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MEMORY SELECTION GUIDE

ACCESS \ SUPPLY PACKAGE
DEVICE Size TECHNOLOGY TIME CYCLE VOLTAGES MATERIAL | PINS

DYNAMIC RANDOM ACCESS MEMORIES

uPD411 4K x 1 TS NMOS 150 ns 380 ns +12, +5, -5 D 22
uPD411-4 4K x 1 TS NMOS 135 ns 320 ns +15, +5, -5 D 22
uPD411A 4K x 1 TS NMOS 200 ns 400 ns +12, +5, -5 C 22
uPD416 16K x 1 TS NMOS 120 ns 375 ns +12, +5, -5 Cc/D 16

STATIC RANDOM ACCESS MEMORIES

uPD443/6508 1Kx1TS CMOS 200 ns 200 ns +5 C/D 16
uPD444/6514 1K x4 TS CMOS 300 ns 300 ns +5 C 18
uPD445L 1K x4 TS CMOS 450 ns 450 ns +5 Cc 20
uPD5101L 256 x4 TS CMOS 450 ns 450 ns +5 C 22
uPD410 4K x 1 TS NMOS 80 ns 220 ns +12, +5, -5 C/D 22
uPD4104 4K x 1 TS NMOS 85 ns 180 ns +5 D 18
uPD2114L 1K x4 TS NMOS 200 ns 300 ns +5 C 18
uPD2147 4K x 1 TS NMOS 55 ns 55 ns +5 D 18
uPD421 (F) 1K x 8 TS NMOS 85 ns 85 ns +5 D 22

MASK PROGRAMMED READ ONLY MEMORIES

uPD2316E 2K x 8 TS NMOS 450 ns 450 ns +5. C/D 24

uPD2332 4K x 8 TS NMOS 450 ns 450 ns +5 C/D | 24
uPD2364 8K x8TS NMOS 450 ns 450 ns +5 C/D 24

FIELD PROGRAMMABLE READ ONLY MEMORIES

uPD2716 (F) 2K x8TS NMOS 450 ns 450 ns +5 D 24
uPD454 256 x 8 TS NMOS 800 ns 800 ns +12, +5* D 24
uPD458 1K x 8 TS NMOS 450 ns 450 ns +12, +5% D 28
Notes: (F) — Future Product
* — Read Mode
C — Plastic Package
D — Hermetic Package



NEC Microcomputers, Inc.

MEMORY ALTERNATE SOURCE GUIDE

NEC

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT
AMD AM2101 256 x 4 SRAM uPD2101AL
AM2101 1024 x 1 SRAM MPD2102AL.
AM2111 256 x 4 SRAM uPD2111AL
AM9060 4096 x 1 DRAM uPD411/uPD411A
AM9101 256 x 4 SRAM uPD2101AL
AM9102 1024 x 1 SRAM uPD2102AL
AM9107 4096 x 1 DRAM uPD411/uPD411A
AM9111 256 x 4 SRAM uPD2111AL
AM9216 2048 x 8 ROM uPD2316E '
EM&M SEMI 4200 . 4096 x 1 SRAM uPD410
4300 4096 x 1 SRAM uPD410
4402 4096 x 1 SRAM uPD410
8108 1024 x 8 SRAM uPD421
FAIRCHILD 2101L 256 x 4 SRAM uPD2101AL
2102 1024 x 1 SRAM uPD2102AL -
3538 256 x 4 SRAM uPD2101AL
F16K 16384 x 1 DRAM uPD416
FUJITSU MB2114 1024 x 4 SRAM uPD2114L
MB8101 256 x 4 SRAM uPD2101AL
MB8107 4096 x 1 DRAM uPD411/uPD411A
mMB8111 256 x 4 SRAM uPD2111AL
MB8116 16384 x 1 DRAM uPD416
HARRIS HM6501 256 x 4 SRAM uPD5101L
HM6508 1024 x 1 SRAM uPD443/6508
HM6514 1024 x 4 SRAM 1PD444/6514
INTERSIL 2616 2048 x 8 ROM uPD2316E
IM6508A 1024 x 1 SRAM 1PD443/6508
7101 256 x 4 SRAM - uPD2101AL
7M1 256 x 4 SRAM MPD2111AL
7114 1024 x 4 SRAM uPD2114L
7116 16384 x 1 DRAM uPD416
- 7280/A 4096 x 1 DRAM uPD411/uPD411A
IM7552 512 x 1 SRAM uPD2102AL
INTEL 2101 256 x 4 SRAM uPD2101AL
2102 1024 x 1.SRAM uPD2102AL
2107 4096 x 1.DRAM uPD411/uPD411A
2111 256 x 4 SRAM uPD2111AL
2114 1024 x 4 SRAM uPD2114L
2117 16384 x 1 DRAM uPD416
2147 4096 x 1 SRAM uPD2147
. 2316E 2048 x 8 ROM #PD2316E
2716 2048 x 8 EPROM uPD2716
- 5101 256 x 4 SRAM uPD5101L
8101A - 256 x 4 SRAM #PD2101AL
8102A 1024 x 1 SRAM uPD2102AL
8111A 256 x 4 SRAM uPD2111AL
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MEMORY ALTERNATE SOURCE GUIDE

MANUFACTURER PART NUMBER DESCRIPTION NEC REPLACEMENT
MOSTEK MK32000 4096 x 8 ROM uPD2332
MK34000 2048 x 8 ROM uPD2316E
MK36000 8192 x 8 ROM 1PD2364
MK4102 1024 x 1 SRAM uPD2102AL
MK4104 4096 x 1 SRAM uPD4104
MK4116 16384 x 1 DRAM uPD416
MOTOROLA MCM2102 1024 x 1 SRAM uPD2102AL
MCM2111 256 x 4 SRAM uPD2111AL
MCM6616 16384 x 1 DRAM uPD416
MCM68111 256 x 4 SRAM uPD2111AL
MCM68317 2048 x 8 ROM uPD2316E
NATIONAL MM2101 256 x 4 SRAM uPD2101AL
MM2102A 1024 x 1 SRAM uPD2102AL
MM2111 256 x 4 SRAM uPD2111AL
MM5280A 4096 x 1 DRAM uPD411/uPD411A
MM5281 4096 x 1 DRAM uPD411/uPD411A
MM74C920 256 x 4 SRAM uPD5101L
SIGNETICS 2101 256 x 4 SRAM uPD2101AL
2102 1024 x 1 SRAM uPD2102AL
2111 256 x 4 SRAM uPD2111AL
2316 2048 x 8 ROM uPD2316E
2601 256 x 4 SRAM uPD2101AL
2611 256 x 4 SRAM uPD2111AL
2680 4096 x 1 DRAM uPD411/uPD411A
T.l. TMS2101 256 x 4 SRAM uPD2101AL
TMS2102 1024 x 1 SRAM uPD2102AL
TMS4033 1024 x 1 SRAM uPD2102AL
TMS4034 1024 x 1 SRAM uPD2102AL
TMS4039 256 x 4 SRAM uPD2101AL
TMS4042 256 x 4 SRAM uPD2111AL
TMS4044 1024 x 4 SRAM uPD2114L
TMS4060 4096 x 1 DRAM 1PD411/uPD411A
TMS4116 16384 x 1 DRAM uPD416
4096 x 8 ROM uPD2332

TMS4732
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DESCRIPTION

FEATURES

PIN CONFIGURATION

: , 1 PD411

i; | ' - pPD41141
i - |  1PD411-2

o ~ jtPD411-3

J j+PD411-4

FULL‘V DECODED RANDOM ACCESS 'MEMORY

The uPD4}1 1 Family consists of six 4096 words by 1 bit dynamic N-channel MOS
RAMs. Thiey are designed for memory applications where very low cost and large bit
storage arL important design objectives. The uPD411 Family is designed using dynamlc
circuitry w/hmh reduces the standby power dissipation. :

h

,Readmg mnformatlon from the memory is a non-destructive. Refreshlng i§ easrly

accomplished by performlng one read cycle on each of the 64 row addresses. Each
row addre$s 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 operatlon over the 0 to 70 C temperature
range.

‘|mportant features of the uPD411 famrly are: )
e Low Standby Power 3
® 4096 words x 1 bit Organization :
* Asingle low-capacitance high level clock input with solid £1 volt margins.
e Inactive Power/0.3 mW (Typ.)
o Power Supply: +12, +5, -5V
o Easy System Interface
e TTL Compatible (Except CE).
e Address Registers on the Chip .
. Simple“Memory’ Expansion by Chip Select
¢ Three State Output and TTL Compatible
e 22 pin Ceramic Dual-in-Line Package i ) )
. Replace-ment for INTEL'S 21078, TI'S 4060 and Equivalent Devices. .
e 4 Performance: Ranges ’
‘ ACCESS TIME | RAW CYCLE | RMW CYCLE | REFRESH TIME
uPDA411-E 350ns 800 ns 960 ns - 1ms
uPD411, 300 ns 470 ns 650 ns 2ms
uPD411-1 250 ns 470 ns 640'ns 2ms
uPD411-2 200 ns. 400 ns 520 ns 2ms
uPD411-3 150 ns 380 ns 470 ns ' 2ms
*uPD41 1-4 135 ns 320 ns | 320 ns 2ms
ves1 Y 22P3vss PIN NAMES
Ag C 2{‘ 21 : Ag : Apg-A1q Address Inputs
A0 '; 20 A, 7 22 = 1 2:‘:;”;::;?: ==
Aa 190 ag. cs Chip Select
o i« IV Data Input
s l: 5{) /.tPD 18 : VPD E - [TOL\IJT . Data Output
onOde 411 . 17 PCE« WE Write Enable
bout 47‘ ~1e0dne 4 VoD Power (+12V)
. : a \ Power (+5V
AOC i‘f ® ;As ’ Vgg Gréunc: ; )
Aq d 9 o 1‘{EA4 I VBB Power
A O 10 130 A3 NC No Connection
vee O i 120We
|
Fu=v/2
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CE Chip Enable }

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 Iow the
memory is in the low power standby mode. No read/write operations can tawke 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 c\»n the chip
to reduce overhead and simplify system design. i
WE Write Enable

The read or write mode is selected through the write enable input. A logic h lgh 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 mput is disabled when the
read mode is selected.

Ap—A11 Addresses

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

Dy Data Input

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

DQUT 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 A 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.

*uPD411-E = 1 millisecond refresh period.

ﬁo ROW —o VDD
A; o DECODE 64 MEMORY —oVee
A3 AND / ARRAY —o V5s
As ° BUFFER 64 X 64 —oVapg
- %~ REGISTER
A5 0——
| De
TIMING
CE
° GENERATOR COLUMN DECODE
DIN AND BUFFER
WE 0— 1/0 REGI
cso— GISTER
oA A10
D
ouT A7

A9 A11

10

FUNCTIONAL DESCRIPTION

BLOCK DIAGRAM



pPD411

uPD411 FAMILY uPD411-4
ABSOLUTE MAXIMUM (EXCEPT 411-4)
RATINGS*  Operating Temperature . . ...........0°Cto+70°C ... .. .+10°Cto +565°C
Storage Temperature . ... .. .....-B5°Cto+150°C . . . .. -55°C to +150°C
All Output Voltages . . . . ... .....-0.3t0+20 Volts . . -0.3to +25 Volts D

-0.3 to +20 Volts . . -0.3 to +25 Volts' D
Supply Voltage Vpp .. . . .. ... ... -0.3to+20 Volts . . -0.3 to +25 Volts D
Supply VoltageVee . - ... . ... .. =0.3t0+20 Volts . . -0.3 to +25 Volts (D
Power Dissipation . . ............. T e P 11

Note: (D Relative to VBB ;
COMMENT: Stress above those iisted under ‘*Absolute Maximum Ratings”’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at theseé 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. 3
*T4=25°C

DC CHARACTERISTICS T,=0°Cto 70°C, Vpp = +12V +5%, Vog = +6V 15%, Vgg = 5V '5%, Vs = 0V,

Except Vpp = +15V *5% for 411-4.

All Input Voltages . . .. ........

LIMITS
PARAMETER SYMBOL - - UNIT TEST CONDITIONS
Min | TYP D] max
Input Load Current NI 001 10 | WA | Vin= Vi Min o Vid Max
CE Input Load Current | 11 ¢ 001 10 | 4A | Vin = ViLe MIN © VIHC MAX
Output Leakage Current "o 001 o | ua CE =V corCS=Vy
for High Impedance State | | : : Vg = 0V t05.25V
Vpp Supply Current . )
during CE off DD OFF 20 200 uA | CE= 1.0V 1006V
VpD Supply Current
[ 35" 60° | mA | CE=Vyc, Ta=25'C
during CE on DD ON, HC: Ta
Average Vpp Current Ta=25'C
uPDA11-E Ipp AV 29 60 | mA | Cycle Time = 800 ns
uPDAT1 Ipp AV 37 60 mA | Cycle Time =470 ns
uPD411-1 Ipp AV 37 60 mA | Cycle Time = 470 ns
uPDA411-2 DDAV 37 60 | mA | Cycle Time =400 ns
uPD411-3 DD AV : 41 65 | mA | Cycle Time =380 ns
uPD411-4 Ipp AV 55 80 mA | Cycle Time =320 ns
Vgg Supply Current (2 | Igg ©5 | 100 HA
Ve Supply Current —
| 0.01 10 A | CE=V 5=V
during CE off (3 CCOFF b fLeer H
Input Low Voltage viL .10 06| v
Input High Voltage ViH 24 @ Veett v
CE Input Low Voltage ViLe -1.0 06 |V
CE Input High Voltage ViHe Vop-1| Vop |Vep+l |V
Output Low Voltage VoL 0 0.40| Vv oL =3.2mA
Output High Voltage VoH 24 : vee |V 104 = -2.0 mA

Notes: (1) Typical values are for T, = 26°C and nominal power supply voltages.

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

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

@ 3.5V for uPD411-E

* (® 65mA for uPD411-3

80 mA for uPDA11-4

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

CAPACITANCE Ta=0" —70°C . -
LIMITS :
TEST
PARAMETER sYMBOL =T Taax | YT | conpitions
Address Capacitance, CS | Cap 4 6 pF | VIN = Vss
CE Capacitance CCE 18 | .27 pF | VIN = Vss
Data Output Capacitance| CQUT 5 7 pF | Vout =0V
DN and WE Capacitance| CiN 8 10 pF | VIN=Vss

1"
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READ CYCLE

T,=0°Cto 70°C, Vpp = 12V 5%, Vg = 5V + 5%, Vgg = —5V * 5%, Vg = 0V, unless otherwise noted,
Except Vpp = +16V * 5% for 411-4

LIMITS
PARAMETER symeoL | wpD411-E | wPDa11 | pPD4a11-1 | wPD4a11-2 | wPDa11-3]| wPD4a11-4 | UNIT
Min [ max | minfmax [ minmax [ min]max | minfmax | min [max
Time Between Refresh tREF 1 2 2 2 .2 2| ms
Address to CE Set Up Time | tac 0 0 0 0 0 0 ns
Address Hold Time tAH 150 150 150 150 150 100 ns
CE Off Time tce 380 130 170 130 130 80 ns
CE Transition Time 53 o| 40| o] 40| ol 40| o] 40f of 40l o} 40 ns
CE Off to Output High teF of 130 of13]| of130| of130]| of130] of 130 ns
Impedance State
Cycle Time oy 800 470 470 400 380 320 ns
CE on Time tCcE 380 | 3000 | 300 |3000 | 260 [3000 | 230 |3000 [ 210 3000 [ 200 |3000 | ns
CE Output Delay tco 330 280 230 180 130 15| ns
Access Time tacc 350 300 250 200 150 135 ns
CE to WE twiL 40 40' 40 40 40 40 ns
WE to CE on twe 0 0 0 0 0 0 ns
WRITE CYCLE
Ta=0°Cto 70°C, Vpp = 12V £ 5%, Vg = 5V 6%, Vgg = —5V 5%, Vgg = OV, unless otherwise noted,
Except Vpp = +15V * 5% for 411-4
LIMITS
PARAMETER symeoL | wPD411-E | wPD411 | wPD411-1 | wPD411-2 | wPD411-3 | wPD411-4 JUNIT
MIN [mAX [ min [max [ min [max [ min [max | min]max | min [max
Cycle Time toy 800 470 470 400 380 320 ns
Time Between Refresh tREF 1 2 2 2 2 2| ms
Address to CE Set Up Time | tac 0 0 0 0 0 0 ns
Address Hold Time tAH 150 150 150 150 150 - 100 ns
CE Off Time [ 380 130 170 130 130 80 ns
CE Transition Time T o 40| of 40| of 40| of 40| o] 40| o 40 ns
CE Off to Output High tcF o[130] of13[ o130f of13] o] 130 o 130 ns
Impedance State
CE on Time tcE 380 [ 3000 | 300 [3000 {260 {3000 | 230 |3000 | 210 |3000 | 200 {3000 | ns
WE to CE off tw 200 180 180 150 150 65 ns
CE to WE tow 380 300 260 230 210 200 ns
Dy to WE Set Up(D tow 0 0 0 0 0 0 ns
Dy Hold Time 1DH 40 40 40 40 40 40 ns
WE Pulse Width wp 200 180 180 150 100 65 ns
Note: @ 1£ WE is low before CE goes high then Dypy must be valid when CE goes high.
READ-MODIFY-WRITE CYCLE
Ta=0°C 1o 70°C, Vpp = 12V 6%, Ve = 5V + 6%, Vgg = -5V * 5%, Vsg = OV, unless otherwise noted,
Except Vpp = +15V * 5% for 411-4
LIMITS
PARAMETER symeoL | wPD411-E | pPDa11 | wPD4a11-1 | wPD411-2 | wPD411-3 | wPD4a11-4 JUNIT
MIN [mAaX [ MiIN [mAax [min [max [min [max | min [max [ min fmAx
Read—Modify—Write tRwc | 960 650 640 520 470 320 ns
(RMW) Cycle Time
Time Between Refresh tREF 1 2 2 2 2 2| ms
Address to CE Set Up Time tAC 0 0 0 0 0 0 ns
Address Hold Time tAH 150 150 150 150 150 100 ns
CE Off Time tce 380 130 170 130 130 80 ns
CE Transition Time tr of 40| of 40| of 40| o 40| of 40| o 40 ns
CE Off to Output High tcF o130 o130 of130]| o130 o130 of130] ns
Impedance State N
CE Width During RMW tCRW 540 |3000 | 480 [3000 |430 [3000 |350 |3000 | 300 |3000 | 200 [3000 [ ns
WE to CE on twe o 0 0 0 0 0 ns
WE to CE off ty 200 180 180 150 150 65 ns
WE Pulse Width wp 200 180 180 150 100 65 ns
Dy to WE Set Up tow 0 0 0 0 0 0 ns
Dy Hold Time tDH 40 40 40 40 40 40 ns
CE to Output Display tco 330 280 230 180 130 15| ns
Access Time tACC 350 300 250 200 150 135 ns

12

AC CHARACTERISTICS



TIMING WAVEFORMS READ CYCLE @D

ey
- ce re—-"tcc v
: 1HC
of® \
(- — E v
'AC t, : - e
pe— TAH —= — f—ty
Ag- Ay o) Vin
p 'ADDRESS STABLE ADDRESS CAN CHANGE
and TS ® vy
we wi,
Vin
WE ViL
co [=tcF= Vou
B HIGH ®, HIGH
Pout  |mpEDANCE UNDEFINED ><"C;)"‘L'“‘— IMPEDANCE|
k - VoL
t,
= 'AcC
Notes (D) ‘For refresh cycle row and column addresses must be stable tAC and remain
stable for entire tAW period.
@ Vpp -2V 1s the reference level for measuring timing of CE
@ Vss +2V s the reference level for measuring timing of CE.
@ ViHmin s the reference level for measuring tming of the addresses, CS,
WE and Dy
(® ViLmaAXx is the reference level for measuring timing of the addresses, TS,
WE and D
(®) Vss +2.0V is the reference level for measuring timing of DoUT.
@ Vss +0.8V s the reference level for measuring timing of DouT.
¢
'ce =—tcc Vine
~ \
CE Q. I~ ViLe
e tAC =] | tAH — | ety
Ao~ An Vin
= _ ADDRESS STABLE ADDRESS CAN CHANGE
AND G5 y® Vie
[ . w
ow
1 B PN Vi
_ WE CAN CHANGE X“— WP — / WE CAN CHANGE
WE K E ViL
fow oH
i l—s]
ViH
™ D;jy CAN CHANGE Dy STABLE Dy CAN
A CHANGE v
i
Pout UNDEFINED
IMPEDANCE - . IMPEDANCE VoL
Notes (1) Vpp -2V is the reference level for measuring timing of CE
(@ Vgs +2V is the reference level for measuring iming of CE.
@ ViHMIN 1s the reference level for measuring timing of the addresses, CS,
‘WE and D.
@ ViLMAX 1s the referencé level for measuring timing of the addresses, CS,
WE and Di.
R
"
A
. < © ViHe
cE
——-—-J : = viLe
tAC ] et
o] f— tAH g . - Ca T -
Ao - A11 ADDRESS STABLE ADDRESS CAN CHANGE
AND T§ vie
we @ SV —
) . ft Vin
WE @ N WE CAN CHANGE
— E viL
tow tOH
i
g ViH
DIn Dy CAN CHANGE i Dy STABLE K gmz‘é';‘
viL
o tCF
. i
—iem— i —— ——{—— VOH
DouT — HIGH———= G - == HIGH—=]
IMPEDANCE UNDEFINED A VALID IMPEDANCE voL

N s —tacC

Note: (1) WE must be at V)4 unul end of 1cQ.
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Ippav — Ta lppav ~ tey
70 1.25 I I l I
MINIMUM CYCLE TIME]
60 1.0
SPEC LIMIT N
E 50 z075 \\ tog = CONST.
> 8 o
é 40 0.5
- —— VP,DD AV, -
CYCLETime - 200,17 \\
30 0.25 -
0 25 50 75 1 2 3 4 5
Ta(°C) NORMALIZED CYCLE TIME
'oH ~ Vo loL - VoL
-50 50
-40 40
2 ]
g N 3, < % &
:5 ™ 29 & © < $<
-20 20
-10 10
[— SPEC LIMIT: -Zm.A, 2.4v / SPEC LIMIT: 3.2mA, 0.4V T
T S IR R | hd I T
0 1 2 3 4 5 0 1 2
Vou (V) VoL (V)
VoD - VBB ReF —Ta
1711 ™
14
bt N
[~ OPERATING REGION ] \U—p
13 _ 100 N \
s < \\
8 12 = N
>
10
1 SPEC LIMIT: 2ms
LSS | e ]
. s 1T
0 20 40 60
Ta(°C)
3. 4 -5 6 7 -8
VBB (V)
 Power consumption = VDD X 'DDAV + VBB X _IBB'
Typical power dissiption for each product is shown below.
mW (TYP.) CONDITIONS
uPD411-E 350 Ta=25°C, t,,, = 800ns, tcg = 380ns
uPD411 450 Ta=25°C, tcy = 470ns, tcg= 300ns
uPD411-1 450 Ta=25°C, tey = 470ns, tcp = 260ns
uPD411-2 450 Ta=25°C, toy = 400ns, top = 230ns
uPD411-3 550 Ta=25°C, tcy = 380ns, tcg= 210ns
uPD411-4 660 Ta=25°C, tcy =320ns, top = 200ns

14

See above curves for power dissipation versus cycle time.

TYPICAL OPERATING
CHARACTERISTICS
(Except 411-4)

POWER CONSUMPTION



CURRENT WAVEFORMS
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PACKAGE OUTLINE
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pxPD411

200 300 400 500

uPD411D

\WAVAARRSE Y
\J Vi
‘* =

ITEM MILLIMETERS INCHES
A 27.43 MAX 1.079 MAX
B 1.27 MAX 0.05 MAX
[ 2.54 + 0.1 0.10
D 0.42+0.1 0.016
E 254 +0.3 1.0
F 1.6 +0.2 0.059
G 3.5 +0.3 0.138
H 3.7 +03 0.145
1 4.2 MAX 0.165 MAX
J 5.08 MAX 0.200 MAX
K 10.16 + 0.15 0.400
L 9.1 0.2 0.358
M 0.25+0.05 | 0.009

SP411-8-77-GY-CAT
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NEC

NEC Microcomputers, Inc. #PDA11A-E
: PD411A

uPD411A-1

pPD411A-2

4096 BIT DYNAMIC RAMS

DESCRIPTION  The uPD411A Family consists of four 4096 words by 1 bit dynamic N-channel MOS
RAMs. They are designed for memory applications where very low cost and large bit
storage are important design objectives. The uPD411A Family is de5|gned using
dynamlc circuitry which reduces the standby power d|ssrpatvon

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

FEATURES e Low Standby Power
e 4096 words x 1 bit Organization ) ‘
e A single low-capacitance high level clock input with solid £1 volt margins.
e Inactive Power 0.7 mW (Typ.)
e Power Supply +12, +5, -5V
o Easy System Interface
e TTL Compatible (Except CE)
o Address Registers on the Chip
o Simple Memory Expansion by Chip Select
e Three State Output and TTL Compatible
e 22 pin Plastic or Cerdip Dual- in-Line Package
e Replacement for INTEL's 21078, TI’s 4060 and Equ»valent Devices.

e 4 Performance Ranges:

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

HPD4T1A-E 350 ns 800 ns 960 ns 1ms
uPD411A 300 ns 470 ns 650 ns 2ms
uPD411A1 250 ns 430 ns 600 ns 2ms
MPD411A-2 200 ns 400 ns .520 ns 2ms

veslT Y 2hv PIN NAMES
PIN CONFIGURATION Vs ,
‘ qu 2 21 jAg Ag-A1 Address Inputs
Ag-As Refresh Addresses
A
Qs 20H a7 . ’ CE Chip Enable
AnQa 1901 Ag cs Chip Select
csOs 180 VDD DIN : Data Input
D “PD Dout Data Output
IN : 6 41:1A~ - :CE . . WE Write Enable
DOUTE 7 16 :NC -1 VDD Power (+12V)
AOC 8 15 jAs- ' Vce Power (+5V)
‘ L . Vss Ground
A1 E 9 14 :A4 VBB (Powe, —5V)
A Q1o 13 3A3 . N NC No Connection
, - vecQn 12[JWE

17



WwPDA11A

CE Chip Enable FUNCTIONAL DESCRIPTION

A %ingle extekr'n’a"l 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 lo on or before the rising edge of the chip enable and can be driven
from standard TTL circuits. A register for the chip select input is provided on the chip
to reduce overhead and simplify system design.

WE Write Enable

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

Ap—A11 Addresses

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

DN Data Input

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

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.

*uPD411A-E = 1 millisecond refresh period.

