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ROM ORDERING PROCEDURE — MEMORIES AND MICROCOMPUTERS

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

uPD2308A uPD8049 uPD553
uPD2316E uPD8355 uPD554
uPD2332A/B uPD546 uPD554L
uPD2364 uPD547 uPD557L
uPD7801 uPD547L uPD650
uPD8021 uPD548 uPD651
uPD8022 uPD550 uPD652
uPD8041 uPD552 uPD7520
uPD8048

In order to facilitate the transferal of ROM mask information, NEC Microcomputers, Inc,, is able to accept mask patterns
in a variety of formats, These are intended to suit various customer needs and minimize the turnaround time. A listing of
the code must always be enclosed. The following is a list of valid media for code transferal.

Sample ROMs or ROM-based microcomputers
PROM/EPROM equivalent to ROM parts

NEC uPD458 EEPROM

BNPF Paper Tapes

Hex Paper Tapes

Timesharing Files

Other (Contact NEC Microcomputers, Inc., for arrangements.)

Thoroughly tested verification procedures protect against unnecessary delays or costly mistakes, NEC Microcomputers,
Inc., 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 |1l 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 Microcomputers, Inc,

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

1. The customer contacts NEC Microcomputers, Inc., concerning a ROM pattern for the uPD8048 that he would
like to send.

2. Since an EPROM version of that part is available, the 8748 is proposed as a code transferal medium, or alterna-
tively, a paper tape and listing.

3. Two programmed 8748's are sent to NEC Microcomputers, Inc,, with a listing and a paper tape as back-up.

4. NEC Microcomputers, Inc., compares the media provided and enters the code into GE-TSS. The GE-TSS file is
accessed at the NEC factory and a copy of the code is returned to NEC Microcomputers for verification purposes.
One of the 8748’s is erased and reprogrammed with the customer’s code as the NEC factory has it. Both 8748's
along with a new papertape and listing are returned to the customer for his final verification.

5, Once the customer notifies NEC Microcomputers, Inc., in writing that the code is verified, and provides the mask
charge and hard copy of the purchase order, work commences immediately on the development of his uPD8048s.
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NEC Microcomputers, Inc.

MEMORY SELECTION GUIDE

ACCESS SUPPLY PACKAGE
DEVICE SIZE PROCESS| TIME |CYCLE| VOLTAGES |[MATERIAL | PINS
DYNAMIC RANDOM ACCESS MEMORIES
uPDA411 4Kx1TS| NMOS | 150ns | 380ns| +12,+5,-5 D 22
uPDA411-4 4Kx1TS| NMOS | 135ns | 320ns| +15,+5,-5 D 22
uPD411A 4Kx1TS| NMOS | 200ns | 400ns| +12,+5,-5 c 22
uPD416 16K x1TS| NMOS | 120ns | 320ns| +12,+5,-5 c/D 16
uPD2118 16K x1TS| NMOS | 100ns | 235ns| +5 D 16
uPD4164 64K x1TS| NMOS | 200ns | 375ns| +5 D 16
STATIC RANDOM ACCESS MEMORIES
uPD5101L 256 x4TS| CMOS | 450ns | 450 ns| +5 c 22
uPD444/6514 | 1K x4TS| CMOS | 200ns | 200ns| +5 c 18
uPD445L 1K x4 TS CMOS 450 ns | 450 ns| +5 C 20
uPD2167 16K x1TS| NMOS 35ns | B5ns| +5 D 20
uPD2114L 1Kx4TS| NMOS | 150ns | 150 ns| +5 c/D 18
uPD2147 4K x1TS| NMOS 55ns | 55ns| +5 D 18
uPD410 4K x1TS| NMOS 90 ns | 220 ns| +12,+5,-5 c/D 22
uPD421 1Kx8TS| NMOS | 150ns | 150ns| +5 D 22
uPDA4104 4Kx1TS| NMOS | 150ns | 260 ns| +5 c/D 18
MASK PROGRAMMED READ ONLY MEMORIES
uPD2308A 1Kx8TS| NMOS | 450ns | 450ns| +5 c/D 24
uPD2316E 2Kx8TS| NMOS | 450ns | 450 ns| +5 c’ 24
uPD2332A/B | 4K x8TS| NMOS | 450ns | 450 ns| +5 c 24
uPD2332A/B-1| 4K x8TS| NMOS | 350ns | 350ns| +5 c 24
uPD2364 8Kx8TS| NMOS | 450ns | 450 ns| +5 c 24
FIELD PROGRAMMABLE READ ONLY MEMORIES (U.V. ERASABLE)
uPD2716 2Kx8TS| NMOS | 450ns | 450 ns| +5 D 24
uPD2732 4K x 8 TS NMOS 450 ns | 450 ns| +5 D 24

Notes: (F) — Future Product
* — Read Mode
C — Plastic Package
D — Hermetic Package
TS — 3-State




NEC Microcomputers, Inc.
MEMORY ALTERNATE SOURCE GUIDE

NEC

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT
AMD 2716 2K x 8 EPROM uPD2716
8308 1K x 8 ROM uPD2308A
9016 16K x 1 DRAM uPD416
9060 4K x 1 DRAM uPD411/uPD411A
9107 4K x 1 DRAM uPD411/uPD411A
9114 1K x 4 SRAM uPD2114L
9124 1K x 4 SRAM uPD2114L
9147 4K x 1 SRAM uPD2147
9216 2K x 8 ROM uPD2316E
EM&M 2114 1K x 4 SRAM uPD2114L
4200 4K x 1 SRAM uPD410
4300 4K x 1 SRAM uPD410
4402 4K x 1 SRAM uPD410
8108 1K x 8 SRAM uPD421
FAIRCHILD F2114 1K x 4 SRAM uPD2114L
F2716 2K x 8 EPROM uPD2716
F16K 16K x 1 DRAM uPD416
FUJITSU MBM2147 4K x 1 SRAM uPD2147
MBM2716 2K x 8 EPROM uPD2716
MBM2732 4K x 8 EPROM uPD2732
MB8107 4K x 1 DRAM uPD411/uPD411A
MB8114 1K x 4 SRAM uPD2114L
MB8116 16K x 1 DRAM uPD416
MB8216 16K x 1 DRAM uPD416
MB8308 1K x 1 ROM uPD2308A
MB8414 1K x 4 SRAM uPDA444/6514
HARRIS HM6501 256 x 4 SRAM MPD5101L
HM6514 1K x 4 SRAM 1PD444/6514
HITACHI HM435101 256 x 4 SRAM uPD5101L
HM4716A 16K x 1 DRAM uPD416
HM4816 16K x 1 DRAM uPD2118
HM4864 16K x 1 DRAM uPD4164
HM6147 4K x 1 SRAM uPD2147
INTEL 2107 4K x 1 DRAM uPD411/uPD411A
2114 1K x 4 SRAM uPD2114L
2117 16K x 1 DRAM uPD416
2118 16K x 1 DRAM uPD2118
2147 4K x 1 SRAM uPD2147
2308A 1K x 8 ROM uPD2308A
2316E 2K x 8 ROM uPD2316E
2332 4K x 8 ROM uPD2332A/B
2364 8K x 8 ROM uPD2364
2716 2K x 8 EPROM uPD2716
2732 4K x 8 EPROM uPD2732
5101 256 x 4 SRAM uPD5101L



NEC Microcomputers, Inc.
MEMORY ALTERNATE SOURCE GUIDE

NEC

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT
INTERSIL IM7114 1K x 4 SRAM uPD2114L
MITSUBISHI M5L2114LP 1K x 4 SRAM uPD2114L
MOSTEK MK2147 4K x 1 SRAM uPD2147

MK2716 2K x 8 EPROM uPD2716
MK30000 1K x 8 ROM uPD2308A
MK32000 4K x 8 ROM uPD2332A/B
MK34000 2K x 8 ROM uPD2316E
MK36000 8K x 8 ROM uPD2364
MK4104 4K x 1 SRAM uPD4104
MK4116 16K x 1 DRAM uPD416
MK4164 64K x 1 DRAM uPD4164
MK4516 16K x 1 DRAM uPD2118
MOTOROLA MCM145101 256 x 4 SRAM uPD5101L
MCM2114 1K x 4 SRAM uPD2114L
MCM2147 4K x 1 SRAM uPD2147
MCM2716 2K x 8 EPROM uPD2716
MCM4116 16K x 1 DRAM uPD416
MCM4516 16K x 1 DRAM uPD416
MCM6616 16K x 1 DRAM uPD416
MCM6664 64K x 1 DRAM uPD4164
MCM68A308 1024 x 8 ROM uPD2308A
MCM68A316E 2K x 8 ROM uPD2316E
MCM68317 2K x 8 ROM uPD2316E
MCM68A332 4K x 8 ROM uPD2332A/B
MCM68A364 8K x 8 ROM uPD2364
NATIONAL LH2308A 1024 x 8 ROM uPD2308A
MM5257 4K x 1 SRAM uPD4104
MMb5280A 4K x 1 DRAM uPD411/uPD411A
MM5281 4K x 1 DRAM uPD411/uPD411A
MM5290 16K x 1 DRAM uPD416
MM74C920 256 x 4 SRAM uPD5101L
RCA MWS5114 1K x 4 SRAM uPD444/6514
SIGNETICS 2316 2K x 8 ROM uPD2316E
2680 4K x 1 DRAM uPD411/uPD411A
2690 16K x 1 DRAM uPD416
T.l. TMS4044 4K x 1 SRAM uPD4104
TMS4045 1K x 4 SRAM uPD2114L
TMS4060 4K x 1 DRAM uPD411/uPD411A
TMS4116 16K x 1 DRAM uPD416
TMS4700 1K x 8 ROM uPD2308A
TMS4732 4K x 8 ROM uPD2332A/B
TOSHIBA TC5047 1K x 4 SRAM uPD445L
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NEC Microcomputers, Inc. 4LPD411

M PD411-1
1 PD411-2
pPD411-3
L PD411-4

FULLY DECODED RANDOM ACCESS MEMORY

DESCRIPTION  The uPD411 Family consists of six 4096 words by 1 bit dynamic N-channel MOS
RAMs. They are designed for memory applications where very low cost and large bit
storage are important design objectives. The uPD411 Family is designed using dynamic
circuitry which reduces the standby power dissipation.

Reading information from the memory is a non-destructive. Refreshing is easily
accomplished by performing one read cycle on each of the 64 row addresses. Each
row address must be refreshed every two milliseconds. The memory is refreshed
whether Chip Select is a logic high ora logic low.

FEATURES All of these products are guaranteed for operation over the 0 to 70°C temperature
range.
Important features of the uPD411 family are:
e Low Standby Power
e 4096 words x 1 bit Organization
e A single low-capacitance high level clock input with solid 1 volt margins.
® |nactive Power/0.3 mW (Typ.)
e Power Supply: +12, +5, -5V
e Easy System Interface
e TTL Compatible (Except CE)
e Address Registers on the Chip
e Simple Memory Expansion by Chip Select
e Three State Qutput and TTL Compatible
e 22 pin Ceramic Dual-in-Line Package
e Replacement for INTEL'S 2107B, TI’S 4060 and Equivalent Devices.
e 5 Performance Ranges:

ACCESS TIME | RW CYCLE | RMW CYCLE | REFRESH TIME
uPD411 300 ns 470 ns 650 ns 2ms
uPD411-1 250 ns 470 ns 640 ns 2 ms
uPD411-2 200 ns 400 ns 520 ns 2ms
uPD411-3 150 ns 380 ns 470 ns 2ms
uPD411-4 135 ns 320 ns 320 ns 2ms
ves (1 22Jv PIN NAME

PIN CONFIGURATION Hvss AMES
Ag C 2 21 j Ag Ap- A1 Address Inputs
Ap-Asg Refresh Addresses
A
1003 20p A7 CE Chip Enable
A1l E 4 19 :] Ag CS Chip Select
(TSE 5 13:\/ DIN Data Input
R uPD DD DouT Data Output
IN E 6 411 17 :CE WE Write Enable
bout?7 16 ne Vop Power (+12V)
Ag C 8 15 :] As vee Power (+5V)
Vss Ground
A9 14 :AA VBB Power
A E 10 13 3A3 NC No Connection
vecOmM 12w
Rev/3
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CE Chip Enable FUNCTIONAL DESCRIPTION
A single external clock input is required. All read, write, refresh and read-modify-write
operations take place when chip enable input is high. When the chip enable is low, the
memory is in the low power standby mode. No read/write operations can take place
because the chip is automatically precharging.

cs Chip Select

The chip select terminal affects the data in, data out and read/write inputs. The data
input and data output terminals are enabled when chip select is low. The chip select
input must be low on or before the rising edge of the chip enable and can be driven
from standard TTL circuits. A register for the chip select input is provided on the chip
to reduce overhead and simplify system design.

WE Write Enable

'I_le read or write mode is selected through the write enable input. A logic high on the
WE input selects the read mode and a logic low selects the write mode. The WE
terminal can be driven from standard TTL circuits. The data input is disabled when the
read mode is selected.

Ag—A11 Addresses

All addresses must be stable on or before the rising edge of the chip enable pulse. All
address inputs can be driven from standard TTL circuits. Address registers are pro-
vided on the chip to reduce overhead and simplify system design.

DN Data Input

Data is written during a write or read-modify-write cycle-while the chip enable is high.
The data in terminal can be driven from standard TTL circuits. There is no register on
the data in terminal.

DouT Data Output

The three state output buffer provides direct TTL compatibility with a fan-out of two
TTL gates. The output is in the high-impedance (floating) state when the chip enable
is low or when the Chip Select input is high. Data output is inverted from data in.

Refresh

Refresh must be performed every two milliseconds by cycling through the 64 addresses
of the lower-order-address inputs Ag through Ag or by addressing every row within any
2-millisecond period. Addressing any row refreshes all 64 bits in that row.

The chip does not need to be selected during the refresh. If the chip is refreshed during
a write mode, the chip select must be high.

AM
2? o— ROW —oVDD BLOCK DIAGR
A2 o—| DECODE 64 MEMORY —o Vce
A3 AND 1 ARRAY —o Vss
Ag BUFFER 64 X 64 —oVgg
REGISTER
A5 0—]
. * !’ 64
TIMING
CE 0—
GENERATOR COLUMN DECODE
Dm o AND BUFFER
WE 0—— 1/0 - REGIST
cso l l l ER
— Ag Ag A10
Bout A7 A9 Aqj

12
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uPD411 FAMILY uPD411-4
ABSOLUTE MAXIMUM (EXCEPT 411-4)
RATINGS*  Operating Temperature . . ...........0°Cto+70°C ... .. .+10°Cto+55°C
Storage Temperature . . ... ...... -55°C to +150°C . . . . . -55°C to +150°C
All Qutput Voltages . . . ... ...... -0.3 to +20 Volts . . -0.3 to +25 Volts D
All Input Voltages . . . . ......... -0.3 to +20 Volts . . -0.3 to +25 Volts: D
Supply Voltage Vpp .. . .. . ... ... -0.3t0+20 Volts . . -0.3 to +25 Volts D
Supply Voltage Vg - -+« - . . ... —0.3t0+20 Volts . . -0.3 to +25 Volts D
Power Dissipation . . . ............... B 6 L 1"\

Note: (D Relative to VB

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

*T,=25°C

DC CHARACTERISTICS Ta=0°Ct070°C,Vpp = +12V 5%, Vg = +5V 5%, Vgg = -5V 5%, V55 =0V,

Except Vpp = +16V 5% for 4114,

LIMITS
PARAMETER SYMBOL UNIT TEST CONDITIONS
MIN Y@ | max

Input Load Current Iy 0.01 10 uA VIN = VIL MIN t© VIH MAX
CE Input Load Current ILe 0.01 10 uA VIN = VILC MIN t© VIHC MAX
Output Leakage Current CE=V corCS=V

utput Leakag o 0.01 10 uA e H
for High Impedance State Vg =0V to 5.25V
Vpp Supply Current

| 20 200 A CE = 1.0V t0 0.6V
during CE off DD OFF s
Vpp Supply Current o

| 35 60 A CE=V Ta=25"C
during CE on DD ON ® @ m IHC. Ta
Average Vpp Current Ta=25°C

uPD411 Ipp AV 37 60 mA | Cycle Time =470 ns
uPD411-1 Ipp AV 37 60 mA Cycle Time =470 ns
uPD411-2 Ipp AV 37 60 mA Cycle Time = 400 ns
uPD411-3 Ipp AV 41 65 mA Cycle Time = 380 ns
uPD4114 lpp AV 55 80 mA Cycle Time = 320 ns
Vgg Supply Current (2 I:T:) 5 100 A
Vcce Supply Current —_

! 0.01 10 A CE=V orCS=V
during CE off () CC OFF M e IH
Input Low Voltage ViL 1.0 0.6 \4
Input High Voltage VIH 24 Vee+t \"

CE Input Low Voltage ViLe 1.0 - 0.6 \
CE Input High Voltage VIHC Vobp-1| Voo Vpp+1 v
Output Low Voltage Vo. 0 0.40 \ loL =3.2mA
Output High Voltage VOH 24 Vce \ IoH =2.0mA

Notes: @ Typical values are for T3 = 25°C and nominal power supply voltages.

@ The Igg current is the sum of all leakage current.

@ During CE on Vg supply current is dependent on output loading.
Vcc is connected to output buffer only.

@ 65 mA for uPD411-3
80 mA for uPD411-4

® 41 mA for uPD411-3
55 mA for uPD411-4

CAPACITANCE Ta=0" —70°C
LIMITS
TEST
PARAMETER SYMBOL win T 1ve Imax UNIT CONDITIONS
Address Capacitance, CS [ Cap 4 6 pF | VIN =Vss
CE Capacitance CCcE 18 27 pF | VIN = Vss
Data Qutput Capacitance| COUT 5 7 pF VouTt =0V
DN and WE Capacitance| Cin 8 | 10 | pF | VIN=Vss

13



wuPD414
READ CYCLE AC CHARACTERISTICS

Ta=0°Cto 70°C, Vpp = 12V ¢ 5%, Vo = 5V * 5%, Vgg = =5V * 5%, Vgg = OV, unless otherwise noted,
Except Vpp = +15V * 5% for 411-4

LIMITS
PARAMETER SYMBOL uPDA411 uPD411-1 | uPD411-2 | wPD411-3 | uPD411-4 | UNIT
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX

Time Between Refresh 'REF 2 2 2 2 2| ms
Address to CE Set Up Time tAC 0 0 0 0 0 ns
Address Hold Time tAH 150 150 150 150 100 ns
CE Off Time tce 130 170 130 130 80 ns
CE Transition Time T 0 40 0 40 0 40 0 40 0 40 ns
CE Off to Output High tCF 0] 130 0| 130 0] 130 0| 130 0| 130 ns
Impedance State

Cycle Time ey 470 470 400 380 320 ns
CE on Time tCE 300 (3000 | 260 {3000 | 230 {3000 | 210 | 3000 | 200 | 3000 ns
CE Output Delay tco 280 230 180 130 115 ns
Access Time tACC 300 250 200 150 135| ns
CE to WE Wi 40 40 40 40 40 ns
WE to CE on twe 0 0 0 0 0 ns

WRITE CYCLE

T,=0°Cto 70°C, Vpp = 12V * 5%, Vg = 5V * 5%, Vgg = =5V * 5%, Vgg = 0V, unless otherwise noted,
Except Vpp = +15V * 5% for 411-4

LIMITS
PARAMETER SYMBOL uPD411 uPD411-1 | uPD411-2 | uPD411-3 | uPD411-4 | UNIT
MIN |MAX | MIN |MAX | MIN |[MAX | MIN |MAX | MIN | MAX

Cycle Time tcy 470 470 400 380 320 ns
Time Between Refresh tREF 2 2 2 2 2| ms
Address to CE Set Up Time tAC 0 0 0 0 0 ns
Address Hold Time tAH 150 150 150 150 100 ns
CE Off Time tce 130 170 130 130 80 ns
CE Transition Time tT [ 40 0 40 0 40 0 40 0 40| ns
CE Off to Output High tCcF 0 130 0] 130 0| 130 0| 130 0| 130 ns
Impedance State

CE on Time tCE 300 |3000 {260 (3000 | 230 |3000 { 210 3000 | 200 |3000 ns
WE to CE off [ 180 180 150 150 65 ns
CE to WE tow 300 260 230 210 200 ns
D to WE Set Up(D tow 0 0 0 0 0 ns
Dy Hold Time tDH [ 40 40 40 40 40 ns
WE Pulse Width twe 180 180 150 100 65 ns

Note: @ 1f WE is low before CE goes high then D must be valid when CE goes high.

READ — MODIFY — WRITE CYCLE

To=0°Cto 70°C, Vpp = 12V + 5%, Vg = 5V + 5%, Vgg = 5V * 5%, Vgs = 0V, unless otherwise noted,
Except Vpp = +15V 5% for 411-4

LIMITS
PARAMETER SYMBOL uPDA11 uPD411-1 | uPD411-2 | uPD411-3 | uPD411-4 J UNIT
MIN JMAX | MIN I[MAX | MIN |MAX | MIN [MAX | MIN [MAX

Read—Modify—Write tRWC 650 640 520 470 320 ns
(RMW) Cycle Time

Time Between Refresh tREF 2 2 2 2 2| ms
Address to CE Set Up Time tAC 0 0 ) 0 0 ns
Address Hold Time tAH 150 150 150 150 100 ns
CE Off Time tce 130 170 130 130 80 ns
CE Transition Time tT 0 40 0 40| 0 40 0 40 0 40| ns
CE Off to Output High tCF 0| 130 0| 130 0 | 130 0] 130 0| 130 ns
Impedance State

CE Width During RMW tCRW 480 |3000 [430 |3000 |350 |3000 | 300 [3000 | 200 |3000 | ns
WE to CE on twe 0 0 0 0 0 ns
WE to CE off tw 180 180 150 150 65 ns
WE Pulse Width twp 180 180 150 100 65 ns
Dy to WE Set Up tow 0 0 0 0 0 ns
Dy Hold Time tDH 40 40 40 40 40 ns
CE to Output Display tco 280 230 180 130 115 | ns
Access Time taACC 300 250 200 150 135 ns
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TIMING WAVEFORMS READ CYCLE @

ey
ce p— 'cC ———= v
o x [— IHC
cE B s ViLe
le— TAH —a] —] f—ty
Ao- Ay Vin
ESSSTABLE ADDRESS CAN CHANGE
and TS g A
Wi, t
Vi
WE A R Vi
‘co [=tcF— v,
ey HIGH —— ® = HIGH —=] o
OUT  IMPEDANCE UNDEFINED [o/AYC ™ IMPEDANCE]
—— I Vo
t tacc
Notes: (1) For refresh cycle row and column addresses must be stable tAC and remain
stable for entire tA Period.
(@ VpD 2V is the refecence level for measuring timing of CE
@ Vss *+2V is the reference level for measuring timing of CE.
@ Vinmin is the reference level for measuring timing of the addresses. CS,
WE and Dyy.
(® VILMAX is the reference level for measuring timing of the addresses, TS,
WE and Dy
(® Vss +2.0V is the reference level for measuring timing of DoUT.
(@ Vss +0.8V is the reference level for measuring timing of DoUT.
ey
‘ce fcc Vine
0
20) \
[} I~ Vite
e tAC = ——'AH__.1 o et
Ao—An Vi
= ADDRESS STABLE ADDRESS CAN CHANGE
AND CS @ |
Vi
l . ‘w
cw
f— WP ——] ViH
_ WE CAN CHANGE \ / WE CAN CHANGE
WE 4 it
‘ow ‘oH
o] Bl
Vin
D)y Dy CAN CHANGE Dy STABLE Oy CAN
A CHANGE v
I
ftcr-
ot S s
out UNDEFINED
IMPEDA
~'MPEDANCEL __ voL
Notes: () Vpp -2V is the reference level for measuring timing of CE
(@ Vgs +2V is the reference level for measuring timing of CE
@ VikmIN is the reference level for measuring timing of the addresses, CS,
WE and DyN-
@ ViLmax s the reference level for measuring timing of the addresses, CS,
WE and Dy.
tR
tCRW R p—— v
IHC
CcE
—_— i viLe
tAC
i TAH —f — f— T v
§ H
Ag - A1 ADDRESS STABLE ADDRESS CAN CHANGE
AND TS5 { ViL
we ®
tcw Vin
WE ® WE CAN CHANGE
i ViL
tow DH
i ]
ViH
Din CAN
D, DiN CAN CHANGE DjN STABLE IN
N N E N (CHANGE vie
. CF
JE 0 — Vow
DouT —HIGH—— A e - HIGH —={
IMPEDANCE UNDEFINED VALID IMPEDANCE Vo
= tacc

Note: (D) WE must be at Vy until end of 1¢Q.
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s PD411

'opav ~ Ta Ippav ~tcy
° s T T T 11
MINIMUM CYCLE TIME
60 1.0
SPEC LIMIT
i 307 \\  tcg = CONsT.
> [=]
2 i
B 40 ALYV 05
Ve Tiing e — = ~
30 0.25 ~—]
0 25 50 75 1 2 3 4 5
Ta(°C) NORMALIZED CYCLE TIME
'oH = Von loL - VoL
-50 50
.40 40
2 N z
R & S ow® Sy
= N G ° YL
s ~ e o
20 \: 20 L
210 \\ 10 //
[— SPEC LIMIT: »Zm.A, 2.4V AN SPEC LIMIT: 3.2mA, 0.4V ’—‘
T O T T | b T
0 1 2 3 4 5 0 1 2
Vou (V) VoL V)
Vop - Ves tREF — Ta
[T
14 } \
‘GUAIRAN;'EED ' \\
[ OPERATING REGION | Tvo
13 _ 100 \‘\
s H N
g8 n g N
> 10
4
1 s SPEC LIMIT: 2ms
BN L Y|
" ps [ 1]
0 20 40 60
Ta (°C)
3. 4 5 -6 -7 8
Vgg (V)
Power consumption = VDD X 'DDAV + VBB X IBB'
Typical power dissiption for each product is shown below.
mW (TYP.) CONDITIONS
uPDA411 450 Ta= 25°C, tcy = 470ns, tcg = 300ns
uPD411-1 450 Ta=25°C, tcy = 470ns, tcg = 260ns
uPD411-2 450 Ta= 25°C, tcy = 400ns, tcg= 230ns
uPD411-3 550 Ta=25°C, tcy= 380ns, tcg = 210ns
uPD411-4 660 Ta=25°C, tcy = 320ns, tcg = 200ns

See above curves for power dissipation versus cycle time.
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CURRENT WAVEFORMS 0 100 200 300 460 500

-1 \
S A\ DAY
Vi

NI \ A
we T TN\ \ I\

40

20

o A~ \
| \J 7
W\ \J

4PD411D A ]

T A
~—ck F—_.i —~ -

PACKAGE OUTLINE o K‘A__}
L

ITEM MILLIMETERS INCHES
A 27.43 MAX 1.079 MAX
B 1.27 MAX 0.05 MAX
C 2.54 % 0.1 0.10
D 0.42+0.1 0.016
E 254 +0.3 1.0
F 1.5 +0.2 0.059
G 3.5 +0.3 0.138
H 3.7 *03 0.145
1 4.2 MAX 0.165 MAX
J 5.08 MAX 0.200 MAX
K 10.16 + 0.15 0.400
L 9.1 +0.2 0.358
M 0.25 * 0.05 0.009

SP411-10-79-GY-CAT
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NEC

NEC Microcomputers, Inc. MPD411A

DESCRIPTION

FEATURES

PIN CONFIGURATION

1PD411A-1
1PD411A-2

4096 BIT DYNAMIC RAMS

The uPD411A Family consists of four 4096 words by 1 bit dynamic N-channel MOS
RAMs. They are designed for memory applications where very low cost and large bit
storage are important design objectives. The uPD411A Family is designed using
dynamic circuitry which reduces the standby power dissipation.

Reading information from the memory is non-destructive. Refreshing is easily
accomplished by performing one read cycle on each of the 64 row addresses. Each

row address must be refreshed every two milliseconds. The memory is refreshed whether
Chip Select is a logic high or a logic low.

e Low Standby Power

e 4096 words x 1 bit Organization

e A single low-capacitance high level clock input with solid +1 volt margins.
e Inactive Power 0.7 mW (Typ.)

e Power Supply +12, +5, -5V

e Easy System Interface

e TTL Compatible (Except CE)

e Address Registers on the Chip

e Simple Memory Expansion by Chip Select

e Three State Output and TTL Compatible

e 2z pin Plastic Dual-in-Line Package

e Replacement for INTEL's 2107B, T1’s 4060 and Equivalent Devices.

e 3 Performance Ranges:

ACCESS TIME RMW CYCLE | RMW CYCLE | REFRESH TIME

uPD411A 300 ns 470 ns 650 ns 2 ms
uPD411A-1 250 ns 430 ns 600 ns 2ms
uPD411A-2 200 ns 400 ns 520 ns 2ms
vesd®T Y 2Pvss PIN NAMES
Ag: 2 21 3A8 Ap- A1 Address Inputs
Ap-As Refresh Addresses
A 2
10gs o A CE Chip Enable
Ada 190 Ag cs Chip Select
(TSE 5 18 3V DIN Data Input
5 uPD bb Dout Data Output
'NE 6 411A 17 :CE WE Write Enable
DOUTE 7 16:NC VDD Power (+12V)
Vee Power (+5V)
A 8 15
0 E 3 As Vss Ground
A109 14 :]A4 Vs (Powe. —5V)
Ag E 10 13 j A3 NC No Connection
vee Q11 12JWE
Rev/1
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pPD411A
CE Chip Enable FUNCTIONAL DESCRIPTION

A single external clock input is required. All read, write, refresh and read-modify-write
operations take place when chip enable input is high. When the chip enable is low, the
memory is in the low power standby mode. No read/write operations can take place
because the chip is automatically precharging.

CS Chip Select

The chip select terminal affects the data in, data out and read/write inputs. The data
input and data output terminals are enabled when chip select is low. The chip select
input must be low on or before the rising edge of the chip enable and can be driven
from standard TTL circuits. A register for the chip select input is provided on the chip
to reduce overhead and simplify system design.

WE Write Enable

The read or write mode is selected through the write enable input. A logic high on the
WE input selects the read mode and a logic low selects the write mode. The WE
terminal can be driven from standard TTL circuits. The data input is disabled when the
read mode is selected.

Ap—A11 Addresses

All addresses must be stable on or before the rising edge of the chip enable pulse. All
address inputs can be driven from standard TTL circuits. Address registers are pro-
vided on the chip to reduce overhead and simplify system design.

DN Data Input

Data is written during a write or read-modify-write cycle while the chip enable is high.
The data in terminal can be driven from standard TTL circuits. There is no register on
the data in terminal.

DouqT Data Output

The three state output buffer provides direct TTL compatibility with a fan-out of two
TTL gates. The output is in the high-impedance (floating) state when the chip enable
is low or when the Chip Select input is high. Data output is inverted from data in.
Refresh

Refresh must be performed every two milliseconds by cycling through the 64 addresses
of the lower-order-address inputs Ag through Ag or by addressing every row within any
2-millisecond period. Addressing any row refreshes all 64 bits in that row.

The chip does not need to be selected during the refresh. If the chip is refreshed during
a write mode, the chip select must be high.

BLOCK DIAGRAM
A) O—i g x —~——0 VDD
A w [a)
10— 3 b Vece
A2 Om———] : 8 CELL MATRIX Vs
A3 o & [™] © 64 x 64 - ©Vss
Ay 00— & % --——0 VBB
Ag O—————tm= 3 o
[ SENSE AMP ]<—>- lee——o0 CsS
l l«——0 WE
TIMING
CE O——ai GENERATOR COLUMN DECODER o -
I - © Dy
D
ADDRESS BUFFER ——0 “ouT

[11]1]

Ag A7 Ag Ag A10 A11
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i PD411A

ABSOLUTE MAXIMUM Operating TEMPErature . . . ... .....uuononeneenaeennn.. 0°C to +70°C
RATINGS* Storage Temperature .. ... ..o it im it e et e -55°C to +125°C

Output Voltage D . . ..t e +20 to -0.3 Volts .
All Input Voltages (D . . oot v e et i +20 to -0.3 Volts

Supply_Voltage Vpp @ +20 to -0.3 Volts
Supply: Voltage Vcc @D +20 to - 0.3 Volts
Supply Voltage VSS (D) -« v v v oo vt v e e e +20 to -0.3 Volts
Power Dissipation . . ... .. ..ttt e e 1.0W

Note: @ Relative to Vgg.

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

*T,=25°C

DC CHARACTERISTICS Ta=0°C to 70°C, Vpp = +12V + 10%, Vce = +5V + 10%, Vgg = -5V + 10%, Vss = OV

LIMITS
PARAMETER SYMBOL MIN. | TYP. D | MAX. | UNIT TEST CONDITIONS
Input Load Current TN} 0.01 10 MA | VIN =VIL MIN to VIH MAX
CE Input Load Current ILc 0.01 10 MA VIN = VILC MIN to VIHC MAX
Output Leakage Current CE=ViLcorCS=VHy
| .01 +1 A
for High Impedance State| ' -© 00 0 KA 1vg=0V to 5.25v
VpD Supply Current
A | CE=-1.0V to 0.6V
during CE off DD OFF 50 200 ¥ 06
Vpp Supply Current o
| 5 5 A |CE=V|HC,Ta=25C

during CE on DD ON 3 0 m IHC. Ta
Average Vpp Current Ta=26C

uPD411A Ipp AV 38 55 mA Cycle Time =470 ns

uPD411A-1 Ipp AV 38 55 mA | Cycle Time =430 ns

uPD411A-2 Ipp AV 38 55 mA Cycle Time = 400 ns
Vpg Supply Current @ | Igg 5 100 A
V¢ Supply Current - GS =
during CE off ® Icc OFF 0.01 10 MA CE=VjLcorCS=VH
Input Low Voltage ViL -1.0 0.6 \Y
Input High Voltage VIH 24 Vee +1 \
CE Input Low Voltage ViLe -1.0 0.6 \
CE Input High Voltage VIHC Vvpp-1 Vpp |Vpp +1 \%
Output Low Voltage VoL 0 0.40 \ loL=3.2mA
Output High Voltage VOH 24 vee A" IoH=-2.0mA

Notes: (D Typical values are for T, = 25°C and nominal power supply voltages.
@ The 18R current is the sum of all leakage currents.
@ During CE on V¢ supply current is dependent on output loading.

CAPACITANCE T,-0°Ct070°C, Vpp = 12V £ 10%, Vcc =+5V ¢ 10%, VBB = -5V * 10%, Vss = OV

LIMITS TEST
PARAMETER SYMBOL | MIN. | TYP. | MAX. | UNIT | CONDITIONS
Address Capacitance CaD 6 pF VIN = Vss
CS Capacitance Ccs 6 pF VIN = Vss
DN Capacitance CIN 6 pF VIN = Vss
DOUT Capacitance CcouT 7 pF VouT = Vss
WE Capacitance CWE 7 pF VIN =Vss
CE Capacitance CCE1 27 pF VIN = Vss
CCE2 22 pF VIN = VDD
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i PD411A

READCYCLE
Ta=0°Cto70°C, Vpp = 12V + 10%, VcC = 5V + 10%, Vgg = -5V * 10%, Vss = 0V, unless otherwise noted.
LIMITS
uPD411A uPD411A-1 uPD411A-2
PARAMETER SYMBOL | MIN | MAX | MIN | MAX | MIN | MAX | UNIT TEST CONDITIONS

Time Between Refresh tREF 2 2 2 ms

Address to CE Set Up Time tAC 0 0 0 ns

Address Hold Time tAH 150 150 150 ns

CE Off Time 1CC 130 130 130 ns tT=t;=tf=20ns
CE Transition Time tT 0 40 0 40 0 40 ns CL = 50 pF
fnf:e’;'a:‘zeos“t‘a‘::‘ High tck o| 10| o 10| o 130| ns | Load=17TL Gate
Cycle Time wcy | 470 430 400 ns | Vret=200r08Volts
CEonTime tCE 300 3000 | 260 | 3000 | 230 3000 ns

CE Output Delay tco 280 230 180 ns

Access Time tACC 300 250 200 ns

CE to WE wL 40 40 40 ns

WE to CE on tWC 0 1] 0 ns

WRITE CYCLE
Ta=0°Cto70°C, Vpp = 12V +10%, VcC = 5V * 10%, VBB = ~5V + 10%, VSS = 0V, unless otherwise noted.
LIMITS
uPD411A uPD411A-1 pPD411A-2
PARAMETER SYMBOL | MIN | MAX | MIN | MAX | MIN | MAX | UNIT TEST CONDITIONS

Cycle Time cy 470 430 400 ns

Time Between Refresh tREF 2 2 2 ms

Address to CE Set Up Time tAC 0 0 0 ns

Address Hold Time tAH 150 150 150 ns

CE Off Time tcc 130 130 130 ns
-CE Transition Time T 1] 40 0 40 0 40 ns T=tr=tf=20ns
fjp(j:a:;eos“;‘::' High tCcF o | 130| o 130| o | 130 ns | cL=50pF

CE on Time 'ce | 300 | 3000 | 260 | 3000 | 230 | 3000 | ns | o7 !TTLGate
WE to CE off W 180 180 150 s | Vref =200r 08 Volts
CE to WE tcw 300 260 230 ns

DN to WE Set Up D {DW 0 0 0 ns

DN Hold Time tDH 40 40 40 ns

WE Pulse Width wp 180 180 - 1150 ns

Note:(D 1f WE is low before CE goes high then Dy must be valid when CE goes high.

AC CHARACTERISTICS

READ-MODIFY-WRITE CYCLE
Ta=0°C 10 70°C, Vpp = 12V + 10%, VcC = 5V ¢ 10%, Vg = 5V * 10%, VSs = 0V, unless otherwise noted.
LIMITS
uPD411A | uPD411A-1 | uPD411A-2
PARAMETER SYMBOL | MIN | MAX| MIN| MAX | MIN | MAX| UNIT | TEST CONDITIONS
2::1’“:;‘::""””"’ (RMW) | awc | 650 600 520 ns
Time Between Refresh tREF 2 2 2 ms
Address to CE Set Up Time tAC 0 0 0 ns
Address Hold Time tAH 150 150 150 ns
CE Off Time tce 130 130 130 ns
CE Transition Time 1T 0 40 0 40 o] 40 ns Tt -t 200
f:p(:;;:;os"!‘a‘::‘ High tof o| 10| of 10| of 130| ns | c -50pF
CE Width During RMW tcRw | 480 | 3000 | 430 | 3000 | 350 | 3000 ns | Load = 1TTL Gate
WE to CE on we 0 0 0 ns Vief = 2.0 or 0.8 Volts
WE to CE off w 180 180 150 ns
WE Pulse Width wp 180 180 150 ns
DN to WE Set Up tDW 0 0 0 ns
DN Hold Time tDH 40 40 40 ns
CE to Output Delay 1CO 280 230 180 ns
Access Time tACC 300 250 200 ns
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TIMING WAVEFORMS

4 PD411A

READ AND REFRESH CYCLE (D

‘cy
o e ——CE pe—-cC
[—' Vine
cE - D4 Vite
p -] R ) S
Acc & o) t Vi
o ~ ADDRESS STABLE K ADDRESS CAN CHANGE )(
and C§ ® Vie
we __.1'W'-
- Vin
WE A R — Vie
'co - - (o -y v
=——  HIGH ——= GH —=] o
HIGH == Hi
Pout  impepANCE UNDEFINED \ [~ VALID—= IMPEDANCE v
77777 -—- - oL
SN olo S —
WRITE CYCLE
ey
'ce pe—tcc v
> \ HC
e — O I ——— Vite
- TAC =] 'AH—-' | et
bV
Ao~ An @ "
— ADDRESS STABLE ADDRESS CAN CHANGE
AND C§ ® | Vi
l . w
cw v
—— 1 1t H
- E CAN CHANGE \‘ WP —=1/ WE CAN CHANGE
WE * £ viL
‘ow 'DH
et fa—emd]
D,y CAN Vi
D, Dy CAN CHANGE D, STABLE N
N N A N CHANGE v
n
f=-tCFet v
Bour THich— = ®/ VALID OR 1< Hich— ] oH
IMPEDANCE | UNDEFINED @ MODIFIED IMPEDANCE VoL
READ-MODIFY-WRITE CYCLE
tRWC
{CRW C
Vine
ce al/]|@® /
—_— i ViLe
tAC tAH -] ja— T
) ViH
Ao - A1t ADDRESS STABLE ADDRESS CAN CHANGE
AND CS ® viL
we t
tcw v
WE e WPl — H
WE ® & WE CAN CHANGE
— I Vi
tDw DH
ViH
Dyn CAN
DN CAN CHANGE STABLE
Din IN 1 DN LCHANGE
Vie
ICF
tco —
s el ®4 —_— — VOH
DouT —HIGH——— fe— HIGH —~-]
IMPEDANCE UNDEFINED o / IMPEDANCE
—_——— VoL
; tACC
Notes: @  For refresh cycle,row and column addresses must be stable tAC and
remain stable for entire tAH4 period.
() VpD - 2V is the reference level for measuring timing of CE.
(©)] Vgg + 2V is the reference level for measuring timing of CE.
@ VIHMIN is the reference level for measuring timing of the addresses,
CS, WE and DyN.
®  ViLMAX is the reference level for measuring timing of the addresses,
CS, WE and D|N.
®  Vss +2.0V is the reference level for measuring timing of DOUT.
@ Vgg + 0.8V is the reference level for measuring timing of DQUT.
®  WE must be at V|H until end of tCO.
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. PD411A

'opay ~ Ta lppav ~ ey
70 126 I
MINIMUM CYCLE TIME
60 1.0
SPEC LIMIT
g% 2078 \\ tcg = CONST.
> 8 \
< -
8 40
£ e v 05
CYCLE TimE Tt -
= 400 g T N
30 0.25 ]
[ 25 50 75 1 2 3 4 5
Ta( C) NORMALIZED CYCLE TIME
lon = Vou lot - VoL
50 50
40 40
_ e
- £
g :»,D o ® 8
I D ) = YA
5 N2 o
20 AN 20 ,/
10 10
N
— SPEC LIMIT: -2mA, 2.4V N SPEC LIMIT: 3.2mA, 0.4V +—
T | N ° L111
0 1 2 3 4 5 0 1 2
Vo (V) VoL (V)
Vpp ~ VBB ReF ~ T
1000
: HEEE Ny
GUARANTEED 7.1';7
[~ OPERATING REGION |
13 _ 100
£
s H ™
I
3 2 x
> 10
" SPEC LIMIT: 2ms
<< - | |
" ol L[]
0 20 40 60
Ta('C)
3 4 5 6 7 8
VBB [\
Power consumption = Vpp x IDDAV + VBB x IBB
Typical power dissipation for each product is shown below.
mW (TYP.) CONDITIONS
(o]
uPD411A 460 mW Ta=250C, tcy =470 ns, tcg = 300 ns
(<]
uPD411A-1 460 mW Ta=25C, tcy =430 ns, tCE = 260 ns
uPD411A-2 460 mW Ta=25"C, tcy = 400 ns, tcg = 230 ns

See curve above for power dissipation versus cycle time.
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pPD411A PACKAGE OUTLINE
uPD411AC

uPD411AC (Plastic)

ITEM MILLIMETERS INCHES
A 28.0 Max. 1.10 Max.
B 1.4 Max. 0.025 Max.
C 2.54 0.10
D 0.50 ) 0.02
E 25.4 1.00
F 1.40 0.055
G 2.54 Min. 0.10 Min.
H 0.5 Min. 0.02 Min.

1 4.7 Max. 0.18 Max.
J 5.2 Max. 0.20 Max.
K 10.16 0.40
L 8.5 0.33

+0.10 +0.004
M 0.25_0.05 0.01“0.002

SP411A-10-79-GY-CAT
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NEC

NEC Microcomputers, Inc. uPD416
/+PD416-1
f+PD416-2
(+PD416-3
1PD416-5

16384 x 1 BIT DYNAMIC MOS
RANDOM ACCESS MEMORY

DESCRIPTION  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 minirnal 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 €ither ceramic or plastic. Noncritical clock timing requirements allow
use of the multiplexing technique while maintaining high performance.

FEATURES

e 16384 Words x 1 Bit Organization
e High Memory Density — 16 Pin Ceramic and Plastic Packages
e Multiplexed Address Inputs
e Standard Power Supplies +12V, -5V, +5V
e Low Power Dissipation; 462 mW Active (MAX), 40 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
e 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
P NFIGURATION [\
IN CO veg [J1 16[J Vss
- Ap-Ag Address Inputs
bin Qo2 15[ CAS CAS Column Address Strobe
write [ 3 14 ] byt DIN Dataln
DouTt Data Out
4
rRas O uPD 130 A RAS Row Address Strobe
Ao Os %6127 A WRITE | Read/Write
VBB Power (-5V)
6 1 A
A2 O 110 Aq vee Power (+5V)
Aq (m ) 10 A VpDp Power (+12V)
VoD E 8 9 3 Vee Vss Ground
Rev/2
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pPD416

BLOCK
DIAGRAM
%0 -
5%%“ é 3 e warnix vee
i BUFFER é |
! — 1/0 SWITCH {08US — oout
T 10 SWITCH - i ’
AR
—o
I — V\Gfg‘.,}‘c
—o
—o e
EEEE 28838 o0
Pt tttt o
50— —o s
Operating TEMPerature . .. ... ... ......ooeenneeenennnnn. 0°Cto+70°C ABSOLUTE MAXIMUM
Storage Temperature (Ceramic) . . . ... oovvvn e v, -55°C to +150°C RATINGS*
(PIastic) « oot -55°C to +125°C
All Output Voltages (. . . . . o oottt i -0.5 to +20 Volts
All InputVoltages D. ... ... ... -0.5 to +20 Volts
Supply Voltages Vpp, Ve, VsSS D- -« oo ov v e i e i -0.5 to +20 Volts
Supply Voltages VDD, VCC @ . . oot v v -1.0 to +15 Volts
Short Circuit Qutput Current . . ... .. ... it ittt e 50 mA
Power Dissipation . . . . v vt vt i e e e 1 Watt
Notes: (D Relative to VBB
@ Relative to Vss
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=25°C
= 0°Cto 70°C, Vpp = +12V * 10%, VBB = -5V # 109 = +10%
Ta ° to » VDD 0%, BB 5V £ 10%, VCC +5V £ 10%, CAPACITANCE
Vgs = 0V
LIMITS TEST
P METER SYMBOL
ARA MIN | TYP | MAX uNIT CONDITIONS
Input Capacitance cn 4 5 oF

(Ag-Ag), DIN
Input Capacitance
RAS, CAS, WRITE | °I2
Output Capacitance
(DouT)

8 10 pF

Co 5 7 pF
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DC CHARACTERISTICS

1PD416

Ta=0°Cto+70°C(}). Vpp = +12V £ 10%, Vcc = +6V + 10%, Vgg = -5V + 10%, Vgg = OV

LIMITS TEST

PARAMETER SYMBOL MIN TYP | MAX UNIT CONDITIONS
Supply Voltage Vbp 108 | 120 | 132 Vv @
Supply Voltage Vee 4.5 5.0 5.5 \Z @ @
Supply Voltage Vss 0 0 ] \2 @
Supply Voltage VBB - 45 | 50| -55 v [@)
Input High (Logic 1)
Voltage, RAS, CAS, ViHC 2.7 7.0 Y (@)
WRITE
Input High (Logic 1)
Voitage, all inputs
except RAS, CAS ViH 24 70 v @
WRITE
Input Low (Logic 0)
Voltage, all inputs ViL - 10 08 v @

. RAS, CAS cycling;
Operating Vpp Current IpD1 35 mA tRC = tRC Min. @
RAS =V -, D

Standby Vpp Current 1pD2 15 | mA N IHC. “OUT

= High Impedance

Refresh|All Speeds
Vpp  |except uPD416-5 IDD3 25 mA RAS cycling, CAS =

VIHC:tRC = 375 ns @)
Current uPD416-5 | 'DD3 27 mA ¢

RAS = Vv, CAS
DD4 27 mA cycling; tpc =
225 ns

RAS, CAS cycling:

Page Mode Vpp
Current

Operating Ve

Current lce A trc = 375 ns(®
RAS = Viyc.
Standby V Current lcc2 -10 10 HA DouT = High
Impedance
RAS cycling,
Refresh Ve Current lce3 -10 10 HA CAS = Viyc.
tRCc = 375 ns
RAS - Vv
Page Mode V¢ S IL. CAS
Current lcca KA cycling: tpc
225 ns @
Operating Vgg RAS, CAS cycling:
Current '8B1 200 A tRC - 375 ns
RAS = Ve,
Standby Vgg .
Current 12 100 HA DouT © High
Impedance
RAS cycling,
Refresh Vgg 1883 200 WA CAS = ViHc:
Current
tRC = 375 ns
RAS =V, CAS
Page Mode Vgg A R L
Current '884 200 K eveling;
tpCc = 225 ns
VBB = -5V, 0V <
Input Leakage VIN S +7V,
- A
(any input) fw 0 10 s all other pins not
under test = OV
DouT is disabled,
Output Leakage lofy) -10 10 kA OV < VQuT < +6.5V
Output High Voltage _
7 2.4 \ 1 =-5mA
(Logic 1) OH out ®
Output Low Voltage VoL 0.4 v IoUT = 4.2 mA

(Logic 0)

Notes: (D T, is specified here for operation at frequencies 1o trc > tre (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,
Allvoltages referenced to Vgs.
Output voltage will swing from Vss to VcC when activated with no current loading. For purposes of maintaining
data in standby mode, Vc may be reduced to Vsg without affecting refresh operations or data retention. However,
the VoK (min) specification is not guaranteed in this mode.

@ 'DD1. 'DD3. and 1ppa depend on cycle rate. See Figures 2, 3 and 4 for Ipp limits at other cycle rates.

lccy and I(iC4 depend upon output loading. During readout of high level data Vcc is connected through a low
impedance {135¢2 typ) to data out. At all other times Icc consists of leakage currents only.
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4 PD416
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FIGURE 1
Maximum ambient temperature versus cycle
rate for extended frequency operation. Ta
(max) for operation at cycling rates greater
than 2.66 MHz (toyc < 375 ns) is deter-
mined by T, (max) [°C] =70 -9.0x
(cycle rate [MHz) —2.66). For uPD416-5,
itis T, (max) [°C] = 70 - 9.0 (cycle rate
[MHz] - 3.125).
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FIGURE 3

Maximum |3 versus cycle rate for device
operation at extended frequencies.
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DERATING CURVES
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FIGURE 2
Maximum I pp1 versus cycle rate for device
operation at extended frequencies.
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Maximum 'DD4 versus cycle rate for device
operation in page mode.



pnPD416

AC Ty =0°Cto +70°C, Vpp = +12V t 10%, VCC = +6V t 10%, Vgg = -5V t 10%, Vgs = OV
CHARACTERISTICS LmiTs
§PD416 uPD416-1 uPD416-2 4PD416-3 uPD4165 TEST
PARAMETER symsoL [ min | max [min [ max [ min | max [min| max [ min | wmax | umiT | conpiTions

Random read or write

375 320 ns
cycle time tRC 510 410 320 O]
Read-write cycle time tRWC 575 465 375 320 320 ns [6)
Page mode cycle time | tpc 330 275 225 170 160 ns
fcggss thne from tRAC 300 250 200 150 120 ns @ ®
E":—cs'" time from tcac 200 165 138 100 80| ns ® ®
Output buffer

0 0| o 35
turn-off delay 'OFF 0 st o° 6oy 0 50 " @
Transition time
3 35

trive and fall) T 3 50 3 50 3 50 3 35 ns @
RAS precharge time Rp 200 150 120 100 100 ns
RAS pulse width tRAS 300 | 10,000 [ 250 | 10,000 | 206 | 32,000 | i50 | 32,000 | 120 | 10,000 ns
RAS hold time tRSH 200 165 135 100 80 ns
CAS pulse width tcAs 200 | 10,000 | 165 | 10,000 | 135 | 10,000 | 100 | 10,000 | 80 | 10,000 | ns
2:3; to TAS deley tRCD 40 100 | 35 85| 25 65 | 20 50| 15 40| ns
TAS 10 RAS
precharge time 1CRP -20 -20 -20 -20 ] ns
Row address
set-up time ASR o o o [\] 0 ns
Row address
hold time RAH 40 35 25 20 15 ns
Column address
seteup time tasc -10 -10 -10 -10 -10 ns
Column address
hold e tCAH 90 75 6 a5 40 ns
Column address hold
time referenced to tAR 190 160 120 95 80 ns
RAS
Read command
cetup time tACcs 0 ] 0 0 0 ns
Read command
hold time RCH o o 0 0 0 ns
Write command tweH 90 75 55 a5 40 ns

hold time

Write command
hold time twer | 190 160 120 95 80 ns
referenced to RAS

Write command

pulse width wp 1) 75 55 as 40 ns

Write command to

RAS lead time WL | 120 85 7 50 50 ns

Write command to

TAS lead time tewe | 120 fod 7 0 s0 ns

Data-in set-up time DS [} o o ) ) ns @
Data-in hold time tDH %0 75 55 45 40 ns ®
Data-in hold time

referenced to RAS OHR | 190 160 120 % 80 s

CAS precharge time

(for page mode tep 120 100 80 60 60 ns

cycle only)

Refresh period tREF 2 2 2 2 2] ms

WRITE command

setup time twes -20 -20 -20 -20 0 ns

CAS to WRITE

dolay tewo | 140 125 95 70 80 ns

RAS to WRITE

delay tRwD | 240 200 160 120 120 ns @©

Notes: @ AC measurements assume tT = 5 ns.
VHC (min) or Vi (min) and Vi {max) are reference levels for measuring timing of input signals. Also, transition times are measured between V¢ or Vi and V.

@ The specifications for tre (min) and tryc (min) are used only to indicate cycle time at which proper operation over the full temperature range (0°C < Ta < 70°C)
is assured.

(@ Assumes that tRcD < tRCD (max). If tRCp is greater than the maximum recommended value shown in this table, traC will increase by the amount that tRCD
exceeds the values shown.

® Assumes that trcp > tRCp (max).
(® Measured with a load equivalent to 2 TTL loads and 100 pF.
(@ tofF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.

Operation within the tRcp (max) limit ensures that tgac (max) can be met, trep (max) is specified as a reference point only, if tRcp is greater than the specified
tRCD (max) limit, then access time is controlled exclusively by tCAC-
These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in delayed write or read-modify-write cycles.
tWCS. tCWD and tRWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only. If tycs > twcs (min), the cycle
is an early write cycle and the data out pin will remain open circuit (high impedance) > trwp (min), 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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READ CYCLE

RC

'RA!
Vine _— ‘AR

\ £ N
\"
- 'Rp —]
F—— '"RcO— ‘RsH = ‘crp—=

Vine tcas
V,

.[i \
i]tsc—q :

CAH
ROW COLUMN
ADDRESS ADDRESS A

X

—

'RCH '——

L

- ‘cac
RAC — e 0FF
Von
OPE 2 VALID
v R DATA A
oL
WRITE CYCLE
tRC )
t
Vine. . RAS
\ AR
K M
Vi .
—— 'mp
|e—— 'RcD CAS ‘crp
Vine \ /'
\ p:
v

'RAH tcAH

F==itasc*] =

ROW

. m W
ADDRESS
ViL X

T

e X

. T owL
wes WCH
Vine ‘WP—>¢23333333322233337 Z;;;;;Z;ZZ;;ZZZ;ZZZZ
2
Vi t
RWL
[ ‘wcr

DHR

OPE

READ-WRITE/READ-MODIFY—-WRITE CYCLE

'RwC

v N 'RAS

1HC N AR 3
v

s 'RSH 'Rp ——]

"o CAs [~

THC \

I

TASC
TRAH TCAH
ASK femd _._—-1 e

" ROW COLUMN ) Y

Y ADDRESS ADDRESS A

1"

1 "aWD f— ‘cwL —

. tacs ‘cwp =~ 'RwL *

IHC /

Wy —

‘cac Lot — "OFF

Vou oPEN VALID

Vo S < DATA

‘oH
VALID

e /LI

TIMING WAVEFORMS
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TIMING WAVEFORMS “RAS-ONLY"” REFRESH CYCLE
(CONT.)

ARS :'Hf N ‘&c_
W SR o,
PAGE MODE READ CYCLE ,
" - 'RsH [ ’RP"J\

r'c:«sj 2 F—(CAS {cRp——e—
}<—— tCAH e tcan
oL ‘ ToL
ADD 3 ADD
[ |t

cac™ CACJ
OFF torF —ioFr

!

J —— = 'Rcs
'RCs = =— 'RCH——i=—| ‘RCH—= |-

v -
WRITE THC- ZZZZZZZZZZ? YZ ZZZZZZZZZZZZZZ
V‘ L-

M
ADDRESSES v,

Pout

PAGE MODE WRITE CYCLE

v
! t
s Vmc - AR__..I
- 23 b
' 'RP
= 'RCD ' ~—'crp

CAS

1

- t
tASR L . }‘- CAH .
v -— +'asc
H- ROW T 4
ADDRESSES ADD.
-

v
WRTE IHC- ¢
WRITE %
v / Aj

— o =

§

. L - i e yypammd
la—WCR——o] "RWL
v ‘osf==! =-ou= ‘ps == (oK =—ton

RN/, SR /)4 éi%'T)W: (S YT,
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4PD416

The 14 address bits required to decode 1 of 16,384 bit locations are multiplexed onto ~ ADDRESSING
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 DATA I/O
edge of WRITE or CAS, whichever occurs later. If 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 PAGE MODE
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 REFRESH
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 CHIP SELECTION
outputs will remain in the high impedance state.

In order to assure longterm reliability, Vgg should be applied first during power POWER SEQUENCING
up and removed last during power down.
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pPD416

PACKAGE OUTLINE
uPD416C/D A

o | ]

\
M
\
0-15° —=] \4—
uPD416C
(Plastic)
ITEM MILLIMETERS INCHES

A 19.4 MAX. 0.76 MAX.

B 0.81 0.03

Cc 2.54 0.10

D 0.5 0.02

E 17.78 0.70

F 1.3 0.051

G 2.54 MIN. 0.10 MIN.

H 0.5 MIN. 0.02 MIN.

I 4.05 MAX. 0.16 MAX.

J 4.55 MAX. 0.18 MAX.

K 7.62 0.30

L 6.4 0.25

+0.10
M 0.25 0.01
-0.05
e s e —
A L—
L 1

|

e

M
r‘o'll:“‘ﬂ

/f=M 010" \-—

uPD416D
(Ceramic)

ITEM MILLIMETERS INCHES
A 20.5 MAX. 0.81 MAX.
8 1.36 0.05
c 254 0.10
D 0.5 0.02
E 17.78 070
F 1.3 0.051
G 3.5 MIN, 0.14 MIN,
H 0.5 MIN. 0.02 MIN.
1 4.6 MAX. 0.18 MAX.
J 5.1 MAX, 0.20 MAX.
K 7.8 0.30
L 7.3 0.20
M 0.27 0.01

SP416-10-79-GY-CAT
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NEC

NEC Microcomputers, Inc. uwPD2118

36

DESCRIPTION

FEATURES

PIN CONFIGURATION

PRENORIARY

16,384 x 1 BIT DYNAMIC MOS
RANDOM ACCESS MEMORY

The NEC uPD2118 is a 16,384 words by 1 bit Dynamic MOS RAM. Its single +5V
power supply requirement greatly simplifies system power considerations.

Multiplexed address inputs permit the uPD2118 to be packaged in a standard 16 pin
dual-in-line package for highest system bit densities. The use of CAS controlled out-
put permits hidden refresh operation for ease of system design.

