 Vpp = 5V & 10%
SCK I i
__ 33 CK Is an Input 2.7V 10 5.5V
SCK Pulse Width tKWH’ ‘KWL 30 us v W 0n
5 — DD =
K Is an outpu!
6.5 . s¢ put .7V to 5.5V
1 Setup Time to SCKt ts 300 ns
Sl Hold Time after SCK? Yy 450 ns
— 850 Vpp = 5V £ 10%
SO Delay Time after SCK/ top 2200 ns v 27VIo B8V
DD = 2- :
INTg Pulse Width tigWy: tigW)_ 10 H8
INT4 Pulse Width hywyp tyw 2/, s
RESET Pulse Width AW,y tRW, 10 us
RESET Setup Time tps 0 ns
RESET Hold Time tRH o ns
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uPD7507S

Capacitance
Ta = 25°C, Vpp = OV

Limits Test
Parameter Symhol Min Typ Max Unit Conditions
Input Capacitance Cy 15 pF f=1MHz
Output Capacitance Co 15 pF d pins
Input/Output Capacitance  Cyo 15 returned to Vgg
Timing Waveforms
Clocks
LA tEXT
!
t 1w
CLy y WL 'r‘ - WH — VeH
Xr P — ViL
Wxexr
tgx— tow " i Wy
X4 x — VéH
— V4L
Serial Interface 1cYK
KW tkwh
§CK \ — VIH
— ViL
us HH
—V
Valid H
sl Input Data — VL
le—tcD
— VIH
so Valid Output Data v
—ViL
External Interrupts — HoWH
INTo' X VL — VIH
- + —ViL
thwy | thWH
INTq x r — VIH
k 4 —ViL
Reset fe———————tRWL 4 RWH
RESET — VIH
Vi
Data Retention Mode Data F Mode
Voo S
tRS —= ~ tRH - 'zm
— Vbppg
— YiHpr
RESET ViL
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uPD7507S

Operating Characteristics
{Typlcal, Tg = 25°C)

Supply Current
Supply Current PP yvs
vs

Supply Voltage (Note
Supply Voitage (Note (1)) upply Voltage (Note (2)

lews cLe
20
200 - . /
R [
l: 33pF
: = 10 -
g 100 R = 82k % /
Q o
2 s /
£
€ )
5
g s0 § )
3 2. X1 X2
E g /
a
g r = 160k a xear 3
3
20 2 c1 C2
Ry = 330kQ
1 C1 = 20pF
10 |- p C2 = 30pF
Tys Xial = 32.768 KHz
f— —
2 3 4 5 2 3 4 5
Supply Voltage VpD (V) Supply Voltage VDD (V)
Supply Current Supply Current
vs vs
System Clock Osciliation Frequency System Clock Oscillation Frequency
(Note (D) (Note é)
etz cua VDD = 5.0V CLz  CLy
250 250
[o] (] Vpp = 3.0V
l C = 39pF l
- 200 T = 700pF C = 56pF . 200
3 3
Q C=2 a
a e
B 150 B
g 2 150
8 / 8
£ / / £
2 g
a
100 100
C = 100 pF
L C = 39pF
r C = 56pF f
50 50
100 200 300 400 500 100 200 300 400 500
Osciltation Frequency 14 (KHz) Osclllation 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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uPD7507S

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

Oscillation Frequency f3 (KH2)

System Clock Osciilation Frequency
3

Vi
Resistance
500 Lotz cu |
R
€ = 33pF i
200 \
\ VDD = 5V
o \
"\
VDD = 3V \
50
L
Y —

50 100 200 500

Resistance R (K ohms)

224

250

200

150

Oscillation Frequency ty (KHz)

50

System Clock Oscillation Frequency
s

v
Supply Voltage

CL.2

CL1

l= 33pF

R = 82kQ

LR_: 160k

3 4 5 6
Supply Voltage VDD (V)

7507SDS-1-82-CAT



NEC
NEC Electronics US.A. Inc.

Microcomputer Division

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 |/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 Conflguration

xx[d 1 ~ o wPx
on/PsﬁE 2 39 [ vss
P21/PTuT 3 38 ) pa3
P2 (] a 37 [J paz
P23 5 36 [ pay
Pig g 6 35 [J pao
P14 7 34 [ ps3
P12 a 8 33 [] p52
pa o 32 [J psy
P3p 10 31 [ psg
P34 E 1+ HPD7508A ) pes
pay [ 12 29 [ pez
pag ] 13 28 [ Per
p7e O] 14 27 [} peg
p71 ] 15 26 [J poarst
P72 [ 16 25 [7) Pog/so
r7s [ 17 24 [ Po,/SCK
RESET [] 18 23 [ Poo/INTQ
cu O 10 22 [ INTy
vop [ 20 21 Do

uPD7508A

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

Pin Names
40-Pin
[ Symbo! Function
1. 40 Xa. X4 Crystal clock external event input Port X (active high). A crystal
osciilator circult Is connected to input X4 and output X3 for
crystal clock operation. Alternatively, external event pulses are
connected to input X4 while output X; Is left open for external
event counting.
25 P2y-P23 " 4-bit latched tristate output Port 2 (active high). Line P2 is
P20PSTE also shared with PGTg, the Port 1 output strobe pulse (active
P2./p. low). Line P2, is also shared with PTOUT‘ the timer out F/F
17 TouT _signal (active high).
- 69 P1g-Pig 4-bit input/tristate output Port 1 (active high). Data output to

Port 1 Is strobed in synchronization with a P2¢/PgTg pulse.
4-bit Iatched tristate output Port 3 (active high).

4-hit input/latched tristate output Port 7 (active high).

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

System clock input (active high). Connect 82kQ resistor across
CL4 and CL,, 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 P3gP3,
1817 P75:P7,
18 RESET

19,21 CLy, ClLy

20 Vpp Power supply positive. Appiy single voitage ranging from 2.7V
to 5.5V for proper operation.
22 INT, External Interrupt INT ¢ (active high). This is a rising edge-

triggered interrupt.

4-bit input Port 0/serial 1/O interface (active high). This port can

P04/SCK be configured either as a 4-bit paralle! input port. or as the 8-bit

P0./SO serial I/0 Interface, under control of the serial mode select

2 register. The Serial Input Si (active high), Serial Output SO

Pog/si (active low), and the Serial Clock SCK (active low) used far syn-
chronizing data transter comprise the 8-bit serial /O interface.
Line POy is always shared with external interrupt INTq (active
high) which Is a rising edge-triggered interrupt.

2326 POg/INT,

27.30  P6y-P6y
lines can be configured either as inputs or as cutputs under
control of the Port 6 mode select register.

4-bit input/latched tristate output Port 6 (active high}. Individual .

31-34 P5g-P55 4-bit input/iatched tristate output Port 5 (active high). Can also

perform 8-bit parallel I/0 conjunction with Port 4.

35-38 Pdg-Pay 4-bit input/iatched tristate output Port 4 (active high). Can also

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

39 Vgg Ground.

Absolute Maximum Ratings*

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

Power Supply Voltage, Vpp -0.3Vto +7.0V

Input Voltages, Ports 4, 5, and 6 (VpoD - 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 -0.3VtoVpp +0.3V

Output-Current (Total, All Output Ports) loH = -150mA

loL = 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/1device reliability.

225

*)



uPD7508A
Block Diagram

P01/8CK Po3/SI
P02/SO
X1 X2 INTQ
X CcP INTT| INTS|
Count Clock Serial 11O
Clock Control L’_ Timer/Event | _ | Interrupt L__ |- Port 0
Generator Circuit Counter Controlier Interface ’ Buffer
Port 1
L @ Buffer \'/‘_T_‘> Plo-P13
Port 2
Program Counter ALU C - A (4) lB_a:::h P20-P23
ufter
P20/PSTB,
General Registers P21/PTout
T
D(4) | E(4) —! \ Port 3
+ Latch 4 P3p-P33
H(4) |I L(4) — V Buffer
Stack Pointer
4
Program Memory Port 4 P4g-Pa:
Latch 0-P43
4096 x -8t ROM (PD75088) [\ Instruction Butfer
/] Decoder Data Memory
208 x 4-Bit RAM (1PD7508A) Port 8
or!
Latch 4 P50-PS3
Buffer
? N Port 6
T Latch 4 P60-P63
Buffer
System Standby
Clock P |
Generator ontro
Port 7
Latch P70-P73
1 l Butfer
L
CLy CL2 RESET VDD vss
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DC Characteristics

Tg = ~10°C to +70°C, Vpp = 2.7V to 8.5V

uPD7508A

Limits
Parameter Symbol Min Typ Max Unit Test Conditions
Vi 0.7 Vpp Vop All Inputs Other than CLy, X4
Input Volitage High Veu Vpp - 0.5 Voo v CLy, Xy
ViHpR 0-9Voppp Vpopp *+ 02 RESET, Data Retention Mods
V"_l 0 0.3Vpp All inputs Other than CL4, X4, Ports 4, 5, and 6
Input Voltage Low V||_2 Vpp - 38.0 0.3Vpp v Ports 4, 5, and 6
Vi [] 0.5 CLy, Xy
ILIHy 3 All Inputs Other than CLq, X4, Ports 4, 5, and 8 V; = Vpp
Input Leakage Current High fLiHy 60 uA Ports 4, 5, and 6, V) = Vpp
LM 10 CLy, Xq
||_||_1 -3 All Inputs Other than CL4, X4 V=0V
input Leakage Current Low i, -30 wA _ Ports 4,5, and 8, V) = -30.0v
4L =10 CLy, X4
Vpp - 1.0 \{ 5V 3 10%, || ~1.0mA
Output Voltage High Vou L1 v bp =°T ¢ O~
Vpp - 0.5 Vpp = 2.7Vt0 5.5V, Igy = —1004A
0.4 Vpp = 5V 1+ 10%, Ig; = 1.6mA
Output Voltage Low VoL o5 v VDD 3 7: s 5VOIL Frowy
X DD = 27V10 5.5V, ig =
Output Leakage Current High l'-o"‘i 3 uA Vo = Vpp
“TLoH, 30 A Ports 3, 4, 5, and 8, Vo = 30V
Output Leakage Current Low Lo, -3 A Vo = 0V
Lot, =30 uA Ports 3, 4, 5, and 6, Vo = -30V
Supply Voltage VDDDR 2.0 v Data Retention Mode
300 000 Vpp = 6V + 10%
Ipp, Normal Operation —_—
o 150 400 Vpp = 3V + 10%
2 20 Vpp = 5V + 10%
Supply Current Iog 05 10 KA Stop Made, Xy = OV ———*—VDD vz im
'DDDR 0.4 10 Data Retention Mode, VDDDR = 2.0V
Capacitance
Ta = 28°C, ¥pp = OV
Limits
Test
Parameter Symbol Min Typ Max Unit Conditions
Input Capacitance ] 20 pF f = 1MHz,
Output Capacitance |, Cq 20 pF Unmeasured pins
d to Vgg
Input/Output
Capacitance o 20
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uPD7508A

AC Characteristics

Ta= -10°Cto +70°C, Vpp

= 2.7V to 5.5V

Limits
Paramster Symbol Min Tvp Max Unit Test Conditions
R = 82kQ + 2%
120 200 280 C = 33pF & 5% Vpp = 5V & 10%
4 60 100 130 Vpp = 3V £ 10% °
= 180k +2% Dp =5V ¢
System Clock Oscillation Frequency KHz :;-(;‘c‘l:::k : - 3::: :5% —_——————
80 180 Vpp = 2.7V to 5.5V
10 200 300 CLy, Vpp =5V £ 10%
fy
Ext 10 136 Clock VpD = 2.7V 10 5.5V
System Clock Rise and Fall Times (,., tu 0.2 us CLy, External Clock
1.5 50 CLy, Vpp = 5V & 10%
System Clock Puise Width "WH’ qu pys P, us P v Py
2 ocl bp = 2.7V 1o 5.
1y 25 32 50 X4, Xg Crystal Oscillator
Counter Clock Oscillation Frequency 0 300 KHz Vpp = SV  10%
1, X4, External Pulse Input ————
X| 1
Ext 0 135 Vpp = 2.7V to 5.5V
Counter Clock Rise and Fall Times trxo tix 0.2 us X4, External Pulse Input
75 Vpp = 5V + 10%
Counter Clock Pulse Width twa, "‘WL us X, External Pulse Input —_
3.5 Vpp = 2.7V 10 5.5V
4.0 SCK Is Vpp = 5V £ 10%
an
70 input Vpp = 2.7V to 5.5V
SCK Cycle Time fevg s —
6.7 SCK is Vpp = 5V & 10%
an
14.0 output Vpp = 2.7V to 5.8V
1.8 SCK is Vpp = 5V & 10%
an
33 input Vpp = 2.7V10 5.5V
SCK Pulse Width 'KWH' ‘KWL 20 . SCK s VoD = 5V £ 10%
an
6.5 output Vpp = 2.7V t0 5.5V
SI Setup Time to SCK? Y 300 ns
SI Hold Time after SCKt ('™ 450 LL]
850 . Vpp =5V & °
S0 Delay Time after SCK{ top ns
' 1200 Vpp = 2.7V to 8.5V
1128y~
a(oot Vpp = 5V £ 10%
Port 1 Output Setup Time to Pgypt tpys wat ns
2000, Vpp = 2.7V 10 5.5V
300 350 500 Vpp = 5V + 10%
Port 1 Qutput Hold Time after Pgygt tp 1 300 1500 ns v 2.7V 10 5.5V
DD = 2.7Vto 5.
';‘:;" Vpp = 5V £ 10%
PgTp Pulse Width tsw, ey ns
2000} Vpp = 2.7V10 5.5V
INTq Pulse Width HgWhr "(le 10 us
INT, Pulse Width Wy tywy 2, 4 us
RESET Pulse Width taw, tAw, 10 us
RESET Setup Time tps 0 ns
RESEY Hold Time 1RH 0 ns
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Timing Waveforms

uPD7508A

WeeEXT
Clocks tg, —| } 4w,
oLy My W o A{— dWH v
\ + - Y
xr b \( — Vi
"
SEXT
- twy - i‘_ txwy
X % N — ViR
. 4 \- — V4L
Serlal Interface tevk
KWL tKWH
§CK \ Z( ;\ — VIH
- viL
s tiH
.V
" Valid "
Input Data — VIL
—"co
— VIH
S0 Valid Qutput Data v
—ViL
Output Strobe
[~ ﬂ — ViH
Pl0.3 ' —V
4 [
1P4S tP1H
PSTB' ZL — VIH
X —ViL
SWL
External Interrupts tigWe tigWH
INTo \ — — VM
s — ViL
WL 1 -tHWH
INTY \ — p' S — ViH
X \ — ViL
Reset Fe—————————tRW|_ tRWH
RESET *,K Zﬁ 3\- —ViH
. —ViL
Data Retention Mode |«———— Data Retention Mode
Voo
tRS — J~ tRH — VY
— Vpp,
DR
% = Vipg
RESET - vio
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uPD7508A

Operating Characteristics
Typical, Ty = 23°C

Supply Current
vs

Supply Current
Supply Voltage (Note (D)

vs
Supply Voltage (Note (D)

20

200
R lc /

l= 33pF /

R = 82kQ

-
o

g

/

X1 X2

Ir = 160ka / Xal 7
0

20 C1 l 102

Supply Current IpD {1A)
]
\\
Supply Current Ipp (1A)
o

Ry = 330kQ
C{ = 20pF
10 1 L C2 = 30pF
L ] . ' Xyq) = 32.768KHz
'T'_LL . -
2 3 - 4 5 ) 2 3 4 5
Supply Voitage VpD (V) Supply Voltage VDD (V)
Supply Current Supply Current
ve . vs
System Clock Osclliation Frequency System Clock Osclilation Frequency
(Note (D) _ (Note @)
CLz CLt VoD = 5.0V . CLz  CLq
250 250
c c Vpp = 3.0V
l C = 39pF l
200 T = 1005F C = 56pF . 200
g y / 3 ;
= 27pF|
g / ¢ ° 8
E 150 ] E 150
3 | 3
- 2
g / / '%
i |'A4
10 100 C = 100 pF
= 00p C = 38pF
g C = 56pF L L.
e
50 50 ]
=
100 200 300 400 500 100 200 300 400 500
Oscillation Frequency f4 (KHz) Oscillation Frequency f§ (KHz)
Notes:

8 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.)
Typical, Tq = 25°C

Oscillation Frequency 4 (KHz)

System Clock Oscillation Frequency

vs
Resistance

500 letz cuq |
R
\ C = 33pF ;l;

200 \ Vpp = 5V

100 \

Vpp = 3V N
50
Lo

50 100 200

Resistance R (K ohms)

500

231

250

[
o
S

Oscillation Frequency ¢ (KHz2)
2 @
o o

50

uPD7508A

System Clock Oscillation Frequency

vs
Supply Voitage

cLy

c
l: 33pF

R = 82kQ ]

‘:1

= 160kQ J

3

4 5 6
Supply Voltage VDD (V)

7508ADS-REV1-1-82-CAT-TRIUM
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NEC
NEC Electronics US.A. Inc.

Microcomputer Division

Description

The uPD7519 is a CMOS 4-bit single chip microcom-
puter which has the uPD750x architecture.

The uPD7519 contains a 4096 x 8-bit ROM, and a 256 x
4-bit RAM.

The uPD7519 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 uPD7519 typically exe-
cutes 92 instructions of the uPD7500 series ““A”’
instruction set with a 10ys instruction cycle time.

The uPD7519 has two external and two internal edge- .
triggered hardware vectored interrupts. They also con-
tain an 8-bit timer/event counter, an 8-bit serial inter-
face, and a 9-bit D/A programmable pulse generator, to
help reduce software requirements. The on-board
vacuum fluorescent display controller/driver supervises
all of the timing required by the 24 Port S segment
drivers either for a 16-digit 7-segment vacuum fluores-
cent display, or for an 8-character 14-segment vacuum
fluorescent display.

The uPD7519 provides 28 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 /O Ports 1,
4, 5, and 6. Additionally, Port 1 can be automatically
expanded to 16 1/O lines through connection to a
uPD82C43. The uPD7519 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 900uA maximum, and can be
lowered much further in the HALT and STOP power-
down modes. The uPD7519 is available in a space-
saving 64-pin flat plastic package.

Pin Configuration

nﬂnﬂnﬂnﬂnﬂnﬂnﬂnﬂnﬂnﬂnﬂnﬂnﬂnﬂnﬂnﬂ

T3RABLEBBIBISRIITLLIQY 2858833

uPD7519

)

Pin Out to be
Determined

FNOTWDO~®OD O
-

R REERT]

I

uPD7519

CMOS 4-BIT SINGLE CHIP
MICROCOMPUTER WITH VACUUM
FLUORESCENT DISPLAY

CONTROLLER/DRIVER

Pin Names
PIN # SYMBOL FUNCTION

NC No Connectlon.

P33-P3g 4-bit latched tristate output Port 3 (active high).

PO3/SI 4-bit Input Port 0/serlal I/O interface (active high). This port

P0,/SO can be conflgured either as a parallel input port, or as the

PO4/5CK 8-bit serial I/O interface, under control of the serial mode

1 select register. The Serlal Input SI (active high), Serial Output

POg/iNT SO (active high), and the Serial Clock SCK (active low) used
tor synchronizing data transfer comprise the 8-bit seriat /0
interface. Line POy Is always shared with external interrupt
INTg, which Is a rising edge-triggered Interrupt.

P83-P6g 4-bit input/latched tristate 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.

P53-P5g A-bit Input/latched tristate output Port 5 (active high). Can
also perform 8-bit parallel I/0 in conjunction with Port 4.

P43-P4g 4-bit Input/latched tristate output Port 4 (active high). Can
also perform 8-bit parallel /O in conjunction with Port 5

X2, X4 Crystal clock input (active high). A crystal oscillator clrcull s
connected to input X4 and output X3 for system clock opera-
tion. Alternatively, an external clock source may be con-
nected to input X4 while output X, ls left open.

Vsg Ground.

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

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

RESET RESET input (active high). R/C circuit or pulse Initializes
uPD7502 or uPD7503 after power-up.

P13-P1g 4-bit input/latched tristate output Port 1 (active high).

P23-P2y 4-bit latched output Port 2 (active high). Line P2y is also

P24/PSTR shared with PSTH, the Port 1 output strobe pulse (active

P24/P fow). Line P24 is also shared with PTOUT' the timer-out F/F

1 Tour signal (active high).

PPG 1-bit p pulse output (actlve high).

Event 1-bit external event Input for timer/event counter (active
high).

VyvFD Vacuum fluorescent display power supply negative. Apply
single voltage between Vpp -35.0 and Vpp for proper
display operation.

Sg-87 Vacuum tluorescent display outputs (active high). So-S7 are

Sg/Tg-S15/Tqs always segment driver outputs, and To-T7 are always digit

To-T7 driver outputs. Sg/Tg-S15/T5 can be configured as either

segment driver outputs or as digit driver outputs under con-
trol of the display mode select register.
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uPD7519
Block Diagram

PO3/SI
P02/S0
P04/SCK
INT1  POp/INTQ
Event
INTT INTS] N
Clock Timer/Event Interrupt Serial 110 L_' Port 0 ]
Selector Counter Controfler Interface ¢ Buffer
# @ @ @
Port 1
I Bufter Plo-P13
Port 2
12-Bit Program Counter ALU [ A (4) Latch 4 P20-P23
Buffer P20/PSTE,
General Registers P21/PTout
T
D(4) | E(4) Port 3
4 Latch 4 P30-P33
H{4) : L@ Butfer
Stack Pointer
Port 4
Program Memory Latch P4g-Pa3
" Buffer
4096 x 8-Bit ROM (.PD7419) Instruction
A Decoder Data Memory
250 x 4-Bit RAM (4PD7519)
Port 5
Latch 4 P50-P53
Buffer
.
° {24} Port 6
Latch P60-P63
- Buffer
Vacuum Fluorescent Displa;
Standby Clock Programmable Controller/Driver i
Control Generator Pulse
Generator
T j l 1 1 T : T ¢ L
Xy X2 PPG RESET VSS VDD  VVFD S0-87
Sg/Te-S15/T15
To-T7

7519D8-1-82-TRIUM-CAT
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NEC
NEC Electronics US.A. Inc

Microcomputer Division

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. [t
has a 2-level subroutine stack, and executes a 47-

instruction subset of the uPD7500 series instruction set. ‘

The uPD7520 provides 24 I/O lines, organized into the
4-bit input Port 1, the 4-bit I/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-pm dual-in-line
plastlc package.

Pin conﬂguratlon

P [ 1 N~ e ax
P[] 2 27 [] meser
P3[] s %1 vea
P12 4 28 s
M s 24 s,
Plo[] e 278
P4y C 7 uPD 2 t] S5
7520
P4y L'j 8 21 [ 82
el 20 [ ] Se
Pdg 10 19 [] S3
Ts CJn 8 t] S7
T4 2 177
T3 s 16T
Vss []14 1572

uPD7520
4-BIT SINGLE CHIP

MICROCOMPUTER WITH LED DISPLAY

CONTROLLER/DRIVER
- Pll‘l Names
So-S7 S Drive Output Port S
To-Ts Digit Drive Output Port T
P1g-P13 Input Port 1
© 'P3g-P34 Output Port 3
Pdg-P4g Input/Output Port 4
CLK- Clock Input
RESET Reset
Vaa Power Supply Negative
Vgs Ground

-Further details on device opération can be found in the
- uPD7520 4-Bit Single Chip Microcomputer Technicali
. Manual. )

. Absolute Maximum Ratings"

Ta = 25°C .
Operating Temperature -10°Cto +70°C
Storage Temperature ~65°Cto +150°C
Supply Voltage, Vga -15Vto +0.3V
Input Voltages ~15Vto +0.3V
* Output Voitdges —15Vto +0.3V
Outpuyt Current (o4 Total) -100mA
(loL Total) 90mA
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*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.



uPD7520
Block Diagram

2-Level Stack

g1

gy

8
] 4
4 4 input
10 8 s 4 \__. Buffer
10-Bit Program Counter CF Accumulator
U Data Pointer s

; Latched

H L 4 2 Output

(2) @ 4 et Buffer

(]
kl
768 x 8-Bit .
Program Memory . 4

Decoder/ :

Controller 48 x 4-Bit In/Out
Data Memory 4 Latched

. . 4 Buftfer

. Cﬁ_
R/ J— 21 187
Clock LED Display Controller/Driver
VSS i Generator
RESET i 8 U
CLK
To-5
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uPD7520

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

Limits
Paramoter Symbol Min Typ Max Unit Test Conditions
vag = -9V ¢ 1tV
-2.0 !
Input Voltage High ™ T8 v Ports 1, 4, RESET Vaa = ~8V1to 10V
\/ B v -9 1
Input Voltage Low viL GG *+ 1.5 v Ports 1, 4, RESET 0@ = ~% 2
Vga + 0.8 VGG = -6Vto - 10V
Clock Voltage High VeH . -0.8 v CLK, External Clock
Clock Voltage Low Vﬂ_ -5.0 v CLK, Clock
) Y
Input Current High ™ 48 200 7y Port 1, RESET Vi=0V.Va6 = -9V ¢
20 200 Vy = OV, Vgg = —6Vto —10V
Input Leakage Current High LM +5 A Port 4, V| = OV
i : -5 Port 1, RESET, Vj = -10V, Vgg = -10V
Input Leakage Current Low LIy v A E.c)
[ -5 WA Port4, V) = ~10V
Clock Current High lQH 0.5 mA CLK, External Clock, Vm =0V,Vgg = -9V + 1V
Clock Current Low [ -21 mA CLK, External Clock, V¢ = -5V, Vag = -8V & 1V
Output Voltage Low VoL Vag + 0.8 v Port 3, No Load
-1.0 Vo = -1.0V, V, = -8V 1 1V
IoH. - mA Port 3, 0 8
1 -0.6 Vg = -1.0V, Vgg = -6V
-2.0 Vo = -1.0V,Vgg = -0V & 1V
1oH, mA Port4, —2 ea
-1.2 Vo = -1.0V, Vgg = -6V
-5 -10 \7 ~2.0V, V, -9V ¢ 1V
Output Current High 0= GG = kS
10H, -3 -6 mA PortS, Vg = ~2.0V,Vgg = ~6V
-1 -3 Vo = -1.0V,VgG = -6Vto ~10V
—24 -48 Vo = —2.0V,Vgg = -8V £ 1V
loH, -13 27 mA PortT, VO = -1.0V,VGG = -9V 1 1V
-9 -18 Vo = -1.0V, VGG = -6V
oL ;': :‘: mA Port 3, :O = v(zes; ‘1/'5"‘ VGG; G;W LMY
Output Current Low 4'5 9' vo = 5':3 ; e
8 = Vi + 5.0V, = - +
oL mA pons, .2~ 08 6a
2 1.0 20 Vo = Vgg + 3.5V,Vgg = —6Vto 10V
Output Leakage Current High ILOH +5 HA Ports 4, T, Vg = OV
) -5.0 Port T, Vg = -10V
Output Leakage Current Low LOL4 HA o=
ILoL, ~5.0 Port 3, Vo = Vgg
Supply Current Iga -52) -9.8 mA No Load
Notes:
Current within 2.5 ms after turning to the low level (Tg = 25°C).
Ta = 256°C, Vgg = —-9V.
AC Characteristics Capaciltance
Ta = -10°Cto +70°C,Vgg = -6Vto - 10V Ta = 28°C
Limits . Limits
Parameter Symbol Min Typ Max Unit Teost Condi! y J Min Typ Max Unit Test Conditions
Ay = 1MQ, input Port 1,
225 300 375  KHz  Vgg = -8V t 1V, Capacitance C 15 PF  pESET
f Ty = 25°C
Clock osc a Output o 20 oF Ports 3,
Frequency Ry = 1MQ, Capacitance s, T
180 a0 as0 KMz oo Ty v : p.,o e P
nput/Outpul "
N 100 330 KHz Capacitance Cio 20 pF Port
Clock Rise and Clock
Fall Times il T 1 Capacitance C o ok
External Clock
Clock Pulse
Width High 4wy 1.5 3 o
Clock Pulse
Width Low tw 15 3 0m
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uPD7520

Clock Waveform

Development Tools

The NEC Electronics U.S.A.’s NDS Development
System is available for the development of software
source code, editing, and assembly into object code. In
addition, the ASM75 Cross Assembler is available for
systems supporting the ISIS-Il or the CP/M (® Digital
Research Corp.) Operating Systems.

The EVAKIT-7520 Evaluation Board is available for
production device evaluation and prototype system
debugging.

The ASM75-F9T Cross Assembler is available for
systems supporting fortran IV ANSI Standard
1966-V3.9.

Instruction Set

Instruction Set Symbol Definitions

The following abbreviations are used in the description of
the uPD7520 instruction set: '

SYMBOL EXPLANATION AND USE
A Accumulator
address  Immediate address
[ Carry Flag
data Immediate data
Dp Bit “‘n’’ of immediate data or immediate address
H Register H
HL Register pair HL
L Register L
() Paraliel Input/Output Port addressed by the value
within the brackets
PCp Bit “‘n’’ of Program Counter
Zero when Skip Condition does not occur; the number
S of bytes in next instruction when Skip Condition
occurs
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
[ 1 The contents of ROM addressed by the value within
the brackets
- Load, Store, or Transfer
- Exchange
— Complement
» LOGICAL Exclusive-OR

INSTRUCTION CODE 8KIP
MNEMONIC FUNCTION DESCRIPTION D; Dg D Dg D3 Dz D7 Dg BYTES CYCLES CONDITION
LOAD
LAl dete A+~Dag Losd A with 4 bits of imme- 0 0 0 1 by D2 D1 Do 1 1 String
dlate data; exscute succeeding "
LAl instructions as NOP
Instructions
LH) deta H+~D1.0 Load H with 2 bits of imme- o [} 1 0 1 [} D1 Do 1 1
diate dets
LHLI date HL ~D4.0 Loed HL with 5 bits of 1 1 [} Da D3 D2 Dy Do 1 1 String
immediste data; exscute
succesding LHLI instructions
a8 NOP instructions
LAMT A+ (PCg.,0,C, Al Load the upper 4 bits of ROM 0 1 Q 1 1 1 1 [} 1 2
Table Dats at address
PCg.6,0.C, Ato A
(HL) «~ [PCg.8, Load the jower 4 bits of ROM
0,C AlL Table Date et address
PCg.6, 0, C, A 10 the RAM
focation addressed by HL
L A+ (HL} Load A with the contents of 0 1 0 1 1] 0 1 ] 1 1
RAM addressed by HL
LIS A+ (HL) Load A with the contents of [} 1 0 1 0 0 4] 1 1 1+8 L=0H
L=L+1 RAM addressed by HL; incre-
Skip if L= OH ment L; skip if L = OH
LDS A« (HL) Load A with the contents of [ 1 0 1 4] 1] ] [ 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 1 1 1 0 0 ] 2 2
RAM addressed by 6 bits of 0 0 Dy D4 D3 Dz D1 Dg

immediate data
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Instruction Set (Cont.)

uPD7520

INSTRUCTION CODE SKIP
MNEMONIC FUNCTION DESCRIPTION D7 Dg D5 Dg D3 D2 Dy Do BYTES  CYCLES CONDITION
STORE
ST (HL) <A Store A into the RAM focation 0 1 0 1 1] 1 1 1 1 1
addressed by HL
STt deta (HL) +~D3.0 Store 4 bits of immediate data [} 1 0 0 D3 D; Dy Do 1 1
LeL+1 into the RAM location
addressed by HL; increment L
EXCHANGE
XAH A1.0 o HLO Exchange A with H 0 1 1 1 1 o 1 0 1 1
A3.2 < O00H
XAL Aol Exchange A with L [\] 1 1 1 1 0 1 1 1 1
X A < (HL) Exchange A with the contents 0 1 (1] 1 [1] 1 1 [\] 1 1
of RAM addressed by HL
X118 . A« (HL) Exchange A with the contents 0 1 o 1m0 1 o 1 1 1+S L=0H
LeL+1 of RAM addressed by HL: :
Skip if L =0H increment L; skip If L = OH
XDS A e (HL) Exchange A with the contents 0 1 [+] 1 () 1 o [ ] 1 1+S L=FH
LebL=~1 of RAM addressed by HL; -
Skipif L=FH decrement L_; skip if L= FH
XADR address A < (Dg.g) Exchange A with the contents L] 0 1 1 1 o 4] 1 2 2
of RAM addressed by 6bitsof O 0 D5 Dg D3 Dy Dy Dg
immediate data
ARITHMETIC AND LOGICAL
AISC data A+ A+D3g Add 4 bits of immediate data V] 1] [ (] D3 D2 D¢ Dg 1 1+8 Overflow
Skip if overflow to A; Skip if overflow is
generated
ASC A+ A+ (HL) Add the contents of RAM 0 1 1 1 1 1 1] 1 1 1+8 Overflow
Skip if overflow addressed by HL to A; skip if
overflow is generated
ACSC A, C=A+(HL)+C Add the contents of RAM [+] 1 1 1 1 1 (1] (1] 1 1+S Cc=1 -
SkipifC=1 addressed by HL and the carry
flag to A; skip if carry is
generated
EXL A< AV (HL) Perform a LOGICAL 1] 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 A«RA Complement A 0 1 1 1 1 1 1 1 1 1
RC C+0 Reset Carry Flag 1] 1 1 1 1 [ (4] (] 1 1
sC C« Set Carry Flag o 1 1 1 1 )] o 1 1 1
INCREMENT AND DECREMENT
ILS LeL+1 Increment L; 1] 1 0 1 1 (1] o 1 1 1+S L=0H
Skip if L=0H Skip if L=0H
IDRS address (D5.0) + (D5p) + 1 increment the contents of [] 0 1 1 1 1 [] 1 2 2+S  (Dgg)=0H
Skip if (D) = OH RAM addressed by 6 bits of [1] 1] Ds Dg D3 D2 Dy Do
immediate data; Skip if the
=0H
DLS LebL-1 Decrement L; o 1 V] 1 1 1] ] (1] 1 1+8 L=FH
Skip if L= FH Skip if L=FH
DDRS address (Dg.g) « (D5.g) =1 Decrement the contents of [\] 1] 1 1 1 1 [ 1] 2 2+8 (D5g) = FH
Skip if (D50} = FH RAM addressed by 6 bits of
immediate data, skip if the 0 o Ds Dg D3 D2 D1 Dg
contents = FH
BIT MANIPULATION
RMB data (HL)pjt +~ O Reset a single bit (denoted by o 1 1 o 1 [\] D1 Do 1 1
D1Dg) of the RAM location
addressed by HL to zero
SMB data (HL)pjr <1 Set a single bit (denoted by ] 1 1 1] 1 1 D1 Dg 1 1
D1Do) of the RAM location
addressed by HL to one
JUMP, CALL, AND RETURN
JMP address PCg.g « Dg.o Jump to the address specified [1] [\] 1 0 0 0 Dg Dg 2 2
by 10 bits of immediate data D7 Ds Ds Ds D3 Dy Dy Do
JAM data PCo.g + D1.0 Jump to the address specified 0 0 1 1 1 1 1 1 2 2
PCra+A by 2 bits of immediate data, A, 0 (4] 1] 1 (4] (/] Dy Do
PC3.0 + (HL) and the RAM contents

addressed by HL.
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Instruction Set (Cont.)

