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ROM ORDERING PROCEDURE — MEMORIES AND MICROCOMPUTERS

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

uPD2308A  uPD8049 uPD553
uPD2316E uPD8355 uPD554
uPD2332A/8 uPD546 UPD554L
uPD2364 . uPD547 uPD557L
uPD7801 uPD547L uPD650
uPD8021 uPD548 uPDB51
uPD8022 ' uPD550 uPDB52.
uPD8041 o . uPDB52 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 11 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, .







NEC Microcomputers, Inc.

MEMORY SELECTION GUIDE

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

ACCESS SUPPLY PACKAGE
DEVICE SIZE | PROCESS| TIME [CYCLE| VOLTAGES [MATERIAL | PINS
DYNAMIC RANDOM ACCESS MEMORIES
| uPD411 4Kx1TS| NMOS | 150ns | 380ns| +12,+5,-5 D 22
uPD411-4 4Kx1TS| NMOS | 136ns | 320ns| +15,+5,-5 D 22
uPD411A 4Kx1TS| NMOS | 200ns | 400 ns| +12,+5,-5 c 22
uPD416 16K x1TS| NMOS | 120hs | 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 x4 TS| CMOS | 450ns | 450 ns| +5 c 22
uPDA444/6514 | 1Kx4TS| CMOS | 200ns | 200ns| +5 c 18
uPD445L 1Kx4TS| CMOS | 450ns | 450 ns| +5 c [ 20
uPD2167 16Kx1TS| NMOS | 35ns [ 55ns| +5 D 20
uPD2114L 1K x4TS NMOS; 150ns | 1560 ns| +5 c/D 18
uPD2147 4Kx1TS| NMOS B5ns | BBns| +6 D 18
uPD410 AKx1TS| NMOS | 90ns | 220ns| +12,+5,-5 Cc/D 22
uPDA21. 1Kx8TS| NMOS | 150ns | 150ns| +5 D 22
uPD4104 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 |° 450 ns | 450ns| +5 c’ 24
MPD2332A/B | 4K x8TS| NMOS | 450ns | 450ns| +5 c 24
uPD2332A/B-1| 4K x8TS| NMOS | 350ns | 350ns| +5 c 24
WPD2364 | 8Kx8TS| NMOS | ~450ns | 450ns| +5 c 24
FIELD PROGRAMMABLE READ ONLY MEMORIES (U.V. ERASABLE)
uPD2716 2Kx8TS| NMOS | 450ns | 450 ns| +5 D 24
uPD2732 4Kx8TS| NMOS | 450ns | 450 ns| +5 D 24




'NEC Microcomputers, Inc.

- MEMORY ALTERNATE SOURCE GUIDE

5101

256 x 4 SRAM

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT.
AMD 2716 2K x 8 EPROM uPD2716
’ 8308 1K x 8 ROM uUPD2308A ‘
9016 16K x 1.DRAM uPD416" .
9060 4K x 1DRAM | uPD411/uPD411A
. 9107 4K x 1 DRAM. - uPDA411/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 1SRAM . | ~ 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 uPD444/6514
HARRIS HM6501 256 x 4 SRAM uPD5101L
‘ HM6514 1K x 4 SRAM uPD444/6514
HITACHI HM435101 256 x 4 SRAM uPD5101L
HM4716A 16K x 1 DRAM uPD416
HM4816 16K x 1 DRAM uPD2118
HM4864 16K x 1 DRAM 1uPD4164
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 4PD2332A/8B
2364 8K x 8 ROM uPD2364
2716 2K x 8 EPROM uPD2716
2732 4K x 8 EPROM uPD2732

uPD5101L
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MEMORY ALTERNATE SOURCE GUIDE

1 MANUFACTURER PART NUMBER DESCRIPTION | NECREPLACEMENT
INTERSIL CIM7114 1K x 4 SRAM uPD2114L
~ MITSUBISHI " M5L2114LP - 1K x 4 SRAM .~ uPD2114L
MOSTEK L MK2147 4K x 1 SRAM uPD2147
MK2716 2K x 8 EPROM uPD2716
MK30000 1K x 8 ROM 1PD2308A
MK32000 4K x 8 ROM uUPD2332A/B
-~ MK34000 2K x 8 ROM uPD2316E
" MK36000 8K x 8 ROM 1PD2364
MK4104 . 4K x 1 SRAM uPD4104
MK4116 16K x 1 DRAM uPD416
MK4164 64K x 1 DRAM 1uPD4164
- 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 iPD2308A
MM5257 4K x 1 SRAM uPD4104
MM5280A 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 . uPDA444/6514
SIGNETICS 2316 2K x 8 ROM uPD2316E
‘ 2680 4K x 1 DRAM UPD411/uPD411A
2690 16K x 1 DRAM uPD416
T.I. TMS4044 4K x 1 SRAM uPD4104
TMS4045 1K x 4 SRAM uPD2114L
. TMS4060 4K x 1 DRAM uUPD411/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 uPDA45L
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NEC Microcomputers, Inc. | 1L PD411

DESCRIPTION

FEATURES

PIN CONFIGURATION

(L PD411-1
1 PD411-2
pPD411-3
. PD411-4

FULLY DECODED RANDOM ACCESS MEMORY

The uPD411 Family consists of six 4096 words by. 1 bit dynamic N-channel MOS
RAM:s. 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.

All of these products are guaranteed for operation over the 0 to 70°C temperature
range.

Important features of the uPD411 family are:

o Low Standby Power

® 4096 words x.1 bit Organization

® A single low-capacitance high level clock input with solid £1 volt margms.
Inactive 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 Output and TTL Compatible

e 22 pin Ceramic Dual-in-Line Package

e Replacement for INTEL'S 2107B, T1'S 4060 and Equuvalent Devices.
® 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 2ms
uPD411-2 200 ns 400 ns 520 ns 2ms
uPD411-3 150 ns 380 ns 470 ns 2 ms
uPD411-4 135 ns 320 ns 320 ns’ 2ms
vesr 7 22[3vss . PIN NAMES

Ag c 2 21 j Ag Ap- A1 Address Inputs
Ap - As Refresh Addresses
A
Qs 20Q A7 CE Chip Enable
A1 E 4 19 : Ag CS Chip Select
cs E 5 18 v DIN Data Input
5 uPD : ob Dout Data Output
IN E 6 411 17 CE WE Write Enable
Dout[]7 16[dnc VpD Power (+12V)
vee Power (+5V)
A 8 15
0 E gAs Vgs Ground
A1 : 9 14d ay VgB Power
Ao : 10 13 :Af! NC No Connection
vee g 12[WE
Rev/3

11



4 PD411

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 seleet

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.

D|N 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.

Doyt 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. '

o— BLOCK DIAGRAM
20 o] ROwW —oVbD °

A; o DECODE 64 MEMORY —o Vce

A3 o AND - ARRAY | _oVsg

Ag BUFFER 64 X 64 —oVgg

] REGISTER :

A5 o—| )

| ) Ta
TIMING (
CE 0—
GENERATOR COLUMN DECODE

DINg——r , AND BUFFER

WEo—1 10 —~—{  REGISTE

cso— GISTER

Y

Doutr = "7 4,

o
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ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS

CAPACITANCE

p PD411

uPD411 FAMILY uPD411-4

(EXCEPT 411-4)
Operating Temperature . . . . ......... 0°Cto+70°C . . . .. .+10°C to +565°C
Storage Temperature . . ......... -55°C to +150°C . . . . . -55°C to +150°C
All Output Voltages . . .. ........ -0.3to %20 Volts . . -0.3to +25 Volts @D
All Input Voltages . . . ... ....... -0.3t0 +20 Volts . . -0.3 to +25 Volts' D
Supply VoltageVpp .. . . . . . . . . .. -0.3 to +20 Volts . . -0.3 to+25 Volts @
Supply VoltageVeg . .+ oo oo v -0.3 to +20 Volts . . -0.3 to +25 Volts @
Power Dissipation . . .. ............%.... 10W oo 1.5W
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 maximumi rating conditions for extended periods may affect device
reliability. ’

*T,=25°C

Ta=0°Cto 70°C, Vpp = +12V 5%, V¢ = +5V 5%, Vgg = -5V 5%, Vgg = 0V,

Except Vpp = +15V 5% for 4114, :

LIMITS
PARAMETER SYMBOL - UNIT TEST CONDITIONS
’ MIN TYp@ | max |-
Input Load Current [N} ‘ . 0.01 10 BA VIN = VIL MIN t0 VIH MAX
CE Inﬁyt Load Current ILe 0.01 10 HA VIN = VILC MIN t© VIHC MAX
Output Leakage Current . - .| CE=VycorCS=Vy

I 0.01 10 THA
for High Impedance State | - e Vo =0V to5.25V -
VpD Supply Current )

I 0 00 A CE=1.0Vto0.6V
during CE off DD OFF 2 2 uA 006
Vpp Supply Current. : ’ .

1 E=V T =
during CE on DD ON 35® | 60@ | mA | CE=Vnc,Ta=25°C
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
#PD411-2 Ipp AV 37 60 mA Cycle Time = 400 ns
uPDA11-3 Ipp AV 41 65 mA | Cycle Time = 380 ns
uPDA11-4 _lpp AV 55 80 mA Cycle Time = 320 ns
Vg Supply Current @ | Igg 5 100 BA
Ve Supply Current ' —

1 . £ =
during CE off 3 CC OFF 0.01 10 HA c; ViLcorCS=viy
Input Low Voltage ViL 1.0 0.6 v
Input High Voltage ViH 24 Voot \Z
CE Input Low Voitage ViLe 1.0 0.6 v
CE Input High Voltage ViHC Vpp-1| Vpo Vpp+1 \

Output Low Voltage VoL 0 0.40 v loL=3.2mA
Output High Volitage VOoH ) 24 Vee v IoH =20mA

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

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

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

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

® 41 mA for uPD411-3
55 mA for uPD4114

Ta=0° — 70°C
LIMITS
, . TEST
PARAMETER SYMBOL MIN| TvP | MAX UNIT CONDITIONS
Address Capacitance, CS | CAD 4 6 PF | VIN=Vss
CE Capacitance ’ CCE 18 27 pF | VIN=Vss
Data Output Capacitance| COUT 5 7 pF | VouT =0V
DN and WE Capacitance| CiN 8 | 10 | pF | VIN=Vss

13



pPD411

+

" 'READ CYCLE

Ta=0°Ct070°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 uPD411 uPD411-1 | 4PD411-2 | wPD411-3 |' uPD411-4 | UNIT
. MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX 3
Time Between Refresh REF 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| ns
CE Off to Output High tcF ol 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 15[ ns
Access Time tACC 300 250 200 150 136| ns
CE to WE twi 40 40 40 40 40 ns
WE to CE on twe 0 [ o o ¢} ns
WRITE CYCLE
Ta=0°Cto 70°C, VDD = 12V £ 5%, Vg = BV + 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 | wPD411-4 | UNIT
© | MIN [MAX | MIN [MAX | MIN |MAX | MIN | MAX | MIN [MAX i
Cycle Time ) tcy ‘1470 470 400 380 320 ns
Time Between Refresh tREF 2 2 2 2 2| ms
Address to CE Set Up Time tAC (1] 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 o 40 0 40 0 40| ns
CE Off to Output High tCF o[ 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 W 180 180 150 150 65 ns
CE to WE tow 300 260 230 210 200 ns
Dy to WE Set Up(D tow 0 0 0 0 0 ns
D) Hold Time tDH 40 40 40 40 40 ns
WE Pulse Width | we 180 180 150 100 65 ns
Note: @ 1 WE is low before CE goes high then Dy must be valid when CE goes high.
READ — MODIFY — WRITE CYCLE
*Ta=0°Cto 70°C, Vpp = 12V ¢ 5%, Vog = 5V ¢ 5%, Vg = 5V * 5%, Vgg = 0V, unless otherwisé noted,
Except Vpp = +15V * 5% for 411-4
LIMITS
PARAMETER SYMBOL #PD411 #PD411-1 | uPD411-2 | uPD411-3 | uPD411-4 | UNIT
MIN | MAX | MIN JMAX | MIN |MAX | MIN [MAX | MIN |MAX
Read—Modify—Write tRWC 650 640 520 470 320 ns
(RMW) Cycle Time - e
Time Between Refresh tREF 2 2 2 2 2| ms
Address to CE Set Up Time tAC 0 ] o o] o ns
Address Hold Time tAH 150 160 150 150 100 ns
CE Off Time tce 130 170 130 130 80 ns
CE Transition Time tT [} 40 1] 40 [} 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 Width During RMW tCRW  [480 [3000 [430 [3000 350 |3000 | 300 {3000 |200 |3000 | ns
WE to CE on twe ) ) 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 o] ns
D) Hold Time tDH 40 40 40 40 40 ns
CE to Output Display tco . '280 230 180 130 15| ns
Access Time . tacc - 300 250 200 © 150 135| ns
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and TS ® : Vi
we e,
- ViK
WE : — Vie
tco . tcF v,
S HIGH —— 'O, [~ HIGH —=r] on
OUT  |MPEDANCE UNDEFINED X‘VAL'D" IMPEDANCEH]
) i Vou
tacc _ :
Notes: () For refresh cycle row and column addresses must be stable tAC and remar
stable for entire ta period.
@ VDD 2V is the reference level for measuring timing of CE.
@) Vgs +2V 1s the reference level for measuring timing of CE. . -
@ ViHMIN s the reference level for measuring timing of the addresses, CS,
WE and Dyn. : .
® ViLMAX s the reference level for measuring timing of the addresses, TS,
WE and DyN. . .
® Vss +2.0V 15 the reference level for measuring timing of DOUT-
(@ Vs +0.8V 15 the reference level for measuring timing of DOUT-
o lc
fce f—"cc v
720} IHC
@,/ i
CcE \s Vite
- TAC -t tAH ] et .
b v
Ag—Aqq o) H
— ADDRESS STABLE ADDRESS CAN CHANGE
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_ WE CAN CHANGE \’_ WP —1 / WE CAN CHANGE
we . T = viL
low ‘oH i
g Vin
Oy Dy CAN CHANGE D) STABLE Dy CAN
A CHANGE v
L
i
D, GH———]
OUT  ImpeDANCE UNDEFINED

Notes: (1) Vpp -2V is the reference level for measuring timing of CE

@) Vss +2V is the reference level for measuring timing of CE. .
(@ ViHMmiN 15 the reference level for measuring timing of the addresses, TS,

Ag - A1y
AND CS.

WE

OIN

' Dout

WE and Dy
@ ViLMAX is the reference level for measuring timing of the addresses, CS, "
WE and Dy.
tAw
tc NS v
1HC
— F vie
1,
AC AH —] T
= - - Vin
ADDRESS STABLE ADDRESS CAN CHANGE _ x
. Vie
WC A
. 1 Vig
g @ TWE CAN CHANGE |
—/ . ViL
tow toH
et
. VIH
: DIN CAN :
DN CAN CHANGE x
N DN STABLE K O can
viL
tcF
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ZHigH——] HIGH — Vou
= I | mon—1 )
IMPEDANCE UNDEFINED " VALID- IMPEDANCE vou
I tacc

Note: D

WE must be at V4 until end of tcQ.
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o fooav e . boav—tey TYPICAL OPERATING
. ) T UM YOLE TIMEL CHARACTERISTICS
. , , ' o (Except 411-4)
60 . 1.0 - oo
SPEC LIMIT.
% 50 20.75 \\ i -consT.
< e
8 10 fmded—t—Tvp; 1 s
i —— 3
CYCLE m,?s : :00 4 . <
30 - ] ’ . 0.25 N
0 25 s 75 T ) 2 ‘3 4 5
Tal’C) . : NORMALIZED CYCLE TIME
lon~Vou ' . loL - VoL
-50 ) 50
-40 : A 40
- : g
I & Y Ry
:I) 00 02‘ ° <7 "oc,/ /
- 20 4N 20 v
.10 \\ 10‘ //
[ SPEC LIMIT: -2m.A, 24V / SPEC LIMIT: 3.2mA, 0.4V
T N W W W b i T N
0 1 .2 3 4 5 0 1 2
Vou V) voL W)
Voo - Vs . tREF ~ Ta
[T "
1 t ' N
bl IGUA:RAN"I'EED A \\
7V [~ OPERATING REGION ] e
13 - _ 100 \“\
s Z H N
8 g NN
> / 10
n = SPEC LIMIT: 2 ms
S RN
" =5 - LTI
0 20 40 60
Ta(°C)
3. 4 -5 6 7 8
Vgg (V)
Power consumption =Vpp X Ippay + Vg X Igg- POWER CONSUMPTION
Typical power dissiption for each product is shown below. )
mW (TYP) | " CONDITIONS,
uPD411 450 | Ta=25°C, toy = 470ns, tog = 300ns
uPD411-1 " 450 Ta=25°C, tby = 470ns, top = 260ns
wPD411-2 450 Ta= 25°C, t,, = 400ns, tcg = 230ns
uPD411-3 © 650 : Ta=25°C, tcy = 380ns, top = 210ns
uPD411-4 660 | Ta=25°C, tcy =320ns, top = 200ns

See above curves for power dissipation-versus cycle time.
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- uPDA11

CURRENT WAVEFORMS o w0 i a0 .
' 12 . - ) .
cEwv) 6 b / ‘ \ ’
0 T T
20. A—— - A—
e AU | J\
. \[
TN \ N\
80 . -
Iop (mA) l \ \ . I \
40 e A = —
o : ;'DDON, \ J t.-‘pDAV
40 r
20
SO | U | w—
-20 - ‘ - 1
Lo\ \/
PACKAGE OUTLINE . -«
uPD411D el
T ] )
AEN N NN NN N NN §
gL M
——H 5 e Ee = 0% -
B‘ = 1
ITEM MILLIMETERS INCHES
_A 2743 MAX | 1.079 MAX
B 1.27 MAX 0.05 MAX
[ 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 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

SP411-10-79-GY-CAT
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NEC

NEC Microcomputers, Inc. #PD411A
JPD411A-1
M1PDA411A-2

4096 BIT DYNAMIC RAMS

DESCRIPTION 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.

FEATURES e Low Standby Power
e 4096 words x 1 bit Organization
e A single low-capacitance high level clock input with solid ;11 volt margins.
o 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 Outpdt and TTL Compatible
e 22 pin Plastic Dual-in-Line Package .
0‘ Replacement for INTEL's ﬁ107B, TI’s 4060 and Equivalent Devices.

e 3 Performance Ranges:

ACCESS TIME | R/W CYCLE | RMW CYCLE | REFRESH TIME

uPD411A 300 ns 470 ns 650 ns 2 ms
uPD411A1 250 ns 430 ns 600 ns 2ms
MPD411A-2 200 ns 400 ns 520 ns 2ms
vesT Y »hv PIN NAMES
PIN CONFIGURATION FVss
Ag C 2 21 3 Ag Apg-A1 Address Inputs
Ap-As Refresh Addresses
A
1003 200 a7 CcE Chip Enable
A E 4 19 3A6 CS Chip Select
csOs 180 v D_Il\i_ Data Input
o [JPD . oD DouTt . Data Output
wnOge a11a  17[dcE WE Write Enable
bout7 16 :NC Vpp Power (+12V)
vVce Power (+5V)
A
0 C 8 5 : As o Vss Ground
Ao 14 :A4 . VBB (Powe, -5V)
. Ag l: 10 13 j Az NC No Connection
veeQn 12[JWe
Rev/1
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wPD411A

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.

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.

‘D|N 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.

Douq 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
Ag Ot E' E:J —~—o VDD
Al O] % 8 - Vee
A2 O—af @ [*] CELL MATRIX .
%] w 0 V
A3 o—| & [™] © 64 x 64 ss
A4 O & % —=-——0 Vgg
Y — <D( @
| SENSE AMP ]<—~ ) 0 G5
A .0 WE
TIMING
CE 0——= GENERATOR COLUMN DECODER o
I [+ o
D
ADDRESS BUFFER ——0 PouT

LI

Ag A7 Ag Ag A10 A11
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1 PDA11A

ABSOLUTE MAXIMUM  Operating Temperature 0°Cto +70°C
RATINGS* Storage Temperature -55°C to +125°C

Output Voltage @ ................................. +20 to -0.3 Volts

All Input Voltages (D . .. .o oo ittt e +20 to -0.3 Volts

Supply_ Voltage Vpp @D +20 to -0.3 Volts
Supply- Voltage Ve (D +20 to -0.3 Volts
Supply Voltage VSS (D - v« v e v vttt i e e e e e +20 to - 0.3 Volts
Power Dissipation .. ........... P 1.0W

Note: @ Relative to Vgp.

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=0°Cto 70°C, Vpp = +12V + 10%, Vo = +5V + 10%, Vgg = -5V + 10%, Vgg = OV

LIMITS
PARAMETER SYMBOL MIN. | TYP. D | MAX. UNIT TEST CONDITIONS
Input Load Current [N} 0.01 10 pA VIN = VIL MIN to VIH MAX
CE Input Load Current ILe 001 | 10 MA | VIN = VILC MIN to VIHC MAX
Output Leakage Current . CE =V corCS=Wy
for High Impedance State Lo 0.01 10 KA Vg =0V to 5.25V
Vpp Supply Current
A E=-1. .6V

during CE off DD OFF 50 200 M C 0V t0 0.6 ’
Vpp Supply Current _ _ og°
during CE on DD ON 35 ‘:‘?0 mA |CE=V|Hc, Ta=25C
Average Vpp Current Ta=25°C

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
VBB Supply Current @ | IB 5 100 HA
Ve Supply Current ' - &S =
during CE off @ Icc OFF 0.01 10 HA CE=V| corCS=V|H
Input Low Voltage ViL -1.0 0.6 Vv
Input High Voltage ViH 24 Vee+1 \%
CE Input Low Voltage ViLe -1.0 0.6 \Z
CE Input High Voltage VIHC Vpop-1 Vop |Vpbp+1 \
Output Low Voltage VoL 0 0.40 \ loL=3.2mA
Output High Vo‘lbtage VOH 24 Vce V |IopH=-20mA

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

CAPACITANCE 7,-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
DOuUT Capacitance CouT 7 pF VouT = Vss
WE Capacitance CWE 7 pF VIN = Vss
CE Capacitance CCE1 27 pF VIN = Vss
CcE2 22 pF VIN = VDD

21



i PD411A

READ CYCLE
Ta=0°C to 70°C, Vpp = 12V £ 10%, VG = 5V * 10%, Vg = -5V * 10%, Vss = 0V, unless otherwise noted.
LIMITS
uPD411A uPD411A1 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 1] ns

Address Hold Time tAH 150 150 150 ns

CE Off Time 1CC 130 130 130 ns tT=tr=tf=20ns

CE Transition Time T 0 40 0 40 0 40 ns CL = 50 pF

CE Off to Output High L

Impedance State tCF 0 130 0 130 0 130 ns. Load = 17T Gate

= 1

Cycle Time wcy | 470 430 400 ns | Vref=200r 0.8 Volts
CE on.Time tCE 300 | 3000 | 260 | 3000 | 230 | 3000 ns

CE Output Delay 1o 280 230 180 ns

Access Time tACC 300 250 200 ns

CE to WE twi 40 40 40 ns

WE to CE on twe 0 0 0 ns

WRITE CYCLE
Ta=0°Cto 70°C, Vpp = 12V +10%, Vo = 5V * 10%, Vg = -5V * 10%, Vss = 0V, unless otherwise noted.
BB

AC CHARACTERISTICS

LIMITS
uPDA1A | uPDA11A1 | uPDaT1A-2
PARAMETER SYMBOL | MIN | MAX | MIN | MAX | MIN | MAX | UNIT | TEST CONDITIONS
Cycle Time tcy 470 430 400 ns
Time Between Refresh tREF 2 2 2 ms
Address to CE Set Up Time tAC 0 0 ] ns
Address Hold Time tAH 150 150 150 ns
CE Off Time ce 130 130 130 ns
-CE Transition Time T .0 40 1] 40 0 40 ns T=tr=tf=20ns
Icnfp(e’;'a:\‘:eos“;‘::' High tcF o 130 o[ 13| o 130] ns | cL=50pF
CE on Time e | 300 | 3000 | 260 | 3000 | 230 | 3000 | ns | 0% = !TTLGate
WE to CE off w 180 180 150 ns | Vref=200r08 Vol
CE to WE tcw 300 260 230 ns
DIN to WE Set Up @ DW 0 0 0 ns
DN Hold Time tDH 40 40 40 ns
WE Pulse Width wp 180 180 150 ns

Note:(D If WE is low before CE goes high then Djy must be valid when CE goes high.

READ-MODIFY-WRITE CYCLE
T3=0°C 1o 70°C, Vpp = 12V ¢ 10%, VcC = 5V t 10%, Vg = 5V £ 10%, VSs = OV, unless otherwise noted.

LIMITS
uPDA11A uPD411A1 uPD4A11A-2

PARAMETER SYMBOL | MIN | MAX| MIN| MAX | MIN | MAX| UNIT TEST CONDITIONS
2:;‘:'::’::‘""”’"" (RMW) | owe | 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 tT 0 40 0 40 0 40 ns

- tT=t,=t=20ns

f::;;:g‘;‘;:‘ High tcF o| 10| of 130| of 13| ns | c -s0eF
CE Width During RMW tcRW | 480 | 3000 | 430 | 3000 | 350 | 3000| ns | Load=1TTL Gate
WE to CE on we 0 0 0 ns Vyef = 2.0 or 0.8 Volts
WE to CE off w 180 180 150 ns
WE Pulse Width wp 180 180 150 ns
DIN to WE Set Up tDW 0 0 0 ns
DN Hold Time 1DH 40 40 40 ns
CE to Output Delay tco 280 230 180 ns
Access Time tACC 300 250 200 ns
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TIMING WAVEFORMS

1 PD411A

READ AND REFRESH CYCLE @
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- Vi
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IMPEDANCE @ MODIFIED IMPEDANCE VoL
READ-MODIFY-WRITE CYCLE
TRWC
ICRW C ——=
‘ ViHe
CcE o l/@ /
_ r Viee
tAC
pa—] e tAH —ay —] et
- 0} - ViH
Ap - A1 ADDRESS STABLE ADDRE:
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Notes:

@06 © ®©e0 o

For refresh cycle, row and column addresses must be stable toC and
remain stable for entire tAH period. R

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 DN ) . :
VILMAX is the reference level for measuring timing of the addresses,
€S, WE and DIN.

Vgg + 2.0V is the reference level for measuring timing of DOUT.
Vsg + 0.8V is the reference level for measuring timing of DQUT.

WE must be at V| until end of t¢O.
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pPD411A

. Cippay-Ta S iopAy - to . TYPICAL OPERATING

1.25 .
T oo ovbee T CHARACTERISTICS
60 10 -
PECLIMIT
i 26'75 \\ tcg = CONST.
> o
é 40 : ) 05
_ T——I_T"iop Ay, » .
Cyerg TiME TS o s g
30 _0.25 =
0 . s © 50 75 o 2 3 4 5
Tal C) NORMALIZED CYCLE TIME
o~ Vou loL-Vour
50 50,
40 40
= P
<
g < P &
- o o < PP-!
o ] 2 N . W
20 NS - 20 A
10 |.o < -
[— SPEC LIMIT; »er‘A, 2.4v N P SPEC LIMIT: 3.2mA, 0.4V
T N T B | hd N
0 1 2 3 4 5 ° 1 ' 2
Vou (V) L Voo (V)
Vop - Ves 1000 . T ReF - To
‘!(;UALAN%EH} ! \‘Ty
|~ OPERATING REGION T} o \
- z N
> 0
, 1
" SPEC LIMIT: 2ms
<< h
s [ 1]
0 /IA“} 0 20 40 60
Ta(’C)
3 4 5 -6 7 8
Vgg (V)
. : POWER CONSUMPTION
Power consumption = Vpp x IppAV + VBB x IBB
Typical power dissipation for each product is shown below.
mW (TYP.) CONDITIONS
uPD411A - 460 mW Ta=25C, tcy = 470 ns, tCE = 300 ns
uPD411A-1 460 mwW - Ta=25C, tey = 430 ns, tCE = 260 ns
uPD411A-2 460 mW Ta=25"C, tcy =400 ns, tCE = 230 ns

See curve above for power dissipation versus cycle time.
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CURRENT WAVEFORMS @
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Note: (D Vpp =12V, Vg =-5.0V, V¢ = 5.0V
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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 . 254 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 0.01_0.002

-0.05

PACKAGE OUTLINE

_uPD411AC

SP411A-10-79-GY-CAT



NEC Microcomputers, Inc.

DESCRIPTION

FEATURES

PIN CONFIGURATION

16384 x 1 BIT DYNAMIC MOS

RANDOM ACCESS MEMORY

NEC

1PD416

2.PD416-1
jLPDA416-2
/LPD416-3
1PD416-5

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

objectives.