Single +5V supply; +10% Tolerance
e Low Power: 200 mW Max. (Operating)
20 mW Max. (Standby)
e Low V¢ Current Transients
e All Inputs, Including Clocks, TTL Compatible
e Non-Latched Output is Three State TTL Compatible
e RAS Only Refresh
128 Refresh Cycles Required Every 2 ms
Page Mode Capability
CAS Controlled Output Allows Hidden Refresh
Access Time: 120 ns
Available in a Standard 16 Pin Package

e o o o

neClt O 1e[aVss
Oin[ 2 15 [J CAS
WE O3 14[JPout
RAs 4 wPD 13[J %6
aods 2118 1h A,
A20s 1] Aq
ArQv 107 As
Vee s o[dnc




NEC

NEC Microcomputers, Inc. MPD4164- 1
HPD4164- 2

65,536 x 1 BIT DYNAMIC @%EHHM”E\‘M@W

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 double-poly-layer 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 @Ts, 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 impedance state by returning CAS to a 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 AQ 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 e High Memory Density
e Multiplexed Address Inputs
e Single +5V Supply
e On Chip Substrate Bias Generator
e Access Time: uPD4164-1 — 250 ns
uPD4164-2 — 200 ns
o Read, Write Cycle Time: uPD4164-1 — 410 ns
uPD4164-2 — 375 ns
e Low Power Dissipation: 2560 mW (Active); 28 mW (Standby)
e Non-Latched Output is Three-State, TTL Compatible
e Read, Write, Read-Write; Read-Modify-Write, RAS Only Refresh, and Page Mode
Capability
e All Inputs TTL Compatible, and Low Input Capacitance
e 128 Refresh Cycles (Ag-Ag Pins for Refresh Address)
e CAS Controlled Output Allows Hidden Refresh
e Auvailable in Both Ceramic and Plastic 16 Pin Packages
PIN CONFIGURATION NC Vss PIN NAMES
Din CAS AQ-A7 Address Inputs
WE DouT RAS Row Address Strobe
RAS Ag C_AS Column Address Strobe
WE Write Enable
Ag A3
DiN Data Input
A2 Agq DouT Data Output
A1 As Vee Power Supply (+5V)
Vece Az Vss Ground
NC No Connection
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1 PD4164

Operating Temperature . . . . . .. ...t ittt e 0°C to +70°C
Storage Temperature (Ceramic Package) -55°C to +160°C

(Plastic Package) -55°C to +125°C
Supply Voltages On Any Pin ExceptVgg -+« o v v oo oo -1 to +7 Volts @
Supply Voltage VDD « v v v v e e e e e -0.5 to +7 Volts D
Short Circuit Output Current . 50 mA
Power Dissipation . . . . . .o i . e e 1 Watt

Note: (D Relative to Vgs

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=25°C
Ta=0°1t070°C(); Vge = +5V + 10%; Vgg = OV

LIMITS TEST
PARAMETER SYMBOL MIN | TYP | MAX UNIT | CONDITIONS
Supply Voltage Vce 45 5.0 5.5 \
Vgs 0 0 0 v
High Level Input Voltage. VIHC 2.7 55 v All Voltages
(RAS, CAS, WE) Referenced
High Level Input Voltage, ViH 24 55 Vv to Vgs
All ln&s Except RAS,
CAS, WE
Low Level Input Voltage, ViL -1.0 038 \Y
All Inputs )
Operating Current lcc 45 mA @
Average Power Supply
Operating Current
RAS, CAS Cycling;
tRC = trc (Min.)
Standby Current lcc2 5.0 mA
Power Supply Standby
Current (RAS = Ve,
DoyT = Hi-Impedance)

Refresh Current lcc3 32 mA @
Average Power Supply
Current,

Refresh Mode;

RAS Cycling, CAS = V1.
tRC = trc (Min.) -
Page Mode Current lcca 35 mA ) @
Average Power Supply
Current,

Page Mode Operation
RAS = V|; CAS Cycling
tpc = tpg (Min.)

Input Leakage Current (L) -10 10 LA
Any Input

VN =0 to +5.5 Volts,
All Other Pins Not
Under Test =0V
Output Leakage Current lo(L) -10 10 A
Doyt is Disabled,
VouT =0 to +5.,6 Volts
Output Levels

High Level Output VoH 24 \
Voltage (IgyT =5 mA)
Low Level Output VoL 0.4 v
Voltage (lgyT = 4.2 mA)

Notes: @ 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.

Icc1. lcc3 and Iccg depend on output loading and cycle rates. Specified rates are

obtained with the output open.
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4 PD4164

CAPACITANCE T,=0° to +70°C; Vog = +5V £ 10%; Vgg = ov D

LIMITS TEST
PARAMETER SYMBOL N T Tve T WAX UNIT CONDITIONS

Input Capacitance

5 F
(Ag-A7), DIN Cn1 P
Input Capacitance 10
RAS, CAS, WRITE | ©I2
Output Capacitance Co ;
(DouT)

PACKAGE OUTLINES

Plastic
ITEM MILLIMETERS INCHES
A 19.4 MAX. 0.76 MAX.
B 0.81 0.03
C 2.54 0.10
) 05 0.02
| E 1778 0.70
F 13 0.051
G 2.54 MIN. 0.10 MIN.
H 0.5 MIN. 0.02 MIN.
1 4.05 MAX. 0.16 MAX
J 4.55 MAX. 0.18 MAX
K 7.62 0.30
L 6.4 0.25
™M 0.25 r010 0.01
7008 )
(S S——
A L-— L
[ ) —
by
L 1 J
Hr L —
——

BL* -HDH— 1 c [—~ -—/f—-m 0-10".]\--
f I

Ceramic

ITEM MILLIMETERS INCHES
A 20.5 MAX. 0.81 MAX.
8 1.36 0.05
[3 254 0.10
) 0.5 0.02
3 17.78 0.70
F 1.3 0.061
G 35 MIN 0.14 MIN.
H 0.5 MIN. 0.02 MIN.
1 4.8 MAX. 0.18 MAX.
J 5.1 MAX. 0.20 MAX.
K 7.8 0.30
L 7.3 0.29
M 0.27 0.01
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. PD4164

Ta=0° t0+70°C D Veg = +5V £ 10%; Vs = OV

LIMITS
uPDA164-1 uPDA164-2 TEST
PARAMETER SYMBOL MIN MAX MIN MAX UNIT | CONDITIONS
Random Read or Write tRC 410 375 ns ®
Cycle Time
Read-Write Cycle Time tRWC 465 375 ns ®
Page Mode Cycle Time tpc 278 225 ns
Access Time from RAS tRAC 250 200 ns ®
Access Time from CAS tcac 165 135 ns @
Output Buffer Turn-Off tOFF 0 60 0 50 ns ®
Delay
Transition Time (Rise and T 3 50 3 50 ns @
Fall)
RAS Precharge Time tRp 150 120 ns
RAS Pulse Width tRAS 250 10,000 200 10,000 ns
RAS Hold Time tRSH 165 135 ns
CAS Pulse Width tCAS 165 135 ns
CAS Hold Time tCSH 200 250 ns
RAS to CAS Delay Time tRCD 35 85 25 65 ns
CAS to RAS Precharge Time tCRP -20 -20 ns
Row Address Set-Up Time tASR o 0 ns
Row Address Hold Time tRAH 35 25 ns
Column Address Set-Up tASC ] [} ns
Time
Column Address Hold Time tCAH 75 55 ns
Column Address Hold Time tAR 160 120 ns
Referenced to RAS
Read Command Set-Up tRCS ] [¢] ns
Time
Read Command Hold Time tRCH [} 0 ns
Write Command Hold Time WCH 7% 55 ns
Write Command Hold Time tWCR 160 120 ns
Referenced to RAS
Write Command Pulse Width we 75 55 ns
Write Command to RAS tRWL 100 80 ns
Lead Time
Write Command to CAS tCWL 100 80 ns
Lead Time
Data-In Set-Up Time tps 0 0 ns o
Data-In Hold Time tDH 75 56 ns @)
Data-In Hold Time_ tDHR 160 120 ns
Referenced to AAS
CAS Precharge Time (For tep 100 80 ns
Page Mode Cycle Only)
Refresh Period tREF 2 2 ms
WRITE Command Set-Up wes o [} ns @
Time
CAS to WRITE Delay tcwo 125 95 ns 2
RAS to WRITE Delay tRWD 200 160 ns @
CAS Precharge Time 1CPN 50 40 ns

Notes: (D) T, is specified here for operation at frequencies to tRc > tRc (min). Operation at higher cycle rates with reduced

40

ambient temperatures and higher power dissipation is permissible, however, provided AC operating parameters are met.

@) Several RAS and CAS cycles are required after power-up before proper device operation is achieved.

@ AC measurements assume tT = 5 ns.

@ ViHc (min) or Vi (min) and V) (max) are reference levels for measuring timing of input signals. Also, transition
times are measured between Vjc or Vi and V).

(® The specifications for trc (min) and trwc (min) are used only to indicate cycle times at which proper operation
over the full temperature range (0°C < T, < 70°C) is assured.

(® Assumes that tcp < tRCD (max). If trep is greater than the maximum recommended value shown in this table,
tRAC will increase by the amount that trcp exceeds the values shown.

@ Assumes that trcp > tRCD (max).

Measured with a load equivalent to 2 TTL loads and 100 pF.

@ toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output
voltage levels.

@ Operation within the trcp (max) limit ensures that tRac (max) can be met, trep (max) is specified as a reference
point only, if trcp is greater than the specified trcp (max) fimit, then access time is controlled exclusively by tCAC.

@ These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in delayed write
or read-modify-write cycles.

@ tWCS. tCWD and tRwp are restrictive operating parameters in read-write and read-modify -write cycles only. If twcs >
twcs (min), the cycle is an early write cycle and the data output will remain open circuit throughout the entire cycle.
1f towD > tcwD (min) and tRwp > tRWD (min), the cycle is a read-write and the data output will contain data read
from the selected cell. If neither of the above conditions are met the condition of the data out (at access time and until
CAS goes back to V1) is indeterminate.

AC CHARACTERISTICS
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*“RAS-ONLY’ REFRESH CYCLE

TIMING WAVEFORMS
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NEC

NEC Microcomputers, Inc. uPD410

DESCRIPTION

FEATURES

PIN CONFIGURATION

1PD410-1
1PD410-2
jLPD410-3
4096 BIT HIGH SPEED STATIC
MOS RANDOM ACCESS MEMORY

The uPD410 is a very high speed 4K bit static random access memory. It is organized
as 4096 words by 1 bit per word and fabricated using N channel silicon gate MOS
technology.

All signals to the device are TTL compatible except for Chip Enable which is standard
+12 Volt MOS level.

Circuit operation starts with the rising edge of CE. Data is latched and valid until
falling edge of CE. Address and Chip Select signals are latched on-chip to simplify
system timing requirements.

e 4096 Words x 1 Bit Organization

Fully Decoded

TTL Compatible (except CE)

High Speed-Access Time: 90 ns max.

Cycle Time: 220 ns min.

Static Operation — No Refresh Required

Standby Power: 75 mW max.

Active Power: 470 mW typ.

Supply Voltages: Vpp =+12V, V¢c = +5V, VBB = -5V
Address Registers on the Chip

Three State Output

Standard 22 Pin Ceramic Dual-in-Line Package

Pin Compatible with uPD411 and Other 4K Dynamic RAMs

e & o o ¢ ¢ o 0o o o 0o

ves (1 ~ 2Pvss
A9 (2 21 Ag
A1003 203 A,
A1q [j 4 19 3/\5

sOs  ep  BPvoo
onOe 410 17[cE

bout7 16[7 (NC)
Aols 1500,
Ao 12005,
A [0 130 A5
vee 11 12[Jwe

Rev/1
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#PD410

Ap — BLOCK DIAGRAM
A — row
Ay —— DECODER MEMORY
A AND —1 ARRAY
3 —] BUFFER 64 x 64
A4 —| REGISTER
Ay —

CE TIMING
GENERATOR
COLUMN

DECODER AND

Dy BUFFER
REGISTER

WE — 110 ]

S —

f [ TTTT]

Ag A7AgAg Aig Aqy

Operating Temperature ... ......... 0°C t0 +70°C ABSOLUTE MAXIMUM
Storage Temperature . -65°C to +150°C RATINGS*
All Output Voltages -0.3 to +20 Volts®

All Input Voltages. . .. ....... .... -0.31t0+20 Volts

Supply Voltage Vpp -0.3 to +20 Volts®
Supply Voltage Vcc -0.3 to +20 Volts
Supply Voltage Vsg -0.3 to +20 Volts®
Power Dissipation . . .. ...ttt i e 1.0Ww

Note: ® Relative to Vgg

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 forextended periods may affect device

reliability.
*T, =25°C
T,=0 C1070 C:Vpp = 12V + 5%; Vg = 5V + 5% Vgg = -5V * 5%; Vsg = OV DC CHARACTERISTICS
LIMITS TEST
PARAMETER symMmsoOL MIN MAX UNIT CONDITIONS
Input Leakage Current IR} 10 uA VN = V|LMIN to
VIHMAX
CE Input Leakage Current | Iy c 10 MA VIN = V|LCMIN to
VIHCMAX
Output Leakage Current Lo 10 HA CE =VjLcor
CS=ViH
Vo =0V to 5.25V
Vpp Supply Current IDDOFF 200 uA CE = -1.0V 10 0.6V
during CE off
Vpp Supply Current IDDON 20 mA CE = VIHC
during CE on
Average Vpp | kPD410 DDAV, 24 mA
curne " [E5ETOT Liobay T R
WPDAT03 | IDDAV a5 mA
Vgg Supply Current Igs 100 HA
Ve Supply Current IcCOFF 15 mA | CE=V) cor
during CE off CS=Viy
Average Vg Current IcCAV 21 mA DouT = No load
Input Low Voltage ViL -1.0 0.6 \
Input High Voltage ViH 24 Vet \"
CE Input Low Voltage ViLe -1.0 0.6 Vv
CE Input High Voltage ViHC Vpp-1| Vpop*! v
Output Low Voltage VoL 0 0.4 \ loL =3.2mA
Output High Voltage VoH 2.4 Vee v 10H = 2.0 mA
Ta=0°Cto 70°C; Vpp = 12V £ 5%; VG =5V +5%; VBB = -5V + 6%; Vgg = OV CAPACITANCE
PARAMETER | SYmBoL Ll uNIT TEST
MIN | TYP | MAX CONDITIONS
Address Capacitance CAD 4 6 pF ViN=Vss |
CS Capacitance Ccs 4 6 pF VIN = Vss
DN Capacitance CiIN 8 10 pF VIN = Vss
DouT Capacitance Cout 5 7 pF VouT = Vss
WE Capacitance CWE 8 10 pf VIN = Vss
CE Capacitance Cce 18 27 pf VIN = Vss
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#PD410
AC CHARACTERISTICS T,=0°Ct070°C; Vpp = 12V * 5%; Vg = 5V * 5% Vgg = -5V ¢ 6%; Vgg = OV

LIMITS
a0 | 4101 | 4wz | aws TEST
PARAMETER | symsoL | MIN [max] miN fmax] min T max minImax ] unir CONDITIONS
READ, WRITE AND READ-MODIFY-WRITE
Address to CE tac 0 0 0 0 ns
Set Up Time
Address Hold tAH 90 70 50 50 ns
Time
CE Off Time tee 190 140 90 90 ns
CE Transition tT 0 40 o 40 0 40 o 40 ns
Time
CE off to Output|  tcF o| 90| of 9 0 90| o 90 | ns
High Impedance
State
READ
Cycle Time toy 440 330 220 220 L B
=10ns
CE on Time tcE 230 | 2000 | 170 | 2000 | 110 | 2000 | 110 | 2000 | ns | |
CE Output tco 190 140 90 80 ns Load = 50 pF + ITTL,
Deiay Ref = 2.0 or 0.8V
Access taCC 200 150 100 90 ns | 'ACC ='AC
Time ticottr
CE to WE Wi 20 20 20 20 ns
WE to CE on twe 0 0 0 0 ns
WRITE
Cycle Time tcy 440 330 220 220 ns [ ty=10ns
CE on Time tCcE 230 [ 2000 | 170 [2000 | 110 [ 2000 [ 110 [ 2000 | ns
WE to CE off W 130 100 70 70 ns
CE to WE oW 130 100 70 70 ns
DN to WE tow 0 0 0 0 ns
Set Up
Dy Hold Time tDH 60 40 20 20 ns
WE Pulse twe 130 100 70 70 ns
Width
READ-MODIFY-WRITE
Read-Modify- tRwc | 560 420 280 280 ns [tyr=10ns
Write (RMW)
Cycle Time
CE Width tcRw | 350 [2000 | 260 [2000 [ 170 | 2000 [ 170 [ 2000 | ns
During RMW
WE to CE
WE to CEon twe 0 0 0 0 ns
WE to CE oft tw 130 100 70 70 ns
WE Pulse twp 130 100 70 70 ns
Width
DN to WE tDw o 0 4] 0 ns
Set Up
Dy Hold tDH 60 40 20 20 ns
Time
CE to Output tco 190 140 90 80 ns Load =50 pF + ITTL,
Delay Ref = 2.0 or 0.8V
ACC = tAC

Access Time tacc 200 150 100 90 | s | IACCTIA

PACKAGE OUTLINE
uPD410D

fe—— K

U —

—f —o0-15°

ITEM MILLIMETERS INCHES
A 27.43 Max. 1.079 Max.
B 1.27 Max. 0.05 Max.
C 254+ 0.1 0.10
D 0.42+0.1 0.016
E 254 +0.3 1.0
F 1.5 0.2 0.059
G 3.5 +0.3 0.138
H 3.7 0.3 0.145
1 4.2 Max. 0.165 Max.
J 5.08 Max. 0.200 Max.
K 10.16 + 0.15 0.400
L 9.1 +0.2 0.358
M 0.25 + 0.05 0.009




pPD410

ey
e t1CE——] fe———tcC
READ CYCLE o)
CE
TAC [~ <—j tAH —  |—tT
ADDRESS
ADDRESS @ Ao ADDRESS CAN CHANGE
AND & @ $TABLE
we N e WL
(o F=—tCF
—_ HIGH [ ® |=— HIGH ——
D
ouT impeDANCE!  UNDEFINED ® IMPEDANCE
+ _———————]——
} tacc
VALID
tcy
WRITE CYCLE o e
® X
ce
—_— u
tAH
TAC [ IS Iy S,
ADDRESS
ADDRESS ® STABLE ADDRESS CAN CHANGE
AND T8 @ [
oW o
J— | | typ-=]
WE WE CAN CHANGE WE CAN CHANGE
o] tDW tDH
DN Dy CAN CHANGE X Dy STABLE Dy CAN CHANGE
5 HIGH | HIGH——]
ouT IMPEDANCE UNDEFINED IMPEDANCE
- IFY- 'RWC - -
READ-MOD WRITE CYCLE o oo
CE
L i .
tAC l<——- ——]  |—-—tr
@ ADDRESS
ADDRESS STABLE ADDRESS CAN CHANGH
AND TS 0)
we = ) tw
J— @YX j=twp —
WE WE CAN CHANGE
J—— tDW
tDH
DIN Dy CAN CHANGE Dy STABLE DyN CAN CHANGE
l a
— HIGH S VALID |t~ HIGH ————
Oour impeDANCE| UNDEFINED IMPEDANCE
(Ac —_—
Notes: VDD -~ 2V is the reference level for measuring timing of CE.
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Vgs + 2V is the reference level for measuring timing of CE.

VIHMIN is the reference level for measuring timing of the addresses,

CS, WE and D|N.

CS, WE and DN.

Vgg + 2.0V is the reference level for measuring timing of DOUT.

@
@
Q
@ VILMAX is the reference level for measuring timing of the addresses,
®
®

Vsgs + 0.8V is the reference level for measuring timing of DOUT.

@ WE must be at VyH until end of tCQ.
The information presented in this document is believed to be accurate and reliable. The information is subject to change without notice.

ViHC

ViLe

ViH

ViL
ViH

ViL

VoH

Vo

ViHe

ViLe

Vit

ViH

ViL
ViH

Vi

VoH

VoL

ViHC

ViLe

ViH

Vie
ViH

Vi
ViH

Vi
VOH

Vo

TIMING WAVEFORMS
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NEC Microcomputers, Inc.

DESCRIPTION

FEATURES

PIN CONFIGURATION

4096 x 1 STATIC NMOS RAM

NEC

uPD4104

44PD4104-1
JPD4104-2
J1PD4104-3

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 — 150 ns (uPD4104-3).
® \ery Low Stand-By Power — 28 mW Max.
® Low V¢ Data Retention Mode to +3 Volts.
® Single +5V £10% Supply.
® Fully TTL Compatible.
® Auvailable in 18 Pin Plastic and Ceramic Dual-in-Line Packages.
® 4 Performance Ranges:
SUPPLY CURRENT
ACCESS TIME R/W CYCLE ACTIVE STANDBY LOW Vce
©PD4104 300 ns 460 ns 21 mA 5 mA 5 mA
uPD4104-1 250 ns 385 ns 21 mA 5 mA 3.3 mA
uPD4104-2 200 ns 310 ns 25 mA 5 mA 3.3 mA
uPD4104-3 150 ns 260 ns 40 mA 5 mA 3.3 mA
" |
A 1 18 Vv
3 g ] Vee PIN NAMES
A2 2 17 A
E ] 5 AO-A11 Address Inputs
A 3 16 A —
1 mE CE Chip Enable
Ag[]a 15 ] A, 5 EY—
PD IN ata Inpu
A s D 14 ag
4104 DouTt Data Output
A10 E 6 13 3 Ag Vss Ground
Dour [ 7 12[ ] 4Aq Vee Power (+5V)
WE [: 8 " j Din WE Write Enable
vgs []9 10[]CE
Rev/2
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(PD4104

T, =0°C to +70°C, Vg = +5V + 10%

Ag —f
A Aow BLOCK DIAGRAM
Ay DECODER MEMORY
Az —] AND . ARRAY
Ay — BUFFER 64 x 64
As ‘
cE TIMING
1 GENERATOR
COLUMN
* DECODER AND
BUFFER
Din — —
DouTt — 110
WE TTTTT
- Ae A7AgAgA10A1]

Operating Temperature

Storage Temperature (Plastic Package) ................... -55°C to +125°C *
(Ceramic Package) . ......iinii..nn -65°C to +150°C RATINGS

Voltaggon Any Pin . .. ... ... . . i -1 to +7 Volts @

Power Dissipation . . . . . ..ot i e 1 Watt

Short Circuit Qutput Current . . ... .. ..ttt i 50 mA

Note: (D With respect to Vgs

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=25°C
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Q @000

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT | CONDITIONS
Supply Voltage Vee 45 5.0 5.5 v
Logic 1" Voltage All inputs ViH 22| -3 7.0 \% ®
Logic “0" Voltage All Inputs ViL -1.0 © 0.8 \
uPD4104 lcct 21 mA
'/’\veragg VC? #PD4104-1 cc1 21 mA
Convant PPV WPD41042 | lcc 2% | mA
uPD4104-3 Icct 40 mA
Standby Ve Power Supply Current lcc2 5 mA
Input Leakage Current (Any Input) h -10 10 uA
Output Leakage Current oL -10 10 kA [ONO)
Output Logic “’1" Voltage IgyT ~500 LA VOH 24 \4
Output Logic “0” Voltage oyt 5mA VoL 0.4 \
LIMITS CAPACITANCE
PARAMETER SYMBOL ]| MIN TYP ] MAX | UNIT | TEST CONDITIONS
Input Capacitance CIN 4 6 pF @
Output Capacitance CouT 6 7 pF @
Notes: (D All voltages referenced to Vsg

e is related to precharge and cycle times. Guaranteed maximum values for Icc1 may
be calculated by

Icct 'ma | =6ty + 13 (tc - tp) + 3420) tc
where o and tc are expressed in nanoseconds. Equation is referenced to the -2 device,
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.
0V < VouTt < +5.5V.
During power up, CE and WE must be at ViH for minimum of 2 ms after Vg reaches
4.5V, before a valid memory cycle can be accomplished.

Effective capacitance calculated from the equation C | —A—V with AV equal to 3V and
Vce nominal.

0°Cto+70°C  ABSOLUTE MAXIMUM

DC CHARACTERISTICS @ ®



4PD4104
.C CHARACTERISTICS @ @

Ta=0°Cto +70°C, Vcg = +6V + 10% (D

LIMITS
4104 4104-1 4104-2 4104-3 TEST
PARAMETER symeoL [ miN | MAX | MIN | MAX | MmiN | Max | MiN | mMax | uniT| conpiTions

Read or Write Cycle Time 1c 460 385 310 250 ns
Random Access tAC 300 250 200 150 ns [€©)
Chip Enable Pulse Width tCE 300 | 10,000 | 250 | 10,000 | 200 [ 10,000 | 150 [ 10,000 [ ns

Chip Enable Precharge Time P 150 125 100 100 ns

Address Hold Time tAH 165 135 110 95 ns

Address Set-Up Time tAS 0 o o 0 ns

Output Buffer Turn-Off Delay tOFF 0 75 0 65 0 50 0 50 ns ®
Read Command Set-Up Time tRS 5] [ [5) ) ns @
Write Enable Set-Up Time tws -20 -20 -20 -20 ns @
pota nput Hold Time OIH 2% 25 25 20 ns

Write Enabled Pulse Width twWw 90 75 60 55 ns

Modify Time tMOD 0 | 10,000 0 | 10,000 o | 10,000 o | 10,000 ns ®
WE to CE Precharge Lead Time tWPL 105 85 70 65 ns ®
Data Input Set-Up Time tps [ 0 0 0 ns

Write Enable Hold Time twH 225 185 150 115 ns

Transition Time T 5 50 5 50 5 50 5 ns
Read-Modify-Write Cycle Time tRMwW | 565 470 380 325 ns

Notes: (D) All voltages referenced to Vgg

(@ During power up, CE and WE must be at V| for minimum of 2 ms after Ve 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 tyyg 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 measurements assume tT = 5 ns. Timing points are taken as V|| = 0.8V and V| = 2.2V on the inputs
and VoL = 0.4V and Vou = 2.4V on the output waveform

tC=tCEttp+ 21T,

The true level of the output in the open circuit condition will be determined totally by output load
conditions. The output is guaranteed to be open circuit within tQfF.

e QPe®®

®

tRMW = tAC * twPL * tP * 31T * tMOD-

STANDBY
CHARACTERISTICS

Ta=0°Cto+70°C

LIMITS
4104 4104-1 4104-2 4104-3 TEST
PARAMETER SYMBOL | MIN | MAX MIN | MAX | MIN | MAX | MIN | MAX | UNIT | CONDITIONS|
Ve In Standby VPD 3.0 3.0 3.0 3.0 v
Standby Current IPD 5.0 3.3 3.3 33 | mA [©)
Power Supply Fall Time TF 100 100 100 100 us
Power Supply Rise Time TR 100 100 100 100 us
Chip Enable Pulse CE Width TCE 300 250 200 150 us
Ship Ensble Pracharge to Tepp | 150 125 100 100 ns
1" Level CE Min Level ViH 2.2 2.2 2.2 2.2 v
Standby Recovery Time TRC 500 500 500 500 us

Note: @ Maximum value for Vpp minimum value (=3 V).

TIMING WAVEFORMS POWER DOWN

Ve (MIN) —] tf STANDBY MODE R
Vce

VPD - T {

tpPD tRC
t ;;

g VIH- CE

ViL-
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READ CYCLE
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L
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PD4104

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 (V|| ), a read operation will be performed. At the
access time (tAC), valid data will appear at the output. Since the output is unlatched
by a positive transition of CE, it will be in the high impedance state from the previous
cycle until the access time. It will go to the high impedance 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 is brought low before CE the cycle i isan ““Early Write”"
cycle, and data will be latched by CE. If CE is 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 C'—Egoes 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 WE, tp|H is satisfied,
and WE occurs prior to EI?going high by at least the minimum lead time (twpL).

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 remain valid until the rising edge of CE. A
minimum R-M-W cycle time can be calculated by tRmw = tAC + tMOD + twpPL + tP +
3 t1; where tRMW is the cycle time, tAC is the access time, tMQD is the user defined
modify time, typL 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 Vcc at +3V.
However, prior to V¢ going below Vcc minimum (<4.5V) CE must be taken high
(ViH = 2.2V) and held for a minimum time period tppp and maintained at V| for
the entire standby period. After power is returned to Vcg 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 tcg min is not violated.
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4.PD4104

PACKAGE OUTLINES
uPD4104C/D

Plastic

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
B 1.44 0.055
C 2.54 0.1
D 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. 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

J
I \
1 \
—i L v
- C e O g
B8 r<~ - e € [5) F ] 0-15
= 1
Cerdip
ITEM MILLIMETERS INCHES

A 23.2 MAX. 0.91 MAX.
B 1.44 0.055
c 2.54 [X]
) 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. 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

SP4104-9-79-CAT
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NEC

NEC Microcomputers, Inc. uPD2114L

DESCRIPTION

FEATURES

PIN CONFIGURATION

p#PD2114L-1
uPD2114L-2
p1PD2114L-3
p#PD2114L-5

4096 BIT (1024 x 4 BITS) STATIC RAM

The NEC uPD2114L is a 4096 bit static Random Access Memory organized as 1024
words by 4 bits using N-channel Silicon-gate MOS technology. It uses fully DC stable
(static) circuitry throughout, in both the array and the decoding, and therefore requires
no clocks or refreshing to operate and simplify 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 (CS) lead allows easy selection of an individual package when
outputs are OR-Tied.

e Access Time: Selection from 150-450 ns
Single +5 Volt Supply
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 Identical Cycle and Access Times

e Common Data Input and Output using Three-State Output

e High Density 18-pin Plastic and Ceramic Packages

o Replacement for 2114L and Equivalent Devices
asl] 1 ~ 18[] Vce PIN NAMES
Ag E 2 17 :1 A7 Ag-Ag Address Inputs
A 3 16[7 A8 WE Write Enable
A3 E 4 15 :] Ag CS Chip Select

4PD 1/01-1/04 Data Input/Output
Ao [ 52114L14[ /09
Aq E 6 13 :] 1104 vee Power (+5V)
Ag E 7 12 j 1/05 GND Ground
cs s 11[] /04
GND(] 9 10{] WE
Rev/1
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puPD2114L

<____.___(:)GN)
Aﬁ(:)‘——{ g v
” MEMORY ARRA

64 ROWS

Ag ®_“'—{,\ﬁ SELECTOR 64 COLUMNS

[

110y H r—{ >
~
1105 (13,
2 LO——q  meur COLUMN SELECTOR
S

SENSE SWITCH

DATA

103 (12, - CONTROL
104 (11
6 <1
Ag Ay Ay Ag
"_—%
Operating TEMPerature . . . ... ... ..ouuuuineeeeennnnn. -10°C to +80°C
Storage Temperature (Ceramic) . . . .. ... ... .. -65°C to +150°C
(PIastic) . .ot -65°C to +125°C
Voltage on any Pin . ., . -0.5to0 7 Volts 1

Power Dissipation
Note: (1) With respect to ground.
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=25C

Ta =25°C; f = 1.0 MHz

1 Watt

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT | CONDITIONS
Input/Output Capacitance Ci/o 8 pf Vi/0 =0V
Input Capacitance CIN 5 pf VIN = 0V
Ta=0°Cto 70°C; Vgg = +5V + 10% unless otherwise noted.
LIMITS
PARAMETER SYMBOL | MIN| TYP| MAX | UNIT TEST CONDITIONS
Input Load Current _
(AN input Ping) L 10 BA |V, =010 55V
1/O Leakage == _ -
Current ILO 10 MA CS=2v, VI/O 0.4V to VCC
Power Supply | 65 mA le =5.5V, II/O =0 mA,
Current (olef] Ta - 25°C
Power Supply V=55V, 1 =0 mA,
Current lCC? 70 mA T”\l o 1o
a” o°C
Input Low Voltage VIL -0.5 0.8 v
Input High Voltage VIH 20 6.0 \%
QOutput Low Current IOL 3.2 mA VOL =0.4V
Output High VA, =24V, Van =475V
Current lon -1.0 mA OH cC
VOH =22V, VCC =4.5vV

54

BLOCK DIAGRAM

ABSOLUTE MAXIMUM
RATINGS*

CAPACITANCE

DC CHARACTERISTICS



AC CHA RACTE RI ST'CS Ta=0°Cto +70°C; Vg = +5V * 10%, unless otherwise noted.

uPD2114L

LIMITS
PARAMETER | symBoL [ 211aL 2114L1 21142 | 211403 | 2115 fumiT TEST
CONDITIONS
vin [ max [ min | max [ min [ max [min [max [min [ max
READ CYCLE
Read Cycle Time tRC 450 300 250 200 150 ns |t =t =t=10ns
Access Time A 450 300 250 200 150 | ns |cp =100 pF
Chip Sel
P Selection tco 120 100 80 70 60 | ns |Load =1 TTL gate
to Output Valid
hil 1 ! L s =
Chip Sélection tox 20 20 20 20 20 ns | 7Pt Levels =08
to Output Active and 2.0V
Output 3-State
f 100 80 70 60 0 Veef = 1.5V
from Deselection oTD B s ref
Output Hold from
¢ 50 50 50 5 50
Address Change OHA > 0 "
WRITE CYCLE
Write Cycle Time | _twe | 450 300 250 200 150 ns [tr=t =t =10ns
Write Time w 200 150 120 120 80 ns |CL =100 pF
Write Release . R o o o . .
Tine wR ns |Load =1 gate
Output 3-State Input Levels = 0.8
100 80 70 60 50
from Write rotw ™ Jand 2.0v
Data to Write ¢ 200 150 120 120 80 Veef = 1.5V
Time Overlap ow e fVret =1
Data Hold from
Write Time 'OH 0 0 0 0 0 s
Address to Write ° ° ° ° °
t
Setup Time AW ns
TIMING WAVEFORMS READ CYCLE @
tRC
tA
ADDRESS )( 1(

(7777,

|t——— 1CO——

———-tcx——J

Dout

WRITE CYCLE

tOHA

t—— tQTD ——3]

twc

ADDRESS

7S

ANV

WR

w®

toTW

WE
AW —=

DouT

Din

<

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

pes— t D\ —]
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uPD2114L

NORMALIZED ACCESS TIME VS.
SUPPLY VOLTAGE

1.2
©
o1
2
g \
Z 1.0
= 1
«c
9]
Z 09

0.8

4 2.5 5 55 6

Vee (V)

NORMALIZED POWER SUPPLY CURRENT VS.

SUPPLY VOLTAGE

1.2
Q
(&)
= 11
S -
N /
é 1.0
o
z /
Z 0.9

0.8

4 4.5 5 5.5 6
Vee (V)
OUTPUT SINK CURRENT VS.
OUTPUT VOLTAGE
15 !
Vee =55 —~— /
5.0 —]
Sz

0 7
e /
°

74

o 0.2 0.4 0.6
VoL (V)
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TYPICAL OPERATING
CHARACTERISTICS

NORMALIZED ACCESS TIME VS.
AMBIENT TEMPERATURE

1.2
I
a W1 7
w
N /
3
< 10 /
b= -
[
g /
0.9
0.8
0 20 40 60 80
TA(OC)
NORMALIZED POWER SUPPLY CURRENT VS.
AMBIENT TEMPERATURE
1.2
Q
©
o 1.1
w
g \
-
< 1.0 -
b \
S
z \
0.9 <
\\
0.8
o 20 40 60 80
Tal’C)
OUTPUT SOURCE CURRENT VS.
OUTPUT VOLTAGE
|
15 Vcc =4.5,50,5.5
v
\\
3 10
£
T
o
5 N
0
1 2 3 4

VoH (V)



puPD2114L

K
L ——|

uPD2114LC/D

PACKAGE OUTLINES A r_

A

H

Al

LU L

uPD2114LC {Plastic)

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
B 1.44 0.055
C 2.54 0.1
D 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. 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

uPD2114LD (Cerdip)

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
] 1.44 0.055
C 2.54 0.1
o] 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, 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

SP2114L-11-78-GY-CAT
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NEC

NEC Microcomputers, Inc. MuPD2147-2
MPD2147-3

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 uses a uniquely innovative design approach
which provides the ease-of-use features associated with non-clocked static memories and
the reduced standby power dissipation without the need for clocks, address setup and
hold times, nor reduced data rates 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 ceramic package configured with the industry
standard pinout. It is directly TTL compatible in all respects: inputs, outputs, and a
single +5V 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 is used.

Scaled NMOS Technology

Completely Static Memory — No Clock or Timing Strobe Required
Equal Access and Cycle Times

Single +5V Supply

Automatic Power-Down

High Density 18-Pin Package

Directly TTL Compatible — All Inputs and Outputs
Separate Data Input and Output

Three-State Output

Available in a Standard 18-Pin Ceramic Package

2 Performance Ranges:

FEATURES

MAX SUPPLY CURRENT
ACCESS TIME ACTIVE STANDBY
uPD2147-2 70 ns 160 mA 20 mA
uPD2147-3 55 ns 160 mA 20 mA
PIN CONFIGURATION Ao 4 - 18 Vee PIN NAMES
A A0-A11 Address Inputs
1 A r—
E 2 v j 6 WE Write Enable
A2 O3 16[1 A, oS Chip Select
A3 4 15 A DiNn Data Input
0 uPD - Ag DouT Data Output
Ag E 5 2147 14[] Ag vce Power (+5V)
Ag E‘ 6 13 3 Agg GND Ground
Pout [ 7 12[1 A,
WE
gs 1P Din TRUTH TABLE
GND cs —
C ° 10 :] s CS | WE MODE OUTPUT :POWER
X_| NotSelected | HighZ | 'Standby
L L Write High Z Active
L | H | Read Dout Active
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pPD2147

Ao

bt *— VcC
Aq <«—— GND
A
2 ROW MEMORY ARRAY
A3 SELECT 64 ROWS

64 COLUMNS
Ag

i

As

Din ————Dr— COLUMN 1/0 CIRCUITS —>— Doy

COLUMN SELECT

PERERS

Ag A7 Ag Ag A10 A1

mE——1 >

Operating Temperature . .......... et e e e e 0°C to +85°C
Storage Temperature . . ... ......... e .. -65°Cto+150°C
Voltage on Any Pin . ....... e e e, =l1to+7 VoIts@
DC Output Current . ... ... e 20 mA

Note: @ with respect to ground

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.

* — o
Ta=25°C
Ta = 0°C to +70°C; VGG = +5V * 10%, unless otherwise noted. D
LIMITS
uPD2147-3 uPD2147-2
PARAMETER |symsoL|min| 1Y@l max|min| Ty MAX |UNIT TEST CONDITIONS
Input Load ) 0.01 | 10 001 | 10 uA | Veg = Max, Vi = GND to
Current (All vee
Input Pins)
Output Leakage '|L0| 0.01 10 0.01 | 10 A | TS = VH. Ve = Max,
Current VouT = GND to Ve
100 | 150 100 | 150 | mA | TA-25°C[Vce = Max,
Operating Current | Icc TS=viL.
160 160 | mA | TA=0°C |Outputs Open
Standby Current | lgg 12 20 12 20 mA | Vce = Min to Max,
yee
TS=Vin
Peak Power-On 1p0@ 15 | 30 15 | 30 | mA | Vce = GND to VeG = Min,
Current CS = Lower of Vg or
ViHMin
Input Low ViL -0.3 08 |-03 08 | v
Voltage
Input High ViH 2.0 6.0 |20 60 Fv
Voltage
Output Low VoL 0.4 0.4 \ ioL =8 mA
Voltage
Output High Vo |24 24 V | IgH =-4.0mA
Voltage

Typical limits are at Vg =5V, Tz = +25°C, and specified loading.
Icc exceeds Igg maximum during power on. A pull-up resistor to VCC on the cs input is required to keep the device
deselected: otherwise, power-on current approaches ICC active.

Notes: % The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute.
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CAPACITANCE  Ta=25°C: f = 1.0 MHzD

JuPD2147

LIMITS
PARAMETER | symBoL | MIN | TYP | MAX JuNIT | TEST CONDITIONS
Input Capacitance Cin Vin =0V
Output Capacitance | CoyT Vour = 0v

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

AC CHARACTERISTICS T4 =0°Cto +70°C, Vg = *5V ¢ 10%; unless otherwise noted.

READ CYCLE LIMITS
PARAMETER |SYMBOL | uPD2147-3] 4PD2147-2J UNIT| TEST CONDITIONS
miNImax IMIN [max
Read Cycle Time !l tgg 55 70 ns | Input Voltage Levels
Address Access | taa 55 70 ns | V1= 0to+3.5Volts
Time tnput Rise Time
Chip Select tACST 55 70 ns [10ns
@
Access Time Input Fall Time
Chip Select 1ACS? 75 90 ns |10 ns
Access Time (& T
- iming Measuremen
Output Hold oM > 5 ™S | Reference Level
from Address 1.5 Volts
Change :
Chip Selection Wz 10 10 s | Qutput Load
to Output in See Figure 1
Low Z
Chip Deselec- tHz 0|40 o | a0 ns
tion to Output
in High Z
Chip Selection Py 0 0 ns
to Power Up
Time
Chip Deselec- D 30 30 ns
tion to Power
Down Time

Notes: @ Chip deselected for greater than 55 ns prior to selection.
@ Chip deselected for a finite time that is less than 55 ns prior to selection. (If the
deselect time is O ns, the chip is, by definition, selected and access occurs according
to Read Cycle No. 1.)

Vee
5100
DouT —4
s 30pF
3000 ¢ (INCLUDING SCOPE AND JIG)
TIMING WAVEFORMS Figure 1
READ CYCLE®D e |
ApDRESs @ X
tAA |
1oH
DATAOUT  PREVIOUS DATA VALID X' X X DATA VALID
tRC
) N /
tacs ! tHZ
fe— Lz —— =]
HIGH
DATA OUT DATA VALID )_
HIGH IMPEDANCE IMPEDANCE
L"PU )
vee [Ty p——

SUPPLY 7F
1s8

CURRENT

Notes: @ WE is high for Read Cycles.
@ Device is continuously selected, CS = V. _
@ Addresses valid prior to or coincident with CS transition low.
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1wPD2147

Ta = 0°C to +70°C; Vg =

+5V + 10%, unless otherwise noted.

AC CHARACTERISTICS

WRITE CYCLE

TIMING WAVEFORM

WRITE CYCLE

LIMITS
T
PARAMETER SYMBOL | pPD2147-3 | uPD21472 | UNIT CONLE:,IONS
MIN | MAX | MIN | MAX
Write Cycle Time tWC 55 70 ns
Chip Selection to End tcw 45 55 ns
of Write
Address Valid to End tAW 45 55 ns
of Write
Address Setup Time tAS 0 0 ns
Write Pulse Width twp 35 40 ns
Write Recovery Time tWR 10 15 ns
Data Valid to End W 25 30 ns
of Write
Data Hold Time tDH 10 10 ns
Write Enabled to Out- twz 0 30 35 ns
put in High Z
Output Active from tow 0 0 ns
End of Write
‘we
ADDRESS >( )R
—- ‘cw
— L - 4
& NN % [ LA
t
AW t
o ——
tAs tyyp ———=] WR
WE K\ K £
t
DH
I ‘ow {
DATA IN * DATA IN VALID
~—twz = tcw
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED
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PACKAGE OUTLINE

uPD2147D

J = \
i \
M
0-15°
ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
B 1.44 0.055
[ 2.54 0.1
D 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. 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

SP2147-1-80-CAT



NEC

NEC Microcomputers, Inc. PD421

DESCRIPTION

FEATURES

PIN CONFIGURATION

1LPD421-1
L PD421-2
1.PD421-3
/L PD421-5

ALY

8K BIT STATIC RAM

The NEC uPD421 is a very high speed 8192 bit static Random Access Memory organ-
ized as 1024 words by 8 bits. Features include a power down mode controlled by the

chip select input for an 80% power saving.

1024 x 8-bit Organization
Very Fast Access Time: 150/200/250/300/450 ns
Single +5V Power Supply
Low Power Standby Mode
N-Channel Silicon Gate Process
Fully TTL Compatible
6-Device Static Cell
Three State Common |/0O
Compatible with 8108 and Equivalent Devices
Available in 22 Pin Ceramic Dual-in-Line Package
W
Ag O 22V,
Ag 2 2134,
A, O3 20 Ag
Az 4 190Ag
A, Os uPD  18[1Cs
A, s a1 17 JWE
Ag d- 16[J1/0g
1o, O 8 5o,
110, o 14 1/0g
1oz Qo 1301/04
GND 1 12[71/0,
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JuPDA21

ROW

A
6 ¥ dseLecr

|/011

I/O2

1104

1/0,
1/0g

1/0g
1104

”08

:

kil ﬁﬁﬁﬁ%

MEMORY ARRAY
128 ROWS
64 COLUMNS

WE

Operating Temperature . . .. .. ...ttt ittt

Storage T@MPErature . . . . . ..o ov vt i e it
Voltageon Any Pin. . . . oo oottt e

Note: (@ With respect to ground.

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=25°C

Ta= 0°C to +70°C; VG = +5V * 5%, unless otherwise specified

PARAMETER | SYMBOL HIMITS UNIT | TEST CONDITIONS

MIN | TYP| MAX
Input Load 1N} 10 HA VIN = 0 to +5.5V
Current
(All Inputs Pins)
1/0 Leakage Lo 50 HA
Current ‘
Operating Icc 150 mA Ve = Max;
Current CS=V|L:

Outputs Open

Stand-by Isg 20 mA Ve = Min. to Max.
Current CS=VIH
Input Low ViL -0.3 0.8 \"
Voltage
Input High ViH 2.0 6.0 \%
Voltage
Output Low VoL 0.4 \Y ioL=32mA
Voltage
Output High VOH 24 \ IoH=1mA
Voltage
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#PD421
CAPACITANCE T5=25°C;f=1.0 MHz

LIMITS
PARAMETER SYMBOL UNIT TEST CONDITIONS
MIN MAX

Input/Output Ci/o 7 pF Vi/o =0V

Capacitance

Input Capitance CIN 5 pF VIN = 0V

AC CHARACTERISTICS
Ta =0°Cto +70°C; Vg = +5V * 5%, unless otherwise specified.
LIMITS
PARAMETER SYMBOL 1PD421 uPD421-1 uPD421-2 uPD421-3 uPD421-5 | UNIT
MIN lMAX MIN IMAX MIN l MAX | MIN l MAX | MIN | MAX
READ CYCLE
Read Cycle Time tRC 450 300 250 200 150 ns
Address Access Time tAA 450 300 250 200 160 ns
Chip Select Access Time tACS 450 300 250 200 150 ns
Output Hold from Address | ton 10 10 10 10 10 ns
Change
Chip Selection To Output Lz 10 10 10 10 10 ns
in Low Z
Chip Deselection to tHz 0| 100 0 80 0 70 0 60 0 50 ns
Output in High Z
Chip Selection to Power tpu 0 0 0 0 0 ns
Up Time
Chip Deselection to Power tPD(D 100 80 70 60 50 ns
Down Time
WRITE CYCLE

Write Cycle Time twe 450 300 250 200 150 ns
Chip Selection to End of tcw 360 240 200 160 130 ns
Write
Address Valid to End of AW 360 240 200 160 130 ns
Write
Address Setup Time tAS 10 10 10 10 10 ns
Write Pulse Width twp 200 150 120 120 80 ns
Write Recovery Time tWR 10 10 10 10 10 ns
Data Valid to End of Write | tpw 200 150 120 100 80 ns
Data Hold Time tDH 10 10 10 10 10 ns
Write Enabled to Outputin| tyz 100 80 70 60 50 ns
High 2
Output Active from End of | tow 0 0 0 0 (o] ns
Write

Note: (1) Icc (t=tpp) = 1/2 Icc Active.
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uPD421

TIMING WAVEFORMS

READ CYCLE
1,
RC
ADDRESS ><
tTAA |
‘oH
Dout PREVIOUS DATA VALIE DATA VALID
'Re
cs \ /
N /]
- tacs | la—tHZ
o IMPEDANCE
out
| e tpy ~— PD
lgm= ===
Vg SUPPLY
CURRENT

WRITE CYCLE

1,

we
ADDRESS >< )b
ew
Cs s ; \ \ /
t
[a—r*as: twp WR
WE \\\\ //
—t——‘ow——-b
tow D
wz
Din > <
Dout
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SEP— PACKAGE OUTLINE
— uPD421D
- M
fe— 0 — 15"
ITEM MILLIMETERS INCHES
A 27.43 Max. .079 Max.
B 1.27 Max. .05 Max.
c 2.54% 0.1 .10 ]
D 042+ 0.1 .016
E 254 +03 .0
F 1.5 +0.2 .059
G 35 +03 .138
H 3.7 03 .145
1 4.2 Max. .165 Max.
J .08 Max. .200 Max.
K 10.16 % 0.15 .4C0
L .1 +0.2 .358
M .25 + 0.05 .009

SP421-9-79-GY-CAT



NEC

NEC Microcomputers, Inc. 4PD2167

DESCRIPTION

FEATURES

PIN CONFIGURATION

PELINAGHT

16,384 x 1 BIT STATIC MOS
RANDOM ACCESS MEMORY

The NEC uPD2167 is a 16,384 words by 1 bit Static MOS RAM. Fabricated with
NEC’s NMOS technology, it offers the user single power supply operation and fast
access times in a standard 20 pin dual-in-line package. !ts use of automatic power
down circuitry minimizes system operating power requirements. Fully static cir-
cuitry throughout means the cycle time and access time are equal.

e 16,384 x 1 Organization

e Fully Static Memory — No Clock or Timing Strobe Required
e Equal Access and Cycle Times

e Single +5V Supply

e Automatic Power Down

e Directly TTL Compatible — All Inputs and Outputs

e Separate Data Input and Output

e Three-State Output

e Access Time: 55 ns Max.

e Power Dissipation: 160 mA Max. (Active)

20 mA Max. (Standby)
e Auvailable in a Standard 20 Pin Dual-in-line Package

S PIN NAMES
Ao 20 Vee
An— A Address Inputs
A1 2 19[4 =0 713
A A WE Write Enable
2 C 3 18 3 8 CsS Chip Select
A A
30 4 PD 170349 Din Data Input
A4E 5 s 16 DA1O D Data Output
2167 ouT
As 6 15 A Ve Power (+5V)
Ag] 7 143 A12 Vgs Ground
Doutd 8 13[JA13
wed o 12[30In
Vss 10 1n0Ocs TRUTH TABLE
cs | wWe MODE OUTPUT| POWER
H X Not Selected High 2 Standby
L Write . High Z Active
H Read Dout Active
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NEC

NEC Microcomputers, Inc. p©PD5101L
APD5101L-1

1024 BIT (256x4) STATIC CMOS RAM

DESCRIPTION  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 ((3_E1, CE2) are provided, with the devices being selected when C_E1 is
low and CE2 is high. The devices can be placed in standby mode, drawing 10 MA
maximum, by driving ('ITE1 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. Output 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.

FEATURES e Directly TTL Compatible — All Inputs and Outputs
e Three-State Output
e Access Time — 650 ns (uPD5101L); 450 ns (uPD5101L-1)
e Single +5V Power Supply
e CE2 Controls Unconditional Standby Mode
e Auvailable in a 22-pin Dual-in-Line Package

PIN CONFIGURATION

0 Ay [ 1 22[] Vec
A, [ 2 21{7] A, PIN NAMES
A O 3 20 [ Rw

—_ Dlq - DI Data |
Ay O 4 1903 &, 1 4 ata Input
A . Ap—- A7 Address Inputs
5 [ PD 18 [] op R/W Read/Write Input
u —
Ag [ 6 5101L 17 [ CE2 CEq, CE2 Chip Enables
Aq O 7 16 ] DO, oD Output Disable
ono O 8 151 oI, D01 — DO4 | Data Output
Vee Power (+5V)

DL, O o 14 [ DOg
Do, ] 10 13[] DIy
DI, [ n 12 M) DO,
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uPD5101L

O =@ vec BLOCK DIAGRAM
A,
‘G’ ADDRESS ROW M one
Ay BUFFERS DECODERS
A:'@" 32 COLUMNS
@~
— (DISABLE)

>—@=
COLUMN 1/0
CIRCUITS

L

J } > @ DO,
v @] Ea s,
o | l >
@ Mo
B 17T
oo (18) ’- C‘% éﬁé
Operating Temperature . .. ... .. ... .. .u i unenennn. 0°C to +70°C  ABSOLUTE MAXIMUM

20~

Storage TeMPerature . ... ... ......uueennnn. -40°C to +125°C RATINGS*
Voltage On Any Pin With Respect to Ground....... -0.3 Volts to V¢c +0.3 Volts
Power Supply Voltage . . . ....... ... ... ... -0.3 to +7.0 Volts
COMMENT: Stresses 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 at any other condition above those indicated in the operational sections of this specifi-

cation is not implied. Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

*Ta=25°C
T3 =0°C to 70°C; Vg = +5V + 5%, unless otherwise specified.
Te DC CHARACTERISTICS
PARAMETER SYMBOL | MIN TYP@ MAX |UNIT TEST CONDITIONS
Input High Leakage ILIH @ 1 MA | VIN = Vee
Input Low Leakage L@ -1 A | Viy =0V
Output High Leakage 'LOH@ 1 uA [ CEq =22V, VouT = Vee
Output Low Leakage 'LOL@ -1 HA C—:E1 =2.2V,VoyT =0.0V
VN = Ve Except CEq
o} ti t | 22 mA
perating Curren ce <0.65V, Outputs Open
o ing G | 27 A VIN = 2.2V Except CEq
erat ent m
perating Lurren ce2 <0.65V, Outputs Open
VN = 0 to 5.25V
Standby Current ! 10 A
ancby furren coL® A | cep<o2v
Input Low Voltage ViL -0.3 0.65| V
Input High Voltage VIH 2.2 Veel V
Output Low Voltage VoL 04 | V oL =2.0mA
Output High Voltage VOH1 2.4 \ IoH =—1.0 mA
Output High Voltage | VYOH2 35 \% 10H = -100 pA

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

—— CAPACITANCE
PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS

Input Capacitance CiN 4 8 pF ViN OV

(Al Input Pins)

Output Cout 8 12 pF VouT -0V

Capacitance
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AC CHARACTERISTICS READ CYCLE
T, =0°Cto 70°C; Vg = 5V+5%, unless otherwise specified
LIMITS
PARAMETER SYMBOL 5101L 5101L-1 UNIT TEST CONDITIONS
MIN | TYPEMAX | MIN | TYP] MAX
Read Cycle tRC 650 450 ns Input pulse amplitude:
0.65 to 2.2 Volts
Access Time _ tA 650 450 ns Input rise and fall
Chip Enable (CE1) tco1 600 400 | ns times: 20 ns
to Output -
Chip Enable (CEo) tco2 700 500 [ ns Timing measurement
reference level:
to Output
1.5 Volt
Output Disable to 0D 350 250 | ns
Output Output load: Iy}
Dfna Output to IDF 0 150 0 130 ns Gateand C|_ = 100 pF
High Z State
Previous Read Data tOH1 0 0 ns

Valid with Respect
to Address Change

Previous Read Data tOH2 0 0o ns
Valid with Respect
to Chip Enable

WRITE CYCLE

Ta = 0°C to 70°C; Vg = 5V25%, unless otherwise specified

LIMITS
PARAMETER SYMBOL 5101L 5101L-1 UNIT TEST CONDITIONS
MIN | TYPIMAX|MIN] TYP]MAX

Write Cycle twe 650 450 ns Input pulse amplitude:
Write Delay tAw 150 130 ns 0.65 to 2.2 Volts
Chip Enable (CE1) tcw1 550 350 ns Input rise and fall
to Write times: 20 ns
Chip Enable (CE3) tcw2 550 350 ns Timing measurement
to Write reference level:
Data Setup tDW 400 250 ns 1.5 Voit
Data Hold tDH 100 50 ns Output load: Iy
Write Pulse twp 400 250 ns Gateand C_ =
Write Recovery twR 50 50 ns 100 pF
Output Disable Setup| tps 150 130

LOW Vcc DATA RETENTION  Ta=0°Cto 70°C

CHARACTERISTICS s
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT TEST CONDITIONS
Vcc for Data VCCDR +2.0 \ CEp < +0.2V
Retention
Data Retention ICCDR +10 uA VceDR = 2.0V
Current CEp < +0.2V
Chip Deselect tCDR 0 ns
Setup Time
Chip Deselect R 1RC® ns
Hold Time

Note: @ trC = Read Cycle Time

71



pPD5101L

READ CYCLE
tRC TIMING WAVEFORMS
ADDRESS \( )<
—
tco1— toH1
CE,
toH2 e
CE, J
F tco2 - =
oD .\ ] top - -
(common 1/0) @ ob
O)
A tDF -
DATA T TTTN DATA OUT
ouT __ | ___/ VALID |
WRITE CYCLE

= we

ADDRESS ’(

tow

= tow2
oD Vo
common 110® / ton
—— tDS ———i
pata | DATA IN -
IN —— | STABLE I
t —d
— AW p— ow le— twR—
‘we S
RW * )

Notes: @ Typical values are for Tg = 25°C and nominal supply voltage.
) 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 |/O operation.

DATA RETENTION

LOW Ve DATA RETENTION

SUPPLY VOLTAGE lVCC]

CHIP ENABLE (CE ) @ @
V———— —— - — —— — —_———
Notes: (1) a75v
(2) Veeon
@ vin
(a) oav
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TYPICAL OPERATING
CHARACTERISTICS »

Icc — Vec (Ta)

VoH — lou (Ta)

o

T
Vee sV
20
Ta 20C \Q\
_ 15 a \
: AN
- >
- 2 N\
o I
= 10 <} \\
>
Ta 180 C
| 20 ¢
2 | i\
0 0 2 4 6 8 10
Vee V! oK imA}
VoL - oL (Ta) ta — Vg (Ta)
o 700
[ / V } i LOAD I\TT\ . 7‘4\’\9!1
Tu 80 C 20 c/ \
05 / /)1), 600
20 ¢ \ \
) /I g 0 \
S =z \\ Ta ¢80 C
% Lo N
25 C
0 W 300 \ Soy
20 C
0.1 200
Vee sV
|
[ 10 15 o 3 4 S
o (ma) veetv)
ta—-C
700, ATt - lccor - Ta
Ti 2% C
Vee 5V
600
50! - z
. | 3
£ «
< a0
< L — g o1
o 1 1 1 T
 — — — T
30 SRS S S S— T
00 %
20!
0 100 200 300 300 500 0 10 20 30 40 50 60 70
C (pF) Tatl )
PACKAGE OUTLINE A -

U Wi{ g Jm

uPD5101LC - l._L

T

|"—-’l

—"B"--‘,g--—'cr--—m-— 0 15— F—
}

ITEM MILLIMETERS INCHES
A 28.0 Max 1.10 Max

8 1.4 Max 0.025 Max
[ 254 0.10

8] 0.50 0.10 0.02  0.004
E 254 1.0

F 1.40 0.055

G 2.54 Min 0.10 Min

H 0.5 Min 0.02 Min

! 4.7 Max 0.18 Maix

J 5.2 Max 0.20 Max

K 10.16 0.40

L 8.5 0.33

+0.10 +0.004

M 0.25 0.05 001 0.002

SP5101L-8-77-GY-CAT
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NEC

NEC Microcomputers, Inc. puPD444/6514
j+PD444/6514-1
(LPD444/6514-2
(1PD444/6514-3

1024 x 4 BIT STATIC CMOS RAM

DESCRIPTION The uPD444/6514 is a high speed, low power, silicon gate CMOS 4096 bit static RAM
organized 1024 words by 4-bits. It uses fully DC stable (static) circuitry throughout
and therefore requires no clock or refreshing to operate. Data access is particularly
simple since address setup times are not required. The data is read out nondestruc-
tively and has the same polarity as the input data. Common input/output pins are
provided.

CS controls the power down feature. In less than a cycle time after CcS goes high —
deselecting the uPD444/6514 — the part automatically reduces its power requirements
and remains in this low power standby mode as long as CS remains high. There is no
minimum 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 uPD444/6514, the
uPD444/6514 automatically powers up.