BLOCK DIAGRAM
o
Ao O] & 5 ~a——0 VDD
Al O———f & o
> o - o Vce
A2 O] O | B CELL MATRIX v
A3 o—a=i O 2 64 x 64 ~«——o0 Vss
A4 O——m & 3 —~-——0 Vgg
AB Ot <Q( 'S
I SENSE AMP "‘F—b ) o CS
) le«——0 WE
TIMING :
CE O—1 ENERATOR COLUMN DECODER o
t+—0 p
‘ . IN
D
ADDRESS BUFFER —=0 ~OuT

i
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wPD411A

ABSOLUTE MAXIMUM Operating Temperature . ... .. .. .uuvtinintennennennnnn 0°C to +70°C
RATINGS* Storage Temperature . .. ... v o ii it ittt eneeen e -55°C to +150°C
Output Voltage D . .. ...ttt ettt +20 to -0.3 Volts

All Input Voltages (D . .o oo e e e +20 to -0.3 Volts
Supply Voltage Vpp ® - +20 to -0.3 Volts
Supply Voltage Vec D +20 to -0.3 Volts
Supply Voltage Vss @) +20 to -0.3 Volts
Power Dissipation . . .. u .ot i e e 1.0W

Note: (1) 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°Cto 70°C, Vpp = +12V + 10%, Vcg = +5V + 10%, Vgg = -5V * 10%, Vgg = OV
LIMITS
PARAMETER SYMBOL MIN. | TYP. D | MAX. | UNIT TEST CONDITIONS
Input Load Current TN} 0.01 10 MA | VIN =VIL MIN to VIH MAX
CE Input Load Current ILc 0.01 10 “MA | VIN=VILC MIN to VIHC MAX
Output Leakage Current . CE=V|LcorCS=Vy
for High Impedance State| 'O 0.01 =10 HA Vg =0V to 5.25V
Vpp Supply Current
=-1.0V .
during CE off IDD OFF 50 200 uA | CE 0V to 0.6V
Vpp Supply Current _ P
during CE on IDD ON 35 50 mA |CE=V|HC, Ta=25C
Average Vpp Current Ta=25°C
uPD411A-E Ipp AV 25 40 mA | Cycle Time =800 ns
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
VRgB Supply Current @ | Igg 5 100 A
V¢ Supply Current _ == _
during CE off & Icc OFF 0.01 10 uA CE=V)|LcorCS=V|H
Input Low Voltage ViL -1.0 0.6 \
Input High Voltage VIH 2.4 Vee +1 \
CE Input Low Voltage ViLc -1.0 0.6 \
CE Input High Voltage VIHC Vpp- 1| Vpp |Vpp+1 A
Output Low Voltage VoL 0 0.40 \Y loL=3.2mA
Output High Voltage VOH 24 Vce V |IoH=-20mA

Notes: (D Typical values are for Ty = 25°C and nominal 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°Ct070°C, Vpp = +12V * 10%, VcC =+5V + 10%, VBB = -5V * 10%, Vs = OV

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

Address Capacitance | CAD 6 pF VIN = Vss
CS Capacitance Ccs 6 pF VIN = Vss
DN Capacitance CIN 6 pF VIN = Vss
DOUT Capacitance CouT 7 pF VouT = Vss
WE Capacitance CWE 7 pF VIN = Vss
CE Capacitance CCE1 27 pF VIN = Vss
Cce2 22 pF VIN = VDD

19



1 PDA1A

READ CYCLE
Ta=0°Cto 70°C, Vpp = 12V # 10%, VcC = 5V * 10%, Vgg = -5V + 10%, Vsg = 0V, unless otherwise noted.
LIMITS
uPD4VIAE | uPDATIA | uPDA11A-1 | uPDATIA-2
PARAMETER SYMBOL | MIN | MAX | MIN| MAX | MIN | MAX | MIN | MAX | UNIT| TEST CONDITIONS
Time Between Refresh tREF 1 2 2 2 ms
Address to CE Set Up Time tAC 0 0 0 0 ns
Address Hold Time tAH 150 150 150 150 ns
CE Off Time toc 380 130 130 130 05 | irmt = tg=20ns
CE Transition Time T 0 40 0 40 0 40 0 40 ns €y =50 pF
CE Off to Output High _
Impedance State cF 0! 130 o| 10| 0| 130| 0 130 ns | Load=17TL Gate
=2.00r 0.8 Vol
Cycle Time ey | 800 470 430 400 ns | Vref=200r 08 Volts
CE on Time tce | 380 | 3000 | 300 | 3000 | 260 | 3000 | 230 | 3000 | ns
CE Output Delay o 330 280 230 180 ns
Access Time tACC 350 300 250 200 | ns
CE to WE WL 40 40 40 40 ns
WE to CE on we 0 0 0 0 ns
WRITE CYCLE
Ta=0°C to 70°C, Vpp = 12V £10%, Vg = 5V + 10%, Vgg = -5V + 10%, Vs = OV, unless otherwise noted.
LIMITS
uPDA11AE | pPDA11A | uPD41IAY | uPDA11A2
PARAMETER SYMBOL | MIN [ MAX | MIN | MAX | MIN [ MAX [ MIN | MAX | UNIT | TEST CONDITIONS
Cycle Time €Y 800 470 430 400 ns
Time Between Refresh tREF 1 2 2. 2 ms
Address to CE Set Up Time tAC 0 [ 0 0 ns
Address Hold Time tAH 150 150 150 150 ns
CE Off Time e 380 130 130 130 ns
CE T.ansmoon Time T 0 40 0 0| o 20| o | 40 ™ | pete e 200s
CE Off to Output High ] _
Impadance State iCF o | 130 0| 130 0] 130 | o [ 130] ns | CL=50pF
CE on Time e | 380 | 3000 | 300 | 3000 | 260 | 3000 | 230 | 3000 | ns | Lo !TTLGawe
WE to CE off w 200 180 180 150 e | Vref=200r08Volts
CE to WE oW 380 300 260 230 ns
DN to WE Set Up D ©OW 0 0 0 0 ns
Dy Hold Time DH 40 40 40 40 ns
WE Pulse Width wp 200 180 180 150 ns

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

READ-MODIFY-WRITE CYCLE

Ta=0°Cto70°C, Vpp = 12V + 10%, VCe = 6V £ 10%, Vg = 5V 1 10%, Vs = OV, unless otherwise noted.

LIMITS
HPDAT1A-E WPDATIA | wPDA11A-1 | uPDA11A2

PARAMETER SYMBOL | MIN | MAX |- MIN | MAX| MIN| MAX [ MIN | MAX| UNIT | TEST CONDITIONS
z::'lt':ﬁ:"'w““ R 650 600 520 ns
Time Between Refresh TREF 1 2 2 2 ms
Address to CE Set Up Time tAC 0 0 0 0 ns
Address Hold Time tAH 150 ° 150 150 150 ns
CE Off Time tcC 380 130 130 130 ns
CE Transition Time T 0 40 0 0| o 20| o 40 ns rretiy=20ns "
::’:p‘:;;:eos"‘::‘ High tcF of| 10| of 10| of 10| o 13| ns | ¢ =50pF
CE Width During RMW wcrw | 540 | 3000 | 480 | 3000 | 430 | 3000 | 350 [ 3000 ns | Load =1TTL Gate
WE to CE on we 0 0 0 0 s | Vref=200r 0.8 Voits
WE to CE off w 200 180 180 150 ns
WE Pulse Width wp 200 180 180 150 ns
DN to WE Set Up W 0 0 0 0 ns
DN Hold Time tDH 40 40 40 40 ns
CE to Output Delay €0 330 280 230 180 | ns
Access Time tacc 350 300 250 200 ns

20
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TIMING WAVEFORMS

MP

READ AND REFRESH CYCLE @

D411A

ey
‘ce ‘cc
26} X Vine
‘ CcE ‘A? B ViLe
Zem fe— (AH — ] e fa— i
Ag- A . B, = Vin
) ADDRESS STABLE ADDRESS CAN CHANGE
and TS ® v
we Wi it
# Vin
W N Vi
‘co [='cF= |
_____ —_ v,
T HIGH UNDEF = Tion OH
OUT  ImMPEDANCE NDEFINED 9 “VALID—— IMPEDANCE|
i 7 . - Vor
= - acc
WRITE CYCLE
fcy. -
'ce ——— tcC ———{
5 \ Vine
o 9] .  — v
- e
e tAC | |a—AH — —] ety
Ag—Aqy R Vin
= ADDRESS STABLE ADDRESS CAN CHANGE
. AND CS 9] | ViL
l ]
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twe H+————————T—VIH
_ WE CAN CHANGE \‘_ / WE CAN CHANGE
WE . 3 - . viL
pw DH
el -
Dy CAN Vi
D, D,y CAN CHANGE Dy STABLE N
N N N x cMNGE v
L
e-tcre]
—_— mmm———— ————— Vou
Doyt - HIGH———=] ®/ VvaLIDOR HIGH ——a]
IMPEDANCE UNDEFINED [©) MODIFIED IMPEDANCE VoL
READ-MODIFY-WRITE CYCLE
tRWC
CR tcC ——|
- Vine
CcE al/|®
—_— 3
e ViLe
e tAH —] T
0] VIH
Ao-An ADDRESS STABLE ADDRESS CAN CHANGE
AND T8 ® A v,
L
we tow 1y
= F 4 ViH
WE ® \ WE CAN CHANGE
I viL
tbw tDH
|| i
VIH
Din DyN CAN CHANGE Din STABLE DN CAN
CHANGE
- - ViL
o tCF
P — Vou
DOUT —HIBH———= & ® == HIGH —=]
IMPEDANCE 0 / IMPEDANCE vou
! tacc
Notes: For refresh cycle,row and column addresses must be stable taAc and

®00e © ®©e6 o

remain stable for entire tAH period.

VpD - 2V is the reference level for measuring timing of CE.

Vgs + 2V is the reference level for measuring timing of CE.

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

CS, WE and D|N.

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

CS, WE and DIN.

Vgs + 2.0V is the reference level for measuring timing of DQUT.
Vss + 0.8V is the reference level for measuring timing of DouT.

WE must be at VjH until end of tcO.



1 PDAH1A

Ippay ~ Ta 'ppav ~ ey
70
) T T T T ]
MINIMUM CYCLE TIME|
60 1.0
PEC LIMIT,
g % 2075 \\ \cg - CONST.
z 2 A
o
B 40 F—y TYPj 05
| | | -
30 ¥ 0.25 ™~
—
0 2 50 75 1 2 3 4 5
Ta('C) NORMALIZED CYCLE TIME
lon ~Vou loL - VoL
50 50
.40 40
<
g 0 Q % 30 &
= [ 2 o
3 DN - A8
2 NG 2 L
10 ~) 10 //
F— SPEC LIMIT: »Zm.A, 2.4V \ . SPEC LIMIT: 3.2mA, 0.4V —
I N U | I T T |
0 1 2 3 4 5 0 1 2
Von V) VoL V)
VoD - VBB 1000 ReF —Ta
GUA :RAN':'EEDI ! \\‘ Ivp
[ OPERATING REGION ] \
_ 100
s H ™
o EJ
>Q :
10
" SPEC LIMIT: 2 ms
R [N
0 e 1]
0 20 N 40 60
) . s o B N Tal C)
Vgg (V)
Power consumption = Vpp x IppAV *+ VBB x |BB
Typical power dissipation for each product is shown below.
mW (TYP.) CONDITIONS
uPD411A-E 300 mW Ta=25°C, tey =800 ns, tCE = 380 ns
uPD411A 460 mW Ta=25C, tcy =470 ns, tcE = 300 ns
uPD411A-1 460 mw Ta= 25°C, tey = 430 ns, tCE = 260 ns
uPD411A-2 460 mW Ta=25°C, tcy = 400 ns, tCg = 230 ns

See curve above for power dissipation versus cycle time.
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M4 PD411A : PACKAGE OUTLINE

uPD411AC/D
uPD411AC (Plastic)
ITEM MILLIMETERS INCHES
A. 28.0 Max. 1.10 Max.
B 1.4 Max. 0.025 Max.
C 2.54 0.10
D 0.50 0.02
E 25.4 1.00
F- ~1.40 : 0.055
G 2.54 Min. 0.10 Min.
H 0.5 Min. 0.02 Min.
1 4.7 Max. 0.18 Max.
J 5.2 Max. 0.20 Max.
K 10.16 0.40
L 8.5 0.33
+0.10 +0.004
M 0.25_ 0.05 0.01 0.002
M

uPD411AD (Cerdip)

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 35 +0.3 0.138
H 3.7 £03 0.145
1 4.2 Max. = - 0.165 Max.
J 5.08 Max. 0.200 Max.
K 10.16 £ -0.15 0.400
L 9.1 £0.2 0.358
M 0.25 + 0.05 0.009

SP411A-8-77-GY-CAT
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NEC Microcomputers, Inc.

DESCRIPTION

FEATURES

PIN CONFIGURATION

16384 x 1 BIT DYNAMIC MOS
RANDOM ACCESS MEMORY

NEC

p.PD416

/+PD416-1
4 PD416-2
1 PD416-3

m

PD416:5

The NEC MPD416 is a 16384 words by 1 bit Dynamic MOS RAM. It is designed for
memory applications where very low cost and large bit storage are important design

objectives.

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

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

use of the multiplexing technique while maintaining high performance.

e 16384 Words x 1 Bit Organization

High Memory Density — 16 Pin Ceramic and Plastic Packages
Multiplexed Address Inputs

e Standard Power Supplies +12V, -5V, +5V
e Low Power Dissipation; 462 mW Active (MAX), 20 mW Standby (MA_X)
e Output Data Controlled by CAS and Unlatched at End of Cycle
e Read-Modify-Write, RAS-onIyl Refresh, and Page Mode Capability
e All Inputs TTL Compatible,;and Low Capacitance "
e 128 Refresh Cycles -
e 5 Performance Ranges:
ACCESS TIME | R/W CYCLE | RMW CYCLE
uPD416 300 ns 510 ns 575 ns
uPD416-1 250 ns 410 ns 465 ns
uPD416-2 200 ns 375 ns 375 ns
uPD416-3 " 150 ns 375 ns 375ns
uPD416-5 120 ns 320 ns 320 ns
———
ves [+ 16 Vss
J— Ao-As Address Inputs
P E 2 15[ CAS CAS Column Address Strobe
wrTE ] 3 14[J ooyt Din Data In
. DouT Data Out
14
RAS O uPD 30 As RAS . Row Address Strobe
A0 s 41612 a3 WRITE | Read/Write
VBB Power (-5V)
6 1 A
A2 C ! 3 4 Vvee Power (+5V)
A1 (m 10 [ As VDD Power (+12V)
VoD d 8 9 : Vee Vss Qround
Rev/1
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j PD416

—
ROW — DUMMY CELL
20 ADDR —
BUFFER Z ot
g
cou 8ls ELL MATRIX v
Koo gl -y
BUFFER g
g =i
Ay = 10 8US.
1/0 swiTcH - Doyt
SENSE AMP S0ut
1'0 8US BUFFER
1/0 SWITCH
—
Az 8
8 CELLMATRIX 0ATA o ocs vss
8 128x 64 AP BUFFER
z
S
-

DUMMY CELL

128

COLUMN DECODER

ROW
ADDR
BUFFER

coL
ADD!

R
BUFFER Voo

ggge §883¢ oo

= P Hi o

ARs O— H F—oO¢das

Operating TeMPErature . .. .. ..o v eneonennnennennnns 0°C to +70°C
Storage TemPerature . . ..o v vv v v e e eie e enennns -55°C to +150°C
AllOutput Voltages @ ... oot oo e i e -0.5 to +20 Volts
All lnputVoltages D. . ... ..ot [P, -0.5 to +20 Volts
Supply Voltages VDD, VeC, VSS D+« oo -0.5 to +20 Volts
Supply Voltages VDD, VCC @ + -+ o v v e i e -1.0to +15 Volts
Short CircuitOutput Current .. .. ... o v ittt it e e 50 mA
Power Dissipation . . .. oot e e e e 1 Watt

Notes: (D Relative to VBB
@ Relative to Vsg

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

*Ta=25°C

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

PARAMETER SYMBOL N LITIVS:'S VAKX UNIT. CONTDEI§I::-ON8
R
%"_AP_;‘E_:%*TC% Cr2 8 | 10 | pF
?;;;:;J;)Capacitance Co 5 7 oF

Voo

WRITE
TIMING
N

ol

Voo
o
—

GE:
0
ol
vss

vss

ABSOLUTE MAXIMUM

RATINGS*

CAPACITANCE



DC CHARACTERISTICS

1 PD416

Ta=0°Cto+70°C(Q), Vpp = +12V + 10%, Vc = +5V  10%, Vg = -5V & 10%, Vss = OV

(Logic 0)

LIMITS TEST
PARAMETER SYMBOL MIN TYP [ MAX | UNIT CONDITIONS
Supply Voltage Vpp 108 | 120 132 Vv @)
Supply Voltage Vee 45 | 50 55| Vv @ B
Supply Voltage Vss 0 0 [¢] \% @
Supply Voltage VB - 45 | 60| -55| V @
Input High (Logic 1)
Voltage, RAS, CAS, ViHe 2.7 70| V ®
WRITE
Input High (Logic 1)
Volitage, all inputs
T \ . 7.4 \
except RAS, CAS IH 24 0 @
WRITE
Input Low (Logic 0)
\ - 1. A \
Voltage, all inputs [ 0 08 @
. RAS, CAS cyching;
Operating V; Current | 35 mA
DD DD1 tRC = tRC Min. @
RAS = Vpc, Dout
Standby Vpp Current pD2 1.5 1 mA - High Impedance
Refresh|All Speeds _— e
VoD except uPD416-5 IDD3 25 mA RAS cycling, CAS =
VIHC: tRC = 375 ns @)
Current uPD416-5 | 'DD3 27 mA
“RAS = V|, CAS
Page Mode Vpp 2 L 't -
Current IDD4 7 mA cycling; tpc =
225 ns @)
Operating Voo RAS, CAS cycling,
Current feer KA tre = 375 ns @
RAS = Vigc, -
Standby V¢ Current Icc2 -10 10 HA Doyt = High
) Impedance
RAS cycling,
Refresh Vg Current Icca -10 10 LA CAS - Viye,
tRC = 375 ns
RAS - V|, CAS
Page Mode Ve I
Current lcca LA cychng. tpg
225 ns ®
Operating VBB RAS, CAS cycling,
00 A
Current '881 2 . trc  375ns
: RAS - Viye,
Standby Vgg .
D < High
Current '882 100 KA ourt o
Impedance
RAS cycling,
Qefresh Veg I8a3 200 | wA | CAS-Vine
urrent tRc =375 ns
Page Mode v RAS = V|, CAS
cage ode VBB 1gB4 200 uA cychng;
urrent tpc = 225 ns
vgg = -5V,0V <
ViN < t7V
Inyput‘Leakage hw 10 10 uA IN V.,
(any input) all other pins not
. under test = 0V
) Douyr is disabled,
Output Leakage lo(L) -10 10 HA OV < VouT < 6.6V
Output High Voltage: -
Vi 24 A\ I =-5mA
(Logic 1) OH out ®
Output Low Voltage VoL 0.4 Vv IoUT = 4.2 mA

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

@ 1pD1. 'DD3. and I ppa depend on cycle rate. See Figures 2, 3 and 4 for Ipp limits at other cycle rates.

lccq and '(%04 depend upon output loading. During readout of high level data V¢ is connected through a low

impedance

13552 typ) to data out. At all other times Icc consists of leakage currents only.
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4 PD416

AMBIENT TEMP. T, (°C)

50 mA

40 mA

30 mA

20 mA

10 mA

MAX I pp3 SUPPLY CURRENT (mA)

70

60

CYCLE TIME tgg (ns)
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AN 11378

320
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}
11

T, (MAX) r\

4PD416-5

N
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CYCLE RATE (MH2) = 103/t (ns)

FIGURE 1

Maximum ambient temperature versus cycle
rate for extended frequency operation. T,
(max) for operation at cycling rates greater
than 2,66 MHz (tyc < 375ns) is deter-
mined by T, (max) [°C] = 70 - 9.0 x
(cycle rate [MHz] -2.66). For uPD416-5,

itis T, (max) [°C] = 70 - 9.0 (cycle
[MHz] - 3.125).
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CYCLE RATE (MHz) = 103/tg¢ (ns)

FIGURE 3

Maximum 'DDS versus cycle rate for device
operation at extended frequencies.
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FIGURE 2

Maximum | ppq versus cycle rate for device
operation at extended frequencies.
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FIGURE 4

Maximum |004 versus cycle rate for device
operation in page mode.



. PD416

AC ) Ta=0°Cto +70°C, Vpp = +12V  10%, VcC = +6V ¢ 10%, Vgg = -5V * 10%, Vgs = OV
CHARACTERISTICS LimiTs
uPD416 4PD416-1 uPD416-2 uPD416-3 uPD4165 TEST
PARAMETER symeoL | miN [ Max [min | max | min | max [min| max |[min | max | uniT | conpiTions
: Random read or write
41
eyele time tRC 510 0 375 | 375 320 ns ®
Read-write cycle time tRWC 575 465 375 375 320 ns [©)
Page mode cycle time |  tpC 330 275 225 170 160 ns
fecess thne from tRAC 300 250 200 150 120 | ns @ ®
i:ﬂ"s time from tcac 200 165 135 100 80| ns ® ®
Output buffer
twreoff delay tOFF 0 80 0 60 0 50 0 0| o 35| ns @
Transition time
(rise and fall) T 3 50 3 50 3 50 3 35 3 3| ns @
TAS precharge time tRP 200 150 120 100 100 ns
RAS pulse width RAS 300 | 10,000 | 250 | 10,000 | 200 | 32,000 [ 150 | 32,000 | 120 | 10,000 [ 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
f::: to CAS delay tRCD 40 100 | 35 85| 25 65 | 20 50 | 15 40| s
CAS 1o RAS
precharge time tCRP -20 -20 -20 -20 0 ns
Row address
set-up time tASR 0 0 0 0 0 ns
Row address
hotd time tRAH 40 35 25 20 15 ns
Column address
sotup time tasC -10 | -10 -10 -10 -10 ns
Column address
hold time tCAH 920 75 55 45 40 ns
Column address hold
time referenced to tAR 190 160 120 95 80 ns
RAS
Read command
set-up time RCS ° o o 0 o ns
Read command :
hold time 'RCH 0 0 0 0 ° ns
Write command wen | 90 75 | ss 5 40 ns

hold time

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

Write command

pulse width twp 90 75 55 45 40 s

Write command to |

TAS lood tiran tRWL | 120 100 80 60 60 ns

Write command to

TAS too timms tewL | 120 100 80 60 60 ns

Data-in set-up time tps 0 0 0 | o 0 ns ®
Data-in hold time tOH %0 75 55 45 40 ns ®
Data-in hold time

referenced-to RAS TOHR | 190 160 120 9 80 s

CAS precharge time

(for page mode tcp 120 100 80 60 60 ns

cycle only)

Refresh period REF 2 2 2 2 2| ms

WRITE command

setup time twes | -20 -20 20 -20 o ns

CAS to WRITE

dolay towp | 140 125 95 70 80 ns

RAS to WRITE-

detny tRwp | 240 200 160 120 120 ns ()]

Notes: @ AC measurements assume tT = 5 ns.
VHC (min) or Vi (min) and V|| (max) are reference levels for measuring timing of input signals. Also, transition times are measured between V¢ or Vi and VL.
@ The specifications for tre (min) and trwc (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 tRCD < tRCD (max). If trep is greater than the maximnm recommended value shown in this table, tg ¢ will increase by the amount that trcp
exceeds the values shown. :
(® Assumes that trcp > tRCD (max). :
Measured with a load equivalent to 2 TTL loads and 100 pF
@ tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels.
(® Operation within the tReD (max) limit ensures that tgoc (max) can be met, trep (max) is specified as a reference point only, if trep 15 greater than the specified
tRCD (max) limit, then access time is controlled exclusively by tCAC-
These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in delayed write or read-modify-write cycles.
tWCS. tCWD and tRwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics only. If tyos > twes (min), the cycle
is an early write cycle and the data out pin will remain open circuit (high impedance) > tryp (min), the cycle 1s a read-wnite cycle and the data out will contain data
read from the selected cell; if neither of the above sets of conditions is satisfied the condition of the data out {at access time) is indeterminate

@®
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READ CYCLE
- 'R
v . RAS
_ HE ——————\ AR
RAS " \ ). |
[ e
[— 'RcD 'RSH _—
5 Vine ¢ tcas
| 't\ (7
l__‘ASR, o 'cAH
Vin now‘.i‘Asc.' COLUMN //
‘RCS I—.l — 'RCH '<—
WRITE Vime- 7222222222{ 2222? -
i ‘cac W
v RAC et
Pour > o VALID
Vou __DATA E—
WRITE CYCLE
RC "
= Vine -——-———-)& am 'RAS
Vie - b, e
|—— ‘RCcD ‘c 'crp
\
R " R /| %
V\L
A, ".R:“ASC" — &:
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TIMING WAVEFORMS “RAS-ONLY” REFRESH CYCLE
(CONT.)
'RAS "
= X / |
v ‘ASR : h o

Oout VoL OPEN
Note CAS V, .. WRITE = Don't Care
- PAGE MODE READ CYCLE
RAS
CAS

vl
ADDRESSES

Pout

WRITE

PAGE MODE WRITE CYCLE

RAS ’ / F
'RP
~'crp
s - .
7
I‘WCH
fowL — [ fowL =1 =—tcwL
WRITE z:':f 7// 5;H< ‘222222227/7 4 L £
} o i |~—twp.
y T;s‘rlclnm '0S sl = DH ‘Ds h—tpyy
W TR R FES /) R
e tpup—t -
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L PD416

The 14 address bits required to decode 1 of 16,384 bit locations are multiplexed onto ~ ADDRESSING
the 7 address pins and then latched on the chip with the use of the Row Address

Strobe (RAS), and the Column Address Strobe (CAS). The 7 bit row address is first

applied and RAS is then brought low. After the RAS hold time has elapsed, the 7 bit

column address is applied and CAS is brought low. Since the column address is not

needed internally until a time of tcrRD MAX after the rwddress, 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

iy

RAS.

For a write operation, the input data is latched on the chip by the negative going DATAI/O
edge of WRITE or CAS, whichever occurs later. If WRITE is active before CAS, this

is an “early WRITE" cycle and data out will remain in the high impedance state

throughout the cycle. For a READ, WRITE, OR READ-MODIFY-WRITE cycle, the

data output will contain the data in the selected cell after the access time. Data out

will assume the high impedance state anytime that CAS goes high.

The page mode feature allows the uPD416 to be read or written at multiple column PAGE MODE
addresses for the same row address. This is accomplished by maintaining a low on RAS

and strobing the new column addresses with CAS. This eliminates the setup and hold

times for the row address resulting in faster operation.

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

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

In order to assure long term reliability, Vg should be applied first during power POWER SEQUENCING
up and removed last during power down.
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PACKAGE OUTLINE K
uPD416C/D A

0-15° —a=f \\4—

+#wPD416C
(Plastic)

ITEM MILLIMETERS INCHES
A 19.4 MAX. 0.76 MAX.
B 0.81 0.03
[ 2.54 0.10
D 0.5 0.02
E 17.78 0.70
F 1.3 0.051
G 2.54 MIN. 0.10 MiN.
H 0.5 MIN. 0.02 MIN.
I 4.05 MAX. 0.16 MAX.
J 4.55 MAX. 0.18 MAX.
K 7.62 0.30
L 6.4 0.25
M 0.25 *019 0.01

-0.05

—]

|

uPD416D
(Ceramic)
ITEM MILLIMETERS INCHES
A 20.5 MAX. * 0.81 MAX.
B 1.36 0.05
c 2,54 0.10
D 0.5 0.02
E. 17.78 "1 070
F 1.3 0.051
G 3.5 MIN. 0.14 MIN.
H 0.5 MIN. . 0.02 MIN.
1 4.6 MAX. 0.18 MAX.
J 5.1 MAX. 0.2 MAX.
K 7.6 034" -
L 7.3 0.29
M c.27 0.01

SP416-8-78-GY-CAT
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NEC Microcomputers, Inc.

DESCRIPTION

FEATURES

PIN CONFIGURATION

NEC

4 PD2101AL
/4 PD2101AL-2
41 PD2010AL-4

1024 BIT (256 X 4) STATIC MOS RAM
WITH SEPARATE I/0

The uPD2101AL is a 256 word by 4 bit static random access memory requiring no
clocks or refreshing. It features high speed, low cost, and simplicity of interfacing.

Itis directly TTL compatible in all respects; inputs, outputs, and a single +5V supply.
Two chip-enables allow easy selection of an individual package when outputs are
OR-tied. An output disable is provided so that data inputs and outputs can be tied for
common 1/0 systems. The output disable function eliminates the need for bidirectional
logic in a common 1/0 system. Output data is the same polarity as input data, and
readout is non-destructive. k

The uPD2101AL family of devices offers access times from 450 ns to 250 ns with a
typical standby mode power dissipation of only 36 mW.

The use of NEC’s N-channel silicon gate MOS process, with its excellent protection from
contammation permits the use of a low cost 22 pin plastic package in providing a high
performance, high reliability MOS circuit at a most cost effective price level.- The
uPD2101AL is pin-compatible with the uPD5101 CMOS static RAM.

Low Operating Power

Three-State Output — OR-Tie Capability

b4
annnn

© ®m N O O A W N

oI, [
Do, [
Dl [

-

- o
- o

N\

uPD
2101AL

22
21
20

|

guouyduuuguuuy

Low Standby Power — 36 mW typ.