INSTRUCTION CODE sKip
MNEMONIC FUNCTION DESCRIPTION D7 Dg Dg Dg D3 D2 D7 Do BYTES CYCLES CONDITION
JUMP, CALL, AND RETURN
JCP eddress PC5.0 - D50 Jump to the address specified 1 (1] Ds D4 D3 D2 D7 Do 1 1
by the higher-order bits PCg g *
of the PC, and 8 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
PCg0 + Dg.0 in the stack; call the subroutine D7 Dg Ds D4, D3 D2 Dy Dg
program at the locetion 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 Dy Dg 1 1
PCg.0 + 010403 in the stack; call the subroutine
000D2D1Dg  program st one of the 32 wpe-
cial locations specified by 5
bits of immediate dats
RT PC < STACK Return from Subroutine [ 1 0 1 0 0 1 1 1 1
RTS PC « STACK Return from Subroutine; skip [ 1 ] 1 1 0 1 1 1 1+8 Unconditional
Skip it iti
SKip
SKC SkipifC=1 Skip if cerry flag is true o 1 0 1 1 0 1 o 1 1+8 C=1
SKMBT data Skip if (HL)pit =1 Skip if the single bit (denoted ] 1 1 0 0 1 Dy Do 1 1+8 (HUlpig =1
by D1Dp) of the RAM loce-
tion addressed by HL is true
SKMBF data Skip if (HL)pjg =0 Skip if the single bit (denoted 0 1 1 0 0 0 Dy Do 1 148 (HL)pje = 0
by D1Dg} of the RAM loca-
tion addressed by HL is false .
SKABT date Skip if Apjp =1 Skip if the single bit (denoted [} 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 V] 1 1 (4] D3 D2 Dy Do 2 2+8 A = data
SKAEM Skip if A = {HL) Skip if A equals the RAM con- 0 1 0 1 " 1 1 1 1 1+8S A={HL)
tents addressed by HL
PARALLEL /O
1PL A+P(L) Input the Port addressed 0 1 1 1 0 (1] o 0 1 1
by Lto A
[14] A+~P1 Input Port 1 t0 A [ 1 1 1 0 1] o 1 1 1
OoPL P(L}+A Output A to the port 0 1 1 1 0 0 1 [¢] 1 1
addressed by L
oP3 P3+~A10 Output the lower 2 bits of A 0 1 1 1 0 o 1 1 1 1
to Port 3
CPU CONTROL
NOP Perform no operation; con- (] o 0 0 0 (] (4] 0 1 1
sume one machine cycle
Package Outline .PD7520C
Plastic
A -
Rem Mililmeters inches
A 38.0 MAX 1.496 MAX
B 2.49 0.098
C 2.54 0.10
D 0.5 + 0.1 0.02 + 0.004
B E 33.02 13
F 1.5 0.059
a 2.54 MIN 0.10 MIN
K H 0.5 MIN 0.02 MIN
1 5.22 MAX 0.205 MAX
> L _ J 5.72 MAX 0.225 MAX
K 15.24 0.6
L 13.2 0.52
+0.10 +0.004
.25 0.01
M o -0.05 ~0.002

0°-15°
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CMOS 4-BIT MICROPROCESSOR
uPD7500 SERIES ROM-LESS
EVALUATION CHIP

NEC
NEC Electronics U.S.A. Inc.

Microcomputer Division
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Description Pin Names
The uPD7500 is a CMOS 4-bit microprocessor which Pin Function
has the uPD750x architecture, and also functions as the No. Symbol
uPD7500 series ROM-less evaluation chip. 1,2 X2, Xy Crystal clockiexternal ovent Input‘l::rt xl<ac&lv; hlo:;)- A
‘ . N crystal oscillator circult is connec to Inp! 1 and output
The uPD7500 contains a 256 x 4-bit RAM, and is X for crystal clock op 2 event
capable of addressing up to 8192 x 8-bits of external el ovont ot Xa while output Xz 18 loft opon
program memory. 3 TEST Factory test pin (connect to Vgg).
The uPD7500 contains four 4-bit general purpose 4-9, and BUS)-BUS13 External data bus (active high). Connected to external pro-
registers located outside RAM. The subroutine stack is f::’: e gram memory. . e
implemented in RAM for greater nesting depth and flex- ™ P43 a0 bertorm a.61 peralel 10 1 conpunction with Bor 5.
Jbility, providing such operations as the pushing and 1447 P5y-Psy 4-bit Input/iatched trl-state output Port 5 (active high). Can
popping of register values. The uPD7500 typ|ca||y exe- also perform 8-bit parallel /O in conjunction with Port 4.
cutes either all 110 instructions of the MPD7500 series 18-21 PBg-Pé3 4-bit Input/latched tri-state output Port 8 (active high). Indi-
AN} . . o vidual lines can be conflgured elther as inputs or as outputs
A" instruction set, or all 70 instructions of the under control of the Port 6 mode select register.
;4_PD7500 series “B” instruction set with a 10us instruc- 2225 P7g-P7 2-bit Input/latched tri-state output Port 7 (active high).
tion cycle time. 26 INT4 Externnld Irlllerrupl INT (active high). This is a rising edge-
- : ; iggered Interrupt.
The uPD7500 has three external and two internal edge- i
. R A 27 INT, " External Interrupt INTg (active high). This Is a rising edge-
triggered hardware vectored interrupts. It also contains o e oo 10 (active high). This s & rising sdge
an 8-bit timer/event counter and an 8-bit serial interface =~ 28 INT, External Interrupt INT5 (active high). This Is a rising edge-
to help reduce software requirements. A display timing triggered interrupt.
pulse is also provided when emulating the MPD7501 , 29 RESET RESET Input (active high). R/C circult or puise initializes
PD7502, the uPD7503, or the uPD7519 DT e genern.
u ' s ' 0 H ° 30, 31 Cl4, CLy System clock input (active high). Connect 82K resistor
The uPD7500 provides 32 /O lines organized into the T e hatoly i oxtomal s1o0k aouras may he o !
4-bit input/serial interface Port 0, the 4-bit output Port 2, nected to CLy, whereas CLj is left open.
the 4-bit output Port 3, and the 4-bit /0 Ports 1, 4, 5, 6, 32 Voo Power supply positive. Apply single voltage ranging from
and 7. It is manufactured with a low power consumption 2.7V to 5.8V for proper operation.
CMOS prOCGSS, allowing the use Of a Sing'e +5V power 33-36 P_aiag 4-bit input/latched tri-state output Port 3 (active high).
supply. Current consumption is less than 900uA max- 7 bour Data outpul {actlve low).
imum, and can be lowered much further in the HALT 58 ALE Address leich ensble {active high}.
and STOP power-down modes. The uPD7500 is avail- 2 a e preTm——
i -Di -in-li i - ] 4-bit Input Port O/serial I/O interface (active high). This port
able in a 64 pin quad in-line p'aStIC paCkage' P01I§5E can be conﬂgureg either as a 4-bit paralle! input pont, or as
the 8-bit serial /0 interface, und trol of the serlal mod
Pin conflguratlon P02/S0 so?ecl re;l:xsar. Thensesvl:lcrn::t ;'r (‘;oc_"‘l_:; ht:gh).esl:}rl:l Omuip:t
POg/S) SO (active low), and the Serial Clock SCK (active low) used
);1 1 S 64 =3 Vss :or :'ynchronlxlng data transfer comprise the 8-bit serial /O
_Xer— 2 63 ——1BUS7 nterface.
TEST 3 3 62 ) BUSg 44-47  P2g-P23 4-bit latched tri-state output Port 2 (active high). Line P2y is
BUSg r——] 4 61 F—) BUSs P2/PETE also shared with Pgp, the Port 1 output strobe pulse (active
BUS9 —] § 60 3 BUS4 P24/P low). Line P24 is also shared with Prouy the timer-out F/F
BUS10 C—] 6 59 [—) BUS3 1PToyt  signal (active high).
BUS11 [ 7 58 3 BUS2 48 PSEN Program store enable (active low).
:3::: C_:_ : :; =:' 23:; 49 DISPLAY DISPLAY timing pulse (active high).
pag L—] 10 55 = p13 50 CSOUT Chip select output (active low). Connected to xPD82C43.
P4y 54 1 pig 51 STB STROBE output (active low). Connected to .PD82C43.
pay LT 12 53 £ P14 5255  P1g-P1 4-bit input/tri-state output Port 1 (active high). Data output t
sga s 52 = pig s Port 1 ls strobed Ienosuy:chro:lmtlg: with a"p%.yp‘s%.‘,";.'.’.‘,‘..f
0 L2 14 PD 51— 518 m m Sround
ps; 315 M Y =1 ss round.
psg C— 16 7500 49 =3 pIsPLAY
Ps3 C—}17 48 ) PSEN
peg C— 18 47 = p2o/P5TB
Pey [—J19 a6 F3  P21/PTouT
pex T 20 a5 P22
pe3 21 4 [ p23
P70 C— 22 43 =3 pog/si
P7y 23 42 3 POy/SO
p72 (] 24 41 0 poy/SCK
p73 25 40 B3 poo
INTy [T 26 39 /I nc
INTg 27 38 3 ALE
INT2 ] 28 37 — poUT
RESET [J20 36 =3 3,
clz T} 30 35 — P32
cLy s 34 3 p3q
vop (}32 - 33 P3o
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Block Diagram

PO1/5CK

Port 0
Buffer

Port 1
Buffer

Port 2
Latch
Buffer

FS

Port 3
Latch
Butfer

IS

Port.4
Latch
Butfer.

4

P03/SI
0
X1 X2 Display INT2 INT4INTQ
X (] INTT! INTg|
‘(::?::l: —— c%‘:::,m Timer/Event Interrupt |Se'r|a'I [[{e} p
Generator Circuit Counter > Controller |l nterface
T M T
1
12-BIT 1
Bank :l Program Counter ALU c A(a)
General Registers
T
D(4) 1 E(4)
E w1 +
_ALE H(4) ! L%
PSEN  w—f 1
DOUT -— Address Bus -;:DIS| Stack Pointer (8)
\ Instruction
BUSg - _]/ Decoder Data Memory
BUS3 256 x 4-BIT RAM (4PD7500)
e ———— == - - .
Register | Break
Dump : Controller
T
1 t STB'
sgls;z? Standby /0 Expansion
Generator Control Controfler
Ctq CL2 RESET VoD vss csouT 578

Port 5
Latch
Butfer

&

Port 6
Latch
Butfer

SRS S R S )

Port 7
Latch
Buffer

IS

SO REO S R CHRC AU AN O

L

POy

P10-P13

P24.p23

P20/PSTB,
P21PTour

P30-P33

Pdg-P43

P50-P§3

P6g-P63

P70-P73



Absolute Maximum Ratings*

WPD7500

AC Characteristics

Tq = 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 . 20 200 280 Kkee P 0DQE 2%
Output-Current (Total, All Output Ports) loH = —20mA  System Clock +  C=3%F 8%
loL = 30mA 1 10 300 KHz CLy, External Clock
*Comment: Stress above those listed under ‘‘Absolute CL Input Rise Time ten 02 s
Maximum Ratings” may cause permanent damage to CLy Input Fait Time tor 02 m
the device. This is a stress rating only and functional ST T——
operation of the device at these or any other conditions ~ ggls™" “* ttn 18
above those indicated in the operational sections of this PR ———
specification is not implied. Exposure to absolute max- o teL 1.5 us
imum rating conditions for extended periods may affect pem———
device reliability. Oscillation Freguency xx 32 KHz  Xtal Osciliation
(X1, X3)
Count Clock
DC Characteristics input Frequency (Xy) x o 300 Kz -
Ta = -10°C to +70°C, Vpp = 5V t 10% X1 Input Rise Time xn 02
Limits Xy Input Fall Time txF 0.2
Parameter Symbol Min Typ Max Unit Test Conditions
X4 Input Clock Width
Input Vin 0.7 Vpp Vpp All Inputs Other than (Highy tXH 15
Voltage v CLy Xy
High Vau  Vpp -05 Voo Cly, Xy {Ijou')""' Clock Width e 15 .
input Vo [] 0.3 Vpp All Inputs Other than T
Voltage CLy, X4 .
Low Vo [ 0.5 ClLy, X4 Bus 1/O Operation
Input [ Al Inputs Other V| = V)
I:‘oplkago Ly lhln“gL:, X4 or oo Limits
ﬁ‘lz:“"‘ ™ 30 KA i X1 Parameter Symbol Min Typ Max Unit Test Conditions
Input [ -3 All Inputs Other V| = OV ALE Puise Width - .
Lonkege b thun“g‘!::, X ! tighy W 600 ns
Current HA
Low e -10 G, Xq Address Setup Time . 200 e
Output to ALE! AL
Voltage Vou Vpp - 1.0 v
High ° ::::.A.I:E':DM Time fa 100 ns
3""’“‘ v Output Data §
. t
o Vo o4 v TmetoBOUT © ‘oo 200 ne
Output Qutput Data Hold
Cunene 0y 3 vA Vo = Vpp Time after ‘oo 1% "
High DOUT Pulse Width 60
Output (Low) tooL 0 ns
Leakage |
Lo, -3 HA Vo = 0V ALE - Data Input
E::vrm - Vaiid Tlm.o. e tLov 700  ns
Normal Operation Address -~ Data Input
[ 2000 All Output Pins Open t 900 ns
DD HA - auswéono?l:u” Valid Time ADV
2:'::% 'bog 2 20 uA  Stop Mode, X4 = OV -5353 Pulse Width tpsL 1200 ns
Ibbpr 04 10 smo Retemlor‘nl Mode
DDpg = 20 cilfdﬁﬁm'i‘“ Input tpsy 60 ns
PSEN ~ Data Float 1, [} ns
Capacitance PSOF
Ta = 25°C, Vpp = OV
Limits
Parameter Symbol  Min Typ Max Unit Test Conditions
Input Capacitance Cin 15 pF f = 1MH2
Output Capacitance Cout 15 pF pins
110 Capacitance Cio 15  pF feturnedtoVgg
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Port 1 1/0 Operation

COther Operations

Limits Limits
Parameter Symbol Min Typ Max Unit TestC Parameter Symbol Min Typ Max Unit Test Conditions
Port 1 Output Setup INTq Pulse Width
Time to STBY tpsT 200 ne High YigH 10 vs
Port 1 Output Hold INTg Pulse Width
T attor STB! tatp 100 ns  Port Output Mode row gL 10 -
57D Pulse Width INT{ Pulse Width
(Low) 1871, €00 ns Migh W 211y e
Output Data Setup INT4 Pulse Width
Time to STBt tpsT 300 ns Low L 21y us
Output Data Hold INT, Pulse Width
Time after 5781 1sTD 100 ns High tigH 2y Hs
STB! —~ Input Data INT3 Pulse Width
Valid Time 1DV 850 ns oW oL 2y -
8T8 - Input Data RESET Pulse Width
Float Time tSTOF o ns Aigh RSH 10 us
Control Setup Ti ‘AESET Pulse Width
o aTey P Time tcsT 200 ns 1O Expander Mode Low trsy 10 ™
Control Hold Time
after STBY tsTC 100 ns
STB Pulse Width
(Low) tgTL, 1200 ns
CSOUT Setup Time
to STBI tcssT 200 ns
CSOUT Hold Time
atter §TBI ts1CS 100 ne
Serial Interface Operation
Limits
Parameter Symbol " Min Typ Max Unit Test Conditions
_ 4.0 us  Input
SCK Cycle Time ey
8.7 e Output
SCK Pulse Width 18 s Input
High KH
3.0 HS Output
SCK Pulse Widih 18 us lnput
Low LR
3.0 e Output
8l Setup Time
1o SCK} tsIK 300 ns
S1 Hold Time after
SCKt kst 450 ns
SO Output Delay after
sert T 4 kS0 850
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Clock Timing Waveforms

teL.

e

tCH

CL1 Input ————\
K.

tCR—~ |+—

uPD7500

1/tx
XL tXH
X1 tnput —\ i N
i Y \
IXR —»f f—
Bus 1/0 Timing Waveforms
oLy
tiLH
ALE
la————1AL. et A~
T TN T N

BUSg_7 3 A g
BUSyo_13 -\-_.._.___’_’/‘ 7

e L r

BUSg ¢ >Z \)< >< Data Out
h £ S
—-—TODO
tDOD
DouT \ -
be——tLOV ——] ‘
tADV }——twoL
PSEN Z_
1PSL
oY tPSDF

BUSy_7 -
808?0_13 Data in '8
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Strobe Output Timing Waveforms

Pio-P13 i Output Data Eﬁ
tpsT fe—ts Tp—f
tSTL,
Port 1 /O Expander Port Timing Waveforms
E: der 4 J '
Port _— Port Control z Output Date ) %E—_
Output T
tDST [—tSTD—~
Expand e
o "________Z Port Contro) — mputoata |
Input b A
tSTOV |-——1STOF —=]
r-1STC-
—_ b 1csT 1871,
§7B -
i)
[-1STCS
tCSST

CSouT ﬁ

Serlal Interface Timing Waveforms

tKey

KL

- N

tKH

r-"SIK

p
y,
st { Input Data R[—‘
—tKSO
S0 Output Data X
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Interrupt input Timing Waveforms
INTy

wPD7500

ttoL. tIoH
(Rising Edge Triggered) \ , $
INT4 .
L titH
Rising Edge Triggered) '
(Rising Edge Triggered) Z —
T T
U1K tHL
INT4 /( /
{Falling Edge Trigg:
INT2 . .
(Rising Edge Triggered) \ 2L R il
RESET Input Timing
tRSL ‘ l tRSH
RESET \
Operating Characteristics
- °
Typlcal, Ty = 26°C Supply Current
vs
System Clock Oscillation Frequency System Clock Osciltation Frequency
(Note (D ) vs
Resistance
Cla CLy VDD = 5.0V
250
Cl2 CL
500 [ote cu |
I :
- C = 33pF
z 200 T = 100pF C = 56pF g T
3 = 200
8 / > N voo = sv
H 150 g
3 L H
© & 100
£ c
s / / 2
a iz £
100 2
© 50
50
100 200 300 400 500 50 100 200 500

Oscillation Frequency f¢ (KH2)

Note:

Resistance R (K ohms)

@ Only R/C system clock is operating and consuming power. All other internal logic blocks are

not active.
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NEC MC-430P
NEC Electronics U.S.A. Inc.

Microcomputer Division
HYBRID UV EPROM
4-BIT SINGLE CHIP MICROCOMPUTER

DESCRIPTION  The MC-430P is a hybrid chip containing a uPD556B ROM-less Evaluation chip, a
©PD2716 2K x 8-bit UV EPROM, a uPC7905 3-terminal volitage regulator, and pull-up
resistors on the same ceramic substrate, The MC-430P is pin-compatible with the
#PD546C/uPD547C, and can emulate the high-voltage drive or CMOS uCOM-4 micro-
computers with the corresponding 1/0 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 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 |, 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.

PIN CONFIGURATION MC-430P (PIN COMPATIBLE EPROM WRITE PADS (.PD2716)
WITH uPD546/.PD547)
et ™ 42PcLg
Pcod 2 410 vge
pci(] 3 40[1PB3
PCa] 4- 39[1PB2
PC3] 5 38[1P81
Wi e 3700pBg
RESET 7 361 PA3
PDol] 8 35 PAZ
PD1 9 34 PAq
PD2[J10 MC 330 PAp Aro-+40] Gaf—ovee
PD3C 11 430", 320 Pip e 0~z ] [Z}—o0%e
PEo 12 313 Py s 03] o4
PE1[]13 30 Plg :4 o—t{a] E*—OX{P
PE2 14 29[ PH3 A; g:{%] % :821
:'5:3 s 28[) PH2 a0 ]t —oTeron
PFoc:us 27[TpH4 o 0] [Fl~o07
117 26[1 PHg 00 0=4[ 5] G005
PF2 18 25[] PG3 01 0-4[15] 005
restg s SIS cofnl  Ca-oou
anp 00— 12 13]~0o0.
vss(21 22[1PGo — LeJi—oo,
PIN NAMES PIN NAMES
PAQ-PA3 Input Port A Ag-A1g Addresses
EE Output Enabl
PBp-PB3 Input Port B ) 5, D:t:Oulputs'
PCp-PC3 Input/Output Port C 1PGM Chip Enable/Program
PDg-PD3 input/Output Port D
PEQ-PE3 Output Port E
PFg-PF3 - Output Port F
PGp-PG3 Qutput Port G
PHQ-PH3 Output Port H
Plg-Pl2 Qutput Port |
iNT Interrupt Input
ClLo-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
©o
Lo
Ll 07
S
oA30
P80
SN O
PCyg ) o
17 |Y Vo
"o ver vpp
P30 GND GaNn
by NS M A
C Yo
fao 0558 P Ao
uPD5sE P1o p 14 5t NS L
a0 ) TEfPGM
o e
urt-2718
o {EPIOME
Pz
ANT
nESET Sp—
sTEP —
ankAK | n
AcciPe 1
Ao
s vss
ﬂ urcTacs

1: uPD556

2 : Pull-Up Resistors

3 : uPC7905 (3-Terminal 5 Volt Voitage Requlator)
4 : uPD2716 (EPROM)

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

Operating Temperature . .. ........«cuoeeenunn e.......=10°Cto+70°C
Storage Temperature . . . ... .. vvu v e eoreoneaneanennnns -25°C to +85°C
Supply VOIage, VGG « -+« v v v v ee et iiasm e -15 to +0.3V
INPUt VOIAGES . .. o v ie i ie e e e e i e -15 to +0.3V
Output Voltages . . . . .. ..o v it e it ... ~15t0 +0.3V
Output Current (Total, all ports) . .. ...... vt -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

AC CHARACTERISTICS

CAPACITANCE

CLOCK WAVEFORM

Ta=-10°Cto +70°C; VGG = ~10V + 10%, Vgg = 0V’

MC-430P

LIMITS TEST
PARAMETER SYMBOL MIN ITYP MAX UNIT CONDITIONS
. : Ports A through D, iNT,
input Voltage High VIH 0 -20 v RESET
’ Ports A through D, iNT,
tnput Voltage Low ViL ~-43 VGG v RESET
Clock Voltage High VoH 0 08| Vv CLg Input, External Clock
Clack Voitage Low VoL -6.0 VGG v CLg Input, External Clock
' Ports A through D, INT,
Input Leakage Current High aH +10 uA RESET, V| = -1V
: Ports A through D, TNT,
Input Leakage Current Low i T10 uA RESET, V| = -11V
Clock input Leakage Current High I|_¢,H +200 HA CLg Input, Vg = 0V
Clock input Leakage Current Low Lol -200 uA ClLg Input, Vg = -11V
’ Ports C through |,
Vo, SOV oh=-1oma
Output Voltage High
v 23 v Ports C through I,
OHz e I0H = -3.3mA
. Ports C through |,
(?u(put Leakage Current Low 'l.QL -10 uA Vo =11V
Supply Current GG -110 |[=165 mA
Ta =-10°C to +70°C; VGG = -10V ¢ 10%
] LIMITS TEST
PARAMETER SYMBOL | MIN TYP MAX UNIT CONDITIONS
Oscillator Frequency f 150 440 KHz
Riss and Fall Times tr. tf [} 0.3 us
Clock Pulse Width High Wy 05 56 us EXTERNAL CLOCK
Clock Pulse Width Low oW 05 5.6 Hus
Ta = 26°C
‘ LimMITS TesT
PARAMETER SYMBOL | MIN TYP MAX UNIT CONDITIONS
Input Capacitance c 15 pF
Output Capacitance co 40 pF f=1MHz
Input/Qutput Capacitance Cio 30 pF
1/

Vss -4

V¢H [ R ———

VoL |
vag

251




MC-430P

PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE
Ta=25°C 2 5°C; Voe D = 45V & 5% vpp D@ = 425v = 1v

LIMITS

PARAMETER SYMBOL MIN. | TYP. | MAX. UNIT TEST CONDITIONS
Input High Voltage ViK +2.0 Vee +1 v
Input Low Voltage ViL 0.1 +0.8 v
Input Leakage Current TR 10 HA Vi = 5.26V/0.45V
Vpp Current aa *® mA | TEraM vy, ::: :: :::::\

\pp2 +30 mA | TE/PGM = vy Program Mode

Vg Current’ lee +100 mA

PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE
T,=25C £ 5°C; Voo D= 45v 2 5% vpp DD = 425v « 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 1S 2 Hs
Address Hold Time tAH 2 _Hs
OE Hold Time 10EH 2 us
Data Hold Time tOH 2 us
Output Enable to Output Float Delay | tDF 0 120 ns CE/PGM = ViL
Output Enable to Output Delay t0E 120 ns CE/PGM = Vip
Program Pulse Width tPW 45 | 50 55 ms
Program Pulse Rise Time PRT 5 ns
Program Pulse Fall Time tPFT 5 ns
Test Conditions:
Input Pulse Levels . ... ...... 0.8V t0 2.2V 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, progrém inhibit, and program verify, @ maximur of +26V
should be spplied 10 the Vpp pin. Overshoot voltages to be generated by the Vpp
power supply should be limited 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 VouTt =0V
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MC-430P

PROGRAM MODE
TIMING WAVEFORM

|+——PROGRAM ———s~tw— PROGRAM VERIFY -

Ag-10 ADDRESS N >< ADDRESS N+m

-—tAs-—' e———tAH——

—
3 VALID INPUT VALID ~ N VALID INPUT
Qo7 ADDRESS N o 4 LOUTEUT A\ ADDRESSN +m
tDF——-| — t0E L—toF

o DS toH
tPPwW |
tOES —e~ e— tOE
CE/PGM 7Z L " /
PRT-»{ - Fe—tpFT
PACKAGE OUTLINE (Units: mm) 56,6 MAX
T T T [
: ﬂ
'; o~
R 30 o e o 3] R
! o | = = = 1
@ 25403 2.0 i
1 - 270405 —— = 15:03
r4
‘_r'jﬁI L ,—-3?;5”'“"
— ] ] ] - : |
57 H? — —
TUTYIIIVOSCTIVIVT I, e
- 50.8 0.570-26 S 01
-0.4 3 15,24
N

MC-430Pds-12-81-CAT
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MICROCOMPUTERS

SINGLE CHIP 8-BIT MICROCOMPUTERS ,






NEC uPD7800
NEC Electronics US.A. Inc.

Microcomputer Division

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

DESCRIPTION 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 8080A 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.

FEATURES e NMOS Silicon Gate Technology Requiring Single +5V Supply.
¢ Single-Chip Microcomputer with On-Chip ALU, RAM and 1/0
— 128 Bytes RAM
— 321/0 Lines
¢ 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
o Multi-Level Stack-Capabilities
o Fast 2 us Cycle Time
e Bus Sharing Capabilities
PIN CONFIGURATION "2k 5! N apP vecsn
— 2 63 = ABqs
. DBy 3 6213 ABy3
DBgC—H 4 61 =2 ABy
DBg 5 60 AByg
DBs—] 6 59 —— ABqg
DBy ] 7 58 ABy
DB2C—] g 57 = ABg
DBy 9 56— ABy
DBo c——10 55— ABg
INT2 11 54D ABg
INTye—]12 53 ABg
INTg 13 52 AB3
WKI'?:M 51— ABy
M =15 uPD 50— ABq
WR =16 7800 49— Agp
RO 17 48k  pBy
PC; —]18 47 3 PBg
Pcﬁé 19 46 ) PBg
:gs go a5 :ga
4 421 44 3
PC3 —=—]22 43 = PB;
:gz 23 2B :31
1 24 41— PBg
;&% 25 40 PA7
/32 39— PAg
Sl gz 38 PAg
S0 —— 37 3 PA4
—]20 36 3 PAg
STB =30 32 — ;.:2
= k1l 34 1
Vss 0V}, =32 33 = PAy
TM: Z80 is a registered trademark of Zilog, Inc. Rev/1
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PIN NO.

DESIGNATION

FUNCTION

1, 49-63

2

3-10

"
12

13

14

15

16

17

18-25

26

27

28

29
30

31
3340
41.48

ABg-AB15

EXT

DBg-DB7

INTo
INT4

INT2

WAIT

M1

PCo-PC7

SCK

St

SO

RESET
STB

X1
PAQ-PA7
PBo-PB7

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

(Output) EXT is used to simulzte 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, WATT 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/O 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 1/0 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
S! 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 St line. Data is clocked into the Serial
Register MSB to LSB with the rising edge of SCK.

{Output) SO is the Serial Qutput 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.
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BLOCK DIAGRAM

3 AB,
J g [
8 é
2 ABp.7
I < -
wr 7 J
LATCH
INC/DEC
INTp O————-] PC
sP
INT| Q] INT v A
DATA
CONTROL B [4 MAIN MEMORY
INT2 Ome—in} o L GR. (128 BYTE)
H L
v A
10 i) c ALT
D € G.R.
PCa/TO TIMER H L BUFFER
BUFFER
DBy
PC2/5C8 O

fS/P CONVERSIO

K=

LATCH LATCH

INST REG

Fod SERIAL
s00-
DECODER
3 17
MODE B 8
. 4 HOLD TIMING SYSTEM
oA coNTROL | READMRITECONTROL | oyrRotL CONTROL
FAT0 pCy/ PCg/ - -AD WA pcghO/M M1 WATT RESET STB EXT  veo Vss X4

HOLD HLDA
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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
1PD7800 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 normaliy used for Port
E operation with the uPD7801 are used as the address bus on the uPD7800. ABg-

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 *he address bus.

The value OTH is output to the data bus. STB becornes 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/O 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

45 (———
1PD7€00
0. uF r Pt 10K

3y

cK
{0 o (] =)

:— 820 820 ° g SR
- I ]
T -

4.00 MH2

260

FUNCT!ONAL DESCRIPTION



uPD7800

ABSOLUTE MAXIMUM  Operating Temperature ...............cc00ensern..... =10°Cto+70°C
RATINGS* Storage Temperature . ................0c00evvne..... —65°Cto+150°C
Voltage On AnyPin .............. .. iieeeiins ... =03V 10+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 thess or
any other conditions above those indicated in the oparational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

DC CHARACTERISTICS Tg=-10°C ~ +70°C, VcC = +6.0V # 10%

LIMITS TEST
PARAMETER SYMBOL { MIN { TYP| MAX | UNITS | CONDITIONS
Input Low Voitage ViL 0 08 v
Input High Voltage ML 20 Vee v Except SCK, X1
ViH2 38 Vee| Vv 5CK, X1
Output Low Voltage VoL : 045 V loL=2.0mA
Output High Voltage V~OH1 24 v loy = ~100 44
VoH2 | 20 A 1oH =—500 uA
Low Level Input Leakage Current lLie . -10 uA VN =0V
High Level Input Leakage Current LM 10 nA ViN =Vce
Low Level Output Leakage Current | 1 oL -10 uA VouTt =045V
High Level Output Leakage Current] 1 on 10 »A  |VouT=Vce
Ve Power Supply Current Icc 110 200 mA
CAPACITANCE Ta=25°C Vce = GND = 0V
LIMITS TEST
PARAMETER SYMBOL | MIN| TYP] MAX | UNITS | CONDITIONS
Input Capacitance Cy : 10 pF fc =1 MHz2
Output Capacitance Co 20 pF Al pins not
| Input/Output Capacitance Cio . 20 pF . under test at OV
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Tg=-10°C to +70°C, Voo = +5.0V £ 10%

CLOCK TIMING

CIMITS TEST
PARAMETER SYMBOL, MIN MAX UNITS | CONDITIONS
XouT Cycle Time tCYX 454 2000 rs tevYx
XouyT Low Level Width| tXXL 212 rig tXXL
XouT High Level Width|  txxH 212 " TIXH
READ/WRITE OPERATION
LIMITS TEST
| PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS
RO L.E.—+ XoyT L-E. tRX 20 ns
Address (PEg.1g) — Data] tAp1 650 +500 x N| rs
input .
T.E. - Address RA 200(T3); 700(T4) s
L.E. - Data Input tRD 350 +500xN| ns
D T.E. — Data Hold tRDH 1] ns
L‘I’fime
D Low Level Width tAR 860 + 500 x N ns
D LE.WAITLE. | tRwt 450 s
Address (PEg.15) —~ TAWT1 650 ns
WAIT L.E. :
[WATT Set Up Time tWTS 180 s
{Referenced from
XOUT L.E.)
WAIT Hold Time TtWTH 0 As
({Referenced from
Mi—RD L.E. MR 200 a8
RO T.E. - M1 [Ty 200 me |tCYX =500 s
10/M-TRD L.E. 1R 200 ns
RO T.E.+10/M L) 200 ns
Xoyt L-E.~ WR L.E. tXW 270 ns
Address (PEg.15) - tAX 300 ns
XouT T.E. .
Address (PEg.15) — tAD2 450 - ns |
Daté Output i
Data Output — WR tpw | 600+500xN ns
T.E.
[WR T.E. > Data twD 150 ns
Stabilization Time : )
Address (PEg_15) =+ tAW 400 ns
WR L.E.
'WR T.E. —+ Address WA 200 ns
Stabilization Time
WR Low Level Width TWw 600 + 500 x N ns
1O/ —>WH LE. Hw 500 ns
(WK T.E.—~ 10/ twi 250 ns
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AC CHARACTERISTICS = SERIAL 1/0 OPERATION

CONT. i
( ) PARAMETER SYMBOL| MIN |MAX | UNIT CONDITION
s ' 800 ns SCK Input
SCK Cycle T t
vele Time CYK ™ 900(4000 | ns | SCK Output
. 350 ns SCK Input
SCK Low Level Width tKKL 200 s SCK Output
SCK High Level Width tKiKH jgg e ggﬁ g‘:t‘::ut
SI Set-Up Time (referenced from SCK T.E.}| tgis 140 ns
Si Hold Time (referenced from SCK T.E.) tSIH 260 ns
SCK L.E.— SO Delay Time tKO 180 ns
BCS High — SCK L.E. tCSK 100 ns
SCK T.E.— §CS 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 (DBp.7) - STB L.E. tDST 200 toyx = 500 ns
STB Hold Time 1STST 300
STB — Data tSTD 400
HOLD OPERATION
PARAMETER SYMBOL ] MIN |[MAX | UNIT | CONDITION
HOLD Set-Up Time {referenced from tHDS1 100 ns
XouyT L-E) tHDSy | 100 ns
HOLD Hold Time (referenced from BouT tHDH 100 ns
L.E) )
XouT L-E.—~ HLDA tIXHA 100 ns
HLDA High — Bus Floating (High Z Stata) tHABF | -150| 180 ns
HLDA Low — Bus Enable tHABE 3560 ns
Notes:

@ AC Signal waveform (unless otherwise specified)

24
X POINTS 0.8
0.45 23

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

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

PARAMETER EQUATION MIN/MAX UNIT
RX (1/25) T MIN ns
tAD1 (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
RWT (3/2) T - 300 MAX ns
TAWT, {2) T- 350 MAX ns
tMR (1/2) T- 50 MIN ns
tRM (1/2) T - 50 MIN ns
YR {(1/2) T- 50 MIN ns
tRI (1/2) T- 50 MIN ns
txw (27/50) T MAX ns
tAD, T-50 MIN ns
ipw (3/2+N) T - 150 MIN ns
wp (1/2) T- 100 MIN ns
tAw T- 100 MIN ns
wa (1/2) T- 50 MIN ns
tww (3/2+N) T~ 150 MIN ns
tw T MIN ns
wi /2T MIN ns
tHABE (1/2) T- 150 MAX ns
tAST (2/5) T MIN ns
DST (2/8) T MIN ns
tSTST (3/8) T MIN ns
1STD (4/8) T MIN ns

Notes: (D) N = Number of Wait States
@ T=tcvx
® Only above parameters are toyx dependent

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

values.
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TIMING WAVEFORMS CLOCK TIMING

oYX

ot XL WXH

READ OPERATION
i— T : :z | ‘Trv:,Arr .!_ Ta %_ T —{
w \ \ \ I \ J \ I
"X
Ag0.18 ADDRESS
1aD4 RA
0Bo.7 { DATA INPUT
"D JE B
L
/R
WA
AWt
T WTs] WTH
™ ) U
e 1R e tAM —a
1078
e tiR —o] a1

WRITE OPERATION

| | |
"I'_" I: T. I TWAIT l T

|
x1 { | 1 \ / \ / _ I/
e tx txw
ABg.18 ) l‘—
WA ]
- I l -
WR —\ i—
WA b —!
AT —
WIS | tWTH
[ g— N
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SERIAL 1/0O OPERATION TIMING WAVEFORMS
teyk (CONT.)
[t KL eag——tKKH:
sl
! lw—tko -~ KO
s0 ——\______——‘___
chK——I L—- — '[‘KCS
scs

PEN, PEX, PER OPERATION

[ T | 2- | T3 T1
“ ‘%‘_\__Jf L
Aggas X
DBQ.7 e} INVALID l
= we Fol -—lfxe "-

EXT 2
——I 1DST  fer— l
AST STST —i ST |
st / X
HOLD OPERATION
—T{T )~ fa——T3(T3) - ATy THOLD e THOLD = -t THiop s T1 ~—
7\ \ / _ \
-mml— " I' *(tHoS;
HOLD J 3
=l >mna
HLDA
8us ADDRESS CONTROL ﬁ,L ¢
4k THABF r'&mnsq
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PACKAGE OUTLINE
wPD7800G

Use. I.C. Sockst NP32-64075G4.
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NEC

uPD7801

NEC Electronics US.A. Inc.