The uPD444/6514 is placed in an 18-pin plastic package for the highest possible
density. K is directly TTL compatible in all respects: inputs, outputs, and a single
+5V supply. The uPD444/6514 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 are required.

FEATURES e Low Power Standby — 5 uW Typ.

e Low Power Operation

e Data Retention — 2.0V Min.

e Capability of Battery Backup Operation

e Fast Access Time — 200-450 ns

e Identical Cycle and Access Times

e Single +5V Supply

e No Clock or Timing Strobe Required
Completely Static Memory

e Automatic Power-Down

e Directly TTL compatible: All Inputs and Outputs

e Common Data Input and Output using Three-State Outputs

e Replacement for uPD2114L and Equivalent Devices

e Auvailable in a Standard 18-Pin Plastic Package

PIN CONFIGURATION as i~ 18PV PIN NAMES

As 02 17[3A7 Ao-Ag Address Inputs
As 3 16[JAg WE Write Enable
A3 Qs ::4'1; 15[ A9 cs Chip Select
ho s 514 14V 1/01-1/04 | Data Input/Output
A1 e 13[31/02 vee Power (+5V)
A2 g7 12103 GND Ground
cs s 1[0,

GnD [ 10 [ JWe

Rev/1
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uPDA444/6514

" BLOCK DIAGRAM
1 ———— vcc
As __._j ;
. ~g————— GND
g
ROW MEMORY ARRAY
SELECT . 64 ROWS
) F 64 COLUMNS
.
A8 —«j\r:
A9 :| ;
. . .
10 |
' F COLUMN 10 CIRCUITS
10y INPUT
DATA COLUMN SELECT
CONTROL
1103
104 1 >
Ag A1 Ay Ag

———

el 1)

Operating Temperature
Storage Temperature

All Input and Output Voltages

-40°C to +85°C
.. -55°Cto +125°C
-0.3to Ve +0.3 Volts

ABSOLUTE MAXIMUM

RATINGS*

+8.0 Volts

Supply Voltage
Note: @ Wi_th Respect to Ground

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=25°C
T, = -40°C to +86°C; Vg = +5V £ 10% unless otherwise tested DC CHARACTERISTICS
LIMITS
444/6514-3 444/6514-2 444/6514-1 444/6514
PARAMETER symeoL| min[Tve| max [min|rye] max [min|rye| max [min]Tve] max |uniT| TEST cOnDITIONS

Input Leakage Current | 1 -1.0 1.0 -1.0 1.0 -1.0 1.0 -1.0 1.0 uA | Vin = GND 1o Vee

1/0 Leakage Current Lo -1.0 10 -1.0 1.0 -1.0 10 -1.0 1.0 uA | CS=Vy, Vi = GND
to Voe

Operating Supply Iccal 20 |35 18 |35 16 |35 14 | 35 mA | CS= V)L Vin = Vee.

Current Outputs Open

Operating Supply IcCA2 24 |40 22 |40 19 (40 17 |40 mA | CS= VL, VN =24V,

Current Outputs Open

Average Operating Iccas 10 9 8 7 mA | Vin=GNDor Veg,

Supply Current Outputs Open f = 1 MHz,
Duty 50%

Standby Supply Current | Iccs 50 50 50 50 uA | CS=vVce, Vin = GND
to Vee

Input Low Voitage VL -0.3 08 -0.3 08 -03 0.8 -0.3 08 v

input High Voltage VIH 2.4 Vee +0.3(24 Vee +0.3| 2.4 Vee +0.3| 24 Ve +03| Vv

Output Low Voitage VoL 0.4 0.4 0.4 0.4 v [loL=20mA

Output High Voltage VoH |24 24 24 24 vV |ton=-10mA

25°C, f=1MHz
CAPACITANCE
LIMITS
PARAMETER SYMBOL | MIN| TYP| MAX JUNIT | TEST CONDITIONS
Input/Output Capacitance Cyo 10 pF Vy/o =0V
Input Capacitance CIN pF VN = 0V

Note: This parameter is periodically sampled and not 100% tested.
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uPD444/6514
AC CHARACTE RISTICS Ta - =40 Cto +85 C; Ve = +5V * 10% unless otherwise noted

LIMITS
444/6514-3 | 444/6514-2 Jaa4/6514.1 | aaa/6514
PARAMETER symsoL [ min [max fmin[max [min fmax|minImax]uniT| TEST conpiTiONs
READ CYCLE
Read Cycle tRe 200 250 300 450 ns_ | Input Pulse Levels
Address Access Time tAA 200 250 300 450 | ns | *0-Bto +2.4 Volts
Chip Select Access Time (D tACST 200 250 300 450 | ns ‘T':z‘“e'sn“‘;:';" Fall
Chip Select Access Time @ tACS2 250 300 350 500 | 0 || \0ut and Output Timing
Qutput Hold from Address Change t1OH 50 50 50 50 ns Levels: 1.5 Volt
Chip Selettion to Output in Low Z Wz 20 20 20 20 ns | Output 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 we 200 250 300 450 ns_| Input Pulse Levels
Chip Seiection to End of Write cw 180 230 250 350 ns | *0.81t0 +2.4 Volts
‘Address Valid to End of Write w180 230 250 350 s | InPut Rise and Fall
Times: 10ns

Address Setup Time tas o 0 0 [ 5| Input and Output Timing
Write Pulse Width we 180 210 230 300 ns | Levels: 1.5 Volt
Write Recovery Time WR ) 0 o o ns | Output Load: 1 TTL
Data Valid to End of Write tow 120 140 150 200 ns | Gate and C_= 100 pF
Data Hold Time toH o 0 [ o ns
Write Enabled to Output in High Z wz 60 70 80 100 [ ns
Output Active from End of Write tow 0 0 o [ ns

Notes: (1) Chip deselected for greater than 100 ns prior to selection.

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

LOW VCC DATA T, =-40°Cto +85°C

RETENTION LIMITS

CHARACTERISTICS PARAMETER symeoL | mIN TYp | MAX | UNIT | TEST CONDITIONS
Data Retention Supply | Vcepr | 2.0 Vv €S =vee,ViIn = Vee
Voltage to GND
Data Retention Supply IcCDR 0.1 10 HA Vee =3V, CS= Ve
Current VIN = Vcc to GND
Chip Deselect to Data tCDR 0 ns
Retention Time
Operation Recovery tR tgc® ns
Time

Note: @ trc = Read Cycle Time

PACKAGE OUTLINE
uPD444/6514C A 'E

Plastic

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
B 1.44 0.055
[ 254 0.1
D 0.45 0.02
E 20.32 08
F 1.2 0.0
G 2.5MIN. 0.1 MIN.
H 0.5 MIN. 0.02 MIN.
i 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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ADDRESS

Dout

DouTt

ADDRESS

Oin

ReaDcycLE @ @

RC

TIMING WAVEFORMS

X

TAA

S 1. —

PREVIOUS DATA VALID

XX

Reap cYclE D @

RC

tacs

<—th.|[
L

DATA VALID

DATA VALID
tHz
HIGH
IMPEDANCE

VA
HIGH IMPEDANCE [N

WRITECYCLE @ ® ®

we

D

tcw

v e

[ [/ [/

taw WR
|<———‘AS——| we
-
X 7 7‘(
— OH
VALID A
wz
z] tow
NS SN N NN NN _ 7 7 7 77
VAVAYAVAY A4 []| HIGH IMPEDANCE

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

@ Device is continuously selected, CS = Vi
(3) Address valid prior to or coincident with CS transition low.
@ If the CS low transition occurs simultaneously with the WE low transition, the
output buffers remain in a high impedance state.
(8 WE must be high during all address transitions.
(® twe is measured from the latter of TS or WE going low to the earlier of CS or WE

going high.

LOW Vg DATA RETENTION

4.5v

DATA
lt——— RETENTION ———=|
MODE

4.5v
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NEC

NEC Microcomputers, Inc. puPD445L
fPD445L-1

FULLY DECODED 4096 STATIC CMOS RAM

DESCRIPTION The uPD445L is a very low power 4,096 bit (1024 words by 4 bits) static RAM fabricated
with NEC's complementary MOS (CMOS) process. It has two chip enable inputs ((ﬁ‘h
CE2). Minimum standby current is drawn when (ﬁ1 is at a high level, while inhibiting
all address and controi iine transitions or, unconditionally when CE2 is at a low level.
This device ideally meets the low power requirements of battery operated systems and
battery back-up systems for non-volatility of data.

The uPD445\_ uses fully static circuitry requiring no clocking. Output data is read out
non-destructively by placing a high on the R/W pin and has the same polarity as input
data. All inputs and outputs are directly TTL compatible. The device has common
input/output data busses and an OD (Output Disable) pin for use in common 1/O bus
systems.

The uPD445L is guaranteed to retain data with the power supply voltage as low as 2.0

volts.
FEATURES e Single +5V Power Supply
e Ideal for Battery Operation
o Low Standby Power for Data Retention
e Simple Memory Expansion — Chip Enable Inputs
e Access Time — 650 ns Max. (uPD445L)
450 ns Max. (uPD445L-1)
e Directly TTL Compatible — All Inputs and Outputs
e Common Data Input and Output
e Static CMOS — No Clocks Refreshing Required
e 20 Pin Dual-In-Line Plastic Package
PIN CONFIGURATION A
Azt 2003 vee PIN NAMES
A2Q2 197 Aq Ag-Ag Address Input
A3 187 rw oD Output Disable.
Ag l: 4 17h C—E-1 R_/W Read/Write
CEq Chip Enable 1
A 6
sOs ::5?_ 16 oD CE, Chip Enable 2
Ag 6 15 cEy 1/01-1/04 Data Input/Output
A,07 14[7] Ag Vce Power Supply
[ \o] m 13[3 Ag GND Ground
| 9 12
014 ] 1/04 OPERATION MODES
1102 10 19 1703
CEq| cep] oD Chip Output Mode
0 1 0 Data Out
Selected
0 1 1
- High Impedance
Others Non-Selected
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41 PD445L

0O

oD

Operating Temperature . .
Storage Temperature. . .
All Output Voltages . . . .
All Input Voltages .
Supply Voltage Vce . . .
CCMMENT: 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

a0 OH
Aq O_
AQO_,
A3O_<
A4O—4
Aso—-

ADDRESS
BUFFER

X-
DECODER

C
MA
64

MEMORY

ELL
TRIX
x 64

1104 O

/0o Of
1703 O

o O-

rw O

INPUT
DATA
CONTROL

Y

TT

CIRCUIT

1/0

Y-
DECODER
1 1
ADDRESS
BUF FER

)

Ag A

7 A8 Ag

g
oLﬁ_
Y

....=10°Cto+70°C
....=40°Cto +125°C
.. =0.3to Vcc +0.3 Volts
-0.3 to Vcc +0.3 Volts
-0.3 to +7 Volts

reliability.
o
*T,=25°C
Ty = -10 to +70°C; +5V + 10%
LIMITS TEST
PARAMETER SYmMBeoOL MIN | TYP MAX UNIT CONDITIONS
Input High Voltage ViH +2.2 Vce \
Input Low Voltage ViL -0.3 + 065 \Y
= R A
Output High Voltage VOH1 24 v 'oH 10m
VOH2 +3.5 Vv loH = 100 kA
Output Low Voltage VoL + 0.4 \ gL = +20 mA
Input Leakage
Current High 'LiH + 0 A Vi - Vee
Input Leakage
Current Low fLiL - 10 A Vi-ov
Output Leakage Vo = Vce.
Current High 'LoH ve HA CEq = 2.2V
Output Leakage Vo = 0V
1 1. — .
Current Low Lo 0 A CEq = 2.2V
Outputs Open
Supply Current icct 12 25 mA V| = Vg except
CEq < 0.65V
Outputs Open
Supply Current lcc2 16 30 mA V| = 2.2V except
CEq < 065V
V)| = 010 5.25V
Standby C t ! 40 A
andby Curren cCL u Except CEg < 0.2V
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pPD445L

AC CHARACTERISTICS READ CYCLE
Ta==-10°C to +70°C; Vcg = +5V * 10%
LIMITS
445L 445L-1 TEST
PARAMETER | SYMBOL | MIN | MAX MIN | MAX UNIT CONDITIONS

Read Cycle Time | trc 650 450 ns
Access Time tA 650 450 ns Input Voltage Levels
Chip Enable V = +0.65 to +2.2V
plie 00 400
(CE1) to Output tco1 6 ns
Chip Enable Input Rise Time

700 500
(CE2) to Output | ‘€02 ns 20 ns
Output Enabie Input Fall Time

250

to Output too 350 ns 20 ns
Output Disable Timing Measurement
(OD) to Floating tDF 0 | 150 0 130 ns Reference Level =
Data Output ¢ 0 o ns +1.5V
Hold Time OH1 Output Load
Chip Disable 1TTL + 100 pF
to Floating toH2 0 0 ns
Address Rise tr For Address change
and Fall Time 1 300 300 ™ | during Chip Enabled

WRITE CYCLE
Ta=0°Cto +70°C; Vg = +6V * 10%

LIMITS
4451 4451.-1 TEST
PARAMETER | SYMBOL | MIN |MAX MIN | MAX UNIT CONDITIONS
Write Cycle Time | twc 650 450 ns
Addi
Tim;ess Setup AW 150 130 ns input Voltage Levels
V| =+0.65 to +2.2V
Chip Enable
(CE1) to Write tcw1 550 350 ns Input Rise Time
End 20 ns
Chip Enable
(CE2) to Write tcw2 550 350 ns Input Fall Time
End 20 ns
Data Setup Time tpw 400 250 ns
Data Hold Time tDH 100 50 ns Timing Measurement
Write Pulse Width | typ 400 250 ns Reference Level =
Address Hold +1.5v
Time tWR 50 50 ns
Output Disable
Setup Time tDS 150 130 ns
Address Rise tr For Address change
and Fall Time tf S 300 ns during Chip Enabled

LOW Vcc DATA RETENTION
Ta=-10°C to +70°C

LIMITS TEST
PARAMETER SYMBOL MIN TYP | MAX UNIT CONDITIONS
V¢ for Data Retention VCCDR +2.0 \ CEg < +0.2V
Data Retention Current ICCDR 40 A VCCDR = +2.0V
CEg < +0.2V
Chip Deselect Setup Time tCDR 0 ns
Chip Deselect Hold Time tR tRC @ ns

Note: O trc = Read Cycle Time
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READ CYCLE TIMING WAVEFORMS
L RC I
ADDRESS
cor————= tOH1 f-—
E3)
1OH2 —
CEp
; tco2
10D —]
oD
(COMMON 1/0)
tDP ——————
A
—— e . -
DATA OUT X DATA OUT VALID
——— e - ——— — ————— -—
— — — — HIGH IMPEDANCE STATE
WRITE CYCLE
twe
ADDRESS x X
[ Tcwi
ey
CEp
I cw?2 —_—
00 /
(COMMON 1/0) /
IDH ——=y
— oS
paTa —m——m—— ——] o -
IN
PP (. —— e ———
—={ AW r._,— tow — tWR
we
RW 7[

= == == = HIGH IMPEDANCE STATE

LOW Vcc DATA RETENTION@

DATA RETENTION MODE ——|

SUPPLY VOLTAGE (V¢e)

ViH ViH

CHIP ENABLE (CEp)
0.2v

OV o o o s o oo e e s o s s e > e . s - —————— ———— — -

Note @ Apply less than Ve 1o all inputs for data retention mode
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. PD445L

Ty = 25°C;f = 1 MHz

CAPACITANCE LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT | CONDITIONS
Input Capacitance CI ) 5 8 pF V=0V
Output Capacitance Co 8 12 pF Vo =0V
— K —— -]

>
'
|
i
|
|
1

PACKAGE OUTLINE
uPD445LC

i)

r (=

| H/H‘ M —15°
,_é }42.4 o _! 0—15
ITEM MILLIMETERS INCHES

A 27.00 1.07

B 2.07 0.08

c 2.54 0.10

D 0.50 0.02

E 22.86 0.90

F 1.20 0.05

G 2.54 MIN 0.10 MIN

H 0.50 MIN 0.02 MIN

! 4.58 MAX 0.18

J 5.08 MAX 0.20

K 10.16 0.40

L 860 0.39

+01 +0.
M 0.25 -g.o: 0.01 _ggg;

SP445L-8-78 GY-CAT
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NEC

NEC Microcomputers, Inc. 4 PD2308A

FULLY DECODED 8,192 BIT MASK
PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION The NEC uPD2308A is a high speed 8,192 bit mask programmable Read Only Memory
organized as 1024 words by 8 bits. The uPD2308A is fabricated with N-channel MOS
technology.

The inputs and outputs are fully TTL compatible. The device operates with a single
+5V power supply. The three chip select inputs are programmable. Any combination
of active high or low level chip select inputs can be defined and desired chip select
code is fixed during the masking process.

FEATURES Access Time 450 ns Max

1024 Words x 8 Bits Organization

Single +5V £10% Power Supply Voltage

Directly TTL Compatible — All Inputs and Outputs

Two Programmable Chip Select Inputs for Easy Memory Expansion
Three-State Output — OR-Tie Capability

On-Chip Address Fully Decoded

All Inputs Protected Against Static Charge

Direct Replacement for 2308A

Available in 24-pin p'lastic or ceramic packages

PIN CONFIGURATION A7 1 d 24[] Vcc
As 2 231 As
As []3 22 A9
A4 4 21 [J NC
A3 s 20[] CS1 PIN NAMES
A2 Os 2;:8DA 197 nNc Ag— Ag | Address Inputs
Aq mp) 18 [ cs2 Do — D7 Data Outputs
CS1 — CS2 |Programmable Chip Select Inputs|
Ao Os 17 [ D7
Do 9 16[] Dg
D1 [J10 15[] Ds
Dy 11 14[] Da
GND []12 13 D3
Rev/1
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. PD2308A

Do D1 D2 D3 D4 Ds Dg Dy

“— Vee
t ' ~-— GND
OUTPUT BUFFERS | DE%CS)'DE
Ag ] —‘l | S A ) S}
Ag —* § l Y DECODER 1 0of 16 x 8 ,
A w CHIP
—: I
As—= 5 H oG
3
2] 11
Ag—={ ¢ I =
a - pt—— CS1
2 | E 8,192 BIT
Az — 3 CELL MATRIX chip
ppm— 4 2 SELECT
[a) INPUT J==— CS,
Al | x BUFFERS
Ag —=1 -
Operating Temperature . . . . ..o v vt ittt ittt iene e e -10°C to +70°C
Storage Temperature .. ...... ... vuieennneennnnnnn . -65°Cto+125°C
“Voltageon AnyPin .. ... ... ... ... .. i -0.5 to +7.0 Volts

Note: @ With Respect to Ground.

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=25°C

T3 =-10°C t0 +70°C; VcC = +5 + 5% unless otherwise noted.
a cc

LIMITS

PARAMETER SYMBOL | MIN | TYP @ MAX UNIT TEST CONDITIONS
Input Load Current [I'K] +10 HA VIN = Vee
(All Input Pins) 10 uA ViN = OV
OQutput Leakage Current ILOH +10 uA Chip Deselected, Vg = Vco
Power Supply Current Icc 60 85 mA
Input ““Low" Voltage ViL -0.5 0.8 \2
Input “*High"’ Voltage ViH 20 Vce \
Output “Low’’ Voltage VoL 0.4 v loL=3.2mA
Output “High” Voltage VOH +2.4 v IoH =-200 A

Note: @ Typical values for T, = 25°C and nominal supply voltage.
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CAPACITANCE  T,=257C:f=1MHz

. PD2308A

LIMITS
PARAMETER | SYMBOL | MIN | TYP | MAX | UNIT| TEST CONDITIONS
Input CIN 5 7 pf All Pins Except Pin
Capacitance Under Test Tied to AC
Ground
Output CouTt 7 10 pf All Pins Except Pin
Capacitance Under Test Tied to AC
Ground

AC CHARACTERISTICS

T, =-10°C to +70°C; Vg = +5V * 5% unless otherwise specified.

LIMITS
PARAMETER SYMBOL | MIN TYP@ MAX } UNIT | TEST CONDITIONS
Address to .Output tA 350 | 450 ns tT=t =tf=20ns
Delay Time Vrefin =1V, 2.2V
Chip Select to Qutput tco 120 ns Vref out = 0.8V, 2V
Enable Delay Time
Chip Deselect to Output |  tpF 10 100 ns g‘:?u' LOAD=1T7TL
Data Float Delay E
Time CL =100 pf
Previous Data Valid tOH 20 ns
After Address
Change
Note: (D T, =25°C; Vg = +5V
TIMING WAVEFORMS }{
ADDRESS
teo—=] -
PROGRAMMABLE
CHIP SELECTS
= ton

)

H
DATA
OUTPUT

VA

oL l

- 7 7
I IN HIGH  *
LID VALID IMPEDANCE*
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4 PD2308A

PACKAGE OUTLINES
uPD2308AC
uPD2308AD

Plastic
ITEM MILLIMETERS INCHES
A 33 MAX 1.3 MAX
B 2.53 0.1
C 254 0.1
D 05+0.1 0.02 + 0.004
E 27.94 1.1
F 1.5 0.059
G 2.54 MIN 0.1 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 0.55 MAX
+0.10 +0.004
Mo 025 e 0.01 _ 00010
| K
- A i L

—

| . , .
T

?
|~<—F

G If
—#{ C |=t— | |=e- D _4_ - VR
Ceramic

ITEM MILLIMETERS INCHES
A 30.78 MAX. 1.23 MAX.
B 1.53 MAX. 0.07 MAX.
C 254+ 0.1 0.10 + 0.004
D 0.46 + 0.8 0.018 + 0.03
E 27.94+ 0.1 1.10 = 0.004
F 1.02 MIN, 0.04 MIN.
G 3.2 MIN. 0.125 MIN.
H 1.02 MIN. 0.04 MIN.
I 323 MAX. 0.13 MAX.
J 4.25 MAX. 0.17 MAX.
K 15,24 TYP, 0.60 TYP.
L 1493 TYP. 0.59 TYP.
M 0.25 + 0.05 0.010 + 0.002

SP2308A-1-80-CAT
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NEC

NEC Microcomputers, Inc. 4 PD2316E

FULLY DECODED 16,384 BIT MASK
PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION  The NEC uPD2316E is a high speed 16,384 bit mask programmable Read Only Memory
organized as 2048 words by 8 bits. The uPD2316E is fabricated with N-channel MOS
technology.

The inputs and outputs are fully TTL compatible. The device operates with a single +5V
power supply. The three chip select inputs are programmable. Any combination of
active high or low level chip select inputs can be defined and desired chip select code is
fixed during the masking process.

FEATURES e Access Time 450 ns Max
e 2048 Words x 8 Bits Organization
e Single +5V £10% Power Supply Voltage
e Directly TTL Compatible — All Inputs and Outputs
Three Programmable Chip Select Inputs for Easy Memory Expansion
Three-State Output — OR-Tie Capability
On-Chip Address Fully Decoded
All Inputs Protected Against Static Charge
Direct Replacement for 2316E
Available in 24-pin plastic or ceramic packages

PIN CONFIGURATION A7 1 I 241 Vcc
Ae []2 231 As
As []3 22[] A9
A4 [ 21[] CS3
A3 s 20 [ CSq PIN NAMES
Az e HPD 197 Ao Ag —A10 | Address Inputs
Ay 2316E 181 cs; Do — D7 Data Outputs
Ao I: 8 . :] . CS1 - CS3 Programmable Chip Select Inputs
Do o 16 [] Dg
D1 10 15[] Ds
Dy 11 14[] Da
GND []12 13[3J D3
Rev/1
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. PD2316E

Dg D1 D2 D3 Dg Dg Dg Dy v

cc
tretettt — o
cs
A10 —*] OUTPUT BUFFERS DECODE
Ag —] [N |1
Ag =1 2 | Y DECODER 1 of 16 x 8
ry ‘ CHIP
Ay—=] o SELECT
D
: TTIT T I T [
g
a ® b 13
w -
Ac—= M = fe—— Cs,
a o 16,384 BIT
A3 < M § CELL MATRIX CHIP
O SELECT
A2 1 & INPUT |=— CS,
x BUFFERS
A1 — —
Ag - p—— CS5
Operating Temperature .. . . .. e e e -10°C to +70°C
g {e] (e}
Stokage Temperature . . ... ... ... ivin e an .... =65 Cto+125 C
Voltageon AnyPin .. ... .............. e e -0.5to +7.0 Volts

Note: @ With Respect to Ground.

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=25C

T5=-10°C t0 +70°C; VcC = +5 + 5% unless otherwise noted.

LIMITS

PARAMETER SYMBOL | MIN | TYP @ MAX UNIT TEST CONDITIONS
Input Load Current Ly +10 A Vin =Vce
(All Input Pins) ~10 uA Vin = OV
Output Leakage Current ILOH +10 HA Chip Deselected, Vg = Vcc
Power Supply Current icc 60 85 1 ma
Input ‘‘Low’ Voltage ViL -0.5 0.8 v
Input ““High”’ Voltage ViH 2.0 Vce \
Output ““Low” Voltage VoL 0.4 \Y loL=3.2mA
Output ‘’High” Voltage VOoH +2.4 " loH =-200 uA

Note: @ Typical values for Ty = 25°C and nominal supply voltage.
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CAPACITANCE

AC CHARACTERISTICS

TIMING WAVEFORMS

Ta=25°C;f=1MHz

. PD2316E

LIMITS
PARAMETER | SYMBOL | MIN | TYP | MAX | UNIT | TEST CONDITIONS
Input CIN 5 7 pf All Pins Except Pin
Capacitance Under Test Tied to AC
Ground
Output CouTt 7 10 pf All Pins Except Pin
Capacitance Under Test Tied to AC
Ground

Ta=-10°C to +70°C; VcC = +5V * 5% unless otherwise specified.

LIMITS
PARAMETER SYMBOL | MIN TYP® MAX § UNIT ] TEST CONDITIONS
Address to Output tA 350 | 450 ns tT=t,=t=20ns
Delay Time Vrefin = 1V, 2.2V
Chip Select to Output tco 120 ns v - 08V, 2V
Enable Delay Time ref out = 08V,
Chip Deselect to Output tDF 10 100 ns g:‘?;t LOAD=1TTL
Data Float Delay
Time Cp =100 pf
Previous Data Valid toH 20 ns
After Address
Change
Note: (D T, =25°C; Vg = +5V
ADDRESS ){
Xco_— (DF'.
PROGRAMMABLE
CHIP SELECTS
N =ty
V,

)

DATA
QUTPUT

/77

OUTPUT HIGH
IMPEDANCE

"

7, -
7////%%%7 VAL.DX;”;,D_ xmg;g;;qcﬁ.
l -]
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41 PD2316E

K | PACKAGE OUTLINE
uPD2316EC/D

0-15°

uPD2316EC (Plastic)

ITEM MILLIMETERS INCHES
A 33 MAX 1.3 MAX
B 253 0.1
Cc 254 0.1
D 0.5%0.1 0.02 + 0.004
E 27.94 1.1
F 1.5 0.059
G 2.54 MIN 0.1 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 0.55 MAX.
M o2 fog |00 I
K

i A

—| |-—
"o

TR
a——iprL —:CH—»{H—D_[T =/ |=0-10° M——§\<——

uPD2316ED (Ceramic)

ITEM MILLIMETERS INCHES
A 30.78 MAX. 1.23 MAX.
B 1.53 MAX. 0.07 MAX.
C 2.54 + 0.1 0.10 + 0.004
D 0.46 + 0.8 0.018 + 0.03
E 2794+ 0.1 1.10 + 0.004
F 1.02 MIN. 0.04 MIN.

G 3.2 MIN. 0.125 MIN.

H 1.02 MIN. 0.04 MIN.

I 3.23 MAX. 0.13 MAX.

J 4.25 MAX. 0.17 MAX.

K 16.24 TYP. 0.60 TYP.

L 1493 TYP. 0.59 TYP.

M 0.25 + 0.05 0.010 + 0.002

SP2316E-1-80-CAT
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NEC

NEC Microcomputers, Inc. /4 PD2332A
4 PD2332A-1

4 PD2332B
41 PD2332B-1

FULLY DECODED 32,768 BIT MASK
PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION The NEC uPD2332A/B is a Fully Decoded 32,768 Bit Mask Programmable Read-Only
Memory organized as 4,096 Words by 8 Bits. The uPD2332A/B has two chip select
inputs and the combination of ““High"’/”’Low’’ leveis of these inputs is mask-
programmable.

The uPD2332A/B is fabricated with sophisticated N-channel MOS technology and
features high speed and TTL compatibility for simple interface with bipolar circuits.
FEATURES 4096 Words x 8 Bits Organization
Directly TTL Compatible — All Inputs and Outputs
Fully Static (No Clock or Refresh Required)
Single +5V Power Supply
High Speed — Access Times: uPD2332A/B — 450 ns
uPD2332A/B-1 — 350 ns
Three-State Output — OR-Tie Capability
Two Programmable Chip Select Inputs for Easy Memory Expansion
Auvailable in Either JEDEC Pinout: uPD2332A or uPD2332B
N-Channel MOS Technology
Pin Compatible with TI TMS4732
e Auvailable in 24 Pin Plastic or Ceramic Dual-in-Line Package

PIN CONFIGURATIONS a0 2% 20 Vee a, O 2 % 2aPvee
Ag 2 23 [ Ag Ag O 2 23 [0 Ag
Ag 3 2214y Ag 3 220 Ag
A4|:4 21:3(:52 A4E4 21:]032
A3[: 5 20 [ cs, A, Os 20 [Jcs,
A, []6 MPD 19 [ A, A, 6 #wPD 19 Ao
A, O 2332A 18 :]A1'1 A, O 2332B 18 :]A”
Ag] 8 17 [ D7 Aq]s 17 [ Dy
Dol[]9 16 [J Dg Dol]9 16 [J Dg
b1 []10 15[ Ds D1 [J10 15[ ] Dg
Do O 14 [ Dg Do 11 141 D4
GNp[12 13[7 D3 GnD[12 13[] D3
PIN NAMES When ordering the uPD2332A/B, specify a chip
on Ay | Address Inputs ;:T;;/i:‘;nbina(ion of CS1 and C52 from the
Dgo— D7 Data Outputs
CS1 - C52 Programmable Chip Select Inputs CS? CS1
0 0
0 1
1 0
1 1

Rev/1
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(1 PD2332A/B Po D1 D7 D3 04 5 Dg D7 - BLOCK DIAGRAM

cc
e Pitetttt — oo
Ay —=] - OUTPUT BUFFERS L] Decone
o
A= H 8 | S S S Y O Y Y N
O
A2 2 1] & Y-SELECTOR
Aa——g~>#> TTIT 1 seLecT
a 144 PROG.
A4 i S -
S
Ay =i = |}l
s @ i
at § ] & e cs
A Jd ol s CELL MATRIX !
7 § 32,768 BIT CHIP
fs —™] ik “WeuT f=— cs,
N BUFFERS
9 ™ B
A‘o—-’l 1
Operating TemMpPerature . . . . v oo v v vii et e e e e e e -10°C to +70°C  ABSOLUTE MAXIMUM
o o *
Storage TeMPErature « « « « v v v v v e e e e -65°C to +125°C RATINGS
Supply Voltage OnAny Pin . ... ... ... . ... ... -0.5 to +7.0 Volts

Note: (D With Respect to Ground

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

reliability.
*T,=265°C
T,=-10°C to +70°C; V. = +5V * 5% unless otherwise specified DC CHARACTERISTICS
LIMITS
PARAMETER SYMBOL | MIN. TYF’.CD MAX. UNIT TEST CONDITIONS
Input Load Current Vin =0
in =0to +5.5V
(All Input Pins) i 10 A
Output Leakage Current 'LOH +10 MA CS = 2.2V (Deselected) VOUT =Vee
Output Leakage Current 'LOL -10 uA CS = 2.2V (Deselected) VOUT =0V
Power Supply Current 'CC 60 920 mA All inputs 5.25V Data Out Open
Input “Low" Voltage ViL -0.5 0.8 \2
Input “High” Voltage Vin 2.0 Vee 1.0V \
Output ““Low"’ Voltage VoL 0.40 \% 32mA
Output “High" Voltage VoH 24 \ ~200 uA
Note: (D Typical Values for Ta = 25°C and nominal supply voltages.
= Soll =
T,=25°C;f= 1 MHz CAPACITANCE
LIMITS
PARAMETER SYMBOL MIN. TYP. | MAX. | UNIT TEST CONDITIONS
. All Pins Except Pin Under
Input C C 10 F
nput Capacitance IN P Test Tied to AC Ground
. All Pins Except Pin Under
C 1 F
Output Capacitance ouT 5 P Test Tied to AC Ground
Ta=-10"C to +70°C, V¢ = +5V ¢ 5% unless otherwise specified. AC CHARACTERISTI CS
LIMITS
uPD2332A/8 | uPD2332A/8B-1
PARAMETER SYMBOL | MIN. | MAX. | MIN. MAX. | UNIT TEST CONDITIONS
Address to Output Delay Time tACC 450 350 ns tT=t =t =20ns
Chip Select to Output Enable Delay Time 1co 150 150 ns | CL=100pF
Chip Deselect to Output Data Float Delay Time tDF 0 150 100 ns Load = ITTL gate
Output Hold Time tOH 20 20 ns ViN=08to2v
Vref Input = 1.5V
Vef Output = 0.45/2.2V

94



TIMING WAVEFORMS

PACKAGE OUTLINE
uPD2332AC/D
uPD2332BC/D

. PD2332A/B

ADDRESS

o™

PROGRAMMABLE

CHIP SELECTS

EKDF’

Mooy

)

NN/

Z

‘a
OUTPUT HIGH '§< IN-
IMPEDANCE /////%Ouwur VALID

Plastic
ITEM MILLIMETERS INCHES
A 33 MAX 1.3 MAX
B 253 0.1
Cc 254 0.1
D 05+ 0.1 0.02 + 0.004
E 27.94 1.1
F o5 0.059
G 2.54 MIN 0.1 MIN
H | 05MIN 0.02 MIN
—7[ 5.22 MAX 0.205 MAX
5.72 MAX 0.225 MAX
K | 15.24 0.6
13.2 0.55 MAX
v o oo i

HIGH
IMPEDANCE’

Ceramic

ITEM MILLIMETERS INCHES
A 30.78 MAX. 1.23 MAX,
B 1.63 MAX. 0.07 MAX.
C 254+ 0.1 0.10 = 0.004
D 0.46+ 0.8 0.018 * 0.03
E 27.94+ 0.1 1.10 + 0.004
F 1.02 MIN. 0.04 MIN.
G 3.2 MIN. 0.125 MIN.
H 1.02 MIN. 0.04 MIN.
I 323 MAX. 0.13 MAX.
J 4.25 MAX. 0.17 MAX.
K 1524 TYP. 0.60 TYP.
L 1493 TYP. 0.59 TYP.
M 0.25 + 0.05 0.010 + 0.002

M-

SP2332A/B-1-80-CAT
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NEC

NEC Microcomputers, Inc. M4PD2364

FULLY DECODED 65,536 BIT MASK
PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION  The NEC uPD2364 is a high speed 65,536 bit mask programmable Read Only Memory
organized as 8,192 words by 8 bits. The uPD2364 is fabricated with N-channel MOS
technology.

The inputs and outputs are fully TTL compatible. This device operates with a single
+5V power supply. The chip select input is programmable. Any of active high or low
level chip select input can be defined and desired chip select code is fixed during the
masking process.

FEATURES 8,192 Words x 8 Bits Organization

Directly TTL Compatible — All Inputs and Outputs

Single +5V Power Supply

High Speed — Access Time 450 ns Max.

Three-State Output — OR-Tie Capability

One Programmable Chip Select Input for Easy Memory Expansion
On-Chip Address Fully Decoded

All Inputs Protected Against Static Charge

Pin Compatible with MK36000

Available in 24 Pin Ceramic or Plastic Dual-in-Line Package

PINCONFIGURATION  aA7cf7 Y 2aDPvec PIN NAMES
Ag [} 2 23] Ag Ag = Aq2 Address Inputs
As[]3 22 [ Ag
nalle 21 P Ay 01— Og Data Outputs
= 205 s cs Programmable Chip Select Input
Az([]s MPD 19 [ Aqq
molr 2384 g Ha,
a8 17 [] og
019 16[] 07
02 []10 15[ Og
03 11 14[] Os

GND []12 13 [ 04
Rev/1
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o PD2364
01 02 03 04 05 05 07 Og BLOCK DIAGRAM.

-—— VcC

v H AEREEEN — oo
N Ll « cs.
{1 g OUTPUT BUFFERS =4 DECODE
o
M - 2 HEEEENN] [
A2 W g $ Y-SELECTOR
Ay —e] G | CHIP
£ IO R
Ag —= B A
2
h 2 [ IR}
PRI B N
g g CELL MATRIX
A7 —= < M § (8192 x 8) cHip
o
e —=  H < Wor fe—cs
BUFFERS
Ag —nmt -
Ao — ™ -
A —=]
Operating TEeMPErature . o « v« « v v v v one e e .. =10°Cto+70°C ABSOLUTE MAXIMUM
Storage TEMPErature . . ............eeveeeusnaee.... —65°Cto+150°C RATINGS*
Supply Voltage On AnyPin. . ... .. ... -0.51t0+7.0 Volts@

Note: @ With Respect to Ground.

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.
o
*Ta=25C
Ta=-10°C to +70°C, Vg = +5V * 10%, unless otherwise specified. DC CHARACTERISTICS
LIMIT:
PARAMETER SYMBOL | MIN TYP5 MAX UNIT TEST CONDITIONS
Input Load Current +10 HA Vin = Vce
. Lt
(All Input Pins) 10 uA VN = OV
Output Leakage Current 'LOH +10 HA Chip Deselected, Vg = Ve
Output Leakage Current lLoL -10 uA Chip Deselected, Vg = OV
Power Supply Current Icc 80 140 mA
Input “‘Low’’ Voltage ViL -0.5 0.8 \
Input “’High”" Voltage ViH 2.0 Vee + 1.0V \
Output “Low” Voltage VoL 0.45 v loL=21mA
Output ‘’High” Voltage VoH 2.2 \ loH = —400 A

Note: @ Typical Values for T, = 25°C and nominal supply voltages.

98



CAPACITANCE  Ta=25°Cif=1MHz

pPD2364

LIMITS
PARAMETER SYMBOL | MIN | TYP] MAX | UNIT TEST CONDITIONS
Input Capacitance CiNn 10 pF All Pins Except Pin Under
Test Tied to AC Ground
Output Capacitance CouT 15 pF All Pins Except Pin Under

Test Tied to AC Ground

AC CHARACTER ISTICS Ta=-10°C 10 +70°C, Vg = +5V * 5% unless otherwise specified.

LIMITS
PARAMETER SYMBOL [ MIN | TYP | MAX | UNIT TEST CONDITIONS

Address to Output 1A 450 ns tT =t = t= 20 ns
Delay Time
Chip Select to Output tco 150 ns Cp =100 pF
Enable Delay Time
Chip Deselect to Output tDF 0 150 ns Load = ITTL gate
Data Float Delay Time
Output Hold Time tOH 20 ns Vin = 0.8 to 2V

Vref Input = 1.5V

Vief Output = 0.8 to 2.0V

TIMING WAVEFORMS

ADDRESS

‘oF

PROGRAMMABLE
CHIP SELECTS

‘a

=
.
|

|
-

DATA
QUTPUT

OUTPUT HIGH
IMPEDANCE

N .
/mOUTPLT\'AHD ' VALID IMPEDANCE *

HIGH
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. PD2364

Plastic
ITEM MILLIMETERS INCHES
A 33 MAX. 1.3 MAX.
B 2.53 MAX. 0.1 MAX.
C 254 +0.1 0.1 + 0.004
D 0.5+ 0.1 0.02 = 0.004
E 2794+ 041 1.1 £ 0.004
2 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 -0.05 oot -0.0019

[ | ——— ]

0-10° M -3\
Ceramic
ITEM MILLIMETERS INCHES
A 30.78 MAX. 1.21 MAX.
B 1.53 MAX. 0.06 MAX.
C 254 +0.1 0.10 = 0.004
D 0.46+ 0.8 0.018 £ 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.
I 3.23 MAX. 0.13 MAX.
J 4.25 MAX. 0.17 MAX.
K 15.24 TYP. 0.60 TYP.
L 14.93 TYP. 0.59 TYP.
M 0.25 + 0.05 0.010 + 0.002
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NEC

NEC Microcomputers, Inc. | puPD2716

DESCRIPTION

FEATURES

PIN CONFIGURATION

PRELNIIAY

16K ULTRAVIOLET ERASABLE PROM

The uPD2716 is a 16,384-bit Ultraviolet Erasable and Electrically Programmable Read
Only Memory. Organized as 2048 words x 8 bits, it operates from a single +5 volt power
supply, making it ideal for microprocessor applications. It is pin-for-pin compatible
with the uPD2316E, allowing economical changeover to a masked ROM for production
quantities.

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.

Access Time — 450 ns Max

2048 Words x 8 Bits Organization

Single +5V Supply

Pin Compatible with uPD2316E Masked ROM
Fast Programming

e TTL Level Controls for Reading and Programming
e Available in a 24 Pin Ceramic Package

A7 24 [JVce
As[] 2 23 [ Ag
ASC * 22 jAg PIN NAMES
A4E 4 2 :] Vep AQ-Ag Addresses
Az0)s 20 [J GE CE/PGM Chip Enable/Program
AQI; 6 uPD 19 [ Aqg OE Output Enable
A7 2716 18 [J GE/PGM Og-07 Output Data
Aol 8 17 [J 07
009 16 [J 0
o110 15[ 0g
0oz 11 14[]04
Gno[]12 13[303
MODE SELECTION
PINS
MODE CE/PGM OE Vep | Vcc | ouTPUTS
Read ViL ViL +65 | +5 DouTt
Standby ViH Don’t Care +5 | +5 High Z
Program Pulsed V| to V|H VIH +25 +5 DIN
Program Verify ViL ViL +25 | +5 DouTr
Program Inhibit ViL ViIH +25 | +5 High Z
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NEC

NEC Microcomputers, Inc. . PD2732
HAIMINAGH

32K ULTRAVIOLET ERASABLE PROM

DESCRIPTION The uPD2732 is a 32,768 bit Ultraviolet Erasable and Electrically Programmable Read
Only Memory. Organized as 4096 words x 8 bits, it operates from a single +5V power
supply, making it ideal for microprocessor applications. The uPD2732 features fast,
simple, one pulse programming, controlled by TTL level signals. Total Programming
time for all 32,768 bits is only 200 seconds.

FEATURES e 4096 Words x 8 Bits Organization
e Single +5V Supply
e Fast Programming
e TTL Level Controls for Reading and Programming
e Available in a 24 Pin Ceramic Package

PIN CONFIGURATION A, 7 hd 24 [Vce
As] 2 23 [1As
As[d 2 22 [ A9
Agl] a 21 [ A1
Az s 20 0E
Al s ;:3'?2 19 A0
Arg 7 18 [ CE
Ao s 17 307
o0 o 16 [10g
04010 15 [10g
021 14 0104

aND [ 12 13103
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MICROCOMPUTERS
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NEC Microcomputers, Inc.

104

4+ COM-4 MICROCOMPUTER SELECTION GUIDE

NEC

SUPPLY
DEVICE PRODUCT ROM RAM /0 PROCESS OuUTPUT VOLTAGES PINS
uPD548 uCOM-42 CPU 1920 x 10 96 x 4 35 PMOS -35V, 0.D. -10 42
uPD546 uCOM-43 CPU 2000 x 8 96 x 4 35 PMOS -10V, O.D. -10 42
uPD553 uCOM-43H CPU 2000 x 8 96 x 4 35 PMOS -35V, 0.D. -10 42
uPD557L uCOM-43SL CPU 2000 x 8 96 x 4 21 . PMOS -35V, 0.D. -8 28
uPD650 uCOM-43C CPU 2000 x 8 96 x 4 35 CMOS push-pull +5 42
uPD547 uCOM-44 CPU 1000 x 8 64 x4 35 PMOS -10Vv, 0.D. -10 42
uPD547L uCOM-44L CPU 1000 x 8 64 x4 35 PMOS -10V, 0.D. -8 42
uPD552 #COM-44H CPU 1000 x 8 64 x4 35 PMOS -35V, 0.D. -10 42
uPD651 uCOM-44C CPU 1000 x 8 64 x4 35 CMOS push-pull +5 42
©PD550 uCOM-45 CPU 640 x 8 32x4 21 PMOS -35V, 0.D. -10 28
uPD550L uCOM-45L CPU 640 x 8 32x4 21 PMOS -35V, 0.D. -8 28
uPD554 uCOM-45 CPU 1000 x 8 32x4 21 PMOS -35V, 0.D. -10 28
uPD554L uCOM-45L CPU 1000 x 8 32x4 21 PMOS -35V, 0.D. -8 28
uPD652 uCOM-45C CPU 1000 x 8 32x4 21 CMOS push-pull +5 28
uPD555 uCOM-42 EVACHIP - 96 x 4 35 PMOS -10V, 0.D. -10 64
uPD556 MCOM-43 EVACHIP - 96 x 4 35 PMOS -10v, 0.D. -10 64
uPD7520 #COM-75 CPU 768 x 8 48 x 4 24 PMOS Direct LED Drive -6 to - 10 variable 28
Notes: O.D. = Open Drain
H = High Negative Voltage Outputs
C =CMOS
L = Low Power
S = Reduced 1/0
M4 COM-8 MICROCOMPUTER SELECTION GUIDE
MICROPROCESSORS
SUPPLY
DEVICE PRODUCT SIZE PROCESS OUTPUT CYCLE VOLTAGES PINS
uPDB08OAF Microprocessor 8-bit NMOS 3-State 2.0 MHz +12+5 40
uPD8080AF-2 Microprocessor 8-bit NMOS 3-State 2.5 MHz +12t5 40
uPD808OAF-1 Microprocessor 8-bit NMOS 3-State 3.0 MHz +12+5 40
uPDB085A Microprocessor 8-bit NMOS 3-State 3.0 MHz +5 40
uPD8085A-2 Microprocessor 8-bit NMOS 3-State 5.0 MHz +5 40
SINGLE CHIP 8-BIT MICROCOMPUTERS
SUPPLY
DEVICE SPECIAL FEATURES ROM RAM |1/0 | PROCESS| OUTPUT] CYCLE | VOLTAGES| PINS
uPD8021 Zero-Cross Detector 1024 x 8 64x8 | 21 NMOS BD 3.6 MHz +5V 28
uPD8022 On-Chip A/D Converter 2048 x 8 64x8 | 26 NMOS BD 3.6 MHz +5V 40
pPD8035L | uPD8048 w/External Memory External 64x8 | 27 NMOS TS,BD | 6 MHz +5V 40
©PD8039L | uPD8049 w/External Memory External | 128 x8 | 27 NMOS TS,BD | 11 MHz +5V 40
uPD8041 Peripheral Interface w/Slave Bus| 1024 x 8 64x8 | 18 NMOS TS,BD | 6 MHz +5V 40
uPD8048 Expansion Bus 1024 x 8 64x8 | 27 NMOS TS,BD | 6 MHz +5V 40
uPD8049 High Speed uPD8048 2048x8 | 128 x8 | 27 NMOS TS,BD | 11 MHz +5V 40
uPD8741A | UV-EPROM uPD8041A 1024x8 | 64x8 | 18 NMOS TS,BD | 6 MHz +5V 40
uPD8748 UV-EPROM uPD8048 1024x8 | 64x8 | 27 NMOS TS,BD | 6 MHz +5V 40
uPD7800 Development Chip External | 128 x8 | 48 NMOS TS,BD | 4 MHz +5V 64
uPD7801 8080 Type Expansion Bus 4096 x8 | 128 x8 | 48 NMOS TS,BD | 4 MHz +5V 64
64K Memory Address Space <

Notes: BD = Bi-directional
TS = 3-State
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4+ COM-8 MICROCOMPUTER SELECTION GUIDE

SYSTEM SUPPORT
SUPPLY
DEVICE PRODUCT SIZE PROCESS OUTPUT CYCLE VOLTAGES | PINS
uPD765 Double Sided/Double Density 8-bit NMOS 3-State 8 MHz +5 40
Floppy Disk Controller
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
uPD3301 CRT Controller 8-bit NMOS 3-State 3 MHz +5 40
uPD7001 8-Bit A/D Converter 8-bit CMOS Open 10 kHz +5 16
Collector Conversion
Serial Time
uPD7002 12-Bit A/D Converter 8-bit CMOSs 3-State 400 Hz +5 28
Conversion
Time
uPD8155 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
uPD8156 256 x 8 RAM with 1/0 Ports 8-bit NMOS 3-State - +5 40
and Timer
uPD8156-2 256 x 8 RAM with 1/0 Ports 8-bit NMOS 3-State - +5 40
and Timer
uPB8212 1/0 Port 8-bit Bipolar 3-State - +5 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
uPB8226 Bus Driver Inverting 4-bit Bipolar 3-State - +5 16
uPB8228 System Controller 8-bit Bipolar | 3-State - +5 28
uPD8243 1/0O Expander 4 x 4 bits NMOS 3-State - +5 24
uPD8251 Programmable Communica- 8-bit NMOS 3-State A-9.6K baud +5 28
tions Interface (Async/Sync) S$-56K baud
uPD8251A Programmable Communica- 8-bit NMOS 3-State A-9.6K baud +5 28
tions Interface (Async/Sync) S-64K baud
uPD8253 Programmable Timer 8-bit NMOS 3-State 3.3 MHz +5 24
uPD8253-5 Programmable Timer 8-bit NMOS 3-State 3.3 MHz +5 24
uPD8255 Peripheral Interface 8-bit NMOS 3-State - +5 40
uPD8255A-5 | Peripheral Interface 8-bit NMOS 3-State - +5 40
uPD8257 Programmable DMA Controller | 8-bit NMOS 3-State 3 MHz +5 40
uPD8257-5 Programmable DMA Controller | 8-bit NMOS 3-State 3 MHz +5 40
uPD8259 Programmable Interrupt 8-bit NMOS 3-State - +5 28
Controlier
uPD8259-5 Programmable Interrupt 8-bit NMOS 3-State - +5 28
Controller
uPD8279-5 Programmable Keyboard/ 8-bit NMOS 3-State - +5 40
Display Interface
uPD8355 2048 x 8 ROM with 1/0 Ports | 8-bit NMOS 3-State - +5 40
uPD8755A 2048 x 8 EPROM with 8-bit NMOS 3-State - +5 40
1/0 Ports

105



NEC Microcomputers, Inc.

NEC

MICROCOMPUTER ALTERNATE SOURCE GUIDE

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT
AMD AMBS8080A/9080A Microprocessor (2.0 MHz) uPD8080OAF
AMB8080A-2/9080A-2 Microprocessor (2.5 MHz) uPD8080AF -2
AMBS8080A-1/9080A-1 Microprocessor (3.0 MHz) uPD808SOAF-1
AMB8085A Microprocessor (3.0 MHz) uPD808SA
AM8155 Programmable Peripheral Interface uPD8155
with 2566 x 8 RAM
AM8156 Programmable Peripheral Interface uPD8156
with 256 x 8 RAM
AM8212 1/0 Port (8-Bit) uPB8212
AM8214 Priority Interrupt Controller uPB8214
AM8216 Bus Driver, Inverting uPB8216
AM8224 Clock Generator/Driver uPB8224
AM8226 Bus Driver, Non-Inverting uPB8226
AM8228 System Controller uPB8228
AM8251 Programmable Communications uPD8251
Interface
AM8255 Programmable Peripheral Interface uPD8255
AM8257 Programmable DMA Controller uPD8257
AM8355 Programmable Peripheral Interface uPD8355
with 2048 x 8 ROM
AMB8048 Single Chip Microcomputer uPD8048
INTEL 8080A Microprocessor (2.0 MHz) uPD8080OAF
8080A-2 Microprocessor (2.5 MHz) uPD8080AF-2
8080A-1 Microprocessor (3.0 MHz) uPD8080AF-1
8021 Microcomputer with ROM uPD8021
8022 Microcomputer with A/D Converter uPD8022
8035L Microprocessor uPD8035L
8039L Microprocessor uPD8039L
8041 Programmable Peripheral Controller uPD8041
with ROM
8048 Microcomputer with ROM uPD8048
8049 Microcomputer with ROM uPD8049
8085A Microprocessor (3.0 MHz) uPD8085A
8085A-2 Microprocessor (5.0 MHz) uPD8085A-2
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) uPB8212
8214 Priority Interrupt Controller uPB8214
8216 Bus Driver, Non-Inverting uPB8216
8224 Clock Generator/Driver 1uPB8224
8226 Bus Driver, Inverting uPB8226
8228 System Controller uPB8228
8243 1/0 Expander uPD8243
8272 Double Sided/Double Density uPD765
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MICROCOMPUTER ALTERNATE SOURCE GUIDE

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT
INTEL (CONT.) 8251 Programmable Communications uPD8251
Interface (Async/Sync)
8251A Programmable Communications uPD8251A
Interface (Async/Sync)
8253 Programmable Timer uPD8253
82535 Programmable Timer uPD8253-5
8255 Programmable Peripheral Interface uPD8255
8255A Programmable Peripheral Interface uPD8255A-5
8255A-5 Programmable Peripheral Interface uPD8255A-56
8257 Programmable DMA Controller uPD8257
8257-5 Programmable DMA Controller uPD8257-5
8259 Programmable Interrupt Controller uPD8259
8259-5 Programmable Interrupt Controller uPD8259-5
82795 Programmable Keyboard/Display uPD8279-5
Interface
8355 Programmable Peripheral Interface with uPD8355
2048 x 8 ROM
8741A Programmable Peripheral Controller with uPD8741A
EPROM
8748 Microcomputer with EPROM uPD8748
8755A Programmable Peripheral Interface with uPD8755A
2K x 8 EPROM
NATIONAL INS8080A Microprocessor (2.0 MHz) uPD808OAF
INS8080A-2 Microprocessor (2.5 MHz) uPD8080OAF-2
INS8080A-1 Microprocessor (3.0 MHz) uPD8080OAF-1
8212 1/0 Port (8-Bit) uPB8212
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 uPD8251
Interface
INS8253 Programmable Timer uPD8253
INS8255 Programmable Peripheral Interface uPD8255
INS8257 Programmable DMA Controller uPD8257
INS8259 Programmable Interrupt Controller uPD8259
T.I. TMS8080A Microprocessor (2.0 MHz) uPD808OAF
TMSB080A-2 Microprocessor (2.5 MHz) uPD8080AF-2
TMS8080A-1 Microprocessor (3.0 MHz) uPD8080OAF-1
SN745412 1/0 Port (8-Bit) uPB8212
SN74LS424 Clock Generator/Driver uPB8224
SN74S428 System Controller uPB8228

107



NOTES

108



NEC

NEC Microcomputers, Inc.

HCOM-42 4-BIT SINGLE CHIP MICROCOMPUTER

DESCRIPTION  The uCOM-42 (Part No. uPD548) is a single chip microcomputer that is ideally suited
for Electronic Cash Register (ECR), Point of Sale (POS) and Electronic Scale
applications.

Containing a 4-bit Parallel ALU, ROM for program storage and RAM for data storage,
the uCOM-42 provides an economical and simple solution to many Vending/Calculating
requirements.

Because of its extensive instruction set and five input/output ports, the uCOM-42 is
capable of controlling an 8 x 4 keyboard, an 8 digit display and low cost ECR-type
printers.

Finally, the on-chip RAM space can be augmented by an external CMOS RAM for
applications requiring low power data retention.

FEATURES Stand Alone 4-bit Microcomputer

All 72 Instructions are Single Byte

10 usec Instruction Cycle

1920 x 10-Bit Program Memory (ROM)

96 x 4-Bit Data Memory (RAM)

4-Level Stack

2 Interrupt Request Lines

1/0 Compatible with TTL

10 Discrete Output Ports (Fg-Fg)

Two 8-Bit Output Ports (Ug-U7, Rg-R7)

One 4-Bit Input Port (Kg-K3)

One 4-Bit Input/Output Port (Sg-S3)

One Single Bit Testable Input Port (Kg4)

Single Phase TTL Level Clock (200 KHz Max.)

Single Supply, =10V PMOS Technology

e 42 Pin Plastic Dual-in-Line Package

© 06 0 0 06 0 06 06 0 0 0 0 0 o

PIN CONFIGURATION e I 7 ""3hs PIN NAMES
KoQ 2 410 vgg(-10V)
kK1 d 3 40 Kag RES Reset
K2 4 39 R7
K3 é 5 38[1Re Ko—K3 Input Port K
TEST 6 37@Rs TEST Input for Testing
sod 7 36{1R4 (Normally Vgg)
s10 8 35[J R3
sod 9 3aF1 Ry Sp—S3 Input/Output Port S
sz 1o 330 R1 1A, 1B Interrupt Input Ports
1AM ot 320R
0 - tP
8 g2 548 310 uy Fo—Fg Output Port F
Fo 13 300 ug Ug—-U7y Output Port U
F1 Q4 29% Us Ro—R Output Port R
Fo Q15 28 Ug o7
F3 Oe 2700 U3 K Input Port for
Fq O17 26[d Uy 4 Condition Test
Fs Q18 250 Uy ¢ Clock In
put
Fe CJ19 2400 Up
F7 Q20 23 Fg
GND [J21 220 Fg
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Program Counter

The 11-bit program counter is composed of two sections, a 4-bit page register and a
7-bit polynomial counter. The page register selects one page out of 15, each consisting
of 128 words addressed by the 7-bit polynomial counter. The contents of the page
register are independent of the operation of the polynomial counter, so that it is not
affected by polynomial counter overflow.

Stack Register

In order to store the program counter contents upon an interrupt or subroutine call,
four 11-bit stack registers are provided to enable a combination of subroutine calls and
interrupt nesting to four levels. The stack register is a LIFO (Last in, First-Out) type.

ROM (Read Only Memory)

The on-chip ROM consists of 1,920 words of ten bits each and is divided into 15 pages.
A page is selected by the page register, the upper four bits of the program counter.
Each page consists of 128 words addressed by the polynomial counter, the lower seven
bits of the program counter.

RAM (Data Memory)

The data memory is a 96 x 4-bit RAM addressed by a 7-bit data pointer (DP). The RAM
is divided into six rows of 16 4-bit columns each. The 7-bit data pointer consists of an
upper 3-bit register (DPH) which selects the row address and a lower 4-bit register (DPL)
which selects the column address.

DPL

L. CLLL .

0 12 3456 789 ABCDEF

(row)

s WNN =0

Data memory (96 x 4)
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FUNCTIONAL DESCRIPTION
(CONT.)

INSTRUCTION SET

/4 COM-42

Internal Registers

The Accumulator (ACC) is connected with the ALU and the carry flip-flop (C) and is
able to perform either binary or decimal arithmetic by testing the decimal addition
flip-flop (DAF) and the decimal subtraction flip-flop (DSF). Constants are loaded into
the ACC as immediate data frofn ROM and variable data are loaded from or exchanged
with RAM. The ACC is also connected with the temporary register (TR), the parallel
1/0 port S and the parallel input port K. The TR is an auxiliary register used for
temporary storage of 4-bit data. The Q register is an 8-bit serial-in/parallel-out shift
register designed for display digit strobing and generation of printer hammer triggers.

1/0 Ports

The R port is an 8-bit parallel port that may be loaded from the Q register for digit
strobing or loaded with the 4-bit TR and the 4-bit DPL for external RAM addressing.
The U port is an 8-bit parallel port that is loaded with immediate data. It is usually
used for outputting segment information for display and digit information for key
scanning. The K port is a 4-bit input port that is usually used for key scan input. The
K4 port is a single bit port that is testable by software. The S port is a 4-bit parallel
1/0 port that is typically used as the data bus to external RAM. The F port consists of
ten discrete output lines that can be individually set or reset under program control.

Interrupt Ports

Two interrupt input lines, IA and 1B, are available to accept an interrupt request when
interrupts are enabled. 1A has a higher priority level than IB. Thus when concurrent
interrupts occur on both 1A and IB only the 1A interrupt is accepted and both are
disabled. But a single IB interrupt disables only the IB interrupt and leaves |A
enabled.

