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NEC Microcomputers, Inc.
MEMORY SELECTION GUIDE

ACCESS SUPPLY PACKAGE

DEVICE SIZE PROCESS| TIME |CYCLE| VOLTAGE |MATERIAL [PINS
DYNAMIC RANDOM ACCESS MEMORIES
uPD411 4K x 1 TS NMOS 150ns | 380ns| +12,+5,-5 D 22
uPD411-4 4K x 1 TS NMOS 135ns | 320ns| +15,+5, -5 D 22
uPD411A 4K x 1 TS NMOS 200ns | 400ns| +12,45,-5 Cc 22
uPD416 16K x 1 TS NMOS 120ns | 320ns| +12,+5,-5 C/D 16
uPD2118 16K x 1 TS NMOS 100ns | 235ns| +5 C/D 16
uPD4164 64K x 1 TS NMOS .[ 150ns | 270ns| +5 c/D 16
STATIC RANDOM ACCESS MEMORIES
uPD5101L 256 x4 TS CMOS 450ns | 450ns| +5 (o} 22
uPD444/6514 1K x4 TS CMOS 200ns | 200ns| +5 C 18
uPD445L 1K x4TS CMOS 450ns | 450ns| +5 C 20
uPD446 2K x 8 TS CMOS 120ns | 120ns| +5 C/D 24
uPD447 2K x8TS CMOS 120 ns 120ns| +5 C/D 24
uPD4104 4K x 1 TS NMOS 200ns | 310ns| +5 C/D 18
uPD2114L 1K x4 TS NMOS 150ns | 150 ns| +5 C/D 18
uPD2147 4K x 1 TS NMOS 45 ns 45ns| +5 D 18
uPD2149 1Kx 4TS NMOS 35 ns 35ns| +5 D 18
uPD421 1K x8TS NMOS 150ns | 150ns| +5 D 22
uPD2167 16K x 1 TS NMOS 55 ns 55ns| +5 D 20

MASK PROGRAMMED READ ONLY MEMORIES

uPD2308A 1K x8TS NMOS 450ns | 450ns| +5 c/D 24
uPD2316E 2K x 8 TS NMOS 450ns | 450ns| +5 (o} 24
uPD2316E-1 2K x 8 TS NMOS 350ns | 350ns| +5 (o} 24
uPD2332A/B 4K x 8 TS NMOS 450ns | 450ns| +5 (o] 24
uPD2332A/B-1 4K x8TS NMOS 350ns | 350ns| +5 [of 24
uPD2364 8K x8TS NMOS 450ns | 450ns| +5 [ 24
uPD23128 16K x 8 TS NMOS 250ns | 2560ns| +5 C 28
FIELD PROGRAMMABLE READ ONLY MEMORIES

(Bipolar)

uPB406 1K x 4 OC| BIPOLAR 50 ns 50ns| +5 C/D 18
uPB426 1K x 4 TS| BIPOLAR 50 ns 50ns| +5 C/D 18
uPB409 2K x 8 OC| BIPOLAR 50 ns 50ns| +5 Cc/D 24
uPB429 2K x 8 TS| BIPOLAR 50 ns 50ns{ +5 C/D 24
(Bipolar Logic Array)

uPB450 9216 bit | BIPOLAR 200ns | 200 ns| +5 D 48
(U.V. Erasable)

uPD2716 2K x8TS NMOS 450ns | 450 ns| +5 D 24
uPD2732 4K x 8 TS NMOS 450 ns | 450ns +5 D 24

Notes: O.C. = Open Collector
C — Plastic Package
D — Hermetic Package
TS — 3-State



NEC Microcomputers, Inc.

MEMORY ALTERNATE SOURCE GUIDE

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT
AMD 2716 2K x 8 EPROM uPD2716
27533 1K x 4 PROM uPB426
8308 1K x 8 ROM uPD2308A
9016 16K x 1 DRAM uPD416
9060 4K x 1 DRAM uPD411/411A
9107 4K x 1 DRAM pPD411/411A
9114 1K x 4 SRAM uPD2114L
9124 1K x 4 SRAM uPD2114L
9147 4K x 1 SRAM uPD2147
9216 2K x 8 ROM uPD2316E
AMO1L14 1K x 4 SRAM uPD444/uPD6514
AM91L24 1K x 4 SRAM uPD444/uPD6514
EM & M 2114 1K x 4 SRAM pPD2114L
8108 1K x 8 SRAM uPD421
FAIRCHILD 93453 1K x 4 PROM uPB426
: 93511 2K x 8 PROM uPB429
F2114 1K x 4 SRAM pPD2114L
F2716 2K x 8 EPROM uPD2716
F16K 16K x 1 DRAM uPD416
FUJITSU 7122 1K x 4 PROM uPB426
7138 2K x 8 PROM uPB429
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
MB8264 64K x 1 DRAM uPD4164
MB8308 1K x 1 ROM uPD2308A
MB8414 1K x 4 SRAM _ uPD444/6514
HARRIS 7643 1K x 4 PROM uPB426
76161 2K x 8 PROM uPB429
HM6501 256 x 4 SRAM uPD5101L
HM6514 1K x 4 SRAM uPD444/6514
HITACHI HM4334 1K x 4 SRAM uPD444/6514
HM435101 256 x 4 SRAM uPD5101L
HN462716 2K x 8 EPROM uPD2716
HN462732 4K x 8 EPROM uPD2732
HM472114 1K x 4 SRAM uPD2114
HM4716A 16K x 1 DRAM uPD416
HM4816 16K x 1 DRAM uPD2118
HM4864 16K x 1 DRAM uPD4164
HM4864 64K x 1 DRAM uPDA4164
HM6116 2K x 8 SRAM uPD446
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MEMORY ALTERNATE SOURCE GUIDE

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT
HITACHI (CONT.) HM6147 4K x 1 SRAM uPD2147
HM6148 1K x 4 SRAM uPD444/6514
INTEL 2107 4K x 1 DRAM uPDA411/uPD411A
2114 1K x 4 SRAM uPD2114L
2117 16K x 1 DRAM uPD416
2118 16K x 1 DRAM uPD2118
2141 4K x 1 SRAM uPD4104
2147 4K x 1 SRAM uPD2147
2164 64K x 1 DRAM uPD4164
2167 16K x 1 SRAM uPD2167
2308A 1K x 8 ROM uPD2308A
2316E 2K x 8 ROM uPD2316E
2332 4K x 8 ROM uPD2332A/B
2364 8K x 8 ROM WuPD2364
2716 2K x 8 EPROM uPD2716
2732 4K x 8 EPROM uPD2732
3625 1K x 4 PROM uPB426
3636-1 2K x 8 PROM uPB429
5101 256 x 4 SRAM uPD5101L
MITSUBISHI M5K4164S 64K x 1 DRAM uPD4164
MmI 6351681 2K x 8 PROM uPB429
635441 1K x'4 PROM uPB426
6353 1K x 4 PROM uPB426
MOTOROLA MCM2732 " 2K x 8 EPROM . uPD2732
MCM4516/4517 16K x 1 DRAM uPD2118
MCM6665 64K x 1 DRAM uPD4164
7643 1K x 4 PROM uPB426
NATIONAL MM2732 2K x 8 EPROM WPD2732
NMC4164 64K x 1 DRAM uPD4164
NMC5295 16K x 1 DRAM WuPD2118
745673 1K x 4 PROM uPB426
OKI MSM5114 1K x 4 SRAM uPD444/6614
RAYTHEON 29681 2K x 8 PROM uPB429
SIGNETICS 825137 1K x 4 PROM uPB426
828191 2K x 8 PROM uPB429
T.. TMS4164 64K x 1 DRAM . uPD4164
TMS4516 16K x 1 DRAM uPD2118
TBP24S41 1K x 4 PROM uPB426
TBP28S166 2K x 8 PROM uPB429
745476 1K x 4 PROM uPB426
TOSHIBA TMM4164 64K x 1 DRAM uPD4164
TC5516P 2K x 8 SRAM uPD447

NEC
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NEC Microcomputers, Inc. | | 4 PD411

DESCRIPTION

FEATURES

PIN CONFIGURATION

K PD411-1
}+ PD411-2
K PD411-3
H{PD411-4

FULLY DECODED RANDOM ACCESS MEMORY

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

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

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

Important features of the uPD411 family are:

e Low Standby Power

® 4096 words x 1 bit Organization

® A ssingle low-capacitance high level clock input with solid £1 volt margins.
® |nactive Power/0.3 mW (Typ.)

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

e Easy System Interface

e TTL Compatible (Except CE)

e Address Registers on the Chip

e Simple Memory Expansion by Chip Select

e Three State Output and TTL Compatible

e 22 pin Ceramic Dual-in-Line Package

e Replacement for INTEL'S 21078, T1'S 4060 and Equivalent Devices.
® 5 Performance Ranges:

ACCESS TIME | RW CYCLE | RMW CYCLE | REFRESH TIME
uPD411 300 ns 470 ns 650 ns 2 ms
uPD411-1 250 ns 470 ns 640 ns 2ms
©PD411-2 200 ns 400 ns 520 ns 2ms
uPD411-3 150 ns 380 ns 470 ns 2ms
uPD411-4 135 ns 320 ns 320 ns 2ms
ves1 7 22Pvss ‘ PIN NAMES

Ag C 2 21 :] Ag Ag- A1y Address Inputs
AQ - As Refresh Addresses
A
1083 208 a; CE Chip Enable
AQa 19 Ag cs Chip Select
cs : 5 18 v D) Data Input
uPD H Voo Bout Data Output
DN E 6 411 17 pCE WE Write Enable
Dout7 16[dne VoD Power (+12V)
Vce Power (+5V)
A -
0 E 8 5 3 As Vss . Ground
Ay C 9 14 :A,; VBB |Power
A2 E 10 13 3 Az NC No Connection
veeOQn 12[JwWe
Rev/3

"
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CE Chip Enable FUNCTIONAL DESCRIPTION

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

CS Chip Select

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

WE Write Enable

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.

DN Data Input

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

DouT Data Output

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

Refresh

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

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

AQ o— —oVDD BLOCK DIAGRAM
A1 o—oI ROW
A2 o DECODE 64 MEMORY —o Ve
A3 AND / ARRAY —o Vss
As BUFFER 64 X 64 —oVas
° REGISTER
A5°_..
‘ 1 64
TIMING
CE0—
GENERATOR COLUMN DECODE
DINg— AND BUFFER
WE 0— 1/0 —
cso— ‘ l ZEGISTER
DouT A Ag A10
D
ouT A7 Ag Apq
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uPD411 FAMILY uPD411-4
ABSOLUTE MAXIMUM (EXCEPT 411-4)
RATINGS*  Operating Temperature . . ...........0°Cto+70°C ... ... +10°C to +55°C
Storage Temperature . . .. ....... -55°Cto +150°C . . . . . -55°C to +150°C
All Output Voltages . . ... ....... -0.3to +20 Volts . . -0.3 to +25 Volts @
All Input Voltages . . . . ......... -0.3 to +20 Volts . . -0.3 to +25 Volts' D
Supply VoltageVpp .. « . . . o oot -0.3 to +20 Volts . . -0.3 to +25 Volts D
Supply Voltage VGG« « « v v v v v h s -0.3to +20 Volts . . -0.3 to +25 Volts @D
Power Dissipation . .. .................. L 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 maximum rating conditions for extended periods may affect device
reliability.

*Ta=25°C

DC CHARACTERISTICS Ta- 0°C to 70°C, Vpp = +12V +56%, Vo = +6V 6%, Vgp = -5V +6%, Vgg =0V,

Except Vpp = +15V 5% for 4114,

LIMITS
PARAMETER SYMBOL UNIT TEST CONDITIONS
MIN | TYP@ | MAax
Input Load Current I 0.01 10 uA | VIN = VIL MIN t0 VIH MAX
CE Input Load Current ILe 0.01 10 BA VIN = VILC MIN to VIHC MAX
Output Leakage Current CE=V) corCS=Vy
! .01 10 A
for High Impedance State | O o s V( =0V to 5.25V
Vpp Supply Current
| A CE = 1,0V to 0.
during CE off DD OFF 20 200 # ° 06V
VpD Supply Current o
E = Ta=
during CE on 10D ON 35® 60@ | mA | CE=Vuc, 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
uPD411-2 Ipp AV 37 60 mA Cycle Time = 400 ns
uPD411-3 ipp AV 41 65 mA Cycle Time = 380 ns
uPD411-4 Ipp AV 55 80 mA Cycle Time = 320 ns
Vgg Supply Current @ IgB 5 100 BA
Ve Supply Current ) —_
| .01 1 = =
during CE off (3 'CC OFF 0.0 [\} wA | CE V|L,c orCS=Viy
Input Low Voltage ViL 1.0 0.6 v
Input High Voltage ViH 24 VeeH v
CE Input Low Voltage ViLe 1.0 06 \
CE Input High Voltage ViHe Vpp-1| Vpp Vpp+1 v
Output Low Voitage VoL ] 0.40 \Z foL =3.2mA
Output High Voltage VOH 24 Vee v IoH =2.0mA
Notes: (1) Typical values are for T, = 25°C and nominal power supply voltages.
(@ The Igg current is the sum of all leakage current.
@) During CE on V¢ supply current is dependent on output loading.
Ve is connected to output buffer only.,
@ 65 mA for uPD411-3
80 mA for uPD411-4
® 41 mA for uPD411-3
55 mA for uPD411-4
CAPACITANCE Ta=0" —70°C
LIMITS TEST
AMET! SYMBOL UNIT
PARAMETER BO MIN | TYP | MAX CONDITIONS
Address Capacitance, CS | CAp 4 6 pF | VIN =Vss
CE Capacitance CCE 18 | 27 | oF | VIN=Vss
Data Output Capacitance| COUT 5 7 pF | VouT=0V
DN and WE Capacitance| CiN 8 10 | pF | VIN=Vss

13



uPD411

READ CYCLE

Ta=0°Ct070°C, Vpp = 12V 5%, Vg = 5V + 5%, Vg = ~5V * 5%, Vgg = OV, unless otherwise noted,
Except Vpp = +15V £ 5% for 411-4

. LIMITS
PARAMETER SYMBOL uPD411 uPD411-1 | pPD411-2 | uPD411-3 | wuPD411-4 | UNIT
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
Time Between Refresh tREF 2 2 2 2 2| ms
Address to CE Set Up Time tAC 0 0 0 0 0 ns
Address Hold Time tAH 150 150 150 150 100 ns
CE Off Time tce 130 170 130 130 80 ns
CE Transition Time tT 0 40 0 40 0 40 0 40 0 40| ns
CE Off to Output High tCF 0} 130 0} 130 0} 130 0} 130 0| 130 ns
Impedance State
Cycle Time tcy 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 300 250 200 150 135| ns
CE to WE Wi 40 40 40 40 40 ns
WE to CE on twe 0 o [ i} 0 ns
WRITE CYCLE
Ta=0°Cto 70°C, Vpp = 12V * 5%, Vg = 5V 5%, Vg = —5V + 5%, Vgg = OV, unless otherwise noted,
Except Vpp = +15V ¢ 5% for 411-4
LIMITS
PARAMETER SYMBOL uPD411 uPD411-1 | uPD411-2 | uPD411-3 | wuPD411-4 | UNIT
MIN [ MAX | MIN |MAX | MIN [MAX | MIN | MAX | MIN | MAX
Cycle Time tcy 470 470 400 380 N 320 ns
Time Between Refresh tREF 2 2 2 2 2| ms
Address to CE Set Up Time tAC 0 o 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 o 40 0 40 0 40 0 40| ns
CE Off to Output High tcF 0| 130 0| 130 0| 130 0| 130 0| 130 ns
Impedance State
CE on Time tCE 300 |3000 | 260 |3000 | 230 |3000 [ 210 |3000 | 200 {3000 | ns
WE to CE off tw 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
DN Hold Time tDH | 40 40 40 40 40 ns
WE Pulse Width twp 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
T,=0°Cto 70°C, Vpp = 12V * 5%, Vg = 5V 5%, Vg = 5V * 5%, Vgg = OV, unless otherwise noted,
Except Vpp = +15V ¢ 5% for 411-4
LIMITS
PARAMETER SYMBOL uPDA411 uPD411-1 | uPD411-2 | uPD411-3 | wPD411-4 | UNIT
MIN [MAX | MIN [MAX | MIN [MAX | MIN |MAX | MIN {MAX
Read—Modify—Write tRWC 650 640 520 470 320 ns
(RMW) Cycle Time
Time Between Refresh REF 2 2 2 2 2| ms
Address to CE Set Up Time tAC ) o] o o 0 ns
Address Hold Time tAH 150 150 150 150 100 ns
CE Off Time tcc 130 170 130 130 80 ns
CE Transition Time tT ) 40 0 40 0 40 0 40 0 40 | ns
CE Off to Output High 1CcF 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 o 0 0 ns
WE to CE off tw 180 180 150 150 65 ns
WE Pulse Width wp 180 180 150 100 65 ns
Dy to WE Set Up tow 0 0 0 0 [ ns
DN 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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TIMING WAVEFORMS

READ CYCLE @D
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- fuptiva oL
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Notes (1) For refresh cycle row and column addresses must be stable tAC and remain
stable for entire t o period.
@ Vpp 2V s the reference leve! for measuring timing of CE.
@) Vss *+2V 15 the reference level for measuring iming of CE.
@ Vipmin s the refecence level for measuring timing of the addresses, TS,
WE and Dyp.
(® ViLMAX 's the reference level for measuring timing of the addresses, CS,
WE and D|n
(® Vss +2.0V 15 the reference level for measuring timing of DOUT.
Vg +0.8V 15 the reference level for measuring ming of BOUT
ss oU
. ‘CV
1,
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b
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Oy Dy CAN CHANGE y D, STABLE Oy CAN
CHANGE Ve
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5o TG e
our  © -
_ IMPEDANCE UNDEFINED IMPEDANCE VoL
Notes (D) Vpp -2V 1s the reference level for measuring timing of CE
(@ Vss *+2V 15 the reference level for measuring timing of CE.
@ ViKMIN s the reference level for measuring timing of the addresses, CS.
WEand DN .
@ ViLmAx 15 the reference level for measuring timing of the addresses, CS,
WE and Dy
RWC
R C Vine
ce
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! AC ] e tAH g — f— T vin
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AND CS Vi
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— 2 ty ViH
W ) @ WE CAN CHANGE
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= SEm = — VoH
OUT — HIGH ~—————er] SRV S— == HIGH ~=
IMPEDANCE UNDEFINED X VALID IMPEDANCE vou
t tacC

Note () WE must be at V4 until end of tco
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uPDA411

lopav ~Ta lopav ~tey
70 1.25 l r [ I
MINIMUM CYCLE TIME]
60 1.0
SPEC LIMIT
R Z078 \ tcg = CONST
3 8 2
8 40 =] TYP] 0.5
- P Dp Ay, :
YCLETime = oo +—]
30 0.26 -
0 2 50 7% 1 2 3 4 5
Ta(°C) NORMALIZED CYCLE TIME
o~ VoH . loL - VoL
-50 50
-40 40
3 P
g 0 R ‘E'_, 30 8¢
‘:’!: P 22 ° '\’// oG
S N % S
20 \‘0 20 ]
10 10 //
TN / !
— SPEC LIMIT: ~2m‘\, 24V SPEC LIMIT: 3.2mA, 0.4V T
T T I | N hd T T
0 1 2 3 4 5 0 1 2
Vou (V) VoL V)
Vpp - VBB REF — Ta
11T -
14 NS
1GU/—\I?‘/‘\N:'EEDr ! \\
I~ OPERATING REGION ] \’;—p
13 100 \‘
H N
s . N
g 1 g N
> 10
/
1 SPEC LIMIT: 2ms
S0 RN
10 p 3¢, . 1 L ]
/[A/ [ 20 40 60
Ta(°C)
3 4 5 6 -7 8
Vgg (V)
Power consumption = VDD X 'DDAV +Vgg x Igg-
Typical power dissiption for each product is shown below.
mW (TYP.) - CONDITIONS
uPD411 450 Ta=25°C, tcy = 470ns, tcg= 300ns
uPD411-1 450 Ta=25°C, tcy = 470ns, tcg = 260ns
uPD411-2 450 Ta= 25°C, tcy = 400ns, tce= 230ns
uPD411-3 550 Ta=25°C, tcy = 380ns, tcg = 210ns
uPD411-4 660 Ta=25°C, tcy = 320ns, tcg= 200ns

. See above curves for power dissipation versus cycle time.
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CURRENT WAVEFORMS

CE(V)

Icg (mA)

Ipp (MA)

Igg (MA)

PACKAGE OUTLINE
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20
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-20

80

40

40

20

-20

-40

uPD411D

A fe—— K
p—
M
——/ fa— 0 — 15°
(Plastic)

ITEM MILLIMETERS INCHES
A 27.43 MAX 1.079 MAX
B 1.27 MAX 0.05 MAX
C 2.54 + 0.1 0.10
D 0,42+ 0.1 0.016
E 254 +0.3 1.0
F 1.5 0.2 0.059
G 3.5 03 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

411DS-REV3-12-80-CAT
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NEC

PD411A

NEC Microcomputers, Inc. ﬁpp411A.1

DESCRIPTION

FEATURES

PIN CONFIGURATION

WMPD411A-2

4096 BIT DYNAMIC RAMS

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

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.

Reading information from the memory is non-destructive, Refreshing is easily 3

e Low Standby Power

® 4096 words x 1 bit Organization

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

o 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 Plastic Dual-in-Line Package

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

e 3 Performance Ranges:

ACCESS TIME | RW CYCLE | RMW CYCLE | REFRESH TIME
uPD411A 35-0 ns 470 ns 650 ns 2ms
uPD411A-1 250 ns 430 ns 600 ns 2ms
uPD411A-2 200 ns 400 ns 520 ns 2ms
S
ves (1 223 vss PIN NAMES
Ag C 2 21 : Ag Ag-Atq Address Inputs
AQ-As i Refresh Addresses
A -
1003 200 Ay CE Chip Enable
A11a 190 Ag cs Chip Select
s C 5 18 3 v DiN Data Input
uPD oD DouT Data Output
onOde a411a 17[HcE WE Write Enable
bouT E 7 16 ne Vpp Power (+12V)
vce Power (+6V)
A 8
o 150 Ag Vss Ground
A 0o 14 :A4 Vg (Powe. =5V)
Az l: 10 13 3A3 {NC No Connection
vee 1 12[0We '
Rev/1
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CE Chip Enable FUNCTIONAL DESCRIPTION
A single external clock input is required. All read, write, refresh and read-modify-write
operations take place when chip enable input is high. When the chip enable is low, the
memory is in the low power standby mode. No read/write operations can take place
because the chip is automatically precharging.

CS Chip Select

The chip select terminal affects the data in, data out and read/write inputs. The data
input and data output terminals are enabled when chip select is low. The chip select
input must be low on or before the rising edge of the chip enable and can be driven
from stang{ard 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.

DN Data Input

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

DouT Data Output

The three state output buffer provides direct TTL compatibility with a fan-out of two
TTL gates. The output is in the high-impedance (floating) state when the chip enable

is low or when the Chip Select input is high. Data output is inverted from data in.
Refresh

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

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

BLOCK DIAGRAM
o
AQ O————p| W z - VDD
Al O] & a
) > o - o Ve
e A Q CELL MATRIX v
Az o—e & [T 2 64 x 64 ——o7ss
A4 O & 3 —~~——0 Vgg
As o] O 4
l SENSE AMP 1‘—— o Cs
TIMING
CE 0——=1 (:NERATOR COLUMN DECODER o
——0 p
[} IN
ADDRESS BUFFER Pout

L1 ]
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pPD411A

ABSOLUTE MAXIMUM Operating TEMPerature . . ...........oueeeneennnnnnnnnn. 0°C to +70°C
RATINGS*  Storage Temperature . .................coeveueeennn. -55°C to +125°C
OutputVoltage @ . .. .. ...t +20 to -0.3 Volts

All Input Voltages (D ..ot i vttt e et e e +20 to - 0.3 Volts

Supply Voltage Vpp @ +20 to -0.3 Volts
Supply Voltage Vcc @ +20 to - 0.3 Volts
Supply Voltage Vss @) +20 to -0.3 Volts

Power Dissipation . .............. e e e e e e 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.
*T,=25°C
DC CHARACTERISTICS Ta- 0°C to 70°C, Vpp = +12V  10%, V¢ = +5V ¢ 10%, Vgg = -5V * 10%, Vgs = OV
LIMITS
PARAMETER SYMBOL MIN. | TYP. @ | MAX. | UNIT TEST CONDITIONS
Input Load Current [IN] 0.01 10 MA | VIN = VIL MIN to VIH MAX
CE Input Load Current ILe 0.01 10 MA | VIN = VILC MIN to VIHC MAX
Output Leakage Current N CE=Vycor CS=ViH
for High Impedance State Lo 0.01 10 KA Vg =0V to 5.25V
Vpp Supply Current
=-1.0V .6V
during CE off DD OFF 50 200 uA | CE 0V to 0.6
Vpp Supply Current o
= =25°C

during CE on DD ON 35 50 mA [CE=V|HC, Ta=25
Average Vpp Current Ta=25C

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
VBg Supply Current @ | Igg 5 100 A
V¢ Supply Current

. =V =
. during CE off @ IcC OFF 0.01 10 A |CE=V|corTS=V|y

Input Low Voltage ViL -1.0 0.6 v
Input High Voltage VIH 24 Vee+1 v
CE Input Low Voltage ViLe -1.0 0.6 v
CE Input High Voltage VIHC Vpp-1 Vpop |Vobp+1 v
Output Low Voltage VoL 0 0.40 V }loL=32mA
Output High Voltage VOH 24 Vce v IOH=-20mA

Notes: (D Typical values are for T, = 25°C and ngminal power supply voltages.
@ The I current is the sum of all leakage currents.
@ During CE on V¢ supply current is dependent on output loading.
CAPACITANCE T1,-0°Cto70°C, Vpp = 12V * 10%, VCC =+5V  10%, VBB = -5V * 10%, Vsg = OV

LIMITS - TEST
PARAMETER | symeoL | min. | Tvp. [ max. | uniT | conpiTions

Address Capacitance | CApD 6 pF VIN = Vss
C3S Capacitance Ccs 6 pF VIN = Vss
DN Capacitance CIN 6 pF VIN = Vss
DouT Capacitance Cout 7 pF VouT = Vss
WE Capacitance CwE 7 pF VIN = VSs
CE Capacitance CCE1. 27 pF VIN = Vss

CCE2 2 pF VIN = VDD 21



AC CHARACTERISTICS

READ CYCLE .
Ta=0°Cto 70°C, Vpp = 12V * 10%, VCC = 5V + 10%, VBB = -5V £ 10%, VSg = 0V, unless otherwise noted.
LIMITS
uPD411A uPD411A-1 uPD411A-2
PARAMETER symBoL | MIN [ MAX | MIN »MAX MIN | MAX | UNIT TEST CONDITIONS
Time Between Refresh tREF 2 2 2 ms
“Address to CE Set Up Time tAC 0 0 0 ns
Address Hold Time tAH 150 150 150 ns
CE Off Tfme tcC 130 130 130 ns tT=tr=tf=20ns
CE Transition Time tT 1] 40 0 40 0 40 ns CL=50pF
CE Off to Output High _
Impedance State tCF 1] 130 0 130 0 130 ns Load = 17TL Gate
Cycle Time tcy 470" 430 200 s Vref = 2.0 0r 0.8 Volts
CE on Time 1CE 300 | 3000 [ 260 | 3000 | 230 | 3000 ns
CE Output Delay tco 280 230 180 ns
Access Time tACC 300 250 200 ns
CE to WE Wi 40 40 40 ns
WE to CE on tWe 0 0 0 ns

WRITE CYCLE
Ta=0°C 10 70°C, Vpp = 12V £10%, Vg = 5V * 10%, Vgg = - 5V *+ 10%, Vsg = 0V,

unless otherwise noted.

LIMITS
uPD411A uPD411A-1 ©PD411A-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 0 ns
Address Hold Time tAH 150 150 150 ns
CE Off Time tcC 130 130 130 ns
-CE Transition Time T 0 40 0 40 0 40 ns =t =tf=20ns
fjp?;;:e%“:::‘ High tCcF o 13| o] 130 ol 130| ns | cL=50pF
CE on Time tCE 300 | 3000 | 260 | 3000 | 230 | 3000 | ns | L0 !TTLGate
WE to CE off W 180 180 150 s | Vref=200r 08 Volts
CE to WE tcw 300 260 230 ns
DN to WE Sei Up D W 0 0 0 ns
DN Hold Time tDH 40 40 40 ns
WE Pulse Width wp 180 180 150 ns

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

READ-MODIFY-WRITE CYCLE
Ta=0°Cto 70°C, Vpp = 12V * 10%, VCC = 5V * 10%, VBB = -5V * 10%, Vs = OV, unless otherwise noted.