Microcomputer Division

PRODUCT DESCRIPTION

FEATURES

PIN CONFIGURATION reqs/815 (]

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

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

The NEC uPD7801 is an advanced 8-bit general purpose single-chip microcomputer fabricated with
N-Channel Silicon Gate MOS technology.

The NEC uPD7801 is 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 — 4096 x 8 of ROM program memory, 128 x 8 of RAM data memory, 8-bit ALU, 48 1/O
lines, Serial 1/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 vectored interrupt capability combined with a 2 microsecond cycle time enable the uPD7801
to compete with multi-chip microprocessor systems with the advantage that most of the support
functions are on-chip.

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

— 128 Bytes RAM

— 48 1/0 Lines

Internal 12-Bit Programmable Timer

On-Chip 1 MHz Serial Port

Five Level Vectored, Prioritized Interrupt Structure

— Seriai Port

— Timer

— 3 External Interrupts

® Bus Expansion Capabilities

— Fully 8080A Bus Compatible

— 60K Bytes External Memory Address Range
On-Chip Clock Generator

Wait State Capability

Alternate Z80TM Type Register Set

Powerful 140 Instruction Set

8 Address Modes; Including Auto-lncrement/Decrement
Muiti-Level Stack Capabilities

Fast 2 us Cycle Time

Bus Sharing Capabilities

\—/  64f vcci+sv)

1

douT ] 2 631 PE14/AB14

DB7 I 3 62 PE(3/AB13

DB 4 611 PE12/AB13

DBs 4 5 601 PEq1/ABq]

DB4(] 6 69 ] PE10/AB10
Deg 4 7 68 PEg/ABg
D82 8 57 1 PEg/ABg
D81 9 56 1 PE7/ABy
DBo—| 10 85 [} PEg/ABg
INT2 [ 11 641 PEg/ABg
INT{[==] 12 53 (1 PE4/ABy
INTg 13 652 PE3/AB3
WATT ] 14 51 [ PE9/AB)

Ml 316 PD 501 PE1/ABq
WA Ly
16 7801 49 [ PEQ/ABq

RO 17 48[ PB7
PCy ] 18 47 [PBs
PCs (] 19 46 PBs
PCs[—] 20 45 F1PBg
PCa [ 21 441 PBg3
PC3 [~ 22 43 PB2
PC2 []23 42 ipm
PC1[T] 24 41 PBo
PCo (125 400 PA7
SCR 26 39 FPAg
s 27 381 PAs

So 28 37 [PAg
RESET 29 36 PA3
X2 CJ30 35 PA2

X1 31 34 PAq
Vss(ov) 32 33 [T3PAp
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PIN NO.

DESIGNATION

FUNCTION

1, 49-63

"
12

13

15

16

17

18-26

26

27

28

29
30

3N
3340
41-48

PEQ/ABQ-
PE15/AB15
o0UT

DBp-DB7

INTo
INT4

INT2

WAIT

Sl

S10)

RESET
X2

X1
PAQ-PA7
PBg-PB7

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

(Output) ¢OUT provides a prescaled output clock
for use with external 1/0 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) WATT, 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 Qutput, active low) WR, when active,
indicates that the data bus holds valid data. Used
as a strobe signal for external memory or 1/O 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, goes to the high impetlance 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 SI line. Data is clocked into the Serial
Register MSB to LSB-with the rising edge of SCK.

(Output) SO is the Serial Qutput 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 Inpuit,
(Output) 8-bit output port with lasch capability.

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

PEsgiAths g

P a—— "
osc Ll 1 ,L U e anerg

Py s—
Laron
INCIDEC
1o O] e
50
wWio——=] Wt v Y
oATA PrOGRAM
conTROL ® © 1 emony eony
Wt o 3 on a2 avTEl K avre)
W «
v *
a0 > !
o )
#Carto TR " ) FTT

8o

wsT
DECODER
oLD TIMING SvsTEM
PCio PCr2 rarg Az Gy, POy AD VR PCoiON M1 WATT  RESET 20UT  vee vss

HOLD HLDA

FUNCTIONAL Memory Map

DESCRIPTION The uPD7801 can directly address up to 64K bytes of memory. Except for the on-chip
ROM (0-4095) and RAM (65,408-65,535), any memory location can be used as either
ROM or RAM. The followirig memory map defines the 0-64K byte memory space for
the uPD7801 showing that the Reset Start Address, Interrupt Start Address, Call
Tables, etc., are located in the internal ROM area.

0

o [ Reset
INTERNAL
ROM
& 04008 & 41 NTo
4005
4096 8 INTT,
~ ]
T
16{ INTT
EXTERNAL
P MEMORY ( A
32| INT3
61,312x8 ¥
64| INTS
65,407 56 SOFT |
65,409 cowaoor 1} o
INTERNAL HIGH ADDR
RAM LOW ADDR }‘ﬂ
65,535 HIGH ADDR
T A
LOW ADDR |}, . 43
HIGH ADDR
USER'S #
T ARea

27



uPD7801

1/0 Ports FUNCTIONAL
- DESCRIPTION
PORT FUNCTIONS (CONT.)
Port A 8-bit output port with latch
Port B 8-bit programmable Input/Output port w/latch
Port C 8-bit nibble 1/0 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 tiansferred between the
dccumulator 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.

Port B

Port B is an 8-bit 1/O 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 bs either an Input

{Mode Bn - 1) or an Output (Mode Bn - 0).

Port C

Port C is an 8-bit 1/0 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 Cph =0 MODE Cp, = 1
PCo Output Input
PC1 Output Input
PC2 'SCS Input Input
PC3 SAK Output Output
PCa To Output Output
PCs 10/M Output Output
PCg HLDA Output Output
PC7 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

- N sT™M
RE- <—| = TIMER
_ SCALER 12 BIT DOWN COUNTER i L =0 TO
(4 us) {\'
BORROW
h
TIMER -
MER - REG
m i ° | rect
. {8} ; ﬁ 1
{ _{ INTERNAL BUS

TIMER BLOCK DIAGRAM

A prdgrammable 12-bit timer is provided bn-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 s 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 availabie 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

8]
ADs wAs

s ,,__D__I SERIAL BUFFER REGISTER
LS8 : L L s ¢ o M58

| S S S . ]

OCTAL COUNTER T8 NTSH
sex

START 81O

PCsISAK O

SERIAL PORT BLOCK DIAGRAM
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The on-chip serial port provides basic synchronous serial communication functions
allowing the NEC uPD7801 to serially interface with external devices.

Serial Transfers are synchropized with either the internal clozk 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 exterral 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 (S1)/Serial Qutput
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 uPD7801 provides a maskable interrupt structure capatle of handling vectored
prioritized interrupts. Interrupts can be generated from six different sources; three
external interrupts, two internal interrupts, and non-maskakle software interrupt.
Each interrupt when activated branches to a designated mernory vector location
for that interrupt.

vt | 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
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FUNCTIONAL
(CONT.)

REGISTERS

uPD7801

RESET (Reset)

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:

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

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

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

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

e 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
o 70 7
[ v . | A
B c Main
' E
H
[ 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 and external memory or 1/0O 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
PQP instruction.

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

p
| OPCODE |l —]I OPERAND

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

Register Indirect Addressing
p memory

opERAND |

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
memory
OPERAND

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

a new operand. This mode provides automatic sequential stepping when working with
a table. of operands.
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ADDRESS MODES (CONT.) Auto-Decrement Addressing

p memory

{AvoreEss ]
i

‘Working Register Addressing

memory
|V Register
PC OPCODE ——I_Con_t_ents_.l {oPERAND

PC+1 displacement
5 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 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
PC OPCODE
PC+1 OPERAND
Immediate Extended Addressing
PC OPCODE
PC+1 Low Operand
PC+2 High Operand
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Operand Description

Notes:

1.

OPERAND DESCRIPTION
r V,A,B,CD,EHL
1 B,C,D,E H,L
r2 A,B,C
sr PA PB PC MK MB MC TMO TM1 S
srl PA PB PC MK S
sr2 PA PB PC MK
rp SP,B,D,H
rpl V,B,D,H .
rpa B, D, H, D+, H+, D-, H-
pal 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 Reg:ster, 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.

. OperandsrPa, rPal, waare 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.
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INSTRUCTION GROUPS

. No. | cLock SKIP FLAGS
MNEMONIC | OPERANDS | BYTES | cYCLES OPERATION CONDITION]| cY| 2z

8-BIT DATA TRANSFER

MoV A 1 4 |riea

MOV A, 1 4 A+erl
MOV sr, A 2 10 st A
MOV A, sr1 2 10 A< srl
MOV r, word 4 17 r « (word)
MOV word, r 4 17 {word) «r
MV r, byte 2 7 f «— 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)*« '(7|L)+, C~C-t

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 rpl 2 17 (SP - 1)>'— P1y, (SP - 2) «rpl1p
Fop ! 2 18 :51::‘<§?+ 1), SP <SP +2
LX1 rp, word 3 10 rp « word

TABLE 1 19 [CoPCr2HA)

B«(PC+2+A+1)

279



uPD7801
INSTRUCTION GROUPS (CONT.)

No. | cLock skip | FLAGS

MNEMONIC | OPERANDS | BYTES | CYCLES OPERATION CONDITION CYI z
ARITHMETIC

ADD Ar 2 8 AeA+r . [ 2
ADD rA 2 8 rer+A t e
ADDX rpa 2 1 A« A+ (rpa} L2
ADC Ar 2 8 A«-A+r+CvY ol
ADC rA 2 8 rer+A+CY [
ADCX rpa 2 1" A« A+ (rpa} + CY t|¢
sus A,r 2 8 A-A-r P
suBs A 2 8 rer-A . 2
susx rpa 2 1 |Aea-tma ' ¢ s
sBB Ar 2 8 A<A-r-CY $ ¢
sBB A 2 8 rer-A-CY R
§BBX rpa 2 1" A« A - (rpa) - CY t ]
ADDNC Ar 2 8 Aw—A+r No Carry E3N B
ADDNC 'r, A 2 8 rer+ A No Carry A
ADDNCX rpa 2 1 A« A + (rpa) No Carry $d
SUBNB Ar 2 8 A«A-r No Borrow F3 K

SUBNB rA 2 . 8 rer-A No Borrow | ¢ |§-
SUBNBX rpa 2 11 A« A~ (rpa} No Borrow | ¢ |¢

LOGICAL

ANA A r 2 B8 A<AN r‘ 3
ANA rA 2 8 r—~rAA 3
ANAX rpa 2 1" A~ A Alrpa) $
ORA Ar 2 8 A«-Avr ’ $
ORA rA 2 8 r<rvAa . $
ORAX rpa 2 1 A« Ay {rpa) 4
XRA Ar 2 8 A—AMT 1
XRA nA 2 8 A<t VA t
XRAX rpa 2 1" A« AW (rpa) e
GTA Ar 2 8 A-r-1 No Borrow t] 4

280



uPD7801
INSTRUCTION GROUPS (CONT.)

No. | cLock skip | FLAGS
_MNEMONIC| OPERANDS | BYTES | CYCLES OPERATION CONDITION CY] z
LOGICAL (CONT.)
GTAX rpe 2 1‘1 .A - (rpa) = 1 No Borrow t]t
LTA Ar 2 8 A-r Borrow ${¢
LTA r,A 2 8 r-A : Borrow t] ¢
LTAX rpa 2 11 A - (rpa) Borrow 113
ONA ‘ Ar 2 8 AATY No Zero 4
. ONAX rpa 2 1 A A(rpa) No Zero $
OFFA A, r 2 8 AAT Zero t_
OFFAX | rpa 2 1 AA (rpa) Zero $
NEA A,r 2 8 A-r No Zero $t1 e
NEA + A 2 B8 r-A - No Zero -
NEAX rpa 2 11 A - (rpa) No Zero F3
EQA A,r 2 8 A-r Zero $]¢
EQA r,A 2 8 r-A Zero L3 4
EQAX rpa 2 1 A - (rpa) Zero t]4
‘ IMMEDIATE DATA TRANSFER (ACCUMULATOR)
XRI A, byte 2 7 A < A Mbyte $
ADINC A,byte 2 7 jA~A+byte - No Carry t1¢
SUINB A, byte 2 7 A+« A -~byte No Borrow 1
AD{ A, byte 2 7 ‘A +~ A +byte t]¢
ACI A, byte 2 7 A+ A +byte+CY t]e
sul A, byte 2 7 A+ A -byte . $]¢
SBI A, byte 2 7 A+ A-byte-CY tlt
ANI A, byte 2 7 A« AAbyte $
ORI A, byte C2 7 A<~ AVbyts t
GTI A, byte 2 7 A-byte-1 . No Borrow E
LT A, byte 2 7 A - byte Borrow $]¢
ONI A, byte 2 7 A A byte . No Zero $
OFFI A, byte 2 7 AA byte 2ero $
NEI A, byte 2 7 A - byte . No Zero $]¢
EQ! A, byte 2 7 A - byte 2Zero $]3
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INSTRUCTION GROUPS (CONT.)

NO. CLOCK SKIP FLAGS
MNEMONIC | OPERANDS | BYTES | CYCLES OPERATION CONDITION Cﬁ r4
IMMEDIATE DATA TRANSFER
XR1 r, byte 3 11 rer¥byte !
ADINC r, byte 3 1" r«r+byte No Carry I
SUINB r, byte 3 1 r+r-byte No Borrow t it
AD! r, byte 3 1 rer+byte i » 11t
ACl r,byte 3 1 rer+byte + CY 1]
SuUl r,byte 3 1 r+r-byte 2 I
SBi r, byte 3 1 r+r~byte=CY t ¢
ANI r,byte 3 " r < r Abyte t ]
ORJ r, byte 3 11 r < ryvbyte 4
GT! r, byte 3 1 r—byte -1 No Borrow tit
LTI r, byte 3 1 r - byte Borrow I
ONI r, byte 3 1 r Abyte No Zero b
OFFI r, byte 3 1" rAbyte Zero 1
NEI r, byte 3 1" r - byte No Zero ' 3 I
EQ! r,byte 3 1 r - byte ; Zero 1]t
IMMEDIATE DATA TRANSFER (SPECIAL REGISTER) |
XR1 sr2, byte 3 17 sr2 —sr2 ¥ byte ¢
ADINC sr2, byteA 3 17 8r2 —sr2 + byte No Carry 1 2
SUINB sr2, byte 3 17 sr2 < sr2 - byte No Borrow [ 2
ADI sr2, byte 3 17 sr2 « sr2 + byte t]t
ACI sr2, byte 3 17 sr2 < sr2 + byte + CY 3
Sul sr2, byte 3 17 sr2 « 5r2 - byte 41 ¢
sBi sr2, byte 3 17 sr2 < sr2 — byte - CY ' [
ANI sr2, byte 3 17 sr2 < sr2 Abyte t
ORI ‘ sr2, byte 3 17 sr2 « sr2 vbyte 3
GTI sr2, byte 3 14 sr2 - byte — No Borrow 1]t
LTI sr2, byte 3 14 sr2 —- byte Borrow $ . t
ONI sr2, byte 3 14 sr2A byte No Zero 13
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INSTRUCTION GROUPS (CONT.)

: no. | cLock skip | FLAGS
MNEMONIC | OPERANDS | BYTES |CYCLES OPERATION - CONDITION CVrZ
IMMEDIATE DATA TRANSFER (SPECIAL REGISTER) (CONT.)
OFFI sr2, byte 3 14 sr2 Abyte Zero t
NEI sr2, byte 3 14 sr2 - byte No Zero t ]
EQI sr2,byte - 3 14 sr2 - byte Zero tit
WORKING REGISTER
XRAW wa 3 14 v A~ AM(V,wa) 1
ADDNCW | wa 3 | 14 Ja-A+(v,wa No Carry 1]t
SUBNBW, | wa 3 14 |aca-iv,we) NoBorrow | 1 | ¢
ADDW wa 3 14 A<—A+(V,wa) K
ADCW wa 1 s 14 |AcA+(V,wa)+CY t{t
suBwW wa 3 14 A «~A-({V,wa) 3 I
SBBW .| wa ' 3 14 |A=A-(V,wal- CW ° 1]
ANAW wa 3 14 A<~AA(V,wa) t
ORAW wa ) 3 14 A=AV, wa) t
GTAW wa 3 14 AV, v;m) -1 No Borrow t e
CLTAW wa 3 14 |A-(v,wa) Borrow t 1t
ONAW wa : 3 14 A AV, wa) No Zero t
OFFAW wa ‘ 3. 14 |AA(V, wa) Zero t
l NEAW wa 3 14 A - (V, wa) _ No Zero F I
EQAW wa 3 14 A -1V, wa) Zero t]t
ANIW we; byte 3 16 . | (v, wa) =V, wal Abyte t
ORIW wa, byte 3 16 | (V,wa) < (V, wa) vbyte ?
GTIW wa, byte 3 13 (V,wa)~byte-1 - No Borrow t 1
LTIW wa, byte 3 13 (v, wa) - byte Borrow 11t
ONIW wa, byte 3 13 (v, wa_)/\ byte No Zero t
OFFIW wa,byte [ 3 13 (V, wa) A byte ‘ Zero t
NEIW wa, byte 3 13 (V, wa) - byte No Zero 1]t
EQiwW wa, byte 3. 13 (V, wa) - byte ) Zero 1]t
INCREMENT/DECREMENT
INR r2 1 4 2+r2+1 Carry H
INRW wa 2 13 {V,wa) « (V,wa) +1 Carry 4
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INSTRUCTION GROUPS (CONT.)

No. | cLock skip | FLAGS
MNEMONIC | OPERANDS | BYTES | CYCLES OPERATION CONDITION | CY I 2
INCREMENT/DECREMENT (CONT.)

DCR r2 1 4 r2<r2-1 Borrow 1
DCRW wa 2 13 (V, wa) «~ (V, wa) - 1 Borrow 1

INX p 1 7 pe—rp+i

DCX rp 1 7 p—rp-1

DAA 1 4 Decimal Adjust Accumulator KN B
STC 2 8 CY <1 1
cLC 2 8 CY+o0 (o}

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 1
RCL 2 8 Cm+1+Cm,Co+CY,CY «Cy [
RAR‘ ) 2 8 Am - 1< Am, A7 —CY,CY « Ag 1
RCR 2 8 Cm=-1+Cm,C7+CY,CY g $
SHAL 2 8 Am+ 1+ Am,Ag+0,CY « Ay $v
SHCL 2 8 | Cm+1+<CM,Cg«0,CY«Cy 1
SHAR 2 8 Am-1<Am,A7+~0,CY «~Ag t
SHCR 2 8 Cm-1+<Cm,C7+0,CY «~C¢: t

JumpP

JMP word 3 10 PC « word

JB 1 4 PCH+B,PCL+-C

JR word 1 13 PC «PC + 1 + jdisp1

JRE word 2 13 PC « PC + 2 + jdisp

CALL

CALL word 3 16 :;S,??): ch;:c);"; SP-2)-

CALB 1 13 tﬁz__ :))I: ;(a:;(;_‘_.j )BHP((?:LZC) -

i Jwow | 2 | e [marteags e

CALT word 1 19 ‘F’ﬂ’;l"‘;;g‘f;:: )H ;:(g:f();g’fz; 1a :L

N A i
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INSTRUCTION GROUPS (CONT.)

No. | cLock SKIP FLAGS
MNEMONIC | OPERANDS | BYTES | CYCLES OPERATION CONDITION [cY ]|z
RETURN
PCL < (SP), PCH — (5P + 1)
RET . 1 (AR s
PCL « (SP), PCy — (8P + 11,
RETS ! V1% | 5plsp +2,PC—PC+n
PCL < (SP), PCH — ISP + 1)
I
RET ! 15 ) pSWe(SP+2), 5P—SP+3,5IRQ-0
SKIP
BIT bit, wa 2 10 | Bit test £V1"‘”a’b“
SKC 2 8 |skipifcarry cy=1
SKNC 2 8 Skip if No Carry CY=0
sKZ 2 8 | skipif Zero , z=1
SKNZ 2 8 Skip if No Zero Z=0
Skip if INTX =1,
f -
SKIT 2 8 then reset INT X f=1
L skNIT ; ) g | SkipifNo INT X ‘=0

otherwise reset INT X

CPU CONTROL

T NOP 1 4 No Operation
El 2 8 Enable Interrupt
DI 2 8 Disable Interrupt
HLT 1 (4] Halt

SERIAL PORT CONTROL

sio 1 4 Start (Trigger) Serial 1/0

ST™M 1 4 Start Timer
INPUT/OUTPUT

IN byte 2 10 |28 50'3;'08'“70 byte

ouT byte 2 10 gg;i;e:AB,ABm ~byte

PEX 2 11 PE158 < B,PE7 09+ C

PEN 2 1 PE15.12 ~B7.4

PER 2 1 Port E AB Mode
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Program Status Word (PSW) Operation

OPERATION D6 | D5 4 | D3 | D2 | DO |
REG, MEMORY IMMEDIATE SKiP z SK | HC | L1 Lo | cy
ADD ADDW ADDX ADI
ADC ADCW ADCX AC|
SuUB suBw SUBX suUl ¢ 0 ¢ ° 0 ¢
SBB SBBW SBBX sBI
ANA ANAW ANAX ANI ANIW
ORA ORAW ORAX ORI ORIW 3 0 o 0 0 L]
XRA XRAW XRAX XRI
ADDNC| ADDNCW| ADDNCX | ADINC
SUBNB SUBNBW | SUBNBX SUINB ' p " 0 0 4
GTA GTAW GTAX GTI GTIW
LTA LTAW LTAX LT! LTIW
ONA ONAW ONAX ONI ONIW s P . ° 0 .
OFFA OFFAW OFFAX OFFI OFFIW
NEA NEAW NEAX NEI NEIW p P + 0 0 '
EQA EQAW EQAX EQI EQIW
INR INRW y
DCR DCRW tprfrpologe
DAA t 0 $ 0 0 3
RAL, RAR, RCL, RCR
SHAL, SHAR, SHCL, SHCR i A L e
RLD, RRD . 0 o 0 0 [
§TC . 0 [ 0 0 1
CcLC L] 4] . 0 0 0
MVI A, byte . 1] . 1 0 .
MVI L, byte
‘ 1
LX! H, word ¢ 0 * 0 *
BiIT
SKC
SKNC
SKZ . $ L] 0 0 .
SKNZ
SKIT
SKNIT
RETS [ ] 0 .
All other instructions L] 0 . 0 0 .
¢ Flag affected according to result of operation
1 Flag set
0 Flagreset
o Flag not affected
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ABSOLUTE MAXIMUM Operating Temperature . ........... Ceiieieiianieee .. =10°Cto +70°C

RATINGS* Storage Temperature . ... ......ovveenuenn. e ... —65°Cto +150°C
Voltage On AnyPin .. ............ e v .. =03V 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
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

DC CHARACTERISTICS -10°Cto+70°C, V¢ = +5.0V & 10%

: LIMITS TEST
PARAMETER SYMBOL [ MIN | TYP| MAX | UNITS | CONDITIONS
Input Low Voltage ViL 0 08 \
. ViH1 2.0 Vee | V Except SCK, X1
Input High Voltage Vinz 38 Vee v 5TF. X1
Output Low Voltage VoL 0.45 A\ 1oL =20mA
Output High Voltage Vous 24 Y lon = 7100 kA
VoH2 | 20 \ loH =~500 A
Low Level Input Leakage Current e -10 uA VIN =0V
High Level Input Leakage Current ILIH 10 HA ViN=Vee
Low Level Output Leakage Current | I QL -10 uA VouTt =045V
High Level Output Leakage Current} 1| OH 10 uA VouT = Vee
V¢ Power Supply Current icc 110 [200 mA
CAPACITANCE Ta=26°C, Ve = GND = 0V
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 at 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 tcYxX 227 1000 ns
X1 input Low Level tXXL 106 ns
Width
X1 Input-High Level tXXH 106 ns
Width
$ouT Cycle Time toye 454 2000 ns
$oyUT Low Level Width topl 150 ns
$ouT High Level Width tppH 160 ns |
douT Rise/Fall Time tete 40 ns
READ/WRITE OPERATION
LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS
h'—ﬁ L.E. = ¢QuT L.E. Re 100 ns
Address (PEg.15) - Data| tAD1 6550 +500 x N| ns
Input
[RD T.E. —+ Address tRA 200(T3); 700(T4) ns
[FD L.E.— Data Input | tRD 360 +500 xN| ns |
RO T .E. + Date Hold tRDH 0 hs
Time
[AD Low Level Width RR 850 + 500 x N rs
RO LE WA LE. | tRwT 250 rs
Address {PEg.15) - TAWT1 650 rs
WAIT L.E.
[WAIT Set Up Time tWTS 290 rs
(Referenced from
¢ouT L.E.)
WAIT Hold Time WTH 0 s
(Referenced from
¢ouUT L.E)
M1 > RD L.E. MR 200 )
AOTE SMI "M 200 7 |iCYe."500ns
_19_@-»115 L.E. 1R 200 )
RD T.E.— I10/M tRI 200 [
GOUT LE~WRLE. [ oW 20 125 "
Address (PEg.15) ~ tAg 100 300 ns
ooyt T.E.
Address (PEg.15) —~ tAD2 450 ns
Data Output
Data Output —WHR tpw 600 + 500 x N ns
T.E.
W T.E. - Data twD 160 ns
Stabilization Time
Address (PEg.15) — tAW 400 ns
WR L.E.
WK T.E.— Address WA 200 ns
Stabilization Time ]
[WR Low Level Width ww 600 + 600 x N s
O/ —WHR L.E. tiw 600 ns
[WRT.E.~ 1O/M twi 260 ns
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AC CHARACTERISTICS

uPD7801

(CONT.)
- SERIAL 1/O OPERATION

PARAMETER SYMBOL| MIN |[MAX | UNIT CONDITION
= ) 800 ns | S input
SCK Cycle T . -1

vele Time : CYK  1™800]4000 | ns | SCK Output
TRT . 360 ns SCK Input
SCK Low Level W!dth !KKII._ 200 P —¢——Es X Output
b d ™ : 350 ns | SCK Input
SCK High Level Width tKKH 400 ns SCK Output
SI Set-Up Time (referenced from SCK T.E.}| tgg 140 ns
Sl Hold Time (referenced from SCK T.E.) tSIH 260 ns
SCK L.E. - SO Delay Time tKO 180 ns
5CT High — SCK L.E. tCSK 100 ns
SCK T.E. - SCS Low tKes 100 ns ;
SCKT.E.» SAK Low 1 tksa 260 | ns :
HOLD OPERATION

PAHAMETER SYMBOL | MIN |[MAX | UNIT ]| CONDITION
HOLD Set-Up Time (referenced from tHDS1 200 ns
gouT L.E) ) tHDS, 200 ns
:-_!CéL’D Hold Time (referenced from QQUT ‘HDH o s tCy =500 ns
@ouT L.E. - HLDA tDHA 110| 100 | ns
HLDA High ~ Bus Floating (High Z State) tHABF | -160] 150 ns
HLDA Low —+ Bus Enable” tHABE 350 ns

Notes:

(D AC Signal waveform (unless otherwise specified)

' 2.0 MEASURING 2,

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

24

0.45

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

PARAMETER EQUATION MIN/MAX UNIT
tR$ WmT MIN ns
tAD, (3/2+N) T- 200 MAX “ns
tRa (T3) (1/2) T- 50 MIN ns
tRA (Ta) (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
HR (1/2) T- 50 MIN ns
tRI (1/2) T- 50 MIN ns
hw (1/4) T, MAX - ns
Ad (1/8) T MIN ns
tA[')2 T-50 MIN ns
bw {372+ N) T - 150 MIN ns
wp (1/2) T- 100 MIN ns
tAW T- 100 MIN ns
twa (1/2) T- 50 MIN ns
tww (3/2+N) T- 160 MIN ns
tiw T MIN ns
wi (/2T MIN fis
tHABE {(1/2) T- 150 MAX ns

Notes: (1) 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
ot tX X L tXXH
X1 ___\
—— tr 4\:_"-—
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TIMING WAVEFORMS
{CONT.)

uPD7801

cYe
- —. tool topH
POuUT
tr _—u
READ OPERATION
— Y DU P S B
vour = \ / \ J \ J \ I
) tRCK
PEQ.1S
RA
Oo~7 { READ DATA
Y — = 1ADH
i \
"R
Loug
T Wrs| wrn
1AWTI
i ——
e MR o]
1offr _—
| 117 —ae] 1R —ad
*ACTIVE ONLY WHEN 10/ 1S ENABLED.
WRITE OPERATION
e R —
woor ] \__/ (U J
-ty
PEg.aE
- [e—tas D—
o7 e
wR e
WATT ¥
wrs .!twvu
o/ —

"ACTIVE ONLY WHEN I0/M IS ENABLED.
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r—-———-—- tCYK

SERIAL 1/0 OPERATION

|t K L ——tor] |ttt K K H =i
S | |
| ——..

sl
~~  je—tKO - te—tKO
S
50 ). 4
AY R
‘CsKj L— —] E‘Kcs
SCS
SAK

tKSA—m] L

HOLD OPERATION
— MACHINE CYCLE-
— iyt e te e Lo ~ THOLD o —ThQL ot Ty e
i W | \ ./ L ) U
‘ND!}‘ ' r' v]mm
/ \

HoLo

oA

ADDRESS. CONTROL.

— e
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PACKAGE INFORMATION
uPD7801G-XXX

XXX denotes mask number
assigned by factory at time of
code verification.

Use. I.C. Socket NP32-64075G4.
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NEC

uPD7802

NEC Electronics US.A. Inc.