Vee

Access Time — 250 to 450 nsec max

Directly TTL Compatible — All Inputs and Output
Static MOS — No Clocks or Refreshing Required
Simple Memory Expansion — Chip Enable Input

256 x 4 Organizations to Meet Needs for Small System Memories

Low Cost Packaging — 22 Pin Plastic Dual-In-Line Configuration

Output Disable Provided for Ease of Use in Common Data Bus Systems

PIN NAMES
DI1-Dig DATA INPUT CEy CHIP ENABLE 2
Ag-A7 | ADDRESS INPUTS oD OUTPUT DISABLE
R/W READ/WRITE INPUT | DO1-DO4 | DATA OUTPUT
CEq CHIP ENABLE 1 Vee POWER (+5V)

OPERATION MODES

OUTPUT
CEq | CEy | oD CHIP MODE
A 0 Data Out
Selected
0 ! ! High
Others No-Selected | Impedance




1 PD2101AL

Ao oO—

o

w [ memory
AT 0— o .

o | CELL
A O— 9O * | MATRIX
A3 O— O e | (256.x4)
Ag O— =

I ®00 000

R/W

.
Dl O <8 L] Y-SELECTOR —
D202t | Too |
D|3 o— 08 LX)
Dla 0— Y-DECODER
CEy
CEp
oD

Operating Temperature
Storage Temperature

All Output Voltages
All Input Voltages

OuUTPUT
BUFFER

—O DOy
—O DO»
—O DO3

—O DO4

Supply Voltage Vg

-10°C to +70°C
-65°C to +125°C

20.5 to +7 Volts
-0.5 to +7 Volts

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

*Ta=25°C

Ta=-10°C to +70°C, Ve = +6V + 5%,

-0.5 to +7 Volts |

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

Input High Voltage VIH +2.0 Vee v

Input Low Voltage ViL -0.5 +0.8 \%

Output High Voltage VOoH +2.4 \% loH =~100 uA

Output Low Voltage VoL +0.4 \Y loL=+2.1 mA

Input Leakage Current .

High ILIH +10 A Vi=Vcc

Input Leakage Current

Low L -10 uA V=0V

Output Leakage ILOH +10 A Vo =+2.4V to Ve

Current High CEq =+2.0V

Output Leakage lLoL -10 HA Vo = +0.4V

Current Low CEq = +2.0V

Power Supply Current lect +60 mA V| =+5.25\
lo=0mA
Ta=+25°C "~

Power Supply Current lcc2 +70 mA V| = +6.26V
lo=0mA
Ta=-10°C to +70°C

© 36
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RATINGS*

DC CHARACTERISTICS



uPD2101AL

AC CHARACTERISTICS READ CYCLE
Ta=-10°C t0 +70°C, Vo = +6V £ 6%
R LIMIVTS .
PARAMETER | symsoL 2101AL-4 [ 2101AL 2101AL-2 UNIT
MIN. | TYP. [MAX. [MIN. JTYP. [MAX.{MIN.[TYP. [IMAX.
Read Cycle Time trc  |450 350 280 | ¢ ns
Access Time. tA 450 350 . 250 ns
Chip Enable to . : e . .
Output tco 180 150 . 130 ns
Output Disable . 7 -
to Output oD © ] 150 130 . 120 ns
Data Output to ' R
High Z State tDE* 0 130 0 Jms {0 100 ns
Previous Read
Data Valid After )
Change of Address tOH 40 40 40 ' ns
*tpF is with respect to the trailing edge of CE, CE, or OD, whichever occurs first.
T, =-10°C to +70°C, Vg = +5V = 5% WRITE.CYCLE
‘ ‘ TIMITS ;
: 2101AL4 - 2101AL 2101AL-2
PARAMETER | SYMBOL UNIT
- MIN.JTYP. IMAX. [MIN. JTYP.[MAX.[MIN.[ TYP.[MAX.
Write Cycle Time twe 450 350 . - 1250 | ns
Write Delay tAW 20 - 20 |20 ns
Chip Enable to
Write tcw | 180 150 : 130 | ns
Data Setup Time tpw | 180 ' 150 130 ns
Data Hold Time tDH 0 0 "0 ns
Write Pulse Width twp | 160- 130 120 ns
Write Recovery tWR o] -0 o] : 1 ns
Output Disable )
Setup tpsS 20 20 : 10 - ns
Note: OD isa logical 1 for common 1/0 and "don'{ care’’ for separate 1/0O operétion.
. Ta=-10°C to +70°C
STANDBY - LIMITS
CHARACTERISTICS ‘ PARAMETER SYMBOL i v rOTvax, UNIT TEST CONDITIONS
Vg in Standby VpD 1.5, - \%
_ . 2.0 V | 2.0V <Vpp<5.25V
CE Bias in Standby VCES Ve v 1.5V < Vpp < 2.0V
Standby Current Drain “lpp1 24 36 mA All Inputs=Vpp1q =1.5V
Standby Current Drain 1 IpD2 30 45 mA All Inputs = Vppp =2.0V
Chip Deselect to B - :
Standby Time tcp [¢] ns
Standby Recovery . .
Time tR ‘RCQ ns

‘Notes: - @ Typical values are for T = 25°C and nominal supply voitage.
" ® +tg=tRc (Read Cycle Time). )

CAPACITANCE TS ;
) : PARAMETER SYMBOL - UNIT, | TEST CONDITIONS
MIN.} TYP. | MAX. e .
Input Capacitance CIN 8 | of | VI=0V
Output Capacitance Cout 12 pf | Vo=0V

a7



4 PD2101AL

READ CYCLE

tRC

ADDRESSZX

‘CO"‘H
CE1 :
CE2 t
— tCO—

oD
(COMMON 1/0)

Notes: @ OD should be tied low for separate |/O operation.

@ R/W is high for read operation.

WRITE CYCLE

i

-
toH

tDF]

DATATT T~ [~ DATAOUT | .,
ouT __ J_HeHz _-} VALID | HIGH-Z

twe

ADDRESS—J(

- TCW ——
CE1 {
CE2
tCW ———]

oD /
(COMMON 1/0) A
— tDs
DATAT™T" DATA IN
INo-Jd- STABLE
t
] AW tpW —

R/W

WR

|

B Sl

TIMING WAVEFORMS

Note: ODis a logical 1 for common 1/0 and ‘“don’t care’’ for separate |/O operation.

vce

InputPulse Levels. . . .« oot i e e
Input Pulse Rise and Fall Times
Timing Measurement Reference Level
Output Load ....... e e e e e e

STANDBY

MODE

............................... 1.5V

+0.8V to +2.0V
20 ns

1TTL + 100 pF

STANDBY WAVEFORMS

AC CONDITIONS OF TEST



4 PD2101AL
TYPICAL OPERATING

CHARACTERISTICS Icc VST,
) 50 g
40 :
\\
E i 7\\ —~—5.25v
o J ~
© \\ — 20V
20 ]
1.5V
%% 20 0 20 40 60 80
T4 (°C)
Icc VS Vee
| |
0
50 .
. S
PR = 5
10 =
_ e =
£ ///// ks
£ 3 ’//; :
3 / "
20 /
10
0
0 1 2 3 4 5 6 7

PACKAGE OUTLINE

! \
¥ o
0-15
ITEM MILLIMETERS INCHES

A 28.0MAX. 1.10MAX.
B 1.4 MAX 0025
c 254 0.10
) 0.50 002
€ %54 1.00
F 140 0055
G 2.54 MIN. 0.10 MIN.
H 0.5 MIN, 0.02MIN.
I ~47MAX. 018 MAX.
3 5.2 MAX. 0.20MAX.
K 10.16 0.40
L &5 033 _

+0.10 +0.004
[ 025 001

-0.05 -0.002 SP2101-8-77-GY-CAT
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NEC

NEC Microcomputers, Inc. pPD2102AL

DESCRIPTION

FEATURES

PIN CONFIGURATION

. PD2102AL-2
. PD2102AL-4

1024 BIT FULLY DECODED STATIC
MOS RANDOM ACCESS MEMORY

The uPD2102AL is a 1024 words by one bit static Random Access Memory requiring
no clocks or refreshing. A family of devices with maximum access times ranging from
250 ns to 450 ns meet the requirements of microcomputer memory applications where
speed, low cost and easy interfacing are prime design objectives.

All uPD2102AL inputs and outputs are TTL compatible: A single chip-enable (6E) pin
is provided for selection of an individual device in systems with OR-tied outputs. _
Output data is the same polarity as input data and is nondestructively read out. Only a
single +5 volt supply is required. In standby mode, with the supply lowered to 1.5
volts, power dissipation is reduced to 42 mW max.

The uPD2102AL family is fabricated using NEC’s N-channel MOS silicon gate process,
providing excellent contamination protection. This process permits the use of a low
cost plastic package (16 pin) and enables high performance, highly reliable-MOS
circuits-to be produced.

e Access Time — uPD2102AL-2 — 250 ns Max
uPD2102AL — 350 ns Max
uPD2102AL-4 — 450 ns Max
Single +5 Volts Supply Voltage
Directl‘y TTL Compatible — All Inputs and Output
Static MOS — No Clocks or Refreshing Required
Low Power — Typically 150 mW
Low Standby Power — 42 mW max
Three-State Qutput — OR-TIE Capability
Simple Memory Expansion — Chip Enable Input
Fully Decoded — On Chip Address Decode
Inputs Protected — All Inputs have Protection against Static Charge
Low Cost Packaging — 16 Pin Plastic Dual-In-Line Configuration

ot
As I 167 A,
Ag []2 151 Ag
rR/w[]3 14 Ag PIN NAMES
A 4 PD 1311 CE Ag - Ag Address Inputs
“ .
Ay [J52102AL12[ ] DoyT PZW Re.ad/Wnte
CE Chip Enable
Az[1e 1] DiN vee Power (+5V)
Y T RV
Ay [s o[ onD

41



p PD2102AL

" BLOCK DIAGRAM

cri
ARRAY
ROW 2

S 2 nows
SELECTOR >

12 COLUMNS,

T

n LATA UL
DATA
CONTROL

COLUMN SELECTOR

T T T T T T T

I L

Operating TemMpPerature . . . . v v v v v v e et e e e e e e e e ~10°C t0o 70°C  ABSOLUTE MAXIMUM

DATA
N

Storage Temperature RATINGS*
Voltage On Any Pin
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 =-10°C to +70°C; Vg = 5V + 5% unless otherwise specified. ‘ DC CHARACTERISTICS

LIMITS
PARAMETER SYMBOL| MIN| TYP @ MAX ] UNIT TEST CONDITIONS
Input Leakage Current| 1 10 uA | VN =00 5.25V
1/0 Leakage Current ILOH +5 uA | CE=2.0V,VouT*
+2.4V to Ve

1/0 Leakage Current ILoL -10 | pA | CE=2.0V, VouT = 0.4V

Power Supply lcct 30 70 | mA | All Inputs = 5.25V, Data Out

Current Open

Input “Low’’ Voltage ViL -0.5 +0.8 v

Input “‘High’" Voltage ViH 20 Vee | V

Output ““Low’ VoL +04 | V | loL=2.1mA

Voltage

Output “High'’ VOH 2.4 \) loH = -100 A

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

Ta=26°C;f =1 MHz CAPACITANCE

LIMITS
PARAMETER SYMBOL | MIN | TYP] MAX | UNIT TEST CONDITIONS
Input Capacitance CIN 3 5 pf VIN =0V
Output Capacitance CouT 7 10 pf VouT =0V

42



READ CYCLE

Ta=-10°Cto +70°C; Vg = +5V 5% unless otherwise noted

AC CHARACTERISTICS

pPD2102AL

) LIMITS
PARAMETER SYMBOL 2102AL-4 | 2102AL 2102AL-2 |UNIT TEST CONDITIONS
MIN [MAX | MIN | MAX | MIN | MAX
Read Cycle tRC 450 350‘ 250 ns
Access Time tA 450 350 . 250 ns
Chip Enable to tco 230 180 | 130 ns tT =ty = t = 100 ns
Output Time B CL = 100 pF
i 4
Previous head oM 40 40 0 ne Load = 1 TTL Gate
Respect to Address Vief = 2.0 or 0.8V
Previous Read tOH2 0 0 ] ns
Data Valid in .
Respect to Chip
Enable
WRITE CYCLE
Ta=~10'Cto +70' C; Vg = +5V + 5% unless otherwise noted
LIMITS
PARAMETER SYMBOL 2102AL-4 | 2102AL 2102AL-2 | UNIT TEST CONDITIONS
. MIN | MAX | MIN | MAX | MIN | MAX
Write Cycle twe 450 350 250 ns
Address to Write tAW 20 20 20 ns
Setup Time T =t =t = 100 ns
Write Pulse Width twp 300 250 180 ns
CL = 100 pF
Write Recovery . MWR 0 0 [ ns
Time . . Load = 1 TTL Gate
Data Setup Time tDW 300 250 180 ns Vyef = 2.0 or 0.8V
Data Hold Time DY 0 0 0 ns
Chip Enable to oW ‘300 250 180 ns
Write Setup Time L
TIMING WAVEFORMS READ CYCLE -

T
A0DRESS X] 5

CcE

DATA OUT

r N TOH1 |
WRITE CYCLE

tRC

ADDRESS

[SE)

— —tDH
N p—

DATA OATA CAN D paTA @)K DATA CAN
[ CHANGE 2 STABLE @ CHANGE
Notes () 20 Volts
@ 08 Volts
) STANDBY Ta 0t0+70 C
CHARACTERISTICS
: PARAMETER symeoL | MmN | Tvp[ maX|uniT| TEST conDITIONS
Vg in Standby Vep |15 v j
CE Bias n Sandby | Vees |20 v 20V vpp +525v
L Vpp vV |+1.5V vpp +20V
Standby Current Drain o1 | 14| 28 | mA |Alllnputs, Vppq 1.5
Eﬁ@,cij"fi‘.z o | oo | 18 | 38 | mA | AllInputs, Vppg - +2.0V
Chip Deselect to Standby | tcp o ns
Time
Swandby Recovery Time | 1 |we @] |- | me |

(Mtrc  Read Cycle Time



I.l. PD21 02A STANDBY MODE |

CE
OV— — — = — — — —
@ a7V
@ 20v
® 15v
POWER SUPPLY CURRENT VS
AMBIENT TEMPERATURE
45
40 Vee MAX. ]
Z 35
£ 30
3 T~ tvPicaL
- 25
20
15

0 10 20 30 40 50 60 70
AMBIENT TEMP. ('C)

OUTPUT SOURCE CURRENT VS
30OUTPUT VOLTAGE

-25
g 2
£ TYPICAL
I
-1 -
o tg=25"C
-10 cc MIN. —
5 \\ ]
0 1 2 3
Vop (VOLTS)

POWER SUPPLY CURRENT VS
SUPPLY VOLTAGE

35 T

30—t 13=25C
_ 2 |
Ezc A TypicaL
8l

7/
10
5

12 3 4 5 6

Ve (VOLTS)
OUTPUT SINK CURRENT VS
OUTPUT VOLTAGE
30
2
—F
;2 TYPICAL
E 15 |
3 I
- W 25 ¢
5 Veg MIN. —1—
0 1 2 3
VoL (VOLTS)

ITEM MILLIMETERS INCHES
A 194 MAX 076 MAX
8 081 003
C 254 010
D 05 002
€ 1778 , | 070
3 13 0051
G 25aMIN | 010MIN
H 05 MIN 002 MIN
1 405 MAX 0,16 MAX
J 455 MAX 018 MAX
K 762 030
L 64 - 025
M 025 0"° 001

005

STANDBY MODE v
TIMING WAVEFORM

TYPICAL CHARACTERISTICS

PACKAGE OUTLINE
uPD2102ALC

SP2102-8-77-GY-CAT



) NEC
NEC Microcomputers, Inc. - p PD2111AL

| #+PD2111AL-2

p PD2111AL-4

1024 BIT (256 x 4) STATIC MOS RAM
WITH COMMON 1/0 AND OUTPUT DISABLE

DESCRIPTION TheuPD2111AL isa 256 words by 4 bits static random access memory fabricated with
N-channeli MOS technolbgy. It uses fully static circuitry and therefore requires no
clocks or refreshing to operate. The data is read out nondestructively and has the same
polarity as the input data Common input/output pins are provided.

It is directly TTL compau ble in all respects inputs, outputs, and a single +5V supply.
Separate chip enable (CE) leads allow easy seléction of an individual package when
outputs are OR-tied. :

All members in the uPD2111AL family fedture a low staridby power mode with the
supply voltage being reduced to +1.5V.

256 Words x 4 Bits Orgahization

Common Data Input and Output

Single +5V Supply Voltage

Directly TTL Compatible — All Inputs and Outputs

Static MOS — No Clocks or Refreshmg Requtred

Access Time — 250 ns to 450 ns max. ]

Simple Memory Expansion — Chip Enable Inputs

Fully Decoded — On Chip Address Decode

Inputs Protected — All Inputs have Protection Agalnst Static Charge
Low Cost Packaging —'18 Pin Plastic Dual-In-Line Configuration
Three-State Output — OR-Ti¢ Capability

Low Standby Power

" FEATURES

® &6 0 &6 0 0 0 o ° o o o

PIN CONFIGURATION

. Az - ~ 1811 vee
’ ' PIN NAMES
A2[]2 17[1 Aq
= B . Ag- A7 Address {nputs
A{E]3 16[R
i 6 j w oD Output Disable
Ao 4 157 CEq R/W Read/Write Input
uPD . CE Chip Enable 1
Ag. 147 1/0, L k
s s 2111AL 11704 CEp Chip Enable 2
- Ag [: 6 131 ”03 1/01-1/04 Data Input/Output
Az O7 1200, (
: OPERATION MODES
GND [] 8 11 /0,
oD 9 10 j ﬁ2 CEq | CE2 | OD Chip Output Status
- N 0 1 0 Data Output
Selected -
0 1 1 High Z
Others Unselected . State




p PD2111AL

Ao o— 5]

] ~=—V\CC
A
10% | MEMORY —~=—GND
A2 oy % | CELL
DECODER] | MATRIX
Ago——%: | 256 X 4
) .
A o—P35—]
F=——1

R o— 5 Y-SELECTOR
101 o— D] Y-DECODER

INPUT
1/02 & IZ DATA
. CONTROL
1/03 O {s—]

As Ag A g
1/04 & 5 6 ! ‘,—g
CEq
CE2
op
Operating TeMPerature . . . . .o v oo e v e et e e e e e —10°C to +70°C
Storage Temperature. .. . . . . ... oo v v v v v v n. . e —65°C to +125°C
All Output Voltages ... . .. ..o v ittt et ee e —0.5 to +7 Volts
AlllnputVoltages. .. .. . . v v vt v e e e e e —0.5 to +7 Volts
Supply Voltage VGG -+ v« .+ . . e e . —0.5to+7 Volts

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

*Ta=25°C

Ta=-1010 +70°C; Vog = +5V + 5%

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

Input High Voltage VIH - +2.0 Vee \%

Input Low Voltage ViL -0.5 +0.8 \

Output High Voltage | 2111AL-4|{ VoH +2.4 \ IoH = —150 uA
2111AL +2.4 V| 1IgH = —200 A
2111AL-2 ' '

Output Low Voltage VoL +0,4 \ loL =+2.1mA

Input Leakage Current High ILIH +10 MA | VI =Vce

Input Leakage Current Low ['NTS -10 MA | V=0V

Output Leakage Current High ILOH +5 MA ‘| Vo =+2.4V to Vcc

CE = +2.0V

Output Leakage Current Low ILoL -10 A | Vo =+0.4V

CE = +2.0V

Power Supply Current| 2111AL-4 lcet 50 mA | V| = +5,25V
2111AL 56 | mA | lg=0mA
2111AL-2 T4 =+25°C

Power Supply Current] 2111AL-4 lcc2 60 mA | V| =+5.25V
2111AL 65 mA | lop=0mA
2111AL-2 Ta=—10to +70°C
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CAPACITANCE

PACKAGE OUTLINE
uPD2111ALC

Ta=25°C; f=1MHz

wPD2111AL

ITEM MILLIMETERS INCHES
A 22.5 MAX. 0.89
[ 1.09 0.04
c 2.54 0.10
[5) 0.50 + 0.10 0.02
E 20.32 0.80
F 1.2 MIN. 0.05
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 025 ' 0.01
—0.05

Limi
PARAMETER SYMBOL L UNIT | TEST CONDITIONS
MIN | TYP | MAX
Input Capacitance CIN 8 pf V=0V
Output Capacitance Cout 12 pf Vo =0V
A

SP2111-8-77-GY-CAT







MEC Microcomputers, Inc.

DESCRIPTION

FEATURES

PIN CONFIGURATION

4096 BIT HIGH SPEED STATIC
MOS RANDOM ACCESS MEMORY

NEC

. PD410

p PD410-1
#PD410-2
1+ PD410-3
K PD410-5

The uPD410 is a very high speed 4K bit static ra‘ndorﬁ' ‘access mémory;:'cit is 'organized
as 4096 words by 1 bit per word and fabricated using N channel silicon gate MOS

~ technology.

é—ﬂ

All sugnals to the device are TTL compatlble except for Chlp Enable whlch is standard
+12 Volt MOS level.

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

® © O 0 0 o 0 ¢ ¢ ¢ o o o

4096 Words x 1 Bit Organization
Fully Decoded
TTL Compatible (except CE)
High Speed-Access Time: 80 ns max.
Cycle Time: 220 ns min.
Static Operation — No Refresh Required
Standby Power: 75 mW max.
Active Power: 470 mW typ.
Supply Voltages: Vpp =+12V, V¢ = +5V, Vgg = -6V
Address Registers on the Chip
"“Three State Output
‘Standard 22 Pin Ceramic Dual-in-Line Package
Pin Compatible with uPD411 and Other 4K Dynamnc RAMs -

ves (1 ~ 22 vss
Ag (2 21JAg
A00s 2003 Ay
A1a 190 ag
&sgs pp  '8Pvoo
DIqu 410 17JcE
doutd7 16[7 (NC)
Acs 150 ag
A se 14034,
Ax[Q10 1304,
vee QM 12[JWe

Rev/2
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Ay —
A7 — row
Ag — DECODER MEMORY
A AND —1 ARRAY
- 9 — BUFFER 64 x 64
* Ao ——{ REGISTER
L pp—

CE TIMING
GENERATOR
. COLUMN

DECODER AND

Din BUFFER
o | 7| REGIsTER

WE — (I S

s —

- I

.....0°Cto+70°C
+,.-65°C to+150°C

Operating Temperature
Storage Temperature: ;
All Output Voltages .. . .. .

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

Supply Voltage Vpp . . . . . .. -0.3to+20 Volts
Supply Voltage Vg .. . . . . . veees... =0.3t0+20 Volts'
Supply Voltage VS . .. e vt vve v e « e e 0.3 10420 Volts
Power Dissipation .. ........... N 1.0W

Note: @ Relative to VBB

COMMENT: Stress above thoselisted 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

... 0.3 10 +20 Volts®

implied. Exposure to absolute maxi rating diti for periods may affect device
reliability.
*T,=25°C
T, =0°Cto 70°C; Vpp = 12V £ 5%; Vg = 5V  5%; Vgg = -5V * 5%; Vgg = 0V
LIMITS TEST
PARAMETER symgoL [ min MAX | UNIT CONDITIONS
Input Leakage Current I 10 uA | ViN = VILMIN to
VIHMAX
CE Input Leakage Current fLe 10 A VN = VILCMIN to
VIHCMAX
Output Leakage Current Lo 10 - uA CE =Vycor
CS=Viy
Vo =0V to 5.25V
Vpp Supply Current 'DDOFF 200 wA | CE=-1.0V t0 0.6V
during CE off N .
Vpp Supply Current IpDON 20 mA | CE=Viuc
during CE on C
Average Vpp |uPD410 DDAV 24 mA
Current LPD410-1 DDAV 32 mA - .
uPD410-2 | IppAV 45 mA | Minimum Cycle Time
LPD410-3 | DDAV 3 mA
PD4105 | Ippav a5 mA
Vgg Supply Current g 100 uA
V¢ Supply Current ICCOFF 15 mA | CE=Vjcor
during CE off CS=Vy
Average Vg Current IcCAV 21 mA DouT = No load
Input Low Voltage ViL -1.0 0.6 v
Input High Volitage ViH 2.4 Vet \4
CE Input Low Voltage ViLe -1.0 0.6 v
CE Input High Voltage ViHC Vpp-1| Vpp+1| Vv
Output Low Voltage VoL 0 0.4 \ loL =32mA
Output High Voltage VoH 2.4 Vee \ I0H = 2.0 mA
Ta=0°C to 70°C; Vpp = 12V + 6%; Ve =5V * 5%; Vgg = -5V * 5%; Vgg = OV
LIMITS | TEST
PARAMETER SYMBOL UNIT
R MIN | TYP | MAX CONDITIONS
Address Capacitance CAD 4 6 pF VIN = Vss
CS Capacitance Ccs 4 6 pF’ VIN = Vss
‘DN Capacitance CIN 8 10 pF. VIN = Vss
DouyT Capacitance CouT 5 7 pF VouT = Vss
WE Capacitance CWE 8 10 pf VIN = Vss
CE Capacitance CcE 18 27 pf VIN =Vss
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4 PD410
AC CHARACTERISTICS T, =0°Cto 70°C; Vpp = 12V ¢ 5%; Ve = 5V ¢ 5%; Vg = -5V ¢ 5%; Vss = OV

LIMITS
2310|4101 ] w02 | 4103 | 4105 TEST
pARAMETER | symsoL [ minT max]min | max] min | max] rﬂj MAX | Mle MAX | UNIT CONDITIONS
READ, WRITE AND READ-MODIFY-WRITE
Address to CE tac K ‘0 0 o | ons
Set'Up Time
Address Hold TAH - 90 70 50 50 | - 50 ns
Time . ‘
CE Off Time tec | | 190 140 90 9| . | .% ns
CE Transition s 0 2| o sl of 4| of 40| o} -40] s
Time i ‘ .
CE off to Output|  tcg ) 9| o 9| o 9| o %[ o 90| ns
High Impedance .
§(a!2
READ
Cycle Time - ey -440 | 330 220- 220 | - 220 ns
CE on Time tce 230 | 2000| 170 | 2000 110 | 2000| 110 | 2000 | 110 | 2000| ms |7 0™
CE Output co 190 140 90 80 70| ns  |Load - 50 pF + ITTL,
Delay i e o . Ref = 2.0 or 0.8V
Access tacc 200 150 100 T e 80| as |tacc-tac
Time tlcotT
CE to WE wi 20 20 20 20 | 20 ns” |
WE to CE on we | 0 -0 0 o 0 as
L WRITE
Cycle Time ey 440 330 | 220 220 220 ns  |tr=10ns
CE on Time JCE 230 | 2000 170.} 2000 | 110 | 2000| 110 | 2000 | 110 | 2000| s
WE to CE off w 130 | | 100 70 70 70 ns
CE to WE tcw 130 100 70 70 70 ns
Din o WE " tow 0 0 0 0 k 0 ns
Set Up .
Dy Hold Time oy 60 40 20 1 20 20 nse
WE Pulse wp 130 100 70 70 00T ns
Width
READ-MODIFY WRITE
Read-Modfy- tRWC | 560 420 280 280 | 280 as 1T 10ns
Write (RMW)
Cycle Time
CE Width tcRW | 350 | 2000 | 260 | 2000| 170 | 2000| 170 | 2000 170 | 2000] ns
During RMW
WE to CE on we 0 0 0 0 0 ns
WE to CE off w 130 100 70 : 70 70 s
WE Pulse twp’ 130 100 70 70 70 ns
Width
Dy to WE tow 0 0 0 0 0 ns
Set Up :
D)y Hold toH 60 | ° 40 20 20 20 NS
Time . ’
CEtoOutput | tco 190 C1aof T | s0 8 | . 70| ns  [Load - 50 pF +ITTL,
Delay . i Ref = 2.0 or 0.8V
Access Time tacc 200 150 100 90 80 tacc = tac
+1Co *+tT
PACKAGE OUTLINE A e
uPD410D ~ o —t—]
H+
M
f~—0—15°
-—l
ITEM MILLIMETERS INCHES
A 27.43 Max. 1,079 Max.
B - 1.27 Max. 0.05 Max.
C 254+ 0.1 0.10
D 0.42+0.1 0.016
E 254 +0.3 1 1.0 - . .
F 1.5 $0.2 0.059
. G 3.5 +0.3 0.138
H 3.7 03 0.145
1 4.2 Max. 0.165 Max.
J 5.08 Max. 0.200 Max.
K 10.16 + 0.15 0.400
L 9.1 +0.2 0.358
‘M 0.25 + 0.05 0.009
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K PD410

tcy
(CE t
READ CYCLE > ce Vine
CE
) J ViLe
TAC [l ‘—-——"AH —  |—tT
ViH
ADDRESS (® ADDRESS o
AND C% @ STABLE ADDRESS CAN CHANGE
ViL
twe| f=i [ WL v
IH
- i
e V)
L—‘CO f=—tCF
- e f - - — o —— VOoH
—D_? HIGH - @ f— H|GH ——=1
ou impepance!  UNDEFINED ® IMPEDANCE
t ————— —— VoL
r tacc
VALID
WRITE CYCLE .
CcY
{——CE cc
® | ViHe
CE
—_—1 . ViLe
AH o
tAC pea—ari e ' T .
ViH
ADDRESS
ADDRESS @ STABLE ADDRESS CAN CHANGE
AND T8 @[] J
Vio
| Y TW.
ViH
— — "“WD-— PR
WE WE CAN CHANGE \ WE CAN CHANGE
Vi
DWW bet—a{ 1DH
e 3 Vin
Din Dy CAN CHANGE X D)\ STABLE x Dy CAN CHANGE
Viu
tCF v
5 HIGH - HIGH ————{ OH
OUT  mpEDANCE UNDEFINED IMPEDANCE
- —— - Vor
READ-MODIFY-WRITE CYCLE
TRWC
'CRW |———tcC ———
[©) s ViHe
CE
@ tAH ViLe
AC i —] f— (T
DRESS @ ADDRESS | Vin
ADDRE STABLE ADDRESS CAN CHANGH]
AND Cs @
Vi
WC |oed] tw
\ ViH
_ @ e W P —
WE WE CAN CHANGE
— tDwW ViL
tOH
ViH
DN Dy CAN CHANGE; DN STABLE D|n CAN CHANGE
| -
— ‘ vie
3
——— S e ] Von
P HIGH 5 © VALID e HIGH ——=
Pout impepance| UNDEFINED ® IMPEDANCE
- —— 1 [RRp R —— VoL
tAC ———
Notes: @ VDD - 2V is the reference level for measuring timing of CE.
@ Vss+ 2V is the reference level for measuring timing of CE.
@ VIHMIN is the reference level for measuring timing of the addresses,
CS, WE and D|N.
@ ViLMAX is the reference level for.measuring timing of the addresses,
CS, WE and D|N.
® Vss + 2.0V is the reference level for measuring timing of DQUT.
® Vss+ 0.8V is the reference level for measuring timing of DQUT.
@ WE must be at V|H until end of tCQ. :
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NEC Microcomputers, Inc.