LIMITS
uPDA11A uPD411A1 uPD411A-2
PARAMETER SYMBOL | MIN| MAX| MIN| MAX | MIN | MAX| UNIT TEST CONDITIONS

:::'::‘:”'w"“ (RMW) | awc | 650 600 520 ns
Time Between Refresh tREF 2 2 2 ms
Address to CE Set Up Time tAC 0 0 0 ns
Address Hold Time tAH 150 150 150 ns
CE Off Time tce 130 130 130 ns
CE Transition Time T 0 40 0 40 0 40 ns

" tT=t=tf=20ns
f’:p(:;::‘:‘()su:::t High tCF 0 130 o130 0 130| ns CL =50 pF
CE Width During RMW tCRW | 480 | 3000 | 430 | 3000 | 350 | 3000 ns | Load=1TTLGate
WE to CE on we 0 0 0 ns Vref = 2.0 or 0.8 Volts
WE to CE off w 180 180 150 ns
WE Pulse Width WP 180 180 150 ns
DN to WE Set Up tow 0 0" [ ns
DN Hold Time tDH 40 40 - 40 ns
CE to Output Delay 1Co 280 230 180 | ns
Access Time tACC 300 250 200 ns




/PD411A

READ AND REFRESH CYCLE D
TIMING WAVEFORMS
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For refresh cycle, row and column addresses must be stable tacC and
remain stable for entire tAH period.
Vpp - 2V is the reference level for measuring timing of CE.

Notes:

O}
)
®  Vsg+ 2V is the reference level for measuring timing of CE.

@ \_/_IHmN is the reference level for measuring timing of the addresses,
CS, WE and DIN.

® \ﬂLM_AX is the reference level for measuring timing of the addresses,
CS, WE and DIN.

®  Vss +2.0v is the reference level for measuring timing of DOUT-

@  Vss+0.8Y is the reference level for measuring timing of DOUT.

®

WE must be at VjH until end of tCO-
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wPD411A

'opav ~ Te Ippav ~ tey
70
12, T T T T 7
MINIMUM CYCLE TIME|
60 1.0
SPEC LIMIT
g w0 >0.75 \
£ . tcg = CONST.
2 o ¢
o
£ a0 T i 05
CYCLETe = a::;o ——
" -
30 0.25 ™~
0 25 50 7% 1 2 3 a4
Tal’C) NORMALIZED CYCLE TIME
lon—Vou 1oL - VoL
50 50
.40 40
_ <
3w 5, S w &
T & © YL
o AN N
-20 N 20
10 \ 10
[ SPEC LIMIT: ~2n}A, 2.4v SPEC LIMIT:. 3.2mA, 0.4V
L0 hd L1y
0 1 2 3 4 5 0 1 2
Vo (V) Vo VI
VoD - VBB REF =T, |
1000
ST §
b &_|  GUARANTEED \fyp
&S OPERATING REGION "]
13 L f & 100
WAS H
s )R .
8 12 ;
> 10
4
il
7 SPEC LIMIT: 2 m:
.84 [N
»
10 : s, ’ J
L 0 20 a0 | 60
Ta(°C)
3 4 5 -6 -7 8
Vgg (V)
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, tcg = 300 ns
-0
uPD411A-1 460 mwW Ta=250C, tcy = 430 ns, tCE = 260 ns
uPD411A-2 460 mW Ta=25C, 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, Vgg = -5.0V, Vg = 5.0V
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(PLASTIC)

ITEM MILLIMETERS INCHES
A 28.0 Max. 1.10 Max.
B 1.4 Max. 0.025 Max.
C 2.54 0.10
D 0.50 0.02

" E 25.4 1.00
F 1.40 0.055
G 2.54 Min, 0.10 Min.
H 0.5 Min. 0.02 Min.
1 4.7 Max. 0.18 Max.
J 5.2 Max. 0.20 Max.
K 10.16 0.40
L 8.5 0.33

+0.10 +0.004

M 0.25_0.05 0.01_ 0,002

PACKAGE OUTLINE
uPD411AC

411ADS-12-80-CAT



NEC

NEC Microcomputers, Inc. . PD416

M PD416-1
M PD416-2
M PDA416-3
M PD416-5

16384 x 1 BIT DYNAMIC MOS
RANDOM ACCESS MEMORY

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

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

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

FEATURES « 16384 Words x 1 Bit Organization
e High Memory Density — 16 Pin Ceramic and Plastic Packages
o Multiplexed Address Inputs
e Standard Power Supplies +12V, -5V, +5V
e Low Power Dissipation; 462 mW Active (MAX), 40 mW Standby (MAX)
e Qutput Data Controlled by CAS and Unlatched at End of Cycle
e Read-Modify-Write, RAS-only Refresh, and Page Mode Capability
¢ All Inputs TTL Compatible, and Low Capacitance
e 128 Refresh Cycles
e 5 Performance Ranges:
ACCESS TIME | R/W CYCLE | RMW CYCLE
uPD416 300ns - 510 ns 575 ns
uPD416-1 250 ns .. 410 ns 465 ns
,,,,,,, --| uPD416-2 200 ns 375 ns 375 ns
uPD416-3 150 ns 375 ns 375 ns
uPD416-5 120 ns 320 ns 320 ns
PIN CONFIGURATION [\
c O‘ Vgs : 1 16 b Vss
) — Ag-Ag Address Inputs
oin  [O2 15 b CAS CAS Column Address Strobe
write [ 3 12{7] bour D\N Data In
DouT Data Out
RAs Qe uPD &= A6 RAS Row Address Strobe®
A 5 #6127 A, WRITE | Read/Write
\2:1) Power (-5V)
6
A2 C " 3 A4 Vee Power (+5V)
A4 E 7 10 [ As VpD Power (+12V)
VDD 8 9 :] vee Vss Ground
Rev/2
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. PD416

BLOCK
DIAGRAM
0 ;: oMY CELL
coL § K3 CELL MATRIX vee
autten s 128x64
3|
no [ | E — o switcn oS — oouT
SENSE AMP Oout
1/0 SWITCH 110 8US porren
w—d E H ]
HEEC oo O
H
- =i oY GELL
L 128 oo .
- .
Ad ) —o
Toen© :
—o
WE
o
Vss es b
§ggz §88%% oo
e LY o
row H coLum TG
s 0— —o T
Vs vss
Operating TeMPErature . .. .. .vvvevve o e eneeeenesnnannn 0°Cto+70°C ABSOLUTE MAXIMUM
Storage TeMPerature . . . oo v v n et e ee e s -55°Cto +1560°C RATINGS*
All Output Voltages (D). .+« - v v vttt -0.5 to +20 Volts
All InputVoltages D. .. . ....... ..., -0.5 to +20 Volts
Supply Voltages Vpp, Vee, VeSS D. -« oo oo -0.5 to +20 Volts
Supply Voltages VPP, Ve @ .« . oo oo o e -1.0 to +15 Volts
Short Circuit Qutput Current . . ... .. .ttt ittt 50 mA
Power Dissipation . . . ... ... ... e e 1 Watt
Notes: (D Relative to Vg
@ 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.
*T,=25°C
Ta=0°Cto 70°C, Vpp = +12V * 10%, Vgg =-5V * 10%, VG = +5V +
a oD BB 10%, Vee = +5V £ 10%, CAPACITANCE

Vss = 0V

PARAMETER SYMBOL MIN L!'-he:s AX UNIT CONTDE::‘;ONS
e | | [+ e |
;‘Tpgf%f"%:‘% cr2 8 | 10 | pF
?;;T;)Capacitance Co 5 7 oF
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DC CHARACTERISTICS

pmPD416

Ta=0°Ct0+70°C(Q), Vpp = +12V £ 10%, Vc = +6V + 10%, Vgg = -5V ¢ 10%, Vsg = OV

LIMITS TEST
PARAMETER SYMBOL MIN TYP | MAX | UNIT CONDITIONS
Supply Voltage Vbobp 10.8 12.0 13.2 \ @
Supply Voltage Vee 45 5.0 5.5 v @ ®
Supply Voltage Vss 4] 0 0 \ @
Supply Voltage VB -45 | 50| -55| Vv @
Input High (Logic 1)
Voltage, RAS, CAS, ViHC 2.7 70| v @
WRITE
Input High (Logic 1}
Voltage, all inputs
L \ 4 7.0 v
except RAS, CAS 1H 2 @
WRITE
Input Low (Logic 0)
Y - 1.0 0.8 v
Voltage, all inputs It @
R RAS, CAS cycling;
Operating Vpp Current IpD1 35 mA tRC = tRC Min. @
RAS = Vinc. Dout
Standby Vpp Current op2 1.5 | mA = High Impedance
Refresh|All Speeds —_— —_—
Vpp  [except uPD416-5 pD3 25 mA RAS cycling, CAS =
VIHC:tRC = 375 ns @
Current uPD416-5 | 'DD3 27 mA
RAS = V|, CAS
Page Mode Vpp ina: 'L -
Current IpD4 27 mA cycling; tpc =
225 ns @)
Operating Vco RAS, CAS cycling,
Current Icet KA tRre = 375ns®
RAS = VinC.
Standby V¢ Current lcc2 -10 10 MA Doyt = High
Impedance
I RAS cycling,
Refresh Vo Current Folox} -10 10 uA CAS - Vine.
tRc ¢ 375 ns
RAS - V. CAS
Page Mode Ve 't
Current Icca KA cyehing. 1pc
225 ns &)
Operating Vgg A RAS, CAS cycling,
Current 'BB1 200 “ tRc 375ns
RAS = ViHC.
Standby Vgg
100 A High
Current '8B2 0 . Pourt 0
Impedance
RAS cycling,
| e
Refresh Vgg 1883 200 | uA | TAS- Viue.
Current tRC = 375 ns
RAS = V|, CAS
Zage Mode Vgg 8B4 200 A cycling;
urrent tpc = 225 s
Vgg = -5V, 0V <
Input Leakage VIN S +7V,
(any input) R -10 10 A all other pins not
under test = OV
DQuT is disabled,
Output Leakage oLy | -10 10 HA 1 oV < VouT < +5.5V
Output High Voltage -
Vv 24 v | =-5mA
{Logic 1) OH ouT ®
Output Low Voltage -
V 0.4 \ t =42 mA
(Logic 0) oL ouTt

Notes: (1) T, is specified here for operation at frequencies to tRc > tre (min). Operation at higher cycle rates with reduced
ambient temperatures and high power dissipation is permissible, however, provided AC operating parameters are met.
See Figure 1 for derating curve.
Allvoltages referenced to Vgs.
Output voltage will swing from Vgg to Vg when activated with no current loading. For purposes of maintaining
data in standby mode, Vcc may be reduced to Vggs without affecting refresh operations or data retention. However,
the Vop (min) specification is not guaranteed in this mode.

@ 'pD1. 'DD3. and Ipp4 depend on cycle rate. See Figures 2, 3 and 4 for Ipp limits at other cycle rates.

Icc and Iccg4 depend upon output loading. During readout of high level data V¢ is connected through a low
impedance {13552 typ) to data out. At ali other times Icc consists of leakage currents only.
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#PD416

AC
CHARACTERISTICS

Ta=0°Cto +70°C, Vpp = +12V £ 10%, V¢ = 5V 2 10%, Vg = -5V = 10%, Vg = OV
LIMITS

uPD41E 4#PD416-1 uPD416-2 1uPD416-3 uPD4165 TEST

PARAMETER SYMBOL | MIN MAX | MIN MAX MIN MAX | MIN | MAX MIN MAX UNIT CONDITIONS

Random read or write

1 410 75 320 ns
cyele ime tRC 510 3 320 ®
Read-write cycle time | (RWC 575 465 375 375 320 ns [©)
Page mode cycle time tpC 330 275 225 170 160 ns
h‘“%g'“ time from tRAC 300 250 200 150 120 ns )
Fpcass time from tcac 200 165 135 100 80| ns ® ®
Output butfer

3

wrmott delay 1OFF 0 80 0 60 0 50 o0 40 0 5| ns @
Transition time
(rise and fall I3 3 50 3 50 3 50 3 35 3 35| ns @
TAS precharge time tRP 200 150 120 100 100 ns
RAS pulse width 1RAS 300 | 10,000 [ 250 | 10,000 { 200 | 32,000 [150 | 32,000 | 120 | 10,000 [ ns
RAS hold time tRSH 200 165 135 100 80 ns
CAS pulse width tcas 200 | 10,000 | 165 | 10,000 | 135 | 10,000 | 100 | 10,000 [ 80 | 10,000 | ns
":E to CAS delay tRCD 40 100 | 35 85| 25 65 | 20 50 | 15 40| ns
TAS to RAS
precharge time CRP -20 -20 -20 -20 0 ns
Row address
setap time tASR 0 [ o 0 0 ns
Row address
hold trme tRAH 40 35 25 20 15 ns
Column address
ser-up tme tasc -10 -10 -10 -10 -10 ns
Column address
holid time tCAH 90 7% 55 45 40 ns
Column address hold
time referenced to tAR 180 160 120 95 80 ns
RAS
Read command
set-up time RCS o 9 0 o 0 "
Read command
hoid time fRCH ° 0 0 o 0 ns
Write command .
hold time WCH 90 75 55 a5 40 ns

Write command
hold time WCR 190 160 120 95 80 ns
referenced 1o RAS

Write command

oulse wdth we 90 75 55 a5 40 ns
Write command to .

RS lead time RWL 120 85 70 50 50 ns

Write command to

CAS lead time tcwL 120 85 70 50 50 ns

Data-in set-up ume g 0 0 0 0 0 ns ®
Data-in hold time 101 90 75 55 45 40 ns ®
Data-in hoid time

referenced to RAS DHR 190 160 120 95 80 ns

CAS precharge time

(for page mode tcp 120 100 80 60 60 ns

cycle only)

Refresh period tREF 2 2 2 2 . 2 ms

WRITE command

et e twes -20 -20 20 -20 0 ns

CAS to WRITE

detay ° wcwo | 140 125 95 70 80 ns
RAS to WRITE

delay tRWD | 240 200 160 120 120 ns (@)

Notes: (1) AC measurements assume ty = 5 ns.
VIHC (min) or Vi (min) and Vy(_ (max) are reference levels for measuring timing of input signals. Also, transition umes are measured between Vg or V(1 and Vy(

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

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

® Assumes that trep > trep (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) himit ensures that tgac (max) can be met, tp (max) 1s specified as a reference point only, 1f tRCp s greater than the specified
tRCD (max) limit, then access time 1s controlled exclusively by tCAC
These parameters are referenced to CAS leading edge in early write cycles and 1o WRITE leading edge in delayed write or read-modify-write cycles.
WCS. tCWD and tRwD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only. if tycs ~ twges (min), the cycle
1s an early write cycle and the data out pin will remain open circuit (high impedance) > tgwp (min), the cycle 1s 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 congition of the data out (at access time) 1s indeterminate.
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CYCLE TIME tg (ns)

DERATING CURVES 320
1000 500 400, 375| 300 250
50 mA [ . 1 1 -
uPD416-5
CYCLE TIME tge (ns) <
RC 420 E 40mA —<
1000 500 400 375 ‘300 250 E SPEC LIMIT 7/ /]
5 TR 1] 1 u \ 4
T 70 e T, (MAX) 1 o ,\c;,”/ \b.\‘b/
o 3 30mA QJ*/;@ /
a > gﬁ'/
: N z & s
- 60 5 /|7
. @» 20 mA 7
z - L
w =) F A4
2 2 17
< 50 2 omad el ¥
0 1.0 20 3.0 4.0 s 1om il
CYCLE RATE (MH2) = 103/t (ns) 7
FIGURE 1 0
Maximum ambient temperature versus cycle 0 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 El
than 2.66 MHz (toye < 375 ns) is deter- GURE 2
mined by T, (max) [°C] =70 - 9.0 x Maximum Ipp1 versus cycle rate for device
(cyc'e 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 tRg (ns) 20 CYCLE TIME tpe (ns)
1000 500 400 300 250 1000 500 400 300 250 200 160
50 mA AN 1375, 50 mA Ll 1 1
uwPD416-5 <
40 mA £ a0ma
-
zZ
w
g
30 mA
P 8 30 mA SPEC LIMIT
SPEC LIMIT ~ Al 2
N ] - %
20 mA RSP @ 20mA —
[ & =
5 r Q. g —
@,.c DR\ S [a] ‘4? -
G B 8 -
;‘ r <y x - -
<
10 mA — > s 10mA =
P
7
I
0 [o]
0 1.0 2.0 3.0 4.0 (] 1.0 2.0 3.0 4.0 5.0 6.0
CYCLE RATE (MHz) = 103/t (ns) CYCLE RATE (MHz) = 103/1g¢ (ns)
FIGURE 3 FIGURE 4
Maximum |53 versus cycle rate for device Maximum Ippg4 versus cycle rate for device
operation at extended frequencies. operation in page mode.
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TIMING WAVEFORMS “RAS-ONLY"” REFRESH CYCLE
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-
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puPD416

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 rgw__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 CTS, whichever occurs later. If WRITE is active before CTS, this
is an “early WRITE" cycle and data out will remain in the high impedance state
throughout the cycle. For a READ, WRITE, OR READ-MODIFY-WRITE cycle, the
data output will contain the data in the selected cell after the access time. Data out
will assume the high impedance state anytime that CAS goes high.

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

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

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

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

ADDRESSING

DATA I/O

PAGE MODE

REFRESH

CHIP SELECTION

POWER SEQUENCING
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PACKAGE OUTLINE "
A

uPD416C

e L ——

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

A 19.4 MAX. 0.76 MAX.

B 0.81 0.03

c 2.54 0.1

D 0.5 0.02

E 17.78 0.70

F 1.3 0.051

G 2.54 MIN. 0.10 MIN.

H 0.5 MIN. 0.02 MIN.

1 4.05 MAX. 0.16 MAX.

J 4.55 MAX. 0.18 MAX.

K 7.62 0.30

L 6.4 0.25

M 0.25 *010 0.01

-0.05
#PD416D < ‘

>

et |~

| B [

(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 1.3 0.051
[ 3.5 MIN. 0.14 MIN.
H 0.5 MIN, 0.02 MIN.
1 4.6 MAX. 0.18 MAX.
J 5.1 MAX. 0.20 MAX.
K 7.8 0.30
L 7.3 0.29
M 0.27 0.01

416DS-12-80-CAT
35



36

NOTES



NEC

NEC Microcomputers, Inc. MPD2118

DESCRIPTION

FEATURES

PIN CONFIGURATION

4PD2118-2
PD2118-3

yn
PRELIIAEY

16384 x 1 BIT DYNAMIC MOS
RANDOM ACCESS MEMORY

The uPD2118 is a single +5V power supply, 16384 word by 1 bit Dynamic MOS RAM.
The uPD2118 achieves high speed with low power dissipation by the use of single tran-
sistor dynamic storage cell design and advanced dynamic circuitry. This circuit design
results in the minimizing of current transients typical of dynamic RAMS. This in turn
results in high noise immunity of the uPD2118 in a system environment. By using a
multiplexing technique, the uPD2118 can be packaged in an industry standard 16-Pin
Dip utilizing 7 address input pins for the 14 address bits required. The two 7 bit address
words are referred to as the ROW and COLUMN address. Two TTL clocks, ROW address
strobe (RAS) and COLUMN address strobe (CAS) latch these two words into the
uPD2118. Non-critical timing requirements for RAS and CAS permit high systems per-
formance without placing difficult constraints upon the multiplexing control circuitry.

The uPD2118 has a three-state output controlled by CAS, independent of RAS. Follow-
ing a valid read or read-modify-write cycle, data will be held in the output by holding
CAS low. Returning CAS to a high state will result in the data out pin reverting to the
high impedance mode. Use of this CAS controlled output means that the uPD2118 can
perform hidden refresh by holding CAS low to maintain latch data output while using
RAS to execute RAS-only-refresh cycles.

The use of single transistor storage cell circuitry requires that data be periodically
refreshed. Refreshing can be accomplished by performing RAS-only-refresh cycles,
hidden refresh cycles or normal read or write cycles on each of the 128 address com-
binations of A0 through A6 during a 2 ms period. The write cycle will refresh stored
data on all bits of the selected row, except that the bit which is addressed will be mod-
ified to reflect the data input.

Single +5V Supply, £10% Tolerance
Low Power: 138 mW Max Operating
16 mW Max Standby

e Low VDD Current Transients
e All Inputs, Including Clocks, TTL Compatible
o- Non-Latched Qutput is Three-State
e RAS-Only-Refresh
e 128 Refresh Cycles Required
e Page Mode Capability
e CAS Controlled Output Allows Hidden Refresh
P/N ACCESS TIME R/W CYCLE RMW CYCLE
uPD2118 150 ns 320 ns 410 ns
uPD2118-2 120 ns 270 ns 345 ns
uPD2118-3 100 ris 235 ns 295 ns
——
ne 16 [JVss PIN NAMES
bing2 15 [J CAs Ag-Ag | ADDRESS INPUTS
WE s 143 Pout CAS COLUMN ADDRESS STROBE
— DN DATA IN
A
RAS 1] 4 ;:’1% 1300 A6 Doyt | DATAOUT
Ao[s 12[] A3 WE WRITE ENABLE
Az 1] A, RAS ROW ADDRESS STROBE
VoD POWER (+5V)
= 10045 Vss GROUND
Vobi[ds 9{dnc
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xPD2118

7 10F 64 BLOCK
64 x 128 CELL
BIT ROW | AM
Ao LATCH DECODERS MEMORY ARRAY DIAGR
A % {ROW)
A2 :J’ 128 SENSE 1oF2
AMPLIFIERS
A3 ﬁ 1 OF 64 COLUMN <:> o b— 23:::; — Dout
Aq o DECODERS GATING
As 2 7
Ag BIT 10F64
LATCH ROW 64 x 128 CELL
(COLUMN) DECODERS MEMORY ARRAY
RAS CLOCK cLocK WRITE —L“ DATA
T | GENERATOR GENERATOR ENABLE INPUT
NO. 1 NO.2 BUFFER BUFFER
o [
WE BLOCK DIAGRAM
Oin
. . O
Ambient Temperature UnderBias . ...................... -10°Ct0+80°C ABSOLUTE MAXIMUM
Storage Temperature . . ... .............. e -65°C to +150°C RATINGS*
Voltage On Any Pin Relativeto VSS . ... .. ... —20t0+7.5V )
DataQutCurrent .. .................. e ....B0MA
Power Dissipation . . . ............ .0ttt 1.OW

*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 at 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 reliabiiity.



DC CHARACTERISTICS
READ, WRITE, AND
READ MODIFY WRITE
CcYCLESD

CAPACITANCE o

Ta=0°Cto 70°C, Vpp = 5V + 10%, Vgg = OV, unless otherwise noted

uPD2118

LIMITS
PARAMETER SYMBOL | MIN MAX | UNIT TEST CONDITIONS NOTES
Input Load Current I} 10 wA | ViN=Vsgsto Vpp
Output Leakage Current Lo 10 uA | Chip Deselected CAS at
for High Impedance State ViH.VouT = 0t0 5.5V
VpD Supply Current IpD1 3 mA | CASand RASat V|
(Standby )
VppD Supply Current uPD2118-3 pp2 25 mA
(Operating) uPD21182 | 1pp2 22 mA TRC = TRC Min @)
uPD2118-0 lop2 22 mA
Vpp Supply Current uPD2118-3 1pD3 20 mA
(RAS-Only Cycle) 4PD2118-2 1bD3 18 A ®
uPD2118-0 'pp3 18 mA TRC = TRC Min
VpD Supply Current Page uPD2118-3 'Dp4 20 mA
Mode, Maximum tpc uPD2118-2 'DD4 17 mA @
Minimum tcas uPD2118-0 D4 15 mA
Vpp Supply Current 1pDs 4 mA | CASat vy, RASat Viy @
(Standby, Output Enabled)
Input Low Voltage ViL -2.0 0.8 \
Input High Voltage ViH 24 7.0 "
Output Low Voltage VoL 0.4 v loL=4.2mA
Output High Voltage VoH 24 IoH = -6 mA

Notes: @ All voltages referenced to Vgs.
SS:

@ tpp is dependent on output loading when the device output is selected. Specified

IpD Max is measured with the output open.

Ta=25°C, VDD = 5V * 10%, VSS = OV, unless otherwise noted.

SYMBOL PARAMETER TYP | MAX UNIT
cn Address, Data In 3 pF
cI2 RAS, WE 4 pF
CI3 CAS 6 10 pF
Cco Data Out 4 pF

NOTES: D Capacitance measured with Boonton meter or effective capacitance

calculated from the Equation C = |AT/AV with AV equal to 3V
and power supplies at nominal levels,
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Ta=0°Cto 70°C; Vpp =5V * 10%, Vsg = 0V, unless otherwise noted.
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES

uPD2118-3 uPD2118-2 uPD2118-0
SYMBOL PARAMETER MIN MAX | MIN MAX | MIN MAX | UNIT ‘NOTES

tRAC Access Time From RAS 100 120 150 ns @®©®
tCAC Access Time From CAS 50 65 80 ns [ORONG)
tREF Time Between Refresh 2 2 2 ms
tRp RAS Precharge Time 110 120 135 ns
tCPN CAS Precharge Time (non-page- 50 55 70 ns

mode cycles)
tCRP CAS 10 RAS Precharge Time 0 0 0 ns
tRCD RAS to CAS Delay Time 20 50 | 20 55| 25 70| ns @
tRSH RAS Hold Time 65 85 105 ns
tCSH CAS Hold Time 110 135 165 ns
tASR Row Address Set-Up Time 0 0o 0 ns
RAH Row Address Hold Time 10 10 15 ns
tASC Column Address Set-Up Time 0 0 0 ns
ICAH Column Address Hold Time 15 15 20 ns
tAR Column Address Hold Time, 65 70 90 ns

to RAS
T Transition Time (Rise and Fall) 3 50 3 50 3 50 ns
tOFF Output Buffer Turn Off Delay 0 45 0 50 0 60 ns

READ AND REFRESH CYCLES
tRC Random Read Cycle Time 235 270 320 ns
tRAS RAS Pulse Width 115 | 10,000 | 140 [10,000 | 175 | 10,000 | ns
ICAS CAS Pulse Width 60 | 10,000 | 80 {10,000 | 95 | 10,000 | ns
tRCS Read Command Set-Up Time 0 0 0 ns
tRCH Read Command Hold Time 0 0 [ ns
WRITE CYCLE

tRC Random Write Cycle Time 235 270 320 ns
1RAS RAS Pulse Width 115 | 10,000 | 140 {10,000 | 175 | 10,000 | ns
tCAS CAS Pulse Width 60 | 10,000 80 | 10,000 95 | 10,000 ns
twes Write Command Set-Up Time 0o o] 0 ns ®
tWCH Write Command Hold Time 30 35 45 ns
WCR Write Command Hold Time, 80 90 115 ns

to RAS
twp Write Command Pulse Width 35 40 50 ns
TRWL Write Command to RAS Lead 70 90 110 ns

Time
towL Write Command to CAS Lead 65 85 100 ns

Time
tpsS Data-In Set-Up Time 0 4] 0 ns
1DH Data-In Hold Time 30 35 45 ns
tDHR Data-In Hold Time, to RAS 80 90 15 ns

READ-MODIFY-WRITE CYCLE
tRWC Read-Modify-Write Cycle Time 295 345 410 ns
tRRW RMW Cycle RAS Pulse Width 175 | 10,000 | 215 [10,000 | 265 | 10,000 | ns
tCRW RMW Cycle CAS Pulse Width 120 | 10,000 | 165 | 10,000 | 185 | 10,000 | ns
tawD  RAS to WE Delay 100 120 150 ns ®
tcwD CAS to WE Delay 50 65 80 ns ©®
PAGE MODE CYCLE

1pC Page Mode Read or Write Cycle 130 160 190 ns
tPCM Page Mode Read-Modify-Write 190 235 280 ns
tcp CTAS Precharge Time, Page Cycle 60 70 85 ns
tRPM RAS Pulse Width, Page Mode 125 | 10,000 | 150 | 10,000 [ 175 | 10,000 ns
tCAS CAS Pulse Width 60 | 10,000 80 [10,000[ 95] 10,000 ns

*NOTES: See page 7.
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TIMING
WAVEFORMS
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uPD2118
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NOTES: See page 7.
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RAS-ONLY REFRESH CYCLE TIMING WAVEFORMS (CONT.)
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PAGE MODE READ-MODIFY-WRITE CYCLE

TIMING WAVEFORMS (CONT) .
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Notes: @ All voltages referenced to Vgs.