Microcomputer Division

PRODUCT DESCRIPTION

FEATURES

PIN CONFIGURATION

HIGH END SINGLE CHIP 8-BIT MICROCOMPUTER
WITH 6K ROM

The NEC uPD7802 is an advanced 8-bit general purpose smglefhlp microcomputer fabricated with

N-

Channel Silicon Gate MOS technology

The NEC uPD7802 is mtended 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 func-

- tional blocks — 6144 x 8 of ROM program memory, 64 x 8 of RAM data memory, 8-bit ALU, 48

1/O lines, Serial 1/0 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 6K bytes of ROM program memory and 64 bytes
of RAM data memory greatly extends the range of single chip microcomputer applications. Five
level vectored interrupt capability combined with a 2 microsecond cycle time enable the uPD7802
to compete with multi-chip microprocessor systems with the advantage that most of the support
functions are on-chip. .

e NMOS Silicon Gate Technology Requiring +5V Supply
e Complete Single-Chip Microcomputer with On-Chip ROM, RAM and-1/0
— 6K Bytes ROM
— 64 Bytes RAM.
— 48 1/0 Lines
® Internal 12-Bit Programmable Timer
¢ On-Chip 1 MHz Serial Port
® Five Level Vectored, Prioritized Interrupt Structure
— Serial Port
— Timer
— 3 External Intefrupts
o Bus Expansion Capabilities
~— Fully.8080A Bus Compatible
- B8K Bytes External Memory Address Range
¢ On-Chip Clock Generator
® -Wait State Capability
® Alternate Z80TM Type Register Set
o Powerful 140 Instruction Set
® 8 Address Modes; Including Auto-increment/Decrement
® Multi-Levet Stack Capabilities
® Fast 2 us Cycle Time .
e Bus Sharing Capabilities
PE15/AB15 1 N/ el vce (+5v)
PouT—] 2 "63[ 1 PE14/AB14
DB7 ] 3 62 PEq3/ABy3
DBe(—] 4 611 _1PE19/ABy2
DBs 1 5 6001  PE41/ABy
DBaL—] 6 69 1 PE49/AB1g
bz 1 7 58 1 PEg/ABg
b2 8 57 E peg/ABg
DB O] ¢ 656 1 PE7/ABy
DBor—]-10 ) -55 L) PEg/ABg
CINT2 11 . 640  PEg/ABg
CINT 12 53 LI PE4/AB,
ﬂ“_’lr_Q [= Rk 52 pEy/aBg
WAIT - 14 51 :PEZ/ABZ
MI 15 upD  S0[ PEj/ABy
WR 16 49 PEQ/ABg
"5 17 7802 44 Epm
PC7] 18 . 47 PBe
PCe 19 46 PBs
PCs[] 20 45 M PBg
PCa 21 4411 PB3
PC3 ] 22 43 [CTJPB2
PC2 [J23 42 PBq
PC1] 24 41 [PBo
PCo 125 400 PA7
SCR 26 - 39 [PAe
. 81 Q27 38 PAs
So 28 ’ 37 PAa
RESET: []29 36 PA3
X2 130 35 PA2
X1 31 34 PA1q
Vvss(ov) .32 33 —PAg

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

Rev/1
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PIN NO.

DESIGNATION

FUNCTION:

1, 49-63
s -
3-10

1
12

13

14

15

18-26

26

27
28

29
30

31
3340
41.48

PEg/ABg-
PE15/AB15
¢ouT

DBg-DB7

INTo
INT}

INT2

WAIT

M1

St

SO

RESET
X2

X1
PAQ-PA7
PBo-PB7

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

(Output) ¢oUT provides a prescaled output
clock for use with external 1/Q) devices or
memories. poUT 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 memow

(Input, active high) Level-sensizive mterrupt input.

(Input, active high) Rising-edgé: sensitive ‘interrupt
input. Interrupts are initiated on low-to-high transi-
tions, providing interrupts are 2nabled.

(Input) INT2 is an edge sensitive interrupt input
where the desired activation transition is pro-
grammable. By setting the ES hit 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. WAI WATT 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 machlne cyclz is an OP CODE
FETCH.

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

{Input/Output) 8-bit 1/O conligured as a nibble
1/0Q port or as control lines.

(Input/Qutput) SCK provides control clocks for
Serial Port Input/Output operations. Data on the
Sl line is.clocked into the Ser:al 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 uPD7802.

(Output) Oscillator output,

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

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

[y S— D £
asc [ Dreromens
10
Xy Qo]
LATOH
ncioec
INTo O———-] S
o X
wmn o~ 2 i oATA PROGRAM
conTAOL s o |l mam
MEMORY MEMORY
O — [ € oR. te4 pYTE) o 8vTEl
- W [y
v A
sio B p— |
5 e ]jon R
Fearroo " [y BUFFER BUFFER

HOLO HLOA

. SERIAL
o peed bl
[ T—
insT
DEcopeR
woLo TIMING svstem
Peio  Forz 10 FAro ecy ey @D R pcguoi M1 WATt AESET  0OUT  vec Vss

FUNCTIONAL Memory Map

DESCRIPTION The uPD7802 can directly address up to 64K bytes of memory. Except for the on-chip

ROM (0-6144) and RAM (65, 471-65, 535), any memory location can be used as
either ROM or RAM. The following memory map defines the 0-64K byte memory
space for the uPD7802 showing that the Reset Start Address, Interrupt Start Address,
Call Tables, etc., are located in the Internal ROM area.

° o [_Reser
INTERNAL
ROM
4 ©s1a L ; 4 [ Wi
s [T
6144
6145 a &y
. 6] Ny
EXTERNAL
MEMORY 4 d
™ LT
61,312x8 & 4
6] _inTs
s
65,470 56] SOFT I
66,471 126 [TowaboR } .
INTERNAL 129 [ HIGH ADDR
RAM < 130 |_Low ADDR }t o
65,535 131 [ HIGH ADDR
T T
254 [ LOWADDR |}, _ ¢
255 [ HIGH ADDR
L USER'S
AREA -
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1/0 PORTS FUNCTIONAL
DESCRIPTION
PORT FUNCTIONS (CONT.)
Port A 8-bit output port with latch
Port B 8-bit programmable Input/Output port w/latch
Port C 8-bit nibble 1/0 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 1ransferred between the
accumulator and the ouiput 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.

Port B

Port B is an 8-bit 1/O 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, _ ) or an Output (Mode B,-0

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 1/0 structure per the following table.

MODE Cp, =0 MODE Cp, = 1
PCo Output [ nput
PC1q Output Input
PC2 'SCS Input Input
PC3 SAK OQutput Output
PCq To Output Output
PCs 10/M Output Output
PCg HLDA Output Output
PC7 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 an additional 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 PE(Q.7, respectively.
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FUNCTIONAL
DESCRIPTION
(CONT.)

uPD7802
TIMER OPERATION

o e e ,
E- . l . g -
SCALER 12 BIT DOWN COUNTER T'x'f“ o TO
(4 us) . - A
4 Q BORROW

n % TIMER
‘REG
(TIMER -REGO 1 geg1
C g . | INTERNAL BUS

TIMER BLOCK DIAGRAM

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
intervais from 4 us to 16 ms jn duration, The timer consists of g 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 decrernented: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 resurned. 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 opération.
_Its output (TO) is available externally and may be used in a single pulse made or general
-external synchronization.

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

SERIAL PORT OPERATION

s 3

o SERIAL BUFFER REQISTER
LS8 s, L n " " 2 S8

| S S N N . |

INTERNAL
scx

o

START 81:0

Te

#cusEE ©

PCiSAK O

SERIAL PORT BLOCK DIAGRAM
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i

The on-chip serial port provides basic synchronous serial communication functions FUNCTIONAL
allowing the NEC uPD7802 to serially interface with external devices. DESCR;P“ON
(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 SCR) is.enabled when the Serial Chip Select Signal (SCS) goes low. At this
time receive and transmit operations through the Serial Input port (S1)/Serial Output
port (SO) are enabled. Receive and transmit operanons 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 uPD7802 provides a maskable interrupt structure capable of handling vectored
prioritized interrupts. Interrupts cari be generated from six different sources; three
external interrupts, two internal interrupts, and a non-masicable software interrupt.
Each interrupt when activated branches to a designated memory vector Iocauon
for that interrupt. :

inT | VECTOREDMEMORY | 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
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FUNCTIONAL TRESET (Reset)

DESCRIPTION
(CONT.)

REGISTERS

An active low-signal on this input for more than 4 us forces the uPD7802
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.

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

The contents of the MODE B register are set to FFH, and Port B8

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 W go to

a high impedances state.

Once the RESET input goes high, the program is started at location 0000}.
The uPD7802 contains sixteen 8-bit registers and two 16-bit registers.

0 156
- PC
SP

- =
<
]
>

B c Main
D E
H L

[ v l 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 ov 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 §-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 266 x 8-bit working registers for storing software flags, parametars and counters,

Accumulator (A)

All data transfers between the uPD7802and external memory or 1/Q 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 Address'ng
Auto-Decrement Addressing Immediate Extended Addressing

Register Addressing

T

[orcooe | {orer avo]
OPCODE OPEFRAND

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

Register Indirect Addressing
mn memory

OPCODE ADDRESS OPERAND
0PCODE | [ApoRESS| ]

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

p nemory
OPERAND |

The opcode specifies a register pair which contains the memory address of the
operand. The contents of the register pair Is automatically incromented to point to

a new operand. This mode provides automatic sequential stepp ng when working with
a table of operands.
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ADDRESS MébES (CONT.) Auto-Decrement Addressing

rp memory

s i3

Working Register Addressing
' ' memory
V Register
P(; OPCODE Contents l OPERAND
PC +1 displacement ’ 1
15 8 7

[T +—

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 cprﬁmon fﬁemory 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 ' : Low Operand
PC+2 | High Address  lbyte High Operand
' 2 byte
The two bytes following the opcode specify an address of a location containing the
operand. S
Immediate Addressing
PC. = OPCODE
PC+1 - OPERAND |
Immediate Extended Addressing '
PC OPCODE
PC +1 Low Operand
PC+2 High Operand
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Operand Description

Notes:

1.

OPERAND DESCRIPTION
r - V,A,B,C,D,E H L
4] B,C,D,E H, L
r2 A,B,C
sr PA PB PC MK MB MC TMO TM1 S
srl PA PB PC MK ‘ S
sr2 PA PB PC MK
rp SP,B, D, H
rpl 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 Ragister, MC=Mode C
Register, TMO=Timer Register 0, TM1=Timer Ragister 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, rPal, waare used in indirect addiessing 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.
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INSTRUCTION GROUPS

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

8-BIT.DATA TRANSFER

MoV r1,A i 1 4 rt«A

MoV Al 1 4 Aerl

MOV sr, A 2 10 ST A

MoV A, srt 2 10 A+~srl

MOV r, word 4 17 r + (word)

MOV word, r 4 17 ‘ (word) «r

Mvi 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 « (rps)

EXX 1 4 Exchange register sets
EX . 1 4 V,AsV, A

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

16-81T 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
LecoD word 4 20 C « (word), B « (word + 1)
LDED word ¢ 4 20 € + (word), D + (word + 1)
LHLD word 4 20 L + (word), H « (word + 1)
LSPD word 4 20 | SPy + (word), SPy « (word + 1)
PUSH rp1 2 17 (SP = 1) «rply, (SP - 2) «rp1
Fop el 2 15 :z::.',:‘(g';)n),sp«smz
LX| rp, word 3 10 rp « word

TABLE 1 9 |SoPCr24A

B+ (PC+2+A+1)
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INSTRUCTION GROUPS (CONT.)

NO. | cLock skip | FLAGS
MNEMONIC | OPERANDS | BYTES { CYCLES OPERATION CONDITION ch 2
ARITHMETIC
ADD Ar 2 8 AvAtr t |t
ADD rA 2 8 rer+A F 2
ADDX rpa 2 1 A« A+ (rpa) t |
ADC A,r 2 8 A—A+r+Cy e
ADC rA 2 8 r—r+A+CY L2
ADCX rpa 2 1 A« A+ (rpa) +CY ) e
suB Ar 2 8 AA-r ) E 2
sus LA 2 8 rer-A E2N 4
SUBX rpa 2 11 A<« A - (rpa) 2 I
sBB Ar 2 8 A~A-r-CY F2
sBB A 2 8 rer-A-CY [
$B8BX rpa 2 11 A+~ A-(rpa) - CY F 2 I
ADDNC Ar 2 8 Av-A+r No Carry $ 13
ADDNC rA 2 8 rer+A No Carry LI K
ADDNCX rpa 2 n A« A+ (rpa) No Carry $ |t
SUBNB Ar 2 8 A+~A-r No Borrow F2
SUBNB A 2 8 rer-A No Borrow $ s
SUBNBX rpa 2 1 A« A - (rpa) No Borrow E 2 B
LOGICAL
ANA Ar 2 8 |A<AAr $
ANA A 2 8 r—rAA $
ANAX rpa 2 1 A~ A Alrpa) t
ORA Ar 2 8 A—Avr . t
ORA rA 2 8 rervA 2
ORAX rpa 2 11 A« Av (rpa) 3
XRA Ar 2 8 A+~ AWVr $
XRA ‘ rA 2 8 A—rMA $
XRAX rpa 2 1" A« A M (rpa) %
GTA A 2 V 8 A-r-1 No Borrow t] ¢
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INSTRUCTION GROUPS (CONT.)

no. | ecLock skip | FLAGS
MNEMONIC| OPERANDS | BYTES | CYCLES OPERATION CONDITION C;l z
' LOGICAL (CONT.)
GTAX rpa 2 11 A - (rpa) - 1 No Borrow t]t
LTA A,r 2 8 A-r ‘ Borrow $]¢
LTA rA 2 8 r-A Borrow E N
LTAX rpa 2 1 A~ (rpa) Borrow N
ONA Ar 2 8 Anr No Zero $
ONAX rpa ‘ 2 1A A Af{rpa) No Zero $
QFFA Ar 2 .8 AAT Zero t
OFFAX rpa 2 1" A A (rpa} Zero $
NEA Ar 2 8 A-r No Zero $1¢
NEA rA 2 8 r-A No Zero F3 I
NEAX rpa 2 1" A - (rpa} No Zero $]¢
EQA A,r 2 8 A-r .Zero $1d
EQA rA 2 8 r-A Zero b2
EQAX rpa 2 11 A - (rpa) Zero $4]¢
IMMEDIATE DATA TRANSFER (ACCUMULATOR)
XRI A, byte 2 7 |acavoye ’ $
ADINC A, byte ' 2 7 A« A +byte No Carry [ I
SUINB A,byte 2 7 A+~ A~byte No Borrow t]¢
ADI A, byte 2 7 A« A +byte L3 I
ACI A, byte 2 7 A« A +byte+CY $]¢
SUi A, byte 2 7 A+~ A -byte tfd
s8I A,byte 2 7 A« A-byte-CY 1]
ANI A, byte 2 7 A + AAbyte $
ORI A, byte 2 7 '|A+~Avbyte ) $
GTI A, bv.to 2 7 A-byte-1 No Borrow $ 1
LTi A, byte 2 7 A - byte’ Borrow tt
ONI A, byte 2 7 AA byte No Zero $
OFFI A, byte 2 7 | AAbyte ' 2ero $
NEI| A, byte 2 7 A - byte No Zero $]¢
EQ! A, byte 2 7 A - byte Zero $1¢
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INSTRUCTION GROUPS (CONT.)

No. | cLock SKIP FLAGS
MNEMONIC | OPERANDS | BYTES | CYCLES OPERATION CONDITION |CY| Z
IMMEDIATE DATA TRANSFER
XRI r, byte 3 1 r+r Mbyte $
ADINC r, byte 3 1 rer+byte No Carry $|¢
SUINB f, byte 3 1" r«r - byte No Borrow { ¢ | ¢
AD! r,byte 3 11 rer+byte ]t
ACI r, byte 3 11 rer+byte +CY ¢
sul f,b\"!a 3 1" r+r-byte t e
sBl r, byte 3 1 rer-byte~CY $ ¢
AN} r,byte 3 1" r—r Abyte $ )¢
ORJ r, byte 3 1 r < ryvbyte $
GTi r, byte 3 11 r-byte-1 No Borrow )t
LTI r, byte 3 1 r - byte Borrow ¢
ONI r, byte 3 1" r Abyte No Zero $
OFFI r, byte 3 " rAbyte Zero - 4
NEI 1, byte 3 ) 1" r - byte No Zero ¢
EQl r, byte 3 " r - byte Zero t]t
IMMEDIATE DATA TRANSFER (SPECIAL REGISTER)
XRli sr2, byte 3 17 Sr2 ~— 8r2 ¥ byte $
ADINC sr2, byte 3 17 8r2 «— 8r2 + byte No Carry t
SUINB sr2, byte. 3 17 8r2 « 5r2 - byte ~ No Borrow 1]t
ADI §r2, byte 3 1‘7 $r2 « sr2 + byte ]
ACI sr2, byte 3 17 $r2 « 8r2 + byte + CY t]¢
SUl sr2, byte 3 17 8r2 « sr2 - byte 11t
sBI sr2, byte 3 17 3r2 «~sr2 - byte - CY E 3 I
ANt ' §r2, byte 3 17 sr2 « sr2 Abyte %3
ORI sr2, byte 3 17 8r2 —sr2 vbyte V b1
GTI sr2, byte 3 14 sr2 - byte ~ 1 No Borrow ]t
LTI sr2, byte 3 14 sr2 - byte Borrow 2 B 4
ONI sr2, byte 3 14 Sr2 A byte No Zero $
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INSTRUCTION GROUPS (CONT.)

No. | cLock skip | FLAGS
MNEMONIC | OPERANDS | BYTES [CYCLES -OPERATION CONDITION | CY]| 2
IMMEDIATE DATA TRANSFER (SPECIAL REGISTER) (CONT.)
OFF1 8r2, byte 3 14 sr2 A byte Zero 3
NEI sr2, byte 3 14 32 - byte No Zero t{?
EQI sr2, byte 3 14 sr2 - byte Zero t |
‘WORKING REGISTER
XRAW wa 3 14 A =AMV, wa) t
ADDNCW wa 3 . 14 A<« A+(V,wa) No Carry tle
SUBNBW wa 3 14 A+« A-(V,wa) NoBorrow | ¢ | ¢
ADDW wa 3 14 |aca+v,wa) e
ADCW wa 3 14 A<—A+(V,wa)+CY 11
SUBW wa 3 14 A~ A~ {V,wa) )¢
SBBW wa 3 14 |JA<A-(V,wa)-CW t]t
ANAW wa 3 14 A—AA(V,wa) b
QRAW wa 3 14 A=A vV, wa) t
GTAW wa 3 14 A« (V,wa)-1 . No Borrow t ]
LTAW wa 3 14 A - (V, wa) . Borrow t|¢
ONAW 1 wa 3 14 A AV, wa) No Zero t
OFFAW wa 3 14 AA(V, wa) Zero t
NEAW wa 3 14 . 1A -V, wa) No Zero t )¢
EQAW wa 3 14 A - {V, wa) ' Zero t]
ANIW wa, byte 3 16 (V, wa) + (V, wa) Abyte $
ORIW wa, byte 3 16 (V, wa) « (V, wa) v byte H
GTIW wa, byte 3 13 (V, wa) - byte - 1 No Borrow t ¢
LTIW wa, byte 3 13 (V, wa) - byte Borrow E 2
ONIW wa, byte 3 13 (V, walA byte No Zero $
OFFIw wa, byte 3 13 (V, wa) A byte Zero $
NEIW wa, byte 3 13 (V, wal - byte No Zero F
EQIW wa, byte 3 13 (V, wa) - byte Zero I
INCREMENT/DECREMENT
INR r2 1 4 r2<r2+1 Carry k2
INRW wa 2 13 (V, wa) < (V,wa) +1 Carry 3

309



uPD7802

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 1

DCRW wa 2 13 {V, wa} < (V,wa) -1 Borrow $

INX p 1 7 rperp+1

DCX rp 1 7 rp—rp-1

DAA 1 4 Dacimal Adjust Accumulator t )t

STC 2 8 CY «1 1

cLc 2 8 Cy+«0 V]

ROTATE AND SHIFT

RLD 2 17 Rotate Left Digit

RRD 2 17 Rotate Right Digit

RAL 2 8 Am + 1+ Am, Ag < CY,CY « A7 H

RCL 2 8 |cm+1<cm,co—cv.cY-cy s

RAR 2 8 |Am-1+<Am, A7-CY,CY+ Ag s

RCR 2 8 Cm-1+Cm,C7+~CY,CY«<Cqo 1

SHAL 2 8 Am+1+«Am,Ag«<0,CY < A7 13

SHCL 2 8 |cm+1+<cMm Cop-0,CY<Cy t

SHAR 2 8 Am-1+<Am,A7+0,CY~Ag !

SHCR 2 8 Cm-1+<Cm,C7+0,CY~ (g 3

JUump

Jmp word 3 10 PC «~ word

J8 1 4 | PCH~B,PCL~C

JR word 1 13 | PC—PC+1+dispt

JRE word 2 13 PC « PC + 2 +disp

CALL

CcALL word 3 16 | po- y): @:jl‘:‘;?s"f_z) -

CALB 1 13 :,s,::: :’,; g::(:;: )B",I 'P::s:; ?3) -

S N I N ey

cALT | word 1|10 | reretrzbz per2ssnal

SOFTI 1 19 &Z’.—_ w::”s';tf':sp -3i-Pe
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INSTRUCTION GROUPS (CONT.)

No. | cLock SKIP FLAGS
MNEMONIC | OPERANDS | BYTES | CYCLES OPERATION CONDITION [cY [z
RETURN
, PCL < (SP), PCy — (SP + 17
RET 1 11 SPSP -2
RETS 1 11+a PC « (SP),PCH « (SP + 1),

SP <SP +2,PC+PC+n
PCL « (SP), PCyy — (SP + 1)

RET! ! 5 | pswe(sp+2), 5P~-8P+3, SIRQ—0D
skip ‘

BIT bit, wa 2 10 | Bittet L"{,‘”a““
SKC 2 8 Skip if Carry Ccy=t
SKNC 2 8 | skip if No Carry cy=0
SKZ 2 8 Skip if Zero z=1
SKNZ 2 © 8 Skip if No Zero z=0
st | ! S R e
SKNIT f 2 8 irrlv‘:rl\:/i'::r::; ::\JT X f=0 ]

CPU CONTROL
NOP E 1 4 No Operation
El 2 ‘8 Enable Interrupt
Dl 2 8 Disable Interrupt

HLT 1 6 Halt

SERIAL PORT CONTROL

:][e] ‘ 1 4 Start (Trigger) Serial 1/O

ST™M : 1 4 Start Timer
INPUT/OUTPUT

N byte 2 10 2?_‘ -"E,'g;”os'ABm < byte

out | byt 2 10 33;508::"\970 —byte

PEX 2 11 PE15g < B,PE7g«C

PEN 2 " PE15.12<B74

PER 2 " Port E AB Mode
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‘Program Status Word (PS'V) Operation

OPERATION D6 ] D! D4 | D3 | D2 | DO ]
REG, MEMORY IMMEDIATE SKIP z SK | HC | L1 L0 | cY
ADD ADDW ADDX AD!
ADC ADCW ADCX ACIH
sus suBw SUBX SuUl ¢ 0 $ 0 0 i
SBB SBBW SBBX s8I
ANA ANAW ANAX ANI ANIW
ORA ORAW ORAX ORI ORiW $ 0o . 0 0 .
XRA XRAW XRAX XRI
ADDNC) ADDNCW| ADDNCX | ADINC
SUBNB | SUBNBW | SUBNBX SUINB s s s o 0 s
GTA GTAW GTAX GTI GTIW
LTA LTAW LTAX LTI LTIW
ONA ONAW ONAX ON{ ONIW s N . 0 0 .
OFFA OFFAW OFFAX OFFI OFFIW
NEA NEAW NEAX NE! NEIW s s s 0 0 s
EQA EQAW EQAX EQI! EQIW
INR INRW
OCR DCRW i B e R R
DAA t 0 ¢ 0 0 3
RAL, RAR, RCL, RCR
SHAL, SHAR, SHCL, SHCR B B e L
RLD, RRD . 0 L 0 0 []
STC [ 0 . 0 0 1
cLC [ 0 . 0 0 0
MVI A, byte o 0 . 1 0 °
MVI L, byte
LXI H, word i R e e O
EIT
SKC
SKNC
&K2Z ] $ . 0 0 .
EKNZ
SKIT
SKNIT
RETS (] 1 . 0 [ .
All other instructions . V] . L]
$ Flag affected according to result of operation
1 Flagset
0 Flagreset
e Flag not affected
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ABSOLUTE MAXIMUM Operating Temperature . .............oc00vvereenes... ~10°C10+70°C
RATINGS* Storage Temperature . . .......... e -65°C to +150°C
Voltage On Any Pin ......... ettt .. =03V t0o+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
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

DC CHARACTERISTICS ~-1010 +70°C, Ve = +5.0V £ 10%

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP] MAX | UNITS | CONDITIONS

Input Low Voltage ViL 0 08 Vv

VIH1 20 Vce v Except 5CK, X1 |
Input High Voltage

ViH2 38 Vee \ 5CK, X1
Output Low Voltage VoL . 0.45 \4 loL=20mA
Output High Voltage me 24 v loy = ~100uA

VOH2 20 Vv loH =—500 A
Low Level Input_Leakage Current i “|-10 uA VIN =0V
High Level Input Leakage Current LI 10 uA VIN = Vce
Low Level Output Leakage Current} 1 oL -10 #A  |VouyT =045V
High Level Output Leakage Current| I _OH 10 uA VouT = Vee
Ve Power Supply Current Icc ]10 200 mA

CAPACITANCE Ta=25°C, Vcc = GND =0V
LIMITS TEST
PARAMETER ) SYMBOL | MIN| TYP] MAX | UNITS | CONDITIONS

Input Capacitance Cy 10 pF fe = 1 MHz
Output Capacitance Co 20 pF | All pins not
Input/Qutput Capacitance Cio 20 pF under test at OV
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-10t0 +70°C, Vg = +5.0V * 10% AC CHARACTERISTICS
CLOCK TIMING
LIMITS TEST
PARAMETER SYMBOL MIN MAX UNITS | CONDITIONS
X1 Input Cycle Time teyx 227 1000 ns
X1 Input Low Level XL 106 ns
Width
X1 Input High Level tXXH 106 ns
Width
?ouyT Cycle Time . tCYo 454 2000 ns
POUT Low Level Width tooL 150 ns
¢ouUT High Level Width toppH 150 ns
oouT Rise/Fall Time te X6 40 ns
READ/WRITE OPERATION
LIMITS TEST
) PARAMETER SYMBOL MIN MAX 'UNITS | CONDITIONS
%_U L.E.+¢ouT L.E. tR¢ 100 ns
Address (PEg_1g) — Data| taD1 550 +500 xN| ns
Input
RD T.E. —+ Address tRA 200(T3); 700(T4) ns
‘RD L.E. — Data Input tRD 350 +500 xN| ns
RD T.E. —+ Data Hold tRDH ] ns
Time
[RD Low Level Width tRA 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 tWTS 290 ns
{Referenced from
oouT L.E)
WAIT Hold Time WTH ] ns
(Referenced from
¢ouT L.E)
M1 > RD L.E. MR 200 ns
RO TE > Mt M 200 ms|iCYe =500
1I0/M>TRD L.E. tiR 200 ns
RO T.E.»10/M I 200 ns
$0UT LE-WRLE. | tow 20 126 ns
Address (PEg.15) = tag 100 300 ns
oouT T.E.
Address (PEg.15) ~ tAD2 450 ng
Data Output
Data Output +WR tow 600 + 500 x N ns
T.E.
['WR T.E.— Data twp | 160 ns
Stabilization Time
Address (PEg.15) —~ tAW 400 ns
WR L.E.
T.E. — Address tWA 200 ns
Liﬁgilization Time
Low Level Width tww 600 + 600 x N ns
[oM=WH LE. uw 600 ns
[WE T~ 10/ v 250 e

314



uPD7802

SERIAL 1/0 OPERATION
PARAMETER . SYMBOL{ MIN | MAX 1 UNIT CONDITION
SCK Cycle Time ‘ teyk 800 ns 1 SCK Input
900 | 4000 ns SCK Qutput
T . 350 ns SCK Input
SCK Low Level Width tKKL 400 s SCK Output
- . . . |_380 ns SCK Input
SCK High Level Width tKKH 200 ns SCK Output
S| Set-Up Time (referenced from SCK T.E.) | tgg 140 ns
S| Hold Time (referenced from SCK T.E.) tSIH 260 ns
SCK L.E. —+ SO Delay Time tKo 180 | ns
BCS High — SCK L.E. tesK 100 ns
| SCK T.E. > §CS Low tkes | 100 ns
BCK T.E. - SAK Low tKSA "1 260 | ns
HOLD OPERATION
PARAMETER SYMBOL ] MIN |MAX | UNIT | CONDITION
HOLD Set-Up Time (referenced from tHDS1 200 ns
gouT L.E) tHDS2 200 ns
HOLD Hold Time {referenced from @
LE) ouT tHDH o ns tcye =500 ns
gouT L.E.» HLDA tDHA 110| 100 ns
HLDA High - Bus Floating (High Z State) tHABF | -160| 150 ns
HLDA Low — Bus Enable tHABE 3560 ns

Notes:

@ AC Signal waveform {unless otherwise specified)

20 :> MEASURING < 2.0
0.8 POINTS 0.8

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

24

045

@ L.E. = Leading Edge, T.E. = Trailing Edge
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tcyp DEPENDENT AC PARAMETERS

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¢ =501 ns)
the above equations can be used to calculate AC parameter

values.

CLOCK TIMING

1cYx

316

PARAMETER EQUATION MIN/MAX UNIT
tR¢ (1/5 T MIN ns
tAD1 (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
tAWT, (2) T- 350 MAX ns
MR (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
tow (1/4) T MAX ns
tAd (1) T MIN ns
tAD, T-50 MIN ns
tbw (3/2+N) T- 150 MIN ns
wp (1/2) T- 100 MIN ns
tAw T-100 MIN ns
wa (1/2) T- 50 MIN ns
tww (3/2+N) T- 150 MIN ns
tw T | MIN ns
wi (/2T : MIN ns
tHABE (1/2) T - 150 "~ MAX ns

AC CHARACTERISTICS
(CONT.)

TIMING WAVEFORMS



TIMING WAVEFORMS
(CONT.)

E OOUT—\

uPD7802

READ OPERATION
}— ] T2 = (1':)“1—’—‘—— YJ——l—— Ta ——I
sour \ S/ \ I \ J \. J
'RCK
PEgas D
1ADY tRA
0g~7 { READ DATA
RO —— TRDH
L2
RA
WA I
i w-sh-:
TAWTI
L ‘\_——-—
ot (MR ] ot tAM —and]
o/ \
e tIR et} [ T e
*ACTIVE ONLY WHEN 10/ IS ENABLED.
WRITE OPERATION
[ T | Py -l . |
¥ H T T 1
wor __/ ___/ \ /
heil
PE0.1g
—— Fe—tas fo— i, —emd
Bo~7 | m—
w e
WATT - [ _
WTS —-" TWTH
oy, ——

*ACTIVE ONLY WHEN 10/M IS ENABLED.
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SERIAL 1/O OPERATION

!,_'_——L—-—jﬂ'—'

st B
- e—tKO *T L-—tKO
—_
s0 -~
(cs.(.j L— ] t'KCS
€S
th;x——{
SAK
HOLD OPERATION
cYCL
=t W T v + ToLo e Thoro: S
et | / \ \ v,/ \ [ AW
mnsl- ‘--]-m
woLO / 1
o prn
oA
sus ADDRESS, CONTROL ‘:r Y
e vanae ‘lnAl-gq
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PACKAGE INFORMATION
uPD7802G-XXX

XXX denotes mask number
assigned by factory at time of
code verification.

Use. I.C. Socket NP32-64075G4.

415

uPD7802

—0
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[— —
[= =]
— —
—] =
—  m—
— =]
== =
= =]
[—= —
(= =
— —
—] =
[—— F—
L= = ©
] =] °
= = o
—— = 2
—] =
—— —
= =
== ===
= = ®
= — o
= = -
[— ——] I
— = I
— ——
[= =)
=
l\\ ' ' [
15R f < s
B s °
o N o
16. 2 ] —=l 38 E
{Unit:mm)
le———————2413
| 19.05 i
a
! 18.0 ~ 20,1 | "0-2&3:32
231 ~252
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NEC
NEC Electronics US.A. Inc.

Microcomputer Division

Description

The NEC uPD78C06 is an advanced CMOS 8-bit
general purpose single chip microcomputer intended for
applications requiring 8-bit microprocessor control and
extremely low power consumption; ideally suited for
portable, battery-powered/backed-up products. A subset
of the uPD7801, the uPD78C06 integrates an 8-bit ALU,
4K ROM, 128 bytes RAM, 46 1/O lines, an 8-bit timer,
and a serial I/O port on a single die. Fully compatible
with the 8080A bus structure, expanded system opera-
tion can easily be implemented using industry standard
peripheral and memory components. Total memory
space can be increased to 64K bytes.

The uPD78C06 lends itself well to low power, portable
applications by featuring two power down modes to fur-
ther conserve power when the processor is not active.
The uPD78C06 is packaged in a 64-pin flat pack. The
uPD78C05 is a ROM-less version packaged in a 64-pin
QUIL, designed for prototype development and small
volume production.

Features

[0 CMOS Silicon Gate Technology + 5V supply

O Complete Single Chip Microcomputer

— 8-bit ALU

— 4K ROM

— 256 Bytes RAM

Low Power Consumption

46 /0 Lines

Expansion Capabilities

— BO080A Bus Compatible

— 60K Bytes External Memory Address Range
Serial 1/O Port '

101 Instruction Set

— Multiple Address Modes

O Power Down Modes

— Halt Mode

— Stop Mode

8-Bit Timer

Prioritized Interrupt Structure

— 2 External

— 1 Internal

On Chip Clock Generator

64-Pin Flat Pack

oo oo oog

oo

uPD78C06
CMOS HIGH END
8-BIT SINGLE CHIP

MICROCOMPUTER
Pin Configuration
cworE Ro¥oN o
CEEE Y PRSPPIy

NCC— 3

1 51— PEg
DBy ——] 2 50————1PE;
o——as () as——1PEg
DBy —— 4 48— PEg
Wt — & —_—
16 a6 PE;
INTg——— 7 45§ PEg
WATcC——— 8 44———1PE,
WRC——] 9 43——IPE,
RD —10 42——"0PBy
PCs —j11 41-=——21PB
PCy4 c——12 MPD78C06 ao———1 PB:
PCy =13 39———1PB4
PCy 14 38——""1PB3
PCy 15 37——1PB
PCo C———116 36[-———1PBy
REL c——17 3s———PBy
_Toc=—p8 a——1PA;
SCK::“SBR%Q RRRNY 38”“’33_—ij

Pin identification

PA7.0, PB7.0, PC5.0, PE15.9 1/O Ports

DB7o Data Bus
WAIT Walt Request
INTq, INTy Interrupt Request
X, Xy Xtal
SR Serial Clock Input/Output
sl Serlal Input’
SO Serial Output
RESET Reset
H:D? Read Strobe
WR . Write Strobe
$out Clock Output
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uPD78C06
Block Diagram

X2 0—o
’ osc
X4 O———

REL O

Standby
Control

Interrupt
Contro!