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

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

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 OQutput 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
vee [ ~ e Vss
— Ag-As Address Inputs
bn 02 15 [J cAS CAS Column Address Strobe
wrime [ 3 14 bouTt Din DataIn
DouTt Data Out
4
RAS O uPD 1300 A6 RAS Row Address Strobe
Ao Os 41612 (] A3 WRITE | Read/Write
VB Power (-5V)
6 A
A2 E b :J 4 vee Power (+5V)
Aq O~ 103 As VbD Power (+12V)
VoD 8 9 j vee Vss Ground
Rev/2
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pPD416

wow |-
400 ABDR
BUFFER

- DUMMY CELL
& -
N coL 8 CELL MATRIX
* ADDR g2
g R
~ Le ™

110 8US

BLOCK :
DIAGRAM

1/0 SWITCH
SENSE AP
/0 SWITCH

1/0 8US *

Sout

Oout
BUFFER

CELLMATRIX
128x64

Foworne]
p

oata | -
Amp

DI { vss
| BUFFER l“—— Pes

Voo

-

—

EFEE sg8¢8t ‘oo
HHH Pt oo
RAs O— —oias
Operating TEMPErature . . . ... ..o v vme ettt e enns 0°C to +70°C
Storage Temperature (Ceramic) . ... .........ovueeennnnn -55°C to +150°C
(Plastic) . . .ottt e -55°C to +125°C
All Qutput Voltages . . . ..o viv it -0.5 to +20 Volts
All lnputVoltages D. ... ........ ... ... it ... -0.5 to +20 Volts
Supply Voltages Vpp, VeG, VSS . + - oo oo o -0.5 to +20 Volts
Supply Voltages VDD, VCC @ .. . oo oot e -1.0 to +15 Volts
Short Circuit Qutput Current . . . . . O 50 mA
Power Dissipation . .. ...........utuiunn.. 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

Ta=0°Cto 70°C, Vpp = +12V % 10%, VBB =-5V * 10%, VCC = +5V = 10%,
Vsg =0V

parameTER | svmsow L tIaTS LT | oS
e L w | ]|
B DRE
o e | eo 5 | 7 | oF
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DC CHARACTERISTICS

M#PD416

Ta=0°Cto+70°C(1), Vpp = +12V £ 10%, Ve = +5V  10%, Vg = -5V  10%, Vss = OV

LIMITS TEST

PARAMETER SYMBOL MIN TYP | MAX | UNIT CONDITIONS
Supply Voltage Vpp 108 | 120 132 Vv @
Supply Voltage Vee 45 |. 50 5.5 \ @ e
Supply Voltage Vss 4] 0 ] \ @
Supply Voltage VB - - 45 -5.0 -5.5 \% [@)
Input High-(Logic 1)
Voltage, RAS, CAS, ViHe 2.7 70| Vv @)
WRITE ‘ |
Input High (Logic 1)
Voltage, all inputs
except RAS, CAS ViH 2.4 7.0 v @
WRITE
Input Low'(Logic 0)
Voltage, all inputs ViL 1.0 08 v @

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

Standby Vpp Current | Ipp2 1.5 | mA RAS = ViHc. Dout

= High Impedance

Refresh|All Speeds _— L —
Vm; except uPD416-5| 1DD3 25 | mA | RAScycling, CAS =

\ ot =375ns
Current uPD416-5 | 'DD3 27 mA IHC:TRC ®

RAS =V, CAS
Page Mode Vpp 1L

IpD4 27 mA cycling; tpc =
Current . 225 ns @
Operating Vcg - ) - RAS, CAS cycling,
Current Ice A tRe =375ns(®
RAS = ViHC,
Standby V¢ Current lcc2 -10 10 HA Doyt = High
Impedance
RAS cycling,
Refresh Ve Current lces -10 10 HA CAS = Viyc.
tRc = 375 ns
RAS = V||, CAS
P,
age Mode Ve Icca KA cyching. tpc

Current 225 hs @

RAS, CAS cyching;

Operating Vgg '8g1 200 WA

Current tRC - 375 ns
RAS = Vipc.
Standby V
CU”emV BB 1882 100 uA DoyT - High
Impedance
- RAS cycling,
Refresh Vgg I8B3 200 uA CAS - Vine:
Current B C
. tRC =375 ns
] RAS = V|, CAS
Page Mode V, .
Current BB 8B4 200 uA cycling;
. tpCc = 225 ns
Vg = -5V, 0V <
Input Leakage B VIN S +7V,
(any input) ) 10 1o HA all other pins not
under test = OV
) Doy is disabled,
Output Leakage lo( | -10 10| #A | ov<vouT < 5.5V
Output High Voltage . v -
24 v ! =-5mA
(Logic 1) VoH | our @
(o] Vol ) -
utput Low Voltage VoL 0.4 v IoUT = 4.2 mA

(Logic 0)

Notes: @ Ty 'is specified here for operation at frequencies to tgc > trc (min). Operation at higher cycle rates with reduced
ambient temperatures and high power dissipation is permissible, however, provided AC operating parameters are met.
See Figure 1 for derating curve.
All voltages referenced to Vgg.
Output voltage will swing from V§g to V¢ when activated with no current loading. For purposes of maintaining
data in standby mode, V¢ may be reduced to Vgg without affecting refresh operations or data retention. However,
the VoR (min) specification is not guaranteed in this mode.

@ IpD1. 'DD3- and Ipp4 depend on cycle rate. See Figures 2, 3 and 4 for Ipp limits at other cycle rates.

Iccq and 1?04 depend upon output loading: During readout of high level data Vcc is connected through-a low
impedance {13552 typ) to data out. At all other times Icc consists of leakage currents only.
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p1PD416
DERATING CURVES

CYCLE TIME tg (ns)

320
1000 500 400, 375] 300 250
50 mA - Pl 1 1 4
- uPD416-5
CYCLE TIME t (ns) < } ) 4
RC 32 E 40ma — /1
2 )
1000 500 400 ... [300 250 = " SPEC LIMIT 7 )
5 TN 1] 1 w \ >/
70 Fm T, (MAX) ] « RSO
= : 8 30 mA i \D-/ﬁ{Q
R, <
. > S d
a 3 \(&F’ 7
E N o KL 7 7
[%
~ 60 5 /s
[ v 20mA 7 A
z -
w o S 7
2 2 e
T 50 x 7
. 10 mMA 4~2—pr
0 1.0 2.0 3.0 4.0 = P
CYCLE RATE (MHz2) = 103/t (ns) 7
FIGURE 1 0
Maximum ambient temperature versus cycle o] 1.0 2.0 3.0 4.0
rate for extended frequency operation. T, . CYCLE RATE (MHz) = 103/tg¢ (ns)
(max) for operation at cycling rates greater N
than 2.66 MHz (tcyc < 375 ns) is deter- FIGURE 2
mined by T, (max) [°C] =70 - 9.0 x Maximum | pp1 versus cycle rate for device
(cycle rate [MHz] -2.66). For uPD416-5, operation at extended frequencies.
itis T, (max) [°C] = 70 - 9.0 (cycle rate
[MHz] - 3.125).
CYCLE TIME tgg (ns) - CYCLE TIME tpg (ns)
1000 500 400 300 250 1000 500 400 300 250 200 160
50 mA 1111 1 3751, 50 mA i1l ! 1
#PD416:5 5
40 mA £ 40ma
[
z
w
£
30 mA 2
—7 3 %omA SPEC LIMIT
SPEC LIMIT ~ A >
N 7 &
20 mA RS @ 20 mA -
[Y & -
s ( S < -
FOEAR\} [=] Eeds -
L o0 a -
<L Ty x -
10 mA Z Z < 10mA -
P P = -
. P4
7
7
0 0 -
0 1.0 2.0 3.0 4.0 0 1.0 2.0 30 4.0 5.0 6.0
CYCLE RATE (MH2) = 103/tg (ns) CYCLE RATE (MH2) = 103/t (ns)
FIGURE 3 i FIGURE 4
Maximum 'DDS versus cycle rate for device ~Maximum 'DD4 versus cycle rate for device
operation at extended frequencies. operation in page mode.
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pPD416

AC Ta=0°C1o +70°C, Vpp = +12V +.10%, Vg = 5V ¢ 10%, Vg = -5V 2 10%, Vss = 0V
CHARACTERISTICS . LimiTs ,
‘ i1PD416 uPD4161 | uPD416:2 uPD416-3 - | . uPD4165 TEST
PARAMETER symsoL [ min | max [ min | mMax | min [ mAax [miN| mMax [ mIN | mAX | uNIT | CONDITIONS
. Réndom read or write . - . ) ’
= 75 . |30 . |30 ns
cyele time 'H,?. ]850 410 | W3 ‘ ®
| Reddwrite cycletime | tawc | 575 ] 465 375 320 320 s ®
. Page mode cycle time g 330 | 275 . 225 170 160 ns
Ac::u tiune.from e . 300" a0 | 260 150 | 120| ns @ ®
:m;s tia frém tcAC 200 . 135 100 8| ns [ ®
Output buffer . 5 P ) . . o
g ° ARY . - 0 35
turn-oft delay (QFF; 0 80'l "0 60 . o S0 0 . 400 " @
Transition time o B . N | B R o |
rise and fall) T 3 0| 3 | %03 sof 3|3 3| @)
HAS precharge time | tgp | 200 150 120 R 100 ns
AAS pulse width tras | 300 | 10,000 | 250 |.10,000 | 200 | 32,000 [ 150 | 32,000 | 120 | 10000 ns
e RASholdtime - |- tasy | 200 —_|es 135 ~ Jiwo || - | 80 ns
CAS pulse width icas | 200 | 10,000 | 165 | 10,000 | 135 | 10,000 {100 | 10,000 | 80 | 10000 ns
2:: 1o TAS delay tReD a0 100 35 | 8| 28 65| 20 50 | 15 40| ns
CAS to RAS ‘ o -
precharge time _ teme B -20 -2 ' 20 20, | ) L o0
Row address )
set-up time tASR 0 0 1] 0 0 ) ns
Row address - .
hold time tRAH 40 3 25 20 | 18 ns
Column address X . ! )
sotup time tasc. | -10 -10 -10 -0 | -10 ) ns
Column address B -
hold thme. tCAH 90 | s 55 s a0 ns
Column address hold : . .
time referenced to taAR | 190 160 120 95 80 ns
RAS . . O .
Read command
cetup time : tRes 0 ] 0 0 ) o ns
Read command L . C .
hold timme tRCH o | 0 e . o | oo ns
Write command weH 90 | - 75 ] 88 ] | a5 40, ns

hold time

Write command .
hold time twer | 190 160 120 | 5| . | s ns
referenced to RAS s ’ a . . .

Write command

. : , . ERN
pulse width wp - 90 ) 75 | 55 45 40 ns
Write command to . . . ) .
RAS lead time tRwL | 120 85 | 0 |- | %0 | s0 o ons
Write command to o . . F .
CAS lead time - .. i tcwL 120 o 85 R 50 50 . ns
Data-in set-up time s 0 . [ 'R .0 “1 .0 ns ®
Data-in hold time tDH 20 75 | 55 45 40 ns [©)
Data-in hold time 5
referanced to RAS tDHR 190 160 120 95 ‘| 80 ns
CAS precharge time |
(for page mode tcp 120 . 100 .80 |- 60 60, ns
cycle anly) o
Refresh period tREF o2 2 2 2 2| ms
WRITE command N e
set-up time twes —1:0 . -20 ] -2 . -0 »0 "
CAS to WRITE
dolay towp | 140 BRE:] 95 i 80 | ns
RAS to WRITE
delay - tawp | 240 200 160 .- 120 120 ns

Notu @ AC measurements assume tT = 5 ns,
@ ViHc (min) or Vi (min) and 'V (max) are reference lsvels for measuring timing of input signals. Also, transition times are measured between V| or ViH and V.
N @ The specifications for tg¢ (min) and ‘RWC {min) are Used onlv to indicate cycle time at which prcper operation over the full temperature range (0°C < T, < 70°C) .
is assured.
@ Assumes that tgcp < tRcp (max). If trep is greater than the maximum recommended value shown in this table, tgac will increase by the amount that trcp
exceeds the values shown.
® Assumes that tcp > tRCD (max).
(© Measured with a load equivelent to 2 TTL loads and 100 pF.
@ 1OFF (max) defines the time at which the output achieves-the open circuit condition and is not referenced to output voltage levels.
@ Operation within the tRCD (max) limit ensures that trac (max) can be met, trep (max) is specmed as a reference point only, If tycp 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 Ieadmg edge i in delayed write or read- modwy»wme cycles.
@ twCS, tCWD and tryp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only. I twes > twes (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 thé data out (at access time) is indeterminate.
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pPD416

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

RC

f————— 'RAS" A
%
J— IHC—
RAS S
v . P‘-_
- o .
~ RAH . RP —mmeetin|

: ASR fe— )
Vin- !
Vou_
Dout "Z:— OPEN
Note CAS = VIHC‘ WRITE = Don't Care
PAGE MODE READ CYCLE -
e e . 5
‘RsH ‘Rp--
o Vine- - ‘Q_XCAS - il
o Vi /4
: H [ ‘can
Asc=] b= : ’
Vino " ’ o
ADDRESSES v::_ 7, cﬁoolﬁ m ////l///////////
[ i ‘
__l—‘ toFF C‘Ac {OFF
- v
v I (RCH—’ I‘_
W ' N,
PAGE MODE WRITE CYCLE
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PD416

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

RAS.

“* For a write operation, the input data is latched on the chip by the negative going
edge of WRITE or CAS, whichever occurs later. 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
addresses for the same row address. This is accomplished by maintaining a low on RAS
and strobing the new column addresses with CAS. This eliminates the setup and hold
times for the row address resulting in faster operation.

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

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

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

PACKAGE OUTLINE
uPD416C/D A -

e — | ——

0-15° -] \4—

uPDA16C

(Plastic)
ITEM MILLIMETERS INCHES

A 19.4 MAX. 0.76 MAX.

B 0.81 0.03

c 2.54 0.10

D 05 002 . I AE

€ 17.78 0.70 G

F 13 0.051

G 2.54 MIN. 0.10 MIN. ) e

H o 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 0251010 001 i
7-0.05 ) i

J R S——

>

e | —— -]

>[=M 010" =] \4—

uPD416D
(Ceramic)

ITEM MILLIMETERS INCHES
A 20.5 MAX. 0.81 MAX,
B 1.36 0.05
c 2.54 0.10
D 0.5 0.02
E 17.78 0.70
F 13 0.061
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 7.6 0.30
L 7.3 0.29
M 0.27 0.01

SP416-10-79-GY-CAT
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NEC

NEC Microcomputers, Inc. PD2118
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DESCRIPTION

FEATURES

PIN CONFIGURATION

PRI

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
Low Power: 200 mW Max. (Operating)
20 mW Max. (Standby)
Low Vg Current Transients
All Inputs, Including Clocks, TTL Compatible
Non-Latched Output is Three State TTL Compatible
RAS Only Refresh
128 Refresh Cycles Required Every 2 ms
Page Mode Capability
CAS Controlled Output Allows Hidden Refresh
Access Time: 120 ns
Auvailable in a Standard 16 Pin Package

L]

NC [ M Vss
PinO2 15 ] CAS
WE [ 14 PouTt
RAS 4 wPD 13[JAs
aos 2118 11 A,
A2 [ 1[JA
Ay 10[JAs
VeceOs 9[dnc

(2]

o o » w




| NEC
NEC Microcomputers, Inc. . uPD4164- 1
| #PD4164- 2

65,536 x 1 BIT DYNAMIC @E}Eﬂ,ﬂmﬂ”mm‘ﬂw

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 CAS, independent of RAS. After a
valid read or read-modify-write cycle, data is held on theoutput 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 Ag through-
Ag during a 2 ms period.

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

FEATURES 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
e Read, Write Cycle Time: uPD4164-1 — 410 ns
uPD4164-2 — 375 ns
e Low Power Dissipation: 250 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 Ap-Az Address Inputs
WE DouT RAS Row Address Strobe
N CAS Column Address Strobe
RAS Ag —
WE Write Enable
Ao A3z
DiNn Data Input
A2 A4 DouT Data Output
Aq Asg Vee Power Supply (+5V)
vece A7 Vss Ground
NC No Connection
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/PD4164

Operating TeMPerature . . ... ..o vvuenuennennnenne e, 0°Cto+70°C ABSOLUTE MAXIMUM
Storage Temperature (Ceramic Package) ... ............... -55°C to +150°C RATINGS*
(Plastic Package) . .................. -55°C to +125°C
Supply Voltages On Any Pin ExceptVee - -+ - o oo oo oo a -1 to +7 Volts @
Supply Voltage VDD - - -+« v vt e e e e e -0.5 to +7 Volts D
Short Circuit Qutput Current . . .. ..ot ittt et et e et e e e ae e 50 mA
Power Dissipation . . . . ...t e e e 1 Watt

Note: (D 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.

*Ta=25°C
Ta=0°1t070°C (@) ; Vcg = +5V + 10%; Vg = OV

LIMITS TEST
PARAMETER jsymBoL | MIN | TYP ] MAX | UNIT | CONDITIONS

Supply Voltage vee 45 5.0 5.5 \
Vss 0 0 0 v
High Level Input Voltage. VIHC 2.7 5.5 \ All Voltages
(RAS, CAS, WE) Referenced
High Level Input Voltage, ViH 2.4 5.5 v to Vgs

All Inputs Except RAS,
CAS, WE

Low Level Input Voltage, ViL -1.0 0.8 \
All Inputs i

Operating Current Icct 45 mA @
Average Power Supply
Operating Current
RAS, CAS Cycling;
tRC = tre (Min.)

Standby Current Icc2 5.0 mA
Power Supply Standby
Current (RAS = V¢,
DoyT = Hi-Impedance)

Refresh Current [Folok} 32 mA @
Average Power Supply
Current,

Refresh Mode;

RAS Cycling, CAS = V1,
tRC = tre (Min.)

Page Mode Current lcca 35 mA @
Average Power Supply
Current,

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

Input Leakage Current h(L) -10 10 HA
Any Input

VN =0 to +5.5 Volts,
All Other Pins Not
Under Test =0V

Output Leakage Current lo(L) -10 10 MA
DouyrT is Disabled,
VouT =0to +5.5 Volts

Output Levels
High Level Output VOH 24 \%

Voltage (loyT =5 mA)
Low Level Output VoL 0.4 \

Voltage (loyT =4.2 mA)

Notes: (D Tais spéciﬁed here for operation at frequencies to tgc > trc (min). Operation at
higher cycle rates with reduced ambient temperatures and high power dissipation is
permissible, however, provided AC operating parameters are met.

Icc1. Icca and Icca depend on output loading and cycle rates. Specified rates are
obtained with the output open.

DC CHARACTERISTICS



CAPACITANCE

PACKAGE OUTLINES
uPD4164C
uPD4164D

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

M PD4164

LIMITS TEST
PARAMETER | SYMBOL et UNIT | oo ions |-
Input Capacitance
F
(AgA7), Din o i
Input Capacitance 10 E
RAS, CAS, WRITE | °12 P
Output Capacitance :
C 7 pF
(bouT) 0
- K
A
‘*:j
]

Plastic
ITEM MILLIMETERS INCHES
A 19.4 MAX. 0.76 MAX.
8 0.81 003
c 254 0.10
) 05 002
E 12.78 070
F 13 0051
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 7.62 030
L 6.4 025
+0.10
M 0.25 001
-0.05

v_jl‘“

] ]
D
I

Ceramic

ITEM MILLIMETERS INCHES
A 20.5 MAX. 0.81 MAX.
8 1.36 0.05
c 254 0.10
D 05 0.02
E 17.78 0.70
F 1.3 0.051
G 35 MIN, 0.14 MIN.
H 0.5 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 0.20
M 0.27 0.01

{f=m 010" \--
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Ta=0° to+70°C D ; v = +5V £ 10%; Vgs = OV
a cC

LIMITS
uPD4164-1 uPD4164-2 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 275 225 ns
Access Time from RAS tRAC 250 200 ns
Access Time from CAS tCAC 165 135 ns @
Output Buffer Turn-Off tOFF 0 60 [ 50 ns ®
Delay
Transition Time (Rise and tT 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 1GSH 200 250 ns
RAS to CAS Delay Time fRCD 35 85 25 65 ns
CAS to RAS Precharge Time tCRP -20 -20 ns
Row Address Set-Up Time tASR [ [} ns
Row Address Hold Time tRAH 35 25 ns
Column Address Set-Up tasc [ [ ns
Time -
Column Address Hold Time toAH 7% 55 ns
Column Address Hold Time tAR 160 120 ns
Referenced to RAS
Read Command Set-Up tRCS ] o ns
Time
Read Command Hold Time tRCH o o ns
Write Command Hold Time tWCH 75 55 ns
Write Command Hold Time tWCR 160 120 ns
Referenced to RAS
Write Command Pulse Width twP 7% 55 ns
Write Command to RAS tRWL 100 80 ns
Lead Time
Write Command to CAS toWL 100 80 ns
Lead Time _ .
Data-In Set-Up Time tps 0 0 ns @
Data-In Hold Time tDH 75 55 ns (@)
Data-in Hold Time tDHR 160 120 ns
Referenced to RAS
CAS Precharge Time (For tcp 100 80 ns
Page Mode Cycle Only)
Refresh Period tREF 2 2 ms
WRITE Command Set-Up twes 0 0 ns ®
Time
CAS to WRITE Delay tcwD 125 %5 ns ()
RAS to WRITE Delay tRWD 200 160 ns @
CAS Precharge Time tCPN 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.

@ Sseveral 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 V| c or Vi and V).

(® The specifications for tyc (min) and tryc (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 tgcp < tRCD (max). If trep is greater than the maximum recommended value shown in this table,
tRAC will increase by the amount that tgcp exceeds the values shown.

@ Assumes that trcp > treD (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 tgoc (max) can be met, trep (max) is specified as a reference
point only, if trep is greater than the specified tgcp (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 tRwp are ictin i 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.
if tcwp > tcwp (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 V) is indeterminate.

AC CHARACTERISTICS
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NEC Microcomputers, Inc.

DESCRIPTION

FEATURES

PIN CONFIGURATION

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.

NEC

WuPD410-1
pPD410-2
uPD410-3

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- chlp to simplify

system tlmmg requnrements

'

e 4096 Words x 1 Bit Organization -
e Fully Decoded o
e TTL Compatible (except CE) .
® High Speed-Access Time: 90 ns max.. i i
® Cycle Time: 220 ns min. ,\
e Static Operation — No Refresh Required '
e Standby Power: 75 mW max.
® Active Power: 470 mW typ.
e Supply Voltages: Vpp = +12V, V¢cc = +5V, VBB = -6V
® Address Registers on the Chip
® Three State Output
e Standard 22 Pin Ceramic Dual-in-Line Package
e Pin Compatible with uPD411 and Other 4K Dynamic RAMs
ves (1 ~ 22Pvss
As (2 21 Ag
A0d3 208 A,
A4 19 g
css 4PD 180 vpp
ownOe 410 17[CE
bout]7 163 (no)
A8 150 ag
Ao 14004,
A, Q10 13045
vee 1 120we
Rev/1
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m

PD410

Operating Temperature . .
Storage Temperature _ _ _ .
All Output Voltages . . ..

All

Sup|
Sup|
Sup

Input Voltages. . . .. .
ply Voltage Vpp . . . .
ply Voltage Vg . - . .
ply Voltage Vssg . ...

Power Dissipation . . . . . .

Note: @ Relative to VBB

Ao
A ROW
Ay —{ DECODER
A AND

3 =] BUFFER
Aq — REGISTER
A5 —

CE TIMING
GENERATOR
COLUMN

Din—o/]

———— ARRAY

BLOCK DIAGRAM

MEMORY

64 x 64

1

WE — i/0
s ——

DECODER AND
BUFFER
REGISTER

[ TTTTT

Ag A7AgAg A1g Aqg

.....0Ctw+70°c  ABSOLUTE MAXIMUM
...-65°C to+150°C RATINGS*

-0.3 to +20 Volts®D
-0.3 to +20 Voits

..... Ceveeei.. 0310420 Volts®
.... -0.3t0+20 Volts
... -0.310+20 Volts
..... e 1OW

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.
*Ty=25°C
T,=0 Cto70 C:Vpp =12V + 5% Vog = BV ¢ 5%: Vgg = -5V = 5%; Vgg = OV DC CHARACTERISTICS
LIMITS TEST
PARAMETER SYMBOL MIN ‘MAX UNIT CONDITIONS
Input Leakage Current IR} 10 uA VIN = V|LMIN to
VIHMAX
CE Input Leakage Current | I ¢ 10 MA VN = V|LCMIN to
VIHCMAX
Output Leakage Current ILo 10 uA CE =V, cor
TS=vy
Vo = 0V 10 5.25V
Vpp Supply Current IDDOFF 200 uA CE =-1.0V t0 0.6V
during CE off .
VpD Supply Current Ipoon 20 mA CE = Viyc
during CE on
‘Average Vpp | uPD410 IDDAV 24 mA
Current ::g::g; :gg:x zg Ei Minimum Cycle Time
uPDA10-3 | IppAv 45 mA
Vgg Supply Current IgB 100 A
Ve Supply Current IcCOFF 15 mA | CE=V cor
during CE off CS = Viy
Average V¢ Current Iccav 21 mA Doyt = No load
Input Low Voltage ViL -1.0 0.6 A%
Input High Voltage ViH 2.4 Vgett \4
CE Input Low Voltage ViLc -1.0 06 v
CE Input High Voltage Vile Vpp-1| Vpp+1 v
Output Low Voltage VoL 0 04 \ loL =32mA
Output High Voltage VoH 24 Vee \ loH =20 mA
Ta=0°C to 70°C; Vpp = 12V # 5%; V¢ = 5V * 5%; Vgg = -6V * 5%; Vg = OV CAPACITANCE
LIMITS TEST
PARAMETER SYMBOL win T 7ve I max UNIT CONDITIONS
Address Capacitance CAD 4 6 pF VIN = Vss
CS Capacitance Ccs 4 6 pF VIN = Vss
DN Capacitance CIN 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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AC CHARACTERISTICS

PACKAGE OUTLINE
uPD410D

Ta=0°Ct070°C; Vpp = 12V  5%; Ve = 5V * 5%; Vgg = -5V ¢ 5%; Vgg = OV

LIMITS
» a0 ]|_a01_| a0z | a3 TesT
PARAMETER | symeoL | minfmax] minImax | min [ max minfmax | unir CONDITIONS
READ, WRITE AND READ-MODIFY-WRITE
Address to CE tac ) ) ) 0 ns
Set Up Time
Address Hold tAH 90 70 50 50 ns
Time
CE Off Time tcc 190 140 90 20 ns
CE Transition T of 4] -0} 4] o 0| o 4| ns
Time
CEoffto Output|  tc of 9| of 9| o 9| o 9| ns
High Impedance
State
READ
Cycle Time tcy 440 330 220 220 ns =10
=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,
Delay Ref = 2.0 or 0.8V
Access tacc 200 150 100 9 | ns | 'ACC=tAC
Time *wottr
CE to WE WL 20 20 20 20 ns
WE to CE on twe 0 0 0 0 ns
WRITE _
Cycle Time tcy 440 330 220 220 ns | tr=10ns
CE on Time tcE 230 [ 2000 | 170 [2000 | 110 [ 2000 [110 [2000 | ns
WE to CE off tw 130 100 70 70 ns
CE to WE tow 130 100 70 70 ns
DN to WE tpw 0o [ [ ] ns
Set Up
Dy Hold Time toH 60 40 20 20 ns
WE Pulse twp 130 100 70 70 ns
Width 5
READ-MODIFY-WRITE
Read-Modify- tRwc | 560 420 280 280 ns | tr=10ns
Write (RMW)
Cycle Time
CE Width tcRw | 350 | 2000 | 260 [ 2000 [ 170 | 2000 [ 170 2000 | ns
During RMW
WE to CE on twe 0 | 0 0 [ ns
WE to CE off tw 130 100 70 70 ns
WE Pulse twe 130 100 70 70 ns
Width
DN to WE tDw o o 0 (4 ns
Set Up
Dy Hold tDH 60 40 20 20 ns
Time
CE to Output tco 190 140 90 80 | ns [ Load =50pF +ITTL,
Delay . Ref = 2.0 or 0.8V
- tacC = tAC
Access Time tacc 200 150 100 % [ ns |} e
A K

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 35 +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

u#PD410

45



{tPD410

ey : TIMING WAVEFORMS
tcE tcc ) S
READ CYCLE ) 5 - ViHC
CE
Q4 v ViLe
TAC [t -<-——| tAH —  |-—tT
(@ ADDRESS K Vi
ADDR_E.SS STABLE ADDRESS CAN CHANGE X
AND CS [©)
- ViL
wef =i ] WL . Vin
. i 3
J— b V|
tco |=—tCF
. e VOH
= HIGH [ O =— HiGH——
ouT mpeDANCE!  UNDEFINED ® IMPEDANCE
3 PR N7,V
T‘-——‘ACC———’
, VALID
tcy
WRITE CYCLE ry Tce
[©) L ViHe
CE ) )
— tAH o . ViLe
TAC ] L B
ViH
ADDRESS
ADDRESS ® STABLE ADDRESS CAN CHANGE
AND C8 ®@ v
TCWp——W. L
ViH
—_ — et tyyp -3l —
WE WE CAN CHANGE \ / WE CAN CHANGE
- ViL
et LDW DH
- 3 ViH
‘Dyny - ByN CAN CHANGE X Dy STABLE K Din CAN CHANGE
ViL
—— ——— - RN SS————]
5 HIGH - i |-~ HIGH ———] OH
OUT  impeDANCE UNDEFINED IMPEDANCE
- - Vou
READ-MODIFY-WRITE CYCLE pos tRWC o
: RW
E e L ViHC
{0)
CE
— @F| Vi
tAC .4—— —]  f—— tr
® ADDRESS | ViH
ADDRESS STABLE |RADDRESS CAN CHANGH
ANDCS§ @ v
F iL
tWC |___ W
¢ - ViH
— @Y j=twp —
WE WE CAN CHANGE
— tow “viL
4——' tDH
- - ViH
DiN DN CAl CHANGEX Dy STABLE K Djn CAN CHANGE
l' ViL
- — b - - VOoH
N HIGH ©® VALID e HIGH —— .
Dour ivpenance| UNPEFINED IMPEDANCE
- e 1 ————— ] VoL
'Ac———-—
Notes: @ VpD- 2V is the reference level for measuring timing of CE.
@ Vss + 2V is the reference level for measuring timing of CE.
[©) \ﬂ”ﬂN is the reference level for measuring timing of the addresses,
CS, WE and D|N.
@ \ﬂme is the reference level for measuring timing of the addresses,
CS, WE and DjN. :
® Vgg + 2.0V is the reference level for measuring timing of DQUT.
® Vss + 0.8V is the reference level for measuring timing of DQUT.

@ WE must be at VH until end of tcO.
The information presented in this document is believed to be accurate and reliable. The information is subject to change without notice.
SP410-7-78-2.56K-GY
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NEC Microcomputers, Inc.

4096 x 1 STATIC NMOS RAM

NEC
uPD4104
4PD4104-1
44PD4104-2
J.PD4104-3

DESCRIPTION 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.

FEATURES e Fast Access Time — 150 ns (uPD4104-3).
® Very Low Stand-By Power — 28 mW Max.
® Low V¢ Data Retention Mode to +3 Volts.
® Single +5V £10% Supply.
® Fully TTL Compatible.
® Available in 18 Pin Plastic and Ceramic Dual-in-Line Packages.
® 4 Performance Ranges:
. ) SUPPLY CURRENT
ACCESS TIME R/W CYCLE ACTIVE STANDBY LOW Vee
uPD4104 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
PIN CONFIGURATION A EW—1 sElv
3 cc PIN NAMES
A2] |2 17 A
E : 5 AO'AH Address Inputs
A O3 16[]A = v
1 4 CE Chip Enable
A 4 15 A
0 [: PD j 7 Din Data Input
A s ¥ 14{] Ag
- 4104 DouTt Data Output
A0 E 6 13 :] Ag Vss Ground
bour [ 7 12[7] Ag Vee Power (+5V)
WE E 8 ; n : Din WE Write Enable
vgs ]9 10[_]JTE
Rev/2
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uPD4104

Ag —f
Ar — ROW
Ay ] DECODER MEMORY
A AND o ARRAY
Ag — BUFFER . 64x64
Ag — -
== TIMING
E
¢ GENERATOR
COLUMN
. * DECODER AND
BUFFER
DN —f — -~
Dout — 110
WE LU
A6 A7AgAgAI0ATY
Operating TEMPerature . ... ... ....oeuuennrsenunnnnennn . 0°Cto+70°C
Storage Temperature (Plastic Package) . .. ... -55°C to +126°C
~ (Ceramic Package) .. -65°Cto+150°C
Voltage on Any Pin . .............. .. -1 10 +7 Volts D
Power Dissipation ............... e e e 1 Watt
Short Circuit Output Current .. ...................... ceevv... BOMA

Note: @ With respect 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 diti above those indi d in the i sections of this specification is not
implied. Exposure to /I rating diti for periods may affect device
reliability.