@ Eight cycles are required after power-up or prolonged periods greater than 2 ms of RAS inactivity before
proper device operation is achieved. Any 8 cycles which perform refresh are adequate for this purpose.

@ AC Characteristics assume tT = 5 ns.

(@ Assume that trep < trep (max). If tep is greater than trep (max), then tgac will increase by the,
amount that tyep exceeds trep (max).

(® Load =2 TTL loads and 100pF.
(8) Assumes tgcp > tRCD (max).

1roD (max) is specified as a reference point only: if trcp is less than trep (max) access time is tRAC-
1 tRCD is greater than tRep (max) access time is tRCD + tCAC:

17 15 measured between Vy (min) and V| (max).

+ 5. tcwD and trwp are specified as reference points only. If tycs > twcs (min) the cycle is an early
: cycle and the data out pin will remain high impedance throughout the entire cycle. If tcwp = tCwD
and tRwp > tRWD (min), the cycle is a read-modify-write cycle and the data out will contain the data read
from the selected address. If neither of the above conditions is satisfied, the condition of the data out is
indeterminate.

@@V|H min and V|| max are reference levels for measuring timing of input signals.

e

@ VOH min and VOL max are reference levels for measuring timing of DoyT.
€@ tOFF is measured to loyT < IO I
@ tDs and tpy are referenced to CAS or WE, whichever occurs last.
@ tRCH is referenced to the trailing edge of CAS or RTAS, whichever occurs first.
@ tCRP requirements is only applicable for FTA—S/EI-\_S cycles preceeded by a CAS-
only cycle (i.e., for systems where CAS has not been decoded with RAS).

READ CYCLE A Read cycle is performed by maintaining Write Enable (WE) high during a RAS/CAS
operation. The output pin of a selected device will remain in a high impedance state
until valid data appears at the output at access time. Device access time, tACC, is the
longer of the two calculated intervals tACC = tRAC or tACC = tRCD + tCAC.

Access time from RAS, tRAC, and access time from CAS, tCAC, are device param-
eters. Row to column address strobe delay time, tRCD, are system dependent timing
parameters. For example, substituting the device parameters of the uPD2118-3 yields
tACC = tRAC = 100 nsec for 20 nsec <tRCD <50 nsec, but tACC = tRCD + tCAC =
tRCD + 50 for trcp >50 nsec.

Note that if 20 nsec <tRCD <50 nsec device access time is determined by the first
equation and is equal to tRAC. If tRCD >50 nsec, access time is determined by the
second equation. This 30 nsec interval (shown in the tRCD inequality in the first
equation) in which the falling edge of CAS can occur without affecting access time is
provided to allow for system timing skew in the generation of CAS.
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Each of the 128 rows of the uPD2118 must be refreshed every 2 milliseconds to main-
tain data. Any memory cycle (read, write, or RAS only) refreshes the selected row as
defined by the low order (RAS) addresses. Any Write cycle, of course, may change the
state of the selected cell. Using a Read, Write, or Read-Modify-Write cycle for refresh
is not recommended for systems which utilize ““wire-OR" outputs since output bus
contention will occur.

A RAS-only refresh cycle is the recommended technique for most applications to
provide for data retention. A RAS-only refresh cycle maintains the DQUT in the
high impedance state with a typical power reduction of 20% over a Read or Write
cycle.

RAS and CAS have minimum pulse widths as defined by tRAS and tCAS respectively.
These minimum pulse widths must be maintained for proper device operation and data
integrity. A cycle once begun by bringing RAS and/or CAS low must not be ended or
aborted prior to fulfilling the minimum clock signal pulse width(s). A new cycle can
not begin until the minimum precharge time, tRp, has been met.

Data Output (DQUT), which has three-state capability, is controlled by CAS. During
CAS high state (CAS at V1) the output is in the high impedance state. The following
table summarizes the DQUT state for various types of cycles.

Type of Cycle DouT State

Read Cycle ! Data From Addressed
Memory Cell

Early Write Cycle HI-Z

RAS-Only Refresh Cycle HI-Z

(EK@-OnIy Cycle Hi-Z

Read/Modify/Write Cycle Data From Addressed
Memory Cell

Delayed Write Cycle Indeterminate

HIDDEN REFRESH

A feature of the uPD2118 is that refresh cycles may be performed while maintaining
valid data at the output pin. This feature is referred to as Hidden Refresh. Hidden
Refresh is performed by holding CAS at V|| and taking RAS high and after a specified
precharge period (tRp) executing a “RAS-Only”’ refresh cycle, but with CAS

held low (see Figure below).

MEMORY ) REFRESH ,
CYCLE CYCLE

RAS
CAS \ /
Dout &2__< DATA )._

This feature allows a refresh cycle to be “hidden’’ among data cycles without affecting
the data availability.
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POWER ON

PACKAGE OUTLINE
uPD2118D

uPD2118C

p.PDZ1 18

The uPD2118 requires no power on sequence. After the application of the Vpp
supply, or after extended periods of bias (greater than 2 ms) without clocks, the device
must perform a minimum of eight (8) initialization cycles (any combination of cycles
containing a RAC clock such as ﬁ_s'-only refresh) prior to normal operation.

The Vpp current (Ipp) requirement of the uPD2118 during power on is, however,
dependent upon the input levels of RAS and CAS. If the input levels of these clocks
are at V|H or Vpp, whichever is lower, the Ipp requirement per device is Ipp1 (IDD
standby). If the input levels for the two clocks are lower than V|H4.or Vpp, the Ipp
requirement will be greater than Ipp1. For large systems, this current requirement
for IDp could be substantially more than that for which the system has been designed.
A system which has been designed assuming the majority of devices to be operating

in the refresh/standby mode may produce sufficient Ipp loading such that the power
supply might current limit. To assure that the system will not experience such loading
during power on, .a pullup resistor for each clock input to Vpp to maintain the non-
selected current level (Ipp1) for the power supply is recommended.

Cerdip
1TEM MILLIMETERS INCHES
A 19 9 MAX 0784 MAX
8 106 0042
c 254 010
0 0.46¢ 0.10 0.018 + 0.004
€ 1778 070
G B 0059
\ G 254 MIN 010 MIN
\\ H 05MIN 0019 MIN
\ 1 458 MAX 0181 MAX
[ J 508 MAX 020 MAX
K 762 030
L 64 025
P S
Plastic
ITEM MILLIMETERS | INCHES
A 194 MAX 076 MAX
K] [ 081 003
A N c 254 010
) 05 002
I_— € 1778 070
3 13 0051
G 254 MIN 010 MIN
M H 05MIN 002 MIN
1 405 MAX 016 MAX
0-15°-=] \ee J 455 MAX 018 MAX
K 762 030
L 64 028
+0.10
[ 025 oot
-0.05

2118DS-12-80-CAT
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NEC

NEC Microcomputers, Inc. 44PDA164-1
44PD4164-2
65,536 x 1 BIT DYNAMIC M PD4164-3

RANDOM ACCESS MEMORY @mmﬂmumwﬂw

DESCRIPTION TheNEC uPD4164isa 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 the output by holding CAS low.
The data out pin is returned to the high impedance state by returning CAS to a high
state. The uPD4164 hidden refresh feature allows CAS to be held low to maintain
output data while RAS is used to execute RAS only refresh cycles.

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

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

FEATURES High Memory Density
Multiplexed Address Inputs
Single +5V Supply
On Chip Substrate Bias Generator
Access Time: uPD4164-1 — 250 ns
uPD4164-2 — 200 ns
uPD4164-3 — 150 ns
e Read, Write Cycle Time: uPD4164-1 — 410 ns
uPD4164-2 — 335 ns
uPD4164-3 — 270 ns
o Low Power Dissipation: 250 mW (Active); 28 mW (Standby)
Non-Latched Output is Three-State, TTL Compatible )
Read, Write, Read-Write; Read-Modify-Write, RAS Only Refresh, and Page Mode
Capability
All Inputs TTL Compatible, and Low Input Capacitance
128 Refresh Cycles (Ag-Ag Pins for Refresh Address)
CAS Controlled Output Allows Hidden Refresh
Available in Both Ceramic and Plastic 16 Pin Packages

PIN CONFIGURATION NC O Vss PIN NAMES
DiN I: CA3S Ap-A7 " Address Inputs
WE RAS Row Address Strobe
WE DouT
_ CAS Column Address Strobe
RAS (O Ag —
WE Write Enable
A A
o O 3 DN Data Input
A2 O Aq DouT Data Qutput
A O As Vee Power Supply (+5V)
Vee O Az Vss Ground
NC No Connection
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4PD4164

Operating Temperature . .. ...... ...ttt nnnnnnn
Storage Temperature (Ceramic Package) . ................. -55°C to +150°C
(Plastic Package) . . .. .. -55°C to +125°C

Supply Voltages On Any Pin Except Vg -1 to +7 Volts ®
Supply Voltage VGG « « v v v v v e e -0.5 to +7 Volts D
Short Circuit Qutput Current . . .. . oottt e e e e e e 50 mA
Power Dissipation . . . . v v vt e e e e e

Note: D Relative to Vgs

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

reliability.
*Ta=25°C

Ta=0°1t.70°C () ;Vce=+5V £ 10%; Vss =0V

LIMITS

Voltage (IgyT = 4.2 mA)

. TEST
PARAMETER SYMBOL MIN | TYP | MAX | UNIT | CONDITIONS
vee 45 5.0 5.5 \

Supp! It

upply Voltage Vss ) 0 0 v
High Level input Voltage, All Voltages
(RAS, CAS, WE) ViHe 24 51V Referenced
High Level Input Voltage, to Vgg
All Inputs Except RAS, ViH 24 5.5 v
CAS, WE
Low Level Input Voitage, 2.0 0
All Inputs ViL ) 8 v
Operating Current PD4164-1 4
Average Power Supply 1#PD4164 5
Operating Current Icc1 |#PD4164-2 50 mA @

RAS, CAS Cycling;
tRC = tRC (Min.) uPD4164-3 60
Standby Current
Power Supply Standby 5 mA
Current (RAS = Vyc. lcc2 0
DoyT = Hi-Impedance)
Refresh Current
Average Power Supply uPD4164-1 35
Current, mA
Refresh Mode; lcc3 | uPD4164-2 40 @
RAS Cycling, CAS = V|4,
tRC = trc (Min.) uPD4164-3 45
Page Mode Current
Average Power Supply #PD4164-1 35
Current
4 1 "

Page Mode Operation CC4 uPD4164-2 40 mA @
RAS =V)_; CAS Cycling
tpe = tpe (Min.) uPD4164-3 45
Input Leakage Current
Any Input
VN =0to +5.5 Volts, (L) -10 10 pA
All Other Pins Not
Under Test = 0V
Output Leakage Current
Doyt is Disabled, lo(L) -10 10 kA
VouT =0 to +56.5 Volts
Output Levels
High Level Output VoH 24 Vce v
Voltage (IlgyT = 5 mA)
Low Level Output VoL 0 0.4 Y]

Notes: (D T, 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.
Icc1. o3 and Iccg depend on output loading and cycle rates. Specified rates are

obtained with the output open.

0°Cto +70°C - ABSOLUTE MAXIMUM

RATINGS*

DC CHARACTERISTICS
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Ta=0°t0+70°c D vee = 45V £ 10%; Vss =0V @ @

AC CHARACTERISTICS

LIMITS
uPD4164-1 uPDA164-2 4PDA164-3 TEST
PARAMETER SYMBOL | MIN | max [MIN [mMAX |MIN | MAX |UNIT |CONDITIONS

Random Read or Write tRC a10 335 270 ns ®
Cycle Time

Read Write Cycle Time TRWC 465 335 270 ns ®
Page Mode Cycle Time tpc 275 225 170 ns

Access Time from RAS tRAC 250 200 150 | ns ® ®
Access Time from CAS - tCAC 165 135 100 | ns @
Output Buffer Turn-Off tOFF [ 60 [ 50 o 40 | ns
Delay

Transition Time (Rise and T 3 50 3 50 3 50 | ns @
Fall)

RAS Precharge Time tRp 150 120 100 ns

RAS Pulse Width tRAS 250 10,000 [200 10,000 [ 150 [ 10,000 | ns

RAS Hold Time ) tRSH 165 135 100 ns

CAS Pulse Width 1cAS 165 | 10,000 [135 (10,000 [ 100 | 10,000 | ns

CAS Hold Time tcsH 250 200 150 ns

RAS t0 CAS Delay Time tRCD 35 85 | 30 65 | 25 50 | ns ©
TAS to RAS Precharge Time | tCRP ) ) ° ns

CAS Precharge Time tcPN 35 30 25 s

CAS Precharge Time (For tcp 100 80 80 ns

Page Mode Cycle Only)

RAS Precharge TAS Hold tRPC 0 0 [ ns

Time

Row Address Set-Up Time tAsR 0 ) o ns

Row Address Hold Time tRAH 25 "} 20 15 ns

Column Address Set-Up tasc ° ° ) s

Time

Column Address Hold Time tCAH 7% 55 45 ns

Column Address Hold Time | taR 160 120 95 ns

Referenced to RAS

Read Command Set-Up tacs ) ) 0 as

Time

Read Command Hold Time tRRH 30 25 20 ns Q
Referenced to RAS

Read Command Hold Time tRCH- 0 [ [ ns [E)
Write Command Hold Time tWeH 75 55 a5 ns

Write Command Hold Time WCR 160 120 95 ns

Referenced to RAS

Write Command Pulse Width | twp 75 55 45 ns

Write Command to RAS TRWL 100 55 45 ns

Lead Time

Write Command to CAS cwL 100 55 45 ns

Lead Time

Data-In Set-Up Time tps ] o 0 ns (3}
Data-In Hold Time toH 75 55 a5 ns [3)
Data-In Hold Time tDHR 160 120 95 as

Referenced to RAS .

Refresh Period tREF 2 2 2| ms

WRITE Command Set-Up twes -20 -20 -20 ns [¥)
Time

CAS to WRITE Delay tCWD 1186 80 60 ns [F)
RAS to WRITE Delay tRWD 200 145 ‘110 ns Q

Notes: @D Ta is specified here for operation at frequencies to tRc > tRe (min). Operation at higher cycle rates with reduced
ambient temperatures and higher power dissipation is permissible, however, provided AC operating paremeters are met.

An initial pause of 100 us is required after power-up followed by any 8 RAS cycles before proper device operation is
achieved.

AC messurements assume tT = 5 ns.
VIHC (min} or Vi (min) and V) (mex) are reference levels for measuring timing of input signals. Aiso, transition
times are measured between Vi or Vi and V).

The specifications for trc (min) and trw; {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 tRcs < tReD (max). If tres is greater than the maximum recommended value shown in this table,
tRAC will incresse by the amount that tRC exceeds the values shown.

®

® © ®0

@ Assumes that tacp > tRcp (mex).

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

@ 1OFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output
voltege-levels.

@ Operation within the trcp (max) limit ensures thet tRAC (mex) can be met, trep (max) is specified as a reference
point only, if tRcp is greater than the specified trcp (max) limit, then access time is controlled exclusively by tCAC-

@) These parameters are referenced to TAS leading edge in early write cycles snd to WRITE leading edge in delayed write
or read-modify-write cycles.

@ twes. towp 8nd tRwp sre restrictive operating in read-write and read-modify-write cycles only. If twcs >

twes (min), the cycle is an early write cycle and the data output will remain open circuit throughout the entire cycle.
1f tcwp > tcwp (min) and tRwD > tRWD (min), the cycle is a read-write and the data output will contsin data resd
from the selected cell. If neither of the above conditions are met the condition of the dats out {at access time snd until
TAS goes back to V) is indeterminate.

@ Either tRRH or tRCH must be satisfied for @ read cycle.
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TIMING WAVEFORMS “RAS-ONLY"* REFRESH CYCLE
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Ta =0° 10 +70°C; Vg = +6V £ 10%; Vgs = OV

g LIMITS TEST
PARAMETER | SYMBOL MR Tvve [max ] ™' | conpriions

Input Capacitance ’ .
(Ag-A7), DiN o 51 6 | ¥F
Input Capacitance
AAS, CAS, WRITE | 12 |, 10| #F
Output Capacitance

[ 7 F
(DouT) 0 P

K -
‘*L
i
M

1

Plastic
ITEM MILLIMETERS INCHES
A 19.4 MAX. 0.76 MAX.
8 081 003
c 2.54 0.10
) 05 0.02
3 12.18 0.70
F 13 0.051
G 2.54 MIN. 0.10 MIN.
H 0.5 MIN. 0.02MIN.
1 405MAX. | 016MAX.
J 4.55 MAX. 0.18 MAX.
K 7.62 0.30
L 64 [ o025
M 025 *%1° 0.01
-0.08

0-15° \4—

{

Ceramic

ITEM MILLIMETERS INCHES
A 20.5 MAX. 081 MAX.
8 1.38 0.05
c 2.54 0.10
D 05 0.02
3 17.78 0.70
F 1.3 0.051
G 3EMIN.. 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
™ 0.27 001.
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NEC Microcomputers, Inc.

4096 x 1 STATIC NMOS RAM

NEC

puPD4104
4#PD4104-1
JPD4104-2

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 — 200 ns (uPD4104-2)

® Very Low Stand-By Power — 28 mW Max.
® Low V¢ Data Retention Mode to +3 Volts.
® Single +5V *10% Supply.
® Fully TTL Compatible.
® Auvailable in 18 Pin Plastic and Ceramic Dual-in-Line Packages.
® 3 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 3.3mA
]
A 1 18 Vv
Jm [ vee PIN NAMES
A2 2 17 A
C j 5 Ag-Aqq Address Inputs
A 3 16 A —
10 mp CE Chip Enable
A 4 15 A
0 [: \PD :] 7 Din Data Input
A [Os AP 1] ag
4104 Doyt Data Output
Ao e 13 ] Ag Vgs | Ground
dour [ 7 12[] Ag Vee Power (+5V)
WE E 8 " :I Din WE Write Enable
vss [0 10 [] CE
Rev/2
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Operating Temperature
Storage Temperature . . .
Voltage on Any Pin . .
Power Dissipation

Ao
Aq
A2
A3
Aq

As

DN —
Dout —
WE

ROW
DECODER
AND
BUFFER

MEMORY

TIMING
GENERATOR

1

ARRAY
64 x 64

COLUMN
DECODER AND
BUFFER

Short Circuit Output Current

Note: @ With respect to V§S

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

UL

A6 A7AgAgA10A 1

........................................ 1 Watt

any other diti apove those i in the sections of this specification is not
implied. Exposure to rating for periods may affect device
reliability.
*T,=25°C
Ta=0°C t0+70°C, Vg = +5V + 10%
LIMITS TEST
PARAMETER SYMBOL MIN TYP | MAX| UNIT | CONDITIONS
Supply Voltage Vee 4.5 5.0 5.5 v
Logic “1” Voltage All Inputs Vi 22 | -3 7.0 \ @
Logic *'0” Voitage All Inputs ViL -1.0 0.8 v
uPD4104 ) 21 mA
Average Voo PD4104-1 1 21 A
Power Supply a cc m
Current uPD4104-2 fcet 25 mA
Standby Ve Power Supply Current lccz 5 mA @
Input Leakage Current (Any Input) e -10 10 uA @
Output Leakage Current oL -10 10 HA @ @
Output Logic “1"* Voltage |gyT —500 uA VOH 24 \"
Output Logic ““0” Voltage IoyT 5mA VoL 0.4 v
LIMITS
PARAMETER SYMBOL | MIN TYP | MAX | UNIT | TEST CONDITIONS
Input Capacitance CiNn 4 6 pF @
Output Capacitance CouTt 6 7 pF @

Notes: (D All voltages referenced to Vsg

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

be calculated by

Icct !ma | = (5t +13 (t¢ - tp) + 3420)

tc

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 O volts except pin under test at 0. V| = 5.5 volts.
® 0V < VouT < +5.5V.
@ During power up, CE and WE musf be at Vi for minimum of 2 ms after Vcc reaches

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

@ Effective capacitance calculated from the equation C | E with AV equal to 3V and
Vcc nominal.

BLOCK DIAGRAM

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS ® ®

CAPACITANCE @



AC CHARACTERISTICS @ @

STANDBY
CHARACTERISTICS

TIMING WAVEFORMS

T, =0°C to +70°C, Ve = +5V + 10% (D

1PD4104

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

Read or Write Cycle Time tc 460 385 310 ns
Random Access tAC 300 250 200 ns ®
Chip Enable Pulse Width 1CE 300 10,000 250 | 10,000 | 200 10,000 ns
Chip Enable Precharge Time tp 150 125 100 ns
Address Hold Time tAH 165 136 110 ns
Address Set-Up Time tAS 0 0 [ ns
Output Buffer Turn-Off Delay tOFF [ 75 0 65 [ 50 ns (:)
Read Command Set-Up Time RS 0 0 0 ns @
Write Enable Set-Up Time Ws -20 ~20 -20 ns @
D o™ ow_| = 2 s -
Write Enabled Pulse Width tww 90 75 60 ns

| Modify Time tmMoD 0 | 10,000 0 [10000] 0 10000 ns ®
WE to CE Precharge Lead Time tWPL 105 85 70 ns ®
Data Input Set-Up Time tpDs 0 0 0 ns
Write Enable Hold Time tWH 225 185 150 ns
Transition Time 7 5 50 5 50 5 50 ns
Read-Modify-Write Cycle Time tRMW | 565 470 380 ns @

Notes: @ All voltages referenced to Vgg

@ During power up, CE and WE must be at V|n for minimum of 2 ms after V¢ reaches 4.5V, before a valid
memory cycle can be accomplished.

Slelorcle]

Measured with load circuit equivalent to 2 TTL loads and CL = 100 pF.
11 WE follows CE by more than tyws then data out may not remain open circuited.
Determined by user. Total cycle time cannot exceed tCg max.

and VoL = 0.4V and Vi = 2.4V on the output waveform.

@O

tc=tcgttp+21tT.
The true level of the output in the open circuit condition will be determined totally by output load

conditions. The output is guaranteed to be open circuit within tQfF.
TRMW = TAC * tWPL * tp + 3 T + tMOD-

Ta=0°C to +70°C

Data-in set-up time is referenced to the later of the two falling clock edges CE or WE.
AC measurements assume tT = 5 ns. Timing points are taken as V|| = 0.8V and V| = 2.2V on the inputs

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

Vg In Standby Vep 3.0 3.0 3.0 v

Standby Current Ipp 5.0 3.3 3.3 mA [©)

Power Supply Fall Time TF 100 100 100 us

Power Supply Rise Time TR 100 100 100 us

Chip Enable Pulse CE Width | Tcg 300 250 200 us

Chip Enable Precharge to

Power Down Time TePD 150 1256 100 ns

“1” Level CE Min Level ViH 2.2 2.2 2.2 v

Standby Recovery Time TRC 500 500 500 us

Note: (1) Maximum value for Vo minimum value (= 3 V).
POWER DOWN
Vce(MIN — tg STANDBY MODE—{ tR f~t—
vVece
{C
Vpp - — -
tPPD tRC
4§ \

— ViH- tCE y 4
CE IH \

ViL-
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4 PD4104

READCYCLE
NV Y AN
Vi :As-—1 F— !
woresses v - N o X777
(Rs.’-| ‘:—‘AH—.‘

w T

ow S T
cE \v/:t: N - v ZL(PJ\_
woncsss W= 77N X,

WE ViH =
ViL -
Vin

DIN ViL

ViH
ViL -

CE

ADDRESSES le
1

(Dﬁ

P

S——
tWH

T

DIH

|—

VALID

b S,

READ-MODIFY-WRITE CYCLE

N

CE

tp —ei

tas b
B VALID. .
L

.

bt TAH ——a

RS

- tWPL

TDHC
tost

tMOD ,l

_.twwj
'DIH
k—

Y

VALID

Vin -7
e i

ViL - /

Vik -
DinN ViL -

tAC

VOH — 7
Dout OPEN

VoL - 3

— 1OFF
VALID OPEN ==

TIMING WAVEFORMS
(CONT.)



4 PD4104

OPERATIONAL READCYCLE

DESCRIPTION

The selection of one of the possible 4096 bits is made by virtue of the 12 address bits
presented at the inputs. These are latched into the chip by the negative going edge of
chip enable (CE). If the write enable (WE) input is held at a high level (V|4) while the
CE input is clocked to a low level (ViL), a read operation will be performed. At the
access time (tac), valid data will appear at the output. Since the output is unlatched

by a positive transition of CE, it will be in the high impedance state from the previous
cycle until the access time. It will go to the high impedance state again at the end of the
current cycle when CE goes high.

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

WRITE CYCLE

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

If the cycle is an “Early Write’’ cycle, the output will remain in the high impedance
state. For a Read-Modify-Write cycle; the output will be active for the Modify and _
Write portions of the memory cycle until Cfgoes 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 CE going high by at least the minimum lead time (twpPL).

READ-MODIFY-WRITE

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

POWER DOWN MODE

In power down, data may be retained indefinitely by maintaining Vcc at +3V.
However, prior to V¢ going below Ve minimum (<4.5V) CE must be taken high
(VIH = 2.2V) and held for a minimum time perio& tpppD and maintained at V4 for
the entire standby period. After power is returned to Vcc min or above, CE must be
held high for a minimum of tRc in order that the device may operate properly. See
power down waveforms herein. Any active cycle in progress prior to power down must
be completed so that tcg min is not violated.
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xPD4104

Plastic

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
B 1.44 0.055
C 2.54 0.1
D 0.45 0.02
E 20.32 0.8
F 1.2 0.06
G 2.5 MIN. 0.1 MIN.
H 0.5 MIN. 0.02 MIN.
1 4.6 MAX. 0.18 MAX.
J 5.1 MAX. 0.2 MAX.
K 7.62 0.3
L 6.7 0.26
M 0.25 0.01

M
0-15°
Cerdip

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
B 1.44 0.055
C 2.54 0.1
[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
L 6. 0.26
M 0.25 0.01

PACKAGE OUTLINES
uPD4104C

uPD4104D

4104DS-9-80-CAT



NEC Microcomputers, Inc.

