

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































National
Semiconductor

DM77/87SR183

(1k x 8) 8k-Bit Registered TTL PROM

General Description

The DM77/87SR183 is an electrically programmable
Schottky TTL read-only memory with D-type, master-slave
registers on-chip. This device is organized as 1024 words by
8-bits and is available in the TRI-STATE® output version.
Designed to optimize system performance, this device also
substantially reduces the cost and size of pipelined micro-
programmed systems and other designs wherein accessed
PROM data is temporarily stored in a register. The
DM77/87SR183 also offers maximal flexibility for memory
expansion and data bus control by providing both synchro-
nous and asynchronous output enables. All outputs will go
into the “OFF” state if the synchronous chip enable (GS) is
high before the rising edge of the clock, or if the asynchro-
nous chip enable (G) is held high. The outputs are enabled
when GS is brought low before the rising edge of the clock
and G is held low. The GS flip-flop is designed to power up
to the “OFF"” state with the application of Vgc.

~Data'is read from the PROM by first applying an address to"

inputs AO-A9. During the setup time the output of the array
is loaded into the master flip-flop of the data register. During
the rising edge (low to high transition) of the clock, the data
is then transferred to the slave of the flip-flop and will ap-
pear on the output if the output is enabled. Following the
rising edge clock transition the addresses and synchronous
chip enable can be removed and the output data will remain
stable.

__.__expansion .

The DM77/87SR183 also features an initialize function,
INIT. The initialize function provides the user with an extra
word of programmable memory which is accessed with sin-
gle pin control by applying a low on INIT. The initialize func-
tion is asynchronous and is loaded into the output register
when INIT is brought low. The unprogrammed state of the
INIT is all lows.

PROMs are shipped from the factory with lows in all loca-
tions. A high may be programmed into any selected location
by following the programming instructions. Once pro-
grammed, it is impossible to go back to a low.

Features

@ Functionally compatible with AM27S35

B On-chip, edge-triggered registers

m Synchronous and asynchronous enables for word

@ 24-pin, 300 mil thin-dip package

o 35 ns address setup and 20 ns clock to output for
maximum system speed

W Highly reliable, titanium tungsten fuses

B TRI-STATE outputs

B Low voltage TRI-SAFET™ programming

@ All parameters guaranteed over temperature

Block Diagram

Ay
Ag —
A Pin Nai
A — ‘3553“ > 128 WORD X 64 BIT ! Ll
A5 — DECODER v PROGRAMMABLE FUSE ARRAY Ao_Ag Addresses
Ay —]
Aa — c Clock
l l l L 1 l 1 G Output Enable
22— - GND Ground
Ay—] 1oFe R —
Ao—] occonen y /B MULTIPLEXER GS Synchronous
Output Enable
l l 1 l 1 1 1 I INIT Initialize
INITIALIZE WORD
INIT Qo-Q7 Qutputs
c ) 8.BIT EDGE-TRIGGERED REGISTER Veo Power Supply

Qy Qg Qs Q4 Q3

B IRaarapaparapapaya]

0, 0 Qg

TL/D/8351-1
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National
Semiconductor

DM77/87SR193

(2k x 8) 16k-Bit Registered TTL PROM

General Description

The DM77/87SR193 is an electrically programmable
Schottky TTL read-only memory with D-type, master-slave
registers on-chip. This device is organized as 2k words by 8
bits and is available in the TRI-STATE® output version. De-
signed to optimize system performance, this device also
substantially reduces the cost and size of pipelined micro-
programmed systems and other designs wherein accessed
PROM data is temporarily stored in a register. The
DM77/87SR193 also offers maximum flexibility for memory
expansion and data bus control by providing either synchro-
nous or asynchronous output enables. When using the
asynchronous chip select function, all outputs will go “OFF”
when G is held high. The output wil be enabled when G is
held low. When architecturally programmed to synchronous
chip select, all outputs will go “OFF” synchronous to the
clock if GS is held high before the rising edge of the clock.
The output will synchronously be enabled if held low before
the rising edge of the clock. The GS flip-flop is designed to

_Power up to the "OFF" state with the application of Vo,

Data is read from the PROM by first applying an address to
inputs AO-A10. During the set-up time the output of the
array is loaded into the master flip-flop of the data register.
During the rising edge (low to high transition) of the clock,
the data is then transferred to the slave of the flip-flop and
will appear on the output if the output is enabled. Following
the rising edge clock transition the addresses and synchro-

nous chip enable can be removed and the output data will
remain stable.

The DM77SR193 also features an initialize TNIT. The initial-
ize function provides the user with an extra word of pro-
grammable memory which is accessed with single pin con-
trol by applying a low on INIT. When using the asynchro-
nous initialize SR193, the initialize word is loaded into the
output register when INIT is brought low. The unpro-
grammed state of the initialize word is all lows.

The function of chip select is shipped from the factory as an
asynchronous G function and must be architecturally pro-
grammed to perform the synchronous function, GS.

Features

SR193 compatible with AM27S45

B On-chip, edge-triggered registers

B Architecturally programmable asynchronous/synchro-
__.nous chip select

m Single pin INITIALIZE
a 24 pin, 300 mil thin-DIP package

1 25 ns addresses setup and 15 ns clock to output for

maximum system speed

o Highly reliable, titanium tungsten fuses

@ TRI-STATE outputs

a Low voltage TRI-SAFET™ programming

m All parameters guaranteed over temperature

Block Diagram

A0 —]
A9 —}
A8 =}
A7 —
A5 —
AS —l
M —

10F 128
WORD

DECODER 128 WORD 128-BIT

PROGRAMMABLE FUSE ARRAY

—)

| I A !

A3

a2 —] 10F16

o el

1/16 MULTIPLEXER
DECODER

Al —1
A0 —7

| A

ASYNCHRONOUS INITIALIZE WORD

8~BIT EDGE~TRIGGERED REGISTER

a7

v Ls{ L}7 fo fo L}z

Pin Names
1 l 1 A0-A10 Addresses

(o] Clock

G/GS Output Enable
GND Ground

INIT Initialize
Qo0-Q7 Outputs

Vee Power Supply

Q2 Qt Qo

TL/D/9711-1
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Absolute Maximum Ratings
Above which the useful life may be impaired

Storage Temperature —65°Cto +150°C
Supply Voltage Range —0.5Vto +7.0V
Input Voltage (DC) (Note 1) —0.5Vto Ve
Voltage Applied to Outputs

(Note 2) —0.5Vto +5.5V
Lead Temperature (Soldering, 10 sec.) 300°C
Maximum Junction Temperature (T ) +175°C
Output Current +20 mA
Input Current (DC) —12mAto +5.0 mA

Guaranteed Operating Ranges
Supply Voltage (Vce)

Commercial 5.0V £5%

Military 5.0V £10%
Case Temperature (T¢)

Commercial 0°Cto +75°C

Military —55°Cto +125°C

DC Electrical Characteristics over operating temperature ranges (Note 3)

Symbol Parameter Min Typ Max Units Conditions
VoL Output LOW Voltage 0.45 \ Vee = Min, lp, = 16 mA
ViH Input HIGH Voltage 21 v Guaranteed Input HIGH Voltage
) for All Inputs (Notes 4, 5 & 6)
ViL Input LOW Voltage 08 v Guaranteed Input LOW Voltage
’ for All Inputs (Notes 4, 5 & 6)
VoH Output HIGH Voltage 2.4 v Veoe = Max, lpy = —5.2mA
e Input LOW Current —-180 -300 rA Voo = Max, Viy = 0.4V
1 Input HIGH Current 1.0 40 pA Vce = Max, Viy = 4.5V
— B -———| . Input Breakdown Current _ R |10 omA__ | Voc=Max,ViN=Veo -
Vic Input Diode Clamp Voltage -1.0 -15 \" Vee = Max, Viy = —10mA
lozH Output Current (HIGH 2) 50 A Vee = Max, Vout = 2.4V
lozL —50 B Vcc = Max, Vout = 0.5V
los Output Current —100 mA Vcec = Max, (Note 7)
Short Circuit to Ground (Note 7)
Icc Power Supply Current 60 65 mA 93L425 Commercial
75 mA 93L425 Military
125 mA 93425 Commercial
135 mA 93425 Military

Note 1: Either input voltage limit or input current limit is sufficient to protect the inputs.

Note 2: Output current limit required.

Note 3: Typical values are at Vgg = 5.0V. Tg = +25°C and maximum loading.

Note 4: Static condition only.

Note 5: Functional testing done at input levels V| = Vo Max (0.45V), ViH = VOH Min (2.4V).

Note 6: AC testing done at input levels Viy = 3V, V|_ = OV.
Note 7: Short circuit to ground not to exceed one second.

Note 8: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern.

Note 9: ty measured at twsa = Min. twsa measured at ty = Min.
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93425/93L425

Logic Diagram

32%32
worD [ ‘armar
DRIVER
4 SENSE AMPS
AND y
WRITE
DRIVERS
ADDRESS
ADDRESS
DECODER ADDRESS
AOATAZA3A4  ASAGA7ABAS

Functional Description

The 93425 is a fully decoded 1024-bit read write Random
Access Memory organized 1024 words by one bit. Bit selec-
tion is achieved by means of a 10-bit address AO-A9.

One Chip Select input is provided for easy memory array
expansion of up to 2048 bits without the need for external
decoding. For larger memories the fast chip select access
time permits direct address decoding without an increass in
overall memory access time.

The read and write functions of the 93425 are controlled by
the state of the active LOW Write Enable WE input. When
WE is held LOW and the chip is selected, the data at D is
written into the location specified by the binary address
present at AO through A9. Since the write function is level
triggered, data must be held stable at the data input for at
least twsp(min) PIUS tw(min) PIUS twHD(min) to insure a valid
write. When WE is held HIGH and the chip selected, data is
read from the addressed location and presented at the out-
put O.

!

TL/D/9674-4

The 93425 has a three-state output which provides an ac-
tive pull-up or pull-down when enabled and a high imped-
ance (HIGH Z) state when disabled. The active pull-up pro-
vides drive capability for high capacitive loads while the high
impedance state allows optimization of word expansion in
bus organized systems.

Truth Table
Inputs Output
p— E__ P Mode
CcS WE D (o]
H H X HIGH Z Not Selected
L L L HIGH Z Write 0
L L H HIGH Z2 Write 1
L H X Dour Read
H = HIGH Voltage Level: 2.4V
L = LOW Voltage Level: 0.45V
X = Don't Care HIGH or LOW
HIGH Z = High Impedance State

6-40




©
Commercial §
AC Electrical Characteristics (Note 6) Vo = 5.0V £5%, GND = 0V, T = 0°C to +75°C g
% - H
Symbol Parameter Conditions 93425-25 993:4225510 9:;;?254 ? Units ‘-N"'
Min | Max | Min | Max | Min | Max
READ TIMING
tacs Chip Select Access Time (Figures 3a, 3b) 15 20 35 ns
tzrcs Chip Select to HIGH 2 15 20 35 ns
tAA Address Access Time (Note 8) 25 30 45 ns
WRITE TIMING
tw Write Pulse Width to Guarantee Writing | (Figure 4) 20 20 as ns
(Note 9)
twsp Data Setup Time prior to Write 5 5 5 ns
twHD Data Hold Time after Write 5 . 5 5 ns
twsa Address Setup Time prior to Write 5 5 5 ns
(Note 9)
twHA Address Hold Time after Write 5 5 5 ns
twscs Chip Select Setup Time prior to Write 5 5 5 ns
twHCS Chip Select Hold Time after Write 5 5 5 ns
—tzws— |- Write Enableto HIGHZ--——----—- - 15— | 20 weee oo --- 35 ns - e
twR Wirite Recovery Time 15 20 40 ns
twR Write Recovery Time (93425A) 25 ns
Military
AC Electrical Characteristics (Note 6) Ve = 5.0V £10%, GND = 0V, Tg = —55°C to +125°C
03425-25 93425-40 93425-60
Symbol Parameter Conditions 93425A 93425 Units
Min | Max | Min | Max | Min | Max
READ TIMING
tacs Chip Select Access Time (Figures 3a, 3b) 20 25 45 ns
tzRcs Chip Select to HIGH Z 20 25 50 ns
tAA Address Access Time (Note 8) 30 40 60 ns
WRITE TIMING
tw Write Pulse Width to Guarantee Writing | (Figure 4) 25 25 40 ns
(Note 9)
twsp Data Setup Time prior to Write 5 5 5 ns
twHD Data Hold Time after Write 5 5 5 ns
twsa Address Setup Time prior to Write 5 10 15 ns
(Note 9)
twHA Address Hold Time after Write 5 5 5 ns
twscs Chip Select Setup Time prior to Write 5 5 5 ns
twHcs Chip Select Hold Time after Write 5 5 5 ns
tzws Write Enable to HIGH Z 20 25 45 ns
twr Wirite Recovery Time 20 25 50 ns

Notes on preceding page.
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93425/93L425

Commercial
AC Electrical Characteristics (Note 6) Vo = 5.0V £5%, GND = 0V, Tg = 0°C to +75°C
93L.425-45 93L425-60
Symbol Parameter Conditions | 3042535 | g3 425a 93L425 | Units
Min | Max | Min | Max | Min | Max
READ TIMING
tacs Chip Select Access Time (Figures 3a, 3b) 25 30 40 ns
tzrcs Chip Select to HIGH Z 25 30 40 ns
taa Address Access Time (Note 8) 35 45 60 ns
WRITE TIMING
tw \(l:\ljr(l)ttee l;t;lse Width to Guarantee Writing | (Figures 4a, 4b) 20 35 45 ns
twsp Data Setup Time prior to Write 5 ns
twHD Data Hold Time after Write 5 ns
twsa Address Setup Time prior to Write 5 5 10 ns
(Note 9)
twHA Address Hold Time after Write 5 ns
twscs Chip Select Setup Time prior to Write 5 ns
twHCs Chip Select Hold Time after Write 5 ns
tzws Write Enable to HIGH Z 20 25 45 ns
twr Write Recovery Time 30 35 45 ns
Military
AC Electrical Characteristics (Note 6) Vo = 5.0V £10%, GND = 0V, Tg = —55°Cto +125°C
93L.425-50 93L425-70
Symbol Parameter Conditions 93L425-40 93L425A 93L425 Units
Min | Max | min | max | min | Max
READ TIMING
tacs Chip Select Access Time (Figures 3a, 3b) 30 35 45 ns
tzRcs Chip Select to HIGH Z 25 30 50 ns
taa Address Access Time (Note 8) 40 50 70 ns
WRITE TIMING
tw \(l;\l;:tt: l;t)xlse Width to Guarantee Writing | (Figures 4a, 4b) 35 40 50 ns
twsp Data Setup Time prior to Write 5 10 ns
twHD Data Hold Time after Write 5 10 ns
twsa ?;:;:Z: Setup Time prior to Write 10 10 10 ns
twHA Address Hold Time after Write 5 10 ns
twscs Chip Select Setup Time prior to Write 5 10 ns
twHcs Chip Select Hold Time after Write 5 5 ns
tzws Write Enable to HIGH Z 25 30 45 ns
twr Write Recovery Time 25 40 65 ns

6-42




Vee
3000
0
>
93425 2 6000 ;||=30‘pf
LA . =
TL/D/9674-5
0
>
93425 21 ;Ir- 30%F
L
LOAD B =

TL/D/9674-8
Note: Load A is used for all production testing.
*Includes jig and probe capacitance

FIGURE 1. AC Test Output Load

FIGURE 2. AC Test Input Levels

e
—f.

= =HIGH Z==
{ 0.5V
DATA OUTPUT taos
LOAD B 50% N\ o ;sv
em HOH I wwo o= -.H]GHZ..

1.
ZROS

CHIP SELECT

LOAD A

3a. Read Mode Propagation Delay from Chip Select

ADDRESS 50%

DATA OUTPUTS 50%

3b. Read Mode Propagation Delay from Address
FIGURE 3. Read Mode Timing

TL/D/9674-7

TL/D/9674-8

TL/D/9674~8
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93425/93L425

CHIP SELECT 50%

ADDRESS 507%
1,

DATA INPUT >< 50%
W

WRITE ENABLE Xi 50% 7é

twsp twhp
twsa twha
twscs twrcs
—] <—izw3 ‘_twR
LOAD B—°'f'v— 3\ s0%
DATA OUTPUT ’_'_'_’*:g:‘ Zz_'_'_'_
LoAD A__{ [ 50%

—

TL/D/9674-10

Note 1: Timing Diagram represents one solution which results in an optimum cycle time. Timing may be changed to fit various applications as long as the worst

case limits are not violated.
Note 2: Input voltage levels for worst case AC test are 3.0/0.0V.
FIGURE 4. Write Mode Timing
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93L425A

ADVANCE INFORMATION

1024 x 1-Bit Static Random Access Memory

General Description

The 93L425A is a 1024-bit read write Random Access
Memory (RAM), organized 1024 words by one bit. It is de-
signed for high speed cache control and buffer storage ap-
plications. The device includes full on-chip decoding, sepa-
rate Data input and non-inverting Data output as well as an
active LOW Chip Select line.

Features

m New design to replace old 93L425/93425
m Improved ESD thresholds

| Alpha hard without die coat

m Commercial address access time

93L425A 25 ns max
m Military address access time
93L425A 30 ns max

m Features TRI-STATE® output
m Power dissipation decreases with increasing tempera-
ture

Connection Diagram

16-Pin DIP
— N\
cs—{1 16 f=Vee
T2 15f=D N
A3 14 |~ WE
A2—{4 13|=A9
A3—5 12—~A8
Ad—16 11}—a7
07 10}—A6
GND—{8 9l-as
TL/D/10004-1
Top View

Order Number 93L425ADC,
93L425ADMQB or 93L425APC
See NS Package Number J16A* or N16E*

*For most current package information, contact product marketing.

Logic Symbol
L &4
2] 40CS D WE
31 A1
4 — A2
51 A3
6=t A4 93L425A
9=t A5
10 =1 A6
11— A7
12— A8
Vce = Pin 16 3148 0
GND = Pin8
7

TL/D/10004-3

16-Pin Flatpak

ts—{1 16 v

A——2 150

AMEe—=3 14} WE

A4 13 F==JA9

A5 12 =—=1A8

AAC—]6 11 —=0A7

o—7 10 ——=1A6
GNDE—=138 9 Tm=AS
TL/D/10004-2
Top View

Order Number 93L425AFMQB
See NS Package Number W16A*

*For most current package information, contact product marketing.

Pin Names
Cs Chip Select (Active LOW)
AO-A9 Address Inputs
WE Write Enable Input (Active LOW)
D Data Input
(e} Data Output
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93479

National
Semiconductor

93479

256 x 9-Bit Static Random Access Memory

General Description

The 93479 is a 2304-bit read/write Random Access Memo-
ry (RAM), organized as 256 words by nine bits per word. It is
ideally suited for scratchpad, small buffer and other applica-
tions where the number of required words is small and
where the number of required bits per word is relatively
large. The ninth bit can be used to provide parity for 8-bit
word systems.

Features

m Commercial address time
93479—45 ns max
93479A—35 ns max

| Military address access time
93479—60 ns max
93479A—45 ns max

m Common data input/output

m Features TRI-STATE® output

Connection Diagrams

22-Pin Ceramic DIP

-/

D8 —{1 22=Vee
DQ7— 2 21[—A7
DQ6—13 20 f—A6
Da5—{4 19|=A5
DQ4={5 18|—A4
DQ3—16 17~A3
0Q2—{7 16 —A2

DQt—8 15=A1

pao—9 14—A0

OE-—{10 13=Cs
GND—{ 11 12—~ WE

TL/D/9675~1
Top View

Order Number 93479DC, 93479ADC,
93479DMQB or 93479ADMQB
See NS Package Number J22A*

*For most current package information, contact product marketing.

Optional Processing QR = BurnIn

Pin Names
AO0-A7 Address Inputs
DQO-DQ8 Data Input Outputs

Qutput Enable Input (Active LOW)

Write Enable Input (Active LOW)

Chip Select Input (Active LOW)

8|93 |9

No Connect

28-Pin LCC
228888z
| T T O B |
4 3 2 1 282726
D05 =15 25— A6
04 —{6 2445
03 ~{7 23| A4
D2 —8 Top 22— A3
pat—{9 21} A2
Do —410 20} a1
Ne— 11 19}~ NcC
12 13 14 15 16 17 18
e
2l 2B 22
TL/D/9675-3
Top View

Order Number 93479LMQB or 93479ALMQB
See NS Package Number E28A*

*For most current package information, contact product marketing.
Optional Processing QR = Burn In

Logic Symbol

o
w
(]

o
Ll
(23
17
=
(L]

14— AO
15— A1
=
17—
L vt 93479
20— 46
Ve = Pin22 —_
GND = Pin 11 1=,

TL/D/9675-2
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Absolute Maximum Ratings

Above which the useful life may be impaired

Storage Temperature —65°Cto +150°C
Supply Voltage Range —0.5Vto +7.0V
Input Voltage (DC) (Notes 1, 2) —0.5V to Ve (RAMSs)

—1.5V to Vo (PROMS)

Voltage Applied to Outputs
(Notes 2, 3)
(Output HIGH)

Lead Temperature

—0.5Vto +5.5V (RAMs)
—1.5Vto +5.5V (PROMSs)

(Soldering, 10 seconds) 300°C
Maximum Junction

Temperature (T;) +175°C
Output Current +20mA
Input Current (DC) —12mAto +5.0 mA

Guaranteed Operating Ranges

Supply Voltage (Vco)
Commercial 5.0V 5%
Military 5.0V £10%
Case Temperature (Tg)
Commercial 0°Cto +75°C
Military —55°Cto +125°C

Note 1: Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.

Note 2: Output current limit required.

Note 3: Typical values are at Vo = 5.0V. Tg = +25°C and maximum loading.

Note 4: Static condition only.

Note 5: Functional testing done at input levels ViL = VoL Max) (0-45V), Viy = Vou (min) (2.4V).

Note 6: AC testing done at input levels Vi = 3V, V|_ = OV.
Note 7: Short circuit to ground not to exceed one second.

Note 8: The maximum address access time is guaranteed to be the worst case bit in the memory using a pseudorandom testing pattern.

Note 9: tyy measured at twsa = Min. tysa measured at ty = Min.
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93479

Logic Diagram

A0O—> —> ¢—>72

A—P X P P

A2—H _ DECODE | ¢ MEMORY CELL MATRIX
A3—>] ADDRESS AA 1 OF 32 H 32x8x9-2304
A4—>| BUFFER _‘_::> LN

A5 —> AR

As—> ) pecone |—E-»] corumn seweer (1 oF 8)
A7 10F 8

WE WE-CS R

&S—p| coNTROL Pl READ/WRITE CIRCUITS
= LOGIC | 3| D, Doyr BUFFERS
0E —> OF-CS-WE

Functional Description

The 93479 is a fully decoded 2304-bit random access mem-
ory organized 256 words by nine bits. Word selection is
achieved by means of an 8-bit address AO-A7.

The Chip Select input provides for memory array expansion.
For larger memories the fast chip select access time per-
mits decoding without an increase in overall memory access
time.

The read and write operations are controlled by the state of
the active LOW Write Enable (WE) input. With WE held
LOW, the chip selected and the output disabled, the data at
DQO-DQ8 is written into the addressed location. Since the
write function is level triggered, data must be held stable for
at least twsp(min) PIUS twHD(min) to insure a valid write. To
read, WE is held HIGH, the chip selected and the output
enabled. Non-inverted data is then presented at the outputs
DQO-DQs8.

it

The 93479 has TRI-STATE outputs which provide an active
pull-up or pull-down when enabled and a high impedance
(HIGH 2Z) state when disabled. The active pull-ups provide
drive capability for high capacitive loads while the high im-
pedance state allows optimization of word expansion in bus
organized systems.

DQ5—<4—>]
DQ6—<¢—P
DQ7—4¢—>]
DQ8—<¢—P

TL/D/9675-4

Truth Table
Inputs Data in/Out Mode
s 3 WE DQ0-DQ8
X H X HIGH Z Output Disabled
H X X HIGH Z R W Disabled
L L H Data Out Read
L H L DataIn Write

H = HIGH Voltage Level 2.4V

L = LOW Voltage Level 0.5V

X = Don't Care HIGH or LOW
HIGH Z = High Impedance State
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DC Electrical Characteristics over operating temperature ranges (Note 3)

Symbol Parameter Conditions Min Typ Max Units
VoL Output LOW Voltage Vec = Min, loL = 8.0mA 0.5 Vv
VoH Output HIGH Voltage Ve = Min, loy = —56.2mA 2.4 v
VIH Input HIGH Voltage Guaranteed Input HIGH Voltage 21 v
for All Inputs (Notes 4, 5 & 6) '
ViL Input LOW Voltage Guaranteed Input LOW Voltage 08 v
for All Inputs (Notes 4, 5 & 6) :
[T Input LOW Current Vce = Max, Viy = 0.4V —250 —400 nA
i Input HIGH Current Vee = Max, Viy = 4.5V 1.0 40 HA
liHB Input Breakdown Current Vce = Max, Vin = Voo 1.0 mA
lozH Output Current (HIGH 2) Voo = Max, Vout = 24V 50 HA
lozL Vee = Max, Voyt = 0.5V —50 -400 nA
Ve Input Diode Clamp Voltage Vee = Max, Viy = —10 mA -1.0 -1.5 \"
los Output Current Vecc = Max, (Note 7) -70 mA
Short Circuit to Ground
Icc Power Supply Current Commercial Ve = Max 185 mA
Military All Inputs GND 200
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93479

Commercial
AC Electrical Characteristics (Note 6) Vg = 5.0V £5%, GND = 0V, Tc = 0°C to +75°C
Symbol Parameter Conditions A Std Units
Min Max Min Max :
READ TIMING
tacs Chip Select Access Time 25 25 ns
tzRcs Chip Select to HIGH Z 25 25 ns
taos Qutput Enable Access Time (Figures 3a, 3b, 3d) 25 25 ns
tzros Output Enable to HIGH Z 25 25 ns
taa Address Access Time (Note 8) 35 45 ns
WRITE TIMING
tw Write Pulse Width to Guarantee Writing 25 25 ns
(Note 9)
tso Output Enable Setup Time 5 5 ns
tHo Data Enable Hold Time 5 5 ns
twsp Data Setup Time Prior to Write . 25 25 ns
twHD Data Hold Time after Write (Figure 4) 5 5 ns
twsa Address Setup Time Prior to Write
5 5 ns
(Note 9)
tWHA Address Hold Time after Write 5 5 ns
twscs Chip Select Setup Time Prior to Write 5 5 ns
twHcs Chip Select Hold Time after Write 5 5 ns
Military
AC Electrical Characteristics (Noto 6)Vog = 5.0V £10%. GND = 0V. Tg = ~55°C to +125°C
Symbol Parameter Conditions A Std Units
Min Max Min Max
READ TIMING
tacs Chip Select Access Time 30 40 ns
tzrcs Chip Select to HIGH Z 30 40 ns
taos Output Enable Access Time (Figures 3a, 3b, 3d) 30 40 ns
tzrRos Output Enable to HIGH Z 30 40 ns
tAA Address Access Time (Note 8) 45 60 ns
WRITE TIMING
tw Wirite Pulse Width to Guarantee Writing 40 40 ns
(Note 9)
tso Output Enable Setup Time 5 5 ns
tHo Data Enable Hold Time 5 5 ns
twsp Data Setup Time Prior to Write . 50 50 ns
twHD Data Hold Time after Write (Figure 4) 10 10 ns
twsa Address Setup Time Prior to Write 10 10 ns
(Note 9)
twHA Address Hold Time after Write 10 10 ns
twscs Chip Select Setup Time Prior to Write 10 10 ns
twHcs Chip Select Hold Time after Write 10 10 ns
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90%
10%
3ns 3ns

6000
0Q0 = D8
93479 :EIZODO. :II:H‘pF 30V
PP
L
LOAD A -
TL/D/9675-5 GND
000~ 003
9349 | Ztin F1sF 3.0{Vpp
= GND

LOAD B
*Includes jig and probe capacitance

TL/D/9675-6

Note: Load A is used for all production testing.

FIGURE 1. AC Test Load Output Load

CHIP SELECT

LOAD A

10%
90%
L—S ns L—S ns

TL/D/9675-7

FIGURE 2. AC Test Input Levels

/

cewacH(H Zomommwe

®=HIGH Z=-
f 0.5v

:

; 0.5V
—~NaaHGHZee —— - - -

 fetzpes=

TL/D/9675-8

a. Read Mode Propagation Delay from Chip Select to Output

ADDRESS 507%

DATA OUTPUTS 50%

b. Read Mode Propagation Delay from Address to Ou
FIGURE 3. Read Mode Timing

TL/D/9675-9
tput
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93479

OUTPUT ENABLE

LOAD A
DATA OUTPUTS

LOAD B

ceo HEHZ =t ===

50%

—

==HIGH Z=~
f 0.5v

Yaos

1

50%
em HGHZ === ==

-tzRos -+

; 0.5V
«=HIGH Z=-

TL/D/9675-10

c. Read Mode Propagation Delay from Output Enable
FIGURE 3. Read Mode Timing (Continued)

OUTPUT ENABLE 50%
Asp®
CHIP SELECT 50%
twscs —
ADDRESS INPUTS 50%
twsa — twha
cmcccnccccscnnneelGHZ= e=HIGH Z==
DATA INPUTS LOAD A DATA IN )(
smccccccccsenseeHGHZ= 4 eeHIGH Z=
twsp WHD

WRITE ENABLE 507.s

A\

£

by

*These timing parameters are only necessary to guarantee High Z state during the entire write cycle.

FIGURE 4. Write Mode Timing

TL/D/9675-11

Note 1: Timing Diagram represents one solution which results in an optimum cycle time. Timing may be changed to fit various applications as long as the worst

case limits are not violated.

Note 2: Input voltage levels for worst case AC test are 3.0/0.0V.
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National
Semiconductor

MM54C89/MM74C89 64-Bit TRI-STATE®
Random Access Read/Write Memory

General Description

The MM54C89/MM74C89 is a 16-word by 4-bit random ac-
cess read/write memory. Inputs to the memory consist of
four address lines, four data input lines, a write enable line
and a memory enable line. The four binary address inputs
are decoded internally to select each of the 16 possible
word locations. An internal address register latches the ad-
dress information on the positive to negative transition of
the memory enable input. The four TRI-STATE data output
lines working in conjunction with the memory enable input
provide for easy memory expansion.

Address Operation: Address inputs must be stable tga pri-
or to the positive to negative transition of memory enable. It
is thus not necessary to hold address information stable for
more than tya after the memory is enabled (positive to neg-
ative transition of memory enabls).

Note: The timing is different than the DM7489 in that a positive to negative
transition of the memory enable must occur for the memory to be
selected.

Write Operation: Information present at the_data inputs is

written into the memory at the selected address by bringing

write “enable and memory enable low.

Read Operation: The complement of the information which
was written into the memory is non-destructively read out at
the four outputs. This is accomplished by selecting the de-
sired address and bringing memory enable low and write
enable high.

When the device is writing or disabled the output assumes a
TRI-STATE (Hi-z) condition.

Features

m Wide supply voltage range 3.0V to 15V

® Guaranteed noise margin 1.0v

m High noise immunity 0.45 Ve (typ.)

m Low power fan out of 2
TTL compatibility driving 74L

| Low power consumption
m Fast access time
& TRI-STATE output

100 nW/package (typ.)
130 ns (typ.) at Vgc = 10V

Logic and Connection Diagrams

DATA

|nrun b‘mﬁ mrun ﬂ‘u PuTE wuv 3 ﬂm‘i umlu n—mm

Dual-In-Line Package
ADDRESS INPUT A =L ) S vee
WERDRY ENANCE -+ L AooRessiruT s
3 14
WRTTE ERATLE — [~ avoressmrutc
Ban "_Dc V I ‘ n
| seaommire | cmeumry | OATA INPUT 1 — = AooREss INPUT D
MEMORY 5 12
ENABLE W T 1 1 1 BRYA GUTFUT 1 24 = AT PuT4
— 1| l I I I I I f I oaTAmrur2 -4 'L oav ouTROTa
INPUT A - o o | | ] DATA DUTPUT 2 = % oara mrura
PR — | | | ano 4 L oxvx oumvor s
. | | |
INPUT § =P~ o a —»1 | | | Top View TL/F/5888-2
—c o ] | |
oecooen I Sy | Order Number MM54C89*
mwete ——t—fo @ ) I I I or MM74C89*
e @ |—»
|—»! l I l *Please look into Section 8, Appendix D
_— | | ' for availability of various package types.
NPUT B p—t—{0 @ .
— i | |
s d ] ] |

TL/F/5888-1
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MM54C89/MM74C89

Absolute Maximum Ratings (Note 1)
If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/

Power Dissipation (Pp)
Dual-In-Line

Distributors for availability and specifications.
—0.3VtoVgc +0.3V

Voltage at any Pin

Operating Temperature Range
MM54C89
MM74C89

Storage Temperature Range (Tg)

—55°Cto +125°C
—40°Cto +85°C

—65°Cto +150°C

Small Outline

Operating Vgc Range

Absolute Maximum Vg

Lead Temperature (T))
(Soldering, 10 seconds)

700 mW
500 mW

3.0Vto 15V

18V

260°C

DC Electrical Characteristics min/Max limits apply across temperature range, unless otherwise noted

Symbol | Parameter Conditions Min | Typ | Max | Units
CMOS TO CMOS
Ving) Logical “1" Input Voltage Vee = 5.0V 3.5 \
Voo = 10V 8.0 \
Vino) Logical “0" Input Voltage Veg = 5.0V 1.5 \
Voo = 10V 2.0 \'
VouT() Logical “1” Output Voltage Vec = 5.0V, Ip = —10 pA 4.5 \
Voe = 10V, 1o = —10 uA 9.0 \'
VouT(o) Logical “0” Output Voltage Veec = 5.0V,lp = +10 pA 0.5 \
Veec = 10V, lg = +10 pA 1.0 \
liNg1) Logical “1” Input Current Vee = 15V, Viny = 15V —0.005 1.0 pA
ling) Logical “0” Input Current Veg = 15V, VN = OV —1.0 —0.005 pA
loz Output Current in High Vee = 16V, V = 15V 0.005 1.0 RA
Impedance State Vec = 15V, Vo = OV —-1.0 —0.005 nA
Icc Supply Current Vee = 15V 0.05 300 pA
CMOS/LPTTL INTERFACE
ViN) Logical “1” Input Voltage 54C, Voo = 4.5V Veg— 1.5 v
74C, Voo = 4.75V Vecc— 1.5 \'
VIN©) Logical “0” Input Voltage 54C, Vg = 4.5V 0.8 v
74C, Voo = 4.75V 0.8 \Y
VouTt() Logical “1” Output Voltage 54C, Vpoe = 4.5V, lp = —360 pA 2.4 \
74C,Vog = 4.75V, lg = —360 pA 2.4 v
Vout(o) Logical “0” Output Voltage 54C, Voe = 4.5V, g = +360 pA 0.4 \
74C, Voo = 4.75V, Ip = +360 pA 0.4 \'
OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current)
IsOURCE Output Source Current Vee = 5.0V, Vout = 0V _ _
(P-Channel) Tp = 25°C 1.75 33 mA
ISOURCE Output Source Current Vee = 10V, Voyt = OV _ _
(P-Channel) Ta = 25°C 8.0 15 mA
ISINK Output Sink Current Vee = 5.0V, Vout = Vee
(N-Channel) Tp = 25°C 175 3.6 mA
ISINK Output Sink Current Vee = 10V, Vout = Ve
(N-Channel) Tp = 25°C 8.0 16 mA

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Range” they are not
meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation.

AC Electrical Characteristics* Ta = 25°C, C|_ = 50 pF, unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units
tpd Propagation Delay from Vee = 5V 270 500 ns
Memory Enable Vee = 10V 100 220 ns
tacc Access Time from Vee = 5V 350 650 ns
Address Input Vee = 10V 130 280 ns
tsa Address Setup Time Veo = 5V 150 ns
Voo = 10V 60 ns
tHA Address Hold Time Ve = 5V 60 ns
Voo = 10V 40 ns
tME Memory Enable Pulse Width Vee = 5V 400 250 ns
Vee = 10V 150 90 ns
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=
AC Electrical Characteristics* Ta = 25°C, C = 50 pF, unless otherwise noted (Continued) %
Symbol Parameter Conditions Min Typ Max Units 8
tsRp Write Enable Setup Vee = 5V 0 ns o
Time for a Read Vee = 10V 0 ns =
tws Write Enable Setup Vee = 5V tME ns 5
Time for a Write Ve = 10V tME ns N
twe Write Enable Pulse Width VG = 5V, tws = 0 300 | 160 s | 9
Ve = 10V, tws =0 100 60 ns ©0
tHD Data Input Hold Time Voo = 5V 50 ns
Veeo = 10V 25 ns
tsp Data Input Setup Vee = 5V 50 ns
Voo = 10V 25 ns
t1H, ton Propagation Delay from a Logical Vee = 5V, CL = 5pF, R, = 10k 180 300 ns
1" or Logical “0” to the High Vce = 10V, Cp = 5 pF, R = 10k -85 120 ns
Impedance State from
Memory Enable
t1H, toH Propagation Delay from a Logical Voo = 50V, CL = 5 pF, R = 10k 180 300 ns
“1" or Logical ‘0" to the High Voo = 10V, CL = 5 pF, R = 10k 85 120 ns
Impedance State from
Write Enable
CiN Input Capacity Any Input (Note 2) 5 pF
Cour Output Capacity Any Output (Note 2) 6.5 pF
CpD Power Dissipation Capacity (Note 3) 230 pF

*AC Parameters are guaranteed by DC correlated testing.
Note 2: Capacitance is guaranteed by periodic testing.
Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note,

| —ANGO. e . . —

AC Electrical Characteristics* Guaranteed across the specified temperature range, C_ = 50 pF

MM54C89 MM74C89
Parameter Conditions Ta = —55°Cto +125°C Ta = —40°C to +85°C Units
Min Max Min Max
tpp Ve = 5V 700 600 ns
Vee = 10V 310 265 ns
Voo = 15V 250 210 ns
tace Ve = 5V 910 780 ns
Vee = 10V 400 345 ns
Vee = 15V 320 270 ns
tsa Vee = 5V 210 180 ns
Ve = 10V 90 80 ns
Voo = 15V 70 60 ns
tHA Voo = 5V 80 70 ns
Voo = 10V 55 50 ns
Veo = 15V 45 40 ns
tME Vee = 5V 560 480 ns
Vee = 10V 210 180 ns
Vee = 15V 170 150 ns
twe Vee = 5V 420 360 ns
Ve = 10V 140 120 ns
Vee = 15V 110 100 ns
tHD Ve = 5V 70 60 ns
Vee = 10V 35 30 ns
Vee = 15V 30 25 ns

*AC Parameters are guaranteed by DC correlated testing.
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MM54C89/MM74C89

AC Electrical Characteristics*

Guaranteed across the specified temperature range, C. = 50 pF (Continued)

MM54C89 MM74C89
Parameter Conditions Ta = —55°Cto +125°C Ta = —40°C to +85°C Units
Min Max Min Max
tsp Vce = 5V 70 60 ns
Ve = 10V 35 30 ns
Vee = 15V 30 25 ns
t1H, toH Vee = 5V 420 360 ns
Ve = 10V,CL = 5pF 170 145 ns
Vec = 15V, R = 10kQ 135 115 ns
*AC Parameters are guaranteed by DC correlated testing.
Truth Table
ME WE Operation Condition of Outputs
L L Write TRI-STATE
L H Read Complement of Selected Word
H L Inhibit, Storage TRI-STATE
H H Inhibit, Storage TRI-STATE
AC Test Circuits
ton tiH
Vee
BATE
duTPOT
b 10k 6.0 pF
. iT
I“" - T TL/F/5688-3
= TL/F/5888-4
Switching Time Waveforms
toH tiH
Ve Ve
MEMORY 0.6Vee RABL 0.5 Vee
o o
tiy  [em—
ton
Vou Vau 01Vee
DATA
0uTPUT ﬂ%x
0.1 Vee
* ov
TL/F/5888-6
TL/F/5688-5
Read Cycle Write Cycle
we e | twe
Vec 7——“;/1/_ — Vee 7-_\
WEMTRY
ENRBLE /! ENABLE /" N
e tun ta —=fe tua
Vee Veo
o . )E
) b toar — tws wr
Veo Ve o
i o /
tace ———] f=—tuo
\, Vee
E%I—{ 0 TRI-STATE CONDITION }[ Il:(::l: ' Kv

TL/F/5888-7

TL/F/5888-8
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Switching Time Waveforms (continued)

Read Modify Write Cycle

e

Vee /
T AN

g4 — -t tya

68J3V.ZININ/68DVSHIN

Vee
ADDRESS
INPUT
i TRI-STATE CONDITION
Vee I tace (_ _____
DATAOUT ] TRI-STATE CONDITION ),
et
Veo
WAITE N
ENABLE N
0
_.-‘ tsp f=— tHo

TL/F/5888-9

Note: t; = 60 ns
tt=10ns

6-57



MM54C200/MM74C200

National
Semiconductor

MM54C200/MM74C200 256-Bit TRI-STATE®
Random Access Read/Write Memory

General Description

The MM54C200/MM74C200 is a 256-bit random access
read/write memory. Inputs consist of eight address lines
and three chip enables. The eight binary address inputs are
decoded internally to select each of the 256 locations. The
internal address register, latches, and address information
are on the positive to negative edge of CEs. The TRI-
STATE data output line, working in conjunction with CE4 or
CE; inputs, provides for easy memory expansion.