The uCOM-42 has a powerful 72, 10-bit word, instruction set. All instructions are single
words. There are a number of multi-function instructions which reduce the number of
program steps. In addition, automatic data pointer modification, single word sub-
routine calls and N-way branch capability all help improve operation speed and reduce
ROM requirements. The uCOM-42 instruction set is summarized below.

CONDITIONS
MNEMONIC CYCLES DESCRIPTION FOR SKIP
CMA 1 Acc « (Ace)
CIA 1 Acc+ (Agcg) + 1
INA 12 Acc+ (Acc) +1 Carry = 1
DEA 12 Acc+ (Acc) -1 Borrow # 1
RFC 1 c«<o0
SFC 1 C1
DsSM 1 Decimal Subtract Mode
DAM 1 Decimal Add Mode
AD 12 Acc + (Ace) + [DP) Carry =1
ADC 1 Acc. C — (Acg) + [DP] + (C)
ADI 12 Acc« (Acc) +13 1211 1 Carry = 1
b ! 3&5 - }DD:L) ¥ My My Mg
xm ! g:icljo‘r?:)] ¥ Mg M; Mg
(Acc) -~ (DP]
XMI 12 DPy + (DPH) ¥ M2 My Mg (DP) = 8 or (DP( ) = 0
DP — (DPL) +1
(Acg) < [DP}; DPy «- (DPR)
XMD 12 MoM1Mo;: DP_ « (DP) - 1 (DPL) = For (DPL) =7
LI 1 Acc+— 13 1211 1o
LDI 1 DP « Ig-lg
IND 12 DP « (DP) + 1 (DP) = 8 or (DP( ) = 0
DED 12 DP « (DP) -1 (DPL) = F or (DP) = 7
XDP 1 (DP) «+ (DP’)
ZAG 1 000DP|_ +- (DP)
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CONDITIONS
MNEMONIC CYCLES DESCRIPTION FOR SKIP
XTA 1 (Acc) = (TR)
LTI 1 TR+ 131211 1g
Qs1 1 Qp 4+ 1+ Qp, Qg+ 1
Qso 1 Qp41+0Qp Qo0
SB 1 (DP, B9, Bgl « 1
RB 1 [DP, By, Bg) <0
SBT 12 Skip if [DP, By, Bl = 1 By Bo=1
sc 12 Skip if (C) = 1 ©r=1
SEM 12 Skip if (Acc) = [DP) (Acc) = [DP]
SEI 12 Skip if (Agc) = 131211 1g (Acc)=13 1217 1g
SKa 12 Skip if Kq = 1 Kq=1
PT 1 PC < (TR), Pg—0
P <P
A ! pzij, - Pgil:,v (Acc)
Jcp 1 PCe-0+ Pe-0
CAL ! Lsch?:tit;;éPf; P4 P3Py Py P
RT 1 PC « [STACK]
TS 2 Pewiwcrer
EIA 1 Enable 1A port
DIA 1 Disable IA port
EI8 1 Enable 1B port
DIB 1 Disabie IB port
ow ' Rrg- ()
ERO 1 Enable R port
DRO 1 Disable R port
0QR 1 R~ (Q)
OTR 1 R7-4 « (TR), R3_q = (DP| )
SFS 1 S« (Acc)
RFS 1 S port Input Mode
1S 1 Acc S
K 1 Acc - K
RF1 1 Fy0
SF1 1 Fyel
RF2 1 Fa+—0
SF2 1 Foe1
RF3 1 F3«0
SF3 1 F3 1
RF4 1 F4+0
SFa4 1 Fgqe1
RF5 1 F5 0
SF5 1 Fge 1
RF6 1 Fg« 0
SF6 1 Fg«1
RF7 1 F7+0
SF7 1 Fye1
RF8 1 Fg«0
SF8 1 Fg—1
RF9 1 Fg+0
SF9 1 Fge1
RFO 1 Fg<0
SFO 1 Fo—1
NOP 1 No Operation
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NEC Microcomputers, Inc. 4PD548

p# COM-42 SINGLE CHIP MICROCOMPUTER

DESCRIPTION The uPD548 is the only version of the uCOM-42. This PMOS, - 10 volt part is designed
to have TTL-level compatible inputs and was specifically designed for external RAM
expansion. As a u.COM-42, it includes 1920 x 10 ROM, 96 x 4 RAM and 35 1/0 lines
in a 42 pin plastic dual-in-line package.

ABSOLUTE MAXIMUM  Operating TEMPerature . . . . . o.vvvv v v enonnnennnnenn. -10°C to +70°C
RATINGS™ Storage TeMperature . . . ... ... . ...oouuuuneunneennnn.. -40°C t0 +125°C

Supply VoItage VGG « v v v v v v e et e et i e i e -15to +0.3 Volts

INPUL VOItagES. - « v v v e e e e e e e e e e =40 to +0.3 Volts

OutpUt Voltages .« . v v it it e e e e e e e e =40 to +0.3 Volts

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=25°C
DC CHARACTERISTICS Ta=-10°Cto+70°C; VGG =-10V + 10%
LIMITS TEST
PARAMETER SYMBOL [MIN | TYP| MAX [UNIT| CONDITIONS
Input High Voltage ViH 0 - 20| V
Input Low Voltage ViL -4.3 VGG \%
Output High Voltage | VOH1 - 30| V IOH=-4 mA @
Output High Voltage | VOH2 - 10| v [OHZ=1mA
{for S port cutputs)
Input Leakage
+ ==
Current High 'LIH 10 HA VI v
Input Leakage _ __
Current Low i 30 HA VI 3ev
Output Current High. | IQH -1.0 mA |VOH=-1V
Output Leakage _ __
Current Low fLoL 30 HA |VO=-36Y
Output Leakage _ Vo=-5V
Current Low lLoL2 10 A (for S port outputs)
Supply Current GG -30 | -60 mA
Note: @ For R port, and when only 1 bit is ON (high level)
AC CHARACTERISTICS T4=-10°Ct0+70°C; VGG =-10V * 10%, unless otherwise noted
LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX fUNIT| CONDITIONS
Clock Frequency fo 100 200 | KHz
Clock Pulse Width tow 2.25 us
Clock Rise-Fall Time| tr, tf 0.5 us
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Ta=25°C; VGG = - 10V * 10%, unless otherwise noted.
LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT | CONDITIONS
Capacitance, Any
F
Input Except S Ci 15 P
Capacitance, Any
5 F f= H
Output Except S Co ! P 1 MHz
S Port
F
Capacitance Cio 15 P
1/4¢ -1
¢—_.\
N~—
[~—— tpw —— |~ t W ]
— tr — tf
K
A ! L—]
H } l .
4 “T‘*""Hﬁ“ HHW—WHHH#—?)—.\—L—HH - - ' -
L:J A F*\H/—ﬂ A e e
]— \ } | 1 1‘ 1‘ | I " | Lo
LJJ‘;{ LL‘JJA‘.JLLLJDLJAL“
—] {Fi —~D

ITEM | MILLIMETERS INCHES
A 56.0 MAX 2.2 MAX
B 2.6 MAX 0.1 MAX
C 2.54 0.1
D 0.5*0.1 0.02 + 0.004
E 50.8 2.0
F 1.5 0.059
G 3.2 MIN 0.126 MIN
H 0.5 MIN 0.02 MIN
1 5.22 MAX 0.20 MAX
J 5.72 MAX 0.22 MAX
K 15.24 0.6
L 13.2 0.52
M 0.3+0.1 0.01 + 0.004

CAPACITANCE

CLOCK WAVEFORM

PACKAGE OUTLINE

SP548-9-78-GN-CAT
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NEC Microcomputers, Inc.

;- COM-43/44/45 4-BIT SINGLE CHIP
MICROCOMPUTERS

DESCRIPTION The uCOM-43 Family consists of three device types designed to offer a full range of
cost/performance tradeoffs. All three devices share compatible hardware and instruc-
tion set. The uCOM-43 Family is designed for general purpose controller applications
and offers ideal devices for industrial controls, appliance controls, games, etc.

All three devices contain the functional blocks necessary to enable their use for both
industrial and non-industrial controller applications. These blocks include: a 4-bit
parallel ALU; 8 bit wide ROM for program storage; 4-bit wide RAM for data storage;
stack register for subroutines; extensive 1/0; and an on-chip clock generator.

The instruction set of the uCOM-43 Family is designed to perform controller-oriented
functions and for efficient use of the fixed program memory space. The instruction
set includes a number of multifunction instructions, powerful 1/0 instructions
including single bit manipulation, and test-and-skip instructions for conditional
processing.

The three device types comprising the uCOM-43 Family are differentiated by ROM/
RAM size and |/O lines. The uCOM-43 has 2000 x 8 ROM, 96 x 4 RAM and 35 or 21 1/O
lines. The uCOM-44 has 1000 x 8 ROM, 64 x 4 RAM and 35 /0 lines. The uCOM-45
has 1000 x 8 or 640 x 8 ROM, 32 x 4 RAM and 21 1/0 lines. In addition, the
MCOM-43 has real hardware interrupt, 3 level stack and programmable timer, while
the uCOM-44/45 have pseudo-interrupt capability and a single level stack.

FEATURES e Stand Alone 4-Bit Microcomputers for Control Applications

® Powerful Instruction Set Capable of: Binary Addition; Decimal Addition and
Subtraction; Logical Operations

10 us Instruction Cycle
® Choice of ROM Size: 2000 x 8 — uCOM-43
1000 x 8 — uCOM-44

1000 x 8
640 x g~ MCOM-45

® Choice of RAM Size: 96 x 4 — uCOM-43
64 x 4 — uCOM-44
32 x 4 — uCOM-45

® Choice of 1/0 Power: 35 Ifnes — HCOM-43
21 lines

35 lines — uCOM-44
21 lines — uCOM-45

All Capable of Single Bit Manipulation and 4-Bit Parallel Processing.
Interrupt Capability

On-Chip Clock Generator

Open Drain Qutputs

Choice of PMOS or CMOS Technology, Both Requiring Single Supplies

Auvailable in 42 Pin or 28 Pin Plastic Dual-in-Line Packages
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4.COM-43/44/45

413 vgg(-10V)

———
cLig 420 CLg
PCo 2
pPCc1(] 3 a0 PB3
PCo( 4 393 PB2
pc3] 5 38[1PB1
iINT[ 6 37[3 PBo
RES(] 7 361 PA3
Pbod 8 353 PA2
PD1 [ 9 34[1] PA1
PD2 10 ucom 33[d PApQ
PD3 11 43/@ 32[3 Ply
PEo 12 44 310 Py
PE1 13 3003 Pig
PEo 14 290 PH3
PE3 15 281 PH2
PFo [J16 27 PH;
PF1 O17 26{1 PHg
PF2 18 251 PG3
PF3 119 241 PG2

TEST []20 231 PG
Vss 21 221 PG
cuyidv N~ 28pQcLo
pco 2 27 VGai-10V)
pc1 O 3 261 RES
pco 4 25 INT
pc3 5 247 PA3
pDo 6 233 PA2
P 7 wCOM 22[] PA4
pDo ] 8 a3/ @ 213 PAQ
s o 4% 200 PGo
PEg 10 190 PF3
PE1 M 18[1 PF2
PEo 12 17[3 PF1q
PE3 C]13 16[1 PFo

vgs(0v)T}14 15( TEST

PIN NAMES

ClLg-CL; External Clock Source
PCD—PC3 Input/Output Port C
INT Interrupt Input

RES Reset

PDo-PD3 Input/Output Port D
PEO—PE3 Output Port E
PFo—PF3 Output Port F

TEST Input for Testing

{Normally GND)
PGy—PG3 Output Port G
PHo—PH3 Output Port H
PIU—-PI3 Qutput Port |
PAg-PA3 Input Port A
PBD—-PB3 Input Port B
PIN NAMES

CLg-CLy External Clock Source
PCo—PC3 Input/Output Port C
PD-PD3 Input/Output Port D
PEg-PE3 Output Port E
PF(~PF3 Output Port F
PGo Output Port G
PAO—PA3 Input Port A
INT Interrupt Input
RES Reset

Notes: @ All uCOM-43 parts except uPD557.

@ Applies to uPD557.

INSTRUCTION--BUS 8

bit

UP/DOWN
COUNTER
L]

RAM
DECODER

RAM
BUFFER

PCo.3

Notes: @ Not available on uPD557.
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PBoy  PAO3

(@ G Port on uPD557 is asingle line.

ALY CONTROL
N &
™ DECODE ROM
2000x8
A 8 bit
=T
8 bit
STACK 0
INTERRUPT STACK 1
TIMER N
CONTROL STACK 2
Co o
0 cLock l !
¢ o GENERATOR NT RES

PIN CONFIGURATIONS

BLOCK DIAGRAM
uCOM-43



BLOCK DIAGRAMS
uCOM-44

uCOM-45

FUNCTIONAL
DESCRIPTION

1 COM-43/44/45

UP/DOWN INSTRUCTION--BUS 8 bit
COUNTER

Plg.o -I = chI%L
DECODER
. DPL _TP R ALU CONTROL
) L ™ DECODE L ROM
— 1000x8
PGo.3{
>
Pro3(] F o 4 8bit
Acc |
J
PDo-3 STACK

ao 1,0
INTERFACE

INT
FIF
2 {3 g T
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Program Counter

The 11-bit program counter (10-bit for uCOM-44/45) is organized as a 3-bit register
(2-bit for uCOM-44/45) and an & bit binary up-counter (lower eight bits). The contents
of the upper register specify one of the fields of the ROM. The 8-bit binary counter is
divided so that the contents of the higher two bits specify one of four pages in a field
and the lower six bits specify one of 64 addresses in a page. The contents of the lower
eight bits of the program counter (8-bit binary up-counter) are simply incremented to
execute the instructions sequentially. In a field, a page is automatically extended to the
next one and four pages (256 bytes) are automatically executed.

Stack Register

The stack register is a last-in-first-out (LIFO) push down stack register organized as 3
words x 11 bits (1 word x 10 bits for uCOM-44/45). This register is used to save the
contents of the program counter (return address) when a subroutine is called or an
interrupt is acknowledged.

ROM (Read-Only Memory)

The user’s application program is stored in the 8-bit wide mask programmable read-only
memory (ROM). The ROM is organized into fields and pages. The 2000 word ROM of
the uCOM-43 has eight fields, the 1000 word ROM of the uCOM-44/45 has four fields
and the 640 word ROM of the low-end uCOM-45 has two fields. Each field is divided
into four pages of 64 words each, and each word consists of eight bits.
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4. COM-43/44/45

RAM (Data Memory)

The RAM is organized in a multi-row by 16 column configuration. It is addressed by a
data pointer of which the higher bits (DPH) address the row and the lower bits (DPL)
address the column. The exact RAM size for each device is shown below.

ROW/COLUMN
RAM ORGANIZATION DPH DPL
uCOM-43 96 x 4 6x 16
uCOM-44 64 x 4 4x 16
uCOM-45 32x4 2x 16 1

Internal Registers

The ALU (Arithmetic Logic Unit) and the ACC (Accumulator) form the heart of the
HUCOM-43 Family microcomputer system. The ALU performs arithmetic and logical
operations and tests for operation results. The result of an operation by the ALU is
stored in the ACC and in the carry F/F. The ACC is a 4-bit register which stores ALU
results and other data to be processed. The carry F/F is a single bit flip-flop which
indicates when a carry bit is generated during addition.

Flag Register (uCOM-43 Only)

A 4-bit word in the RAM can be specifically used as a software controlled general
purpose flag register. The individual flag bits can be set or reset and tested for either a
1 or a 0. This can be done directly without modifying the RAM data pointer.

Working Registers (uCOM-43 Only)

There are six words in RAM that can be used as 4-bit general purpose working registers.
These registers can be directly manipulated without modification of the data pointer and
are used for data transfer and exchange between the data pointer and the working
register, and between the ACC and the working register.

Programmable Interval Timer (uCOM-43 Only)

The uCOM-43 contains a software programmable interval timer composed of a 6-bit
polynomial counter and a 6-bit programmable binary counter.

The initial setting of the timer is done using the timer set instruetion STM, with the
timer starting to count at the end of the STM instruction execution. The STM
instruction contains six binary bits of immediate data which is loaded in the 6-bit
programmable binary counter upon STM instruction execution. By varying the 6-bit
immediate data, one of 64 time intervals can be programmed.

1/0 Ports

The uCOM-43/44 have 35 input/output ports (uPD557 and uCOM-45 have 21) for
communication with and control of the external world. These ports are organized into
nine input/output ports (A to 1). Eight ports (A to H) are composed of four bits each
and the last port (1) is composed of three bits.

Input Ports (4 bits each): A, B @D
Input/Output Ports (4 bits each): C, D

Output Ports (4 bits each): E, F, G @ ,H 0]
Output Ports (3 bits): | @

Notes: (D Not available on either uPD557 or uCOM-45.
@ G port on uPD557 and uCOM-45 is a single line.
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INSTRUCTION SET

FUNCTIONAL
DESCRIPTION (CONT.)

pCOM-43/44/45

In order to provide flexible and efficient use of these 1/O ports, a variety of input/
output instructions are provided which enable single bit set/reset, single bit test and

conditional skip, 4-bit parallel input/output and 8-bit immediate parallel output. The

1/0 instructions are divided into two types, the ones dedicated to specific ports and the
ones that use the 4-bit data in the DPL to select a desired port. The former include such
instructions as 1A and OE that specifically access port A and E, respectively. The latter
require that a 4-bit code assigned to the desired port be loaded into the DPL using data
pointer manipulation instructions prior to /O instruction execution.

The uCOM-43 has an 80 instruction set. The uCOM-44/45 have a 58 instruction subset
of the uCOM-43. The majority of the 22 instruction difference is related to added
hardware features of the uCOM-43. The instruction set is summarized below.

MNEMONIC BYTES CYCLES DESCRIPTION CONDITION FOR SKIP

CLA 1 1 Acc0

CMA 1 1 Acc—(AgE)

CIA 1 1 Acc—(ACEH

INC 1 1/2-3 Acc—{Acc)+1:skip if Carry Carry

DEC 1 1/2-3 Acc—(Acc)=1; skip if Borrow Borrow

cLC 1 1 C<0

STC 1 1 C<1

XC 1 1 (C)=(C")

RAR 1 1 tigg;.)ﬁ(;()ACCn); C—(Acco).

INM 1 1/2-3 [(DP)] < [(DP)] +1; skip if [(DP)]=0 [({DP)]=0

DEM 1 1/2-3 [(DP)] <[(DP)] -1; skip if [(DP)] =F [(DP)] =F

AD 1 1/2-3 Acc(Acc)+(DP)]; skip if Carry Carry

ADS 1 1/2-3 :(?;;;fc(;:?vcc)*[(DP)I +(C); Carry

ADC 1 1 Acc, C—(Acc)+[(DP)] +(C)

DAA 1 1 Acc—(Accl)t6

DAS 1 1 Acc+(Acc)+10

EXL 1 1 Acc—(Acc) v [(DP)]

LI 1 1 Acc—Izlallp

S 1 1 [(DP)] —(Acc)

L 1 1 Acc+[(DP)]

LM 1 1 Acc<[(DP)]; DPH—(DPH)¥OM1Mqg

X 1 1 (Acc)=((DP)]

XM 1 1 (Acc)=[(DP)]; DPy«<(DPH) ¥OM1Mg

= 1 T
= ((DP)] ; DPy«(DPH)¥ OM1Mq:

XMD ! R :)AF’?_?—):[)[;E)_)L scl)<i[:|if ‘(DP?_;=F e (DPL)=F

. T | et o
—[(DP)] ; DPR«(DPR) ¥ OMq Mg;

xmi ! Ve (Dpi;if-)m[;aﬂ ;s[l)d:if (([I?)PELOO e (DPL)=0

LDI 2 2 DP<lg-Ig

LDz 1 1 DPy«0; DP_<I3l2l11g

DED 1 1/2-3 DP_«~(DPy )-1; skip if (DP)=F (DPL)=F

IND 1 1/2-3 DP«(DPy )+1; skip if (DP)=0 (DPL)=0

TAL 1 1 DP_—(Acc)

TLA 1 1 Acc—(DPy)
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p COM-43/44/45

INSTRUCTION SET

MNEMONIC BYTES CYCLES DESCRIPTION CONDITION FOR SKIP
XHX 1 2 (X)=(DP)
XLy 1 2 (Y)=(DP )
THX 1 2 X«(DP)
TLY 1 2 Y—(DP)
XAZ 1 2 (Z)=(Acc)
XAW 1 2 (W)=(Acc)
TAZ 1 2 Z—(Acc)
TAW 1 2 WAcC)
XHR 1 2 (R)=(DPy)
XLS 1 2 (S)=(DP)
SMB 1 1 [(OP, B1Bg)] <1
RMB 1 1 [(DP, B1B)]1 <0
T™B 1 1/2-3 skip if ((DP, B1Bg)]=1 [(DP, B4Bg)] =1
TAB 1 1/2-3 skip if (Acc(B1Bg))=1 (Acc(B1Bg))=1
CMB 1 1/2-3 skip if (Acc(B1Bg))=[(DP, B1Bg)] (AcciB1Bg))=[(DP, B1Bg)]
SFB 1 2 FLAG (B1Bg)1
RFB 1 2 FLAG (B1Bg)<0
FBT 1 2/3-4 skip if (FLAG (B1Bg))=1 (FLAG(B1Bo))=1
FBF 1 2/3-a skip if (FLAG (B1Bg))=0 (FLAG(B1Bq))=0
CcM 1 1/2-3 skip if (Acc)=[(DP)] (Acc)=[(DP)]
Cl 2 2[3-4 skip if (Acc)=13121110 (Acc)=I312i1lg
CLI 2 2[3-4 skip if (DP)=1312111g (DP )=131214lg
TC 1 1/2-3 skip if (C)=1 (C)=1
TIT 1 1/2-3 skip if (INT F/F)=1; INT F/F<0 (INT F/F)=1
JCP 1 1 PCg 0<Ps-Pg
MP 2 2 PC—P10-Po
JPA 1 2 PCgs 0<A3A2A1A000
El 1 1 INTE F F1
DI 1 1 INTE F F0
STACK<—(PC)
czp ! ! PC«00000P3P2P1PQ00
CAL 2 2 STACK<(PC); PC—P10-P0
RT 1 2 PC—(STACK)
RTS 1 34 PC—(STACK); PC~(PC)+1,2 Unconditional
ST™ 2 2 TM F F<0; TIMER<Ig-Ig
TT™M 1 1/2-3 skip if (TM F/F)=1 (TM F/F)=1
SEB 1 2 PORT E (B1Bg)—1
REB 1 1 PORT E (B1Bgl—0
SPB 1 1 PORT (DP(, B1Bg)<1
RPB 1 1 PORT (DP|, B1Bg)0
TPA 1 24 skip if (PORT A (B1Bg))=1 {(PORT A (B1BgN=1
TPB 1 1/2-3 skip if (PORT (DL, B1Bg))=1 (PORT (DP_, B1Bg)=1
OE 1 2 PORT E«(Acc)
3 1 7 PORT (DPL)—(AcQ)
ocD 2 2 PORT C,D«17-1g
A 2 2 Acc—(PORT A)
P 1 1 Acc—(PORT (DPL))
NOP 1 1 No Operation

These instructions apply only to the uCOM-43,
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NEC

NEC Microcomputers, Inc. jPD546

DESCRIPTION

ABSOLUTE MAXIMUM
RATINGS*

DC/AC CHARACTERISTICS

pCOM-43 SINGLE CHIP MICROCOMPUTER

The uPD546 is the standard version of the uCOM-43. This PMOS, -10 volt part is
designed to have TTL-level compatible inputs and is easily interfaced to external static
RAM. As a uCOM-43, it includes 2000 x 8 ROM, 96 x 4 RAM and 35 1/O lines in a
42 pin plastic dual-in-line package.

Operating TeMPerature .. v ov oo vie e e e e ea -10°C to +70°C
Storage Temperature . . .. . ... .ot -40°C to +125°C
Supply Voltage. . . .. oo o =15 to +0.3 Volts
Input Voltages - . - . o v oo e e -15to +0.3 Volts
Output Voltages . . . ... .. e e -15to +0.3 Volts
Output CUIrent. . . o . e e e -4 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.

*Ta=25°C

T,=-10°C to +70°C, VGG = -10V * 10%

LIMITS TEST
PARAMETER SYMBOL| MIN | TYP| MAX] UNIT CONDITIONS
Input High Voltage ViH 0 -20| V Ports A to D, INT,
RES
Input Low Voltage ViL -4.3 VGG \Y Ports A to D,
INT, RES
Input Leakage ILIH +10 MA Ports A and B,
Current High INT, RES, TEST
Vi=-1v
Input Leakage NI -10 uA Ports A and B,
Current Low INT, RES, TEST
Vi=-11V
1/0 Leakage HoH +30 uA Ports C and D
Current High Vi=-1V
1/0 Leakage oL =30 | pA Ports C and D
Current Low Vi=-11v
Output Voltage VOH1 -1.0}| V Ports C to |
IoH =-1.0 mA
VOH2 -23| v Ports Cto |
loy =-3.3 mA
Output Leakage loL -10 uA Ports C to |
Current Vo=-11Vv
Supply Current IGG -30 | -50 mA
Oscillator Frequency F 150 440 KHz
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4.PD546

Ta=25°C, f=1MHz

LIMITS
PARAMETER SYMBOL|MIN | TYP|MAX] UNIT| TEST CONDITIONS
Input Capacitance Cy 15 pf
Output Capacitance Co 15 pf f=1MHz
Input/Output Capacitance Cilo i5 pf

e
s
=
T
]
=
)
T
=
P
I
I
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ITEM | MILLIMETERS INCHES
A 56.0 MAX 2.2 MAX
[ 2.6 MAX 0.1 MAX
[ 2,54 0.1
D 0.5+0.1 0.02 + 0.004
E 50.8 2.0
F 1.5 0.059
G 3.2 MIN 0.126 MIN
H 0.5 MIN 0.02 MIN
T 5.22 MAX 0.20 MAX
J 572MAX | 0.22MAX
K 15.24 0.6
L 13.2 0.52
M 0.3+0.1 0.01 * 0.004

CAPACITANCE

CLOCK WAVEFORM

PACKAGE OUTLINE
uPD546C

SP546-9-78-GN-CAT



NEC

NEC Microcomputers, Inc. puPD553

pCOM-43 SINGLE CHIP MICROCOMPUTER

DESCRIPTION  The uPD553 is a high negative output version of the uCOM-43. This PMOS, -10 volt
part is designed with outputs capable of being pulled to =35 volts. This allows direct
interfacing with Fluorescent Indicator Panels (FIPs). As a uCOM-43, it includes
2000 x 8 ROM, 96 x 4 RAM and 35 |/O lines in a 42 pin plastic dual-in-line package.

ABSOLUTE MAXIMUM  Operating TEMpPerature . . .« oo e o vve v oo .. -10°C to +70°C
RATINGS™® Storage Temperature . ... ...........c.ouuuuineennn.. -40°C to +125°C

Supply Voltage. . . . ... o i e -15 to +0.3 Volts

Input Voltages (Port A, TNT, RES, TEST) . . . .o v oo v i e e -151t0 +0.3 Volts

(All Other Inputs). . . . .o o vt i -40 to +0.3 Volts

Output Voltages . . .. .. ov ittt e e ~40 to +0.3 Volts

Output Current (Each Output Bit) . . ..o it e e e -12mA

(Total Current) . . .. i e -60 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.

*Ta=25°C

DC/AC CHARACTERISTICS Ta=-10"Cto +70°C, VGG = -10V + 10%

LIMITS TEST
PARAMETER SYMBOL} MIN J TYP| MAX| UNIT CONDITIONS
Input High Voltage ViIH 0 -35|V Ports A to D, INT,
RES
Input Low Voltage Vit -7.5 VGG \Y Ports Aand B,
INT, RES
ViL2 -7.5 -35 \ Ports C and D
Input Leakage ILIH ¥ +10 HA MS A and B,
Current High INT, RES, TEST
V=<1V
Input Leakage i -10 MA Ports Aand B,
Current Low INT, RES, TEST
Vi=-11V
L2 -30 HA Ports A and B
V| =-35V
1/0 Leakage 11OH +10 MA Ports C and D
Current High V)=-1V
1/0 Leakage lioL1 -10 HA Ports C and D
Current Low Vi =-11V
lioL2 -30 uA Ports C and D
V) = -35V
AN Output Voltage VOH -20| V Ports C to |
' 10=-8mA
Output Leakage loL1 -10 uA Ports C to |
Current Vo=-11Vv
loL2 -30 uA PortsCto |
Vo =-35V
Supply Current IGG -30 | -50 mA
Oscillator Frequency F 150 440 KHz
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4. PD553

=25°C, f= 1 MHz
LIMITS
PARAMETER SYMBOL|MIN|TYP]MAX] UNIT| TEST CONDITIONS
Input Capacitance Cy 15 pf
Output Capacitance Co 15 pf f=1MHz
Input/Output Capacitance Cio 15 pf
OVe—=——
- = — --0.8V
— —--0.6V
VGG -— — ——
A
“TT
';_‘ :‘*lw’w"”" ',‘A'n‘uiJ /
_/-*f-\ HH(‘»HW-U-‘ s e e e e e e /
Ly 1 1| I L |
B HJ i ‘qd‘d RERREE G‘&L
o t_ c— - b
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iTEM | MmiLLMETERS | INCHES
A 56.0 MAX 2.2 MAX
B 2.6 MAX 0.1 MAX
c 2.54 0.1
D 0.5 % 0.1 0.02 * 0.004
E 50.8 2.0
F 1.5 0.059
G 3.2 MIN 0.126 MIN
H 0.5 MIN 0.02 MIN
] 522 MAX | 0.20 MAX
J 572MAX | 0.22MAX
K 15.24 0.6
L 13.2 0.52
M 0.3%0.1 0.01 £ 0.004

CAPACITANCE

CLOCK WAVEFORM

PACKAGE OUTLINE
uPD553C

SP553-10-79-GN-CAT



NEC Microcomputers, Inc.

DESCRIPTION

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS

NEC

JPD557L

M4 COM-43 SINGLE CHIP MICROCOMPUTER

The uPD557L is a high negative output, reduced 1/0, low power version of the
uCOM-43. It features outputs capable of being pulled to - 35 volts, allowing direct
interfacing with Fluorescent Indicator Panels (FIPs). The uPD557L is a modified
PMOS device requiring a — 8 volt power supply, with a reduced supply current specifi-
cation. It also has 21 1/0 lines to reduce pin count and package cost, while maintaining
full compatibility with the uCOM-43 instruction set. As a uCOM-43, it includes

2000 x 8 ROM, 96 x 4 RAM, and 21 1/0O lines in a 28 pin dual-in-line package.

Operating Temperature. . . . . .......viiiii et -10°C to +70°C
Storage Temperature . . . ... ..co ot m it -40°C to +125°C
Supply Voltage. . .. ..o e -15 to +0.3 Volts
Input Voltages (Port A, INT, RES) . ... ... oo .. -15 to +0.3 Volts
(PortsC, D). .. .. ... e -40 to +0.3 Volts

Output Voltages . .. .. ..ottt e e e e -40 to +0.3 Volts
Output Current (PortsC, D) . .. .. .. ... . e i -4 mA
(PortsE, F,G) . ... ... ... . -25 mA

(Total Current) . . . . ... it i e e -100 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.

*Ta =25C

T,=-10°Cto +70°C; Vgg =-8.0V £ 10%

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT CONDITIONS
Input Voltage High ViH 0 -25 Y Ports A, C, D, INT, RES
ViLt -6.5 VGG Y Ports A, INT, RES
Input Voltage Low
ViL2 -6.5 -35 v Ports C and D
Clock Voltage High VH 0 -0.6 \ CLQ Input, Ext. Clock
Clock Voltage Low VoL -5.0 VGG A\ CLQ Input, Ext. Clock
Input Leakage Current High ILIH +10 MA Ports A, C, D, INT, RES
Vi=-1v
Ports A, C, D, INT, RES
| “10 .C, D, i
LiL1 HA Vi=-9V
Input Leakage C t L
nput Leakage Current Low ‘ - N Ports Cand D
LiL2 s V| =-35V
Clock Input Leakage Current High ILoH +200 uA CLQ Input,VgH =0V
Clock Input Leakage Current Low ILpL -200 | wA | CLQ Input,VoH =-9V
. Ports Cto G
Output Voltage High \% -1,
utput Voltage Hig OH1 1.0 \ 10=-2mA
Ports E, F, G
V -4.0 \" ‘o
OH2 IOH =-20 mA
Ports Cto G
LoLs S0 A g =Tev
Output Leakage Current Low | = R Ports Cto G
LoL2 M VQ =-35V
Supply Current GG -20 | -36 mA
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p PDS57L

Ta=-10°Cto +70°C; VGG =-8.0V £ 10%

LIMITS TEST AC CHARACTERISTICS
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT| CONDITIONS
Oscillator Frequency f 100 180 KHz
Rise and Fall Times tr, tf 0 03| us External Clock
Clock Pulse Width High tWH 2.0 8.0 | us External Clock
Clock Pulse Width Low tpWL 20 8.0 | us External Clock

Ta=25°C, f=1MHz.

LIMITS CAPACITANCE
PARAMETER SYMBOL [MIN]JTYP|MAX JUNIT} TEST CONDITIONS
Input Capacitance Cy 15 pf
Output Capacitance Co 15 pf f=1MHz
Input/Output Capacitance| C|Q 15 pf

CLOCK WAVEFORM

-— -0s6v

— — -5.0V
VGG-—~ ~ ——

K PACKAGE OUTLINE
A } L uPD557LC
| —

-
0°-15°
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 1.3
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.
J 5.72 MAX. 0.225 MAX.
K 15.24 0.6
L 13.2 0.52
+0.1 +0.004
v 025 g,og 00T 5002

SP557L-10-79-CAT
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NEC

NEC Microcomputers, Inc. uPD650

4 COM-43 SINGLE CHIP MICROCOMPUTER

DESCRIPTION  The uPD650 is a CMOS version of the uCOM-43. It features a single +5 volt power
supply, a 2 mA (max), 800 uA (typ) current drain and extended temperature range. As
a uCOM-43, it includes 2000 x 8 ROM, 96 x 4 RAM and 35 |/0 lines in a 42 pin plastic
dual-in-line package.

ABSOLUTE MAXIMUM  Operating TeMperature . . . . ... .o oo v e e -30°C to +85°C
RATINGS* Storage Temperature . . .. .. ....uui e anae e -55°C to +125°C

Supply Voltage .. ..o i -0.3 to +7.0 Volts

Input Voltages . . . . .. .. . o -0.3 to +7.0 Volts

Output Voltages . . ... ... e e e e e -0.3 to +7.0 Volts

Output Current (Each Output Bit) . .................. SN 2.5 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.

*T,=25°C

DC/AC CHARACTERISTICS Ta=-30°C to +85°C, Vg = +5V * 10%.

LIMITS
PARAMETER SYMBOL | MIN JTYP | MAX | UNIT TEST CONDITIONS
Input High Voltage VIH 0.7Vce Vee \Y Ports A to D, INT, RES
Input Low Voltage Vip ] 0.3Vee| V Ports A to D, INT, RES
Input Leakage ILIH +10 uA Ports A and B, W, RES
Current High ) (Vy=Vce)
Input Leakage [ININ -10 MA Ports A and B, INT, RES
Current Low (V=0Vv)
1/0 Leakage 11OH +10 A | Ports Cand D (V| = V)
Current High
1/0O Leakage hoL - -10 HA | Ports Cand D (Vg = 0y)
Current Low
Output High VOH1 Vee-0.5 Y Ports C and D
Voltage 1 {loH = -1 mA)
Vee-0.5 \Y Ports E and |
(loy =-0.6 mA)
Output High VoH2 | Vee-2.5) Vv Ports Cto | (g = -2 mA)
Voltage 2 :
Output Low Voltagel Vg1 06| V Ports E to |
(loL =2 mA)
VoL2 0.4 \ Ports E to |
(loL = 1.2mA)
Supply Current Icc 0.8 2.0 mA
Clock High VoH 0.7Vce Vece \ CLO, Ext. Clk.
Voltage
Clock Low VoL 0 0.3veel V CLO, Ext. Clk.
Voltage
Clock Leakage ILoH 200 uA CLO, Ext. Clk.
Current High (VoH = Vec)
Clock Leakage Lol -200 uA | CLO, Ext. Clk.
Current Low (Vo =0V)
Clock Frequency f 150 440 KHz
Clock Rise and Fall tr, tf 0 0.3 us Ext. Clk.
Times
Clock Pulse Width tow 0.5 5.6 us Ext. Clk.
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uPD650

Ta=-30°C to +85°C, Voc = +5V * 10%.

LIMITS
PARAMETER SYMBOL | MIN| TYP| MAX J UNIT | TEST CONDITIONS
Input Capacitance Ci 15 pf
Output Capacitance Co 15 pf f=1MHz
1/0O Capacitance Cio 15 pf

{1 —V~I
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E
ITEM | MILLIMETERS INCHES

A 56.0 MAX 2.2 MAX

B 2.6 MAX 0.1 MAX

C 2.54 0.1

D 0.5+ 0.1 0.02 * 0.004

E 50.8 2.0

F 1.5 0.059

G 3.2 MIN 0.126 MIN

H 0.5 MIN 0.02 MIN

1 5.22 MAX 0.20 MAX

J 5.72 MAX 0.22 MAX

K 15.24 0.6

L 13.2 0.52

M 0.3+0.1 0.01 * 0.004

CAPACITANCE

CLOCK WAVEFORM

PACKAGE OUTLINE
uPDB50C

SP650-9-78-GN-CAT



NEC

NEC Microcomputers, Inc. uPD547

H#COM-44 SINGLE CHIP MICROCOMPUTER

DESCRIPTION The uPD547 is the standard version of the uCOM-44. This PMOS, -10 volt part is
designed to have TTL-level compatible inputs and is easily interfaced to external static
RAM. As a uCOM-44, it includes 1000 x 8 ROM, 64 x 4 RAM and 35 1/0 lines in a
42 pin plastic dual-in-line package.

ABSOLUTE MAXIMUM Operating TemMperature . . . ... .. .....oouueeeennnnnn.. -10°C to +70°C
RATINGS™ Storage Temperature . . . ...... ..o v i, -40°C to +125°C

Supply Voltage. . . . .. oot e e -15 to +0.3 Volts

InputVoltages . . . ... .ottt e e e -15 to +0.3 Volts

Output Voltages . ... ...ttt it it et ee e -15 to +0.3 Volts

Output CUrreNnt. . . ..t e e e e -4 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.

*Ta=25°C

DC/AC CHARACTERISTICS T;=-10°Cto+70°C, VGG =-10V £ 10%

LIMITS TEST
PARAMETER SYMBOL| MIN | TYP|] MAX] UNIT CONDITIONS
Input High Voltage ViH 0 -20(V Ports A to D, INT,
RES
Input Low Voltage ViL -4.3 VGG \" Ports A to D,
INT, RES
Input Leakage ILIH +10 uA Ports A and B,
Current High INT, RES, TEST
Vi=-1V
Input Leakage ILiL -10 HA Ports A and B,
Current Low W, RES, TEST
Vi=-11V
1/0 Leakage 1HOH +10 uA Ports C and D
Current High Vi=-1Vv
1/O Leakage oL -10 uA Ports C and D
Current Low Vi =-11V
Output Voltage VOH1 -1.0|V Ports C to |
loH=-1.0mA
VOH?2 -23| V Ports Cto |
loq =-3.3mA
Output Leakage loL -10 HA PortsC to |
Current Vo=-11V
Supply Current IGG -30 | -50 mA
Oscillator Frequency F 150 440 KHz

129



M4 PD547

Ta=25°C, f=1MHz

TEST CONDITIONS

f=1MHz

LIMITS
PARAMETER SYMBOL|MIN | TYP|MAX| UNIT
Input Capacitance Ci 15 pf
Output Capacitance Co 15 pf
Input/Output Capacitance Cio i5 pf

A

| ——=

nc—

f
T
|
L)

il
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ITEM | MILLIMETERS INCHES
A 56.0 MAX 2.2 MAX
B 2.6 MAX 0.1 MAX
C 2.54 0.1
D 05%0.1 0.02 + 0.004
E 50.8 2.0
F 1.5 0.059
G 3.2 MIN 0.126 MIN
H 0.5 MIN 0.02 MIN
1 5.22 MAX 0.20 MAX
J 6.72 MAX 0.22 MAX
K 15.24 0.6
L 13.2 0.52
M 0.3 0.1 0.01 + 0.004

CAPACITANCE

CLOCK WAVEFORM

PACKAGE OUTLINE
uPD547C

SP547-9-78-GN-CAT



NEC

NEC Microcomputers, Inc. pPD547L

DESCRIPTION

ABSOLUTE MAXIMUM
RATINGS*

DC/AC CHARACTERISTICS

p#COM-44 SINGLE CHIP MICROCOMPUTER

The uPD547L is a low power version of the uCOM-44, It is a modified PMOS device
requiring a -8 volt power supply with a reduced supply current specification. As a
1COM-44, it includes 1000 x 8 ROM, 64 x 4 RAM and 35 1/0 lines in a 42 pin plastic
dual-in-line package.

Operating Temperature. . .. ... .. ..o v in it it neneeeeenn. -10°C to +70°C
Storage Temperature . . . . .. .. .. .. 'vieunenenenenennn. -40°C to +125°C
Supply Voltage . . . ... ov i e B, -15 to +0.3 Volts
Input Voltages. . . .............. . =15 to +0.3 Volts
OutpUt VOIagES .+« v oot ittt e et et e e e e -15 to +0.3 Volts
OUtPUL CUITeNE & v vt ettt e e i et e et et e e e e e -4 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. ‘

*Ta=25°C

Ta=-10°Cto +70°C, VGG = -8V * 10%

LIMITS TEST
PARAMETER SYMBOL| MIN | TYP] MAX| UNIT CONDITIONS
Input High Voltage I 0 16|V Ports A to D, INT,
RES
Input Low Voltage ViL -3.8 VGG v Ports A to D,
INT, RES
Input Leakage ILIH +10 uA Ports A and B,
Current High INT, RES, TEST
Vi=-1Vv
Input Leakage L -10 uA Eo_ns A and B,
Current Low INT, RES, TEST
V| =-9Vv
1/0 Leakage lIOH +10 uA Ports C and D
Current High Vi=-1V
1/O Leakage oL -10 uA Ports C and D
Current Low V| =-9v
Output Voltage VOH1 -1.0| VvV PortsCto |
IoH =-0.7 mA
VOH2 -23| v Ports C to |
loH =-2.6 mA
Output Leakage loL -10 nA PortsC to |
Current Vo=-9v
Supply Current GG -15 | =25 mA
Oscillator Frequency F 100 180 KHz

131




PD547L

Ta=25°C;f=1MHz

132

LIMITS
PARAMETER SYMBOL|MIN | TYP|MAX]| UNIT| TEST CONDITIONS
Input Capacitance Cy 15 pf
Output Capacitance Co 15 pf f=1MHz
Input/Output Capacitance Cio 15 pf
18 |
OV——=—-—
————— 0.6V
— —--5.0V
VGG-— - ——
K
A | L——-—l
¥ H \
Ho o — Iy 7
VO DO H“MHH::'{M‘H' i . A
i :%L*” 1Y hﬁ e ﬁ*ﬁ A
|l I Ut I 1 I Ut M o° —-15°
—IB {c —IF |l-p f ~
ITEM | MILLIMETERS INCHES
A 56.0 MAX 2.2 MAX
B 2.6 MAX 0.1 MAX
c 2.54 0.1
D 0.5 +0.1 0.02 + 0.004
E 50.8 2.0
F 1.5 0.059
G 3.2 MIN 0.126 MIN
H 0.5 MIN 0.02 MIN
i 5.22 MAX 0.20 MAX
J 5.72 MAX 0.22 MAX
K 15.24 0.6
L 13.2 0.52
M 0.3%0.1 0.01 + 0.004

CAPACITANCE

CLOCK WAVEFORM

PACKAGE OUTLINE

SP547L-9-78-GN-CAT



NEC

NEC Microcomputers, Inc. uPD552

M4 COM-44 SINGLE CHIP MICROCOMPUTER

DESCRIPTION  The uPD552 is a high negative output version of the uCOM-44. This PMOS, -10 volt
part is designed with outputs capable of being pulled to =35 volts. This allows direct
interfacing with Fluorescent Indicator Panels (FIPs).-As a uCOM-44, it includes 1000 x
8 ROM, 64 x 4 RAM and 35 I/0 lines in a 42 pin plastic dual-in-line package.

ABSOLUTE MAXIMUM  Operating Temperature . . . .. ... ....oooueenanannnn. -10°C to +70°C
RATINGS*  Storage Temperature . . ............... F -40°C to +125°C

Supply Voltage. . . . ............. A R ... —-15t0o+0.3 Volts

Input Voltages (Port A, TNT, RES, TEST) . . . ... ooovnn. .. -15t0 +0.3 Volts

(All Other Inputs). . .. .. ... oo -40 to +0.3 Volts

Output Voltages .. .o v i ittt it e e e e e e -40 to +0.3 Volts

Output Current (Each Output Bit) .. .. . . ..ot e, -12mA

(Total Current) ... ... ... -60 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.

*Ta=25°C

DC/AC CHARACTERISTICS  Ta=-10°Cto +70°C, VGG =-10V + 10%

LIMITS TEST
PARAMETER SYMBOL| MIN §{ TYP|] MAX] UNIT CONDITIONS
Input High Voltage VIH 0 -35|V Ports A to D, INT,
RES
Input Low Voltage ViLt -7.5 VGG v Ports A and B,
INT, RES
ViL2 -7.5 -35 \Y Ports C and D
Input Leakage ILIH +10 MA Ms A and B,
Current High INT, RES, TEST
i Vi=-1V
Input Leakage [THIR] -10 HA Eo_rts A and B,
Current Low INT, RES, TEST
V) =-11V
L2 -30 uA Ports A and B
V| =-35V
1/0 Leakage 1IOH +10 uA Ports C and D
Current High Vi=-1V
1/0 Leakage oLt -10 MA Ports C and D
Current Low Vi =-11V
- hoL2 -30 | nA Ports C and D
Vy=-35V
Output Voltage VOH -20| V Ports C to |
lo=-8mA
Output Leakage oL -10 nA PortsC to |
Current Vo=-11V
loL?2 -30 uA PortsCto |
Vg =-35V
Supply Current GG ~30 | -50 mA
Oscillator Frequency | F 150 440 KHz
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pPD552

Ta= 25°C, f= 1 MHz

A

LIMITS
PARAMETER SYMBOL|MIN | TYP| MAX] UNIT | TEST CONDITIONS
Input Capacitance Ci 15 | pf
Output Capacitance Co 15 pf f=1MHz
Input/Output Capacitance Cio 15 pf
oV———-
- — — -=0.8v
— —--6.0V
VGG-— - ——

H —ct

un KT
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ITEM | MILLIMETERS INCHES
A 56.0 MAX 2.2 MAX
B 2.6 MAX 0.1 MAX
C 2.54 0.1
D 0.5+0.1 0.02 + 0.004
E 50.8 2.0
F 1.5 0.059
G 3.2 MIN 0.126 MIN
H 0.5 MIN 0.02 MIN
1 5.22 MAX 0.20 MAX
J 5.72 MAX 0.22 MAX
K 15.24 0.6
L 13.2 0.52
M 0.3+0.1 0.01 + 0.004

CAPACITANCE

CLOCK WAVEFORM

PACKAGE OUTLINE
uPD552C

SP552-9-78GN-CAT



NEC

NEC Microcomputers, Inc. p1PD651

H#COM-44 SINGLE CHIP MICROCOMPUTER

DESCRIPTION The uPD651 is a CMOS version of the uCOM-44. It features a single +5 volt power
supply, a 2 mA (max), 800 uA (typ) current drain and extended temperature range.
As a uCOM-44, it includes 1000 x 8 ROM, 64 x 4 RAM and 35 1/0 lines in a 42 pin
plastic dual-in-line package, or a 52 pin flat plastic package.

ABSOLUTE MAXIMUM  Operating TeMperature . .. .. .. ......ouuuuueenunnn... -30°C to +85°C
RATINGS™* Storage Temperature . . . ... ... oovuuueen . -55°C to +125°C

Supply Voltage. . ... ..o it -0.3 to +7.0 Volts

Input Voltages . . .. ... i -0.3 to +7.0 Voits

Output Voltages . . . . v v i it e e e et e e e -0.3 to +7.0 Volts

Output Current (Each OutputBit) . ... .................. 2.5 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
*Ta=25°C
DC/AC CHARACTERISTICS  1,=-30°C to +85°C, V(g = +5V + 10%.
LIMITS
PARAMETER SYMBOL | MIN [TYP ] MAX | UNIT TEST CONDITIONS
Input High Voltage ViH 0.7Vce Vce v Ports A to D, INT, RES
Input Low Voltage ViL 0 0.3Vgee| V. | Ports Ato D, INT, RES
Input Leakage ILIH +10 WA | Ports Aand B, INT, RES
Current High (V) =Vce)
Input Leakage IR -10 uA Ports A and B, INT, RES
Current Low (Vi=o0v)
1/0 Leakage loH +10 A | Ports Cand D (V| = Vgc)
Current High
1/0 Leakage lioL -10 A | Ports Cand D (Vg =0y)
Current Low
Output High VoH1 | Vce-0.5) \ Ports Cand D
Voltage 1 (loy =-1 mA)
Vce-0.5) v Ports E to |
(Igy =—1 mA)
Output High VoH2 |Vee-2.5 \ Ports C to | (Igy = -2 mA)
Voltage 2
Output Low Voltage | Vor1 06| Vv Ports Eto |
(loL =2mA)
VoL2 04| V Ports E to |
(lgL =1.2mA)
Supply Current lce 0.8 20| mA
Clock High VoH 0.7Vce Vce \" CLO, Ext. Clk.
Voltage
Clock Low VoL 0 03veel V CLO, Ext. Cik.
Voltage
Clock Leakage ILoH 200 uA | CLO, Ext. Clk.
Current High (VoH = Vo)
Clock Leakage ILoL -200 MA | CLO, Ext. Clk.
Current Low (VgL =0V)
Clock Frequency f 150 440 KHz
Clock Rise and Fall tr, tf 0 03 | us Ext. Clk.
Times
Clock Pulse Width tow 0.5 5.6 | wus Ext. Clk.

Rev/1
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42 PD651

Ta=-30°Cto +85°C, VgC = +5V % 10%.

CAPACITANCE

LIMITS
PARAMETER SYMBOL | MIN| TYP| MAX | UNIT | TEST CONDITIONS
Input Capacitance Cy 15 pf
Output Capacitance Co 15 pf f=1MHz
1/0 Capacitance Ccio 15 pf

CLOCK WAVEFORM
——— —————0.7Vec
—————— 0.3vce
K DUAL-IN-LINE
A L PACKAGE OUTLINE
N B T, uPD651C
IEjIgIyIgIy ipEpIpupayiptjmsdyia
T ! m I G ‘/LM o°—15ﬂ
-iB c ~F <o ' -
ITEM | MILLIMETERS | INCHES
A 56.0 MAX 2.2 MAX
B 2.6 MAX 0.1 MAX
c 2.54 0.1
D 0.5+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 522MAX | 0.20 MAX
J 572MAX | 0.22MAX
K 15.24 0.6
L 13.2 0.52
M 03%01 0.01 £ 0.004
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PIN CONFIGURATION,

PD651
FLAT PACKAGE

————anc
f————nNC
—3NC
Sm— L
E———JPE2
——FE1
P /)46 651 20/———3FE0
Pl2 47 19f/————3PD3
PAQ 148 L} s— )
23— 170——=rDy
PA2 C———]50 16 ————"JPDo
PA3 51 O O 1sf—————RES
PBo C————]52 . 14 f—————JNC

Juuuuduy
Qr O30 =0 - o o
o 0o > J =
ZedQco0wodf2Ql2
7}
d
>

Vvee(+5V) gy,

Pin 1 index (“O" mark) is located where the pin 2 line and pin 51 line cross.

Notes: NC = No connection.
2
Pin 7 and 33 of uPD651G are connected inside the package

FLAT PACKAGE OUTLINE I A J
uPD651G | ]._B
= O =T
| e— e—
——/—] e—— |
| eme— ——
| — e—
[ | b—— A E
[ —— — |
[ e——— P—
[ m— e——
— =l
}
” b
D
——-‘I-I——-D -
C

|l

= =

ITEM MILLIMETERS INCHES
12.0 MAX. 0.47 MAX.
B 1.0+ 0.1 0.04 + 0.004
C 14.0 0.55
D 0.4 0.016
E 218+04 0.86 + 0.016
F 0.16 0.006
G 26 o1 SP651-1-80-CAT
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NEC

NEC Microcomputers, Inc. uPD550

#COM-45 SINGLE CHIP MICROCOMPUTER

DESCRIPTION The uPD550 is the 640 x 8 ROM version of the uCOM-45. This PMOS, —10 volt part
features both TTL-level compatible inputs as well as outputs capable of being pulled
to -35 volts. This allows direct interfacing with Fluorescent Indicator Panels (FIPs).
As a uCOM-45, it includes 32 x 4 RAM and 21 1/0 lines in a 28 pin plastic dual-in-

line package.
ABSOLUTE MAXIMUM  Operating TeMPerature . ... .........ouuuuumeunenenn.. -10°C to +70°C
RATINGS™ Storage TemMPerature . . . ... ...oo v v e e e -40°C to +125°C
Supply Voltage. . . . . oo it e e e e -15 to +0.3 Volts
Input Voltages (Port A, INT, RES, TEST) . ................ -15 to +0.3 Volts
(All Other Inputs) . .................... -40 to +0.3 Volts
Output Voltages .. .. .......t ittt ittt -40 to +0.3 Volts
Output Current (PortsC, D) ... . ... it i e e e e -4 mA
(PortsE, F,G) ... ... .. -15mA
(Total Current) .. ... ... .0ttt -60 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.
*T,=25°C.
DC/AC CHARACTERISTICS  T5=-10°C to +70°C, VGG = -10V + 10%.
LIMITS TEST
PARAMETER SYMBOL MIN TYP ] MAX | UNIT CONDITIONS
Inout High Voltage VIH (] -2.0 \" Ports A, C, D, INT,
RES
Input Low Voltage ViU -4.3 vgg | vV Ports A, TNT, RES
VL2 4.3 -35 \ Port Cand D
Input Leakage Current ILIH +10 uA Ports A, INT, RES,
High TEST
V=1V
Input Leakage Current 'N1N -10 nA Ports A, INT, RES,
Low TEST
Vy=-11v
1/O Leakage Current 11OH +10 rA Ports C and D
High V)=-1Vv
1/0 Leakage Current Low hot1 -10 A Ports C and D
Vi=-11V
lioL2 -30 HA Ports C and D
V| =-35V
Output Voltage VOH1 -1.0 \ Ports Cand D
lp=-2mA
VOH2 25| V Ports E, F, G
o =-10mA
Output Leakage Current loLt -10 uA PortsC,D,E,F,G
Vo =-11V
loL2 -30 KA PortsC,D, E, F, G
Vo = -35V
Supply Current GG -20 -40 mA
Oscillator Frequency F 150 440 KHz
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4PD550

Ta=25°C, f=1MHz CAPACITANCE
LIMITS
PARAMETER SYMBOL} MIN | TYPJMAX] UNIT| TEST CONDITIONS
Input Capacitance C) 15 pf
Output Capacitance Co 15 | pf f=1MHz
Input/Output Capacitance Cio 15 pf

CLOCK WAVEFORM

oV———-

VGG-— - ——

PACKAGE OUTLINE
A L uPD550C

M
N
0°—15°
ITEM MILLIMETERS 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
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.
J 5.72 MAX. 0.225 MAX.
K 15.24 0.6
L 13.2 0.52
+0.1 +0.004
m 0.2 0.0g 001 0.002

SP550-10-79-GN-CAT
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NEC

NEC Microcomputers, Inc. JPD550L

DESCRIPTION

ABSOLUTE MAXIMUM
RATINGS*

DC/AC CHARACTERISTICS

M COM-45 SINGLE CHIP MICROCOMPUTER

The uPD550L is the 640 x 8 ROM, low power version of the uCOM-45. It is a modified
PMOS device requiring a -8 Volt power supply, with a reduced supply current specifi-
cation. The uPD550L features both TTL level compatible inputs as well as outputs
capable of being pulled to -35 Volts for direct interfacing with Fluorescent Indicator
Panels (FIPs). As a uCOM-45, it includes 640 x 8 ROM, 32 x 4 RAM, and 21 1/0 lines
in a 28 pin plastic dual-in-line package.

Operating TeMpPerature . . . . ... ... ... -10°C to +70°C
Storage Temperature . . ... ...... ..ttt -40°C to +125°C
Supply Voltage .. .. ... ... . e -15 to +0.3 Volts
Input Voltages (Port A, INT, RES) ... ...........o...... -15 to +0.3 Volts
(PortsC,D) ... ... ... -40 to +0.3 Volts
Output Voltages . . . ... ..ottt -40 to +0.3 Volts
Output Current (Ports C, D) . . . . .. .. .. .. . .. ... -4 mA
(Ports E,F,G) ... ... e -15 mA
(Total Current) . . . .. .. e it e -60 mA

COMMENT: Stress above those listed under “’Absolute Maxirnum 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=25°C

Ta=-10°C t0 +70°C; Vgg = -8V * 10%

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP] MAX JUNIT CONDITIONS

Input Voltage High Vin 0 -16| V | PortsA,C,D,INT, RES

\Y -4.5 \% V | Ports A, INT, RES
Input Voltage Low L GG

ViL2 -45 -35 \ Ports C and D
Clock Voltage High V¢H 4] -0.6 v CiLg Input, External Clock
Clock Voltage Low VoL -5.0 VGG \ CLg Input, External Clock
Input Leakage Current LI +10 LA Ports A, C, D, INT, RES
High Vy=-1v

K -10 | pA | Ports A,C, D, INT, RES
Input Leakage Current V| =-9Vv
Low

ILiL? -30 HA Ports Cand D; V| = -35V
Clock Leakage Current 'L¢H +200 HA CLg Input, External Clock,
High VoH = 0V
Clock Leakage Current Lol -200 HA CLg Input, External Clock,
Low VoL = -9V

\% -10| V Ports Cand D; Ig = -2 mA
Output Voltage High OH1 o

VOH2 -25( V PortsE,F,G;1g =-10 mA

ILoLt -10 uA PortsC,D,E,F,G

Vo = -9V

Output Leakage Current

ILoL2 30 | uA | PortsC,D,E,F,G

Vo = -35V

Supply Current GG -10 -24 mA
Oscillator Frequency f 100 180 KHz
Rise and Fall tetf 0 03| ws External Clock
Times
Clock Pulse Width High tyWH 20 80| wus External Clock
Clock Pulse Width Low toWL 2.0 8.0 wus External Clock
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p PD550L

Ta=25°C, f=1MHz.

LIMITS
PARAMETER SYMBOL [MIN]TYP|MAX |UNIT | TEST CONDITIONS
Input Capacitance Cy 15 pf
Output Capacitance Co 15 pf f=1MHz
Input/Output Capacitance| C|0 15 pf
1/

oV — — ™ tr tpWL tWH ——t

' I I I 2. (. -0.6V

—————— 5V
VGG — — — = —
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0°-15°

ITEM MILLIMETERS INCHES

A 38.0 MAX. 1.496 MAX.