*Ta=25°C

Ta=0°C t0 +70°C, Vg = +5V + 10%

LIMITS

TEST
PARAMETER ° SYMBOL MIN TYP | MAX| UNIT | CONDITIONS
Supply Voltage Vee 45| 6o| 85| V
Logic “1” Voltage All Inputs Vin 22| -3 | 70| V 0]
Logic 0" Voltage All Inputs ViL -1.0 " 0.8 \"
#PD4104 Icet 21 mA
Average V¢ uPD4104-1 I 21 mA
Power Supply cc1 @
Carrent wPDa1042 | et 25 mA
#PD4104-3 Icct 40 mA
Standby Vg Power Supply Current Icc2 5 mA [6)
Input Leakage Current (Any Input) h -10 10 kA @
Output Leakage Current loL -10 10 uA ! !
Output Logic /1"’ Voltage Iyt ~500 pA VOH 24 \2
Output Logic “0” Voltage loyT SmA VoL 0.4 v
LIMITS
PARAMETER SYMBOL MIN TYP MAX UNIT | TEST CONDITIONS
Input Capacitance Cin 4 6 pF @
Output Capacitance CouTt 6 7 pF @

Notes: (D All voltages referenced to Vgg

@ lcc is related to precharge and cycle times. Guaranteed maximum values for Iccy may

be calculated by
Icct I'ma | = (5tp + 13 (tc - tp) + 3420) t¢

where tp 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. VN = 5.5 volts.
® 0V < VouT < +5.5V.
@ During power up, CE and WE must be at Vi for minimum of 2 ms after V¢ reaches

4.5V, before a valid memory cycle can be accomplished.

t
@ Effective capacitance calculated from the equation C | A_V with AV equal to 3V and

48

Vcc nominal.

BLOCK DIAGRAM

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS @ ®

CAPACITANCE @




AC CHARACTERISTICS @ @

Ta=0°Ct0+70°C, Ve = +5V + 10% @D

1PD4104

STANDBY

CHARACTERISTICS

@

memory cycle can be accomplished.

0®eOEe

Determined by user. Total cycle time cannot exceed tCg max.

and VgL = 0.4V and Vop = 2.4V on the output waveform.
tCEteE *+tp + 2T
@ 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 toFf.

TRMW = tAC * tWPL * 1P + 3 1T * tMOD-

Ta=0°C to +70°C

Measured with load circuit equivalent to 2 TTL loads and CL = 100 pF.

1f WE follows CE by more than tyys then data out may not remain open circuited.

Data-in set-up time Is referenced to the later of the two falling clock edges(?é or WE.

LIMITS
4104 41041 4104-2 41043 TEST
PARAMETER SYMBOL | MIN MAX MIN MAX | MIN MAX MIN MAX | UNIT| CONDITIONS
Read or Write Cycle Time 1c 460 385 310 250 ns
Random Access tAC 300 250 200 150 ns [©)
Chip Enable Pulse Width 1CE 300 10,000 250 | 10,000 | 200 10,000 | 150 10,000 ns-
Chip Enable Precharge Time tp 150 125 100 100 ns
Address Hold Time tAH 165 135 110 95 ns
Address Set-Up Time tAS o 0 0 0 ns
Output Buffer Turn-Off Delay tOFF 0 75 0 65 [ 50 [J 50 ns (:)
Read Command Set-Up Time RS 0 0 0 0 ns @
Write Enable Set-Up Time tws -20 -20 -20 -20 ns @
B Pt o Time tDIH 2 2 2 20 ns
Write Enabled Pulse Width tww 90 75 60 55 ns
Modify Time ] tMOD 0 | 10,000 0 [10000] o [10,000 0 [ 10,000] ns ®
WE to CE Precharge Lead Time WPL 105 85 70 65 ns ®
Data Input Set-Up Time tps [ [ 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 taMw | 565 470 380 325 ns q
Notes: (D All voltages referenced to Vgg

During power up, CE and WE must be at ViH for minimum of 2 ms after V¢ reaches 4.5V, before a valid

AC measurements assume tT = 5 ns. Timing points are taken as V{|_ = 0.8V and V| = 2.2V on the inputs

LIMITS
404 41041 | atoe2 41043 TEST
PARAMETER SYMBOL | MIN | MAX MIN | MAX | MIN | MAX | MIN | MAX ] UNIT | CONDITIONS
Ve In Standby VeD 3.0 3.0 3.0 3.0 v
Standby Current Ipp 5.0 3.3 3.3 3.3 | mA [0)
Power Supply Fall Time TF 100 100 100 100 us
Power Supply Rise Time TR 100 100 100 100 HS
Chip Enable Pulse CE Width TCE. 300 250 200 150 us
Chip Enable Precharge to Tepp [ 150 125 100 100 ns
1 Level CE Min Level Vi 2.2 2.2 2.2 22 \4
Standby Recovery Time TRC 500 500 500 500 Hs

TIMING WAVEFORMS

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

POWER DOWN
“VeelMIN) — tF STANDBY MODE—{ tR |=—
Vee
VpDp - I 5 ;
tPPD tRC
{§ N
. - tCE y \
cE VIH C \
ViL-




1 PD4104
: READ CYCLE
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!
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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 (V1) 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” 3
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 CE goes high. If WE is brought low after CE
but before the access time, the state of the output will be undefined. The desired data
will be written into the cell if data-in is valid on the leading edge of WE, tp|H is satisfied,
and WE occurs prior to .C_E-going high by at least the minimum lead time (twpL). i

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 H
modified during a period defined by the user. New data is written between WE low and '
the positive transition of CE. Data out will rerhain valid until the rising edge of CE.A

minimum R-M-W cycle time can be calculated by trmw = tAC+ tMOD + twPL + tP +

3 tT; where tRMW is the cycle time, tAC is the access time, tMOD is the user defined

modify time, typy is the WE to CE lead time, tp is the CE high time, and tT is one

transition time.

POWER DOWN MODE

In power down, data may be retained indefinitely by maintaining Vg at +3V.
However, prior to V¢ going below Ve minimum (<4.5V) CE must be taken high
(VIH = 2.2V) and held for a minimum time period tppp and maintained at V4 for
the entire standby period. After power is returned to VG 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 tgcE min is not violated.
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4 PD4104

Plastic

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
B 1.44 0.055
C 2.54 01
[s] 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
C 6.7 0.26
M 0.25 0.01

K =

A

B = ] C | [
= gD
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M
0-15° ™
Cerdip
ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
B 1.44 0.055
c 2.54 [X]
D 0.45 0.02
€ 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
™ 0.25 0.01

PACKAGE OUTLINES

uPD4104C/D

SP4104-9-79-CAT



NEC

NEC Microcomputers, Inc. uPD2114L
pPD2114L-1
puPD2114L-2
pPD2114L-3
p#PD2114L-5

4096 BIT (1024 x 4 BITS) STATIC RAM

DESCRIPTION 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.

Access Time: Selection from 150-450 ns

FEATURES o

e Single +5 Volt Supply

e Directly TTL Compatible — All Inputs and Outputs

e Completely Static — No Clock or Timing Strobe Required

e Low Operating Power — Typically 0.06 mW/Bit

o ldentical Cycle and Access Times

e Common Data Input and Output using Three-State Output

e High Density 18-pin Plastic and Ceramic Packages

e Replacement for 2114L and Equivalent Devices

PIN CONFIGURATION .7 “~ 18h] vec PIN NAMES
Ag E 2 17 j A7 Ag-Ag Address Inputs
As[] 3 16[] As WE Write Enable
as] ¢ 15[ Ao s Chip Select
uPD 1/01-1/04 Data Input/Output
Ao [] 52114141 104
are 13 oz Vee Power (+5V)
A7 12[7 103 GND Ground
cs s 11[] 1/04
GND( 9 10 WE
Rev/1
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puPD2114L BLOCK DIAGRAM

—————@GND
O g ). u—
v
ROW MEMORY ARRA

64 ROWS

TOR
26 (o 64 coLumNS

[ ]

10, .————4

SENSE SWITCH

B3
1102 13 INPUT
DATA COLUMN SELECTOR
1103 2 CONTROL
1104 (10 Do
5
Ag Ay A2 Ag

1]

Operating TemPerature . ... ..........c.ueenneeennn... -10°C to +80°C  ABSOLUTE MAXIMUM
Storage Temperature (Ceramic) . . ... ............c.ccuo.... -65°C to +150°C RATINGS*
(Plastic) . . ...ovt e -65°C to +125°C
Voltageonany Pin .. .. ... ... ... .. .. ... ... ... -0.5to 7 Volts 1
Power Dissipation . . . ... ... .. ... e e 1 Watt

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=25°C;f=1.0MHz CAPACITANCE
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; Vg = +5V * 10% unless otherwise noted. DC CHARACTERISTICS
LIMITS
PARAMETER SYMBOL | MIN | TYP| MAX | UNIT TEST CONDITIONS
Input Load Current =
(All Input Pins) 'u 10 BA |V =0to55V
1/0 Leakage &s- =
Current lLO 10 HA CS=2v, VI/O 0.4V to VCC
Power Supply V,\y =5.5V, | =0mA,
| 65 mA IN 1/0
Current | cct Ta - 25°C
Power Supply V,\ =5.5V,1 =0mA,
Current ICCZ 70 mA Tlf\i oc 1/0
a - .
Input Low Voltage V”_ -0.5 0.8
Input High Voltage VIH 2.0 6.0 \%
Output Low Current ‘OL 3.2 mA VOL =0.4V
Output High _ V, =24V, V.. =475V
Current lon 1.0 mA OH cc
VOH =22V, VCC =4.5V
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AC CHA RACTE R | ST]CS Ta=0°Cto +70°C; V¢ = +5V + 10%, unless otherwise noted.

puPD2114L

LimMiTs
PARAMETER | svmeoL | 211aL 211401 | 21acz | 211a03 | 21148 Juni TEST
- . - CONDITIONS
MIN [ max | min [ max [ min [ max [min [max Jwin [ max
READ CYCLE

Read Cycle Time | tgc | 450 300 250 200 150 ns |tr=t=t=10ns
Access Time ta 450 300 250 200 150 | ns |y =100 pF
Chip Selecti . 1

' Selection tco 120 100 80 70 60 | ns|Load=1TTL gate
to Output Valid
Chip Selection. input Levels = 0.8

20 20 20 20 20
to Output Active | 'CX ) ™ |ana2.0v
Output 3-State X !
! 100 70 0 0 Vet = 15V
from Deselection oD 10 80 5 ¥ " ref
Qutput Hold from .
50 50 50 50 50
Address Change fOHA e
WRITE CYCLE
Write Cycle Time | twe | 450 300 250 200 150 ns [t7=tr=tg=10ns
Write Time w 200 150 120 120 80 ns |CL=100pF
Write Release 4 o 0 0 0 0 Load = 1 TTL gat
s -
Time WR n oa gate
Output 3-State Input Levels = 0.8
100 80 70 60 50
from Write toTw " land 2.0v
Data to Write Y 200 150 120 120 80 Vigr= 1.5V
Time Overlap ow e[ Vret= 1
Data Hold from
Write Time oH 0 0 0 0 0 ns
Address to Write ¢ ° ° o o °
Setup Time AW "
TIMING WAVEFORMS READ CYCLE @
tRC
A

ADDRESS )( )‘

lat——— 1CO———] |#¢—— tOTD——

Q—~tcx—-—-} ‘OHAP——

L

Dout

WRITE CYCLE

-twe

ADDRESS

7S

WR

LI/

w®

y1//4

toTw

‘-‘DW".‘

&

Notes: (D WE is high for Read Cycle
@ ty is measured from the latter of CS or WE going low to >
the earlier of CS or WE going high.
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(PD2114L

NORMALIZED ACCESS TIME VS.

SUPPLY VOLTAGE
1.2
R
Q
3
2 10
= I
4
o
Z 09
0.8
n 2.5 5 5.5 6
Vee (V)
NORMALIZED POWER SUPPLY CURRENT VS.
SUPPLY VOLTAGE
1.2
Q
o
-~ 11
8 -
N /
2 1.0
z
o /
Z 09
0.8
4 4.5 5 5.5 6
Vee (V)
OUTPUT SINK CURRENT VS.
OUTPUT VOLTAGE
. |
Vee =55 — V

5.0 —
4.5 —

2

——
10 - /

loL (mA)

: 74

0 0.2 0.4 0.6
VoL (V)
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TYPICAL OPERATING
CHARACTERISTICS

NORMALIZED ACCESS TIME VS.
AMBIENT TEMPERATURE

1.2
©
-
a M ]
w
N /
3
< 1.0 7
= —
o
0.9
0.8
0 20 40 60 80
Tal°C)
NORMALIZED POWER SUPPLY CURRENT VS.
AMBIENT TEMPERATURE
1.2
Q
°
a 1.1
w
N
210 =
E \
o
Z 09 .
. N\
<
0.8
0 20 40 60 80
TalPC)
OUTPUT SOURCE CURRENT VS.
OUTPUT VOLTAGE
15 Vee =4.5,56.0,565
v
\
3 10
E
T
o
5
0 \
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PACKAGE OUTLINES
uPD2114LC/D

A

=

i Y f
[ o
D F
E

uPD2114LC (Plastic)

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
8 1.44 0.055
C 2.54 0.1
D 0.45 0.02
E 20.32 08
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 71.62 0.3
L 6.7 0.26
M 0.25 0.01

uPD2114LD (Cerdip)

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
B 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

pPD2114L

K
L

SP2114L-11-78-GY-CAT
57
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NEC

NEC Microcomputers, Inc. uPD2147-2
4PD2147-3

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 3
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.

FEATURES e Scaled NMOS Technology
e Completely Static Memory — No Clock or Timing Strobe Required
e Equal Access and Cycle Times
e Single +5V Supply
e Automatic Power-Down
e High Density 18-Pin Package
e Directly TTL Compatible — All Inputs and Outputs
e Separate Data Input and Output
e Three-State Qutput
e Auvailable in a Standard 18-Pin Ceramic Package
e 2 Performance Ranges:
MAX SUPPLY CURRENT
ACCESS TIME ACTIVE STANDBY
uPD2147-2 70 ns 160 mA 20 mA
uPD2147-3 . 55 ns 160 mA 20 mA
PIN CONFIGURATION Ag 1 181 Vee PIN NAMES
A1 A0-A11 Address Inputs
2 17H Ag WE Write Enable
A2 s 16 g A, s Chip Select
A DiN Data Input
3 4 A
uPD 15 8 DouT Data Output
A4 5 2147 14[] Ag vee Power (+5V)
A GND Ground
5 []6 1307 Aqq
Pout O 7 12{3 A,
WE
8 nH Din TRUTH TABLE
GND s —m
9 10 3 cs cs | we MODE OUTPUT | POWER
H | X | Not Selected High Z ‘Standby
L1 L | wit High Z Active
L Read Dout Active
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JPD2147

Ao —¥— — «— vee  BLOCK DIAGRAM
G Ry > == <«—GND
Ay —F ] ROW MEMORY ARRAY
Az —g——]sELECT 64620RLcl)Jv’\\lﬂst
iy > =
A —F -
DiN - > COLUMN 1/0 CIRCUITS |—{>— byt
COLUMN SELECT

PEEERS

(N Ag A7 Ag Ag A1p Amq

we—e—1)

Operating Temperature . . . . . i i i .... D0O°Cto+85°C ABSOLUTE MAXIMUM
Storage TEMPErature . . .o ov v ve v o e e eeee . ...... =65°Cto+150°C RATINGS*
Voltageon Any Pin . ... ... e -1 to +7 Volts D
DCOutput Current . . ... v it it i i e iiieiieiiieaenennae.. 20mA

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; VG = +5V  10%, unless otherwise noted. DC CHARACTERISTICS
LIMITS
uPD2147-3 uPD2147-2
PARAMETER | SYMBOL{ MIN] TYI MAX}MIN | TYI MAX [UNIT TEST CONDITIONS
Input Load [I¥] 0.01 10 001 | 10 A | Ve = Max, ViN = GND to
Current (All vee
Input Pins)
Output Leakage |||_o| 001 | 10 001 | 10 uA | TS=Viy, Vee = Max,
Current VouT =GND to Vce
100 | 150 100 | 150 | mA | Ta=25°C|VcC = Max,
Operating Current | Icc TS= VL.
160 160 | mA | TA=0°C.|Outputs Open
Standby Current Isg 12 20 12 20 mA | Vee = Min to Max,
N CS=ViH
Peak Power-On Ipo@ 15 30 15 30 mA | Vce = GND to Vce = Min,
Current CS = Lower of V¢g or
) ViHMin

Input Low viL  |-03 08 |-03 08 | v
Voltage
Input High ViH |20 60 |20 60 fv
Voltage
Output Low VoL . 0.4 0.4 v loL =8 mA
Voltage R
Output High VoH |24 |24 V | loH=-40mA
Voltage

Notes: The operating ambient ure range is with air flow ing 400 linear feet per minute.

Typical limits are at Vo =5V, Ta = +25°C, and specified loading.
IcC exceeds Igg maximum during power on. A pull-up resistor to VGG on the CS input is required to keep the device

deselected: otherwise, power-on current approaches ICg active.
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CAPACITANCE

AC CHARACTERISTICS
READ CYCLE

TIMING WAVEFORMS'
READ CYCLED

Ta=25°C;f=1.0 VO]

¢ LIMITS
PARAMETER | symBoL | min [ TYP [ max {uNIT | TEST cONDITIONS
Input Capacitance cIn 5 pF SVIN =0V
Output Capacitance | COUT 7 pF Vour = 0V

uPD2147

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

Ta=0°C to +70°C, Ve = *5V + 10%; unless otherwise noted.

LIMITS
PARAMETER |SYMBOL | 4PD2147-3] uPD2147-2] UNIT| TEST CONDITIONS
min] max min fmax

Read Cycle Time | tRC 55 70 ns | Input Voltage Levels:
Address Access | taa 55 70 ns | V1= 010 +3.5Volts
Time Input Rise Time
Chip Select tACS1 55 70 | ns |10ns

i
Access Time Input Fall Time
Chip Select 1ACS2 7% 90 | ns [10ns
Access Time @ :

Timing Measurement

Output Hold tOH. 5 5 S | Reference Level -
from Address S0k Vol
Change
Chip Selection | 1Lz 0 10 s | Qutput Load
1o Output in | See anure !
Low Z
Chip Deselec- tHz o[ a0 040 | as
tion to Output
n High Z
Chip Selection | tpyy 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
5109
DOUT =il
2 30 pF
3009 ¢ (INCLUDING SCOPE AND JIG)
Figure 1
tRC |
ADDRESS @ X *
tAA {
tOH
DATAOUT  PREVIOUS DATA VALID X' X DATA VALID
tRC
_ —
& N Vo
tacs =t 'HZ
P t{ 2 ——pf
HIGH
_DATA QUT DATA VALID )—-——
HIGH IMPEDANCE IMPEDANCE
L‘""“"’l pD
Vee I R e—p—

SUPPLY f
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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pPD2147

Ta = 0°C to +70°C; Ve =

+5V t 10%, unless otherwise noted.

LIMITS
TEST
PARAMETER SYMBOL | uPD2147-3 | uPD2147-2 | UNIT CONDI:IONS
MIN | MAX | MIN | MAX
Write Cycle Time twe 55 70 ns
Chip Selection to End W 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 WR 10 15 ns
Data Valid to End DWW 25 30 ns
of Write
Data Hold Time 1DH 10 10 ns
Write Enabled to Out- twz 0 30 0 35 ns
put in High Z
Output Active from tow 0 0 ns
End of Write
we
aooRess X K
fow
Ts (N - 1
SN A7/ XSS
t
AW N
o -
'as we WR
WE X £
t
DH
I ‘ow {
DATA IN * DATA IN VALID
[—— w2z ~—tcw
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED
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H
M
0-15°
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. 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. 0.26
M 0.25 0.01

AC CHARACTERISTICS
WRITE CYCLE

TIMING WAVEFORM
WRITE CYCLE

PACKAGE OUTLINE

uPD2147D

SP2147-1-80-CAT



NEC
pPD421
1PD421-1
4 PD421-2
M1 PD421-3

mPDA21-5

PR

NEC Microcomputers, Inc.

8K BIT STATIC RAM

The NEC',uPD421 is a very high speed 8192 bit static Random Access Memory organ-

DESCRIPTION
ized as 1024-words by 8 bits. Features include a power down mode controlled by the
chip select input for an 80% power saving.
FEATURES 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 1/0

Compatible with 8108 and Equivalent Devnces
Available in 22 Pin Ceramic Dual-in-Line Package

'PIN CONFIGURATION

A M 2Pv,
Ag 2 2134,
AsOs 200 Ag
A 4 - 19Ag
A, Os uPD 18f3CS
A s 421 17[wE
A, O7 16[J1/0g
o, 8 150,
110, CJo 14 Duo
110, 1o 13 :lu/o5
Gno 11 12[]1/0,
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pPD421

Operating Temperature
Storage Temperature
Voltage on Any Pin
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

I/O,—

I/O2

I/O3

10,4
1/0g

”05
110,

1/0g

ROW

SELECT

MEMORY ARRAY
128 ROWS
64 COLUMNS

INPUT
DATA

CONTROL

WE

Ta= 0°C to +70°C; Ve = +5V * 6%, unless otherwise specified

64

BLOCK DIAGRAM

... 0°Cto+70°C ABSOLUTE MAXIMUM
~65°Cto +150°C RATINGS*

-0.5 to +7 Volts @

LIMITS
PARAMETER | SYMBOL e 1 Tve [ wax UNIT | TEST CONDITIONS
Input Load (TN} 10 HA VN =0 to +5.5V
Current
{All Inputs Pins)
1/0 Leakage Lo 50 HA
Current
Operating Icc 150 mA Ve = Max;
Current CS=V|_;

Outputs Open

Stand-by Is 20 mA Vce = Min. to Max.
Current CS=VIH
Input Low ViL -0.3 0.8 \
Voltage
Input High VIH 2.0 6.0 A
Voltage
Output Low VoL 0.4 \% loL=32mA
Voltage
Output High VOH 24 \Y IoH=1mA
Voltage

DC CHARACTERISTICS




CAPACITANCE T4=25°C;f=1.0 MHz

J4PDA421

LIMITS
PARAMETER SYMBOL UNIT TEST CONDITIONS
j MIN MAX .
Input/Output C1/0 7 pF Vijo =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 uPD421 uPD4211 uPD421-2 uPD421-3 uPD421-5 | UNIT
MIN l MAX MIN—IT\AAX MIN l MAX MIN I MAX | MIN l MAX
READ CYCLE
Read Cycle Time tRC 450 300 250 200 150 ns
Address Access Time tAA 450 300 250 200 | - 150 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 tLz 10 10 10 10 10 ns
in Low Z
. Chip Deselection to tHZ 0| 100 0 80 0 70 0 60 0 50 ns
QOutput in High Z '
Chip Selection to Power tpy 0 0 0 0 0 ns
Up Time .
Chip Deselection to Power | tpp® 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 o
Address Valid to End of tAw 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 | tpwy 200 150 120 | 100 80 ns
Data Hold Time tDH 10 10 10 10 10 ns
Write Enabled to Qutputin| tyz -100 80 70 60 50 ns
High Z '
Output Active from End of | tow 0 0 0 0 0 ns
Write

Note: Ice (t=1tpp) = 1/2 Icc Active.
cc PD cC
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4PDA21

. READ CYCLE
- Re
" ADDRESS x o
tAA- |
oH
Doyt lprREVIOUS DATA\/‘AL@ DATA VALID
e

\

tACs—

la—— 1) 2 —]

IMPEDANCE

Dout

s~ tp

g == -

VCC SUPPLY
CURRENT
WRITE CYCLE
twe
ADDRESS >( o )(
5 r“v\’l. t .
- CW
& § NN pu't
t
et pS——] | wp WR
NN Y/
WE N\ \ /
et 'oW—1
thw DH
wz
Din > <
Pour
A
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—f l—o0-15
ITEM MILLIMETERS INCHES
A 27.43 Max, 1.079 Max.
1.27 Max. 0.05 Max.
25410, 0.10
0421 0.016
254 0. .0
5 .059
G * .138
H .7 1 .145
1 .2 Max. .165 Max.
J .08 Max, | 0200 Max
10.16% 0.15__1 0.400
L 9.1 +0.2 0358
M 0.25+ 0.05 .009

TIMING WAVEFORMS

PACKAGE OUTLINE
uPD421D . ‘

SP421-9-79-GY-CAT



NEC

NEC Microcomputers, Inc. - upp21e7

 IPRIELGAURNARNY

16,384 x 1 BIT STATIC MOS
RANDOM ACCESS MEMORY

DESCRIPTION  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. Its 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.

FEATURES « 16,384 x 1 Organization
e Fully Static Memory — No Clock or Timing Strobe Reqwred
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
PIN CONFIGURATION S PIN NAMES
Aol] 1 20 [ Vee =
A 2 190147 A_O— A13 ‘Address Inputs
A A WE Write Enable
203 18 Ag s Chip Select
A3 e 17104 DN ~ Data Input
As s ;1"57 16410 Dout Data Output
As 6 153 A1 Vee Power (+5V)
As] 7 143 A12 Vgg Ground
Pout] 8 133 %3
well o 12[30In ,
vgsJ10 11[acs » TRUTH TABLE
cs | we MODE OUTPUT| POWER
H X Not Selected High 2 Standby
L L Write High Z2 Active
L H Read Dout Active
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NEC

NEC Microcomputers, Inc. MPD5101L

DESCRIPTION

FEATURES

PIN CONFIGURATION

jLPD5101L-1
1024 BIT (256x4) STATIC CMOS RAM

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

All inputs and outputs of the uPD5101L and uPD5101L-1 are TTL compatible. Two
chip enables (C_E-1, CE2) are provided, with the devices being selected when (ﬁh is
low and CE2 is high. The devices can be placed in standby mode, drawing 10 A
maximum, by driving EE1 high and inhibiting all address and control line transitions.
The standby mode can also be selected unconditionally by driving CE2 low.

The uPD5101L and uPD5101L-1 have separate input and output lines. They can be
used in common 1/0 bus systems through- the use of the OD (Output Disable) pin
and OR-tying the input/output pins. Qutput data is the same polarity as input data
and is nondestructively read out. Read mode is selected by placing a high on the

R/W pin. Either device is guaranteed to retain data with the power supply voltage as
low as 2.0 volts. Normal operation requires a single +5 volt supply.

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

e Directly TTL Compatible — All Inputs and Qutputs

e Three-State Qutput

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

7
A O 22[7] Vec
A2 O 2 210 A PIN NAMES
A O 3 20 ] RW
—_— DIy - DI I

Ao O a 19 D CE 1 4 Data Input

1
A Ag— A7 Address Inputs
5 0 s /.lPD 8 D oD R/W Read/Write Input
Ae O} 6 gioqL 7D CE2 CE1.CEz | Chip Enables
A; O 7 16 [] DO, oD Output Disable
GND [ 8 15[ DI, DO1 — D04 | Data Output

Vee Power (+5V)

DI, O 9 14 [ DO,
Do, ] 10 137 Dig
DI, [ 1 12[ DO,
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pPD5101L

@] ] o BLOCK DIAGRAM
oS k3
A‘@—. ]

I

@—k@_ oo >—®
& » CIRCUITS T_
<

L ! DDZ

;

(DISABLE) o
cs - COLUMN
DECODER

& INPUT :
DATA DO‘
o1z @— CONTROL
1 coLumn
n-,@_ ; (ors. SELECT

DOy

1Y

\/
®

ABLE!  guFFERS

560
oo As 45 Ay
Operating Temperature . ...............covveueeein..... 0°Cto+70°C ABSOLUTE MAXIMUM
Storage TEMpPerature . ... ..............iououuunmnnon.. -40°C 10 +125°C  RAT) NGS*
Voltage On Any Pin With Respect to Ground . . . . ... ~-0.3 Volts to Vg +0.3 Volts
PowerSupply Voltage . . ... nnn.. -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.

*T,=25°C
T, =0°C to 70°C; Vg = +5V * 5%, unless otherwise specified.
Crs DC CHARACTERISTICS
PARAMETER SYMBOL | MIN [TYP @ MAX |UNIT TEST CONDITIONS

Input High Leakage [T O) 1. | wA | ViN=Vee
Input Low Leakage L@ -1 uA vy =0V
Output High Leakage |LOH® 1 uwA | CEq=2.2V, VouT = Vee
Output Low Leakage | I oL @ -1 wA |CEq =22V, VoyT = 0.0V

) VN = V¢ Except CEq
O t t | 22 mA

perating Curren ce <0.65V, Outputs Open

Operating Current \ 2 N = 2.2V Except CEj

t n m,

perating Lurre cc2 <0.65V, Outputs Open
[ VN =0 to 5.25V

Standby Current Icc,@ 10 | wA CEy< 02V
Input Low Voltage ViL -0.3 0.65| V
Input High Voltage ViH 2.2 Veel V
Output Low Voltage VoL ) 0.4 \ loL =2.0mA
Output High Voltage | Von1 2.4 \ IoH =-1.0 mA
Output High Voltage | VOH2 35 \Y IoH =-100 pA

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

s CAPACITANCE

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS

Input Capacitance Cin 4 8 pF VN - OV
(All Input Pins)

Output CouT 8 12 pF Vourt - 0V
Capacitance

70



AC CHARACTERISTICS

LOW Vcc DATA RETENTION
CHARACTERISTICS

1PD5101L

READ CYCLE
Ta = 0°C 10 70°C; Vo = 5V5%, unless otherwise specified
LIMITS
PARAMETER SYMBOL 5101L 5101L-1 UNIT TEST CONDITIONS
MIN | TYPIMAX | MIN | TYP | MAX i
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 (CEq) tco1 600 400 | ns times: 20 ns
to Output
Chip Enable (CEg) tco2 700 500 | ns Timing '"e““‘l'_e"‘”'
to Output :efse:;anlc‘e level:
5 Vo
Output Disable to toD 350 250 | ns :
Output - Output load: ITTL
Data Output to tDF 0o 150 o 130 ns _
d Cy = 100 pF
High Z State Gateand C. P
Previous Read Data tOH1 0 0 ns
Valid with Respect
to Address Change
Previous Read Data tOH2 0 0 ns
Valid with Respect
to Chip Enable
WRITE CYCLE
T, =0°C to 70°C; Ve = 5V25%, unless otherwise specified
LIMITS
PARAMETER SYMBOL 5101L 5101L-1 UNIT, TEST CONDITIONS
B .
MIN | TYPJMAX{MIN] TYPIMAX|
Write Cycle twe 650 450 ns Input pulse amplitude:
Write Delay AW 150 130 ns 0.65 to 2.2 Volts
Chip Enable (CE1) tcwi 550 350 ns Input rise and fall
to Write times: 20 ns
Chip Enable (CE2) tcw2 550 350 ns Timing measurement
to Write reference level:
Data Setup 1DW 400 250 ns 1.5 Volt
Data Hold tDH 100 50 ns Output load:  ITTL
Write Pulse twp 400 250 ns Gateand Cy_ =
Write Recovery tWR 50 50 ns 100 pF
Output Disable Setup DS 150 130
T,=0°Cto 70°C
LIMITS
PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS
Vg for Data VceDR +2.0 \ CEp < +0.2V
Retention
Data Retention ICCDR +10 uA VCCDR = +2.0V
Current CEp < +0.2V
Chip Deselect tCDR 0 ns
Setup Time
Chip Deselect tR trc@) ns
Hold Time

Note: (D trc = Read Cycle Time
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#PD5101L

READ CYCLE i
v tRe . ‘ TIMING WAVEFORMS
ADDRESS \( ‘
]
tco1—
CE4 ‘
CE, J i
t~Ao
I — C02 . y
oD p— tA - ' -
(COMMON 1/0) @ * °op ®
B . Q
A DF =
DATA - DATA OUT
outT __ | ______ VALID .
WRITE CYCLE
f twe —i
ADDRESS >( . }(
tow1
3 " /_
CE, X ) \
‘ ' tow2
oD / -
(common 110)® ___/ toH
‘ —={ tpg ——
pata |” DATA IN T
N | STABLE e
- ! tow 1,
AW'c— ‘WP [ "W R~

Notes: ® Typical values are for T4 = 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 Vo DATA RETENTION

SUPPLY VOLTAGE (Vo)

Notes: (1) 475v

(2) Vecor
Vin

(4) oav
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TYPICAL OPERATING

pPD5101L

lcc — Ve (Ta)
CHARACTERISTICS »
- VoH - loH (Ta)
! ' s . :
. V 5
20 cc v
Ta 20/
. N
K 120 C \
G o N\ |
[+3 <, I
= <5 soc{ o \
\7 >
\x@“ / y
<3 .
5 ot ~a \ \ \ 20¢
o\ g 20 ¢
(A3 Ta 8 c\
+80 C +20 C
> [ 1
0 3 4 5 6 7 0 2 4 6 8 10
Vee (V! 108 (MAL ~
VoL - loL (Ta) ta — Ve (Ta)
0 700 T T
| V V LOAD ITTL * 100 pF
Ta - 80 c/ ~20c/ o
05 / //*, 60
20 C
B / 4 500 \ \
> z \ T 180 C
Zo // E \\ '
’ 4 : TN
) 125 ¢
02 4 300 -
Y \ ~—]
20 C
01 200
Vee BV
L
0 10 15
tor (mA)
tA-Cp
Ta 25C
Vee 8V
600}
500) s
N < 400] ] z
< Qo
. L
30
200
1
T
]
0 100 200 300 400 500 0 10 20 30 40 50 60 70
CL (F Tal )
PACKAGE OUTLINE A | |
uPD5101LC l._L——I
'
" 1
f s v
——aso——-—g—-.—ncn-»ﬂ-——l 0 - 15— b=
} 3 |
ITEM | MILLIMETERS INCHES
A 28 0 Max 1,10 Max
) 14 Mox 0,025 Mox.
C 254 0.10
D 050 0.10 007 0.004
3 254 70
F 140 0.055
G 254 T G0 Min
H 0.5 Min 007 Vin
T 3.7 Max 078 Mox.
J 5.2 Max 0.20 Max
K 10,16 040
L 85 033
010 70004
. 1
™ 025 gos 001 4002

SP5101L-8-77-GY-CAT
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NEC Microcomputers, Inc.