DESCRIPTION

FEATURES

PIN CONFIGURATION

NEC

;4 PD2114L
4 PD2114L-1
A PD2114L-2
44 PD2114L-3
4 PD2114L-5

4096 BIT (1024 x 4 BITS) STATIC RAM

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

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

It is directly TTL compatible in all respects: inputs, outputs, and a single +6V supply.
A separate Chip Select (CS) lead allows easy selection of an individual package when
outputs are OR-Tied.

e Access Time: Selection from 150-450 ns

e Single +5 Volt Supply

e Directly TTL Compatible — All Inputs and Outputs

o Completely Static — No Clock or Timing Strobe Required

e Low Operating Power — Typically 0.06 mW/Bit

e Identical Cycle and Access Times

e Common Data Input and Output using Three-State Output

e High Density 18-pin Plastic and Ceramic Packages

e Replacement for 2114L and Equivalent Devices
asd ~ s 1 Vee PIN NAMES
Ag E 2 17 j A7 Ag-Ag Address Inputs
Ag E 3 16[] As WE Write Enable
As E a 15 ._.] Ag CS Chip Select

#PD 1/01-1/04 Data Input/Output
Ag [] 52114L14[] 1/0q ‘
Aq E 6 13 :l 1109 vee ) Power (+5V)
Ay E 7 12 D 103 GND Ground
cs[] s 1 L,J 1/0g
aNo( 9 10{] WE
Rev/1



. PD2114L

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

O e [ Cu——

O e . SS—

voy @———— ]

110, (13 4§ >
103 (12, o
104 (11 { o)

ROW
SELECTOR

~—————(1®) Ve
- (oo
MEMORY ARRAY
64 ROWS
64 COLUMNS

|

INPUT
DATA
CONTROL

SENSE SWITCH

COLUMN SELECTOR

-0.5t0 7 Volts 1

-10°C to +80°C
-65°C to +150°C

reliability.
*Ta=25°C
Ta=0"Cto 70°C; Vg = +5V = 10% unless otherwise noted.
LIMITS
PARAMETER SYMBOL | MINJ TYPIMAX | UNIT TEST CONDITIONS
Input Load Current =
(ANl Input Pins) lLl 10 uA VIN 0 to 5.5V
1/0O Leakage . CS = =
Current ILO 10 KA CS=2v, VI/O 0.4V to VCC
Power Supply | 65 mA le =55V, '!/O =0 mA,
Current cci1 Ta - 25°C
Power Supply V=55V, 1 =0 mA,
Current 'ccz oA N
a=0C
Input Low Voltage VIL -0.5 0.8 \Y
Input High Voltage VIH 2.0 6.0 \
Output Low Current IOL 3.2 mA VOL =0.4V
Output High R V= 24V, Vo, = 475V
Current IOH 1.0 mA OH CcC
VOH =22V, VCC = 4.5V
Ta=25C;f=1.0MHz
LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT | CONDITIONS
Input/Output Capacitance Ci/o 8 pf Vi/0 =0V
Input Capacitance CIN 5 pf VN =0V
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BLOCK DIAGRAM

ABSOLUTE MAXIMUM

RATINGS*

DC CHARACTERISTICS

CAPACITANCE



AC CHARACTE RI STICS T3 =0°Cto +70°C; Vg = +5V + 10%, unless otherwise noted.

pPD2114L

LmITs
PARAMETER | symoL [ 2114l 21161 | 21142 | 211403 | 211405 JuniT TEST
1 : . . . CONDITIONS
min [ max [min [ max [ vin [ max [min [max fmin [ max
READ CYCLE
Read Cycle Time |  tRc 450 300 250 200 150 ns |7 =t =t =10
Access Time A 450 300 250 200 150 | ns | CL=100pF
Chip Selecti
0 Selection co 120 100 80 70 60 | ns |Load=1TTL gate
to Output Valid
Chip Selection input Levels = 0.8
P Selection tcx 20 20 20 2 20 ns | "PY
to Output Active and 2.0V
Output 3-State
B 1 0 7 0 50 Vet = 15V
from Deselection | OO © 8 ° 8 ne | Vref
Output Hold from,
toHa | 50 50 50 50 50 ns
Address Change
WRITE CYCLE
Write Cycle Time | twe ] 450 300 250 200 150 ns [tr=te=te=10ns
Write Time W 200 150 120 120 80 ns |CL=100pF
Write Release
wh 0 0 0 0 0 ns | Load =1 TTL gate
Time
Qutput 3-State 100 . 70 50 e Input Levels = 0.8
1
from Write oW " Jand 2.0v
Data to Write 200 150 120 120 80 Vit = 1.5V
t =1.
Time Overlap ow e |Vref
Data Hold from
Write Time 'OH 0 0 0 ° ° ns
Address to Write o o o ° o
Setup Time taw e
TIMING WAVEFORMS READ CYCLE @
RC
A
ADDRESS )( )(

(/Y7777

toTD

|e—0—tCO

y‘—tcx—bj‘

to'HAiGJ

DouT

WRITE CYCLE

wc

ADDRESS

A\\\N

TAW —d

w®

V11744

toTw

Dout

Oin

Q

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

fet— T D\ tOH
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M PD2114L TYPICAL OPERATING
CHARACTERISTICS

NORMALIZED ACCESS TIME VS.

NORMALIZED ACCESS TIME VS.
AMBIENT TEMPERATURE

SUPPLY VOLTAGE

1.2 ' 1.2

1.1 - /

NORMALIZED T,
5

NORMALIZED T,
=]

0.9 0.9

0.8 0.8
4 4.5 5 5.5 6 0 20 40 60 80
Vee (V) Tal®C)
NORMALIZED POWER SUPPLY CURRENT VS. NORMALIZED POWER SUPPLY CURRENT VS.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
1.2 1.2
3 3
~ 1.1 ~ 11
[a] - 8
ﬁ / &
] ]
310 210 =
= \
o
Z 0.9 0.9 \\
0.8 0.8
4 4.5 5 5.5 6 0 20 40 60 80
vee (V) TAlC)
OUTPUT SINK CURRENT VS. OUTPUT SOURCE CURRENT VS.
OUTPUT VOLTAGE OUTPUT VOLTAGE
15 1 / 156 p————V¢cc =4.5,50,55
Vee =55 —— | v
5.0 —]
| a5 |
< -
$ 0 / < 10
o - E
© T
- / s
5 5 SR
0 / | 0 \
0 0.2 0.4 0.6 1 -2 3 4
VoL (V) VoH (V)
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PACKAGE OUTLINES
uPD2114LC

uPD2114LD

=

D
(PLASTIC)

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
] 1.44 0.055
[ 2.54 0.1
D 0.45 0.02
E 20.32 0.8
F 1.2 0.06
G 2.5 MIN. 0.1 MIN.
H 0.5 MIN. 0.02 MIN.
1 4.6 MAX. 0.18 MAX.
J 5.1 MAX. 0.2 MAX.
K 1.62 0.3
L 6. 0.26
M 0.25 0.01

A

pPD2114L

(CERDIP)

ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
8 1.44 0.055
C 2.54 0.1
o] 0.45 0.02
3 20.32 0.8
F 1.2 0.06
G 2.5 MIN. 0.1 MIN.
H 0.5 MIN. 0.02 MIN.
! 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

2114LDS-12-80-CAT
63
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NEC

j PD2147-2
j PD2147-3
 PD2147-5

NEC Microcomputers, Inc.

4096 x 1 BIT STATIC RAM

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

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

The uPD2147 is placed in an 18-pin 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 are 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
o High Density 18-Pin Package
e Directly TTL Compatible — All Inputs and Outputs
e Separate Data Input and Output
e Three-State OQutput
e Available in a Standard 18-Pin Ceramic Package
e 2 Performance Ranges:
MAX SUPPLY CURRENT
ACCESS TIME ACTIVE STANDBY
uPD2147-2 70 ns 160 mA 20 mA
uPD2147-3 55 ns 160 mA 20 mA
uPD2147-5 45 ns 160 mA 20 mA
PIN CONFIGURATION Ao I 18 Vee PIN NAMES
A A0-A11 Address Inputs
1 A —
2 171 A WE Write Enable
A2 s 161 Ay TS Chip Select
A DiN Data Input
3 4 5[] A
uPD [ Ag DouT Data Output
Aq 5 2147 14[] Ag vee Power (+5V)
A GND Ground
5 6 1303 Aqg
Pour [ 7 [ A,
WE
48 Dy TRUTH TABLE
GND 9 Cs —_—
cs | WE MODE OUTPUT | POWER
H X Not Selected High Z Standby
L L Write High Z Active
L | H | Read Dout Active
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1PD2147

o H <—vee  BLOCK DIAGRAM
A —Pr— <*— GND
r—LF oW MEMORY ARRAY
64 ROWS

> == 64 COLUMNS
s —r—
as —LF] H
oiN COLUMN 1/0 CIRCUITS oout

COLUMN SELECT

FRETES

Ag A7 Ag Ag A9 An

cs
ﬁ_J
Operating Temperature . ... ... e -10°C to +85°C ABSOLUTE MAXIMUM
Storage TemMperature . . .. ... .ovvveeneneneennennn.s -65°C to +150°C RATINGS*
Voltageon Any Pin. ... ............ .. -3.5Vto+7 Volts D
DCOUtpUt CUITENt . . . . . . it ittt it ee et eneene e ce.... 20mA
Power Dissipation . . . ........ e e e e et e 1.2wW
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
T, =0°C 10 +70°C; Vg = #5V + 10%, unless otherwise noted. 0] DC CHARACTERISTICS
LIMITS
PARAMETER SYMBOL | MIN TYP @ MAX | UNIT TEST CONDITIONS
Input Load LIN] 0.01 10 HA Veg = Max, Viy = GND to
Current (All vee
Input Pins)
Output Leakage l |L0| 001 | 10 wA | CS=Vy, Ve = Max,
Current VouTt =GND to Vcc
120 150 mA | Ta=25°C| Ve = Max,
Operating Current icc CS=V|L.
160 mA | T,=0°C |Outputs Open
Standby Current IsB 12 20 mA | Vcc = Min to Max,
CS=Vi4
Peak Power-On 1o @ 25 50 | mA [vce=GND 1o Ve = Min,
Current CS = Lower of Vg or
VIHMin
Input Low ViL -3.0 08 \
Voltage
Input High ViH 2.0 6.0 \%
Voitage R
Output Low VoL 04 \Z loL =8 mA
Voltage
Output High VoH 24 \ IoH = -4.0 mA
Voltage .
Output Short los -150 +180 | mA | VouTt =GND to V¢
Circuit Current
Notes: (‘D The ing ambient 8 range is with air flow ing 400 linear feet per

minute.

Typical limits are Ve = 5V, Tg = +25°C, and specified loading.

Icc exceeds Igg maximum during power on. A pull-up resistor to Vcc on the CS input is required to keep the
device deselected: otherwise, power-on current approaches Icc active.
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uPD2147
CAPACITANCE  T,=25°C; f = 1.0 MHz(D

LMITS
PARAMETER SYMBOL | MIN | TYP § MAX J UNIT | TEST CONDITIONS

Input Capacitance CiN 5 PF Vin =0V
Output Capacitance | CouT 6 pF Vour =0V

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

AC TEST CONDITIONS  InputPulse Levels. . . .. ....oovrrrememeeannannn.
Input Riseand Fall Times. . . .....................
Input and Output Timing Reference Levels .. ..........
Output Load . . ....... ... . ittt

. Gnd to 3.0 Volts
.....Bns
.. 1.5 Voilts
See Figure 1

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

AC CHARACTERISTICS s
R EA D CYC LE |_uPD2147-5 4PD2147-3 uPD2147-2 -
PARAMETER SYMBOL | MIN | MAX | MIN | MAX { MIN |[MAX |UNIT | TEST CONDITIONS
Read Cycle Time wrc® | 45 56 70 ns
Address Access Time tAA 45 55 70 ns
Chip Select tACS1 45 55 70 ns
Access Time
Chip Select tACS2 45 55 70 ns
Access Time
Output Hold From tOH 5 5 5 ns
Address Change
Chip Select to cz® | 10 10 10 ns ®
Output in Low Z
Chip Deselection to (HZ® 0 30 0 30 o 40 ns @
Output in High Z
Chip Selection to tpy 0 0 0 ns
Power-Up Time
Chip Selection to tpD 20 20 30 ns
Power-Down Time
Vee
&
Q 5100
Dout
< ] 30 DF
3000 “T— (INCLUDING SCOPE AND JIG)
Figure 1

Notes: (1) All Read Cycle timings are referenced from the last valid address to the first transi-
tioning address.
@ At any given temperature and voltage condition, tyz max is less than t|_z min. both
for a given device and from device to device.
@ Transition is measured +200 mV from steady state voltage with specified loading.
@ Transition is measured at Vg +200 mV and Vg ~200 mV with specified loading.
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M PD2147

READ CYCLE NO, 1 ®&®

1 |

ADDRESS )(

tA, 4

DATAQUT  PREVIOUS DATA VALID X X DATA VALID
READ CYCLE NO. 2 ®@
"
= _3K g —
.
AC L“(HZ
1Lz
IMPEDAI
DATA OUT HIGH IMPEDANCE DATA VALID TMPEDANCE

vee  TMTTTTT T Wso% 50%
SUPPLY \
CURRENT s8
LIMITS
uPD2147-5 | uPD21473 uPD2147-2
PARAMETER SYMBOL | MIN | MAX | MIN | MAX | MIN |MAX [UNIT | TEST CONDITIONS

Write Cycle Time @ twe | 45 55 70 ns

Chip Select to tcw 45 456 55 ns

End of Write

Address Valid to taw 45 45 55 ns

End of Write

Address Setup Time tAS 0 0 0 ns

Write Pulse Width twp 25 25 40 ns

Write Recovery Time tw_ﬂ 0 10 15 ns

Data Valid to tHw 25 25 30 ns

End of Write

Data Hold Time tDH 10 10 10 ns

Write Enabled to tw2 0 25 0 25 (1] 35 ns ®

Output with Z

Output Active From tow 0 ] 4] ns @

End of Write

Notes: (1) All Read Cycle timings are referenced from the last valid address to the first transi-
tioning address.

@ Atany given temperature and voltage condition, tiyz max is less than t{_z min. both
for a given device and from device to device.

Transition is measured +200 mV from steady state voltage with specified loading.
Transition is measured at Vo +200 mV and VoH ~200 mV with specified loading.
WE is high for Read Cycles.

Device is continuously selected, T3 = ViL.

Qee®e

Addresses valid prior to or coincident with TS transition low.

TIMING WAVEFORMS
READ CYCLE

AC CHARACTERISTICS
WRITE CYCLE



uPD2147

TIMING WAVEFORMS
WRITE CYCLE

WRITE CYCLE NO, 1 (WE CONTROLLED) (®

ADDRESS :)& y

tcw

=0 T fTTI7777

DW tDH
DATA IN * DATA IN VALID
Fe—twz a—tow—-{
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED 4

WRITE CYCLE NO. 2 (CS CONTROLLED) (&

WC

ADDRESS :){ K

tAS— CW!

AW e
WR:

T ANN NN NNV NVNY ). TN

r-\-—tow———— latt pH!
DATA IN 3— DATA IN VALID

re—twz
HIGH IMPEDANCE

DATA OUT DATA UNDEFINED 4

Notes: (1) 1fCS goes high simultaneously with WE high, the output remains in a high impedance
state.
® All Write Cycle timings are referenced from the last valid address to the first
transitioning address.
® Transition is measured at VoL +200 mV and Vo -200 mV with specified loading.
0O) lr‘ansition is measured $+200 mW from steady state voltage with specified loading.
® Csor WE must be high during address transitions.

69



uPD2147

|
)
1
1
]
G
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‘]-nn

-1~ x

~ -

0-15°
Ceramic

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 0.8
F 1. 0.06
G 2.5 MIN. 0.1 MIN.
H 0.5 MIN. 0.02 MIN,
[ 4.6 MAX. 0.18 MAX.
J 5.1 MAX. 0.2 MAX.
K 7.62 0.3
T 6.7 0.26
™M 0.25 0.01

PACKAGE OUTLINE

uPD2147D

2147DS-10-80-CAT



NEC

NEC Microcomputers, Inc. 4 PD2149

DESCRIPTION

FEATURES

4 PD2149-1
4 PD2149-2

PRELORTARY

4096 (1024x4) BIT STATIC RAM

The uPD2149 is a 4096-bit static Random Access Memory organized as 1024 words

bv 4-bits. Using a scaled NMOS technology, it incorporates an innovative design
approach which provides the ease-of-use features associated with non-clocked static
memories.

The uPD2149 is encapsulated in an 18-pin ceramic package configured with the

industry standard pinout. It is directly TTL compatible in all respects: inputs, out-
puts, and a single +5V supply. The data is read out non-destructively and has the
same polarity as the input data.

Completely Static Memory — No Clock or Timing Strobe Required
Equal Access and Cycle Times, Faster Chip Select Access
Single +5V Supply
High Density 18-Pin Package
Directly TTL Compatible — All Inputs and Qutputs
Common Input and Output
Three-State Output
Access Time: 35-565 ns MAX (From Address)
15-25 ns MAX (From Chip Select)
Power Dissipation: 180 mA MAX

PIN NAMES
A6 1 183 vec Ag-Ag Address Inputs
As 02 173 A7 WE Write Enable
[ hip Sel
A4 ES 16: A8 CS Chip Select
1/01-1/04 |Data Input/Output
A3 C 4 PD 150 A9 Vee Power (+5V)
Ao 5 2“149 14[7 1/04 GND Ground
A Qe 133 1/02
TRUTH TABLE
A O7 1203 o3
&G OQs 1[0 vos Cs | WE MODE /0
GND : 9 10 WE H | X | Not Selected | High Z
L|L Write DN
L|H Read DouT
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CAPACITANCE

AC TEST CONDITIONS

AC CHARACTERISTICS
READ CYCLE @

Ta=25°C;f=1.0MHz (D

/1 PD2149

Notes:

@ WE is high for read cycle.

LIMITS
PARAMETER SYMBOL | MIN | TYP| MAX | UNIT | TEST CONDITIONS
Input Capacitance Cin 5 pF ViN =0V
Output Capacitance | COUT 7 pF Vourt =0V
Note: @ This parameter is sampled and not 100% tested.
InputPulse Levels . . . ... ... . e Gnd to 3.0V
Input Riseand Fall Times . ... ... ... . ... . i 5ns
Input and Qutput Timing Reference Levels . .. .. .................... 1.5V
Output Load . .. ... . e e e See Figure 1
Ta = 0°C to +70°C; Vg = +5V * 10%, unless otherwise noted.
2149-2 21491 2149 TEST
PARAMETER SYMBOL | MIN MAX | MIN | MAX | MIN | MAX | UNIT | CONDITIONS
Read Cycle Time TRC 35 45 55 ns
Access Time TA 35 45 55 ns
Chip Selection
to Output Valid Tco 15 20 % ns
Chip Selection
to Qutput Active Tex 0 0 0 ns
Qutput 3-State
From Deselection Totp 10 15 20 ns @
Output Hold From
Address Change ToH 0 0 0 ns
\Velo] +5V
5100 510
DOUT ——¢ DouT
3
3300 $ 30 pF 3300 $ 30 pF
1 (INCLUDING T (INCLUDING
SCOPE AND SCOPE AND
JIG) JIG)
= -
Figure 1 Figure 2

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



H PD2149 BLOCK DIAGRAM

Ag

Ag——— 3] ~—— Vce
As —————fF ~—— o
L]
Ag —————F | ROW . MEMORY ARRAY
SELECT | » 64 ROWS
A —F ] . 64 COLUMNS

Ag

[ o o o |

1/01 1 COLUMN 1/0 CIRCUITS

1102 3— INPUT COLUMN SELECT
DATA

1/03 CONTROL ! M g

1/0
4 Agp A1 A2 A3

it

-

Operating Temperature . .. ... ... ...t -10°C to +85°C ABSOLUTE MAXIMUM
Storage TeMPerature . ... ............oouoenaroon.... -65°C to +150°C RATINGS*

Voltageon Any Pin. . . ... . ... .. . -05Vto+7V. @D

DCOutput Current . . . .. ... .. e 20 mA

Power Dissipation . . . . .. . .. ... 1.2wW

Note: (D with respect to ground

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

reliability.

*Ta=25°C
T4 =0°Cto +70°C; Vgg = +5V * 10%, unless otherwise noted. DC CHARACTERISTICS

PARAMETER SYMBOL § MIN [MAX | UNIT TEST CONDITIONS
Input Leakage Current [IN] -10 [+10 uA ViNn = GND to Vcg
csS=V

Ouput Leakage Current | 1o -50 |+50 wA Ut ‘:HGND (0 4.5V
Power Supply Current icc 180 MA VN = Ve, 1/0 = open
Input Low Voltage Vi -0.5 08 Vv
input High Voltage ViH 2.0{ Vcc \Y
Qutput Low Voltage VoL 04} Vv oL =8 MA
Output High Voltage VOH 2.4 \Y I0H = -4 MA
Output Short Circuit los 180! TBD | MA VoUT = GND to Vcc
Current

Note: The operating temperature range is guaranteed with transverse air flow exceed-
ing 400 feet per minute.
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Ta=0°Cto +70°C; VcC = +5V + 10%, unless otherwise noted.

AC CHARACTERISTICS
2149:2 2149-1 2149 TEST WRITE CYCLE
PARAMETER | symBoL | MIN [MAX | MIN [MAX [ MIN [mAX | UNIT | coNDITIONS

Write Cycle Time Twec 35 45 55 ns
Write Time Tw 30 40 50 ns ®
Write Release
5
Time TWR 5 5 ns
Data to Write Tow 20 25 30 ns
Output 3-State
15 20
From Write Totw 10 ) ns @
Data Hold From
Write Time ToH 5 5 5 ns
Address to Write
Setup Time Taw 0 0 0 ns
+5V
5108
Dout —
b 3
3300 § 5 pF
i__I
Figure 3

Notes: (1) Ty is measured from the latter of CS or WE going low to the earlier of CS or WE going
high.

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

@) WE or CS must be high during all address transitions.

READ CYCLE @ @ TIMING WAVEFORMS

X
=TI [TIITITTT]

ADDRESS \(

[~e———T CO —— |—ToTD—]
r<—Tcx —.1 TOH =
Pout AN s K
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WRITE CYCLE @

TWC l
s 'rwzE

C
CARIARAAN [TTITTTIT]
T 177

TOTW |=u—

ADDRESS B

|

DouT

TpW— TpH ==

(XX

i

Notes: (1) WE is high for read cycle.
(@ WE or TS must be high during all address transitions.
PACKAGE OUTLINE | _ A |
uPD214

¥
1
4

L

¢
i

m

Ceramic

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
3 20.32 038
F . 0.06
G .5 MIN. 0.1 MIN.
H .5 MIN. 0.02 MIN.
T 4.6 MAX. 0.18 MAX.
J 5.1 MAX, 0.2 MAX-
K 7.62 0.
N 6.7 0.26
™M 0.25 0.01

2149DS-12-80-CAT
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NEC
NEC Microcomputers, Inc. 4 PDA421
41 PDA421-1
i PD421-2
4 PD421-3
i PD421-5

8K BIT STATIC RAM

DESCRIPTION The NEC uPD421 is a very high speed 8192 bit static Random Access Memory organ-
ized as 1024 words by 8 bits. Features include a power down mode controlled by the
chip select input for an 80% power saving.

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 /0

Compatible with 8108 and Equivalent Devices
Auvailable in 22 Pin Ceramic Dual-in-Line Package

PIN CONFIGURATION as I - ZHve,

A, O2 21014,
AsOs 20[0Ag PIN NAMES
A O4 19 ':]A9 Ao-Ag Address Inputs
A, 05 wpp 18[0Cs WE Write Enable
A1 ge 2 17' Hwe Ic/i\ 1/0, [C):'t: IS:lT:Output
"o g’ 16 ]I/Os VC; : Power (:)'SV)

o, 8 5 Qo, GND Ground

1o, e 14010,

1/04 1o 13 :ln/o‘,3

Gnp 1 1210,
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pPDA21

MEMORY ARRAY
128 ROWS
64 COLUMNS

l

Yy

Ay ——13
A — 3]
Ay ——LF
Ag ROW J
—1F JseLec
Ay —3]
Ag —F]
Ag—F ]
10, —
10, 3
"% o INPUT
110, T3 0ata
10g —{$JconTROL
10g 35
10, s
110g
cs
WE
Operating Temperature . .. .. .

Storage Temperature

Voltageon Any Pin . . . .. oottt e

Note: (D With respect to ground.

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

reliability.

i'Ta =25°C

Ta=0°C 1o +70°C; Vi = +5V ¢ 10%, unless otherwise specified

LIMITS
PARAMETER | SYMBOL win T TvP I MAX UNIT | TEST CONDITIONS
input Load {IN] 10 HA VIN =0 to +5.5V
Current
{All Inputs Pins)
1/0 Leakage Lo 50 uA
Current
' Operating Icc 120 mA Vee = Max;
Current cs= ViL:
Outputs Open
Stand-by IsB 20 mA Ve = Min. to Max.
Current CS=V|H
Input Low ViL -0.3 0.8 v
Voltage
Input High ViH 20 6.0 \
Voltage
Output Low VoL 0.4 \ lopL =40mA
Voltage
Output High VOH 24 \% IoH = -1mA
Voltage

78

BLOCK DIAGRAM

DC CHARACTERISTICS



CAPACITANCE T,=25°C;f=1.0MHz

JAPDA21

LIMITS
PARAMETER SYMBOL UNIT TEST CONDITIONS
MIN MAX

Input/Output Ci/o0 7 pF Vi/o =0V

Capacitance

Input Capitance CIN 5 pF VIN =0V

AC CHARACTERISTICS
T,=0°Cto +70°C; Ve = +5V + 10%, unless otherwise specified
LIMITS
PARAMETER SYMBOL uPD421 1©PD421-1 uPD421-2 uPD421-3 | uPD421-5 | UNIT
MIN I MAX| MIN IMAX MIN I MAX | MIN l MAX | MIN I 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 tHZz 0| 100 0 80 0| 70 0 60 0| 50 ns
Output in High Z
Chip Selection to Power tpy 0 o] o] o] 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
Address Valid to End of AW 360 240 200 160 130 ns
Write
Address Setup Time tAS 10 10 10 10 10 ns
Write Pulse Width twp 300 230 190 160 130 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 Outputin | twz 100 80 70 60 50 ns
High Z
Output Active from End of | tow 10 10 10 10 10 ns
Write

Note: (D Icc (t=tpp) = 1/2 Igc Active.
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4 PD421

READ CYCLE
Re
ADDRESS x
tAA ]
oH
Dout PREVIOUS DATA VAL@ DATA VALID
tRe
[ N /
N /
= tacs | A
[-——
HIGH
b IMPEDANGE
outr 1
|ty f— tPD

logmm = ——

Vg SUPPLY
CURRENT
WRITE CYCLE
we
ADDRESS X ), 4
th
NN\ N yuldt
t
—TAs: e wp ‘WR
. D D e
T fow—e1
tow DH_
Wz
D N
N ) <
Pour
A K
b

-
|

uigan

‘L'TSTE
\

~chk =F

iy

E

™
— 0-15°
CERDIP
ITEM | MILLIMETERS | INCHES
27.43 Max. 1.079 Max
1.27 Max. 0.05 Max.
254 10
042% .016
254 _*0. 0
.5 0. 059
G 0, 138
H 37 *0; 145
1 4.2 Max. 165 Max.
J .08 Max. 200 Max
K 10.16£0.15 .40
[ 91 02 .358
™M 0.25% 0.05 .009

TIMING WAVEFORMS

PACKAGE OUTLINE
uPD421D

421DS-9-80-CAT



NEC Microcomputers, Inc. NEC
WPD2167

PRGN

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 Required
e Equal Access and Cycle Times
e Single +5V Supply
e Automatic Power Down
e Directly TTL Compatible — All Inputs and Outputs
e Separate Data Input and Output
e Three-State Output
e Access Time: 55 ns Max.
e Power Dissipation: 160 mA Max. (Active)
20 mA Max. (Standby)
e Available in a Standard 20 Pin Dual-in-line Package
PIN CONFIGURATION S PIN NAMES
Ao 20 [ Vee
Aq E 2 19 3 A; fﬂf A3 Ad.dress Inputs .
A A WE Write Enable
2 C 3 8 D 8 cs Chip Select
A3C 4 7 :Ag Din Data Input
Asd s ¥PD 16[Asg D Data Output
2167 OouT
Asd e 15[ A1 Vee Power (+5V)
A 7 14 :1A12 Vss Ground
Dout 8 13[JA13
we o 120N
VSSE 10 11 :@' TRUTH TABLE
cs | WE MODE OUTPUT| POWER
H X Not Selected High 2 Standby
L L Write High Z Active
H Pead DouT Active
2167DS-12-80-CAT
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NEC

NEC Microcomputers, Inc. pPD5101L

DESCRIPTION

FEATURES

PIN CONFIGURATION

A PD5101L-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 (CE1 CE?2) are provided, with the devices being selected when CE1 is
low and CE2 is high. The devices can be placed in standby mode, drawing 10 uA
maximum, by driving (-'J_E1 high and inhibiting all address and control line transitions.
The standby mode can also be selected unconditionally by driving CE2 low.