Address Operation: Address inputs must be stable tga pri-
or to the positive to negative transition of CEj. It is therefore
unnecessary to hold address information stable for more
than tya after the memory is enabled (positive to negative
transition).

Note: The timing is different from the DM74200 in that a positive to negative

transition of the CE3 must occur for the memory to be selected.

Read Operation: The data is read out by selecting the
proper address and bringing CE3 low and WE high.

Holding either CE4, CEp, or CEj3 at a high level forces the
output into TRI-STATE. When used in bus-organized sys-
tems, CE,, or CEjp, a TRI-STATE control provides for fast
access times by not totally disabling the chip.

Write Operation: Data is written into the memory with CE3
low and WE low. The state of CE4 or CEj has no effect on
the write cycle. The output assumes TRI-STATE with WE
low.

Features

m Wide supply voltage range 3V to 15V
m Guaranteed noise margin Vv
m High noise immunity 0.45 Ve (typ.)
u TTL compatibility Fan out of 1

driving standard TTL
u Low power 500 nW (typ.)
m Internal address register

Logic and Connection Diagrams

ADODRESS

ADODRESS

ADORESS  ADDRESS

INPUTD  INPUTC  INPUTB  INPUTA
TRISTATE
DAYA 1
oot ® o
A4
[] 4 [] [ o
i o] (5ol s .
1 Dual-In-Line Package
ot »
READ
oATA ¥ waite X-DECODER ADORESS 1 U 8y
" CIRCUITRY TNPUT & Voo
2 15 ADDRESS
3 A?u“p?rs: [~ IneuTC
&, 14 ADDRESS
“’ =] e
TE,— 12 oarain
[ =>c = 5 12 WRITE
’ CEs— [~ ENABLE
ADDRESS DATA 8] |11 ADDRESS
INPUT E ! ouT . INPUT 8
ADDRESS .| 10 ADDRESS
Y-DECODER MEMT ARRAY INPUT D INPUT F
L] |8 _ADDRESS
ADDRESS > GND —
INPUT F e INPUT E
G @
ADORESS TL/F/5903-2
INPUTH be Top View
L ¢ @
Order Number MM54C200* or
K v MM74C200°
¢ d *Please look into Section 8, Appendix D

TL/F/5903~1

for availability of various package types.
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=
Absolute Maximum Ratings (ote 1) 5
If Military/Aerospace specified devices are required, Power Dissipation (Pp) 3
contact the Natlonal Semlconductor Sales Office/ Dual-In-Line 700 mW 8
Distributors for avallablility and specifications. Small Outline 500 mW g
Voltage at Any Pin ~0.3Vto Vg +0.3V Operating Vcc Range 3Vito 15V =
Operating Temperature Range (Ta) Absolute Maximum Voo i8v 5
MM54C200 —55°Cto +125°C Lead Temperature (T() 8
MM74C200 —40°Cto +85°C (Soldering, 10 seconds) 260°C | RS
Storage Temperature Range (Tg) —65°Cto +150°C S
DC Electrical Characteristics min/Max limits apply across temperature range unless otherwise noted
Symbol | Parameter J Conditions Min Typ | Max | Units
CMOS TO CMOS
Ving) Logical “1” Input Voltage Voo = 5V 3.5 v
Ve = 10V 8 \"
ViNE) Logical ‘0" Input Voltage Vee = 5V 1.5 \
Vee = 10V 2 Vv
Vout) Logical 1" Output Voltage Vee=5V,lp=—10 pA 4.5 \
Vee=10V, lop=—10 A 9 \
Vout(0) Logical “0” Output Voltage Vee=5V,lp=+10 pA 0.5 \
Vee=10V, lo=+10 pA 1 \
IINQ1) Logical “1” Input Current Vee=15V,V|N=15V 0.005 1 pA
IN(O) Logical ““0” Input Current Vec=15V, Viy=0V -1 —0.005 ) MA S
lec Supply Current Veo = 15V 0.1 600 pA
CMOS/TTL INTERFACE
VINQ) Logical “1” Input Voltage 54C Vo = 4.5V Vec—1.5 \
74C Vgg = 4.75V Vec—1.5 \
ViN©) Logical “0" Input Voltage 54C Vo = 4.5V 0.8 \
74C Vcg = 4.75V 0.8 v
Vout() Logical ‘1" Output Voltage 54C Vgo=4.5V,lp=—1.6mA 2.4 \
74C Voo=4.75V, lo=—1.6 mA 2.4 v
Vout(o) Logical “0” Output Voltage 54C Vgg = 4.5V, 1p=1.6 mA 04 v
74C Voo = 4.75V, lIp=1.6 mA :
OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current)
Isource Output Source Current Veoc=5V, Vour=0V -4 -6 mA
(P-Channel) Ta=25°C -18 mA
ISouRce Output Source Current Vee=10V, Voyt=0V ~-16 —-25 mA
(P-Channel) Ta=25C —-1.5 mA
ISINK Output Sink Current Vee=5V, Vour=Vcc 5 8 mA
(N-Channel) Ta=25C
ISINK Output Sink Current Veec=10V, Vout=Vce
(N-Channel) TA=25°C 20 80 mA
Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actua! device
operation.
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AC Electrical Characteristics™ 15 = 25°C, 6, = 50 pF, unless otherwise specified

MM54C200/MM74C200

Symbol Parameter Conditions Min Typ Max Units
tacc Access Time from Address Voc = 5V 450 900 ns
Ve = 10V 200 400 ns
tod Propagation Delay from CE3 Veg = 5V 360 700 ns
Ve = 10V 120 300 ns
tocE Propagation Delay from CE or CEp Ve = 5V 250 700 ns
Vce = 10V 85 200 ns
tsa Address Setup Time Voo =5V 200 80 ns
Vg = 10V 100 30 ns
tHA Address Hold Time Vee = 5V 50 15 ns
Veg = 10V 25 5.0 ns
tWE Write Enable Pulse Width Veo = 5V 300 160 ns
Ve = 10V 150 70 ns
tce CEj3 Pulse Widths Voo = 5V 400 200 ns
Voo = 10V 160 80 ns
CiN Input Capacity Any Input (Note 2) 5.0 pF
Cout Output Capacity in TRI-STATE (Note 2) 9.0 pF
Cpp Power Dissipation Capacity (Note 3) 400 pF

AC Electrical Characteristics* ¢, = s0pF

MM54C200 MM74C200
Symbol Parameter Conditions Ta=—55°Cto +125°C Ta= —40°C to +85°C Units
Min Max Min Max

tacc Access Time from Address Vce = 5V 1200 1100 ns
Ve = 10V 520 480 ns
tod Propagation Delay from CE3 Vce = 5V 950 850 ns
Vee = 10V 400 360 ns
todCET Propagation Delay from Vge = 5V 650 600 ns
CE; or CEp Vee = 10V 300 275 ns
tsa Address Setup Time Vce = 5V 250 250 ns
Vee = 10V 120 120 ns
tHA Address Hold Time Vee = 5V 100 100 ns
Vee = 10V 50 50 ns
twe Write Enable Pulse Width Vee = 5V 450 400 ns
Vee = 10V 225 200 ns
tce Disable Pulse Width Vee = 5V 500 460 ns
Vee = 10V 250 230 ns
tD Data Hold Time Vee = 5V 50 50 ns
Vece = 10V 25 25 ns

*AC Parameters are guaranteed by DC correlated testing.

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”
they are not meant to imply that the devices should be operated at these limits. The table of *Electrical Characteristics” provides conditions for actual device
operation.

Note 2: Capacitance is d by periodic testing.

Note 3: Cpp determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note,
AN-90.
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Switchiny Time Waveforms

Read and Write Cycles Using CE3 (CE; = CE; = logic 0)

—\I_/f-—u——} )
- S —

—— e e e e e e e v,

DATA "—“AOC e

[ I ouT_ I R . __TRISTATE_ P o
~ TRisTATE w

TL/F/5903-3

Read and Write Cycles Using CE; and CE (or CE2)
CE; ORTE; Vee
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TL/F/5903-4
Note: Used for fast access time in bused systems.
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MM54C910/MM74C910

National
Semiconductor

MM54C910/MM74C910 256 Bit TRI-STATE®
Random Access Read/Write Memory

General Description

The MM54C910/MM74C910 is a 64 word by 4-bit random
access memory. Inputs consist of six address lines, four
data input lines, a WE, and a ME line. The six address lines
are internally decoded to select one of the 64 word loca-
tions. An internal address register latches the address infor-
mation on the positive to negative transition of ME. The
TRI-STATE outputs allow for easy memory expansion.

Address Operation: Address inputs must be stable (tga)
prior to the positive to negative transition of ME, and (tHa)
after the positive to negative transition of ME. The address
register holds the information and stable address inputs are
not needed at any other time.

Write Operation: Data is written into memory at the select-
ed address if WE goes low while ME is low. WE must be
held low for tiyg and data must remain stable typ after WE
returns high.

Read Operation: Data is nondestructively read from a

memory location by an address operation with WE held
high.

Outputs are in the TRI-STATE (Hi-Z) condition when the
device is writing or disabled.

Features

m Supply voltage range 3.0V to 5.5V

® High noise immunity 0.45Vc (typ.)
TTL compatible fan out 1 TTL load

Input address register
Low power consumption

250 nW/package (typ.)
(chip enabled or disabled)
Fast access time 250 ns (typ.) at 5.0V
TRI-STATE outputs

High voltage inputs

Logic Diagrams

OINt DOUTY DINZ DOUT2 DIN3 DOUTI DINA DOUT4

TRISTATE = WE + WE

%%%a

R

READWRITE CIRCUITRY

_l IIIiI

I

A 0~

8 O—

¢ O—

ADDRESS
INPUTS

i

i

SEEERE

ADDRESS MEMORY
DECODER ARRAY

Input Protection

Vee

BV~ 7.5V

ANY
INPUT

BV ~ 25V

TL/F/5914-2

TL/F/5914-1
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Absolute Maximum Ratings (Note 1)

Operating Conditions

If Military/Aerospace specified devices are required, Min Max Units
contact the National Semiconductor Sales Office/ Supply Voltage (Vcc)
Distributors for availability and specifications. MM54C910 4.5 55 v
Voltage at Any Output Pin —0.3V 1o Veg +0.3V . MM"?g‘ O(T ) 475 525 v
' _ emperature (Ta
Voltage ?t P.\ny !nput Pin 0.3Vto +15V MM54C910 —55 +125 g
Power Dissipation MM74C810 —40 +85 oG
Dual-In-Line 700 mW
Small Outline 500 mW
Operating Vcc Range 3.0Vto 5.5V
Standby V¢ Range 1.5V to 5.5V
Absolute Maximum (Vgc) 6.0V
Lead Temperature (T|)
(Soldering, 10 sec.) 260°C
DC Electrical Characteristics
Min/Max limits apply accross the temperature and power supply range indicated
Symbol Parameter Conditions Min Typ Max Units
ViNg) Logical “1" Input Voltage Full Range Voc — 1.5 \
Vin() Logical “0” Input Voltage Full Range 08 v
IiNgty Logical “1" Input Current ViN = 15V 0.005 20 HA
VIN = 5V 0.005 1.0 RA
liN(O) Logical “0” Input Current ViN = 0V -1.0 —0.005 pA
_ Vour) | _logical “1" OutputVoltage | lo= —150pA _ | __Vec — 0.5 . V_.
lo = —400 pA 24 \
Vout(o) Logical “0” Output Voltage lo=16mA 0.4 \
loz Output Current in High Vo = 5V 0.005 1.0 HA
Impedance State Vo = 0V -1.0 ~0.005 pA
lcc Supply Current Vce = 5V 5.0 300 nA
AC Electrical Characteristics™ 1, = 25°c, v = 50v,6L = 50 pF
Symbol Parameter Min Typ Max Units
tacc Access Time from Address 250 500 ns
tod Propagation Delay from ME 180 360 ns
tsa Address Input Set-Up Time 140 70 ns
tHA Address Input Hold Time 20 10 ns
tVE Memory Enable Pulse Width 200 100 ns
tME Memory Enable Pulse Width 400 200 ns
tsp Data Input Set-Up Time 0 ns
tHD Data Input Hold Time 30 15 ns
tWe Wirite Enable Pulse Width 140 70 ns
t1H, toH Delay to TRI-STATE (Note 4) 100 200 ns
CAPACITANCE
Cin Input Capacity
Any Input (Note 2) 50 PR
Cout Output Capacity
Any Output (Note 2) 90 PF
Cpp Power Dissipation Capacity
F
(Note 3) 350 P
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MM54C910/MM74C910

AC Electrical Characteristics* (continued)Ta = 25°C, Vo = 5.0V, G = 50 pF

MM54C910 MM74C910
Ta = —55°Cto +125°C Ta = —40°Cto +85°C
Symbol Parameter Vce = 4.5V 10 5.5V Ve = 4.75V to 5.25V Units
Min Max Min Max
tacc Access Time from Address 860 700 ns
tod1, tpdo Propagation Delay from ME 660 540 ns
tsA Address Input Set-Up Time 200 160 ns
tHA Address Input Hold Time 20 20 ns
tME Memory Enable Pulse Width 280 260 ns
tME Memory Enable Pulse Width 750 600 ns
tsp Data Input Set-Up Time 0 0 ns
tvp Data Input Hold Time 50 50 ns
tWE Write Enable Pulse Width 200 180 ns
t1H toH Delay to TRI-STATE (Note 4) 200 - 200 ns

*AC Parameters are guaranteed by DC correlated testing.

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range"
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics"” provides conditions for actual device

operation.

Note 2: Capacitance is guaranteed by periodic testing.
Note 3: Cpp determines the no load AC power consumption for any CMOS device. For complete explanation see 54C/74C Family Characteristics application note

AN-90.

Note 4: See AC test circuits for t1y, ton.

Typical Performance Characteristics

Amblent Temperature
450
400
350 -t
45V, |
Z 300 o - -
w SV 4T et
5 250 g
= Lot Tl &6V
Q 200
8 150
<
100
50
0
-55 -25 § 35 85 85 125
FREE AIR TEMPERATURE (°C)
AC Test Circuits
ton
Vee Ve
R, R

Typical Access Time vs

D02

001

TL/F/5914-4

TL/F/5914-5

Truth Table
ME WE Operation Outputs
L L Write TRI-STATE
L H Read Data
H L Inhibit, Store TRI-STATE
H H Inhibit, Store TRI-STATE
tH
| 002 D03
A I_l:._ Ic., [N
D11} D04

T3

TL/F/5914-6
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AC Test Circuits (continued)

All Other AC Tests

D02 003

.

C.

H

01L6OVZNIN/0L6DVSHIN

ool D04

T

C

C
T

Co
T

-||—|

TL/F/5914-7

Switching Time Waveforms

Read Cycle

(See Note 1)

tME tME !
Vee
WERORY 4 \J
ENABLE ° /
[ tSA —=T*tHA

[-— (pd'l —

Vee
o s
ENABLE |

tace
v
DATA cc [
our TRISTATE® CONDITION

TL/F/5914-8

Write Cycle
(See Note 1)

EaRE / N

tSA —=T=— tHA
Vee
ADDRESS
INPUT
[

0
[~ 1SD —l o

WE

TL/F/5914-8
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MM54C910/MM74C910

Switching Time Waveforms (continued)

Read Modify Write Cycle
(See Note 1)
ME
Vee
WERDAY 4 N
ENABLE . / N
tgA —mt=—tya
ADDRESS vee
DREss LATCHED ADDRESS
v \ od TRISTATE® CONDITION
ACC - -
®
— _ _Wentcuomon
We
v
wamE o
ENABLE
tHp
Vee
DATA X
IN 0
TU/F/5914-10
ton tiy
Veg——, Vee——
mE 05Vee ME 0.5Vvee
] 0
[ to" tH et
para VCC = == TRISTATE® ara VEETT 1 Bivee
out b i
0 ——— ot 0 ~'e = TRISTATE®

0.1Vee

Note 1: MEMORY ENABLE must be brought high for tye nanoseconds between every address change.

Note 2: t, = t; = 20 ns for all inputs.

Connection Diagram

Dual-In-Line Package

TL/F/5914-11

WRITE NEMORY
Vecc DOUT3 DIN3 DIN& DOUT4 ENABLE ENABLE AC AD

18 17 16 15 14 13

12

n 10

TL/F/5914-12

1 2 3 4 § 8

7

DOUT2 DINZ DINT DOUT1 AB AA AF

Top View

AE GND
TL/F/5914-3

Order Number MM54C910* or MM74C910*

*Pleass look into Section 8, Appendix D
for availability of various package types.
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National
Semiconductor

MM54C989/MM74C989

64-Bit (16 x 4) TRI-STATE® RAM

General Description

The MM54C989/MM74C989 is a 16-word by 4-bit random
access read/write memory. Inputs to the memory consist of
4 address lines, 4 data input lines. a write enable line and a
memory enable line. The 4 binary address inputs are decod-
ed internally to select each of the 16 possible word loca-
tions. An internal address register latches the address infor-
mation on the positive to negative transition of the memory
enable input. The 4 TRI-STATE data output lines working in
conjunction with the memory enable input provides for easy
memory expansion.

Address Operation: Address inputs must be stable tga pri-
or to the positive to negative transition of memory enable. It
is thus not necessary to hold address information stable for
more than tya after the memory is enabled (positive to neg-
ative transition of memory enable).

Note: The timing is different than the DM7489 in that a positive to negative
transition of the memory enable must occur for the memory to be
selected.

Write Operation: Information present at the data inputs Is ~—

written into the memory at the selected address by bringing
write enable and memory enable low.

Read Operation: The complement of the information which
was written into the memory is non-destructively read out at
the 4 outputs. This is accomplished by selecting the desired
address and bringing memory enable low and write enable
high.

When the device is writing or disabled the output assumes a
TRI-STATE (Hi-Z) condition.

Features

o Wide supply voltage range 3.0V to 5.5V

B Guaranteed noise margin 1.0V

o High noise immunity 0.45 Vg (typ.)

o Low power TTL Fan out of 2
compatibility driving 74L

o Input address register

o Low power consumption 250 nW/package (typ.)
@Vgg = 5V

O Fast access time 140 ns (typ.) at Vgg = 5V

@ TRI-STATE output

Logic and Connection Diagrams

DATA _BATA DA

TA _DATA  DATA OATA  DATA _BATA
INPUT 1 GUTPUT T INPUT 2 DUTPUT 2 INPUT 3 GUTPUT 3 INPUT & GUTPUT &

Dual-In-Line Package

v

Y

I READMRITE l CIRCUITRY

A O

I |

— | |

INPUT B Pt g 00 — I l
!

s @ I | lv

MEMOR

:Egnnniss: —> l ARRAY

INUTC =p——ot—D 0 —>| | |

¢ _— | |

— | |

INPUT B ] L[] Q N I l

ot | |

ADDRESS _1 | U 16,
INPUT A cc
MEmoRY 2} |15, ADDRESS
ENABLE INPUT B
| WAITE _3 | 14, ADDRESS
| ERABLE INPUT €
DATA _4 ] |13 ADDRESS
INPUT 1 INPUT D
BATA _5 | 12 paTA
I OUTPUT1 INPUT4
DATA 6 | |11 BATA
| IRPUT2 OUTPUT 4
| DATA 1 110_ DATA
PUT 2 INPUT 3
8 8 DAY
l N0—) GUTFUT 3
|
| TL/F/5925-2
[ Top View
| Order Number
| MM54C989* or MM74C989*
| *Please look into Section 8, Appendix D
| *for availability of various package types.
|

TL/F/5925-1
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MM54C989/MM74C989

Absolute Maximum Ratings (Note 1)

Operating Conditions

If Military/Aerospace specified devices are required, Min Max Units
contact the National Semiconductor Sales Office/ Supply Voltage (Vce)
Distributors for availability and specifications. MM54Ca89 47 55 v
Voltage at Any Pin ~0.3V1toVgg + 0.3V . MM”fQBQ(TA) 475 5.25 v
- emperature
P Duamting 700 mW MMS40989 -8 i .
Small Outline 500 mW MM74C989 —40 +85 c
Absolute Maximum Vog 7.0V Operating Vcc Range 3.4
Lead Temperature (T|) Standby Ve Range 1.8/3¢
(Soldering, 10 seconds) 260°C
DC Electrical Characteristics mMms4coss/mm7acose
Min/Max limits apply across the temperature and power supply range indicated
Symbol Parameter Conditions Min Typ Max Units
Ving) Logical “1” Input Voltage Vec — 1.5 \
ViN) Logical “0" Input Voltage 0.8 \
INg1) Logical *“1” Input Current ViN = 5V 0.005 1 rA
lIN(O) Logical “0" Input Current ViN = OV -1 —0.005 nA
Vout() Logical “1"” Output Voltage lo = —360 pA 2.4 \
lo = —150 pA Vgc — 05 \'
VouT(o) Logical “0” Output Voltage lo = 360 pA 0.4 \"
loz Output Current in High Impedance State Vo = &V 0.005 1 pA
Vo =0V -1 —0.005 nA
Icc Supply Current Active (Note 1) ME = 0V, 0.05 150 A
Vee = 5V
loc Supply Current (Stand-By) ME = 5V 3 pA
Note 1*: MEMORY ENABLE must be brought high for tye ns between every address change.
AC Electrical Characteristics™ mmsscoss/mmracese
Ta = 25°C, Voo = 5V, CL = 50 pF
Symbol Parameter Min Typ Max Units
tace Access Time from Address 140 500 ns
trp Propagation Delay from ME 110 360 ns
tsa Address Input Set-Up Time 140 30 ns
tHA Address Input Hold Time 20 15 ns
tve Memory Enable Pulse Width 200 80 ns
tVE Memory Enable Pulse Width 400 100 ns
tsp Data Input Set-Up Time [ ns
tHD Data Input Hold Time 30 20 ns
tWe Wirite Enable Pulse Width 140 70 ns
t1H, toH Delay to TRI-STATE, C| = 5 pF, R_ = 10k, (Note 4) 100 200 ns
CAPACITANCE
CiN Input Capacity, Any Input, (Note 2) 5 pF
Cout Output Capacity, Any Output, (Note 2) 8 pF
Cpp Power Dissipation Capacity, (Note 3) 350 pF

Note 1: “Absolute Maximum Ratings™ are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range"
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device

operation.

Note 2: Capacitance is guaranteed by periodic testing.
Note 3: Cpp determines the no load AC power consumption for any CMOS device. For complete explanation see 54C/74C Family Characteristics Application

Note, AN-90.
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AC Electrical Characteristics* (continued) =

MM54C989: To = —55°C to +125°C, Voo = 4.5V to 5.5V, C_ = 50 pF 8

MM74C989: Tp = —40°C to +85°C, Vgc = 4.75V to 5.5V, Cp = 50 pF 8

©

Symbol Parameter MMS4C989 MM74C989 Units E

Min Max Min Max E

tace Access Time from Address 500 620 ns =

tpp1, tPDO Propagation Delay from ME 350 430 ns §
tsa Address Input Set-Up Time 150 140 ns
tHA Address Input Hold Time 50 60 ns
tmE Memory Enable Pulse Width 250 310 ns
tME Memory Enable Pulse Width 520 400 ns
tsp Data Input Set-Up Time 0 0 ns
tHD Data Input Hold Time 60 50 ns
tWE Write Enable Pulse Width 220 180 ns
t4H, toH Delay to TRI-STATE, (Note 4) 200 200 ns

___Note 4: See AC test circuit for ty, ton. .

*AC Parameters are guaranteed by DC correlated testing.

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range™
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" provides conditions for actual device
operation.

Note 2: Capacitance is guaranteed by periodic testing.

Note 3: Cpp determines the no load AC power consumption for any CMOS device. For complete explanation see 54C/74C Family Characteristics Application
Note, AN-90.

Truth Table
ME WE Operation Condition of Outputs
L L Write TRI-STATE
L H Read Complement of Selected Word
H L Inhibit, Storage TRI-STATE
H H Inhibit, Storage TRI-STATE
AC Test Circuits
toH tiH All Other AC Tests
Vee

DATA
GUTPUT BUTPUT T
10k
10K 50pF
= i T
oUTPUT =

5.0pF =
/ -4
| TLIF/5925 TL/F/5925-5

TL/F/5925-3
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MM54C989/MM74C989

Switching Time Waveforms

Read Cycle (Note 1)* Write Cycle (Note 1)*
e | ME
\_)/— wm ** —/7—\
ENABLE . N
A —=r=—tHA
Vee
ADDRESS
INPUT
[}
[~—1tpp1 —~ we
v,
WRITE
ENABLE
1
150 Ho
Ve
DATA DATE
oor TRISTATE® CONDITION J[ .14 . X
TL/F/5925-6 TL/F/5925-7
Read-Modify-Write Cycle (Note 1)* toH
ME Vee
vu_-_r__\ NE \ 05Vee
ENABLE / N -
1A -l tha o Ve === TRISTATE®
ADDRESS Yee o
]
e LATCHED ADDRESS T
(X270
1
v . P TRISTATE® CONDITION TL/F/5925-9
AL e ————
oaTA ™
ouT TRISTATE® CONDITION )
[ ——— — — —— — —a—— —— t1H
v e Vee
WRiTE cc \ WE 05vee
ENABLE N 0
b ¢
tHo ™ I~ !

Vee
DATA . x
N
0

oot N

mrm T T oive

g — ~=msem TRISTATE®

TL/F/5925~8

Note 1*: MEMORY ENABLE must be brought high for tye ns between every address change.

Note 2: t, = t; = 20 ns for all inputs.

TL/F/5925-10
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National
Semiconductor

NMC2147H 4096 x 1-Bit Static

General Description

The NMC2147H is a 4096-word by 1-bit static random ac-
cess memory fabricated using N-channel silicon-gate tech-
nology. All internal circuits are fully static and therefore re-
quire no clocks or refreshing for operation. The data is read
out nondestructively and has the same polarity as the input
data.

The separate chip select input automatically switches the
part to its low power standby mode when it goes high.
The output is held in a high impedance state during write to
simplify common 1/0 applications.

RAM

Features

m All inputs and outputs directly TTL compatible
Static operation—no clocks or refreshing required
Automatic power-down

High-speed—down to 35 ns access time
TRI-STATE® output for bus interface

Separate Data In and Data Out pins

Single +5V supply

Standard 18-pin dual-in-line package

Available in MIL-STD-883 class B screening

Block Diagram* Logic Symbol*
18
no- 51 B ove ~n
) <lovss — Al
A|°—| E — A2
- A3
—mo= - . [ [, S — Ad N . .
O—Kn%ﬁ.‘m . MRt ARRAY " DIN(D) =
. - 54 COLUNNS I Dguy (O ==
MO_IZ . —] a7
— A8
1 =1 A9
MO—E e
| o o o | ? ?
n TL/D/5257-2
Oy (D) COLUMN /0 CIRCUITS Doy (@
f{mw COLUMN SELECT
W 171 Connection Diagram*
JA A ?’ ) Dual-In-Line Package
12 13 14 15 18 17
Al Al0 A% A A1 AB Pl U 118 vee
TL/D/5257-1 i 17,
PinN * Az—’ la-M
ROAT T Addrass Inouts Order Number NMC2147HJ-1, oY LW
AQ-Al aress neu NMC2147HJ-2, NMC2147HJ-3, o e,
WEW)  Write Enable or NMC2147HJ-3L . N
CS(S) Chip Select See NS Package Number J18A A=) — A10
Din (D) DataIn P 2 19
Dout (Q) Data Out wE = o o)
Vee Power (5V) s LI
Vss Ground

*The symbols in parentheses are proposed industry standard.

TL/D/5257-3
Top View
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NMC2147H

Absolute Maximum Ratings Truth Table*
e AeTospace Speclied dovces aro vwres; [T | We [ow [oour [ T
Distributors for availability and specifications. ®) | W) | D [\
Voltage on Any Pin Relative to VSS —3.5Vto +7V H X X Hi-Z | NotSelected | Standby
Storage Temperature Range —65°C to +150°C L L H Hi-Z Write 1 Active
Power Dissipation 1.2W Lt L | HZ Write 0 Active
DC Output Gurrent 20 mA L] H ] X |Dour Read Active
Bias Temperature Range —-65°C to +135°C
Lead Temperature (Soldering, 10 sec.) 300°C
DC Electrical Characteristics 1A = 0°Cto +70°C, vCC = 5V + 10% (Notes 1 and 2)
NMC2147H-1
Symbol Parameter Conditions NMC2147H-3L NMC2147H-2 NMC2147H | ypjs
NMC2147H-3
Min Max Min Max Min | Max
| Input Load Current | VIN = 0V to 5.5V, VCC = Max 10 10 10 | pA
(All Input Pins)
liLo| Output Leakage CS = VIH, VOUT = GND to 4.5V, 50 50 50 | pA
Current VCC = Max
VIL Input Low Voltage —-3.0 0.8 -3.0 0.8 —-30| 08 \
VIH Input High Voltage 2.0 6.0 2.0 6.0 2.0 6.0 Vv
VOL Output Low Voltage | IOL = 8.0 mA 0.4 0.4 0.4 Vv
VOH Output High Voltage | IOH = —4.0 mA 2.4 2.4 2.4 \
ICC Power Supply VIN = 5.5V, TA = 0°C, 125 180 160 | mA
Current Output Open
ISB Standby Current VCC = Min to Max, CS = VIH 20 30 20 mA
IPO Peak Power-On EC = VSS to VCC Min, 30 40 30 mA
Current CS = Lower of VCC or VIH Min
Capacitance ta = 25:C, = 1 MHz (Note 3)
Symbol Parameter Conditions Min Max Units
CIN Address/Control Capacitance VIN = oV 5 pF
couTt Output Capacitance VOUT = ov 6 pF

Note 1: The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute.

Note 2: These circuits require 500 us time delay after VCC reaches the specified minimum limit to ensure proper orientation after power-on. This allows the

internally generated substrate bias to reach its functional level.
Note 3: This parameter is guaranteed by periodic testing.

AC Test Conditions

Input Test Levels GND to 3.0V

Input Rise and Fall Times 5ns

Input Timing Reference Level 1.5V

Output Timing Reference Level (H-1) 1.5V

Output Timing Reference Level 0.8V and 2.0V
(H-2, H-3, H-3L)

Output Load See Figure 1

*Symbols in parentheses are proposed industry standard.

bout

<
>
< 30002

sV

5100

30 pF
(INCLUDING
SCOPE AND
FIXTURE)

FIGURE 1. Output Load

TL/D/5257-4
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Read Cycle AC Electrical Characteristics ta = 0°cto 70°C, VGG = 5V £ 10% (Note 1) o
0 N
—
Symbol NMC2147H-1 | NMC21a7H-2 | NMOZIATHS 1 oo iazm &
NMC2147H-3L T
Parameter Units
Alternate | Standard Min Max Min Max Min Max Min | Max
tre TAVAV Read Cycle Time 35 45 55 70 ns
tAA TAVQV | Address Access Time 35 45 55 70 ns
tacs TSLQv Chip Select Access Time as 45 55 70 ns
(Notes 4)
tLz TSLQX Chip Select to Output Active 5 5 10 10 ns
(Note 5)
thz TSHQZ | Chip Deselect to Output
TRI-STATE (Note 5) 0 30 0 30 0 30 0 30 ns
toH TAXQX | Output Hold from Address 5 5 5 5 ns
Change
tpy TSLIH Chip Select to Power-Up 0 0 0 0 ns
tpp TSHIL Chip Deselect to Power-Down 20 20 20 30 ns
Max Access/Current NMC2147H-1 NMC2147H-2 NMC2147H-3 NMC2147H-3L NMC2147H
Access (TAVQV—ns) 35 45 55 55 70
|- Active Current (ICC—mA) 180 o 180 180 125 160 e
Standby Current (ISB—mA) 30 30 30 20 20
Read Cycle Waveforms*
Read Cycle 1 (Continuous Selection CS = VIL, WE = VIH)
AW 1
ADDRESS ;( %
tAA |
(TAVQV) |
DATA OUT PREVIOUS DATA VALID DATA VALID
toH
™ (taxax)
TL/D/5257-5
Read Cycle 2 (Chip Select Switched, WE = VIH) (Note 4)
tRC
(TAVAV)
CHIP SELECT 5( 7
] | tHZ
(YsHaz)
asthn
DATA OUT WIGH IMPEDANCE R OATA VAL HIGH IMPEDANCE
| ty o
[ (TSLIH) (TSHIL)
ICC == = == -
surzg 7% 50% sox
CURRENT ISS
TL/D/5257-6
Note 4: Addresses must be valid coincident with or prior to the chip select transition from high to low.
Note 5: Measured £50 mV from steady state voltage. This parameter is sampled and not 100% tested.
*The symbols in parentheses are proposed industry standard.
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NMC2147H

Write Cycle AC Electrical Characteristics 1A = 0°cto 70°C, vCC = 5V +10% (Note 1)

NMC2147H-3
Symbol NMC2147H-1 | NMC2147H-2 NMC2147H
Y Parameter NMC2147H-3L Units
Alternate | Standard Min [ Max | Min | Max | Min Max | Min | Max
twc TAVAV | Write Cycle Time 35 45 55 70 ns
tow TSLWH | Chip Select to End of Write 35 45 45 55 ns
taw TAVWH | Address Valid to End of Write| 35 45 45 55 ns
tas TAVSL |Address Set-Up Time
TAVWL 0 0 0 0 ns
twp TWLWH | Write Puise Width 20 25 25 40 ns
WR TWHAX | Write Recovery Time 0 0 10 15 ns
tow TDVWH | Data Set-Up Time 20 25 25 30 ns
toH TWHDX |Data Hold Time 10 10 . 10 10 ns
twz TWLQZ |Write Enable to Output
TRI-STATE (Note 5) 0 20 0 25 0 25 0 35 ns
tow TWHQX | Output Active from End
of Write (Note 5) 0 0 0 0 ns

Write Cycle Waveforms™* (ote6)
Write Cycle 1 (Write Enable Limited)

we
(TAVAV)
ADDRESS X X
1 tow
stwn) '
tAw WR
{TAVIH) {TWHAX) ™
tAS | twp
(TAVWL) rwiwH
TeEwAmE E N 7
1w toy
{TOVWH) (TWHDX)
DATAIN X DATA IN VALID X
) I
. tw tow
(wWiaz) (TWHaX),
DATA OUT DATA UNDEFINED G DA R RO S

G KRR RIRKS

TL/D/5257-7
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Write Cycle Waveforms™* (note 6)
Write Cycle 2 (Chip Select Limited)

twe
(TAVAV)
ADDRESS )& )(
A V?B"’ '__ (T;EWH)
CHIPSETECT 7‘
ni‘\%‘m e WA
(TWLWL) (TWHAX) ™
wATEERASe NN\ DHHHIHTT y A
¥ Phuox)
DATA IN X: DATA IN VALID
) 1
~— (2]

HIGH IMPEDANCE

DATA QUT DATA UNDEFINED

TL/D/5257-8

Note 6: The output remains TRI-STATE if the TS and WE go high simuttaneously. WE or TS or both must be high during the address transitions to prevent ai
erroneous write, .

" *The symbols in parentheses are proposed industry standard.
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NMC2148H

National
Semiconductor

NMC2148H 1024 x 4-Bit Static RAM

General Description

The NMC2148H is a 1024-word by 4-bit static random ac-
cess memory fabricated using N-channel silicon-gate tech-
nology. All internal circuits are fully static and therefore re-
quire no clocks or refreshing for operation. The data is read
out nondestructively and has the same polarity as the input
data.

The separate chip select input automatically switches the
part to its low power standby mode when it goes high. Com-
mon input/output pins are provided.