DESCRIPTION

FEATURES

PIN CONFIGURATION

NEC

(1 PD444/6514

HPD444/6514-1
1 PD444/6514-2
4 PD444/6514-3

1024 x 4 BIT STATIC CMOS RAM

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 csS 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
1PD444/6514 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 uPD21 14L 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. .

Low Power Standby — 5 uW Typ.

Low Power Operation '

Data Retention — 2.0V Min.

Capability of Battery Backup Operation
Fast Access Time — 200-450 ns
Identical Cycle and Access Times
Single +5V Supply

No Clock or Timing Strobe Required
Completely Static Memory

e Automatic Power-Down

e Directly TTL compatible: All Inputs and Outputs

o Common Data Input and OQutput using Three-State Outputs

o Replacement for uPD2114L and Equivalent Devices

e Auvailable in a Standard 18-Pin Plastic Package
As Oy 7 180 Vec PIN NAMES
As O 17047 - Ap-Ag Address Inputs
A4 s 16 Ag : WE Write Enable
A3 a ::3 15[ A9 Cs Chip Select
Ao s gs14 14[A"01 1/01-1/04 | Data Input/Output
A1 Qs 13[JV/02 vee Power (+5V)
A2 g7 12103 GND Ground
cs s 1o,

Gnp [ 10 JWe

Rev/1
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1PD444/6514
w—— g o BLOCK DIAGRAM

. Ag

" -~ GND

Ag ——— ]
ROW MEMORY ARRAY
SELECT 64 ROWS

A7 64 COLUMNS
L ——————

. . . L]

110y

COLUMN 10 CIRCUITS

{111

1102

WINPUT
DATA COLUMN SELECT

{'CONTROL

1103

104

i

Ao At A2 A3

e

T
1—[5

Operating TEmPErature: - . . . . .. ... oooee e -40°Ct0 +85°C  ABSOLUTE MAXIMUM
Storage TEMPErature . . . . . ..oovvvutveun e -65°C to +125°C RATINGS*

All Input-and Output-Voltages. . -0.3 to Vge +0.3 Volts
Supply Voltage +8.0 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 i rating i for periods may affect device
reliability. )
*Ta=25°C
Ta =-40°C to +85°C; Vg = +5V £ 10% unless otherwise tested DC CHARACTERISTICS
LIMITS
443/6514-3 - 444/6514-2 444/6514-1 444/6514
PARAMETER symoL|minlTYP| max [minlTYP] max [min|Tve] max [min]TYP] MmAX |uUNIT | TEST CONDITIONS
Input Leakage Current | 1) -1.0 1.0 -1.0 1.0 -1.0 1.0 -1.0 1.0 uA | V)N =GNDto Vee
1/0 Leakage Current Lo -1.0 10 -1.0 1.0 -1.0 1.0 -1.0 10 wA | €S =Vin, Vijo = GND
0 Vee
Operating Supply IccAt 20 |35 18 |35 16 {35 14 | 35 mA | CS= VL Vin = Vee,
Current Outputs Open
Operating Supply Icca2 24 {40 22 |40 19 {40 17 |40 mA | CS=V|L VN =24V,
Current X Outputs Open
Average Operating IccA3 10 9 8 7 mA | vy =GNDor Ve,
Supply Current Outputs Open f = 1 MHz,
Duty 50%
Standby Supply Current | Iccs 50 50 50 50 uA | C8=vce, VN = GND
to Vee
Input Low Voltage ViU -0.3 0.8 -0.3 08 -0.3 038 -0.3 0.8 v
Input High Voltage ' ViH 24 Vec+0.3(24 Vee +0.3) 24 Vee +0.3] 24 Vec+03f Vv
Output Low Voltage VoL 0.4 0.4 0.4 0.4 v [ioL=20mA
Output High Voltage | Vou |24 24 24 24 vV [1oH=-1.0mA
T,=25°C,f=1MHz CAPACITANCE
LIMITS
PARAMETER SYMBOL | MIN| TYP| MAX JUNIT | TEST CONDITIONS .
Input/Output Capacitance Cy/o 10 pF Vij0 =0V
Input Capacitance Cin 5 pF VIN = OV

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

LOW Vcc DATA
RETENTION
CHARACTERISTICS

PACKAGE OUTLINE
uPD444/6514C

= ~40 Cto +85 C; Vg = +5V + 10% unless-otherwise noted.

(PDA44/6514

LIMITS

244/6514.3 | 444/6514.2 [444/6514.1 | 444/6514

PARAMETER symsoL f MiN fmax [Min [max [min fmax [MiINImax ] uNiT] TEST CONDITIONS
READ CYCLE
Read Cycle tre | 200 250 300 450 ns | Input Pulse Levels:
Address Access Time A | 200 250 300 450 | ns | +0-8t0 +2.4 Volts
Crup Select Access Time (D) TACST. 200 250 300 450 | s | 'T“'::‘e‘s_ﬂ"’;:';"_ .
Chip Select Access Time (@ | tacs2 250 300 350 1] 500 | ns || it and Output Timing
Output Hold from Address Change 10H 50 50 50 50, ns_| Levels: 1.5 Volt
Chip Selettion to Output 1n Low Z 1wz 20 20 20 207 ns ‘| Output Load: 1 TTL
Chip Deselection to Output 1n High Z{ tHZ 60 70 80 100 ns | Gateand C(_ =100 pF
WRITE CYCLE -
Write Cycle Time twe 200 250 300 450: ns_| Input Pulse Levels:
Chip Selection to End of Write tcw  |-180 230 250 350 ns | ¥0-810 +2.4 Volts
‘Address Valid 1o End of Write AW | 180 230 250 350 ] s | InPut Rise and Fall
Times: 10 ns

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

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

@ Chip deselected for a finite time that is less than 100 ns prior to selection. (1 the desencl time s 0 ns the chip s by definttion
selected and access occurs according to Read Cycle No. 1.}

2= -40°C to +85°C

LIMITS
PARAMETER SYMBOL MIN TYP | MAX | UNIT | TEST CONDITIONS
Data Retention Supply | Vccpr | 2.0 v Cs= VCC,VIN Vee
Voltage ) - to GND
Data Retention Supply 'CCDR 0.1 10 nA Vce =3V, CS=Vce
Current : VN ='Vce to GND
| Chip Deselect to Data tCDR 0 ‘ns
Retention Time
Operation Recovery R trcQ) ns
Time

Note: @ tRrC = Read Cycle Time

A
[}
1 1y H
=g
Tl ) E
I oL : G
B (] |
il oo F
, E
Plastic
ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
B 1.44 0.055 -
Cc 254 0.1
D 0.45 0.02
E 20.32 08
F 1.2 0.05
G 2.5MIN. 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
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4 PD444/6514

reapcvcLle @ @ TIMING WAVEFORMS
Sk - tRC
ADDRESS *
. ‘ tAA
B —— OH .
DouT PREVIOUS DATA VALID XXX DATA VALID

READ CYCLE D ®

™ tRC
Ccs -———\ . RO i

L . f —
'F—IHZ
*thv‘r
P —r— HIGH
DouT VA A DATA VALID

HIGH IMPEDANCE M3 IMPEDANCE

" WRITECYCLE @ ® ®

we
ADDRESS X B X
tew
- YL ATTITITTT
1AW WR
lt— tAS ——m] twe
WE
Y\ % f?‘.DH
tow
— X YRR
wz
‘:] on
DouT AANAN AVAAAN VAV A A A
[ 77 77 77 //| HIGH IMPEDANCE

Notes: @ WE is high for Read Cycles.

@ Dewvice is continuously selected, [ ViL

@ Address vahd prior to or coincident with TS transition low.

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

@ WE must be high during all address transitions.

@ tyyp is measured from the latter of CSor W—Egoing low to the earlier of CS or WE
going high.

LOW vcc DATA RETENTION

DATA .
[*——RETENTION ———=|
MODE

SP444/6514-10-79-CAT
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| | NEC
NEC Microcomputers, Inc. - puPDA445L
pPD445L: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_é1,
* CE2). Minimum standby current is drawn when Cﬁ1 is at a high level, while inhibiting
all address and control line 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- volatlllty of data.

The uPD445L uses fully static circuitry requiring no clockmg 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 1/0 bus
systems.

The uPDA445L is guaranteed to retain data with the power supply voltage as low as 2.0

volts.
FEATURES ¢ Single +5V Power Supply } .
o ldeal for Battery Operation -
o Low Standby Power for Data Retention
o Simple Memory Expansion — Chip Enable lnputs
e Access Time — 650 ns Max. (uPD445L)
450 ns Max. (uPD445L-1)
e Directly TTL Compatible — All Inputs and Outputs
o Common Data Input and Output
e Static CMOS — No Clocks Refreshing Required
e 20 Pin Dual-In-Line Plastic Package
PIN CONFIGURATION —~\J

'Nal 20 :J Vee PIN NAMES

A2: 2 197 A4 Ag-Ag Address Input

Aq : 3 18[J rRIW oD _Output Disable.

Ac}4 170 C_E1 R_I'W Read/Write 1

] - CEq Chip Enable

As]s ::5?_ 160 oo [cEs. Chip Enable 2

As 6 1507 cey 1/01-1/04 Data Input/Output

A7 14 :] Ag ‘ “Vce Power Supply
eno[8 133 Ag GND Ground
oy e 1217 1/04 OPERATION MODES
1105 [J1o 113 1103 — :

CEq ] CEo] OD Chip. Output Mode
0 1 0 . Data Out-
' Selected
o | 1 1 )
- High Impedance
Others Non-Selected o
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j PD445L

Ao ‘ 1 . BLOCK DIAGRAM
a1 O AbDR B MEMORY SRS .
A2 OH ESS | x. | ocew

as O " | [ oecopen | f matA

204 M H

Aso_{ e

o1 O Y-1/0

CIRCUIT
110,
2 O INPUT

103 O . Yoo

DATA DECODER
1/0g O : . CONTROL T
aw O ADDRESS

BUFFER

£
5666 <1

II1.

Operating TemMpPerature « « « o« «« e v vevvesneeeeenesn.....=10°Cto+70°C ABSOLUTE MAXIMUM
Storage Temperature. . . ... veevevvvennneeeeenennn ... -40°Ct0+126°C RATINGS*

All Output Voltages . . . .......vvvvevnnn.oeea....=03t0Vce +0.3 Volts

All Input Voltages . . . .. . =0.3 to V¢ +0.3 Volts

Supply Voltage VCC . . v v veve et eeiieieienevnnnwn..o. —031t0+7 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

Ta = =10 to +70°C; +5V * 10%

o — DC CHARACTERISTICS
' PARAMETER SYMBOL MIN | TYP MAX UNIT ) CONDITIONS
Input High Voltage ViH +2.2 Vece v
Input Low Voltage ViL -0.3 + 065 V .
. VOH1 +2.4 \ 104 = -1.0 mA
High |
Output High Voltage Von? 35 v Ton = 706 A
Output Low Voltage VoL + 0.4 \ oL = +20 mA
Input Leakage -
Current High H + 1.0 | wA Vi = Vce
Input Leakage -
Current Low L - 10 kA Vizov
Output Leakage Vo = Vee.
Current High 'LoH + 1.0 A CEq = 2.2v
Output Leakage . Vo = 0V,
Current Low Lot c 0 uA CEq = 2.2V
. . . Outputs Open }
Supply Current Iccr - 12 . 25 mA V| = Vgc except
CEq < 0.65V
. . . Outputs Open
Supply Current lcc2 16 2 30 .| mA V| = 2.2V except
c CEq < 065V
) : B V| =010 525V
Standby Current iccL 40’ HA Except CEp < 0.2V
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AC CHARACTERISTICS

pPDA445L

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
— A 4 . .
(CEq) to Output tcon 600 00 ns

Chip Enable Input Rise Time
(CE2) to Output tco2 700 500 ns 20 ns

Output Enable Input Fall Time
to Output oo 350 250 ns ~20 ns

Output Disable Timing Measurement
(OD) to Floating 'DF 0 | 180 0 j130 ns Reference Level =
Data Output ¢ 0 0 ns +1.5V

Hold Time OH1 Output Load

Chip Disable N 0 0 ns 1TTL + 100 pF
to Floating OH2 '

Address Rise tr For Address change
and Fall Time t 300 300 ™| during Chip Enabled
WRITE CYCLE

Ta=0°C to +70°C; Voo = +5V + 10%
LIMITS
445L 445L-1 TEST
PARAMETER | SYMBOL | MIN |MAX | MIN | MAX | UNIT CONDITIONS
Write Cycle Time | twc 650 450 ns
?.d:;ess Setup AW 150 130 ns Input Voltagg Levels
! V| = +0.65 to +2.2V
Cﬁg 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 +H.8V
Time tWR 50 50 ns
Output Disable
Setup Time tDS 150 130 ns
Address Rise tr For Address change
and Fall Time t 300 300 " | during Chip Enabled

Ta==-10°C to +70°C

LOW Vcc DATA RETENTION

LIMITS TEST
PARAMETER SYMBOL MIN TYP |[MAX | UNIT | CONDITIONS
V¢ for Data Retention VceDR +2.0 \ Céz < +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: @ tRrc = Read Cycle Time
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jPDA45L.

READ CYCLE TIMING WAVEFORMS
ch v
ADDRESS *-
tco1—— ‘ ton1
&
10H2 I
CcEp
| 1co2
3 10D —==]
[ols}
(COMMON 1/0)
t1pp ————
7
DATA OUT ' X DATA OUT VALID
— — — — HIGH IMPEDANCE STATE
WRITE CYCLE
twe
ADDRESS X %
l“ cwi

C_E‘ f

CEp k \
| tcw2

oD /
(COMMON 1/0) /

——t— s

1DH ——a=]

DATA
IN

———— —— — ] —————

—- (Aw'——l* i ‘ow P tWR ——

lk " 7[

== == == = HIGH IMPEDANCE STATE

LOW Vcc DATA ReTenTion@®

DATA RETENTION MODE —~—|

SUPPLY VOLTAGE (Vce)

ViH : Vi

CHIP ENABLE (CE2)
o.2v 0.2v

ov - ——— — ———— -

Note @ Apply less than VCCDR to all inputs for data retention mode.
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. PD44SL

Ta = 25°C;f = 1 MHz

CAPACITANCE LIMITS ) TEST
PARAMETER "SYMBOL | MIN | TYP | MAX | UNIT } CONDITIONS
Input Capacitance Ci ) 5 - 8 pF Vi=0V
Output Capacitance C(j 8 12 pF Vo =0V

PACKAGE OUTLINE
uPD445LC

ITEM MILLIMETERS INCHES
A 27.00 1.07
B 207 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
1 4.58 MAX 0.18
J 5.08 MAX 0.20
K 10.16 0.40
L 8.60 0.39
+0. +0.
M 0.25 _g;g 0.01 _ggg‘;

SP445L-878-GY-CAT
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NEC

NEC Microcomputers, Inc. M 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 Qutputs

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 piastic or ceramic packages

PINCONFIGURATION 47 (i~ 2a]3 vee
‘ A []2 231 Asg
As 3 2[1 A9
A4 4 21 Nc
e Qs _ 0[] s PIN NAMES
"2 Qe 2'3'2,?,\ 19 Ne Ag—Ag | Address Inputs
A1 18 [J cs2 Do — D7 | Data Outputs
CS1 — CS2 |[Programmable Chip Select Inputs|
Ao[]s 173 by
Do o 16[] Dg
b1 gro 15[] Dg
b2 Ot " 140 pg
GND [T12 13[J D3
Rev/1
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/M PD2308A

Do Dy Dy D3 D4 Dg Dg D7 ) BLOCK DIAGRAM
i - L Vee , :
: , ' ~-— GND
. OUTPUT BUFFERS DE%CS)bé L

Cha | ; [ W) |
e I M | Y DECODER 10f 16 x 8 C
a iy — ‘ . CcHIP

— TITITITT (s
Ag —=1 ’5 u . 4

2 :
Ag —=1 z 4 .
5] = I Ry

A, — = '

4= g = j-— Cs,
n sl 8192BIT

— 3 CELL MATRIX chip
A2 . ]S SELECT

"'” & INPUT | CS,
N ] = BUFFERS
AQ =i -

Operating Temperature. . . ........................... =10°Ct0+70°C ABSOLUTE MAXIMUM
Storage Temperature .. ..........c000evenunennn.... —66°Ct0+125°C RATINGS*
“Voltageon AnyPin ..................... veeeo.. =0.5t0+7.0Volts

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.

0
*T,=25°C
Ta=-10°Ct0+70°C; Vcc = +5 £ 5% unless otherwise noted. DC CHARACTER |ST|CS
LIMITS .
PARAMETER SYMBOL | MIN | TYP @ MAX unIT TEST CONDITIONS

Input Load Current [} +10 WA | ViN=Vce

(AW Input Pins) ~10 Py ViN = OV

Output Leakage Current | I on |. - +10 wA | Chip Deselected, Vo = Ve

Power Supply Current: Icc 60 85 mA

Input “’Low” Voltage | V) -0.5 08 \

Input *’High” Voltage ViH 2.0 Vce v

Output “Low" Voltage VoL 0.4 v loL=3.2mA

Output “High” Voltage | VoH +2.4 v IoH =~200 pA

Note: @ Typical values for Ty = 25°C and nominal supply voltage.
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;4 PD2308A

CAPACITANCE T5=257C;f=1MHz

LIMITS
PARAMETER | SYMBOL | MIN J] TYP ] MAX | UNIT} TEST CONDITIONS
Input CiN 5 7 pf | Al Pins Except Pin
Capacitance ‘ 1 1 Under Test Tied to AC
Ground
Output CouT 7 10 pf All Pins Except Pin
Capacitance ) Under Test Tied to AC
Ground

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

LIMITS

PARAMETER SYMBOL | MIN TYP@ MAX | UNIT § TEST CONDITIONS
Address to butput tA 350 | 450 ns tT=t,=tf=20ns
Delay Time Vrefin = 1V, 2.2V
Chip Select to OQutput tco 120 ns v =08V, 2V
Enable Delay Time ref out = DSV,
Chip Deselect to Output tDF 10 100 ns g"?;' LOAD=1TTL
Data Float Delay A
Time CL =100 pf
Previous Data Valid toH 20 ns
After Address
Change

Note: (D) T, =25°C; Vg = +5V

ADDRESS

TIMING WAVEFORMS }(

PROGRAMMABLE
CHIP SELECTS

fco—"] E‘DF"'

A ~IOH.|
v - -
"/
DATA OUTPUT HIGH / IN-
oUTPUT %//// IMPEDANCE ///// I OUTPUT VALID | AvaLip
Vs é%zc _ }( -

VoL | |

7 7
HIGH
IMPEDANCE

o
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4+ PD2308A

Plastic
ITEM MILLIMETERS INCHES
A | 33MAX 1.3 MAX
B 2.53 0.1
c | 254 0.1
D 05%0.1 0.02+0.004
€ | 27.94 1.1
F 15 0.059
G | 254 MIN 0.1 MIN
H | 0.5MIN 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 0.55 MAX
w o S oo 00,

)4————A———————

* e | ————

[ K ——————

N
F

—{ C |t—sn{le-p —[ —

TR £

—

G
0-10° M-
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 046038 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 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 Microcomputers, Inc.

DESCRIPTION

FEATURES

PIN CONFIGURATION

NEC

. PD2316E

FULLY DECODED 16,384 BIT MASK
PROGRAMMABLE READ ONLY MEMORY

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. '

Access Time 450 ns Max

A7 O 24
As 2 23
As []3 221
As (14 21.1]
A3 s PD 20 ]

As M
A: g 2316E 1o H
- 187
Ao s 173
Do (]9 16
D1 10 15
Dy 11 141
GND []12 130

Rev/1

2048 Words x 8 Bits Organization

Single +5V +10% Power Supply Voltage

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

Vce
Ag
Ag
CS3
CSq
A10
csy
Dy
De
Dg
D4
D3

PIN NAMES
Ag —A10 Address Inputs
Dg — D7 Data Outputs
CSI - CS3 Programmable Chip Select Inputs
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. PD2316E

Dg D1 Dz D3 D4 Dg Dg D7 ' BLOCK DIAGRAM
. RS | — VCC. -
Prttter o
A10 = ) OUTPUT BUFFERS DECODE v
Ag T PENEEY NN [
Ag— & | Y DECODER 1 of 16 x 8
A “&‘ _|——— ) ) CHIP
7= SELECT
: [ITTTTT |s
Ag = '5 1 . ) -
S
Ag—=1 = |
° 2 Q Y4 oh
A= 2 M = }=—cs,
oI ¢ 16,384 81T
A= g CELL MATRIX 1 chw
el HE merl
: X BUFFERS :
Ay —=] = ,
AQ ] — P CSB
Operating Temperature. . . . ......... e i i . .. =10°Ct0 +70°C  ABSOLUTE MAXIMUM
Stokage TemMPerature . . .....uveevnnnneennnnennn ... =65°Cto+125°C RATINGS*

Voltage on Any Pin veveeve... =051t0+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
Ta=-10°C t0 +70°C; VoC = +5 + 5% unless otherwise noted. ’ . DC CHARACTERISTICS
LIMIT
PARAMETER SYMBOL | MIN | TYP @ MAX UNIT TEST CONDITIONS
Input Load Current I} +10 KA ViN = Vce
(ANl Input Pins) ~10 uA | Vin=OV
Output Leakage Current ILoH +10 uA | Chip Deselected, Vo= Vcé
Power Supply Current Icc 60 85 1 mA
Input “’Low” Voltage ViL -0.5 0.8 \4
Input *“High” Voltage ViH 2.0 vee \
Output “Low'* Voltage VoL 0.4 \ loL=3.2mA
Output “High” Voltage | Vou | +2.4 v | IoH =-200 uA

Note: @ Typical values for Ty = 25°C and nominal supply voltage.
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p PD2316E

CAPACITANCE Ta=25"C;f=1MHz

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 CouT 7 10 pf All Pins Except Pin
Capacitance Under Test Tied to AC
Ground

AC CHARACTERISTICS  T,=-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 Qutput tco 120 ns v - v
Enable Delay Time ref out = 0.8, 2
Chip Deselect to Output | tpF 10 100 ns g‘"p“' LOAD=1TTL
Data Float Delay ATE
Time C =100 pf
Previous Data Valid tOH 20 ns
After Address
Change
Note: (D) T, =25°C; Vg = +5V
TIMING WAVEFORMS >ﬂ<
ADDRESS
Ico—-——-— ‘DF.—
PROGRAMMABLE
CHIP SELECTS
A = ‘oH

o

IMPEDANCE *
v,

o222 S : ] '
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4PD2316E

A K : PACKAGE OUTLINE
‘_.___.____.1 uPD2316EC/D
.0-15° \-—o
UPD2316EC (Plastic)
ITEM MILLIMETERS INCHES
A 33 MAX . 1.3 MAX
B 2.53 0.1
C 2.54 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
M 1025 505 0.01 50019
K
<——A—F+ [ | ————=

_{ . . L T IﬁJ :

Kl 1) e h

B E-: F —| C |t~ - D 'T o] [ 0.10° M -
E:

uPD2316ED (Ceramic)

ITEM MILLIMETERS INCHES
A 30.78 MAX. 1.23 MAX.
B 1.563 MAX. 0.07 MAX.
C 25401 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.

1 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

SP2316E-1-80-CAT
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NEC

NEC Microcomputers, Inc. r~ | ~ uPD2332A
o 4 PD2332A-1

4 PD2332B
44 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 hastwo chip select
inputs and the combination of "“High’’/’Low" levels 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
e Directly TTL Compatible — All Inputs and Outputs
e Fully Static (No Clock or Refresh Required)
e Single +5V Power Supply
e High Speed — Access Times: uPD2332A/B  — 450 ns
-uPD2332A/B-1 — 350 ns
o Three-State Output — OR-Tie Capability
e Two Programmable Chip Select Inputs for Easy Memory Expansion
e Auvailable in Either JEDEC Pinout: uPD2332A or uPD2332B
o N-Channel MOS Technology
e Pin Compatible with TI TMS4732
e Auvailable in 24 Pin Plastic or Ceramic Dual-in-Line Package
PINCONFIGURATIONS , i~k a i~ 2Phve
Ag2 23 [ Ag Ag2 23DA8
Az 3 221 Ay : Ag 3 22:|A9
A4E4 21 [Jcs, . A4[:4 21 :]cs2
A;0s 20 [Jcs, A, O5 20 [Jcs,
A2|: 6 uPD 19 [] Ao A,Os BPD 19T A,
A, 07 2332A 4 (A, A, mk 2332B 18 [ A,
A8 17 @ D7 Agl]s 17 [1 D7
Do [] 9 16 [JDg’ o[ o . 16[Jpg
Dy 10 15 [ Ds D1 [0 15[ Ds
D2 1 14[J D4 Do 1 14[J Dg
GND[12 130 D3 GND[12 133 D3
PIN NAMES ~ When ordering the uPD2332A/B, specify a chip
Ag—Aqq | Address Inputs ?zllzla;:v:r:‘:l:nbmanon of CS; and C52 from the
Do— D7 | Data Outputs
CS4 — CS, | Programmable Chip Select Inputs sy s
0 0
0 1
1 0
1 1

Rev/1
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‘1 PD2332A/B o ©1 D Dg D4 D5 g 07 BLOCK DIAGRAM

—~— VCC
] b— AtEPEEE — o
Ay —= =~ OUTPUT BUFFERS N
&
Ay — -1 3 | ) 14
(53
A1 2 1 5 L Y-SELECTOR ’ ‘
A E i FD CHIP
S I Ay w5
Ay —— 5 M : :
2
A, = -
5 | 2 ]
o B B m I . cs
A —al g | | '§‘ CELL MATRIX !
7 . E 32,768 BIT CHIP
s M = WUt fe— cs,
A9 — - BUFFERS
Ay =] -
10
Operating TEMPErature . . . . ..o v v ve e v e e onnenennnnnnns -10°C to +70°C ABSOLUTE MAXIMUM
o o *
Storage TEMPErature - « . .« oo ovv v eeenneeee .., -65°Cto +126°C RATINGS
Supply-Voltage OnAny Pin ... ... ... ... ... ..... -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.
*T,=25°C
T,=-10°C 10 +70°C; Vo = +5V * 5% unless otherwise specified DC CHARACTERISTICS
LIMITS
PARAMETER SYMBOL | MIN. TVP.® MAX. UNIT TEST CONDITIONS
Input Load Current v
IN =0 to +6.5V
(All Input Pins) L 10 A
Output Leakage Current 'LOH +10 MA CS = 2.2V (Deselected) VOUT = VCC
Output Leakage Current| | g -10 uA CS = 2.2V (Deselected) Vg7 = OV
Power Supply Current Ice 60 90 mA | All inputs 5.25V Data Out Open
Input “Low" Voltage \ L -0.5 0.8 \
Input “High” Voltage Vi 2.0 VCC + 1.0V \
Output “‘Low’* Voltage VoL 040 \'2 3.2mA
Output “High”” Voltage Vou 24 A =200 pA
Note: (D Typical Values for Ta = 25°C and nominal supply voltages.
= O, =
Ty = 25°Ci £ = 1 MHe CAPACITANCE
LIMITS
PARAMETER SYMBOL MIN. | TYP. | MAX. | UNIT TEST CONDITIONS
. . All Pins Except Pin Under
F
Input Capacitance C'N 10 P Test Tied to AC Ground
) All Pins Except Pin Under
Output Capacitance COUT 15 PF Test Tied to AC Ground
Ta=-10°Cto +70°C, Vg = +6V + 5% unless otherwise specified. AC CHARACTERISTICS
LIMITS
uPD2332A/B | xPD2332A/B-1
PARAMETER SYMBOL | MIN. | MAX. | MIN. | MAX.| UNIT] TEST CONDITIONS
Address to Output Delay Time tACC 450 350 ns | tr=t, =tf=20ns
Chip Select to Output Enable Delay Time tco 150 150 ns .| CL =100pF
Chip Deselect to Output Data Float Delay Time tpF 1) 150 100 ns Load = ITTL gate
Output Hold Time tOH 20 20 ns VIN =08t 2V
Vref Input = 1.5V
Viyef Output = 0.45/2.2V
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TIMING WAVEFORMS