INTQ O]

1Y) Yo emm—

To

16

L

@

Latch

Program
Memory
(4K-Byte)

INC/DEC
PC
SP Data
Memory
A (128-Byte)
B C
D E
H L
Bufier Buffer

Buffer

4

Internal Data Bus

e,

8CK Serial

4

N
|

£

¢!

I

16 PE15.9/AB15.0

S00
[
: > ey
[ Port C | [ Port B ] | Port A I I R’c“:’m’;'l" l gm:’r‘g I System Control
I T |
PCs.0 PBrg PA7.0 RAD WR Wait “Reset’ $0ut vee vss
Table 4-1 HALT Mode and STOP Mode
Function Halt Mode Stop Mode Function Halt Mode Stop Mode
Oscillator Run Stop On-Chip RAM Hold
Internal System Clock Stop Output Latch in Port A, B, E ]
Timer Run Program Counter (PC) Cleared
TIMER REG Hold Set Stack Pointer (SP)
UPCOUNTER, PRESCALER 0, 1 Run Cleared General Registers Unknown
Serial Interface u Run (1) (A,B,C,D,EF, 1)
Serial Clock Hold Hold Program Status Word (PSW) Hold Reset
Interrupt Control Circuit Run Stop Mode B-Register Hold
Interrupt Enable Flag Hold Reset Standby Control Register (SCp-SC3)
INTg, INTq Input Inactive Standby Control Register (SCy) Set
INTT Active — Timer Mode Register (TMMg_1) Hold
Tg (INTFS) — Timer Mode Register (TMM1) Set
MASK Register Hold Set Serlal Mode Register (SM) Hold
Pending Interrupts (INTFX) ° Reset Data Bus (DBg_7) High-Z High-Z
REL Input Inactive Acti RD, WR Output High High
RESET Input Active ve

(1) Serial clock counter is running and Tg is generated; however,
there are no effects by it.
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Package Dimension
64-Pin Fiat
{Unit: mm)

18.0 4 0.3 N 2.3 Max | -
== l' ]l —] JE:L
"g 62 32 g o
MHa— 0.4 + 0.2 a
b=.=1 =4 -o1 19.6 + 0.4
L= =" a *
o—] — a
0: — [=]
= o ajm—*no x0.18 |3
—s. 20 = a
=| o

i

%@ nnnnnnuuunuunuunu):'l:“lf"-“ :g:;:

26.8 4 0.4

12 ¢ 0.3

1.0 £ 0.15
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18.7 + 0.4

uPD78C06

1PD78C08G-XXX-11

#PD78C08G-XXX-12

XXX denotes mask number
assigned by factory at time of
code verification.

Use. I.C. Socket IC-51-508S.
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NEC
NEC Electronics US.A. Inc.

Microcomputer Division

Description

The NEC uPD7811G is a high performance single chip -

microcomputer integrating sophisticated on-chip periph- -

eral functionality normally.provided by external compo-
nents. The device's internal 16-bit ALU and data paths,
combined with a powerful instruction set and address-

ing, make the uPD7811G appropriate in data proces-
- sing as well as control applications. The device inte-

grates a 16-bit ALU, 4K ROM, 256 Bytes 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 uPD7811G is the mask-ROM high volume produc-
tion device embedded with custom customer program.

The uPD7810G is a ROM-less version for prototyping
and small volume production. The uPD78PG11E is a
piggy-back EPROM version for design. development.

Features

a
a

O ogono

oo g ad

aoo

NMOS Silicon Gate Technology Requmng + 5V
Supply

Complete Single Chip Microcomputer
— 16-Bit ALU

— 4K ROM

— 256 Bytes RAM

44 1/0O lines

Two Zero-Cross Detect Inputs
Expansion Capabilities .

— B085A Bus Compatible

— 60K Bytes External Memory Address Range
8-Channel, 8-Bit A/D Converter

— Auto Scan

— Channel Select

Full Duplex USART

— Synchronous and Asynchronous

153 Instruction Set

— 16-Bit Arithmetic, Multiply and Divide
1 us Instruction Cycle Time

Prioritized Interrupt Structure

— 2 External

— 4 Internal

Standby Function

On-Chip Clock Generator

64-Quil Package
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uPD7811G

HIGH END SINGLE CHIP
8-BIT MICROCOMPUTER
WITH A/D CONVERTER

Pin éonﬂgura‘tlon

PAO = N 6 vcc
PA1 [ 2 63[~———VDD
PA2 —] 3 62— PD7
PA3 ] 4 61f———PD6
PA4 5 [:{1] PDS
PAS - ] 6 59 ———PD4
PA6 — 7 ssf—) PD3
PAa7 ] 8 57f———JPD2
PBO —_ 9 s6f— PD1
PB1 C——]10 1] m— L
PB2 —n s4—)  PF7
PB3 12 53[———_JPF6
PB4 Cé 13 52— PFS
PB5 C—4 . 5{ ——PF4
PB6 15 - wPD7811G  S0[——) PF3
PB7 [—_]16 9 ———PF2
PCO 1 48 PF1
PC1  C—]18 47 ——JPF0
PC2 19 6 ALE
PC3 C—"]20 45[———IWR
PC4 321 a4 RD
pcs 22 43——avce
PC6 23 23 v
Pc7 [——]24 41 AN
INTO 25 40— AN
INTT [C—/]26 39" ANS
M 27 38  AN4
RESET C—]28 37E——JAN3
™MD 29 B AN2
X2 | sm— 1) 35 ——JAN1
X 31 34— ANO
ves E—32 33 ——JAvsS

Instruction Set

In addition to the existing instruction set for yPD7801
the following new instructions are mcorporated in the

uPD7811.

16-Bit Data Transfer
16-Bit Data Transfer Memory and Extended
Accumulator
16-Bit Data Arithmetic and Logncal Operation
16-Bit Addition and Subtraction
16-Bit Comparison
16-Bit And, Or, Ex-or Operation
16-Bit Data Shift and Rotation
Multiply
8-Bit by 8-Bit ,
Less than 8 us Execution
Divide
16-Bit Divided by 8-Bit
Less than 14 us Execution

" Index Operation

Register Pair HL and DE are used as Index
Register




uPD7811G
Block Dlggram

x1 0—

16 I
osc LATCH
X2 O— INC/DEC
P 12
PCI/TXD Ou—r
PC1/RxD O——{ SERIAL 1/O 1 v A
PC2/SCK =] = | mam
GA. s
INT. M A’ b
INTT OQr—nd CONTROL - < at(n'l' (JK-BV'IE)‘ ME}:BAHV
| i E’ (256-BYTE)
L
PC3/TIINT2 8
PCATO O] TIMER 5 ﬁ i
PC5/C1 TIMER
PC8/C00 VENT T 8|
PC7/CO1 T
INST. REG s P10
AN7-0 “ ) /
AB15.8
":352 0—"0 CONVERTER C:E> DECODER c
AVSS O—} L L
InEAD/meE I TIMING I SYSTEM !smnoaj
CONTROL CONTROL | CONTROL | CONTROL,
lgL V(GLR DSiL AlLE M(()lDE tne;: \ilop vce Vss
Input/Output -
8 Analog Input Lines _MomoryNE:panoIon — Ill’g: (r':tonﬂguratlon
44 Digital /O Lines — Five 8-Bit ports (Port A, Port B, o Por F — 110 Port
Port C, Port D, Port F) and 4 Input Lines (AN4.7) 256 Bytes Port D — Multiplexed Address/Data Bus
1. Analog Input Lines Port F — 1/0 Port
ANQ-7 are configured as analog input lines for.on 4K Bytes Port D — Multiplexed Address/Data Bus
chip A/D converter. :o: 'l:g-; - :/\gd;e::: Bus
2. Port Operation — ontra-7r — L
— portp A, Port B, Port C, Port F 16K Bytes :o:t' 'IZ:)O—; Mul:\lz:iexed addressIData Bus
Each line of these ports can be individually pro- Pgrt Fe.7—vopet
graméned as an input or as an output. 60K Bytes Port D — Multiplexed Address/Data Bus
— Port , . : Port F — Address Bus
Port D can be programmed as a byte input or a
_ zﬁz o7utput. 8-Bit A/D Converter
In addition to the analog input lines, ANg_7 can 8 Input Channels .
be used as digital input lines for falling edge ‘2‘ gg&:?{j:ogp':?ast‘;gnnﬁg'ds;grs
detection.
3. Control Lines Auto Scan Mode
Under software control, each line of Port C can be Channel Select Mode Techni
configured individually to provide control lines for Successive Approximation Tec n;q;?_SB 0.6%
serial interface, Timer and Timer/Counter. égi%'::;o’:“cg‘g:;g gN' v (£0.6%)
4. m nsion
Memory Expansio Conversion Time 50 us

In addition to the single-chip operation mode
uPD7811 has 4 memory expansion modes. Under
software control, Port D can provide multiplexed
low-order address and data bus and Port F can
provide 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.
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AID Converter Block Diagram

uPD7811G
Interrupt Structure
— 11 Interrupt Sources

e — 6 Priority Levels
VAREF — Non-maskable Interrupt Capability — NMI
PR { — Individual Request Mask Capability — Except NMI
ANt 0———— = A/D .
AN2 O———— & CONVERTER
AN3 o————1 3 Interrupt
AA:J‘; © E J\"L Request Interrupt Type of interrupt In/Ext
ANS o ] IRQO 4 NMI (Non-maskable interrupt) External
ANT o— INTTO (Coincidence signal from timer 0)
8 8L 8 8 IRQ1 8 e Internal
S INTT1 (C signal from timer 1)
CRRO CRR1 CRR2 CRR3 INT1 (Maskable interrupt)
a a IRQ2 16 External
8 8 INT2 (Maskable interrupt)
L f { INTEO (Colincidence signal from timer/
om AN} —)
L] ,r_""g L ANS INTERNAL BUS IRQ3 24 event counter) Internal
Zm = AN INTE1 (Coincidence signal from timer/
- =AN7 event counter)
INTEIN (Falling signat of C1 and TO
Unlversal Serlal Interface 1RG4 32 coumte) In/External
. Full-Duplex Double Bufferin INTAD (A/D converter interrupt)
! h g INTSR (Serial receive interrupt)
— Synchronous Operation Mode IRQ5 40 INST (Serial send Interrupt) Internal
Search Mode
Receive Mode
~- Asynchronous Operation Mode NMI 6—|
7, 8-Bits/Character m;“’ —
Start/Stop Bit Wh o— o
Even/Odd Parity e I
Programmable Clock Rate x1, x16, x64 INTET —| @ ST b
— 110 Expansion Mode (uPD7801 Serial Mode) e 1 &
—- Programmable Communication Rate INTSR ] 8
2 us, 32 us, Timer 1 and External ST 1
— Interrupt Generation gx ﬂ
. S8 —f
Unlversal Serial Interface Block Diagram AN7-AN4 INTERRUPT
El GENERATED
F INTERNAL BUS “ zgh)_ﬁ_:‘(l){ o
MASK :D
REGISTER z
IRQO-IRQ5 m
RECEIVE —V E
BUFFER TSGL‘EE".‘;T INT, ADR:({[[%_
SOFT1~>| o
(=]
w

SERIAL REGISTER
()]
TRANSFER ST
CONTROL | INTERRUPT

SERIAL REGISTER
PC1/RXD o—D———i iy |
TRANSFER
CONTROL

ER

SR
INTERRUPT

PC2/5CK o——l—

INTERNAL CLOCK

SK2.SK1

peomeo 0—<}
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uPD7811G

Package Information

uwPD7811G-XXX
XXX denotes mask number ] - >
assigned by factory at time of [= =
code verification. [—— ==
g —
Use 1.C. Socket NP32-64075G4. fa— —1 =
[= | = =
== E— o
= = [
[ ——— —— [ ———
— =] [ —ee—— g
= — =
[= = —>
[—— —_— —
= -
— — H
"n [—— -
- = — * =
[— = -3 e
= = (=
[ —— [————
= = 2 —
[— o =
= E e —
— | ———— : | e
= e
— =
[— E:l e
= ____L P=—
[—
I\\; \/ ’
158 I » pd
8 g <
16.5 A 3Bt
g & °
2 -
(Unit: mm)

r—r_—_f;::‘—aﬂ
1) i
el

7811GDS-1-82-TRIUM-CAT
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NEC

uPD8021

NEC Electronics US.A. Inc.

Microcomputer Division

DESCRIPTION

FEATURES

PIN CONFIGURATION

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, 1/0, Timer/Counter
Single +6V 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 1/0 Pins
Clock Generation Using Crystal or Single Inductor
Zero-Cross Detection Capability

Expandable 1/0 Using 48243's

Awvailable in 28-Pin Plastic Package

e 6 .6 06 06 0 ¢ 0 s o

Pt N 28 vee
P23 [2 27 Py
PROG 13 26 {7 Py
Pool] 4 25 [ Pq7
Po1]5 24 [7] P16
Poa 6 23 [ P15
Pos L7 s‘g;? 2B e
Poal]s 210 P13
Pos[J o 20 [ pqg
Pos(] 10 197 pqq
Po7{q 11 187 P1o
ALE[]12 17 [J) RESET
s 16 [J XTAL 2
Vss 14 15 7] XTAL1
Rev/2
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uPD8021

1024 x 8-81T
MASK ROM
PROGRAM MEMORY

64 x 8-BIT RAM
DATA MEMORY

w7 it K5
8-BIT
214/0 INTERVAL TIMER/
LINES E£VENT COUNTER
Operating Temperature . . . oo vve s e inenrnenineneae... 0°Cto+70°C
Storage Temperature (Ceramic Package). . .. ... ..... e -65°C to +150°C
(Plastic Package) . . . .. .....ovuin. .. -65°C to +150°C
Voltageon Any Pin .. ... oottt i e e -0.5t0 +7 Volts ®
Power Dissipation. . . ......... e e e ceeen . TWatt
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 .

Ta=0°C to +70°C; Vo = +5.5V * 1V; Vgg = OV

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX UNIT CONDITIONS
input Low Voltage ViL -0.5 + 0.8 \Y
Input High Voltage, RESET, T1
= 0%
(All Except XTAL 1, XTAL2)| VIH 2.0 Vee V. { Vee=50vE10%
Input High Voltage - .
(XTAL 1, XTAL 2) VIiH1 3.0 vee \ Vee =56.5V £ 1V
Output Low Voltage VoL 045| V loL=1.7mA
Output Low Voltage .
V 2.5 \% ! =7 mA

P10, P11) oL1 oL
Output High Voltage ;

. | =40 uA
{All Unless Open Drain) VoH 24 V.| lor =40k
Output Leakage Current vee = VIN 2 Vss
(Open Drain Option — Port 0) | 'Ot 10| KA ] o4y
Ve Supply Current Icc 40 | 75 mA

Ta=0"C 10 +70°C; Vge = 5.5V + 1V; Vgg = OV
LIMITS
PARAMETER SYMBOL MIN TYP ] MAX J UNIT JEST CONDIT!
Cycle Time Tey 8.38 50.0 | us 3.58 MHz XTAL
for TCY Min.
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uPD8021

PIN IDENTIFICATION : PIN .
NO. SYMBOL : FUNCTION
1-2, P2o-P23 P20-P23 comprise the 4-bit bi-directional 1/0 port
26-27 (Port2) 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 T 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 grou nd potential.
16 . XTAL1 One side of frequency source input using resistor,
' inductor, crystal or external source.{non-TTL
compatible V|H).
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.
1825 |+ Pi0-P17 The second of two 8-bit quasi bi-directional I/0 ports.
(Port 1)
28 Vee +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 7
arithmetic processors.

The instruction set, a subset of the uPD8048/8748/8035, is optimum for high-volume,
low cost applications where /O 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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uPD8021

INSTRUCTION CODE FLAG
MNEMONIC FUNCTION DESCRIPTION D7 Dg Dg Dg D3z Dz Dq Dp CYCLES BYTES C
DATA MOVES
MOV A, = data (A} « data Move Immediate the specified dats into o [ I | 0 0 ] 1 1 2
the Accumulator. d7 dg dg dg d3 d7 dy dp
MOV A, Rr (A< (Rrh;r=0-7 Move the contents of the designated 1 1 1 1 1 r r r 1
registers into the Accumutator.
MOV A, @ Rr (Ab = ((Rr)kr=0-1 Move Indirect the contents of data 1 1 1 1 4] ] 1] v 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. d7 dg dg dg dz d2 dy do
MOV Rr, A (Rr) — (A);r=0-7 Move Accumulator Contents into the 1 o 1 0 1 T 4 r 1
designated register.
MOV @ Rr, A (R~ (A);r=0-1 Move Indirect Accumulator Contents 1 0 1 o 0 o o0 r 1
into data memory location.
MOV @ Rr, = data (Rr)) ~date;r=0-1 Move Immediate the specified data into 1 1] 1 1 0 ) 0 r 2
data memory. dy dg dg da d3 d2 dq do
MOVP A, @A {PCO-7)« (A} Movedata in the current page into the 1 0 1 o [ 0 1 1 2
(A) < ((PC)) Accumulator,
XCH A, Rr (A) Z{Rr)ir=0-7 Exchange the Accumulator and desig- 0 0 1 [ 1 T 2 r 1
“ nated register’s contents,
XCH A, @Rr AV {Rr))r=0-1 Exchange Indirect contents of Accumu- [+] [} 1 [ [} [ [} r 1
lator and focation in datea memory.
XCHD A, @ Rr (A0-3) 2 ({Rr)) 0 -3)); Exchange Indirect 4-bit contents of Q 4] 1 1 0 0 [ r 1
r=0-1 Accumulator and data memory.
FLAGS
cPLC (C) — NOT (C} Comptement Cantent of carry bit. 1 0. 1 o o 1 1 1 l 1 l .
CLR C (C) <0 Clear content of carry bit to 0. 1 0 0 1 [4] 1 1 1 1 o
- . INPUT/OUTPUT
ANLD Pp, A (Pp} « (Pp) AND (A0 -3) Logical and contents of Accumulator withf 1 1] 0 1 1 1 p p 2
p=4-7 designated port (4 ~ 7).
INA, Py (A) «~ (Pp), p=1-2 tnput data from designated port {1 - 2) 1] 0 0 o 1 0 P P 2
into Accumulator.
MOVD A, Py (A0-3) = (Rp)ip=a-7 Move contents of designated port {4 - 7) o [} 0 ] 1 1 P P 2
{Ad-71<0 into Accumulator.
MOVD Py, A (PRl A0-3;p=4-7 Move contents of Accumulator to desig- o o 1 1 1 1 P ] 1
nated port (4 - 7).
ORLD Py, A {Pp) ~ (P) OR (A 0 -3} Logical or contents of Accumulator 1 0 [} 0 1 1 p P 1
p=4-7 with designated port (4 - 7),
OUTL Py, A (Ppl—{Akip=1-2 Output contents of Accumulator to 0 0 1 1 1 0 P P 1
designated port (1 - 2).
REGISTERS
INC Rr (Re) < (Re)+1;r=0-17 Increment by 1-contents of designated 0 o [} 1 1 4 r r 1
register,
INC@ Rr (Rr)) — R +1; Increment Indirect by 1 the contents of 0 ] 0 1 o "] 4 r 1
r=0-1 data memory location.
SUBROUTINE
——
CALL addr ({SP)) « {PC), (PSW 4 - 7} Call designated Subroutine, a8l  ag ag 1 o 1 0 [+] 2
{SP) «- (SP) +1 a7 ag a5 a4 a3 a2 a1 ag
(PC 8 - 10} +-addr 8 - 10
(PCO-7)«addr0-7
{PC 11) « DBF
RET (SP) « (SP) -1 Return from Subroutine without restor- 1 ] 0 0 [1] 0 1 1 2
(PC) « ((SP)) ing Program Status Word.
TIMER/COUNTER
MOV A, T (A) «(F) Move contents of Timer/Counter into 0 1 [} 0 [ ] 1 4] 1
. Accumulator.
MOV T, A (Th «(A) Move contents of Accumulator into ] 1 1 0 0 ] 1 0 1
Timer/Counter. .
STOP TCNT Stop Count for Event Counter. 0 1 1 4] 0 1 [1] 1 1
STRT CNT Start Count for Event Counter. 0 1 [ 0 o 1 0 1 1
STRT T Start Count for Timer. i 0 1 0 1 0 1 0 1 1
MISCELLANEOUS
NOP [ No Operation performed. o o o o o o o o | 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 thu 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.

Symbol Definitions

SYMBOL DESCRIPTION
A The'A
addr Program Mamory Address (12 bits)
C Carry Flag -
CLK Clock Signal
CNT Event Counter
D Nibbte Designator {4 bits)
data Number or Expression (8 bits)
P “'In-Page” Operation Designator
Po Port Designator (p=1,20r4 - 7}
Rr Ragister Designator (r=0,10r0-7)
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SYMBOL DESCRIPTION
T Timer
« T Testable 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 Addrassed
by the Contents of External RAM Location
- Replaced By




INSTRUCTION SET

uPD8021

INSTRUCTION CODE FLAG
MNEMONIC FUNCTION DESCRIPTION Oy Dg Dg Dy O3 D2 D7 Do CYCLES BYTES c
ACCUMULATOR
ADD A, = dats (A} ~ (A) + data Add immediate the specified Data to the ] o [} 0 [} 0 1 1 2 2 L]
Accumulstor, d7 dg dg dg d3 d2 o4 do
Add A, Rr {A) «~ (A) +{Rr) Add contents of designated register to [} 1 1 [} 1 r r r 1 1 .
forr=0-7 the Accumulator,
ADD A, @ Rr (A) + (A) + {Rr)) Add indirect the contents the data ] 1 1 [ 0 0 r 1 1 .
forr=0-1 memory location to the Accumulator.
ADDC A, = data (A) « (A) +(C) + data Add immediate with carry the spacified (1] 0 (1] 1 [ ] 1 1 2 2 .
dete to the Accumuletor, dy dg dg d4 d3 d2 dy dg
ADDC A, Rr (A) ~ (A} +(C) + (Rr) Add with carry the contents of the o 1 1 1 1 4 t 4 1 1 .
forr=0-7 designated register to the Accumulator.
ADDC A, @Rr (A) « (A) +(C) +{(Rr}) Add indirect with carry the contents of o 1 1 1 0 0 [} r 1 1 .
forr=0-1 data memory location to the
Accumulator,
ANL A, = data (A} « (A) AND data Logical end specified Immediate Data o 1 0o 1 [ [} 1 1 2 2
with Accumutator, dy dg dg dg d3 d2 dq do
ANL A, Rr (A} « (A) AND (Rr} Logical and contents of designated o 1 0 1 1 r [4 r 1 1
forr=0-7 register with Accumulator.
ANLA,@Rr (A) « (A} AND ({Rr)) Logical and indirect the contents of data | O 1 1] 1 ] ] o 4 1 1
forr=0-1 memory with Accumutator.
CPLA (A) «~ NOT (A) Complement the contents of the ] o 1 1 [ 1 1 1 1
Accumulator.
CLRA (A} <0 CLEAR the contents of the Accumulator.| O ] 1 ] o 1 1 1 1 1
DA'A DECIMAL ADJUST the contents of the ] 1 o 1 o 1 1 1 1 1 .
Accumulator.
DEC A (A) « (A) -1 DECREMENT by 1 the Accumulator’s [ ) ) 0 [ 1 1 ) 1 1
contents.
INC A (A} ~(A) +1 Increment by 1 the Accumutator’s [] ) 0 1 [ 1 1 1 1 1
contents.
ORL A, = data (A) « (A) OR date Logical OR spacified immediate data 0 1 0 (4] o o 1 1 2 2
with Accumulator dy dg dg d4 d3 dg dy dpy
ORL A, Rr (A} « (A} OR (Rr) Logical OR contents of designated ] 1 [] [} 1 12 r r 1 1
. forr=0-7 register with Accumulator.
ORL A ®Rr {A) «(A) OR {(Rr}) Logical OR Indirect the contents of data | 0 1 L) 4 [} (] 1] r 1 1
forr=0-1 memory location with Accumutator.
RLA {AN + 1)~ (AN) Rotate Accumulator left by 1-bit with- 1 1 1 0 0 1 1 1 1 1
{Ag) « (A7) out carry.
forN=0-86
RLCA (AN + 1} + (AN}; N = 0-6] Rotate Accumulator left by 1-bit through | 1 1 1 1 0 1 1 1 t 1 .
(Ag) ~ {C) carry.
(C) ~ (A7)
RR A (AN) <« (AN +1);N=0-6 | Rotate Accumulator right by 1-bit 0 1 1 1 1] 1 1 1 1 1
(A7) ~ (Ag} without carry,
RRCA {AN) «~ (AN +1);N=0-6 Rotate Accumulator right by 1-bit o 1 1 o ] 1 1 1 1 1 .
(A7)~ (C) through carry.
(C) +~ (AQ)
SWAP A (Ag.7) & (Ag-3) Swap the 24-bit nibbles in the [} 1 o o [ 1 1 1 1 1
Accumuiator.
XRL A, = date (A} « (A} XOR data Logical XOR specified immediate data 1 1 o 1 (] [} 1 1 2 2
with Accumulator, d; dg dg d4 d3 d2 dy do
XRL A, Rr (A}« (A) XOR (Rr) Logical XOR contents of designated 1 1 ] 1 1 r v 3 1 1
forr=0-7 register with Accumulator.
XRL A, @Rr {A) — (A) XOR ({Rr)) Logical XOR Indirect the contents of data| 1 ] 0 1 [} 0 o r 1 1
forr=0-1 memory location with Accumulator,
BRANCH
DJNZ Rr, addr (R}« (Rr)-1;r=0-7 Decrement the spacified register and 1 1 1 0 1 v r r 2 2
H(Rr} %0 ta8t contents, a7 @8 a5 a4 a3 a2 8y 80
(PC 0 - 7} + addr
JC addr (PCO-7) —addritC=1 Jump to specified address if carry flag 1 1 1 1 [+] 1 1 [ 2 2
(PC) < (PC) +2ifC=0 is sot, a7 =8 o5 w84 a3 a2 8 &
JMP addr {PC 8 - 10) ~ addr 8 - 10 Direct Jump to specified address within 810 o9 ag [} o 1 Q 0 2 2
(PCO~7)+—~addr0-7 the 2K address block. 87 g ap e84 a3 82 8] 80
(PC 11) ~ DBF
JMPP @ A (PCO -7 «(iA)} Jump indirect to specified sddress with 1 [} 1 1 [} o 1 1 2 1
address page. &
JINC sddr {PCO~7)«—addrifC=0 Jump to specified address if carry flag is 1 1 1 [} [} 1 L [} 2 2
{PC} - (PC) +21fC=1 low. 87 8§ &g a4 a3 82 lg a0
JINT1 addr {PC O~ 7) «addr if T1 = 0] Jump to specified address if Test 1 is low.| 0O 1 [} L] o 1 1 o 2 2
{PCl - (PC) +2if TV =1 a7 8 ag @83 83 a2 o a0
JNZ eddr {PC O -7) « addr if A= 0 Jump to specified eddress if 1 V] 4] 1 o 1 1 [} 2 2
{PC) ~ (PC} +2if A =0 Accumulator is non-zero. 87 8§ o5 84 83 &2 3 &
JTF addr (PCO-7) «~addr if TF = 1|  Jump to specified address if Timer Flag 0 [} [ 1 [} 1 1 [} 2 2
{PC) ~(PC) +2if TF =0 issetto 1. a7 83 985 a4 83 82 g 80
JT1 addr {PCO-7)«addrif T1= 1] Jump to spacitied address if Test 1 isa1. | 0 1 o 1 0 1 1 0 2 2
{PC) ~(PC) +2if T1 =0 #7 w83 @8 a4 83 82 & a0
JZ adadr (PCO-7)«—addrif A=0 | Jump to specified address if Accumuistor | 1 1 ] ] [ 1 1 o 2 2
(PC) - (PC) +2itA =0 18 0. a7 98 a5 a4 a3 a2 81 a0

333




uPD8021

TTEM ]| MILLIMETERS | INCHES
A IOMAX | 1.496 MAX
) 249 0,098
c 254 0.10
o 05:01 | 00220004
3 33.02 13
F 15 0.069
c 284MIN__ | 0.10MIN
" 05 MIN 0.02MIN

| 5.22MAX | 0.208 MAX
) 572MAX | 0225 MAX
K 15.24 0.6
L 132 052
0. “0.004

M 08t old | ool

y

1

o
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NEC

uPD8022

NEC Electronics US.A. Inc.

Microcomputer Division

DESCRIPTION

FEATURES

PIN CONFIGURATION

SINGLE CHIP 8-BIT MICROCOMPUTER
WITH ON-CHIP A/D CONVERTER

The NEC uPD8022 is designed for low cost, high volume applications requiring large
ROM space, analog to digital conversion capability, a capacitive touchpanel keyboard
interface and/or a power line time base. The uPD8022 satisfies these requirements by
integrating on one chip, an 8-bit uPD8021 type processor with 2K of ROM, a 2 channel
8-bit A/D converter, a high impedance comparator input port, and a zero crossing
detector.

e 8-Bit Processor, ROM, RAM, 1/0 and Clock Generator
e Single +5V Supply (4.5V to 6.5V)

e NMOS Silicon Gate Technology

e 2K x 8 ROM, 64 x 8 RAM, 26 1/0 Lines

e On Chip 8-Bit A/D Converter with 2 Input Channels

-o 8.3 us Instruction Cycle Timer

e Instructions are a Subset of uPD8048; Superset of uPD8021
o Internal Timer/Event Counter

e External and Timer/Counter Interrupts

¢ On-Chip Zero-Cross Detector

e High Impedance Comparator Port with Variable Threshold
e Clock Generator Using a Crystal or Single Inductor

¢ High Current Drive Capability on 2 1/0 Pins

e Expandable 1/0 Utilizing the uPD8243

e Auvailable in 40-Pin Plastic Dual-In-Line Package

P 1 N~/ aoyvee
P27 2 39[P2s
AVCCE 3 38[)P24

VAREF([] 4 37apnoe

ANTH 5 36[3P23
ANOM 6 35 %Pzz
AVssd 7 34[P21
To s 33 P20

VTH 32[3P17
Pod 10 uPD 313P1e
Pq 1 8022 30[JP15

©

P27 12 29[ P14
P3] 13 28[JP13
Pa]1a 27%%2
Ps]1s 26LJ P11
Ps ] 16 25%P1o
P77 24{J RESET
ALE([] g 23{J XTAL 2
71O 19 22:XTAL'1
vss 20 21| sussT
Rev/1
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uPD8022

X1 X3 PORT O VTH
RESET :‘j 2048 % 8 64x8 HIMMPEDANCE
PROG CLOCK/CONTROL. MASK ROM RAM COMPARATOR
ALE PROGRAM MEMORY DATA MEMORY PORT
PROCESSOR U
TWO CHANNEL
INTERRUPT 1 ] Tnmzaé?g/sm 16 sa1v Moo
Logic COUNTER DIGITAL /O LINES | [SUCCESSIVE APPROX [ AV o
A/D CONVERTER
To ™ PORT1 - PORT2 ANO /\L VAREF
Operating Temperature ............. e e

Storage Temperature (Plastic Package)

Voltage on Any Pin .
Power Dissipation

Note: @O 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 s not
implied. Exposure to absolute maximum rating conditions for extended perinods may affect device

reliability.

Ta=0°Cto 70°C, Vgg = 6.6V ¢ 1V, Vgg = OV

.vv...-65°Cto +150°
-0.5 to +7 Volts
1 Watt

T

LIMITS TEST
PARAMETER SYMBOL i el WAx UNIT CONDITIONS

Input Low Voltage ViL -0.5 0.8 \ VTH Floating
Input Low Volitage Vit -0.5 V0.1 \Y
(Port 0)
Input High Voltage ViH 2.0 vVee A Vee = 5.0V
(All except XTAL 1, RESET) + 10%

VTH Floating
Input High Voltage VIH1 3.0 Vee \' Vecg =55V
(All'except XTAL 1, RESET) £1V

VTH Floating
Input High Voltage ViH2 | VTH0.1 Vee Vv
(Port 0}
Input High Volhage ViH3 3.0 Vee \Y Vee =5.0V
(RESET, XTAL 1) + 10%
Port 0 Threshold Voltage VTH 0 0.4vVeel| V
Output Low Voltage VoL 0.45 \ loL=17mA
Output Low Volitage Vou1 2.5 Vv loL=7mA
(P10. P11)
Output High Voltage VoH 2.4 v loH = 50 uA
(Alf unless open drain
option for Port 0)
Input Current (T1) IR +200 kA | Vee 2 VIN

> Vgg + 0.45V
Output Leakage Current Lo +10 uA | Voo VIN
(Open drain option for > Vgg +0.45V
Port 0)
Vee Supply Current lcc 50 100 mA
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PIN IDENTIFICATION

uPD8022

PIN
FUNCTION
NO. ] SYMBOL
8 TO Active low interrupt input if enabled. Also testable using the
conditional jump instructions JTO and JNTO.

19 T1 Zero-cross detector input. After executing a STRT CNT instruc-
tion this becomes the event counter input. Also testable using
the conditional jump instructions JT1 and JNT1. Optional ROM
mask pull-up resistor available.

6 ANO Analog input to the A/D converter after execution of the SEL
ANQ instruction.

5 AN1 Analog input to the A/D converter after execution of the SEL
AN1 instruction.

22 XTAL 1 Input for internal oscillator connected to one side of a crystal or
inductor. Serves as an external frequency input also (Non-TTL
compatible V).

23 XTAL 2 | Input for internal oscillator connected to the other side of a
crystal or inductor, This pin is not used when employing an
external frequency source,

37 | PROG | Strobe output for the uPD8243 I/0 expander.

18 ALE Active high address latch enable output occurring once every
instruction cycle, Can be used as an output clock. )

24 REsET Active high input that initializes the processor to a defined
state and starts the program at memory location zero.