Features

m All inputs and outputs directly TTL compatible
W Static operation—no clocks or refreshing required

® Automatic power-down

m High-speed—down to 45 ns access time
m TRI-STATE® output for bus interface

m Common data 1/0 pins
m Single +5V supply

m Standard 18-pin dual-in-line package

Block Diagram* Logic Symbol*
i
" °'—‘[>_>—— o
- —— AD
o o
. ‘ S0vss —] a3 o[
M D: ° MEMORY ARRAY =™
ROW . 64 ROWS ot A5
R x al. 64 COLUMNS : :: ( n.{g |
18 -
an o—l g -
17 m _—
Y
. | o e 1 _
o o 1 l} - TL/D/7404-3
- COLUMN I/0 CIRCUITS |
Vo3 _ 12
(oa3) O —R_ wout COLUMN SELECT . R *
) NPyt : Connection Diagram
e 1 CONTROL
toaz) O j— Dual-In-Line Package
m o . ) ’ ) ' 26— ~ L1 vee
(a1 b?__ A A A R "
< Iﬁ A5 —} |— a7
: - LS e
. Lﬁ 4 15
A3 == A9
5 1
;:_ l A= — (oo
w0 a = = o2
1] A2 .l .2 1/03
WE W O ™\ S , (0a3)
o) o = i
TL/D/7404-1 9 10
VSS == | WE(E)
Pin Names* Order Number NMC2148HJ-L,
AO-A9 Address Inputs NMC2148HJ-3L, NMC2148HJ, TL/D/7404-2
WE (W) Write Enable NMC2148HJ-2 or NMC2148HJ-3 Top View
TS5 Chip Select See NS Package Number J18A
1/01-1/04  Data Input/Output
(DQ1-DQ4)
VCC Power (5V)
VSS Ground

*Symbols in parentheses are proposed industry standard.
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Absolute Maximum Ratings Truth Table o
" N
If Military/Aerospace specified devices are required, = [ -
contact the National Semiconductor Sales Office/ cs WE 170 Mode Power &
Distributors for availability and specifications. H X Hi-Z Standby Standby I
Voltage at Any Pin with Respect to VSS —-3.5Vto +7V L L H Write 1 Active
Storate Temperature —65°C to +150°C L L L Write 0 Active
Temperature with Bias -10°Cto +85°C L H pouT Read Active
DC Output Current 20 mA
Power Dissipation 1.2W
Lead Temperature (Soldering, 10 sec.) 300°C
DC Electrical Characteristics 1A = 0°Cto +70°C, vCG = 5V + 10% (Notes 1 and 2)
wozvas | M
Symbol Parameter Conditions NMC2148H-3L NMC2148H-3 Units
Min Max Min Max
1| Input Load Current VIN = 0Vto 5.5V, 10 10 A
(Al Input Pins) VCC = Max
IiLo| Output Leakage Current CS = VIH, VOUT = GND to 4.5V, 50 50 A
VCC = Max
ViL Input Low Voltage —-25 0.8 —-25 0.8 \
VIH Input High Voltage 21 6.0 241 6.0 \
—VOL “Output Low Voltage - IOL=80mA~ ~~—— |77 |7 04 | | 04 | V T
VOH Output High Voltage IOH = —4.0mA 24 2.4 \
ICC Power Supply Current VIN = 5.5V, TA = 0°C, 125 180 mA
Output Open
ISB Standby Current VCC = Min to Max, CS = VIH 20 30 mA
IPO Peak Power-On Current VCC = VSS to VCC Min, 30 40 mA
CS = Lower of VCC or VIH Min
[los| Output Short Circuit Current | VOUT = GND to VCC 250 250 mA
Capacitance Ta = 25:c, f = 1.0 MHz (Note 3)
Symbol Parameter Conditions Min Max Units
CIN Address/Control Capacitance VIN = 0V 5 pF
Cl/0 Input/Output Capacitance VI/O = oV 7 pF
Note 1: The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute.
Note 2: These circuits require 500 us time delay after VCC reaches the specified minimum limit to ensure proper operation after power-on. This allows the
internally generated substrate bias to reach its functional level.
Note 3: This parameter is guaranteed by periodic testing.
AC Test Conditions Ut v
Input Test Levels GND to 3.0V
Input Rise and Fall Times 5ns
Input Timing Reference Level 1.5V 4800
Output Timing Reference Levels 0.8V and 2.0V [
Output Load See Figure 1 3 30 pF
utp guir 25509 (INCLUDING SCOPE \
T AND FIXTURE)
- TL/D/7404-4
FIGURE 1. Output Load
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NMC2148H

Read Cycle AC Electrical Characteristics 7a = 0°cto +70°C, VCC = 5V £10% (Note 1)

NMC2148H-3 NMC2148H
Symbol Parameter NMC2148H-2 | \mc214gH-3L | NMC2148H-L | units
Alternate | Standard Min Max Min Max Min Max
tRe TAVAV Read Cycle Time 45 55 70 ns
taA TAVQV | Address Access Time 45 55 70 ns
tacs1 TSLQV1 | Chip Select Access Time (Notes 4 and 5) 45 55 70 ns
tacs2 TLSQV2 | Chip Select Access Time (Notes 4 and 6) 55 65 80 ns
t z TSLQX Chip Select to Output Active (Note 7) 20 20 20 ns
thz TSHQZ | Chip Deselect to Output TRI-STATE (Note 7) 20 0 20 0 20 ns
ton TAXQX | Output Hold from Address Change 5 5 ns
tru TSLIH Chip Select to Power-Up 0 ns
teD TSHIL Chip Deselect to Power-Down 30 30 30 ns
Max Access/Current NMC2148H-2 NMC2148H-3 NMC2148H NMC2148H-3L NMC2148H-L
Access (TAVQV—ns) 45 55 70 55 70
Active Current (ICC—mA) 180 180 180 125 125
Standby Current (ISB—mA) 30 30 30 20 20
Read Cycle Waveforms*
Read Cycle 1 (Continuous Selection CS = VIL, WE = VIH)
(ngw |
ADDRESS ;( k
tAA ]
{Tavav) | |
DATA OUT PREVIOUS DATA VALID DATA VALID
t0H
(raxax)
TL/D/7404-5
Read Cycle 2 (Chip Select Switched, WE = VIH) (Note 4)
RC
(TAVAV)
CHIP SELECT 1 5( 7z
e| e tHZ
(Tswaz)

DATA OUT

oy
=" (T5LIH)

DATA VALID

vep 0 = — —————
SUPPLY 5%
1ss 7F

Note 4: Addresses must be valid coincident with or prior to the chip select transition from high to low.

Note 5: Chip deselected longer than 55 ns.
Note 6: Chip deselected less than 55 ns.

Note 7: Measured +50 mV from steady state voltage. This parameter is sampled and not 100% tested.

*The symbols in parentheses are proposed industry standard.

HIGH IMPEDANCE

0
[~ (rshiL) —
50%

TL/D/7404-6
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Write Cycle AC Electrical Characteristics A = 0"Cto +70°C, vCC = 5V £ 10% (Note 1)

NMC2148H-3 NMC2148H
Symbol Parameter NMC2148H-2 | \\MC2148H-3L | NMC2148H-L | ynits
Alternate | Standard Min | Max Min Max Min | Max
twe TAVAV | Write Cycle Time 45 55 70 ns
tew TSLWH | Chip Select to End of Write 40 50 65 ns
taw TAVWH | Address Valid to End of Write 40 50 65 ns
tas TAVSL | Address Set-Up Time 0 0 0 ns
TAVWL
twp TWLWH | Write Pulse Width 35 40 50 ns
twr TWHAX | Write Recovery Time 5 5 5 ns
tow TDVWH | Data Set-Up Time 20 20 25 ns
toH TWHDX { Data Hold Time 0 ns
twz TWLQZ | Wirite Enable to Output TRI-STATE (Note 7) 15 20 0 25 ns
tow TWHQX | Output Active from End of Write (Note 7) 0 0 ns
Write Cycle Waveforms™* (Note s)
Write Cycle 1 (Write Enable Limited)
twe | -
o S = = * (TAVAV)
ADDRESS )(
| tcw )
(TSLWH)
TP SELECT i z@ / /
t L\
(TA'WJH) 1rwmxr’
tAs twp
(TAVWL) (TWLWH)
WRITE ENABLE b 7f
tow t
(m‘\)/wn) (%an)
DATAIN DATA IN VALID
o taw
~— ik (TWhax)
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED

TL/D/7404-7
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NMC2148H

Write Cycle Waveforms* (note 8) (Continued)
Write Cycle 2 (Chip Select Limited)

[ we
(TAVAV)
ADDRESS *
1 tw
A (TSLWH)
(TAvsﬁ" -
CHIP SETECT 7‘
(AN
twp WR
(TWLWL) (TWHAX) ™
WRITEERABLE N Y%
tow o4
(TOVWH) (TWHDX)
DATAIN DATA IN VALID
T !
—~— W2
(rwum‘j
- HIGH IMPEDANCE
DATA OUT DATA UNDEFINED

TL/D/7404-8

Note 8: The output remains TRI-STATE if the CS and WE go high simulataneously. WE or TS or both must be high during the address transitions to prevent an
erroneous writa.

*Symbols in parentheses are proposed industry standard.
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National
Semiconductor

NM1600/NM1601
65,536 x 1-Bit Static RAM

General Description

The NM1600/NM1601 is a 65,536-bit fully-static, asynchro-
nous, random access memory organized as 65,536 words
by 1-bit per word. The NM1600/NM1601 is based on an
advanced, isoplanar, oxide-isolation CMOS process. The
process utilizes fully-implanted CMOS technology, with sub-
2 micron design rules and tantalum silicide gate electrodes
for high performance. The combination of this high-perform-
ance technology, and speed-optimized circuitry results in a
very high-speed memory device. The NM1601 is identical to
the NM1600 with the additional feature of power down for
low power battery backup.

Features

m Fast address access times: 25 ns/30 ns/35 ns (maxi-
mum)

m Enable read access faster than address access

| Minimum write cycle time, including moderate system
timing skews, equal to minimum read cycle time

m No internal clocks—high speed achieved without
address transition detection circuitry

m All inputs and outputs directly TTL compatible

B Separate data input and TRI-STATE® output

m Available in 22-pin DIP, PDIP or LCC

m Low power dissipation (data retention NM1601)
lccor = 50 pA Max. (2.0V < VpRr < 3.0V)

m Data retention supply voltage NM1601:

2.0V to 5.5V
Functional Block Diagram
SB » LSB
hE ;lliilis_lf-l}‘il }
ROW DECODERS

[%2] 1)

g &
A R
Sl |2y |=
3 - - -

g g

= =

:

-

B

~z

D COLUMN 1/0 CIRCUITS

—|>—->0

COLUMN DECODERS

=
w )—t
w O

TOPp

H

A15 A10 A8 A7 A6 A5
» LSB
_ WRITE
Vé—— ENABLE
OUTPUT
ENABLE

TL/D/9676-4
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NM1600/NM1601

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Voltage on Any Input or Qutput Pin

with Respect to Vgg —2VtoVee + 2V

Storage Temperaure —65°C to +150°C
Operating Temperature 0°Gto +70°C
Power Dissipation 1.0w
Continuous Output Current 25 mA
Average Input or Output Current 25 mA

(Averaged over any 1 us time interval)

Note: Stresses greater than 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 condi-
tions for extended periods may affect device reliability.

Recommended Operating
Conditions 1, = o'cto +70°C

Min Max Units
Input HIGH Voltage (Vi) 2.2 Voo + 0.5 v
Input LOW Voltage (Vi) —-1* 0.8 \"

All voltages are referenced to Vgg pin = 0V.
*The device will withstand undershoots to —3V of 20 ns duration.

This device contains circuitry to protect the inputs
against damage due to high static voltages or electric
fields; however, it is advised that normal precautions be
taken to avoid application of any voltage higher than
maximum rated voltages to this high-impedance circuit.

AC Electrical Characteristics Ta = 0°Cto +70°C, Vg = Voemax to VeeMiN

Symbol NM1600-25/255 NM1600-30 NM1600-35
No. Y Parameter NM1601-25/255 NM1601-30 NM1601-35 | Units
Standard I Alternate Min Max Min- Max Min Max
READ CYCLES
1 TAVAX TRC Address Valid to Address Invalid
(Read Cycle Time) 25 30 35 ns
2 TAVQV TAA Address Valid to Output Valid
(Address Access Time) (Note 5) 25 30 35 ns
3 TAXQX TOH Address Invalid to Output invalid 5 5 5 ns
(Output Hold Time)
4 TELEH TRC Chip Enable LOW to Chip Enable
HIGH (Note 6) 22 27 30 ns
5 TELQV TACS | Chip Enable LOW to Output Valid
(Chip Enable Access Time) (Note 6) 22 27 80 | ns
(] TELQX TLZ Chip Enable LOW to Output Low Z
(Chip Enable to Output Active) 5 5 5 ns
(Note 4)
7 TEHQZ THZ Chip Enable HIGH to Output High Z
(Chip Disable to Qutput Disable) 0 10 0 12 0 15 ns
(Note 9)
8 | TELICC TPU Chip Enable LOW to Operating 0 0 0 ns
Supply Current (Note 4)
9 | TEHISB TPD Chip Enable HIGH to
Standby Current (Note 4) 25 27 30 ns
Timing Waveforms
Read Cycle 1

' TAVAX(1)
A (ADDRESS) ZXXXX* ADDRESS VALID
TAVQV(2)

Q (DATA OUT)  PREVIOUS

QURXXXXXXXXXXXXXXXXXXXOOK_DATA vauo )

y | TAXQX(3)

TL/D/9676-7

Access is under address control where E is active prior to or within 5 ns of address change. W = HIGH.
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. . . =
AC Electrical Characteristics 14 = 0°Cto +70°C, Voc = Vocmax to Veomin (Continued) =
Symbol NM1600-25/255 NM1600-30 NM1600-35 §
No. Y Parameter NM1601-25/255 NM1601-30 NM1601-35 | Units | =
Standard | Alternate Min Max Min Max Min Max ;
WRITE CYCLE 1 2
10 | TAVAX TWC Address Valid to Address Invalid
(Write Cycle Time) 25 30 3 ns
11 | TWLEH TWP | Write LOW to Chip Enable HIGH 19 20 25 ns
(Write Pulse Width) (Notes 7 & 10)
12 | TAVWH TAW | Address Valid to Write HIGH
(Address Setup to End of Write) 19 22 25 ns
(Note 7)
13 | TWHAX TAH Write HIGH to Address Don’t Care
(Address Hold after End of Write 0 0 0 ns
(Notes 7 & 12)
14 | TWLWH TWP Write LOW to Write HIGH 19 22 25 ns
{Write Pulse Width) (Notes 7 & 10)
15 | TAVWL TAS Address Valid to Write LOW
(Address Setup to Beginning of Write) 0 0 0 ns
(Notes 7 & 8)
16 | TDVWH TDS Data Valid to Write HIGH
(Data Setup to End of Write) 10 10 12 ns
_ . ) (Notes 7 & 12) I R - N .
17 | TWHDX TDH Write HIGH to Data Don't Care
(Data Hold after End of Write) 0 0 0 ns
(Notes 7 & 12)
18 | TWLQZ T™WZ Write LOW to Output High 2
(Write Enable to Output Disable) 0 9 0 12 0 12 ns
(Note 9)
19 | TWHQX TOW | Write HIGH to Output Don’t Care
(Output Active after End of Write) 5 5 5 ns
(Note 4)
Timing Waveforms (continued)
Read Cycle 2
TELEH(4)
E (CHIP ENABLE) 4( £
TERQZ(7)—
TELQV(S) ;o [TEaO)
@ (oATh ou1) KRR KKK KXKKIK | OkTh VA=t ~2=
TELQX(6,
ke (_Z je— TELICC(8) [+—— TEHISB(9)
lec (SUPPLY CURRENT) ;il
ks
TL/D/8676-8
Where address is valid a minimum of 5 ns prior to E becoming active (LOW). W = HIGH.
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NM1600/NM1601

AC Electrical Characteristics 1, = 0°Cto +70°C, Ve = Veemax to Veomin (Continued)

Symbol NM1600-25/255 NM1600-30 NM1600-35
No. Y Parameter NM1601-25/255 NM1601-30 NM1601-35 | Units
Standard | Alternate Min Max Min Max Min Max
WRITE CYCLE 2

20 | TAVEL TAS Address Valid to Chip Enable LOW 0 0 0 ns
(Address Setup) (Notes 7 & 8)

21 | TELEH TWP Chip Enable LOW to Chip Enable
HIGH (Write Pulse Width) 19 22 25 ns
(Notes 7 & 10)

22 | TEHAX TAH Chip Enable HIGH to Address Don’t
Care (Address Hold after End of Write) 0 0 0 ns
(Notes 7 & 12)

23 | TAVEH TAW Address Valid to Chip Enable HIGH
(Address Setup to End of Write) 19 22 25 ns
(Note 7)

24 | TELWH TWP Chu.) Enable LQW to Write HIGH 19 22 25 ns
(Write Pulse Width) (Notes 7 & 10)

25 | TDVEH TDS Data Valid to Chip Enable HIGH
(Data Setup to End of Write) 10 10 12 ns
(Notes 7 & 12)

26 | TEHDX TDH Chip Enable HIGH to Data Don’t 0 0 0 ns
Care (Data Hold) (Notes 7 & 12)

Timing Waveforms (continued)
Write Cycle 1
e TAVAX(10) ]
TWLEH(11)
E (CHIP ENABLE) AN 2N
— [—TWHAX(13)
TAVWH(12)
_ \ TWLWH(14) /
W (WRITE ENABLE) X 21
— TWHDX(17
TAVWL(15) TOVWH(16)—] (17)
b 0w ) XXXXXXXXXXS) DA VAL
——TWLQZ(18) —] ]
Q@amoun __ PER® p—tiot = z—— XXX XOOOHXXXXX

TL/D/9676-9
This write cycle is W controlied, where E is active (LOW) prior to W becoming active (LOW). In this write cycle the data out may become active, requiring
observance of TWLQZ to avoid data bus contention in common |/O applications. At the end of the write cycle the data out may become active if W becomes
inactive (HIGH) prior to E becoming inactive (HIGH).
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. . a: =
DC Electrical Characteristics 1, = o:cto +70°C =
NM1600-25/255 NM1600-30 NM1600-35 §
Symbol Parameter Conditions NM1601-25/255 NM1601-30 NM1601-35 Units | 2
Min Max Min Max Min Max g
o
L Input Leakage Vss < ViN £ Voo £ 42 +2 pA prd
Current
Lo Output Leakage E=VhoW=v
Current Vss < Vour < Vee £10 £10 £10] pA
Icc Dynamic Operating Min Read Cycle Time
Supply Current Duty Cycle = 100% 90 90 80 mA
Output Open
Is1 Standby Supply E = V|i, (Note 1) 25 25 25 mA
Current
Isg2 Full Standby NM1600 | (Note 2) 15 15 15 mA
Supply Current | \yt1601 | (Note 2) 5 5 5
VoL Output LOW Voltage loL = 8.0mA 0.4 0.4 0.4 \
VoH1 Output HIGH Voltage loH1 = —4.0mA 2.4 24 24 \
VoH2 Output HIGH Voltage loH2 = —0.05mA Ve — 04 Vec — 0.4 Veec — 0.4 \
Vee Supply Voltage Except Data -25
Retention Mode
45 I 55 4.5 5.5 4.5 5.5 v
o - - - -255 o L - -
475 | 55
Timing Waveforms (continued)
Write Cycle 2
| TAVAX(10) |
TELEH(21)
E (CHIP ENABLE) Y 771777777777 777
TAVEL(20)—{ |=— — Fe—TEHAX(22)
TAVEH(23)
_ TELWH(24) y
W (wRre £vaBLe) NN\ A T77777777777
—> TEHDX(26)
TOVEH(25)—
D (DATA IN) m DATA VALID
Q (DATA OUT) HIGH=2
ke - l<— TELICC(8) TEHISB(9) |
lec (SUPPLY CURRENT) 1sp ql JF
TL/D/9676-10
This write cycle Is E controlled, where W is active (LOW) prior to, or coincident with, E becoming active (LOW). In this write cycle the data out remains in the high
impedance state (TRI-STATE) at the beginning of the write cycle, precluding potential data contention in common 170 applications.
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NM1600/NM1601

Data Retention Characteristics (\M1601 only) Ta = 0°Cto +70°C, Vcg = 2.0V to 5.5V

No. Symbol Parameter Conditions Min Max Units

27 VDR Vce Voltage for Data Voo — 0.2V<E < +55V
Retention Voo — 0.2V < Vjy £ +5.5Vor 2.0 55 \

Vgg — 0.2V < V)N < Vgg + 0.2V

28 Iccbr Data Retention Current Vpr = 3.0V Ta = 0°Cto +70°C 50
Note 14) KA
( VDR = 2.0V 35

29 TCDR Chip Disable to Data 0 ns
Retention Time (Note 4)

30 TR Recovery Time t ns
(Notes 4 & 13) AVAX

Data Retention Waveform

DATA RETENTION MODE ———————
: N VecMIN VoEMIN e
Yoo \ Vpg = 2.0V J
+—TCOR— - .;Aﬂ_i ........... Vor
(29) @0)
i +5.5V = ExVpp - 2.0V
£ (CHIP ENABLE) 2.2V o

TL/D/9676-15

Note 1: Standby supply current (TTL) is measured with E HIGH (chip deselected) and inputs steady state at valid V) or V) levels.

Note 2: Full standby supply current (CMOS) is measured with the enable bar input satisfying the condition: Voc —0.2V < E < Vgg +0.2V, and all other inputs,
(including the data inputs) at steady state and satisfying one of two conditions: Either, Vog —0.2V < Vi < Ve +0.2V or Vgg —0.2V < Vi < Vgg + 0.2V. This
condition results in a significant reduction in current in the input buffers and consequently a lower overall current level.

Note 3: Operation to specifications guaranteed 2.0 ms after Vg reaches minimum operation voltage.

Note 4: This parameter is sampled, not 100% tested.

Note 5: Address Access Time (Read Cycle 1) assumes that E occurs before, or within 5 ns after addresses are valid. Timing considerations are referenced to the
edges of Address Valid.

Note 6: Enable Access Time (Read Cycle 2) assumes that addresses are valid at least 5 ns prior to E transitioning LOW (active). Timing considerations are then
referenced to the LOW (active) transitioning edge of E.

Note 7: A write condition exists only during intervals where both W and E are LOW (active). The internal Write starts when the second of these signals becomes
LOW (active). The internal Write ends when either of these signals transitions HIGH (inactive).

Not_e 8: Address setup to beginning of write is measured from 1the tilne when the last address input becomes valid to the time when the second of the two signals (E
or W) becomes LOW (active). The timing of the first signal (W or E) to transition LOW (active) is a Don’t Care.

Note 9: Transition to the high-impedance state is measured at a = 500 mV change from a valid Von of Vo, steady state voltage with the loading specitied in Figure
2. This parameter is sampled, not 100% tested.

Note 10: Write pulse width is measured from the time when the last of the two signals E and W becomes LOW (active) to the time of the first of E or W to transition
HIGH (inactive).

Note 11: For rise or fall times greater than 3 ns, the timing relationships can no longer be specified to the time when inputs cross the 1.5V level. This is a
characteristic of any CMOS device operated outisde specified switching levels of transition times.

Note 12: Timing specifications of Data Setup to End of Write, Data Hold After End of Write, and Address Hold After End of Write are all referenced to the time when
the first of E or W transitions HIGH (inactive). The timing of the second signal (W or E) to transition HIGH (inactive) is a Don't Care.

Note 13: TAVAX = Read Cycle Timing.

Note 14: IccpR is tested with Viy = OV or 5.5V.
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Connection Diagrams

22-Pin DIP (J) and PDIP (N)

TL/D/9676-1

-/

Ao—{1 22 |=vee
A—{2 2115
A2—3 20}=Al4
A3—4 19=A13
A5 18—A12
as—s IS/ 7L ry
A6—7 16f—A10
e ] 15|—A9

o—{9 14 =28
w110 131-D
Vss—{ 11 12|—-E

Top View
Order Number*

NM1600J25, NM1600J255, NM1600J30,
NM1600J35, NM1600N25, NM1600N255,
NM1600N30, NM1600N35, NM1601J25,
NM1601J255, NM1601J30, NM1601J35,
NM1601N25, NM1601N255,
NM1601N30 or NM1601N35
See NS Package Number D22D* or N22B*

*Call factory for package outlines and dimensions.

Logic Symbol

A0—1

A—2

A2—13

A3—4

M—15

A5==1§ 13 —D
As—17

A7=——18  NM1600/

A8—] 14  NM1601

A9—15

A0—116 s
Att—aqi7
A12—]18
A13—119
A4—]20
As—21 0 g,

=—0
mi—Q)

TL/D/9676-3

22-Pin LCC (E)

w

22 8%

| |

2 1 2221
A2—{3 20~ Al4
A3—{4 19f=a13
FYes B / 18~ A12

NM1600,

AS—6  wureor. 17 AN
A6—7 16}~ At0
A7—{8 15}~ A9
Q-3 14|~ A8

10 11 12 13

LI

= >3-u (=%

TL/D/9676-2
Top View
Order Number*

NM1600E25, NM1600E255, NM1600E30,
NM1600E35, NM1601E25, NM1601E255,
NM1601E30 or NM1601E35
See NS Package Number E22A*

*Call factory for package outlines and dimensions.

Pin Names

Ap-Ats Address Inputs
E Chip Enable
w Write Enable
D Data Input

Q Data Output
Vee Power (5.0V)
Vgs Ground (0V)
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NM1600/NM1601

AC Test Conditions (Notes3&11)

Input Pulse Levels 0V to 3.0V
Input Rise and Fall Times 3ns
Input and Output Reference Levels 1.5V

Output Load (See Figures 1 and 2)

Capacitance (ote 4)

Symbol Parameter Max Units
Cin Input Capacitance 6 pF
Cout Output Capacitance 7 pF

Effective capacitance calculated from the equation

AQ
C= v where AV = 3V,

30 prtI,[ 32550
>

L

FIGURE 1. Qutput Load

TL/D/9676-5

STANDARD TIMING PARAMETER ABBREVIATIONS

TXXXX

signal name from which interval Is defined
transition direction for first signal

signal name to which interval Is defined
transition direction for second signal

TL/D/9676-11
The transition definitions used in this data sheet are:

= transition to high state.

= transition to low state.

= transition to valid state.

= transition to invalid or don’t care condition.

= transition to off (high impedance) condition.

NX<r T

Truth Table
Mode E|{W|D Q Power Level
Standby | H X X | HIGHZ Standby
Read L H X D Active
Write L L D HIGH Z Active
HIGH Z = High impedance
D = Valid data bit
X = Don'tcare
+5v

S 4800
>
Dour

5pF* S 2550
>

sam

- TL/D/9676-6
*including scope and jig.

FIGURE 2. Output Load (for
TEHQZ, TELOX, TWLQZ, TWHQX)

TIMING VALUES

The AC Operating Conditions and Characteristics tables
typically show either a minimum or maximum limit for each
device parameter. Those timing parameters which state a
minimum value do so because the system must supply at
least that much time, even though most devices don’t re-
quire that full amount. Thus, input requirements are speci-
fied from the external point of view. In contrast, responses
from the memory (like access times) are specified as a max-
imum time because the device will never provide the data
later than this stated value, and will usually provide it much
sooner than this.

XXXXXXXXXXXX

AN

Ll

TL/D/9676-12
INVALID or Don’t Care.

Transition from HIGH to LOW level, may occur
any time during this period.

TL/D/9676~-13 TL/D/9676-14
Transition from LOW to HIGH leve!, may occur

any time during this period.
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National
Semiconductor

1600A/1601A 65,536 x 1-Bit Static RAM
Military Temperature Range

General Description Features
The 1600A/1601A is a 65,536-bit fully-static, asynchronous, B Fast address access times: 30 ns/35 ns/45 ns/55 ns/
random access memory organized as 65,536 words by 1-bit 70 ns (maximum)

per word. The 1600A/1601A is based on an advanced, iso- B Enable read access faster than address access
planar, oxide-isolation CMOS process. The process utilizes ~ m Minimum write cycle time, including moderate system

fully-implanted CMOS technology with sub-2 micron design timing skews, equal to minimum read cycle time
rules and tantalum silicide gate electrodes for high perform-  w gpecifications guaranteed over full military temperature
ance. The combination of this high-performance technolo- range (—55°C to +125°C)

gy, and speed-optimized circuitry results in a very high- g No internal clocks—high speed achieved without ad-

speed memory device. dress transition detection circuitry
The 1601A is identical to the 1600A with the additional fea- g A inputs and outputs directly TTL compatible

ture of power down for low power battery backup applica- g Separate data input and TRI-STATE® output
tions. Both parts are processed in full compliance with MIL- ® Available in 22-pin DIP or LCC

STD-883. m Single +5V Operation (+10%)
m Low power dissipation (data retention 1601A):
lccor = 5 pA Max. (Vpr = 2.0V), Iccpr =
8 pA Max. (Vpr = 3.0V) @ 25°C
m Data retention supply voltage 1601A:
- - - 2.0V to 5.5V —_
m Polyamide die coat for alpha immunity

Functional Block Diagram

MSB » LSB
A13 A12 AN A3 A2 A4 A1

lhhhhhhhh

ROW DECODERS

i

16k ARRAY
WORD LINE DRIVERS
16k ARRAY
16k ARRAY
WORD LINE DRIVERS
16k ARRAY

C

D COLUMN 1/0 CIRCUTS —D—DO

COLUMN DECODERS

i

A0 A15 A10 A9 A8 A7 A6 A5
» LSB

WRITE
ENABLE

mE|

OUTPUT

ENABLE
TL/D/9677-4
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1600A/1601A

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for avallabllity and specifications.

Voltage on Any Input or Output Pin

with Respect to Vgg —2.0Vto Vg +2V
Storage Temperature —65°Cto +150°C
Operating Temperature —55°Cto +125°C
Power Dissipation 1.0W
Continuous Output Current 25 mA
Average Input or Output Current 25 mA

(Averaged over any 1 ps time interval.)
Thermal Resistance

6 Side-Brazed DIP 15°C/W

6 JCLCC 20°C/W

Note: Stresses greater than 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 condi-
tions for extended periods may affect device reliability.

Recommended Operating
Conditions 1 = -55°Cto +125°C

Min Typ Max Units
Supply Voltage (Vee) 45 50 55 \
Input HIGH Voltage (Vi) 2.2 Vcc +0.5 v
Input LOW Voltage (V) —1* 0.8 v

All Voltages are referenced to Vgg pin = OV.

*The device will meet —1V or —50 mA whichever occurs first without latch-
ing up. The device will also withstand undershoots to —3V of 20 ns duration.

This device contains circuitry to protect the inputs
against damage due to high static voltages or electric
fields; however, it is advised that normal precautions be
taken to avoid application of any voltage higher than
maximum rated voltages to this high-impedance circuit.
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AC Electrical Characteristics ¢ = —s5°Cto +125°C, Vg = 5.0V + 10%

1600A-30 | 1600A-35 | 1600A-45 | 1600A-55 | 1600A-70

No. Symbol Parameter 1601A-30 | 1601A-35 | 1601A-45 | 1601A-55 | 1601A-70 |Units
StandardlAlternate Min| Max MInI Max |Min| Max Mln‘ Max MlanVlax
READ CYCLES
1 | TAVAX TRC |Address Valid .to Address Invalid 30 a5 45 55 70 ns
(Read Cycle Time)

2 | TAVQV TAA | Address Valid to Output Valid

(Address Access Time) (Note 5) 30 35 48 5 70 | ns
3 | TAXQX TOH |Address Invalid to Output Invalid

(Output Hold Time) 5 5 S 5 5 ns
4 | TELEH | TRC |Chip Enable LOW to Chip

Enable HIGH (Note 6) 2 30 40 50 50 ns
5 | TELQV | TACS |Chip Enable LOW to Output Valid

(Chip Enable Access Time) (Note 6) & 80 40 50 50 | ns
6 | TELQX TLZ | Chip Enable LOW to Output Low Z

(Chip Enable to Output Active) 5 5 5 5 5 ns

(Note 4)

7 | TEHQZ THZ | Chip Enable HIGH to Output High Z
(Chip Disable to Output Disable) 0 12 | 0 15 | 0 15 | 0| 20 | O | 20 ns

(Notes 4 & 9)
|- 8 | TELICC TPU .. |Chip Enable LOW to Operating - : S I S
Supply Current (Note 4) ° ° 0 0 0 ns
9 | TEHISB TPD |Chip Enable HIGH to
Standby Current (Note 4) 27 30 40 50 50 ns
Timing Waveforms
Read Cycle 1

I TAVAX(1) B

I TAVQV(2) - I | TAxox(s)
PREVIQUS VVV \/ \/\/

Q (DATA OUT) Evio

TL/D/9677-7
Access is under address control where E is active prior to or within 5 ns of address change. W = V.

Read Cycle 2
TELEH(4)
E (CHIP ENABLE) N 47‘
TELOVS) [+—TEHQZ(7)—

Q (DATA OUT)

DATAVALID  J= HIGHZ =

TELQX(6)

e —+| |~ TELICC(B) le— TEHISB(9)
lec (SUPPLY CURRENT)

TL/D/9677-8

Access is under E control where address is valid a minimum of § ns prior to E becoming active. W = V|, address remains valid at least TELQV after E transitions
LOwW.

L
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1600A/1601A

AC Electrical Characteristics 7¢c = —55°C to +125°C, Vog = 5.0V + 10% (Continued)

Symbol 1600A-30 | 1600A-35 | 1600A-45 | 1600A-55 | 1600A-70
No. y Parameter 1601A-30 | 1601A-35 | 1601A-45 | 1601A-55 | 1601A-70 |Units
Standard, Alternate Min| Max |{Min{ Max Mlnl Max Mlnl Max Mln] Max
WRITE CYCLE 1
10| TAVAX TWC | Address Valid to Address Invalid :
(Write Cycle Time) 30 3 48 %5 0 ns
11| TWLEH TWP  |Write LOW to Chip Enable HIGH
(Write Pulse Width) (Notes 7 & 10) | 22 2 80 3 3 ns
12 | TAVWH TAW | Address Valid to Write HIGH
(Address Setup to End of Write) 22 25 30 35 35 ns
(Note 7) .
13 | TWHAX TAH  [Write HIGH to Address Don’t Care
(Address Hold after End of Write 0 0 0 2 5 ns
(Notes 7 & 12)
14 ) TWLWH [ TWP [Write LOW to Write HIGH
(Write Pulse Width) (Notes 7 & 10) | 22 2 8 % 3 ns
15| TAVWL TAS }Address Valid to Write LOW
(Address Setup to Beginning of Write)| 0 0 0 2 5 ns
(Notes 7 & 8)
16 | TDVWH TDS |Data Valid to Write HIGH
(Data Setup to End of Write) 10 12 12 15 15 ns
(Notes 7 & 12)
17 | TWHDX TDH | Write HIGH to Data Don’t Care
(Data Hold after End of Write) 0 0 0 2 5 ns
(Notes 7 & 12)
18 | TWLQZ TWZ [Write LOW to Output High Z
(Write Enable to Output Disable o122 0|12 |0] 16 0| 18 [ O | 20 ns
(Notes 4 & 9)
19 [ TWHQX | TOW |Write HIGH to Output Don't Care
(Output Active after End of Write) 5 5 5 5 5 ns
(Note 4)
Timing Waveforms (continued)
Write Cycle 1
[ TAVAX(10) |
A (ADDRESS) ADDRESS VALID m
TWLEH(11)
E (CHIP ENABLE) '\\ ;‘77/777777777777
— le—TWHAX(13)
TAVWH(12)
_ le——————TWLWH(14)
W (WRITE ENABLE) X 7¢777777777777777
— TWHDX(17
TAVWL(15) TOVHH(16)——] (17)
b oars 1) TXXXXXXXXXD DATA VALD
——

[e——TWLQZ(18)
Q (DATA 0UT) PREVIOUS HIGH = Z

QOXXXXXXXXXXXX

TL/D/9677-9

This write cycle is W controlled, where E is active (LOW) prior to W becoming active (LOW). In this write cycle the data out may become active, requiring
abservance of TWLQZ to avoid data bus contention in common 1/0 applications. At the end of the write cycle the data out may become active if W becomes
inactive (HIGH) prior to E becoming inactive (HIGH).
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AC Electrical Characteristics 1c = —55°Cto +125°C, Vg = 5.0V + 10% (Continued)

b
D
o
5
Symbol 1600A-30 | 1600A-35 | 1600A-45 | 1600A-55 | 1600A-70 Py
No. 4 Parameter 1601A-30 [ 1601A-35 | 1601A-45 [ 1601A-55 | 1601A-70 | Units g
StandardlAIternate Mlnl Max Mlnl Max |Min| Max Mlnl Max Mlnl Max ;
WRITE CYCLE 2
20 | TAVEL TAS [Address Valid to Chip Enable LOW 0 0 0 2 5 ns
(Address Setup) (Notes 7 & 8)
21| TELEH TWP | Chip Enable LOW to Chip Enable
HIGH (Write Pulse Width) 22 25 30 35 35 ns
(Notes 7 & 10)
22 | TEHAX TAH [Chip Enable HIGH to Address Don’t
Care (Address Hold after End of Write)| 0 0 0 2 5 ns
(Notes 7 & 12)
23 | TAVEH TAW |Address Valid to Chip Enable HIGH
(Address Setup to End of Write) 22 25 30 35 35 ns
(Note 7)
24| TELWH | TWP [Chip Enable LOW to Write HIGH
(Write Pulse Width) (Notes 7 & 10) | 22 % %0 % 3 ns
25| TDVEH TDS |Data Valid to Chip Enable HIGH
(Data Setup to End of Write) 10 12 12 15 15 ns
(Notes 7 & 12)
26 | TEHDX TDH |Chip Enable HIGH to Data Don't 0 0 0 2 5 ns B
s i -~~~ "|Care (Data Hold) (Notes 7&12) : a
Timing Waveforms (Continued)
Write Cycle 2
} TAVAX(10) |
TELEH(21)
E (CHIP ENABLE) A 2N
TAVEL(20)— — le—TEHAX(22)
e TAVEH(23) —~————————
TELWH(24) ,
W (WRITE ENABLE) ““5 #7777777777777

TEHDX(26)

=
TOVEH(25)—]
D (DATA IN) m DATA VALID

Q (DATA OUT) HIGH = Z

e — TELICC(8) J———— TEHISB(9)
loc (SUPPLY CURRENT) g Y

TL/D/9677-10

This write cycle is E controlled, where W is active (LOW) prior to, or coincident with, E becoming active (LOW). In this write cycle the data out remains in the high
impedance state (TRI-STATE) at the beginning of the write cycle, precluding potential data contention in common 1/O applications.
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1600A/1601A

DC Electrical Characteristics 1c = —s5°Cto +125°C, Vg = 5.0V + 10%, Vgg = OV

1600A-30 1600A-35 1600A-45 1600A-55 1600A-70
Symbol Parameter Conditions 1601A-30 1601A-35 1601A-45 1601A-55 1601A-70 |Units
Min |Max| Min [Max| Min |Max| Min [Max| Min |Max
Iu Input Leakage Vss < VIn € Ve
Current +2 +2 +2 +2 +2| A
(except DQ)
o Output Leakage [E = VjjorW =V +
Current (DQ) Vss < Vour < Voo +10 +10 +10 +£10 +10| pA
lcc Dynamic Operating |Min Read Cycle Time|
Supply Current Duty Cycle = 100% 105 90 80 80 80 | mA
Output Open
Isgt  [Standby Supply  [E = V|, (Note 1)
Current 25 25 25 25 25 [ mA
lsgz  |Full Standby
Supply 1600Al(Note 2) 15 15 15 15 15
Current mA
1601A|(Note 2) 5 5 5 5 5
VoL  [Output LOW loL = 8.0mA
Voltage 0.4 0.4 0.4 0.4 04| V
Voq  [Output HIGH lon = —4.0mA
Voltage 2.4 2.4 2.4 2.4 24 \
VoH eutput HIGH low = —~0.05mA Voc—0.4 Voc—0.4 Vcc—0.4 Voc—0.4 Vec—0.4 \"
oltage
Data Retention Characteristics 1c = —55°Cto +125°C, Vg = 2.0V to 5.5V
No. Symbol Parameter Conditions Min Max Units
27 VbR Ve Voltage for Data Ve —0.2V < E < +5.5V
Retention Voc —0.2V < Vjy < +5.5Vor 2.0 55 \
Vgg —0.2V < V| < Vgg +0.2V
28 lccor Data Retention Current Vpr = 2.0V Tc = —55°Cto +25°C 5 pA
Tg = —55°Cto +125°C 200 pA
(Note 14) VpR = 3.0V Te = —55°C 1o +25°C 8 pA
Tc = —55°Cto +125°C 400 pA
29 TCDR Chip Disable to Data 0 ns
Retention Time (Note 4)
30 TR Recovery Time (Notes 4 & 13) TAVAX ns
Data Retention Waveform
DATA RETENTION MODE
45V 45V
Vee \ Vor= 2.0V /
|[«—TCOR —>1 iy ik -t R Vor
(29) (30)

E (CHIP ENABLE)

2.2V

+5.5V = =Vpp-0.2v

TL/D/9677-15
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Note 1: Standby supply current (TTL) is measured with E HIGH (chip deselected) and inputs steady state at valid V)_or V} levels.

Note 2: Full standby supply current (CMOS) is measured with the enable bar input satisfying the condition: Vo —0.2V < E < Vgg +0.2V, and all other inputs,
(including the data inputs at steady state and satisfying one of two conditions: Either, Vo —0.2V < V|y < Voo +0.2V or Vgg —0.2V < Viy < Vgg +0.2V. This
condition results in a significant reduction in current in the input butfers and consequently a lower overall current level.

Note 3: Operation to specifications guaranteed 2.0 ms after Vg reaches minimum operating voltage.
Note 4: This parameter is sampled, not 100% tested.

Note 5: Address Access Time (Read Cycle 1) assumes that E occurs betore, or within 5 ns after addresses are valid. Timing considerations are referenced to the
edges of Address Valid.

Note 6: Enable Access Time (Read Cycle 2) assumes that addresses are valid at least 5 ns prior to E transitioning LOW (active) and remain valid at least TELQV
after E transitions LOW. Timing considerations are then referenced to the LOW (active) transitioning edge of E.