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

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

e Directly TTL Compatible — All Inputs and Qutputs

o Three-State Output

e Access Time — 650 ns (uPD5101L); 450 ns (uPD5101L-1)
e Single +5V Power Supply

e CE2 Controls Unconditional Standby Mode

e Auvailable in a 22-pin Dual-in-Line Package

gt Y 2 vee
A2 O 2 210 Ay PIN NAMES
A O s 20 [ R/W
1

— Dl - Di Data Input
Ag [ @ 19 [J Cgq 1= 4 P
A Ag—- A7 Address Inputs
s L ® uPD 8] oo R/W Read/Write Input
As 0 & g 17 CE2 CE1,CE2 | Chip Enables
A, O 7 16 ] DO, oD Output Disable
GnD [ 8 157 oI, D07 — D04 | Data Outr..vut

Vce Power (+5V)

Dy [ o 14 [7) DO,
DO, ] 10 13[] Dig
o, O n 12 [] DO,




uPD5101L

40 (D | || (@) Vee BLOCK DIAGRAM
o ®’- ADDRESS ROW -‘. e
A, @.. BUFFERS DECODERS
“3@’- 32 COLUMNS.
A @] ]
’——- (D1sABLE)
= O Gl = Lo
&
T || e
L (DISABLE} 4 ot 9 .
RAW .-l " DECODER ¢?—@
on @“ INPUT
o] E | | O ek e
o1 COLUM'N <
@ ABLE)  qurres
o
ou A5 Ag Ay
Operating Temperature . .. ... .........ouuiuunennennnn. 0°Cto+70°C ABSOLUTE MAXIMUM
Storage Temperature . ... ....... ..., -40°C to +125°C RATINGS*
Voltage On Any Pin With Respect to Ground . . .. ... -0.3 Volts to Vg +0.3 Volts

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

COMMENT: Stresses above those listed under “Absolute Maximum Ratings”” may cause
permanent damage to the device. This is a stress rating only and functional operation of the device
at these or at any other condition above those indicated in the operational sections of this specifi-

cation is not implied. Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.
*Ta=25°C

Ta=0°Cto 70°C; Vg = +5V # 5%, unless otherwise specified.

VS DC CHARACTERISTICS
PARAMETER SYMBOL | MIN |TYP @ MAX [UNIT TEST CONDITIONS
Input High Leakage ILIH @ 1 uwA | VIN=Vce
Input Low Leakage ’LIL@ -1 “A | VN =0V
Output High Leakage ILQH@ 1 uA | CEq=22V,VoyT=Vce
Output Low Leakage | 1 oL @ -1 | wA |CEq =22V,voyT =00V
VIN = Ve Except CE1
i 22 A
Operating Current lcct m £0.65V, Outputs Open
o 27 A V)N = 2.2V Except CEq
perating Current 'cc2 ™ <0.65V, Outputs Open
VN =0 to 5.25V
t 10 A
Standby Current CCL@ u CEp <02V
input Low Voltage ViL -0.3 0.65| Vv
Input High Voltage ViH 2.2 Veel V
Output Low Voltage VoL 04 |V loL =2.0mA
Output High Voltage VOH1 2.4 \ IoH =-1.0mA
Output High Voltage | VOH2 3.5 v IoH = -100 uA

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

VTS CAPACITANCE
PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS

Input Capacitance CiN 4 8 pF Vin - OV

(All Input Pins)

Output Cout 8 12 pF VouT - 0V

Capacitance




4+ PD5101L

AC CHARACTERISTICS READ CYCLE
Ta = 0°C to 70°C; Vo = 5V#5%, unless otherwise specified
LIMITS
PARAMETER SyYmBOL 5101L 5101L-1 UNIT TEST CONDITIONS

MIN | TYPIMAX | MIN | TYP] MAX

Read Cycle tRC 650 450 ns Input pulse amplitude:
0.65 to 2.2 Volts

Access Time _ tA 650 450 ns Input rise and fall
Chip Enable (CEq) tcol 600 400 ns times: 20 ns
to Output
Chip Enable (CE3) tco2 700 500 | ns Timing measurement
to Output reference level:

" 1.5 Volt
Qutput Disable to ton 350 250 ns
Output Output load: IyTL
Data Output to tDF o] 150 0 130 ns N

Gate and C_ = 100 pF

High Z State ateand L P
Previous Read Data 1OH1 0 0 ns

Valid with Respect
to Address Change

Previous Read Data toH2 ) [¢] ns
Valid with Respect
to Chip Enable

WRITE CYCLE

T4 = 0°C to 70°C; Vg = 5V5%, unless otherwise specified

LIMITS
PARAMETER SYMBOL 5101L 5101L-1 UNIT | TEST CONDIT!ONS
MIN | TYPIMAXIMIN| TYPfMAX

Write Cycle WC 650 450 ns Input pulse amplitude:
Write Delay AW 150 130 ns 0.65 to 2.2 Volts
Chip Enable (CEq) 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 1DH 100 50 ns Output load: 1L
Write Pulse wp 400 250 ns Gateand C_ =
Write Recovery WR 50 50 ns 100 pF
Output Disable Setup DS 150 130

LOW Vce DATA RETENTION  Ta=0°Cto 70°C

CHARACTERISTICS T
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT TEST CONDITIONS

V¢ for Data VCCDR +2.0 \ CE2 < +0.2V
Retention
Data Retention lccor +10 LA VCCDR = 2.0V
Current CEp < +0.2Vv
Chip Deselect tCDR 0 ns
Setup Time
Chip Deselect tR trcU ns
Hold Time

Note: @ tRc = Read Cycle Time
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READ CYCLE

tac TIMING WAVEFORMS

ADDRESS D( )C

tcor—= toH1

CEq

toH2 —

CEy t
p————tC 02 ] —
oD @ pE— top =
(COMMON 1/0) @

(A tDF-—-
DATA =~ T~~~ ==~~~ DATA OUT
ouT / VALID .
WRITE CYCLE

I we

]

ADDRESS 3( )
& f —

\J

CE,

tow2—————=

op s
icommon 110/ ___/ .
DH
—{ pg —
pata | DATA IN
W | STABLE I
J—— ‘AW'-.— ‘ow e YW R —a=

we
RW \1‘ //

Notes: @ Typical values are for T, = 25°C and nominal supply voltage.
2) OD may be tied low for separate /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 (VCCP

CHIP ENABLE (CE ) @

v — - ———— ——— —— -

Notes: (1) a7sv
(2) Vecor

Vin

() ozv
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MPD5101L

lcc —Vec (Ta)
- 25 VoH - loH (Ta)
TYPICAL OPERATING . OH ~ o1 .
CHARACTERISTICS 2 Vec sV
- NN
£ s NN
8 E N
=10 S \ \
3
5 \ 20°c
Ty =+80°C
| +20°C
o 2 2
0 2 4 6 8 10
IgH (mA)
ta — Vg (Ta)
06
T 7 700 LOAD = ITTL + 100 pF
- 20°C
s Ta=+80°C / ; | / a0
/e NN
04 L 500
s / / = \ Ta=+80°C
03 Vi £ 0 N
2 / // X \
02 7 A 0 . i
/ 20°c
0.1 200
Vee =5V
1
0 5 10 15 0 3 4 5 6 7
IoL (mA) Vee (V)
ta —C
700 ATt lccor—Ta
Ta=25"C -
Vee =SV P
600 < CE2= +0.2V NCC N
10 Vy=0toVce “CC‘“
500 — 2 cC
& g o1
o
300 1 1 1 1 1 1 1
0.01
200 —T —
4 T  —— |
] | I
° 100 200 300 400 500 © 10 20 3 4 5 6 70
Cy (pF) T, °C)
[ ]
PACKAGE OUTLINE = | | x
#PDS 101 LC E }T f
1
J
A 1
™M
s
- = C = FL —15
B ’lpl‘ 0-1 -
ITEM MILLIMETERS INCHES
A 28.0 Max. 1.10 Max.
B 1.4 Max. 0,025 Max.
c 2.54 0.10
D 050 0.10 0.02_0.004
E 254 1.0
F 1.40 0.056
G 2.54 Min. 0.10 Min.
H 0.5 Min. 0.02 Min.
i 4.7 Max. 0.18 Max.
5.2 Max. 0.20 Max.
K 10.16 0.40
L 8.5 0.33
+0.10 +0.004
M 025" 00 001 "0 002
5101LDS-12-80-CAT
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NEC

NEC Microcomputers, Inc. 4 PD444/6514

DESCRIPTION

FEATURES

PIN CONFIGURATION

p PD444/6514-1
. PD444/6514-2
41 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 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 nondestructively 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 (—23 goes high —
deselecting the uPD444/6514 — the part automatically reduces its power requirements
and remains in this low power standby mode as long as CSis high. There is no mini-
mum CS high time for device operation, although it will determine the length of time
in the power down mode. When CS goes low, selecting the uPD444/6514, the

uPD444 /6514 automatically powers up.

The uPD444/6514 is placed in an 18-pin plastic package for the highest possible
density. It is directly TTL compatible in all respects: inputs, outputs, and a single
+5V supply. The uPD444/6514 is pin-compatible with the uPD2114L NMOS Static
RAM.

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

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

Automatic Power-Down

Directly TTL compatible: All Inputs and Outputs
Common Data Input and Output using Three-State Outputs
Replacement for uPD2114L and Equivalent Devices
Available in a Standard 18-Pin Plastic Package

As Ifi ~ 1sPvee . PIN NAMES
As

As
A3
Ag C
A g
A2 O
s O

GND

173 A7 Ag-Ag Address Inputs
16[JAs WE Write Enable

uPD 15[] A9 Cs Chip Select

444/ b 1/0

6514 4 1 1/01-1/04 Data Input/Output
13[]1/02 vee Power (+5V)
12 :11/03 GND Ground
11010,
10 [AWE

© 0O N O U A W N

Rev/1



4 PD444/6514

WRITECYCLE @ ® ®

Notes: @ WE 15 high for Read Cycles.

@ Device 1s continuously selected, Cs= Vi
@ Address valid prior to or coincident with CS transition low.
@ 1f the CS low transition occurs simultaneously with the WE low transition, the
output buffers remain in a high impedance state.
@ 'WE must be high during all address transitions.
@ tyyp is measured from the latter of TS or WE going low to the earhier of CS or WE

going high.

LOW Vcc DATA RETENTION

we
ADDRESS )( )(
tew
AN O ALY/
AW WR
i____(As-—-— twp
WE A \5(_ 7V 7[
ow] |
o v, SIS0 viv.v.
wz :
tow
NN NN NN N 7 7 7 77
Pout 7 7 7 7777 //| HIGH IMPEDANCE AN N N\

DATA
l«——— RETENTION ———=]
MODE
vee
&S
Vcebr VCCDR
ViL ViL
V oo o e — —— — — — — — — — — — — — — — —— — —
A K
L
J
M
0-15° Yt
Plastic-
ITEM MILLIMETERS INCHES |

A 23.2 MAX. 0.91 MAX.
B 1.44 0.055
c 254 0.1
[} 0.45 0.02
E 20.32 0.8
F 1.2 0.05
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

PACKAGE OUTLINE
uPD444/6514C

444/6514DSREV1-12-80-CAT



4 PD444/6514
AC CHA RACTE R|ST|CS T, = =40 C1o +85 C; Vo = +5V * 10% unless otherwise noted.

LIMITS
444/6514-3 | 444/6514-2 [ 444/6514-1 | 444/6514
PARAMETER symsot | Min fmax [min [ max [min fmax [min]max]uniT| TesT conpitions
READ CYCLE
Read Cycle tRC 200 250 300 450 ns_| Input Puise Levels
Address Access Time AA 200 250 300 450 | ns | *0-8to+24 Vol
Chup Seltect Access Time (D TACST 200 250 300 450 | ns ,'r"l‘;“e':"“z:‘:" Fal
Chip Select Access Time @ tACS2 250 300 350 500 | 05 |, it and Outeut Timing
Output Hold from Address Change 10H 50 50 50 50 ns | Levels: 1.5 Volt
Chip Selection to Output in Low Z Wz 20 20 20 20 ns | Output Load: 1 TTL
Chip Deselection to Output in High Z| tHZ 60 70 80 100 ns | Gateand C_= 100 pF
WRITE CYCLE
Write Cycle Time we | 200 250 300 450 ns_| Input Puise Levels:
Chip Selection to End of Write tow 180 230 250 350 ns | *0-8t0 +2.4 Volts
Address Vaiid to End of Write Aw | 180 230 250 350 s | Input Rise and Fall
Times' 10 ns

Address Setup Time tAS 0 0 0 ) "5 1nput and Output Timing
Write Pulse Width WP 180 210 230 300 ns | Levels: 1.5 Volt
Write Recovery Time WR 0 ) 0 0 ns | Output Load: 1TTL
Data Vahd 1o End of Write tow | 120 140 150 200 s | Gate and Cy_= 100 pF
Data Hold Time oK 0 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 0 0 0 s

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

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

LOW Vcc DATA T =-40"C to +85°C
RETENTION LIMITS
CHARACTERISTICS P/ AETER SYMBOL | MIN TYP | MAX | UNIT | TEST CONDITIONS
> Supply | VcepRr | 20 v | 88=vee,Vin =Vee
to GND
Data Retention Supply | IcCDR 0.01 10 uA Vee =3V, CS = Ve
Current VN = Ve to GND
Chip Deselect to Data tCDR 0 ns
Retention Time
Operation Recovery 1R tRC@ ns
Time
Note: @ trc = Read Cycle Time
TIMING WAVEFORMS reapcvele @ @
tRC !
ADDRESS X
TAA
toH
Dout PREVIOUS DATA VALID X X ) DATA VALID

READ cycLE @.Q

tRC
s — e ———
| 7
——— tACS — ] }‘-l
Hz
k—le.-L
. HIGH
DouT L \7 DATA VALID
HIGH IMPEDANCE M\ IMPEDANCE
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pPDA444/6514

92

Aa——j 5
As j ;:::
L]
Ag
° F ROW MEMORY ARRAY
SELECT i 64 ROWS
Ay —“““ﬁ?: 64 COLUMNS
L]
Ag j ) SU—
AQ—F
. . L]
o
! COLUMN 10 CIRCUITS
1107 INPUT
DATA COLUMN SELECT
CONTROL §
1103 D> S—
104 >
Ao Ay Ay A3

~-g———— GND

WE ~—d

Operating Temperature
Storage Temperature
All Input and Output Voltages.
Supply Voltage

.

Note: (1) With Respect to Ground

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

-40°C to +85°C

-55°C to +125°C
-0.3to Vgc +0.3 Volts
+8.0 Volts

BLOCK DIAGRAM

ABSOLUTE MAXIMUM

RATINGS*

reliability.
"Ty=25°C
~
Ta =—40°C to +85°C; Vi = +5V + 10% unless otherwise noted. DC CHARACTERISTICS
LIMITS
244/6514.3 444/6514-2 444/6514-1 444/6514
PARAMETER symoL{MIN|TYP| MAX [min|TYP}] ™mAx [min|TYP] MAx |min|TYP| "MAX JUNIT| TEST CONDITIONS
Input Leakage Current | 1y -1.0 1.0 -1.0 10 -10 1.0 -1.0 1.0 uA | Viy = GND to Voo
1/0 Leakage Current ILo -1.0 1.0 -1.0 1.0 -1.0 10 -1.0 1.0 uA | CS= Vg, Vyj0 = GND
to Vee
Operating Supply lccat 19 |35 15 |35 12 |35 9 |35 mA | CS= VL VN = Vce.
Current Outputs Open
Operating Supply icca2 23 |0 19 |40 15 |40 12 |40 mA | TS =V, iy =24V,
Current ! Outputs Open
Average Operating Iccaz 10| 20 9 |20 8 |20 7|20 mA | ViN =GNDor Ve,
Supply Current Outputs Open f = 1 MHz,
Duty 50%
Standby Supply Current | lccs 50 50 50 50 uA | CS=Vce, Vin = GND
to Vee
Input Low Voltage ViL -0.3 08 -0.3 0.8 -0.3 0.8 -0.3 0.8 v
Input High Voltage Vi 24 Veg +0.3124 Vee +0.3| 2.4 Vee +0.3] 2.4 Vec +0.3[ v
Output Low Voltage VoL 0.4 0.4 0.4 0.4 V. |lgL=20mA
Output High Voltage VOH 2.4 24 24 24 v 10H = -1.0 mA
=25°C,f = H.
Ta=25°C, 1 =1 MHz CAPACITANCE
. LIMITS ’
PARAMETER SYMBOL | MIN| TYP] MAX |UNIT | TEST CONDITIONS
Input/Output Capacitance Cijo 10 pF Vi/0 =0V
Input Capacitance Cin 5 pF VN =0V

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




NEC Microcomputers, Inc. NEC

DESCRIPTION

FEATURES

PIN CONFIGURATION

pPD445L
1PD445L-1

FULLY DECODED 4096 STATIC CMOS RAM

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 (CE1,
CE2). Minimum standby current is drawn when (ﬁ1 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-volatility of data.

The uPD445L uses fully static circuitry requiring no clocking. Output data is read out
non-destructively by placing a high on the R/W pin and has the same polarity as input
data. All inputs and outputs are directly TTL compatible. The device has common
input/output data busses and an OD (Output Disable) pin for use in common 1/0 bus
systems.

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

Single +5V Power Supply
Ideal for Battery Operation
Low Standby Power for Data Retention
Simple Memory Expansion — Chip Enable Inputs
Access Time — 650 ns Max. (uPD445L)

450 ns Max. (uPD445L-1)
Directly TTL Compatible — All Inputs and Outputs
Common Data Input and Output
Static CMOS — No Clock or Refreshing Required
20 Pin Dual-In-Line Plastic Package

S .
Az 20 3 Vee PIN NAMES
A22 19[] Ag Ag-Ag Address Input
A3 18[J rR/wW oD Output Disable
Ao]4 170 éE«, f(LW Read/Write.
CEjq Chip Enable 1
A 5 6
5 ] ::5?_ 6] oo CE, Chip Enable 2
Ass 15[ CE 1/01-1/04 Data Input/Output
A7 14 Ag vce Power Supply
GND [ 8 1307 Ag GND Ground
I 9 .
010 1200 1/04 OPERATION MODES
1102 [0 1 ;l 1103
CEq | CE2}] OD Chip Output Mode
0 1 0 Data Out
Selected
0. 1 1
- High Impedance
Others Non-Selected
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uPD445L

a0 OH
Aq O_
A;O_
A3O._.
A4O—-
as OH

104 O

1103 O

o3 O

1/04 O

RIW O

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

All input Voltages . . ......

B 1 memory
ADDRESS « CELL
BUFF
ER DECODER MATRIX
64 x 64
4 -
I vo
b cireuiT |
INPUT M
DATA
R
CONTROL DECODE
1 1
ADDRESS
T BUFFER }ﬁ
A
- 6 A7 Ag Ag Lﬂ
ot °c- °
e i ... 0°CO+70°C

Supply Voltage Ve ... ... ..

Ceiie......~40°Cto +125°C
e -0.3 to Vg +0.3 Volts
evvv....=031t0 Ve +0.3 Volts
e, ~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.
Q
*T, = 25°C
T, =0°Cto +70°C; +5V + 10%
LIMITS TEST
PARAMETER SYMBOL MIN | TYP MAX UNIT CONDITIONS
Input High Voltage ViH +2.2 Vee )
fnput Low Voltage ViL -0.3 + 0.65 \Y
VOH1 +2.4 v IoH - ~1.0 mA
High Vol
Output High Voltage Vouz 5 v Torr ~ 700 2A
Output Low Voltage VoL + 04 \ toL = +2.0 mA -
Input Leakage
Current High ILiH + 1.0 | kA Vi - Vee
Input Leakage
Current Low i - 10 ] wA Vi-ov
Output Leakage Vo = Vco.
Current High LoH v L0 ] wA TEy - 2.2v
QOutput Leakage Vo = 0V,
Current Low ‘LoL o KA CEq = 2.2V
Outputs Open
Supply Current iccr 12 25 mA Vi = Ve except
. CEq < 0.65V
Outputs Open
Supply Current icc? 16 30 mA \_I_|_ = 2.2V except
CEq < 065V
- Vi =0t 5.25v
Standby Current iccL 40 KA Except CE < 0.2V
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puPDA445L

CAPACITANCE Ta = 25°C;f = 1 MHz

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT | CONDITIONS
Input Capacitance Ci 5 8 pF V=0V
Output Capacitance Co 8 12 pF Vo =0V
READ CYCLE
AC CHARACTERISTICS  T,=0°Cto +70°C; Vg = +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
phid. 0 400 n
(CE1) to Output | €O1 60 *
Chip Enable Input Rise Time
00 500 ns
(CE?2) to Output ‘coz 7 20 ns
Qutput Enable Input Fall Time
50 250
to Output top 3 ns 20 ns
Output Disable Timing Measurement
(OD) to Floating DF 0 | 180 0 |30 ns Reference Level =
Data Output 0 0 ns +1.5V
Hold Time tOH1 QOutput Load
Chip Disable 1 TTL + 100 pF
0
to Floating OH2 0 ns
Address Rise tr For Address change
and Fall Time tf 300 300 ns during Chip Enabled
WRITE CYCLE
Ta=0°Cto +70°C; Voe = +5V + 10%
LIMITS
4451 445L-1 TEST
PARAMETER SYMBOL | MIN [MAX MIN | MAX UNIT CONDITIONS
Write Cycle Time | twc 650 450 ns
?ddress Setup AW 150 130 ns Input Voltage Levels
'me V| = +0.65 to +2.2V
C_hf Erable
(CE1) to Write tcwi 550 350 ns Input Rise Time
End 20 ns
Chip Enable
(CE2) to Write tcw?2 550 350 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 +3.5v
Time tWR 50 50 ns
Output Disable
Setup Time tDs 150 130 ns
Address Rise tr For Address change
and Fall Time tf 300 300 ns during Chip Enabled
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PDA45L

Ta =0°Cto +70°C

LOW Vcc DATA RETENTION

LIMITS TEST
PARAMETER SYMBOL MIN TYP | MAX UNIT CONDITIONS
V¢ for Data Retention VCeDR +2.0 \2 CEp < +0.2V
Data Retention Current ICCDR 40 uA VCCDR = 2.0V
CEp < +0.2V
Chip Deselect Setup Time tCDR 0 ns
Chip Deselect Hold Time R tRC @ ns

Note: @ trc = Read Cycle Time

READ CYCLE
tRC
ADDRESS ><
1o ————=] TOH1 |
Cey
TOH2 [—-—
CE)
I 'Co? _
0D —=—y
[e]8]
({COMMON 1 O)
(OP —————
A
DATA OUT X DATA OUT VALID
— — = — HIGH IMPEDANCE STATE

WRITE CYCLE

we
ADDRESS *>< 3{
' rcw
- __—* /—
I TCw2 :
o0 /
(COMMON 1/0} /
TOH ]
—— s
—_—_————— —_——
DATA
IN
[P (S —— e ————
-] xAWhl tow S —
we
AW lk 7(
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uPDA44sL

LOW Vcc DATA RETENTION@

DATA RETENTION MODE ——=|

SUPPLY VOLTAGE (V)

ViH ViH
CHIP ENABLE (CEp)

ov O —— o - —— —

note @D Apply tess than VDR 10 all inputs for data retention mode

-K : -l PACKAGE OUTLINE
- uPD445LC

—

'

0—15°

(PLASTIC)

ITEM MILLIMETERS INCHES
A 27.00 1.07

B 207 0.08
c 2.54 .10

D 0.50 0.02

e | 2288 | oo

F 1.20 0.05

G 2.54 MIN 0.10 MIN
H 1 0.50 MIN 0.02 MIN

; 4.58 MAX 018

3 5.08 MAX 0.20

K 10.16 0.40

L " 860 0.39

+0.10 +0.004

M 0257000 001000

445L.DS-12-80-CAT

97



98

‘NOTES



NEC Microcomputers, Inc.

DESCRIPTION

FEATURES

PIN-CONFIGURATION

NEC

pPD446
y.PD446 -1
PD446-2

PE}EMMHWMW

The uPD446 is a high speed, low power, 2048 word by 8 bit static CMOS RAM

2048 x 8 BIT STATIC CMOS RAM

fabricated using an advanced silicon gate CMOS technology. A unique

circuitry

technique makes the uPD446 a very low operating power device which requires

no clock or refreshing to operate. Minimum standby power current is drawn by this

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

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

The uPDA446 is packaged in a standard 24-pin dual-in-line package and is plug-in
compatible with 16K EPROMs.
e Single +5V Supply
e Fully Static Operation — No Clock or Refreshing required
e TTL Compatible — All Inputs and Qutputs
. C_ommon /0 Using Three-State Output
e OE Eliminates Need for External Bus Buffers
e Max Access/Min Cycle Times Down to 120 ns
e Low Power Dissipation, 46 mA Max Active/100 uA Max Standby/
10 A Max Data Retention
e Data Retention Voltage — 2V Min
e Standard 24-Pin Plastic and Ceramic Packages
e Plug-in Compatible with 16K EPROMs
Vink ~ 2a]dvee
As[] 2 23 [ As
As(] 3 22 [ A9 PIN NAMES
A4 4 21 [JWE AQ-A10 Address Inputs
A3]s y 20 [JOE 1we Write Enable
A2 6 uPD 19 [JA10 : §_§ Output Enable
A7 446 18 j‘ﬁ CE Chip Enable
Nl 17 D v/os 1/01-1/08 | Data Input/Output
o] o 16 D07 vee Power (+5V)
I/OZ[: 10 15 3 1/06 GND Ground
170311 14 [J1/05
eNp[]12 13 [J 1/04
TRUTH TABLE
CE | OE | WE MODE 1/0 icc
H X X | NOT SELECTED | HZ STANDBY
L H H | NOT SELECTED HZ ACTIVE
L L H | READ . DouT | ACTIVE
L X L | WRITE, Din ACTIVE
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4 PD446

Ay — —
As
Ag — CELL ARRAY
nr—Jaorren]| [oecopen 128 ROWS
128 COLUMNS
Ag —o .
Ag—
Alv | |
1/01 B ]
h INPUT SENSESWITCH | | outeuT
\ DATA DATA
' CONTROL, COLUMN CONTROL
1/08 DECODER 2
1 ]
ADDRESS
BUFFER
Ao Ar A2 A3

Q Al

WE
Supply Voltage ....... e e e e e e 7.0V
Input or Output Voltage Supplied . ....... e e e -0.3 to VCC + 0.3V
Storage Temperature Range e -55°C t0-125°C

Operating Temperature Range et 0°C to 70°C.

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

* . o
Ta=25C
Ta=01070°C; Vgg = 5.0V £ 10%
446 uPD446-1 LPD446
1}
CHARACTERISTIC | SYMBOL e e e e UNIT CONDITIONS
Input High Voltage Vig 22 vee | 22 vee | 22 vee | v
) 403 40.3 +0.3
Input Low Voltage Vi -0.3 08 |-03 08| -03 08| v
Input Leakage Current I -1.0 10 [-1.0 1.0 | -1.0 10| wa | vin=0~vee
Vs =
1/0 Leakage Current o -1.0 1.0 [-1.0 1.0 | -1.0 1.0 wA wc/so B ‘;Tvcc
Iccay 30 | 4 25 38 20 30 | mA ;‘I’j ;g“(‘el'_'ilo =0
Operating Supply .Current
Ves=ViL =0
Iccay 5 10 5 | 5 10 | ma D‘échR'F:-E':{?
Vs =V
Standby Current lecs 100 100 100 | wA v?: o ECVCC
Output High Voltage VoH 24 24 24 v | lon=-1.0ma
Output Low Voltage VoL 0.4 0.4 04| v | 1oL=20mA
o
Ta=256C, f=1.0MHz
LIMITS
TEST
PARAMETER SYMBOL |MIN | MAX| UNIT | CONDITIONS
Input Capacitance CiN 6 pF VN =0V
Input/Output Capacitance Ci/o 8 pF Vi/o =0V
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AC CHARACTERISTICS

LOW Ve DATA
RETENTION

1 PD446

READ CYCLE
Vee = 5.0V £ 10%, T, = 0°C to 70°C
LIMITS
uPD446-2 4PD446-1 uPD446
PARAMETER SYMBOL MIN MAX | MIN MAX | MIN | MAX | UNIT
Read Cycle Time tRC 120 150 200 ns
Address Access Time tAA 120 150 200 ns
Chip Enable Access Time tACS 120 150 200 ns
Output Enable to Output Valid tOE 60 75 100 ns
Output Hold from Address Change tOH 20 20 20 ns
Chip Enable to Outputin LZ tcLz 10 10 10 ns
Output Enable to OQutput in LZ toLZ 10 10 10 ns
Chip Disable to Output in HZ tCHZ 60 75 100 ns
Output Disable to Output in HZ tOHZ 60 75 100 ns
Vce =5.0V £ 10%, Ta = 0°C to 70°C WRITE CYCLE
LIMITS
_HPD446-2 uPD446-1 uPD446
PARAMETER SYMBOL MIN MAX | MIN MAX | MIN { MAX | UNIT
Write Cycle Time WG 120 150 200 ns
Chip Enable to End of Write tcw 100 125 170 ns
Address Valid to End of Write AW 100 125 170 ns
Address Setup Time tAS 0 0 0 ns
Write Pulsewidth twp 100 125 170 ns
Write Recovery Time WR 0 0 0 ns
Data Valid to End of Write tpwW 60 75 100 ns
Data Hold Time tDH 0 0 0| ns
Write Enable to Output in HZ tWHZ 60 75 100 ns
Output Active from End of Write tow 20 20 20 ns
Ta=0°Cto 70°C
LIMITS
TEST
PARAMETER SYMBOL | CONDITIONS | MIN | TYP | MAX]|UNIT
VCC for Data Retention Vcepbr | VIN=0~Vce,| 20 \
VCE = Vce
Data Retention Current IcCDR Vee =3.0v, 0.1 10 HA
Vin=0~Vce
VCE = Vce
Chip Deselection to Data ICDR 0 ns
Retention Time
Operation Recovery Time R Rc ns
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44 PD446

READ CYCLE (1)

0 ‘ the '
= NNWN\\\ | 777717777
dout MM*'{X}( )(X)__

READ CYCLE (2)

Glo -
\

= SWN\\\_|_| /77777777
oour ‘W’OO(

NOTES:
@ ﬁ is high for read cycles.
® Device is continuously selected, C—E =ViL.
@ Address valid prior to or coincident with CE transition low.
WRITE CYCLE (1)

P00 | we

ADDRESS )(

AW
cw

= W {77777

WP

" NN e

<-tonz—| oW

DouTt ![f:f' ‘ ,::,:

1DW -so-lem—tDH

DIN

NOTES: @ WE must be high during all address transition.
@ A write occurs during the overlap of a low CE and a low WE.