40 VCC +5V power supply.

3 AVCC +5V A/D converter power supply.
20 VSS Power supply ground potential.
7 AVSS A/D converter power supply ground potential, Sets conversion
range lower limit, -
4 VAREF Reference voltaQe for A/D converter. Sets conversion range
upper limit.
9 VTH Port 0 comparator threshold reference input.
21 SUBST Substrate connection used with bypass capacitor to VSS for sub-
(NC) strate voltage stabilization and improvement of A/D accuracy.
10-17 POO'P07 Port 0. 8-bit open drain 1/0 port with comparator inputs. The
reference threshold is set via VTH' Optional ROM mask pull-up
resistors available.
25-32 P10-P1 7 | Port 1. 8-bit quasi-bidirectional port. TTL compatible.
1-2 P20-P27 Port 2. 8-bit quasi-bidirectional port. TTL compatible. P20»P23
33-36 also function as an 1/0 expander port for the uPD8243.
38-39
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uPD8022

T3=0°Cto 70°C, Vog = 5.5V t 1V, Vgg = OV

PARAMETER SYMBOL LTS UNIT TEST
MIN | TYP MAX ! CONDITIONS
Cycle Time tey 8.38 50.0 us 3.58 MHz XTAL
for toy min.
Zero-Cross Detection VT1 1 3 VACpp | AC coupled
Input (T1)
Zero-Cross Accuracy Azx +135 mv 60 Hz Sine Wave
Zero-Cross Detection Fzx 0.05 1 kHz
Input Frequency (T1)
Port Control Setup tcp 0.5 us tcy = 8.38 us,
Before Falling Edge of Cp =80pF
PROG
Port Control Hold tpC 0.8 us tcy =8.38 us,
After Falling Edge of Ci =80pF
PROG
PROG to Time P2 input tpR 1.0 us tcy = 8.38 us,
Must be Valid CL =80 pF
Qutput Data Setup Time tpp 7.0 S tcy =8.38 us,
’ CpL =80pF
Output Data Hold Time tpD 8.3 us tCy = 8.38 us,
C| =80 pF
Input Data Hold Time 1pF 0 150 ns tcy = 8.38 us,
CL =80pF
PROG Pulse Width tpp 8.3 us tcy =8.38 us,
C =80 pF
ALE to Time P2 Input tPRL 3.6 MS toy = 8.38 us,
Must be Valid CL =80 pF
Output Data Setup Time tpL 0.8 us toy =8.38 us,
CL =80 pF
Output Data Hold Time P 1.6 us tcy =8.38 us,
CL =80 pF
Input Data Hold Time tPEL 0 HS tcy = 8.38 us,
CL =80pF
ALE Pulse Width 0L 3.9 23.0 Hs tcy =8.38.us
for min.

PORT 2 TIMING

Ve

- oy
ALE V \
. Lp . pD
L] p-py . ot — Dp——r,‘
EXPANDER } t
PORT x PORT CONTROLX] OUTPUT DATA
OUTPUT ORT 2, . DATA
03
t t
. PFL| PR
PAL |

EXPANDER
PORT x

PORT CONTROLX_

INPUT

PORT 25, DATA
‘cp

PROG

»——'pc——-l

r——‘PP
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A/D CONVERTER
CHARACTERISTICS

TIMING WAVEFORM

uPD8022

4 =0°C10 70°C, Vo = 6.5V £ 1V, Vgg =0V, AV =B.5V £ 1V, AVgg = OV
AVee/2 < VARer < AVee

LIMITS TEST
PARAMETER SYMBOL N e AN UNITS CONDITIONS
Resolution 8 BITS
Absolute Accuracy [@) LsB
Sample Setup Before tss 0.20 ey ®
Falling Edge of ALE
Sample Hold After tsH 0.10 toy ®
Falling Edge of ALE
Input Capacitance CAD 1 pF
(ANO, AN1)
Conversion Time tCNYV 4 4 tcy
Conversion Range AVss VAREF | V
Reference Voltage VAREF | AVce/2 AVce \

Note: @ The analog signal on ANO and AN1 must remain constant during the sample time

toe * tory:

SS ° 'SH

@ .8%FSR:1/2L8B

ate  /

t5s —a]

ANALOG INPUT

N/

fr— gy

ANALOG
INPUT
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uPD8022

The instruction set of the uPD8022 is a subset of the uPD8048 instruction set except
for three instructions, SEL ANO, SEL AN1, and RAD, which are unicue to the
uPD8022. The uPD8022 instruction set is also a superset of the uPD8021, meaning
that the uPD8022 will execute ALL of the uPD8021 instructions PLUS some

additional instructions which are listed below. For a summary of the 4PD8021 instruc-
tion set, please refer to that section. Symbols used below are defined in the same man-

ner as in that section. Also note that the instructions listed below do not affect any

status flags.

INSTRUCTION SET

INSTRUCTION CODE
MNEMONIC FUNCTION DESCRIPTION D7|Dg |Ds|Dg D3] D2|D1| Do CYCLES | BYTES
JTO addr (PCq.7) < addr if | Jump to specified address if ojtof1|{1|o}r|1}0 2 2
TO=1 TO is high
(PC) «+ (PC} + 2 a7 |ag | a5 [ a4 a3 | az 21| ag
ifTO=0
JNTO addr (PCp.7) < addr if | Jump to specifigd address if 0 0 1 [¢] o] 1 1 0] 2 2
TO=0 TO is low
(PC) < (PC) +2 a7 iag | a5 | ag4 |23 | a2 | a1| ag
ifTo=1
RAD (A) < (CRR) Move to A the contents of 1|/0/0|0ofO]l]O]O] O 2 1
the A/D conversion result
register (CRR)
SEL ANO Select ANO as the input 1|]0|joc}lo|O |10} 1 1
for the A/D converter
SEL AN1 Select AN1 as the input 1 040 1 0 1 0 1 1 1
for the A/D converter
EN | Enable the external 0oj{0jo0|0loO 1 0 1 1 1
interrupt input TO
DIS | Disable the external 0100 1 0 1 (4] 1 1 1
interrupt input TO
EN TCNT! Enable internal timer/ of(o 1o jOo |1 |Oo] 1 1
counter interrupt
DIS TCNTI Disable internal timer/ o0 1 1 0 1 0 1 1 1
counter interrupt
RETI (SP) « (SP) -1 Return from interrupt and 1 o{o |1 oo |1 1 2 1
(PC) « ({SP)) re-enable interrupt input
logic
K PACKAGE OUTLINE
A PD8022C
u
] |
| | "
n=t Uny iy \
JARRRY s
h— 0
Bl~ — -c |:- 00—- 0° - 15 =
! = Plastic
ITEM MILLIMETERS INCHES
A 51.5 MAX 2.028 MAX
8 162 0.064
< 254+ 0.1 5.10 ¢ 0.004
© 052 0.1 0019+ 0.004
3 48.25 19
€ 1.2 MIN 0.047 MIN
G 2.54 MIN 0.10 MIN
H 0.6 MIN 0019MIN___]
T 5.22 MAX 0.206 MAX
4 5.72 MAX 0.2256 MAX
X 15.24 0.600
C [EX] 0520
" 0.25::‘;5‘ 0.010 :gm
340 8022DS-Rev 1-12-81-CAT



NEC uPD8041A

NEC Electronics US.A. Inc. | uPD8741A

Microcomputer Division

UNIVERSAL PROGRAMMABLE PERIPHERAL
INTERFACE — 8-BIT MICROCOMPUTER

DESCRIPTION The uPD8041A/8741A is a programmable peripheral interface intended for use
in a wide range of microprocessor systems. Functioning as a totafly self-sufficient
controller, the uPD804 1A/8741A contains an 8-bit CPU, 1K x 8 program
memory, 64 x 8 data memory, 1/0 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-
tory mask programmed, while the uPD8741A’s program memory is UV EPROM to
enable user flexibility.

FEATURES e 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/O Lines -
e 8-Bit Status and Two Data Registers for Asynchronous Slave-to-Master
Interface
Interchangeable EPROM and ROM Versions
Interrupt, DMA or Polled Operation '
Expandable 1/0
40-Pin Plastic or Ceramic Dip
Single +56V Supply

PIN CONFIGURATION To 1 A 40 [ Vcc
Xy 2 390 T
xy O3 38 [ P27/DACK
RESET [ 4 37 O P26/DRQ
5§50 s 36 [ Pos/IBF
[N R 35 [0 Pa4/0BF
EA O 7 34 [ Py
RO & 33 Pig
Ao [ 9 32 Ps
WR 110 KPD 31 [ Pyg
SYNC Q11 8041A/ 30 [1 P13
‘DO C 12 8741A 29 3 p12
Dy )13 28 [ pqq
Dy []14 273 prg
o3 s ' 26 1 vpp
Da 16 25 [J PROG
05 ] 17 24 O pyy
D (18 23 13 pgy
D7 [J19 . 22 A Pyy
Vss [} 20 21 P20

Rev/2
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uPD8041A/8741A

PIN

NO.

SYMBOL

FUNCTION

1,39

To, T4

Testable input pins using conditional transfer functions
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 Tg.

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). S5 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 comman 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 wili 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-low). WR will pulse low when the
master processor writes data or status words to the DATA
BUS BUFFER or Status Register.

1

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

Do-D7 BUS

The 8-bit, bi-directional, tri-state DATA BUS BUFFER lines
by which the uPD8041A/8741A interfaces 7o 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. P2g-P23 contain the four most significant bits of the
program counter during external memory fetches. Pog-P23
also serve as a 4-bit 1/0 bus for the uPD8243, INPUT/
OUTPUT EXPANDER. Pg4-Po7 can be used as port lines or
can provide Interrupt Request (IBF and OBF) and DMA
handshake lines (DRG and DACK).

25

PROG

Program Pulse. PROG is used in programming the uPD8741A,
It is also used as an output strobe for the uF'D8243.

26

VpD

Vpp is the programming supply voltage for programming
the uPD8741A. It is +6V for normal operation of the
1PD8041A/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. Vo must be +5V for programming
and operation of the uPD8741A and for the operation of the
uPD8041A,

342
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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
#PD8041 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.

N\

INPUT DATA “ ™
BUS BUFFER
(8)

INTERNAL

DATA BUS
Do-D7

QUTPUT DATA
BUS BUFFER
(8)

"

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.
§T(-ST3 bits are not affected.

8Ty STe STg 8T4 F1 Fo IBF OBF

D7 De D5 D4 D3 D2 D1 Do

MOV STS, A Instruction OP Code 90H

3. F{B andm inputs are edge-sensitive, Status bits IBF, OBF, F1 and INT are
affected on the trailing edge at RD or WR.

RD or WR %— —
o \ Flags affected
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uPD8041A/8741A

4. P24 and P25 can be used as either port lines or Buffer Status Flag pins. This #PDB041A/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 irstruction, ENHANCEMENTS (CONT.)

P24 becomes the OBF pin. When a “'1" is written to P24, the OBF pin is
enabled and the status of OFB is output. A ‘0" 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 P2g indi-
cate that the uPD8041A/8741A is ready to accept data. A ‘1"’ written to P2g
enables the IBF pin and the status of IBF is available on P25, A ()"’ written to
P2g disables the IBF pin,

EN Flags Instruction Op code — F5H.

5. P2g and P27 can be used as either port lines or- DMA handshake lines to aliow
DMA interface. The EN DMA instruction enables Pog and P27 to be used as
DRQ (DMA Request) and DACK (DMA acknowledge) respectively. When a
“1" is written to Pog, 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 EM 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 — EGH.

BLOCK DIAGRAM

CRYSTAL, LC, OR CLOCK MASTER SYSTEM INTERFACE PERIPHERAL INTERFACE
i 1
T 1 r 1 | — 1
X1 Xg AESET PROG 33 SYNC EA & Wn Do D7 T To P07 *ioP1r
Ap | AD
l l ‘ l l o
0 STATUS
8 . AEGISTER CONDITIONAL PORAT2
SRANCH sus
TIMING CONTROL LOGIC O Looic BUFFER ro':':n
al
SUFFER
DOBeouT PORT 4.7
T EXPANDER
TIMER/ INTERFACE

EVENT COUNTER

PROGRAM
,F oBeiN STATUS

INSTRUCTION
DECODER

B 8IT INTERNAL BUS 1
‘ 7
10807
PROGRAM
COUNTER
| wuirieiexen

REGISTER BANK
RESIDENT
L ROM/PROM STACK REBIDENT
PROGRAM MEMORY | . RAM
ey g REGISTER BANK 0

“xs
FLAGS
I-_m VDD wemte- PROGRAM POWER SUPPLY
POWER

ACCUMULATOR

TEMPORARY
AEGISTER

DATA MEMORY

VEE ——m 48 SUPPLY
Vgs ——tm GROUND
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ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS

uPD8041A/8741A

Operating Temperature. . . . . ... coveeuennn.n.. i ... 0°Cto+70°C
Storage Temperature (Ceramic Package) . .. .............. ~65°C to +150°C
Storage Temperature (Plastic Package). . . ......... ve..... -65°Cto+150°C
Voltage on Any Pin . .. ... L e ... .... -05t0+7 Volts®

Power Dissipation .. ........... ... ... ... ..., e .... 1.6 Watt
Ta=25°C

*COMMENT: Stress above those listed 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; Vpp = Vo =+5V & 10%; Vs = OV

. . LIMITS TEST
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS

input Low Voltage ViL ~0.5 +0.8 \Y
(All except X4 and X2)
Input Low Voltage Vi -0.5 06 v
(X4 end X2, RESET)
Input High Voltage ViH 20 Vee v
(All except X1, X2, RESET)
Input High Voltage ViH1 38 Vee \4
(X9, X2, RESET)
Output Low Voltage VoL 0.45 v oL =2.0mA
{Dp-D7, SYNC)
Output Low Voltage VoLt 0.45 \" 1oL =1.0mA
(Al other outputs except PROG)
Output Low Voltage (PROG) VoL2 045 v loL=1.0mA
Output High Voltage (Dg-D7) " VOH 24 v 1QH = -400 uA
Output High Voltage VOH1 24 v 10H = =50 uA
(Al other outputs)
Input Leakage Current T8 +10 HA Vss S VN <
{To. T1, RD, WR, CS, EA, Ag) Vee
Output Leakage Current foL +10 uA Vgs +0.46 <
{Dp-D7; High Z State) : VinN < Vce
Vpp Supply Current ipp 15 mA
Total Supply Current lcc+ DD 126 mA
Low Input Source Current i 0.5 mA ViL=0.8V
{P10-P17: P20-P27)
Low Input Source Current L 0.2 mA VL =0.8V
(sS; RESET)
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uPD8041A/8741A

T, = 0°C 10 +70°C; Vpp = VgC = 6V ¢ 10%; Vgg = OV AC CHARACTERISTICS
LIMITS
uPDB041A uPD8741A TEST
PARAMETER SYMBOL | MIN I MAX | MIN I‘ MAX UNITS | CONDITIONS
DBB READ
Cs, Ap Setup to RD | tAR 0 60 ns
Cs, Ag Hold after RD IRA 0 30 ns
RD Pulse Width tRR 250 300 2xtoy ns toy * 2.5 us
Cs, Ag to Data Out Delay tAD 225 370 ns Cp =150 pF
RD { to Data Out Delay tRD 225 200 ns CL =150 pF
E t to Data Float Delay tDF 100 140 ns
Cycle Time cy 25 156 2.5 15 us 6 MHz Crystal
DBB WRITE
TS, Ag Setup to WR | tAW 0 60 ns
CS, Ag Hold after WR 1 WA 0 30 ns
WR Pulse Width tWw 250 300 | 2xtoy ns toy = 2.6 us
Data Setup to WR t tDW 150 250 ns
Data Hold after WR 1 twD 0 .30 ns

READ OPERATION — DATA BUS BUFFER REGISTER

TIMING WAVEFORMS

~

CSorAg

SYSTEM

"

._.;m;.‘ ==

DATA BUS

[ tRD——s-!

e 1AD e eeeon]

1oUTPUT)

tRA—-|

ADDRESS BUS

OF ———-]

|
|
|
\— READ CONTROL

DATA VAL

WRITE OPERATION — DATA BUS BUFFER REGISTER

SYSTEM
ADDRESS BUS

WRITE CONTROL

o r0 — i
WR N
DATA CAN CHANGE XQ——DATA VALID: DATA CAN CHANGE
DATA BUS
{INPUT)
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INSTRUCTION SET

uPD8041A/8741A

. INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION Dy Dg D5 D4 D3 D2 Dy Do | CYCLES§BYTES] C AC FO F1 I1BF OBF 8T4.7
A
ADD A, = duta ADD A = data. Add Immediate the specified Datatothe |0 0 0 O 0 O 1 1 2 2 .
Accumulator. - d7 dg dg ds 03 d2 dp
ADOD A, Rr (A} - 1AL+ (Re) Add contents of designated register ta 0 1 1 0 1 ' . ‘ 1 a .
forr »0-7 the Accumulator.
ADD A, @ Re (A)+ (A]+ (RA) Add Indirect the contents the data 0 1 1 o o 0 o0 ¢ 1 1 .
forr=0-1 memory{ocation to the Accumulator.
ADDC A, = data (AL« (A} ¢+ {C) « dats Add Immediate with carry the specitied [ [ L] 1 0 o 1 1 2 2 .
data 1o the Accumulator. 47 dg dg da d3 g2 a1 do
ADDC A. R AL+ (A} +(C) e (RN Add with carry the contents of the 0 1 1 1 1 . . . 1 1 .
forr=0-7 designated register 10 the Accumulator
ADIC A, @ Ar 1AL+ 1A+ {C) ¢ (Rr)) Add indirect with carry the contentsof 1 0, 1 ' 1 o 0 0 . 1 1 .
forr= data memory lacation 1o the
Accumulator,
ANL A, = dats tAI- 1A} AND data Logical and specilied Immedsate Data 0 1 [ 1 [ L] 1 1 H 2
. with Accumulator 47 dg dg oq d3 d2 dy do
ANLA, R (A1« (A} AND (R} Logical and contents of designated 0 1 [ 1 ' ' ' 1 1
: forr=0-7 . register with Accumulator
ANL A, @ Rr (AL (A} AND (R togical and Indirect the contents of data | 0 1 0 1 6 o0 o0 . 1 1
forr=0-1 memory with Accumulator,
cPL A 1Al - NOT A) Comoiement the contents of the o o 1 L S 1 1
Accumulator. :
CLR A iAl« 0 CLEAR the contents of the Accumuiator | O 0 1 o [ t ] t 1 1
DA A DECIMAL ADJUST the contents of the 0 1 [ i o 1 1 1 1 1 .
Accumulator
DEC A ta) (Al- DECREMENT by 1 the accumulator’s o o 0 0 o t 1 1 1 1
contents, R
INC A A1+ tA) e increment by 1 the accumultator’s o o o 1 0 1 1 1 1 1
contents.
ORLA, = dasta (A} - 1A) OR dats Loaical OR or specified immediate dats | O 1 o o0 0 o 1 1 2 2
with Accumulator. d7 dg ds dqg d3 d2 & do
ORL A, Rr (A)+ 1Al OR (Rrl Logical ORcontents of designated 0 1 [ 1 ' ' ‘ 1 1
forr=0-7 cequster with Accumulator..
ORL A, @ Rr (Al+ (A} OR URH Logical OR Indirect the contents ot data | O 1 o o o 0 0 |« 1 1
forr=0-1 fmemory (ocation with Accumulator.
ALA (AN + 11 - 1AN) Ratate Accumulator left by 1 bit without | 1 1 1 6 o 1 1 1 1 1
(Agh+ (A7) carry.
torN:0-6
RLC A (AN + 1) —{AN}, N =0 - 6] Rotate Accumulator left by 1-bit through | 1 1 I 1 0 1 1 1 1 1 .
(Agh« (€ carry. .
R i (ag)
RR A {AN]« (AN + 1}, N = 0 - 6| Rotate Accumuiator right by 1-bit [] 1 1 1 Q 1 1 1 1 1
(A7) - (Ag) without carry,
ARC A (AN) (AN + 1), N = 0 ~ 6] Rotate Accumulator right by 1-bit [ 1 1 0 [ 1 1 1 1 ] .
(A7)« (C) through carry.
€1+ (Ag)
SWAP A (Ag.7) ~ (Ag - 3) Swap the 2 4-bit nibbles 1n the 0 1 0. 06 0o 1 1 1 1 '
- Accumutator. -
XRL A, = dats (A) - {A) XOR dats Logicat XOR specitied immediate data 1 1 0. 1 o 0 1 1 2 2
with Accumutator, d? dg dg de d3 d2  dy do
XRU A, Ar (A}« (A) XOR(Ar} Logical XOR contents of designated 1 1 o -t 1 . ' . 1 1
torra0-7 register with Accumulator,
XRL A, @ R (A}« (AT XOR ((R0)) Logical XOR Indirect the contents of data | 1 1 o o o o . 1 )
forrs0 -1 memaory location with Accumulator, .
BRANCH
DJINZ Rr. addr {Rr) < (Rr) -1,r=0.7 | Oecrement the spacified register and 1 1 1 0 1 ¢ v ' 2 2
1 (Rr) # 0 test contents 33 e a5 84 83 82 2. a0
(PCO-7) ~addr
J8b addr {PC 0 -7) +addr if Bb = 1| Jump to specified address »f by by bg 1 ] o 1 o 2 2
X {PC} « (PC) +,2if Bb =0 | Accumulator bit 1 set. 37 a5 a5 s a3 92 a1
JC addr {PCO-7) —addrif C=1 | jump 10 specitied addrass « carry tiag 1 1 ] 1 ] 1 1 L] 2 2
(PC) = (PC) +2ifC =0 | i set a7 s a5 a4 a3 2 s
JFO ador (PC0-7) - addr if FO=1[ jumg 10 specitied address of Fiag FO [ T S T T 1o 2 2
{PC) = {PC) +2if FO=0 | sou. - 97 95 85 33 ” N 30
JF 1 aadr {PCO-7)+-addr it F1 =t | Jump to specitied address if FlagF1 s 0 1 1 1 0 1 1 o 2 2
PC)- (PC)+ 21 F1 =0 set. 27 8 a5 pa4 23 02 N aQ
IMP adar (PC8-10) ~addr8-10 | Dwect Jump tosoecified sadresswithin  Jing ag g 0 0 1 0 0o 2 2
(PCO-7)«addr0-7 the 2K address block. a7 9 95 a4 a3 22 0
(PC 11) « DBF
PP e A (PCO-7} (AN Jump indirect 10 specified address with A [ 1 1 o [ 1 2 '
with address page.
INC adds (PCO-7)—addril C= 0 of Jump to specitied address if carry flagis |1 1 T 0 0 1 o 2 2
(PC) - (PC)+ 241 C w1 low. 17 % 5 M 33 2 »n X
JNISF addr {PC O - 7) = scidr if IBF = Jump to spacifisd address if input bulfer 1 1 o 1 o 1 1 o 2 2
PC) = (PC) + 241 1BF = 1 | tull tiag is fow. a7 % a5 4 3 a3 a %
JOBF (PC O - 7) « addr it OBF = 1| Jump to specified address if output 1 o 0 [ o 1 1 o 2 2
{PC) - (PC} + 211 OBF = 0 | butfer tull fiag is set. a7 2 a5 4 8 N2 » w
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INSTRUCTION SET (CONT.)

IN3TRUCTION CODE FLAGS
MNEMONIC FUNCTION o7 Os D4 D3 Dz Dy Dp | CYCLES]BYTES| C AC f0 F1 IBF '0BF | 8T47
o)
INTO addr {PCO~7)«addrif TO=0 } Jump tospecitied addrass f TestOulow.| 0 O 1 [ 1 1 0 2 ?
{PC) — (PC) +2if TO= 1 a7 g 8y 84 a3 82 8 ag
JNT1 addr (PCO~7)«addrif T1 =0} Jump to specified address «f Test 115 low.] © 1 [} [ 0 1 1 0 2 2
(PC)—(PC) +2if T1=1 a7 g s5 4 83 a2 e
JNZ addr {PCO~7) «~addrif A=0 Jump to specified address i accumutator | 1 o o 1 o 1 t ] 2 2
(PCl« (PC) +2if A=0 1s non-zero. a) 8 #5 84 a3 2 n a0
JTF addr (PCO-7)—addrif TF = 1| Jjump 10 specified address # Timer Flag [} o [ 1 [ 1 1 0 2 2
(PC)— (PC}+ 2if TF =0 ssetto 1. 87 w@g 85 84 a3 #7 N ag
JTO addr (PCO-7) —addrif T0=1| Jump to speciied address  Test O isat, | O 4 1 t [ 1 1 o 2 2
(PC)« (PC}+2if TO=0 a7 2 85 ay [X} a2 2y (%Y
471 addr (PCO~7) —addrif T1 =1 | Jump tospecidied address f Test 1501, | O 1 0 t 0 1 1 0 2 2
(PC) ~ (PC)+2if T1 =0 87 ag a5 a4 a3 a2 8 20
JZ addr (PCO~7)+~addrif A=0 | Jump to specified address if Accumutatar | 1 t o 0 0 1 ' 0 2 2
PC) « ifA= 2 »,
(PC) — (PC) +2ifA=0 s 7 % 85 s 83 23 a1 ag
CONTROL
ENI Enable the External Interrupt input 0 0 0 0 0 1 ) 1 1 1
oISt Disable the External Intercupt saput 0 [ [ 1 0 ' [ 1 1 t
SEL RBO {881+ 0 Select Bank O (locations 0 — 7] of Data 1 1 o o o 1 [ 1 1 1
emory,
SEL RB1 (BS) «1 Select Bank O (focations 24 — 31) of 1 1 ] 1 ) 1 o 1 1 t
Data Memory .
EN DMA Enable DMA Handshake. 1 1 1 1 ] 1 ] 1 1 1
EN FLAGS Enable Interrupt to Mester Device. 1 Al 1 0 4 1 o 1 1 1
DATA MOVES
IOV A, = data (A} - data Move Immediate the specified data nto o [ 1 [] (] 0 1 1 2 2
the Accumulator. d7 dg dg  d4 d3 dz dy do
MOV A, Re {A) - (Rele=0 7 Move the contents of the desqnated 1 1 1 1 1 . r 13 1 1
registers into the Accumulator. .
MOV A, @ Rr (A) = (RN, r =0 1 Move indurect the contents of data 1 1 1 1 o o0 o v 1 1
memory location into the Accumulator. .
MOV A, PSW (A} - (PSW) Move contents of the Program Status 1 1 o o o 1 1 1 1 1
Word into the Accumulator.
MOV Re, = dats (Rel~ data,r=0 7 Move Immediate the specified dats 1nto 1 0 1 1 1 . ' . 2 2
the designated reguster. d7 dg d5 dg d3 dz Oy do
MOV Rr, A (Rrl—(A),r=0 7- Move Accumulatar Contents into the 1 ] 1 o 1 3 . 4 1 1
designated register. .
MOV @Rr. A URM} = (A)r=0 Move Indirect Accumulstor Contents 1 o 1 ] 0 o o 4 1 1
into data memory locstion.
MOV ® Rr, = deta HAN) - dota;r =0 1 Move immediate the specified data into 1 0 1 1 o o0 o ' 2 2
data memory. d7 dg dg  dg dy d2 d1 do
MOV PSW, A (PSW) « (A) -Move contents of Accumulator into the 1 1 0 1 0 1 1 1 1 1
program status ward.
MOVP A, @A (PCO 71~ (A) Move data in the Current page into the 1 o o o o0 1 1 2 1
(A} — ({PCY) Accumulator,
MOVPIA. @ A (PC Q- 7)~ (A} Move Program data in Page 3 into the 1 1 1 o o o 1 1 2 1
(PC8- 10}~ 011 Accumutator.
(A} - (IPCH
XCH A, Rr (A1 2 (Rry 10 =7 Exchange the Accumulator and o o 1 0 1 . ' ' [ 1
designated register’s contents.
XCH A, @ Rr (A} (RN, r=0-1 Exchange Indirect contents of Accumu: ] [ 1 o o o o . 1 1
lator and 10Cation N dats memory.
XCHOD A, @ Rr (A0- 315 {ArN 0~ 3)); | Exchange indirect 4-but contents of o o0 1 1 e o o ' 1 1
(=0-1 Accumulator snd dats memory.
FLAGS
CPLC {C} = NOT () Compilement Content of carry bit. 1 0 1 0 [ 1 1 1 1 1 .
CPLFO {FO} — NOT (FO) Complement Content ot Fiag FO. 1 [ t 0 1 o 1 1 1 .
CPLF1 {F1) = NOT (F1) Complement Content ot Flag F 1. ] o 1 1 ] 1 L] 1 1 1 .
CLRC [~ 4 Cleer content ot carry bit to 0. 1 [ [ 1 ] 1 1 t 1 1 -
CLRFO {FO} ~ 0 Cisar contentof Flag 010 0. 1 o 0 o L] 1 [ 1 1 1 .
CLRF1 (F1)«~0 Ciear content of Flag 1 t0 0. 1 0 1 o o t 0 1 1 1 .
MOV STS, A ST4-ST7 +~ A4-A7 Move high order 4 bits of Accum- 1 o o 1 o o0 o o 1 1 4
ulator into status register bits 4-7. _
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INSTRUCTION SET (CONT.)

uPD8041A/8741A

INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION D7 D8 D5 D& D3 D2 Ot OO0 JCYCLES| BYTESf C AC FO F1 I1BF OBF| STq7
ISR QUTPUT ' -
ANL Pp, = data {Pp} « (Ppl AND data Logical and immediate specified data 1 o o 1 1 o P P 2 2
pr1 2 with designated port (1 or 2). d7 dg d5 dg d3 d2 dy do
ANLD Pp, A (Po) — (Pp) AND (A0 3) | Logical and contents of Accumulator Tt 0 t v 3 p p 2 1
p=4 7 with designated port (4 — 7).
INA, Pp (A) - (Pp);p=1 2 Input data from designated port {1 or 2) 0 o o o 1 o P [ 2 1
o Accumulator.
INA, DBB (A) ~ (DBB) Input strobed DBB data into o ] 1 a o o 1 o 1 1 .
Accumulator and clear {BF,
MOVD A, Pp {AO-3)+—(Pplip=4-7 | Movecontents of designated port (4 - 7)| © L] L] o 1 1 [ P 2 1
A4 The0 nto Accumutator.
MOVD Pp, A (Po)-AQ-3p=4 7 Move contents of Accumulator to o a 1 t 1 1 » P 1 1
designated port (4~ 7).
ORLD Pp, A (Pp} « (PP} OR (A O - 3) Logical or contents of Accumulator with 1 0 0 o 1 1 ) [ 1 1
p=-4 7 designated port {4 - 7).
ORL Pp, = dsta {Pp} — (Pp) OR date Logical or Immediate spacified data with 1 o o o 1 o P P 2 2
Pl 2 1designated port {1 or 2). d7 dg dg dq d3 d2 dy -do
OUT DBB, A (DBB) (A) Output contents of Accumulator onto o o o o0 0 o0 t o0 1 1 *
DBB and set OBF.
OUTL Pp, A P}~ {Akp=1 2 Qutput contents of Accumulator to 0 1 1 1 0 P P 1 1
designated port {1 or 2),
RIEGISTERS
DECRc (R} Rr) - (R} 1r=0 7 D by 1 contents of 1 1 o [ 1 v 3 r 1 1
register. .
INC Rr Re) -~ Ry 4300 7 by 1 contents of [ o 0 1 1 4 4 3 1 1
cegister
INC®Rr (ReH) = ({Rr}) + 10 Increment (ndirect by 1 the contents of o 0 0 1 0 0 ] r 1 1
r=0 data memory lo i
——— —
SUBROUTINE
e —
CALL addr ((SP1) - (PC), (PSW4 7) | Cail desigrated Subroutine. 210 ag ag. 1 o 1 ] 0 2 2
{SP) - (SP) +1 az ag ag a4 a3 a2 a ap
(PC8 10} addr8 10
(PCO- 7}~ addr0 7
(PC 11} - DBF
RET (SP) - (SP) - 1 Return from Subroutine without 1 ] [ 0 [ o 1 1 2 1
{PC) - {(SP)) restortng Program Status Word.
RETR {SP) - (SP) t Return from Subroutine restoring 1 0 0 1 o o 1 ] 2 1
{PC} «- {(SP)} Progran Status Word. .
(PSW 4 __7) - ({SP))
—
TIMER/COUNTER
p——
EN TCNTI Enable Internal interrupt Flag for [ [) 1 [ [ 1 0 1 1 1
Timer/Counter output.
DIS TCNT) Disable Internal interrupt Flag for 0 <0 1 1 [ 1 0 1 1 1
Timer/Counter output.
MOV A T (A}« (T} Mova contents of Timer/Counter into [ 1 (] ] o o 1 o 1 1
Accumulstor . .
MOV T, A - (A Move contents of Accumulator into 0 1 1 [} 0 [ 1 0 1 1
Timer/Counter.
STOP TCNT Stop Count for Event Counter. (1] 1 1 o 0 1 0 1 1 1
STRT CNT Start Count for Event Counter. o 1 o o o 1 o 1 1 1
STRY T Start Count for Tumer. 0 1 0 1 0 1 0 1 1 1
me——
MISCELLANEOUS
NOP 1 | Mo Operation pertormed. o o oo e o0 oy I |
Notes (D Instruction Code Designations r ana p form the binary representation of the Registers and Ports involved.