Note 7: A write condition exists only during intervals where both W and E are LOW (active). The internal Write starts when the second of these signals becomes
LOW (active). The internal Write ends when either of these signals transitions HIGH (inactive).

Note 8: Address setup to beginning of write is measured from the time when the last address input becomes valid to the time when the second of the two signals (E
or W) becomes LOW (active). The timing of the first signal (W or E) to transition LOW (active) is a Don't Care.

Note 9: Transition to the high-impedance state is measured ata + 500 mV change from a valid Voy of Vo steady state voltage with the loading specified in Figure
2.

Note 10: Write pulse width is measured from the time when the last of the two signals E and W becomes LOW (active) to the time of the first of E or W to transition
HIGH (inactive).

Note 11: For rise or fall times greater than 3 ns, the timing relationships can no longer be specified to the time when inputs cross the 1.5V level. This is a
characteristic of any CMOS device operated outside specified switching levels or transition times.

Note 12: Timing specifications of Data Setup to End of Write, Data Hold After End of Write, and Address Hold After End of Write are all referenced to the time when
the first of E or W transitions HIGH (inactive). The timing of the second signal (W or E) to transition HIGH (inactive) is a Don’t Care.

Note 13: TAVAX = Read Cycle Timing.
Note 14: IccpR is tested with Viy = 0V and VN = VpR.

Connection Diagrams

22-Pin DIP 22-Pin LCC
- 82
Ao—{1 ~ 22-Vee ‘I‘ ? T T
At=12 21p=A15 . . . —2--1-22-2t - | ——- -
a2—3 20f—a14 a2-{3 20} a14
a4 19}-A13 A4 19}~ A13
A4—{5 18}—412 e B 18— A12
ws—{s 15000 qrbenns iss 18000 L an
a6—{7 16f~At0 a7 16— A10
a7—8 15}—A9 78 15— A9
o—{9 14]-48 Q=9 14— A8
w—{10 13}-0 10 11 12 13
3 11
—An 12}~
Yss ¢ = B o
TL/D/9677-1 TL/D/9677-2
Top View Top View
See NS Package Number D22D* See NS Package Number E22A*
Logic Symbol
D Order Number
1 1600ADMQB30, 1601ADMQB30
A0—1 1 13 1600ADMQB35, 1601ADMQB35
Al—]2 1600ADMQB45, 1601ADMQB45
A2—3 Pin Names 1600ADMQBS55, 1601ADMQB55
A3—14 1600ADMQB70, 1601ADMQB70
M—1s AD-A1S Address Inputs 1600ALMQB30, 1601ALMQB30
16 7 E Chip Enable 1600ALMQB35, 1601ALMQB35
AT—s By . 1600ALMQB45, 1601ALMQB45
—{1s 500/ W Write Enable 1600ALMQB55, 1601ALMQB55
=115 15014 D Data Input 1600ALMQB70 or 1601ALMQB70
AMo—i16
Al=—117 Q Data Qutput *For most current package information, contact
A12—118 product marketing.
A3— 19 Vee Power (5.0V)
A14—] 20
as—1 21 Vss Ground (0V)
w=0l10
E=Oy12 9

Q TL/D/9677-3
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1600A/1601A

AC Test Conditions (otes3&11)

Input Pulse Levels oV to 3.0V
Input Rise and Fall Times 3ns
Input and Output Reference Levels 1.5V
Output Load (See Figures 1 and 2)
Capacitance (Note 4)
Symbol Parameter Max Units
CiN Input Capacitance 6 pF
Cout Output Capacitance 7 pF

Effective capacitance calculated from the equation.

AQ
cC= AvwhereAV =3V

+5Y

‘D
S 4800
>

Dout

30pF IT 32550
4

TL/D/9677-5
FIGURE 1. Output Load

STANDARD TIMING PARAMETER ABBREVIATIONS

TXXXX

signal name from which interval is doﬂnod-—-l | ‘
transition direction for first signal
signal name to which interval is deflned
transition direction for second signal
TL/D/9677-11
The transition definitions used in this data sheet aru:
= transition to high state.
transition to low state.
transition to valid state.
transition to invalid or don't care condition.
t

H

L =
Vv =
X =
Z = transition to off (high impedance) condition.

Truth Table
Mode | E| W | D Q Power Leve!
Standby | H X X HIGH Z Standby
Read L H | X D Active
Write L L D HIGH Z Active
HIGH Z = Righ impedance
D = Valid data bit
X = Don't care
+jv
>
:: 4800
Dour {
S
5pF* T :p 2550
»
= TL/D/9677-6

*including scope and jig.

FIGURE 2. Output Load (for
TEHQZ, TELQX, TWLQZ, TWHQX)

TIMING VALUES

The AC Operating Conditions and Characteristics tables
typically show either & minimum or maximum fimit for each
device parameter. Those timing parameters which state a
minimum value do so because the system must supply at
least that much time, even though most devices don't re-
quire that full amount. Thus, input requirements are speci-
fied from the external point of view. In contrast, responses
from the memory (like access times) are specified as a max-
imum time because the device will never provide the data
later than this stated value, and will usually provide it much
sooner than this.

XXXXXXXXXXXX

ANMMMNNNNNN

L

TL/D/9677-12
INVALID or Don't Care.

Transition from HIGH to LOW level, may occur
any time during this period.

TL/D/8677-13 TL/D/9677-14

Transition from LOW to HIGH level, may occur
any time during this period.
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National
Semiconductor

NM1620/NM1621
16,384 x 4-Bit Static RAM

General Description

The NM1620/NM1621 is a 65,536-bit fully-static, asynchro-
nous, random access memory organized as 16,384 words
by 4 bits per word. The NM1620/NM1621 is based on an
advanced, isoplanar, oxide-isolation CMOS process. The
process utilizes fully-implanted CMOS technology with sub-
2 micron design rules and tantalum silicide gate electrodes
for high performance. The combination of this high-perform-
ance technology, and speed-optimized circuitry results in a
very high-speed memory device. The NM1621 is identical to
the NM1620 with the additional feature of power down for
low power battery backup applications.

Features

m Fast address access times: 25 ns/30 ns/35 ns (maxi-
mum)

m Enable read access faster than address access

| Minimum write cycle time, including moderate system
timing skews, equal to minimum read cycle time

m No internal clocks—high speed achieved without ad-
dress transition detection circuitry

m All inputs and outputs directly TTL compatible

m Common 1/0 (TRI-STATE® output)

W Available in 22-Pin DIP, PDIP or LCC

m Low power dissipation (data retention F1621).
lccpr = 35 pA maximum (Vpr = 2.0V)
lccpr = 50 pA maximum (Vpg = 3.0V)

m Data retention supply voltage NM1621:
2.0V to 5.5V

Functional Block Diagram
MSB

A1

A10 A9

hhbhhhhh

» LSB
Ad A3 A2 A12 A1

h

ROW DECODERS

i

16k ARRAY

16k ARRAY
16k ARRAY

WORD LINE DRIVERS

WORD LINE DRIVERS
16k ARRAY

;

-

Ly

Sz

DATA
OUTPUT

DQO DATA

bat INPUT [ ) COLUMN 1/0 :: )

002 CONTROL CONTROL

003 COLUMN DECODERS

S

Dz I PPHHPH
£ ENABLE AO AI3 AB A7 A AS

ouTPUT S8 > Lse

ENABLE

TL/D/9678~-4
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NM1620/NM1621

Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for avallability and specifications.

Voltage on Any Input or Output Pin

with Respect to Vgg —2.0VtoVge +2V
Storage Temperature —65°Cto +150°C
Operating Temperature 0°Cto +70°C
Power Dissipation 1.0W
Continuous Output Current Per Output 25 mA
Average Input or Output Current 25mA

(Averaged over any 1 ps time interval.)
Recommended Operating
Conditions 7, = o°c10 +70°C

Min Max Units

Input HIGH Voltage (Vi) 22 Ve +0.5 \
Input LOW Voltage (V|) —~1* 0.8 v

All Voltages are referenced to Vgg pin = OV.
*The device will withstand undershoots to —3.0V of 20 ns duration.

Note: Stresses greater than 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 condi-
tions for extended periods may affect device reliability.

This device contains circuitry to protect the inputs
against damage due to high static voltages or electric
fields; however, it is advised that normal precautions be
taken to avoid application of any voltage higher than
maximum rated voltages to this high-impedance circuit.
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=
AC Electrical Characteristics Ta = 0°Cto +70°C, Voo = Veomax to Veomin g
Symbol NM1620-25/255 NM1620-30 NM1620-35 §
No. Parameter NM1621-25/255 NM1621-30 NM1621-35 Units | ==
Standard| Alternate Min | Max | Min | Max | Min | Max g
READ CYCLES 2
1 | TAVAX TRC |Address Valid 'to Address Invalid 25 30 35 ns
(Read Cycle Time)
2 | TAvav TAA |Address Valid to Output Valid
(Address Access Time) (Note 5) 28 80 35 ns
3 | TAXQX TOH |Address Invalid to Output Invalid 5 5 5 ns
(Output Hold Time)
4 | TELEH TRC |Chip Enable LOW to Chip
Enable HIGH (Note 6) 22 27 30 ns
5 | TELQV | TACS |[Chip Enable LOW to Output Valid
(Chip Enable Access Time) (Note 6) 22 27 8 | ns
6 | TELQX TLZ  |Chip Enable LOW to Output Low Z
(Chip Enable to Output Active) 5 5 5 ns
(Note 4)
7 | TEHQZ THZ |Chip Enable HIGH to Output High Z
(Chip Disable to Output Disable) 0 10 0 12 0 15 ns
(Note 9)
| 8 | TELICC | TPU [Chip Enable LOW to Operating o | o - 0 ns
Supply Current (Note 4) R I B
9 | TEHISB | TPD |Chip Enable HIGH to
Standby Current (Note 4) 25 27 30 ns
Read Cycle 1
TAVAX(1) {
A (hoogess) YUK ADDRESS VALID ROOQOXXXXXX
TAVQV(2) TAXQX(3)

PREYIOUS

Q (DATA OUT) ol

QOOXXXXOOXXXXXX RO

TL/D/9678-7
Access is under address control where E is active prior to or within 5 ns of address change. W = HIGH.

Read Cycle 2

e TELEH(4)

N 7

E (CHIP ENABLE) \ 4

TEHOZ(7)—

TELQV(5) |
Q (oATA 0uT) - QOGO DATA VALD _ B=HiGH-2=
TELQX(6;

e« - TELICC(8) l— Tenise(9)
lec (SUPPLY CURRENT) 7‘ q‘
1)
TL/D/8678-8

Access is under E control where address is valid a minimum of 5 ns prior to E becoming active. W = HIGH. Address remains valid at least TELQV after E
transitions LOW.
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NM1620/NM1621

AC Electrical Characteristics 1, = 0°Cto +70°C, Vee = Voomax to Voomin (Continued)

o oy P XRRRRARRRRKN

(HIGH).

o HiGH = 2

LOOOXXXXXXXXX

Symbol NM1620-25/255 NM1620-30 NM1620-35
No. y Parameter NM1621-25/255 NM1621-30 NM1621-35 Units
Standardjﬂternate Min Max Min L Max Min i Max
WRITE CYCLE 1
10| TAVAX TWC Add'ress Valid .to Address Invalid 25 30 35 ns
(Write Cycle Time)
11| TWLEH [ TWP |Write LOW to Chip Enable HIGH 19 22 25 ns
(Write Pulse Width) (Notes 7 & 10)
12| TAVWH | TAW |Address Valid to Write HIGH
(Address Setup to End of Write) 19 22 25 ns
(Note 7)
13| TWHAX | TAH |Write HIGH to Address Don’t Care
(Address Hold after End of Write) 0 0 0 ns
(Notes 7 & 12)
14| TWLWH | TWP |Write LOW to Write HIGH 19 22 25 ns
(Write Pulse Width) (Notes 7 & 10)
15| TAVWL [ TAS |Address Valid to Write LOW
(Address Setup to Beginning of Write) 0 0 0 ns
(Notes 7 & 8)
16| TDVWH [ TDS (Data Valid to Write HIGH
: (Data Setup to End of Write) 10 10 12 ns
(Notes 7 & 12)
17| TWHDX | TDH {Write HIGH to Data Don't Care
(Data Hold after End of Write) 0 0 0 ns
(Notes 7 & 12)
18] TWLQZ | TWZ |Write LOW to Output High Z
(Write Enable to Output Disable) 0 9 0 12 0 12 ns
(Note 9)
19| TWHQX | TOW |[Write HIGH to Output Don't Care
(Output Active after End of Write) 5 5 5 ns
(Note 4)
Write Cycle 1
[ TAVAX(10)
A (ADDRESS) m* ADDRESS VALID XXX
TWLEH(11)
E (CHIP ENABLE) AN N
— le—TWHAX(13)
TAVWH(23)
— TWLWH(14)
Fomousn X ' ITTTT7IITT777]
TAVWL(15) TOVWH(16)—] TWHDX(17)
o oo 0 YRREX KRR D XRORKKTTO vt
pe——TWLQZ(18) —+| —

TL/D/9678~9

W controlled, where E is active (LOW) prior to W becoming active (LOW). In this write cycle the data bus DQ may become active (Q), requiring observance of
TWLQZ to avoid data bus contention. At the end of the write cycle the data bus may become active (Q) if W becomes inactive (HIGH) prior to E becoming inactive
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AC Electrical Characteristics Ta = 0°Cto +70°C, Vce = Voomax to Voomin (Continued) g
Symbol NM1620-25/255 NM1620-30 NM1620-35 §
No. 4 Parameter NM1621-25/255 NM1621-30 NM1621-35 Units | =2
Standard]Alternate Min Max Min Max Min Max g
WRITE CYCLE 2 '_‘2
20 TAVEL TAS |Address Valid to Chip Enable LOW 0 0 0 ns
(Address Setup) (Notes 7 & 8)
21| TELEH TWP  |Chip Enable LOW to Chip Enable
HIGH (Write Pulse Width) 19 22 25 ns
(Notes 7 & 10)
22| TEHAX TAH [Chip Enable HIGH to Address Don't
Care (Address Hold after End of Write) 0 0 0 ns
(Notes 7 & 12)
23| TAVEH | TAW |Address Valid to Chip Enable HIGH
(Address Setup to End of Write) 19 22 25 ns
(Note 7)
24| TELWH | TWP [Chip Enable LOW to Write HIGH 19 2 25 ns
(Write Pulse Width) (Notes 7 & 10)
25 TDVEH | TDS [Data Valid to Chip Enable HIGH
(Data Setup to End of Write) 10 10 12 ns
(Notes 7 & 12)
26| TEHDX TDH |Chip Enable HIGH to Data Don't 0 0 0 ns
- -| ————|Care (Data Hold) (Notes7 & 12) e - — -
Write Cycle 2
} TAVAX(10) i
A (ADDRESS) Xm ADDRESS VALID m
TELEH(21)
E (CHIP ENABLE) X M
TAVEL(20)~>]| (= - —TEHAX(22)
TAVEH(23)

- TELWH(24) ]
W (WRITE ENABLE) QQQQ\ ;‘7777777777777

] j—TEHDX(26
TOVEH(25)—~] (2€)
D (DATA IN) m DATA VALID

Q (DATA OUT) HIGH=Z

« e TELICC() le——— TEHISB(9)
Tec (SUPPLY CURRENT) i ;r
TL/D/9678-10

This write cycle is E controlled, where W is active (LOW) prior to, or coincident with, E becoming active (LOW). In this write cycle the data out remains in the high
impedance state (3 state) at the beginning of the write cycle, precluding potential data bus contention.
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NM1620/NM1621

DC Electrical Characteristics 1, = 0°c to +70°C, vgg = 0V

NM1620-25/255 NM1620-30 NM1620-35
Symbol Parameter Conditions NM1621-25/255 NM1621-30 NM1621-35 Units
Min Max Min Max Min Max
L Input Leakage Vss < VIN < Voo
Current (Except DQ) 2 2 2 KA
o Output Leakage E=VHorW=v
+
Current (DQ) Vss < Vourt < Vee £10 £10 £10 KA
lec Dynamic Operating Min Read Cycle Time
Supply Current Duty Cycle = 100% 120 100 90 mA
Output Open
Isg1 Standby Supply E = Vi, (Note 1) 25 25 25 mA
Current
IsB2 Full Standby  |NM1620((Note 2) 15 15 15
Supply Current mA
pply NM1621 5 5
VoL Output LOW Voltage loL = 8.0mA
All Outputs Under Load 04 04 0.4 v
VoH1 |Output HIGH Voltage loH1 = —4.0mA
All Outputs Under Load 2.4 24 24 v
VoHz |Output HIGH Voltage loH2 = —0.05 mA Vce —0.4 Vce —0.4 Vcc —0.4 \
Vee Supply Voltage Except Data -25
Retention Mode
4.50 l 55 45 5.5 4.5 55 \"
-255
475 | 55
Data Retention Characteristics (\W1625 only) Tc = 0°Cto +70°C, Vg = 2.0V to 5.5V
No. Symbol Parameter Conditions Min Max Units
31 VDR Ve Voltage for Data Ve —0.2V<E < +55V
Retention (Note 15) Vee —0.2V < VN < +5.5Vor 20 5.5 \"
Vgg —0.2V < V|y < Vgg + 0.2V
32 lccor Data Retention Current Vpr = 2.0V Ta = 0°Cto +70°C 35 pA
(Note 14) Vpr = 3.0V Ta = 0°Cto +70°C 50
33 TCDR Chip Disable to Data 0 ns
Retention Time (Note 4)
30 TR Recovery Time
(Notes 4 & 13) TAVAX ns
Data Retention Waveform
DATA RETENTION MODE
—— VAT VeeMNAL
Vee \ Vpp= 2.0V /
B B R T P ViR
TCDR > TR
Viu (33) " (34)
5.5V = E2=Vpr=0.2v

E (CHIP ENABLE)
ViL

TL/D/9678-15
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Note 1: Standby supply current (TTL) is measured with E HIGH (chip deselected) and inputs steady state at valid Vy_ or V) levels.

Note 2: Full standby supply current (CMOS) is measured with the enable bar input satisfying the condition: Vgg —0.2V < E < Vg +0.2V, and all other inputs,
(including the data inputs) at steady state and satisfying one of two conditions: Either, Vgg —0.2V < V|y < Voo +0.2V or Vgg —0.2V < V|N < Vgg +0.2V. This
condition results in a significant reduction in current in the input buffers and consequently a lower overall current level.

Note 3: Operation to specifications guaranteed 2.0 ms after Vg reaches minimum operating voltage.
Note 4: This parameter is sampled, not 100% tested.

Note 5: Address Access Time (Read Cycle 1) assumes that E occurs before, or within 5 ns after addresses ara valid. Timing considerations are referenced to the
edges of Address Valid.

Note 6: Enable Access Time (Read Cycle 2) assumes that addresses are valid at least 5 ns prior to E transitioning LOW (active). Timing considerations are then
referenced to the LOW (active) transitioning edge of E.

Note 7: A write condition exists only during intervals where both W and E are LOW (active). The internal Write starts when the second of these signals becomes
LOW (active). The internal Write ends when either of these signals transitions HIGH (inactive).

Note 8: Address setup to beginning of write is measured from the time when the last address input becomes valid to the time when the second of the two signals E
or W) becomes LOW (active). The timing of the first signal (W or E) to transition LOW (active) is a Don't Care.

Note 9: Transition to the high-impedance state is measured ata + 500 mV change from a valid Vo of Vo steady state voltage with the loading specified in Figure
2. This parameter is sampled, not 100% tested.

Note 10: Write pulse width is measured from the time when the last of the two signals E and W becomes LOW (active) to the time of the first of E or W to transition
HIGH (inactive).

Note 11: For rise or fall times greater than 3 ns, the timing relationships can no longer be specified to the time when inputs cross the 1.5V level. This is a
characteristic of any CMOS device operated outside specified switching levels or transition times.

Note 12: Timing specifications of Data Setup to End of Write, Data Hold After End of Write, and Address Hold After End of Write are all referenced to the time when
the first of E or W transitions HIGH (inactive). The timing of the second signal (W or E) to transition HIGH (inactive) is a Don't Care.

Note 13: TAVAX = Read Cycle Timing.

Note 14: IccpR is tested with V)y = OV and VN = Vpg.

Note 15: Viy applies to all inputs other than E and DQy-DQj. Input conditions for DQg-DQg are Vgg —0.2V < DQ < Vgg +0.2V or Vgg —0.2V < DQ <
Ve +0.2V.

Connection Diagrams

22-Pin DIP (J) and PDIP (N) 22-PinLCC(E) —— ———— —
-/ 232332
Aot 22 |=Ve¢ 1111
Al—2 21—A13 2 1 22 2
A2—3 20—A12 A2—3 20— A12
A3—14 19f—=Al1 A3—4 19— Al
A4—15 NM1620/ 18—A10 Ad—5 NM1620/ 18— A10
AS5=—16 NM1621 17—=A9 A5—16 NM1621 17— A9
A6—7 16 —~DQ3 A6—7 16— DQ3
A7—18 15—DQ2 A7-8 15— DQ2
A8—9 14 |—DQ1 A8—19 14 = 0DQ1t
E—{10 13 —=DQ0 10 11 12 13
- v L
Vgs=1 11 12w w iz 8
TL/D/9678-1 TL/D/9678-2
Top View Top View
Order Number NM1620J25, Order Number
NM1620J255, NM1620J30, NM1620J35, NM1620E25, NM1620E255, NM1620E30,
NM1620N25, NM1620N255, NM1620N30, NM1620E35, NM1621E25, NM1621E255,
NM1620N35, NM1621J25, NM1621J255, NM1621E30 or NM1621E35
NM1621J30, NM1621J35, NM1621N25, See NS Package Number E22A*

NM1621N255, NM1621N30 or NM1621N35
See NS Package Number D22D* or N22B*

*Call factory for current package outlines and dimensions.

6-103

LZ9LIAN/0Z9LNN




NM1620/NM1621

Logic Symbol

A0—
Al—
A2—
A3 —
AM—
A5—
A6 —
A7 —
A8 —
a—]17

Al0—]18
A1—]19 17 f—na3

a2—] 20

mM3—21

14 = DQO0

15 —DQ1
NM1620/
NM1621

WO ENN =

16 |—>0Q2

If

=2--0IS

AC Test Conditions (Notes3 & 11)

TL/D/9678-3

Input Pulse Levels 0V to 3.0V
Input Rise and Fall Times 3ns
Input and Output Timing Reference Levels 1.5V
Output Load (See Figures 1 and 2)
Capacitance (Note 4)
Symbol Parameter Max Units
CiN Input Capacitance 6 pF
Cour Output Capacitance 7 pF

Effective capacitance calculated from the equation.
AQ
C= -A—thereAV =3V
+5v

$ 400

Dour )
S
30 pFe I S50

*including scope and jig.

TL/D/9678-5

FIGURE 1. Output Load

Pin Names
Ag-Aiq3 Address Inputs
E Chip Enable Bar
w Write Enable Bar
DQo-DQ3 Data Inputs/Outputs
Vee Power (+5.0V)
Vss Ground (0V)
Truth Table
Mode E w DQy Power Level
Standby H X HIGH Z Standby
Read L H Q Active
Write L L D Active
HIGH Z = High impedance
D = Valid datain
X = Don't care
Q = Valid data out
+5Y
g; 4800
Dour

I S
5 pr',[ S5

TL/D/9678-6

FIGURE 2. Qutput Load (for
TEHQZ, TELQX, TWLQZ, TWHQX)
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STANDARD TIMING PARAMETER ABBREVIATIONS
TXXXX

signal name from which Interval is deﬂnacl—J |

transition direction for first signal
signal name to which Interval is defined
transition directlon for second signal

TL/D/9678-11
The transition definitions used in this data sheet are:
H = transition to high state.
L = transition to low state.
V = transition to valid state.
X = transition to invalid or don’t care condition.
Z = transition to off (high impedance) condition.

TIMING VALUES

The AC Operating Conditions and Characteristics tables
typically show either a minimum or maximum limit for each
device parameter. Those timing parameters which state a
minimum value do so because the system must supply at
least that much time, even though most devices don't re-
quire that full amount. Thus, input requirements are speci-
fied from the external point of view. In contrast, responses
from the memory (like access times) are specified as a max-
imum time because the device will never provide the data
later than this stated value, and will usually provide it much
sooner than this.

XXXXXXXXXXXX

ANMMMNANNNN

Ll

TL/D/9678-12
INVALID or Don't Care.

Transition from HIGH to LOW level, may occur
any time during this period.

TL/D/9678-13 TL/D/9678-14
Transition from LOW to HIGH leve!, may occur

any time during this period.
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1620/1621

National
Semiconductor

1620/1621
16,384 x 4-Bit Static RAM
Military Temperature Range

General Description

The 1620 is a 65,536-bit fully-static, asynchronous, random
access memory organized as 16,384 words by 4-bits per
word. The 1620 is based on an advanced, isoplaner, oxide-
isolation CMOS process. The process utilizes fully-implant-
ed CMOS technology with sub-2 micron design rules and
tantalum silicide gate electrodes for high performance. The
combination of this high-performance technology, and
speed-optimized circuitry results in a very high-speed mem-
ory device.

The 1621 is identical to the 1620 with the additional feature
of power-down for low power battery back-up applications.
Both parts are processed in full compliance with MIL-STD-
883.

Features

m Fast address access times: 30 ns/35 ns/45 ns/55 ns/
70 ns (maximum)

m Enable read access faster than address access

| Minimum write cycle time, including moderate system
timing skews, equal to minimum read cycle time

m Specifications guaranteed over full military temperature
range (—55°C to +125°C)

& No internal clocks—high speed achieved without ad-
dress transition detection circuitry

®m All inputs and outputs directly TTL compatible

| Common |/0 (TRI-STATE®) output

| Available in 22-pin DIP or LCC

m Single + 5V operation (£ 10%)

B Low power dissipation (data retention 1621):
lccor = 5 pA max (Vpr = 2.0V), Iccor = 8 pA max
(Vbr = 3.0V) @ 25°C

| Data retention supply voltage 1621 2.0V to 5.5V

@ Polyamide die coat for alpha immunity

Functional Block Diagram

MsB > 158
Al AID A9 A4 A3 A2 A1Z Al
ROW DECODERS
1%
REREE FRERE
Sl |21z |=
e lalellegla]2
g g
g g
0Q0 DATA <> DATA
0at weuT [N COLUMN 1/0 _—J_|> OUTPUT
0Q2 CONTROL CONTROL
Q3 COLUMN DECODERS
F N
¢ ENABLE A0 M3 A8 A7 A6 AS
OUTPUT MsB » LS8
ENABLE

TL/D/9680~4
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Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for avallabllity and specifications.

Voltage on Any Input or Output Pin

with Respect to Vgg —-2VtoVge + 2V
Storage Temperature —-65°Cto +150°C
Operating Temperature —-55°Cto +125°C
Power Dissipation 1.0W
Continuous Output Current Per Output +25mA
Average Input or Outut Current +25mA
(Averaged Over Any 1 us Time Interval)
Thermal Resistance (Junction to Case)

0JC Side-Braze DIP 15°C/W

8JCLCC 20°C/W

Note: Stresses greater than 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 the specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability.

Recommended Operating
Conditions 7 = -s55°Cto +125°C

Min Typ Max Units
Supply Voltage (Vcc) 45 50 5.5 \
Input HIGH Voltage (Vi) 2.2 Vec+05 V
Input LOW Voltage (V) —1* 0.8 \

All voltages are referenced to Vgg pin = 0V.
*The device will mest —1V or —50 mA whichever occurs first without latch-

ing up. The device will also withstand undershoots of —3.0V of 20 ns dura-
tion.

This device contains circuitry to protect the inputs
against damage due to high static voltages or electric
fields; however, it is advised that normal precautions be
taken to avoid application of any voltage higher than

maximum rated voltages to this high-impedance circuit.
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1620/1621

AC Electrical Characteristics 1¢ = s55°Cto +125°C, vec = 5.0V £10%

Symbol 1620-30 | 1620-35 | 1620-45 | 1620-55 | 1620-70
No. v Parameter 1621-30 | 1621-35 | 1621-45 | 1621-55 | 1621-70 |Units
Standard | Alternate Min | Max| Min I Max| Min I Max| Min | Max| Min | Max
READ CYCLE
1| TAVAX TRC |Address Valid to Address Invalid
(Read Cycle Time) (Note 7) 35 45 55 70 ns
2| TAvQv TAA |Address Valid to Output Valid
(Address Access Time) (Note 5) 30 35 45 %5 70| ns
3 [ TAXQX TOH |Address Invalid to Output Invalid 5 5 5 5 ns
(OQutput Hold Time)
4| TELEH TRC |Chip Enable LOW to Chip
Enable High (Note 6) 30 40 S0 50 ns
5| TELQV [ TACS |Chip Enable LOW to Output Valid
(Chip Enable Access Time) (Note 6) 2 30 40 %0 50| ns
6 | TELQX TLZ  |{Chip Enable LOW to Output Low Z 5 5 5 5 ns
(Chip Enable to Output Active) (Note 4)
7 | TEHQZ THZ | Chip Enable HIGH to Output High Z
(Chip Disable to Output Disable) 12| 0 (15} 0 |16 0 (20| O | 20| ns
(Notes 4 & 9)
8 | TELICC TPU | Chip Enable LOW to Operating 0 0 0 0 ns
Supply Current (Note 4)
9 [ TEHISB TPD  jChip Enable HIGH to Standby 27 30 40 50 50 | ns
Current (Note 4)
Timing Waveforms
Read Cycle 1
TAVAX(1) {
A (a0oRESS) YOOXOXXK ADDRESS VALID *m
TAVQV(2) y 1 TAXQX(3)

aEmoun _ "HEE  OOOXXXXXXOXXXXXXXXXX) QLOOXXXXX

Access is under address control where E is active prior to or within 5 ns after address change. W = Viy

E (CHIP ENABLE) \

Q (DATA OUT)

ke
lee (SUPPLY CURRENT) *
‘e

Read Cycle 2

TELEH(4)

TELOX(6)
—+ |+ TELICC(B)

TELQY(S)

QXXX XXXXXXXXXXXXXXXX

TL/D/9680-7

—

‘-—TEHOZ(7)—T

DATA VALID

D= HiGH=Z =

l— TEHEB(Q)‘)I

Access is under E control where address is valid a minimum of 5 ns prior to E becoming active. W = V|, address remains valid at least TELQV atter E transitions
LOW.

TL/D/9680-8
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AC Electrical Characteristics 7¢ = 55°Cto +125°C, Vog = 5.0V £10% §
Symbol 1620-30 | 1620-35 | 1620-45 | 1620-55 | 1620-70 o
No. v Parameter 1621-30 | 1621-35 | 1621-45 | 1621-55 | 1621-70 [Units '.\Z
SQandard|AIternate Min IMax Min |Max Min lMax Min IMax Min | Max
WRITE CYCLE 1
10| TAVAX TWC Adqress Valid .to Address Invalid 30 a5 45 55 70 ns
(Write Cycle Time)
11| TWLEH | TWP |Write LOW to Chip Enable HIGH
(Write Pulse Width) (Notes 7 & 10) 22 2 30 3 35 ns
12| TAVWH | TAW |Address Valid to Write HIGH
(Address Setup to End of Write) (Note 7) | 22 25 30 3 35 ns
13| TWHAX [ TAH |Write HIGH to Address Don't Care
(Address Hold after End of Write) 0 0 0 2 5 ns
(Notes 7 & 12)
14| TWLWH | TWP |Write LOW to Write HIGH
(Write Pulse Width) (Notes 7 & 10) 22 2 30 3 35 ns
15| TAVWL TAS |Address Valid to Write LOW
(Address Setup to Beginning of Write) 0 0 0 2 5 ns
(Notes 7 & 8)
16| TDVWH [ TDS |Data Valid to Write HIGH
(Data Setup to End of Write) (Notes 7 & 12) | '© 12 12 15 15 ns
17| TWHOX | TOH _|WriteHIGHto DataDon'tCare | o ol Lol | olsl lale -
(Data Hold after End of Write) (Note 7 & 12)
18| TWLQZ [ TWZ |Write LOW to Output High Z
(Write Enable to Output Disable) 0|12 o (12| o 15| 0 |18 O | 20| ns
(Notes 9 & 4)
19 TWHQX | TOW |Write HIGH to Output Don’t Care 5 5 5 5 5 ns
(Output Active after End of Write) (Note 4)
Timing Waveforms (Continued)
Write Cycle 1
I TAVAX(10)
A (ADDRESS) m ADDRESS VALID XOOOOOOX
TWLEN(11)
E (CHIP ENABLE) AN N
- Fe—TwHAX(13)
TAYWH(12)
_ _— TWLWH(14)
W (WRITE ENABLE) X 2
TAVWL(15) — (15)_—: TWHDX(17)
R ST
[e———TWLQZ(18) —* —
o (oA our) BT e it = 2=———0OOOOOCOCKXHK
TL/D/9680-9
W controlled, where E is active (LOW) prior to W becoming active (LOW). In this write cycle the data bus DQ may become active (Q), requiring observance of
TWLQZ to avoid data bus contention. At the end of the write cycle the data bus may become active (Q) if W becomes active (HIGH) prior to E becoming inactive
(HIGH).
\
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1620/1621

AC Electrical Characteristics 7¢ = 55°Cto +125°C, v = 5.0V +10% (Continued)

Symbol 1620-30 | 1620-35 | 1620-45 | 1620-55 | 1620-70
No. Y Parameter 1621-30 | 1621-35 | 1621-45 | 1621-55 | 1621-70 |Units
Standard] Alternate Min [Max| Min [Max| Min [Max| Min [Max]| min [max
WRITE CYCLE 2
20| TAVEL TAS |Address Valid to Chip Enable LOW 0 0 0 2 5 ns
(Address Setup) (Notes 7 & 8)
21| TELEH TWP  |Chip Enable LOW to Chip Enable
HIGH (Wite Pulse Width) (Notes 7 & 10) | 22 % 8 % % ns
22| TEHAX TAH |Chip Enable HIGH to Address Don’t
Care (Address Hold after End of Write) 0 0 0 2 5 ns
(Notes 7 & 12)
23| TAVEH TAW |Address Valid to Chip Enable HIGH
(Address Setup to End of Write) (Note 7) | 22 % 30 35 35 ns
24 | TELWH TWP  |Chip Enable LOW to Write HIGH
(Write Pulse Width) (Notes 7 & 10) 22 % %0 3 35 ns
25| TDVEH TDS |Data Valid to Chip Enable HIGH
15
(Data Setup to End of Write) (Notes 7 & 12) 10 12 12 15 ns
26| TEHDX TDH  |Chip Enable HIGH to Data Don't 0 0 0 P 5 ns
Care (Data Hold) (Notes 7 & 12)
Timing Waveforms (continued)
Write Cycle 2
TAVAX(10)
A (ADDRESS) XZXZX)( ADDRESS VALID )W
TELEH(21) '
E (CHIP ENABLE) '3; 7177 777777777777
TAVEL(20)—{ | — TEHAX(22)
TAVEH(23) ———————]
_ TELWH(24) |
(e £uaeLs) NN\ HTTT7IT7T777

o (oata ) YOO

Q (DATA 0UT)

HIGH=-Z

—
TOVEH(25)—
DATA VALID

ET{HDX(ZG)

o -

= TELICC(®)

loc (SUPPLY CURRENT) isp qz

This write cycle is E controlled, where W is active (LOW) prior to, or coincident with, E becoming active (LOW). In this write cycle the data out remains in the high
impedance state (3 state) at the beginning of the write cycle, precluding potential data bus contention.

e TEHISB(S)ﬂF—

TL/D/9680-10
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DC Electrical Characteristics 1¢c = -55°Cto +125°C, Vo = 5.0V £10%, Vgg = 0V

1620-30 1620-35 1620-45 1620-55 1620-70
Symbol Parameter Conditions 1621-30 1621-35 1621-45 1621-55 1621-70 | Units
Min | Max | Min | Max| Min | Max | Min | Max| Min | Max
I Input Leakage Current Vss < VIN € Vee +2 £2 +2 +2 +2 RA
(Except DQ)
ILo Output Leakage Current |E = VjyorW = V)
+10 +10 +10 +10 +10 A
(bQ) Vss < Vour < Veo i
Icc Dynamic Operating Min Read Cycle Time
Supply Current Duty Cycle = 100% 120 100 90 110 80 | mA
Output Open
IsB1 Standby Supply Current  |E = V)y (Note 1) 25 25 25 25 25 | mA
IsB2 Full Standby 1620 | (Note 2) 15 15 15 15 15 | mA
Supply Current 14654 | (Note 2) 5 5 5 5 5 | mA
VoL Qutput LOW Voltage loL = 8.0mA.All
Outputs Under Load 0.4 0.4 0.4 0.4 0.4 \
VoH Output HIGH Voltage loH = —4.0mA. All
Outputs Under Load 2.4 2.4 2.4 24 2.4 \
VoH Output HIGH Voltage loq = —0.05 mA Vee Vee Vee Vee Vee v
Other Outputs Open | —0.4 —0.4 —-0.4 -04 —-0.4
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162071621

Data Retention Characteristics 1c = —55:Cto +125°C, Vo = 2.0V t0 5.5V

No. Symbol Parameter Conditions Min Max Units
27 Vor Vg Voltage for Data Vegc — 02V<E< + 55V
Retention Voc — 02V V|N< + 5.5Vor 20 55 v
Vgg — 0.2V < V|y < Vgg + 0.2V ’ ’
(Note 15)
28 lccor Data Retention Vpr = 2.0V Tg = —55°Cto +25°C 5 pA
Current (Note 14) Tc = —55°Cto +125°C 200 | pA
VpRr = 3.0V Tc = —55°Cto +25°C 8 BA
Tc = —55°Cto +125C° 400 pA
29 TCDR Chip Disable to Data 0 ns
Retention Time (Note 4)
30 TR Recovery Time
(Notes 4 & 13) TAVAX ns

Data Retention Waveform

DATA RETENTION MODE
X 4 P e ——
Yeo \ Vpp = 2.0V
|+—TCDR — kLl RERREEEE Vo

v (29) 30)
£ y 5.5V =E=Vpp-0.2v
E (CHIP ENABLE) R

\

TL/D/9680-15
Note 1: Standby current (TTL) is measured with E HIGH (chip deselected) and inputs steady state at valid V). or Vi levels.

Note 2: Full standby supply current (CMOS) is measured with the enable bar input satisfying the condition. Veg —0.2V < E < Vg +0.2V, and all other inputs,
(including the data inputs at steady state and satisfying one of two conditions. Either Voc —0.2V < V)N < Vg +0.2V or Vgg —0.2V < VN < Vgg +0.2V. This
condition results in a significant reduction in current in the input buffers and consequently a lower overall current level.

Note 3: Operation to specifications guaranteed 2.0 ms after Vog reaches minimum operating voltage.
Note 4: This parameter is sampled, not 100% tested.

Note 5: Address Access Time (Read Cycle 1) assumes that E occurs before or within 5 ns after addresses are valid. Timing considerations are referenced to the
edges of Address Valid.

Note 6: Enable Access Time (Read Cycle 2) assumes that addresses are valid at least 5 ns prior to E transitioning LOW (active) and remain valid at least TELQV
after E transitions LOW. Timing considerations are then referenced to the LOW (active) transitioning edge of E.

Note 7: A write condition exists only during intervals where both W and E are LOW (active). The internal Write starts when the second of these signals becomes
LOW (active). The internal Write ends when either of these signals transitions HIGH (inactive).

Note 8: Address setup to beginning of write is measured from the time when the last address input becomes valid to the time when the second of the two signals E
or WE) becomes LOW (active). The timing of the first signal (W or E) to transition LOW (active) is a Don't Care.

Note 9: Transition to the high-impedance state is measured at £ 500 mV change from a valid Vou of Vo steady state voltage with the loading specified in Figure 2.