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

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

102
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M PDA46

TIMING WAVEFORMS , WRITE CYCLE (2)
(CONT.) olelelelo) twe ]

S y

1AW
AW

SEN\\\\\\ U 77220/
e
" A\ U

e tow—a]

tWHZ

orr SSSSSVLLUTY

tq—tpw-—d—ton-—-l

WE must be high during all address transition.

Notes:
A write occurs during the overiap of a low CTE and a low WE.
tWR is measured from the earlier of CE or WE going high to the end of write cycle.

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

® PO

OE is continuously low {OE ~ V).

DATA RETENTION MODE

LOW Vcc DATA RETENTION
TIMING CHART  Vec&ow

45V woeam= e m . — .- .. _——--—————

AC TEST CONDITIONS Input Pulse Levels 0.8V to 2.2V
Input Rise and Fall Times 10 ns
Input and Output Timing Reference Levels 1.5V
Output Load 1TTL + 100 pF
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D446

A ‘ « PACKAGE OUTLINE

’—-—L——t uPD446C

o —!

(PLASTIC)
ITEM MILLIMETERS INCHES
A 33 MAX 1.3 MAX
B 2,53 0.1
(o] 2.54 0.1
D 0.5+ 0.1 0.02 + 0.004
E 27.94 1.1
F 1.5 0.059
G 2.54 MIN 0.1 MIN
H 0.5 MIN 0.02 MIN
I 5.22 MAX 0.205 MAX
J 5.72 MAX 0.225 MAX
K 1524 0.6
L 13.2 0.52
" 0.25 +0.10 0.01 +0.004
-0.05 -0.0019
A K uPD446D
R —
T
‘.
:
L
™
0° - 15°
(CERDIP)
ITEM MILLIMETERS INCHES
A 33.5 MAX. 1.32 MAX.
B 2.78 01
C 254 0.1
D 0.46 0.018
E 27.94 1.1
F 1.5 ) 0.059
G 2.54 MIN. 0.1 MIN.
H 0.5 MIN. 0.019 MIN.
I 4.58 MAX. ) 0.181 MAX.
J 5.08 MAX. 0.2 MAX.
K X 15.24 06
L 135 0.53
v 025 3 on 0015000
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NEC

NEC Microcomputers, Inc. 1 PDA47

DESCRIPTION

FEATURES

PIN CONFIGURATION

44 PD44T7-1
/4 PD447-2

PRELIARY

2048 x 8 BIT STATIC CMOS RAM

The uPD447 is a high speed, low power, 2048 word by 8 bit static CMOS RAM:
fabricated using an advanced silicon gate CMOS technology. A unique circuitry tech-
nigue makes the uPD447 a very low operating power device which requires no clock
or refreshing to operate.

Since the device has two chip enable inputs, it is suited for battery backup applica-
tions. Minimum standby power current is drawn by this device when CE2 equals V¢
independently of the other input levels.

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

The uPD447 is packaged in a standard 24-pin dual-in-line package and is plug-in
compatible with 16K EPROMs.

Single +5V Supply

Fully Static Operation — No Clock or Refreshing required

TTL Compatible — All Inputs and Outputs

Common Data Input and Qutput Using Three-State Output

Two Chip Enable Inputs for Battery Operation

Max Access/Min Cycle Times Down to 120 ns

Low Power Dissipation; 45 mA Max Active/100 uA Max Standby/

10 uA Max Data Retention

Data Retention Voltage — 2V Min ‘

Standard 24-Pin Plastic and Ceramic Packages
e Plug-in Compatible with 16K EPROMs

adr Y 2aPvee
As[] 2 23 [ A8
As[] 3 22 [JAg
Aq] 4 21 [JWE
A3[] s 20 [JCE1 : PIN NAMES
Al s uPD 19 [JA10 AQ-A10 | Address Inputs
a7 447 18 &2 WE Write Enable
CE1-CE2| Chip Enable Inputs
rol] 8 17 Dvos 1/0}-1/08 Dat‘a Input/Output
e 16 [Juo7 vee Power (+5V)
1/02[]10 15 []1/08 GND Ground
1/03(]11 14 [J1/05
GND[]12 13[J1/04
TRUTH TABLE
CE1 | CE2 | WE - MODE 1/0 | icc
X H X. | NOT SELECTED | Hz STANDBY
H X X | NOTSELECTED | HZ ACTIVE
L L L | WRITE DIN ACTIVE
L L H | READ DouT | ACTIVE
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/.‘PD447

Agq il -— - .
Ag—o| ~ BLOCK DIAGRAM
A6——ao0RESS ROW CELL ARRAY
128 ROWS
A7 —— BUFFER DECODER 128 COLUMNS
Ag —ud
AQ —i ]
A10
L 1
'/.0 ! INPUT ] senseswren [ OUTPUT ]
H pATA [T DATA
' CONTROL COLUMN CONTROL
1/08 DECODER -
| 1
ADDRESS
BUFFER
Ap Ay A2 A3
CE2
o .
Supply Voltage . ... oi i e T, 7.0v ABSOLUTE MAXIMUM
Input or Output Voltage Supplied . ....-03tovCcC+03v RATINGS*
Storage Temperature Range . ... .........c.uivenen... -55°C to 125°C
Operating Temperature Range . . . .. ... .........coououiue.... 0°C to 70°C

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

*T,=256°C

VG = 5V = 10%, T = 0°C to 70°C

DC CHARACTERISTICS

LiMITS
TEST uPD447-2 uPD447-1 uPD447
PARAMETER symsoL | conoitions [ min [rve [ max- [ min]rve ] max [min]rve] max  Juwir
Input High Voltage e 2.2 Vec+03 | 2.2 Vec+03 | 22 Vec+03 | v
Input Low Voltage viL -0.3 08 |-03 08 |-03 08 v
Input Leakage Current [m VIN=0~Vce | -1.0 10 | =10 10 | =10 100 uA
1/0 Leakage Current Lo x::,i)z:ovlﬂvcc -10 10 |-10 1.0 |-10 1.0 uA
VEE2 = VIL
Iccar | lio=0 30 as 25 39 20 30 mA
MIN TCYCLE
Operating Supply Current —
VCEz2=ViL
lccaz | lo=0 5 10 5 10 5 10 mA
DC CURRENT
VEE2=Vce
Standby Current eS| vigs o~ vec 100 100 100 uA
Output High Voltage VoH 1oH=-1.0mA | 24 24 2.4 [V
Output Low Voltage VoL . |loL=20mA 04 0.4 0.4 I v
o
T,=25"C, f=1.0MHz CAPACITANCE
LIMITS
TEST
PARAMETER SYMBOL| MIN| MAX | UNIT | CONDITIONS
Input Capacitance CiN 6 pF VN =0V
Input/Output Capacitance Ci/o 8 pF Vi/0=0V
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AC CHARACTERISTICS

LOW vCC
DATA RETENTION

M PD447

READ CYCLE
Vee = 5.0V £ 10%, T, = 0°C to 70°C
LIMITS
uPD447-2 wPD447-1 uPD447
PARAMETER SYMBOL | MIN | MAX | MIN | MAX | MIN | MAX | UNIT
Read Cycle Time tRC 120 150 200 ns
Access Time A 120 150 200 ns
Chip Enable (CE1) to Output Vaiid t1co1 60 75 100 ns
Chip Enable (CE2) to Output Valid t1co2 120 150 200 ns
Output Hold from Address Change tOH 20 20 20 ns
Chip Enable (CE1) to Output in LZ w4 10 10 10 ns
Chip Enable (CE2) to Output in LZ tLz2 10 10 10 ns
Chip Enable (CE1) to Output in HZ tHZ1 60 75 100 ns
Chip Enable (CE2) to Output in HZ tHZ2 60 75 100 ns
Ve = 5.0V £ 10%, Ta = 0°C to 70°C WRITE CYCLE
LIMITS
uPDA447-2 uPD447-1 uPDA47
PARAMETER SYMBOL | MIN | MAX | MIN | MAX | MIN | MAX | UNIT
Write Cycle Time twe 120 150 200 ns
Chip Enable (CE1) to End of Write 1CW1 100 125 170 ns
Chip Enable (CE2) to End of Write 1cw2 100 125 170 ns
Address Setup Time tAW 0 ] 0 ns
Write Pulsewidth twe 100 125 170 ns
Write Recovery Time WR o] ] o] ns
Write Enable to Output in HZ wz 60 75 100 ns
Output Active from End of Write oW 20 20 20 ns
Data Valid to End of Write t1DW 60 75 100 ns
Data Hold Time tDH 0 o] o] ns
T,=0°Cto 70°C
TEST LIMITS
PARAMETER SYMBOL | CONDITIONS | MIN | TYP | MAX{UNIT
Vcc for Data Retention Veebr | Vin=0~Vce, | 20 \%
Vcez = Vee
Data Retention Current ICCDR Vee =3.0v, 0.1 10 KA
VIN=0~Vcc
VCEZ = Vce
Chip Disable to Data Retention Time | tcpR 0 ns
Operation Recovery Time tR tRC ns
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4 PDA4

ADDRESS

— \ tLz1e]
CE2 \
tco2 tHz2

Dout {

47

READ CYCLE TIMING CHART

tRC 1

tA— tOH ]

1CO1—m .[ tHZ1

.22

WRITE CYCLE TIMING CHART

we

ADDRESS

X D ¢

WS\ " V777777

|t LAY ] - tWR

Dout

DN

Ve (5.0V)
45V

Vin
VcepR
CE2 ViL
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A\ T

ANNY /

F- tDW -jt— tDH —--1

< KX

DATA RETENTION MODE

J e N R e s s

- - - - - - - - - . . - - - - " -

N\

TIMING WAVEFORMS

LOW vCC
DATA RETENTION
TIMING CHART



M PD447

AC TEST CONDITIONS Input Pulse Levels 0.8V to 2.2V
Input Rise and Fall Times 10 ns
Input and Output Timing Reference Levels 1.5V
Output Load 1TTL + 100 pF

PACKAGE OUTLINE
uPD447C

(PLASTIC)
ITEM MILLIMETERS INCHES

A 33 MAX 1.3 MAX

B8 2,53 0.1

C 2.54 0.1

D 0.5+ 0.1 0.02 + 0.004

E 27.94 1.1

F 1.5 0.059

G 2.54 MIN 0.1 MIN

H 0.5 MIN 0.02 MIN

1 5.22 MAX 0.205 MAX

J 5.72 MAX 0.225 MAX

K 15.24 0.6

L 13.2 0.52

M 0.25 *0.10 001 000
-0.05 ~0.0019

uPD447D K
A (et | ———— 3

(CERDIP)

ITEM MILLIMETERS INCHES
A 33.5 MAX. 1.32 MAX.
B 2.78 0.11
C 254 01
) 0.46 0018
E 27.94 1.1
F 15 0.059
G 2,54 MIN. 0.1 MIN.

H 0.5 MIN. 0.019 MIN.
T 4.58 MAX. 0.181 MAX.
3 5.08 MAX. 0.2 MAX.

K 15.24 0.6

L 13.5 0.53

M 025000 001"9.9%

447DS-12-80-CAT
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NEC Microcomputers, Inc. NEC
ROM ORDERING PROCEDURE — MEMORIES AND MICROCOMPUTERS

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

uPD2316E uPD8021 uPD547L uPD651
uPD2332A uPD8022 ©PD550 uPD651G
uPD2332A-1 uPD8041A uPD550L uPDE52
uPD2332B 1PD8048 uPD552 uPD7502
uPD2332B-1 1PD80C48 uPD553 uPD7503
uPD2364 uPD8049 uPD554 uPD7507
uPD23128 1PD8355 uPD554L uPD7520
uPD7801 uPD546 uPD557L uPD7720
uPD7802 uPD547 uPD650

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

PROM/EPROM equivalent to ROM parts

Sample ROMs or ROM-based microcomputers

NEC uPD458 EEPROM

Paper Tape

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 Il 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 transferral procedure. The uPD8048 is used here; however, the process is the
same for the other ROM-based products.

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

2. Since an EPROM version of that part is available, the uPD8748 is proposed as a code transferral medium, or a
paper tape and listing may be used.

3. Two programmed uPD8748’s are sent to NEC Microcomputers, Inc. with a listing, a code submittal form, and a
paper tape as back-up.

4, NEC Microcomputers, Inc. compares the media provided and enters the code into GS-TSS. The GE-TSS file is
accessed at the NEC factory and a copy of the code is returned to NEC Microcomputers for verification. One of
the uPD8748's is erased and reprogrammed with the customer’s code as the NEC factory has it. Both uPD8748's
and a listing are returned to the customer for his final verification.

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 begins immediately on developing his uPD8048s.

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

NEC Microcomputers, Inc. M PD2308A

DESCRIPTION

FEATURES

PIN CONFIGURATION

FULLY DECODED 8,192 BIT MASK
PROGRAMMABLE READ ONLY MEMORY

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.

e Access Time 450 ns Max

e 1024 Words x 8 Bits Organization

Single +5V £10% Power Supply Voltage

Directly TTL-Compatible — All Inputs and Outputs

Two Programmable Chip Select Inputs for Easy Memory Expansion
Three-State Output — OR-Tie Capability '
On-Chip Address Fully Decoded

e All Inputs Protected Against Static Charge

e Direct Replacement for 2308A

e Auvailable in 24-pin-piastic or ceramic packages

A7 1 247 Vec

As []2 23] As

As []3 22 [ A9

Aq Q4 21 NC

A3 s 20 [ €81 PIN NAMES
A2 e uPD 197 Nc Ap — Ag | Address Inputs
md s 2308A 8 css Do — D7 | Data Outputs

CSq — CSp |Programmable Chip Select Inputs|

Ao s 17 [ Dy

Do 9 16 ] Dg

D1 []10 15[] Ds

Dy On 14[] Dy
GND [J12 131 bp3°

Rev/1
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4 PD2308A

Ag .
Ag —=1

A7 ="

Do D1 D2 D3 D4 Dg Dg Dy

tretpbtd

~— Vee

~=— GND

OUTPUT BUFFERS

CsS.
DECODE

[ I )

|

Y DECODER 1 0of 16 x 8

ENEENENEN!

A6.—>
Ag =™

Agq —>1

ADDRESS INPUT BUFFERS

1 1

X DECODER 1/128

A3—'>‘

AQ it

1

1

Ay —>

AQ —=

][I

8,192 BIT
CELL MATRIX

CHIP
SELECT
PROG.

b4}

f-— CS,

CHIP
SELECT
INPUT
BUFFERS

—-— CS2

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

Ta=-10°C to+70°C; VC( = +5 ¢ 5% unless otherwise noted.

.. =10°C to +70°C
.. =65°Cto+125°C
-0.5to+7.0 Volts

LIMITS

PARAMETER SYMBOL | MIN | TYP 6 MAX UNIT TEST CONDITIONS
Input Load Current {IN} +10 Vin = Vee
(Al 'Input Pins) 10 ViN = OV
OQutput Leakage Current ILOH +10 Chip Deselected, Vo = Voo
Power Supply Current Icc 60 85
Input *‘Low” Voltage ViL -0.5 0.8
Input ""High"’ Voltage ViH 20 Vece
Output “Low” Voltage VoL 0.4 loL=32mA
Output “’High” Voltage VoH +2.4 IOH = ~200 uA

Note: @ Typical values for T, = 25°C and nominal supply voltage.
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CAPACITANCE  T53=257C;f=1MHz

. PD2308A

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

AC CHARACTERISTICS  T53=-10°C to +70°C; Vg = +5V * 5% unless otherwise specified.
LIMITS
PARAMETER SYMBOL | MIN TYP@ MAX | UNIT TEST CONDITIONS
Address to Output tA 350 | 450 ns tT=t=t=20ns
Delay Time Vrefin = 1V, 2.2V
. Chip Select to Output tco 120 ns v - v
Enable Delay Time ref out = 0.8V,
Chip Deselect to Output tDF 10 100 ns g:‘?;‘ LOAD=1TTL
Data Float Delay
Time C =100 pf
Previous Data Valid tOH 20 ns
After Address
Change
Note: (D T, =25°C; Ve = +5V
TIMING WAVEFORMS }{
ADDRESS
teo——] or]

PROGRAMMABLE
CHIP SELECTS

F*ton

777

A
QUTPUT 7
UT HIGH
IMPEDANCE I OUTPUT VALID
LLL.

HIGH  *
IMPEDANCE *

-
IN-
VALID

"
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4 PD2308A

PACKAGE OUTLINES
uPD2308AC
Plastic
ITEM MILLIMETERS INCHES
A | 33MAX 1.3 MAX
B 2.53 0.1
[¢ 2.54 0.1
D | 05%0.1 0.02 * 0.004
3 27.94 1.1
F 1.5 0.059
G | 254 MIN 0.1 MIN
H | 05MIN 0.02 MIN
[ 6.22 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 o025 e 001 _ o019
K uPD2308AD
A * [ | ————
1 1 , I J
H Ol
T ‘.
L I ' i
B —#| C ft— il D _I ; —{ | 0.10° M -3
Ceramic
ITEM MILLIMETERS INCHES
A 30.78 MAX. 1.23 MAX.
B 1.53 MAX. 0.07 MAX.
C 254+0.1 0.10 + 0.004
D 0.46+ 0.8 0.018 + 0.03
E 2794+ 0.1 1.10 £ 0.004
F 1.02 MIN. 0.04 MIN.
G 3.2 MIN. 0.125 MIN.
H 1.02 MIN. 0.04 MIN.
I 3.23 MAX. .| 0.13 MAX.
J 4.25 MAX. 0.17 MAX.
K 15.24 TYP. 0.60 TYP.
L 1493 TYP. 0.59 TYP.
M 0.25 + 0.05 0.010 + 0.002

2308ADS-REV1-12-80-CAT
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NEC

NEC Microcomputers, Inc. | pPD2316E

DESCRIPTION

FEATURES

PIN CONFIGURATION

uPD2316E-1

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.

High Speed — Access Times: uPD2316E — 450 ns
uPD2316E-1 — 350 ns

e 2048 Words x 8 Bits Organization
e Single +5V *10% Power Supply Voltage
e Directly TTL Compatible — All inputs and Outputs
e Three Programmable Chip Select Inputs for Easy Memory Expansion
e Three-State Output — OR-Tie Capability
e On-Chip Address Fully Decoded
e All Inputs Protected Against Static Charge
e Direct Replacement for 2316E
e Available in 24-pin plastic or ceramic dual-in-line packages
A7 1 ~ 229 Vee
As 2 23 As
As 3 22[] Ag
A4 [ 217 cs3
A3 s 20 [ ©C$4 PIN NAMES
A2 e HPD 19 ] A0 Ag —A10. | Address Inputs
Aq mE 2316E 18] csa Do — D7 Data Outputs
CSy —CS3 | Programmable Chip Select Inputs
Ao s 17[J D7
Do [Jo 16[]) Dg
D1 [J10 15[] Dsg
D2 O 147 Dy
GND []12 13 b3
Rev/1
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4 PD2316E

A10 —*
Ag =
Ag ==
Ay =
Ag —
Ag 1

Ag =

ADDRESS INPUT BUFFERS

Az ——=1

AQ ] -

A1—-—>1

AQ ==

Do D1 Dy. D3 Dg Dg Dg Dy

triteeed

~— Ve

~=— GND

_OUTPUT BUFFERS

DECODE

Cs.

S |

| I

Y DECODER 1 of 16 x 8

1

X DECODER 1/128

1 1

=i

[T Ii1T

16,384 BIT

CELL MATRIX

CHIP
SELECT
PROG.

11

BUFFERS

fothee CS,

CHIP
SELECT

INPUT | CS,

p— CS,

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.

*Ty=25°C

Ta=~10°Cto +70°C; VoC = +5V £ 10% unless otherwise noted.

LIMIT

PARAMETER SYMBOL | MIN TVPE MAX UNIT TEST CONDITIONS
Input Load Current Iy +10 uA Vin =Vee
(Al Input Pins) T LA Vin = OV
Output Leakage Current ILOH H'O HA Chip Deselected, Vg = Voo
Power Supply Current Icc 60 85 mA
Input “’Low” Voltage ViL -0.5 0.8 \Z
Input ““High” Voltage ViH 2.0 Vee v
Output “Low" Voltage VoL 0.4 \Y loL=3.2mA
Output **High” Voltage VOH +2.4 v loH =-200 uA

Note: @ Typical values for T, = 25°C and nominal supply voltage.

118

BLOCK DIAGRAM

-10°C 10 +70°C  ABSOLUTE MAXIMUM
. =-65°Cto+125°C
-0.5 to +7.0 Volts @

RATINGS*

DC CHARACTERISTICS



CAPACITANCE

AC CHARACTERISTICS

TIMING WAVEFORMS

Ta=25°C;f=1MHz

p PD2316E

LIMITS

PARAMETER | SYMBOL

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

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

LIMITS
4#PD2316E | uPD2316E-1
PARAMETER SYMBOL | MIN. | MAX. | MIN. MAX. | UNIT TEST CONDITIONS
Address to Output Delay Time tACC 450 350 ns tT =t =t§=20ns
Chip Select to Output Enable Delay Time tco 150 150 ns | Cp =100pF
Chip Deselect to Output Data Float Delay Time tDF ] 150 100 ns Load = ITTL gate
Output Hold Time tOH 20 20 ns | Vin=08to2V
Vref Input = 1.5V
Vref Output = 0.45/2.2V |
ADDRESS
tog =01 'DF'—J
PROGRAMMABLE
CHIP SELECTS
A "ou’i

UTPUT HIGH
IMPEDANCE

-
IN- HIGH M
/// %ow»’m vALID | AvaLiD ximpemnce'
' | -
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4 PD2316E

120

{Plastic)
iTeM |  MILLIMETERS INCHES
A | 33MAX 1.3MAX
8 | 253 0.1
c | 254 0.1
D | 0501 0.02+ 0.004
E | 27.04 11
F |15 0.059
G | 25aMIN 0.1 MIN
H | 05MIN 0.02MIN
I | 5.22MAX 0.205 MAX
) | s72MAX 0.225 MAX
K | 16.24 06
L | 132 [ 055 max.
M | oz fg:;g 0.01 fgﬁ‘: 0
[ —————— K ——————
+ e | ————

0-10° M-\
(Ceramic)
ITEM MILLIMETERS INCHES
A 30.78 MAX. 1.23 MAX.
B 1.563 MAX. 0.07 MAX.
C 254+ 0.1 0.10 + 0.004
D 0.46 + 0.8 0.018 + 0.03
E 27.94 + 0.1 1.10 + 0.004
F 1.02 MIN. 0.04 MIN.
G - 3.2 MIN. 0.125 MIN.
H 1.02 MIN. 0.04 MIN.
I " 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

PACKAGE OUTLINE
MPD2316EC

uPD2316ED

2316EDS-REV1-12-80-CAT



NEC

NEC Microcomputers, Inc. 44 PD2332A

DESCRIPTION

FEATURES

PIN CONFIGURATIONS

j+ PD2332A-1
4 PD2332B
41 PD2332B-1

FULLY DECODED 32,768 BIT MASK
PROGRAMMABLE READ ONLY MEMORY

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

e 4096 Words x 8 Bits Organization
e Directly TTL Compatible — All Inputs and OQutputs
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
e 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
e N-Channel MOS Technology
e Auvailable in 24 Pin Plastic or Ceramic Dual-in-Line Package
A, O ~ T 2aPvee A, 1 N~ 2aPvg
Ag ]2 23[JAg Ag ]2 23 [0 Ag
A5E3 223A9 Ag s 22 Ay
A4 21 [Jcs, A O4 21 [J A,
Ag Os 20 []cs, Ay Os 20 [Jcs,
A, s #PD . 19 [] Ao A,Os HPD 19 A,
A, o7 2332A 18 A, A, k) 2332B 18 D cs,
A8 17 [0 D7 Ags 17 [J D7
Do[]9 16 [JDg Dp[o 16 [JDg
D1 [0 15[ Ds D1 10 15[ Dg
Dy 11 14 [ Dg D2 11 141 D4
GNb[]12 13[J D3 eno 12 13[J D3
-PIN NAMES When ordering the uPD2332A/B, specify a chip
select combination of CS; and CS, from the
Ao — Aqq | Address Inputs following.
Do-D Data Output
0 7 ata Outputs - C52 oS,
CS1 - C52 Programmable Chip Select Inputs 5 o
0 1
1 0
1 1

Rev/2
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/1 PD2332A/B 0o 0102 03,04 05 05 07 BLOCK DIAGRAM
B_

<—Vcc
] PEtttbtt — o
Ag —= M . OUTPUT BUFFERS ] Decone
A - 8 N N Y Y O O W W}
(5]
Ay =i g -1 & Y-SELECTOR
“3—’*4)pnuun setecr
2| /—m PROG.
A4 D 55 =
Zz L
= ; )
[ B B fe— cs,
A —e 2 H 3 CELL MATRIX
7 g 32,768 BIT CHIP
Ag =] M x ot f— cs,
Ag — - BUFFERS
A, i L
S B
Operating TEMPErature . . . ..o v ve oo e eneee e nen. -10°C to +70°C ABSO LUT*E MAXIMUM
StOrage TemMPerature « « « « « v v v v v v et et e e e -65°Cto +125°C RATINGS
Supply Voltage OnAny Pin . ...... ... . .. ........ ~0.5 to +7.0 Volts

Note: (D With Respect to Ground

COMMENT: Stress above those listed under ‘“Absolute Maximum Ratings'’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
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reliability.
*T,=25°C
T,=-10°C to +70°C; V(. = +6V H10%; unless otherwise specified . , DC CHARACTERISTICS
LIMITS
PARAMETER SYMBOL | MIN. TYP.® MAX. UNIT TEST CONDITIONS
Input Load Current ViN =0
IN 10 +5.5V
(All Input Pins) L 10 A
Output Leakage Current 'LOH +10 HA CS = 2.2V (Deselected) VOUT = VCC
Output Leakage Current 'LOL -10 BA CS = 2.2V (Deselected) VOUT =0V
Power Supply Current Iec 60 ‘90 mA All inputs 5.26V Data Out Open
Input “Low" Voltage ViL -0.5 0.8 v
Input “High” Voltage Vi .20 Vee + 1.0V, \
Output “‘Low"” Voltage VoL 0.40 v 3.2mA
Output “High" Voltage Vou 24 A -200 uA
Note: (D Typical Values for Ta = 25°C and nominal supply voltages.
= Sol =
Ta=25Cif=1MH: CAPACITANCE
LIMITS
PARAMETER SYMBOL MIN. | TYP. | MAX. | UNIT TEST CONDITIONS
. All Pins Except Pin Under
F
Input Capacitance Cin 10 P Test Tied to AC Ground
. All Pins Except Pin Under
Output Capacitance Cout 15 pF Test Tied to AC Ground
T, = ~10°C to +70°C, Vg = +5V ¢ 10%; unless otherwise specified. AC CHARACTERISTICS
) LIMITS ’
uPD2332A/8B | uPD2332A/B-1
PARAMETER SYMBOL | MIN. | MAX. [ MIN. | MAX.| UNIT] TEST CONDITIONS
Address to Output Delay Time N 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| tpg o 150 100 ns | Load = ITTL gate
Output Hold Time tOH 20 20 ns | VN =08to2V
i Vref Input = 1.5V
Vref Output = 0.45/2.2v




TIMING WAVEFORMS

PACKAGE OUTLINE

uPD2332C
uPD2332AC
uPD2332BC

uPD2332D
wPD2332AD
uPD2332BD

4 PD2332A/B

ADDRESS

X

teo—— o=

PROGRAMMABLE
CHIP SELECTS

Plastic
ITEM MILLIMETERS INCHES
A 33 MAX 1.3 MAX
B 2.53 0.1
c 254 0.1
D |05t01 1002+ 0004
E | 27.08 X
F |15 0.059
G 2.54 MIN 0.1 MIN
H 0.5 MIN 0.02 MIN
1 5.22 MAX .| 0.208 MAX
J 5.72 MAX 0.225 MAX
K 15.24 0.6
L 132 0.55 MAX
+0.10 +0,004
M 00" 50019
et 1 ]
. 5 A + . L .
= . .
w1 H 4&1
T J L 1 %
B [:—F —-CCH—«—IH—U l —] 0-10°
Ceramic
ITEM MILLIMETERS INCHES
A 30.78 MAX. 1.23 MAX,
B 1.53 MAX. 0.07 MAX.
C 254+0.1 0.10 + 0.004
D 0.46 £ 0.8 0.018 + 0.03
E 27.94 + 0.1 1.10 £ 0,004
F 1.02 MIN. 0.04 MIN.
G 3.2MIN. 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 1493 TYP, 0.59 TYP,
M 0.25 + 0.05 0.010 + 0.002

M-

2332DS-REV2-10-80-CAT
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NEC

NEC Microcomputers, Inc. ' uPD2364

DESCRIPTION

FEATURES

PIN CONFIGURATION

FULLY DECODED 65,536 BIT MASK
PROGRAMMABLE READ ONLY MEMORY

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 combination of active
high or low level chip select inputs can be defined and the desired chip select code is
fixed during the masking process.