@ The dot under the appropriate ftag 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.
Symbol Definitions:
SYMBOL DESCRIPTION SYMBOL DESCRIPTION
A The Accumulator Pp 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, 10r 0 —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, T1 Testable Flags 0, 1
CLK Clock Signal X External RAM
CNT Event Counter # Prefix for Immediate Data
D Nibble Designator (4 bits) D 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.
P *'in-Page’’ Operation Designator < Replaced By
iBF Input Buffer Full Flag OBF Qutput Buffer Full
DBB Data Bus Buffer
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PACKAGE OUTLINE

uPD8041AC
4
Plastic
"TEM | MILLIMETERS INCHES
A 51,5 MAX 2.028 MAX
B 162 0.064
C 254201 5.10% 0,00¢
D 05%0.1 0.019 £ 0.004
3 48.26 1.9
F 1.2 MIN 0.047 MIN
G 2.64 MIN 0.10 MIN
H 0.5 MIN 0.019 MIN
1 5.22 MAX 0,206 MAX
J 5.72 MAX 0.225 MAX
K i5.24 0,600
L 13.2 0.520
L+ 0.1 +0.004
0.25
™ -005 | %9 5om
ke uPD8041AD
I.F e e |
U
M
R, I \__
Ceramic
ITEM | MILLIMETERS INCHES
A 51.5 MAX 2.028 MAX
B 162 0.064
c 2.54 % 0.1 0.100 = 0.004
) 0.50 * 0.1 0.0197 2 0.004
3 48.260.2 | 1.900 % 0.008
F 1.27 0.050
G 3.2 MIN 0.126 MIN
H 1.0 MIN 0.04 MIN
1 4.2 MAX 0.17 MAX
J 5.2 MAX 0.205 MAX
K 1524201 | 0.6 ¢0.004
+0.2 +0.008
- 38 52 | %' 0010
M 03001 | 0012%00M uPD8741AD
Cerdip
53.34 max
w —15.24—] @ 2
—i g aonoponnonanaonnnononnn
8
—1—‘ & 0.65R
E —4;
o .25 = 0.05 "I
' i R 0~15°
VW Bh-02 05=0a mmru‘u‘u‘n’muvn’mn‘m‘uj
48.26 1 0

350

8041A/8741ADS-Rev 2-12.81-CAT

l—-—— 13.2 ——»]



NEC uPD8048

NEC Electronics U.S.A. Inc. uPD8748
Microcomputer Division ' uPD8035L

;. PD8048 FAMILY OF SINGLE CHIP
8-BIT MICROCOMPUTERS

DESCRIPTION The uPD8048 family of single chip. 8-bit microcomputers is comprised of the uPD8048,
MPD8748 and uPDB035L. The processors in this family differ only in their internal pro-
gram memory options: The uPD8048 with 1K x 8 bytes of mask ROM, the uPD8748
with 1K x 8 bytes of UV erasable EPROM and the uPD8035L with external memory.

FEATURES Fully Compatible With Industry Standard 8048/8748/8035
NMOS Silicon Gate Technology Requiring a Single +5V Supply
2.5 us Cycle Time. All Instruction 1 or 2 Bytes

interval Timer/Event Counter

64 x 8 Byte RAM Data Memory

Single Leve! Interrupt

96 Instructions: 70% Single Byte

27 1/0 Lines

Internal Clock Generator

8 Level Stack

Compatible With 8080A/8085A Peripherals

Available in Both Ceramic and Plastic 40 Pin Packages

PIN CONFIGURATION =

! ~ 40v
cc
xTAL1O] 2 T,
XxTAL20O 3 38 [ p27
RESET [ 4 37 r2e
ss] s 36 [ P25
INT[] 6 35 [ P24
EALC] 7 34 [ P17
_Rb[ 8 upD - 33 [ P16
R e =
ALE 11 8748/ 30 [ e13
DB, 112 8035L 29 [ P12
DB, 13 28 [ P11
oB, O] 14 27 [ P10
0B, 15 26 (1 vpp
oB, [} 16 25 [ PROG
DB 17 24 [ P23
DB ] 18 23 [ P22
o8B, 19 22 3 ep21
vgg 420 21 [ p20
Rev/1
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uPD8048/8748/8035L

The NEC uPD8048, uPD8748 and uPD8035L are single component, 8-bit, parallel
microprocessors using N-channel silicon gate MOS technology. The uP1>8048/8748/
8035L efficiently function 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 instructicns.

The uPD8048/8748/8035L instruction set is comprised of 1 and 2 byta instructions
with over 70% single-byte and requiring only 1 or 2 cycles per instruction with over

50% single-cycle.

FUNCTIONAL
DESCRIPTION

The uPD8048 series of microprocessors will function as stand alone microcomputers.
Their functions can easily be expanded using standard 8080A/8085A peripherals and

memories.

The uPD8048 contains the following functions usually found in exterr:al 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.

The uPDB8035L is intended for applications using external program memory only. It

contains all the features of the uPD8048 except the 1024 x 8-bit internal ROM, The
external program memory can be implemented using standard 8080A/3085A memory

products.

POWER SUPPLY

lvcc

5y
1LOW POWER
STANDBY:

voo

PROGRAM
supsLY

OSCHLATOR
FREQUENCY

vsg

GROUND

[aesient raaGRAM MEmoRY]
AOM EPRON

8US BUFFER

1024 < 8

oeconE

PORT 7 LATCH (LOW 41
AND EXPANDER

?
?
HIGHER PROGRAN
COUNTER 141

ORT 7
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uPD8048/8748/8035L

PIN IDENTIFICATION

PIN
FUNCTION
NO. SYMBOL

1 To Testable input using conditional transfer functions JTO0 and
JNTO. The internal State Clock {CLK) is available to Tg
using the ENTO CLK instruction. Tq 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)'

XTAL 2 The other side of the crystal input.

4 RESET Active low input for processor initialization. RESET is

also used for PROM programming verification and power-
_ down (non TTL compatibte vy |).

5 SS Single Step input {active-low). SS 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 instruction has been executed. A reset
will disable the interrupt. INT can be tested by issuing a
conditional jump instruction.

7 EA Externat 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_DMI 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 memary fetch.

10 WR WRITE strobe output (active-low). vﬁlill pulse low when
the processor performs a BUS WRITE. WR can aiso function
as a WRITE STROBE for external DATA MEMORY.

i 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. Also, 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, P2g — P27: Port 2 is the second of two 8-bit quasi-bidirectional ports.
35 - 38 PORT 2 For external data memory fetches, the four most significant

bits of the program counter are contained in P2g — P23. Bits
P20 — P23 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 is used
for programming the uPD8748. PROG is also used as an out-
put strobe for the uPD8243.

26 Vpp 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 P1o~P17: Port 1 is one of two 8-bit quasi-bidirectionat 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 vee Primary Power Supply. Vcc must be +5V for programming
and operation of the uPD8748, and for operation of the
uPD8036L and uPD8048.
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Operating Temperature

Storage Temperature (Ceramic Package)
Storage Temperature (Plastic Package). . . . . .

Voltage on Any Pin ... ....
Power Dissipation

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 extend

- 0.5to +7 Volts

led periods may affect device

0°C to +70°C
-65°C to +150°C
-65°C to +150°C

1.5W

reliability .

Ta=-0°C to +70°C; VoG = VDD = +5V + 10%; Vgs = 0V

LIMITS
PARAMETER SYMBOL | MIN |TYP [MAX |UNIT TEST CONDITIONS

Input Low Voltage v 5 v

(All Except XTAL 1, XTAL 2) L 0 08

Input High Voltage

(All Except XTAL 1, XTAL 2, RESET) | VIH 20 vec | v

input High Voltage v 38 v v

(RESET, XTAL 1, XTAL 2) 1H1 ! ce

Output Low Voltage (BUS) VoL 0.45 A" oL = 2.0 mA

Output Low Voltage (RD, WR, .

PSEN, ALE) Vou1 0.45 A lo =18mA

Output Low Voltage (PROG) voL2 045 v loL=1.0mA

Qutput Low Voltage _

(All Other Outputs) VoLs 0454 V. lloL=16mA

Output High Voltage (BUS) VOH 24 A\ IoH = -400 A

Output High Voltage (RD, WR,

V 4 =-1

PSEN, ALE) OH1 2 v 1oH 00 wA
Output High Voltage -

(All Other Outputs! Vo2 24 V| loH=-40uA

Input Leakage Current

| <
(T1, INT) I 10 [ A }Vss<VIN<VcC
Input Leakage Current
- ] -500 Vee ® VIN = +0.45V
(P10-P17, P20-P27, EA, 551 (K} uA CC* VIN>Vss+0
Qutput Leakage Current
> +0.

(BUS, Tg — High Impedance State) foL 10 | WA | VCC > VIN > Vss +0.45V
Power Down Supply Current DD 7 15| mA | T4=25C

Total Supply Current pp + Icq 60 135 | mA | Ta=25°C

Ta =26°C £ 6°C; Vg = +6V £ 10%; Vpp = 425V £ 1V

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

VDD Program Voltage High-Level VDOH 240 26.0 v

VDD Voltage Low-Level VDDL 4.75 5.256 v

PROG Voltage High-Level VPH 215 245 v

PROG Voltage Low-Level VpPL 0.2 A\

EA Program or Verify Voltage High-Level | VEAH 215 245 \%

EA Voltage Low-Level VEAL 5.25 v

Vpp High Voltage Supply Current IpD 30.0 mA

PROG High Voltage Supply Current PROG 16.0 mA

EA High Voltage Supply Current [FFN 1.0 mA
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uPD8048/8748/8035L

READ, WRITE AND INSTRUCTION FETCH — EXTERNAL
DATA AND PROGRAM MEMORY

AC CHARACTER'ST'CS Ta=0°Cto +70°C; Vee = Vpp = +5V £ 10%; Vgg = OV

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 - LA 80 ns
Control Pulse Width (PSEN, RD,WR1 [ tcc 700 ns
Data Setup before WR : tow 500 ns
Data Hold after WR twD 120 ns CL =20 pF
Cycle Time tey 25 156.0 us 6 MHz XTAL
Data Hold : DR 0 200 ns
PSEN, 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 = 1560 pF
tey = 2.5us
. PORT 2 TIMING
Ta =0°Cto +70°C; Vcg = +5V £10%

LIMITS TEST
PARAMETER ) SYMBOL | MIN JTYP | MAX | UNIT | CONDITIONS

Port Control Setup before Falling

Edge of PROG tcp 110 ns

Port Control Hold after Falling

Edge of PROG 1pC 1 100 ns

PROG to Time P2 Input must be

Valid PR 810 ns

Output Data Setup Time - tbp 250 ns

Output Data Hold Time tpp | 65 ns

Input Data Hold Time tpE 0 150 ns

PROG Pulse Width tpp 1200 ns

Port 2 1/0 Data Setup tpL 350 ns

Port 2 1/0 Data Hold e 150 ns

~ PROGRAMMING SPECIFICATIONS — uPD8748
Ty = 26°C + 5°C; Vo = +6V + 10%; Vpp = +25V £ 1V

PARAMETER symBoL [—— "'T'c:s ] UNIT CONDEMONS
‘Address Setup Time before RESET T | tAW atcy
‘Address Hold Time after RESET 1 WA 4tcy
Data In Setup Tirie before PROG 1 tDwW 4 toy
Data In Hold Time after PROG ¢ WD “atcy
RESET Hold Time to VERIFY PR atcy
Vbb tvpow | 4tcy
VpD Hold Time after PROG ¢ tVDDH 0
Program Pulse Width ‘tow 50 | 60 ms
Test O Setup Time before Program
Mode . tTW 4oy
Test 0 Hold Time after Program
Mode tWT 4tCY
Test 0 to Data Out Delay DO 4tcy
RESET Pulse Width to Latch
Address tww 4tcy
Vpp and PROG Rise and Fall Times | tytf . 06 20 us
Processor Operation Cycle Time toy 5.0 us
RESET Setup Time before EA t tRE 4tcy
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TIMING WAVEFORMS

tcy

-1

fatt— T | —d

ALE I I__
—--i TAFC p—tcc—.‘

— A

tAL L-a—— —a! tDR l‘—
FLOATING / x FLOATING FLOATING x
BUS

—’I RD INSTRUCTION

ADDRESS
f tAD 1

INSTRUCTION FETCH FROM EXTERNAL MEMORY

ALE _-’ I ; J I
}‘—(CC_’

tAFC [=— —sit DR

rLoating 3Caporess ) FLoating D pata X FLOATING
BUS
_..I /D F

I 'AD 1

READ FROM EXTERNAL DATA MEMORY

v L

r“'—‘CC—-J
WR
twD
ow
BUS FLOATlNGXIADDRESS FLOATING DATA FLOATING
5 tAw

WRITE TO EXTERNAL MEMORY

356



TIMING WAVEFORMS
(CONT.)

uPD8048/8748/8035L

5
)

(- o fe— —_-no_.—..i [y —
£ xPANDER
PoRT X = { rortzgioata P rontconteor OutPuT DATA
Quteur X

f [ER )

 xpanoen

"o N otz onmn N ront conten X N oa)

Guteur ‘ y
i oy s

,‘?!
E
&

PORT 2 TIMING

.

w
T X 4‘ \
AESET N 7 \__—_/——__—
taw
i.... wa ._xm_..i
ADDRESS DATA TO 88 DATA NEXT ADORESS
08g:DB7 - (0.7} VALIO PROGRAMMED VALIO VALID - VALID
LAST .
P20Py avongss K ADDRESS (89) VALID j NEXT ADDRESS

J

Voo il K
‘ow WD
23
PROG 5V -

o S N —

PROGRAM/VERIFY TIMING
{uPD8748 ONLY)

T .
RESET .
- ADDRESS DATA QLT - NEXT NEXT DATA -——
O8g DAy \ 10-7) VALID VALID ADDRESS OUT VALID
- 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 Vgg 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 Dy Dy Ds Ds D3 D2 Dy Dg JcveLesJevTes Jc Aac Fo F1
ACCUMULATOR
ADD A, # data (A) ~ (A} + data Add Immediate the specified Data to the | O 0 o o0 o O 1 1 2 2 .
Accumuiator. d7 dg dg dg d3 d2 dq do
ADD A, Rr (A) — (A) + (Rr) Add contents of designated register to 1] 1 1 [ 1 r r r 1 1 .
forr=0-17 the Accumulator.
ADD A, @ Rr (A} — (A) + ((Rr)) Add Indirect the contents the data 0 1 1 (4] [ 0 (] r 1 1 .
forr=0-1 memory location to the Accumulator.
ADDC A, = data (A) - (A) + (C) + deta Add with carry the 0 0 0 1 0 o 1 1 2 2 .
data to the Accumulator. dy d¢. dg da d3 dz dy do
ADDC A, Rr {A) ~ (A) +(C) + (Rr} Add with carry the contents of the 0 1 1 1 1 r 3 r 1 1 .
fore=0-7 designated register to the Accumulator.
ADDC A, @Rr (A) — (A} + (C) + {(Rr)) Add Indirect with carry the contents of 0 1 1 1 0 1] 1) r 1 1 .
forr=0-1 data memory location to the
Accumutator.
ANL A, =data {A) -~ (A) AND data Logical and specified immediate Data 0 1 (] 1 0 [} 1 1 2 2
with Accumulator. dy dg; dg dq d3 dz dy dg
ANL A, Rr (A} «~ (A} AND (Rr) Logical and contents of designated 1] 1 1) 1 1 r r r 1 1
. fore=0-7 register with Accumulator,
ANLA, @Rr (A} «— (A) AND ({Rr}) Lagical and Indirect the contents of data [} 1 0 1 [} (4] [ r 1 1
forr=0- 1 memory with Accumulator,
CPLA (A} ~ NOT (A} Complement the contents of the ] 0 1 1 o 1 1 1 1 1
Accumuiator,
CLR A {A) -0 CLEAR the contents of the Accumulator. | 0 ] 1 0 o} 1 1 1 1 1
DA A DECIMAL ADJUST the contents of the [ i 0 1 0 t 1 1 1 1 .
Accumulator.
DEC A (A) - (A) 1 DECREMENT by 1 the accumulatos’s o ] 0 [¢] o 1 1 1 1 1
contents.
INC A (A} (A) + 1 Increment by 1 the accumulator’s 0 0 [ 1 0 t 1 1 1 1
contents,
ORL A, = data (A) — (A) OR data Logical OR specified immediate data 0 1 o 0 0 0 1 1 2 2
with  Accumulator d7 d; ds d4 d3 d2 dy do
ORL A, Rr (A} «- (A) OR (Rr] Logical ORcontents of designated 0 1 0 [ 1 r 4 4 1 1
forr=0-7 register with Accumulator. o
ORL A, @Rr {A} — (A) OR ((R)} Logical OR Indirect the contents of data [ 1 0 [ o 0 ] 4 1 1
forr=0-1 memory location with Accumulator.
RLA (AN + 1] — (AN) Rotate Accumulator left by 1-bit without | 1 1 1 0 o 1 1 1 1 1
(Agh «— (Ag} carry,
forN=0-6
RLC A (AN + 1) — (ANY;N = 0- 6 | Rotate Accumulator left by 1-bit through | 1 1 1 1 0 1 1 1 1 1 .
{Ag) ~ (C) carry.
€~ (A7)
RR A {AN) — (AN + 1); N =0 -6 | Rotate Accumulator right by 1-bit [ 1 1 1 0 1 1 1 1 1
(A7) —{Ag) without carry.
RRC A (AN) «~ {AN + 1); N = 0 - 6 | Rotate Accumutator right by 1-bit 1] 1 1 0 0 1 1 1 1 1 .
{A7) ~{C) through carry.
(cr- (ag
SWAP A (Ag7) = (Ag-3) Swap the 2 4-bit nibbles in the 0 1 [ 0 0 1 1 1 1 1
Accumulator.
XRL A, #data (A} -~ {A) XOR data Lopical XOR specified immediate data 1 1 0 1 0 0 1 1 2 2
with Accumulator, d7 43 dg  d4 d3 d2 dq do
XRL A, Rr (A} ~ (A) XOR {Rr) Logical XOR contents of designated 1 1 4] 1 1 3 r r 1 i
forr=0-17 register with Accumulator.
XRL A, @Rr (A) ~ (Al XOR ({Rr}) Logical XOR Indirect the contents of data| 1 1 ) 1 0 o ) 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 I3 r r 2 2
H(Rr) + 0: test contents. a7 a3 ag 84 a3 EY] at ag
{PC O~ 7) «~ addr
JBb addr (PCO-7) —addrif Bb=1 | Jump to specified address if bz by bp 1 [ 1 [ 2 2
(PC} « (PC) + 2if Bb= 0 Accumulator bit is set. a7 a3 ag a4 a3 ag at ag
JC addr {PCO-7)—adorifC=1 Jump to specified address if carry flag 1 * 1 1 0 1 1 0 2 2
{PC) - (PC) + 2ifC =0 is set. a7 a3 a5 a4 a3 az # ag
JFOaddr {PC 0 - 7) +~addr if FO =1 | Jump to specified address if Flag FO is 1 0 1 1 o 1 1 [} 2 2
{PC) ~){PC) +2it FO =0 set. . a7 83 a5 a4 a3 a2 80
JF1 addr (PCO-7) —addrif F1=1 Jump to specified address if Flag F1 is o . 1 1 V] 1 1 0 2 2
(PC) —(PC) + 2itF1 =0 set. a7 a3 a5 e84 a3 a2 a8 2
JMP addr (PC8- 10} ~ addr 8- 10 Direct Jump to specified address within a0 83 ag o 0 1 0 o 2 2
(PCO~ 7} —addr 0- 7 the 2K address block. a7 a3 a5 84 a3 ag = ag
{PC 11) -- DBF
JMPP @ A (PCO- 7) - (A} Jump indirect to specified address with 1 ) 1 1 L] 0o 1 1 2¢ 1
with address page,
JNC addr (PCO- 7 ~addr ifC=0 | Jump to specitied address if carry flag is 1 i 1 0 1] 1 1 [ 2 2
{PC) - (PCY+2i1C =1 fow. a7 eg 85 84 a3 a2 8 ap
JNI addr (PCO-7)+—addrif 1 =0 Jump to specified address if interrupt 1 by 0 0 0 1 1 0 2 2
(PC) - (PC) + 2if 1 = 1 is low. a7 8g 85 as a3 a2 a1 ag
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INSTRUCTION SET (CONT.)

uPD8048/8748/8035L

INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION D7 Dg Dg Dg D3 D2 Dy Do JCYCLES JBYTESJC AC FO F1
BRANCH (CONT.)
JINTO addr (PCO~7)«addrif TO=0 | Jump 1a specified address if Test O is low.| O o 1 0 o 1 1 0 2 2
(PCY~ (PCY+2ifTO=1 a7 ag as a4 a3 a2 a1 a0
JINTT addr (PCO~7)«addrif T1=0 | Jump to specified address (f Test 1 1slow. | O t 0 0 [ 1 1 0 2 2
(PC) < (PC)+2if T1 =1 a7 ag ag a4 a3 ap a1 ag
JNZ addr {PCO-7)—addrif A=0 | Jump to specified address if accumulator | 1 0 ] 1 0 1 1 0 2 2
(PC) - (PC) +2ifA=0 is non-zero. az ag as a4 a3 ap aj ag
JTF addr (PCO =7}« addrif TF =1 | Jump to specified address if Timer Flag [ Y 0 1 0 1 1 0 2 2
{(PC}— (PC) +2if TF =0 issetto 1. a7 ag as 04 a3 azg 0 ag
JTO addr (PCO-7)«addrif TO=1 | Jump to specified address if Test O isa 0 [ 1 1 0 1 1 0 2 2
(PC) < (PC) +2if TO =0 a7 e ap a4 a3 a2 a; ag
JT1 addr (PCO~7) «<addrif T1 =1 Jump to specified address if Test 1isa 1, o i 0 1 o 1 1 0 2 2
(PC) - (PCI+2if T1=0 a7 ag a5 a4 a3 a2 ay 30
Jz addr (PCO-7) «addrif A=0 Jump to specified address if Accumulator 1 1 [ 0 0 1 1 ] 2 2
(PC) < (PC) +2if A=0 is 0. ay  ag a5 ag a3 a3 ag
—
CONTROL
ENI Enable the External Interrupt input. [ ] o ] 0 1 [ 1 1 1
Dist Disable the External Interrupt input. Y 0 0 1 0 1 0 1 1 1
ENTO CLK Enable the Clock Output pin TO. o] t 1 1 0 1 [ 1 1 1
SELMBO {DBF) <0 Select Bank 0 (locations 0 2047) of 1 1 1 0 o 1 ) 1 1 1
Program Memory.
SEL MB1 (DBF) <1 Select Bank 1 (locations 2048 4095) of 1 1 t 1 0 1 0 1 1 1
Program Memory.
SEL RBO {88) -0 Select Bank 0 {locations 0 — 7) of Data 1 1 4] 0 0 1 V] 1 1 1
Memory,
SEL RB1 B5) 1 Select Bank 1 (locations 24 - 31} of 1 t 0 1 0 1 o 1 1 1
Data Memory.
DATA MOVES
MOV A, :'data (A) « data Move Immecliate the specified data into 0 0 1 0 0 [ 1 1 2 2
the Accumulator. dy7 dg dg da dz dy dy dg
MOV A, Re (A) = (Rr};r=0-7 Move the contents of the designated 1 1 1 1 1 1 T " 1 1
registers into the Accumulatar.
MOV A, @ Rr (A~ ((Rr));r=0-1 Move Indirect the contents of data 1 1 1 1 0 o 0 v 1 1
memory (0cation nto the Accumulator.
MOV A, PSW (A) « (PSW) Move contents of the Program Status 1 1 0 0 [} 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 r 4 r 2 2
the designated reqister. dy dg dg dg d3y d2 dy do
MOV R, A (Rr) < {A);r=0-7 . | Move Accumulator Contents into the 1 o 1 0 1 v 4 : 1 1.
designated register. °
MOV @ Rr, A R}~ (A);r=0-1 Move Indirect Accumulator Contents 1 ] 1 0 0 o 0 3 1 1
into data memory location,
MOV @ Rr, = data ({Rr) —data;r =01 Move tmmediate the specified data into 1 0 1 1 [} 0 0 v 2 2
data memory. dy dg ds dq d3 d2 dy do
MOV PSW, A (PSW) «— (A) Move contents of Accumulator into the 1 1 t 0 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 o 1 1 2 1
(A) — {{PC)) Accumulator.
MOVP3 A, @ A (PCO~7) < {A) Move Program data in Page 3 into the 1 1 1 [} 0 4] 1 1 2 1
{(PC 8- 101 -~ 011 Accumulator.
{A) = lPCH
MOVX A, @R (A) — (R r =0~ 1 Move Indirect the contents of external 1 o o o 0 0 o0 . 2 1
data memory nto the Accumulator.
MOVX @R, A (Re)) — (Ab;e=0-1 Move Indirect the contents of the 1 [} 0 1 ] 0 0 v 2 1
Accumulator into external data memory.
XCH A, Rr (A)Z(Rr);r=0-7 Exchange the Accumulator and 0 0 1 )] 1 4 r T 1 1
designated register’s contents.
XCH A, @ Rr (AYZ R r=0-1 Exchange Indirect contents of Accumu- 0 o] 1 0 0 0 [ r 1 1
lator and location in data memory.
XCHD A, @ Rr {A0-3)Z((Rr)) 0 -3)); Exchange Indirect 4-hit contents of 0 0 1 1 0 [ [} r 1 1
r=0-1 Accumufator and data memory.
—FTRSS
CPLC (CY+ NOT(CI Complement Content of carry bit, 1 o 1 o o 1 1 1 1 1 .
CPLFO (FO) « NQT {FO) Complement Content of Flag FO. 1 0 ] 1 ] 1 0 1 1 1 .
CPLF (F1)- NOT(F1} Complement Content of Flag F1. 1 1] 1 1 o 1 0 1 1 1 .
CLRC (Ct- 0 Clear content of carry bit to 0. 1 [ 0 1 ] 1 1 1 1 1 .
CLR FO (FO}- O Clear content of Flag 0 to 0. 1 o ] 0 o 1 0 1 1 1 .
CLRF1 (F11- 0 Clear content of Flag 1 10 0. 1 o 1 o o 1 0 1 1 1 .
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INSTRUCTION SET (CONT.)

INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION D7 D6 D5 D4 D3 D2. D1 DO § CYCLES |BYTES JC AC FO F1
INPUT/OUTPUT
ANL BUS, = data (BUS) « (BUS) AND data Logical and Immediate-specified data 1 o 0 1 1 0 ] o 2
with contents of BUS. d7 dg dg dg d3 d2 &y dg
ANL Pp, = data (Pp) «- (Pp) AND data Logical and tmmediate specified data 1 o o 1 1 [ I 2
p=1-2 with designated port (1 or 2) d7 dg dp  da d3 dz dy dg
ANLD Pp, A {Pp) — {Pp) AND (A 0~ 3)| Logical and contents of Accumulator with} ! 0 0 1 1 1 P 0 1
p=4-7 designated port (4 ~ 7),
INA, PP (A) < (PpYip=1-2 Input data from designated port {1-2) | 0 0 0 0 1 o » P !
into Accumulator.
INS A, BUS (A) « (BUS) Input strobed BUS data into Accumulgtor] 0 0 0 0 1 0 0 0 1
MOVD A, Pp (AD~-3)—(Pp);p=4-T7| Move contents of designated port (4 — 7§ 0 0 1 1 » » !
(Ad-T71 <0 into Accumulator, .
MOVD Pp, A PRl —A0=3p=4-7 Move contents of Accumulator to 0 [¢] 1 1 1 1 [ ] 1
designated port (4 - 7).
ORL BUS, = data (BUS) « (BUS) OR data Logica! or immediate specified data with 1 0 0 o] 1 0 0 o 2
contents of BUS, dy de ds  dg d3 dg dq do
ORLD Pp, A (Pp} «~ (PP OR (A 0 - 3) Logical or contents of Accumuiator with 1 0 0 0 1 1 ] -3 1
p=4-7 designated port {4'- 7},
ORL Pp, = data (Pp) « (Pp) OR data Logical or Immediate specified date with | 1 0, 0 4] 1 4] P [} 2
p=1-2 designated port (1~ 2), dy de dg  d4 d3 dz  dy do
QUTL BUS, A {BUS) — (A) Output contents of Accumulator onto 0 0 0 o 0 1 0 1
BUS.
OUTL Pp, A (Pp) —(A)ip=1-2 Qutput contents of Accumulator to 0 o 1 1 1 [ [ ] 1
designated port (1 - 2).
REGISTERS
DEC Rr  (Rr} (Rr) < {Rr)+1;r=0-7 Decrement by 1 contents of designated 1 1 0 ] 1 4 f v 1
register, )
INC Re (Rr)—(Rr)+1;r=0-7 Increment by 1 contents of designated o o 0 1 1 T r T 1
register.
INC @ Ri (Rr)) « URe)) + 1; Increment Indirect by 1 the contents ol 0o 0 o 1 Q 1] 0 v 1
r=0-1 data memory location.
ke
SUBROUTINE
CALL addr ({SP)) « {PC), (PSW 4 — 7)| Call designated Subroutine, 3ajg0  ag ag 1 0 1 0 4] 2
(SP) — (SP) +1 a7 ag a5 as a3 2z 3y ag
(PC 8 ~ 10} < addr 8 - 10
(PCO-7)<addr0-7
(PC 11} —~ DBF
RET (SP} « (SP) = 1 Return from Subroutine without 1 0 0 [ [} [ 1 1 1
(PC) - {(SP)) restoring Program Status Worad.
RETR {SP) « (SP) = 1 Return from Subroutine restoring 1 o 0 1 4] 0 1 1 1
(PC} -~ ({SP}} Program Status Word.
(PSW 4 — 7) ~ ((SP))
TIMER/COUNTER
e
EN TCNTH Enable Internal interrupt Flag for [ 0 1 0 [} 1 [¢] 1 1
Twmer/Counter output
DIS TCNTI Disable Internal interrupt Fiag for o [ 1 1 0 1 0 1 1
Timer/Counter output.
MOV A, T (Al - (T) Move contents of Timer/Counter into o 1 0 0 [ 0 1 0 1
Accumulator.
MOV T, A (T (A} Move contents of Accumulator into 0 1 1 0 0 1) 1 0 1
Timer/Counter.
STOP TCNT Stop Count for Event Counter. 4] 1 1 0 o 1 0 1 1
STRT CNT Start Count for Event Counter. 0 1 0 0 ] 1 0 1 1
STRTT Start Count for Timer. 0 1 0 1 0 1 0 1 1
MISCELLANEOUS
NOP l No Operation performed l o o o0 o0 o0 0 o0 o0 ] 1 I
Notes: (D Instruction Code Designations r and p form the binary representation of the Registers and Port:, involved.

(@ The dot under the appropriate flag bit indicates that 115 content 1s subject 10 change by the nstrclion 1t appears in.
@) Reterences 1o the address and data are specified in bytes 2 and/or 1 of the mstruction
@ 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=1,20r 4 — 7)
AC The Auxiliary Carry Flag PSW Program Status Word
addr Program Memory Address (12 bits) Rr Regiszer Designator {r =0, 10r Q — 7)
Bb Bit Designator (b =0 —7) SP Stack Pointer
BS The Bank Switch T Timer
8uUS The BUS Port TF Timei Flag
C Carry Flag To. T1 Testadle 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 Ux)) Contents of Memory Location Addressed
| Interrupt by the Contents of External RAM Location.
P “In-Page” Operation Designator - Replaced By
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LOGIC SYMBOL

PACKAGE OUTLINES
1PD8048C
uPD8035LC

#PD8048D
uPD8035LD

H=L

e -
XTAL
i
RESET ——]
SINGLE
STEP
EXTERNAL ___|
MEMORY,
-}
TEST
o]
INTERRUPT ==t
BUS 1
8

PORT =1
PORT =2
READ
4PD WRITE
Fﬁlo\ﬂ4|8LY PROGRAM STORE

ENABLE

ADDRESS LATCH
ENABLE

PORT EXPANDER
STROBE

uPD8048/8748/8035L

-

Plastic
ITEM MILLIMETERS INCHES
A 51.5 MAX 2,028 MAX
B 1,62 0.064
C 2541 0.1 0.10 + 0,004
D 0.5 0.1 0.019 * 0.004
3 48.26 1.9
F 1.2 MIN 0.047 MIN
G 2.54 MIN 0.10 MIN
H 0.5 MIN 0.019 MIN
I 5.22 MAX 0.206 MAX
J 5.72 MAX 0.225 MAX
K 15.24 0.600
L 13.2 0.520
+0.1 +0.004
M 0.25 0.05 0.010 0.002

o 1

c 1

i AF

C

TTVTTYV YTV

Ceramic
ITEM | MILLIMETERS INCHES
A 515 2.03
B 1.62 0.06
[3] 2.54 0.1
D 0.5+ 0.1 0.02 + 0.004
E 48.26 1.9
F 1.02 0.04
G 3.2 0.13
H 1.0 0.04
| 3.5 0.14
J 4.5 0.18
K 15.24 0.6
L 14.93 0.59
M 0.25 + 0.06 | 0.01 + 0.0019
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PACKAGE OUTLINE
uPD8748D
Cerdip

§3.34 max

40 21
nonnoonannnNonnannannn

0.85R
-l

L—- 13.2 ——hl

—
—

3 -”w.zs +0.085 ™I

0~15°

L]
L
o
1
51 min 5.08 max

0.

1.3 254 - 025 0.5 - 01
48.26

8048/8748/8035LDS-Rev 1-12-81-CAT
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NEC
NEC Electronics US.A. Inc.

Microcomputer Division

Description
The NEC . PD80CA48 is a true stand-alone 8-bit micro-
computer fabricated with CMOS technology. The
uPDB80C48 contains all the functional blocks — 1K bytes
ROM, 64 bytes RAM, 28 I/O lines, on-chip 8-bit Timer/
Event counter, on-chip clock generator — to enable its use
in stand-alone applications. For designs requiring extra
capability the uPD80C48 can be expanded using industry
standard .PD8080A/uPD8085A peripherals and memory
products. The 1 PD80C35 differs from the uPD80C48 only
in that the uPD80C35 contains no internal program mem-
ory (ROM).
Compatible with the industry-standard 8048, 8748 and
8035, the CMOS-fabricated «PD80C48 provides S|gn|f|-
cant power consumption savings in applications requiring
low power and portability. In addition to the power savings
gained through CMOS technology, the NEC nPD80C48
features Halt and Stop modes to further minimize power
drain.
Features
[ 8-bit CPU, ROM, RAM, I/O in a single package
] Hardware/Software-compatible with industry standard
8048, 8748, 8035 products
1Kx8ROM
64 x 8 RAM
27 1/O lines
2.5 us cycle time (6 MHz crystal)
Allinstructions 1 or 2 cycles
97 instructions: 70% single-byte
Internal Timer/Event Counter
Two Interrupts (External and Timer)
Easily expandable memory and /O
Bus-compatible with 8080A/8085A perlpherals '
CMOS technology
Operatlonal over a 2.5 to 6. 0V range
Available in 40-pin DIP or 52-pin flat pack
Low-power Standby modes .
Halt Mode
1 mA typical supply current .
Maintains internal logic values and control status
Initiated by HALT instruction
Released by External Interrupt or Reset
Stop Mode
1 1A typical supply current
Disables internal clock generation and internal logic
Maintains RAM
Initiated via Hardware (Vpp)
Released via Reset

Ooooooooooooond

O

Pin ldentification

~PD80C48/.,PD80C35
CMOS 8-BIT SINGLE-CHIP
MICROCOMPUTER

Pin
Symbol

Function

XTAL2

The other side of the crystal input.

e
RESET

Active low input for processor Initiallzation. RESET Is also
used for Halt/Stop Mode release (non-TTL-compatible V,,,).