Note 10: Write pulse width is measured from the time when the last of the two signals E and W becomes LOW (active) to the time of the first of E or W to transition
HIGH (inactive).

Note 11: For rise or fall times greater than 3 ns, the timing relationships can no longer be specified to the time when inputs cross the 1.5V level. This is a
characteristic of any CMOS device operated outside specified switching levels or transition times.

Note 12: Timing specifications of Data Setup to End of Write, Data Hold after End of Write, and Address Hold after End of Write are all referenced to the time when
the first of E or W transitions HIGH (inactive). The timing of the second signal (W or E) to transition (HIGH) (inactive) is a Don't Care.

Note 13: TAVAX = Read Cycle Timing.

Note 14: Iccpr is tested with Viy = 0V and V|y = VpR.

Note 15: V|y applies to all inputs other than E and DQg-DQa. Input conditions for DQg-DQj are: Vsg —0.2V < DQ < Vgg +0.2V or Vg ~0.2V < DQ < Vgo
+0.2V.
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Connection Dlagrams §
—
22-Pin DIP 22-PinLCC s
N\ 29 8% =
Ao—{1 22f=V¢c 1111
A1—{2 21—A13 2 1 2221
A2~13 20 —A12 A2—3 20— A12
A3—4 19]~A11 A3—{4 19— AN
AM—15 y 18|—A10 Ad—{5 / 18— A10
1620, 1620,
A5—~16 1621 171—A9 AS—{6 1621 1749
A6—]7 16 —-DQ3 A6—7 16 |—DQ3
A7—8 15 —DQ2 AT—18 15 |—0Q2
AB—19 14 |—DQ1 A8—{9 14 |~ DAt
E—{10 13 ~-DQ0 10 11 12 13
- & LIV
Vss—{ 11 12f-w w Bz 8
TL/D/9680-1
TL/D/9680-2
Top View Top View
*
NS Package Number D24D NS Package Number E22A°
Logic Symbol
Pin Names
A0——1 1 13— pqo Ao-Aq3 Address Inputs
Al—{2 14 |—DO1 E Chip Enable Bar
- :i: i :: :gg§ ) w Wirite Enable Bar _
Ad—15 DQy-DQ3 Data Inputs/Outputs
oo Voo Power (+5.0V)
A7T—8 Vss Ground (0V)
AB—19 520/
AA—117 621 Order Number
Al0—118 1620DMQB30, 1621DMQB30,
All—119 1620DMQB35, 1621DMQB35,
A12—120 1620DMQB45, 1621DMQB45,
A3—121 1620DMQB55, 1621DMQB55,
1620DMQB70, 1621DMQB70,
_ 1620LMQB30, 1621LMQB30,
w=Q|10 1620LMQB35, 1621LMQB35,
e i) 1620LMQB45, 1621LMQB45,
1620LMQB55, 1621LMQB55,
TL/D/9680-3 1620LMQB70, 1621LMQB70
*For most current packags information, contact product marketing.
AC Test Conditions (otes3& 11) Truth Table
Input Pfllse Levels ‘ 0V to 3.0V Mode E w Day Power Level
Input Rise and Fall Times 3ns
Input and Output Timing Standby H X HIGHZ Standby
Reference Levels 1.5V Read L H Q Active
Output Load (See Figures 1and 2) Write L L D Active
i HIGH Z = High impedance
Capacitance (Note 4) Z = High imped:
" Symbol Parameter Max | Units é: 5::;6':;? out
CiNn Input Capacitance 6 pF ‘
Cout Output Capacitance 7 pF
Effective capacitance calculated from the equation
AQ _
C= there AV = 3V
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v

> 4800

>

Dour
30pFe

iAAL__

S 2550
>

L

= TL/D/9680-5
FIGURE 1. Output Load

STANDARD TIMING PARAMETERS ABBREVIATIONS

TXXXX

signal name from which interval is deﬁned——J |
transition direction for first signal

signal name to which Interval is defined
transition direction for second signal

TL/D/9680-11
The transition definitions used in this data sheet are:

H = transition to high state.

L = transition to low state.

V = transition to valid state.

X = transition to invalid or don’t care condition.

Z = transition to off (high impedance condition.

[}

+*
wm

v
S 4800
>

Dour

5pFe S 2550
3

A k‘AA_

TL/D/9680-6
FIGURE 2. Output Load (for TEHQZ, TELQX,
TWLQZ, TWHQX)

TIMING VALUES

The AC Operating Conditions and Characteristics tables
typically show either a minimum or maximum limit for each
device parameter. Those timing parameters which state a
minimum value do so because the system must supply at
least that much time, even though most devices don't re-
quire that full amount. Thus, input requirements are speci-
fied from the external point of view. In contrast, responses
from the memory (like access times) are specified as a max-
imum time because the device will never provide the data
later than this stated value, and will usually provide it much
sooner than this.

XXXXXXXXXXXX
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TL/D/9680~12
INVALID or Don't Care.

Transition from HIGH to LOW tevel may occur

any time during this period.

TL/D/9680-13 TL/D/9680-14
Transition from LOW to HIGH levsl may occur

any time during this period.
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National
Semiconductor

NM1624/NM1625
16,384 x 4-Bit Static RAM

General Description

The NM1624/NM1625 are 65,536-bit fully-static, asynchro-
nous, random access memories organized as 16,384 words
by 4-bits per word. The NM1624/NM1625 are based on an
advanced, isoplanar, oxide-isolation CMOS process. The
process utilizes fully-implanted CMOS technology with sub-
2 micron design rules and tantalum silicide gate electrodes
for high performance. The combination of this high-perform-
ance technology, and speed-optimized circuitry results in a
very high-speed memory device.

The NM1625 is identical to the NM1624 with the additional
feature of power-down for low power battery back-up appli-
cations.

Features

m Output enable access times: 10 ns/12 ns/15 ns

m Fast address access times: 25 ns/30 ns/35 ns
(maximum)

m Enable read access faster than address access

m Minimum write cycle time, including moderate system
timing skews, equal to minimum read cycle time

m No internal clocks—high speed achieved without ad-

dress transition detection circuitry

m All inputs and outputs directly TTL compatible

® Common I/0 (TRI-STATE® output)

® Available in 24-pin DIP, PDIP, or 28-pin LCC

m Low power dissipation (data retention NM1625)
lccpr = 35 pA max (Vpr = 2.0V),
lccor = 50 nA max (Vpr = 3.0V)

m Data retention supply voltage NM1625: 2.0V to 5.5V

-|-Functional Block Diagram - — —

MsB
A

hhbh

—p LSB
A3 A2 A12 Al

hhhh

ROW DECODERS

1

)

16K ARRAY

WORD LINE DRIVERS
16K ARRAY
16K ARRAY
16K ARRAY

WORD LINE DRIVERS

G

r

B

iz

DATA
OUTPUT

DQO DATA
Dpat INPUT ::) COLUMN 1/0 ::>
DQ2 CONTROL CONTROL
DQ3 COLUMN DECODERS
h
D PPPPPF
E ENABLE A A13 AB A7 A6 A5
QUTPUT MSB » LSB
G ENABLE

TL/D/9679-5
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NM1624/NM1625

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for avallablility and specifications.

Voltage on Any Input or Output Pin

with Respect to Vgg —2.0Vto Voo + 2V
Storage Temperature —65°Cto +150°C
Operating Temperature 0°Cto +70°C
Power Dissipation 1.0W
Continuous Output Current per Output 25 mA
Average Input or Output Current

(Averaged over Any 1 us Time Interval) 25 mA
Recommended Operating
Conditions 1, = 0°cto +70°C

Min Max Units

Input HIGH Voltage (ViH) 2.2 Vee + 05 v
Input LOW Voltage (Vi) -1* 0.8 )

All voltages are referenced to Vgg pin = OV.
*The device will withstand undershoots to —3.0V of 20 ns duration.

Note: Stresses greater than 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 the specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability.

This device contains circuitry to protect the inputs
against damage due to high static voltages or electric
fields; however, it is advised that normal precautions be
taken to avoid application of any voltage higher than
maximum rated voltages to this high-impedance circuit.
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AC Electrical Characteristics Ta = 0°Cto +70°C, Voc = Voo MIN 10 Veoc MAX

=
=
w—
n
Symbol NM1624-25/255 NM1624-30 NM1624-35 ﬁ
No. Y Parameter NM1625-25/255 NM1625-30 NM1625-35 | Units E
Standard | Alternate Min Max | Min | Max | Min | Max =
READ CYCLES 3
1 | TAVAX TRC Address Valid to Address Invalid @
(Read Cycle Time) 25 30 35 ns
2 |TAVQV | TAA Address Valid to Output Valid
(Address Access Time) (Note 5) 25 30 35 ns
3 [TAXQX |TOH Address Invalid to Output Invalid 5 5 5 ns
(Output Hold Time)
4 [TELEH |TRC Chip Enable LOW to Chip
Enable HIGH (Note 6) 22 27 %0 ns
5 |TELQV |TACS Chip Enable LOW to Oytput Valid 22 27 30 ns
(Chip Enable Access Time) (Note 6)
6 |TELQX |TLZ (Chip Enable LOW to Output Low Z 5 5 5 ns
(Chip Enable to Output Active) (Note 4)
7 |TEHQZ ([THZ Chip Enable HIGH to Output High Z
(Chip Disable to Output Disable) (Note 9) | ° 10 o R I
8 |TELICC |TPU Chip Enable LOW to Operating 0 0 0 ns
Supply Current (Note 4)
9 |TEHISB |TPD Chip Enable HIGH to Standby 25 27 30 ns
Current (Note 4)
10 [TGLQV. [TOE. . __ Output Enable LOW to Output Valid -~ | _ —0 | 7 12 15 ns
(Output Enable Access)
11 [TGLQX |[TOLZ Output Enable LOW to Output Invalid 0 0 0 ns
(Output Enable to Output Active) (Note 4)
12 |TGHQZ |TOHZ Output Enable HIGH to Output High Z
(Output Enable Off to Output High 2) 10 12 15 ns
(Note 9)
13 | TGHQX Output Enable HIGH to Output Invalid 0 0 0 ns
(Output Hold Time) (Note 4)

Timing Waveforms
Read Cycle 1

t TAVAX(1) y
TAVOV(2) y 1 TAXQX(3)

a@aoun _ MRS X XXXOOOKKOOXXXXXXXX) QROOOXXX

TL/D/9679-8

Access is under address control where E is active prior to 5 ns of address change. W = HIGH, G = LOW.

Read Cycle 2
TELEH(4)
E (CHIP ENABLE) X £
TELQV(5) '_TEHOZU)—T

Q (DATA OUT)

~ QRAXXXXXXXXXXXXXXXAXXXD DATA VALID HIGHZ =
TELQX(6;

ke |+ TELICC(B) L—-TEHISB(Q)q
lec (SUPPLY CURRENT) *
I

TL/D/9679-9

Access is under E control where address is valid a minimum of 5 ns prior to E becoming active (LOW). W = HIGH, G = LOW. Address remains valid at least
TELQV after E transitions LOW.
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NM1624/NM1625

Timing Waveforms (continued)

Read Cycle 3
f TAVAX(1) ,
ADDRESS %
I TAVQV(2) F—TAXQX(3)
¢ D
TGHOX(13)
E ﬁ N 7&
TGLQV(10) - f— TGHOZ(\1 2)—]
TLAX(11) = TEHQZ(7)
Q(DATA OUT) W—
TELQV(5)
| TL/D/9679-10

Access is under G control, W = HIGH.
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AC Electrical Characteristics Ta = 0°Cto +70°C, Vcc = Voe MIN to Voe max (Continued)

=
=
s
S
Symbol NM1624-25/255 | NM1624-30 | NM1624-35 t
No. Y Parameter NM1625-25/255 | NM1625-30 | NM1625-35 |Units | =2
Standard IAIternate Min Max Min | Max | Min | Max g
WRITE CYCLE 1 3
14 [TAVAX |TWC Address Valid to Address Invalid
(Write Cycle Time) % 0 % ns
15 |TWLEH |TWP Wirite LOW to Chip Enable HIGH 19 22 25 ns
{Write Pulse Width) (Notes 7 & 10)
16 [TAVWH | TAW Address Valid to Write HIGH 19 22 25 ns
(Address Setup to End of Write) (Note 7)
17 |TWHAX (TAH Wirite HIGH to Address Don’t Care
(Address Hold after End of Write) 0 0 0 ns
(Notes 7 & 12)
18 | TWLWH |TWP Write LOW to Write HIGH 19 22 25 ns
(Write Pulse Width) (Notes 7 & 10)
19 [TAVWL |TAS Address Valid to Write LOW (Address Setup 0 0 0 ns
to Beginning of Write) (Notes 7 & 8)
20 [TDVWH |TDS Data Valid to Write HIGH (Data Setup 10 10 12 ns
to End of Write) (Notes 7 & 12)
21 {[TWHDX |TDH Write HIGH to Data Don’t Care 0 0 0 ns
e - - | (Data Hold after End of Write) (Notes 7 & 12)
22 (TWLQZ |TWZ Write LOW to Output High Z
(Write Enable to Output Disable) (Note 9) ° o 0 12 0 12 ns
23 |TWHQX |TOW Write HIGH to Output Don’t Care 5 5 5 ns
{Output Active after End of Write) (Note 4)

Timing Waveforms (continued)
Write Cycle 1

TAVAX(14)
A (aooress) YOOOOK ADDRESS VALID )mm
TWLEN(15)
£ (cHP ENABLE) N 2N
-+ =-TWHAX(17)
TAVWH(16)

_ —_— TWLWH(18)

W (WRITE ENABLE) X 2L
TAVWL(19) rovoy—] [N
——TwLaz(22) —+ —

Q(oamaoun  HR® y— ot - 2——K XX XXXXXXXXXXXX

TL/D/9679-11
W controlled where E is active (LOW) prior to W becoming active (LOW). G = HIGH. In this write cycle the data bus DQ may become active (Q), requiring
observance of TWLQZ to avoid data bus contention. At the end of the write cycle the data bus may become active (Q) if W becomes inactive (HIGH) prior to E
becoming inactive (HIGH).
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NM1624/NM1625

AC Electrical Characteristics 7, = 0°Cto +70°C, Vo = Voo i to Ve max (Continued)

Symbol NM1624-25/255 ( NM1624-30 | NM1624-35
No. Parameter NM1625-25/255 NM1625-30 NM1625-35 | Units
Standard | Alternate Min Max Min | Max | Min | Max
WRITE CYCLE 2
24 | TAVEL |TAS Address Valid to Chip Enable LOW 0 0 0 ns
(Address Setup) (Notes 7 & 8)
25 |TELEH |TWP Chip Enable LOW to Chip Enable HIGH 19 20 25 ns
(Write Pulse Width) (Notes 7 & 10)
26 | TEHAX |[TAH Chip Enable HIGH to Address Don't Care
(Address Hold after End of Write) 0 0 0 ns
(Notes 7 &12)
27 |TAVEH |TAW Address Valid to Chip Enable HIGH 19 20 25 ns
(Address Setup to End of Write) (Note 7)
28 [TELWH | TWP Chu? Enable L(?W to Write HIGH 19 2 25 ns
(Write Pulse Width) (Notes 7 & 10)
29 |TDVEH |TDS Data Valid to Chip Enable HIGH 10 10 12 ns
(Data Setup to End of Write) (Notes 7 & 12)
30 [TEHDX |TDH Chip Enable HIGH to Data Don’t Care 0 0 0 ns
(Data Hold) (Notes 7 & 12)
Timing Waveforms (continued)
Write Cycle 2
[ TAVAX(14) ]
TELEH(25)
€ (CHIP ENABLE) X 2N
TAVEL(24)— F— — le—TEHAX(26)
TAVEH(27) ——————————
_ TELWH(28) |
W (were evasLe) NN\ 7777777777
TEHDX(30)

D (DATA IN) m

]
TOVEH(29) —~
DATA VALID

HIGH = Z

Q (DATA OUT)

ke

= TELICC(8)

Ie (SUPPLY CURRENT) igg 7|l

This write cycle is E controlled, where W is active (LOW) prior to, or coincident with, E becoming active (LOW). G = V. In this write ¢ycle the data out remains in
the high impedance state (TRI-STATE) at the beginning of the write cycle, precluding potential data bus contention.

TEHISB(9) y

TL/D/9678-12
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DC Electrical Characteristics 1, = o°Cto +70°C, Vgg = oV

NM1624-25/255 NM1624-30 NM1624-35
Symbol Parameter Conditions NM1625-25/255 NM1625-30 NM1625-35 |Units
Min Max Min Max Min Max
I Input Leakage Current Vss < VIN £ Ve
(Except DQ) +2 +2 £2| pA
Lo Output Leakage Current E=VporW=y
+10 +10 +10 A
(0Q) Vss < Vour < Vec *
Icc Dynamic Operating Min Read Cycle Time
Supply Current Duty Cycle = 100% 120 100 90 | mA
- Output Open
Is1 Standby Supply Current E = Vi (Note 1) 25 25 25 | mA
Isg2 Full Standby NM1624 (Note 2) 15 15 15 mA
Supply Current NM1625 5 5 5
VoL Output LOW Voltage loL = 8.0mA
All Qutputs under Load 0.4 0.4 041V
VoH1  |Output HIGH Voltage loH1 = —4.0mA
All Outputs under Load 24 24 24 v
VoHz | Output HIGH Voltage loHz = —0.05 mA _ _ _
Other Qutputs Open Voo =04 Voc—04 Vec—0.4 v
Vee Operating Supply Except Data Retention Mode -25
N ’ 45| 58 45 |55| 45 |55 vV
=255
475 | 55
Data Retention Characteristics 14 = 0°Gto +70°C, Vg = 2.0V to 5.5V (NM1625 only)
No. Symbol Parameter Conditions Min Max Units
31 VbR Ve Voltage for Data Vcg — 0.2V < E < +5.5V
Retention (Note 15) Vec — 0.2V < V)N < +55Vor 2.0 5.5 )
Vgg — 0.2V < V| < Vgg + 0.2V
32 Iccor Data Retention Current Vpr = 2.0V Ta = 0°Cto 70°C 35 bA
(Note 14) Vpr =30V | Ta=0°Cto70°C 50
33 TCDR Chip Disable to Data 0 ns
Retention Time (Note 4)
34 TR Recovery Time
(Notes 4 & 13) TAVAX ns
Data Retention Waveform
DATA RETENTION MODE
T VoNIN VeMN L
Vee \ VR =20V /
TCOR—+ — ewme T Vor
v (33) (34)
- Vi

E (CHIP ENABLE)

\1

Vpr=0.2v s E= 5.5V

TL/D/9679-13
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NM1624/NM1625

Note 1: Standby supply current (TTL) is measured with E HIGH (chip deselected) and inputs steady state at valid Vi or Vi levels.

Note 2: Full standby supply current (CMOS) is measured with the enable bar input satisfying the condition: Vg — 0.2V < E < Vg + 0.2V, and all other inputs,
(including the data inputs) at steady state and satisfying one of two conditions. Either Vo — 0.2V < V)N € Vg + 0.2V or Vgg — 0.2V < V|y < Vgg + 0.2V. This
condition results in a significant reduction in current in the input buffers and consequently a lower overall current level.

Note 3: Operation to specifications guaranteed 2.0 ms after Vg reaches minimum operating voltage.
Note 4: This parameter is sampled, not 100% tested.

Note 5: Address Access Time (Read Cycle 1) assumes that E occurs before, or within 5 ns after addresses are valid. Timing considerations are referenced to the
edges of Address Valid.

Note 6: Enable Access Time (Read Cycle 2) assumes that addresses are valid at least 5 ns prior to E transitioning LOW (active). Timing considerations are then
referenced to the LOW (active) transitioning edge of E.

Note 7: A write condition exists only during intervals where both W and E are LOW (active). The internal Write starts when the second of these signals becomes
LOW (active). The internal Write ends when either of these signals transitions HIGH (inactive).

Note 8: Address setup to beginning of write is measured from 1 the time when the last address input becomes valid to the time when the second of the two signals E
or W) becomes LOW (activs). The timing of the first signal (W or E) to transition LOW (active) is a Don't Care.

Note 9: Transition to the high-impedance state is measured at a + 500 mV change from a valid Vo of Vo, steady state voltage with the loading specified in Figure
2. This parameter is sampled, not 100% tested.

Note 10: Write pulse width is measured from the time when the last of the two signals E and W becomes LOW (active) to the time of the first of E or W to transition
HIGH (inactive).

Note 11: For rise or fall times greater than 3 ns, the timing relationships can no longer be specified to the time when inputs cross the 1.5V level. This is a
characteristic of any CMOS device operated outside specified switching levels or transition times.

Note 12: Timing specifications of Data Setup to End of Write, Data Hold after End of Write, and Address Hold after End of Write are all referenced to the time when
the first of E or W transitions HIGH (inactive). The timing of the second signal (W or E) to transition HIGH (inactive) is a Don't Care.

Note 13: TAVAX = Read Cycle Timing.
Note 14: Iccpr is tested with Vi = OV and VN = VpR.

Note 15: Vy applies to all inputs other than E and DQg~DQj. Input conditions for DQg-DQj are: Vgg — 0.2V < DQ < Vgg + 0.2V or Voo — 0.2V < DQ <
Vee + 0.2V,

Connection Diagrams

24-Pin DIP (J) and PDIP (N) 28-Pin LCC (E)
\/ 2gg B¢
AO—11 24—Vcc 1 1111
a2 23}=A13 3 2 1 2827
a2—3 22}—A12 A4 26— NC
as—44 21|=A11 IVE 25f=A13
AM=—15 20 —A10 R A3—6 24— A12
as—le  NM1624/ ol g FUPE PR U] TVARPTY HeR
as—{7  NMI625 gl e As—{s  NMI625  2ob_,qp
a7—8 17 }-Da3 A6—{9 21} A9
8—{9 16 =002 A7—10 20}-0a3
i={10 15 }=Da1 As=411 19 |- 002
=11 14 |=DQ0 E=12 18}= Dot
GND—{ 12 3w 13 14 15 16 17
| LU
TL/D/9679-1 1 g g= g
Top View TL/D/9679-2
Order Number NM1624J25, Top View
NM1624J255, NM1624J30, NM1624J35,
NM1624N25, NM1624N255, NM1624N30, Order Number
NM1624N35, NM1625J25, NM1625J255, NM1624E25, NM1624E255, NM1624E30,
NM1625J30, NM1625J35, NM1625N25, NM1624E35, NM1625E25, NM1625E255,
NM1625N255, NM1625N30 or NM1625N35 NM1625E30 or NM1625E35
See NS Package Number D24H* or N24D* See NS Package Number E28B
Pin Names
Ao-A13 Address Inputs
E Chip Enable Bar
W Write Enable Bar
G Output Enable Bar
DQp-DQ3 Data Inputs/Outputs
Vce Power (+5.0V)
Vss Ground (0V)
. NC No Connect
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=
Logic Symbols g
N
DIP, PDIP Lcc &
=
A —11 A0—]3 =
Al—12 A—] 4 >
A2=—3 14 —DQO A2—5 17 —1D0Q0 N
A3—4 s—6 a
A4=—5 Ad—7
A5——16 15 —DQ1 A5—18 18 p—0Q1
A= 7 NM1624/ A6 ===t g NM1624/
A7—]g NM1625 A7 — 1o NM1625
A8—19 16 p—DQ2 AB=——1 11 19 p—DQ2
A9——119 A3 — 21
A10—1 20 A10 = 22
All=—i21 17 p——DQ3 All—q23 20 —DQ3
A2—122 A12=——124
A3 23 10 11 13 A13—125 12 13 16
E G W E G W
TL/D/9679-3 TL/D/9679-4
AC Test Conditions (Notes 3 11) Truth Table
Input Pulse Levels 0Vto 3.0V Mode EIWI| G DQy Power Level
Input Rise and Fall Times 3ns
Stan H X X Hi S
Input and Qutput Timing andby igh 2 tandby
_Reference Levels 1.5V Read L| H L Qout Active B
Output Load See Figures 1and 2 Read L H H HighZ Active
Capacitance (Note 4) Write L L X D|N Active
Symbol Parameter Max Units Han g - \7;%: 'd':':: ?,:n:,e
CiN Input Capacitance 6 pF é - 5:;;;:2 bt out
Cout Output Capacitance 7 pF
Effective capacitance calculated from the equation
AQ
Cc= theva AV = 3V
+5V +5Y
> >
$ 4800 $ 4800
DOUT ) DOUT
S S
30pF* S2550 5 pF* 2550
P
[} T3
TL- 'i-
- TL/D/9679-6 - TL/D/9679-7
FIGURE 1. Output Load *including scope and jig
FIGURE 2. Output Load (for TEHQZ, TELQX,
TWLQZ, TWHQX, TGHQX, TGLQX, TGHQZ)
\
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NM1624/NM1625

STANDARD TIMING PARAMETER ABBREVIATIONS
TXXXX

signal name from which interval is deﬂned-—l |

transition direction for first signal
signal name to which interval is defined
transition direction for second signal

TL/D/9679-14
The transition definitions used in this data sheet are:
H = transition to high state.
L = transition to low state.
V = transition to valid state.
X = transition to invalid or don’t care condition.
Z = transition to off (high impedance) condition.

TIMING VALUES

The AC Operating Conditions and Characteristics tables
typically show sither a minimum or maximum limit for each
device parameter. Those timing parameters which state a
minimum value do so because the system must supply at
least that much time, even though most devices don't re-
quire that full amount. Thus, input requirements are speci-
fied from the external point of view. In contrast, responses
from the memory (like access times) are specified as a max-
imum time because the device will never provide the data
later than this stated value, and will usually provide it much
sooner than this.

XXXXXXXXXXXX

AMMNNNNNN
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TL/D/9679-15
INVALID or Don't Care

Transition from HIGH to LOW level may occur

any time during this period

TL/D/9679~16 TL/D/9679-17
Transition from LOW to HIGH level may occur

any time during this period
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National
Semiconductor

1624/1625
16,384 x 4-Bit Static RAM
Military Temperature Range

General Description

The 1624/1625 are 65,536-bit fully-static, asynchronous,
random access memories organized as 16,384 words by
4-bits per word. The 1624/1625 are based on an advanced,
isoplanar, oxide-isolation CMOS process. The process uti-
lizes {ully-implanted CMOS technology with sub-2 micron
design rules and tantalum silicide gate electrodes for high
performance. The combination of this high-performance
technology, and speed-optimized circuitry results in a very
high-speed memory device.

The 1625 is identical to the 1624 with the additional feature
of power-down for low power battery back-up applications.
Both parts are processed in full compliance with MIL-STD-
883.

Features

m Output enable access times: 12 ns/15 ns/20.ns/25 ns-

(maximum)

m Fast address access times: 30 ns/35 ns/45 ns/55 ns/
70 ns (maximum)

m Minimum write cycle time, including moderate system
timing skews, equal to minimum read cycle time

® Specifications guaranteed over full military temperature
range (—55°C to +125°C)

| No internal clocks—high speed achieved without ad-

dress transition detection circuitry

All inputs and outputs directly TTL compatible

Common I/0 (TRI-STATE®) output

Available in 24-pin DIP or 28-pin LCC

Single +5V operation (+10%)

Low power dissipation (data retention 1625):

lccpr = 5 pA max (Vpr = 2.0V), 25°C

Iccor = 8 pA max (Vpr = 3.0V), 25°C

m Data retention supply voltage 1625: 2.0V to 5.5V

B Polyamide die coat for alpha immunity

Functional Block Diagram

MSB

A1 A10 A9

hhhbhh

» LSB
A4 A3 A2 A12 A1

ROW DECODERS

J 1

16K ARRAY

WORD LINE DRIVERS
16K ARRAY
16K ARRAY

WORD LINE DRIVERS
16K ARRAY

C

Ly

DQO DATA A {} DATA

DQ1 INPUT COLUMN 1/0 ) OUTPUT

0Q2 CONTROL |~ V CONTROL |—

DQ3 COLUMN DECODERS

h

@-—q:g[::>wmc ?J ?J ?J
E ENABLE A0 A3 A8 A7 A6 A5

OUTPUT MSB » LS8
G ENABLE

TL/D/9681-5

6-125

G29L/¥291




1624/1625

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Voltage on Any Input or Output Pin

with Respect to Vgg —2.0Vto Vg + 2V
Storage Temperature ~65°Cto +150°C
Operating Temperature —55°Cto +125°C
Power Dissipation 1.0W
Continuous Output Current per Output
Average Input or Output Current +25mA

(Averaged over Any 1 us Time Interval) +25mA
Maximum Junction Temperature (T ) 150°C
Thermal Resistance (Junction to Case)

8JC Side-Braze DIP 15°C/W

6JC LCC 20°C/W

Note: Stresses greater than 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 the specification is
not implied. Exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability.

Recommended Operating

Conditions 1¢ = -55:Cto +125°C
Min Typ Max Units

Supply Voltage (Vo) 45 5.0 55 v
Input HIGH Voltage (Vi) 2.2 Veg+ 05 V
Input LOW Voltage (Vi) —1* 0.8 v

All voltages are referenced to Vgg pin = OV.

*The device will meet —1V or —50 mA whichever occurs first without latch-
ing up. The device will also withstand undershoots of —3.0V of 20 ns dura-
tion.

This device contains circuitry to protect the inputs against damage due
to high static voltages or electric fields: however, it is advised that nor-
mal precautions be taken to avoid application of any voltage higher
than maximum rated voltages to the high-impedance circuit.

AC Electrical Characteristics ¢ = —55°Cto +125°C, Ve = 5.0V £10%

Symbol 1624-30 | 1624-35 | 1624-45 | 1624-55 | 1624-70
No. y! Parameter 1625-30 | 1625-35 | 1625-45 | 1625-55 | 1625-70 |Units
Standard | Alternate Min |Max| Min |Max| Min |Max| Min |Max| Min |Max
READ CYCLES
1 | TAVAX TRC |Address Valid to Address Invalid
(Read Cycle Time) 30 35 45 55 70 ns
2 | TAVQV TAA |Address Valid to Output Valid
(Address Access Time) (Note 5) 30 35 45 55 70| ns
3 | TAXQX TOH |Address Invalid to Output Invalid
(Output Hold Time) 5 5 5 5 5 ns
4 | TELEH TRC |Chip Enable LOW to
Chip Enable HIGH (Note 6) 2 80 40 50 50 ns
5 | TELQV | TACS [Chip Enable LOW to Output Valid
(Chip Enable Access Time) (Note 6) 27 30 40 50 50| ns
6 | TELQX TLZ  [(Chip Enable LOW to Output Low Z 5 5 5 5 5 ns
(Chip Enable to Output Active) (Note 4)
7 | TEHQZ THZ  |Chip Enable HIGH to Output High Z
(Chip Disable to Output Disable) 0 121 0 151 0 151 0 20| O 20 | ns
(Notes 9 & 4)
8 | TELICC TPU | Chip Enable LOW to Operating
Supply Current (Note 4) 0 0 0 0 0 ns
9 | TEHISB TPD |Chip Enable HIGH to Standby 27 30 40 50 50 | ns
Current (Note 4) .
10 | TGLQV TOE |Output Enable LOW to Output Valid 12 15 20 25 25 | ns
(Output Enable Access)
11 | TGLQX | TOLZ |Output Enable LOW to Output Invalid
(Output Enable to Output Active) 0 0 0 0 0 ns
(Note 4)
12 | TGHQZ | TOHZ (Output Enable HIGH to Output High Z
(Output Enable Off to Output High Z) 12 15 15 20 20 | ns
(Notes 9 & 4)
13 | TGHQX Output Enable HIGH to Output Invalid
(Output Hold Time) (Note 4) 0 0 ° ° ° ns
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Timing Waveforms

Read Cycle 1

b TAVAX(1) ]
TAVQV(2) ] J TAXOX(3)

QUURXXXXXXXXXOOOXXXXXXX) QXXX

Q (DATA OUT)

TL/D/9681~8
Access is under address control where E is active prior to 5 ns after address change. W = Vi, G = V.
Read Cycle 2
TELEH(4)
E (CHIP ENABLE) Y £
[+—TEHQZ(7)—*
TELQV(S5) @
Q (DATA OUT) DATA VALID HIGH Z ==
TELQX(6)
o - - TELICC(8) l—— TEHISB(9)

Igc (SUPPLY CURRENT) *
ksp
TL/D/9681-9

Access is under E control where address is valid a minimum of 5 ns prior to E becoming active. W = V|, address remains valid at least TELQV after E transitions
LOW.

Read Cycle 3
f TAVAX(1) |
ADDRESS
f TAVQY(2) |¢—T AXQX(3)
¢ ‘( 7;/
TGHAX(13)
; %
[=—TGLQV(10) —~ l<——rcuoz(\1 2)—
TELOX(11)—+] Y= TEHQZ(7)
TELQV(S)

TL/D/9681-10
Access is under G control. W = HIGH.
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1624/1625

AC Electrical Characteristics 1c = —55°Cto +125°C, Vo = 5.0V +10% (Continued)

Symbol 1624-30 | 1624-35 | 1624-45 | 1624-55 | 1624-70
No. Y Parameter 1625-30 1625-35 1625-45 1625-55 1625-70 |{Units
s:andardlAIternate Min ] Max| Min Ilnax Min | Max| Min | Max | Min l Max
WRITE CYCLE 1
14 | TAVAX TWC |Address Valid to Address Invalid
(Write Cycle Time) 80 35 45 % 70 ns
15 | TWLEH TWP | Write LOW to Chip Enable HIGH
(Write Pulse Width) (Notes 7& 10) | 22 25 %0 3 35 ns
16 | TAVWH TAW | Address Valid to Write HIGH
(Address Setup to End of Write) 22 25 30 35 35 ns
(Note 7)
17 | TWHAX TAH | Write HIGH to Address Don't Care
(Address Hold after End of Write) 0 o] 0 2 5 ns
(Notes 7 & 12)
18 | TWLWH | TWP  |Write LOW to Write HIGH 35
(Write Pulse Width) (Notes 7 & 10) | 22 2 30 35 ns
19 [ TAVWL TAS | Address Valid to Write LOW
(Address Setup to Beginning of Write) [ 0 0 0 2 5 ns
(Notes 7 & 8)
20 | TDVWH TDS |Data Valid to Write HIGH (Data Setup 15
to End of Write) (Notes 7 & 12) 10 12 12 1 ns
21 | TWHDX TDH | Write HIGH to Data Don't Care
(Data Hold after End of Write) 0 0 0 2 5 ns
(Notes 7 & 12)
22 | TWLQZ TWZ | Write LOW to Output High Z
(Write Enable to Output Disable) 0 12| 0 121 0 15| 0 | 18| 0 | 20 | ns
(Notes 9 & 4)
23 | TWHQX TOW  [Write HIGH to Output Don’t Care
(Output Active after End of Write) 5 5 5 5 5 ns
(Note 4)
Timing Waveforms (continued)
Write Cycle 1
I TAVAX(14) |
TWLEN(15)
E (CHIP ENABLE) AN y 2NN
— le—TWHAX(17)
TAVWH(16)
_ \ TWLWH(18)
W (WRITE ENABLE) X 2
TAVWL(19) TWHDX(21)

Q (DATA OUT)

PREVIOUS
DATA

TOVWH(20)—]
o 00 YRR KRR v

fe——TWLQZ(22) —|
P—— HIGH - Z

—

LOOOOOOXXXXX

QLY

TL/D/9681-11
W controlled where E is active (LOW) prior to W becoming active (LOW). If G = V|_ in this write cycle, the data bus DQ may become active (Q), requiring
observance of TWLQZ to avoid data bus contention. At the end of the write cycle the data bus may become active (Q) if W becomes inactive (HIGH) prior to E
becoming inactive (HIGH).
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AC Electrical Characteristics 1¢c = -55°Cto +125°C, Vg = 5.0V +10% (Continued)

Ge9L/¥29l

Symbol 1624-30 | 1624-35 | 1624-45 | 1624-55 | 1624-70
No. Parameter 1625-30 | 1625-35 | 1625-45 | 1625-55 | 1625-70 |Units
Standard | Alternate Min | Max| Min IMax Min | Max| Min lMax Min lMax
WRITE CYCLE 2
24| TAVEL TAS [Address Valid to Chip Enable LOW 0 0 0 2 5 ns
(Address Setup) (Notes 7 & 8)
25| TELEH TWP | Chip Enable LOW to Chip Enable HIGH
(Write Pulse Width) (Notes 7 & 10) 22 2 30 % 3 ns
26 | TEHAX TAH [Chip Enable HIGH to Address Don’t Care
(Address Hold after End of Write) 5 0 0 2 5 ns
(Notes 7 & 12)
27 | TAVEH TAW [Address Valid to Chip Enable HIGH
(Address Setup to End of Write) (Note 7) | 22 2 30 3 35 ns
28 | TELWH TWP | Chip Enable LOW to Write HIGH
(Write Pulse Width) (Notes 7 & 10) 2 % 8 % 3 ns
29 | TDVEH TDS ([Data Valid to Chip Enable HIGH
(Data Setup to End of Write) 10 12 12 15 15 ns
(Notes 7 & 12)
30| TEHDX TDH  [Chip Enable HIGH to Data Don't Care 0 0 0 2 5 ns
(Data Hold) (Notes 7 & 12)
| Timing Waveforms (continued) -
Write Cycle 2
| TAVAX(14) |
A (ADDRESS) m ADDRESS VALID
TELEH(25)
E (CHIP ENABLE) X N
TAVEL(20)—»= f=— — Fe—TEHAX(28)
TAVEH(27)
_ TELWH(26) {
W (were enasLE) NANAN 777777777777

TEHDX(30)

=]
TOVEH(28) —o]
D (DATA IN) m DATA VALID

Q (DATA OUT) HIGH=2Z

o — I- TELICC(8) TEHISB(9) {
lec (SUPPLY CURRENT) 1sg ;il

TL/D/96B1-12

This write cycle is E controlled, where W is active (LOW) prior to, or coincident with, E becoming active (LOW). G = Vjy. In this write cycle the data out remains in
the high impedance state (3 state) at the beginning of the write cycle, precluding potential data bus contention.
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1624/1625

DC Electrical Characteristics 1c = —55°Cto +125°C, Voo = 5.0V £10%, Vgg = OV

1624-30 1624-35 1624-45 1624-55 1624-70
Symbol Parameter Conditions 1625-30 | 1625-35 1625-44 1625-55 1625-70 |Units
Min { Max| Min | Max| Min | Max| Min | Max| Min | Max
I Input Leakage Current |Vss < V|N < Ve
(Except DQ) +2 +2 +2 +2 +2| pA
Lo Output Leakage E=VyoW=yv
Current (DQ) Ves < Vour £ Voo £10 +10 +10 +10 £10| pA
lcc Dynamic Operating Min Read Cycle Time
Supply Current Duty Cycle = 100% 120 100 90 110 110 | mA
Output Open
IsB1 Standby Supply Current|E = V;y (Note 1) 25 25 25 25 25 [ mA
lsg2  |Full Standby (Note 2) 1624 15 15 15 15 15
Supply Current mA
pPly 1625 5 5 5 5 5
VoL Output LOW Voltage |loL = 8.0 mA
All Outputs under Load 0.4 04 0.4 04 041 v
VoH Output HIGH Voltage [loy = —4.0 mA
All Outputs under Load 24 24 24 24 24 v
loH = —0.06 mA Vee Vce Vee Vee Vee v
Other Outputs Open —-0.4 —0.4 —-0.4 —-04 —-0.4
Data Retention Characteristics 1¢ -s5°Cto +125°C, Vg = 2.0Vto 5.5V
No. Symbol Parameter Conditions Min Max Units
31 Vbr Ve Voltage for Data Voc — 0.2V<E < +55V
Retention (Note 15) Voo — 0.2V < Viy < +5.5Vor 2.0 5.5 v
Vgs — 0.2V < VN < Vgg + 0.2V
32 lccor Data Retention Vpr = 2.0V Tc = —55°Cto +25°C 5 BA
Current (Note 14) Tc = —55°Cto +125°C 200 A
VpR = 3.0V Tg = —55°Cto +25°C 8 RA
Tg = —55°Cto +125°C 400 nA
33 TCDR Chip Disable to Data
Retention Time 0 ns
(Note 4)
34 TR Recovery Time
(Notes 4 & 13) TAVAX ns
Data Retention Waveform
DATA RETENTION MODE
X 4.5V 45v K
Vec \ Vor 2= 2.0V /
TCDR— B S - Vor
(29) (34)
Vi 5.5V Vpg=0.2v

E (CHIP ENABLE)

ViL

TL/D/9681-13
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Note 1: Standby supply current (TTL) is measured with E HIGH (chip deselected) and inputs steady state at valid V;__ or Vi levels.