PACKAGE OUTLINE
uPD2332AC/D
uPD2332BC/D

. p PD2332A/B

ADDRESS

PROGRAMMABLE
CHIP SELECTS

v,
oH
DATA // OUTPUT HIGH
ouTPUT IMPEDANCE
LLLLLLL
Vo

HIGH
IMPEDANCE*

A
//%UTPUT VALID
[

Plastic
ITEM MILLIMETERS INCHES
A 33 MAX 1.3 MAX
B | 253 0.1
c | 254 0.1
D | 05201 70.02 + 0.004
E 27.94 1.1
F |15 0.059
G | 254MIN 0.1 MIN
H 0.5 MIN 0.02 MIN
1 5.22 MAX 0.205 MAX
J | 5.72MAX 0.225 MAX
K | 15.24 06
L 13.2 0.55 MAX
M | 02 fg:'og 001 ‘090

|—

AL

I ;
; J

G

c I-—»H—-DJ—I

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 04608 0.018  0.03
E 27.94+ 0.1 7.10 £ 0.004
F 1.02 MIN. 0.04 MIN.
G 3.2 MIN. 0.125 MIN.
H 1.02 MIN. 0.04 MIN.
T 3.23 MAX. 0.13 MAX.
J 4.5 MAX. 0.7 MAX.
K 15.24 TYP, 0.60 TYP.
L 14.93 TYP. 0.59 TYP.
M 0.25 + 0.05 0.010 * 0.002

e S
[ | ————

——/[71* 0-10°

M-

SP2332A/B-1-80-CAT

95



96

NOTES




NEC

NEC Microcomputers, Inc. uPD2364

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

e 8,192 Words x 8 Bits Organization
e Directly TTL Compatible — All Inputs and Outputs
e Single +5V Power Supply :
o High Speed — Access Time 450 ns Max.
e Three-State Output — OR-Tie Capability .
e One Programmayble Chip Select Input for Easy Memory- Expansion.
e On-Chip Address Fully Decoded-
e All Inputs Protected Against Static Charge
e Pin Compatible with MK36000 : .
e Auvailable in 24 Pin Ceramic or Plastic Dual-in-Line Package
NS .
PIN CONFIGURATION Ar 24 :VCC PIN NAMES
. A 2
6 2311 As Ag— Aq2 Address Inputs
As 13 22 Ag
01—~ Og Data Outputs
A4 14 21 [J A2
A ]s 20 [ cs CS Programmable Chip Sele:?t Input
A2|: 6 uPD 190 A10
A7 2364 g b A1
Y mg: 17 [ og
019 16 [J 0y
0210 157 0g
03 [ 14[] Os
GND []12 13[] 04
Rev/1
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4 PD2364

01 02 03 04 O5 Og 07 Og v BLOCK DIAGRAM
- vVee ;
v H] tEEPEEES — oo
Ap — =1 § OUTPUT BUFFERS - DE%‘;DE
8 B

A1 " 2 | Y O O O N Y )
Az — " - " Y-SELECTOR

o
Ay —m| Ul CHIP

& HEEENN seLect
Aqg —= 2 M

. 2

Ay —= 2 |H T
o £ Mg

Q . CELL MATRIX
A7 1 9 (8192 x 8) cHip

o
A= M X WPUT e cs
BUFFERS

A9 i -
Atp — ™ -
A
Operating Temperature . . . . . .. . . e i .. =10°Cto+70°C ABSOLUTE MAXIMUM
Storage Temperature ...... e e vev.... —-65°Cto+150°C RATINGS*
Supply Voltage On AnyPin. ......... e e . =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
Ta=-10°C to +70°C, V¢ = +5V * 10%, unless otherwise specified. DC CHARACTERISTICS
LIMIT!
PARAMETER _SYMBOL | MIN ] TYP 5 MAX UNIT TEST CONDITIONS
Input Load Current | +10 HA Vin =Vee
(All Input Pins) L : 210 - A |ViN=0V
Output Leakage Current ILOH +10 BA Chip Deselected, Vo = Ve
Output Leakage Current ILoL -10 BA Chip Deselected, Vg =0V
Power Supply Current Icc . 80 140 mA
Input ’Low” Voltage ViL -0.5 0.8 \
Input “’High” Voltage ViH 2.0 Vce + 1.0V \Y
Output ‘‘Low” Voltage VoL 0.45 v loL=2.1mA
Output “’High” Voltage VOH 2.2 v 1oH = -400 LA

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

AC CHARACTERISTICS

TIMING WAVEFORMS

T, =25°C; f=1MHz

1 PD2364

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

Ta=-10°C t0 +70°C, Vo = +5V + 5% unless otherwise specified.
LIMITS
PARAMETER SYMBOL | MIN | TYP [ MAX | UNIT TEST CONDITIONS
Address to Qutput tA 450 ns tT=t=t=20ns
Delay Time
Chip Select to Output t1Cco 150 ns C =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 =0.8to 2V
Vref Input = 1.5V
Vref Output = 0.8 to 2.0V
ADDRESS %
1ol or ]

PROGRAMMABLE
CHIP SELECTS

= ton

DATA
ouTPUT

77

OUTPUT HIGH
IMPEDANCE

HIGH
IMPEDANCE *

N
T VALID VALID

.\ |
|
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4 PD2364

Plastic

ITEM MILLIMETERS INCHES
A 33 MAX. 1.3 MAX.
B 253 MAX. 0.1 MAX.
C 254:0.1 0.1 £ 0.004
5] 05:0.1 0.09% 0,004
E 27042 0.1 7.1 0.004
F -1.5 MIN. 0.059 MIN.
G 2.54 MIN. 0.7 MIN.
A 0.5 MIN. 0.02 MIN.
T 522 MAX. 0.205 MAX.
J 5.72 MAX. 0.225 MAX.
K 1524 TYP. 0.6 TVP.
L 3.2 TYP. 0.52 TYP.

0.10 +0.003

M 025 05 007 50019

* |———— | ————

e K ———

1
Wb H ﬁ
T A \
B l:— F - — C |e— || p ’ ‘ —f 0-10° M-\ -—
Ceramic
ITEM MILLIMETERS INCHES

A 30.78 MAX. 1.21 MAX.
B 1,563 MAX. 0.06 MAX.
C 25401 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 1493 TYP, 0.59 TYP.
M 0.25 + 0.05 0.010 = 0.002
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NEC

NEC Microcomputers, Inc. | 1 PD2716

PRELmIARY

16K ULTRAVIOLET ERASABLE PROM

DESCRIPTION  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 programi'ning, controlled by TTL level
signals. Total programming time for all 16,384 bits is only 100 seconds.

FEATURES e Access Time — 450 ns Max
e 2048 Words x 8 Bits Organization
e Single +5V Supply
o Pin Compatible with uPD2316E Masked ROM
e Fast Programming
e TTL Level Controls for Reading and Programming
e Available in a 24 Pin Ceramic Package
S
PIN CONFIGURATION A7 24[JVce
Asl]2 23 [ Ag
as] 3 22 [ Ag L
PIN NAMES
4 1 \" -
A4C 2 : __PP AQ-Ag Addresses
A3E 5 20 j OE CE/PGM Chip Enable/Program
A2[: 6 uPD 190 A10 OE Output Enable
Aag7 2716 18 | ] CE/PGM | 0007 Output Data
a8 17 [J 07
009 16 [ 0g
oo 15[ Os
02 14[] 04
Gnpo 12 13[303
MODE SELECTION
PINS
MODE CE/PGM OE Vpp | Vcc | OUTPUTS
Read ViL ViL +5 | +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 DouTt
Program inhibit ViL ViH +25 | +5 High Z
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NEC Microcomputers, Inc.

102

DESCRIPTION

FEATURES

PIN CONFIGURATION

NEC

LPD2732

PRERUARY

32K ULTRAVIOLET ERASABLE PROM

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.

e 4096 Words x 8 Bits Organization
e Single +5V Supply
e Fast Programming
e TTL Level Controls for Reading and Programming
e Auvailable in a 24 Pin Ceramic Package )
A7 ~ o4 PAvVee
As 2 23 [1As
As[] 2 22 A9
Asl] 4 21 [J A
Azl s 20 o€
A e 5‘7?2 19 [JA10
Aago 18 [JCE
Ao s 17107
O[] 9 16 [ 0g
0110 15 [] Og
02 011 14 (104
GND 12 13 [J03




COMPUTERS
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NEC Microcomputers, Inc.

;4 COM-4 MlCROCOMPUTER SELECTION GUIDE

. SUPPLY
DEVICE PRODUCT ROM RAM /0 PROCESS OUTPUT 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, 0.D. -10 42
uPD553 pCOM-43H CPU 2000 x 8 96 x4 35 PMOS -35V, 0.D. -10 42
uPD557L uCOM-43SL CPU 2000 x 8 96x 4 21 PMOS -35V, 0.D. - -8 28
uPD6E50 uCOM-43C CPU 2000 x 8 96x 4 35 CMOS push-pull +5 42
uPD547 uCOM-44 CPU 1000 x 8 64x4 35 PMOS -10v, O.D. -10 42
uPD547L uCOM-44L CPU 1000 x 8 64x4 35 PMOS -10v, 0.D. -8 42
uPD552 uCOM-44H CPU 1000 x 8 64x4 35 PMOS -35V, 0.D. -10 42
uPD651 #COM-44C CPU 1000 x 8 64x4 | 35 CMOS push-pull +5 42
uPD550 uCOM-45 CPU 640 x 8 32x4 21 PMOS -35V, 0.D. -10 28
uPD550L uCOM-45L CPU 640x 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 CMOoSs - push-pull +5 28
uPD555 uCOM-42 EVACHIP - 96 x 4 35 PMOS -10V, 0.D. -10 64
uPD556 uCOM-43 EVACHIP - 96x 4 35 PMOS -10v, 0.D. -10 64
uPD7520 uCOM-75 CPU 768 x 8 48 x 4 24 PMOS Direct LED Drive -6to-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
UPD80B0OAF Microprocessor 8-bit NMOS 3-State 2.0 MHz +12%5 40
uPD808OAF-2 -Microprocessor 8-bit NMOS 3-State 2.5 MHz +12+5 40
MPDBOBOAF-1 Microprocessor 8-bit NMOS 3-State 3.0 MHz +12t 5 40
1uPD8085A " 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
] ’ . J .| supPLY
DEVICE SPECIAL FEATURES ROM RAM 1/0 | PROCESS| OUTPUT} CYCLE | VOLTAGES| PINS
uPD8021 Zero:Cross Detector 1024 x8 |- 64x8 | 21 NMOS BD 3.6 MHz +5V 28
uPD8022 On-Chip A/D Converter 2048x8 | 64x8 | 26 NMOS BD 3.6 MHz +5V 40
uPD8035L | uPD8048 w/External Memory External 64x8 | 27 NMOS TS,BD | 6 MHz +5V 40
WPD8039L | uPD8049 w/External Memory External | 128 x8 | 27 | -NMOS TS,BD | 11 MHz +5V 40
1uPD8041 Peripheral Interface w/Slave Bus| 1024 x 8 64x8 | 181 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 2048 x8 | 128x8 | 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 | 128x8 | 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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#+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 Conitroller
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 .
©PD3301 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 CMOS 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 /O Ports 8-bit NMOS 3-State - +5 40
and Timer
uPD8156 256 x 8 RAM with 1/0O 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 1/0 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 3.3MHz +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
Controller
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
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MICROCOMPUTER ALTERNATE SOURCE GUIDE

* MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACE‘MENT
AMD AMB8080A/9080A Microprocessor (2.0 MHz) uPD8080OAF
: AMB8080A-2/9080A-2 Microprocessor (2.5 MHz) uPD8080OAF-2
AMBS8080A-1/9080A-1 Microprocessor (3.0 MHz) UPD808OAF-1
AMBS8085A Microprocessor (3.0 MHz) uPD8085A
AM8155 Programmable Peripheral Interface uPD8155
with 266 x 8 RAM
AM8156 Programmable Peripheral Interface uPD8156
with 266 x 8 RAM
AM8212 1/0 Port (8-Bit) 1PB8212
AM8214 Priority Interrupt Controller uPB8214
AMS8216 Bus Driver, Inverting uPB8216
AM8224 Clock Generator/Driver uPB8224
AM8226 Bus Driver, Non-Inverting uPB8226
AM8228 System Controller uPB8228
AM8251 Programmable Communications 1PD8251
: Interface
AM8255 Programmable Peripheral Interface uPD8255
AM8257 Programmable DMA Controller uPD8257
AM8355 Programmable Peripheral Interface uPD8355
with 2048.x 8 ROM
AM8048 Single Chip Microcomputer uPD8048
INTEL 8080A Microprocessor (2.0 MHz) uPD80BOAF
8080A-2 Microprocessor (2.5 MHz) uPD8080AF-2
8080A-1 Microprocessor (3.0 MHz) uPD8080OAF-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) 1PD8085A-2
8155/8155-2 Programmable Peripheral Interface uPD8155/8165-2
with 256 x 8 RAM
8156/8156-2 Programmable Peripheral Interface uPD8156/8156-2
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 uPB8224
8226 .- Bus Driver, Inverting 1uPB8226
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-5
8257 Programmable DMA Controller uPD8257
82575 Programmable DMA Controller uPD8257-5
8259 * Programmable Interrupt Controller uPD8259
8259-5 Programmable Interrupt Controller uPD8259-5
827956 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) uPD8080AF-2
INS8080A-1 Microprocessor (3.0 MHz) uPD808SOAF-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 uPD82563
INS8255 Programmable Peripheral Interface uPD8255
INS8257 Programmable DMA Controller uPD8257
INS8259 Programmable Interrupt Controller uPD8259
T.1. TMS8080A Microprocessor (2.0 MHz) uPD808OAF
TMS8080A-2 Microprocessor (2.5 MHz) 1PD8080AF-2
TMS8080A-1 Microprocessor (3.0 MHz) uPD8080AF-1
SN74S412 1/0 Port (8-Bit) uPB8212
SN74LS424 Clock Generator/Driver uPB8224
SN74S428 System Controller uPB8228
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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 (Kg)

Single Phase TTL Level Clock (200 KHz Max.)

Single Supply, =10V PMOS Technology

42 Pin Plastic Dual-in-Line Package

© @ 0 06 0 06 06 06 o 06 06 06 06 0 0 o

PIN CONFIGURATION resd 1 2D ¢ PIN NAMES

KoO 2 4180 vgg(-10V)
K14 3 400 Kq - RES Reset
Ko 4 390R7 —
k3O s 38(1Rg Ko—K3 Input Port K

TEST[] 6 37@Rs ) TEST Input for Testing
S0 7 361 R4 (Normally Vgg)
s1d 8 35 R3
so 9 3[Ry Sp—-S3 Input/Output Port S
sz 10 PD 330 R 1A, 1B Interrupt Input Ports
g g 32[Ro Fo-F Output Port F
18 12 310 uy 0~ dtput or
Fo [J13 303 ug Ug—U7 Output Port U
F1 Q4 2901 Us Ro—R Output Port R
F2 15 28 Us o7
F3 e ‘ 2700 u3 K Input Port for
Fqa O17 26{J Uy 4 Condition Test
Fs J18 2500 U4 ¢ Clock Input
Fe J19 2400 Up
F7 020 2301 Fg

GND 21 220 Fg

109



4 COM-42

l Fo-9 I

STACK
ax 1 1t
c—; - ——— INST. )ka
RON DEC.
1920 X 10 D
PaG. | poLy.
@ m TRia)
a9 <

K Jiame

(TR}

- s - »
Aet| [P =l

c - 96X4 o Accl4) : : So7

[
_J — a

Program Counter

e

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.

DPH DPL

ABNA [“’"Illl
LS 5 A 2 0 (column)

12 3456 789 ABCDEF

(row)

A WN =

Data memory (96 x 4)
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FUNCTIONAL DESCRIPTION

p#COM-42

Internal Registers

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

INSTRUCTION SET  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)
ClA 1 Acc < (Acg) +1
INA 12 Acc—(Ace) +1 Carry = 1
DEA 12 Acc— (Acc) -1 Borrow # 1
RFC 1 C«<0
SFC 1 C«1
DSM 1 Decimal Subtract Mode
DAM 1 Decimal Add Mode
AD 112 Acc « (Acc) + (DPI Carry = 1
ADC 1 Acc. €~ (Acg) + [DP] +(C)
ADI 12 Acc+ (Aco) +13 1211 lg Carry = 1
M ! SSE: :3::.) ¥ Mg Mq Mo
XM 1 :;E,Cl’;r;::)] ¥ Mg Mg Mg
(Acc) ~ [DP]
XMI 172 DPy « (DPy) ¥ Mz My Mg (DPL)=8or (DPL) =0
DPL < (DP) +1
(Acc) + [DP); DPy « (DPy)
XMD 12 M2MqMg; DP_ « (DPL) - 1 (DP) = For (DP) = 7
L 1 Acc+ 13121110
LDI 1 DP « Ig-lg
IND 1/2 DPL < (DPL) +1 (DPL)=8or (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« I3l2111g
[ 1 Qp+1<Qp Qo<1
Qso 1 Qp+1.-Qn/' Q<0
SB 1 (DP, By, Bgl < 1
RB 1 [DP, By, Bol <0
SBT 12 Skip if [DP, By, Bgl = 1 ByBp=1
sC 1/2 Skip if (C) =1 =1
SEM 1/2 Skip if (Acc) = [DP) (Acc) = [DP]
SEI 12 Skip if (Acc) = 131214 I Acc) =13 1211 1p
SKa 12 Skip if Kg = 1 Ka=1
PT 1 PC« (TR), Pg—0
P —P,
JPA ! ng_-: - Pg__:)v (Acc)
JcP 1 PCg_0« P60
1 T
RT 1 PC+ [STACK]
TS 2 P erin
EIA 1 Enable 1A port
DIA 1 Disable |A port
EIB 1 Enable 1B port
DiB 1 Disabie IB port
o ' Ro- o
ERO 1 Enable R port
DRO 1 Disable R port
OQR 1 R« (Q)
OTR 1 R7-4 « (TR), R3—g « (DPy )
SFS 1 S« (Ace)
RFS 1 S port Input Mode
IS 1 Acc+S
K 1 Acc K
RF1 1 F1<0
SF1 1 Fre1
RF2 1 Fa<0
SF2 1 Fpe1
RF3 1 F3+<0
SF3 1 F3«1
RF4 1 Fq<0
SF4 1 Fae1
RF5 1 F5+0
SF5 1 Fge1
RF6 1 Fg«0
SF6 1 Fg 1
RF7 1 F7+0
SF7 1 Fye1
RF8 1 Fg«0
SF8 1 Fge1
RF9 1 Fg<0
SF9 1 Fg«—1
RFO 1 Fo«<0
SFO 1 Fo«1
NOP 1 No Operation
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DESCRIPTION

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS

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

4+ COM-42 SINGLE CHIP MICROCOMPUTER

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. '

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

Storage TEMPErature .. oo v v vv v ve e o eeeeeieeaeennn -40°C to +125°C
SUPPIY VOIBGE VGG « « « v vt v ve et e eee e -15to +0.3 Volts
Input Voltages. . . . . o v oottt et e e e =40 to +0.3 Volts
Output Voltages « v oo vt vt it e e i it 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
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 | Vi |-4.3 VGG | V
Output High Voltage | VOH1 | -30| V [lgH=-4mA D
, N | _ IoH=~-1mA
Output ngh. Voltage VoH2 . v (for S port outputs)
Input Leakage v
Current High 'LIH +10 HA [V==1V
Input Leakage _ _
Current Low |LFL 30 BA |V)=-36V
Output Current High | 10H -1.0 mA |VOH=-1V
Output Leakage _ L
Current Low Lot 30 | pA |Vo=-36V
Output Leakage : Vo =-5V
; ’ ILoL2 B BRI 7N A

Current Low (for S port outputs)

Supply Current IGG -30 | -60 mA

Note: @ For R port, and when only 1 bit is ON (high level)

LIMITS TEST
PARAMETER JsymBoL|MIN ] TYP|MAX JUNIT| CONDITIONS
Clock Frequency fo 100 200 | KHz
Clock Pulse Width tow 2.25 ~ us
Clock Rise-Fall Time | tr, tf 0.5 | ws
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Ta = 25°C; VGG =-10V * 10%, unless otherwise noted.

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT | CONDITIONS
e | o s | o
Comeieee 0 | o s o | e
(SZ:[fai;:ifance Cio 15 | pF

 ¢'

1/t

'-—'t¢W—">"

<t t Y W =t

tr

A

RRLLLA R iR (AR RRd

i~D
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ITEM | MILLIMETERS INCHES
A 56.0 MAX 2.2 MAX
B 2.6 MAX 0.1 MAX
C 2.54 1 0.1
D 05+0.1 | 0.02+0.004
E 50.8 20
F 1.5 0.059
G 3.2MIN 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 0.62
M 0.3+0.1 0.01 + 0.004

CAPACITANCE

CLOCK WAVEFORM

PACKAGE OUTLINE

SP548-9-78-GN-CAT
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DESCRIPTION

FEATURES

p£COM-43/44/45 4-BIT SINGLE CHIP
MICROCOMPUTERS

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; 8bit 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 1/0 lines. The uCOM-43 has 2000 x 8 ROM, 96 x4 RAM and 35 or 21 1/0
lines. The uCOM-44 has 1000 x 8 ROM, 64 x 4 RAM and 35 I/0O 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.

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~ HCOM-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 I!nes — 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 Outputs

Choice of PMOS or CMOS Technology, Both Requiring Single Supplies
Available in 42 Pin or 28 Pin Plastic Dual-in-Line Packages
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4.COM-43/44/45

cuidd 1 ~ a2PcLg
PCo [ 2 410 vgg(-10V)
PCi g 3 40 PB3 PIN NAMES
ggz E g gg a gg% CLo—CLy External Clock Source
3 . PCo—PC Input/O Port C
T 6 37 P80 g PGy | elOuipu P
RES C 7 36 :l PA3 = Rn errupt Inpu
PD 8 3507 PA eset - .
PD? E 9 34 PA% PDo—PD3 Input/Output Port D
PD7 (10 uCoMmM 33[0 PAQ PEQ—PE3 Output Port €
‘PD3 11 43/ D 32 ] Plo | PFg-PFg Output Port F
PEg (012 a4 313 Plq TEST Input for Testing
PE1 []13 30 Pig (Normally GND)
PE2 E 14 29 PH3 PGo—PG3 Output Port G
PE3 [J15 - 28 PHy PHo—PH3 Output Port H
PFo [J16 27{7 PH4 Plg—Pl3 Output Port |
PF O17 261 PHp PAQ—PA3" Input Port A
l;iz E 18 253 l!;’((333 PBo—PB3 Input Port B
3019 24 2
TEST [J20 230 PG
Vss 021 223 PG
cuidr ™~ 28PcLo
rco 2 2783 Vgag(-10V)
RES
e 26p — PIN NAMES
pPco ] 4 25[3 INT
pc3]'5 247 PA3 Clg—CL4 External Clock Source
PCy—PC | t/Output Port C
PDOE 6 23:] PA2 PD0 PD3 I:Zutlo:lz:t PZ:[ D
)~ u
P01 7 wCOM 22[1 PA4 o3
43/ @ 21 j PA PEO—PE3 Output Port E
Pp2 8 45 0 PFo—PF3 Output Port F
PD3 © 2001 PGo PGo Output Port G
peg]10 1903 PF3 PAQ—PA3 Input Port A
PEq m 18 :] PF2 INT Interrupt Input
PEo [ 12 170 PFq RES Reset
PE3]13 16[1 PFo .
vgs(ovil]i4 15 TEST Notes: @ All u.COM-43 parts except uPD557.
(@ Applies to uPD557.
l UP/DOWN I INSTRUCTION—BUS 8 bit
COUNTER
Plo-2 ! RAM
DECODER
oot bl | e | o
N ™ DECODE L] ROM
1 2000x8
PGo.3 G Q—_|
RAM DPH F::1
PFO.3 £ 96x4 — 2 8 bit
e FAT =
R K—surrer 8bit
PPo3 ° abn STACK 0
— INTERRUPT STACK 1
b INTEIF/ic;ACE TIMER CONTROY v
A Eer=s L
ci o GENERATOR INT RES
PCo-3  PBg.3  PAD3
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Notes: (D Not available on uPD557.

(2 G Port on uPD557 is a single line.

PIN CONFIGURATIONS

BLOCK DIAGRAM
uCOM-43



1 COM-43/44/45

BLOCK DIAGRAMS mvz\l:l INSTRUCTION-BUS 8 bit

uCOM-44
Plo.o ¢ — R .
DECODER N
oPL ALU
PHo-3 ] _IT’ A CON;ROL
N ™ DECODE L ROM
— 1000x8
PGo-3{]
orn K 3
RAM L
PFo.3]F 64x4 S YM C 8 bit
P03 (] jau fee
K Nsurren k) 8bn ‘
PDo-3{ STACK
110 INT
INTERFACE EIF
' ' e _J
L c | [Ts]
Cloo cLock o 3
{J (] cLyo GENERATOR iNT RES
PCo-3  PBo.3  PAQ3
#COM_45 UP/DOWN INSTRUCTION—BUS 8 bit
COUNTER

RAM

DECODER N
oPL ALU NTR
171 conTroL |
L__JY DECODE L ROM
— 640x8
) 1000x8

10

ppy K— 4bit
L\ % A 8bhit
4 bit %

\

RAM Acc
BUFFER K 8 but

1/0 INT
INTERFACE FIF
' ' M ——
[ c | [ ]
Clo cLock N !
{3 ] cLio GENERATOR NT RES

. PCo-3 PAQ3
FUNCTIONAL Program Counter

DESCRIPTION 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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1. COM-43/44/45

RAM (Data Memory)

The RAM is orgahized 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 A
uCOM-44 64 x4 4x 16
uCOM-45 32x4 2x 16 1

Internal Registers

The ALU (Arithmetic Logic Unit) and the ACC (Accumulator) form the heart of the
MCOM-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 @
Input/Output Ports (4 bits each): C, D

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

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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pCOM-43/44145

FUNCTIONAL
DESCRIPTION (CONT.)

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 1/O instruction execution.

INSTRUCTION SET The uCOM-43 has an 80 instruction éet. 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—(ACEIH1

INC 1 1/2-3 Acc—(Acc)+1; skip if Carry Carry

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

CcLC 1 1 C<0

STC 1 1 C<1

XC 1 1 (C)=(C)

RAR 1 1 :iggg.)l:(—:()Acc,-,); 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 _ 1 123 :g;:;fcc«::vcc)mop)l +C); Carry

ADC 1 1 Acc. C—(Acc)+1DP)]+(C)

DAA 1 1 Acc—(Acc)+6

DAS 1 1 Acc(Acc)+10

EXL 1 1 ACC‘_(ACC)V[(DP”

Ll 1 1 Acc+I3l2l1lo

S 1 1 [(DP)]1 ~(Acc)

L 1 1 Acc+I(DP)]

LM 1 1 Acc<[(DP)]; DPy<(DPH)¥OM1Mg

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

XM 1 1 (Acc)=[(DP)]; DPH«(DPH) ¥OM1Mg

N I I e R

= P)] ; DP«(DPH)¥ OM1Mq;

xMD ! i P o LT P O | (©PUSF
Acc)=l(DP)]; DPL«(DP )+1;

X1 ! e ikig?i)(&._k]o o (BPLI=0
Acc)=[(DP)]; DPy«(DPR) ¥ O0M1Mq;

xmi ! s :DP?_?—)(D[FSLH‘};ski:if (DP}:)=0 e (DPL)=0

LDI 2 2 DP<lg-lg

LDZ 1 1 DPH<0; DP<I3l2l11g

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

IND 1 1/2-3 DP|_(DP()+1; skip if (DP_)=0 (OPL)=0

TAL 1 1 DP; —(Acc)

TLA 1 1 Acc—(DPL)
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1. COM-43/44/45

INSTRUCTION SET

CONDITION FOR SKIP

MNEMONIC 'BYTE ' CYCLES DESCRIPTION
© XHX 1 2 (X)==(DPy)
XLy 1 2 (Y)=(DPL)
THX 1 2 X«(DPH)
TLY 1 2 Y+(DP)
XAZ 1 2 (Z)=(Ace)
XAW 1 2 W)=(Acc)
TAZ 1 2 Z+(Acc)
TAW 1 2 W(Acc)
XHR 1 2 (R)=(DPy)
XLS 1 2 (S)=(DPy)
SMB 1 1 [(DP, B1Bg)] <1
RMB 1 1 [(DP, B1Bg)1 <0
T™B 1 1/2-3 skip if [(DP, B1Bg)1=1 [(DP, B4Bg)1=1
TAB 1 1/2-3 skip if (Agc(B1Boh=1 (Acc(B1Bg)=1
CMB 1 1/2-3 skip if (Acc(B1Bg))=[(DP, B1Bg)} (Acc(B1Bp))=[(DP, B1Bg)]
SFB 1 2 'FLAG (B1Bg)<1
RFB 1 2 FLAG (B1Bg)<0
FBT 1 2f3-4 skip if (FLAG (B1Bg))=1 (FLAG(B1BQ))=1
FBF 1 2f3-4 skip if (FLAG (B1Bg))=0 (FLAG(B1Bg))=0
cm 1 1/2-3 skip if (Acc)=[(DP)] (Acc)=[(DP)]
Cl 2 2/3-4 skip if (Acc)=13121110 (Acc)=13121110
CLI 2 2/3-4 skip if (DP )=1312111g (DPy )=13i211lg
TC 1 1/2-3 skip if (C)=1 (C)=1
T 1 1/2-3 skip if (INT F/F)=1; INT F/F<0 (INT F/F)=1
JCP 1 1 PCs.0-P5-Po
JMP 2 2 PC~P10-Pg -
JPA 1 2 PCg 0g-A3A2A1A000
El 1 1 INTE F Fe1
DI 1 1 INTE F F<0
STACK«(PC)
czp ! ! PC—00000P3P2P1P000
CAL 2 2 STACK<(PC); PC—P10Pg
RT 1 2 PC+(STACK)
RTS 1 34 PC—{STACK); PC~(PC)+1,2 Unconditional
STM 2 2 TM F F<0; TIMER<lg-lg
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 (B1Bg)k0
SPB 1 1 PORT (DPL, B1Bg)<1
RPB 1 1 PORT (DP, B1Bg)<0
TPA 1 2/3-4 skip if (PORT A (B1Bg))=1 (PORT A (B1Bg))=1
TPB 1 12 skip if (PORT (DL, BqBoN=1 (PORT (DP, B1Bg)=1
OE 1 2 PORT E<(Acg)
oP 1 1 PORT (DPL)—(AcC)
oco 2 2 PORT C,D<l7-19
1A 2 2 Acc+(PORT A)
P 1 1 Acc—(PORT (DPL))
NOP 1 1 No Operation

120

These instructions apply only to the uCOM-43,

SP43/44/45-9-78-GN-CAT




NEC

NEC Microcomputers, Inc. p1PD546

pCOM-43 SINGLE CHIP MICROCOMPUTER

DESCRIPTION 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 1/0 lines in a
42 pin plastic dual-in-line package.