B 249 0.098

C 2.54 0.10

D 0.5+0.1 0.02 + 0.004

E 33.02 1.3

F 1.6 0.059

G 2.54 MIN. 0.10 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. +0.004
M 0.2 0(1)2 0.01 0.002

CAPACITANCE

CLOCK WAVEFORM

PACKAGE OUTLINE

uPD550LC

SP550L-10-79-CAT



NEC

NEC Microcomputers, Inc. 1PD554

M4 COM-45 SINGLE CHIP MICROCOMPUTER

DESCRIPTION  The uPD554 is the 1000 x 8 ROM version of the uCOM-45. This PMOS, -10 volt part
features both TTL-level compatible inputs as well as outputs capable of being pulled to
-35 volts. This allows direct interfacing with Fluorescent indicator Panels (FIPs). As a
uCOM-45, it includes 32 x 4 RAM and 21 1/0 lines in a 28 pin plastic, dual-in-line

package.
ABSOLUTE MAXIMUM  Operating TEMPerature . . .. ... ... ..uuuuneenneeenn.. -10°C to +70°C
RATINGS* Storage Temperature . ... ... ... ..., -40°C to +125°C
Supply Voltage. . .. .. ..o e e -15 to +0.3 Volts
Input Voltages (Port A, INT,RES, TEST) . .. oo -15 to +0.3 Volts
(All Otherlnputs). . .. ................... -40 to +0.3 Volts
OutputVoltages . ............. ... ... -40 to +0.3 Volts
Output Current (PortsC,D) . . ... ... ... .. ... ... -4 mA
(POrts E, F Gl oot oo e e e e -15mA
(Total Current) . . . . ..ttt ettt e e e -60 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.
*T4 = 25°C
DC/AC CHARACTERISTICS  Ta=-10"Cto +70°C, VGG = -10V * 10%.
LIMITS TEST
PARAMETER SYMBOL MIN TYP ] MAX UNIT CONDITIONS
Input High Voltage VIH ] -2.0 \% Ports A, C, D, INT,
RES
Input Low Voltage VL -4.3 Ve | V Ports A, TNT, RES
ViL2 -4.3 -35 Vv Port C and D
Input Leakage Current ILIH +10 uA Ports A, INT, RES,
High TEST
V=1V
Input Leakage Current it -10 uA Ports A, INT, RES
Low TEST
V) =-11vV
L2 -30 HA Port A
V| = -35V
1/O Leakage Current 11OH +10 uA Ports C and D
High V| =-1V
1/0 Leakage Current Low oL -10 KA Ports C and D
V=-11V
lioL2 -30 uA Ports C and D
V| = -35V
Output Voltage VOH1 -1.0 Vv Ports Cand D
lo=-2mA
VOH2 -25 | V Ports E, F, G
10 =-10 mA
Output Leakage Current loL1 -10 A PortsC,D, E,F,G
Vo =-11V
loL2 -30 uA PortsC,D, E, F, G
Vo =-35V
Supply Current GG -20 -40 mA
Oscillator Frequency F 150 440 KHz
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T,=25°C, f=1MHz.

LIMITS
PARAMETER SYMBOL |[MIN]TYP|MAXJUNIT] TEST CONDITIONS
Input Capacitance Ci 15 pf
Output Capacitance Co 15 pf f=1MHz
Input/Output Capacitance Cio 15 pf

144

ITEM MILLIMETERS 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
E 33.02 1.3
F 1.5 0.059
G 2.54 MIN. 0.10 MIN.
H 0.5 MIN. 0.02 MIN.
I 5.22 MAX. 0.205 MAX.
J 5.72 MAX. 0.225 MAX.
K 15.24 0.6
L 13.2 0.52

+ +0.

M 0.25 g;g 0.01 ggg;

0°-15°

CAPACITANCE

CLOCK WAVEFORM

PACKAGE OUTLINE
uPD554C

SP554-10-79-GN-CAT
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NEC Microcomputers, Inc. 1 PD554L

DESCRIPTION

ABSOLUTE MAXIMUM
RATINGS*

DC/AC CHARACTERISTICS

4 COM-45 SINGLE CHIP MICROCOMPUTER

The uPD554L is the 1000 x 8 ROM, low power version of the uCOM-45. It is a modified
PMOS device requiring a -8 Volt power supply, with a reduced supply current specifi-
cation. The uPD554L features both TTL level compatible inputs as well as outputs
capable of being pulled to -35 Volts for direct interfacing with Fluorescent Indicator
Panels (FIPs). As a uCOM-45, it includes 1000 x 8 ROM, 32 x 4 RAM, and 21 1/0 lines
in a 28 pin plastic dual-in-line package.

Operating TEMPerature . . ... ... .....oueeienennnennn. -10°C to +70°C
Storage Temperature . . . . ... ittt et e -40°C to +125°C
Supply Voltage .. . ... . .. . e -15 to +0.3 Volts
Input Voltages (Port A, INT, RES) . .................... -15 to +0.3 Volts
(PortsC,D) ... ... ~-40 to +0.3 Volts
Output Voltages . . . . .. ..t i e e e e -40 to +0.3 Volts
Output Current (Ports C, D) .. . . .. .. ... e e -4 mA
(Ports E, F, G) .. .. ... i i e e -15mA
(Total Current) . . .. .. .. .. . e -60 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.

*Ta=25°C

Ta=-10°C to +70°C; VGG = -8V ¢ 10%

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP|] MAX JUNIT CONDITIONS

Input Voltage High ViH 0 -16 \Y Ports A, C, D, INT, RES

\% -4.5 \Y \Y Ports A, INT, RES
Input Voltage Low L1 GG

ViL2 -4.5 -35 \Y Ports C and D
Clock Voltage High V¢H 0 -0.6 \" CLg Input, External Clock
Clock Voltage Low V¢|_ -5.0 VGG \% CLg Input, External Clock
Input Leakage Current ILIH +10 MA Ports A, C, D, W, RES
High V| =-1V

[INTR] -10 MA Ports A, C, D, INT, RES
Input Leakage Current V| = -9V
Low !

L2 -30 rA Ports Cand D; V| = -35V
Clock Leakage Current ILoH +200 HA CLg Input,VoH = 0V
High
Clock Leakage Current Lol ~-200 HA CLg Input, Vo = -9V
Low

\Y -1.0| V Ports Cand D; Ig = -2 mA
Output Voltage High OH1 ns-an o m

VOH2 -2.5 \ PortsE,F,G;lg=-10mA

ILoLt -10 uA PortsC,D,E,F, G

Vo =-9V

Output Leakage Current o 9

lLoL? -30 uA PortsC,D,E, F, G

Vo =-35V

Supply Current fele =12 | -24 mA
Oscillator Frequency f 100 180 KHz
Rise and Fall tr,tf 0 0.3]| wus External Clock
Times
Clock Pulse Width High tyWH 20 8.0 wms External Clock
Clock Pulse Width Low tewL 2.0 8.0 ws External Clock
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T,=25°C, f=1MHz. CAPACITANCE
LIMITS
PARAMETER SYMBOL |[MIN]TYP|MAX JUNIT | TEST CONDITIONS
Input Capacitance C) 15 pf
Output Capacitance Co 15 pf =1 MHz
Input/Output Capacitance| C|O 15 pf
CLOCK WAVEFORM
oV———-
————— 0.6V
— —--5.0V
VGG-— — ——
« PACKAGE OUTLINE
A L uPD554LC
0°-15°
ITEM MILLIMETERS 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
E 33.02 13
F 15 0.059
G 2.54 MIN. 0.10 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
" 025 4505 | %O o002

SP554L-10-79-CAT
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NEC Microcomputers, Inc. pPD652

/M4 COM-45 SINGLE CHIP MICROCOMPUTER

DESCRIPTION The uPD652 is a CMOS version of the uCOM-45. It features a single +5 volt power
supply, a 2 mA (max), 800 nA (typ) current drain and extended temperature range. As
a uCOM-45, it includes 1000 x 8 ROM, 32 x 4 RAM, and 21 |/O lines in a 28 pin
plastic dual-in-line package.

ABSOLUTE MAXIMUM  Operating Temperature . ... .. .........c..iuuuueeonm... -30°C to +85°C
RATINGS® Storage Temperature . . . ... .. .oov v v et ~55°C to +125°C

Supply Voltage. . . . .. oot -0.3 to +7.0 Volts

Input Voltages . . . . . ... ...t -0.3 to +7.0 Volts

Output Voltages . . ... ..o i ittt e e e e -0.3 to +7.0 Volts

Output Current (Each Output Bit) . ... ........... ... . ... .. .... 2.5 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.
*Ta=25°C
DC/AC CHARACTERISTICS T5=-30°Cto +85°C, VcC = +5V * 10%.
LIMITS
PARAMETER SYMBOL | MIN TYP MAX | UNIT TEST CONDITIONS
. Input High Voltage Vi | 0.7vee vVee vV | Ports A, C, D, INT, RES
Input Low Voltage Vi 0 0.3Vee| V| Ports A, C, D, INT, RES
Input Leakage ILIH +10 wA | Ports A, C, D, INT, RES
Current High (V| =Vce)
Input Leakage L -10 uA | Ports A, C, D, iNT, RES
Current Low (V} =0V)
1/0 Leakage 11OH +10 kA | Ports Cand D (V| = V)
Current High
1/0 Leakage lioL -10 A | Ports Cand D (Vg = 0y)
Current Low
Output High VoH1 | Vcc-0.5 \ Ports C and D
Voltage 1 (loH = -1 mA)
Vce-0.5) \ Ports E to G
(loH =-1 mA)
Output High VoH2 | Vce-2.5) \ Ports Cto G (Igy = -2 mA)
Voltage 2
Output Low Voltage| VoL1 06| Vv Ports E to G
(loL =2mA)
VoL2 04| V Ports E to G
(loL =1.2mA)
Supply Current lce 0.8 2.0 mA
Ciock High Ve  |0.7Vce vee V| CLO, Ext. Cik.
Voltage
Clock Low VoL 0 03veel V CLO, Ext. Clk.
Voltage
Clock Leakage ILoH 200 wA | CLO, Ext. Clk.
Current High (VoH = Vo)
Clock Leakage ILoL -200 #A | CLO, Ext. Clk.
Current Low (Vo1 =0V)
Clock Frequency f 150 440 KHz
Clock Rise and Fall tr, tf 0] 0.3 us Ext. Cik.
Times
Clock Pulse Width tow 0.5 5.6 ' Ext. Clk.
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Ta =-30°C to +85°C, Vg = +5V + 10%.

LIMITS
PARAMETER SYMBOL | MIN] TYP| MAX ] UNIT | TEST CONDITIONS
Input Capacitance C| 15 pf
Output Capacitance Co 15 pf f=1MHz
1/0O Capacitance Cio 15 pf
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K
A L
j
M
I I S
E 0°-15°
ITEM MILLIMETERS 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
E 33.02 1.3
F 15 0.059
G 2.54 MIN. 0.10 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.
: 025010 [ g, 70004

CAPACITANCE

CLOCK WAVEFORM

PACKAGE OUTLINE

uPD652C

SP652-10-79-GN-CAT
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NEC Microcomputers, Inc. uPD555

EVACHIP-42

DESCRIPTION The uPD555 is a system evaluation chip designed to support both hardware and software
debugging of the uCOM-42 (uPD548) one-chip microcomputer system.

The uPD555 and the uPD548 have the same functionality in all aspects except that the
1PD555 does not contain a read only memory, but provides addressing capability to
external memory and HOLD function for step-by-step operation.

FEATURES

4-Bit Parallel Processor

L]
e Powerful 72 Instruction Set Including Decimal/Binary Arithmetic Operations
e 10 us Instruction Cycle Time
e Addressing Capability up to 1920 Words by 10-Bits of External Program Memory
e 96 Words by 4-Bit Data Memory On Chip
e 4-Level Subroutines
e Two Interrupt Input Lines (IA and IB)
e HOLD Capability
e A Variety of Input/Output Ports —
— 10 Discrete Output Ports (Fg-F)
— Two 8-Bit Output Ports (U7-Ug, R7-Rg)
— 4-Bit Input Port (K3-Kg)
— 4-Bit Input/Output Port (S3-Sg)
1/0 Level Compatible with uPD5101
— 1-Bit Test Input Line
e P-Channel MOS
e Open Drain Output
e Single Power Supply: =10V
e Auvailable in a 64 Pin Ceramic Dual-in-Line Package
PIN CONFIGURATION [TV = ER—— &4 uo
P3E 2 63 [Ju1
P23 62 [Ju2
P14 61 [Jus
Po[s 60 [Jua
As e 59 [JUs
As[Q7 58 [Jus
asOs 57 : vy PIN NAMES
:g E ?0 :g 3 Eg Po—P3 Page Output
A1 E 11 54 : F7 Ap - A Address Output
Aol 12 53 [JFe lo—lg Instruction Input
:0 g :i gf (JFs HOLD HOLD Input
|;E 15 50 g :; Ro-R7 Qutput Port R
13016 #PD 29 [ F2 o Clock Input
:4 E 17 555 a8 PJF1 RES Reset Input
|: (= :: :; g;g K4 K4 Test Input Line
17 20 a5 [ s2 Ko — K3 K Input Port
1821 44 [Js1 TEST IC Test Input
HOLIS E :g :g 3]5: 1A, 1B Interrupt Input
Ro[J24 418 Sp - S3 Input/Output Port S
:; [m g: ;g g;EST Fo—Fg Output Port F -,
R3 E 27 38 JK;‘ Ug— Uz Output Port U
Ra 28 37 K1
Rs []29 36 [ ko
Re []30 35 I Ka
R7 31 34 [JRES
(-10v) Vg [32 33[J¢
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Ur.o Fg- Fo HOLD 1A 1B Ka
A A
£
INT.
DEC. & 5
[ Ur0 l Fg-Fg CONTROL 190
it I3 HOLD

P30
l I'_ As-0
L7 S

pPC(11)

STACK 0
1
2
3

S
RAM DEC.
RAM RAM
96 x 4 Buffer — ¢
~—1t— RES
v | u
$3.0 TEST K30
OPerating TEMPErature . . « « v v v v e v creeaeaeeeennnnn -10°C to +70°C
Storage TemMPerature . . . . .o v oo v v in o nenennnenenenns -40°C to +125°C
Supply VoIltage VGG + - v v v e v e veme i ettt eeee e i -15 to +0.3 Volts
AllINpUt Voltages .« v v v v v v vt e et et i i i it e e -20 to +0.3 Volts
AlOutputVoltages . . . . . v v o v vt vt i i et e -20 to +0.3 Volts

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

*T,=25°C
Ta=25°C
LIMITS TEST
PARAMETER SYMBOL|MIN | TYP|] MAX JUNIT | CONDITIONS
Input Capacitance C) 15 pf
Output Capacitance Co 15 pf f=1MHz
Input/Output Capacitance| Cj0 15 pf
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ABSOLUTE MAXIMUM
RATINGS*

CAPACITANCE



DC CHARACTERISTICS T,=-10°Cto +70°C; VGG = -10V % 10%, unless otherwise noted.

AC CHARACTERISTICS

4 PD555

LIMITS

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

High Level Input ViH 0 . -2.0 Vv

Voltage

Low Level Input ViLt -4.3 \% S, 9, l9.0
Voltage ViL2 -7.0 v Except S, ¢, l9.0
High Level Input ILIH +10 uA Vi=-1V
Leakage Current

Low Level Input IR -10 MA Vy=-11VvV
Leakage Current

High Level Output I0H -1.0 mA Vo = -1V, except
Current S port

Low Level Qutput lLoL1 -30 MA Vo =-11V,
Leakage Current except S port
High Level Output VOH -1.75 \Y IoH = -100 uA,
Voltage S port

Low Level Output ILoL?2 -10 MA Vo =-5V,
Leakage Current S port

Power Supply IGG -30 | -60 mA

Current
Ta=-10°C to +70°C, VGG = -10V * 10%, unless otherwise noted.

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

Clock Frequency fo 100 200 KHz

Clock Pulse Width tow 2.25

Clock Rise and tr, tf 0.5 Ms

Fall Times

Input Setup Time tIs 2.5 us CL =100 pF,
from Output R =5.1 KQ

CL ;l7
P3.0
As-0

RL

-5y

LOAD CIRCUIT
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1/f¢

t|g ———=y

g0 ,1
__________________________ 4
| . J
| 0 { D | D | D | S | O O { O | O | O | N | D | N | D | O O | S | D | | D | O | | | D | O | O | | & —l
H_L Oo0ooodooooooogoooogoogoci
2 ARARARRT MR ARAR
- e e |
| £ |

S o

o

15° \—

ITEM MILLIMETERS INCHES
A 82.0 MAX 3.23 MAX
B 1.6 0.063
C 2.54 0.1
D 0.43+0.1 0.017 + 0.004
E 78.8 3.1
F 1.27 0.05
G 3.2 MIN 0.13 MIN
H 1.3 MIN 0.05 MIN
| 39 0.154
J 5.2 MAX 0.205 MAX
K 22.96 0.904
L 20.3 0.8
M 0.3%0.1 0.012 £ 0.004
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TIMING WAVEFORM

PACKAGE OUTLINE
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NEC Microcomputers, Inc. 1 PD556

EVACHIP-43

DESCRIPTION  The uPD556 is an evaluation chip for the uCOM-43/44/45 single chip microcomputers.
Designed to be used for both hardware and software debugging, the EVACHIP-43 is
functionally equivalent to the uCOM-43, except that it does not contain on-chip ROM.
Instead, it is able to address external memory. In addition, in order to facilitate debug-
ging, the uPD556 is capable of displaying the contents of the internal accumulator and
data pointer and of being single stepped.

When the uPD556 is being used to evaluate uCOM-44/45 designs, the external memory
capacity should be restricted to that of the respective.on-chip ROM and the instructions
should be restricted to the 58 comprising the uCOM-44/45 instruction set.

FEATURES

4-bit Parallel Processor
e Full 80 Instruction Set of uCOM-43

e 10 us Instruction Cycle

e Capable of addressing 2K x 8-bits of external program memory
e Single step capability

e Full Functionality of uCOM-43

e Single supply: -10V PMOS Technology

e Auvailable in a 64-pin Ceramic Quad-in-Line Package

PIN CONFIGURATION

POy = 1 -\ 64 F3PDg
PD; . 2 63 —vgg
PD3 . 3 62 FORES
PEQg C—] 4 61 F—INT
PE; C] 5 60 FoPC3
PE) C—] 6 59 —IPCy PIN NAMES
PE; ] 7 58 3PCH
BREAK 8 57 —/3PCq PFg PF3 Output Port F
STEP 4 9 56 PB3 PGy PG3 Output Port G
ACC/‘;C /110 55 —PBo PHg PH3 Outut Port H
10 =41 54 FPB, Pig Pl
0 2 Ouwut Port |
ng(:12 53 :]PBO PAg  PA: Input Port A
g .13 52 FPA3 0: 73 pot o
Py 14 51 F—IPA, PB( - PB3 tnput Port B
Pe 15 uPD 50 FPA;, PCo PC3 1nput/Output Port C
P C—]16 556 49 [—IPA iNT Interrupt tnput
P4 317 48 F3aPIp RES Reset
F’3P —18 47 3Py -
2 19 46 [Far1g PDg - PD3 InputOuwput Port D
P1 20 45 [PH3 PEQ - PE3 Output Port €
\ Po g; 44 [PH, BREAK Hold Input
— 43 E=—JPH, STEP Single Step Input
le C323 42 [PHg
s —24 41 EpG, Acc/PC Display Acc/PC Input
la 25 40 PGy ®0- P10 PC Output
|3I — gg gg PG, 10- 17 Instruction Input
, 71:: %8 37 E1PGo Clo- CLy External Clock Source
1 ::PF:;
= E 36 [apF, TEST Tied to Vsg (GND)
CLy 30 35 FpF, -
CLg 331 34 FPF
GND 132 33 3 TEST
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BLOCK DIAGRAM

P10-0

Acc/PC
PA3.0 ;>- BREAK |=—BREAK
[ P-SELECTOR :‘:‘EDP
RAM RAM
iy oecon y 7S CONTROL|~— STEP
P30 — ) = 1}
PC
up/
DOWN
PCs.0 COUN-
1 E TER
a8 H | STACK 0
PD3.0 - l } ‘ STACK 1
RAM BUFFER DPy DPy STACK 2
PES. L | \ 8BIT INSTRUCTION BUS o
. : 3 ; :] I70
[} aBIT ] i 3
.b INTER- = QBUS U
PF3.0 FACE L9 J O | p.8US
TIMER
PG3.0 CONTROL
AND
4-81T DECODE
INT. —_—
PH3.0 *“:] conTROL|————— INT
Ploo {11 C.G. ~——— RES
cLy  Clg
Operating TempPerature . « . . oo vt v eeeee e e eenee e e -10°Cto+70°C ABSOLUTE MAXIMUM
Storage TemMPerature . ... .... .. oueuunee o ennnneennnn -40°C to +125°C RATINGS*
Supply VoItage VGG « - v v v v v v v iie e e -15 10 +0.3 Volts
Alllnput Voltages . . .. ..o v vttt it it in e .....-151t0+0.3 Volts
AllOuUtput Voltages . . . . . . v ittt et i s -15 to +0.3 Volts
Output CUIreNt . . L et e et it e i e e -amA®
Note: @ All output pins.
COMMENT: Stress above those listed under "‘Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.
*T,=25°C
Ta=25°C CAPACITANCE
LIMITS TEST
PARAMETER SYMBOL|MIN JTYP] MAX JUNIT ]| CONDITIONS
Input Capacitance Cy 15 pf
Output Capacitance Co 15 pf f=1MHz
Input/Output Capacitance Cilo 15 pf
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M4 PD556
DC CHARACTERISTICS @ Taz-10t0+70°C; VoG - =10v 2 10%

LIMITS TEST
PARAMETER | SYMBOL | MIN | TYP| MAX | UNIT CONDITIONS
Input High ViH 0 -2.0 \ Port Ato D, 17 to lg,
Voltage BREAK, STEP, INT, RES,
and Acc/PC
Input Low ViL -4.3 VGG \ Port A to D17 to Ig,
Voltage BREAK, STEP, INT, RES,
and Acc/PC
Clock High VOH 0 -0.8 \ CLg Input
Voltage
Clock Low Vou -6.0 VGG v CLg Input
Voltage
+10 MA Port AandB, 17 1o ig
Input Leakage \ INT, RES, BREAK, STEP
Current High LiH +30 uA Acc/PC, V| ==-1V
Port Cand D, V| =-1V
-10 HA Port Aand B, I7 to Ig
Input Leakage ' INT, RES, BREAK, STEP
Current Low L -30 WA | Ace/PC, V) =-11V.
PortCand D, V|=-11V
Clock Inpuat ILOH +200 uA CLg Input, VQH = OV
Leakage High
Clock Input lLoL -200 A CLg Input, VoL =-11V
Leakage Low
VOH1 -1.0 \% PortCto I, P1gtoPg
Output High : IoH=-1.0mA
Voltage VOH2 -23 \ PortCtol,P1gto P
IoH =-3.3mA
Output Leakage Lot =30 HA PortCto I, P1gto Pg
Current Low Vo=-11V
Supply Current IGG -30 | -50 mA
Note: D Relative to Vgg = OV
AC CHARACTERISTICS  T.=-10°Ct0+70°C; Vgg = - 10V * 10%
LIMITS TEST
PARAMETER SYMBOL | MIN | TYP] MAX JUNIT | CONDITIONS
Frequency f 150 440 | KHz
Clock Rise and Fall Times | ty, tf 0 03| us
Clock Pulse Width High tOWH 0.5 5.6 | us
Clock Pulse Width Low thwL 0.5 56 | us
Input Setup Time s S| us
Input Hold Time HH 0 Hs
BREAK to STEP Interval | tgg 80 tey
STEP to RUN Interval tSB 80 ey
STEP Pulse Width ws 12 tcy
BREAK to Ac ¢ Interval t1BA 80 tcy
Acc/PC Pulse Width WA 12 tcy
STEP to Acg Interval SA1 80 tcy
PC to STEP Overlap 1SA2 2 | tey
PC to RUN Interval tAB 0 Hs
tDAP1 6 | tey
Acc/PC = P1o-Pg Delay
ce 0 tDAP2 6 | tey
CLOCK WAVEFORM
1/f
—_— t PWL tr
VS ——

VGG— ———
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P10-0 (PC) ?(
s 1)) f—
X
17-0 '

TIMING WAVEFORM

BREAK 1 s
tBS 1SB
pe—tWS
——jYRA —— ‘———;\—
STEP ]
tSA1
;{W“ ;_:\r | tag
Acc/PC } 7

tDAP1——=| »z tDAP2
P10-0 (PC)N (Acc) (PC)n X(ACCX’X (PC)n*m X(ACC)X(PC)"““
Vs

PACKAGE OUTLINE

ﬂﬂﬂ'ﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ{lﬂﬁﬂﬂ:i1 #PD5568
QULLCLATEALLLCARPARERACKAFEMII R
= g ]

|

—
-

ITEM | MILLIMETERS INCHES
A 41.5 1.634 MAX
B 1.05 0.042
C 2.54 0.1
D 05%0.1 0.2 + 0.004
E 39.4 1.55
F 1.27 0.05
G 5.4 MIN 0.21 MIN
| 2.35 MAX 0.13 MAX
J 24.13 0.95
K 19.05 0.75
L 15.9 0.626
M 0.25+0.05 | 0.01 + 0.002

SP556-10-79-GN-CAT
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NEC Microcomputers, Inc. 44 PD7520

PR ELDNIONAGHY
M4 COM-75 4-BIT SINGLE CHIP MICROCOMPUTER

DESCRIPTION  The uPD7520 is a high current output, variable power supply version of the
#COM-75 Microcomputer Family. It features output ports capable of directly driving
an 8-digit, 8-segment LED display. The uPD7520 is a PMOS device requiring a single
power supply set between -6V and - 10V. As a uCOM-75, it includes 768 x 8 ROM,
48 x 4 RAM, and 24 1/0 lines in a 28 pin plastic package.

FEATURES e 768 x 8 Bit ROM
e 48 x 4 Bit RAM
e 20 us Instruction Cycle Time
e 47 Powerful Instructions
e One 4-Bit Input Port
e One 4-Bit /0O Port
e One 2-Bit Output Port (Capable of Driving Piezo Element)
e 6 Direct LED Drive Digit Outputs (8 Possible)
e 8 Direct LED Drive Segment Qutputs
e Programmable Display Controller
— Can Drive 4, 5, 6, or 8 Display Digits
— Automatic Synchronization of Segment and Digit Signals
e 2-Level Subroutine Stack
e Built-In Clock Signal Generation Circuitry
e Built-In Reset Circuitry
e Single, Variable Power Supply, From -6V to - 10V
e Lower Power Consumption
e P Channel MOS LSI
e 28 Pin Plastic Dip
PIN NAMES
PIN CONFIGURATION PORT 3¢ [ 1 N~ e Peok PORT 19 — PORT 13 | Input PORT 1
PORT3o[] 2 27 [ RESET PORT 3p — PORT 3; | Output PORT 3
PORT 1
3g s 26 1 Vag PORT 4g — PORT 43 | 1/0 PORT 4
PORT 1, 4 25 [ 59
To—T, Digit Drive
PORT 11 ] 5 247 Sa 016 Signals
PORT 1o E 6 PD 2 : S1 So —S7 Segment Drive
PORT43 [ 7 ;‘520 22 []ss Signals
PORT 4, [ 8 213 s2 CLK Clock
PORT41 [ 9 20 P se RESET Reset
S
PORT 49 E 10 19 :l 3 \ele] Power Supply
Ts On 18 [ s7 (-6V to —10V)
Tg E 12 170 To Vss Ground
T3]3 16 [T
vss 14 15 [T
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The uPD7520 is a low-cost, 4-Bit Single Chip Microcomputer, fabricated with
P-Channel MOS technology. Its design is optimized for applications which require an
LED Display, but the uPD7520 can also function efficiently as a general-purpose
microcomputer. Its wide operating voltage range and minimum external component
requirements make the uPD7520 desirable for a broad range of applications.

The uPD7520's powerful instruction set encompasses 47 of the uCOM-75 family
commands. These instructions can perform memory transfers, bit manipulation,
automatic increment/decrement, table look-up, constant table formulation, input of
command strings, and multiple branches. These enhancements allow the user to create
highly efficient programs for his uPD7520 application.

The Programmable Display Controller of the uPD7520 is designed to interface directly
with 4-digit to 8-digit LED displays. Synchronization of the timing of the segment and

FUNCTIONAL
DESCRIPTION

digit lines is accomplished automatically by the on-board display controller. Display of an

LED array can be done when the uPD7520 is configured in the general-purpose mode.

2-LEVEL STACK

INPUT
4 POR'
C: BUFFER @ ORT o3

LATCHED
2 Y output | 2 ) PORT304
- BUFFER

PROGRAM MEMORY
768 x 8 BIT ROM

' INSTRUCTION PORT 49,
DECODER/ DATA MEMORY INJOUT TgT7)

F——] conTrROLLER 48 x 4 BIT RAM A A < " > LATCHED
@ PORT 4.3

BUFFER
Te?

N
. %_ <
‘.
VGG = 2

cLock

DISPLAY CONTROLLER

VSS et GENERATOR

RESET e ' lﬂl li[

cLx So.7 Tos
Operating TEMPErature . .. .. .ovovvnenennenenenennnenns -10° to +70°C
Storage Temperature . . . . . . e -40° to +125°C
Supply Voltage .. ........... et e et e -15 to +0.3 Volts
InputVoltage ... .... ... iiinineeenennennneaenes -15 to +0.3 Volts
Output Voltage . ........... e e -15 to +0.3 Volts
Output Current (IgH Total) . ... .o it iniii e e e -100 mA
(loLTotal) ..ot 90 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.

*Ta=25°C
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CAPACITANCE

DC CHARACTERISTICS

Ta =-10°C to +70°C; VGG = -6V to =10V

UPD7520

LIMITS TEST
PARAMETER SYMBOL UNIT
MIN TYP MAX CONDITIONS
Input C pF Port 1, Reset
Capacitance f=1MHz
Output Co TBA pF Port 3, Sg-S7, To-Ts
Capacitance f=1MHz
1/0 Capacitance Ci/o pF Port 4,
f=1MHz
Clock CcClock TBA pF CLK,
Capacitance f=1MHz
Ta=-10°Cto +70°C, VGG = -6V to -10V
LIMITS
PARAMETER SYMBOL UNIT TEST CONDITIONS
MIN TYP MAX
Input Voltage v -2 v Port 1, Port 4, Reset, VGG = -9V 1V
) H -
High -18 | v | Port1,Port4, Reset, VGG = -6V to 10V
input Voltage viL VGGt2 v Port 1, Port 4, Reset, VGG = -9V + 1V
Low VagH V | Port1,Port 4, Reset, Vgg = -6V to —10V
Clock Voltage VoH -05 v CLK, External Clock
High
Clock Voltage VoL TBA. v CLK, External Clock
Low
Input Load W4 160 [Vag=-9v :1v,v =ov
Current 20 uA | Port1, Reset, [Veg =6V, vi=ov
Input Leakage ILIH +5 BA Port4, V|=0V
Current High
Input Leakage IL”_., -5 uA Port 1, Reset, Vgg =-10V, V| = 0V
Current Low L, s uA | Porta, V=0V
Ciock Leakage fLOH TBA uA CLK, External Clock Vo =0V
Current High [©)
Clock Leakage ILoL TBA uA CLK, External Clock VoL = -10V
Current Low @
Output Voltage VoL VGG+0.5 v Port 3, VGG = -6Vto~-10V No Load
Low
Output Current | -1.0 mA VGG =-9V £ 1V, Vg =-1.0V
[2
High OHy 06 ot 3. Ve =—6V. Vo = ~1.0V
-2.0 Vi =-9V * 1V, V, =-1.0V
mA 4, VGG = ¢ - VOH
10H2 ) Port 4 66 = 6V, VoH = ~10V
-10 Vv =-9V + 1V, V, =-2.0v
[ mA -S7, |-GG = ~° - VOH
OH3 S 5087. IVaG =<6V, Vor = 2.0V
-48
10H, -27 mA | ToTs,
-18
Output Current 1
Low 0.2
oL, 0.6 mA Port 3,
0.2
45 9 VGG =-9V £ 1V, Vg = —4V
oLy 1 2 mA Sp-S7 |VGG =-9V £ 1V, Vg = VGG + 3.5V
1 2 VGG =-6V, VoL =-25V
Output Leakage ILoOH +5 HA Port 4 To-Ts:
Current High % vo-oy
Output Leakage oL -5 uA Port 4, To-Ts:
Current Low Vg =-10Vv
Supply Current 1GG -5 mA To =25°C; VGG = -9V No Load

Notes: @ Current within 2.5 ms after turning to the low level.

Constant Current
TBA: To Be Announced.
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4 PD7520

Ta=-10°C to +70°C, VGG = -6V to - 10V AC CHARACTERISTICS
LIMITS
PARAMETER | SYMBOL UNIT TEST CONDITIONS
MIN | TYP | MAX
Supply Voltage| VGG -10.0 -6.0 \Y)
Oscillator f 300 KH Rf=1Q Vgg=-9V + 1V
z

Frequency TBA Rf=1Q, VGG = -6 to - 10V
Clock Rise and | tp,tf TBA| us |External Clock

Fall Times

Clock Pulse oWy TBA| us |External Clock

Width High

Clock Pulse tow| TBA| us |External Clock

Width Low

Note: D TBA — To Be Announced.

TIMING WAVEFORM

TN

The display controller of the uPD7520 has two operating modes. Its major function is DISPLAY CONTROLLER
to control the operation of an 8-digit (maximum) 8-segment dynamic LED Display.

The auxiliary function of the display controller is operation as 8-bit and 6-bit parallel

output ports. The contents of the mode register determine which function the display

controller will perform.

The Mode register is a 4-bit register used to control the operation of the display con- MODE REGISTER
troller. The contents of the mode register are set by a transfer of the data in the

accumulator to the output register. This is accomplished by use of the “‘output to port”

(OPL) instruction, where L = B(16). A summary of the 16 possible states appears in

the table below:

MD3 MD2 MD1 MDg OPERATION
0 0 0 0 Reset (S7-Sg: High level); (T5-Tg: OFF)
0 0 0 1 §3-Sg < (0EH); S7-S4 < (OFH)
0 0 1 0 Not used
0 0 1 1 Not used
0 1 0 0 4-digit display (T3-Tg)
0 1 0 1 5-digit display (T4-Tg) | Segment area:
0 1 1 0 6-digit display (T5-Tg) | OOH-OFH
0 1 1 1 8-digit display (T7-Tg)
1 0 0 0 Not used
1 0 0 1 $3-Sp < (2EH); $7-S4 < (2FH)
1 0 1 0 Not used
1 0 1 1 Not used
1 1 0 0 4-digit display (T3-Tg)
1 1 0 1 5-digit display (T4-TQ) | Segment area:
1 1 1 0 6-digit display (T5-Tg) | 20H-2FH
1 1 1 1 8-digit display (T7-Tg)
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4 PD7520

DISPLAY CONTROLLER
BLOCK DIAGRAM

— DATA BUS 1
6 4 2 @ ‘2\
MODE
H L REGISTER LATCH LATCH
5 6| MDJ2[mMD; [mp, 2 4
M[b J
3-BIT 115
COUNTER '
3
SYSTEM
L 3 3 cLock
— MPX 3-8 DECODER
!s 2 al 76
T PORT 2
j:) RAM 2 54 01 j\z 2
N7
y
J\} OR OR
LATCH
Wl [ IS
8|
SEGMENT DIGIT
LATCH SEGMENT DRIVER BUFFER
TIMING DRIVER 6
PULSE 8
Syo Teo PORT4;,  PORT4,,
Ty
PORT 2
INPUT/QUTPUT 0%
PORT CONFIGURATION 4%,
DB|
>0
4 >——o0T,
DIGIT
COUNTER| 33 3 b— 4 >—oT1,;
TO
3| 8 4>———o T3
bEcoDE
) o——P—or,
(PORT 2g)
EGISTE (PORT 24)
b
MD3
a b————c' >V_—-° PORT 4
Nl (Tg)
N car p—Z Do ronre
LATCH © PORT 43
X ;b PORT 43

4-BIT DATA BUS DBy — DB3
/\

_-Do-Do——o so

88IT H

4 RAM LATCH .
_DO_D).—O S7

<: :
L] eq.oq_o PORT 13
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4 PD7520

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 1.3
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
J 5.72 MAX. 0.225 MAX.
K 15.24 0.6
L 13.2 0.52
+ + 0.
v | omom oo

PACKAGE OUTLINE

uPD7520C

INSTRUCTION SET

The following abbreviations are used in the description of the uPD7520 instruction

set: SYMBOL DEFINITIONS
SYMBOL MEANING
A Accumulator
addr n Immediate data, used as an address where n is the bit length of
the address.
C Carry Flag
datan Immediate data, used as data, where n is the bit length of the
data.
H Register H
HL Register pair HL
L Register L
PCh Bit n of Program Counter
() The contents of the data memory (RAM) location addressed by
the value within the brackets
<« Load, Store, or transfer
«> Exchange
- Complement
Y3 Exclusive OR
[ ] Additional comment or explanation
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INSTRUCTION HPD7520
SET
INSTRUCTION CODE SKIP
MNEMONIC FUNCTION DESCRIPTION D7 Dg Ds Dg D3 D2 Dy Dg BYTES | CYCLES | CONDITION
LOAD & STORE
LAl data 4 A < data 4 Load A with 4 bits of 0 0 0 1 I3 12 14 o 1 1
[data 4 = 13 9] Immediate data
LH| data 2 H « data 2 Load H with 2 bits of o 0 1 0 1 0 14 g 1 1
[data 2 = 11 9] Immediate data
LHLIdataS |HL <« data$ Load HL with 5 bits of 1 1 0 g 13 12 11 g 1 1
H<« g Immediate data
L«<li39
LAMT A < (PCg.,0,C, Ay Load the upper 4 bits of 0 1 0 1 1 1 1 0 1 2
Table Data in ROM to A;
(HL) < (PCg.6.0,C, A)_ | Load the lower 4 bits of
Table Data in ROM to HL
L A« (HL) Load A with the contents o 1 0 1 o o 1 0o 1 1
of RAM addressed by HL
Lis A« {HL) Load A with the contents of 0 i 0 i 0 0 0 1 1 i+S L =0H
L=L+1 RAM addressed by HL; incre-
Skip if L =0H ment L; skip if L = 0H
LDsS A < (HL) Load A with the contents of o 1 0 1 0 O O O 1 1+S L=FH
L=L-1 RAM addressed by HL;
Skip if L = FH decrement L;skip if L = FH
LADR addr 6 | A < (addr 6) Load A with the contents of 0 0 Dg Dg D3 D2 Dy Do 2 2
[addr 6 = Dg ] RAM addressed by the 6 bit
immediate data addr 6 2 2
ST (HL) < A Store A into the RAM location o 1 0 1 o 1 1 1 1 1
addressed by HL
STl data 4 (HL) < data 4 Store 4 bits of immediate 0O 1 0 0 13 12 14 g 1 1
L-L+1 data into the RAM location
[data 4 = 13 9] addressed by HL; increment L
XAH A9« H10 Exchange A with H o] 1 1 1 1 0 1 o 1 1
A3.2 < 00H
XAL A—L Exchange A with L o 1 1 1 1 o] 1 1 1 1
X A« (HL) Exchange A with the contents 0 1 0 1 0 1 1 0 1 1
of the RAM location addressed
by HL
XIS A «— (HL) Exchange A with the contents 0 1 0 1 0 1 o] 1 1 1+S L=0H
L—L+1 of the RAM location
Skip if L =0H addressed by HL; increment L;
skip if L =0H
XDs A« (HL) Exchange A with the contents 0 1 0 1 0 1 o] 0 1 1+8S L=FH
L~L-1 of the RAM location
Skipif L =FH addressed by HL; decrement L;
skipif L =FH
XADR addr 6 | A «— (addr 6) Exchange A with the contents (o] 1] 1 1 1 [s] o] 1 2 2
[addr 6 = Dg 0! of RAM addressed by the 6- 0 0 Dg Dg D3 Dz Dy Dg
bit immediate data addr 6
ARITHMETIC AND LOGIC
AlSCdatad |A < A+datad Add the 4-bit immediate data 0 0 0 0 i3 12" 11 g 1 1+S Carry Flag =1
Skip if carry to A; Skip if carry is
[data 4 = 13 9] generated
ASC A« A+ (HL) Add the contents of RAM 0 1 1 1 1 1 o] 1 1 1+S Carry Flag = 1
skip if carry addressed by HL to A;skip if
carry is generated
ACSC A,C—~A+(HL)+C Add the contents of RAM 0 1 1 1 1 1 0 0 1 1+8 Carry Flag=1
skip if carry addressed by HL and the carry
flag to A; skip if carry is
generated
EXL A+~ A ¥ (HL) Perform an exclusive — OR 0 1 1 1 1 1 1 0 1 1
operation between the contents
of RAM addressed by HL and A}
store the result in A
CMA A«<A Complement A 0 1 1 1 1 1 1 1 1 1
RC C«0 Reset Carry Flag to 0 (] 1 1 1 1 o] (o] (o] 1 1
sC C+1 Set Carry Flagto 1 0 1 1 1 1 (o] 0 1 1 1
INCREMENT AND DECREMENT
ILS LeL+1 Increment L; 0 10 1 1 0o o0 1 1 1+S L=0H
Skip if L =0H Skipif L =0H
IDRS addr 6 | (addr 6) «~(addr 6) + 1 Increment the contentsof RAM| 0 0 1 1 1 1 o 1 2 2+S (addr 6) = OH
Skip if (addr 6) = OH addressed by the 6 Bit immedi- 0 0 Dg Dg D3 D D7 Dg
D, =00H — 2FH ate data addr 6; Skip if the
5-0 contents = OH
DLS L<L-1 Decrement L; 0 1 0 1 1 0 0 0 1 1+8 L=FH
Skipif L =FH Skipif L=FH
DDRS addr 6 | (addr 6) « (addr 6)- 1 Decrement the contents of o o 1t 1 1 1 0 0 2 2+S (addr 6) = FH
Skip if (addr 6) = FH RAM addressed by the 6-Bit
(D9 = 00H-2FH] immediate data addr 6; skip if 0 0 Dg Dg D3 D Dy Dg
the contents = FH
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M PD7520 INSTRUCTION
SET
(CONT.)
INSTRUCTION CODE SKIP
MNEMONIC FUNCTION DESCRIPTION D7 Dg Ds D4 D3 D2 Dy Do | BYTES | CYCLES | CONDITION
BIT MANIPULATION
RMB (HL)pite—0 Reset a single bit of RAM, o 1 1 0 ' 0 By Bg 1 1
[bit = B ] denoted by B1 B, at the
location addressed by HL to
zero
SMB (HL) bit < 1 Set a single bit of RAM, o 1t 1 0 1t 1 By Bg 1 1
[bit = Byg} denoted by B1 B, at the
location addressed by HL to
one
JUMP AND CALL
JMP addr 10 | PCg.g « addr 10 Jump to the address specified 0O 0 1 0 O 0 Pg Pg
{addr 10 = Pg.g) by the 10 bit immediate P7 Pg Ps Pq P3 Py P7 Pg 2 2
data addr 10
JAM addr 2 | PCg.g « addr 2 Jump to the address which o 0o 1 1 1 1 1 1 2 2
PC74 <A is specified by the 2-bit 0o o0 o 1 0 0 Py Pg
PC3.0 « (HL) immediate data addr 2, A, and
[addr 2 = P1 g1 (HL)
JCP addr 6 PCs5.0 « addr Jump to the address within 1 0 Pg P4 P3 P2 Py Pg 1 1
[addr 6 = Pg_g] the current page specified
by the 6-bit immediate data
addr 6
CALL addr 10| Stack < PC +2 Store a return address 0 0 1 1 0 0 Pg Pg
PC9.0 « addr 1 (PC + 2) in the stack; call P; Pg Pg P4 P3 Pp Py Pg 2 2
(addr 10 =Pg g the subroutine program at
the location specified by
the 10-bit immediate data
addr 10
CAL addr X | Stack < PC+1 Store a return address 1 1 1 Pg P3 Py Py Pg 1 1
PCg.g —addr X (PC + 1) in the stack; call the
[addr X = subroutine program at one
01P4P3000P2P1Pq] of the limited, special locations
specified by the 10-bit imme-
diate data addr X
RT PC « Stack Return from Subroutine 0 1 0o 1 o 0 1 1 1 1
RTS PC « Stack Return from Subroutine; Skip o] 1 o] 1 1 0 1 1 1 1+S Unconditional
Skip unconditionally unconditionally
SKIP
SKC Skipif C=1 SkipifC=1 0 1 0 1 1 0 1 0 1 1+8S c=1
SKMBT bit Skip if (HL) bit=1 Skip if the single bit of the 0 1 1 0o 0 1 By Bp 1 1+8 (HL) bit=1
location addressed by (HL),
denoted by B1Bg is true.
SKMBF bit Skip if (HL) bit =0 Skip if the single bit of the o 1 1. 0 0 0 By Bp 1 1+8 (HL) bit=0
[bit = B0l location addressed by (HL),
denoted by B1B is false.
SKABT Bit | Skip if Apjy =1 Skip if the single bit of A 0o 1 1 1 0 1 By By 1 148 | Apjr=1
[bit =B3 ) denoted by BB is true.
SKAE! Skip if A=Data 4 Skip if A equals the 4-bit 0 0 1 1 1 1 1 1
Data 4 [Data 4 =139] immediate data Data 4 0O 1 1 0 13 12 1K1 | 2 2+8 A =Data 4
SKAEM Skip if A = (HL) Skip if A equals the contents o 1 o 1 1 1 1 1 1 1+8 A =(HL)
of RAM addressed by HL.
1/0
IPL A < Port (L) Input the contents of the port [} 1 1 1 0O 0 o0 o 1 1
specified by L to A
IP1 A «~Port 1 Input the contents of Port 1 ] 1 1 1 o 0 o 1 1 1
to A
OPL Port (L) < A Output A to the port specified o 1 1 1 0 0 1 O 1 1
by L
OP3 Port 3~ A1 Output the lower 2 bits of A o 1 1 1 0 0 1 1 1 1
to Port 3
CPU CONTROL
NOP Perform no operation;consume| O 0 0 0 O O 0 O 1 1
one machine cycle
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NEC

NEC Microcomputers, Inc. ~ 1 PDB080AF

DESCRIPTION

FEATURES

PIN CONFIGURATION

/4 PD808OAF-2
4+ PD808OAF-1

4 PD8080AF 8-BIT N-CHANNEL
MICROPROCESSOR FAMILY

The uPD808B0AF is a complete 8-bit parallel processor for use in general purpose
digital computer systems. It is fabricated on a single LS| chip using N-channel silicon
gate MOS process, which offers much higher performance than conventional micro-
processors (1.28 us minimum instruction cycle). A complete microcomputer system

is formed when the uPD8080AF is interfaced with |/O ports (up to 256 input and 256
output ports) and any type or speed of semiconductor memory. It is available in a

40 pin ceramic or plastic package.

e 78 Powerful Instructions

o Three Devices — Three Clock Frequencies
uPD8080AF — 2.0 MHz

uPD8080AF-2 — 2.5 MHz
uPD8080AF-1 — 3.0 MHz

e Direct Access to 64K Bytes of Memory with 16-Bit Program Counter
e 256 8-Bit Input Ports and 256 8-Bit Output Ports
e Double Length Operations Including Addition
e Automatic Stack Memory Operation with 16-Bit Stack Pointer
e TTL Compatible (Except Clocks)
e Multi-byte Interrupt Capability
o Fully Compatible with Industry Standard 8080A
e Auvailable in either Plastic or Ceramic Package
= T = 3T
Vss [ 2 39 A1s
Da3 383 A13
Dsg 4 373 Aq2
Dg Os 361 A
D76 3B Ag
D37 34[7] Ag
Dy E 8 337 Ay
D9 327 A
oo MPD 58 AS
vgg O] 11 8080AF 35 Ag
RESET [] 12 29 (] A3z
HOLD []13 283 Vpp
INT [ 14 273 Ay
92 15 26 [ Aq
INTE E 16 251 Ag
DBIN 17 24 [ WAIT
WR 18 23 [0 READY
SYNC [ 19 22 ¢
Vee O 20 21 [ HLDA
Rev/1
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. PD80BOAF

The uPD8080AF contains six 8-bit data registers, an 8-bit accumulator, four testable
flag bits, and an 8-bit parallel binary arithmetic unit. The uPD808BOAF also provides
decimal arithmetic capability and it includes 16-bit arithmetic and immediate operators
which greatly simplify memory address calculations, and high speed arithmetic
operations.

The uPDBOBOAF utilizes a 16-bit address bus to directly address 64K bytes of
memory, is fully TTL compatible (1.9 mA), and utilizes the following addressing
modes: Direct; Register; Register Indirect; and Immediate.

The /.1PD8080AF has a stack architecture wherein any portion of the external memory
can be used as a last in/first out (LIFO) stack to store/retrieve the contents of the
accumulator, the flags, or any of the data registers.

The uPD808OAF also contains a 16-bit stack pointer to control the addressing of this
external stack. One of the major advantages of the stack is that multiple level inter-
rupts can easily be handled since complete system status can be saved when an inter-
rupt occurs and then restored after the interrupt is complete. Another major advantage
is that almost unlimited subroutine nesting is possible.

This processor is designed to greatly simplify system design. Separate 16-line address
and 8-line bidirectional data busses are employed to allow direct interface to memories
and 1/0 ports. Control signals, requiring no decoding, are provided directly by the
processor. All busses, including the control bus, are TTL compatible.

Communication on both the address lines and the data lines can be interlocked by
using the HOLD input. When the Hold Acknowledge (HLDA) signal is issued by the
processor, its operation is suspended and the address and data lines are forced to be in
the FLOATING state. This permits other devices, such as direct memory access chan-
nels (DMA), to be connected to the address and data busses.

The uPD808OAF has the capability to accept a multiple byte instruction upon an inter-
rupt. This means that a CALL instruction can be inserted so that any address in the
memory can be the starting location for an interrupt program. This allows the assign-
ment of a separate location for each interrupt operation, and as a result no polling is
required to determine which operation is to be performed.

NEC offers three versions of the uPD8080AF. These processors have all the features

of the uPD808OAF except the clock frequency ranges from 2.0 MHz to 3.0 MHz.
These units meet the performance requirements of a variety of systems while maintain-
ing software and hardware compatibility with other 8080A devices.

-

z W EQWwa

zZ ~E>xtEZ0do

BEzz35¥e286 48 15 (THREE STATE)
—e]  ABg_ s BUFFER ]
$—»{  LATCH 8 IN/DECREMENTER ]
o PC (16) ]
— SP (16) |

TIMING B CONTROL —1
w(e) * Z(®)*

STATE CNTR | CYCLE CNTR H(8) L(8)

-] 0 (8]
DECODER 8 ()
bt 8(8) c(e)
| IR(8) l‘r »{CaTcH HB) A(8)
FLAG REGISTER LATCH L(8) ] oaa rom :]
A ¢ ALy
s|zjofclo] Pl |¥ o
ROTATOR |
INTERNAL 0ATa BuS (881T)_§

FLAG REGISTER * TEMPORARY REGISTER
BIT 7- S:SIGN

BIT6- 2:2ER0

BIT 5 - 0:ALWAYS"0"

BIT 4 - ACY AUXILIARY CARRY
BIT 3- 0:ALWAYS"0"

BIT 2- P:PARITY

BIT | - L:ALWAYS "1"

BIT 0 - CY:CARRY

o
DB .7 (THREE STATE)
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PIN IDENTIFICATION

4 PD80BOAF

(input)

PIN

NO. | SYMBOL NAME FUNCTION

1, A1s - Ap Address Bus The address bus is used to address memory (up to 64K 8-bit words)

25.27, (output three- or specify the 1/0 device number (up to 256 input and 256 output

29-40 state) devices). AQ is the least signiticant bit.

2 Vss Ground (input) Ground

3-10 D7 - Do Data Bus (input/ The bidirectional data bus commuricates between the processor,

output three-stdte) memury, and 1/O devices for instructions and data transfers. Dur-
ing cach sync time, the data bus contains a status word that
desciibes the current machine cycle. D@ is the least significant bit.

1" VBB VBB Supply Voltage 5V * 5%

(input)

12 RESET Reset (input) It the RESET signal is activated, the program counter is cieared
After RESET, the program starts at location 0 in memory. The
iNTE and HLDA fiip-fiops are aiso reset. The flags, sccumulator,
stack pointer, and registers are not cleared. (Note. External syn-
chronization is not required for the RESET input signal which
must be active for a mimimum of 3 clock periods.)

13 HOLD Hold (input) HOLD requests the processor to enter the HOLD state. The HOLD
state allows an external device to gain control of the uPD8080AF
address and data buses as soon as the uPD8080AF has completed
its use of these buses for the current machine cycle. 11 1s recog-
nized under the following conditions:

s e The processor is in the HALT state.
e The processor is in the T2 or Ty stage and the READY signal
1S active,
As a result of entering the HOLD state, the ADDRESS BUS
(A15 - Ag) and DATA BUS (D7 — Dg) are in their high imped-
ance state. The processor indicates its state on the HOLD
ACKNOWLEDGE (HLDA) pin.
14 INT Interrupt Request The uPDB080AF recognizes an interrupt request on this line at
(input) the end of the current instruction or while halted. If the
uPDBO8BOAF is in the HOLD state, or if the Interrupt Enable
tlip-flop is reset, it will not honor the request.

15 2 Phase Two (input) Phase two of processor clock.

16 INTE @ Interrupt Enable INTE indicates the content of the internal interrupt enable tlip-

(output) flop. This flip-flop is set by the Enable (El) or reset by the
Disable (DI) interrupt instructions and inhibits interrupts from
being accepted by the processor when it is reset. INTE is auto-
matically reset (disabling further interrupts) during T4 of the
instruction fetch cycle (M) when an interrupt is accepted and
is also reset by the RESET signal.

17 DBIN Data Bus In DBIN indicates that the data bus is in the input mode. This

(output) signal is used to enable the gating of data onto the uPD8080AF
data bus from memory or input ports.

18 WR Write (output) WR is used for memory WRITE or 1/0 output control. The data
on the data bus is valid while the WR signal is active (WR = 0).

19 SYNC Synchronizing Signal | The SYNC signal indicates the beginning of each machine cycle.

(output)
20 vee Ve Supply +5V + 5%
Voltage (input)
21 HLDA Hold Acknowledge HLDA is in response to the HOLD signal and indicates that the
(output) data and address bus will go to the high impedance state. The
HLDA signal begins at:
e T3 for READ memory or input operations.
e The clock period following T3 for WRITE memory or
OUTPUT operations.
In either case, the HLDA appears after the rising edge of ¢1 and
high impedance occurs after the rising edge of ¢2.

22 o1 Phase One (input) Phase one of processor clock.

23 READY Ready (iﬁput) The READY signal indicates to the uPD8080AF that valid mem-
ory or input data is available on the uPD8080AF data bus.
READY is used to synchronize the processor with slower memory
or 1/0 devices. If after sending an address out, the uPD8080AF
does not receive a high on the READY pin, the uPD8080AF enters
a WAIT state for as long as the READY pin is low. (READY can
also be used to single step the processor.)

24 WAIT Wait (output) The WAIT signal indicates that the processor is in a WAIT state.

28 VDD VDD Supply Voltage | +12V + 5%

Note: (D) Atter the El instruction, the uPDBOBOAF accepts interrupts on the second instruction following the EL. This
allows proper execution of the RET instruction if an interrupt operation is pending after the service routine.
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4. PD808OAF

Operating Temperature
Storage Temperature (Ceramic Package)
Storage Temperature (Plastic Package)

All Output Voltages @

All Input Voltages

Supply Voltages Vcc, VDD and Vss @ e

Power Dissipation

Note: (D Relative to VBB.

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

reliability.
*T,=25°C

0°C to +70°C
-65°C to +150°C
-40°C to +125°C
-0.3 to +20 Volts
-0.3 to +20 Volts
-0.3 to +20 Volts

T, =0°Cto+70°C, Vpp = 12V * 5%, V¢ = +6V + 5%, Vg =~5V * 5%, Vss = 0V,
unless otherwise specified.

LIMITS
PARAMETER SYMBOL MIN | TYP MAX UNIT TEST CONDITIONS
Clock Input Low ViLe Vss- 1 Vsé +0.8 A2
Voltage
Clock Input High VIHC 9.0 Vpp +1 \%
Voltage
Input Low Voltage ViL Vss- 1 Vss +0.8 v
Input High Voltage ViH 3.3 Vee +1 A\
Output Low Voltage VoL 0.45 \Y oL = 1.9 mA on all outputs
Output High Voltage VOH 3.7 \Y IoH =~ 150 A @
Avg. Power Supply IDD(AV) 40 70 mA
Current (Vpp)
Avg. Power Supply Icc(AV) 60 80 mA .
t
Current (Vcc) Cy min
Avg. Power Supply IBB(AV) 0.01} 1 mA
Current (VgB)
Input Leakage L +10 @ uA | Vss< VN < Ve
Clock Leakage IcL +10 @ HA Vss < VCLOCK < VDD
Data Bus Leakage ot @ ~-100 ® HA Vg < VIN < Vgs + 0.8V
in Input Mode -2 mA Vgs + 0.8V < VN < VCC
Address and Data Bus IFL +10 ® HA VADDR/DATA = VcC
Leakage During HOLD - 100 VADDR/DATA = Vss + 0.45V

TYPICAL SUPPLY CURRENT VS. TEMPERATURE, NORMALIZED @

1.5

SUPPLY CURRENT
-
Q

\

0.5

+25

AMBIENT TEMPERATURE ('C)

+50

+75

Notes: (‘D When DBIN is high and V| > V|H internal active pull-up resistors will
be switched onto the data bus.

@ Minus (—) designates current flow out of the device.
@ Al supply/aT,

= -0.45%/°C.

T,=25°C, Vcc=Vpp = Vss = 2V, Vgg =-5V.

LIMITS
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT | TEST CONDITIONS
Clock Capacitance Co 17 25 pF fc=1MHz
Input Capacitance CiN 6 10 pF Unmeasured Pins
Output Capacitance CouT 10 20 pF Returned to VSS
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1 PD808OAF

PROCESSOR STATE (e st
TRANSITION DIAGRAM !

READY + HLTA

YES

READY+* HLTA

INT * INTE HOLD * INT

READY

READY
YES | SET INTERNAL SET INTERNAL
HOLD HOLD F/F HOLD F/F

NO @

T3

: , HOLD
|

(:.) ! o5
|
O]
| HOLD RESET INTERNAL
{ MODE HOLD F/F

© ' L
1
1
o]

RESET HLTA
HOLD

INST,
EXECUTION
COMPLETED

HOLD

RESET INTERNAL
HOLD F/F

SET INTERNAL
INT F/F

t

Notes: @ INTE F/F IS RESET IF INTERNAL INT F/F IS SET.
@ INTERNAL INT F/F IS RESET IF INTE F/F IS RESET.
@ IF REQUIRED, T4 AND Tg ARE COMPLETED SIMULTANEOUSLY
WITH ENTERING HOLD STATE.
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4 PD80BOAF

T,=0°Cto+70°C, Vpp = +12V + 5%, Vg = +5V + 5%, Vg = -5V * 5%, Vgg = OV, unless otherwise AC CHARACTERISTICS
specified. MPDSOSOAF
LIMITS
PARAMETER SYMBOL | MIN | TYP| MAX | UNIT | TEST CONDITIONS
Clock Period tey @ 0.48 2.0 usec
Clock Rise and Fall Time ty, tf 0 50 nsec
@1 Pulse Width 131 60 nsec
¢2 Pulse Width 12 220 nsec
Delay ¢1 to ¢2 D1 ] nsec
Delay ¢2 to ¢1 tp2 70 nsec
_b;iav ®1 to ¢$2 Leading Edges tD3 80 nsec
Address Output Delay From ¢2 DA @ 200 nsec €1 = 100 oF
Data Output Delay From ¢2 DD @ 220 nsec L P
Signal Output Eav From o1,
or 62 (SYNC, WR, WAIT,
HLDA) toc @ 120 | nsec | CL=50PF
DBIN Delay From ¢2 tDF @ 25 140 nsec
Delay for Input Bus to Enter
Input Mode DI @ tDF nsec
Data Setup Time During ¢1 and
DBIN tpDS1 30 nsec
Data Setup Time to $2 During
DBIN tDS2 150 nsec
Data Hold Time From ¢2 During
DBIN tDH @ (‘D nsec
INTE Output Delay From ¢2 tE @ 200 nsec Cp =50 pF
READY Setup Time During ¢2 tRS 120 nsec
HOLD Setup Time to ¢2 tHS 140 nsec
INT Setup Time During ¢2
(During ¢1 in Halt Mode) s 120 nsec
Hold Time from ¢2 (READY,
INT, HOLD) tH 0 nsec
Delay to Fioat During Hold
(Address and Data Bus) tFD 120 nsec
Address Stable Prior to WR tAW @ @ nsec
Output Data Stable Prior to WR tpw @ @ nsec
Output Data Stable From WR wo @ | @ nsec CL = 100 pF: Address,
Address Stable from WR wa @ | @ nsec Data
HLDA to Float Delay tHe @ nsec | Cp =50 pF: WR,
WR to Float Delay wr @ | @ nsec HLDA, DBIN
Address Hold Time after DBIN
during HLDA tan @ | -20 nsec

Notes: @ Data input should be enabled with DBIN status, No bus conflict can then occur and data hold time
is assured, tpH = 50 ns or tpfF, whichever is less.