8,192 Words x 8.Bits Organization

Directly TTL Compatible — All Inputs and Outputs

Single +5V Power Supply

High Speed — Access Time 450 ns Max.

Three-State Output — OR-Tie Capability

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

All Inputs Protected Against Static Charge

Pin Compatible with MK36000

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

A7l ~ 24 Bvcc PIN NAMES
A [ 2 23[1 Ag Ag— Aq2 Address Inputs
As ] 3 22[] Ag o010 Data Ou
ol = 41— O0g ata Outputs
= % :| cs cs Programmable Chip Seléct Input
A2{]6  HMPD  19[JAqg
A7 2364 1) Ap
A8 17 [J og
010e 16 [ 07
02 []10 15[ 0g
03 11 14[] Os

GND 12 13[7] 04

Rev/2
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M PD2364

01 02 O3 04 Os O O7 Og v BLOCK DIAGRAM
--— Vce
we—] H AREEEEE! — oo
Ag —= ™ & OUTPUT BUFFERS L oecioe
o
A= - & | T I [ )
Az == " - ~ Y-SELECTOR
4 CHIP
Az —ei U e
) & P A d bbb Y] s
¢ —> 5 ™1
Ag == 2 P
i 2 t i
Ag —o=i g b— €
pwo— 28 sty o
o
ae —= M oot s
BUFFERS
Ag  ——amif -
Ao —* "{
3 e
Operating Temperature. . .. . ....... e ... =10°Cto+70°C ABSOLUTE MAXIMUM
Storage TeMPErature . ... ....vvveeevnenerenennnenen -65°Cto +150°C RATINGS*
Supply Voltage On AnyPin. .........c i i, -0.5 to +7.0 Voits

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, Ve = +5V £ 10%, unless otherwise specified. DC CHARACTERISTICS
LIMIT!
PARAMETER SYMBOL | MIN TVPE MAX UNIT TEST CONDITIONS
Input Load Current ) +10 HA ViN =Vce
(Al Input Pins) u -10 BA VN = 0V
Output Leakage Current ILOH +10 HA Chip Deselected, Vg = Vcc
Output Leakage Current iLoL -10 uA Chip Deselected, Vg = OV
Power Supply Current Ice 80 140 mA
Input ““Low” Voltage ViL -0.5 0.8 v
Input ““High" Voltage VIH 2.0 Vee + 1.0V v
Output ""Low” Voltage VoL 0.45 v loL=21mA
Output High” Voltage VOH 2.2 v 10H = ~400 kA

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

AC CHARACTERISTICS

TIMING WAVEFORMS

Ta = 25°C; f= 1 MHz

K PD2364

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

Ta =-10°C to +70°C, Vcc = +5V + 10% unless otherwise specified.

LIMITS
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT TEST CONDITIONS
Address to Output tA 450 ns tT=t,=t=20ns
Delay Time
Chip Select to Output tco 150 ns CL = 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 VN =0.8to 2V
Vref Input = 1.5V
Vyef Output = 0.8 to 2.0V
ADDRESS X
tco—" tpF*
PROGRAMMABLE
CHIP SELECTS
tA "xou—l
Vox 7 = 7
DATA 7 OUTPUT H|GH/ outeut vauio X IN HIGH
ouTPUT / IMPEDANCE | VALID /X IMPEDANCE
oI i -
VoL I
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4 PD2364

(PLASTIC)
ITEM MILLIMETERS INCHES
A 33 MAX. 1.3 MAX.
B 2.53 MAX. 0.1 MAX.
[ 2541 0.1 0.1 £ 0,004
D 05201 0.02 = 0.004
E 27.94: 0.1 1.1+ 0.004
F 7.5 MIN. 0.059 MIN.
G 2.54 MIN. 0.1 MIN.
A 0.5 MIN. 0.02 MIN
T 5.2 MAX. 0.205 MAX.
J 5.72 MAX. 0.225 MAX.
K 75,24 TYP. 0.6 TYP.
L 132 TYP. 0.52 TYP.
' +0.10 +0.004
M 025 505 001 50019
g K ——————— -
A * e | ]
r Y : I )y
H% ) i | ﬂq&iJ
B3 F s C |tt— e |- D —] 0-10° . M|
[:;—————————E
(CERAMIC)
ITEM MILLIMETERS INCHES
A 30.78 MAX. 1.21 MAX.
B 153 MAX. 0.06 MAX.
C 254301 0.10 = 0.004
D 0.46: 08 0.018 0,03
E 2704+ 0.1 7.10 £ 0.004
F 7.02 MIN. 0.04 MIN.
G 3.2 MiN. 0.13 MIN.
H 7.02 MIN. 0.04 MIN.
T 3.23 MAX. 0.13 MAX
J 7.25 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

uPD23128

PRENTINAGY

FULLY DECODED 128K BIT MASK
PROGRAMMABLE READ ONLY MEMORY

The NEC uPD23128 is a high speed 128K bit mask programmable Read Only Memory
organized as 16,384 words by 8 bits. The uPD23128 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. An active high or low level
chip select input can be defined and is fixed during the masking process.

16,384 Words x 8 Bits Organization

Directly TTL Compatible — All Inputs and Outputs
Single +5V Power Supply
High Speed — Access Time 250 ns Max.

Three-State Output — OR-Tie Capability

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

All Inputs Protected Against Static Charge

Pin Compatible with 2764
Auvailable in 28 Pin Ceramic or Plastic Dual-in-Line Package

neld 1 U Vee
A2 2 27cs
A0 3 " 26[JA13
AGC 4 25[JAg
a5 8 24[JAg
A 6 23[Aq4
a7 i 2Poo
Az(] 8 21JAq0
A 9 201 ¢cE
ag10 19[]0g
o 1 18[]07
0p[12 17 Pog
03013 16 105
GND 14 15[ J0g
Rev/1

PIN NAMES
Ap— A3 Address Inputs
01 - 0g ‘ Data Outputs
Ccs Programmable Chip Select
oD Output Disable
CE Chip Enable
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~ PD23128

o}]

02 03 04

05 Og 07 Og

SEEREEE

- Vceo

~— GND

OUTPUT BUFFERS

—

cs.
DECODE

| N |

114

Y-SELECTOR

[N

CELL MATRIX
(8192 x 8)

CHIP
SELECT
PROG.

IR

CHIP
SELECT
INPUT
BUFFERS

| <@—— CS

|=+— oD
|e— Ct

[ ST p—
-
A12 —
=~ &
Ag — ]
= &
A} —] Q
N
o1
A —=] o
&
ui—
e
2 M
Ay —= >
&
E—
As —™1 @
t M
W
Ag —=1 2 a
< |4 8
Ay —a 8
__‘)(
Ag —w-i
-
Ag —a
-
Ao —™
A ™

Operating Temperature . . . . . oo v ov e veve v nnonnnnnsnnnns
Storage TEMPErature .. ... ... ..ccovvnvnenonnnnnsnns
Supply Voltage On Any Pin. ... ..o ovenseennenn... =05t0+7.0 Volts(D

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°Cto +70°C, Vcc = +5V £ 10%, unless otherwise specified.

LIMIT

PARAMETER SYMBOL | MIN | TYP MAX UNIT TEST CONDITIONS
Input Load Current \ +10 HA VIN = Vee
(All Input Pins) L -10 wA_ [ViN=0V
Output Leakage Current ILOH +10 uA Chip Deselected, Vg = V¢
Output Leakage Current ILoL -10 uA Chip Deselected, Vg = OV
Power Supply Current Icc 100 mA
Input "Low"” Voltage ViL -0.5 0.8 \
Input “"High” Voltage ViH 2.0 Vce + 1.0V \
Output “Low” Voltage VoL 0.45 \ loL=21mA
Output “’High” Voltage VoH 2.2 v loH = 400 kA

Note: @ Typical Values for T3 = 25°C and nominal supply voltages.
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pPD23128

CAPACITANCE T1,-25°Cif=1MH:

LIMITS
PARAMETER SYMBOL MIN TYP | MAX | UNIT TEST CONDITIONS
Input Capacitance Cin 10 pF All Pins Except Pin Under
Test Tied to AC Ground
Output Capacitance CouTt 15 pF All Pins Except Pin Under
Test Tied to AC Ground
AC CHARACTERISTICS PARAMETER SYMBOL | MIN | TYP | MAX | UNIT TEST CONDITIONS
Cycle Time tcyc 350 ns
Address Setup_‘llne tas 0 ns
Referenced to CE
Address Hold Time taH 50 ns
Referenced to CE
CEPulse Width tcE 250 ns
OD Pulse Width toD 120 ns
Access Time tacc 250 ns tAs =0ns
CE Precharge Time tcc 100 ns
Output Turn-Off Delay tDF 0 70 ns

TIMING WAVEFORMS |

T X X

cs

| tcye !

tas tAH tce

CE

~

tCE
oD
10D =t
tacc p—— IDF
;- -
OQUTPUT = == o o com e oo oo e e —— e = Hi-Z
“x
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4 PD23128

Plastic

ITEM MILLIMETERS INCHES
A 33 MAX. 1.3 MAX.
B 253 MAX. 0.1 MAX.
T 5543 0.1 0.1 0008
D 0.5+ 0.1 0.02 £ 0.004
E 77.94% 0.1 7.1 0.004
F TEMIN. 0.050 MIN.
G 2.54 MIN. 5.1 MIN.
H 0.5 MIN. 0.02 MIN.
T 557 MAX. 0.205 MAX.
J 5.72 MAX. 0.225 MAX.
K 7524 TYP. 0.6 TVP.
T 13.2 TYP. 052 TVP,

0.10 +0.004

M 025 05 001 50019

132

Ceramic

ITEM MILLIMETERS INCHES
A 30.78 MAX. 1.21 MAX.
B 1.563 MAX. 0.06 MAX.
C 2.54 + 0.1 0.10 + 0,004
D 0.46: 0.8 0.018 £ 0.03
E 27.94 0.1 1.10 £ 0,004
F 1.02 MIN. 0.04 MIN.
G 3.2 MIN. 0.13 MIN.
H 1.02 MIN. 0.04 MIN.
T 3.23 MAX. 0.13 MAX.
J 4,25 MAX. 0.177 MAX,
K 15,04 TYP, 0.60 TYP.
L 14.93 TYP, 0.59 TYP,
M 0.25 « 0.05 0.010 £ 0,002

PACKAGE OUTLINE

uPD23128C

uPD23128D

23128DS-10-80-CAT



NEC

NEC Microcomputers, Inc. (PB406  uPB426
pPB406-1 1PB426-1
4096-BIT BIPOLAR TTL pPB406-2 1 PBA26-2
PROGRAMMABLE

DESCRIPTION

FEATURES

PIN CONFIGURATION

READ ONLY MEMORY

The uPB406 and uPB426 are high-speed, electrically programmable, fully-decoded
4096-bit TTL read-only memories. On-chip address decoding, two chip-enable inputs
and open-collector/three-state outputs allow easy expansion of memory capacity. The
1PB406 and uPB426 are fabricated with logic level zero (low); logic level one (high)
can be electrically programmed into the selected bit locations. The same address
inputs are used for both programming and reading.

e 1024 WORD X 4 BIT Organization (Fully Decoded)

e TTL interface

e Fast Read Access Time: 50 ns max. (uPB406-2, uPB426-2)
e Medium Power Consumption: 500 mW TYP.

e Two Chip Select Inputs for Memory Expansion

e Open-Collector Output (uPB406)/Three-State Outputs
(uPB426)

e Ceramic and Plastic 18-Lead Dual In-Line Packages
e Fast Programming Time: 200 us/bit TYP.

e Compatibility with: HPROM HM-7642/7643 type and Equivalent Devices
(as a ROM)

e A.l.M. (Avalanche Induced Migration) Technology

NS
Ael] 1 18[] vVce PIN NAMES
A
s 2 170 A7 Ag-Ag Address Inputs
A
A4C 3 o 16[] Ag 01-04 Data Outputs
4 A TS 55
A3E : Z06/15 ] 09 CS1,CS5 Chip Selects
4
00 ° 46 14104 Vee Power (+5V)
Aig 6 1309
GND Ground
A7 12[]03
S8 1104
GNo] 9 10[1TS2
Rev/1
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w1 PB406/426

Programming

A logic one can be permanently programmed into a selected bit location by using
special equipment (programmer). First, the desired word is selected by the ten address
inputs in TTL levels. Either or both of the two chip select inputs must be at a logic
one (high). Secondly, a train of high current programming pulses is applied to the
desired output. After the sensed voltage indicates that the selected bit is in the logic
one state, an additional pulse train is applied, then is stopped.

Reading

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

MULTIPLEXER OUTPUT L 0o,

BUFFER
T

4096 BIT ] MULTIPLEXER ouTPUT 00,
(64 X 64) = BUFFER [
MEMORY CELLS T
ARRAY |
] ouTPUT
. IMuLTIPLEXER -0
) BUFFER 03

OUTPUT

BUFFER [ —00,4
e & o o o o 0
WORD DECODER
ADDRESS CHIP
AD
DRESS BUFFER BUFFER SELECT
Ag A1 Ay Az A4 Ag Ag A7 Ag Ag CS1 CS;
Operating Temperature ... .......oouuueeennnenneannnas -25°C to +75°C
Storage TemMperature . . . .. .o v v v v i teinn et nennennan -65°C to +150°C
AlOUtPULt VOItAgES . v v v vt e i e e et eiee e -0.5 to +5.5 Volts
All Input Voltages . . ......c..iveiiiitenenennenannn -0.5 to +5.5 Volts
Supply Voltage VoG v v v oo i e -0.5 to +7.0 Volts
OUtPUL CUITENTS & o . vttt et e it ittt st e a et 50 mA

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

*Ta=25°C
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PROGRAMMING
SPECIFICATION

4PB406/426 .

It is imperative that this specification be rigorously observed in order to correctly pro-
gram the uPB406 and uPB426. NEC will not accept responsibility for-any device
found to be defective if it were not programmed according to this specification.

A typical programming operation is performed by first sensing, then programming,
then sensing again to see if the word to be programmed has reached the desired
state. Either or both of the two chip enable inputs must be at a logic one (high).

Sensing is accomplished by forcing a 20 mA current into the selected location via the
output. The sense measurement is to ensure that the voltage required to force this
20 mA current is less than the reference voltage. If this condition is satisfied, then
that bit location is in the logic “1” (high) state.

Programming is accomplished by forcing a 200 mA current into the selected bit via the
output. This current pulse is applied for 7.5 us and then the location is sensed before

a second programming current pulse is applied. This process is continued until that
location is altered to the ‘1’ state. A bit is judged to be programmed when two
successive sense readings 10 us apart with no intervening programming pulse pass the
limit. When this condition has been met, four additional pulses are applied, then the
sense current is terminated.

CHARACTERISTIC LIMIT UNIT NOTES
Ambient Temperature 255 °c
Programming Pulse
Amplitude 200 + 5% mA
Clamp Voltage 28 + 0% - 2% \)
Ramp Rate (both in Rise
and in Fall) 70 MAX. V/us
Puise Width 7.5+ 5% 3 15V point/
1509 load.
Duty Cycle 70% MIN.
Sense Current
Amplitude 20+ 0.5 mA
Clamp Voltage 28 +0% - 2% v
Ramp Rate 70 MAX. V/us 15V point/
1502 load.
Sense Current Interruption
before and after address
change 10 MIN. us
Programming Voo 5.0+5% - 0% \
Maximum Sensed Voltage
for programmed ‘1"’ 7.0+ 0.1 A"
Delay from trailing edge of
programming pulse before
sensing output voltage 0.7 MIN. us
Additional Pulse Train _-28V Clamp
~---200 mA Program Pulse
----100 mA Point
- ---20 mA Sensing (Before P)
7.5 us TX33~7.0V Ret.
ue N N 20 mA Sensing (After P)
0.7 us MIN. 4—1 ---10 s
" H \GND

Output Voltage Sensing

Figure 2 — Typical Output Voltage Waveform
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1 PB406/426

Notes: @ Output Load: See Figure 1.

Ta=0°C to +75°C, VC = 4.75V to 5.25V
PARAMETER SYMBOL. LiMITS UNIT | TEST CONDITIONS
MIN. ] TYP. | MAX. '
Input High Voltage ViH 2.0 v
Input Low Voltage ViL 08 v
Input High Current IIL 40 BA V=27V
Input Low Current -hL 0.5 mA | V| =04V
Output Low Voltage VoL 045 | V lp=16mA
Output Leakage Current loFE1 40 A | Vo =5.25V
Output Leakage Current -loFfF2 |40 BA Vo =0.4V
Input Clamp Voltage -Vic 1.3 \ I =-12mA .
Power Supply Current lec 100 | 150 mA | All Inputs Grounded
Output High Voltage) Vou 24 v 10 = -24mA
Output Short Circuit Current®) -ls¢ 15 60 mA | Vg =0V
noTE: (1) Applicable to uPB426 only.
T,=25°C, f=1MHz, Voc =5V, Viy = 2.5V
CHARACTERISTICS SYMBOL MIN MAX UNIT
Input Capacitance Cin 8 . pF
Output Capacitance CouT 10 pF
Ta=0°Cto +75°C, Ve = 4.75V t0 5.25V
PARAMETER sYmBoL |— - o 2 ] unir | TesT conpiions
MIN MAX | MIN MAX | MIN MAX
Address Access Time taA 70 60 50 ns
Chip Select Access Time tACS 45 40 30 ns [0]0]6XO]
Chip Select Disable Time | tpcs a5 40 30 ns
Vee
% -
R
I © 04 (DUT)
H
CL ‘-'r' 30pF Ry 6002
1}
m
Figure 1

@ Input Waveform: 0.0V for low level and 3.0V for high level, less than 10 ns for both rise and fall times.

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

@ Cy in Figure 1 includes jig and probe stray capacitances,

CERDIP
ITEM MILLIMETERS INCHES
A 23.2 MAX. 0.81 MAX. K
8 1.44 0.055 !. T
c 254 X e
° 045, 002 i
E 2032 08
F 1.2 0.05
G 2.5MIN. 0.1 MIN. ™
H 0.5 MIN. 0.02 MIN,
1 46MAX, 0.18 MAX. L—
J 51 MAX. 0.2 MAX. o
K 7.62 03 0-18
L 6.7 0.26
M 0.25 0.01
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NEC

NEC Microcomputers, Inc. JMPB409

DESCRIPTION

FEATURES

PIN CONFIGURATION

M#PB429
PB409-1
MPB429-1
4 PB409-2
uPB429-2

2048 WORD BY 8 BIT BIPOLAR TTL
PROGRAMMABLE READ ONLY MEMORY

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

2048 WORDS x 8 BITS Organization (Fully Decoded)
TTL Interface
Fast Read Access Time :50 ns MAX
Medium Power Consumption :500 mW TYP
Three Chip Enable Inputs for Memory Expansion
Open-Collector Qutputs (uPB409)
Three-State Outputs (uPB429)
Ceramic 24-Lead Dual In-Line Package (uPB409D, uPB429D)
Plastic 24-Lead Dual In-Line Package (uPB409C, uPB429C)
Fast Programming Time :200 ps/bit TYP
Replaceable with :825190/191
HM76160/76161, 3636
and Equivalent Type Devices

A7 O i 241 Vee

As 2 2] Ag

As []3 220 Ag

As 4 21 Ao

Az Os 20 [] T& PIN NAMES

A2 S 6 ;zg/ 19[] CEp Ao-A10 Address Inputs
A ? a2 18] cEg CE{-CE3 | Chip Enable Inputs
fo Os 17 [] Og 01-08 Data Outputs
o1 o 167 0y

0y [0 15[ og

oz [On 120 og

GND [12 1300 o,
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/. PB409/429

SUPPlY VOIAgE -+ ot v v oo sttt ne e aseeeinen....-05t0+7.0v. ABSOLUTE

INPUL VOMABOE .+« v v vt v oie e ieiiiiiiieererereere.s..~0510+65V MAXIMUM RATINGS*
OutputVoltage . ......cvviivrnreseeennseeernesees...~051t0455V

OULPUL CUITENT & o v v v v e v v i i i e ieie e eneeeeananansoaness 50mMA

Operating Temperature . . ... .. .. A e ...~25°C to +75°C
Storage Temperature
CeramicPackage . . . ............ N ...-65°C to +150°C
Plastic Package . ..., ........ S ....-55°C to +125°C

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

"Ta=25°C

Ta=0°Cto75°C, Vgg = 4.5 t0 5.5V

CHARACTERISTIC SYMBOL] MIN | TYP | MAX ] UNIT TEST CONDITIONS DC CHARACTERISTICS
Input High Voltage VIH 2.0 \
Input Low Voltage | Viu 0.85 \4
Input High Current hH ) 40 uA V=5.5V, Vce=5.5V
Input Low Current =L 0.25| mA Vy=0.4V, Vge=5.5V
Output Low Voltage VoL 0.45| v 10=16 mA, Voc=4.5V
Output Leakage Current I0FF1 40 HA V=55V, Vcc=5.5V '
Output Leakage Current -l0FF2 40 BA V=04V, Vcc=56.5V
Input Clamp Voltage ~Vic 1.3 \ 1)=-18 mA, Vcc=4.5V
Power Supply Current icc 100 160 mA’ All inputs Grounded, Ve =6.5V
Output High Voitage* VoH 24 \ 10==-2.4 mA, Vcc=4.5V
Output Short Circuit Current®} -Igc 20 70 mA V=0V

*Note: Applicable to uPB429

Ta=25°C, f=1MHz, VCC =5V, V4N = 2.6V

CHARACTERISTICS SYMBOL MIN MAX UNIT | CAPACITANCE
Input Capacitance CIN | 8 pF
Output Capacitance Cout 10 pF

Ta=0°Ct0 75°C,Veg =4:51055V D@DR@

1PB409-2, uPB429-2 uPB409-1, uPB429-1 uPB409, uPB429 AC C HA RACT E R ' ST' CS
CHARACTERISTIC SYMBOL UNIT
MIN MAX MIN LA_AX MIN MAX
Address Access Time TAA 50 60 70 ns
Chip Enabie Access Time tACE 30 40 50 ns
Chip Enable Disable Time| tpCE 30 40 50 ns
Vce
3000
R
r -Q 01 (DUT)
.
& o 6000
P
[
Ve
FIGURE 1

Input Waveform: 0.0V for low level and 3.0V for high level, less than 10ns for both rise and fall times.
Measurement References: 1.5V for both inputs and outputs.

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

LOGIC DIAGRAM

MPB409/429

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

voltages.

Programming

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

Reading

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

3006000

AQ A1 A2 A3-A4 A5 Ag

d oo o

A7 Ag Ag A10

000

CE1CE2 CE3

OUTPUT o
MULTIPLEXER BUFFER I © o
AR
| OouUTPUT
! | MULTIPLEXER O 0
16 384 BIT : BUFFER | | \
(128 x 128) LTI Ll :
MEMORY CELLS IO01I1 T '
ARRAY -— !
: OUTPUT 0y
! | MULTIPLEXER BUFFER | O
LI I 1]
T OUTPUT
! | muLTIPLEXER BUFFER | ] O 0g
WORD DECODER
CE'
ADDRESS CHIP
ADDRESS BUFFER BUFEER ENABLE
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J4PB409/429

It is imperative that this specification be rigorously observed in order to correctly
program the uPB409 and uPB429. NEC will not accept responsibility for any device
found to be defective if it was not programmed according to this specification.

CHARACTERISTIC LIMIT UNIT NOTES

Ambient Temperature 25+ 5 °c
Programming Pulse
Amplitude ) 200 + 5% mA
Clamp Voltage 28+0% - 2% \
Ramp Rate (Both in Rise and in Fall) | 70.MAX V/us
Pulse Width 75+ 5% us 15V point/1608 load
Duty Cycle ) 70% MIN
Sense Current
Amplitude 20+ 05 mA
Clamp Voltage 28 + 0% - 2% \"
Ramp Rate 70 MAX V/us 15V point/150% load
Sense Current Interruption before
and after address change 10MIN s
Programming Vce 50 +5%-0% Vv
T -
Maximum Sensed”\llc’mage 70041 v
for programmed ‘1
Delay from trailing edge of programming 07 .MIN s

pulse before sensing output voltage

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

ADDITIONAL PULSE TRAIN

_ ~ ..- 28V CLAMP
o= 200 mA PROGRAM PULSE

- 100 mA POINT
’ .- 20 mA SENSING (BEFORE PROGRAMMING)
' ==~ 70V REF
*\ 20 mA SENSING (AFTER PROGRAMMING)

.
~ GND

OUTPUT VOLTAGE SENSING
COMMERCIALLY AVAILABLE PROGRAMMING EQUIPMENT:

DATA 1/0: PROGRAM CARD 909/919-1565
WITH SOCKET ADAPTER 715-1033
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PACKAGE OUTLINE
uPB409C/429C

i
"_tl

(Plastic)
ITEM MILLIMETERS INCHES
A 33 MAX 1.3 MAX
8 253 0.1
c 254 0.1
) 0.5:0.1 0.02 + 0.004
€ 27.94 11
F 15 0.059
G 254 MIN 0.1 MIN
H 0.5 MIN 0.02MIN
1 6.22 MAX 0.205 MAX
J 5.72 MAX 0.225 MAX
K 15.24 06
L 13.2 052
+0.10 +0.004
M 025 oo 001 ore

uPB409D/429D A e : ﬁ'}f!_—’l
TR

(Cerdip)
ITEM MILLIMETERS INCHES
A 33.5 MAX 1.32 MAX.
8 2.78 0.1
c 2.54 0.1
o 0.46 X3
€ 2794 X
F 15 0.059
G 2.54 MIN, 0.1 MIN,
H 0.5 MIN. 0.019 MIN.
1 4.58 MAX. 0.181 MAX.
4 5.08 MAX. 0.2 MAX.
K 15.24 06
T s 053
™ 025500 001900
409/429DS-10-80-CAT
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NEC Microcomputers, Inc.

DESCRIPTION

FEATURES

PIN CONFIGURATION

NEC

pPD2716

16,384 (2K X 8) BITUV ERASABLE PROM

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

quantities, where desired.