ABSOLUTE MAXIMUM  Operating TEMPerature . . ... ....eveueeeeeeeeeneennnn -10°C to +70°C
RATINGS* Storage Temperature . . ... .. ....ouuuenaunneennnnann.. -40°C to +125°C

Supply Voltage. . . . v v oo ot e -15 to +0.3 Volts

Input Voltages . . . .. ..o oot e -15 to +0.3 Volts

Output Voltages . ... .. ... n i i i -15 to +0.3 Volts

Output Current. . . . ....... e -4 mA

COMMENT: Stress above those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is astress 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 HA Ports A and B,
Current High ] TNT, RES, TEST
V|=-1V
Input Leakage [ININ -10 uA Ports A and B,
Current Low INT, RES, TEST
Vi=-11V
1/0 Leakage hoH +30 | wA Ports C and D
Current High Vi=-1V
1/0 Leakage oL -30 | nA 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 |
IoH =-3.3 mA
Output Leakage oL -10 uA PortsC to |
Current Vo=-11V
Supply Current IGG -30 | -50 mA
Oscillator Frequency F 150 440 KHz
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4 PD546

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

CLOCK WAVEFORM

J‘L PACKAGE OUTLINE

- }I uPD546C
__—L_LJ \Z /\
— ‘M 0°—1 5:

=
(2]

ITEM | MILLIMETERS | INCHES
A 56.0 MAX 2.2 MAX
B 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
1 522 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

SP546-9-78-GN-CAT
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NEC Microcomputers, Inc.

DESCRIPTION

ABSOLUTE MAXIMUM

RATINGS*

DC/AC CHARACTERISTICS

g
e

NEC

pPD553

' COM-43 SINGLE CHIP MICROCOMPUTER

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 1/0 lines in a 42 pin plastic dual-in-line package.

Operating Temperature . . .. .. ..ot vn vt ene e eneenns -10°C to +70°C
Storage TeMPErature . ... .. .c.vvue v oo meennnennne.n -40°C to +125°C
Supply Voltage. . . .. e e e e e -15 10 +0.3 Volts
Input Voltages (Port A, TNT, RES, TEST) . . . .o v iv i i ve . -151t0 +0.3 Volis
(All Other Inputs). . . ..o v v v v .. [, -40 to +0.3 Volts

Output Voltages - ........c.uuuun... e e -40 to +0.3 Volts
Output Current (Each Output Bit) .. .... ... 0. -12mA
(Total Current) " ... ..ttt ieee 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=25C

Ta =-10°C to +70°C, VGG = -10V * 10%
GG

LIMITS TEST
PARAMETER SYMBOL} MIN j TYP] MAX] UNIT CONDITIONS
Input High Voltage VIH 0 35|V Ports A to D, INT,
RES
Input Low Voltage ViL1 -7.5 VGgg |V Ports A and B,
INT, RES
ViL2 -7.5 -35 \Y Ports C and D
Input Leakage It f +10 uA P_or}s Aand B,
Current High INT, RES, TEST
Vy==1V
Input Leakage [[RTR] -10 MA Ports A and B,
Current Low INT, RES, TEST
Vi=-11V
ILiL2 -30 HA Ports A and B
V| =-35V
'1/0 Leakage hoH +10 MA Ports C and D
Current High Vi=-1V
1/0 Leakage hou1 -10 | uA Ports C and D
Current Low V) =-11V
lioL2 -30 |uA | PortsCandD
V) =-35V
Output Voltage VOH -20| V Por.ts Ctol
l0=-8mA
Output Leakage loL1 -10 | uA |[PortsCtol
Current Vo=-11V
loL2 -30 HA Ports C to |
Vo= -35V
Supply Current IGG -30 | -50 mA
Oscillator Frequency F 150 440 KHz
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p PD553

Ta=25°C, f=1MHz CAPACITANCE
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
| . CLOCK WAVEFORM
oV———-
-——--0.8v
— —.=0.6V

VGG -— - —=

PACKAGE OUTLINE
uPD553C

A

" |
T hﬂ@ﬁﬁhﬁgﬁjﬁﬁﬁﬁ* Lo

=

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 0.62
M 0.3%0.1 0.01 £ 0.004

SP553-10-79-GN-CAT
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NEC

NEC Microcomputers, Inc. pPD557L

M4 COM-43 SINGLE CHIP MICROCOMPUTER

DESCRIPTION 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 1/0 lines in a 28 pin dual-in-line package.

ABSOLUTE MAXIMUM  Operating Temperature. . . . . .. .. ovvvue e nneennenennnn. -10°Cto +70°C
RATINGS* Storage Temperature . .. . . v ov v it ittt et it e e o -40°C to +125°C

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

Input Voltages (Port A, INT, RES) .......... B ~-15 to +0.3 Volts

(PortsC, D). ........ P, e -40 to +0.3 Volts

Output Voltages . . . . .o vt et e e e -40 to +0.3 Volts -

Output Current (Ports C, D) . .. .. .. i i e e i e e -4 mA

(PortsE, F, G) ..o i ittt e e e e e e e e -25 mA

(Total Current). . ...... 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.

* — o
Ta=25°C

100G 10 ATy =
T, =-10°C1t0 +70°C; Vg =-8.0V £ 10%

DC CHARACTERISTICS , TS —
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT CONDITIONS
Input Voltage High VIH 0 -25 V | Ports A, C, D, INT, RES
Vit -65 VGG | V | Ports A, INT, RES
Input Voltage Low
ViLe -6.5 -35 \% Ports C and D
Clock Voltage High V¢H 0 -0.6 \" CLQ Input, Ext. Clock
Clock Voltage Low VoL -5.0 VGG \ CLQ Input, Ext. Clock
Input Leakage Current High ILIH +10 HA \P/(:r:s-/?,vc, D. INT, RES
Ports A, C, D, INT, RES
it 10 HA V| =-9V .
Input Leakage Current Low ' » N Ports C and D
LiL2 n Vi =-35V
Clock Input Leakage Current High ILoH +200 uA CLQ Input,VgH =0V
Clock Input Leakage Current Low ILoL -200 | pA | CLQ InputVoH=-9V
. Ports Cto G
Output Voltage High VOH1 1.0 \% 10=-2mA
PortsE, F, G
VOH2 4.0 \ I0H = -20 mA
Ports Cto G
LoLt -10 uA Vo =-9V
k.
Output Leakage Current Low | = N Ports C 10 G
LoL2 M VQ =-35V
Supply Current IGG -20 | -36 mA
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. PD557L

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 |  tgwH 2.0 8.0 | us | External Clock
Clock Pulse Width Low WL 2.0 8.0 us External Clock
Ta=25°C, f=1MHz.
LIMITS ) CAPACITANCE
PARAMETER SYMBOL [MIN|TYP|MAX|UNIT| TEST CONDITIONS
Input Capacitance Cy 15 pf
Output Capacitance Co 15 pf f=1MHz
Input/Output Capacitance| C|Q 15 pf
CLOCK WAVEFORM
OV == —-
—— -06V
— — =50V
VGG-—— ——
K PACKAGE OUTLINE
A [I—— uPD557LC
T ,
P ey Wy W e W S W W B 1,
A 1! 7:1
I L 1 "
= Bl F c —t{|=D G —
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 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 5.72MAX. | 0.225MAX.
K 15.24 0.6
L 13.2 0.52
+0.10 +0.004
" 925 005 | -%%"- 0002

SP557L-10-79-CAT
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NEC Microcomputers, Inc.

DESCRIPTION

ABSOLUTE MAXIMUM

RATINGS*

DC/AC CHARACTERISTICS

NEC
pPDB50

/2 COM-43 SINGLE CHIP MICROCOMPUTER

' The uPD650 is a CMOé versioh of the MCOM-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 1/0 lines in a 42 pin plastic
dual-in-line package.

-30°Cto +85°C
=55°C to +125°C
-0.3 to +7.0 Volts
~0.3 to +7.0 Volts
................................. -0.3to +7.0 Volts
.............. RS X1 1173

Operating Temperature
Storage TemMPerature . . .. v v v v v vie i .
Supply Voltage
Input Voltages . . .. ......... B e
Output Voltages ' '
Output Current (Each Output Bit)

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 =-30°C to +85°C, V¢ = +5V £ 10%.
- LIMITS
PARAMETER SYMBOL | MIN JTYP ]} MAX | UNIT, TEST CONDITIONS
Input High Voltage ViH 0.7Vce Vee V | Ports A to D, INT, RES
Input Low Voltage ViL - 0 0.3vVeel V Ports A'to D, INT, RES
Input Leakage ILIH +10, | wA | Ports Aand B, INT, RES
Current High (Vy=Vce)
Input Leakage 'S -10 uA | Ports A and B, INT, RES
Current Low . (V) =0V)
1/0 Leakage lloH +10 wA | PortsCand D (V| =Vcc)
Current High
1/0 Leakage" loL -10 KA | Ports Cand D (Vg = Oy)
Current Low )
Output High VOH1 Vcc-0.5) Vv Ports Cand D
Voltage 1 ¢ | (loH = -1 mA)
Vce-0.5 \% Ports E and |
. ) (loy =-0.6 mA)
Output High VoH2 | Vce-2.5] v Ports Cto | (g = -2 mA)
Voltage 2
Output Low Voltagel Vo1 06| V Ports E to |
: {loL =2 mA)
VoL2 04| V Ports Eto | .
(loL = 1.2 mA)
Supply Current lcc 0.8 20| mA
Clock High “Vgn |0.7Vce Vee vV | CcLO, Ext. CIk.
Voltage
Clock Low VoL 0 0.3veel V CLO, Ext. Cik.
Voltage
Clock Leakage ILoH 200 sA | CLO, Ext. Clk.
Current High ) (VoH = Vce)
Clock Leakage ILgL -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 | wus Ext. Clk.
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Ta=-30°C to +85°C, VC = +5V * 10%.

CAPACITANCE

LIMITS
PARAMETER ' SYMBOL | MIN |} TYP | MAX UNIT | TEST CONDITIONS
Input Capacitance C| 15 pf
Output Capacitance Co 15 pf f=1MHz
1/O Capacitance Cio 15 pf -

A

{ ——T
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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 32MIN [ 0.126 MIN
‘" H 0.5 MIN 0.02 MIN
1 6.22 MAX | 0.20 MAX
J 572MAX | 0.22 MAX
K 15.24 0.6
L 13.2 0.52
M 0.3+ 0.1 0.01 + 0.004

CLOCK WAVEFORM

PACKAGE OUTLINE
uPDB50C

.

SP650-9-78-GN-CAT




NEC

NEC Microcomputers, Inc. uPD547

DESCRIPTION

ABSOLUTE MAXIMUM
RATINGS*

DC/AC CHARACTERISTICS

pCOM-44 SINGLE CHIP MICROCOMPUTER

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.

Operating TEMPErature . .. .. .o o e me cmeeeeeennnn. -10°C to +70°C
Storage TEMPEratUre . . o oo v v v ve e e eieieeieeeeeens -40°C to +125°C
Supply Voltage. .« oo v vt it e e e e -15 to +0.3 Volts
INPUEVOITAgES « . v v et e e et e e et e e e -15 to +0.3 Volts
Output Voltages . ... .vovin oot eeeeeeennnn -15 to +0.3 Volts
OULPUL CUITENT. & . ot et e e et e e e e et e et ee e ee 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. Exposuré to absolute maximum rating conditions for extended periods may affect device
reliability.

*Ta=25°C
Ta=-10°Cto #70°C, VGG = -10V = 10%
LIMITS TEST
PARAMETER SYMBOL] MIN J TYP] MAX| UNIT CONDITIONS
Input High Voltage ViH 0 -20| V Ports A t6 D, IN_T,
. RES
Input Low Voltage ViL -4.3 VGG | V Ports Ato D,
INT, RES
Input Leakage ILIH +10 HA Ports A and B,
Current High TNT, RES, TEST
Vi=-1v
Input Leakage L -10 HA Ports A and B,
Current Low INT, RES, TEST
Vi=-11V
1/0 Leakage 1HOH +10 uA Ports C and D
Current High Vi=-1Vv
1/0 Leakage loL -10 | pA Ports C and D
Current Low Vi=-11V
Output Voltage VOH1 -1.0(V Ports Cto |
IoH =-1.0mA
VOH?2 -23| V Ports Cto |
IoH =-3.3mA
Output Leakage loL -10 uA PortsC to |
Current Vo=-11V
Supply Current GG -30 | -50 mA
Oscillator Frequency F 150 440 KHz
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M PD547

Ta=25°C, f=1MHz CAPACITANCE
L LIMITS N
PARAMETER symsoL|min[rye]max] uniT] TEST conpDITIONS
Input Capacitance C 15 pf
Output Capacitance Co 15 pf =1 MHz
Input/Output Capacitance ’ Cio 15 pf

CLOCK WAVEFORM

VGG -— = ——

K PACKAGE OUTLINE

= ‘ - A _ E_‘:La uPD547C
L g

| ]
i
2
oo E
IR
1%
~

ITEM | MILLIMETERS INCHES
A 56.0 MAX 2.2 MAX
B 2.6 MAX 0.1 MAX .
C 2.54 0.1
D 0501 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 0.562
M 0.3+0.1 0.01 £ 0.004

SP547-9-78-GN-CAT
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NEC

NEC Microcomputers, Inc. | LPD547L
{1COM-44 SINGLE CHIP MICROCOMPUTER

DESCRIPTION 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. Asa.
uCOM-44, itiincludes 1000 x 8 ROM, 64 x 4 RAM and 35 1/0 lines in a 42 pin plastic
dual-in-line package.

ABSOLUTEV MAXIMUM  Operating Temperature. . .. ... ........ et e... =10°Cto+70°C

RATINGS* Storage Temperature . . . .. e e -40°C to +125°C
Supply Voltage . . . ... .o iv i i e -15 to +0.3 Volts
Input Voltages. . . .......... B veve...=161t0+0.3 Volts
Output Voltages . . ..o v vt it ionne e ronenn ev+vnie...=151t0+0.3 Volts .
OutputCurrent.. . . ... ... .. e e PO . 117AY

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 af?ect device
reliability. '

*Ta=25°C

DC/AC CHARACTERISTICS Ta=-10°Cto+70°C, VGG = -8V + 10%

LIMITS TEST
PARAMETER .SYMBOL} MIN | TYP] MAX] UNIT CONDITIONS |
Input High Voltage . VIH - 0 -16 |V Ports A to D, INT, i
s o RES :
Input Low Voltage ViL -3.8 VGG |V | Ports Ato D, .
: : INT, RES
Input Leakage O ILIH . +10 HA Ports A and B,
Current High . : TNT, RES, TEST
: Vi=-1v
Input Leakage i =10 HA Ports A and B,
Current Low INT, RES, TEST
: V)=-9Vv
/O Leakage HOH ' +10 uA Ports C and D
Current High . V)=-1V
1/0 Leakage loL -10 | pA Ports C and D
Current Low V) = -9V
Output Voltage VOH1 -0V Ports C to |
’ . loH ==0.7 mA
VoH2 . -23| VvV Ports C to |
- 1oH =-2.6 MA
Output Leakage oL ' -10 | pA Ports C to |
Current ) ) Vo=-9Vv
Supply Current IGG -15 | -26 | mA
Oscillator Frequency | F 100 180 KHz
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Ta=25°C;f=1MHz

. - LIMITS - )
PARAMETER ~ SYMBOL{MIN | TYPfMAX] UNIT|{ TEST CONDITIONS
Input Capacitance C| 16 | pf
Output Capacitance. Co 15 | ..pf f=1MHz
Input/Output Capacitance Cio 15 | pf RO

mn

[

| H“]ﬁﬁt“ﬁ%ﬁﬁﬁﬁﬁﬂﬁﬁﬁh

~4an

m

ATEM | MILLIMETERS |  INCHES
A 56.0 MAX 2.2 MAX
B 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 15 0.059
G 3.2 MIN " 0.126 MIN
H 0.5 MIN 0.02 MIN
1. 5.22 MAX 0.20 MAX -
J 5.72MAX - [ 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
uPD547LC

SP547L-9-78-GN-CAT .




NEC Microcomputers, Inc.

DESCRIPTION

ABSOLUTE MAXIMUM

RATINGS*

DC/AC CHARACTERISTICS

NEC

uPD552

/- COM-44 SINGLE CHIP MICROCOMPUTER

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 ~35volts. 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 1/0 lines in a 42 pin plastic dual-in-line package.

Operating TeMPErature . . ... .vvueesvesin e eemn e -10°C to +70°C

* Storage TeMpPerature . .. .. ..o vrveve e e . -40°C to +125°C
SUPPIY VOMAGE . « « v v v v e e et e e e vt e e -15 to +0.3 Volts
‘Input Voltages (Port A, INT, RES, TEST) . . ..ot vivnnnnn. -15 to +0.3 Volts
o (All Other Inputs). .. ... ..... e -40 to +0.3 Volts
OUutpUL VOIageS & v vt o et et e et et e e -40 to +0.3 Volts
Output Current (Each OUutput Bit) .. .o v v i ittt i et e e e e -12mA
(Total CUFFENt) &\ vt vt it e iee . =BOMA

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=-10°Cto +70°C, VGG = -10V * 10%
LIMITS . TEST‘
PARAMETER | SYMBOL| MIN | TYP| MAX UNIT| CONDITIONS
Input High Voltage *| - VM 0 - -35|V Ports A to D, TNT,
) RES )
Input Low Voltage ViLs -75 VGG | V Ports A and B,
~ | INT, RES
ViL2 =15 -35 \ Ports C and D
Input Leakage ILIH +10 uA PLrts A and B,
Current High . | INT, RES, TEST
: . e . ) | VI==1V :
Input Leakage = - IRTR] ; -10 | A Ports A and B,
Current Low INT, RES, TEST
. Vi=-11V.
ILiL2 | -30 uA Ports A and B
: V| =-35V
1/0 Leakage 11OH o +10 | A [ PortsCand D
Current High Vi=-1V
1/0 Leakage lioL1 -10 | pA Ports C and D
Current Low Vi=-11V
- lioL2 -30 | A * | PortsCand D
. V| =-35V
Output Voltage' | VOH -20| V Ports Cto |
. . lo=-8mA
Output Leakage loL1 -10 | pA Ports C to |
Current . . Vo=-11V
loL2 -30 HA PortsC to |
Vo =-35V
Supply Current IGG =30 | -50 mA
Oscillator Frequency F 150 440 KHz
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pPD552

Ta= 25°C, = 1 MHz

A
A

e -LIMITS s
PARAMETER SYMBOL]MIN | TYPfMAX] UNIT| TEST CONDITIONS
Input Capacitance Ci 15 pf
Output Capacitance - Co - . 156 pf f=1MHz
Input/Output Capacitance| Cjo 15| pf
oV———-
- — — -=0.8v
— —--6.0V
VGG-—— ——

434

H P = =+ 4 |
N R g S Sperd

ITEM | MILLIMETERS INCHES
A 56.0MAX | 2.2MAX
B 2.6 MAX 0.1 MAX
c 2.54 0.1
D 0.5 0.1 0.02 £ 0.004
E 50.8 .| 20
F 1.5 .| 0.089
G 3.2MIN 0.126 MIN
H 0.5 MIN 0.02 MIN
C 1 '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
pPD552C

SP562-9-78GN-CAT




NEC

NEC Microcomputers, Inc. ~ uPD651

p#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 . .. ..............couueuunennn. -30°C to +85°C
a RATINGS™ Storage Temperature . .. ... ...%eeuuiveneneeneannnennn -55°C to +125°C

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

Input Voltages . . .. . ... ittt e e -0.3 to +7.0 Volts

Output VOItages . . . v v v v et 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
*T,=25C
DC/AC CHARACTERISTICS  1,=-30°Cto +85°C, Vg = +5V + 10%.
LIMITS
PARAMETER SYMBOL | MIN |TYP MAX | UNIT TEST CONDITIONS
Input High Voltage ViH | 0.7vce Vee V | Ports A to D, INT, RES
Input Low Voltage ViL 0 03Vee| V Ports A to D, INT, RES
Input Leakage ILIH +10 uA | Ports A and B, INT, RES
Current High (V) =Vee)
Input Leakage [ININ -10 rA Ports A and B, _IT\IT, RES
Current Low (V) =0V)
1/O Leakage HoH +10 uA | Ports Cand D (V| =V¢c)
Current High
1/0 Leakage lioL -10 kA | Ports Cand D (Vg = 0y)
Current Low
Output High VoH1 | Vce-0.5) v Ports C and D
Voltage 1 (loH = -1 mA)
Vce0.5 \ Ports E to |
(lgy =-1 mA)
Output High VoH2 | Vece-2.5) v Ports C to | (lg = -2 mA)
Voltage 2
Output Low Voltage VoL1 06| V Ports E to |
| llioL=2mA)
VoL2 04 ] V Ports Eto |
“QL =1.2mA)
Supply Current Icc 0.8 20| mA
Clock High VoH 0.7vce Vee \ CLO, Ext. Clk.
Voltage
Clock Low VoL 0 03veel V CLO, Ext. Cik.
Voltage
Clock Leakage |L¢H 200 HA CLO, Ext. Clk.
Current High (VoH = Vo)
Clock Leakage ILeL -200 uA | CLO, Ext. Clk.
Current Low (Vg =0V)
Clock Frequency f 150 440 KHz
Clock Rise and Fall tr, tf 0 03| wus Ext. Clk.
Times
Clock Pulse Width tow 0.5 5.6 | wus Ext. Clk.
Rev/1
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4+ PD651

Ta=-30°Cto +85°C, VcC = +5V + 10%. CAPACITANCE
} ) LIMITS . ’
PARAMETER SYMBOL | MIN] TYP] MAX | UNIT | TEST CONDITIONS
Input Capacitance Ci 15 pf
Output Capacitance |- - Co 15 pf f=1MHz
1/0 Capacitance Clo 15 pf
CLOCK WAVEFORM
—————— 0.3Vee
K DUAL-IN-LINE
A L_‘\L PACKAGE OUTLINE
H . 1l / uPD651C
1] 1 \[\ /) \
] B
N ' ‘ —T M 0°-15° .
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 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
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PIN CONFIGURATION, - nPD651

FLAT PACKAGE

—

Ne ]

Ne ———]

PH2

PH3ITTT—// 44 22— PE2
Plo —=——]45 uPD 21—k
Pl /46 20———PEG
[P} —— [} 651 19f=———203
PAo 48 18f———JFD2
PA1 ] 99 17f———"rD,
PA2 350 16— PDo
ras———r"As1 O O 1sf—————1Res
PBACT=S2 L, 4,5 6 1011 12 {4 f————mINC

oL o

Q- N T O
o @ 23>
zmnEguw
‘o %

@
s 38
>

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

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

FLAT PACKAGE QUTLINE A

uPD651G _.I —B

——] —
— O —=
——I] ——
— —— |

S
e
= = |
| commm— |
S—
B

= o O
ll

-—-—I-l-—D

(9]

r— |
f=( TR —

.._.‘o.‘_

ITEM | MILLIMETERS | INCHES
A 120 MAX. | 0.47 MAX.
B 1.0+ 0.1 0.04 + 0.004
C 14.0 055
D 04 0.016
E 218+04 0.86 0016
F 0.15 0.006
¢ 26 o1 SP651-1-80-CAT
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NEC

NEC Microcomputers, Inc. | 4PD550

~ £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 . ... .. e e -10°C to +70°C

h RATINGS* Storage Temperature . .. .. ... T, e .. =40°C to +125°C
 SUPPIY VOIAgE . o vt e -15to +0.3 Volts .

o Input Voltages (Port A, W, RES, TEST) . ........... ..... =15t0 +0.3 Volts

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

Output Voltages .. ........ciiin i - -40 to +0.3 Volts

Qutput Current (PortsC, D) . ....... ... e e -4 mA

(PortsE,F,G) ....... e I -15mA

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

COMMENT: Stress above those listed under ’Absolute Maximum Ratings’’ may.cause permanent -
damage to the device. This is astress 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=-10°Ct0+70°C, VGG =-10V £ 10%.
‘ : ; LIMITS TEST
PARAMETER SYMBOL.| MIN | TYP] MAX | uNIT CONDITIONS
Inout High Voltage VIH o -20 | V Ports A, C, D, INT,
: ) RES
Input Low Voltage viLy | -43 vgg | Vv Ports A, TNT, RES
VL2 -4.3 ) -35 v Port Cand D
Input Leakage Current ILIH +10 wA Ports A, INT, RES,
High . - : TEST
. ‘ V=1V
Input Leakage Current Lo -10 HA Ports A, INT, RES,
Low ‘ : . TEST
. V) =-11V
1/0 Leakage Current 11OH +10 uA Ports C and D
High Vy=-1V
1/0 Leakage Current Low hoL =10 | eA Ports C and D
, Vi=-11V
hoL2 -30 BA Ports C and D
. Vy=-35V -
Output Voltage VOH1 -10 |V Ports C and D
, : « : Igo=-2mA
VOH2 25|V Ports E, F, G
: : Io=-10mA
Output Leakage Current loL1 -10 | uA PortsC,D, E,F,G
| Vg =-11V
loL2 -30 MA - PortsC, D, E, F, G
) Vo =-35V
Supply Current GG -20 -40 mA |
Oscillator Frequency F 150 440 KHz

Rev/1
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4#PD550

Ta=25°C, f= 1 MHz

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

140

K
A L
M
]
0°-15°

ITEM | MILLIMETERS INCHES
A 38.0 MAX. 1.496 MAX.
8 2.49 0.098
c 2.54 0.10
D ©05:0.1 0.02 + 0.004
E 33.02 13
F 1.5 0.059
G 2.54 MIN. 0.10 MIN.
H 0.5 MIN. 0.02 MIN.
1 522MAX. | 0.205 MAX.
J 5.72MAX. | 0.225 MAX:
K 15.24 0.6
L 13.2 0.52

+0. +0.004

o | omom [omomm

CAPACITANCE

CLOCK WAVEFORM

PACKAGE OUTLINE
uPD550C

SP550-10-79-GN-CAT




NEC

NEC Microcomputers, Inc. | | 4PD550L

DESCRIPTION

ABSOLUTE MAXIMUM
RATINGS*

DC/AC CHARACTERISTICS

p+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/O lines
in a 28 pin plastic dual-in-line package.;‘ '

Operating TEMPErature . . . . ii...utyeueonesenrenennnn. -10°C to +70°C
Storage Temperature -40°C to +125°C
Supply Voltage . ............... e .. =151t0+0.3 Volts
Input Voltages (Port A, INT, RES) P ", ... -15t0+0.3 Volts
(PortsC,D) ............ PN -40 to +0.3 Volts
Output Voltages . . . ..ol i e et e e -40 to +0.3 Volts
Output Current (Ports C, D) .............. R, e -4 mA
(Port$E,F,G) ................ T =15'mA
(Total Current) . . . .......... e 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 penods may affect device
reliability, .

=25°C
Ta=-10°C 10 +70°C; VGG = -8V * 10% B
o . o LIMITS - ) TEST
PARAMETER SYMBOL | MIN | TYP] MAX JUNIT} ' CONDITIONS
Input Voltage High ViH 0 -1.6| V | Ports A,C, D, INT, RES .
s -4.5 v V. | Ports A, INT, RES
Input Voltage Low L GG
: VL2 -4.5 -35 Vv Ports C and D
Clock Voltage High ‘V¢H 0 - -0.6] V CLg Input, External Clock
Clock Voltage Low ’ ,,;V,¢L, -5.0 1VGe \2 CLg Input, External Clock
Input Leakage Current ILIH | +10 | kA | Ports A,C, D, INT, RES
High = - V) =-1V
e | ~ -10 [ wA | Ports A, C, D, INT, RES
Input Leakage Current: 0 V) =-9v
Lo . = -

" . Lz 1 30 | kA | Ports Cand D; Vy = -35V
Clock Leakage Current ' ILoH +200 MA CLg Input, External Clock,
High . E . N - VoH = 0V
Clock Leakage Current | I g | . -200 | uA | CLg Input, External Clock,
Low : e VoL = -9V

R \Y -1.0| V Ports Cand D; Ig = -2 mA
Output Voltage High OH1. - . 9
. o VOH?2 ) -25| V [“PortsE,F,G;lg=-10mA
lLoLt : -10 uA PortsC,D, E,F, G
i ' : Vo =-9Vv
Qutput Leakage Current
) R . ILoL2 : -30 MA PortsC,D,E, F,G
Vo = -35V
Supply Current B | -10] -24 | mA
Oscillator Frequency £ 100 180 | KHz )
Rise and Fall trtf ) | 03] ws | External Clock
Times : )
Clock Pulse Width ngh twH | 20 80| uws | External Clock
Clock Pulse Width Low tywL 20 8.0| ws External Clock
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1 PD550L

. Tp=25°C,f=1MHz. e o CAPACITANCE
‘ 1 LIMITS ]
PARAMETER . SYMBOL [MIN]TYP |MAX JUNIT| TEST CONDITIONS
Input Capacita\nce c 115 | pf
Output Capacifance Co ‘ 15 pf o f=1MHz
Input/Output Ca‘pacitancé Cio 1 15 pf '
CLOCK WAVEFORM

1/f

, PACKAGE OUTLINE
| . uPD550LC

0°-15°

ITEM MILLIMETERS INCHES

A 38.0 MAX. 1.496 MAX.

B 249 0.098

[ 2.54 0.10

D L 05:0:1 0.02%0.004 .
3 33.02 B EEK
F 15 0.059

G 2.54 MIN. 0.10 MIN.

H 0.5 MIN. 0.02 MIN.

1 5.22MAX. |° 0.205 MAX.

J 5.72MAX. | .0.225 MAX.
K 15.24 0.6

L 132 0.52 .

+ ) +0. -

M 0.25 g:;g 001 838‘;

P p ‘ » SP550L-10-79-CAT
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NEC

NEC Microcomputers, Inc. 1PD554

DESCRIPTION

ABSOLUTE MAXIMUM
RATINGS*

DC/AC CHARACTERISTICS

HCOM-45 SIVNGLE CHIP MICROCOMPUTER

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.