@ Load Circuit.

+5V

uPDBO8OAF
OUTPUT

I Cu

) Actual tCy = tp3 + trg2 + 192 + te2 + tD2 + trp1 > tey Min,

TYPICAL A OUTPUT DELAY VS.
A CAPACITANCE

+20
E
<>( +10
3
s
e 0
5 ™ sPEC
=
> -10
o]
4
-20
-100 -50 [¢] +50 +100

A CAPACITANCE (pf)
(CacTuAL ~ Cspec)
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AC CHARACTERISTICS
uPD8O8B0OAF-2

pPD808OAF

Ta=0°Cto+70°C, Vpp = +12V * 5%, Vg = +5V + 5%, Vgg = -5V + 5%, Vgs = OV, unless otherwise

specified.
LIMITS

PARAMETER SYMBOL | MIN | TYP | MAX | UNIT | TEST CONDITIONS
Clock Period tcy @ 0.38 2.0 usec
Clock Rise and Fall Time ty, tf ] 50 nsec
@1 Pulse Width tp1 60 nsec
®2 Pulse Width ty2 175 nsec
Delay ¢1 to 92 tD1 0 nsec
Delay ¢2 to ¢1 tp2 70 nsec
Delay ¢1 to ¢2 Leading Edges tp3 70 nsec
Address Qutput Delay From ¢2 tpA @ 175 nsec Ci = 100 pF
Data Output Delay From ¢2 top @ 200 | nsec L- P
Signal Output Delay From ¢1,
or 2 (SYNC, WR, WAIT,
HLDA) toc @ 120 | nsec | CL=50pF
DBIN Delay From ¢2 tor @ 25 140 | nsec
Delay for Input Bus to Enter
Input Mode tp| @ tDF nsec
Data Setup Time During ¢1 and
DBIN tDS1 20 nsec
Data Setup Time to ¢2 During
DBIN tDS2 130 nsec
Data Hold Time From ¢2 During
DBIN toH®D | @ nsec
INTE Output Delay From ¢2 tige @ 200 nsec CL =50 pF
READY Setup Time During ¢2 tRS 90 nsec
HOLD Setup Time to ¢2 tHS 120 nsec
INT Setup Time During ¢2
(for all modes) s 100 nsec
Hold Time from ¢2 (READY, ]
INT, HOLD) tH 0 nsec
Delay to Float During Hold
(Address and Data Bus) tFD 120 nsec
Address Stable Prior to WR taw @ ® nsec
Output Data Stable Prior to WR tpw @ ® nsec
Output Data Stable From WR twp @ @ nsec Cy = 100 pF: Address,
Address Stable from WR tWA @ @ nsec Data
HLDA to Float Delay tHE @ ® nsec CL =50 pF: WR,
WR to Float Delay wr @ [ ® nsec HLDA, DBIN
Address Hold Time after DBIN
during HLDA taH @ | -20 nsec

Notes Continued:

@ The following are relevant when interfacing the uPD80BOAF to devices having V| = 3.3V.

a, Maximum output rise time from 0.8V to 3.3V = 100 ns at C|_ = SPEC.
b. Output delay when measured to 3.0V = SPEC +60 ns at C|_ = SPEC.
c. If C # SPEC, add 0.6 ns/pF if C|_ > Cgpgc, subtract 0.3 ns/pF (from modified delay) if

CL < CspPEC.
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M1 PD8080OAF

Ta=0°Cto +70°C, Vpp = +12V + 5%, Vcg = +5V + 5%, Vgg = -5V * 5%, Vgs = 0V, unless otherwise
specified.

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

Clock Period tcy @ 0.32 2.0 usec
Clock Rise and Fall Time tr, tf 0 25 nsec
¢1 Puise Width ty1 50 nsec
2 Pulse Width 12 145 nsec
Delay ¢1 to ¢2 tp1 0 nsec
Delay ¢2 to ¢1 tD2 60 nsec
Delay ¢1 to ¢2 Leading Edges tp3 60 nsec
Address Output Delay From ¢2 tpa (2 150 nsec CL = 50 pF
Data Output Delay From ¢2 tpp @ 180 nsec
Signal Output Delay From ¢1,
or 2 (SYNC, WR, WAIT,
HLDA) toc @ 110 | nsec | CL=50PF
DBIN Delay From ¢2 toF @ | 25 130 | nsec
Delay for Input Bus to Enter
Input Mode tpr @ tDF nsec
Data Setup Time During ¢1 and
DBIN DS 10 nsec
Data Setup Time to ¢2 During
DBIN tpsS2 120 nsec
Data Hold Time From ¢2 During
DBIN tpy D ® nsec
INTE Output Delay From ¢2 HE @ 200 nsec CL =50 pF
READY Setup Time During ¢2 tRS 20 nsec
HOLD Setup Time to ¢2 tHS 120 nsec
INT Setup Time During ¢2
(for all modes) s 100 nsec
Hold Time from ¢2 (READY,
INT, HOLD) tH 0 nsec
Delay to Float During Hold
(Address and Data Bus) tFD 120 nsec
Address Stable Prior to WR tAW @ @ nsec
Output Data Stable Prior to WR tow @ @ nsec
Output Data Stable From WR WD @ @ nsec CL = 50 pF: Address,
Address Stable from WR wa®@ | @ nsec Data
HLDA to Float Delay the @ nsec CL =50 pF: WR,
WR to Float Delay wr @ | ® nsec HLDA, DBIN
Address Hold Time after DBIN
during HLDA tan @ | -20 nsec
Notes Continued: (& Device taw

uPD808B0AF 2tcy —tp3 — trg2 — 140

uPD8080AF-2 2tcy —tp3 — trg2 — 130

uPD8080AF-1 2tcy —tp3 — trgp2 — 110

® Device tbw

uPDBO8OAF tCY —tp3 — trp2 — 170

uPDB080AF-2 tcy —tp3 — trg2 — 170

uPD8080AF-1 tICY — D3 — trg2 — 150 |

@ If not HLDA, twp = twa =tp3 + trg2 + 10 ns. If HLDA, twp = tWA = tWF.
tHF = tD3 + tr¢2 — 50 ns.
@ twF = tp3 + trg2 — 10 ns,
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p1 PD8080AF

The instruction set includes arithmetic and logical operators with direct, register,
indirect, and immediate addressing modes.

Move, load, and store instruction groups provide the ability to move either 8 or 16
bits of data between memory, the six working registers and the accumulator using
direct, register, indirect, and immediate addressing modes.

The ability to branch to different portions of the program is provided with direct,
conditional, or computed jumps. Also the ability to call and return from subroutines
is provided both conditionally and unconditionally. The RESTART (or single byte
call instruction) is useful for interrupt vector operation.

Conditional jumps, calls and returns execute based on the state of the four testable
flags (Sign, Zero, Parity and Carry). The state of each flag is determined by the result
of the last instruction executed that affected flags. (See Instruction Set Table.)

The Sign flag is set (High) if bit 7 of the result is a ““1”’; otherwise it is reset (Low). The
Zero flag is set if the result is “'0’'; otherwise it is reset. The Parity flag is set if the
modulo 2 sum of the bits of the result is “0”" (Even Parity); otherwise (Odd Parity) it
is reset. The Carry flag is set if the last instruction resulted in a carry or a borrow out
of the most significant bit (bit 7) of the result; otherwise it is reset.

In addition to the four testable flags, the uPD8080AF has another flag (ACY) that is
not directly testable. It is used for multiple precision arithmetic operations with the
DAA instruction. The Auxiliary Carry flag is set if the last instruction resulted in a
carry or a borrow from bit 3 into bit 4; otherwise it is reset.

Double precision operators such as stack manipulation and double add instructions
extend both the arithmetic and interrupt handling capability of the uPD8080AF.
The ability to increment and decrement memory, the six general registers and the
accumulator are provided as well as extended increment and decrement instructions to
operate on the register pairs and stack pointer. Further capability is provided by the
ability to rotate the accumulator left or right through or around the carry bit.

Input and output may be accomplished using memory addresses as 1/0 ports or the
directly addressed |/O provided for in the uPD8080AF instruction set.

The special instruction group completes the uPD8080AF instruction set: NOP, HALT
stop processor execution; DAA provides decimal arithmetic capability; STC sets the
carry flag; CMC complements it; CMA complements the contents of the accumulator;
and XCHG exchanges the contents of two 16-bit register pairs directly.

Data in the uPD8080AF is stored as 8-bit binary integers. All data/instruction trans-
fers to the system data bus are in the following format:

[0 06 05 04 [0s [0z [01 [ 00]

MSB DATA WORD LSB

Instructions are one, two, or three bytes long. Multiple byte instructions must be
stored in successive locations of program memory. The address of the first byte is used
as the address of the instruction.

One Byte Instructions TYPICAL INSTRUCTIONS

I D7I De le l Dg ]D3 IDQ |D1 lDO l OP CODE Register to register, memory
reference, arithmetic or logical

rotate, return, push, pop, enable,

Two Byte Instructions or disable interrupt instructions

[67] De IDs I Da lD3 lD2 ID1 ]DE] OP CODE Immediate mode or 1/0 instruc-
[D7] 06 [Ds [Da [D3 [D2 [D1]Do ] OPERAND tions

Three Byte Instructions

(071060504 [53 [52 61 [Bo] oF cope  Jume, ) o vset oo one
[D7] o] Ps] P4 [D3 [D2]D1[Do] LOW ADDRESS OR OPERAND 1

[D7] D [D5][ D4 [D3 [D2[D1]Dg] HIGH ADDRESS OR OPERAND 2
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INSTRUCTION SET TABLE

4+ PD8080AF

FLacs? FLags?
2 [ 2 oz
INSTRUCTION CODE Clok & 2 8.k INSTRUCTION CODE Clock z S & &
mNEMONICT DESCRIPTION D; Dg Ds Dg D3 Dy Dy Dy Cycles3 & N & S| mnemonic? DESCRIPTION D7 Dg Ds Dy D3 Dy Dy Do Cycles3 5 K &
MOVE LOAD REGISTER PAIR
MOV ds Move register 1o register 0 1 ] a d s s s 5 LXI B.D16 Load immediate register
MOV M5 Move register to memory o 1 1 1 o s s 7 pan BC o 0o 0 o o o 0o 1 10
MOV 4 M Move memory 10 register 0O 1 4 4 4 1 1 0 7 LX1 0,016 Load immediate ragister
MV .08 Move immediare toregister 0 0 9 d 4 1 1 0 7 pair DE 0o 0o 0o t e o o 9
MV 8 Move immediate 1o memory [ 0 1 1 o il 1 0 10 LXIH,DI6 Load immediate register
parr HL 0] o] 1 0 0 0 o] 1 10
INCREMENT/DECREMENT UXISP.DI6  Load immediate Stack
Pointer o o 1 1 o C o 1 10
INR Increment register 0 0 4 d 4 1 0 0 5 o o o
DCR o Decrement ragister 0 0 d d o 1 o 1 5 . . . PUSH
INR M Increment memory 4] 0 1 1 o 1 0 o 10 . . .
DCR M Decrement memory 0 0 1 v o0 1 0 1 0 e e e PUSH B Push reqister pair BC
on stack 1 1 0 o 0 1 0 1 i1
ALU - REGISTER TO ACCUMULATOR PUSH D Push reaister pair DE
on stack 1 1 o 1 ] 1 © 1 "
ADD s Add register 15 A T 0 0 0 0 s s s a L Push register pair HL
Anc Add reqieior 10 A wirh o srack V1 1 06 0 1 o 1 "
carry 100 0 s s s 4 * * * *| pPusHPSW Push A and flags on stack 11 o1 1 0 10 1
SUR s Subtract regiter from A o0 0 s s s 4 e e e .
SBA . Subtract register from A POP
with borrow 1 o 0 1 1 s s s 4 4 . . .
ANA Y AND register with A 0 1 0 0 s s s 4 e e« & gj POPE Pop register pair BC oft
XRA 5 Exclusive OR Reaister stack t 0 0 0 0 o0 1 10
with A 1 o 1 0 1 s s 5 4 . . . o POP D Pop register pair DE oft
ORA 5 OR reqister with A 1 0 1 1 1] s s s 4 . . . ] stack 1 1 0 1 o o 0 1 10
CMP S Compare register with A 1 o 1 1 1 s s s 4 . . . . POPH Pop register pa HL oft
ctack 11 1 0 0 6 oo 1 10
ALU - MEMORY TO ACCUMULATOR POP PSW Pop A and flags off stack T o1 1 0 o 1 10 « e e
ADDM Add memory to A 1 0 o o 0 1 1 o 7 . - . - DOUBLE ADD
ADCM Add memaory 10 A with
carry 10 0 0 1 1 1 o 7 e e e o DaDB Add BC 10 HL 0 0o 0 0 1 0 0 1 10 .
SUR M Subtract memory from A 1 0 0 1 0 Al 1 ] 7 . . . . DAD D Add DF o HL o 0 o 1 1 o o 1 10 -
SBB M Subtract memory from A DADH Add HL 1o HL 0 0 1 0 1 0 0 1 10 .
with borrow il 0 0 1 1 1 1 ) 7 . . . . DAD SP Add Stack Panter to HL o 4] 1 1 1 o 0 1 0 .
ANA M AND memory with A Y0 1 0 0 1 1 0 7 e e e 0
XRA M Exclusive OR memory. INCREMENT REGISTER PAIR
with A 1 0 1 0 1 1 1 0 7 . . - 0
ORA M OR memory with A 10 1 1 0 1 o1 o 7 e e o o] 'NXE Increment BC ¢ 0 0 0 0 0 1 1 s
cMP M Compare memory with A 0 1 1 1 1o 7 o o o of 'NXD Increment DE 0 0 0 1 0-0 1 1 S
INX H Increment HL © 0o 1 0 0 0 1 1 5
ALU - INMEOIATE TO ACCUMULATOR INX 5P Increment Stack Pointer ¢ 0o 1 1 0 0 1 1 5
ADI OB Add immediate 1o A V1 0 0 0 1t o1 o0 7 e e e e DECREMENT REGISTER PAIR
ACHDB “r”:fv‘y"""e"“"” oA Ve o o N Decrement BC o 0o 0 0 1 0 1 1 5
SUI D8 Subtiact immediate fiom A 1 1 0 1 0 1 1 0 7 e o o of0DCx0 Decrement DE o o0t 0 °
8108 Subtract immediate from A poxH Decrement HL o101 01 °
nex sp Decrement Stack Pointer o 0 1 1 1 0 1 5
with borrow ] il 0 1 1 1 1 0 7 . . . .
ANI D8 AND immediate with A 111 0 0 1 1 0 7 ¢« o o 0 REGISTER INDIRECT
XR1 D8 Exciusive OR immediate
with A I T T T T T ) 7 e e e 0] sTaxs Store A at ADDR in BC 00 0 0 0 0 1 0 7
ORI D8 OR immediate with A 11 1 0 1 1o 7 e« e e 0ofsTaxo Stors A at ADDR in DE 00 0 1 0 0 1 0 7
cPI DB Compare immediatewsth A 1 1 1 1 1 1 1 0 7 e e e o LOAXS8 Load A ar ADDR in BC 0 0 0 0 1 0 1 o0 7
1LDAX D toad A 5t ADDR » DE 0 0 0 1 1 0 1 [ 7
ALU ROTATE
DIRECT
RLC Rotate A left, MSB to
carry (B-but) 0 0 0 0 0 1 1 1 a o | STAADDR  Store A direct o 0o 1 1 0 0o 1 0 13
RRC Rotare A right, LSB 1o LDA ACOR  Loar A direct o 0o 1 1 1 0 1 o0 13
carry (B-hit) 0 [ 0 0 1 1 1 1 a . SHLD ADDR Store HL direct 0 o 1 o o o 1 ] 16
RAL Rotate A ieft through LHLD ADDR Load HL direct 0 0 1 o 1 o 1 o 16
carry (O-bit) o 0 0 1t 0 1 1 1 a B
RAR Rotate A right through MOVE REGISTER PAIR
carey (9-b1) o 0o 0 v o1 o1 o1 4
XCHG Exchange DE and HL
JuMP register pairs 1Y 1 0 v 0 1 4
XTHL Exchange top of stack
JMP ADDR  Jump unconditional 11 0 0 0 0 1 1 10 and HL 111t 0 0 0 1o 18
UNZADDR  Jump on not zero 11 0 0 0 0 1 0 10 SPHL HL 10 Stack Pointer L T T T A B 5
JZ ADDR Jump on zero 11 0 0 1 0 1 0 10 PCHL HL to Program Counter 1 1 0 1 0 o0 1 5
UNCADDR  Jump on no carry 11 0 1 0 0 1 0 10
JC ADDR Jump on carry 1 0 1 1 0 10 10 INPUT/OUTPUT
JPO ADDR Jump on parity odd 1 1 1 o o 0 1 o 10
JPE ADDR Jump an parity even 11 1 0 1 0 1 0 10 INA Input L S A A 10
JP ADDR Jump on positive 11 1 1 0 0 1 0 10 ouT A Output 10 1 0 0 1o 10
JM ADOR Jump on minus. 11 1 1 1 0 1 o 10 €1 Enable interrupts | T R 4
2} Disable interrupts 1 1 1 1 o 0 1 1 a4
CALL RST A Restart 1 A A A 1 1 n
CALL ADDR  Call unconditional Tt 1 0 0 1 1 0 1 " MISCELLANEOUS
CNZ ADDR  Call on not zero 11 0 0 0 1 0 o 17
CZ ADDR Call on zero 11 0 0 t 1 0 o a7 cMA Complement A 0 0o 1 0o 1 1 1 1 4
CNC ADDR  Call on no carry 11 0 1 0 1 0 0 117 sTC Set carry 0 0 v 10 1 o1 4 2
CC ADDR Call on carry T 0 1 1 1 0 0 7 cme Complement carry 0 0 1 1 o1 11 a Cy
CPO ADDR Call on parity odd 11 1 0 0 1 0 o0 117 DAA Decimal adjust A o 0 1 0 0 1 1 1 4 e o o o
CPE ADDR  Call on parity even 11 1 0 1 1 0 o 17 NOP No operation 0 0 0 0 0 0 0 0 4
CP ADDR Catl on positive 111 1 0 1 0 0 mng HLT Halt 0 1 1 1 0 1 1 0 7
CM ADDR Call on minus T v 1 1 1 0 o
Notes
RETURN 10perand Symbols used 2ddd or sss ~ 000 B - 001 C -~ 010D — 011 E ~ 100 H
e — T o o 1 o o " p; 3;:.’:{1’:::;. expression 101L - 110 Memory — 111 A,
ANZ Return on nat zero 100 0 0 0 0 5m d - destination register ITwo possible cycle times (5/11) indicate
A2 Return on zero vty o0 1 0 0 0 sin PSW = Processor Status Word instruction cycles dependent on condi
ANC Return on no carry 11 0 1 0 0 0 0 &n : eles dep on condition
SP = Stack Pointer flags.
A I ) i, s
RPE I M hs constant, always B3 of insteuction 4e - fiag affected
eturn on parity even o1 0 L S D16 - 16-bi1 data quantity, expression, or = flag not atfected
RP Return on positive Tror 10 00 0 S constant, always B3B of instruction 0 - flag reset
RM Return on minus 1 v 1 1 0 0 0 s/n ADDR = 16-bit Memory address expression 1 = flag set
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4. PD808OAF

One to five machine cycles (M1 -- Mg) are required to execute an instruction. Each INSTRUCTION CYCLE
machine cycle involves the transfer of an instruction or data byte into the processor TIMES
or a transfer of a data byte out of the processor (the sole exception being the double

add instruction). The first one, two or three machine cycles obtain the instruction

from the memory or an interrupting /O controller. The remaining cycles are used to

execute the instruction. Each machine cycle requires from three to five clock times

(T1 — Ts). During ¢1 * SYNC of each machine cycle, a status word that identifies the

type of machine cycle is available on the data bus.

Execution times and machine cycles used for each type of instruction are shown

below.
CLOCK TIMES
INSTRUCTION MACHINE CYCLES EXECUTED (MIN/MAX)
RST X and PUSH RP pcrs (D sPw3 ® spw3 (® 11
All CALL Instructions PCRS (D PCR3 (D PCR3 (@ spw3 (® sPw3 (® 11/17
Conditional TURN pcrs (D sPR3 @ sPR3 @ 5/11
Instructions
RET Instruction PCR4 @ SPR3 @ SPR3 @ 10
XTHL pcra (D sprR3 @ sPr3 @ spw3 (® spws (B 18
DAD RP pcR4 (D Pcx3 ® pPcx3 R 10
INR R; INX RP, DCR R; | PCR5 (D 5
DCX RP; PCHL;
MOV R, R; SPHL
All JUMP Instructions PCR4 (D) PCR3 @ PCR3 @ 10
and LXI RP
POP RP pcrRa (D sPR3 (@ SsPR3 @ 10
LDA pcra (D pcrR3 (D Pcr3 (@ 88R3 O 13
STA pcra (D Pcr3 @ PcrR3 (D BBW3 @ 13
LHLD pcra (D pcr3 (@ PcR3 (D BBR3 (@ BBR3 (D 16
SHLD pcra D pcr3 @ pcr3 @ Bews @ Bew3 Q 16
STAX B pcra (D Bcw3 @ 7
STAX D pcra (D DEw3 @ 7
LDAX B pcra D Bcr3 @ 7
LDAX D pcra D DpeEr3 @ 7
MOV R, M; ADD M; PCR4 (D HLR3 Q0 7
ADC M; SUB M; SB B M;
ANA M; XRA M;
ORA M; CMP M
INR M and DCR M pcr4 (D HLR3 @ HW3 O 10
MVIM pcra (D PCR3 D HLW3 @ 10
MVIR; ADI; ACI;SUI; | PCR4 (D PCR3 7
SBI; ANI; XRI; ORI; CPI
MOV M, R pcrR4 (D HLW3 Q@ 7
El; DI ADD R; pcr4 (D a
ADCR;SUBR;
SBB R; ANA R; XRA R;
ORA R; CMP R; RLC;
RRC; RAL; RAR;
DAA; CMA; STC;
CMC; NOP; XCHG
out pcra (D pPcr3 @ ABwW3 () 10
IN pcra @ pcr3 @ ABR3 10
HLT pcra @ pcx3 @ 7

Machine Cycle Symbol Definition

Registers H and L used as address
Registers B and C used as address
Registers D and E used as address

XX Y Z @»1 Status word defining type of machine XX HL

[ cycle (See Status Word Chart) - BC
Number of clocks for this machine cycle DE

[N

R = Read cycle — data into processor SP = Stack Pointer used as address
W = Write cycle — data out of processor BB = Byte 2 and 3 used as address
X = No data transfer AB = Byte 2 used as address

PC = Program Counter used as address

Underlined (XX Y Z()) indicates machine cycle is executed if condition is True.
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STATUS INFORMATION
DEFINITION SYMBOLS

DATA BUS BIT

DEFINITION

INTA @

Do

Acknowledge signal for INTERRUPT
request. Signal should be used to gate
a restart or CALL instruction onto
the data bus when DBIN is active.

D1

Indicates that the operation in the
current machine cycle will be a
WRITE memory or OUTPUT function
(WO = 0). Otherwise, a READ
memory or INPUT operation will be
executed.

STACK

D2

Indicates that the address bus holds
the pushdown stack address from the
Stack Pointer.

HLTA

D3

Acknowledge signal for HALT
instruction.

ouT

D4

Indicates that the address bus contains
the address of an output device and
the data bus will contain the output
data when WR is active.

M1

Ds

Provides a signal to indicate that the
CPU is in the fetch cycle for the first
byte of an instruction.

INP D

D6

Indicates that the address bus contains
the address of an input device and the
input data should be placed on the data
bus when DBIN is active.

MEMR @

D7

Designates that the data bus will be
used for memory read data.

Note: @ These three status bits can be used to control the flow of data onto the

STATUS WORD CHART

uPDB8080OAF data bus.

TYPE OF MACHINE CYCLE

<
s \3‘90 © J&
?'&\ /\:’\x dl\ 00 Q,Yy
N < N ¥
< & ‘\Q ?'o é«' < & b 6‘\\¢ \\?’
erf\ & YA S8 L &° £ S
9 LN & D &+
Q R SO & /& /S < Ay
& RO IS ,\vd- &S & E QT
9 g NV AV A VYAV VA YA IES ®
STATUS WORD
OI®|®O|6 |G |O ® il
Do | INTA ololololoflo|o| 1 o |1
D1 WO 1 1 0 1 0 1 0 1 1 1
D | STACK | 0 |0 ] o 1] 1 ]o| oo oo
D3 | HLTA 00| 0|0 o |o]o o |11
D4 | oOuT 0l 0] o0o]olo o] 1[0 oo
Ds | My 1] 0] 0 0|0 o] o] 1 |0 |1
Dg | INP 0| 0|0 o] o|1]o0o]o oo
D7 | MEMR T 17|00 1] 0 |0]06]o 1|0
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Plastic
ITEM MILLIMETERS INCHES
A 51.56 MAX. 2.028 MAX.
B 1.62 MAX. 0.064 MAX.
C 2.54 + 0.1 0.10 + 0.004
D 0.5+ 0.1 0.019 *+ 0.004
E 48.26 + 0.1 1.9 + 0.004
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 TYP. 0.600 TYP.
L 13.2TYP. 0.520 TYP.
+0.1 +0.004
M 0.25 -0.05 0.010 -0.002
K
L
M
—
0-10°
Ceramic
ITEM MILLIMETERS INCHES
A 51.5 MAX. 2.03 MAX.
B 1.62 MAX. 0.06 MAX.
C 254+ 0.1 0.1 + 0.004
D 0.5+ 0.1 0.02 + 0.004
E 48.26 + 0.1 1.9 + 0.004
F 1.02 MIN. 0.04 MIN.
G 3.2 MIN. 0.13 MIN.
H 1.0 MIN. 0.04 MIN.
I 3.5 MAX. 0.14 MAX.
J 4.5 MAX. 0.18 MAX.
K 15.24 TYP. 0.6 TYP.
L 1493 TYP. 0.59 TYP.
M 0.25 + 0.05 0.01 + 0.0019

PACKAGE OUTLINE
uPD8080AFC/D

SP8080AF-10-79-CAT



NEC

NEC Microcomputers, Inc. uPD8085A

DESCRIPTION

FEATURES

PIN CONFIGURATION

[LPD8085A-2

/. PD8085A SINGLE CHIP 8-BIT
N-CHANNEL MICROPROCESSOR

The uPD8085A is a single chip 8-bit microprocessor which is 100 percent software
compatible with the industry standard 8080A. It has the ability of increasing system
performance of the standard 8080A by operating at a higher speed. Using the
1PDB8085A in conjunction with its family of ICs allows the designer complete
flexibility with minimum chip count.

e Single Power Supply: +5 Volt

e Internal Clock Generation and
System Control

e Internal Serial In/Out Port.
e Fully TTL Compatible
e Internal 4-Level Interrupt Structure

e Multiplexed Address/Data Bus for
Increased System Performance

e Complete Family of Components for
Design Flexibility

e Software Compatible with Standard 8080A

e Higher Throughput: uPD8085A — 3 MHz
uPDB8085A — 2-5 MHz

e Auvailable in Either Plastic or Ceramic Package

x1g N~ 40 A Vce
xo 2 39 [] HOLD
rROC] 3 38 [ HLDA
sop ] 4 37 [J CLK (OUT)
sipd s 36 [J RESET IN
TRAP[] 6 35 [J READY
RST75(] 7 34 A 1o/m
RST6.5(] 8 33 [ $1
RST550C] 9 32 (ARD
INTR [ 10 uPD 31 QWR
INTAQYT1  gogsa 30 [JALE
ADg [ 12 29 [ So
AD1 : 13 28 [1A15
AD2[] 14 27 [J A14
AD3 [ 15 26 [1A13
AD4 [ 16 25 [1A12
ADs Q17 24 O AN
ADg [ 18 23 [ A0
AD7 [ 19 22 [ Ag
vss []20 21 [J Ag

REV/1
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The uPD8085A contains six 8-bit data registers, an 8-bit accumulator, four testable
flag bits, and an 8-bit parallel binary arithmetic unit. The uPD8085A also provides
decimal arithmetic capability and it includes 16-bit arithmetic and immediate operators
which greatly simplify memory address calculations, and high speed arithmetic
operations.

The uPD8085A has a stack architecture wherein any portion of the external memory
can be used as a last in/first out (LIFO) stack to store/retrieve the contents of the
accumulator, the flags, or any of the data registers.

The uPD8085A also contains a 16-bit stack pointer to control the addressing of this
external stack. One of the major advantages of the stack is that multiple level inter-
rupts can easily be handled since complete system status can be saved when an inter-
rupt occurs and then restored after the interrupt is complete. Another major advantage
is that almost unlimited subroutine nesting is possible.

The uPD8085A was designed with speed and simplicity of the overall system in mind.
The multiplexed address/data bus increases available pins for advanced functions in the
processor and peripheral chips while providing increased system speed and less critical
timing functions. All signals to and from the uPD8085A are fully TTL compatible.

The internal interrupt structure of the uPD8085A features 4 levels of prioritized
interrupt with three levels internally maskable.

Communication on both the address lines and the data lines can be interlocked by using

the HOLD input. When the Hold Acknowledge (HLDA) signal is issued by the pro-

cessor, its operation is suspended and the address, data and control lines are forced to be

in the FLOATING state. This permits other devices, such as direct memory access
channels (DMA), to be connected to the address and data busses.

The uPD8085A features internal clock generation with status outputs available for
advanced read/write timing and memory/IO instruction indications. The clock may be
crystal controlled, RC controlled, or driven by an external signal.

On chip serial in/out port is available and controlled by the newly added RIM and SIM
instructions.

Ap; ADg

A1 Ag
FLAG REGISTER
BIT7 S SIGN
8IT6 2 2ERO
8IT5 0 ALWAYS "0
BIT 4 ACY AUXILIARY CARRY

ADORESS

BUFFER (8)
BIT1 0 ALWAYS O

BIT2 P PARITY
BIT1 1 ALWAYS 1
BITO CY CARRY

it/

LATCH AND IN/DECREMENTE R

cukout

—]
—i wig)(1 26!
DECODER —_—— g LB
o o® E8)
SERIAL 11O soo
Contaol o

INTERRUPT
CONTROL

LATCH LIBI

FLAG REGISTER

ALy
-
ROTATOR |

INTERNAL DATA BUS (8 BIT) ‘

Y g

s|lzlo

<o

Note |1 TEMPORARY REGISTER
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PIN IDENTIFICATION N

NO. SYMBOL NAME FUNCTION
1,2 X1, X2 Crystal In Crystal, RC, or external clock input
3 RO Reset Out Acknowledge that the processor i1s being reset to be

used as a system reset

4 SO0 Serial Out Data 1-bit data out by the SIM instruction

5 SID Senial In Data 1-bit data into ACC bit 7 by the RiM instruction

6 Trap Trap Interrupt Highest priority nonmaskable restart interrupt
Input

7 RST 75 Restart Priority restart interrupt inputs, of which 7.5 s the

8 RST 6.5 Interrupts highest and 5.5 the lowest priority

9 RST 55

10 INTR Interrupt A general interrupt input which stops the PC from
Request In incrementing, generates INTA, and samples the data

bus for a restart or call instruction

1 INTA Interrupt An output which indicates that the processor has
Acknowledge responded to INTR

1219 ADg - ADy Low Multiptexed low address and data bus
Address/Data Bus

20 Vss Ground Ground Reference

2128 Ag - A1 High Address Bus Nonmultiplexed high 8-bits of the address bus

29,33 So. S1 Status Outputs Qutputs which indicate data bus status. Halt, Write

Read, Fetch

30 ALE Address Latch A signal which ind:cates that the lower 8-bits of
Enable Out address are valid on the AD lines

31,32 WR, RD Write/Read Signals out which are used as write and read strobes
Strobes Out for memory and 1O devices

34 10'M 1/0 or Memory A signal out which indicates whether RD or WR
Indicator strobes are for 170 or memory devices

35 Ready Ready Input An input which 1s used to increase the data and

address bus access times (can be used for siow

memory )
36 Reset in Reset Input An input which s used 10 start the processor activity
at address 0, resetting IE and HLDA flip-flops
37 CLK Clock Out System Clock Output
38,39 HLDA, HOLD Hold Acknowledge Used to request and indicate that the processor shouid
Out and Hold relinquish the bus for DMA activi'y. When holid s
Input Request acknowledged, RD. WR, 10/M, Address and Data

busses are all 3-stated

40 Vee 5V Supply Power Supply Input

ABSOLUTE MAXIMUM  Operating Temperature. . . . . . s e et e e e e, 0Cto *-70:C
x  Storage Temperature (Ceramic Package). . .. ...... ... L ~-65 Cto +150° C

RATINGS (Plastic Package) . . . . ... ........... .. -40°C 0 +125°C

All Output Voltages . . . .. ... .. .. -031to+7 Volts

AlLInput Volages . . .. .o oot -0.3to +7 Volts

Supply Voltage VGG - -+« v v v e e -0.3 to +7 Volts

Power Dissipation . . .. .. ..... ... ... ... 1BW

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

retiability.
* =25 C
DC CHARACTERISTICS Ta-0Cto+70 C Vcc = 5V * 5%, Vs = GND, unless otherwise specified
LIMITS TEST
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS
Input Low Voltage Vi Vgss 0.5 Vgg + 0.8 \%
Input High Voltage Vil 20 Vece + 05 \
Output Low Voltage Vor 0.45 Y oL 2mA on all outputs
Qutput High Voltage VOH 24 \ OH 400 us @
Power Supply Current (Veg) | Igc (AV) 170 mA [ty min
Input Leakage e 10 @ wA | Vin - Vee
Output Leakage Lo .10 @ uA 045V - voyuT - Voo
Input Low Level, Reset VILR 05 +0.8 \4
Input High Level, Reset VIHR 24 Vec+05 | Vv
Hysteresis, Reset VHY 0.25 v

Note ® Minus (-) designates current flow out of the device
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T5=0°Cto+70°C; Vg = 5V + 5%; Vgg = OV

LIMITS
LPDBOBSA LPD8O8SA-2 TEST

PARAMETER symsoL| MIN [ Max | min [ max | uniT CONDITIONS
CLK Cycle Period Teve 320 | 2000 | 200 | 2000 ns
CLK Low Time 3 80 40 ns
CLK High Time o 120 70 as
CLK Rise and Fall Time Tt 30 30 ns Teyc =320 ns
Address Valid Before Trailing Edge of ALE tAL 110 50 ns Cp =150 pF
Address Hold Time After ALE twa 100 50 ns
ALE Width L 140 80 ns
ALE Low During CLK High tLCK 100 50 ns Output Voltages
Training Edge of ALE to Leading Edge of e 130 60 ns Vi = 0.8 Volts
Control Vi = 2.0 Volts
Address Float After Leading Edge of tAFR 0 0 ns
READ (INTA)
Valid Address to Valid Data In tAD 575 350 ns Input Voltages
READ (or INTA) to Valid Data tRD 300 150 ns VL =0.8 Volts
Data Hold Time After READ (INTA) tRDH 0 0 ns VH =15 Volts at
Training Edge of READ to Re-Enabling RAE 150 90 ns 20 ns rise and fall
of Address times
Address (Ag-A15) Valid After Control (D tca 120 60 ns For outputs where
Data Valid to Training Edge of WRITE tpw 420 230 ns C = 150 pf, correct
Data Valid After TraimniEdEol»_RfTE WD 100 60 ns ;;fs;'i""é;_ <150 pt
Width of Control Low (RD, WR, INTA) tcc 400 230 ns 20.10 ns/pf
Training Edge of Control to Leading Edge oL 50 25 ns
of ALE
READY Valid from Address Valid tARY 220 100 ns 150 pf <CL <
READY Setup Time to Leading Edge of CLK | tRys 110 100 ns 300 pf +0.30 ns/pf
READY Hold Time RYH 0 0 ns
HLDA Valid to Training Edge of CLK THACK 110 40 ns Outputs measured
Bus Float After HLDA THABF 210 150 ns with only
HLDA to Bus Enable THABE 210 7150 ns capacitive load
ALE to Vaiid Data In TLOR 260 270 ns
Control Training Edge to Leading Edge of RV 400 220 ns
Next Control
Address Valid to Leading Edge of Control taC 270 115 ns
HOLD Setup Time to Training Edge of CLK | thps 170 120 ns
HOLD Hold Time tHDH 0 0 ns
INTR Setup Time to Leading Edge of CLK tINS 160 150 ns
(M1, T1 only). Also RST and TRAP
INTR Hold Time TINH 0 0 ns
X1 Falling to CLK Rising IXKR 30 120 30 100 ns
X7 Falling to CLK Falling IXKF 30 150 30 110 ns

Note: D 10/#, 50, 51

CLOCK TIMING

CLK

tcve
READ OPERATION
| T T2 | Twait [ T3 | T
CL'(-\ [ I \_./ \_.—/ \—/

e tLCK - | fm—tca -
Ag Ars ADDRESS ':

o e (RAE =]

+ ! tap TROH —e=f
ADgAD7 | ADDRESS DATA IN {

LA -

A -
Msf—* ‘AFR'-1 =
{

tlclv-—

RD/INTA

ST TARY ST

READY |
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TIMING WAVEFORMS
(CONT.)

WRITE OPERATION

pPD8085A

| T | T2 | Twarr T3 |
cLx _/  \ /7 \ ;
.\ / tLeK \
1
AghAis ADDRESS N
- 1~
' l . tca
ADg-AD; ADDRESS o DATA OUT
4t
t‘"LL—J'-‘LA S N P2y P -
twp
A
LE tat I
__ ] L e
WR N~ e toL
Nty coam] —{ f
———AC ——]
lw——tARy——m]'RYS|'BYH
{ "
READY X f if
HOLD OPERATION
T2 T3 THoLp ThoLp T
e/ / 7 r s
.
HOLD - -l J"_J
HDS : i *
=-thpH HACK
HLDA —
t
HABF -
BUS (ADDRESS, CONTROLS) [— HABEly/™—
|
INTERRUPT TIMING
T T T T |
] T2 I Ts | Ta | Ts | "6 |Twowo| Ty | T,
T\
Ag.1s - f
ADg.7 CALL INST ) oy
e Bus FLoaTINGD — ]
ace _J \ ] ~—\
RD { ¢
___~ ey s
Ty 7N I N Y \
'Hape—>{ =
INTR /.
- t v f
‘msE! INH ' L '
HOLD v - ,-\
R - *HOH
HDC —* 1l D
HLDA "\

'HACK ‘;‘1 ..ll‘:(

HABF

Note:(1)10/M is also floating during this time.
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TRESET

~-§————— RESET

HALT

RESET
T

HALT

(READY +BlI) O)

READY +BI @

SET

HLDA FF

HLDA FF YES

READY
WAIT —
HoLo
HOLD VALIDINT
HALT
VALIDINT
SET RESET
HLDA FF HALT £
SET
INTA FF
RESET
INTE FF

=SET

NO

LAST
MACHINE CYCLE
OF INSTRUCTION

NO

SET
INTA FF
RESET
INTE FF

&

HOLD

RESET
HLDA FF

Notes:

(D Bl indicates that the bus is idle during this machine cycle.

@ CK indicates the number of clock cycles in this machine cycle.
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CLOCK INPUTS @ A stated, the timing for the uPD8085A may be generated in one of three ways;
crystal, RC, or external clock. Recommendations for these methods are shown

below.
RC
| X1 X2 l
~3 MHz Input Frequency
4 RC Resonance
e 10K
*r T
CRYSTAL
| X1 X2
1-6 MHz Input Frequency
« | - Parallel Resonant Crystal
20 pf l I 20 pf
EXTERNAL

Clock | >° &—AAN— +5V 1-6 MHz 25-50% DC
In 470 X2 not used

+5Vv

1-6 MHz > 50% DC

470

Clock

In

Note: @ Input frequency must be twice the internal operating frequency.

STATUS OUTPUTS  The Status Outputs are valid during ALE time and have the following meaning:

S1 SO
Halt 0 0
Write 0 1
Read 1 0
Fetch 1 1

These pins may be decoded to portray the processor’s data bus status.
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The uPD8085A has five interrupt pins available to the user. INTR is operationally the INTERRUPTS
same as the 8080 interrupt request, three (3) internally maskable restart interrupts:
RESTART 5.5, 6.5 and 7.5, and TRAP, a nonmaskable restart.

RESTART
PRIORITY INTERRUPT ADDRESS
Highest | TRAP 2416
| RST 7.5 3C16
| ! RST 6.5 3416
{ RST 5.5 2C16
- INTR
L towest . ,, R
INTR, RST 5.5 and RST 6.5 sie all level sensing inputs while RST 7.5 is set on a rising
edge. TRAP, the highest prics ity interrupt, is nonmaskable and is set on the rising edge
or positive level. It must make @ low to high transition and remain high to be seen, but
it will not be generated aga: -1l it makes another low to high transition.
Serial input and output s a=<smplished with two new instructions not included in the  SERIAL 1/0

8080: RIM and SIM. These nistructions serve several purposes: serial 1/0, and reading
or setting the interrupt mask

The RIM (Read Interrupt Mask) instruction is used for reading the interrupt mask and
for reading serial data. After »<ecution of the RIM instruction the ACC content is as
follows:

1 I 1 ™M ™M ™M
SO | 75| 65 | 65| ' |75 |65 | ss
| ol ]
T T
SERIAL PENDING INTERRUPT
DATA  INTERRUPTS MASKS
IN INTERRUPT
ENABLE

Note: After the TRAP interrupt, the RIM instruction must be executed to preserve the
status of 1E.

The SIM (Set Interrupt Mask) instruction is used to program the interrupt mask and to
output serial data. Presetting the ACC for the SIM instruction has the following
meaning:

R M ™M M
SOD | SOE X 75 MSE 75 6.5 5.5
SERIAL RESET RST
ouT RST75 MASKS
DATA ENABLE (1=SET)
SERIAL MASK
ouT SET
DATA ENABLE
ENABLE (1= ENABLE)

(1 = ENABLE)
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INSTRUCTION SET

DATA AND INSTRUCTION
FORMATS

jLPD8085A

The instruction set includes arithmetic and logical operators with direct, register,
indirect, and immediate addressing modes.

Move, load, and store instruction groups provide the ability to move either 8 or 16 bits
of data between memory, the six working registers and the accumulator using direct,
register, indirect, and immediate addressing modes.

The ability to branch to different portions of the program is provided with direct, con-
ditional, or computed jumps. Also, the ability to call and return from subroutines is
provided both conditionally and unconditionally. The RESTART (or single byte call
instruction) is useful for interrupt vector operation.

Conditional jumps, calls and returns execute based on the state of the four testable
flags (Sign, Zero, Parity and Carry). The state of each flag is determined by the result
of the last instruction executed that affected flags. (See Instruction Set Table.)

The Sign flag is set (High) if bit 7 of the result is a ““1"’; otherwise it is reset (Low). The
Zero flag is set if the result is “‘0"'; otherwise it is reset. The Parity flag is set if the
modulo 2 sum of the bits of the result is ““0’" (Even Parity); otherwise (Odd Parity) it
is reset. The Carry flag is set if the last instruction resulted in a carry or a borrow out
of the most significant bit (bit 7) of the result; otherwise it is reset.

In addition to the four testable flags, the uPD8085A has another flag (ACY) that is
not directly testable. It is used for multiple precision arithmetic operations with the
DAA instruction. The Auxiliary Carry flag is set if the last instruction resulted in a

carry or a borrow from bit 3 into bit 4; otherwise it is reset.

Double precision operators such as stack manipulation and double add instructions
extend both the arithmetic and interrupt handling capability of the uPD8085A. The
ability to increment and decrement memory, the six general registers and the accumu-
lator are provided as well as extended increment and decrement instructions to
operate on the register pairs and stack pointer. Further capability is provided by the
ability to rotate the accumulator left or right through or around the carry bit.

Input and output may be accomplished using memory addresses as |/O ports or the
directly addressed 1/0 provided for in the uPD8085A instruction set.

Two instructions, RIM and SIM, are used for reading and setting the internal interrupt
mask as well as input and output to the serial 1/0 port.

The special instruction group completes the uPD8085A instruction set: NOP, HALT
stop processor execution; DAA provides decimal arithmetic capability; STC sets the
carry flag; CMC complements it; CMA complements the contents of the accumulator;
and XCHG exchanges the contents of two 16-bit register pairs directly.

Data in the uPD8085A is stored as 8-bit binary integers. All data/instruction transfers
to the system data bus are in the following format:

7] b6 [05] 04| 03]D2 [01] D0 ]

MSB DATA WORD LSB

Instructions are one, two, or three bytes long. Multiple byte instructions must be
stored in successive locations of program memory. The address of the first byte is used
as the address of the instruction.

One Byte Instructions TYPICAL INSTRUCTIONS

IDy[ De ]135 ! D4 I03 ]D; [01 ng] OP CODE  Register to register, memory
reference, arithmetic or logical

rotate, return, push, pop, enable,
Two Byte Instructions or disable interrupt instructions

[07] o6 [os]pa [0z [o2]01[D0] OP CODE  Immediate mode or 1/0 instruc-
[07] 06 D504 [D3 [D2]D1 [Dg ] oPeRanD O™

Three Byte Instructions

[07] 6 [5s[04 [03 [02]D1 [Do] 0P CODE  jpim; <o o et foed and
[D7] o6 [D5]pa D3 [D2[D1 [Do] LOW ADDRESS OR OPERAND 1

[D7] 06 [Ds[ D4 [D3]D2[D1]Do] HIGH ADDRESS OR OPERAND 2
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INSTRUCTION SET

TABLE

FLAL)SA FLAGS
2 o £ % 2 z
INSTRUCTION CODE Cos 5 2 E E INSTRUCTION CODE clock . Z g z
MNEMONICT DESCRIPTION D; Dg Ds D4 D3 Dy Dy Do Cycles3 @ N & O | MNEMONIC! DESCRIPTION D; Dg Dg Dy D3 Dy Dy Do Cveles3 5 & &
MOVE LOAD REGISTER PAIR
MOV .- ave eqister o reasten 0 T dd s a LX18,016 Loud immediate wgiter
MOV M Move gt 1o memory [ R R RSN 7 pan BC 0o 0o 0 0 0 0 0 1. 10
MOV M Move memory to registen o i o o o 1 1 0 7 LX1D,DI6 Load immediate register
MV 4,08 Move immeduste to reawier 0 0 a9 a1 10 7 pau DE 0 0 0 1 0 0 0 1 10
MVI M,DB Move immeduaie 1o memory 0 0 1 1 0 1 1 0 10 LXIH,DI6  Lowd immediste egister
pan HL o 0o 1 0 0 0 o 1 10
INCREMENT/DECREMENT LXISP.D16 Load immediite Stack
Pointer 0o 0 1 1 0 0 0 1 10
INR Increment register o 0 o o i 1 [ 0 4 . . .
OCR o Decrement reaister 0 a4 4 4 10 1 4 « o PUSH
INR M Increment memaory 0 0 1 1 0 1 o 10 . . .
DCR M Oecrement memary o o0 1 1 0 10 1 10 e o o PUSH B Push 1egister puir BC
- on stack v 1 0 0 0 10 1 12
ALU  REGISTER TO ACCUMULATOR PUSH D Push reqister pant DE
on stack ) 1 ) 1 o 1 0 1 12
ADD Add reanster 1o A 10 0 0 0 . o« 4 e o o o pushn Push reguater pun HL
ADG Add ceaister 10 A wath on stuck 1o 0 0 10 12
oty o0 0 a e o o o LusHPsW Push A i lags on stack 1o 1 0 1 0 1
SUB bract register trom A il 0 o Al 0 s < 4 . . . .
SBB « Subtiact te@ister from A POP
with borrow o0 1 N a o o e e
ANA « AND reqister with A 1 V00 s a e o e 0] POPB Pop register pan BC ott
XRA Exclusive OR Reqister Stack 1 0 0 0 0 0 1 10
with A Voot 0 a e o o 0| POPU Pop teaister pan DE off
ORA OR reqister with A o0 A N 4 * e e 0 Mk ! o0 1 0 0 0o 1 10
CMP Compare register with A ' 0 1 1 Al N B . a4 . - . . POP H Pop reqister pan HL ot
SEk 1 il 1 [ 0 0 0 1 10
AlU  MEMORY 10 ACCUMULATOR POP PSW Pop A and fhags off stack 1 1 1 1 O [ 0 1 10 . . .
ADD M Add memory 10 A ' 0 0o 0 o ' 1 o0 7 e o o e DOUBLE ADD
ADC M Add memory 1o A with
Cary o o0 o0 v 1o ; e o o of vavH Add BC 10 HL v o 0 0 1 0 0 1 10
SUB M Subtiact memory trom A 1 0 0 1 0 1 1 o 7 . . . . DAD D Add DE 1o WL 0 0 0 1 il 0 0 1 10
SBB M Subtract memory from A DAU H Add ML 10 HL U 0 1 0 1 0 0 1 10
with horrow 1 0 0 1 1 1 1 ) 7 . . . . DAD SP Add Stk Ponter 1o HL 0 o il il 1 0 0 1 0
ANA M AND memory with A 1 0 1 0 0 1 1 o I . . . 0
XRA M Exclusive OR memary EMENT REGISTER PAIR
i A U R ; « e e
Geon s o iy i e e | . I T © 0o 0 0 0 0 1 1 6
CMP M Compuare memory with A LI S R T S S B / o o e of NxD tncrement DE o 0 0 100 o
INX H Increment HL ] 0 1 o ] 0 1 1 6
ALU  IMMEDIATE 10 ACCUMULATOR INX S Tncrement Stack Pounte o 0o 1 1 o0 0 1o 6
AD! D3 Add smmedute 10 A 1 10 0 o0 o 1o 7 . e s e DECREMENT REGISTER PAIR
ACI D8 Adddt immediate 1 A st
Decrement BC o 0 0 0 1 0 1 1 6
cany T T B R ! « e o e
5UI DB Subtiactimmedite lom A1 1 0 10 1 10 i “« e e e Deciement OE o 0 0 v o0 1o 6
5 Decroment HU 0 0 1 0 1 0 1o 6
58108 Subtract mmediate Hom A
with horrow i 1 o f 1 ) 1 o " . . . . Decrement Stack Pointer 0 ) 1 1 1 0 1 1 6
ANI DB AND immediate with A LA T TR S B ) ’ « e e 0 REGISTER INDIRECT
XRi D8 Exclusive OR immediate
with A 1 |l il 0 1 1 1 0 7 . . . 0 STAX B Store At ADDR w0 BC v 0 o 0 0 0 1 o 7
ORI DY OR immediste with A |l |l il 1 ] 1 1 0 7 . . . 0 STAX O Store At ADDR 0 DE 0 0 o 1 0 0 1 o 7
cPI L8 Compare immediite with A 1 1 1 il 1 1 il I 1 . . . . LLDAX B Load A st ADDR i BC o 0 0 o 1 0 1 0 7
LDAX D Lowd A 4t ADDR i DE o 0o 0 1 1 0 1 0 .
AlU ROTATE
DIRECT
RLC Rotite A lett, MSB 10
Carry Butnt) L R I A a o] STAADDR St Aduen o v o1 1 0 0 1 13
RR( Rotate A nght, LSB 1o DA ADDR Lot A vt 0 o 1 1 1 o 1 o 13
Carry (Betn) ) 0 0 0 1 1 1 il a . SHLD ADDR Store HE diect 0 0 1 o 0 o0 1 0 6
RAL Rotate A te't theough LHLD ADDR Load HE duect 0 0 1 0 1 o il 0 16
Carey 19an) 0o 0 0 0 o 4 .
RAR Rotate A nant thiouah MOVE REGISTER PAIR
Carny 19 i) [ S R T R T B a .
XCHG txchange DE and HL
weqister pants o 0 1 0 1 a
XTHL Exchange 10D 0f stack
JMP ADDR Jump unconditionak 1 il 0 0 0 o 1 1 10 and HL 1 1 1 o 0 o 1 1 16
INZ ADDR Jump an nat zero 1 1 o o g 0 T a g SPHL HL 10 Stk Painter 1 1 1 1 1 V] 0 1 6
32 ADDR Jump o zen T 0 0 ot 0 1o /10 PCHL HL 10 Program Counte 1 1 0 1 0 0 5
JNC ADDR Jump 0N NO Canry 1 1 0 1 0 0 1 0 70
JC ADOR Jump on carry 1 1 [ 1 1 0 1 o 710 INPUT 'OUTPUT
JPOADDR  Jump on panity od 11 0 0 0 1 0 s
JPE ADDR Jump on parity even L R O R R T R T N A {nput Voo r o 0
JP ADDK Jump on pusIve L T T T B R ) outa Qutput L 0
JM ADDR Jump on minus L T T T TR ) 710 £l Enabiv nterruprs [ B a
o Disable interupis 1 il 1 ' 0 0 1 1 4
CALL HIM Head Interupt Mask O 0 1 0 0 0 0 o0 a
5IM Ser Interupt Mask 0 0 1 1 0 0 0 0 a
CALL ADDR Catl uncondiironal 1 1 0 0 1 1 0 il 18 HST A Hestany |l 1 A A A 1 1 1 12
CNZ ADDR Cath on not zero 1 1 0 0 o 1 o 0 918
CZADDH Cat n zero 10 0 1 i 0 o 918 MISCELLANEOUS
CNCADDR  Call on no cany L T R N A1
€C ADDR Catl on canry 10 11 1 0 o 918 Complement A o 0o 1 0 1t 1 o1 o a
CPU ADUR 1 on panty odd LA T R ) 318 STC Set carry o o0 1 1 0 ¥ 1 4
CPE ADDR on panty even I T T R T S 918 cme Complement caity o 0 v o1 o111 a
P ADDR 0 positive LI S R R A I ) 918 DAA Decimal adjust A o 0o 1 0 0 1 1 1 a o o .
M ADDH o0 minus T 91 1 1 1 0o o 918 NOP No oprration 0o 0 0 0 0 0 0 O a
HLT Hult 0 1 il 1 0 1 1 0 5
RETURN
Notes
RET Retuin 1 0 0 ' 0 0 1 10 10perand Symbals used 2gagorsss 0008 001 C 010D O11E 100 H
RNZ Heturn on 0ot e 0 0 0 0 0 0 0 612 A B int address o1 expression 1010 110 Memory 111 A
He Retunn on zero 11 0 0 1 0 0 0 612 s source regiter
s Retarn on o iy 1 0 1 0 0 0 o 612 A destmnation regisier 3Two possibie cycir times (7 101 indscate
e Return on carry L1 0 1 1 0 0 0 62 PSW  Processor Status Word NSHUENION Cycies dependent on cond:
AP Heturn on parity o " 1 1 0 0 0 0 o0 en2 SP Stack Powite Vaas
apt Fisates o sy e 1 0 1 0 0 o e 08 Bbit data quantity. expression. o B
constant, atways B of s . .
HP Retun on posiue o1 10 0 0 0 612 D16 16 but data quantity, expression, or
RM Beturn on mings vty o1 0 0 0 612 constant, aiways B3B2 of instruction 0 fag reser
ADDR 16 bit Memory address expression 1 tag set
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INSTRUCTION CYCLE
TIMES

4PD8085A

One to five machine cycles (M1 — Mg) are required to execute an instruction. Each
machine cycle involves the transfer of an instruction or data byte into the processor or
a transfer of a data byte out of the processor (the sole exception being the double add
instruction). The first one, two or three machine cycles obtain the instruction from the
memory or an interrupting 1/0 controller. The remaining cycles are used to execute the
instruction. Each machine cycle requires from three to five clock times (T — Tg).

Machine cycles and clock states used for each type of instruction are shown below.

INSTRUCTION MACHINE CYCLES EXECUTED | CLOCK STATUS
TYPE MIN/MAX MIN/MAX

ALU R 1 4
cMmC 1 a
CMA 1 4
DAA 1 4 |
DCR R 1 4
DI 1 4
El 1 4
INR R 1 a
MOV R, R 1 4
NOP 1 4
ROTATE 1 a
RIM 1 4
SIM 1 4
STC 1 4
XCHG 1 4
HLT 1 5
DCX 1 6
INX 1 6
PCHL 1 6
RET COND. 1/3 6/12
SPHL 1 6
ALU | 2 7
ALUM 2 7
INC 2/3 7/10
LDAX 2 7
MVI 2 7
MOV M, R 2 7
MOV R, M 2 7
STAX 2 7

| CALL COND. 2/5 9/18
DAD 3 10
DCR M 3 10
IN 3 10
INR M 3 10
JMP 3 10
LOAD PAIR 3 10
MVI M 3 10
ouT 3 10
POP 3 10
RET 3 10
PUSH 3 12
RST 3 12
LDA 4 13
STA 4 13
LHLD 5 16
SHLD 5 16
XTHL 5 16
CALL 5 18
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—15°
Plastic
ITEM MILLIMETERS INCHES
A 51.5 MAX 2.028 MAX
B 1.62 0.064
C 254+ 01 0.10 + 0.004
D 0.5+ 0.1 0.019 + 0.004
E 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
1 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 o.010 0.002
K
M
Ceramic
ITEM MILLIMETERS INCHES
A 51.5 MAX. 2.03 MAX.
B 1.62 MAX. 0.06 MAX.
[} 254+ 0.1 0.1 + 0.004
D 0.5+0.1 0.02 + 0.004
E 48.26 + 0.1 1.9 + 0.004
F 1.02 MIN. 0.04 MIN.
G 3.2 MIN. 0.13 MIN.
H 1.0 MIN. 0.04 MIN.
I 3.5 MAX. 0.14 MAX.
J 4.5 MAX. 0.18 MAX.
K 15.24 TYP. 0.6 TYP.
L 1493 TYP. 0.59 TYP.
M 0.25 £ 0.05 0.01 + 0.0019

PACKAGE OUTLINE

uPD8085AC/D



PD8085A FAMILY MINIMUM
SYSTEM CONFIGURATION

1PD8085A

A minimum computer system consisting of a processor, ROM, RAM, and
1/0 can be built with only 3-40 pin packs. This system is shown below with

its address, data, control busses and 1/0 ports.