DESCRIPTION

FEATURES

PIN CONFIGURATION

NEC
. PD2114L
pPD2114L-1
pPD2114L-2
pPD2114L-3
pPD2114L:5

4096 BIT (1024 x 4 BITS) STATIC RAM

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

The uPD2114L is designed for memory applications where h{igh 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.

Itis directly TTL compatible in all respects: inputs, outputs, and a single +5V supply.
A separate Chip Select (CS) lead allows easy selection of an |nd|V|dual package when
outputs are OR-Tied.

Access Time: Selection from 150-450 ns

Single +5 Volt Supply

Directly TTL Compatible — All Inputs and Outputs
Completely Static — No Clock or Timing Strobe Required -
Low Operating Power — Typically 0.06 mW/Bit ‘( N ’
Identical Cycle and Access Times ‘

Common Data Input and Output using Three-State Output
High Density 18-pin Plastic and Ceramic Packages
Replacement for 2114 L and Equivalent Devices -

e © o o o

Ag “5h vee S © PIN NAMES

1
As[] 2 17[1 A7 ) 1 AgAg Address Inputs
As[] 3 16[] As . L WE Write Enable
as] 4 i M A9 cs Chip Select
#PD ‘ 1/01-1/04 | Data Input/Qutput
Ao [] 52114L 14 /Oy : :
Aale - 13 o2 vee | Power (+6V)
Az [ 7' 127 103 GND | Ground
cs] s 1117 1/04
ano(] o 10{] WE
" Rev/1
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pPD2114L

Y O e [ cuN—
s . — vee .
O [ —
: _.———.—-——@(;ND
B ,A5®'—'—"-—K: aow MEMORY ARRAY
SELECTOR 64 ROWS
v O/ o4 coums
Av@————[ﬁ'

48 (1) ’c

||
vor

I SENSE SWITCH _
1102 (13
QO INPUT COLUMN SELECTOR
DATA

oy @ o conmoc l v
" wog(m % A
. 5
[ Ag Ay A Ag

ﬁ

i

A
L

Operating Temperature . . . . . . ... .............-10°Cto+80°C
Storage Temperature . . . . . . . . . ... ... ...... -65Cto+150°C
VoltageonanyPin. . . . . .. .. .............-05t0+7Volts®D
Power Dissipation. . . . . . .. .. e e e e e e e e e e 0 1T Watt

Note: (@ With respect to ground.
COMMENT: Stress above those listed under "Absolute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute- maximum rating conditions for extended periods may affect device
reliability.
*Ta=25°C

Ta=25°C;f=1.0 MHz

‘ LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT | CONDITIONS
Input/Output Capacitance Ci/o 12 pf Vy/0 =0V
Input Capacitance CIN 5 pf VIN = 0V
Ta=0°Cto 70°C; Vg = +5V # 10% unless otherwise noted.
LIMITS
PARAMETER SYMBOL | MIN [ TYP{ MAX | UNIT TEST CONDITIONS
Input Load Current L
(All Input Pins) ILI 10 oA le 0 to 5.5V
1/O Leakage Cs = =
‘Current lLO 10 uA CS=2v, VI/O 0.4V to VCC
Power Supply Vi =55V, 1 ,~=0mA,
/ | 65 mA | YIN 1/0
Current ) cc T, = 25°C
Power Supply Vi =55V, 1 =0mA,
Current ! cc2 70 mA T '"i 3 110
. a” o°Cc
Input Low Voltage V”_ -0.5 0.8 \% )
Input High Voltage VIH 20 6.0 \%
Output Low Current 'OL 3.2 mA VO L= 0.4V
Output High _ Vv =24V, V =475V
Current IOH 1.0 mA OH cc
VOH =2.2V, VCC =45V
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AC CHARACTER |ST|CS Ta=0°Cto +70°C; Vgg = +5V # ?o%, unless otherwise noted

LIMITS - -
PARAMETER | SYMBOL 2114L 2114L1 2114L-2 2114L-3 21145 |UNIT TEST
. ; . —— . CONDITIONS
IMIN | MAaX | MIN | MAX | MIN | MAX [ MIN T MAX [ MIN| MAX B G
. v READ CYCLE

Read Cycle.Time | tge 450 300 | . 250 | 200 150 | “ns |t =t =t =10ns

Access Time A 450 300 250 200 150 |; ns |- =100 pF

Chip Sel : . B PO

ip. Selection 00" 120 100 80 20 60" | hs. | Load = 1.TTL gate
to Output Valid N . N o = . B
Chip Selection ’ . Input Levels =0.8."

p Sefectio tex .| 20 20 20 20 20 ns | MPUt Love .
to Output Active . s - N and 2.0V,

Output 3-State N

t 100 80 70 60 50 | ns | Vet =15V
from Deselection oTD i ref
Output Hold €>O .

et oldfrom) — ia | s0 50 50 50 50 ns
Address Change }
WRITE CYCLE

Write Cycle Time | tyc 450 300 250 200 150 ns [tr=t,=t=10ns

Write Time w 200 150 120 120 80 ns |[CL =100 pF

Write Release

WwR 0 0 0 0 0 ns | Load =1 TTL gate

Time

Output 3'Stat, ‘ o InputLevels = 0.8

utpy ¢ toTw 100 80 70 60 50 | s [ PUTReVe

from Write W and 2.0V

Bata 0 Write 200 150 120 120 80 Vyer = 15V

t > . n R

Time Oveilap ow = : S| Vref

Data Hold from o .

Write Time oH 0 0 0 0 n

Address t6 Write o o o o o

1
Setup Time AW . e

TIMING WAVEFORMS READ CYCLE @
= tRC .
tA'

ADDRESS ), }: - B
|e—— tCO———> F———IOTD—>
<‘——‘CX——-J t0HA|<-—

L
Dout
WRITE CYCLE
tweC
')\ )\

‘A DDRESS

w®

toTW

Q

Notes: (1) 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.
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pPD2114L , ‘ ' "~ TYPICAL OPERATING
CHARACTERISTICS

NORMALIZED ACCESS TIME VS,

NORMALIZED ACCESS TIME VS.
R : - AMBIENT TEMPERATURE

SUPPLY VOLTAGE
1.2 L)
o i ) L .
= 1.1 o 11 -
a - a . T /
w N
g \ . 5 /
z 10 , < 10
= I e o /
g o
Z 09 Z 09
0.8 0.8 .
4 4.5 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
8 3 1
=11 1.
o) — o
y _— N
- -
< 1.0 < 1.0
2 5 \
1 .
o / o
Z 09 Z 0.9 \<
\\
0.8 : 0.8
4 4.5 5. 5.5 6 0 20 40 60 80
Vee (V) ; . TalPC)
OUTPUT SINK CURRENT VS. ) ) OUTPUT SOURCE CURRENT VS.
OUTPUT VOLTAGE OUTPUT VOLTAGE
|
15 ! 15 ———V¢c =4.5,5.0,55
' Vee=55~—— | 7 : e
50 ] .

o 45\%/. 2“0

VoL (V) ' C VoH (V)
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'PACKAGE OUTLINES
uPD2114LC/D

= ci ;"DH_ ’U‘:

uPD2114LC (Plastic)

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

M 0.25 0.01

uPD2114LD (Cerdip)

ITEM 'MILLIMETERS INCHES
A 23.2 MAX. 0.91 MAX.
B 1.44 0.055
C 2,54 0.1
D 0.45 0.02
E 20.32 0.8
F 2 0.06
G .5 MIN. 0.1 MIN.
H .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

pPD2114L

SP2114L-11-78-GY-CAT
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NEC Microcomputers, Inc.

60

DESCRIPTION

FEATURES

PIN CONFIGURATION

NEC
uPD2147

4 PD2147-2
uPD2147-3

PRELTRY

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 high:pérformance MOS technology. It uses a uniquely innovative design
approach which provides the ease-of-use features associated with nonclocked static
memories and the reduced standby power dissipation associated with clocked static
memories. To the user this means low standby power dissipation without the need for
clocks, address setup and hold times, r\or reduced data rates due to cycle times that
are longer than access times.

CS controls the power-down feature. In less than a Cycle time after 6§goes high —
deselectlng the uPD2147 — the part automatically reduces its power requirements and
remains in this low power standby mode as long as CS remains high. This device feature
results in system power savings as great as 85 percent in larger systems, where the
majority of devices are deselected.

The uPD2147 is placed in an 18-pin package configured with the industry standard
pinout. It is directly TTL compatible in all respects: inputs, outputs, and a single +5V
supply. The data is read out nondestructively and has the same polarity as the input
data. A data input and a separate three-state output are used.

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

Smgle +5V Supply

Automatic Power-Down

Directly TTL Compatible — All Inputs and Outputs.

Separate Data Input and Output

Three-State Output

Available in Standard 18-Pin Ceramic Package

Three Performance Ranges:

ACCESS TIME | ACTIVE CURRENT STANDBY CURRENT
uPD2147. - . 85 ns 160 mA 20 mA
uPD2147-2 70ns 160 mA 20 mA
uPD2147-3 - Bbns 180 mA 30 mA
- = PIN NAMES

Ag E 1~ 18 D Vee AgAlq Address Inputs
WE Write Enable
Aq 2 1711 As . —
E D 6 CS Chip Select
AZC 3 16:]A7 ) DN’ Data Input
Az 4 15[ As Dout Data Output
PD X \ Power (+5V)
AaE 5 20 14 Ag e
0° 2z 4Q GND Ground
As[] 6 13[JA10 TRUTH TABLE
bout(d 7 12(JA11 | cs| wE| wmobE oUuTPUT | POWER
WE[] 8 110N H | X | NotSelected | Highz | Standby
GND 9 s L L Write High Z Active
E 10 j L H Read DouTt Active




| NEC

NEC Microcomputers,Inc. o 4 PD4104-30
: 4 PD4104-32

4. PD4104-33

4 PD4104-35

4 PD4104-36

4096 x 1 STATIC NMOS RAM

DESCRIPTION ' -The zPD4104 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.

Fast Access Time — 85 ns (uPD4104-36)

FEATURES o«
e Very Low Stand-By Power — 28 mW Ma)g.
e Low Vcc Data Retention Mode. to +3 Volts
e Single +5V * 10% Supply
e "Fully TTL Compatible = -~ -
e Auvailable in 18 Pin Plastic and Ceramic Dual-in-Line Packages
e 5 Performance Ranges:
) SUPPLY CURRENT"
) ACCESS TIME R/W CYCLE ACTIVE STANDBY .
uPD4104-30 300ns . 460ns 21 mA 5mA
1PD4104-32 200ns 310ns 21 mA 5mA
uPD4104-33 150 ns . 260ns . 40 mA - BmA
1PD4104-35 | 120 ns 230 ns I 40mA 5mA
/JPD4V104-36 85ns ‘ 180 ns 40.mA 5 mA
PIN CONFIGURATION .
Asl] 1 181 Vee
Ao 2 [ Ag ‘ ‘PlN;NAMES
A 16[1A; Ag-A11 Address Inputs
“agd 4 o 1spAy : ~CE- - | ChipEnable
A 5 uPD A DIN Data Input
110 ° 4104 1411 % ) Doyt | DataOutput =
A10E 6 13 :‘ A9 Vss Ground
Doyt 7 12 D Ag Vee Power (+5V)
Well s 1[0,y WE Write Enable
ves[ © 10[] CE
Rev/1
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42 PD4104

BLOCK DIAGRAM

AQ -
Al — ROW
A2 —| DECODER MEMORY
Az Anp ARRAY:
As —{ BUFFER 64 x 64
Ag —
_ TIMING
CE — RATOR

GENERATO COLUMN

] DECODER AND
oI BUFFER
Doyt — 1/0
WE | LR
Ag A7 Ag Ag ‘A1g A11
Operating Temperature. . . . .o v oo v iennneeneeneeenne... 0°Cto+70°C ABSOLUTE MAXIMUM

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

Voltage on Any Pin . ..ottt it ittt et e -1to+7Vo|ts®

Power Dissipation . ... .....uuiiit it e e 1 Watt

Short Circuit Qutput Current. . . .. oot ii e i eieneeeeenn... BOMA

Note: (D With respect to Vs

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

reliabiiity.
*Ta=25°C
T, = 0°C 10 +70°C; Vo = 45V + 10% DC CHARACTERISTICS(D(®
LIMITS TEST
PARAMETER SYMBOL MIN [ TYP] MAX | UNIT | CONDITIONS
Supply Voltage Vce 4.5 | 5.0 55 \" All Voltages
Supply Voltage Vss 0 0 0 \" Referenced
Logic "’1”” Voltage All Inputs “VIH 2.2 7.0 \ 0 Vgs
Logic 0" Voltage All Inputs . ViL -1.0 0.8 \%
Average V¢ Power| 4104-30, 4104-32 icct 21 mA
Supply Current 4104-33, 4104-35, 4104-36 Icct 40 mA @
Standby V¢ Power Supply Current Icc2 5 mA ()
Input Leakage Current (Any Input) he -10 10 nA O
Output Leakage Current loL -10 10 BA @ @
Output Logic “1” Voltage loyT = —500 pA VoH 24
Output Logic 0" Voltage loyT = 5mA VoL 0.4 \ .
LIMITS CAPACITANCE D
PARAMETER symeoL | min| Ty | max] uniT | TEST conDITIONS
Input Capacitance CIN 4 6 pF @
Output Capacitance CouT 6 7 pF @

Notes: @ All-voltages referenced to Vgs.

@ Icc is related to precharge and cycle times. Guaranteed maximum values for Ilcc1 may
be calculated by:

Icct [mal = (5t + 13 (t¢ — tp) +3420) : 1c
where tp and tc are expressed in nanoseconds. Equation is referenced to the -3 device,
other devices derate to the same curve. N
@ Output is disabled (open circuit), CE is at logic 1.
@ All device pins at 0 volts except pin under testat 0 < VN « 5.5 volits.
® 0V < VouT < +5.5V.

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

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

STANDBY
CHARACTERISTICS

TIMING WAVEFORMS

fLPD4104

Ty = 0°C 10470°C; Vg = 46V + 10% @D
: LIMITS
410430 4104-32 4104-33 4104-35 4104:36 TEST
PARAMETER symeoL [ MIN[MAX [MINTMAX [ mIN [MAX | MIN[MAX | min[MAX ] uniT | conpiTions
Read or Write Cycle Time ©c 460| 310] 260 230 180 ns ®
Random Access tAC 300 200 150 120 85( ns .
Chip Enable Pulse Width tCce 300/10,000 | 200{10,000 150 {10,000{ 120 |10,000| 85 [10,000 ns
Chip Enable Precharge Time | tp . | 150 1 100 100 100 | 85 s
-Address Hold Time tAH .. | 165 110 95 75 60 ns.
Address Set-Up Time tas 0 0 0 of .- 0 ns
Output Buffer, Turn-Off Delay | toFF 0 75 0 ns RO)
Read Command Set-Up Time RS 0 0 0 ) ns @
Write Enable Set-Up Time ws |- 20 - 20 o ) .0 ns @
Write Enabled Pulse Width ww 90 60 55 50 a5 ns ]
Modify Time tMoD 0[10000| 0[10,000( " 0 [10.000 0110000 oli0000| ns ®
WE to CE Precharge Lead Time | typ| 10s] 70 65 s | & ns ®
Data Input Set-Up Time tos ) i ) ) of 0 ns
Write Enable Hold Time twH | 226 150 15 20 | s ns
Transition Time T 5 50| & 5| s0 s| "so| 5| 0| s
Read-Modify-Write Cycle Time | tRmw | 565 380 325 290 235 ns @

Notes: (1) All voltages referenced to Vgg. =
: (@ Ouring power up, CE and WE must be at V4 forminimum
of 2 ms after Vo reaches4.5V, before a valid memory
cycle can be accomplished.
(@) Measured with load circuit equivalent to 2 TTL loads and
.CL=100pF.
(@ 11 WE follows CE by more than tyg then data out may
not remain open circuited.
(® Determined by user. Total cycle time caninot exceed tCg
max. :

Ta=0°C10+70°C

(® Datarin 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
ViL'= 0.8V and Vi = 2.2V on the inputs and Vg = 0.4V and

VOH = 2.4V on the output waveform.

CTtcE 21T

(® The true level of the output in the open circuit condition will
be determined totally by output load conditions. The output
is quaranteed to be open circuit within tOFF.

@ tRMW = taC *+ tWPL + tP + 3 tT + tMOD-

) LIMiTS
4104 30 4104-32 4104-33 4104-35 4104-36 TEST
PARAMETER svymsoL [ MIN Tmax T MINTMAX | MIN] MAX | MINTMAX_ | MIN TMAX | UNIT | CONDITIONS
Ve I Standby Vpp 3.0 3.0 3.0 3.0 30 v
Standby Current 1pp 3.3 3.3 33 33 33 [ mA g
Power Supply Fall Time TE 100 100 100 100 | 100 T ous
Power Supply Rise Time TR 100 100 100 100 100 us
Chip Enable Pulse CE Width TcE 300 . 200 150 120 8 s
Chip Enable Precharge To < - e
1 1 8
Power Down Time Teeo” | 150 100 ° © "~
“I" Level CE Min Level Vin 22 2.2 22 22 22 v
Standby Recovery Time TRe 500 500 500 500 500 us
Note (1) Maximum value for Ipp is guaranteed at Vpp minimum value (=3V)
4 N t
VeeiMin -—l F STANDBY MODE R |
Vee ©°
E ~ Y
VeD } by 1
le—tRC
{t
\
CE
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4 PD4104

READ CYCLE -
VIH _‘As-.l 0 . '
ADDR{ESSES ViL - m VALID 4'
) : . __I ‘:——tAH . -

WE - ViH -
ViL -

uF

I,

/)
. tac ‘ - —-ﬁ gtow
‘V\:IR|TE CYCLE h : T
3 o ™ - ?[—‘PJ\ '
wonsss - T KO
’.:WS‘T_'JU.,‘_“AH—-’ tweL _

e z:?::77/7/>, m‘?’/]ﬂ//////////////////////////// ////////f////
on W7D _vawo ’/////////////////////////////////////////
READ-MODIFY-WRITE CYCLE 7

& VnH—-—k

ViL—

LI

CE

tAS f—
ADDRESSES \\j‘“ W/
-

s

VALID

TAH ——a-f

tDHC -

wPL

L= ) i :
r—_—‘WW DIH )
S DS H— : L
m LI /N
VALID
Din ViL - -
L———KAC——-*-lMOD‘x — tOFF
VOH - ’
DouT OPEN i VALID OPEN—
A
VoL - X
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4 PD4104

OPERATIONAL READ CYCLE

DESCRIPTION The selection of one of the possible 4096 bits is made by virtue of the 12 address bits
presented at the inputs. These are latched into the chip by the negative going edge of
chip enable (CE). If the write enable (WE) input is held at a high level {V.|) while the
CE input is clocked to a low level (ViL), a read operation wiliilqeper»formed. At the
access time (tac), valid data will appear at the output. -Since the output is gnlatched
by a positive transition of CE, it will be in the high impedance state from thé 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 is an “Early Write”
cycle, and data will be latched by CE. If CEis brought low before WE, as m 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 Rzead-Modify-Write cycle; the output will be active for the Modify and _
Write portions of the memory cycle until CE goes-high. If WE is brought low after CE
but before the access time, the state of the output will be undefined. The desired data
will be written into the cell if data-in is valid on the leading edge of WE, tp|H is satisfied
and WE occurs prior to -CTgoing high by at least the minimum lead time (twpL).

READ- MODIFY-WRITE

Read and Wnte 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 tRMmW = tAC + 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 Vg at +3V.
However, .prior to V¢ going below Vg minimum (<4.5V) CE must be taken high
(VIH = 2.2V) and held for a minimum ‘time period tppp and maintained at V| for
the entire standby period. After power is returned to 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 i in progress prlor to power down must
be completed so that tcg min is not violated.
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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.
[ 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
K ——

M
0-15°
Cerdip

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 0.8
F 1.2 0.06
G 2.5 MIN, 0.1 MIN.
H 0.5 MIN. . 0.02 MIN.
T 4.6 MAX. 0.18 MAX.
J 5.1 MAX. 0.2 MAX.
K 7.62 0.3
N 6.7 0.26
M 0.25 0.01

PACKAGE OUTLINES
uPD4104C/D

SP4104-16-78-GY-CAT



NEC

NEC Microcomputers, Inc. | uPD421

DESCRIPTION

FEATURES

'

PIN CONFIGURATION

PRENMIARY

8K BIT STATIC RAM

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

e 1024 X 8-Bit Organization

e Very Fast Access Time: 85/100/150/200 ns
e Single +5V Power Supply '

e Low Power Standby Mode

o N-Channel Silicon Gate Process

e Fully TTL Compatible

e Six-Device Static Cell

e Three State Common 1/0 )

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

Ae]r 2200 Vvce
As (]2 21 A7
Aa(s3 20 Ag
A3z([4 197 Ag
A200s .. 18[]CS
A1[s ﬁ;? 171 WE
Ao 7 16 1] 1/0g
1/01 s 15 0 1/07
1/02 ]9 i4 7 1/0g
170310 137 /05
GND[O} 11 1213 1/04
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NEC Microcomputers, Inc.

DESCRIPTION

FEATURES

PIN CONFIGURATION

NEC

PD443/6508
4+ PD443/6508-1

[PRELTRTAcRY

1024 BIT CMOS RANDOM ACCESS MEMORY

The uPD443/6508 is a high speed, Iow“po’wer silicon-gate CMOS 1024 bit static RAM
organized as 1024 words by 1 bit. In all static states this RAM exhibits the microwatt

power reqmrements typical of CMOS. -

Inputs and three state output are TTL companble The basic part operates at 4 to 7
volts with a +5V, 25°C access time of 200 ns and supply current of‘100 uA. Data

retention is guaranteed to 3V on all parts.

o0 0 0 0 o o

cs

Ao
A1

A2 '
A3
Ag
Do

GND

nonNnonnonon
- ,

1 .16
2 153
3. 14
4 MPD 43

443/

6508 123
6 10
7 10J
8 s

Low Power Operation
Excellent Speed Operation
TTL Compatible on Inputs and Outputs
Static Operation
On-Chip Address Register

Replacement for IM 6508 and Equivalent Devices = =
Available in Standard 16 Pin Ceramic Package

PIN NAMES

Ap-Ag | Address Input
CS Chip Select
“WE Write Enable
Vce Power (+5V)
D Data Input
Do Data Output
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1PD44316508

Ao ; BLOCK DIAGRAM
Al—md - ROW
Ag—s] DECODER

A AND
3—=1 BUFFER

A4 —»{ REGISTER

—T— TTIIT

DATA IN —

CELL ARRAY
5w 32x32

[[11

——{ COLUMNI/O - OUTPUT
— DATA CIRCUITS
WE —H conTROL
* 1 COLUMN DECODE

AND
BUFFER REGISTER

Pried
cs——b> v ‘» A5~AGVA7 Ag Ag

Operating Temperature . . . . ..ottt ittt et e e 0°Cto+70°C  ABSOLUTE MAXIMUM
Storage TeMPeratlure .. .. .. .......uooueneenenennenn.. -65°Cto +150°C RATINGS*
InputVoltages . ........... .. .0iiiuiinenninnn -0.5 to V¢ 0.5 Volts

Output Voltages . ........... e e -0.5 to Vg +0.5 Volts

Supply Voltage .. ............. e e e e e +8 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=25C
Ta = 0°Cio +70°C; Vi = ¥5V = 5% DC CHARACTERISTICS
LIMITS TEST
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS
Logical 1" Input Voltage ViH Vce-2.0 v o
Logical 0" Input Voltage ViL 0.8, \%
Input Leakage e -1.0 1.0 MA | OV < V|y < Vee
Logical 1" Output Voltage VOoH2 Vec-0.01 \ louT=0
Logical “1" Output Voltage VOH1 2.4 \ loH =-0.2mA
Logical 0" Output Voltage VoL2 GND+0.01 \ oyt =0
Logical “0” Output Voltage Vou1 0.45 \ oL =2.0mA
Output Leakage lo -1.0 1.0 HA 0V <Vg<Vce
Supply Current Icc 1.0 100 HA VIN =Vcee
LIMITS TEST CAPACITANCE
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT | CONDITIONS
Input Capacitance CIN 5.0 7.0 pF
Output Capacitznce Cout 6.0 10.0 pF
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LPD443/6508
AC CHARACTERISTICS  1,-0°Cto+70°C; v = +5V £ 10%

LIMITS
1uPD443/6508-1 | uPD443/6508 TEST
PARAMETER SYMBOL | MIN MAX MIN MAX ] UNIT CONDITIONS
Access Time From CS tAC 250 300
Output Enable Time tEN 180 180
Output Disable Time IS 180 180
CS Pulse Width (Positive) tcs 150 165 et 20n
CS Pulse Width (Negative) cs 250 300 ns Vret = 50%
Write Pulse Width (Negative) | typ 165 165 ns Load = 1 TTL Gate
Address Set Up Time tA 7 7
Address Hold Time IAEEZ 90 90 CL~s0eF
Data Set Up Time tps 165 165
Data Hold time tDH 0 o
TIMING WAVEFORMS READ CYCLE
le—tcs e '
. _*—-\\—*—
tAC

tADDS [+tADDH

DATA OUT ///////////////////////////////////////////

Note: (D The uPD443/6508 output is active when CS is low.

0

VALID

WRITE CYCLE

| &S |

cs /

T

twp—1

‘ DS, DH

oaTa iz W

tcs

Notes: (D The uPD443/6508 performs a write operation when CS = WE = 0.
@ The write operation is terminated on the positive.edge from CS.
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72

OUTPUT ENABLE

cs tDIS
— ‘

iDIS

tEN

OUTPUT ACTIVE HIGH Z

ACTIVE

Note: (D uPD443/6508 output is high impedance when CS = 1 or WE = 0.

K——{

| -

M
0-15°—+ \==—
ITEM MILLIMETERS INCHES
A 19.9 MAX 0.784 MAX
B 1.06 0.042
C 2,54 0.10
D 0.46 £ 0.10 0.018 + 0.004
E 17.78 0.70
F 1.5 0.059
G 2.54 MIN 0.10 MIN
H 0.5 MIN 0.019 MIN
I 4.58 MAX 0.181 MAX
J 5.08 MAX 0.20 MAX
K 7.62 0.30
L 6.4 0.25
w | omis oo Sis

TIMING WAVEFORMS
(CONT.)