Note 2: Full standby supply current (CMOS) is measured with the enable bar input satisfying the condition: Veg — 0.2V < E < Vg + 0.2V, and all other inputs,
(including the data inputs at steady state and satisfying one of two conditions. Either Ve — 0.2V < Vi < Vg + 0.2V or Vgg — 0.2V < V|y € Vgg + 0.2V). This
condition results in a significant reduction in current in the input buffers and consequently a lower overall current level.

Note 3: Operation to specifications guaranteed 2.0 ms after Vg reaches minimum operating voltage.
Note 4: This parameter is sampled, not 100% tested.

Note 5: Address Access Time (Read Cycle 1) assumes that E occurs before or within 5 ns after addresses are valid. Timing considerations are referenced to the
edges of Address Valid.

Note 6: Enable Access Time (Read Cycle 2) assumes that addresses are valid at least 5 ns prior to E transitioning LOW (active) and remain valid at least TELQV
after E transitions LOW. Timing considerations are then referenced to the LOW (active) transitioning edge of E.

Note 7: A write condition exists only during intervals where both W and E are LOW (active). The internal Write starts when the second of these signals becomes
LOW (active). The internal Write ends when either of these signals transitions HIGH (inactive).

Note 8: Address setup to beginning of write is measured from the time when the last address input becomes valid to the time when the second of the two signals (E
or W) becomes LOW (active). The timing of the first signal (W or E) to transition LOW (active) is a Don't Care.

Note 9: Transition to the high-impedance state is measured at a £500 mV change from a valid Vo of Vo steady state voltage with the loading specified in
Figure 2.

Note 10: Write pulse width is measured from the time when the last of the two signals E and W becomes LOW (active) to the time of the first of E or W to transition
HIGH (inactive).

Note 11: For rise or fall times greater than 3 ns, the timing relationships can no longer be specified to the time when inputs cross the 1.5V level. This is a
characteristic of any CMOS device operated outside specified switching levels or transition times.

Note 12: Timing specifications of Data Setup to End of Write, Data Hold after End of Write, and Address Hold after End of Write are all referenced to the time when
the first E or W transitions HIGH (inactive). The timing of the second signal (W or E) to transition HIGH (inactive) is a Don’t Care.

Note 13: TAVAX = Read Cycle Timing.
Note 14: Iccpp is tested with Viy = OV and V|y = Vpg.

Note 15: V)y applies to all inputs other than E and DQg-DQs. Input conditions for DQo-DQj are: Vgs — 0.2V < DQ < Vgg + 0.2V or Vgc — 0.2V < DQ <
Vce + 0.2V,

Connection Diagrams

24-Pin DIP 28-Pin LCC
% ggg 8¢ -

A0-—11 24 —'Vcc | | ' ' |

o ol srimy 16240»?5%?0N$2122f)rmoaso
- e Al=—14 26 —NC ’
ol o 1624DMQB35, 1625DMQB35
A3=4 2=an =5 ] gl 1624DMQBA45, 1625DMQB45
A5 20[—At0 A3—s6 24— A12 1624DMQB5S5, 1625DMQB55
s=s 1624/ qolene A 17 1624/ 23 = A1 1624DMQB70, 1625DMQB70
_ 1625 | _ 1625 | 1624L.MQB30, 1625LMQB30
e K 18=NC ol ¢ 2{=A10 1624LMQB35, 1625LMQB35
A7—{8 17 |-0Q3 AS{ 8 21— A9 1624LMQB45, 1625LMQB45
89 16}=Da2 A7={10 20}~Dq3 1624LMQB55, 1625LMQB55
1o 15 -pa1 a8—]11 19}~ pq2 1624LMQB70, 1625LMQB70
c—n 14 }=DQO0 E—{12 18 |~ pQt
GND—{ 12 13w 13 14 15 16 17
L
|l
TL/D/9681-1 = = =4
Top View TL/D/9681-2
NS Package Number D24H* Top View
NS Package Number E28B*

*For most current package information, contact product marketing.
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1624/1625

Logic Symbols
DiP Lcc
A0 —11 14— DQO AO—3 17 p—DQ0
Al—tg2 15 f—DQ1 Ale—i 4 18 |—DQ1 Pin Names
A2—13 16 p——DQ2 A2—145 19 p=— DQ2
A3—1 4 17 b—oa3 A3=—] 6 20 }— a3 A0-A13 Address Inputs
A4—15 A =7 E Chip Enable Bar
A5S—1 6 A5—138 —
A6—a7 As—] 9 W Write Enable Bar
—] 8 —
A7 1624/ A7 —{10 G Output Enable Bar
AB—S o B ey
A9—10 AA—21 625 DQO0-DQ3 | Data Inputs/Outputs
A10 =i 11 Al0—] 22
At1—] 21 All—] 23 Vee Power (+5.0V)
Al2—] 22 A2—124 Vi Ground (OV]
A13—i 23 A13 =125 = =
E=Qf10 E—-Of12
¢—-Ol11 c—Qf13
w0113 w0116
TL/D/9681-3 TL/D/9681-4
AC Test Conditions (Notes 38 11) Truth Table
Input Pulse Levels 0Vto 3.0V Mode Elw!| @G DQy Power Level
Input Rise and Fall jl'lr.nes 3ns Standby | H X X High 2 Standby
Input and Output Timing
Reference Levels 1.5V Read L]H|[L/| Qour Active
Output Load See Figures 1and 2 Read L H H | Highz Active
capacitance (Note 4) Write L L X DiN Active
Symbol Parameter Max Units High [Z, z \',"a'ﬁ; :,r:::iniﬁe
CiN Input Capacitance 6 pF é: 5:;:;:{: bit out
Cout Output Capacitance 7 pF
Effecti d from the equation
_AaQ -
c= v where AV = 3V
+5Y +5Y
3
;E 4800 34808

Dour

30 pF‘II 2550
>

TL/D/9681-6
FIGURE 1. Output Load

Dour p
b3
5pF* ,I: S 2550

>

*including scope and jig.

TL/D/9681-7
FIGURE 2. Output Load (for TEHQZ, TELQX, TWLQZ,
TWHQX, TGHQX, TGHQZ, TGLQX)
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STANDARD TIMING PARAMETER ABBREVIATIONS TIMING VALUES

TXXXX The AC Operating Conditions and Characteristics tables
typically show either a minimum or maximum limit for each

G291 /ve9l

signal name from which Interval Is defined de‘vfce parameter. Those timing parameters which state a
transition direction for first signal minimum value do so because the system must supply at
signal name to which interval is defined least that much time, even though most devices don’t re-

transition directlon for second signal quire that full amount. Thus, input requirements are speci-

TL/D/9s81-14  fied from the external point of view. In contrast, responses

The transition definitions used in this data sheet are: from the memory (like access times) are specified as a max-
H = transition to high state. imum time because the device will never provide the data
L = transition to low state. later than this stated value, and will usually provide it much
V = transition to valid state. sooner than this.

X = transition to invalid or don't care condition.

Z = transition to off (high impedance) condition.

XXXXXHXXXXXXX AMMMANMNNNN Ll

TL/D/9681-15 TL/D/9681-16 TL/D/8681-17

INVALID or Don't Care Transition from HIGH to LOW level may occur Transition from LOW to HIGH level may occur
any time during this period any time during this period
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DM75S68/DM85S68/DM75S68A/DM85S68A

National
Semiconductor

DM75S68/DM85S68/DM75S68A/DM85S68A
16 x 4 Edge Triggered Registers

General Description

These Schottky memories are addressable “D” register
files. Any of its 16 four-bit words may be asynchronously
read or may be written into on the next clock transition. An
input terminal is provided to enable or disable the synchro-
nous writing of the input data into the location specified by
the address terminals. An output disable terminal operates
only as a TRI-STATE® output control terminal. The address-
able register data may be latched at the outputs and re-
tained as long as the output store terminal is held in a low
state. This memory storage condition is independent of the
state of the output disable terminal.

All input terminals are high impedance at all times, and all
outputs have low impedance active drive logic states and
the high impedance TRI-STATE condition.

Features

m On-chip output register

m PNP inputs reduce input loading

m Edge triggered write

m High speed—20 ns typ

| All parameters guaranteed over temperature
m TRI-STATE output

B Schottky-clamped for high speed

® Optimized for register stack applications

| Typical power dissipation—350 mW

Logic and Block Diagram

(DATA INPUTS)

(WRITE CLOCK INPUT}

o [ 0 " £k Pin Names
2 1 17 16 14
Ap-A3 Address Inputs
D1-Dg4 Data Inputs
01-04 Data Outputs
(WRITE ENABLE) WE Wirite Enable
15 .
we ?—-DF L €DGE TRIGGERED WRITE C_LK Write Clock Input
.ao_pﬁ ﬁifs:"_ FITTTUTT oS Output Store
. oD Output Disable
A0 D“ | E WORD 1
. b. 16 x 4 MEMORY CELL ARRAY 0p|We|cLk|Os MODE OUTPUTS
A [: | [_: E 0| X | X | O|OutputStore |DataFrom Last
. Addressed Location
s w.nnn s X | 0 | 7| X |Write Data Dependent on State
a3 o-——{ >o—ﬁ >_o—- oS
ﬁjk of OD and OS
0] X | X | 1 |ReadData Data Stored in
Addressed Location
1| X | X | O |OutputStore [HighImpedance State
13 1| X | X | 1 |OutputDisable|High Inpedance State
o
e 0 = Low Level
1 = High Level
X = Don't Care
” ¢
owo—{>o

{ouTPuT
DISABLE)

B4 A
7& lé Wé I|M

(OUTPUTS)

TL/F/9233-1
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Absolute Maximum Ratings (Note 1) Operating Conditions

If Military/Aerospace specified devices are required, Min Max Units
contact the National Semiconductor Sales Office/ Supply Voltage, Vco

Distributors for availability and specifications. DM85S68/DMB5S68A 4.75 5.25 \
Supply Voltage 7.0V DM75568/DM75S68A 4.5 5.5 \
Input Voltage o5V Tegnﬁg?stgg?/'gﬂesseaA 0 70 °C
Output Voltage 5.8V DM75S68/DM75S68A  —55  +125 °C
Storage Temperature Range —65°Cto +150°C

Temperature (Soldering, 10 sec.) 300°C

Electrical Characteristics

over recommended operating free-air temperature range unless otherwise noted (Notes 2 and 3)

V89SS8INA/V89SSZINA/89SS8NA/89SSLNA

Symbol Parameter Conditions Min Typ Max Units
VIH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 Vv
VoH High Level Output Voltage Vce = Min loH = —2.0mA, 2.4 \
DM75S68/DM75S68A
lop = —5.2mA, 2.4 v
DM85S68/DM85S68A
VoL Low Level Output Voltage Vce = Min, DM75S68/DM75S68A 0.5 v
lo. =16mA | pMa5SE8/DMB5SEBA 0.45 v
IH High Level Input Current Voo = Max, Vg = 2.4V 25 nA
Iy - High Level Input Current Vece = Max, Vi = 5.5V
- 50 pA
at Maximum Voltage
I Low Level Input Current Vee = Max, Clock Input —500 nA
ViL = 0.5V All Others 250 | pA
los Short Circuit Output Current Vce = Max, VoL = 0V _20 —55 mA
(Note 4)
Icc Supply Current Vee = Max 70 100 mA
Vic Input Clamp Voltage Ve = Min, Iy = —18 mA -1.2 \
loz TRI-STATE Output Current Vo= Max Vo = 2.4V +40 RA
Vo = 0.5V —40 pA

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range™
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device
operation.

Note 2. Unless otherwise specified min/max limits apply across the —55°C to + 125°C temperature range for the DM75568/DM75S68A and across the 0°C to
+70°C range for the DM85S68/DM85S68A. All typicals are given for Voo = 5.0V and T4 = 25°C.

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown
as max or min on absolute value basis.

Note 4: Only one output at a time should be shorted.

SWitChlng Characteristics over recommended operating range of T and Vgg unless otherwise noted

Symbol Parameter DM75568 DM85S68 DM75S68A DM85S68A Units
Min | Max | Min | Max [ Min | Max | Min | Max
tzH Output Enable to High Level 40 35 40 35 ns
tzL Output Enable to Low Level 30 24 30 24 ns
thz QOutput Disable Time from High Level 35 15 35 15 ns
tLz Output Disable Time from Low Level 35 18 35 18 ns
tAA Access Time | Address to Output 55 40 45 24 ns
tosa Output Store to Output 35 30 35 20 ns
tca Clock to Output 50 40 50 35 ns
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DM75S68/DM85568/DM75S68A/DM85S68A

Switching Characteristics

over recommended operating range of Tp and Vg unless otherwise noted (Continued)

Symbol Parameter DM75568 DM85S68 DM75S68A | DM85S68A Units
Min | Max | Min | Max | Min | Max | Min | Max
tasc Set-Up Time | Address to Clock 25 15 25 15 ns
tosc Data to Clock 15 5 15 5 ns
tasos Address to Output Store 40 30 40 10 ns
twesc Write Enable Set-Up Time 10 5 10 5 ns
tossc Store before Write 15 10 15 10 ns
tAHC Hold Time Address from Clock 15 10 15 10 ns
toHe Data from Clock 20 15 20 15 ns
tAHOS Address from Output Store 10 5 10 2 ns
twEHC Write Enable Hold Time 20 15 20 10 ns

Connection Diagram

Dual-In-Line Package

1
[
2
D1 ot
3
Al =

q
A2 =

9
GND ==

|\

18
— Vce

17
— D3

16
— D4

L e

14
| Lk

13 —
05

2
= 00
L 04

10
b= 03

Top View

TL/F/9233-2

Order Number DM75568J, DM85S68J,
DM85S68N, DM75S68AJ,
DM85S68AJ or DM85S68AN

See NS Package

Number J18A or N18A
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AC Test Circuit and Switching Time Waveforms

ADDRESS
INPUT

OUTPUT
STORE

WRITE
ENABLE

WRITE
CLOCK

DATA
INPUT

WRITE
CLOCK

QuUTPUTS

5.0v
400
01
] QuUTPUT 1 CL = 5.0 pF for tyz, t.z
I CL = 30 pF for all others
DM75568/ Cy includes probe and jig capacitance
DM85S88/ All diodes are 1N3064
DM75588A/ CL 1.0k
DMB85588A l
TL/L/9233-3
Write Cycle Read Cycle

Clock Set-Up and Hold Time

/===
15V 15V
S — | U
l.w-
(e tAHC o]
==
15V 1.5V
R — |\ S
|-'lnsc~—
== tDHC =i
1.5V
1088C —=| [~—
Vo e
1.5V
[ —— 4 ——————
tWESC ~—o=| | ———
1.5V
'wzch‘—"
TL/L/9233-4
Clock to Output Access

1.5v *
———
1.5v %
.._1.;....'
——

1.5V

N

TL/L/9233-5

Address to Output Access Time

ADDRESS ¥
INPUT "5‘:,

L.w‘
Ve

OUTPUTS 1.5V

[P ———"
TL/L/9233-6
Output Store Access, Set-Up and Hold Time

ADDRESS . . - 15V
INPUTS ’ ’
p— —— — — - ——

~=laHos =

lAsos"'——l
-
OUTPUTS 1.5V x
| W 4

TL/L/9233-7

QUTPUT

STORE 1.5

1.5v

L— tosa ——~
-

1.5V

Output Disable and Enable Time

ouTPUT

DISABLE I.5V7 1.5V
[t 2 [ 1z ——1 '
1.5V L 1 T osv
05V T
[Vppp— 7
ouTPUT

Vou m—————

1.5v

]

[—— KZN —’-I

TL/L/9233-8

Note: Input waveforms supplied by pulse generator having the following characteristics: V=3.0V, tg<2.5 ns, PRR<1.0 MHz and Zoyr = 50M.
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DM75/85X431

National
Semiconductor

PRELIMINARY

DM75/85X431 64 x 8 No-Fall-Through FIFO Memory

General Description

The device is a first-in-first-out (FIFO) sequential memory
organized as 64 words by 8 bits. Data words written into the
device are later read from a separate bus in the same order
as entered but at an independent rate. Write and read oper-
ations may occur concurrently and at any time with respect
to each other. The FIFO is a no-fall-through (NFT) type in
which new input data becomes available for output in less
time than the minimum write/read cycle period.

Features

| 64 x 8-bit FIFO memory

m No fall-through delay (first word propagates to output in
less than one cycle period)

® 35 MHz write and 50 MHz read clock frequencies

m Totally independent asynchronous write and
clocks

m Cascadable in depth and/or width (requiring no
external hardware)

read

m Status outputs indicate full, empty and partially-filled
conditions

B 24-pin 0.3” wide DIP package

m TTL I/0 signal levels

m Single +5V supply

Applications

m Data rate translator for computer peripheral controller,
eg. disc, tape, printer, graphic display, etc.

m Data rate translator for telecommunications or data
communications controller (including local area
network)

m ADC or DAC interface buffer for real-time DSP

m Real-time data acquisition buffer

| Variable length shift register for real-time signal delay

m Variable length pipeline register for multiprocessing,
DSP, graphics, image analysis, etc.

Block and Connection Diagrams

Dual-In-Line Package

—> — ./
ve R MR/FSC4 24 Ve
RC ——»| CONTROL |— OR wedl2 Y e
WS = > e RCJ3 2R
1 por]+ 21 ArLae
n1 5 20 04
WRITE READ p2]6 19305
POINTER POINTER - 1806
q]s 17307
a1 g9 1604
™—>] COMPARATOR Q10 15[30as
[ox]m NI 14306
eNDC 12 13007
A 4 v
+>8 DUAL~PORT 8 TL/D/8676-2
0 ‘ ‘gggTE Gt_m):‘a sg?z?‘ 7> Q Top View

Order Numbers DM75/85X431J
or DM85X431N
NS Package Numbers J24F or N24C

TL/D/8676-~1
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Absolute Maximum Ratings

o

=

o
If Military/Aerospace specified devices are required, Off-State Output Voltage 5.5V ;
contact the National Semiconductor Sales Office/ Storage Temperature —65°Cto +150°C [
Distributors for availability and specifications. ESD Susceptibility (Note 5) To Be Determined §
Supply Voltage, Vcc v hrd
Input Voltage v

Electrical Characteristics over operating Conditions DM75/DM85X431

Guaranteed Limits
Symbol Parameter Conditions Units
Min Typ Max
ViL Low-Level Input Voltage 0.8 \']
VIH High-Level Input Voltage 2 Vv
Vic Input Clamp Voltage Vee = Min, = —18mA —-1.5 \']
m Low-Level Vce = Max, V| = 0.45V _
input Current 0.4 mA
{118} High-Level Input Current Ve = Max, V| =24V 50 pA
I Maximum Input Current Vee = Max, V| = 5.5V 1.0 mA
VoL Low-Level Output Voltage Vce = Min loL = 8 mA for
Vi = 0.8V Q Outputs 0.5 v
ViH =2V loL = 4 mA for :
) IR, OR and FLAG Outputs
Vo High-Level Output Voltage Vce = Min loH = —0.9 mA for
ViL = 0.8V Q Outputs 24 \"
ViH=2V loH = —0.6 mA for
IR, OR and FLAG Outputs
los Output Short-Circuit Current Vce = Max, Vo = 0V —30 —80 mA
(Note 1)
lcc Supply Current Vee = Max
Inputs Low, 200 230 mA
Outputs Open

Note 1: Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Operating Conditions (Note 3)

DM75X431 DM85X431
Symbol Parameter Min Typ Max Min Typ Max Units
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
Ta &;Let;a;i;g Free-Air Temperature —55 +125 0 +70 c
fwe Write Frequency 35 40 35 MHz
fre Read Frequency 50 50 MHz
twwH WC Pulse Width High 12 15 ns
twwiL WC Pulse Width Low 7 10 ns
tspw Input Data Setup 13 17 ns
tHow Input Data Hold Time 0 5 ns
twRH RC Pulse Width High 7 10 ns
twRL RC Pulse Width Low 7 10 ns
twm ?;l\laos;ga: )Fieset Pulse Width a8 50 ns
tRmMw Reset Recovery Time 38 50 ns

Note 2: Ambient Temperature.

Note 3: Since the FIFO is a very high speed device, care must be taken in the design of the hardware. Proper device grounding and supply decoupling are crucial to
the correct operation of the FIFO.

Note 4: Minimum time between any two consecutive transitions on the MR/FS input.
Note 5: Human body model, 100 pF discharged through a 1.5 kQ resistor,
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Switching Characteristics over operating Conditions

Initial DM75X431 DM85X431

Symbol Parameter Conditions Units
Min Typ Max Min Typ Max

tPRQ RC to Data Output 20 27 ns
tpwoH WC to OR High Empty, RC=H 15 20 ns
tPwiH WC Falling to IR High < 63 Words 11 15 ns
tPWHIL WC Rising to IR Low < 63 Words 1 15 ns
tpwLIL WC Falling to IR Low 63 Words, RC = H 1 15 ns
tPRIH RC to IR High Ful,WC = L 15 20 ns
tPROH RC to OR High > 1 Word 13 18 ns
tprOL RC to OR Low 10 14 ns
tPRIL RC Falling to IR Low 63 Words, WC = H 13 18 ns
tewFH WG to FLAG High 27 36 ns
tPRFL RC to FLAG Low 27 36 ns
trDQ TransparentDto Q Empty, WC = H 34 45 ns
trwa WC Rising to Q Empty 34 45 ns
teMiH MR to IR High Full 28 38 ns
tpmoL MR to OR Low 15 20 ns
tPMFL MR to FLAG Low 28 38 ns
Pin Desscription Standard Test Load oL 1 2
V upply voltage.
DoD7 B-br:tp gata anfut bus. ? SmA | 5600 | 11000
QO0-Q7 8-bit data output bus (non-inverted). S R1 4mA | 11000 | 22000

WC Write Clock input—latches in data word from
D-bus on a high-to-low transition (except when
FIFO is full). Data enters the memory while WC is

high.

RC Read Clock input—presents next data word onto
Q-bus on a low-to-high transition (except when
FIFO is empty).

IR Input Ready status output—when high indicates

FIFO is ready for another write cycle, ie., FIFO is
not full. IR is forced low whenever WC is high (ex-
cept during 64th write cycle) to accommodate cas-
cading.

OR Output Ready status output—when high indicates
FIFO is ready for another read cycle, ie., FIFO is
not empty. OR is forced low whenever RC is low
to accommodate cascading.

MR/FS Master Reset/FLAG Select input—resets the
FIFO to the empty state (internal pointers reset to
zero) on either a low-to-high or high-to-low transis-
tion. The state of the MR/FS input during opera-
tion selects the waveform to be presented on the
FLAG status output.

FLAG Intermediate status FLAG output—if MR/FS input
is low, then a high output on FLAG indicates FIFO
is at least one quarter filled (16 or more words
remaining in memory). If MR/FS is high, then a
high output on FLAG indicates FIFO is at least
three quarters filled (48 or more words remaining).

Input Pulse Amplitude = 3V

Input Rise and Fall Time (10%-
90%) = 2.5 ns

Measurements made at 1.5V

<
<
TEST
ourPUTo—EtTo BONT
j; R2 ]. 30pF

TL/D/8676-3

Functional Description

The NFT FIFO is implemented using a 64 x 8-bit RAM with
separate write and read ports. The write port is addressed
by the write pointer and the read port by the read pointer.
While the WC input is high, a data word on the D inputs is
written into the write port of the RAM. The write pointer
(initially zero) is incremented on the falling edge of WC, thus
concluding a write cycle. The RAM contents addressed by
the read pointer (also initially zero) are always presented on
the Q outputs. Thus the first word appears on the Q outputs
as it is being written. The rising edge of RC increments the
read pointer which then accesses the next data word from
the RAM's read port.

When the value of the write pointer equals the read pointer,
then the FIFO is empty, ie., any data words which had been
written have also been read. When the value of the write
pointer exceeds the read pointer by 64, then the FIFO is full,
ie., the next RAM location into which data should be written
contains the oldest word that has not yet been read.

The IR and OR status outputs indicate the full and empty
conditions, respectively. When WC is brought low at the end
of a write cycle, IR would go high if the FIFO is still not full. I
the FIFO becomes full, IR would become low until a vacant




Functional Description (continued)

RAM location is made available resulting from a read opera-
tion (or the Master Reset is activated). WC should remain
low until IR goes high. If WC is brought high while IR is still
low, then the entire write cycle would be ignored, the RAM
contents and write pointer remaining unchanged.

IR is usually driven low whenever WC is high in order to
accommodate cascading as described later. However, dur-
ing the final write cycle (in which the last vacant location is
being written) IR would remain high if and as long as RC is
high. This is to provide sufficient cycle times to guarantee
the proper transfer of data between cascaded devices while
reading.

The OR output would go high after the rising edge of RC if
the FIFO remains not empty. OR is initially low following a
reset until the first word is written into the FIFO. RC should
remain high until OR goes high. If RC is brought low before
OR goes high, then the read cycle would be inhibited and
the next rising edge of RC would not increment the read
pointer.

The FIFO resets to the empty state (write and read pointers
reset to zero) on either the rising or falling edge of the
MR/FS input. Following a reset, IR will be high, provided
WC is low, OR and FLAG will be low. WC and RC may be in
either state when a reset occurs.

If WC is high following a reset, the first write cycle would not
commence until after WC is returned low (a high output on
_ IR must be observed before the FIFO performs any write
cycle). Likewise, if RC is low following a reset, the first read
cycle would not commence until RC is returned high and a
high output is observed on OR (returning RC high does not
advance the read pointer).

The FIFO may be operated while the MR/FS input is held
either low or high. The state of the MR/FS input during op-
eration selects one of two waveforms to appear on the
FLAG status output.

If the FIFO is operated while the MR/FS input is held low,
then the FLAG output would indicate when the FIFO is at
least one quarter filled, i.e., when the write pointer value
exceeds the read pointer by at least 16. If the FIFO is oper-
ated while MR/FS is high, then FLAG would indicate when
the FIFO is at least three quarters filled, as shown in the
following truth table:

#WORDS FLAG OUTPUT
STORED MR/FS = L MR/FS = H
0-15 L L
16-47 H L

48-64 H H

The FLAG output remains stable throughout all write and
read cycles which do not cross the above boundaries. Note
that the FLAG waveform selection cannot be switched with-
out resetting the FIFO.

In a system, MR/FS may be connected to either a normally-
low or normally-high system reset signal. Even though the
FIFO responds to input transitions, conventional system re-
set pulses, including wakeup circuits, would produce desired
results.

FIFO buffers wider than 8 bits can be implemented by con-
necting multiple chips in parallel. For 64 X 8n configura-
tions, the IR, OR and FLAG status information can be taken
from any one of the chips since there is no fall-through de-
lay which may otherwise cause output skew between chips.

FIFO buffers deeper than 64 words can also be implement-
ed by connecting multiple chips in series. To do this, the Q,
OR and RC lines of one chip are connected to the D, WC
and IR lines, respectively, of the next chip in the series (see
“Cascading Devices” block diagram). When the first word is
written into the first chip, the resulting rising edge of its OR
initiates a write cycle into the second chip, which in turn
produces a read cycle from the first chip. The handshaking
signals passed over the OR/WC and RC/IR connections
between each adjacent pair of chips causes the data word
to be passed from one chip to the next until it settles onto
the outputs of the last chip in the series. See “Cascaded
Write Cycle Waveform” diagram.

As the buffer fills, each chip, beginning with the last, be-
comes full. A buffer consisting of n chips connected in se-
ries can store 63n + 1 words. This is because the last word
written into each full chip (except the first chip) remains on
the outputs of the previous chip. Each time a word is read
from the last chip, one word is transferred down from each
of the previous chips (or until an empty chip is encountered).
See “Cascaded Read Cycle Waveform”.

Write Cycle Timing Waveform
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DM75/85X431

Functional Description (continueq)

Since the control signals and data are passed from chip to Chips can be cascaded both serially and in parallel to pro-
chip in a serially cascaded buffer, some fall-through delay is duce deeper and wider buffers (as shown in ““Cascading
introduced between the input of the first chip and the output Devices” block diagram). However, due to the resulting
of the last. The delay increases with the number of chips chip-level fall-through delays, it may be necessary to AND-
cascaded serially. gate the IR outputs of the first level of chips, as with the OR

outputs of the last level.

Read Cycle Timing Waveform
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TL/D/8676-5

Master Reset Timing Waveform Flag Output Timing Waveform
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Cascading Devices
(190 X 16 Bit FIFQ)
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Functional Description (Continued)

Write Cycle Waveform For
Two Devices Cascaded Serially
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DM75/85X432/DM75/85X433

National
Semiconductor

PRELIMINARY

DM75/85X432 128 x 4, DM75/85X433 128 x 5,
No-Fall-Through FIFO Memories

General Description

The device is a first-in-first-out (FIFO) sequential memory
organized as 128 words by either 4 or 5 bits. Data words
written into the device are later read from a separate bus in
the same order as entered but at an independent rate. Write
and read operations may occur concurrently and at any time
with respect to each other. The FIFO is a no-fall-through
(NFT) type in which new input data becomes available for
output in less time than the minimum write/read cycle peri-
od.

Features

W 128 x 4/5 bit FIFO memory

m No fall-through delay (first word propagates to output in
less than one cycle period)

m 35 MHz write and 50 MHz read clock frequencies

m Status outputs indicate full, empty and partially-filled
conditions

m 18/20 pin 0.3" wide DIP package

| TTL /0 signal levels

= Single +5V supply

Applications

m Data rate translator for computer peripheral controller,
eg. disc, tape, printer, graphic display, etc.

m Data rate translator for telecommunications or data
communications controller (including local area net-
work)

m ADC or DAC interface buffer for real-time DSP

m Real-time data acquisition buffer

m Variable length shift register for real-time signal delay

B Variable length pipeline register for multiprocessing,

m Totally independent asynchronous write and read DSP, graphics, image analysis, etc.
clocks
m 16 mA TRI-STATE® data outputs for bus drive
capability
Block and Connection Diagrams
Dual-In-Line Package
WC—p N
RC— > f DM75/85X432 DM75/85X433
Fsep CONTROL > E
e [ FLAG vt [ ~ e  MRC] ~ FIVee
wel]2 17 B3Re wel] 2 19 re
T icls whie Fds 18
WRITE READ Fst]4 ] = T - ) 17 [AFLAG
POINTER POINTER o} s 1 0e sds 1s35e
1] I3 13303 DiCYs 15 2104
o= 12902 p2]7 141303
N—>| covparaToR |4~ T [ 10 (" m | 1304
GNDY 9 1002 []1m F] 12 bos
v v eNo] 10 1] =[]
4 /5 DUAL~PORT 4/5 TL/D/9235-2
D ——p PKFNFTIER 128 x 4/5 ﬁgﬁ? TL/D/9235-3
RAM Order Number Order Number
_ DM75/85X432J or DM75/85X433J or
OE DM85X432N DM85X433N
TL/D/9235-1 See NS Package Number See NS Package Number
J18A or N18A J20A or N20A

6-144




Absolute Maximum Ratings

(=)
=
o
If Military/Aerospace specified devices are required, Off-State Output Voltage 5.5V B
contact the National Semiconductor Sales Office/ Storage Temperature —65°C to +150°C Q
Distributors for avallability and specifications. ESD Susceptibility (Note 4) To Be Determined >
Supply Voltage, Vcc v 8
Input Voltage v a
. _—— =
Electrical Characteristics over operating Conditions DM75/DM85x432/433 S
~
-3
Symbol Parameter Conditions Guaranteed Limits Units | &1
Min Max x
w
Vi Low-Level Input Voltage 0.8 v w
ViK High-Level Input Voltage 2 Vv
Vic !Input Clamp Voltage Vec = Min, [j = —18mA -1.5 Vv
e Low-Level Input Current Voo = Max, V| = 0.45V -04 mA
4 High-Level Input Current Vee = Max, V| = 24V 50 rA
I Maximum Input Current Vee = Max, V| = 6.5V 1.0 mA
VoL Low Level Qutput Ve = Min, loL = 16 mA for Q Outputs
Voltage VL= 0.8V, loL = 4 mAforF, 0.5 \'
ViH = 2V E and FLAG Outputs
VoH High Level Output Vce = Min, lon = —2.6 mA for Q Outputs
Voltage ViL = 0.8V, loL = —0.6mAforF, 24 v
VH = 2V E and FLAG Outputs
los Output Short-Circuit Current | Voo = Max, Vo = 0V —30 -80 mA
(Note 1)
lozH High Voltage Off-State Voo = 5.8V, Vo = 2.7V 20 A
Output Current H
lozL Low Voltage Off-State Vee = 6.5V, Vg = 0.4V —20 A
Output Current B
lcc Supply Current Vce = Max, Inputs Low, 265 mA
Outputs Open

Note 1: Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Operating Conditions (Note 3)

Symbol parameter DM75X432/433 DM85X432/433 Units
Min Max Min Max
Vee Supply Voltage 4.5 5.5 4,75 5.25 \
Ta Operating Free-Air Temperature _s5 125 0 +70 c
(Note 2)
twwH WC Pulse Width High 10 ns
twwi WC Pulse Width Low 15 ns
tspw Input Data Setup 15 ns
tHDwW Input Data Hold Time 0 ns
twRH RC Pulse Width High 10 ns
twRL RC Pulse Width Low 10 ns
twMm Master Reset Pulse Width ns
tRmw Reset Recovery Time ns

Note 2: Ambient Temperature.

Note 3: Since the FIFO is a very high speed device, care must be taken in the design of the hardware. Proper device grounding and supply decoupling are crucial to
the correct operation of the FIFO.

Note 4: Human body model, 100 pF discharged through a 1.5 kQ resistor.
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Switching Characteristics over Operating Conditions

Symbol parameter Initial DM75X432/433 DM85X432/433 Units
Conditions Min Max Min Max

fwe Write Frequency 35 MHz
fre Read Frequency 35 MHz
tPRQ RC to Data Output 20 ns
tewr WC Rising to F Low 127 Words 15 ns
tewE WC Rising to E High Empty 15 ns
tpRE RC Rising to E Low 1 Word 15 ns
tPRF RC Rising to F High Full 15 ns
tewi WC Rising to FLAG High 20 ns
tPRI RC Rising to FLAG Low 20 ns
tsrw RC Rising Before WC Full ns
tswR WC Rising Before RC Empty ns
trDQ Transparent D to Q Empty, WC = Low 30 ns
trwa WCFallingtoQ Empty 30 ns
tPMF MR to F High Full 30 ns
tpME MR to E Low 30 ns
temi MR to FLAG Low 30 ns
tpzx Output Enable 20 ns
texz Output Disable 20 ns
Pin Description

Vee + 5V supply. FS Flag Select Input—selects FIFO word-count

Dg-D3/4 4/5-bit data input bus.
Qo-Q3/4 4/5-bit data output bus (TRI-STATE non-invert-

wC

RC

mi

|

FLAG

ed).
Write Clock Input—latches in a data word from
D-bus on a low-to-high transition (except when
FIFO is full). Data enters the memory while WC is
low.

Read Clock input—presents next data word onto
Q-bus on a low-to-high transition (except when
FIFO is empty).

Empty Status Output—goes low when last word
is read from FIFO (or when FIFO is reset); goes
high when first word is written into an empty FIFO.

Full Status Output—goes low when FIFO be-
comes full following a write; goes high when a
read cycle creates a vacancy (or when FIFO is
reset).

Intermediate Status Flag Output—high while
FIFO is at least 1/, filled (32 or more words re-
maining in memory) if the FS input is low, or while
FIFO is at least 3/4 filled (96 or more words) if FS
is high; otherwise FLAG remains low.

threshold for FLAG output (32 if low, 96 if high).
MR Master Reset input—resets the FIFO to the
empty state (internal pointers reset to zero) while
low (level sensitive). )
OE Output Enable input—when low, enables output
on the Q data bus; disables when high.

Standard Test Load

Si

5v—o/07

‘P
<SRl
o TEST
ouTRUT 1,—T°POINT
i;nz Tsopr

TL/D/9235-4

loL R1 R2
16mA [ 3000 | 6000
4mA | 11009 | 22000

Input Pulse Amplitude = 3V

Input Rise and Fall Time (10%-
90%) = 2.5 ns

tpHz measurement made at Vou
— 0.5V, tp z measurement made at
VoL + 0.5V, all other measurements
made at 1.5V.
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Functional Description

The NFT FIFO is implemented using a 128 X 4/5-bit RAM
with separate write and read ports. The write port is ad-
dressed by the write pointer and the read port by the read
pointer. While the WC input is low, a data word on the D
inputs is written into the write port of the RAM. The write
pointer (initially zero) is incremented on the rising edge of
WC, thus concluding a write cycle.

The RAM contents addressed by the read pointer (also ini-
tially zero) are presented on the Q outputs whenever the OE
input is low (Q bus outputs are disabled when OE is high).
Thus the first word may appear on the Q outputs as it is
being written. The rising edge of RC increments the read
pointer which then accesses the next data word from the
RAM’s read port. (Each pointer automatically wraps around
from the last to the first RAM location.)

When the value of the read pointer becomes equal to the
write pointer due to a read cycle, then the FIFO is empty, ie.
any data words which had been written have also been
read. When the value of the write pointer exceeds the read
pointer by 128 dus to a write cycle, then the FIFO is full, ie.
the next RAM location into which data should be written
contains the oldest word that has not yet been read.

The E and F status outputs indicate the empty and full con-
ditions, respectively. Initially (following a reset) F is high.
When WC is brought high at the end of any write cycle, F
would go low if the FIFO becomes full; otherwise it remains
high (without glitches). When the FIFO is full, F remains low
until a vacant RAM location is made available resulting from
a read operation (or the Master Reset is activated). F goes
high after the rising edge of RC which creates the first va-
cancy.

Writing is inhibited while F is low. If WC is brought low while
F was still low, new data would not begin to be written into
the RAM until after a read cycle causes F to go high (WC
must then remain low long enough to complete the write
cycle). Any low-to-high transitions on WC while F is low are
ignored (write pointer not incremented).

Initially (followinig a reset) the E output is low. E remains low
while the FIFO is empty until the first write cycle is complet-
ed. E goes high after the rising edge of WC concluding the
first write cycle. When RC is brought high at the end of any
read cycle, E would go low if the FIFO becomes emtpy;
otherwise it remains high (without glitches).

Reading is inhibited while E is low. Any low-to-high tran-
sitions on RC while E is low are ignored (read pointer not
incremented). While the FIFO is empty, the Q outputs (if
enabled) would either be in an indetermined state if WC is
high, or would reflect D input data as it is written into the
memory if WC is low.

The FIFO is reset to the empty state (write and read point-
ers reset to zero) while the MR input is low. WC and RC
inputs are ignored and may be in either state during a reset.
If WC is low following a reset, it should remain low long
enough to complete the write cycle.

The FS input selects the waveform to appear on the FLAG
output. When FS is low, then the FLAG output indicates
when the FIFO is at least one quarter filled (i.e., when the
write pointer value exceeds the read pointer by at least 32).
When FS is high, then FLAG indicates when the FIFO is at
least three quarters filled (write pointer exceeds read point-
er by at least 96). The FLAG output remains stable (without
glitches) except following the write or read cycle which
changes the FIFO's status with respect to the selected
threshold.