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

e Ultraviolet Erasable and Electrically Programmable
e Access Time — 450 ns Max
e Single Location Programming .
e Programmable with Single Pulse
e Low Power Dissipation Standby Mode
e Input/Output TTL Compatible for Reading and Programming
e Pin Compatible to uPD2316E (16K ROM)
e Single +5V Power Supply
e 24 Pin Ceramic DIP
e Three-State Outputs
A ~ T 24P vec (+5V)
Asd 2 23 Ag
a5 3 22 [JAg
A4 21 [ vep
A 5 20 [] G
30 H PIN NAMES
a20§6  wupD 193 Aq0 Ag-A Addresses
216 _ 0-A10
ald7? 2n 18 [ GE/PGM OF Output Enable
a8 17307 0g-0 Data Outputs
OOE 9 16 [J 0g [ CE/PGM Chip Enable/Program
oo 15[ 0g
o On 14[] 04
(ov) GND 12 13303
TABLE 1. MODE SELECTION
PINS
MODE CE/PGM OF Vep| Vcc | OUTPUTS
Read ViL ViL +5 | 45 DouTt
Standby ViH Don’t Care +5 | +5 High Z
Program Pulsed V| to V|4 VIH 425 | +5 DN
Program Verify ViL ViL +25 | +5 DouTt
Program Inhibit ViL ViH +25 | +5 High Z

ViHand V| are TTL high level (**1”') and TTL low level
(*'0"’) respectively.
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DATA OUTPUTS BLOCK DIAGRAM
Veco—— 00-07

GNDO—> r

M TR

__ OE —={ OUTPUT ENABLE
CE/PGM ——— CHIP ENABLE AND OUTPUT BUFFERS
.
— Y . Y-GATING
| DECODER hd
Ag-A10
ADDRESS ¢ .
INPUTS — X . 16,384 BIT
— DECODER . CELL MATRIX
— *
k L]
Operating TEMPerature. . . .. ..o v v v e e e e e et aee e -10°C to +80°C ABSOLUTE MAXIMUM
Storage TEMPErature . . . ... oo v oot et e e -65°C to +125°C RATINGS*
Output Voltage. . . . . .ottt i e -0.3 to +6 Volts
INPULVOITEgE . . & o v et e e e e e e -0.3 to +6 Volts
Supply Voltage V. . o oo v i -0.3 to +6 Volts
Supply Voltage Vpp. . . ..o oot -0.3 to +26.5 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=25°C;f=1MHz CAPACITANCE
LIMITS TEST
PARAMETER SYMBOL | MIN } TYP | MAX § UNIT | CONDITIONS
Input Capacitance CIN 4 6 pF ViN =0V
Output Capacitance | CouT 8 12 pF VouTr = 0V
READ MODE AND STANDBY MODE DC CHARACTERISTICS
Ta=0C~70°C; vgc @ =+5v + 5% vpp D@ =vce:06v @
LIMITS
PARAMETER symeoL | MIN. | TYP. | max. UNIT TEST CONDITIONS
Output High Voltage VoH 24 \" IoH = -400 uA
Output Low Voltage Voo 0.45 v loL=21mA
Input High Voitage Vin 2.0 Ve H1 v
input Low Voltage Vi -0.1 08 v
Output Leskage Current o 10 uA Vouyr =5-25V
Input Leakage Current [T 10 BA ViN= 5.25v
Vpp Current Ippq 5 mA Vpp = 5.85V
VecCummt @ Icct 10 | 25 mA c:s/psm =Vin cE = V_Standby Mode
ice2 s7 | 100 mA | CE/PGM =V OE = Vv, Read Mode

Notes: @ V¢ must be applied simultaneously or before Vpp and removed after Vpp.

@ Vpp may be connected directly to V¢ (+5V) at read mode and standby mode.
The supply current would then be the sum of Ippq and Icc (Icct or Icc2)-

@ The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp
supply pin from +25V to +5V.
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PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE

DC CHARACTERISTICS T, =25°C £ 5°C; vog @ = +5V = 5% vpp D@ = 425V + 1v

(CONT.)
. LIMITS
PARAMETER symeot | min. | Typ. | max. uNIT TEST CONDITIONS
Input High Voltage VIH 20 Ve +1 v
Input Low Voltage ViL -0.1 0.8 v
Input Leakage Current [ 10 uA Vin = 6.26V/0.45V
Program Verity
Vpp Current 7P & ™A | CERGM =V, Program Inhibit
Ipp2 30 mA | CE/PGM = v, Program Mode
V¢ Current’ icc 100 mA
AC CHARACTERISTICS READ MODE AND STANDBY MODE
T,=0°C10+70°C; Ve D= 45v £ 5% vpp D@ = v r06v D
IMIT!
LIMITS . TEST
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT CONDITIONS
Address to Output Delay tACC 450 ns CE/PGM = OE = ViL
CE/PGM to Output Delay tCE 450 ns OE = V)L
Output Enable _
. t 120 ns | CE/PGM =V
to Output Delay OE i
Output Enable High ¢ o 100 s CE/PGM = V
to Output Float DF " / I
Address to Output Hold tOH 0 ns CE/PGM = OE = vj_

Test Conditions

Output Load: 1 TTL gate and C(_ = 100 pF Timing Measurement Reference Level:
Input Rise and Fall Times: 20 ns inputs: 1.0V and 2.0V

Input Pulse Levels: 0.8 to 2.2V Outputs: 0.8V and 2.0V

PROGRAM, PROGRAM VERIFY AND PROGRAM INHIBIT MODE
T,=25°C £ 5°C; Voo D= 45 1 5%; vpp D@ < 426 + 1v

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

Address Setup Time tAS 2 Hs
OE Setup Time | toEs 2 us
Data Setup Time s 2 us
Address Hold Time tAH 2 MS

ﬁ'Hold Time tOEH 2 Hs
Data Hold Time DH 2 Ms
Output Enable to Output Float Delay | tpF 0 120 ns CE/PGM = ViL
Output Enable to Output Delay . 10E 120 ns CE/PGM = V| _
Program Pulse Width PPwW 45 | 50 55 | ms
Program Pulse Rise Time tPRT 5 ns
Program Pulse Fall Time tPFT 5 ns

Test Conditions:

input Pulse Levels .. ... ... .. O.EV t0 2.2V Output Timing Reference Level . .0.8V and 2V

Input Timing Reference Level. . . . . 1V and 2V

Notes: @ V¢ must be applied simuitaneously or before Vpp and removed after Vpp.

@ Vpp may be connected directly ¢ V¢ (+5V) at read mode and standby mode.
The supply current would then be the sum of Ippy and icc (Icch or Icc2).

@ The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp
supply pin from +25V to +5V.

@ During progr: ing, prog inhibit, and prog verify, a i of 26V
should be appiied to the Vpp pin. Overshoot voltages to be generated by the Vpp
power supply should be limited to less than +26V.
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READ MODE "

ADDRESSES VALID

‘ TIMING WAVEFORMS

Ao10 X
N
P tOH
CE/PGM /_
tCE ~———ad
OE © |
tQE —o~
tACC 1D F—mt
Op.7 VALID OUTPUT }-——
HIGH IMPEDANCE  \\\\ HIGH IMPEDANCE
PROGRAM MODE
PROGRAM PROGRAM VERIFY  —=d
Ao10 : ADDRESS N K ADDRESS N+m
L A\
——-tAs—.l ’ tAH— —
A VALID INPUT Y £ VALID T % VALI’D INPUT
%7 ADDRESSN A Y LONrELT _’_< ADDRESS N +m
IDF— fes— 10E foar— tee—tDF
4
oF _/
‘ps tDH
wPwW |
_ -—!oes——z fe— tOEH /
CE/PGM 7 -
PRT—=| [~ e—tPFT

Notas: @ OE may be delayed up to tACC—tOE after the falling edge of CE/PGM for read

mode without impact on tACC

@ tOF is specified from OE or CE/PGM, whichever occurs first.
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FUNCTIONAL The uPD2716 operates from a single +5V power supply and, accordingly, is ideal
DESCRIPTION for use with +5V microprocessors such as uPD8085 and uPD8048/8748.

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

The uPD27 16 features a standby mode which reduces the power dissipation from a
maximum active power dissipation of 525 mW to a maximum standby power dissipa-
tion of 132 mW. This results in a 75% savings with no increase in access time.

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

The recommended erasure procedure foor the uPD2716 is exposure to ultraviolet light
with wavelengths of 2,537 Angstroms (A). The integrated dose (i.e., UV intensity x
exposure time) for erasure should be not less than 15 W-sec/cm2. The erasure time is
approximately 15 to 20 minutes using an ultraviolet lamp of 12,000 uW/cm2 power
rating.

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

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

READ MODE When CE/PGM and OE are at low (0) level with Vpp at +5V, the READ MODE is
set and the data is available at the outputs after tQE from the falling edge of OE and
tACC after setting the address.

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

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

The uPD2716 is placed in the programming mode by applying a high (1) level TTL
signal to the OE with Vpp at +26V. The data to be programmed is applied to the
output pins 8 bits in parallel at TTL levels. ’

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

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

Programming of multiple uPD2716s in parallel with the same data is easily accom-
plished. All the alike inputs are tied together and are programmed by applying a
high (1) level TTL pulse to the CE/PGM inputs.
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Programming of multiple uPD2716s in parallel with different data is rendered more ™ PROGRAMMING
easily by the program inhibit mode. Except for CE/PGM, all alike inputs (including OE) INHIBIT MODE
of the parallel uPD2716s may be common. Programming is accomplished by applying

a TTL level program pulse to the uPD2716 CE/PGM input with Vpp at +25V. A low

level applied to the CE/PGM of the other uPD2716 will inhibit it from being

programmed. ) ) i

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

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

PACKAGE OUTLINE

|24 ) 13
AN QAnNAQAOCcOn 4PD2716D

0.5R

| U0 J N [ N6 N [ N 6 N N N N N O |
1 12

— E
CERAMIC
ITEM | MILLIMETERS INCH
A 335 MAX. | 1.32MAX.
B 2.78 11
c 2.54 0.1
D 0.46+0.10 | 0.018+0.004
E 27.94 1.10
F 13 0.05
G 2.54 MIN. 0.1 MIN.
H 0.5 MIN. 0020
| 5.0 MAX. 0.20
J 55MAX. | 0.216
K 15.24 0.60 ’
L 135 053
+0. +0.004
M 0.25 _g‘(')g 00107000 |

2716DS-12-80-CAT
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NEC Microcomputers, Inc. | 1 PD2732

LAY

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

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

A distinctive feature of the uPD2732 is a separate output control, output enable (OE)
from the chip enable control (CE). The OE control eliminates bus contention in
multiple-bus microprocessor systems. The uPD2732 features fast, simple one-pulse
programming controlled by TTL-level signals. Total programming time for all

32,768 bits is only 210 seconds.

FEATURES e Ultraviolet Erasable and Electrically Programmable
e Access Time — 450 ns Max
e Single Location Programming
e Programmable with Single Pulse
o Low Power Dissipation: 150 mA Max Active Current,
30 mA Max Standby Current
e Input/Output TTL Compatible for Reading and Programming
e Single +5V Power Supply
e 24 Pin Ceramic DIP
e Three-State Qutputs
MODE SE
PIN CONFIGURATION - ODE SELECTION
U, MODE CE OE/Vpp | Vcc | ouTPuTs
ArQgn 24 Ve (+5v) £
A ) Read ViL ViL +5 Dout
6 [: 23 :] AS Standby VIH Don’t Care +5 High Z
ASC 3 22 DAQ Program Pulsed V| to ViH vpp +5 DiN
Ay E 4 21 D A11 Program Verify VL ViL +5 DouT
A3[: 5 20 : w/VPP Program Inhibit ViH Vep +5 High Z
Al]e  wPD 190 A0
A O 2716 18 []CE
D BLOCK DIAGRAM
agl] 8 17 [0y
DATA OUTPUTS
009 16[J0
. ] 0s Voo o 00-07
oo 15[J 05 GND O R
02 1 14104 Vpp O—e ITHHI'
OV)GND 12 [¢] J—
(ov) O 13[] 03 OE —=fOUTPUT ENABLE
E ——CHIP ENABLE AN OUTPUT BUFFERS
—] Y : Y-GATING
- DECODER hd
Ap-A11
PIN NAMES
Ag-A Addresses AoRREss *
kel INPUTS p—— X . 32,768 BIT
OE Output Enable —=] DECODER . CELL MATRIX
0p-07 Data Outputs N
CE Chip Enable

2732DS-12-80-CAT
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NEC Microcomputers, Inc. 4 PBA50

PRELRINARY

9216 BIT FIELD PROGRAMMABLE LOGIC ARRAY

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

FEATURES 24 |nput Terminals

16 Output Terminals with Latches

72 Product Terms

16 Feedback Loops with J-K Flip Flops

20 2704 input Decoders

80 x 72 AND-Array Elements

72 x 48 OR-Array Elements

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

TTL Compatible

Single +5V Supply

48 Pin Ceramic Dual-In-Line Package

e ®© &6 o o ¢ ¢ o o o o

PIN CONFIGURATION ., 7 "=h s PIN NAMES
o 2 47 3 122 [P n
~ put
Ig O 3 46 P 121 g~33 Sumar
g [ 4 457 120 0~ 215 utputs
I, O s 44 19 ADE Mode Control
e O s 43P 148 QoT Shift Register
5 O 7 42 1y Output (Mode 2)
4 O 8 413 e CcE Output and Mode
I3 O 9 40 s Control
12 g0 30 ha CKO Output Latch
I E 1" 38 g 13 Control
lo 12 upBaso 371 2 -
GND F: 13 36 g Vee CK1 gaoe:kBack Register
ADE O 14 35 3 QoT -
0o ‘: 15 34 : oOg RESET ;«:z:tBack Register
07 16 33[] Og
02 O17 323 019 vVee Power Supply
o3 [J 18 31 011 +5v)
04 (] 19 30 012 GND Ground
Os (] 20 29 O13
O%s g2t 28 O1a
o7 [ 22 27 045
CE (] 23 26 [} RESET
CKo ] 24 25 [ CKyq
450DS-12-80-CAT
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NEC Microcomputers, Inc.

MICROCOMPUTER SELECTION GUIDE

SINGLE CHIP 4-B]T MICROCOMPUTERS

NEC

SUPPLY
DEVICE PRODUCT ROM RAM !/0 PROCESS | OUTPUT FEATURES VOLTAGES PINS
uPD546 #COM-43 2000 x 8 96 x 4 35 PMOS 0.D. -10 42
uPD553 #COM-43H 2000 x 8 96 x 4 35 PMOS 0.D. A ~10 42
uPD557L uCOM-43SL 2000 x 8 96 x 4 21 PMOS 0.D. A -8 28
uPDB50 uCOM-43C 2000 x 8 96 x 4 35 CMOs push-pull +5 42
uPD547 uCOM-44 1000 x 8 64 x4 35 PMOS 0.D. -10 42
uPD547L uCOM-44L 1000 x 8 64 x4 35 PMOS 0.D. -8 42
uPD552 #COM-44H 1000 x 8 64 x4 35 PMOS 0.D. A -10 42
uPDE51 uCOM-44C 1000 x 8 64 x4 35 CMOSs push-pull +5 42
uPD550 uCOM-45 640 x 8 32x4 21 PMOS 0.D. A -10 28
kPDS50L uCOM-45L 640 x 8 32x4 21 PMOS 0.D. A -8 28
uPD554 uCOM-45 1000 x 8 32x4 21 PMOS 0.D. A -10 28
uPD554L #COM-45L 1000 x 8 32x4 21 PMOS 0.D. A -8 28
uPD652 1COM-45C 1000 x 8 32x4 21 CMOS push-pull +5 28
uPD556 KCOM-43 External 96 x 4 35 PMOS 0.D. Cc -10 64
©PD7500 uCOM-75 External 256 x 4 46 CMOS 0.D. D +27t055 64
uPD7502 uCOM-75 2000 x 8 128 x4 23 CMOS 0.D. E 4271055 64
©PD7503 uCOM-75 4000 x 8 224 x 4 23 CMOSs 0.D. E +27t055 64
uPD7507 uCOM-75 2000 x 8 128 x 4 32 CMOSs 0.D. E +2.7 1055 40
uPD7520 uCOM-75 768 x 8 48 x 4 24 PMOS 0.D. B -6 to ~10 variable 28
Notes: A =-35V VF Drive
B = uCOM-4 Evaluation Chip
o] = uCOM-75 Evaluation Chip
D = LCD Controller
E = LED Display Controlier
0.D. = Open Drain
SINGLE CHIP 8-BIT MICROPROCESSORS
SUPPLY
DEVICE SPECIAL FEATURES ROM RAM 1/0 | PROCESS | OUTPUT CYCLE VOLTAGES | PINS
uPD8021 Zero-Cross Detector 1024 x 8 64 x 8 21 NMOS BD 3.6 MHz +5V 28
uPD8022 On-Chip S/D Converter 2048 x 8 64 x 8 26 NMOS BD 3.6 MHz +5V 40
uPD8035L uPD8048 w/External Memory External 64 x8 27 NMOS TS, BD 6 MHz +5V 40
uPD8039L uPD8049 w/External Memory External | 128 x 8 27 NMOS TS, BD 11 MHz +5V 40
uPD8041 Peripheral Interface w/Slave Bus | 1024 x 8 64 x 8 18 NMOS TS, BD 6 MHz +5V 40
1PD8041A Enhanced uPD8041 1024 x 8 64 x 8 18 NMOS TS, BD 6 MHz +5V 40
uPD8048 Expansion Bus 1024 x 8 64 x 8 27 NMOS TS, BD 6 MHz +5V 40
1PD8049 High Speed uPD8048 2048 x 8 | 128x8 27 NMOS TS, BD 11 MHz +5V 40
uPD8741A UV-EPROM uPD8041A 1024 x 8 64 x 8 18 NMOS Ts, BD 6 MHz +5V 40
uPD8748 UV-EPROM uPD8048 1024 x 8 64 x8 27 NMOS TS, BD 6 MHz +5V 40
uPD7800 Development Chip External | 128 x 8 48 NMOS TS, BD 4 MHz +5V 64
uPD7801 8080 Type Expansion Bus 4096 x 8 | 128 x 8 48 NMOS TS, BD 4 MHz +5V 64
64K Memory Address Space
uPD7802 Expanded uPD7801 6144 x8 | 64x8 48 NMOS TS, BD 4 MHz +5V 64
MICROPROCESSORS
SUPPLY
DEVICE PRODUCT SIZE PROCESS OUTPUT CYCLE VOLTAGES PINS
uPD780 Microprocessor 8-bit NMOS 3-State 4.0 MHz +5 40
uPD808OAF Microprocessor 8-bit NMOS 3-State 2.0 MHz +12:5 40
uPD8080AF-2 Microprocessor 8-bit NMOS 3-State 25 MHz +12+5 40
uPD80O80AF-1 Microprocessor 8-bit NMOS 3-State 3.0 MHz +12+5 40
uPD8085A Microprocessor 8-bit NMOS 3-State 3.0 MHz +5 40
uPD8085A-2 Microprocessor 8-bit NMOS 3-State 5.0 MHz +5 40
#PD8086 Microprocessor 16-bit NMOS 3-State 5.0 MHz +5 40
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156

SYSTEM SUPPORT
SUPPLY
DEVICE PRODUCT SIZE PROCESS | OUTPUT CYCLE VOLTAGES PINS
uPD765 Double Sided/Double Density 8-bit NMOS 3-State 8 MHz +5 40
Floppy Disk Controller
uPD781 Dot Matrix Printer 8-bit NMOS 3-State 6 MHz +5 40
Controller-Epson 500 Printer
uPD782 Dot Matrix Printer 8-bit NMOS 3-State 6 MHz +5 40
Controller-Epson 200 Printer
#PD3301 CRT Controlier 8-bit NMOS 3-State 3 MHz +5 40
uPD7001 8-Bit A/D Converter 8-bit CMOos Open 10 kHz +5 16
Collector Conversion
Serial Time
#PD7002 12-Bit A/D Converter 8-bit CMOS 3-State 400 Hz +5 28
Conversion
Time
#PD7201 Multi-Protocol Serial 8-bit NMOS 3-State 3 MHz +5 40
Controller
u#PD7210 IEEE Controller (Talker, 8-bit NMOS 3-State 8 MHz +5 . 40
Listener, Controller)
uPD7220 Graphic Display Controller 8-bit NMOS 3-State 6 MHz +5 40
uPD7225 Alpha Numeric LCD 8-bit CMOs - - +5 52
Controller
uPD7227 Dot Matrix LCD Controller 8-bit CMOs - - +5 64
uPD7720 Signal Processor 16-bit NMOS 3-State 8 MHz +5 28
HPD8155 256 x 8 RAM with 1/O Ports 8-bit NMOS 3-State - +5 40
and Timer
uPDB155-2 256 x 8 RAM with /0 Ports 8-bit NMOS 3-State - +5 40
and Fimer
uPD8156 256 x 8 RAM with 1/0 Ports 8-bit NMOS 3-State - +5 40
and Timer
uPD8156-2 256 x 8 RAM with 1/0 Ports 8-bit NMOS 3-State - +5 40
and Timer
uPB8212 1/O Port 8-bit Bipolar 3-State - +5 24
uPB8214 Priority interrupt Controlier 3-bit Bipolar Open 3 MHz +5 24
Collector
uPB8216 Bus Driver Non-Inverting 4-bit Bipolar 3-State - +5 16
#PBB224 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
4PD8243 /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) $-66K baud
uPD8251A Programmable Communica- 8-bit NMOS 3-State A-9.6K baud +5 28
tions Interface (Async/Sync) $-64K baud
1PD8253 Programmable Timer 8-bit NMOS 3-State 3.3 MHz +5 24
uPD8253-5 Programmable Timer 8-bit NMOS 3-State 3.3 MHz +5 .24
uPD8255 Peripheral Interface 8-bit NMOS 3-State - +5 40
uPDB8255A-5 | Peripheral Interface 8-bit NMOs 3-State - +5 40
uPDB257 Programmable DMA Controller | 8-bit NMOSs 3-State 3 MHz +5 40
uPD8257-5 Programmable DMA Controlier | 8-bit NMOS 3-State 3 MHz +5 40
#PD8259 Programmable Interrupt 8-bit NMOS 3-State - +5 28
Controller
uPD8259-5 Programmable Interrupt 8-bit NMOS 3-State - +5 28
Controlier
uPD8279-5 Programmable Keyboard/ 8-bit NMOS 3-State - +5 40
Display Interface
uPB8282/ 8-Bit Latches Bipolar | 3-State 6 MHz +5 20
8283
uPB8284 Clock Driver Bipolar | 3State 6 MHz +5 18
1#PB8286/ 8-Bit Bus Transceivers Bipolar | 3-State 5 MHz +5 20
8287
uPB8288 Bus Controller Bipolar | 3-State 5 MHz +5 20
uPD8355 2048 x 8 ROM with 1/0O Ports | 8-bit NMOS 3-State - +5 40
uPD8755A 2048 x 8 EPROM with 8-bit NMOS 3-State - +5 40

1/O Ports
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MICROCOMPUTER ALTERNATE SOURCE GUIDE

NEC

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT
AMD AMB080A/9080A Microprocessor (2.0 MHz) uPD8B08B0AF
AMBO080A-2/9080A-2 Microprocessor (2.5 MHz) uPD8080AF -2
AMBS080A-1/9080A-1 Microprocessor (3.0 MHz) uPD808OAF-1
AMBO085A Microprocessor (3.0 MHz) uPD8085A
AM8155 Programmable Peripheral Interface uPD8155
with 256 x 8 RAM
AM8156 Programmable Peripheral Interface uPD8156
with 256 x 8 RAM
AM8212 1/0 Port (8-Bit) pPB8212
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 uPD8251
Interface
AM8255 Programmable Peripheral Interface uPD8255
AM8257 Programmable DMA Controller uPD8257
AM8355 Programmable Peripheral Interface uPD8355
with 2048 x 8 ROM
AMB8048 Single Chip Microcomputer uPD8048
INTEL 8080A Microprocessor (2.0 MHz) uPD80BOAF
8080A-2 Microprocessor (2.5 MHz) uPD8080OAF -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
8041A Programmable Peripheral Controller uPD8041A
with ROM
8048 Microcomputer with ROM uPD8048
8049 Microcomputer with ROM uPD8049
8085A Microprocessor (3.0 MHz) uPD8085A
8085A-2 Microprocessor (5.0 MHz) pPD8085A-2
8086 Microprocessor (16-Bit) uPD8086
8155/8155-2 Programmable Peripheral Interface uPD8155/8155-2
with 256 x 8 RAM
8156/8156-2 Programmable Peripheral Interface pPD8156/8156-2
with 256 x 8 RAM
8212 1/0 Port (8-Bit) pPB8212
8214 Priority Interrupt Controller uPB8214
8216 Bus Driver, Non-Inverting uPB8216
8224 Clock Generator/Driver uPB8224
8226 Bus Driver, Inverting uPB8226
8228 System Controller uPB8228
8243 1/0 Expander uPD8243
8251 Programmable Communications uPD8251

Interface (Async/Sync)
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MICROCOMPUTER ALTERNATE SOURCE GUIDE

NEC

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT
INTEL (CONT.) 8251A Programmable Communications uPD8251A
Interface (Async/Sync)
8253 Programmable Timer uPD8253
8253-5 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
8272 Double Sided/Double Density uPD765
Floppy Disk Controller
82795 Programmable Keyboard/Display uPD8279-5
Interface
8282/8283 8-Bit Latches uPB8282/8283
8284 Clock Driver uPB8284
8286/8287 8-Bit Transceivers 1PB8286/8287
8288 Bus Controller uPB8288
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
INS8048 Microcomputer with ROM uPD8048
INS8049 Microcomputer with ROM uPD8049
NATIONAL INS8080A Microprocessor (2.0 MHz) uPD808OAF
INS8080A-2 Microprocessor (2.5 MHz) uPD8080AF-2
INS8080A-1 Microprocessor (3.0 MHz) uPD8080OAF-1
8212 1/0 Port (8-Bit) uPB8212
8214 Priority Interrupt Controller uPB8214
8216 Bus Driver, Non-Inverting uPB8216
8224 Clock Generator/Driver uPB8224
8226 Bus Driver, Inverting uPB8226
8228 System Controller uPB8228
INS8251 Programmable Communications uPD8251
’ Interface
INS8253 Programmable Timer uPD8253
INS8255 Programmable Peripheral Interface uPD8255
INS8257 Programmable DMA Controller uPD8257
INS8259 Programmable Interrupt Controller uPD8259
T.. TMS8080A Microprocessor (2.0 MHz) uPD8080OAF
TMS8080A-2 Microprocessor (2.5 MHz) uPD8080AF-2
TMS8080A-1 Microprocessor (3.0 MHz) uPD8080AF-1
SN745412 1/0 Port (8-Bit) uPB8212
SN74LS424 Clock Generator/Driver uPB8224
SN745428 System Controller uPB8228
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NEC Microcomputers, Inc. M COM-4

DESCRIPTION

FEATURES

4-BIT SINGLE CHIP MICROCOMPUTER FAMILY

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

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

The uCOM-4 Microcomputer Family can be broken down into 3 distinct groups
according to their performance capabilities. These groups are distinguished by their
ROM, RAM, and 1/0O capabilities, as follows.

4COM-4 MICRO RELATIVE
COMPUTER FAMILY ROM RAM 1/0 PERFORMANCE
1COM43 2000 x 8 96 x 4 35 (D Highest
4COM-44 1000 x 8 64 x4 35 Medium
uCOM-45 1000x8 @ | 32x4 21 Lowest

Notes: (1) The uPD557L has 21 1/O lines.
@ The uPD550 and uPDSS5OL have 640 x 8 ROM:s.

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

35 Lines 21 Lines
— 4.Bit Input Ports 2 1
— 4-Bit /O Ports 2 2
— 4-Bit Output Ports 4 2
— 3-Bit Output Ports 1 -
— 1-Bit Output Port - 1

Programmable 6-Bit Timer Available

Choice of Hardware or Testable Interrupt

Built-In Clock Signal Generation Circuitry

Built-In Reset Circuitry

Single Power Supply

Low Power Consumption

PMOS or CMOS Technologies

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

The ALU, the Accumulator, and the Carry :Flag together comprise the central portion
of the yCOM-4 Microcomputer Family architecture. The ALU performs the arithmetic
and logical operations and checks for various results. The Accumulator stores the
results generated by the ALU and acts as the major }nterface point between the RAM,
the 1/0 ports, and the Data Pointer registers. The Carry F/F can be addressed directly,
and can also be set during an addition. The uCOM-43 Microcomputers also have a
Carry Save F/F for storage the value of the Carry F/F.

Data Pointer Registers

The DPH register and 4-bit DP|_ register reside