Operating Temperature . ... .. ... ... .. iumuneennennnn -10°C to +70°C
Storage Temperature . . .. .. ... v vt e v n it e et -40°C to +125°C
Supply Voltage. . .. .. ... e -15 to +0.3 Volts
Input Voltages (Port A, INT, RES, TEST) . ... ............. -15 to +0.3 Volts
(AllOtherInputs). . .. ................... -40 to +0.3 Volts
Output Voltages . .................oviueniniunnnnnn. -40 to +0.3 Volts
Output Current (PortsC, D) . .. .. .. ..t i e e -4 mA
(Ports E, F,G). . .ot e e e e e -16mA
(Total Current) . . . ... ...t -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
T4 =-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, C, D, INT,
RES
Input Low Voltage Vil -4.3 Vg | v Ports A, INT, RES
ViL2 43 35 |V Port Cand D
Input Leakage Current ILIH +10 uA Ports A, INT, RES,
‘High TEST
Vi=1v
Input Leakage Current INTR] -10 kA Ports A, INT, RES
Low TEST
‘ V)=-11V
I L2 -30 HA Port A
V| =-35V
1/0 Leakage Current loH +10 uA Ports Cand D
High V| =-1v
1/0 Leakage Current Low oLt -10 uA Ports C and D
V)=-11V
lioL2 -30 HA Ports Cand D
V| =-35V
Output Voltage VOH1 -1.0 |V Ports C and D
lo=-2mA
VOH2 -2.5 \ Ports E, F, G
1o =-10 mA
Output Leakage Current loL1 -10 HA PortsC,D,E,F,G |
. Vo =-11V
loL2 -30 HA Ports C, D, E, F, G
Vo =-35V
Supply Current IGG -20 -40 mA
Oscillator Frequency F 150 440 KHz
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Ta=25°C, f=1MHz CAPACITANCE
LIMITS
PARAMETER ISYMBOL |[MINJTYP|MAX JUNIT]TEST CONDITIONS
Input - Capacitance Ci 15 pf
Output Capacitance Co 15 pf f=1MHz
Input/Output Capacitance| Cj0 15 pf
CLOCK WAVEFORM
OV———-
————— 0.6V
— —--5.0V
VGG-— - ——
K PACKAGE OUTLINE
N L uPD554C
M
0°-18°
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.
1 522 MAX. | 0.205MAX.
J 572MAX. | 0.225MAX.
K 15.24 0.6
L 13.2 0.52
+0.10 +0.004
M 025" S0 | 001 s

SP554-10-79-GN-CAT
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NEC

NEC Microcomputers, Inc. 4 PD554L

DESCRIPTION

ABSOLUTE MAXIMUM
RATINGS*

DC/AC CHARACTERISTICS

H# 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 1/0O lines
in a 28 pin plastic dual-in-line package.

Operating Temperature . . ... .. ... e i en e iennnnn -10°C to +70°C
Storage TeMPErature . . .. ... .o v uno et e -40°C to +125°C
Supply Voltage .. ...... ... @i .. -151t0 +0.3 Volts
Input Voltages (Port A, INT, RES) . ..o oo e e e -15 to +0.3 Volts
(PortsC,D) . ..ot e e -40 to +0.3 Volts
Output Voltages . . .. ... ...ttt it e -40 to +0.3 Volts
Output Current (PortsC, D) .. ... ... ... . -4 mA
(Ports E, F, G) ..o it e e e ee e -15mA
(Total Current) . . .. .ottt e e e ee 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| V | PortsA,C,D,INT, RES

v -4.5 v V | Ports A, INT, RES
Input Voltage Low L GG o

ViL2 -4.5 -35 Vv Ports C and D
Clock Voltage High VoH 0 -0.6] V CLg Input, External Clock
Clock Voltage Low V4¢|_ -5.0 VGG \% CLg Input, External Clock
Input Leakage Current ILIH +10 | uA | PortsA,C,D,INT, RES
High Vy=-1V

ILiLt -10 | uA | Ports A, C, D, INT, RES
Input Leakage Current Vi =-9v
Low

L2 -30 KA Ports Cand D; V| = -35V
Clock Leakage Current ILoH +200 | pA CLg Input,VoH =0V
High
Clock Leakage Current ILoL ~200 kA CLg Input, Vo = -9V
Low

Vv -1.0| V PortsCand D; lg = -2 mA
Output Voltage High OH1 r o

VOH2 -25] V | PortsE,F,G;ig=-10mA

ILoL1 -10 HA PortsC,D,E,F,G

Vo =-9V

Output Leakage Current

IlLoL2 -30 | kA 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 toWH 2.0 | 80| wus External Clock
Clock Pulse Width Low TeWL 20 8.0| ws External Clock
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Ta=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] C|j0 | 15 pf
oV—— — -
————— 0.6V
— —--5.0V
VGG-— - ——
K
A L —l
M
0°-15°
ITEM MILLIMETERS INCHES
A 38.0 MAX. 1.496 MAX.
B 2.49 0.098
c 2.54 0.10
D 0.50.1 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.
1 522 MAX. | 0.205MAX.
J 572 MAX. | 0.225 MAX.
K 15.24 0.6
L 13.2 0.52
+0.10 +0.004
M 925 405 | %9 o002
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NEC

NEC Microcomputers,Inc. | | | ~ uPD652
 4COM-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 1/O lines in a 28 pin
plastic dual-in-line package. o

ABSOLUTE MAXIMUM  Operating TeMperature . ... ................oveonn... -30°C to +85°C
RATINGS* Storage Temperature . . . ... .. O Y -55°C to +125°C

Supply Voltage . . . oo e -0.3 to +7.0 Volts

" Input Voltages . . ............... [ -0.3 to +7.0 Volts

OULPUL VOIAGES  + + v o v e e e e e e e e e ....=0.3t0+7.0 Volts

Output Current (Each Output Bit) . .. .. ............. I e 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 indicatgd in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device

reliability.
*Ty=25°C
DC/AC CHARACTERISTICS  T4=-30°Cto +85°C, Vg = +6V * 10%.
o LIMITS L
PARAMETER SYMBOL | MIN |JTYP] MAX | UNIT TEST CONDITIONS
input High Voltage | Viy |0.7vVce Vee v | Ports A, C, D, INT, RES
Input Low Voltage viL | o 0.3Vee| V| Ports A, C, D, INT, RES
Input Leakage ILIH +10 uA | Ports A, C, D, INT, RES
Current High . (Vi =Vce)
Input Leakage L - -10 uA | Ports A, C, D, INT, RES
Current Low ) (V) =0V)
1/O Leakage loH +10 A | Ports Cand D (V| = Vgc)
Current High .
1/0 Leakage oL ) -10 uA | Ports Cand D (Vg = 0Oy/)
Current Low .
Output High ) ) VoH1 |Vce-0.5 V- Ports Cand D
Voltage 1 ! ] (loH = -1 mA)
Vee-0.5 N \" Ports E to G
(IoH =-1 mA)
Output High VoH2 |Vce-2.5] - \ Ports Cto G (IgH = -2 mA)
Voltage 2
Output Low Voltage| VoL1 06| Vv Ports E to G
' (loL=2mA)
VoL2 i 041V Ports E to G
o ‘ (gL = 1.2mA)
Supply Current . lce : 0.8 20| mA .
Clock High Ve |0.7Vce Vce V| CLO, Ext. Cik.
Voltage -
Clock Low VoL 0 0.3vee| V CLO, Ext. Clk.
Voltage ‘ : .
Clock Leakage ILgH 200 kA | CLO, Ext. Clk.
Current High (VoH = Vo)
Clock Leakage Lol -200 KA | CLO, Ext. Clk.
Current Low ' (Vo) =0V)
Clock Frequency f 150 440 KHz :
Clock Rise and Fall tr, tf 0 0.3 | wus Ext. Clk.
Times )
Clock Pulse Width tow 0.5 5.6 | ws Ext. Clk.

147



uPDES2.

Ta=-30°C 0 +85°C, Vg = +5V + 10%. o , CAPACITANCE
‘ - LIMITS '
PARAMETER SYMBOL | MIN| TYP| MAX | UNIT TEST CONDITIONS
Input Capacitance |- Cj .18 pf L
Output Capacitance Co 15 pf - f=1MHz
1/0 Capacitance Cio 15 | pf

CLOCK WAVEFORM
: K PACKAGE OUTLINE
A L uPD652C

o
E : g : . 0°-15°
ITEM MILLIMETERS INCHES
A 38.0 MAX. 1.496 MAX.
B 2.49 0.098
c 2,54 0.10
) 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 ©5.22MAX. | 0.205MAX.
J 5.72 MAX. 0.225 MAX.
T K 15.24 - 06
L 132 | 052
M 025+010 | g, 0004

0.05 0.002

. ; SP652-10-79-GN-CAT
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NEC

NEC Microcomputers, Inc. ~ uPD5s5
EVACHIP-42

DESCRIPTION The uPD555 isa system evaluatlon Chlp designed to support both. hardware and software
‘ ' debugging of the uCOM 42 (uPD548) one- chip microcomputer system. -

The uP0555 and the uPDs48 have the same functionality in all aspects except that the
1PD555 does not contain a read only memory, but provides addressmg capablllty to
external ‘memory and HOLD functlon for step by-step operatron

" FEATURES

o 4-Bit Parallel Processor
o Powerful 72 Instruction Set Includmg DeclmaI/Bmary Arlthmetlc Operations
e 10us Instruction Cycle Time .
e ‘Addressing Capability up to 1920 Words by 10-Bits of Externa! Program Memory
e 96 Words by 4-Bit Data Memory On Chip .
e 4-Level Subroutines
e Two Interrupt Input Lines (IA and IB)
o HOLD Capability .
o A Variety of Input/Output. Ports -
‘— 10 Discrete Output Ports (Fo-Fp)
— Two 8Bit Output Ports (U7-Ug, R7-Rg)
— 4-Bit Input Port (K3-Kg) ’
— 4-Bit Input/Output Port (S3-So)
1/0 Level Compatible with uPD5101
— 1-Bit Test Input 'Line
e P-Channel MOS
o Open Drain Output .
o - Single Power Supply: =10V -
v e Auvailable in a 64 Pin Ceramic Dual-in-Line Package
PIN CONFIGURATION ano 7 - 73 = O
P32 63 ui
P23 62 [Ju2
P1 E 4 613 U3
Po[s’ 60 [Jua
As e 59 [Jus
'ﬁiE ; :i; 335 © PIN NAMES
Azlo 56 [ Fg Po—P3. Page Output
235 :? o gi g ;3 ‘ ) Ap— Ag Address Output
Aclg12 " s3[)F6 1o—l9 Instruction Input
lo[]13 52 [JFs ) HOLD ) HOLD Input
:; E :‘5‘ Z; g E; . Ro—-R7 Output Port R
i3d1e  MPD a0 rFa ' Clock Input
a7 555 a8 P F1 RES ) Reset Input
1518 4700 -
16 19 a6 s3 . K4 - K4 Test Input Line
17020 - 4s0s2 Ko — K3 K Input Port
18 O] 21 4aaf3s1 . T TesT TIIC Test Input -
HOLISFE §§ T :g g'SAO ; ~AB " Interrupt Input
Ro[J24 ° 4118 ' ~ So-S3 | - Input/OutputPort S
:; E g: ) ;0 g ;EST‘ ) .. Fo=Fg. ] Output Port F
R3]27 ) 3: 3!(: S L Y=y 0 " OuteutPorty
R4E28‘ S 37'3!(1 ) ’ ) T
Rs5 [J29 © 36 Ko
Re J30 . © 35 K4
R7{]31 ' 33 RES
(-10v) Voe a2 ’ 33[J¢ :
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U7.0 Fg-Fo Ka E
1 1 BLOCK DIAGRAM
DEC. & |
U0 | r Fo-Fo I CONTROL 190
Lo | Lo a
I . o : e
R7.0 < —oro| .| . | l I'— A0
- N " 7 2
L : ’ I CTRMA) ] i ~eciin I )
m l v STACK (:
<b 1 ' 2
OPH [P’y . - 3.
]L & .
RAM DEC. . ’ C ) [DAF][DSF T
;GA):A4 :.:-T. Accla) I CcG ]——— ¢
1
~a—1— RES
V’
$30 TEST K30
Operating Temperature. . .« .o v vt in i e e i iae e . -10°Ct0+70°C ABSOLUTE MAXIMUM
Storage TemMpPerature . .. v v v v vn e e e s cninenennnnnns -40°C to +125°C RATINGS*
Supply Voltage VGG + - v v v v e ee vt e ien i nas e e =15 to +0.3 Volts
AllInputVoltages . . . ......0 i e =20 to +0.3 Volts.

All Output Voltages . . .. .. S e 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,=26°C
Ta=25°C : CAPACITANCE
- ___umiTs | test
- _PARAMETER SYMBOL| MIN | TYP] MAX JUNIT CONDITIONS

Input Capacitance - Ci ) 15 pf ‘

Output Capacitance . - Co 15 pf f=1MHz

Input/Output Capacitance| Cj0 : 15 pf :
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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 \%
Voltage
Low Level Input ViL1 -4.3 \% S, ¢, 19.0
Voltage ViL2 -7.0 v Except S, ¢, 19.0
High Level Input ILIH +10 MA | V=-1V
Leakage Current
Low Level Input LI -10 HA Vi=-11V
Leakage Current
High Level Output IOH -1.0 mA | Vo =-1V, except
Current S port
Low Level Output Lot -30 HA Vo =-11V,
Leakage Current except S port
High Level Output VOH -1.75 \Y IOoH = -100 A,
Voltage S port
Low Level Output IlLoL2 -10 HA 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 ) 100 200 KHz
Clock Pulse Width tow 2.25
Clock Rise and tr, tf 0.5 us
Fall Times
Input Setup Time t|s 25 us CL =100 pF,
from Output RL =5.1 KQ
CL 37
P3.0
A6-0
RL
- 5\/
LOAD CIRCUIT
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1/5¢ TIMING WAVEFORM

I9.0 /’

— A ‘ ﬁ| P?gKAGE OUTLINE
. HH]“[ih"m“n“rﬂHH;“LHHHL‘I%J HPDSSSD
I._HULHW AR IR BT

g e e F ]

- .

189

s
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 1.3MIN 0.05 MIN
| 3.9 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

SP555-9-78-GN-CAT



NEC

NEC Microcomputers, Inc. (4 PD556

DESCRIPTION

FEATURES

EVACHIP-43

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.

o 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 capabﬂity

e Full Functionality of uCOM-43

e Single supply: -10V PMOS Technology

e Auvailable in.a 64-pin Ceramic Quad-in-Line Package A
PIN CONFIGURATION o5 15 Ny SR
PD; T3 2 63 —vgg
PD3 1 3 62 FPORES
PEQg T—] 4 61 INT
, PE; € 5 60 FPC3
PEp C— 6 59 F—PCH PIN NAMES
PE 7 58 F3PC4
BREAK 8 57 F—3PCo PFg PF3 Output Port F
STEP 4 9 56 [IPB3 PGo PG3 Output Port G
Accli;c c—]10 55 —arB, ™ Oumut Port H
10 En 54 PB4 ot Por
Po 12 o3 PR Pig Pig Oumwut Port |
Pg 413 52 ::PJA:;O PAQ- PA3 tnput Port A
P7 T 51 F—PA, PBo - PB3 !nput Port B
Pe .15 uPD 50 F3PA, PCo PC3 1ngut/Output Port C
Po C—16 556 49 F—PAg T Interrupt Input
= e 5y
P2 119 46 :'P'O 1 PDq - PD3 Input/Ouwput Port D
P1 320 45 [PH3 PEQ - PE3 OQutput Port
,,PO :g; 44 [PH, BREAK Hold Input
lls‘_—é 23 :g %?:HY STEP Single Step Input
15 —2a 41 :P%:; Acc/PC Display Acc/PC Input
4 25 40 PGy 0 - P10 PC Output
|3| g‘; gg PG, 9-17 Instruction Input
" 2 %8 37 %%23 Clo- CLy External Clock Source
= 36 3 PF, . TEST Tied 1o Vss (GND)
Ly =30 35 F—pt —
CLn CH431 34 FPFq !
GND 132 33 I TEST
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'BLOCK DIAGRAM

INT. —
CONTROLJ

P100
Acc/PC
o BREAK |=—BREAK
| P-SELECTOR SAT’\'E?,
RAM RAM :
9% x 4 DECODER 4 "‘P ﬁ [CONTROL|~t— STEP
PB3.0
PC
up/
DOWN
PC3.0 . 3 COUN-
. . 1 E TER
4-BIT
H STACK 0
PD3.0 | J L STACK 1
: RAM BUFFER OP oPL STACK 2
PEso ] 7 N 8BIT INSTRUCTION BUS « |
C , _ B | 170
] 1 wo { — cy
- 4-BIT ] 2
L inTER- T T - QBUS
= FACE <> X .
s G — TRV I
4-BIT
° . ﬁ : TIMER
<
PG3. o
30 C: _'3 . co:;gon.
——————— |
4-BIT DECODE

PH3-0
Plog -'

e RES

=

€Ly Clo
3  OPerating TEMPErature . « . . v v v e v e v e et et et eneees -10°Cto+70°C ABSOLUTE MAXIMUM
b Storage TEMPErature . ..o v v vvt e et e eee e e -40°C to+125°C RATINGS*
: Supply Voltage VGG « « v v v vt vv e it i et -15 to +0.3 Volts '
Alllnput Voltages . . ... it ittt it e i ettt en e -15 to +0.3 Volts
Al OUPULVOIAGES « « v o v v e e et et e e e et e e eeaas =15 to +0.3 Volts
OutputCurrent . . ... vv vt i i it i n e e e -4mA Q@

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.
*Ta=25°C , )
Ta=25°C o : CAPACITANCE
ITII'VIITS TEST
PARAMETER SYMBOL| MIN'JTYP] MAX JUNIT | CONDITIONS

Input Capacitance Cy . v 15 pf C

Output Capacitance : Co 15 pf f=1MHz

Input/Output Capacitance} Cj0 ‘ 15 pf
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. PD556
DC CHARACTERISTICS @ Ta=-1010+70°C: Vg - =10V £ 10%

. ) LIMITS _ TEST
PARAMETER symsoL | min | Tve] max JumniT CONDITIONS -
Input High VIH o ,v . =20 [.V Port A to D, 17to lp,
Voltage . . B BREAK, STEP, INT, RES,

) and Acc/PC
Input Low viL . |-43 VGG | V| PortAtoDl7t0lg,
Voltage * . BREAK, STEP, INT, RES,
: and Acc/PC
‘ Clock High VOH o | -0.8 V| ClLo Input
Voltage ) .
Clock Low VoL -6.0 VGG v CLg Input
Voltage . E - . R
] +10 MA | PortAandB, I7 tAo:Io ’
Input Leakage \ INT, RES, BREAK, STEP
Current High LIH +30. HA Acc/PC, V) = -1V ’ ’
. PortCand D, V) =-1V
. | -10 HA Port A and B, |7 to lo .
Input Leakage . TNT, RES, BREAK, STEP -
Current Low L =30 | wA- .| Ace/PC, V) =-11V
| PortCand D, Vi =-11V -
Clock Input ILOH . +200 uA CLg Input, VoH =0V
Leakage High | : .
Clock Input Lol -200 MA CLp Input, VoL =-11V
Leakage Low ) |
VOH1 ’ -1.0 A PortCto I, P1gtoPg
Output High IoH=-1.0mA §
Voltage VOH2 -23 \ PortCtol,P1gto Pg
_ “ ) IoH =-3.3mA
Output Leakage fLoL.- . ‘| -30 HA PortCto I, P19 to Pg
Current Low Vg=-11V
Supply Current. | 1GG -30 | -50 mA .
Note: (D Relative to Vgg = 0V~
AC CHARACTERISTICS  1,=-10°Ct0+70°C; Vgg =~ 10V * 10%
LIMITS TEST
PARAMETER SYMBOL | MIN JTYP| MAX JUNIT | CONDITIONS
Frequency f 150 440 | KHz
Clock Rise and Fall Times | ty, tf 0 03| wus
Clock Pulse Width High tOWH 0.5 5.6 | ws
Clock Pulse Width Low thwL 0.5 5.6 | us
Input Setup Time s B 5 us
Input Hold Time NI 0 us
BREAK to STEP Interval | tgs 80 ’ tey
STEP to RUN Interval 1SB 80 ey
STEP Pulse Width ws 12 tcy
BREAK to Acc Interval | tga 80 ey
Acc/PC Pulse Width WA 12 ey
STEP to Acc Interval 1SA1 80, tey
PC to STEP Qverlap tSA2 : . 2 |ty
PC to RUN Interval . tAB 0 us
“tDAP1 6 | ey
/PC - P10-Pg Delay
AcCC 10P0 DA Ty
CLOCK WAVEFORM
: 1/f
i
[

vee————
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uPD556

P10-0 a (PC)
l——tls——-'
17.0 .
BREAK 1 ' \
t8S o 1s8
STEP / k

Acc/PC } L_

A1

t—tag

P100

tDAP1—| .—I tDAP2 .
(PC)n (Acc) (PC)n

X(Acc) X; X (PC)n+m X(Acc) (PC)ntm
7

(PC)n

B .

vaee

ITEM | MILLIMETERS INCHES
A 41.5 1.634 MAX
B 1.05 0.042
C 2.54 0.1
D 0.5%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 2413 0.95
K 19.05 0.75
L 156.9 0.626
M 0.25+0.05 | 0.01 +0.002

TIMING WAVEFORM

PACKAGE OUTLINE
UPD556B

SP556-10-79-GN-CAT




NEC

NEC Microcomputers, Inc. 4 PD7520

PRIENORINARY
f+COM-75 4-BIT SINGLE CHIP MICROCOMPUTER

DESCRIPTION The uPD7520 is a high current output, variable power supply version of the
uCOM-75 Microcomputer Family. It features output ports capable of directly driving
an 8-digit, 8-segment LED display. TheuPD7520 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.

768 x.8 Bit ROM

48 x 4 Bit RAM

20 us Instruction Cycle Time

47 Powerful Instructions

One 4-Bit Input Port

One 4-Bit 1/0 Port

One 2-Bit Output Port (Capable of Driving Piezo Element)
6 Direct LED Drive Digit Outputs (8 Possible)

8 Direct LED Drive Segment Outputs

Programmable Display Controller

— Can Drive 4, 5, 6, or 8 Display Digits

— Automatic Synchronization of Segment and Digit Signals

FEATURES

e 2-Level Subroutine Stack
e Built-In Clock Signal Generation Circuitry
e Built-In Reset Circuitry
o 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  porT3, (77 N~ Pk PORT 19 — PORT 13 | Input PORT 1
PORT3o [ 2 27 [ RESET PORT 3p — PORT 3; | Output PORT 3
PORT 1 \
sgs - 26HVee PORT 4g — PORT 43 | 1/0 PORT 4
PORT 15 4 25 [ So
To—Ts Digit Drive
PORT 14 S 5 24 [ Sa Signals
?ORT To 6 PD 2318 So —S7 Segment Drive
PORT 43 E 7 ;‘520 221 ss i Signals
PORT42 [ 8 218 CLK Clock
PORT41 O 20 s RESET Reset
S,

PORT 49 (J10 19 (183 VGG Power Supply

Ts 11 18 [ s7 (-8V to —10V)

T4 012 17 J To Vss Ground

73013 16T

vss [J14 15 [J 1o
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uPD7520 . ,
The uPD7520 is a low-cost, 4-Bit Single Chip Microcomputer, fabricated with FUNCTIONAL
_P-Channel MOS technology. Its design is optimized for applications which require an DESCRIPTION
LED Display, but the uPD7520 can also function efficiently as a general-purpose ' .
mic;rocompdter. Its wide operating voltage range and minimum external component
requirements make the uPD7520 desirable for a broad range of applications.

The uPD7520's deérful instruction set encompasses 47 of the UCOM-75 family
commands. These instructions can perform memory transfers, bit manipulation,
automatic increment/decrement, table loak-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
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 ) v BLOCK DIAGRAM

INPUT
0
C: BUFFER Cﬂmn'“

10 BIT PROGRAM COUNTER

DATAPOINTER ' 4

. LATCHED
2 )| outrut [ 2 ) PoRT3g,
- BUFFER

PROGRAM MEMORY
768 x 8 BIT ROM

PORT 4g.¢
(TgT7)

INSTRUCTION

DATA MEMORY INouT
CONTROLLER 48x4BITRAM |4 A ® LATCHED

BUFFER ’
@ PORT 42,3

L T T

VGG ——a—

ves N Egli':i: on DISPLAY CONTROLLER
N o So.7 Tos
Operating TeMPErature . .. ... .uvvevoeverennneneennenns -10° to +70°C  ABSOLUTE MAXIMUM
Storage TEMPErature . . . ..\ v vv v v e e e e e ie e -40°t0 +125°C  RATINGS*
Supply Voltage ... ..........'.iiienenaenn. e -15to +0.3 Volts
InputVoltage . .. ... ...ttt innininneineenens -15 to +0.3 Volts
OUtPULVOIAgE .\ v ittt vt it ee e ee e -15 to +0.3 Volts
Output Current (lgH Total) .. ... ..ot -100 mA
‘ (OLTOME) + v vt ee et e iniie e e eaaneees .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 ather conditions above those indicated in the operational sections of this specification is not
implied.. Exposilie 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 t0 +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 oF Port 3, 8057, To-Ts
Capacitance @ f=1MHz
1/0 Capacitance Cy/o pF Port 4,
’ f=1MHz
Clock CcClock TBA pF CLK,
Capacitance @ f=1MHz
Ta=-10°C to +70°C, VGG = -6V to -10V
f - LIMITS
PARAMETER SYMBOL UNIT TEST CONDITIONS
MIN TYP MAX .
Input Voitage Vin -2 v Port 1, Port 4, Reset, VGG = -9V + 1V
High ~18 | Vv | Port1,Port4,Reset, Vgg = -6V to 10V
Input Voltage viL VGgG+2 ‘| v | Port1,Port4,Reset, VgGg =-9V t 1V
Low VagH V | Port1, Port 4, Reset, Vg = -6V to ~10V
Clock Voltage VOH -05 \ CLK, External Clock
High .
Clock Voltage VoL TBA. \" CLK, External Clock
Low .
Input Load 1) 160 VG V1V, V \
Current 40 uA Port 1, Reset, VGa V= ]
Input Leakage 1LIH ' +5 A Portd, V=0V -
Current High .
Input Leakage I,_u_1 -5 WA | Port1,Reset, VGG =-10V, V| = OV
Current Low LiL, iy WA Porta, V)= OV
Clock Leakage 1LOH TBA uA CLK, External Clock Vo =0V
Current High ® .
Clock Leakage ILoL TBA uA CLK, External Clock Vg = -10V
Current Low ® '
Output Voltage ' | VoL VGG+0.5 \ Port 3, VGG = -6V t0-10V No Load
Low .
Output Current 1 -1.0 A VGG =-9V * 1V, Vo =-1.0V
High OH1 =06 m Port 3, 176G =6V, Von = 10V
-20 VGG =-9V + 1V, V, =-10v
mA L VOH =
1oHz T12 Port 4, e =6V, Vo = 1.0V
-10 V, =-9V t 1V, V, =-2.0V
mA- P A clc] : VOH
loH3 6 507 [Nigg ==6V, Vor = -2.0V
-48 VGG =-9V * 1V, VoH = -2.0V
10Hy 27 mA | To-Ts, [VGG =-9V ¢ 1V, Vou =-10V
-18 VGG =-6V, VOH =-1.0V
Output Current 1 vV, = +1vQ@®
Low 0.2 VGG V +£1V,VoL =V + 3!
loLy 06 mA | Port3, Iy =6V, VoL = -5V gg
0.2 VGG = -6V, VoL = -25V (2
4.5 9 VGG =-9V ¢ 1V, VoL = ~4V
! loLg 1 2, mA | Sg-87 [VGG =-9V ¢ 1V, VoL = VGG + 3.5V
1 2 VGG =-6V, VoL =-2.5V .
Output Leakage ILOH +5 BA Port 4 To-Ts:
Current High ' Vo=0y
Output Leakage LoL -5 BA Port 4 To-Ts:
Current Low " Vp=-10V
Supply Current 1GG -5 mA | Tg=25°C;Vgg=-9V No Load

Notes: (1) Current within 2.5 ms after turning to the low level.

@) Constant Current
@ TBA: To Be Announced.
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1 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 \%
Oscillator § 300 KH ‘Rf=1Q VGG =-9V £ 1V
z
Frequency TBA Rf=18, VGG = -6 to - 10V
Clock Rise and | ty,tf TBA| ws |External Clock
Fall Times
Clock Pulse teWy TBA| wus |External Clock
Width High i
Clock Pulse oW TBA| ws |[External Clock
Width Low

Note: 1 TBA — To Be Announced.