Vee

INTERRUPTS
r‘“’"”—]—'—‘l

t 4

<

t 1

PORT A PORTC

T

PORT B

1L

- 1

RST 7.5 RST 6.5 RST 5.5 TRAP
X1

RESET IN
e
uPDB085A PROCESSOR
]

SID SOD s1

RESET OUT

HOLD

HLDA
INTR

S0

PAg------PA7 PCo—----PCg PBg ——- -~ PBy TIMER

IN

uPD8156 RAM-1/0 (256 X 8)

TIMER

7
w ouTt
3

I~ DATA

AD;

Ag

Ag

A10

A

A12

—ADR

A13

Ala

A1s

ALE
RD

WR

10/M

RDY

CLK

RESET

}— CON

HOLD

HLDA

INTR

INTA

FEATURES OF uPD8085A
MINIMUM SYSTEM

2K - BYTE ROM
256 — BYTE RAM
1 - INTERVAL TIMER
4 - 8-BIT I/O PORTS
1-6-BIT 1/O-STATUS
4 — INTERRUPT LEVELS

weo |
Cq

Q0 X >|s a0 ALE AD
< w < 0
c‘de';!m

uPD8355 ROM-1/0
uPD8755A PRDM-I/O 2K X 8

PAQ - — - = = = —- PBg- — - - — —--PBy

L J

il

PORT A

T

PORT B

SPB085A-10-79-CAT
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NEC

NEC Microcomputers, Inc. MuPD7801

DESCRIPTION

FEATURES

PIN CONFIGURATION

PRELIAGY

SINGLE CHIP 8-BIT MICROCOMPUTER

The NEC uPD7801 is an advanced 8-bit general purpose single chip microcomputer
using N-channel silicon gate MOS technology. All the basic functional blocks —

4096 x 8 of ROM program memory, 128 x 8 of RAM data memory, 8-bit ALU, 48 1/0
lines, 12-bit timer and clock generator are provided on-chip to enhance single chip
applications. The uPD7801 is fully compatible with the industry standard 8080A’s bus
structure. Thus, expanded system operation can be easily implemented using any of
the 8080A peripherals. Total memory space can be increased to 65K bytes with
industry standard ROM and RAM products.

The powerful 125 instruction set coupled with 4K bytes of ROM program memory
and 128 bytes of RAM data memory greatly extends the range of single chip micro-
computer applications. Five level vectored interrupt capability plus a 2 us cycle time
enables the uPD7801 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 a Single +5V Supply
2 us Cycle Time

e 4096 x 8 ROM Program Memory
e 128 x 8 RAM Data Memory
e 481/0 Lines
e Serial 1/0 Lines
o Powerful 125 Instruction Set
e 12-Bit Timer
e Vectored Interrupts — 3 External, 2 Internal
e Internal Clock Generator
e Fully Bus Compatible with 8080A
e Expandable using 8080A Peripherals and Standard Memories
e Direct Addressing Capability to 656K Bytes
e Auvailable in 64 Pin Plastic Quad-In-Line Package
PE1s5 1 u 64 Vvcc (+5V)
PouT] 2 63[JPE14
DB7 [ 3 620 PE13
pBeC 4 61[1PE12
DBs o 5 600 PE11
DBa—] 6 59 JPE10
DB3 [ 7 58] PEg
DB2r—] 8 67 PEg
DB1 O 9 561 PE7
pBoC—] 10 55 JPEg
INT2 11 540 PEs
INT1—] 12 53 [ PEg
INTQ [ 13 52 PE3
WAIT ] 14 51 PEQ
Ml O 15 MPD S0 PE1
WRLC] 16 7801 49F3PE0
RD 17 48pQ PB7
Pcy] 18 47 FPBg
PCe 19 46pQ PBs
PCs[] 20 45 FPBg
PCa 21 441 PB3
PC3C 22 43 PB2
PC2 []23 42 PB4
PC1[] 24 41 [PBo
PCo ([]25 400 PA7
SCK ] 26 39 [JPAg
sI 27 38f PAs
Sg 28 37 [PAa
RESET 29 36 PA3
X2 130 35 PPA2
x1 31 34 PAq
Vss(ov) 32 33 [—IPAQ
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WPD7801

PIN
NO. SYMBOL FUNCTION
2 | ¢OUT @OUT provides a prescaled output clock for use with external peripher-
als, 1/0 devices, or memories. The prescaling is performed on the XTAL
frequency and is fXTAL — 2.
3-10 | DBp-7 This is the 8-bit bidirectional data bus. Data moves between external

memory or 1/O and the accumulator is handled through this port.

11-13 | INTQ-2

INTQ-2 are the three interrupt lines featuring three different modes of
activation. INTQ is level sensitive, triggered when an active high level is
detected. INT{ is rising edge sensitive, and is triggered when a low-to-
high level transition is made. INT3 is a programmable edge sensitive
interrupt input. If the ES-bit of the MASK register is set to a logic 1,
INT2 will be rising edge sensitive. If ES is a logic 0, then INT2 will be
falling edge sensitive. The priorities are as follows: INTQ > INTT >
INT1> INT2 > INTS, where INTT and INTS are internal interrupts.
Refer to later sections.

14 | WAIT

WAIT is the wait request input. The uPD7801 can be wait-stated if
memories with slower access times are used by applying an active low
signal to this input.

15| M1

M1 is an output pin signifying the first machine cycle of each instruc-
tion. It will go to an active high level during the fetch cycle of the first
opcode from T1 to T3. M1 is also useful for single step or break
operations.

16 | WR

WR is an active low signal generated by the uPD7801 to initiate data
flow from the processor to the peripheral, memory, or 1/0 device.

RD is an active low signal generated by the uPD7801 to initiate data
flow to the processor from the peripheral, memory or 1/0 device.

18-25 | PCp.7

This is an 8-bit 1/0 port. The upper 6 bits (PC2.7) can be programmed
to provide various control capabilities using the MODE register. A more
detailed description of this port’s operation will follow in a later
section.

26 | SCK

SCK is the Serial In/Serial Out clock for the serial data port.

27| sI

Sl is the Serial Input Port. Data is loaded through this port into the
processor, Serial Register with the rising edge of SCK. The bit order for
input data is from MSB to LSB.

28| SO

SO is the Serial Output Port. Serial output data is strobed from this
port by the falling edge of SCK. The bit order for output data is from
MSB to LSB.

29 | RESET

RESET is an active low input for processor initialization. See subse-
quent sections for detailed description of the initialization process.

30,31 | X2,X1

These are the crystal inputs for the internal clock generator. X1 can be
used as an external clock input. Refer to following sections for
suggested clock input circuits.

32| vss (0V)

The processor’s ground potential.

33-40 | PAQ-7

Port A is an 8-bit output port. Data at this port remains latched until
written over by new data. Reference subsequent sections for further
explanation.

41-48 | PBg.7

Port B is an 8-bit /0 port. Both input and output data are latched
here. Each 1/O line of Port B can be programmed through the MODE B
Register to either an input or an output. A more detailed description
follows later.

49-63 | PEQ-15

Port E is a 16-bit address bus/output port. Three different program-
mable modes are selectable under software control. A more detailed
description follows later.

64| Vce

Processor’s +5V supply input.

194

PIN DESCRIPTION



. PD7801

.OCK D'AG RAM N PE|5-51A515.~3
X0 O————] 16 g
7-0/AB7.0
16 l J\’J’ j\"/l
Yo S—
LATCH
INC/DEC
INTg O——————tnf PC
sp
O v A
INTY INT ! DATA PROGRAM
CONTROL 8 c MAIN MEMORY MEMORY
INT 2 O} D E $ GR. (128 BYTE) (4K BYTE)
H L
v A
sio B C ) ALT
D € s G.R
PCarTo TIMER H L BUFFER BUFFER
BUFFER

: 0]

B B
LATCH LATCH

PcysAK
1

INST
DECODER

8 [ mooec ] 8 | _mooes | 8
S HOLD TIMING SYSTEM
L_rortc ] (_Porte ] L__rorta ] conTROL | READ/WRITE CONTROL CONTROL CONTROL
P PA7.( — — — . A _—
G0 P72 P70 A70 PC;/ PCg/  AD WA PCg/lO/M M1 WAIT RESET  oOUT Vee  Ves

HOLD HLDA

FUNCTIONAL DESCRIPTION PA0.7 (Port A)
Port A is an 8-bit latched output port. Data can be readily transferred between the
accumulator and the output latch buffers. The contents of the output latches can be
modified using Arithmetic and Logic instructions. Data remains latched at Port A
unless acted on by another Port A instruction or a RESET is issued.
PBg.7 (Port B)

Port B is an 8-bit I/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 By, = 1) or an Output (Mode By, = 0).

PCg.7 (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 Cn=0 MODE Cn =1
PCo OUTPUT INPUT
PCy OUTPUT INPUT
PCy §CS INPUT INPUT
PC3 SAK OUTPUT OUTPUT
PC4 TO OUTPUT OUTPUT
PCs5 10/M OUTPUT ouTPUT
PCq HLDA OUTPUT OUTPUT
PCy HOLD INPUT INPUT

DBg.7 (Data Bus)

DBQ.7 form the 8-bit bidirectional data bus. Data moves between external memory or
1/0 and the accumulator are handled through this bus.
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4. PD7801

PEQ.15 (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 |/O
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
contents of the B and C registers appear on PEg.15 and PE(Q.1, respectively.

M1 (Machine Cycle 1)

M1 is an output pin used to signal external devices at the first machine cycle of each
instruction. It can also be used in single step or breakpoint operation.

WAIT (Wait Request)

WAIT (active-low) is used to extend the read/write timing for systems using slow speed
external memories. A logic 0 detected at the end of T2 forces the uPD7801 to a wait
state until WAIT goes high.

INTQ, INT1, INT2 (Interrupt Request)

INTQ.2 are the interrupt request lines. Their priorities are as follows: INTg > INTT >
INT{ > INT2 > INTS, where INTT and INTS are internal interrupts. In order to mini-
mize any possible noise interference, an internal sampling technique is used requiring
an external interrupt be held for 4 us to be recognized.

INTQ is an active-high level-sensitive interrupt line.

INT1 is a rising-edge-sensitive interrupt line.

INT2 is a programmable edge-sensitive interrupt line.

If the ES-bit in the MASK register is set to ES = 1, then INT?2 is rising-edge-sensitive.
If ES = 0, INT2 is falling-edge-sensitive.

SCK (Serial Clock)

SCK is the serial input/output clock for the serial data port. The rising edge of SCK
loads data from the Serial Input Port (Sl) into the Serial Register (S/P). The falling edge
of SCK loads data from the Serial Register to the Serial Output Port (SO). The bit
order of data flow into and out of the Serial Ports is MSB first.

RESET (Reset)

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 flipflop is reset, and the Halt-state is released.

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

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

All Flags are reset to 0.

The internal COUNT register for timer operation jis set to FFF 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 (DBQ.7), RD, and WR go to a high impedance
state.

Once the RESET input goes high, the program is started at location 0000.
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REGISTERS The uPD7801 contains sixteen 8-bit registers and two 16-bit registers

0 15
PC
SP
0 70 7
L v A |
C
Main
L
A 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’, E', 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 Increment 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.

Vector Register (V)

When defining a scratch pad area in the memory space, the upper 8-bit memory
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 |/O are done through
the accumulator. The contents of the Accumulator and Vector Registers can be
exchanged with their Alternate Registers using the EX instruction.

Program Counter (PC)

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

TIMER The uPD7801 contains a 12-bit programmable interval timer. It is composed of

TIMER REG 0 (8-bit), TIMER REG 1 (4-bit), PRESCALER, and 12-bit DOWN
COUNTER and is capable of counting from 4 us to 16 ms with a 4 s increment.
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4 PD7801

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 following 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.

]

o [_Reser
INTERNAL
ROM
& (0405 L 4| _INTo
4095
4096 INT1
7 £
INT2
EXTERNAL |
MEMORY ~ I~
INT;.
61312x8 L &
INTS
3 £
65,407
65,409 towabdR |} o
INTERNAL HIGH ADDR
RAM LOW ADDR }'=1
H
65,535 HIGH ADDR
3 ;
LOWADDR |\, _¢3
HIGH ADDR
USER'S ]
AREA

A
K J
—> I
:
IR R
: G L
It | ¥ L — ||
— |<B cl= —| |- M
F D
ITEM MILLIMETERS INCHES

A 418 MAX. 165

[} 122 0.05

c 254 01

D 05:0.1 0.02  0.004

3 3937 155

F 127 005

G 6.75 027

" 93 037

1 36 014

3 351 138

[ 300 118

L 165 065

[ 025+ 005 0.01 £ 0.002
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NEC

NEC Microcomputers, Inc. p PD8021

SINGLE CHIP 8-BIT
MICROCOMPUTER

DESCRIPTION The NECuPD8021 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.

FEATURES 8-Bit Processor, ROM, RAM, 1/0, Timer/Counter
e Single +6V Supply (+4.5V to +6.5V)

e NMOS Silicon Gate Technology

e 8.38 us Instruction Cycle Time

All Instructions 1 or 2 Cycles

Instructions are Subset of uPD8048/8748/8035
High Current Drive Capability — 2 1/O Pins
Clock Generation Using Crystal or Single Inductor
Zero-Cross Detection Capability

Expandable 1/0 Using u8243's

Available in 28 Pin Plastic Package

e o o o o o

PIN CONFIGURATION P E 5 Vee
P23 2 27 Ppy
PROG []3 6 [ Poo
Poo 4 25 [ P17
Por1]s 24 1 P1e
Po2 46 23] P15
Poz 7 uPD 22 [] P1a
8021
Posa [ s 21 P13
Pos[] o 20 [ pqyp
Pos (] 10 19 Pqq
Po7[] 11 18] P1o
ALE[] 12 17 [J RESET
TOas 16 [1 XTAL 2
VSSCM 15 xTAL 1
Rev/1
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. PD8021

The NEC uPD8021 is a single component, 8-bit, parallel microprocessor using FUNCTIONAL DESCRIPTION
N-channel silicon gate MOS technology. The self-contained 1K x 8-bit ROM,

64 x 8-bit RAM, 8 bit timer/counter, and clock circuitry allow the uPD8021 to

operate as a single-chip microcomputer in applications ranging from controllers to

arithmetic processors.

The instruction set, a subset of the uPD8048/8748/8035, is optimum for high-volume,
low cost applications where 1/0O flexibility and instruction set power are required. The
uPD8021 instruction set is comprised mostly of single-byte instructions with no
instructions over two bytes.

64 x 881 RAM wacx roM BLOCK DIAGRAM

DATA MEMORY PROGRAM MEMORY

8B8IT
8I
cLock
PROCESSOR
_——

8-BIT

211/0 INTERVAL TIMER/

LINES EVENT COUNTER
Operating TemPerature . . « v v v e v e et ee e e e et 0°C to+70°C ABSOLUTE MAXIMUM
Storage Temperature (Ceramic Package) . . « « v« v v v en v v -65°C to +150°C RATINGS*

(Plastic Package) .« « v v v v e e e e -65°C t0 +125°C

Voltageon Any Pin . . ... .. e -0.5t0 +7 Volts ®
Power Dissipation. « v v v v v vt e e e e e 1 Watt

Note: (1) With Respect to Ground.

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=25°C
Ta=0°Ct0+70°C; Vg = +6.5V * 1V; Vgg = OV DC CHARACTERISTICS
LIMITS TEST
PARAMETER SYMBOL| MIN | TYP | MAX UNIT CONDITIONS
Input Low Voltage
\ -0. + 0.
(All Except XTAL 1, XTAL2) | V'L 05 08 |V
Input High Voltage
. \Y =5.0V =
(All Except XTAL 1, XTAL 2) | VM 20 vee v cC = 5.0V = 10%
Input High Voltage
\ . =55V
(All Except XTAL 1, XTAL 2) | *'H1 3.0 vee V.| Vec=55vEv
Output Low Voltage Vor 0.45 \% loL = 1.6 mA
Output Low Voltage
\% 2.5 \% | =7mA
P10, P11) oL1 oL m
Output High Voltage
Vi 3 =
(All Unless Open Drain) OH 24 v 10H = 504A
Output Leakage Current _ vce = VIN 2 Vss
(Open Drain Option — Port 0) lou 10 HA +0.45V
Vce Supply Current Icc 60 mA
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4 PD8021

PIN IDENTIFICATION P"_\'
NO. SYMBOL FUNCTION
1-2, P2o-P23 P20-P23 comprise the 4-bit bi-directional 1/0 port

26-27 (Port 2) which is also used as the expander bus for the
uPD8243.

3 PROG PROG is the output strobe pin for the uPD8243.
4-11 Poo-Po7 One of the two 8-bit quasi bi-directional 1/0 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 ground potential.

15 XTAL 1 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.

18-25 P10-P17 The second of two 8-bit quasi bi-directional 1/0 ports.

(Port 1)
28 Vce +5V power supply input.
AC CHARACTERISTICS Ta=0°Cto+70°C; Vgc = 5.5V £ 1V; Vgg = OV
CIMITS
PARAMETER symeoL | min | Tve | max | unit TEST CONDITIONS
Cycle Time Tey 8.38 50.0 | us 3.58 MHz XTAL (D
for TCY Min.
Oscillator Frequency Variation A -20 +20 % F =25 MHz @
(Resistor Mode) .

Note: @ Control outputs: C|_= 80 pF; R|_ = 2.2K/4.3K

PACKAGE OUTLINE
uPD8021C

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 1.3
F 1.5 0.059
G 2.54 MIN. 0.10 MIN,
H 0.5 MIN C.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

w | omom | oo
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INSTRUCTION SET

INSTRUCTION CODE FLAG
MNEMONIC FUNCTION DESCRIPTION D; Dg Ds Dg D3 D2 Dy Do | CYCLES | BYTES c
ACCUMULATOR
ADD A, = data (A) «— (A) + data Add immediate the specified Data to the 0] o] 0 0 ] 1] 1 1 2 2 .
Accumulator. d7 dg dsg dg d3 d2 d1 do
Add A, Rr (A) <~ (A) + (Rr) Add contents of designated register to 0 1 1 0 1 r r r 1 1 .
forr=0-7 the Accumulator.
ADD A, @Rr (A) < (A) + ({Rr)) Add indirect the contents the data o 1 1 o 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 specified 0o 0 ) 1 [ 0 1 1 2 2 .
data to the Accumulator. d7 dg dg da dz d2 di do
ADDC A, Rr (A) — (A) +(C) + (Rr) Add with carry the contents of the 0 1 1 1 1 r r r 1 1 .
forr=0-7 designated register to the Accumulator.
ADDCA,@Rr (A) < {A) +(C) + URT)) Add indirect with carry the contents of 0 1 1 1 0 0 0 r 1 1 .
forr=0-1 data memory location to the
Accumulator.
ANL A, = data (A) < (A) AND data Logical and specified Immediate Data 0 1 0 1 0 1] 1 1 2 2
with Accumulator. d7 dg dg dg d3 dz di dg
ANL A, Rr {A) -~ (A) AND (Rr) Logical and contents of designated [} 1 0 1 1 r r r 1 1
torr=0-7 register with Accumulator.
ANL A, @ Rr (A) <= (A) AND ((Rr)) Logical and Indirect the contents of data o 1 0 1 [ 0 0 r 1 1
forr=0-1 memory with Accumulator.
CPL A (A) — NOT (A) Complement the contents of the o 0 1 1 o 1 1 1 1 1
Accumulator.
CLR A (A) -0 CLEAR the contents of the Accumulator. | O o 1 0 o 1 1 1 1 1
DA A DECIMAL ADJUST the contents of the 1 0 1 0 1 1 1 1 1 .
Accumulator.
DECA (A) - (A) -1 DECREMENT by 1 the Accumulator’s 0 0 [ 0 0o 1 1 1 1 1
contents.
INC A (A) «~ (A) +1 Increment by 1 the Accumulator’s o 0 0 1 0 1 1 1 1 1
contents
ORL A, = data (A) < (A) OR data Logical OR specified immediate data 0 1 0 0 ) 0 1 1 2 2
with Accumulator d7 dg dg dg d3 d2 dy do
ORL A, Rr (A) - (A) OR (Rr) Logical OR contents of designated [ 1 0 o 1 r 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 0 0 0 o o0 r 1 1
forr=0-1 memory location with Accumulator.
RL A (AN + 1)~ (AN) Rotate Accumulator left by 1-bit with- 1 1 1 0 ) 1 1 1 1 1
(AQ) ~ (A7) out carry
forN=0-6
RLCA (AN + 1)~ (AN);N=0-6 Rotate Accumulator left by 1-bit through 1 1 1 1 0 1 1 1 1 1 .
(Ag) + (C) carry.
(€ (A7)
RR A (AN) « (AN + 1);N=0-6 Rotate Accumulator right by 1-bit 0 1 1 1 0 1 1 1 1 1
(A7)~ (Ag) without carry.
RRC A (AN} <~ (AN +1);N=0-6 Rotate Accumulator right by 1-bit 0 1 1 0 o 1 1 1 1 1 .
(A7)« (C) through carry.
(C) + (Ag)
SWAP A (Ag.7) = (Ag - 3) Swap the 24-bit nibbles in the 0 1 0 0 0 1 1 1 1 1
Accumulator.
XRL A, = data {A) « (A) XOR data Logical XOR specified immediate data 1 1 0 1 0 0 1 1 2 2
with Accumulator. dz de dg da d3 d2 dq do
XRL A, Rr (A) « (A) XOR (Rr) Logical XOR contents of designated 1 1 0 1 1 r r r 1 1
forr=0-7 register with Accumulator.
XRL A, @Rr (A) « (A) XOR ((Rr)) Logical XOR Indirect the contents of data| 1 1 0 1 0 0o 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 0 1 v r v 2 2
If (Rr) # 0 test contents. a7 ag as aq a3 a2 a a0
(PC 0 - 7) — addr
JC addr {PCO-7)« addrifC=1 Jump to specified address if carry flag 1 1 1 1 0 1 1 ] 2 2
(PC) « (PC) +2ifC =0 is set a; as as aa a3z a2 a1 ao
JMP addr (PC 8 - 10) «- addr 8 - 10 Direct Jump to specified address within at0  ag ag: 0 0 1 0 0 2 2
(PCO-7)«addr0-7 the 2K address block a7 as as as a3 a2 a1 aQ
(PC 11) «- DBF
JMPP @ A (PCO-7) « ((A) Jump indirect to specified address with 1 o 1 1 0 0 1 1 2 1
address page
JNC addr (PC 0 -7) «addrif C=0 Jump to specified address if carry flag is 1 1 1 0 0 1 1 0 2 2
(PC) — (PC) + 2if C = 1 low. a7 ag a5 a4 a3 a2 a1  ap
JNT1 addr (PCO-7)«addrif T1 =0 Jump to specified address if Test 1 islow.[ O 1 o o o] 1 1 0 2 2
(PC) « (PC) +2if T1 =1 a7 ag ag ag a3 a2 a1 ao
JNZ addr (PCO-7) «~addrifA=0 Jump to specified address if 1 0 0 1 0 1 1 0 2 2
(PC) < {PC) +2ifA=0 Accumulator is non-zero a7 ag ag ag a3 a2 a1 ag
JTF addr (PCO-7) « addrif TF =1 Jump to specified address if Timer Flag o o o 1 0 1 1 0 2 2
(PC) —(PC)+2ifTF =0 issetto 1. ay ag a5 a4 ag a2 a1 ag
JT1 addr (PCO-7)«addrif T1 =1 Jump to specified address if Test 1isa 1. 0 1 ) 1 o] 1 1 o 2 2
(PC) «- (PC) + 2if T1 =0 a7 a a5 as a3 a2 a1 ag
JZ addr (PCO-7)addrif A=0 Jump to specified address if Accumulator 1 1 0 0 0o 1 1 0 2 2
(PC) « (PC) + 2if A =0 is 0. a7 ag as as a3 a2 a1 ap
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4 PD8021

INSTRUCTION CODE FLAG
MNEMONIC FUNCTION DESCRIPTION Dy Dg Ds Dg D3 D2 Dq Do CYCLES BYTES C
DATA MOVES
MOV A, = data (A) « data Move Immediate the specified data into ) 0 1 ] 0 0 1 1 2 2
the Accumulator. d7 dg dg dg dz d2 dq do
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 Accumulator.
MOV A, @ Rr (A) = ((Rr);r=0-1 Move Indirect the contents of data 1 1 1 1 0 0 o r 1 1
memory location into the Accumulator.
MOV Rr, = data (Rr) - data;r=0-7 Move Immediate the specified data into 1 0 1 1 1 r r r 2 ’ 2
the designated register. d; dg ds dg d3 dz2 di dg
MOV Rr, A (Rr) —(A);r=0-7 Move Accumulator Contents into the 1 0 1 (] 1 r r r 1 1
designated register.
MOV @ Rr, A (Rr)) < (Ak;r=0-1 Move Indirect Accumulator Contents 1 0 1 o o o o r 1 1
into data memory location.
MOV @ Rr, = data ((Rr)) «data;r=0-1 Move Immediate the specified data into 1 0 1 1 0 0 4] r 2 2
data memory d; dg dg dg d3 dp dy dg
MOVP A, @ A (PCO-7) — (A) Move data in the current page into the 1o 1 0o 0o 0 1 1 2 1
(A) — ((PC)) Accumulator.
XCH A, Rr (A) Z(Rr);r=0-7 Exchange the Accumulator and desig- 0 0 1 0 1 r r r 1 1
nated register’s contents.
XCHA,@Rr (A ZURM));r=0-1 Exchange Indirect contents of Accumu- o 0 1 0 o 0 0 r 1 1
lator and location in data memory.
XCHD A, @ Rr (A0-3)Z((Rr)0-3)); Exchange Indirect 4-bit contents of 0 0 1 1 o 0 0 r 1 1
r=0-1 Accumulator and data memory.
FLAGS
CPLC (C) — NOT (C) Complement Content of carry bit. 1 0 1 o 0 1 1 1 1 1 .
CLR C (C) -0 Clear content of carry bit to 0. 1 0 0 1 0 1 1 1 1 1 .
INPUT/OUTPUT
ANLD Pp, A (Pp) — (Po) AND (A0-3)[  Logical and contents of Accumulatorwit 1 0 0 1 1 1 PP 2 1
p=4-7 designated port (4 — 7).
INA, P, (A) = (Pplip=1-2 Input data from designated port (1 - 2) 0 0 ) ) 1 0 P [ 2 1
into Accumulator. .
MOVD A, Py, (A0-3)—(Py);p=4-7 Move contents of designated port (4 - 7) 0 0 0 o 1 1 P P 2 1
(Ad4-7)+-0 into Accumulator.
MOVD Py, A (Pp)~A0-3;p=4-7 Move contents of Accumulator to desig- (] 0 1 1 1 1 P [ 1 1
nated port (4 - 7).
ORLD Py, A (Pp) + (Pp) OR (A 0 - 3) Logical or contents of Accumulator 1 0 [ 1} 1 1 p p 1 1
p=4- with designated port (4 - 7).
OUTL Py, A (Pp) = (A);p=1-2 Output contents of Accumulator to o o 1 1 1 0 p p 1 1
designated port (1 - 2).
REGISTERS
INC Rr (Rr)«~ (Rr) +1;r=0-7 Increment by 1 contents of designated 0 0 0 1 1 r r r 1 1
reyisier.
INC@ Rr ((Rr)) «~ ((Rr)) +1; Increment Indirect by 1 the contents of 0 ] 0 1 0 o ) r 1 1
r=0-1 data memory location.
SUBROUTINE
—
CALL addr ({SP)) « (PC), (PSW 4 - 7) Call designated Subroutine. a1p ag ag 1 0 1 0 0 2 2
(SP) « (SP) +1 ay e ag ag a3 a2 ay 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 0 0 0 1 1 2 1
(PC) « ((SP)) ing Program Status Word.
TIMER/COUNTER
MOV A, T (A) ~(T) Move contents of Timer/Counter into 0 1 0o 0 0 o 1 [} 1 1
Accumulator.
MOV T, A (T) <~ (A) Move contents of Accumulator into (] 1 1 0 0 0 1 o 1 1
Timer/Counter.
STOP TCNT Stop Count for Event Counter. 0 1 1 0 0 1 o 1 1 1
STRT CNT Start Count for Event Counter. 0 1 o o o 1 ) 1 1 1
STRT T Start Count for Timer. 0 1 0 1 0 1 0 1 1 1
MISCELLANEQUS
NOP l ] No Operation performed. 0 0 0 0 0 o 0 ] 1 l 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.
Symbol Definitions
SYMBOL DESCRIPTION SYMBOL DESCRIPTION
A The Accumulator T Timer
addr Program Memory Address (12 bits) « T Testable Flag 1
c Carry Flag X External RAM
CLK Clock Signal = Prefix for Immediate Data
CNT Event Counter @ Prefix for Indirect Address
D Nibble Designator (4 bits) $ Program Counter’s Current Value
data Number or Expression (8 bits) (x) Contents of External RAM Location
P "'In-Page” Operation Designator ((x)) Contents of Memory Location Addressed
Pp Port Designator (p=1,20r4 -7) by the Contents of External RAM Location
Rr Register Designator (r =0, 10r0 - 7) - Replaced By

SP8021-1-80-CAT
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NEC

NEC Microcomputers, Inc. p PD8022

DESCRIPTION

FEATURES

PIN CONFIGURATION

P ELMIOAY

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 touchpane! 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, |/0 and Clock Generator

e Single +5V Supply (4.5V to 6.5V)

o 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

e 8.3 us Instruction Cycle Timer

e Instructions are a Subset of uPD8048; Superset of uPD8021
e Internal Timer/Event Counter

e External and Timer/Counter Interrupts

e On Chip Zero-Cross Detector

e High Impedance Comparator Port with Variable Threshold
e Clock Generator Using a Crystal or Single Inductor

e High Current Drive Capability on 2 1/0 Pins

o Expandable I/0 Utilizing the uPD8243

e Available in 40-Pin Plastic Dual-In-Line Package

P2g 1 Vee
P27q 2 P25
AVec 3 P24
VAREF[] 4 PROG
AN1 5 P23
ANOH 6 Pao
AVgs C 7 P21
Tod s P20
VTH E P17
Po] 10 P16
P11 P15
P2 P14
P3 P13
Pa ] P12
PSE P11
Pe P10
P70 RESET
ALE [ XTAL 2
. XTAL 1
vss O SUBST
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41 PD8022

X1 Xo PORT 0 Vrh

| |

RESET —=] 2048 x 8 64x8 HI-IMPEDANCE
PROG —e— CLOCK/CONTROL MASK ROM RAM COMPARATOR
ALE <=l PROGRAM MEMORY DATA MEMORY PORT
ft it
PROCESSOR
TWO CHANNEL
INTERRUPT | | TIMEBI:jIE.:/ENT 18 sair = "Vee
LOGIC U
COUNTER DIGITAL I/0 LINES | |S Ac/([:jeggl':‘/\fé?::x = AV
To T PORT 1 PORT2  ANO AN1 Vagep
. o
Operating Temperature . .. ............. e e e 0°C to +70°C
Storage Temperature (Ceramic Package) ... ............... -65°C to +150°C
. o
(Plastic Package) ........ e -65°C to +125°C
Voltageon Any Pin . . . .. ... .. . . . .. . -0.5to +7 Volts®
Power Dissipation . .. . .. . ... . e e 1 Watt

Note: (D With Respect to Ground.

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=25°C

Ta=0°Cto 70°C, Vcg = 5.5V £ 1V, Vgg = OV

LIMITS TEST
PARAMETER SYMBOL YIS P TMAX UNIT CONDITIONS
Input Low Voltage ViL -0.5 0.8 \ VTH Floating
Input Low Voltage ViLr -0.5 VTH-0.1 \
(Port 0)
Input High Voltage ViH 2.0 Vce \ Vce = 5.0V
(All except XTAL 1, RESET) +10%
VTH Floating
Input High Voltage ViH1 3.0 Vee \ Vce = 5.5V
(All except XTAL 1, RESET) +1V .
VTH Floating
Input High Voltage ViH2 | VTH10.1 Vce \
(Port 0)
Input High Voltage VIH3 3.0 vVece \
(RESET, XTAL 1)
Port O Threshold Voltage VTH 0 0.4Vce \
Output Low Voltage VoL 0.45 \ loL=1.6 mA
Output Low Voltage VoL1 0.25 \ loL=7mA
(P10, P11)
| Output High Voltage VOH. 2.4 V | IoH =50 kA
(All unless open drain
option for Port 0)
Input Current (T1) K] +200 wA | Vec = VIN
> Vgg + 0.45V
Output Leakage Current Lo +10 sA | Vcc= VIN
(Open drain option for - > Vgs + 0.45V
Port 0)
Vcc Supply Current Icc 100 mA
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PIN IDENTIFICATION

4 PD8022

PIN
FUNCTION
NO. | SYMBOL
8 T0 Active low interrupt input if enabled. Also testable using the
conditional jump instructions JTO and JNTO.

19 T1 Zero-cross detector input. After executinga 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
ANO instruction.

5 AN1 Analog input to the A/D converter after execution of the SEL
ANT1 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 VIH)'

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 1/0 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 pcwer supply ground potential. Sets conversion
range lower limit.

4 VAHEF Reference voltage for A/D converter. Sets conversion range
upper limit.

9 VTH Port O comparator threshold reference input.

21 SUBST Substrate connection used with bypass capacitor to VSS for sub-

strate voltage stabilization and improvement of A/D accuracy.

10-17 POO'PO7 Port 0. 8-bit open drain 1/0O port with comparator inputs. The
reference threshold is set via VTH‘ Optional ROM mask pull-up
resistors available.

25-32 P10-P17 Port 1. 8-bit quasi-bidirectional port. TTL compatible.

1-2 P20-P27 Port 2. 8-bit quasi-bidirectional port. TTL compatible. PZO'P23
33-36 also function as an 1/0 expander port for the uPD8243.
38-39
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T,=0°Cto 70°C, Vgg = 5.5V + 1V, Vgg = OV

PARAMETER Y Lwirs UNIT TEST
AMET SYMBOL MmN | TYP MAX CONDITIONS
Cycle Time tcy 8.38 50.0 us 3.58 MHz XTAL
for tcy min.
Zero-Cross Detection V11 1 3 VACpp | AC coupled
Input (T1)
Zero-Cross Accuracy Azc +135 mV 60 Hz Sine Wave
Zero-Cross Detection FT1 0.06 1 kHz
Input Frequency (T1)
Port Control Setup tcp 0.5 us tcy =8.38 us,
Before Falling Edge of CL =80 pF
PROG
Port Control Hold tpc 0.8 us tcy =8.38 us,
After Falling Edge of CL =80pF
PROG
PROG to Time P2 Input tPR 1.0 us tcy =8.38 us,
Must be Valid CL =80pF
Output Data Setup Time tpp 7.0 us tcy =8.38 us,
Cp =80 pF
Output Data Hold Time tPD 8.3 us tcy = 8.38 us,
Cp =80pF
Input Data Hold Time tpF 0] 150 us tcy = 8.38 us,
. CL =80pF
PROG Pulse Width tpp 8.3 us tcy =8.38 us,
CL =80 pF
ALE to Time P2 Input tPRL 3.6 us tcy =8.38 us,
Must be Valid CL =80 pF
Output Data Setup Time tpL 0.8 us tcy =8.38 us,
CL =80pF
Output Data Hold Time tp 16 us tcy =8.38 us,
CL=80pF
Input Data Hold Time tpFL 0 us tcy = 8.38 us,
CL =80 pF
ALE Pulse Width tL 3.9 23.0 us tcy =8.38 us
for min.

PORT 2 TIMING

| toy
ALE Y/ \ /
Lp . PD
T~ "'tPL""' ee— Dp——lq,-
EXPANDER \ |
PORT x PORT CONTROL OUTPUT DATA
OUTPUT ORT 2, , DATA
[t t ] 'PF
PFL PR et
EXPANDER PRL | 1 |
PORT PORT CONTROLX INPYT
INPUT
PORT 2, 3 DATA | e |
cp
I PP
PROG \{
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A/D CONVERTER T,=0°Ct070°C, Vo =565V ¢ 1V, Vgg = 0V, AV = 5.5V £ 1V, AVgg = OV
CHARACTERISTICS AVcc/2<VaRer <AVcc

PARAMETER SYMBOL LIMITS UNITS TEST
MIN TYP MAX CONDITIONS|

Resolution 8 BITS
Switch Point Accuracy Agp +% LSB @
Absolute Accuracy AaB +1 LSB
Sample Setup Before tss 0.20 tcy [©)
Falling Edge of ALE
Sample Hold After tsH 0.10 tcy ®
Falling Edge of ALE
input Capacitance CaD 1 pF
(ANO, AN1)
Conversion Time tCNV 4 4 tcy
Conversion Range AVsgs VAREF | V
Reference Voltage VAREF | AVce/2 AVce \%

Note: @ The analog signal on ANO and AN1 must remain constant during the sample time
tss* 'sH

m n
m m
+—t

n
o

3
=+

o
@
L

IDEAL TRANSITION

DIGITAL OUTPUT
Q
R
+ 2
i |
]

=
s
ol f\

J__swiTcH POINT
ACCURACY

3t + 4
t

—+
3 253 254 255 FsS

266 256 256 256 256 256
ANALOG INPUT (OF FULL SCALE)

TIMING WAVEFORM ANALOG INPUT
ALE )
/ N  /
. - |-—tgy
SS — ~
ANALOG
INPUT
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4 PD8022

The instruction set of the uPD8022 is a subset of the uPD8048 instruction set except

PACKAGE OUTLINE

0° —15°= =

ITEM MILLIMETERS INCHES

A 51.5 MAX 2.028 MAX

B 1.62 0.064

C 254+ 0.1 0.10 + 0.004

0 0.5+ 0.1 0.019 + 0.004

E 48.26 19

F 1.2 MIN 0.047 MIN

G 2.54 MIN 0.10 MIN

H 05MIN 0.019 MIN

I 5.22 MAX 0.206 MAX

J 5.72 MAX 0.225 MAX

X 15.24 0.600

L 13.2 0.520

<01 +0.008
M 0.25 0.05 0010 0.002

for three instructions, SEL ANO, SEL AN1, and RAD, which are unique 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 uPD8021 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.

— —L 1uPD8022C
—

INSTRUCTION SET

‘INSTRUCTION CODE
MNEMONIC FUNCTION DESCRIPTION D7 |Dg |D5| D4 |D3| D2 | D1] Do CYCLES | BYTES
JTO addr (PCQ.7) < addr if | Jump to specified address if 0|0 1 1 0 1 1 0 2 2
TO=1 TO is high
(PC) — (PC) +2 a7 |ag | a5 | ag | a3 | a2 [ a1 | ag
ifTO=0
JNTO addr (PCp.7) < addr if | Jump to specified address if 0 0 1 0 0 1 1 0 2 2
TO=0 TO is low
(PC) < (PC) + 2 a7 |ag | a5 | ag | a3 | a2 | a1 | ap
ifTO=1
RAD (A) <~ (CRR) Move to A the contents of 1{ojo|lofjo|O|O]|O 2 1
the A/D conversion result
register (CRR)
SEL ANO Select ANO as the input 1 0 o] 0 0 1 0 1 1 1
for the A/D converter
SEL AN1 Select AN1 as the input 1 0 0] 1 0 1 0 1 1 1
for the A/D converter ’
EN I Enable the external 0 0 0 0 0 1 0 1 1 1
interrupt input TO
DIS | Disable the external 0|0 0 1 0 1 0 1 1 1
interrupt input TO
EN TCNTI Enable internal timer/ 0 0 1 0 0 1 0 1 1 1
counter interrupt
DIS TCNTI Disable internal timer/ 0 0 1 1 0 1 0 1 1 1
counter interrupt
RETI (SP) « (SP) - 1 Return from interrupt and 1 0|0 |1 00 {1 1 2 1
(PC) «— ({SP)) re-enable interrupt input
logic
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NEC

NEC Microcomputers, Inc. MPD8041
MPD8741A*

UNIVERSAL PROGRAMMABLE PERIPHERAL
INTERFACE 8-BIT MICROCOMPUTERS

DESCRIPTION  The uPD8041 and uPD8741A are 8-bit single component microcomputers which
function as general purpose programmable interfaces between the host processor and
many various peripheral devices. The uPD8041 and uPD8741A differ only in their
internal program memories. The uPD8041 contains 1024 x 8 bytes of mask ROM,
while the uPD8741A contains 1024 x 8 bytes of UV EPROM. Some of the features
offered by both devices include 64 x 8 bytes of RAM data memory, an 8-bit program-
mable counter/timer, 16 TTL compatible I/O lines, and two test inputs.

FEATURES e Fully Compatible with 8080A, 8085A, and 8048 Families
e Single +6V Supply
e Fully Compatible ROM and EPROM Versions
e 1024 x 8 ROM/EPROM, 64 x 8 RAM
e 18 Programmable 1/O Lines
e Expandable |/0
e Two Single Level Interrupts
e Single Package: 8-Bit Processor, ROM, RAM, Timer, 1/0 and Clock
e Asynchronous Data Register for Master Processor Interface
e Auvailable in Both Plastic and Ceramic 40-Pin Packages

PIN CONFIGURATION oo \_/ 208 vee
x1 O 2 K 0
xo O 3 38 [ Pyy

RESET [ 4 373 pPog
SO s 36 [ P2s
s s 35 0 Paa
EA O 7 34 Py
RD [ 8 33 [ rg
Ag o pp 2P Pg
WR [ 10 8041/ 31 [ Pig

SYNC [ 11 8741A 30 [ Pq3
Do 12 29 3 pqp
Dy E 13 28 [ Pqq
Dp 14 273 pyg
D3 15 26 [ vpp
D4 16 25 [J PROG
Ds 17 24 [ Pp3
Dg []18 23 [ Pyp
D7 O1o 223 Py
Vss 20 21 3 Pyo

*All data pertaining to the uPD8741A is Preliminary.
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HPD8041/8741A

CRYSTAL, LC, OR CLOCK

MASTER SYSTEM INTERFACE

212

BLOCK DIAGRAM

PERIPHERAL INTERFACE

"
I ,, | Al r 1
X1 X2 RESET PROG S§ SYNC EA CS WR DoD7 T To PoP27 PioP17
Ag | RD
pes
4 STATUS
REGISTER CONDITIONAL PORT 2
TIMING - CONTROL LOGIC BRANCH 8US
LOGIC BUFFER PORT 1
8uUs
DATA BUS Fesrs BUFFER
i‘é‘;‘:ﬂ PROGRAM BBIT EXPANDER
REGIST
p STATUS TIMER/ INTERFACE
EVENT COUNTER
INSTRUCTION
DECODER
I 8.81T INTERNAL BUS 3
ACCUMULATOR N 7
10-BIT
PROGRAM
COUNTER
ALU @ MULTIPLEXER
REGISTER BANK 1
RESIDENT
ROM/PROM w STACK
PROGRAM M=MORY 8
1024 x 8 S REGISTER BANK 0
3
TEMPORARY DATA MEMORY
REGISTER

Operating Temperature .

Storage Temperature (Ceramic Package)

Storage Temperature (Plastic Package)
Voltage on Any Pin .. ... ...

Vpp — PROGRAM POWER SUPPLY

POWER

VCE ——a 45V SUPPLY

Vss ——m= GROUND

.............................. 0°C to +70°C
-65°C to +150°C
-65°C to +125°C

-0.5 to +7 Volts ®

Power Dissipation . . . ... .. .. ... 1.5 Watt

COMMENT  Stress above those hsted under “Absolute Maximum Ratings” may cause permanent
damage 10 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
tmplied. Exposure to absolute maximum rating conditions for extended periods may affect device

reliability
Note: (1) With respect to ground
‘Ta=25C
T3 =0°Cto +70°C; Vpp = Vg = +5V ¢ 5%; Vss = OV
LIMITS TEST
PARAMETER SYMBOL | MIN TYP | MAX JUNIT | CONDITIONS

Input Low Voltage ViL -0.5 +0.8 v
(All except X1 and X2)
Input High Voltage ViH1 20 vee v
(Alt except X1, X2, RESET)
Input High Voltage ViH2 30 vee v
(X4, X2, RESET)
Output Low Voltage Vou1 0.45 v loL=20mA
(Dg-D7, SYNC)
Output Low Voltage voL2 045 | Vv oL = 1.6 mA
(All other outputs except PROG)
Output Low Voltage (PROG) voL3 0.45 \" oL =1.0mA
Output High Voltage (Dg-D7) VOH1 24 v 10H = -400 uA
Output High Voltage VoH2 24 \" IoH = -50 uA
(Al other outputs)
Input Leakage Current he +10 BA Vss < VIN<
(To. T4, RD, WR, TS, EA, Ag) Vee
Output Leakage Current oL +10 BA Vgs +045 <
(Dg-D7: High Z State) VIN < Vce
Vpp Supply Current oo 25 mA
Total Supply Current Icc + Ipp 135 mA
Low Input Source Current un 04 | mA Vi =0.8v
(P10-P17: P20-P27)
Low Input Source Current 2 02| mA ViL =08V
(SS; RESET)

RESIDENT
RAM
64x8

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS



PIN IDENTIFICATION

JPD8041/8741A

PIN

NO. |SYMBOL FUNCTION

1,39 | To, Tq Testable input pins using conditional transfer functions
JTO, JNTO, JT1, JNT1. T1 can be made the counter/
timer input using the STRT CNT instruction. The PROM
programming and verification on the 8741A uses To-

2 X1 One side of the crystal input for external oscillator or
frequency source.

X2 The other side of the crystal input.
RESET Active-low input for processor initialization. RESET is also

used for EPROM programming, verification, and power down.

5 S5 Single Step input (active-low). §§together with SYNC out-
put allows the uPD8741A to “‘single-step’’ through each
instruction in program memory.

6 cs Chip Select input (active-low). CS is used to select the
appropriate uPD8041/8741A on a common data bus.

7 EA External Access input (active-high) is used for EPROM
programming and EPROM/ROM verification.

8 RD Read strobe input (active-low). RD will pulse low when the
master processor reads data and status words from the DATA
BUS BUFFER or Status Register.

9 AQ Address input which the master processor uses to indicate if
a byte transfer is a command or data.

10 WR 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.

11 SYNC The SYNC output pulses once for each uPD8041/8741A
instruction cycle. It can function as a strobe for external
circuitry. SYNC can also be used together with SS to
“’single-step’’ through each instruction in program memory.

12-19 | Dg-D7 BUS | The 8-bit, bi-directional, tri-state DATA BUS BUFFER lines
by which the uPD8041/8741A interfaces to the 8-bit master
system data bus.

20 Vss Processor’s ground potential.

21-24, | P20o-P27 PORT 2 is the second of two 8-bit, quasi-bi-directional 1/0

35-38 ports. P2p-P23 contain the four most significant bits of the
program counter during external memory fetches. P2g-P23
also serve as a 4-bit 1/0 bus for the uPD8243,
INPUT/OUTPUT EXPANDER.

25 PROG Program Pulse. PROG is used in programming the uPD8741A.
It is also used as an output strobe for the uPD8243.

26 VbD VDD is the programming supply voltage for programming
the uPD8741A. It is +5V for normal operation of the
uPD8041/8741A. 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 Vce Primary power supply. V¢ must be +5V for programming

and operation of the uPD8741A and for the operation of the
uPD8041.
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pPD8041/8741A

T, =0°Cto +70°C; Vpp = Vg = +5V; Vgg = OV

LIMITS
uPD8041 uPD8741 TEST
PARAMETER SYMBOL | MIN | MAX | MIN | MAX ] UNITS ] CONDITIONS
DBB READ

CS, Ag Setup to RD | tAR 0 60 ns
CS, Ag Hold after RD * tRA 0 30 ns
RD Pulse Width tRR 250 300 [2xtcy| ns toy = 2.5 us
Cs, Ag to Data Out Delay tAD 150 370 ns
RD | to Data Out Delay tRD 150 200 ns
RD 1 to Data Float Delay tDF 10 10 ns

100 140 ns
Recovery Time between tRvV 1 1 us
Reads and/or Writes
Cycle Time tcy 25 25 us 6 MHz Crystal

DBB WRITE

CS, Ag Setup !cﬁ 1 AW 0 60 ns
CS, Ag Hold after WR 1 WA 0 30 ns
WR Pulse Width ww 250 300 (2xtcy ns tcy =25 us
Data Setup to WR t tpwW 150 250 ns
Data Hold after WR t twD 0 30 ns

READ OPERATION — DATA BUS BUFFER REGISTER

Y

CSor Ag

SYSTEM

1RA ]

]
-

|

ADDRESS BUS

\___ READ CONTROL

— IRD——{ 1DF ———=]
tAD
DATA BUS N,
(OuTPUT) DATA VALID
WRITE OPERATION — DATA BUS BUFFER REGISTER
CTSor Ag : & SYSTEM
- taw Y ADDRESS BUS
R / WRITE CONTROL
e 1OW ——{ - tWD 2]
DATA CAN CHANGE x —DATA VALID & DATA CAN CHANGE

DATA BUS
(INPUT)
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JuPD8041/8741A

PACKAGE OUTLINE

A
uPD8041C/D - i
uPD8741AC/D i "D:’,\HHI e HH L !
wp (L HREH IR B AN IR AT
NERRERRRRRN u{.x.:tuLul_AG
~B— R —Cl i |
T = 1
(Plastic)
ITEM MILLIMETERS INCHES
A 51.5 MAX 2.028 MAX
B 1.62 0.064
C 254+ 0.1 0.10 + 0.004
D 05+0.1 0.019 + 0.004
E 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
1 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 025" (oe | 0010”00
K
L
| com——

0-10°
Ceramic
ITEM MILLIMETERS INCHES
A 51.5 MAX. 2.03 MAX.
B 1.62 MAX. 0.06 MAX.
C 254+ 0.1 0.1 + 0.004
D 0.5+0.1 0.02 £ 0.004
E 48.26 + 0.1 1.9 + 0.004
F 1.02 MIN. 0.04 MIN.
G 3.2 MIN. 0.13 MIN.
H 1.0 MIN. 0.04 MIN.
1 3.5 MAX. 0.14 MAX.
J 4.5 MAX. 0.18 MAX.
K 1524 TYP. 06 TYP.
L 1493 TYP. 0.59 TYP.
M 0.25+ 0.05 0.01 + 0.0019
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4PD8041/8741A

INSTRUCTION SET

INSTRUCTION CODE . FLAGS
MNEMONIC FUNCTION DESCRIPTION D; Dg Ds Ds D3 D2 Dy Do |CYCLES]BYTES| C AC FO F1 IBF oBF
_ACCUMULATOR
LATOR
ADD A, = dita (A} - (A) + data Add Immediate the specified Data to the | O a o o 4 0 1 1 2 2 .
Accumulator. d7 dg¢ ds dg dz3 d2 dy do
ADD A, Rr (A« (A) + (Rr) Add contents of designated register to 0 1 1 0 1 v r ‘ 1 1 .
forr=0-7 the Accumulator.
ADD A, @ Rr (A) ~ (A) + ((R)} Add Indirect the contents the data 0 1 1 o 0 o o r 1 1 .
forr=0 1 memory location to the Accumulator.
ADDC A, = data (A}« (A) + (C) + data Add Immediate with carry the specified |0 0 o 1 0 [ 1 1 2 2 .
data to the Accumulator. d7 dg ds dg d3 d2 oy do
ADDC A, Rr (A) -+ (A) +(C) + (Rr) Add with carry the contents of the [ 1 1 1 1 4 4 r 1 1 .
forr=0 7 register to the
ADDC A, @ Rr (A} - (A) + (C) + ((Rr))} Add Indirect with carry the contents of 0 1 1 1 0 0 0 r 1 1 .
forr=0 1 data memory location to the
Accumulator.
ANL A, = data (A) - (A) AND data Logical and specified Immediate Data 0 1 0 1 0 0 1 1 2 2
with Accumulator. d7 dg dg dg d3 d2 dy dg
ANL A, Rr (A) + (A) AND (Rr) Logical and contents of designated 0 1 1 1 . [ ‘ 1 1
forr=0-7 register with Accumulator.
ANL A, @Rr (A) - (A} AND ((Rr)) Logical and Indirect the contents of data | O 1 0 1 0 0 0 r 1 1
fore=0 1 memory with Accumulator
CPLA (A) - NOT (A) Complement the contents of the 0 0 1 1 0 1 1 1 1 1
Accumulator
CLR A (Al- 0 CLEAR the contents of the Accumulator. | 0 0 1 0 0 1 1 1 1 1
DA A DECIMAL ADJUST the contents of the | 0 1 0 1 0 1 1 1 1 1 .
Accumulator
DEC A (A« (A) 1 DECREMENT by 1 the accumulator’s [ 0 [ 0 1 1 1 1 1
contents.
INC A (A) - (A} +1 Increment by 1 the accumulator’s o o 0 1 0 1 1 1 1 1
contents.
ORL A, = data (A) - (A) OR data Logical OR or specified immediate dats 0 1 0 0 0 0 1 1 2 2
with  Accumulator d7 dg ds dg d3 d2 dy do
ORL A, Rr (A) - (A) OR (Rr} Logical ORcontents of designated 0 1 0 1 . v . 1 1
forr=0 register with Accumulator.
ORL A, @ Rr (A) - (A) OR ((Rr)) Logical OR Indirect the contents of data | 0 1 0 0 0 0 o v 1 1
forr=0 1 memory location with Accumulator
RLA (AN + 1)« (AN) Rotate Accumulator left by 1.bit without | 1 1 1 0 [ 1 1 1 1 1
(Ag) - (A7) carry.
forN=0 6
RLC A (AN +1) - (AN);N =0 6 | Rotate Accumulator left by 1-bit through | 1 1 1 1 0 1 1 1 1 1 .
(Ag) — (C) carry.
© - (A7) -
RR A (AN) - (AN + 1);N = 0 6 | Rotate Accumulator right by 1-bit 0 1 1 1 [ 1 1 1 1 1
(A7) - (Ag) without carry.
RRC A (AN) ~ (AN + 1); N = 0 - 6 | Rotate Accumulator right by 1-bit 0 1 1 0 0 1 1 1 1 1 .
(A7) - (C) through carry
)+ (Ag)
SWAP A (Ag7) " (Ag - 31 Swap the 2 4-bit nibbles in the 0 1 0 0 0 1 1 1 1 1
Accumulator.
XRL A, = data (Al - (A} XOR data Logical XOR specified immediate data 1 1 0 1 0 0 i 1 2 2
with Accumulator. d7 dg dg dg d3 d2 dy do
XRL A, Rr (A) ~ (A) XOR (Rr) Logrcal XOR contents of designated 1 1 0 1 1 ' ' ' 1 1
forr=0-7 register with Accumulator.
XRL A, @ Rr (A) = {A) XOR ((Rr)) Logical XOR Indirect the contents of data | 1 1 0 1 0 0 0 ' 1 1
forr =01 memory location with Accumulator
BRANCH
DJNZ Rr, addr (Rr) = (Rr) - 1,r=0-7 Decrement the specified register and 1 1 1 0 1 ' ' . 2 2
W (Rr) # O test contents. a7 8 a5 ag a3 a2 a1 ag
(PCO - 7) « addr
JBb addr (PCO - 7) —addr if Bb =1 | Jump to specitied address if by by by 1 0 [ 1 0 2 2
(PC) - (PC)+ 21t Bb=0 Accumulator bit is set. a7 as a5 ag a3 a2 a1 aQ
JC addr (PCO- 7)—addr if C=1 | Jump to specitied address if carry flag 1 1 1 1 o 1 1 0 2 2
(PC) ~ (PC) +2/4C =0 s set. a7 ag a5 a4 23 32 31 230
JFO addr (PCO- 7)—addr if FO =1 | Jump to specified address if Flag FO is 1 ] 1 1 [ 1 1 0 2 2
(PC) ~)PC) + 21 FO =0 | set. a7 3 a5 2 a3 32 31 30
JF1 addr (PCO- 7) —addr if F1=1 | Jump to specified address if Flag F1 15 0 1 1 1 0 1 1 0 2 2
(PC)~ (PC) + 211 F1=0 set. a7 a a5 3 a3 a2 a1 ag
JMP addr (PC8-10) - addr 8 - 10 | Direct Jump to specified address within -~ |a19 ag 2g O 0 1 o 0 2 2
(PCO - 7) — addr 0- 7 the 2K address block. a7 ag a5 ag a3 a2 a1 230
(PC 11) -- DBF
JMPP @ A (PCO- 7~ (1A)) Jump indirect to specified address with 1 1] 1 1 o o 1 1 2 1
with address page.
INC addr (PCO-7)+addrif C=0 o Jump to specified address if carry flagis | 1 1 1 0 0 1 1 0 2 2
(PC)— (PC) +2itC =1 low. ay ag ag ag a3 a2 a a0
JINIBF addr (PCO - 7) ~ addr if IBF = | Jump to specified address if input buffer | 1 1 0 1 4 1 1 0 2 2
(PC) « (PC) + 2if IBF = 1 | full flag is low. a7y a a5 a4 a3 a2 a1 aQ
JOBF (PC 0 - 7) « addr it OBF = 1| Jump to specified address if output 1 o [ 0 0 1 1 0 2 2
(PC) + (PC) + 2t OBF = 0 | buffer tull tiag is set. a7 e a5 a4 a3 22 a1 A
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1 PD8041/8741A

INSTRUCTION SET (CONT.)

INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION D; Dg Ds Ds D3 Dz Dy Do | CYCLES]BYTES| C AC FO F1 IBF OBF
BRANCH Al
INTO addr (PCO-7)«addr if TO=0 | Jump to specified address if Test 0 is low.| O 0 1 0 0 ! 1 0 2 2
(PC) - (PC) +2if TO= 1 37 a @5 a4 23 22 a1 3
JINT1 addr (PCO - 7) ~ addr if T1 Jump to specified address if Test 1 islow.| 0 1 0 0 o 1 1 o 2 2
(PC) - (PC)+ 24 T1 =1 a7 ag a5 a4 83 a2 a1 ag
INZ adds (PCO- 7) —addrif A+0 Jump to specified address if accumulator | 1 o [ 1 [ 1 1 0 2 2
(PC) - (PC) + 2if A= 0 is non-zero. a7 a8 a5 a4 23 32 a1 a0
JTF add: (PCO-7) «addrif TF = 1 | Jump to specified address if Timer Flag [ [ 0 1 o 1 1 o 2 2
(PC) -~ (PC) + 26 TF = 0 issetto 1. a7 ag a5 a4 83 a2 a1 ag
JTO0 adds {PC O~ 7) «addr f TO= 1 [ Jump to specified address if Test0isat. | 0 O 1 1 0 1 1 0 2 2
(PC)— (PC) + 2if TO= 0 a7 a8 a5 a4 23 a2 21 ag
JT1 addr (PCO - 7) « addr if T1 Jump to specitied address if Test 1 1sa 1 o 1 0 1 o 1 1 o 2 2
(PC) - (PC) +2if T1 = 0 a7 8 a5 ag 233 32 ay ag
JZ addr (PCO-7)+~addrif A=0 Jump to specified address if Accumulator | 1 1 Y 0 o 1 1 0 2 2
(PC) - (PC) + 211 A 1 O is 0. 37 3 35 ag 33 a2 31  3Q
CONTROL
ENI Enable the External Interrupt input 0 [ 0 [ 0 1 0 1 1 1
oISt Disable the External Interrupt input 0 0 0 1 0 1 0 1 1 1
SEL RBO (8S) -0 Select Bank O (locations 0 — 7) of Data 1 1 o o o 1 0 1 1 1
Memory.
SEL RB1 (BS) 1 Select Bank 1 (locations 24 31) of 1 1 o 1 0 1 0 1 1 1
Data Memory.
DATA MOVES
MOV A, = data (A) - data Move immediate the specified data into 0 0 1 0 0 0 1 1 2 2
the Accumulator d7 dg d5 dg d3 dz i do
MOV A, Rr (A)~(Rr);r=0-7 Move the contents of the designated 1 1 1 1 1 r " v 1 1
registers into the Accumulator.
MOV A, @ Rr (A) = ((R));r=0- 1 Move Indirect the contents of data 1 1 1 1 0 0 0 v 1 1
memory location into the Accumulator.
MOV A, PSW (A) - (PSW) Move contents of the Program Status 1 1 o o0 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 r 2 2
the designated register. d7 dg ds dg d3 d dy dg
MOV Rr, A (Rr) —(A);r=0-7 Move Accumulator Contents into the 1 0o 1 [ 1 4 r 4 1 1
designated register.
MOV @Rr, A (R0~ (A);r=0-1 Move Indirect Accumulator Contents 1 [4 1 [ 0 4 o . 1 1
into data memory location.
MOV @ Rr, = data ((Rr)) —data;r =0 - 1 Move Immediate the specified data into 1 0 1 1 o [ ] 4 2 2
data memory. d7 dg dg dg d3 dp di do
MOV PSW, A (PSW) — (A} Move contents of Accumulator into the 1 1 0 1 o 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 1] 4] 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 0 o 1 1 2 1
(PC8 - 10) ~ 011 Accumulator.
(A) = ((PC))
XCH A, Rr (A)2(Rr)ir=0-7 Exchange the Accumulator and o o 1 0 1 . ' ' 1 1
designated register’s contents. ‘
XCH A, @ Rr (A) 2 (RN); r=0-1 Exchange Indirect contents of Accumu- | 0 0 1 0 0 0 o ‘ 1 1
lator and location in data memory.
XCHD A, @ Rr (A0-3) %5 (Rr) 0-3)); | Exchange Indirect 4-bit contents of 0 0 1 1 0 0 0 ' 1 1
r=0-1 Accumulator and data memory
FLAGS
CPLC (C) < NOT (C) Complement Content of carry bit. 1 [¢] 1 [ [¢] 1 1 1 1 1 .
CPLFO (FO) — NOT (FO) Complement Content of Flag FO. 1 [ [ 0 1 0 1 1 1 .
CPLF1 (F1) — NOT (F1) Complement Content of Fiag F1 1 0 1 1 0 1 0 1 1 1 .
CLRC €~ Clear content of carry bit to 0. 1 0 o 1 0 1 1 1 1 1 .
CLR FO (FO) -0 Clear content of Flag 0 to 0. 1 o o o 0 1 0 1 1 1 .
CLR F1 (F1) -0 Clear content of Flag 1 to 0. 1 o 1 0 [ 1 1 1 1 .
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(1 PD8041/8741A
INSTRUCTION SET (CONT.)

INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION D7 D6 D5 D4 D3 D2 D1 DO JCYCLES| BYTESf C AC FO F1 IBF OBF|
INPUT/QUTPUT
ANL Pp, = data (Pp) - (Pp) AND data Log:cal and Immediate specified data 1 0 0 1 1 0 P P 2 2
P12 with designated port (1 or 2) d7 dg ds  dg d3 dy  dy dg
ANLD Pp. A (Pp)- (Pp) AND (A O 3) Logical and contents of Accumulator 1 0 0 1 1 1 P [ 2 1
o 4 7 with designated port (4 — 7).
IN A, Pp (A)- (Pplp 1 2 input data from designated port (1 2§ o [¢] 0 [ 1 o 3 P 2 1
in1o Accumulator.
IN A, DBB (A) - (DBB! Input strobed DBB data into 0 0 1 0 0 o 1 0 1 1 .
Accumulator and clear IBF
MOVD A, Pp (A0 31+ tPp) p 4 7 | Move contents of designated port (4 7) 0 0 0 0 1 1 P P 2 1
(A4 71-0 ‘0t Accumulator
MOVD Pp, A Ppi- AQ 3 p 4 7 Move contents of Accumulator to [ 0 1 1 1 1 ) P 1 1
des:gnated port (4 7}
ORLD Pp, A (Pph - (PRI OR (A0 3) Logicai or contents of Accumulator with | 1 0 0 0 1 1 p 0 1 1
poa 7 designated port (4 7)
ORL Pp, = data Ppi v OR data Logical or Immediate specified data with 1 0 0 0 1 0 [ P 2 2
12 designated port (1 2 d7 dg ds dg d3 d2 dy dg
OUT DBB, A (DBB) (A Output contents of Accumulator onto 0 0 0 0 0 0 1 0 1 1 .
DBB and set OBF.
OUTL Pp A Ppjc a1 Output contents of Accumulator to 0 0 1 1 1 0 0 o 1 1
designated port (1 2)
REGISTERS
DEC Rr (R [GEECEEE o 7 Decrement by 1 contents of designated 1 1 0 0 1 v . . 1 1
register
INC Ar Reb- e 07 Increment by i contents of designated 0 0 0 1 1 ' . ' 1 1
register
INC @ Rr GR - R - Increment Indirect by 1 the contents of 0 o 0 1 0 0 0 . 1 1
0 1 data memory location
SUBROUTINE
CALL addr (iSPYY - 1PCH, PS4 Cali designated Subroutine 210 39 ag 1 [ 1 0 4] 2 2
(SP) - (SPH+ 1 a7 s a5 as a3 ay ay ap
(PC8 10!+ ade v
(PCO 70+ audr0 7
(PC 117 DBF
RET (SP1 . s 3 Return from Subroutine without 1 0 0 0 0 0 1 1 2 1
(PCI - 1(SPI) restoring Program Status Word
RETR (SP1- 15PY 1 Return from Subroutine restoring 1 0 0 1 0 0 1 1 2 1
(PCI - (ISP Program Status Word
(PSW 4 7) - ((SPI)
TIMER/COUNTER
EN TCNTI Enable Internal interrupt Flag for 0 0 1 0 0 1 0 1 1 1
Timer/Counter output
DIS TCNTI Disable Internal interrupt Flag for 0 0 1 1 0 1 0 1 1 1
Timer/Counter output
MOV A, T (AL Ty Move contents of Timer/Counter into 0 1 0 0 0 0 1 0 1 1
Accumulator
MOV T, A (T (A Move content: of Accumulator into 0 1 1 0 0 0 1 0 1 1
Timer/Counter.
STOP TCNT Stop Count for Event Counter 0 1 1 0 0 1 0 1 1 1
STRT ONT Start Count tor Event Counter 0 1 0 0 0 1 o 1 1 1
STRT T Start Count for Timer 0 1 0 1 0 1 0 1 1 1
MISCELLANEOUS
NOP l ] o Overaton performes o 0 0 o0 o o o o 1 I ]

Fontuct an Cooe Desoanatons Mg P torm the hingey representation of the Reqatens g Pocts ovo wea

TP 0D ate fag Dt ndCates that i CONTPNT wubECT 10 CRANGEe Dy T 0uUhon T appeas s

Reterences 10t address and adta are spec tiea o bytes 2and ar 1 of the nstiuct on

Numer G Sutsc s appearing m the EUNCTION column reference the specific s affec ted

Symbol Definitions:

SYMBOL DESCRIPTION SYMBOL DESCRIPTION
A The Accumulator PE Por('Designator (p=1,20rd4-7)
AC The Auxiliary Carry Flag PSW Program Status Word
addr Program Memory Address (12 bits) Rr Register Designator (r=0, 10or 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,. Ty Testable Flags 0, 1
CLK Clock Signal X External RAM
CNT Event Counter # Prefix for Immediate Data
D Nibble Designator (4 bits) @ Prefix for Indirect Address
data Number or Expression (8 bits) $ Program Counter’s Current Value
DBF Memory Bank Flip-Flop (x) Contents of External RAM Location
Fo. F1 Flags 0, 1 ((x)) Contents of Memory Location Addressed
| Interrupt by the Contents of External RAM Location.
P "In-Page’’ Operation Designator « Replaced By
IBF Input Buffer Full Flag OBF Output Buffer Full
DBB Data Bus Buffer

SP8041/8741A-10-79-CAT
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NEC

NEC Microcomputers, Inc. 4 PD8048

DESCRIPTION

FEATURES

PIN CONFIGURATION

4 PD8748
4 PD8035L

4 PD8048 FAMILY OF SINGLE CHIP
8-BIT MICROCOMPUTERS

The uPD8048 family of single chip 8-bit microcomputers is comprised of the uPD8048,
1PD8748 and uPD8035L. 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.

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 Level 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

Tod 1 et 40 v,
XTAL1O 2 390 L
XTAL2O 3 38 [ P27
RESET [ 4 37 [ P26

sS] s 36 [ P25

NT (] 6 35 [ P24
EAC] 7 34 P17
RD [] 8 uPD 33 [] P16

PSEN O3 13 goas/ 2P :j
Wi O grag) °'H

ALE M 80351 30 [J P13
DB, 12 29 [J P12
DB, 13 28 [ P11
oB, CJ14 27 3 P10
DB, 15 26 [1 Voo
o8, ] 16 25 [] PROG
pBg Q17 24 [ P23
DB 18 23 [J P22
DB, 19 22 O p21
vgg 20 21 3 p20
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. PD8048/8748/8035L

The NEC uPD8048, uPD8748 and uPD8035L are single component, 8-bit, parallel
microprocessors using N-channel silicon gate MOS technology. The uPD8048/8748/
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 instructions.

The uPD8048/8748/8035L instruction set is comprised of 1 and 2 byte instructions
with over 70% single-byte and requiring only 1 or 2 cycles per instruction with over
50% single-cycle.

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 external peripheral
devices: 1024 x 8 bits of ROM program memory; 64 x 8 bits of RAM data memory;
27 1/0 lines; an 8-bit interval timer/event counter; oscillator and clock circuitry.

The uPD8748 differs from the uPD8048 only in its 1024 x 8-bit UV erasable
EPROM program memory instead of the 1024 x 8-bit ROM memory. It is useful in
preproduction or prototype applications where the software design has not yet been
finalized or in system designs whose quantities do not require a mask ROM.

The uPD8035L 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/8085A memory
products.

POWER SUPPLY

‘L‘,\‘

Low POWER

vou

PROGHAN
SUPPLY

GHOUND

[resioent procram memoRY

ROM EPROM EXPANSION TO ADDITIONAL

BUS BUFHER

BLOCK DIAGRAM

osCiL aTOR
FREQUENCY

1024+ 8

|

PORT 7 LATCH LOW 4
AND € XPANDE A1
PORT 1

|

HIGHER PROGRAM
COUNTER 14

DECODE

TESTY

TIMER AND

)

.

CowER

PROGRAM
COUNTER

PROGRAM
s1atus
WORD

EXTERNAL MEMORY AND + O

PORT O LATCH
LOW PROGRAM
OUNTER'S TEMP| PORT O

REGISTER

%

8817 INTEANAL BUS

0

EVENT COUNTER

|

P

TEMPORARY
REGISTER 18)

=

INSTRUCTION
REGISTER DECODER

ACCUMULATOR
Laten

ARITHMETIC
LOGIC UNIT

l

REGISTER

| RAM ADDRESS.

L

PROG.
i NTIALIZE I

PROM/E XPANDER

INTERRUPT
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PIN IDENTIFICATION

1 PD8048/8748/8035L

PIN

NO.

SYMBOL

FUNCTION

To

Testable input using conditional transfer functions JTO and
JNTO. The internal State Clock (CLK) is available to Tg
using the ENTO CLK instruction. T can also be used
during programming as a testable flag.

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.

RESET

Active low input for processor initialization. RESET is
also used for PROM programming verification and power-
down (non TTL compatible VIH)'

Single Step input (active-low). SS together with ALE allows
the processor to “‘single-step”’ through each instruction in
program memory.

Interrupt input (active-low). INT will start an interrupt if
an enable interrupt instruction has been executed. A reset
will disable the interrupt. INT can be tested by issuing a
conditional jump instruction.

EA

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). RD will 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.

Program Store Enable output (active-low). PSEN becomes
active only during an external memory fetch.

WRITE strobe output (active-low). VTE_v_vill pulse low when
the processor performs a BUS WRITE. WR can also function
as a WRITE STROBE for external DATA MEMORY.

Address Latch Enable output {active high}. Occurring once
each cycle, the falling edge of ALE latches the address for
external memory or peripherals. ALE can also be used as
aclock 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 Do — 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,
3538

P20 — P27:
PORT 2

Port 2 is the second of two 8-bit quasi-bidirectional ports.
For external data memory fetches, the four most significant
bits of the program counter are contained in Ppg — P23. Bits
P2 — 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

Vbbb

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

Pig—P17:
PORT 1

Port 1 is one of two 8-bit quasi-bidirectional ports.

39

™

Testable input using conditional transfer functions JT1 and
JNT1. T1 can be made the counter/timer input using the
STRT CNT instruction.

40

Vee

Primary Power Supply. Vo must be +5V for programming
and operation of the uPD8748, and for operation of the
uPD8035L and uPD8048.
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JPD8048/8748/8035L

0°C to +70°C
-65°C to +150°C
-65°C to +125°C

Operating Temperature . . . . . . . oo v v v vt ot e e
Storage Temperature (Ceramic Package) . . . . . ... .. ... ...
Storage Temperature (Plastic Package) . . . . .. ... ... .....
Voltage on Any Pin
Power Dissipation

1.5W

Note: (D With respect to ground.

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

*T,=25°C

Ta=0Cto+70 C;Vce = VpD = +5V * 5%; Vgg = OV

LIMITS
PARAMETER SYMBOL wiN JTYP] MAX UNIT TEST CONDITIONS
Input Low Voltage
.5 \%
(All Except XTAL 1, XTAL 2) vie 0 08
input High Voltage
(Al Except XTAL 1, XTAL 2, RESET) | VM 20 vee |V
Input High Voltage
3.0
(RESET, XTAL 1, XTAL 2) ViK1 vee | v
Output Low Voltage (BUS, RD, -
WR. PSEN, ALE) VoL 045 Vv |1oL=201I0A
Output Low Voltage (All Other
.4 v =1. A
Outputs Except PROG) vout 045 oL =1.6m
Output Low Voltage (PROG) VoL2 0.45 \
Output High Voltage 1BUS,R—D,
— I0H = - A
WR, PSEN, ALE) VOH 24 Vv |loH = -100u
Output High Voltage (All Other
24 | = =50 uA
Outputs) VOH1 V[ loH H
Input Leakage Current
+ A < <V
(T1, EA, INT) hL 10 H Vss < VIN < Vce
Output Leakage Current -
A = =V,
(BUS, Tg - High Impedance State) oL 10 s vee = ViN ss + 0.45V
Power Down Supply Current IpD 10 20 mA | Ta=25C
Total Supply Current Ipp + Icc 65 | 135 mA | T,=25C
Ta =25°C + 5°C; Vgg = +5V t 5%; Vpp = +25V ¢ 1V
LIMITS TEST
PARAMETER SYMBOL i 1Tve] MAX UNIT | cONDITIONS
Vpp Program Voltage High-Level VDOH 240 26.0 v
Vpp Voltage Low-Level VppL 4.75 525 'V
PROG Voltage High-Level VpH 215 245 \'
PROG Voltage Low-Level VpL 0.2 \
EA Program or Verify Voltage High-Level | VEaH 2156 245 \
EA Volitage Low-Level VEAL 525 V
Vpp High Voltage Supply Current Ipp 30.0 | mA
PROG High Voltage Supply Current IPROG 16.0 | mA
EA High Voltage Supply Current lea 10| mA
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4 PD8048/8748/8035L

AC CHARACTERISTICS READ, WRITE AND INSTRUCTION FETCH — EXTERNAL
DATA AND PROGRAM MEMORY
Ta=0°Cto +70°C; Vg = Vpp = +5V t 5%; Vgg = OV

LIMITS TEST
PARAMETER SYMBOL MIN | TYP | MAX | UNIT | CONDITIONS
ALE Puise Width L 400 ns
Address Setup before ALE tAL 150 ns
Address Hold from ALE tLA 80 ns
Control Pulse Width (PSEN, RD, WR) tce 900 ns
Data Setup before WR tow 500 ns
Data Hold after WR ) 120 ns Cp = 20 pF
Cycle Time tey 2.5 15.0 us 6 MHz XTAL
Data Hold DR 0 200 ns
PSEN, RD to Data In tRD 500 ns
Address Setup beforem tAW 230 ns
Address Setup before Data in tAD 950 ns
Address Float to RD, PSEN tAFC 0 ns

Notes: @ For Contro! Outputs: C_ = 80 pF
@ For Bus Outputs: CL =150 pF
@ tey = 2.5 us

PORT 2 TIMING
T4 =0°Cto +70°C; Vo = +5V + 5%

. LIMITS TEST
PARAMETER SYMBOL MIN I TYP | MAX | UNIT | CONDITIONS

Port Controi Setup before Falling

Edge of PROG tcp 110 ns

Port Control Hold after Falling

Edge of PROG tpC 140 ns

FTR—OG to Time P2 Input must be

Valid tPR 810 ns

Output Data Setup Time tpp 220 ns

Output Data Hold Time tpp 65 ns

Input Data Hold Time tpE 150 ns

PROG Pulse Width tpp 1510 ns

Port 2 1/0 Data Setup tpL 400 ns

Port 2 1/O Data Hold e 150 ns

PROGRAMMING SPECIFICATIONS — uPD8748
Ta=25°C+5°C;Voe =+5V £ 5%; Vpp = +25V £ 1V

LIMITS

PARAMETER SYMBOL [ o] UNIT [ o TS Tons
Address Setup Time before RESET t | taw 4tcy
Address Hold Time after RESET 1 tWA 4tcy
Data In Setup Time before PROG * tow 4tcy
Data In Hold Time after PROG 4 twD 4tcy
RESET Hold Time to VERIFY tpH 4tcy
Voo _ tvbbw | 4tcy
Vpp Hold Time after PROG { tvDDH 0
Program Pulse Width ‘tpw 50 60 ms
Test 0 Setup Time before Program
Mode tTW 4tcy
Test 0 Hold Time after Program
Mode tWT 4tcy
Test 0 to Data Qut Delay tpo 4tcy
RESET Pulse Width to Latch
Address TWW 4tCcy
Vpp and PROG Rise and Fall Times | tptf 05 20 us
Processor Operation Cycle Time tcY 5.0 us
RESET Setup Time before EA t tRE 4tcy
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M PD8048/8748/8035L

ALE

BUS

ALE

BUS

ALE

BUS

224

tcy

P |

|
|

—={ !AFC F——‘CC—>|

L

—1 A |j-—
TAL fea— —as=i DR \——
FLOATING » X FLOATING X N X FLOATING X
——l 'RD INSTRUCTION
ADDRESS

tAD

INSTRUCTION FETCH FROM EXTERNAL MEMORY

[ L

i‘——tcc—ﬂ

L

tAFC L— —={tDR

FLOATINGXADDRESSX FLOATING X DATAX FLOATING

o

tAD

READ FROM EXTERNAL DATA MEMORY

B

o]

L |

wp

taw

tow
FLOATINCXADDRESSX FLOATING DATA FLOATING

WRITE TO EXTERNAL MEMORY

TIMING WAVEFORMS



HPD8048/8748/8035L
TIMING WAVEFORMS /7 \_ —\ Yo

(CONT.)
HJI [ —
>‘£ X
}L

[
I

|

CxpanDER N
ouTeyT A
o
PROG,
PORT 2 TIMING
veRiry T
T 7‘ \
4 \_—_/—
iEser
..ivm w—-w_.i

089 D87 - (0-7) VALID. PROGRAMMEDVAUU VALID - VALID
LAST Al [t €

VoOW— t=—"voDH
25

X

Voo v
iow wo
2v
PROG s L

ov - N—

PROGRAM/VERIFY TIMING
(uPD8748 ONLY)

To
RESET \ / \ / \
o - ADDRESS, DATA OUT - NEXT NEXT DATA _———
089087 1©7) VALID VvALID ADDRESS ouT vaLiD
N N

VERIFY MODE TIMING
(uPD8048/8748 ONLY)

Notes (D Conditions G5 TTL Logc “1". Ao TTL Logic "0 must be met
(use 10K restor 10 Ve for C5. and 10K rewstor 16 Vs for Aol

@ 1y 5us an be schieved using a 3 MM requency source (LC,
XTAL or externall 1 ine XTAL 1 and XTAL 2 nputs
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M4PD8048/8748/8035L

INSTRUCTION SET

INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION D7 Dg Ds Dg D3 D2 Dy Do | CYCLES | BYTESJC AC FO F1
—
ACCUMULATOR
ADD A, # data (A) ~ (A) + data Add Immediate the specified Data to the 0 0 0 0 [ [ 1 1 2 2 .
Accumulator. dy de dg da d3 d2 dy do
ADD A, Rr (A) « (A) + (Rr) Add contents of designated register to 0 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 [ o 0 4 1 1 .
forr=0-1 memory location to the Accumulator.
ADDC A, = data (A) « (A) + (C) + data Add Immediate with carry the specified 0 0 ] 1 0 0 1 1 2 2 .
data to the Accumulator. dy dg dg dg d3 d2 dq dg
ADDC A, Rr (A) - (A) +(C) + (Rr) Add with carry the contents of the 4] 1 1 1 1 r r r 1 1 .
forr= designated register to the Accumulator.
ADDC A, @ Rr {A) +- (A) + (C) + ((Rr)) Add Indirect with carry the contents of 0 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 and specified Immediate Data 0 1 o 1 0o 0 1 1 2 2
with Accumulator d7 dg ds dg d3 d di dg
ANL A, Rr (A) « (A) AND (Rr) Logical and contents of designated 0 1 0 1 1 r r r 1 1
forr=0-7 register with Accumulator.
ANL A, @ Rr (A) ~ (A) AND ({(Rr)) Logical and Indirect the contents of data 0 1 0 1 o [ 0 r 1 1
forr=0 1 memory with Accumulator
CPL A (A) = NOT (A) Complement the contents of the ] 0 1 1 ] 1 1 1 1 1
Accumulator.
CLR A (A)~ 0 CLEAR the contents of the Accumulator 0 0 1 0 0 1 1 1 1 1
DA A DECIMAL ADJUST the contents of the 1 0 1 1 1 1 1 1 .
Accumulator.
DEC A (A) - (A) 1 DECREMENT by 1 the accumulator’s 0 0 0 0 0 1 1 1 1 1
contents.
INC A (A) =~ (A) +1 Increment by 1 the accumulator’s 0 0 [ 1 0 1 1 1 1 1
contents.
ORL A, = data (A) - (A) OR data Logical OR specified immediate data 0 1 0 0 0 [ 1 1 2 2
with Accumulator d7 dg dg dg d3 dz di dg
ORL A, Rr (A) - (A) OR (Rr) Logical ORcontents of designated 0 1 0 0 1 r r r 1 1
forr=0 7 register with Accumulator.
ORL A, @ Rr (A} - {A) GR (tR(}) Logical OR Indirect the corients of data o 1 c C ¢ 0 9 r 1 1
forr=0-1 memory location with Accumulator
RL A (AN + 1) -~ (AN) Rotate Accumulator left by 1-bit without 1 1 1 0 0 1 1 1 1 1
(Ag) = (Ag) carry.
forN=0-6
RLC A (AN +1) - (AN):N =0 - 6 | Rotate Accumulator left by 1-bit through | 1 1 1 1 0 1 1 1 1 1 .
(Ag) ~ (C) carry.
()~ (A7)
RR A (AN) — (AN + 1); N = 0- 6 | Rotate Accumulator right by 1-bit 0 1 1 1 0 1 1 1 1 1
(A7) « (Ag) without carry.
RRC A (AN) — (AN + 1); N = 0 - 6 | Rotate Accumulator right by 1-bit 0 1 1 4] 0 1 1 1 1 1 .
(A7) - (©) through carry
(C) - (Ag)
SWAP A (Ag.7) . (Ag-3) Swap the 2 4-bit nibbles in the 0 1 [ 0 o 1 1 1 1 1
Accumulator.
XRL A, = data {A) « (A) XOR data Logical XOR specified immediate data 1 1 0 1 0 0 1 1 2 2
with Accumulator d7 4dg ds d4 d3 d2 di dg
XRL A, Rr (A) - (A) XOR (Rr) Logical XOR contents of designated 1 1 [ 1 1 4 r 4 1 1
forr=0-7 register with Accumulator.
XRL A, @ Rr (A) -~ (A) XOR ((Rr)) Logical XOR Indirect the contents of data| 1 1 0 1 0 0 0 r 1 1
forr=0—1 memory location with Accumulator
o~
BRANCH
s
DJNZ Rr, addr (Rr) = (Rr) - 1;r=0-7 Decrement the specified register and 1 1 1 0 1 r " 4 2 2
If (Rr) # O test contents a7 ag as ag a3 a2 a1 ag
(PC O~ 7) ~— addr
JBb addr (PC 0 - 7) — addr if Bb Jump to speeified address if by by bg 1 0 o 1 0 2 2
(PC) ~ (PC) + 2if Bb =0 Accumulator bit is set. a7 ag as  ag a3 az ay ag
JC addr (PCO-7)~addrif C=1 Jump to specified address if carry flag 1 1 1 1 [ 1 1 [ 2 2
(PC) — (PC) +2ifC=0 is set. a7 ag as  ag a3 a2 2y ag
JFO addr {PC 0~ 7) — addr if FO = 1 Jump to specified address if Flag FO is 1 0 1 1 ) 1 1 0 2 2
(PC) ~)PC) + 2if FO=0 set. a7 ag ag ag a3 az a1 ag
JF1 addr (PCO-7) —addrif F1=1 Jump to specified address if Flag F1 is ] 1 1 1 ) 1 1 ) 2 2
(PC) - (PC) + 2if F1=0 | set. ay ag a5 a4 a3 a2 a1 ag
JMP addr (PC 8- 10) - addr 8 - 10 Direct Jump to specified address within ajg a9 ag 0 o 1 o o 2 2
(PCO- 7)—addr 0- 7 the 2K address biock. a7 as a5 ag a3 ag a1 ag
(PC 11) - DBF
JMPP @ A (PCO- 7)~ ({A)) Jump indirect to specified address with 1 0 1 1 0 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 V] ) 1 1 o 2 2
(PC)- (PC) +2ifC=1 tow. a; o as ag a3 a2 a1 a3
JNI addr (PCO- 7)—addrif 1 =0 Jump to specified address if interrupt 1 ) 0 0 [ 1 1 0 2 2
(PC)+ - (PC) + 2if1 =1 is low. az ag a5 a4 a3 232 A ag
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INSTRUCTION SET (CONT.) #PDBO481874818035L

INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION D7 Dg Ds Dg D3 D2 Dy Do JCYCLES |BYTESJC AC FO F1
BRANCH (CONT.)
INTO addr (PCO 7)- addrif TO- 0 | Jump to specified address if Test 01slow. | O 0 1 0 0 1 1 0 2 2
(PC)- (PC) + 246 TO - 1 a7 86 a5 ag a3 @2 a1 ap
INT1 addr (PCO  7)- addr it T1 - 0 | Jump to specified address if Test 11slow. | O 1 0 0 0 1 1 0 2 2
(PCY- IPCY+ 244 T1 1 37 ag as aq a3 a2 a1 a0 ,
INZ addi (PCO 7)- addrif A = 0Q Jump to specified address if accumulator 1 0 0 1 0 1 1 8] 2 2
(PC)- (PC) « 214 A O 1s non-zero, @7 ag  as  ag w3 22 a1 ag
JTF addr (PCO  7)- addrf TF - 1 | Jump to specified address f Timer Flag 0 0 0 1 0 1 1 0 2 2
(PC)- (PC)+ 24 TF O isset 101 a7 @ a5 ag 93 a2 01 ag
470 addr (PCO 70+ addr £ TO - 1 | Jump to specified address if Test O 1sa 0 0 ' 1 0 ! 1 0 2 2
(PC)- (PC) + 2.4 TO - 0 a7 3¢ a5 ag a3 a2 A a0
JTV adds (PCO 70+ addr f T1- 1 | Jump to specified address if Test 11521 0 1 0 1 0 1 1 0 2 2
(PC)- (PC)+2:4T1 O a7 ag a5 ag a3 a2 M a0
42 adds (PCO 7)) addr i A O Jump 10 specified address it Accumuiator | 1 1 0 0 & 1 i 0 2 2
(PC) - (PC) + 2/ A O is 0. A T I T T . aQ
CONTROL
ENI Enable the External Interrupt input 0 0 0 0 0 1 0 1 1 1
DIS | Disable the External Interrupt input 0 0 0 1 0 1 0 1 1 1
ENTO CLK Enable the Clock Output pin TO. 0 1 1 1 0 1 0 1 1 1
SEL MBO (DBF)- 0 Select Bank O (locations 0 2047) of 1 1 1 0 0 1 0 1 1 1
Program Memory
SEL MB1 (DBF1- 1 Select Bank 1 (locations 2048  4095) of | 1 1 1 1 0 1 0 1 1 1
Program Memory
SEL RBO (8S)- 0 Select Bank O (locations 0 - 7) of Data 1 1 0 0 0 1 0 1 1 1
Memory.
SEL RB1 (8S) - 1 Select Bank 1 (locations 24 31) of 1 1 0 1 0 1 0 1 1 1
Data Memory
DATA'MOVES
MOV A, - data tA) - data Move Immediate the specified data into 0 0 1 0 0 0 1 1 2 2
the Accumulator d7 dg ds dg d3 d2 dp  dg
MOV A, R: (A)- (RiLe 0 7 Move the contents of the designated 1 1 1 1 1 ' ' . 1 1
1egisters n1o the Accumulator
MOV A, ¢ Re (AV- (R 0 1 Move Indirect the contents of data 1 1 1 1 0 0 0 ' 1 1
memory location into the Accumulator
MOV A, PSW (A1~ (PSW) Move contents of the Program Status 1 1 0 0 0 1 1 1 1 1
Word into the Accumulator
MOV Rr, - data (Ri) - data;r 0 7 Move Immediate the specified data into 1 0 1 1 1 ' ' ' 2 2
the designated reqister d7 dg dg dq d3 d2 dy dg
MOV Ri, A (Re) - (A1 0 7 Move Accumulator Contents into the 1 0 1 0 1 ' " ' 1 1
designated register
MOV ¢ Rr, A (Ra)) - (AL r 0 1 Move Indirect Accumulator Contents 1 0 1 0 0 o 0 " 1 1
into data memory location
MOV ¢ Re, - data (R - dataie 01 Move immed.ate the specified data into 1 0 1 1 0 0 0 ' 2 2
data memory d7 dg ds dg d3 d2 di dg
MOV PSW, A (PSW) - (A) Move contents of Accumulator into the 1 1 4 1 0 1 1 1 1 1
Program status word.
MOVP A, @ A (PCO  71- (A) Move data in the current page into the 1 0 1 0 o 0 1 1 2 1
(A}~ (PCH Accumulator
MOVP3 A, @ A (PCO 71 (A) Move Program data in Page 3 into the 1 1 1 [ [ 0 1 1 2 1
(PC8 101- 011 Accumulator.
(A) - LPC)Y
MOVX A, @R (A)V- ((RD.e 0 1 Move Induect the contents of external 1 0 0 0 [4 o o . 2 1
data memory into the Accumulator.
MOVX @R, A (R - (Alr 0 1 Move Indirect the contents of the 1 0 0 1 0 0 0 ' 2 1
Accumulator into external data memory.
XCH A, Ri (A) . (Rr)ir=0-7 Exchange the Accumulator and 0 0 1 0 1 . ' ' 1 1
designated register’s contents.
XCH A, @ Rr (A) . URr) r=0 1 E xchange Indirect contents of Accumu 0 0 1 0 0 0 0 i 1 1
lator and location in data memory
XCHD A, @ Rr (A0 3)". (RO - 3)); Exchange Indirect 4-bit contents of 0 0 1 1 0 o 0 ‘ 1 1
(-0 1 Accumulator and data memory
FLAGS
cPLC (C)- NOT (C) Complement Content of carry bit. 1 0 1 [ 0 1 1 [ 1 1 .
CPL FO (FO) - NOT (FO) Complement Content of Flag FO. 1 [ (] 1 0 1 0 1 1 1 .
CPL F1 (F1) - NOT(F1) Complement Content of Flag F1 1 [ 1 1 0 1 5} 1 1 1 .
CLRC ©- 0 Clear content of carry bit 1o 0 1 [ 0 1 0 1 1 1 1 1 .
CLR FO (FO)- O Ctear content of Fiag 0 1o O 1 0 [ o 0 1 0 1 1 1 .
CLRF1 (F1) - 0 Clear content of Flag 1,10 0. 1 0 1 0 0 1 1 1 1 .
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4 PD8048/8748/8035L INSTRUCTION SET (CONT.)

INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION D7 D6 D5 D4 D3 D2 D1 DO CYCLES | BYTES §C AC FO F1
INPUT/OUTPUT
ANL BUS, = data (BUS) - (BUS) AND data Logical and Immediate-specified data 1 0 0 1 1 0 0 0 2 2
with contents of BUS d7 dg dg dq d3 dp di do
ANL Pp, = data (Pp) - (Pp) AND data Logical and Immediate specified data 1 0 0 1 1 0 » p 2 2
P12 with designated port (1 or 2} d7 dg dg da a3 dp dq dp
ANLD Pp. A (Pp)- (Pp) AND (A O 3)| Logical and contents of Accumulator with| 1 0 0 1 1 1 » » 2 1
p o4 7 designated port (4 7).
IN A, Pp (Ab- (Pplip 1 2 Input data from designated port i1 2} 0 0 0 0 1 0 n » 2 1
into Accumulator.
INS A, BUS (A) - (BUS) Input strobed BUS data into Accumutator.| 0 0 0 0 1 o ) 0 2 1
MOVD A, Pp tAO0 3)- (Pplip 4 7 Move contents of designated port (4 7) 0 0 0 0 1 1 n » 2 i
(A4 7-0 into Accumulator
MOVD Pp, A (Pp)- AO 3:p 4 7 Move contents of Accumulator to o 0 1 1 1 1 P [ 1 1
designated port (4 7).
ORL BUS, = data (BUSI - (BUS) OR data Logical or Immediate specified data with 1 0 0 0 1 0 0 0 2 2
contents of BUS. d7 dg ds dg dz dp dp  do
ORLD Pp, A (Pp) - (Pp) OR (A O 3) Logical or contents of Accumulator with 1 0 0 0 1 1 n n 1 1
p 4 7 designated port (4 71
ORL Pp, = data (Pp) - (Pp) OR data Logical or Immediate specified data with | 1 0 0 0 1 0 » » 2 2
b2 designated port (1 2) d7 dg dg da d3z dp dy  dg
OUTL BUS, A (BUS) - (A} Output contents of Accumuiator onto 0 0 0 0 0 0 1 0 1 1
BUS
OuTL Pp, A (Pp) - (ALp 1 2 Output contents of Accumulator to 0 o 1 1 1 0 » P 1 1
designated port (1 2)
REGISTERS
DECR:i (Ri) (Ri)- Rl 10 -0 7 Decrement by 1 contents of designated 1 1 0 0 1 ' ] . 1 1
register
INC Rr (Rrb- (Ro)+1:0-0 7 Increment by 1 contents of designated 0 0 0 1 1 ' ' ' 1 1
register
INC @ R: R - (R 1, Increment Induect by 1 the contents of 0 0 0 1 0 0 0 : 1 1
-0 1 data memory location
—
SUBROUTINE
CALL add: {(SP); - (PC), (PSW4 71| Cali designated Subroutine 419 ag  ag 1 0 1 0 0 2 2
(SP) - (SP) + 1 a7 o a5 aa a3z a2 @) ag
(PC8 101 addi 8 10
(PCO 7)- addrO 7
(PC11) - DBF
RET (SP) - (SP) 1 Return from Subroutine without 1 0 0 0 0 0 1 1 2 1
(PC) - (ISPD) restoring Program Status Wora
RETR (SP) - (SP) 1 Return from Subroutne tectoning 1 0 0 1 0 0 1 1 2 1
(PC) - ((SP)) Program Status Word
(PSW4 7). (ISP))
TIMER/COUNTER
EN TCNTI Enable Internal interrupt Flag for 0 0 1 0 0 1 0 1 1 1
Timer:Counter output
DIS TCNTI Disable Internal interrupt Flag for 0 0 1 1 0 1 0 1 1 1
Timer/Counter output.
MOV A, T (Ar- (T) Move contents of Timer/Counter into 0 1 0 0 0 0 1 0 1 1
Accumulator
MOV T, A (Th- (A} Move contents of Accumulator into 0 1 1 0 0 0 1 o 1 1
Timer/Counter
STOP TCNT Stop Count for Event Counter 0 1 1 o 0o 1 0 1 1 1
STRT CNT Start Count for Event Counter 0 1 0 0 0 1 0 1 1 1
STRT T Start Count for Timer 4] 1 0 1 0 1 Q0 1 1 1
MISCELLANEOQUS
NOP J No Operation performed 0 0 0 0 3] 0 0 0 l 1 l 1 ]

Notes (D) Instruction Code Designations r and p form the binary representation of the Registers and Ports invoived
(@ The dot under the appropriate flag bit indicates that its content is subject 1o 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 af fected.

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, 1or 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 O, 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 O, 1 ((x)) 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
<—8-> PORT =1
XTAL
B — -‘r— PORT =2
RESET —— P READ
SINGLE
f—— WRITE
STEP uPD
EXTERNAL 8048
- - PROGRAM STORE
MEMORY FAMILY  |—=
ENABLE
TEST
ADDRESS LATCH
ENABLE
INTERRUPT ==
PORT EXPANDER
Lo
BUS “ STROBE
K
PACKAGE OUTLINES | A | [‘ML_.‘—*‘!
uPD8048C/D H, |
uPD8748D gL l N
T M
1#PD8035LC/D A “ K . ) U1 S A
I AN 0 ]
L c 1
Plastic
ITEM MILLIMETERS INCHES
A 51.5 MAX 2.028 MAX
B 1.62 0.064
C 2.54 + 0.1 0.10 *+ 0.004
D 0.5+0.1 0.019 + 0.004
E 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
1 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
0.25
M 0.05 0.010 0.002
K
L

M
—
0-10°
Ceramic
ITEM | MILLIMETERS INCHES
A 51.5 2.03
B 1.62 0.06
[} 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 1493 0.59
M 0.25 + 0.05 0.01 + 0.0019|

SP8048-10-79-CAT
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NEC

NEC Microcomputers, Inc. 4+ PD8049
4+ PD8039L

HIGH PERFORMANCE
SINGLE CHIP 8-BIT MICROCOMPUTERS

DESCRIPTION  The NEC uPD8049 and uPD8039L are single chip 8-bit microcomputers. The processors
differ only in their internal program memory options: the uPD8049 with 2K x 8 bytes
of mask ROM and the uPD8039L with external program memory. Both of these devices
feature new, high performance 11 MHz operation.

FEATURES e High Performance 11 MHz Operation
Fully Compatible with Industry Standard 8049/8039
Pin Compatible with the uPD8048/8748/8035

e NMOS Silicon Gate Technology Requiring a Single +5V 10% Supply
e 1.36 us Cycle Time. All Instructions 1 or 2 Bytes
e Programmable Interval Timer/Event Counter
e 2K x 8 Bytes of ROM, 128 x 8 Bytes of RAM
e Single Level Interrupt
e 96 Instructions: 70 Percent Single Byte
e 271/0 Lines
e |nternal Clock Generator
e Expandable with 8080A/8085A Peripherals
e Available in Both Ceramic and Plastic 40-Pin Packages
PIN CONFIGURATION Tod 1 S aohv
XTAL1 O 2 39§ch
XTAL20O 3 38 [ pr27
RESET[J 4 37 [ r26
55 s 36 [ P25
INT([] 6 35 [ P24
EA L] 7 34 QP17
RD [ 8 33 [ P16
PSEN (] 9 uPD 32 [ P15
WR 1o 8049/ 3 Hpig
ALe]1r  8039L 35 e
DB, [ 12 29 [ P12
oB, 13 28 [ P11
DB, (414 27 [ P10
DB, [ 15 26 [1 Vob
DB, 16 25 [ PROG
DB 417 24 [ P23
DB 18 23 [ P22
0B, 19 22 [ p21
vgg 20 21 3 P20
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The NEC uPD8049 and uPD8039L are high performance, single component, 8-bit FUNCTIONAL
parallel microcomputers using N-channel silicon gate MOS technology. The uPD8049 DESCRIPTION
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 uPD8039L 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
BLOCK DIAGRAM
Voo Vee Vss
PROGRAM +5V GROUND
SUPPLY (LOW POWER ‘B
STANDBY)
JRESIDENT PROGRAM MEMORYY}
BUS BUFFER ROM.EPROM EXPANSION TO ADDITIONAL
OSCILLATOR PORT 2 2048 x 8 EXTERNAL MEMORY AND 1/0
FREQUENCY DECODE
2
PORT 2 LATCH (LOW 4) PORT 2 HIGH 8
mogwoen | e oo :
+480 8 Low PROGRAM J8us sur;sal
- LOWER PROGRAM JCOUNTER'S TEMP| PORT O
| f L ? [ 2:::%’::@ I A ]
TIMER AND 88IT INTERNAL BUS
EVENT COUNTER &

l

!

| TEMPORARY
[Accuuuu\wn 18)| LREG‘SYER (®

INSTRUCTION
REGISTER/DECODER

ACCUMULATOR
LATCH

8US
BUFFER

LATCH
PORT 1

N

RAM ADDRESS
REGISTER

L

ARITH

LOGIC UNIT

IMETIC

(8))

DECIMAL
ADJUST

iNT

RESET PROG

EA

CONTROL AND TIMING

XTAL1 XTAL2 _ ALE

CONDITIONAL
BRANCH
LOGIC

}a— TEST O

p—— TEST 1

b INT

fe——FLAG O

e FLAG 1

[ MULTIPLEXER

REGISTER O

REGISTER 1

REGISTER 2

REGISTER 3

REGISTER 4

REGISTER 5

REGISTER 6

j=— TIMER FLAG
f=— CARRY

[~ Acc

’4— ACC BIT TEST

al

L]

INTERRUPT
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PROM/EXPANDER
STROBE

CPU/MEMORY
SEPARATE

OSCILLATOR/ ADDRESS PROGRAM SINGLE READ WRITE

LATCH
STROBE/
CYCLE
cLock

XTAL

MEMORY STEP  STROBES

ENABLE

DECODE

REGISTER 7

8 LEVEL STACK

(VARIABLE WORD LENGTH)

JOPTIONAL SECOND
JREGISTER BANK

[DATA STORE

RESIDENT DATA MEMORY
(128 x 8)

RAM



PIN IDENTIFICATION

M PD8049/8039L

PIN

NO.

SYMBOL

FUNCTION

To

Testable input using conditional transfer functions JTO and JNTO. The
internal State Clock {CLK) is available to T using the ENTO CLK
instruction. Tq can also be used during programming as a testable flag.

XTAL1

One side of the crystal, LC, or external frequency source. (Non-TTL
compatible V|H.)

XTAL 2

The other side of the crystal or LC frequency source. For external
sources, XTAL 2 must be driven with the logical complement of
the XTAL 1 input.

Active low input from processor initialization. RESET is also used for
PROM programming verification and power-down (non-TTL com-
patible V).

Singie Step input {active-iow). SS together with ALE allows the
processor to ‘‘single-step’’ through each instruction in program
memory.

l

z
3

Interrupt input (active-low). INT will start an interrupt if an enable
interrupt instruction has been executed. A reset will disable the inter-
rupt. INT can be tested by issuing a conditional jump instruction.

External Access input (active-high). A logic “’1"" at this input com-
mands the processor to perform all program memory fetches from
external memory.

READ strobe outputs active-low). RD will pulse low when the proces-
sor 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.

Program Store Enable output (active-low). PSEN becomes active only
during an external memory fetch.

WRITE strobe output (active-low). WR will pulse low when the
processor performs a BUS WRITE. WR can also function as a WRITE
STROBE for external DATA MEMORY.

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

Dg-D7 BUS

8-bit, bidirectional port. Synchronous reads and writes can be per-
formed on this port using RD and WR strobes. The contents of the
Dp-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 instruc-
tion the Dg-D7 BUS, controlled by ALE, RD and WR, contains
address and data information.

20

Vss

Processor's GROUND potential.

21-24,
35-38

P20-P27:
PORT 2

Port 2 is the second of two 8-bit quasi-bidirectional ports. For external
data memory fetches, the four most significant bits of the program
counter are contained in Ppg-P23. Bits Pg-P23 are also used as a
4-bit 1/0 bus for the uPD8243,INPUT/OUTPUT EXPANDER.

25

PROG

PROG is used as an output strobe for uPD8243’s during |/0 expan-
sion. When the uPD8049 is used in a stand-alone mode the PROG pan
can be allowed to float.

26

Vbb

Vpp is used to provide +5V to the 128 x 8 bit RAM section. During
normal operation Vcc must also be +5V to provide power to the other
functions in the device. During stand-by operation Vpp must remain
at +6V while V¢ is at ground potential.

27-34

P10-P17:
PORT 1

Port 1 is one of two 8-bit quasi-bidirectional ports.

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

Primary Power supply. Vg is +5V during normal operation.
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Operating TEMPerature . . . . . o oo v oo v ittt 0°C to +70°C  ABSOLUTE MAXIMUM
Storage Temperature (Ceramic Package) . . . . . .. ......... -65°Cto +150°C RATINGS*

Storage Temperature (Plastic Package) . . . . . ... ......... -65°C to +125°C

Voltageon Any Pin . . . . ... .. ... ... - 0.5 to +7 Volts

Power Dissipation . . . . . . . . . i e e 1.5W

Note: (D With respect to ground.

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

reliability.
*T,=25°C
T, =0°C to +70°C; Vce = Vpp = +5V t 10%; Vgg = OV DC CHARACTERISTICS
LIMITS
PARAMETER SYMBOL UNIT|] TEST CONDITIONS

MIN | TYP| MAX

Input Low Voltage

(All Except XTAL 1, XTAL 2) ViL -05 08| Vv
Input High Voltage
(All Except XTAL 1, XTAL 2, RESET) ViH 20 vee \
Input High Voltage
(RESET, XTAL 1, XTAL 2) ViH1 38 vee v

Output Low Voltage (BUS, RD, v
WR, PSEN, ALE) oL

045 V [loL=20mA

Output Low Voltage (All Other

Outputs Except PROG) VoL 045 vV |loL=16mA
Output Low Voltage (PROG) voL2 045 Vv |loL=1.0mA
Output High Voltage (BUS, RD, _
WR, PSEN, ALE) VOH 24 V | IoH = =100 A
Output High Voltage (All Other _
Outputs) VOH1 24 V | IoH = -50 KA
Input Leakage Current
(T1, EA, INT) I'TH +10 MA | VSSSVIN < VCC
Output Leakage Current .
(BUS, Tg — High Impedance State) lou *10 | WA | VCC> VIN> Vss + 045V
Power Down Supply Current Ipp 25 50 mA [ T,=25°C
Total Supply Current Ipp + Icc 100( 170 | mA [ T,=25°C
LOGIC SYMBOL
B '<§> PORT #1
XTAL
— -<§> PORT #2
RESET — S READ
SINGLE
STEP oD —— WRITE
ul
EXTERNAL __ | 8049/
PROGRAM STORE
MEMORY sosoL = ENABLE
c——
TEST
. ADDRESS LATCH
ENABLE
INTERRUPT ==
PORT EXPANDER
P ———
BUS s STROBE
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AC CHARACTERISTICS READ, WRITE AND INSTRUCTION FETCH — EXTERNAL
DATA AND PROGRAM MEMORY

Ta=0"Cto +70°C; Vog = Vpp = +5V ¢ 5%; Vgs = OV

LIMITS TEST
PARAMETER SYMBOL | MIN JTYP |[MAX | UNIT | CONDITIONS
ALE Pulse Width L 150 ns
Address Setup before ALE tAL 70 ns
Address Hold from ALE LA 50 ns
Control Pulse Width (PSEN, RD, WR) tce 300 ns
Data Setup before WR tow 250 ns
Data Hold after WR twD 40 ns CL =20 pF@
Cycle Time tcy 1.36 15.0 us
Data Hold DR 0 100 ns
PSEN, RD to Data In tRD 200 ns
Address Setup before WR tAW 200 ns
Address Setup before Data In tAD 400 ns
Address Float to RD, PSEN tAFC -40 ns

Notes: @ For Control Outputs: C_ = 80 pF
@ For Bus Outputs: C_ = 150 pF
® tcy=136us

PORT 2 TIMING
T5=0°C to +70°C; Vg = +5V £ 5%; Vgg = OV

LIMITS TEST
PARAMETER SYMBOL MIN J TYP | MAX | UNIT | CONDITIONS
Port Control Setup before Falling
Edge of PROG tcp 100 ns
Port Control Hold after Falling
Edge of PROG tpC 60 ns
PROG to Time P2 Input must be
Valid tPR 650 ns
Output Data Setup Time tpp 200 ns
Output Data Hold Time tPD 20 ns
Input Data Hold Time tpF 0 150 ns
PROG Pulse Width tpp 700 ns
Port 2 1/0 Data Setup tPL 150 ns
Port 2 1/O Data Hold e 20 ns
TIMING WAVEFORMS tey
e T | —

ALE — l L—

] e f—tco—]

—= LA

—= DR

FLOATING X N X FLOATING X
——l tRD \INSTRUCTION

I tAD 1

FLOATING
BUS

INSTRUCTION FETCH FROM EXTERNAL MEMORY
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I I I l TIMING WAVEFORMS
ALE

(CONT.)
}‘——(CC—-—'—

o L

tAFC L —s=tDR|

FLOATING x ADDRESSX FLOATING XDATA X FLOATING
BUS
——‘ tRD

taw 1

READ FROM EXTERNAL DATA MEMORY

’-—'cc—ﬂ

I twD

BUS FLOATINGXDDRESSX FLOATING l DATA FLOATING

A\

WRITE TO EXTERNAL MEMORY

ALE —/_—\ /_—

EXPANDER PORT

outruT__ X PCH

tLp tpp —{tPD}—
? OUTPUT DATA X

PORT 2.3 DATA PORT
EXPANDER PORT 03D ORT CONTROL
\ — PR - tpF
INPUT X PCH . ¢« X
1
tcp— tpC INPUT DATA
e— tpp— |
PROG PP

PORT 2 TIMING
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INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION D; Dg Ds Dg D3 D2 Dy Do JCYCLESIBYTESEC AC FO F1
ACCUMULATOR
ADD A, = data (A} - (A} + data Add Immediate the specified Data to the 0 0 ) 0 0 0 1 1 2 2 .
Accumulator. dy dg ds dg d3 d2 oy dp
ADD A, Rr (A) - (A} + (Rr) Add contents of designated register to 0 1 1 o 1 v 1 ' 1 1 .
forr=0 the Accumulator
ADD A, @ Rr (A)- (A) + ((Rr) Add Indirect the contents the data 0 1 1 o 0 o 0 ' ! ! .
forr=0 memory location to the Accumulator.
ADDC A, = data (A) - (A) +(C) + data Add Immediate with carry the specified 0 0 0 1 0 0 1 1 d 2 .
data to the Accumuiator. dy de dg dg d3 d2 dq dp
ADDC A, Rr (A}~ (A} +(C) + (Rr) Add with carry the contents of the 0 1 1 1 1 ' v ' 1 1 .
forr=90 designated register to the Accumulator
ADDC A, @ Rr (A) - (A) +(C) + ({Rn) Add Indirect with carry the contents of 0 1 1 1 [ 0 0 ' 1 1 .
forr=0 1 data menory location te the
Accumulator.
ANL A, = data (A) - (A) AND data Logical and specified Immediate Data 0 1 0 1 0 0 1 1 2 2
with Accumulator. dy dg dg dgq d3 d2 dq do
ANL A, Rr (A} {A) AND (Rr} Logical ang contents of designated 0 i 0 1 1 v 0 ! 1 7
forr=0 7 register with Accumulator.
ANL A, @ Rr (A) - (A) AND ((Rr}) Logical and Indirect the contents of data 0 1 0 1 0 0 0 r 1 1
forr =0 memory with Accumulator.
CPL A (A) - NOT (A) Complement the contents of the 0 0 1 1 0 1 1 1 1 1
Accumulator
CLR A (A)- 0 CLEAR the contents of the Accumulator. | 0 0 1 0 0 1 1 1 1 1
DA A DECIMAL ADJUST the contents of the 0 1 [4 1 0 1 1 1 1 1 .
Accumulator.
DEC A (A)- (A) 1 DECREMENT by 1 the accumulator’s 0 0 0 0 0 1 1 1 1 1
contents,
INC A (A)- (A) +1 Increment by 1 the accumulator’s 0 0 0 1 0 1 1 1 1 1
contents.
ORL A, = data (A) - (A) OR data Logical OR specified immediate data 0 1 0 0 0 0 1 1 2 2
with  Accumulator d7 dg ds dg d3 dp di do
ORL A, Rr (A) - (A) OR (Rr) Logical ORcontents of designated 0 1 0 0 1 v r v 1 1
forr=0 7 register with Accumulator.
ORL A, @ Rr (A) - (A) OR ({Rr)) Logical OR Indirect the contents of data | 0 1 0 0 0 0 0 v 1 1
forr=0 1 memory location with Accumulator.
RL A (AN + 1) - (AN) Rotate Accumulator left by 1-bit without | 1 1 1 0 0 1 1 1 1 1
(Ag) — (A7) carry
forN=0-6
RLC A (AN + 1)~ (AN);N =0 6 | Rotate Accumulator left by 1-bit through | 1 1 1 1 0 1 1 1 1 1 .
(Ag) = (C) carry.
(€ (A7)
RR A (AN) — (AN + 1);N =0 6 | Rotate Accumulator right by 1-bit 0 1 1 1 0 1 1 1 1 1
(A7)« (Ag) without carry.
RRC A (AN) ~ (AN + 1);N = 0 - 6 | Rotate Accumulator right by 1-bit 0 1 1 0 0 1 1 1 1 1 .
(A7) - (C} through carry.
(- (Ag)
SWAP A (Ag7) . (Ag - ) Swap the 2 4-bit nibbles in the 0 1 0 0 0 1 1 1 1 1
Accumulator
XRL A, = data (A) - (A) XOR data Logical XOR specified immediate data 1 1 0 l 0 0 1 1 2 2
with Accumulator. d7 dg ds dg d3 d2 di dg
XRL A, Rr (A) - (A) XOR (Rr) Logical XOR contents of designated 1 1 0 1 1 . 0 ¢ 1 1
torr=0- 7 register with Accumulator.
XRL A, @ Rr (A}« (A) XOR ((Rr)) Logical XOR Indirect the contents of data| 1 1 0 1 0 0 0 0 1 1
forr=0-1 memory location with Accumulator
BRANCH
DJNZ Rr, addr (Re) ~ (Rr) - 1,7 =0-7 Decrement the specified register and 1 1 1 0 1 ‘ ‘ v 2 2
If(Rr) # O test contents a7 36 as ag ag ag aq aQ
(PC O~ 7) - addr
JBb addr (PCO 7) —addrif Bb =1 | Jump to specified address if by by by 1 0 0 1 0 2 2
(PC) - (PC) + 211 Bb - 0 Accumulator bit is set a7 e a5 . aag a3 ap a1 aQ
JC addr (PCO - 7)~ addr if C = 1 Jump to specified address if carry flag 1 1 1 1 o 1 1 0 2 2
(PC)- (PC)+ 24 C -0 s set a7 e a5 ag a3 a2 a1 ap
JFO addr {PCO - 7) —addrf FO =1 | Jump to specified address if Flag FO is v 0 1 1 o 1 1 0 2 2
(PC) - J(PC) + 21 FO -0 | set. a7 ag as ag a3 ap a1 ag
JF1 addr (PCO 7)~addrf F1=1 | Jump to specified address if Flag F1 15 0 1 1 1 0 1 1 0 2 2
(PC) - (PC)+2:fF1:0 set ay ag ag ag a3 ap a1 ag
JMP addr (PC8 10)- addr8 10 | Direct Jump to specified addiess within  [ajg ag  ag 0 0 1 0 0 2 2
(PCO- 7)--addr 0 - 7 the 2K address block a7 ag ag ag a3 ap a1  aQ
(PC11) - DBF
JMPP @ A (PCO 7). (tA)) Jump indirect to specified address with 1 0 1 1 0 o 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 0 2 2
(PCY- (PC)+2:4C - 1 low. a7 ag as ag a3z ap a;  ag
JINI addr (PCO 7)- addrif I - 0 Jump to specified address if interrupt 1 0 0 0 0 1 1 0 2 2
(PC)- (PC)+ 241 -1 is low. a7 ag a5 aa a3 a3 a1 ag
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INSTRUCTION SET (CONT.)

INSTRUCTION CODE FLAGS
MNEMONIC FUNCTION DESCRIPTION Dy Dg Ds Dg D3 D2 Dy Do J CYCLES IBYTES JC AC FO F1
sfm—
BRANCH (CONT.)
JNTO addr (PC'O - 7) ~ addr if TO=0 | Jump to specified address if Test O islow.| O 0 1 0 0 1 1 0 2 2
(PC) — (PC) + 2if TO= 1 a7 ag a5 as a3 a2 a1 ag
JNT1 addr (PCO-7) - addr if T1 = 0 Jump to specified address if Test 1 is low. o 1 0 0 0o 1 1 0 2 2
(PCh- (PCY+2ifT1 -1 a7 ag ag a4 a3 ap a1 agQ ,
JNZ addr (PCO- 7)- addrif A =0 Jump to specified address if accumulator 1 o 0 1 0 1 1 0 2 2
(PC)- (PC)+2if A -0 1S Non-2ero. a7 ag ag EY) a3 ag aq ag
JTF addr (PCO-7)+ addr if TF = 1 Jump to specified address if Timer Flag 0 0 o 1 [ 1 1 [ 2 2
(PC)- (PC)+ 24 TF -0 issetto 1. a7 ag ag a4 a3 ap al ag
JTO addr (PC 0~ 7) « addr if TO = Jumg to specified address if Test O isa 0 0 1 1 0 1 1 0 2 2
(PC)+- (PC) + 21 TO=0 ay a6 as 34 a3 az a1 a0
JT1 addr (PCO 7)- addrif T1 =1 Jump to specified address if Test 1 isa 1. o 1 0 1 o 1 1 0 2 2
(PC)- (PC)+2fT1 O ay ag ag ag ag ag a1 aQ
JZ addr (PCO- 7)+-addr if A =0 Jump to specified address if Accumulator | 1 1 0 o 0 1 1 0 2 2
(PC)- (PC)+2:fA: 0 is az ag as ag az a a1 ag
CONTROL
ENI Enable the External Interrupt input. 0 0o 0 4] 0 1 0 1 1 1
Dist Disable the External Interrupt input. 0 0 o 1 0 1 0 1 1 1
ENTO CLK Enable the Clock Output pin TO. 0 1 1 1 0 1 o 1 1 1
SEL MBO (DBF)- O Select Bank O (locations 0 2047) of 1 1 1 0 0 1 0 1 1 1
Program Memory.
SEL MB1 (DBF) - 1 Select Bank 1 (locations 2048  4095) of 1 1 1 1 0 1 0 1 1 1
Program Memory.
SEL RBO (BS)- 0O Select Bank O (locations 0 — 7) of Data 1 1 0 0 0 1 0 1 1 1
Memory.
SEL RB1 (BS) - 1 Select Bank 1 (locations 24 31) of 1 1 0 1 0 1 0 1 1 1
Data Memory.
DATA MOVES
MOV A, = data (A) - data Move Immedsate the specified data into 0 0 1 o} [} o 1 1 2 2
the Accumulator d7 dg ds dg d3 d2 dy dg
MOV A, Rr (A (Rr);r -0 7 Move the contents of the designated 1 1 1 1 1 v r r 1 1
registers into the Accumulator.
MOV A, @ Rr (A)- ((Rr));r=0 1 Move Indirect the contents of data 1 1 1 1 0o 0 0 r ‘1 1
memory location into the Accumulator
MOV A, PSW (A) - (PSW) Move contents of the Program Status 1 1 0 0 ) 1 1 1 1 1
Word into the Accumulator.
MOV Rr, = data (Rr) - data;r=0 7 Move Immediate the specified data into 1 0 1 1 1 r r r 2 2
the designated register d7 dg ds da d3 dp dy do
MOV Rr, A (Rr) - (A);r=0 7 Move Accumulator Contents into the 1 0 1 0 1 r r r 1 1
designated register
MOV @ Rr