It is recommended that the FS input be changed only while
the FIFO is empty or full. If FS is changed while the FIFO
contains between 32 and 96 words, the FLAG output may
not change to reflect the accurate status until a threshold is
crossed.

FLAG Output Truth Table:
FLAG Output
# Words Stored
FS=1L FS=H
0-31 L L
32-95 H L
96-128 H H

FIFO buffers wider than 4 or 5 bits can be implemented by
connecting multiple chips in parallel. The E, F and FLAG
status information can be taken from any one of the chips
since there is no fall-through delay which may otherwise
cause output skew between chips.

FIFO buffers deeper than 128 words could also be imple-
mented by connecting the D and Q lines of multiple devices
in parallel and alternating the WC and RC clocks between
each of the devices in turn (the OE input of each device
must then be connected to its own RC input). For example,
a 256 x 4/5 FIFO buffer could be implemented using two
FIFO chips plus a dual D-type flip-flop (eg. 74S74) as shown
in the diagram, “‘External Cascading”. Cascading more than
two devices (depth greater than 256) requires more sophis-
ticated logic to generate the alternating WC and RC clocks;
registered programmable logic devices may be useful for
this. Note that when cascading in this manner, thers are no
additional delays introduced. Also, the threshold boundaries
for the FLAG output are proportional to the number of devic-
es cascaded.
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DM75/85X432/DM75/85X433

Functional Description (continued)
External Cascading (256 x 4/5 FIFO)

TL/D/9235-5
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45 4/5
+ »{0 Q -+ » Q
WR »| WR E
3 O«
> we RC ¢
F ‘_G: NFT FIFO 42 :D_’ £
»|o Q
»| MR E
F OF j4——
Wwe RC ¢4
74574
Q D¢
Q é we
» R
»| R
RC > Q
E [} Q j—
Write Cycle Timing
LY/, T Y A%( 32 X/ /A%( #128

(Fs=1)

-
o,

« Y e W e N
g P
o LI # )
-Wm'- I-*Pw:-l .
B (ewrmy) i
e towr .
FLAG ‘e 1 5
e B | tour "I
; — § {§
Read Cycle Timing
‘wnu *wm.—'1 (Fs=t)
'm ,_{_\_4 ,_1 n—
7 X e\ X {T= X

l‘_‘PRF (¢
(FULL) l o

m

N

-

N

-
5
=
A

TL/D/9235-6

TL/D/9235-7

6-148




Functional Description (continued)

Reset and Miscellaneous Timing
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National
Semiconductor

NM1002109/NM2109

ADVANCE INFORMATION

256k x 9-Bit Static RAM Module

General Description

The NM1002109/NM2109 is a hermetic, low profile 2.25
Mbit fully static asynchronous random access ECL memory
module organized as 262,144 words by 9 bits. The module
is based on National's advanced one micron BiCMOS il
process thus bringing high density CMOS to performance
driven ECL designs. The module consists of nine hermeti-
cally packaged 256 k-bit ECL SRAMs and associated de-
coupling chip capacitors surface mounted on a 72-pin multi-
layer substrate specifically designed for minimum signal
skews, cross-talk, and propagation delays. Configured in ei-
ther SIMM (leadless) for applications requiring socketing for
simplified field expansion/replacement or ZIP (leaded) for
direct through hole mounting, the NM1002109/NM2109
combines state of the art performance and memory density
to satisfy the memory intensive applications of tomorrow.
The address and control busses for the NM1002109/
NM2109 are designed to provide connections at each end
of the module (as in AO/AQ’) to facilitate signal termination
on the motherboard and shorten/simplify signal routing in
the user's system. This bus configuration also provides the
capability to daisy chain more than one module together by
serially routing the bus signals to the next module.

Reading the memory is accomplished by taking the select
(S or S') pin LOW while the write enable (W or W') pin
remains HIGH allowing the memory contents to be dis-
played on the output pins (Q). The output pins will remain
inactive (LOW) if either the select (S or S') pin is HIGH or
the write enable (W or W') pin is LOW.

Writing to the module is accomplished by having the select
(S or 8’) and the write enable (W or W') pins LOW. Data on
the input pins will then be written into the memory address
specified on the address pins (AO-A17 or A0'-A17').

Features
m 256k x 9 high performance fully asynchronous SRAM
module
Fast TAA, TWC over the commercial temperature range
(17 ns and 20 ns speed grades)
Dual address & control pins for daisy chaining or signal
termination
Access speeds maintained when address and control
signals are propagated from either end of the module
Temperature compensated F100K ECL I/0
Low noise, controlled impedance (50€1) substrate
Multiple power/ground connections interspersed be-
tween signal pins, and on-board decoupling for each
device, for improved noise immunity and signat clarity
Separate internal power/ground planes for low-induc-
tance power connections
Hermetic high-rel device packaging
Available in SIMM (socket compatible) or ZIP-leaded
versions
Ideal for high speed EDP; super & mini-super computer
applications
Low mounting profile for closer board to board spacing
NM1002109

Power supply: —4.2V to —4.8V operation

Power dissipation: less than 8.7W
m NM2109

Power supply: —5.2V £5% operation
Power dissipation: less than 10W
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NM1002109/NM2109

Connection Diagram

72-Pin ZIP*
72-Pin SIMM*

(X7 NN N ——
GLUuUBNGaRBInZoNguia
=
~

/ 65 | A1S'
A10' 166 oy 1445

g 69 | A14
AS' 170 oy ae

TL/D/8752-1
Top View

*For most current package information, contact product marketing.

Functional Block Diagram
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Absolute Maximum Ratings
Above which useful life may be impaired

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availabllity and specifications.

Storage Temperature —65°C to +150°C

VEg Pin Potential to Ground Pin —7.0Vto +0.5V
Input Voltage (DC) Vg to +0.5V
Static Discharge Voltage

(Per MIL-STD 883) >2001V
Maximum Junction Temperature (T) +150°C
Output Current (DC Output HIGH) —50mA
Latch-Up Current >200 mA

tr = Rise Time TL/D/9752-3
ty = Fall Time

50% = Timing Reference Levels
FIGURE 1. Input Levels

AC Test Conditions

Input Pulse Levels Figure 1
Input Rise and Fall Times 0.7ns
Output Timing Referrence Levels 50% of Input
AC Test Circuit Figure 2

This device contains circuitry to protect the inputs against
damage due to high static voltages or electric fields howev-
er, it is advised that normal precautions be taken to avoid
applications of any voltage higher than maximum rated volt-
ages to this high-impedance circuit.

Vee
|
NM1002109/ >—Q
NM2109
= -0v
C| = 3 pF (including Scope
0.1 uF T and Jig)
— Ve R = 500
TL/D/9752-4

FIGURE 2. AC Test Circuit

DC Electrical Characteristics NM1002109: Veg = ~4.2Vto —4.8V, Vg = Ground, Tg = 0°Cto +85°C
NM2109: Vgg = —5.2V £5%, Voo = Ground, Tg = 0°C to +85°C

Symbol Parameter Conditions Min Max Units
VoH Output HIGH Voltage VIN = ViH{Max) OF ViH(Max)s —1025 —880 mV
VoL Output LOW Voltage Loading with 500 to —2.0V ~1810 —1620 mv
VoHe Output HIGH Voltage VIN = ViH(Min) OF VIH(Min)> —-1025 mV
VoLe Output LOW Voltage Loading with 5092 to —2.0V ~1620 mv
VIH Input HIGH Voltage —1165 —880 mvV
ViL Input LOW Voltage —-1810 —1475 mV
i Input HIGH Current ViN = ViHMax) 2.0 mA
i Input LOW Current ViN = ViL(Min) —0.450 1.550 mA
133 Power Supply Current fo = 50 MHz -1.800 A
All voltages are referenced to Vgg pin = OV.
Capacitance Truth Table
Symbol Parameter Max Units 3 w Dx Qy Mode
CiNA Address Input Pins TBD pF H X X L Not Selected
Cinw Write Enable Pins TBD pF L L L L Write “0"”
CiNs Select Pins TBD pF L L H L Write 1"
CiND Data Input Pins TBD pF L H X Q Read
Cout Data Output Pins TBD pF

6012INN/601 200NN




NM1002109/NM2109

Read Cycles

AC Timing Characteristics™* nm1002109: Veg = —4.2V to —4.8V, Voo = Ground, Tg = 0°Cto +85°C
NM2109: Vgg = —5.2V +5%, Vgg = Ground, Tg = 0°C to +85°C

Symbol NM1002109-17 NM1002109-20
No. Parameter NM2109-17 NM2109-20 Units
Std. Alt. Min Max Min Max
1 TAVAX TRC Address Valid to Address Invalid 17 20 ns
2 TAVQV TAA Address Valid to Output Valid 17 20 ns
3 TAXQX TOH Address Invalid to Output Invalid 3 3 ns
4 TSLSH TRC Select LOW to Select HIGH 7 7 ns
5 TSLQv TACS Select LOW to Output Valid 7 7 ns
6 TSHQL TRCS Select HIGH to Output LOW 6 6 ns

*All timings measured to 50% levels.

Read Cycle 1
Where S is active prior to or within TAVQV-~TSLQV after address valid.

TAVAX (1) ——————————————

A (ADDRESS) m( 'ADDRESS VALID )M

TAVQY (2) , TAXQX (3)
o (oata our) XXXXXXXXXXXX(erevious DAty XXX XX XXXXXXX) QOXXX
TL/D/9752-14
Read Cycle 2 B
Where address is valid a minimum of TAVQV-TSLQV prior to S becoming active.
TSLSH (4)
S (CHIP SELECT) \ Y/
TSLQV (5) TSHAL (6)—=]
Q (DATA OUT) / DATA VALID \

TL/D/9752-15




Write Cycle 1

This write cycle is W controlled, where S is active (LOW) prior to W becoming active (LOW). In this write cycle the data out (Q)
may become active and requires observance of TWLQL to avoid data bus contention in common 1/0 applications. At the end of
the write cycle the data out may become active if W becomes inactive (HIGH) prior to S becoming inactive (HIGH).

AC Timing Characteristics® nM1002109: Veg = —4.2V to —4.8V, Vee = Ground, Te = 0°Cta +85°C
NM2109: Vgg = —5.2V £5%, Vo = Ground, Tg = 0°C to +85°C

601L2INN/601L200LNN

Symbol NM1002109-17 NM1002109-20
No. Parameter NM2109-17 NM2109-20 Units
Std. Alt. Min Max Min Max
1 TAVAX TWC Address Valid to Address Invalid 17 20 ns
7 TWLSH Write Enable LOW to Select HIGH 10 12 ns
8 TWHAX TWHA Write HIGH to Address Don’t Care 0 3 ns
9 TWLWH ™ Write LOW to Write HIGH 10 12 ns
10 TAVWL TWSA Address Valid to Write LOW 0 2 ns
11 | TOVWH Data Valid to Write HIGH 10 14 ns
12 TWHDX TWHD Write HIGH to Data Don't Care 2 5 ns
13 TWLQL TWS Write LOW to Output LOW 7 7 ns
14 TWHQV TWR Write HIGH to Output Valid 17 20 ns
*All timings measured to 50% levels.
TAVAX (1) _
A (hooress) XK ADDRESS VALID X
TWLSH (7)
S (CHIP SELECT) wm ,77,7777777
TWLWH (9) TWHAX (8)
EICLETEANNAANANANNN L7777

|— TAVWL (10) —~ TOVWH (11)——] TWHOX (12)
0 (oaTA %) YOOOOOOOCCOCOOOCCRAX i DATA VALID m
e—mwiaL (13) TWHQY (14)
s o on XX SRR Vi

TL/D/9752-16
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NM1002109/NM2109

Write Cycle 2

This write cycle is S controlled, where W is active prior to, or coincident with, S becoming active (LOW). Write cycle 2 has
identical specifications to write cycle | with the exceptions of W and S being interchanged. This write cycle may be more
convenient for common I/O applications because data bus restrictions are alleviated.

AC Timing Characteristics™ nm1002109: Vge = —4.2V to —4.8V, Vg = Ground, Tg = 0°C to +85°C
NM2109: Vgg = —5.2V 5%, Vgg = Ground, Tg = 0°C to +85°C

Symbol NM1002109-17 NM1002109-20
No. Parameter NM2109-17 NM2109-20 Units
Std. Alt. Min Max Min Max
15 TAVSL TWSA Address Valid to Select LOW 0 2 ns
16 TSLSH Select LOW to Select HIGH 10 12 ns
17 TSHAX TWHA Select HIGH to Address Don’t Care 0 3 ns
18 |. TSLWH Select LOW to Write Enable HIGH 10 12 ns
19 TDVSH Data Valid to Select HIGH 10 14 ns
20 TSHDX | TWHD | Select HIGH to Data Don't Care 2 5 ns

*All timings measured to 50% levels.

A (ADDRESS) XE(

TAVAX (1)

ADDRESS VALID

XXX

TAVSL (15) TSLSH (16)
§ (CHIP SELECT) \ 7777 77 7 7 7 77
TSHAX (17)
TSLWH (18)
 (WRITE ENABLE) NN\ N77777777
TSHDX (20)

D (DATA IN)

Q (DATA OUT)

LOW

XXXXXXXXXXXXXXXXXXXXKK

(oo YXXKXRXRAXX

LOW

TL/D/8752-17
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Propagation Delays

AC Timing Characteristics: NM1002109: Veg = 4.2V to —4.8V, Vg = Ground, T = 0°Cto +85°C
NM2109: Vgg = —5.2V £5%, Tc = 0°C to +85°C, Vg = Ground

60LZININ/601 200NN

No. Symbol Parameter NM1002109-17 NM1002109-20 Units
Std. Alt. Min Max Min Max
21 TAXAX TPDA Propagation Delay (Address Bus) 2 2 ns
22 TWXWX | TPDW | Propagation Delay (Write Enable) 2 2 ns
23 TSXSX TPDS | Propagation Delay (Select) 2 2 ns
Address Bus Delays
INPUT ON A, INPUT ON A’

n :—>-|(TAXA'X (21) I‘—

i A

A—I TAXA'X (21)XL—:

X

o
N N

TL/D/9752-5

WRITE Line Delays
INPUT ON W INPUT ON W'

=!

-:——IXT;IXW’X (22) r——

" X

—jrwxw'x (;2?L<—: ”

A

P 5 L N
A\

TL/D/9752-7

SELECT Line Delays
INPUT ON § INPUT ON §'

wi

D-—|(Ts><s'x (23) ‘-—

5 A

——| TSXS'X (23) L—

X

AN~
R T T T

TL/D/9752-6 .
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NM1002109/NM2109

AC Timing Characteristics: consecutive Write Cycles.

NM1002109: Tc = 0°C to +85°C, Vgg = —4.2V to — 4.8V, Vgc = Ground
NM2109: Vgg = —5.2V £5%, Tg = 0°C to +85°C, Vgc = Ground

Symbol NM1002109-17 NM1002109-20
No. Parameter NM2109-17 NM2109-20 Units
Std. Alt. Min Max Min Max
24 | TWHWL | TWP | Write Enable HIGH to Write Enable LOW 5 5 ns
25 | TSHSL | TSP | Select HIGH to Select LOW 5 5 . ns

Consecutive Write Cycles

Minimum Write Pulse Disable

A (ADDRESS)

XOOXXXX)

W (WRITE ENABLE)

o 0

X

TL/D/9752-8

Minimum Select Pulse Disable

A (ADDRESS)

§ ( SELECT)

Standard Timing Parameter Abbreviations
TXXXX

Signal name from which interval is def‘(ned—I
Transition direction for first signal
Signal name to which Interval is defined
Transition direction for second signal
TL/D/9752-10
The transition definitions used in this data sheet are:
H = Transition to HIGH State
L = Transition to LOW State

V = Transition to Valid State
X = Transition to Invalid or Don’t Care Condition

Q

XXXXXXX)

=T

TL/D/9752-9

TIMING EXPLANATIONS

The AC Operating Conditions and Characteristics tables
typically show either a minimum or maximum limit for a de-
vice parameter. Those timing parameters which show a min-
imum value do so because the system must supply at least
that much time, even though most devices do not need the
full amount. Thus, input requirements are specified from the
external point of view. In contrast, responses from the mem-
ory devices (i.e., access times) are specified as a maximum
time because the device will never provide the data later
than this stated value, and usually, much sooner.

\VAVAVAVAVAVAVAVAY, .
AQA’A‘A’A’AQA’A‘A Invalid or don't care condition
mnansmon from high to low
can occur during this period
.m Transition from low to high
can occur during this period

TL/D/9752-11
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Physical Dimensions inches (milimeters)
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*For most current package information, contact product marketing.
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Physical Dimensions
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0.48510.050 (3 175)
{(iz.319z1.270) ™ ™ M
MAX BOTH 0.100 0.100:£0.010 0.018:40.003
ENDS (2.540) (2.540:£0.254) (0.457 £0.076)
TVP J22A (REV G}
NS Package J22A
1.200
o 0.600
(3:‘.‘7&5) T
[ [ 7@ B @) ) 6 [ [ 6 6 BLAss
( )
0.025
{0635
nnu\> 0.514-0.526
{13.06-13.36)
ooznuuss/uuuuuuuuuuuu
{0.762-1.397)
RAD TYP
0.180
0.590-0.620 0.005 - GLASS 0.085 0005 |\ {4.572)
{12.986-15.128) (n.m"’? . SEALANTY {1,337 0.127) WA 020-0.070
/ t 3 = {0.508-1.778)
[ \ T '
9 4 ]
5 § 0000012 T
+0.025 (0.203-0.305)
0.685
[%%- _.I (2"_;';99_':__ - omo.omu.‘ L (32: ’: :g:’ 86 0.125-0.200 0.150
0 : 8 s (3175-5080)  {3.810)
(11.40 -1.524) MAX PETITEE] (3.17;@.030) %1"0)

NS Package J24A

J24A REV H)
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)
=
<
@,
Q
2
1.290 g
{32.766)
MAX 0.560 1]
(14.22) 3
MAX GLASS o,
S
0.025 7]
(n'i::;s)\$ 0.514-0.526
{13.06-13.36)
%':2'—;'%—'“:% 0.26040.010
0.180 g (11220254
45712 UV WINDOW .25
MAX 0.530-0.620 0.005 . GLASS 0.0550.005 - (5{41“75)
= TXT] LANT (139720120
‘ (14.986~15.748) (n':lf‘n . SEA \‘ {1.397:£0.127) L 0.020-0070
+ - (0.508—1.778)
I—l—
] —t
f 95°45° 0.008-0.015 T
{0.203-0.381)
0,685 +0.05
| —0.060 | o.060-0100 | l__ _*”__ 0.018:£0.003 0125
| (" ol m) I (1.524~2.540) 0.10040.010, {0.457£0.076) iG]
—1.524 e {2.500£0.254) N
NS Package J24AQ o .
0.030-0.055
/_ {0.762-1.397) "0 TYP
0.280
a1y WX
L 2] L] [a] Lel Lz 18] Ls] [xo] [ [a2]
0.150:+0.004
{3.81020.102)
DIA UV WINDOW 0.060 +0.005 20.010
(s2az0.127) > |e— (0.254) 0.290-0.320
s st e MAX * {7:366-8.128)
(;1:"1:) X 0.225
- 5.715)
M;x [ . i 'MAX)
4 0.008-0.012
86° 84° 95°45° sl LA
fyp\ 0.020~0.060 —d\\— (0.203—0.305) e
0.055 MAX l 0.100:+0.010 ‘ 0.018:+0.003 n!zs(nm 1.524) ‘ 03100410
— - 2.540 £ 0.254) —» - {0-4570.076) 076 —| |- D
2413 gypg ¢ o ¢ ) @i MW e -0
J24CQ(REV A)
NS Package J24CQ




imensions

Physical D

B 1.215 .
- (30.86) -
0.025 MAX 0.030—0.055
{0.635) {0.762—1.397)
RAD RAD TYP
0.300
("9,3?’ {8.:3%9)
GLASS
[11]
— 0.03740.005
0.005 GLASS 00510005 ) | (086020121) - " 0.400-0.430 2180
{02y SEALANT (1.397£0.127) 0.020-0.070 (10.16-10.92) (a.572)
MIN (u.son-r.m){ MAX
H A =D 0.225 ] 1
; ==
\
86° 94° * *
y 95°15° MM-_@E
LN ! TYP 4" (0.203-0.305)
" 0.125 we
0055 _ | 0.100:+0.010 _,I 0.018:+0.003 _JF_ @) l 0.485:+0.050 _J
.39 {2.54020.254) {0.45720.076) MIN (12.3211.210)
MAX WP e
BOTH ENDS J24E (REV G)
NS Package J24E
0.025 1.280
{083 "AO fzan) A%
[z2] [z7] [30] [w] [e] [7] [is] [is] [ie] [ia]
0315 max 0.286
{8:001) GLASS s "X
0.030-0.055
(0.762-1.397)
GLASS 0.060 +0.005 —— RADTY? 0.290-0.320
smmr‘\ {1524 10127} (__:::::‘1’;’;:)* 3688 |
0180 A 0.225
(4572) 5.1
MAX ‘MA:)
f LI AL ¥ vm-oon2
86° Tﬂ;; il (0.203-0.305)
TvP
ooss MAX 0.100 so.m__l l‘ 0.018 +0,003 0.126 L 0.310-0.410 "
COEH e “‘ @5 H258) st == QT8 A aTaToAT

TYP

NS Package J24F

J2F(REV G)
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0.607 1.290 o
(15.42) ‘ (32.71)
MAX GLASS MAX
L2 @) (2] (7] [0) [ve] (18] [77] [e) [v5] [ia] [i3]
0.577£0.006  0.025
16620152 053
RAD >
0.030-0.055 L 20 (3] Laf [T e 2 [8) [8]
{0.762~1,397)
RAD TYP
0.005
> {0.127)
GLASS MIN
SEALANT
0.590 - 0.620
(14.99-15.75) i +
— (gg:::??l;:) D25y _0.180
’ BT IT) — ) 4572)
MAX MAX
ko 4 0.150
o5 +5 + ? [ * (3.810)
86° 84 MIN
0.025 - TP
0.685* 0.125-0.200 —T
0060 X 0.055.%0.005
(m.0 0558 (17— 080 —> o
A0 1528 we
0.008-0.015 -— 0098 " 010040010 0.01840.003
{0.203-0.381) (2.489) T sto.zsh {0457 £0.076)
VP MAX we we
J24G (REV B
NS Package J24G
0.600 _ 1.490
{15.28) = {37.85)
MAX GLASS MAX
28) [71] 28] (8] (4] [73] [ez) [20) [eo] [vs] [1a] [v7] [e] [is]
0.514-0.526  0.025 N
(13,05-13.36)  (0.635)
RAD )
wam—oos /[ 12 [ ] 18] 18] L L] o] ] o] [ ] 15
{0.762-1.397) L3S
RAD TYP I ey >
GLASS
SEALANT
) 0.590 - 0.620 )
il (14.99-15.75) {
| 0.180 \ 0.020-0.070
asn) h ) {0.508-1.778)
MAX y
95° 5 0225 A K
065 +0-025 (5.715) 86° 94° TYP
% _0.060 MAX 0.125 0,055 +0.005
(1740 +o.535) {3.475) {1.397£0.127)
s MIN we
—a] 0.008-0.012 0.060-0.100 0.100 +0.010 0.018:0.003
{0.203-0.305) {1.524-2.540) * - {2.540 £ 0.254) {0.457 £0.076)
: VP we J28AQ (REV B)

NS Package J28AQ

8-11

1a [eaisAyd

suoisusui




Physical Dimensions

1.660
(42.15) o
MAX
52 [31] [30] [79) (e8] (7] (%6) (%) (4] (%) [72) [=1] [} [7) [is] [i7
y
0.025 Y
|n.sas>\ 0.585
RaD ) {1.6)
MAX
D (2] (3] [eT TS [T T TeT o7 o] Dol T2 (3] Tra] Tos[ Tre]
0.030-0.055 !
{0762-1.397)  0.055+0.005 X
2475 RADTYP faorzoazn | [ UV WINDOW %
oL — ) 2 e oLass S (—‘:'f-z,:,
14, - |- 3
{ (14586 -15.748) o | SE‘UNT_\ | LT ™
MIN 2 — DO,
e —f {0.508—1.524)
? T T ‘Ij MIN
95°45°  0.008-0.012 ’——f
{0.203-0.305) ) 8°
+0.025 — eI
| 0685 Z.060 0.100 £0.010 _»\ l<_ 0.018:£0.003 _»‘ |4/94 0.125
I (" 10 +0 535) {2.540£0.254) (0.457 £0.076) {3.175)
-1524 0.060-0.100 K
{1.524-2.540)
JI2AQ (REV A}
NS Package J32AQ
2080
w243
MAX
@) 5] ] (5] () (] (5[5, ) 5 () (5 () () [, . (. ) ] ),
0025 ( ) =2
——— RAD (13.45)
(0.635) MAX CERAMIC
\ 0.550
f3s7)
MAX GLASS
0.030-0.088 UUUUUUUUUML&JU"%"MWMWHMH
o7ez-1397)
RADTYP
llJln:ll .004
25100820 Tz oue 0225
e 0.005 GLASS UV WiKDOW #512) 5115
(14.986-15.748) — o) N SEALANT (:‘5‘1)1(1 (w;)
0.020-0.070
=ET] £
g Do YA
~7 (0.203-0.305) g 1 B6° 84° TYP
s 0.018:0.003
0885 0 060 ‘% ‘:%:-) 0.055:0005 ntsmm»——“'_ 0.100 £ 0.010 ous
{ran o538 - uasmml 2820 2 1.254) ™ e
1528 v MAX(BOTH ENDS)
JAOAQ (REV A}
NS Package J40AQ




1q levdisAyd

0.138-0.196
ns-aas
s 7 8 5 5
B B A o
2
UZZI 0.244 a‘
{5791-6.158) Q
Lﬁ )
LeaoNo. v/ 1
IDENT
0.150-0.158
aso—eon) [
e 0.053-0.069 020

— P 0e-g {(1346-1.753) {0:508)
r"f;f;’.’ e ¢ { *‘ 2.004-0010
Ei ALLEADS {0.102-0.25¢)
r_;mu 0.102 ﬁ' 0.024-0.031 ?
0.102-7.591 {0.610-0.781)
og07-oor0 (B102-2531) 00200050 om0 | _, 0.014-0.019

—

(0.178-0.254) 10508 —1 270} {1.270) 0.356 —0.483)
VP AL LEnoS R T ' :
MOSA (REV F)
NS Package MOSA
0.336-0.348
{8.534-8.738)
T HAAARA]
0.228-0.244
{5.791-6.198)
1T 2 3 4 5 & 7
0.020 L‘
(0.508)
0.150—0.158
(3.810-4.013)
0017 0.024—0.031 0.053—0.069
—» or {0.610-0.787) {1.346-1.753) 0.004—0.010
% 45° 0°-8° ‘ ; {0.102—0.254)
TYP ALL LEADS — y AFTER LEAD FINISH
I
L4 Tt 0
0.007 -0.010 0.050 ‘ 0.014-0.019
(0.178-0.254) 4_] ‘ .0.020-0.050 (1.270) - “ {0.355—0.483)
e 0.004 (0.508 —1.270) v ™w
0102 TYP ALL LEADS
ALL LEAD TIPS M1AREV F)
NS Package M14A
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imensions

Physical Di

0.346—0.362
(8.788 —9.185)

14 13 12 11 10 ¢

1 rRREREE

A e %
L@ EELLY
o |10
105“)

0.291-0.209
7.391-7.595)
0.093-0.104
o7 e {2.362-2.602)
0.43)
0.009-0.013 x45* + 0.004-0.012
10.229-0.330) \ {0.102-0.305)
g Voo
? —fTYPALLLEADS 0.037-0.044 oou ? ?
{0.810-1.118)
i 0.030-0.0%0 oo || oou-oon
©.102) {0.7621.270) .27 {0.356-0.483)
ALL LEAD TYP ALL LEADS v ™
TIPS
M14B (REV C)
NS Package M14B
0.385-0.384
il 9.719-10.008)
16 15 14 13 12 11 10 9
QHARAARADRA
0.228-0.244
(5.781-6.198)
o)
e A TITTTTT
IDENT
0.020
(0.508) B
0.150-0.158
| wao-aom [
0.053-0.069, 0.004-0.010
—» Lo oge 1346 -1.753) 0025
] . e AFTER LEAD s
x4 ALLLEADS L . — -
L 1
I — e

A ? 0.024-0031 f
{0.610-0.787)

0.007-0010 : 1.620—0.050 0.050 | 0014-0.019
(0.178-0.254) | 0.508—1.270) 1.210) (0356 - 0.483)
TYPALLLEADS 0.004 TYP ALL LEADS e e

(0.102) M16A PEV £

ALLLEAD TIPS
NS Package M16A
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0.373-0.400
[ aa—10.18)
0.090
> {2.286)
oo LT (5] 5 0.032+0.005
23 N {081320.127)
PN ND. 1 1DENT F@' \. 0.2500.005 RAD
’ . .__"' {6.3510.127) PIN NO. 1 IDENT: '
oPTION1 L® T e
0.280 U L2] [3] [4]
ey D280
i " (g 3::) MAX (1 MG) m—»l - 0.039 pus-oa T
0.300-0.320 — 0.145-0.200
{1:62-8.128) ‘ 2“‘i“—>| /<—- (©.931) (3.683—5.080)
1 ‘ e b 0.130+0.008 \
) 11  (3.30210.127) 1
a4 2250140
0.065 pnsoass
0.009-0.015 i 05",5 (1.651) 80° 4 (Tg%
(02290381 T B >l ™ MIN
o | wom Loszo00
0325+ 3.0 {057 z0.076)
1016 0.100:+0.010
(eass ¥y 0 {2.54020.254)
pus10015
(1.143£0.381) — 0.060
0050 {1.624)
(1.210) e R - NOSE (REV F)
NS Package NOSE
0.843-0.870
0.090
0.082 2288 l__ 2141-22.10}
(2.337) NOM
Ul(ﬂ N;JM o] T8 o) (15 fi7] [ov] fool (8] —
2x
0.250 £0.005

FIN NO. 1 IDENT —\@

0.280
= {7.112) oot
wn )
0.300-0.320 MAX
(7.620-8.128) 0.065
J {1.651)

Lo

!

]_

\ ®

(8.350 £0.127)

Ul L2l 3] [af s 1e] [ (o]

e "’l [‘—

0,040

0.130 :0.005
0
a ‘%f,l"| I‘ {3.302 :0.127) {

| Sy

0.145-0.200
{3.683-5.080}

95°46° t ./ 0.008-0.015 w’ o4 ot
{0.229-0.381)
0.076:0.015 *l l_ 001840.003 0. ‘25 140 mmﬁ?qm
0325 ‘0040 {1,906 :0.381) | {0asTs007g) (3-175-3.556)
0015
—yT 0.100 «n 010
(ezss 3300) {2,640 20.250)
N18A (REV E)
NS Package N16A

g |eaisAud

suolsuawij
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Physical Dimensions

0.743-0.780
0080 | (18.87-18.81)
(2.286)

0.082 NOW [i5]_[id _h3l _fi7] [ f9]_[3]

0.032+0.005 e _[18|_[14]

(o.mtu.nn'\
" 9

NS Package N18A

PIN KO. 1 1DENT @ 3520927
Mo PIN NO. 1 IDENT——=—@
=~ IQEEORERCRuRE e
N 0.030 OPTION 1 | OFTIN 2 OPTION 2
0.300-0.320 | (0.762) X
Te—s.azy | MK 0.065 0.130:£0.005
l {.851) (' '"" (3.30220.127) i
| f 1 = i 0.145-0.200
1 (3.683-5.080)
o
950 150 f L0 £40 }
o\ oos-oos s 0020
{0:229-0.381) 1‘ A% 0140 0.508)
———— 0.030+0.015 001810003 ase—o  MIN
02529080 {o752x0.381) | l" gerzoos S0
1,016 0.10020.010
(s 25 25010.250)
“P N16E (REV E)
NS Package N16E
0.843-0.870
0032 0030 _(:';::,_’ Z141-22.10)
233) ~ (0762)
NOM  MAX NOM
DEEP (2 PLCS)
PIN NO. 1 IDENT 0.250 0005
\J a @ (6.350 :0.127)
0.280 ) i
(1.112) LJ [2] 13] [&F 1s) 6] L2f [s] 19
MIN
0.300-0.320 0.040
(7.620-8.128) 0,065 ._0.060 “'m 5 0.130 :0.005
{resn ‘1 52"’| , 'Typ-—‘ , {3.302:0.42) {
e - | | 0.145-0.200
/ 1 J_,__ i {3.683-5.080)
- Lo 2 a0
95°15 o 4 o nzo f
|<——| 0.025 10,015 I___ __”_‘ 0.018 :0.003 0.125-0.140 “:,,5,‘,’,')
0325 o {063 20381 OaTo07  (3175-3556)
—”-W o 100 :0.010
('255 -0 331) (2,540 £0.254) 254)
N18A (REV )
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1.013-1.040
0.092 X0.030 25132642}
(2.337 X0.762) 0.032:0.005
X O \mmmmmm\ﬁnmm Ao
P 0.260 £0.005 AaD
PIN NO. 1 IDENT 0.260 +0.005
0280 \ Q @ (6.604 :0,127) PINNO.1 IDEHT\
} or |
o N T O o o O G G
0.300-0.320 . __(:%) OFTION2
{7.620-8.128) 0
0.050 NOM 0040, oPTION2 0.130 0.005
0065 (1528) {1018) 4 ux @302 0z
T AL Tve B
[ | \ 0.445-0.200
T j],__ =T
95°%5° 0.003-0.015 90°:0.004° { ]
U™ T0.220-0.381) S S— ) |
l Ve “'00*“10_| l__ 0.25-0.140  {0.508)
0.060 +0.005 (2.540£0.258) 0.018+0.003 {3175-3556) MIN
! 0325 10040 (1.524£0.427) ! {0.4570.076)
325 _yms
+1.016
(szss y 331)
N20A (REY G)
NS Package N20A
1.093-1.120
{27.16-28.45)
[72]_[21] [20] [1s] [vg] [15] [1s] _[a] [l D]
anp 2052 1
ml:“ .:7? '\9 @ @ 0.350 20,005
IDENT ™ {8.890 :0.127)
e
DT L] [s] [af (=] Tsd L0 Te] Tsf Do Tnd
0.400-0.420
{10.160-10.668)
0380 | oo 0065 Tvp S0 e 0130 :0.008
{9.652) 030 228 (1ot6) @3nz:0027
MIN jioez) (1.651) -302 £0.
) o ezl
I = I (:g_g 0.145-0.200
{ Wy (883-5.080)
95° +5° 0.009-0.015 ! ool | ?
0425 10,028 {0.229-0.381) Ive ¥
____‘"“% [ |e—  0.425-0.140
(10795 10.53%) 0.050:0.015 0.100:0.010 00ts:0003  175-3558)
{1.270:0381) {2.520:0254) {0457 :0.075)
N22A (REV D)
NS Package N22A

suoisuauwiq [eaishyd
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imensions

Physical Di

0.31540.002
(8.0010.051)

e

0.276 0.002
(7.010£0.051)

T W ek Wk Wi Weake W Wke W o Wi W Wke

(0.027)

RV A AP AT A A A AV A A

| 1.090£0.007 |
‘ {2763 %0.178)

0.130£0.002

N 0.04510.002
l 1.143£0.051) 7°
Ie (3.3020.051)
]

0.100 ‘
0.360 £0.015 (2.540) ’| |< : 0.130 +0.002
[ —— > {9 1a z0.381) oos | ’i 0032 BI0ZE005)
(0.381) (0.813)
P 0.010 £ 0.00t 0.050
{0.254£0.025) (1.524)
e
NS Package N22B
1.243-1.270
' @157-32.28) N
0,540 0.005
3T 027
DOTTED OUTLINES
REFLECT ALTERNATE
0.580 MOLDED BODY CONFIGURATION
a3
- i 001
0.600-0.620 MAX Ty 0.080 (‘:'%) 1.180::0.005
{T524-16.748) { i 11520 '.""’1 l" {4,084 z0327) }
— . .
. f il Il || 0.170-0.210
I {8.318-5.334)
| Aoose 0.009-0.0 b
0°:5 ol D000-0.035 6034
+0.026 |~ wZzi-038n w Y oo
1 0428 o015 0.075 0,016 - (L EOT
I (s 088 {1905 70.38) 0100 0010 AT 0078) o N
’ (2,680 0.264)
N24A (REV B}
NS Package N24A
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1.243-1.270
0.082 {31.57-32.26)
(2.337) MAX
(2PL5)
PINNO.1___| 0.2600.005
DENT | / (6.60420.127)
/lllll]l_i.ll_‘l 5] (6] (2] LeT (o] Ta] 0] [12]
OFTION 2 0.062 EJECTOR PINS
0.300-0.320 (1.575) OPTIONAL
7.62-8.128) RAD 0.040
(1.016) 0.130:0.005
e —! ’— {3.302£0.471) |
= 0.020
K | 0.145-0.200
r O 3.683—5.080) soao)
0.009-0.015 I - T
(0.229-0.381) 0.065
(.65 - 0.125-0.145
0.018:0.003 {3175 —3.556)
+0.040 0.018:20.003
0.325 7 ose (%gg;;_. l— .—l (0.451:&015)—“— MIN
80520, v .
(s.zss *; g;f) ' ! 0.100£0.010 80°24° TYP
- (2.54 £0,254)
v
N24C (REV F)
NS Package N24C
Pl W e W ke Wake Wk Wakn Wk W e Wk Wah W
0030
0.280
Tz (0 ’EZ)
MiX
VW W
1.250-1.270
(31.75-32.26)
0.325
(8.255)
MAX
0.075 -0.035
(1.905 -2.413) T1°TYP \ 0.120-0.140
0.015-0.040 4 (3.048-3.556)
(0.381 -1.016)
. 0.025-0.030 ‘}—E
\‘/7 oAt {0635 -0.762) T Y
0.090-0.110 B
4____L 0.300 - 0.400 (2.286 - zml_’l %
{7.620-10.18) oos-002 Ml s (292124050
(0.381-0.584) {0.813)
— 0.008 - 0.015 0.040 -0.065 EF
(0.203-0.381) (1.016-1.651)

NS Package N24D

N24DHEV 01

1 |evdisAyd

suoisuswi

8-19




imensions

Physical D

Wﬂﬁ@ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

s AP
0. 510+n 005
(12.85£0, 127;

0.062

©)

PIN NO. 1 IDENT'

I_ILII_ILH_ILIL!I_II_II_II_IULJU

1.393-1.420
{35.38-36.07)
oo 0.600—0.620 0.145-0.210 00w
{0.762) (15.24—15.75) {3.683-5.334) .210) 0.1250.165
v @AE=4191) g g9
T T ‘)}\ T (0.508)
__ Y
o5e 150 0.009-0.015 . f
0580 wm_nm&osnio 015 0.100£0.010 0.018:+0.003 =y
() (1.270£0.381) I (zjmiu.zsa)“’l e _’“‘_(n wTHOME) gy
0625 +0.025 {3.175-3.683)
~ 0,015 ——— ]
( 88 ‘t: gg?) N28B (REVE)
NS Package N28B
4 SPACES AT
0.050
(1.270) (??ig)
19] 201 2 |3 A x45°
Il 0.080
__ 18 .llll‘_ (2.032)
A DIA NOM
PEDESTAL
150 VIEWAA
1
LU | |
4 SPACES AT 13
0.050
(1.270) (5 740)
NOM
SQUARE
0.310-0.330 - o
(1.874-8382) | o
(CONTACT DIMENSION)
0.013-0.018
-l ==
(0.330—-0.457)
0.026 —0.032 -
(0.660—0.813) ‘ 0.020
TYP ; (0.508)
A
) 1
sosoas $ Y i 1 soooe
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National
Semiconductor

Bookshelf of Technical Support Information

National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical
literature.