TIMING WAVEFORM

—

The display controller of the uPD7520 has two operating modes. Its major functionis ~ 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(1g). A summary of the 16 possible states appears in

the table below:

MD3 | MD2 | MD | 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-Tqg) | 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-Sg < (2EH); S7-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-Tg) | Segment area:
1 1 1 0 6-digit display (Tg-Tg) | 20H-2FH
1 1 1 1 8-digit display (T7-Tg)
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MuPD7520

DATA BUS 1
A 6 @ !2! @ /4\

MODE '
H L REGISTER LATCH LATCH

6 6 D.J2 MD, |mD, 2] 4
Mo, . J
3.8IT (
counTer [] /18
3 ]
: " SYSTEM
s 3 CLOCK

DISPLAY CONTROLLER
BLOCK DIAGRAM

N
— MPX 3-8 DECODER
T
g PORT 2
3 RAM 2|54 01 |2L 2
N2
T
J\} OR OR
LATCH )
W B THL
F
SEGMENT DIGIT
LATCH SEGMENT DRIVER BUFFER
T DRIVER
TIMING : 6
PULSE 8
s Too PORT4;4  PORT4,,
Mg
N PORT 2
INPUT/OUTPUT D8y X
PORT CONFIGURATION D ron
) 08, .
>—oro
DIGIT i n
conterfod 5 b > 2
TO
ﬂ DECODE
. ) . e
i ! ) (PORT 3g)
) vooe T3 —D>——s
REGISTER N (PORT 24)
P—
MD3
p—
H—o PORT 49
(Tg)
O PORT 44
(T7)
PORT 4,
& PORT 4
2 3
1
&
o
2 <
@
he
<
o
£ "
s PORT 39

. —.-Do-D)—o So
88IT s

o - RAM LATCH *
- _.Do-Do—o s7
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p PD7520

. K PACKAGE OUTLINE
A L— ] uPD7520C
} N f
Hj—j 1 .J.'. 1
! L T "
Bi= F : c ~=|}=-D G —
E 0°-15°
ITEM MILLIMETERS INCHES
A 38.0 MAX. 1.496 MAX.
8 249 0.098
c 254 0.10
D 0.5%0.1 0.02 £ 0.004
3 33.02 1.3
F 1.5 0.059
G ©2.54 MIN. 0.10 MIN.
H 0.5 MIN. 0.02 MIN.
1 522 MAX. [ 0.205 MAX.
J 572 MAX. | 0.225 MAX.
K 15.24 0.6
L 13.2 ) 0.52
+0.10 +0.004
M 025 e | 0017 oo,
The following abbreviations are used in the description of the uPD7520 instruction INSTRUCTION SET
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
PCp Bit n of Program Counter
) The contents of the data memory (RAM) locatlon addressed by
the value within the brackets
« Load, Store, or transfer -
«> Exchange
- Complement
¥ Exclusive OR _
1] Additional comment or explanation
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INSTRUCTION HPD7520
SET ' v
L . ) INSTRUCTION CODE SKIP
MNEMONIC FUNCTION DESCRIPTION D7 Dg Ds Dg D3 D2 Dy Dg | BYTES| CYCLES | CONDITION
. LOAD & STORE
LAl data 4 A«datad ‘Load A with 4 bits of : 0 0 0.1 1313 11 g 1 1
[data 4 = I13.9) Immediate data .
LHI data 2 H « data 2 Load H with 2 bits of 6.0 1 0 1 0 I g 1 1
-| (data 2 = 11 9] Immediate data .
LHLIdata§ |[HL<«data§ Load HL with 5 bits of 11 0 g 13 12 koo 1 1
«lg Immediate data
L<l39
LAMT A+ (PCg.6,0,C, Aly Load the upper 4 bits of o 1 o 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
1 Table Data in ROM to HL
L A« (HL) Load A with the contents o 1 0 1 0 0 1 O 1 1
of RAM addressed by HL
LIS A« (HL) Load A with the contents of o 1 0o 1t 0 0 0 1 1 1+8 L=0H
L=L+1 RAM addressed by HL; incre-
Skip if L =0H ment L;skipif L=0H
LDS A« (HL) Load A with-the contents of o 1t 0 1 0 0 0 O 1 1+8 L=FH
L=L-1 RAM addressed by HL;
Skipif 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 Dy Dy Dg 2 2.
[addr 6 = Dgg] RAM addressed by the 6 bit
) immediate data addr 6 . 2 2
ST (HL) < A Store A into the RAM location o 10 1 0 1 1 1 1 1
addressed by HL .
STl data 4 (HL) < data 4 Store 4 bits of immediate 0O 1 0 0 I3 12 11 1o 1 1
L<L+1 data into the RAM location
[data 4 = I3 9] addressed by HL; increment L
XAH A19 <> Hi0 Exchange A with H o 1 1 1 1t 0 1 0 1 1
A3.2 < 00H
XAL AL Exchange A with L o 1 11 1 o0 1 1 1 1
X A «— (HL) Exchange A with the contents o] 1 0 1 0 1 1 0 1 1
of the RAM location addressed
by HL -
XIS A« (HL) Exchange A with the contents 0o 1 o 1 0 1 o 1 1 1+8 L=0H
L-L+1 of the RAM location
Skipif L =0H addressed by HL; increment L;
skip if L = OH .
XDSs A+ (HL) Exchange A with the contents o 1 0o -1 1] 1 0o o 1 1+8 L=FH i
LeL-1 of the RAM location \
Skipif L=FH addressed by HL; decrement L;
skip if L = FH .
XADR addr 6 | A < (addr 6) Exchange A with the contents 1] 1 1 1 0 o0 1 2 2
[addr 6 = Dg.g] of RAM addressed by the 6- 0 0 Dg Dg D3 D D7 Dg
bit immediate data addr 6 .
ARITHMETIC AND LOGIC
AiSCdatad | A« A +datad Add the 4-bit immediate data 0 0 =0 0 13 12" 11 'lo 1 1+8S 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 o 1 1 1 1 1 0 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 o 1 1 1 1 1 0 O 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 1t 1 1 1 o0 1 1
operation between the contents
of RAM addressed by HL and A ;]
store the result in A
CMA A-A Complement A o 1 1 1 1 1 1o 1 1
RC C+0 Reset Carry Flag to O V] 1 1 1 1 o o0 o 1 1
sC C«l Set Carry Flag to 1 0o 1 1 1 1 0o o0 1 1 1
INCREMENT AND DECREMENT
ILs- L-~L+1 Increment L; o 1 o 1 1 o 0o 1 1 1+8 L=0H
Skip if L =0H Skip if L =0H
'IDRS addr 6 | (addr 6) «(addr 6) + 1 Increment the contentsof RAM| 0 0 1 1 1 1 0 1 2 2+8 (addr 6) = OH
Skip if (addr 6) = OH addressed by the 6 Bit immedi- 0 0 Ds Dg D3 Dy D7 Dg :
05_0 =00H — 2FH ate data addr 6; Skip if the :
contents = OH . .
DLS Le-L-1 Decrement L; o 1 0 1 1 0 0 O 1 1+8 L=FH
Skip if L =FH Skipif L=FH
DDRS addr 6 | {addr 6) « (addr 6)- 1 Decrement the contents of (4] 1.1 1.1 0 o 2 2+S (addr 6) = FH
Skip if (addr 6) = FH RAM addressed by the 6-Bit .
[Dg.0 = 00H-2FH] immediate data addr 6; skip if 0 0 Dg Dg D3 D D¢ Dg
the contents = FH .
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M PD7520 INSTRUCTION
SET
(CONT.):
T INSTRUCTION CODE SKIP
MNEMONIC FUNCTION DESCRIPTION D7 Dg Dsg Dg D3 D2 D¢ Dg | BYTES| CYCLES | CONDITION
BIT MANIPULATION
RMB (HL)pit—0 Reset a single bit of RAM, o 1 1 0 ' 0 By B 1 1
{bit = By g) denoted by Bq Bg, at the
location addressed by HL to
zero ) .
SmB {HL) bit « 1 Set a single bit of RAM, o 1 1 o 1 1 By Bp 1 1
: [bit = B9 9] denoted by B4 Bq, at the
location addressed by HL to
one
JUMP AND CALL
JMP addr 10 | PCg_ «addr 10 Jump to the address specified 0 0 1 0 0O 0 Pg Pg
{addr 10 = Pg.q] by the 10 bit immediate P7 Pg Ps Pg P3 P2 Py Pg 2 2
data addr 10
JAMaddr2 | PCq.g « addr 2 Jump to the address which o 0 1t 1 1 1 11 2 2
PC74«A is specified by the 2-bit 0O 0 0 1 0 0 P Pg
PC3.0 « (HL) immediate data addr 2, A, and
(addr 2 =P g (HL)
JCP addr 6 PCs.0 « addr Jump to the address within 1 0 Pg Pg P3 P2 P Pg 1 1
[addr 6 = P5.0] the current page specified
by the 6-bit immediate data
addr 6
CALL addr 10f Stack < PC +2 Store a return address 0O 0 1 1 0 0 Pg Pg
PCQ.0 « addr 1 (PC + 2) in the stack; call P; Pg Pg P4 P3 P2 P1 Pg 2 2
{addr 10 = 90‘] 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 Pp Pp Pg 1 1
PCg.g + addr X (PC + 1) in the stack; call the .
faddr X = subroutine program at one
01P4P3000P2P1Pg] of the limited, special locations
specified by the 10-bit imme-
diate data addr X
RT PC « Stack Return from Subroutine o 1 o0 1 o o0 1 1 1 1
RTS PC « Stack Return from Subroutine; Skip o 1 0 1 1 0 1 1 1 1+8 Unconditional
Skip unconditionally unconditionally
SKiP
SKC SkipifC=1 SkipifC=1 o 1 0 1 1 0o 1 0 1 1+8 c=1
SKMBT bit Skip if (HL) bit=1. Skip if the single bit of the o 1 1 0 0 1 B9 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 0o 1 1 0 0 0 By Bp 1 1+8 (HL) bit=0
[bit = By.9] location addressed by (HL),
denoted by B1Bo is false. )
SKABT Bit | Skip if Apjy =1 Skip if the single bit of A 0 1 1.1 0 1 By Bg 1 148 | Apjp=1
[bit = B3.9) denoted by BqBo is true. E
SKAE! Skip if A = Data 4 Skip if A equals the 4-bit 0o 0 1 1 1 1 1 1
Data 4 [Data 4 = 139] immediate data Data 4 0O 1 1 0 I3 12 11 1o 2 2+S A =Data 4
SKAEM Skip if A = (HL) Skip if A equals the contents 0o 1 o0 1 11 1 1 1 1+8 A = (HL)
X of RAM addressed by HL.
1/0
PL A < Port (L) input the contents of the port 0 1 1 1 0o 0 0 O 1 1
specified by L to A
P A« Port 1 Input the contents of Port 1 ¢ 1 1 1 0 0 0 1 1 1
to
OPL Port (L) « A Output A to the port specified o 1 1 1 0 0 1 O 1 1
by L
OoP3 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| 0 0 ©0 O O 0 0 0 1 1

one machine cycle
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NEC

NEC Microcomputers, Inc. | | | 4 PD80BOAF
| : /1 PD808OAF-2
2 PD808OAF-1

PD808OAF 8-BIT N-CHANNEL
MICROPROCESSOR FAMILY

DESCRIPTION  The uPD808OAF is a complete 8-bit parallel processor for use in general purpose
digital computer systems, It is fabricated on a single LSI chip using N-channel silicon
gate MOS pracess, 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 1/O ports (up to 256 input and 256
output ports) and any type or speed of semlconductor memory. It is available in a
-40 pin ceramic or plastic package.

FEATURES « 78 Powerful Instructions
e Three Devices — Three Clock Frequencies
uPD8080AF — 2.0 MHz
uPD8080AF-2 — 2.5 MHz
uPD8080AF-1 — 3.0 MHz
Direct Access to 64K Bytes of Memory wuth 16-Bit Program Counter
256 8-Bit Input Ports and 256 8-Bit Output Ports
Double Length Operations Including Addition
Automatic Stack Memory Operation with 16-Bit Stack Pointer
TTL Compatible (Except Clocks)
Multi-byte Interrupt Capability
“Fully Compatible with Industry Standard 8080A
Available in either Plastic or Ceramic Package

PIN CONFIGURATION rmodT N wb ar
VssO] 2 39[3 As
D4C 3 38 A3
Dg [ 4 373 A2
Dg ] 5 361 A5
;6 357 Ag
D37 347 Ag
DQE 8 33 Ay
D19 32[7 Ag
oog10 MPD iH A
vgg [ 11 8080AF 30 A,

RESET [ 12 ‘ 297 A3
HOLD [ 13 28[J Vpp
INT [ 14 271 A
0215 26 [ Aq
INTE ] 16 25 [ Ag
DBIN [ 17 24 WAIT
WR []18 23 7] READY
SYNC [ 19 22 ¢
Vee [ 20 21 HLDA
Rev/1
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j PD80BOAF

“The uPDBOBOAF contains six 8-bit data registers, an 8-bit accumulator, four tesiabﬁe
flag bits, and an 8-bit parallel binary arithmetic unit. The uRD80BOAF 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 uPD8080AF 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 uPDBOSOAF 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 uPD808O0AF 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 ma]or advantage
is that almost unlnmnted 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 uPD8080AF 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 uPD808B0AF. These processors have all the features

of the uPD8B0BOAF 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, -Qua
z . £ a
agttdssfides AB -18 (THREE STATE)
l —L_ ABg_;s BUFFER ]
p—o{  LATCH 8 IN/DECREMENTER |
—ud PC (16} ]
o SP (16) ]
TiM INT e I l
NG & coNTRoL | wie)* Ze1%
STATE CNTR | CYCLE CNTR p—nt HB) L(8)
DECODER ot 01(8) E(8)
e ) cie)
| [LICIM, {Catcn niar A(6)
FLAG REGISTER o LatchL®) ] oaa rom :|
A c aw
slzlofclo}r}1]§ 1 __
M ROTATOR | 1
INTERNAL DATA BUS(BBIT) §

DBg.7 BUFFER

* TEMPORARY REGISTER

BIT 7- S:SIGN 0Bg.7 (THREE STATE)

BIT4-AC AUXILIARV CARRY
BIT 3- 0:ALWAYS"0"

B8IT 2- P:PARITY

BIT | - LALWAYS “1"

BIT O - CY:CARRY

ER-Y-)

FUNCTIONAL. -
DESCRIPTION
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PIN IDENTIFICATION

4 PD808OAF

PIN
NO." | symBoL . NAME FUNCTION

1, A15—Ag Address Bus. The address bus is used to address memory (up to 64K 8-bit words)

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

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

2 Vsg Ground (input) Ground .

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

output three-state) memory, and |/0 devices for instructions.and data transfers. Dur-
ing each sync time, the data bus contains a status word that
) describes the current machine cycle. D is the least significant bit.
1 Vgg Vg Supply Voltage | -5V + 5% ) N
(input)

12 RESET Reset {input) I the RESET signal is activated, the program counter is cleared.

B After RESET, the program starts at location 0.in memory. The
INTE and HLDA flip-flops are also reset. The:flags, accumulator,
stack pointer, and registers are not cleared. (Note: External syn-
chronization is not required for the RESET input signal whlch
must be active for a minimum 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 cpntrol of the uPD808BOAF
address and data buses as soon'as the uPD8080AF has completed
its use of these buses for the current machine cycle. It is recog-
nized under the following conditions:

e The processor is in the HALT state.

e The processor is in the T2 or Tyy stage and the READY signal
is 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 uPD8OBOAF recognizes an interrupt request on this line at

' (input) the end of the current instruction or while halted. If the
MPDB8O08OAF is in the HOLD state, or if the Interrupt Enable
flip-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 flip-

(output) flop. This flip-flop is set by the Enable (El) or reset by the
Disable (D1) interrupt instructions and inhibits interrupts from
being accepted by the processor when it is reset. INTE is auto-
matically reset (disabling further interrupts) during Tq 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 isin 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 ¢ and
high impedance occurs after the rising edge of ¢2.

22 01 Phase One (input) Phase one of processor clock.

23 READY Ready (ihpu!) The READY signal indicates to the uPD8080AF that valid mem-
ory.or input data is available on the uPD808B0AF data bus.
READY is used to synchronize the processor with slower memory
or 1/0 devices. If after sending an address out, the uPD808OAF
does not receive a high on the READY pin, the uPD8080AF enters
aWAIT 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 Vpp Vpp Supply Voltage | +12V + 6%

(input)

Note: (‘D After the El instruction, the uPDB0O80AF 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 TemMPerature . .. ... .vv v v e e v e vesneneeannnnn 0°C to +70°C ABSOLUTE MAXIMUM
Storage Temperature (Ceramic Package) e -65°C to +150°C RAT]NGS* :

Storage Temperature (Plastic Package) . -40°Cto +125°C
All Output Voltages D .. ..ol -0.3 to +20 Volts
All Input Voltages @ ........................ .. ... =0.3to +20 Volts
Supply Voltages Vcc, VpDp and Vss D L -0.3 to +20 Volts
Power Dissipation . . . .. ...ttt i e e e e 1.5W

Note: @D Relative to Vgp.

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=0°C t0 +70°C, Vpp = +12V + 5%, Vg = +5V 5%, Vgg = -5V 5%, Vss = 0V,
unless otherwise specified. DC CHARACTERISTICS
LIMITS -
PARAMETER SYMBOL MIN | TYP MAX UNIT TEST CONDITIONS
Clock Input Low ViLe Vss- 1 Vss +0.8 \
Voltage
Clock Input High VIHC ~ 9.0 Vpp + 1 \Y%
Voltage
Input Low Voltage ViL Vgs- 1 Vgs +0.8 \%
Input High Voltage VIH 3.3 Vee +1 \"
Output Low Voltage VoL 0.45 \% 1oL = 1.9 mA on all outputs
Output High Voltage VOoH 3.7 \Y% IoH =-150uA @
Avg. Power Supply IDD(AV) 40 | 70 mA
Current (Vpp)
Avg. Power Supply Icc(AV) 60 80 mA .
Current (Vcc) . tCy min
Avg. Power Supply IBB(AV) 0.01) 1 mA
Current (Vgg) .
Input Leakage he £10 @ MA | Vss<VINSVCC
Clock Leakage IcL +10 @ MA | Vss<VcLOCK <VDD
Data Bus Leakage oL @ =100 ® MA | Vsg<SVIN < Vss +0.8V
in Input Mode -2 mA | Vss+0.8V<VIN<Vee
Address and Data Bus IFL +10 ® MA | VADDR/DATA = VCC R
Leakage During HOLD -100 VADDR/DATA = Vss + 0.45V
TYPICAL SUPPLY CURRENT VS, TEMPERATURE, NORMALIZED @
1.5
.
z
w
g
2 1.0
3] .
> i\
=] .
&
>
w
0.5
0 +25 +50 +75
AMBIENT TEMPERATURE (°C)
Notes: @ When DBIN is high and Vi > V| 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.
Ta=25°C, Vg = Vpp = Vss = 0V, Vgg = -5V. CAPACITANCE
) LIMITS
PARAMETER SYMBOL | MIN | TYP | MAX'| UNIT | TEST CONDITIONS
Clock Capacitance Co 17 25 pF fe=1MHz
Input Capacitance CIN 6 10 pF Unmeasured Pins

Output Capacitance | - CQUT 10 | 20 pF Returned to Vsg




sPD8080AF

PROCESSORSTATE /™ =
TRANSITION DIAGRAM [~ \l.

READY-+ HLTA

YES

READY+ HLTA

INT * INTE HOLD * INT

READY

‘HOLD

SET.INTERNAL | . SET INTERNAL
HOLD F/F HOLD F/F

o RESET INTERNAL| i
c HOLD F/F

L

RESET HLTA

COMPLETED,

RESET INTERNAU
HOLD F/F

SET INTERNAL
INT F/F

1

Notes: - INTE F/F IS RESET IF INTERNAL INT F/F IS SET.
INTERNAL INT F/F ISRESET IF INTE F/F IS RESET.
IF REQUIRED, T4 AND Tg ARE COMPLETED SIMULTANEOUSLY
WITH ENTERING HOLD STATE, ‘ '
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1 PDBOBOAF

Ta = 0°Cto +70°C, VDD‘ =412V £ 5%, Vo = +5V £ 6%, Vgp = -5V * 5%, Vgg = 0V, unless otherwise
specified,
LmITs

PARAMETER SYMBOL | MIN | TYP| MAX | UNIT | TEST CONDITIONS
Clock Period tcy @ 0.48 2.0 usec
Clock Rise and Fall Time T, tf 0 50 nsec
$1 Pulse Width ty1 60 nsec
¢2 Pulse Width 2 220 nsec
Delay ¢1 to ¢2 tp1 [ nsec
Delay ¢2 to ¢1 D2 70 nsec
Delay ¢1 to $2 Leading Edges tD3 80 nsec
Address Output Delay From ¢2 tpa @ 200 nsec CL =100 pF
Data Output Delay From ¢2 tpp @ 220 nsec
Signal Output Ee_lay From ¢1,
or ¢2 (SYNC, WR, WAIT,
HLDA) toc @ 120 | nsec | CL=S0PF
DBIN Delay From ¢2 @ | 25 140 | nsec
Delay for Input Bus to Enter
Input Mode (RO} tpE | nsec
Data Setup Time During ¢1 and
DBIN tDs1 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 teg @ 200 nsec C|_ =50 pF
READY Setup Time During ¢2 tRS 120 nsec
HOLD Setup Time to ¢p2 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 Float During Hold
(Address and Data Bus) tFD 120 nsec
Address Stable Prior to WR taw @ | ® nsec
Output Data Stable Prior to WR tow F_@ nsec
Output Data Stable From WR wp @ | @ nsec | Cp =100 pF: Address,
Address Stable from WR wa @ | @ nsec Data
HLDA to Float Delay tHr @ [ ® nsec | CL =50 pF: WR,
WR to Float Delay twr @ @ nsec HLDA, DBIN
Address Hold Time after DBIN
during HLDA tan @ | 20 nsec

170

Notes: (1) Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time

is assured. tpy = 50 ns or tpF, whichever is less,

@ Load Circuit.

@ Actual toy =tp3 + trp2 + 192 * tip2 + tD2 + trp1 > tCy Min,

MPD80SOAF
OUTPUT

IS

TYPICAL A OUTPUT DELAY VS.
A CAPACITANCE

+5V

+20

™~ spec

-10

A OUTPUT DELAY (ns)

-100

-50

[s]

+50

A CAPACITANCE (pf)
(CacTuAL — CspPEC)

+100

AC CHARACTERISTICS
wPD808BOAF




1 PD808OAF

AC CHARACTERISTICS T, =0°Cto +70°C, Vpp = +12V + 5%, Vcc = +6V + 5%, Vgg = -5V + 5%, Vgg = OV, unless otherwise

uPD80BOAF-2 _*Pecified:
' LIMITS
PARAMETER . SYMBOL MIN TYP | MAX | UNIT | TEST CONDITIONS
Clock Period tecy @ .| 0.38 2.0 | usec
Clock Rise and Fall Time tr, tf 0 50 " nsec
@1 Pulse Width o1 60 nsec
2 Pulse Width to2 175 nsec
Delay ¢1 to ¢2 ] to1 [ nsec
" Delay ¢2 to ¢1 § tp2 70 nsec
Delay ¢1 to ¢2 Leading Edges tp3 70 nsec
Address Output Delay From ¢2 tpa (@ 175 nsec CL = 100pF
Data Output Delay From ¢2 tpp (2 200 nsec .
Signal Output Delay From ¢1,
or ¢2 (SYNC, WR, WAIT, )
HLDA) toc @ 120 | nsec | CL=50PF
* DBIN Delay From ¢2: @ | 25 140 | nsec
Delay for Input Bus to Enter
Input Mode ) toy @ tpF | 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 @D | @ nsec :
INTE Output Delay From ¢2 tige @ 200 nsec CL = 50 pF H
READY Setup Time During ¢2 tRs | 90 nsec ]
HOLD Setup Time to ¢2 ths 120 nsec :
INT Setup Time During ¢2
(for all modes) . ts 100 . nsec
Hold Time from ¢2 (READY, §
INT, HOLD) tH 0 nsec i
Delay to Float During Hold 5
(Address and Data Bus) tFD 120 | nsec b
Address Stable Prior to WR tAW @ 5 nsec P
Output Data Stable Prior to WR tow @ | € nsec e’
Output Data Stable From WR_ o) nsec | C| = 100 pF: Address,
Address Stable from WR wa @ [ @ nsec Data
HLDA to Float Delay tHE @ @ nsec Ci =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 uPD8080AF to devices having Vi = 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 CL # SPEC, add 0.6 ns/pF if C|_ > CspE(, subtract 0.3 ns/pF (from modified delay) if
Cr <CspEeC-

17



pPDBOBOAF

Ta=0°Cto +70°C, Vpp = +12V 6%, Vg = +5V + 5%, Vgp = -5V + 5%, Vgs = OV, unless otherwise AC CHARACTERISTICS

cified. -
specifi uPD808OAF-1
LIMITS .
PARAMETER SYMBOL | MIN | TYP| MAX | UNIT | TEST CONDITIONS

Clock Period ey @ | 032 2.0 usec

Clock Rise and Fall Time tr, tf 0 25 nsec

¢1 Pulse Width 31 50 nsec

¢2 Pulse Width 192 145 nsec

Delay ¢1to ¢2 D1 0 nsec

Delay ¢2 to ¢1 | tp2 60 nsec

Delay ¢1to ¢$2 Leading Edges D3 60 nsec

Address OQutput Delay From ¢2 tDA 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 tor @ | 25 130 | nsec

Delay for Input Bus to Enter

Input Mode o1 D tpF | nsec

Data Setup Time During ¢1 and

DBIN tps1 10 nsec

Data Setup Time to ¢2 During .

DBIN tps2 120 nsec

Data Hold Time From ¢2 During

DBIN - o@D | @ nsec

INTE Output Delay From ¢2 tie @ 200 | nsec | C_ =50pF

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 ow® | ® nsec

Output Data Stable From WR wo @ [ @ 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 W@ | © —ac HLDA, DBIN

Address Hold Time after DBIN

during HLDA tan @ | -20 nsec

Notes Continued: (8 Device taw

uPDBOBOAF 2tcy — tp3 — trgg — 140

uPD8080AF-2 2tcy —tp3 — trp2 — 130
uPDBO8OAF-1 2tcy —tp3 — trg2 — 110

® Device ow
LPDB0BOAF toy —1p3 — trg2 — 170
(uPDBOBOAF-2 tCY — D3 — trg2 — 170

kPDBOBOAF-T TCY — D3 — trp2 — 150

@ 1 not HLDA, twD = twA = tD3 + trg2 + 10 ns. If HLDA, twp = twA = twF.
tHF = 1D3 * trp2 — 50 ns.
® twr =tp3 +trg2 — 10ns.
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TIMING WAVEFORMS @ (Note: Timing measurements are made at the following reference voltages: CLOCK “1” = 8.0V,

“0" =1.0V; INPUTS “1" = 3.3V, “0” = 0.8V; OUTPUTS “1” = 2.0V, “0" = 0.8V.)

e tgy ——————| s ety e
—f [ b\ |_—-\
‘ ] I} N ] ]
-~Y2—o . .
i y. & ] \ / \ / 1 ] \
o3 ! —’l 2 je— ’
-— —s ——
‘ B B e
Ayl -——— —
who [+ ‘oA - taw
1, Lt oo
«too—»i — o |- ) —4 DNI-— ‘ _ S
=~ T
) S P b (T N S =
o7 — 'DS'T f— o | two
L
tos
o L A , — - A
—={ tp¢ —| e
DBIN \ ’
le-tor o letor]
WR L —_ ..1;._%_.
= o e e o e ! o
READY - _ [©) - ’
= e e e e e s e .
tag [—> —*
ty | |- _
WAIT
'DC e
HOLD
R R
HLDA
INT
t
L3
INTE )

Notes: (D

@@@@@

Data in must be stable for this period during DBIN « T3, Both tps1 and tpg2 must be satisfied,

Ready signal must be stable for this period during T2 or Tyy. (Must be externally synchronized.)

Hold signal must be stable for this period during T2 or Ty when entering hold mode, and during T3, T4, T and Ty when in hold mode.
(External synchronization is not r quired.)

Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be recognlzed in the following instruction,
(External synchronization is not required.) :

This timing diagram shows timing relationships only; it does not represent any specific machine cycle,

Timing measurements are made at the following reference voltages: CLOCK “1" = 8, oV, 0" =1 OV; INPUTS “1” = 3,3V; 0" = 0.8V;
OUTPUTS “1" = 2,0V, “0" = 0.8V,

~
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pPDB0BOAF

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 usmg
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 1/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 uPD808BOAF is stored as 8-bit binary integers. All data/instruction trans-
fers to the system data bus are in the following format:

10706 [05[ D4 D3 [D2 [01 ] 0o ]

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

l D7TDGT D5E4 LDg lDQJD1 | Do ] OP CODE  Register to register, memory
: - reference, arithmetic or logical
) rotate, return, push, pop, enable,
Two Byte Instructions or disable interrupt instructions

I D7| Dg ]D5 |~D4 IDg IDQ ID1 IDo] OP CODE Immediate mode or 1/0 instruc-
[D7] D6 [D5 D4 [D3 [D2 [D1[Do ] OPERAND "0"5_
Three Byte Instructions

Jump, call or direct load and
D7 De Dﬂ Da, 103 D201 ]Do | OP CODE store instructions
D7 | D

Dg [ D4 [D3 [D2[D1[Dg] LOW ADDRESS OR OPERAND 1
[P7] D6 [D5[ D4 [D3 [D2[D1[Do] HIGH ADDRESS OR OPERAND 2

(=]
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4LPD8080AF
INSTRUCTION SET TABLE

FLAGS® - s FLags?
2 [ 2 zoz
INSTRUCTION CODE! cosk B 2 E g INSTRUCTION CODE cosk. E et E
MNEMONIC? DESCRIPTION D7 Dg Ds Dy D3 Dy Dy Dy Cyclesd & N & S| mnemonic? DESCRIPTION Dy Dg Ds Dy D3 Dz D Dp Cyeles® 3 & & §
MOVE : . LOAD REGISTER PAIR
MOV ds Move register 1o register 0 1 9 d d s s s 5 LX1B,D16  Load immediate register . .
MOV M, Move register to memory 0 1 1 1 0 s s s 7 pair BC o 0 0 0 0 0 o0 1 10
MOVAM . Move memory to register 0 1 d d d 1 1 O 7 LXID,D16  Load immediate register
MV1d,08 Move immediate toregister 0 0 d d d 1 1 0 7 pair DE o 001 0 0 0 1 10
MVI M,08 Move immediate tomemory 0 0 1 1 0 1 1 0 10 LXIH,D16  Load immediate register . .
pair HL : 6 0 1 0 0 0 0 1 10
INCREMENT/DECREMENT - LXISP,D16  Load immediate Stack
Pointer o 0o 1 1 0 0 0 1 10
INR d Increment register 0 0 d d d 1 0 0 5 e o e
DCRd Decrement register 0 0 d ¢ d 1 0 1 5 e o o PUSH
INR M Increment memory o0 1 1 0 1 0 0 10 e e e
DCR M Decrement memory o 0o 1T 1 0 1 0 1 10 o o . PUSH B Push register pair BC )
on stack 11 0 0 0 1 0 1 1
ALU ~ REGISTER TO ACCUMULATOR PUSH D Push register pair DE
on stack i1 0 1. 0 1 0 1 1
ADDs Add register to A 10 0 0 0 s s s a o o o ol busun Push regsster par HL
ADCs Add regsster to A with on stack T 1 1 0 0 1 0 1 n
carry 1o 0 0 1 s s s 4 e o e o} pySHPSW  PushAandflagsonstack 1 1 1 1 0 1 0 1 "
suB's Subtract register from A 10 0 1 0 s s s 4 . . .
$88's Subtract register from A L . PoOP
with borrow o 0 1 1 s s s 4 e e e e
ANA's AND register with A 1.0 1 0 0 s s s a4 e o o 0f POPB Pop register pair BC off
XRAs Exclusive OR Register stack 110 0 0 0 0 1 10 :
with A 10 1 0 1 s s s a e« o o of POPD Pop register pair DE off
ORAs OR register with A 10 1 1 0 s s s 4 e e e 0 stack 110 1 0 0 0 1 10
cMPs Compare register with A 10 1 1 1 s s s 4 e o o of POPH + Pop register pair HL off
- stack 11 1 0 0 0 0 1 10
ALU ~ MEMORY TO ACCUMULATOR POP PSW Pop A and flags off stack 1t 1 1 1 0 0 o0 1 10 o« o o o
ADD M Add memory to A 10 0 0 0 1 1 0 7 e e e o DOUBLE ADD
ADCM Add memory to A with
carry 1o 0 0 1 1 1 0 7 e e e of DADB Add BC to HL 0 0.0 0 1 0 0 1 10 .
suB M Subtract memory fromA 1 0 0 1 0 1 1 0 7 e .e e ofDADD Add DE to HL o 0 0 1 1 0 0 1 0 . .
SBB M Subtract memory from A DADH Add HL to HL o 0 1 0 1 0 0 1 10 .
with borrow 1o 0 1 1 1 1 0 7 e e e o DADSP Add Stack Pointer to HL o 0 1 1 1 0 0 1 10 .
ANA M AND memory with A 1 o 1 o o 1 1 0 7 . . . 0
XRA M Exclusive OR memory INCREMENT REGISTER PAIR =
with A 10 1 0 1 1 1 0 7 e e e 0
ORAM OR memory with A 1o 1 1 0 1 1 0 7 e e e 0 :x: BD ::z::i:“: g‘é g g g» b g g : : 2
cmPm Compare memorywthA 1 0 1 1 1 1 1 0 RIS o ity 6 0 1.0 0.9 1 .
ALU - IMMEDIATE TO ACCUMULATOR INX SP Increment Stack Pointer o 0 1 1 0 0 1 1 5
ADI D8 Add immediate to A t 1.0 0 0 1 1 0 7 e o s o DECREMENT REGISTER PA