PACKAGE OUTLINE
1©PD443/6508D

SP443/6508-9-78-GY-CAT



NEC

NEC Microcomputers, Inc. M PD5101L

'DESCRIPTION

FEATURES

PIN CONFIGURATION

4 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 yPD5101L-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 &1 high-and inhibiting all address and control line transitions.
The standby mode can also be selected uriconditionally by driving CE2 low.

The uPD5101L and uPD5101L-1 have separate input and output lines. They can be
used in common /O 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) proceéss. -

e Directly TTL Compatible — All Inputs and Outputs

e Three-State Output

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

e CE9 Controls Unconditional Standby Mode

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

A3 1 AN 22 j VCC
b2 2 R ma PIN NAMES
A O 3 20 [ R/W
— Dl1 ~Dlg | Data Input
Ao O 4 19 [ CEq -
A . Ap - A7 Address Inputs
s O ° uPD e ODY R/W Read/Write Input

Re 5 s101L V7 0 cez CE1, CE2 | Chip Enables
A7 7 16 [ DO, op Output Disable
GND []. 8 15[ DI, DO1 — DO4 | Data Output

: Vee Power (+5V)
by [ 9 14[7J DO,
Do, [ 10 13 Diy
b, O M 12 [ DO,
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pPD5101L

10 _— . @ ve BLOCK DIAGRAM
A' : ADDRESS Aow ‘. one
Ay @.— BUFFERS DECODERS el anmaY
te o. 32 COLUMNS
“a@—
—  (oisasLE) 1

|

. > (i0) ooy
ct2 @‘— COLUMN 110
CIRCUITS .

00,

;

(DISABLE) —
cs COLUMN

A .— DECODER
on @ INPUT

DATA l - > (16) 0 - -
o-,@— CONTROL
[ coLumn .
(o5 SELECT

003

Yy

ABLE)  BUFFERS

$od
R R
Operating Temperature . .. ...............c..u.oo... e 0°Cto +70°C ABSOLUTE MAXIMUM
Storage Temperature . . . . . PR -40°C to +125°C RATINGS*
Voltage On Any Pin With Respect to Ground . . . . . .. —0.3Volts 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
T, =0°C to 70°C; Vg = +5V + 5%, unless otherwise specified.
» T - DC CHARACTERISTICS
PARAMETER SYMBOL | MIN TYP@ MAX JUNIT TEST CONDITIONS
Input High Leakage ILIH @ 1 uA VIN = Vee
Input Low Leakage I e) -1 uA viy=0Vv
Qutput High Leakage | 1L oH®@)| 1 wA | CE1 =22V, VoyuTt = Vce
Output Low Leakage | 11 oL @ -1 uA |CEq =22V, voyT =0.0v
' VIN = Vce Except CEq
i 22 A :
Operating Current lcet m <0.65V, Outputs Open
. | i 27 A V)N = 2.2V Except CEq
Operating Current cc2 m <0.65V, Outputs Open
] ’ VN =0 to 5.25V
10
Standby Current !CCL® RA CEp< 02V
Input Low Voltage ViL -0.3 0.65| Vv
Input High Voltage ViH 2.2 Vel v
Output Low Voltage | Vo ) 04 | Vv loL =2.0mA
Output High Voltage | Vop1 2.4 v 104 =—1.0 mA
Output High Voltage | VOH2 35 v

loH =-100 A

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

v CAPACITANCE

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS

Input Capacitance C|N‘ 4 8 pF VinN OV
(All Input Pins)
Output CouTt 8 12 pF VouTt OV

Capacitance
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AC CHARACTERISTICS

LOW Vcc DATA RETENTION
CHARACTERISTICS

wPD5101L

READ CYCLE
T =0°Cto 70°C; Vg = 5V5%, unless otherwise specified
LIMITS
PARAMETER SYMBOL 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 fnput rise and fall
Chip Enable (CE1) tcot 600 400 | ns times: 20 ns
to Output -
Chip Enable (CE») tco2 700 500 |- ns T':“'”g '“e““lﬁe""e"‘
to Output W reference level:
N T 1.5 Volt
Output Disable to 0D 350 250 | ‘ns
Output 1 Output load: ITTL
Data Output to tDF 0 150 0 130 | ns
- Gat d C|_=100pF
High Z State ateandtL= 0P
Previous Read Data tOH1 0 0 ns
Valid with Respect
to Address Change
Previous Read Data 1OH2 o o ns
Valid with Respect
to Chip Enable
WRITE CYCLE
T, =0°C to 70°C; Vg = 5V5%, unless otherwise specified
LIMITS -
PARAMETER SYMBOL 5101L 5101L-1 UNIT TEST CONDITIONS
MIN | TYPIMAX|MIN| TYPIMAX
Write Cyclé twe 650 450 ns Input pulse amplitude:
Write Delay AW 150 130 ns 0.65 to 2.2 Volts
Chip Enable (CE1) tew 550 350 ns Input rise and fall
to Write times: 20 ns
Chip Enable (CEp) tcw2 550 350 ns Timing measurement
to Write reference level:
Data Setup tDW 400 250 ns 1.5 Volt i
Data Hold tDH 100 50 ns Output load: 177
Write Pulse twp 400 250 ns Gateand C_ =
Write Recovery tWR 50 50 ns 100 pF
Output Disable Setup tDs 150 130
T,=0"Cto 70°C
LIMITS
PARAMETER SYMBOL -|* MIN TYP MAX UNIT TEST CONDITIONS
Vg for Data VcebRr +2.0 \ CEp < +0.2V
Retention
Data Retention ICCDR +10 uA | VCCDR =*2.0V
Current CEp < +0.2V
Chip Deselect tCDR 0 ns
Setup Time
Chip Deselect tR tRC@ ns
Hold Time C

Note: D trc = Read Cycle Time




4 PD5101L

READ CYCLE

tRC

ADDRESS =
—

CEq
CE2 _), o
l tcoz-
oD : ety
— - top
(common 1/0) @ ] * '
’ . th—s - +—tDF =
DATA r N DATA OUT
out __ | __/ VALID |

WRITE CYCLE

[y t, |
R I WC —]
o ADDRESS )( i R )(
towt .
TEq /
CEjp ‘{ X .
b towz- ‘
oD :
(common 1/0/® /( o
paTa | DATA IN - T
IR STABLE o
——tAWl‘—I “bw ——tWR-——-A
twp
RIW L //

Notes: Typical values are for Ty = 25°C and nominal supply voltage.

% OD may be tied low for separate 1/O operation.

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

DATA RETENTION

Notes: (1) a75v

(2) Vecor
Vin

(8) oav
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TYPICAL OPERATING
CHARACTERISTICS

PACKAGE OUTLINE
uPD5101LC

Icc - Ve (Ta)
25
> VOH - loH (Ta)
5 —
" Vee sV
Ta= 20 C \
- / 4
3 420 C \
& g 3 \
Q = \N
< Boc{ 5 \\
>
% 5 N\ \
5 — \ \ 20¢C
+20,¢ - -
Mgo Ta - 180 c\ ) c\
; 2 [ \7h
0 7 ) 7 ] 6 10
vee (V) IoH (mA)
VoL - lov (Ta) ta - Vge (Ta)
o. - 700 r .
T 4 . LOAD = ITTL + 100 pF
Ta = +80 c/ ¥20 €
05 i N
////*:0 . \\ \
0.4 A »
s / // 2 ‘ \\ Ts 180 C
2 0. /] < 400 N
<] < \
> - \
y ) 125 ¢
o.
v —
20 ¢
0.1 200
Vee < 5V
I ]
0 10 15 0 5 7
IoL (mA) veelv)
700 tA-CL Iccor - Ta
Ta-25C
vee sV oy
CE2- 102V NS
o Vi - 010 Vee SVBY
500 e NG
. T |
B ] -4
< g o1
- o
T T 1 T 1 1 1
300 S I S S — —
001}
| o T
1
0 00200 300 400 500 0. 10 20 30 40 50 60 70
CL (pF) TalC)
A
J
ITEM | MILLIMETERS INCHES
A 28.0 Max. 1.10 Max.
B8 1.4 Max. 0.025 Max.
c 2.54 0.10
[5) 0.50 - 0.10 0.02 - 0,004
E 254 70
F 1.40 0.055
G 2.54 Min. 0.70 Min.
H 0.5 Min. 0.02 Nim.
T 4.7 Max. 0.18 Max.
J 5.2 Max. 0.20 Max.
K 10.16 0.40
L 8.5 033
py 10.10 10.004
™ . .01
. 925 h05 00" 5002
SP5101

. PD5101L

L-8-77-GY-CAT
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NEC

NEC Microcomputers, Inc. LPD444/6514

78

DESCRIPTION

FEATURES

PIN CONFIGURATION

PRI

1K X 4 BIT STATIC CMOS RAM

The NEC uPD444/6514 is a 4096 bit Random Access Memory fabricated using the

NEC CMOS process. This yields devices with low operating power and standby currents
of exceptionally low magnitude. These characteristics make the uPD444/6514 ideal for
applications requiring battery backup. In addition, the compatibility of the

1PD444/ 6514 with 2114-type devices affords the designer a higher degree of flexibility.

Low Power Operation

Excellent Speed Operation (300 ns access time)

TTL Compatible on Inputs and Outputs

Completely Static Operation

Single +5V Supply

Common Data Input and Output Using Three-State Outputs
The Basic Part Operates at +4V to +7V

Data Retention is Guaranteed to +2V on All Parts
Replacement for 2114 and Equivalent Devices

Ael{ 1 ™~ 180 Vvce
As[] 2 1700 A7
AqQ 3 161 Ag
A3[] 4 wPD 15[ Ag
Aor] 5 g‘sﬂ“,{ 1410,
A 6 1310,
A7 12[J 105
cs]s 11[J /04
GND[] 9 10 JWE




NEC

NEC Microcomputers, Inc. | puPD445L
pPD445L-1

FULLY DECODED 4096 STATIC CMOS RAM

DESCRIPTION  The uPD445L is a very low power 4,096 bit (1024 words by 4 bits) static RAM fabricatec
with NEC’s complementary MOS (CMOS) process. It has two chip enable inputs ((ﬁL
CE2). Minimum standby current is drawn when C’E1 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 pini-and has the same polarity as input
data. All inputs and outputs are directly TTL compatible. The device has common
input/output data busses and an OD (Output Disable) pin for use in common 1/O bus
systems.

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

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

A3C 1 209 vee PIN NAMES

A22 1917 A4 Ag-Ag * Address Input

A1ds 18 RW oD Output Disable

. Ao E 4 170 &1 I?LW Read/Write
CE1q Chip Enable 1
A
sOs ::5?_ 16[J oo CEy Chip Enable 2

As[6 15[ cEy 1/04-1/04 Data Input/Output

A7O7 14[] Ag Vce Power Supply
GND[O8 130 Ag GND Ground
1 9
/01 O 12[7 1/04 OPERATION MODES
1107 [J10 1[0z —

CEq ] CEx} OD Chip Output Mode
0 1 0 Data Out
- Selected
0 1 1
High Impedance
Others Non-Selected
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1 PD445L

Ao O
a1 OH ] [ wemory
A O ApoRESS «. CELL),
a3 O BUFFER DECODER MATRIX
64 X164
! 4 x| |
el 1 H o
As O
101 O 1 vivo ®
IRCUIT:
102 O INPUT B -
o3 O DATA Y
DECODER
1os O CONTROL
— T—T
ADDRESS
BUFFER

0000

Ag A7 Ag Ag

pd
Sl
pl

A, -10°C to +70°C

Operating Temperature . . . . .
....-40°Cto +125°C

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

vve.....=03to Ve +0.3 Volts
All InputVoltages . . ..., -0.3 to V¢ +0.3 Volts
Supply Voltage VCC .. ..o vv v i et e -0.3 to +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.

*Ty=25°C

Ta =10 10 +70°C; +5V + 10%

LIMITS TEST
PARAMETER SYMBOL | MIN | TYP MAX UNIT CONDITIONS
Input High Voltage |  Viy +2.2 Vee v
Input Low Voltage ViL -0.3 + 065 \Z
. Vowui | +2.4 v 10H = -1.0 mA
Output High Voltage Vorz 35 v Ton = 100 A
Output Low Voltage VoL + 0.4 \% loL = +2.0 mA v
Input’Leakage _
Current High LiH + 1.0 KA Vi=Vee
Input Leakage -
Current Low L - 10 kA Vi=ov
Output Leakage Vo = Vce
Current High ILoH RO kA EE 2y
Output Leakage : Vo =0V,
Current Low lLow . . -0 ) A CEq = 2.2v
. Outputs Open
Supply Current Icct 12 25 mA V) = Vcc except
‘ CEy < 0.65V
Outputs Open
Supply Current Icc2 16 30 mA V)= 2.2V except
CEq < 065V
V| =0 to 5.25V
Standby Current IccL 40 HA Except CEp < 0.2V

BLOCK DIAGRAM

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS



AC CHARACTERISTICS

puPD445L

READ'CYCLE
Ta=-10°C to +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 1 ta 650 450 ns Input Voltage Levels
Chip Enable V = +0.65 to +2.2V
— 0 400
(CE1) to Output tco1 60 0 ns
Chip Enable . " Input Rise Time
(CE2} to Output tco2 700 500 ns 20 ns
Output Enable | y Input Fall Time
o . 2 I
to Output - tob 380 50 ns 20 ns
Output Disable , . Timing Measurement
(OD) to Floating tDF 0 | 150 0 : 130 ns Reference Leve| =
Data Output t o o N +1.5V
Hold Time OH1 Output Load
Chip Disable ) 1 TTL + 100 pF
0
to Floating ‘tOH2 0 ns ) )
Address Rise tr For Address change
and Fall Time tf 300 300 ns during Chip Enabled
; o WRITE CYCLE
Ta=0°C 0 +70°C; Vgg = +5V + 10% B
: LIMITS
. 445L 445L-1 TEST
PARAMETER | SYMBOL | MIN |MAX | MIN | MAX | UNIT CONDITIONS
.| Write Cycle Time | twg 650 450 ns )
?_dd;ess Setup AW 150 130 ns Input Voltage Levels
'm V| = +0.65 to +2.2V
Chip Enable
(CE1) to Write tcw1t.. . | 550 .350 ns Input Rise Time
End’ “20 ns
Chip Enable -
(CE2) to Write tcw2 550 350 ns Input Fall Time
End - - - 20 ns
Data Setup Time | tpw 400 250 ns
Data Hold Time | ‘tpy 100 50 ns | Timing Measurement
Write Pulse Width | twp 400 250 ns - | -Reference Level =
Address Hold - . +1.5V
Time tWR 50 50 ns
Output Disable
Setup Time' tDS‘ 150 130 ns
Address Rise tr For Addréss change
and Fall Time tf 300 300 ns during Chip Enabled

Ta=-10°C 10 +70°C .-

LOW Ve DATA RETENTION

e LIMITS TEST
] PARAMETER SYMBOL MIN TYP | MAX UNIT CONDITIONS
V¢ for Data Retention VceDR +2.0 : CEp < +0.2V
Data Retention Current * IccDr : 40 . VceDR = +2.0V
: CEg < +0.2V
Chip Deselect Setup Time | tCDR 0
Chip Deselect Hold Time | tg tRC @

Note: @ trc = Read Cycle Time
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pPDA4sL

READ CYCLE

|= RC
ADDRESS
1co1 —— toH1 E:
3]
10H2
CEy
| tco2
10D ——e=i
oD
({COMMON 1/0)
tDP |
1A «
—— e e e e e e e e
DATA OUT X DATA OUT VALID
— — — — HIGH IMPEDANCE STATE
WRITE CYCLE
[ we
ADDRESS >&
} cwi
) f
ces \
| tcw2
[e]s) Y
(COMMON 1/0} /
1DH ——=]
i DS
—— ———p w—— — — ——— ——
DATA
IN
P Q- ——————
= AW l-——l‘ tow pe— TR ——
we l:
R/W

SUPPLY VOLTAGE (Vce)

/

— — — — HIGH IMPEDANCE STATE

LOW Vcc DATA reTenTion®

4,75V

VCCDR

ViH

CHIP ENABLE (CED)

0.2v

DATA RETENTION MODE ——

OV = o o o o e e e s e e e s e e o S S e, e o e . e e e S

Note 0] Apply less than VocopRr to all inputs for data retention mode.

TIMING WAVEFORMS



CAPACITANCE

PACKAGE OUTLINE
uPD445LC

Ta = 25°C; f = 1 MHz

pPDA445L

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

ITEM MILLIMETERS INCHES
A 27.00 1.07
B 207 0.08
c 2.54 0.10
D 0.50 0.02
E 22.86 0.90
F 1.20 0.05
G 2.54 MIN 0.10 MIN
H 0.50 MIN 0.02 MIN
1 4.58 MAX 0.18
J 5.08 MAX 0.20
K 10.16 0.40
L 8.60 0.39
. +0. +0.
M o‘zs_g‘ag 0.01 -838;

SP4451-8-78-GY-CAT
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NEC

NEC Microcomputers, Inc. . PD454

DESCRIPTION

FEATURES

PIN CONFIGURATION

FULLY DECODED 2048 BIT ELECTRICALLY
ERASABLE AND PROGRAMMABLE
READ ONLY MEMORY

The uPD454 EEPROM, a 256 Words x 8 Bits Read Only Memory, is designed for rapid
development of microcomputer systems. The ability to electrically program, erase, and
reprogram the uPD454 provides a fast and convenient means of debugging both hard-
ware and software designs.

The uPD454 is pin for pin compétible with NEC’s uPD464 mask programmed ROM.

Electrically Erasable and Programmable
Fully Decoded, 256 Words x 8 Bits Organization
Access Time 800 ns Max -
Low Power: 245 mW (Typ.) in Read Operation
670 mW (Typ.) in Programming Operation
Fast Programming and Erasure Speed
Low Power for Programming and Erasure
Static, No Clock Required
Input/Output TTL Compatible for Read and Programming Operation
Three-State Output, OR-Tie Capability
N-Channel MOS Fabrication
Two Power Supplies, +12V and +5V for Read Operation
24 Pin Ceramic DIP

e o o o

e .0 0 0 o o

cs O ~ 2 vee
2 23 [1 Do
A1 O3 22 [ Dq
A 4 21 [] b2
Az 05 wp 2 (] D3

6 454 19 [J D4

7 18 [] Ds

8 17 1 pg

Az 9 16 [ by
P ] 10 15 ] Ve
veL g n 14 [ vpp
ves [ 12 13 [J Vss

A5E
* ag O

Rev/1
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pPD454

BLOC IAGRAM
DO D1 D7 - 0 K DIAGR
P I S
: o - 1/O BUFFER
“c 1
A
A? (e = SELECTOR
A2 1 T
i i
A3 o—i - =0V
: CG
[+
A4 R 2048 BIT
A 8 : ROM
5 O-—— 8 : MATRIX
Ag o—= 0| . | (256x8)
RS wr wy i
Vss Vop Veec Ves
Operating Temperature . . .. ... .oo v R -10°C to+70°c ABSOLUTE MAXIMUM
Storage TEeMPErature o . o v v v v ve et e et e e e e e e -40°C to +125°C RATINGS*
All Output Voltages .. .......uuevuunnn.. PP -0.3t0 +11 Volts®
All Input Voltages . ............ ... ... ..., .. .~0.3to+11 Volts @
SUPPlY VOHAGE VDD « v v vt oot e e e - ..-0.31t0+15 Volts®
Supply Voltage VCGC -+ .« v oo v v v e .. -0.3to+7Volts ®
Supply Voltage VBB . . . - . oo i i Vssto-7 Volts®
Supply Voltage PG . . v v oot i e e . ...-D.310+30 Volts®@
Supply Voltage VL « « v v v v e e e e e e i e e -0.3 to +43 Volt'g)(D ©)
Supply Voltage VCG + « v v v v v v e e e e e e e ... ~4410+30 Vplts

Notes: ® Relative to Vgg-
@ Datain the memory cell is not guaranteed to be preserved.
Specifies ratings which will not cause permanent damage to the device.
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
T,=25C
RAM SYMBOL LTS UNIT | TEST CONDITIONS CAPACITANCE
PARAMETER MIN T TvP | MAX ’
Input Capacitance CIN ) 10 pF f=1MHz
Output Capacitance CouTt 15 pF f=1MHz
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PIN DEFINITION

SUPPLY VOLTAGES

pM PDA454

Typical values. Unit - Voltage.

PIN
NO. SYMBOL NAME FUNCTION
1 CS CHIP SELECT Chip selection, active low
29 | Ag-Ay ADDRESS BUS Memory address
10 PG +26V (TYP)"PoWe[ Power supply for programming
Supply operation
11 VoL +36V (TYP) Power - Power supply for erasing
_ Supply operations
12 VBB Substrate Power Supply | Power supply
13 Vss GROUND Ground Reference
14 VpD - +12V Power Supply Power supply for read operations
15 \ele] —44 to +30 Power Power subply for control of
) ‘| Supply programming and erasure operations
16-23 | Dy—Dg | Data Input/Output Data In for programming operations.
) . Data Output for read operations.
24 V'»CC +5V Power Supply Power supply for read operations

PIN L
MODE Vpp(14} | Vce(24) | vggl(14) | PG(10) | v (1) | Veg(18) | vss(13)
Read 12 +5 0 0 0 0 0
Program 0 0 2 426 0 26 0
Erase 0 0 5 0 136 40 Open
Verify 0" +12 +5 4] 0 +3 0
Verify “17}  +12 +5 0 4] -3 0
READ PROGRAM ERASE
Ag7 A0 vepb— 15V Agg — R0-7  Vecp—ov —{ 407 vecp—ov
007 —] 0, ¢ &S h—cs 097 —01.g ‘es »—tE"QELL —o18 &5 b—
(oum) . an L_
. Vss Vpopb— *12v ov —Vss Vop| ov OPEN —1 Vss Voo ov
@L Veo Vel <26V mveg  VeLp—ov oV aveg Vel sz 436V
_! ' Reo Reo cL
ov - Veg PG ov -2V —vgg PG 26V -5V — Vgg PG ov
. Notes: * = Either High or Low Level, or Open. ‘

PACKAGE OUTLINE

uPD454D

RcG.and Re are Protection Resistors

RcG = 10 k2 = 10%, 1/4W

RgyL = 2009

|

+ 10%, 10W

RcG may be left connected in Read Mode

H I y 0
AR AT
[ )
B ——le —{ C ——iE _‘
F E
ITEM|  MILLIMETERS INCHES
A 32.5 MAX 1.28 MAX
B 2.28 0.09
c 2.54 0.1
o | 70.5:0.1_ 0.02 +0.004
E 27.94 11
F 1.20 MIN 0.047 MIN
.G 3.2MIN 0.126 MIN
The 1.0 MIN 0.04 MIN
1 4.2 MAX ©0.165 MAX
J 5.2 MAX 0.205 MAX
K 15.24 0.6
L 13.9 056
™M 0.30£0.1 0.012 £ 0.004
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p PD454

T,=-10t0 +70°C, Vpp = +12V 5%, VcC = +5V * 5%,
VBB =PG=VcL=VcG=Vss=0V

PARAMETER | SYMBOL LIMITS TEST. .
) ’ MIN | TYP | MAX CONDITIONS
Input High ViH 3.0 vce \
Voltage '
Input Low ViL 0 0.7. \Y,
Voltage )
Output High VOH 3.5 V. IoOH=-2.0 mA
Voltage
Output Low VoL 0.5 \ loL =17 mA
Voltage )
Input Leakage ILIH +10 uA V| = #3.0V
Current High
Input Leakage L -10 MA Vy=+0.7V
Current Low .
Output Leakage | |\ on +100 | wA |CS="1"
Current High Vo =35V
Output Leakage | 1 gp -10 HA CS="1"
Current Low Vo = 0.4V
Vpp Supply | Ipp 20 mA
Current
Ve Supply Icc 0.3 mA with no load
Current
Ta=-101t0 +70°C, Vpp = +12V + 5%, Ve = +5V * 5%,
Vee =P =VcL=Veg = Vss =0V
. LIMITS - TEST
E SYMBOL UNIT .
PARAMETER MIN | TYP | MAX . CONDITIONS
Access Time tace 800 ns
CS to Output tCD(on) 200 ns
On Delay : 1TTL + 100 pF
CS to Output tCD(off) 0 200 ns
Off Delay
Output Hold toH 0 ns
Time
_ 3.0V
Ao—A7 >< 0.7V g
~—tacc— =—"1acc—
—
—= toH 3.0V
CS 0.7V /
D (on) INVALID CD (off)
Dg—D7  FLOATING 35V aLiD >O< VALID ‘><FLOAT|NG
________ 0.5V A e
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READ OPERATION
DC CHARACTERISTICS

AC CHARACTERISTICS

TIMING WAVEFORMS




1 PD454

PROGRAMMING Before the uPD454 is programmed the device must be erqéed. All bit locations

OPERATION  must contain a zero (0). The uPD454 program

one word at a time.

ming procedure is word by word

DC CHARACTERISTICS T,=25°C+2°C,Vpp =V = Vss = Ve = OV. CS = Either HIGH or LOW level.

AC CHARACTERISTICS

TIMING WAVEFORMS

P M YMBO LIMITS TEST
ARAMETER | SYMBOL T 1ve T vax UNIT CONDITIONS
Input High VIH 3.0 vee \
Voltage
Input Low ViL 0 .07 \
Voltage
Supply Voltage VBB -1.9 | -20 |-2.1 \Y
Supply Voltage PG 25 26 27 \%
Supply Voltage Vee 25 26 27 V | through Rcg
Supply Current Igg -8 mA
(Vgg)
Supply Current Ig +25 mA
(Pg) . .
Supply Current Ica +10 HA
(Veg): .

Ta=25°C+ 2°C, Vpp = Ve =

Vss = VgL = 0V. CS = Either HIGH or LOW level.

PARAMETER | sYmMBOL LTS UNIT TEST
- MIN| TYP | mAX CONDITIONS
Address Setup tASW 10 us ’
Time
Address Hold tAHW 10 s
Time
Write Data Width |ty 20 100 ms per one word
Vgp Setup Time | Tgg 1.0 us
Vgg Hold Time | Tgy 1.0 us
PG, Vcg Setup Tps 10 Cus
Time
25V —# \
Vg = Pa—28Y A ~—
Tgs =1 Tes TgH
v Ve
BB —1.9V. My
17
------ N30V # >< TTTTTT T
Ao—A7 >< 0.7V >< ,t
....... ! 1 - — ————
tasw tAHW

30V
Dgo— D7 0.7V ,/

1
VWV

1" Write
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. PD454

Ta=25°C*2°C, Vpp = Vo = PG = 0V, Vsg = 0V
CS, Ag — A7 and Dg — D7 = Either HIGH or LOW level, or non-connected

PARAMETER | SYMBOL LIMITS UNIT TEST
MIN TYP MAX CONDITIONS

Supply Voltage VBB -4.75 -5.0 -5.25

Supply Voltage Ve +35 +36 +37 through Rg

Supply Voltage Ve -39 -40 -41 \Y through Rcg

Supply Current g -235 mA Initial peak

(Vgg) current. See

Supply Current leL -235 mA timing chart.

(Vo)

Supply Current Ica -20 MA

(Veg)

Ta = 25°C  2°C, Vpp = Vce = PG = OV, Vss = OV
CS, Ag — A7 and Dg — D7 = Either HIGH or LOW level, or non-connected

LIMITS TEST
PARAMETER SYMBOL UNIT
MIN TYP -| MAX CONDITIONS
Clear Time TcL 60 sec
Vgg Setup Time Tgs 0 us
Vgg Hold Time TBH 0 s
Vg Setup Time Tcs 1.0 us
Vg Hold Time TcH 1.0 us
Vs \L —4.75V
TBS - TBH
Vee —39V
Tes TcH
3BV
Veu 0.6V
I TCL
——————— Peak = +235 mA max.
‘CL JX
IBB V
. Ve e e - Peak = —235 mA max.

Note: The supply currents Igg and Ic| diminish to almost zero within T

*Erasure operation clears all 2048 bits to Logic /0" simultaneously.

90 -

ERASURE OPERATION*
DC CHARACTERISTICS

AC CHARACTERISTICS

/_ TIMING WAVEFORMS
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NEC Microcomputers, Inc.

DESCRIPTION

FEATURES

PIN CONFIGURATION

NEC

4 PD458

FULLY DECODED 8192 BIT ELECTRICALLY

ERASABLE AND PROGRAMMABLE
READ ONLY MEMORY

The uPD458 is an Electrically Erasable and Reprogrammable Read Only

Memory (EEPROM), organized as 1024 words by 8 bits.