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and
section contents for each book.

Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this
bookshelf.

We are interested in ydur comments on our technical literature and your suggestions for improvement.
Please send them to:

Technical Communications Dept. M/S 23-200
2900 Semiconductor Drive

P.O. Box 58090

Santa Clara, CA 95052-8090

For a recorded update of this listing plus ordering information for these books from National's Literature Distribution operation,
please call (408) 749-7378.

ALS/AS LOGIC DATABOOK—1987

Introduction to Bipolar Logic ® Advanced Low Power Schottky ® Advanced Schottky

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS—1987

SSI/MSI Functions e Peripheral Functions ¢ LSI/VLSI Functions ® Design Guidelines ® Packaging

- CMOS LOGIC DATABOOK—1988

CMOS AC Switching Test Circuits and Timing Waveforms ¢ CMOS Application Notes ® MM54HC/MM74HC
MMS54HCT/MM74HCT e CD4XXX ® MM54CXXX/MM74CXXX @ Surface Mount

DATA COMMUNICATION/LAN/UART DATABOOK—Rev. 1

LAN |IEEE 802.3 ® High Speed Serial/IBM Data Communications ® ISDN Components ® UARTs
Modems e Transmission Line Drivers/Receivers

GRAPHICS DATABOOK—1988

Advanced Graphics Chipset ¢ Application Notes

INTERFACE DATABOOK—1988

Transmission Line Drivers/Receivers ® Bus Transceivers ® Peripheral Power Drivers ¢ Display Drivers
Memory Support ® Microprocessor Support ® Level Translators and Buffers ® Frequency Synthesis ® Hi-Rel Interface

LINEAR APPLICATIONS HANDBOOK—1986

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit
applications using both monolithic and hybrid circuits from National Semiconductor.

Individual application notes are normally written to explain the operation and use of one particular device or to detail various
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index.

LINEAR 1 DATABOOK—1988

Voltage Regulators ® Operational Amplifiers ® Buffers ¢ Voltage Comparators ® Instrumentation Amplifiers ® Surface Mount

LINEAR 2 DATABOOK—1988

Active Filters ® Analog Switches/Multiplexers ® Analog-to-Digital ¢ Digital-to-Analog ® Sample and Hold
Sensors ¢ Voltage References ¢ Surface Mount

LINEAR 3 DATABOOK—1988

Audio Circuits ® Radio Circuits @ Video Circuits ® Motion Control ® Special Functions  Surface Mount




LS/S/TTL DATABOOK—1987

Introduction to Bipolar Logic ® Low Power Schottky ® Schottky ® TTL ¢ Low Power

MASS STORAGE HANDBOOK—Rev. 2

Winchester Disk Preamplifiers ® Winchester Disk Servo Control ® Winchester Disk Pulse Detectors
Winchester Disk Data Separators/Synchronizers and ENDECs ® Winchester Disk Data Controller
SCSI Bus Interface Circuits ® Floppy Disk Controllers

MICROCONTROLLER DATABOOK—1988

COP400 Family ® COP800 Family ¢ COPS Applications ® HPC Family ® HPC Applications
MICROWIRE and MICROWIRE/PLUS Peripherals  Display/Terminal Management Processor (TMP)
Microcontroller Development Tools

NON-VOLATILE MEMORY DATABOOK—1987
CMOS EPROMs ® EEPROMS ¢ Bipolar PROMs

SERIES 32000 MICROPROCESSORS DATABOOK—1988

Series 32000 Overview ® Central Processing Units ® Slave Processors ® Peripherals ® Board Level Products
Development Systems and Tools  Software Support ® Application Notes ¢ NSC800 Family

RANDOM ACCESS MEMORY DATABOOK—1987

Static RAMs » TTL RAMs ¢ TTL FIFOs ® ECL RAMs

RELIABILITY HANDBOOK—1986

Reliability and the Die ¢ Internal Construction ® Finished Package ® MIL-STD-883 ¢ MIL.-M-38510

The Specification Development Process ¢ Reliability and the Hybrid Device ® VLSI/VHSIC Devices
Radiation Environment  Electrostatic Discharge ® Discrete Device ® Standardization

Quality Assurance and Reliability Engineering ® Reliability and Documentation ® Commercial Grade Device
European Reliability Programs e Reliability and the Cost of Semiconductor Ownership

Reliability Testing at National Semiconductor ® The Total Military/Aerospace Standardization Program
883B/RETS™ Products ® MILS/RETS™ Products e 883/RETST™ Hybrids ® MIL.-M-38510 Class B Products
Radiation Hardened Technology ® Wafer Fabrication ¢ Semiconductor Assembly and Packaging
Semiconductor Packages ® Glossary of Terms ® Key Government Agencies ® AN/ Numbers and Acronyms
Bibliography ® MIL-M-38510 and DESC Drawing Cross Listing

TELECOMMUNICATIONS—1987

Line Card Components ® Integrated Services Digital Network Components ¢ Modems
Analog Telephone Components e Application Notes




NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS

ALABAMA
Arrow Electronics
1015 Henderson Rd.
Huntsvills, AL 35818
(205) 837-6955
Bell Industries

1031 Putnam Drive, Suite A

Huntsville, AL 35816
(205) 837-1074
Hamilton/Avnet

4940 Research Drive NW
Huntsville, AL 35805
{205) 837-7210

TWX: 810 726 2162

Pioneer Technology

4825 University Square

Huntsville, AL 35805

(205) 837-9300

TWX: 810 726 2197
ARIZONA

Anthem Electronics
1727 E Weber Dr.
Tempe, AZ 85281
(602) 966-6600

Arrow Electronics
4134 East Wood St.
Phoenix, AZ 85040
(602) 437-0750
TWX: 910 851 1550
Bell Industries

1705 W. Fourth St.
Tempe, AZ 85281
{602) 966-7800
TWX: 910 950 0133

Hamilton/Avnet

30 South McKemy
Chandler, AZ 85226
(602) 231-5100
TWX: 66 7450

CALIFORNIA—Northern

Anthem Electronics
1040 East Brokaw Rd.
San Jose, CA 95131
(408) 295-4200

TWX: 910 338 2038

Anthem Electronics
4700 Northgate Blvd.
Suite 165

Sacramento, CA 95834
(916) 922-6800

TWX: 5610 101 1419
Arrow Electronics

521 Weddell Drive
Sunnyvale, CA 94089
(408) 745-6600

TWX: 810 339 9371
Bell Industries

1161 North Fairoaks Ave,
Sunnyvale, CA 84086
(408) 734-8570

TWX: 910 339 9378

Bell Industries

500 Giuseppe Ct. Suite 6
Roseville, CA 95678
(916) 969-3100
Hamilton/Avnet

1175 Bordeaux
Sunnyvale, CA 94086
(408) 743-3355

TWX: 910 339 9332

Hamilton/Avnet

4103 Northgate Blivd.
Sacramento, CA 95834
(916) 925-2216

Time Electronics

1339 Moffet Park Dr.
Sunnyvale, CA 94089
(408) 734-9888

TWX: 172233

Zeus Components Inc., Reg 6

N CA/OR/WA/CO/

UT/NE/NM/ & AZ

1580 Old Oakland Rd. #C205

San Jose, CA 95181

(408) 998-5121
CALIFORNIA--Southern

Anthem Electronics
9369 Carroll Park Dr.
San Diego, CA 92121
(619) 453-9005
TWX: 910 335 1515
Anthem Electronics

1 Oldfield Dr.

Irvine, CA 92718
(714) 768-4444
TWX: 910 595 1583
Anthem Electronics
20640 Bahama St.
Chatsworth, CA 91311
(818) 700-1000
TWX: 910 493 2083

Arrow Electronics
9511 Ridgehaven Ct.
San Diego, CA 92123
(619) 565-4800

TWX: 910 335 1195
Arrow Electronics
2961 Dow Ave.
Tustin, CA 92680
(714) 838-5422

TWX: 810 595 2860
Arrow Electronics
19748 Dearborn St.
Chatsworth, CA 91311
(818) 701-7500

TWX: 910 493 2086

Avnet Electronics

350 McCormick Ave.
Irvine Industrial Complex
Costa Mesa, CA 92626
(714) 754-6050

TWX: 910 595 1928
Bell Industries

306 E. Alondra Bivd.
Gardena, CA 90248
(213) 515-1800

Bell Industries

12822 Monarch St.
Garden Grove, CA 92641
(714) 895-7801

TWX: 910 596 2362

Bell Industries

1829 Dehavilland Suite A
Thousand Oaks, CA 91320
(805) 499-6821

TWX: 910 321 3799
Hamilton Electro Sales
3170 Pullman Street

Costa Mesa, CA 92626
(714) 641-4159

Hamilton Electro Sales
9650 DeSoto
Chatsworth, CA 91311
(818) 700-0440
Hamilton/Avnet

13618 West 190th St.
Gardena, CA 90248
(213) 217-6751
Hamilton/Avnet

4545 Viewridge Avenue
San Diego, CA 92123
(619) 571-7510

TWX: 695 415
Hamilton/Avnet

3002 East G Street
Ontario, CA 91764
(714) 989-4602

Time Electronics

370 South Crenshaw Blivd.
Suite E-104

Torrance, CA 90503-1727
(213) 320-0880

TWX: 910 349 6650

Time Electronics
2410 E. Cerritos Ave.
Anaheim, CA 92806
(714) 934-0911

TWX: 910 591 1234
Time Electronics
8525 Arjons Drive
San Diego, CA 92126
(619) 586-1331

TWX: 858902

Time Electronics

9751 Independence Ave.
Chatsworth, CA 91311
(818) 998-7200

TWX: 910 380 6274

Zeus Components Inc., Reg 5

San Fernando Valley
5236 Colodny Drive
Agoura Hills, CA 91301
(818) 889-3838

Zeus Components Inc., Reg 5H

All Hughes
22700 Savy Ranch Pkwy.
Yorba Linda, CA 92686

Zeus Components Inc., Reg 8

S CA, SG VLY, OC, SD CTY
22700 Savy Ranch Pkwy.
Yorba Linda, CA 92686
(714) 921-9000

COLORADO

Anthem Electronics

373 Inverness Dr. South
Englewood, CO 80112
(303) 790-4500

Arrow Electronics
7060 S Tucson Way
Suite 136

Englewood, CO 80112
(303) 790-4444

TWX: 910 931 2626

Bell Industries

8155 W. 48th Avenue
Wheatridge, CO 80033
(303) 424-1985

TWX: 910 938 0393

Hamilton/Avnet

8765 E Orchard Road #708
Englewood, CO 80111

(303) 779-9998

TWX: 910 935 0787

CONNECTICUT

Arrow Electronics
12 Beaumont Rd.
Wallingford, CT 06492
(203) 265-7741
TWX: 710 476 0162
Hamilton/Avnet
Commerce Drive
Commerce Park
Danbury, CT 06810
(203) 797-2800
Anthem Electronics
170 Research Parkway
Meridan, CT 06450
(203) 237-2282
Picneer Northeast
112 Main St.
Norwalk, CT 06852
(203) 853-1515
TWX: 710 468 3378
Time Electronics
1701 Highland Ave.
Cheshire, CT 06410
(203) 271-3200
TWX: 910 380 6270

FLORIDA

Arrow Electronics

400 Fairway ‘Drive
Deerfield Beach, FL 33441
(305) 429-8200

TWX: 510 955 9456

Arrow Electronics

37 Skyline Drive #3101
Lake Mary, FL 32746
(407) 323-0252

Bell Industries

10810 72nd St. North #201
Suite 201

Largo, FL 33543

(813) 541-4434

Bell Industries

638 South Military Trail
Deerfield Beach, FL 33442
(305) 421-1997

Hamilton/Avnet

6801 N.W. 15th Way

Ft. Lauderdale, FL 33309
(305) 971-2900

TWX: 510 956 3097
Hamilton/Avnet

3197 Tech Drive North
St. Petersburg, FL 33702
(813) 576-3930

TWX: 810 863 0374
Hamilton/Avnet

6947 University Bivd.
Winter Park, FL 327982
(305) 628-3888

Pioneer Technology

221 North Lake Blvd.
Altamonte Springs, FL 32701
(305) 834-9090

TWX: 810 853 0284
Pioneer Technology

674 South Military Trial
Deerfield Beach, FL 33441
(305) 428-8877

TWX: 510 955 9653




NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (continued)

FLORIDA (Continued)

Zeus Components Inc., Reg 4
FL, GA, AL, M|, SC& TN
1750 West Broadway
Oviedo, FL 32765
(305) 365-3000

GEORGIA

Arrow Electronics

3155 Northwoods Parkway
Suite A

Norcross, GA 30071

(404) 449-8252

TWX: 810 766 0439

Bell Industries

6690-C Jones Mill Ct.
Norcross, GA 30092

(404) 662-0923

Hamilton/Avnet

5825D Peach Tree Corner E
Norcross, GA 30092

(404) 447-7500

Pioneer Technology

3100F Northwoods Place
Norcross, GA 30071

(404) 448-1711

TWX: 810 766 4515

ILLINOIS

Anthem Electronics

180 Crossen Ave.

Elk Grove Village, IL 60007
(312) 640-6066

Arrow Electronics

1140 West Thorndale Avenue
ltasca, IL 60143

(312) 250-0500

TWX: 910 222 0351

Bell Industries

515 Busse Road

Elk Grove Village, Il 60007
(312) 640-1910

TWX: 910 223 4519

Bell Industries
730 West Kilarney
Urbana, IL 61801
(217) 328-1077

Hamilton/Avnet
1130 Thorndale Ave.
Bensenville, IL 60106
(312) 860-7780

Pioneer Electronics

2171 Executive Dr., Suite 200
Addison, IL 60101

(312) 495-9680

TWX: 910 222 1834

INDIANA

Advent Electronics Inc.
8446 Moller Rd.
Indianapolis, IN 46268 -
(317) 872-4910

TWX: 810 341 3228

Arrow Electronics
2495 Directors Row
Suite H

Indianapolis, IN 46241
(317) 243-9353

TWX: 810 341 3119

Bell Industries

3606 E. Maumee Ave.
Fort Wayne, IN 46803
(219) 423-3422

TWX: 810 997 0701

Bell Industries—Graham Div.
133 S Pennsyivania St.
Indianapolis, IN 46204

(317) 834-8202

TWX: 810 341 3481
Hamilton/Avnet

485 Gradle Dr.

Carmet, IN 46032

(317) 844.9333

TWX: 810 260 3966

Pioneer-Indiana
6408 Castleplace Drive
indianapolis, IN 46250
(317) 849-7300

IOWA

Advent Electronics

682 58th Ave. Court S.W.

Cedar Rapids, 1A 52404

(319) 363-0221

TWX: 910 525 1337

Arrow Electronics

375 Collins Rd. N.E.

Cedar Rapids, IA 52402

(319) 395-7230

TWX: 910 493 2086

Bell Industries

1221 Park Place N.E.

Cedar Rapids, IA 52402

(319) 395-0730

Hamilton/Avnet

915 33rd Avenue S.W.

Cedar Rapids, |A 52404

(319) 362-4757
KANSAS

Arrow Electronics

8208 Melrose Dr.

Suite 210

Lenexa, KS 66214
(913) 541.9542

Hamilton/Avnet

9219 Quivira Rd

Overland Park, KS 66215

(913) 888-8900

Pioneer Standard

10551 Lackmann Road

Lenexa, KS 66215

(913) 492-0500
MARYLAND

Arrow Electronics
8300 Guilford Dr.
Columbia, MD 21045
(301) 995-0003
TWX: 710 236 9005
Hamilton/Avnet
6822 Oak Hall Lane
Columbia, MD 21045
(301) 995-3500
TWX: 710 862 1861

Anthem Electronics
9020-A Mendenhall Court
Columbia, MD 21045
(301) 964-0040

TWX: 710 862 1909

Pioneer Technology
9100 Gaither Road
Gaithersburg, MD 20877
(301) 921-0660

TWX: 710 828 0545
Time Electronics

9051 Red Branch Rd.
Columbia, MD 21045
(301) 964-3090

TWX: 710 862 2860

Zeus Components Inc., Reg 2

MD, DE, VA, WVA,
NC, RAYTHEON
8930 Route 108
Columbia, MD 21045
(301) 997-1118

MASSACHUSETTS

Arrow Electronics
25 Upton Drive
Wilmington, MA 01887
(617) 935-5134
TWX: 710 393 6770
Gerber Electronics
128 Carnegie Row
Norwood, MA 02062
(617) 769-6000
TWX: 710 336 1987
Hamilton/Avnet

10D Centennial Dr.
Peabody, MA 01960
(617) 531-7430
TWX: 710 393 0382

Anthem Electronics
38 Jonspin Road
Wilmington, MA 01887
(617) 657-5170

TWX: 710 332 1387

Pioneer Northeast
44 Hartwell Avenue
Lexington, MA 02173
(617) 861-9200
TWX: 710 326 6617

Time Electronics

10 A Centennial Drive
Peabody, MA 01960
(617) 532-6200

TWX: 710 393 0171

Zeus Coomponents Inc., Reg 1A
MA, RI, VT, NH, ME & CANADA

429 Marrett Rd.
Lexington, MA 02173
(617) 863-8800

MICHIGAN

Arrow Electronics

3510 Roger Chaffee
Memorial Bivd. S.E.
Grand Rapids, Ml 49508
(616) 243-0912

Arrow Electronics

755 Phoenix Dr.

Ann Arbor, Mi 48108
(313) 971-8220

TWX: 810 223 6020

Bell Industries

814 Phoenix Dr.

Ann Arbor, MI 48104
(313) 971-9093
Hamilton/Avnet

2215 29th St. S.E.
Grand Rapids, MI 49508
(616) 243-8805

TWX: 810 273 6921
Hamilton/Avnet

32487 Schoolcraft Road
Livonia, Ml 48150

(313) 522-4700

Pioneer Standard

4505 Broadmoor S.E.
Grand Rapids, Ml 49508
(616) 698-1800

TWX: 510 600 8456

Pioneer Standard
13485 Stanford
Livonia, MI 48150
(313) 525-1800
TWX: 810 242 3271
R. M. Electronics
4310 Roger B Chaffee
Wyoming, Ml 49508
(616) 531-9300
MINNESOTA

Anthem Electronics

10025 Valley View Rd. #160
Eden Prairie, MN 55344
(612) 944-5454

Arrow Electronics

5230 73rd Street

Edina, MN 55435

(612) 830-1800

TWX: 910 576 3125

Hamilton/Avnet

12400 Whitewater Dr.

Minnetonka, MN 55343-9421

(612) 932-0600

TWX: 910 572 2867

Pioneer-Twin Cities

7625 Golden Triangle Dr.

Suite G

Eden Prairie, MN 55344

(612) 935-5444

TWx: 910 576 2738
MISSOURI

Arrow Electronics

2380 Schuetz Road

St. Louis, MO 63146
(314) 567-6888

TWX: 910 764 0882
Hamilton/Avnet

13743 Shoreline Ct.-East
Earth City, MO 83045
(314) 344-1200

TWX: 910 762 0627
Time Electronics

330 Sovereign Ct.

St. Louis, MO 63011-4491
(314) 391-6444

TWX: 910 760 1893

NEW HAMPSHIRE

Arrow Electronics

3 Perimeter Rd.
Manchester, NH 03103
(603) 668-6968

TWX: 710 220 1684

Bell Industries—C & H Div.
19 Park Avenue

Hudson, NH 03051

(603) 882-1133

TWX: 710 228 8959
Hamilton/Avnet

444 Industrial Dr.
Manchester, NH 03102
(603) 624-9400

NEW JERSEY—Northern

Arrow Electronics

6 Century Drive
Parsippany, NJ 07054
(201) 575-5300

TWX: 710 734 4403
Hamilton/Avnet

10 Industrial Rd.
Fairfield, NJ 07006
(201) 575-3390

TWX: 710 734 4409




NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (continued)

NEW JERSEY--Northern
(Continued)
Anthem Electronics
311 Rt. 46 West
Fairfield, NJ 07006
(201) 227-7960
TWX: 710 734 4312

Nu Horizons Electronics
39 Route 46

Pingbrook, NJ 07058
(201) 882-8300

Pioneer

45 Route 46

Pine Brook, NJ 07058

(201) 575-3510

TWX: 710 734 4382
NEW JERSEY—Southern

Arrow Electronics
6000 Lincoln Drive East
Mariton, NJ 08053
(609) 596-8000
TWX: 710 897 0829
Hamilton/Avnet
One Keystone Ave.
Cherry Hill, NJ 08003
(609) 424-0100
TWX: 710 940 0262
NEW MEXICO

Alliance Electronics tnc.
11030 Cochiti S.E.
Albuquerque, NM 87123
(505) 292-3360

TWX: 910 989 1151

Arrow Electronics

2460 Alamo Ave. S.E.
Albuguerque, NM 87106
(505) 243-4566

TWX: 910 989 1679

Bell Industries

11728 Linn N.E.
Albuquerque, NM 87123
(505) 292-2700

TWX: 910 989 0625
Hamilton/Avnet

2524 Baylor Drive SE.
Albuquerque, NM 87106
(505) 765-1500

TWX: 910 989 1631

NEW YORK—Upstate

Arrow Electronics

3375 Brighton-Henrietta
Townline Rd.
Rochester, NY 14623
(716) 427-0300

TWX: 510 253 4766

Hamiiton/Avnet
103 Twin Oaks Drive
Syracuse, NY 13206
(315) 437-2641
TWX: 710 541 1506

Hamilton/Avnet

2060 Town Line Road
Rochester, NY 14623
(716) 475-9130

TWX: 510 253 5470

Pioneer Northeast

68 Corporate Drive
Binghamton, NY 13904
(607) 722-9300

TWX: 510 252 0893
Pioneer Northeast
840 Fairport Rd.
Fairport, NY 14450
(716) 381-7070

TWX: 510 253 7001
Summit Electronics
916 Main Street
Buffalo, NY 14202
(716) 887-2800

TWX: 710 522 1692
Summit Electronics
292 Commerce Drive
Rochester, NY 14623
(716) 334-8110

Time Electronics
6075 Corporate Dr.
East Syracuse, NY 13057
(315) 432-0355
TWX: 510 100 6192

NEW YORK—Metro Area
Arrow Electronics
20 Oser Ave.
Hauppauge, NY 11788
(516) 231-1000
TWX: 510 227 6623
Hamilton/Avnet
833 Motor Parkway
Hauppauge, NY 11788
(516) 434-7413
Hamilton/Avnet Export Div.
1065 Old Country Rd., #211A
Waestbury, NY 11590
(516) 997-6868

Anthem Electronics

400 Oser Ave.
Hauppauge, NY 11787
(516) 273-1660

TWX: 510 227 1042

Nu Horizons Electronics
6000 New Horizons Bivd.
Amityville, NY 11701
(516) 226-6000

Pioneer

60 Crossways Park West
Woodbury, NY 11797
(516) 921-8700

TWX: 710 326 6617
Time Electronics

70 Marcus Boulevard
Hauppauge, NY 11788
(515) 273-0100

TWX: 858881

Zeus Components Inc., Reg 1
NY/ROCK/NJ/E PA/ CT
100 Midland Ave.

Port Chester, NY 10573
(914) 937-7400

Zeus Components Inc., Reg 1B

Long Island/NYC

2110 Smithtown Ave.
Ronkonkoma, NY 11779
(516) 737-4500

NORTH CAROLINA

Arrow Electronics

5240 Greens Dairy Rd.

Raleigh, NC 27604

(919) 876-3132

TWX: 510 928 1856

Arrow Electronics

938 Burke Street

Winston-Salem, NC 27101

{919) 725-8711

TWX: 510 931 3169

Hamilton/Avnet

3510 Spring Forest Road

Raleigh, NC 27601

(919) 878-0810

TWX: 510 928 1836

Pioneer Technology

9801-A Southern Pine Bivd.

Charlotte, NC 28210

(704) 527.8188

TWX: 810 621 0366
OHIO

Arrow Electronics
7620 McEwen Rd.
Centerville, OH 45459
(513) 435-5563

TWX: 810 459 1611

Arrow Electronics
6238 Cochran Rd.
Solon, OH 44139
(216) 248-3990
TWX: 810 427 9409
Bell Industries

444 Windsor Park Drive
Dayton, OH 45459
(513) 435-8660

Bell Industries
Micro-Mil Division
118 Westpark Road
Dayton, OH 45459
(513) 434-8231
TWX: 810 459 1615

CAM/QHIO Electronics

749 Miner Road

Highland Heights, OH 44143
(216) 461-4700

TWx: 810 427 2976
Hamilton/Avnet

954 Senate Drive

Dayton, OH 45459

(513) 439-6700

TWX: 810 450 2531
Hamilton/Avnet

30325 Bainbridge Rd., Bldg. A
Solon, OH 44139

(216) 831-3500

TWX: 810 427 9452
Hamilton/Avnet

777 Brooksedge Blvd.
Waesterville, OH 43081

(614) 882-7004

Pioneer Standard

4800 East 131st Street
Cleveland, OH 44105
(216) 587-3600

TWX: 810 422 2210
Pioneer Standard

4433 Interpoint Blvd.
Dayton, OH 45424
(513) 236-9900

TWX: 810 459 1683

Zeus Components Inc., Reg 3
Dayton (DESC)
2912 Springboro St., Ste. 106
Dayton, OH 45439
(914) 937-7400

OKLAHOMA

Arrow Electronics
12111 E. 51st Street
Tulsa, OK 74146

(918) 252-7537
Hamilton/Avnet

12121 East 51st St.
Suite 102A

Tulsa, OK 74146

(918) 252-7297

Quality Components
3158 South 108th East Ave.
Suite 274

Tulsa, OK 74146

(918) 664-8812

Radio Inc.

1000 South Main Street
Tulsa, OK 74119

(918) 587-9123

TWX: 49 2429

OREGON

Almac-Stroum Electronics
1885 N.W. 169th Place
Beaverton, OR 97006
(503) 629-8090

TWX: 910 467 8743

Anthem Electronics

9705 S.W. Sunshine Ct.

Suite 900

Beaverton, OR 97005

(503) 643-1114

Arrow Electronics

1800 N.W 167th Place

Suite 145

Beaverton, OR 97006

(503) 645-6456

TWX: 910 464 0007

Bell Industries

6024 S.W. Jean Rd.

Lake Oswego, OR 97034

{503) 241-4115

TWX: 910 455 8177

Hamilton/Avnet

6024 S.W. Jean Rd.

Bldg. C, Suite 10

Lake Oswego, OR 97034

(503) 635-7850
PENNSYLVANIA—Eastern

Arrow Electronics

650 Seco Rd.
Monroeville, PA 15146
(412) 856-7000

TWX: 710 797 3894
CAM/RPC IND Electronics
620 Alpha Drive

RIDC Park

Pittsburgh, PA 15238
(412) 782-3770

TWX: 710 795 3126
Hamilton/Avnet

2800 Liberty Ave.
Pittsburgh, PA 15227
(412) 281-4150




NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (continued)

PENNSYLVANIA—Eastern
(Continued)

Anthem Electronics
101 Rock Road
Horsham, PA 18044
(215) 443-5150

Pioneer Technology
261 Gibraltar Road
Horsham, PA 19044
(215) 674-4000
TWX: 510 665 6778
Pioneer-Pittsburgh
259 Kappa Drive
Ridgepark
Pittsburgh, PA 15238
(412) 782-2300
TWX: 710 795 3122

Time Electronics

600 Clark Ave.

King of Prussia, PA 19406

(215) 337-0900

TWX: 845317
TENNESSEE

Bell Industries

Instate: (800) 752-2050

Out of State: (800) 433-8301
TEXAS

Arrow Electronics
3220 Commander Dr.
Carroliton, TX 75006
(214) 380-6464
TWX: 910 860 5377

Arrow Electronics

2227 West Braker Lane
Austin, TX 78758

(512) 835-4180

TWX: 910 874 1348

Arrow Electronics
10899 Kinghurst Dr.
Suite 100

Houston, TX 77099
(713) 530-4700
TWX: 910 880 439

Hamilton/Avnet

2111 West Walnut Hill Ln.
Irving, TX 75062

(214) 550-7755

TWX: 07 32359
Hamilton/Avnet

4850 Wright Road #1980
Staford, TX 77477

(713) 240-7733

TWX: 910 881 5523
Hamilton/Avnet

1807A West Braker Lane
Austin, TX 78758

{512) 837-8911

TWX: 910 874 1319
Pioneer Electronics
1826 Kramer Lane

Suite D

Austin, TX 78758

(512) 835-4000

Pioneer Standard

13710 Omega Road
Dallas, TX 75240

(214) 386-7300

TWX: 910 860 5563

Pioneer Electronics
6853 Point West Drive
Houston, TX 77036
(713) 988-5555

TWX: 910 881 1606
Quality Components
1005 Industrial Blvd.
Sugarland, TX 77478
(713) 240-2255

TWX: 910 881 7251

Quality Components
2120M Braker Lane
Austin, TX 78758
(512) 835-0220
TWX: 910 874 1377

Quality Components
4257 Kellway Circle
Addison, TX 75001
(214) 733-4300
TWX: 810 660 5459

Zeus Components Inc., Reg 7

TX, AR, OK, LA, KS, MO, 10, NE

1800 N. Glenville Rd.

Richardson, TX 75081

(214) 783-7010
UTAH

Anthem Electronics

1615 West 2200 South #A

Salt Lake City, UT 84119

(801) 973-8555

Arrow Electronics

1946 W, Parkway Bivd.

Salt Lake City, UT 84119

(801) 973-6913

Bell Industries

3639 West 2150 South

Salt Lake City, UT 84120

(801) 972-6969

Hamilton/Avnet

1585 West 2100 South

Salt Lake City, UT 84117

(801) 972-4300

TWX: 810 925 4018
WASHINGTON

Almac-Stroum Electronics
14360 S.E. Eastgate Way
Bellevue, WA 98007
(206) 643-9992

TWX: 810 444 2067

Anthem Electronics
5020 148th Ave. N.E.
Suite 103

Redmond, WA 98052
(206) 881-0850

TWX: 810 997 0118
Arrow Electronics
19450 68th Ave. South
Kent, WA 98032

(206) 575-4420

TWX: 910 444 2034
Hamilton/Avnet

14212 North East 21st
Bellevue, WA 98005
(206) 453-5844

WISCONSIN

Arrow Electronics
200 N. Patrick Blvd.
Brookfield, Wi 53005
(414) 792-0150

TWX: 810 262 1193
Bell Industries

W227 N913 Westmound Ave.
Waukesha, WI 53186
(414) 547-8879

TWX: 810 262 1156
Hamilton/Avnet

2975 Moorland Rd.
New Berlin, WI 53151
(414) 784-4516

Taylor Electric

1000 West Donges Bay Road

Mequon, Wi 53092

(414) 241-4321

TWX: 910 262 3414
CANADA

Electro Sonic Inc.

1100 Gordon Baker Road
Willowdale, Ontario M2H 3B3
(416) 494-1666

TWX: 06 525295

Hamilton/Avnet

2550 Boundary Rd. #105
Burnaby, B.C., V5M 320
(604) 437-6667
Hamilton/Avnet

2816 21st N.E.

Calgary, Alberta T2E 622
{403) 250-9380

TWX: 03 827642

Hamilton/Avnet

2795 Rue Halpern

St. Laurent, Quebec H4S 1P8
(514) 335-1000

TWX: 610 421 3731
Hamilton/Avnet

6845 Redwood Drive 3, 4, 5
Mississauga, Ontario L4V 1T1
(416) 677-7432

TWX: 610 492 8867
Hamilton/Avnet

190 Colonnade Rd.

Nepean, Ontario K2E 7L5
(613) 226-1700

TWX: 053 4971

Semad Electronics Ltd.
243 Place Frontenac

Pointe Claire, Quebec H9R 4Z7

(514) 694-0860

Semad Electronics Ltd.
3700 Gilmore Way #210
Burnaby, B.C. V5G 4M1
(604) 438-2515

Semad Electronics Ltd.

75 Glendeer Dr. S.E. #210
Calgary, Alberta T2H 258
(403) 252-5664

Semad Electronics Ltd.
1827 Woodward Dr. #303
Ottawa, Ontario K2C OR3
(613) 727-8325

Zentronics

8 Tilbury Ct.

Brampton, Ontario L6T 3T4
(416) 451-9600

TWX: 06 97678

Zentronics

Edmonton Sales Office
Edmonton, Alberta T6N 182
(403) 468-8306

Zentronics

11400 Bridgeport Rd., Unit 108
Richmond, B.C. V6X 1T2
(604) 273-5575

TWX: 04 355844
Zentronics

155 Colonade Rd. So.

Units 17 & 18

Nepean, Ontario K2E 7K1
(613) 226-8840

Zentronics

817 McCaffrey St.

Ville St. Laurent, Quebec HAT 1N3
(514) 737-9700

Zentronics

93-1313 Border St.
Winnipeg, Manitoba R3H 0X4
(204) 694-1957

Zentronics

Waterloo Sales Office
Waterloo, Quebec H4T 1N3
(800) 387-2329

Zentronics

Saskatoon Sales Office
Saskatoon, Alberta R3H 0X4
(306) 955-2207

Zentronics

6815 8th St. N.E.

Suite 100

Calgary, Alberta T2E 7H7
(403) 272-1021

TWX: 04 355844
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SALES OFFICES

ALABAMA
Huntsville
(205) 837-8960
(205) 721-9367
ARIZONA
Tempe
(602) 966-4563
B.C.
Burnaby
(604) 435-8107
CALIFORNIA
Encino
(818) 888-2602
Inglewood
(213) 645-4226
Roseville
(916) 786-5577
San Diego
(619) 587-0666
Santa Clara
(408) 562-5900
Tustin
(714) 259-8880
Woodland Hills
(818) 888-2602
COLORADO
Boulder
(303) 440-3400
Colorado Springs
(303) 578-3319
Englewood —
(303) 790-8090
CONNECTICUT
Fairfield
(203) 371-0181
Hamden
(203) 288-1560

FLORIDA
Boca Raton
(305) 997-8133
Orlando
(305) 629-1720
St. Petersburg
(813) 577-1380
GEORGIA
Atlanta
(404) 396-4048
Norcross
(404) 441-2740

ILLINOIS
Schaumburg
(312) 397-8777
INDIANA
Carmel
(317) 843-7160
Fort Wayne
(219) 484-0722
owWA
Cedar Rapids
(319) 395-0090
KANSAS
Overland Park
(913) 451-8374
MARYLAND
Hanover
(301) 796-8900
MASSACHUSETTS
Burlington
(617) 273-3170
Waltham
(617) 890-4000
MICHIGAN
W. Bloomfield
(313) 855-0166

MINNESOTA
Bloomington
(612) 835-3322
(612) 854-8200

NEW JERSEY
Paramus
(201) 599-0955
NEW MEXICO
Albuquerque
(505) 884-5601
NEW YORK
Endicott
(607) 757-0200
Fairport
(716) 425-1358
(716) 223-7700
Melville
(516) 351-1000
Wappinger Falls
(914) 298-0680
NORTH CAROLINA
Cary
(919) 481-4311
OHIO
Dayton
(513) 435-6886
Highland Heights
(216) 442-1555
(216) 461-0191
ONTARIO
Mississauga
(416) 678-2920
Nepean
(404) 441-2740
(613) 596-0411
Woodbridge
(416) 746-7120

OREGON
Portland
(503) 639-5442
PENNSYLVANIA
Horsham
(215)675-6111
Willow Grove
(215)657-2711
PUERTORICO
Rio Piedias
(809) 758-9211
QUEBEC
Dollard Des Ormeaux
(514) 683-0683
Lachine
(514) 636-8525

TEXAS
Austin
(512) 346-3990
Houston
(713)771-3547
Richardson
(214) 234-3811

UTAH
Salt Lake City
(801)322-4747
WASHINGTON
Bellevue
(206) 453-9944

WISCONSIN -
Brookfield
(414)782-1818
Milwaukee
(414) 527-3800
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National Semiconductor
2900 Semiconductor Drive
P.O. Box 58090

Santa Clara, CA 95052-8090

Tel: (408) 721-5000
TWX: (910) 339-9240

SALES OFF'CES (Continued)

INTERNATIONAL
OFFICES

Electronica NSC de Mexico SA
Juventino Rosas No. 118-2
Col Guadalupe Inn

Mexico, 01020 D.F. Mexico
Tel 62-5-524-9402

National Semicondutores
Do Brasil Ltda.

Av. Brig. Faria Lima, 1409

6 Andor Salas 62/64

01451 Sao Paulo, SP, Brasil
Tel: (65/11) 212-5066

Telex: 391-1131931 NSBR BR

National Semiconductor GmbH
Industriestrasse 10

D-8080 Furstenfeldbruck

West Germany

Tel: 49-08141-103-0

Telex: 527 649

National Semiconductor (UK) Ltd.

301 Harpur Centre
Horne Lane

Bedford MK40 ITR
United Kingdom
Tel: (0234) 27 00 27
Telex: 826 209

Vorstlaan 100
B-1170 Brussels
Belgium

Tel: (02) 6725360
Telex: 61007
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National Semiconductor (UK) Ltd.

1, Bianco Lunos Alle
DK-1868 Fredriksberg C
Denmark

Tel: (01) 213211

Telex: 15179

National Semiconductor
Expansion 10000

28, rue de la Redoute
F-92260 Fontenay-aux-Roses
France

Tel: (01) 46 60 81 40

Telex: 250956

National Semiconductor S.p.A.
Strada 7, Palazzo R/3

20089 Rozzano

Milanotiori

Itaty

Tel: (02) 8242046/7/8/9

National Semiconductor AB
Box 2016
Stensatravagen 13
§-12702 Skarhoimen
Sweden

Tel: (08) 970190

Telex: 10731

National Semiconductor
Calle Agustin de Foxa, 27
28036 Madrid

Spain

Tel: (01) 733-2958

Telex: 46133

TL/2375P

National Semiconductor
Switzerland

Alte Winterthurerstrasse 53
Posttach 567

Ch-8304 Wallisellen-Zurich
Switzerland

Tel: (01) 830-2727

Telex: 59000

National Semiconductor
Kauppakartanonkatu 7
SF-00930 Helsinki
Finland

Tel: (0) 338033

Telex: 126116

Nationa! Semiconductor Japan
Ltd.

Sanseido Bldg. 5F

4-15 Nishi Shinjuku

Shinjuku-ku

Tokyo 160 Japan

Tel: 3-299-7001

Fax: 3-299-7000

National Semiconductor
Hong Kong Ltd.
Southeast Asia Marketing
Austin Tower, 4th Floor
22-26A Austin Avenue
Tsimshatsui, Kowloon, H.K.
Tel: 852 3-7243645

Cable: NSSEAMKTG
Telex: 52996 NSSEA HX
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National Semiconductor
{Australia) PTY, Ltd.

1st Floor, 441 St. Kilda Rd.
Melbourne, 3004

Victory, Australia

Tek: (03) 267-5000

Fax: 61-3-2677458

National Semiconductor (PTE),
Ltd.

200 Cantonment Road 13-01
Southpoint

Singapore 0208

Tel: 2252226

Telex: RS 33877

National Semiconductor (Far East)
Ltd.

Taiwan Branch

P.O. Box 68-332 Taipei

7th Floor, Nan Shan Life Bldg.

302 Min Chuan East Road,

Taipei, Taiwan R.O.C.

Tel: (86) 02-501-7227

Telex: 22837 NSTW

Cable: NSTW TAIPEI

National Semiconductor (Far East)
Ltd.

Korea Office

Roomi 612,

Korea Fed. of Small Bus. Bldg.

16-2, Yoido-Dong,
‘Youngdeungpo-Ku

Seoul, Korea

Tel: (02) 784-8051/3 - 785-0696-8
Telex: K24942 NSRKLO