Single step Input (active-low). 88 with ALE sifows the
processor to ‘‘single-step’’ through each Instruction in
program memory.

interrupt input (active-low). INT starts an interrupt if an
enable instruction has been executed. A reset disables the
Interrupt. INT can be tested by lssuing a conditional jump
instruction.

External Access input (active-high). A logic “1” at this Input
commands the processor to perform all program memory
fetches from external memory.

Read strobe output (active-low). AD pulses low when the
processor performs a Bus Read. RD also enables data onto
the pi Bus froma | device and

as a Read Strobe for external Data Memory.

Program Store Enable output (active-low). PSEN becomes
active only during an external memory fetch.

Write strobe output (active-low). WR pulses low when the
processor performs a Bus Write. WR can also functionas a
Write Strobe for external Data Memory.

ALE

Address Latch Enable output (actlve high). Occuring once
each cycle, the falling edge of ALE {atches the address for
external memory or peripherals. ALE can alsobs used as a
clock output.

122—19

—D, BUS

8-bit, bidirectional port. Synchronous reads and writes can
be performed on this port using RD and WR strobes. The
contents of the D, — 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 incoming addressed Instruction. Also, for an external
RAM data store instruction the D, — D, Bus, controlled by
ALE, RD and WR, contains address and data information.

20

Vs

Processor's Ground potentlal.

21—24,
35—38

Py —Py;:

PORT 2

Py — Py arealsousedasa 4-bk 1/0 bus for the .« PDB243,

Port 2 Is the second of two 8-bit quasi-bidirectional ports.
For external data memory 1otchu, the four most significan
bits of the prog in P, — P,,. Bits ’
Input/Output Expander.

25

PROG

PROG Is used as an output strobe for the ;LPDSM.‘!

26

Voo

+5V during normal operation. Vo, is used In Stop Mode. By
forcing V.,p low during a reset, the processor enters Stop
Mode.

27—234

Pio—Py;2
PORT 1

Port 1 is one of two 8-bit quasi-bidirectional ports.

T

Testable input using for f and
JNT1. T1 can be made the counter/timer Input u;lnn tho
STRT CNT instruction.

Function
No. Symbol
1 TO Testable input using conditional transfer functions JT0 and
JNTO. The internal State Clock (CLK) is avallable to T, using
the ENTO CLK Instruction. T, can also be used during pro-
gramming as a testable flag.
2 XTAL1 One side of the crystal input for external osclilator or fre-

quency (non-TTL-compatible V,,;).

40

Vee

Primary Power Supply.

Pin Configuration
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uPD80C48/.,PD80C35

Block Diagram

8US BUFFER
PORT 2

EXPANSION TO ADDITIONAL
EXTERANAL MEMORY AND 1/0

OSCILLATOR
FREQUENCY

RESIDENT PROGRAM MEMORY
AOM/EPROM
1024 x 8

o] ma | ] b
8 OW PROGRAM
e #ROGRAM "oraros. || neciren |
A 4 a COUNTER WORD
3 t A BUS
IMER AN 8.BIT INTERNAL BUS BUFFER 8
EVENT COUNTER * e [
L PORT
ACCUMULATOR TEMPORARY INSTRUGTION IHAM ADDRESS , MULTIPLEXER I
® REGISTER (B) (REGISTER/DECODER] REGISTER
REGISTER O
REGISTER 1
}o— TESTO
s e
LCL 5 po— T REGISTER 4
* fe—FLAGO REGISTER &
£y Ves °°:§L',j§':"‘ famme ELAG 1 g AEGISTER 6
%= GROUND LOGIC e niMER ELAG & [recister?
j=— CARRY [B:LEVEL STACK
DECIMAL e A (VARIABLE WORD LENGTHI
i cc OPTIONAL SECOND
REGISTER BANK
[~=— Acc 81T TEST
I DATA STORE
e AESIDENT DATA MEMORY - RAM
64 x 8)
CONTROL AND TIMING .
i | EA XTAL 1 XTAL2 ALE FSEN S5 RD__WR
INITIALIZE cPulM!MOHV 1 I AER%C?E‘E PROGRAM  SINGLE
R, mowgmert oguaty SRR MEN T el
Absolute Maximum Ratings* Limits
Ta= 25°C Parameter Symbol Min Typ Max Unit TestConditions
Operating Temperature —40°Cto +85°C :?'1’,"1'}1%'”" Current: b =1 pA Ve <Viy<Vee
Storage Temperature (Ceramic Package) —65°C to +150°C :'é';')" Leakage Current N £3 pA Vi< Vo< Veo
Storage Temperature (Plastic Package) —65°C to +125°C -
OQutput Leakage Current
Voltage on Any Pin Vgs —0.3Vto Vo +0.3V (BUS, T, — High Impedance ot =1 A Vi< Vi< Voo
Supply Voltage Vs —0.3t0 +10V :"‘:L - T R T
K A otal Supply Current + lgg m = z
*.COM.MENT: Exposmg the devnice to stresses above those Hait Power Supply Current Lo 3 3 mA GMNZ
listed in Absolute Maxumum Ratings could cause perma- Stop Mode Supply Current e T 20 nA eMHz
nent damage. The device is not meant to be operated Stop Mode (Voo,
under conditons outside the limits described in the opera- RAM Data Retention Voitege  Vo:.DR 2.0 V' RESET =<4Vior
tional sections of this specification. Exposure to absolute RESET< 0.4v

maximum rating conditions for extended periods may affect

device reliability. AC Characteristics

Read, Write and Instruction Fetch—External Data and

DC Characteristics Program Memory
T, = -40°Cto +85°C; Vo = 2.5 to 6.0V, Vgg = OV Ty = ~40°C to +85°C
PP Limits @ Limits Q) Test
. Umes Parameter Symbol “Min_Max__unit “Min__Max__Unit_Conditlons ®
Parameter Symbol Min Typ Max Unit  Teat Conditions ALE Pulse Width e 200 ne 2.16 us
Input Low Voitage 1
(All Except XTAL 1, XTAL 2) Y -e3 018 Ve V :&:ﬁs:&uup ta 120 s toze ne
Input High Volege T
(All Except XTAL 1, XTAL 2, Vi 07Vee Vee v 'A ddr?femld tA 80 ns 330 ns
AESET) ) B rom
Input High Voltage v o8V, v 7v T Control Pulse
(RESET, XTAL 1, XTAL 2) e -8 Veo cc width 5. W tco 700 ns 3.7 us
e e (PSEN, A, WR)
Output Low Voltage Vo 0.45 V. lo=10mA Data Selu? tow 500 ns 3.5 ue
Output High Voltage (BUS, AD, Vou 078 Voo Ve = - 100 before
WR RSN AR Data Hold twp | 120 ns 370 ns €L = 20 pF,
] High Vol (All Oth fter WR toy = 2.5u8
0:::\‘:5) gh Voltage (. er Vo 0.75 Ve Vo lon= -1uA s cY u
. -9 . VINS€ V£ i Cycle Time toy 25 150 us 10 150 ns
o -40 ViN& Vi
Data Hold DR 0 200 ns 0 850 ns

3R4



AC Characteristics (Cont.)

«PD80CA48/.PD80C35

Limhs @ Limits @ Test
Parameter Symbol ~Min Max Unit ~Min Max Unit Conditions ® __J_——-l r—'L—
PSEN, RD to tRD 500 ns 275 us ALE
Data In
Address Setup taw 230 ns 323 us [ tcc —*~
before
Address Setup tAD 950 ns 545 s WR
before Data In
Address Float to tAFC 0 ns 500 ns [ Iwo
AD, PSEN DW
Control Pulse to tca 10 ns 10 ns Floati Address Floatil Data Floatin,
Son C ous oating X voa)( oating o g
Port 2 Timing Write to External Memo
Ta = -40°C to +85°C y
Limits @ Lumits @ .
Parameter Symbol Min Max Unit Min Max Unit conJI:I:nl (O] 1) Halt Mode (When El)
[Port Contro! Setup
foefore Falling tcp 110 ns 860 ns CPU
[Edge of PROG
Port Cantrol Hold osc - JUULJUL L.
after Falling Edge tpe 80 ns [} 200 ns
of PROG Internat
PROG to Time P2 Clock
input must be t 810 ns 531 us
V:;ld PR “ Halt Mode
Quiput Data Setup 259 ns 0 3250 ns INT 5 \
Qutput Data Hold 65 ns 820 ne
2) Stop Mode

Input Data Hold tpF 0 150 ns ° 900 ns —
Time RESET —\ Y Smm—
PROG Pulse Width  1pp 1200 ns 6450 ns v 7.4

DD
Port 2 I/O Data
Setup tpL 350 ns 2.1 us 0SC Starts
Port 2 /0 Data osc JUL JL
Hold tp 150 ns 1400 ns

Internal "\_—/_—\

Notes:

(@) For Control Outputs: C|_ = 80 pF
For Bus Outputs: C|_ = 150 pF

@ Voo = +5V + 10%.

@ Vg = +25Vto + 5.5V
Timing Waveforms
tey |
P g | — I
ALE I l._
_,.{ taFc _—lcc——-q—‘cA—’I
PSEN
—f ya
AL je— —1 tpR !—c—
pus _Flosting X s X roating XX o X Floating 3(
—"l tRD ‘-' Instruction
1

Address |

f tap

Instruction Fetch From External Memory

tey

‘I:‘ 1y, =
ALE ——-J—_—__‘

i
i

}<— tcc—

taFc

| S—

'DR"'i‘

Floating Address

- tap
Read From External Data Memory

Floating > Data X Floating

tRD

Clock €
cPu x ,‘Z {

Low Power Standby Operation

ADRS 0000(H)

Output

Expander :>< pch

Port 1

Output Control

l—tPC
tcp 4
PROG PP /—
——
Port 2 Timing
Features

The NEC uPD80C48/uPD80C35 contains all the func-
tiona! features of the industry standard 8048/8035. The
power down mode of the uPD8048 is replaced with two
additional power standby features for added power sav-
ings. Depending on desired power consumption savings
and internal logic status maintenance, Halt mode or Stop
mode may be used.
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uPD80C48/.,PD80C35

Halt Mode .

The uPD80C48/80C35 includes a Halt instruction (01H) —
an addition to the standard 8048 instruction set. Upon exe-
cution of the Halt instruction, the uPD80C48 enters a Halt
mode where the internal clocks and internal logic are dis-
abled. The oscillator, however, continues its operation. The
state of all internal logic values and control status prior to
the halt state is maintained. Under Halt mode, power
consumption is less than 30% of normal uPD80C48
operation, and 2% of 8048 operation.

Halt mode is released through either of two methods: an
active input on the INT line or a reset operation. Under the
Interrupt Release mode, if interrupts are enabled (EI -
Mode), the INT input restarts the internal clocks to the inter-
nal logic. The ©PDB0C48 then executes the instruction
immediately following the Halt instruction, before branch-
ing to the interrupt service routine.

If interrupts are disabled (DI Mode), an INT active signal
causes the program operation to resume, beginning from
the next sequential address after the Halt instruction.

A RESET input causes the normal reset function which
starts the program at address OH.

Note: The V. range under Halt mode must be main-
tained at normal operation voltage.

Stop Mode

Stop mode provides additional power consumption savings
over the Halt mode of operation. Stop mode is initiated by
forcing Vpp to the low state during a low. While in
Stop mode, oscillator operation is discontinued and only
the contents of RAM are maintained.

The uPD80C48 is released from Stop mode when Vp,, is
forced high during a RESET low. Clock generation is then
restarted. When oscillator stabilization is achieved, RESET
is pulled high and the program is restarted from location 0.

To ensure reliable Stop mode operation, V., must be
brought back up before releasing the RESET pin. The
V5 Pin must be protected against noise conditions since
it controls oscillator operation. In the Stop mode, V..
may be dropped as low as 2.0 voits to ensure RAM data
retention (V.,DR). RESET must be held low after oscilla-
tion stops until the oscillator is restarted.

Oscillator Stops
e\ Vi
Vop S 7

5 Macine Cycles Min.
Stop Mode Timing

Oscillator Restarts

Oscilietion Stabllization Time

366

Logic Symbol

—]
XTAL
—

RESET -
Single ——T
Step ~ uPD
External . 80C4s/
Memory 80C35

—_—

-

—

-

Test

Interrupt ——={

Bus  —e—iw]
8

Symbol Definitions:

<;> Port #1

4;» Port #2

Read

Write
Program Store
Enable
Address Latch
Enable

Port Expander
Strobe

Symbol

Description

A

Accumulator

AC

Auxiliary Carry Flag

addr

Program Memory Address (12 bits)

Bit Designator (b = 0-—7)

Bank Switch

Bus Port

Carry Flag

Clock Signal

Event Counter

Nibble Designator (4 bite)

Number or Expression (8 bits)

Memory Bank Flip-Flop

Flags 0, 1

Interrupt

“In-Page” Operation Designator

Port Designator(p = 1,20r4 —7)

Program Status Word

Register Designator (r = 0,10r0—7)

Stack Pointer

Timer

Timer Flag

Testable Flags 0, 1

External RAM

Prefix for Inmediate Data

Prefix for Indirect Address

Program Counter's Current Value

Contents of External RAM Location

[o] of Memory Location A

by the Contents of External RAM Locatlon.

Replaced By




uPD80C48/,PDB0C35

Instruction Set

Instruction Code Flags
M Fu {l Description D, [N D, D, D, D, D, D, CyclesBytes C AC FO F1{
Accumulator
ADD, A = data (A) —(A) + data Add immediate the specified Data to the [} [} 0 [ [ 0 1 1 2 2 .
Accumulator. d, d, d, d, d, d, d, d
Add A,Rr (A) <{A) + (Rr) Add contents of designated register to 0 1 1 o 1 r r r 1 K} .
forr=0-7 the Accumulator. .
ADDA,@Rr (A) < (A)+ ((Rr)) Add Indirect the contents of the data 0 1 1 0 ) ) 0 r 1 1 .
forr=0-1 memory locatlon to the Accumulator.
ADDCA, = (A) —(A) + (C) + data Add immediate with carry the specified 0 0 ] 1 [ 1) 1 1 2 2 .
data data to the Accumulator. d; d; dy d, d, d; d, d,
ADDCA,Rr (A) —(A)+ (C) + (Rr) Add with carry the contents of the 0 1 1 1 1 r T r 1 1 .
forr=0-7 designated reglster to the Accumulator. .
ADDC A,@Rr (A) <—(A) + (C) + ((Rr)) Add indirect with carry the contents of 0 1 1 .1 [ 0 (] r 1 1 .
forr=0-1 data memory location to the
Accumutator.
ANL A, = data (A) < (A) AND data Loglcal AND specified immediate Data 0 1 [ 1 ] 0 1 1 2 2
with Accumulator. d, d, ds d, d, d, d, dy
ANLA,Rr (A) —(A) AND (Rr) Logical AND contents of designated 0 1 0 1 1 r r 1 1
forr=0-7 reglster with Accumulator.
ANLA,@Rr (A) < (A) AND ((Rr)) Logical AND indirect the contents of data [1] 1 1] 1 0 [} [ r 1 1
forr=0-1 memory with Accumulator. -
CPLA (A) <~ NOT(A) Complement the contents of the 3 [ o 1 1 )] 1 1 1 1 1
Accumulator.
CLRA (A) <0 Clear the contents of the Accumulator. [} [} 1. [} [} 1 1 1 1 1
DAA Decimal Adjust the contents of the [ 1 0 1 0 1 1 1 1 1 .
Accumulator.
DECA (A) ~(A)1 D by 1the A ] [} o [ 0 0 1 1 1 1 1
. contents.
INCA (A)—(A)+1 by 1 the s [ 0 o 1 [} 1 1 1 1 1
contents.
ORLA, = data (A) —(A) OR data Logical OR specified immedlate data o 1 [1] o [ [} 1 1 2 2
with Accumulator. d, de ds d, d, o d, d,
ORLA,Rr (A) —(A) OR(Rr) Logical OR contents of designated 0 1 0 1 r r r 1 1
forr=0-7 register with Accumulator.
ORLA,@Rr (A)<«(A)OR((Rr)) Logical OR Indirect the contents of data [} 1 [} [} [] 0 [} r 1 1
. forr=0-1 memory location with A
RLA (AN + 1) < (AN) Rotate Accumulator left by 1 bit without 1 1 1 0 0 1 1 1 1 1
(Ag) —(A,) carry.
forN=0-6
RLCA (AN + 1) < (AN); N= 0-6 Rotate Accumulator left by 1 bit through 1 1 1 1 [} 1 1 1 1 1 .
{A) —(C) carry.
(C) < (A)
RRA (AN) < (AN + 1), N = 0-6 Rotate Accumulator right by 1 bit 0 1 1 1 0 1 1 1 1 1
(A7) < (A) without carry.
RRCA (AN) < (AN + 1); N= 0-6 Rotate Accumulator right by 1 bit [} 1 1 [} [} 1 1 1 1 1 .
(A7) —(C) through carry.
(€©) —(A)
SWAP A {A.) = (A-3) Swap the two 4-bit nibbles In the 0 1 ) ] 0 1 1 1 1 1
Accumulator.
XRL A, = data (A) — (A) XOR data Logical XOR specified Immediate data 1 1 0 1 0 [} 1 1 2 2
with A d; ds ds dy d, d, d, d
XRLA,Rr (A) < (A) XOR (Rr) Logical XOR contents of deslignated 1 [ 1 1 r T r 1 1
forr=0-7 register with Accumulator.
XRLA,@Rr (A) < (A)XOR((Rr) Loglcal XOR Indirect the contents of data 1 1 1] 1 1] o 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 1 1 1 (] 1 r r r 2 2
If{Rr)+ 0 test contents. a, a; a; a, a a, a, a
(PC0-7) «—addr
JBb addr (PCO-7) < addrif Bb =1 Jump to specified address if b, b, b, 1 [} [} 1 [} 2 2
(PC)-(PC) + 211Bb=0  Accumulator bit Is set. a, 2 ay a, a; a, a, a,
JC addr (PCO-7)<~addrif C=1 Jump to specified address if carry flag 1 1 1 1 0 1 1 [ 2 2
(PC)«(PC)+ 21fC=0 isset. a, ag ag a, a a, a, a,
JF 0 addr (PCO-7) < addrif FO=1 Jump to specified address it Flag F0 Is 1 0 1 1 [} 1 1 0 2 2
(PC) < (PC) + 2IfFO =0 set. a, a; a, a, a, a, a, a,
JF 1 addr (PCO-7) <—addrit F1=1 Jump to specified address if Flag F 1is 0 1 1 1 0 1 1 [ 2 2
(PC) —(PC) +21fF1=0 set. a 8 8 a, a 8, a, &
JMP addr (PC8-10) —addr8 — 10 Direct Jump to specified address within a, a, a 0 o 1 [} [ 2 2
(PC0-7)<—addro-7 the 2K address block. a, ag a a, a a, a a
(PC11) < DBF
JMPP@ A (PCO 7)—((A) Jump indirect to specified address 1 [} 1 1 [} [ 1 1 2 1
with address page.
JNC addr (PCO 7)—addrifC=0 Jump to specified address if carry flag is 1 1 1 0 0 1 1 [] 2 2
(PC)—(PC) + 21fC=1 low. a, & @& & a @& a8 &
JNI addr (PCO 7) —addrifl=0 Jump to specified address if Interrupt 1 [} [} 0 0 1 1 0 2 2
(PC) «—(PC) + 2if =1 is low. a, ag as a a; a, a, 2
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Instruction Set (Cont.) ]
instruction Code Flags
Mnemonic Function Description D, D, D, D, D, D, D, D, CyclesBytes C AC FO Fi
Branch (Cont.)
JNTO addr (PCO-7) < addrifTO=0 Jump to specified address if TestO Is low. 0 ] 1 0 0 1 1 0 2 2
(PC) «(PC)+21TO=1 & & 8 & & & & &
JNT1 addr (PCO-7)—addrif T1 = 0 Jump to specified address if Test 1 Is low. 0 1 [} [] 0 1 1 [ 2 2
(PC)«—(PC) + 2 T1 =1 & & & 8 & 8 8 &
JINZ addr {(PCO-7)«—addritA=0 Jump to specified addres If Accumulator 1 [ [ 1 [J 1 1 [1] 2 2
(PC)«—(PC)+ 21tA=0 isnon-zero. a, & 8 a, 8, a, a, Y
JTF addr {PCO-7)<addrif TF= 1 Jump to specified address if Timer Flag [ [} [} 1 [ 1 1 [ 2 2
{PC) —(PC)+ 2ifTF=0 Issettoi. a, a a a a a, a a
JT0 addr (PCO-7) —addritTO=1 Jump tospscified address if TestOlsa 1, 0. 0 1 1 [ 1 1 o 2 2
(PC) —(PC) + 2ifTO~ 0 & 8 & 8 & & 8 @&
JT1 addr (PCO-7)«—addrif T1 =1 Jumptospecified addressif Test1isa1. [ 1 0 1 [} 1 1 0 2 2
(PC) —(PC)-2itT1=0 8 & & & & & 8 2
JZ addr (PCO-7)—addrifA=0 Jump to specitied address it Accumulator 1 1 0 0 [} 1 1 [ 2 2
(PC) —(PC)+21tA=0 is0. 8 a a, a & -9 8, 8
Control
ENI Enable the External Interrupt input. 0 [ 0 o 0 1 0 1 t 1
DIS1 Disable the External interrupt Input. [ 0 0 1 [] 1 [ 1 1 1
ENTO CLK 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 1 1 1 0 [ 1 0 1 1 1
Program Memory.
SEL MB1 (DBF) <1 8elect Bank 1 (locations 2048 - 4095) of 1 1 1 1 0 1 [} 1 1 1
Program Memory.
SEL RBO (BS) <0 Select Bank 0 (locations 0 - 7) of Data 1 1 )] [] [} 1 [ 1 1 1
Memory.
SELRB1 (BS) « 1 Select Bank 1 (locations 24 - 31) of 1 1 [ 1 [} 1 [} 1 1 1
Data Memory.
HALT Initiate Hait State. 0 o 0 o 0 0 0 1 1 1
Data Moves
MOV A, = data (A) —data Move Immediate the specified data into [} [} 1 [} [} 0 1 1 2 2
the Accumulator. d, dy d, d, d, d; d, d,
MOV A, Rr (A)<(Rr);r=0-7 Move the contents of the designated 1 1 1 1 1 r r r 1 1
registers into the A
MOVA,@Rr (A)«<((Rr);r=0-1 Move Indirect the contents of data 1 1 1 1 1) [} o r 1 1
memory location Into the A
MOV A,PSW (A) —(PSW) Move contents of the Program Status 1 1 [} [} [1] 1 1 1 1 1
Word into the Accumulator.
MOV Rr, =
data (Rr) —data;r=0-7 Move Immediate the specified data into 1 [} 1 1 1 r r r 2 2
the designated register. d, dy ds d, d; d; d, d,
MOV Rr, A {Rr) «—(A);r=0-7 Move Accumulator Contents into the 1 0 1 [} 1 r T r 1 1
designated register.
MOV@RrA ((Rr)) < (A),r=0-1 Move indirect Accumulator Contents 1 [] 1 [} 0 o. 0 (4 1 1
Into data memory location.
MOV@Rr, =
data ((Rr)) —data;r=0-1 Move iImmedlate the specified data into 1 /] 1 1 1] [} 0 r 2 2
data memory. d, de ds d, d; d; d, d,
MOVPSW,A (PSW)«(A) Move contents of Accumutator into the 1 1 0 1 o 1 1 1 1 1
program status word.
MOVPA,@A (PCO-7)«(A) Move data in the current page into the 1 0 1 [ [ [ 1 1 2 1
(A) < ((PC) A
MOVP3 A, (PCO -7) —(A) Move Program data In Page 3 Into the 1 1 1 o [} [ 1 1 2 1
@A (PC8 - 10) <011 Accumulator.
(A) —{(PC))
MOVXA,@R (A)—((Rr);r=0-1 Move Indirect the contents of external 1 [ [ [} [} 0 [] r 2 1
data memory Into the Accumulator.
MOVX@R,A ((RAr)) < (A),r=0-1 Move Indirect the contents of the 1 [} [} 1 0 [] [} r 2 1
A into external data memory.
XCHA,Rr (A)=(Rr);r=0-7 Exchange ths Accumulator and 0 ] 1 ] 1 r r r 1 1
register's
XCHA,@Rr (A)<—((Rr));r=0-1 ge Indirect of A 0 [} 1 ] [} [} 0 r 1 1
lator and location in data memory.
XCHD A,@Rr (A0-3)=((Rr))0-3)); Indirect 4 bit of [} 0 1 1 0 [ 0 r 1 1
r=0-1 Accumulator and data memory.
Flags
CPLC {C) —~NOT(C) Complement carry bit. 1 ) 1 [ [ 1 1 1 1 1
CPLFO (F0) < NOT (F0) Complement Fiag F0. 1 0 0 1 0 1 (1] 1 1 1
CPLF1 (F1) < NOT (F1) Complement of Flag F 1. 1 0 1 1 0 1 0 1 1 1
CLRC {C)«~0 Clear carry bitto 0. 1 0 (1] 1 0 1 1 1 1 1
CLRFO (FO) <0 Clear Flag 00 0. 1 0 o 0 0 1 [ 1 1 1
CLRF1 (F1) <0 Clear Flag 110 0. 1 0 1 [} 0 1 [1] 1 1 1
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uPD80C48/,PD80C35

Instruction Code

I F {] Description D, B, D, D, D, D, D, CyclesBytes C AC FO Fi
Input/Output
ANL BUS, =
data (BUS) « (BUS) AND data Loglcal AND Immediate specified data 1 o 4 .1 1 0 [ 0 2 2
with contents of Bus. d; dy d; d, d; d, d, d
ANLP,, =
data {P,) <(P,) 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, dy ds d, d, d, d, dy
ANLDP,, A {P,) < (P,) AND (A0 - 3) Logical AND contents of Accumulator with 1 [(] 0 1 1 1 ] 2 1
p=4-7 designated port (4-7).
iINA,P, {A)«—(P,),p=1-2 Input data from designated port (1-2) [ o .0 0 1 1] P [ 2 1
into Accumulator.
INS A, BUS {A) «(BUS) input strobed Bus data Into Accumulator. 0 o [} o 1 o [} [} 2 1
MOVDA,P, (A0-3)«—(P,);p=4-7 Move contents of designated port(4-7) [ [} [] [] 1 1 p P 2 1
(A4-7) <0 Into Accumulator.
MOVDP,,A (P,)—A0-3;p=4-7 Move contents of Accumulator 0 1 1 1 1 p -] 1 1
designated port (4-7).
ORLBUS,= (BUS) —(BUS)ORdata Logical OR immediate specified data with 1 0 0 0 1 0 0 0 2 2
data . contents of Bus. d; dy d; d, d d; d; dy
ORLDP,, A {P.) —(P,) OR(A0-3) Logical OR contents of Accumulator with 1 (] [} ) 1 1 [ [ 1 1
P=4-7 designated port(4-7).
ORLP,, =
data (P,) —(P,) OR data Logical OR immediate spacified data with 1 0 [} 1 [} P [ 2 2
p=1-2 deslignated port (1 - 2). d; ds dy d, d; d, d, dy
OUTLBUS,A (BUS)—(A) Output contents of Accumulator onto o [} 0. 0 [} 1 0 1 1
Bus.
OUTLP,, A {P)e—(Ap=1-2 Output contents of Accumulator to [} 4] 1 1 1 [ [ ] 1 1
designated port (1-2).
Registers
DECRr(Rr) (Rr)—(Rr) 1;r=0-7 D by1 of 1 1 [ 0 1 r r r 1 1
register.
INC Rr {Rr) (RN +1,r=0-7 Increment by 1 contents of designated ) 0 0 1 1 r r T 1 1
register.
INC@R {(R1)) < (R + 1; Increment indirect by 1 the contents of [} 0 o 1 [] [\] 0 r 1 1
r=0-1 data memory location.
Subroutine
Call addr {(SP)) —(PC),(PSW4-7) Call designated Subroutine. ) ap, a, a, 1 [} 1 0 [ 2 2
(SP) —(SP) + 1 a % 2 a Py Py P
(PC 8-10) —addr8-10
(PC0-7)—addro-7
(PC 11) —DBF
RET (SP) —(SP) 1 Return from Subroutine without 1 o ) [ [} 0 1 1 2 1
(PC) < ((SP)) restoring Program Status Word.
RETR {SP) —(SP) 1 Return from Subroutine restoring 1 [ [ 1 0 [} 1 1 2 1
(PC) «—((SP)) Program Status-Word. '
(PSW 4-7) —((SP))
Timer/Counter
ENTCNTI Enable Internal interrupt Flag for ] ] 1 0 0 1 0 1 1 1
Timer/Counter output.
DIS TCNTI Disable Internal interrupt Flag for 0 0 1 1 0 1 o 1 1 1
Timer/Counter output.
MOVA, T (A) (M) Move contents of Timer/Counter Into 0 1 0 0 0 [} 1 [} 1 1
Accumulator.
MOVTA Ty (A) Move contents of Accumulator into 0 1 1 [} 0 [} 1 [} 1 1
Timer/Counter.
STOP TCNT Stop Count for Event Counter. [} 1 1 [} L] 1 [} 1 1 1
STRT CNT Start Count for Event Counter. 0 1 0 0 0 1 1 1 1
STRTT Start Counter for Timer. 0 1 L] 1 ] 1 0 1 1 1
Misceilaneous
NOP No Operation performed. [} 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.
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Package Outlines

~PD80CA48C w~PD80C48D
n~PD80C35C «~PD80C35D
Plastic Ceramic
Hem Miliimeters inches item Millimeters Inches
A 51.5 MAX 2.028 MAX A 51.5 MAX 2.028 MAX
B 1.62 0.064 B 1.62 0.064
[ 254+ 0.1 0.10 + 0.004 C 2.54 > 0.1 0.100 = 0.004
[»] 0.5+ 0.1 0.019 + 0.004 D 0.50 = 0.1 0.0197 + 0.004
E 48.26 1.9 E 48.26 = 0.2 1.900 = 0.008
F 1.5 MIN 0.059 MIN F 1.27 0.050
G 2.54 MIN 0.10 MIN G 3.2MIN 0.126 MIN
H 0.5 MIN 0.012 MIN H 1.0 MIN 0.04 MIN
{ 5.22 MAX 0.206 MAX 1 4,2 MAX 0.17 MAX
J 5.72 MAX 0.225 MAX J 5.2 MAX 0.205 MAX
K 15.24 0.600 MAX K 15.24 + 0.1 0.6 = 0.004
L 13.2 MAX 0.520 MAX . 195 +0.2 +0.008
" 025 " oot - 0.2 ~ 0.010
- 0.05 -0.002 M 0.30 + 0.1 0.012 + 0.004

i

A
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NEC

NEC Electronics US.A. Inc.

Microcomputer Division

DESCRIPTION

FEATURES

PIN CONFIGURATION

uPD8049
uPD8039L

HIGH PERFORMANCE
SINGLE CHIP 8-BIT MICROCOMPUTERS

The NEC uPD8049 and 4PD8039L are single chip 8-bit microcomputers. The processors
differ only in their internal program memory options: the uPD8049 has 2K x 8 bytes
of mask ROM and the uPD8039L has external program memory. Both of these devices
feature new, high performance 11 MHz operation.

® @& & o © o o6 0o 0 0 o o

High Performance 11 MHz Operation

Fully Compatible with Industry Standard 8049/8039
Pin Compatible with the uPD8048/8748/8035

NMOS Silicon Gate Technology Requiring a Single +5V £10% Supply
1.36 us 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

96 Instructions: 70 Percent Single Byte

27 1/0 Lines

Internal Clock Generator

Expandable with 8080A/8085A Peripherals

Available in Both Ceramic and Plastic 40-Pin Packages

1= KT = k7
xTAL1O 2 AT,
xTAaL2d 3 38 A p27
RESET [] 4 37 O e2e 7
s 5 36 [ P25
WNT ] 6 35 [ P24
EAC] 7 34 [ P17
RO ] 8 33 [J P16
PSEN O 9 uPD 32 [ P15
WR 1o 8049/ 5, ey
aLe]nn 8039L 55 Hypia
DB, 012 29 A P12
DB, 13 28 [ P11
DB, C]14 27 [ P10
0By [] 15 26 v
DB, ] 16 25 [ PROG
035 C7 24 [J P23
DB []18 23 {1 P22
DB, 19 22 3 p21
vgg 0420 21 P20
Rev/2
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uPD8049/8039L

The NEC uPD8049 and uPDB8039L are high performance, single component, 8-bit

parallel microcomputers using N-channel silicon gate MOS technology. The uPD8049 D
and uPD8039L function efficiently in control as well as arithmetic applications. The
powerful instruction set eases bit handling 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 uPD8049 and uPD8039L instruction set is comprised of 1 and 2 byte instructions
with over 70 percent single-byte. The instruction set requires only 1 or 2 cycles per
instruction with over 50 percent single-cycle,

The uPD8049 and uPDB0O39L microprocessors will function as stand-alone micro-
computers. Their functions can easily be expanded using standard 8080A/8085A

peripherals and memories.

The uPD8049 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 1/0 lines; an 8-bit interval timer/event counter; and oscillator and clock

circuitry,

The uPD8039L is intended for applications using external program memory only. It
contains all the features of the uPD8049 except the 2048 x 8-bit internal ROM, The
external program memory can be implemented using standard 8080A/8085A memory

products.

POWER SUPPLY

Voo vee Vvss
PROGAAM 5V GROUND
SUPPLY  (LOW POWER
STANDBY)
OSCILLATOR

b

8US BUFFER
PORT 2

PORT 2 LATCH (LOW 4}
AND EXPANDER
PORT 110

PORT 2
LATCH
(HIGH 4}

HIGHER PROGRAM
COUNTER (4}

TEST 1
4

1

T

8-817T INTERNAL BUS

FUNCTIONAL

ESCRIPTION

BLOCK DIAGRAM

ROM/EPROM
2048 x 8

JRESIDENT PROGRAM MEMORY|

DECODE

LOWER
PROGRAM

COUNTER

EXPANSION TO ADDITIONAL
EXTERANAL MEMORY AND 1/0

8

PORT O LATCH/
LOW PROGRAM [BUS BUFFER,
PROGRAM JcounTER'S TEMP]  PORT O
STATUS R