The uPD458 is fabricated with N-channel MOS technology and is

packaged in a 28 pin ceramic DIP.

Electrically Erasable and Reprogrammable
Fully Decoded, 1024 Words x 8 Bits Organization

Two Power Supplies, +12V and +5V for Read

[ ]
[ )
e Access Time — 450 ns max.
e Fast Programming and Erasure Speed
[
e Static, No Clock Required .
®
e Three-State Output, OR-Tie Capability
o N-Channel MOS
[ ]
e 28 Pin Ceramic DIP
1 A 287 vee
As 2 27 Ag
As 3 26 [ Ag
Aq Q4 25 [ NC
Az [0s 24 7 CS
A2[Os 23 Vop
a7 HPD 2 nc
Ao s 458 21 [J og
01 Qo 20 [ 0y
0210 191 Og
o311 18] 0s
vss Q12 173 04
Veg O3 16 [ Vel
Vee []14 15 [ PG

NC: No Connection

Rev/1

Simple Worst-case Verification of Programmed Data and Erasure

Input/Output TTL Compatible for Read and Programming Operation
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j PD458 o1 02 %

!

BLOCK DIAGRAM

€S O—— BUFFER - 1/0 BUFFER le——0 Pg
L] L] L] L]
Ao O-
A1O— 0 Y-SELECTOR -
A20 Y-DECODER :
A3 OQ—{
e o o o o o
A40-———-.-
4 <——o Vea
As O———n] . ‘
64 x 128
A O «DECODER . PROM CELL
- MATRIX
A7 O——i
7 * - (1024 x 8p)
Ag O] : * ) o
. . —-+Q VcL
Ag O——
Vop Vcc VeB Vss
Operating TEMPErature . . ..o vvvv e it eeneee e . -10°Cto +70°C ABSOLUTE MAXIMUM
Storage Temperature . . .. ... R -40°C to +125°C RATINGS*
All Qutput Voltages . .. ... .ovviiiin e n ...-0.3t0+11 Volts®
AlLINput Voltages . . ..o oo v vnn i i iineiie e ~0.3to+11 Volts ®
SUPPIY VOItage VDD« « v e v v e veee e et eieee e eee e -0.3 to +15 Volts®
SUPPIY VOIAGE VOC - + v v v v ee e e eee e e e e e -0.3 to +7 Volts®
Supply Voltage VBB « + + v v v v vt et et it i i e i Vsg to -7 Volts
Supply Voltage PG . . . . oo o i it s -0.31t0 +30 Volts® e
SUpply Voltage VCL « v v v v v v e e i e e v e e ie s -0.3to +43 Volts® @
Supply VOItage VG « + + v v v v v e et e e e et e i s -44 to +30 Volis® @

Notes: (D Relative to Vpp.
@ Data in the memory cell is not guaranteed to be preserved.

Specifies ratings which will not cause permanent damage to the device.
COMMENT: Stress above those listed under ‘’Absolute Maximum Ratings’’ may cause permanent
damage ta 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 '
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SUPPLY VOLTAGES  Typical values. Unit — Voltage.

PIN IDENTIFICATION

LIMITS .
_.PARAMETER SYMBOL N VP | MAX UNIT | TEST CONPITIONS N
Input Capacitance (CIN ‘ 10 . pF f=1MHz
“Qutput Capacitance CouT’ - 15 pF. f=1MHz .
PIN o :
MODE Vpp(23) | Vee(28) | veg(14) | Pg(15) |VveL(16) | Vegl13) | Vss(12)
" Read +12 +5 0 0 0 0 0.
Program 0 -2 +26 0 +26 0
Erase 0 -5 0 +36 -40 Oor..
. Open
Verify “0"| +12 +5 ] 43 0
Verity “17|  +12 +5 o 0
READ . PROGRAM ERASE
Aog Aoe  veeb— v Agg —]R09  Vecp—ov +—Aoe  vecl—ov
01.3;._ 0,8 GghH—c3s 018 —{01.8 [ _EEO\;ELL * — 018 CS b— »
(ouT) (IN) oor
Vss - Vppp——+12V ov —{Vss Vopp— 0V OPEN —]Vss Vppp— 0V
®OHves veL 26V aveg VeLk—ov aovaMves Vel 136y
l - Reef o] Rea TRl
ov Vgg PG ov -2V —vgs PG +26V -5V —4Vgg Pgp— OV
Notes:  * = Either High or Low Level, or Open.
@ RcG and R are Protection Resistors
RcG =10 k@ + 10%, 1/4W
RcL = 2000 + 10%, 10W
@ RcG may be left connected in Read Mode.
PIN INPUT/ ‘
- — - FUNCTION
NO. SYMBOL OUTPUT '
1-8 Ag—Ag Input Address Input_..
26, 27 : .
24 CS Input Chip Select Input (Active Low)
911, o o Output Data Out for Read Operation
A7-21 ! 8 Input Data Input for Programming
Operation
15 PG Power Supply Power Supply for Programming
o | Operation
16 Veo Power Supply Power Supply for \Eraéure Operation
13 Vea Power Supply Power Supply for Control Gate for
' ' Programming and Erasure Operation
14 Vg " Power Supply Power Supply for Substrate Bias
23 Vbp Power Subp|y +12V Power Supply for Read
‘ ‘ ’ Operation
28 Vee Power Supply +5V Power Supply for Read
Operation
12 Vgs GND Ground Reference
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Ta=-101t0 +70°C, Vpp = +12V.+ 5%, Vg = +5V * 5%,
VBB =PG=VcL=VcG=Vss=0V

PARAMETER SYMBOL: LIMITS UNIT TEST
: ‘I MIN | TYP | MAX |- CONDITIONS

Input High Vi 3.0 Vee | V T
Voltage
Input Low ViL 0 0.7 \%
Voltage ) L
Output High VOH 3.5 - v I0H = -2.0 mA
Voltage
Output Low VoL ' 0.5 v loL= 1.7 mA
Voltage :
Input Leakage ILIH +10 MA V| =+3.0V
Current High
Input Leakage e -10 UA V| =+0.7V
Current Low .
Output Leakage | I on - |+20 UA CS="1"
Current High Vo =35V
Output Leakage | || op -10 uA CS="1"

| Current Low Vg = 0.4V
VDD Supply lDD 55 80 mA
Current
Vg Supply Icc 20 30 mA | with no load
Current

Ta=-1010 +70°C, Vpp = +12V * 5%, Ve = +5V * 5%,
Ve =Pg=VcL=VcG = Vss = 0V

AMETER | SYMBOL LIMITS UNIT TEST

. PAR ; MIN | TYP | MAX CONDITIONS

Access Time tacc 450 ns -

‘CS to Output tCD(on) 200 | ns

On Delay 1TTL + 100 pF

CS to Output tcD(off) 0 200 ns

Off Delay

Output Hold toH 0 ns

Time '
Ao — Ao o

—tAacc— —tAacc
‘ OH
cs L 0.7V
tcD (on) INVALID tCD (off)

01-0g  FLOATING >< S5VyaLID >O< FLOATING
(OUTPUT) = mmm = = NSV ——-

" READ OPERATION

- DC CHARACTERISTICS

AC CHARACTERISTICS

TIMING WAVEFORMS




44 PD458
PROGRAMMING OPERATION Programming is performed word by word and one word at a time. Address

and an 8 bit programming word for that address should be input at the
same time. High level data ‘1" given through one of Data Input terminals
(01 — Og) writes a high level data ““1" into the memory cell specnﬂed
with the address input and its bit position.

After erasure all memory cells of the ,uPD458 contain cleared data ‘0",
By this programming operation, only the memory cells which contain
data ‘0" are programmed to high level data 1" by high level input.
Thus before normal programming operation, the uPD458 should undergo
erasure operation to clear all bits to *'0”.

DC CHARACTERISTICS T,=25°C+ 2°C, Vpp = Vg = Vs = VL = OV. CS = Either HIGH or LOW level.

AC CHARACTERISTICS

TIMING WAVEFORMS

PARAMETER | SYmBOL SLL TEST

win] 7ve Jmax |UN'T|  conpitions

Input High VIH 3.0 5.25 \

Voltage

Input Low ViL 0 0.7 \

Voltage

Supply-Voltage VBB -1.9 | -20 |-2.1 Y

Supply Voltage | Pg % |26 |27 v

Supply Voltage Veg 25 26 |27 v through Reg

Supply Current g -8 -15 mA

(Vgg) v

Supply Current Ig +30—| +50 mA

(Pg) f

Supply Current Icg +20 MA

(Veg)

Ta=25°C+2°C, Vpp = Vee =

Vss=VcL=0V.CS=E

ither HIGH or LOW level.

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

Address Setup tASW 10 us

Time

Address Hold tAHW 10 us

Time

Write DataWidth | tyw 40 100 ms | per one word

Vg Setup Time | Tgg 1.0 us

Vgp Hold Time TBH- 1.0 us

PG, V¢g Setup Tps 10 us

Time

§ &5 T \
Vg = Pg—208V |
Tgs = Tes Tgy
Vs k—1.9V rys
77
"""" 3.0V >< 7 T Tm T
— A
Ao—he Mo L. ><
17 —_——msmmes
tasw tAHW

3.0V
0,-0g 0.7V ,/

(INPUT)

-t
WW

— === 1" Write
TN\
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T

)

=26°C+2°C, Vpp = Ve = Pg = 0V, Vgg = OV or Open

CS, Ag — Ag and 01 — Og = Either HIGH or LOW level, or non-connected

: LIMITS i TEST
- UNIT

PARAMETER | SYMBOL MIN =~ MAX 'T 1 coNDITIONS
Supply Voltage | Vgg -4,75 | -5.0 -5.25 |7V '
Supply Voltage VoL +35 +36 | +37 \ through Re
Supply Voltage Veag -39 -40 -41 \ through Rpg
Supply Current g —\?40 | mA Initial peak
(VvBB) _ ) current. See
Supply Current lcL +240 mA timing chart.
(Veo) ' ‘
Supply Current Icg -20 HA

(Veg)

To=25°C£2°C, Vpp = Vg = Pg = 0V, Vgg = OV or Open
CS, Ag — Ag and 01 — 0g = Either HIGH or LOW.level, or non-connected

. LIMITS TEST
PARAMETER SYMBOL UNIT
MIN. | TYP MAX CONDITIONS
Clear Time TeL 60 sec '
Vpg Setup Time Tgs 0 s
VBB Hold Time TBH 0 Ms
Vg Setup Time Tecs 1.0 us
Vg Hold Time TcH 1.0 s
Vee —4.75V
ft— TBH )
Vea _39v ’ ; ' "
| e TCH
VCL 35V
TeL
—————— — Peak = +240 mA max.
leL lx
lBB 1/ ]
——————— . Peak = —240 mA max.

Note: The supply currents’ ilgg and Ic diminiish to almost zero within TcL-

*Erasure operation clears all 8192 bits to Logic ““0” simultaneously.
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ERASURE OPERATION*
DC CHARACTERISTICS

AC CHARACTERISTICS

/— TIMING WAVEFORMS
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APPENDIX To insure integrity and retention of data programmed in the uPD458,

PROM PROGRAMMER
DESIGN

PACKAGE OUTLINE
uPD458D

the following requirements are specified for the uPD458 supply

voltage and current levels. The PROM. PROGRAMMER should be designed
such that voltages provided to the PROM socket be within the range
specified on any occasion including power on/off to the programmer,
power on/off to the uPD458, and in READ, WRITE or ERASE operation.
Surge or noise voltages beyond the specified range are to be avoided.

Setting Vpp = +12V + 5%, Voc = +5V = 5% and Vg = +3V £ 0.1V after
erasure and comparing data read from the uPD458 with zero effectively
tests for proper erasure.

Setting Vpp= +12V + 5%, Vgg = +6V * 5% and Vg =-3V £ 0.1V after
programming and comparing data read from the uPD458 with the desired
data coupled with erase verification, provides a snmple test of worst-case
temperature and long-term data retention.

Under normal Read Mode conditions, Vg should either be grounded
directly or held at OV £ 0.1V through Rcg. Rcg is reqwred when any
non-zero voltage is applied to V.

LIMITS® _
READ PROGRAM ERASE N TEST
- UNIT
SYMBOL PN Trve | max | Min [ TvP [ max | min [ 7vP [ max | o | |CONDITIONS
Vpp |+11.4 | +12 {+126 | -03| o0 |.+0.3| -03 0| +03 ]| Vv
Vee +4.75| +5 | +6.25[ -0.3| 0 | +0.3| -0.3 0| +03]| Vv
veg | —04 0| +04 |+25 [+26 |+27 |-39 | -40 |-41 v
Vgg | -0.1 o +01 [ 19| 2] 21 -a75] -5 | -5.25] Vv
PG 03| 0| +03 [+25 [+26 [+27 | 03 o +03]| Vv
ver | -0 o +01 [ 01| o] +0.1[+35 [+36 [+37 v
Icc +20 | +30 -0.2 0.2 | mA ®
IbD +55 | +80 ] -0.2 0.2 | mA ®©
IcG +10 | +20 -20 uA -®
BB -0.2 -8 |-15 —240 | mA ®
IpG -0.2 | +30 |+50 02 | mA ©]
IcL -05 -10 +240 | mA ®
Notes: @ At typical supply voltage
@ All voltages relative to VSS = OV,
A K——————
L
e
b
1 J
H 1 IHRY T =
T | { : I Y
| i |
: ! | 1¢ o
|8 = —c F } 0-15% \=—
k E 1
ITEM MILLIMETERS INCHES
A 36.0 MAX. 1.41 MAX.
B 1.5 MAX. 0.059 MAX
c 254 0.1
D 050+0.1 0.02 £ 0004
E 330 1.299
F 127 0.05
G 3.2MIN. 0.126 MIN
H 1.0 MIN 0.04 MIN
1 3.3 MAX. 0.13MAX.
J 5.2 MAX. 0.20 MAX.
K 15.3 0.60
L 139 0.55
M 0.30:0.1 0.012 £ 0.004 97
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- ov
(@—= vV Ag Ag NC TS +12v NC Og 07 Os Os5 04 .
o T o IS o Y o Y s T e Y e ST s U e N N s A s Y s MO i |
28 27 26 25 24 23 22 21 20 19 18 17 16 15
@-={ Vcc Mg Ag NC TS vpp NC Og Oy Og Os O4 VoL PG
A7 Ag As As A3 Ay A1 Ap O1 0z 03 Vss Vcg Ves
1 2 3 4 5 6 7 8 9 10 11 12 13 14
| [ S [ I U (N N I [N N I S |
A7 Ag A A4 A3 A2 A1 Ag 04 0Oy 03 v;)\r/
5V
+6V Ag Ag -5V CS +12vijov Og 07 Og Os 04
o AN o O s I o N s A s AN e A s A s NN e SN e M
24 23 22 21 20 19 18 17 16 15 14 13
Vec Ag Ag Ves | Vpp PG 0g 07 Op Os O
CS/WE
A7 Ag As Ag A3z Ay A7 Ag O1 Oz 03 Vss
1 2 3 4 5 6 7 8 9 10 11 12
o U b U g g
A7 As As A4 A3 Ay A7 Ag Oy Op O3 OV
+5V Ag Ag -5V CSj +12V CSp Og 07 Og Og Og
e T e A e N s I e N e S s N e O e OO s SO O o |
24 23 22 21 20 19 18 17 16 15 14 13
Vcc A8 Ag Vps TSy vpp |  ©Og 07 O Os O4
C59/CS7
A7 As As A4 A3 Az A; Ap O1 O2 O3 Vss
1 2 3 4 5 6 7 8 9 10 11 12
O O O O O g0 og g
A7 A As A4 A3 A2 Ay Ap O1 O 03 ov
(NC) (NC) I l
Vcc A8 Ag -5V CS vpp OV Og Oy 0O Og Og,VcL PROG
s S e S e Y s A e N e Y e IS e s NN s SN e A s ML s |
28 .27 26 25 24 23 22 21 20 19 18 17| 16 15
> 2308/ l 458
2708
12 3 4 5 6 7 8 9 10 11 12]13 14
O O OO OO 9goQ9oo9o oo Oo,Ood
A7 A As A4 A3 A2 A1 Ap 071 02 O3 Vss VcG Ves
Notes: @ Names of signals,
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@ Names of the terminal.

uPD458D (EEPROM)

2708 (PROM ERASABLE
WITH ULTRAVIOLET)

uPD2308C/D — 2308
(MASK ROM)

COMMON PIN
CONFIGURATION

SP458-4-77-GY-CAT



NEC

NEC Microcomputers, Inc. uPD2716

PRELARY

16K ULTRAVIOLET ERASABLE PROM

DESCRIPTION  The uPD2716is a 16,384-bit Ultraviolet Erasable and Electrically Programmable Read
Only Memory. Organized as 2048 words x 8 bits, it operates from a single +5 volt powe
supply, making it ideal for microprocessor applications. It is pin-for-pin compatible
with the uPD2316E, allowing economical chiangeoyer to a masked ROM for production
quantities.

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

Access Time — 450 ns Max

2048 Words x 8 Bits Organization

Single +5V Supply

Pin Compatible with uPD2316E Masked ROM
Fast Programming

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

FEATURES

PIN CONFIGURATION A7 i 24[JVce
Ae] 2 23 [ Ag
As[] 3 22 [JAg
PIN NAMES

A4C 4 2 :] Vep Ap-Ag Addresses

A3E 5 20 j OE CE/PGM Chip, Enable/Program

A6 uPD 19 Aq9 OE Output Enable

A7 2716 18 [ CE . 0007 Outputa

Al 8 17[3d o0y

009 16 [J Og

o gno 15[ 05

0z 14[3 04

GND[12 13[3J03
MODE SELECTION
PINS

MODE . CE/PGM OE Vep| Vcc | ouTPUTS
Read ) ViL ViL +5 | +5 DouT
Standby VIH Don’t Care +5 | +5 High Z'
Program Pulsed V||_to VIH VIH +25 | +5 DiN
Program Verify ViL ViL +25 | +5 DouT
Program Inhibit ViL VIH +25 | +5 High Z




pPD2716

DATAOUTPUTS BLOCK DIAGRAM
Veco—— 0p-07 :

GND O———

m——

__ OE —{ OUTPUT ENABLE
CE/PGM ——={ CHIP ENABI_E AND

PROG LOGIC OUTPUT BUFFERS
r ]
— Yo s Y-GATING
e : T | DECODER ® -
AgA10-
ADDRESS { -
INPUTS . | —= X . 16,384 BIT
——] DECODER . CELL MATRIX
b—— : ,
§ L]
Operating Temperature . . . . .+ .. .. . e -10°C to +80°C ABSOLUTE MAXIMUM
Storage TEMPErature. « « « « v« v e v ve v s e nneearneas -65°C to+126°C RATINGS*
Al TNPUt Voltages « « v v v vt it et ien e +6t0-0:3 Volts
Al OuUtput Voltages « « « v v v v vt v it v i v e i e e +6 t0-0:3 Volts

Supply Current VPP . « o v v v v v v ns e +26.5 to - 0.3 Volts

Notes: @ With Respect to Ground.
@ With Respect to Ground During Program.

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=26°C;f=1MHz ‘ CAPACITANCE @
~ o LIMITS ) TEST
PARAMETER SYMBOL } MIN | TYP | MAX } UNIT ] CONDITIONS
Input Capacitance CIN 4 6 pF VIN = 0V
Output Capacitance Cout ) 8 12 | pF VouT =0V

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

The recommended erasure procedure is to illuminate the window with a ultraviolet ERASURE OPERATION
lamp which has a wavelength of 2537 angstroms (A). The distance should be one inch

from the window to the lamp. Erasure time will be from 19 to 45 minutes depending

on the type of ultraviolet lamp. The arnount of time required can be expressed as the

total amount of ultraviolet energy incident to the window, expressed in watt-seconds

per square centimeter. The uPD2716 requires an integrated dosage (ultraviolet intensity

x exposure time) of 15 watt-seconds/cmz. This erase energy includes sufficient guard-

band to ensure complete erasure of alll bits.
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READ OPERATION
DC CHARACTERISTICS

AC CHARACTERISTICS

TIMING WAVEFORMS @

Ta=0°C10+70°C; Vee =5V 2 5% D @ :vpp=vec 0.6V Q@

LIMITS TEST
PARAMETER SYMBOL| MIN TYP@ MAX | UNIT| CONDITIONS
Input Load Current IN] 10 MA |V|N =5.25V
Output Leakage Current| IO 10 MA |VOUT = 5.25V-
Vpp Current 1pp1 @ 12 mA |Vpp = 5.85V
Vce Current (Standby) Icc|@ 10 25 mA |CE =V)y, OE = V) _
V¢ Current (Active) Icc{@ 57 100 mA {CE=CE=V|_
Input Low Voltage ViL -0.1 0.8 Vv
Input High Voltage ViH 2.0 Vee+1 A
Output Low Voltage voL 0.45 VvV lloL=21mA
Output High Voltage VOH 2.2 V- 1loH =-400uA
Ta= 0°C0+70°C; Vee =8V 2 5% D @ :vpp = vee » 06v O
LIMITS TesT ®
PARAMETER symeoL | min [ TYP(@) | max | uniT| conoiTions
Address to Output Delay tacc 450 | ns | CE=0E=v)_
CE to Output Delay tCE 450 ns | OE=v)_
Output Enable to Output Delay t0E 140 ns | CE=v_
Output Enable High to Output Float |  tpg 0 100 ns | CE=v_
Address to Output Hold tDH 0 ns | CE=0E=V_

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

after Vpp.

@ Vpp may be connected directly to Vcc except during programming. The supply
current would then be the sum of ICC and Ipp1.

@ The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp
supply pin from Vg in read to 25V for programming.

@ Typical values are for T = 25°C and nominal supply voltages.

@ This parameter is only sampled and is not 100% tested.
® AC Test Conditions:

Output Load: 1 TTL gate and C|_ = 100 pF

Input Rise and Fall Times: <20 ns

Input Pulse Levels: 0.8V to 2.2V
Timing Measurement Reference Level:

Inputs: 1V and 2V
Outputs: 0.8V and 2V

4PD2716

% e
ADDRESSES ADDRESSES
VALID
K .
Cf ———————— /—___
cos
ICE ———t
OE
o o *
1
10—
)
tacC tOF
.o
HIGH Z
ouTPUT ////

Notes: (1) OF may be delayed up 1o taGC — tOE after the falling edge of CE without impact on taCC.

ARNY

VALID OUTPUT

(@ toF is specified from OE or CE, whichever occurs first.
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Initially, and after each erasure, all bits of the uPD2716 are in the "' 1" state. Information is introduced by PROGRAMM'NG
selectively programming 0" into the desired bit locations. A programmed “'0"* can only 17> changed to a “1"” OPERA'”ON
by UV erasure. -

The uPD2716 is programmed by applyinga 50 ms, TTL prograrﬁmirig pulse to the CE/PGM pin with the CE
input high and the Vpp supply at 25V * 1V. Any location may be programmed at any time — either
individually, sequentially, or randomly. The programming time for a single bit is only 50 ms and for all bits
is approximately 100 seconds for the uPD2716.

CAUTION: The V¢ and Vpp supplied must be sequenced on and off such that Vg is applied simultane-
ously or before Vpp and removed simultaneously or after Vpp to prevent damage to the uPD2716. The
maximum allowable voltage during programming which may be applied to the Vpp with respect to ground is
+26V. Care must be taken when switching the Vpp supply to prevent overshoot exceeding the 26V maximum
specification. For convenience in programming, the uPD2716 may be verified with the Vpp supply at 26V +
1V. During normal read operation, however, Vpp must be at V.

Ta 25°Ct5Civee -5V 5“{,@;Vpp= 2wv11v@ ® DC CHARACTER‘ST'CS @
LIMITS TEST
PARAMETER SYMBOL | MIN } TYP | MAX UNIT CONDITIONS
Input Cunent (for Any Input) [N 10 KA | VN = 5.25V/0.45
Vpp Supply Current PP 12 mA | CE/PGM = V|
Vpp Supply Current During - . _
Programming Pulse pp2 30 mA | CE/PGM =V
Ve Supply Cutrent fcc | 100 mA
Input Low Levet ViL 0.1 0.8
Input High Level ViH 2.0 Vee+ 1 \
T, - 25°C 1 5'C;Vee = 5V 2 5% @ vpp=25v 1 v D @ AC CHARACTERISTICS @
LIMITS TEST
PARAMETER SYMBOL | MIN| TYP| MAX | UNITS CONDITIONS@
Address Setup Time A 2 us
s S
OE Setup Time tOES 2 Hs
Data Setup Time DS 2 us
Address Hold Time tAH 2 us
OF Hold Time tOEH 2 us
Data Hold Time DH 2 us
Output Enable to Output Float Delay | tDF 0 120 ns CE/PGM = V||
Output Enable to Output Delay tOE 120 ns CE/PGM = VL
Program Pulse Width tPW 45 | 50 55 1 ms
Program Pulse Rise Time WPRT 5 ns
Program Pulse Fall Time PFT 5 ns
Notes: @ NEC Microcomputer’s standard product warranty applies only to devices programmed
to specifications described herein.
@ Ve must be applied simulitaneously or before Vpp, and removed simultaneously or
after Vpp. The uPD2716 must not be inserted into or removed from a board with Vpp
at 25+ 1V to prevent damage to the device.
@ The maximum allowable voltage which may be applied to the Vpp pin during pro-
gramming is +26V. Care must be taken when switching the Vpp supply to prevent
overshoot exceeding this 26V maximum specification.
@ AC Test Conditions:
5V £ 5% Input Pulse Levels .. 0.8Vto22V
25V + 1V Input Timing Reference Level .. 1 and 2V
..... 20 ns  Output Timing Reference Level. . .0.8V and 2V
PROGRAM e TIMING WAVEFORM
ADDRESSES ) ADDRESS N K ADDRESS N+m
- /
[~—1As tAH

DATAIN R
DATA STABLE
ADD N ,

tDF —a=] lQ tOE
o8 ——/

4 R
CErPam / K - :

PRT | et e e tppT

DATA OUT
VALID
ADD

DATAIN
STABLE
ADD N+m

| tOF

SP2716-9-78-GY-CAT
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NEC Microcomputers, Inc. | 4+ PD2316E

FULLY DECODED 16,384 BIT MASK
PROGRAMMABLE READ ONLY MEMORY

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

The inputs and outputs are fully TTL compatible. The device operétes 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 chnp select code is
fixed during the masking process.

FEATURES Access Time 450 ns Max

2048 Words x 8 Bits Organization

Single +5V +10% Power Supply Voltage

Directly TTL Compatible — All Inputs and Outputs

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

On-Chip Address Fully Decoded

All Inputs Protected Against Static Charge

Direct Replacement for 2316E

Auvailable in 24-pin plastic or ceramic packages

e & & o o6 o o o o o

PIN CONFIGURATION A7 h e 247 Vee
As 2 231 Ag
As []3 22[] Ao
Ag 4 21 [] CS3
A3 s 20 [ C$1 PIN NAMES
A2 e HPD 9] Ao Ag—A10 | Address Inputs
A1 2316‘E 18 csy D7 — Dg Data Outputs '
. CS1 7CS3 Programmable Chip Select Inputs
Ao 8 17 [J D7 -
Do ]9 16[] Dg
D1 10 © 15[] Ds
Dy 11 140 Da
GND []12 13 D3
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Dgo D1 D2 D3 D4 Dg Dg Dy

-V

cc
b1 | -~ oo
cs.
A10 — OUTPUT BUFFERS DECODE
Ag = [ W Y 11
Ag —> g l Y DECODER 1 of 16 x 8
A & CHIP
7 ) SELECT
NE [T II171%
As-—— 5 —1
a
A —— Z —
12 [ s 1
—] — =
A4 5 = e— cs,
I 16,384 BIT
A3 g CELL MATRIX cHp
- oS SELECT
A2 M & INPUT f=— Cs,
x BUFFERS
Aq =1 —
AQ —>= CSS
. (-] O
Operating Temperature. . . ....... PP . -10Cto+70°C

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; VcC = +5 £ 5% unless otherwise noted.

.. -65°Cto+125°C

-0.5 to +7.0 Volts

LIMITS

PARAMETER SYMBOL | MIN TYPE MAX UNIT TEST CONDITIONS
Input Load Current ) +10 A ViN =Vce
(ANl Input Pins) 10 WA | Vin=oOV
Output Leakage Current ILOH +10 BA Chip Deselected, Vo= V¢
Output Leakage Current ILoL -20 BA Chip Deselected, Vg = OV
Power Supply Current Icc 70 120 mA
Input ““Low” Voltage ViL -0.5 0.8 v
Input “High”” Voltage ViH +2.4 Vge + 1.0V v
Output “Low" Voltage VoL 0.4 Vv loL=2.1mA
Output “High” Voltage VoH +_2.‘4 \Y IoH =-400 A

Note: @ Typical values for T, = 256°C and nominal supply voltage.
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ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS




CAPACITANCE  Ta=25°C;f=1MHz

1 PD2316E

‘ LIMITS
PARAMETER | SYMBOL | MiN| TYP | MAX | uNIT

TEST CONDITIONS

. lnﬁut CIN 1 5 10 pf
Capacitance

All Pins Except Pin
Under Test Tied to AC
Ground

Output CouT 10 15 pf
Capacitance :

All Pins Except bin
Under Test Tied to AC
Ground

AC CHARACTER ISTICS  Ta=-10°C to +70°C; VG = +5V + 5% unless otherwise specified.

. " LIMITS
PARAMETER SYMBOL | MIN | TYP | MAX § UNIT TEST CONDITIONS
/Address to Output ta | 450 | ns |tr=t;=t;=20ns
Qelay Time ) Vriefin = 1V, 2.2V
Chip Select to Output tco | 120 ns v _
=0.8V, 2v
Enable Delay Time 3 ! ref out
Chip Deselect to Output toE 10 100 ns gu‘pm LOAD=17TTL
Data Float Delay’ S ATE
Time Cp =100 pf
TIMING WAVEFORMS
' ADDRESS
f— tcO bty o]
- PROGRAMMABLE
CHIP SELECTS

]
&

>—1
(9]
m

N

N
I

U

DATA ﬁ ”ézzzgfuﬁng){\ﬁx /% OUTPUT VALID 7 OUTRGT
UTT DL LTI, s /A0

H

1N&



pPD2316E

0-15°

uPD2316EC (Plastic)

ITEM MILLIMETERS INCHES
A 33 MAX 1.3 MAX
B 2.53 0.1
C 2.54 . 0.1
D 0.5+0.1 0.02 + 0.004
E 27.94 AN
F 15 0.059
G 2.54 MIN, 0.1 MIN
H 0.5 MIN 0.02 MIN
| 5.22 MAX 0.205 MAX
J 5.72 MAX 0.225 MAX
K 15.24 0.6
L 13.2 0.52
v om i oo e,

1
J

~

T
AR
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T

0-15°

WPD2316ED (Ceramic)

ITEM|  MILLIMETERS INCHES
A 32.6 MAX 1.28 MAX
B 2.28 0.09
c 254 0.1
) 0.5+0.1 0.02 + 0.004
E 27.94 11
F 1.20 MIN 0.047 MIN
G 3.2MIN 0.126 MIN
H 1.0 MIN 0.04 MIN
I 4.2 MAX 0.165 MAX
J 5.2 MAX 0.205 MAX
K 16.24 0.6
L 13.9 056
M 0.30 £ 0.1 0.012 £ 0.004

PACKAGE OUTLINE
uPD2316EC/D

SP2316E-9-78-GY-CAT




NEC

NEC Microcomputers, Inc. uPD2332

FULLY DECODED 32,768 BIT MASK
PROGRAMMABLE READ ONLY MEMORY

DESCRIPTION  The NEC uPD2332 is a Fully Decoded 32,768 Bit Mask Programmable Read-Only
Memory organized as 4,096 Words by 8 Bits. The uPD2332 has two chip select inputs
and the combination of “High’’/*’Low’’ levels of these inputs is mask-programmable.

The uPD2332 is fabricated with sophisticated N-channel MOS technology and
features high speed and TTL compatibility for simple interface with bipolar circuits.

FEATURES 4096 Words'x 8 Bits Organization

-Directly TTL Compatible — All Inputs and Outputs

Fully Static (No Clock or Refresh Required)

Single +5V Power Supply

High Speed — Access Time 450 ns Max.

Three-State Output — OR-Tie Capability

Two Programmable Chip Select Inputs for Easy Memory Expansion
N-Channel MOS Technology

Pin Compatible with T| TMS4732

24 Pin Plastic or Ceramic Dual-in-Line Package

PIN CONFIGURATION A, O ~ 24 [Jvee
23 [0 Ag
22 Ag
21 3032
20 [Jcsy

KPD 19 [ A,
2332

PIN NAMES

>
o
im|

AO - A” Address Inputs

O

0,- Og Data Outputs

CS; — CS, | Programmable Chip Select Inputs

R
M

M}
n

- When ordering the uPD2332, specify a chip
18 [ Al select combination of CS; and CS, from the

17 :108 following. ,
16[J 0, sy €S
02[:10 151 0g
o, 0On 14[Jog
GND[]12 1330,

>
0

>
(=}
0 1
© O N OO AW N =

wlalolo
~=lo|=|O
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nPD2332 0, 03 05 04 0g 0 07 % BLOCK DIAGRAM

- VCC
] Prittttt — o
Ay — = OUTPUT BUFFERS - DeiebE
o
A~ HE|| ITIIITTTITT TT17
o
Ay —= g 1 o Y-SELECTOR
>
Ay w || CHIP .
2 [N NN NN seLecT :
A, — 5 H . 1 I
A5 it § m ‘ ‘
Ae £ G l— cs,
A 21l 8 CELL MATRIX
7 E (4096 X 8) 1 cHip
S R > Nhor f—cs,
A | | BUFFERS
9 —
Ao =] ]
R ) S— o .
Operating Temperature . .. ........oveveeuueneenee.... =10°Cto+70°C ABSOLUTE MAXIMUM
o o *
Storage Temperature « . . « oo v vvvvvnnn. ve..... -65°Ct0+125°C RATINGS

Supply Voltage OnAny Pin  .................. ..... -0510+7.0 Volts

Note: (D With Respect to Ground

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

reliability.
*T,=25°C
T,=-10°C 10 +70°C; Vg = +BV * 5% unless otherwise specified DC CHARACTERISTICS
LIMITS
PARAMETER SYMBOL | MIN. TYP.® MAX. UNIT TEST CONDITIONS
Input Load Current
(All input Pins) L 10 BA L
Output Leakage Current lLoH +10 HA CS = 2.2V (Deselected) VOUT =Vee
Output Leakage Current ILoL -10 uA CS = 2.2V (Deselected) Vo =0V
Power Supply Current lcc 55 110 mA All inputs 5.25V Data Out Open
Input ““Low” Voltage VlL -0.5 0.8 A\
Input “High” Voltage Vi 2.0 VCC + 1.0V \"
Output “Low” Voltage VoL 0.45 \% loL=20mA
Output “High” Voltage Vou 2.2 \ loy =-100pA
Note: (D Typical Values for T,= 25°C and nominal supply voltages.
= ol = §
T,=26°Cif=1MHz ) CAPACITANCE
LIMITS )
PARAMETER SYMBOL MIN. | TYP. | MAX. | UNIT TEST CONDITIONS
. All Pins Except Pin Under
1 F
Input Capacitance Cin 0 P Test Tied to AC Ground
) All Pins Except Pin Under
Output Capacitance Cout 15 PP | Teet Tied to AC Ground
T,=-10°Ct0 +70°C, Vo = +5V * 5% unless otherwise specified. AC CHARACTERISTICS
LIMITS
PARAMETER SYMBOL MIN. | TYP. | MAX. [ UNIT TEST CONDITIONS
Address to Output Delay Time N 450 ns tr=t=t= 20 ns
Chip Select to Output Enable Delay Time tco 150 ns CL =100 pF
Chip Deselect to Output Data Float Delay Time pf 0 150 ns Load = ITTL gate
Output Hold Time toH 20 ns VN =08to 2V
Vet Input = 1.5V
Vref Output = 0.45/2.2V

108



TIMING WAVEFORMS

PACKAGE OUTLINE
uPD2332C/D

p PD2332

ADDRESS

fco—"

PROGRAMMABLE
CHIP SELECTS

-(OH.'

V,
OH
DATA /
OuUTPUT

OUTPUT HIGH
IMPEDANCE

§< IN-
%ouwmw&uu I VALID

Vou

uPD2332C (Plastic)

ITEM MILLIMETERS INCHES
A 33 MAX 1.3 MAX
B 2.53 0.1
c 2.54 0.1
D 0501 0.02 £ 0.004
E 27.94 1.1
F 15 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
o oy oo o
| A

T

;J

~ =

[T

1PD2332D (Ceramic)

ITEM|  MILLIMETERS INCHES
A 325 M;xx ‘ 1.28 MAX
B 2.28 0.09
c 254 0.1
D 0.5£0.1 :0.02 +0.004
£ 27.94 1.1
F 1.20 MIN 0.047 MIN
G 3.2MIN 0.126 MIN
H 1.0 MIN 0.04 MIN
| 4.2 MAX 0.165 MAX
J 5.2 MAX 0.205 MAX
K 15.24 0.6
L 13.9 0.55
M 0.30£0.1 0.012+ 0.004

SP2332-8-77-GY-CAT
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NEC

NEC Microcomputers, Inc. | J1PD2364

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

e 8,192 Words x 8 Bits Organization
e Directly TTL Compatible — All Inputs and Outputs
e Single +5V Power Supply
o High Speed — Access Time 450 ns Max.
e Three-State Output — OR-Tie Capability
e One Programmable Chip Select Input for Easy Memory Expansion
e On-Chip Address Fully Decoded
e All Inputs Protected Against Static Charge
e Pin Compatible with MK36000
e Auvailable‘in 24 Pin Ceramic or Plastic Dual-in-Line Package
NS
A7 24 vee PIN NAMES
A 2
s 2 Ag Ap— A12 Address Inputs
As[]3 221 Ag -
. 01— 0g Data Outputs
As[]4 21 [J Aq2
As E 5 2 :l cs CS Programmable Chip Select Input
A2[]6 HPD 19 [ Aqg
A7 2364 18 [J Ay
IimE: 17 [J og
019 16 ] 07
0210 1517 0g
03 []11 14 ] Os
GND []12 13[3J 04
Rev/1

i



1 PD2364
o 01 Oy o; 04 Og O O7 Og
—~-— Vce

N e B R RN R R R

Ay —= = & OUTPUT BUFFERS ] oecone
o
A nl: Lrird il Fi
> .
A2 " ™ N Y-SELECTOR o
: =y
R I I
5 PROG.
Ay — S
2
Ag = 2. . . .
g I [N
. Ag — ] ‘E H < . oo
] 9 CELL MATRIX
A7~ mi (8192 x 8) chip
. [=]
X SELECT
Ag - - INPUT  f——Cs
. BUFFERS
A9 ] t—
A]O —] —
At —"‘ 5
Operating TEMPerature . . .. v vev s cevnennaeeennn. .. —10°Cto+70°C
Storage TEMPErature .. .........oovueevnrenaeena... =-65°Cto+150°C
Supply Voltage On AnyPin........................~051t0+7.0 Volts

Note: @ With Respect to Ground.

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

*Ta=25°C

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

LIMIT:

PARAMETER symsoL | min | Tve® . MAX UNIT TEST CONDITIONS
Input Load Current ) +10 uA Vin = Vee
(All Input Pins) i Ll ~10 uA ViN = OV
Output Leakage Current ILOH +10 (A Chip-Deselected, Vg = Vo
Output Leakage Current ILoL -10 uA Chip Deselected, Vg = OV
Power Supply Current Icc 80 140 mA
Input ““Low" Voltage ViL -0.5 0.8 v
Input “High” Voltage ViH 2.0 Vee + 1.0V \
Output “'Low’ Voltage VoL 0.45 \ loL=21mA
Output’'High" Voltage VoH 2.2 Y loH = —400 LA

Note: @ Typical Values for Ty = 25°C and nominal supply voltages.
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BLOCK DIAGRAM

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS



CAPACITANCE

AC CHARACTERISTICS

TIMING WAVEFORMS

T,=25°C;f=1MHz

pPD2364

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 | CouT 15 pF All Pins Except Pin Under
Test Tied to AC Ground
Ta=-10°C to +70°C, Vg = +5V * 5% 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 C|_ =100 pF
Enable Delay Time
Chip Deselect to Ougput tpr | O 150 ns Load = ITTL gate
Data Float Delay Time
Output Hold Time tOH 20 ns VIN = 0.8 to 2V
Vief Input = 1.5V
Vyef Output = 0.8 to 2.0V

ADDRESS

co

PROGRAMMABLE
CHIP SELECTS

|
-

You 7

DATA
ouTPUT

OUTPUT HIGH
IMPEDANCE

oL

]
ﬂouwm VALID
I

HIGH N
IMPEDANCE
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41 PD2364

114

Plastic

ITEM MILLIMETERS INCHES
A 33 MAX 1.3 MAX
B 2.53 0.1
Cc 254 0.1
D 0501 0.02 + 0.004
E 27.94 1.1
F 1.5 0.059
G | 254MIN 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 15.24 0.6

riL 13.2 0.52

i R R e 30

Ceramic
ITEM MILLIMETERS INCHES
A 30.78 Max 1.21 Max
B 1.42 0.06
C 2.54 0.10
D 0.46+0.8 0.018 £ 0.03
E 27.94 1.10
F 1.02 0.04
G 3.2 Min 0.13 Min
H 1.02 0.04
| 3.23 0.13
J 4.25 Max 0.17 Max
K 15.24 0.60
L 14.93 0.59
M 0.25 + 0.05 0.010 + 0.002

PACKAGE OUTLINE

uPD2364C/D

SP2364-10-78-GY-CAT
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NEC Microcomputers, Inc.

MICROCOMPUTER INDEX

uCOM-4

MCOM-42 ............0iiinnn e W ese s
MPDB48 . . .ttt i i e e e
MPDB55 . ... e [P

MCOM-43/44/45 ... ..........couniennnn e e
uPD546 . . . . . e RERER

uCOM-8 |
Processors ; ’ B :

UPD780 .+ vttt ev vt i e i e e
UPD80SOAF ..... e e
MPDB085A .+ v v e e e i e e e b s ee e

Single Chip Microcomputers
MPD8021T v vi vttt e e
uPD8041/8741 .o iv i T e SN
UPD8048/8748/8035 . i i it
UPD8049/8039 .+ . iiiiiiiiieaaan PR RESREERE

Peripherals © -

uPD765.. . . . . e R
UPD8155/8156 .« v v v vvs v vrvaessnrsnnsesnnnsnnnns
HPBB212 v vv vttt s
MPBB214 .. i e e
UPB8216/8226 v vt vttt
MPBB224 ...t
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UPD83B5/8755A « -« v v e e va e e P

Microcomputer on a Board
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NEC Microcomputers, Inc.

NEC

p#COM-4 MICROCOMPUTER SELECTION GUIDE

SUPPLY

DEVICE PRODUCT ROM RAM | 1/0 | TECHNOLOGY | OUTPUT VOLTAGES PINS

ﬁPD548 uCOM-42 CPU 1920x 10 | 96x 4 | 35 PMOS -35V, 0.D. -10 42

uPD546 | uCOM-43 CPU 2000x8 | 96x4 | 35 PMOS -10V, 0.D. -10 42

uPD553 | uCOM-43H CPU 2000x8 | 96x4 | 35 PMOS -35V, 0.D. -10 42

uPD650 | nuCOM-43C CPU 2000x8 |9%6x4 | 35 CMOS push-pull +5 42

uPD547 uCOM-44 CPU 1000x8 | 64x4 | 35 PMOS -10v, 0.D. -10 42

uPD547L | uCOM-44L CPU 1000x8 |{64x4 | 35 PMOS -10V, O.D. -8 42

uPD552 | uCOM-44H CPU 1000x8 |64x4 | 35 PMOS -35V, 0.D. -10 42

uPD651 uCOM-44C CPU 1000x8 |[64x4 | 35 CMOS push-pull +5 42

uPD550 | uCOM-46 CPU 640x8 |32x4 | 21 PMOS -35V, 0.D. -10 28

uPD554 ‘| ucom-45 cpu 1000x8 |32x4 ]| 21 PMOS -35V, 0.D. -10 28

uPD652 | uCOM-45C CPU 1000x8 |32x4 | 21 CMOS push-pull +5 28

uPD551 uCOM-46 CPU with A/D | 1000x8 | 64x4 | 28 PMOS -10V, O.D. -10 40

uPD555 uCOM-42 EVACHIP - 96 x4 | 35 PMOS -10V, O.D. -10 64

uPD556 | uCOM-43 EVACHIP - 96x4 | 35 PMOS -10Vv, O.D. -10 64

Notes: 0.D. = Open Drain C = CMOS

H = High Negative Voltage Outputs L = Low Power
4 COM-8 MICROCOMPUTER SELECTION GUIDE
MICROPROCESSORS
- SUPPLY
DEVICE PRODUCT SIZE TECHNOLOGY OUTPUT CYCLE VOLTAGES PINS
uPD780 Microprocessor 8-bit NMOS 3-State 2.5 MHz +5 40
uPD780-1 Microprocessor 8-bit NMOS 3-State 4.0 MHz +5 40
uPD8085A Microprocessor 8-bit NMOS 3-State 3.0 MHz +5 40
uPD8B0O80AF Microprocessor 8-bit NMOS 3-State 2.0 MHz +12+5 40
1PD8080AF-2 Microprocessor 8-bit NMOS 3-State 2.5 MHz +12+5 40
uPD8080AF-1 Microprocessor 8-bit NMOS 3-State 3.0 MHz +12+5 40
SINGLE CHIP MICROCOMPUTERS
DEVICE PRODUCT ROM RAM |[1/O |TECHNOLOGY |[SIZE |OUTPUT |[CYCLE SUPPLY PINS
VOLTAGES

uPD8021 {Microcomputer | 1024 x 8 64 x 8 |21 NMOS 8-bit | 3-State - | 3 MHz +5 28
uPDB8035 |Microcomputer | External 64 x 8 |27 NMOS 8-bit | 3-State | 6 MHz +5 40
uPD8039 |Microcomputer | External 128 x 8 | 27 NMOS 8-bit | 3-State 6 MHz +5 40
uPD8041 |Microcomputer | 1024 x 8 64 x8 |18 NMOS 8-bit | 3-State | 6 MHz +5 40
uPD8048 |Microcomputer | 1024 x 8 64 x 8 | 27 NMOS 8-bit | 3-State | 6 MHz +5 40
uPD8049 |Microcomputer | 2048 x 8 128 x 8 | 27 NMOS 8-bit | 3-State | 6 MHz +5 40
uPD8741 |Microcomputer | 1024 x 8 (UV) | 64 x8 {18 NMOS 8-bit | 3-State | 6 MHz +5 40
uPD8748 |Microcomputer-| 1024 x 8 (UV) | 64 x 8 | 27 NMOS 8-bit | 3-State | 6 MHz +5 40

118



NEC Microcomputers, Inc.

H#COM-8 MICROCOMPUTER - SELECTION GUIDE

NEC

SYSTEM SUPPORT
'DEVICE PRODUCT SIZE TECHNOLOGY | OUTPUT | cveLe SUPPLY PINS
] VOLTAGES
uPD371 Tape Cassette Controller 8-bit NMOS 3-State 2 MHz +12+5 42
uPD372 Floppy Disk Controller 8-bit NMOS 3-State 2 MHz '+1‘2 +5 | 42
uPD379 Synchronous Receiver/ 8-bit NMOS 3-State 800K baud +12+5 42
Transmitter ) )
uPD765 Double Sided/Double Density | 8-bit: NMOS 3-State 8MHz +5 40
Floppy Disk Controller '
uPD8155 256 x 8 RAM with 1/0 Ports | 8-bit NMOS 3-State - +5 40
-{and Timer ‘ . ’ .
uPD8156 256 x 8 RAM with 1/0 Ports | 8-bit NMOS 3-State - +5 40
and Timer :
uPB8212 1/0 Port 8-bit Bipolar 3-State - +5 24
uPD8214 Priority Interrupt Controller 3-bit Bipo!ar Open 3 MHz +5 - 24
Collector
uPB8216 Bus Driver Non-Inverting 4-bit Bipolar 3-State - +5 16
uPB8224 Clock Generator Driver 2 phase Bipolar High Level | 3 MHz +12+5 16
Clock )
uPB8226 Bus Driver Inverting 4-bit, Bipolar 3-State - +5 16
uPB8228 Sysfem Controller 8-bit’ Bipolar 3-State - +5 28
| uPB8238 System Controller 8-bit Bipolar 3-State - +5 28
uPD8243 1/0 Expander 4x4bits|  NMOS 3-State - +5 24
uPD8251 Programmable Communica- 8-bit NMOS 3-State A-9.6K baud +5 28
tions Interface (Async/Sync) S-566K baud .
| uPD8251A | Programmable Communica- 8-bit NMOS | 3-State A-9.6K baud +5 28
tions Interface (Async/Sync) . - ) S-64K baud
| upD8253 Programmable Timer 8-bit NMOS 3-State 3.3 MHz +5 24
uPD8253-5 | Programmable Timer 8-bit NMOS 3-State 3.3 MHz +5 24
uPD8255 Peripheral Interface 8-hit NMOS _ 3-State - +5 40
UPD8255A-5 | Peripheral Interface 8-bit NMOS - 3-State - +5 40
uPD8257 Programmable DMA Controller | 8-bit NMOS 3-State 3 MHz +5 40
uPD8257-5 | Programmable DMA Controller | 8-bit NMOS 3-State 3 MHz +5 40
uPD8259 Programmable Interrupt 8-bit NMOS 3-State - +5 28
Controller
uPD8259-5 | Programmable Interrupt 8-bit . NMOS 3-State - +5 28
Controller
uPD8279-5 | Programmable Keyboard/ 8-bit NMOS 3-State - +5 40
Display Interface
uPD8355 2048 x 8 ROM with 1/0 Ports | 8-bit NMOS 3-State - +5 40
uPD8755A | 2048 x 8 EPROM with 8-bit NMOS 3-State - +5 40
1/0 Ports
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NEC Microcomputers, Inc.

NEC

- #COM-8 MICROCOMPUTER SELECTION GUIDE

MEMORY SUPPORT - _
) ) ACCESS SUPPLY
DEVICE PRODUCT SIZE TECHNOLOGY ‘| OUTPUT TIME VOLTAGES PINS

uPD2316E Mask ROM 2048 x 8 ‘NMOS 3-State | 450 ns +5 24
uPD2332 Mask ROM 4096 x 8 . 'NMOS 3-State | 450 ns +5 24
uPD2364 Mask ROM 8192x 8 NMOS 3-State | 450 ns +5 24
uPD454 Electrically 256 x 8 NMOS 3-State | 800 ns +12 +5* 24

Erasable .

Programmable

ROM
uPD458 Electrically 1024 x 8 NMOS 3-State | 450 ns +12 +5* 28

Erasable

Programmable .

ROM .
uPD2716 UV Erasable 2048 x 8 NMQOS 3-State | 450 ns +5 24

Programmable

ROM ;
uPD411 Dynamic RAM 4096 x 1 NMOS 3-State | 150-350 ns +12+5 22
uPD411A Dynamic RAM 4096 x 1 NMOS 3-State  {200-350 ns +12+5 22
uPD416 Dynamic RAM | 16384 x 1 NMOS 3-State | 120-350 ns +12+5 16
uPD2101AL Static RAM 256 x 4 NMOS 3-State | 250-450 ns +5 22
uPD2102AL Static RAM 1024 x 1 NMOS 3-State | 250-450 ns +5 16
uPD2111AL Static RAM 256 x 4 NMOS i i 3-State | 250-450 ns +5 18
uPD2114L Static RAM 1024 x 4 NMOS 3-State | 200-450 ns +5 18
uPD4104 Static RAM 4096 x 1 NMOS 3-State | 85-300 ns +5 18
uPD421 Static RAM 1024 x 8 NMOS 3-State | 85-100 ns +5 22
uPD443/6508| Static RAM 1024 x 1 CMOS 3-State {200 ns +5 16
uPD5101L Static RAM 256 x 4 CMQCS 3-State [ 450-800 ns +5 22
uPD444/6514 | Static RAM 1024 x 4 CMOS - 3-State {300 ns +5 18
uPD445L Static RAM 1024 x 4 CMOS 3-State | 450-650 ns +5 20

Note: * — Read Mode
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NEC

MICROCOMPUTER ALTERNATE SOURCE GUJDE

NEC REPLACEMENT

MANUFACTURER PART NUMBER DESCRIRTION
AMD AMB8080A/9080A Microprocessor (2.0 MHz) uPD808SOAF
AMB8080A-2/9080A-2 | Microprocessor (2.5 MHz) uPD8B08OAF-2
AMB8080A-1/9080A-1 [ Microprocessor (3.0 MHz) 1PD8080AF-1
AMB8085A 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) uPB8212
AMS8214 Priority Interrupt Controller uPB8214
AM8216 Bus Driver, Inverting uPB8216
AM8224 Clock Generator/Driver uPB8224
AM8226 Bus Driver, Non-Inverting uPB8226
AM8228 System Controller 4PB8228
AM8238 System Controller uPB8238
AM8251 Programmable Communications Interface uPD8251
AM8255 Programmable Peripheral Interface uPD8255
AM8257 Programmable DMA Controller uPD8257
AM8355 Programmable Peripheral Interface uPD8355
with 2048 x 8 ROM
AM8048 Single Chip Microcomputer uPD8048
INTEL 8080A Microprocessor (2.0 MHz) uPD8080AF
8080A-2 Microprocessor (2.5 MHz) uPD8080AF-2
8080A-1 Microprocessor (3.0 MHz) UPD8080AF-1
8021 Microcomputer with ROM uPD8021
8035 Microprocessor uPD8035
8039 Microprocessor 1PD8039
8041 Programmable-Peripheral Controller uPD8041
with ROM
8048 Microcomputer with ROM uPD8048
8049 Microcomputer with ROM ©PD8049
8085 Microprocessor uPD8085A
8155 Programmable Peripheral Interface uPD8155
with 256 x 8 RAM
8156 Programmable Peripheral Interface uPD8156
with 256 x 8 RAM
8212 1/0 Port (8-Bit) uPB8212
8214 Priority Interrupt Controller uPB8214
8216 Bus Driver, Non-Inverting uPB8216
8224 Clock Generator/Driver uPB8224
8226 Bus Driver, Inverting uPB8226
8228 System Controller uPB8228
8238 System Controller uPB8238
8243 1/0 Expander - uPD8243
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MICROCOMPUTER ALTERNATE SOURCE GUIDE

NEC

MANUFACTURER PART NUMBEé\' DESCRlI"TION’ NEC REPLACEMENT
INTEL (CONT.) 8251 Programmable Communications Interface uPD8251
(Async/Sync)
8251A Programmable Communications Interface uPD8251A
(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 Programrhable DMA Controller uPD8257
8257-5 Programmable DMA Controller uPD8257-5
8259 Programmable Interrupt Controller uPD8259
8259-5 Programmable Interrupt Controller uPD8259-5
8279-5 Programmable Keyboard/Display Interface uPD8279-5
8355 Programmable Peripheral Interface with uPD8355
2048 x 8 ROM
8741 Programmable Peripheral Controller with uPD8741
EPROM
8748 Microcomputer with EPROM uPD8748
8755A Programmable Peripheral Interface with uPD8755A
2K x 8 EPROM
NATIONAL INS8080A Microprocessor (2.0 MHz) uPD808OAF
INS8080A-2 Microprocessor (2.5 MHz) MPD8080AF-2
~ INS8080A-1 Microprocessor (3.0 MHz) uPD808OAF-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
8238 . System Controller . uPB8238
INS8251 Programmable Communications Interface uPD8251
INS8253 Programmable Timer uPD8253
INS8255 Programmable Peripheral Interface uPD8255
INS8257 Programmable DMA Controller uPD8257
INS8259 Programmable Interrupt Controller uPD8259
T.I. TMS8080A Microprocessor (2.0 MHz) uPD8B08BOAF
TMS8080A-2 Microprocessor (2.5 MHz) UPD8080AF-2
TMS8080A-1 Microprogessor (3.0 MHz) uPD8B0O80AF-1
SN74S412 1/0 Port (8-Bit) uPB8212
SN741S424 Clock Generator/Driver uPB8224
SN74S428 System Controller uPB8228
SN745438 System Controller uPB8238
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p#COM-42 4-BIT SINGLE CHIP MICROCOMPUTER

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

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

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

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

FEATURES e Stand Alone 4-bit Microcomputer
e All 72 Instructions are Single Byte
e 10 usec Instruction Cycle
e 1920 x 10-Bit Program Memory (ROM)
e 96 x 4-Bit Data Memory (RAM)
e 4-Level Stack
e 2 Interrupt Request Lines
e 1/0 Compatible with TTL
e 10 Discrete Output Ports (Fg-Fg)
e Two 8-Bit Output Ports (Ug-U7, Rg-R7)
e One 4-Bit Input Port (Kg-K3)
e One 4-Bit Input/Output Port (Sg-S3)
e One Single Bit Testable Input Port (Kg)
e Single Phase TTL Level Clock (200 KHz Max.)
e Single Supply, =10V PMOS Technology
e 42 Pin Plastic Dual-in-Line Package

PIN CONFIGURATION  peq 7 ""T3h 4

! PIN NAMES
Ko 2 4103 Vgg(-10V)
K1 3 400 K4 RES Reset
Ko 4 390R7 ~ P
K3 Q 5 38fRe Ko—K3 Input Port
TESTO 6 37[ARs TEST ~ Input for Testing
go E 7 36324 (Normally Vgg)
1 8 35 3
sod o 34§ Ry Sp—S3 Input/Output Port S
Sz 10 PD 33 R4 1A, IB Interrupt Input Ports
g s 3201 Ro Fo—F Output Port F
- t
8 012 548 310 U7 o-Fog utput Por
Fo Q13 300 ug Ug—U7 Output Port U
F1 4 . 2900 uUs RA_R o)
—R7 utput Port R
F2 415 280 ug - 0
F3 016 27 u3 K Input Port for
Fq Q17 “26[0 Uy 4 * Condition Test
Fs 18 263 Uy o Clock Input
Fe 19 241 Ug
F7 Q20 23[J Fg
GND [ 21 220 °Fg
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Program Counter

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

Stack Register

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

ROM (Read Only Memory)

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

RAM (Data Memory)

The data memory is a 96 x 4-bit RAM addressed by a 7-bit data pointer (DP). The RAM
is divided into six rows of 16 4-bit columns each. The 7-bit data pointer consists of an

upper 3-bit register (DPH) which selects the row address and a lower 4-bit register (DPL)

‘which selects the column address.

DPH DPL

[D;[ 2 ] 1 !0 l (column)

0 12 3456 789 ABCDEF

(row)

A WN = o

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

s COM-42

Internal Registers

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

1/0 Ports

The R port is an 8-bit parallel port that may be loaded from the Q register for digit
strobing or loaded with the 4-bit TR and the 4-bit DPL for external RAM addressing.
The U port is an 8-bit parallel port that is loaded with immediate data. It is usually

‘used for outputting segment information for display and digit information for key

scanning. The K port is a 4-bit input port that is usually used for key scan input. The
K4 port is a single bit port that is testable by software. The S portis a 4-bit parallel
1/0 port that is typicélly used as the data bus to external RAM. The F port consists of
ten discrete output lines that can be individually set or reset under program control.

Interrupt Ports

INSTRUCTION SET

Two interrupt input lines, A and 1B, are available to accept an interrupt request when
interrupts are enabled. IA has a higher priority level than I1B. Thus when concurrent
interrupts occur on both A and IB only the IA interrupt is accepted and both are
disabled. But a single IB interrupt disables only the IB interrupt and leaves |A
enabled.

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

CONDITIONS J
MNEMONIC CYCLES DESCRIPTION FOR SKIP
CMA 1 Acc- (Ace)
ClA 1 Acc: (Aco)+1
INA 12 Acc: (Acg)+1 . Carry = 1
DEA 12 Acc: (Accl-1 Borrow / 1
RFC 1 c- o0
SFC 1 [
DsSM 1 Decimal Subtract Mode
DAM 1 Decimal Add Mode
AD 1/2 Acc- (Acc) + [DP) Carry - 1
ADC 1 Acc.C- (Acc) + [DP] + (C)
ADI 12 Acc: (Acg) 131211 g Carry = 1
e ! 065 (Db ¥ Mz by Mo
xw : OFes (0P40) ¥ M i W
(Acc) -+ [DP]
XMI V2 . DPy - (DP) ¥ My M1 Mg (DP) < 8or (DP) - O
DP_- (DP)+1
(Acc) = [DP], DPy + (DPy)
XMD 172 MoM1Mg, DP« (DPL) -1 (DP) = F or (DPL) - 7
LI 1 Acc- 13121119
LDI ] DP- 1g-1g
IND 12 OP| - (DP) +1 (DP_) = Bor (DP) = 0
DED 12 DPy_« (DPL) -1 (DP) = F or (DP) - 7
XDP 1 . (DP)-- (DP')
ZAG 1 000DP__ - (DP)
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CONDITIONS l
MNEMONIC CYCLES DESCRIPTION FOR SKIP
XTA 1 (Acc) = (TR)
(R 1 TR<I31211 1
as1 1 Qn+1+<0n Qo<
Qso 1 Qp41+Qp Qo0
SB . 1 [DP, B4, Bg) <1
RB 1 [DP, By, Bol <0
SBT 12 Skip if [DP, Bq, Bg) = 1 ByBg=1
sC 12 " Skip if (C) =1 (=1
SEM 1/2 Skip if (Acc) = [DP] (Acc) = [DP]
SEI 112 skip if (Acc) =13 1211 1g (Acc) =13 1211 I
SK4 12 Skip if Kq= 1 Kg=1
T 1 PC — (TR), Pg-0
P <P,

JPA ! sz:?,«- PZ:V (Aco)
Jcp 1 PC-0 « Pg-0
CAL ! L(S:Tf ?go:::; P4 P3P2 Py P
RT 1 PC« [STACK]
TS 2 P ircrer
EIA 1 Enable 1A port
DIA 1 Disable |A port
EiB 1 Enable I8 port
DIB 1 Disable IB port
o : Rt
ERO 1 Enable R port.
DRO 1 Disable R port
0QR 1 R - (Q)
OTR 1 R7-4 < (TR), R3—g — (DP( )
SFS 1 S~ (Ace)
RFS 1 S port input Mode
1S 1 Acc<S
1K 1 Acc-K i
RF1 1 Fq<0
SF1 1 Fqe1
RF2 1 Fp <0
SF2 1 Fa—1
RF3 1 F3<0
SF3 1 F3<1
RF4 1 F4+-0
SF4 1 Fa1
RF5 1 F5—0
SF5 1 Fg—1
RF6 1 Fg<0
SF6 1 Fg—1
RF7 1 F7¢0
SF7 1 F71
RF8 1 Fge0
SF8 1 Fg«<1
RF9 1 Fg-0
SF9 1 Fo<1
RFO 1 Fg«0
SFO 1 Fo—1
NOP 1 No Operation g
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NEC Microcomputers, Inc. | | - uPD548

DESCRIPTION

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS

AC CHARACTERISTICS

j+ COM-42 SINGLE CHIP MICROCOMPUTER

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

Operating Temperature . . . .. ..o oot e oo e -10°C to +70°C
Storage Temperature ... ................. e -40°C to +125°C
SUPPIY VOIage VGG « v v v v vv e et vt e e -15 to +0.3 Volts
Input Voltages. . . ................... e =40 to +0.3 Volts
OULPUL VOITAGES « o v e v v oo e e e -40 to +0.3 Volts

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

*Ta=25°C

Ta=-10°C t0 +70°C; VGG = =10V + 10%

LIMITS TEST
PARAMETER SYMBOL|MIN | TYP| MAX JUNIT CONDITIONS
Input High Voltage ViIH 0 - 20] V
Input Low Voltage ViL -4.3 VGG \ A
Output High Voltage | VOH1 - 30| V [loH=-4mAa®
. ' IoH=-1mA
: - 1. Vv
Output High Voltage VOH?2 1.0 (for S port outputs)
Input Leakage i _
Current High ILIH *+10 KA V1= 1\/‘
Input Leakage -
Current Low i 30 KA VI 36v
Output Current High | IoH -1.0 mA [VoH=-1V
Output Leakage _ __
Current Low Lot 30 KA Vo 36\_/
Output Leakage ) _ Vo =-5V
Current Low lLoL2 10 HA (for S port outputs)
Supply Current GG ~30 | -60 mA
Note: @ For R port, and when only 1 bit is ON (high level)
Ta=-10°Cto +70°C; VGG = - 10V * 10%, unless otherwise noted
LIMITS TEST
PARAMETER SYMBOL|MIN | TYP] MAX | UNIT| CONDITIONS
Clock Frequency fo 100 200 | KHz
Clock Pulse Width tpw 2.25 us
Clock Rise-Fall Time| tr, tf 0.5 | wus
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T, = 25°C; VGG = -10V * 10%, unless otherwise noted. . CAP:A,CIT’.AN,CE .
CIMITS TEST o '
PARAMETER SYMBOL | MIN | TYP | MAX | UNIT | CONDITIONS
Capacitance, Any A oeE
Input Except S Ci 15 pE-
Capacitance, Any _
Output Except S Co. 15 Pk =1z
S Port ) :
F..
Capacitance CIO 15 LA

1/5¢ CLOCK WAVEFORM

[— tW ] - t Y W ]

PACKAGE OUTLINE

A LPD548C
B H
1y S -
P—l_t \
— ’

ITEM | MILLIMETERS INCHES
A 56.0 MAX 2.2 MAX
B 2.6 MAX 0.1 MAX
C 2.54 0.1
D 0.5*0.1 0.02 + 0.004
E 50.8 2.0
F 1.5 0.059
G "3.2MIN 0.126 MIN
H 0.5 MIN 0.02 MIN
I 5.22 MAX 0.20 MAX
J 6.72 MAX 0.22 MAX
K 15.24 0.6
L 13.2 0.62 .
M 0.3+ 0.1 0.01 + 0.004

SP548-9-78-GN-CAT
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NEC Microcomputers, Inc. puPD555

EVACHIP-42

DESCRIPTION  The uPD555 is a system evaluation chip designed to support both hardware and software
debugging of the uCOM-42 (uPD548) one-chip microcomputer system. )
The uPD555 and the uPD548 have the same functionality in all aspects except that the
1PD555 does not contain a read only memory, but provides addressing capability to
external memory and HOLD function for step-by-step operation.

4-Bit Parallel Processor

FEATURES

L]
e Powerful 72 Instruction Set Including Decimal/Binary Arithmetic Operations
e 10 us Instruction Cycle Time ) P
e Addressing Capability up to 1920 Words by 10-Bits of External Program Memory
e 96 Words by 4-Bit Data Memory On Chip
e 4-Level Subroutines
e Two Interrupt Input Lines (IA and 1B)
e HOLD Capability
e A Variety of Input/Output Ports —
— 10 Discrete Output Ports (Fg-Fq)
— Two 8-Bit Output Ports (U3-Ug, R7-Rg)
— 4-Bit Input Port (K3-Kq)
— 4-Bit Input/Output Port (S3-Sp)
1/0 Level Compatible with uPD5101
— 1-Bit Test Input Line
e P-Channel MOS
e Open Drain Output
e Single Power Supply: =10V
e Auvailable in a 64 Pin Ceramic Dual-in-Line Package
PIN CONFIGURATION eno 7 ~/ Galduo
P32 63 [J U1
P2z 62 [Ju2
P14 61{Jus
rods 60[Jua
A6 6 59 [JUs
‘A\iE ; f% g BG PIN NAMES
2 7
A30Oo 56 [JFog Po—P3 Page Output
2? E :? gi g E‘; ~ Ao-As ‘Address Output
aAoldi2 53 [ Fe Iog—1lg Instruction Input
o3 52 [ Fs HOLD HOLD Input
:; E :g ;(1) g Eg Ro—R7 Output Port R
381 uPD a9 F2 3 Clock Input
1417 555 a8 I F1 “RES Reset Input
:g E :3 2‘75 3 ;3 Ka K4 Test Input Line
17020 45 [Js2 Ko — K3 K Input Port
18 21 44 [ S1 © TEST IC Test Input
HOLIEQJ E zg i :g %f'g A, 1B ] Interrupt Input
Ro [ 24 41 118 So - S3 Input/Output Port S
2; ;Z gg g;EST . Fo—Fg Output Port F
3 -
r3 [27. 38 [JK2 Ug - Uy Output Port U
Ra 28 377 [3K1 o
Rs5 [J29 36 [J Ko
Re £J30 - 35 [ Ka
R7 31 34 [JRES
(-10v) vae Q32 33[Jo
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Uro Fg Fo HOLD A 1B Ka

PD555

DEC. & L
U0 I Fg Fo CONTROL G ‘o0

P3.0

R70c‘ R7.0K—— 70 A0
4

: l TRI4) I [ pCii) I

' &

2
3

< <

DP | DPL | |OPH [OPY

l ALU

RAM DEC C | (DAF| [DSF
RAM RAM
96 x 4 Buffer Accia) — o
Sr
~—— RES
}
$3.0 TEST K3.0
Operating TempPerature . o o v v v v e v e e i e e e ans -10°C to +70°C
Storage Temperature . ... ..o vttt i i e -40°C to +125°C
Supply Voltage VGG - .. . . - e =15 to +0.3 Volts
AlINput Voltages . o v v v v v ot e et et et e e ~20 to +0.3 Volts
All Output Voltages . . . ... oo v i i e e e n s e -20 to +0.3 Volts

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

*T,=25C
Ta=25°C
LIMITS TEST
PARAMETER SYMBOL{MIN | TYP] MAX JUNIT|CONDITIONS
Input Capacitance Cy 15 pf
Output Capacitance Co 15 pf f=1MHz
Input/Output Capacitance Cio 15 pf
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DC CHARACTERISTICS Ta=-10°C to +70°C; VGG = -10V * 10%, unless otherwise noted.

AC CHARACTERISTICS

1 PD555

LIMITS

) TEST
PARAMETER SYMBOL | MIN | TYP | MAX UNIT ‘CONDITIONS
High Level Input VIH 0 220 | v
Voltage
Low Level Input ViL1 -4.3 v S, ¢, 19.0
Voltage ViL2 -7.0 Vv Except S, ¢, I9-0
High Level Input ILIH +10 HA Vi=-1Vv ~
Leakage Current '
Low Level Input e -10 WA V=11V
Leakage Current
High Level Omput IOH -1.0 mA [ Vo =-1V, except
Current S port
Low Level Output |LOL1 ;‘_30 HA Vo =-11V,
Leakage Current : except S port
High Level Output VOH -1.75 \% IOH = -100 pA,
Voltage S port
Low Level Output lLoL2 -10 HA Vo =-5V,
Leakage Current S port
Power Supply GG -30 | -60 mA
Current :
Ta=-10°Cto +70°C, VGG = -10V * 10%, unless otherwise noted. -
, ' LIMITS TEST
PARAMETER SYMBOL | MIN | TYP | MAX UNIT CONDITIONS
Clock Frequency fp 100 200 KHz
Clock Pulse Width |  tgw 2.25
Clock Rise and tr, tf 0.5 s
Fall Times
Input Setup Time tIs 2.5 us CL= 100 pF,
from Output RL = 5.1 KQ
CL 37
P30
A6-0
RL
“5v.
LOAD CIRCUIT




W PD555

-
I_jng

90 J
7/
__________________________ e
il A i
[ B D | O | | | )N | D | | | | D | | N | N || N OO
40
! 4
E F
K_—
——
M o ‘5-4—1 —o
ITEM MILLIMETERS INCHES
A 82.0 MAX 3.23 MAX
B 16 0.063
C 2:54 0.1
D 0.43+0.1 0.017 + 0.004
E 78.8 3.1
F 1.27 0.05
G 3.2 MIN 0.13 MIN
H 13 MIN 0.05 MIN
1 3.9 0.154
3 5.2 MAX 0.205 MAX
K 22.96 0.904
L 20.3 0.8
M 0.3 0.1 0.012 £ 0,004
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NEC Microcomputers, Inc.

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

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

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

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

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

FEATURES e Stand Alone 4-Bit Microcomputers for Control Applications

® Powerful Instruction Set Capable of: Binary Addmon Decimal Addition and
Subtraction; Logical Operations .
® 10 us Instruction Cycle
® Choice of ROM Size: 2000 x 8 — uCOM-43
1000 x 8 — uCOM-44
1000 x 8 —uCOM-45
640 x 8

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

® Choice of I/0 Power: .35 lines — uCOM-43
35 lines — uCOM-44.
21 lines — uCOM-45

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

On-Chip Clock Generator

Open Drain Outputs

Choice of PMOS or CMOS Technoiogy, Both Requiring Single Supplies
Available in 42 Pin or 28 Pin Plastic Dual-in-Line Packages -

e o o o o o
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(LCOM-43/44/45

./

CL1 1 423 CLo
PCo O 2 4103 vgi(-10V)
PC1(Q 3 400 PB3 PIN NAMES
ggz E g gg :j! :zg? ClLg—CL4 External Clock Source
I—N—'? O s 37b PBo Ft?g—PCs\ Input/Output Port C
RES C 7 36 j PA3 INT Interrupt Input
PDo] 8 35[3 PA2 RES i Reset
PD1[] 9 341 PAq PDo—PD3 Input/Output Port D
PD2 [J10 uCOM 33 PAg PEQ—PE3 Output Port E
PD3 11 43/ 321 PIp PFo—PF3 Output Port F
PEp 12 a4 313 Plq TEST Input for Testing
PE1 (]13 30{d Plg (Normally GND)
PE2 E 14 29 ) PH3 PGo—PG3 "Output Port G
PE3 15 281 PH2 PHo—PH3 Output Port H
PFo 16 270 PH4 Plo—Pl3 Output Port |
PFy O17 26{] PHg PAQ—PA3 Input Port A
PF2 [J18 25[1 PG3 PBo—PB3 Input Port B
PF3 19 241 PG2
TEST J20 2301 PG1
0V) GND [0 21 221 PGo
coir ~  28p.cLo
PCo ) 2 2781 VGG(-10V) PIN NAMES
pc1 O3 261 RES
PCo 14 2501 INT CLg—CL4 External Clock Source
PC3 E 5 2417 PA3 PCy—PC3 Input/Output Port C
PDo—PD. | /0 Port D
PDOE 6 23: PA2 0 3 nput/Output Port
E 7 COM 2.2 : PA PE)—PE3 Output Port E
PD1 K 45 1 1 PFQ—PF:; Output Port F
PD2E 8 213 PAD PGo Output Port G
P30 9 2003 PGo PAQ—PA3 Input Port A
PEQ 1o 19[J PF3 INT Interrupt Input
PE 11 18[1 PF2 RES Reset
PE2 12 17030 PF1q
PE3[]13 16[] PFo
vss(oviC}ia 15[ TEST
UP/DOWN INSTRUCTION-BUS 8 bit
I COUNTER I
el
Pig.2 |
RAM <‘:j —
DECODER %N
PHo.3C¢H OPL ‘T]: R conTROL
v DECODE L ROM
2000x8
s —J|| T&m i
RAW ]
PFQ.3 F 96x4 — S2 8 bit
N
Bt e (TR
C—)|BUFFER 8 bit
Feos ° 4 STACK 0
1/0 INTERRUPT STACK 1
o INTERFACE TIMER CONTROL STACK 2
c 8 A €6 © I |
cLock
PCo.s PBo.;  PAQ3
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BLOCK DIAGRAMS
#COM-44

uCOM-45

FUNCTIONAL
DESCRIPTION

UP/DOWN
COUNTER

(LCOM-43/44/45

INSTRUCTION—-BUS 8 bit

Flo-2 I RAM
: [ DECODER

CONTROL

DECODE

8 b

1o

8 bt

INT

ROM
1000x8

lNTERFACE d FIF
Cloo© cLoek o
cLyo GENERATOR iNT  RES
PCo 3 PBU 3 PAO 3 :
UP/DOWN INSTRUCTION - BUS 8 bit
COUNTER
;]
RAM ~
DECODER
—
17 ALY CONTROL
- &
M ™ DECODE L ROM
B . 64058
—
PGo G 1000x8
DPY 4bn
RAM
PFo-3 . 32x4 8
4t ]
< =
PE0-3 € . RAM Acc
Pt QBUFFER 8 b
PDg.3 3}
4 b
0 INT
— INTERFACE FiF
c A
Cloo cLock o
cLio GENERATOR iNT  RES
PCo-3 PAQ-3 -

Program Counter

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

Stack Register

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

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

The RAM is orgamzed ina muln row by 16 column configuration. It is addressed by a
data pointer of which the higher bits (DPH) address the row and the lower bits (DPL)
address the columri, The exact RAM size for each device is shown below.

- ROW/COLUMN
RAM ORGANIZATION DPH DPL
LCON-43 96 x 4 6x16 T3
LCOM-44 64 x 4 4x16 2
LCOM-45 32x4 2x 16 1 4

Internal Registers

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

Flag Register (1COM-43 Only)

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

Working Registers (uCOM-_43 Only)

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

Programmable Interval Timer (LCOM-43 Only)

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

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

1/0 Ports

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

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

Output Ports (4 bits each): E, F, G @ HO
Output Ports ; (3 bits): | ®

Notes: @D Not on uCOM-45,

@ G Port on uCOM-45 is a single line.
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FUNCTIONAL
DESCRIPTION (CONT.)

In order to provide flexible and efficient use of these 1/0 ports, a variety of input/

output instructions are prowded which enable single bit set/reset single bit test and

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

K 1/0 instructions are divided into two types, the ones dedicated to specific ports and the

' ones that use the 4-bit data in the DPL to select a desired port. The former include such

- instructions as'|A and OE that specifically access port A and E, respectively. The latter
require that a 4-bit code assigned to the desired port be loaded into the DPL using data
pointer manipulation instructions prior to 1/O instruction execution. }

.~ “INSTR UC?NON SET ~ The uCOM-43 has an 80 instruction set. The uCOM-44/45 have a.58 instruction subset
- R ) . .. of the ‘UCOM-43. The-majority of the 22 instruction difference’is related to added
'har/dwar‘e features of the HCOM-43. The instruction set is summarized below.

MNEMONIC " BYTES CYCLES 'DESCRIPTION CONDITION FOR SKIP
CLA 1 1 Acc—0
CMA 1 1 ACC—(AGE)
:CIA™ 1 1 Acc—=(Agc)I+1 . ]
. INC | 23 Acc—(Acc)+1; skipif Carry - Carry
: DEC =1 e 1/2j5 Acc—(Acc)=1/skip-if Borrow - Borrow
CLC 1 i1 c—0 T
STC 1 K c—1
AD . 1 1/2-3 Acc—(Acc)+[(DP)]; skip if Carry Carry
ADS 1 e :(?;:;{CC‘;:QCCHUDP)]HC)' Carry
ADC 1 1 Acc. C—(Acc)+[(DP)]+(C)
DAA 1 1 Acc—(AgC)6
DAS 1 1 ACCACCIH10
EXL 1 1 ~ Acc—{Acc) v [(DP)]
LI 1 1 Acc—I3121110
S 1 1 [(DP)] —(Acc)
L 1 1 Acc+L(DP)]
LM 1 1 Acc—LIDP)]; DPH<—<DPH)«70M1M0
X 1 1 (Acc)=[(DP)]
XM 1 1 (Acc)=I[(DP)]; DPH«(DPH)+0M1Mg
x0 1 T
(Acc)=[(DP)] ; DPH—(DPR)¥OMqMg;
XMD ! oo g???_g'(lalélz).‘i;gki;‘if ((DPt))=F e {DPLI=F
Acc)=[(DP)] ; DP«(DP)+1;
xi 1 - ikigcif’([[)‘PL)fo L(DPL (DP()=0
Acol= . DPR—(DPR) ¥ OMq Mg; i
xmi ! e :i)ﬁig(tfg‘zm;s[;iﬁifiop':Lo e (DPL)=0
LDI 2 2 DP—lg-lg
LDz 1 1 ~ DPQ—0; DP_—13121710 -
DED 1 1723 DP —(DP| )=1; skip if (DP|)=F [OPL=F
IND 1 1273 " DP|_<(DP()*+1; skip if (DP )=0 (DPL)=0
TAL 1 1 DP~(Acc)
TLA 1 1 Acc—(DPL)
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INSTRUCTION SET

MNEMONIC

CYCLES

DESCRIPTION

CONDITION FOR SKIP

SMB 1 1 {(DP, B1Bg) 11
RMB 1 1 [(DP, B1Bg)1 <0 .
T™B 1 72s skip i [(DP, B1BQ)I =1 T(BP, B1Bg)] =1
TAB A 1/2-3 skip if (Acc(B1Bp))=1 (Acc(B1Bg))=1
1 skip if (Acc(B1Bg))=1(DP, B1Bg)] (Acc(B1Bp))=[(DP, B1Bq)]

cm 1 123 skip if (Acc)=1(DP)] (Acc)=1(DP)]

Cl 2 2/3-4 skip if (Acc)=13121110 (Acc)=13l2111g
CLI 2 2/3-4 skip if (DPy )=131211lg (DP)=13l21q1g
TC 1 1/2-3 skip if (C)=1 (c)=1 :
TT 1 1/2-3 skip if (INT F/F)=1;INT F/F<0 (INT F/F)=1

JCpP 1 1 PCs.0P5-Po

JmpP 2 2 PC~P1o-Po

JPA 1 2 PCg.0<A3A2A1A00

STACK—(PC)

czP ! ! PC—00000P3P2P1PQ00

CAL 2 3 STACK—IPCI; PC—P10-Po

RT 1 2 PC—{STACK) v

RTS 1 34 PC—(STACK); PC_{PCIT1,2 Unconditional

1 PORT E (B1Bq)—1

REB 1 1 PORT E (B1Bgl—0

SPB 1 1 PORT (DPL, B1Bg)—1

RPB 1 7 PORT (DPL, B1Bg)—0

TPA 1 24 skip if (PORT A {BBgl)=1 PORT A (B1BgN=1
TPB 1 s skip if (PORT (DL[, B1Bol=1 {PORT (DP, B1BgI=1
OF 1 2 PORT E—(Acc)

op 1 i PORT (DPL)— (Aco)

) 2 2 PORT C,D~17-1g

A 2 2 Acc—(PORT A)

P 1 1 Acc—(PORT (DP))

NOP 1 1 No Operation

@BE These instructions apply only to the uCOM-43.
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NEC

NEC Microcomputers, Inc. 1PD546

s COM-43 SINGLE CHIP MICROCOMPUTER

DESCRIPTION The uPD546 is the standard version of the u.COM-43. This PMOS, -10 volt part is
designed to have TTL-level compatible inputs and is easily interfaced to external static
RAM. As a uCOM-43, it includes 2000 x 8 ROM, 96 x 4 RAM and 351/0 lines in a
42 pin plastic dual-in-line package.

ABSOLUTE MAXIMUM  Operating TEMPerature .. ... ........ooueieeenennen.n -10°C to +70°C

RATINGS*  Storage TeMpPerature . . ...« v vvvvevie v iie i i e e ~40°C to +125°C
Supply Voltage. « .« o v vt e -15to +0.3 Volts
INPUE VOITAGES « -« v v v e e e e e e -15 to +0.3 Volts
Output Voltages . - . v v oot i e e -15 to +0.3 Volts
OULPUL CUITENT. &« o o ot et et e e e e e e e e e e e e s -4 mA

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

*Ta=25"C

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

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

139



(PD546

Ta=25°C, f=1MHz

LIMITS
PARAMETER SYMBOL|MIN | TYP| MAX] UNIT| TEST CONDITIONS
Input Capacitance Ci 15 pf .
Output Capacitance Co 15 pf f=1MHz
Input/Output Capacitance Cio 15 pf
1/f
OV———-
—— _=G.8V
— — -=-6.0V
VGG-— — ——

>

—
7
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ITEM | MILLIMETERS | INCHES

A 56.0 MAX 2.2MAX

B 2.6 MAX 0.1 MAX

c 2.54 0.1

D 0.5+0.1 0.02 % 0.004

E 50.8 2.0

F 15 0.059

G 3.2MIN 0.126 MIN

H 0.5 MIN 0.02 MIN

i 522 MAX | 0.20 MAX

J 572MAX | 0.22MAX

K 15.24 0.6

L 13.2 0.52

™ 0.3%0.1 0.01 £ 0.004

CAPACITANCE

CLOCK WAVEFORM

PACKAGE OUTLINE
uPD546C

SP546-9-78-GN-CAT



NEC

NEC Microcomputers, Inc. |  uPD547

/LCOM-44 SINGLE CHIP MICROCOMPUTER

DESCRIPTION  The uPD547 is thé standard version of the uCOM-44. This PMOS, —10 volt part is
. designed to have TTL-level compatible inputs and is easily interface